
 

 

 

 

ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ                      

ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ 

çʄʦʩʢʦʚʩʢʠʡ ʘʚʪʦʤʦʙʠʣʴʥʦ-ʜʦʨʦʞʥʳʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ 

ʫʥʠʚʝʨʩʠʪʝʪ (ʄɸɼʀ)è 

 
 

 

ʅʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʠ 
 
 
  
  
 
 

ʈɸʍʄɸʊʆɺ ʈʘʭʤʘʪʜʞʦʥ ʀʩʣʦʤʦʚʠʯ 
 
 

ʉʆɺɽʈʐɽʅʉʊɺʆɺɸʅʀɽ ʄɽʊʆɼʆɺ ʀʉʉʃɽɼʆɺɸʅʀʗ ʀ 
ʇʈʆɽʂʊʀʈʆɺɸʅʀʗ ʉʀʉʊɽʄ ʆɹʈɸɹʆʊʂʀ ʆʊʈɸɹʆʊɸɺʐʀʍ ɻɸɿʆɺ 
ɸɺʊʆʊʈɸʅʉʇʆʈʊʅʓʍ ʉʈɽɼʉʊɺ ʇʆ ɺʀɹʈʆɸʂʋʉʊʀʏɽʉʂʀʄ 

ʇɸʈɸʄɽʊʈɸʄ 

 

 

ʉʧʝʮʠʘʣʴʥʦʩʪʴ 05.05.03 ʂʦʣʝʩʥʳʝ ʠ ʛʫʩʝʥʠʯʥʳʝ ʤʘʰʠʥʳ 
 
 

 

ɼʠʩʩʝʨʪʘʮʠʷ  

 ʥʘ ʩʦʠʩʢʘʥʠʝ ʫʯʸʥʦʡ ʩʪʝʧʝʥʠ ʢʘʥʜʠʜʘʪʘ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ 
 
 

 

 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ:                        

 ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ  

ʥʘʫʢ, ʜʦʮʝʥʪ ɺ.ɺ.ɻʘʣʝʚʢʦ 
 
 
 
 
 
 
 
 

ʄʦʩʢʚʘ 2017 

http://teacode.com/online/vak/p05-02-02.html


2 

 

 

 

 

ʆʛʣʘʚʣʝʥʠʝ 

ɺɺɽɼɽʅʀɽééééééééééééééééééééééééé....... 5 

ɻʃɸɺɸ 1. ɸʅɸʃʀɿ ʉʆʉʊʆʗʅʀʗ ɺʆʇʈʆʉɸ, ʎɽʃʔ ʀ ɿɸɼɸʏʀ 

ʀʉʉʃɽɼʆɺɸʅʀʗééééééééééééééééé..... 

 

12 

1.1 ɺʣʠʷʥʠʝ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʥʘ ʘʢʫʩʪʠʯʝʩʢʦʝ 

ʟʘʛʨʷʟʥʝʥʠʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳééééééééééééé 

 

12 

1.2 ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʠʩʪʦʯʥʠʢʦʚ ʰʫʤʘ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ 

ʧʦ ʟʥʘʯʠʤʦʩʪʠ.................................................................................. 

 

14 

1.3 ʉʦʚʨʝʤʝʥʥʳʝ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʳʝ ʘʢʪʳ, ʨʝʛʣʘʤʝʥʪʠʨʫʶʱʠʝ 

ʘʢʫʩʪʠʯʝʩʢʦʝ ʠʟʣʫʯʝʥʠʝ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚéééé... 

 

16 

1.4 ʉʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʩʥʠʞʝʥʠʷ ʫʨʦʚʥʷ ʰʫʤʘ 

ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ............................................................. 

 

18 

1.5 ʊʝʥʜʝʥʮʠʠ ʨʘʟʚʠʪʠʷ ʩʠʩʪʝʤ ʦʙʨʘʙʦʪʢʠ ʦʪʨʘʙʦʪʘʚʰʠʭ ʛʘʟʦʚ 

ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚééééééééééééééé. 

 

22 

ɺʳʚʦʜʳ ʧʦ ʛʣʘʚʝ, ʮʝʣʠ ʠ ʟʘʜʘʯʠéééééééééééééééééé... 29 

ɻʃɸɺɸ 2. ʉʆɺɽʈʐɽʅʉʊɺʆɺɸʅʀɽ ʄɽʊʆɼʆɺ ʀʉʉʃɽɼʆɺɸʅʀʗ 

ʕʃɽʄɽʅʊʆɺ ʉʀʉʊɽʄ ʆɹʈɸɹʆʊʂʀ ʆʊʈɸɹʆʊɸɺʐʀʍ 

ɻɸɿʆɺ ʇʆ ɺʀɹʈʆɸʂʋʉʊʀʏɽʉʂʀʄ ʇɸʈɸʄɽʊʈɸʄ, 

ʅɽʆɹʍʆɼʀʄʓʄ ɼʃʗ ʇʈʆɽʂʊʀʈʆɺɸʅʀʗ ʉʀʉʊɽʄʓ ɺ 

ʎɽʃʆʄééééééééééééééééééééééé 

 

 

 

 

31 

2.1 ʋʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʡ ʤʝʪʦʜ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʣʝʤʝʥʪʦʚ ʩʠʩʪʝʤ 

ʦʙʨʘʙʦʪʢʠ ʦʪʨʘʙʦʪʘʚʰʠʭ ʛʘʟʦʚ ééééééééééééé 

 

31 

2.2 ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʘʢʫʩʪʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʵʣʝʤʝʥʪʦʚ ʩʠʩʪʝʤ ʦʙʨʘʙʦʪʢʠ ʦʪʨʘʙʦʪʘʚʰʠʭ 

ʛʘʟʦʚ. ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʨʘʩʯʝʪʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠé.... 

 

 

34 

2.3 ʈʘʩʯʝʪʥʦ-ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʘʢʫʩʪʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʙʣʦʢʦʚ ʩʠʩʪʝʤ ʦʙʨʘʙʦʪʢʠ 

ʦʪʨʘʙʦʪʘʚʰʠʭ ʛʘʟʦʚéééééééééééééééééé 

 

 

48 



3 

 

 

 

2.4 ʆʧʨʝʜʝʣʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʘʢʫʩʪʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ ʩʪʝʥʜʘééé 52 

2.5 ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʤʝʪʦʜʠʢʠ. ʆʧʨʝʜʝʣʝʥʠʝ 

ʘʢʫʩʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʙʣʦʢʘ ʧʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʩʪʝʥʜʦʚʳʭ ʠʩʧʳʪʘʥʠʡééééééééééé... 

 

 

59 

ɺʳʚʦʜʳ ʧʦ ʛʣʘʚʝééééééééééééééééééééééé....... 71 

ɻʃɸɺɸ 3. ʉʆɺɽʈʐɽʅʉʊɺʆɺɸʅʀɽ ʄɽʊʆɼʆɺ ʇʈʆɽʂʊʀʈʆɺɸʅʀʗ 

ʉʀʉʊɽʄ ʆɹʈɸɹʆʊʂʀ ʆʊʈɸɹʆʊɸɺʐʀʍ ɻɸɿʆɺ ʅɸ 

ʆʉʅʆɺɽ ʈɽɿʋʃʔʊɸʊʆɺ ʈɸʉʏɽʊʅʆ-

ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅʓʍ ʀʉʉʃɽɼʆɺʅʀʁééééééé  

 

 

 

72 

3.1 ʊʨʝʙʦʚʘʥʠʷ ʧʦ ʰʫʤʫ ʢ ʩʠʩʪʝʤʘʤ ʚʳʧʫʩʢʘ. ʆʮʝʥʢʘ 

ʘʢʫʩʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʩʠʩʪʝʤ ʦʙʨʘʙʦʪʢʠ 

ʦʪʨʘʙʦʪʘʚʰʠʭ ʛʘʟʦʚéééééééééééééééééé 

 

 

72 

3.2 ʈʘʟʨʘʙʦʪʢʘ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʳʭ ʤʦʜʝʣʝʡ ʠ ʢʦʤʧʴʶʪʝʨʥʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʢʦʥʩʪʨʫʢʮʠʡ ʩʠʩʪʝʤ ʦʙʨʘʙʦʪʢʠ ʦʪʨʘʙʦʪʘʚʰʠʭ 

ʛʘʟʦʚéééééééééééééééééééééééé. 

 

 

75 

3.3 ɻʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʧʨʠ ʘʥʘʣʠʟʝ ʢʦʥʩʪʨʫʢʮʠʡ ʩʠʩʪʝʤ 

ʦʙʨʘʙʦʪʢʠ ʦʪʨʘʙʦʪʘʚʰʠʭ ʛʘʟʦʚ, ʘʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʥʦ-

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡé............................................ 

 

 

77 

3.4 ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʚʥʝʰʥʝʤʫ ʰʫʤʫ 

ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʩʠʩʪʝʤ rʦʙʨʘʙʦʪʢʠ ʦʪʨʘʙʦʪʘʚʰʠʭ 

ʛʘʟʦʚéééééééééééééééééééééééé. 

 

 

83 

ɺʳʚʦʜʳ ʧʦ ʛʣʘʚʝééééééééééééééééééééééé....... 87 

ɻʃɸɺɸ 4. ʈɸɿʈɸɹʆʊʂɸ ʄɽʊʆɼɸ ʇʆʀʉʂɸ ʂʆʅʉʊʈʋʂʊʀɺʅʓʍ 

ʈɽʐɽʅʀʁ ʇʆ ʉʅʀɾɽʅʀʖ ʉʊʈʋʂʊʋʈʅʆɻʆ ʐʋʄɸ ʇʈʀ 

ʇʈʆɽʂʊʀʈʆɺɸʅʀʀ ʉʀʉʊɽʄ ʆɹʈɸɹʆʊʂʀ 

ʆʊʈɸɹʆʊɸɺʐʀʍ ɻɸɿʆɺ  ʅɸ ʆʉʅʆɺɽ ʈɸʉʏɽʊʅʆ-

ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅʆɻʆ ʀʉʉʃɽɼʆɺɸʅʀʗ 

ʉʆɹʉʊɺɽʅʅʓʍ ʀ ɺʓʅʋɾɼɽʅʅʓʍ ʏɸʉʊʆʊ ʀ ʌʆʈʄ 

ʂʆʃɽɹɸʅʀʁ ʆʊɼɽʃʔʅʓʍ ʅɸʈʋɾʅʓʍ 

 

 

 

 

 

 

 



4 

 

 

 

ʇʆɺɽʈʍʅʆʉʊɽʁ ʅɸ ʇʈʀʄɽʈɽ ɻʃʋʐʀʊɽʃʗ-

ʅɽʁʊʈɸʃʀɿɸʊʆʈɸéééééééé..ééééééééé 

 

88 

4.1 ʆʧʨʝʜʝʣʝʥʠʝ ʩʦʙʩʪʚʝʥʥʳʭ ʠ ʚʳʥʫʞʜʝʥʥʳʭ ʯʘʩʪʦʪ ʠ ʬʦʨʤ 

ʢʦʣʝʙʘʥʠʡ ʦʪʜʝʣʴʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʛʣʫʰʠʪʝʣʷ-

ʥʝʡʪʨʘʣʠʟʘʪʦʨʘéééééééééééééééééééé 

 

 

88 

4.2 ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ 

ʛʣʫʰʠʪʝʣʷ-ʥʝʡʪʨʘʣʠʟʘʪʦʨʘééééééééééééééé 

 

90 

4.3 ʆʧʨʝʜʝʣʝʥʠʝ ʩʦʙʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ ʠ ʬʦʨʤ ʢʦʣʝʙʘʥʠʡ ʥʘʨʫʞʥʳʭ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ʛʣʫʰʠʪʝʣʷ-ʥʝʡʪʨʘʣʠʟʘʪʦʨʘééééééééé 

 

95 

4.4 ʂʦʥʩʪʨʫʢʪʠʚʥʳʝ ʨʝʰʝʥʠʷ ʧʦ ʩʥʠʞʝʥʠʶ ʟʚʫʢʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ 

ʦʪ ʥʘʨʫʞʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʛʣʫʰʠʪʝʣʷ-ʥʝʡʪʨʘʣʠʟʘʪʦʨʘééé. 

 

99 

ɺʳʚʦʜʳ ʧʦ ʛʣʘʚʝééééééééééééééééééééééé....... 107 

ʆʉʅʆɺʅʓɽ ʈɽɿʋʃʔʊɸʊʓ ʀ ɺʓɺʆɼʓéééééééééééééé 108 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓééééééééééééééééééééé 110 

ʇʨʠʣʦʞʝʥʠʝ 1.  ʈʘʩʯʝʪʥʘʷ ʧʨʦʛʨʘʤʤʘ ʦʙʨʘʙʦʪʢʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ  

120 ʜʘʥʥʳʭéééééééééééééééééééééééééééé... 

ʇʨʠʣʦʞʝʥʠʝ 2.  ʈʘʩʯʝʪʥʘʷ ʧʨʦʛʨʘʤʤʘ ʥʘʭʦʞʜʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ  

125 ʤʘʪʨʠʮʳ ʧʝʨʝʜʘʯʠéééééééééééééééééééééééé. 

ʇʨʠʣʦʞʝʥʠʝ 3. 
 
ʈʘʩʯʝʪʥʘʷ ʧʨʦʛʨʘʤʤʘ ʥʘʭʦʞʜʝʥʠʷ ʘʢʫʩʪʠʯʝʩʢʠʭ

 
 

128 ʧʘʨʘʤʝʪʨʦʚéééééééééééééééééééééééééé.... 

ʇʨʠʣʦʞʝʥʠʝ 4.  ʃʠʮʝʥʟʠʠ ʥʘ ʧʨʦʛʨʘʤʤʥʳʝ ʧʨʦʜʫʢʪʳ ʠ ʜʦʛʦʚʦʨ  

130 ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ ʩ ʣʠʮʝʥʟʠʷʦʙʣʘʜʘʪʝʣʝʤééééééééééééééé. 

ʇʨʠʣʦʞʝʥʠʝ 5.  ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ 3-ʭ ʢʦʥʩʪʨʫʢʮʠʡ ʛʣʫʰʠʪʝʣʷ-  

138 ʥʝʡʪʨʘʣʠʟʘʪʦʨʘééééééééééééééééééééééééé. 

ʇʨʠʣʦʞʝʥʠʝ 6.  ʌʦʨʤʳ ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʥʘʨʫʞʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ  

154 ʛʣʫʰʠʪʝʣʷ-ʥʝʡʪʨʘʣʠʟʘʪʦʨʘ ʩ 4-ʤʷ ʢʘʤʝʨʘʤʠééééééééééééé.. 

   

 

 



5 

 

 

 

 

ɺɺɽɼɽʅʀɽ 

 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʡ.  ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʢʨʫʧʥʳʭ ʛʦʨʦʜʦʚ, ʪʘʢʠʭ ʢʘʢ 

ʅʴ-ʁʁʦʨʢ, ʊʦʢʠʦ, ɹʝʨʣʠʥ, ʇʘʨʠʞ, ʄʦʩʢʚʘ ʠ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ ʩ ʢʘʞʜʳʤ ʛʦʜʦʤ 

ʥʘʙʣʶʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʧʘʨʢʘ ʘʚʪʦʤʦʙʠʣʝʡ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʫʨʦʚʥʷ 

ʰʫʤʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʧʨʦʠʩʭʦʜʠʪ ʘʢʫʩʪʠʯʝʩʢʦʝ ʟʘʛʨʷʟʥʝʥʠʝ ʩʨʝʜʳ ʦʙʠʪʘʥʠʷ 

ʯʝʣʦʚʝʢʘ, ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʫʭʫʜʰʝʥʠʝ ʟʜʦʨʦʚʴʷ ʠ ʩʥʠʞʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ 

ʪʨʫʜʘ. ʅʘʧʨʠʤʝʨ, ʚ ʢʨʫʧʥʳʭ ʛʦʨʦʜʘʭ ʈʦʩʩʠʠ ʫʨʦʚʝʥʴ ʰʫʤʘ ʛʦʨʦʜʩʢʦʛʦ ʪʨʘʥʩʧʦʨʪʘ 

ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 86 ʜɹɸ, ʧʨʠ ʩʘʥʠʪʘʨʥʦʡ ʥʦʨʤʝ 75 ʜɹɸ.  

ɸʚʪʦʪʨʘʥʩʧʦʨʪʥʳʝ ʩʨʝʜʩʪʚʘ (ɸʊʉ) ʚʩʣʝʜʩʪʚʠʝ ʠʟʣʫʯʝʥʠʷ ʠʤʠ ʧʨʠ ʨʘʙʦʪʝ 

ʰʫʤʘ ʥʘʨʫʰʘʶʪ ʵʢʦʣʦʛʠʯʝʩʢʦʝ ʨʘʚʥʦʚʝʩʠʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ɼʘʥʥʦʝ 

ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʟʘʩʪʘʚʠʣʦ ʤʠʨʦʚʦʝ ʩʦʦʙʱʝʩʪʚʦ ʧʨʠʥʷʪʴ ʟʘʢʦʥʦʜʘʪʝʣʴʥʳʝ ʥʦʨʤʳ ʥʘ 

ʦʛʨʘʥʠʯʝʥʠʝ ʫʨʦʚʥʝʡ ʰʫʤʘ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ - ʧʨʘʚʠʣʘ ɽʕʂ ʆʆʅ ˉ51 

(ʩʝʨʠʷ 02). ɺ ʈʦʩʩʠʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʝʡʩʪʚʫʝʪ ɻʆʉʊ ʈ 41.51-2004 

çɽʜʠʥʦʦʙʨʘʟʥʳʝ ʧʨʝʜʧʠʩʘʥʠʷ, ʢʘʩʘʶʱʠʝʩʷ ʦʬʠʮʠʘʣʴʥʦʛʦ ʫʪʚʝʨʞʜʝʥʠʷ 

ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ, ʠʤʝʶʱʠʭ ʥʝ ʤʝʥʝʝ ʯʝʪʳʨʸʭ ʢʦʣʸʩ, ʚ ʩʚʷʟʠ ʩ 

ʧʨʦʠʟʚʦʜʠʤʳʤ ʠʤʠ ʰʫʤʦʤè [20] ʠ ɻʆʉʊ ʈ 53838-2010 çɼʚʠʛʘʪʝʣʠ ʘʚʪʦʤʦʙʠʣʴʥʳʝ. 

ɼʦʧʫʩʪʠʤʳʝ ʫʨʦʚʥʠ ʰʫʤʘ ʠ ʤʝʪʦʜʳ ʠʟʤʝʨʝʥʠʷè [21]. ɿʘʢʦʥʦʜʘʪʝʣʴʥʦʝ 

ʥʦʨʤʠʨʦʚʘʥʠʝ ʰʫʤʘ ʩʦʚʨʝʤʝʥʥʳʭ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʟʘʩʪʘʚʣʷʝʪ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ ʠ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʝ ʤʝʪʦʜʳ ʩʥʠʞʝʥʠʷ ʰʫʤʘ ʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʤʘʣʦʰʫʤʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʜʚʠʛʘʪʝʣʷ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ 

(ɼɺʉ), ʘʛʨʝʛʘʪʦʚ ʘʚʪʦʤʦʙʠʣʷ ʠ ʩʠʩʪʝʤ ʦʙʨʘʙʦʪʢʠ ʦʪʨʘʙʦʪʘʚʰʠʭ ʛʘʟʦʚ (ʉʆʆɻ).  

ʉʪʝʧʝʥʴ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɺ ʈʦʩʩʠʠ ʠʩʩʣʝʜʦʚʘʥʠʶ 

ʰʫʤʘ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʠ ɼɺʉ ʧʦʩʚʷʱʝʥʳ ʨʘʙʦʪʳ ʀ.ɺ. ɸʣʝʢʩʝʝʚʘ, ʃ.ɸ. 

ɹʦʨʠʩʦʚʘ [7], ʅ.ʌ. ɹʦʯʘʨʦʚʘ, ɸ.ɺ. ɺʘʩʠʣʴʝʚʘ [9, 10], ɺ.ɺ. ɻʘʣʝʚʢʦ [11-15], ʖ.ɺ. 

ɻʘʣʝʚʢʦ [16, 17], ɺ.ɸ. ɻʝʨʛʝʨʪʘ [18], ʄ.ʅ. ɼʨʦʙʘʭʘ [23], ʇ.ɺ. ɽʥʠʥʘ [24], ɸ.ɻ. 

ɿʫʙʘʢʠʥʘ, ʅ.ʀ. ʀʚʘʥʦʚʘ, ɸ.ʀ. ʂʦʤʢʠʥʘ [29], ɻ.ɺ. ʃʘʪʳʰʝʚʘ, ɺ.ʅ. ʃʫʢʘʥʠʥʘ, ʅ.ɸ. 

ʅʠʢʠʬʦʨʦʚʘ, ʅ.ʀ. ʅʘʟʘʨʦʚʘ, ɹ.ʀ. ʆʩʠʧʦʚʘ, ʈ.ʅ. ʉʪʘʨʦʙʠʥʩʢʦʛʦ [57, 59, 61], ɺ.ɸ. 
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ʉʪʝʨʝʤʝʥʪʘʨʝʚʘ [62], ɺ.ɽ. ʊʦʣʴʩʢʦʛʦ [64], ʄ.ʀ. ʌʝʩʠʥ r[67, 69 - 71], ʄ.ɻ. ʐʘʪʨʦʚʘ 

[72]. ɹʦʣʴʰʦʡ ʦʙʲʝʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣ ʚʳʧʦʣʥʝʥ ʟʘ ʨʫʙʝʞʦʤ. (Anderton D., Dixon 

J., Chan C.M., Andrews S., Davies P.O., Harrison M.F., Desmons L., Kergomard J., 

Griffiths W.J., Grover E., Hempel W., Priede T., Thien G., Song B.H., Steidle R. 

Muehleisen R.T., Peat K.S. ʠ ʜʨ.). ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʧʦʢʘʟʘʣ, ʯʪʦ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʩʠʩʪʝʤʳ ʦʙʨʘʙʦʪʢʠ 

ʦʪʨʘʙʦʪʘʚʰʠʭ ʛʘʟʦʚ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʘʢʪʠʚʥʳʝ ʤʝʪʦʜʳ ʩʥʠʞʝʥʠʷ 

ʰʫʤʘ, ʧʦʟʚʦʣʷʶʱʠʝ ʨʘʩʯʝʪʥʦ-ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʩʧʦʩʦʙʦʤ ʧʦʣʫʯʠʪʴ 

ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʨʝʰʝʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʩʥʠʞʝʥʠʝ ʩʪʨʫʢʪʫʨʥʦʛʦ ʰʫʤʘ ʠ ʦʪ 

ʩʨʝʟʘ ʢʦʥʮʝʚʦʡ ʪʨʫʙʳ, ʧʨʠ ʦʙʝʩʧʝʯʝʥʠʠ ʪʨʝʙʦʚʘʥʠʡ ʧʦ ʪʦʢʩʠʯʥʦʩʪʠ ʠ 

ʧʨʦʪʠʚʦʜʘʚʣʝʥʠʶ.  

ʎʝʣʴʶ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʨʘʩʯʝʪʥʦ-

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʚʠʙʨʦʘʢʫʩʪʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʉʆʆɻ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʩʠʩʪʝʤʳ ʚ ʮʝʣʦʤ, ʘ ʪʘʢʞʝ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʘ ʧʦʠʩʢʘ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʨʝʰʝʥʠʡ ʧʦ 

ʩʥʠʞʝʥʠʶ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʦʪ ʥʘʨʫʞʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʉʆʆɻ ʥʘ ʧʨʠʤʝʨʝ 

ʛʣʫʰʠʪʝʣʷ-ʥʝʡʪʨʘʣʠʟʘʪʦʨʘ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ ʨʝʰʠʪʴ ʩʣʝʜʫʶʱʠʝ 

ʦʩʥʦʚʥʳʝ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ:  

- ʨʘʟʨʘʙʦʪʘʪʴ ʤʝʪʦʜʠʢʫ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʉʆʆɻ ʥʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ 

ʨʘʩʯʝʪʥʦ-ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʩʧʦʩʦʙʦʤ ʘʢʫʩʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʵʣʝʤʝʥʪʦʚ 

ʩʠʩʪʝʤʳ ʚʳʧʫʩʢʘ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ; 

- ʨʘʟʨʘʙʦʪʘʪʴ ʤʝʪʦʜʠʢʠ ʠ ʩʪʝʥʜʳ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʨʘʩʯʝʪʥʦ-

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʘʢʫʩʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʵʣʝʤʝʥʪʦʚ ʉʆʆɻ: 

ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʙʣʦʢʠ, ʨʝʟʦʥʘʪʦʨʥʳʝ ʠ ʦʙʲʝʤʥʳʝ ʢʘʤʝʨʳ;  

- ʨʘʟʨʘʙʦʪʘʪʴ ʚʘʨʠʘʥʪ ʢʦʥʩʪʨʫʢʮʠʠ ʛʣʫʰʠʪʝʣʷ-ʥʝʡʪʨʘʣʠʟʘʪʦʨʘ ʥʘ ʦʩʥʦʚʝ 

ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʝʪʦʜʠʢʠ ʠ ʦʮʝʥʠʪʴ ʚ ʩʦʩʪʘʚʝ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ 

ʨʘʟʨʘʙʦʪʘʥʥʫʶ ʢʦʥʩʪʨʫʢʮʠʶ ʉʆʆɻ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʩʝʨʠʡʥʳʤ ʛʣʫʰʠʪʝʣʝʤ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ɻʆʉʊ 41.51-2004;  
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- ʦʧʨʝʜʝʣʠʪʴ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʠ ʚʳʧʦʣʥʠʪʴ ʨʘʩʯʝʪʳ ʚʳʥʫʞʜʝʥʥʳʭ ʯʘʩʪʦʪ 

ʠ ʬʦʨʤ ʢʦʣʝʙʘʥʠʡ ʛʣʫʰʠʪʝʣʷ-ʥʝʡʪʨʘʣʠʟʘʪʦʨʘ ʩ ʮʝʣʴʶ ʨʘʟʨʘʙʦʪʢʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ 

ʨʝʰʝʥʠʡ ʧʦ ʩʥʠʞʝʥʠʶ ʟʚʫʢʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʦʪ ʥʘʨʫʞʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ.  

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ: 

- ʨʘʟʨʘʙʦʪʘʥʘ ʠ ʨʝʘʣʠʟʦʚʘʥʘ ʤʝʪʦʜʠʢʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʉʆʆɻ 

ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʥʘ ʦʩʥʦʚʘʥʠʠ ʘʢʫʩʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʵʣʝʤʝʥʪʦʚ 

ʉʆʆɻ, ʧʦʣʫʯʝʥʥʳʭ ʨʘʩʯʝʪʥʦ-ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʩʧʦʩʦʙʘʤʠ; 

- ʨʘʟʨʘʙʦʪʘʥʳ ʨʘʩʯʝʪʥʦ-ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʤʝʪʦʜʠʢʠ ʠ ʩʪʝʥʜʳ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʘʢʫʩʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʵʣʝʤʝʥʪʦʚ ʉʆʆɻ ɸʊʉ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʚ ʮʝʣʦʤ; 

- ʨʘʩʯʝʪʥʦ-ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʩʧʦʩʦʙʦʤ ʨʘʟʨʘʙʦʪʘʥʘ, ʠʟʛʦʪʦʚʣʝʥʘ ʠ 

ʠʩʧʳʪʘʥʘ ʢʦʥʩʪʨʫʢʮʠʷ ʛʣʫʰʠʪʝʣʷ-ʥʝʡʪʨʘʣʠʟʘʪʦʨʘ, ʧʦʟʚʦʣʷʶʱʘʷ ʩʥʠʟʠʪʴ 

ʘʢʫʩʪʠʯʝʩʢʦʝ ʠʟʣʫʯʝʥʠʝ ɸʊʉ; 

- ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʝʪʦʜʠʢʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʉʆʆɻ 

ʧʦʜʪʚʝʨʞʜʝʥʘ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʩʨʘʚʥʠʪʝʣʴʥʳʭ ʠʩʧʳʪʘʥʠʡ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ɻʆʉʊ 

41.51-2004;  

- ʩ ʮʝʣʴʶ ʫʤʝʥʴʰʝʥʠʷ ʰʫʤʘ ʦʪ ʥʘʨʫʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʛʣʫʰʠʪʝʣʷ-

ʥʝʡʪʨʘʣʠʟʘʪʦʨʘ ɸʊʉ ʨʘʩʩʯʠʪʘʥʳ ʩ ʫʯʝʪʦʤ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʯʘʩʪʦʪʳ ʠ ʬʦʨʤʳ 

ʢʦʣʝʙʘʥʠʡ ʦʪʜʝʣʴʥʳʭ ʥʘʨʫʞʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʧʨʠ ʚʚʝʜʝʥʠʠ ʨʘʟʣʠʯʥʳʭ 

ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʠʟʤʝʥʝʥʠʡ ʠ ʚʳʙʨʘʥʳ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʝ ʨʝʰʝʥʠʷ ʧʦ 

ʢʨʠʪʝʨʠʶ - ʫʤʝʥʴʰʝʥʠʝ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ʢʚʘʜʨʘʪʘ ʚʠʙʨʦʩʢʦʨʦʩʪʠ ʧʦ ʦʪʜʝʣʴʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʠ.  

ʇʨʘʢʪʠʯʝʩʢʘʷ ʮʝʥʥʦʩʪʴ: 

ʈʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʥʘʫʯʥʦ-

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ, ʥʘʫʯʥʦ-ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʫʯʨʝʞʜʝʥʠʷʭ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ 

ʧʨʝʜʧʨʠʷʪʠʷʭ, ʩʧʝʮʠʘʣʠʟʠʨʫʶʱʠʭʩʷ ʥʘ ʨʘʟʨʘʙʦʪʢʝ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʩʠʩʪʝʤ 

ʦʙʨʘʙʦʪʢʠ ʦʪʨʘʙʦʪʘʚʰʠʭ ʛʘʟʦʚ ʜʣʷ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ (ɸʊʉ), ʩ ʮʝʣʴʶ 

ʜʦʩʪʠʞʝʥʠʷ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʥʦʨʤ ʧʦ ʰʫʤʫ. ʄʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʯʘʩʪʦʪ ʠ ʬʦʨʤ ʢʦʣʝʙʘʥʠʡ ʦʪʜʝʣʴʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʧʨʠ ʚʚʝʜʝʥʠʠ ʨʘʟʣʠʯʥʳʭ 
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ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʠʟʤʝʥʝʥʠʡ ʩ ʮʝʣʴʶ ʩʥʠʞʝʥʠʷ ʰʫʤʘ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʧʨʠ 

ʨʘʟʨʘʙʦʪʢʝ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʩʥʠʞʝʥʠʶ ʰʫʤʘ, ʥʘʧʨʠʤʝʨ, ʦʪ ʥʝʥʘʛʨʫʞʝʥʥʳʭ ʜʝʪʘʣʝʡ 

ɼɺʉ (ʢʣʘʧʘʥʥʳʝ ʢʨʳʰʢʠ, ʧʦʜʜʦʥ, ʢʨʳʰʢʘ ɻʈʄ, ʢʘʨʪʝʨ ʩʮʝʧʣʝʥʠʷ ʠ ʜʨ.), ʦʪ 

ʦʪʜʝʣʴʥʳʭ ʢʫʟʦʚʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʦʪ ʥʘʨʫʞʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʢʦʨʦʙʦʢ ʧʝʨʝʜʘʯ, 

ʨʝʜʫʢʪʦʨʦʚ ʠ ʜʨʫʛʠʭ ʘʛʨʝʛʘʪʦʚ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ.   

ʆʙʲʝʢʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ: 

ʉʠʩʪʝʤʳ ʦʙʨʘʙʦʪʢʠ ʦʪʨʘʙʦʪʘʚʰʠʭ ʛʘʟʦʚ ɸʊʉ. ʕʣʝʤʝʥʪʳ ʉʆʆɻ. ʆʧʳʪʥʳʝ 

ʦʙʨʘʟʮʳ ʉʆʆɻ.  

ʇʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʣʠʩʴ ï ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʡ ʤʝʪʦʜ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʉʆʆɻ ʥʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʨʘʩʯʝʪʥʦ-ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ 

ʩʧʦʩʦʙʦʤ ʘʢʫʩʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʵʣʝʤʝʥʪʦʚ ʩʠʩʪʝʤʳ, ʤʝʪʦʜʠʢʠ ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʢʫʩʪʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʵʣʝʤʝʥʪʦʚ ʉʆʆɻ, ʤʝʪʦʜʠʢʘ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʨʝʰʝʥʠʡ 

ʧʦ ʩʥʠʞʝʥʠʶ ʰʫʤʘ ʦʪ ʥʘʨʫʞʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʉʆʆɻ ʠ ʝʝ ʨʝʘʣʠʟʘʮʠʷ ʜʣʷ 

ʛʣʫʰʠʪʝʣʷ-ʥʝʡʪʨʘʣʠʟʘʪʦʨʘ.   

ʅʘ ʟʘʱʠʪʫ ʚʳʥʦʩʷʪʩʷ:  

- ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʩʥʦʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʰʫʤʘ 

ʩʦʚʨʝʤʝʥʥʳʭ ʘʚʪʦʤʦʙʠʣʝʡ, ʘʥʘʣʠʟ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʳʭ ʘʢʪʦʚ, 

ʨʝʛʣʘʤʝʥʪʠʨʫʶʱʠʭ ʘʢʫʩʪʠʯʝʩʢʦʝ ʠʟʣʫʯʝʥʠʝ ɸʊʉ;  

- ʤʝʪʦʜʠʢʘ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʉʆʆɻ ɸʊʉ ʥʘ ʦʩʥʦʚʝ 

ʧʦʣʫʯʝʥʥʳʭ ʨʘʩʯʝʪʥʦ-ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʩʧʦʩʦʙʦʤ ʘʢʫʩʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʵʣʝʤʝʥʪʦʚ ʉʆʆɻ;   

- ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʩʪʝʥʜ ʠ ʤʝʪʦʜʠʢʘ ʧʨʦʚʝʜʝʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ ʨʝʟʫʣʴʪʘʪʦʚ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʘʢʫʩʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʵʣʝʤʝʥʪʦʚ ʉʆʆɻ: 

ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʙʣʦʢʠ, ʨʝʟʦʥʘʪʦʨʥʳʝ ʠ ʦʙʲʝʤʥʳʝ ʢʘʤʝʨʳ;  

- ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʥʦ-ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʘʢʫʩʪʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʵʣʝʤʝʥʪʦʚ ʉʆʆɻ: ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʙʣʦʢʠ, ʨʝʟʦʥʘʪʦʨʥʳʝ ʠ ʦʙʲʝʤʥʳʝ 

ʢʘʤʝʨʳ; 
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- ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʚʘʨʠʘʥʪ ʢʦʥʩʪʨʫʢʮʠʠ ʛʣʫʰʠʪʝʣʷ-ʥʝʡʪʨʘʣʠʟʘʪʦʨʘ ʜʣʷ 

ʛʨʫʟʦʚʦʛʦ ʘʚʪʦʤʦʙʠʣʷ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʡ ʩʦʚʨʝʤʝʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ ʩ ʫʯʝʪʦʤ 

ʛʘʙʘʨʠʪʥʦ-ʢʦʤʧʦʥʦʚʦʯʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʥʦ-

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʵʣʝʤʝʥʪʦʚ ʉʆʆɻ, ʧʦʣʫʯʝʥʥʳʭ ʚ 

ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ; 

- ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʘʢʫʩʪʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʛʣʫʰʠʪʝʣʷ-ʥʝʡʪʨʘʣʠʟʘʪʦʨʘ; 

- ʤʝʪʦʜʠʢʘ ʠ ʨʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʯʘʩʪʦʪ ʠ ʬʦʨʤ ʢʦʣʝʙʘʥʠʡ ʵʣʝʤʝʥʪʦʚ ʠ 

ʉʆʆɻ ʚ ʮʝʣʦʤ, ʩ ʫʯʝʪʦʤ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ, ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ 

ʨʝʰʝʥʠʡ ʧʦ ʩʥʠʞʝʥʠʶ ʟʚʫʢʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʦʪ ʥʘʨʫʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʛʣʫʰʠʪʝʣʷ-

ʥʝʡʪʨʘʣʠʟʘʪʦʨʘ;  

- ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʨʝʰʝʥʠʷ ʧʦ ʩʥʠʞʝʥʠʶ ʟʚʫʢʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʦʪ 

ʧʦʚʝʨʭʥʦʩʪʠ ʛʣʫʰʠʪʝʣʷ-ʥʝʡʪʨʘʣʠʟʘʪʦʨʘ ʩʠʣʦʚʦʡ ʫʩʪʘʥʦʚʢʠ ɸʊʉ.  

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʩʦʚʨʝʤʝʥʥʦʡ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʘʧʧʘʨʘʪʫʨʳ, ʠʤʝʶʱʝʡ ʤʝʞʜʫʥʘʨʦʜʥʳʡ ʩʝʨʪʠʬʠʢʘʪ 

ʩʦʦʪʚʝʪʩʪʚʠʷ. ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʧʦ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʝʪʦʜʠʢʝ 

ʦʮʝʥʠʚʘʣʘʩʴ ʧʫʪʝʤ ʩʨʘʚʥʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ. ɸʚʪʦʨʦʤ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʧʨʦʚʝʜʝʥʳ 

ʙʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʝ, ʨʘʩʯʝʪʥʳʝ ʠ ʨʘʩʯʝʪʥʦ-ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʵʣʝʤʝʥʪʦʚ ʉʆʆɻ ʠ ʩʠʩʪʝʤʳ ʚ ʮʝʣʦʤ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ 

ʚʥʝʰʥʝʤʫ h ʫʤʫ ʠ ʦʧʨʝʜʝʣʝʥʠʶ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʜʣʷ ʨʘʩʯʝʪʥʦ-

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʨʝʰʝʥʠʡ ʧʦ ʩʥʠʞʝʥʠʶ 

ʟʚʫʢʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʦʪ ʥʘʨʫʞʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ.  ʈʘʟʨʘʙʦʪʘʥʳ ʩʧʝʮʠʘʣʴʥʳʝ 

ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʘʢʫʩʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʵʣʝʤʝʥʪʦʚ ʉʆʆɻ ʠ 

ʨʘʩʯʝʪʥʳʝ ʧʨʦʛʨʘʤʤʳ: ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʥʘʭʦʞʜʝʥʠʷ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʤʘʪʨʠʮʳ ʧʝʨʝʜʘʯ ʠ ʥʘʭʦʞʜʝʥʠʷ ʘʢʫʩʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ. 
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ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ. ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ ʜʠʩʩʝʨʪʘʮʠʠ ʧʨʝʜʩʪʘʚʣʝʥʳ, 

ʦʙʩʫʞʜʝʥʳ ʠ ʦʜʦʙʨʝʥʳ ʥʘ: 

- ʧ̫ ʪʦʤ ʤʝʞʜʫʥʘʨʦʜʥʦʤ ʵʢʦʣʦʛʠʯʝʩʢʦʤ ʢʦʥʛʨʝʩʩʝ (ʩʝʜʴʤʘʷ ʤʝʞʜʫʥʘʨʦʜʥʘʷ 

ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ) "ELPIT-2015ò; 

- ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʀʥʥʦʚʘʮʠʦʥʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʂʦʥʬʝʨʝʥʮʠʠ ʄʦʣʦʜʳʭ 

ʋʯʸʥʳʭ ʠ ʉʪʫʜʝʥʪʦʚ "ʄʀʂʄʋʉ-2014"; 

- 72 ʥʘʫʯʥʦ-ʤʝʪʦʜʠʯʝʩʢʦʡ ʠ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ ʄɸɼʀ 2014; 

- 73 ʥʘʫʯʥʦ-ʤʝʪʦʜʠʯʝʩʢʦʡ ʠ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ ʄɸɼʀ 2015; 

- 74 ʥʘʫʯʥʦ-ʤʝʪʦʜʠʯʝʩʢʦʡ ʠ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ ʄɸɼʀ 2016; 

- 75 ʥʘʫʯʥʦ-ʤʝʪʦʜʠʯʝʩʢʦʡ ʠ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ ʄɸɼʀ 2017; 

- ʚʪʦʨʦʡ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʷ çɼʠʥʘʤʠʢʘ ʠ 

ʚʠʙʨʦʘʢʫʩʪʠʢʘ ʤʘʰʠʥ 2014è, ʉɻɸʋ (ʛ. ʉʘʤʘʨʘ, 15-17 ʩʝʥʪʷʙʨʷ 2014ʛ.); 

- ʚʪʦʨʦʡ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʟʘʦʯʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʠ 

"ʉʦʚʨʝʤʝʥʥʳʝ ʧʨʦʙʣʝʤʳ ʪʝʦʨʠʠ ʤʘʰʠʥ", ʉʠʙɻʀʋ (ʛ. ʅʦʚʦʢʫʟʥʝʮʢ, 3-4 ʠʶʥʷ 2014 

ʛ.).  

ʄʘʪʝʨʠʘʣʳ ʜʠʩʩʝʨʪʘʮʠʠ ʚʢʣʶʯʝʥʳ ʚ ʥʘʫʯʥʳʡ ʦʪʯʝʪ ʦ ʥʘʫʯʥʦ-

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʝ çʈʘʩʯʝʪʥʦ-ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʣʝʤʝʥʪʦʚ 

ʩʠʩʪʝʤ ʦʙʨʘʙʦʪʢʠ ʦʪʨʘʙʦʪʘʚʰʠʭ ʛʘʟʦʚ (ʉʆʆɻ), ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʭ ʩʦʚʨʝʤʝʥʥʳʤ 

ʪʨʝʙʦʚʘʥʠʷʤ ʧʦ ʰʫʤʦʛʣʫʰʝʥʠʶ ʠ ʧʨʦʪʠʚʦʜʘʚʣʝʥʠʶè, ʚʳʧʦʣʥʝʥʥʦʡ ʚ ʨʘʤʢʘʭ 

ʧʨʦʛʨʘʤʤʳ ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʄɸɼʀ ʚ 2014 ʛʦʜʫ. 

ʈʝʘʣʠʟʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ.  

ʇʫʙʣʠʢʘʮʠʠ. ʇʦ ʤʘʪʝʨʠʘʣʘʤ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʧʫʙʣʠʢʦʚʘʥʦ 

ʚʦʩʝʤʴ ʩʪʘʪʝʡ, ʧʷʪʴ ʠʟ ʢʦʪʦʨʳʭ ʚ ʠʟʜʘʥʠʷʭ, ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʭ ɺɸʂ, ʪʨʠ ʩʪʘʪʴʠ ʚ 

ʩʙʦʨʥʠʢʘʭ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʥʘʫʯʥʳʭ ʢʦʥʬʝʨʝʥʮʠʡ. 

 



11 

 

 

 

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʸʤ ʨʘʙʦʪʳ. ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, 

ʯʝʪʳʨʝʭ ʛʣʘʚ, ʚʳʚʦʜʦʚ ʠ ʧʨʠʣʦʞʝʥʠʡ. Cʦʜʝʨʞʠʪ 119 ʩʪʨʘʥʠʮʳ ʙʝʟ ʧʨʠʣʦʞʝʥʠʡ, 97 

ʨʠʩʫʥʢʦʚ, 5 ʪʘʙʣʠʮ ʠ ʙʠʙʣʠʦʛʨʘʬʠʯʝʩʢʦʛʦ ʩʧʠʩʢʘ ʠʟ 92 ʥʘʠʤʝʥʦʚʘʥʠʡ. 

ɼʠʩʩʝʨʪʘʮʠ ̫ ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʥʘ ʢʘʬʝʜʨʝ çɼʝʪʘʣʠ ʤʘʰʠʥ ʠ ʪʝʦʨʠʷ 

ʤʝʭʘʥʠʟʤʦʚè ʌʝʜʝʨʘʣʴʥʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʙʶʜʞʝʪʥʦʛʦ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ 

ʫʯʨʝʞʜʝʥʠʷ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ çʄʦʩʢʦʚʩʢʠʡ ʘʚʪʦʤʦʙʠʣʴʥʦ-ʜʦʨʦʞʥʳʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ (ʄɸɼʀ)è. 
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ɻʃɸɺɸ 1. ɸʅɸʃʀɿ ʉʆʉʊʆʗʅʀʗ ɺʆʇʈʆʉɸ, ʎɽʃʔ ʀ ɿɸɼɸʏʀ 

ʀʉʉʃɽɼʆɺɸʅʀʗ 

 

1.1  ɺʣʠʷʥʠʝ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʥʘ ʘʢʫʩʪʠʯʝʩʢʦʝ ʟʘʛʨʷʟʥʝʥʠʝ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ 

 

ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʢʨʫʧʥʳʭ ʛʦʨʦʜʘʭ ʧʨʦʙʣʝʤʘ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʚʳʭʦʜʠʪ ʥʘ ʧʝʨʚʳʡ ʧʣʘʥ. ʆʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʟʚʫʢʦʚʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ʷʚʣʷʶʪʩʷ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʳʝ ʩʨʝʜʩʪʚʘ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʧʘʨʢʘ 

ʘʚʪʦʤʦʙʠʣʝʡ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʘʢʫʩʪʠʯʝʩʢʦʝ ʟʘʛʨʷʟʥʝʥʠʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜ,r ʯʪʦ 

ʦʪʨʠʮʘʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʬʠʟʠʯʝʩʢʦʝ ʠ ʧʩʠʭʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʯʝʣʦʚʝʢʘ, ʚʳʟʳʚʘʝʪ 

ʯʫʚʩʪʚʦ ʙʝʩʧʦʢʦʡʩʪʚʘ ʠ ʨʘʟʜʨʘʞʝʥʠʷ, ʧʦʚʳʰʘʝʪ ʫʪʦʤʣʷʝʤʦʩʪʴ, ʚʣʝʯʝʪ ʩʥʠʞʝʥʠʝ 

ʢʘʯʝʩʪʚʘ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʪʨʫʜʘ [2, 8, 25, 26, 33, 37, 39, 68, 82]. 

ʐʫʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʨʦʚʥʷ, ʭʘʨʘʢʪʝʨʘ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ, ʦʢʘʟʳʚʘʝʪ 

ʨʘʟʣʠʯʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʦʨʛʘʥʠʟʤ ʯʝʣʦʚʝʢʘ. ɺ ʪʘʙʣʠʮʝ 1.1 ʧʨʠʚʝʜʝʥʦ ʚʣʠʷʥʠʝ 

ʨʘʟʣʠʯʥʳʭ ʫʨʦʚʥʝʡ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʥʘ ʯʝʣʦʚʝʢʘ [22].  

ʊʘʙʣʠʮʘ 1.1 ï ɺʦʩʧʨʠʷʪʠʝ ʯʝʣʦʚʝʢʦʤ ʨʘʟʣʠʯʥʳʭ ʫʨʦʚʥʝʡ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʠ 

ʚʣʠʷʥʠʝ ʥʘ ʝʛʦ ʬʠʟʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ 

ʋʨʦʚʝʥʴ 

ʟʚʫʢʘ, 

ʜɹɸ 

 

ɺʦʩʧʨʠʷʪʠʝ ʯʝʣʦʚʝʢʦʤ 

 

ɺʦʟʤʦʞʥʳʝ ʠʩʪʦʯʥʠʢʠ ʟʚʫʢʘ 

15 ɽʜʚʘ ʩʣʳʰʥʦ ʐʝʣʝʩʪ ʣʠʩʪʚʳ 

30 

ʊʠʭʦ 

ʐʝʧʦʪ, ʪʠʢʘʥʴʝ ʥʘʩʪʝʥʥʳʭ ʯʘʩʦʚ. ɼʦʧʫʩʪʠʤʳʡ 

ʤʘʢʩʠʤʫʤ ʧʦ ʥʦʨʤʘʤ ʜʣʷ ʞʠʣʳʭ ʧʦʤʝʱʝʥʠʡ 

ʥʦʯʴʶ, ʩ 23 ʜʦ 7 ʯ. 

40 

ɼʦʚʦʣʴʥʦ ʩʣʳʰʥʦ 

ʆʙʳʯʥʘʷ ʨʝʯʴ. 

ʅʦʨʤʘ ʜʣʷ ʞʠʣʳʭ ʧʦʤʝʱʝʥʠʡ ʜʥʸʤ, ʩ 7 ʜʦ 23 ʯ. 

ʇʦʜʨʦʙʥʝʝ ʯʠʪʘʪʴ ʚ "ʈʦʩʩʠʡʩʢʦʡ ʛʘʟʝʪʝ" 

55 ʆʪʯʸʪʣʠʚʦ ʩʣʳʰʥʦ 
ɺʝʨʭʥʷʷ ʥʦʨʤʘ ʜʣʷ ʦʬʠʩʥʳʭ ʧʦʤʝʱʝʥʠʡ ʢʣʘʩʩʘ 

ɸ (ʧʦ ʝʚʨʦʧʝʡʩʢʠʤ ʥʦʨʤʘʤ) 

65 ʐʫʤʥʦ ɻʨʦʤʢʠʡ ʨʘʟʛʦʚʦʨ (1ʤ) 

75 ʐʫʤʥʦ ʂʨʠʢ, ʩʤʝʭ (1ʤ) 
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ʇʨʦʜʦʣʞʝʥʠʠ ʪʘʙʣʠʮʘ 1.1 ï ɺʦʩʧʨʠʷʪʠʝ ʯʝʣʦʚʝʢʦʤ ʨʘʟʣʠʯʥʳʭ ʫʨʦʚʥʝʡ 

ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʠ ʚʣʠʷʥʠʝ ʥʘ ʝʛʦ ʬʠʟʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ 

ʋʨʦʚʝʥʴ 

ʟʚʫʢʘ, 

ʜɹɸ 

 

ɺʦʩʧʨʠʷʪʠʝ ʯʝʣʦʚʝʢʦʤ 

 

ɺʦʟʤʦʞʥʳʝ ʠʩʪʦʯʥʠʢʠ ʟʚʫʢʘ 

85 ʆʯʝʥʴ ʰʫʤʥʦ ɻʨʦʤʢʠʡ ʢʨʠʢ, ʤʦʪʦʮʠʢʣ ʩ ʛʣʫʰʠʪʝʣʝʤ 

95 ʆʯʝʥʴ ʰʫʤʥʦ 
ɺʘʛʦʥ ʤʝʪʨʦ (ʚ 7 ʤʝʪʨʘʭ ʩʥʘʨʫʞʠ ʠʣʠ ʚʥʫʪʨʠ 

ʚʘʛʦʥʘ) 

100 ʂʨʘʡʥʝ ʰʫʤʥʦ ɺʘʛʦʥ ʤʝʪʨʦ (ʧʨʝʨʳʚʠʩʪʦ), ʨʘʩʢʘʪʳ ʛʨʦʤʘ. 

110 ʂʨʘʡʥʝ ʰʫʤʥʦ ɺʝʨʪʦʣʸʪ 

115 ʂʨʘʡʥʝ ʰʫʤʥʦ ʇʝʩʢʦʩʪʨʫʡʥʳʡ ʘʧʧʘʨʘʪ (1ʤ) 

120 ʇʦʯʪʠ ʥʝʚʳʥʦʩʠʤʦ ʆʪʙʦʡʥʳʡ ʤʦʣʦʪʦʢ (1ʤ) 

125 ʇʦʯʪʠ ʥʝʚʳʥʦʩʠʤʦ ʅʝ ʟʘʛʣʫʰʝʥʥʘʷ ʩʠʩʪʝʤʘ ʚʳʧʫʩʢʘ ɼɺʉ 

130 ɹʦʣʝʚʦʡ ʧʦʨʦʛ ʉʘʤʦʣʸʪ ʥʘ ʩʪʘʨʪʝ 

135 ʂʦʥʪʫʟʠʷ  

140 ʂʦʥʪʫʟʠʷ ɿʚʫʢ ʚʟʣʝʪʘʶʱʝʛʦ ʨʝʘʢʪʠʚʥʦʛʦ ʩʘʤʦʣʝʪʘ 

145 ʂʦʥʪʫʟʠʷ ʉʪʘʨʪ ʨʘʢʝʪʳ 

150 ʂʦʥʪʫʟʠʷ, ʪʨʘʚʤʳ  

155 ʂʦʥʪʫʟʠʷ, ʪʨʘʚʤʳ  

160 ʐʦʢ, ʪʨʘʚʤʳ ʋʜʘʨʥʘʷ ʚʦʣʥʘ ʦʪ ʩʚʝʨʭʟʚʫʢʦʚʦʛʦ ʩʘʤʦʣʸʪʘ 

ʇʨʠ ʫʨʦʚʥʷʭ ʟʚʫʢʘ ʩʚʳʰʝ 160 ʜʝʮʠʙʝʣ - ʚʦʟʤʦʞʝʥ ʨʘʟʨʳʚ ʙʘʨʘʙʘʥʥʳʭ ʧʝʨʝʧʦʥʦʢ ʠ 

ʣʸʛʢʠʭ, Οʙʦʣʴʰʝ 200 - ʩʤʝʨʪʴ (ʰʫʤʦʚʦʝ ʦʨʫʞʠʝ) 

 

ʆʩʥʦʚʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʘʢʫʩʪʠʯʝʩʢʦʝ ʟʘʛʨʷʟʥʝʥʠʝ ʙʦʣʴʰʠʭ ʛʦʨʦʜʦʚ ʦʢʘʟʳʚʘʶʪ 

ʪʨʘʥʩʧʦʨʪʥʳʝ ʧʦʪʦʢʠ. ʋʨʦʚʝʥʴ ʰʫʤʘ ʤʦʞʝʪ ʟʘʚʠʩʝʪʴ ʦʪ ʩʢʦʨʦʩʪʠ ʠ ʨʝʞʠʤʘ 

ʜʚʠʞʝʥʠʷ, ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ɸʊʉ, ʪʠʧʘ ʠ ʩʦʩʪʦʷʥʠʷ ʜʦʨʦʞʥʦʛʦ ʧʦʣʦʪʥʘ.  

ʅʫʞʥʦ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʜʣʠʪʝʣʴʥʳʭ ʧʦʝʟʜʦʢ ʥʘ ɸʊʉ ʚʦʜʠʪʝʣʴ ʠ 

ʧʘʩʩʘʞʠʨʳ ʧʦʜʚʝʨʛʘʝʪʩʷ ʥʝʛʘʪʠʚʥʦʤʫ ʰʫʤʦʚʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʙʳʩʪʨʦʡ ʫʪʦʤʣʷʝʤʦʩʪʠ ʠ ʪʝʤ ʩʘʤʳʤ ʩʥʠʞʝʥʠʶ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʚʠʞʝʥʠʷ.  

ʈʘʟʨʘʙʦʪʢʘ ʩʦʚʨʝʤʝʥʥʳʭ ʤʘʣʦʰʫʤʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʘʚʪʦʤʦʙʠʣʝʡ ʷʚʣʷʝʪʩʷ 

ʧʨʠʦʨʠʪʝʪʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʨʘʟʚʠʪʠʷ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ. ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʤʝʪʦʜʦʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʉʆʆɻ ʛʨʫʟʦʚʳʭ ɸʊʉ 

ʧʦ ʚʠʙʨʦʘʢʫʩʪʠʯʝʩʢʠʤ ʧʘʨʘʤʝʪʨʘʤ.  

ʅʘ ʦʩʥʦʚʘʥʠʠ ʚʳʰʝʩʢʘʟʘʥʥʦʛʦ, ʧʨʦʙʣʝʤʘ ʩʥʠʞʝʥʠʷ ʰʫʤʘ ɸʊʉ ʷʚʣʷʝʪʩʷ 

ʘʢʪʫʘʣʴʥʦʡ, ʪʨʝʙʫʶʱʝʡ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʤʝʪʦʜʦʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, 
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ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʜʦʚʦʜʢʠ ʚʠʙʨʦʘʢʫʩʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʇʨʠ ʩʥʠʞʝʥʠʠ ʰʫʤʘ 

ɸʊʉ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʦʩʥʦʚʥʳʝ ʠʩʪʦʯʥʠʢʠ ʰʫʤʘ ʠ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʠʭ ʧʦ 

ʟʥʘʯʠʤʦʩʪʠ.  

 

1.2  ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʠʩʪʦʯʥʠʢʦʚ ʰʫʤʘ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʧʦ 

ʟʥʘʯʠʤʦʩʪʠ 

 

ʉ ʢʘʞʜʳʤ ʛʦʜʦʤ ʥʘʙʣʶʜʘʝʪʩʷ ʪʝʥʜʝʥʮʠʷ ʢʦʥʩʪʨʫʢʪʦʨʩʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ɸʊʉ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʦ ʘʢʫʩʪʠʯʝʩʢʠʤ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ. ɸʢʫʩʪʠʯʝʩʢʦʝ ʧʦʣʝ ɸʊʉ ʬʦʨʤʠʨʫʝʪʩʷ ʠʟʣʫʯʝʥʠʝʤ ʦʪ ʦʪʜʝʣʴʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ (ʈʠʩʫʥʦʢ 1.1): ɼɺʉ ʩ ʩʠʩʪʝʤʦʡ ʚʧʫʩʢʘ; ʩʠʩʪʝʤʘ ʦʙʨʘʙʦʪʢʠ 

ʦʪʨʘʙʦʪʘʚʰʠʭ ʛʘʟʦʚ; ʫʟʣr ʠ ʘʛʨʝʛʘʪ r ʪʨʘʥʩʤʠʩʩʠʠ; ʦʩʪʘʪʦʯʥʳʝ ʠʩʪʦʯʥʠʢʠ 

(ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ʰʫʤ - ʰʫʤ ʚʦʟʥʠʢʘʶʱʠʡ ʦʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʘʙʝʛʘʶʱʝʛʦ 

ʧʦʪʦʢʘ ʩ ʦʙʪʝʢʘʝʤʳʤʠ ʧʦʚʝʨʭʥʦʩʪʷʤʠ, ʰʫʤ ʦʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʰʠʥ ʩ 

ʧʦʚʝʨʭʥʦʩʪʴʶ ʜʦʨʦʞʥʦʛʦ ʧʦʢʨʳʪʠʷ ʠ ʜʨ.). 

 

ʈʠʩʫʥʦʢ 1.1 ï ʆʩʥʦʚʥʳʝ ʠʩʪʦʯʥʠʢʠ ʰʫʤʘ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ: 1ï ʩʠʩʪʝʤʳ 

ʠ ʘʛʨʝʛʘʪʳ ɼɺʉ; 2 ï ʩʠʩʪʝʤʘ ʦʙʨʘʙʦʪʢʠ ʦʪʨʘʙʦʪʘʚʰʠʭ ʛʘʟʦʚ; 3 ï ʘʛʨʝʛʘʪʳ 

ʪʨʘʥʩʤʠʩʩʠʠ; 4 ï ʦʩʪʘʪʦʯʥʳʝ ʠʩʪʦʯʥʠʢʠ ʰʫʤʘ 
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ɸʊʉ ̫ʚʣʷʝʪʩʷ ʩʣʦʞʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʰʫʤʘ. ʋʨʘʚʥʝʥʠʝ ʙʘʣʘʥʩʘ ʟʚʫʢʦʚʦʡ 

ʤʦʱʥʦʩʪʠ, ʩʦʩʪʦʷʱʝʝ ʠʟ ʩʫʤʤ rʟʚʫʢʦʚʳʭ ʤʦʱʥʦʩʪʝʡ ʦʪʜʝʣʴʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʰʫʤʘ, 

ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ: 

ὡɸʊʉὪ ὡɼɺʉὪ ὡʉʆʆɻὪ ὡʪʨʘʥʩȢὪ ὡʦʩʪȢὪ, Ȍȼ 

ʛʜʝ, ὡɼɺʉὪ - ʟʚʫʢʦʚʘʷ ʤʦʱʥʦʩʪʴ, ʠʟʣʫʯʘʝʤʘʷ ɼɺʉ ʠ ʩʠʩʪʝʤʦʡ ʚʧʫʩʢʘ, ɺʪ;  

7ʉʆʆɻὪ  - ʘʢʫʩʪʠʯʝʩʢʘʷ ʤʦʱʥʦʩʪʴ, ʠʟʣʫʯʘʝʤʘʷ ʥʘʨʫʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ 

ʉʆʆɻ ʠ ʩʨʝʟʦʤ ʚʳʧʫʩʢʥʦʡ ʪʨʫʙʳ, ɺʪ; 

ὡʪʨʘʥʩȢὪ  - ʟʚʫʢʦʚʘʷ ʤʦʱʥʦʩʪʴ, ʛʝʥʝʨʠʨʫʝʤʘʷ ʘʛʨʝʛʘʪʘʤʠ ʪʨʘʥʩʤʠʩʩʠʠ, ɺʪ; 

ὡʦʩʪȢὪ     - ʟʚʫʢʦʚʘʷ ʤʦʱʥʦʩʪʴ, ʠʟʣʫʯʘʝʤʘʷ ʦʩʪʘʪʦʯʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ 

ɸʊʉ, ɺʪ.  

 

ɿʚʫʢʦʚʘʷ ʤʦʱʥʦʩʪʴ, ʠʟʣʫʯʘʝʤʘʷ ʜʚʠʛʘʪʝʣʝʤ, ʚʦʟʥʠʢʘʶʪ ʚ ʩʠʩʪʝʤʝ ʚʧʫʩʢʘ, ʧʨʠ 

ʦʩʫʱʝʩʪʚʣʝʥʠʠ ʧʨʦʮʝʩʩʘ ʩʛʦʨʘʥʠʷ ʚ ʮʠʣʠʥʜʨʘʭ, ʧʨʠ ʫʜʘʨʘʭ ʧʦʨʰʥʷ, ʨʘʙʦʪʝ 

ʛʘʟʦʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʛʦ ʤʝʭʘʥʠʟʤʘ, ʢʨʠʚʦʰʠʧʥʦ-ʰʘʪʫʥʥʦʛʦ ʤʝʭʘʥʠʟʤʘ, 

ʪʦʧʣʠʚʦʧʦʜʘʶʱʝʡ ʘʧʧʘʨʘʪʫʨʳ ʠ ʧʨʠʚʦʜʘ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʘʛʨʝʛʘʪʦʚ.  

ʇʨʠʯʠʥʦʡ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʩʠʩʪʝʤʳ ʦʙʨʘʙʦʪʢʠ ʦʪʨʘʙʦʪʘʚʰʠʭ ʛʘʟʦʚ 

ʷʚʣʷʝʪʩʷ ʠʩʪʝʯʝʥʠʝ ʯʝʨʝʟ ʚʳʧʫʩʢʥʦʡ ʢʣʘʧʘʥ ʦʪʨʘʙʦʪʘʚʰʠʭ ʛʘʟʦʚ, ʦʙʣʘʜʘʶʱʠʭ 

ʚʳʩʦʢʦʡ ʚʥʫʪʨʝʥʥʝʡ ʵʥʝʨʛʠʝʡ. ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʟʘ ʢʣʘʧʘʥʦʤ ʬʦʨʤʠʨʫʝʪʩʷ ʚʦʣʥʘ 

ʜʘʚʣʝʥʠʷ, ʢʦʪʦʨʘʷ ʠʤʝʝʪ ʟʥʘʯʠʪʝʣʴʥʫʶ ʘʤʧʣʠʪʫʜʫ. ʇʝʨʝʧʘʜ ʜʘʚʣʝʥʠʡ ʚ ʚʦʣʥʝ 

ʩʦʩʪʘʚʣʷʝʪ 0,04 ʄʇʘ [42]. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʙʫʞʜʝʥʠʶ ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ 

ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʠ ʩʠʩʪʝʤʳ ʦʙʨʘʙʦʪʢʠ ʦʪʨʘʙʦʪʘʚʰʠʭ ʛʘʟʦʚ ʠ ʦʙʲʝʤʦʚ ʛʘʟʘ, 

ʟʘʢʣʶʯʝʥʥʳʭ ʚ ʩʠʩʪʝʤʝ. ʇʨʠ ʪʝʯʝʥʠʠ ʧʦʪʦʢʘ ʛʘʟʘ ʥʘ ʥʝʨʦʚʥʦʩʪʷʭ ʪʨʫʙʦʧʨʦʚʦʜʘ 

ʧʨʦʠʩʭʦʜʠʪ ʩʨʳʚ ʚʠʭʨʝʡ, ʯʪʦ ʚʳʟʳʚʘʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʰʫʤʘ. ʂʨʦʤʝ 

ʟʚʫʢʦʚʦʡ ʤʦʱʥʦʩʪʠ ʠʟʣʫʯʘʝʤʦʡ ʦʪ ʩʨʝʟʘ ʪʨʫʙʳ ʥʝʤʘʣʦʚʘʞʥʫʶ ʨʦʣʴ ʠʛʨʘʝʪ ʰʫʤ, 

ʛʝʥʝʨʠʨʫʝʤʳʡ ʥʘʨʫʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʩʠʩʪʝʤʳ.  

ʈʘʙʦʯʠʝ ʧʨʦʮʝʩʩʳ ʧʨʦʪʝʢʘʶʱʠʝ ʚ ʫʟʣʘʭ ʠ ʘʛʨʝʛʘʪʘʭ ʪʨʘʥʩʤʠʩʩʠʠ ʛʨʫʟʦʚʦʛʦ 

ɸʊʉ, ʬʦʨʤʠʨʫʶʪ ʟʚʫʢʦʚʫʶ ʤʦʱʥʦʩʪʴ ὡʪʨʘʥʩȢὪ. ʆʥʘ ʠʟʣʫʯʘʝʪʩʷ ʢʦʨʦʙʢʦʡ 

ʧʝʨʝʤʝʥʳ ʧʝʨʝʜʘʯ, ʨʘʟʜʘʪʦʯʥʳʭ ʢʦʨʦʙʢʦʡ ʧʝʨʝʜʘʯ, ʚʝʜʫʱʠʤʠ ʤʦʩʪʘʤʠ ʠ ʜʨʫʛʠʤʠ 
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ʵʣʝʤʝʥʪʘʤʠ ʪʨʘʥʩʤʠʩʩʠʠ.  

ʀʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʢʦʨʦʙʦʢ ʧʝʨʝʜʘʯ ʥʘʠʤʝʥʝʝ ʰʫʤʥʳʤʠ ʷʚʣʷʶʪʩʷ 

ʙʝʩʩʪʫʧʝʥʯʘʪʳʝ ʢʦʨʦʙʢʠ ʧʝʨʝʜʘʯ (ɹʂʇ). ʀʩʭʦʜʷ ʠʟ ʧʘʪʝʥʪʥʦʛʦ ʦʙʟʦʨʘ, ɹʂʇ 

ʥʘʭʦʜʠʪ ʚʩʝ ʙʦʣʴʰʝʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ɸʊʉ, ʯʪʦ ʪʘʢʞʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʤʝʥʴʰʝʥʠʶ 

ʰʫʤʘ ɸʊʉ [50].  

ʅʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʟʚʫʢʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʛʨʫʟʦʚʦʛʦ ɸʊʉ 

ʚ̫ʣʷʪʁʩʷ ɼɺʉ ʠ ʉʆʆɻ. ʉʥʠʞʝʥʠʝ ʠʭ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʧʝʨʚʦʦʯʝʨʝʜʥʘ ̫

ʟʘʜʘʯʘ ʧʨʠ ʩʥʠʞʝʥʠʠ ʰʫʤʘ ɸʊʉ.  ʇʦʵʪʦʤʫ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʤʝʪʦʜʦʚ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʥʩʪʨʫʢʮʠʠ ʉʆʆɻ ʩ ʮʝʣʴʶ ʩʥʠʞʝʥʠʷ ʝʝ ʰʫʤʘ 

ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ ʠ ʧʦʟʚʦʣʠʪ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʟʠʪʴ ʟʚʫʢʦʚʦʝ ʠʟʣʫʯʝʥʠʷ ʦʪ 

ɸʊʉ ʚ ʮʝʣʦʤ [56].  

ɼʘʣʝʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʩʦʚʨʝʤʝʥʥʳʝ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʳʝ ʘʢʪʳ, 

ʨʝʛʣʘʤʝʥʪʠʨʫʶʱʠʝ ʘʢʫʩʪʠʯʝʩʢʦʝ ʠʟʣʫʯʝʥʠʝ ɸʊʉ.   

 

1.3  ʉʦʚʨʝʤʝʥʥʳʝ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʳʝ ʘʢʪʳ, ʨʝʛʣʘʤʝʥʪʠʨʫʶʱʠʝ 

ʘʢʫʩʪʠʯʝʩʢʦʝ ʠʟʣʫʯʝʥʠʝ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ 

 

ʂʘʢ ʫʞʝ ʦʪʤʝʯʘʣʦʩʴ, ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʳʝ ʩʨʝʜʩʪʚʘ ʚʩʣʝʜʩʪʚʠʝ ʠʟʣʫʯʝʥʠʷ ʠʤʠ 

ʧʨʠ ʨʘʙʦʪʝ ʰʫʤʘ ʚʳʩʦʢʠʭ ʫʨʦʚʥʝʡ ʥʘʨʫʰʘʶʪ ʵʢʦʣʦʛʠʯʝʩʢʦʝ ʨʘʚʥʦʚʝʩʠʝ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʦʩʦʙʝʥʥʦ ʚ ʛʦʨʦʜʩʢʠʭ ʫʩʣʦʚʠʷʭ. ɼʘʥʥʦʝ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ 

ʟʘʩʪʘʚʠʣʦ ʤʠʨʦʚʦʝ ʩʦʦʙʱʝʩʪʚʦ ʧʨʠʥʷʪʴ ʟʘʢʦʥʦʜʘʪʝʣʴʥʳʝ ʥʦʨʤʳ ʥʘ ʦʛʨʘʥʠʯʝʥʠʝ 

ʫʨʦʚʥʝʡ ʰʫʤʘ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ - ʧʨʘʚʠʣʘ ɽʕʂ ʆʆʅ ˉ51 (ʩʝʨʠʷ 02). ɺ 

ʈʦʩʩʠʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʝʡʩʪʚʫʝʪ ɻʆʉʊ ʈ 41.51-2004 çɽʜʠʥʦʦʙʨʘʟʥʳʝ 

ʧʨʝʜʧʠʩʘʥʠʷ, ʢʘʩʘʶʱʠʝʩʷ ʦʬʠʮʠʘʣʴʥʦʛʦ ʫʪʚʝʨʞʜʝʥʠʷ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ, 

ʠʤʝʶʱʠʭ ʥʝ ʤʝʥʝʝ ʯʝʪʳʨʸʭ ʢʦʣʸʩ, ʚ ʩʚʷʟʠ ʩ ʧʨʦʠʟʚʦʜʠʤʳʤ ʠʤʠ ʰʫʤʦʤè ʠ ɻʆʉʊ ʈ 

53838-2010 çɼʚʠʛʘʪʝʣʠ ʘʚʪʦʤʦʙʠʣʴʥʳʝ. ɼʦʧʫʩʪʠʤʳʝ ʫʨʦʚʥʠ ʰʫʤʘ ʠ ʤʝʪʦʜʳ 

ʠʟʤʝʨʝʥʠʷè. ɿʘʢʦʥʦʜʘʪʝʣʴʥʦʝ ʥʦʨʤʠʨʦʚʘʥʠʝ ʰʫʤʘ ʩʦʚʨʝʤʝʥʥʳʭ 

ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʟʘʩʪʘʚʣʷʝʪ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ ʠ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʳʝ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʩʥʠʞʝʥʠʷ ʰʫʤʘ ʦʪ ɼɺʉ ʠ ʩʦʟʜʘʚʘʪʴ 
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ʩʦʚʨʝʤʝʥʥʳʝ ʩʠʩʪʝʤʳ ʦʙʨʘʙʦʪʢʠ ʦʪʨʘʙʦʪʘʚʰʠʭ ʛʘʟʦʚ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʝ 

ʩʦʚʨʝʤʝʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ ʧʦ ʰʫʤʦʛʣʫʰʝʥʠʶ, ʪʦʢʩʠʯʥʦʩʪʠ ʠ ʧʨʦʪʠʚʦʜʘʚʣʝʥʠʶ.  

ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʚʧʝʨʚʳʝ ʟʘʢʦʥʦʜʘʪʝʣʴʥʦ ʦʛʨʘʥʠʯʠʚʘʶʱʘʷ ʫʨʦʚʝʥʴ ʰʫʤʘ 

ʦʪ ɸʊʉ ʙʳʣʘ ɽʚʨʦʧʘ, ʥʘʯʠʥʘʷ ʩ 1970 ʛʦʜʘ. ɺʚʝʜʝʥʠʝ ʥʦʨʤ ʧʨʦʚʦʜʠʪʩʷ ɼʠʨʝʢʪʠʚʘʤʠ 

ɽʚʨʦʧʝʡʩʢʦʡ ʕʢʦʥʦʤʠʯʝʩʢʦʡ ʂʦʤʠʩʩʠʠ (Eʕʂ). ʅʦʨʤʳ ʜʝʡʩʪʚʫʶʪ ʠ 

ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʥʘ ʪʨʘʥʩʧʦʨʪʥʳʝ ʩʨʝʜʩʪʚʘ ʢʘʪʝʛʦʨʠʡ ʄ1, ʄ2, ʄ3, N2, N3 ʩ 

ʛʘʟʦʚʳʤʠ ʠ ʜʠʟʝʣʴʥʳʤʠ ʜʚʠʛʘʪʝʣʷʤʠ.  

ʇʦ ʥʦʚʳʤ ʥʦʨʤʘʤ ʫʨʦʚʝʥʴ ʰʫʤʘ ʙʦʣʴʰʠʥʩʪʚʘ ɸʊʉ ʫʢʘʟʘʥʥʳʭ ʢʘʪʝʛʦʨʠʡ 

ʜʦʣʞʝʥ ʙʳʪʴ ʩʥʠʞʝʥ ʧʦʯʪʠ ʚ ʜʚʘ ʨʘʟʘ.  

ʉʦʛʣʘʩʥʦ ɻʆʉʊ ʈ 41.51-2004 çɽʜʠʥʦʦʙʨʘʟʥʳʝ ʧʨʝʜʧʠʩʘʥʠʷ, ʢʘʩʘʶʱʠʝʩʷ 

ʦʬʠʮʠʘʣʴʥʦʛʦ ʫʪʚʝʨʞʜʝʥʠʷ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ, ʠʤʝʶʱʠʭ ʥʝ ʤʝʥʝʝ 

ʯʝʪʳʨʸʭ ʢʦʣʸʩ, ʚ ʩʚʷʟʠ ʩ ʧʨʦʠʟʚʦʜʠʤʳʤ ʠʤʠ ʰʫʤʦʤè ʧʨʝʜʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ 

ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʢʘʪʝʛʦʨʠʡ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʧʨʠʚʝʜʝʥʳ ʚ 

ʪʘʙʣʠʮʝ 1.2.  

ʊʘʙʣʠʮʘ 1.2 - ɼʦʧʫʩʪʠʤʳʝ ʟʥʘʯʝʥʠʷ ʫʨʦʚʥʝʡ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ, ʜɹɸ 

ʂʘʪʝʛʦʨʠʷ ʊʉ 
ʋʨʦʚʝʥʴ 

ʟʚʫʢʘ, ʜɹɸ 

6.2.2.1.1 ʊʉ ʜʣʷ ʧʝʨʝʚʦʟʢʠ ʧʘʩʩʘʞʠʨʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʠʤʝʪʴ ʥʝ ʙʦʣʝʝ 

ʜʝʚʷʪʠ ʩʠʜʷʯʠʭ ʤʝʩʪ, ʚʢʣʶʯʘʷ ʤʝʩʪʦ ʚʦʜʠʪʝʣʷ  
74  

6.2.2.1.2 ʊʉ ʜʣʷ ʧʝʨʝʚʦʟʢʠ ʧʘʩʩʘʞʠʨʦʚ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʙʦʣʝʝ ʜʝʚʷʪʠ 

ʩʠʜʷʯʠʭ ʤʝʩʪ, ʚʢʣʶʯʘʷ ʤʝʩʪʦ ʚʦʜʠʪʝʣʷ, ʠ ʤʘʢʩʠʤʘʣʴʥʦ ʨʘʟʨʝʰʝʥʥʘʷ 

ʤʘʩʩʘ ʢʦʪʦʨʳʭ ʧʨʝʚʳʰʘʝʪ 3,5 ʪ, ʩ ʜʚʠʛʘʪʝʣʝʤ ʤʦʱʥʦʩʪʴʶ:  

6.2.2.1.2.1 ʤʝʥʝʝ 150 ʢɺʪ (ɽʕʂ)  

6.2.2.1.2.2 150 ʢɺʪ (ɽʕʂ) ʠ ʙʦʣʝʝ  

 

 

 

78  

80  

6.2.2.1.3 ʊʉ ʜʣʷ ʧʝʨʝʚʦʟʢʠ ʧʘʩʩʘʞʠʨʦʚ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʙʦʣʝʝ ʜʝʚʷʪʠ 

ʩʠʜʷʯʠʭ ʤʝʩʪ, ʚʢʣʶʯʘʷ ʤʝʩʪʦ ʚʦʜʠʪʝʣʷ, ʊʉ ʜʣʷ ʧʝʨʝʚʦʟʢʠ ʛʨʫʟʦʚ ʩ 

ʤʘʢʩʠʤʘʣʴʥʦ ʨʘʟʨʝʰʝʥʥʦʡ ʤʘʩʩʦʡ:  

6.2.2.1.3.1 ʥʝ ʙʦʣʝʝ 2 ʪ  

6.2.2.1.3.2 ʦʪ 2 ʪ ʜʦ 3,5 ʪ  

 

 

 

76  

77  

6.2.2.1.4 ʊʉ ʜʣʷ ʧʝʨʝʚʦʟʢʠ ʛʨʫʟʦʚ ʤʘʢʩʠʤʘʣʴʥʦ ʨʘʟʨʝʰʝʥʥʦʡ ʤʘʩʩʦʡ 

ʙʦʣʝʝ 3,5 ʪ ʩ ʜʚʠʛʘʪʝʣʝʤ ʤʦʱʥʦʩʪʴʶ: 

6.2.2.1.4.1 ʤʝʥʝʝ 75 ʢɺʪ (ɽʕʂ) 

6.2.2.1.4.2 ʦʪ 75 ʢɺʪ (ɽʕʂ) ʜʦ 150 ʢɺʪ (ɽʕʂ) 

6.2.2.1.4.3 150 ʢɺʪ (ɽʕʂ) ʠ ʙʦʣʝʝ 

 

 

77  

78  

80  
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ʉʦʛʣʘʩʥʦ ɻʆʉʊ ʈ 53838-2010 çɼʚʠʛʘʪʝʣʠ ʘʚʪʦʤʦʙʠʣʴʥʳʝ. ɼʦʧʫʩʪʠʤʳʝ 

ʫʨʦʚʥʠ ʰʫʤʘ ʠ ʤʝʪʦʜʳ ʠʟʤʝʨʝʥʠʷè ʜʦʧʫʩʪʠʤʳʝ ʟʥʘʯʝʥʠʷ ʫʨʦʚʥʝʡ ʟʚʫʢʦʚʦʛʦ 

ʜʘʚʣʝʥʠʷ LpA, ʠʟʤʝʨʝʥʥʳʝ ʥʘ ʨʘʩʩʪʦʷʥʠʠ d=1 ʤ ʦʪ ʥʘʨʫʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ɼɺʉ ʥʝ 

ʜʦʣʞʥʳ ʧʨʝʚʳʰʘʪʴ ʟʥʘʯʝʥʠʡ, ʫʢʘʟʘʥʥʳʭ ʚ ʪʘʙʣʠʮʝ 1.3. 

ʊʘʙʣʠʮʘ 1.3 - ɼʦʧʫʩʪʠʤʳʝ ʟʥʘʯʝʥʠʷ ʫʨʦʚʥʝʡ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ LpA 

ʊʠʧ ʜʚʠʛʘʪʝʣʷ 

ʅʦʤʠʥʘʣʴʥʘʷ 

ʯʘʩʪʦʪʘ 

ʚʨʘʱʝʥʠʷ 

ʢʦʣʝʥʯʘʪʦʛʦ 

ʚʘʣʘ, ʤʠʥ-1 

LpA, ʜɹɸ 
ʊʨʘʥʩ-

ʧʦʨʪʥʳʝ 

ʩʨʝʜʩʪʚʘ 

ɼʦ 

01.01.2012 ʛ. 

ʇʦʩʣʝ 

01.01.2012 ʛ. 

V-8 ʜʠʟʝʣʴ 1700 - 2100 98 96 ʄ3, N3 

V-6 ʜʠʟʝʣʴ 1700 - 2100 97 96 ʄ3, N3 

V-8 

ʙʝʥʟʠʥʦʚʳʡ 
3200 94 94 ʄ3, N3 

ʈ-6 ʜʠʟʝʣʴ 2500 97 95 
ʄ2, N2, ʄ3, 

N3 

ʈ-4 ʜʠʟʝʣʴ ʩʚʳʰʝ 2500 98 96 ʄ1, N1 

ʈ-4 ʜʠʟʝʣʴ 2500 ʚʢʣʶʯ. 96 94 ʄ2, N2 

ʈ-4 ʙʝʥʟʠʥʦʚʳʡ ʩʚʳʰʝ 4000 99 97 ʄ1, N1 

ʈ-4 ʙʝʥʟʠʥʦʚʳʡ 4000 ʚʢʣʶʯ. 96 94 ʄ1, N1 

 

ʀʟ ʚʳʰʝʠʟʣʦʞʝʥʥʦʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʟʘʢʦʥʦʜʘʪʝʣʴʥʳʭ ʥʦʨʤ ʥʘ 

ʦʛʨʘʥʠʯʝʥʠʝ ʫʨʦʚʥʝʡ ʰʫʤʘ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʥʝʦʙʭʦʜʠʤʦ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ ʠʤʝʶʱʠʝʩʷ ʠ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʥʦʚʳʝ ʤʝʪʦʜʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ 

ʩʥʠʞʝʥʠʷ ʰʫʤʘ ɸʊʉ.  

 

1.4  ʉʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʩʥʠʞʝʥʠʷ ʫʨʦʚʥʷ ʰʫʤʘ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ 

 

ʄʝʪʦʜʳ ʩʥʠʞʝʥʠʷ ʰʫʤʘ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ɸʊʉ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʘʢʪʠʚʥʳʝ 

ʠ ʧʘʩʩʠʚʥʳʝ [30, 53]. 

ʄʝʪʦʜʳ ʘʢʪʠʚʥʦʛʦ ʩʥʠʞʝʥʠʷ ʰʫʤʘ ʦʩʥʦʚʘʥʳ ʥʘ ʥʘʫʯʥʦ ʦʙʦʩʥʦʚʘʥʥʦʡ 

ʦʧʪʠʤʠʟʘʮʠʠ ʠ ʨʘʮʠʦʥʘʣʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ, ʧʨʠʚʦʜʷʱʠʭ ʢ ʠʥʪʝʥʩʠʚʥʦʤʫ 

ʘʢʫʩʪʠʯʝʩʢʦʤʫ ʠʟʣʫʯʝʥʠʶ ʦʩʥʦʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʰʫʤʘ ʛʨʫʟʦʚʳʭ ɸʊʉ ʢ 
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ʢʦʥʩʪʨʫʢʮʠʠ ʢʦʨʧʫʩʥʳʭ ʜʝʪʘʣʝʡ, ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʤʝʭʘʥʦʘʢʫʩʪʠʯʝʩʢʠʭ ʢʘʯʝʩʪʚ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʧʦʥʠʞʝʥʥʦʝ ʠʟʣʫʯʝʥʠʝ ʰʫʤʘ. ʅʘʧʨʠʤʝʨ, ʚ ʧʨʦʮʝʩʩʝ ʩʛʦʨʘʥʠʷ 

ʪʦʧʣʠʚʘ, ʧʨʝʜʧʦʣʘʛʘʶʪ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʧʨʦʪʝʢʘʥʠʝ ʨʘʙʦʯʝʛʦ ʧʨʦʮʝʩʩʘ ʩ ʮʝʣʴʶ 

ʩʫʞʝʥʠʷ ʩʧʝʢʪʨʘ ʠ ʫʤʝʥʴʰʝʥʠʷ ʩʧʝʢʪʨʘʣʴʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʛʘʟʦʚʳʭ ʩʠʣ ʧʨʠ 

ʩʦʭʨʘʥʝʥʠʠ ʟʘʜʘʥʥʳʭ ʤʦʱʥʦʩʪʥʳʭ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ɼɺʉ. ɼʣʷ 

ʜʦʩʪʠʞʝʥʠʷ ʵʪʦʡ ʮʝʣʠ ʧʨʠʤʝʥʷʶʪʩʷ ʩʧʦʩʦʙʳ ʚʧʨʳʩʢʠʚʘʥʠʷ, ʩʤʝʩʝʦʙʨʘʟʦʚʘʥʠʷ ʠ 

ʚʦʩʧʣʘʤʝʥʝʥʠʷ ʪʦʧʣʠʚʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʤʠʥʠʤʘʣʴʥʳʝ ʩʢʦʨʦʩʪʠ ʪʝʧʣʦʚʳʜʝʣʝʥʠʷ 

ʠ ʥʘʨʘʩʪʘʥʠʷ ʜʘʚʣʝʥʠʷ ʧʦ ʫʛʣʫ ʧʦʚʦʨʦʪʘ ʢʦʣʝʥʯʘʪʦʛʦ ʚʘʣʘ ʠ ʧʣʘʚʥʳʡ ʧʝʨʝʭʦʜ 

ʣʠʥʠʠ ʩʞʘʪʠʷ ʚ ʣʠʥʠʶ ʩʛʦʨʘʥʠʷ. ʅʘʧʨʠʤʝʨ, ʚ ʨʘʙʦʪʘʭ [78, 79, 83] ʦʙʩʫʞʜʘʝʪʩʷ ʨʷʜ 

ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʩ ʮʝʣʴʶ ʫʤʝʥʴʰʝʥʠʷ ʰʫʤʘ ʦʪ ʫʜʘʨʦʚ ʧʦʨʰʥʷ. 

ʇʨʝʜʣʘʛʘʝʪʩʷ ʧʦʨʰʝʥʴ ʩʦ ʩʤʝʱʝʥʠʝʤ ʦʩʠ ʧʘʣʴʮʘ ʚ ʩʪʦʨʦʥʫ ʦʩʥʦʚʥʦʛʦ ʫʜʘʨʘ ʥʘ 1,8 

ʤʤ. ʆʮʝʥʢʘ ʵʪʦʛʦ ʤʝʨʦʧʨʠʷʪʠʷ ʧʦʢʘʟʘʣʘ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʝʛʦ ʚʣʠʷʥʠʝ ʥʘ ʰʫʤ ʦʪ 

ʫʜʘʨʦʚ ʧʦʨʰʥʷ. ʇʨʠ ʵʪʦʤ ʥʝ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʩʤʝʱʝʥʠʝ ʦʩʠ ʧʘʣʴʮʘ ʩ ʮʝʣʴʶ 

ʩʥʠʞʝʥʠʷ ʰʫʤʘ ʜʣʷ ʜʚʠʛʘʪʝʣʝʡ ʩ ʬʦʨʢʘʤʝʨʦʡ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʥʘ ʩʪʦʨʦʥʝ, 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʡ ʦʩʥʦʚʥʦʤʫ ʫʜʘʨʫ.  

ɺ ʢʘʯʝʩʪʚʝ ʜʨʫʛʦʛʦ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʤʝʨʦʧʨʠʷʪʠʷ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʧʦʨʰʝʥʴ ʩ ʫʚʝʣʠʯʝʥʥʳʤ ʟʘʟʦʨʦʤ ʤʝʞʜʫ ʛʦʣʦʚʢʦʡ ʧʦʨʰʥʷ ʠ ʛʠʣʴʟʦʡ ʥʘ ʨʘʩʯʝʪʥʫʶ 

ʚʝʣʠʯʠʥʫ ʜʝʬʦʨʤʘʮʠʠ ʛʦʣʦʚʢʠ ʧʨʠ ʫʜʘʨʝ. ɼʣʷ ʫʤʝʥʴʰʝʥʠʷ ʘʤʧʣʠʪʫʜʳ ʥʘʢʣʦʥʘ 

ʧʦʨʰʥʷ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʢʘʩʘʥʠʷ ʛʦʣʦʚʢʠ ʧʦʨʰʥʷ ʦ ʩʪʝʥʢʠ 

ʮʠʣʠʥʜʨʘ ʙʳʣʘ ʦʜʥʦʚʨʝʤʝʥʥʦ ʫʚʝʣʠʯʝʥʘ ʞʝʩʪʢʦʩʪʴ ʶʙʢʠ ʧʦʨʰʥʷ. ʀʩʧʳʪʘʥʠʷ 

ʜʘʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʧʦʨʰʥʷ ʧʦʢʘʟʘʣʠ ʦʪʩʫʪʩʪʚʠʝ ʢʦʥʪʘʢʪʘ ʤʝʞʜʫ ʛʦʣʦʚʢʦʡ 

ʧʦʨʰʥʷ ʠ ʛʠʣʴʟʦʡ ʠ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʰʫʤʘ ʦʪ ʫʜʘʨʦʚ ʧʦʨʰʥʷ.  

ʉʦʟʜʘʥʠʶ ʤʝʪʦʜʦʚ ʩʥʠʞʝʥʠʷ ʰʫʤʘ ʧʫʪʝʤ ʨʘʮʠʦʥʘʣʠʟʘʮʠʠ ʢʦʥʩʪʨʫʢʮʠʠ 

ʧʦʩʚʷʱʝʥʳ ʨʘʙʦʪʳ ʤʥʦʛʠʭ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʦʨʛʘʥʠʟʘʮʠʡ ʨʘʟʣʠʯʥʳʭ ʩʪʨʘʥ.  

ʇʨʠʤʝʨʦʤ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʨʘʙʦʪʳ ʇʨʘʡʜʘ, ʆʩʪʠʥʘ, ɻʨʦʚʝʨʘ, ɸʥʜʝʨʪʦʥʘ, ʊʴʝʥʘ, 

ʌʘʭʙʘʭʘ, ʐʪʨʘʡʙʝʨʘ ʠ ʜʨ. [74, 75-77, 80, 81, 85, 86, 88].  

ʀʟ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʷ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ 

ʨʘʙʦʪʳ ɸʣʝʢʩʝʝʚʘ ʀ.ɺ., ɹʦʨʠʩʦʚʘ ʃ.ɸ., ɺʘʩʠʣʴʝʚʘ ɸ.ɺ., ɻʘʣʝʚʢʦ ɺ.ɺ., ɻʘʣʝʚʢʦ 

ʖ.ɺ., ɻʝʨʛʝʨʪʘ ɺ.ɸ., ɼʨʦʙʘʭʘ ʄ.ʅ., ɽʥʠʥʘ ʇ.ɺ., ɿʫʙʘʢʠʥʘ ɸ.ɻ., ʃʘʪʳʰʝʚʘ ɻ.ɺ., 
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ʃʫʢʘʥʠʥʘ ɺ.ʅ., ʅʘʜʘʨʝʡʰʚʠʣʠ ɻ.ɻ., ʅʠʢʠʬʦʨʦʚʘ ʅ.ɸ., ʅʘʟʘʨʦʚʘ ʅ.ʀ., ʆʩʠʧʦʚʘ 

ɹ.ʀ., ʉʪʘʨʦʙʠʥʩʢʦʛʦ ʈ.ʅ., ʉʪʝʨʝʤʝʥʪʘʨʝʚʘ ɺ.ɸ., ʊʦʣʴʩʢʦʛʦ ɺ.ɽ., ʌʝʩʠʥʳ ʄ.ʀ., 

ʐʘʪʨʦʚʘ ʄ.ɻ., ʖʜʠʥʘ ʉ.ʀ. ʠ ʜʨ. [1, 32, 34, 38, 43-45]. 

ɺ ʵʪʠʭ ʨʘʙʦʪʘʭ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʤʝʪʦʜʳ ʩʥʠʞʝʥʠʷ ʰʫʤʘ ʧʫʪʝʤ 

ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʨʝʰʝʥʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʠʟʤʝʥʝʥʠʝ ʘʢʪʠʚʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠ 

ʠʥʝʨʮʠʦʥʥʦ-ʞʝʩʪʢʦʩʪʥʳʭ ʩʚʦʡʩʪʚ ʢʦʥʩʪʨʫʢʮʠʠ.  

ʇʘʩʩʠʚʥʳʡ ʤʝʪʦʜ ï ʦʜʠʥ ʠʟ ʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʤʝʪʦʜʦʚ ʩʥʠʞʝʥʠʷ 

ʫʨʦʚʥʷ ʰʫʤʘ ʟʘʢʣʶʯʘʶʱʠʡʩʷ ʚ ʫʩʪʘʥʦʚʢʠ ʚ ʢʦʥʩʪʨʫʢʮʠʶ ɸʊʉ 

ʟʚʫʢʦʧʦʛʣʦʱʘʶʱʠʭ, ʟʚʫʢʦʠʟʦʣʠʨʫʶʱʠʭ, ʟʘʱʠʪʥʳʭ ʢʦʞʫʭʦʚ ʠ ʫʧʣʦʪʥʠʪʝʣʴʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ [6, 65, 77]. ʅʘʧʨʠʤʝʨ, ʟʚʫʢʦʠʟʦʣʷʮʠʷ ʜʚʠʛʘʪʝʣʷ ʧʫʪʝʤ ʝʛʦ ʧʦʣʥʦʛʦ ʠʣʠ 

ʯʘʩʪʠʯʥʦʛʦ ʵʢʨʘʥʠʨʦʚʘʥʠʷ (ʢʘʧʩʫʣʠʨʦʚʘʥʠʷ ʢʦʨʧʫʩʘ ʜʚʠʛʘʪʝʣʷ), ʟʚʫʢʦʠʟʦʣʷʮʠʷ 

ʢʫʟʦʚʘ ʠ ʜʨ. ɺ ʦʩʥʦʚʫ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʣʝʞʘʪ ʘʢʫʩʪʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ, 

ʧʦʜʨʘʟʜʝʣʷʶʱʠʝ ʥʘ ʚʠʙʨʦʜʝʤʧʬʠʨʫʶʱʠʝ, ʟʚʫʢʦʧʦʛʣʦʱʘʶʱʠʝ, 

ʟʚʫʢʦʠʟʦʣʷʮʠʦʥʥʳʝ ʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʝ [66].  ɺʠʙʨʦʜʝʤʧʬʠʨʫʶʱʠʝ ʤʘʪʝʨʠʘʣʳ ʚ 

ʦʩʥʦʚʥʦʤ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʦʧʦʨʘʭ ʘʛʨʝʛʘʪʦʚ, ʧʦʜʨʘʤʥʠʢʘʭ, ʨʳʯʘʛʘʭ ʧʦʜʚʝʩʢʠ ʠ 

ʜʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ ɸʊʉ, ʯʪʦʙʳ ʫʤʝʥʴʰʠʪʴ ʠ ʧʦʛʣʦʱʘʪʴ ʚʠʙʨʘʮʠʶ ʠ ʩʪʨʫʢʪʫʨʥʳʡ 

ʰʫʤ. ɿʚʫʢʦʧʦʛʣʦʱʘʶʱʠʝ ʤʘʪʝʨʠʘʣʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʥʘ ʧʘʥʝʣʷʭ ʢʫʟʦʚʘ (ʧʦʣ, ʢʨʳʰʘ, 

ʢʘʧʦʪ, ʙʘʛʘʞʥʠʢ, ʧʘʥʝʣʠ ʜʚʝʨʝʡ ʠ ʜʨ.)  ʤʦʪʦʨʥʦʛʦ ʱʠʪʘ ʠ ʜʨ. ɿʚʫʢʦʠʟʦʣʷʮʠʦʥʥʳʝ 

ʤʘʪʝʨʠʘʣʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠ ʢʘʧʩʫʣʠʨʦʚʘʥʠʠ ʢʦʨʧʫʩʘ ʘʛʨʝʛʘʪʦʚ 

ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ.    ʅʘ ʨʠʩʫʥʢʝ 1.2 ʧʦʢʘʟʘʥʦ ʯʘʩʪʠʯʥʦʝ ʵʢʨʘʥʠʨʦʚʘʥʠʝ 

ʜʚʠʛʘʪʝʣʷ ʕ4308-5614200. 
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ʈʠʩʫʥʦʢ 1.2 ï ʋʩʪʘʥʦʚʢʘ ʰʫʤʦʠʟʦʣʷʮʠʦʥʥʳʭ ʵʢʨʘʥʦʚ ʜʚʠʛʘʪʝʣʷ ʕ4308-5614200 

ʂʘʤɸɿʘ 

 

ʂʨʦʤʝ ʪʦʛʦ, ʩʫʱʝʩʪʚʫʝʪ ʤʝʪʦʜ, ʧʦʟʚʦʣʷʶʱʠʡ ʫʤʝʥʴʰʘʪʴ ʟʚʫʢʦʚʦʝ ʜʘʚʣʝʥʠʝ 

ʰʫʤʘ, ʧʫʪʝʤ ʥʘʣʦʞʝʥʠʷ ʥʘ ʥʝʛʦ ʢʦʤʧʝʥʩʠʨʫʶʱʝʛʦ ʟʚʫʢʦʚʦʛʦ ʧʦʣʷ 

(ʧʨʦʪʠʚʦʧʦʣʦʞʝʥʥʦʛʦ ʧʦ ʬʘʟʝ) ʩʦʟʜʘʚʘʝʤʦʛʦ ʠʟʣʫʯʘʪʝʣʝʤ, ʧʠʪʘʥʠʝ ʠ ʥʘʧʨʷʞʝʥʠʝ 

ʢʦʪʦʨʦʛʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʢʦʥʪʨʦʣʣʝʨ, ʧʦʣʫʯʘʶʱʠʡ ʫʩʠʣʝʥʥʳʡ ʩʠʛʥʘʣ ʦʪ ʤʠʢʨʦʬʦʥʘ, 

ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʦʪ ʩʘʤʦʛʦ ʠʩʪʦʯʥʠʢʘ ʟʚʫʢʦʚʦʛʦ 

ʠʟʣʫʯʝʥʠʷ. ɺ ʩʚʷʟʠ ʩ ʠʩʧʦʣʴʟʫʝʤʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʝʡ ʜʣʷ ʨʘʙʦʪʳ ʢʦʤʧʣʝʢʩʘ, 

ʧʨʠʤʝʥʠʤ ʪʝʨʤʠʥ "ʘʢʪʠʚʥʳʡ ʤʝʪʦʜ" [31, 41]. ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʨʘʙʦʪʳ 

ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʠʣʣʶʩʪʨʠʨʦʚʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 1.3.  

 

ʈʠʩʫʥʦʢ 1.3 - ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʨʘʙʦʪʳ ʘʢʪʠʚʥʦʛʦ ʤʝʪʦʜʘ ʩʥʠʞʝʥʠʷ ʰʫʤʘ 

ɺ ʜʘʥʥʦʤ ʤʝʪʦʜʝ ʟʘʣʦʞʝʥ ʧʨʠʥʮʠʧ ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʤʝʞʜʫ ʘʢʫʩʪʠʯʝʩʢʠʤʠ 
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ʧʦʣʷʤʠ. ʇʨʝʠʤʫʱʝʩʪʚʦ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚ 

ʥʠʟʢʦʯʘʩʪʦʪʥʦʤ ʜʠʘʧʘʟʦʥʝ ʠ ʚ ʦʪʩʫʪʩʪʚʠʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʜʣʷ 

ʰʫʤʦʛʣʫʰʝʥʠʷ ʠ ʰʫʤʦʠʟʦʣʷʮʠʠ. ɸ ʥʝʜʦʩʪʘʪʢʦʤ ʷʚʣʷʝʪʩʷ ʥʝʥʘʜʝʞʥʦʩʪʴ ʚ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʦʨʦʛʦʚʠʟʥʳ. ʅʘʧʨʠʤʝʨ, ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʩʠʩʪʝʤʘʭ 

ʦʙʨʘʙʦʪʢʠ ʦʪʨʘʙʦʪʘʚʰʠʭ ʛʘʟʦʚ ʟʘʪʨʫʜʥʝʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʠʢʨʦʬʦʥʦʚ ʠʟ-ʟʘ 

ʭʠʤʠʯʝʩʢʦʡ ʘʛʨʝʩʩʠʚʥʦʩʪʠ ʩʨʝʜʳ, ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʠ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʚʦʟʜʝʡʩʪʚʠʡ.  

ʇʨʠʤʝʥʝʥʠʝ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʤʝʪʦʜʘ ʩʥʠʞʝʥʠʷ ʰʫʤʘ ʤʦʞʝʪ ʙʳʪʴ 

ʵʬʬʝʢʪʠʚʥʳʤ ʣʠʰʴ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʦʥ ʫʯʠʪʳʚʘʝʪ ʦʩʦʙʝʥʥʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʠ ʠ 

ʩʧʝʮʠʬʠʢʫ ʠʟʣʫʯʝʥʠ ̫ʰʫʤʘ ʦʪʜʝʣʴʥʳʤ ʠʩʪʦʯʥʠʢʦʤ. ʄʝʨʦʧʨʠʷʪʠʷ, ʧʨʦʚʦʜʠʤʳʝ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʠʟʙʨʘʥʥʳʤ ʤʝʪʦʜʦʤ ʰʫʤʦʛʣʫʰʝʥʠʷ, ʥʝ ʜʦʣʞʥʳ ʫʭʫʜʰʘʪʴ ʢʦʤʬʦʨʪ, 

ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ɸʊʉ, ʟʥʘʯʠʪʝʣʴʥʦ ʚʣʠʷʪʴ ʥʘ 

ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʴ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ.  

ɺ ʩʚʷʟʠ ʩ ʯʝʤ, ʧʨʠ ʩʦʟʜʘʥʠʠ ʉʆʆɻ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʘʢʪʠʚʥʳʝ 

ʤʝʪʦʜʳ ʩʥʠʞʝʥʠʷ ʰʫʤʘ, ʧʦʟʚʦʣʷʶʱʠʝ ʨʘʩʯʝʪʥʦ-ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʩʧʦʩʦʙʦʤ 

ʧʦʣʫʯʠʪʴ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʨʝʰʝʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʩʥʠʞʝʥʠʝ ʩʪʨʫʢʪʫʨʥʦʛʦ 

ʰʫʤʘ ʠ ʦʪ ʩʨʝʟʘ ʢʦʥʮʝʚʦʡ ʪʨʫʙʳ, ʧʨʠ ʦʙʝʩʧʝʯʝʥʠʠ ʪʨʝʙʦʚʘʥʠʡ ʧʦ ʪʦʢʩʠʯʥʦʩʪʠ ʠ 

ʧʨʦʪʠʚʦʜʘʚʣʝʥʠʶ [63]. 

 

1.5  ʊʝʥʜʝʥʮʠʠ ʨʘʟʚʠʪʠʷ ʩʠʩʪʝʤ ʦʙʨʘʙʦʪʢʠ ʦʪʨʘʙʦʪʘʚʰʠʭ ʛʘʟʦʚ 

ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ 

 

ɺ ʩʚʷʟʠ ʩ ʫʞʝʩʪʦʯʝʥʠʝʤ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʩʪʘʥʜʘʨʪʦʚ ʚ ʉʐɸ, ʗʧʦʥʠʠ, ɽʚʨʦʧʝ 

ʠ ʚ ʈʦʩʩʠʠ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʥʦʚʳʝ ʩʠʩʪʝʤʳ ʦʙʨʘʙʦʪʢʠ ʦʪʨʘʙʦʪʘʚʰʠʭ ʛʘʟʦʚ. 

ʅʘʯʠʥʘʷ ʩ 1992 ʛʦʜʘ ʜʣʷ ʧʝʨʝʭʦʜʘ ʚ ʙʦʣʝʝ ʚʳʩʦʢʠʡ ʵʢʦʣʦʛʠʯʝʩʢʠʡ ʢʣʘʩʩ (ʜʦ ʝʚʨʦ-3 

ʚʢʣʶʯʠʪʝʣʴʥʦ) ʜʦʩʪʘʪʦʯʥʦ ʙʳʣʦ ʥʝʟʥʘʯʠʪʝʣʴʥʳʭ ʠʟʤʝʥʝʥʠʡ ʚ ʥʘʩʪʨʦʡʢʘʭ ɼɺʉ. 

ɼʣʷ ʧʝʨʝʭʦʜʘ ʚ ʙʦʣʝʝ ʚʳʩʦʢʠʡ ʵʢʦʣʦʛʠʯʝʩʢʠʡ ʢʣʘʩʩ ʧʦʪʨʝʙʦʚʘʣʠʩʴ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ 

ʨʝʰʝʥʠʷ, ʧʦʟʚʦʣʷʶʱʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʨʦʠʟʚʦʜʠʪʴ ʦʙʨʘʙʦʪʢʫ ʦʪʨʘʙʦʪʘʚʰʠʭ ʛʘʟʦʚ 

ʚ ʉʆʆɻ. ɺ ʪʘʙʣʠʮʝ 1.4 ʧʨʠʚʝʜʝʥʳ ʨʘʟʣʠʯʥʳʝ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʩʪʘʥʜʘʨʪʳ.                 
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ʊʘʙʣʠʮʘ 1.4 - ʕʢʦʣʦʛʠʯʝʩʢʠʝ ʩʪʘʥʜʘʨʪʳ 

ʕʢʦʣʦʛʠ-

ʯʝʩʢʠʡ 

ʩʪʘʥʜʘʨʪ 

ʆʢʩʠʜ 

ʫʛʣʝʨʦʜʘ 

(II)  (CO) 

ʋʛʣʝ-

ʚʦʜʦʨ

ʦʜ 

ʃʝʪʫʯʠʝ 

ʦʨʛʘʥʠʯʝ-

ʩʢʠʝ 

ʚʝʱʝʩʪʚʘ 

ʆʢʩʠʜ 

ʘʟʦʪʘ 

(NOx) 

HC+NOx 

ɺʟʚʝʰʝʥ-

ʥʳʝ 

ʯʘʩʪʠʮʳ 

(PM) 

ɼʣʷ ʜʠʟʝʣʴʥʦʛʦ ʜʚʠʛʘʪʝʣʷ 

ɽʚʨʦ-1 2.72 (3.16) - - - 0.97(1.13) 0.14(0.18) 

ɽʚʨʦ-2 1.0 - - - 0.7 0.08 

ɽʚʨʦ-3 0.64 - - 0.50 0.56 0.05 

ɽʚʨʦ-4 0.50 - - 0.25 0.30 0.025 

ɽʚʨʦ-5 0.500 - - 0.180 0.230 0.005 

ɽʚʨʦ-6 0.500 - - 0.080 0.170 0.005 

ɼʣʷ ʙʝʥʟʠʥʦʚʦʛʦ ʜʚʠʛʘʪʝʣʷ 

ɽʚʨʦ-1 2.72 (3.16) - - - 0.97 (1.13) - 

ɽʚʨʦ-2 2.2 - - - 0.5 - 

ɽʚʨʦ-3 2.3 0.20 - 0.15 - - 

ɽʚʨʦ-4 1.0 0.10 - 0.08 - - 

ɽʚʨʦ-5 1.000 0.100 0.068 0.060 - 0.005** 

ɽʚʨʦ-6 1.000 0.100 0.068 0.060 - 0.005** 

 

        ʀʣʣʶʩʪʨʘʮʠʷ ʪʘʙʣʠʮʳ 1.4 ʧʦ ʪʚʝʨʜʳʤ ʯʘʩʪʠʮʘʤ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1.4. 

 

 

 

 

 

 

 

  

 

  

 

 

ʈʠʩʫʥʦʢ 1.4 - ʀʣʣʶʩʪʨʘʮʠʷ ʪʘʙʣʠʮʳ 1.4 ʧʦ ʪʚʝʨʜʳʤ ʯʘʩʪʠʮʘʤ 

http://ru.wikipedia.org/wiki/%D0%9E%D0%BA%D1%81%D0%B8%D0%B4_%D1%83%D0%B3%D0%BB%D0%B5%D1%80%D0%BE%D0%B4%D0%B0(II)
http://ru.wikipedia.org/wiki/%D0%9E%D0%BA%D1%81%D0%B8%D0%B4_%D1%83%D0%B3%D0%BB%D0%B5%D1%80%D0%BE%D0%B4%D0%B0(II)
http://ru.wikipedia.org/wiki/%D0%9E%D0%BA%D1%81%D0%B8%D0%B4_%D1%83%D0%B3%D0%BB%D0%B5%D1%80%D0%BE%D0%B4%D0%B0(II)
http://ru.wikipedia.org/wiki/%D0%A3%D0%B3%D0%BB%D0%B5%D0%B2%D0%BE%D0%B4%D0%BE%D1%80%D0%BE%D0%B4
http://ru.wikipedia.org/wiki/%D0%A3%D0%B3%D0%BB%D0%B5%D0%B2%D0%BE%D0%B4%D0%BE%D1%80%D0%BE%D0%B4
http://ru.wikipedia.org/wiki/%D0%A3%D0%B3%D0%BB%D0%B5%D0%B2%D0%BE%D0%B4%D0%BE%D1%80%D0%BE%D0%B4
http://ru.wikipedia.org/wiki/%D0%9B%D0%B5%D1%82%D1%83%D1%87%D0%B8%D0%B5_%D0%BE%D1%80%D0%B3%D0%B0%D0%BD%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B5_%D0%B2%D0%B5%D1%89%D0%B5%D1%81%D1%82%D0%B2%D0%B0
http://ru.wikipedia.org/wiki/%D0%9B%D0%B5%D1%82%D1%83%D1%87%D0%B8%D0%B5_%D0%BE%D1%80%D0%B3%D0%B0%D0%BD%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B5_%D0%B2%D0%B5%D1%89%D0%B5%D1%81%D1%82%D0%B2%D0%B0
http://ru.wikipedia.org/wiki/%D0%9B%D0%B5%D1%82%D1%83%D1%87%D0%B8%D0%B5_%D0%BE%D1%80%D0%B3%D0%B0%D0%BD%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B5_%D0%B2%D0%B5%D1%89%D0%B5%D1%81%D1%82%D0%B2%D0%B0
http://ru.wikipedia.org/wiki/%D0%9B%D0%B5%D1%82%D1%83%D1%87%D0%B8%D0%B5_%D0%BE%D1%80%D0%B3%D0%B0%D0%BD%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B5_%D0%B2%D0%B5%D1%89%D0%B5%D1%81%D1%82%D0%B2%D0%B0
http://ru.wikipedia.org/wiki/%D0%9E%D0%BA%D1%81%D0%B8%D0%B4_%D0%B0%D0%B7%D0%BE%D1%82%D0%B0
http://ru.wikipedia.org/wiki/%D0%9E%D0%BA%D1%81%D0%B8%D0%B4_%D0%B0%D0%B7%D0%BE%D1%82%D0%B0
http://ru.wikipedia.org/wiki/%D0%92%D0%B7%D0%B2%D0%B5%D1%88%D0%B5%D0%BD%D0%BD%D1%8B%D0%B5_%D1%87%D0%B0%D1%81%D1%82%D0%B8%D1%86%D1%8B
http://ru.wikipedia.org/wiki/%D0%92%D0%B7%D0%B2%D0%B5%D1%88%D0%B5%D0%BD%D0%BD%D1%8B%D0%B5_%D1%87%D0%B0%D1%81%D1%82%D0%B8%D1%86%D1%8B
http://ru.wikipedia.org/wiki/%D0%92%D0%B7%D0%B2%D0%B5%D1%88%D0%B5%D0%BD%D0%BD%D1%8B%D0%B5_%D1%87%D0%B0%D1%81%D1%82%D0%B8%D1%86%D1%8B
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ʂʘʢ ʤʳ ʫʞʝ ʟʥʘʝʤ, ʦʢʦʣʦ 60% ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ, ʚʳʙʨʘʩʳʚʘʝʤʳʭ ʚ ʘʪʤʦʩʬʝʨʫ 

ʧʨʠʭʦʜʠʪʴʩʷ ʥʘ ʘʚʪʦʤʦʙʠʣʴʥʳʡ ʪʨʘʥʩʧʦʨʪ. ʀʟʥʘʯʘʣʴʥʦ ʜʣʷ ʧʝʨʝʭʦʜʘ ʥʘ ʜʨʫʛʦʡ 

ʵʢʦʣʦʛʠʯʝʩʢʠʡ ʢʣʘʩʩ ʜʦʩʪʘʪʦʯʥʦ ʙʳʣʦ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʝʥʠʷ 

ʜʚʠʛʘʪʝʣʝʤ, ʪʦʧʣʠʚʥʫʶ ʩʠʩʪʝʤʫ ʠ ʪ.ʜ., ʜʣʷ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʵʪʠʭ ʥʦʨʤ. ʅʦ ʩ 

ʚʥʝʜʨʝʥʠʝʤ ɽʚʨʦ-3 ʩʪʘʣʦ ʦʯʝʚʠʜʥʳʤ, ʯʪʦ ʩʥʠʞʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ NOx ʠ ʜʨʫʛʠʭ 

ʪʦʢʩʠʯʥʳʭ ʚʝʱʝʩʪʚ ʚ ʦʪʨʘʙʦʪʘʚʰʠʭ ʛʘʟʘʭ ʙʝʟ ʧʨʠʤʝʥʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʫʩʪʨʦʡʩʪʚ ʥʝʚʦʟʤʦʞʥʦ. ʇʦʵʪʦʤʫ, ʥʘʯʠʥʘʷ ʩ 2000 ʛʦʜʦʚ ʥʘ ʘʚʪʦʤʦʙʠʣʷʭ, ʥʘʯʘʣʠ 

ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʪʴ ʩʠʩʪʝʤʫ ʨʝʮʠʨʢʫʣʷʮʠʠ ʦʪʨʘʙʦʪʘʚʰʠʭ ʛʘʟʦʚ (EGR).  ʉʠʩʪʝʤʘ 

ʨʝʮʠʨʢʫʣʷʮʠʠ ʚʳʧʦʣʥʷʝʪ ʬʫʥʢʮʠʶ ʩʥʠʞʝʥʠʷ ʦʢʩʠʜʦʚ ʘʟʦʪʘ NO ʠ NO2 ʚ ʨʝʞʠʤʝ 

ʯʘʩʪʠʯʥʳʭ ʥʘʛʨʫʟʦʢ.  

ʏʘʩʪʴ ʦʪʨʘʙʦʪʘʚʰʠʭ ʛʘʟʦʚ (ʆɻ) ʠʟ ʚʳʧʫʩʢʥʦʛʦ ʢʦʣʣʝʢʪʦʨʘ ʧʦʧʘʜʘʝʪ ʚʦ 

ʚʧʫʩʢʥʦʡ ʧʦʩʨʝʜʩʪʚʦʤ ʢʣʘʧʘʥʘ EGR. ʕʪʦ ʩʥʠʞʘʝʪ ʤʘʢʩʠʤʘʣʴʥʫ  ʁʪʝʤʧʝʨʘʪʫʨʫ 

ʛʦʨʝʥʠʷ ʠ ʫʤʝʥʴʰʘʝʪ ʚʳʙʨʦʩ ʥʘʠʙʦʣʝʝ ʪʦʢʩʠʯʥʳʭ ʚʝʱʝʩʪʚ - ʦʢʩʠʜʦʚ ʘʟʦʪʘ, ʢʦʪʦʨʳʝ 

ʦʙʨʘʟʫʶʪʩʷ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ʇʨʠ ʨʘʙʦʪʝ ʩʠʩʪʝʤʳ ʨʝʮʠʨʢʫʣʷʮʠʠ 

ʦʪʨʘʙʦʪʘʚʰʠʭ ʛʘʟʦʚ ʧʨʦʠʩʭʦʜʠʪ ʩʥʠʞʝʥʠʷ ʤʦʱʥʦʩʪʠ ɼɺʉ. ʅʘ ʨʠʩʫʥʢʝ 1.5 ʧʦʢʘʟʘʥʘ 

ʩʠʩʪʝʤʘ ʨʝʮʠʨʢʫʣʷʮʠʠ ʦʪʨʘʙʦʪʘʚʰʠʭ ʛʘʟʦʚ ʩ ʵʣʝʢʪʨʦʥʥʳʤ ʫʧʨʘʚʣʝʥʠʝʤ. 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 1.5 - ʉʠʩʪʝʤʘ ʨʝʮʠʨʢʫʣʷʮʠʠ ʦʪʨʘʙʦʪʘʚʰʠʭ ʛʘʟʦʚ (EGR)  

http://ru.wikipedia.org/wiki/%D0%A2%D0%B5%D0%BC%D0%BF%D0%B5%D1%80%D0%B0%D1%82%D1%83%D1%80%D0%B0
http://ru.wikipedia.org/wiki/%D0%90%D0%B7%D0%BE%D1%82
http://ru.wikipedia.org/wiki/%D0%9C%D0%BE%D1%89%D0%BD%D0%BE%D1%81%D1%82%D1%8C_(%D1%84%D0%B8%D0%B7%D0%B8%D0%BA%D0%B0)
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ʉʠʩʪʝʤʘ ʩʦʩʪʦʠʪ ʠʟ ʢʦʣʣʝʢʪʦʨʦʚ ʩʠʩʪʝʤʳ ʚʧʫʩʢʘ ʠ ʚʳʧʫʩʢʘ ɸʊʉ ʠ 

ʩʦʝʜʠʥʷʶʱʝʛʦ ʢʣʘʧʘʥʘ EGR, ʢʦʪʦʨʳʡ ʫʧʨʘʚʣʷʝʪʩʷ ʩʠʛʥʘʣʦʤ, ʛʝʥʝʨʠʨʫʝʤʳʤ 

ʵʣʝʢʪʨʦʥʥʳʤ ʙʣʦʢʦʤ ʫʧʨʘʚʣʝʥʠʷ (ʕɹʋ) ʜʚʠʛʘʪʝʣʷ ʩ ʫʯʝʪʦʤ ʨʘʟʨʷʞʝʥʠ ̫ ʚʦ 

ʚʧʫʩʢʥʦʤ ʢʦʣʣʝʢʪʦʨʝ ʠ ʩʦʜʝʨʞʘʥʠ ̫ ʢʠʩʣʦʨʦʜʘ ʚ ʚʳʧʫʩʢʥʦʤ ʪʨʘʢʪʝ. ʅʫʞʥʦ 

ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʚ ʩʠʩʪʝʤʘʭ ʩ EGR ʚʦʟʥʠʢʘʶʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʰʫʤʳ (ʢʘʢ 

ʩʪʨʫʢʪʫʨʥʳʝ, ʪʘʢ ʠ ʚʦʟʜʫʰʥʳʝ), ʚʩʣʝʜʩʪʚʠʝ ʯʘʩʪʠʯʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʩ ʚʧʫʩʢʥʳʤ 

ʢʦʣʣʝʢʪʦʨʦʤ.  

ʅʘʯʘʣʦ 2005 ʛʦʜʘ ʦʟʥʘʤʝʥʦʚʘʣʦʩʴ ʚʥʝʜʨʝʥʠʝʤ ɽʚʨʦ-4 ʠ ʩʠʩʪʝʤʳ ʦʙʨʘʙʦʪʢʠ 

ʦʪʨʘʙʦʪʘʚʰʠʭ ʛʘʟʦʚ ʧʨʝʪʝʨʧʝʣʠ ʤʥʦʞʝʩʪʚʦ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʠʟʤʝʥʝʥʠʡ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʙʳʣ ʚʥʝʜʨʝʥ ʢʘʪʘʣʠʪʠʯʝʩʢʠʡ ʥʝʡʪʨʘʣʠʟʘʪʦʨ, ʜʘʪʯʠʢʠ ʢʠʩʣʦʨʦʜʘ ʠ ʜʨ.  

ʇʨʠ ʩʦʟʜʘʥʠʠ ʩʠʩʪʝʤ ʦʙʨʘʙʦʪʢʠ ʦʪʨʘʙʦʪʘʚʰʠʭ ʛʘʟʦʚ ʩʪʘʣʦ ʥʝʦʙʭʦʜʠʤʳʤ, 

ʢʨʦʤʝ ʚʳʧʦʣʥʝʥʠʷ ʞʝʩʪʢʠʭ ʥʦʨʤ ʧʦ ʪʦʢʩʠʯʥʦʩʪʠ, ʦʙʝʩʧʝʯʠʪʴ ʪʨʝʙʦʚʘʥʠʷ ʧʦ 

ʰʫʤʦʛʣʫʰʝʥʠʶ. ʂʦʥʩʪʨʫʢʮʠʷ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʙʣʦʢʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1.6. 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 1.6 - ʂʦʥʩʪʨʫʢʮʠʷ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʙʣʦʢʘ 
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ʉ 2008 ʛʦʜʘ ï ɽʚʨʦ 5 ʟʘʩʪʘʚʠʣʦ ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʜʠʟʝʣʴʥʳʭ ʩʠʩʪʝʤ ʧʠʪʘʥʠʷ 

ʟʘʜʫʤʘʪʴʩʷ ʦ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʩʠʩʪʝʤʳ ʦʙʨʘʙʦʪʢʠ ʦʪʨʘʙʦʪʘʚʰʠʭ ʛʘʟʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʚ ʥʝʡ ʧʦʷʚʠʣʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʩʘʞʝʚʳʡ ʬʠʣʴʪʨ. ʂʦʥʩʪʨʫʢʮʠʷ ʩʘʞʝʚʦʛʦ ʬʠʣʴʪʨʘ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1.7. ʉʘʞʝʚʳʝ ʬʠʣʴʪʨʳ ʧʨʠ ʟʘʩʦʨʝʥʠʠ ʤʝʥʷʶʪʩʷ ʯʝʨʝʟ 

ʢʘʞʜʳʝ 100 ʪʳʩʷʯ ʢʠʣʦʤʝʪʨʦʚ, ʣʠʙʦ ʯʠʩʪʷʪʩʷ ʧʫʪʝʤ ʩʞʠʛʘʥʠʷ ʚ ʥʠʭ ʩʘʞʠ. 

çʉʞʠʛʘʥʠʝè ʩʘʞʠ ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʣʝ ʘʢʪʠʚʘʮʠʠ ʩʧʝʮʠʘʣʴʥʦʛʦ ʨʝʞʠʤʘ ʕɹʋ ɼɺʉ 

ʧʦʩʣʝ ʧʦʣʫʯʝʥʠʷ ʦʪ ʜʘʪʯʠʢʦʚ ʜʘʚʣʝʥʠʷ ʚ ʩʠʩʪʝʤʝ ʦʙʨʘʙʦʪʢʠ ʦʪʨʘʙʦʪʘʚʰʠʭ ʛʘʟʦʚ 

ʠʥʬʦʨʤʘʮʠʠ ʦ ʟʘʧʦʣʥʝʥʠʠ ʬʠʣʴʪʨʘ. ɺ ʨʝʞʠʤʝ çʩʞʠʛʘʥʠʷè ʩʘʞʠ, ʚ ʮʠʣʠʥʜʨʳ 

ʧʦʜʘʝʪʩʷ ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʪʦʧʣʠʚʘ, ʘ ʧʦʜʘʯʘ ʩʚʝʞʝʛʦ ʚʦʟʜʫʭʘ ʩʥʠʞʘʝʪʩʷ. 

ɻʦʨʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʚ ʉʆʆɻ, ʯʪʦ ʫʚʝʣʠʯʠʚʘʝʪ ʪʝʤʧʝʨʘʪʫʨʫ ʚ ʩʠʩʪʝʤʝ, ʯʝʤ ʠ 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʚʳʛʦʨʘʥʠʝ ʩʘʞʠ.  

ʂʝʨʘʤʠʯʝʩʢʠʡ ʠʣʠ ʤʝʪʘʣʣʦʢʝʨʘʤʠʯʝʩʢʠʡ ʨʘʙʦʯʠʡ ʵʣʝʤʝʥʪ ʬʠʣʴʪʨʘ ʯʘʱʝ 

ʚʩʝʛʦ ʠʤʝʝʪ ʦʩʦʙʫʶ ʢʦʥʩʪʨʫʢʮʠʶ, ʢʦʪʦʨʘʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʘʚʥʦʤʝʨʥʦʝ 

ʥʘʢʘʧʣʠʚʘʥʠʝ ʩʘʞʠ ʥʘ ʚʩʝʭ ʧʦʚʝʨʭʥʦʩʪʷʭ, ʩʦʭʨʘʥʷʷ ʧʨʦʧʫʩʢʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ 

ʬʠʣʴʪʨʘ ʧʦʯʪʠ ʥʝʠʟʤʝʥʥʦʡ.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 1.7 -  ʂʦʥʩʪʨʫʢʮʠʷ ʩʘʞʝʚʦʛʦ ʬʠʣʴʪʨʘ 
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ʉʦ ʩʣʝʜʫʶʱʝʛʦ ʛʦʜʘ ʙʫʜʝʪ ʚʚʝʜʝʥ ʵʢʦʣʦʛʠʯʝʩʢʠʡ ʩʪʘʥʜʘʨʪ ɽʚʨʦ-6. ɺ ʩʚʷʟʠ ʩ 

ʵʪʠʤ ʙʦʣʴʰʠʥʩʪʚʦ ʟʘʧʘʜʥʳʭ ʘʚʪʦʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʚʥʝʜʨʷʶʪ ʪʝʭʥʦʣʦʛʠʶ Selective 

Catalytic Reduction (SCR) + ʩʘʞʝʚʳʡ ʬʠʣʴʪʨ, ʧʦʪʦʤʫ ʯʪʦ ʜʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ 

ʧʦʟʚʦʣʷʝʪ ʚ ʜʚʘ ʨʘʟʘ ʫʤʝʥʴʰʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ ʠ ʧʦʯʪʠ ʚʪʨʦʝ ʩʥʠʟʠʪ 

ʩʦʜʝʨʞʘʥʠʝ NOx ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʝʜʳʜʫʱʝʛʦ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʢʣʘʩʩʘ. ʉʠʩʪʝʤʘ 

ʦʙʨʘʙʦʪʢʠ ʦʪʨʘʙʦʪʘʚʰʠʭ ʛʘʟʦʚ ʩ SCR, ʙʳʣʘ ʩʦʟʜʘʥʘ ʩʧʝʮʠʘʣʠʩʪʘʤʠ DaimlerChrysler 

ʠ ʦʩʥʦʚʘʥʘ ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʨʝʘʛʝʥʪʘ AdBlue. (ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʧʦʢʘʟʘʥʘ ʥʘ 

ʨʠʩʫʥʢʝ 1.8). 

ʇʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʩʠʩʪʝʤʳ ʦʙʨʘʙʦʪʢʠ ʦʪʨʘʙʦʪʘʚʰʠʭ ʛʘʟʦʚ ʩ SCR 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʘʤʤʠʘʢʘ ʩ ʦʢʠʩʴʶ ʘʟʦʪʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʦʙʨʘʟʫʶʪʩʷ ʙʝʟʚʨʝʜʥʳʡ ʘʟʦʪ ʠ ʚʦʜʘ [55]. ʂʦʤʧʘʥʠʷ Total ʨʘʟʨʘʙʦʪʘʣʘ ʘʤʤʠʘʢ ʥʘ 

ʚʦʜʥʦʡ ʦʩʥʦʚʝ, ʢʦʪʦʨʳʡ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʪʘʥʜʘʨʪʦʤ DIN 70070, ʦʥ ʥʝ ʪʦʢʩʠʯʝʥ, ʙʝʟ 

ʟʘʧʘʭʘ ʠ ʮʚʝʪʘ.  ɼʣʷ ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʩʦʟʜʘʣʠ ʘʤʤʠʘʢ ʧʦʜ 

ʥʘʟʚʘʥʠʝʤ AdBlue. 

 
 

ʈʠʩʫʥʦʢ 1.8 - ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʉʆʆɻ ʩ SCR 

 

ʇʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʨʘʩʭʦʜ ʜʘʥʥʦʡ ʞʠʜʢʦʩʪʠ ʩʦʩʪʘʚʣʷʝʪ 6% ʦʪ ʧʦʪʨʝʙʣʷʝʤʦʛʦ 

ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ. ʅʘʧʨʠʤʝʨ, ʜʣʷ ʚʥʝʜʦʨʦʞʥʠʢʘ ʦʥ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 1 ʣ ʥʘ 100 
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ʢʤ. ɺ ɽʚʨʦʧʝ ʩʦʟʜʘʣʠ ʤʥʦʞʝʩʪʚʦ ʩʝʪʝʡ ʘʚʪʦʟʘʧʨʘʚʦʯʥʳʭ ʩʪʘʥʮʠʡ, ʥʘ ʢʦʪʦʨʳʭ 

ʤʦʞʥʦ ʙʫʜʝʪ ʟʘʧʨʘʚʣʷʪʴʩʷ ʪʦʧʣʠʚʦʤ AdBlue [51, 60]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʉʆʆɻ ʟʘ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʧʨʝʪʝʨʧʝʣʘ ʤʥʦʞʝʩʪʚʦ 

ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʠʟʤʝʥʝʥʠʡ ʠ ʩʪʘʣʘ ʦʜʥʠʤ ʠʟ 

ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ɸʊʉ. ʋʩʣʦʞʥʝʥʠʝ ʢʦʥʩʪʨʫʢʮʠʠ ʩʠʩʪʝʤʳ ʦʙʨʘʙʦʪʢʠ 

ʦʪʨʘʙʦʪʘʚʰʠʭ ʛʘʟʦʚ ʩʚʷʟʘʥʦ ʩ ʫʜʦʚʣʝʪʚʦʨʝʥʠʝʤ ʥʦʨʤ ʧʦ ʰʫʤʫ ʠ ʪʦʢʩʠʯʥʦʩʪʠ ʠ 

ʪʨʝʙʫʝʪ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʠʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ.  
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ɺʳʚʦʜʳ ʧʦ ʛʣʘʚʝ, ʧʦʩʪʘʥʦʚʢʘ ʮʝʣʠ ʠ ʟʘʜʘʯ 

 

ʈʘʟʨʘʙʦʪʢʘ ʩʦʚʨʝʤʝʥʥʳʭ ʤʘʣʦʰʫʤʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʘʚʪʦʤʦʙʠʣʝʡ ʷʚʣʷʝʪʩʷ 

ʦʜʥʠʤ ʠʟ ʧʨʠʦʨʠʪʝʪʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʨʘʟʚʠʪʠʷ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ. ʆʜʥʠʤ ʠʟ 

ʟʥʘʯʠʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʰʫʤʘ ɸʊʉ ʷʚʣʷʝʪʩʷ ʉʆʆɻ, ʧʦʵʪʦʤʫ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ 

ʤʝʪʦʜʦʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʥʩʪʨʫʢʮʠʠ ʉʆʆɻ ʩ ʮʝʣʴʶ ʩʥʠʞʝʥʠʷ ʝʝ 

ʰʫʤʘ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ ʠ ʧʦʟʚʦʣʠʪ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʟʠʪʴ ʟʚʫʢʦʚʦʝ 

ʠʟʣʫʯʝʥʠʷ ʦʪ ɸʊʉ ʚ ʮʝʣʦʤ.  

ʋʩʢʦʨʝʥʥʦʝ ʧʨʦʚʝʜʝʥʠʝ ʨʘʙʦʪ ʧʦ ʩʥʠʞʝʥʠʶ ʰʫʤʘ ʉʆʆɻ ʪʘʢʞʝ   

ʧʨʦʜʠʢʪʦʚʘʥʦ ʧʦʩʪʦʷʥʥʦ ʫʞʝʩʪʦʯʘʶʱʠʤʠʩʷ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʳʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ 

ʢ ʉʆʆɻ.  

ʎʝʣʴʶ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʨʘʩʯʝʪʥʦ-

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʚʠʙʨʦʘʢʫʩʪʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʉʆʆɻ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʩʠʩʪʝʤʳ ʚ ʮʝʣʦʤ, ʘ ʪʘʢʞʝ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʘ ʧʦʠʩʢʘ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʨʝʰʝʥʠʡ ʧʦ 

ʩʥʠʞʝʥʠʶ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʦʪ ʥʘʨʫʞʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʉʆʆɻ ʥʘ ʧʨʠʤʝʨʝ 

ʛʣʫʰʠʪʝʣʷ-ʥʝʡʪʨʘʣʠʟʘʪʦʨʘ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ ʨʝʰʠʪʴ ʩʣʝʜʫʶʱʠʝ 

ʦʩʥʦʚʥʳʝ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ:  

- ʨʘʟʨʘʙʦʪʘʪʴ ʤʝʪʦʜʠʢʫ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʉʆʆɻ ʥʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ 

ʨʘʩʯʝʪʥʦ-ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʩʧʦʩʦʙʦʤ ʘʢʫʩʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʵʣʝʤʝʥʪʦʚ 

ʩʠʩʪʝʤʳ ʚʳʧʫʩʢʘ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ; 

- ʨʘʟʨʘʙʦʪʘʪʴ ʤʝʪʦʜʠʢʠ ʠ ʩʪʝʥʜʳ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʨʘʩʯʝʪʥʦ-

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʘʢʫʩʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʵʣʝʤʝʥʪʦʚ ʉʆʆɻ: 

ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʙʣʦʢʠ, ʨʝʟʦʥʘʪʦʨʥʳʝ ʠ ʦʙʲʝʤʥʳʝ ʢʘʤʝʨʳ;  

- ʨʘʟʨʘʙʦʪʘʪʴ ʚʘʨʠʘʥʪ ʢʦʥʩʪʨʫʢʮʠʠ ʛʣʫʰʠʪʝʣʷ-ʥʝʡʪʨʘʣʠʟʘʪʦʨʘ ʥʘ ʦʩʥʦʚʝ 

ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʝʪʦʜʠʢʠ ʠ ʦʮʝʥʠʪʴ ʚ ʩʦʩʪʘʚʝ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ 

ʨʘʟʨʘʙʦʪʘʥʥʫʶ ʢʦʥʩʪʨʫʢʮʠʶ ʉʆʆɻ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʩʝʨʠʡʥʳʤ ʛʣʫʰʠʪʝʣʝʤ ʚ 
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ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ɻʆʉʊ 41.51-2004;  

- ʦʧʨʝʜʝʣʠʪʴ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʠ ʚʳʧʦʣʥʠʪʴ ʨʘʩʯʝʪʳ ʚʳʥʫʞʜʝʥʥʳʭ ʯʘʩʪʦʪ 

ʠ ʬʦʨʤ ʢʦʣʝʙʘʥʠʡ ʛʣʫʰʠʪʝʣʷ-ʥʝʡʪʨʘʣʠʟʘʪʦʨʘ ʩ ʮʝʣʴʶ ʨʘʟʨʘʙʦʪʢʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ 

ʨʝʰʝʥʠʡ ʧʦ ʩʥʠʞʝʥʠʶ ʟʚʫʢʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʦʪ ʥʘʨʫʞʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ.  
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ɻʃɸɺɸ 2 ʉʆɺɽʈʐɽʅʉʊɺʆɺɸʅʀɽ ʄɽʊʆɼʆɺ ʀʉʉʃɽɼʆɺɸʅʀʗ 

ʕʃɽʄɽʅʊʆɺ ʉʀʉʊɽʄ ʆɹʈɸɹʆʊʂʀ ʆʊʈɸɹʆʊɸɺʐʀʍ ɻɸɿʆɺ ʇʆ 

ɺʀɹʈʆɸʂʋʉʊʀʏɽʉʂʀʄ ʇɸʈɸʄɽʊʈɸʄ, ʅɽʆɹʍʆɼʀʄʓʄ ɼʃʗ 

ʇʈʆɽʂʊʀʈʆɺɸʅʀʗ ʉʀʉʊɽʄʓ ɺ ʎɽʃʆʄ 

 

2.1 ʋʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʡ ʤʝʪʦʜ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʣʝʤʝʥʪʦʚ ʩʠʩʪʝʤ 

ʦʙʨʘʙʦʪʢʠ ʦʪʨʘʙʦʪʘʚʰʠʭ ʛʘʟʦʚ 

 

ɼʣʷ ʪʦʯʥʦʛʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʨʘʩʯʝʪʘ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ ʵʣʝʤʝʥʪʘ 

ʉʆʆɻ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ ʜʠʬʨʘʢʮʠʦʥʥʫʶ ʟʘʜʘʯʫ ʜʣʷ ʚʦʣʥʦʚʦʛʦ ʫʨʘʚʥʝʥʠʷ, 

ʦʧʠʩʳʚʘʶʱʝʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʟʚʫʢʘ ʚ ʛʘʟʦʚʦʡ ʩʨʝʜʝ, ʟʘʧʦʣʥʷʶʱʝʡ ʵʪʦʪ ʵʣʝʤʝʥʪ 

ʧʨʠ ʩʣʦʞʥʳʭ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʷʭ. ʊʦʯʥʳʝ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʨʝʰʝʥʠʷ ʵʪʦʡ 

ʟʘʜʘʯʠ ʜʣʷ ʦʙʱʝʛʦ ʩʣʫʯʘʷ ʥʝ ʨʘʟʨʘʙʦʪʘʥʳ, ʧʦʵʪʦʤʫ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʧʦʣʫʯʠʣʠ 

ʤʝʪʦʜʳ, ʷʚʣʷʶʱʠʝʩʷ ʧʨʠʙʣʠʞʝʥʠʝʤ ʚ ʙʦʣʴʰʝʡ ʠʣʠ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʢʨʝʪʥʳʭ ʫʩʣʦʚʠʡ, ʘ ʪʘʢʞʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʤʝʪʦʜʳ. 

ɺʩʝ ʢʦʥʩʪʨʫʢʮʠʠ ʉʆʆɻ ʤʦʞʥʦ ʨʘʟʙʠʪʴ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʘʢʫʩʪʠʢʠ ʥʘ 

ʦʛʨʘʥʠʯʝʥʥʳʡ ʥʘʙʦʨ ʵʣʝʤʝʥʪʦʚ, ʠʤʝʶʱʠʭ ʦʜʠʥʘʢʦʚʳʡ ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ. ʕʪʦ 

ʨʝʘʢʪʠʚʥʳʝ ʵʣʝʤʝʥʪʳ, ʚʳʧʦʣʥʝʥʥʳʝ ʚ ʚʠʜʝ ʩʠʩʪʝʤ ʢʘʤʝʨ, ʩʦʝʜʠʥʝʥʥʳʭ ʤʝʞʜʫ 

ʩʦʙʦʡ ʠ ʩ ʦʙʲʝʤʦʤ ʛʘʟʦʚʦʜʘ ʩ ʧʦʤʦʱʴʶ ʪʨʫʙ, ʱʝʣʝʡ ʠ ʦʪʚʝʨʩʪʠʡ. ɸ ʪʘʢʞʝ 

ʜʠʩʩʠʧʘʪʠʚʥʳʝ ʵʣʝʤʝʥʪʳ, ʩʦʜʝʨʞʘʱʠʝ ʨʘʟʣʠʯʥʳʝ ʟʚʫʢʦʧʦʛʣʦʱʘʶʱʠʝ ʤʘʪʝʨʠʘʣʳ. 

ɺʩʶ ʩʠʩʪʝʤʫ ʤʦʞʥʦ ʨʘʟʙʠʪʴ ʥʘ ʨʷʜ ʦʪʜʝʣʴʥʳʭ ʠʟʚʝʩʪʥʳʭ ʘʢʫʩʪʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, 

ʦʧʨʝʜʝʣʝʥʥʳʤ ʦʙʨʘʟʦʤ ʩʚʷʟʘʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʪʝʦʨʝʪʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʵʪʦʛʦ ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʨʷʜʘ ʵʣʝʤʝʥʪʦʚ ʚʳʚʝʜʝʥʘ 

ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʬʦʨʤʫʣʘ, ʦʧʠʩʳʚʘʶʱʘʷ ʝʛʦ ʘʢʫʩʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʢʘʞʜʦʛʦ ʵʪʦʛʦ ʵʣʝʤʝʥʪʘ ʩ ʩʦʩʝʜʥʠʤ ʚ ʉʆʆɻ ʟʘʜʘʝʪʩʷ ʯʝʨʝʟ 

ʚʭʦʜʥʦʝ ʠ ʚʳʭʦʜʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ Z (ʘʢʫʩʪʠʯʝʩʢʠʡ ʠʤʧʝʜʘʥʩ), ʢʦʪʦʨʦʝ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʟʚʫʢʦʚʳʤ ʜʘʚʣʝʥʠʝʤ P ʠ ʢʦʣʝʙʘʪʝʣʴʥʦʡ ʩʢʦʨʦʩʪʴʶ ʯʘʩʪʠʮ ʩʨʝʜʳ V. 

ʉʚʷʟʴ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ ʜʣʷ ʢʘʞʜʦʛʦ ʵʣʝʤʝʥʪʘ ʦʧʨʝʜʝʣʷʝʪ ʪʘʙʣʠʮʘ (ʤʘʪʨʠʮʘ 
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ʧʝʨʝʜʘʯʠ) ʊ, ʢʦʪʦʨʘʷ ʧʦʣʥʦʩʪʴʶ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʘʢʫʩʪʠʯʝʩʢʦʝ ʧʦʚʝʜʝʥʠʝ ʵʣʝʤʝʥʪʘ. 

ɺ ʤʘʪʨʠʯʥʦʤ ʚʠʜʝ ʵʪʦ ʩʦʦʪʥʦʰʝʥʠʝ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ: 

Zin = ʊ Zout ,  ʛʜʝ Zin = ;  Zout = ;  ʊ =  

ʠʣʠ ʚ ʚʠʜʝ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ: 

Pin = T11 Pout + T12 Vout  

 Vin = T21 Pout + T22 Vout 

ʇʨʠ ʨʘʩʯʝʪʝ ʚʩʝʡ ʩʠʩʪʝʤʳ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʪʦʜ ʯʝʪʳʨʝʭʧʦʣʶʩʥʠʢʦʚ, 

ʠʩʧʦʣʴʟʫʝʤʳʡ ʚ ʪʝʦʨʠʠ ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʮʝʧʝʡ ʵʣʝʢʪʨʦʘʢʫʩʪʠʢʠ. ɸʢʫʩʪʠʯʝʩʢʠʡ 

ʨʘʩʯʝʪ ʟʘʤʝʥʷʝʪʩʷ ʨʘʩʯʝʪʦʤ ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʮʝʧʝʡ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʪʦʨʳʭ 

ʦʧʠʩʳʚʘʶʪʩʷ ʠʟʚʝʩʪʥʳʤʠ ʤʘʪʨʠʮʘʤʠ ʧʝʨʝʜʘʯʠ [87, 89, 91, 92]. 

ʕʪʦʪ ʤʝʪʦʜ ʫʩʧʝʰʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ ʨʘʩʯʝʪʝ ʧʨʦʩʪʳʭ ʵʣʝʤʝʥʪʦʚ ʉʆʆɻ. 

ʇʨʠ ʫʩʣʦʞʥʝʥʠʠ ʢʦʥʩʪʨʫʢʮʠʠ ʪʦʯʥʦʩʪʴ ʨʘʩʯʝʪʦʚ ʨʝʟʢʦ ʧʘʜʘʝʪ, ʪʘʢ ʢʘʢ ʩʣʦʞʥʦ 

ʩʦʩʪʘʚʠʪʴ ʵʢʚʠʚʘʣʝʥʪʥʫʶ ʮʝʧʴ, ʧʦʣʥʦʩʪʴʶ ʦʧʠʩʳʚʘʶʱʫʶ ʨʘʙʦʪʫ ʵʣʝʤʝʥʪʦʚ ʠ 

ʉʆʆɻ ʚ ʮʝʣʦʤ, ʩʣʦʞʥʦ ʚʳʚʝʩʪʠ ʪʦʯʥʫʶ ʘʥʘʣʠʪʠʯʝʩʢʫʶ ʬʦʨʤʫʣʫ ʜʣʷ ʦʪʜʝʣʴʥʦʛʦ 

ʩʧʝʮʠʬʠʯʝʩʢʦʛʦ ʵʣʝʤʝʥʪʘ, ʩʣʦʞʥʦ ʥʘʙʨʘʪʴ ʜʦʩʪʘʪʦʯʥʫʶ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫʶ 

ʩʪʘʪʠʩʪʠʢʫ ʜʣʷ ʚʳʚʦʜʘ ʵʤʧʠʨʠʯʝʩʢʦʡ ʬʦʨʤʫʣʳ. ʇʨʠ ʨʘʩʯʝʪʝ ʜʘʥʥʳʤ ʤʝʪʦʜʦʤ 

ʩʣʦʞʥʦ ʫʯʝʩʪʴ ʚʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʧʦʪʦʢʘ ʛʘʟʦʚ ʥʘ ʘʢʫʩʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ. 

ʆʪ ʚʩʝʭ ʵʪʠʭ ʥʝʜʦʩʪʘʪʢʦʚ ʩʚʦʙʦʜʝʥ ʤʝʪʦʜ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʆʥ ʧʦʟʚʦʣʷʝʪ ʪʦʯʥʦ ʤʦʜʝʣʠʨʦʚʘʪʴ ʘʢʫʩʪʠʯʝʩʢʦʝ ʧʦʚʝʜʝʥʠʝ ʣʶʙʦʛʦ 

ʧʦ ʩʣʦʞʥʦʩʪʠ ʵʣʝʤʝʥʪʘ ʉʆʆɻ ʠ ʠʩʩʣʝʜʦʚʘʪʴ ʚʣʠʷʥʠʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ʉʆʆɻ ʠ ʪʘʢʠʭ ʩʚʦʡʩʪʚ ʛʘʟʦʚʦʡ ʩʨʝʜʳ, ʢʘʢ ʧʣʦʪʥʦʩʪʴ, ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʩʢʦʨʦʩʪʴ 

ʧʦʪʦʢʘ, ʥʘ ʝʝ ʘʢʫʩʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ. 

ʄʝʪʦʜ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʩʥʦʚʘʥ ʥʘ ʧʨʝʜʩʪʘʚʣʝʥʠʠ 

ʠʩʩʣʝʜʫʝʤʦʛʦ ʵʣʝʤʝʥʪʘ ʉʆʆɻ ʚ ʚʠʜʝ ʛʘʟʦʚʦʛʦ ʦʙʲʝʤʘ, ʟʘʧʦʣʥʷʶʱʝʛʦ ʵʪʦʪ ʵʣʝʤʝʥʪ 

ʠ ʨʘʟʙʠʪʦʛʦ ʥʘ ʤʥʦʞʝʩʪʚʦ ʜʠʩʢʨʝʪʥʳʭ ʦʙʲʝʤʦʚ ï ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ, 

ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʠʭ ʛʝʦʤʝʪʨʠʯʝʩʢʫʶ ʬʦʨʤʫ ʚʩʝʛʦ ʵʣʝʤʝʥʪʘ. ʉʚʷʟʴ ʤʝʞʜʫ 

ʢʦʥʝʯʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʟʘʜʘʝʪʩʷ ʚ ʚʠʜʝ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ. ʈʘʩʯʝʪʥʦʝ 

ʦʧʨʝʜʝʣʝʥʠʝ ʩʦʙʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ ʠ ʬʦʨʤ ʢʦʣʝʙʘʥʠʡ, ʘ ʪʘʢʞʝ ʧʝʨʝʜʘʪʦʯʥʳʭ 
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ʬʫʥʢʮʠʡ ʧʨʦʚʦʜʠʪʩʷ ʥʘ ʦʩʥʦʚʝ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʦʛʦ ʨʝʰʝʥʠʷ ʚʦʣʥʦʚʦʛʦ 

ʫʨʘʚʥʝʥʠʷ ɻʝʣʴʤʛʦʣʴʮʘ:  

 = 0 

ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʥʘ ʛʨʘʥʠʮʘʭ ʨʘʩʯʝʪʥʦʛʦ ʦʙʲʝʤʘ, 

ʛʜʝ  ꜞ(x,y,z) - ʧʦʪʝʥʮʠʘʣ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʩʢʦʨʦʩʪʝʡ, ɤ - ʮʠʢʣʠʯʝʩʢʘʷ ʯʘʩʪʦʪʘ, ʩ - 

ʩʢʦʨʦʩʪʴ ʟʚʫʢʘ ʚ ʩʨʝʜʝ. ʇʘʨʘʤʝʪʨʳ ʩʨʝʜʳ ʤʦʛʫʪ ʟʘʜʘʚʘʪʴʩʷ ʚ ʚʠʜʝ ʣʶʙʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ. ʅʘʧʨʠʤʝʨ, ʠʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ - ʚ ʚʠʜʝ 

ʛʨʘʜʠʝʥʪʘ ʤʝʞʜʫ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʧʦʧʝʨʝʯʥʳʤʠ ʩʝʯʝʥʠʷʤʠ; ʥʘʣʠʯʠʝ 

ʧʦʛʣʦʱʘʶʱʝʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʢʘʢʦʤ-ʪʦ ʦʙʲʝʤʝ - ʚ ʚʠʜʝ ʟʘʜʘʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʚʦʣʥʦʚʦʛʦ 

ʯʠʩʣʘ ʠ ʧʣʦʪʥʦʩʪʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʵʪʦʪ ʧʦʛʣʦʱʘʶʱʠʡ ʤʘʪʝʨʠʘʣ, ʚ ʵʪʦʤ ʦʙʲʝʤʝ 

ʠ ʪ.ʧ.  [58]. 

 ɼʣʷ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ 3-ʤʝʨʥʘʷ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʘʷ ʤʦʜʝʣʴ 

ʵʣʝʤʝʥʪʘ ʉʆʆɻ. ʅʘ ʨʠʩʫʥʢʘʭ 2.1 ʠ 2.2 ʧʨʠʚʝʜʝʥ rʧʨʠʤʝʨ r3-ʭ ʤʝʨʥʦʡ ʠ ʢʦʥʝʯʥʦ-

ʵʣʝʤʝʥʪʥʦʡ ʤʦʜʝʣʝʡ ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʛʣʫʰʠʪʝʣʷ ʰʫʤʘ. 

 
ʈʠʩʫʥʦʢ 2.1 - 3-ʭ ʤʝʨʥʘʷ ʤʦʜʝʣʴ ʵʣʝʤʝʥʪʘ ʉʆʆɻ 

 
ʈʠʩʫʥʦʢ 2.2 - 3-ʭ ʤʝʨʥʘʷ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʘʷ ʤʦʜʝʣʴ ʵʣʝʤʝʥʪʘ ʉʆʆɻ 

 

ɺʦʟʤʦʞʥʦʩʪʴ ʪʦʯʥʦʛʦ ʨʘʩʯʝʪʘ ʘʢʫʩʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʤʝʥʪʦʚ ʉʆʆɻ 

ʧʦʟʚʦʣʷʝʪ ʚ ʜʘʣʴʥʝʡʰʝʤ ʨʘʩʩʯʠʪʘʪʴ ʰʫʤ, ʠʟʣʫʯʘʝʤʳʡ ʩʠʩʪʝʤʦʡ, ʠ ʧʨʦʚʝʩʪʠ 
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ʨʘʩʯʝʪʥʫʶ ʦʧʪʠʤʠʟʘʮʠʶ ʉʆʆɻ ʩ ʮʝʣʴʶ ʚʳʧʦʣʥʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʪʨʝʙʦʚʘʥʠʡ: 

ʚʳʧʦʣʥʝʥʠʝ ʢʦʤʧʦʥʦʚʦʯʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ ʙʝʟ ʩʥʠʞʝʥʠʷ ʘʢʫʩʪʠʯʝʩʢʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʜʦʩʪʠʞʝʥʠʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʮʝʥʘ/ʢʘʯʝʩʪʚʦ ʧʨʠ 

ʧʦʜʛʦʪʦʚʢʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʪ.ʜ. ʆʜʥʘʢʦ, ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʨʘʩʯʝʪʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ 

ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʘʢʦʡ ʩʣʦʞʥʦʡ ʩʠʩʪʝʤʳ, ʢʘʢ ʉʆʆɻ, ʤʦʞʝʪ 

ʙʳʪʴ ʦʙʝʩʧʝʯʝʥʘ ʪʦʣʴʢʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʨʘʩʯʝʪʥʳʭ ʤʦʜʝʣʷʭ ʘʢʫʩʪʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʝʢʦʪʦʨʳʭ ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩʠʩʪʝʤʳ ʦʙʨʘʙʦʪʢʠ ʦʪʨʘʙʦʪʘʚʰʠʭ 

ʛʘʟʦʚ ʠ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʨʘʩʯʝʪʥʦ-ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʩʧʦʩʦʙʦʤ 

ʥʘ ʩʧʝʮʠʘʣʴʥʳʭ ʫʩʪʘʥʦʚʢʘʭ. ʇʨʠ ʵʪʦʤ ʘʜʝʢʚʘʪʥʦʩʪʴ ʨʘʩʯʝʪʥʦʡ ʢʦʥʝʯʥʦ-

ʵʣʝʤʝʥʪʥʦʡ ʤʦʜʝʣʠ ʉʆʆɻ ʜʦʣʞʥʘ ʙʳʪʴ ʦʮʝʥʝʥʘ ʨʘʩʯʝʪʥʦ-ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ.  

ɼʣʷ ʧʨʦʚʝʨʢʠ ʪʦʯʥʦʩʪʠ ʚʳʯʠʩʣʝʥʠʡ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʦʡ 

ʤʦʜʝʣʠ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ ʩʪʝʥʜʦʚʳʝ ʠʩʧʳʪʘʥʠʷ ʵʣʝʤʝʥʪʦʚ ʉʆʆɻ, ʜʣʷ ʢʦʪʦʨʳʭ 

ʧʨʦʚʦʜʠʣʠʩʴ ʨʘʩʯʝʪʳ. ɺ ʩʪʝʥʜʦʚʳʭ ʫʩʣʦʚʠʷʭ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʘʨʘʤʝʪʨ ʧʦʪʝʨʠ 

ʧʝʨʝʜʘʯʠ TL ʚ ʨʘʙʦʯʝʤ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ, ʢʦʪʦʨʳʡ ʟʘʪʝʤ ʩʨʘʚʥʠʚʘʝʪʩʷ ʩ 

ʨʘʩʯʝʪʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ. 

 

2.2 ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʘʢʫʩʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʵʣʝʤʝʥʪʦʚ ʩʠʩʪʝʤ ʦʙʨʘʙʦʪʢʠ ʦʪʨʘʙʦʪʘʚʰʠʭ ʛʘʟʦʚ. ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʨʘʩʯʝʪʥʦʡ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ 

 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʤʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ TL ʦʩʥʦʚʘʥ ʥʘ ʠʟʤʝʨʝʥʠʠ ʟʚʫʢʦʚʦʛʦ 

ʜʘʚʣʝʥʠʷ ʚ ʥʝʩʢʦʣʴʢʠʭ ʪʦʯʢʘʭ ʥʘ ʚʭʦʜʝ ʠ ʥʘ ʚʳʭʦʜʝ ʠʩʩʣʝʜʫʝʤʦʛʦ ʵʣʝʤʝʥʪʘ ʉʆʆɻ, 

ʨʘʩʯʝʪʥʦʤ ʨʘʟʜʝʣʝʥʠʠ ʧʘʜʘʶʱʝʡ ʠ ʦʪʨʘʞʝʥʥʦʡ ʚʦʣʥʳ, ʧʦʩʣʝʜʫʶʱʝʤ ʨʘʩʯʝʪʥʦʤ 

ʥʘʭʦʞʜʝʥʠʠ ʤʦʱʥʦʩʪʠ ʟʚʫʢʦʚʳʭ ʚʦʣʥ ʥʘ ʚʭʦʜʝ Wʚʭ ʠ ʚʳʭʦʜʝ Wʚʳʭ ʵʣʝʤʝʥʪʘ ʉʆʆɻ 

(ʈʠʩʫʥʦʢ 2.3) ʠ ʦʧʨʝʜʝʣʝʥʠʠ TL ʧʦ ʬʦʨʤʫʣʝ:  

 

TL = 10 lg (Wʚʭ / Wʚʳʭ) 



35 

 

 

 

 

ʈʠʩʫʥʦʢ 2.3 - ʉʭʝʤʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʣʝʤʝʥʪʦʚ ʉʆʆɻ 

 ʀʩʧʳʪʫʝʤʳʡ ʵʣʝʤʝʥʪ ʉʆʆɻ ʨʘʟʤʝʱʘʝʪʩʷ ʤʝʞʜʫ ʠʩʪʦʯʥʠʢʦʤ ʟʚʫʢʦʚʳʭ ʚʦʣʥ 

ʥʘ ʦʜʥʦʤ ʢʦʥʮʝ ʪʨʫʙʳ ʠ ʟʚʫʢʦʧʦʛʣʦʱʘʶʱʝʡ ʢʦʥʩʪʨʫʢʮʠʝʡ ʥʘ ʜʨʫʛʦʤ ʢʦʥʮʝ ʪʨʫʙʳ. 

ʄʝʞʜʫ ʘʢʫʩʪʠʯʝʩʢʠʤ ʠʟʣʫʯʘʪʝʣʝʤ ʠ ʠʩʧʳʪʫʝʤʳʤ ʦʙʨʘʟʮʦʤ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ 

ʚʭʦʜʥʦʡ ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʙʣʦʢ ʤʠʢʨʦʬʦʥʦʚ, ʘ ʤʝʞʜʫ ʠʩʧʳʪʫʝʤʳʤ ʦʙʨʘʟʮʦʤ ʠ 

ʟʚʫʢʦʧʦʛʣʦʪʠʪʝʣʝʤ - ʚʳʭʦʜʥʦʡ ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʙʣʦʢ ʤʠʢʨʦʬʦʥʦʚ. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ 

ʠʩʧʳʪʘʥʠʡ ʠʟʤʝʨʷʶʪʩʷ ʥʝ ʪʦʣʴʢʦ ʘʤʧʣʠʪʫʜʥʳʝ, ʥʦ ʠ ʬʘʟʦʚʳʝ ʩʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ 

ʠʟʤʝʨʷʝʤʳʤʠ ʩʠʛʥʘʣʘʤʠ ʚ ʚʠʜʝ ʢʦʤʧʣʝʢʩʥʦʡ ʧʝʨʝʜʘʪʦʯʥʦʡ ʬʫʥʢʮʠʠ [76, 90]. 

ʆʧʨʝʜʝʣʠʚ ʩʧʝʢʪʨʳ ʟʚʫʢʦʚʳʭ ʜʘʚʣʝʥʠʡ ʚ ʪʦʯʢʘʭ ʨʘʩʧʦʣʦʞʝʥʠʷ ʤʠʢʨʦʬʦʥʦʚ 

P1 ʠ P2 ʥʘ ʚʭʦʜʝ ʵʣʝʤʝʥʪʘ ʉʆʆɻ, P3 ʠ P4 - ʥʘ ʚʳʭʦʜʝ ʵʣʝʤʝʥʪʘ ʉʆʆɻ, ʘ ʪʘʢʞʝ 

ʧʝʨʝʜʘʪʦʯʥʳʝ ʬʫʥʢʮʠʠ H21=P2/P1, H31=P3/P1, H41=P4/P1, ʤʦʞʥʦ ʥʘʡʪʠ ʩʧʝʢʪʨʳ 

ʟʚʫʢʦʚʳʭ ʜʘʚʣʝʥʠʡ ʠ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʩʢʦʨʦʩʪʝʡ ʧʝʨʝʜ ʵʣʝʤʝʥʪʦʤ ʉʆʆɻ Pu ʠ Vu ʠ ʟʘ 

ʵʣʝʤʝʥʪʦʤ ʉʆʆɻ Pd ʠ Vd: 

; 

; 

;  

 . 

 ʛʜʝ  k0 = ɤ/c0 - ʚʦʣʥʦʚʦʝ ʯʠʩʣʦ; ɤ ð ʢʨʫʛʦʚʘʷ ʯʘʩʪʦʪʘ;  c0 - ʩʢʦʨʦʩʪʴ ʟʚʫʢʘ ʚ 

ʚʦʟʜʫʭʝ; W0 = ɟ0c0 - ʚʦʣʥʦʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʚʦʟʜʫʭʘ; ɟ0 - ʧʣʦʪʥʦʩʪʴ ʚʦʟʜʫʭʘ, l12 - 

ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʤʠʢʨʦʬʦʥʘʤʠ ʥʘ ʚʭʦʜʝ ʵʣʝʤʝʥʪʘ; l2 - ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʚʭʦʜʥʳʭ 
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ʤʠʢʨʦʬʦʥʦʚ ʜʦ ʵʣʝʤʝʥʪʘ;  l34 - ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʤʠʢʨʦʬʦʥʘʤʠ ʥʘ ʚʳʭʦʜʝ ʵʣʝʤʝʥʪʘ; 

l3 - ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʵʣʝʤʝʥʪʘ ʜʦ ʚʳʭʦʜʥʳʭ ʤʠʢʨʦʬʦʥʦʚ. 

ʉʧʝʢʪʨʳ ʟʚʫʢʦʚʳʭ ʜʘʚʣʝʥʠʡ ʠ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʩʢʦʨʦʩʪʝʡ ʧʦ ʦʙʝʠʤ ʩʪʦʨʦʥʘʤ 

ʵʣʝʤʝʥʪʘ ʉʆʆɻ ʩʚʷʟʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ ʤʘʪʨʠʯʥʳʤ ʫʨʘʚʥʝʥʠʝʤ: 

 

 ʛʜʝ ʊ - ʤʘʪʨʠʮʘ ʧʝʨʝʜʘʯʠ ʠʩʩʣʝʜʫʝʤʦʛʦ ʵʣʝʤʝʥʪʘ ʉʆʆɻ. 

ʕʪʦ ʤʘʪʨʠʯʥʦʝ ʫʨʘʚʥʝʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʠʩʪʝʤʫ ʠʟ ʜʚʫʭ ʫʨʘʚʥʝʥʠʡ ʩ 

ʯʝʪʳʨʴʤʷ ʥʝʠʟʚʝʩʪʥʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʤʘʪʨʠʮʳ ʧʝʨʝʜʘʯʠ ʵʣʝʤʝʥʪʘ ʉʆʆɻ T11, 

T12, T21, T22. ɼʣʷ ʥʘʭʦʞʜʝʥʠʷ ʵʪʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʥʝʦʙʭʦʜʠʤʳ ʝʱʝ ʜʚʘ ʫʨʘʚʥʝʥʠʷ, 

ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʧʫʪʝʤ ʧʨʦʚʝʜʝʥʠʷ ʘʥʘʣʦʛʠʯʥʳʭ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʠʟʤʝʨʝʥʠʡ ʩʦ ʚʪʦʨʦʡ ʥʘʛʨʫʟʢʦʡ ʥʘ ʚʳʭʦʜʝ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʪʨʫʙʳ, ʨʝʘʣʠʟʫʷ, ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʤʝʪʦʜ ʜʚʫʭ ʥʘʛʨʫʟʦʢ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʫʜʝʤ ʠʤʝʪʴ   

,   i=1,2 

ɿʜʝʩʴ ʟʥʘʯʝʥʠʝ ʠʥʜʝʢʩʘ i ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʨʷʜʢʦʚʦʤʫ ʥʦʤʝʨʫ ʥʘʛʨʫʟʢʠ ʥʘ 

ʚʳʭʦʜʝ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʪʨʫʙʳ. ʈʝʰʝʥʠʝ ʵʪʦʡ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʜʘʝʪ ʩʣʝʜʫʶʱʠʝ 

ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʤʘʪʨʠʮʳ ʧʝʨʝʜʘʯʠ: 

;   ; 

 

;   . 

ʇʘʨʘʤʝʪʨ ʧʦʪʝʨʠ ʧʝʨʝʜʘʯʠ TL ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ ʩʣʝʜʫʶʱʝʛʦ ʚʳʨʘʞʝʥʠʷ: 

 

11 12

21 220
V

u d

u dx x d

P PT T

V T T
= =

=
è ø è øè ø
é ù é ùé ù

ê úê ú ê ú

11 12

21 220
V

ui di

ui dix x d

P PT T

V T T
= =

=
è ø è øè ø
é ù é ùé ù

ê úê ú ê ú

1 2 2 1

11

1 2 2 1

u d u d

d d d d

P V P V
T

P V P V

-
=

-

1 2 2 1

12

1 2 2 1

d u d u

d d d d

P PP P
T

P V P V

-
=

-

1 2 2 1

21

1 2 2 1

u d u d

d d d d

V V V V
T

P V P V

-
=

-

1 2 2 1

22

1 2 2 1

d u d u

d d d d

P V P V
T

P V P V

-
=

-

ö
ö

÷

õ

æ
æ

ç

å
+Ö++ÖÖ= 22210

0

12
11

2

1
log20 TTW

W

T
TTL



37 

 

 

 

ʈʘʙʦʯʘʷ ʧʨʦʛʨʘʤʤʘ ʦʙʨʘʙʦʪʢʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʦ 

ʚʳʰʝʧʨʠʚʝʜʝʥʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʚ ʩʨʝʜʝ MathCAD ʧʨʠʚʝʜʝʥʘ ʚ 

ʧʨʠʣʦʞʝʥʠʠ 1. ʈʘʩʯʝʪʥʘʷ ʧʨʦʛʨʘʤʤʘ ʥʘʭʦʞʜʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʤʘʪʨʠʮʳ ʧʝʨʝʜʘʯ 

- ʚ ʧʨʠʣʦʞʝʥʠʠ 2, ʨʘʩʯʝʪʥʘʷ ʧʨʦʛʨʘʤʤʘ ʥʘʭʦʞʜʝʥʠʷ ʘʢʫʩʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʵʢʩʧʝʨʠʤʝʥʪʦʚ - ʚ ʧʨʠʣʦʞʝʥʠʠ 3.  ʃʠʮʝʥʟʠʷ ʥʘ ʧʨʦʛʨʘʤʤʥʳʝ 

ʧʨʦʜʫʢʪʳ ʠ ʜʦʛʦʚʦʨ ʧʨʠʚʝʜʝʥ ʚ ʧʨʠʣʦʞʝʥʠʠ 4.  

ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʠ ʢʦʥʩʪʨʫʢʪʠʚʥʘʷ ʩʭʝʤʘ ʩʪʝʥʜʘ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 2.4 

ʠ 2.5.  

  

  ʀʟʣʫʯʘʪʝʣʴ    ʀʩʧʳʪʫʝʤʳʡ ʦʙʨʘʟʝʮ        ʇʦʛʣʦʪʠʪʝʣʴ  

ʈʠʩʫʥʦʢ 2.4 - ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʩʪʝʥʜʘ 

 

 

 

 

 

            ʄʠʢʨʦʬʦʥʥʳʝ ʫʩʠʣʠʪʝʣʠ 

ɿʚʫʢʦʚʦʡ 

ʛʝʥʝʨʘʪʦʨ  

ʋʩʠʣʠʪʝʣʴ 

 

  ɺʭʦʜʥʳʝ 

ʤʠʢʨʦʬʦʥʳ 

 ɺʳʭʦʜʥʳʝ 

ʤʠʢʨʦʬʦʥʳ 

ʂʦʤʤʫʪʘʪʦʨ  
ɸʥʘʣʠʟʘʪʦʨ

ʩʧʝʢʪʨʘ  
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ʈʠʩʫʥʦʢ 2.5 - ʂʦʥʩʪʨʫʢʪʠʚʥʘʷ ʩʭʝʤʘ ʩʪʝʥʜʘ  

 

ʉʪʝʥʜ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʷʪʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩʦʝʜʠʥʝʥʥʳʭ ʙʣʦʢʦʚ, 

ʩʨʝʜʥʠʡ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʠʩʧʳʪʫʝʤʳʤ ʵʣʝʤʝʥʪʦʤ ʉʆʆɻ. ʂ ʚʭʦʜʫ ʠ ʚʳʭʦʜʫ 

ʠʩʧʳʪʫʝʤʦʛʦ ʦʙʨʘʟʮʘ ʯʝʨʝʟ ʧʝʨʝʭʦʜʥʳʝ ʬʣʘʥʮʳ ʩ ʧʨʦʢʣʘʜʢʘʤʠ ʢʨʝʧʷʪʩʷ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚʭʦʜʥʦʡ ʠ ʚʳʭʦʜʥʦʡ ʤʠʢʨʦʬʦʥʥʳʝ ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʙʣʦʢʠ, ʢʦʪʦʨʳʝ 

ʪʘʢʞʝ ʯʝʨʝʟ ʧʝʨʝʭʦʜʥʳʝ ʬʣʘʥʮʳ ʩ ʧʨʦʢʣʘʜʢʘʤʠ ʩʦʝʜʠʥʝʥʳ ʩ ʘʢʫʩʪʠʯʝʩʢʠʤ 

ʠʟʣʫʯʘʪʝʣʝʤ ʥʘ ʚʭʦʜʝ ʠ ʘʢʫʩʪʠʯʝʩʢʠʤ ʧʦʛʣʦʪʠʪʝʣʝʤ ʥʘ ʚʳʭʦʜʝ. 

 ʄʠʢʨʦʬʦʥʥʳʝ ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʙʣʦʢʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʦʣʳʝ 

ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʮʠʣʠʥʜʨʳ, ʚ ʢʘʞʜʦʤ ʠʟ ʢʦʪʦʨʳʭ ʚʳʧʦʣʥʝʥʳ ʧʦ 3 ʦʪʚʝʨʩʪʠʷ ʧʦʜ 

ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʤʠʢʨʦʬʦʥʳ ʜʠʘʤʝʪʨʦʤ 1/2 ʜʶʡʤʘ. ʇʦʣʦʞʝʥʠʷ ʠʟʤʝʨʠʪʝʣʴʥʳʭ 

ʤʠʢʨʦʬʦʥʦʚ ʦʙʦʟʥʘʯʝʥʳ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʢʘʢ ˉ 1, 2 ʠ 3 - ʥʘ ʚʭʦʜʥʦʤ 

ʠʟʤʝʨʠʪʝʣʴʥʦʤ ʙʣʦʢʝ ʠ ˉ 4, 5 ʠ 6 - ʥʘ ʚʳʭʦʜʥʦʤ ʠʟʤʝʨʠʪʝʣʴʥʦʤ ʙʣʦʢʝ.

 ʄʠʢʨʦʬʦʥʳ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʚ ʨʘʙʦʯʝʝ ʧʦʣʦʞʝʥʠʝ ʥʘ ʠʟʤʝʨʠʪʝʣʴʥʳʭ 

ʙʣʦʢʘʭ ʩ ʧʦʤʦʱʴʶ ʜʝʨʞʘʪʝʣʝʡ, ʚʳʧʦʣʥʝʥʥʳʭ ʚ ʚʠʜʝ ʩʪʘʢʘʥʦʚ. ɼʝʨʞʘʪʝʣʠ ʟʘʜʘʶʪ 

ʧʦʣʦʞʝʥʠʝ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʤʝʤʙʨʘʥʳ ʤʠʢʨʦʬʦʥʘ ʥʘ ʫʨʦʚʥʝ ʚʥʫʪʨʝʥʥʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʙʣʦʢʘ, ʘ ʪʘʢʞʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʥʘʜʝʞʥʳʡ ʠ ʩʪʘʙʠʣʴʥʳʡ 

ʢʨʝʧʝʞ, ʵʣʝʢʪʨʠʯʝʩʢʫʶ, ʚʠʙʨʦ- ʠ ʘʢʫʩʪʠʯʝʩʢʫʶ ʠʟʦʣʷʮʠʶ ʢʦʨʧʫʩʘ ʤʠʢʨʦʬʦʥʘ ʦʪ 

ʩʪʝʥʜʘ. 
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ɺ ʢʘʯʝʩʪʚʝ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʠʟʣʫʯʘʪʝʣʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʠʥʘʤʠʯʝʩʢʘʷ ʛʦʣʦʚʢʘ ʩ 

ʧʦʣʦʩʦʡ ʧʨʦʧʫʩʢʘʥʠʷ 50é10 000 ɻʮ, ʚʤʦʥʪʠʨʦʚʘʥʥʘʷ ʚ ʟʚʫʢʦʠʟʦʣʠʨʦʚʘʥʥʫʶ 

ʢʦʣʦʥʢʫ, ʧʨʠʩʦʝʜʠʥʝʥʥʫʶ ʩʚʦʠʤ ʠʟʣʫʯʘʶʱʠʤ ʦʪʚʝʨʩʪʠʝʤ ʢ ʧʨʠʝʤʥʦʤʫ ʬʣʘʥʮʫ 

ʚʭʦʜʥʦʛʦ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʤʠʢʨʦʬʦʥʥʦʛʦ ʙʣʦʢʘ. ɺ ʢʘʯʝʩʪʚʝ ʘʢʫʩʪʠʯʝʩʢʦʛʦ 

ʧʦʛʣʦʪʠʪʝʣʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʙʘʟʘʣʴʪʦʚʦʝ ʚʦʣʦʢʥʦ, ʨʘʟʤʝʱʝʥʥʦʝ ʚ ʷʱʠʢʝ. ɺʭʦʜʥʦʝ 

ʦʪʚʝʨʩʪʠʝ ʧʦʛʣʦʪʠʪʝʣʷ ʧʨʠʩʦʝʜʠʥʷʝʪʩʷ ʢ ʚʳʭʦʜʥʦʤʫ ʬʣʘʥʮʫ ʚʳʭʦʜʥʦʛʦ 

ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʤʠʢʨʦʬʦʥʥʦʛʦ ʙʣʦʢʘ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʝʪʦʜʠʢʦʡ ʧʨʦʚʝʜʝʥʠʷ 

ʠʩʧʳʪʘʥʠʡ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʦʜʠʪʴ ʠʟʤʝʨʝʥʠʷ ʧʨʠ ʜʚʫʭ ʚʘʨʠʘʥʪʘʭ ʧʦʛʣʦʪʠʪʝʣʝʡ, 

ʠʤʝʶʱʠʭ ʨʘʟʣʠʯʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʦʛʣʦʱʝʥʠʷ. ɺ ʢʘʯʝʩʪʚʝ ʚʪʦʨʦʛʦ 

ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʧʦʛʣʦʪʠʪʝʣʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʜʠʩʢ ʚ ʚʠʜʝ ʧʨʦʜʫʚʥʦʛʦ 

ʧʦʨʦʣʦʥʘ. ʂʦʵʬʬʠʮʠʝʥʪʳ ʧʦʛʣʦʱʝʥʠʷ ʜʚʫʭ ʥʘʛʨʫʟʦʢ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 2.6. 

 

ʈʠʩʫʥʦʢ 2.6 - ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʛʣʦʪʠʪʝʣʝʡ. 

ʂʦʵʬʬʠʮʠʝʥʪʳ ʧʦʛʣʦʱʝʥʠʷ ʜʚʫʭ ʥʘʛʨʫʟʦʢ: Z1- ʙʘʟʘʣʴʪʦʚʦʝ ʚʦʣʦʢʥʦ,                  

Z2- ʧʨʦʜʫʚʥʦʡ ʧʦʨʦʣʦʥ 

 

ʀʩʧʦʣʴʟʫʝʤʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ: ʘʥʘʣʠʟʘʪʦʨ ʩʧʝʢʪʨʘ 3560ʉ (ʩ ʤʦʜʫʣʝʤ 3109) 

ʬʠʨʤʳ ɹʨʶʣʴ ʠ ʂʲʝʨ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʜʚʫʭ ʛʝʥʝʨʘʪʦʨʦʚ ʩʠʛʥʘʣʘ ʩʧʦʩʦʙʥʳʭ ʚʳʜʘʚʘʪʴ 
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ʢʘʢ ʩʠʥʫʩʦʠʜʘʣʴʥʳʡ ʩʠʛʥʘʣ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 2 Hz ʜʦ 25,6 kHz, ʪʘʢ ʠ ʙʝʣʳʡ ʠʣʠ 

ʨʦʟʦʚʳʡ ʰʫʤ, ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʫʩʠʣʠʪʝʣʷ ʠ ʘʥʘʣʠʟʘʪʦʨʘ ʩʧʝʢʪʨʘ; ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʝ 

ʤʠʢʨʦʬʦʥʳ ʬʠʨʤʳ ɹʨʶʣʴ ʠ ʂʲʝʨ 4191ʉ-001 ʩ ʯʘʩʪʦʪʥʳʤ ʜʠʘʧʘʟʦʥʦʤ 3,15 Hz - 40 

kHz (ʠʟʤʝʨʷʝʤʳʡ ʫʨʦʚʝʥʴ 20 - 162 ʜɹ). 

ʀʩʢʦʤʳʡ ʧʘʨʘʤʝʪʨ TL ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʟʤʝʨʝʥʠʡ ʩ ʧʦʤʦʱʴʶ 

ʨʘʩʯʝʪʦʚ, ʚ ʢʦʪʦʨʳʝ ʚʭʦʜʠʪ ʩʢʦʨʦʩʪʴ ʟʚʫʢʘ ʚ ʚʦʟʜʫʭʝ ʠ ʧʣʦʪʥʦʩʪʴ ʚʦʟʜʫʭʘ. ʊʘʢ ʢʘʢ 

ʵʪʠ ʧʘʨʘʤʝʪʨʳ ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʘʪʤʦʩʬʝʨʥʦʤʫ ʜʘʚʣʝʥʠʶ, 

ʥʝʦʙʭʦʜʠʤʦ ʠʟʤʝʨʠʪʴ ʫʢʘʟʘʥʥʳʝ ʚʝʣʠʯʠʥʳ. 

ʉʠʛʥʘʣʳ ʩ ʤʠʢʨʦʬʦʥʦʚ ʯʝʨʝʟ ʫʩʠʣʠʪʝʣʠ ʠ ʢʦʤʤʫʪʘʪʦʨ ʧʦʜʘʶʪʩʷ ʥʘ 

ʩʧʝʢʪʨʦʘʥʘʣʠʟʘʪʦʨ, ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʷʝʪ ʧʝʨʝʜʘʪʦʯʥʳʝ ʬʫʥʢʮʠʠ ʤʝʞʜʫ ʩʠʛʥʘʣʘʤʠ. 

ɽʩʣʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚʩʝ ʰʝʩʪʴ ʤʠʢʨʦʬʦʥʦʚ ʦʜʥʦʚʨʝʤʝʥʥʦ, ʚ ʢʘʯʝʩʪʚʝ ʢʦʤʤʫʪʘʪʦʨʘ 

ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʘʧʧʘʨʘʪʥʳʡ ʤʫʣʴʪʠʧʣʝʢʩʦʨ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ 

ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʠʟʤʝʨʝʥʠʝ ʚʩʝʭ ʧʝʨʝʜʘʪʦʯʥʳʭ ʬʫʥʢʮʠʡ ʚ ʢʦʤʧʣʝʢʩʥʦʤ ʚʠʜʝ. 

ʆʜʥʘʢʦ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʠʩʢʦʤʦʛʦ ʧʘʨʘʤʝʪʨʘ TL ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʝʨʝʜʘʪʦʯʥʳʝ 

ʬʫʥʢʮʠʠ, ʢʦʪʦʨʳʝ ʠʟʤʝʨʷʶʪʩʷ ʧʦʧʘʨʥʦ, ʠ ʚʳʧʦʣʥʝʥʠʝ ʚʩʝʭ ʠʟʤʝʨʝʥʠʡ ʤʦʞʥʦ 

ʧʨʦʚʦʜʠʪʴ ʪʦʣʴʢʦ ʦʜʥʦʡ ʧʘʨʦʡ ʤʠʢʨʦʬʦʥʦʚ. ʇʨʠ ʵʪʦʤ ʤʠʢʨʦʬʦʥʳ ʧʦʦʯʝʨʝʜʥʦ 

ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʚʦ ʚʩʝ ʥʝʦʙʭʦʜʠʤʳʝ ʧʘʨʳ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʧʦʣʦʞʝʥʠʡ, ʘ 

ʦʩʪʘʚʰʠʝʩʷ ʦʪʚʝʨʩʪʠʷ ʧʨʠ ʢʘʞʜʦʤ ʠʟʤʝʨʝʥʠʠ ʟʘʢʨʳʚʘʶʪʩʷ ʟʘʛʣʫʰʢʘʤʠ, 

ʠʤʠʪʠʨʫʶʱʠʤʠ ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʤʠʢʨʦʬʦʥʳ.  

ɺʝʨʭʥʠʡ ʧʨʝʜʝʣ ʯʘʩʪʦʪʥʦʛʦ ʜʠʘʧʘʟʦʥ ʩʪʝʥʜʘ Fʚ ʚʳʙʠʨʘʝʪʩʷ ʠʟ ʫʩʣʦʚʠʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚ ʪʨʫʙʝ ʧʣʦʩʢʠʭ ʚʦʣʥ ʠ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʦʧʝʨʝʯʥʳʭ ʢʦʣʝʙʘʥʠʡ ʚʳʩʰʠʭ ʤʦʜ. ɼʣʷ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʪʨʫʙ ʩ 

ʜʠʘʤʝʪʨʦʤ ʚʥʫʪʨʝʥʥʝʛʦ ʢʘʥʘʣʘ d ʵʪʦ ʫʩʣʦʚʠʝ ʬʦʨʤʘʣʠʟʦʚʘʥʦ ʩʦʦʪʥʦʰʝʥʠʝʤ d < 

0.58*lʚ, ʛʜʝ lʚ = c / Fʚ - ʜʣʠʥʘ ʚʦʣʥʳ ʥʘ ʚʝʨʭʥʝʡ ʛʨʘʥʠʯʥʦʡ ʯʘʩʪʦʪʝ Fʚ, ʩ - ʩʢʦʨʦʩʪʴ 

ʟʚʫʢʘ ʚ ʩʨʝʜʝ. ɼʣʷ ʪʨʫʙʳ ʜʠʘʤʝʪʨʦʤ 60 ʤʤ ʧʦʣʫʯʘʝʤ ʦʛʨʘʥʠʯʝʥʠʝ ʧʦ ʚʝʨʭʥʝʡ 

ʯʘʩʪʦʪʝ Fʚ = 3286 ɻʮ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʨʘʩʩʪʦʷʥʠʝ s ʤʝʞʜʫ ʤʠʢʨʦʬʦʥʘʤʠ ʚʜʦʣʴ 

ʧʨʦʜʦʣʴʥʦʡ ʦʩʠ ʪʨʫʙʳ ʚʣʠʷʝʪ ʥʘ lʚ ʠ ʚʳʙʠʨʘʝʪʩʷ ʠʟ ʩʦʦʪʥʦʰʝʥʠʷ s < 0.45*lʚ, ʯʪʦ 

ʪʘʢʞʝ ʥʘʢʣʘʜʳʚʘʝʪ ʦʛʨʘʥʠʯʝʥʠʝ ʥʘ ʚʝʨʭʥʠʡ ʧʨʝʜʝʣ ʯʘʩʪʦʪʳ: Fʚ < 0,45 c / s. 
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ʅʠʞʥʠʡ ʧʨʝʜʝʣ ʨʘʙʦʯʝʡ ʯʘʩʪʦʪʳ ʩʪʝʥʜʘ ʪʘʢʞʝ ʟʘʚʠʩʠʪ ʦʪ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ 

ʤʠʢʨʦʬʦʥʘʤʠ s: ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʦʰʠʙʢʠ ʠʟʤʝʨʝʥʠʡ ʥʝ ʙʦʣʝʝ 1% ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ 

ʤʠʢʨʦʬʦʥʘʤʠ s ʥʝ ʜʦʣʞʥʦ ʧʨʝʚʳʰʘʪʴ 5% ʦʪ ʜʣʠʥʳ ʚʦʣʥʳ ʟʚʫʢʘ lʥ, ʪʦ ʝʩʪʴ Fʥ = 0,05 

c / s.  

ɼʣʷ ʨʘʩʰʠʨʝʥʠʷ ʨʘʙʦʯʝʛʦ ʯʘʩʪʦʪʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʩʪʝʥʜʘ, ʠʟʤʝʨʠʪʝʣʴʥʳʝ 

ʤʠʢʨʦʬʦʥʥʳʝ ʙʣʦʢʠ ʚʳʧʦʣʥʝʥʳ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʨʦʚʦʜʠʪʴ ʠʟʤʝʨʝʥʠʷ ʩ ʪʨʝʤʷ 

ʚʘʨʠʘʥʪʘʤʠ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʤʠʢʨʦʬʦʥʘʤʠ: 30 ʤʤ, 70 ʤʤ ʠ 100 ʤʤ. ʀʩʧʳʪʘʥʠʷ 

ʜʣʷ ʢʘʞʜʦʛʦ ʦʙʨʘʟʮʘ ʧʨʦʚʦʜʷʪʩʷ ʜʚʘʞʜʳ: ʜʣʷ ʥʠʟʢʦʯʘʩʪʦʪʥʦʛʦ ʜʠʘʧʘʟʦʥʘ 170 - 1000 

ɻʮ, ʢʦʛʜʘ ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʤʠʢʨʦʬʦʥʳ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 100 ʤʤ, ʠ ʜʣʷ 

ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʜʠʘʧʘʟʦʥʘ 1000 - 3300 ɻʮ ʧʨʠ ʫʩʪʘʥʦʚʢʝ ʤʠʢʨʦʬʦʥʦʚ ʥʘ 

ʨʘʩʩʪʦʷʥʠʠ 30 ʤʤ. ʆʙʨʘʙʦʪʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ ʠ ʚʩʝ ʚʳʯʠʩʣʝʥʠʷ 

ʚʳʧʦʣʥʷʶʪʩʷ ʜʣʷ ʢʘʞʜʦʛʦ ʯʘʩʪʦʪʥʦʛʦ ʜʠʘʧʘʟʦʥʘ, ʘ ʦʢʦʥʯʘʪʝʣʴʥʳʡ ʨʝʟʫʣʴʪʘʪ 

ʬʦʨʤʠʨʫʝʪʩʷ ʦʙʲʝʜʠʥʝʥʠʝʤ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʜʣʷ ʝʜʠʥʦʛʦ ʯʘʩʪʦʪʥʦʛʦ 

ʜʠʘʧʘʟʦʥʘ 170 - 3300 ɻʮ. 

ʊʘʢ ʢʘʢ ʚ ʧʨʦʮʝʩʩʝ ʠʩʧʳʪʘʥʠʡ ʠʟʤʝʨʷʶʪʩʷ ʪʦʣʴʢʦ ʧʝʨʝʜʘʪʦʯʥʳʝ ʬʫʥʢʮʠʠ 

ʤʝʞʜʫ ʠʟʤʝʨʠʪʝʣʴʥʳʤʠ ʢʘʥʘʣʘʤʠ 1 ʠ 2, ʦʪʧʘʜʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ 

ʘʙʩʦʣʶʪʥʦʡ ʢʘʣʠʙʨʦʚʢʠ ʢʘʞʜʦʛʦ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʪʨʘʢʪʘ. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ 

ʘʤʧʣʠʪʫʜʥʦ-ʬʘʟʦʚʦʡ ʢʘʣʠʙʨʦʚʢʠ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʘʤʧʣʠʪʫʜʥʦ-

ʬʘʟʦʚʦʛʦ ʢʘʣʠʙʨʦʚʦʯʥʦʛʦ ʬʘʢʪʦʨʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʚʫʢʨʘʪʥʦʝ ʠʟʤʝʨʝʥʠʝ 

ʧʝʨʝʜʘʪʦʯʥʦʡ ʬʫʥʢʮʠʠ ʩ ʚʟʘʠʤʥʦʡ ʩʤʝʥʦʡ ʧʦʟʠʮʠʡ ʤʠʢʨʦʬʦʥʦʚ ʚ ʧʦʩʘʜʦʯʥʳʭ 

ʤʝʩʪʘʭ ʩʪʝʥʜʘ. ʂʘʣʠʙʨʦʚʦʯʥʳʡ ʬʘʢʪʦʨ, ʦʧʨʝʜʝʣʝʥʥʳʡ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʫʜʝʪ 

ʫʯʠʪʳʚʘʪʴ ʨʘʟʣʠʯʠʷ ʚ ʧʝʨʝʜʘʯʝ ʘʤʧʣʠʪʫʜʳ ʠ ʬʘʟʳ ʩʠʛʥʘʣʦʚ ʧʦ ʚʩʝʤ 

ʠʟʤʝʨʠʪʝʣʴʥʳʤ ʪʨʘʢʪʘʤ ʢʘʥʘʣʦʚ 1 ʠ 2. ɺʩʝ ʠʟʤʝʨʷʝʤʳʝ ʚʝʣʠʯʠʥʳ ʦʧʨʝʜʝʣʷʶʪʩʷ ʚ 

ʢʦʤʧʣʝʢʩʥʦʤ ʚʠʜʝ ʠ ʢʘʣʠʙʨʦʚʦʯʥʳʡ ʬʘʢʪʦʨ ʠʤʝʝʪ ʚʠʜ: 

Hc = ƅHcƅ x eiű 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʜʦʩʪʦʚʝʨʥʳʭ ʟʥʘʯʝʥʠʡ ʧʝʨʝʜʘʪʦʯʥʦʡ ʬʫʥʢʮʠʠ ʠʟʤʝʨʷʝʤʳʭ 

ʘʢʫʩʪʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ, ʚʦ ʚʨʝʤʷ ʧʨʦʚʝʜʝʥʠʷ ʠʟʤʝʨʝʥʠʡ ʥʝʦʙʭʦʜʠʤʦ ʜʦʙʠʚʘʪʴʩʷ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʬʫʥʢʮʠʠ ʢʦʛʝʨʝʥʪʥʦʩʪʠ ʧʫʪʝʤ ʧʦʜʙʦʨʘ ʦʧʪʠʤʘʣʴʥʦʛʦ 
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ʩʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʫʨʦʚʥʝʤ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ ʠ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʫʩʠʣʝʥʠʷ 

ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʪʨʘʢʪʦʚ. ʇʨʠʝʤʣʝʤʳʤ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʩʣʝʜʫʶʱʝʝ ʫʩʣʦʚʠʝ: 

0.95 ¢ Coherence Function ¢ 1.0 

ɹʳʣʠ ʚʳʧʦʣʥʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʳ ʠ ʨʘʩʯʝʪʳ ʜʣʷ ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʉʆʆɻ, 

ʷʚʣʷʶʱʠʭʩʷ ʩʦʩʪʘʚʥʳʤʠ ʯʘʩʪʷʤʠ ʣʶʙʳʭ ʉʆʆɻ: ʨʘʩʰʠʨʠʪʝʣʴʥʘʷ ʢʘʤʝʨʘ, 

ʨʝʟʦʥʘʥʩʥʘʷ ʢʘʤʝʨʘ.  

ʅʘ ʨʠʩʫʥʢʘʭ 2.7 ʠ 2.8 ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʜʣʷ ʥʝʙʦʣʴʰʦʡ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ 

ʨʘʩʰʠʨʠʪʝʣʴʥʦʡ ʢʘʤʝʨʳ ʜʣʠʥʦʡ 150 ʤʤ ʠ ʩʪʝʧʝʥʴʶ ʨʘʩʰʠʨʝʥʠʷ 3,2 (ʈʠʩʫʥʦʢ 2.7), 

ʘ ʪʘʢʞʝ ʜʣʷ ʨʘʩʰʠʨʠʪʝʣʴʥʦʡ ʢʘʤʝʨʳ ʜʣʠʥʦʡ 763 ʤʤ ʠ ʩʪʝʧʝʥʴʶ ʨʘʩʰʠʨʝʥʠʷ 13,5 

(ʈʠʩʫʥʦʢ 2.8). 

 

 

 

ʈʠʩʫʥʦʢ 2.7 - ʈʘʩʰʠʨʠʪʝʣʴʥʘʷ ʢʘʤʝʨʘ 1  
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ʈʠʩʫʥʦʢ 2.8 - ʈʘʩʰʠʨʠʪʝʣʴʥʘʷ ʢʘʤʝʨʘ 2 

 

ɼʘʣʝʝ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʳ ʠ ʨʘʩʯʝʪʳ ʜʣʷ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ 

ʨʝʟʦʥʘʥʩʥʦʡ ʢʘʤʝʨʳ ʜʣʠʥʦʡ 763 ʤʤ ʠ ʩʪʝʧʝʥʴʶ ʨʘʩʰʠʨʝʥʠʷ 13,5 ʩ ʮʝʥʪʨʘʣʴʥʦʡ 

ʧʝʨʬʦʨʠʨʦʚʘʥʥʦʡ ʪʨʫʙʦʡ. ɺʘʨʠʘʥʪ 1 ʢʘʤʝʨʳ ʠʤʝʝʪ ʧʝʨʬʦʨʘʮʠʶ ʧʦ ʚʩʝʡ ʜʣʠʥʝ, 

ʚʘʨʠʘʥʪ 2 - ʚ ʮʝʥʪʨʝ ʪʨʫʙʳ ʜʦ ʨʘʩʩʪʦʷʥʠʷ 100 ʤʤ ʦʪ ʢʨʘʝʚ ʢʘʤʝʨʳ, ʚʘʨʠʘʥʪ 3 - ʚ 

ʮʝʥʪʨʝ ʪʨʫʙʳ ʜʦ ʨʘʩʩʪʦʷʥʠʷ 250 ʤʤ ʦʪ ʢʨʘʝʚ ʢʘʤʝʨʳ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 2.9 -2.11. 
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ʈʠʩʫʥʦʢ 2.9 - ʈʝʟʦʥʘʥʩʥʘʷ ʢʘʤʝʨʘ ʚʘʨʠʘʥʪ 1 

 

 

ʈʠʩʫʥʦʢ 2.10 - ʈʝʟʦʥʘʥʩʥʘʷ ʢʘʤʝʨʘ ʚʘʨʠʘʥʪ 2 
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ʈʠʩʫʥʦʢ 2.11 - ʈʝʟʦʥʘʥʩʥʘʷ ʢʘʤʝʨʘ ʚʘʨʠʘʥʪ 3 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʧʨʠʚʝʜʝʥʥʳʭ ʜʘʥʥʳʭ, ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʧʦ ʢʦʥʝʯʥʦ-

ʵʣʝʤʝʥʪʥʦʡ ʤʦʜʝʣʠ (FEM - Finite Element Modeling) ʠʤʝʶʪ ʦʯʝʥʴ ʭʦʨʦʰʝʝ 

ʩʦʚʧʘʜʝʥʠʝ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ʅʝʢʦʪʦʨʦʝ "ʨʘʟʤʳʪʠʝ" 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʙʦʣʴʰʠʭ ʟʥʘʯʝʥʠʷʭ ʧʦʛʣʦʱʝʥʠʷ 

(ʙʦʣʝʝ 30 ʜɹ) ʦʙʲʷʩʥʷʶʪʩʷ ʩʣʘʙʳʤ ʘʢʫʩʪʠʯʝʩʢʠʤ ʩʠʛʥʘʣʦʤ ʥʘ ʚʳʭʦʜʝ ʛʣʫʰʠʪʝʣʷ, 

ʪʦ ʝʩʪʴ ʥʠʟʢʠʤ ʩʦʦʪʥʦʰʝʥʠʝʤ ʩʠʛʥʘʣ/ʰʫʤ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʩʣʘʙʦʡ ʢʦʨʨʝʣʷʮʠʝʡ 

ʤʝʞʜʫ ʚʭʦʜʥʳʤʠ ʠ ʚʳʭʦʜʥʳʤʠ ʩʠʛʥʘʣʘʤʠ ʧʨʠ ʠʟʤʝʨʝʥʠʠ ʥʘ ʩʪʝʥʜʝ. ʈʝʟʢʦʝ 

ʫʤʝʥʴʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʢʘʤʝʨ ʩʦ ʩʪʝʧʝʥʴʶ ʨʘʩʰʠʨʝʥʠʷ 13,5 ʥʘ 

ʯʘʩʪʦʪʘʭ ʚʳʰʝ 1900 ɻʮ ʦʙʲʷʩʥʷʝʪʩʷ ʧʦʷʚʣʝʥʠʝʤ ʥʘ ʵʪʠʭ ʯʘʩʪʦʪʘʭ ʧʦʧʝʨʝʯʥʳʭ ʬʦʨʤ 

ʢʦʣʝʙʘʥʠʡ ʦʙʲʝʤʘ ʢʘʤʝʨ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʥʘ ʙʦʣʝʝ ʥʠʟʢʠʭ ʯʘʩʪʦʪʘʭ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ 

ʫʩʣʦʚʠʝ ʧʣʦʩʢʦʡ ʚʦʣʥʳ ʠ ʧʨʠʩʫʪʩʪʚʫʶʪ ʪʦʣʴʢʦ ʧʨʦʜʦʣʴʥʳʝ ʢʦʣʝʙʘʥʠʷ. 

ʈʘʩʯʝʪʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʦʡ ʤʦʜʝʣʠ ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʥʝ 

ʪʦʣʴʢʦ ʨʘʩʩʯʠʪʘʪʴ ʧʦʪʝʨʠ ʧʝʨʝʜʘʯʠ ʠ ʜʨʫʛʠʝ ʧʘʨʘʤʝʪʨʳ ʉʆʆɻ, ʥʦ ʠ ʦʧʨʝʜʝʣʠʪʴ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʬʦʨʤʫ ʢʦʣʝʙʘʥʠʡ ʚʦʟʜʫʰʥʦʛʦ ʦʙʲʝʤʘ, ʪʦ ʝʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʧʦ ʦʙʲʝʤʫ ʉʆʆɻ ʥʘ ʣʶʙʦʡ ʯʘʩʪʦʪʝ. ʅʘ ʨʠʩʫʥʢʘʭ 2.12-2.14 
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ʧʨʠʚʝʜʝʥʳ ʢʘʨʪʠʥʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ 

ʨʝʟʦʥʘʥʩʥʦʛʦ ʛʣʫʰʠʪʝʣʷ, ʘ ʪʘʢʞʝ ʧʦ ʦʩʝʚʦʤʫ ʩʝʯʝʥʠʶ ʥʘ ʨʘʟʥʳʭ ʯʘʩʪʦʪʘʭ. ʌʦʨʤʘ 

ʢʦʣʝʙʘʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʚʠʜʝ 3-ʭ ʤʝʨʥʦʡ ʤʦʜʝʣʠ ʠʤʝʶʱʝʡ ʮʚʝʪʦʚʫ  ʁʨʘʩʢʨʘʩʢʫ 

ʧʦ ʢʦʥʝʯʥʳʤ ʵʣʝʤʝʥʪʘʤ, ʦʙʲʸʤʘ, ʛʜʝ ʤʠʥʠʤʫʤ ʜʘʚʣʝʥʠʷ ï ʩʠʥʠʡ ʮʚʝʪ, ʢʨʘʩʥʳʡ -

ʤʘʢʩʠʤʫʤ ʜʘʚʣʝʥʠʷ ʧʨʠ ʥʫʣʝʚʦʤ ʟʝʣʝʥʦʤ.  

 

ʈʠʩʫʥʦʢ 2.12 - ʈʘʩʧʨʝʜʝʣʝʥʠʷ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʨʝʟʦʥʘʥʩʥʦʡ 

ʢʘʤʝʨʳ 

 

ʈʠʩʫʥʦʢ 2.13 - ʈʘʩʧʨʝʜʝʣʝʥʠʷ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʧʦ ʩʝʯʝʥʠʶ ʨʝʟʦʥʘʥʩʥʦʡ 

ʢʘʤʝʨʳ (ʥʠʟʢʦʯʘʩʪʦʪʥʳʡ ʜʠʘʧʘʟʦʥ) 

 

 

ʈʠʩʫʥʦʢ 2.14 - ʈʘʩʧʨʝʜʝʣʝʥʠʷ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʧʦ ʩʝʯʝʥʠʶ ʨʝʟʦʥʘʥʩʥʦʡ 

ʢʘʤʝʨʳ (ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʡ ʜʠʘʧʘʟʦʥ) 
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ʈʝʟʦʥʘʥʩʥʳʝ ʯʘʩʪʦʪʳ ʠ ʬʦʨʤʳ ʢʦʣʝʙʘʥʠʡ ʟʘʚʠʩʷʪ ʦʪ ʛʝʦʤʝʪʨʠʠ ʚʥʫʪʨʝʥʥʝʛʦ 

ʦʙʲʝʤʘ ʛʣʫʰʠʪʝʣʷ. ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʥʘʩʪʨʦʠʪʴ ʵʬʬʝʢʪʠʚʥʫʶ ʨʘʙʦʪʫ ʉʆʆɻ ʥʘ 

ʪʨʝʙʫʝʤʦʡ ʯʘʩʪʦʪʝ, ʥʝʦʙʭʦʜʠʤʦ ʠʤʝʪʴ ʠʥʬʦʨʤʘʮʠʶ ʧʦ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʥʝ ʪʦʣʴʢʦ 

ʜʘʚʣʝʥʠʷ, ʥʦ ʠ ʢʦʣʝʙʘʪʝʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʧʦ ʚʩʝʤʫ ʦʙʲʝʤʫ. ʅʘʧʨʠʤʝʨ, ʤʘʢʩʠʤʘʣʴʥʫʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʩʰʠʨʠʪʝʣʴʥʦʡ ʢʘʤʝʨʳ ʤʦʞʥʦ ʥʘʩʪʨʦʠʪʴ ʥʘ ʟʘʜʘʥʥʫʶ ʯʘʩʪʦʪʫ, 

ʚʚʝʜʷ ʚʭʦʜʥʫʶ ʠ/ʠʣʠ ʚʳʭʦʜʥʫʶ ʪʨʫʙʫ ʚʥʫʪʨʴ ʦʙʲʝʤʘ ʜʦ ʧʦʣʦʞʝʥʠʷ, ʚ ʢʦʪʦʨʦʤ 

ʥʘʙʣʶʜʘʝʪʩʷ ʫʟʝʣ ʢʦʣʝʙʘʪʝʣʴʥʦʡ ʩʢʦʨʦʩʪʠ. ʅʘʡʪʠ ʧʦʣʦʞʝʥʠʝ ʵʪʦʛʦ ʫʟʣʘ ʧʦʟʚʦʣʷʶʪ 

ʨʘʩʯʝʪʥʳʝ ʢʘʨʪʠʥʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʘʚʣʝʥʠʷ ʠ ʢʦʣʝʙʘʪʝʣʴʥʦʡ ʩʢʦʨʦʩʪʠ. ʅʘ 

ʨʠʩʫʥʢʘʭ 2.15 ʠ 2.16 ʧʨʠʚʝʜʝʥʳ ʧʨʠʤʝʨ r ʢʘʨʪʠʥ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʚʫʢʦʚʦʛʦ 

ʜʘʚʣʝʥʠʷ ʚ ʧʨʦʜʦʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʨʘʩʰʠʨʠʪʝʣʴʥʦʡ ʢʘʤʝʨʳ, ʧʨʦʜʦʣʴʥʦʡ ʠ 

ʧʦʧʝʨʝʯʥʦʡ ʢʦʣʝʙʘʪʝʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʜʣʷ ʚʳʩʦʢʦʡ ʠ ʥʠʟʢʦʡ ʯʘʩʪʦʪʳ. 

                     

            ʘ               ʙ  

ʈʠʩʫʥʦʢ 2.15 - ʂʘʨʪʠʥʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚ ʧʨʦʜʦʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʨʘʩʰʠʨʠʪʝʣʴʥʦʡ 

ʢʘʤʝʨʳ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʜʣʷ ʚʳʩʦʢʦʡ ʯʘʩʪʦʪʳ (ʘ) ʠ ʥʠʟʢʦʡ ʯʘʩʪʦʪʳ (ʙ) 

 

                     

            ʘ               ʙ  

ʈʠʩʫʥʦʢ 2.16 - ʂʘʨʪʠʥʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚ ʧʨʦʜʦʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʨʘʩʰʠʨʠʪʝʣʴʥʦʡ 

ʢʘʤʝʨʳ ʧʦʧʝʨʝʯʥʦʡ ʢʦʣʝʙʘʪʝʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʜʣʷ ʚʳʩʦʢʦʡ ʯʘʩʪʦʪʳ (ʘ) ʠ ʥʠʟʢʦʡ 

ʯʘʩʪʦʪʳ (ʙ) 
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2.3 ʈʘʩʯʝʪʥʦ-ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʘʢʫʩʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʙʣʦʢʦʚ ʩʠʩʪʝʤ ʦʙʨʘʙʦʪʢʠ ʦʪʨʘʙʦʪʘʚʰʠʭ ʛʘʟʦʚ 

 

ʉ ʚʚʝʜʝʥʠʝʤ ʚ ʜʝʡʩʪʚʠʝ ʚʩʝ ʙʦʣʝʝ ʞʝʩʪʢʠʭ ʥʦʨʤ ʧʦ ʪʦʢʩʠʯʥʦʩʪʠ 

ʦʪʨʘʙʦʪʘʚʰʠʭ ʛʘʟʦʚ ʦʙʷʟʘʪʝʣʴʥʳʤ ʵʣʝʤʝʥʪʦʤ ʉʆʆɻ ʩʪʘʥʦʚʠʪʩʷ ʙʣʦʢ 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʥʝʡʪʨʘʣʠʟʘʪʦʨʘ. ʂʦʤʧʘʥʠʠ çCorningè, çEngelhardè (ʉʐɸ), 

çSiemensè, çDegussaè, çBASFè (ɻʝʨʤʘʥʠʷ), çNGKè (ʗʧʦʥʠʷ), çHaldor Topsoeè 

(ɼʘʥʠʷ) ʧʨʦʠʟʚʦʜʷʪ ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʙʣʦʢʠ, ʢʦʪʦʨʳʝ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʜʘʥʥʳʝ 

ʪʨʝʙʦʚʘʥʠʷ. ʇʦʜʙʦʨ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʙʣʦʢʦʚ, ʧʨʦʚʦʜʠʪʩʷ ʩʦʛʣʘʩʥʦ ʤʝʪʦʜʠʢʘʤ 

ʨʘʟʨʘʙʦʪʘʥʥʳʤʠ ʵʪʠʤʠ ʧʨʦʠʟʚʦʜʠʪʝʣʷʤʠ, ʢʦʪʦʨʳʝ ʫʯʠʪʳʚʘʶʪ ʧʘʨʘʤʝʪʨʳ ɼɺʉ 

ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ, ʪʘʢʠʝ ʢʘʢ ʪʦʢʩʠʯʥʦʩʪʴ ʠ ʧʨʦʪʠʚʦʜʘʚʣʝʥʠʝ. ʊʘʢʞʝ 

ʫʯʠʪʳʚʘʶʪʩʷ ʛʘʙʘʨʠʪʥʦ-ʢʦʤʧʦʥʦʚʦʯʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ 

ʧʦ ʨʘʩʧʦʣʦʞʝʥʠʶ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʙʣʦʢʦʚ, ʫʩʪʘʥʘʚʣʠʚʘʝʤʳʡ ʠʣʠ ʢʘʢ ʦʪʜʝʣʴʥʳʡ 

ʵʣʝʤʝʥʪ ʚ ʤʝʪʘʣʣʠʯʝʩʢʦʤ ʢʦʨʧʫʩʝ, ʠʣʠ ʚ ʦʜʥʦʤ ʢʦʨʧʫʩʝ ʩ ʛʣʫʰʠʪʝʣʝʤ. ɼʣʷ ʪʦʯʥʦʛʦ 

ʨʘʩʯʝʪʘ ʉʆʆɻ ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʥʠʝ ʘʢʫʩʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʙʣʦʢʘ, ʢʦʪʦʨʳʡ ʢʨʦʤʝ 

ʚʳʧʦʣʥʝʥʠʷ ʩʚʦʠʭ ʦʩʥʦʚʥʳʭ ʬʫʥʢʮʠʡ ʷʚʣʷʝʪʩʷ ʪʘʢʞʝ ʜʦʩʪʘʪʦʯʥʦ ʵʬʬʝʢʪʠʚʥʳʤ 

ʵʣʝʤʝʥʪʦʤ ʰʫʤʦʛʣʫʰʝʥʠʷ.  

ɹʣʦʢ ʥʝʡʪʨʘʣʠʟʘʪʦʨʘ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʚ ʉʆʆɻ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʚʝʩʴ 

ʛʘʟʦʚʳʡ ʧʦʪʦʢ ʧʨʦʭʦʜʠʣ ʯʝʨʝʟ ʝʛʦ ʷʯʝʡʢʠ, ʢʦʪʦʨʳʡ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʘʢʫʩʪʠʢʠ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʘʨʘʣʣʝʣʴʥʳʡ ʥʘʙʦʨ ʧʨʷʤʳʭ ʢʘʧʠʣʣʷʨʥʳʭ ʚʦʣʥʦʚʦʜʦʚ. 

ʊʦʯʥʳʝ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʧʨʦʭʦʞʜʝʥʠʷ ʟʚʫʢʦʚʦʡ ʚʦʣʥʳ ʯʝʨʝʟ ʢʘʧʠʣʣʷʨ 

ʪʨʝʙʫʶʪ ʠʥʬʦʨʤʘʮʠʠ ʦ ʪʘʢʠʭ ʧʘʨʘʤʝʪʨʘʭ ʙʣʦʢʘ, ʢʘʢ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʩʪʝʥʦʢ ʠ 

ʚʷʟʢʦʩʪʥʦʝ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʩ ʫʯʝʪʦʤ ʜʠʘʤʝʪʨʘ ʢʘʧʠʣʣʷʨʘ. ʂʨʦʤʝ 

ʪʦʛʦ, ʪʨʝʙʫʝʪʩʷ ʨʘʩʩʯʠʪʘʪʴ ʚʭʦʜʥʦʡ ʠ ʚʳʭʦʜʥʦʡ ʠʤʧʝʜʘʥʩ ʩ ʫʯʝʪʦʤ ʪʦʛʦ, ʯʪʦ 

ʢʘʧʠʣʣʷʨ ʥʝ ʝʜʠʥʩʪʚʝʥʥʳʡ ʚ ʥʝʦʛʨʘʥʠʯʝʥʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʘ ʥʘʭʦʜʠʪʩʷ "ʚ ʧʘʢʝʪʝ" 

ʩʦ ʤʥʦʞʝʩʪʚʦʤ ʪʘʢʠʭ ʞʝ ʤʠʢʨʦʪʨʫʙʦʢ. ʊʦʯʥʦʝ ʨʝʰʝʥʠʝ ʧʦʜʦʙʥʦʡ ʟʘʜʘʯʠ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʪʨʫʜʥʦʚʳʧʦʣʥʠʤʳʤ, ʠ ʧʦʵʪʦʤʫ ʘʢʫʩʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʙʣʦʢʘ 
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ʥʝʡʪʨʘʣʠʟʘʪʦʨʘ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʚʳʯʠʩʣʝʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʦʡ ʤʦʜʝʣʠ, ʦʧʨʝʜʝʣʷʣʠʩʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ. 

ɺʝʩʴ ʦʙʲʝʤ ʙʣʦʢʘ ʥʝʡʪʨʘʣʠʟʘʪʦʨʘ, ʯʝʨʝʟ ʢʦʪʦʨʳʡ ʧʨʦʭʦʜʠʪ ʟʚʫʢʦʚʘʷ ʚʦʣʥʘ, 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʦʜʥʦʨʦʜʥʦʡ ʩʨʝʜʦʡ ʩ ʥʝʢʦʪʦʨʳʤʠ ʧʨʠʩʫʱʠʤʠ ʝʡ ʚʦʣʥʦʚʳʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ. ɿʚʫʢʦʚʘʷ ʚʦʣʥʘ, ʧʨʦʭʦʜʷʱʘʷ ʯʝʨʝʟ ʥʝʡʪʨʘʣʠʟʘʪʦʨ, ʧʨʝʪʝʨʧʝʚʘʝʪ 

ʠʟʤʝʥʝʥʠʷ ʧʦ ʘʤʧʣʠʪʫʜʝ ʠ ʬʘʟʝ ʘʥʘʣʦʛʠʯʥʦ ʣʶʙʦʡ ʩʨʝʜʝ, ʥʘʧʨʠʤʝʨ, ʦʜʥʦʨʦʜʥʦʤʫ 

ʙʘʟʘʣʴʪʦʚʦʤʫ ʚʦʣʦʢʥʫ. ʇʦ ʠʟʤʝʨʝʥʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʚʦʣʥʳ ʜʦ ʠ ʧʦʩʣʝ 

ʥʝʡʪʨʘʣʠʟʘʪʦʨʘ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʣʶʙʳʝ ʝʛʦ ʫʩʨʝʜʥʝʥʥʳʝ ʧʦ ʦʙʲʝʤʫ ʚʦʣʥʦʚʳʝ 

ʧʘʨʘʤʝʪʨʳ: ʢʘʢ ʩʢʦʨʦʩʪʴ ʟʚʫʢʘ, ʚʦʣʥʦʚʦʝ ʯʠʩʣʦ, ʦʙʲʝʤʥʳʡ ʠʤʧʝʜʘʥʩ ʠ ʪ.ʜ. ʕʪʠ 

ʧʘʨʘʤʝʪʨʳ ʤʦʞʥʦ ʧʨʠʤʝʥʷʪʴ ʧʨʠ ʨʘʩʯʝʪʘʭ, ʩʯʠʪʘʷ ʠʭ ʧʨʠʥʘʜʣʝʞʘʱʠʤʠ 

ʦʜʥʦʨʦʜʥʦʡ ʩʨʝʜʝ ʚ ʦʙʲʝʤʝ, ʟʘʥʠʤʘʝʤʦʤ ʙʣʦʢʦʤ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ-ʨʘʩʯʝʪʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʧʦ ʩʣʝʜʫʶʱʝʡ 

ʤʝʪʦʜʠʢʝ. ɹʣʦʢ ʥʝʡʪʨʘʣʠʟʘʪʦʨʘ, ʫʧʘʢʦʚʘʥʥʳʡ ʚ ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʢʦʨʧʫʩ, 

ʫʩʪʘʥʘʚʣʠʚʘʣʩʷ ʥʘ ʘʢʫʩʪʠʯʝʩʢʠʡ ʩʪʝʥʜ, ʩʭʝʤʘ ʢʦʪʦʨʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 

2.17.  

ʆʧʨʝʜʝʣʝʥʠʝ ʘʢʫʩʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʥʝʡʪʨʘʣʠʟʘʪʦʨʘ, 

ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʚ ʩʠʩʪʝʤʝ ʦʙʨʘʙʦʪʢʠ ʦʪʨʘʙʦʪʘʚʰʠʭ ʛʘʟʦʚ, ʧʨʦʚʦʜʠʣʦʩʴ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʯʝʪʳʨʝʭ ʤʠʢʨʦʬʦʥʦʚ. ʆʙʨʘʟʝʮ ʤʘʪʝʨʠʘʣʘ ʪʦʣʱʠʥʳ d 

ʫʩʪʘʥʦʚʣʝʥ ʚ ʪʨʫʙʝ ʤʝʞʜʫ ʜʚʫʤʷ ʧʘʨʘʤʠ ʤʠʢʨʦʬʦʥʦʚ. ʅʘ ʦʜʥʦʤ ʢʦʥʮʝ ʪʨʫʙʳ 

ʨʘʟʤʝʱʘʝʪʩʷ ʜʠʥʘʤʠʢ S, ʛʝʥʝʨʠʨʫʶʱʠʡ ʚ ʪʨʫʙʝ ʟʚʫʢʦʚʳʝ ʚʦʣʥʳ, ʘ ʥʘ ʜʨʫʛʦʤ ʢʦʥʮʝ 

ī ʥʘʛʨʫʟʢʘ L. 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 2.17 - ʉʭʝʤʘ ʩʪʝʥʜʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʘʢʫʩʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʙʣʦʢʦʚ 
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 ʀʟʤʝʨʝʥʠʷ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʤʘʪʨʠʮʳ ʧʝʨʝʜʘʯʠ ʦʙʨʘʟʮʘ 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʙʣʦʢʘ ʧʨʦʚʦʜʠʣʦʩʴ ʧʦ ʤʝʪʦʜʠʢʝ, ʦʧʠʩʘʥʥʦʡ ʚʳʰʝ. ʆʪʣʠʯʠʝ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʜʣʷ ʪʘʢʦʡ ʩʠʤʤʝʪʨʠʯʥʦʡ ʩʠʩʪʝʤ,r ʢʘʢ ʢʘʪʘʣʠʪʠʯʝʩʢʠʡ ʙʣʦʢ 

çʟʚʫʢʦʧʦʛʣʦʱʘʶʱʠʡ ʤʘʪʝʨʠʘʣè, ʠʤʝʶʪ ʤʝʩʪʦ ʩʣʝʜʫʶʱʠʝ ʩʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ 

ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʤʘʪʨʠʮʳ ʧʝʨʝʜʘʯ:  

T11 = T22;            

T11 T22 ī T12T21 =1. 

ʉ ʫʯʝʪʦʤ ʵʪʠʭ ʩʦʦʪʥʦʰʝʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪʳ ʤʦʛʫʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʳ ʧʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʠʟʤʝʨʝʥʠʡ ʪʦʣʴʢʦ ʩ ʦʜʥʦʡ   ʥʘʛʨʫʟʢʦʡ ʧʦ ʬʦʨʤʫʣʘʤ:                 

; 

; 

. 

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʜʣʷ ʦʙʨʘʟʮʘ ʟʚʫʢʦʧʦʛʣʦʱʘʶʱʝʛʦ ʤʘʪʝʨʠʘʣʘ (ɿʇʄ) 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʤʘʪʨʠʮʳ ʧʝʨʝʜʘʯʠ ʠʤʝʶʪ ʚʠʜ 

 

ʛʜʝ  k, W ð ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʦʩʪʦʷʥʥʘʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠ ʚʦʣʥʦʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʙʣʦʢʘ.  

ʆʪʩʶʜʘ ʥʘʭʦʜʠʤ ʠʩʢʦʤʳʝ ʘʢʫʩʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ 

ʙʣʦʢʘ: 

;                    
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 ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʟʤʝʨʝʥʠʡ ʦʧʨʝʜʝʣʷʣʩʷ ʥʝ ʪʦʣʴʢʦ ʧʘʨʘʤʝʪʨ ʧʦʪʝʨʠ ʧʝʨʝʜʘʯʠ, ʥʦ 

ʠ ʢʦʵʬʬʠʮʠʝʥʪʳ ʤʘʪʨʠʮʳ ʧʝʨʝʜʘʯʠ, ʧʦ ʢʦʪʦʨʳʤ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʫʩʨʝʜʥʝʥʥʳʝ 

ʦʙʲʝʤʥʳʝ ʧʘʨʘʤʝʪʨʳ ʥʝʡʪʨʘʣʠʟʘʪʦʨʘ - ʚʦʣʥʦʚʦʝ ʯʠʩʣʦ ʠ ʚʦʣʥʦʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ. 

 ʇʦʜʛʦʪʦʚʣʝʥʥʳʡ ʢʘʪʘʣʠʪʠʯʝʩʢʠʡ ʙʣʦʢ ʠ ʝʛʦ ʫʩʪʘʥʦʚʢʘ ʥʘ ʩʪʝʥʜʝ ʧʦʢʘʟʘʥʳ ʥʘ 

ʨʠʩʫʥʢʘʭ 2.18 ʠ 2.19.  

 

ʈʠʩʫʥʦʢ 2.18 - ʇʦʜʛʦʪʦʚʣʝʥʥʳʡ ʢʘʪʘʣʠʪʠʯʝʩʢʠʡ ʙʣʦʢ 

 

 

ʈʠʩʫʥʦʢ 2.19 - ʋʩʪʘʥʦʚʢʘ ʥʘ ʩʪʝʥʜʝ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʙʣʦʢʘ 

 

 ʋʧʘʢʦʚʘʥʥʳʡ ʚ ʢʦʨʧʫʩ ʙʣʦʢ ʥʝʡʪʨʘʣʠʟʘʪʦʨʘ ʟʘʥʠʤʘʝʪ ʪʦʣʴʢʦ ʮʝʥʪʨʘʣʴʥʫʶ 

ʯʘʩʪʴ ʦʙʲʝʤʘ. ʇʝʨʝʜ ʥʠʤ ʥʘ ʚʭʦʜʝ ʠʤʝʝʪʩʷ ʨʘʩʰʠʨʠʪʝʣʴʥʳʡ ʢʦʥʫʩ, ʘ ʟʘ ʥʠʤ ʥʘ 

ʚʳʭʦʜʝ - ʩʫʞʘʶʱʠʡʩʷ ʢʦʥʫʩ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʳ ʦʧʨʝʜʝʣʠʣʠ ʧʘʨʘʤʝʪʨʳ ʤʘʪʨʠʮʳ 

ʧʝʨʝʜʘʯʠ ʊʊ ʜʣʷ ʘʢʫʩʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʚʭʦʜʥʦʡ ʢʦʥʫʩ (ʤʘʪʨʠʮʘ ʧʝʨʝʜʘʯʠ Tin) - 

ʙʣʦʢ ʥʝʡʪʨʘʣʠʟʘʪʦʨʘ (ʤʘʪʨʠʮʘ ʧʝʨʝʜʘʯʠ T) - ʚʳʭʦʜʥʦʡ ʢʦʥʫʩ (ʤʘʪʨʠʮʘ ʧʝʨʝʜʘʯʠ 

Tout). ɼʣʷ ʥʘʭʦʞʜʝʥʠʷ ʠʩʢʦʤʦʡ ʤʘʪʨʠʮʳ ʧʝʨʝʜʘʯʠ ʜʣʷ ʙʣʦʢʘ ʥʝʡʪʨʘʣʠʟʘʪʦʨʘ ʊ 

ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ ʤʘʪʨʠʯʥʦʝ ʫʨʘʚʥʝʥʠʝ:   
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ʊʊ = Tin T Tout. 

 ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʠʩʢʦʤʳʭ ʟʥʘʯʝʥʠʡ ʊ ʥʝʦʙʭʦʜʠʤʦ ʥʘʡʪʠ ʚʝʣʠʯʠʥʳ Tin  ʠ Tout. 

ʕʪʘ ʟʘʜʘʯʘ ʙʳʣʘ ʨʝʰʝʥʘ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ: ʧʦʩʪʨʦʝʥʳ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʜʣʷ ʚʭʦʜʥʦʛʦ ʠ ʚʳʭʦʜʥʦʛʦ ʢʦʥʫʩʘ, ʧʦ ʢʦʪʦʨʳʤ ʙʳʣʠ 

ʨʘʩʩʯʠʪʘʥʳ ʢʦʵʬʬʠʮʠʝʥʪʳ ʤʘʪʨʠʮ ʧʝʨʝʜʘʯ Tin  ʠ Tout.  

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʧʦʪʝʨʠ ʧʝʨʝʜʘʯʠ TL ʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʤʘʪʨʠʮʳ 

ʧʝʨʝʜʘʯʠ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʢʦʵʬʬʠʮʠʝʥʪʳ ʘʢʫʩʪʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ ʩʪʝʥʜʘ.   

 

2.4 ʆʧʨʝʜʝʣʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʘʢʫʩʪʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ ʩʪʝʥʜʘ 

 

 ʆʙʨʘʟʮʳ ʟʚʫʢʦʧʦʛʣʦʱʘʶʱʠʭ ʤʘʪʝʨʠʘʣʦʚ (ʈʠʩʫʥʦʢ 2.20) ʢʨʝʧʠʣʠʩʴ ʢ 

ʪʦʨʮʝʚʦʡ ʢʨʳʰʢʝ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʩʪʘʢʘʥʘ (ʈʠʩʫʥʦʢ 2.21) ʠ ʚʩʪʘʚʣʷʣʠʩʴ ʚ 

ʥʘʛʨʫʟʦʯʥʳʡ ʪʦʨʝʮ ʩʪʝʥʜʘ ʩ ʤʠʢʨʦʬʦʥʥʳʤʠ ʙʣʦʢʘʤʠ (ʈʠʩʫʥʦʢ 2.22). 

 ɼʣʷ ʧʨʦʚʝʨʢʠ ʧʨʝʜʣʦʞʝʥʥʦʡ ʤʝʪʦʜʠʢʠ ʧʨʦʚʦʜʠʣʠʩʴ ʠʟʤʝʨʝʥʠʷ ʩ 

ʤʘʪʝʨʠʘʣʘʤʠ, ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ ʧʦʩʣʝ ʠʩʧʳʪʫʝʤʦʛʦ ʦʙʨʘʟʮʘ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʙʣʦʢʘ 

(ʈʠʩʫʥʦʢ 2.23). 

 

ʈʠʩʫʥʦʢ 2.20 - ʆʙʨʘʟʮʳ ʤʘʪʝʨʠʘʣʦʚ 
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ʈʠʩʫʥʦʢ 2.21 - ʆʙʨʘʟʝʮ ʤʘʪʝʨʠʘʣʘ ʚ ʠʟʤʝʨʠʪʝʣʴʥʦʤ ʩʪʘʢʘʥʝ 

 

 

ʈʠʩʫʥʦʢ 2.22 - ʀʟʤʝʨʠʪʝʣʴʥʳʡ ʩʪʘʢʘʥ ʥʘ ʩʪʝʥʜʝ, ʧʨʠʩʦʝʜʠʥʝʥ ʢ ʠʟʤʝʨʠʪʝʣʴʥʦʤʫ 

ʤʠʢʨʦʬʦʥʥʦʤʫ ʙʣʦʢʫ 
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ʈʠʩʫʥʦʢ 2.23 - ʀʟʤʝʨʠʪʝʣʴʥʳʡ ʩʪʘʢʘʥ ʫʩʪʘʥʦʚʣʝʥ ʧʦʩʣʝ ʠʩʧʳʪʫʝʤʦʛʦ 

ʫʧʘʢʦʚʘʥʥʦʛʦ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʙʣʦʢʘ 

 

 ɹʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʟʤʝʨʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʦʛʣʦʱʝʥʠʷ ʩʝʨʠʠ ʘʢʫʩʪʠʯʝʩʢʠʭ 

ʧʦʛʣʦʪʠʪʝʣʝʡ ʩ ʨʘʟʣʠʯʥʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʧʦʛʣʦʱʝʥʠʷ. ʇʨʠ ʠʟʤʝʨʝʥʠʠ 

ʤʠʢʨʦʬʦʥʘʤʠ, ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ ʩʨʘʟʫ ʧʦʩʣʝ ʠʟʣʫʯʘʪʝʣʷ, ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ 

ʧʦʣʫʯʘʝʪʩʷ ʦʯʝʥʴ ʭʦʨʦʰʠʤ ʠ ʙʣʠʟʢʠʤ ʢ 1 ʚʦ ʚʩʝʤ ʯʘʩʪʦʪʥʦʤ ʜʠʘʧʘʟʦʥʝ (ʈʠʩʫʥʦʢ 

2.24).  

 

ʈʠʩʫʥʦʢ 2.24 - ʌʫʥʢʮʠʷ ʢʦʛʝʨʝʥʪʥʦʩʪʠ. ʀʟʤʝʨʠʪʝʣʴʥʳʡ ʤʠʢʨʦʬʦʥ ʥʘ ʚʭʦʜʝ 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʙʣʦʢʘ 

 

ʇʨʠ ʠʟʤʝʨʝʥʠʠ ʤʠʢʨʦʬʦʥʘʤʠ, ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ ʧʦʩʣʝ ʠʩʧʳʪʳʚʘʝʤʳʭ 

ʵʣʝʤʝʥʪʦʚ ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ ʟʥʘʯʠʪʝʣʴʥʦ ʭʫʞʝ (ʈʠʩʫʥʦʢ 2.25). ʕʪʦ 

ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʘʢʫʩʪʠʯʝʩʢʠʡ ʩʠʛʥʘʣ ʧʦʩʣʝ ʧʨʦʭʦʜʘ ʯʝʨʝʟ ʢʘʪʘʣʠʪʠʯʝʩʢʠʡ 

ʙʣʦʢ ʫʤʝʥʴʰʘʝʪʩʷ, ʘ ʦʪʥʦʰʝʥʠʝ ʩʠʛʥʘʣ/ʰʫʤ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʤʠʢʨʦʬʦʥʦʚ ʦʩʪʘʝʪʩʷ 
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ʧʨʝʞʥʠʤ. ʂʦʨʨʝʣʷʮʠʷ ʟʥʘʯʠʪʝʣʴʥʦ ʧʘʜʘʝʪ ʚ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʤ ʜʠʘʧʘʟʦʥʝ ʚʳʰʝ 2 

ʢɻʮ, ʛʜʝ ʧʦʛʣʦʱʝʥʠʝ ʩʦʪʦʚʦʛʦ ʢʝʨʘʤʠʯʝʩʢʦʛʦ ʙʣʦʢʘ ʟʥʘʯʠʪʝʣʴʥʦ ʚʦʟʨʘʩʪʘʝʪ. 

 ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʨʘʩʩʯʠʪʘʥʥʳʡ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʟʤʝʨʝʥʠʡ 

ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʛʣʦʱʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʟʘʤʝʨʘʤ ʩʠʛʥʘʣʦʚ ʧʦʩʣʝ 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʙʣʦʢʘ ʩʦ ʟʥʘʯʠʪʝʣʴʥʦʡ ʦʰʠʙʢʦʡ, ʯʪʦ ʭʦʨʦʰʦ ʚʠʜʥʦ ʥʘ ʨʠʩʫʥʢʘʭ 

2.26 ʠ 2.27. 

 

ʈʠʩʫʥʦʢ 2.25 - ʌʫʥʢʮʠʷ ʢʦʛʝʨʝʥʪʥʦʩʪʠ. ʀʟʤʝʨʠʪʝʣʴʥʳʡ ʤʠʢʨʦʬʦʥ ï ʥʘ ʚʳʭʦʜʝ 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʙʣʦʢʘ 

 

 

ʈʠʩʫʥʦʢ 2.26 - ʂʦʵʬʬʠʮʠʝʥʪ ʦʪʨʘʞʝʥʠʷ ʧʦʛʣʦʪʠʪʝʣʷ. ʀʟʤʝʨʠʪʝʣʴʥʳʝ ʤʠʢʨʦʬʦʥ ï 

ʧʦʩʣʝ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʙʣʦʢʘ 
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ʈʠʩʫʥʦʢ 2.27 - ʂʦʵʬʬʠʮʠʝʥʪ ʦʪʨʘʞʝʥʠ ̫ʧʦʛʣʦʪʠʪʝʣʷ. ʀʟʤʝʨʠʪʝʣʴʥʳʝ ʤʠʢʨʦʬʦʥʳ 

ï ʜʦ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʙʣʦʢʘ  

 

ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʘʤʧʣʠʪʫʜ ʠ ʬʘʟ ʨʘʟʣʠʯʥʳʭ ʧʦʛʣʦʪʠʪʝʣʝʡ ʩ 

ʥʘʣʦʞʝʥʥʳʤʠ ʠʟʤʝʨʝʥʠʷʤʠ ʧʦ ʨʘʟʥʳʤ ʧʘʨʘʤ ʤʠʢʨʦʬʦʥʦʚ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 

2.28 ï 2.31. ɹʨʘʣʠʩʴ ʩʠʛʥʘʣʳ ʩ ʧʘʨ ʤʠʢʨʦʬʦʥʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʠʟʤʝʨʠʪʝʣʴʥʳʭ 

ʧʦʟʠʮʠʷʭ 1 - 2 ʥʘ ʨʘʩʩʪʦʷʥʠʠ 30 ʤʤ, ʚ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʧʦʟʠʮʠʷʭ 2 - 3 ʥʘ ʨʘʩʩʪʦʷʥʠʠ 

70 ʤʤ ʠ ʚ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʧʦʟʠʮʠʷʭ 1 - 3 ʥʘ ʨʘʩʩʪʦʷʥʠʠ 100 ʤʤ, ɸ-ʘʤʧʣʠʪʫʜʳ ʠ Ph-

ʬʘʟʳ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʪʨʘʞʝʥʠʷ.    

       

ʈʠʩʫʥʦʢ 2.28 - ɸʤʧʣʠʪʫʜʳ ʠ ʬʘʟʳ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʪʨʘʞʝʥʠʷ (ʧʦʛʣʦʪʠʪʝʣʴ 1)  
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ʈʠʩʫʥʦʢ 2.29 - ɸʤʧʣʠʪʫʜʳ ʠ ʬʘʟʳ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʪʨʘʞʝʥʠʷ (ʧʦʛʣʦʪʠʪʝʣʴ 2) 

 

 

ʈʠʩʫʥʦʢ 2.30 - ɸʤʧʣʠʪʫʜʳ ʠ ʬʘʟʳ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʪʨʘʞʝʥʠʷ (ʧʦʛʣʦʪʠʪʝʣʴ 3) 
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ʈʠʩʫʥʦʢ 2.31 - ɸʤʧʣʠʪʫʜʳ ʠ ʬʘʟʳ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʪʨʘʞʝʥʠʷ (ʧʦʛʣʦʪʠʪʝʣʴ 4) 

 

ʆʙʨʘʙʦʪʘʥʥʳʝ ʧʦ ʪʨʝʤ ʠʟʤʝʨʝʥʠʷʤ ʘʤʧʣʠʪʫʜʳ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʦʪʨʘʞʝʥʠʷ 

ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 2.32 ʚ ʥʘʣʦʞʝʥʥʦʤ ʚʠʜʝ. 

 

ʈʠʩʫʥʦʢ 2.32 - ɸʤʧʣʠʪʫʜʳ ʠ ʬʘʟʳ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʪʨʘʞʝʥʠʷ (ʧʦʛʣʦʪʠʪʝʣʠ) 

 

ʂʘʢ ʧʦʢʘʟʘʣ ʚʳʰʝʧʨʠʚʝʜʝʥʥʳʡ ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ, ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʦʪʨʘʞʝʥʠʷ ʧʘʨʳ ʨʘʙʦʯʠʭ ʧʦʛʣʦʪʠʪʝʣʝʡ ʜʣʷ ʤʝʪʦʜʘ ʜʚʫʭ ʘʢʫʩʪʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ 

ʜʦʣʞʥʳ ʙʳʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʠʤʠ ʠ ʨʘʚʥʦʤʝʨʥʳʤʠ ʚʦ ʚʩʝʤ ʜʠʘʧʘʟʦʥʝ 

ʯʘʩʪʦʪ, ʧʨʠ ʵʪʦʤ ʜʦʣʞʥʦ ʥʘʙʣʶʜʘʪʴʩʷ ʟʘʤʝʪʥʦʝ ʦʪʣʠʯʠʝ ʤʝʞʜʫ ʵʪʠʤʠ 
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ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ. ʇʦ ʫʢʘʟʘʥʥʳʤ ʧʘʨʘʤʝʪʨʘʤ ʙʳʣʠ ʦʪʦʙʨʘʥʳ 2 ʧʦʛʣʦʪʠʪʝʣʷ, 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʦʛʣʦʱʝʥʠʷ ʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 2.33. 

 

ʈʠʩʫʥʦʢ 2.33 - ʂʦʵʬʬʠʮʠʝʥʪ ʧʦʛʣʦʱʝʥʠʷ  

 

 ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʳ ʧʦʣʫʯʠʣʠ ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʦʛʣʦʱʝʥʠʷ ʜʚʫʭ ʥʘʛʨʫʟʦʢ, 

ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʥ  rʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʧʦʪʝʨʠ ʧʝʨʝʜʘʯʠ TL ʠ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʤʘʪʨʠʮʳ ʧʝʨʝʜʘʯ.  

  

2.5 ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʤʝʪʦʜʠʢʠ. ʆʧʨʝʜʝʣʝʥʠʝ 

ʘʢʫʩʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʙʣʦʢʘ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʩʪʝʥʜʦʚʳʭ 

ʠʩʧʳʪʘʥʠʡ 

 

 ʉ ʮʝʣʴʶ ʧʨʦʚʝʨʢʠ ʧʦʣʫʯʝʥʥʳʭ ʨʘʩʯʝʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʦ ʤʝʪʦʜʠʢʝ 

ʦʧʨʝʜʝʣʝʥʠʷ ʘʢʫʩʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʙʣʦʢʦʚ, ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ 

ʩʪʝʥʜʦʚʳʝ ʘʢʫʩʪʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ. 

 ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʳʣ ʚʳʙʨʘʥ ʢʘʪʘʣʠʪʠʯʝʩʢʠʡ ʙʣʦʢ, ʢʦʪʦʨʳʡ 

ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʉʆʆɻ ʛʨʫʟʦʚʦʛʦ ɸʊʉ. ʀʟʛʦʪʦʚʣʝʥʥʳʡ ʚ ʩʪʝʥʜʦʚʦʤ 

ʚʘʨʠʘʥʪʝ ʠʩʧʦʣʥʝʥʠʷ ʢʘʪʘʣʠʪʠʯʝʩʢʠʡ ʙʣʦʢ ʙʳʣ ʠʩʧʳʪʘʥ ʥʘ ʘʢʫʩʪʠʯʝʩʢʦʤ ʩʪʝʥʜʝ ʧʦ 

ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʝʪʦʜʠʢʝ. ʋʩʪʘʥʦʚʢʘ ʙʣʦʢʘ ʥʘ ʩʪʝʥʜʝ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2.23. 
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ʇʦ ʠʟʤʝʨʝʥʠʷʤ ʚ 4 ʧʦʣʦʞʝʥʠʷʭ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʤʠʢʨʦʬʦʥʦʚ (2 - ʥʘ ʚʭʦʜʝ, 2 - 

ʥʘ ʚʳʭʦʜʝ ʙʣʦʢʘ) ʜʣʷ ʢʘʞʜʦʛʦ ʯʘʩʪʦʪʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʧʨʠ ʜʚʫʭ ʘʢʫʩʪʠʯʝʩʢʠʭ 

ʥʘʛʨʫʟʢʘʭ ʦʧʨʝʜʝʣʷʣʠʩʴ ʧʘʨʘʤʝʪʨʳ ʧʦʪʝʨʠ ʧʝʨʝʜʘʯʠ TL ʠ ʢʦʵʬʬʠʮʠʝʥʪʳ ʤʘʪʨʠʮʳ 

ʧʝʨʝʜʘʯʠ.  

ʅʘ ʨʠʩʫʥʢʝ 2.34 ʧʨʠʚʝʜʝʥ rʨʘʩʩʯʠʪʘʥʥʳʝ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʟʤʝʨʝʥʠʡ ʧʦʪʝʨʠ 

ʧʝʨʝʜʘʯʠ TL ʜʣʷ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʙʣʦʢʘ. ʅʘ ʛʨʘʬʠʢʝ ʥʘʣʦʞʝʥʳ ʨʝʟʫʣʴʪʘʪʳ 

ʠʟʤʝʨʝʥʠʡ ʧʨʠ 3 ʢʦʤʙʠʥʘʮʠʷʭ ʧʦʣʦʞʝʥʠʷ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʤʠʢʨʦʬʦʥʦʚ: 

- 30 ʤʤ, ʥʘ ʛʨʘʬʠʢʘʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʠʥʠʤ ʮʚʝʪʦʤ; 

- 70 ʤʤ, ʥʘ ʛʨʘʬʠʢʘʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʨʘʩʥʳʤ ʮʚʝʪʦʤ; 

- 100 ʤʤ, ʥʘ ʛʨʘʬʠʢʘʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʞʝʣʪʳʤ ʮʚʝʪʦʤ.  

ɼʘʣʝʝ ʜʣʷ ʚʩʝʭ ʧʨʠʚʝʜʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʧʳʪʘʥʠʡ ʧʨʠʥʷʪʦ ʘʥʘʣʦʛʠʯʥʦʝ 

ʦʙʦʟʥʘʯʝʥʠʝ: ʩʠʥʠʡ ʮʚʝʪ - ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʡ ʜʠʘʧʘʟʦʥ, ʢʨʘʩʥʳʡ ʮʚʝʪ - 

ʩʨʝʜʥʝʯʘʩʪʦʪʥʳʡ ʠ ʞʝʣʪʳʡ ʮʚʝʪ - ʥʠʟʢʦʯʘʩʪʦʪʥʳʡ ʜʠʘʧʘʟʦʥ. 

 

 

ʈʠʩʫʥʦʢ 2.34 - ʉʧʝʢʪʨ TL ʧʦ ʠʟʤʝʨʝʥʠʷʤ ʜʣʷ ʥʠʟʢʦ- ʩʨʝʜʥʝ- ʠ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʛʦ 

ʜʠʘʧʘʟʦʥʘ 
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ʅʘ ʚʩʝʭ ʛʨʘʬʠʢʘʭ ʚʠʜʥʳ ʚʩʧʣʝʩʢʠ (ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʪʨʝʥʜʘ) ʧʨʠ ʧʦʣʦʞʝʥʠʠ 

ʤʠʢʨʦʬʦʥʦʚ ʚ 70 ʠ 100 ʤʤ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʨʘʟʥʦʩʪʴʶ ʬʘʟ ʙʣʠʟʢʦʡ ʢ ʥʫʣʶ ʥʘ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʯʘʩʪʦʪʝ, ʦʧʨʝʜʝʣʷʶʱʝʡ ʧʦʣʦʚʠʥʫ ʜʣʠʥʳ ʚʦʣʥʳ, ʨʘʚʥʦʡ ʵʪʦʤʫ 

ʨʘʩʩʪʦʷʥʠʶ:  

- ʜʣʷ 100 ʤʤ ʜʣʠʥʘ ʚʦʣʥʳ 200 ʤʤ, ʯʘʩʪʦʪʘ (ʩʢʦʨʦʩʪʴ ʟʚʫʢʘ 345 ʤ/ʩʝʢ 

ʜʝʣʝʥʥʘʷ ʥʘ ʜʣʠʥʫ ʚʦʣʥʳ) ʨʘʚʥʘ 1725 ɻʮ;  

-  ʜʣʷ 70 ʤʤ ʜʣʠʥʘ ʚʦʣʥʳ 140 ʤʤ, ʯʘʩʪʦʪʘ ʨʘʚʥʘ 2465 ɻʮ; 

-  ʜʣʷ 30 ʤʤ ʫʢʘʟʘʥʥʘʷ ʯʘʩʪʦʪʘ ʩʦʩʪʘʚʣʷʝʪ 5750 ɻʮ ʠ ʥʘʭʦʜʠʪʩʷ ʟʘ 

ʜʠʘʧʘʟʦʥʦʤ ʠʟʤʝʨʝʥʠʡ. 

 ʇʦ ʠʟʤʝʨʝʥʥʳʤ ʧʘʨʘʤʝʪʨʘʤ ʧʦʪʝʨʠ ʧʝʨʝʜʘʯʠ TL ʦʧʨʝʜʝʣʷʶʪʩʷ ʯʘʩʪʦʪʥʳʝ 

ʜʠʘʧʘʟʦʥʳ ʠʟ ʢʘʞʜʦʛʦ ʠʟʤʝʨʝʥʠʷ ʧʨʠ 3 ʧʦʣʦʞʝʥʠʷʭ ʤʠʢʨʦʬʦʥʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ 

ʤʠʥʠʤʘʣʴʥʫʶ ʦʰʠʙʢʫ ʚʦ ʚʩʝʤ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ. ʇʦ ʵʪʠʤ ʜʠʘʧʘʟʦʥʘʤ ʠʟ ʪʨʝʭ 

ʠʟʤʝʨʝʥʠʡ ʬʦʨʤʠʨʫʝʪʩʷ ʝʜʠʥʳʡ ʛʨʘʬʠʢ (ʈʠʩʫʥʦʢ 2.35). 

  

ʈʠʩʫʥʦʢ 2.35 - ʆʙʲʝʜʠʥʝʥʥʳʡ ʩʧʝʢʪʨ TL ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ 3-ʭ ʠʟʤʝʨʝʥʠʡ 
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 ʕʪʦʪ ʯʘʩʪʦʪʥʳʡ ʜʠʘʧʘʟʦʥ, ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʢʦʤʧʦʥʦʚʢʠ ʛʨʘʬʠʢʦʚ ʯʘʩʪʦʪʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʤʘʪʨʠʮ ʧʝʨʝʜʘʯ ʊ11, ʊ12, ʊ21 ʠ ʊ22 ʪʘʢʞʝ ʧʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʟʘʤʝʨʦʚ ʧʦ ʪʨʝʤ ʧʦʟʠʮʠʷʤ ʤʠʢʨʦʬʦʥʦʚ, ʠʟ ʢʦʪʦʨʳʭ ʬʦʨʤʠʨʫʶʪʩʷ 

ʯʘʩʪʦʪʥʳʝ ʩʧʝʢʪʨʳ ʜʝʡʩʪʚʠʪʝʣʴʥʦʡ ʠ ʤʥʠʤʦʡ ʯʘʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʤʘʪʨʠʮʳ 

ʧʝʨʝʜʘʯʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʊ11 ʧʦ ʪʨʝʤ ʟʘʤʝʨʘʤ ʩ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʧʨʝʜʩʪʘʚʣʝʥʠʝʤ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘ ʦʜʥʦʤ ʛʨʘʬʠʢʝ, ʘ ʪʘʢʞʝ 

ʩʢʦʤʧʦʥʦʚʘʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʚʦ ʚʩʝʤ ʯʘʩʪʦʪʥʦʤ ʜʠʘʧʘʟʦʥʝ ʜʣʷ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ 

ʙʣʦʢʘ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 2.36 ʠ 2.37.  

 

 

ʈʠʩʫʥʦʢ 2.36 - ʂʦʵʬʬʠʮʠʝʥʪ ʤʘʪʨʠʮʳ ʧʝʨʝʜʘʯ ʊ11 ʜʣʷ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʙʣʦʢʘ ʧʦ 

ʪʨʝʤ ʠʟʤʝʨʝʥʠʷʤ. ɼʝʡʩʪʚʠʪʝʣʴʥʘʷ ʠ ʤʥʠʤʘʷ ʯʘʩʪʴ 
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ʈʠʩʫʥʦʢ 2.37 - ʆʙʲʝʜʠʥʝʥʥʳʡ ʩʧʝʢʪʨ ʢʦʵʬʬʠʮʠʝʥʪʘ ʤʘʪʨʠʮʳ ʧʝʨʝʜʘʯ ʊ11 ʜʣʷ 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʙʣʦʢʘ. ɼʝʡʩʪʚʠʪʝʣʴʥʘʷ ʠ ʤʥʠʤʘʷ ʯʘʩʪʴ 

 

 ʅʘ ʧʨʠʚʝʜʝʥʥʳʭ ʩʧʝʢʪʨʘʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʤʘʪʨʠʮ ʧʝʨʝʜʘʯ ʚ ʢʦʤʧʣʝʢʩʥʦʤ 

ʚʠʜʝ (ʈʠʩʫʥʦʢ 2.37) ʧʨʝʜʩʪʘʚʣʝʥʘ ʜʝʡʩʪʚʠʪʝʣʴʥʘʷ ʯʘʩʪʴ, ʦʙʦʟʥʘʯʝʥʥʘʷ ʩʠʥʠʤ 

ʮʚʝʪʦʤ, ʠ ʤʥʠʤʘʷ ʯʘʩʪʴ, ʦʙʦʟʥʘʯʝʥʥʘʷ ʨʦʟʦʚʳʤ ʮʚʝʪʦʤ. 

 ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʤʘʪʨʠʮ ʧʝʨʝʜʘʯ ʊ12, ʊ21 ʠ ʊ22 ʧʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʦʙʨʘʙʦʪʢʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʦ 3-ʤ ʯʘʩʪʦʪʥʳʤ ʜʠʘʧʘʟʦʥʘʤ 

ʦʙʨʘʙʦʪʘʥʥʳʝ ʩ ʧʨʠʚʝʜʝʥʠʝʤ ʢ ʦʙʱʝʤʫ ʯʘʩʪʦʪʥʦʤʫ ʜʠʘʧʘʟʦʥʫ, ʧʨʠʚʝʜʝʥʳ ʥʘ 

ʨʠʩʫʥʢʘʭ 2.38-2.40. 
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ʈʠʩʫʥʦʢ 2.38 - ʆʙʲʝʜʠʥʝʥʥʳʡ ʩʧʝʢʪʨ ʢʦʵʬʬʠʮʠʝʥʪʘ ʤʘʪʨʠʮʳ ʧʝʨʝʜʘʯ ʊ12 ʜʣʷ 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʙʣʦʢʘ. ɼʝʡʩʪʚʠʪʝʣʴʥʘʷ ʠ ʤʥʠʤʘʷ ʯʘʩʪʴ 

 

 

ʈʠʩʫʥʦʢ 2.39 - ʆʙʲʝʜʠʥʝʥʥʳʡ ʩʧʝʢʪʨ ʢʦʵʬʬʠʮʠʝʥʪʘ ʤʘʪʨʠʮʳ ʧʝʨʝʜʘʯ ʊ21 ʜʣʷ 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʙʣʦʢʘ. ɼʝʡʩʪʚʠʪʝʣʴʥʘʷ ʠ ʤʥʠʤʘʷ ʯʘʩʪʴ 
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ʈʠʩʫʥʦʢ 2.40 - ʆʙʲʝʜʠʥʝʥʥʳʡ ʩʧʝʢʪʨ ʢʦʵʬʬʠʮʠʝʥʪʘ ʤʘʪʨʠʮʳ ʧʝʨʝʜʘʯ ʊ22 ʜʣʷ 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʙʣʦʢʘ. ɼʝʡʩʪʚʠʪʝʣʴʥʘʷ ʠ ʤʥʠʤʘʷ ʯʘʩʪʴ 

 

ɼʣʷ ʨʘʩʯʝʪʘ ʤʘʪʨʠʮʳ ʧʝʨʝʜʘʯ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʙʣʦʢʘ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ 

ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʝʪʦʜʠʢʦʡ, ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʢʦʵʬʬʠʮʠʝʥʪ r ʤʘʪʨʠʮ 

ʧʝʨʝʜʘʯʠ ʚʭʦʜʥʦʛʦ ʠ ʚʳʭʦʜʥʦʛʦ ʢʦʥʫʩʦʚ ʜʣʷ ʫʧʘʢʦʚʘʥʥʦʛʦ ʦʙʨʘʟʮʘ ʙʣʦʢʘ, 

ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʧʳʪʘʥʠʡ (ʈʠʩʫʥʦʢ 2.41). 

 

ʈʠʩʫʥʦʢ 2.41 ï ʋʧʘʢʦʚʘʥʥʳʡ ʢʘʪʘʣʠʪʠʯʝʩʢʠʡ ʙʣʦʢ 
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ʈʘʩʯʝʪ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʜʣʷ ʢʦʥʫʩʦʚ ʧʨʦʚʦʜʠʣʩʷ ʤʝʪʦʜʦʤ ʢʦʥʝʯʥʦ-

ʵʣʝʤʝʥʪʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʈʘʩʯʝʪʥʳʤ ʧʫʪʝʤ ʤʦʜʝʣʠʨʦʚʘʣʩʷ ʵʢʩʧʝʨʠʤʝʥʪ, 

ʘʥʘʣʦʛʠʯʥʳʡ ʧʨʦʚʝʜʝʥʥʳʤ ʧʨʠ ʘʢʫʩʪʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʷʭ ʩʘʤʠʭ ʫʧʘʢʦʚʘʥʥʳʭ 

ʙʣʦʢʦʚ, ʥʦ ʚʳʭʦʜʥʦʡ ʧʘʪʨʫʙʦʢ ʚʭʦʜʥʦʛʦ ʢʦʥʫʩʘ ʠ ʚʭʦʜʥʦʡ ʧʘʪʨʫʙʦʢ ʚʳʭʦʜʥʦʛʦ 

ʢʦʥʫʩʘ ʧʨʠʥʠʤʘʣʩʷ ʨʘʚʥʳʤ ʜʠʘʤʝʪʨʫ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʙʣʦʢʘ (ʈʠʩʫʥʦʢ 2.42). ʅʘ 

ʚʭʦʜʝ ʟʘʜʘʚʘʣʦʩʴ ʧʦʨʰʥʝʚʦʝ ʚʦʟʙʫʞʜʝʥʠʝ (ʈʠʩʫʥʦʢ 2.43), ʘ ʥʘ ʚʳʭʦʜʝ ʟʘʜʘʚʘʣʠʩʴ 

ʜʚʝ ʨʘʟʣʠʯʥʳʝ ʘʢʫʩʪʠʯʝʩʢʠʝ ʥʘʛʨʫʟʢʠ ʜʣʷ ʜʚʫʭ ʨʘʟʣʠʯʥʳʭ ʨʘʩʯʝʪʦʚ ʜʣʷ ʢʘʞʜʦʛʦ 

ʢʦʥʫʩʘ (ʈʠʩʫʥʦʢ 2.44). ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʩʯʝʪʦʚ ʧʦ ʘʥʘʣʦʛʠʯʥʦʡ ʚʳʰʝʧʨʠʚʝʜʝʥʥʦʡ 

ʤʝʪʦʜʠʢʝ ʥʘʭʦʜʠʣʠʩʴ ʢʦʵʬʬʠʮʠʝʥʪʳ ʤʘʪʨʠʮ ʧʝʨʝʜʘʯ. ʆʪʣʠʯʠʝ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ 

ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʥʝ ʪʨʝʙʫʶʪ ʜʘʣʴʥʝʡʰʝʡ ʩʣʦʞʥʦʡ ʦʙʨʘʙʦʪʢʠ, ʢʘʢ ʚ ʩʣʫʯʘʝ ʩ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʩʠʛʥʘʣʘʤʠ [54, 84].  

 

 

ʈʠʩʫʥʦʢ 2.42 - ɺʭʦʜʥʦʡ ʢʦʥʫʩ 
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ʈʠʩʫʥʦʢ 2.43 ï ʇʦʨʰʥʝʚʦʝ ʚʦʟʙʫʞʜʝʥʠʝ ʥʘ ʚʭʦʜʝ 

 

ʈʠʩʫʥʦʢ 2.44 ï ɸʢʫʩʪʠʯʝʩʢʘʷ ʥʘʛʨʫʟʢʘ ʥʘ ʚʳʭʦʜʝ  

 

  ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘ ʦʧʨʝʜʝʣʝʥʳ ʤʘʪʨʠʮʳ ʧʝʨʝʜʘʯʠ [ ʊʊ ] 

ʫʧʘʢʦʚʘʥʥʳʭ ʙʣʦʢʦʚ, ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʳʤʠ ʨʘʩʯʝʪʘʤʠ ʦʧʨʝʜʝʣʝʥʳ ʤʘʪʨʠʮʳ 

ʧʝʨʝʜʘʯʠ [ Tin  ] ʠ [ Tout ], ʠ ʠʟ ʨʝʰʝʥʠʷ ʤʘʪʨʠʯʥʦʛʦ ʫʨʘʚʥʝʥʠʷ 

[ ʊʊ ] = [ Tin  ] [ T ] [ Tout ] 

ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʤʘʪʨʠʮʳ ʧʝʨʝʜʘʯʠ [ T ] ʩʘʤʠʭ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʙʣʦʢʦʚ. 

ʈʘʩʩʯʠʪʘʥʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʤʘʪʨʠʮ ʧʝʨʝʜʘʯ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʙʣʦʢʦʚ ʧʨʠʚʝʜʝʥʳ ʚ 

ʥʘ ʨʠʩʫʥʢʝ 2.45.  
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ʈʠʩʫʥʦʢ 2.45 - ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʤʘʪʨʠʮ ʧʝʨʝʜʘʯ 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʙʣʦʢʘ 

 

 ʇʦʣʫʯʝʥʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʤʘʪʨʠʮ ʧʝʨʝʜʘʯ ʙʣʦʢʘ ʜʘʣʝʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʚ 

ʟʘʢʣʶʯʠʪʝʣʴʥʦʡ ʦʧʝʨʘʮʠʠ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʘʢʫʩʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʨʘʩʯʝʪʥʦʡ ʧʨʦʛʨʘʤʤʦʡ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ 

ʚʦʣʥʦʚʳʭ ʧʘʨʘʤʝʪʨʦʚ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʙʣʦʢʘ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 2.46 ʠ 2.47.  

 

ʈʠʩʫʥʦʢ 2.46 ï ʋʩʨʝʜʥʝʥʥʘʷ ʧʦ ʦʙʲʝʤʫ ʙʣʦʢʘ ʩʢʦʨʦʩʪʴ ʟʚʫʢʘ ʚ ʢʦʤʧʣʝʢʩʥʦʤ ʚʠʜʝ 
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ʈʠʩʫʥʦʢ 2.47 ï ʋʩʨʝʜʥʝʥʥʘʷ ʧʦ ʦʙʲʝʤʫ ʙʣʦʢʘ ʧʣʦʪʥʦʩʪʴ ʚ ʢʦʤʧʣʝʢʩʥʦʤ ʚʠʜʝ 

 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʥʦ-ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʘʢʫʩʪʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʙʣʦʢʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʩʧʝʢʪʨʦʚ ʢʦʤʧʣʝʢʩʥʦʡ 

ʩʢʦʨʦʩʪʠ ʟʚʫʢʘ ʠ ʢʦʤʧʣʝʢʩʥʦʡ ʧʣʦʪʥʦʩʪʠ ʫʩʨʝʜʥʝʥʥʦʡ ʩʨʝʜʳ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʙʣʦʢʘ 

ʥʘ ʦʜʥʦʤ ʛʨʘʬʠʢʝ - ʜʝʡʩʪʚʠʪʝʣʴʥʘʷ (ʩʠʥʠʡ ʮʚʝʪ) ʠ ʤʥʠʤʘʷ (ʨʦʟʦʚʳʡ ʮʚʝʪ) ʯʘʩʪʴ.  

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʩ ʟʘʜʘʥʠʝʤ ʧʘʨʘʤʝʪʨʦʚ ʩʢʦʨʦʩʪʴ ʟʚʫʢʘ ʠ ʧʣʦʪʥʦʩʪʠ ʧʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʧʳʪʘʥʠʡ, ʘ ʪʘʢʞʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʩʪʝʥʜʦʚʳʭ ʠʩʧʳʪʘʥʠʡ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 2.48 ʠ ʧʦʢʘʟʳʚʘʶʪ ʚʳʩʦʢʫʶ ʩʪʝʧʝʥʴ 

ʪʦʯʥʦʩʪʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ. 
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ʈʠʩʫʥʦʢ 2.48 - ʉʧʝʢʪʨ ʧʦʪʝʨʠ ʧʝʨʝʜʘʯʠ TL ʫʧʘʢʦʚʘʥʥʦʛʦ ʙʣʦʢʘ ʩ ʢʦʥʫʩʘʤʠ 

 

ʇʨʠ ʨʘʩʯʝʪʘʭ ʦʙʲʝʤ ʢʦʨʧʫʩʘ, ʢʦʪʦʨʳʡ ʟʘʥʠʤʘʝʪ ʙʣʦʢ ʥʝʡʪʨʘʣʠʟʘʪʦʨʘ, 

ʧʨʝʜʩʪʘʚʣʷʣʩʷ ʦʙʲʝʤʦʤ ʦʜʥʦʨʦʜʥʦʡ ʩʨʝʜʳ, ʚʦʣʥʦʚʳʝ ʧʘʨʘʤʝʪʨʳ ʢʦʪʦʨʦʛʦ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʨʘʩʯʝʪʥʦ-ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʧʫʪʝʤ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʳ ʧʦʣʫʯʠʣʠ ʧʘʨʘʤʝʪʨʳ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʙʣʦʢʘ 

ʥʝʡʪʨʘʣʠʟʘʪʦʨʘ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠ ʨʘʩʯʝʪʝ ʉʆʆɻ, ʚ ʢʦʪʦʨʦʡ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʵʪʦʪ ʙʣʦʢ.  
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ɺʳʚʦʜʳ ʧʦ ʛʣʘʚʝ 

 

- ʈʘʟʨʘʙʦʪʘʥʘ ʨʘʩʯʝʪʥʦ-ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʤʝʪʦʜʠʢʘ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ 

ʩʪʝʥʜ ʠ ʨʘʩʯʝʪʥʳʝ ʧʨʦʛʨʘʤʤʳ ʦʙʨʘʙʦʪʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʥʦ-

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʘʢʫʩʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʵʣʝʤʝʥʪʦʚ ʉʆʆɻ: ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʙʣʦʢʠ, ʨʝʟʦʥʘʪʦʨʥʳʝ ʠ ʦʙʲʝʤʥʳʝ ʢʘʤʝʨʳ;   

- ʈʘʟʨʘʙʦʪʘʥʳ ʨʘʩʯʝʪʥʳʝ ʧʨʦʛʨʘʤʤʳ ʥʘʭʦʞʜʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʤʘʪʨʠʮʳ 

ʧʝʨʝʜʘʯ ʠ ʘʢʫʩʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʤʝʥʪʦʚ ʉʆʆɻ; 

- ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʨʘʩʯʝʪʥʦ-ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʤʝʪʦʜʠʢ ʠ 

ʩʪʝʥʜʦʚ ʧʦʣʫʯʝʥʳ ʘʢʫʩʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʉʆʆɻ 

(ʢʘʪʘʣʠʪʠʯʝʩʢʠʡ ʙʣʦʢ, ʦʙʲʝʤʥʳʝ ʠ ʨʝʟʦʥʘʥʩʥʳʝ ʢʘʤʝʨʳ, ʜʠʩʩʠʧʘʪʠʚʥʳʝ 

ʵʣʝʤʝʥʪʳ); 
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ɻʃɸɺɸ 3 ʉʆɺɽʈʐɽʅʉʊɺʆɺɸʅʀɽ ʄɽʊʆɼʆɺ ʇʈʆɽʂʊʀʈʆɺɸʅʀʗ 

ʉʀʉʊɽʄ ʆɹʈɸɹʆʊʂʀ ʆʊʈɸɹʆʊɸɺʐʀʍ ɻɸɿʆɺ ʅɸ ʆʉʅʆɺɽ 

ʈɽɿʋʃʔʊɸʊʆɺ ʈɸʉʏɽʊʅʆ-ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅʓʍ ʀʉʉʃɽɼʆɺʅʀʁ 

 

3.1 ʊʨʝʙʦʚʘʥʠʷ ʧʦ ʰʫʤʫ ʢ ʩʠʩʪʝʤʘʤ ʚʳʧʫʩʢʘ. ʆʮʝʥʢʘ ʘʢʫʩʪʠʯʝʩʢʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʩʠʩʪʝʤ ʦʙʨʘʙʦʪʢʠ ʦʪʨʘʙʦʪʘʚʰʠʭ ʛʘʟʦʚ 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʪʨʝʙʦʚʘʥʠʷ ʢ ʚʥʝʰʥʝʤʫ ʰʫʤʫ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ 

ʫʞʝʩʪʦʯʘʶʪʩʷ. ʆʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʰʫʤʘ ʨʘʙʦʪʘʶʱʝʛʦ ʜʚʠʛʘʪʝʣʷ ʦʩʪʘʝʪʩʷ ʰʫʤ 

ʚʳʧʫʩʢʘ, ʧʨʠʯʝʤ ʘʢʫʩʪʠʯʝʩʢʘʷ ʤʦʱʥʦʩʪʴ ʥʝʟʘʛʣʫʰʝʥʥʦʛʦ h ʫʤʘ ʚʳʭʣʦʧʘ ʜʦʩʪʠʛʘʝʪ 

100 ɺʪ (ʜʦ 140 ʜɹɸ) ʠ ʚ ʜʝʩʷʪʢʠ ʠ ʩʦʪʥʠ ʨʘʟ ʧʨʝʚʦʩʭʦʜʠʪ ʤʦʱʥʦʩʪʠ ʰʫʤʘ 

ʦʩʪʘʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʩʠʩʪʝʤ ʜʚʠʛʘʪʝʣʷ. ɸʚʪʦʤʦʙʠʣʴ ʩ ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʥʘ ʥʝʤ 

ʜʚʠʛʘʪʝʣʝʤ ʜʦʣʞʝʥ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʜʝʡʩʪʚʫʶʱʠʤ ʥʦʨʤʘʪʠʚʘʤ ʧʦ ʰʫʤʫ, ʢʦʪʦʨʳʝ ʚ 

ɽʚʨʦʧʝ ʠ ʚ ʈʦʩʩʠʠ ʨʝʛʫʣʠʨʫʶʪʩʷ ʇʨʘʚʠʣʘʤʠ ɽʕʂ ʆʆʅ ˉ 51 ʩ ʧʦʧʨʘʚʢʦʡ 02. ɼʣʷ 

ʜʦʩʪʠʞʝʥʠʷ ʪʨʝʙʫʝʤʳʭ ʫʨʦʚʥʝʡ ʚʥʝʰʥʝʛʦ ʰʫʤʘ ɸʊʉ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʘʪʳʚʘʪʴ 

ʩʦʚʨʝʤʝʥʥʳʝ ʤʘʣʦʰʫʤʥʳʝ ʉʆʆɻ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʝ ʪʨʝʙʦʚʘʥʠʝʤ ʧʦ ʪʦʢʩʠʯʥʦʩʪʠ 

ʠ ʧʨʦʪʠʚʦʜʘʚʣʝʥʠʶ. ɺ ʯʘʩʪʥʦʩʪʠ, ʚ ʨʘʟʨʘʙʦʪʢʝ ʉʆʆɻ ʜʦʩʪʠʛʥʫʪ ʟʥʘʯʠʪʝʣʴʥʳʡ 

ʧʨʦʛʨʝʩʩ, ʦʙʫʩʣʦʚʣʝʥʥʳʡ ʧʨʠʤʝʥʝʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʪʝʭʥʦʣʦʛʠʡ, ʘ 

ʪʘʢʞʝ ʤʝʪʦʜʠʢ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʨʘʩʯʝʪʦʚ ʠ ʠʩʧʳʪʘʥʠʡ. 

ɼʠʘʧʘʟʦʥ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʨʝʰʝʥʠʡ ʉʆʆɻ ʦʯʝʥʴ ʰʠʨʦʢ ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ 

ʢʦʤʧʦʥʦʚʦʯʥʳʤʠ ʦʛʨʘʥʠʯʝʥʠʷʤʠ, ʪʘʢ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ 

ʧʨʠʤʝʥʷʪʴ ʚ ʉʆʆɻ ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʥʝʡʪʨʘʣʠʟʘʪʦʨʦʚ. 

ʂʘʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʛʣʫʰʠʪʝʣʷ ʜʦʣʞʝʥ ʨʫʢʦʚʦʜʩʪʚʦʚʘʪʴʩʷ 

ʨʘʟʨʘʙʦʪʯʠʢ ʧʨʠ ʩʦʟʜʘʥʠʠ ʉʆʆɻ ʘʚʪʦʤʦʙʠʣʷ? ʇʨʝʞʜʝ ʚʩʝʛʦ, ʵʪʦ ʦʙʝʩʧʝʯʝʥʠʝ 

ʥʘʜʝʞʥʦʩʪʠ ʠ ʨʝʩʫʨʩʘ ʩʠʩʪʝʤʳ, ʨʘʙʦʪʘʶʱʝʡ ʚ ʫʩʣʦʚʠʷʭ ʘʛʨʝʩʩʠʚʥʦʡ ʩʨʝʜʳ 

ʚʳʭʣʦʧʥʳʭ ʛʘʟʦʚ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʜʚʠʞʫʱʝʡʩʷ ʩ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʴʶ, ʧʨʠ 

ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨʥʳʭ, ʚʣʘʞʥʦʩʪʥʳʭ ʠ ʜʨ. ʫʩʣʦʚʠʡ. ʇʨʠ ʵʪʦʤ 

ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ ʦʛʨʘʥʠʯʝʥʠʷ ʧʦ ʧʨʦʪʠʚʦʜʘʚʣʝʥʠʶ, ʩʦʟʜʘʚʘʝʤʦʤʫ ʉʆʆɻ, 

ʢʦʪʦʨʦʝ ʦʪʨʠʮʘʪʝʣʴʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʤʦʱʥʦʩʪʥʳʭ ʧʘʨʘʤʝʪʨʘʭ ʜʚʠʛʘʪʝʣʷ. 
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ʅʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ ʪʘʢʞʝ ʨʘʙʦʯʠʝ ʫʩʣʦʚʠʷ ʜʣʷ ʥʝʡʪʨʘʣʠʟʘʪʦʨʦʚ. ʀ, ʢʦʥʝʯʥʦ, 

ʉʆʆɻ ʜʦʣʞʥʘ ʦʙʝʩʧʝʯʠʪʴ ʚʳʧʦʣʥʝʥʠʝ ʦʩʥʦʚʥʦʛʦ ʪʨʝʙʦʚʘʥʠʷ: ʩʥʠʞʝʥʠʝ ʰʫʤʘ 

ʚʳʧʫʩʢʘ. ʄʘʢʩʠʤʘʣʴʥʫʶ ʚʝʣʠʯʠʥʫ ʰʫʤʘ ʉʆʆɻ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ: ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʩʧʳʪʘʥʠʡ ʧʦ ʚʥʝʰʥʝʤʫ ʰʫʤʫ, ʰʫʤ ʉʆʆɻ ʥʝ ʜʦʣʞʝʥ 

ʚʥʦʩʠʪʴ ʟʘʤʝʪʥʦʛʦ ʚʢʣʘʜʘ ʚ ʦʙʱʠʡ ʠʥʪʝʛʨʘʣʴʥʳʡ ʫʨʦʚʝʥʴ ʰʫʤʘ ʚʩʝʛʦ ʘʚʪʦʤʦʙʠʣʷ. 

ʀʟ ʘʢʫʩʪʠʢʠ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʚʢʣʘʜ ʦʜʥʦʛʦ ʠʟ ʠʩʪʦʯʥʠʢʦʚ ʰʫʤʘ ʚ ʦʙʱʠʡ ʰʫʤ 

ʧʨʠʟʥʘʝʪʩʷ ʥʝʩʫʱʝʩʪʚʝʥʥʳʤ, ʝʩʣʠ ʝʛʦ ʫʨʦʚʝʥʴ ʥʘ 10 ʠ ʙʦʣʝʝ ʜɹ ʥʠʞʝ ʦʙʱʝʛʦ 

ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʫʨʦʚʥʷ. ɻʨʘʥʠʯʥʳʝ ʟʥʘʯʝʥʠʷ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʫʨʦʚʥʷ ʰʫʤʘ ʟʘʜʘʶʪʩʷ 

ʇʨʘʚʠʣʘʤʠ ɽʕʂ ʆʆʅ ˉ 51-02. ʇʦ ʤʝʪʦʜʠʢʝ ʠʩʧʳʪʘʥʠʡ ʠʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʷʪʩʷ ʥʘ 

ʨʘʩʩʪʦʷʥʠʠ 7,5 ʤʝʪʨʦʚ ʦʪ ʦʩʠ ʜʚʠʞʫʱʝʛʦʩʷ ʩ ʨʘʟʛʦʥʦʤ ʘʚʪʦʤʦʙʠʣʷ. ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ 

ʚʳʜʝʣʠʪʴ ʰʫʤ ʚʳʧʫʩʢʘ ʠʟ ʦʙʱʝʛʦ ʰʫʤʘ ʘʚʪʦʤʦʙʠʣʷ, ʠʟʤʝʨʝʥʠʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʧʨʠʣʦʞʝʥʠʝʤ 3 ʇʨʘʚʠʣ 51-02 ʧʨʦʚʦʜʷʪʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 0,5 ʤʝʪʨʘ ʦʪ ʩʨʝʟʘ 

ʚʳʧʫʩʢʥʦʡ ʪʨʫʙʳ.  

ʅʘʧʨʠʤʝʨ, ʝʩʣʠ ʥʦʨʤʘʪʠʚ ʥʘ ʚʥʝʰʥʠʡ ʰʫʤ ʘʚʪʦʤʦʙʠʣʷ ʩʦʩʪʘʚʣʷʝʪ 73 ʜɹɸ ʠ 

ʤʳ ʭʦʪʠʤ ʩʦʟʜʘʪʴ ʉʆʆɻ ʩ ʰʫʤʦʤ, ʥʝ ʜʘʶʱʠʤ ʟʘʤʝʪʥʦʛʦ ʚʢʣʘʜʘ ʚ ʦʙʱʠʡ ʰʫʤ 

ʘʚʪʦʤʦʙʠʣʷ, ʥʝʦʙʭʦʜʠʤʦ ʪʨʝʙʦʚʘʪʴ, ʯʪʦʙʳ ʰʫʤ ʚʳʧʫʩʢʘ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 7,5 ʤʝʪʨʦʚ 

ʙʳʣ ʥʝ ʙʦʣʝʝ 63 ʜɹɸ. [19].  

ɸʢʫʩʪʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʦʙʨʘʙʦʪʢʠ ʦʪʨʘʙʦʪʘʚʰʠʭ ʛʘʟʦʚ 

ʤʦʞʝʪ ʦʮʝʥʠʚʘʪʴʩʷ ʥʝʩʢʦʣʴʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ: ʵʬʬʝʢʪ ʫʩʪʘʥʦʚʢʠ, ʚʥʦʩʠʤʳʝ 

ʧʦʪʝʨʠ ʠ ʪʨʘʥʩʤʠʩʩʠʦʥʥʳʝ ʧʦʪʝʨʠ (ʠʣʠ ʧʦʪʝʨʠ ʧʝʨʝʜʘʯʠ) [40, 47].  

ʕʬʬʝʢʪ ʫʩʪʘʥʦʚʢʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʠʟʤʝʨʝʥʠʶ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʠʣʠ 

ʟʚʫʢʦʚʦʡ ʤʦʱʥʦʩʪʠ ʰʫʤʘ ʚ ʪʦʯʢʝ ʢʦʥʪʨʦʣʷ ʜʦ ʠ ʧʦʩʣʝ ʫʩʪʘʥʦʚʢʠ ʉʆʆɻ. ʆʙʳʯʥʦ 

ʦʧʨʝʜʝʣʷʶʪ ʵʬʬʝʢʪ ʫʩʪʘʥʦʚʢʠ ʉʆʆɻ ʚ ʪʘʢ ʥʘʟʳʚʘʝʤʫʶ ʙʘʟʦʚʫʶ ʩʠʩʪʝʤʫ ʧʨʠ 

ʧʨʦʚʝʜʝʥʠʠ ʠʩʧʳʪʘʥʠʡ ʜʚʠʛʘʪʝʣʷ ʥʘ ʩʪʝʥʜʝ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʉʆʆɻ ʧʨʠ ʠʩʧʳʪʘʥʠʷʭ ʧʦ ʚʥʝʰʥʝʤʫ ʰʫʤʫ. ʆʜʥʘʢʦ ʵʪʘ ʚʝʣʠʯʠʥʘ 

ʷʚʣʷʝʪʩʷ ʦʨʠʝʥʪʠʨʦʚʦʯʥʦʡ, ʟʘʚʠʩʠʪ ʦʪ ʤʥʦʛʠʭ ʬʘʢʪʦʨʦʚ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ 

ʠʩʧʳʪʘʥʠʡ ʠ ʧʦʟʚʦʣʷʝʪ ʣʠʰʴ ʧʨʠʤʝʨʥʦ ʦʮʝʥʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʉʆʆɻ. 
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ɺʥʦʩʠʤʳʝ ʧʦʪʝʨʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʨʠ ʠʩʧʳʪʘʥʠʷʭ ʚʩʝʡ ʩʠʩʪʝʤʳ, ʢʦʛʜʘ 

ʠʟʤʝʨʷʝʪʩʷ ʰʫʤ ʩʝʨʠʡʥʦʡ ʉʆʆɻ ʠ ʩʨʘʚʥʠʚʘʝʪʩʷ ʩ ʰʫʤʦʤ ʚʳʧʫʩʢʘ ʩʠʩʪʝʤʳ, ʚ 

ʢʦʪʦʨʦʡ ʉʆʆɻ ʟʘʤʝʥʝʥʘ ʧʨʷʤʳʤ ʦʪʨʝʟʢʦʤ ʪʨʫʙʳ. ʆʜʥʘʢʦ ʵʪʦʪ ʧʘʨʘʤʝʪʨ ʟʘʚʠʩʠʪ 

ʢʘʢ ʦʪ ʢʦʥʩʪʨʫʢʮʠʠ ʉʆʆɻ, ʪʘʢ ʠ ʦʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʚʠʛʘʪʝʣʷ ʠ ʩʠʩʪʝʤʳ, ʪʦ ʝʩʪʴ 

ʚʥʦʩʠʤʳʝ ʧʦʪʝʨʠ ʜʣʷ ʉʆʆɻ, ʠʟʤʝʨʝʥʥʳʝ ʥʘ ʦʜʥʦʤ ʘʚʪʦʤʦʙʠʣʝ, ʤʦʛʫʪ ʩʫʱʝʩʪʚʝʥʥʦ 

ʦʪʣʠʯʘʪʴʩʷ ʦʪ ʚʥʦʩʠʤʳʭ ʧʦʪʝʨʴ ʪʦʛʦ ʞʝ ʉʆʆɻ, ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʥʘ ʜʨʫʛʦʤ 

ʘʚʪʦʤʦʙʠʣʝ ʩ ʜʨʫʛʠʤ ʜʚʠʛʘʪʝʣʝʤ ʠʣʠ ʩ ʜʨʫʛʦʡ ʉʆʆɻ [27, 28, 35, 36].  

ɼʣʷ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʢʘʢ ʚʩʝʡ ʩʠʩʪʝʤʳ ʚʳʧʫʩʢʘ, ʪʘʢ ʠ ʝʸ 

ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʥʘʠʙʦʣʝʝ ʠʥʬʦʨʤʘʪʠʚʥʳʤ ʧʘʨʘʤʝʪʨʦʤ ʷʚʣʷʝʪʩʷ ʧʦʪʝʨʠ 

ʧʝʨʝʜʘʯʠ TL (Transmission Loss), ʪʘʢ ʢʘʢ ʦʥ ʷʚʣʷʝʪʩʷ ʦʜʥʦʟʥʘʯʥʳʤ ʠ ʧʦ 

ʦʧʨʝʜʝʣʝʥʠʶ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʘʢʫʩʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʥʘ ʚʭʦʜʝ ʠ ʚʳʭʦʜʝ ʩʠʩʪʝʤʳ 

ʚʳʧʫʩʢʘ: 

TL = 10 lg ( Win / Wout ) 

ʛʜʝ Win ʠ Wout - ʤʦʱʥʦʩʪʠ ʟʚʫʢʦʚʳʭ ʚʦʣʥ ʥʘ ʚʭʦʜʝ ʠ ʚʳʭʦʜʝ ʉʆʆɻ ʧʨʠ 

ʩʦʛʣʘʩʦʚʘʥʥʦʡ ʚʭʦʜʥʦʡ ʠ ʚʳʭʦʜʥʦʡ ʥʘʛʨʫʟʢʝ. 

ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʉʆʆɻ ʦʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ 

ʪʨʝʙʦʚʘʥʠʡ ʧʦ ʰʫʤʫ. ʆʜʥʘʢʦ ʩʠʩʪʝʤʘ ʤʦʞʝʪ ʩʦʩʪʦʷʪʴ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʵʣʝʤʝʥʪʦʚ, 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʠ/ʠʣʠ ʧʘʨʘʣʣʝʣʴʥʦ ʩʦʝʜʠʥʝʥʥʳʭ ʧʦʩʨʝʜʩʪʚʦʤ ʩʦʝʜʠʥʠʪʝʣʴʥʳʭ 

ʪʨʫʙ. ʀʟʤʝʥʝʥʠʝ ʢʦʥʩʪʨʫʢʮʠʠ (ʜʦʚʦʜʢʘ) ʦʜʥʦʛʦ ʵʣʝʤʝʥʪʘ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ 

ʛʨʘʥʠʯʥʳʭ ʘʢʫʩʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʨʘʙʦʪʳ ʜʨʫʛʦʛʦ ʵʣʝʤʝʥʪʘ, ʯʪʦ ʚʣʠʷʝʪ ʥʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʩʝʡ ʩʠʩʪʝʤʳ. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʥʝ ʫʯʠʪʳʚʘʶʪ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʨʘʟʣʠʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩʠʩʪʝʤʳ ʠ ʠʩʧʦʣʴʟʫʶʪ ʧʘʨʘʤʝʪʨ 

ʪʨʘʥʩʤʠʩʩʠʦʥʥʳʝ ʧʦʪʝʨʠ, ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʷʝʪ ʦʩʣʘʙʣʝʥʠʝ ʘʢʫʩʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ 

ʢʘʞʜʳʤ ʵʣʝʤʝʥʪʦʤ. ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʧʨʦʚʦʜʠʪʩʷ ʨʘʩʯʝʪ ʚʩʝʡ ʩʠʩʪʝʤʳ ʚʳʧʫʩʢʘ ʩ 

ʫʯʝʪʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʢʦʪʦʨʦʝ ʷʚʣʷʝʪʩʷ ʚʝʣʠʯʠʥʦʡ ʚʪʦʨʦʛʦ 

ʧʦʨʷʜʢʘ ʤʘʣʦʩʪʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʚʣʠʷʥʠʝʤ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʢʘʞʜʦʛʦ 

ʵʣʝʤʝʥʪʘ ʉʆʆɻ [87, 89-92]. 
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3.2 ʈʘʟʨʘʙʦʪʢʘ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʳʭ ʤʦʜʝʣʝʡ ʠ ʢʦʤʧʴʶʪʝʨʥʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʢʦʥʩʪʨʫʢʮʠʡ ʩʠʩʪʝʤ ʦʙʨʘʙʦʪʢʠ ʦʪʨʘʙʦʪʘʚʰʠʭ ʛʘʟʦʚ 

 

        ɼʣʷ ʩʦʟʜʘʥʠʷ ʪʨʝʭʤʝʨʥʳʭ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʳʭ ʤʦʜʝʣʝʡ ʉʆʆɻ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ ANSYS [4, 5]. ʂʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʝʩʪʠ ʩ ʫʯʝʪʦʤ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʘʥʘʣʠʟ ʥʝʦʙʭʦʜʠʤʦʛʦ ʯʠʩʣʘ 

ʢʦʥʩʪʨʫʢʮʠʡ ʉʆʆɻ ʠ ʧʦ ʚʠʙʨʦʘʢʫʩʪʠʯʝʩʢʠʤ ʧʦʢʘʟʘʪʝʣʷʤ ʦʪʦʙʨʘʪʴ ʥʘʠʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʳʝ. 

           ʀʩʭʦʜʷ ʠʟ ʛʘʙʘʨʠʪʥʦ-ʢʦʤʧʦʥʦʚʦʯʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ ʙʳʣʠ ʚʳʙʨʘʥʳ ʠʟ 

ʤʥʦʞʝʩʪʚʘ ʚʘʨʠʘʥʪʦʚ, ʪʨʠ ʢʦʥʩʪʨʫʢʮʠʠ ʉʆʆɻ. ʅʘ ʨʠʩʫʥʢʝ 3.1 ʧʦʢʘʟʘʥʳ ʪʨʠ 

ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʩʭʝʤʳ ʛʣʫʰʠʪʝʣʷ-ʥʝʡʪʨʘʣʠʟʘʪʦʨʘ ʜʣʷ ʛʨʫʟʦʚʦʛʦ ɸʊʉ. 

ʂʦʥʩʪʨʫʢʮʠʷ ʉʆʆɻ (ʈʠʩʫʥʦʢ 3.1ʘ) ʩʦʩʪʦʠʪ ʠʟ ʚʭʦʜʥʦʛʦ ʧʘʪʨʫʙʢʘ ʩ ʢʦʥʫʩʦʤ 

1, ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʙʣʦʢʘ 2, ʚʳʭʦʜʥʦʛʦ ʢʦʥʫʩʘ ʩ ʧʘʪʨʫʙʢʦʤ 3, ʚʥʝʰʥʝʡ ʦʙʲʝʤʥʦʡ 

ʢʘʤʝʨʳ 5, ʚʥʫʪʨʝʥʥʝʡ ʦʙʲʝʤʥʦʡ ʢʘʤʝʨʳ 4 ʠ ʚʳʭʦʜʥʦʛʦ ʧʘʪʨʫʙʢʘ 6. ɺʳʧʫʩʢʥʦʡ 

ʢʦʣʣʝʢʪʦʨ ɼɺʉ ʩʦʝʜʠʥʷʝʪʩʷ ʩ ʉʆʆɻ ʯʝʨʝʟ ʚʧʫʩʢʥʦʡ ʧʘʪʨʫʙʦʢ 1. ʅʘ ʨʠʩʫʥʢʝ 3.1ʙ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʚʪʦʨʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʉʆʆɻ ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʦʙʲʝʤʥʦʡ ʢʘʤʝʨʦʡ 7, 

ʩʦʝʜʠʥʝʥʥʦʡ ʩ ʢʘʤʝʨʦʡ 5 ʧʦʩʨʝʜʩʪʚʦʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʪʚʝʨʩʪʠʡ 8 ʜʠʘʤʝʪʨʦʤ 30 

ʤʤ ʚ ʢʦʣʠʯʝʩʪʚʝ 8-ʠ ʰʪʫʢ [52]. 

ʅʘ ʨʠʩʫʥʢʝ 3.1ʚ ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʦʥʩʪʨʫʢʮʠʷ ʉʆʆɻ ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ 

ʦʙʲʝʤʥʦʡ ʢʘʤʝʨʦʡ 9, ʩʦʩʪʦʷʱʝʡ ʠʟ ʦʙʲʝʤʘ ʤʝʞʜʫ ʥʘʨʫʞʥʳʤ ʢʦʨʧʫʩʦʤ ʛʣʫʰʠʪʝʣʷ-

ʥʝʡʪʨʘʣʠʟʘʪʦʨʘ, ʚʭʦʜʥʳʤ ʠ ʚʳʭʦʜʥʳʤ ʢʦʥʫʩʘʤʠ, ʚʥʝʰʥʝʡ ʧʦʚʝʨʭʥʦʩʪʴʶ 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʙʣʦʢʘ. ʂʘʤʝʨʘ 9 ʩʚʷʟʘʥʘ ʩ ʢʘʤʝʨʦʡ 7 ʧʦʩʨʝʜʩʪʚʦʤ 

ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʟʘʟʦʨʘ ʤʝʞʜʫ ʢʦʨʧʫʩʦʤ ʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠʤ ʙʣʦʢʦʤ 2.  
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ʈʠʩʫʥʦʢ 3.1 - ʂʦʥʩʪʨʫʢʮʠʠ ʉʆʆɻ: ʘ ï ʩ ʜʚʫʤʷ ʦʙʲʝʤʥʳʤʠ ʢʘʤʝʨʘʤʠ, ʙ ï ʩ ʪʨʝʤʷ 

ʦʙʲʸʤʥʳʤʠ ʢʘʤʝʨʘʤʠ ʠ ʚ ï ʩ 4-ʤʷ ʦʙʲʝʤʥʳʤʠ ʢʘʤʝʨʘʤʠ 

 

ʅʘ ʨʠʩʫʥʢʝ 3.1ʚ ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʦʥʩʪʨʫʢʮʠʷ ʉʆʆɻ ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ 

ʦʙʲʝʤʥʦʡ ʢʘʤʝʨʦʡ 9, ʩʦʩʪʦʷʱʝʡ ʠʟ ʦʙʲʝʤʘ ʤʝʞʜʫ ʥʘʨʫʞʥʳʤ ʢʦʨʧʫʩʦʤ ʛʣʫʰʠʪʝʣʷ-

ʥʝʡʪʨʘʣʠʟʘʪʦʨʘ, ʚʭʦʜʥʳʤ ʠ ʚʳʭʦʜʥʳʤ ʢʦʥʫʩʘʤʠ, ʚʥʝʰʥʝʡ ʧʦʚʝʨʭʥʦʩʪʴʶ 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʙʣʦʢʘ. ʂʘʤʝʨʘ 9 ʩʚʷʟʘʥʘ ʩ ʢʘʤʝʨʦʡ 7 ʧʦʩʨʝʜʩʪʚʦʤ 

ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʟʘʟʦʨʘ ʤʝʞʜʫ ʢʦʨʧʫʩʦʤ ʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠʤ ʙʣʦʢʦʤ 2.  

ɼʘʣʝʝ ʙʳʣʠ ʩʦʟʜʘʥʳ, ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʳʝ ʤʦʜʝʣʠ ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ 

ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʩʭʝʤ. ʈʘʟʙʠʝʥʠʝ ʥʘ ʢʦʥʝʯʥʳʝ ʵʣʝʤʝʥʪʳ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʚ 

ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʤʧʣʝʢʩʝ ANSYS ʠ ʵʢʩʧʦʨʪʠʨʦʚʘʣʠʩʴ ʚ LMS Sysnoise. ʄʝʪʦʜ 

ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʉʆʆɻ ʦʩʥʦʚʘʥ ʥʘ ʧʨʝʜʩʪʘʚʣʝʥʠʠ 

ʠʩʩʣʝʜʫʝʤʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʚ ʚʠʜʝ ʛʘʟʦʚʦʛʦ ʦʙʲʝʤʘ, ʟʘʧʦʣʥʝʥʥʦʛʦ ʚʩʶ ʢʦʥʩʪʨʫʢʮʠʶ 

ʠ ʨʘʟʙʠʪʦʛʦ ʥʘ ʤʥʦʞʝʩʪʚʦ ʜʠʩʢʨʝʪʥʳʭ ʦʙʲʝʤʦʚ ï ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ, 

ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʠʭ ʛʝʦʤʝʪʨʠʯʝʩʢʫʶ ʬʦʨʤʫ ʚʩʝʡ ʢʦʥʩʪʨʫʢʮʠʠ [46]. 

 ʅʘ ʨʠʩʫʥʢʝ 3.2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʠʤʧʦʨʪʠʨʦʚʘʥʥʳʝ ʠʟ ANSYS ʤʦʜʝʣʠ ʧʝʨʚʳʭ 

ʜʚʫʭ ʚʘʨʠʘʥʪʦʚ ʉʆʆɻ. 
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       ʘ          ʙ  

ʈʠʩʫʥʦʢ 3.2 - ʂʕʄ ʢʦʥʩʪʨʫʢʮʠʠ ʉʆʆɻ: ʘ - ʩ ʜʚʫʤʷ ʦʙʲʝʤʥʳʤʠ ʢʘʤʝʨʘʤʠ ʠ ʙ ï ʩ 

ʪʨʝʤʷ ʦʙʲʝʤʥʳʤʠ ʢʘʤʝʨʘʤʠ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʤʧʣʝʢʩʝ LMS Sysnoise  

 

3.3 ɻʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʧʨʠ ʘʥʘʣʠʟʝ ʢʦʥʩʪʨʫʢʮʠʡ ʩʠʩʪʝʤ ʦʙʨʘʙʦʪʢʠ 

ʦʪʨʘʙʦʪʘʚʰʠʭ ʛʘʟʦʚ, ʘʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʥʦ-ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ 

 

ɼʣʷ ʨʘʩʯʝʪʘ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʤʧʣʝʢʩʝ Sysnoise ʟʘʜʘʝʤ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ: 

ʥʘ ʚʭʦʜʝ ï ʧʦʨʰʥʝʚʦʝ ʚʦʟʙʫʞʜʝʥʠʝ, ʥʘ ʚʳʭʦʜʝ ï ʩʦʛʣʘʩʦʚʘʥʥʘʷ ʥʘʛʨʫʟʢʘ. ʅʘ 

ʧʨʠʚʝʜʝʥʥʦʤ ʨʠʩʫʥʢʝ 3ʘ ʦʪʤʝʯʝʥʳ ʢʨʘʩʥʳʤ ʠ ʟʝʣʝʥʳʤ ʮʚʝʪʘʤ, ʘ ʥʘ ʨʠʩʫʥʢʘʭ 3.3ʙ 

ʠ 3.3ʚ ʦʪʤʝʯʝʥʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʢʨʘʩʥʳʤ ʠ ʩʠʥʠʤ ʮʚʝʪʦʤ.  

   

   ʘ    ʙ    ʚ 

ʈʠʩʫʥʦʢ 3.3 - ɻʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʢʦʥʩʪʨʫʢʮʠʠ ʉʆʆɻ: ʘ - ʩ ʜʚʫʤʷ ʦʙʲʝʤʥʳʤʠ 

ʢʘʤʝʨʘʤʠ, ʙ - ʩ ʪʨʝʤʷ ʦʙʲʝʤʥʳʤʠ ʢʘʤʝʨʘʤʠ ʠ ʚ - ʩ 4-ʤʷ ʦʙʲʝʤʥʳʤʠ ʢʘʤʝʨʘʤʠ 

 

ʆʪʤʝʪʠʤ, ʯʪʦ ʧʘʨʘʤʝʪʨʳ ʧʣʦʪʥʦʩʪʠ ʠ ʩʢʦʨʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʟʚʫʢʘ ʚ 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʤ ʙʣʦʢʝ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʨʘʩʯʝʪʥʦ-ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʩʧʦʩʦʙʦʤ 
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ʧʦ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʝʪʦʜʠʢʝ (ʛʣʘʚʘ 2) ʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʨʘʩʯʝʪʘ 

3-ʭ ʢʦʥʩʪʨʫʢʮʠʠ ʉʆʆɻ (ʈʠʩʫʥʦʢ 3.4ʘ, 3.4ʙ). 

                 

    ʘ           ʙ 

ʈʠʩʫʥʦʢ 3.4 - ɻʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʙʣʦʢʘ ʜʣʷ ʢʦʥʩʪʨʫʢʮʠʠ ʉʆʆɻ: 

ʘ - ʩ ʜʚʫʤʷ ʦʙʲʝʤʥʳʤʠ ʢʘʤʝʨʘʤʠ ʠ ʙ - ʩ 3-ʷ ʦʙʲʝʤʥʳʤʠ ʢʘʤʝʨʘʤʠ 

 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʧʦ ʦʙʲʝʤʫ ʛʣʫʰʠʪʝʣʷ-ʥʝʡʪʨʘʣʠʟʘʪʦʨʘ 

ʧʝʨʚʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʥʘ ʯʘʩʪʦʪʝ 250 ɻʮ ʧʨʠʚʝʜʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 3.5, ʚʪʦʨʦʡ 

ʢʦʥʩʪʨʫʢʮʠʠ ʥʘ ʯʘʩʪʦʪʝ 1500 ɻʮ - ʥʘ ʨʠʩʫʥʢʝ 3.6 ʠ ʪʨʝʪʝʡ ʢʦʥʩʪʨʫʢʮʠʠ ʥʘ ʯʘʩʪʦʪʝ 

2500 ɻʮ - ʥʘ ʨʠʩʫʥʢʝ 3.7. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʧʦ ʦʙʲʝʤʫ ʛʣʫʰʠʪʝʣʷ-

ʥʝʡʪʨʘʣʠʟʘʪʦʨʘ ʜʣʷ ʪʨʝʭ ʢʦʥʩʪʨʫʢʮʠʡ ʥʘ ʜʨʫʛʠʭ ʯʘʩʪʦʪʘʭ ʧʨʠʚʝʜʝʥʦ ʚ ʧʨʠʣʦʞʝʥʠʠ 

5. 

ʅʘ ʨʠʩʫʥʢʝ 3.5 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʧʦ ʦʙʲʝʤʫ 

ʉʆʆɻ ʧʝʨʚʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʥʘ ʯʘʩʪʦʪʝ 250 ɻʮ. ʂʘʢ ʚʠʜʥʦ, ʩʪʦʷʯʠʝ ʚʦʣʥʳ 

ʦʙʨʘʟʫʶʪʩʷ ʧʦ ʚʩʝʡ ʜʣʠʥʝ ʉʆʆɻ, ʘ ʜʣʠʥʘ ʵʪʠʭ ʚʦʣʥʳ ʨʘʚʥʷʝʪʩʷ: 

‗
‮

Ὢ

στπ 
̍
̒

ςυπ ː̗
ρȟσφ ̍ 

    ʇʝʨʝʤʝʥʥʦʝ ʠʟʙʳʪʦʯʥʦʝ ʜʘʚʣʝʥʠʝ, ʚʦʟʥʠʢʘʶʱʝʝ ʚʦ ʚʭʦʜʥʦʡ ʪʨʫʙʝ, 

ʧʨʦʜʦʣʞʘʝʪʩʷ ʜʦ 2/3 ʝʝ ʜʣʠʥʳ. ʀʟʤʝʥʝʥʠʷ ʟʥʘʯʝʥʠʝ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʦʪ 

ʚʭʦʜʥʦʛʦ ʧʘʪʨʫʙʢʘ ʜʦ ʚʭʦʜʥʦʛʦ ʢʦʥʫʩʘ ʪʘʢʞʝ ʦʱʫʪʠʤʳ ʠ ʧʨʦʜʦʣʞʘʶʪ ʫʤʝʥʴʰʘʪʴʩʷ 

ʜʦ ʧʦʣʦʚʠʥʳ ʜʣʠʥʳ ʢʦʥʫʩʘ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʫʤʝʥʴʰʝʥʠʠ ʧʫʯʥʦʩʪʝʡ ʠ 

ʫʚʝʣʠʯʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʣʥʳ ʧʦ ʜʣʠʥʝ ʢʦʥʫʩʘ, ʢʦʪʦʨʦʝ 

ʧʨʦʜʦʣʞʘʝʪʩʷ ʜʦ 1/3 ʜʣʠʥʳ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʙʣʦʢʘ. 
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ʈʠʩʫʥʦʢ 3.5 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʧʦ ʦʙʲʝʤʫ ʛʣʫʰʠʪʝʣʷ-

ʥʝʡʪʨʘʣʠʟʘʪʦʨʘ ʧʝʨʚʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʥʘ ʯʘʩʪʦʪʝ 250 ɻʮ 

 

ʊʘʢ ʢʘʢ ʢʘʪʘʣʠʪʠʯʝʩʢʠʡ ʙʣʦʢ ʩʦʩʪʦʠʪ ʠʟ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʩʦʪ-ʷʯʝʝʢ ʪʦ, 

ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʝʩʷ ʟʚʫʢʦʚʳʝ ʚʦʣʥʳ ʯʘʩʪʠʯʥʦ ʧʦʛʣʦʱʘʶʪʩʷ ʥʘ ʩʨʝʜʥʠʭ ʠ 

ʚʳʩʦʢʠʭ ʯʘʩʪʦʪʘʭ, ʪʝʤ ʩʘʤʳʤ ʢʘʪʘʣʠʪʠʯʝʩʢʠʡ ʙʣʦʢ ʚʳʩʪʫʧʘʝʪ ʢʘʢ ʜʠʩʩʠʧʘʪʠʚʥʳʡ 

ʵʣʝʤʝʥʪ ʩ ʥʠʟʢʠʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʧʦʛʣʦʱʝʥʠʷ. ɼʘʣʝʝ ʧʨʦʠʩʭʦʜʠʪ ʫʚʝʣʠʯʝʥʠʝ 

ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʜʦ 2/3 ʜʣʠʥʳ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʙʣʦʢʘ. ɺʦʟʨʘʩʪʘʥʠʝ ʟʚʫʢʦʚʦʛʦ 

ʜʘʚʣʝʥʠʷ ʧʨʦʜʦʣʞʘʝʪʩʷ ʠ ʧʦ İ ʜʣʠʥʝ ʩʦʝʜʠʥʠʪʝʣʴʥʦʡ ʪʨʫʙʳ, ʤʝʞʜʫ ʚʳʧʫʩʢʥʳʤ 

ʢʦʥʫʩʦʤ ʠ 2-ʦʡ ʦʙʲʝʤʥʦʡ ʢʘʤʝʨʦʡ. ʆʪ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʳ ʪʨʫʙʳ ʜʦ ʚʪʦʨʦʡ ʦʙʲʝʤʥʦʡ 

ʢʘʤʝʨʳ (ʚʢʣʶʯʘʷ ʧʝʨʚʫʶ ʦʙʲʝʤʥʫʶ ʢʘʤʝʨʫ) ʥʘʙʣʶʜʘʝʪʩʷ ʨʝʟʢʦʝ ʫʤʝʥʴʰʝʥʠʝ 

ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ. ʇʦ ʢʦʥʩʪʨʫʢʮʠʠ ʉʆʆɻ ʚʪʦʨʦʡ ʦʙʲʝʤ ʩʦʝʜʠʥʝʥ ʩ ʚʳʧʫʩʢʥʦʡ 

ʪʨʫʙʦʡ.  

ʉʣʝʜʫʝʪ ʧʦʜʯʝʨʢʥʫʪʴ, ʜʣʷ ʚʳʙʦʨʘ ʥʘʠʤʝʥʴʰʝʛʦ ʟʥʘʯʝʥʠʷ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ 

ʥʘ ʚʳʭʦʜʝ ʠʟ ʉʆʆɻ, ʥʝʦʙʭʦʜʠʤʦ ʢʦʥʩʪʨʫʠʨʦʚʘʪʴ ʚʳʧʫʩʢʥʫʶ ʪʨʫʙʫ ʚ ʟʦʥʝ 

ʥʘʠʤʝʥʴʰʝʛʦ ʟʥʘʯʝʥʠʷ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʚʦ 2-ʦʡ ʦʙʲʝʤʥʦʡ ʢʘʤʝʨʝ. 

ʅʘ ʨʠʩʫʥʢʝ 3.6 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʧʦ ʦʙʲʝʤʫ 

ʉʆʆɻ ʚʪʦʨʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʥʘ ʯʘʩʪʦʪʝ 1500 ɻʮ. ʂʘʢ ʚʠʜʥʦ, ʩʪʦʷʯʠʝ ʚʦʣʥʳ 
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ʦʙʨʘʟʫʶʪʩʷ ʧʦ ʚʩʝʡ ʜʣʠʥʝ ʚʭʦʜʥʦʛʦ ʧʘʪʨʫʙʢʘ ʢʦʥʩʪʨʫʢʮʠʠ ʉʆʆɻ, ʘ ʜʣʠʥʘ ʵʪʠʭ 

ʚʦʣʥʳ ʨʘʚʥʷʝʪʩʷ: 

‗
‮

Ὢ

στπ 
̍
̒

ρυππ ː̗
πȟςσ ̍ 

 

ʈʠʩʫʥʦʢ 3.6 - ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʧʦ ʦʙʲʝʤʫ ʛʣʫʰʠʪʝʣʷ-

ʥʝʡʪʨʘʣʠʟʘʪʦʨʘ ʚʪʦʨʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʥʘ ʯʘʩʪʦʪʝ 1500 ɻʮ 

 

ʇʝʨʝʤʝʥʥʦʝ ʠʟʙʳʪʦʯʥʦʝ ʜʘʚʣʝʥʠʝ ʚʦʟʥʠʢʘʶʱʝʝ ʚʦ ʚʭʦʜʥʦʡ ʪʨʫʙʝ 

ʧʨʦʜʦʣʞʘʝʪʩʷ ʜʦ ʝʝ ʩʦʝʜʠʥʝʥʠʷ ʩ ʚʭʦʜʥʳʤ ʢʦʥʫʩʦʤ. ʋʤʝʥʴʰʝʥʠʝ ʟʥʘʯʝʥʠʷ 

ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʥʘʯʠʥʘʝʪʩʷ ʩ ʥʘʯʘʣʘ ʜʣʠʥʳ ʚʭʦʜʥʦʛʦ ʢʦʥʫʩʘ ʜʦ ʚʳʧʫʩʢʥʦʡ 

ʪʨʫʙʳ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʫʤʝʥʴʰʝʥʠʠ ʧʫʯʥʦʩʪʝʡ ʠ ʫʚʝʣʠʯʝʥʠʠ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʣʥʳ ʧʦ ʜʣʠʥʝ ʚʳʧʫʩʢʥʦʡ ʪʨʫʙʳ. ʉʣʝʜʫʝʪ 

ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʜʣʷ ʚʳʙʦʨʘ ʥʘʠʤʝʥʴʰʝʛʦ ʟʥʘʯʝʥʠʷ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʥʘ ʚʳʭʦʜʝ 

ʠʟ ʉʆʆɻ, ʥʝʦʙʭʦʜʠʤʦ ʢʦʥʩʪʨʫʠʨʦʚʘʪʴ ʚʳʧʫʩʢʥʫʶ ʪʨʫʙʫ ʚ ʟʦʥʝ ʥʘʠʤʝʥʴʰʝʛʦ 

ʟʥʘʯʝʥʠʷ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʚ 3-ʝʡ ʦʙʲʝʤʥʦʡ ʢʘʤʝʨʳ.  

ʀʟʤʝʥʝʥʠʷ ʟʥʘʯʝʥʠʝ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʦʪ ʚʭʦʜʥʦʛʦ ʢʦʥʫʩʘ ʜʦ ʚʳʭʦʜʥʦʛʦ 

ʢʦʥʫʩʘ ʪʘʢʞʝ ʦʱʫʪʠʤʳ ʠ ʧʨʦʜʦʣʞʘʶʪ ʫʤʝʥʴʰʘʪʴʩʷ (ʈʠʩʫʥʦʢ 3.7) ʯʪʦ 

https://ru.wikipedia.org/wiki/%D0%94%D0%B0%D0%B2%D0%BB%D0%B5%D0%BD%D0%B8%D0%B5
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ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʫʤʝʥʴʰʝʥʠʠ ʧʫʯʥʦʩʪʝʡ ʠ ʫʚʝʣʠʯʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʣʥʳ. 

 

ʈʠʩʫʥʦʢ 3.7 - ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʧʦ ʦʙʲʝʤʫ ʛʣʫʰʠʪʝʣʷ-

ʥʝʡʪʨʘʣʠʟʘʪʦʨʘ ʪʨʝʪʝʡ ʢʦʥʩʪʨʫʢʮʠʠ ʥʘ ʯʘʩʪʦʪʝ 2500 ɻʮ 

 

ʉʣʝʜʫʝʪ ʪʘʢʞʝ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʜʣʷ ʚʳʙʦʨʘ ʥʘʠʤʝʥʴʰʝʛʦ ʟʥʘʯʝʥʠʷ 

ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʥʘ ʚʳʭʦʜʝ ʠʟ ʉʆʆɻ, ʥʝʦʙʭʦʜʠʤʦ ʢʦʥʩʪʨʫʠʨʦʚʘʪʴ ʚʳʧʫʩʢʥʫʶ 

ʪʨʫʙʫ ʚ ʟʦʥʝ ʥʘʠʤʝʥʴʰʝʛʦ ʟʥʘʯʝʥʠʷ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʚ 3 ʠʣʠ 4-ʦʡ ʦʙʲʝʤʥʳʭ 

ʢʘʤʝʨ. 

ʀʟ ʚʩʝʭ ʧʨʠʚʝʜʝʥʥʳʭ ʢʘʨʪʠʥ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʦʙʲʝʤʘʭ 

ʢʦʥʩʪʨʫʢʮʠʡ ʉʆʆɻ ʚʠʜʥʦ, ʯʪʦ ʥʘ ʢʘʞʜʦʡ ʯʘʩʪʦʪʝ ʦʙʨʘʟʫʝʪʩʷ ʭʘʨʘʢʪʝʨʥʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʤʘʢʩʠʤʫʤʦʚ ʠ ʤʠʥʠʤʫʤʦʚ, ʦʙʨʘʟʦʚʘʥʥʦʝ ʩʪʦʷʯʝʡ ʚʦʣʥʦʡ, ʢʘʢ ʚʦ 

ʚʭʦʜʥʦʤ ʪʨʫʙʦʧʨʦʚʦʜʝ, ʪʘʢ ʠ ʚ ʩʘʤʦʤ ʦʙʲʝʤʝ ʢʘʞʜʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʉʆʆɻ. 

ʅʘ ʨʠʩʫʥʢʝ 3.8 ʧʨʝʜʩʪʘʚʣʝʥ ʩʧʝʢʪʨ ʧʦʪʝʨʠ ʧʝʨʝʜʘʯʠ TL (ʜɹ) ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʯʘʩʪʦʪʳ. ʊʨʠ ʢʦʥʩʪʨʫʢʮʠʠ ʉʆʆɻ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʛʨʘʬʠʢʝ ʚ ʩʣʝʜʫʶʱʠʤ 

ʧʦʨʷʜʢʝ: Ver_1ï ʧʝʨʚʘʷ ʢʦʥʩʪʨʫʢʮʠʷ (ʈʠʩʫʥʦʢ 3.1ʘ); Ver_2ï ʚʪʦʨʘʷ ʢʦʥʩʪʨʫʢʮʠʷ 

(ʈʠʩʫʥʦʢ 3.1ʙ); Ver_3ï ʪʨʝʪʴʷ ʢʦʥʩʪʨʫʢʮʠʷ (ʈʠʩʫʥʦʢ 3.1ʚ) 
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ʈʠʩʫʥʦʢ 3.8 - ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʩʧʝʢʪʨʦʚ ʧʦʪʝʨʠ ʧʝʨʝʜʘʯ ʪʨʝʭ ʢʦʥʩʪʨʫʢʮʠʡ ʉʆʆɻ 

 

 ʂʘʢ ʤʦʞʥʦ ʚʠʜʝʪʴ ʠʟ ʧʨʠʚʝʜʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʚ ʩʨʝʜʥʝ- ʠ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʤ 

ʜʠʘʧʘʟʦʥʝ ʚʩʝ ʢʦʥʩʪʨʫʢʮʠʠ ʠʤʝʶʪ ʧʨʠʤʝʨʥʦ ʦʜʠʥʘʢʦʚʫʶ ʩʨʝʜʥʶʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

20 ï 40 ʜɹ, ʢʦʪʦʨʘʷ ʜʦʩʪʘʪʦʯʥʘ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʡ ʨʘʙʦʪʳ ʉʆʆɻ. ʄʦʞʥʦ ʦʪʤʝʪʠʪʴ, 

ʯʪʦ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚ ʵʪʠʭ ʜʠʘʧʘʟʦʥʘʭ ʤʦʞʥʦ ʧʦʚʳʩʠʪʴ 

ʧʨʦʩʪʳʤ ʠʟʚʝʩʪʥʳʤ ʨʝʰʝʥʠʝʤ ï ʜʦʙʘʚʣʝʥʠʝʤ ʜʠʩʩʠʧʘʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʚʠʜʝ 

ʟʚʫʢʦʧʦʛʣʦʱʘʶʱʠʭ ʤʘʪʝʨʠʘʣʦʚ ʠʟ ʙʘʟʘʣʴʪʦʚʦʛʦ ʠʣʠ ʩʪʝʢʣʦʚʦʣʦʢʥʘ. ɺ 

ʥʠʟʢʦʯʘʩʪʦʪʥʦʤ ʜʠʘʧʘʟʦʥʝ ʵʪʠ ʤʘʪʝʨʠʘʣʳ ʨʘʙʦʪʘʶʪ ʥʝʵʬʬʝʢʪʠʚʥʦ ʠ ʧʦʚʳʩʠʪʴ 

ʘʢʫʩʪʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚ ʵʪʦʤ ʜʠʘʧʘʟʦʥʝ ʤʦʞʥʦ ʟʘ ʩʯʝʪ ʠʟʤʝʥʝʥʠʠ 

ʢʦʥʩʪʨʫʢʮʠʠ.  

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʩʥʠʞʝʥʠʷ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʥʘ ʯʘʩʪʦʪʘʭ ʜʦ 150 ɻʮ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʪʨʝʪʴʷ ʢʦʥʩʪʨʫʢʮʠʷ ʛʣʫʰʠʪʝʣʷ-ʥʝʡʪʨʘʣʠʟʘʪʦʨʘ ʟʘ ʩʯʝʪ ʨʘʙʦʪʳ 4-ʦʡ 

ʦʙʲʝʤʥʦʡ ʢʘʤʝʨʳ (ʈʠʩʫʥʦʢ 3.1ʚ). 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʨʘʩʯʝʪʥʦ-ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʤʝʪʦʜʠʢʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʥʩʪʨʫʢʮʠʡ ʉʆʆɻ ʛʨʫʟʦʚʦʛʦ ʘʚʪʦʤʦʙʠʣʷ ʥʘ ʦʩʥʦʚʝ ʢʦʥʝʯʥʦ-

ʵʣʝʤʝʥʪʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʟʚʦʣʷʝʪ ʩʧʨʦʝʢʪʠʨʦʚʘʪʴ ʢʦʥʩʪʨʫʢʮʠʶ ʉʆʆɻ ʩ 

ʥʝʦʙʭʦʜʠʤʳʤʠ ʚʠʙʨʦʘʢʫʩʪʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ [49]. 
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3.4 ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʚʥʝʰʥʝʤʫ ʰʫʤʫ 

ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʩʠʩʪʝʤ rʦʙʨʘʙʦʪʢʠ ʦʪʨʘʙʦʪʘʚʰʠʭ ʛʘʟʦʚ 

 

ʅʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʘʷ ʪʨʝʪʴʷ ʢʦʥʩʪʨʫʢʮʠʷ ʛʣʫʰʠʪʝʣʷ-ʥʝʡʪʨʘʣʠʟʘʪʦʨʘ ʙʳʣʘ 

ʠʟʛʦʪʦʚʣʝʥʘ (ʈʠʩʫʥʦʢ 3.9) ʠ ʝʝ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʙʳʣʘ ʦʮʝʥʝʥʘ ʥʘ ʛʨʫʟʦʚʦʤ 

ʘʚʪʦʤʦʙʠʣʝ.              

                 

 

         

 

 

 

 

 

 

 

 ʘ                    ʙ 

ʈʠʩʫʥʦʢ 3.9 ï ʀʟʛʦʪʦʚʣʝʥʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʉʆʆɻ(ʘ) ʚ ʨʘʟʨʝʟʝ (ʙ)  

ʀʩʧʳʪʘʥʠʷ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʩʝʨʠʡʥʳʤ ʛʣʫʰʠʪʝʣʝʤ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ 

ʥʝʧʦʜʚʠʞʥʦʤ ʘʚʪʦʤʦʙʠʣʝ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʝʢʦʤʝʥʜʘʮʠʷʤʠ ɻʆʉʊ ʈ 41.51-2004 ʥʘ 

ʧʦʣʠʛʦʥʝ ɻʅʎ ʈʌ ʌɻʋʇ çʅɸʄʀè.  ʊʦʯʢʘ ʠʟʤʝʨʝʥʠʷ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ 

ʨʘʩʧʦʣʘʛʘʣʘʩʴ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 0,5 ʤʝʪʨʘ ʦʪ ʩʨʝʟʘ ʚʳʭʣʦʧʥʦʡ ʪʨʫʙʳ ʧʦʜ ʫʛʣʦʤ 45 

ʛʨʘʜʫʩʦʚ.  

ʈʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʠʪʝʣʴʥʳʭ ʠʟʤʝʨʝʥʠʡ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 3.10 ʠ 3.11. 
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          ʘ                ʙ  

ʈʠʩʫʥʦʢ 3.10 ï ʉʦʥʦʛʨʘʤʤʳ ʟʚʫʢʦʚʳʭ ʜʘʚʣʝʥʠʡ ʥʘ ʩʨʝʟʝ ʚʳʧʫʩʢʥʦʡ ʪʨʫʙʳ 

ʩʝʨʠʡʥʦʛʦ ʛʣʫʰʠʪʝʣʷ (ʘ) ʠ ʛʣʫʰʠʪʝʣʷ-ʥʝʡʪʨʘʣʠʟʘʪʦʨʘ (ʙ)  

 

ʀʟ ʨʠʩʫʥʢʘ 3.10 ʩʣʝʜʫʝʪ, ʯʪʦ ʥʘ ʚʩʝʭ ʩʢʦʨʦʩʪʥʳʭ ʨʝʞʠʤʘʭ ʨʘʙʦʪʳ ʜʚʠʛʘʪʝʣʷ 

ʚ ʥʠʟʢʦʯʘʩʪʦʪʥʦʡ ʦʙʣʘʩʪʠ ʜʦ 150 ɻʮ, ʩʧʝʢʪʨʘʣʴʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʧʨʠ ʫʩʪʘʥʦʚʢʝ 

ʛʣʫʰʠʪʝʣʷ ʥʝʡʪʨʘʣʠʟʘʪʦʨʘ ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ, ʯʝʤ ʧʨʠ ʩʝʨʠʡʥʦʤ ʛʣʫʰʠʪʝʣʝ.   

ʅʘ ʨʠʩʫʥʢʝ 3.11 ʧʦʢʘʟʘʥʳ ʫʨʦʚʥʠ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʛʣʫʰʠʪʝʣʷ-

ʥʝʡʪʨʘʣʠʟʘʪʦʨʘ ʠ ʩʝʨʠʡʥʦʛʦ ʛʣʫʰʠʪʝʣʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 0,5 ʤ ʦʪ ʩʨʝʟʘ ʚʳʧʫʩʢʥʦʡ 

ʪʨʫʙʳ. 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 3.11 ï ʉʧʝʢʪʨ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 0,5 ʤ ʩʨʝʟʝ ʚʳʧʫʩʢʥʦʡ 

ʪʨʫʙʳ ʧʦʜ ʫʛʣʦʤ 45 ʛʨʘʜʫʩʦʚ ʩʝʨʠʡʥʦʛʦ ʛʣʫʰʠʪʝʣʷ ʠ ʛʣʫʰʠʪʝʣʷ-ʥʝʡʪʨʘʣʠʟʘʪʦʨʘ  
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ʄʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʥʘ ʯʘʩʪʦʪʝ 1000 ɻʮ ʩʦʩʪʘʚʠʣʦ ʫ 

ʩʝʨʠʡʥʦʛʦ ʛʣʫʰʠʪʝʣʷ 113 ʜɹ, ʘ ʫ ʛʣʫʰʠʪʝʣʷ-ʥʝʡʪʨʘʣʠʟʘʪʦʨʘ 104 ʜɹ, ʯʪʦ ʥʘ 9 ʜɹ 

ʤʝʥʴʰʝ. ɺ ʥʠʟʢʦʯʘʩʪʦʪʥʦʡ ʦʙʣʘʩʪʠ ʫʨʦʚʥʠ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʫ ʛʣʫʰʠʪʝʣʷ-

ʥʝʡʪʨʘʣʠʟʘʪʦʨʘ ʥʘ 2-11 ʜɹ ʥʠʞʝ, ʯʝʤ ʫ ʩʝʨʠʡʥʦʛʦ ʛʣʫʰʠʪʝʣʷ. ɺ ʩʨʝʜʥʝ- ʠ 

ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʤ ʜʠʘʧʘʟʦʥʝ ʩʥʠʞʝʥʠʝ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʫ ʛʣʫʰʠʪʝʣʷ-

ʥʝʡʪʨʘʣʠʟʘʪʦʨʘ ʩʦʩʪʘʚʣʷʝʪ 9 ï 20 ʜɹ. ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚ ʩʨʝʜʥʝ- 

ʠ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʤ ʜʠʘʧʘʟʦʥʘʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʥʠʞʝʥʠʷ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ 

ʤʦʞʥʦ ʧʦʚʳʩʠʪʴ ʚʚʝʜʝʥʠʝʤ ʜʠʩʩʠʧʘʪʠʚʥʦʛʦ ʵʣʝʤʝʥʪʘ.  

ʊʘʢʞʝ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʩʨʘʚʥʠʪʝʣʴʥʳʝ ʠʩʧʳʪʘʥʠʷ ʧʨʠ ʜʚʠʞʝʥʠʠ ɸʊʉ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʝʢʦʤʝʥʜʘʮʠʷʤʠ ɻʆʉʊ ʈ 41.51-2004 ʥʘ ʧʦʣʠʛʦʥʝ ɻʅʎ ʈʌ ʌɻʋʇ 

çʅɸʄʀè.  

ʈʝʞʠʤ ʜʚʠʞʝʥʠʷ - ʨʘʟʛʦʥ ʥʘ 5-ʦʡ ʥʠʟʰʝʡ ʧʝʨʝʜʘʯʝ ʥʘ ʤʝʨʥʦʤ ʫʯʘʩʪʢʝ ʜʣʠʥʦʡ 

20 ʤ ʦʪ ʥʘʯʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʢʦʣʝʥʯʘʪʦʛʦ ʚʘʣʘ 

ʜʚʠʛʘʪʝʣʷ 950 ʤʠʥ-1. ʄʠʢʨʦʬʦʥ ʫʩʪʘʥʘʚʣʠʚʘʣʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 7,5 ʤ ʦʪ ʧʨʦʜʦʣʴʥʦʡ 

ʦʩʠ ʘʚʪʦʤʦʙʠʣʷ ʠ ʥʘ ʚʳʩʦʪʝ 1,2 ʤ ʦʪ ʫʨʦʚʥʷ ʜʦʨʦʛʠ. (ʈʠʩʫʥʦʢ 3.12) 

 

    

ʈʠʩʫʥʦʢ 3.12 - ʀʩʧʳʪʘʥʠʷ ʉʆʆɻ ʥʘ ʧʦʣʠʛʦʥʝ ʅɸʄʀ 

 

ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʫʨʦʚʥʝʡ ʚʥʝʰʥʝʛʦ ʰʫʤʘ ʘʚʪʦʤʦʙʠʣʷ ʂɸʄɸɿ-5460-63 

ʧʨʠ ʨʘʟʛʦʥʝ ʥʘ 5-ʦʡ ʥʠʟʰʝʡ ʧʝʨʝʜʘʯʝ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 3.1. 
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ʊʘʙʣʠʮʘ 3.1.   ï  ʋʨʦʚʥʠ   ʚʥʝʰʥʝʛʦ   ʰʫʤʘ ʘʚʪʦʤʦʙʠʣʷ ʂɸʄɸɿ-5460-63 ʧʨʠ 

ʨʘʟʛʦʥʝ ʥʘ 5-ʦʡ ʥʠʟʰʝʡ ʧʝʨʝʜʘʯʝ (ʜɹɸ) 

ʆʧʨʝʜʝʣʷʝʤʳʡ 

ʧʘʨʘʤʝʪʨ 

ʄʦʜʝʣʴ ʛʣʫʰʠʪʝʣʷ 

ʉʝʨʠʡʥʳʡ  ʛʣʫʰʠʪʝʣʴ ɻʣʫʰʠʪʝʣʴ-ʥʝʡʪʨʘʣʠʟʘʪʦʨ 

ʋʨʦʚʝʥʴ ʚʥʝʰʥʝʛʦ ʰʫʤʘ 

ʩ ʣʝʚʦʡ ʩʪʦʨʦʥʳ ʘʚʪʦʤʦʙʠʣʷ 
83,0 80,0 

ʋʨʦʚʝʥʴ ʚʥʝʰʥʝʛʦ ʰʫʤʘ 

ʩ ʧʨʘʚʦʡ ʩʪʦʨʦʥʳ ʘʚʪʦʤʦʙʠʣʷ 
83,5 80,5 

ʇʨʠʤʝʯʘʥʠʝ - ɺ ʪʘʙʣʠʮʝ ʧʨʠʚʝʜʝʥʳ ʫʨʦʚʥʠ ʚʥʝʰʥʝʛʦ ʰʫʤʘ ʘʚʪʦʤʦʙʠʣʷ ʟʘ  

                         ʚʳʯʝʪʦʤ 1,0 ʜɹɸ ʥʘ ʧʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʧʨʠʙʦʨʦʚ. 
 

ʉʧʝʢʪʨʳ ʚʥʝʰʥʝʛʦ ʰʫʤʘ ʩ ʣʝʚʦʡ ʩʪʦʨʦʥʳ ʘʚʪʦʤʦʙʠʣʷ ʂɸʄɸɿ-5460-63, 

ʟʘʤʝʨʝʥʥʳʝ ʥʘ ʨʝʞʠʤʝ ʨʘʟʛʦʥʘ ʩ ʨʘʟʣʠʯʥʳʤʠ ʪʠʧʘʤʠ ʛʣʫʰʠʪʝʣʝʡ ʧʨʠʚʝʜʝʥʳ ʥʘ 

ʨʠʩʫʥʢʝ 3.13. 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 3.13 - ʉʧʝʢʪʨʳ ʚʥʝʰʥʝʛʦ ʰʫʤʘ ʩ ʣʝʚʦʡ ʩʪʦʨʦʥʳ ʘʚʪʦʤʦʙʠʣʷ ʂɸʄɸɿ-

5460-63: 1 ï ʩʝʨʠʡʥʳʡ ʛʣʫʰʠʪʝʣʴ (Lɸ=83,0 ʜɹɸ); 2 - ʛʣʫʰʠʪʝʣʴ-ʥʝʡʪʨʘʣʠʟʘʪʦʨ 

(Lɸ=80,0 ʜɹɸ) 

        ʉʥʠʞʝʥʠʝ ʦʙʱʝʛʦ ʰʫʤʘ ʧʦ ʰʢʘʣʝ ɸ ʩʦʩʪʘʚʣʷʝʪ 2 ʜɹɸ. ʅʘʠʙʦʣʴʰʝʝ ʩʥʠʞʝʥʠʝ 

ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʪʨʝʪʴʦʢʪʘʚʝ 125 ɻʮ ʩʦʩʪʘʚʣʷʝʪ 7,5 ʜɹɸ. ɺ ʯʘʩʪʦʪʥʦʤ 

ʜʠʘʧʘʟʦʥʝ 500 ï 1600 ɻʮ ʟʚʫʢʦʚʦʝ ʜʘʚʣʝʥʠʝ ʩʥʠʟʠʣʦʩʴ ʥʘ 2,5 ï 3,5 ʜɹɸ, ʚ ʜʠʘʧʘʟʦʥʝ 

ʯʘʩʪʦʪ 2500 ï 8000ɻʮ ʩʥʠʞʝʥʠʝ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ 2 ï 3.5 ʜɹɸ [48].  
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ɺʳʚʦʜʳ ʧʦ ʛʣʘʚʝ 

 

- ʂʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʝʩʪʠ ʩ ʫʯʝʪʦʤ 

ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʘʥʘʣʠʟ ʥʝʦʙʭʦʜʠʤʦʛʦ ʯʠʩʣʘ ʢʦʥʩʪʨʫʢʮʠʡ ʉʆʆɻ ʠ ʧʦ 

ʚʠʙʨʦʘʢʫʩʪʠʯʝʩʢʠʤ ʧʦʢʘʟʘʪʝʣʷʤ ʦʪʦʙʨʘʪʴ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʝ. 

- ʀʩʭʦʜʷ ʠʟ ʛʘʙʘʨʠʪʥʦ-ʢʦʤʧʦʥʦʚʦʯʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ ʙʳʣʠ ʚʳʙʨʘʥʳ ʠʟ 

ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʚʘʨʠʘʥʪʦʚ, ʪʨʠ ʢʦʥʩʪʨʫʢʮʠʠ ʉʆʆɻ, ʜʣʷ ʢʦʪʦʨʳʭ ʙʳʣʠ ʩʦʟʜʘʥʳ 

ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʳʝ ʤʦʜʝʣʠ.  

- ɼʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʪʦʙʨʘʥʘ ʪʨʝʪʴʷ ʢʦʥʩʪʨʫʢʮʠʷ ʛʣʫʰʠʪʝʣʷ-

ʥʝʡʪʨʘʣʠʟʘʪʦʨʘ ʢʘʢ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʘʷ ʧʦ ʩʥʠʞʝʥʠʶ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ, 

ʦʩʦʙʝʥʥʦ ʚ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ ʜʦ 150 ɻʮ ʟʘ ʩʯʝʪ ʨʘʙʦʪʳ 4-ʦʡ ʦʙʲʝʤʥʦʡ ʢʘʤʝʨʳ. 

- ʇʨʦʚʝʜʝʥʳ ʠʩʧʳʪʘʥʠʷ ʪʨʝʪʝʡ ʢʦʥʩʪʨʫʢʮʠʠ ʛʣʫʰʠʪʝʣʷ-ʥʝʡʪʨʘʣʠʟʘʪʦʨʘ ʚ 

ʩʨʘʚʥʝʥʠʠ ʩ ʩʝʨʠʡʥʳʤ ʛʣʫʰʠʪʝʣʝʤ ʥʘ ʥʝʧʦʜʚʠʞʥʦʤ ʘʚʪʦʤʦʙʠʣʝ ʠ ʧʨʠ ʜʚʠʞʝʥʠʠ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʝʢʦʤʝʥʜʘʮʠʷʤʠ ɻʆʉʊ ʈ 41.51-2004:  

1. ɻʣʫʰʠʪʝʣʴ-ʥʝʡʪʨʘʣʠʟʘʪʦʨ ʩʥʠʞʘʝʪ ʥʘ ʥʝʧʦʜʚʠʞʥʦʤ ʘʚʪʦʤʦʙʠʣʝ 

ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 0,5 ʤ ʦʪ ʩʨʝʟʘ 

ʚʳʧʫʩʢʥʦʡ ʪʨʫʙʳ ʧʦʜ ʫʛʣʦʤ 45 ʛʨʘʜʫʩʦʚ ʚ ʪʨʝʪʴʦʢʪʘʚʝ 1000 ɻʮ ʥʘ 9 ʜɹɸ. ɺ 

ʥʠʟʢʦʯʘʩʪʦʪʥʦʡ ʦʙʣʘʩʪʠ ʫʨʦʚʥʠ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʫ ʛʣʫʰʠʪʝʣʷ-ʥʝʡʪʨʘʣʠʟʘʪʦʨʘ 

ʥʘ 2-11 ʜɹɸ ʥʠʞʝ, ʯʝʤ ʫ ʩʝʨʠʡʥʦʛʦ ʛʣʫʰʠʪʝʣʷ. ɺ ʩʨʝʜʥʝ- ʠ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʤ 

ʜʠʘʧʘʟʦʥʝ ʩʥʠʞʝʥʠʝ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʫ ʛʣʫʰʠʪʝʣʷ-ʥʝʡʪʨʘʣʠʟʘʪʦʨʘ ʩʦʩʪʘʚʣʷʝʪ 9 

ï 20 ʜɹɸ. 

2. ʉʥʠʞʝʥʠʝ ʦʙʱʝʛʦ ʰʫʤʘ ʧʦ ʰʢʘʣʝ ɸ ʧʨʠ ʜʚʠʞʝʥʠʠ ʘʚʪʦʤʦʙʠʣʷ ʩʦʩʪʘʚʣʷʝʪ 

2 ʜɹɸ. ʅʘʠʙʦʣʴʰʝʝ ʩʥʠʞʝʥʠʝ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʪʨʝʪʴʦʢʪʘʚʝ 125 ɻʮ ʩʦʩʪʘʚʣʷʝʪ 

7,5 ʜɹɸ. ɺ ʯʘʩʪʦʪʥʦʤ ʜʠʘʧʘʟʦʥʝ 500 ï 1600 ɻʮ ʟʚʫʢʦʚʦʝ ʜʘʚʣʝʥʠʝ ʩʥʠʟʠʣʦʩʴ ʥʘ 2,5 

ï 3,5 ʜɹɸ, ʚ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ 2500 ï 8000ɻʮ ʩʥʠʞʝʥʠʝ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ 

ʩʦʩʪʘʚʣʷʝʪ 2 ï 3.5 ʜɹɸ. 
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ɻʃɸɺɸ 4 ʈɸɿʈɸɹʆʊʂɸ ʄɽʊʆɼɸ ʇʆʀʉʂɸ ʂʆʅʉʊʈʋʂʊʀɺʅʓʍ 

ʈɽʐɽʅʀʁ ʇʆ ʉʅʀɾɽʅʀʖ ʉʊʈʋʂʊʋʈʅʆɻʆ ʐʋʄɸ ʇʈʀ 

ʇʈʆɽʂʊʀʈʆɺɸʅʀʀ ʉʀʉʊɽʄ ʆɹʈɸɹʆʊʂʀ ʆʊʈɸɹʆʊɸɺʐʀʍ 

ɻɸɿʆɺ ʅɸ ʆʉʅʆɺɽ ʈɸʉʏɽʊʅʆ-ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅʆɻʆ 

ʀʉʉʃɽɼʆɺɸʅʀʗ ʉʆɹʉʊɺɽʅʅʓʍ ʀ ɺʓʅʋɾɼɽʅʅʓʍ ʏɸʉʊʆʊ ʀ 

ʌʆʈʄ ʂʆʃɽɹɸʅʀʁ ʆʊɼɽʃʔʅʓʍ ʅɸʈʋɾʅʓʍ ʇʆɺɽʈʍʅʆʉʊɽʁ ʅɸ 

ʇʈʀʄɽʈɽ ɻʃʋʐʀʊɽʃʗ-ʅɽʁʊʈɸʃʀɿɸʊʆʈɸ 

 

4.1 ʆʧʨʝʜʝʣʝʥʠʝ ʩʦʙʩʪʚʝʥʥʳʭ ʠ ʚʳʥʫʞʜʝʥʥʳʭ ʯʘʩʪʦʪ ʠ ʬʦʨʤ ʢʦʣʝʙʘʥʠʡ 

ʦʪʜʝʣʴʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʛʣʫʰʠʪʝʣʷ-ʥʝʡʪʨʘʣʠʟʘʪʦʨʘ 

 

ʀʟ ɻʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ [3] ʩʣʝʜʫʝʪ, ʯʪʦ ʦʪʜʝʣʴʥʳʝ ʥʘʨʫʞʥʳʝ 

ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʠ ʧʨʠ ʥʘʣʠʯʠʠ ʛʨʘʥʠʮʳ ʨʝʟʢʦʛʦ ʠʟʤʝʥʝʥʠʷ ʬʦʨʤʳ, 

ʞʝʩʪʢʦʩʪʥʳʭ, ʤʘʩʩʦʚʳʭ ʠʣʠ ʜʝʤʧʬʠʨʫʶʱʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘ ʯʘʩʪʦʪʘʭ ʚʳʰʝ 400 

ɻʮ ʠʤʝʶʪ ʧʨʠʩʫʱʠʝ ʠʤ ʩʦʙʩʪʚʝʥʥʳʝ ʠ ʚʳʥʫʞʜʝʥʥʳʝ ʯʘʩʪʦʪ rʠ ʬʦʨʤ rʢʦʣʝʙʘʥʠʡ. 

ʇʦʵʪʦʤʫ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʩʥʠʞʝʥʠʶ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʦʪ 

ʉʆʆɻ ʥʝʦʙʭʦʜʠʤʦ ʠʩʩʣʝʜʦʚʘʪʴ ʩʦʙʩʪʚʝʥʥʳʝ ʠ ʚʳʥʫʞʜʝʥʥʳʝ ʯʘʩʪʦʪʳ ʠ ʬʦʨʤʳ 

ʢʦʣʝʙʘʥʠʡ ʦʪʜʝʣʴʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʠʤʝʶʱʠʭ ʛʨʘʥʠʮʳ ʨʝʟʢʦʛʦ ʠʟʤʝʥʝʥʠʷ 

ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʬʦʨʤʳ, ʞʝʩʪʢʦʩʪʥʳʭ, ʤʘʩʩʦʚʳʭ ʠʣʠ ʜʝʤʧʬʠʨʫʶʱʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʜʣʷ ʥʠʭ ʠʩʢʘʪʴ ʩʚʦʠ ʨʝʰʝʥʠʷ ʧʦ ʫʤʝʥʴʰʝʥʠʶ, ʠʟʣʫʯʘʝʤʦʛʦ ʠʤʠ 

ʰʫʤʘ. 

ɿʚʫʢʦʚʘʷ ʤʦʱʥʦʩʪʴ, ʠʟʣʫʯʘʝʤʘʷ ʦʪʜʝʣʴʥʦʡ ʥʘʨʫʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ, ʤʦʞʝʪ 

ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʘ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ:  

ὡ Ὢ  „Ὢ ”̌̌ὧ̌Ὓ̌ Ὢ,                                  (4.1) 

ʛʜʝ: ůὪ  - ʢʦʵʬʬʠʮʠʝʥʪ ʠʟʣʫʯʝʥʠʷ ʠʩʪʦʯʥʠʢʘ, (”̌ὧ) ï ʘʢʫʩʪʠʯʝʩʢʦʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʩʨʝʜʳ, Ὓ ï ʧʣʦʱʘʜʴ ʠʟʣʫʯʘʪʝʣʷ, Ὢï ʢʚʘʜʨʘʪ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ 

ʚʠʙʨʦʩʢʦʨʦʩʪʠ ʠʟʣʫʯʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ.  
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ʀʟ ʚʳʨʘʞʝʥʠʷ ʩʣʝʜʫʝʪ, ʯʪʦ ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʦʪ 

ʦʪʜʝʣʴʥʦʡ ʥʘʨʫʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʥʝʦʙʭʦʜʠʤʦ ʫʤʝʥʴʰʠʪʴ ʟʥʘʯʝʥʠʷ ʢʚʘʜʨʘʪʘ 

ʚʠʙʨʦʩʢʦʨʦʩʪʠ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʯʘʩʪʦʪʥʦʤ ʜʠʘʧʘʟʦʥʝ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʥʠʞʝʥʠʝ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʦʪ ʛʣʫʰʠʪʝʣʷ-

ʥʝʡʪʨʘʣʠʟʘʪʦʨʘ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʦ ʫʤʝʥʴʰʝʥʠʝʤ ʫʨʦʚʥʝʡ ʟʚʫʢʦʚʦʡ ʚʠʙʨʘʮʠʠ 

ʦʪʜʝʣʴʥʳʭ ʥʘʨʫʞʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʧʫʪʝʤ ʠʟʤʝʥʝʥʠʷ ʠʭ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʬʦʨʤʳ, 

ʞʝʩʪʢʦʩʪʥʳʭ, ʤʘʩʩʦʚʳʭ ʠʣʠ ʜʝʤʧʬʠʨʫʶʱʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

 ʆʮʝʥʢʫ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʨʝʰʝʥʠʡ ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʦʚʦʜʠʪʴ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʫʤʝʥʴʰʝʥʠʷ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ʢʚʘʜʨʘʪʘ 

ʚʠʙʨʦʩʢʦʨʦʩʪʠ ʧʦ ʦʪʜʝʣʴʥʦʡ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʈʘʩʯʝʪ ʠ ʩʨʘʚʥʝʥʠʝ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʠʟʤʝʥʝʥʠʡ ʠʩʭʦʜʥʦʛʦ 

ʚʘʨʠʘʥʪʘ ʉʆʆɻ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʩʥʠʞʝʥʠʝ ʰʫʤʘ ʦʪ ʦʪʜʝʣʴʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ, 

ʧʨʦʚʦʜʠʪʩʷ ʥʘ ʦʩʥʦʚʘʥʠʠ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʧʦʟʚʦʣʷʝʪ ʧʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʘʥʘʣʠʟʘ ʩʦʙʩʪʚʝʥʥʳʭ ʠ ʚʳʥʫʞʜʝʥʥʳʭ ʯʘʩʪʦʪ ʠ ʬʦʨʤ ʢʦʣʝʙʘʥʠʡ, ʘ 

ʪʘʢʞʝ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ ʢʚʘʜʨʘʪʘ ʚʠʙʨʦʩʢʦʨʦʩʪʠ ʧʦ ʦʪʜʝʣʴʥʳʤ ʧʦʚʝʨʭʥʦʩʪʷʤ, 

ʦʪʦʙʨʘʪʴ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʨʝʰʝʥʠʷ ʧʦ ʩʥʠʞʝʥʠʶ ʰʫʤʘ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʙʩʪʚʝʥʥʳʭ ʠ ʚʳʥʫʞʜʝʥʥʳʭ ʯʘʩʪʦʪ ʠ ʬʦʨʤ ʢʦʣʝʙʘʥʠʡ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ ANSYS. ɼʣʷ ʨʘʩʯʝʪʘ ʚ ʧʨʦʛʨʘʤʤʥʦʤ 

ʢʦʤʧʣʝʢʩʝ ʫʨʘʚʥʝʥʠʝ ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʙʝʟ ʟʘʪʫʭʘʥʠʷ ʢʦʥʩʪʨʫʢʮʠʠ ʚ 

ʤʘʪʨʠʯʥʦʡ ʬʦʨʤʝ ʠʤʝʝʪ ʚʠʜ: 

- Õȭȭ   + Õ  π                                 (4.2) 

ʀʟ ʫʩʣʦʚʠʡ ʘʥʘʣʠʟʘ ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʫʧʨʫʛʦʝ 

ʧʦʚʝʜʝʥʠʝ ʢʦʥʩʪʨʫʢʮʠʡ ʵʣʝʤʝʥʪʦʚ ʉʆʆɻ, ʧʦʪʦʤʫ ʦʞʠʜʘʝʤʳʡ ʦʪʢʣʠʢ ʷʚʣʷʝʪʩʷ 

ʛʘʨʤʦʥʠʯʝʩʢʠʤ ʠ ʚʳʨʘʞʘʝʪʩʷ:   

Õ  ʒ  ÃÏÓ ʖÔ,                                        (4.3) 

ʛʜʝ,  

ʒ  ï ʬʦʨʤʘ ʢʦʣʝʙʘʥʠʡ i-ʦʡ ʯʘʩʪʦʪʳ, ʩʦʙʩʪʚʝʥʥʳʡ ʚʝʢʪʦʨ ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ 

ʬʦʨʤʫ ʢʦʣʝʙʘʥʠʡ ʥʘ i-ʡ ʩʦʙʩʪʚʝʥʥʦʡ ʯʘʩʪʦʪʝ; 

ʖ ï É-ʷ ʩʦʙʩʪʚʝʥʥʘʷ ʢʨʫʛʦʚʘʷ ʯʘʩʪʦʪʘ (ʨʘʜʠʘʥ ʚ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ),  
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Ô ï ʚʨʝʤʷ. 

ʇʦʜʩʪʘʚʣʷʷ (4.2) ʢ (4.3) ʧʦʣʫʯʠʤ:  

+  w -  ʒ π                                        (4.4) 

ʇʦʠʩʢ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʨʝʰʝʥʠʡ ʧʦ ʩʥʠʞʝʥʠʶ ʩʪʨʫʢʪʫʨʥʦʛʦ ʰʫʤʘ ʧʨʦʚʦʜʠʣʩʷ 

ʜʣʷ ʪʨʝʪʴʝʡ ʢʦʥʩʪʨʫʢʮʠʠ ʛʣʫʰʠʪʝʣʷ-ʥʝʡʪʨʘʣʠʟʘʪʦʨʘ ʢʘʢ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʡ ʧʦ 

ʩʥʠʞʝʥʠʶ ʟʚʫʢʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʦʪ ʩʨʝʟʘ ʚʳʧʫʩʢʥʦʡ ʪʨʫʙʳ. ʂʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʘ ̫

ʤʦʜʝʣʴ ʛʣʫʰʠʪʝʣʷ-ʥʝʡʪʨʘʣʠʟʘʪʦʨʘ ʙʳʣʘ ʩʦʟʜʘʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʪʨʘʵʜʨʘʣʴʥʳʭ 

ʵʣʝʤʝʥʪʦʚ. ʇʨʠ ʨʘʩʯʝʪʝ ʟʘʜʘʚʘʣʠʩʴ ʤʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʪʘʣʠ AISI 409, 

ʠʟ ʢʦʪʦʨʦʡ ʠʟʛʦʪʦʚʣʝʥ ʛʣʫʰʠʪʝʣʴ-ʥʝʡʪʨʘʣʠʟʘʪʦʨ: 

- ʤʦʜʫʣʴ ʖʥʛʘ ʜʣʷ ʩʪʘʣʠ AISI 409: ςϽρπ 0Á; 

- ʢʦʵʬʬʠʮʠʝʥʪ ʇʫʘʩʩʦʥʘ ʜʣʷ ʩʪʘʣʠ AISI 409: 0,29; 

- ʧʣʦʪʥʦʩʪʴ ʩʪʘʣʠ AISI 409: 7850 ̋ Ⱦ̄̍ . 

ʊʘʢ ʢʘʢ ʚ ʉʆʆɻ ʧʨʠʩʫʪʩʪʚʫʝʪ ʢʝʨʘʤʠʯʝʩʢʠʡ ʢʘʪʘʣʠʪʠʯʝʩʢʠʡ ʥʝʡʪʨʘʣʠʟʘʪʦʨ, 

ʪʦ ʧʨʠ ʨʘʩʯʝʪʝ ʩʦʙʩʪʚʝʥʥʳʭ ʠ ʚʳʥʫʞʜʝʥʥʳʭ ʯʘʩʪʦʪ ʠ ʬʦʨʤ ʢʦʣʝʙʘʥʠʡ ʟʘʜʘʚʘʣʠʩʴ 

ʝʛʦ ʤʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: 

- ʤʦʜʫʣʴ ʖʥʛʘ ʜʣʷ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʙʣʦʢʘ: ρϽρπ 0Á; 

- ʢʦʵʬʬʠʮʠʝʥʪ ʇʫʘʩʩʦʥʘ ʜʣʷ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʙʣʦʢʘ: 0,4. 

ʇʨʠ ʘʥʘʣʠʟʝ ʚʳʥʫʞʜʝʥʥʳʭ ʯʘʩʪʦʪ ʠ ʬʦʨʤ ʢʦʣʝʙʘʥʠʡ ʛʣʫʰʠʪʝʣʷ-

ʥʝʡʪʨʘʣʠʟʘʪʦʨʘ, ʢʨʦʤʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʪʝʨʠʘʣʦʚ ʟʘʜʘʶʪʩʷ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ. 

  

4.2 ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʛʣʫʰʠʪʝʣʷ-

ʥʝʡʪʨʘʣʠʟʘʪʦʨʘ 

 

ɻʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ, ʫʯʠʪʳʚʘʶʱʠʝ ʚʣʠʷʥʠʝ ʚʠʙʨʘʮʠʠ ʦʪ ʘʛʨʝʛʘʪʦʚ 

ʘʚʪʦʤʦʙʠʣʷ ʠ ʜʦʨʦʛʠ, ʧʨʠ ʩʦʟʜʘʥʠʠ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʳʭ ʤʦʜʝʣʝʡ ʠ ʨʘʩʯʝʪʘʭ 

ʟʘʜʘʚʘʣʠʩʴ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʟʤʝʨʝʥʠʡ ʩʧʝʢʪʨʘʣʴʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʠʙʨʘʮʠʠ ʚ ʤʝʩʪʘʭ ʢʨʝʧʣʝʥʠʷ ʛʣʫʰʠʪʝʣʷ-ʥʝʡʪʨʘʣʠʟʘʪʦʨʘ ʢ ʨʘʤʝ ʧʨʠ 

ʜʚʠʞʝʥʠʠ ʘʚʪʦʤʦʙʠʣʷ ʥʘ ʘʩʬʘʣʴʪʦʚʦʤ ʧʦʢʨʳʪʠʠ ʠ ʙʫʣʳʞʥʠʢʝ. 
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ʅʘ ʨʠʩʫʥʢʝ 4.1 ʧʦʢʘʟʘʥʘ ʫʩʪʘʥʦʚʢʘ 3-ʭ ʢʦʤʧʦʥʝʥʪʥʦʛʦ ʚʠʙʨʦʜʘʪʯʠʢʘ. ʆʩʴ X 

ï ʧʨʦʜʦʣʴʥʘʷ, Y ï ʧʦʧʝʨʝʯʥʘʷ, Z ï ʚʝʨʪʠʢʘʣʴʥʘʷ. ɼʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʠ ʩʧʝʢʪʨʘʣʴʥʦʛʦ 

ʘʥʘʣʠʟʘ ʚʠʙʨʘʮʠʠ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʘʧʧʘʨʘʪʫʨʘ ʬʠʨʤʳ ɹʨʶʣʴ ʠ ʂʲʝʨ (ɼʘʥʠʷ) ʠ 

ʬʠʨʤʳ LMS (ɹʝʣʴʛʠʷ). 

 

ʈʠʩʫʥʦʢ 4.1 - ʋʩʪʘʥʦʚʢʘ ʚʠʙʨʦʜʘʪʯʠʢʘ ʥʘ ʢʨʦʥʰʪʝʡʥʝ ʢʨʝʧʣʝʥʠʷ ʛʣʫʰʠʪʝʣʷ-

ʥʝʡʪʨʘʣʠʟʘʪʦʨʘ 

 

ʀʟʤʝʨʝʥʠ ̫ ʚʠʙʨʘʮʠʠ ʧʨʦʠʟʚʦʜʠʣʠʩ ɹ ʧʦ ʦʩʷʤ X, Y, Z ʥʘ ʘʩʬʘʣʴʪʦʚʦʤ 

ʧʦʢʨʳʪʠʠ ʧʨʠ ʜʚʠʞʝʥʠʠ ʘʚʪʦʤʦʙʠʣʷ ʩʦ ʩʢʦʨʦʩʪʴʶ 40, 60 ʠ 80 ʢʤ/ʯʘʩ ʠ ʥʘ 

ʙʫʣʳʞʥʠʢʝ ʧʨʠ ʩʢʦʨʦʩʪʷʭ ʜʚʠʞʝʥʠʷ 30, 50 ʠ 70 ʢʤ/ʯʘʩ (ʈʠʩʫʥʦʢ 4.2).  
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ʈʠʩʫʥʦʢ 4.2 - ɼʦʨʦʞʥʳʝ ʚʠʙʨʘʮʠʦʥʥʳʝ ʠʩʧʳʪʘʥʠʷ 

 

ʅʘ ʨʠʩʫʥʢʘʭ 4.3 ʠ 4.4 ʧʨʠʚʝʜʝʥʳ ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʫʟʢʦʧʦʣʦʩʥʳʝ ʠ 

ʪʨʝʪʴʦʢʪʘʚʥʳʝ ʩʧʝʢʪʨʳ ʚʠʙʨʦʫʩʢʦʨʝʥʠʡ ʧʦ ʦʩʠ ʍ ʥʘ ʙʫʣʳʞʥʠʢʝ ʧʨʠ ʩʢʦʨʦʩʪʠ 70 

ʢʤ/ʯ ʠ ʥʘ ʘʩʬʘʣʴʪʝ ʧʨʠ ʩʢʦʨʦʩʪʠ 80 ʢʤ/ʯ ʚ ʯʘʩʪʦʪʥʦʤ ʜʠʘʧʘʟʦʥʝ 10-1000 ɻʮ. 

 

ʈʠʩʫʥʦʢ 4.3 - ʉʧʝʢʪʨʳ ʚʠʙʨʦʫʩʢʦʨʝʥʠʡ ʧʨʠ ʜʚʠʞʝʥʠʠ ʘʚʪʦʤʦʙʠʣʷ ʥʘ ʙʫʣʳʞʥʠʢʝ 

ʩʦ ʩʢʦʨʦʩʪʴʶ 70 ʢʤ/ʯʘʩ 
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ʈʠʩʫʥʦʢ 4.4 - ʉʧʝʢʪʨʳ ʚʠʙʨʦʫʩʢʦʨʝʥʠʡ ʧʨʠ ʜʚʠʞʝʥʠʠ ʘʚʪʦʤʦʙʠʣʷ ʥʘ ʘʩʬʘʣʴʪʝ ʩʦ 

ʩʢʦʨʦʩʪʴʶ 80 ʢʤ/ʯʘʩ 

 

ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʯʘʩʪʦʪʳ ʘʤʧʣʠʪʫʜʥʳʝ ʟʥʘʯʝʥʠʷ ʫʟʢʦʧʦʣʦʩʥʳʭ ʠ 

ʪʨʝʪʴʦʢʪʘʚʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʫʚʝʣʠʯʠʚʘʶʪʩʷ. ʇʨʠ ʜʚʠʞʝʥʠʠ ʥʘ ʙʫʣʳʞʥʠʢʝ 

ʫʨʦʚʥʠ ʩʧʝʢʪʨʘʣʴʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʚʳʰʝ, ʯʝʤ ʧʨʠ ʜʚʠʞʝʥʠʠ ʥʘ ʘʩʬʘʣʴʪʝ, 

ʦʩʦʙʝʥʥʦ ʚ ʥʠʟʢʦʯʘʩʪʦʪʥʦʤ ʜʠʘʧʘʟʦʥʝ ʜʦ 300 ɻʮ. 

ʅʘ ʨʠʩʫʥʢʝ 4.5 ʧʨʠʚʝʜʝʥʳ ʩʧʝʢʪʨʳ ʚʠʙʨʦʫʩʢʦʨʝʥʠʡ ʜʣʷ ʚʩʝʭ ʨʝʞʠʤʦʚ 

ʠʟʤʝʨʝʥʠʷ ʥʘ ʘʩʬʘʣʴʪʝ ʠ ʙʫʣʳʞʥʠʢʝ ʧʦ ʦʩʷʤ ʍ, Y, Z. 

 

ʈʠʩʫʥʦʢ 4.5 - ʉʧʝʢʪʨʳ ʚʠʙʨʦʫʩʢʦʨʝʥʠʡ ʜʣʷ ʚʩʝʭ ʨʝʞʠʤʦʚ ʜʚʠʞʝʥʠʷ ʘʚʪʦʤʦʙʠʣʷ 

(ɸ-ʘʩʬʘʣʴʪ, ɺ-ʙʫʣʳʞʥʠʢ) 
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ɺ ʢʘʯʝʩʪʚʝ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʦʪ ʘʛʨʝʛʘʪʦʚ 

ʘʚʪʦʤʦʙʠʣʷ ʠ ʜʦʨʦʛʠ ʚ ʨʘʩʯʝʪʥʳʭ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʳʭ ʤʦʜʝʣʷʭ ʠʩʧʦʣʴʟʦʚʘʣʩʷ 

ʩʧʝʢʪʨ ʤʘʢʩʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʥʘ ʜʚʠʞʫʱʝʤʩʷ 

ʘʚʪʦʤʦʙʠʣʝ (ʈʠʩʫʥʦʢ 4.5). 

ʂʨʦʤʝ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʦʪ ʘʛʨʝʛʘʪʦʚ 

ʘʚʪʦʤʦʙʠʣʷ ʠ ʜʦʨʦʛʠ ʚ ʨʘʩʯʝʪʥʳʭ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʳʭ ʤʦʜʝʣʷʭ ʥʝʦʙʭʦʜʠʤʦ 

ʫʯʠʪʳʚʘʪʴ ʚʣʠʷʥʠʝ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʧʦʪʦʢʘ ʦʪʨʘʙʦʪʘʚʰʠʭ ʛʘʟʦʚ ʚ 

ʚʳʧʫʩʢʥʦʤ ʪʨʘʢʪʝ ʥʘ ʯʘʩʪʦʪʳ ʠ ʬʦʨʤʳ ʢʦʣʝʙʘʥʠʡ ʥʘʨʫʞʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ 

ʛʣʫʰʠʪʝʣʷ-ʥʝʡʪʨʘʣʠʟʘʪʦʨʘ. ʇʦʪʦʤʫ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʥʘ ʨʘʙʦʪʘʶʱʝʤ ʜʚʠʛʘʪʝʣʝ 

ʦʧʨʝʜʝʣʷʣʦʩʴ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʜʘʚʣʝʥʠʷ ʚ ʩʠʩʪʝʤʝ ʚʳʧʫʩʢʘ ʜʦ 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʙʣʦʢʘ.  

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʜʘʚʣʝʥʠʷ, ʩʦʟʜʘʚʘʝʤʦʛʦ ʦʪʨʘʙʦʪʘʚʰʠʤʠ 

ʛʘʟʘʤʠ ʨʘʙʦʪʘʶʱʝʛʦ ʜʚʠʛʘʪʝʣʷ, ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʥʘ ʤʦʪʦʨʥʦʤ ʩʪʝʥʜʝ, ʩʦʩʪʦʷʱʝʤ ʠʟ 

ɼɺʉ (1), ʩʠʩʪʝʤʳ ʦʙʨʘʙʦʪʢʠ ʦʪʨʘʙʦʪʘʚʰʠʭ ʛʘʟʦʚ ʩ ʛʣʫʰʠʪʝʣʝʤ-ʥʝʡʪʨʘʣʠʟʘʪʦʨʦʤ 

(3) (ʈʠʩʫʥʦʢ 4.6). ɺ ʚʳʧʫʩʢʥʦʤ ʪʨʘʢʪʝ ʧʝʨʝʜ ʛʣʫʰʠʪʝʣʝʤ-ʥʝʡʪʨʘʣʠʟʘʪʦʨʦʤ 

ʫʩʪʘʥʦʚʣʝʥ ʜʘʪʯʠʢ ʜʘʚʣʝʥʠʷ (2) (ʈʠʩʫʥʦʢ 4.6).  

     

ʈʠʩʫʥʦʢ 4.6 - ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʜʘʚʣʝʥʠʷ ʚ ʉʆʆɻ 

 

ʄʘʢʩʠʤʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ ʚ ʚʳʧʫʩʢʥʦʤ ʪʨʘʢʪʝ ʧʝʨʝʜ ʛʣʫʰʠʪʝʣʝʤ-

ʥʝʡʪʨʘʣʠʟʘʪʦʨʦʤ ʥʘ ʨʘʙʦʯʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʦ ʚʩʝʤ ʜʠʘʧʘʟʦʥʝ ʨʘʙʦʪʳ ɼɺʉ 

ʩʦʩʪʘʚʠʣʦ 14,7 ʢʇʘ.   
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4.3 ʆʧʨʝʜʝʣʝʥʠʝ ʩʦʙʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ ʠ ʬʦʨʤ ʢʦʣʝʙʘʥʠʡ ʥʘʨʫʞʥʳʭ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ʛʣʫʰʠʪʝʣʷ-ʥʝʡʪʨʘʣʠʟʘʪʦʨʘ 

 

ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ, ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʧʦʚʝʨʭʥʦʩʪʝʡ ʠʤʝʶʱʠʝ ʚʳʩʦʢʠʝ 

ʟʥʘʯʝʥʠʷ ʚʠʙʨʦʩʢʦʨʦʩʪʠ ʙr ʣʠ ʧʨʦʚʝʜʝʥʳ ʨʘʩʯʝʪʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʯʘʩʪʦʪ ʠ ʬʦʨʤ 

ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʥʘʨʫʞʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʛʣʫʰʠʪʝʣʷ-ʥʝʡʪʨʘʣʠʟʘʪʦʨʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 3-ʭ ʤʝʨʥʦʡ ʠ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʦʡ ʤʦʜʝʣʝʡ, ʧʦʢʘʟʘʥʥʳʭ ʥʘ 

ʨʠʩʫʥʢʝ 4.7. 

    

                                ʘ      ʙ 

ʈʠʩʫʥʦʢ 4.7 - 3-ʭ ʤʝʨʥʘʷ ʤʦʜʝʣʴ ʛʣʫʰʠʪʝʣʷ-ʥʝʡʪʨʘʣʠʟʘʪʦʨʘ (ʘ), ʢʦʥʝʯʥʦ-

ʵʣʝʤʝʥʪʥʘʷ ʤʦʜʝʣʴ (ʙ) 

 

ʉʦʙʩʪʚʝʥʥʳʝ ʯʘʩʪʦʪʳ ʠ ʬʦʨʤʳ ʢʦʣʝʙʘʥʠʡ ʥʘʨʫʞʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ 

ʨʘʩʩʯʠʪʳʚʘʣʠʩʴ ʚ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ 400 ï 8000 ɻʮ ʠ ʧʨʠʚʝʜʝʥʳ ʚ ʧʨʠʣʦʞʝʥʠʠ 6. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʬʦʨʤ ʢʦʣʝʙʘʥʠʡ ʥʘʨʫʞʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʉʆʆɻ 

ʥʘ ʨʘʟʣʠʯʥʳʭ ʯʘʩʪʦʪʘʭ, ʦʩʦʙʝʥʥʦ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʥʴʰʝʛʦ 

ʜʠʘʤʝʪʨʘ. 

ʅʘ ʨʠʩʫʥʢʘʭ 4.8 ï 4.16 ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʦʚ ʧʨʠʚʝʜʝʥʳ ʥʝʢʦʪʦʨʳʝ ʬʦʨʤʳ 

ʢʦʣʝʙʘʥʠʡ ʥʘʨʫʞʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʛʣʫʰʠʪʝʣʷ-ʥʝʡʪʨʘʣʠʟʘʪʦʨʘ ʥʘ ʨʘʟʣʠʯʥʳʭ 

ʯʘʩʪʦʪʘʭ ʚ ʧʦʨʷʜʢʝ ʚʦʟʨʘʩʪʘʥʠʷ ʯʘʩʪʦʪʳ. ɺ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ 400 ï 670 ɻʮ ʠʤʝʶʪ 

ʤʝʩʪʦ ʧʝʨʚʳʝ ʬʦʨʤʳ ʢʦʣʝʙʘʥʠʡ ʥʘʨʫʞʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʨʠʩʫʥʢʘʭ 4.8 ï 4.10.  
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ʈʠʩʫʥʦʢ 4.8 - ʉʦʙʩʪʚʝʥʥʘʷ ʬʦʨʤʘ ʢʦʣʝʙʘʥʠʡ ʥʘʨʫʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʉʆʆɻ ʥʘ 

ʯʘʩʪʦʪʝ 534,5 ɻʮ 

 

ʈʠʩʫʥʦʢ 4.9 - ʉʦʙʩʪʚʝʥʥʘʷ ʬʦʨʤʘ ʢʦʣʝʙʘʥʠʡ ʥʘʨʫʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʉʆʆɻ ʥʘ 

ʯʘʩʪʦʪʝ 610,8 ɻʮ 

 

ʈʠʩʫʥʦʢ 4.10 - ʉʦʙʩʪʚʝʥʥʘʷ ʬʦʨʤʘ ʢʦʣʝʙʘʥʠʡ ʥʘʨʫʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʉʆʆɻ ʥʘ 

ʯʘʩʪʦʪʝ 614,53 ɻʮ 
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ɼʘʣʝʝ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʯʘʩʪʦʪʳ ʬʦʨʤʳ ʢʦʣʝʙʘʥʠʡ ʥʘʨʫʞʥʦʡ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʥʴʰʝʛʦ ʜʠʘʤʝʪʨʘ ʩʪʘʥʦʚʷʪʩʷ ʙʦʣʝʝ ʩʣʦʞʥʳʤʠ. ʇʦʷʚʣʷʝʪʩʷ ʙʦʣʴʰʝ 

ʧʫʯʥʦʩʪʝʡ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʯʠʩʣʦ ʫʟʣʦʚ ʧʦ ʜʣʠʥʝ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

(ʈʠʩʫʥʦʢ 4.11 ʠ 4.12). 

 

ʈʠʩʫʥʦʢ 4.11 - ʉʦʙʩʪʚʝʥʥʘʷ ʬʦʨʤʘ ʢʦʣʝʙʘʥʠʡ ʥʘʨʫʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʉʆʆɻ ʥʘ 

ʯʘʩʪʦʪʝ 827,63 ɻʮ 

 

 

ʈʠʩʫʥʦʢ 4.12 - ʉʦʙʩʪʚʝʥʥʘʷ ʬʦʨʤʘ ʢʦʣʝʙʘʥʠʡ ʥʘʨʫʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʉʆʆɻ ʥʘ 

ʯʘʩʪʦʪʝ 1341,8 ɻʮ 

 

ʅʘ ʯʘʩʪʦʪʝ 1607 ɻʮ ʪʦʨʮʝʚʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʉʆʆɻ ʠʤʝʝʪ ʷʚʥʦ ʚʳʨʘʞʝʥʥʫʶ 

ʧʝʨʚʫʶ ʬʦʨʤʫ ʢʦʣʝʙʘʥʠʡ (ʈʠʩʫʥʦʢ 4.13), ʜʘʣʝʝ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʯʘʩʪʦʪʳ ʧʦʷʚʣʷʶʪʩʷ 

ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʬʦʨʤʳ ʢʦʣʝʙʘʥʠʡ (ʈʠʩʫʥʦʢ 4.14-4.16). 
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ʈʠʩʫʥʦʢ 4.13 - ʉʦʙʩʪʚʝʥʥʘʷ ʬʦʨʤʘ ʢʦʣʝʙʘʥʠʡ ʥʘʨʫʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʉʆʆɻ ʥʘ 

ʯʘʩʪʦʪʝ 1607 ɻʮ 

 

ʈʠʩʫʥʦʢ 4.14 - ʉʦʙʩʪʚʝʥʥʘʷ ʬʦʨʤʘ ʢʦʣʝʙʘʥʠʡ ʥʘʨʫʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʉʆʆɻ ʥʘ 

ʯʘʩʪʦʪʝ 2106,6 ɻʮ 

 

ʈʠʩʫʥʦʢ 4.15 - ʉʦʙʩʪʚʝʥʥʘʷ ʬʦʨʤʘ ʢʦʣʝʙʘʥʠʡ ʥʘʨʫʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʉʆʆɻ ʥʘ 

ʯʘʩʪʦʪʝ 3380,7 ɻʮ 
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ʈʠʩʫʥʦʢ 4.16 - ʉʦʙʩʪʚʝʥʥʘʷ ʬʦʨʤʘ ʢʦʣʝʙʘʥʠʡ ʥʘʨʫʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʉʆʆɻ ʥʘ 

ʯʘʩʪʦʪʝ 6340,4 ɻʮ 

 

ʅʘ ʯʘʩʪʦʪʘʭ ʚʳʰʝ 1600 ɻʮ ʧʦʷʚʣʷʶʪʩʷ ʬʦʨʤʳ ʢʦʣʝʙʘʥʠʡ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʙʦʣʴʰʝʛʦ ʜʠʘʤʝʪʨʘ (ʈʠʩʫʥʦʢ 4.15 - 4.16). 

 ɸʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʪʦʨʮʝʚʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʠ ʮʠʣʠʥʜʨʠʯʝʩʢʠʝ ʧʦʚʝʨʭʥʦʩʪʠ 

ʙʦʣʴʰʦʛʦ ʠ ʤʝʥʴʰʝʛʦ ʜʠʘʤʝʪʨʦʚ, ʠʤʝʶʪ ʥʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʩʦʙʩʪʚʝʥʥʳʭ 

ʯʘʩʪʦʪ ʠ ʬʦʨʤ ʢʦʣʝʙʘʥʠʡ.  

ʅʘ ʯʘʩʪʦʪʘʭ ʜʦ 400 ɻʮ ʬʦʨʤʳ ʢʦʣʝʙʘʥʠʷ ʛʣʫʰʠʪʝʣʷ-ʥʝʡʪʨʘʣʠʟʘʪʦʨʘ 

ʧʨʦʠʩʭʦʜʠʪ ʢʘʢ ʝʜʠʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ.  ɸ ʥʘ ʯʘʩʪʦʪʘʭ ʙʦʣʝʝ 400 ɻʮ ʢʦʣʝʙʘʥʠʷ 

ʢʦʥʩʪʨʫʢʮʠʠ ʛʣʫʰʠʪʝʣʷ-ʥʝʡʪʨʘʣʠʟʘʪʦʨʘ ʧʨʦʠʩʭʦʜʷʪ ʢʘʢ ʩʠʩʪʝʤʝ ʩ 

ʨʘʩʧʨʝʜʝʣʝʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. ʊ.ʝ. ʦʪʜʝʣʴʥʳʝ ʥʘʨʫʞʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ ʠʤʝʶʱʠʝ 

ʛʨʘʥʠʮʳ ʨʝʟʢʦʛʦ ʠʟʤʝʥʝʥʠʷ ʬʦʨʤʳ, ʞʝʩʪʢʦʩʪʥʳʭ, ʤʘʩʩʦʚʳʭ ʠʣʠ ʜʝʤʧʬʠʨʫʶʱʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʤʝʶʪ ʧʨʠʩʫʱʠʝ ʠʤ ʩʦʙʩʪʚʝʥʥʳʝ ʠ ʚʳʥʫʞʜʝʥʥʳʝ ʯʘʩʪʦʪ rʠ ʬʦʨʤ r

ʢʦʣʝʙʘʥʠʡ.   

 

4.4 ʂʦʥʩʪʨʫʢʪʠʚʥʳʝ ʨʝʰʝʥʠʷ ʧʦ ʩʥʠʞʝʥʠʶ ʟʚʫʢʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʦʪ 

ʥʘʨʫʞʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʛʣʫʰʠʪʝʣʷ-ʥʝʡʪʨʘʣʠʟʘʪʦʨʘ 

 

ʅʘ ʨʠʩʫʥʢʝ 4.17 ʧʨʠʚʝʜʝʥʘ ʢʦʥʩʪʨʫʢʮʠ ̫ ʛʣʫʰʠʪʝʣʷ-ʥʝʡʪʨʘʣʠʟʘʪʦʨʘ, ʥʘ 

ʢʦʪʦʨʦʤ ʚʳʜʝʣʝʥʳ ʪʨʠ ʦʪʜʝʣʴʥʳʝ ʥʘʨʫʞʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ, ʦʛʨʘʥʠʯʝʥʥʳʝ ʨʝʟʢʠʤ 

ʠʟʤʝʥʝʥʠʝʤ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʬʦʨʤʳ ʠ ʞʝʩʪʢʦʩʪʠ.  
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ʈʠʩʫʥʦʢ 4.17 - ʂʦʥʩʪʨʫʢʮʠ ̫ʛʣʫʰʠʪʝʣʷ-ʥʝʡʪʨʘʣʠʟʘʪʦʨʘ ʩ ʪʨʝʤʷ ʚʳʜʝʣʝʥʥʳʤʠ 

ʟʦʥʘʤʠ 

 

ʅʘ ʨʠʩʫʥʢʝ 4.18 ʧʦʢʘʟʘʥʘ ʪʨʝʭʤʝʨʥʘ ̫ ʠ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʘ ̫ ʤʦʜʝʣ ɹ

ʛʣʫʰʠʪʝʣʷ-ʥʝʡʪʨʘʣʠʟʘʪʦʨʘ. 

                                                                

                

   

    

      ʘ       ʙ    

                         

      ʚ       ʛ 

ʈʠʩʫʥʦʢ 4.18 - ʊʨʝʭʤʝʨʥʘʷ (ʘ ʠ ʙ) ʠ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʘʷ (ʚ ʠ ʛ) ʤʦʜʝʣʴ ʛʣʫʰʠʪʝʣʷ-

ʥʝʡʪʨʘʣʠʟʘʪʦʨʘ 

 

ʇʨʦʠʟʚʦʜʠʣʩʷ ʨʘʩʯʝʪ 40 ʬʦʨʤ ʢʦʣʝʙʘʥʠʡ ʛʣʫʰʠʪʝʣʷ-ʥʝʡʪʨʘʣʠʟʘʪʦʨʘ, 2 ʠʟ 

ʢʦʪʦʨʳʭ ʜʣʷ ʠʩʭʦʜʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 4.19 (ʘ ʠ ʙ).  
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   ʘ                       ʙ 

ʈʠʩʫʥʦʢ 4.19 - ʌʦʨʤʳ ʢʦʣʝʙʘʥʠʡ ʛʣʫʰʠʪʝʣʷ-ʥʝʡʪʨʘʣʠʟʘʪʦʨʘ ʥʘ ʯʘʩʪʦʪʝ 3629,4 ɻʮ 

(ʘ) ʠ 4389,5 ɻʮ (ʙ) 

 

ʇʦʩʣʝ ʨʘʩʯʝʪʘ ʠʩʭʦʜʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʥʘ ʚʳʜʝʣʝʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʷʭ 

ʚʚʦʜʠʣʠʩʴ ʩʬʝʨʠʯʝʩʢʠʝ ʚʳʧʫʢʣʦʩʪʠ ʨʘʟʣʠʯʥʦʛʦ ʨʘʜʠʫʩʘ ʠ ʨʘʩʧʦʣʦʞʝʥʠʷ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʧʨʦʠʟʚʦʜʠʣʩʷ ʨʘʩʯʝʪ ʯʘʩʪʦʪ ʠ ʬʦʨʤ ʢʦʣʝʙʘʥʠʡ. ɼʘʣʝʝ ʚʚʦʜʠʣʠʩʴ 

ʨʝʙʨʘ ʞʝʩʪʢʦʩʪʠ, ʧʨʠʤʳʢʘʶʱʠʝ ʢ ʩʬʝʨʠʯʝʩʢʠʤ ʚʳʧʫʢʣʦʩʪʷʤ. ʈʘʩʯʝʪ ʧʨʦʠʟʚʦʜʠʣʩʷ 

ʜʣʷ ʚʩʝʭ ʚʘʨʠʘʥʪʦʚ ʠʟʤʝʥʝʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʠ ʚʳʙʠʨʘʣʠʩʴ ʢʦʥʩʪʨʫʢʮʠʠ ʩ 

ʥʘʠʤʝʥʴʰʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʚʠʙʨʦʩʢʦʨʦʩʪʠ ʧʦ ʚʳʜʝʣʝʥʥʳʤ ʧʦʚʝʨʭʥʦʩʪʷʤ.  

ʅʘ ʨʠʩʫʥʢʝ 4.20ʘ ʧʦʢʘʟʘʥʘ ʢʦʥʩʪʨʫʢʮʠʷ ʩ ʚʚʝʜʝʥʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ 1 ʚ ʚʠʜʝ ʩʬʝʨʠʯʝʩʢʦʡ ʚʳʧʫʢʣʦʩʪʠ, ʟʘʪʝʤ ʚʚʝʜʝʥʳ ʨʝʙʨʘ ʞʝʩʪʢʦʩʪʠ, 

ʧʨʠʤʳʢʘʶʱʠʝ ʢ ʩʬʝʨʠʯʝʩʢʦʡ ʚʳʧʫʢʣʦʩʪʠ (ʈʠʩʫʥʦʢ 4.20ʙ).  

        

        ʘ      ʙ  

ʈʠʩʫʥʦʢ 4.20 - ʂʦʥʩʪʨʫʢʮʠʷ ʛʣʫʰʠʪʝʣʷ-ʥʝʡʪʨʘʣʠʟʘʪʦʨʘ ʩ ʚʳʧʫʢʣʦʩʪʴ  ʁ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ 1 (ʘ) ʠ ʩ ʧʨʠʤʳʢʘʶʱʠʤʠ ʨʝʙʨʘʤʠ ʞʝʩʪʢʦʩʪʠ ʢ ʩʬʝʨʠʯʝʩʢʦʡ 

ʚʳʧʫʢʣʦʩʪʠ (ʙ) 

 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʧʨʠʚʝʜʝʥʳ ʨʘʩʯʝʪʳ 2-ʭ ʬʦʨʤ ʢʦʣʝʙʘʥʠʡ ʧʦʚʝʨʭʥʦʩʪʠ 1 

ʥʘ ʯʘʩʪʦʪʘʭ 2741,3 ɻʮ (ʈʠʩʫʥʦʢ 4.21ʘ) ʠ 3522,9 ɻʮ (ʈʠʩʫʥʦʢ 4.21ʙ). 
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          ʘ            ʙ  

ʈʠʩʫʥʦʢ 4.21 ï ʌʦʨʤʳ ʢʦʣʝʙʘʥʠʡ ʧʦʚʝʨʭʥʦʩʪʴ 1 ʛʣʫʰʠʪʝʣʷ-ʥʝʡʪʨʘʣʠʟʘʪʦʨʘ ʥʘ 

ʯʘʩʪʦʪʘʭ 2741,3 ɻʮ (ʘ) ʠ 3522,9 ɻʮ (ʙ) 

 

ʉ ʮʝʣʴʶ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ 

ʠʟʤʝʥʝʥʠʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 1, ʨʘʩʩʯʠʪʳʚʘʣʠʩʴ ʩʧʝʢʪʨʳ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʳʭ 

ʟʥʘʯʝʥʠʡ ʚʠʙʨʦʩʢʦʨʦʩʪʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʠʟʤʝʥʝʥʠʡ. ʈʝʟʫʣʴʪʘʪ 

ʨʘʩʯʝʪʦʚ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʦʢ 4.22. 

 

ʈʠʩʫʥʦʢ 4.22 - ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʚʠʙʨʦʩʢʦʨʦʩʪʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 1 ʛʣʫʰʠʪʝʣʷ-

ʥʝʡʪʨʘʣʠʟʘʪʦʨʘ: 1 - ʠʩʭʦʜʥʳʡ ʚʘʨʠʘʥʪ; 2 - ʩʦ ʩʬʝʨʠʯʝʩʢʦʡ ʚʳʧʫʢʣʦʩʪʴʶ; 3 - ʩʦ 

ʩʬʝʨʠʯʝʩʢʦʡ ʚʳʧʫʢʣʦʩʪʴʶ ʠ ʧʨʠʤʳʢʘʶʱʠʤʠ ʢ ʥʠʤ ʨʝʙʨʘʤʠ ʞʝʩʪʢʦʩʪʠ 

 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʩʯʝʪʘ, ʥʘʠʤʝʥʴʰʠʝ ʟʥʘʯʝʥʠʷ ʚʠʙʨʦʩʢʦʨʦʩʪʠ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ 1 ʠʤʝʝʪ ʢʦʥʩʪʨʫʢʮʠʷ ʩʦ ʩʬʝʨʠʯʝʩʢʦʡ ʚʳʧʫʢʣʦʩʪʴʶ.  
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ʅʘ ʧʦʚʝʨʭʥʦʩʪʠ 2 ʙʳʣʠ ʚʚʝʜʝʥʳ ʠʟʤʝʥʝʥʠʷ ʚ ʢʦʥʩʪʨʫʢʮʠʶ ʚ ʚʠʜʝ 

ʩʬʝʨʠʯʝʩʢʠʭ ʚʳʧʫʢʣʦʩʪʝʡ (ʈʠʩʫʥʦʢ 4.23ʘ) ʠ ʨʝʙʝʨ ʞʝʩʪʢʦʩʪʠ, ʧʨʠʤʳʢʘʶʱʠʭ ʢ 

ʩʬʝʨʠʯʝʩʢʠʤ ʚʳʧʫʢʣʦʩʪʷʤ (ʈʠʩʫʥʦʢ 4.23ʙ).  

        

      ʘ        

        

  ʙ  

ʈʠʩʫʥʦʢ 4.23 - ʂʦʥʩʪʨʫʢʮʠʷ ʛʣʫʰʠʪʝʣʷ-ʥʝʡʪʨʘʣʠʟʘʪʦʨʘ ʩ ʚʳʧʫʢʣʦʩʪʷʤʠ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ 2 (ʘ) ʠ ʩ ʧʨʠʤʳʢʘʶʱʠʤʠ ʨʝʙʨʘʤʠ ʞʝʩʪʢʦʩʪʠ ʢ ʩʬʝʨʠʯʝʩʢʠʤ 

ʚʳʧʫʢʣʦʩʪʷʤ (ʙ) 

 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʧʨʠʚʝʜʝʥʳ ʨʘʩʯʝʪʳ 2-ʭ ʬʦʨʤ ʢʦʣʝʙʘʥʠʡ ʧʦʚʝʨʭʥʦʩʪʠ 2 

ʥʘ ʯʘʩʪʦʪʘʭ 3956,1 ɻʮ (ʈʠʩʫʥʦʢ 4.24ʘ) ʠ 4431,8 ɻʮ (ʈʠʩʫʥʦʢ 4.24ʙ).  

     

ʘ               ʙ  

ʈʠʩʫʥʦʢ 4.24 - ʌʦʨʤʳ ʢʦʣʝʙʘʥʠʡ ʛʣʫʰʠʪʝʣʷ-ʥʝʡʪʨʘʣʠʟʘʪʦʨʘ ʥʘ ʯʘʩʪʦʪʝ 3956,1 ɻʮ 

(ʘ) ʠ 4431,8 ɻʮ (ʙ) 
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ʉ ʮʝʣʴʶ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ 

ʠʟʤʝʥʝʥʠʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 2, ʨʘʩʩʯʠʪʳʚʘʣʠʩʴ ʩʧʝʢʪʨʳ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʳʭ 

ʟʥʘʯʝʥʠʡ ʚʠʙʨʦʩʢʦʨʦʩʪʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʠʟʤʝʥʝʥʠʡ. ʈʝʟʫʣʴʪʘʪ 

ʨʘʩʯʝʪʦʚ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 4.25. 

 

ʈʠʩʫʥʦʢ 4.25 ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʚʠʙʨʦʩʢʦʨʦʩʪʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 2 ʛʣʫʰʠʪʝʣʷ-

ʥʝʡʪʨʘʣʠʟʘʪʦʨʘ: 1 - ʠʩʭʦʜʥʳʡ ʚʘʨʠʘʥʪ; 2 - ʩʦ ʩʬʝʨʠʯʝʩʢʠʤʠ ʚʳʧʫʢʣʦʩʪʷʤʠ; 3 - ʩʦ 

ʩʬʝʨʠʯʝʩʢʠʤʠ ʚʳʧʫʢʣʦʩʪʷʤʠ ʠ ʧʨʠʤʳʢʘʶʱʠʤʠ ʢ ʥʠʤ ʨʝʙʨʘʤʠ ʞʝʩʪʢʦʩʪʠ 

  

ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʯʘʩʪʦʪʳ ʬʦʨʤʳ ʢʦʣʝʙʘʥʠʡ ʩʪʘʥʦʚʷʪʩʷ ʙʦʣʝʝ ʩʣʦʞʥʳʤʠ. ʅʘ 

ʧʦʚʝʨʭʥʦʩʪʠ 2 ʧʨʠ ʚʚʝʜʝʥʠʠ ʩʬʝʨʠʯʝʩʢʠʭ ʚʳʧʫʢʣʦʩʪʝʡ ʫʤʝʥʴʰʘʝʪʩʷ ʯʠʩʣʦ 

ʧʫʯʥʦʩʪʝʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʭʦʜʥʳʤ ʚʘʨʠʘʥʪʦʤ ʠ ʢʘʢ ʧʦʢʘʟʳʚʘʶʪ ʨʝʟʫʣʴʪʘʪʳ 

ʨʘʩʯʝʪʘ ʩʥʠʞʘʝʪʩʷ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʚʠʙʨʦʩʢʦʨʦʩʪʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ.  

ɼʘʣʝʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 3 ʚʚʝʜʝʥ  r ʠʟʤʝʥʝʥʠʷ ʚ ʢʦʥʩʪʨʫʢʮʠʶ ʚ ʚʠʜʝ 

ʩʬʝʨʠʯʝʩʢʠʭ ʚʳʧʫʢʣʦʩʪʝʡ (ʈʠʩʫʥʦʢ 4.26ʘ) ʠ ʨʝʙʝʨ ʞʝʩʪʢʦʩʪʠ, ʧʨʠʤʳʢʘʶʱʠʭ ʢ 

ʩʬʝʨʠʯʝʩʢʠʤ ʚʳʧʫʢʣʦʩʪʷʤ (ʈʠʩʫʥʦʢ 4.26ʙ).  
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   ʘ             ʙ  

ʈʠʩʫʥʦʢ 4.26 - ʂʦʥʩʪʨʫʢʮʠʷ ʛʣʫʰʠʪʝʣʷ-ʥʝʡʪʨʘʣʠʟʘʪʦʨʘ ʩ ʚʳʧʫʢʣʦʩʪʴʶ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ 3 (ʘ) ʠ ʩ ʧʨʠʤʳʢʘʶʱʠʤʠ ʨʝʙʨʘʤʠ ʞʝʩʪʢʦʩʪʠ ʢ ʩʬʝʨʠʯʝʩʢʦʡ 

ʚʳʧʫʢʣʦʩʪʠ (ʙ) 

 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʧʨʠʚʝʜʝʥʳ ʨʘʩʯʝʪʳ 2-ʭ ʬʦʨʤ ʢʦʣʝʙʘʥʠʡ ʧʦʚʝʨʭʥʦʩʪʠ 3 

ʥʘ ʯʘʩʪʦʪʘʭ 2181,7 ɻʮ (ʈʠʩʫʥʦʢ 4.27ʘ) ʠ 3649,7 ɻʮ (ʈʠʩʫʥʦʢ 4.27ʙ). 

        

           ʘ                 ʙ  

ʈʠʩʫʥʦʢ 4.27 ʌʦʨʤʳ ʢʦʣʝʙʘʥʠʡ ʛʣʫʰʠʪʝʣʷ-ʥʝʡʪʨʘʣʠʟʘʪʦʨʘ ʥʘ ʯʘʩʪʦʪʝ 2181,7 ɻʮ 

(ʘ) ʠ 3649,7 ɻʮ (ʙ) 

 

ʉ ʮʝʣʴʶ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ 

ʠʟʤʝʥʝʥʠʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 3, ʨʘʩʩʯʠʪʳʚʘʣʠʩʴ ʩʧʝʢʪʨʳ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʳʭ 

ʟʥʘʯʝʥʠʡ ʚʠʙʨʦʩʢʦʨʦʩʪʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʠʟʤʝʥʝʥʠʡ. ʈʝʟʫʣʴʪʘʪ 

ʨʘʩʯʝʪʦʚ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 4.28. 


