
ʄʀʅʀʉʊɽʈʉʊɺʆ ʆɹʈɸɿʆɺɸʅʀʗ ʈɽʉʇʋɹʃʀʂʀ ɹɽʃɸʈʋʉʔ 

ʄʀʅʀʉʊɽʈʉʊɺʆ ʆɹʈɸɿʆɺɸʅʀʗ ʀ ʅɸʋʂʀ ʈʆʉʉʀʁʉʂʆʁ ʌɽɼɽʈɸʎʀʀ 

 

ɻʆʉʋɼɸʈʉʊɺɽʅʅʆɽ ʋʏʈɽɾɼɽʅʀɽ ɺʓʉʐɽɻʆ ʇʈʆʌɽʉʉʀʆʅɸʃʔʅʆɻʆ  

ʆɹʈɸɿʆɺɸʅʀʗ çɹɽʃʆʈʋʉʉʂʆ-ʈʆʉʉʀʁʉʂʀʁ ʋʅʀɺɽʈʉʀʊɽʊè 
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ɹɽʅɼʀʂ 

ʊʘʪʴʷʥʘ ʀʚʘʥʦʚʥʘ 
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ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ɻʋɺʇʆ çɹʝʣʦʨʫʩʩʢʦ-ʈʦʩʩʠʡʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 

 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ : ɹʝʨʝʟʠʝʥʢʦ ɺʘʣʝʨʠʡ ʇʝʪʨʦʚʠʯ, ʜʦʢʪʦʨ 

ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ 

çʆʙʦʨʫʜʦʚʘʥʠʝ ʠ ʪʝʭʥʦʣʦʛʠʷ ʩʚʘʨʦʯʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘè  ɻʋɺʇʆ çɹʝʣʦʨʫʩʩʢʦ- ʈʦʩ-

ʩʠʡʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè, ʛ. ʄʦʛʠʣʝʚ. 

ʆʬʠʮʠʘʣʴʥʳʝ ʦʧʧʦʥʝʥʪʳ: ɼʝʥʠʩʦʚ ʃʝʦʥʠʜ ʉʝʨʛʝʝʚʠʯ, ʜʦʢʪʦʨ ʪʝʭʥʠ-

ʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ çʇʦʨʦʰʢʦ-

ʚʘʷ ʤʝʪʘʣʣʫʨʛʠʷ, ʩʚʘʨʢʘ ʠ ʪʝʭʥʦʣʦʛʠʷ ʤʝʪʘʣ-

ʣʦʚè ɹʝʣʦʨʫʩʩʢʦʛʦ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʪʝʭʥʠʯʝ-

ʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, ʛ. ʄʠʥʩʢ. 

 

 ʂʫʟʤʝʥʢʦ ʀʛʦʨʴ ʄʠʭʘʡʣʦʚʠʯ, ʢʘʥʜʠʜʘʪ 

ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ çʉʦʧʨʦ-

ʪʠʚʣʝʥʠʝ ʤʘʪʝʨʠʘʣʦʚè ɻʋɺʇʆ çɹʝʣʦʨʫʩʩʢʦ- 

ʈʦʩʩʠʡʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè,  

ʛ. ʄʦʛʠʣʝʚ. 

 

 

 

 

ʆʧʧʦʥʠʨʫʶʱʘʷ ʦʨʛʘʥʠʟʘʮʠʷ: ɻʅʋ çʀʥʩʪʠʪʫʪ  ʧʦʨʦʰʢʦʚʦʡ ʤʝʪʘʣʣʫʨʛʠʠè  

ʅɸʅ ɹʝʣʘʨʫʩʠ, ʛ. ʄʠʥʩʢ 

 

ɿʘʱʠʪʘ ʜʠʩʩʝʨʪʘʮʠʠ ʩʦʩʪʦʠʪʩʷ ç  5  è    ʠʁ ʥʷ     2009 ʛ. ʚ 14
00

  ʥʘ ʟʘʩʝʜʘ-

ʥʠʠ ʩʦʚʝʪʘ ʥʘ ʟʘʱʠʪʝ ʜʠʩʩʝʨʪʘʮʠʡ ʂ 02.18.01 ʧʨʠ ɻʋɺʇʆ çɹʝʣʦʨʫʩʩʢʦ-

ʈʦʩʩʠʡʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè ʧʦ ʘʜʨʝʩʫ: 212000, ʛ. ʄʦʛʠʣʝʚ, ʧʨ-ʪ ʄʠʨʘ, 43, ʢʦʨʧ.1, 

ʘʫʜ. 323, ʪʝʣ. (8-0222) 22-52-12 

 

 

ʉ ʜʠʩʩʝʨʪʘʮʠʝʡ ʤʦʞʥʦ ʦʟʥʘʢʦʤʠʪʴʩʷ ʚ ʙʠʙʣʠʦʪʝʢʝ ɻʋɺʇʆ çɹʝʣʦʨʫʩʩʢʦ-

ʈʦʩʩʠʡʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè. 

 

ɸʚʪʦʨʝʬʝʨʘʪ ʨʘʟʦʩʣʘʥ ç   17   è   ʘʧʨʝʣʷ    2009 ʛ. 

 

ʋʯʝʥʳʡ ʩʝʢʨʝʪʘʨʴ 

ʩʦʚʝʪʘ ʧʦ ʟʘʱʠʪʝ ʜʠʩʩʝʨʪʘʮʠʡ 

ʜʦʢʪʦʨ ʬʠʟ.-ʤʘʪ. ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ    ɹʦʨʠʩʦʚ ɺ.ʀ. 
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ɺɺɽɼɽʅʀɽ 
 

ʆʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʨʘʟʚʠʪʠʷ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ ʚ ʈʝʩʧʫʙʣʠʢʝ ɹʝʣʘʨʫʩʴ ʷʚ-
ʣʷʝʪʩʷ ʚʥʝʜʨʝʥʠʝ ʧʨʦʛʨʝʩʩʠʚʥʳʭ ʵʥʝʨʛʦ- ʠ ʤʘʪʝʨʠʘʣʦʩʙʝʨʝʛʘʶʱʠʭ ʪʝʭʥʦʣʦʛʠʡ, 
ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʢʘʯʝʩʪʚʘ ʚʳʧʫʩʢʘʝʤʦʡ ʧʨʦʜʫʢʮʠʠ ʠ ʧʦʚʳ-
ʰʝʥʠʝ ʝʝ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʥʘ ʨʳʥʢʝ. ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʩʥʠʞʝʥʠʷ ʩʝʙʝʩʪʦ-
ʠʤʦʩʪʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠʟʜʝʣʠʡ, ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʢʦʪʦʨʳʭ ʧʨʝʜʧʦʣʘ-
ʛʘʶʪ ʥʘʣʠʯʠʝ ʊ-ʦʙʨʘʟʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʢʦʥʪʘʢʪʥʘʷ ʨʝʣʴʝʬʥʘʷ ʩʚʘʨʢʘ ʷʚʣʷʝʪʩʷ 
ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʦʤ. ʆʥʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦ-
ʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, ʫʨʦʚʥʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠ ʤʝʭʘʥʠʟʘʮʠʠ ʩʙʦ-
ʨʦʯʥʦ-ʩʚʘʨʦʯʥʳʭ ʨʘʙʦʪ, ʤʘʣʫʶ ʵʥʝʨʛʦʝʤʢʦʩʪʴ, ʦʪʩʫʪʩʪʚʠʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʨʠ-
ʤʝʥʝʥʠʷ ʩʧʝʮʠʘʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ (ʩʚʘʨʦʯʥʘʷ ʧʨʦʚʦʣʦʢʘ, ʟʘ-
ʱʠʪʥʳʡ ʛʘʟ ʠ ʪ.ʜ.), ʚʳʩʦʢʫʶ ʢʫʣʴʪʫʨʫ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʛʠʛʠʝʥʠʯʥʦʩʪʴ ʠ ʙʣʘʛʦ-
ʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ ʪʨʫʜʘ.   

ʆʜʥʘʢʦ ʦʪʩʫʪʩʪʚʠʝ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʦʩʥʦʚ ʧʨʦʮʝʩʩʘ ʦʙʨʘʟʦʚʘʥʠʷ ʊ-ʦʙʨʘʟʥʳʭ ʩʦ-
ʝʜʠʥʝʥʠʡ ʧʨʠ ʨʝʣʴʝʬʥʦʡ ʩʚʘʨʢʝ, ʘ ʪʘʢʞʝ ʥʦʨʤʘʪʠʚʥʦʡ ʙʘʟʳ ʚʳʟʳʚʘʝʪ ʩʣʦʞʥʦʩʪʠ ʧʨʠ 
ʦʧʨʝʜʝʣʝʥʠʠ ʧʘʨʘʤʝʪʨʦʚ ʨʝʞʠʤʘ ʠ ʪʨʝʙʫʝʪ ʧʨʦʚʝʜʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠ-
ʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʪʝʭʥʦʣʦʛʠʠ ʩʚʘʨʢʠ. ʇʦʜʦʙʥʳʝ ʵʢʩʧʝʨʠ-
ʤʝʥʪʘʣʴʥʳʝ ʫʪʦʯʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʨʝʞʠʤʘ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʧʨʘʢʪʠʢʝ ʚʩʝʛʜʘ ʩʚʷ-
ʟʘʥʳ ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʚʨʝʤʝʥʥʳʤʠ, ʤʘʪʝʨʠʘʣʴʥʳʤʠ ʟʘʪʨʘʪʘʤʠ ʠ ʥʝ ʚʩʝʛʜʘ ʜʘʶʪ 
ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʚ ʧʣʘʥʝ ʦʙʝʩʧʝʯʝʥʠʷ ʪʨʝʙʫʝʤʳʭ ʧʨʦʯʥʦʩʪʥʳʭ ʧʦʢʘʟʘʪʝ-
ʣʝʡ, ʪʦʯʥʦʩʪʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʠʭ ʚʥʝʰʥʝʛʦ ʚʠʜʘ.  

ɼʣʷ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦ-
ʜʝʣʠ ʧʨʦʮʝʩʩʘ ʨʝʣʴʝʬʥʦʡ ʩʚʘʨʢʠ, ʧʦʟʚʦʣʷʶʱʝʡ ʯʠʩʣʝʥʥʦ ʨʝʘʣʠʟʦʚʘʪʴ ʩʦʚʤʝɦ ʝʥʥrʡ 
ʣɻʝʢʪʨʦʪʝʨʤʦʜʝʬʦʨʤʘʮʠʦʥʥʳʡ ʨʘʩʯʝʪ ʩ ʫʯʝʪʦʤ ʟʥʘʯʠʪʝʣʴʥʳʭ ʧʣʘʩʪʠʯʝʩʢʠʭ ʜʝʬʦʨ-
ʤʘʮʠʡ, ʢʦʪʦʨʳʤ ʧʦʜʚʝʨʛʘʝʪʩʷ ʟʦʥʘ ʩʚʘʨʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʦʩʘʜʢʠ ʨʝʣʴʝʬʘ. 
ʉ ʧʦʤʦʱʴʶ ʵʪʦʡ ʤʦʜʝʣʠ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʪʨʝʙʫʝʪʩʷ ʨʘʟʨʘʙʦʪʘʪʴ 
ʩʧʦʩʦʙʳ ʫʧʨʘʚʣʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʠ ʪʝʧʣʦʚʳʤʠ ʧʦʣʷʤʠ, ʧʨʦʮʝʩʩʦʤ ʥʘʧʨʘʚʣʝʥʥʦ-
ʛʦ ʫʧʨʫʛʦʧʣʘʩʪʠʯʝʩʢʦʛʦ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʤʝʪʘʣʣʘ ʟʦʥʳ ʩʚʘʨʢʠ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʪ 
ʧʦʣʫʯʠʪʴ ʚʳʩʦʢʠʝ ɻ ʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʝʜʠʥʝʥʠʡ. 

  
ʆɹʑɸʗ ʍɸʈɸʂʊɽʈʀʉʊʀʂɸ ʈɸɹʆʊʓ 

 
ʉʚʷʟʴ ʨʘʙʦʪʳ ʩ ʢʨʫʧʥʳʤʠ ʥʘʫʯʥʳʤʠ ʧʨʦʛʨʘʤʤʘʤʠ (ʧʨʦʝʢʪʘʤʠ) ʠ 

ʪʝʤʘʤʠ. ʊʝʤʘ ʜʠʩʩʝʨʪʘʮʠʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʣʝʜʫʶʱʠʤ ʧʨʠʦʨʠʪʝʪʥʳʤ ʥʘʧʨʘʚʣʝ-
ʥʠʷʤ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠ ʧʨʠʢʣʘʜʥʳʭ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʈʝʩʧʫʙʣʠʢʠ ɹʝ-
ʣʘʨʫʩʴ ʥʘ 2006-2010 ʛʦʜʳ (ʇʝʨʝʯʝʥʴ ʫʪʚʝʨʞʜʝʥ ʧʦʩʪʘʥʦʚʣʝʥʠʝʤ ʉʦʚʝʪʘ ʄʠʥʠ-
ʩʪʨʦʚ ʈʝʩʧʫʙʣʠʢʠ ɹʝʣʘʨʫʩʴ ʦʪ 17.05.2005 ʛ. ˉ 512): 

2. ʄʝʭʘʥʠʢʘ ʤʘʰʠʥ, ʦʙʝʩʧʝʯʝʥʠʝ ʥʘʜʝʞʥʦʩʪʠ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʪʝʭʥʠʯʝʩʢʠʭ 
ʩʠʩʪʝʤ, ʧʦʚʳʰʝʥʠʝ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʧʨʦʜʫʢʮʠʠ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ; 

6. ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʠ ʬʠʟʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩʠʩʪʝʤ, ʩʪʨʫʢʪʫʨ ʠ ʧʨʦ-
ʮʝʩʩʦʚ ʚ ʧʨʠʨʦʜʝ ʠ ʦʙʱʝʩʪʚʝ, ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʩʦʟʜʘʥʠʝ ʩʦʚʨʝ-
ʤʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ.  

ʅʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ 
ʩ ʧʣʘʥʦʤ ʅʀʈ ɹʝʣʦʨʫʩʩʢʦ-ʈʦʩʩʠʡʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ɻɹ - 0621 çʋʣʫʯʰʝʥʠʝ ʢʘʯʝ-
ʩʪʚʘ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʝʬʪʝʭʠʤʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 



 4 

ʪʨʫʙʦʧʨʦʚʦʜʦʚè (ʩ 2005 ʧʦ 2009 ʛ.), ʚ ʚʳʧʦʣʥʝʥʠʠ ʢʦʪʦʨʦʛʦ ʧʨʠʥʠʤʘʣʘ ʫʯʘʩʪʠʝ 
ʘʩʧʠʨʘʥʪʢʘ. 

ʎʝʣʴ ʠ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ 
ʪʨʝʙʫʝʤʳʭ ʧʨʦʯʥʦʩʪʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʠ ʪʦʯʥʦʩʪʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʊ-
ʦʙʨʘʟʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʩʦʟʜʘʥʠʷ ʥʘʧʨʘʚʣʝʥʥʦʡ ʫʧʨʫʛʦʧʣʘʩʪʠʯʝʩʢʦʡ 
ʜʝʬʦʨʤʘʮʠʠ ʤʝʪʘʣʣʘ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʠ ʚ ʨʘʙʦʪʝ ʧʦʩʪʘʚʣʝʥʳ ʠ ʨʝʰʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 
- ʨʘʟʨʘʙʦʪʘʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘ ̫ʤʦʜʝʣʴ ʫʧʨʫʛʦʧʣʘʩʪʠʯʝʩʢʦʛʦ ʜʝʬʦʨʤʠʨʦ-

ʚʘʥʠʷ ʤʝʪʘʣʣʘ ʧʨʠ ʨʝʣʴʝʬʥʦʡ ʩʚʘʨʢʝ, ʧʦʟʚʦʣʷʶʱʘʷ ʧʨʦʚʦʜʠʪʴ ʦʮʝʥʢʫ ʛʝʦʤʝʪ-
ʨʠʯʝʩʢʠʭ ʠ ʧʨʦʯʥʦʩʪʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʊ-ʦʙʨʘʟʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 
ʩʦʟʜʘʥʥʳʭ ʪʝʨʤʦʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʫʩʣʦʚʠʡ ʧʨʦʮʝʩʩʘ; 

- ʧʨʠ ʧʦʤʦʱʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘ-
ʥʠʡ ʫʩʪʘʥʦʚʣʝʥʳ ʧʫʪʠ ʫʧʨʘʚʣʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʠ ʪʝʧʣʦʚʳʤʠ ʧʦʣʷʤʠ, ʩʦ-
ʟʜʘʥʠʷ ʥʘʧʨʘʚʣʝʥʥʦʡ ʫʧʨʫʛʦʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʤʝʪʘʣʣʘ, ʥʘ ʦʩʥʦʚʝ ʢʦ-
ʪʦʨʳʭ ʧʨʝʜʣʦʞʝʥʳ ʧʨʘʢʪʠʯʝʩʢʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʚʳʙʦʨʫ ʧʘʨʘʤʝʪʨʦʚ ʨʝʞʠʤʘ 
ʩʚʘʨʢʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʚʳʩʦʢʠʝ ʧʨʦʯʥʦʩʪʥʳʝ ʧʦʢʘʟʘʪʝʣʠ  ʠ ʟʘʜʘʥʥʫʶ ʪʦʯ-
ʥʦʩʪʴ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚ ʩʦʝʜʠʥʝʥʠʡ; 

- ʫʩʪʘʥʦʚʣʝʥʳ ʥʘʠʙʦʣʝʝ ʠʥʬʦʨʤʘʪʠʚʥʳʝ ʧʘʨʘʤʝʪʨʳ, ʧʦ ʢʦʪʦʨʳʤ ʚʦʟʤʦʞ-
ʥʦ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʥʘʧʨʘʚʣʝʥʠʷ ʫʧʨʫʛʦʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʤʝʪʘʣʣʘ, ʘ 
ʪʘʢʞʝ ʢʦʨʨʝʣʷʮʠʦʥʥʳʝ ʩʚʷʟʠ ʤʝʞʜʫ ʜʘʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʠ ʢʠʥʝʪʠʢʦʡ ʬʦʨ-
ʤʠʨʦʚʘʥʠ ̫ʊ-ʦʙʨʘʟʥʳʭ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ; 

- ʨʘʟʨʘʙʦʪʘʥʘ ʠ ʚʥʝʜʨʝʥʘ ʚ ʧʨʦʠʟʚʦʜʩʪʚʦ ʪʝʭʥʦʣʦʛʠ ̫ʨʝʣʴʝʬʥʦʡ ʩʚʘʨʢʠ, 
ʦʙʝʩʧʝʯʠʚʘʶʱʘ ̫ ʧʦʣʫʯʝʥʠʝ ʊ-ʦʙʨʘʟʥʳʭ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʪʨʝʙʫʝʤʦʡ 
ʧʨʦʯʥʦʩʪʴʶ ʠ ʪʦʯʥʦʩʪʴʶ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʧʨʝʜʣʦʞʝʥʘ ʩʧʝʮʠʘʣʠʟʠ-
ʨʦʚʘʥʥʘ ̫ʦʩʥʘʩʪʢʘ ʜʣʷ ʝʝ ʨʝʘʣʠʟʘʮʠʠ. 

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʶʪʩʷ ʊ-ʦʙʨʘʟʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʚʳʧʦʣʥʷʝʤʳʝ 
ʨʝʣʴʝʬʥʦʡ ʩʚʘʨʢʦʡ. ʇʨʝʜʤʝʪ ʠʩʩʣʝʜʦʚʘʥʠʡ - ʦʩʥʦʚʥʳʝ ʬʘʢʪʦʨʳ, ʦʢʘʟʳʚʘʶʱʠʝ 
ʚʣʠʷʥʠʝ ʥʘ ʪʝʨʤʦʜʝʬʦʨʤʘʮʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʊ-ʦʙʨʘʟʥʳʭ ʩʦʝʜʠ-
ʥʝʥʠʡ ʧʨʠ ʨʝʣʴʝʬʥʦʡ ʩʚʘʨʢʝ.  

 

ʇʦʣʦʞʝʥʠʷ ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ 

1. ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʧʨʦʮʝʩʩʘ ʦʙʨʘʟʦʚʘʥʠʷ ʩʦʝʜʠʥʝʥʠʡ ʧʨʠ ʨʝʣʴʝʬ-

ʥʦʡ ʩʚʘʨʢʝ, ʦʪʣʠʯʘʶʱʘʷʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʰʘʛʦʚʦ-ʩʦʚʤʝʱʝʥʥʦʛʦ ʘʥʘʣʠʟʘ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ, ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʠ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʧʦʣʝʡ ʩ ʫʯʝʪʦʤ ʠʟʤʝʥʝʥʠʷ 

ʢʦʥʪʘʢʪʥʳʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʠ ʚʦʟʤʦʞʥʦʩʪʴʶ ʦʙʝʩʧʝʯʝʥʠʷ ʩʭʦʜʠʤʦʩʪʠ ʚʳʯʠʩʣʠ-

ʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʧʨʠ ʟʥʘʯʠʪʝʣʴʥʳʭ ʧʣʘʩʪʠʯʝʩʢʠʭ ʜʝʬʦʨʤʘʮʠʷʭ ʤʝʪʘʣʣʘ, ʧʦʟ-

ʚʦʣʠʚʰʘʷ ʫʩʪʘʥʦʚʠʪʴ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʬʦʨʤʦʡ, ʨʘʟʤʝʨʘʤʠ ʨʝʣʴʝʬʘ, ʦʩʥʦʚ-

ʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʨʝʞʠʤʘ ʩʚʘʨʢʠ, ʨʘʟʤʝʨʘʤʠ ʜʝʪʘʣʝʡ, ʩʚʦʡʩʪʚʘʤʠ ʩʚʘʨʠʚʘʝ-

ʤʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʢʠʥʝʪʠʢʦʡ ʦʙʨʘʟʦʚʘʥʠʷ ʊ-ʦʙʨʘʟʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. 

2. ʅʦʚʘʷ ʤʝʪʦʜʠʢʘ ʚʳʙʦʨʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʨʝʞʠʤʘ ʨʝʣʴʝʬ-

ʥʦʡ ʩʚʘʨʢʠ ʊ-ʦʙʨʘʟʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʫʯʝʪʦʤ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʠʟʤʝʥʝʥʠʷ ʨʘʟʤʝ-

ʨʦʚ ʢʦʥʪʘʢʪʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʧʨʦʮʝʩʩʝ ʦʩʘʜʢʠ ʨʝʣʴʝʬʘ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʠʣʘ ʧʦ-

ʣʫʯʠʪʴ  ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʟʤʝʨʦʚ ʨʝʣʴʝʬʦʚ, ʚʝ-

ʣʠʯʠʥʳ ʩʚʘʨʦʯʥʦʛʦ ʪʦʢʘ, ʜʣʠʪʝʣʴʥʦʩʪʠ ʝʛʦ ʥʘʨʘʩʪʘʥʠʷ ʠ ʧʨʦʪʝʢʘʥʠʷ ʚ ʟʘʚʠʩʠ-

ʤʦʩʪʠ ʦʪ ʪʠʧʘ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚ ʩʦʝʜʠʥʝʥʠʡ ʧʨʠ ʩʚʘʨʢʝ ʫʛʣʝʨʦʜʠʩʪʳʭ 

ʩʪʘʣʝʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʨʘʜʠʘʣʴʥʦ ʥʘʧʨʘʚʣʝʥʥʫʶ ʫʧʨʫʛʦʧʣʘʩʪʠʯʝʩʢʫʶ ʜʝ-
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ʬʦʨʤʘʮʠʶ ʤʝʪʘʣʣʘ ʟʦʥʳ ʩʚʘʨʢʠ, ʘʢʪʠʚʘʮʠʶ ʢʦʥʪʘʢʪʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʚʳʩʦʢʠʝ 

ʧʦʢʘʟʘʪʝʣʠ ʧʨʦʯʥʦʩʪʠ ʠ ʪʦʯʥʦʩʪʠ  ʩʦʝʜʠʥʝʥʠʡ. 

3. ʋʤʝʥʴʰʝʥʘ ʜʝʬʦʨʤʘʮʠʷ ʚʥʫʪʨʝʥʥʝʡ ʩʪʝʥʢʠ ʜʝʪʘʣʠ ʠ ʚʝʨʦʷʪʥʦʩʪʴ ʧʦ-

ʚʨʝʞʜʝʥʠʷ ʨʝʟʴʙʳ ʧʨʠ ʧʦʤʦʱʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʬʦʨʤr ʨʝʣʴʝʬʘ, ʦʪʣʠʯʘʶʱʝʡʩʷ 

ʥʘʣʠʯʠʝʤ ʪʦʨʦʠʜʘʣʴʥʦʡ ʢʘʥʘʚʢʠ ʠ ʧʣʦʩʢʦʡ ʧʣʦʱʘʜʢʠ ʩʨʝʟʘ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʠʣʠ 

ʦʙʝʩʧʝʯʠʪʴ ʥʘʧʨʘʚʣʝʥʥʫ  ʁʫʧʨʫʛʦʧʣʘʩʪʠʯʝʩʢʫʶ ʜʝʬʦʨʤʘʮʠʶ ʤʝʪʘʣʣʘ ʨʝʣʴʝʬʘ, 

ʦʪʩʫʪʩʪʚʠʝ ʟʘʟʦʨʦʚ ʤʝʞʜʫ ʩʚʘʨʠʚʘʝʤʳʤʠ ʜʝʪʘʣʷʤʠ, ʧʦʚʳʰʝʥʠʝ ʩʪʘʪʠʯʝʩʢʦʡ 

ʧʨʦʯʥʦʩʪʠ ʩʦʝʜʠʥʝʥʠʡ ʥʘ 15 ï 20 % ʠ ʩʥʠʞʝʥʠʝ ʨʘʟʤʘʭʘ ʧʨʦʯʥʦʩʪʠ ʚ 1,5 ʨʘʟʘ. 

4. ʊʝʦʨʝʪʠʯʝʩʢʠ  ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥ ʜʠʘʧʘʟʦʥ ʩʢʦʨʦʩʪʝʡ 

ʦʩʘʜʢʠ ʨʝʣʴʝʬʦʚ (2,6 ï 4,2 ʤʤ/ʩ), ʚ ʧʨʝʜʝʣʘʭ ʢʦʪʦʨʦʛʦ ʦʙʝʩʧʝʯʠʚʘʶʪʩʷ ʥʘʧʨʘʚ-

ʣʝʥʥʘʷ ʫʧʨʫʛʦʧʣʘʩʪʠʯʝʩʢʘʷ ʜʝʬʦʨʤʘʮʠʷ ʤʝʪʘʣʣʘ, ʚʳʩʦʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʧʨʦʯʥʦ-

ʩʪʠ ʠ ʪʦʯʥʦʩʪʠ ʊ-ʦʙʨʘʟʥʳʭ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʠ ʧʦʟʚʦʣʷʶʱʠʡ ʦʧʨʝʜʝʣʠʪʴ 

ʪʨʝʙʦʚʘʥʠʷ ʢ ʜʠʥʘʤʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʤʝʭʘʥʠʟʤʦʚ ʩʞʘʪʠʷ ʤʘʰʠʥ ʨʝʣʴʝʬʥʦʡ 

ʩʚʘʨʢʠ. 
ʃʠʯʥʳʡ ʚʢʣʘʜ ʩʦʠʩʢʘʪʝʣʷ. ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʨʘʙʦʪʳ ʘʚʪʦʨʦʤ ʣʠʯʥʦ ʨʘʟ-

ʨʘʙʦʪʘʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘ ̫ʤʦʜʝʣʴ ʧʨʦʮʝʩʩʘ ʨʝʣʴʝʬʥʦʡ ʩʚʘʨʢʠ,  ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ 
ʢʠʥʝʪʠʢʠ ʦʙʨʘʟʦʚʘʥʠʷ ʩʦʝʜʠʥʝʥʠʡ, ʧʦʣʫʯʝʥʳ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦ 
ʚʳʙʦʨʫ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʨʝʞʠʤʘ ʩʚʘʨʢʠ, ʧʨʝʜʣʦʞʝʥʳ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ 
ʚʳʙʦʨʫ ʬʦʨʤʳ ʠ ʨʘʟʤʝʨʦʚ ʨʝʣʴʝʬʦʚ. ɹʝʥʜʠʢ ʊ.ʀ. ʧʨʠʥʠʤʘʣʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ 
ʫʯʘʩʪʠʝ ʚ ʨʘʟʨʘʙʦʪʢʝ ʤʝʪʦʜʠʢʠ ʠ ʧʨʦʚʝʜʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘ-
ʥʠʡ. ɺ ʨʘʙʦʪʘʭ, ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʩ ʩʦʘʚʪʦʨʘʤʠ (ɺ.ʇ. ɹʝʨʝʟʠʝʥʢʦ, ʉ.ʄ. ʌʫʨʤʘ-
ʥʦʚ, ʉ.ɺ. ɹʦʣʦʪʦʚ), ʘʚʪʦʨ ʫʯʘʩʪʚʦʚʘʣʘ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ ʠʭ ʚʳʧʦʣʥʝʥʠʷ.  

ʅʘʫʯʥʦʤʫ ʨʫʢʦʚʦʜʠʪʝʣʶ ʜʦʢʪʦʨʫ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ ɺ.ʇ. ɹʝʨʝʟʠʝʥʢʦ ʧʨʠ-
ʥʘʜʣʝʞʠʪ ʦʙʱʘʷ ʠʜʝʷ ʨʘʙʦʪʳ. ʆʧʨʝʜʝʣʝʥʠʝ ʮʝʣʝʡ ʠ ʟʘʜʘʯ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʦʙʦʙʱʝ-
ʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʚʦʜʠʣʠʩʴ ʩʦʚʤʝʩʪʥʦ ʩ ʥʘʫʯʥʳʤ ʨʫʢʦʚʦʜʠʪʝʣʝʤ. 

ɸʧʨʦʙʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʜʠʩʩʝʨʪʘʮʠʠ. ʄʘʪʝʨʠʘʣʳ ʜʠʩʩʝʨʪʘʮʠʠ ʜʦʢʣʘ-
ʜʳʚʘʣʠʩʴ ʠ ʦʙʩʫʞʜʘʣʠʩʴ ʥʘ III  ʠ IV ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʠʭ 
ʩʝʤʠʥʘʨʘʭ ñʂʦʥʪʘʢʪʥʘʷ ʩʚʘʨʢʘ ʠ ʜʨʫʛʠʝ ʚʠʜʳ ʩʚʘʨʢʠ ʜʘʚʣʝʥʠʝʤ. ʊʝʭʥʦʣʦʛʠʠ ʠ 
ʦʙʦʨʫʜʦʚʘʥʠʝò (ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 2006, 2007), ʨʝʩʧʫʙʣʠʢʘʥʩʢʠʭ ʥʘʫʯʥʦ-
ʪʝʭʥʠʯʝʩʢʠʭ ʢʦʥʬʝʨʝʥʮʠʷʭ ñʅʦʚʳʝ ʤʘʪʝʨʠʘʣʳ, ʦʙʦʨʫʜʦʚʘʥʠʝ ʠ ʪʝʭʥʦʣʦʛʠʠ ʚ 
ʧʨʦʤʳʰʣʝʥ-ʥʦʩʪʠò  (ʄʦʛʠʣʝʚ, 2005, 2006, 2007), ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʥʘʫʯʥʦ-
ʪʝʭʥʠʯʝʩʢʠʭ ʢʦʥʬʝʨʝʥʮʠʷʭ ñʄʘʪʝʨʠʘʣʳ, ʦʙʦʨʫʜʦʚʘʥʠʝ ʠ ʨʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʠʝ 
ʪʝʭʥʦʣʦʛʠʠò (ʄʦʛʠʣʝʚ, 2005, 2006, 2008). 

ʆʧʫʙʣʠʢʦʚʘʥʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʜʠʩʩʝʨʪʘʮʠʠ. ʆʩʥʦʚʥʦʝ ʩʦʜʝʨʞʘʥʠʝ 
ʜʠʩʩʝʨʪʘʮʠʠ ʦʧʫʙʣʠʢʦʚʘʥʦ ʚ 5 ʩʪʘʪʴʷʭ, ʚʢʣʶʯʝʥʥʳʭ ʚ ʧʝʨʝʯʝʥʴ ʥʘʫʯʥʳʭ ʠʟʜʘ-
ʥʠʡ ɺɸʂ ʈʝʩʧʫʙʣʠʢʠ ɹʝʣʘʨʫʩʴ, ʩ ʦʙʲʝʤʦʤ 2,25  ʘʚʪʦʨʩʢʠʭ ʣʠʩʪʘ, 2 ʩʪʘʪʴʷʭ ʚ ʟʘ-
ʨʫʙʝʞʥʳʭ ʥʘʫʯʥʳʭ ʠʟʜʘʥʠʷʭ, 7 ʪʝʟʠʩʘʭ ʜʦʢʣʘʜʦʚ ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʥʘʫʯʥʦ-
ʪʝʭʥʠʯʝʩʢʠʭ ʢʦʥʬʝʨʝʥʮʠʷʭ, ʧʦʣʫʯʝʥ 1 ʧʘʪʝʥʪ ʈʝʩʧʫʙʣʠʢʠ ɹʝʣʘʨʫʩʴ ʥʘ ʧʦʣʝʟ-
ʥʫʶ ʤʦʜʝʣʴ ʩ ʦʙʱʠʤ ʦʙʲʝʤʦʤ 1,27 ʘʚʪʦʨʩʢʠʭ ʣʠʩʪʦʚ. 

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʜʠʩʩʝʨʪʘʮʠʠ. ɼʠʩʩʝʨʪʘʮʠʷ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, ʦʙ-
ʱʝʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʙʦʪʳ, ʯʝʪʳʨʝʭ ʛʣʘʚ, ʟʘʢʣʶʯʝʥʠʷ, ʩʧʠʩʢʘ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ 
ʠʩʪʦʯʥʠʢʦʚ ʠ ʧʨʠʣʦʞʝʥʠʡ. ʇʦʣʥʳʡ ʦʙʲʝʤ ʜʠʩʩʝʨʪʘʮʠʠ ʩʦʩʪʘʚʣʷʝʪ 148 ʩʪʨʘʥʠʮ, 
ʠʟ ʥʠʭ 74 ʨʠʩʫʥʢʘ ʥʘ 22 ʩʪʨʘʥʠʮʘʭ, 5 ʪʘʙʣʠʮ ʥʘ 2 ʩʪʨʘʥʠʮʘʭ, 3 ʧʨʠʣʦʞʝʥʠʷ ʥʘ 
14 ʩʪʨʘʥʠʮʘʭ ʠ 104 ʙʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʝ ʩʩʳʣʢʠ ʥʘ 7 ʩʪʨʘʥʠʮʘʭ. 
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ʆʉʅʆɺʅʆɽ ʉʆɼɽʈɾɸʅʀɽ ʈɸɹʆʊʓ 

 

ɺʦ ʚʚʝʜʝʥʠʠ ʦʙʦʩʥʦʚʘʥʘ ʘʢʪʫʘʣʴʥʦʩʪʴ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʟʘʜʘʯʠ, ʨʝʘh-

ʝʤʦʡ ʚ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ, ʥʘʤʝʯʝʥʳ ʦʩʥʦʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʧʦʚʳʰʝʥʠʷ 

ʧʨʦʯʥʦʩʪʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʠ ʪʦʯʥʦʩʪʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʊ-

ʦʙʨʘʟʥʳʭ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ.  

ʇʝʨʚʘʷ ʛʣʘʚʘ ʧʦʩʚʷʱʝʥʘ ʦʙʟʦʨʫ ʠ ʘʥʘʣʠʟʫ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʧʦ ʪʝʤʝ 

ʜʠʩʩʝʨʪʘʮʠʠ. ʈʘʩʩʤʦʪʨʝʥʳ ʚʦʧʨʦʩʳ ʢʘʯʝʩʪʚʘ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʧʦʣʫʯʘʝʤʳʭ 

ʚ ʪʚʝʨʜʦʡ ʬʘʟʝ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʝʦʙʣʘʜʘʶʱʝʝ ʙʦʣʴʰʠʥʩʪʚʦ ʜʝʬʝʢʪʦʚ ʩʚʘʨʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ (ʪʘʙʣ. 1) ʚʳʟʚʘʥʦ ʥʝʨʘʮʠʦʥʘʣʴʥʳʤ ʚʳʙʦʨʦʤ ʧʘʨʘʤʝʪʨʦʚ ʨʝʞʠʤʘ 

ʩʚʘʨʢʠ, ʬʦʨʤʳ ʠ ʨʘʟʤʝʨʦʚ ʧʨʠʤʝʥʷʝʤʳʭ ʨʝʣʴʝʬʦʚ. ʉʣʝʜʩʪʚʠʝʤ ʚʦʟʥʠʢʥʦʚʝʥʠ ̫

ʜʘʥʥʳʭ ʜʝʬʝʢʪʦʚ ʷʚʣʷʝʪʩʷ ʥʘʨʫʰʝʥʠʝ ʪʦʯʥʦʩʪʠ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. 

 

ʊʘʙʣʠʮʘ 1.1 ï ʅʘʨʫʰʝʥʠʝ ʪʦʯʥʦʩʪʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʠ ʚʦʟ-

ʥʠʢʥʦʚʝʥʠʠ ʜʝʬʝʢʪʦʚ ʚ ʊ-ʦʙʨʘʟʥʳʭ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʷʭ 
ɺʠʜ ʜʝʬʝʢʪʘ ʠ ʧʨʠʯʠʥʘ ʝʛʦ ʚʦʟ-

ʥʠʢʥʦʚʝʥʠʷ 
ʄʘʢʨʦʰʣʠʬʳ ʊ-ʦʙʨʘʟʥʳʭ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ɺʳʧʣʝʩʢʠ ʥʘ ʣʠʮʝʚʳʭ ʠ ʨʝʟʴʙʦʚʳʭ 

ʧʦʚʝʨʭʥʦʩʪʷʭ ʠʟʜʝʣʠʷ ʠʟ-ʟʘ ʥʝʨʘ-

ʮʠʦʥʘʣʴʥʦʛʦ ʚʳʙʦʨʘ ʧʘʨʘʤʝʪʨʦʚ 

ʨʝʞʠʤʘ ʩʚʘʨʢʠ ʠ ʬʦʨʤʳ ʨʝʣʝɹʬʘ  
  

ʇʦʚʨʝʞʜʝʥʠʝ ʣʠʮʝʚʳʭ ʧʦʚʝʨʭʥʦ-

ʩʪʝʡ ʠʟʜʝʣʠʷ ʠʟ-ʟʘ ʛʨʫʙʦʡ ʤʝʭʘʥʠ-

ʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʠ ʥʝʨʘʮʠʦʥʘʣʴ-

ʥʦʛʦ ʚʳʙʦʨʘ ʬʦʨʤʳ ʨʝʣʴʝʬʘ 
  

ʅʝʧʨʦʚʘʨ ʠʟ-ʟʘ  ʦʪʢʣʦʥʝʥʠʷ ʦʪ  

ʧʘʨʘʣʣʝʣʴʥʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʝʡ 

ʩʚʘʨʠʚʘʝʤʳʭ ʜʝʪʘʣʝʡ 
 

 

ʅʝʧʨʦʚʘʨ ʠʟ-ʟʘ 

 ʥʝʨʘʮʠʦʥʘʣʴʥʦʛʦ ʚʳʙʦʨʘ ʧʘʨʘ-

ʤʝʪʨʦʚ ʨʝʞʠʤʘ ʩʚʘʨʢʠ 

 

 

ʉʨʝʜʠ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʘʚʪʦʨʦʚ ʨʘʟʨʘʙʦʪʢʦʡ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʪʝʭʥʦʣʦʛʠʯʝ-

ʩʢʠʭ ʦʩʥʦʚ ʧʨʦʮʝʩʩʘ ʨʝʣʴʝʬʥʦʡ ʩʚʘʨʢʠ ʟʘʥʠʤʘʣʠʩʴ ɻʝʣʴʤʘʥ ɸ.ʉ., ɻʠʣʣʝʚʠʯ ɺ.ɸ., 

ɻʫʣʷʝʚ ɸ.ʀ., ʏʫʣʦʰʥʠʢʦʚ ʇ.ʃ., ʂʘʨʘʢʦʟʦʚ ʕ.ʉ., ɹʝʨʝʟʠʝʥʢʦ ɺ.ʇ., ʯʝʭʦʩʣʦʚʘʮ-

ʢʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʃʠʧʘ ʄ., ɻʦʣʘʩʝʢ ʗ., ʘ ʪʘʢʞʝ ʟʘʨʫʙʝʞʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʛʨʫʧ-

ʧʳ ï ʘʤʝʨʠʢʘʥʩʢʦʝ ʦʙʱʝʩʪʚʦ ʩʚʘʨʱʠʢʦʚ (AWS) ʠ ʧʨʦʤʳʰʣʝʥʥʘʷ ʘʩʩʦʮʠʘʮʠʷ 

ʢʦʥʪʘʢʪʥʦʡ ʩʚʘʨʢʠ (RWMA), ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʠʥʩʪʠʪʫʪ ʩʚʘʨʢʠ (IIW). ʇʨʦʚʝ-

ʜʝʥʥʳʝ ʠʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʥʘʢʦʧʣʝʥʥʳʡ ʧʨʦʤʳʰʣʝʥʥʳʡ ʦʧʳʪ 

ʧʨʠʤʝʥʝʥʠʷ ʨʝʣʴʝʬʥʦʡ ʩʚʘʨʢʠ ʠ ʩʦʜʝʨʞʘʪ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʚʳʙʦʨʫ ʧʘʨʘʤʝʪʨʦʚ 
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ʨʝʞʠʤʘ ʩʚʘʨʢʠ ʢʦʥʢʨʝʪʥʳʭ ʠʟʜʝʣʠʡ. 

 ʆʜʥʘʢʦ ʦʙʦʙʱʝʥʥʳʭ ʠ ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʜʘʥʥʳʭ, ʠʩʧʦʣʴʟʫʷ ʢʦʪʦʨʳʝ 
ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʬʦʨʤʫ ʠ ʨʘʟʤʝʨʳ ʨʝʣʴʝʬʘ, ʠʩʭʦʜʷ ʠʟ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘ-
ʤʝʪʨʦʚ ʠ ʤʘʪʝʨʠʘʣʘ ʩʚʘʨʠʚʘʝʤʳʭ ʜʝʪʘʣʝʡ, ʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʠʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 
ʧʘʨʘʤʝʪʨʳ ʨʝʞʠʤʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ, ʬʘʢʪʠʯʝʩʢʠ ʥʝ ʩʫʱʝʩʪʚʫʝʪ. 

ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʨʝʞʠʤʘ 
ʨʝʣɹʝʬʥʦʡ ʩʚʘʨʢʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʪʨʝʙʫʝʤʳʝ ʧʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ ʊ-
ʦʙʨʘʟʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʧʨʦ-
ʮʝʩʩʘ, ʢʦʪʦʨʘ ̫ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʦʧʪʠʤʘʣʴʥʳʝ ʟʘʢʦʥʳ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʦʩ-
ʥʦʚʥʳʭ ʬʘʢʪʦʨʦʚ, ʦʢʘʟʳʚʘʶʱʠʭ ʚʣʠʷʥʠʝ ʥʘ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʠ ʪʦʯʥʦʩʪʴ ʛʝʦ-
ʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʦʣʫʯʘʝʤʳʭ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʀʟʚʝʩʪʥʳʝ ʤʝʪʦʜʳ 
ʨʘʩʯʸʪʘ ʪʝʧʣʦʚʳʭ ʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʣʝʡ, ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ 
ʩʦʩʪʦʷʥʠʷ ʧʨʠ ʢʦʥʪʘʢʪʥʦʡ ʪʦʯʝʯʥʦʡ ʠ ʨʝʣʴʝʬʥʦʡ ʩʚʘʨʢʝ (ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ 
ʉʫʜʥʠʢʘ ɺ.ɸ., ɽʨʦʬʝʝʚʘ ɺ.ɸ., ʂʠʩʝʣʝʚʘ ʉ.ʅ., ʂʫʨʢʠʥʘ ɸ.ʉ., ɹʝʨʝʟʠʝʥʢʦ ɺ.ʇ., 
ʇʦʧʢʦʚʩʢʦʛʦ ɺ.ɸ., ʌʫʨʤʘʥʦʚʘ ʉ.ʄ., ʇʨʦʭʦʨʦʚʘ ɸ.ʅ., ʏʘʢʘʣʝʚʘ ɸ.ɸ., Nied H.A., 
Dong P., Sun X. ʠ ʜʨ.) ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʚ 
ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʟʘʜʘʯʠ. ɺʩʝ ʚʳʰʝʫʧʦʤʷʥʫʪʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʘʟʠʨʫʶʪʩʷ ʥʘ 
ʤʝʪʦʜʝ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʩʯʠʪʘʷ, ʯʪʦ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʤʘʪʝʤʘʪʠ-
ʯʝʩʢʦʡ ʤʦʜʝʣʠ ʩʫʱʝʩʪʚʝʥʥʦ ʥʝ ʠʟʤʝʥʷʪʁʩʷ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʧʨʦʮʝʩʩʘ ʩʚʘʨʢʠ. 

ʆʩʥʦʚʥʘʷ ʞʝ ʩʣʦʞʥʦʩʪʴ ʯʠʩʣʝʥʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʤʦʜʝʣʠ ʧʨʦʮʝʩʩʘ ʨʝʣʴʝʬ-
ʥʦʡ ʩʚʘʨʢʠ ʊ ï ʦʙʨʘʟʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʚ ʣʦʢʘʣʴʥʦʡ ʟʦʥʝ 
ʜʝʬʦʨʤʘʮʠʠ ʨʝʣʴʝʬʘ ʤʝʪʘʣʣ ʧʦʜʚʝʨʛʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʡ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨ-
ʤʘʮʠʠ. ɺ ʧʨʦʮʝʩʩʝ ʨʘʩʯʝʪʘ ʧʨʠ ʧʦʜʦʙʥʳʭ ʫʟʣʦʚʳʭ ʧʝʨʝʤʝʱʝʥʠʷʭ ʧʣʦʱʘʜʴ ʢʦ-
ʥʝʯʥʦʛʦ ʵʣʝʤʝʥʪʘ ʩʪʘʥʦʚʠʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʨʘʚʥʦʡ ʥʫʣʶ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʝʜʦ-
ʧʫʩʪʠʤʳʤ ʠʩʢʘʞʝʥʠʷʤ ʢʦʥʝʯʥʦʵʣʝʤʝʥʪʥʦʡ ʩʝʪʢʠ ʤʦʜʝʣʠ, ʥʝʙʣʘʛʦʧʨʠʷʪʥʦ ʚʣʠ-
ʷʝʪ ʥʘ ʪʦʯʥʦʩʪʴ ʨʝʰʝʥʠʷ ʠ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ ʧʨʝʞʜʝʚʨʝʤʝʥʥʦʛʦ ʚʳ-
ʥʫʞʜʝʥʥʦʛʦ ʦʢʦʥʯʘʥʠʷ ʨʘʩʯʝʪʘ. ɺ ʩʚʷʟʠ ʩʦ ʩʣʦʞʥʦʩʪʴʶ ʜʦʩʪʠʞʝʥʠʷ ʩʭʦʜʠʤʦʩʪʠ 
ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʧʨʦʮʝʩʩʦʚ ʨʝʣʴʝʬʥʦʡ ʩʚʘʨʢʠ ʊ 
ï ʦʙʨʘʟʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʣʠʪʝʨʘʪʫʨʝ ʥʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʚʝʜʝʥʠʷ ʦ ʨʘʟʨʘʙʦʪʢʝ 
ʪʘʢʠʭ  ʤʦʜʝʣʝʡ. 

ɺʚʠʜʫ ʦʪʩʫʪʩʪʚʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʧʨʦʮʝʩʩʘ ʨʝʣʴʝʬʥʦʡ ʩʚʘʨʢʠ ʊ-
ʦʙʨʘʟʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʧʦʟʚʦʣʷʶʱʝʡ ʨʝʰʠʪʴ ʧʨʦʙʣʝʤʫ ʯʠʩʣʝʥʥʦʡ ʨʝʘʣʠʟʘʮʠʠ 
ʙʳʩʪʨʦʧʨʦʪʝʢʘʶʱʠʭ ʧʣʘʩʪʠʯʝʩʢʠʭ ʜʝʬʦʨʤʘʮʠʡ, ʢʦʪʦʨʳʤ ʧʦʜʚʝʨʛʘʝʪʩʷ ʟʦʥʘ 
ʩʚʘʨʢʠ ʚ ʧʨʦʮʝʩʩʝ ʦʩʘʜʢʠ ʨʝʣʴʝʬʘ, ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʦʪʘʪʴ ʤʦʜʝʣʴ, ʫʜʦʚʣʝʪʚʦ-
ʨʷʶʱʫʶ ʚʳʰʝʦʧʠʩʘʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ.  

ɺʦ ʚʪʦʨʦʡ ʛʣʘʚʝ ʜʘʝʪʩʷ ʦʧʠʩʘʥʠʝ ʤʝʪʦʜʠʢʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦ-
ʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʫʧʨʫʛʦʧʣʘʩʪʠʯʝʩʢʦʛʦ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʤʝʪʘʣʣʘ ʟʦʥʳ ʩʦʝʜʠʥʝ-
ʥʠʷ ʧʨʠ ʨʝʣʴʝʬʥʦʡ ʩʚʘʨʢʝ, ʦʮʝʥʢʠ ʘʜʝʢʚʘʪʥʦʩʪʠ ʧʨʝʜʣʦʞʝʥʥʦʡ ʥʘʤʠ ʤʘʪʝʤʘʪʠ-
ʯʝʩʢʦʡ ʤʦʜʝʣʠ, ʘ ʪʘʢʞʝ ʧʨʠʚʦʜʷʪʩʷ ʩʚʝʜʝʥʠʷ ʦʙ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʝ 
ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ ʨʝʞʠʤʘ, ʤʝʪʦʜʠʢʝ ʠ ʦʙʦʨʫʜʦʚʘʥʠʠ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ 
ʤʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ ʠ ʧʨʦʯʥʦʩʪʥʳʭ ʠʩʧʳʪʘʥʠʡ.  

ɺ ʧʨʝʜʣʦʞʝʥʥʦʡ ʥʘʤʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʘʣʛʦʨʠʪʤ ʯʠʩʣʝʥʥʦʡ ʨʝʘ-
ʣʠʟʘʮʠʠ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʧʦʰʘʛʦʚʦ-ʩʦʚʤʝʱʝʥʥʦʝ ʨʝʰʝʥʠʝ ʩʣʝʜʫʶʱʠʭ ʟʘʜʘʯ: 
ʵʣʝʢʪʨʠʯʝʩʢʦʡ, ʪʝʧʣʦʚʦʡ ʠ ʜʝʬʦʨʤʘʮʠʦʥʥʦʡ. ʄʦʜʝʣʠʨʫʝʤʳʡ ʦʙʲʝʢʪ ʦʙʣʘʜʘʝʪ 
ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʦʩʴʶ ʩʠʤʤʝʪʨʠʠ.  ʇʦʵʪʦʤʫ,  ʧʨʝʜʧʦʣʘʛʘʷ,  ʯʪʦ ʥʘʯʘʣʴʥʳʝ ʠ ʛʨʘ- 
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ʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʪʘʢʞʝ ʩʠʤʤʝʪʨʠʯʥʳ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʦʩʠ ʵʣʝʢʪʨʦʜʦʚ, ʚʩʝ ʨʘʩ-
ʯʝʪʳ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ, ʢʘʢ ʨʝʰʝʥʠʝ ʦʩʝʩʠʤʤʝʪʨʠʯʥʦʡ ʟʘʜʘʯʠ ʚ ʮʠʣʠʥʜʨʠ-
ʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ. ʅʘ ʨʠʩ. 1 ʧʦʢʘʟʘʥʦ ʨʘʟʙʠʝʥʠʝ ʦʩʝʩʠʤʤʝʪʨʠʯʥʳʭ ʤʦ-
ʜʝʣʝʡ ʵʣʝʢʪʨʦʜ - ʜʝʪʘʣʠ - ʵʣʝʢʪʨʦʜ ʥʘ ʢʦʥʝʯʥʳʝ ʵʣʝʤʝʥʪʳ ʜʣʷ ʜʚʫʭ ʨʘʩʩʤʘʪʨʠ-
ʚʘʝʤʳʭ ʪʠʧʦʚ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. 

ʉʦʛʣʘʩʥʦ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʥʘʤʠ ʘʣʛʦʨʠʪʤʘ ʯʠʩʣʝʥʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʤʘʪʝʤʘ-

ʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, ʚʥʘʯʘʣʝ ʧʨʦʠʟʚʦʜʠʣʩʷ ʚʚʦʜ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ, ʦʩʫʱʝʩʪʚʣʷʚ-

ʰʠʡʩʷ ʩ ʧʦʤʦʱʴʶ ʩʦʟʜʘʥʥʦʡ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʡ ʧʨʦʛʨʘʤʤʳ çProjectionWELDè. 

ɼʘʥʥʘʷ ʧʨʦʛʨʘʤʤʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʜʦʙʥʳʡ ʠʥʪʝʨʬʝʡʩ ʜʣʷ ʨʘʙʦʪʳ, ʧʦʟʚʦʣʷʝʪ 

ʦʩʫʱʝʩʪʚʠʪʴ ʟʘʜʘʥʠʝ ʧʘʨʘʤʝʪʨʦʚ, ʪʨʝʙʫʝʤʳʭ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʛʝʦʤʝʪʨʠʠ, ʬʦʨ-

ʤʠʨʦʚʘʥʠʷ ʥʘʯʘʣʴʥʳʭ ʠ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ, ʘ ʪʘʢʞʝ ʩʦʜʝʨʞʠʪ ʨʷʜ ʧʦʜʤʦʜʫʣʝʡ 

ʜʣʷ ʨʘʩʯʝʪʘ ʢʦʥʪʘʢʪʥʳʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʪʝʧʣʦ-

ʦʙʤʝʥʘ. 

 

 

 

 

ʘ) ʙ) 
ʘ ï ʩʚʘʨʢʘ ʩʪʝʨʞʥʷ ʩ ʣʠʩʪʦʤ;  ʙ ï ʩʚʘʨʢʘ ʙʦʙʳʰʢʠ ʩ ʣʠʩʪʦʤ (ʩʚʘʨʢʘ çʦʩʪʨʦʡ ʛʨʘʥʴʶè);  

Dʕ ï ʜʠʘʤʝʪʨ ʵʣʝʢʪʨʦʜʘ; D ï ʜʠʘʤʝʪʨ ʩʪʝʨʞʥʷ (ʙʦʙʳʰʢʠ); hP ï ʚʳʩʦʪʘ ʨʝʣʴʝʬʘ;  

Ŭ ï ʫʛʦʣ ʨʝʣʴʝʬʘ; ŭ ï ʪʦʣɦ ʠʥʘ ʣʠʩʪʘ 

ʈʠʩʫʥʦʢ 1 ï ʈʘʟʙʠʝʥʠʝ ʦʩʝʩʠʤʤʝʪʨʠʯʥʦʡ ʤʦʜʝʣʠ ʥʘ ʢʦʥʝʯʥʳʝ ʵʣʝʤʝʥʪʳ ʠ  

ʩʭʝʤʳ ʩʦʝʜʠʥʝʥʠʡ 

 

  ɺ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʥʘʤʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʤʦʜʠʬʠʢʘ-

ʮʠʷ ʩʝʪʢʠ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʧʨʦʮʝʩʩʝ ʨʘʩʯʝʪʘ ʩ ʫʯʝʪʦʤ ʠʟʤʝʥʝʥʠʷ ʠ ʦʙʥʦʚ-

ʣʝʥʠʷ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ. ʅʘ ʨʠʩ. 2, ʘ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʜʝʬʦʨʤʘʮʠʠ ʢʦʥʝʯʥʦʛʦ 

ʵʣʝʤʝʥʪʘ ʫʛʦʣ ʤʝʞʜʫ ʝʛʦ ʛʨʘʥʷʤʠ ʠʟʤʝʥʷʝʪʩʷ ʥʘ ʚʝʣʠʯʠʥʫ æ, ʠ, ʝʩʣʠ ʚ ʧʨʦʮʝʩʩʝ 

ʨʘʩʯʝʪʘ æ ʜʦʩʪʠʛʥʝʪ 40 Ü, ʧʨʦʠʩʭʦʜʠʪ ʧʨʦʮʝʜʫʨʘ ʧʝʨʝʨʘʟʙʠʝʥʠʷ ʩʝʪʢʠ ʢʦʥʝʯʥʳʭ 

ʵʣʝʤʝʥʪʦʚ. 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʢʦʤʧʣʝʢʩʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʦʮʝʩʩʘ 

ʨʝʣɹʝʬʥʦʡ ʩʚʘʨʢʠ ʊ ï ʦʙʨʘʟʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʚʢʣʶʯʘʶʱʠʭ ʢʦʩʚʝʥʥʦʝ ʠʟʤʝʨʝʥʠʝ 

ʠ ʨʝʛʠʩʪʨʘʮʠʶ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʨʝʞʠʤʘ ʩʚʘʨʢʠ, ʥʘʤʠ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʵʢʩ-

ʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ, ʚʢʣʶʯʘʶʱʘʷ ʤʘʰʠʥʫ ʜʣʷ ʢʦʥʪʘʢʪʥʦʡ ʩʚʘʨʢʠ ʄʊ-

3201, ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʚʝʣʠʯʠʥʳ ʩʚʘʨʦʯʥʦʛʦ ʪʦʢʘ (ʜʘʪʯʠʢ ɼʊʇʍ-

32000 ʥʘ ʦʩʥʦʚʝ ʵʬʬʝʢʪʘ ʍʦʣʣʘ) ʠ ʧʝʨʝʤʝʱʝʥʠʷ ʧʦʜʚʠʞʥʦʛʦ ʵʣʝʢʪʨʦʜʘ (ʜʘʪʯʠʢ 

ɼʋʇʍ-30-1), ʩʠʩʪʝʤʫ ʩʙʦʨʘ ʜʘʥʥʳʭ, ʧʦʨʪʘʪʠʚʥʫʶ ʕɺʄ ʠ ʤʝʭʘʥʠʯʝʩʢʫʶ ʯʘʩʪʴ, 
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ʥʝʦʙʭʦʜʠʤʫʶ ʜʣʷ ʫʩʪʘʥʦʚʢʠ ʩʨʝʜʩʪʚ ʨʝʛʠʩʪʨʘʮʠʠ ʥʘ ʢʦʥʪʘʢʪʥʫʶ ʤʘʰʠʥʫ. ɺʠ-

ʟʫʘʣʠʟʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ ʦʙʝʩʧʝʯʠʚʘʣʘʩʴ ʧʨʠʤʝʥʝʥʠʝʤ ʩʠʩʪʝʤʳ ʩʙʦʨʘ 

ʜʘʥʥʳʭ NI USB-6009, ʧʦʟʚʦʣʷʶʱʝʡ ʧʨʝʦʙʨʘʟʦʚʳʚʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʚ ʮʠʬʨʦʚʦʡ 

ʢʦʜ ʠ ʦʙʨʘʙʘʪʳʚʘʪʴ ʩʠʛʥʘʣ ʥʘ ʕɺʄ, ʠʩʧʦʣʴʟʫʷ ʩʦʚʨʝʤʝʥʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩ-

ʧʝʯʝʥʠʝ LabView 6.0.   

 

  

 

ʘ) ʙ) 

ʘ ï ʜʝʬʦʨʤʘʮʠʷ ʢʦʥʝʯʥʦʛʦ ʵʣʝʤʝʥʪʘ ʚ ʧʨʦʮʝʩʩʝ ʨʘʩʯʝʪʘ; ʙ ï ʨʘʩʧʦʣʦʞʝʥʠʝ ʤʦʜʠʬʠʮʠʨʦʚʘʥ-

ʥʦʡ ʩʝʪʢʠ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ;   - ʛʨʘʥʠ ʢʦʥʝʯʥʦʛʦ ʵʣʝʤʝʥʪʘ  ʥʘ ʧʨʝʜʳʜʫʱʝʤ ʠʥ-

ʢʨʝʤʝʥʪʝ;  -   ʛʨʘʥʠ ʢʦʥʝʯʥʦʛʦ ʵʣʝʤʝʥʪʘ ʥʘ ʧʦʩʣʝʜʫʶʱʝʤ ʠʥʢʨʝʤʝʥʪʝ 

ʈʠʩʫʥʦʢ 2 ï ʇʨʦʮʝʜʫʨʘ ʤʦʜʠʬʠʢʘʮʠʠ ʩʝʪʢʠ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ  

 

ɺʳʭʦʜʥʦʡ ʧʝʨʝʤʝʥʥʦʡ ʜʣʷ ʦʮʝʥʢʠ ʟʥʘʯʠʤʦʩʪʠ ʠ ʘʜʝʢʚʘʪʥʦʩʪʠ ʤʘʪʝʤʘʪʠʯʝ-

ʩʢʦʡ ʤʦʜʝʣʠ ʷʚʣʷʣʩʷ ʜʠʘʤʝʪʨ ʢʦʥʪʘʢʪʘ ʜʝʪʘʣʴ-ʜʝʪʘʣʴ ʂd , ʚʝʣʠʯʠʥʘ ʢʦʪʦʨʦʛʦ  

ʦʧʨʝʜʝʣʷʣʘʩʴ ʧʦ ʤʘʢʨʦʰʣʠʬʘʤ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʨʘʟʣʠʯʥʳʭ ʩʪʘʜʠʷʭ ʧʨʦʮʝʩʩʘ 

ʩʚʘʨʢʠ. ɼʣʷ ʥʘʭʦʞʜʝʥʠʷ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʂd ʚ ʧʨʦʮʝʩʩʝ 

ʩʚʘʨʢʠ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʧʨʦʛʨʘʤʤʥʘʷ ʦʧʮʠʷ, ʧʦʟʚʦʣʷʶʱʘʷ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʫʟ-

ʣʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, ʢʦʪʦʨʳʝ ʧʨʠʰʣʠ ʚ ʢʦʥʪʘʢʪ ʥʘ ʜʘʥʥʦʤ ʚʨʝʤʝʥʥʦʤ 

ʰʘʛʝ ʨʘʩʯʝʪʘ. ʅʘ ʨʠʩ. 3 ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʧʦʢʘʟʘʥʦ ʩʨʘʚʥʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴ-

ʥʳʭ ʠ ʨʘʩʯʝʪʥʳʭ ʜʘʥʥʳʭ ʧʨʠ ʩʚʘʨʢʝ ʩʪʝʨʞʥʷ ʜʠʘʤʝʪʨʦʤ 16 ʤʤ ʩ ʧʣʘʩʪʠʥʦʡ ʠʟ 

ʥʠʟʢʦʫʛʣʝʨʦʜʠʩʪʦʡ ʩʪʘʣʠ ʉʪ3 ʪʦʣʱʠʥʦʡ 3 ʤʤ. ʇʨʦʚʝʜʝʥʥʘʷ ʦʮʝʥʢʘ ʪʝʦʨʝʪʠʯʝ-

ʩʢʠʭ ʜʘʥʥʳʭ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʥʘʤʠ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʷʚʣʷʝʪʩʷ 

ʘʜʝʢʚʘʪʥʦʡ ʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʡ. ʇʨʠʯʠʥʘ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʦʪʢʣʦʥʝʥʠʡ ʚ ʟʥʘʯʝ-

ʥʠʷʭ ʜʠʘʤʝʪʨʘ (5 ï 8 %) ʠ ʚʳʩʦʪʳ ʟʦʥʳ ʨʘʩʧʣʘʚʣʝʥʠʷ (5 ï 10 %) ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʥʝʜʦʩʪʘʪʢʝ ʜʘʥʥʳʭ ʦ ʨʝʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʤʘʪʝʨʠʘʣʦʚ ʩʚʘʨʠʚʘʝʤʳʭ ʤʘʪʝ-

ʨʠʘʣʦʚ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʙʣʠʟʢʠʭ ʢ ʪʝʤʧʝʨʘʪʫʨʝ ʧʣʘʚʣʝʥʠʷ.  

ʊʨʝʪʴʷ ʛʣʘʚʘ ʧʦʩʚʷʱʝʥʘ ʠʩʩʣʝʜʦʚʘʥʠʶ ʧʨʦʮʝʩʩʦʚ ʫʧʨʫʛʦʧʣʘʩʪʠʯʝʩʢʦʛʦ 

ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʤʝʪʘʣʣʘ ʟʦʥʳ ʩʚʘʨʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʦʮʝʩʩ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʊ-ʦʙʨʘʟʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʤʦʞʥʦ ʨʘʟʙʠʪʴ ʥʘ 4 ʵʪʘʧʘ, ʢʘʞʜʳʡ ʠʟ 

ʢʦʪʦʨʳʭ ʠʤʝʝʪ ʭʘʨʘʢʪʝʨʥʫʶ ʟʦʥʫ ʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʢʨʠʚʦʡ, ʦʧʠʩʳʚʘʶʱʝʡ 

ʚʝʨʪʠʢʘʣʴʥʦʝ ʧʝʨʝʤʝʱʝʥʠʝ ʧʦʜʚʠʞʥʦʛʦ ʵʣʝʢʪʨʦʜʘ ʚ ʧʨʦʮʝʩʩʝ ʩʚʘʨʢʠ. 

ʇʝʨʚʳʡ ʵʪʘʧ ʥʘʯʠʥʘʝʪʩʷ ʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʩʞʘʪʠʷ ʜʝʪʘʣʝʡ ʠ ʩʦʟʜʘʥʠʷ 

ʤʝʞʜʫ ʥʠʤʠ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʢʦʥʪʘʢʪʘ. ɼʝʬʦʨʤʘʮʠʷ ʨʝʣʴʝʬʘ ʜʦ ʤʦʤʝʥʪʘ ʚʢʣʶ-

ʯʝʥʠʷ ʩʚʘʨʦʯʥʦʛʦ ʪʦʢʘ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʪʘʙʠʣʠʟʘʮʠʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝ-

ʥʠʷ ʢʦʥʪʘʢʪʘ ʠ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ ʫʩʣʦʚʠʝʤ ʧʦʣʫʯʝʥʠʷ ʢʘʯʝʩʪʚʝʥʥʳʭ ʩʚʘʨ-

ʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. 
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                           ʘ)                             ʙ)                                           

 
 

ʚ) 

1 ï ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʜʠʘʤʝʪʨʘ ʢʦʥʪʘʢʪʘ  ʜʝʪʘʣʴ-ʜʝʪʘʣʴ dʢ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ; 2 ï ʨʘʩʯʝʪʥʳʝ ʟʥʘ-

ʯʝʥʠʷ dʢ, ʧʦʣʫʯʝʥʥʳʝ ʧʦ ʤʦʜʝʣʠ; 3 ï ʜʦʚʝʨʠʪʝʣʴʥʳʡ ʠʥʪʝʨʚʘʣ ʦʮʝʥʢʠ; ʕ

ʗr , ʊ

ʗr , ʕ

ʗh , ʊ

ʗh ï ʧʦʣʫ-

ʯʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠ ʨʘʜʠʫʩ ʠ ʚʳʩʦʪʘ ʟʦʥʳ ʨʘʩʧʣʘʚʣʝʥʠʷ; 

 ʈʠʩʫʥʦʢ 3 ï ʄʘʢʨʦʰʣʠʬ ʩʚʘʨʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ (ʘ), ʨʝʟʫʣʴʪʘʪʳ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ (ʙ) ʠ ʟʘʚʠʩʠʤʦʩʪʴ ʜʠʘʤʝʪʨʘ ʢʦʥʪʘʢʪʘ 

ʜʝʪʘʣʴ-ʜʝʪʘʣʴ dʢ ʦʪ ʜʣʠʪʝʣʴʥʦʩʪʠ ʧʨʦʪʝʢʘʥʠʷ ʩʚʘʨʦʯʥʦʛʦ ʪʦʢʘ (ʚ) 

 
ɺʪʦʨʦʡ ʵʪʘʧ ʦʙʨʘʟʦʚʘʥʠʷ ʩʚʘʨʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʥʘʯʠʥʘʝʪʩʷ ʩ ʤʦʤʝʥʪʘ 

ʚʢʣʶʯʝʥʠʷ ʩʚʘʨʦʯʥʦʛʦ ʪʦʢʘ. ʇʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʧʝʨʚʳʭ ʠʤʧʫʣʴʩʦʚ ʩʚʘʨʦʯʥʦʛʦ 
ʪʦʢʘ ʤʝʪʘʣʣ ʟʦʥʳ ʩʚʘʨʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʥʘʛʨʝʚʘʝʪʩʷ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ ʨʘʟʫʧʨʦʯ-
ʥʝʥʠʷ ʊ > 800 K, ʯʪʦ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʠʥʪʝʥʩʠʚʥʦʡ ʨʦʩʪʦʤ ʧʣʦʱʘʜʠ ʢʦʥʪʘʢʪʘ 
ʜʝʪʘʣʴ-ʜʝʪʘʣʴ. ʉʪʘʙʠʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʩʚʘʨʢʠ ʥʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʟʘʚʠʩʠʪ ʦʪ ʩʦ-
ʙʣʶʜʝʥʠʷ ʩʣʝʜʫʶʱʠʭ ʫʩʣʦʚʠʡ:  
ï ʥʘʣʠʯʠʝ ʧʣʘʚʥʦʛʦ ʫʚʝʣʠʯʝʥʠʷ ʩʚʘʨʦʯʥʦʛʦ ʪʦʢʘ, ʢʦʤʧʝʥʩʠʨʫʶʱʝʛʦ ʤʘʣʫʶ 

ʧʣʦɦ ʘʜʴ ʢʦʥʪʘʢʪʘ ʜʝʪʘʣʴ-ʜʝʪʘʣʴ ʚ ʤʦʤʝʥʪ ʚʢʣʶʯʝʥʠʷ ʩʚʘʨʦʯʥʦʛʦ ʪʦʢʘ;  
ï ʥʘʨʘʩʪʘʥʠʝ ʚʝʣʠʯʠʥʳ ʩʚʘʨʦʯʥʦʛʦ ʪʦʢʘ ʜʦʣʞʥʦ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʠʟʤʝʥʝʥʠʶ 

ʨʘʟʤʝʨʘ ʧʣʦʱʘʜʠ ʢʦʥʪʘʢʪʘ ʧʨʠ ʜʝʬʦʨʤʘʮʠʠ ʨʝʣʴʝʬʘ.  
ʇʨʠ ʵʪʦʤ ʭʘʨʘʢʪʝʨ ʧʨʦʪʝʢʘʥʠʷ ʥʘʧʨʘʚʣʝʥʥʦʡ ʫʧʨʫʛʦʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘ-

ʮʠʠ ʤʝʪʘʣʣʘ ʜʦʣʞʝʥ ʦʙʝʩʧʝʯʠʚʘʪʴ ʫʜʘʣʝʥʠʝ ʦʢʩʠʜʦʚ ʠʟ ʟʦʥʳ ʢʦʥʪʘʢʪʘ ʜʝʪʘʣʴ-
ʜʝʪʘʣʴ ʠ ʦʙʨʘʟʦʚʘʥʠʝ ʶʚʝʥʠʣʴʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ. 
ʅʘ ʪʨʝʪʴʝʤ ʵʪʘʧʝ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪʩʷ ʩʢʦʨʦʩʪʴ ʧʝʨʝʤʝʱʝʥʠʷ ʧʦʜʚʠʞ-

ʥʦʛʦ ʵʣʝʢʪʨʦʜʘ, ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʠʥʪʝʥʩʠʚʥʳʤ ʨʦʩʪʦʤ ʨʘʟʤʝʨʘ ʧʣʦʱʘʜʠ ʢʦʥʪʘʢ-
ʪʘ ʠ ʥʝʢʦʪʦʨʳʤ ʩʥʠʞʝʥʠʝʤ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ. ɺ ʧʨʦʮʝʩʩʝ ʧʨʦʪʝʢʘʥʠʷ ʩʚʘʨʦʯʥʦʛʦ 
ʪʦʢʘ ʨʘʟʤʝʨʳ ʟʦʥʳ ʩʚʘʨʢʠ, ʘ, ʟʥʘʯʠʪ, ʠ ʧʨʦʯʥʦʩʪʴ ʩʦʝʜʠʥʝʥʠʷ ʨʘʩʪʫʪ, ʠ ʢ ʤʦ-
ʤʝʥʪʫ ʚʳʢʣʶʯʝʥʠʷ ʩʚʘʨʦʯʥʦʛʦ ʪʦʢʘ ʤʝʪʘʣʣ ʨʘʟʦʛʨʝʚʘʝʪʩʷ ʜʦ ʪʝʤʧʝʨʘʪʫʨ ʧʦʨʷʜ-
ʢʘ 1450 ʂ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʝʤʧʝʨʘʪʫʨʝ ʦʙʨʘʟʦʚʘʥʠʷ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ 
ʪʚʝʨʜʦʡ ʬʘʟʝ (ʨʠʩ. 4). ʆʢʦʥʯʘʥʠʝʤ ʵʪʘʧʘ ʷʚʣʷʝʪʩʷ ʧʦʣʥʘʷ ʦʩʘʜʢʘ ʨʝʣʴʝʬʘ ʥʘ ʚʩʶ 
ʝʛʦ ʚʳʩʦʪʫ. 
ʏʝʪʚʝʨʪʳʡ ʵʪʘʧ ʦʙʨʘʟʦʚʘʥʠʷ ʩʦʝʜʠʥʝʥʠʷ ʥʘʯʠʥʘʝʪʩʷ ʩ ʤʦʤʝʥʪʘ ʚʳʢʣʶʯʝ-

ʥʠʷ ʩʚʘʨʦʯʥʦʛʦ ʪʦʢʘ. ʅʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʨʘʟʚʠʚʘʝʪʩʷ ʦʙʲʝʤʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚ 
ʟʦʥʝ ʩʚʘʨʢʠ. ʆʥʦ ʥʘʯʠʥʘʝʪʩʷ ʚ ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʘʭ (ʜʠʩʣʦʢʘʮʠʷʭ, ʚʘʢʘʥʩʠʷʭ ʠ 
ʜʨʫʛʠʭ ʜʝʬʝʢʪʘʭ ʩʪʨʫʢʪʫʨʳ) ʠ ʧʨʦʪʝʢʘʝʪ ʧʫʪʝʤ ʨʦʩʪʘ ʠ ʩʣʠʷʥʠʷ ʦʯʘʛʦʚ ʚʟʘʠʤʦ-
ʜʝʡʩʪʚʠʷ ʧʦ ʚʩʝʡ ʢʦʥʪʘʢʪʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ɿʘʪʝʤ ʧʨʦʠʩʭʦʜʠʪ ʨʝʣʘʢʩʘʮʠʷ 
ʥʘʧʨʷʞʝʥʠʡ, ʦʙʨʘʟʦʚʘʥʠʝ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʬʘʟ, ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʠ ʪ.ʜ.  
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ʀʟʫʯʝʥʠʝ ʢʠʥʝʪʠʢʠ ʦʙʨʘʟʦʚʘʥʠʷ 

ʊ-ʦʙʨʘʟʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʦʢʘʟʘ 

ʣʦ, ʯʪʦ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪ-

ʨʳ ʨʝʣʴʝʬʘ ʦʢʘʟʳʚʘʶʪ ʥʝʧʦ-

ʩʨʝʜʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʭʘʨʘʢ-

ʪʝʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʠʯʝ-

ʩʢʦʛʦ ʠ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ, ʘ 

ʪʘʢʞʝ ʧʨʦʮʝʩʩ ʫʧʨʫʛʦʧʣʘʩʪʠʯʝ-

ʩʢʦʛʦ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʤʝʪʘʣʣʘ 

ʟʦʥʳ ʩʚʘʨʢʠ ʥʘ ʧʝʨʚʳʭ ʜʚʫʭ 

ʵʪʘʧʘʭ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʦʝʜʠʥʝ-

ʥʠʷ. 

ʅʘʨʷʜʫ ʩ ʪʝʦʨʝʪʠʯʝʩʢʠʤ ʠʟʫʯʝ- 

 

 
ʈʠʩʫʥʦʢ 4  ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʧʦʣʷ ʚ ʤʦʤʝʥʪ ʚʳʢʣʶʯʝʥʠʷ ʪʦʢʘ 
 (ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʂ) 

ʥʠʝʤ ʧʨʦʮʝʩʩʘ ʨʝʣʴʝʬʥʦʡ ʩʚʘʨʢʠ ʥʘʤʠ ʪʘʢʞʝ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʤʝʪʘʣʣʦʛʨʘʬʠʯʝ-

ʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʠʟʢʦʫʛʣʝʨʦʜʠʩʪʳʭ ʩʪʘʣʝʡ 

ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʪʝʨʤʠʯʝʩʢʦʛʦ ʮʠʢʣʘ ʩʚʘʨʢʠ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʪʝʣ 

(ʩʪʝʨʞʥʝʡ, ʙʦʙʳʰʝʢ) ʩ ʧʣʦʩʢʠʤʠ ʜʝʪʘʣʷʤʠ (ʣʠʩʪʘʤʠ). ʀʟ-ʟʘ ʥʝʩʠʤʤʝʪʨʠʯʥʦʩʪʠ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʣʦʩʢʦʩʪʠ ʩʦʝʜʠʥʝʥʠʷ ʜʝʪʘʣʝʡ ʠ ʨʘʟʥʳʭ 

ʫʩʣʦʚʠʡ ʪʝʧʣʦʦʪʚʦʜʘ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʫʯʘʩʪʢʠ ɿʊɺ ʢʘʢ ʩʦ ʩʪʦʨʦʥʳ ʩʪʝʨʞʥʷ 

(ʙʦʙʳʰʢʠ), ʪʘʢ ʠ ʩʦ ʩʪʦʨʦʥʳ ʣʠʩʪʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʣʫʯʘʝʤʳʝ ʚ ʟʦʥʝ ʩʚʘʨʥʦʛʦ 

ʩʦʝʜʠʥʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʨʘʟʥʦʦʙʨʘʟʥʳ ʧʦ ʭʘʨʘʢʪʝʨʫ ʠ ʨʘʟʤʝʨʘʤ ʟʝʨʝʥ (ʨʠʩ. 5). 

ʅʘʠʙʦʣʴʰʝʝ ʚʣʠʷʥʠʝ ʥʘ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʊïʦʙʨʘʟʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʨʠ ʨʝʣʴ-

ʝʬʥʦʡ ʩʚʘʨʢʝ ʦʢʘʟʳʚʘʝʪ ʟʦʥʘ ʧʝʨʝʛʨʝʚʘ, ʚ ʢʦʪʦʨʦʡ ʚʦʟʤʦʞʥʦ ʧʦʷʚʣʝʥʠʝ ʟʘʢʘ-

ʣʦʯʥʳʭ ʩʪʨʫʢʪʫʨ ʠ ʚʠʜʤʘʥʰʪʝʪʪʦʚʦʡ ʩʪʨʫʢʪʫʨ.r  

 ɸʥʘʣʠʟ ʜʘʥʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʤʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʦʢʘʟʘʣ, ʯʪʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʟʦʥʳ ʨʘʩʧʣʘʚʣʝ-

ʥʠʷ ʚʦʟʤʦʞʥʦ ʧʨʠ ʧʨʠʚʘʨʢʝ ʩʪʝʨʞʥʝʡ ʜʠʘʤʝʪʨʦʤ ʩʚʳʰʝ 12 ʤʤ ʢ ʣʠʩʪʦʚʳʤ ʜʝ-

ʪʘʣʷʤ ʪʦʣʱʠʥʦʡ ʙʦʣʝʝ 2 ʤʤ (ʜʘʥʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚ ʜʝ-

ʪʘʣʝʡ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʩʝʩʪʦʨʦʥʥʝʝ ʩʞʘʪʠʝ ʥʘʛʨʝʚʘʝʤʦʛʦ ʩʚʘʨʦʯʥʳʤ ʪʦʢʦʤ ʤʝ-

ʪʘʣʣʘ). ʇʨʠ ʵʪʦʤ ʜʠʘʤʝʪʨ ʟʦʥʳ ʨʘʩʧʣʘʚʣʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ ʥʝ ʙʦʣʝʝ 30 ï 40 % ʦʪ 

ʦʙʱʝʡ ʧʣʦʱʘʜʠ ʩʚʘʨʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ. ʇʨʠ ʤʝʥʴʰʠʭ ʜʠʘʤʝʪʨʘʭ ʩʪʝʨʞʥʷ ʬʦʨ-

ʤʠʨʦʚʘʥʠʝ ʩʚʘʨʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʚ ʪʚʝʨʜʦʡ ʬʘʟʝ (ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʟʦʥʝ 

ʢʦʥʪʘʢʪʘ ʜʝʪʘʣʴ-ʜʝʪʘʣʴ ʥʝ ʜʦʩʪʠʛʘʝʪ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ), ʠ ʟʦʥʘ ʨʘʩʧʣʘʚ-

ʣʝʥʠʷ ʥʝ ʬʦʨʤʠʨʫʝʪʩʷ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ  ʧʘʨʘʤʝʪʨʦʚ ʨʝʞʠʤʘ ʩʚʘʨʢʠ. 

 ʇʨʦʚʝʜʝʥʥʳʝ ʥʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʨʠ 

ʩʚʘʨʢʝ çʦʩʪʨʦʡ ʛʨʘʥʴʶè ʧʦʢʘʟʘʣʠ, ʯʪʦ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʊ-ʦʙʨʘʟʥʦʡ ʩʚʘʨʢʠ ʩʪʝʨʞ-

ʥʝʡ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʚʘʨʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʙʝʟ ʥʘʣʠ-

ʯʠʷ ʨʘʩʧʣʘʚʣʝʥʥʦʡ ʟʦʥʳ.  

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʩʚʘʨʢʝ ʩʪʝʨʞʥʝʡ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʬʝʨʠʯʝʩʢʦʡ ʬʦʨʤʳ ʠ 

ʚ ʚʠʜʝ ʫʩʝʯʝʥʥʦʛʦ ʢʦʥʫʩʘ ʟʘʪʨʫʜʥʝʥʘ ʥʘʧʨʘʚʣʝʥʥʘʷ ʫʧʨʫʛʦʧʣʘʩʪʠʯʝʩʢʘʷ ʜʝʬʦʨ-

ʤʘʮʠʷ ʤʝʪʘʣʣʘ ʟʦʥʳ ʢʦʥʪʘʢʪʘ ʜʝʪʘʣʴ-ʜʝʪʘʣʴ ʠ ʧʨʦʮʝʩʩ ʫʜʘʣʝʥʠʷ ʦʢʩʠʜʥʳʭ ʧʣʝ-

ʥʦʢ ʠʟ ʚʳʰʝʫʧʦʤʷʥʫʪʦʡ ʟʦʥʳ. ʇʨʠ ʩʚʘʨʢʝ ʚ ʪʚʝʨʜʦʡ ʬʘʟʝ ʵʪʦ ʤʦʞʝʪ ʩʪʘʪʴ ʧʨʠ-

ʯʠʥʦʡ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʥʝʧʨʦʚʘʨʘ ʠ ʩʥʠʞʝʥʠʷ ʧʨʦʯʥʦʩʪʠ ʩʚʘʨʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ. 

ʇʦʵʪʦʤʫ ʜʣʷ ʨʝʣʴʝʬʥʦʡ ʩʚʘʨʢʠ ʩʪʝʨʞʥʝʡ ʩ ʣʠʩʪʦʚʦʡ ʜʝʪʘʣʴʶ ʧʨʝʜʧʦʯʪʝʥʠʝ 

ʩʣʝʜʫʝʪ ʦʪʜʘʚʘʪʴ ʢʦʥʠʯʝʩʢʦʡ ʬʦʨʤʝ ʨʝʣʴʝʬʘ, ʧʨʠ ʵʪʦʤ ʫʛʦʣ ʨʝʣʴʝʬʘ ʚʳʙʠʨʘʝʪ-
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ʩ ̫ʚ ʧʨʝʜʝʣʘʭ 120 ï 170 Ü ʜʣʷ ʩʪʝʨʞʥʝʡ ʩ ʜʠʘʤʝʪʨʘʤʠ D = 6 - 25 ʤʤ, ʠʩʭʦʜʷ ʠʟ 

ʩʣʝʜʫʶʱʝʡ ʟʘʚʠʩʠʤʦʩʪʠ 1
350

180 °-=
D

a  (1). ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʪʢʣʦʥʝʥʠʷ 

ʚʝʣʠʯʠʥʳ ʫʛʣʘ ʨʝʣʴʝʬʘ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʚʦʟʥʠʢʥʫʪʴ ʚ ʧʨʦʮʝʩʩʝ ʤʝʭʘʥʠʯʝʩʢʦʡ 

ʧʦʜʛʦʪʦʚʢʠ ʪʦʨʮʘ ʩʪʝʨʞʥʷ, ʚ ʧʨʝʜʝʣʘʭ Ñ 1 Ü ʥʝ ʦʢʘʟʳʚʘʶʪ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʚʦʟ-

ʜʝʡʩʪʚʠʷ ʥʘ ʧʨʦʮʝʩʩ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʚʘʨʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ. 
 

 
ʈʠʩʫʥʦʢ 5 ï ʄʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʚʘʨʥʦʛʦ ʦʙʨʘʟʮʘ ʩ 

 ʥʘʣʠʯʠʝʤ ʟʦʥʳ ʚʟʘʠʤʥʦʛʦ ʨʘʩʧʣʘʚʣʝʥʠʷ ʜʝʪʘʣʝʡ 

 

ʇʨʝʜʣʦʞʝʥʘ ʤʝʪʦʜʠʢʘ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʬʦʨʤʫ ʠ ʚʝʣʠʯʠʥʫ 

ʩʚʘʨʦʯʥʦʛʦ ʪʦʢʘ ʩ ʫʯʝʪʦʤ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʠʟʤʝʥʝʥʠʷ ʨʘʟʤʝʨʦʚ ʩʚʘʨʠʚʘʝʤʦʛʦ 

ʢʦʥʪʘʢʪʘ ʚ ʧʨʦʮʝʩʩʝ ʦʩʘʜʢʠ ʨʝʣʴʝʬʘ. ʇʨʠ ʨʘʩʯʝʪʝ ʩʚʘʨʦʯʥʦʛʦ ʪʦʢʘ ʦʧʨʝʜʝʣʷʣʠ 

ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ, ʚʳʜʝʣʷʝʤʦʡ ʥʘ ʫʯʘʩʪʢʝ ʵʣʝʢʪʨʦʜ-ʵʣʝʢʪʨʦʜ Qʕʕ . 

ɸʥʘʣʠʟ ʢʠʥʝʪʠʢʠ ʦʙʨʘʟʦʚʘʥʠʷ ʩʚʘʨʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʧʦʢʘʟʘʣ, ʯʪʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʚ ʩʚʘʨʠʚʘʝʤʳʭ ʜʝʪʘʣʷʭ ʠʤʝʝʪ ʥʝʩʠʤʤʝʪʨʠʯʥʳʡ ʭʘʨʘʢʪʝʨ. 

ʇʦʵʪʦʤʫ ʨʘʩʯʝʪ ʩʦʩʪʘʚʣʷʶʱʠʭ ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʘ ʤ  rʧʨʦʠʟʚʦʜʠʣʠ ʦʪʜʝʣʴʥʦ 

ʜʣʷ ʩʪʝʨʞʥʷ ʠ ʣʠʩʪʘ (ʨʠʩ. 7 , ʘ, ʙ). ʂʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ, ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʥʘʛʨʝ-

ʚʘ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ ʊʉɺ ʩʪʦʣʙʠʢʘ ʤʝʪʘʣʣʘ ʜʠʘʤʝʪʨʦʤ dʂ ʠ ʚʳʩʦʪʦʡ æ, ʚʳʯʠʩʣʷʣʠ, 

ʠʩʭʦʜʷ ʠʟ ʪʝʢʫʱʝʛʦ ʟʥʘʯʝʥʠʷ ʜʠʘʤʝʪʨʘ ʢʦʥʪʘʢʪʘ ʜʝʪʘʣʴ-ʜʝʪʘʣʴ, ʦʧʨʝʜʝʣʷʚʰʝʛʦ-

ʩʷ ʧʦ ʬʦʨʤʫʣʝ: ʕʃK htgd ÖÖ=
2

2
a

 (2). 
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ʘ) 

 
 

ʙ) 

ʘ ï ʩʭʝʤʘ ʨʘʩʯʝʪʘ ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʘ ʣʠʩʪʦʚʦʡ ʜʝʪʘʣʠ; ʙ ï ʩʭʝʤʘ ʨʘʩʯʝʪʘ ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʘ 

ʩʪʝʨʞʥʷ;  Dï ʜʠʘʤʝʪʨ ʧʨʠʚʘʨʠʚʘʝʤʦʛʦ ʩʪʝʨʞʥʷ, hP ï ʚʳʩʦʪʘ ʨʝʣʴʝʬʘ; ŭ ï ʪʦʣʱʠʥʘ ʣʠʩʪʦ-

ʚʦʡ ʜʝʪʘʣʠ; dʂ ï ʜʠʘʤʝʪʨ ʢʦʥʪʘʢʪʘ ʜʝʪʘʣʴ-ʜʝʪʘʣʴ; hʕʃ ï ʧʝʨʝʤʝʱʝʥʠʝ ʚʝʨʭʥʝʛʦ ʵʣʝʢʪʨʦʜʘ; 
æ ï ʚʳʩʦʪʘ ʩʪʦʣʙʠʢʘ ʤʝʪʘʣʣʘ ʣʠʩʪʘ, ʥʘʛʨʝʪʦʛʦ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ ʊʉɺ 

ʈʠʩʫʥʦʢ 7 ï  ʈʘʩʯʝʪʥʘʷ ʩʭʝʤʘ ʩʚʘʨʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ 
 
ɺ ʨʘʩʯʝʪʝ ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʘ ʪʝʤʧʝʨʘʪʫʨʫ, ʧʨʠ ʢʦʪʦʨʦʡ ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘ-

ʟʦʚʘʥʠʝ ʩʚʘʨʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ, ʧʨʠʥʠʤʘʣʠ ʨʘʚʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʧʣʘʚʣʝʥʠʷ ʤʝ-
ʪʘʣʣʘ ʊʉɺ = ʊʇʃ ʜʣʷ ʩʚʘʨʢʠ ʩʪʝʨʞʥʝʡ ʜʠʘʤʝʪʨʦʤ D > 12 ʤʤ ʩ ʣʠʩʪʦʤ ʪʦʣʱʠʥʦʡ 
ŭ > 2 ʤʤ. ʇʨʠ ʜʠʘʤʝʪʨʝ ʧʨʠʚʘʨʠʚʘʝʤʦʛʦ ʩʪʝʨʞʥʷ D < 12 ʤʤ ʊʉɺ ʧʨʠʥʠʤʘʝʤ ʨʘʚ-
ʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʦʙʨʘʟʦʚʘʥʠʷ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʪʚʝʨʜʦʡ ʬʘʟʝ 

ʇʃʉɺ ʊ 0,85  T Ö= . ʈʘʩʩʯʠʪʘʚ ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ, ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʦʙʨʘ-

ʟʦʚʘʥʠʷ ʩʦʝʜʠʥʝʥʠʷ, ʦʧʨʝʜʝʣʷʣʠ ʜʝʡʩʪʚʫʶʱʝʝ ʟʥʘʯʝʥʠʝ ʩʚʘʨʦʯʥʦʛʦ ʪʦʢʘ Iʉɺ ʠ 
ʟʘʢʦʥ ʝʛʦ ʠʟʤʝʥʝʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʝʣʠʯʠʥʳ ʦʩʘʜʢʠ 

ʬʘ:
Pʜʜ

ʕʃʕʕ

hU

VQ
I
ʉɺ Ö

Ö
= (3), ʛʜʝ Uʜʜ ï ʧʘʜʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʫʯʘʩʪʢʝ ʜʝʪʘʣʴ-ʜʝʪʘʣʴ; Vʕʃ 

- ʩʢʦʨʦʩʪʴ ʧʝʨʝʤʝʱʝʥʠʷ ʵʣʝʢʪʨʦʜʘ. ɼʣʷ ʥʘʭʦʞʜʝʥʠʷ ʚʝʣʠʯʠʥ hʕʃ, Vʕʃ ʠ Uʜʜ ʠʩ-
ʧʦʣʴʟʦʚʘʣʠʩʴ ʨʝʟʫʣʴʪʘʪʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 
ʜʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ ʦʩʮʠʣʣʦʛʨʘʬʠʨʦʚʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʨʝʞʠʤʘ ʩʚʘʨʢʠ. 

ɿʘʢʦʥ ʠʟʤʝʥʝʥʠʷ ʩʚʘʨʦʯʥʦʛʦ ʪʦʢʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʝʣʠʯʠʥʳ ʦʩʘʜʢʠ ʨʝ-
ʣʴʝʬʘ ʫʯʠʪʳʚʘʣʩʷ ʧʨʠ ʨʘʩʯʝʪʝ ʜʣʠʪʝʣʴʥʦʩʪʠ ʤʦʜʫʣʷʮʠʠ ʠʤʧʫʣʴʩʦʚ ʩʚʘʨʦʯʥʦʛʦ 
ʪʦʢʘ (ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʨʝʣʴʝʬʥʦʡ ʩʚʘʨʢʠ ʥʘ ʤʘʰʠʥʘʭ 
ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ ʤʦʜʫʣʷʮʠ ̫ʠʤʧʫʣʴʩʦʚ ʪʦʢʘ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʚ ʪʝʯʝʥʠʝ ʚʨʝʤʝ-
ʥʠ 0,04 ï 0,08 ʩ). ʇʨʠ ʩʚʘʨʢʝ ʥʠʟʢʦʫʛʣʝʨʦʜʠʩʪʳʭ ʩʪʘʣʝʡ ʟʘʚʠʩʠʤʦʩʪʴ ʜʝʡʩʪʚʫ-
ʶʱʝʛʦ ʟʥʘʯʝʥʠʷ ʩʚʘʨʦʯʥʦʛʦ ʪʦʢʘ Iʉɺ (ʚ ɸ) ʦʪ ʜʠʘʤʝʪʨʘ ʩʪʝʨʞʥʷ D (ʚ ʤʤ) ʠ ʪʦʣ-
ʱʠʥr ʧʣʘʩʪʠʥʳ ŭ (ʚ ʤʤ) ʥʘʤʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʚʠʜʝ ʩʣʝʜʫʶʱʝʡ ʟʘʚʠʩʠʤʦʩʪʠ: 

dd1,01000)2011( ÖÖ-= DI
ʉɺ

(4), ʛʜʝ ŭ
0,1ŭ

 ï ʢʦʵʬʬʠʮʠʝʥʪ ʫʯʝʪʘ ʠʟʤʝʥʝʥʠʷ ʪʦʣ-

ʱʠʥʳ ʣʠʩʪʘ. ʇʨʠ ʵʪʦʤ ʜʣʠʪʝʣʴʥʦʩʪʴ ʧʨʦʪʝʢʘʥʠʷ ʩʚʘʨʦʯʥʦʛʦ ʪʦʢʘ (Ű ʉɺ, ʩ) ʧʨ̫ -
ʤʦʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʜʠʘʤʝʪʨʫ ʧʨʠʚʘʨʠʚʘʝʤʦʛʦ ʩʪʝʨʞʥʷ ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ, ʠʩʭʦʜʷ 

ʠʟ ʩʣʝʜʫʶʱʝʡ ʟʘʚʠʩʠʤʦʩʪʠ: 
ddt 1,0)02,006,0( Ö+= D

ʉɺ
 (5).  

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʩʚʘʨʢʝ çʦʩʪʨʦʡ ʛʨʘʥʴʶè, ʩ ʮʝʣʴʶ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ 
ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʜʝʬʦʨʤʘʮʠʡ ʚʥʫʪʨʝʥʥʝʡ ʩʪʝʥʢʠ ʙʦʙʳʰʢʠ (ʨʝʟʴʙʘ ʥʝ ʜʦʣʞʥʘ ʧʦ-
ʚʨʝʞʜʘʪʴʩʷ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʩʚʘʨʦʯʥʦʡ ʦʧʝʨʘʮʠʠ) ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʧʨʘʚʣʝʥʥʦʡ 
ʫʧʨʫʛʦʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ, ʫʛʦʣ ʨʝʣʴʝʬʘ ʩʣʝʜʫʝʪ ʚʳʙʠʨʘʪʴ ʚ ʧʨʝʜʝʣʘʭ  
40 ï 45 Ü ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʦʨʘʟʤʝʨʘ ʧʨʠʚʘʨʠʚʘʝʤʦʡ ʙʦʙʳʰʢʠ ʠ ʪʦʣʱʠʥʳ 
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ʣʠʩʪʘ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʪʨʝʙʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʪʦʯʥʦʩʪʠ ʩʚʘʨ-
ʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʪʦʣʱʠʥʘ ʩʪʝʥʢʠ ʙʦʙʳʰʢʠ (t, ʤʤ) ʜʦʣʞʥʘ ʙʳʪʴ ʥʝ ʤʝʥʝʝ 

Odt 2,08,0 +² (6), ʘ ʚʳʩʦʪʘ ʨʝʣʴʝʬʘ ʜʦʣʞʥʘ ʥʘʭʦʜʠʪʴʩʷ ʚ ʩʣʝʜʫʶʱʝʡ ʬʫʥʢʮʠʦ-

ʥʘʣʴʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʠʘʤʝʪʨʘ ʨʝʟʴʙʳ  
95,017,0 ʆP dh Ö=  (7). ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʚʝʣʠʯʠʥʳ ʩʚʘʨʦʯʥʦʛʦ ʪʦʢʘ Iʉɺ (ʚ ɸ) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʠʘʤʝʪʨʘ ʨʝʟʴʙʦʚʦʛʦ ʦʪ-
ʚʝʨʩʪʠʷ d0 (ʚ ʤʤ) ʥʘʤʠ ʧʨʝʜʣʦʞʝʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʟʘʚʠʩʠʤʦʩʪʴ: 

dd 1.045,1

ʉɺ 650 ÖÖ= OdI (8). ɼʣʠʪʝʣʴʥʦʩʪʴ ʧʨʦʪʝʢʘʥʠʷ ʩʚʘʨʦʯʥʦʛʦ ʪʦʢʘ (Ű ʉɺ, ʩ) 

ʦʧʨʝʜʝʣʷʪʩʷ, ʠʩʭʦʜʷ ʠʟ ʩʣʝʜʫʶʱʝʡ ʟʘʚʠʩʠʤʦʩʪʠ: ddt 1,0)03,006,0( Ö+= od
ʉɺ

(8). 

ɺ ʯʝʪʚʝʨʪʦʡ ʛʣʘʚʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ 

ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʪʝʭʥʦʣʦʛʠʠ ʨʝʣʴʝʬʥʦʡ ʩʚʘʨʢʠ ʊ-

ʦʙʨʘʟʥʳʭ ʩʦʝʜʠʥʝʥʠʡ.  

ʇʨʝʜʣʦʞʝʥʘ ʥʦʚʘʷ ʬʦʨʤʘ ʨʝʣʴʝʬʘ ʜʣʷ ʩʚʘʨʢʠ çʦʩʪʨʦʡ ʛʨʘʥʴʶè ʩ ʚʳʧʦʣ-

ʥʝʥʥʦʡ ʢʘʥʘʚʢʦʡ ʪʦʨʦʠʜʘʣʴʥʦʡ ʬʦʨʤʳ ʨʘʜʠʫʩʘ R ʠ ʥʘʣʠʯʠʝʤ ʧʣʦʩʢʦʡ ʧʣʦʱʘʜ-

ʢʠ ʩʨʝʟʘ ʜʣʠʥʦʡ l (ʨʠʩ. 8). ʇʨʠ ʵʪʦʤ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʬʦʨʤʳ ʨʝʣʴʝʬʘ 

ʩʣʝʜʫʝʪ ʚʳʙʠʨʘʪʴ ʠʟ ʩʦʦʪʥʦʰʝʥʠʡ: ʨʘʜʠʫʩ ʚʳʪʦʯʢʠ 94,0
085,0 odR Ö= (9); ʜʣʠʥʘ 

ʧʣʦʱʘʜʢʠ Rl =  ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʠʘʤʝʪʨʘ ʨʝʟʴʙʦʚʦʛʦ ʦʪʚʝʨʩʪʠʷ do. ɼʘʥʥʘʷ 

ʬʦʨʤʘ ʨʝʣʴʝʬʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʘʧʨʘʚʣʝʥʥʫʶ ʫʧʨʫʛʦʧʣʘʩʪʠʯʝʩʢʫʶ ʜʝʬʦʨʤʘʮʠʶ 

ʤʝʪʘʣʣʘ, ʧʨʠʚʦʜʷʱʫʶ ʢ ʟʘʧʦʣʥʝʥʠʶ ʩʬʦʨʤʠʨʦʚʘʥʥʦʡ ʢʘʥʘʚʢʠ ʧʣʘʩʪʠʯʥʳʤ ʤʝ-

ʪʘʣʣʦʤ. ʇʨʠ ʵʪʦʤ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʪʨʝʙʫʝʤʘʷ ʪʦʯʥʦʩʪʴ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢ, ʘ ʪʘʢʞʝ ʩʦʭʨʘʥʷʶʪʩʷ ʚʳʩʦʢʠʝ ʠ ʩʪʘʙʠʣʴʥʳʝ ʧʨʦʯʥʦʩʪʥʳʝ ʧʦʢʘʟʘʪʝʣʠ 

ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠʟ-ʟʘ ʫʤʝʥʴʰʝʥʠʷ ʟʘʟʦʨʘ ʤʝʞʜʫ ʜʝʪʘʣʷʤʠ ʠ ʫʚʝʣʠʯʝʥʠʷ 

ʧʣʦʱʘʜʠ ʩʚʘʨʢʠ. ʅʘʣʠʯʠʝ ʧʣʦʱʘʜʢʠ ʜʣʠʥʦʡ l ʦʙʝʩʧʝʯʠʚʘʝʪ ʪʦʯʥʫʶ ʮʝʥʪʨʦʚʢʫ 

ʚʝʨʭʥʝʡ ʜʝʪʘʣʠ ʚ ʦʪʚʝʨʩʪʠʠ ʧʣʘʩʪʠʥʳ ʠ ʛʘʨʘʥʪʠʨʫʝʪ ʥʘʣʠʯʠʝ ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ 

ʢʦʥʪʘʢʪʘ ʜʝʪʘʣʴ-ʜʝʪʘʣʴ, ʩʪʘʙʠʣʠʟʠʨʫʷ ʢʦʥʪʘʢʪʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʚ ʤʦʤʝʥʪ 

ʚʢʣʶʯʝʥʠʷ ʩʚʘʨʦʯʥʦʛʦ ʪʦʢʘ.   

 

 
ʘ) 

 
ʙ) 

ʘ - ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʨʘʟʤʝʨʳ; ʙ - ʭʘʨʘʢʪʝʨ ʧʣʘʩʪʠʯʝʩʢʦʛʦ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʤʝʪʘʣʣʘ   

ʈʠʩʫʥʦʢ 8 ï  ʈʝʣʴʝʬ ʜʣʷ ʩʚʘʨʢʠ çʦʩʪʨʦʡ ʛʨʘʥʴʶè  

 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʦʙʨʘʙʦʪʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ 

ʦʩʮʠʣʣʦʛʨʘʤʤ ʧʨʦʮʝʩʩʘ ʩʚʘʨʢʠ (ʨʠʩ. 9) ʥʘʤʠ ʦʧʨʝʜʝʣʝʥʳ ʟʦʥʳ ʚʳʧʣʝʩʢʘ, ʥʝ-

ʧʨʦʚʘʨʘ, ʘ ʪʘʢʞʝ ʢʘʯʝʩʪʚʝʥʥʦʡ ʩʚʘʨʢʠ ʜʝʪʘʣʝʡ ʠʟ ʫʛʣʝʨʦʜʠʩʪʳʭ ʩʪʘʣʝʡ ʩ ʨʘʟ-

ʣʠʯʥʳʤʠ ʪʠʧʦʨʘʟʤʝʨʘʤʠ. ʅʘ ʨʠʩ. 10 ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʦʤʦʛʨʘʤʤʘ ʧʨʦʮʝʩʩʘ ʩʚʘʨʢʠ 

ʙʦʙʳʰʢʠ ʩ ʚʥʫʪʨʝʥʥʠʤ ʜʠʘʤʝʪʨʦʤ ʄ10 ʠ ʚʳʩʦʪʦʡ ʨʝʣʴʝʬʘ 1,5 ʤʤ (ʤʘʪʝʨʠʘʣ 

ʜʝʪʘʣʝʡ ʉʪ3). 
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ʘ) 

 
ʙ) 

 
ʚ) 

 

 

 

ʘ - ʩʚʘʨʦʯʥʳʡ ʪʦʢ (ʚ ɸ);  

ʙ ï ʧʝʨʝʤʝʱʝʥʠʝ ʧʦʜʚʠʞʥʦʛʦ  

ʵʣʝʢʪʨʦʜʘ (ʚ ʤʤ);  ʚ ï ʩʢʦʨʦʩʪʴ ʧʝʨʝʤʝʱʝʥʠʷ 

 ʵʣʝʢʪʨʦʜʘ (ʤʤ/ʩ) 

ʈʠʩʫʥʦʢ 9 ï  ʊʠʧʦʚʳʝ ʦʩʮʠʣʣʦʛʨʘʤʤʳ 

ʧʨʦʮʝʩʩʘ ʩʚʘʨʢʠ 

 
ʂʘʢ ʧʦʢʘʟʘʣʠ ʧʨʦʚʝʜʝʥʥʳʝ ʥʘʤʠ ʪʝʦʨʝ-
ʪʠʯʝʩʢʠʝ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝ-
ʜʦʚʘʥʠʷ, ʝʩʣʠ ʚ ʧʨʦʮʝʩʩʝ ʩʚʘʨʢʠ (ʥʘ 
ʚʪʦʨʦʤ ʵʪʘʧʝ ʦʙʨʘʟʦʚʘʥʠʷ ʩʚʘʨʥʦʛʦ ʩʦ-
ʝʜʠʥʝʥʠʷ) ʪʨʝʙʫʝʤʘʷ ʩʢʦʨʦʩʪʴ ʦʩʘʜʢʠ 
ʨʝʣʴʝʬʘ ʧʨʝʚʳʩʠʪ ʩʢʦʨʦʩʪʴ ʧʝʨʝʤʝʱʝ-
ʥʠʷ ʧʦʜʚʠʞʥʦʛʦ ʵʣʝʢʪʨʦʜʘ ʤʘʰʠʥʳ, 
ʤʦʞʝʪ ʚʦʟʥʠʢʥʫʪʴ ʚʳʧʣʝʩʢ ʨʘʩʧʣʘʚʣʝʥ-
ʥʦʛʦ ʤʝʪʘʣʣʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘ-
ʥʠʶ ʥʝʢʘʯʝʩʪʚʝʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ. ʉʦ-
ʛʣʘʩʥʦ ʪʠʧʦʚʳʭ ʥʦʤʦʛʨʘʤʤ ʧʨʦʮʝʩʩʘ   
ʢʘʯʝʩʪʚʝʥʥʘʷ ʩʚʘʨʢʘ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫ-
ʯʝʥʘ ʧʨʠ ʩʢʦʨʦʩʪʷʭ ʧʝʨʝʤʝʱʝʥʠʷ ʧʦ-
ʜʚʠʞʥʦʛʦ ʵʣʝʢʪʨʦʜʘ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ 
ʜʠʘʧʘʟʦʥʝ 2,6 ï 4,2 ʤʤ/ʩ.   

 

ʈʠʩʫʥʦʢ 10 ï ʅʦʤʦʛʨʘʤʤʘ ʜʣʷ ʦʮʝʥʢʠ 

ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʩʚʘʨʢʠ  

ʧʦ ʚʝʣʠʯʠʥʝ ʧʝʨʝʤʝʱʝʥʠʷ  

ʧʦʜʚʠʞʥʦʛʦ ʵʣʝʢʪʨʦʜʘ 

ʆʩʚʦʝʥʠʝ ʧʨʝʜʣʦʞʝʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʢʦʥʪʘʢʪʥʦʡ ʨʝʣʴʝʬʥʦʡ ʩʚʘʨʢʠ ʦʩʫ-

ʱʝʩʪʚʣʝʥʦ ʥʘ ʈʋʇ çʄʊɿè ʧʨʠ ʩʚʘʨʢʝ ʫʟʣʦʚ ʪʨʘʢʪʦʨʦʚ çɹʝʣʘʨʫʩè ʄʊɿ. ʈʝʟʫʣʴ-

ʪʘʪʳ ʚʥʝʜʨʝʥʠʷ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʠʭ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʦʩʚʦʝʥʠʷ ʧʦʟ-

ʚʦʣʠʣʠ ʧʝʨʝʡʪʠ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ çʞʝʩʪʢʠʭè ʨʝʞʠʤʦʚ ʩʚʘʨʢʠ. ʇʨʠ ʵʪʦʤ ʜʦʩʪʠʛ-

ʥʫʪʦ ʩʥʠʞʝʥʠʝ ʤʘʪʝʨʠʘʣʴʥʳʭ ʟʘʪʨʘʪ, ʦʙʝʩʧʝʯʝʥʘ ʩʪʘʙʠʣʴʥʦʩʪʴ ʧʨʦʯʥʦʩʪʥʳʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʫʣʫʯʰʝʥ ʪʦ-

ʚʘʨʥʳʡ ʚʠʜ ʠʟʜʝʣʠʷ. ʇʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ʦʪ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʷ ʨʝʣʴʝʬʥʦʡ ʩʚʘʨʢʠ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʫʟʣʦʚ ʣʠʬʪʦʚ, ʚʳʧʫʩʢʘʝʤʳʭ ʈʋʇ ʟʘ-

ʚʦʜ ñʄʦʛʠʣʝʚʣʠʬʪʤʘʰò. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʧʘʨʘ-

ʤʝʪʨʦʚ ʨʝʞʠʤʘ ʨʝʣʴʝʬʥʦʡ ʩʚʘʨʢʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʫʯʝʙʥʦʤ ʧʨʦʮʝʩʩʝ ɹʝʣʦʨʫʩ-

ʩʢʦ-ʈʦʩʩʠʡʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʣʘʙʦʨʘʪʦʨʥʳʭ ʨʘʙʦʪ ʠ ʚʳʧʦʣʥʝ-

ʥʠʠ ʩʪʫʜʝʥʯʝʩʢʠʭ ʅʀʈ. 
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ɿɸʂʃʖʏɽʅʀɽ 

 

ʆʩʥʦʚʥʳʝ ʥʘʫʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʠ: 

1. ʈʘʟʨʘʙʦʪʘʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʫʧʨʫʛʦʧʣʘʩʪʠʯʝʩʢʦʛʦ ʜʝʬʦʨʤʠʨʦ-

ʚʘʥʠʷ ʤʝʪʘʣʣʘ ʟʦʥʳ ʩʦʝʜʠʥʝʥʠʷ ʧʨʠ ʨʝʣʴʝʬʥʦʡ ʩʚʘʨʢʝ, ʫʯʠʪʳʚʘʶʱʘʷ ʦʩʦʙʝʥ-

ʥʦʩʪʠ ʥʘʛʨʝʚʘ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ, ʭʘʨʘʢʪʝʨ ʥʝʠʟʦʪʝʨʤʠʯʝ-

ʩʢʦʛʦ ʫʧʨʫʛʦʧʣʘʩʪʠʯʝʩʢʦʛʦ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ, ʟʘʚʠʩʠʤʦʩʪʠ ʵʣʝʢʪʨʦʪʝʧʣʦʬʠʟʠ-

ʯʝʩʢʠʭ ʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʦʚ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ, ʩʢʨʳʪʫʶ ʪʝʧʣʦʪʫ 

ʧʣʘʚʣʝʥʠʷ ʠ ʦʪʣʠʯʘʶʱʘʷʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʦʛʦ ʧʦʰʘʛʦʚʦ-

ʩʦʚʤʝʱʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʵʣʝʢʪʨʠʯʝʩʢʠʭ, ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʠ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʧʦ-

ʣʝʡ ʩ ʫʯʝʪʦʤ ʠʟʤʝʥʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ ʪʝʧʣʦʚʳʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʢʦʥʪʘʢʪʦʚ, ʘ 

ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʴʶ ʦʙʝʩʧʝʯʝʥʠʷ ʩʭʦʜʠʤʦʩʪʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʧʨʠ 

ʟʥʘʯʠʪʝʣʴʥʳʭ ʧʣʘʩʪʠʯʝʩʢʠʭ ʜʝʬʦʨʤʘʮʠʷʭ ʤʝʪʘʣʣʘ ʨʝʣʴʝʬʘ. ʅʘ ʙʘʟʝ ʨʘʟʨʘʙʦ-

ʪʘʥʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʦʧʨʝʜʝʣʝʥ ʭʘʨʘʢʪʝʨ ʫʧʨʫʛʦʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝ-

ʬʦʨʤʘʮʠʠ ʤʝʪʘʣʣʘ ʨʝʣʴʝʬʘ ʥʘ ʚʩʝʭ ʩʪʘʜʠʷʭ ʮʠʢʣʘ ʩʚʘʨʢʠ, ʧʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʠ ʧʨʦʯʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʟʘʚʠʩʠʤʦ-

ʩʪʠ ʦʪ ʩʦʟʜʘʥʥʳʭ ʪʝʨʤʦʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʫʩʣʦʚʠʡ ʧʨʦʮʝʩʩʘ /1, 2, 3, 9/. 

2. ʅʘ ʦʩʥʦʚʘʥʠʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʩʚʘʨʢʝ ʊ- ʦʙʨʘʟʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩʪʝʨʞʥ ̫ʩ ʣʠ-

ʩʪʦʚʦʡ ʜʝʪʘʣʴʶ ʧʨʠ ʜʠʘʤʝʪʨʝ ʩʪʝʨʞʥʷ ʤʝʥʝʝ 12 ʤʤ ʠ ʫʛʣʘʭ ʨʝʣʴʝʬʘ 120-140 Ü 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʚʘʨʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʚ ʪʚʝʨʜʦʡ  ʬʘʟʝ, ʘ ʧʨʠ ʜʠʘʤʝʪ-

ʨʘʭ 12-25 ʤʤ ʠ ʫʛʣʘʭ ʨʝʣʴʝʬʘ 140-170 Ü ʦʙʨʘʟʫʝʪʩʷ  ʟʦʥʘ ʨʘʩʧʣʘʚʣʝʥʠʷ ʨʘʟʤʝʨʦʤ 

ʥʝ ʙʦʣʝʝ 30-40 % ʦʪ ʧʣʦʱʘʜʠ ʩʚʘʨʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʚʳʙʦʨʝ 

ʬʦʨʤʳ ʨʝʣʴʝʬʘ ʧʨʠ ʩʚʘʨʢʝ ʩʪʝʨʞʥʷ ʩ ʣʠʩʪʦʚʦʡ ʜʝʪʘʣʴʶ ʧʨʝʜʧʦʯʪʝʥʠʝ ʩʣʝʜʫʝʪ 

ʦʪʜʘʚʘʪʴ ʧʦʜʛʦʪʦʚʢʝ ʪʦʨʮʝʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʝʨʞʥʷ ʚ ʚʠʜʝ ʢʦʥʫʩʘ. ʋʩʪʘʥʦʚʣʝ-

ʥʦ, ʯʪʦ ʫʛʦʣ ʨʝʣʴʝʬʘ ʥʝʦʙʭʦʜʠʤʦ ʚʳʙʠʨʘʪʴ ʚ ʧʨʝʜʝʣʘʭ 120 ï 170 Ü ʧʨʠ ʜʠʘʤʝʪ-

ʨʘʭ ʩʪʝʨʞʥʝʡ ʦʪ 6 ʜʦ 20 ʤʤ, ʠʩʭʦʜʷ ʠʟ ʩʣʝʜʫʶʱʝʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʟʘʚʠʩʠʤʦ-

ʩʪʠ: 1
350

180 °-=
D

a  /1, 7, 13, 14/.  

3. ʇʨʝʜʣʦʞʝʥʘ ʤʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ ʚʝʣʠʯʠʥʳ ʠ ʜʣʠʪʝʣʴʥʦʩʪʠ ʥʘʨʘʩʪʘʥʠʷ 

ʩʚʘʨʦʯʥʦʛʦ ʪʦʢʘ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʢʫʱʝʛʦ ʨʘʟʤʝʨʘ ʢʦʥʪʘʢʪʘ ʜʝʪʘʣʴ-ʜʝʪʘʣʴ. 

ʇʨʠ ʵʪʦʤ ʜʣʷ ʩʚʘʨʢʠ ʫʛʣʝʨʦʜʠʩʪʳʭ ʩʪʘʣʝʡ ʜʝʡʩʪʚʫʶʱʝʝ ʟʥʘʯʝʥʠʷ ʩʚʘʨʦʯʥʦʛʦ 

ʪʦʢʘ Iʉɺ (ʚ ɸ)  ʩʣʝʜʫʝʪ ʚʳʙʠʨʘʪʴ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʠʘʤʝʪʨʘ ʧʨʠʚʘʨʠʚʘʝʤʦʛʦ 

ʩʪʝʨʞʥʷ D ʠ ʪʦʣʱʠʥʳ ʧʣʘʩʪʠʥʳ ŭ: 
dd1,01000)2011( ÖÖ-= DI

ʉɺ
. ɼʣʠʪʝʣʥɹʦʩʪʴ 

ʧʨʦʪʝʢʘʥʠʷ ʩʚʘʨʦʯʥʦʛʦ ʪʦʢʘ ʥʝʦʙʭʦʜʠʤʦ ʚʳʙʠʨʘʪʴ ʠʟ ʩʣʝʜʫʶʱʝʡ ʟʘʚʠʩʠʤʦ-

ʩʪʠ: ddt 1,0)02,006,0( Ö+= D
ʉɺ

 /5, 7, 11/. 

  4.ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʩʚʘʨʢʝ çʦʩʪʨʦʡ ʛʨʘʥʴʶè ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ 

ʜʝʬʦʨʤʘʮʠʡ ʚʥʫʪʨʝʥʥʝʡ ʩʪʝʥʢʠ ʙʦʙʳʰʢʠ ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʨʘʜʠʘʣʴʥʦ ʥʘʧʨʘʚʣʝʥ-

ʥʦʡ ʫʧʨʫʛʦʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʤʝʪʘʣʣʘ ʫʛʦʣ ʨʝʣʴʝʬʘ ʩʣʝʜʫʝʪ ʚʳʙʠʨʘʪʴ ʚ 

ʧʨʝʜʝʣʘʭ 40 ï 45 Ü ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʦʨʘʟʤʝʨʘ ʧʨʠʚʘʨʠʚʘʝʤʦʡ ʙʦʙʳʰʢʠ ʠ 

ʪʦʣʱʠʥʳ ʣʠʩʪʘ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʪʨʝʙʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʪʦʯ-

ʥʦʩʪʠ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠʟ ʫʛʣʝʨʦʜʠʩʪʦʡ ʩʪʘʣʠ ʪʦʣʱʠʥʘ ʩʪʝʥʢʠ ʙʦʙʳʰʢʠ 

ʜʦʣʞʥʘ ʙʳʪʴ ʥʝ ʤʝʥʝʝ Odt 2,08,0 +² , ʘ ʚʳʩʦʪʘ ʨʝʣʴʝʬʘ ʜʦʣʞʥʘ ʥʘʭʦʜʠʪʴʩʷ ʚ ʩʣʝ-

ʜʫʶʱʝʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʠʘʤʝʪʨʘ ʨʝʟʴʙʳ 95,017,0 ʆP dh Ö= . ʋʩʪʘ-
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ʥʦʚʣʝʥʦ, ʯʪʦ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʜʝʡʩʪʚʫʶʱʝʛʦ ʟʥʘʯʝʥʠʷ ʩʚʘʨʦʯʥʦʛʦ ʪʦʢʘ Iʉɺ (ʚ ɸ) 

ʩʣʝʜʫʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʣʝʜʫʶʱʫʶ ʟʘʚʠʩʠʤʦʩʪʴ: 
dd 1.045,1

ʉɺ 650 ÖÖ= OdI . ʇʨʠ 

ʵʪʦʤ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʪʨʝʙʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʪʦʯʥʦʩʪʠ ʩʚʘʨʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʠʤʝʥʝʥʠʝ çʞʝʩʪʢʠʭè ʨʝʞʠʤʦʚ ʩʚʘʨʢʠ ʩ ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʧʨʦʪʝ-

ʢʘʥʠʷ ʩʚʘʨʦʯʥʦʛʦ ʪʦʢʘ, ʨʘʚʥʦʡ ddt 1,0)03,006,0( Ö+= od
ʉɺ

 /4, 12, 14/.  

5. ʇʨʝʜʣʦʞʝʥʘ ʬʦʨʤʘ ʨʝʣʴʝʬʘ, ʦʪʣʠʯʘʶʱʘʷʩʷ ʥʘʣʠʯʠʝʤ ʪʦʨʦʠʜʘʣʴʥʦʡ 

ʢʘʥʘʚʢʠ ʠ ʧʣʦʩʢʦʡ ʧʣʦʱʘʜʢʠ ʩʨʝʟʘ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʩʥʠʟʠʪʴ ʜʝʬʦʨʤʘʮʠʶ 

ʚʥʫʪʨʝʥʥʝʡ ʩʪʝʥʢʠ ʙʦʙʳʰʢʠ, ʧʦʚʳʩʠʪʴ ʩʪʘʪʠʯʝʩʢʫʶ ʧʨʦʯʥʦʩʪʴ ʩʦʝʜʠʥʝʥʠʡ ʥʘ 

15 ï 20 %, ʘ ʪʘʢʞʝ ʩʥʠʟʠʪʴ ʨʘʟʤʘʭ ʧʨʦʯʥʦʩʪʠ ʚ 1,5 ʨʘʟʘ ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ   

ʧʣʦʱʘʜʠ ʩʚʘʨʢʠ ʧʫʪʝʤ ʩʦʟʜʘʥʠʷ ʥʘʧʨʘʚʣʝʥʥʦʡ ʫʧʨʫʛʦʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘ-

ʮʠʠ ʤʝʪʘʣʣʘ ʟʦʥʳ ʩʦʝʜʠʥʝʥʠʷ ʠ ʦʪʩʫʪʩʪʚʠʷ ʟʘʟʦʨʦʚ ʤʝʞʜʫ ʩʚʘʨʠʚʘʝʤʳʤʠ ʜʝʪʘ-

ʣʷʤʠ. ʇʨʝʜʣʦʞʝʥʳ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʷ ʚʳʙʦʨʘ ʨʘʟʤʝʨʦʚ ʢʦʥ-

ʩʪʨʫʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʥʦʚʦʛʦ ʨʝʣʴʝʬʘ, ʘ ʪʘʢʞʝ ʥʦʤʦʛʨʘʤʤʳ ʜʣʷ ʦʮʝʥʢʠ ʢʘʯʝ-

ʩʪʚʘ ʧʨʦʮʝʩʩʘ ʩʚʘʨʢʠ  ʫʛʣʝʨʦʜʠʩʪʳʭ ʩʪʘʣʝʡ ʧʦ ʧʝʨʝʤʝʱʝʥʠʶ ʧʦʜʚʠʞʥʦʛʦ ʵʣʝʢ-

ʪʨʦʜʘ /4, 13/. 

6.ʊʝʦʨʝʪʠʯʝʩʢʠ ʫʩʪʘʥʦʚʣʝʥ ʠ ɻʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʜʪʚʝʨʞʜʝʥ ʜʠʘʧʘʟʦʥ 

ʩʢʦʨʦʩʪʝʡ ʦʩʘʜʢʠ ʨʝʣʴʝʬʦʚ (2,6 ï 4,2 ʤʤ/ʩ), ʚ ʧʨʝʜʝʣʘʭ ʢʦʪʦʨʦʛʦ ʦʙʝʩʧʝʯʠʚʘʶʪ-

ʩʷ ʚʳʩʦʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʧʨʦʯʥʦʩʪʠ ʠ ʪʦʯʥʦʩʪʠ ʊ-ʦʙʨʘʟʥʳʭ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʠʟ ʫʛʣʝʨʦʜʠʩʪʳʭ ʩʪʘʣʝʡ, ʠ ʧʦʟʚʦʣʷʶʱʠʡ ʦʧʨʝʜʝʣʠʪʴ ʪʨʝʙʦʚʘʥʠʷ ʢ ʜʠʥʘʤʠʯʝ-

ʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʤʝʭʘʥʠʟʤʦʚ ʩʞʘʪʠʷ ʤʘʰʠʥ ʨʝʣʴʝʬʥʦʡ ʩʚʘʨʢʠ /4/. 

 

ʈʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʧʨʘʢʪʠʯʝʩʢʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʨʝʟʫʣʴʪʘʪʦʚ: 

1.  ʈʘʟʨʘʙʦʪʘʥʘ ʠ ʟʘʱʠʱʝʥʘ ʧʘʪʝʥʪʦʤ ʈɹ ʥʘ ʧʦʣʝʟʥʫʶ ʤʦʜʝʣʴ ʢʦʥʩʪʨʫʢ-

ʮʠʷ ʵʣʝʢʪʨʦʜʥʦʛʦ ʫʟʣʘ ʩ ʫʣʫʯʰʝʥʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʦʭʣʘʞʜʝʥʠʷ ʵʣʝʢʪʨʦʜʦʚ, ʧʦʟ-

ʚʦʣʷʶʱʘʷ ʧʦʚʳʩʠʪʴ ʩʪʦʡʢʦʩʪʴ ʵʣʝʢʪʨʦʜʦʚ ʠ ʧʨʦʯʥʦʩʪʴ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʟʘ 

ʩʯʝʪ ʩʥʠʞʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʥʝʩʦʦʩʥʦʩʪʠ ʦʪʚʝʨʩʪʠʡ ʙʦʙʳʰʢʠ ʠ 

ʧʣʘʩʪʠʥʳ ʠʟ-ʟʘ  ʧʝʨʝʢʦʩʘ ʨʘʙʦʯʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʵʣʝʢʪʨʦʜʦʚ ʧʨʠ ʠʭ ʠʟʥʦʩʝ [15]. 

2. ɺʥʝʜʨʝʥʠʝ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʢʦʥʪʘʢʪʥʦʡ ʨʝʣʴʝʬʥʦʡ ʩʚʘʨʢʠ ʥʘ 

ʈʋʇ çʄʠʥʩʢʠʡ ʪʨʘʢʪʦʨʥʳʡ ʟʘʚʦʜè ʧʨʠ ʩʚʘʨʢʝ ʫʟʣʦʚ ʪʨʘʢʪʦʨʦʚ çɹʝʣʘʨʫʩè ʄʊɿ 

ʧʦʟʚʦʣʠʣʦ ʧʝʨʝʡʪʠ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ çʞʝʩʪʢʠʭè ʨʝʞʠʤʦʚ ʩʚʘʨʢʠ ʩ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʝʤ ʵʣʝʢʪʨʦʜʦʚ ʠʟ ʚʳʩʦʢʦʩʪʦʡʢʠʭ ʜʠʩʧʝʨʩʥʦ-ʫʧʨʦʯʥʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʇʨʠ 

ʵʪʦʤ ʜʦʩʪʠʛʥʫʪʦ ʩʥʠʞʝʥʠʝ ʤʘʪʝʨʠʘʣʴʥʳʭ ʟʘʪʨʘʪ, ʦʙʝʩʧʝʯʝʥʘ ʩʪʘʙʠʣʴʥʦʩʪʴ 

ʧʨʦʯʥʦʩʪʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

(ʦʙʝʩʧʝʯʝʥʦ ʩʦʭʨʘʥʝʥʠʝ ʨʝʟʴʙʳ ʧʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ ʩʚʘʨʦʯʥʦʡ ʦʧʝʨʘʮʠʠ), ʫʣʫʯ-

ʰʝʥ ʪʦʚʘʨʥʳʡ ʚʠʜ ʠʟʜʝʣʠʷ. ʕʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʦʪ ʚʥʝʜʨʝʥʠʷ ʥʘʫʯʥʳʭ ʨʘʟ-

ʨʘʙʦʪʦʢ ʩʦʩʪʘʚʠʣ 15,0 ʤʣʥ. ʨʫʙ. ʚ ʮʝʥʘʭ 2008 ʛ. 

3. ʇʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʥʪʘʢʪʥʦʡ ʨʝʣʴʝʬʥʦʡ 

ʩʚʘʨʢʠ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʫʟʣʦʚ ʣʠʬʪʦʚ, ʚʳʧʫʩʢʘʝʤʳʭ ʈʋʇ ʟʘʚʦʜ ñʄʦʛʠʣʝʚʣʠʬʪ- 

ʤʘʰò. ʇʦʜʪʚʝʨʞʜʝʥʦ, ʯʪʦ ʨʝʟʫʣʴʪʘʪʳ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩ-

ʩʣʝʜʦʚʘʥʠʡ, ʧʨʦʚʝʜʝʥʥʳʝ ʥʘʤʠ, ʧʨʘʢʪʠʯʝʩʢʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʚʳʙʦʨʫ ʧʘʨʘ-

ʤʝʪʨʦʚ ʨʝʞʠʤʘ ʩʚʘʨʢʠ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʳ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʧʨʘʢʪʠʢʝ ʟʘ-

ʚʦʜʘ ʧʨʠ ʫʩʣʦʚʠʠ ʫʚʝʣʠʯʝʥʠʷ ʩʝʨʠʡʥʦʩʪʠ ʚʳʧʫʩʢʘ ʧʨʦʜʫʢʮʠʠ. ʕʢʦʥʦʤʠʯʝʩʢʘʷ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʥʪʘʢʪʥʦʡ ʨʝʣʴʝʬʥʦʡ ʩʚʘʨʢʠ ʧʨʠ ʧʨʦʠʟʚʦʜ-

ʩʪʚʝ ʫʣʦʚ ʧʘʩʩʘʞʠʨʩʢʠʭ ʣʠʬʪʦʚ, ʩʚʘʨʢʘ ʢʦʪʦʨʳʭ ʚ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʦʩʫ-
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ʱʝʩʪʚʣʷʝʪʩʷ ʜʫʛʦʚʳʤʠ ʩʧʦʩʦʙʘʤʠ, ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʧʨʠʚʝʜʝʥʥʳʤ ʨʘʩʯʝʪʦʤ. ʇʨʠ 

ʵʪʦʤ ʦʞʠʜʘʝʤʳʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʦʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘʫʯʥʳʭ 

ʨʘʟʨʘʙʦʪʦʢ ʤʦʞʝʪ ʩʦʩʪʘʚʠʪʴ ʙʦʣʝʝ 31 ʤʣʥ. ʨʫʙ. ʚ ʮʝʥʘʭ 2009 ʛ.  

4. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ ʨʝʞʠʤʘ ʨʝ-

ʣʴʝʬʥʦʡ ʩʚʘʨʢʠ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʦʩʘʜʢʠ ʨʝʣʴʝʬʦʚ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ 

ʫʯʝʙʥʦʤ ʧʨʦʮʝʩʩʝ ɻʋɺʇʆ çɹʝʣʦʨʫʩʩʢʦ-ʈʦʩʩʠʡʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè ʧʨʠ ʧʨʦʚʝʜʝ-

ʥʠʠ ʣʘʙʦʨʘʪʦʨʥʳʭ ʨʘʙʦʪ ʧʦ ʜʠʩʮʠʧʣʠʥʝ çʊʝʭʥʦʣʦʛʠʷ ʠ ʦʙʦʨʫʜʦʚʘʥʠʝ ʩʚʘʨʢʠ 

ʜʘʚʣʝʥʠʝʤè, ʘ ʪʘʢʞʝ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʩʪʫʜʝʥʯʝʩʢʠʭ ʅʀʈ. 

 

ʉʧʠʩʦʢ ʧʫʙʣʠʢʘʮʠʡ ʧʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ 

 

ʉʪʘʪʴʠ ʚ ʥʘʫʯʥʳʭ ʞʫʨʥʘʣʘʭ 

1. ɹʝʥʜʠʢ, ʊ.ʀ. ʆʩʦʙʝʥʥʦʩʪʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ 

ʊ-ʦʙʨʘʟʥʦʡ ʨʝʣʴʝʬʥʦʡ ʩʚʘʨʢʠ / ʊ.ʀ. ɹʝʥʜʠʢ // ʉʚʘʨʢʘ ʠ ʨʦʜʩʪʚʝʥʥʳʝ ʪʝʭʥʦʣʦ-

ʛʠʠ: ʨʝʩʧ. ʤʝʞʚʝʜʦʤʩʪʚʝʥʥʳʡ ʩʙʦʨʥʠʢ ʥʘʫʯʥʳʭ ʪʨʫʜʦʚ, 2006. ï ˉ8. ï ʉ.9-13. 

2. ɹʝʨʝʟʠʝʥʢʦ, ɺ.ʇ. ʆʙ ʦʩʦʙʝʥʥʦʩʪʷʭ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʧʨʦʮʝʩʩʘ ʢʦʥʪʘʢʪʥʦʡ ʨʝʣʴʝʬʥʦʡ ʩʚʘʨʢʠ ʣʠʩʪʦʚʳʭ ʥʠʟʢʦʫʛʣʝʨʦʜʠʩʪʳʭ ʩʪʘʣʝʡ / 

ɺ.ʇ. ɹʝʨʝʟʠʝʥʢʦ, ʉ.ʄ. ʌʫʨʤʘʥʦʚ, ʊ.ʀ. ɹʝʥʜʠʢ // ɺʝʩʪʥʠʢ ʄʦʛʠʣʝʚʩʢʦʛʦ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ.ï 2006.ï ˉ1.ï ʉ. 23-27. 

3. ɹʝʨʝʟʠʝʥʢʦ,  ɺ.ʇ. ʕʣʝʢʪʨʦʪʝʨʤʦʜʝʬʦʨʤʘʮʠʦʥʥʳʡ ʨʘʩʯʸʪ ʧʨʦʮʝʩʩʦʚ 

ʢʦʥʪʘʢʪʥʦʡ ʪʦʯʝʯʥʦʡ ʠ ʨʝʣʴʝʬʥʦʡ  ʩʚʘʨʢʠ./ ɺ.ʇ. ɹʝʨʝʟʠʝʥʢʦ, ʉ.ʄ. ʌʫʨʤʘʥʦʚ, 

ʉ.ɺ. ɹʦʣʦʪʦʚ, ʊ.ʀ. ɹʝʥʜʠʢ //ɺʝʩʪʥʠʢ ʇʦʣʦʮʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝ-
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ʣʠʨʦʚʘʥʠʷ ʜʣʷ ʚʳʙʦʨʘ  ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ  ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʘ ʊ-ʦʙʨʘʟʥʦʡ ʨʝʣʴ-
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ʈʕɿʖʄɽ 

 

ʈʵʣʴʝʬʥʘʷ ʟʚʘʨʢʘ ʊ-ʚʦʙʨʘʟʥʳʭ ʟʣʫʯʵʥʥʷ˄ ʟ ʥʘʧʨʘ˄ʣʝʥʘʡ 

ʫʧʨʫʛʘʧʣʘʩʪʳʯʥʘʡ ʜʵʬʘʨʤʘʮʳʷʡ ʤʝʪʘʣʣʘ 

 

ɹʵʥʜʟʽʢ ʊʘʮʮʷʥʘ ɯʚʘʥʘ˄ʥʘ 

 

ʂʣʶʯʘʚʳ̫ ʩʣʦʚ:r ʨʵʣʴʝʬʥʘʷ ʟʚʘʨʢʘ, ʊ-ʚʦʙʨʘʟʥʳʷ ʟʣʫʯʵʥʥʽ,  ʬʦʨʤʘ ʨʝ-

ʣʴʝʬʘ, ʤʝʪʘʜ ʢʘʥʯʘʪʢʦʚʳʭ ʵʣʝʤʝʥʪʘ,˄ ʥʘʧʨʘ˄ʣʝʥʘʷ ʫʧʨʫʛʘʧʣʘʩʪʳʯʥʘ ̫ʜʵʬʘʨʤʘ-

ʮʳʷ. 

ɸʙôʝʢʪ ʜʘʩʣʝʜʘʚʘʥʥ̫ : ʊ-ʚʦʙʨʘʟʥʳʷ ʟʣʫʯʵʥʥʽ, ʚʳʢʘʥʘʥʳʷ ʨʵʣʴʝʬʥʘʡ 

ʟʚʘʨʢʘʡ ʥʘ ʧʨʘʚʳʭ ʧʘʚʝʨʭʥʷʭ ʚʳʨʘʙʘ˄. 

ʄʵʪʘ ʜʘʩʣʝʜʘʚʘʥʥʷ: ʟʘʙ̫ʩʧ̫ʯɻ ʥʥʝ ʧʘʪʨʘʙʫʝʤʳʭ ʪʨʳʚʘʣʘʩʥʳʭ ʧʘʢʘʟʘʣʴ-

ʥʽʢʘ˄  ̔ʜʘʢʣʘʜʥʘʩʮ̔ ʛʝʘʤʝʪʨʳʯʥʳʭ ʧʘʨʘʤʝʪʨʘ ˄ʊ-ʚʦʙʨʘʟʥʳʭ ʟʣʫʯʵʥʥʷ˄ ʥʘ ʘʩʥʦʚʝ 

ʩʪʚʘʨʵʥʥʷ  ʥʘʧʨʘ˄ʣʝʥʘʡ ʫʧʨʫʛʘʧʣʘʩʪʳʯʥʘʡ ʜʵʬʘʨʤʘʮʳ̔ ʤʝʪʘʣʣʫ. 

ʋ ʜʳʩʝʨʪʘʮʳʡʥʘʡ ʨʘʙʦʮʝ ʧʨʘʧʘʥʦʚʘʥ rʥʦʚʳ ʧʘʜʭʦʜ ʜʘ ʜʦʩʣʝʜʫ ʧʨʘʮʵʩʫ 

˄ʪʚʘʨʵʥʥʷ ʟʣʫʯʵʥʥʷ˄ ʧʨʳ ʨʝʣʴʝʬʥʘʡ ʟʚʘʨʮʳ, ʷʢʽ ʘʜʨʦʟʥʽʚʘʝʮʮʘ ʚʳʢʘʨʳʩʪʘʥʥʝʤ 

ʢʘʥʯʘʪʢʦʚʘ-ʵʣʝʤʝʥʪʥʘʛʘ ʧʘʢʨʦʢʘʚʘ ʘʥʘʣʽʟʫ ʵʣʝʢʪʨʳʯʥʳʭ, ʪʵʤʧʝʨʘʪʫʨʥʳʭ ʽ 

ʜʝʬʘʨʤʘʮʳʡʥʳʭ ʧʘʣʸ˄ ʟ ʫʣʽʢʘʤ ʟʤʷʥʝʥʥʷ ʵʣʝʢʪʨʳʯʥʳʭ ʽ ʮʝʧʣʘʚʳʭ 

ʩʫʧʨʘʮʽ˄ʣʝʥʥʷ˄ ʢʘʥʪʘʢʪʘ˄, ʘ ʪʘʢʩʘʤʘ ʤʘʛʯʳʤʘʩʮʶ ʟʘʙʝʩʧʷʯʵʥʥʷ ʟʙʝʞʥʘʩʮʽ 

ʚʳʣʽʯʘʣʴʥʘʛʘ ʧʨʘʮʵʩʫ ʧʨʳ ʟʥʘʯʥʳʭ ʧʣʘʩʪʳʯʥʳʭ ʜʵʬʘʨʤʘʮʳʷʭ ʤʝʪʘʣʣʘ ʨʝʣʴʝʬʘ, 

ʷʢʽ ʜʘʟʚʦʣʽ˄ ʫʩʪʘʣʷʚʘʮʴ ʥʦʚʳʷ ˄ʟʘʝʤʘʩʫʚʷʟʽ ʧʘʨʘʤʝʪʨʘ ˄ ʨʵʞʳʤʫ ʟʚʘʨʢʽ ʟ 

ʛʝʘʤʝʪʨʳʯʥʳʤʽ ʭʘʨʘʢʪʘʨʳʩʪʳʢʘʤʽ ʽ ʪʨʳʚʘʣʘʩʪʥʤr ̔ʧʘʢʘʟʘʣʴʥʽʢʘʤʽ ʟʣʫʯʵʥʥʷ˄. 

ʅʘ ʘʩʥʦʚʝ ʤʘʪʵʤʘʪʳʯʥʘʡ ʤʘʜʵʣʽ ʽ ɻ ʢʩʧʝʨʳʤʝʥʪʘʣʴʥʳʭ ʜʦʩʣʝʜʘ˄ 

ʧʨʘʧʘʥʘʚʘʥʘ ʥʘʚʫʢʦʚʘ ʘʙʘʩʥʘʚʘʥʘʷ ʤʝʪʦʜʳʢʘ ʚʳʙʨʘʥʥʷ ʪʵʭʥʘʣʘʛʽʯʥʳʭ 

ʧʘʨʘʤʝʪʨʘ˄ ʨʵʞʳʤʫ ʨʝʣʴʝʬʥʘʡ ʟʚʘʨʢʽ ʊ-ʚʦʙʨʘʟʥʳʭ ʟʣʫʯʵʥʥʷ˄, ʷʢʘʷ ˄ʣʽʯʚʘʝ 

ʜʳʥʘʤʽʯʥʘʝ ʟʤʷʥʝʥʥʝ ʧʘʤʝʨʘ˄ ʢʘʥʪʘʢʪʥʘʡ ʧʘʚʝʨʭʥʽ ˄ ʧʨʘʮʵʩʝ ʘʩʘʜʢʽ ʨʝʣʴʝʬʘ. 

ʇʨʘʧʘʥʘʚʘʥʳ ʤʘʪʵʤʘʪʳʯʥʳʷ ʟʘʣʝʞʥʘʩʮʽ ʜʣʷ ʚʳʟʥʘʯʵʥʥʷ ʧʘʤʝʨʘ˄ ʨʝʣʴʝʬʘ˄, 

ʬʦʨʤʳ ʽ ʚʝʣʽʯʳʥʽ ʟʚʘʨʘʯʥʘʛʘ ʪʦʢʫ, ʧʨʘʮʷʛʣʘʩʮʽ ʧʨʘʭʦʜʞʘʥʥʷ ʽ ʥʘʨʘʩʪʘʥʥʷ 

ʟʚʘʨʘʯʥʘʛʘ ʪʦʢʫ, ʷʢʽʷ ˄ʣʽʯʚʘʶʮʴ ʪʳʧ ʟʚʘʨʥʦʛʘ ʟʣʫʯʵʥʥʷ, ʷʛʦ ʛʝʘʤʝʪʨʳʯʥʳʷ 

ʧʘʤʝʨʳ, ʽ ʜʘʟʚʘʣʷʶʮʴ ʚʳʟʥʘʯʳʮʴ ʧʘʨʘʤʝʪʨʳ ʨʵʞʳʤʫ ʟʚʘʨʢʽ, ʷʢʽʷ 

ʟʘʙʷʩʧʝʯʳʚʘʶʮʴ ʧʘʪʨʘʙʫʝʤʫʶ ʪʨʳʚʘʣʘʩʮʴ ʽ ʜʘʢʣʘʜʥʘʩʮʴ ʊ-ʚʦʙʨʘʟʥʳʭ ʟʚʘʨʥʳʭ 

ʟʣʫʯʵʥʥʷ˄. 

ʊʵʘʨʵʪʳʯʥʘ ˄ʩʪʘʥʦ˄ʣʝʥʳ ʽ ʵʢʩʧʝʨʳʤʘʥʪʘʣʴʥʘ ʧʘʮʚʝʨʜʞʘʥʳ ʜʳʷʧʘʟʦʥ 

ʭʫʪʢʘʩʮʽ ʘʩʘʜʢʽ ʨʝʣʴʝʬʘ,˄ ʫ ʤʝʞʘʭ ʷʢʦʛʘ ʟʘʙʷʩʧʝʯʚʘʶʮʮʘ ʥʘʧʨʘ˄ʣʝʥʘʷ 

ʫʧʨʫʛʘʧʣʘʩʪʳʯʥʘʷ ʜʵʬʘʨʤʘʮʳʷ ʤʝʪʘʣʣʫ, ʚʳʩʦʢʽʷ ʧʘʢʘʟʘʣʴʥʽʢʽ ʪʨʳʚʘʣʘʩʮʽ ʽ 

ʜʘʢʣʘʜʥʘʩʮʽ ʊ-ʚʦʙʨʘʟʥʳʭ ʟʚʘʨʥʳʭ ʟʣʫʯʵʥʥʷ˄. 

ʇʨʘʧʘʥʘʚʘʥʘ ʥʦʚʘʷ ʬʦʨʤʘ ʨʝʣʴʝʬʫ, ʷʢʘʷ ʟʘʙʷʩʧʝʯʚʘʝ ʥʘʧʨʘ˄ʣʝʥʫʶ ˄ʧʨʫ-

ʛʘʧʣʘʩʪʳʯʥʫʶʜʵʬʘʨʤʘʮʳʶ ʤʝʪʘʣʣʘ, ʧʘʪʨʘʙʫʝʤʫʶ ʜʘʢʣʘʜʥʘʩʮʴ ʛʝʘʤʝʪʨʳʯʥʳʭ 

ʭʘʨʘʢʪʘʨʳʩʪʳʢ ʧʨʳ ʟʘʭʘʚʘʥʥʽ ʚʳʩʦʢʽʭ ʽ ʩʪʘʙʽʣʴʥʳʭ ʪʨʳʚʘʣʘʩʪʥʳʭ ʧʘʢʘʟʘʣʴʥʽʢʘ˄ 

ʟʚʘʨʥʳʭ ʟʣʫʯʵʥʥʷ˄ ʟ-ʟʘ ʧʘʚʷʣʽʯʵʥʥʷ ʧʣʷʮʳ ʟʚʘʨʢʽ ʽ ʟʤʷʥʴʰʵʥʥʷ ʟʘʟʦʨʫ ʧʘʤʽʞ 

ʜʵʪʘʣʷʤʽ. 
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ʈɽɿʖʄɽ 

 

ʈʝʣʴʝʬʥʘʷ ʩʚʘʨʢʘ ʊ-ʦʙʨʘʟʥʳʭ ʩʦʝʜʠʥʝʥʠʡ  ʩ ʥʘʧʨʘʚʣʝʥʥʦʡ 

 ʫʧʨʫʛʦʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʝʡ  ʤʝʪʘʣʣʘ  

 

ɹʝʥʜʠʢ ʊʘʪʴʷʥʘ ʀʚʘʥʦʚʥʘ 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʝʣʴʝʬʥʘʷ ʩʚʘʨʢʘ, ʊ-ʦʙʨʘʟʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʬʦʨʤʘ ʨʝ-

ʣʴʝʬʘ, ʤʝʪʦʜ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʥʘʧʨʘʚʣʝʥʥʘʷ ʫʧʨʫʛʦʧʣʘʩʪʠʯʝʩʢʘʷ ʜʝʬʦʨʤʘ-

ʮʠʷ. 

ʆʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʊ-ʦʙʨʘʟʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʚʳʧʦʣʥʷʝʤʳʝ ʨʝʣʴʝʬʥʦʡ 

ʩʚʘʨʢʦʡ. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʡ: ʦʙʝʩʧʝʯʝʥʠʝ ʪʨʝʙʫʝʤʳʭ ʧʨʦʯʥʦʩʪʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʠ 

ʪʦʯʥʦʩʪʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʊ-ʦʙʨʘʟʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʩʦʟʜʘ-

ʥʠʷ ʥʘʧʨʘʚʣʝʥʥʦʡ ʫʧʨʫʛʦʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʤʝʪʘʣʣʘ. 

ɺ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥ ʥʦʚʳʡ ʧʦʜʭʦʜ ʢ ʠʩʩʣʝʜʦʚʘʥʠʶ 

ʧʨʦʮʝʩʩʘ ʦʙʨʘʟʦʚʘʥʠʷ ʩʦʝʜʠʥʝʥʠʡ ʧʨʠ ʨʝʣʴʝʬʥʦʡ ʩʚʘʨʢʝ, ʦʪʣʠʯʘʶʱʠʡʩʷ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʦʛʦ ʧʦʰʘʛʦʚʦ-ʩʦʚʤʝʱʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʵʣʝʢʪʨʠ-

ʯʝʩʢʠʭ, ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʠ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʧʦʣʝʡ ʩ ʫʯʝʪʦʤ ʠʟʤʝʥʝʥʠʷ ʵʣʝʢʪʨʠ-

ʯʝʩʢʠʭ ʠ ʪʝʧʣʦʚʳʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʢʦʥʪʘʢʪʦʚ, ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʴʶ ʦʙʝʩʧʝʯʝ-

ʥʠʷ ʩʭʦʜʠʤʦʩʪʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʧʨʠ ʟʥʘʯʠʪʝʣʴʥʳʭ ʧʣʘʩʪʠʯʝʩʢʠʭ 

ʜʝʬʦʨʤʘʮʠʷʭ ʤʝʪʘʣʣʘ ʨʝʣʴʝʬʘ, ʧʦʟʚʦʣʠʚʰʠʡ ʫʩʪʘʥʦʚʠʪʴ ʥʦʚʳʝ ʚʟʘʠʤʦʩʚʷʟʠ 

ʧʘʨʘʤʝʪʨʦʚ ʨʝʞʠʤʘ ʩʚʘʨʢʠ ʩ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʠ ʧʨʦʯʥʦʩʪ-

ʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʩʦʝʜʠʥʝʥʠʡ.  

ʅʘ ʦʩʥʦʚʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʧʨʝʜʣʦʞʝʥʘ ʥʘʫʯʥʦ ʦʙʦʩʥʦʚʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʚʳʙʦʨʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪ-

ʨʦʚ ʨʝʞʠʤʘ ʨʝʣʴʝʬʥʦʡ ʩʚʘʨʢʠ ʊ-ʦʙʨʘʟʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʫʯʠʪʳʚʘʶʱʘʷ ʜʠʥʘʤʠ-

ʯʝʩʢʦʝ ʠʟʤʝʥʝʥʠʝ ʨʘʟʤʝʨʦʚ ʢʦʥʪʘʢʪʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʧʨʦʮʝʩʩʝ ʦʩʘʜʢʠ ʨʝʣʴʝ-

ʬʘ. ʇʨʝʜʣʦʞʝʥʳ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʟʤʝʨʦʚ ʨʝʣʴ-

ʝʬʦʚ, ʬʦʨʤʳ ʠ ʚʝʣʠʯʠʥʳ ʩʚʘʨʦʯʥʦʛʦ ʪʦʢʘ, ʜʣʠʪʝʣʴʥʦʩʪʠ ʧʨʦʪʝʢʘʥʠʷ ʠ ʥʘʨʘʩʪʘ-

ʥʠʷ ʩʚʘʨʦʯʥʦʛʦ ʪʦʢʘ, ʢʦʪʦʨʳʝ ʫʯʠʪʳʚʘʶʪ ʪʠʧ ʩʚʘʨʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ, ʝʛʦ ʛʝʦʤʝʪ-

ʨʠʯʝʩʢʠʝ ʨʘʟʤʝʨʳ, ʠ ʧʦʟʚʦʣʷʶʪ ʦʧʨʝʜʝʣʠʪʴ ʧʘʨʘʤʝʪʨʳ ʨʝʞʠʤʘ ʩʚʘʨʢʠ, ʦʙʝʩʧʝ-

ʯʠʚʘʶʱʠʝ ʪʨʝʙʫʝʤʫʶ ʧʨʦʯʥʦʩʪʴ ʠ ʪʦʯʥʦʩʪʴ ʊ-ʦʙʨʘʟʥʳʭ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. 

ʊʝʦʨʝʪʠʯʝʩʢʠ ʫʩʪʘʥʦʚʣʝʥ ʠ ɻʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʜʪʚʝʨʞʜʝʥ ʜʠʘʧʘʟʦʥ 

ʩʢʦʨʦʩʪʝʡ ʦʩʘʜʢʠ ʨʝʣʴʝʬʦʚ, ʚ ʧʨʝʜʝʣʘʭ ʢʦʪʦʨʦʛʦ ʦʙʝʩʧʝʯʠʚʘʶʪʩʷ ʥʘʧʨʘʚʣʝʥʥʘʷ 

ʫʧʨʫʛʦʧʣʘʩʪʠʯʝʩʢʘʷ ʜʝʬʦʨʤʘʮʠʷ ʤʝʪʘʣʣʘ, ʚʳʩʦʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʧʨʦʯʥʦʩʪʠ ʠ 

ʪʦʯʥʦʩʪʠ ʊ-ʦʙʨʘʟʥʳʭ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. 

ʇʨʝʜʣʦʞʝʥʘ ʥʦʚʘʷ ʬʦʨʤʘ ʨʝʣʴʝʬʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʥʘʧʨʘʚʣʝʥʥʫʶ ʫʧʨʫ-

ʛʦʧʣʘʩʪʠʯʝʩʢʫʶ ʜʝʬʦʨʤʘʮʠʶ ʤʝʪʘʣʣʘ, ʪʨʝʙʫʝʤʫʶ ʪʦʯʥʦʩʪʴ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʚʳʩʦʢʠʭ ʠ ʩʪʘʙʠʣʴʥʳʭ ʧʨʦʯʥʦʩʪʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ 

ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠʟ-ʟʘ ʫʚʝʣʠʯʝʥʠʷ ʧʣʦʱʘʜʠ ʩʚʘʨʢʠ ʠ ʫʤʝʥʴʰʝʥʠʷ ʟʘʟʦʨʘ 

ʤʝʞʜʫ ʜʝʪʘʣʷʤʠ. 
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SUMMARY  

 

ʊ-joint  projection welding with directed elastic-plastic 

deformation of the metal 
 

Bendik Tatiana Ivanovna 

 

Key words: projection welding, T-joints, projection shape, finite element 

method, directed elastic-plastic deformation. 

Object of a research: projection welded T-joints. 

The purpose of work: the providing of the T-joints strength  properties and 

demanded geometrical parameters accuracy on the base of  metal directed elastic-

plastic deformation creation. 

New approach to research the projection welding joints formation process has 

been established in this work. This approach is allowed to establish new interrelations 

between welding parameters, projection geometrical characteristics and strength 

properties of the T-joints and different by using the coupled electric thermal defor-

mation finite element analysis taking into account changing electric and thermal re-

sistance of contacts, and also the possibility of providing  of the computing process 

convergence at considerable plastic deformations of the projection. 

Because of mathematical model and experimental researches scientifically 

have been founded the method of the technological welding parameters choice, con-

sidering by dynamic change of the contact surface sizes during projection upset pro-

cess. Have been offered the mathematical dependences for definition of the projec-

tion sizes, welding current, welding time which consider type of welded joints, it ge-

ometric sizes, and allow to define welding parameters providing demanded durability 

and accuracy of  the projection welding T-joint. 

Have been offered the theoretically established and experimentally confirmed 

projection upset speed range in which limits are provided directed elastic-plastic met-

al deformation, high strength properties and accuracy of the projection welding T-

joint.  

Have been offered the new projection shape providing directed elastic-plastic 

metal deformation, demanded accuracy geometrical characteristics at preservation 

high and stable strength parameters of welded joints because of welding area increas-

ing and reduction of the backlash between welded details. 
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ɹɽʅɼʀʂ ʊʘʪʴʷʥʘ ʀʚʘʥʦʚʥʘ 

 

 

 

 

ʈɽʃʔɽʌʅɸʗ ʉɺɸʈʂɸ ʊ-ʆɹʈɸɿʅʓʍ ʉʆɽɼʀʅɽʅʀʁ   

ʉ ʅɸʇʈɸɺʃɽʅʅʆʁ ʋʇʈʋɻʆʇʃɸʉʊʀʏɽʉʂʆʁ ɼɽʌʆʈʄɸʎʀɽʁ 

 ʄɽʊɸʃʃɸ  

 

 

 

ɸʚʪʦʨʝʬʝʨʘʪ 

ʜʠʩʩʝʨʪʘʮʠʠ ʥʘ ʩʦʠʩʢʘʥʠʝ ʫʯʝʥʦʡ ʩʪʝʧʝʥʠ ʢʘʥʜʠʜʘʪʘ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ 

 

ʧʦ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 05.03.06 ï çʊʝʭʥʦʣʦʛʠʠ ʠ ʤʘʰʠʥʳ ʩʚʘʨʦʯʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘè 
 

 
 

 

 

 

 

 

 

 

 

 

 

ʇʦʜʧʠʩʘʥʦ ʚ ʧʝʯʘʪʴ 08.04.2009 ʛ. ʌʦʨʤʘʪ  60ʭ84 1/16. ɹʫʤʘʛʘ ʦʬʩʝʪʥʘʷ. ɻʘʨʥʠʪʫʨʘ ʊʘʡʤʩ. 

ʇʝʯʘʪʴ ʪʨʘʬʘʨʝʪʥʘʷ. ʋʩʣ. ʧʝʯ. ʣ. 1,4. ʋʯ.-ʠʟʜ.ʣ. 1.54. ʊʠʨʘʞ 60 ʵʢʟ. ɿʘʢʘʟ ˉ 251. 

 

 

 

 

ʀʟʜʘʪʝʣʴ ʠ ʧʦʣʠʛʨʘʬʠʯʝʩʢʦʝ ʠʩʧʦʣʥʝʥʠʝ 

ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʚʳʩʰʝʛʦ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ 

çɹʝʣʦʨʫʩʩʢʦ-ʈʦʩʩʠʡʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 

ʃʀ ˉ 02330/375 ʦʪ 29.06.2004 ʛ. 

212000, ʛ. ʄʦʛʠʣʝʚ, ʧʨ. ʄʠʨʘ, 43 

 

 

 

 

É  ɻʋɺʇʆ çɹʝʣʦʨʫʩʩʢʦ-ʈʦʩʩʠʡʩʢʠʡ 

                   ʫʥʠʚʝʨʩʠʪʝʪè, 2009 
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