
 
 

ʅɸʎɯʆʅɸʃʔʅʀʁ ʊɽʍʅɯʏʅʀʁ ʋʅɯɺɽʈʉʀʊɽʊ ʋʂʈɸɰʅʀ 

çʂʀɰɺʉʔʂʀʁ ʇʆʃɯʊɽʍʅɯʏʅʀʁ ɯʅʉʊʀʊʋʊ 

ʽʤʝʥʽ ɯɻʆʈʗ ʉɯʂʆʈʉʔʂʆɻʆè 

ʌʘʢʫʣʴʪʝʪ ʽʥʬʦʨʤʘʪʠʢʠ ʪʘ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʪʝʭʥʽʢʠ 

ʂʘʬʝʜʨʘ  ʘʚʪʦʤʘʪʠʢʠ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʚ ʪʝʭʥʽʯʥʠʭ ʩʠʩʪʝʤʘʭ 

 

 

çʅʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʫè 

ʋɼʂ ______________ 

ɼʦ ʟʘʭʠʩʪʫ ʜʦʧʫʱʝʥʦ: 

ɿʘʚʽʜʫʚʘʯ ʢʘʬʝʜʨʠ 

________ʆʣʝʢʩʘʥʜʨ ʈʆʃɯʂ 

ç___è_____________20__ ʨ. 

 

 

ʄʘʛʽʩʪʝʨʩʴʢʘ ʜʠʩʝʨʪʘʮʽʷ 

ʥʘ ʟʜʦʙʫʪʪʷ ʩʪʫʧʝʥʷ ʤʘʛʽʩʪʨʘ 

ʟʘ ʦʩʚʽʪʥʴʦ-ʥʘʫʢʦʚʦʶ ʧʨʦʛʨʘʤʦʶ çɯʥʪʝʛʨʦʚʘʥʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʩʠʩʪʝʤʠè 

ʟʽ ʩʧʝʮʽʘʣʴʥʦʩʪʽ 126 çɯʥʬʦʨʤʘʮʽʡʥʽ ʩʠʩʪʝʤʠ ʪʘ ʪʝʭʥʦʣʦʛʽʾè 

ʥʘ ʪʝʤʫ: çʉʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ ʤʘʛʥʽʪʥʠʤ ʤʽʢʨʦʨʦʙʦʪʦʤè 

 

ɺʠʢʦʥʘʚ:  

ʩʪʫʜʝʥʪ Vɯ ʢʫʨʩʫ, ʛʨʫʧʠ ɯɸ-91ʤʥ  

ʃʘʫʰʢʽʥ ɺʦʣʦʜʠʤʠʨ ʆʣʝʢʩʘʥʜʨʦʚʠʯ __________ 

ʂʝʨʽʚʥʠʢ:  

ʜʦʮʝʥʪ, ʢ.ʪ.ʥ., ʜʦʮ., 

ʇʠʩʘʨʝʥʢʦ ɸʥʜʨʽʡ ɺʦʣʦʜʠʤʠʨʦʚʠʯ __________ 

ʈʝʮʝʥʟʝʥʪ: 

ʜʦʮʝʥʪ, ʢ.ʪ.ʥ., ʜʦʮ., 

ʊʢʘʯ ʄʠʭʘʡʣʦ ʄʘʨʪʠʥʦʚʠʯ __________ 

 

ɿʘʩʚʽʜʯʫʶ, ʱʦ ʫ ʮʽʡ ʤʘʛʽʩʪʝʨʩʴʢʽʡ 

ʜʠʩʝʨʪʘʮʽʾ ʥʝʤʘʻ ʟʘʧʦʟʠʯʝʥʴ ʟ ʧʨʘʮʴ ʽʥʰʠʭ 

ʘʚʪʦʨʽʚ ʙʝʟ ʚʽʜʧʦʚʽʜʥʠʭ ʧʦʩʠʣʘʥʴ. 

ʉʪʫʜʝʥʪ (-ʢʘ) _____________ 

 

 

ʂʠʾʚ ï 2021 ʨʦʢʫ



 
 

 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ 

çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè 

ʌʘʢʫʣʴʪʝʪ ʽʥʬʦʨʤʘʪʠʢʠ ʪʘ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʪʝʭʥʽʢʠ 

ʂʘʬʝʜʨʘ  ʘʚʪʦʤʘʪʠʢʠ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʚ ʪʝʭʥʽʯʥʠʭ ʩʠʩʪʝʤʘʭ 
 

ʈʽʚʝʥʴ ʚʠʱʦʾ ʦʩʚʽʪʠ ï ʜʨʫʛʠʡ (ʤʘʛʽʩʪʝʨʩʴʢʠʡ) 

ʉʧʝʮʽʘʣʴʥʽʩʪʴ ï 126 çɯʥʬʦʨʤʘʮʽʡʥʽ ʩʠʩʪʝʤʠ ʪʘ ʪʝʭʥʦʣʦʛʽʾè  

ʆʩʚʽʪʥʴʦ-ʥʘʫʢʦʚʘ ʧʨʦʛʨʘʤʘ çɯʥʪʝʛʨʦʚʘʥʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʩʠʩʪʝʤʠè 

 
ɿɸʊɺɽʈɼɾʋʖ 

ɿʘʚʽʜʫʚʘʯ ʢʘʬʝʜʨʠ 

_______ʆʣʝʢʩʘʥʜʨ ʈʆʃɯʂ 

ç___è_____________20__ ʨ. 

 

ɿɸɺɼɸʅʅʗ 

ʥʘ ʤʘʛʽʩʪʝʨʩʴʢʫ ʜʠʩʝʨʪʘʮʽʶ ʩʪʫʜʝʥʪʫ 

ʃʘʫʰʢʽʥʘ ɺʦʣʦʜʠʤʠʨʘ ʆʣʝʢʩʘʥʜʨʦʚʠʯʘ 

1. ʊʝʤʘ ʜʠʩʝʨʪʘʮʽʾ çʉʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ ʤʘʛʥʽʪʥʠʤ ʤʽʢʨʦʨʦʙʦʪʦʤè, ʥʘʫʢʦʚʠʡ 

ʢʝʨʽʚʥʠʢ ʜʠʩʝʨʪʘʮʽʾ ʜʦʮʝʥʪ, ʢ.ʪ.ʥ., ʜʦʮ. ʇʠʩʘʨʝʥʢʦ ɸʥʜʨʽʡ ɺʦʣʦʜʠʤʠʨʦʚʠʯ, 

ʟʘʪʚʝʨʜʞʝʥʽ ʥʘʢʘʟʦʤ ʧʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʚʽʜ ç12è ʙʝʨʝʟʥʷ 2021 ʨ. ˉ 809-ʩ 

2. ʊʝʨʤʽʥ ʧʦʜʘʥʥʷ ʩʪʫʜʝʥʪʦʤ ʜʠʩʝʨʪʘʮʽʾ 11.05.2021 

3. ʆʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʤʘʛʥʽʪʥʠʡ ʤʽʢʨʦʨʦʙʦʪ 

4. ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʩʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ ʤʘʛʥʽʪʥʠʤ ʤʽʢʨʦʨʦʙʦʪʦʤ 

5. ʇʝʨʝʣʽʢ ʟʘʚʜʘʥʴ, ʷʢʽ ʧʦʪʨʽʙʥʦ ʨʦʟʨʦʙʠʪʠ: ʘʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʨʽʰʝʥʴ; ʨʦʟʨʦʙʢʘ 

ʧʨʠʥʮʠʧʫ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ; ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʚʠʙʽʨ ʦʧʪʠʤʘʣʴʥʦʾ ʬʦʨʤʠ ʨʦʙʦʪʘ; 

ʨʦʟʨʦʙʢʘ ʩʪʨʫʢʪʫʨʥʦʾ ʩʭʝʤʠ ʩʠʩʪʝʤʠ; ʨʦʟʨʦʙʢʘ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ; ʧʦʙʫʜʦʚʘ 

ʤʦʜʝʣʽ ʫ ʩʝʨʝʜʦʚʠʱʽ MATLAB  

6. ʆʨʽʻʥʪʦʚʥʠʡ ʧʝʨʝʣʽʢ ʛʨʘʬʽʯʥʦʛʦ (ʽʣʶʩʪʨʘʪʠʚʥʦʛʦ) ʤʘʪʝʨʽʘʣʫ: ʩʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ 

ʩʠʩʪʝʤʠ; ʧʨʠʥʮʠʧʦʚʘ ʩʪʨʫʢʪʫʨʘ ʤʽʢʨʦʨʦʙʦʪʘ; ʝʣʝʤʝʥʪʠ ʪʘ ʨʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʽ ʫ 

ʩʝʨʝʜʦʚʠʱʽ MATLAB .  

7. ʆʨʽʻʥʪʦʚʥʠʡ ʧʝʨʝʣʽʢ ʧʫʙʣʽʢʘʮʽʡ:



 
 

 

1. ʉʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ ʤʘʛʥʽʪʥʠʤ ʤʽʢʨʦʨʦʙʦʪʦʤ ʜʣʷ ʜʦʧʨʘʚʣʝʥʥʷ ʣʽʢʘʨʩʴʢʠʭ 

ʟʘʩʦʙʽʚ ʚʩʝʨʝʜʠʥʽ ʦʨʛʘʥʽʟʤʫ ʣʶʜʠʥʠ / ʃʘʫʰʢʽʥ ɺ. ʆ., ʇʠʩʘʨʝʥʢʦ ɸ. ɺ. // Summer 

InfoCom Advanced Solutions 2021; 

2. ʉʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ ʤʘʛʥʽʪʥʠʤ ʤʽʢʨʦʨʦʙʦʪʦʤ ʜʣʷ ʜʦʧʨʘʚʣʝʥʥʷ ʣʽʢʘʨʩʴʢʠʭ 

ʟʘʩʦʙʽʚ ʚʩʝʨʝʜʠʥʽ ʦʨʛʘʥʽʟʤʫ ʣʶʜʠʥʠ / ʃʘʫʰʢʽʥ ɺ. ʆ., ʇʠʩʘʨʝʥʢʦ ɸ. ɺ. // ʅʘʫʢʦʚʦ-

ʪʝʭʥʽʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ ʤʦʣʦʜʠʭ ʚʯʝʥʠʭ ʪʘ ʩʧʝʮʽʘʣʽʩʪʽʚ ʽʥʩʪʠʪʫʪʫ ʧʨʦʙʣʝʤ 

ʤʦʜʝʣʶʚʘʥʥʷ ʚ ʝʥʝʨʛʝʪʠʮʽ ʽʤ. ɻ.ɭ. ʇʫʭʦʚʘ ʅɸʅ ʋʢʨʘʾʥʠ. 

8. ɼʘʪʘ ʚʠʜʘʯʽ ʟʘʚʜʘʥʥʷ: 01.02.2021 

 

ʂʘʣʝʥʜʘʨʥʠʡ ʧʣʘʥ 
ˉ 

ʟ/ʧ 

ʅʘʟʚʘ ʝʪʘʧʽʚ ʚʠʢʦʥʘʥʥʷ  

ʤʘʛʽʩʪʝʨʩʴʢʦʾ ʜʠʩʝʨʪʘʮʽʾ 

ʊʝʨʤʽʥ ʚʠʢʦʥʘʥʥʷ ʝʪʘʧʽʚ 

ʤʘʛʽʩʪʝʨʩʴʢʦʾ ʜʠʩʝʨʪʘʮʽʾ 
ʇʨʠʤʽʪʢʘ 

1. ɸʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʨʽʰʝʥʴ 05.02.2021-16.02.2021  

2. ʈʦʟʨʦʙʢʘ ʧʨʠʥʮʠʧʫ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ 17.02.2021-28.02.2021  

3. 
ɼʦʩʣʽʜʞʝʥʥʷ ʪʘ ʚʠʙʽʨ ʦʧʪʠʤʘʣʴʥʦʾ ʬʦʨʤʠ 

ʨʦʙʦʪʘ 
01.03.2021-19.03.2021  

4. ʈʦʟʨʦʙʢʘ ʩʪʨʫʢʪʫʨʥʦʾ ʩʭʝʤʠ ʩʠʩʪʝʤʠ 20.03.2021-01.04.2021  

5. ʈʦʟʨʦʙʢʘ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ 02.04.2021-07.04.2021  

6. ʇʦʙʫʜʦʚʘ ʤʦʜʝʣʽ ʫ ʩʝʨʝʜʦʚʠʱʽ MATLAB  08.04.2021-27.04.2021  

7. ɿʜʘʯʘ ʛʦʪʦʚʦʾ ʨʦʙʦʪʠ 11.05.2021  

 

 

ʉʪʫʜʝʥʪ                                    ɺʦʣʦʜʠʤʠʨ ʃɸʋʐʂɯʅ 

 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ                                            ɸʥʜʨʽʡ ʇʀʉɸʈɽʅʂʆ



 
 

 

ʈɽʌɽʈɸʊ 

 

ʄʘʛʽʩʪʝʨʩʴʢʘ ʜʠʩʝʨʪʘʮʽʷ ʥʘ ʟʜʦʙʫʪʪʷ ʩʪʫʧʝʥʷ çʤʘʛʽʩʪʨè ʟʘ ʦʩʚʽʪʥʴʦ-

ʥʘʫʢʦʚʦʶ ʧʨʦʛʨʘʤʦʶ ʧʽʜʛʦʪʦʚʢʠ çɯʥʪʝʛʨʦʚʘʥʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʩʠʩʪʝʤʠè ʥʘ ʪʝʤʫ 

çʉʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ ʤʘʛʥʽʪʥʠʤ ʤʽʢʨʦʨʦʙʦʪʦʤè. ɼʠʩʝʨʪʘʮʽʷ ʤʽʩʪʠʪʴ 119 ʩʪʦʨʽʥʦʢ, 

27 ʨʠʩʫʥʢʽʚ, 22 ʪʘʙʣʠʮʽ, 3 ʜʦʜʘʪʢʠ, 47 ʜʞʝʨʝʣ.  

ɸʢʪʫʘʣʴʥʽʩʪʴ. ʉʫʯʘʩʥʠʡ ʥʘʫʢʦʚʠʡ ʧʨʦʛʨʝʩ ʜʦʟʚʦʣʷʻ ʨʦʟʨʦʙʣʷʪʠ ʩʠʩʪʝʤʠ, 

ʷʢʽ ʱʝ ʜʝʢʽʣʴʢʘ ʜʝʩʷʪʠʣʽʪʴ ʪʦʤʫ ʙʫʣʠ ʪʝʭʥʽʯʥʦ ʥʝʜʦʩʷʞʥʠʤʠ. ʅʦʚʽ ʧʽʜʭʦʜʠ 

ʜʦʟʚʦʣʷʶʪʴ ʙʽʣʴʰ ʛʥʫʯʢʦ ʡ ʝʬʝʢʪʠʚʥʦ ʚʠʨʽʰʫʚʘʪʠ ʩʪʘʨʽ ʟʘʜʘʯʽ ʪʘ ʧʽʜʚʠʱʫʶʪʴ 

ʷʢʽʩʪʴ ʞʠʪʪʷ ʣʶʜʝʡ. ʅʘʨʘʟʽ ʫ ʛʘʣʘʫʟʽ ʦʭʦʨʦʥʠ ʟʜʦʨʦʚôʷ ʩʪʚʦʨʶʶʪʴ ʤʝʪʦʜʠ 

ʤʽʥʽʤʘʣʴʥʦ ʽʥʚʘʟʠʚʥʦʛʦ ʧʨʦʚʝʜʝʥʥʷ ʤʝʜʠʯʥʠʭ ʧʨʦʮʝʜʫʨ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʟʘʙʝʟʧʝʯʫʻ 

ʤʝʥʰʫ ʰʢʦʜʫ ʜʣʷ ʟʜʦʨʦʚôʷ ʣʶʜʠʥʠ ʪʘ ʚʽʜʧʦʚʽʜʥʦ ʤʝʥʰʽ ʩʨʦʢʠ ʨʝʘʙʽʣʽʪʘʮʽʾ ʪʘ 

ʚʽʜʥʦʚʣʝʥʥʷ. ʆʜʥʽʻʶ ʟ ʛʽʣʦʢ ʨʦʟʚʠʪʢʫ ʧʽʜʭʦʜʫ ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʽʢʨʦʨʦʙʦʪʽʚ ʫ 

ʧʦʜʽʙʥʠʭ ʦʧʝʨʘʮʽʷʭ. ɰʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʦʟʚʦʣʷʻ ʟ ̫ʢʦʤʦʛʘ ʤʝʥʰʦʶ ʰʢʦʜʦʶ ʜʣʷ 

ʟʜʦʨʦʚôʷ ʣʶʜʠʥʠ ʚʠʢʦʥʫʚʘʪʠ ʦʧʝʨʘʮʽʾ ʧʦ ʧʝʨʝʤʽʱʝʥʥʶ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʣʽʢʘʨʩʴʢʠʭ 

ʟʘʩʦʙʽʚ ʪʘ ʪʢʘʥʠʥ ʣʶʜʠʥʠ ʫ ʾʾ ʦʨʛʘʥʽʟʤʽ ʙʝʟ ʭʽʨʫʨʛʽʯʥʦʛʦ ʚʪʨʫʯʘʥʥʷ. ɼʦʢʠ ʥʝʤʘʻ 

ʛʦʪʦʚʦʾ ʪʝʭʥʦʣʦʛʽʾ ʷʢʘ ʙ ʟʘʙʝʟʧʝʯʠʣʘ ʚʠʢʦʥʘʥʥʷ ʧʦʚʥʦʛʦ ʮʠʢʣʫ ʚʠʱʝʟʘʟʥʘʯʝʥʠʭ 

ʦʧʝʨʘʮʽʡ. ɹʝʨʫʯʠ ʜʦ ʫʚʘʛʠ ʫʩʽ ʟʘʟʥʘʯʝʥʽ ʬʘʢʪʦʨʠ, ʨʦʟʨʦʙʢʘ ʩʠʩʪʝʤʠ ʜʣʷ 

ʤʘʥʽʧʫʣʶʚʘʥʥʷ ʤʽʢʨʦʨʦʙʦʪʘʤʠ ʫ ʪʽʣʽ ʣʶʜʠʥʠ ʻ ʜʦʩʪʘʪʥʴʦ ʧʝʨʩʧʝʢʪʠʚʥʦʶ 

ʪʝʭʥʦʣʦʛʽʻʶ ʪʘ ʥʝʦʙʭʽʜʥʦʶ ʫ ʩʫʯʘʩʥʽʡ ʤʝʜʠʮʠʥʽ. 

ʄʝʪʦʶ ʤʘʛʽʩʪʝʨʩʴʢʦʾ ʜʠʩʝʨʪʘʮʽʾ ʻ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʣʽʢʫʚʘʥʥʷ 

ʟʘʭʚʦʨʶʚʘʥʴ ʟʘ ʨʘʭʫʥʦʢ ʜʦʩʪʘʚʣʝʥʥʷ ʣʽʢʘʨʩʴʢʠʭ ʟʘʩʦʙʽʚ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʜʦ ʤʽʩʮʷ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʘʛʥʽʪʥʦʛʦ ʤʽʢʨʦʨʦʙʦʪʘ. 

ʆʙô̒ ʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ  ̒ʤʘʛʥʽʪʥʠʡ ʤʽʢʨʦʨʦʙʦʪ. 

ʇʨʝʜʤʝʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʩʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ ʤʘʛʥʽʪʥʠʤ ʤʽʢʨʦʨʦʙʦʪʦʤ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʨʝʟʫʣʴʪʘʪʽʚ, ʷʢʽ ʦʪʨʠʤʘʥʽ ʫ ʭʦʜʽ ʨʦʙʦʪʠ ʥʘʜ ʤʽʛʽʩʪʝʨʩʴʢʦʶ 

ʜʠʩʝʨʪʘʮʽʻʶ ʧʦʣʷʛʘʻ ʫ ʩʪʚʦʨʝʥʥʽ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʨʦʙʦʪʦʤ, ʷʢʘ ʜʦʟʚʦʣʷʻ 
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ABSTRACT 
 

 

Master's dissertation on the educational-scientific level training program 

çMasterè on the theme çMagnetic microrobot control systemè. The dissertation 

contains 119 pages, 27 figures, 22 tables, 3 appendices, 47 sources. 

Relevance. Modern scientific progress allows the development of systems that a 

few decades ago were technically unattainable. New approaches allow to solve old 

problems more flexibly and effectively and improve people's quality of life. Minimally 

invasive medical procedures are currently being developed in the healthcare sector. 

This approach provides less harm to human health and therefore less time for 

rehabilitation and recovery. One of the branches of the approach development is the use 

of microrobots in such operations. Their use allows you to perform operations on the 

movement of various drugs and tissues in the human body without surgery to minimize 

harm to human health. Nowadays there is no a complete technology that would ensure 

the implementation of the full cycle of the above operations. Taking into account all 

these factors, the development of a system for manipulating microrobots in the human 

body is a very promising technology and necessary in modern medicine. 

The purpose of the master's dissertation is to increase the effectiveness of 

treatment of diseases by delivering drugs directly to the site of application using a 

magnetic microrobot. 

The object of study is a magnetic microrobot. 

The subject of research is a control system for a magnetic microrobot. 

The scientific novelty of the results obtained during the work on the master's 

thesis is the creation of a robot control system that allows you to solve a wide range of 

medical problems and ensure that the robot performs its functions. 

Approbation of dissertation results. The results were published in the materials 

of two scientific scientific conferences
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ɺʉʊʋʇ 

 

ʈʦʟʚʠʪʦʢ ʤʘʣʦʽʥʚʘʟʠʚʥʠʭ ʧʽʜʭʦʜʽʚ ʫ ʤʝʜʠʮʠʥʽ ʧ ʦʚô̫ʟʘʥʠʡ ʟ ʚʝʣʠʢʦʶ 

ʢʽʣʴʢʽʩʪʶ ʧʝʨʚʘʛ ʮʴʦʛʦ ʤʝʪʦʜʫ, ʷʢʽ, ʚ ʧʝʨʰʫ ʯʝʨʛʫ ʦʨʽʻʥʪʦʚʘʥ ̔ʥʘ ʧʘʮʽʻʥʪʘ. 

ʊʘʢʠʤʠ ʧʝʨʚʘʛʘʤʠ :̒ ʩʢʦʨʦʯʝʥʥʷ ʯʘʩʫ ʥʘ ʚʽʜʥʦʚʣʝʥʥʷ ʧʽʩʣʷ ʦʧʝʨʘʮʽʾ, ʟʤʝʥʰʝʥʥʷ 

ʨʠʟʠʢʽʚ ʤʝʜʠʯʥʠʭ ʫʩʢʣʘʜʥʝʥʴ ʪʘ ʟʘʨʘʞʝʥʥʷ, ʤʘʡʞʝ ʧʦʚʥʝ ʚʠʢʣʶʯʝʥʥʷ 

ʧʽʩʣʷʦʧʝʨʘʮʽʡʥʠʭ ʙʦʣʽʚ, ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʤʝʜʠʯʥʦʾ ʜʦʧʦʤʦʛʠ, ʚʢʣʶʯʘʶʯʠ 

ʧʨʦʬʽʣʘʢʪʠʯʥʫ ʜʦʧʦʤʦʛʫ. ɼʘʥʠʡ ʧʽʜʭʽʜ ʟʘʩʪʦʩʦʚʫʚʘʻʪʴʩʷ ʚʞʝ ʜʦʚʦʣʽ ʜʦʚʛʦ, ʘʣʝ ʟʘ 

ʦʩʪʘʥʥʽ ʨʦʢʠ ʮʷ ʦʙʣʘʩʪʴ ʟʘʟʥʘʣʘ ʚʝʣʠʢʦʛʦ ʧʨʦʛʨʝʩʫ, ʯʝʨʝʟ ʩʪʨʽʤʢʠʡ ʨʦʟʚʠʪʦʢ 

ʨʦʙʦʪʦʪʝʭʥʽʢʠ [1-2]. ʉʫʯʘʩʥʽ ʤʦʞʣʠʚʦʩʪʽ ʫ ʮʽʡ ʛʘʣʫʟʽ ʜʘʶʪʴ ʟʨʦʟʫʤʽʪʠ, ʱʦ 

ʥʘʡʚʘʞʣʠʚʽʰʦʶ ʥʘʚʠʯʢʦʶ ʣʽʢʘʨʘ ʻ ʢʦʛʥʽʪʠʚʥʽ ʟʜʽʙʥʦʩʪʽ, ʪʦʜʽ ʷʢ ʤʝʭʘʥʽʯʥʽ 

ʥʘʚʠʯʢʠ, ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʪʦʯʥʦʩʪʽ ʪʘ ʩʧʨʠʪʥʦʩʪʽ, ʯʘʩʪʦ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʥʘʥʥʽ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʚʽʜʧʦʚʽʜʥʠʭ ʪʝʭʥʦʣʦʛʽʾ. ʅʘʨʘʟʽ ʫ ʪʝʭʥʦʣʦʛʽʷʭ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʤʽʢʨʦʨʦʙʦʪʽʚ ʻ ʧʦʪʝʥʮʽʘʣ ʜʣʷ ʨʦʙʦʪʠ ʽʟ ʤʝʜʠʯʥʠʤʠ ʟʘʚʜʘʥʥʷʤʠ, ʷʢʽ ʚ ʜʘʥʠʡ ʯʘʩ ʻ 

ʜʦʚʦʣʽ ʩʢʣʘʜʥʠʤʠ ʘʙʦ ʟʦʚʩʽʤ ʥʝʤʦʞʣʠʚʠʤʠ, ʽ ʫ ʮʴʦʛʦ ʧʽʜʭʦʜʫ ʙʝʟʩʫʤʥʽʚʥʦ ʙʘʛʘʪʦ 

ʥʘʧʨʘʚʣʝʥʴ ʜʣʷ ʨʦʟʚʠʪʢʫ. ʍʦʯʘ ʨʝʘʣʴʥʽ ʧʨʦʝʢʪʠ ʱʝ ʪʽʣʴʢʠ ʥʘ ʧʦʯʘʪʢʦʚʦʤʫ ʝʪʘʧʽ 

ʜʦʩʣʽʜʞʝʥʥʷ, ʥʘʧʨʷʤʦʢ, ʚ ʷʢʦʤʫ ʨʫʭʘʻʪʴʩʷ ʛʘʣʫʟʴ, ʚʚʘʞʘʻʪʴʩʷ ʜʫʞʝ 

ʧʝʨʩʧʝʢʪʠʚʥʦʶ. 

ɺ ʦʩʪʘʥʥʽ ʨʦʢʠ ʙʫʚ ʜʦʩʷʛʥʫʪʠʡ ʟʥʘʯʥʠʡ ʧʨʦʛʨʝʩ ʫ ʢʦʣʦʥʦʩʢʦʧʽʾ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʝʭʥʦʣʦʛʽʾ ʤʽʢʨʦʨʦʙʦʪʽʚ. ʂʘʧʩʫʣʴʥʽ ʝʥʜʦʩʢʦʧʠ (ʪʘʢ ʥʘʟʠʚʘʻʪʴʩʷ 

ʜʘʥʘ ʪʝʭʥʦʣʦʛʽʷ) ʚʞʝ ʧʝʨʝʙʫʚʘʶʪʴ ʥʘ ʝʪʘʧʽ ʢʣʽʥʽʯʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʤʝʜʠʢʠ ʪʘ 

ʚʯʝʥʽ ʜʦʩʣʽʜʞʫʶʪʴ ʨʷʜ ʪʝʭʥʦʣʦʛʽʡ ʜʣʷ ʨʦʟʰʠʨʝʥʥʷ ʤʦʞʣʠʚʦʩʪʝʡ ʮʠʭ ʧʨʠʩʪʨʦʾʚ, 

ʥʘʧʨʠʢʣʘʜ, ʦʙʣʘʜʥʫʶʪʴ ʜʘʚʘʯʘʤʠ ʪʠʩʢʫ, ʢʠʩʣʦʪʥʦʩʪʽ ʪʘ ʪʝʤʧʝʨʘʪʫʨʠ. ɼʦ 

ʝʥʜʦʩʢʦʧʽʚ ʜʦʜʘʶʪʴ ʥʽʞʢʠ ʪʘ ̔ʥʰʽ ʤʝʭʘʥʽʟʤʠ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʦʥʪʨʦʣʴʦʚʘʥʦʛʦ 

ʨʫʭʫ. ʈʦʟʤʽʨʠ ʮʠʭ ʧʨʠʩʪʨʦʾʚ ʥʘʙʣʠʞʘʶʪʴʩʷ ʜʦ ʜʝʢʽʣʴʢʦʭ ʩʘʥʪʠʤʝʪʨʽʚ, ʦʩʢʽʣʴʢʠ 

ʰʣʫʥʢʦʚʦ-ʢʠʰʢʦʚʠʡ ʪʨʘʢʪ ʜʦʟʚʦʣʷʻ ʨʦʙʦʪʫ ʟ ʪʘʢʠʤʠʤ ʛʘʙʘʨʠʪʘʤʠ. ʆʜʥʘʢ, ʧʨʠ 

ʨʦʟʤʽʨʘʭ, ʱʦ ʚʠʤʽʨʶʶʪʴʩʷ ʫ ʤʽʣʽʤʝʪʨʘʭ ʘʙʦ ʤʝʥʰʝ, ʪʘʢʠʤ ʨʦʙʦʪʘʤ ʩʪʘʥʫʪʴ 
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ʜʦʩʪʫʧʥʠʤʠ ʙʽʣʴʰʝ ʤʽʩʮʴ ʫ ʣʶʜʩʴʢʦʤʫ ʪʽʣʽ. ʄʽʢʨʦʨʦʙʦʪʠ ʤʦʞʫʪʴ 

ʧʝʨʝʤʽʱʫʚʘʪʠʩʴ ʧʨʠʨʦʜʥʠʤʠ ʰʣʷʭʘʤʠ, ʜʦʟʚʦʣʷʶʯʠ ʧʨʦʥʠʢʥʝʥʥʷ ʫ ʦʨʛʘʥʽʟʤ ʟ 

ʤʽʥʽʤʘʣʴʥʠʤʠ ʧʦʰʢʦʜʞʝʥʥʷʤʠ. 

ʇʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʧʦʜʽʙʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʚʧʣʠʚ 

ʨʦʟʤʽʨʽʚ [3]. ʇʨʠ ʧʝʨʝʭʦʜʽ ʚʽʜ ʤʘʢʨʦʤʘʩʰʪʘʙʽʚ ʜʦ ʤʽʢʨʦʤʘʩʰʪʘʙʽʚ, ʟʘʢʦʥʠ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʾ ʬʽʟʠʢʠ ʟʘʣʠʰʘʶʪʴʩʷ ʥʝʟʤʽʥʥʠʤʠ, ʘʣʝ ʚʽʜʥʦʩʥʠʡ ʚʧʣʠʚ 

ʬʽʟʠʯʥʠʭ ʝʬʝʢʪʽʚ ʟʤʽʥʶʻʪʴʩʷ. ɺô̫ ʟʢʽʩʪʴ ʨʽʜʠʥʠ ʪʘ ʧʦʚʝʨʭʥʝʚʽ ʝʬʝʢʪʠ, ʩʪʘʶʪʴ 

ʙʽʣʴʰ ʚʘʛʦʤʠʤʠ ʥʽʞ ʦʙô̒ ʤʥʠʤʽ, ʪʘʢʽ ʷʢ ʚʘʛʘ ʪʘ ʽʥʝʨʮʽʷ. ʇʝʨʝʜʘʯʘ ʪʘ ʥʘʢʦʧʠʯʝʥʥʷ 

ʝʥʝʨʛʽʾ ʩʪʘʻ ʙʽʣʴʰ ʚʘʞʢʦʶ ʟʘʜʘʯʝʶ, ʦʩʢʽʣʴʢʠ ʨʦʟʤʽʨʠ ʥʝ ʜʦʟʚʦʣʷʶʪʴ 

ʚʦʢʨʠʩʪʦʚʫʚʘʪʠ ʤʝʭʘʥʽʯʥʽ ʪʝʭʥʽʯʥʽ ʟʘʩʦʙʠ. ʎʽ ʦʩʦʣʠʚʦʩʪʽ ʩʪʘʶʪʴ ʟʥʘʯʥʠʤʠ 

ʦʙʤʝʞʝʥʥʷʤʠ ʥʘ ʰʣʷʭʫ ʨʦʟʚʠʪʢʫ ʤʽʢʨʦʪʝʭʥʦʣʦʛʽʾ. ɼʫʞʝ ʤʘʣʦʡʤʦʚʽʨʥʦ, ʱʦ 

ʤʽʥʽʘʪʶʨʥʽ ʧʨʠʩʪʨʦʾ, ʷʢʽ ʤʘʶʪʴ ʥʝʚʝʣʠʢʽ ʝʣʝʢʪʨʦʜʚʠʛʫʥʠ ʪʘ ʘʢʫʤʫʣʷʪʦʨʠ, ʤʦʞʥʘ 

ʝʬʝʢʪʠʚʥʦ ʤʘʩʰʪʘʙʫʚʘʪʠ ʜʦ ʨʦʟʤʽʨʽʚ ʤʝʥʰʠʭ ʟʘ ʩʘʥʪʠʤʝʪʨ [4]. ʇʨʠ ʨʦʟʨʦʙʮʽ 

ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʤʽʢʨʦʨʦʙʦʪʘʤʠ ʧʽʜʭʽʜ ʤʘʻ ʧʨʠʥʮʠʧʦʚʽ ʦʙʤʝʞʝʥʥʷ ʯʝʨʝʟ 

ʤʘʩʰʪʘʙʫʚʘʥʥʷ, ʘ ʧʝʨʝʜʘʯʘ ʝʥʝʨʛʽʾ ʪʘ ʢʝʨʫʚʘʥʥʷ ʥʝʨʦʟʨʠʚʥʦ ʧʦʚô̫ ʟʘʥʽ. ʎʝ ʟʤʫʰʫʻ 

ʧʦ-ʽʥʰʦʤʫ ʨʦʟʜʠʚʣʷʪʠʩʴ ʧʨʦʝʢʪʫʚʘʥʥʷ ʨʦʙʦʪʽʚ ʫ ʤʽʢʨʦʤʘʩʰʪʘʙʽ, ʽʥʘʢʰʝ, ʥʽʞ ʫ 

ʪʨʘʜʠʮʽʡʥʠʭ ʧʽʜʭʦʜʘʭ ʨʦʙʦʪʦʪʝʭʥʽʢʠ. ʇʦʚʥʽʩʪʶ ʚʽʜʤʦʚʠʚʰʠʩʴ ʚʽʜ ʢʦʥʮʝʧʮʽʾ 

ʤʝʭʘʥʽʯʥʠʭ ʩʠʩʪʝʤ ʫ ʜʘʥʽʡ ʩʬʝʨʽ ʪʘ ʘʥʘʣʽʟʫʶʯʠ ʽ ʤʦʜʝʣʶʶʯʠ ʤʽʢʨʦʨʦʙʦʪʠʟʦʚʘʥʽ 

ʩʠʩʪʝʤʠ, ʥʝʦʙʭʽʜʥʦ ʨʦʟʨʦʙʣʷʪʠ ʥʦʚʽ ʧʽʜʭʦʜʠ ʪʘ ʨʝʘʣʽʟʘʮʽʾ. 

ʉʝʨʝʜʦʚʠʱʝ ʨʦʙʦʪʠ ʤʝʜʠʯʥʦʛʦ ʤʽʢʨʦʨʦʙʦʪʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʩʦʩʫʜʽʚ, 

ʧʦʨʦʞʥʠʥ ʪʘ ʤôʷʢʠʭ ʪʢʘʥʠʥ, ʪʦʤʫ ʪʘʢʽ ʨʦʙʦʪʠ ʧʦʚʠʥʥʽ ʙʫʪʠ ʨʦʟʨʦʙʣʝʥʽ 

ʩʧʝʮʽʘʣʴʥʦ ʜʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʫ ʪʘʢʠʭ ʩʝʨʝʜʦʚʠʱʘʭ. ɺ̔ ʜʥʦʩʥʽ ʟʤʽʥʠ ʨʦʟʤʽʨʫ, 

ʛʝʦʤʝʪʨʽʾ ʪʘ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʝʨʽʘʣʫ ʩʝʨʝʜʦʚʠʱʘ ʚ ʤʝʞʘʭ ʪʽʣʘ ʣʶʜʠʥʠ, ʜʝ ʙʫʜʝ 

ʧʨʦʚʦʜʠʪʠʩʴ ʦʧʝʨʘʮʽʷ ʪʘʢʦʞ ʧʨʝʜʩʪʘʚʣʷʻ ʧʝʚʥʽ ʦʙʤʝʞʝʥʥʷ ʜʣʷ ʩʠʩʪʝʤʠ. ʇʨʠ 

ʨʦʙʦʪʽ ʚ ʩʠʩʪʝʤʽ ʢʨʦʚʦʦʙʽʛʫ, ʦʢʨʽʤ ʨʽʟʥʦʛʦ ʜʽʘʤʝʪʨʘ ʢʨʦʚʦʥʦʩʥʠʭ ʩʫʜʠʥ, ʩʠʩʪʝʤʘ 

ʧʦʚʠʥʥʘ ʚʨʘʭʦʚʫʚʘʪʠ ʧʫʣʴʩʫʶʯʠʡ ʧʦʪʽʢ ʢʨʦʚʽ, ʷʢʠʡ ʻ ʟʥʘʯʥʠʤ ʜʣʷ ʥʝʚʝʣʠʢʦʛʦ 

ʧʨʠʩʪʨʦʶ.  
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ʍʦʯʘ ʧʨʦʝʢʪʫʚʘʥʥʷ ʤʽʢʨʦʨʦʙʦʪʽʚ ʥʝ ʧʨʦʩʪʝ ʟ ʽʥʞʝʥʝʨʥʦʾ ʪʦʯʢʠ ʟʦʨʫ, ʚʦʥʠ ʻ 

ʜʫʞʝ ʢʦʨʠʩʥʠʤ ʟ ʤʝʜʠʯʥʦʾ ʪʦʯʢʠ ʟʦʨʫ. ʅʘʨʘʟʽ ʜʣʷ ʩʭʦʞʠʭ ʟʘʜʘʯ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʪʝʭʥʦʣʦʛʽʷ ʟʘʩʥʦʚʘʥʘ ʥʘ ʢʘʪʝʪʦʨʘʭ, ʘʣʝ ʚʦʥʘ ʤʘʻ ʟʥʘʯʥʽ ʬʫʥʢʮʽʦʥʘʣʴʥʽ 

ʦʙʤʝʞʝʥʥʷ. ɼʘʥʘ ʪʝʭʥʦʣʦʛʽʷ ʥʝ ʤʦʞʝ ʟʘʙʝʟʧʝʯʠʪʠ ʜʦʩʪʘʪʥʶ ʢʽʣʴʢʽʩʪʴ ʩʪʫʧʝʥʽʚ 

ʩʚʦʙʦʜʠ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʫʩʽʭ ʥʝʦʙʭʽʜʥʠʭ ʜʽʡ, ʢʨʽʤ ʪʦʛʦ, ʙʘʛʘʪʦ ʤʽʩʮʴ ʫ ʪʽʣʽ ʣʶʜʠʥʠ 

ʜʦʩʽ ʥʝʜʦʩʪʫʧʥʽ ʧʨʠ ʾʾ ʚʠʢʦʨʠʩʪʘʥʥʽ. 

ʆʪʞʝ ʨʦʟʛʣʷʥʫʚʰʠ ʧʨʦʙʣʝʤʠ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʫ ʩʫʯʘʩʥʽʡ ʤʝʜʠʮʠʥʽ, ʤʦʞʥʘ 

ʜʽʡʪʠ ʜʦ ʚʠʩʥʦʚʢʫ, ʱʦ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʤʽʢʨʦʨʦʙʦʪʘʤʠ ʻ ʜʫʞʝ ʧʝʨʩʧʝʢʪʠʚʥʦʶ 

ʪʝʭʥʦʣʦʛʽʻʶ. ɺʦʥʘ ʜʦʟʚʦʣʷʻ ʧʨʦʚʦʜʠʪʠ ʤʘʥʽʧʫʣʷʮʽʾ ʚʩʝʨʝʜʠʥʽ ʣʶʜʩʴʢʦʛʦ 

ʦʨʛʘʥʽʟʤʫ ʙʝʟ ʟʘʚʜʘʥʥʷ ʡʦʤʫ ʰʢʦʜʠ ʪʘ ʟ ʙʽʣʴʰʦʶ ʪʦʯʥʽʩʪʶ, ʧʦʨʽʚʥʶʶʯʠ ʟ 

ʢʣʘʩʠʯʥʠʤʠ ʤʝʜʠʯʥʠʤʠ ʤʝʪʦʜʘʤʠ. ʅʝʟʚʘʞʘʶʯʠ ʥʝ ʩʢʣʘʜʥʽʩʪʴ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘ 

ʨʦʟʨʦʙʢʠ, ʪʝʭʥʦʣʦʛʽʷ ʤʘʻ ʟʥʘʯʥʽ ʧʝʨʝʚʘʛʠ ʧʝʨʝʜ ʩʫʯʘʩʥʠʤʠ ʤʝʪʦʜʘʤʠ 

ʤʘʣʦʽʥʚʘʟʠʚʥʠʭ ʦʧʝʨʘʮʽʾ. 

ʄʝʪʦʶ ʨʦʙʦʪʠ  ̒ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʣʽʢʫʚʘʥʥʷ ʟʘʭʚʦʨʶʚʘʥʴ ʟʘ 

ʨʘʭʫʥʦʢ ʜʦʩʪʘʚʣʝʥʥʷ ʣʽʢʘʨʩʴʢʠʭ ʟʘʩʦʙʽʚ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʜʦ ʤʽʩʮʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʤʘʛʥʽʪʥʦʛʦ ʤʽʢʨʦʨʦʙʦʪʘ. 

ɹʫʣʠ ʧʦʩʪʘʚʣʝʥʽ ʪʘ ʚʠʨʽʰʝʥʽ ʥʘʩʪʫʧʥʽ ʟʘʜʘʯʽ: 

- ʦʛʣʷʜ ʪʘ ʘʥʘʣʽʟ ʥʘʷʚʥʠʭ ʨʽʰʝʥʴ ʧʦʙʫʜʦʚʠ ʤʽʢʨʦʨʦʙʦʪʽʚ ʪʘ ʩʠʩʪʝʤ ʜʣʷ 

ʢʝʨʫʚʘʥʥʷ ʥʠʤʠ; 

- ʨʦʟʨʦʙʣʝʥʥʷ ʬʦʨʤʠ ʪʘ ʢʦʥʬʽʛʫʨʘʮʽʾ ʨʦʙʦʪʘ ʜʣʷ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦʾ ʪʘ 

ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʨʦʙʦʪʠ; 

- ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʟʦʚʥʽʰʥʴʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʥʘ ʤʽʢʨʦʨʦʙʦʪʘ 

ʚʩʝʨʝʜʠʥʽ ʦʨʛʘʥʽʟʤʫ ʣʶʜʠʥʠ; 

- ʨʦʟʨʦʙʢʘ ʤʝʪʦʜʽʚ ʦʙʨʦʙʢʠ ʪʘ ʘʥʘʣʽʟʫ ʟʦʙʨʘʞʝʥʴ ʜʣʷ ʥʘʣʘʛʦʜʞʝʥʥʷ 

ʙʝʟʧʝʯʥʦʛʦ ʤʝʪʦʜʫ ʚʩʪʘʥʦʚʣʝʥʥʷ ʟʚʦʨʦʪʥʦʛʦ ʟʚôʷʟʢʫ ʟ ʤʽʢʨʦʨʦʙʦʪʦʤ; 

- ʨʦʟʨʦʙʢʘ ʤʘʛʥʽʪʥʦʾ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʦʙʭʽʜʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʦʚʥʽʰʥʦʴʛʦ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ. 
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ʋ ʭʦʜʽ ʨʦʙʦʪʠ ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ ʪʘʢʽ ʤʝʪʦʜʠ:  

- ʤʝʪʦʜ ʧʦʨʽʚʥʷʣʴʥʦʛʦ ʘʥʘʣʽʟʫ; 

- ʤʝʪʦʜ ʩʧʦʩʪʝʨʝʞʝʥʥʷ; 

- ʤʝʪʦʜ ʝʢʩʧʝʨʠʤʝʥʪʫ; 

- ʤʝʪʦʜʠ ʢʦʤʧôʁ ʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ. 

ʆʙô̒ ʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʤʘʛʥʽʪʥʠʡ ʤʽʢʨʦʨʦʙʦʪ,  ʧʨʝʜʤʝʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ  ̒

ʩʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ ʤʘʛʥʽʪʥʠʤ ʤʽʢʨʦʨʦʙʦʪʦʤ.  
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1 ɸʅɸʃɯɿ ʇʈɽɼʄɽʊʅʆɰ ʆɹʃɸʉʊɯ 

 

ʇʽʩʣʷ ʧʝʚʥʦʛʦ ʨʦʟʚʠʪʢʫ ʪʝʭʥʦʣʦʛʽʾ ʤʽʢʨʦʨʦʙʦʪʠ ʙʫʜʫʪʴ ʟʜʘʪʥʽ ʚʠʢʦʥʫʚʘʪʠ 

ʩʢʣʘʜʥʽ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʦʧʝʨʘʮʽʡ ʧʦʪʝʥʮʽʡʥʦ ʘʚʪʦʥʦʤʥʦ. ʆʜʥʘʢ ʥʘ ʜʘʥʠʡ ʤʦʤʝʥʪ 

ʚʦʥʠ ʨʦʙʣʷʪʴ ʜʦʚʦʣʽ ʧʨʦʩʪʽ ʜʽʾ, ʷʢʽ ʫ ʙʘʛʘʪʴʦʭ ʚʠʧʘʜʢʘʭ ʘʙʦ ʢʦʥʪʨʦʣʶʶʪʴʩʷ ʘʙʦ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʠʢʦʥʫʶʪʴʩʷ ʣʽʢʘʨʝʤ. ʆʪʞʝ, ʥʘʨʘʟʽ ʪʝʭʥʦʣʦʛʽʷ ʜʦʟʚʦʣʷʻ 

ʚʠʢʦʥʫʚʘʪʠ ʣʠʰʝ ʥʝʚʝʣʠʢʠʡ ʩʧʝʢʪʨ ʟʘʜʘʯ. ʅʠʞʯʝ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʧʨʠʢʣʘʜʥʽ 

ʟʘʜʘʯʽ, ʷʢʽ ʧʦʪʝʥʮʽʡʥʦ ʤʦʞʫʪʴ ʚʠʨʽʰʫʚʘʪʠʩʴ ʟʘʚʜʷʢʠ ʤʽʢʨʦʨʦʙʦʪʘʤ. 

 

1.1 ʄʝʜʠʯʥʽ ʟʘʜʘʯʽ ʚʠʨʽʰʫʚʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʽʢʨʦʨʦʙʦʪʽʚ 

 

ʄʽʢʨʦʨʦʙʦʪʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʜʦʩʪʘʚʢʠ ʭʽʤʽʯʥʠʭ ʪʘ 

ʙʽʦʣʦʛʽʯʥʠʭ ʨʝʯʦʚʠʥʠ. ʅʠʞʯʝ ʥʘʚʝʜʝʥʦ ʢʽʣʴʢʘ ʪʝʨʘʧʝʚʪʠʯʥʠʭ ʟʘʩʪʦʩʫʚʘʥʴ ʜʣʷ 

ʤʽʢʨʦʨʦʙʦʪʽʚ: 

  ʅʘʧʨʘʚʣʝʥʘ ʜʦʩʪʘʚʢʘ ʣʽʢʽʚ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ ʦʜʥʦʯʘʩʥʦʛʦ 

ʧʜ̔ʚʠʱʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʧʨʝʧʘʨʘʪʫ ʚ ʧʝʚʥʽʡ ʦʙʣʘʩʪʽ ʦʨʛʘʥʽʟʤʫ, ʱʦ ʟʙʽʣʴʰʫʻ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʫ ʭʚʦʨʽʡ ʜʽʣʷʥʮʽ ʽ ʟʤʝʥʰʫ ̒ʨʠʟʠʢ ʧʦʙʽʯʥʠʭ ʝʬʝʢʪʽʚ ʫ ʨʝʰʪʽ ʪʽʣʘ [5]. 

ʇʦʥʷʪʪʷ ʥʘʧʨʘʚʣʝʥʦʾ ʜʦʩʪʘʚʢʠ ʣʽʢʽʚ ʽʥʦʜʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʧʦʟʥʘʯʝʥʥʷ 

ʪʝʨʘʧʽʾ, ʷʢʘ ʥʘʮʽʣʝʥʘ ʥʘ ʢʦʥʢʨʝʪʥʽ ʢʣʽʪʠʥʠ ʘʙʦ ʛʝʥʠ, ʘʣʝ ʫ ʜʘʥʥʦʤʫ ʢʦʥʪʝʢʩʪʽ ʚʦʥʦ 

ʦʟʥʘʯʘʻ ʜʦʩʪʘʚʢʫ ʣʽʢʽʚ ʜʦ ʧʝʚʥʦʛʦ ʤʽʩʮʷ ʚ ʦʨʛʘʥʽʟʤʽ. 

  ɹʨʘʭʽʪʝʨʘʧʽʷ ï ʮʝ ʨʦʟʤʽʱʝʥʥʷ ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ ʜʞʝʨʝʣʘ, ʷʢʝ ʪʘʢʦʞ 

ʥʘʟʠʚʘʶʪʴ ʨʘʜʽʦʘʢʪʠʚʥʠʤ ʥʘʩʽʥʥʷʤ, ʧʦʙʣʠʟʫ ʥʝʙʘʞʘʥʠʭ ʢʣʽʪʠʥ, ʪʘʢʠʭ ʷʢ 

ʧʫʭʣʠʥʘ. ɺʠʧʨʦʤʽʥʶʚʘʥʘ ʝʥʝʨʛʽʷ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʨʫʡʥʫʚʘʥʥʷ ʢʣʽʪʠʥ, ʱʦ 

ʟʥʘʭʦʜʷʪʴʩʷ ʧʦʙʣʠʟʫ ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ ʜʞʝʨʝʣʘ. 

ʊʝʨʤʦʘʙʣʷʮʽ ̫ʪʘ ʛ̔ ʧʝʨʪʝʨʤʽʷ ʫ ʢʦʥʪʝʢʩʪʽ ʤʽʢʨʦʨʦʙʦʪʽʚ ʨʝʘʣʽʟʫʶʪʴ ʽʜʝʶ 

ʜʦʩʪʘʚʢʠ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʜʣʷ ʨʫʡʥʫʚʘʥʥʷ ʥʝʙʘʞʘʥʽ ʢʣʽʪʠʥʠ. ɻʽʧʝʨʪʝʨʤʽʷ 

ʧʝʨʝʜʙʘʯʘʻ ʧʦʤʽʨʥʝ ʧʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʧʨʦʪʷʛʦʤ ʪʨʠʚʘʣʦʛʦ ʧʝʨʽʦʜʫ ʯʘʩʫ, 
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ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʽʥʰʠʭ ʚʠʜʽʚ ʪʝʨʘʧʽʾ; ʪʝʨʤʦʘʙʣʷʮʽʷ ʧʝʨʝʜʙʘʯʘʻ 

ʧʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʜʦ ʧʦʚʥʦʾ ʟʘʛʠʙʝʣʽ ʢʣʽʪʠʥ. 

ʇʝʨʝʤʽʱʝʥʥʷ ʩʪʦʚʙʫʨʦʚʠʭ ʢʣʽʪʠʥ ʥʘʜʘʻ ʚʝʣʠʢʠʡ ʧʦʪʝʥʮʽʘʣ ʜʣʷ ʧʦʜʘʣʴʰʦʾ 

ʪʝʨʘʧʽʾ (ʥʘʧʨʠʢʣʘʜ, ʚʽʜʥʦʚʣʝʥʥʷ ʚʪʨʘʯʝʥʠʭ ʩʝʥʩʦʨʥʠʭ ʟʜʽʙʥʦʩʪʝʡ). ʅʘʨʘʟʽ ʥʝʤʘʻ 

ʤʝʪʦʜʠʢʠ, ʷʢʘ ʙ ʜʦʟʚʦʣʷʣʘ ʪʘʢʽ ʤʘʥʽʧʫʣʷʮʽʾ, ʪʦʤʫ ʮʝ ʤʦʞʝ ʙʫʪʠ ʜʦʙʨʠʤ ʟʘʚʜʘʥʥʷʤ 

ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʤʽʢʨʦʨʦʙʦʪʦʤ. 

ɺʠʜʘʣʝʥʥʷ ʤʘʪʝʨʽʘʣʫ. ʄʽʢʨʦʨʦʙʦʪʠ ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʽ ʜʣʷ ʚʠʜʘʣʝʥʥʷ 

ʙʽʦʣʦʛʽʯʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʤʝʭʘʥʽʯʥʠʤ ʩʧʦʩʦʙʦʤ. ʋ ʨʘʟʽ ʚʽʜʥʦʩʥʦ ʚʝʣʠʢʦʛʦ ʨʦʟʤʽʨʫ 

ʤʽʢʨʦʨʦʙʦʪʘ, ʚʽʥ ʤʦʞʝ ʙʫʪʠ ʦʩʥʘʱʝʥʠʡ ʩʧʝʮʽʘʣʴʥʠʤ ʦʙʣʘʜʥʘʥʥʷʤ [6]. ʆʜʥʘʢ ʧʨʠ 

ʤʝʥʰʠʭ ʨʦʟʤʽʨʘʭ ʚʣʘʩʥʝ ʩʘʤ ʤʽʢʨʦʨʦʙʦʪ ʙʫʜʝ ʽʥʩʪʨʫʤʝʥʪʦʤ. ʅʠʞʯʝ ʥʘʚʝʜʝʥʦ ʜʚʘ 

ʤʦʞʣʠʚʠʭ ʤʝʪʦʜʠ ʚʠʜʘʣʝʥʥʷ ʙʽʦʣʦʛʽʯʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʷʢʽ ʤʦʞʫʪʴ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʴ 

ʧʨʠ ʨʦʙʦʪʽ ʟ ʤʽʢʨʦʨʦʙʦʪʘʤʠ: 

 ɸʙʣʷʮʽʷ ï ʮʝ ʚʠʜʘʣʝʥʥʷ ʤʘʪʝʨʽʘʣʫ ʟ ʧʦʚʝʨʭʥʽ ʧʨʝʜʤʝʪʘ. ʋ ʙʽʣʴʰ ʙʘʟʦʚʦʤʫ 

ʚʠʧʘʜʢʫ ʮʝ ʜʦʩʷʛʘʻʪʴʩʷ ʚʠʰʢʨʽʙʘʥʥʷʤ. ʆʩʢʽʣʴʢʠ ʜʝʷʢʽ ʤʽʢʨʦʨʦʙʦʪʠ ʤʦʞʫʪʴ ʙʫʪʠ 

ʦʩʦʙʣʠʚʦ ʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʦʙʝʨʪʘʣʴʥʦʛʦ ʨʫʭʫ ʜʣʷ ʚʠʢʦʥʘʥʥʷ 

ʟʘʚʜʘʥʴ ʘʙʣʷʮʽʾ, ʮʝ ʙʫʣʦ ʙ ʜʦʚʦʣʽ ʝʬʝʢʪʠʚʥʦ, ʥʘʧʨʠʢʣʘʜ, ʧʨʠ ʚʠʜʘʣʝʥʥʷ ʞʠʨʦʚʠʭ 

ʚʽʜʢʣʘʜʝʥʴ ʟ ʚʥʫʪʨʽʰʥʽʭ ʩʪʽʥʦʢ ʩʫʜʠʥ. ɯʥʰʠʡ ʧʽʜʭʽʜ ʟʘʩʥʦʚʘʥʦ ʥʘ ʤʝʪʦʜʠʮʽ 

ʫʣʴʪʨʘʟʚʫʢʦʚʦʾ ʘʙʣʷʮʽʾ, ʧʨʠ ʷʢʽʡ ʤʽʢʨʦʨʦʙʦʪ ʚʠʢʦʨʠʩʪʦʚʫʻ ʨʝʟʦʥʫʶʯʫ ʤʝʭʘʥʽʯʥʫ 

ʩʪʨʫʢʪʫʨʫ ʜʣʷ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʫʣʴʪʨʘʟʚʫʢʦʚʽ ʭʚʠʣʽ, ʜʣʷ ʨʫʡʥʫʚʘʥʥʷ ʪʘʢʠʭ 

ʨʝʯʦʚʠʥ, ʷʢ, ʥʘʧʨʠʢʣʘʜ, ʢʘʤ̔ʥʴ ʫ ʥʠʨʢʘʭ. 

 ɹʽʦʧʩʽʷ ʪʘʢʦʞ ʤʦʞʝ ʙʫʪʠ ʧʨʦʚʝʜʝʥʘ ʤʽʢʨʦʨʦʙʦʪʘʤʠ. ʋ ʥʘʡʧʨʦʩʪʽʰʦʤʫ 

ʚʠʧʘʜʢʫ ʤʽʢʨʦʨʦʙʦʪ ʦʪʨʠʤʫʻ ʟʨʘʟʦʢ ʧʝʚʥʦʾ ʪʢʘʥʠʥʠ ʽ ʚʠʚʦʜʠʪʴʩʷ ʟ ʦʨʛʘʥʽʟʤʫ, ʘ 

ʘʥʘʣʽʟ ʧʨʦʚʦʜʠʪʴʩʷ ʤʝʜʠʯʠʢʘʤʠ ʫ ʣʘʙʦʨʘʪʦʨʽʾ. ʗʢʱʦ ʙʽʦʧʩʽʷ ʧʦʻʜʥʫʶʪʴʩʷ ʟ 

ʪʝʭʥʦʣʦʛʽʻʶ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ, ʟʨʘʟʦʢ ʪʢʘʥʠʥʠ ʤʦʞʣʠʚʦ ʧʨʦʚʦʜʠʪʠ 

ʘʥʘʣʽʟ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʫ ʦʨʛʘʥʽʟʤʽ, ʙʝʟ ʚʠʚʝʜʝʥʥʷ ʟʨʘʟʢʫ. 

ʂʦʥʪʨʦʣʴʦʚʘʥʽ ʩʪʨʫʢʪʫʨʠ. ʄʽʢʨʦʨʦʙʦʪʠ ʤʦʞʫʪʴ ʚʠʩʪʫʧʘʪʠ ʷʢ ʧʨʦʩʪʽ 

ʩʪʘʪʠʯʥʽ ʩʪʨʫʢʪʫʨʠ, ʧʦʣʦʞʝʥʥʷ ʷʢʠʭ ʢʦʥʪʨʦʣʶʶʪʴʩʷ. ʊʘʢʽ ʩʪʨʫʢʪʫʨʠ ʤʦʞʫʪʴ 

ʚʠʢʦʥʫʚʘʪʠ ʨʦʣʴ ʦʧʦʨʥʠʭ ʢʣʽʪʠʥʥʠʭ ʢʘʨʢʘʩʽʚ, ʥʘ ʷʢʠʭ ʤʦʞʥʘ ʚʽʜʥʦʚʣʶʚʘʪʠ 
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ʥʝʨʚʠ, ʙʫʜʫʚʘʪʠ ʰʪʫʯʥʽ ʦʨʛʘʥʠ ʪʘ ʚʠʨʦʱʫʚʘʪʠ ʩʫʜʠʥʠ. ʆʧʦʨʥʽ ʢʘʨʢʘʩʠ ʤʦʞʫʪʴ 

ʫʪʚʦʨʶʚʘʪʠʩʴ ʘʙʦ ʩʘʤʠʤʠ ʤʽʢʨʦʨʦʙʦʪʘʤ ʘʙʦ ʝʣʝʤʝʥʪʘʨʥʠʤʠ ʩʢʣʘʜʘʶʯʠʤʠ 

ʨʦʙʦʪʽʚ. 

 ʉʪʝʥʪʠ ï ʮʝ ʧʝʚʥʽ ʢʦʥʩʪʨʫʢʮʽʾ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʫʪʨʠʤʘʥʥʷ ʩʪʽʥʦʢ 

ʧʦʣʠʭ ʦʨʛʘʥʽʚ. ʆʜʥʠʤ ʟ ʧʨʠʢʣʘʜʽʚ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʪʝʥʪʫ ʻ ʧʽʜʪʨʠʤʢʘ ʢʨʦʚʦʪʦʢʫ, 

ʷʢʱʦ ʚʽʥ ʟʘʩʦʨʝʥʠʡ. ʉʘʤ ʤʽʢʨʦʨʦʙʦʪ ʤʽʛ ʙʠ ʚʠʩʪʫʧʘʪʠ ʫ ʨʦʣʽ ʩʪʝʥʪʫ ʽ ʟʜʽʡʩʥʶʚʘʪʠ 

ʥʘʧʨʘʚʣʝʥʥʷ ʧʦʪʦʢʫ ʨʽʜʠʥʠ ʫ ʥʝʦʙʭʽʜʥʦʤʫ ʤʽʩʮʽ [7]. 

 ʆʢʣʶʟʽʾ ʟʘʩʪʦʩʦʚʫʶʪʴ ʜʣʷ ʪʠʤʯʘʩʦʚʦʛʦ ʘʙʦ ʧʦʩʪʽʥʦʛʦ ʧʝʨʝʢʨʠʪʪʷ ʩʫʜʠʥʠ 

ʜʣʷ ʫʥʝʤʦʞʣʠʚʣʶʚʘʥʥʷ ʙʫʜʴ-ʷʢʦʛʦ ʨʫʭʫ ʯʝʨʝʟ ʥʝʾ. ʋ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʤʽʢʨʦʨʦʙʦʪ 

ʤʦʞʝ ʚʠʩʪʫʧʘʪʠ ʝʣʝʤʝʥʪʦʤ, ʷʢʠʡ ʧʝʨʝʢʨʠʚʘʻ ʩʫʜʠʥʫ, ʥʧʨʠʢʣʘʜ, ʟʘʢʫʧʦʨʠʪʠ 

ʢʨʦʚʦʥʦʩʥʫ ʩʫʜʠʥʫ, ʷʢʘ ʞʠʚʠʪʴ ʧʫʭʣʠʥʫ. 

ʊʝʣʝʤʝʪʨʽʷ. ʄʽʢʨʦʨʦʙʦʪʠ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ ʧʝʨʝʜʘʯʽ 

ʽʥʬʦʨʤʘʮʽʾ ʟ ʚʽʜʜʘʣʝʥʦʛʦ ʤʽʩʮʷ ʫ ʦʨʛʘʥʽʟʤʽ ʣʶʜʠʥʠ. ɼʣʷ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʶ 

ʤʦʞʥʘ ʧʝʨʝʪʚʦʨʠʪʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʤʝʪʦʜʽʚ (ʥʘʧʨʠʢʣʘʜ, 

ʨʘʜʽʦʭʚʠʣʽ, ʩʚʽʪʣʦ, ʫʣʴʪʨʘʟʚʫʢ). ʋ ʜʘʥʥʦʤʫ ʢʦʥʪʝʢʩʪʽ ʨʦʙʦʪʠ ʤʦʞʫʪʴ ʚʠʢʦʥʫʚʘʪʠ 

ʜʚʽ ʬʫʥʢʮʽʾ: ʟʦʥʜʫʚʘʥʥʷ ʪʘ ʣʦʢʘʣʽʟʘʮʽʾ. 

  ʄʽʢʨʦʨʦʙʦʪʠ ʤʦʞʫʪʴ ʚʠʢʦʥʫʚʘʪʠ ʜʠʩʪʘʥʮʽʡʥʝ ʟʦʥʜʫʚʘʥʥʷ. ʅʘʧʨʠʢʣʘʜ, 

ʤʢ̔ʨʦʨʦʙʦʪʠ ʤʦʞʫʪʴ ʧʝʨʝʜʘʚʘʪʠ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʢʦʥʮʝʥʪʨʘʮʽʶ ʢʠʩʥʶ ʫ 

ʧʝʚʥʦʤʽʡ ʜʽʣʷʥʮʽ ʦʨʛʘʥʽʟʤʫ. 

  ʃʦʢʘʣʽʟʘʮʽʷ ʪʘ ʧʝʨʝʜʘʯʘ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʧʦʟʠʮʽʶ ʤʽʢʨʦʨʦʙʦʪʘ ʥʘʟʦʚʥʽ 

ʪʘʢʦʞ ʤʦʞʝ ʚʠʷʚʠʪʠʩʴ ʢʦʨʠʩʥʦʶ. ʊʘʢʫ ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʴ ʤʦʞʥʘ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʢʝʨʫʚʘʥʥʷ ʨʦʙʦʪʦʤ ʘ ʫ ʧʦʻʜʥʘʥʥʽ ʽʟ ʟʦʥʜʫʚʘʥʥʤ ʚʦʥʘ ʤʦʞʝ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʴ ʜʣʷ ʟʥʘʭʦʜʞʜʝʥʥʷ ʥʝʚʽʜʦʤʠʭ ʘʙʦ ʰʢʽʜʣʠʚʠʭ ʷʚʠʱ, ʥʘʧʨʠʢʣʘʜ 

ʢʨʦʚʦʪʝʯʽ.  

ʅʘ ʨʠʩʫʥʢʫ 1.1 ʧʨʝʜʩʪʘʚʣʝʥʦ ʟʘʛʘʣʴʥʫ ʩʭʝʤʫ ʤʦʞʣʠʚʠʭ ʟʘʩʪʦʩʫʚʘʥʴ 

ʤʽʢʨʦʨʦʙʦʪʽʚ. 
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ɹʽʦʧʩʽʷ ʃʦʢʘʣʽʟʘʮʽʷ
ʊʝʨʤʦʘʙʣʷʮʽʷ ʪʘ 

ʛʽʧʝʨʪʝʨʤʽʷ 

ʇʝʨʝʤʽʱʝʥʥʷ 

ʩʪʦʚʙʫʨʦʚʠʭ 

ʢʣʽʪʠʥ

ʂʣʽʪʠʥʥ ̔ʢʘʨʢʘʩʠ

ɸʙʣʷʮʽʷ ɿʦʥʜʫʚʘʥʥʷ 
ʅʘʧʨʘʚʣʝʥʘ 

ʜʦʩʪʘʚʢʘ ʣʽʢʽʚ 
ɹʨʘʭʽʪʝʨʘʧʽʷ ʆʢʣʶʟʽʷ ʉʪʝʥʪʠ

ʄʝʜʠʯʥʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʘʛʥʽʪʥʠʭ ʤʽʢʨʦʨʦʙʦʪʽʚ

ɺʠʜʘʣʝʥʥʷ 

ʤʘʪʝʨʽʘʣʫ
ʊʝʣʝʤʝʪʨʽ ʅ̫ʘʧʨʘʚʣʝʥʘ ʪʝʨʘʧʽʷ ʂʦʥʪʨʦʣʴʦʚʘʥʽ ʩʪʨʫʢʪʫʨʠ

 

ʈʠʩʫʥʦʢ 1.1 ï ʆʙʣʘʩʪʽ ʤʝʜʠʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʘʛʥʽʪʥʠʭ ʤʽʢʨʦʨʦʙʦʪʽʚ 

 

 1.2 ʄʦʞʣʠʚʽ ʩʝʨʝʜʦʚʠʱʘ ʧʝʨʝʤʽʱʝʥʥʷ ʤʽʢʨʦʨʦʙʦʪʘ 

  

 ʅʘʨʘʟʽ ʧʨʦʚʦʜʷʪʴʩʷ ʜʦʩʣʽʜʠ, ʱʦ ʤʘʶʪʴ ʥʘ ʤʝʪʽ ʚʠʷʚʠʪʠ, ʷʢʽ ʢʘʥʘʣʠ ʫ 

ʣʶʜʩʴʢʦʤʫ ʪʽʣʽ ʥʘʡʢʨʘʱʝ ʧʽʜʭʦʜʷʪʴ ʜʣʷ ʧʝʨʝʤʽʱʝʥʥʷ ʧʦ ʥʠʤ ʤʽʢʨʦʨʦʙʦʪʽʚ. ɺ̔ ʜ 

ʩʝʨʝʜʦʚʠʱʘ, ʫ ʷʢʦʤʫ ʨʦʙʦʪ ʙʫʜʝ ʟʥʘʭʦʜʠʪʠʩʴ, ʟʘʣʝʞʠʪʴ ʧʽʜʭʽʜ ʜʦ ʧʦʙʫʜʦʚʠ 

ʩʠʤʪʝʤʠ, ʪʦʤʫ ʥʝʦʙʭʽʜʥʦ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʫʩʽ ʧʝʨʝʚʘʛʠ ʪʘ ʥʝʜʦʣʽʢʠ ʢʦʞʥʦʛʦ ʟ ʥʠʭ. 

ʋ ʜʘʥʦʤʫ ʧʽʜʨʦʟʜʽʣʽ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʩʠʩʪʝʤʠ ʦʨʛʘʥʽʚ ʣʶʜʠʥʠ, ʧʦ ʷʢʠʤ ʤʦʞʣʠʚʠʡ 

ʨʫʭ ʨʦʙʦʪʘ.  

ʂʨʦʚʦʥʦʩʥʘ ʩʠʩʪʝʤʘ. ʂʨʦʚʦʥʦʩʥʘ ʩʠʩʪʝʤʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʩʝʨʮʷ ʪʘ ʩʫʜʠʥ, ̫ ʢʽ 

ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʢʨʦʚ ̔ʧʦ ʪʽʣʫ. ʉʢʣʘʜ ʪʘ ʨʦʟʤʽʨʠ ʩʫʜʠʥʠ ʟʘʣʝʞʘʪ ɹ

ʚʽʜ ʾ ʾ ʬʫʥʢʮʽʾ ʪʘ ʚʽʜʩʪʘʥʽ ʚʽʜ ʩʝʨʮʷ. ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ ʚʽʜʩʪʘʥʽ ʤʽʞ ʩʝʨʮʝʤ ̔  ʩʫʜʠʥʦʶ 

ʚʠʥʠʢʘʻ ʧʫʣʴʩʘʮʽʷ ʪʠʩʢʫ, ʱʦ ʦʙʫʤʦʚʣʝʥʘ ʙʠʪʪʷʤ ʩʝʨʮʷ. ʊʘʢʽ  ʚʣʘʩʪʠʚʦʩʪʽ 

ʢʨʦʚʦʥʦʩʥʦʾ ʩʠʩʪʝʤʠ ʧʦʭʦʜʷʪʴ ʟ ʜʦʩʣʽʜʞʝʥʴ, ʷʢʽ ʨʦʟʛʣʷʜʘʶʪʴ ʾʾ ʷʢ ʦʜʥʦʨʽʜʥʫ, ʱʦ 

ʥʝ ʻ ʚʽʨʥʠʤ ʧʨʠ ʨʦʟʛʣʷʜʽ ʫ ʤʽʢʨʦʤʘʩʰʪʘʙʽ. ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʠʧʫ ʪʘ ʨʦʟʤʽʨʫ 

ʩʫʜʠʥʠ ʨʦʙʦʪ ʤʦʞʝ ʧʦʚʦʜʠʪʠ ʩʝʙʝ ʧʦ-ʨʽʟʥʦʤʫ. 
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ʂʨʦʚ ʤʦʞʝ ʦʪʨʠʤʘʪʠ ʜʦʩʪʫʧ ʤʘʡʞʝ ʜʦ ʢʦʞʥʦʾ ʜʽʣʷʥʢʠ ʪʽʣʘ, ʪʦʤʫ ʩʠʩʪʝʤʘ 

ʢʨʦʚʦʦʙʽʛʫ, ʙʝʟʧʝʨʝʯʥʦ, ʻ ʥʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʦʶ ʩʝʨʝʜʦʶ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʙʝʟʜʨʦʪʦʚʠʭ ʤʽʢʨʦʨʦʙʦʪʽʚ. ɼʝʷʢʽ ʟ ʥʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʟʘʩʪʦʩʫʥʢʽʚ ʩʠʩʪʝʤ 

ʤʽʢʨʦʨʦʙʦʪʽʚ ʫ ʩʝʨʝʜʦʚʠʱʽ ʢʨʦʚʦʦʙʽʛʫ ʚʢʣʶʯʘʶʪʴ ʧʨʦʚʝʜʝʥʥʷ ʥʘʧʨʘʚʣʝʥʦʾ 

ʜʦʩʪʘʚʢʠ ʣʽʢʽʚ, ʚʠʜʘʣʝʥʥʷ ʥʝʙʘʞʘʥʠʭ ʝʣʝʤʝʥʪʽʚ ʫ ʩʫʜʠʥʘʭ (ʨʦʪʘʮʽʡʥʘ 

ʘʪʝʨʝʢʪʦʤʽʷ), ʨʫʡʥʫʚʘʥʥʷ ʪʨʦʤʙʽʚ (ʪʨʦʤʙʦʣʽʟ), ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʨʦʙʦʪʽʚ ʫ ʷʢʦʩʪʽ 

ʩʪʝʥʪʽʚ ʜʣʷ ʧʽʜʪʨʠʤʢʠ ʢʨʦʚʦʪʦʢʫ [8-9]. ʄʽʢʨʦʨʦʙʦʪʠ ʪʘʢʦʞ ʤʦʞʫʪʴ ʧʝʨʝʥʦʩʠʪʠ 

ʝʣʝʢʪʨʦʜʠ ʜʣʷ ʝʣʝʢʪʨʦʬʽʟʽʦʣʦʛʽʾ. 

ʂʘʧʽʣʷʨʥʘ ʤʝʨʝʞʘ ʤʘʣʦʛʦ ʜʽʘʤʝʪʨʘ ʨʦʙʠʪʴ ʤʘʣʦʡʤʦʚʽʨʥʦʶ ʤʦʞʣʠʚʽʩʪʴ 

ʥʘʚʽʛʘʮʽʾ ʚ ʦʙʠʜʚʘ ʢʽʥʮʽ ʪʽʣʘ, ʧʨʠʯʦʤʫ ʫ ʪʘʢʠʭ ʜʽʣʷʥʢʘʭ ʤʽʢʨʦʨʦʙʦʪ ʟʘʚʞʜʠ 

ʨʫʭʘʻʪʴʩʷ ʟ ʧʦʪʦʢʦʤ. ʆʪʞʝ, ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʦʙʭʽʜʥʠʤ ʨʽʚʥʝʤ 

ʬʫʥʢʮʽʦʥʘʣʴʥʦʩʪʽ, ʧʦʪʨʽʙʥʦ ʟʘʙʝʟʧʝʯʠʪʠ ʟʜʘʪʥʽʩʪʴ ʨʦʙʦʪʘ ʨʫʭʘʪʠʩʷ ʧʨʦʪʠ ʧʦʪʦʢʫ. 

ʉʫʯʘʩʥʽ ʜʦʩʣʽʜʠ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʛʝʥʝʨʫʚʘʥʥʷ ʪʘ ʧʝʨʝʜʘʯʘ ʜʦʩʪʘʪʥʴʦʾ ʢʽʣʴʢʦʩʪʽ 

ʝʥʝʨʛʽʾ ʜʣʷ ʧʝʨʝʤʽʱʝʥʥʷ ʨʦʙʦʪʘ ʧʨʦʪʠ ʥʘʧʨʷʤʢʫ ʢʨʦʚʽ ʻ ʪʝʭʥʽʯʥʦ ʥʝʧʨʦʩʪʠʤ ʘʣʝ 

ʤʦʞʣʠʚʠʤ ʟʘʚʜʘʥʥʷʤ. ʊʘʢʠʤ ʯʠʥʦʤ ʢʨʦʚʦʥʦʩʥʘ ʩʠʩʪʝʤʘ ʻ ʦʜʥʘ ʟ 

ʥʘʡʧʝʨʩʧʝʢʪʠʚʥʽʰʠʭ. 

ʅʝʨʚʦʚʘ ʩʠʩʪʝʤʘ. ʎʝʥʪʨʘʣʴʥʘ ʥʝʨʚʦʚʘ ʩʠʩʪʝʤʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʤʦʟʢʫ, 

ʩʧʠʥʥʦʛʦ ʤʦʟʢʫ, ʘ ʪʘʢʦʞ ʩʧʠʥʥʦ-ʤʦʟʢʦʚʘ ʨʽʜʠʥʠ, ʚ ʷʢʽʡ ʟʥʘʭʦʜʷʪʴʩʷ ʦʙʠʜʚʘ 

ʦʨʛʘʥʠ. 

ɼʦʩʣʽʜʞʝʥʥʷ, ʟʦʩʝʨʝʜʞʝʥʽ ʥʘ ʚʠʟʥʘʯʝʥʥʽ ʛʝʦʤʝʪʨʽʾ ʪʘ ʨʦʟʤʽʨʽʚ 

ʩʧʠʥʥʦʤʦʟʢʦʚʦʛʦ ʩʫʙʘʨʘʭʥʦʾʜʘʣʴʥʦʛʦ ʧʨʦʩʪʦʨʫ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʱʦʜʦ 

ʧʨʦʝʢʪʥʠʭ ʦʙʤʝʞʝʥʴ ʜʣʷ ʝʥʜʦʩʢʦʧʽʯʥʦʾ ʚʽʟʫʘʣʽʟʘʮʽʾ ʩʧʠʥʥʦʤʦʟʢʦʚʦʛʦ ʢʘʥʘʣʫ, 

ʜʘʶʪʴ ʥʝʦʙʭʽʜʥʫ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʦʙʤʝʞʝʥʥʷ ʜʣʷ ʤʽʢʨʦʨʦʙʦʪʽʚ ʧʨʠ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʜʘʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. 

ʉʫʙʘʨʘʭʥʦʾʜʘʣʴʥʠʡ ʧʨʦʩʪʽʨ ʯʘʩʪʦ ʚʠʻʷʚʣʷʻʪʴʩʷ ʩʠʤʝʪʨʠʯʥʠʤ ʟ ʣʽʚʦʛʦ ʪʘ 

ʧʨʘʚʦʛʦ ʙʦʢʽʚ ʩʧʠʥʥʦʛʦ ʤʦʟʢʫ, ʘ ʧʝʨʝʜʥʽʡ ʪʘ ʟʘʜʥʽʡ ʩʝʛʤʝʥʪʠ ʙʽʣʴʰ ʘʩʠʤʝʪʨʠʯʥʽ. 

ʇʨʘʢʪʠʯʥʦ ʤʦʞʝ ʚʠʷʚʠʪʠʩʴ ʚʘʞʢʦ ʦʪʨʠʤʘʪʠ ʜʦʩʪʫʧ ʜʦ ʧʝʨʝʜʥʴʦʛʦ ʧʨʦʩʪʦʨʫ. 

ʄʽʢʨʦʨʦʙʦʪ, ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʧʨʦʭʦʜʞʝʥʥʷ ʧʦ ʢʘʥʘʣʫ ʜʽʘʤʝʪʨʦʤ 2,5 ʤʤ, ʤʘʚ ʙʠ 
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ʤʦʞʣʠʚʽʩʪʴ ʧʝʨʝʤʽʱʫʚʘʪʠʩʴ ʙʽʯʥʠʤ ʘʙʦ ʟʘʜʥʽʤ ʩʫʙʘʨʘʭʥʦʾʜʘʣʴʥʠʤ ʧʨʦʩʪʦʨʘʤ 

ʧʨʠʙʣʠʟʥʦ ʫ 50% ʣʶʜʝʡ. ʇʨʠʩʪʨʽʡ ʨʦʟʨʦʙʣʝʥʠʡ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʧʨʦʭʦʜʠʪʠ 

ʯʝʨʝʟ 1,5-ʤʽʣʽʤʝʪʨʦʚʠʡ ʢʘʥʘʣ, ʤʘʚ ʙʠ ʟʤʦʛʫ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʴ ʧʨʠʥʘʡʤʥʽ ʫ 85% 

ʣʶʜʝʡ. ɼʦʩʪʫʧ ʜʦ ʰʣʫʥʦʯʢʽʚ ʤʦʟʢʫ ʟ ʭʨʝʙʪʘ ʟʜʽʡʩʥʶʻʪʴʩʷ ʰʣʷʭʦʤ ʧʨʦʭʦʜʞʝʥʥʷ 

ʯʝʨʝʟ ʤʦʟʢʦʚʠʡ ʘʢʚʝʜʫʢ, ʷʢʠʡ ʷʚʣʷʻ ʩʦʙʦʶ ʧʨʦʩʚʽʪ ʽʟ ʚʥʫʪʨʽʰʥʽʤ ʜʽʘʤʝʪʨʦʤ 

ʧʨʠʙʣʠʟʥʦ1,0 - 2,2 ʤʤ. 

ʄʽʢʨʦʨʦʙʦʪʠ ʤʦʞʫʪʴ ʩʫʪʪʻʚʦ ʚʧʣʠʥʫʪʠ ʥʘ ʣʽʢʫʚʘʥʥʷ ʨʘʢʫ ʚ ʮʝʥʪʨʘʣʴʥʽʡ 

ʥʝʨʚʦʚʽʡ ʩʠʩʪʝʤʽ. ʊʘʢʦʞ ʜʫʞʝ ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʛʘʣʫʟʷʤʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʮʴʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ ʻ ʥʝʡʨʦʧʨʦʪʝʟʠ ʪʘ ʩʪʠʤʫʣʷʮʽʷ ʛʣʠʙʦʢʦʛʦ ʤʦʟʢʫ. ʅʘʚʽʪʴ ʩʘʤʽ ʨʦʙʦʪʠ 

ʤʦʞʫʪʴ ʚʠʢʦʥʫʚʘʪʠ ʨʦʣʴ ʽʤʧʣʘʥʪʽʚ. ʅʘʜʯʫʪʣʠʚʽ ʩʪʨʫʢʪʫʨʠ ʤʦʟʢʫ ʚʠʤʘʛʘʶʪʴ 

ʚʽʜʧʦʚʽʜʥʦʾ ʦʙʝʨʝʞʥʦʩʪʽ ʧʨʠ ʙʫʜʴ-ʷʢʽʡ ʧʨʦʮʝʜʫʨʽ, ʪʦʤʫ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʽʥʽʤʘʣʴʥʦ 

ʽʥʚʘʟʠʚʥʠʭ ʦʧʝʨʘʮʽʡ ʫ ʥʝʨʚʦʚʽʡ ʩʠʩʪʝʤʽ ʻ ʪʘʢʦʞ ʜʫʞʝ ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ [10]. 

ɿʘʟʚʠʯʘʡ ʜʦʩʪʫʧ ʜʦ ʤʦʟʢʫ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʢʨʘʥʽʦʪʦʤʽʻʶ ʘʙʦ ʯʝʨʝʟ ʦʪʚʽʨ ʫ 

ʯʝʨʝʧʽ. ʆʜʥʘʢ ʟʨʘʟʢʠ ʩʫʙʘʨʘʭʥʦʾʜʘʣʴʥʦʾ ʨʽʜʠʥʠ ʙʝʨʫʪʴ ʧʫʥʢʪʫʘʮʽʻʶ ʟ ʧʦʧʝʨʝʢʦʚʦʾ 

ʯʘʩʪʠʥʠ ʭʨʝʙʪʘ. ʇʨʠ ʪʘʢʦʤʫ ʚʠʜʽ ʧʨʦʥʠʢʥʝʥʥʷ ʤʦʞʣʠʚʦ ʧʦʤʽʩʪʠʪʠ ʤʢ̔ʨʦʨʦʙʦʪ ʫ 

ʪʽʣʦ ʣʶʜʠʥʠ  ̔ʧʝʨʤʽʩʪʠʪʠ ʜʦ ʤʦʟʢʫ. ʆʧʠʩʘʥʫ ʚʠʱʝ ʦʧʝʨʘʮʽʶ ʤʦʞʥʘ ʚʠʢʦʥʫʚʘʪʠ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʘʪʝʪʦʨʘ. ʋ ʩʝʨʝʜʦʚʠʱʽ ʩʫʙʘʨʘʭʥʦʾʜʘʣʴʥʦʾ ʨʽʜʠʥʠ ʥʝʤʘʻ 

ʥʝʙʘʞʘʥʦʛʦ ʪʠʩʢʫ, ʪʦʤʫ ʢʝʨʫʚʘʥʥʷ ʨʫʭʦʤ ʨʦʙʦʪʘ ʚʠʷʚʣʷʻʪʴʩʷ ʜʦʚʦʣʽ ʧʨʦʩʪʠʤ. 

ɿʦʨʦʚʘ ʩʠʩʪʝʤʘ. ʉʢʣʦʧʦʜʽʙʥʝ ʪʽʣʦ ʦʢʘ ï ʮʝ ʚôʷʟʢʦʧʨʫʞʥʠʡ ʛʝʣʴ, ʷʢʠʡ 

ʩʢʣʘʜʘʻʪʴʩʷ ʚ ʦʩʥʦʚʥʦʤʫ ʟ ʚʦʜʠ (ʧʨʠʙʣʠʟʥʦ 99 %), ʘʣʝ ʪʘʢʦʞ ʤʽʩʪʠʪʴ ʛʽʘʣʫʨʦʥʦʚʫ 

ʢʠʩʣʦʪʫ ʪʘ ʬʽʙʨʠʣʠ ʢʦʣʘʛʝʥʫ, ʷʢʽ ʥʘʜʘʶʪʴ ʾʡ ʚô̫ ʟʢʦʧʨʫʞʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʪʘ ʨʦʙʠʪʴ 

ʡʦʛʦ ʙʽʣʴʰʝ ʤôʷʢʦʶ ʪʢʘʥʠʥʦʶ, ʥʽʞ ʨʽʜʠʥʦʶ [11]. ɹʘʛʘʪʦ ʦʧʝʨʘʮʽʡ ʧʦʯʠʥʘʶʪʴʩʷ ʟ 

ʚʽʪʨʝʢʪʦʤʽʾ, ʧʨʠ ʷʢʽʡ ʩʢʣʦʧʦʜʽʙʥʝ ʪʽʣʦ ʚʠʜʘʣʷʶʪʴ ʽ ʟʘʤʽʥʶʶʪʴ ʨʽʜʠʥʦʶ, ʧʦʜʽʙʥʦʶ 

ʜʦ ʚʦʜʠ, ʘʙʦ ʤʘʩʣʦʤ. ʋ ʣʶʜʝʡ, ʷʢʽ ʧʦʪʨʝʙʫʶʪʴ ʦʧʝʨʘʮʽʾ ʩʽʪʢʽʚʢʠ, ʩʢʣʦʧʦʜʽʙʥʝ ʪʽʣʦ 

ʚ ʟʘʜʥʽʡ ʯʘʩʪʠʥʽ ʦʢʘ ʤʦʞʝ ʙʫʪʠ ʚʞʝ ʟʘʤʽʥʝʥʝ ʚʦʜʥʠʤ ʨʦʟʯʠʥʦʤ ʨʠʨʦʜʥʠʤ ʯʠʥʦʤ.  

ʉʽʪʢʽʚʢʘ ï ʮʝ ʦʙʣʘʩʪʴ ʦʢʘ, ʜʣʷ ʷʢʦʾ ʟʘʩʪʦʩʦʫʚʘʥʥʷ ʤʽʢʨʦʨʦʙʦʪʽʚ ʤʦʞʝ ʙʫʪʠ 

ʥʘʡʙʽʣʴʰ ʢʦʨʠʩʥʠʤʠ, ʦʩʢʽʣʴʢʠ ʾʾ ʩʪʘʥ ʻ ʢʨʠʪʠʯʥʠʤ ʜʣʷ ʟʦʨʫ, ʧʨʦʪʝ ʜʦ ʥʴʦʛʦ ʚʘʞʢʦ 

ʜʽʩʪʘʪʠʩʴ. ʄʽʢʨʦʭʽʨʫʨʛʽʷ ʩʽʪʢʽʚʢʠ ʚʠʤʘʛʘʻ ʚʠʩʦʢʦʾ ʪʦʯʥʦʩʪʽ ʜʽʾ, ʷʢʘ ʥʝ ʤʦʞʝ ʙʫʪʠ 
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ʜʦʩʷʛʥʫʪʘ ʟʘʚʜʷʢʠ ʢʣʘʩʠʯʥʠʤ ʧʽʜʭʦʜʦʤ ʜʦ ʧʨʦʚʝʜʝʥʥʷ ʦʧʝʨʘʮʽʡ ʽ ʷʢʽ ʚʠʤʘʛʘʶʪʴ 

ʩʠʣʠ ʚʧʣʠʚʫ ʥʠʞʯʝ ʧʦʨʦʛʘ ʣʶʜʩʴʢʦʛʦ ʩʧʨʠʡʥʷʪʪʷ. ʉʘʤʝ ʮʽ ʬʘʢʪʦʨʠ ʫʩʢʣʘʜʥʶʶʪʴ 

ʦʧʝʨʘʮʽʾ ʥʘ ʩʽʪʢʽʚʮʽ ʪʘ ʨʦʙʣʷʪʴ ʾʭ ʨʠʟʠʢʦʚʘʥʠʤʠ. ʂʨʽʤ ʪʦʛʦ, ʩʫʯʘʩʥʽ ʭʽʨʫʨʛʽʯʥʽ 

ʤʝʪʦʜʠ ʚʽʪʨʝʦʨʝʪʠʥʘʣʴʥʦʾ ʭʽʨʫʨʛʽʾ, ʷʢ ʧʨʘʚʠʣʦ, ʚʠʤʘʛʘʶʪʴ ʚʽʪʨʝʢʪʦʤʽʾ, ʜʣʷ 

ʦʪʨʠʤʘʥʥʷ ʜʦʩʪʫʧʫ ʜʦ ʩʽʪʢʽʚʢʠ [12]. ʄʽʢʨʦʨʦʙʦʪʠ ʫ ʩʚʦʶ ʯʝʨʛʫ ʤʦʞʫʪʴ 

ʟʘʙʝʟʧʝʯʠʪʠ ʘʣʴʪʝʨʥʘʪʠʚʥʠʡ ʧʽʜʭʽʜ ʜʦ ʧʨʦʚʝʜʝʥʥʷ ʧʨʦʮʝʜʫʨ ʪʘʢʦʛʦ ʪʠʧʫ. 

ʊʦʯʢʦʶ ʚʭʦʜʫ / ʚʠʭʦʜʫ ʜʣʷ ʤʽʢʨʦʨʦʙʦʪʘ ʻ pars plana (ʮʝ ʯʘʩʪʠʥʘ 

ʩʢʣʦʧʦʜʽʙʥʦʛʦ ʪʽʣʘ). ʄʽʢʨʦʨʦʙʦʪ ʧʦʚʠʥʝʥ ʧʝʨʝʤʽʩʪʠʪʠʩʴ ʜʦ ʩʽʪʢʽʚʢʠ ʟʽ ʟʚʦʨʦʪʥʦʾ 

ʯʘʩʪʠʥʠ ʦʢʘ. ʇʨʠ ʪʘʢʦʤʫ ʧʽʜʭʦʜʽ ʻ ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʚʝʜʝʥʥʷ ʦʧʝʨʘʮʽʾ ʙʝʟ 

ʧʦʧʝʨʝʜʥʴʦʛʦ ʧʨʦʚʝʜʝʥʥʷ ʚʽʪʨʝʢʪʦʤʽʾ, ʦʩʢʽʣʴʢʠ ʨʦʟʤʽʨʠ ʤʽʢʨʦʨʦʙʦʪʘ ʜʦʟʚʦʣʷʶʪʴ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʤʝʥʰʫ ʩʠʣʫ ʜʦ ʩʽʪʢʽʚʢʠ ʧʦʨʽʚʥʷʥʦ ʟ ʢʣʘʩʠʯʥʠʤʠ ʽʥʩʪʨʫʤʝʥʪʘʤʠ. 

ʋʥʠʢʥʝʥʥʷ ʚʽʪʨʝʢʪʦʤʽʾ ʟʤʝʥʰʠʪʴ ʽʥʚʘʟʠʚʥʽʩʪʴ ʧʨʦʮʝʜʫʨʠ ʪʘ ʧʦʪʝʥʮʽʡʥʦ 

ʟʤʝʥʰʠʪʴ ʯʘʩ ʨʝʘʙʽʣʽʪʘʮʽʾ ʧʽʩʣʷ ʧʨʦʮʝʜʫʨʠ, ʧʽʜʪʨʠʤʫʶʯʠ ʙʽʣʴʰ ʧʨʠʨʦʜʥʠʡ ʩʪʘʥ 

ʦʢʘ. ʄʽʢʨʦʨʦʙʦʪʠ ʪʘʢʦʞ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʽ ʫ ʨʘʟʽ ʧʨʦʚʝʜʝʥʥʷ 

ʚʽʪʨʝʢʪʦʤʽʾ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʤʘʶʪʴ ʟʤʦʛʫ ʚʠʢʦʥʫʚʘʪʠ ʪʦʥʢʫ ʭʽʨʫʨʛʽʯʥʫ ʨʦʙʦʪʫ 

ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʟʤʝʥʰʠʪʠ ʨʠʟʠʢ ʧʦʜʨʘʟʥʝʥʥʷ ʩʽʪʢʽʚʢʠ ʧʦʨʽʚʥʷʥʦ ʟ ʨʫʯʥʠʤʠ ʪʘ 

ʽʥʰʠʤʠ ʨʦʙʦʪʦʪʝʭʥʽʯʥʠʤʠ ʤʝʪʦʜʘʤʠ. ʑʝ ʦʜʥʠʤ ʟ ʚʠʜʽʚ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʤʽʢʨʦʨʦʙʦʪʽʚ ʫ ʩʝʨʝʜʦʚʠʰʽ ʦʢʘ  ̒ʪʝʨʘʧʽʷ ʧʨʠ ʦʢʣʶʟʽʾ ʚʝʥ ʩʽʪʢʽʚʢʠ, ʚʽʜʰʘʨʫʚʘʥʥʽ 

ʩʽʪʢʽʚʢʠ ʪʘ ʝʧʽʨʝʪʠʥʘʣʴʥʠʭ ʦʙʦʣʦʥʦʢ, ʘ ʪʘʢʦʞ ʜʽʘʛʥʦʩʪʠʢʘ ʩʪʘʥʫ ʩʽʪʢʽʚʢʠ.  

ʉʣʫʭʦʚʘ ʩʠʩʪʝʤʘ. ʄʽʢʨʦʨʦʙʦʪʠ ʤʘʶʪʴ ʧʦʪʝʥʮʽʘʣ ʜʣʷ ʨʦʙʦʪʠ ʫ ʟʦʥʽ 

ʚʥʫʪʨʽʰʥʴʦʛʦ ʚʫʭʘ, ʷʢʝ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʚʫʰʥʦʾ ʨʘʢʦʚʠʥʠ ʪʘ ʥʘʧʽʚʢʨʫʛʣʠʭ ʢʘʥʘʣʽʚ. 

ʅʘʡʤʝʥʰʽ ʨʦʟʤʽʨʠ ʚʫʰʥʦʾ ʨʘʢʦʚʠʥʠ ʩʪʘʥʦʚʣʷʪʴ ʧʨʠʙʣʠʟʥʦ ʚʽʜ 1 ʤʤ ʜʦ 0,3 ʤʤ. 

ʅʘʡʤʝʥʰʠʡ ʧʝʨʝʨʽʟ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʥʘʧʽʚʢʨʫʛʦʚʦʛʦ ʢʘʥʘʣʫ ʧʦ ʬʦʨʤʽ 

ʥʘʙʣʠʞʝʥʠʡ ʜʦ ʝʣʽʧʩʫ, ʚʝʣʠʢʘ ʪʘ ʤʘʣʘ ʦʩʽ ʷʢʦʛʦ ʩʢʣʘʜʘʶʪʴ ʧʨʠʙʣʠʟʥʦ ʚʽʜʧʦʚʽʜʥʦ 

0,37 ʤʤ ʪʘ 0,27 ʤʤ. 

ʂʦʭʣʝʘʨʥʽ ʽʤʧʣʘʥʪʘʪʠ ʤʦʞʫʪʴ ʚʽʜʥʦʚʠʪʠ ʩʣʫʭ ʰʣʷʭʦʤ ʚʩʪʘʥʦʚʣʝʥʥʷ 

ʝʣʝʢʪʨʦʜʽʚ ʫ ʟʦʥʽ scala tympani ʜʣʷ ʩʪʠʤʫʣʷʮʽʾ ʢʦʭʣʝʘʨʥʦʛʦ ʥʝʨʚʘ [13]. 
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ɿʘʩʪʦʩʫʚʘʥʥʷ ʤʽʢʨʦʨʦʙʦʪʽʚ ʟʘ ʜʘʥʦʶ ʪʝʭʥʦʣʦʛʽʻʶ ʜʦʟʚʦʣʠʪʴ ʟʥʠʟʠʪʠ ʨʠʟʠʢʠ 

ʧʦʰʢʦʜʞʝʥʥʷ ʪʢʘʥʠʥʠ ʪʘ ʟʘʙʝʟʧʝʯʠʪʴ ʙʽʣʴʰʫ ʪʦʯʥʽʩʪʴ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʦʧʝʨʘʮʽʾ. 

ʊʘʢʦʞ ʽʩʥʫʶʪʴ ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʦʚʙʫʨʦʚʠʭ ʢʣʽʪʠʥ, ʷʢʽ ʩʧʨʷʤʦʚʘʥʽ ʥʘ 

ʬʦʨʤʫʚʘʥʥʷ ʢʦʭʣʝʘʨʥʠʭ ʢʣʽʪʠʥ ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʘ ʧʨʠʨʦʜʥʠʡ ʩʣʫʭ. ʆʜʥʘʢ 

ʧʝʨʝʚʘʞʥʘ ʙʽʣʴʰʽʩʪʴ ʮʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʦʢʠ ʧʨʦʚʦʜʠʪʴʩʷ ʣʠʰʝ ʫ ʣʘʙʦʨʘʪʦʨʥʠʭ 

ʫʤʦʚʘʭ, ʩʧʦʩʦʙʫ ʚʠʨʦʱʝʥʥʷ ʪʘʢʠʭ ʢʣʽʪʠʥ ʫ ʦʨʛʘʥʽʟʤʽ ʧʦʢʠ ʱʦ ʥʝʤʘʻ. ʄʽʢʨʦʨʦʙʦʪ 

ʤʦʞʝ ʚʠʩʪʫʧʘʪʠ ʪʨʘʥʩʧʦʨʪʥʠʤ ʟʘʩʦʙʦʤ ʜʦʩʪʘʚʢʠ ʜʠʬʝʨʝʥʮʽʡʦʚʘʥʠʭ ʩʪʦʚʙʫʨʦʚʠʭ 

ʢʣʽʪʠʥ ʜʦ ʧʦʪʨʽʙʥʦʛʦ ʤʽʩʮʷ. 

 

1.3 ʄʝʪʦʜʠ ʞʠʚʣʝʥʥʷ ʤʽʢʨʦʨʦʙʦʪʽʚ 

 

ʇʝʨʝʜ ʨʦʟʨʦʙʢʦʶ ʩʠʩʪʝʤʠ ʪʘʢʦʞ ʥʝʦʙʭʽʜʥʦ ʨʦʟʜʠʚʠʪʩʴ ʧʽʜʭʦʜʠ ʦʪʨʠʤʘʥʥʷ, 

ʥʘʢʦʧʠʯʫʚʘʥʥʷ ʪʘ ʧʝʨʝʜʘʯʽ ʝʥʝʨʛʽʾ, ʦʩʢʽʣʴʢʠ ʮʝ ʻ ʧʝʨʚʠʥʥʦʶ ʟʘʜʘʯʝʶ ʧʨʠ 

ʨʦʟʨʦʙʮʽ ʤʽʢʨʦʩʠʩʪʝʤ. ʉʠʩʪʝʤʘ ʤʘʻ ʧʝʚʥʽ ʦʙʤʝʞʝʥʥʷ, ʪʦʤʫ ʢʽʣʴʢʽʩʪʴ ʤʝʪʦʜʽʚ, ʷʢʽ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʝʥʝʨʛʽʻʶ ʨʦʙʦʪʘ ʟʤʝʥʰʫʻʪʴʩʷ. 

ɿʙʝʨʝʞʝʥʥʷ ʝʥʝʨʛʽʾ ʫ ʢʦʨʧʫʩʽ ʨʦʙʦʪʘ. ʊʨʘʜʠʮʽʡʥʽ ʝʣʝʢʪʨʠʯʥʽ ʙʘʪʘʨʝʾ 

ʥʘʜʘʶʪʴ ʧʨʦʩʪʝ ʪʘ ʥʘʜʽʡʥʝ ʜʞʝʨʝʣʦ ʞʠʚʣʝʥʥʷ, ʘʣʝ ʯʝʨʝʟ ʨʦʟʤʽʨʠ, ʚʘʛʫ ʪʘ ʢʽʣʴʢʽʩʪʴ 

ʥʘʷʚʥʦʾ ʝʥʝʨʛʽʾ ʚʦʥʠ ʥʝ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʫ ʪʘʢʠʭ ʩʠʩʪʝʤʘʭ. ɯʩʥʫʻ ʪʘʢʦʞ 

ʽʥʰʠʡ ʚʠʜ ʝʣʝʢʪʨʠʯʥʠʭ ʙʘʪʝʨʝʡ ï ʪʦʥʢʦʧʣʽʚʢʦʚʽ ʘʢʫʤʫʣʷʪʦʨʥʽ ʙʘʪʘʨʝʾ, ʚʦʥʠ 

ʧʽʜʭʦʜʷʪʴ ʜʣʷ ʤʽʢʨʦʨʦʙʦʪʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤ [14-15]. ʊʦʥʢʦʧʣʽʚʢʦʚʽ ʙʘʪʘʨʝʾ 

ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʪʨʘʜʠʮʽʡʥʠʭ ʪʠʤ, ʱʦ ʚʦʥʠ ʚʠʛʦʪʦʚʣʷʶʪʴʩʷ ʥʘ ʙʘʟʽ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʦʾ ʪʝʭʥʦʣʦʛʽʡ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ ʚʠʛʦʪʦʚʣʷʪʠ ʙʘʪʘʨʝʾ 

ʜʦʚʽʣʴʥʦʾ ʬʦʨʤʠ ʪʦʚʱʠʥʦʶ ʤʝʥʰʝ 50 ʤʢʤ ʪʘ ʙʽʣʴʰ ʦʧʪʠʤʘʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʧʨʦʩʪʽʨ. 

ɻʝʥʝʨʘʪʦʨʠ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʥʘ ʙʘʟʽ ʤʽʢʨʦʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʠʭ ʩʠʩʪʝʤ (MEMS) 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʠʱʫ ʱʽʣʴʥʽʩʪʴ ʝʥʝʨʛʽʾ ʥʽʞ ʪʨʘʜʠʮʽʡʥʽ ʛʝʥʝʨʘʪʦʨʠ ʪʘ ʘʢʫʤʫʣʷʪʦʨʠ. 

ɭ ʜʝʢʽʣʴʢʘ ʚʘʨʽʘʥʪʽʚ ʜʣʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʨʽʟʥʠʭ ʚʠʜʽʚ ʝʥʝʨʛʽʾ ʚ ʝʣʝʢʪʨʠʯʥʫ. ɼʝʷʢʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʙʦʨʪʦʚʝ ʭʽʤʽʯʥʝ ʧʘʣʠʚʦ, ʘ ʽʥʰʽ ʟʙʠʨʘʶʪʴ ʤʝʭʘʥʽʯʥʫ ʝʥʝʨʛʽʶ ʫ 
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ʚʠʛʣʷʜʽ ʚʽʙʨʘʮʽʡ ʟ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʝʬʝʢʪ 

ɿʝʻʙʝʢʘ, ʧʨʠ ʷʢʦʤʫ ʛʨʘʜʽʻʥʪ ʪʝʤʧʝʨʘʪʫʨʠ ʩʪʚʦʨʶʻ ʥʘʧʨʫʛʫ. ɼʣʷ ʨʦʟʨʦʙʢʠ 

ʪʝʧʣʦʚʦʛʦ ʛʨʘʜʽʻʥʪʘ ʥʝʦʙʭʽʜʥʦ ʩʪʚʦʨʠʪʠ ʛʘʨʷʯʝ ʜʞʝʨʝʣʦ, ʷʢʝ ʤʦʞʝ ʙʫʪʠ ʫʪʚʦʨʝʥʦ 

ʙʝʟʜʨʦʪʦʚʠʤ ʩʧʦʩʦʙʦʤ ʟʘ ʜʦʧʦʤʦʛʦʶ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʤʝʪʦʜʽʚ ʘʙʦ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʷʜʝʨʥʦʾ ʨʝʘʢʮʽʾ ʫ ʨʘʜʽʦʘʢʪʠʚʥʽʡ ʨʝʯʦʚʠʥʽ. 

ɹʘʞʘʥʠʤ ʧʽʜʭʦʜʦʤ ʜʦ ʞʠʚʣʝʥʥʷ ʤʝʜʠʯʥʠʭ ʤʽʢʨʦʨʦʙʦʪʽʚ ʙʫʣʦ ʙ ʟʙʠʨʘʥʥʷ 

ʭʽʤʽʯʥʦʾ ʝʥʝʨʛʽʾ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ [16]. ʂʣʽʪʠʥʠ ʥʘ 

ʙʽʦʧʘʣʠʚʽ ʧʨʘʮʶʶʪʴ ʧʨʠ ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʽ ʚ ʩʝʨʝʜʦʚʠʱʘʭ, ʜʝ ʢʠʩʣʦʪʥʽʩʪʴ 

ʤʘʡʞʝ ʥʝʡʪʨʘʣʴʥʘ. ʊʘʢʽ ʧʦʢʘʟʥʠʢʠ ʚʣʘʩʪʠʚʽ ʪʽʣʫ ʜʦʨʦʩʣʦʾ ʟʜʦʨʦʚʦʾ ʣʶʜʠʥʠ. 

ʄʽʢʨʦʨʦʙʦʪ ʤʦʞʝ ʧʨʘʮʶʚʘʪʠ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʛʣʶʢʦʟʫ ʪʘ ʢʠʩʝʥʴ, ʚʟʷʪʽ ʟ ʢʨʦʚʽ. 

ʄôʷʟʦʚʽ ʢʣʽʪʠʥʠ ʪʘʢʦʞ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʷʢ ʧʨʦʩʪʽ ʚʠʢʦʥʘʚʯʽ ʤʝʭʘʥʽʟʤʠ ʽ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʴ ʜʣʷ ʧʨʠʚʝʜʝʥʥʷ ʚ ʜʽʶ ʤʽʢʨʦʨʦʙʦʪʠʟʦʚʘʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ.  

ʇʝʨʝʜʘʯʘ ʝʥʝʨʛʽʾ ʟʟʦʚʥʽ. ɸʣʴʪʝʨʥʘʪʠʚʥʠʡ ʧʽʜʭʽʜ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦʙ 

ʟʘʤʽʩʪʴ ʛʝʥʝʨʫʚʘʥʥʷ ʝʥʝʨʛʽʾ ʩʘʤʠʤ ʨʦʙʦʪʦʤ ʧʝʨʝʜʘʚʘʪʠ ʾʾ ʙʝʟʜʨʦʪʦʚʠʤ ʩʧʦʩʦʙʦʤ. 

ʅʘʡʢʨʘʱʝ ʜʣʷ ʮʴʦʛʦ ʧʽʜʽʡʜʝ ʧʝʨʝʜʘʯʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ. ʆʜʠʥ ʟʽ 

ʩʧʦʩʦʙʽʚ ʧʝʨʝʜʙʘʯʘʻ ʫʪʚʦʨʝʥʥʷ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʟ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʪʘ 

ʟʙʝʨʝʞʝʥʥʷ ʚ ʘʢʫʤʫʣʷʪʦʨʽ. ɯʥʰʠʡ ʤʝʪʦʜ ʟʘʩʪʦʩʦʚʫʻ ʢʚʘʟʽʩʪʘʪʠʯʥʽ ʪʘ 

ʥʠʟʴʢʦʯʘʩʪʦʪʥʽ ʤʘʛʥʽʪʥʽ ʧʦʣʷ ʜʣʷ ʧʨʠʢʣʘʜʘʥʥʷ ʩʠʣ ʽ ʤʦʤʝʥʪʽʚ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʜʦ 

ʤʘʛʥʽʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ [17]. ʃʶʜʩʴʢʝ ʪ̔ ʣʦ ʤʘʛʥʽʪʥʦ ʧʨʦʟʦʨʝ, ʱʦ ʦʟʥʘʯʘʻ, ʱʦ 

ʤʘʛʥʽʪʥʘ ʧʨʦʥʠʢʥʽʩʪʴ ʪʽʣʘ ʣʶʜʠʥʠ ʧʨʠʙʣʠʟʥʦ ʪʘʢʘ ʞ, ʷʢ ʫ ʚʘʢʫʫʤʽ, ʪʦʤʫ ʪʘʢʠʡ 

ʚʠʜ ʧʝʨʝʜʘʯʽ ʝʥʝʨʛʽʾ ʥʝ ʧʝʨʝʜʙʘʯʘʻ ʚʟʘʻʤʦʜʽʶ ʟ ʦʨʛʘʥʽʟʤʦʤ. 

 ʆʩʥʦʚʥʠʡ ʧʨʠʥʮʠʧ ʧʝʨʝʜʘʯʽ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʘʛʥʽʪʥʠʭ 

ʧʦʣʽʚ ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʟʘʢʦʥʽ ʽʥʜʫʢʮʽʾ ʌʘʨʘʜʝʷ. ʂʦʣʠ ʩʪʨʫʤ ʧʨʦʪʽʢʘʻ ʚ ʣʘʥʮʶʟʽ, 

ʛʝʥʝʨʫʻʪʴʩʷ ʤʘʛʥʽʪʥʝ ʧʦʣʝ. ɼʣʷ ʟʙʽʣʴʰʝʥʥʷ ʥʘʧʨʫʛʠ ʤʦʞʥʘ ʟʙʽʣʴʰʫʚʘʪʠ ʯʘʩʪʦʪʫ 

ʧʝʨʚʠʥʥʦʛʦ ʩʪʨʫʤʫ, ʡʦʛʦ ʘʤʧʣʽʪʫʜʫ, ʘʙʦ ʟʤʽʥʶʶʯʠ ʛʝʦʤʝʪʨʽʶ ʩʭʝʤʠ 

ʨʦʟʪʘʰʫʚʘʥʥʷ. ɿʙʽʣʴʰʝʥʥʷ ʘʤʧʣʽʪʫʜʠ ʩʪʨʫʤʫ ʫ ʧʝʨʚʠʥʥʦʤʫ ʢʦʣʽ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʩʠʣʴʥʽʰʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ, ʘʣʝ ʽʩʥʫʻ ʚʝʨʭʥʷ ʤʝʞʘ ʥʘʧʨʫʞʝʥʦʩʪʽ ʧʦʣʷ ʚʦʥʘ 

ʦʙʤʝʞʝʥʘ ʥʦʨʤʘʤʠ ʙʝʟʧʝʢʠ. ɿʙʽʣʴʰʝʥʥʷ ʧʣʦʱʽ ʚʪʦʨʠʥʥʦʛʦ ʢʦʥʪʫʨʫ ʘʙʦ 
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ʧʽʜʚʝʜʝʥʥʷ ʡʦʛʦ ʙʣʠʞʯʝ ʜʦ ʧʝʨʚʠʥʥʦʛʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʧʦʪʦʢʫ. ɹʘʛʘʪʦ 

ʧʨʠʩʪʨʦʾʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʮʝʡ ʧʨʠʥʮʠʧ. ɺʝʣʠʢʽ ʢʦʪʫʰʢʠ ʟʘ ʤʝʞʘʤʠ ʪʽʣʘ 

ʛʝʥʝʨʫʶʪʴ ʟʤʽʥʥʝ ʧʦʣʝ, ʷʢʝ ʥʘʜʭʦʜʠʪʴ ʜʦ ʥʝʚʝʣʠʢʠʭ ʢʦʪʫʰʦʢ ʚʩʝʨʝʜʠʥʽ ʪʽʣʘ. 

ʆʜʥʘʢ ʧʨʠ ʦʙʤʝʞʝʥʥʷʭ ʤʽʢʨʦʤʘʩʰʪʘʙʫ, ʧʨʦʙʣʝʤʘ ʧʦʣʷʛʘʻ ʚ ʢʦʥʩʪʨʫʢʮʽʾ ʢʦʪʫʰʦʢ 

ʧʨʠʡʤʘʯʘ.  

 ɿʘʤʽʩʪʴ ʪʦʛʦ, ʱʦʙ ʧʝʨʝʪʚʦʨʶʚʘʪʠ ʝʥʝʨʛʽʶ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʫ ʝʣʝʢʪʨʠʯʥʫ 

ʝʥʝʨʛʽʶ ʤʦʞʥʘ ʟʘʩʪʦʩʫʚʘʪʠ ʧʨʠʢʣʘʜʝʥʥʷ ʩʠʣ ʪʘ ʤʦʤʝʥʪʽʚ ʜʦ ʤʘʛʥʽʪʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ. ʋ ʨʘʟʽ, ʢʦʣʠ ʨʦʟʤʽʨʠ ʤʘʛʥʽʪʥʦʛʦ ʨʦʙʦʪʘ ʤʘʣʽ ʚʽʜʥʦʩʥʦ ʜʦ ʩʠʣ 

ʧʨʠʢʣʘʜʝʥʠʭ ʤʘʛʥʽʪʥʠʤ ʧʦʣʝʤ, ʱʦ ʨʝʘʣʴʥʦ ʜʣʷ ʙʝʟʜʨʦʪʦʚʠʭ ʤʝʜʠʯʥʠʭ 

ʤʽʢʨʦʨʦʙʦʪʽʚ, ʷʢʽ ʞʠʚʣʷʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ, ʟʛʝʥʝʨʦʚʘʥʠʭ ʟʦʚʥʽ 

ʪʽʣʘ, ʤʘʛʥʽʪʥʝ ʧʦʣʝ ʤʦʞʝ ʙʫʪʠ ʧʨʠʡʥʷʪʝ ʷʢ ʦʜʥʦʨʽʜʥʝ ʧʦ ʚʩʴʦʤʫ ʢʦʨʧʫʩʫ 

ʤʽʢʨʦʨʦʙʦʪʘ. ʂʨʽʤ ʪʦʛʦ, ʥʘʤʘʛʥʽʯʝʥʽʩʪʴ ʤʘʪʝʨʽʘʣʫ, ʷʢʘ ʚʘʨʽʶʻʪʴʩʷ ʚ ʤʝʞʘ ʢʦʨʧʫʩʫ 

ʨʦʙʦʪʘ, ʤʦʞʝ ʙʫʪʠ ʪʘʢʦʞ ʧʨʠʡʥʷʪʘ ʷʢ ʧʦʩʪʽʡʥʘ ʧʦ ʚʩʴʦʤʫ ʪʽʣʫ ʟʽ ʟʥʘʯʝʥʥʷʤ, 

ʨʽʚʥʠʤ ʩʝʨʝʜʥʽʡ ʥʘʤʘʛʥʽʯʝʥʦʩʪʽ. ʊʘʢʽ ʚʣʘʩʪʠʚʦʩʪʽ ʨʦʙʣʷʪʴ ʢʝʨʫʚʘʥʥʷ ʨʦʙʦʪʦʤ 

ʧʨʦʩʪʽʰʠʤ. ʉʠʣʘ ʤʘʛʥʽʪʥʦʾ ʚʟʘʻʤʦʜʽʾ ʪʘ ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ ʧʨʷʤʦ ʧʨʦʧʦʨʮʽʡʥʘ 

ʥʘʧʨʫʞʝʥʦʩʪʽ ʧʨʠʢʣʘʜʝʥʦʛʦ ʧʦʣʷ, ʥʘʤʘʛʥʽʯʝʥʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʽ ʢʽʣʴʢʦʩʪʽ 

ʤʘʛʥʽʪʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ʌʝʨʦʤʘʛʥʽʪʥʽ ʤʘʪʝʨʽʘʣʠ, ʷʢ ʧʨʘʚʠʣʦ, ʤʦʞʥʘ ʢʣʘʩʠʬʽʢʫʚʘʪʠ 

ʢ̫ ʤôʷʢʽ, ʪʘʢ ʽ ʪʚʝʨʜʽ [18]. ʅʘʤʘʛʥʽʯʝʥʽʩʪʴ ʤô̫ ʢʠʭ ʤʘʛʥʽʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʩʠʣʴʥʦ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʤʠʪʪʻʚʦʛʦ ʧʨʠʢʣʘʜʝʥʦʛʦ ʧʦʣʷ ʪʘʢʞ ʚʦʥʠ ʧʦʚʝʨʪʘʶʪʴʩʷ ʜʦ ʩʚʦʛʦ 

ʧʝʨʚʠʥʥʦʛʦ ʩʪʘʥʫ ʧʨʠ ʧʨʠʧʠʥʝʥʥʽ ʚʧʣʠʚʫ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ. ʄôʷʢʽ ʤʘʛʥʽʪʥʽ 

ʤʘʪʝʨʽʘʣʠ ʤʘʶʪʴ ʥʝʟʥʘʯʥʠʡ ʛʽʩʪʝʨʝʟʠʩ, ʪʚʝʨʜʦʤʘʛʥʽʪʥʽ ʤʘʪʝʨʽʣʠ ʞ ʥʘʚʧʘʢʠ 

ʟʙʝʨʽʛʘʶʪʴ ʟʥʘʯʥʫ ʯʘʩʪʠʥʫ ʩʚʦʛʦ ʥʘʤʘʛʥʽʯʫʚʘʥʥʷ, ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʤʠʪʪʻʚʦ 

ʟʘʩʪʦʩʦʚʫʚʘʥʦʛʦ ʧʦʣʷ. ʅʘʤʘʛʥʽʯʝʥʽʩʪʴ  ɦ ʦ ʟʘʣʠʰʘʻʪʴʩʷ ʧʽʩʣʷ ʧʨʠʧʠʥʝʥʥʷ ʚʧʣʠʚʫ 

ʤʘʛʥʽʪʥʠʤ ʧʦʣʝʤ ʥʘʟʠʚʘʻʪʴʩʷ ʟʘʣʠʰʢʦʤ. ɼʣʷ ʨʦʟʤʘʛʥʽʯʫʚʘʥʥʷ ʪʘʢʦʞ 

ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʤʘʛʥʽʪʥʝ ʧʦʣʝ, ʚʦʥʦ ʥʘʟʠʚʘʻʪʴʩʷ ʧʨʠʤʫʩʦʚʠʤ [19]. ʂʦʞʥʝ 

ʤʘʛʥʽʪʥʝ ʪʽʣʦ ʤʘʻ ʧʝʚʥʽ ʛʝʦʤʝʪʨʠʯʥʽ ʬʦʨʤʠ, ʯʝʨʝʟ ʷʢʽ ʡʦʛʦ ʤʘʛʥʽʪʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʜʽʣʷʥʢʠ ʤʘʛʥʽʪʘ (ʘʥʽʟʦʪʨʦʧʽʷ). 
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ʇʨʠ ʢʝʨʫʚʘʥʥʽ ʤʘʛʥʽʪʥʠʤʠ ʧʦʣʷʤʠ, ʥʝʦʙʭʽʜʥʠʤʠ ʜʣʷ ʙʝʟʜʨʦʪʦʚʦʛʦ 

ʫʧʨʘʚʣʽʥʥʷ ʧʦʩʪʽʡʥʠʤʠ ʤʘʛʥʽʪʘʤʠ, ʥʝʦʙʭʽʜʥʦ ʨʦʟʫʤʽʪʠ ʱʦ ʩʠʣʠ ʧʨʠʢʣʘʜʝʥʽ ʜʦ 

ʤʘʛʥʽʪʥʠʭ ʯʘʩʪʦʢ ʧʨʷʤʦ ʧʨʦʧʦʨʮʽʡʥʽ ʜʦ ʩʠʣʠ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ, ʦʩʢʽʣʴʢʠ 

ʥʘʤʘʛʥʽʯʝʥʽʩʪʴ ʤʘʪʝʨʽʘʣʫ ʻ ʧʦʩʪʽʡʥʦʶ ʫ ʢʦʞʥʦʛʦ ʪʽʣʘ. ʅʘʤʘʛʥʽʯʝʥʽʩʪʴ ʤôʷʢʠʭ 

ʤʘʛʥʽʪʥʠʭ ʪʽʣ ʻ ʙʽʣʴʰ ʩʢʣʘʜʥʦʶ. ɼʣʷ ʧʨʘʚʠʣʴʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʪʘʢʠʤʠ ʚʠʜʘʤʠ 

ʤʘʛʥʽʪʽʚ ʥʝʦʙʭʽʜʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʤʦʜʝʣʽ, ʷʢʽ ʙʫʜʫʪʴ ʧʨʠʚô̫ ʟʘʥʽ ʜʦ ʬʦʨʤʠ ʤʘʛʥʽʪʽʚ 

[20]. ʄôʷʢʽ ʤʘʛʥʽʪʥʽ ʤʘʪʝʨʽʘʣʠ ʣʝʛʰʝ ʚʠʛʦʪʦʚʣʷʪʠ, ʥʽʞ ʧʦʩʪʽʡʥʽ ʤʘʛʥʽʪʠ, ʱʦ 

ʨʦʙʠʪʴ ʾʭ ʙʽʣʴʰ ʧʨʠʜʘʪʥʠʤʠ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʤʽʢʨʦʨʦʙʦʪʽʚ. ʆʜʥʘʢ ʫ ʚʠʧʘʜʢʘʭ, 

ʢʦʣʠ ʧʨʠʢʣʘʜʝʥʝ ʧʦʣʝ ʟʘʥʘʜʪʦ ʩʣʘʙʢʝ, ʤʽʢʨʦʨʦʙʦʪʠ, ʱʦ ʤʽʩʪʷʪʴ ʧʦʩʪʽʡʥʽ ʤʘʛʥʽʪʠ, 

ʤʦʞʫʪʴ ʚʠʷʚʠʪʠʩʷ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤʠ. 

 

1.4 ʆʙʨʦʙʢʘ ʟʦʙʨʘʞʝʥʴ ʫ ʤʝʜʠʮʠʥʽ 

 

ɺʞʝ ʜʦʚʦʣʽ ʜʦʚʛʦ ʜʣʷ ʤʝʜʠʯʥʦʛʦ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʶʴ ʤʘʰʠʥʥʝ 

ʙʘʯʝʥʥʷ. ɺʦʥʦ ʦʭʦʧʣʶʻ ʮʽʣʝʡ ʨʷʜ ʟʘʜʘʯ ʧʨʠ ʚʠʷʚʣʝʥʥʽ ʭʚʦʨʦʙ, ʚʽʜ ʟʘʚʜʘʥʴ 

ʥʠʟʴʢʦʛʦ ʨʽʚʥʷ, ʪʘʢʠʭ ʷʢ ʚʠʷʚʣʝʥʥʷ ʦʙʣʘʩʪʝʡ ʧʦʜʨʘʟʥʝʥʴ, ʜʦ ʟʘʚʜʘʥʴ ʚʠʩʦʢʦʛʦ 

ʨʽʚʥʷ, ʪʘʢʠʭ ʷʢ ʧʦʚʥʘ ʜʽʘʛʥʦʩʪʠʢʘ ʪʘ ʚʠʥʝʩʝʥʥʷ ʜʽʘʛʥʦʟʫ. ɼʦʩʷʛʥʝʥʥʷ ʦʩʪʥʘʥʥʴʦʛʦ 

ʜʝʩʷʪʠʣʽʪʪʷ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʙʫʣʠ ʟʫʤʦʚʣʝʥʽ ʪʨʴʦʤʘ ʬʘʢʪʦʨʘʤʠ:  

- ʨʦʟʚʠʪʦʢ ʛʣʠʙʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ (ʪʠʧ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʥʘʩʢʨʽʟʥʝ ʚʠʚʯʝʥʥʷ ʜʫʞʝ ʩʢʣʘʜʥʠʭ ʬʫʥʢʮʽʡ ʽʟ ʥʝʦʙʨʦʙʣʝʥʠʭ ʜʘʥʠʭ); 

- ʧʦʪʫʞʥʽ ʟʘʩʦʙʠ ʦʙʯʠʩʣʝʥʴ ʥʘ ʙʘʟʽ ʛʨʘʬʽʯʥʠʭ ʧʨʦʮʝʩʦʨʽʚ; 

- ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʮʠʬʨʦʚʠʭ ʜʘʥʠʭ ʷʢʽ ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʥʘʚʯʘʥʥʷ ʘʣʛʦʨʠʪʤʽʚ. 

ʇʦʻʜʥʘʥʥʷ ʮʠʭ ʪʨʴʦʭ ʬʘʢʪʨʽʚ ʜʦʟʚʦʣʠʣʦ ʙʘʛʘʪʴʦʤ ʜʦʩʣʽʜʥʠʢʘʤ ʦʪʨʠʤʘʪʠ ʜʦʩʪʫʧ 

ʜʦ ʨʝʩʫʨʩʽʚ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʧʨʦʩʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʫ ʤʝʜʠʯʥʽʡ ʛʘʣʫʟʽ. ʈʦʟʚʠʪʦʢ 

ʩʫʯʘʩʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʩʧ̔ʚʧʘʚ ʟ ʥʘʢʦʧʠʯʝʥʥʷʤ ʚʝʣʠʢʠʭ ʦʙʩʷʛʽʚ 

ʮʠʬʨʦʚʠʭ ʜʘʥʠʭ ʫ ʨʷʜʽ ʥʘʫʢʦʚʠʭ ʦʙʣʘʩʪʝʡ. ʆʩʪʘʥʥʽ ʟʥʘʯʥʽ ʜʦʩʷʛʥʝʥʥʷ ʤʝʜʠʮʠʥʠ 

ʙʫʣʠ ʧʣʽʜʥʠʤʠ ʚ ʦʩʥʦʚʥʦʤʫ ʟʘʚʜʷʢʠ ʟʜʘʪʥʦʩʪʽ ʘʣʛʦʨʠʪʤʫ ʛʣʠʙʦʢʦʛʦ ʥʘʚʯʘʥʥʷ 

ʘʚʪʦʤʘʪʠʯʥʦ ʚʜʦʩʢʦʥʘʣʶʚʘʪʠʩʷ ʧʨʠ ʦʙʨʦʙʮʽ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʜʘʥʠʭ. 
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ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʚʝʣʠʢʽ ʤʘʩʠʚʠ ʜʘʥʠʭ, ʤʦʜʝʣʽ CV ʤʦʞʫʪʴ ʥʘʙʫʪʠ ʙʝʟʣʽʯ 

ʤʦʞʣʠʚʦʩʪʝʡ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʦʙʨʘʟʽʚ ï ʚʽʜ ʜʽʘʛʥʦʩʪʠʢʠ ʜʦ ʨʦʟʛʣʷʜʘʥʥʷ ʟʘʛʘʣʴʥʦʾ 

ʩʪʘʪʠʩʪʠʯʥʦʾ ʢʘʨʪʠʥʠ ʥʘ ʨʽʚʥʽ ʜʝʨʞʘʚʠ ʘʙʦ ʥʘʚʽʪʴ ʩʚʽʪʫ. 

 ʂʦʤʧôʁ ʪʝʨʥʝ ʙʘʯʝʥʥʷ. ʇʨʠ ʨʦʙʦʪʽ ʘʣʛʦʨʠʪʤʫ ʢʦʤʧôʁ ʪʝʨʥʦʛʦ ʙʘʯʝʥʥʷ 

ʚʠʢʦʥʫʶʪʴʩʷ ʪʘʢʽ ʙʘʟʦʚʽ ʦʧʝʨʘʮʽʾ ʷʢ: ʢʣʘʩʠʬʽʢʘʮʽʷ, ʣʦʢʘʣʽʟʘʮʽʷ ʪʘ ʚʠʷʚʣʝʥʥʷ 

ʦʙôʻʢʪʽʚ. ɺʝʣʠʢʠʡ ʚʥʝʩʦʢ ʜʣʷ ʨʦʟʚʠʪʢʫ ʮʠʭ ʦʧʝʨʘʮʽʡ ʟʨʦʙʣʦ ʫʪʚʦʨʝʥʥʷ 

ʩʧʽʚʪʦʚʘʨʠʩʪʚʘ, ʷʢʝ ʨʦʟʨʦʙʠʣʦ ʪʘ ʚʜʦʩʢʦʥʘʣʠʣʦ ʟʘʛʘʣʴʥʽ ʧʽʜʭʦʜʠ ʜʦ ʨʝʘʣʽʟʘʮʽʾ ʮʠʭ 

ʜʽʡ. ʇʝʨʰʠʤ ʟʥʘʯʥʠʤ ʜʦʩʷʛʥʝʥʥʷʤ ʩʧʽʣʴʥʦʪʠ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʨʘʬʽʯʥʠʭ 

ʧʨʦʮʝʩʦʨʽʚ ʜʣʷ ʨʦʙʦʪʠ ʟ ʘʣʛʦʨʠʪʤʘʤʠ, ʟʘʜʷʢʠ ʮʴʦʤʫ ʟʥʘʯʥʦ ʟʨʦʩʣʘ ʰʚʠʜʢʽʩʪʴ 

ʦʙʯʠʩʣʝʥʴ, ʘ ʪʦʯʥʽʩʪʴ ʢʣʘʩʠʬʽʢʘʮʽʾ ʜʦʩʷʛʣʘ ʨʽʚʥʷ ʣʶʜʠʥʠ. ʋ ʤʝʜʠʮʠʥʽ ʮʽ ʤʝʪʦʜʠ 

ʫʩʧʽʰʥʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ ʢʣʘʩʠʬʽʢʘʮʽʾ ʪʘ ʚʠʷʚʣʝʥʥʷ ʙʘʛʘʪʴʦʭ ʚʠʜʽʚ 

ʟʘʭʚʦʨʶʚʘʥʴ ʽ ʥʘʨʘʟʽ ʪʦʯʥʽʩʪʴ ʘʣʛʦʨʠʪʤʽʚ ʯʘʩʪʦ ʧʝʨʝʚʝʨʰʫʻ ʨʽʚʝʥʴ ʝʢʩʧʝʨʪʽʚ-

ʤʝʜʠʢʽʚ. ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʘʣʛʦʨʠʪʤʠ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʜʣʷ ʟʘʜʘʯ ʩʝʛʤʝʥʪʘʮʽ ʾ ʦʙô̒ ʢʪʽʚ, ʦʩʦʙʣʠʚʦ ʫ ʩʢʣʘʜʥʠʭ ʚʠʧʘʜʢʘʭ, ʪʘʢʠʭ ʷʢ 

ʙʽʦʤʝʜʠʯʥʘ ʩʝʛʤʝʥʪʘʮʽʷ ʜʝʢʽʣʴʢʦʭ ʪʠʧʽʚ ʢʣʽʪʠʥ, ʱʦ ʧʝʨʝʢʨʠʚʘʶʪʴʩʷ ʧʨʠ 

ʟʘʩʪʦʩʫʚʘʥʥʽ ʤʽʢʨʦʩʢʦʧʽʚ. ʂʣʶʯʦʚʠʤ ʘʣʛʦʨʠʪʤʦʤ ʛʣʫʙʦʢʦʛʦ ʥʘʚʯʘʥʥʷ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʮʠʭ ʟʘʚʜʘʥʥʷʭ, ʻ ʟʛʦʨʪʢʦʚʘ ʥʝʡʨʦʥʥʘ ʤʝʨʝʞʘ (ʪʠʧ ʘʣʛʦʨʠʪʤʫ 

ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʟʘʜʘʯʽ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʦʙʨʘʟʽʚ). 

ɼʘʥʠʡ ʘʣʛʦʨʠʪʤ ʪʘʢʦʞ ʜʦʟʚʦʣʷʻ ʚʠʨʽʰʠʪʠ ʡ ʽʥʰʽ ʟʘʜʘʯʽ: 

- ʨʝʻʩʪʨʘʮʽʷ ʟʦʙʨʘʞʝʥʴ (ʚʠʟʥʘʯʝʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʪʦʯʦʢ ʥʘ ʩʭʦʞʠʭ 

ʟʦʙʨʘʞʝʥʥʷʭ); 

- ʧʦʰʫʢ ʧʦʜʽʙʥʠʭ ʟʦʙʨʘʞʝʥʴ; 

- ʨʝʢʦʥʩʪʨʫʢʮʽʷ ʪʘ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʟʦʙʨʘʞʝʥʴ. 

ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʨʝʘʣʴʥʠʭ ʤʝʜʠʯʥʠʭ ʟʘʜʘʯ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʦʻʜʥʘʥʥʷ ʤʦʜʝʣʝʡ 

ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ. ʋʩʽ ʨʦʟʛʣʷʥʫʪʽ ʤʝʪʦʜʠ ʚ ʦʩʥʦʚʥʦʤʫ ʧʦʢʣʘʜʘʶʪʴʩʷ ʥʘ ʪʘʢʠʡ 

ʘʣʛʦʨʠʪʤ ʥʘʚʯʘʥʥʷ ʷʢ ʥʘʚʯʘʥʥʷ ʽʟ ʚʯʠʪʝʣʝʤ, ʚʽʥ ʚʠʢʦʨʠʩʪʦʚʫʻ ʨʦʟʤʽʯʝʥʽ ʥʘʙʦʨʠ 

ʜʘʥʠʭ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʤʦʜʝʣʽ. ɹʝʨʫʯʠ ʜʦ ʫʚʘʛʠ ʨʦʟʨʽʜʞʝʥʽʩʪʴ ʪʘ ʪʨʫʜʥʦʱ̔ ʜʦʩʪʫʧʫ 
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ʜʦ ʤʝʜʠʯʥʠʭ ʜʘʥʠʭ, ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʝʪʦʜ ʧʝʨʝʜʘʚʘʣʴʥʦʛʦ ʥʘʚʯʘʥʥʷ, ʧʨʠ 

ʷʢʦʤʫ ʘʣʛʦʨʠʪʤ ʩʧʦʯʘʪʢʫ ʪʨʝʥʫʻʪʴʩʷ ʥʘ ʚʝʣʠʢʦʤʫ ʘʣʝ ʥʝ ʧʦʚô̫ ʟʘʥʦʤʫ ʟ 

ʢʦʥʢʨʝʥʦʶ ʧʨʦʙʣʝʤʦʶ ʦʙʩʷʟʽ ʜʘʥʠʭ, ʘ ʧʦʪʽʤ ʜʦʧʨʘʮʴʦʚʫʻʪʴʩʷ ʥʘ ʥʘʙʦʨʽ ʜʘʥʠʭ, 

ʷʢʠʡ ʩʪʦʩʫʻʪʴʩʷ ʢʦʥʢʨʝʪʥʦʾ ʟʘʜʘʯ.̔ ɼʣʷ ʟʤʝʥʰʝʥʥʷ ʚʠʪʨʘʪ, ʧʦʚôʷʟʘʥʠʭ ʟʽ ʟʙʦʨʦʤ 

ʪʘ ʨʦʟʤʽʪʢʦʶ ʜʘʥʠʭ, ʨʦʟʨʦʙʣʷʶʪʴʩʷ ʤʝʪʦʜʠ ʦʪʨʠʤʘʥʥʷ ʩʠʥʪʝʪʠʯʥʠʭ ʜʘʥʠʭ ʪʘʢʽ 

ʷʢ: ʟʙʽʣʴʰʝʥʥʷ ʜʘʥʠʭ ʪʘ ʛʝʥʝʨʘʪʠʚʥʽ ʟʤʘʛʘʣʴʥʽ ʤʝʨʝʞʽ. 

ʆʜʥʽʻʶ ʟ ʢʣʶʯʦʚʠʭ ʧʨʦʙʣʝʤ ʧʨʠ ʨʦʟʨʦʙʮʽ ʘʣʛʦʨʠʪʤʽʚ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ 

ʫ ʤʝʜʠʮʠʥʽ ʻ ʦʪʨʠʤʘʥʥʷ ʤʝʜʠʯʥʠʭ ʜʘʥʠʭ. ʆʩʢʽʣʴʢʠ ʥʘʨʘʟʽ ʥʝʚʽʜʦʤʦ ʯʠ ʻ 

ʥʝʽʥʜʠʬʽʢʫʶʯʽ ʤʝʜʠʯʥʽ ʜʘʥʥʽ ʚʣʘʩʥʽʩʶ ʧʘʮʽʻʥʪʘ, ʯʠ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ 

ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʷʭ ʥʘʷʚʥʽ ʧʨʘʚʦʚʽ ʩʢʣʘʜʥʦʱʽ ʟ ʦʪʨʠʤʘʥʥʷʤ ʥʝʦʙʭʽʜʥʦʛʦ ʦʙʩʷʛʫ 

ʽʥʬʦʨʤʘʮʽʾ. ʅʘ ʩʴʦʛʦʜʥʽ ʥʘʫʢʦʚʽ ʢʦʣʘ ʪʘ ʤʝʜʠʯʥʘ ʧʨʦʤʠʩʣʦʚʽʩʪʴ ʚ ʦʩʥʦʚʥʦʤʫ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʥʝʚʝʣʠʢʽ ʥʘʙʦʨʠ ʜʘʥʠʭ ʟ ʚʽʜʢʨʠʪʠʤ ʢʦʜʦʤ ʪʘ ʜʘʥʽ, ʟʽʙʨʘʥʽ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʢʦʤʝʨʮʽʡʥʠʭ ʧʨʦʜʫʢʪʽʚ. ʌʘʢʪʦʨ ʦʙʤʽʥʫ ʜʘʥʠʤʠ ʪʘ ʾʭ ʜʦʩʪʫʧʥʽʩʪʶ ʜʣʷ 

ʦʢʨʝʤʠʭ ʢʨʘʾʥ ʪʘʢʦʞ ʚʧʣʠʚʘʻ ʥʘ ʨʦʟʚʠʪʦʢ ʫ ʛʘʣʫʟʽ. 

ʇʝʨʚʠʥʥʘ ʦʙʨʦʙʢʘ ʟʦʙʨʘʞʝʥʴ. ɿʘ ʦʩʪʘʥʥʽ ʨʦʢʠ ʢʽʣʴʢʽʩʪʴ ʪʝʭʥʦʣʦʛʽʾ, ʱʦ 

ʟʘʩʪʦʩʦʚʫʶʪʴ ʤʝʪʦʜʠ ʢʦʤʧôʁ ʪʝʨʥʦʛʦ ʟʦʨʫ ʜʣʷ ʩʪʘʪʠʯʥʠʭ ʤʝʜʠʯʥʠʭ ʟʦʙʨʘʞʝʥʴ 

ʩʠʣʴʥʦ ʟʨʦʩʣʘ. ʈʷʜ ʦʙʣʘʩʪʝʡ ʧʨʠʜʽʣʷʣʠ ʟʥʘʯʥʫ ʫʚʘʛʫ ʨʝʥʪʛʝʥʦʣʦʛʽʾ, ʧʘʪʦʣʦʛʽʾ, 

ʦʬʪʘʣʴʤʦʣʦʛʽʾ ʪʘ ʜʝʨʤʘʪʦʣʦʛʽʾ ʟʘʚʜʷʢʠ ʚʽʟʫʘʣʴʥʦʤʫ ʨʦʟʧʽʟʥʘʚʘʥʥʶ ʧʨʠ 

ʜʽʘʛʥʦʩʪʠʮʽ. ʆʩʦʙʣʠʚʦʩʪʽ ʤʝʜʠʯʥʠʭ ʟʦʙʨʘʞʝʥʴ ʥʘʢʣʘʜʘʶʪʴ ʨʷʜ ʦʙʤʝʞʝʥʴ ʫ 

ʟʘʜʘʯʘʭ ʛʣʠʙʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ. ʇʝʨʰ ʟʘ ʚʩʝ ʟʦʙʨʘʞʝʥʥʷ ʤʦʞʫʪʴ ʟʘʡʤʘʪʠ ʜʦʚʦʣʽ 

ʚʝʣʠʢʠʡ ʦʙʩʷʛ ʧʘʤô̫ ʪʽ. ʇʨʠ ʦʮʠʬʨʦʚʮʽ ʩʣʘʡʜʽʚ ʛʽʩʪʦʧʘʪʦʣʦʛʽʾ ʚʠʭʦʜʠʪʴ 

ʟʦʙʨʘʞʝʥʥʷ ʨʦʟʤʽʨʦʤ ʧʨʠʙʣʠʟʥʦ 100 000 Ĭ 100 000 ʧʽʢʩʝʣʽʚ, ʪʦʜʽ ʷʢ ʥʘ ʚʭʽʜ 

ʘʣʛʦʨʠʪʤʽʚ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʟʘʟʚʠʯʘʡ ʥʘʜʭʦʜʷʪʴ ʟʦʙʨʘʞʝʥʥʷ ʧʨʠʙʣʠʟʥʦ 200 

Ĭ 200 ʧʽʢʩʝʣʽʚ. ʂʨʽʤ ʪʦʛʦ, ʨʽʟʥʽ ʭʽʤʽʯʥʽ ʧʨʝʧʘʨʘʪʠ ʙʫʜʫʪʴ ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʨʽʟʥʠʭ 

ʟʦʙʨʘʞʝʥʴ ʦʜʥʽʻʾ ʜʽʣʷʥʢʠ ʪʽʣʘ, ʘ ʨʽʟʥʽ ʧʨʠʩʪʨʦʾ ʜʣʷ ʦʮʠʬʨʫʚʘʥʥʷ ʘʙʦ ʾʭ 

ʥʘʣʘʰʪʫʚʘʥʥʷ ʤʦʞʫʪʴ ʩʪʚʦʨʶʚʘʪʠ ʨʽʟʥʽ ʟʦʙʨʘʞʝʥʥʷ ʜʣʷ ʦʜʥʦʛʦ ʽ ʪʦʛʦ ʞ ʟʥʽʤʢʘ. 

ʈʝʥʪʛʝʥʦʣʦʛʽʯʥʽ ʤʝʪʦʜʠ ʩʢʥʫʚʘʥʥʷ, ʪʘʢʽ ʷʢ ʂʊ ʪʘ ʄʈʊ, ʨʦʙʣʷʪʴ ʥʘʩʪʽʣʴʢʠ ʤʘʩʠʚʥʽ 

3D-ʟʦʙʨʘʞʝʥʥʷ, ʱʦ ʟʤʫʰʫʻ ʩʪʘʥʜʘʨʪʥʽ ʘʣʛʦʨʠʪʤʠ ʤʘʰʠʥʥʦʛʦ ʙʘʯʝʥʥʷ 
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ʧʨʘʮʶʚʘʪʠ ʘʙʦ ʟ ʥʘʙʦʨʦʤ 2D-ʬʨʘʛʤʝʥʪʽʚ, ʘʙʦ ʟʤʽʥʶʚʘʪʠ ʚʥʫʪʨʽʰʥʶ ʩʪʨʫʢʪʫʨʫ 

ʟʥʽʤʢʫ ʜʣʷ ʦʙʨʦʙʢʠ ʚ 3D. ʇʦʜʽʙʥʠʤ ʯʠʥʦʤ, ʫʣʴʪʨʘʟʚʫʢʦʚʽ ʤʝʪʦʜʠ ʚʠʨʦʙʣʷʶʪʴ ʨʷʜ 

ʜʚʫʤʽʨʥʠʭ ʬʨʘʛʤʝʥʪʽʚ ʟ ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ ʰʫʤʽʚ, ʮʽ ʬʨʘʛʤʝʥʪʠ ʧʨʦʩʪʦʨʦʚʦ 

ʩʧʽʚʚʽʜʥʦʩʷʪʴʩʷ, ʘʣʝ ʤʘʶʪʴ ʚʝʣʠʢʽ ʚʽʤʽʥʥʦʩʪʽ. ɸʣʝ ʜʝʷʢʽ ʥʦʚʽ ʘʣʛʦʨʠʪʤʠ 

ʜʦʟʚʦʣʷʶʪʴ ʦʙʨʦʙʣʷʪʠ ʧʦʜʽʙʥʽ ʟʦʙʨʘʞʝʥʥʷ. ʅʘʧʨʠʢʣʘʜ, ʘʣʛʦʨʠʪʤ ʥʘʚʯʘʥʥʷ ʟʘ 

ʥʘʙʦʨʦʤ ʟʨʘʟʢʽʚ ʜʦʟʚʦʣʷʻ ʥʘʚʯʘʪʠʩʴ ʟʘ ʥʘʙʦʨʦʤ ʜʘʥʠʭ, ʱʦ ʤʽʩʪʷʪʴ ʦʙô̒ ʤʥʽ 

ʟʦʙʨʘʞʝʥʥʷ ʪʘ ʜʝʢʽʣʴʢʘ ʨʦʟʤʽʪʦʢ.  

ʂʦʤʧôʁ ʪʝʨʥʝ ʙʘʯʝʥʥʷ ʚ ʩʬʝʨʘʭ ʤʝʜʠʮʠʥʠ ʟ ʥʝʩʪʘʥʜʘʨʪʠʟʦʚʘʥʠʤ ʟʙʦʨʦʤ 

ʜʘʥʠʭ ʚʠʤʘʛʘʻ ʽʥʪʝʛʨʘʮʽʾ ʚ ʽʩʥʫʶʯʽ ʩʠʩʪʝʤʠ. ʅʘʧʨʠʢʣʘʜ, ʚ ʦʪʦʣʘʨʠʥʛʦʣʦʛʽʾ ʚʦʥʠ 

ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ, ʧʨʠ ʜʽʘʛʥʦʩʪʫʚʘʥʥʽ ʧʘʮʽʻʥʪʽʚ ʟʘʜʷʢʠ ʪʨʘʥʩʣʷʮʽʾ ʯʝʨʝʟ 

ʩʤʘʨʪʬʦʥ. ʋ ʛʝʤʘʪʦʣʦʛʽʾ ʪʘ ʩʝʨʦʣʦʛʽʾ ʢʦʤʧôʁ ʪʝʨʥʝ ʙʘʯʝʥʥʷ ʤʦʞʝ ʙʫʪʠ 

ʟʘʩʪʦʩʦʚʘʥʠ ʧʨʠ ʽʥʪʝʛʨʘʮʽʾ ʫ ʤʽʢʨʦʩʢʦʧ ʜʣʷ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʟʘʛʘʣʴʥʠʭ 

ʟʘʭʚʦʨʶʚʘʥʥʴ ʘʙʦ ʧʽʜʨʘʭʫʥʢʫ ʢʣʽʪʠʥ ʢʨʦʚʽ ʨʽʟʥʦʛʦ ʪʠʧʫ, ʦʩʢʽʣʴʢʠ ʮʽ ʟʘʚʜʘʥʥʷ ʻ 

ʧʦʚʪʦʨʶʚʘʥʠʤʠ ʪʘ ʤʦʞʫʪʴ ʙʫʪʠ ʣʝʛʢʦ ʚʠʢʦʥʘʥʽ ʘʣʛʦʨʠʪʤʘʤʠ. ʐʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ 

ʪʘʢʦʞ ʤʘʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʛʘʩʪʨʦʝʥʪʝʨʦʣʦʛʽʾ. ɸʣʛʦʨʠʪʤʠ, ʱʦ ʙʘʟʫʶʪʴʩʷ ʥʘ 

ʦʙʨʦʙʮʽ ʚʽʜʝʦ ʟʦʙʨʘʞʝʥʥʷ, ʤʦʞʫʪʴ ʙʫʪʠ ʽʥʪʝʛʨʦʚʘʥʽ ʚ ʧʨʠʣʘʜʠ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ 

ʰʣʫʥʢʫ (ʝʥʜʦʩʢʦʧʠ) ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʪʘ ʜʽʘʛʥʦʩʪʠʢʠ ʫʨʘʞʝʥʴ.  

ɿʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʽʚ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ. ɸʣʛʦʨʠʪʤʠ ʤʘʰʠʥʥʦʛʦ 

ʥʘʚʯʘʥʥʷ ʪʘʢʦʞ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʫ ʭʽʨʫʨʛʽʾ. ɹʘʛʘʪʦ ʤʝʪʦʜʽʚ ʛʣʠʙʦʢʦʛʦ ʥʘʚʯʘʥʥʷ 

ʧʨʠʟʚʦʜʷʪʴ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʭʽʨʫʨʛʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʥʪʝʢʩʪʫʘʣʴʥʦʾ 

ʦʙʽʟʥʘʥʦʩʪʽ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ, ʦʮʽʥʢʠ ʥʘʚʠʯʦʢ ʪʘ ʥʘʚʯʘʥʥʷ. ʉʫʯʘʩʥʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʥʘʩʘʤʧʝʨʝʜ ʦʭʦʧʣʶʶʪʴ ʩʬʝʨʠ ʚʽʜʝʦʨʦʙʦʪʦʪʝʭʥʽʢʠ ʪʘ 

ʣʘʧʘʨʦʩʢʦʧʽʯʥʦʾ ʭʽʨʫʨʛʽʾ, ʧʨʦʧʦʥʫʶʪʴʩʷ ʤʝʪʦʜʠ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʭʽʨʫʨʛʽʯʥʠʭ 

ʽʥʩʪʨʫʤʝʥʪʽʚ ʪʘ ʜʽʡ. ɯʥʰʽ ʤʝʪʦʜʠ ʘʥʘʣʽʟʫʶʪʴ ʨʫʭ ʽʥʩʪʨʫʤʝʥʪʫ ʘʙʦ ʽʥʰʽ ʦʟʥʘʢʠ ʜʣʷ 

ʦʮʽʥʢʠ ʢʚʘʣʽʬʽʢʘʮʽʾ ʭʽʨʫʨʛʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʩʪʘʥʦʚʣʝʥʠʭ ʨʝʡʪʠʥʛʽʚ, ʪʘʢʠʭ ʷʢ 

ʂʨʠʪʝʨʽʾ ʛʣʦʙʘʣʴʥʦʾ ʦʧʝʨʘʪʠʚʥʦʾ ʦʮʽʥʢʠ ʣʘʧʘʨʦʩʢʦʧʽʯʥʠʭ ʥʘʚʠʯʦʢ ʜʣʷ 

ʣʘʧʘʨʦʩʢʦʧʽʯʥʦʾ ʭʽʨʫʨʛʽʾ. ɯʥʰʠʡ ʥʘʧʨʷʤʦʢ ʚʠʢʦʨʠʩʪʦʚʫʻ ʤʘʰʠʥʥʝ ʙʘʯʝʥʥʷ ʜʣʷ 

ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʨʽʟʥʠʭ ʬʘʟ ʭʽʨʫʨʛʽʯʥʦʛʦ ʚʪʨʫʯʘʥʥʷ ʧʽʜ ʯʘʩ ʦʧʝʨʘʮʽʡ ʜʣʷ ʨʦʟʨʦʙʢʠ 
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ʢʦʥʪʝʢʩʪʥʠʭ ʩʠʩʪʝʤ ʢʦʤʧôʶʪʝʨʥʦʾ ʜʦʧʦʤʦʛʠ. ʊʘʢʦʞ ʤʘʰʠʥʥʝ ʥʘʚʯʘʥʥʷ 

ʟô̫ ʚʣʷʻʪʴʩʷ ʽ ʫ ʩʬʝʨʽ ʚʽʜʢʨʠʪʦʾ ʭʽʨʫʨʛʽʾ. ɸʣʝ ʪʫʪ ʧʨʦʙʣʝʤʘ ʧʦʣʷʛʘʻ ʫ ʟʤʽʥʽ ʪʦʯʦʢ 

ʦʙʟʦʨʫ ʢʘʤʝʨʠ ʜʣʷ ʟʘʭʦʧʣʝʥʥʷ ʚʽʜʝʦ ʪʘ ʪʠʧʽʚ ʦʧʝʨʘʮʽʡ. 

ɸʣʛʦʨʠʪʤʠ ʤʦʞʫʪʴ ʨʦʟʧʽʟʥʘʚʘʪʠ ʣʶʜʩʴʢʫ ʜʽʷʣʴʥʽʩʪʴ ʫ ʬʽʟʠʯʥʠʭ ʧʨʦʩʪʦʨʘʭ, 

ʪʘʢʠʭ ʷʢ ʣʽʢʘʨʥʽ ʪʘ ʢʣʽʥʽʢʠ ʜʣʷ ʨʷʜʫ ʟʘʩʪʦʩʫʚʘʥʴ, ʷʢʠʡ ʟʘʛʘʣʴʥʦ ʥʘʟʠʚʘʻʪʴʩʷ 

çʽʥʪʝʣʝʢʪ ʟʦʚʥʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘè. ɯʥʪʝʣʝʢʪ ʟʦʚʥʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ 

ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʧʦʩʪʽʡʥʦʛʦ ʥʝʽʥʚʘʟʠʚʥʦʛʦ ʚʠʜʫ ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ ʫ ʬʽʟʠʯʥʦʤʫ 

ʧʨʦʩʪʦʨʽ, ʷʢʠʡ ʤʦʞʝ ʥʘʜʘʪʠ ʤʝʜʠʢʘʤ ʜʦʧʦʤʦʛʫ ʫ ʚʠʛʣʷʜʽ ʤʦʥʽʪʦʨʠʥʛʫ ʧʘʮʽʻʥʪʽʚ, 

ʚʝʜʝʥʥʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʜʦʢʫʤʝʥʪʘʮʽʾ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʪʨʠʤʘʥʥʷ ʧʨʦʪʦʢʦʣʽʚ 

ʣʽʢʫʚʘʥʥʷ. ʅʘʨʘʟʽ ʫ ʝʢʩʧʝʨʝʤʝʥʪʘʣʴʥʦʤʫ ʨʝʞʠʤʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʘʣʛʦʨʠʪʤ 

ʤʘʰʠʥʥʦʛʦ ʙʘʯʝʥʥʷ, ʷʢʠʡ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʫ ʚʽʜʜʽʣʝʥʥʷʭ ʽʥʪʝʥʩʠʚʥʦʾ ʪʝʨʘʧʽʾ ʜʣʷ 

ʤʦʥʽʪʦʨʠʥʛʫ ʪʘʢʦʾ ʜʽʷʣʴʥʦʩʪʽ ʧʘʮʽʻʥʪʽʚ, ʷʢ ʾ ʭ ʛʽʛʽʻʥʘ ʪʘ ʨʦʟʧʦʣʦʞʝʥʥʷ. ʊʘʢʦʞ ʙʫʣʦ 

ʨʦʟʨʦʙʣʝʥʦ ʩʠʩʪʝʤʫ ʜʣʷ ʚʽʜʜʽʣʝʥʥʷ ʥʝʚʽʜʢʣʘʜʥʦʾ ʜʦʧʦʤʦʛʠ ʜʣʷ ʦʧʠʩʫ ʧʨʦʮʝʜʫʨ, 

ʚʠʢʦʥʫʚʘʥʠʭ ʧʽʜ ʯʘʩ ʨʝʘʥʽʤʘʮʽʾ ʧʘʮʽʻʥʪʘ ʪʘ ʜʣʷ ʟʘʭʦʜʽʚ ʧʽʜ ʯʘʩ ʦʧʝʨʘʮʽʾ ʜʣʷ 

ʦʧʪʠʤʽʟʘʮʽʾ ʪʘ ʧʨʠʰʚʠʜʰʝʥʥʷ ʨʦʙʦʪʠ.  

ʇʦʟʘ ʤʝʞʘʤʠ ʣʽʢʘʨʝʥʴ ʽʥʪʝʣʝʢʪ ʟʦʚʥʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʤʦʞʝ ʩʧʨʦʩʪʠʪʠ 

ʜʦʩʪʫʧ ʜʦ ʤʝʜʠʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. ʊʘʢʘ ʪʝʭʥʦʣʦʛʽʷ ʤʦʞʝ ʜʦʟʚʦʣʠʪʠ ʣʶʜʷʤ 

ʧʦʭʠʣʦʛʦ ʚʽʢʫ ʟʥʘʭʦʜʠʪʠʩʴ ʩʘʤʦʩʪʽʡʥʦ ʚʜʦʤʘ, ʚʽʜʩʪʝʞʫʶʯʠ ʩʪʘʥ ʪʘ ʚʽʜʭʠʣʝʥʥʷ ʚ 

ʧʦʚʩʷʢʜʝʥʥʽʡ ʜʽʷʣʴʥʦʩʪʽ (ʥʘʧʨʠʢʣʘʜ, ʚʠʷʚʣʷʶʯʠ ʧʘʜʽʥʥʷ, ʷʢʽ ʦʩʦʙʣʠʚʦ ʥʝʙʝʟʧʝʯʥʽ 

ʜʣʷ ʣʶʜʝʡ ʧʦʭʠʣʦʛ). ʎʝʡ ʤʝʪʦʜ ʩʧʨʷʤʦʚʘʠʡ ʥʘ ʙʽʣʴʰ ʰʠʨʦʢʽ ʢʘʪʝʛʦʨʽʾ 

ʧʦʚʩʷʢʜʝʥʥʦʾ ʜʽʷʣʴʥʦʩʪʽ. ɼʦʚʛʦʪʨʠʚʘʣʘ ʘʥʘʣʽʪʠʢʘ ʪʘʢʠʭ ʚʠʜʽʚ ʜʽʷʣʴʥʦʩʪʽ, ʷʢ ʩʦʥ, 

ʧʝʨʝʤʽʱʝʥʥʷ ʪʘ ʩʠʜʽʥʥʷ ʟ ʯʘʩʦʤ ʤʦʞʝ ʚʠʷʚʠʪʠ ʢʣʽʥʽʯʥʦ ʟʥʘʯʫʱʽ ʟʤʽʥʠ ʘʙʦ 

ʘʥʦʤʘʣʽʾ. ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʦʥʬʽʜʝʥʮʽʡʥʽʩʪʽ ʧʘʮʽʻʥʪʘ, ʜʦʩʣʽʜʥʠʢʠ ʨʦʟʨʦʙʠʣʠ 

ʘʣʛʦʨʠʪʤʠ, ʷʢʽ ʧʨʘʮʶʶʪʴ ʟʘ ʪʝʧʣʦʚʠʤʠ ʚʽʜʝʦʜʘʥʠʤʠ. ʑʝ ʦʜʥʽʻʶ ʩʬʝʨʦʶ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʘʰʠʥʥʦʛʦ ʙʘʯʝʥʥʷ ʻ ʜʦʧʦʤʦʛʘ ʚ ʧʦʚʩʷʢʜʝʥʥʦʤʫ ʞʠʪʪʽ ʘʙʦ ʧʨʠ 

ʨʝʘʙʽʣʽʪʘʮʽʾ, ʥʘʧʨʠʢʣʘʜ, ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʤʦʚʠ ʞʝʩʪʽʚ ʜʣʷ ʜʦʧʦʤʦʛʠ ʣʶʜʷʤ, ʱʦ 

ʩʪʨʘʞʜʘʶʪʴ ʚʘʜʘʤʠ ʩʣʫʭʫ ʪʘ ʤʦʚʣʝʥʥʷ, ʤʦʥʽʪʦʨʠʥʛ ʬʽʟʽʦʪʝʨʘʧʝʚʪʠʯʥʠʭ ʚʧʨʘʚ ʜʣʷ 

ʨʝʘʙʽʣʽʪʘʮʽʾ ʧʽʩʣʷ ʽʥʩʫʣʴʪʫ. ʊʘʢʦʞ ʻ ʧʝʚʥʽ ʜʦʩʷʛʥʝʥʥʷ ʫ ʩʬʝʨʽ ʤʘʰʠʥʥʦʛʦ 
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ʥʘʚʯʘʥʥʷ ʫ ʛʘʣʫʟʽ ʤʦʥʽʪʦʨʠʥʛʫ ʩʪʘʥʫ ʦʨʛʘʥʽʚ ʣʶʜʠʥʠ. ʅʘʧʨʠʢʣʘʜ, ʩʠʩʪʝʤʠ 

ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚʽʜʝʦ ʪʘ ʟʦʙʨʘʞʝʥʥʷ ʜʣʷ ʘʥʘʣʽʟʫ ʯʘʩʪʦʪʠ ʩʝʨʮʝʚʠʭ 

ʩʢʦʨʦʯʝʥʴ ʪʘ ʜʠʭʘʥʥʷ. ʊʝʭʥʦʣʦʛʽʾ ʽʥʪʝʣʝʢʪʫ ʟʦʚʥʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʥʘ ʦʩʥʦʚʽ 

ʤʘʰʠʥʥʦʛʦ ʙʘʯʝʥʥʷ ʧʨʦʧʦʥʫʶʪʴ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʤʦʞʣʠʚʦʩʪʝʡ ʜʣʷ ʨʦʟʰʠʨʝʥʦʛʦ 

ʜʦʩʪʫʧʫ ʜʦ ʷʢʽʩʥʦʾ ʤʝʜʠʯʥʦʾ ʜʦʧʦʤʦʛʠ. ʆʜʥʘʢ ʧʨʠ ʨʦʟʨʦʙʮʽ ʮʠʭ ʪʝʭʥʦʣʦʛʽʡ 

ʚʠʥʠʢʘʪʠʤʫʪʴ ʥʦʚʽ ʝʪʠʯʥʽ ʪʘ ʧʨʘʚʦʚʽ ʧʠʪʘʥʥʷ. 

ʗʢʽʩʪʴ ʜʘʥʠʭ ʙʘʛʘʪʦ ʚ ʯʦʤʫ ʚʠʟʥʘʯʘʻ ʷʢʽʩʪʴ ʤʦʜʝʣʽ, ʚʠʷʚʣʝʥʥʷ ʥʝʚʽʨʥʦʩʪʽ ʚ 

ʜʘʥʠʭ ʪʘ ʾʭ ʚʨʘʭʫʚʘʥʥʷ ʧʨʠʟʚʝʜʝ ʜʦ ʙʽʣʴʰ ʷʢʽʩʥʦʛʦ ʤʝʜʠʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. 

ɿʘʙʝʟʧʝʯʝʥʥʷ ʧʨʘʚʠʣʴʥʠʤʠ ʥʘʙʦʨʘʤʠ ʜʘʥʠʭ ʤʦʞʝ ʟʘʣʝʞʘʪʠ ʤʝʪʦʜʫ çʣʶʜʠʥʘ ʚ 

ʮʠʢʣʽè (ʤʦʜʝʣʴ, ʷʢʘ ʚʠʤʘʛʘʻ ʚʟʘʻʤʦʜʽʾ ʟ ʣʶʜʠʥʦʶ) ʘʙʦ ʰʠʨʦʢʦʤʘʩʰʪʘʙʥʠʭ 

ʤʝʪʦʜʽʚ ʟʙʦʨʫ ʜʘʥʠʭ. ɯʩʥʫʻ ʨʷʜ ʤʝʪʦʜʽʚ, ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ ʫʩʫʥʝʥʥʷ ʫʧʝʨʝʜʞʝʥʦʩʪʽ 

ʜʘʥʠʭ. ʋʧʝʨʝʜʞʝʥʥʷ ʥʘ ʨʽʚʥʽ ʦʜʥʽʻʾ ʣʶʜʠʥʠ ʤʦʞʥʘ ʫʩʫʥʫʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʝʢʩʧʝʨʪʥʦʛʦ ʦʙʛʦʚʦʨʝʥʥʷ ʪʘ ʨʽʰʝʥʥʷ ʱʦʜʦ ʨʦʟʤʽʪʢʠ ʜʘʥʠʭ. ʋʧʝʨʝʜʞʝʥʥʷ ʥʘ ʨʽʚʥʽ 

ʚʩʴʦʛʦ ʥʘʩʝʣʝʥʥʷ ʤʦʞʥʘ ʫʩʫʥʫʪʠ ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʜʦʧʦʚʥʝʥʴ ʜʦ ʜʘʥʠʭ ʪʘ ʟʤʽʥʠ 

ʨʦʟʧʦʜʽʣʫ. ʆʜʥʠʤ ʟ ʥʘʜʽʡʥʠʭ ʤʝʪʦʜʽʚ ʚʠʟʥʘʯʝʥʥʷ ʫʟʘʛʘʣʴʥʝʥʦʩʪʽ ʤʦʜʝʣʝʡ ʜʣʷ 

ʨʽʟʥʠʭ ʛʨʫʧ ʥʘʩʝʣʝʥʥʷ, ʤʝʜʠʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʨʝʩʫʨʩʽʚ ʻ ʤ̔ʞʥʘʨʦʜʥʘ 

ʙʘʛʘʪʦʽʥʩʪʠʪʫʮʽʡʥʘ ʦʮʽʥʢʘ. ʊʘʢʦʞ, ʟʘʛʘʣʴʥʦ ʙʽʣʴʰ ʥʘʜʽʡʥʠʤʠ ʪʘ ʢʦʨʠʩʥʠʤʠ 

ʤʦʜʝʣʽ ʨʦʙʠʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʘʛʘʪʦʟʘʜʘʯʥʦʛʦ ʥʘʚʯʘʥʥʷ ʤʦʜʝʣʝʡ, ʪʘ ʦʩʚʦʻʥʥʷ 

ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʟʘʚʜʘʥʴ, ʘ ʥʝ ʦʜʥʽʻʾ ʚʦʟʴʢʦʾ ʩʬʝʨʠ ʟʘʩʪʦʩʫʚʘʥʥʷ, ʪʘʢʦʛʦ ʷʢ 

ʚʠʷʚʣʝʥʥʷ ʙʘʛʘʪʦʨʘʢʦʚʠʭ ʟʘʭʚʦʨʶʚʘʥʴ ʽʟ ʛʽʩʪʦʧʘʪʦʣʦʛʽʯʥʠʭ ʟʦʙʨʘʞʝʥʴ. 

 

ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 

 

ʋ ʜʘʥʦʤʫ ʨʦʟʜʽʣʽ ʙʫʣʦ ʨʦʟʛʣʷʥʫʪʦ ʤʦʞʣʠʚʽ ʛʘʣʫʟʽ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʤʽʢʨʦʨʦʙʦʪʽʚ ʫ ʤʝʜʠʮʠʥʽ, ʩʠʩʪʝʤʠ ʦʨʛʘʥʽʚ ʣʶʜʠʥʠ, ʫ ʷʢʠʭ ʚʦʥʠ ʤʦʞʫʪʴ 

ʝʬʝʢʪʠʚʥʦ ʚʠʢʦʥʫʚʘʪʠ ʧʝʨʝʤʽʱʝʥʥʷ ʪʘ ʤʝʪʦʜʠʢʠ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʟʦʙʨʘʞʝʥʴ. ʎʷ 

ʽʥʬʦʨʤʘʮʽʷ ʻ ʙʘʟʦʚʦʶ ʧʨʠ ʨʦʟʨʦʙʮʽ ʩʠʩʪʝʤʠ ʪʘ ʥʝʦʙʭʽʜʥʘ ʜʣʷ ʾʾ ʽʤʧʣʝʤʝʥʪʘʮʽʾ. 
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2 ʆɻʃʗɼ ɯʉʅʋʖʏʀʍ ʈɯʐɽʅʔ 
 

 2.1 ʆʛʣʷʜ ʧʨʠʥʮʠʧʽʚ ʧʦʙʫʜʦʚʠ ʤʽʢʨʦʨʦʙʦʪʽʚ 

 

ɼʣʷ ʧʝʨʝʤʽʱʝʥʥʷ ʤʘʛʥʽʪʥʦʛʦ ʤʽʢʨʦʨʦʙʦʪʫ ʥʝʦʙʭʽʜʥʦ ʧʝʨʝʪʚʦʨʠʪʠ ʝʥʝʨʛʽʶ 

ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʫ ʤʝʭʘʥʽʯʥʠʡ ʨʫʭ. ʄʝʪʦʜʠ ʧʝʨʝʤʽʱʝʥʥʷ ʤʝʜʠʯʥʠʭ ʤʽʢʨʦʨʦʙʦʪʽʚ 

ʤʘʶʪʴ ʚʨʘʭʦʚʫʚʘʪʠ ʨʦʙʦʯʝ ʩʝʨʝʜʦʚʠʱʝ, ʦʩʢʽʣʴʢʠ ʨʦʙʦʪʘ ʤʦʞʝ ʧʨʦʚʦʜʠʪʠʩʴ ʽ ʫ  

ʧʦʨʦʞʥʠʥʘʭ, ʟʘʧʦʚʥʝʥʠʭ ʨʽʜʠʥʦʶ ʽ ʚ ʤôʷʢʠʭ ʪʢʘʥʠʥʘʭ. ʊʘʢʦʞ ʤʝʪʦʜʠ 

ʧʝʨʝʤʽʱʝʥʥʷ ʧʦʚʠʥʥʽ ʚʨʘʭʦʚʫʚʘʪʠ ʦʙʤʝʞʝʥʥʷ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʤʘʩʰʪʘʙʫ. 

ʇʝʨʝʤʽʱʝʥʥʷ ʫ ʨʽʜʠʥʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ ʫ ʤʽʢʨʦʤʘʩʰʪʘʙʽ ʚʠʤʘʛʘʻ ʟʦʚʩʽʤ ʽʥʰʦʛʦ 

ʧʽʜʭʦʜʫ, ʥʽʞ ʧʨʠ ʤʘʢʨʦʤʘʩʰʪʘʙʽ. ʋ ʩʬʝʨʽ ʤʽʢʨʦʨʦʙʦʪʽʚ ʧʝʨʝʚʘʞʘʶʪʴ ʥʠʟʴʢʽ 

ʰʚʠʜʢʦʩʪʽ ʪʘ ʤʘʣʽ ʤʘʩʰʪʘʙʠ. ʇʦʪʽʢ ʟ ʤʘʣʠʤ ʯʠʩʣʦʤ ʈʝʡʥʦʣʴʜʩʘ (ʚʽʜʥʦʰʝʥʥʷ 

ʽʥʝʨʮʽʥʠʭ ʩʠʣ ʜʦ ʩʠʣ ʚôʷʟʢʦʛʦ ʪʝʨʪʷ) ʥʘʟʠʚʘʻʪʴʩʷ ʧʦʚʟʫʯʠʤ ʧʦʪʦʢʦʤ, ʘʙʦ ʧʦʪʦʢʦʤ 

ʉʪʦʢʩʘ. ʇʨʠ ʪʘʢʦʤʫ ʪʠʧʽ ʧʝʨʝʤʽʱʝʥʥʷ ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʤʽʱʝʥʥʷ ʨʦʙʦʪʘ ʥʝ ʩʠʣʴʥʦ 

ʚʧʣʠʚʘʻ ʥʘ ʧʨʦʪʠʜʽʶʯʽ ʩʠʣʠ ʨʽʜʠʥʠ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʧʦʪʦʢʽʚ ʟ ʚʝʣʠʢʠʤ ʯʠʩʣʦʤ 

ʈʝʡʥʦʣʴʜʩʘ, ʫ ʧʦʪʦʢʘʭ ʽʟ ʤʘʣʠʤ ʯʠʩʣʦʤ ʈʝʡʥʦʣʴʜʩʘ ʨʦʟʤʽʱʝʥʥʷ ʫʩʽʭ ʩʪʽʥʦʢ ʩʫʜʠʥ 

ʻ ʜʫʞʝ ʚʘʞʣʠʚʠʤ ʪʘ ʟʥʘʯʥʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʩʠʣʫ ʧʨʦʪʠʜʽʾ ʧʨʠ ʨʫʩʽ, ʘʣʝ ʻ ʜʝʷʢʽ 

ʤʝʪʦʜʠ, ʷʢʽ ʢʦʤʧʝʥʩʫʶʪʴ ʥʘʷʚʥʽʩʪʴ ʪʘʢʠʭ ʩʪʽʥʦʢ [21]. 

ʇʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʨʫʭʫ ʨʦʙʦʪʘ ʥʝʦʙʭʽʜʥʦ ʟʚʝʨʥʫʪʠʩʷ ʜʦ ʤʝʪʦʜʽʚ, ʷʢʽ ʚʞʝ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʧʨʠʨʦʜʽ. ʄʽʢʨʦʦʨʛʘʥʽʟʤʠ ʨʦʟʚʠʥʫʣʠ ʨʽʟʥʦʤʘʥʽʪʥʽ ʪʝʭʥʽʢʠ 

ʧʝʨʝʤʝʱʝʥʥʷ ʧʨʠ ʤʘʣʦʤʫ ʯʠʩʣʽ ʈʝʡʥʦʣʴʜʩʘ, ʞʦʜʝʥ ʟ ʮʠʭ ʤʝʪʦʜʽʚ ʥʝ ʟʫʩʪʨʽʯʘʻʪʴʩʷ 

ʫ ʧʽʜʭʦʜʘʭ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʫ ʤʘʢʨʦʤʘʩʰʪʘʙʽ. ɹʘʢʪʝʨʽʾ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʤʦʣʝʢʫʣʷʨʥʠʡ ʜʚʠʛʫʥ, ʱʦʙ ʧʦʚʝʨʥʫʪʠ ʦʩʥʦʚʫ ʜʞʛʫʪʠʢʘ, ʜʝʬʦʨʤʫʶʯʠʩʴ ʫ ʪʘʢʠʤ 

ʯʠʥʦʤ ʱʦʙ ʨʫʭʘʪʠʩʴ ʧʦ ʩʧʽʨʘʣʽ. ɽʫʢʘʨʽʦʪʠʯʥʽ ʢʣʽʪʠʥʠ ʤʘʶʪʴ ʜʞʛʫʪʠʢʠ, ʷʢʽ ʻ 

ʘʢʪʠʚʥʠʤʠ ʦʨʛʘʥʝʣʘʤʠ ʪʘ ʟʜʘʪʥʽ ʩʪʚʦʨʶʚʘʪʠ ʦʙʝʨʪʦʚʽ ʨʫʭʠ ʜʣʷ ʛʝʥʝʨʘʮʽʾ ʭʚʠʣʽ. 

ɼʝʷʢʽ ʤʽʢʨʦʦʨʛʘʥʽʟʤʠ ʧʣʘʚʘʶʪʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʽʡʦʢ, ʷʢʽ ʫʪʨʠʤʫʶʪʴʩʷ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʧʦʪʦʢʫ ʧʽʜ ʯʘʩ ʩʠʣʦʚʦʛʦ ʫʜʘʨʫ ʽ ʧʘʨʘʣʝʣʴʥʦ ʧʦʪʦʢʫ ʧʽʜ ʯʘʩ 

ʚʽʜʥʦʚʥʦʛʦ ʫʜʘʨʫ, ʧʨʠ ʮʴʦʤʫ ʙʘʛʘʪʦ ʚʽʡʦʢ ʧʨʘʮʶʶʪʴ ʦʜʥʦʯʘʩʥʦ. ʋʩʽ ʮʽ ʤʝʪʦʜʠ 
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ʧʣʘʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʦʜʠʥ ʽ ʪʦʡ ʞʝ ʬʝʥʦʤʝʥ: ʢʦʞʝʥ ʝʣʝʤʝʥʪ ʧʨʦʨʽʟʘʻ ʨʽʜʠʥʫ 

ʚʟʜʦʚʞ ʜʞʛʫʪʠʢʘ ʧʽʜ ʛʦʩʪʨʠʤ ʢʫʪʦʤ, ʚʠʥʠʢʘʻ ʨʽʟʥʠʮʷ ʤʽʞ ʧʘʨʘʣʝʣʴʥʠʤ ʽ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʠʤ ʦʧʦʨʦʤ, ʷʢʘ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʯʠʩʪʦʛʦ ʨʫʭʫ. ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʫʩʽ 

ʨʦʟʨʦʙʢʠ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʫ ʩʫʜʠʥʘʭ ʣʶʜʠʥʠ ʨʦʟʨʦʙʣʷʪʴʩʷ 

ʟʘ ʮʠʤʠ ʧʨʠʥʮʠʧʘʤʠ. 

ɻʚʠʥʪʦʚʝ ʧʝʨʝʤʽʱʝʥʥʷ. ʋ ʙʘʛʘʪʴʦʭ ʤʽʢʨʦʧʣʽʚʢʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʷʭ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʝʚʥʘ ʬʦʨʤʘ ʛʚʠʥʪʦʚʦʛʦ ʛʚʠʥʪʘ ʜʣʷ ʧʝʨʝʩʫʚʘʥʥʷ, ʩʭʦʞʘ ʥʘ 

ʢʦʥʩʪʨʫʢʮʽʶ ʙʘʢʝʨʽʘʣʴʥʽ ʜʞʛʫʪʠʢʠ. ʋ ʤʝʪʦʜʽ, ʷʢʠʡ ʟʘ ʩʚʦʻʶ ʬʫʥʢʮʽʻʶ ʥʘʡʙʽʣʴʰ 

ʥʘʛʘʜʫʻ ʙʘʢʪʝʨʽʾ, ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʦʙʝʨʪʘʣʴʥʠʡ ʜʚʠʛʫʥ ʜʣʷ ʧʦʚʝʨʪʘʥʥʷ ʧʘʩʠʚʥʠʡ 

ʜʞʛʫʪʠʢ (ʨʠʩʫʥʦʢ 2.1).  

 

 

ʈʠʩʫʥʦʢ 2.1 ï ɿʦʙʨʘʞʝʥʥʷ ʬʦʨʤʠ ʤʽʢʨʦʨʦʙʦʪʘ ʧʨʠ ʛʚʠʥʪʦʚʦʤʫ 

ʧʝʨʝʤʽʱʝʥʥʽ  

 

ʆʜʥʘʢ ʧʨʠʚʝʜʝʥʥʷ ʪʘʢʦʾ ʩʠʩʪʝʤʠ ʜʦ ʤʽʢʨʦʤʘʩʰʪʘʙʽʚ ʥʝʪʨʠʚʽʘʣʴʥʘ ʟʘʜʘʯʘ. 

ɭʜʠʥʠʤ ʫʩʧʽʰʥʠʤ ʤʝʪʦʜʦʤ ʥʘ ʜʘʥʠʡ ʯʘʩ ʻ ʛʝʥʝʨʘʮʽʷ ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʟʦʚʥʽʰʥʽʭ ʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ [22]. ʎʝʡ ʤʝʪʦʜ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʟ̔ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʪʚʝʨʜʠʭ ʪʘ ʤôʷʢʦʤʘʛʥʽʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʫ 

ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʨʦʟʤʽʨʽʚ. 
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ʅʝʟʘʣʝʞʥʦ ʚʽʜ ʤʝʪʦʜʫ, ʱʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʧʨʠʢʣʘʜʘʥʥʷ ʢʨʫʪʥʦʛʦ 

ʤʦʤʝʥʪʫ, ʻ ʜʝʢʽʣʴʢʘ ʚʘʨʽʘʥʪʽʚ ʨʦʟʨʦʙʣʝʥʥʷ ʛʚʠʥʪʘ. ʁʦʛʦ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʞʦʨʩʪʢʠʤ 

ï ʮʝ ʥʘʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʟʤʽʥʶʚʘʪʠ ʧʨʦʩʪʠʡ ʜʨʽʪ, ʷʢʠʡ ʩʬʦʨʤʦʚʘʥʦ ʫ ʚʠʛʣʷʜʽ 

ʩʧʽʨʘʣʽ ʜʦ ʙʘʛʘʪʦʰʘʨʦʚʦʾ ʩʤʫʛʠ, ʷʢʘ ʩʘʤʦʩʪʽʡʥʦ ʬʦʨʤʫʻʪʴʩʷ ʫ ʩʧʽʨʘʣʴ ʯʝʨʝʟ 

ʚʥʫʪʨʽʰʥʽ ʥʘʧʨʫʞʝʥʥʷ. ɽʬʝʢʪʠʚʥʽʩʪʴ ʛʚʠʥʪʽʚ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʦʧʝʨʝʯʥʦʛʦ 

ʧʝʨʝʨʽʟʫ ʩʧʽʨʘʣʽ. ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʞʦʨʩʪʢʠʭ ʛʚʠʥʪʽʚ, ʥʘʧʨʷʤʦʢ ʨʫʭʫ 

ʤʽʢʨʦʨʦʙʦʪʘ ʤʦʞʥʘ ʟʤʽʥʠʪʠ ʧʨʦʩʪʦ ʟʤʽʥʠʚʰʠ ʥʘʧʨʷʤʦʢ ʦʙʝʨʪʘʥʥʷ. ʊʦʙʪʦ 

ʞʦʨʩʪʢʽ ʛʚʠʥʪʠ ʟʜʘʪʥʽ ʷʢ ʰʪʦʚʭʘʪʠ, ʪʘʢ ʽ ʪʷʛʥʫʪʠ ʢʦʨʧʫʩ. ɻʚʠʥʪ ʪʘʢʦʞ ʤʦʞʝ ʙʫʪʠ 

ʩʫʤʽʩʥʠʤ ʽ ʤʘʪʠ ʩʧʽʨʘʣʴʥʫ ʛʝʦʤʝʪʨʽʶ ʣʠʰʝ ʜʠʥʘʤʽʯʥʦ [23]. ʇʨʦʩʪʝ ʚʦʣʦʢʥʦ, 

ʧʝʨʝʩʪʫʧʠʚʰʠ ʜʝʷʢʠʡ ʧʦʨʽʛ ʢʨʫʯʝʥʥʷ, ʟʘʟʥʘʻ ʨʦʟʜʚʦʻʥʥʷ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʩʢʨʫʯʫʚʘʥʥʷ ʚʦʣʦʢʥʘ ʫ ʬʦʨʤʽ ʛʚʠʥʪʘ, ʷʢʘ ʟʙʝʨʽʛʘʻʪʴʩʷ ʜʦ ʪʠʭ ʧʽʨ, ʧʦʢʠ ʢʨʫʯʝʥʥʷ 

ʥʝ ʙʫʜʝ ʧʨʠʧʠʥʝʥʦ. 

 ʊʘʢʠʡ ʤʝʪʦʜ ʥʘʜʘʻ ʤʝʥʰʠʡ ʩʪʫʧʽʥʴ ʢʝʨʦʚʘʥʦʩʪʽ ʥʽʞ ʤʝʪʦʜ ʞʦʨʩʪʢʦʛʦ 

ʛʚʠʥʪʘ. ɿʘ ʚʠʥʷʪʢʦʤ ʜʝʷʢʠʭ ʢʦʨʦʪʢʦʯʘʩʥʠʭ ʨʫʭʽʚ, ʧʦʜʽʙʥʠʭ ʜʦ ʧʝʨʝʤʽʱʝʥʥʷ 

ʙʘʢʪʝʨʽʡ, ʩʫʤʽʩʥʠʡ ʛʚʠʥʪ ʤʦʞʝ ʣʠʰʝ ʰʪʦʚʭʘʪʠ ʢʦʨʧʫʩ, ʘ ʦʪʞʝ, ʨʫʭ ʫ ʟʚʦʨʦʪʥʦʤʫ 

ʥʘʧʨʷʤʢʫ ʪʘʢʦʞ ʩʪʘʻ ʱʝ ʦʜʥʽʻʶ ʟʘʜʘʯʝʶ, ʨʝʘʣʽʟʘʮʽʶ ʷʢʦʾ ʨʦʟʨʦʙʠʪʠ ʩʢʣʘʜʥʽʰʝ, 

ʥʽʞ ʟʘ ʜʦʧʦʤʦʛʦʶ ʞʦʨʩʪʢʦʛʦ ʛʚʠʥʪʘ. ʆʜʥʘʢ ʮʝʡ ʪʠʧ ʛʚʠʥʪʘ ʪʘʢʦʞ ʥʘʜʘʻ ʜʦʜʘʪʢʦʚʽ 

ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʤʦʞʣʠʚʦʩʪʽ, ʥʘʧʨʠʢʣʘʜ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʦʚʛʠʭ ʩʤʫʞʦʢ ʧʨʝʧʘʨʘʪʫ, 

ʷʢʽ ʩʢʨʫʯʫʶʪʴʩʷ ʫ ʬʦʨʤʽ ʛʚʠʥʪʘ, ʜʦʟʚʦʣʷʶʯʠ ʢʦʨʠʩʥʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʶ ʜʽʷʪʠ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʷʢ ʛʚʠʥʪ. ɻʚʠʥʪʦʚʠʡ ʧʨʠʚʽʜ ʪʘʢʦʞ ʟʘʙʝʟʧʝʯʫʻ ʝʬʝʢʪʠʚʥʠʡ ʤʝʪʦʜ 

ʧʝʨʝʤʽʱʝʥʥʷ ʯʝʨʝʟ ʧʨʦʩʚʽʪʠ ʨʫʭ ʙʽʣʴʰʝ ʥʘʛʘʜʫʻ ʧʦʚʟʘʥʥʷ, ʥʽʞ ʧʣʘʚʘʥʥʷ. 

ɯʩʥʫʻ ʱʝ ʦʜʠʥ ʧʽʜʭʽʜ ʩʧʽʨʘʣʴʥʦʛʦ ʧʝʨʝʤʝʽʱʝʥʥʷ ʟ ʤʘʛʥʽʪʥʠʤ ʢʝʨʫʚʘʥʥʷʤ, 

ʩʭʦʞʠʡ, ʘʣʝ ʚʽʜʤʽʥʥʠʡ ʚʽʜ ʩʧʽʨʘʣʴʥʦ-ʛʚʠʥʪʦʚʦʛʦ ʧʣʘʚʘʣʴʥʦʛʦ ʤʝʭʘʥʽʟʤʫ, 

ʦʧʠʩʘʥʦʛʦ ʚʠʱʝ. ʄʽʢʨʦʨʦʙʦʪ ʫ ʬʦʨʤʽ ʛʚʠʥʪʘ ʤʦʞʥʘ ʧʨʠʚʦʜʠʪʠ ʚ ʜʽʶ ʙʝʟʜʨʦʪʦʚʦ 

ʯʝʨʝʟ ʪʢʘʥʠʥʫ. ʋ ʪʘʢʠʡ ʩʧʦʩʽʙ ʛʚʠʥʪʦʧʦʜʽʙʥʽ ʤʽʢʨʦʨʦʙʦʪʠ ʤʘʶʪʴ ʟʤʦʛʫ 

ʚʠʢʦʥʫʚʘʪʠ ʧʝʨʝʩʫʚʘʥʥʷ ʯʝʨʝʟ ʤôʷʢʽ ʪʢʘʥʠʥʠ. ʊʦʜʽ ʷʢ ʧʨʠ ʨʫʩʽ ʫ ʨʽʜʠʥʥʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ ʩʧʽʨʘʣʴ ʤʽʢʨʦʨʦʙʦʪʘ ʥʘʨʽʟʘʻ ʨʽʜʠʥʫ ʥʘʚʩʢʦʩʠ, ʩʧʽʨʘʣʴ ʛʚʠʥʪʦʚʦʛʦ 

ʨʦʙʦʪʘ ʨʫʭʘʻʪʴʩʷ ʢʨʽʟʴ ʪʢʘʥʠʥʫ ʷʢ ʜʝʨʝʚôʷʥʠʡ ʛʚʠʥʪ ʘʙʦ ʰʪʦʧʦʨ. ʊʘʢʠʤ ʯʠʥʦʤ 
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ʩʧʽʨʘʣʴ ʧʨʦʩʫʚʘʻʪʴʩʷ ʯʝʨʝʟ ʪʢʘʥʠʥʫ ʥʘ ʩʪʽʣʴʢʠ, ʩʢʽʣʴʢʠ ʦʙʝʨʪʽʚ ʙʫʣʦ ʟʨʦʙʣʝʥʦ, ʥʘ 

ʚʽʜʤʽʥʫ ʚʽʜ ʨʽʜʠʥʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʜʝ ʥʘ ʪʘʢʫ ʞ ʜʦʚʞʠʥʫ ʧʝʨʝʤʽʱʝʥʥʷ ʥʝʦʙʭʽʜʥʦ 

ʙʫʣʦ ʙ ʟʨʦʙʠʪʠ ʜʝʢʽʣʴʢʘ ʦʙʝʨʪʽʚ.  

ʋ ʨʘʟʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʘʛʥʽʪʥʦʛʦ ʤʦʤʝʥʪʫ ʦʩʥʦʚʥʦʶ ʢʦʥʪʨʦʣʴʦʚʘʥʦʶ 

ʚʝʣʠʯʠʥʦʶ ʻ  ʯʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ. ʄʽʢʨʦʨʦʙʦʪ ʦʙʝʨʪʘʻʪʴʩʷ ʤʘʡʞʝ 

ʩʠʥʭʨʦʥʥʦ ʽʟ ʟʦʚʥʽʰʥʽʤ ʧʦʣʝʤ, ʤʠʪʪʻʚʦ ʜʦʩʷʛʘʶʯʠ ʨʽʚʥʦʚʘʞʥʦʛʦ ʬʘʟʦʚʦʛʦ ʟʩʫʚʫ 

ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦ ʤʘʛʥʽʪʥʠʡ ʤʦʤʝʥʪ ʚʨʽʚʥʦʚʘʞʫʻ ʧʣʠʥʥʠʡ ʢʨʫʪʥʠʡ ʤʦʤʝʥʪ. 

ʍʚʠʣʴʦʚʝ ʧʝʨʝʤʽʱʝʥʥʷ. ɯʥʰʠʡ ʤʝʪʦʜ ʧʝʨʝʤʽʱʝʥʥʷ, ʩʭʦʞʠʡ ʥʘ ʨʫʭʠ 

ʝʫʢʘʨʽʦʪʠʯʥʠʭ ʜʞʛʫʪʠʢʽʚ, ʥʘʟʠʚʘʻʪʴʩʷ ʭʚʠʣʴʦʚʠʤ ʧʝʨʝʤʽʱʝʥʥʷʤ. ʊʘʢʠʡ ʧʽʜʭʽʜ 

ʟʘʙʝʟʧʝʯʫʻ ʝʬʝʢʪʠʚʥʠʡ ʟʘʩʽʙ ʨʫʭʫ ʥʘ ʥʝʚʝʣʠʢʦʤʫ ʯʠʩʣʽ ʈʝʡʥʦʣʴʜʩʘ ʽ ʥʘʚʽʪʴ 

ʝʬʝʢʪʠʚʥʽʰʠʡ ʟʘ ʛʚʠʥʪʦʚʠʡ, ʧʨʠʧʫʩʢʘʶʯʠ ʦʜʥʘʢʦʚʫ ʧʦʪʫʞʥʽʩʪʴ ʝʣʝʤʝʥʪʽʚ. ʅʘ 

ʨʠʩʫʥʢʫ 2.2 ʟʦʙʨʘʞʝʥʦ ʤʽʢʨʦʨʦʙʦʪ, ʷʢʠʡ ʨʫʭʘʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʭʚʠʣʴʦʚʦʛʦ 

ʧʝʨʝʤʽʱʝʥʥʷ. 

 

 

ʈʠʩʫʥʦʢ 2.2 ï ɿʦʙʨʘʞʝʥʥʷ ʬʦʨʤʠ ʤʽʢʨʦʨʦʙʦʪʘ ʧʨʠ ʭʚʠʣʴʦʚʦʤʫ 

ʧʝʨʝʤʽʱʝʥʥʽ 

 

 ʆʜʥʘʢ ʨʝʘʣʽʟʫʚʘʪʠ ʭʚʠʣʴʦʚʝ ʧʝʨʝʤʽʱʝʥʥʷ ʫ  ʤʽʢʨʦʤʘʩʰʪʘʙʽ ʜʦʩʠʪʴ 

ʩʢʣʘʜʥʦ. ʉʪʚʦʨʝʥʥʷ ʩʠʩʪʝʤʠ ʨʦʟʧʦʜʽʣʝʥʦʛʦ ʨʫʭʫ, ʷʢʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʫ 

ʝʫʢʘʨʽʦʪʠʯʥʠʭ ʜʞʛʫʪʠʢʽʚ, ʻ ʩʢʣʘʜʥʦʶ ʟ ʪʦʯʢʠ ʟʦʨʫ ʚʠʛʦʪʦʚʣʝʥʥʷ, ʧʝʨʝʜʘʯʽ 



34 
 

ʧʦʪʫʞʥʦʩʪʽ ʪʘ ʢʦʥʪʨʦʣʶ. ɼʝʷʢʽ ʧʽʜʭʦʜʠ ʜʦ ʨʝʘʣʽʟʘʮʽʾ ʨʦʟʛʣʷʜʘʶʪʴ ʭʚʠʣʴʦʚʝ 

ʧʝʨʝʤʽʱʝʥʥʷ ʙʝʟ ʨʦʟʧʦʜʽʣʝʥʦʛʦ ʨʫʭʫ, ʱʦ ʨʦʙʠʪʴ ʤʽʢʨʦʚʠʨʦʙʥʠʮʪʚʦ ʪʘ 

ʜʠʩʪʘʥʮʽʡʥʝ ʫʧʨʘʚʣʽʥʥʷ ʨʝʘʣʴʥʠʤ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ, ʘʣʝ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʥʠʞʫʻʪʴʩʷ 

[24-26]. ʆʜʠʥ ʽʟ ʩʧʦʩʦʙʽʚ ʧʦʙʫʜʦʚʠ ʨʫʭʦʤʦʛʦ ʝʣʝʤʝʥʪʫ ʚʢʣʶʯʘʻ ʨʦʟʧʦʜʽʣʝʥʽ 

ʧôʻʟʦʝʣʝʢʪʨʠʯʥʽ ʧʨʠʚʦʜʠ. ʂʦʞʝʥ ʦʢʨʝʤʠʡ ʧʨʠʚʽʜ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʰʘʨʽʚ. ʎʽ ʜʚʘ 

ʰʘʨʠ ʨʫʭʘʶʪʴʩʷ ʥʝʟʘʣʝʞʥʦ ʦʜʠʥ ʚʽʜ ʦʜʥʦʛʦ ʽ ʧʽʜ ʯʘʩ ʪʦʛʦ ʷʢ ʦʜʠʥ ʟ ʰʘʨʽʚ 

ʨʦʟʰʠʨʶʻʪʴʩʷ ʽʥʰʠʡ ʧʨʠ ʮʴʦʤʫ ʩʪʠʩʢʘʻʪʴʩʷ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʣʦʢʘʣʴʥʦʛʦ 

ʧʨʦʛʠʥʘʥʥʷ ʧʨʠʚʦʜʫ. ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ ʧôʻʟʦʝʣʝʢʪʨʠʯʥʠʭ ʧʨʠʚʦʜʽʚ ʨʦʙʦʪ ʧʦʯʠʥʘʻ 

ʨʫʭʘʪʠʩʴ, ʧʨʠ ʪʘʢʦʤʫ ʝʬʝʢʪʽ ʟôʷʚʣʷʻʪʴʩʷ ʟʜʘʪʥʽʩʪʴ ʨʝʘʣʽʟʦʚʫʚʘʪʠ ʙʽʣʴʰ ʩʢʣʘʜʥʽ 

ʚʠʜʠ ʢʝʨʫʚʘʥʥʷ. ʅʘʧʨʷʤʢʦʤ ʨʫʭʫ ʤʦʞʥʘ ʢʝʨʫʚʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʽʜʧʦʚʽʜʥʦʾ 

ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ ʚʠʢʦʥʘʚʯʠʭ ʤʝʭʘʥʽʟʤʽʚ. ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʠʚʽʜ 

ʤʦʞʝ ʷʢ ʰʪʦʚʭʘʪʠ, ʪʘʢ ʽ ʪʷʛʥʫʪʠ ʧʨʠʢʨʽʧʣʝʥʝ ʪʽʣʦ. ʆʜʥʘʢ ʪʘʢʠʡ ʪʠʧ ʢʦʥʩʪʨʫʢʮʽʾ 

ʤʘʻ ʦʙʤʝʞʝʥʥʷ ʱʦʜʦ ʟʤʝʥʰʝʥʥʷʤ ʤʘʩʰʪʘʙʫ ʷʢ ʟ ʪʦʯʢʠ ʟʦʨʫ ʧʝʨʝʜʘʯʽ ʝʥʝʨʛʽʾ, ʪʘʢ 

ʽ ʟ ʪʦʯʢʠ ʟʦʨʫ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ.  

ɯʥʰʠʡ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʡ ʤʝʪʦʜ ʨʦʟʧʦʜʽʣʝʥʦʛʦ ʨʫʭʫ ʚʠʢʦʨʠʩʪʦʚʫʻ 

ʛʽʙʨʠʜʥʠʡ ʧʽʜʭʽʜ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻ ʷʢ ʝʣʝʢʪʨʠʯʥʫ ʝʥʝʨʛʽʶ, ʪʘʢ ʽ ʩʠʣʫ ʩʪʘʪʠʯʥʦ 

ʧʨʠʢʣʘʜʝʥʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ. ʄʝʪʦʜ ʧʝʨʝʜʙʘʯʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʢʦʪʫʰʦʢ ʧʦ ʫʩʽʡ ʜʦʚʞʠʥʽ ʨʦʙʦʪʘ. ʉʪʨʫʤ ʫ ʢʦʪʫʰʮʽ ʩʪʚʦʨʶʻ 

ʤʦʤʝʥʪ, ʷʢʠʡ ʥʘʤʘʛʘʻʪʴʩʷ ʚʠʨʽʚʥʷʪʠ ʚʽʩʴ ʢʦʪʫʰʢʠ ʟ ʚʽʩʩʶ ʧʨʠʢʣʘʜʝʥʦʛʦ 

ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ. ʂʦʣʠ ʩʪʨʫʤ, ʱʦ ʧʨʦʪʽʢʘʻ ʯʝʨʝʟ ʢʦʪʫʰʢʠ, ʢʦʥʪʨʦʣʶʻʪʴʩʷ 

ʥʝʟʘʣʝʞʥʦ ʚʠʥʠʢʘʻ ʨʫʰʽʡʥʘ ʩʠʣʘ. ɼʘʥʠʡ ʧʽʜʭʽʜ ʪʘʢʦʞ ʟʘʙʝʟʧʝʯʫʻ ʷʢ ʧʨʷʤʠʡ ʪʘʢ ʽ 

ʟʚʦʨʦʪʥʽʡ ʨʫʭ. ʆʜʥʽʻʶ ʟ ʧʦʟʠʪʠʚʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʘʢʦʛʦ ʪʠʧʫ ʨʫʰʽʷ ʜʣʷ 

ʙʝʟʜʨʦʪʦʚʦʛʦ ʧʝʨʝʩʫʚʘʥʥʷ ʻ ʪʝ, ʱʦ ʟʙʽʣʴʰʝʥʥʷ ʩʠʣʠ ʧʨʠʢʣʘʜʝʥʦʛʦ ʤʘʛʥʽʪʥʦʛʦ 

ʧʦʣʷ ʜʦʟʚʦʣʷʻ ʧʨʦʧʦʨʮʽʡʥʦ ʟʤʝʥʰʠʪʠ ʝʣʝʢʪʨʠʯʥʠʡ ʩʪʨʫʤ, ʱʦ ʧʨʦʪʽʢʘʻ ʯʝʨʝʟ 

ʢʦʪʫʰʢʠ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʣʦʢʘʣʴʥʠʭ ʤʘʛʥʽʪʥʠʭ ʤʦʤʝʥʪʽʚ. ʊʘʢʠʤ ʯʠʥʦʤ, ʟʙʽʣʴʰʝʥʥʷ 

ʩʠʣʠ ʩʪʘʪʠʯʥʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʜʦʟʚʦʣʠʣʦ ʙ ʦʪʨʠʤʘʪʠ ʙʽʣʴʰʫ ʯʘʩʪʠʥʫ ʨʫʰʽʡʥʦʾ 

ʧʦʪʫʞʥʽʩʪʴ, ʷʢʘ ʧʝʨʝʜʘʻʪʴʩʷ ʜʠʩʪʘʥʮʽʡʥʦ.  



35 
 

ʗʢ ʟʘʟʥʘʯʘʣʦʩʷ ʨʘʥʽʰʝ, ʩʪʚʦʨʝʥʥʷ ʨʦʙʦʪʽʚ ʭʚʠʣʴʦʚʦʛʦ ʪʠʧʫ ʟ ʨʦʟʧʦʜʽʣʝʥʠʤ 

ʨʫʭʦʤ ʻ ʩʢʣʘʜʥʠʤ ʫ ʤʽʢʨʦʤʘʩʰʪʘʙʽ, ʦʩʦʙʣʠʚʦ ʚʨʘʭʦʚʫʶʯʠ ʧʦʪʫʞʥʽʩʪʴ. ʆʜʥʘʢ 

ʽʩʥʫʶʪʴ ʤʝʪʦʜʠ, ʷʢʽ ʤʦʞʫʪʴ ʽʤʽʪʫʚʘʪʠ ʜʝʷʢʽ ʚʣʘʩʪʠʚʦʩʪʽ ʝʫʢʘʨʽʦʪʠʯʥʠʭ ʜʞʛʫʪʠʢʽʚ 

ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʣʠʰʝ ʦʜʥʦʛʦ ʧʨʠʚʦʜʫ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʝʣʘʩʪʠʯʥʦʛʦ ʭʚʦʩʪʘ (ʷʢʠʡ 

ʪʘʢʦʞ ʥʘʟʠʚʘʶʪʴ ʛʥʫʯʢʠʤ ʚʝʩʣʦʤ) ʚʠʤʘʛʘʻ ʣʠʰʝ ʦʜʥʦʛʦ ʧʨʠʚʦʜʫ ʥʘ ʦʜʥʦʤʫ ʢʽʥʮʽ, 

ʘʣʝ ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘʢʦʾ ʩʠʩʪʝʤʠ, ʟ ʝʣʘʩʪʠʯʥʠʤ ʭʚʦʩʪʦʤ, ʙʫʜʝ ʥʠʞʯʦʶ, ʥʽʞ ʫ 

ʨʦʟʧʦʜʽʣʝʥʽʡ ʤʦʜʝʣʽ. ɿʘʥʘʜʪʦ ʢʦʨʦʪʢʠʡ ʽ ʞʦʨʩʪʢʠʡ ʭʚʩ̔ʪ ʧʨʠʟʚʝʜʝ ʜʦ ʟʤʝʥʰʝʥʥʷ   

ʨʫʰʽʡʥʦʾ ʩʠʣʠ, ʦʩʢʽʣʴʢʠ ʢʦʣʠʚʘʣʴʥʠʡ ʨʫʭ ʧʦ ʩʫʪʽ ʻ ʚʟʘʻʤʥʠʤ. ʗʢʱʦ ʛʚʠʥʪ ʟʘʥʘʜʪʦ 

ʜʦʚʛʠʡ ʽ ʛʥʫʯʢʠʡ, ʨʫʰʽʡʥʘ ʩʠʣʘ ʟʤʝʥʰʠʪʴʩʷ ʯʝʨʝʟ ʟʙʽʣʴʰʝʥʥʷ ʦʧʦʨʫ ʚʽʜʥʦʩʥʦ 

ʨʫʰʽʷ. ɼʣʷ ʨʦʙʦʪʽʚ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʨʫʞʥʠʡ ʭʚʽʩʪ, ʧʨʠʚʽʜ ʚʠʨʦʙʣʷʻ ʭʚʠʣʶ, 

ʷʢʘ ʧʦʪʽʤ ʚʽʜʰʪʦʚʭʫʻʪʴʩʷ ʚʽʜ ʧʨʠʚʦʜʫ, ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦ ʭʚʽʩʪ ʟʘʚʞʜʠ ʰʪʦʚʭʘʻ 

ʦʩʥʦʚʥʠʡ ʢʦʨʧʫʩ. 

ʋ ʧʝʨʰʽʡ ʢʦʥʮʝʧʮʽʾ ʧʨʫʞʥʦ-ʭʚʦʩʪʦʚʦʛʦ ʨʫʰʽʷ, ʧʨʠʚʽʜ ʢʦʣʠʚʘʻ 

ʧʨʦʢʩʠʤʘʣʴʥʠʡ ʢʽʥʝʮʴ ʭʚʦʩʪʘ ʚʽʜʥʦʩʥʦ ʪʽʣʘ ʤʽʢʨʦʨʦʙʦʪʘ. ʋ ʨʘʟʽ ʚʽʣʴʥʦʛʦ 

ʧʣʘʚʘʥʥʷ ʪʽʣʦ ʟʜʽʡʩʥʶʻ ʟʚʦʨʦʪʥʠʡ ʨʫʭ, ʘʥʘʣʦʛʽʯʥʦ ʤʝʭʘʥʽʟʤʫ. ʊʘʢʦʞ ʻ 

ʤʦʞʣʠʚʽʩʪʴ ʙʝʟʜʨʦʪʦʚʦʛʦ ʞʠʚʣʝʥʥʷ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʝʣʘʩʪʠʯʥʠʤ ʭʚʦʩʪʦʤ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ. ʇʦʣʝ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ ʩʪʚʦʨʝʥʥʷ 

ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ ʥʘ ʤʘʛʥʽʪʥʦʤʫ ʤʘʪʝʨʽʘʣʽ, ʷʢʠʡ ʚʙʫʜʦʚʘʥʠʡ ʫ ʪʽʣʦ ʤʽʢʨʦʨʦʙʦʪʘ. 

ɿʤʽʥʥʝ ʢʦʣʠʚʘʣʴʥʝ ʧʦʣʝ ʟʤʫʰʫʻ ʪʽʣʦ ʨʦʙʦʪʘ ʪʘʢʦʞ ʢʦʣʠʚʘʪʠʩʷ, ʱʦ ʩʧʨʠʯʠʥʷʻ 

ʧʦʷʚʽ ʭʚʠʣʽ [27]. ʉʝʨʝʜʥʷ ʦʨʽʻʥʪʘʮʽʷ ʢʦʣʠʚʘʣʴʥʦʛʦ ʧʦʣʷ ʚʠʟʥʘʯʘʻ ʥʘʧʨʷʤʦʢ 

ʧʝʨʝʤʽʱʝʥʥʷ ʤʽʢʨʦʨʦʙʦʪʘ. ɿʘʤʽʩʪʴ ʞʦʨʩʪʢʦʛʦ ʟôʻʜʥʘʥʥʷ ʤʘʛʥʽʪʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʟ 

ʪʽʣʦʤ ʤʽʢʨʦʨʦʙʦʪʘ, ʥʘʪʦʤʽʩʪʴ ʤʦʞʥʘ ʩʢʦʥʩʪʨʫʶʚʘʪʠ ʧʨʠʚʽʜ ʥʘ ʦʩʥʦʚʽ 

ʝʣʘʩʪʠʯʥʦʛʦ ʢʦʥʪʘʢʪʫ. ʊʘʢʠʡ ʪʠʧ ʨʫʰʽʡʥʦʾ ʭʚʠʣʽ ʧʦʻʜʥʫʻ ʚ ʩʦʙʽ ʝʣʝʤʝʥʪʠ 

ʨʦʟʧʦʜʽʣʝʥʦʛʦ ʧʨʠʚʦʜʫ ʪʘ ʝʣʘʩʪʠʯʥʦʛʦ ʭʚʦʩʪʘ. ʃʘʥʮʶʛ ʧʘʨʘʤʘʛʥʽʪʥʠʭ ʢʫʣʴʦʢ, 

ʧʨʠʢʨʽʧʣʝʥʠʭ ʦʜʥʘ ʜʦ ʦʜʥʦʾ, ʫʪʚʦʨʶʶʪʴ ʰʪʫʯʥʠʡ ʜʞʛʫʪʠʢ, ʷʢʠʡ ʨʝʘʛʫʻ ʥʘ ʟʤʽʥʥʝ 

ʤʘʛʥʽʪʥʝ ʧʦʣʝ. ʎʝʡ ʨʫʰʽʡʥʠʡ ʤʝʭʘʥʽʟʤ ʤʦʞʝ ʙʫʪʠ ʧʨʠʻʜʥʘʥʠʡ ʜʦ ʧʦʪʨʽʙʥʦʛʦ 

ʢʦʨʠʩʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʨʦʣʴ ʷʢʦʛʦ, ʥʘʨʘʟʽ (ʫ ʩʫʯʘʩʥʠʭ ʟʘʩʪʦʩʫʚʘʥʥʷʭ) 

ʚʠʢʦʥʫʶʪʴ ʝʨʠʪʨʦʮʠʪʠ, ʘʣʝ ʪʘʢʦʞ ʤʦʞʝ ʙʫʪʠ ʪʽʣʦʤ ʤʽʢʨʦʨʦʙʦʪʘ. ʂʫʣʴʢʠ 
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ʚʠʨʽʚʥʶʶʪʴʩʷ ʽʟ ʟʦʚʥʽʰʥʽʤ ʤʘʛʥʽʪʥʠʤ ʧʦʣʝʤ, ʘ ʢʦʣʠʚʘʣʴʥʝ ʧʦʣʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʚʠʥʠʢʥʝʥʥʷ ʭʚʠʣʴʦʚʦʛʦ ʨʫʭʫ ʫ ʣʘʥʮʶʟʽ. ʅʘʧʨʷʤʦʢ ʨʫʭʫ ʟʘʚʞʜʠ ʩʧʨʠʯʠʥʷʻ 

ʪʷʛʥʝʥʥʷ ʧʨʠʢʨʽʧʣʝʥʦʛʦ ʢʦʨʧʫʩʫ ʭʚʦʩʪʦʤ. ʈʝʟʫʣʴʪʘʪʠ ʚʠʨʦʙʫʚʘʥʴ ʚʢʘʟʫʶʪʴ ʥʘ ʪʝ, 

ʱʦ ʧʨʠʩʫʪʥʽʡ ʚʽʜʥʦʩʥʦ ʚʝʣʠʢʠʡ ʦʧʽʨ ʧʨʠʢʨʽʧʣʝʥʦʛʦ ʢʦʨʠʩʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʷʢʝ 

ʩʧʨʠʯʠʥʷʻ ʚʝʣʠʢʽ ʩʠʣʠ ʦʧʦʨʫ [28]. ɹʝʟ ʧʨʠʢʨʽʧʣʝʥʦʛʦ ʢʦʨʧʫʩʫ ʨʫʰʽʡʥʠʡ ʝʣʝʤʝʥʪ 

ʤʘʻ ʥʝʟʥʘʯʥʠʡ ʦʧʽʨ, ʦʜʥʘʢ ʙʫʣʦ ʚʠʷʚʣʝʥʦ, ʱʦ ʜʦ ʪʘʢʦʛʦ ʜʝʬʝʢʪʫ ʧʨʠʟʚʦʜʠʪʴ 

ʥʝʧʨʘʚʠʣʴʥʠʡ ʧʨʫʞʥʠʡ ʟʚôʷʟʦʢ ʤʽʞ ʢʫʣʴʢʘʤʠ, ʷʢʠʡ ʤʦʞʥʘ ʚʠʧʨʘʚʠʪʠ. 

 

2.2 ʇʽʜʭʦʜʠ ʜʦ ʧʝʨʝʤʽʱʝʥʥʷ ʤʽʢʨʦʨʦʙʦʪʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ  

 

ɺʠʱʝ ʙʫʣʦ ʦʧʠʩʘʥʦ ʷʢ ʤʘʛʥʽʪʥʽ ʧʦʣʷ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ 

ʨʝʘʣʽʟʘʮʽʾ ʤʝʪʦʜʽʚ ʧʝʨʝʤʽʱʝʥʥʷ, ʷʢʽ ʧʦʭʦʜʷʪʴ ʚʽʜ ʧʨʠʨʦʜʥʠʭ ʤʝʪʦʜʽʚ ʨʫʭʫ 

ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ. ʄʘʛʥʽʪʥʽ ʧʦʣʷ ʪʘʢʦʞ ʟʘʙʝʟʧʝʯʫʶʪʴ ʢʦʨʝʢʪʥʫ ʨʦʙʦʪʫ  ʤʝʪʦʜʽʚ, ʷʢʽ 

ʥʝʤʦʞʣʠʚʽ ʜʣʷ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʘ, ʦʪʞʝ ʥʝ ʤʘʶʪʴ ʧʨʷʤʦʾ ʘʥʘʣʦʛʽʾ ʫ ʧʨʠʨʦʜʽ. 

ɺʟʘʻʤʦʜʽʶ ʤʘʛʥʽʪʥʠʭ ʩʠʣ ʪʘ ʤʦʤʝʥʪʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʫ ʤʝʜʠʮʠʥʽ ʚʞʝ ʜʦʚʦʣʽ 

ʪʨʠʚʘʣʠʡ ʧʨʦʤʽʞʦʢ ʯʘʩʫ. ʂʝʨʦʚʘʥʽ ʤʘʛʥʽʪʥʽ ʧʦʣʷ ʤʦʞʫʪʴ ʩʪʚʦʨʶʚʘʪʠʩʷ ʨʽʟʥʠʤʠ 

ʩʧʦʩʦʙʘʤʠ: 

- ʨʫʭʦʤʠʡ ʧʦʩʪʽʡʥʠʡ ʤʘʛʥʽʪ; 

- ʩʪʘʮʽʦʥʘʨʥʠʡ ʝʣʝʢʪʨʦʤʘʛʥʽʪ; 

- ʨʫʭʦʤʠʡ ʝʣʝʢʪʨʦʤʘʛʥʽʪ. 

ʇʝʨʰʠʡ ʤʝʪʦʜ ʚʠʢʦʨʠʩʪʦʚʫʻ ʝʣʝʢʪʨʦʤʘʛʥʽʪʠ, ʧʨʠ ʮʴʦʤʫ ʤʝʪʦʜʽ ʥʝʦʙʭʽʜʥʦ 

ʨʝʛʫʣʶʚʘʪʠ ʧʦʣʦʞʝʥʥʷ ʫ ʧʨʦʩʪʦʨʽ ʪʘ ʩʪʨʫʤ ʫ ʢʦʪʫʰʮʽ. ɭ ʜʦʚʦʣʽ ʙʘʛʘʪʦ ʧʨʠʢʣʘʜʽʚ 

ʟʘʩʪʦʩʫʚʘʥʴ ʪʘʢʦʛʦ ʧʽʜʭʦʜʫ, ʡʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʧʨʦʮʝʜʫʨ ʪʘ 

ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʽʟʥʦʾ ʢʽʣʴʢʦʩʪʽ ʢʦʪʫʰʦʢ ʪʘ ʩʪʫʧʝʥʽʚ ʩʚʦʙʦʜʠ ʜʣʷ ʾʭ 

ʧʝʨʝʤʽʱʝʥʥʷ. 

ɼʨʫʛʠʡ ʤʝʪʦʜ ʚʠʢʦʨʠʩʪʦʚʫʻ ʩʪʘʮʽʦʥʘʨʥʽ ʝʣʝʢʪʨʦʤʘʛʥʽʪʠ ʟ ʢʝʨʦʚʘʥʠʤ 

ʩʪʨʫʤʦʤ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʪʘʢʦʞ ʽʩʥʫʻ ʘʣʝ ʤʘʻ ʚʝʣʠʢʽ ʦʙʤʝʞʝʥʥʷ ʽ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ 

ʥʝʯʘʩʪʦ, ʫ ʪʠʭ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ ʤʦʞʣʠʚʠʡ ʨʫʭ ʩʘʤʦʛʦ ʧʨʝʜʤʝʪʘ ʥʘʜ ʷʢʠʤ 
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ʚʠʢʦʥʫʻʪʴʩʷ ʦʧʝʨʘʮʽʷ ʚʽʜʥʦʩʥʦ ʥʝʨʫʭʦʤʦʛʦ ʤʘʛʥʽʪʫ [29]. ʂʦʥʩʪʨʫʢʮʽʷ ʜʦʟʚʦʣʷʻ 

ʣʠʰʝ ʯʘʩʪʢʦʚʝ ʫʧʨʘʚʣʽʥʥʷ, ʦʩʢʽʣʴʢʠ ʧʦʚʥʠʡ ʢʨʫʪʥʠʡ ʤʦʤʝʥʪ ʪʘ ʢʦʥʪʨʦʣʴ ʩʠʣʠ 

ʥʝʤʦʞʣʠʚʽ ʯʝʨʝʟ ʦʩʦʙʣʠʚʦʩʪʽ ʨʦʙʦʯʦʾ ʦʙʣʘʩʪʽ. 

ʊʨʝʪʽʡ ʤʝʪʦʜ ʚʠʢʦʨʠʩʪʦʚʫʻ ʧʦʩʪʽʡʥʽ ʤʘʛʥʽʪʠ ʟ ʢʦʥʪʨʦʣʝʤ ʧʦʣʦʞʝʥʥʷ. ʎʝ 

ʤʝʪʦʜ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʫ ʤʘʛʥʽʪʥʽʡ ʥʘʚʽʛʘʮʽʡʥʽʡ ʩʠʩʪʝʤʽ, ʷʢʘ ʢʝʨʫʻ ʤʘʛʥʽʪʥʠʤʠ 

ʢʘʪʝʪʦʨʘʤʠ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʻ ʥʘʡʤʝʥʰ ʝʬʝʢʪʠʚʥʠʤ, ʦʩʢʽʣʴʢʠ ʜʣʷ ʡʦʛʦ ʨʝʘʣʽʟʘʮʽʾ 

ʥʝʦʙʭʽʜʥʦ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʩʪʫʧʝʥʽʚ ʩʚʦʙʦʜʠ ʜʣʷ ʤʘʛʥʽʪʽʚ.  

ʇʨʠ ʨʦʟʨʦʙʮʽ ʤʘʛʥʽʪʥʠʭ ʤʽʢʨʦʨʦʙʦʪʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ MEMS 

(ʤ̔ʢʨʦʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʽ ʩʠʩʪʝʤʠ). ʇʝʨʝʚʘʛʦʶ ʤôʷʢʠʭ ʤʘʛʥʽʪʥʠʭ ʤʽʢʨʦʨʦʙʦʪʽʚ 

MEMS, ʷʢʽ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʩʫʢʫʧʥʦʩʪʽ ʛʘʣʴʚʘʥʽʯʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ, ʻ ʪʝ, ʱʦ ʚʦʥʠ 

ʣʝʛʢʦ ʥʘʤʘʛʥʽʯʫʶʪʴʩʷ ʯʝʨʝʟ ʩʠʣʴʥʫ ʘʥʽʟʦʪʨʦʧʽʶ. ʈʦʙʦʪ ʟʽʙʨʘʥʠʡ ʟʘ ʪʝʭʥʦʣʦʛʽʻʶ 

MEMS ʜʦʩʷʛʥʝ ʤʘʛʥʽʪʥʦʾ ʥʘʩʠʯʝʥʦʩʪʽ ʚ ʧʨʠʢʣʘʜʝʥʦʤʫ ʧʦʣʽ, ʩʠʣʘ ʷʢʦʛʦ ʩʪʘʥʦʚʠʪʴ 

ʣʠʰʝ ʥʝʚʝʣʠʢʫ ʯʘʩʪʢʫ ʩʠʣʠ ʧʦʣʷ, ʥʝʦʙʭʽʜʥʦʛʦ ʜʣʷ ʥʘʩʠʯʝʥʥʷ ʩʬʝʨʠʯʥʦʾ ʢʫʣʴʢʠ, 

ʚʠʛʦʪʦʚʣʝʥʦʾ ʟ ʪʦʛʦ ʩʘʤʦʛʦ ʤʘʪʝʨʽʘʣʫ.  

ʎʝ ʨʦʙʠʪʴ ʜʠʩʪʘʥʮʽʡʥʝ ʫʧʨʘʚʣʽʥʥʷ MEMS ʧʨʠʩʪʨʦʾʚ ʧʨʦʩʪʽʰʠʤ, ʥʽʞ ʫ 

ʽʥʰʠʭ ʤʝʪʦʜʘʭ. ɼʦʜʘʪʢʦʚʦʶ ʧʝʨʝʚʘʛʦʶ ʟʽʙʨʘʥʠʭ ʤʽʢʨʦʨʦʙʦʪʽʚ MEMS ʥʘʜ 

ʢʫʣʴʢʘʤʠ ʻ ʤʦʞʣʠʚʽʩʪʴ ʚʢʣʶʯʝʥʥʷ ʜʦʜʘʪʢʦʚʦʾ ʬʫʥʢʮʽʦʥʘʣʴʥʦʩʪʽ ʫ MEMS 

ʢʦʤʧʦʥʝʥʪʠ. ʆʜʥʘʢ ʚʽʜʥʦʩʥʦ ʥʝʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʤʘʛʥʽʪʥʠʭ ʯʘʩʪʦʢ, ʱʦ ʤʽʩʪʠʪʴʩʷ 

ʫ ʟʽʙʨʘʥʦʤʫ ʤʽʢʨʦʨʦʙʦʪʽ MEMS, ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʟʘʛʘʣʴʥʠʤ ʦʙôʻʤʦʤ ʪʘ ʟʘʛʘʣʴʥʠʤʠ 

ʨʦʟʤʽʨʘʤʠ, ʨʦʙʠʪʴ ʧʨʠʢʣʘʜʘʥʥʷ ʤʘʛʥʽʪʥʦʾ ʩʠʣʠ ʩʢʣʘʜʥʽʰʠʤ. 

ʉʫʢʫʧʥʽʩʪʶ ʤʘʛʥʽʪʥʠʭ ʥʘʥʦʯʘʩʪʠʥʦʢ ʤʦʞʥʘ ʢʝʨʫʚʘʪʠ ʪʘʢ ʩʘʤʦ, ʷʢ ʽ ʦʜʥʠʤ 

ʤʽʢʨʦʨʦʙʦʪʦʤ, ʪʘʢʘ ʩʠʩʪʝʤʘ ʧʨʝʜʩʪʘʚʣʷʻ ʦʢʨʝʤʠʡ ʧʽʜʭʽʜ. ɺʽʥ ʜʦʟʚʦʣʷʻ 

ʟʘʙʝʟʧʝʯʠʪʠ ʧʽʜʚʠʱʝʥʫ ʟʜʘʪʥʽʩʪʴ ʜʦ ʜʝʬʦʨʤʘʮʽʾ, ʜʣʷ ʫʥʠʢʥʝʥʥʷ ʧʝʨʝʰʢʦʜ. ʊʘʢʦʞ 

ʟôʷʚʣʷʻʪʴʩʷ ʤʦʞʣʠʚʽʩʪʴ ʧʝʨʝʤʽʱʫʚʘʪʠʩʴ ʫ ʥʝʚʝʣʠʢʦʤʫ ʧʨʦʩʪʦʨʽ ʽ ʧʨʦʥʠʢʘʪʠ 

ʚʩʝʨʝʜʠʥʫ ʪʢʘʥʠʥʠ. ʆʩʢʽʣʴʢʠ ʧʝʨʝʤʽʱʝʥʥʷ ʟʘ ʛʨʘʜʽʻʥʪʦʤ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʥʝ ʤʘʻ 

ʘʥʘʣʦʛʽʾ ʫ ʩʚʽʪʽ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ, ʪʘʢʘ ʩʠʩʪʝʤʘ ʤʦʞʝ ʚʠʷʚʠʪʠʩʷ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦʶ. 

ʄʘʛʥʽʪʥʦ-ʨʝʟʦʥʘʥʩʥʘ ʪʦʤʦʛʨʘʬʽʷ. ʆʩʢʽʣʴʢʠ ʙʫʣʦ ʨʦʟʛʣʷʥʫʪʦ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʤʽʢʨʦʨʦʙʦʪʽʚ ʧʝʨʝʤʽʱʝʥʥʷ ʷʢʠʭ ʟʘʩʥʦʚʘʥʦ ʥʘ ʤʘʛʥʽʪʥʽʡ ʚʟʘʻʤʦʜʽʾ, ʥʝʦʙʭʽʜʥʦ 
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ʚʠʟʥʘʯʠʪʠ ʷʢʽ ʢʣʽʥʽʯʥʽ ʩʠʩʪʝʤʠ ʢʦʥʪʨʦʣʶ ʤʦʞʣʠʚʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʜʣʷ ʢʝʨʫʚʘʥʥʷ 

ʨʦʙʦʪʘʤʠ. ɼʣʷ ʪʘʢʠʭ ʮʽʣʝʡ ʤʦʞʝ ʩʣʫʞʠʪʠ ʘʧʘʨʘʪ ʄʈʊ. ʎʽ ʤʘʛʥʽʪʥʽ ʩʠʩʪʝʤʠ ʚʞʝ 

ʽʩʥʫʶʪʴ ʫ ʙʘʛʘʪʴʦʭ ʢʣʽʥʽʯʥʠʭ ʫʤʦʚʘʭ, ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʾʭ ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ 

ʤʽʢʨʦʨʦʙʦʪʘʤʠ ʟ ʢʽʣʴʢʦʤʘ ʤʦʜʠʬʽʢʘʮʽʷʤʠ ʧʦʟʙʘʚʠʪʴ  ʚʽʜ ʧʦʪʨʝʙʠ ʚ ʟʘʩʪʦʩʫʚʘʥʥʽ 

ʜʦʜʘʪʢʦʚʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʟʙʽʣʴʰʠʪʴ ʡʤʦʚʽʨʥʽʩʪʴ ʢʣʽʥʽʯʥʦʛʦ ʧʨʠʡʥʷʪʪʷ ʥʦʚʦʾ 

ʤʽʢʨʦʨʦʙʦʪʠʟʦʚʘʥʦʾ ʪʝʭʥʦʣʦʛʽʾ. ʉʠʩʪʝʤʘ ʄʈʊ ʤʘʻ ʟʜʘʪʥʽʩʪʴ ʛʝʥʝʨʫʚʘʪʠ ʧʦʪʫʞʥʽ 

ʤʘʛʥʽʪʥʽ ʧʦʣʷ, ʘʣʝ ʾʾ ʢʦʥʩʪʨʫʢʮʽʷ ʩʪʘʚʠʪʴ ʦʙʤʝʞʝʥʥʷ ʥʘ ʤʦʞʣʠʚʽ ʪʠʧʠ ʫʧʨʘʚʣʽʥʥʷ 

ʤʽʢʨʦʨʦʙʦʪʘʤʠ.   

ɸʧʘʨʘʪ ʩʪʚʦʨʶʻ ʩʠʣʴʥʝ ʨʽʚʥʦʤʽʨʥʝ ʧʦʣʝ, ʷʢʝ ʤʦʞʝ ʨʝʛʫʣʶʚʘʪʠʩʴ ʟʘ 

ʨʦʟʤʽʨʦʤ ʽʟ ʙʘʟʦʚʦʶ ʤʘʛʥʽʪʥʦʶ ʽʥʜʫʢʮʽʻʶ 1,5 ʊʣ. ʄʈʊ ʪʘʢʦʞ ʤʽʩʪʠʪʴ ʪʨʠ ʥʘʙʦʨʠ 

ʢʦʪʫʰʦʢ ʜʣʷ ʛʝʥʝʨʘʮʽʾ ʛʨʘʜʽʻʥʪʽʚ ʧʦʣʷ. ʇʨʠ ʥʘʢʣʘʜʘʥʥʽ ʧʦʣʽʚ ʫʩʽʭ ʚʠʜʽʚ ʢʦʪʫʰʦʢ 

ʚʠʥʠʢʘʻ ʩʫʤʫʶʯʝ ʧʦʣʝ. ʇʦʣʴʦʚʽ ʚʢʣʘʜʠ ʛʨʘʜʽʻʥʪʥʠʭ ʢʦʪʫʰʦʢ ʥʝ ʟʤʽʥʶʶʪʴ 

ʥʘʧʨʷʤʦʢ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ, ʥʘʪʦʤʽʩʪʴ ʚʦʥʠ ʟʤʽʥʶʶʪʴ ʚʝʣʠʯʠʥʫ ʧʦʣʷ ʧʦ ʫʩʽʡ 

ʨʦʙʦʯʽʡ ʦʙʣʘʩʪʽ [30]. ʎʝ ʜʦʟʚʦʣʷʻ ʨʦʟʛʣʷʜʘʪʠ ʛʨʘʜʽʻʥʪʠ ʷʢ ʧʨʦʩʪʽ ʩʢʘʣʷʨʥʽ ʧʦʭʽʜʥʽ 

ʧʦ ʢʦʞʥʽʡ ʟ ʦʩʝʡ. ʊʨʠ ʛʨʘʜʽʻʥʪʠ ʤʦʞʥʘ ʟʤʽʥʶʚʘʪʠ ʥʝʟʘʣʝʞʥʦ ʦʜʥʝ ʚʽʜ ʦʜʥʦʛʦ ʪʘ 

ʚʽʜʥʦʩʥʦ ʰʚʠʜʢʦ. ʊʘʢʦʞ ʜʦ ʩʢʣʘʜʫ ʘʧʘʨʘʪʫ ʚʭʦʜʷʪʴ ʨʘʜʽʦʯʘʩʪʦʪʥʽ ʢʦʪʫʰʢʠ, ʷʢʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʟʯʠʪʫʚʘʥʥʷ ʧʨʠʡʥʷʪʦʛʦ ʩʠʛʥʘʣʫ ʧʨʦʪʷʛʦʤ ʧʨʦʮʝʜʫʨʠ. 

ɺʠʤʦʛʠ ʜʦ ʢʦʥʩʪʨʫʢʮʽʾ ʨʘʜʽʦʯʘʩʪʦʪʥʠʭ ʢʦʪʫʰʦʢ ʤʦʞʫʪʴ ʚʽʜʨʽʟʥʷʪʠʩʷ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʤʝʪʠ ʄʈʊ-ʩʢʨʠʥʽʥʛʫ. ʇʦʚʝʨʭʥʷ ʢʦʪʫʰʢʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ 

ʦʩʥʦʚʥʦʤʫ ʷʢ ʧʨʠʡʤʘʯ ʯʝʨʝʟ ʾʭ ʚʠʩʦʢʫ ʯʫʪʣʠʚʽʩʪʴ, ʘʣʝ ʾʭ ʛʣʠʙʠʥʘ ʧʨʦʥʠʢʥʝʥʥʷ 

ʜʦʚʦʣʽ ʥʠʟʴʢʘ.  

ʆʙʣʘʜʥʘʥʥʷ ʜʣʷ ʄʈʊ ʪʘʢʦʞ ʤʦʞʣʠʚʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʣʦʢʘʣʽʟʘʮʽʾ 

ʤʘʛʥʽʪʥʠʭ ʨʦʙʦʪʽʚ. ʎʝ ʞ ʦʙʣʘʜʥʘʥʥʷ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʣʦʢʘʣʽʟʘʮʽʾ. 

ɺʯʝʥʠʤʠ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʝʢʩʧʝʨʠʤʝʥʪ, ʫ ʭʦʜʽ ʷʢʦʛʦ ʙʫʣʠ ʣʦʢʘʣʽʟʦʚʘʥʽ ʛʨʫʧʠ 

ʥʘʥʦʯʘʩʪʠʥʦʢ ʄʈʊ. ʇʨʦʩʪʦʨʦʚʘ ʨʦʟʜʽʣʴʥʘ ʟʜʘʪʥʽʩʪʴ ʩʠʩʪʝʤʠ ʄʈʊ ʧʦʜʽʙʥʘ ʜʦ 

ʩʠʩʪʝʤʠ ʨʘʥʥʴʦʾ ʤʫʣʴʪʠʩʧʽʨʘʣʴʥʦʾ ʢʦʤʧôʶʪʝʨʥʦʾ ʪʦʤʦʛʨʘʬʽʾ, ʜʦʩʷʛʘʶʯʠ 0,25 ʤʤ 

Ĭ 0,25 ʤʤ Ĭ 1,5 ʤʤ ʚ ʘʧʘʨʘʪʽ ʄʈʊ. ʋ ʮʽʡ ʞʝ ʨʦʙʦʪʽ ʙʫʣʘ ʜʦʩʷʛʥʫʪʘ ʽʟʦʪʨʦʧʥʘ 

ʨʦʟʜʽʣʴʥʘ ʟʜʘʪʥʽʩʪʴ 0,57 ʤʤ, ʘʣʝ ʯʘʩ ʩʢʘʥʫʚʘʥʥʷ ʩʪʘʥʦʚʠʚ 25 ʩ, ʱʦ ʻ ʟʘʥʘʜʪʦ 
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ʜʦʚʛʠʤ ʜʣʷ ʤʽʢʨʦʨʦʙʦʪʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤ [31]. ʆʩʥʦʚʥʠʡ ʥʝʜʦʣʽʢ ʣʦʢʘʣʽʟʘʮʽʾ ʄʈʊ 

ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʚʠʙʽʨ ʤʘʪʝʨʽʘʣʫ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʤʽʢʨʦʨʦʙʦʪʘ ʦʙʤʝʞʝʥʠʡ. 

ʌʝʨʦʤʘʛʥʽʪʥʽ ʯʘʩʪʠʥʢʠ ʩʧʨʠʯʠʥʷʶʪʴ ʘʨʪʝʬʘʢʪʠ ʟʦʙʨʘʞʝʥʥʷ, ʷʢʽ ʽʥʦʜʽ ʙʽʣʴʰʽ ʟʘ 

ʩʧʦʩʪʝʨʝʞʫʚʘʥʠʡ ʦʙôʻʢʪ, ʥʘʚʽʪʴ ʷʢʱʦ ʽʥʬʦʨʤʘʮʽʷ, ʱʦ ʤʽʩʪʠʪʴʩʷ ʫ ʧʨʦʩʪʦʨʦʚʠʭ 

ʛʨʘʜʽʻʥʪʘʭ, ʤʦʞʝ ʧʦʜʦʣʘʪʠ ʮʝ ʦʙʤʝʞʝʥʥʷ. 

ʆʩʥʦʚʥʝ ʟ ʤʦʞʣʠʚʠʭ ʟʘʩʪʦʩʫʚʘʥʴ ʩʠʩʪʝʤʠ ʄʈʊ ʜʣʷ ʢʦʥʪʨʦʣʶ ʤʽʢʨʦʨʦʙʦʪʽʚ 

ï ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʪʫʞʥʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʫ ʧʦʻʜʥʘʥʥʽ ʟ ʢʦʪʫʰʢʘʤʠ ʛʨʘʜʽʻʥʪʘ 

ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʤʝʪʦʜʫ ʛʨʘʜʽʻʥʪʥʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ, ʦʧʠʩʘʥʦʛʦ ʚʠʱʝ. ʅʝʟʘʣʝʞʥʦ ʚʽʜ 

ʪʦʛʦ, ʯʠ ʤʽʢʨʦʨʦʙʦʪ ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʧʦʩʪʽʡʥʦʤʫ ʤʘʛʥʽʪʽ ʯʠ ʥʘ ʤôʷʢʦʤʫ ʤʘʛʥʽʪʥʦʤʫ 

ʤʘʪʝʨʽʘʣ,̔ ʧʦʣʝ, ʟʛʝʥʝʨʦʚʘʥʝ ʘʧʘʨʘʪʦʤ, ʙʫʜʝ ʚʠʨʽʚʥʶʚʘʪʠ ʥʘʤʘʛʥʽʯʝʥʽʩʪʴ 

ʤʽʢʨʦʨʦʙʦʪʘ ʟ ʥʝʦʙʭʽʜʥʦʶ ʚʽʩʩʶ. ʆʩʢʽʣʴʢʠ ʄʈʊ ʥʝ ʤʦʞʝ ʢʝʨʫʚʘʪʠ ʥʘʧʨʷʤʢʦʤ 

ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ, ʘ ʣʠʰʝ ʡʦʛʦ ʧʦʪʫʞʥʽʩʪʶ ʮʝ ʩʠʣʴʥʦ ʦʙʤʝʞʫʻ ʩʬʝʨʫ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʩʠʩʪʝʤʠ. ʅʘʚʽʪʴ ʧʨʠ ʜʦʚʦʣʽ ʧʦʪʫʞʥʠʭ ʧʦʣʷʭ ʫ ʘʧʘʨʘʪʽ ʧʦʜʦʣʘʥʥʷ ʩʠʣʠ, ʱʦ 

ʩʧʨʠʯʠʥʷʻʪʴʩʷ ʧʦʪʦʢʦʤ ʢʨʦʚʽ ʚʠʷʚʠʣʷʻʪʴʩʷ ʚʘʞʢʠʤ. ʎʷ ʩʢʣʘʜʥʽʩʪʴ ʚʠʥʠʢʘʻ 

ʚʥʘʩʣʽʜʦʢ ʪʦʛʦ, ʱʦ ʛʨʘʜʽʻʥʪʥʽ ʢʦʪʫʰʢʠ, ʥʝ ʪʘʢʽ ʧʦʪʫʞʥʽ ʷʢ ʙʘʟʦʚʝ ʧʦʣʝ. ɼʣʷ 

ʫʥʠʢʥʝʥʥʷ ʪʘʢʦʛʦ ʝʬʝʢʪʫ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʬʦʨʤʫ ʨʦʙʦʪʘ, ʷʢʘ 

ʟʘʙʝʟʧʝʯʠʪʴ ʤʝʥʰʽ ʩʠʣʠ ʧʨʦʪʠʜʽʾ. ɸʣʝ ʥʘʚʽʪʴ ʥʘʡʙʽʣʴʰ ʤʘʣʘ ʟʘ ʧʣʦʱʝʶ ʬʦʨʤʘ 

ʨʦʙʦʪʘ ʟʘʙʝʟʧʝʯʫʻ ʣʠʰʝ 10% ʧʨʠʨʦʩʪʫ ʫ ʧʦʪʫʞʥʦʩʪʽ. 

ɯʥʰʠʤ ʧʦʪʝʥʮʽʡʥʠʤ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʄʈʊ ʜʣʷ ʢʦʥʪʨʦʣʶ ʤʽʢʨʦʨʦʙʦʪʽʚ 

ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʣʴʥʦʛʦ ʙʘʟʦʚʦʛʦ ʧʦʣʷ ʫ ʧʦʻʜʥʘʥʥʽ ʟ ʨʘʜʽʦʯʘʩʪʦʪʥʠʤʠ 

ʢʦʪʫʰʢʘʤʠ [32]. ɹʫʣʦ ʨʦʟʛʣʷʥʫʪʦ ʤʝʪʦʜ ʨʫʰʽʡʥʦʾ ʭʚʠʣʽ ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻ 

ʢʦʪʫʰʢʠ, ʨʦʟʧʦʜʽʣʝʥʽ ʧʦ ʜʦʚʞʠʥʽ ʭʚʦʩʪʘ, ʢʦʞʥʘ ʟ ʷʢʠʭ ʥʘʤʘʛʘʻʪʴʩʷ ʚʠʨʽʚʥʷʪʠ 

ʡʦʛʦ ʚʽʜʧʦʚʽʜʥʦ ʜʦ  ʧʨʠʢʣʘʜʝʥʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ. ʉʠʩʪʝʤʘ ʄʈʊ ʤʦʞʝ ʙʫʪʠ 

ʚʠʢʦʨʠʩʪʘʥʘ ʜʣʷ ʙʝʟʜʨʦʪʦʚʦʛʦ ʞʠʚʣʝʥʥʷ ʝʣʝʢʪʨʦʥʽʢʠ ʫ ʢʦʨʧʫʩʽ ʤʽʢʨʦʨʦʙʦʪʘ, ʷʢʘ 

ʙ ʧʦʜʘʚʘʣʘ ʩʪʨʫʤ ʥʘ ʦʢʨʝʤʽ ʢʦʪʫʰʢʠ ʜʣʷ ʧʨʠʚʝʜʝʥʥʷ ʨʦʙʦʪʘ ʫ ʨʫʭ. 
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2.3 ʄʝʪʦʜʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʚʦʨʦʪʥʦʛʦ ʟʚôʷʟʢʫ 

 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʧʝʨʝʤʽʱʝʥʥʷʤ ʨʦʙʦʪʘ 

ʥʝʦʙʭʽʜʥʦ ʟʘʙʝʟʧʝʯʠʪʠ ʟʚʦʨʦʪʥʽʡ ʟʚôʷʟʦʢ ʟ ʥʠʤ. ʅʝʦʙʭʽʜʥʦ ʚʽʜʩʪʝʞʫʚʘʪʠ 

ʧʦʣʦʞʝʥʥʷ ʨʦʙʦʪʘ ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ.  ɹʫʣʦ ʨʦʟʛʣʷʥʫʪʦ ʜʝʢʽʣʴʢʘ ʨʽʟʥʠʭ ʤʝʪʦʜʽʚ 

ʣʦʢʘʣʽʟʘʮʽʾ ʨʦʙʦʪʘ ʫ ʪʽʣʽ ʣʶʜʠʥʠ. ʇʨʦʩʪʦʨʦʚʘ ʨʦʟʜʽʣʴʥʘ ʟʜʘʪʥʽʩʪʴ ʻ ʚʘʞʣʠʚʠʤ 

ʬʘʢʪʦʨʦʤ ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʧʦʣʦʞʝʥʥʷ ʤʽʢʨʦʨʦʙʦʪʘ. ɺʦʥʘ ʚʢʘʟʫʻ ʥʘ ʧʦʟʠʮʽʶ ʪʘ 

ʧʦʭʠʙʢʫ ʦʨʽʻʥʪʘʮʽʾ, ʪʦʤʫ ʤʘʻ ʧʨʘʮʶʚʘʪʠ ʚ ʜʽʘʧʘʟʦʥʽ ʜʦ ʜʝʩʷʪʦʾ ʯʘʩʪʠʥʠ ʤʽʣʽʤʝʪʨʘ 

ʜʣʷ ʨʦʟʨʦʙʣʶʚʘʥʦʛʦ ʤʽʢʨʦʨʦʙʦʪʘ, ʜʦʚʞʠʥʘ ʷʢʦʛʦ ʫ ʟʘʢʨʠʪʦʤʫ ʩʪʘʥʽ ʩʪʘʥʦʚʠʪʴ 1 

ʤʤ. ʄʘʡʞʝ ʫʩʽ ʨʦʟʛʣʷʥʫʪʽ ʤʝʪʦʜʠ, ʤʘʶʪʴ ʥʠʟʴʢʠʡ ʚʽʜʩʦʪʦʢ ʰʫʤʽʚ ʪʘ ʘʨʪʝʬʘʢʪʽʚ, 

ʪʦʤʫ ʮʝ ʥʝ ʙʫʣʦ ʢʣʶʯʦʚʠʤ ʬʘʢʪʦʨʦʤ ʜʣʷ ʚʠʙʦʨʫ ʪʝʭʥʦʣʦʛʽʾ [33]. ʊʘʢʦʞ ʚʘʞʣʠʚʠʤ 

ʬʘʢʪʦʨʦʤ ʜʣʷ ʢʦʥʪʨʦʣʶ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ ʻ ʤʘʢʩʠʤʘʣʴʥʘ ʰʚʠʜʢʽʩʪʴ 

ʦʥʦʚʣʝʥʥʷ ʧʦʟʠʮʽʾ. 

ʇʨʷʤʝ ʩʧʦʩʪʝʨʝʞʝʥʥʷ. ɭʜʠʥʝ ʤʽʩʮʝ, ʜʝ ʢʨʦʚʦʥʦʩʥʘ ʩʠʩʪʝʤʘ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 

ʟʟʦʚʥʽ ʪʽʣʘ, ï ʮʝ ʩʽʪʢʽʚʢʘ ʦʢʘ. ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʤʽʢʨʦʩʢʦʧʽʚ ʪʘ ʢʘʤʝʨ ʚ ʧʦʻʜʥʘʥʥʽ 

ʟ ʤʝʪʦʜʘʤʠ ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʴ ʤʦʞʣʠʚʝ ʧʨʷʤʝ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘ ʤʽʢʨʦʨʦʙʦʪʘʤʠ. 

ʆʜʥʘʢ ʥʝʪʨʠʚʽʘʣʴʥʘ ʦʧʪʠʢʘ ʣʶʜʩʴʢʦʛʦ ʦʢʘ ʫʩʢʣʘʜʥʶʻ ʪʦʯʥʫ ʣʦʢʘʣʽʟʘʮʽʶ. ʆʜʠʥ ʟ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʤʝʪʦʜʽʚ ʚʽʜʩʪʝʞʝʥʥʷ ʤʽʢʨʦʨʦʙʦʪʘ ʚʥʫʪʨʽʰʥʴʦʦʯʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻ ʩʧʝʮʽʘʣʴʥʦ ʨʦʟʬʦʢʫʩʦʚʘʥʝ ʟʦʙʨʘʞʝʥʥʷ ʟ ʦʜʥʦʛʦ ʤʽʢʨʦʩʢʦʧʘ. ʆʜʥʘʢ 

ʮʝʡ ʤʝʪʦʜ ʥʝ ʚʨʘʭʦʚʫʻ ʦʧʪʠʢʫ ʦʢʘ ʫ ʥʝʦʙʭʽʜʥʽʡ ʤʽʨʽ. ʉʧʝʮʽʘʣʴʥʠʡ 

ʦʜʥʦʘʩʬʝʨʠʯʥʠʡ ʣʽʥʟʦʚʠʡ ʦʬʪʘʣʴʤʦʩʢʦʧ ʻ ʥʘʡʢʨʘʱʠʤ ʨʽʰʝʥʥʷʤ ʮʴʦʛʦ ʧʽʜʭʦʜʫ 

ʜʣʷ ʟʦʩʝʨʝʜʞʝʥʽ ʟʦʙʨʘʞʝʥʥʷ ʰʠʨʦʢʦʛʦ ʧʦʣʷ ʟʦʨʫ ʪʘ ʜʣʷ ʣʦʢʘʣʽʟʘʮʽʾ, ʘʣʝ ʥʝ ʻ 

ʜʦʩʪʘʪʥʴʦ ʷʢʽʩʥʠʤ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʜʘʥʽʡ ʩʬʝʨʽ. 

ʄʘʛʥʽʪʥʠʡ ʪʘ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʡ ʤʝʪʦʜʠ. ʆʩʥʦʚʥʠʤ ʧʨʠʥʮʠʧʦʤ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʚʽʜʩʪʝʞʝʥʥʷ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʘʨʠ ʧʨʠʩʪʨʦʾʚ: ʦʜʠʥ ʜʽʻ ʷʢ 

ʛʝʥʝʨʘʪʦʨ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ, ʘ ʽʥʰʠʡ ʚʠʢʦʥʫʻ ʨʦʣʴ ʜʘʚʘʯʘ. ɻʝʥʝʨʘʪʦʨ ʚʠʧʨʦʤʽʥʶʻ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʝ ʧʦʣʝ ʥʠʟʴʢʦʾ ʯʘʩʪʦʪʠ, ʷʢʝ ʽʥʜʫʢʫʻ ʥʘʧʨʫʛʫ ʥʘ ʢʦʪʫʰʢʘʭ ʟʙʦʨʫ 

ʜʘʚʘʯʘ. ʆʩʢʽʣʴʢʠ ʟʽ ʟʤʽʥʦʶ ʚʽʜʩʪʘʥʽ ʙʫʜʝ ʛʝʥʝʨʫʚʘʪʠʩʷ ʨʽʟʥʘ ʥʘʧʨʫʛʘ ʤʦʞʣʠʚʝ 



41 
 

ʚʽʜʩʪʝʞʝʥʥʷ ʧʨʦʡʜʝʥʥʦʾ ʚʽʜʩʪʘʥʽ ʪʘ ʦʨʽʻʥʪʘʮʽʾ. ʊʦʯʥʽʩʪʴ ʮʠʭ ʩʠʩʪʝʤ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʥʘʷʚʥʦʩʪʽ ʽʥʰʠʭ ʦʙô̒ ʢʪʽʚ, ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʝʨʽʘʣʽʚ, ʬʦʨʤʠ, ʨʦʟʤʽʨʫ ʽ ʧʦʣʦʞʝʥʥʷ 

ʫʩʽʭ ʦʙôʻʢʪʽʚ. ʏʘʩʪʦʪʘ, ʷʢʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʣʦʢʘʣʽʟʘʮʽʾ, ʪʘʢʦʞ ʚʘʞʣʠʚʘ 

ʦʩʢʽʣʴʢʠ, ʩʫʩʽʜʥʽ ʤʘʪʝʨʽʘʣʠ ʚʧʣʠʚʘʶʪʴ ʥʘ ʪʦʯʥʽʩʪʴ. ʏʘʩʪʦ ʙʫʚʘʻ ʪʘʢ, ʱʦ ʜʘʚʘʯ 

ʚʙʫʜʦʚʘʥʠʡ ʫ ʚʽʜʩʪʝʞʫʚʘʥʠʡ ʧʨʠʩʪʨʽʡ, ʮʝ ʜʫʞʝ ʟʙʽʣʴʰʫʻ ʩʢʣʘʜʥʽʩʪʴ ʢʦʥʩʪʨʫʢʮʽʾ.  

ɼʣʷ ʙʝʟʜʨʦʪʦʚʠʭ ʤʽʢʨʦʨʦʙʦʪʽʚ, ʱʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ ʤʝʜʠʯʥʠʭ ʮʽʣʝʡ, ʻ ʽʥʰʘ 

ʪʝʭʥʦʣʦʛʽʷ ʥʘ ʦʩʥʦʚʽ ʚʧʣʠʚʫ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ. ʄʘʛʥʽʪ ʽʥʢʘʧʩʫʣʴʦʚʘʥʠʡ ʫ ʧʨʠʩʪʨʽʡ 

ʜʣʷ ʚʽʜʩʪʝʞʝʥʥʷ, ʘ ʜʝʢʽʣʴʢʘ ʟʦʚʥʽʰʥʽʭ ʤʘʛʥʽʪʦʨʝʟʠʩʪʠʚʥʠʭ ʜʘʚʘʯʽʚ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʧʦʣʷ ʤʘʛʥʽʪʫ. ʄʝʪʦʜ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ 

ʤʘʛʥʽʪ ʧʦʚʦʜʠʪʴ ʩʝʙʝ ʷʢ ʜʠʧʦʣʴ ʤʘʛʥʽʪʥʦʾ ʪʦʯʢʠ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʽʜʩʪʝʞʫʚʘʪʠ ʡʦʛʦ 

ʧʦʣʦʞʝʥʥʷ. ʄʘʛʥʽʪʥʝ ʚʽʜʩʪʝʞʝʥʥʷ ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʤʝʪʦʜʦʤ, ʢʦʣʠ ʧʨʷʤʝ 

ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʥʝʤʦʞʣʠʚʝ, ʦʩʢʽʣʴʢʠ ʪʽʣʦ ʣʶʜʠʥʠ ʻ ʧʨʦʟʦʨʠʤ ʜʣʷ ʩʪʘʪʠʯʥʠʭ ʪʘ 

ʥʠʟʴʢʦʯʘʩʪʦʪʥʠʭ ʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ.  

ʂʦʤʧôʶʪʝʨʥʘ ʪʦʤʦʛʨʘʬʽʷ ʪʘ ʬʣʶʦʨʦʩʢʦʧʽʷ. ʇʽʜ ʯʘʩ ʂʊ ʧʘʮʽʻʥʪʘ ʧʦʤʽʱʘʶʪʴ 

ʤʽʞ ʜʞʝʨʝʣʦʤ ʨʝʥʪʛʝʥʽʚʩʴʢʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʪʘ ʜʝʪʝʢʪʦʨʥʦʶ ʨʝʰʽʪʢʦʶ, ʷʢʘ 

ʨʝʻʩʪʨʫʻ ʦʩʣʘʙʣʝʥʠʡ ʨʝʥʪʛʝʥʽʚʩʴʢʠʡ ʧʨʦʤʽʥʴ, ʢʦʣʠ ʚʽʥ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʪʽʣʦ 

ʧʘʮʽʻʥʪʘ. ʈʷʜ ʧʨʦʝʢʮʽʡ, ʟʨʦʙʣʝʥʠʭ ʪʘʢʠʤ ʯʠʥʦʤ, ʟʽʙʨʘʥʽ ʟ ʨʽʟʥʠʭ ʪʦʯʦʢ ʧʨʦʩʪʦʨʫ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʤʦʜʝʣʽ ʪʽʣʘ ʧʘʮʽʻʥʪʘ [34]. ʂʊ ʜʘʶʪʴ ʜʫʞʝ 

ʚʠʩʦʢʫ ʨʦʟʜʽʣʴʥʫ ʟʜʘʪʥʽʩʪʴ ʽ ʟʜʘʪʥʽ ʨʝʢʦʥʩʪʨʫʶʚʘʪʠ ʟʦʙʨʘʞʝʥʥʷ ʚ ʪʨʠʚʠʤʽʨʥʦʤʫ 

ʧʨʦʩʪʦʨʽ. ʈʦʟʜʽʣʴʥʘ ʟʜʘʪʥʽʩʪʴ ʧʽʢʩʝʣʽʚ ʤʦʞʝ ʜʦʩʷʛʘʪʠ 0,8 ʤʤ ʜʣʷ ʤʘʪʨʠʮʽ 512 Ĭ 

512 ʧʽʢʩʝʣʽʚ ʪʘ ʟʦʚʩʽʤ ʥʝʜʘʚʥʦ ʙʫʚ ʜʦʩʷʛʥʫʪʠʡ ʽʟʦʪʨʦʧʥʠʡ ʨʦʟʤʽʨ ʧʽʢʩʝʣʽʚ 0,195 

ʤʤ. ʆʜʥʘʢ ʧʨʠ ʧʦʨʽʚʥʷʥʥʽ ʟ ʧʦʜʽʙʥʠʤʠ ʪʝʭʥʦʣʦʛʽʷʤʠ ʚʽʥ ʧʦʪʨʝʙʫʻ ʙʽʣʴʰʽ ʜʦʟʠ 

ʦʧʨʦʤʽʥʝʥʥʷ. ʂʨʽʤ ʪʦʛʦ, ʯʝʨʝʟ ʧʨʦʮʝʩ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʟʦʙʨʘʞʝʥʴ ʥʘ ʦʩʥʦʚʽ 

ʦʩʣʘʙʣʝʥʥʷ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʂʊ ʥʝ ʜʫʞʝ ʜʦʙʨʝ ʧʽʜʭʦʜʠʪʴ ʜʣʷ ʚʽʟʫʘʣʽʟʘʮʽʾ 

ʜʽʣʷʥʦʢ ʤôʷʢʠʭ ʪʢʘʥʠʥ, ʦʪʦʯʝʥʠʭ ʚʝʣʠʢʠʤʠ ʦʙʩʷʛʘʤʠ ʤʘʪʝʨʽʘʣʫ ʚʠʩʦʢʦʾ 

ʱʽʣʴʥʦʩʪʽ, ʪʘʢʠʭ ʷʢ ʢʽʩʪʢʘ. 

ɼʣʷ ʬʣʶʦʨʦʩʢʦʧʽʾ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʞʝʨʝʣʦ ʨʝʥʪʛʝʥʽʚʩʴʢʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʪʘ ʬʣʫʦʨʝʩʮʝʥʪʥʠʡ ʧʨʠʡʤʘʯ. ɼʚʦʚʠʤʽʨʥʽ ʨʘʜʽʦʛʨʘʬʽʯʥʽ 
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ʟʦʙʨʘʞʝʥʥʷ ʟ ʚʠʩʦʢʦʶ ʨʦʟʜʽʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ ʤʦʞʫʪʴ ʜʦʩʷʛʘʪʠ ʨʦʟʜʽʣʴʥʦʾ 

ʟʜʘʪʥʦʩʪʽ ʚ 0.1 ʤʤ. ɸʣʝ ʜʦʟʘ ʦʧʨʦʤʽʥʝʥʥʷ ʪʘʢʦʞ ʟʘʣʠʰʘʻʪʴʩʷ ʜʫʞʝ ʚʠʩʦʢʦʶ. 

ʋʣʴʪʨʘʟʚʫʢʦʚʠʡ ʤʝʪʦʜ (ʋɿɼ). ɼʣʷ ʣʦʢʘʣʽʟʘʮʽʾ ʚ ʤôʷʢʠʭ ʪʢʘʥʠʥʘʭ ʧʦʨʽʚʥʷʥʦ 

ʟ ʝʥʜʦʩʢʦʧʽʻʶ, ʄʈʊ, ʂʊ ʪʘ ʣʠʰʝ ʫʣʴʪʨʘʟʚʫʢ ʧʦʻʜʥʫʻ ʚ ʩʦʙʽ ʚʠʩʦʢʫ ʨʦʟʜʽʣʴʥʫ 

ʟʜʘʪʥʽʩʪʴ, ʤʽʥʽʤʘʣʴʥʠʡ ʰʢʽʜʣʠʚʠʡ ʚʧʣʠʚ ʥʘ ʟʜʦʨʦʚôʷ ʪʘ ʚʠʩʦʢʫ ʯʘʩʪʦʪʫ ʦʥʦʚʣʝʥʥʷ 

ʟʦʙʨʘʞʝʥʥʷ (ʜʦ 100 ʢʘʜʨʽʚ ʟʘ ʩʝʢʫʥʜʫ). ʆʩʥʦʚʥʽ ʥʝʜʦʣʽʢʠ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʤʝʪʦʜʫ 

ʧʦʚôʷʟʘʥʽ ʟ ʥʠʟʴʢʠʤ ʚʽʜʥʦʰʝʥʥʷʤ ʩʠʛʥʘʣʫ ʜʦ ʰʫʤʫ ʪʘ ʥʘʷʚʥʽʩʪʶ ʩʠʣʴʥʠʭ 

ʚʽʜʙʠʚʘʯʽʚ ʫʣʴʪʨʘʟʚʫʢʦʚʦʾ ʭʚʠʣʽ, ʥʘʧʨʠʢʣʘʜ ʢʽʩʪʢʠ ʪʘ ʧʦʚʽʪʨʷʥʽ ʢʠʰʝʥʽ. ɺʦʥʠ 

ʤʦʞʫʪʴ ʫʪʚʦʨʶʚʘʪʠ ʘʨʪʝʬʘʢʪʠ ʥʘ ʫʣʴʪʨʘʟʚʫʢʦʚʠʭ ʟʦʙʨʘʞʝʥʥʷʭ ʘʙʦ ʝʢʨʘʥʫʚʘʪʠ 

ʫʣʴʪʨʘʟʚʫʢʦʚʠʡ ʩʠʛʥʘʣ.  

ʅʝʜʦʣʽʢʠ ʫʣʴʪʨʘʟʚʫʢʦʚʦʾ ʚʽʟʫʘʣʽʟʘʮʽʾ ʤʦʞʫʪʴ ʙʫʪʠ ʯʘʩʪʢʦʚʦ ʚʠʨʽʰʝʥʽ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʧʘʩʠʚʥʠʭ ʤʝʪʦʜʽʚ ʣʦʢʘʣʽʟʘʮʽʾ, ʟʘʩʥʦʚʘʥʠʭ ʥʘ ʧʝʨʝʜʘʯʽ ʫʣʴʪʨʘʟʚʫʢʫ. 

ʏʘʩʪʦʪʠ ʜʦ 3 ʄɻʮ ʻ ʨʝʟʦʥʘʥʩʥʠʤʠ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʨʦʟʜʽʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ 

̐̑̉̂̌̉̈̎̏ 500 ʤʢʤ ʪʘ ʛʣʠʙʠʥʽ ʧʨʦʥʠʢʥʝʥʥʷ 150-200 ʤʤ. ʆʜʥʠʤ ʟ ʚʘʨʽʘʥʪʽʚ 

ʚʽʜʩʪʝʞʝʥʥʷ ʤʝʜʠʯʥʦʛʦ ʤʽʢʨʦʨʦʙʦʪʘ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʘʤʦʛʦ ʨʦʙʦʪʘ ʷʢ 

ʚʠʧʨʦʤʽʥʶʚʘʯ, ʤʘʶʯʠ ʫʣʴʪʨʘʟʚʫʢʦʚʠʡ ʧʝʨʝʪʚʦʨʶʚʘʯ, ʷʢʠʡ ʙʫʜʝ ʚʩʪʘʥʦʚʣʝʥʠʡ ʥʘ 

ʥʴʦʤʫ. ʂʦʥʩʦʣʴʥʘ ʘʙʦ ʙʫʜʴ-ʷʢʘ ʽʥʰʘ. ɺʠʧʨʦʤʽʥʶʚʘʥʠʡ ʩʠʛʥʘʣ ʙʫʜʝ ʧʨʠʡʤʘʪʠʩʷ 

ʥʘʙʦʨʦʤ ʧʨʠʡʤʘʯʽʚ, ʨʦʟʤʽʱʝʥʠʭ ʥʘ ʧʦʚʝʨʭʥʽ ʪʽʣʘ ʧʘʮʽʻʥʪʘ. 

ʄʝʪʦʜʠ ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ ʪʘ ʨʘʜʽʘʮʽʡʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ɺʠʢʦʨʠʩʪʘʥʥʷ 

ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ (ɯʏ) ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʜʣʷ ʚʽʜʩʪʝʞʝʥʥʷ ʤʽʢʨʦʨʦʙʦʪʘ ʚʠʤʘʛʘʻ, ʱʦʙ 

ʚʽʥ ʤʘʚ ʙʽʣʴʰ ʚʠʩʦʢʫ ʪʝʤʧʝʨʘʪʫʨʫ ʩʚʦʻʾ ʧʦʚʝʨʭʥʽ, ʥʽʞ ʥʘʚʢʦʣʠʰʥʽ ʪʢʘʥʠʥʠ ʪʽʣʘ. 

ʎʴʦʛʦ ʚʘʞʢʦ ʜʦʩʷʛʪʠ, ʦʩʢʽʣʴʢʠ ʤʽʢʨʦʨʦʙʦʪ ʤʘʻ ʤʘʣʫ ʚʘʛʫ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʤʘʡʞʝ ʤʠʪʪʻʚʦʾ ʪʝʧʣʦʚʦʾ ʨʽʚʥʦʚʘʛʠ ʟ ʥʘʚʢʦʣʠʰʥʽʤ ʩʝʨʝʜʦʚʠʱʝʤ. ʗʢʱʦ 

ʤʽʢʨʦʨʦʙʦʪ ʤʦʞʝ ʧʽʜʪʨʠʤʫʚʘʪʠ ʙʽʣʴʰ ʚʠʩʦʢʫ ʪʝʤʧʝʨʘʪʫʨʫ, ʤʦʞʣʠʚʦ, 

ʨʦʟʱʝʧʣʶʶʯʠ ʛʣʶʢʦʟʫ ʘʙʦ ʧʝʨʝʥʦʩʷʯʠ ʛʘʨʷʯʝ ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ ʜʞʝʨʝʣʘ, ʪʦʜʽ 

ʣʦʢʘʣʽʟʘʮʽʷ ɯʏ ʩʪʘʻ ʤʦʞʣʠʚʦʶ. 

ʄʝʪʦʜ ʨʘʜʽʘʮʽʡʥʦʛʦ ʚʠʧʨʦʤʽʥʝʥʥʷ (ʇɽʊ) ʚʢʣʶʯʘʻ ʢʦʨʦʪʢʦʯʘʩʥʝ ʚʚʝʜʝʥʥʷ ʚ 

ʦʨʛʘʥʽʟʤ ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ ʜʞʝʨʝʣʘ, ʧʦʚôʷʟʘʥʦʛʦ ʟ ʤʝʪʘʙʦʣʽʯʥʦ-ʘʢʪʠʚʥʦʶ 



43 
 

ʤʦʣʝʢʫʣʦʶ. ʇʽʜ ʯʘʩ ʨʦʟʧʘʜʫ ʜʞʝʨʝʣʦ ʚʠʧʨʦʤʽʥʶʻ ʧʦʟʠʪʨʦʥ, ʧʦʜʘʣʴʰʘ ʚʟʘʻʤʦʜʽʷ 

ʷʢʦʛʦ ʟ ʝʣʝʢʪʨʦʥʘʤʠ ʩʪʚʦʨʶʻ ʛʘʤʤʘ-ʧʨʦʤʝʥʽ, ʷʢʽ ʣʝʛʢʦ ʚʠʷʚʠʪʠ [35]. ʋ ʧʝʨʰʫ 

ʯʝʨʛʫ ʇɽʊ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʣʦʢʘʣʽʟʘʮʽʾ ʧʫʭʣʠʥʠ. ʄʦʞʣʠʚʦ, ʪʽ ʩʘʤʽ 

ʨʘʜʽʦʘʢʪʠʚʥʽ ʽʟʦʪʦʧʠ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʇɽʊ, ʤʦʞʫʪʴ ʙʫʪʠ ʚʢʣʶʯʝʥʽ ʜʦ 

ʩʢʣʘʜʫ ʤʘʪʝʨʽʾ ʟ ʷʢʦʾ ʧʦʙʫʜʦʚʘʥʠʡ ʤʽʢʨʦʨʦʙʦʪ. 

 

ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 

 

ʋ ʜʘʥʦʤʫ ʨʦʟʜʽʣʽ ʙʫʣʦ ʨʦʟʛʣʷʥʫʪʦ ʥʘʷʚʥʽ ʤʝʪʦʜʠ ʧʦʙʫʜʦʚʠ ʤʽʢʨʦʨʦʙʦʪʽʚ ʪʘ 

ʧʽʜʭʦʜʠ ʜʦ ʢʝʨʫʚʘʥʥʷ ʥʠʤʠ. ɹʫʣʦ ʚʠʷʚʣʝʥʦ, ʱʦ ʩʝʨʝʜ ʩʠʩʪʝʤ, ʷʢʽ ʥʘʨʘʟʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʨʝʘʣʴʥʠʭ ʤʝʜʠʯʥʠʭ ʟʘʜʘʯ ʥʝʤʘʻ ʪʘʢʠʭ, ʷʢʽ ʙ ʧʦʚʥʽʩʪʶ 

ʟʘʜʦʚʽʣʴʥʷʣʠ ʚʠʩʫʥʫʪʠʤ ʚʠʤʦʛʘʤʠ ʧʨʦʝʢʪʫ. ʊʘʢʠʤ ʯʠʥʦʤ ʙʫʣʦ ʧʨʠʡʥʷʪʦ ʨʽʰʝʥʥʷ 

ʱʦʜʦ ʨʦʟʨʦʙʢʠ ʥʦʚʦʛʦ, ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦʛʦ ʬʦʨʤ-ʬʘʢʪʨʫ ʢʦʨʧʫʩʫ ʨʦʙʦʪʘ, ʜʣʷ 

ʙʽʣʴʰʦʾ ʢʽʣʴʢʦʩʪʽ ʤʦʞʣʠʚʠʭ ʟʘʩʪʦʩʫʥʢʽʚ.  

ʑʦʜʦ ʤʝʪʦʜʽʚ ʦʪʨʠʤʘʥʥʷ ʟʚʦʨʦʪʥʦʛʦ ʟʚô̫ ʟʢʫ, ʙʫʣʦ ʧʨʠʡʥʷʪʦ ʨʽʰʝʥʥʷ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʢʦʤʧʣʝʢʩʥʠʡ ʧʽʜʭʽʜ, ʷʢʠʡ ʧʦʣʷʛʘʻ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʜʚʦʭ ʜʞʝʨʝʣ 

ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʧʦʣʦʞʝʥʥʷ ʪʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ ʤʽʢʨʦʨʦʙʦʪʘ. 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʘʧʘʨʘʪʠ ʢʦʤʧôʁ ʪʝʨʥʦʾ ʪʦʤʦʛʨʘʬʽʾ ʪʘ ʩʦʥʦʛʨʘʬʫ ʤʦʞʣʠʚʦ 

ʩʪʦʚʦʨʠʪʠ ʙʝʟʧʝʯʥʫ ʪʘ ʝʬʝʢʪʠʚʥʫ ʧʽʜʩʠʩʪʝʤʫ ʟʚʦʨʦʪʥʦʛʦ ʟʚô̫ ʟʢʫ.  

ɼʣʷ ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʴ, ʦʪʨʠʤʘʥʠʭ ʟ ʘʧʘʨʘʪʽʚ ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʘʣʛʦʨʠʪʤʠ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʦʙʨʘʟʽʚ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʟʘʙʝʟʧʝʯʠʪʴ ʰʚʠʜʢʫ ʪʘ ʪʦʯʥʫ 

ʣʦʢʘʣʽʟʘʮʽʶ ʨʦʙʦʪʘ ʫ ʦʨʛʘʥʽʟʤʽ ʣʶʜʠʥʠ. ʆʜʥʠʤ ʟ ʤʦʞʣʠʚʠʭ ʘʣʛʦʨʠʪʤʽʚ ʻ ʘʣʛʦʠʪʤ 

ʥʝʡʨʦʥʥʦʾ ʟʛʦʨʪʢʦʚʦʾ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ. ɺʽʥ ʯʘʩʪʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʟʘʜʘʯʽ 

ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʦʙʨʘʟʽʚ. ʊʘʢʦʞ ʡʦʛʦ ʤʦʞʥʘ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʜʣʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ 

ʫʨʘʞʝʥʦʾ ʪʢʘʥʠʥʠ ʧʽʜ ʯʘʩ ʨʫʭʫ ʤʽʢʨʦʨʦʙʦʪʘ. ʇʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʤʝʨʝʞʽ ʜʣʷ ʪʘʢʦʾ 

ʟʘʜʘʯʽ ʢʦʨʠʩʪʫʚʘʥʥʷ ʩʠʩʪʝʤʦʶ ʩʪʘʥʝ ʱʝ ʧʨʦʩʪʽʰʠʤ, ʦʩʢʽʣʴʢʠ ʟʥʘʡʪʠ ʥʝʦʙʭʽʜʥʝ 

ʤʽʩʮʝ ʜʣʷ ʚʧʣʠʚʫ ʣʽʢʘʨʩʴʢʦʶ ʨʝʯʦʚʥʦʶ ʤʦʞʥʘ ʙʫʜʝ ʤʘʡʞʝ ʚ ʘʚʪʦʤʘʪʠʯʥʦʤʫ 

ʨʝʞʠʤʽ. 
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3 ʈʆɿʈʆɹʃɽʅʅʗ ʉʀʉʊɽʄʀ 

 

ʄʝʪʦʶ ʩʪʚʦʨʝʥʥʷ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʤʘʛʥʽʪʥʠʤ ʤʽʢʨʦʨʦʙʦʪʦʤ ʻ 

ʟʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʚʠʧʘʜʢʽʚ ʥʝʦʙʭʽʜʥʦʩʪʽ ʽʥʚʘʟʠʚʥʦʛʦ ʚʪʨʫʯʘʥʥʷ ʜʦ ʪʽʣʘ 

ʣʶʜʠʥʠ. ɺʠʨʽʰʝʥʦʶ ʧʨʠʢʣʘʜʥʦʶ ʟʘʜʘʯʝʶ ʻ ʧʨʦʮʝʩ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ, ʘ ʩʘʤʝ 

ʜʦʩʪʘʚʢʘ ʣʽʢʘʨʩʴʢʠʭ ʟʘʩʦʙʽʚ ʫ ʥʝʦʙʭʽʜʥʝ ʤʽʩʮʝ ʚ ʦʨʛʘʥʽʟʤʽ ʣʶʜʠʥʠ. ʇʨʠ ʜʝʷʢʠʭ 

ʦʥʢʦʣʦʛʽʯʥʠʭ ʟʘʭʚʦʨʶʚʘʥʥʷʭ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʤʝʪʦʜʠʢʘ ʨʘʜʽʦʪʝʨʘʧʽʾ, ʷʢʘ ʷʚʣʷʻ 

ʩʦʙʦʶ ʚʧʣʠʚ ʨʘʜʽʦʘʢʪʠʚʥʠʤʠ ʨʝʯʦʚʠʥʘʤʠ ʥʘ ʟʣʦʷʢʽʩʥʽ ʢʣʽʪʠʥʠ [36]. ʇʨʠ 

ʟʘʩʪʦʩʫʚʘʥʥʽ ʨʦʟʨʦʙʣʶʚʘʥʦʛʦ ʧʨʠʩʪʨʦʶ ʜʣʷ ʜʘʥʦʛʦ ʚʠʜʫ ʪʝʨʘʧʽʾ ʤʦʞʣʠʚʦ 

ʦʧʨʦʤʽʥʶʚʘʪʠ ʪʢʘʥʠʥʫ ʜʫʞʝ ʣʦʢʘʣʴʥʦ ʥʝʚʝʣʠʢʠʤʠ ʜʦʟʘʤʠ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ ʫ 

ʚʘʞʢʦʜʦʩʪʫʧʥʠʤ ʤʽʩʮʷʭ ʪʘ ʙʝʟ ʭʽʨʫʨʛʽʯʥʦʛʦ ʚʪʨʫʯʘʥʥʷ. 

 

3.1 ʆʧʠʩ ʧʨʠʥʮʠʧʫ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ 

 

 ɿʦʚʥʽʰʥʴʦ ʦʩʥʦʚʥʘ ʯʘʩʪʠʥʘ ʧʨʠʣʘʜʫ ʤʘʻ ʬʦʨʤʫ ʪʫʥʝʣʶ ʪʘ ʥʘʛʘʜʫʻ ʬʦʨʤʫ 

ʘʧʘʨʘʪʫ ʄʈʊ. ʃʶʜʠʥʘ ʨʦʟʤʽʱʫʻʪʴʩʷ ʚʩʝʨʝʜʠʥʽ ʘʧʘʨʘʪʫ, ʧʽʩʣʷ ʯʦʛʦ ʫ ʚʝʥʫ 

ʚʚʦʜʠʪʴʩʷ ʢʘʪʝʪʝʨ, ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ ʽʥʪʝʨʬʝʡʩ ʜʣʷ ʚʚʝʜʝʥʥʷ ʪʘ ʚʠʚʝʜʝʥʥʷ ʨʦʙʦʪʘ 

ʫ ʪʽʣʦ ʣʶʜʠʥʠ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʢʦʤʧôʶʪʝʨʥʦʾ ʪʦʤʦʛʨʘʬʽʾ ʚʠʢʦʥʫʻʪʴʩʷ ʩʢʘʥʫʚʘʥʥʷ 

ʪʽʣʘ ʣʶʜʠʥʠ. ʅʘ ʥʘʩʪʫʧʥʦʤʫ ʝʪʘʧʽ ʨʦʙʦʪ ʦʪʨʠʤʫʻ ʯʘʩʪʢʫ ʣʽʢʘʨʩʴʢʦʛʦ ʧʨʝʧʘʨʘʪʫ, 

ʷʢʠʡ ʧʦʩʪʫʧʘʻ ʯʝʨʝʟ ʤʽʢʨʦʰʧʨʠʮ ʪʘ ʧʨʠʡʤʘʻʪʴʩʷ ʨʦʙʦʪʦʤ. ʇʽʩʣʷ ʮʴʦʛʦ ʧʽʜ 

ʚʧʣʠʚʦʤ ʟʦʚʥʽʰʥʴʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʨʦʙʦʪ ʧʦʯʠʥʘʻ ʨʫʭ ʪʘ ʧʦʪʨʘʧʣʷʻ ʫ ʪʽʣʦ 

ʣʶʜʠʥʠ ʯʝʨʝʟ ʢʘʪʝʪʝʨ. ʋ ʪʽʣʽ ʣʶʜʠʥʠ ʚʠʢʦʥʫʻʪʴʩʷ ʧʝʨʝʤʽʱʝʥʥʷ ʨʦʙʦʪʘ ʪʘ 

ʟʘʭʦʧʣʝʥʦʾ ʥʠʤ ʤʽʢʨʦʯʘʩʪʠʥʢʠ ʣʽʢʽʚ ʧʦ ʢʨʦʚʦʥʦʩʥʽʡ ʩʠʩʪʝʤʽ ʟʘʚʜʷʢʠ ʤʘʛʥʽʪʥʦʤʫ 

ʧʦʣʶ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʩʠʩʪʝʤ ʟʚʦʨʦʪʥʦʛʦ ʟʚôʟʢʫ ʚʽʜʩʪʝʞʫʻʪʴʩʷ ʧʦʣʦʞʝʥʥʷ ʨʦʙʦʪʘ 

ʪʘ ʛʝʥʝʨʫʻʪʴʩʷ ʢʝʨʫʶʯʠʡ ʚʧʣʠʚ, ʷʢʠʡ, ʚʧʣʠʚʘʻ ʥʘ ʨʫʭ ʨʦʙʦʪʘ ʯʝʨʝʟ ʟʛʝʥʝʨʦʚʘʥʝ 

ʤʘʛʥʽʪʥʝ ʧʦʣʝ. ɼʦʩʷʛʥʫʚʰʠ ʥʝʦʙʭʽʜʥʦʾ ʜʽʣʷʥʢʠ ʪʽʣʘ ʨʦʙʦʪ ʟʫʧʠʥʷʻʪʴʩʷ ʪʘ ʜʝʷʢʠʡ 

ʯʘʩ ʚʧʣʠʚʘʻ ʥʘ ʪʢʘʥʠʥʫ ʣʽʢʘʨʩʴʢʠʤ ʧʨʝʧʘʨʘʪʦʤ. ʇʽʩʣʷ ʚʠʢʦʥʘʥʥʷ ʦʧʨʦʤʽʥʝʥʥʷ 

ʨʦʙʦʪ ʧʦʚʝʨʪʘʻʪʴʩʷ ʫ ʚʠʭʽʜʥʝ ʧʦʣʦʞʝʥʥʷ. 



45 
 

ʆʪʞʝ, ʤʦʞʥʘ ʟʘʫʚʘʞʠʪʠ ʱʦ, ʩʠʩʪʝʤʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʘʢʠʭ ʦʩʥʦʚʥʠʭ 

ʝʣʝʤʝʥʪʽʚ: 

- ʤʘʛʥʽʪʥʠʡ ʤʽʢʨʦʨʦʙʦʪ; 

- ʫʩʪʘʥʦʚʢʘ ʜʣʷ ʛʝʥʝʨʘʮʽʾ ʟʦʚʥʽʰʥʴʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ; 

- ʟʘʩʦʙʠ ʚʽʜʩʪʝʞʝʥʥʷ ʧʦʣʦʞʝʥʥʷ; 

- ʙʣʦʢ ʫʧʨʘʚʣʽʥʥʷ ʩʠʩʪʝʤʦʶ. 

ʅʘʡʚʘʞʣʠʚʽʰʠʤ ʝʣʝʤʝʥʪʦʤ ʻ ʤʘʛʥʽʪʥʠʡ ʤʽʢʨʦʨʦʙʦʪ (ʟʦʙʨʘʞʝʥʠʡ ʥʘ 

ʨʠʩʫʥʢʫ 3.1), ʷʢʠʡ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʤʘʛʥʽʪʥʫ ʪʢʘʥʠʥʫ ʩʢʦʥʬʽʛʫʨʦʚʘʥʫ ʪʘʢʠʤ 

ʯʠʥʦʤ, ʱʦʙ ʨʦʙʦʪ ʤʘʚ ʟʤʦʛʫ ʧʨʠʡʤʘʪʠ ʥʝʦʙʭʽʜʥʽ ʬʦʨʤʠ ʪʘ ʚʠʢʦʥʫʚʘʪʠ ʧʝʚʥʽ ʜʽʾ.  

 

 

ʈʠʩʫʥʦʢ 3.1 ï ɿʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ ʤʘʛʥʽʪʥʦʛʦ ʤʽʢʨʦʨʦʙʦʪʘ 

 

ɼʘʥʘ ʪʢʘʥʠʥʘ ʚʠʛʦʪʦʚʣʷʻʪʴʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʧʝʮʽʘʣʴʥʦʛʦ ʛʽʜʨʦʛʝʣʶ ʪʘ 

ʜʫʞʝ ʤʘʣʠʭ ʤʘʛʥʽʪʥʠʭ ʯʘʩʪʦʯʦʢ (ʜʽʧʦʣʝʡ). ʅʘ ʧʦʯʘʪʢʫ ʚʠʨʦʙʥʠʮʪʚʘ ʛʝʣʴ 

ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʨʽʜʢʦʤʫ ʩʪʘʥʽ, ʫ ʥʴʦʛʦ ʨʦʟʤʽʱʫʶʪʴʩʷ ʤʘʛʥʽʪʥʽ ʯʘʩʪʦʯʢʠ ʪʘ, ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʚʧʣʠʚʫ ʟʦʚʥʽʰʥʴʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʪʘ ʣʘʟʝʨʘ, ʫʩʽ ʯʘʩʪʢʠ ʚʩʝʨʝʜʠʥʽ 

ʛʝʣʶ ʧʨʠʡʤʘʶʪʴ ʬʽʢʩʦʚʘʥʝ ʥʝʦʙʭʽʜʥʝ ʧʦʣʦʞʝʥʥʷ, ʦʩʢʽʣʴʢʠ ʛʝʣʴ ʧʝʨʝʭʦʜʠʪʴ ʫ 
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ʪʚʝʨʜʠʡ ʩʪʘʥ ʧʽʜ ʜʽʻʶ ʪʝʧʣʘ. ʊʘʢʠʤ ʯʠʥʦʤ ʫʪʚʦʨʶʻʪʴʩʷ ʪʢʘʥʠʥʘ ʧʝʚʥʦʾ ʬʦʨʤʠ ʪʘ 

ʧʝʚʥʦʛʦ ʨʦʟʤʽʱʝʥʥʷ ʤʘʛʥʽʪʥʠʭ ʤʽʢʨʦʯʘʩʪʠʥʦʢ ʚʩʝʨʝʜʠʥʽ, ʷʢʘ ʫʪʚʦʨʶʻ ʢʦʨʧʫʩ 

ʨʦʙʦʪʘ. ɼʣʷ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʣʽʢʘʨʩʴʢʠʭ ʧʨʝʧʘʨʘʪʽʚ ʨʦʙʦʪ ʧʦʚʠʥʝʥ ʤʘʪʠ ʟʤʦʛʫ 

ʬʽʢʩʫʚʘʪʠ ʮʶ ʯʘʩʪʠʥʢʫ, ʪʦʤʫ ʤʫʩʠʪʴ ʤʘʪʠ ʧʝʚʥʫ ʬʦʨʤʫ [37].  

 ɿ ʨʠʩʫʥʢʫ 3.1 ʚʠʜʥʦ, ʱʦ ʨʦʙʦʪ ʤʘʻ ʯʦʪʠʨʠ ʦʩʥʦʚʥʽ ʯʘʩʪʠʥʠ: ʦʩʥʦʚʫ ʪʘ ʪʨʠ 

ʨʫʢʠ-ʟʘʭʦʧʣʶʚʘʯʘ. ʊʘʢʘ ʢʦʥʬʽʛʫʨʘʮʽʷ ʥʘʜʘʻ ʨʦʙʦʪʫ ʤʦʞʣʠʚʽʩʪʴ ʝʬʝʢʪʠʚʥʦ 

ʧʝʨʝʤʽʱʫʚʘʪʠʩʴ ʪʘ ʧʝʨʝʤʽʱʫʚʘʪʠ ʚʘʥʪʘʞ, ʫ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ï ʧʨʝʧʘʨʘʪ ʜʣʷ 

ʦʧʨʦʤʽʥʝʥʥʷ.  

ɼʣʷ ʧʨʠʚʝʜʝʥʥʷ ʨʦʙʦʪʘ ʫ ʨʫʭ ʥʝʦʙʭʽʜʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʟʦʚʥʽʰʥʻ ʤʘʛʥʽʪʥʝ 

ʧʦʣʝ. ɺʦʥʦ ʚʠʥʠʢʘʻ ʫ ʝʣʝʢʪʨʦʤʘʛʥʽʪʘʭ, ʷʢʽ ʚʩʪʘʥʦʚʣʝʥʽ ʫ ʪʫʥʝʣʽ ʥʘ ʯʦʪʠʨʴʦʭ 

ʢʨʫʛʣʠʭ ʥʘʧʨʷʤʥʠʭ. ʋʩʽ ʥʘʧʨʷʤʥʽ ʨʫʭʦʤʽ, ʦʙʝʨʪʘʶʪʴʩʷ ʧʦ ʢʦʣʫ ʽ ʤʽʩʪʷʪʴ ʧʦ ʰʽʩʪʴ 

ʝʣʝʢʪʨʦʢʘʪʫʰʦʢ ʥʘ ʢʦʞʥʽʡ. ʊʘʢʦʞ ʻ ʽʥʰʘ ʥʘʧʨʷʤʥʘ, ʱʦ ʨʫʭʘʻ ʫʚʝʩʴ ʪʫʥʝʣʴ 

ʚʟʜʦʚʞ ʩʪʦʣʫ, ʜʝ ʟʥʘʭʦʜʠʪʴʩʷ ʣʶʜʠʥʘ. ʊʘʢʘ ʢʦʥʩʪʨʫʢʮʽʷ ʥʘʜʘʻ ʜʦʩʪʘʪʥʶ ʢʽʣʴʢʽʩʪʴ 

ʩʪʫʧʝʥʽʚ ʩʚʦʙʦʜʠ ʜʣʷ ʛʝʥʝʨʫʚʘʥʥʷ ʥʝʦʙʭʽʜʥʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ.  

ʈʦʙʦʪ ʤʘʻ ʜʚʘ ʪʠʧʠ ʨʫʭʽʚ: ʨʫʭʠ ʨʫʢʘʤʠ-ʟʘʭʦʧʣʶʚʘʯʘʤʠ ʪʘ ʦʙʝʨʪʘʥʥʷ. ʈʫʭʠ 

ʨʫʢʘʤʠ-ʟʘʭʦʧʣʶʚʘʯʘʤʠ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ ʬʽʢʩʫʚʘʥʥʷ ʣʽʢʫʚʘʣʴʥʦʛʦ ʧʨʝʧʘʨʘʪʫ. 

ɼʣʷ ʜʘʥʦʾ ʦʧʝʨʘʮʽʾ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʛʨʘʜʽʻʥʪ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ. ʆʩʢʽʣʴʢʠ ʧʦʣʶʩʘ 

ʤʽʢʨʦʤʘʛʥʽʪʽʚ ʚʩʝʨʝʜʠʥʽ ʢʦʨʧʫʩʫ ʨʦʙʦʪʘ ʥʘʧʨʷʤʣʝʥʽ ʧʽʜ ʨʽʟʥʠʤʠ ʢʫʪʘʤʠ ʜʦ ʧʦʣʷ 

ʟʛʝʥʝʨʦʚʘʥʦʛʦ ʫʩʪʘʥʦʚʢʦʶ ʪʦ ʫʩʽ ʯʘʩʪʢʠ ʨʦʙʦʪʘ ʨʫʭʘʶʪʴʩʷ ʧʦ-ʨʽʟʥʦʤʫ, ʪʦʤʫ 

ʦʩʥʦʚʘ ʨʦʙʦʪʘ ʟʘʣʠʰʘʻʪʴʩʷ ʥʝʨʫʭʦʤʦʶ, ʘ ʨʫʢʠ ʟʛʠʙʘʶʪʴʩʷ ʧʨʠʯʦʤʫ ʧʽʜ ʨʽʟʥʠʤ 

ʢʫʪʦʤ ʫ ʨʽʟʥʠʭ ʤʽʩʮʷʭ. ʇʨʠ ʟʤʽʥʝʥʥʽ ʛʨʘʜʽʻʥʪʫ ʨʦʙʦʪ ʘʙʦ ʧʽʜʽʡʤʘʻ ʨʫʢʠ-

ʟʘʭʦʧʣʶʚʘʯʽ ï ʚʽʜʢʨʠʚʘʻʪʴʩʷ ʘʙʦ ʦʧʫʩʢʘʻ ï ʟʘʢʨʠʚʘʻʪʴʩʷ. ɼʣʷ ʧʝʨʝʤʽʱʝʥʥʷ ʨʦʙʦʪʘ 

ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʽʥʰʠʡ ʪʠʧ ʨʫʭʫ ï ʦʙʝʨʪʘʥʥʷ. ʋ ʟʘʢʨʠʪʦʤʫ ʩʪʘʥʽ ʢʦʨʧʫʩ ʨʦʙʦʪʘ ʩʪʘʻ 

ʩʭʦʞʠʤ ʥʘ ʢʫʣʶ, ʫ ʨʘʟʽ ʟʥʘʭʦʜʞʝʥʥʷ ʫ ʧʦʚʽʪʨʷʥʦʤʫ ʧʨʦʩʪʦʨʽ ʚʽʥ ʤʘʻ ʟʤʦʛʫ 

ʧʝʨʝʤʽʱʫʚʘʪʠʩʴ ʟʘʚʜʷʢʠ ʧʝʨʝʢʦʯʫʚʘʥʥʶ. ʗʢʱʦ ʨʦʙʦʪ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʨʽʜʠʥʥʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ ʚʽʥ ʦʙʝʨʪʘʻʪʴʩʷ ʚʽʜʰʪʦʚʭʫʶʯʠʩʴ ʚʽʜ ʨʽʜʠʥʠ, ʦʩʢʽʣʴʢʠ ʡʦʛʦ ʬʦʨʤʘ ʥʝ 

ʻ ʘʙʩʦʣʶʪʥʦ ʧʨʘʚʠʣʴʥʦʶ. ʋ ʢʦʞʥʦʤʫ ʟ ʚʠʧʘʜʢʽʚ ʦʙʝʨʪʘʥʥʷ ʨʦʙʦʪʘ ʚʠʢʦʥʫʻʪʴʩʷ 

ʟʘʚʜʷʢʠ ʟʦʚʥʽʰʥʴʦʤʫ ʦʙʝʨʪʦʚʦʤʫ ʤʘʛʥʽʪʥʦʤʫ ʧʦʣʶ.  
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ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʟʚʦʨʦʪʥʦʛʦ ʟʚôʷʟʢʫ ʫ ʩʠʩʪʝʤʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʚʘ ʪʠʧʠ 

ʩʢʘʥʫʚʘʥʥʷ: ʢʦʤʧôʶʪʝʨʥʘ ʪʦʤʦʛʨʘʬʽʷ ʪʘ ʫʣʴʪʨʘʟʚʫʢʦʚʠʡ ʤʝʪʦʜ (ʩʦʥʦʛʨʘʬ). 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʜʝʢʽʣʴʢʦʭ ʟʘʩʦʙʽʚ ʚʽʜʩʪʝʞʝʥʥʷ ʧʦʣʦʞʝʥʥʷ ʨʦʙʦʪʘ ʦʙʫʤʦʚʣʶʻʪʴʩʷ 

ʦʙʤʝʞʝʥʥʷʤʠ ʩʠʩʪʝʤʠ ʷʢʽ ʥʘʢʣʘʜʘʻ ʚʟʘʻʤʦʜʽʷ ʟ ʪʽʣʦʤ ʣʶʜʠʥʠ. ʂʦʤʧôʶʪʝʨʥʘ 

ʪʦʤʦʛʨʘʬʽʷ (ʂʊ) ʤʘʻ ʚʝʣʠʢʫ ʨʦʟʜʽʣʴʥʫ ʟʜʘʪʥʽʩʪʴ ʪʘ ʥʘʜʘʻ ʟʤʦʛʫ ʦʪʨʠʤʘʪʠ 

ʟʦʙʨʘʞʝʥʥʷ ʫ 3D ʬʦʨʤʘʪʽ, ʪʦʤʫ ʾʾ ʥʝʦʙʭʽʜʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʪʦʯʥʦʾ 

ʤʦʜʝʣʽ ʥʝʦʙʭʽʜʥʦʾ ʜʽʣʷʥʢʠ ʪʽʣʘ. ʎʷ ʤʦʜʝʣʴ ʙʫʜʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ  ʷʢ ʤʘʧʘ ʜʣʷ 

ʥʘʚʽʛʘʮʽʾ ʨʦʙʦʪʘ. ʇʽʜ ʯʘʩ ʧʝʨʝʤʽʱʝʥʥʷ ʪʘʢʦʞ ʤʦʞʣʠʚʦ ʨʦʙʠʪʠ ʜʦʜʘʪʢʦʚʽ ʟʥʽʤʢʠ 

ʜʣʷ ʫʪʦʯʥʝʥʥʷ ʦʢʨʝʤʠʭ ʤʽʩʮʴ. ɸʣʝ ʢʽʣʴʢʽʩʪʴ ʯʘʩʫ, ʥʘ ʧʨʦʪʷʟʽ ʷʢʦʛʦ ʂʊ ʚʧʣʠʚʘʪʠʤʝ 

ʥʘ ʣʶʜʠʥʫ, ʤʘʻ ʙʫʪʠ ʬʽʢʩʦʚʘʥʠʡ, ʦʩʢʽʣʴʢʠ ʜʘʥʘ ʪʝʭʥʦʣʦʛʽʷ ʙʘʟʫʻʪʴʩʷ ʥʘ 

ʧʦʪʫʞʥʦʤʫ ʨʝʥʪʛʝʥʽʚʩʴʢʦʤʫ ʚʠʧʨʦʤʽʥʶʚʘʥʥʽ, ʱʦ ʻ ʰʢʽʜʣʠʚʠʤ ʫ ʚʝʣʠʢʠʭ ʜʦʟʘʭ.  

ʉʦʥʦʛʨʘʬ ʙʫʜʝ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʴ ʜʣʷ ʤʠʪʪʻʚʦʛʦ ʚʽʜʩʪʝʞʝʥʥʷ ʨʦʙʦʪʘ ʫ ʪʽʣʽ. 

ɿʘʚʜʷʢʠ ʚʝʣʠʢʽʡ ʯʘʩʪʦʪʽ ʦʥʦʚʣʝʥʥʷ ʪʘ ʘʙʩʦʣʶʪʥʽʡ ʙʝʟʧʝʮʽ ʜʣʷ ʣʶʜʠʥʠ 

ʫʣʴʪʨʘʟʚʫʢʦʚʠʡ ʤʝʪʦʜ ʽʜʝʘʣʴʥʦ ʧʽʜʭʦʜʠʪʴ ʜʣʷ ʮʽʻʾ ʟʘʜʘʯʽ [38]. ʋʩʽ ʜʘʥʽ, ʱʦ 

ʥʘʜʭʦʜʠʪʠʤʫʪʴ ʟ ʦʙʦʭ ʜʞʝʨʝʣ ʦʙʨʦʙʣʶʚʘʪʠʤʫʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʠʩʪʝʤʠ 

ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʦʙʨʘʟʽʚ. ʉʘʤʝ ʚʦʥʘ ʥʘʜʘʚʘʪʠʤʝ ʢʽʥʮʝʚʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʧʦʣʦʞʝʥʥʷ 

ʨʦʙʦʪʘ, ʷʢʘ ʥʘʜʭʦʜʠʪʠʤʝ ʜʦ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ. ʎʷ ʽʥʬʦʨʤʘʮʽʷ ʥʝʦʙʭʽʜʥʘ ʜʣʷ 

ʛʝʥʝʨʫʚʘʥʥʷ ʢʝʨʫʶʯʠʭ ʨʫʭʦʤ ʨʦʙʦʪʘ ʚʧʣʠʚʽʚ ʪʘ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʨʝʘʢʮʽʾ ʪʽʣʘ ʥʘ 

ʨʦʙʦʪʫ ʩʠʩʪʝʤʠ.  

ɺʠʛʦʪʦʚʣʝʥʠʡ ʟ ʤʘʛʥʽʪʥʠʭ ʯʘʩʪʦʢ ʤʽʢʨʦʨʦʙʦʪ ʙʫʜʝ ʨʫʭʘʪʠʩʴ ʧʽʜ ʜʽʻʶ 

ʟʦʚʥʽʰʥʴʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ, ʷʢʝ ʙʫʜʝ ʟʤʽʥʶʚʘʪʠ ʩʚʦʾ ʧʘʨʘʤʝʪʨʠ ʚ ʟʘʣʝʞʥʦʩʪʽ 

ʚ̔ ʜ ʥʝʦʙʭʽʜʥʦʛʦ ʚʠʜʫ ʪʘ ʥʘʧʨʷʤʢʫ ʨʫʭʫ ʨʦʙʦʪʘ ʘʙʦ ʡʦʛʦ ʩʢʣʘʜʦʚʠʭ ʯʘʩʪʠʥ.  

ɿʘʧʨʦʛʨʘʤʦʚʘʥʽ 3D ʘʥʽʟʦʪʨʦʧʥʽ ʣʘʥʮʶʛʠ SPION (Superparamagnetic iron oxide 

nanoparticles) ʚʩʝʨʝʜʠʥʽ ʤʽʢʨʦʨʦʙʦʪʘ ʩʪʚʦʨʶʶʪʴ ʤʘʛʥʽʪʥʽ ʤʦʤʝʥʪʠ ʧʽʜ ʜʽʻʶ 

ʧʨʠʢʣʘʜʝʥʦʛʦ ʜʦ ʥʠʭ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʝ, ʷʢʝ ʚ ʩʫʢʫʧʥʦʩʪʽ ʩʪʚʦʨʶʻ ʬʦʨʤʫ 

ʜʝʬʦʨʤʘʮʽʾ ʨʦʙʦʪʘ.  

ɿʘʛʘʣʦʤ, ʣʘʥʮʶʛʠ SPION ʜʽʶʪʴ ʷʢ ʤʘʛʥʽʪʥʽ ʜʠʧʦʣʽ. ʆʪʞʝ, ʧʽʜ ʜʽʻʶ ʛʨʘʜʽʻʥʪʘ 

ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʘʙʦ ʧʽʜ ʨʽʚʥʦʤʽʨʥʠʤ ʤʘʛʥʽʪʥʠʤ ʧʦʣʝʤ ʨʫʢʠ-ʟʘʭʦʣʶʚʘʯʽ 
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ʟʛʠʥʘʶʪʴʩʷ ʘʙʦ ʚʛʦʨʫ, ʘʙʦ ʚʥʠʟ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʥʘʧʨʷʤʢʫ ʜʠʧʦʣʴʥʦʛʦ ʤʦʤʝʥʪʫ ʚ 

ʧʨʦʬʽʣʽ ʨʦʙʦʪʘ. ʂʨʽʤ ʪʦʛʦ, SPION ʚʩʝʨʝʜʠʥʽ ʨʦʙʦʪʘ ʪʘʢʦʞ ʩʪʚʦʨʶʻ ʣʦʢʘʣʴʥʫ 

ʤʝʭʘʥʽʯʥʫ ʘʥ̔ʟʦʪʨʦʧʽʶ, ʚʦʥʘ ʥʘʜʘʻ ʩʫʪʪʻʚʫ ʧʝʨʝʚʘʛʦʶ ʧʨʠ ʢʝʨʫʚʘʥʥʽ ʨʦʙʦʪʦʤ [39-

40]. ʇʽʜ ʾʾ ʜʽʻʶ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷ ʢʫʪʘ ʚʠʛʠʥʫ ʨʫʢ-ʟʘʭʦʣʶʚʘʯʽʚ ʟʽ 

ʟʙʽʣʴʰʝʥʥʷʤ ʧʨʠʢʣʘʜʝʥʦʾ ʥʘʧʨʫʞʝʥʦʩʪʽ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ. ɺʝʣʠʢʠʡ ʢʫʪ ʟʛʠʙʘʥʥʷ 

ʥʝʦʙʭʽʜʥʠʡ, ʜʣʷ ʟʘʭʦʧʣʝʥʥʷ ʚʘʥʪʘʞʫ. ʂʦʣʠ ʟʦʚʥʽʰʥʻ ʤʘʛʥʽʪʥʝ ʧʦʣʝ ʚʠʤʢʥʝʥʦ, 

ʨʦʙʦʪ ʧʦʚʝʨʪʘʻʪʴʩʷ ʫ ʧʦʯʘʪʢʦʚʠʡ ʩʪʘʥ.  

ɼʣʷ ʨʫʭʫ ʤʽʢʨʦʨʦʙʦʪʘ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʷʢ ʦʙʝʨʪʦʚʝ ʤʘʛʥʽʪʥʝ ʧʦʣʝ, ʪʘʢ ʽ 

ʛʨʘʜʽʻʥʪ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʨʝʢʦʥʬʽʛʫʨʫʚʘʥʽ ʨʝʞʠʤʠ ʨʫʭʫ. ʇʽʜ 

ʜʽʻʶ ʦʙʝʨʪʦʚʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ, ʨʦʙʦʪ ʪʘʢʦʞ ʧʦʯʠʥʘʻ ʦʙʝʨʪʘʪʠʩʴ ʥʘʚʢʦʣʦ 

ʚʘʥʪʘʞʫ ʽ ʢʦʪʠʪʠʩʷ ʧʦ ʧʦʚʝʨʭʥʽ ʜʦ ʥʝʦʙʭʽʜʥʦʛʦ ʤʽʩʮʷ. ʆʙʝʨʪʦʚʝ ʤʘʛʥʽʪʥʝ ʧʦʣʝ 

ʛʝʥʝʨʫʻʪʴʩʷ ʤʘʛʥʽʪʥʦʶ ʫʩʪʘʥʦʚʢʦʶ, ʚʦʥʘ ʤʦʞʝ ʧʝʨʝʤʽʱʫʚʘʪʠ ʫ ʧʨʦʩʪʦʨʽ ʪʘ 

ʦʙʝʨʪʘʪʠ ʤʘʛʥʽʪʠ, ʘ ʪʘʢʦʞ ʟʤʽʥʶʚʘʪʠ ʛʨʘʜʽʻʥʪ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ. ɼʣʷ ʦʙʝʨʪʘʥʥʷ 

ʨʦʙʦʪʘ, ʫʪʚʦʨʶʻʪʴʩʷ ʢʨʫʪʥʠʡ ʤʦʤʝʥʪ ʦʙʝʨʪʦʚʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʥʘʧʨʫʞʝʥʽʩʪʶ 

25 ʤʊʣ.  

ʆʜʥʘʢ ʪʘʢʠʡ ʨʫʭ ʦʙʤʝʞʝʥʠʡ ʩʝʨʝʜʦʚʠʱʝʤ, ʫ ʨʘʟʽ ʢʦʣʠ ʚʠʥʠʢʘʶʪʴ 

ʧʝʨʝʰʢʦʜʠ, ʨʦʙʦʪ ʥʝʤʘʻ ʟʤʦʛʠ ʨʫʭʘʪʠʩʴ ʜʘʣʽ ʫ ʪʘʢʠʡ ʩʧʦʩʽʙ. ɼʣʷ ʧʝʨʝʪʠʥʘʥʥʷ 

ʧʝʨʝʰʢʦʜ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʤʘʛʥʽʪʥʠʡ ʛʨʘʜʽʻʥʪ, ʷʢʠʡ ʜʘʻ ʨʦʙʦʪʫ ʤʦʞʣʠʚʽʩʪʴ 

ʧʝʨʝʤʽʱʫʚʘʪʠʩʴ ʥʝ ʧʝʨʝʢʦʯʫʶʯʠʩʴ, ʘ ʧʽʜʽʡʤʘʪʠʩʴ ʥʘʜ ʧʝʨʝʰʢʦʜʦʶ [40-41].  

ʂʦʣʠ ʨʦʙʦʪ ʥʘʙʣʠʟʠʚʩʷ ʚʘʥʪʘʞʫ, ʜʦ ʡʦʛʦ ʨʫʢ-ʟʘʭʦʧʣʶʚʘʯʽʚ ʪʘʢʦʞ 

ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʤʘʛʥʽʪʥʠʡ ʛʨʘʜʽʻʥʪ, ʥʘʣʘʰʪʦʚʫʶʯʠ ʡʦʛʦ ʨʦʙʦʪ ʤʘʻ ʟʤʦʛʫ ʟʘʭʦʧʠʪʠ 

ʚʘʥʪʘʞ. ʂʦʣʠ ʨʦʙʦʪ ʧʨʦʡʰʦʚ ʯʝʨʝʟ ʧʝʨʝʰʢʦʜʫ, ʧʨʠʢʣʘʜʝʥʝ ʤʘʛʥʽʪʥʝ ʧʦʣʝ 

ʟʥʽʤʘʻʪʴʩʷ ʜʣʷ ʟʚʽʣʴʥʝʥʥʷ ʚʘʥʪʘʞʫ. ʉʧʨʦʝʢʪʦʚʘʥʠʡ ʤʘʛʥʽʪʥʠʡ ʨʦʙʦʪ ʤʦʞʝ 

ʟʘʭʦʧʣʶʚʘʪʠ ʪʘ ʧʝʨʝʤʽʱʫʚʘʪʠ ʚʘʥʪʘʞʽ ʤʘʩʩʦʶ ʧʨʠʙʣʠʟʥʦ ʫ 10 ʤʛ. 
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ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 

 

ʊʘʢʠʤ ʯʠʥʦʤ ʧʽʜ ʜʽʻʶ ʤʘʛʥʽʪʥʠʭ ʧʦʣʝʡ, ʷʢʽ ʟʛʝʥʝʨʦʚʘʥʽ ʩʧʝʮʘʣʴʥʦʶ 

ʫʩʪʘʥʦʚʢʦʶ ʤʽʢʨʦʨʦʙʦʪ ʤʦʞʝ ʧʝʨʝʤʽʱʫʚʘʪʠʩʴ ʧʦ ʢʨʦʚʦʥʦʩʥʽʡ ʩʠʩʪʝʤʽ ʣʶʜʠʥʠ. 

ʊʘʢʘ ʢʦʥʩʪʨʫʢʮʽʷ ʢʦʨʧʫʩʫ ʨʦʙʦʪʘ ʥʘʜʘʻ ʟʤʦʛʫ ʢʝʨʫʚʘʪʠ ʡʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷʤ 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʯʘʩʪʦʪʫ ʦʙʝʨʪʘʥʥʷ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʪʘ ʡʦʛʦ ʛʨʘʜʽʻʥʪ, ʱʦ ʟʘ 

ʥʘʷʚʥʦʩʪʽ ʟʚʦʨʦʪʥʦʛʦ ʟʚôʷʟʢʫ ʥʝ ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ ʩʢʣʘʜʥʦʶ ʟʘʜʘʯʝʶ. ʊʘʢʦʞ ʧʽʜ 

ʯʘʩ ʨʫʭʫ ʨʦʙʦʪʘ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʚʧʣʠʚ ʨʫʭʫ ʢʨʦʚʽ ʥʘ ʡʦʛʦ ʢʦʨʧʫʩ. 

ʆʩʢʽʣʴʢʠ ʨʦʟʤʽʨʠ ʪʘ ʚʘʛʘ ʧʨʠʣʘʜʫ ʥʝʚʝʣʠʢʽ ʪʦ ʥʘʚʽʪʴ ʪʘʢʽ ʩʠʣʠ ʙʫʜʫʪʴ ʚʧʣʠʚʘʪʠ 

ʥʘ ʪʨʘʻʢʪʦʨʽʶ ʪʘ ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʤʽʱʝʥʥʷ ʚʩʝʨʝʜʠʥʽ ʣʶʜʩʴʢʦʛʦ ʪʽʣʘ. 
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4 ɸʅɸʃɯɿ ɿʆɹʈɸɾɽʅʔ ɼʃʗ ʂɽʈʋɺɸʅʅʗ ʈʆɹʆʊʆʄ 
 

ʗʢ ʚʞʝ ʙʫʣʦ ʦʧʠʩʘʥʦ, ʜʣʷ ʥʘʣʘʛʦʜʞʝʥʥʷ ʟʚʦʨʦʪʥʦʛʦ ʟʚô̫ ʟʢʫ ʟ ʨʦʙʦʪʦʤ 

ʙʫʜʫʪʴ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʴ ʤʝʪʦʜʠ ʩʢʘʥʫʚʘʥʥʷ ʪʽʣʘ: ʢʦʤʧôʁ ʪʝʨʥʘ ʪʦʤʦʛʨʘʬʽʷ ʪʘ 

ʫʣʪʨʘʟʚʫʢʦʚʠʡ ʤʝʪʦʜ. ɿʘʟʚʠʯʘʡ ʟʦʙʨʘʞʝʥʥʷ, ʷʢʽ ʥʘʜʭʦʜʷʪʴ ʟ ʩʦʥʦʛʨʘʬʽʚ, ʤʘʶʪʴ 

ʤʦʥʦʭʨʦʤʥʝ ʟʦʙʨʘʞʝʥʥʷ ʪʘ ʥʠʟʴʢʫ ʨʦʟʜʽʣʴʥʫ ʟʜʘʪʥʽʩʪʴ. ʊʦʤʫ ʥʘ ʟʥʽʤʢʘʭ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʨʦʟʤʠʚʯʘʪʝ ʟʦʙʨʘʞʝʥʥʷ, ʘ ʦʪʞʝ ʚʘʞʢʦ ʚʽʜʨʽʟʥʠʪʠ ʦʙʣʘʩʪʴ ʨʦʙʦʪʘ 

ʚʽʜ ʜʫʞʝ ʩʭʦʞʠʭ ʦʙʣʘʩʪʝʡ ʪʢʘʥʠʥ ʣʶʜʠʥʠ. ʊʦʯʥʽʩʪʴ ʜʽʘʛʥʦʩʪʠʢʠ ʋɿɼ ʧʨʠ 

ʚʠʷʚʣʝʥʥʽ ʟʘʭʚʦʨʶʚʘʥʴ ʜʫʞʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʜʦʩʚʽʜʫ ʪʘ ʢʦʛʥʽʪʠʚʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ 

ʣʽʢʘʨʷ-ʜʽʘʛʥʦʩʪʘ [42]. ʏʝʨʝʟ ʚʧʣʠʚ ʩʫʙô̒ ʢʪʠʚʥʠʭ ʬʘʢʪʦʨʽʚ, ʷʢ ʧʨʘʚʠʣʦ, ʽʩʥʫʻ 

ʙʘʛʘʪʦ ʚʽʜʤʽʥʥʦʩʪʝʡ ʫ ʦʮʽʥʢʘʭ ʫʣʴʪʨʘʟʚʫʢʦʚʠʭ ʟʦʙʨʘʞʝʥʴ ʜʣʷ ʨʽʟʥʠʭ ʜʽʘʛʥʦʩʪʽʚ. 

ʊʦʤʫ ʣʦʢʘʣʽʟʘʮʽʷ ʨʦʙʦʪʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʫʣʴʪʨʘʟʚʫʢʫ ʻ ʥʝʪʨʠʚʽʘʣʴʥʦʶ ʟʘʜʘʯʝʶ. 

ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʮʽʻʾ ʟʘʜʘʯʽ ʙʫʜʝ ʚʠʢʦʨʠʪʩʘʥʦ ʪʝʭʥʦʣʦʛʽʾ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ. 

ɯʤʽʪʫʶʯʠ ʟʽʨ ʣʶʜʠʥʠ, ʢʦʤʧôʁ ʪʝʨʥʠʡ ʟʽʨ ʤʘʻ ʧʝʨʝʚʘʛʠ ʚʠʩʦʢʦʾ ʰʚʠʜʢʦʩʪʽ 

ʚʠʷʚʣʝʥʥʷ ʪʘ ʥʠʟʴʢʦʾ ʚʘʨʪʦʩʪʽ. ʊʝʭʥʦʣʦʛʽʷ ʢʦʤʧôʁ ʪʝʨʥʦʛʦ ʟʦʨʫ ʯʘʩʪʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʦʙʣʘʩʪʽ ʰʚʠʜʢʦʾ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾ ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʴ, ʪʘʢʠʭ 

ʷʢ ʢʣʘʩʠʬʽʢʘʮʽʷ ʟʦʙʨʘʞʝʥʴ ʪʘ ʚʠʷʚʣʝʥʥʷ ʦʙô̒ ʢʪʽʚ [43-44]. ʅʘ ʨʘʥʥʽʡ ʩʪʘʜʽʾ 

ʨʦʟʚʠʪʢʫ ʢʦʤʧôʁ ʪʝʨʥʦʛʦ ʙʘʯʝʥʥʷ ʜʦʩʣʽʜʥʠʢʠ ʟʦʩʝʨʝʜʞʫʚʘʣʠʩʴ ʥʘ ʨʦʟʨʦʙʮʽ 

ʘʣʛʦʨʠʪʤʽʚ: 

- ʤʝʪʦʜ ʦʧʦʨʥʠʭ ʚʝʢʪʦʨʽʚ; 

- ʤʝʪʦʜ k-ʥʘʡʙʣʠʞʯʠʭ ʩʫʩʽʜʽʚ; 

- ʜʠʩʢʨʠʤʽʥʘʥʪʥʠʡ ʘʥʘʣʽʟ. 

ʈʦʙʦʪʘ ʮʠʭ ʘʣʛʦʨʠʪʤʽʚ ʙʘʟʫʻʪʴʩʷ ʥʘ ʦʙʨʦʙʮʽ ʢʦʣʴʦʨʦʚʠʭ ʟʦʙʨʘʞʝʥʴ ʚʠʩʦʢʦʾ 

ʷʢʦʩʪʽ. ʊʘʢʽ ʘʣʛʦʨʠʪʤʠ ʜʽʡʩʥʦ ʜʦʮʽʣʴʥʽ, ʘʣʝ ʚʠʤʘʛʘʶʪʴ ʚʠʩʦʢʦʷʢʽʩʥʠʭ ʜʘʥʠʭ ʜʣʷ 

ʥʘʚʯʘʥʥʷ. ɼʦ ʪʦʛʦ ʞ ʤʝʪʦʜʠ ʦʪʨʠʤʘʥʥʷ ʟʦʙʨʘʞʝʥʴ ʪʘʢʦʛʦ ʪʠʧʫ ʟʘʩʥʦʚʘʥʽ ʥʘ 

ʨʘʜʽʘʮʽʡʥʦʤʫ ʦʧʨʦʤʽʥʝʥʥʽ, ʪʦʤʫ ʥʝ ʤʦʞʫʪʴ ʙʫʪʠ ʙʘʛʘʪʦʨʘʟʦʚʦ ʟʘʩʪʦʩʚʘʥʽ ʜʦ ʦʜʥʦʾ 

ʣʶʜʠʥʠ, ʱʦ ʥʝʦʙʭʽʜʥʦ ʜʣʷ ʚʽʜʩʪʝʞʝʥʥʷ ʧʨʦʛʨʝʩʩʫ ʪʘ ʥʘʚʯʘʥʥʷ ʤʦʜʝʣʽ ʘʙʦ ʜʣʷ 

ʚʽʜʩʪʝʞʝʥʥʷ ʦʙô̒ ʢʪʽʚ ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ [45]. ʆʩʢʽʣʴʢʠ ʚʠʥʠʢʘʣʠ ʧʨʦʙʣʝʤʠ ʟʽ 
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ʟʙʦʨʦʤ ʧʝʨʚʠʥʥʠʭ ʜʘʥʠʭ ʧʽʜʭʽʜ ʪʘʢʦʞ ʟʘʟʥʘʚ ʧʝʚʥʠʭ ʦʙʤʝʞʝʥʴ ʫ ʨʦʟʚʠʪʢʫ. ʇʨʠ 

ʟʘʩʪʦʩʫʚʘʥʥʽ ʽʥʰʠʭ ʤʝʪʦʜʽʚ ʦʪʨʠʤʘʥʥʷ ʟʥʽʤʢʽʚ ʙʫʣʠ ʚʠʷʚʣʝʥʽ ʪʘʢʽ ʥʝʛʘʪʠʚʥʽ 

ʘʨʪʝʬʘʢʪʠ: 

- ʥʠʟʴʢʘ ʷʢʽʩʪʴ ʟʦʙʨʘʞʝʥʥʷ; 

- ʩʢʨʫʯʫʚʘʥʥʷ ʟʦʙʨʘʞʝʥʥʷ; 

- ʧʝʨʝʚʝʨʪʘʥʥʷ ʟʦʙʨʘʞʝʥʥʷ; 

- ʟʘʩʚʽʪʣʝʥʥʷ; 

- ʧʦʰʢʦʜʜʞʝʥʥʷ; 

- ʰʫʤʠ. 

ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʫ ʚʠʱʝʟʘʟʥʘʯʝʥʠʭ ʘʣʛʦʨʠʪʤʘʭ ʝʬʝʢʪʠʚʥʽʩʪʴ ʾʭ ʨʦʙʦʪʠ 

ʟʥʘʯʥʦ ʟʤʝʥʰʫʚʘʣʘʩʴ, ʪʦʤʫ ʥʝʦʙʭʽʜʥʦ ʙʫʣʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʙʽʣʴʰ ʥʦʚʽ ʧʽʜʭʦʜʠ ʜʦ 

ʢʣʘʩʠʬʽʢʘʮʽʾ ʪʘ ʽʥʪʝʨʧʨʠʪʘʮʽʾ ʜʘʥʠʭ. ʆʜʥʠʤ ʟ ʪʘʢʠʭ ʧʽʜʭʦʜʽʚ ʻ ʟʛʦʨʪʢʦʚʘ ʥʝʡʨʦʥʥʘ 

ʤʝʨʝʞʘ (Convolutional neural network, CNN). ʅʘʨʘʟʽ ʘʣʛʦʨʠʪʤʠ ʟʛʦʨʪʢʦʚʠʭ 

ʥʝʡʨʦʥʠʭ ʤʝʨʝʞ ʥʘʡʯʘʩʪʽʰʝ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʧʨʠ ʘʥʘʣʽʟʽ ʟʦʙʨʘʞʝʥʴ [46]. 

ʉʪʨʫʢʪʫʨʘ ʤʝʨʝʞʽ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʧʽʣʴʥʠʭ ʚʘʛ ʨʦʙʠʪʴ ʾʾ ʩʭʦʞʦʶ ʥʘ ʥʝʡʨʦʥʥʫ 

ʤʝʨʝʞʫ ʫ ʤʦʟʢʫ ʣʶʜʠʥʠ. ɿʘʚʜʷʢʠ ʚʠʢʦʨʠʩʪʘʥʥʶ ʩʧʽʣʴʥʠʭ ʚʘʛ CNN ʟʤʝʥʰʫʻ 

ʩʢʣʘʜʥʽʩʪʴ ʤʦʜʝʣʽ ʤʝʨʝʞʽ. 

 ʆʩʢʽʣʴʢʠ ʘʣʛʦʨʠʪʤʠ ʟʛʦʨʪʢʦʚʠʭ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʽ ʜʣʷ 

ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʦʙʨʦʙʢʠ ʪʘ ʘʥʘʣʽʟʫ ʟʦʙʨʘʞʝʥʴ ʩʘʤʝ ʚʦʥʠ ʙʫʜʫʪʴ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʴ ʫ ʩʠʩʪʝʤʽ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʟʚʦʨʦʪʥʦʛʦ ʟʚô̫ ʟʢʫ ʟ ʤʽʢʨʦʨʦʙʦʪʦʤ ʫ 

ʪʽʣʽ ʣʶʜʠʥʠ. ɼʣʷ ʢʦʨʝʢʪʥʦʾ ʨʦʙʦʪʠ ʧʽʜʩʠʩʪʝʤʠ ʘʥʘʣʽʟʫ ʟʦʙʨʘʞʝʥʴ ʥʝʦʙʭʽʜʥʦ 

ʚʠʢʦʥʘʪʠ: ʨʦʟʨʦʙʢʫ ʩʪʨʫʢʪʫʨʠ ʤʝʨʝʞʽ, ʦʪʨʠʤʘʥʥʷ ʜʘʥʠʭ ʜʣʷ ʥʘʚʯʘʥʥʷ ʤʝʨʝʞʽ,  

ʦʪʨʠʤʘʥʥʷ ʢʣʘʩʠʬʽʢʫʶʯʦʾ ʤʦʜʝʣʽ. 

 ʇʝʨʰ ʟʘ ʚʩʝ ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠʩʴ ʷʢʫ ʩʘʤʝ ʩʪʨʫʢʪʫʨʫ ʤʘʪʠʤʝ ʥʝʡʨʦʥʥʘ 

ʤʝʨʝʞʘ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʥʘʷʚʥʦʾ ʟʘʜʘʯʽ. ɼʣʷ ʮʴʦʛʦ ʨʦʟʛʣʷʥʝʤʦ ʧʨʠʥʮʠʧ ʨʦʙʦʪʠ 

ʘʣʛʦʨʠʪʤʫ. ʄʘʻʤʦ N ʥʘʚʯʘʣʴʥʠʭ ʟʨʘʟʢʽʚ, ʚʠʟʥʘʯʝʥʠʭ: 
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1{( }, ) N

i i ix y = , (4.1) 

 

ʜʝ x  ʧʦʟʥʘʯʘʻ ʧʝʚʥʫ ʦʙʣʘʩʪʴ ʟʦʙʨʘʞʝʥʥʷ, y  ʧʦʟʥʘʯʘʻ ʤʽʪʢʫ ʮʽʻʾ ʦʙʣʘʩʪʽ. 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʚʝʜʝʥʥʷ ʥʘʚʯʘʥʥʷ ʘʣʛʦʨʠʪʤ CNN ʤʦʞʝ ʚʠʟʥʘʯʠʪʠ ʤʦʜʝʣʴ F, ʷʢʘ 

ʚʽʜʦʙʨʘʞʘʻ ʚʟʘʻʤʦʟʚô̫ ʟʦʢ ʤʽʞ ʚʭʽʜʥʠʤʠ ʚʝʢʪʦʨʘʤʠxʪʘ ʚʠʭʽʜʥʠʤʠ ʚʝʢʪʦʨʘʤʠy . 

ʇʨʦʮʝʩ ʥʘʚʯʘʥʥʷ ʚʢʣʶʯʘʻ ʜʚʘ ʝʪʘʧʠ, ʝʪʘʧ ʧʨʷʤʦʛʦ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʪʘ ʝʪʘʧ 

ʟʚʦʨʦʪʥʦʛʦ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ. ʅʘ ʬʘʟʽ ʧʨʷʤʦʛʦ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ, ʢʦʣʠ ʥʘʚʯʘʣʴʥʠʡ 

ʟʨʘʟʦʢ ( ),i ix y  ʧʦʜʘʻʪʴʩʷ ʷʢ ʚʭʽʜʥʠʡ ʧʘʨʘʤʝʪʨ ʫ ʤʝʨʝʞʫ, ʟʥʘʯʝʥʥʷ x  ʧʦʩʪʫʧʦʚʦ 

ʧʝʨʝʜʘʻʪʴʩʷ ʟ ʚʭʽʜʥʦʛʦ ʨʽʚʥʷ ʤʝʨʝʞʽ ʥʘ ʚʠʭʽʜʥʠʡ ʨʽʚʝʥʴ. ʅʘʧʨʠʢʽʥʮʽ ʝʪʘʧʫ, 

ʦʪʨʠʤʫʻʤʦ ʚʠʭʽʜʥʽ ʜʘʥʽ io . ɺʠʱʝʦʧʠʩʘʥʠʡ ʧʨʦʮʝʩ ʤʦʞʥʘ ʩʬʦʨʤʫʣʶʚʘʪʠ ʫ ʚʠʛʣʷʜʽ 

ʬʦʨʤʫʣʠ: 

 

2 1 1 2( ) ( ( ) ) ) )... ...i L i Lo F F F x w w w= , (4.2) 

 

ʜʝ L ï ʢʽʣʴʢʽʩʪʴ ʰʘʨʽʚ ʤʝʨʝʞʽ, jw  ï ʚʘʛʘ ʚʝʢʪʦʨʫ j-ʛʦ ʰʘʨʫ jF . jF  ï 

ʩʫʢʫʧʥʽʩʪʴ ʧʦʩʣʽʜʦʚʥʠʭ ʰʘʨʽʚ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ, ʷʢʽ ʚʠʢʦʥʫʶʪʴ ʬʫʥʢʮʽʾ: 

- ʟʛʦʨʪʢʠ; 

- ʘʢʪʠʚʘʮʽʾ; 

- ʦʙôʻʜʥʘʥʥʷ (ʩʘʙʜʠʩʢʨʝʪʠʟʘʮʽʾ); 

- ʧʦʚʥʦʛʦ ʟôʻʜʥʘʥʥʷ. 

ɿʛʦʨʪʢʦʚʠʡ ʰʘʨ ʻ ʙʘʟʦʚʠʤ ʰʘʨʦʤʫ ʫ ʘʣʛʦʨʠʪʤʽ CNN, ʩʘʤʝ ʫ ʥʴʦʤʫ 

ʧʨʦʭʦʜʷʪʴ ʥʘʡʚʘʞʣʠʚʽʰʽ ʦʙʯʠʩʣʝʥʥʷ. ʅʘ ʚʭʽʜ ʧʦʪʨʘʧʣʷʻ ʧʝʨʚʠʥʥʘ ʽʥʬʦʨʤʘʮʽʷ (ʫ 

ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʧʝʚʥʘ ʦʙʣʘʩʪʴ ʟʦʙʨʘʞʝʥʥʷ). ʇʝʨʚʠʥʥʘ ʽʥʬʦʨʤʘʮʽʷ ʧʦʪʨʘʧʣʷʻ ʜʦ 

ʜʝʪʝʢʪʦʨʘ ʦʟʥʘʢ, ʚʽʥ ʪʘʢʦʞ ʥʘʟʠʚʘʻʪʴʩʷ ʷʜʨʦʤ ʘʙʦ ʬʽʣʴʪʨʦʤ. ɿʘʜʘʯʦʶ ʜʝʪʝʢʪʦʨʘ ʻ 

ʧʝʨʝʚʽʨʢʘ ʩʧʨʠʡʥʷʪʠʭ ʥʘ ʚʭʽʜ ʜʘʥʥʠʭ ʪʘ ʚʠʷʚʣʝʥʥʷ ʯʠ ʭʘʨʘʢʪʝʨʘʥʘ ʜʽʣʷʥʢʘ 

ʟʦʙʨʘʞʝʥʥʷ ʰʫʢʘʥʦʤʫ ʥʘ ʟʥʽʤʢʫ ʦʙô̒ ʢʪʫ (ʫ ʚʠʧʘʜʢʫ ʨʦʟʨʦʙʣʶʚʘʥʦʾ ʩʠʩʪʝʤʠ 
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ʤʽʢʨʦʨʦʙʦʪʫ ʘʙʦ ʡʦʛʦ ʦʢʨʝʤʽʡ ʯʘʩʪʠʥʽ). ʉʘʤʝ ʮʝʡ ʧʨʦʮʝʩ ʥʘʟʠʚʘʻʪʴʩʷ ʟʛʦʨʪʢʦʶ, 

ʚʽʜ ʯʦʛʦ ʧʽʰʣʘ ʥʘʟʚʘ ʘʣʛʦʨʠʪʤʫ.  

ʉʢʘʣʷʨʥʠʡ ʨʝʟʫʣʴʪʘʪ ʢʦʞʥʦʾ ʟʛʦʨʪʢʠ ʧʦʪʨʘʧʣʷʻ ʜʦ ʬʫʥʢʮʽʾ ʘʢʪʠʚʘʮʽʾ, ʷʢʘ 

ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʧʝʚʥʫ ʥʝʣʽʥʽʡʥʫ ʬʫʥʢʮʽʶ. ʌʫʥʢʮʽʷ ʦʧʠʩʫʻ ʟʘʣʝʞʥʽʩʪʴ 

ʚʠʭʽʜʥʦʛʦ ʟʥʘʯʝʥʥʷ ʥʝʡʨʦʥʘ ʚʽʜ ʟʥʘʯʝʥʥʷ ʥʘ ʚʭʦʜʽ. 

ʆʙô̒ ʜʥʘʥʥʷ ʰʘʨʽʚ (ʩʘʙʜʠʩʢʨʝʪʠʟʘʮʽʷ), ʚʠʢʦʥʫʻʪʴʩʷ ʜʣʷ ʟʤʝʥʰʝʥʥʷ 

ʨʦʟʤʽʨʥʦʩʪʽ, ʟʤʝʥʰʫʶʯʠ ʢʽʣʴʢʽʩʪʴ ʧʘʨʘʤʝʪʨʽʚ ʥʘ ʚʭʦʜʽ. ʇʦʜʽʙʥʦ ʜʦ ʟʛʦʨʪʢʦʚʦʛʦ 

ʰʘʨʫ, ʦʧʝʨʘʮʽʷ ʦʙô̒ ʜʥʘʥʥʷ ʚʠʢʦʥʫʻ ʬʫʥʢʮʽʶ ʬʽʣʴʪʨʘʮʽʾ ʧʦ ʚʩʽʭ ʚʭʦʜʘʭ, ʘʣʝ ʬʽʣʴʪʨ 

ʥʝ ʤʘʻ ʞʦʜʥʠʭ ʚʘʛ. ʅʘʪʦʤʽʩʪʴ ʷʜʨʦ ʮʴʦʛʦ ʰʘʨʫ ʟʘʩʪʦʩʦʚʫʻ ʬʫʥʢʮʽʶ ʘʛʨʝʛʫʚʘʥʥʷ 

ʜʦ ʟʥʘʯʝʥʴ ʨʝʮʝʧʪʠʚʥʦʛʦ ʧʦʣʷ. ɯʩʥʫʻ ʜʚʘ ʦʩʥʦʚʥʠʭ ʪʠʧʠ ʦʙô̒ ʜʥʘʥʥʷ: 

1. ʄʘʢʩʠʤʘʣʴʥʝ ʦʙô̒ ʜʥʘʥʥʷ. ʇʝʨʝʙʠʨʘʶʯʠ ʫʩʽ ʚʭʽʜʥʽ ʟʥʘʯʘʯʝʥʥʷ, ʬʽʣʴʪʨ 

ʦʙʠʨʘʻ ʟʥʘʯʝʥʥʷ, ʧʦʜʘʥʝ ʥʘ ʚʭʽʜ (ʫ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʧʝʚʥʫ ʦʙʣʘʩʪʴ 

ʟʦʙʨʘʞʝʥʥʷ) ʟ ʤʘʢʩʠʤʘʣʴʥʠʤ ʟʥʘʯʝʥʥʷʤ ʧʝʚʥʦʛʦ ʢʨʠʪʝʨʽʶ ʜʣʷ ʚʽʜʧʨʘʚʢʠ ʫ 

ʚʠʭʽʜʥʠʡ ʤʘʩʠʚ. 

2. ʉʝʨʝʜʥʻ ʦʙô̒ ʜʥʘʥʥʷ. ʌ̔ ʣʴʪʨ ʦʙʯʠʩʣʶʻ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʩʝʨʝʜ ʧʽʢʩʝʣʽʚ 

ʧʝʚʥʦʾ ʜʽʣʷʥʢʠ ʟʦʙʨʘʞʝʥʥʷ, ʷʢʝ ʥʘʜʩʠʣʘʻʪʴʩʷ ʫ ʚʠʭʽʜʥʠʡ ʤʘʩʠʚ. 

ʇʽʩʣʷ ʢʽʣʴʢʦʭ ʰʘʨʽʚ ʟʛʦʨʪʢʠ ʪʘ ʦʙô̒ ʜʥʘʥʥʷ ʽʥʬʦʨʤʘʮʽʷ ʫ ʘʣʛʦʨʠʪʤʽ 

ʧʝʨʝʪʚʦʨʶʶʪʴʩʷ ʟ ʥʘʙʦʨʫ ʧʽʢʩʝʣʽʚ ʟʦʙʨʘʞʝʥʥʷ ʟ ʚʠʩʦʢʦʶ ʨʦʟʜʽʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ 

ʜʦ ʙʽʣʴʰ ʘʙʩʪʨʘʢʪʥʠʭ ʥʘʙʦʨʽʚ ʦʟʥʘʢ, ʷʢ ʧʨʘʚʠʣʦ ʟ ʢʦʞʥʠʤ ʥʘʩʪʫʧʥʠʤ ʰʘʨʦʤ 

ʯʠʩʣʦ ʢʘʥʘʣʽʚ ʟʙʽʣʴʰʫʻʪʴʩʷ, ʨʦʟʤʽʨʥʽʩʪʴ ʟʦʙʨʘʞʝʥʥʷ ʚ ʢʦʞʥʦʤʫ ʢʘʥʘʣʽ 

ʟʤʝʥʰʫʻʪʴʩʷ. ɿʨʝʰʪʦʶ ʟʘʣʠʰʘʻʪʴʩʷ ʚʝʣʠʢʠʡ ʥʘʙʽʨ ʢʘʥʘʣʽʚ, ʱʦ ʟʙʝʨʽʛʘʶʪʴ 

ʥʝʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʜʘʥʠʭ, ʷʢʽ ʽʥʪʝʨʧʨʝʪʫʶʪʴʩʷ ʷʢ ʧʝʚʥʽ ʦʟʥʘʢʠ, ʚʠʷʚʣʝʥʽ ʟ 

ʚʭʽʜʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ. ʎʽ ʜʘʥʽ ʦʙô̒ ʜʥʫʶʪʴʩʷ ʽ ʧʝʨʝʜʘʶʪʴʩʷ ʥʘ ʟʚʠʯʘʡʥʫ 

ʧʦʚʥʦʟʚô̫ ʟʥʫ ʥʝʡʨʦʥʥʫ ʤʝʨʝʞʫ, ʷʢʘ ʪʝʞ ʤʦʞʝ ʩʢʣʘʜʘʪʠʩʷ ʟ ʜʝʢʽʣʴʢʦʭ ʰʘʨʽʚ [47]. 

ʇʨʠ ʮʴʦʤʫ ʧʦʚʥʦʟʚô̫ ʟʥʽ ʰʘʨʠ ʚʞʝ ʚʪʨʘʯʘʶʪʴ ʧʨʦʩʪʦʨʦʚʫ ʩʪʨʫʢʪʫʨʫ ʧʽʢʩʝʣʽʚ ʽ 

ʤʘʶʪʴ ʚʽʜʥʦʩʥʦ ʥʝʚʝʣʠʢʫ ʨʦʟʤʽʨʥʽʩʪʴ, ʧʦʨʽʚʥʶʶʯʠ ʟ ʧʝʨʚʠʥʥʦʶ. 

ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʟʥʘʯʝʥʴ ʚʘʛʽʚ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʥʘʩʪʫʧʥʘ ʬʦʨʤʫʣʘ: 
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ʜʝ l  ï ʬʫʥʢʮʽʷ ʧʝʨʝʭʨʝʩʥʦʾ ʝʥʪʨʦʧʽʾ. ɿʘʜʘʯʘ ʦʧʪʠʤʽʟʘʮʽʾ (4.3) ʚʠʨʽʰʫʻʪʴʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʽʚ ʟʚʦʨʦʪʥʦʛʦ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʪʘ ʩʪʦʭʘʩʪʠʯʥʦʛʦ ʛʨʘʜʽʻʥʪʥʦʛʦ 

ʩʧʫʩʢʫ. ʇʽʩʣʷ ʦʪʨʠʤʘʥʥʷ ʟʥʘʯʝʥʥʷ ʚʘʛ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʰʘʨʽʚ ʟʛʦʨʪʢʠ 

ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʟʘʛʘʣʴʥʫ ʩʪʨʫʢʪʫʨʫ ʟʛʦʨʪʢʦʚʦʾ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ. ʉʪʨʫʢʪʫʨʫ 

ʦʪʨʠʤʘʥʦʾ ʟʛʦʨʪʢʦʚʦʾ ʤʝʨʝʞʽ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 4.1. 

 

ɿʦʙʨʘʞʝʥʥʷ

ɿʛʦʨʪʢʦʚʠʡ 

ʰʘʨ

ʐʘʨ 

ʦʙô̒ʜʥʘʥʥʷ

̊͊ͪ 1

ɿʛʦʨʪʢʦʚʠʡ 

ʰʘʨ

ʐʘʨ 

ʦʙô̒ʜʥʘʥʥʷ

̊͊ͪ 5

ɺʠʭʽʜʥʝ ʟʥʘʯʝʥʥʷ 

ʤʦʜʝʣʽ

ʐʘʨ ʧʦʚʥʦʛʦ 

ʟô̒ʜʥʘʥʥʷ 2

ʐʘʨ ʧʦʚʥʦʛʦ 

ʟô̒ʜʥʘʥʥʷ 1

...

 

ʈʠʩʫʥʢʦʢ 4.1 ï ʉʪʨʫʢʪʫʨʘ ʟʛʦʨʪʢʦʚʦʾ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʜʣʷ ʘʥʘʣʽʟʫ 

ʟʦʙʨʘʞʝʥʴ 

 

ʇʽʩʣʷ ʚʠʟʥʘʯʝʥʥʷ ʟʘʛʘʣʴʥʦʾ ʩʪʨʫʢʪʫʨʠ ʤʝʨʝʞʽ ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠʩʴ ʟ 

ʜʞʝʨʝʣʦʤ ʜʘʥʠʭ ʜʣʷ ʾʾ ʥʘʚʯʘʥʥʷ. ɼʣʷ ʧʦʙʫʜʦʚʠ ʤʦʜʝʣʽ, ʷʢʘ ʙ ʢʦʨʝʢʪʥʦ ʘʥʘʣʽʟʫʚʘʣʘ 

ʟʦʙʨʘʞʝʥʥʷ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʤʽʢʨʦʨʦʙʦʪʽʚ ʫ ʪʽʣʽ ʣʶʜʠʥʠ ʥʝʦʙʭʽʜʥʦ ʟʘʙʝʟʧʝʯʠʪʠ 

ʪʨʝʥʫʚʘʥʥʷ ʤʝʨʝʞʽ ʜʘʥʠʤʠ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʧʦʩʪʘʚʣʝʥʽʡ ʟʘʜʘʯʽ. ɼʣʷ ʮʴʦʛʦ ʥʘ 

ʟʦʙʨʘʞʝʥʥʷ ʥʘʢʣʘʜʘʶʪʴʩʷ ʧʝʚʥʽ ʦʙʤʝʞʝʥʥʷ. ʇʝʨʰ ʟʘ ʚʩʝ ʟʦʙʨʘʞʝʥʥʷ ʤʘʶʪʴ ʙʫʪʠ 

ʦʪʨʠʤʘʥʥʷ ʰʣʷʭʦʤ ʩʢʘʥʫʚʘʥʥʷ ʪʽʣʘ ʣʶʜʠʥʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʫʣʴʪʨʘʟʚʫʢʫ. ʇʦ-ʜʨʫʛʝ 



55 
 

ʥʘ ʟʦʙʨʘʞʝʥʥʷʭ ʤʘʶʪʴ ʟʥʘʭʦʜʠʪʠʩʴ ʨʦʙʦʪʠ, ʷʢʽ ʙʫʜʫʪʴ ʤʘʪʠ ʪʘʢʫ ʞ ʬʦʨʤʫ ʷʢ ʽ ʫ 

ʨʦʟʨʦʙʣʶʚʘʥʽʡ ʩʠʩʪʝʤʽ. ʇʦ-ʪʨʝʪʻ ʨʦʙʦʪʠ ʤʘʶʪʴ ʟʥʘʭʦʜʠʪʠʩʴ ʫ ʨʽʟʥʠʭ 

ʧʦʣʦʞʝʥʥʷʭ ʥʘ ʟʥʽʤʢʘʭ. ʇʨʠ ʜʦʪʨʠʤʘʥʥʽ ʮʠʭ ʦʙʤʝʞʝʥʴ ʘʣʛʦʨʠʪʤ ʘʥʘʣʽʟʫ ʤʘʪʠʤʝ 

ʚʠʩʦʢʫ ʪʦʯʥʽʩʪʴ ʪʘ ʟʤʦʞʝ ʚʽʜʩʪʝʞʫʚʘʪʠ ʥʝ ʣʠʰʝ ʧʦʣʦʞʝʥʥʷ ʘ ʡ ʦʨʽʻʥʪʘʮʽʶ 

ʚʽʜʥʦʩʥʦ ʪʽʣʘ. 

ʆʩʢʽʣʴʢʠ ʦʙʤʝʞʝʥʥʷ ʜʦ ʪʨʝʥʫʚʘʣʴʥʠʭ ʜʘʥʠʭ ʚʽʜʥʦʩʥʦ ʞʦʨʩʪʢʽ, ʘ ʜʦʩʪʫʧ ʜʦ 

ʤʝʜʠʯʥʠʭ ʜʘʥʠʭ ʻ ʢʦʥʬʽʜʝʥʮʽʡʥʦʶ ʽʥʬʦʨʤʘʮʽʻʶ ʥʝʦʙʭʽʜʥʦ ʩʪʚʦʨʠʪʠ ʥʘʚʯʘʣʴʥʫ 

ʚʠʙʽʨʢʫ ʩʘʤʦʩʪʽʡʥʦ. ɼʣʷ ʢʨʘʱʦʾ ʨʦʙʦʪʠ ʘʣʛʦʨʠʪʤʫ ʥʝʦʙʭʽʜʥʦ ʟʘʙʝʟʧʝʯʠʪʠ ʡʦʛʦ 

ʪʨʝʥʫʚʘʥʥʷ ʥʘ ʷʢʦʤʦʛʘ ʙʽʣʴʰʽʡ ʢʽʣʴʢʦʩʪʽ ʟʨʘʟʢʽʚ ʜʘʥʠʭ. ʇʽʜ ʟʨʘʟʢʘʤʠ ʜʘʥʠʭ 

ʤʘʻʪʴʩʷ ʥʘ ʫʚʘʟʽ ʨʽʟʥʽ ʧʦʣʦʞʝʥʥʷ ʨʦʙʦʪʘ ʚʽʜʥʦʩʥʦ ʪʽʣʘ ʪʘ ʨʽʟʥʽ ʚʠʜʠ ʪʢʘʥʠʥʠ. ʅʘ 

ʨʠʩʫʥʢʘʭ 4.2, 4.3 ʪʘ 4.4 ʟʦʙʨʘʞʝʥʦ ʤʦʞʣʠʚʽ ʚʘʨʽʘʥʪʠ ʟʥʽʤʢʽʚ ʜʣʷ ʪʨʝʥʫʚʘʥʥʷ 

ʘʣʛʦʨʠʪʤʫ.  

 

ʈʠʩʫʥʢʦʢ 4.2 ï ɿʦʙʨʘʞʝʥʥʷ ʟ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʘʧʘʨʘʪʫ ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ 

ʨʦʙʦʪʘ ʫ ʪʽʣʽ 

ʅʘ ʨʠʩʫʥʢʫ 4.2 ʟʦʙʨʘʞʝʥʦ ʟʥʽʤʦʢ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʘʧʘʨʘʪʫ ʙʝʟ ʥʘʷʚʥʦʛʦ 

ʨʦʙʦʪʘ ʫ ʪʽʣʽ. 
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ʈʠʩʫʥʢʦʢ 4.3 ï ɿʦʙʨʘʞʝʥʥʷ ʟ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʘʧʘʨʘʪʫ ʟ ʤʽʢʨʦʨʦʨʦʙʦʪʦʤ ʫ 

ʪʽʣʽ ʣʶʜʠʥʠ ʫ ʤʦʤʝʥʪ ʯʘʩʫ ὸ 

 

ɿ ʨʠʩʫʥʢʫ 4.3 ʟʦʙʨʘʞʝʥʦ ʟʥʽʤʦʢ ʋɿɼ ʪʽʣʘ ʣʶʜʠʥʠ ʟ ʤʽʢʨʦʨʦʨʦʙʦʪʦʤ ʫ 

ʧʝʚʥʠʡ ʤʦʤʝʥʪ ʯʘʩʫ. ʆʩʢʽʣʴʢʠ ʤʽʢʨʦʨʦʙʦʪ ʧʝʨʝʤʽʱʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʧʝʨʝʢʦʯʫʚʘʥʥʷ ʫ ʨʽʟʥʽ ʤʦʤʝʥʪʠ ʯʘʩʫ ʚʽʥ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʟʥʽʤʢʘʭ ʫ ʨʽʟʥʠʭ 

ʧʦʣʦʞʝʥʥʷʭ ʚʽʜʥʦʩʥʦ ʪʽʣʘ ʣʶʜʠʥʠ ʪʘ ʧʦʩʪʽʡʥʦ ʟʤʽʥʶʻ ʦʨʽʻʥʪʘʮʽʶ ʚʽʜʥʦʩʥʦ ʥʴʦʛʦ. 

ɿ ʨʠʩʫʥʢʫ 4.4 ʚʠʜʥʦ, ʱʦ ʟ ʧʣʠʥʦʤ ʯʘʩʫ, ʧʨʠ ʚʧʣʠʚʽ ʟʦʚʥʽʰʥʴʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ 

ʨʦʙʦʪ ʟʤʽʥʠʚ ʧʦʣʦʞʝʥʥʷ ʚʽʜʥʦʩʥʦ ʧʝʨʰʦʛʦ ʩʪʘʥʫ, ʟʦʙʨʘʞʝʥʦʛʦ ʥʘ ʨʠʩʫʥʢʫ 4.3. 

ɿʘʜʘʯʝʶ ʘʣʛʦʨʠʪʤʫ ʘʥʘʣʽʟʫ ʟʦʙʨʘʞʝʥʴ ʫ ʜʘʥʽʡ ʩʠʩʪʝʤʽ ʻ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʨʦʙʦʪʘ 

ʩʝʨʝʜ ʽʥʰʠʭ ʚʠʜʽʚ ʦʙôʻʢʪʽʚ ʪʘ ʚʠʷʚʣʝʥʥʷ ʟʤʽʥʠ ʧʦʣʦʞʝʥʥʷ ʤʽʢʨʦʨʦʙʦʪʘ ʫ ʪʽʣʽ. 

ʊʘʢʠʤ ʯʠʥʦʤ ʥʝʦʙʭʽʜʥʦ ʨʦʟʧʽʟʥʘʪʠ ʤʽʢʨʦʨʦʙʦʪ ʥʘ ʫʩʽʭ ʟʦʙʨʘʞʝʥʥʷʭ, ʷʢʽ ʡʦʛʦ 

ʤʽʩʪʷʪʴ ʪʘ ʚʠʟʥʘʯʠʪʠ ʥʘʧʨʷʤʦʢ ʧʝʨʝʤʽʱʝʥʥʷ ʨʦʙʦʪʘ ʚʽʜʥʦʩʥʦ ʡʦʛʦ ʧʦʯʘʪʢʦʚʦʛʦ 

ʪʘ ʧʦʧʝʨʝʜʥʴʦʛʦ ʩʪʘʥʽʚ. 
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ʈʠʩʫʥʢʦʢ 4.4 ï ɿʦʙʨʘʞʝʥʥʷ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʘʧʘʨʘʪʫ ʟ ʤʽʢʨʦʨʦʨʦʙʦʪʦʤ ʫ 

ʪʽʣʽ ʣʶʜʠʥʠ ʫ ʤʦʤʝʥʪ ʯʘʩʫ ὸ 

 

ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʧʦʜʽʙʥʠʭ ʜʘʥʠʭ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʪʨʝʥʫʚʘʥʥʷ ʘʣʛʦʨʠʪʤʫ 

ʥʝʦʙʭʽʜʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʩʠʥʪʝʪʠʯʥʽ ʟʘʤʽʥʥʠʢʠ ʪʢʘʥʠʥʠ, ʷʢʽ ʥʘʛʘʜʫʶʪʴ ʪʢʘʥʠʥʠ ʫ 

ʦʨʛʘʥʽʟʤʽ ʣʶʜʠʥʠ ʟ ʪʦʯʢʠ ʟʦʨʫ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʤʝʪʦʜʫ ʩʢʘʥʫʚʘʥʥʷ. ʅʝʤʘʻ 

ʤʦʞʣʠʚʦʩʪʽ ʧʨʦʚʦʜʠʪʠ ʟʙʽʨ ʜʘʥʠʭ ʫ ʪʽʣʽ ʣʶʜʠʥʠ, ʦʩʢʽʣʴʢʠ ʥʘ ʝʪʘʧʽ ʨʦʟʨʦʙʢʠ 

ʩʠʩʪʝʤʠ ʥʝʤʘʻ ʣʘʥʢʠ, ʷʢʘ ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʟʚʦʨʦʪʥʽʡ ʟʚô̫ ʟʦʢ ʟ ʨʦʙʦʪʦʤ ʫ ʪʽʣʽ, ʘʜʞʝ 

ʩʘʤʝ ʜʣʷ ʮʴʦʛʦ ʨʦʟʨʦʙʣʷʻʪʴʩʷ ʜʘʥʠʡ ʘʣʛʦʨʠʪʤ ʘʥʘʣʽʟʫ. ɿʘ ʚʽʜʩʫʪʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ 

ʧʨʦ ʧʦʣʦʞʝʥʥʷ ʨʦʙʦʪʘ ʥʝʤʦʞʣʠʚʦ ʧʨʦʚʦʜʠʪʠ ʪʦʯʥʝ ʢʝʨʫʚʘʥʥʷ ʨʦʙʦʪʦʤ, ʘ ʪʦʤʫ  ̒

ʤʦʞʣʠʚʽʩʪʴ ʚʪʨʘʪʠ ʨʦʙʦʪʘ ʫ ʦʨʛʘʥʽʟʤʽ.  

ʇʨʠ ʦʪʨʠʤʘʥʥʽ ʥʝʦʙʭʽʜʥʦʾ ʢʽʣʴʢʦʩʪʽ ʜʘʥʠʭ ʜʣʷ ʪʨʝʥʫʚʘʥʥʷ (ʽʩʥʫʶʯʽ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʠʤʘʛʘʶʪʴ ʧʨʠʥʘʡʤʘʥʥʽ 300 ʥʘʙʦʨʽʚ ʟʥʽʤʢʽʚ ʫ ʣʶʜʝʡ ʨʽʟʥʦʾ ʩʪʘʪʽ ʪʘ 

ʚʽʢʫ) ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʥʘʪʠ ʨʦʟʤʽʪʢʫ ʥʘʷʚʥʠʭ ʟʨʘʟʢʽʚ. ʈʦʟʤʽʪʢʦʶ ʫ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ 

ʻ ʚʠʜʽʣʝʥʥʷ ʤʽʢʨʦʨʦʙʦʪʫ ʥʘ ʟʥʽʤʢʫ. ʎʝ ʥʝʦʙʭʽʜʥʦ ʜʣʷ ʪʦʛʦ ʱʦʙ ʧʽʜ ʯʘʩ ʪʨʝʥʫʚʘʥʥʷ 

ʤʝʨʝʞʘ ʨʦʟʫʤʽʣʘ, ʜʝ ʜʽʡʩʥʦ ʨʦʟʪʘʰʦʚʘʥʠʡ ʰʫʢʘʥʠʡ ʦʙô̒ ʢʪ ʪʘ ʫ ʷʢʦʤʫ ʧʦʣʦʞʝʥʥʽ 

ʚʽʥ ʟʥʘʭʦʜʠʪʴʩʷ. ʇʽʩʣʷ ʪʨʝʥʫʚʘʥʥʷ ʘʣʛʦʨʠʪʤʫ ʚʽʥ ʤʦʞʝ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʠʡ ʜʣʷ 

ʘʥʘʣʽʟʫ ʧʦʣʦʞʝʥʥʷ ʨʦʙʦʪʘ ʫ ʪʽʣʽ ʣʶʜʠʥʠ. ɿ ʥʘʜʭʦʜʞʝʥʥʷʤ ʥʦʚʠʭ ʜʘʥʠʭ ʪʘ ʧʽʩʣʷ 
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ʪʝʩʪʫʚʘʥʥʷ ʥʘʷʚʥʦʾ ʤʦʜʝʣʽ ʤʦʞʣʠʚʦ ʧʨʦʚʦʜʠʪʠ ʢʦʨʝʢʮʽʶ ʚʘʛ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ 

ʨʝʟʫʣʴʪʘʪʫ ʨʦʙʦʪʠ. 

 

ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 

 

 ʋ ʜʘʥʦʤʫ ʨʦʟʜʽʣʽ ʙʫʣʦ ʨʦʟʛʣʷʥʫʪʦ ʤʝʪʦʜ ʜʣʷ ʘʥʘʣʽʟʫ ʧʦʣʦʞʝʥʥʷ 

ʤʽʢʨʦʨʦʙʦʪʘ ʫ ʪʽʣʽ ʣʶʜʠʥʠ ʜʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʟʚʦʨʦʪʥʦʛʦ ʟʚô̫ ʟʢʫ. ɹʫʣʦ 

ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʫʩʽ ʩʫʯʘʩʥʽ ʜʽʭʦʜʠ ʜʦ ʚʠʨʽʰʝʥʥʷ ʟʘʚʜʚʥʥʷ ʪʘ ʨʦʟʨʦʙʣʝʥʦ 

ʩʪʨʫʢʪʫʨʫ ʟʛʦʨʪʢʦʚʦʾ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʦʙô̒ ʢʪʫ. ʊʘʢʦʞ ʙʫʣʦ 

ʦʧʠʩʘʥʦ ʤʝʪʦʜ ʦʪʨʤʘʥʥʷ ʧʝʨʚʠʥʥʠʭ ʜʘʥʠʭ ʜʣʷ ʪʨʝʥʫʚʘʥʥʷ ʤʝʨʝʞʽ ʪʘ ʾʭ 

ʧʦʩʪʦʙʨʦʙʢʠ. 
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5 ʈʆɿʈʆɹʃɽʅʅʗ ʊɸ ʆʇʀʉ ʉʊʈʋʂʊʋʈʅʆɰ ʉʍɽʄʀ 

 

ʉʠʩʪʝʤʫ ʢʝʨʫʚʘʥʥʷ ʤʘʛʥʽʪʥʠʤ ʤʽʢʨʦʨʦʙʦʪʦʤ ʟʘʛʘʣʴʥʦ ʤʦʞʥʦ ʨʦʟʜʽʣʠʪʠ ʥʘ: 

ʤʽʢʨʦʨʦʙʦʪ, ʧʽʜʩʠʩʪʝʤʘ ʤʘʛʥʽʪʥʦʾ ʚʟʷʘʻʤʦʜʽʾ, ʧʽʜʩʠʩʪʝʤʘ ʟʚʦʨʦʪʥʦʛʦ ʟʚôʟʢʫ. 

ʄʽʢʨʦʨʦʙʦʪ ʧʨʝʜʩʪʘʚʣʷʻ ʤʘʡʞʝ ʝʣʝʤʝʥʪʘʨʥʫ ʯʘʩʪʠʥʫ ʩʠʩʪʝʤʠ, ʪʦʤʫ ʙʽʣʴʰ 

ʜʦʢʣʘʜʥʦ ʫ ʜʘʥʦʤʫ ʨʦʟʜʽʣʽ ʙʫʜʫʪʴ ʦʧʠʩʘʥʽ ʧʽʜʩʠʩʪʝʤʠ ʤʘʛʥʽʪʥʦʾ ʚʟʘʻʤʦʜʽʾ ʪʘ 

ʟʚʦʨʦʪʥʦʛʦ ʟʚô̫ ʟʢʫ. ʆʧʠʩ ʧʦʙʫʜʦʚʠ ʩʠʩʪʝʤʠ ʟʦʙʨʘʞʝʥʦ ʥʘ ʩʪʨʫʢʪʫʨʥʽʡ ʩʭʝʤʽ. 

ɼʘʥʘ ʩʭʝʤʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʫ ʜʦʜʘʪʢʫ ɺ ʽ ʧʨʝʜʩʪʘʚʣʷʻ ʪʝ, ʷʢ ʧʦʚô̫ ʟʘʥʽ ʤʽʞ ʩʦʙʦʶ 

ʦʢʨʝʤʽ ʝʣʝʤʝʥʪʠ, ʷʢ ʚʠʢʦʥʫʻʪʴʩʷ ʢʝʨʫʚʘʥʥʷ ʪʘ ʧʝʨʝʜʘʻʪʴʩʷ ʽʥʬʦʨʤʘʮʽʷ. ʋʩʶ 

ʩʪʨʫʢʪʫʨʫ ʩʠʩʪʝʤʠ ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʥʘ ʪʘʢʽ ʤʦʜʫʣʽ: ʤʦʜʫʣʴ ʜʘʚʘʯʽʚ, ʤʦʜʫʣʴ 

ʚʠʢʦʥʘʚʯʠʭ ʧʨʠʩʪʨʦʾʚ, ʤʦʜʫʣʴ ʧʝʨʝʪʚʦʨʝʥʥʷ ʪʘ ʫʟʛʦʜʞʝʥʥʷ, ʤʦʜʫʣʴ ʦʙʯʠʩʣʝʥʴ, 

ʤʦʜʫʣʴ ʚʚʦʜʫ / ʚʠʚʦʜʫ. ʂʦʞʝʥ ʽʟ ʤʦʜʫʣʽʚ ʫ ʩʚʦʶ ʯʝʨʛʫ ʪʘʢʦʞ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʦʢʨʝʤʠʭ ʝʣʝʤʝʥʪʽʚ. ʄʦʜʫʣʴ ʜʘʚʘʯʽʚ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʘʢʠʭ ʝʣʝʤʝʥʪʽʚ: 

- ʜʘʚʘʯʽ ʢʝʨʫʚʘʥʥʷ ʦʙʝʨʪʽʚ ʜʚʠʛʫʥʽʚ ʤʘʛʥʽʪʥʠʭ ʥʘʧʨʷʤʥʠʭ; 

- ʜʘʚʘʯ ʢʝʨʫʚʘʥʥʷ ʦʙʝʨʪʽʚ ʜʚʠʛʫʥʘ ʧʦʟʜʦʚʞʥʴʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ; 

- ʜʘʚʘʯ ʩʠʣʠ ʤʘʛʥʽʪʥʦʛʦ ʧʦʪʦʢʫ;  

- ʜʘʚʘʯʽ ʚʝʢʪʦʨʫ ʤʘʛʥʽʪʥʦʛʦ ʧʦʪʦʢʫ; 

- ʜʘʚʘʯ ʤʘʛʥʽʪʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ;  

- ʜʘʚʘʯ ʫʣʴʪʨʘʟʚʫʢʦʚʦʾ ʧʨʦʥʠʢʥʦʩʪʽ;  

- ʛʘʟʦʚʽ ʜʝʪʝʢʪʦʨʠ (ʂʊ); 

- ʪʚʝʨʜʦʪʽʣʽ ʜʝʪʝʢʪʦʨ (ʂʊ). 

ɹʣʦʢ ʜʘʚʘʯʽʚ ʢʝʨʫʚʘʥʥʷ ʜʚʠʛʫʥʽʚ ʤʘʛʥʽʪʥʠʭ ʥʘʧʨʷʤʥʠʭ ʤʽʩʪʠʪʴ ʯʦʪʠʨʠ 

ʜʘʚʘʯʘ ʦʙʝʨʪʽʚ. ɺʦʥʠ ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʯʘʩʪʦʪʫ ʦʙʝʨʪʽʚ 

ʢʦʞʥʦʛʦ ʨʫʰʽʡʥʦʛʦ ʜʚʠʛʫʥʘ ʜʣʷ ʧʦʨʽʚʥʷʥʥʷ ʟ ʥʝʦʙʭʽʜʥʦʶ ʯʘʩʪʦʪʦʶ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʽʜʪʨʠʤʢʠ ʥʝʦʙʭʽʜʥʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ. ɼʘʚʘʯʽ ʜʘʥʦʛʦ ʙʣʦʢʫ 

ʧʽʜʢʣʶʯʝʥʽ ʜʦ ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ ʧʨʠʩʪʨʦʶ ʯʝʨʝʟ ʙʣʦʢ ʧʝʨʝʪʚʦʨʝʥʥʷ.  

ɼʘʚʘʯ ʢʝʨʫʚʘʥʥʷ ʜʚʠʛʫʥʘ ʧʦʟʜʦʚʞʥʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ ʥʝʦʙʭʽʜʥʠʡ ʜʣʷ 

ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʯʘʩʪʦʪʫ ʦʙʝʨʪʽʚ ʢʦʞʥʦʛʦ ʨʫʰʽʡʥʦʛʦ ʜʚʠʛʫʥʘ ʜʣʷ 
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ʧʦʨʽʚʥʷʥʥʷ ʟ ʥʝʦʙʭʽʜʥʦʶ ʯʘʩʪʦʪʦʶ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʽʜʪʨʠʤʢʠ ʥʝʦʙʭʽʜʥʦʛʦ 

ʧʦʣʦʞʝʥʥʷ ʧʘʮʽʻʥʪʘ ʧʽʜ ʤʘʛʥʽʪʥʠʤ ʪʫʥʝʣʝʤ. 

ɼʘʚʘʯ ʩʠʣʠ ʤʘʛʥʽʪʥʦʛʦ ʧʦʪʦʢʫ ʥʝʦʙʭʽʜʥʠʡ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ ʧʨʠʩʪʨʦʶ ʽʥʬʦʨʤʘʮʽʻʶ ʧʨʦ ʩʠʣʫ ʤʘʛʥʽʪʥʦʛʦ ʧʦʪʦʢʫ, ʷʢʠʡ 

ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʦ ʨʦʙʦʪʘ. 

ɼʘʚʘʯ ʚʝʢʪʦʨʘ ʤʘʛʥʽʪʥʦʛʦ ʧʦʪʦʢʫ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ 

ʧʨʠʩʪʨʦʻʤ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʚʝʢʪʦʨ ʤʘʛʥʽʪʥʦʛʦ ʧʦʪʦʢʫ, ʷʢʠʡ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʦ 

ʨʦʙʦʪʘ. 

 ɼʘʚʘʯ ʤʘʛʥʽʪʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ 

ʱʦʜʦ ʤʠʪʪʻʚʦʾ ʤʘʛʥʽʪʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ ʪʽʣʘ ʣʶʜʠʥʠ ʜʣʷ ʢʨʘʱʦʛʦ ʢʝʨʫʚʘʥʥʷ 

ʤʘʛʥʽʪʥʠʤ ʨʦʙʦʪʦʤ.  

ɼʘʚʘʯ ʫʣʴʪʨʘʟʚʫʢʦʚʦʾ ʧʨʦʥʠʢʥʦʩʪʽ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʦʪʨʠʤʘʥʥʷ 

ʽʥʬʦʨʤʘʮʽʾ ʱʦʜʦ ʤʠʪʪʻʚʦʾ ʫʣʴʪʨʘʟʚʫʢʦʚʦʾ ʧʨʦʥʠʢʥʦʩʪʽ ʪʽʣʘ ʣʶʜʠʥʠ ʜʣʷ ʢʨʘʱʦʛʦ 

ʢʝʨʫʚʘʥʥʷ ʤʘʛʥʽʪʥʠʤ ʨʦʙʦʪʦʤ, ʟʘʚʜʷʢʠ ʦʧʨʘʮʶʚʘʥʥʶ ʟʘʚʘʜ. 

ɻʘʟʦʚʽ ʪʘ ʪʚʝʨʜʦʪʽʣʽ ʜʝʪʝʢʪʦʨʠ ʂʊ ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʥʘʣʝʞʥʦʾ ʨʦʙʦʪʠ ʂʊ, ʜʣʷ 

ʨʦʟʨʦʙʣʝʥʥʷ ʤʦʜʝʣʽ ʪʽʣʘ ʣʶʜʠʥʠ. 

ɹʣʦʢ ʚʠʢʦʥʘʚʯʠʭ ʧʨʠʣʘʜʽʚ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʥʘʩʪʫʧʥʠʭ ʝʣʝʤʝʥʪʽʚ: 

- ʙʣʦʢ ʜʚʠʛʫʥʽʚ ʦʙʝʨʪʫ ʤʘʛʥʽʪʥʠʭ ʥʘʧʨʷʤʥʠʭ; 

- ʜʚʠʛʫʥ ʧʦʟʜʦʚʞʥʴʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ; 

- ʢʦʪʫʰʢʠ ʛʝʥʝʨʘʮʽʾ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ;  

- ʪʨʘʥʩʬʦʨʤʘʪʦʨ; 

- ʙʣʦʢ ʢʝʨʫʚʘʥʥʷ ʯʘʩʪʦʪʦʶ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ;  

- ʝʣʝʢʪʨʦʥʥʦ-ʧʨʦʤʝʥʝʚʘ ʪʨʫʙʢʘ (ʂʊ); 

- ʛʝʥʝʨʘʪʦʨ (ʂʊ);  

- ʚʠʧʨʦʤʽʥʽʚʘʯ-ʜʝʪʝʢʪʦʨ (ʩʦʥʦʛʨʘʬ).  



61 
 

ɹʣʦʢ ʜʚʠʛʫʥʽʚ ʦʙʝʨʪʫ ʤʘʛʥʽʪʥʠʭ ʥʘʧʨʷʤʥʠʭ ʤʽʩʪʠʪʴ ʯʦʪʠʨʠ ʜʚʠʛʫʥʠ. ɺʦʥʠ 

ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʦʙʝʨʪʘʥʥʷ ʤʘʛʥʽʪʥʠʭ ʥʘʧʷʨʤʥʠʭ ʜʣʷ ʥʘʣʘʰʪʫʚʘʥʥʷ ʥʝʦʙʭʽʜʥʦʛʦ 

ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ. 

ɼʚʠʛʫʥ ʧʦʟʜʦʚʞʥʴʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ ʥʝʦʙʭʽʜʥʠʡ ʜʣʷ ʧʝʨʝʤʽʱʝʥʥʷ 

ʤʘʛʥʽʪʥʦʛʦ ʪʫʥʝʣʷ ʥʘʜ ʧʘʮʽʻʥʪʦʤ, ʜʣʷ ʥʘʣʘʰʪʫʚʘʥʥʷ ʥʝʦʙʭʽʜʥʦʛʦ ʤʘʛʥʽʪʥʦʛʦ 

ʧʦʣʷ. 

ʂʦʪʫʰʢʠ ʛʝʥʝʨʘʮʽʾ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʛʝʥʝʨʫʚʘʥʥʷ ʤʘʛʥʽʪʥʦʛʦ 

ʧʦʣʷ ʥʝʦʙʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʜʣʷ ʚʧʣʠʚʫ ʥʘ ʤʘʛʥʽʪʥʠʡ ʨʦʙʦʪ. 

ʊʨʘʥʩʬʦʨʤʘʪʦʨ ʥʝʦʙʭʽʜʥʠʡ ʜʣʷ ʥʘʣʘʰʪʫʚʘʥʥʷ ʥʝʦʙʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʜʣʷ 

ʢʦʨʝʢʪʥʦʾ ʨʦʙʦʪʠ ʢʦʪʫʰʦʢ ʛʝʥʝʨʘʮʽʾ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʪʘ ʧʽʜʙʦʨʫ ʧʦʪʫʞʥʦʩʪʽ 

ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ. 

ɹʣʦʢ ʢʝʨʫʚʘʥʥʷ ʯʘʩʪʦʪʦʶ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ ʥʝʦʙʭʽʜʥʠʡ ʜʣʷ ʥʘʣʘʰʪʫʚʘʥʥʷ 

ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ ʜʣʷ ʢʦʨʝʢʪʥʦʾ ʨʦʙʦʪʠ ʢʦʪʫʰʦʢ ʛʝʥʝʨʘʮʽʾ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʪʘ 

ʧʽʜʙʦʨʫ ʯʘʩʪʦʪʠ ʦʙʝʨʪʫ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ. 

ɽʣʝʢʪʨʦʥʥʦ-ʧʨʦʤʝʥʝʚʘ ʪʨʫʙʢʘ ʪʘ ʛʝʥʝʨʘʪʦʨ ʂʊ ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʪʘ 

ʚʠʧʨʦʤʽʥʝʥʥʷ ʝʣʝʢʪʨʦʥʽʚ, ʷʢʽ ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʪʽʣʘ ʣʶʜʠʥʠ ʪʘ 

ʧʦʙʫʜʦʚʠ ʤʦʜʝʣʽ.  

ɺʠʧʨʦʤʽʥʽʚʘʯ-ʜʝʪʝʢʪʦʨ (ʩʦʥʦʛʨʘʬ) ʚʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʛʝʥʝʨʘʮʽʾ ʪʘ 

ʧʦʛʣʠʥʘʥʥʷ ʫʣʴʪʨʘʟʚʫʢʦʚʠʭ ʭʚʠʣʴ ʜʣʷ ʣʦʢʘʣʽʟʘʮʽʾ ʨʦʙʦʪʘ ʫ ʪʽʣʽ ʣʶʜʠʥʠ ʟ ʮʽʣʣʶ 

ʢʨʘʱʦʛʦ ʢʝʨʫʚʘʥʥʷ ʥʠʤ. 

ɹʣʦʢ ʧʨʠʩʪʨʦʾʚ ʚʚʦʜʫ / ʚʠʚʦʜʫ ʤʽʩʪʠʪʴ ʥʘʩʪʫʧʥʽ ʝʣʝʤʝʥʪʠ: 

- ʟʘʧʘʤôʷʪʦʚʫʶʯʠʡ ʧʨʠʩʪʨʽʡ; 

- ʙʣʦʢ ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ (ʂʊ); 

- ʙʣʦʢ ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ (ʩʦʥʦʛʨʘʬ); 

ɿʘʧʘʤô̫ ʪʦʚʫʶʯʠʡ ʧʨʠʩʪʨʽʡ ʟʘʙʝʟʧʝʯʫʻ ʟʙʝʨʝʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ 

ʜʦʩʣʽʜʞʝʥʥʷ, ʷʢʘ ʥʘʜʭʦʜʠʪʴ ʟ ʫʩʽʭ ʚʽʜʧʦʚʽʜʥʠʭ ʜʞʝʨʝʣ. ʗʢʱʦ ʜʽʣʷʥʢʘ ʪʽʣʘ, ʷʢʫ 

ʥʝʦʙʭʽʜʥʦ ʜʦʩʣʽʜʠʪʠ ʥʝʚʝʣʠʢʘ, ʪʦ ʽʥʬʦʨʤʘʮʽʷ ʤʦʞʝ ʟʙʝʨʽʛʘʪʠʩʷ ʫ ʧʦʚʥʦʤʫ ʦʙʩʷʟʽ 
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ʜʦ ʩʘʤʦʛʦ ʢʽʥʮʷ ʜʦʩʣʽʜʞʝʥʥʷ ʫ ʙʣʦʢʘʭ ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ. ʗʢʱʦ ʜʽʣʷʥʢʘ ʚʝʣʠʢʘ 

ï ʯʘʩʪʠʥʘ ʽʥʬʦʨʤʘʮʽʾ ʤʦʞʝ ʙʫʪʠ ʧʝʨʝʜʘʥʘ ʜʦ ʮʝʥʪʨʫ ʧʦʩʪʦʙʨʦʙʢʠ ʪʘ ʚʠʜʘʣʝʥʘ. 

ɿʯʠʪʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʟ ʜʘʥʦʛʦ ʧʨʠʩʪʦʨʶ ʤʦʞʝ ʚʠʢʦʥʫʚʘʪʠʩʴ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʰʚʠʜʢʽʩʥʦʛʦ ʽʥʪʝʨʬʝʡʩʫ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ. ɺʽʥ ʙʫʜʝ ʧʽʜôʻʜʥʝʥʠʡ ʜʦ ʙʣʦʢʽʚ ʦʙʨʦʙʢʠ 

ʽʥʬʦʨʤʘʮʽʾ. ɼʘʥʠʡ ʽʥʪʝʨʬʝʡʩ ʟʘʙʝʟʧʝʯʠʪʴ ʜʦʩʪʫʧ ʜʦ ʽʥʬʦʨʤʘʮʽʾ, ʙʝʟ ʧʝʨʝʜʘʯʽ ʜʦ 

ʮʝʥʪʨʫ ʧʦʩʪʦʙʨʦʙʢʠ. ʎʝ ʤʦʞʝ ʙʫʪʠ ʢʦʨʠʩʥʠʤ ʫ ʜʝʷʢʠʭ ʥʘʜʟʚʠʯʘʡʥʠʭ ʜʣʷ ʩʠʩʪʝʤʠ 

ʩʠʪʫʘʮʽʷʭ. ɺʦʥʘ ʤʦʞʝ ʙʫʪʠ ʥʘʣʘʰʪʦʚʘʥʘ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʫ ʨʘʟʽ ʜʦʩʪʫʧʫ ʜʦ 

ʧʨʠʩʪʨʦʶ ʟʙʝʨʝʞʝʥʥʷ ʜʘʥʠʭ ʨʦʙʦʪʘ ʥʝʙʘʞʘʥʠʭ ʦʙôʻʢʪʽʚ ʫʩʽ ʜʘʥʥʽ ʚʠʜʘʣʷʣʠʩʴ 

ʘʚʪʦʤʘʪʠʯʥʦ.  

ɹʣʦʢ ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ (ʂʊ) ʪʘ ʙʣʦʢ ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ (ʩʦʥʦʛʨʘʬ) 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʦʩʪʦʙʨʦʙʢʫ ʽʥʬʦʨʤʘʮʽʾ, ʷʢʘ ʥʘʜʘʥʘ ʟ ʮʠʭ ʜʚʦʭ ʧʨʠʩʪʨʦʾʚ. ʅʘ ʾʾ 

ʦʩʥʦʚʽ ʤʦʞʥʘ ʚʽʜʥʘʡʪʠ ʥʝ ʪʽʣʴʢʠ ʤʦʜʝʣʴ ʪʽʣʘ, ʘʣʝ ʱʝ ʡ ʜʽʟʥʘʪʠʩʷ ʪʝ ʷʢ ʚʦʥʦ 

ʧʦʚʦʜʠʪʴʩʷ ʫ ʯʘʩʽ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʪʝʭʥʦʣʦʛʽʾ ʤʘʰʠʥʥʦʛʦ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʦʙʨʘʟʽʚ 

ʤʦʞʣʠʚʦ ʧʦʙʫʜʫʚʘʪʠ ʧʦʚʥʫ ʤʘʧʫ ʧʦ ʷʢʽʡ ʤʘʻ ʨʫʭʘʪʠʩʴ ʤʽʢʨʦʨʦʙʦʪ ʪʘ 

ʚʽʜʩʪʝʞʫʚʘʪʠ ʡʦʛʦ ʨʫʭʠ ʫ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʝʬʝʢʪʠʚʥʦ 

ʢʝʨʫʚʘʪʠ ʨʦʙʦʪʦʤ. ʊʘʢʦʞ, ʟ ʧʣʠʥʦʤ ʯʘʩʫ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʤʘʧʫ ʦʥʦʚʣʶʚʘʪʠʤʝʪʴʩʷ, 

ʦʩʢʽʣʴʢʠ ʤʦʞʣʠʚʽ ʥʝʪʦʯʥʦʩʪʽ ʧʨʠ ʧʝʚʠʥʥʽʡ ʧʦʙʫʜʦʚʽ ʤʦʜʝʣʽ ʪʘ ʤʽʥʽʤʘʣʴʥʘ ʟʤʽʥʘ 

ʧʦʣʦʞʝʥʷ ʣʶʜʠʥʠ. ɼʘʥʽ ʙʣʦʢʠ ʤʘʶʪʴ ʙʨʘʪʠ ʥʘ ʩʝʙʝ ʯʘʩʪʠʥʫ ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʟ ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ ʧʨʠʩʪʨʦʶ, ʦʩʢʽʣʴʢʠ ʦʧʝʨʘʮʽʾ ʦʙʨʦʙʢʠ 

ʟʦʙʨʘʞʝʥʴ ʚʠʤʘʛʘʶʪʴ ʜʦʩʠʪʴ ʚʝʣʠʢʦʾ ʧʦʪʫʞʥʦʩʽ. 

ʅʘʡʛʦʣʦʚʥʽʰʠʤ ʝʣʝʤʝʥʪʦʤ ʩʠʩʪʝʤʠ ʻ ʦʙʯʠʩʣʶʚʘʣʴʥʠʡ ʧʨʠʩʪʨʽʡ. ɺʽʥ 

ʟʙʠʨʘʻ ʫʩʶ ʽʥʬʦʨʤʘʮʽʶ ʪʘ ʛʝʥʝʨʫʻ ʢʝʨʫʶʯʽ ʩʠʛʥʘʣʠ ʜʦ ʚʠʢʦʥʘʚʯʠʭ ʧʨʠʣʘʜʽʚ. ɺ 

ʫʤʦʚʘʭ ʨʦʟʨʦʙʣʶʚʘʥʦʾ ʩʠʩʪʝʤʠ ʚʠʤʦʛʠ ʜʦ ʦʙʯʠʩʣʶʚʘʥʦʛʦ ʧʨʠʩʪʨʦʶ ʜʦʩʠʪʴ 

ʚʠʩʦʢʽ, ʦʩʢʽʣʴʢʽ ʦʙʩʷʛ ʪʘ ʬʦʨʤʘʪ ʚʭʽʜʥʠʭ ʜʘʥʠʭ ʧʦʪʨʝʙʫʻ ʚʝʣʠʢʦʾ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ 

ʩʧʨʦʤʦʞʥʦʩʪʽ. ʇʨʠ ʦʙʨʦʙʮʽ ʟʦʙʨʘʞʝʥʴ ʜʣʷ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʦʙʨʘʟʽʚ ʥʝʦʙʭʽʜʥʠʡ 

ʰʚʠʜʢʠʡ ʪʘ ʥʘʜʽʡʥʠʡ ʧʨʠʩʪʨʽʡ, ʷʢʠʡ ʤʘʪʠʤʝ ʟʤʦʛʫ ʦʪʨʠʤʫʚʘʪʠ, ʢʦʨʝʛʫʚʘʪʠ ʪʘ 

ʥʘʜʘʚʘʪʠ ʽʥʬʦʨʤʘʮʽʶ ʱʦʜʦ ʧʦʣʦʞʝʥʥʷ ʤʘʛʥʽʪʽʚ ʪʘ ʩʠʣʠ ʾʭ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ, ʘʙʠ 

ʚʧʣʠʚʘʪʠ ʥʘ ʨʦʙʦʪʘ ʥʘʡʦʧʪʠʤʘʣʴʥʽʰʠʤ ʯʠʥʦʤ. ʆʙʯʠʩʣʶʚʘʣʴʥʠʡ ʧʨʠʩʪʨʽʡ 
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ʧʦʚô̫ʟʘʥʠʡ ʟ ʜʘʚʘʯʘʤʠ ʪʘ ʚʠʢʦʥʫʶʯʠʤʠ ʧʨʠʩʪʨʦʷʤʠ ʯʝʨʝʟ ʙʣʦʢʠ ʧʝʨʝʪʚʦʨʝʥʥʷ ʪʘ 

ʫʟʛʦʜʞʝʥʥʷ ʘʙʠ ʧʨʠʡʤʘʪʠ ʪʘ ʧʝʨʝʜʘʚʘʪʠ ʣʠʰʝ ʮʠʬʨʦʚʠʡ ʩʠʛʥʘʣ. ʎʝ ʧʦʣʝʛʰʫʻ 

ʚʟʘʻʤʦʜʽʶ ʟ ʧʝʨʝʬʝʨʽʡʥʠʤʠ ʧʨʠʣʘʜʘʤʠ ʪʘ ʜʘʻ ʟʤʦʛʫ ʙʽʣʴʰ ʰʚʠʜʢʦ ʪʘ ʷʢʽʩʥʦ 

ʦʧʝʨʚʫʪʠ ʽʥʬʦʨʤʘʮʽʻʶ.  

 

ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 

 

ʋ ʜʘʥʦʤʫ ʨʦʟʜʽʣʽ ʙʫʣʦ ʨʦʟʛʣʷʥʫʪʦ ʟʘʛʘʣʴʥʫ ʩʪʨʫʢʪʫʨʫ ʩʠʩʪʝʤʠ, ʾʾ ʦʩʥʦʚʥʽ 

ʩʢʣʘʜʦʚʽ ʯʘʩʪʠʥʠ ʪʘ ʾʭ ʟʚôʷʟʦʢ ʦʜʠʥ ʟ ʦʜʥʠʤ. ʅʘ ʜʘʥʦʤʫ ʝʪʘʧʽ ʧʨʦʝʢʪʫʚʘʥʥʷ ʻ 

ʫʷʚʣʝʥʥʷ ʧʨʦ ʪʝ, ʷʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʤʘʶʪʴ  ʦʙʣʘʜʘʪʠ ʫʩʽ ʝʣʝʤʝʥʪʠ ʩʠʩʪʝʤʠ, 

ʪʘʢʽ ʷʢ: ʜʘʚʘʯʽ, ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʠ, ʜʚʠʛʫʥʠ ʽ ʪ. ʜ. ʈʦʟʨʦʙʣʝʥʘ ʟʘʛʘʣʴʥʘ ʩʭʝʤʘ 

ʢʝʨʫʚʘʥʥʷ ʨʦʙʦʪʦʤ. ɺʦʥʘ ʚʠʢʦʥʘʥʘ ʫ ʢʣʘʩʠʯʥʦʤʫ ʚʠʛʣʷʜʽ, ʢʦʣʠ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʦʜʠʥ ʦʙʯʠʩʣʶʚʘʣʴʥʠʡ ʧʨʠʩʪʨʽʡ, ʷʢʠʡ ʙʝʨʝ ʥʘ ʩʝʙʝ ʦʙʨʦʙʢʫ ʫʩʽʭ ʦʩʥʦʚʥʠʭ ʧʦʪʦʢʽʚ 

ʽʥʬʦʨʤʘʮʽʾ ʫ ʩʠʩʪʝʤʽ. ʎʝʡ ʧʨʠʩʪʨʽʡ ʤʘʻ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʦʙʨʦʙʢʫ ʽʥʬʦʨʤʘʮʽʾ ʨʽʟʥʠʭ 

ʧʽʜʩʠʩʪʝʤ ʨʦʙʦʪʘ: ʧʽʜʩʠʩʪʝʤʠ ʧʽʜʪʨʠʤʢʠ ʨʫʭʫ, ʧʽʜʩʠʩʪʝʤʠ ʜʦʩʣʽʜʞʝʥʥʷ, 

ʧʽʜʩʠʩʪʝʤʠ ʚʠʢʦʥʘʚʯʠʭ ʧʨʠʣʘʜʽʚ ʪʘ ʧʽʜʩʠʩʪʝʤʠ ʚʚʦʜʫ / ʚʠʚʦʜʫ ʽʥʬʦʨʤʘʮʽʾ. 
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6 ʄʆɼɽʃʖɺɸʅʅʗ ʈʆɹʆʊʀ ʉʀʉʊɽʄʀ 

 6.1 ʈʦʟʨʦʙʣʝʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʩʠʩʪʝʤʠ 

 

ɼʣʷ ʦʧʠʩʫ ʤʦʜʝʣʽ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʤʘʛʥʽʪʥʠʤ ʤʽʢʨʦʨʦʙʦʪʦʤ ʥʝʦʙʭʽʜʥʦ 

ʩʬʦʨʤʫʣʶʚʘʪʠ ʟ ʷʢʠʭ ʝʣʝʤʝʥʪʽʚ ʩʢʣʘʜʘʻʪʴʩʷ ʩʠʩʪʝʤʘ ʪʘ ʷʢ ʚʦʥʠ ʚʟʘʻʤʦʜʽʶʪʴ ʤʽʞ 

ʩʦʙʦʶ. ʋ ʙʽʣʴʰ ʘʙʩʪʨʘʢʪʥʦʤʫ ʨʦʟʫʤʽʥʥʽ ʩʠʩʪʝʤʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʦʩʥʦʚʥʠʭ 

ʝʣʝʤʝʥʪʽʚ: ʤʘʛʥʽʪʥʦʛʦ ʨʦʙʦʪʘ ʪʘ ʤʘʛʥʽʪʥʦʛʦ ʪʫʥʝʣʶ. ʈʦʙʦʪ ʟʥʘʭʦʜʠʪʴʩʷ ʚʩʝʨʝʜʠʥʽ 

ʪʽʣʘ ʣʶʜʠʥʠ ʪʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʦʚʥʽʰʥʴʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ, ʩʪʚʦʨʝʥʦʛʦ 

ʤʘʛʥʽʪʥʠʤ ʪʫʥʝʣʝʤ ʧʝʨʝʤʽʱʫʻʪʴʩʷ ʪʘ ʜʝʬʦʨʤʫʻʪʴʩʷ ʜʣʷ ʪʦʛʦ ʱʦʙ ʜʦʩʪʘʚʠʪʠ 

ʣʽʢʘʨʩʴʢʽ ʧʝʨʝʧʨʘʪʠ ʜʦ ʧʝʚʥʦʛʦ ʦʨʛʘʥʫ ʣʶʜʠʥʠ. ʄʘʛʥʽʪʥʠʡ ʪʫʥʝʣʴ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʧʝʚʥʦʾ ʢʽʣʴʢʦʩʪʽ ʨʫʭʦʤʠʭ ʝʣʝʢʪʨʦʤʘʛʥʽʪʽʚ, ʷʢʽ ʤʘʶʪʴ ʟʤʦʛʫ ʨʫʭʘʪʠʩʴ ʪʨʴʦʤʘ 

ʩʪʫʧʝʥʷʤʠ ʩʚʦʙʦʜʠ. ʊʘʢʘ ʢʦʥʩʪʨʫʢʮʽʷ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʫʩʽ ʢʦʥʬʽʛʫʨʘʮʽʾ 

ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ, ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʧʝʨʝʤʽʱʝʥʥʷ ʨʦʙʦʪʘ. ɿʘʛʘʣʴʥʦ, ʩʘʤ ʤʽʢʨʦʨʦʙʦʪ 

ʷʚʣʷʻ ʩʦʙʦʶ ʤʘʪʝʨʽʶ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʤʘʛʥʽʪʥʠʭ ʤʽʢʨʦʯʘʩʪʠʥʦʢ. ʇʦʣʶʩʠ ʮʠʭ 

ʯʘʩʪʠʥʦʢ ʥʘʧʨʘʚʣʝʥʽ ʫ ʧʨʦʩʪʦʨʽ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʧʨʠ ʧʦʪʨʘʧʣʷʥʥʽ ʨʦʙʦʪʘ ʧʽʜ 

ʜʽʶ ʟʦʚʥʽʰʥʴʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʨʦʙʦʪ ʜʝʬʦʨʤʫʚʘʚʩʷ ʧʝʚʥʠʤ ʯʠʥʦʤ. ʌʦʨʤʫ 

ʨʦʙʦʪʘ ʪʘ ʥʘʧʨʘʚʣʝʥʥʷ ʤʘʛʥʽʪʥʠʭ ʯʘʩʪʦʯʦʢ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 6.1. 

 

 

ʈʠʩʫʥʢʦʢ 6.1 ï ɿʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ ʤʘʛʥʽʪʥʦʛʦ ʤʽʢʨʦʨʦʙʦʪʘ 
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ʗʢ ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ, ʤʽʢʨʦʯʘʩʪʠʥʢʠ ʚ ʙʘʟʠʩʥʽʡ ʯʘʩʪʠʥʽ ʢʦʨʧʫʩʫ ʨʦʙʦʪʘ 

ʥʘʧʨʷʤʣʝʥʽ ʧʽʜ ʢʫʪʦʤ ʫ  ʜʦ ʥʦʨʤʘʣʽ, ʫ ʩʝʨʝʜʥʽʡ ʯʘʩʪʠʥʽ ʧʽʜ ʢʫʪʦʤ ʫ  ʪʘ ʫ 

ʢʽʥʮʝʚʠʭ ʯʘʩʪʠʥʘʭ ï ʫ . ʊʘʢʦʞ ʢʦʞʥʘ ʯʘʩʪʠʥʘ ʤʘʻ ʨʽʟʥʫ ʢʽʣʴʢʽʩʪʴ ʤʘʛʥʽʪʥʠʭ 

ʯʘʩʪʦʯʦʢ. ɹʘʟʠʩʥʘ ʯʘʩʪʠʥʘ ʤʽʩʪʠʪʴ ʙʣʠʟʴʢʦ ʦʜʥʽʻʾ ʪʠʩʷʯʽ, ʢʦʞʥʘ ʟ ʩʝʨʝʜʥʽʭ ʯʘʩʪʠʥ 

ʧʦ ʪʨʠ ʪʠʩʷʯʽ ʽ ʢʦʞʥʘ ʢʽʥʮʝʚʘ ï ʧʦ ʜʚʽ ʪʠʩʷʯʽ ʯʘʩʪʦʢ. ʊʘʢʘ ʢʦʥʬʽʛʫʨʘʮʽʷ ʤʘʪʝʨʽʾ 

ʜʦʟʚʦʣʷʻ ʥʘʣʝʞʥʠʤ ʯʠʥʦʤ ʜʝʬʦʨʤʫʚʘʪʠ ʪʘ ʧʝʨʝʤʽʱʫʚʘʪʠ ʨʦʙʦʪʘ. 

ʆʧʠʩʘʚʰʠ ʟʘʛʘʣʴʥʫ ʩʪʨʫʢʪʫʨʫ ʩʠʩʪʝʤʠ ʪʘ ʤʘʶʯʠ ʢʦʥʢʨʝʪʥʫ ʧʨʠʢʣʘʜʥʫ 

ʟʘʜʘʯʫ, ʧʦʪʨʽʙʥʦ ʙʽʣʴʰ ʜʝʪʘʣʴʥʦ ʦʧʠʩʘʪʠ ʱʦ ʩʘʤʝ ʪʘ ʷʢʠʤ ʯʠʥʦʤ ʤʘʻ ʚʠʢʦʥʫʚʘʪʠ 

ʩʠʩʪʝʤʘ ʜʣʷ ʚʟʘʻʤʦʜʽʾ ʟ ʨʦʙʦʪʦʤ. ʋ ʨʘʤʢʘʭ ʟʘʜʘʯʽ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʤʝʜʠʯʥʠʭ 

ʧʨʝʧʘʨʘʪʽʚ ʨʦʙʦʪ ʤʫʩʠʪʴ ʚʠʢʦʥʫʚʘʪʠ ʜʚʽ ʙʘʟʦʚʽ ʜʽʾ. ʇʝʨʰʘ ʜʽʷ ï ʧʝʨʝʤʽʱʝʥʥʷ 

(ʧʝʨʝʢʦʯʫʚʘʥʥʷ) ʩʘʤʦʛʦ ʤʽʢʨʦʨʦʙʦʪʘ ʚ ʙʽʦʣʦʛʽʯʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ.  ɼʣʷ ʮʽʻʾ ʙʘʟʦʚʦʾ 

ʜʽʾ ʥʝʦʙʭʽʜʥʦ ʟʘʩʪʦʩʫʚʘʪʠ ʜʦ ʨʦʙʦʪʘ ʦʙʝʨʪʦʚʝ ʤʘʛʥʽʪʥʝ ʧʦʣʝ, ʷʢʝ, ʚʟʘʻʤʦʜʽʶʯʠ ʟ 

ʤʘʛʥʽʪʥʠʤ ʧʦʣʝʤ ʨʦʙʦʪʘ ʙʫʜʝ ʩʪʚʦʨʶʚʘʪʠ ʤʦʤʝʥʪ, ʧʝʨʝʢʦʯʫʶʯʠ ʡʦʛʦ, ʦʩʢʽʣʴʢʠ ʫ 

ʟʘʢʨʠʪʦʤʫ ʩʪʘʥʽ ʚʽʥ ʤʘʪʠʤʝ ʬʦʨʤʫ ʙʣʠʟʴʢʫ ʜʦ ʩʬʝʨʠʯʥʦʾ. ɼʨʫʛʦʶ ʙʘʟʦʚʦʶ ʜʽʻʶ ʻ 

ʟʘʢʨʠʚʘʥʥʷ ʪʘ ʨʦʟʢʨʠʚʘʥʥʷ ʢʦʨʧʫʩʫ ʨʦʙʦʪʘ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʘʭʦʧʣʶʚʘʪʠ ʣʽʢʘʨʩʴʢʠʡ 

ʧʨʝʧʘʨʘʪ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ. ʇʽʜ ʟʘʢʨʠʚʘʥʥʷʤ ʪʘ ʨʦʟʢʨʠʚʘʥʥʷʤ 

ʨʦʟʫʤʽʻʪʴʩʷ, ʱʦ ʤʽʢʨʦʨʦʙʦʪ ʙʫʜʝ ʟʤʽʥʶʚʘʪʠ ʢʫʪ ʥʘʭʠʣʫ ʡʦʛʦ ʩʝʨʝʜʥʽʭ ʪʘ ʢʽʥʮʝʚʠʭ 

ʯʘʩʪʠʥ (ʩʫʢʫʧʥʽʩʪʴ ʮʠʭ ʯʘʩʪʠʥ ʥʘʟʠʚʘʻʪʴʩʷ ʨʫʢʘʤʠ ʨʦʙʦʪʘ) ʚʽʜʥʦʩʥʦ ʙʘʟʠʩʥʦʾ. 

ɼʣʷ ʪʦʛʦ ʱʦʙ ʢʦʨʝʢʪʥʦ ʢʝʨʫʚʘʪʠ ʪʘʢʠʤ ʨʫʭʦʤ ʥʝʦʙʭʽʜʥʦ ʚʠʷʚʠʪʠ ʟʘʣʝʞʥʽʩʪʴ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʦʚʥʽʰʥʴʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʪʘ ʚʽʜʧʦʚʽʜʥʦʾ ʜʝʬʦʨʤʘʮʽʾ ʢʦʨʧʫʩʫ 

ʨʦʙʦʪʘ. ʆʪʞʝ, ʜʣʷ ʚʠʚʝʜʝʥʥʷ ʥʝʦʙʭʽʜʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʟʥʘʡʜʝʤʦ ʧʦʪʽʢ ʤʘʛʥʽʪʥʦʛʦ 

ʧʦʣʷ, ʷʢʠʡ ʤʘʻ ʚʠʥʠʢʘʪʠ ʫ ʧʽʜʩʠʩʪʝʤʽ ʤʘʛʥʽʪʥʦʛʦ ʪʫʥʝʣʶ. ʄʘʛʥʽʪʥʠʡ ʧʦʪʽʢ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ 

 

ext extB SF= , (6.1) 

 

ʜʝ extB ï ʤʘʛʥʽʪʥʘ ʽʥʜʫʢʮʽʷ ʢʦʪʫʰʢʠ ʟʦʚʥʽʰʥʴʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ,  extS ï 

ʧʣʦʱʘ ʟʦʚʥʽʰʥʴʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ. 
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ɼʣʷ ʪʦʛʦ ʱʦʙ ʟʥʘʡʪʠ ʤʘʛʥʽʪʥʠʡ ʧʦʪʽʢ ʥʝʦʙʭʽʜʥʦ ʦʙʯʠʩʣʠʪʠ ʤʘʛʥʽʪʥʫ 

ʽʥʜʫʢʮʽʶ ʟʦʚʥʽʰʥʴʦʛʦ ʧʦʣʷ. ɼʣʷ ʮʴʦʛʦ ʧʨʦʘʥʘʣʽʟʫʻʤʦ ʷʢʽ ʩʠʣʠ ʧʨʠʢʣʘʜʝʥʽ ʜʦ 

ʨʦʙʦʪʘ ʧʽʜ ʯʘʩ ʡʦʛʦ ʜʝʬʦʨʤʘʮʽʾ. ʇʝʨʰ ʟʘ ʚʩʝ ʧʨʠʢʣʘʜʝʥʘ ʩʠʣʘ ʚʟʘʻʤʦʜʽʾ ʤʘʛʥʽʪʥʠʭ 

ʯʘʩʪʦʯʦʢ ʫ ʢʦʨʧʫʩʽ ʨʦʙʦʪʘ ʪʘ ʟʦʚʥʽʰʥʴʦʛʦ ʤʘʛʥʽʪʘ. ʊʘʢʦʞ ʧʨʠʢʣʘʜʝʥʘ ʩʠʣʘ ʦʧʦʨʫ. 

ʆʩʢʽʣʴʢʠ ʨʦʙʦʪ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʨʽʜʠʥʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʪʘʢʠʡ ʚʠʜ ʦʧʦʨʫ ʙʫʜʝ 

ʙʽʣʴʰʠʤ ʥʽʞ ʫ ʧʦʚʽʪʨʷʥʦʤʫ, ʘʣʝ ʚʽʥ ʚʩʝ ʦʜʥʦ ʟʘʣʠʰʘʻʪʴʩʷ ʥʝ ʜʫʞʝ ʚʝʣʠʢʠʤ ʯʝʨʝʟ 

ʪʝ ʱʦ ʧʣʦʱʘ ʧʦʚʝʨʭʥʽ ʢʦʨʧʫʩʫ ʨʦʙʦʪʘ ʚʽʜʥʦʩʥʦ ʥʝʚʝʣʠʢʘ. ʊʘʢʦʞ ʧʨʠʢʣʘʜʝʥʘ ʩʠʣʘ 

ʪʷʞʽʥʥʷ, ʘʣʝ ʚʦʥʘ ʪʘʢʦʞ ʻ ʜʦʚʦʣʽ ʥʝʟʥʘʯʥʦʶ ʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʤʘʩʘ ʨʦʙʦʪʘ 

ʥʝʟʥʘʯʥʘ. ʊʘʢʠʤ ʯʠʥʦʤ ʚʟʘʻʤʦʜʽʶ ʫʩʽʭ ʩʠʣ ʤʦʞʥʘ ʦʧʠʩʘʪʠ ʥʘʩʪʫʧʥʠʤ ʚʠʨʘʟʦʤ 
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= - - , (6.2) 

 

ʜʝ extB ï ʤʘʛʥʽʪʥʘ ʽʥʜʫʢʮʽʷ ʢʦʪʫʰʢʠ ʟʦʚʥʽʰʥʴʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ,  tB  ï 

ʟʘʛʘʣʴʥʘ ʤʘʛʥʽʪʥʘ ʽʥʜʫʢʮʽʷ ʨʦʙʦʪʘ, Sï ʧʣʦʱʘ ʧʦʚʝʨʭʥʽ ʨʦʙʦʪʘ, mï ʤʘʛʥʽʪʥʘ 

ʧʨʦʥʠʢʥʽʩʪʴ ʪʽʣʘ ʣʶʜʠʥʠ, r ï ʛʫʩʪʠʥʘ ʢʨʦʚʽ, v  ï ʩʝʨʝʜʥʷ ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʤʽʱʝʥʥʷ 

ʨʦʙʦʪʘ, mï ʤʘʩʘ ʨʦʙʦʪʘ, g  ï ʧʦʩʪʽʡʥʘ ʛʨʘʚʽʪʘʮʽʡʥʘ ʩʪʘʣʘ. 

ɿ ʬʦʨʤʫʣʠ (6.2) ʤʘʛʥʽʪʥʘ ʽʥʜʫʢʮʽʷ ʟʦʚʥʽʰʥʴʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʚʠʟʥʘʯʘʻʪʴʩʷ 
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(6.3) 

 

ɼʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʤʘʛʥʽʪʥʦʾ ʽʥʜʫʢʮʽʾ ʟʦʚʥʽʰʥʴʦʛʦ ʧʦʣʷ ʥʝʦʙʭʽʜʥʦ ʟʥʘʡʪʠ 

ʤʘʛʥʽʪʥʫ ʽʥʜʫʢʮʽʶ ʧʦʣʷ ʢʦʨʧʫʩʫ ʨʦʙʦʪʘ. ɰʾ ʤʦʞʥʘ ʦʙʯʠʩʣʠʪʠ ʷʢ ʩʫʤʘʨʥʫ ʤʘʛʥʽʪʥʫ 

ʽʥʜʫʢʮʽʶ ʫʩʽʭ ʯʘʩʪʦʯʦʢ ʫ ʢʦʨʧʫʩʽ ʨʦʙʦʪʘ: 

 

n n nx y z

t ijk

i j k

B B=äää  (6.4) 
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ɸʣʝ ʪʘʢʠʡ ʚʠʨʘʟ ʥʝ ʻ ʚʽʨʥʠʤ ʫ ʧʦʚʥʽʡ ʤʽʨʽ, ʦʩʢʽʣʴʢʠ ʪʫʪ ʥʝ ʚʨʘʭʦʚʫʻʪʴʩʷ ʜʝʢʽʣʴʢʘ 

ʬʘʢʪʦʨʽʚ. ʇʝʨʰ ʟʘ ʚʩʝ, ʷʢ ʚʞʝ ʙʫʣʦ ʟʘʟʥʘʯʝʥʦ, ʫʩʽ ʯʘʩʪʦʯʢʠ, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʧʦʣʦʞʝʥʥʷ ʫ ʢʦʨʧʫʩʽ ʨʦʙʦʪʘ, ʥʘʧʨʷʤʣʝʥʽ ʧʽʜ ʨʽʟʥʠʤʠ ʢʫʪʘʤʠ ʜʦ ʥʦʨʤʘʣʽ. 

ʅʘʩʪʫʧʥʠʤ ʬʘʢʪʦʨʦʤ ʻ ʪʝ, ʱʦ ʢʦʥʮʝʥʪʨʘʮʽʷ ʯʘʩʪʦʯʦʢ ʫ ʨʽʟʥʠʭ ʯʘʩʪʠʥʘʭ ʢʦʨʧʫʩʫ 

ʨʦʙʦʪʘ ʚʽʜʨʽʟʥʷʻʪʴʩʷ. ʊʘʢʦʞ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʫʚʘʪʠ, ʱʦ ʯʘʩʪʦʯʢʠ, ʷʢʽ ʟʥʘʭʦʜʷʪʴʩʷ ʫ 

ʙʘʟʠʩʥʽʡ ʡʦʛʦ ʯʘʩʪʠʥʽ ʥʝ ʚʧʠʚʘʶʪʴ ʥʘ ʜʘʥʠʡ ʚʠʜ ʨʫʭʫ. ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʥʘʚʝʜʝʥʠʭ 

ʤʽʨʢʫʚʘʥʴ ʟʘʛʘʣʴʥʘ ʤʘʛʥʽʪʥʘ ʽʥʜʫʢʮʽʷ ʫʩʽʭ ʯʘʩʪʦʯʦʢ ʫ ʢʦʨʧʫʩʽ ʨʦʙʦʪʘ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ 

 

1 10,6 cos60 0,4 cos30t t tB N B N B= +  (6.5) 

 

 ʎʝʡ ʚʠʨʘʟ ʚʨʘʭʦʚʫʻ ʫʩʽ ʚʠʱʝʧʝʨʝʨʘʭʦʚʘʥʽ ʬʘʢʪʦʨʠ. ʋ ʥʴʦʤʫ 0,6 ʪʘ 0,4 

ʚʽʜʦʙʨʘʞʘʶʪʴ ʚʽʜʩʦʪʢʦʚʝ ʚʽʜʥʦʰʝʥʥʷ ʯʘʩʪʠʥʦʢ ʫ ʨʽʟʥʠʭ ʯʘʩʪʠʥʘʭ ʨʦʙʦʪʘ, ʦʢʨʽʤ 

ʙʘʟʠʩʥʦʛʦ ʤʦʜʫʣʷ. ʎʷ ʩʫʢʫʧʥʽʩʪʴ ʧʦʟʥʘʯʝʥʘ
tN. ɿ ʚʠʨʘʟʫ (6.5) ʚʠʜʥʦ, ʱʦ 

ʥʝʚʽʜʦʤʦʶ ʟʘʣʠʰʘʻʪʴʩʷ ʟʤʽʥʥʘ 
1B. ɺʦʥʘ ʧʦʟʥʘʯʘʻ ʤʘʛʥʽʪʥʫ ʽʥʜʫʢʮʽʶ ʦʜʥʽʻʾ 

ʯʘʩʪʦʯʢʠ ʫ ʢʦʨʧʫʩʽ ʨʦʙʦʪʘ ʪʘ ʦʧʠʩʫʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʚʠʨʘʟʦʤ. 
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ʜʝ mï ʤʘʛʥʽʪʥʘ ʧʨʦʥʠʢʥʽʩʪʴ ʪʽʣʘ ʣʶʜʠʥʠ, rï ʨʘʜʽʫʩ ʦʜʥʽʻʾ ʤʘʛʥʽʪʥʦʾ 

ʯʘʩʪʠʥʢʠ, Rï ʚʽʜʩʪʘʥʴ ʚʽʜ ʤʘʛʥʽʪʥʦʛʦ ʤʽʢʨʦʨʦʙʦʪʘ ʜʦ ʟʦʚʥʽʰʥʴʦʛʦ ʤʘʛʥʽʪʥʦʛʦ 

ʧʦʣʷ, Mï ʤʘʛʥʽʪʥʠʡ ʤʦʤʝʥʪ ʦʜʥʽʻʾ ʤʘʛʥʽʪʥʦʾ ʤʽʢʨʦʯʘʩʪʠʥʢʠ. 

ʋ ʮʽʡ ʬʦʨʤʫʣʽ ʚʠʨʘʞʝʥʦ ʨʦʟʧʦʜʽʣ ʤʘʛʥʽʪʥʦʾ ʽʥʜʫʢʮʽʾ ʧʦʚʝʨʭʥʝʶ ʯʘʩʪʠʥʢʠ 

ʯʝʨʝʟ ʤʘʛʥʽʪʥʠʡ ʤʦʤʝʥʪ. ʄʘʛʥʽʪʥʠʡ ʤʦʤʝʥʪ ʯʘʩʪʠʥʢʠ ʚʽʜʦʤʠʡ, ʦʩʢʽʣʴʢʠ 

ʥʘʜʘʻʪʴʩʷ ʚʠʨʦʙʥʠʢʦʤ. ʆʪʞʝ, ʤʘʶʯʠ ʫʩʽ ʥʝʦʙʭʽʜʥʽ ʚʠʨʘʟʠ, ʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʚʝʩʪʠ 
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ʢʽʥʮʝʚʫ ʬʦʨʤʫʣʫ ʜʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʤʘʛʥʽʪʥʦʛʦ ʧʦʪʦʢʫ ʟʦʚʥʽʰʥʴʦʛʦ ʤʘʛʥʽʪʥʦʛʦ 

ʧʦʣʷ. 
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(6.7) 

 

ʇʽʜʩʪʘʚʠʚʰʠ, ʫʩʽ ʚʽʜʦʤʽ ʟʤʽʥʥʽ ʤʘʻʤʦ ʟʤʦʛʫ ʨʦʟʨʘʭʫʚʘʪʠ ʟʥʘʯʝʥʥʷ 

ʤʘʛʥʽʪʥʦʛʦ ʧʦʪʦʢʫ ʜʣʷ ʧʽʜʡʦʤʫ ʨʫʢ ʨʦʙʦʪʘ. ʄʘʻʤʦ ʥʘʩʪʫʧʥʽ ʟʥʘʯʝʥʥʷ: ʛʫʩʪʠʥʘ 

ʢʨʦʚʽ 31050ʢʛ
ʤ

r= ; ʧʣʦʱʘ ʧʦʚʝʨʭʥʽ ʨʦʙʦʪʘ 6 22,5 10S ʤ-= ³ ; ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʨʫʢʠ 

ʨʦʙʦʪʘ 310 ʤv
ʩ

-= ; ʤʘʩʘ ʨʦʙʦʪʘ 32 10m ʢʛ-= ³ ; ʧʦʩʪʽʡʥʘ ʛʨʘʚʽʪʘʮʽʡʥʘ ʩʪʘʣʘ 

29,8ʤg
ʩ

= ; ʧʨʠʩʢʦʨʝʥʥʷ ʨʫʢʠ ʨʦʙʦʪʘ ʧʨʠ ʧʽʜʡʦʤʽ 3
210 ʤa
ʩ

-= ; ʧʣʦʱʘ ʢʦʪʫʰʢʠ 

ʟʦʚʥʽʰʥʴʦʛʦ ʝʣʝʢʪʨʦʤʘʛʥʽʪʫ 0,2extS ʤ= ; ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʤʘʛʥʽʪʥʠʭ ʯʘʩʪʦʯʦʢ, ʷʢʽ 

ʟʘʜʽʷʥʽ ʧʨʠ ʧʽʜʡʦʤʽ ʨʫʢʠ ʨʦʙʦʪʘ 15000tN = ; 3,14p= ; ʨʘʜʽʫʩ ʦʜʥʽʻʾ ʤʘʛʥʽʪʥʦʾ 

ʯʘʩʪʠʥʢʠ 62 10r ʤ-= ³ ; ʚʽʜʩʪʘʥʴ ʚʽʜ ʤʘʛʥʽʪʥʦʛʦ ʤʽʢʨʦʨʦʙʦʪʘ ʜʦ ʟʦʚʥʽʰʥʴʦʛʦ 

ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ 0,3R ʤ= ; ʤʘʛʥʽʪʥʠʡ ʤʦʤʝʥʪ ʦʜʥʽʻʾ ʤʘʛʥʽʪʥʦʾ ʤʽʢʨʦʯʘʩʪʠʥʢʠ 

26 22,1 10M ɸʤ-= ³ . ʆʪʨʠʤʘʥʝ ʟʥʘʯʝʥʥʷ ʤʘʛʥʽʪʥʦʛʦ ʧʦʪʦʢʫ ʟʦʚʥʽʰʥʴʦʛʦ ʤʘʛʥʽʪʥʦʛʦ 

ʧʦʣʷ ʩʪʘʥʦʚʠʪʴ 0,01ɺʙF= . ʊʘʢʝ ʟʥʘʯʝʥʥʷ ʥʝʦʙʭʽʜʥʝ ʜʣʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʽʜʡʦʤʫ 

ʨʫʢ ʨʦʙʦʪʘ ʜʦʛʦʨʠ. ʋ ʨʘʟʽ, ʷʢʱʦ ʥʝʦʙʭʽʜʥʦ ʜʝʬʦʨʤʫʚʘʪʠ ʨʦʙʦʪʘ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ 

ʨʫʢʠ ʙʫʣʠ ʚʽʜʢʨʠʪʽ ʥʝ ʧʦʚʥʽʩʪʶ, ʘ ʥʘ ʤʝʥʰʠʡ ʢʫʪ ʥʝʦʙʭʽʜʥʦ ʧʨʦʧʦʨʮʽʡʥʦ 

ʟʤʝʥʰʠʪʠ ʟʥʘʯʝʥʥʷ ʤʘʛʥʽʪʥʦʛʦ ʧʦʪʦʢʫ. ɼʣʷ ʙʽʣʴʰ ʪʦʯʥʠʭ ʚʽʜʥʦʰʝʥʴ ʤʽʞ ʢʫʪʦʤ 

ʚʽʜʭʠʣʝʥʥʷ ʨʫʢ-ʟʘʭʦʧʣʶʚʘʯʽʚ ʚʽʜ ʙʘʟʠʩʥʦʾ ʯʘʩʪʠʥʠ ʜʦ ʟʦʚʥʽʰʥʴʦʛʦ ʤʘʛʥʽʪʥʦʛʦ 

ʧʦʪʦʢʫ ʟʛʝʥʝʨʦʚʘʥʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʥʝʦʙʭʽʜʥʦ ʧʨʦʚʝʩʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ 

ʜʦʩʣʽʜʞʝʥʥʷ. ʋ ʥʘʩʪʫʧʥʦʤʫ ʨʦʟʜʽʣʽ ʙʫʜʝ ʧʨʦʚʝʜʝʥʦ ʤʦʜʝʣʶʚʘʥʥʷ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ 

ʟʘ ʚʠʟʥʘʯʝʥʠʤʠ ʟʘʢʦʥʘʤʠ. 
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6.2 ʄʦʜʝʣʶʚʘʥʥʷ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʫ ʧʘʢʝʪʽ MATLAB 

 

ʇʽʩʣʷ ʬʦʨʤʫʣʶʚʘʥʥʷ ʬʽʟʠʯʥʠʭ ʟʘʢʦʥʽʚ ʟʘ ʷʢʠʤʠ ʙʫʜʫʪʴ ʚʟʘʻʤʦʜʽʷʪʠ ʝʣʝʤʝʥʪʠ 

ʩʠʩʪʝʤʠ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʥʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʚʝʜʽʥʢʠ ʩʠʩʪʝʤʠ ʫ ʚʽʨʪʫʘʣʴʥʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ. ʄʦʜʝʣʴ ʙʫʣʘ ʧʦʙʫʜʦʚʘʥʘ ʫ ʧʘʢʝʪʽ MATLAB/Simscape. ʇʝʨʰ ʟʘ ʚʩʝ 

ʥʝʦʙʭʽʜʥʦ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʜʘʥʠʡ ʧʘʢʝʪ ʤʘʻ ʧʝʚʥʽ ʦʙʤʝʞʝʥʥʷ. ɺʦʥʠ ʧʦʚô̫ ʟʘʥʽ ʟ ʪʠʤ, 

ʱʦ ʦʩʥʦʚʥʦʶ ʟʘʜʘʯʝʶ ʮʴʦʛʦ ʧʘʢʝʪʫ ʻ ʤʦʜʝʣʶʚʘʥʥʷ ʨʫʭʫ ʤʝʭʘʥʽʯʥʠʭ ʧʨʠʣʘʜʽʚ. 

ʆʩʢʽʣʴʢʠ ʨʦʟʨʦʙʣʶʚʘʥʠʡ ʤʽʢʨʦʨʦʙʦʪ ʚʠʢʦʥʫʻ ʤʝʭʘʥʽʯʥʽ ʨʫʭʠ ʧʽʜ ʚʧʣʠʚʦʤ 

ʤʘʛʥʽʪʥʦʾ ʚʟʘʻʤʦʜʽʾ, ʘ ʥʝ ʟʘʚʜʷʢʠ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘʤ, ʧʥʝʚʤʘʪʠʯʥʠʤ ʘʙʦ 

ʛʽʜʨʘʚʣʽʯʥʠʤ ʧʨʠʣʘʜʘʤ, ʷʢʽ ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ ʤʝʭʘʥʽʯʥʠʭ ʩʠʩʪʝʤ, ʤʦʜʝʣʴ 

ʚʠʢʦʨʠʩʪʦʚʫʻ ʚʝʩʴ ʥʘʷʚʥʠʡ ʬʫʥʢʮʽʦʥʘʣ ʪʫʣʙʦʢʩʫ Simscape. ʗʢ ʟʘʟʥʘʯʘʣʦʩʷ, 

ʨʦʟʛʣʷʥʫʪʠʡ ʧʽʜʭʽʜ ʣʠʰʝ ʥʝʱʦʜʘʚʥʦ ʩʪʘʚ ʘʢʪʠʚʥʦ ʜʦʩʣʽʜʞʫʚʘʪʠʩʴ, ʪʦʤʫ ʥʘʨʘʟʽ 

ʥʝʤʘʻ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʟʘʩʦʙʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʷʢʽ ʙ ʥʘʜʘʚʘʣʠ ʙʽʣʴʰʝ ʤʦʞʣʠʚʦʩʪʝʡ 

ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʜʽʙʥʠʭ ʧʨʦʮʝʩʽʚ.  

ʆʩʢʽʣʴʢʠ ʜʘʥʠʡ ʧʘʢʝʪ ʧʨʠʟʥʘʯʝʥʦ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʤʝʭʘʥʽʯʥʠʭ ʩʠʩʪʝʤ, ʪʦʤʫ 

ʨʦʟʨʦʙʣʶʚʘʥʘ ʤʘʛʥʽʪʥʘ ʩʠʩʪʝʤʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʫ ʚʠʛʣʷʜʽ ʤʝʭʘʥʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ, 

ʘʣʝ ʢʝʨʫʻʪʴʩʷ ʟʘ ʦʧʠʩʘʥʠʤʠ ʚʠʱʝ ʬʽʟʠʯʥʠʤʠ ʟʘʢʦʥʘʤʠ. 

ʄʦʜʝʣʴ ʨʦʙʦʪʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʠʭ ʩʘʤʠʭ ʩʝʤʠ ʯʘʩʪʠʥ, ʷʢʽ ʙʫʣʠ ʦʧʠʩʘʥʽ ʧʨʠ 

ʧʦʙʫʜʦʚʽ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ. ʄʽʞ ʩʦʙʦʶ ʮʽ ʯʘʩʪʠʥʠ ʧʦʚôʷʟʘʥʽ ʟʘʚʜʷʢʠ 

ʝʣʝʤʝʥʪʘʤ ʧʘʢʝʪʫ, ʱʦ ʥʘʟʠʚʘʶʪʴʩʷ ʩʪʫʧʝʥʷʤʠ ʩʚʦʙʦʜʠ. ɼʘʥʽ ʝʣʝʤʝʥʪʠ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʥʝʦʙʭʽʜʥʠʡ ʨʫʭ ʫʩʽʭ ʯʘʩʪʠʥ ʨʦʙʦʪʘ ʚʽʜʥʦʩʥʦ ʦʜʥʘ ʦʜʥʦʾ ʪʘ 

ʟʦʚʥʽʰʥʴʦʛʦ ʧʨʦʩʪʦʨʫ. ɿʘʢʦʥʠ, ʟʘ ʷʢʠʤʠ ʮʝʡ ʨʫʭ ʚʠʢʦʥʫʻʪʴʩʷ ʟʘʣʝʞʘʪʴ ʚʽʜ ʪʦʛʦ 

ʷʢ ʥʘʣʘʰʪʦʚʘʥʽ ʜʘʥʽ ʝʣʝʤʝʥʪʠ ʪʘ ʷʢʽ ʩʠʛʥʘʣʠ ʚʦʥʠ ʦʪʨʠʤʫʶʪʴ ʥʘ ʚʭʽʜ. ɺʭʽʜʥʽ 

ʩʠʛʥʘʣʠ ʫ ʩʚʦʶ ʯʝʨʛʫ ʛʝʥʝʨʫʶʪʴʩʷ ʤʦʜʝʣʣʶ ʟʦʚʥʽʰʥʴʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʟʘ 

ʬʦʨʤʫʣʘʤʠ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ. 

ʄʦʜʝʣʴ ʩʠʩʪʝʤʠ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʯʘʩʪʠʥ: ʤʘʛʥʽʪʥʦʛʦ ʨʦʙʦʪʘ ʪʘ 

ʤʘʛʥʽʪʥʦʛʦ ʪʫʥʝʣʶ ʪʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʫ 6.2. 
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ʈʠʩʫʥʦʢ 6.2 ï ʄʦʜʝʣʴ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʤʘʛʥʽʪʥʠʤ ʤʽʢʨʦʨʦʙʦʪʦʤ 

 

ɼʣʷ ʙʽʣʴʰʦʾ ʘʙʩʪʨʘʢʮʽʾ ʤʘʛʥʽʪʥʠʡ ʪʫʥʝʣʴ ʫ ʤʦʜʝʣʽ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪ, ʷʢʠʡ ʟʤʽʥʶʻ ʤʘʛʥʽʪʥʠʡ ʧʦʪʽʢ ʪʘ ʩʚʦʻ ʧʦʣʦʞʝʥʥʷ ʫ ʧʨʦʩʪʦʨʽ. ʅʘ 

ʨʠʩʫʥʢʫ 6.1 ʚʠʜʥʦ ʮʽ ʜʚʘ ʙʘʟʦʚʽ ʧʘʨʘʤʝʪʨʠ, ʷʢʽ ʧʨʠʭʦʜʷʪʴ ʜʦ ʧʽʜʩʠʩʪʝʤʠ Micro-

Robot, ʷʢʘ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʤʦʜʝʣʶʻ ʨʫʭ ʨʦʙʦʪʘ. ʇʽʜʩʠʩʪʝʤʘ ʤʦʜʝʣʶʚʘʥʥʷ ʨʫʭʫ 

ʨʦʙʦʪʘ ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩʫʥʢʫ 6.3. 

 

 

ʈʠʩʫʥʦʢ 6.3 ï ʇʽʜʩʠʩʪʝʤʘ ʤʦʜʝʣʶʚʘʥʥʷ ʨʫʭʫ ʨʦʙʦʪʘ 

ɿʘʛʘʣʴʥʦ ʧʽʜʩʠʩʪʝʤʘ ʤʦʜʝʣʶʚʘʥʥʷ ʨʫʭʫ ʨʦʙʦʪʘ ʪʘʢʦʞ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʜʝʢʽʣʴʢʦʭ ʧʽʜʩʠʩʪʝʤ ʪʘ ʝʣʝʤʝʥʪʘʨʥʠʭ ʙʣʦʢʽʚ, ʢʦʞʥʘ ʟ ʷʢʠʭ ʦʧʠʩʫʻ ʧʝʨʝʤʽʱʝʥʥʷ ʫ 

ʧʨʦʩʪʦʨʽ ʦʢʨʝʤʦʾ ʯʘʩʪʠʥʠ ʨʦʙʦʪʘ. ʊʘʢʠʤ ʯʠʥʦʤ ʥʘ ʩʭʝʤʽ ʻ ʦʜʥʘ ʧʽʜʩʠʩʪʝʤʘ ʷʢʘ 
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ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʧʝʨʝʤʽʱʝʥʥʷ ʙʘʟʠʩʥʦʛʦ ʝʣʝʤʝʥʪʫ ʢʦʨʧʫʩʘ ʨʦʙʦʪʘ ʪʘ ʧʦ ʪʨʠ ʩʝʨʝʜʥʽʭ 

ʪʘ ʢʽʥʮʝʚʠʭ ʯʘʩʪʠʥʠ ʜʣʷ ʢʦʞʥʦʾ ʨʫʢʠ-ʟʘʭʦʧʣʶʚʘʯʘ. 

ʇʽʜʩʠʩʪʝʤʘ ʧʝʨʝʤʽʱʝʥʥʷ ʙʘʟʠʩʥʦʾ ʯʘʩʪʠʥʠ ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩʫʥʢʫ 6.4. 

 

 

ʈʠʩʫʥʦʢ 6.4 ï ʇʽʜʩʠʩʪʝʤʘ ʤʦʜʝʣʶʚʘʥʥʷ ʨʫʭʫ ʙʘʟʠʩʥʦʾ ʯʘʩʪʠʥʠ ʨʦʙʦʪʘ 

 

ɹʘʟʠʩʥʘ ʯʘʩʪʠʥʘ ʧʝʨʝʤʽʱʫʻʪʴʩʷ ʫ ʧʨʦʩʪʦʨʽ ʪʘ ʤʘʻ ʪʨʠ ʩʪʫʝʥʽ ʩʚʦʙʦʜʠ. ɼʣʷ 

ʢʦʞʥʦʛʦ ʟ ʥʠʭ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʙʣʦʢ Transform. ɺʽʥ ʚʠʟʥʘʯʘʻ ʟ ʷʢʦʶ ʰʚʠʜʢʽʩʪʶ 

ʪʘ ʫ ʷʢʦʤʫ ʥʘʧʨʷʤʢʫ ʙʫʜʝ ʧʝʨʝʤʽʱʘʪʠʩʷ ʝʣʝʤʝʥʪ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʧʣʠʚʫ 

ʟʦʚʥʽʰʥʴʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ. ʅʘʣʘʰʪʫʚʘʥʥʷ ʮʠʭ ʙʣʦʢʽʚ ʚʠʢʦʥʫʻʪʴʩʷ ʟ 

ʩʝʨʝʜʦʚʠʱʘ Matlab. ɿʘ ʜʦʧʦʤʦʛʦʶ ʙʣʦʢʫ Reference Frame ʧʽʜʩʠʩʪʝʤʘ ʙʘʟʠʩʥʦʾ 

ʯʘʩʪʠʥʠ ʤʘʻ ʟʚôʷʟʦʢ ʟ ʽʥʰʠʤʠ ʧʽʜʩʠʩʪʝʤʘʤʠ ʤʦʜʝʣʶʚʘʥʥʷ. ɹʣʦʢ Solid ʤʽʩʪʠʪʴ 

ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʚʽʜʦʙʨʘʞʫʚʘʥʫ ʤʦʜʝʣʴ ʙʘʟʠʩʥʦʾ ʯʘʩʪʠʥʠ ʨʦʙʦʪʘ. ʎʷ ʯʘʩʪʠʥʘ ʻ 

ʚʽʟʫʘʣʴʥʦʶ ʩʢʣʘʜʦʚʦʶ ʧʽʜʩʠʩʪʝʤʠ ʪʘ ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ ʧʨʠ ʩʠʤʫʣʷʮʽʾ ʧʨʦʮʝʩʫ. 

ʌʦʨʤʘ ʝʣʝʤʝʥʪʫ, ʷʢʠʡ ʚʽʙʨʘʞʘʻʪʴʩʷ ʙʫʣʘ ʩʧʨʦʝʢʪʦʚʘʥʘ ʚ ʩʝʨʝʜʦʚʠʱʽ 3D 

ʤʦʜʝʣʶʚʘʥʥʷ Solidworks. ɹʝʟʧʦʩʝʨʝʜʥʴʦ ʫ ʙʣʦʮʽ ʤʦʞʣʠʚʦ ʟʨʦʙʠʪʠ ʤʽʥʽʤʘʣʴʥʽ 

ʥʘʣʘʰʪʫʚʘʥʥʷ ʜʣʷ ʚʽʜʦʙʨʘʞʝʥʥʷ ʯʘʩʠʪʠʥʠ ʫ ʨʘʟʽ ʥʝʦʙʭʽʜʥʦʩʪʽ.  ʅʘʣʘʰʪʫʚʘʥʥʷ 

ʙʣʦʢʫ Solid ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 6.5.  
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ʈʠʩʫʥʦʢ 6.5 ï ʅʘʣʘʰʪʫʚʘʥʥʷ ʙʣʦʢʫ ʚʽʜʦʙʨʘʞʝʥʥʷ ʙʘʟʠʩʥʦʾ ʯʘʩʪʠʥʠ ʨʦʙʦʪʘ 

 

ʊʘʢʦʞ ʫ ʧʽʜʩʠʩʪʝʤʽ ʤʽʩʪʷʪʴʩʷ ʚʭʦʜʠ ʪʘ ʚʠʭʦʜʠ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʦʪʨʤʘʥʥʷ 

ʪʘ ʧʝʨʝʜʘʯʫ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʧʦʣʦʞʝʥʥʷ ʪʘ ʥʝʦʙʭʽʜʥʠʡ ʨʫʭ ʙʘʟʠʩʥʦʾ ʯʘʩʪʠʥʠ. 

ʇʽʜʩʠʩʪʝʤʘ ʩʝʨʝʜʥʴʦʾ ʯʘʩʪʠʥʠ ʨʦʙʦʪʘ ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩʫʥʢʫ 6.6. 

 

 

ʈʠʩʫʥʦʢ 6.6 ï ʇʽʜʩʠʩʪʝʤʘ ʤʦʜʝʣʶʚʘʥʥʷ ʨʫʭʫ ʩʝʨʝʜʥʴʦʾ ʯʘʩʪʠʥʠ ʨʦʙʦʪʘ 

ɼʘʥʠʡ ʙʣʦʢ ʤʦʜʝʣʶʻ ʨʫʭ ʩʝʨʝʜʥʴʦʾ ʯʘʩʪʠʥʠ ʨʦʙʦʪʘ. ɹʣʦʢʠ Transform 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʝʨʝʤʽʱʝʥʥʷ ʫ ʪʨʦʴʭ ʚʠʤʽʨʘʭ. ɹʣʦʢ Reference Frame ʟʘʙʝʟʧʝʯʫʻ 

ʟʚô̫ ʟʦʢ ʜʘʥʦʾ ʧʽʜʩʠʩʪʝʤʠ ʟ ʧʽʜʩʠʩʪʝʤʘʤʠ ʫʧʨʘʚʣʽʥʥʷ ʙʘʟʠʩʥʦʶ ʪʘ ʢʽʥʮʝʚʦʶ 

ʯʘʩʪʠʥʘʤʠ. ɺʽʥ ʥʝʦʙʭʽʜʥʦ ʜʣʷ ʧʨʘʚʠʣʴʥʦʛʦ ʚʽʜʥʦʩʥʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ ʫʩʽʭ 

ʝʣʝʤʝʥʪʽʚ ʢʦʨʧʫʩʘ ʨʦʙʦʪʘ. ɹʣʦʢ Solid ʚʽʜʦʙʨʘʞʘʻ ʤʦʜʝʣʴ ʩʝʨʝʜʥʴʦʾ ʯʘʩʪʠʥʠ 
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ʨʦʙʦʪʘ, ʬʦʨʤʘ ʷʢʦʾ ʧʦʧʝʨʝʜʥʴʦ ʙʫʣʘ ʩʧʨʦʝʢʪʦʚʘʥʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʦʙʤʝʞʝʥʴ 

ʪʫʣʙʦʢʩʫ Simscape.  ʅʘʣʘʰʪʫʚʘʥʥʷ ʙʣʦʢʫ Solid ʜʣʷ ʮʽʻʾ ʧʽʜʩʠʩʪʝʤʠ ʟʦʙʨʘʞʝʥʦ ʥʘ 

ʨʠʩʫʥʢʫ 6.7. 

 

 

ʈʠʩʫʥʦʢ 6.7 ï ʅʘʣʘʰʪʫʚʘʥʥʷ ʙʣʦʢʫ ʚʽʜʦʙʨʘʞʝʥʥʷ ʩʝʨʝʜʥʴʦʾ ʯʘʩʪʠʥʠ ʨʦʙʦʪʘ 

 

ʊʘʢʦʞ ʫ ʙʣʦʮʽ Solid ʤʦʞʣʠʚʦ ʥʘʣʘʰʪʫʚʘʪʠ ʬʽʟʠʯʥʽ ʧʘʨʘʤʝʪʨʠ, ʷʢʽ ʚʣʘʩʪʠʚʽ 

ʢʦʥʢʨʝʪʥʦʤʫ ʝʣʝʤʝʥʪʫ. ɺʦʥʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʙʽʣʴʰ ʪʦʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʪʘ ʟʙʝʨʝʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʝʣʝʤʝʥʪ ʙʽʣʴʰ ʣʦʢʘʣʴʥʦ ʜʦ ʤʽʩʮʷ ʡʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ. ʋ ʧʽʜʩʠʩʪʝʤʽ ʻ ʚʭʦʜʠ ʪʘ ʚʠʭʦʜʠ, ʷʢʽ ʧʦʚô̫ ʟʫʶʪʴ ʾʾ ʟ ʫʩʽʻʶ ʩʭʝʤʦʶ 

ʤʦʜʝʣʶʚʘʥʥʷ ʨʦʙʦʪʘ ʪʘ ʟʘʙʝʟʧʝʯʫʶʪʴ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʥʝʦʙʭʽʜʥʠʡ ʥʘʧʨʷʤʦʢ ʪʘ 

ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ. ʇʽʜʩʠʩʪʝʤ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʘ ʩʠʤʫʣʷʮʽʶ ʧʝʨʝʤʽʱʝʥʥʷ ʨʦʙʦʪʘ 

ʥʘ ʩʭʝʤʽ ʟʥʘʭʦʜʠʪʴʩʷ ʪʨʠ, ʦʩʢʽʣʴʢʠ ʫ ʨʦʙʦʪʘ ʪʨʠ ʨʫʢʠ-ʟʘʭʦʧʣʶʚʘʯʘ. 

ʆʩʪʘʥʥʽʤ ʝʣʝʤʝʥʪʦʤ ʩʭʝʤʠ, ʷʢʠʡ ʪʘʢʦʞ ʚʽʜʧʦʚʽʜʘʻ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟʘ 

ʧʝʨʝʤʽʱʝʥʥʷ ʨʦʙʦʪʘ ʻ ʧʽʜʩʠʩʪʝʤʘ ʢʽʥʮʝʚʦʾ ʯʘʩʪʠʥʠ. ʁʦʛʦ ʩʭʝʤʫ ʟʦʙʨʘʞʝʥʦ ʥʘ 

ʨʠʩʫʥʢʫ 6.8. 
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ʈʠʩʫʥʦʢ 6.8 ï ʇʽʜʩʠʩʪʝʤʘ ʤʦʜʝʣʶʚʘʥʥʷ ʨʫʭʫ ʢʽʥʮʝʚʦʾ ʯʘʩʪʠʥʠ ʨʦʙʦʪʘ 

 

ɼʘʥʠʡ ʤʦʜʫʣʴ ʦʧʠʩʫʻ ʨʫʭ ʢʽʥʮʝʚʦʾ ʯʘʩʪʠʥʠ ʨʦʙʦʪʘ ʚʽʜʥʦʩʥʦ ʩʝʨʝʜʥʴʦʾ 

ʯʘʩʪʠʥʠ ʪʘ ʚʽʜʥʦʩʥʦ ʩʝʨʝʜʦʚʠʱʘ ʤʦʜʝʣʶʚʘʥʥʷ ʟʘʚʜʷʢʠ ʜʚʦʤ ʙʣʦʢʘʤ Transform. 

ɺʠʭʦʜʠ ʤʦʜʫʣʶ ʪʘ ʙʣʦʢ Reference Frame ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʘ ʥʘʜʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ 

ʧʦʣʦʞʝʥʥʷ ʩʝʨʝʜʥʴʦʾ ʯʘʩʪʠʥʠ ʜʣʷ ʢʦʨʝʢʪʥʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ ʢʽʥʮʝʚʦʾ. ɹʣʦʢ Solid, 

ʷʢ ʽ ʚ ʫʩʽʭ ʽʥʰʠʭ ʧʽʜʩʠʩʪʝʤʘʭ, ʚʽʜʦʙʨʘʞʘʻ ʟʤʦʜʝʣʴʦʚʘʥʫ ʬʦʨʤʫ ʝʣʝʤʝʥʪʫ ʨʦʙʦʪʘ 

ʪʘ ʥʘʣʘʰʪʦʚʫʻ ʬʽʟʠʯʥʽ ʧʦʢʘʟʥʠʢʠ, ʷʢʽ ʽʡ ʚʣʘʩʪʠʚʽ (ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 6.9). 

ɼʘʥʘ ʧʽʜʩʠʩʪʝʤʘ ʪʘʢʦʞ ʧʨʝʜʩʪʘʚʣʝʥʘ ʫ ʟʘʛʘʣʴʥʦʤʫ ʤʦʜʫʣʽ ʧʝʨʝʤʽʱʝʥʥʷ ʨʦʙʦʪʦʤ 

ʫ ʪʨʴʦʭ ʝʢʟʝʤʧʣʷʨʘʭ, ʧʦ ʦʜʥʽʡ ʥʘ ʢʦʞʥʫ ʟ ʨʫʢ-ʟʘʭʦʧʣʶʚʘʯʽʚ. ɺʦʥʠ ʚʠʢʦʥʫʶʪʴ 

ʘʙʩʦʣʶʪʥʦ ʦʜʥʘʢʦʚʽ ʬʫʥʢʮʽʾ, ʪʦʤʫ ʦʧʠʩʫʶʪʴʩʷ ʣʠʰʝ ʦʜʠʥ ʨʘʟ. 
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ʈʠʩʫʥʦʢ 6.9 ï ʅʘʣʘʰʪʫʚʘʥʥʷ ʙʣʦʢʫ ʚʽʜʦʙʨʘʞʝʥʥʷ ʢʽʥʮʝʚʦʾ ʯʘʩʪʠʥʠ ʨʦʙʦʪʘ 

 

ɼʣʷ ʚʟʘʻʤʦʜʽʾ ʚʠʱʝʦʧʠʩʘʥʠʭ ʯʘʩʪʠʥ ʨʦʙʦʪʘ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʙʣʦʢʠ, 

ʷʢʽ ʥʝ ʚʭʦʜʷʪʴ ʜʦ ʧʽʜʩʠʩʪʝʤ ʩʘʠʭ ʯʘʩʪʠʥ. ɹʽʣʴʰʽʩʪʴ ʟ ʮʠʭ ʙʣʦʢʽʚ ï ʙʣʦʢʠ Joint. 

ɼʘʥʠʡ ʪʠʧ ʙʣʦʢʫ ʟʘʙʝʟʧʝʯʫʻ ʨʫʭ ʧʦʚôʷʟʘʥʦʛʦ ʟ ʥʠʤ ʝʣʝʤʝʥʪʫ ʪʘ ʦʧʠʩʫʻ ʪʠʧ ʨʫʭʫ. 

ɭ ʜʝʢʽʣʴʢʘ ʪʠʧʽʚ Joint. Revolute Joint ʟʘʙʝʟʧʝʯʫʻ ʨʘʜʽʘʣʴʥʠʡ ʨʫʭ ʥʘʚʢʦʣʦ ʰʘʨʥʽʨʫ. 

Prismatic Joint ʟʘʙʝʟʧʝʯʫʻ ʧʨʷʤʦʣʽʥʽʡʥʠʭ ʨʫʭ ʧʦ ʦʜʥʽʡ ʟ ʦʩʝʡ. Planar Joint ʧʦʻʜʥʫʻ 

ʫ ʩʦʙʽ ʜʚʘ ʧʨʷʤʦʣʽʥʽʡʥʽ ʪʘ ʦʜʥʫ ʦʙʝʨʪʦʚʫ ʩʪʫʧʝʥʽ ʩʚʦʙʦʜʠ. Bushing Joint 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ, ʢʦʣʠ ʥʝʦʙʭʽʜʥʦ ʦʧʠʩʘʪʠ ʰʽʩʪʴ ʩʪʫʧʝʥʽʚ ʩʚʦʙʦʜʠ: ʪʨʠ 

ʧʨʷʤʦʣʽʥʽʡʥʽ ʪʘ ʪʨʠ ʦʙʝʨʪʦʚʽ. ʊʘʢʠʤ ʯʠʥʦʤ ʚʟʘʻʤʦʜʽʷ ʫʩʽʭ ʩʪʫʧʝʥʽʚ ʩʚʦʙʦʜʠ ʪʘ 

ʤʦʜʝʣʝʡ ʦʢʨʝʤʠʭ ʯʘʩʪʠʥ ʥʘʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʦʧʠʩʘʪʠ ʨʫʭ ʫʩʽʻʾ ʧʽʜʩʠʩʠʪʝʤʠ  

ʤʦʜʝʣʶʚʘʥʥʷ ʨʫʭʫ ʨʦʙʦʪʘ. ʇʝʨʝʤʽʱʝʥʥʷ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ 

ʛʝʥʝʨʫʶʪʴʩʷ ʪʘ ʦʙʯʠʩʣʶʶʪʴʩʷ ʟʘ ʦʧʠʩʘʥʠʤʠ ʬʦʨʤʫʣʘʤʠ.    

ʇʽʩʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʟʘʣʝʞʥʦʩʪʝʡ ʤʽʞ ʫʩʽʤʘ ʯʘʩʪʠʥʘʤʠ, ʦʪʨʫʤʫʻʤʦ ʟʘʛʘʣʴʥʫ 

ʤʦʜʝʣʴ ʨʦʙʦʪʘ. ɺʦʥʘ ʥʘʙʣʠʞʝʥʘ ʜʦ ʬʦʨʤʠ ʨʦʙʦʪʘ ʟ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ. 

ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʤʦʜʝʣʽ ʨʦʙʦʪʘ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 6.10. 
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ʈʠʩʫʥʦʢ 6.10 ï ɿʘʛʘʣʴʥʘ ʤʦʜʝʣʴ ʨʦʙʦʪʘ 

 

ʆʢʨʽʤ ʤʦʜʝʣʶʚʘʥʥʷ ʨʫʭʫ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʩʘʤʦʛʦ ʨʦʙʦʪʘ ʫ ʧʽʜʩʠʩʪʝʤʽ ʪʘʢʦʞ 

ʤʦʜʝʣʶʻʪʴʩʷ ʚʟʘʻʤʦʜʽʷ ʨʦʙʦʪʘ ʟ ʣʽʢʘʨʩʴʢʦʶ ʯʘʩʪʠʥʢʦʶ, ʷʢʘ ʤʘʷ ʙʫʪʠ ʧʝʨʝʤʽʱʝʥʘ. 

ʉʘʤʘ ʯʘʩʪʠʥʢʘ ʫ ʤʦʜʝʣʽ ʘʙʩʪʨʘʢʪʥʦ ʟʦʙʨʦʞʝʥʘ ʫ ʬʦʨʤʽ ʰʘʨʫ, ʦʩʢʽʣʴʢʠ ʪʘʢʘ ʬʦʨʤʘ 

ʥʘʡʙʽʣʴʰ ʥʘʙʣʠʞʝʥʘ ʜʦ ʨʝʘʣʴʥʦʾ. ɼʣʷ ʚʽʟʫʘʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʯʘʩʪʠʥʢʠ 

ʚʠʢʦʨʠʩʪʘʥʦ ʩʪʘʥʜʘʨʥʠʡ ʙʣʦʢ Spherical Solid. ʅʘʣʘʰʪʫʚʘʥʥʷ ʙʣʦʢʫ ʟʦʙʨʘʞʝʥʦ ʥʘ 

ʨʠʩʫʥʦʢ 6.11. 

 

 

ʈʠʩʫʥʦʢ 6.11 ï ʅʘʣʘʰʪʫʚʘʥʥʷ ʙʣʦʢʫ ʚʽʜʦʙʨʘʞʝʥʥʷ ʣʽʢʘʨʩʴʢʦʾ ʯʘʩʪʠʥʢʠ 
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 ʆʩʢʽʣʴʢʠ ʬʦʨʤʘ ʤʦʜʝʣʽ ʝʣʝʤʝʥʪʘʨʥʘ, ʫ ʪʫʣʙʦʢʩʽ Simscape ʧʨʠʩʫʪʥʠʡ ʦʢʨʝʤʠʡ 

ʙʣʦʢ. ʋ ʙʣʦʮʽ ʟʘʜʘʶʪʴʩʷ ʬʽʟʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʤʦʜʝʣʽ, ʷʢʽ ʚʨʘʭʦʚʫʶʪʴʩʷ ʧʨʠ 

ʩʠʤʫʣʷʮʽʾ ʨʫʭʫ. ɼʣʷ ʚʟʘʻʤʦʜʽʾ ʯʘʩʪʠʥʢʠ ʟ ʨʦʙʦʪʦʤ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʦʢʨʝʤʠʡ 

ʙʣʦʢ Spring and Dumper Force, ʷʢʠʡ ʦʧʠʩʫʻ ʧʨʫʞʥʶ ʚʟʘʻʤʦʜʽʶ ʤʽʞ ʯʘʩʪʠʥʢʦʶ ʪʘ 

ʧʦʚʝʨʭʥʝʶ ʨʦʙʦʪʘ. ʅʘʣʘʰʪʫʚʘʥʥʷ ʙʣʦʢʫ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 6.12.  

 

 

ʈʠʩʫʥʦʢ 6.12 ï ʅʘʣʘʰʪʫʚʘʥʥʷ ʙʣʦʢʫ ʚʟʘʻʤʦʜʽʾ ʣʽʢʘʨʩʴʢʦʾ ʯʘʩʪʠʥʢʠ ʟ ʨʦʙʦʪʦʤ 

 

ʊʘʢʦʞ ʜʣʷ ʦʧʠʩʫ ʚʟʘʻʤʦʜʽʾ ʨʦʙʦʪʘ ʩ ʯʘʩʪʠʥʢʦʶ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʙʣʦʢ 

Distance Constraint (ʥʘʣʘʰʪʫʚʘʥʥʷ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 6.13).  

 

 

ʈʠʩʫʥʦʢ 6.13 ï ʅʘʣʘʰʪʫʚʘʥʥʷ ʙʣʦʢʫ Distance Constraint 
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ɼʘʥʠʡ ʙʣʦʢ ʟʘʙʝʟʧʝʯʫʻ ʧʽʜʪʨʠʤʢʫ ʦʜʥʘʢʚʦʾ ʚʽʜʩʪʘʥʽ ʤʽʞ ʧʦʚʝʨʭʥʷʤʠ 

ʣʽʢʘʨʩʴʢʦʾ ʯʘʩʪʠʥʢʠ ʪʘ ʢʦʨʧʫʩʘ ʤʽʢʨʦʨʦʙʦʪʘ. ʆʧʠʩʘʥʽ ʚʠʱʝ ʙʣʦʢʠ, ʤʘʶʪʴ ʟʚôʷʟʦʢ 

ʟ ʧʽʜʩʠʩʪʝʤʦʶ ʙʘʟʠʩʥʦʾ ʯʘʩʪʠʥʢʠ ʨʦʙʦʪʘ ʪʘ ʨʝʛʫʣʶʶʪʴ ʧʨʘʚʠʣʴʥʝ ʚʽʜʦʙʨʘʞʝʥʥʷ 

ʧʨʦʮʝʩʫ ʧʝʨʝʤʽʱʝʥʥʷ ʨʦʙʦʪʘ ʪʘ ʯʘʩʪʠʥʢʠ ʩʫʢʫʧʥʦ ʧʽʜ ʯʘʩ ʩʠʤʫʣʷʮʽʾ ʧʨʦʮʝʩʫ. 

ʅʘ ʚʭʽʜ ʫʩʽʻʾ ʧʽʜʩʠʩʪʝʤʠ ʨʦʙʦʪʘ ʧʦʜʘʶʪʴʩʷ ʜʚʽ ʚʝʣʠʯʠʥʠ. ʇʝʨʰʘ ï ʩʠʣʠ, ʷʢʘ 

ʚʠʥʠʢʘʻ ʧʨʠ ʚʟʘʻʤʦʜʽʾ ʟʦʚʥʽʰʥʴʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʪʘ ʧʦʩʪʽʡʥʠʭ ʤʘʛʥʽʪʽʚ ʫ 

ʢʦʨʧʫʩʽ ʨʦʙʦʪʘ, ʜʨʫʛʘ ï ʯʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʥʘʚʢʦʣʦ ʩʚʦʻʾ ʦʩʽ. ʎʽ 

ʚʭʦʜʠ ʚʧʣʠʚʘʶʪʴ ʥʘ ʥʘʧʨʷʤʦʢ ʪʘ ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʤʽʱʝʥʥʷ ʚʩʴʦʛʦ ʨʦʙʦʪʘ ʘʙʦ ʡʦʛʦ 

ʦʢʨʝʤʠʭ ʯʘʩʪʠʥ. ɿʥʘʯʝʥʥʷ ʩʠʣʠ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʫ ʙʣʦʮʽ External Force and Torque 

ʧʽʩʣʷ ʯʦʛʦ ʥʘʜʭʦʜʠʪʴ ʥʘ ʚʭʦʜʠ ʝʣʝʤʝʥʪʽʚ, ʱʦ ʦʧʠʩʫʶʪʴ ʯʘʩʪʠʥʠ ʨʦʙʦʪʘ. ɿʥʘʯʝʥʥʷ 

ʯʘʩʪʦʪʠ ʦʙʝʨʪʽʚ ʪʘʢʦʞ ʥʘʜʭʦʜʠʪʴ ʥʘ ʮʽ ʝʣʝʤʝʥʪʠ, ʘʣʝ ʙʝʟ ʧʝʨʝʪʚʦʨʝʥʥʷ, ʦʩʢʽʣʴʢʠ 

ʻ ʤʦʞʣʠʚʽʩʪʴ ʥʘʣʘʰʪʫʚʘʪʠ ʙʣʦʢʠ Joint ʜʣʷ ʩʧʨʠʡʥʷʪʪʷ ʪʘ ʦʙʨʦʙʢʠ ʩʘʤʝ ʮʴʦʛʦ 

ʟʥʘʯʝʥʥʷ. ʆʙʠʜʚʘ ʟʥʘʯʝʥʥʷ ʥʘʜʭʦʜʷʪʴ ʟʟʦʚʥʽ ʧʽʜʩʠʩʪʝʤʠ ʤʽʢʨʦʨʦʙʦʪʘ. 

ɼʣʷ ʦʧʠʩʫ ʟʦʚʥʽʰʥʴʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʙʣʦʢ Flux 

Source. ʅʘʣʘʰʪʫʚʘʥʥʷ ʙʣʦʢʫ ʟʦʙʨʘʞʝʥʽ ʥʘ ʨʠʩʫʥʦʢ 6.14. 

 

 

ʈʠʩʫʥʦʢ 6.14 ï ʅʘʣʘʰʪʫʚʘʥʥʷ ʙʣʦʢʫ Flux Source 

 

ʗʢ ʚʠʜʥʦ ʟ ʨʠʩʫʥʢʫ 6.14 ʟʥʘʯʝʥʥʷ ʤʘʥʽʪʥʦʛʦ ʧʦʪʦʢʫ ʫ ʙʣʦʮʽ ʚʠʩʪʘʚʣʝʥʦ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʦʙʨʘʭʫʥʢʽʚ ʫ ʙʣʦʮʽ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ. ɼʘʥʠʡ ʙʣʦʢ ʧʦʻʜʘʥʥʠʡ ʟ 

ʙʣʦʢʦʤ Reluctance Force Actuator. ɿʘʜʘʯʘ ʮʴʦʛʦ ʙʣʦʢʫ ï ʨʦʟʨʘʭʫʥʦʢ ʩʠʣ, ʷʢʽ 
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ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʚʟʘʻʤʦʜʽʾ ʟʦʚʥʽʰʥʴʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ, ʷʢʝ ʤʦʜʝʣʶʻʪʴʩʷ ʫ ʙʣʦʮʽ 

Flux Source ʪʘ ʤʘʛʥʽʪʥʠʭ ʯʘʩʪʦʯʦʢ ʫ ʢʦʨʧʫʩʽ ʨʦʙʦʪʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʤʘʩʠ ʨʦʙʦʪʘ ʫ 

ʙʣʦʮʽ Mass. ʇʘʨʘʤʝʪʨʠ ʙʣʦʢʫ Reluctance Force Actuator ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 

6.15. 

 

 

ʈʠʩʫʥʦʢ 6.15 ï ʇʘʨʘʤʝʪʨʠ ʙʣʦʢʫ Reluctance Force Actuator 

 

ʇʽʩʣʷ ʮʴʦʛʦ ʙʣʦʢʫ ʦʪʨʠʤʫʻʤʦ ʟʥʘʯʝʥʥʷ, ʷʢʘ ʥʘʜʭʦʜʠʪʴ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʫ 

ʧʽʜʩʠʩʪʝʤʫ ʤʘʛʥʽʪʥʦʛʦ ʤʽʢʨʦʨʦʙʦʪʘ ʪʘ ʢʝʨʫʻ ʰʚʠʜʢʽʩʶ ʪʘ ʥʘʧʨʷʤʦʤ ʟʤʽʥʠ 

ʧʦʣʦʞʝʥʥʷ ʫʩʽʭ ʯʘʩʪʠʥ ʢʦʨʧʫʩʫ ʨʦʙʦʪʘ. ʗʢ ʙʫʣʦ ʟʘʟʥʘʯʝʥʦ ʧʨʠ ʨʦʟʛʣʷʜʽ 

ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ, ʟʥʘʯʝʥʥʷ ʤʘʛʥʽʪʥʦʛʦ ʧʦʪʦʢʫ ʫ ʙʣʦʮʽ Flux Source ʻ 

ʤʘʢʩʠʤʘʣʴʥʠʤ ʟʥʘʯʝʥʥʷʤ, ʘʣʝ ʚʦʥʦ ʤʦʞʝ ʟʤʽʥʶʚʘʪʠʩʴ ʧʨʠ ʥʝʦʙʭʽʜʥʦʩʪʽ ʧʽʜʥʷʪʠ 

ʨʫʢʠ-ʟʘʭʦʧʣʶʚʘʯʽ ʥʘ ʢʫʪ ʤʝʥʰʠʡ ʥʽʞ ʪʦʡ ʧʨʠ ʷʢʦʤʫ ʨʦʙʦʪ ʟʥʘʭʦʜʠʪʴʩʷ ʫ 

ʟʘʢʨʠʪʦʤʫ ʩʪʘʥʽ. ɼʘʥʠʡ ʬʘʢʪ ʚʨʘʭʦʚʫʻʪʴʩʷ ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ, ʥʘʣʘʰʪʫʚʘʥʥʷ 

ʚʥʦʩʷʪʴʩʷ ʦʢʨʝʤʦ ʧʨʠ ʧʝʨʚʠʥʥʦʤʫ ʥʘʣʘʰʪʫʚʘʥʥʽ ʩʝʨʝʜʦʚʠʱʘ ʧʝʨʝʜ ʧʦʯʘʪʢʦʤ 

ʩʠʤʫʣʷʮʽʾ. 
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ɹʣʦʢ Mass ʟʘʙʝʟʧʝʯʫʻ ʚʨʘʭʫʚʘʥʥʷ ʽʥʝʨʮʽʡʥʠʭ ʚʣʘʪʠʚʦʩʪʝʡ ʢʦʨʧʫʩʫ ʨʦʙʦʪʘ 

ʧʨʠ ʦʙʯʠʩʣʝʥʥʽ ʩʠʣ ʚʟʘʻʤʦʜʽʾ, ʡʦʛʦ ʧʘʨʘʤʝʪʨʠ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 6.16. 

 

 

ʈʠʩʫʥʦʢ 6.16 ï ʇʘʨʘʤʝʪʨʠ ʙʣʦʢʫ Mass 

 

ɼʣʷ ʪʦʛʦ ʱʦʙ ʚʽʜʙʫʣʦʩʴ ʧʝʨʝʤʽʱʝʥʥʷ ʪʘʢʦʞ ʥʝʦʙʭʽʜʦ ʟʘʙʝʟʧʝʯʠʪʠ 

ʧʽʜʩʠʩʪʝʤʫ ʢʝʨʫʚʘʥʥʷ ʨʦʙʦʪʦʤ ʩʠʛʥʘʣʦʤ, ʷʢʠʡ ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʯʘʩʪʦʪʫ ʦʙʝʨʪʽʚ 

ʟʦʚʥʽʰʥʴʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ. ʎʝ ʟʥʘʯʝʥʥʷ ʦʪʨʠʤʫʻʪʴʩʷ ʟ ʦʢʨʝʤʦʛʦ ʙʣʦʢʫ Signal 

Builder. ɺʽʥ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʩʠʛʥʘʣ ʜʦʚʽʣʴʥʦʾ ʬʦʨʤʠ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ 

ʦʧʨʘʮʶʚʘʥʥʷ. ʆʩʢʽʣʴʢʠ ʯʘʩʪʦʪʘ ʦʙʝʨʪʽʚ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ï ʦʜʥʝ ʽʟ ʟʥʘʯʝʥʥʴ ʷʢʠʤʠ 

ʩʠʩʪʝʤʘ ʤʘʻ ʟʤʦʛʫ ʟʤʽʥʶʚʘʪʠ ʧʦʣʦʞʝʥʥʷ ʨʦʙʦʪʘ ʫ ʧʨʦʩʪʦʨʽ, ʥʝʦʙʭʽʜʥʦ ʤʘʪʠ ʡʦʛʦ 

ʟʤʦʛʫ ʟʤʽʥʶʚʘʪʠ. ʉʘʤʝ ʜʣʷ ʮʦʛʦ ʙʫʚ ʚʠʢʦʨʠʩʪʘʥʠʡ ʙʣʦʢ Signal Builder.  

ʄʘʻʤʦ ʫʩʽ ʥʝʦʙʭʽʜʥʽ ʝʣʝʤʝʥʪʠ ʤʦʜʝʣʽ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʩʠʤʫʣʷʮʽʾ ʨʫʭʫ. ʇʽʩʣʷ 

ʾʾ ʟʘʧʫʩʢʫ Matlab ʦʙʨʘʭʦʚʫʻ ʫʩʽ ʟʥʘʯʝʥʥʷ ʧʦʣʦʞʝʥʴ ʢʦʞʥʦ ʯʘʩʪʠʥʠ ʨʦʙʦʪʘ ʫ 

ʚʽʜʧʦʚʽʜʥʠʡ ʤʦʤʝʥʪ ʯʘʩʫ. ɼʘʣʽ ʧʦʯʠʥʘʻʪʴʩʷ ʚʽʜʦʙʨʘʞʝʥʥʷ ʨʫʭʫ ʨʦʙʦʪʘ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʝʨʚʠʥʥʠʭ ʥʘʣʘʰʪʫʚʘʥʴ ʪʘ ʟʥʘʯʝʥʴ ʤʘʛʥʽʪʥʦʛʦ ʧʦʪʦʢʫ ʪʘ ʯʘʩʪʦʪʠ 

ʦʙʝʨʪʽʚ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ.  

ʈʝʟʫʣʴʪʘʪ ʤʦʜʝʣʶʚʘʥʥʷ ʨʫʭʫ ʨʦʙʦʪʘ ʧʽʜ ʜʽʻʶ ʟʦʚʥʽʰʥʴʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ 

ʫ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 6.17. 
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ʈʠʩʫʥʦʢ 6.17. ï ʄʦʜʝʣʶʚʘʥʥʷ ʨʫʭʫ ʨʦʙʦʪʘ ʧʽʜ ʜʽʻʶ ʟʦʚʥʽʰʥʴʦʛʦ ʤʘʛʥʽʪʥʦʛʦ 

ʧʦʣʷ  

 

ʅʘ ʨʠʩʫʥʢʫ 6.17 ʟʦʙʨʘʞʝʥʦ ʧʝʨʝʤʽʱʝʥʥʷ ʨʦʙʦʪʘ ʽʟ ʟʘʭʦʧʣʝʥʦʶ ʣʽʢʘʨʩʴʢʦʶ 

ʯʘʩʪʠʥʢʦʶ. ʅʘ ʧʦʯʘʪʢʫ ʤʦʜʝʣʶʚʘʥʥʷ ʯʘʩʪʠʥʢʘ ʧʦʤʽʱʫʻʪʴʩʷ ʜʦ ʙʘʟʠʩʥʦʛʦ 

ʤʦʜʫʣʶ ʨʦʙʦʪʘ ʧʽʩʣʷ ʯʦʛʦ ʨʫʢʠ-ʟʘʭʦʧʣʶʚʘʯʽ ʨʦʙʦʪʘ ʟʘʢʨʠʚʘʶʪʴʩʷ ʪʘ ʧʦʯʠʥʘʻʪʴʩʷ 

ʦʙʝʨʪʦʚʠʡ ʨʫʭ. ʋ ʤʦʜʝʣʽ ʯʝʨʝʟ ʦʙʤʝʞʝʥʥʷ ʧʘʢʝʪʫ Simscape ʨʫʢʠ ʚʽʟʫʘʣʴʥʦ 

ʟʘʣʠʰʘʶʪʴʩʷ ʚʽʜʢʨʠʪʽ, ʣʠʰʝ ʢʽʥʮʝʚʽ ʯʘʩʪʠʥʢʠ ʚʢʘʟʫʶʪʴ ʾʭ ʥʘʧʨʷʤʦʢ, ʘʣʝ 

ʬʘʢʪʠʯʥʦ ʧʨʠ ʦʙʯʠʩʣʝʥʥʽ ʪʨʘʻʢʪʦʨʽʾ ʚʩʝ ʧʨʘʮʶʻ ʟʛʽʜʥʦ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ. 

ʇʽʩʣʷ ʟʘʚʝʨʰʝʥʥʷ ʤʦʜʝʣʶʚʘʥʥʷ ʦʪʨʠʤʫʻʤʦ ʛʨʘʬʽʢʠ, ʷʢʽ ʚʽʜʦʙʨʘʞʘʶʪʴ ʪʝ ʷʢ 

ʧʦʚʦʜʠʣʘʩʴ ʩʠʩʪʝʤʘ ʫ ʢʦʞʝʥ ʤʦʤʝʥʪ ʧʽʜ ʯʘʩ ʤʦʜʝʣʶʚʘʥʥʷ. ʅʘ ʨʠʩʫʥʢʘʭ 6.18 ʪʘ 

6.19 ʚʽʜʧʦʚʽʜʥʦ ʟʦʙʨʘʞʝʥʦ ʛʨʘʬʽʢʠ ʟʘʣʝʞʥʦʩʪʽ ʯʘʩʪʦʪʠ ʦʙʝʨʪʽʚ ʪʘ ʧʨʦʡʜʝʥʦʛʦ 

ʰʣʷʭʫ ʚʽʜ ʯʘʩʫ. ɿ ʨʠʩʫʥʢʘ 6.18 ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ, ʱʦ ʟʥʘʯʝʥʥʷ ʯʘʩʪʦʪʠ ʦʙʝʨʪʽʚ 

ʨʦʙʦʪʘ ʻ ʥʝʣʽʥʽʡʥʠʤ ʪʘ ʨʝʛʫʣʶʶʪʴʩʷ ʜʫʞʝ ʛʥʫʯʢʦ, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʥʝʦʙʭʽʥʦʾ 

ʧʦʚʝʜʽʥʢʠ ʨʦʙʦʪʘ.  ʅʘ ʨʠʩʫʥʢʫ 6.19 ʚʠʜʥʦ, ʱʦ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʦʛʦ ʷʢ 

ʟʤʽʥʶʚʘʣʘʩʴ ʰʚʠʜʢʽʩʪʴ ʟʤʽʥʶʚʘʣʦʩʴ ʽ ʟʥʘʯʝʥʥʷ ʧʨʦʡʜʝʥʦʛʦ ʰʣʷʭʫ.  

ɿ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʚʠʜʥʦ, ʱʦ ʘʥʘʣʽʪʠʯʥʽ ʨʦʟʨʘʭʫʥʢʠ ʙʫʣʦ 

ʧʨʦʚʝʜʝʥʦ ʢʦʨʝʢʪʥʦ, ʦʩʢʽʣʴʢʠ ʨʫʭʠ ʨʦʙʦʪʘ ʧʽʜ ʯʘʩ ʩʠʤʫʣʷʮʽʾ ʩʧʽʚʧʘʜʘʶʪʴ ʟ 

ʦʯʽʢʫʚʘʥʠʤʠ,  ʱʦ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʛʨʘʬʽʢʠ ʪʘ ʚʽʟʫʘʣʴʥʝ ʚʽʜʦʙʨʘʞʝʥʥʷ 

ʧʝʨʝʤʽʱʝʥʥʷ. 
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ʈʠʩʫʥʦʢ 6.18 ï ɻʨʘʬʽʢ ʯʘʩʪʦʪʠ ʦʙʝʨʪʽʚ ʤʽʢʨʦʨʦʙʦʪʘ ʧʽʜ ʯʘʩ ʧʝʨʝʤʽʱʝʥʥʷ 

 

 

ʈʠʩʫʥʦʢ 6.19 ï ɻʨʘʬʽʢ ʧʨʦʡʜʝʥʦʛʦ ʰʣʷʭʫ ʤʽʢʨʦʨʦʙʦʪʦʤ 
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ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 

 

ʋ ʜʘʥʦʤʫ ʨʦʟʜʽʣʽ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʨʦʙʦʪʫ ʱʦʜʦ ʤʦʜʝʣʶʚʘʥʥʷ ʩʠʩʪʝʤʠ 

ʧʝʨʝʤʽʱʝʥʥʷ ʤʘʛʥʽʪʥʦʛʦ ʤʽʢʨʦʨʦʙʦʪʘ. ɹʫʣʦ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʦʩʦʙʣʠʚʦʩʪʽ 

ʧʦʙʫʜʦʚʠ ʤʘʛʥʽʪʥʠʭ ʤʽʢʨʦʨʦʙʦʪʽʚ ʪʘ ʾʭ ʚʟʘʻʤʦʜʽʷ ʽʟ ʟʦʚʥʽʰʥʽʤʠ ʤʘʛʥʽʪʥʠʤʠ 

ʧʦʣʷʤʠ. ʅʘ ʙʘʟʽ ʘʥʘʣʽʟʫ ʙʫʣʦ ʧʦʙʫʜʦʚʘʥʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ, ʷʢʘ ʦʧʠʩʫʻ ʬʽʟʠʯʥʽ 

ʟʘʢʦʥʠ ʧʨʠ ʚʟʘʻʤʦʜʽʾ ʤʘʛʥʽʪʥʠʭ ʧʦʣʝʡ ʪʘ ʤʝʭʘʥʽʯʥʠʭ ʩʝʨʝʜʦʚʠʱ. ɹʫʣʦ ʨʦʟʨʦʙʣʝʥʦ 

ʤʦʜʝʣʴ ʫ ʩʝʨʝʜʦʚʠʱʽ Matlab/Simscape ʜʣʷ ʧʝʨʝʚʽʨʢʠ ʧʨʘʚʠʣʴʥʦʩʪʽ ʚʠʷʚʣʝʥʠʭ 

ʚʟʘʻʤʦʜʽʡ ʪʘ ʚʽʟʫʘʣʴʥʦʾ ʜʝʤʦʥʩʪʨʘʮʽʾ ʧʨʦʝʢʪʫ. 
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7 ʈʆɿʈʆɹʃɽʅʅʗ ʉʊɸʈʊɸʇ-ʇʈʆɽʂʊʋ 

 

ʋ ʜʘʥʦʤʫ ʨʦʟʜʽʣʽ ʙʫʜʝ ʨʦʟʛʣʷʥʫʪʦ ʧʝʨʩʧʝʢʪʠʚʠ ʧʦʙʫʜʦʚʠ ʩʪʘʨʪʘʧʫ ʥʘ ʙʘʟʽ 

ʨʦʟʨʦʙʣʝʥʦʾ ʪʝʭʥʦʣʦʛʽʾ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʤʦʞʣʠʚʦʩʪʽ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʝʢʪʫ ʫ ʚʠʛʣʷʜʽ 

ʨʝʘʣʴʥʦʾ ʧʦʩʣʫʛʠ ʥʝʦʙʭʽʜʥʦ ʧʨʦʚʝʩʪʠ: ʚʠʟʥʘʯʝʥʥʷ ʢʽʥʮʝʚʦʾ ʨʠʥʢʦʚʦʾ ʧʨʦʧʦʟʠʮʽʾ, 

ʧʨʦʚʝʩʪʠ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʘʫʜʠʪ ʧʨʦʝʢʪʫ, ʘʥʘʣʽʟ ʨʠʥʢʦʚʠʭ ʤʦʞʣʠʚʦʩʪʝʡ, 

ʨʦʟʨʦʙʣʝʥʥʷ ʨʠʥʢʦʚʦʾ ʩʪʨʘʪʝʛʽʾ ʧʨʦʝʢʪʫ, ʨʦʟʨʦʙʣʝʥʥʷ ʤʘʨʢʝʪʠʥʛʦʚʦʾ ʧʨʦʛʨʘʤʠ. 

ɺʠʢʦʥʘʚʰʠ ʫʩʽ ʚʠʱʝʦʧʠʩʘʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʞʣʠʚʦ ʧʨʠʡʥʷʪʠ ʚʠʩʥʦʚʢʫ ʧʨʦ 

ʤʦʞʣʠʚʽʩʪʴ ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʪʘʨʪʘʧʫ. 

 

7.1 ʆʧʠʩ ʽʜʝʾ ʧʨʦʝʢʪʫ 

 

ʋ ʜʘʥʦʤʫ ʧʫʥʢʪʽ ʨʦʟʢʨʠʚʘʻʪʴʩʷ ʙʘʟʦʚʘ ʽʜʝʷ ʩʪʘʨʪʘʧ ʪʝʭʥʦʣʦʛʽʾ. ʉʫʪʪʶ 

ʨʦʟʢʨʠʪʪʷ ʻ ʚʠʟʥʘʯʝʥʥʷ ʨʝʘʣʴʥʦʾ ʢʦʨʠʩʪʽ ʜʣʷ ʢʽʥʮʝʚʦʛʦ ʩʧʦʞʠʚʘʯʘ ʪʘ ʦʧʠʩ ʫʩʽʭ 

ʤʦʞʣʠʚʠʭ ʮʽʣʴʦʚʠʭ ʚʠʜʽʚ ʟʘʩʪʦʩʫʚʘʥʴ. ʋ ʪʘʙʣʠʮʽ 7.1 ʧʨʦʚʦʜʠʪʴʩʷ ʧʦʨʽʚʥʷʥʥʷ 

ʤʦʞʣʠʚʠʭ ʽʜʝʡ, ʷʢʽ ʧʦʚôʷʟʘʥʽ ʟ ʨʦʨʟʨʦʙʣʶʚʘʥʦʶ ʩʠʩʪʝʤʦʶ. 

 

ʊʘʙʣʠʮʷ 7.1 ï ʆʧʠʩ ʽʜʝʾ ʩʪʘʨʪʘʧ-ʧʨʦʝʢʪʫ 

ɿʤʽʩʪ ʽʜʝʾ ʅʘʧʨʷʤʢʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ɺʠʛʦʜʠ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʘ 

ɼʦʧʨʘʚʣʝʥʥʷ ʣʽʢʘʨʩʴʢʠʭ 

ʟʘʩʦʙʽʚ ʚʩʝʨʝʜʠʥʽ ʪʽʣʘ 

ʣʶʜʠʥʠ 

ʄʘʣʦʽʥʚʘʟʠʚʥʝ 

ʚʪʨʫʯʘʥʥʷ ʜʦ ʪʽʣʘ 

ʣʶʜʠʥʠ, ʙʽʣʴʰ 

ʝʬʝʢʪʠʚʥʠʡ ʚʠʜ ʦʧʝʨʘʮʽʾ 

ʇʝʨʝʤʽʱʝʥʥʷ 

ʜʽʘʛʥʦʩʪʠʯʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ ʚʩʝʨʝʜʠʥʽ 

ʪʽʣʘ ʣʶʜʠʥʠ 

ɹʝʟʙʦʣʽʩʥʝ ʧʨʦʚʝʜʝʥʥʷ 

ʘʥʘʣʽʟʽʚ 

ɿʙʽʨ ʫʨʘʞʝʥʦʾ ʤʘʪʝʨʽʾ ʜʣʷ 

ʜʽʘʛʥʦʩʪʠʢʠ ʟʟʦʚʥʽ 

ʣʶʜʩʴʢʦʛʦ ʦʨʛʘʥʽʟʤʫ 

ʄʘʣʦʽʥʚʘʟʠʚʥʠʡ ʤʝʪʦʜ 

ʙʽʦʧʩʽʾ, ʙʝʟ ʧʦʚʥʦʛʦ 

ʭʽʨʫʨʛʽʯʥʦʛʦ ʚʪʨʫʯʘʥʥʷ  

ʫ ʪʽʣʦ ʣʶʜʠʥʠ 
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ʇʽʩʣʷ ʚʠʟʥʘʯʝʥʥʷ ʤʦʞʣʠʚʠʭ ʛʘʣʫʟʝʡ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠ 

ʦʩʥʦʚʥʠʭ ʢʦʥʢʫʨʝʥʪʽʚ, ʾʭ ʩʣʘʙʢʽ ʪʘ ʩʠʣʴʥʽ ʩʪʦʨʦʥʠ, ʪʘ ʚʠʷʚʠʪʠ ʥʘʡʙʽʣʴʰ 

ʧʝʨʩʧʝʢʪʠʚʥʫ ʛʘʣʫʟʴ ʜʣʷ ʨʦʟʚʠʪʢʫ. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʨʦʟʨʦʙʣʶʚʘʥʘ ʩʠʩʪʝʤʘ ʥʝ 

ʤʘʻ ʧʦʚʥʽʩʪʶ ʩʭʦʞʠʭ ʘʥʘʣʦʛʽʚ. ʋʩʽ ʥʘʷʚʥʽ ʩʠʩʪʝʤʠ ʤʘʶʪʴ ʣʠʰʝ ʯʘʩʪʢʦʚʠʡ 

ʬʫʥʢʮʽʦʥʘʣ ʧʨʦʝʢʪʫ, ʱʦ ʨʦʟʨʦʙʣʶʻʪʴʩʷ. ʊʦʤʫ ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠ ʙʽʣʴʰ ʩʠʣʴʥʫ 

ʩʪʦʨʦʥʫ ʚʽʜʥʦʩʥʦ ʽʩʥʫʶʯʠʭ ʧʨʦʝʢʪʽʚ. ʊʘʢʦʞ ʩʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʽʩʥʫʶʯʠ ʨʦʟʨʦʙʢʠ 

ʥʘ ʤʘʶʪʴ ʚʣʘʩʥʠʭ ʥʘʟʚ ʪʦʤʫ ʽʜʝʥʪʠʬʽʢʘʮʽʷ ʙʫʜʝ ʧʨʦʚʦʜʠʪʠʩʴ ʟʘ ʥʘʟʚʘʤʠ ʤʽʩʮʴ ʾʭ 

ʩʪʚʦʨʝʥʥʷ: Institute of Robotics and Intelligent Systems (IRIS), Association for the 

Advancement of Science (AAS), School of Mechanical Engineering (SME). ʋ ʪʘʙʣʠʮʽ 

7.2 ʧʨʦʚʦʜʠʪʴʩʷ ʧʦʨʽʚʥʷʥʥʷ ʩʠʣʴʥʠʭ, ʩʣʘʙʢʠʭ ʪʘ ʥʝʡʪʨʘʣʴʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʧʨʦʝʢʪʫ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʘʥʘʣʦʛʽʯʥʠʤʠ. 

 

ʊʘʙʣʠʮʷ 7.2 ï ɺʠʟʥʘʯʝʥʥʷ ʩʠʣʴʥʠʭ, ʩʣʘʙʢʠʭ ʪʘ ʥʝʡʪʨʘʣʴʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ  

ʽʜʝʾ ʧʨʦʝʢʪʫ 

ˉ  

ʧ/ʧ 

ʊʝʭʥʽʢʦ-

ʝʢʦʥʦʤʽʯʥʽ 

ʭʘʨʘʢʪʝʨʠʩ

ʪʠʢʠ ʽʜʝʾ 

(ʧʦʪʝʥʮʽʡʥʽ) ʪʦʚʘʨʠ/ʢʦʥʮʝʧʮʽʾ 

ʢʦʥʢʫʨʝʥʪʽʚ W  

(ʩʣʘʙʢʘ 

ʩʪʦʨʦʥʘ) 

N  

(ʥʝʡʪʨʘʣ

ʴʥʘ 

ʩʪʦʨʦʥʘ) 

S  

(ʩʠʣʴʥʘ 

ʩʪʦʨʦʥʘ) 
ʈʦʟʨʦʙʣ

ʶʚʘʥʠʡ  

ʧʨʦʝʢʪ 

IRIS AAS SME 

1. 
ɽʢʦʥʦʤʽʯ

ʥʽʩʪʴ 

ɺʠʢʦʨʠʩ

ʪʘʥʥʷ 

ʜʝʷʢʠʭ 

ʽʩʥʫʶʯʠ

ʭ 

ʤʝʜʠʯʥʠ

ʭ 

ʟʘʩʦʙʽʚ 

ʇʨʦʩʪʽ

ʰʘ 

ʪʝʭʥʦʣʦ

ʛʽʷ ʜʣʷ 

ʚʠʨʦʙʥ

ʠʮʪʚʘ 

ʤʽʢʨʦʨʦ

ʙʦʪʽʚ 

ɿʘʛʘʣʴ

ʥʦʚʞʠ

ʚʘʥʽ 

ʪʝʭʥʦʣ

ʦʛʽʾ 

ʢʝʨʫʚʘ

ʥʥʷ 

ɺʽʜʩʫʪ

ʥʽʩʪʴ 

ʟʚʦʨʦʪ

ʥʦʛʦ 

ʟʚôʷʟʢʫ 

ɺʠʢʦʨʠ

ʩʪʘʥʥʷ 

ʩʢʣʘʜʥʽ

ʰʠʭ ʪʘ 

ʜʦʨʦʞʯ

ʠʭ 

ʪʝʭʥʦʣ

ʦʛʽʡ 

ʄʦʞʣʠ

ʚʘ 

ʧʦʙʫʜʦ

ʚʘ ʥʘ 

ʦʩʥʦʚʽ 

ʽʩʥʫʶʯ

ʠʭ 

ʤʝʜʠʯʥ

ʠʭ 

ʟʘʩʦʙʘʭ 

ɹʽʣʴʰʘ 

ʪʦʯʥʽʩʪ

ʴ 

ʩʠʪʩʝʤ

ʠ 

2. ɹʝʟʧʝʢʘ 

ʄʽʥʽʤʘʣ

ʴʥʝ 

ʚʠʢʦʨʠʩ

ʪʘʥʥʷ 

ɺʠʢʦʨʠ

ʩʪʘʥʥʷ 

ʂʊ ʜʣʷ 

ʫʩʪʘʥʦʚ

ʄʘʪʝʨʽ

ʘʣʠ 

ʚʠʢʦʨʠ

ʩʪʘʥʽ ʫ 

ʄʦʞʣ

ʠʚʝ 

ʟʘʣʠʰʝ

ʥʥʷ 

ʅʝʤʘʻ 

ʚ 

ʧʦʨʽʚʥʷ

ʥʥʽ ʟ 

ʂʦʨʝʢʪ

ʥʝ 

ʢʝʨʫʚʘ

ʥʥʷ 

ɺʠʢʦʨʠ

ʩʪʘʥʥʷ 

ʣʠʰʝ 

ʙʝʟʧʝʯ
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ʰʢʽʜʣʠʚ

ʠʭ ʜʣʷ 

ʟʜʦʨʦʚôʷ 

ʣʶʜʠʥʠ 

ʤʝʜʠʯʥʠ

ʭ 

ʧʨʦʮʝʜʫ

ʨ 

ʣʝʥʥʷ 

ʟʚʦʨʦʪʥ

ʦʛʦ 

ʟʚôʷʟʢʫ 

ʤʽʢʨʦʨ

ʦʙʦʪʽ 

ʧʨʠ 

ʧʝʚʥʠʭ 

ʦʙʩʪʘʚ

ʠʥʘʭ 

ʤʦʞʫʪ

ʴ ʙʫʪʠ 

ʰʢʽʜʣʠ

ʚʠʤʠ 

ʜʣʷ 

ʟʜʦʨʦʚ

ô ̫

ʨʦʙʦʪʘ 

ʫ 

ʦʨʛʘʥʽʟ

ʤʽ 

ʣʶʜʠʥ

ʠ 

ʥʘʷʚʥʠ

ʤʠ 

ʨʽʰʝʥʥ

ʷʤʠ 

ʜʦʟʚʦʣʷ

ʻ 

ʧʨʘʚʠʣ

ʴʥʦ 

ʧʝʨʝʤʽ

ʱʫʚʘʪʠ 

ʨʦʙʦʪ, 

ʦɦ 

ʟʥʠʞʫʻ 

ʨʠʟʠʢ 

ʜʣʷ 

ʣʶʜʠʥ

ʠ 

ʥʠʭ 

ʤʘʪʝʨʽʘ

ʣʽʚ ʪʘ 

ʤʽʥʽʤʘʣ

ʴʥʝ 

ʚʠʢʦʨʠ

ʩʪʘʥʥʷ 

ʰʢʽʜʣʠ

ʚʠʭ 

ʤʝʪʦʜʽʚ 

ʩʢʘʥʫʚʘ

ʥʥʷ 

ʪʽʣʘ 

3. 
ʇʨʠʟʥʘʯʝ

ʥʥʷ 

ʄʘʻ 

ʰʠʨʦʢʠ

ʡ ʩʧʝʢʪʨ 

ʟʘʩʪʦʩʫʚ

ʘʥʴ 

ʟʘʚʜʷʢʠ 

ʧʝʚʥʽʡ 

ʬʦʨʤʽ 

ʢʦʨʧʫʩʘ 

ʨʦʙʦʪʘ 

ʌʦʨʤʘ 

ʨʦʙʦʪʘ 

ʥʝ 

ʜʦʟʚʦʣʷ

ʻ 

ʚʠʢʦʥʫ

ʚʘʪʠ 

ʧʝʨʝʤʽ

ʱʝʥʥʷ 

ʤʽʢʨʦʝʣ

ʝʤʝʥʪʽʚ 

ɺʠʢʦʨ

ʠʩʪʘʥʥ

ʷ 

ʧʝʚʥʠʭ 

ʤʘʪʝʨʽ

ʘʣʽʚ 

ʦʙʤʝʞ

ʫʻ 

ʚʠʢʦʨʠ

ʩʪʘʥʥʷ 

ʫ 

ʜʝʷʢʠʭ 

ʜʽʣʷʥʢ

ʘʭ ʪʽʣʘ 

ʆʙʤʝʞ

ʝʥʽ 

ʤʦʞʣʠ

ʚʦʩʪʽ 

ʢʝʨʫʚʘ

ʥʥʷ 

ʜʦʟʚʦʣ

ʷʶʪʴ 

ʚʠʢʦʥʫ

ʚʘʪʠ 

ʣʠʰʝ 

ʦʜʥʫ 

ʬʫʥʢʮʽ

 ʁ

ʅʝʤʘʻ 

ʚ 

ʧʦʨʽʚʥʷ

ʥʥʽ ʟ 

ʥʘʷʚʥʠ

ʤʠ 

ʨʽʰʝʥʥ

ʷʤʠ 

ʄʦʞʣʠ

ʚʠʡ 

ʰʠʨʦʢʠ

ʡ 

ʩʧʝʢʪʨ 

ʟʘʩʪʦʩʫ

ʚʘʥʴ 

ʄʦʞʣʠ

ʚʝ 

ʚʠʢʦʥʫ

ʚʘʥʥʷ 

ʙʽʣʴʰ 

ʩʢʣʘʜʥ

ʠʭ ʜʽʾ 

ʥʘ 

ʚʽʜʽʥʫ 

ʚʽʜ 

ʧʨʝʜʩʪʘ

ʚʣʝʥʠʭ 

ʨʽʰʥʴ 

 

 

ʇʽʩʣʷ ʚʠʟʥʘʯʝʥʥʷ ʩʠʣʴʥʠʭ ʪʘ ʩʣʘʙʢʠʭ ʩʪʦʨʽʥ ʪʝʭʥʦʣʦʛʽʾ ʤʦʞʥʘ ʟʘʟʥʘʯʠʪʠ, 

ʱʦ ʟʘʚʜʷʢʠ ʩʚʦʾʡ ʬʫʥʢʮʽʦʥʘʣʴʥʦʩʪʽ ʪʘ ʧʦʚʥʽʡ ʙʝʟʧʝʮʽ ʜʣʷ ʟʜʦʨʦʚôʷ ʩʠʩʪʝʤʘ ʤʦʞʝ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʜʣʷ ʢʦʤʧʣʝʢʩʥʠʭ ʤʝʜʠʯʥʠʭ ʟʘʭʦʜʽʚ ʧʦʯʠʥʘʶʯʠ ʟ ʚʠʥʝʩʝʥʥʷ 

ʜʽʘʛʥʦʟʫ ʪʘ ʟʘʚʝʨʰʫʶʯʠ ʧʨʦʚʝʜʝʥʥʷʤ ʦʧʝʨʘʮʽʾ. 

 

7.2 ʊʝʭʥʦʣʦʛʽʯʥʠʡ ʘʫʜʠʪ ʽʜʝʾ ʧʨʦʝʢʪʫ 

 



87 
 

ʋ ʨʘʤʢʘʭ ʧʽʜʨʦʟʜʽʣʫ ʥʝʦʙʭʽʜʥʦ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʫʩʽ ʤʦʞʣʠʚʽ ʪʝʭʥʦʣʦʛʽʾ, ʷʢʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʨʠ ʧʦʙʫʜʦʚʽ ʩʠʩʪʝʤʠ ʪʘ ʚʠʟʥʘʯʠʪʠ ʯʠ ʤʦʞʣʠʚʦ ʨʝʘʣʽʟʫʚʘʪʠ 

ʧʨʦʝʢʪ ʟ ʫʩʽʻʶ ʾʭ ʩʫʢʫʧʥʽʩʪʶ. ʋ ʪʘʙʣʠʮʽ 7.3 ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʤʦʞʣʠʚʽ ʪʝʭʥʦʣʦʛʽʾ 

ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʽʜʝʾ ʜʦʧʨʘʚʣʝʥʥʷ ʣʽʢʘʨʩʴʢʠʭ ʧʨʝʧʘʨʘʪʽʚ ʫ ʪʽʣʽ ʣʶʜʠʥʠ. 

 

ʊʘʙʣʠʮʷ 7.3 ï ʊʝʭʥʦʣʦʛʽʯʥʘ ʟʜʽʡʩʥʝʥʥʽʩʪʴ ʽʜʝʾ ʧʨʦʝʢʪʫ 

ˉ 

ʧ/ʧ 
ɯʜʝʷ ʧʨʦʝʢʪʫ 

ʊʝʭʥʦʣʦʛʽʾ 

ʨʝʘʣʽʟʘʮʽʾ 

ʅʘʷʚʥʽʩʪʴ 

ʪʝʭʥʦʣʦʛʽʡ 

ɼʦʩʪʫʧʥʽʩʪʴ 

ʪʝʭʥʦʣʦʛʽʡ 

1. 

ɼʦʧʨʘʚʣʝʥʥʷ 

ʣʽʢʘʨʩʴʢʠʭ 

ʧʨʝʧʘʨʘʪʽʚ ʫ 

ʪʽʣʽ ʣʶʜʠʥʠ 

ʇʝʨʝʤʽʱʝʥʥʷ 

ʨʦʙʦʪʘ ʟʘ 

ʜʦʧʦʤʦʛʦʶ 

ʚʟʘʻʤʦʜʽʾ 

ʤʘʛʥʽʪʥʠʭ ʧʦʣʝʡ 

ʨʦʙʦʪʘ ʪʘ 

ʟʦʚʥʽʰʥʴʦʛʦ ʧʦʣʷ 

ʅʘʷʚʥʘ ɼʦʩʪʫʧʥʘ 

2. 

ɼʦʧʨʘʚʣʝʥʥʷ 

ʣʽʢʘʨʩʴʢʠʭ 

ʧʨʝʧʘʨʘʪʽʚ ʫ 

ʪʽʣʽ ʣʶʜʠʥʠ 

ʇʝʨʝʤʽʱʝʥʥʷ 

ʨʦʙʦʪʘ ʟʘ 

ʜʦʧʦʤʦʛʦʶ 

ʤʘʛʥʽʪʥʦʾ ʚʟʘʻʤʦʜʽʾ 

ʤʽʞ ʜʚʦʤʘ 

ʨʦʙʦʪʘʤʠ 

ʅʘʷʚʥʘ ʅʝʜʦʩʪʫʧʥʘ 

3. 

ɼʦʧʨʘʚʣʝʥʥʷ 

ʣʽʢʘʨʩʴʢʠʭ 

ʧʨʝʧʘʨʘʪʽʚ ʫ 

ʪʽʣʽ ʣʶʜʠʥʠ 

ʇʝʨʝʤʽʱʝʥʥʷ 

ʨʦʙʦʪʘ ʟʘ 

ʜʦʧʦʤʦʛʦʶ 

ʪʝʨʤʽʯʥʦʾ 

ʚʟʘʻʤʦʜʽʾ 

ʅʘʷʚʥʘ ɼʦʩʪʫʧʥʘ 

4. 

ɼʦʧʨʘʚʣʝʥʥʷ 

ʣʽʢʘʨʩʴʢʠʭ 

ʧʨʝʧʘʨʘʪʽʚ ʫ 

ʪʽʣʽ ʣʶʜʠʥʠ 

ʇʝʨʝʤʽʱʝʥʥʷ 

ʤʽʢʨʦʨʦʙʦʪʘ ʟʘ 

ʜʦʧʦʤʦʛʦʶ 

ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʝʣʝʢʪʨʠʯʥʦʾ 

ʝʥʝʨʛʽʾ ʫ 

ʤʝʭʘʥʽʯʥʫ 

 

ʅʝ ʥʘʷʚʥʘ ʅʝʜʦʩʪʫʧʥʘ 

ʆʙʨʘʥʘ ʪʝʭʥʦʣʦʛʽʷ ʨʝʘʣʽʟʘʮʽʾ ʽʜʝʾ ʧʨʦʝʢʪʫ: ʧʝʨʝʤʽʱʝʥʥʷ ʨʦʙʦʪʘ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʚʟʘʻʤʦʜʽʾ ʤʘʛʥʽʪʥʠʭ ʧʦʣʝʡ ʨʦʙʦʪʘ ʪʘ ʟʦʚʥʽʰʥʴʦʛʦ ʧʦʣʷ. 
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 ʇʽʩʣʷ ʧʨʦʚʝʜʝʥʥʷ ʘʥʘʣʽʟʫ ʪʝʭʥʦʣʦʛʽʡ ʤʦʞʥʘ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʽʩʥʫʶʪʴ 

ʪʝʭʥʦʣʦʛʽʾ, ʷʢʽ ʤʦʞʫʪʴ ʪʝʭʥʽʯʥʦ ʟʘʙʝʟʧʝʯʠʪʠ ʨʝʘʣʽʟʘʮʽʶ ʽʜʝʾ ʩʪʘʨʪʘʧʫ. ʇʨʠ ʚʠʙʦʨʽ 

ʢʦʥʢʨʝʪʥʦʛʦ ʨʽʰʝʥʥʷ ʪʘʢʦʞ ʚʨʘʭʦʚʫʚʘʣʘʩʴ ʥʘʜʽʡʥʽʩʪʴ ʪʘ ʧʨʦʩʪʦʪʘ ʨʝʘʣʽʟʘʮʽʾ.  

 

 7.3 ɸʥʘʣʽʟ ʨʠʥʢʦʚʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʟʘʧʫʩʢʫ ʩʪʘʨʪʘʧ-ʧʨʦʝʢʪʫ 

 

 ʋ ʜʘʥʦʤʫ ʧʽʜʨʦʟʜʽʣʽ ʧʨʦʚʦʜʠʪʴʩʷ ʦʛʣʷʜ ʩʠʪʫʘʮʽʾ ʥʘ ʨʠʥʢʫ ʤʝʜʠʯʥʠʭ 

ʤʽʢʨʦʨʦʙʦʪʽʚ. ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʨʝʟʫʣʴʪʘʪʫ ʦʛʣʷʜʫ ʥʝʦʙʭʽʜʥʦ ʧʨʠʡʥʷʪʠ ʨʽʰʝʥʥʷ 

ʱʦʜʦ ʤʦʞʣʠʚʦʩʪʝʡ, ʷʢʽ ʤʦʞʝ ʥʘʜʘʪʠ ʨʠʥʦʢ, ʟʘʛʨʦʟ, ʷʢʽ ʤʦʞʫʪʴ ʚʧʣʠʥʫʪʠ ʥʘ 

ʨʦʟʚʠʪʦʢ ʧʨʦʝʢʪʫ ʪʘ ʚʠʟʥʘʯʠʪʠ ʽʥʪʝʨʝʩʠ ʢʣʽʻʥʪʽʚ. ʇʝʨʰ ʟʘ ʚʩʝ ʥʝʦʙʭʽʜʥʦ ʧʨʦʚʝʩʪʠ 

ʘʥʘʣʽʟ ʧʦʧʠʪʫ, ʦʙô̒ ʤʫ ʨʠʥʢʫ ʪʘ ʤʦʞʣʠʚʠʭ ʪʝʤʧʽʚ ʡʦʛʦ ʟʨʦʩʪʘʥʥʷ. ʋ ʪʘʙʣʠʮʽ 7.4 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʧʦʧʝʨʝʜʥʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʧʦʪʝʥʮʽʡʥʦʛʦ ʨʠʥʢʫ. 

 

ʊʘʙʣʠʮʷ 7.4 ï ʇʦʧʝʨʝʜʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʦʪʝʥʮʽʡʥʦʛʦ ʨʠʥʢʫ ʩʪʘʨʪʘʧ-

ʧʨʦʝʢʪʫ 

ˉ 

ʧ/ʧ 
ʇʦʢʘʟʥʠʢʠ ʩʪʘʥʫ ʨʠʥʢʫ (ʥʘʡʤʝʥʫʚʘʥʥʷ) ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ 

1. ʂʽʣʴʢʽʩʪʴ ʛʦʣʦʚʥʠʭ ʛʨʘʚʮʽʚ, ʦʜ 17 

2. ɿʘʛʘʣʴʥʠʡ ʦʙʩʷʛ ʧʨʦʜʘʞ, ʛʨʥ 500 000 000 000 

3. ɼʠʥʘʤʽʢʘ ʨʠʥʢʫ (ʷʢʽʩʥʘ ʦʮʽʥʢʘ) ɿʨʦʩʪʘʻ 

4. 
ʅʘʷʚʥʽʩʪʴ ʦʙʤʝʞʝʥʴ ʜʣʷ ʚʭʦʜʫ (ʚʢʘʟʘʪʠ 

ʭʘʨʘʢʪʝʨ ʦʙʤʝʞʝʥʴ) 
ʊʝʭʥʦʣʦʛʽʯʥʽ, ʶʨʠʜʠʯʥʽ 

5. 
ʉʧʝʮʠʬʽʯʥʽ ʚʠʤʦʛʠ ʜʦ ʩʪʘʥʜʘʨʪʠʟʘʮʽʾ ʪʘ 

ʩʝʨʪʠʬʽʢʘʮʽʾ 

ʅʝʦʙʭʽʜʥʘ ʩʝʨʪʠʬʽʢʘʮʽʷ 

ʩʠʩʪʝʤʠ, ʦʩʢʽʣʴʢʠ ʩʬʝʨʘ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ï 

ʤʝʜʠʮʠʥʘ. 

6. 
ʉʝʨʝʜʥʷ ʥʦʨʤʘ ʨʝʥʪʘʙʝʣʴʥʦʩʪʽ ʚ ʛʘʣʫʟʽ (ʘʙʦ ʧʦ 

ʨʠʥʢʫ), % 
7% 
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ʇʦʧʝʨʝʜʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʦʪʝʥʮʽʡʥʦʛʦ ʨʠʥʢʫ ʧʦʢʘʟʫʻ, ʱʦ ʻ ʝʢʦʥʦʤʽʯʥʠʡ 

ʩʝʥʩ ʜʣʷ ʚʧʨʦʚʘʜʞʝʥʥʷ ʧʨʦʝʢʪʫ ʫ ʜʘʥʽʡ ʩʬʝʨʽ, ʩʢʽʣʴʢʠ ʦʙô̒ ʤ ʨʠʥʢʫ ʜʫʞʝ ʟʥʘʯʥʠʡ, 

ʜʦʚʦʣʽ ʚʠʩʦʢʠʡ ʚʽʜʩʦʪʦʢ ʨʝʥʪʘʙʝʣʴʥʦʩʪʽ ʘ ʢʽʣʴʢʽʩʪʴ ʦʩʥʦʚʥʠʭ ʛʨʘʚʮʽʚ ʥʝʚʝʣʠʢʘ.  

ɼʘʣʽ ʥʝʦʙʭʽʜʥʦ ʩʬʦʨʤʫʚʘʪʠ ʫʷʚʣʝʥʥʷ ʧʨʦ ʧʦʪʝʥʮʽʥʠʭ ʢʣʽʻʥʪʽʚ, ʾʭ ʧʦʪʨʝʙʠ 

ʪʘ ʬʽʥʽʥʩʦʚʘ ʩʧʨʦʤʦʞʥʽʩʪʴ ʜʦ ʦʪʨʠʤʘʥʥʷ ʥʘʜʘʥʠʭ ʧʦʩʣʫʛ. ʋ ʪʘʙʣʠʮʽ 7.5 

ʧʨʦʚʦʝʜʥʦ ʘʥʘʣʽʟ ʬʘʢʪʦʨʽʚ ʱʦ ʩʪʦʩʫʶʪʴʩʷ ʧʦʪʝʥʮʽʡʥʠʭ ʢʣʽʻʥʪʽʚ. 

ʊʘʙʣʠʮʷ 7.5 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʦʪʝʥʮʽʡʥʠʭ ʢʣʽʻʥʪʽʚ ʩʪʘʨʪʘʧ-ʧʨʦʝʢʪʫ 

ˉ 

ʧ/ʧ 

ʇʦʪʨʝʙʘ, ʱʦ 

ʬʦʨʤʫʻ ʨʠʥʦʢ 

ʎʽʣʴʦʚʘ 

ʘʫʜʠʪʦʨʽʷ 

(ʮʽʣʴʦʚʽ 

ʩʝʛʤʝʥʪʠ 

ʨʠʥʢʫ) 

ɺʽʜʤʽʥʥʦʩʪʽ ʫ 

ʧʦʚʝʜʽʥʮʽ ʨʽʟʥʠʭ 

ʧʦʪʝʥʮʽʡʥʠʭ 

ʮʽʣʴʦʚʠʭ ʛʨʫʧ 

ʢʣʽʻʥʪʽʚ 

ɺʠʤʦʛʠ 

ʩʧʦʞʠʚʘʯʽʚ ʜʦ 

ʪʦʚʘʨʫ 

1. 

ʇʨʦʚʝʜʝʥʥʷ 

ʤʘʣʦʽʥʚʘʟʠʚʥʠʭ 

ʤʝʜʠʯʥʠʭ 

ʧʨʦʮʝʜʫʨ 

ʉʝʨʝʜʥʽʡ ʢʣʘʩ, 

ʯʦʣʦʚʽʢʠ ʪʘ 

ʞʽʥʢʠ ʟʨʽʣʦʛʦ 

ʚʽʢʫ 

ɼʘʥʘ ʧʦʩʣʫʛʘ 

ʥʘʮʽʣʝʥʘ ʥʘ 

ʧʨʦʚʝʜʝʥʥʷ 

ʤʝʜʠʯʥʠʭ 

ʧʨʦʮʝʜʫʨ, ʷʢʽ ʧʨʠ 

ʢʣʘʩʠʯʥʠʭ 

ʤʝʜʠʯʥʠʭ 

ʧʽʜʭʦʜʘʭ 

ʚʠʷʚʣʷʶʪʴʩʷ 

ʙʽʣʴʰ 

ʪʨʘʚʤʘʪʠʯʥʠʤʠ, 

ʚʠʤʘʛʘʶʪʴ 

ʨʝʘʙʽʣʽʪʘʮʽʾ ʪʘ 

ʜʦʚʛʦʛʦ 

ʚʽʜʥʦʚʣʝʥʥʷ 

ɿʘʛʘʣʴʥʦʶ 

ʚʠʤʦʛʦʶ ʷʢ ʜʦ 

ʢʦʤʧʘʥʽʾ-

ʚʠʨʦʙʥʠʢʘ ʪʘʢ 

ʽ ʜʦ ʧʨʦʜʫʢʪʫ ʻ 

ʤʘʢʩʠʤʘʣʴʥʘ 

ʙʝʟʧʝʢʘ ʧʨʠ 

ʚʠʢʦʨʠʩʪʘʥʥʽ 
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2. 

ʇʨʦʚʝʜʝʥʥʷ 

ʧʝʨʚʠʥʥʠʭ 

ʘʥʘʣʽʟʽʚ 

ʏʦʣʦʚʽʢʠ ʪʘ 

ʞʽʥʢʠ ʙʫʜ-

ʷʢʦʛʦ ʚʽʢʫ 

ʇʦʩʣʫʛʘ 

ʧʝʨʝʜʙʘʯʘʻ 

ʰʚʠʜʢʠʡ ʪʘ 

ʜʝʰʝʚʠʡ ʚʠʜ 

ʧʨʦʚʝʜʝʥʥʷ 

ʧʝʨʚʠʥʥʠʭ 

ʘʥʘʣʽʟʽʚ ʜʣʷ 

ʧʦʜʘʣʴʰʦʛʦ 

ʣʽʢʫʚʘʥʥʷ, 

ʨʦʟʨʘʭʦʚʘʥʘ ʥʘ 

ʤʘʩʦʚʠʡ ʨʠʥʦʢ 

ɺʠʤʦʛʘ ʜʦ 

ʢʦʤʧʘʥʽʾ- 

ʚʠʨʦʙʥʠʢʘ ï 

ʤʘʩʦʚʝ 

ʚʠʨʦʙʥʠʮʪʚʦ 

ʟʘ ʥʠʟʴʢʦʶ 

ʮʽʥʦʶ. ɺʠʤʦʛʘ 

ʜʦ ʧʨʦʜʫʢʪʫ ï 

ʙʝʟʧʝʯʥʝ 

ʟʘʩʪʦʩʫʚʘʥʥʷ 

 

ɸʥʘʣʽʟ ʤʦʞʣʠʚʠʭ ʛʨʫʧ ʢʣʽʻʥʪʽʚ ʧʦʢʘʟʘʚ, ʱʦ ʪʝʭʥʦʣʦʛʽʷ ʤʦʞʝ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʴ ʫ ʜʦʚʦʣʽ ʰʠʨʦʢʦʤʫ ʩʝʛʤʝʥʪʽ ʨʠʥʢʫ. ʇʦʩʣʫʛʠ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ 

ʮʽʢʘʚʠʤʠ ʢʣʽʻʥʪʘʤ ʮʽʣʢʦʤ ʟʘʙʝʟʧʝʯʝʥʽ ʪʝʭʥʽʯʥʠʤʠ ʤʦʞʣʠʚʦʩʪʷʤʠ ʩʠʩʪʝʤʠ. 

ʅʘʩʪʫʧʥʠʤ ʢʨʦʢʦʤ ʧʨʦʚʦʜʠʪʴʩʷ ʘʥʘʣʽʟ ʟʘʛʘʣʴʥʝ ʩʝʨʝʜʦʚʠʱʝ ʥʘ ʨʠʥʢʫ, 

ʚʠʟʥʘʯʝʥʥʷ ʬʘʢʪʦʨʽʚ, ʱʦ ʤʦʞʫʪʴ ʧʝʨʝʰʢʦʜʞʘʪʠ ʨʦʟʚʠʪʢʫ ʧʨʦʝʢʪʫ ʪʘ ʬʘʢʪʦʨʽʚ, 

ʷʢʽ ʤʦʞʫʪʴ ʩʧʨʠʷʪʠ. ʋ ʪʘʙʣʠʮʷʭ 7.6 ʪʘ 7.7 ʚʽʜʧʦʚʽʜʥʦ ʧʨʠʚʝʜʝʥʽ ʬʘʢʪʦʨʠ ʟʘʛʨʦʟ 

ʪʘ ʬʘʢʪʦʨʠ ʤʦʞʣʠʚʦʩʪʝʡ. 

 

ʊʘʙʣʠʮʷ 7.6 ï ʌʘʢʪʦʨʠ ʟʘʛʨʦʟ 

ˉ 

ʧ/ʧ 
ʌʘʢʪʦʨ ɿʤʽʩʪ ʟʘʛʨʦʟʠ ʄʦʞʣʠʚʘ ʨʝʘʢʮʽʷ ʢʦʤʧʘʥʽʾ 

1. 
ʇʽʜʚʠʱʝʥʥʷ 

ʢʦʥʢʫʨʝʥʮʽʾ 

ɿ ʧʣʠʥʦʤ ʯʘʩʫ 

ʪʝʭʥʦʣʦʛʽʷ ʤʦʞʝ 

ʩʪʘʪʠ ʙʽʣʴʰ 

ʜʦʩʪʫʧʥʦʶ ʜʣʷ 

ʽʥʰʠʭ ʨʦʟʨʦʙʥʠʢʽʚ. 

ɹʽʣʴʰʘ ʩʧʝʮʽʘʣʽʟʘʮʽʷ ʥʘ ʦʜʥʽʡ 

ʢʦʥʢʨʝʪʥʽʡ ʧʦʩʣʫʟʽ 

2. 
ʉʝʨʪʠʬʽʢʘʮʽʻʶ 

ʦʙʣʘʜʥʘʥʥʷ 

ʄʦʞʝ ʚʠʷʚʠʪʠʩʴ 

ʧʨʦʙʣʝʤʦʶ 

ʩʝʨʪʠʬʽʢʘʮʽʷ 

ʦʙʣʘʜʥʘʥʥʷ ʫ ʜʝʷʢʠʭ 

ʦʢʨʝʤʠʭ ʜʝʨʞʘʚʘʭ 

ʂʦʥʮʝʥʪʨʘʮʽʷ ʥʘ ʨʠʥʢʘʭ 

ʽʥʰʠʭ ʜʝʨʞʘʚ 
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ʊʘʙʣʠʮʷ 7.7 ï ʌʘʢʪʦʨʠ ʤʦʞʣʠʚʦʩʪʝʡ 

ˉ 

ʧ/ʧ 
ʌʘʢʪʦʨ ɿʤʽʩʪ ʤʦʞʣʠʚʦʩʪʽ ʄʦʞʣʠʚʘ ʨʝʘʢʮʽʷ ʢʦʤʧʘʥʽʾ 

1. ɿʨʦʩʪʘʥʥʷ ʨʠʥʢʫ 

ʈʦʟʧʦʚʩʶʜʞʝʥʥʷ 

ʩʠʩʪʝʤʠ ʤʦʞʝ 

ʧʨʠʟʚʝʩʪʠ ʜʦ 

ʨʦʟʰʠʨʝʥʥʷ ʧʦʧʠʪʫ 

ʟʘʚʜʷʢʠ ʟʘʛʘʣʴʥʽʡ 

ʦʙʽʟʥʘʥʦʩʪʽ ʧʨʦ ʥʝʾ 

ʪʘ ʾʾ ʧʝʨʝʚʘʛʠ 

ɿʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ 

ʧʦʩʣʫʛ, ʱʦ ʙʫʜʫʪʴ 

ʥʘʜʘʚʘʪʠʩʴ 

2. ɿʤʝʥʰʝʥʥʷ ʟʘʪʨʘʪ 

ɿʘʛʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ 

ʨʦʟʚʠʪʦʢ ʤʦʞʝ 

ʧʨʠʟʚʝʩʪʠ ʜʦ 

ʟʤʝʥʰʝʥʥʷ ʮʽʥʠ ʥʘ 

ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ 

ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʧʨʠʣʘʜʽʚ ʪʘ 

ʩʧʨʦʩʪʠʪʠ ʡʦʛʦ 

ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʟʘʚʜʷʢʠ ʧʦʷʚʽ ʥʦʚʠʭ 

ʩʫʤʽʞʥʠʭ ʪʝʭʥʦʣʦʛʽʡ 

ɿʙʽʣʴʰʝʥʥʷ ʧʦʪʫʞʥʦʩʪʝʡ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʩʠʩʪʝʤ ʪʘ 

ʽʥʚʝʩʪʠʮʽʾ ʫ ʩʫʤʽʞʥʽ 

ʪʝʭʥʦʣʦʛʽʾ 

 

ɺʠʱʝ ʙʫʣʠ ʨʦʟʛʣʷʥʫʪʽ ʤʦʞʣʠʚʽ ʬʘʢʪʦʨʠ ʟʘʛʨʦʟ ʪʘ ʜʦʜʘʪʢʦʚʠʭ ʧʝʨʝʚʘʛ ʧʨʠ 

ʨʦʙʦʪʽ ʧʨʦʝʢʪʫ. ʅʠʞʯʝ ʧʨʦʚʦʜʠʪʴʩʷ ʘʥʘʣʽʟ ʢʦʥʢʫʨʝʥʮʽʾ ʥʘ ʨʠʥʢʫ, ʨʝʟʫʣʴʪʘʪʠ 

ʘʥʘʣʽʟʫ ʧʨʠʚʝʜʝʥʽ ʫ ʪʘʙʣʠʮʷʭ 7.8 ʪʘ 7.9. 

 

ʊʘʙʣʠʮʷ 7.8 ï ʉʪʫʧʝʥʝʚʠʡ ʘʥʘʣʽʟ ʢʦʥʢʫʨʝʥʮʽʾ ʥʘ ʨʠʥʢʫ 

ʆʩʦʙʣʠʚʦʩʪʽ 

ʢʦʥʢʫʨʝʥʪʥʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ 

ɺ ʯʦʤʫ ʧʨʦʷʚʣʷʻʪʴʩʷ 

ʜʘʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ɺʧʣʠʚ ʥʘ ʜʽʷʣʴʥʽʩʪʴ 

ʧʽʜʧʨʠʻʤʩʪʚʘ (ʤʦʞʣʠʚʽ 

ʜʽʾ ʢʦʤʧʘʥʽʾ, ʱʦʙ ʙʫʪʠ 

ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʶ) 
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1. ʊʠʧ ʢʦʥʢʫʨʝʥʮʽʾ 

ï ʯʠʩʪʘ 

ʆʩʢʽʣʴʢʠ ʢʦʥʢʫʨʝʥʮʽʷ ʫ 

ʜʘʥʽʡ ʩʬʝʨʽ ʟʘʣʝʞʠʪʴ 

ʚʽʜ ʷʢʦʩʪʽ ʥʘʜʘʥʥʷ 

ʧʦʩʣʫʛ, ʮʽʥʠ ʽ ʪ.ʜ. 

ʤʦʞʥʘ ʜʦʡʪʠ ʚʠʩʥʦʚʢʫ, 

ʱʦ ʢʦʥʢʫʨʝʥʮʽʷ ʯʠʩʪʘ 

ʏʠʩʪʘ ʢʦʥʢʫʨʝʥʮʽʷ 

ʧʦʟʠʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ 

ʜʽʷʣʴʥʽʩʪʴ ʧʽʜʧʨʠʻʤʩʪʚʘ 

2. ʈʽʚʝʥʴ ʢʦʥʢʫʨʝʥʪʥʦʾ 

ʙʦʨʦʪʴʙʠ ï ʛʣʦʙʘʣʴʥʠʡ 

ʆʩʢʽʣʴʢʠ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʪʝʭʥʦʣʦʛʽʾ ʥʝ ʦʙʤʝʞʝʥʦ 

ʥʽ ʛʝʦʛʨʘʬʽʯʥʠʤ 

ʧʦʣʦʞʝʥʥʷʤ ʥʽ 

ʥʘʮʽʦʥʘʣʴʥʠʤ 

ʬʘʢʪʦʨʦʤ ʤʦʞʥʘ 

ʥʘʟʚʘʪʠ ʨʽʚʝʥʴ 

ʢʦʥʢʫʨʝʥʮʽʾ 

ʛʣʦʙʘʣʴʥʠʤ 

ɺʧʣʠʚ ʤʦʞʝ ʙʫʪʠ ʷʢ 

ʧʦʟʠʪʠʚʥʠʤ ʪʘʢ ʽ 

ʥʝʛʘʪʠʚʥʠʤ 

3. ɿʘ ʛʘʣʫʟʝʚʦʶ ʦʟʥʘʢʦʶ 

ï ʚʥʫʪʨʽʰʥʴʦʛʘʣʫʟʝʚʘ 

ʊʝʭʥʦʣʦʛʽʷ ʧʦʢʨʠʚʘʻ 

ʣʠʰʝ ʦʜʥʫ ʛʘʣʫʟʴ 

ʅʽʷʢ ʥʝ ʚʧʣʠʚʘʻ ʥʘ 

ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʽʩʪʴ 

4. ʂʦʥʢʫʨʝʥʮʽʷ ʟʘ ʚʠʜʘʤʠ 

ʪʦʚʘʨʽʚ ï ʪʦʚʘʨʥʦ-ʨʦʜʦʚʘ 

ʆʩʢʽʣʴʢʠ ʚʠʥʠʢʘʻ 

ʢʦʥʢʫʨʝʥʮʽʷ ʤʽʞ 

ʩʭʦʞʠʤʠ ʧʦʩʣʫʛʘʤʠ 

ʦʜʥʦʛʦ ʪʠʧʫ ʤʦʞʥʘ 

ʟʘʫʚʘʞʠʪʠ, ʱʦ 

ʢʦʥʢʫʨʝʥʮʽʷ ʪʦʚʘʨʥʦ-

ʨʦʜʦʚʘ 

ʅʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ 

ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʽʩʪʴ, 

ʦʩʢʽʣʴʢʠ ʚʘʞʢʦ ʨʦʟʜʽʣʠʪʠ 

ʩʭʦʞʽ ʧʦʩʣʫʛʠ 

5.  ɿʘ ʭʘʨʘʢʪʝʨʦʤ 

ʢʦʥʢʫʨʝʥʪʥʠʭ ʧʝʨʝʚʘʛ 

ï ʮʽʥʦʚʘ 

ʂʦʥʢʫʨʝʥʮʽʷ ʫ ʚʝʣʠʢʽʡ 

ʤʽʨʽ ʙʫʜʝ ʟʘʣʝʞʘʪʠ ʚʽʜ 

ʮʽʥʦʚʦʾ ʧʦʣʽʪʠʢʠ ʫʩʽʭ 

ʧʨʝʜʩʪʘʚʣʝʥʠʭ 

ʢʦʤʧʘʥʽʡ ʫ ʛʘʣʫʟʽ 

ɺʧʣʠʚʘʻ ʥʝʛʘʪʠʚʥʦ, 

ʦʩʢʽʣʴʢʠ ʧʦʩʣʫʛʘ 

ʨʦʟʨʘʭʦʚʘʥʘ ʥʘ ʚʠʩʦʢʠʡ 

ʮʽʥʦʚʠʡ ʩʝʛʤʝʥʪ, 

ʤʦʞʣʠʚʝ ʧʦʣʽʧʰʝʥʥʷ 

ʧʦʣʦʞʝʥʥʷ ʟʘʚʜʷʢʠ 

ʨʝʢʣʘʤʥʦʤʫ 

ʩʫʧʨʦʚʦʜʞʝʥʥʶ ʧʦʩʣʫʛ 

6. ɿʘ ʽʥʪʝʥʩʠʚʥʽʩʪʶ 

ï ʤʘʨʦʯʥʘ 

ʄʘʨʦʯʥʘ, ʦʩʢʽʣʴʢʠ 

ʢʣʽʻʥʪʠ ʟʚʝʨʪʘʪʠʤʫʪʴ 

ʫʚʘʛʫ ʥʘ ʢʦʤʧʘʥʽʶ-

ʥʘʜʘʚʘʯʘ ʧʦʩʣʫʛ 

ʇʦʟʠʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ 

ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʽʩʪʴ, 

ʦʩʢʽʣʴʢʠ ʷʢʽʩʪʴ ʧʦʩʣʫʛ 

ʙʫʜʝ ʚʠʩʦʢʦʶ 
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ʊʘʙʣʠʮʷ 7.9 ï ɸʥʘʣʽʟ ʢʦʥʢʫʨʝʥʮʽʾ ʚ ʛʘʣʫʟʽ ʟʘ ʄ. ʇʦʨʪʝʨʦʤ 

ʉʢʣʘʜʦʚ

ʽ 

ʘʥʘʣʽʟʫ 

ʇʨʷʤʽ 

ʢʦʥʢʫʨʝʥʪʠ 

ʚ ʛʘʣʫʟʽ 

ʇʦʪʝʥʮʽʡʥʽ 

ʢʦʥʢʫʨʝʥʪʠ 

ʇʦʩʪʘʯʘʣʴʥ

ʠʢʠ 
ʂʣʽʻʥʪʠ 

ʊʦʚʘʨʠ-

ʟʘʤʽʥʥʠʢʠ 

ʅʘʨʘʟʽ ʥʝʤʘʻ 

ʧʨʷʤʠʭ 

ʢʦʥʢʫʨʝʥʪʽʚ, 

ʻ ʣʠʰʝ 

ʩʭʦʞʽ 

ʧʦʩʣʫʛʠ 

ɹʘʨôʻʨʦʤ ʜʣʷ 

ʚʭʦʜʫ ʥʘ 

ʨʠʥʦʢ ʻ 

ʨʦʟʨʦʙʢʘ 

ʩʢʣʘʜʥʦʾ 

ʪʝʭʥʦʣʦʛʽʾ ʪʘ 

ʩʫʪʪʻʚʽ 

ʽʥʚʝʩʪʠʮʽʾ ʫ 

ʚʠʨʦʙʥʠʮʪʚʦ 

ʦʙʣʘʜʥʘʥʥʷ 

ɼʝʷʢʽ 

ʧʦʩʪʘʯʘʣʴʥ

ʠʢʠ 

ʩʫʤʽʞʥʠʭ 

ʩʠʩʪʝʤ 

ʤʦʞʫʪʴ 

ʜʠʢʪʫʚʘʪʠ 

ʧʝʚʥʽ 

ʫʤʦʚʠ, ʘʣʝ 

ʾʭ ʚʧʣʠʚ ʥʝ 

ʤʘʻ ʙʫʪʠ 

ʢʨʠʪʠʯʥʠʤ 

ʉʧʦʞʠʚʘʯ

ʽ 

ʜʠʢʪʫʶʪʴ 

ʫʤʦʚʠ 

ʨʠʥʢʫ, 

ʦʙʠʨʘʶʯʠ 

ʜʦʩʪʫʧʥʽ 

ʪʘ ʷʢʽʩʥʽ 

ʧʦʩʣʫʛʠ 

ʅʘʨʘʟʽ 

ʥʝʤʘʻ 

ʪʝʭʥʦʣʦʛʽʾ 

ʷʢʘ ʙ 

ʟʘʤʽʥʷʣʘ 

ʨʦʟʨʦʙʣʶ

ʚʘʥʫ 

ɺʠʩʥʦʚ

ʢʠ: 

ʂʦʥʢʫʨʝʥʮʽʾ 

ʩʝʨʝʜ 

ʧʨʷʤʠʭ 

ʢʦʥʢʫʨʝʥʪʽʚ 

ʥʝʤʘʻ ʯʝʨʝʟ 

ʾʭ 

ʚʽʜʩʫʪʥʽʩʪʴ 

ɭ 

ʧʦʪʝʥʮʽʡʥʠʡ 

ʰʘʥʩ ʚʠʭʦʜʫ 

ʢʦʥʢʫʨʝʥʪʽʚ 

ʥʘ ʨʠʥʦʢ. ɺ 

ʟʘʣʝʞʥʦʩʪʽ 

ʚʽʜ ʦʙʨʘʥʦʾ 

ʪʝʭʥʦʣʦʛʽʾ 

ʯʘʩ ʚʠʭʦʜʫ 

ʤʦʞʝ ʜʫʞʝ 

ʩʠʣʴʥʦ 

ʟʤʽʥʶʚʘʪʠʩʴ 

ʄʦʞʣʠʚʽ 

ʤʽʥʽʤʘʣʴʥʽ 

ʥʝʟʨʫʯʥʦʩʪʽ 

ʧʨʠ ʨʦʙʦʪʽ ʟ 

ʧʦʩʪʘʯʘʣʴʥ

ʠʢʘʤʠ 

ʂʣʽʻʥʪʠ 

ʤʘʶʪʴ 

ʟʤʦʛʫ 

ʦʙʠʨʘʪʠ 

ʧʦʩʣʫʛʠ 

ʷʢʽ ʻ 

ʦʧʪʠʤʘʣʴʥ

ʠʤʠ ʜʣʷ 

ʥʠʭ 

ʅʝʤʘʻ 

ʦʙʤʝʞʝʥʴ 

ʯʝʨʝʟ 

ʚʽʜʩʫʪʥʽʩʪ

ʴ ʪʦʚʘʨʽʚ-

ʟʘʤʽʥʥʠʢʽ

ʚ 

 

ʇʨʦʘʥʘʣʽʟʫʚʘʚʰʠ ʬʘʢʪʦʨʠ ʢʦʥʢʫʨʝʥʮʽʾ ʤʦʞʥʘ ʜʽʡʪʠ ʚʠʩʥʦʚʢʫ, ʱʦ 

ʢʦʥʢʫʨʝʥʪʥʝ ʩʝʨʝʜʦʚʠʱʝ ʫ ʜʘʥʽʡ ʛʘʣʫʟʽ ʧʨʠʩʫʪʥʻ ʘʣʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʣʘʙʦ, 

ʦʩʢʽʣʴʢʠ ʨʦʟʨʦʙʢʘ ʥʦʚʘ ʽ ʨʠʥʦʢ ʩʬʦʨʤʫʚʘʚʩʷ ʥʝ ʫ ʧʦʚʥʽʡ ʤʽʨʽ. ɭ ʧʝʨʩʧʝʢʪʠʚʠ ʜʣʷ 

ʚʜʘʣʦʛʦ ʚʝʜʝʥʥʷ ʙʦʨʦʪʴʙʠ ʟʘ ʩʧʦʞʠʚʘʯʘ.  ʋ ʪʘʙʣʠʮʽ 7.10 ʧʨʝʜʩʪʘʚʣʝʥʝ 

ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʬʘʢʪʦʨʽʚ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʩʪʽ. 
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ʊʘʙʣʠʮʷ 7.10 ï ʆʙˇʨʫʥʪʫʚʘʥʥʷ ʬʘʢʪʦʨʽʚ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʩʪʽ 

ˉ 

ʧ/ʧ 

ʌʘʢʪʦʨ 

ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʩʪʽ 

ʆʙˇʨʫʥʪʫʚʘʥʥʷ (ʥʘʚʝʜʝʥʥʷ ʯʠʥʥʠʢʽʚ, ʱʦ 

ʨʦʙʣʷʪʴ ʬʘʢʪʦʨ ʜʣʷ ʧʦʨʽʚʥʷʥʥʷ 

ʢʦʥʢʫʨʝʥʪʥʠʭ ʧʨʦʝʢʪʽʚ ʟʥʘʯʫʱʠʤ) 

1. ɺʠʩʦʢʘ ʪʝʭʥʦʣʦʛʽʯʥʽʩʪʴ 

ɼʘʥʠʡ ʬʘʢʪʦʨ ʨʦʙʠʪʴ ʧʦʩʣʫʛʫ 

ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʶ, ʦʩʢʽʣʴʢʠ ʫ 

ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʢʦʤʧʘʥʽʾ ʥʝʤʘʻ ʪʝʭʥʽʯʥʦʾ 

ʤʦʞʣʠʚʦʩʪʽ ʥʘʜʘʪʠ ʢʣʽʻʥʪʫ ʩʭʦʞʠʡ ʪʦʚʘʨ 

2. ɹʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʴ 

ʆʩʢʽʣʴʢʠ ʩʧʦʞʠʚʘʯ ʟʤʦʞʝ ʦʪʨʠʤʘʪʠ ʫʩʽ 

ʥʝʦʙʭʽʜʥʽ ʧʦʩʣʫʛʠ ʫ ʦʜʥʦʤʫ ʤʽʩʮʽ, 

ʟʚʝʨʪʘʶʯʠʩʴ ʜʦ ʚʫʟʴʢʦʛʦ ʢʨʫʛʫ ʩʧʝʮʽʘʣʽʩʪʽʚ 

ʚʽʥ ʟʘʭʦʯʝ ʦʪʨʠʤʘʪʠ ʩʘʤʝ ʪʘʢʠʡ ʩʝʨʚʽʩ 

 

ɺʠʱʝʦʧʠʩʘʥʽ ʬʘʢʪʦʨʠ ʦʙʫʤʦʚʣʶʶʪʴ ʩʧʨʦʤʦʞʥʽʩʪʴ ʧʨʦʝʢʪʫ ʢʦʥʢʫʨʫʨʚʘʪʠ 

ʟ ʧʨʝʜʩʪʘʚʣʝʥʠʤʠ ʢʦʤʧʘʥʽʷʤʠ ʪʘ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʢʣʽʻʥʪʽʚ ʜʦʩʪʫʧʥʽʰʠʤʠ ʪʘ 

ʷʢʽʩʥʩʰʠʤʠ ʧʦʩʣʫʛʘʤʠ. 

ʅʘʨʘʟʽ ʤʦʞʥʘ ʧʨʚʝʩʪʠ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʩʝʨʝʜ ʢʦʥʢʫʨʫʶʯʠʭ ʢʦʤʧʘʥʽʡ 

(ʧʨʝʜʩʪʘʚʣʝʥʦ ʫ ʪʘʙʣʠʮʽ 7.11). 

 

ʊʘʙʣʠʮʷ 7.11 ï ʇʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʩʠʣʴʥʠʭ ʪʘ ʩʣʘʙʢʠʭ ʩʪʦʨʽʥ çʩʠʩʪʝʤʠ 

ʢʝʨʫʚʘʥʥʷ ʤʘʛʥʽʪʥʠʤ ʤʽʢʨʦʨʦʙʦʪʦʤ ʜʣʷ ʜʦʧʨʘʚʣʝʥʥʷ ʣʽʢʘʨʩʴʢʠʭ 

ʧʨʝʧʘʨʘʪʽʚ ʫ ʪʽʣʽ ʣʶʜʠʥʠè 

ˉ 

ʧ/ʧ 
ʌʘʢʪʦʨ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʩʪʽ 

ɹʘʣʠ 

1-20 

ʈʝʡʪʠʥʛ ʪʦʚʘʨʽʚ-ʢʦʥʢʫʨʝʥʪʽʚ ʫ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʨʦʟʨʦʙʣʶʚʘʥʦʶ 

ʩʠʩʪʝʤʦʶ 

ï3 ï2 ï1 0 +1 +2 +3 

1. ʗʢʽʩʪʴ ʧʦʩʣʫʛʠ 16 +       

2. ʎʽʥʘ ʧʦʩʣʫʛʠ 10      +  

3. ɼʦʩʪʫʧʥʽʩʪʴ 18  +      

4. ɹʝʟʧʝʯʥʽʩʪʴ 19       + 

 

ʗʢ ʚʠʜʥʦ ʟ ʪʘʙʣʠʮʽ 7.11 ʨʦʟʨʦʙʣʶʚʘʥʘ ʩʠʩʪʝʤʘ ʤʘʻ ʷʢ ʢʦʥʢʫʨʥʪʥʽ ʧʝʨʝʚʘʛʠ 

ʪʘʢ ʽ ʥʝʜʦʣʽʢʠ, ʦʜʥʘʢ ʟʘ ʨʘʭʫʥʦʢ ʷʢʦʩʪʽ ʪʘ ʙʝʟʧʝʯʥʦʩʪʽ ʧʦʩʣʫʛ ʘ ʪʘʢʦʞ ʟʘʚʜʷʢʠ 

ʨʝʢʣʘʤʥʦʤʫ ʩʫʧʨʦʚʦʜʫ ʚʦʥʘ ʤʘʻ ʰʘʥʩʠ ʥʘ ʫʩʧʽʭ.  
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ʅʘʩʪʫʧʥʦʶ ʬʘʟʦʶ ʻ SWOT ʘʥʘʣʽʟ, ʚʽʥ ʬʦʨʤʫʻʪʴʩʷ ʧʨʠ ʛʨʫʧʫʚʘʥʥʽ ʪʘ ʦʮʽʥʮʽ 

ʚʞʝ ʟʘʟʥʘʯʝʥʠʭ ʬʘʢʪʦʨʽʚ. 

 

ʊʘʙʣʠʮʷ 7.12 ï SWOT-ʘʥʘʣʽʟ ʩʪʘʨʪʘʧ-ʧʨʦʝʢʪʫ 

ʉʠʣʴʥʽ ʩʪʦʨʦʥʠ: 

ʗʢʽʩʪʴ ʪʘ ʙʝʟʧʝʯʥʽʩʪʴ ʥʘʜʘʥʠʭ ʧʦʩʣʫʛ 

ʉʣʘʙʢʽ ʩʪʦʨʦʥʠ: 

ʅʠʞʯʘ ʜʦʩʪʫʧʥʽʩʪʴ ʪʘ ʚʠʱʘ ʮʽʥʘ ʫ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʢʦʥʢʫʨʝʥʪʘʤʠ 

ʄʦʞʣʠʚʦʩʪʽ: 

ɿʤʝʥʰʝʥʥʷ ʟʘʪʨʘʪ ʥʘ ʚʠʨʦʙʥʠʮʪʚʦ ʪʘ 

ʧʦʩʪʫʧʦʚʝ ʨʦʟʰʠʨʝʥʥʷ ʨʠʥʢʫ 

ɿʘʛʨʦʟʠ: 

ʇʦʩʪʫʧʦʚʝ ʟʙʽʣʴʰʝʥʥʷ ʢʦʥʢʫʨʝʥʮʽʾ ʟʘ 

ʨʘʭʫʥʦʢ ʨʦʟʚʠʪʢʫ ʪʝʭʥʦʣʦʛʽʾ ʪʘ 

ʧʨʦʙʣʝʤʠ ʟ ʧʨʦʚʝʜʝʥʥʷʤ ʤʝʜʠʯʥʦʾ 

ʩʝʨʪʠʬʽʢʘʮʽʾ 

 

ʅʘ ʦʩʥʦʚʽ ʚʠʱʝʦʧʠʩʘʥʦʛʦ ʘʥʘʣʽʟʫ ʧʨʦʚʦʜʠʪʴʩʷ ʧʣʘʥʫʚʘʥʥʷ ʜʣʷ ʥʘʡʙʽʣʴʰ 

ʚʜʘʣʦʛʦ ʚʠʚʦʜʫ ʧʨʦʝʢʪʫ ʥʘ ʨʠʥʦʢ ʪʘ ʯʘʩ ʡʦʛʦ ʨʝʘʣʽʟʘʮʽʾ ʟ ʦʛʣʷʜʦʤ ʥʘ ʨʦʟʨʦʙʢʠ 

ʢʦʥʢʫʨʝʥʪʽʚ. ɸʣʴʪʝʨʥʘʪʠʚʠ ʨʠʥʢʦʚʦʛʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʪʘʨʪʘʧ-ʧʨʦʝʢʪʫ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʫ ʪʘʙʣʠʮʽ 7.13. 

 

ʊʘʙʣʠʮʷ 7.13 ï ɸʣʴʪʝʨʥʘʪʠʚʠ ʨʠʥʢʦʚʦʛʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʪʘʨʪʘʧ-ʧʨʦʝʢʪʫ 

ˉ 

ʧ/ʧ 

ɸʣʴʪʝʨʥʘʪʠʚʘ 

(ʦʨʽʻʥʪʦʚʥʠʡ ʢʦʤʧʣʝʢʩ 

ʟʘʭʦʜʽʚ) ʨʠʥʢʦʚʦʾ 

ʧʦʚʝʜʽʥʢʠ 

ʁʤʦʚʽʨʥʽʩʪʴ 

ʦʪʨʠʤʘʥʥʷ ʨʝʩʫʨʩʽʚ 
ʉʪʨʦʢʠ ʨʝʘʣʽʟʘʮʽʾ 

1. 

ʐʚʠʜʢʠʡ ʚʠʭʽʜ ʥʘ 

ʨʠʥʦʢ ʟ ʥʦʚʽʪʥʴʦʶ 

ʪʝʭʥʦʣʦʛʽʻʶ 

ʧʦʤʽʨʥʘ 1-1,5 ʨʦʢʠ 

2. 

ʇʦʩʪʫʧʦʚʝ 

ʚʜʦʩʢʦʥʘʣʝʥʥʷ 

ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʚʠʭʽʜ ʥʘ 

ʨʠʥʦʢ ʧʨʠ ʾʾ 

ʦʧʪʠʤʘʣʴʥʽʡ ʨʦʙʦʪʽ 

ʥʠʟʴʢʘ 4 ʨʦʢʠ 
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ʈʦʟʛʣʷʥʫʚʰʠ ʜʚʽ ʘʣʴʪʝʨʥʘʪʠʚʠ ʨʠʥʢʦʚʦʾ ʧʦʚʝʜʽʥʢʠ ʙʘʯʠʪʴʩʷ ʣʽʧʰʠʤ 

ʧʝʨʰʠʡ ʚʘʨʽʘʥʪ: ʰʚʠʜʢʠʡ ʚʠʭʽʜ ʥʘ ʨʠʥʦʢ ʟ ʥʦʚʽʪʥʴʦʶ ʪʝʭʥʦʣʦʛʽʻʶ, ʦʩʢʽʣʴʢʠ ʚʽʥ 

ʧʝʨʝʜʙʘʯʘʻ ʙʽʣʴʰʫ ʽʤʦʚʽʨʥʽʩʪʴ ʦʪʨʠʤʘʥʥʷ ʨʝʩʫʨʩʽʚ ʪʘ ʤʝʥʰʽ ʩʨʦʢʠ ʨʝʘʣʽʟʘʮʽʾ. 

ʇʽʩʣʷ ʧʝʨʚʠʥʥʦʛʦ ʚʠʭʦʜʫ ʥʘ ʨʠʥʦʢ ʥʝʦʙʭʽʜʥʦ ʤʦʜʝʨʥʽʟʫʚʘʪʠ ʪʘ ʚʜʦʩʢʦʥʘʣʶʚʘʪʠ 

ʪʝʭʥʦʣʦʛʽʶ. 

 

7.4 ʈʦʟʨʦʙʣʝʥʥʷ ʨʠʥʢʦʚʦʾ ʩʪʨʘʪʝʛʽʾ ʧʨʦʝʢʪʫ 

 

ʇʨʠ ʨʦʟʨʦʙʣʝʥʥʽ ʨʠʥʢʦʚʦʾ ʩʪʨʘʪʝʛʽʾ ʧʝʨʰ ʟʘ ʚʩʝ ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠ 

ʩʪʨʘʪʝʛʽʶ ʦʭʦʧʣʝʥʥʷ ʨʠʥʢʫ ʪʘ ʚʠʙʽʨ ʮʽʣʴʚʦʾ ʛʨʫʧʠ ʩʧʦʞʠʚʘʯʽʚ. ɸʥʘʣʽʟ ʚʠʙʦʨʫ 

ʮʽʣʴʦʚʦʾ ʛʨʫʧʠ ʧʦʪʝʥʮʽʡʥʠʭ ʩʧʦʞʠʚʘʯʽʚ ʥʘʚʝʜʝʥʦ ʫ ʪʘʙʣʠʮʽ 7.14. 

 

ʊʘʙʣʠʮʷ 7.14 ï ɺʠʙʽʨ ʮʽʣʴʦʚʠʭ ʛʨʫʧ ʧʦʪʝʥʮʽʡʥʠʭ ʩʧʦʞʠʚʘʯʽʚ 

ˉ 

ʧ/ʧ 

ʆʧʠʩ 

ʧʨʦʬʽʣʶ 

ʮʽʣʴʦʚʦʾ 

ʛʨʫʧʠ 

ʧʦʪʝʥʮʽʡʥʠʭ 

ʢʣʽʻʥʪʽʚ 

ɻʦʪʦʚʥʽʩʪʴ 

ʩʧʦʞʠʚʘʯʽʚ 

ʩʧʨʠʡʥʷʪʠ 

ʧʨʦʜʫʢʪ 

ʆʨʽʻʥʪʦʚʥʠʡ 

ʧʦʧʠʪ ʚ 

ʤʝʞʘʭ 

ʮʽʣʴʦʚʦʾ 

ʛʨʫʧʠ 

(ʩʝʛʤʝʥʪʫ) 

ɯʥʪʝʥʩʠʚʥʽʩʪʴ 

ʢʦʥʢʫʨʝʥʮʽʾ ʚ 

ʩʝʛʤʝʥʪʽ 

ʇʨʦʩʪʦʪʘ 

ʚʭʦʜʫ ʫ 

ʩʝʛʤʝʥʪ 

1. 

ʉʝʨʝʜʥʽʡ 

ʢʣʘʩ, 

ʯʦʣʦʚʽʢʠ ʪʘ 

ʞʽʥʢʠ 

ʟʨʽʣʦʛʦ ʚʽʢʫ 

ɻʦʪʦʚʥʽʩʪʴ 

ʚʠʩʦʢʘ 

ʇʦʧʠʪ 

ʩʝʨʝʜʥʽʡ 

ʅʠʟʴʢʘ 

ʢʦʥʢʫʨʝʥʮʽʷ 

ʉʢʣʘʜʥʠʡ 

ʚʭʽʜ ʫ 

ʩʝʛʤʝʥʪ 

ʯʝʨʝʟ 

ʩʢʣʘʜʥʦʱʽ 

ʨʦʟʨʦʙʣʝʥʥʷ 

ʩʠʩʪʝʤʠ 
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2. 

ʏʦʣʦʚʽʢʠ ʪʘ 

ʞʽʥʢʠ ʙʫʜ-ɹ

ʷʢʦʛʦ ʚʽʢʫ ʪʘ 

ʨʽʚʥʷ 

ʬʽʥʘʥʩʦʚʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ 

ɻʦʪʦʚʥʽʩʪʴ 

ʧʦʤʽʨʥʘ ʘʙʦ 

ʥʠʟʴʢʘ 

ʇʦʧʠʪ 

ʩʝʨʝʜʥʽʡ 

ɺʠʩʦʢʘ 

ʢʦʥʢʫʨʝʥʮʽʷ 

ɺʽʜʥʦʩʥʦ 

ʧʨʦʩʪʠʡ ʚʭʽʜ 

ʫ ʩʝʛʤʝʥʪ 

ʗʢʽ ʮʽʣʴʦʚʽ ʛʨʫʧʠ ʦʙʨʘʥʦ: ʦʙʨʘʥʦ ʧʝʨʰʫ ʮʽʣʴʦʚʫ ʛʨʫʧʫ, ʦʩʢʽʣʴʢʠ ʦʯʽʢʫʻʪʴʩʷ 

ʥʠʟʴʢʘ ʢʦʥʢʫʨʝʥʮʽʷ ʪʘ ʚʽʜʥʦʩʥʦ ʚʠʩʦʢʠʡ ʧʦʧʠʪ. 

 

 

ʆʩʢʽʣʴʢʠ ʙʫʣʦ ʦʙʨʘʥʦ ʦʜʥʫ ʮʽʣʴʦʚʫ ʛʨʫʧʫ ʧʦʪʝʥʮʽʡʥʠʭ ʢʣʽʻʥʪʽʚ ʪʦ ʤʦʞʥʘ 

ʥʘʟʚʘʪʠ ʦʙʨʘʥʫ ʩʪʨʘʪʝʛʽʶ ʤʘʨʢʝʪʠʥʛʫ ʢʦʥʮʝʥʪʨʦʚʘʥʦʶ. ɼʣʷ ʨʦʙʦʪʠ ʟ ʮʠʤ 

ʩʝʛʤʝʥʪʦʤ ʨʠʥʢʫ ʥʝʦʙʭʽʜʥʦ ʦʙʨʘʪʠ ʙʘʟʦʚʫ ʩʪʨʘʪʝʛʽʶ ʨʦʟʚʠʪʢʫ. ʈʦʟʛʣʷʜ ʤʦʞʣʠʚʠʭ 

ʚʘʨʽʘʥʪʽʚ ʧʨʝʜʩʪʘʚʣʝʥʦ ʫ ʪʘʙʣʠʮʽ 7.15. ʋ ʪʘʙʣʠʮʽ 7.16 ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʦʟʛʣʷʜ 

ʙʘʟʦʚʠʭ ʩʪʨʘʪʝʛʽʡ ʢʦʥʢʫʨʝʥʪʥʦʾ ʧʦʚʝʜʽʥʢʠ. 

 

ʊʘʙʣʠʮʷ 7.15 ï ɺʠʟʥʘʯʝʥʥʷ ʙʘʟʦʚʦʾ ʩʪʨʘʪʝʛʽʾ ʨʦʟʚʠʪʢʫ 

ˉ 

ʧ/ʧ 

ʆʙʨʘʥʘ 

ʘʣʴʪʝʨʥʘʪʠʚʘ 

ʨʦʟʚʠʪʢʫ ʧʨʦʝʢʪʫ 

ʉʪʨʘʪʝʛʽʷ 

ʦʭʦʧʣʝʥʥʷ 

ʨʠʥʢʫ 

ʂʣʶʯʦʚʽ 

ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦ

ʞʥʽ ʧʦʟʠʮʽʾ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʦʙʨʘʥʦʾ 

ʘʣʴʪʝʨʥʘʪʠʚʠ 

ɹʘʟʦʚʘ ʩʪʨʘʪʝʛʽʷ 

ʨʦʟʚʠʪʢʫ 

1. 

ʐʚʠʜʢʠʡ ʚʠʭʽʜ 

ʥʘ ʨʠʥʦʢ ʟ 

ʥʦʚʽʪʥʴʦʶ 

ʪʝʭʥʦʣʦʛʽʻʶ 

ʂʦʥʮʝʥʪʨʦʚʘʥʘ 

ɺʠʙʽʨ ʚʫʟʴʢʦʛʦ 

ʢʦʣʘ ʟʘʙʝʟʧʝʯʝʥʠʭ 

ʩʧʦʞʠʚʘʯʽʚ ʪʘ 

ʥʘʜʘʥʥʷ ʷʢʽʩʥʠʭ ʪʘ 

ʙʝʟʧʝʯʥʠʭ ʧʦʩʣʫʛ 

ʉʪʨʘʪʝʛʽʷ 

ʩʧʝʮʽʘʣʽʟʘʮʽʾ 

2. 

ʇʦʩʪʫʧʦʚʝ 

ʚʜʦʩʢʦʥʘʣʝʥʥʷ 

ʪʝʭʥʦʣʦʛʽʾ ʪʘ 

ʚʠʭʽʜ ʥʘ ʨʠʥʦʢ 

ʧʨʠ ʾʾ 

ɼʠʬʝʨʝʥʮʽʘʮʽʷ 

ɺʠʙʽʨ ʰʠʨʦʢʦʛʦ 

ʩʝʛʤʝʥʪʫ ʨʠʥʢʫ ʙʝʟ 

ʩʧʝʮʽʘʣʽʟʘʮʽʾ 

ʉʪʨʘʪʝʛʽʷ 

ʜʠʬʝʨʝʥʮʽʘʮʽʾ 
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ʦʧʪʠʤʘʣʴʥʽʡ 

ʨʦʙʦʪʽ 

 

ʊʘʙʣʠʮʷ 7.16 ï ɺʠʟʥʘʯʝʥʥʷ ʙʘʟʦʚʦʾ ʩʪʨʘʪʝʛʽʾ ʢʦʥʢʫʨʝʥʪʥʦʾ ʧʦʚʝʜʽʥʢʠ 

ˉ 

ʧ/ʧ 

ʏʠ ʻ ʧʨʦʝʢʪ 

çʧʝʨʰʦʧʨʦʭʽʜʮʝʤè 

ʥʘ ʨʠʥʢʫ? 

ʏʠ ʙʫʜʝ 

ʢʦʤʧʘʥʽʷ 

ʰʫʢʘʪʠ ʥʦʚʠʭ 

ʩʧʦʞʠʚʘʯʽʚ, 

ʘʙʦ ʟʘʙʠʨʘʪʠ 

ʽʩʥʫʶʯʠʭ ʫ 

ʢʦʥʢʫʨʝʥʪʽʚ? 

ʏʠ ʙʫʜʝ 

ʢʦʤʧʘʥʽʷ 

ʢʦʧʽʶʚʘʪʠ 

ʦʩʥʦʚʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʪʦʚʘʨʫ 

ʢʦʥʢʫʨʝʥʪʘ, ʽ 

ʷʢʽ? 

ʉʪʨʘʪʝʛʽʷ 

ʢʦʥʢʫʨʝʥʪʥʦʾ 

ʧʦʚʝʜʽʥʢʠ 

1. ʊʘʢ ʅ ̔ ʅ ̔

ʉʪʨʘʪʝʛʽʷ 

ʟʘʥʷʪʪʷ 

ʢʦʥʢʫʨʝʥʪʥʦʾ 

ʥʽʰʽ 

2. ʊʘʢ ʊʘʢ ʅ ̔
ʉʪʨʘʪʝʛʽʷ 

ʣʽʜʝʨʘ 

 

ʇʽʩʣʷ ʧʨʦʚʝʜʝʥʥʷ ʘʥʘʣʽʟʫ ʤʦʞʣʠʚʠʭ ʙʘʟʦʚʠʭ ʩʪʨʘʪʝʛʽʡ ʨʦʟʚʠʪʢʫ ʪʘ 

ʢʦʥʢʫʨʝʥʪʥʦʾ ʧʦʚʝʜʽʥʢʠ ʙʫʣʦ ʦʙʨʘʥʦ ʩʪʨʘʪʝʛʽʾ ʩʧʝʮʽʘʣʽʟʘʮʽʾ ʪʘ ʟʘʥʷʪʪʷ 

ʢʦʥʢʫʨʝʥʪʥʦʾ ʥʽʰʽ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʥʘʡʙʽʣʴʰ ʧʽʜʭʦʜʷʪʴ ʜʣʷ ʨʦʟʨʦʙʣʶʚʘʥʦʾ 

ʩʠʩʪʝʤʠ. 

 ʅʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʤʦʞʥʘ ʧʨʠʩʪʫʧʠʪʠ ʜʦ ʚʠʙʦʨʫ ʩʪʨʘʪʝʛʽʾ 

ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ ʥʘ ʨʠʥʢʫ. ʄʦʞʣʠʚʽ ʩʪʨʘʪʝʛʽʾ ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʪʘʙʣʠʮʽ 7.17. 

 

ʊʘʙʣʠʮʷ 7.17 ï ɺʠʟʥʘʯʝʥʥʷ ʩʪʨʘʪʝʛʽʾ ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ 

ˉ 

ʧ/ʧ 

ɺʠʤʦʛʠ ʜʦ 

ʪʦʚʘʨʫ 

ʮʽʣʴʦʚʦʾ 

ʘʫʜʠʪʦʨʽʾ 

ɹʘʟʦʚʘ 

ʩʪʨʘʪʝʛʽʷ 

ʨʦʟʚʠʪʢʫ 

ʂʣʶʯʦʚʽ 

ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦ

ʞʥʽ ʧʦʟʠʮʽʾ 

ʚʣʘʩʥʦʛʦ ʩʪʘʨʪʘʧ-

ʧʨʦʝʢʪʫ 

ɺʠʙʽʨ ʘʩʦʮʽʘʮʽʡ, ʷʢʽ ʤʘʶʪʴ 

ʩʬʦʨʤʫʚʘʪʠ ʢʦʤʧʣʝʢʩʥʫ 

ʧʦʟʠʮʽʶ ʚʣʘʩʥʦʛʦ ʧʨʦʝʢʪʫ 

(ʪʨʠ ʢʣʶʯʦʚʠʭ) 

1. 

ɿʘʛʘʣʴʥʦʶ 

ʚʠʤʦʛʦʶ ʷʢ 

ʜʦ ʢʦʤʧʘʥʽʾ-

ʉʪʨʘʪʝʛʽʷ 

ʩʧʝʮʽʘʣʽʟ

ʘʮʽʾ 

ʉʪʨʘʪʝʛʽʷ ʟʘʥʷʪʪʷ 

ʢʦʥʢʫʨʝʥʪʥʦʾ ʥʽʰʽ 

ʗʢʽʩʪʴ, ʥʘʜʽʡʥʽʩʪʴ, 

ʙʝʟʧʝʯʥʽʩʪʴ 
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ʚʠʨʦʙʥʠʢʘ 

ʪʘʢ ʽ ʜʦ 

ʧʨʦʜʫʢʪʫ ʻ 

ʤʘʢʩʠʤʘʣʴʥ

ʘ ʙʝʟʧʝʢʘ 

ʧʨʠ 

ʚʠʢʦʨʠʩʪʘʥ

ʥ ̔

2. 

ɺʠʤʦʛʘ ʜʦ 

ʢʦʤʧʘʥʽʾ- 

ʚʠʨʦʙʥʠʢʘ ï 

ʤʘʩʦʚʝ 

ʚʠʨʦʙʥʠʮʪʚ

ʦ ʟʘ 

ʥʠʟʴʢʦʶ 

ʮʽʥʦʶ. 

ɺʠʤʦʛʘ ʜʦ 

ʧʨʦʜʫʢʪʫ ï 

ʙʝʟʧʝʯʥʝ 

ʟʘʩʪʦʩʫʚʘʥʥ

 ̫

ʉʪʨʘʪʝʛʽʷ 

ʜʠʬʝʨʝʥʮ

ʽʘʮʽʾ 

ʉʪʨʘʪʝʛʽʷ ʣʽʜʝʨʘ 
ɼʦʩʪʫʧʥʽʩʪʴ, ʮʽʥʘ/ʷʢʽʩʪʴ, 

ʰʚʠʜʢʽʩʪʴ 

  

 ʋ ʜʘʥʦʤʫ ʧʽʜʨʦʟʜʽʣʽ ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ ʦʩʥʦʚʥʽ ʩʪʨʘʪʝʛʽʾ ʜʣʷ ʨʦʙʦʪʠ ʥʘ ʨʠʥʢʫ 

ʧʨʠ ʧʦʟʠʮʽʦʥʫʚʘʥʥʽ ʢʦʤʧʘʥʽʾ, ʾʾ ʨʦʟʚʠʪʢʫ ʪʘ ʢʦʥʢʫʨʝʥʮʽʾ. ɹʘʟʦʚʠʤ ʬʘʢʪʦʨʦʤ ʧʨʠ 

ʚʠʙʦʨʽ ʮʠʭ ʩʪʨʘʪʝʛʽʡ ʙʫʣʘ ʢʦʥʩʪʨʫʢʮʽʷ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʽʩʪʴ ʩʠʩʪʝʤʠ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʽʥʰʠʤʠ ʨʽʰʝʥʥʷʤʠ. 

 

7.5 ʈʦʟʨʦʙʣʝʥʥʷ ʤʘʨʢʝʪʠʥʛʦʚʦʾ ʧʨʦʛʨʘʤʠ ʩʪʘʨʪʘʧ-ʧʨʦʝʢʪʫ  

 

ʇʨʠ ʨʦʟʨʦʙʦʮʽ ʤʘʨʢʝʪʠʥʛʦʚʦʾ ʧʨʦʛʨʘʤʠ ʧʝʨʰ ʟʘ ʚʩʝ ʥʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠ 

ʢʦʥʮʝʧʮʽʶ ʪʦʚʘʨʫ ʫ ʢʦʥʪʝʢʩʪʽ ʤʘʨʢʝʪʠʥʛʫ. ɼʣʷ ʮʴʦʛʦ ʥʝʦʙʭʽʜʥʦ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ 

ʧʦʧʝʨʝʜʥʽ ʚʠʩʥʦʚʢʠ ʱʦʜʦ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʩʪʽ ʧʦʩʣʫʛʠ. ʂʣʶʯʦʚʽ ʧʝʨʝʚʘʛʠ 

ʟʘʟʥʘʯʝʥʽ ʫ ʪʘʙʣʠʮʽ 7.18. 
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ʊʘʙʣʠʮʷ 7.18 ï ɺʠʟʥʘʯʝʥʥʷ ʢʣʶʯʦʚʠʭ ʧʝʨʝʚʘʛ ʢʦʥʮʝʧʮʽʾ ʧʦʪʝʥʮʽʡʥʦʛʦ 

ʪʦʚʘʨʫ 

ˉ 

ʧ/ʧ 
ʇʦʪʨʝʙʘ 

ɺʠʛʦʜʘ, ʷʢʫ 

ʧʨʦʧʦʥʫʻ ʪʦʚʘʨ 

ʂʣʶʯʦʚʽ ʧʝʨʝʚʘʛʠ ʧʝʨʝʜ ʢʦʥʢʫʨʝʥʪʘʤʠ 

(ʽʩʥʫʶʯʽ ʘʙʦ ʪʘʢʽ, ʱʦ ʧʦʪʨʽʙʥʦ ʩʪʚʦʨʠʪʠ) 

1. 

ʄʘʣʦʽʥʚʘʟʠʚʥʽ 

ʤʝʜʠʯʥʽ 

ʧʨʦʮʝʜʫʨʠ 

ʇʨʦʚʝʜʝʥʥʷ 

ʦʧʝʨʘʮʽʡ 

ʙʝʟʙʦʣʽʩʥʦ ʪʘ ʟ 

ʤʽʥʽʤʘʣʴʥʠʤ 

ʯʘʩʦʤ 

ʚʽʜʥʦʚʣʝʥʥʷ 

ɹʝʟʧʝʯʥʽʩʪʴ ʪʘ ʷʢʽʩʪʴ ʧʨʦʚʝʜʝʥʦʾ ʦʧʝʨʘʮʽʾ. 

2. 

ʇʨʦʚʝʜʝʥʥʷ 

ʧʝʨʚʠʥʥʠʭ 

ʘʥʘʣʽʟʽʚ 

ʐʚʠʜʢʝ ʪʘ 

ʜʝʰʝʚʝ 

ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ 

ʊʦʯʥʽʩʪʴ ʪʘ ʰʚʠʜʢʽʩʪʴ ʧʨʦʚʝʜʝʥʥʷ 

ʧʨʦʮʝʜʫʨʠ. 

 

ʆʩʢʽʣʴʢʠ ʦʙʨʘʥʘ ʩʪʨʘʪʝʛʽʷ ʨʦʟʚʠʪʢʫ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʽʣʴʰ 

ʷʢʽʩʥʠʭ ʧʦʩʣʫʛ ʥʝʦʙʭʽʜʥʦ ʦʙʨʘʪʠ ʧʝʨʰʫ ʢʦʥʮʝʧʮʽʶ ʪʦʚʘʨʫ ʜʣʷ ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ ʥʘ 

ʨʠʥʢʫ. ʅʘʩʪʫʧʥʠʤ ʝʪʘʧʦʤ ʡʜʝ ʨʦʟʨʦʙʣʝʥʥʷ ʤʘʨʢʝʪʠʥʛʦʚʦʾ ʤʦʜʝʣʽ ʪʦʚʘʨʫ. ʆʧʠʩ 

ʪʨʴʦʭ ʨʽʚʥʽʚ ʤʦʜʝʣʽ ʪʦʚʘʨʫ ʧʨʝʜʩʪʘʚʣʝʥʦ ʫ ʪʘʙʣʠʮʽ 7.19. 

 

ʊʘʙʣʠʮʷ 7.19 ï ʆʧʠʩ ʪʨʴʦʭ ʨʽʚʥʽʚ ʤʦʜʝʣʽ ʪʦʚʘʨʫ 

ʈʽʚʥʽ ʪʦʚʘʨʫ ʉʫʪʥʽʩʪʴ ʪʘ ʩʢʣʘʜʦʚʽ 

ɯ. ʊʦʚʘʨ ʟʘ 

ʟʘʜʫʤʦʤ 
ʆʪʨʠʤʘʥʥʷ ʷʢʽʩʥʠʭ ʤʘʣʦʽʥʚʘʟʚʠʥʭ ʤʝʜʠʯʥʠʭ ʧʦʩʣʫʛ 

ʗʢʽʩʪʴ ʪʦʚʘʨʫ ʤʫʩʠʪʴ ʧʝʨʝʚʽʨʷʪʠʩʴ ʧʦʩʪʽʡʥʦ, ʜʣʷ ʢʦʞʥʦʛʦ 

ʚʠʧʫʱʝʥʦʛʦ ʘʧʘʨʘʪʫ. ʄʘʻ ʙʫʪʠ ʧʨʠʩʫʪʥʽʡ ʧʽʩʣʷʧʨʦʜʘʞʥʠʡ 

ʩʝʨʚʽʩ. 

ʋʧʘʢʦʚʢʘ ʥʝ ʤʘʻ ʢʣʶʯʦʚʦʛʦ ʟʥʘʯʝʥʥʷ, ʦʩʢʽʣʴʢʠ ʢʽʥʮʝʚʠʡ 

ʢʦʨʠʩʪʫʚʘʯ ʥʝ ʙʘʯʠʪʴ ʧʘʢʫʚʘʥʥʷ. 
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ɯɯɯ. ʊʦʚʘʨ ʽʟ 

ʧʽʜʢʨʽʧʣʝʥʥʷʤ 

ɼʦ ʧʨʦʜʘʞʫ 

ʇʽʩʣʷ ʧʨʦʜʘʞʫ 

ɿʘ ʨʘʭʫʥʦʢ ʯʦʛʦ ʧʦʪʝʥʮʽʡʥʠʡ ʪʦʚʘʨ ʙʫʜʝ ʟʘʭʠʱʝʥʦ ʚʽʜ ʢʦʧʽʶʚʘʥʥʷ: ʟʘ ʨʘʭʫʥʦʢ 

ʩʢʣʘʜʥʦʾ ʪʝʭʥʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʪʘ ʶʨʠʜʠʯʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʘʪʝʥʪʽʚ. 

 

 

ʅʘ ʥʘʩʪʫʧʥʦʤʫ ʝʪʘʧʽ ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠ ʮʽʥʦʚʫ ʧʦʣʽʪʠʢʫ ʧʨʦʝʢʪʫ, 

ʦʩʢʽʣʴʢʠ ʚʦʥʘ ʻ ʪʦʜʥʽʻʶ ʟ ʚʠʟʥʘʯʥʠʭ ʫ ʤʘʨʢʝʪʠʥʛʫ. ɺʠʟʥʘʯʝʥʥʷ ʤʝʞ ʚʩʪʘʥʦʚʣʝʥʥʷ 

ʮʽʥʠ ʧʨʝʜʩʪʘʚʣʝʥʦ ʫ ʪʘʙʣʠʮʽ 7.20. 

 

ʊʘʙʣʠʮʷ 7.20 ï ɺʠʟʥʘʯʝʥʥʷ ʤʝʞ ʚʩʪʘʥʦʚʣʝʥʥʷ ʮʽʥʠ 

ˉ 

ʧ/ʧ 

ʈʽʚʝʥʴ ʮʽʥ 

ʥʘ ʪʦʚʘʨʠ-

ʟʘʤʽʥʥʠʢʠ 

ʈʽʚʝʥʴ ʮʽʥ 

ʥʘ ʪʦʚʘʨʠ-

ʘʥʘʣʦʛʠ 

ʈʽʚʝʥʴ ʜʦʭʦʜʽʚ 

ʮʽʣʴʦʚʦʾ ʛʨʫʧʠ 

ʩʧʦʞʠʚʘʯʽʚ 

ɺʝʨʭʥʷ ʪʘ ʥʠʞʥʷ ʤʝʞʽ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʮʽʥʠ ʥʘ 

ʪʦʚʘʨ/ʧʦʩʣʫʛʫ 

1. ʅʠʟʴʢʠʡ ʇʦʤʽʨʥʠʡ ɺʠʩʦʢʠʡ 10 000 ï 20 000 ʛʨʥ 

 

ʇʽʩʣʷ ʚʠʟʥʘʯʝʥʥʷ ʮʽʥʦʚʦʾ ʧʦʣʽʪʠʢʠ ʥʝʦʙʭʽʜʥʦ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʪʘ ʦʙʨʘʪʠ 

ʤʝʪʦʜʠ ʬʦʨʤʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʟʙʫʪʫ ʪʘ ʢʦʥʮʝʧʮʽʾ ʤʘʨʢʝʪʠʥʛʦʚʦʾ ʢʦʤʫʥʽʢʘʮʽʾ. 

ɸʥʘʣʽʟ ʜʘʥʠʭ ʤʝʪʦʜʽʚ ʧʨʝʜʩʪʘʚʣʝʥʦ ʫ ʪʘʙʣʠʮʷʭ 7.21 ʪʘ 7.22 ʚʽʜʧʦʚʽʜʥʦ. 

 

ʊʘʙʣʠʮʷ 7.21 ï ʌʦʨʤʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʟʙʫʪʫ 

ˉ 

ʧ/ʧ 

ʉʧʝʮʠʬʽʢʘ 

ʟʘʢʫʧʽʚʝʣʴʥʦʾ 

ʧʦʚʝʜʽʥʢʠ ʮʽʣʴʦʚʠʭ 

ʢʣʽʻʥʪʽʚ 

ʌʫʥʢʮʽʾ ʟʙʫʪʫ, ʷʢʽ 

ʤʘʻ ʚʠʢʦʥʫʚʘʪʠ 

ʧʦʩʪʘʯʘʣʴʥʠʢ ʪʦʚʘʨʫ 

ɻʣʠʙʠʥʘ 

ʢʘʥʘʣʫ ʟʙʫʪʫ 

ʆʧʪʠʤʘʣʴʥʘ 

ʩʠʩʪʝʤʘ ʟʙʫʪʫ 

1. ʆʧʪʦʚʘ ʇʦʰʫʢ ʢʣʽʻʥʪʽʚ 
1-3 

ʧʦʩʝʨʝʜʥʠʢʠ 

ʄʝʨʝʞʘ 

ʧʨʝʜʩʪʘʚʥʠʮʪʚ-

ʧʦʩʝʨʝʜʥʠʢʽʚ 
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ʊʘʙʣʠʮʷ 7.22 ï ʂʦʥʮʝʧʮʽʷ ʤʘʨʢʝʪʠʥʛʦʚʠʭ ʢʦʤʫʥʽʢʘʮʽʡ 

ˉ 

ʧ/ʧ 

ʉʧʝʮʠʬʽʢʘ 

ʧʦʚʝʜʽʥʢʠ 

ʮʽʣʴʦʚʠʭ 

ʢʣʽʻʥʪʽʚ 

ʂʘʥʘʣʠ 

ʢʦʤʫʥʽʢʘʮʽʡ, 

ʷʢʠʤʠ 

ʢʦʨʠʩʪʫʶʪʴʩʷ 

ʮʽʣʴʦʚʽ 

ʢʣʽʻʥʪʠ 

ʂʣʶʯʦʚʽ 

ʧʦʟʠʮʽʾ, ʦʙʨʘʥʽ 

ʜʣʷ 

ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ 

ɿʘʚʜʘʥʥʷ 

ʨʝʢʣʘʤʥʦʛʦ 

ʧʦʚʽʜʦʤʣʝʥʥʷ 

ʂʦʥʮʝʧʮʽʷ 

ʨʝʢʣʘʤʥʦʛʦ 

ʟʚʝʨʥʝʥʥʷ 

1. 

ʇʦʰʫʢ 

ʥʘʡʣʽʧʰʠʭ 

ʧʦʩʣʫʛ 

ɯʥʪʝʨʥʝʪ, 

ʪʝʣʝʙʘʯʝʥʥʷ, 

ʛʘʟʝʪʠ 

ʗʢʽʩʪʴ, 

ʥʘʜʽʡʥʽʩʪʴ, 

ʙʝʟʧʝʢʘ 

ɼʦʥʝʩʪʠ ʜʦ 

ʢʽʥʮʝʚʦʛʦ 

ʢʣʽʻʥʪʘ, ʱʦ 

ʧʦʩʣʫʛʘ ʻ 

ʫʥʽʢʘʣʴʥʦʶ 

ʟʘ ʷʢʽʩʪʶ 

ʂʦʥʪʝʢʩʪʥʘ 

ʨʝʢʣʘʤʘ ʫ 

ʽʥʪʝʨʥʝʪʽ 

 

ʋ ʮʴʦʤʫ ʧʽʜʨʦʟʜʽʣʽ ʙʫʣʦ ʨʦʟʛʣʷʥʫʪʦ ʦʩʥʦʚʥʽ ʤʘʨʢʝʪʠʥʛʦʚʽ ʢʦʥʮʝʧʮʽʾ ʪʘ 

ʚʠʜʠ ʚʟʘʻʤʦʜʽʾ ʟ ʢʽʥʮʝʚʠʤʠ ʢʣʽʻʥʪʘʤʠ, ʚʠʟʥʘʯʝʥʘ ʮʽʥʦʚʘ ʧʦʣʽʪʠʢʘ ʪʘ ʚʠʷʚʣʝʥʽ 

ʤʦʞʣʠʚʽ ʢʘʥʘʣʠ ʟʙʫʪʫ. ɹʫʣʦ ʚʠʷʚʣʝʥʦ, ʱʦ ʜʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʧʨʦʩʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʾ 

ʥʝʦʙʭʽʜʥʦ ʦʙʨʘʪʠ ʩʪʨʘʪʝʛʽʶ ʥʘʜʘʥʥʷ ʷʢʽʩʥʠʭ ʪʘ ʝʬʝʢʪʠʚʥʠʭ ʧʦʩʣʫʛ, ʦʩʢʽʣʴʢʠ 

ʩʠʩʪʝʤʘ ʤʘʻ ʥʝ ʪʘʢ ʙʘʛʘʪʦ ʘʥʘʣʦʛʽʚ ʥʘ ʨʠʥʢʫ. 

 

ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ  

 

ʋ ʜʘʥʦʤʫ ʨʦʟʜʽʣʽ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʩʪʘʨʪʘʧ-ʧʨʦʝʢʪ ʜʣʷ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʤʘʛʥʽʪʥʠʤ ʤʽʢʨʦʨʦʙʦʪʦʤ. ɹʫʣʦ ʚʠʟʥʘʯʝʥʦ ʦʩʥʦʚʥʫ ʽʜʝʶ 

ʧʨʦʝʢʪʫ ʪʘ ʡʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʽ ʤʦʞʣʠʚʦʩʪʽ. ʊʘʢʦʞ ʙʫʚ ʧʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʨʠʢʦʚʠʭ 
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ʟʘʛʨʘʟ ʪʘ ʤʦʞʣʠʚʦʩʪʝʡ, ʦʙʨʘʥʽ ʩʪʨʘʪʝʛʽʾ ʨʦʟʚʠʪʢʫ ʪʘ ʤʘʨʢʝʪʠʥʛʦʚʦʛʦ 

ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ. ʇʽʩʣʷ ʘʥʘʣʽʟʫ ʪʝʭʥʦʣʦʛʽʾ ʙʫʣʦ ʚʠʷʚʣʝʥʦ ʜʝʢʽʣʴʢʘ ʤʦʞʣʠʚʠʭ 

ʩʪʨʘʪʝʛʽʡ ʜʣʷ ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ ʪʘ ʨʦʟʚʠʪʢʫ. ʆʩʢʽʣʴʢʠ ʩʠʩʪʝʤʘ ʤʦʞʝ ʟʘʙʝʟʧʝʯʠʪʠ 

ʚʠʢʦʥʘʥʥʷ ʥʘʡʩʢʣʘʜʥʽʰʠʭ ʫ ʜʘʥʽʡ ʛʘʣʫʟʽ ʦʧʝʨʘʮʽʡ, ʙʫʣʦ ʧʨʠʡʥʷʪʦ ʨʽʰʝʥʥʷ ʧʨʦ 

ʚʠʙʽʨ ʩʪʨʘʪʝʛʽʾ ʟʘʡʥʷʪʪʷ ʢʦʥʢʫʨʝʥʪʥʦʾ ʥʽʰʽ. ɼʘʥʘ ʩʪʨʘʪʝʛʽʷ ʜʦʟʚʦʣʷʻ ʤʘʪʠ 

ʥʘʡʤʝʥʰʫ ʢʽʣʴʢʽʩʪʴ ʢʦʥʢʫʨʝʥʪʽʚ ʯʝʨʝʟ ʪʝʭʥʦʣʦʛʽʯʥʫ ʩʢʣʘʜʥʽʩʪʴ ʦʙʣʘʜʥʘʥʥʷ ʽ ʧʨʠ 

ʮʴʦʤʫ ʤʘʪʠ ʧʦʩʪʽʡʥʠʡ ʨʦʟʚʠʪʦʢ, ʯʝʨʝʟ ʚʝʣʠʢʠʡ ʦʙʩʷʛ ʧʦʪʝʥʮʽʡʥʠʭ ʢʣʽʻʥʪʽʚ ʪʘ 

ʚʽʜʥʦʩʥʦ ʚʠʩʦʢʦʾ ʮʽʥʠ ʥʘ ʧʦʩʣʫʛʠ. 
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ɺʀʉʅʆɺʂʀ 

 

ʇʽʜ ʯʘʩ ʨʦʟʨʦʙʢʠ ʤʘʛʽʩʪʝʨʩʴʢʦʾ ʜʠʩʝʨʪʘʮʽʾ ʙʫʣʘ ʚʠʢʦʥʘʥʘ ʨʦʙʦʪʘ ʱʦʜʦ 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘ ʨʦʟʨʦʙʣʝʥʥʷ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʤʘʛʥʽʪʥʠʤ ʤʽʢʨʦʨʦʙʦʪʦʤ. 

ʆʩʥʦʚʥʦʶ ʟʘʜʘʯʝʶ, ʷʢʫ ʤʫʩʠʪʴ ʚʠʨʽʰʫʚʘʪʠ ʨʦʟʨʦʙʣʶʚʘʥʠʡ ʧʨʠʩʪʨʽʡ ʻ ʜʦʩʪʘʚʢʘ 

ʣʽʢʽʚ ʜʦ ʚʥʫʪʨʽʰʥʽʭ ʦʨʛʘʥʽʚ ʣʶʜʠʥʠ. ʇʝʨʝʚʘʛʘ ʪʘʢʦʾ ʪʝʭʥʦʣʦʛʽʾ ʚ ʪʦʤʫ, ʱʦ ʥʝʤʘʻ 

ʥʝʦʙʭʽʜʥʦʩʪʽ ʧʦʰʢʦʜʞʫʚʘʪʠ ʪʢʘʥʠʥʠ ʣʶʜʠʥʠ, ʦʩʢʽʣʴʢʠ ʨʦʙʦʪ ʤʦʞʝ 

ʧʝʨʝʤʽʱʫʚʘʪʠʩʴ ʧʦ ʢʨʦʚʦʥʦʩʥʽʡ ʩʠʩʪʝʤʽ ʦʨʛʘʥʽʟʤʫ ʪʘ ʧʝʨʝʤʽʱʘʪʠ ʜʽʶʯʠʡ ʟʘʩʽʙ ʫ 

ʥʝʦʙʭʽʜʥʝ ʤʽʩʮʝ, ʪʘʢʽ ʚʠʜʠ ʧʨʦʮʝʜʫʨ ʥʘʟʠʚʘʶʪʴʩʷ ʤʽʥʽʤʘʣʴʥʦ ʽʥʚʘʟʠʚʥʠʤʠ. ʂʦʣʠ 

ʤʠ ʨʦʟʛʣʷʜʘʻʤʦ ʨʦʙʦʪʽʚ ʫ ʤʽʢʨʦʤʘʩʰʪʘʙʽ, ʟʘʢʦʥʠ ʬʽʟʠʢʠ, ʱʦ ʢʝʨʫʻ ʧʨʠʩʪʨʦʷʤʠ 

ʟʘʣʠʰʘʶʪʴʩʷ ʥʝʟʤʽʥʥʠʤ, ʘʣʝ ʚʽʜʥʦʩʥʘ ʚʘʞʣʠʚʽʩʪʴ ʬʽʟʠʯʥʠʭ ʝʬʝʢʪʽʚ ʟʤʽʥʶʻʪʴʩʷ. 

ɺôʷʟʢʽʩʪʴ ʨʽʜʠʥʠ ʪʘ ʧʦʚʝʨʭʥʝʚʽ ʝʬʝʢʪʠ, ʪʘʢʽ ʷʢ ʝʣʝʢʪʨʦʩʪʘʪʠʢʘ, ʩʪʘʶʪʴ ʙʽʣʴʰ 

ʧʦʤʽʪʥʠʤʠ ʥʽʞ ʚʘʛʘ ʽ ʽʥʝʨʮʽʷ, ʘ ʛʝʥʝʨʫʚʘʥʥʷ ʪʘ ʥʘʢʦʧʠʯʝʥʥʷ ʝʥʝʨʛʽʾ ʩʪʘʻ ʚʘʞʢʠʤ. 

ʎʽ ʧʨʦʙʣʝʤʠ ʩʪʘʚʣʷʪʴ ʩʠʣʴʥʽ ʦʙʤʝʞʝʥʥʷ ʥʘ ʨʦʟʚʠʪʦʢ ʤʽʢʨʦʨʦʙʦʪʽʚ. 

ʄʘʣʦʡʤʦʚʽʨʥʦ, ʱʦ ʥʘʚʽʪʴ ʜʫʞʝ ʥʝʚʝʣʠʢʽ ʧʨʠʩʪʨʦʾ, ʱʦ ʤʘʶʪʴ ʤʘʣʽ ʝʣʝʢʪʨʦʜʚʠʛʫʥʠ 

ʪʘ ʘʢʫʤʫʣʷʪʦʨʠ, ʤʦʞʥʘ ʝʬʝʢʪʠʚʥʦ ʤʘʩʰʪʘʙʫʚʘʪʠ ʜʦ ʨʦʟʤʽʨʽʚ ʤʝʥʰʠʭ ʟʘ 1 ʤʤ.  

ʇʨʠ ʨʦʟʨʦʙʮʽ ʙʝʟʜʨʦʪʦʚʠʭ ʤʽʢʨʦʨʦʙʦʪʽʚ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʨʠʥʮʠʧʦʚʦ 

ʦʙʤʝʞʝʥʝ, ʚʦʥʦ ʥʝ ʤʦʞʝ ʙʘʟʫʚʘʪʠʩʴ ʥʘ ʟʤʝʥʰʝʥʥʽ ʨʦʙʦʪʽʚ, ʷʢʽ ʨʫʭʘʶʪʴʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʠʭ ʧʨʠʣʘʜʽʚ. ʎʝ ʟʤʫʰʫʻ ʽʥʞʝʥʝʨʽʚ ʧʦ-ʽʥʰʦʤʫ 

ʜʠʚʠʪʠʩʴ ʥʘ ʨʦʟʨʦʙʢʫ ʤʽʢʨʦʨʦʙʦʪʽʚ, ʽʥʘʢʰʝ ʥʽʞ ʫ ʪʨʘʜʠʮʽʡʥʽʡ ʨʦʙʦʪʦʪʝʭʥʽʮʽ. 

ʅʝʙʭʽʜʥʦ ʚʽʜʤʦʚʠʪʠʩʴ ʚʽʜ ʜʦʩʚʽʜʫ, ʦʪʨʠʤʘʥʦʛʦ ʫ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʝʢʪʫʚʘʥʥʷ ʫ ʩʚʽʪʽ 

ʤʘʢʨʦʤʘʩʰʪʘʙʽʚ, ʘ ʥʘʪʦʤʽʩʪʴ ʧʦʢʣʘʩʪʠʩʴ ʥʘ ʘʥʘʣʽʟ ʪʘ ʤʦʜʝʣʶʚʘʥʥʷ ʚ ʨʦʟʨʦʙʮʽ 

ʤʽʢʨʦʨʦʙʦʪʽʚ. ʃʠʰʝ ʪʦʜʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʨʦʜʝʤʦʥʩʪʨʫʶʪʴ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʝʭʥʦʣʦʛʽʡ ʢʦʥʩʪʨʫʢʮʽʾ ʤʽʢʨʦʨʦʙʦʪʽʚ, ʦʩʢʽʣʴʢʠ ʩʚʽʪ, ʷʢʠʡ ʟʘʟʥʘʻ 

ʪʘʢʠʡ ʨʦʙʦʪ, ʤʦʞʝ ʙʫʪʠ ʩʢʣʘʜʥʠʤ ʪʦʯʥʦ ʤʦʜʝʣʶʚʘʪʠ. 

ʆʩʢʽʣʴʢʠ ʨʦʟʨʦʙʣʶʚʘʥʘ ʩʠʩʪʝʤʘ ʤʘʻ ʧʨʘʮʶʚʘʪʠ ʟ ʪʽʣʦʤ ʣʶʜʠʥʠ 

ʙʽʦʩʫʤʽʩʥʽʩʪʴ ʪʘ ʙʽʦʣʦʛʽʯʥʠʡ ʨʦʟʧʘʜ ʻ ʪʘʢʦʞ ʜʫʞʝ ʚʘʞʣʠʚʠʤʠ ʘʩʧʝʢʪʘʤʠ 

ʢʦʥʩʪʨʫʢʮʽʡ ʤʝʜʠʯʥʠʭ ʨʦʙʦʪʽʚ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʥʝ ʧʦʚʠʥʥʽ ʟʘʚʜʘʚʘʪʠ ʞʦʜʥʠʭ 
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ʥʝʛʘʪʠʚʥʠʭ ʚʧʣʠʚʽʚ ʥʘ ʣʶʜʩʴʢʠʡ ʦʨʛʘʥʽʟʤ. ɼʝʷʢʽ, ʚʞʝ ʨʦʟʨʦʙʣʝʥʽ ʜʦ ʮʴʦʛʦ ʯʘʩʫ, 

ʨʦʙʦʪʠ ʥʝ ʚʽʜʧʦʚʽʜʘʶʪʴ ʪʘʢʠʤ ʚʠʤʦʛʘʤ, ʦʩʢʽʣʴʢʠ ʧʨʠ ʾʭ ʚʠʛʦʪʦʚʣʝʥʥʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʥʝʨʦʟʢʣʘʜʘʥʽ ʧʦʣʽʤʝʨʥʽ ʤʘʪʝʨʽʘʣʠ ʪʘ ʪʦʢʩʠʯʥʽ ʤʘʛʥʽʪʥʽ 

ʯʘʩʪʠʥʢʠ. ʈʦʙʦʪʠ ʚʠʛʦʪʦʚʣʝʥʽ ʟ ʪʘʢʠʭ ʤʘʪʝʨʽʘʣʽʚ ʤʦʞʫʪʴ ʧʨʠʟʚʝʩʪʠ ʜʦ ʩʝʨʡʦʟʥʠʭ 

ʛʦʩʪʨʠʭ ʽ ʭʨʦʥʽʯʥʠʭ ʟʘʭʚʦʨʶʚʘʥʴ ʪʘ ʤʦʞʫʪʴ ʩʧʨʠʯʠʥʠʪʠ ʙʘʛʘʪʦ ʰʢʽʜʣʠʚʠʭ 

ʧʦʙʽʯʥʠʭ ʝʬʝʢʪʽʚ. ʆʪʞʝ, ʚʨʘʭʦʚʫʶʯʠ ʮʽ ʦʩʦʙʣʠʚʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʠʩʪʝʤʠ, 

ʥʝʦʙʭʽʜʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʪʽʣʴʢʠ ʙʝʟʧʝʯʥʽ ʜʣʷ ʣʶʜʠʥʠ ʤʘʪʝʨʽʘʣʠ. 

 ʈʦʟʨʦʙʢʘ ʜʘʥʦʾ ʩʠʩʪʝʤʠ ʩʢʣʘʜʘʣʩʴ ʽʟ ʜʚʦʭ ʦʩʥʦʚʥʠʭ ʯʘʩʪʠʥ: ʨʦʟʨʦʙʢʘ 

ʢʦʥʩʪʨʫʢʮʽʾ ʩʘʤʦʛʦ ʨʦʙʦʪʘ, ʷʢʠʡ ʻ ʦʩʥʦʚʦʶ ʫ ʩʠʩʪʝʤʽ, ʪʘ ʧʨʦʝʢʪʫʚʘʥʥʷ ʩʠʩʪʝʤʠ 

ʚʟʘʻʤʦʜʽʾ ʟ ʨʦʙʦʪʦʤ, ʷʢʘ ʻ ʙʳʣʴʰ ʦʙô̒ ʤʥʦʶ ʯʘʩʪʠʥʦʶ. ʇʝʨʝʜ ʧʨʦʝʢʪʫʚʘʥʥʷʤ 

ʩʠʩʪʝʤʠ ʙʫʣʦ ʨʦʟʛʣʷʥʫʪʦ ʦʩʥʦʚʥʽ ʧʽʜʭʦʜʠ ʜʦ ʨʦʟʨʦʙʢʠ ʪʘʢʠʭ ʩʠʩʪʝʤ. ɹʫʣʦ 

ʦʙʨʦʙʣʝʥʦ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʽʥʬʦʨʤʘʮʽʾ ʱʦʜʦ ʽʩʥʫʶʯʠʭ ʪʝʭʥʦʣʦʛʽʡ ʩʪʚʦʨʝʥʥʷ 

ʤʘʛʥʽʪʥʠʭ ʨʦʙʦʪʽʚ, ʪʘ ʤʝʪʦʜʽʚ ʣʦʢʘʣʽʟʘʮʽʾ ʫ ʪʽʣʽ ʣʶʜʠʥʠ. ʄʝʪʦʶ ʩʪʚʦʨʝʥʥʷ 

ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʤʘʛʥʽʪʥʠʤ ʤʽʢʨʦʨʦʙʦʪʦʤ ʻ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʣʽʢʫʚʘʥʥʷ ʟʘʭʚʦʨʶʚʘʥʴ ʟʘ ʨʘʭʫʥʦʢ ʜʦʩʪʘʚʣʝʥʥʷ ʣʽʢʘʨʩʴʢʠʭ ʟʘʩʦʙʽʚ ʙʝʟʧʦʩʝʨʝʜʥʴʦ 

ʜʦ ʤʽʩʮʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʘʛʥʽʪʥʦʛʦ ʤʽʢʨʦʨʦʙʦʪʘ. ɺʠʨʽʰʝʥʦʶ 

ʧʨʠʢʣʘʜʥʦʶ ʟʘʜʘʯʝʶ ʻ ʧʨʦʮʝʩ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ, ʘ ʩʘʤʝ ʜʦʩʪʘʚʢʘ ʣʽʢʘʨʩʴʢʠʭ 

ʟʘʩʦʙʽʚ ʫ ʥʝʦʙʭʽʜʥʝ ʤʽʩʮʝ ʚ ʦʨʛʘʥʽʟʤʽ ʣʶʜʠʥʠ. ʇʨʠ ʜʝʷʢʠʭ ʦʥʢʦʣʦʛʽʯʥʠʭ 

ʟʘʭʚʦʨʶʚʘʥʥʷʭ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʤʝʪʦʜʠʢʘ ʨʘʜʽʦʪʝʨʘʧʽʾ [1], ʷʢʘ ʷʚʣʷʻ ʩʦʙʦʶ ʚʧʣʠʚ 

ʨʘʜʽʦʘʢʪʠʚʥʠʤʠ ʨʝʯʦʚʠʥʘʤʠ ʥʘ ʟʣʦʷʢʽʩʥʽ ʢʣʽʪʠʥʠ. ʇʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ 

ʨʦʟʨʦʙʣʶʚʘʥʦʛʦ ʧʨʠʩʪʨʦʶ ʜʣʷ ʜʘʥʦʛʦ ʚʠʜʫ ʪʝʨʘʧʽʾ ʤʦʞʣʠʚʦ ʦʧʨʦʤʽʥʶʚʘʪʠ 

ʪʢʘʥʠʥʫ ʜʫʞʝ ʣʦʢʘʣʴʥʦ ʥʝʚʝʣʠʢʠʤʠ ʜʦʟʘʤʠ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ ʫ ʚʘʞʢʦʜʦʩʪʫʧʥʠʤ 

ʤʽʩʮʷʭ ʪʘ ʙʝʟ ʭʽʨʫʨʛʽʯʥʦʛʦ ʚʪʨʫʯʘʥʥʷ. 

ʆʩʢʽʣʴʢʠ ʨʦʙʦʪ ʚʠʢʦʥʫʻ ʨʦʙʦʪʫ ʫ ʪʽʣʽ ʣʶʜʠʥʠ ʪʦ ʥʘʡʛʦʣʦʚʥʽʰʘ ʡʦʛʦ ʟʘʜʘʯʘ 

ï ʥʝ ʥʘʰʢʦʜʠʪʠ ʟʜʦʨʦʚôʁ . ɼʣʷ ʮʴʦʛʦ ʧʨʠ ʨʦʟʨʦʙʮʽ ʩʠʩʪʝʤʠ ʨʦʟʛʣʷʜʘʣʠʩʴ ʣʠʰʝ 

ʧʦʚʥʽʩʪʶ ʙʝʟʧʝʯʥʽ ʤʘʪʝʨʽʘʣʠ ʪʘ ʨʝʯʦʚʠʥʠ. ʉʘʤ ʧʽʜʭʽʜ ʜʘʥʦʾ ʩʠʩʪʝʤʠ ʜʦʟʚʦʣʷʻ 

ʫʥʠʢʥʫʪʠ ʥʝʧʨʠʻʤʥʠʭ ʭʽʨʫʨʛʽʯʥʠʭ ʚʪʨʫʯʘʥʴ, ʱʦ ʩʘʤʦ ʧʦ ʩʦʙʽ ʪʘʢʦʞ ʜʫʞʝ 

ʚʘʞʣʠʚʦ. ʂʝʨʫʚʘʥʥʷ ʨʦʙʦʪʦʤ ʚʠʢʦʥʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ, ʱʦ ʻ 
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ʮʽʣʢʦʤ ʙʝʟʧʝʯʥʠʤ ʜʣʷ ʣʶʜʠʥʠ. ɭʜʠʥʝ ʜʞʝʨʝʣʦ ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʟʜʦʨʦʚ'ʷ 

ʣʶʜʠʥʠ ï ʢʦʤʧôʁ ʪʝʨʥʘ ʪʦʤʦʛʨʘʬʽʷ, ʘʣʝ ʚʦʥʘ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʣʠʰʝ ʥʝʚʝʣʠʢʠʡ 

ʧʨʠʦʤʽʞʦʢ ʯʘʩʫ, ʜʣʷ ʧʦʙʫʜʦʚʠ ʤʦʜʝʣʽ ʪʽʣʘ. ʉʠʩʪʝʤʘ ʻ ʮʽʣʢʦʤ ʙʝʟʧʝʯʥʦʶ, ʱʦ ʽ 

ʙʫʣʦ ʙʘʞʘʥʠʤ ʨʝʟʫʣʴʪʘʪʦʤ. 

ʊʘʢʠʤ ʯʠʥʦʤ ʫ ʭʦʜʽ ʚʠʢʦʥʘʥʥʷ ʤʘʛʽʩʪʝʨʩʴʢʦʾ ʜʠʩʝʨʪʘʮʽʾ ʨʦʟʨʦʙʣʝʥʦ 

ʩʠʩʪʝʤʫ ʢʝʨʫʚʘʥʥʷ ʤʘʛʥʽʪʥʠʤ ʤʽʢʨʦʨʦʙʦʪʦʤ. ɹʫʣʦ ʧʨʦʚʝʜʝʥʦ ʛʣʠʢʙʦʢʠʡ ʘʥʘʣʽʟ 

ʧʨʝʜʤʝʪʥʦʾ ʦʙʣʘʩʪʽ, ʦʛʣʷʜ ʽʩʥʫʶʯʠʭ ʟʘʩʪʦʩʫʚʘʥʴ ʪʘ ʥʘʷʚʥʠʭ ʨʽʰʝʥʴ, ʚʠʢʦʥʘʥʦ 

ʨʦʟʨʦʙʢʫ ʧʨʠʥʮʠʧʫ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʪʘ ʤʦʜʝʣʶʚʘʥʥʷ ʾʾ ʨʦʙʦʪʠ ʫ ʩʝʨʝʜʦʚʠʱʽ 

MATLAB . ɹʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʢʘʨʜʠʥʘʣʴʥʦ ʥʦʚʠʡ ʤʝʪʦʜ ʚʠʨʽʰʝʥʥʷ ʤʝʜʠʯʥʦʾ 

ʟʘʜʘʯʽ, ʷʢʠʡ ʻ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤ ʪʘ ʙʝʟʧʝʯʥʽʰʠʤ ʜʣʷ ʣʶʜʠʥʠ, ʥʽʞ ʢʣʘʩʠʯʥʽ 

ʧʽʜʭʦʜʠ.  
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