
 

 

ʅɸʎɯʆʅɸʃʔʅʀʁ ʊɽʍʅɯʏʅʀʁ ʋʅɯɺɽʈʉʀʊɽʊ ʋʂʈɸɰʅʀ 

çʂʀɰɺʉʔʂʀʁ ʇʆʃɯʊɽʍʅɯʏʅʀʁ ɯʅʉʊʀʊʋʊ  

ʽʤ. ɯɻʆʈʗ ʉɯʂʆʈʉʔʂʆɻʆè 

ʄɽʍɸʅɯʂʆ-ʄɸʐʀʅʆɹʋɼɯɺʅʀʁ ɯʅʉʊʀʊʋʊ 

ʂɸʌɽɼʈɸ ʂʆʅʉʊʈʋʖɺɸʅʅʗ ɺɽʈʉʊɸʊɯɺ ʊɸ ʄɸʐʀʅ 

 

 
çʅʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʫè 

ʋɼʂ _621.881_ 
ɼʦ ʟʘʭʠʩʪʫ ʜʦʧʫʱʝʥʦ 
ɿʘʚʽʜʫʚʘʯ ʢʘʬʝʜʨʠ 

__________ ɺ.ɹ.ʉʪʨʫʪʠʥʩʴʢʠʡ 
(ʧʽʜʧʠʩ)         (ʽʥʽʮʽʘʣʠ, ʧʨʽʟʚʠʱʝ) 

ñ____ò _____________ 2018 ʨ. 
 

 

ʄʘʛʽʩʪʝʨʩʴʢʘ ʜʠʩʝʨʪʘʮʽʷ 
ʥʘ ʟʜʦʙʫʪʪʷ ʩʪʫʧʝʥʷ ʤʘʛʽʩʪʨʘ 

ʟʽ ʩʧʝʮʽʘʣʴʥʦʩʪʽ 133 ɻʘʣʫʟʝʚʝ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ 

 
 

ʥʘ ʪʝʤʫ ɿɸɹɽɿʇɽʏɽʅʅʗ ɿɸɼɸʅʀʍ ɺʀʄʆɻ ʊʆʏʅʆʉʊɯ ʇʈʀ ʊʆʂɸʈʅɯʁ 

ʆɹʈʆɹʎɯ ʊʆʅʂʆʉʊɯʅʅʀʍ ɼɽʊɸʃɽʁ       

    
ɺʠʢʦʥʘʚ (-ʣʘ): ʩʪʫʜʝʥʪ (-ʢʘ)  ɯɯ ʢʫʨʩʫ , ʛʨʫʧʠ ʄɺ ï 61ʤ 

ʐʠʤʢʦʚ ɸʥʜʨʽʡ ɺʦʣʦʜʠʤʠʨʦʚʠʯ   
        (ʧʨʽʟʚʠʱʝ ʽʤôʷ ʧʦ ʙʘʪʴʢʦʚʽ)     (ʧʽʜʧʠʩ) 

 

 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ  ʂ.ʪ.ʥ., ʜʦʮʝʥʪ ʃʠʪʚʠʥ ʆ.ɺ.   
(ʚʯʝʥʘ ʩʪʫʧʽʥʴ ʪʘ ʟʚʘʥʥʷ, ʧʨʽʟʚʠʱʝ, ʽʥʽʮʽʘʣʠ)  (ʧʽʜʧʠʩ) 

 
ʂʦʥʩʫʣʴʪʘʥʪ ʟ ʨʦʟʜʽʣʫ    

(ʚʯʝʥʘ ʩʪʫʧʽʥʴ ʪʘ ʟʚʘʥʥʷ, ʧʨʽʟʚʠʱʝ, ʽʥʽʮʽʘʣʠ)  (ʧʽʜʧʠʩ) 

 

ʈʝʮʝʥʟʝʥʪ: 
   

(ʧʦʩʘʜʘ, ʥʘʫʢʦʚʘ ʩʪʫʧʽʥʴ, ʚʯʝʥʝ ʟʚʘʥʥʷ, ʥʘʫʢʦʚʠʡ ʩʪʫʧʽʥʴ, ʧʨʽʟʚʠʱʝ ʪʘ ʽʥʽʮʽʘʣʠ)   (ʧʽʜʧʠʩ) 

 

ɿʘʩʚʽʜʯʫʶ, ʱʦ ʫ ʮʽʡ ʤʘʛʽʩʪʝʨʩʴʢʽʡ ʜʠʩʝʨʪʘʮʽʾ 

ʥʝʤʘʻ ʟʘʧʦʟʠʯʝʥʴ ʟ ʧʨʘʮʴ ʽʥʰʠʭ ʘʚʪʦʨʽʚ ʙʝʟ 

ʚʽʜʧʦʚʽʜʥʠʭ ʧʦʩʠʣʘʥʴ. 

ʉʪʫʜʝʥʪ _____________ 
(ʧʽʜʧʠʩ) 

ʂʠʾʚ ï 2018 

  



 

 

 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ 

ñʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ 

ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦò 

ʄʝʭʘʥʽʢʦ-ʤʘʰʠʥʦʙʫʜʽʚʥʠʡ ʽʥʩʪʠʪʫʪ 

ʂʘʬʝʜʨʘ ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʚʝʨʩʪʘʪʽʚ ʪʘ ʤʘʰʠʥ 

 

ʈʽʚʝʥʴ ʚʠʱʦʾ ʦʩʚʽʪʠ ʜʨʫʛʠʡ (ʤʘʛʽʩʪʝʨʩʴʢʠʡ) ʟʘ ʦʩʚʽʪʥʴʦ-ʥʘʫʢʦʚʦʶ 

ʧʨʦʛʨʘʤʦʶ 

ʉʇɽʎɯɸʃʔʅɯʉʊʔ   133 ɻɸʃʋɿɽɺɽ ʄɸʐʀʅʆɹʋɼʋɺɸʅʅʗ 

ʉʇɽʎɯɸʃɯɿɸʎɯʗ   çʄɽʊɸʃʆʈɯɿɸʃʔʅɯ ɺɽʈʉʊɸʊʀ ʊɸ 

ʉʀʉʊɽʄʀè 

 

ɿɸʊɺɽʈɼɾʋʖ 

ɿʘʚʽʜʫʚʘʯ ʢʘʬʝʜʨʠ 

__________ ɺ.ɹ.ʉʪʨʫʪʠʥʩʴʢʠʡ 
(ʧʽʜʧʠʩ)         (ʽʥʽʮʽʘʣʠ, ʧʨʽʟʚʠʱʝ) 

ñ____ò _____________ 2018 ʨ. 

 
 

ɿ  ɸ  ɺ  ɼ  ɸ  ʅ  ʅ  ʗ 

ʅɸ ʄɸɻɯʉʊɽʈʉʔʂʋ ɼʀʉɽʈʊɸʎɯʖ ʉʊʋɼɽʅʊʋ 

                  ʐʠʤʢʦʚ ɸʥʜʨʽʡ ɺʦʣʦʜʠʤʠʨʦʚʠʯ        
(ʧʨʽʟʚʠʱʝ, ʽʤôʷ,  ʧʦ ʙʘʪʴʢʦʚʽ) 

1. ʊʝʤʘ ʜʠʩʝʨʪʘʮʽʾ ɿʘʙʝʟʧʝʯʝʥʥʷ ʟʘʜʘʥʠʭ ʚʠʤʦʛ ʪʦʯʥʦʩʪʽ ʧʨʠ ʪʦʢʘʨʥʽʡ 

ʦʙʨʦʙʮ ̔ʪʦʥʢʦʩʪʽʥʥʠʭ ʜʝʪʘʣʝʡ         

ʥʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ʜʠʩʝʨʪʘʮʽʾ ʃʠʪʚʠʥ ʆ.ɺ., ʢ.ʪ.ʥ., ʜʦʮʝʥʪ 
( ʧʨʽʟʚʠʱʝ, ʽʤôʷ, ʧʦ ʙʘʪʴʢʦʚʽ, ʥʘʫʢʦʚʠʡ ʩʪʫʧʽʥʴ, ʚʯʝʥʝ ʟʚʘʥʥʷ) 

ʟʘʪʚʝʨʜʞʝʥʽ ʥʘʢʘʟʦʤ ʧʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʚʽʜ ñ15ò ʙʝʨʝʟʥʷ 2018  ʨʦʢʫ ˉ 934-ʩ 

2. ʊʝʨʤʽʥ ʧʦʜʘʥʥʷ ʩʪʫʜʝʥʪʦʤ ʜʠʩʝʨʪʘʮʽʾ 

____________________________ 

3. ʆʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ ʯʘʩʪʠʥʘ ʧʨʫʞʥʦʾ ʩʠʩʪʝʤʠ ʪʦʢʘʨʥʦʛʦ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʚʝʨʩʪʘʪʘ, ʩʠʩʪʝʤʘ ʧʘʪʨʦʥ-ʜʝʪʘʣʴ, ʱʦ ʚʢʣʶʯʘʻ ʟʘʪʠʩʢʥʠʡ ʧʘʪʨʦʥ ʪʘ 

ʦʙʨʦʙʣʶʚʘʥʫ ʢʽʣʴʮʝʚʫ ʪʦʥʢʦʩʪʽʥʥʫ ʜʝʪʘʣʴ       
               

4. ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ - ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʽ ʧʨʦʮʝʩʠ ʟʘʪʠʩʢʫ ʪʦʥʢʦʩʪʽʥʥʠʭ 
ʟʘʛʦʪʦʚʦʢ ʪʠʧʫ ʪʽʣ ʦʙʝʨʪʘʥʥʷ ʰʠʨʦʢʠʤʠ ʟʘʪʠʩʢʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʟ ʩʪʘʪʠʯʥʠʤ ʪʘ 

ʜʠʥʘʤʽʯʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʚ ʩʠʩʪʝʤʽ ʧʘʪʨʦʥïʜʝʪʘʣʴ.      

5. ʇʝʨʝʣʽʢ ʟʘʚʜʘʥʴ, ʷʢʽ ʧʦʪʨʽʙʥʦ ʨʦʟʨʦʙʠʪʠ ʄʝʪʦʜʠ ʨʦʟʨʘʭʫʥʢʫ ʽ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʦʭʠʙʦʢ ʨʦʟʤʽʨʥʦʾ ʦʙʨʦʙʢʠ ʪʦʥʢʦʩʪʽʥʥʠʭ ʜʝʪʘʣʝʡ. ʇʘʨʘʤʝʪʨʠ ʪʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʦʥʢʦʩʪʽʥʥʠʭ ʜʝʪʘʣʝʡ. ʇʘʨʘʤʝʪʨʠ ʪʦʯʥʦʩʪʽ ʦʙʨʦʙʢʠ. ɺʧʣʠʚ 

ʜʝʪʝʨʤʽʥʦʚʘʥʠʭ ʯʠʥʥʠʢʽʚ ʥʘ ʧʦʭʠʙʢʫ ʦʙʨʦʙʢʠ. ɺʧʣʠʚ ʚʠʧʘʜʢʦʚʠʭ ʬʘʢʪʦʨʽʚ ʥʘ ʧʦʭʠʙʢʫ 

ʦʙʨʦʙʢʠ. ʊʝʦʨʝʪʠʯʥʝ ʚʠʟʥʘʯʝʥʥʷ ʧʦʭʠʙʦʢ ʦʙʨʦʙʢʠ ʪʦʥʢʦʩʪʽʥʥʠʭ ʜʝʪʘʣʝʡ. ɺʧʣʠʚ ʢʽʣʴʢʦʩʪʽ 

ʪʦʯʦʢ ʧʨʠʢʣʘʜʝʥʥʷ ʟʫʩʠʣʴ ʟʘʪʠʩʢʫ. ɺʧʣʠʚ ʢʫʪʘ ʦʭʦʧʣʝʥʥʷ ʧʨʠʢʣʘʜʝʥʥʷ ʟʫʩʠʣʣʷ ʟʘʪʠʩʢʫ. 

ʊʝʦʨʝʪʠʯʥʽ  ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʪʠʩʢʥʦʛʦ ʧʘʪʨʦʥʫ. ʆʧʠʩ ʦʙôʻʢʪʘ ʜʦʩʣʽʜʞʝʥʥʷ. ʉʠʣʦʚʠʡ 

ʨʦʟʨʘʭʫʥʦʢ ʪʨʴʦʭʰʪʦʢʦʚʦʛʦ ʧʘʪʨʦʥʫ. ɸʥʘʣʽʪʠʯʥʠʡ ʨʦʟʨʘʭʫʥʦʢ ʩʠʣ ʟʘʪʠʩʢʫ. ʈʦʟʨʘʭʫʥʦʢ 

ʟʫʩʠʣʴ ʚ ʧʘʪʨʦʥʽ ʤʝʪʦʜʦʤ ʩʢʽʥʯʝʥʠʭ ʝʣʝʤʝʥʪʽʚ. 



 

 

6. ʆʨʽʻʥʪʦʚʥʠʡ ʧʝʨʝʣʽʢ ʛʨʘʬʽʯʥʦʛʦ (ʽʣʶʩʪʨʘʪʠʚʥʦʛʦ) ʤʘʪʝʨʽʘʣʫ ʧʨʝʟʝʥʪʘʮʽʷ ʥʘ 

ʪʝʤʫ çɿʘʙʝʟʧʝʯʝʥʥʷ ʟʘʜʘʥʠʭ ʚʠʤʦʛ ʪʦʯʥʦʩʪʽ ʧʨʠ ʪʦʢʘʨʥʽʡ ʦʙʨʦʙʮʽ ʪʦʥʢʦʩʪʽʥʥʠʭ 

ʜʝʪʘʣʝʡ.è 

7. ʆʨʽʻʥʪʦʚʥʠʡ ʧʝʨʝʣʽʢ ʧʫʙʣʽʢʘʮʽʡ ʃʠʪʚʠʥ ʆ.ɺ., ʐʠʤʢʦʚ ɸ.ɺ. ʑʦʜʦ 

ʞʦʨʩʪʢʦʩʪʽ ʟʘʪʠʩʢʥʠʭ ʧʘʪʨʦʥʽʚ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʘʨʘʤʝʪʨʽʚ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʩʠʩʪʝʤʠ / 

ʊʝʟ. ɼʦʢʣ. XI ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ  çʉʦʚʨʝʤʝʥʥʳʡ ʥʘʫʯʥʳʡ 

ʧʦʪʝʥʮʠʘʣ ï 2018è: 28.02 ï 07.03.2018: Science and Education Ltd (ɸʥʛʣʠʷ) 

/http://www.rusnauka.com/9_SNP_2018/Tecnic.htm       
8. ʂʦʥʩʫʣʴʪʘʥʪʠ ʨʦʟʜʽʣʽʚ ʧʨʦʝʢʪʫ 

ʈʦʟʜʽʣ 
ʇʨʽʟʚʠʱʝ, ʽʥʽʮʽʘʣʠ ʪʘ ʧʦʩʘʜʘ  

ʢʦʥʩʫʣʴʪʘʥʪʘ 

ʇʽʜʧʠʩ, ʜʘʪʘ 

ʟʘʚʜʘʥʥʷ 

ʚʠʜʘʚ 

ʟʘʚʜʘʥʥʷ 

ʧʨʠʡʥʷʚ 

    

9. ɼʘʪʘ ʚʠʜʘʯʽ ʟʘʚʜʘʥʥʷ__________________________________________ 
 

ʂɸʃɽʅɼɸʈʅʀʁ ʇʃɸʅ 
 

 ̄

ʟ/ʧ 
ʅʘʟʚʘ ʝʪʘʧʽʚ ʚʠʢʦʥʘʥʥʷ ʤʘʛʽʩʪʝʨʩʴʢʦʾ ʜʠʩʝʨʪʘʮʽʾ 

ʉʪʨʦʢ  

ʚʠʢʦʥʘʥʥʷ 

ʝʪʘʧʽʚ 

ʤʘʛʽʩʪʝʨʩʴʢʦʾ 

ʜʠʩʝʨʪʘʮʽʾ 

ʇʨʠʤʽʪʢʘ 

1 ʄʝʪʦʜʠ ʨʦʟʨʘʭʫʥʢʫ ʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʦʭʠʙʦʢ ʨʦʟʤʽʨʥʦʾ 

ʦʙʨʦʙʢʠ ʪʦʥʢʦʩʪʽʥʥʠʭ ʜʝʪʘʣʝʡ 

1-ʡ ʪʠʞʜʝʥʴ  

2 ʇʘʨʘʤʝʪʨʠ ʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʦʥʢʦʩʪʽʥʥʠʭ 

ʜʝʪʘʣʝʡ 

2-ʡ ʪʠʞʜʝʥʴ  

3 ʇʘʨʘʤʝʪʨʠ ʪʦʯʥʦʩʪʽ ʦʙʨʦʙʢʠ 3-ʡ ʪʠʞʜʝʥʴ  
4 ɺʧʣʠʚ ʜʝʪʝʨʤʽʥʦʚʘʥʠʭ ʯʠʥʥʠʢʽʚ ʥʘ ʧʦʭʠʙʢʫ ʦʙʨʦʙʢʠ 4-ʡ ʪʠʞʜʝʥʴ  
5 ɺʧʣʠʚ ʚʠʧʘʜʢʦʚʠʭ ʬʘʢʪʦʨʽʚ ʥʘ ʧʦʭʠʙʢʫ ʦʙʨʦʙʢʠ 5-ʡ ʪʠʞʜʝʥʴ  
6 ʊʝʦʨʝʪʠʯʥʝ ʚʠʟʥʘʯʝʥʥʷ ʧʦʭʠʙʦʢ ʦʙʨʦʙʢʠ 

ʪʦʥʢʦʩʪʽʥʥʠʭ ʜʝʪʘʣʝʡ 

6-ʡ ʪʠʞʜʝʥʴ  

7 ɺʧʣʠʚ ʢʽʣʴʢʦʩʪʽ ʪʦʯʦʢ ʧʨʠʢʣʘʜʝʥʥʷ ʟʫʩʠʣʴ ʟʘʪʠʩʢʫ 7-ʡ ʪʠʞʜʝʥʴ  
8 ɺʧʣʠʚ ʢʫʪʘ ʦʭʦʧʣʝʥʥʷ ʧʨʠʢʣʘʜʝʥʥʷ ʟʫʩʠʣʣʷ ʟʘʪʠʩʢʫ 8-9-ʡ ʪʠʞʜʝʥʴ  
9 ʊʝʦʨʝʪʠʯʥʽ  ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʪʠʩʢʥʦʛʦ ʧʘʪʨʦʥʫ 10-ʡ ʪʠʞʜʝʥʴ  
10 ʆʧʠʩ ʦʙôʻʢʪʘ ʜʦʩʣʽʜʞʝʥʥʷ. ʉʠʣʦʚʠʡ ʨʦʟʨʘʭʫʥʦʢ 

ʪʨʴʦʭʰʪʦʢʦʚʦʛʦ ʧʘʪʨʦʥʫ. ʈʦʟʨʘʭʫʥʦʢ ʟʫʩʠʣʴ ʚ 

ʧʘʪʨʦʥʽ ʤʝʪʦʜʦʤ ʩʢʽʥʯʝʥʠʭ ʝʣʝʤʝʥʪʽʚ 

11-12 ʡ ʪʠʞʜʝʥʴ  
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ʈʝʬʝʨʘʪ 

ʋ ʜʠʩʝʨʪʘʮʽʾ ʨʦʟʛʣʷʥʫʪʦ ʧʠʪʘʥʥʷ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʪʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ 

ʪʦʢʘʨʥʦʾ ʦʙʨʦʙʢʠ ʢʽʣʴʮʝʚʠʭ ʪʦʥʢʦʩʪʽʥʥʠʭ ʜʝʪʘʣʝʡ ʥʘ ʦʩʥʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʠʩʪʝʤʠ ʧʘʪʨʦʥ-ʜʝʪʘʣʴ, ʧʦʰʫʢʫ ʥʦʚʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʨʽʰʝʥʴ  

ʟʘʪʠʩʢʥʠʭ ʧʘʪʨʦʥʽʚ. ɼʦʩʣʽʜʞʝʥʥʷ ʚʠʢʦʥʘʥʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʫ 

ʤʦʜʝʣʶʚʘʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʽ ʧʨʦʮʝʩʫ ʟʘʪʠʩʢʫ ʪʦʥʢʦʩʪʽʥʥʠʭ ʟʘʛʦʪʦʚʦʢ ʪʠʧʫ 

ʪʽʣ ʦʙʝʨʪʘʥʥʷ ʰʠʨʦʢʠʤʠ ʟʘʪʠʩʢʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʟ ʩʪʘʪʠʯʥʠʤ ʪʘ ʜʠʥʘʤʽʯʥʠʤ 

ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʚ ʩʠʩʪʝʤʽ ʧʘʪʨʦʥïʜʝʪʘʣʴ.  

ʆʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ: ʩʠʩʪʝʤʘ ʧʘʪʨʦʥ-ʜʝʪʘʣʴ, ʱʦ ʚʢʣʶʯʘʻ ʟʘʪʠʩʢʥʠʡ 

ʧʘʪʨʦʥ ʪʘ ʦʙʨʦʙʣʶʚʘʥʫ ʢʽʣʴʮʝʚʫ ʜʝʪʘʣʴ, ʛʝʦʤʝʪʨʠʯʥʽ ʪʘ ʽʥʝʨʮʽʡʥʽ ʧʘʨʘʤʝʪʨʠ 

ʷʢʦʾ ʟʤʽʥʶʶʪʴʩʷ ʚ ʧʨʦʮʝʩʽ ʦʙʨʦʙʢʠ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʨʦʙʦʪʠ: ʊʝʦʨʝʪʠʯʥʦ ʦʪʨʠʤʘʥʽ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʦʩʥʦʚʘʥʽ ʟʘʣʝʞʥʦʩʪʽ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʧʦʭʠʙʢʠ ʦʙʨʦʙʢʠ ʢʽʣʴʮʝʚʦʾ 

ʜʝʪʘʣʽ, ʚʩʪʘʥʦʚʣʶʶʯʠ ʾʭ ʟʚ'ʷʟʦʢ ʟ ʢʫʪʦʤ ʦʭʦʧʣʝʥʥʷ ʟʘʛʦʪʦʚʢʠ ʟʘʪʠʩʢʥʠʤʠ 

ʝʣʝʤʝʥʪʘʤʠ,  ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʝʣʝʤʝʥʪʽʚ ʟʘʪʠʩʢʥʦʛʦ ʧʘʪʨʦʥʘ.  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʟʘʪʠʩʢʥʠʡ ʧʘʪʨʦʥ, ʩʠʩʪʝʤʘ ʧʘʪʨʦʥ ï ʜʝʪʘʣʴ, ʦʙʨʦʙʢʘ, 

ʢʽʣʴʮʝʚʘ ʜʝʪʘʣʴ. 

ʈʝʬʝʨʘʪ 

 

ɺ ʜʠʩʩʝʨʪʘʮʠʠ ʨʘʩʩʤʦʪʨʝʥʳ ʚʦʧʨʦʩʳ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʠ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʪʦʢʘʨʥʦʡ ʦʙʨʘʙʦʪʢʠ ʢʦʣʴʮʝʚʳʭ ʪʦʥʢʦʩʪʝʥʥʳʭ ʜʝʪʘʣʝʡ ʥʘ 

ʦʩʥʦʚʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʠʩʪʝʤʳ ʧʘʪʨʦʥ ʜʝʪʘʣʴ, ʧʦʠʩʢʘ ʥʦʚʳʭ 

ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʨʝʰʝʥʠʡ ʟʘʞʠʤʥʳʭ ʧʘʪʨʦʥʦʚ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʝʥʳ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʧʨʦʮʝʩʩʘ ʟʘʞʠʤʘ 

ʪʦʥʢʦʩʪʝʥʥʳʭ ʟʘʛʦʪʦʚʦʢ ʪʠʧʘ ʪʝʣ ʚʨʘʱʝʥʠʷ ʰʠʨʦʢʠʤʠ ʟʘʞʠʤʥʳʤʠ 

ʵʣʝʤʝʥʪʘʤʠ ʩ ʩʪʘʪʠʯʝʩʢʠʤʠ ʠ ʜʠʥʘʤʠʯʝʩʢʠʤʠ ʥʘʛʨʫʟʢʘʤʠ ʚ ʩʠʩʪʝʤʝ ʧʘʪʨʦʥ 

ʜʝʪʘʣʴ. 

ʆʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʩʠʩʪʝʤʘ ʧʘʪʨʦʥ-ʜʝʪʘʣʴ, ʢʦʪʦʨʘʷ ʩʦʩʪʦʠʪ ʠʟ 

ʟʘʞʠʤʥʦʛʦ ʧʘʪʨʦʥʘ ʠ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʢʦʣʴʮʝʚʦʡ ʜʝʪʘʣʠ, ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʠ 

ʠʥʝʨʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʢʦʪʦʨʦʡ ʠʟʤʝʥʷʶʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʦʙʨʘʙʦʪʢʠ. 



 

 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ: ʊʝʦʨʝʪʠʯʝʩʢʠ ʧʦʣʫʯʝʥʳ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʦʩʥʦʚʘʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʧʦʛʨʝʰʥʦʩʪʠ ʦʙʨʘʙʦʪʢʠ 

ʢʦʣʴʮʝʚʦʡ ʜʝʪʘʣʠ, ʦʧʨʝʜʝʣʷʷ ʠʭ ʚʟʘʠʤʦʩʚʷʟʴ ʩ ʫʛʣʦʤ ʦʭʚʘʪʘ ʟʘʛʦʪʦʚʢʠ 

ʟʘʞʠʤʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʵʣʝʤʝʥʪʦʚ ʟʘʞʠʤʥʦʛʦ ʧʘʪʨʦʥʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʘʪʨʦʥ, ʩʠʩʪʝʤʘ ʧʘʪʨʦʥ - ʜʝʪʘʣʴ, ʦʙʨʘʙʦʪʢʘ, ʢʦʣʴʮʝʚʘʷ 

ʜʝʪʘʣʴ. 

 

Abstract 

In the dissertation the questions of increase of accuracy and productivity of 

turning processing of circular thin-walled details are considered on the basis of 

research of characteristics of the system of a cartridge-part, search of new 

constructive decisions of clamping cartridges. The research is carried out using the 

method of modeling the characteristics and the clamping process of thin-walled 

blanks of the type of rotational bodies with wide clamping elements with static and 

dynamic loads in the cartridge-part system. 

Object of study: A chuck detail system that consists of a chuck and a machined 

annular piece, the geometric and inertial properties of which is changing during 

cutting. 

Scientific novelty: Theoretically obtained and experimentally based 

dependencies for determining the parameters of the error of processing of the ring 

part, determining their relationship with the angle of coverage of the workpiece by 

clamping elements and characteristics of the elements of the chuck. 

Key words: clamping chuck, system chuck - detail, processing, ring detail 



11 

 

ɿʄɯʉʊ 

 

ʇɽʈɽʃɯʂ ʋʄʆɺʅʀʍ ʇʆɿʅɸʏɽʅʔ, ʉʀʄɺʆʃɯɺ .......................................... 12 

ɺʩʪʫʧ ....................................................................................................................... 13 

1. ʄʝʪʦʜʠ ʨʦʟʨʘʭʫʥʢʫ ʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʦʭʠʙʦʢ ʨʦʟʤʽʨʥʦʾ ʦʙʨʦʙʢʠ 

ʪʦʥʢʦʩʪʽʥʥʠʭ ʜʝʪʘʣʝʡ ............................................................................................ 16 

1.1. ʇʘʨʘʤʝʪʨʠ ʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʦʥʢʦʩʪʽʥʥʠʭ ʜʝʪʘʣʝʡ ............................. 16 

1.2.   ʇʘʨʘʤʝʪʨʠ ʪʦʯʥʦʩʪʽ ʦʙʨʦʙʢʠ ................................................................... 26 

1.3. ɺʧʣʠʚ ʜʝʪʝʨʤʽʥʦʚʘʥʠʭ ʯʠʥʥʠʢʽʚ ʥʘ ʧʦʭʠʙʢʫ ʦʙʨʦʙʢʠ ........................... 29 

1.4. ɺʧʣʠʚ ʚʠʧʘʜʢʦʚʠʭ ʬʘʢʪʦʨʽʚ ʥʘ ʧʦʭʠʙʢʫ ʦʙʨʦʙʢʠ ................................... 30 

2.  ʊɽʆʈɽʊʀʏʅɽ ɺʀɿʅɸʏɽʅʅʗ ʇʆʍʀɹʆʂ ʆɹʈʆɹʂʀ 

ʊʆʅʂʆʉʊɯʅʅʀʍ ɼɽʊɸʃɽʁ ............................................................................. 32 

2.1. ɺʧʣʠʚ ʢʫʪʘ ʦʭʦʧʣʝʥʥʷ ʧʨʠʢʣʘʜʝʥʥʷ ʟʫʩʠʣʣʷ ʟʘʪʠʩʢʫ............................. 42 

3. ʊɽʆʈɽʊʀʏʅɯ  ɼʆʉʃɯɼɾɽʅʅʗ ɿɸʊʀʉʂʅʆɻʆ ʇɸʊʈʆʅʋ ..................... 50 

3.1. ʆʧʠʩ ʦʙôʻʢʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ......................................................................... 50 

3.2. ʉʠʣʦʚʠʡ ʨʦʟʨʘʭʫʥʦʢ ʪʨʴʦʭʰʪʦʢʦʚʦʛʦ ʧʘʪʨʦʥʫ ....................................... 53 

3.2.1. ɸʥʘʣʽʪʠʯʥʠʡ ʨʦʟʨʘʭʫʥʦʢ ʩʠʣ ʟʘʪʠʩʢʫ ................................................. 53 

3.2.2. ʈʦʟʨʘʭʫʥʦʢ ʟʫʩʠʣʴ ʚ ʧʘʪʨʦʥʽ ʤʝʪʦʜʦʤ ʩʢʽʥʯʝʥʠʭ ʝʣʝʤʝʥʪʽʚ ............ 60 

ɺʠʩʥʦʚʢʠ ................................................................................................................ 67 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ .............................................................................. 68 

 

  



12 

 

ʇɽʈɽʃɯʂ ʋʄʆɺʅʀʍ ʇʆɿʅɸʏɽʅʔ, ʉʀʄɺʆʃɯɺ 

  

ɿʇ   ð ʟʘʪʠʩʢʥʠʡ ʧʘʪʨʦʥ; 

ʏʇʂ   ð ʯʠʩʣʦʚʝ ʧʨʦʛʨʘʤʥʝ ʢʝʨʫʚʘʥʥʷ; 

ʄʉɽ   ð ʤʝʪʦʜ ʩʢʽʥʯʝʥʠʭ ʝʣʝʤʝʥʪʽʚ ( - ʯʠʩʣʦʚʘ ʪʝʭʥʽʢʘ 

ʟʥʘʭʦʜʞʝʥʥʷ ʨʦʟʚ'ʷʟʢʽʚ ʽʥʪʝʛʨʘʣʴʥʠʭ ʪʘ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʫ 

ʯʘʩʪʠʥʥʠʭ ʧʦʭʽʜʥʠʭ); 

CAE   ð (ʘʥʛʣ. Computer-aided engineering) ð ʟʘʛʘʣʴʥʘ ʥʘʟʚʘ 

ʧʨʦʛʨʘʤ ʘʙʦ ʧʨʦʛʨʘʤʥʠʭ ʧʘʢʝʪʽʚ, ʧʨʠʟʥʘʯʝʥʠʭ ʜʣʷ ʽʥʞʝʥʝʨʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ, 

ʘʥʘʣʽʟʫ ʽ ʩʠʤʫʣʷʮʽʾ ʬʽʟʠʯʥʠʭ ʧʨʦʮʝʩʽʚ; 

 

  



13 

 

 

ɺʉʊʋʇ 

ʄʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ʋʢʨʘʾʥʠ ʤʘʻ ʨʦʟʚʠʚʘʪʠʩʴ ʚ ʨʫʩʣʽ ʩʚʽʪʦʚʠʭ ʪʝʥʜʝʥʮʽʡ, 

ʚ ʪʦʤʫ ʯʠʩʣʽ ʟʤʝʥʰʝʥʥʷ ʤʝʪʘʣʦʤʽʩʪʢʦʩʪʽ ʪʘ ʝʥʝʨʛʦʻʤʥʦʩʪʽ. 

ʇʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʤʝʭʘʥʽʟʤʽʚ ʽ ʚʫʟʣʽʚ ʫ ʚʩʽʭ ʛʘʣʫʟʷʭ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʪʝʥʜʝʥʮʽʷ ʟʙʽʣʴʰʝʥʥʷ ʥʦʤʝʥʢʣʘʪʫʨʠ ʪʦʥʢʦʩʪʽʥʥʠʭ ʜʝʪʘʣʝʡ. ʎʷ 

ʪʝʥʜʝʥʮʽʷ ʚʠʢʣʠʢʘʥʘ ʦʙ'ʻʢʪʠʚʥʠʤʠ ʧʨʠʯʠʥʘʤʠ: ʟʤʝʥʰʝʥʥʷʤ ʟʘʛʘʣʴʥʦʾ ʤʘʩʠ, 

ʝʨʛʦʥʦʤʽʯʥʽʩʪʶ, ʘ ʽʥʦʜʽ ʥʝʤʦʞʣʠʚʽʩʪʶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʘʜʘʥʠʭ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʜʝʪʘʣʝʡ ʟ  ʙʽʣʴʰʦʶ ʤʘʩʦʶ ʽ ʛʘʙʘʨʠʪʘʤʠ. 

ʈʝʘʣʽʟʘʮʽʷ ʪʘʢʠʭ ʚʠʤʦʛ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʧʦʩʪʽʡʥʦʛʦ ʚʜʦʩʢʦʥʘʣʝʥʥʷ 

ʤʝʪʦʜʽʚ ʽ ʟʘʩʦʙʽʚ ʧʨʦʝʢʪʫʚʘʥʥʷ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʦʚʠʭ ʤʝʪʦʜʽʚ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʟʘʩʦʙʽʚ.  

ʆʜʥʠʤʠ ʟ ʥʘʡʙʽʣʴʰ ʭʘʨʘʢʪʝʨʥʠʭ ʧʨʝʜʩʪʘʚʥʠʢʽʚ ʪʦʥʢʦʩʪʽʥʥʠʭ ʜʝʪʘʣʝʡ, 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʷʢʠʭ ʚʠʢʣʠʢʘʥʝ ʚ ʧʝʨʰʫ ʯʝʨʛʫ ʟʘʙʝʟʧʝʯʝʥʥʷʤ ʟʘʜʘʥʠʭ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʻ ʧʽʜʰʠʧʥʠʢʦʚʽ ʢʽʣʴʮʷ ʪʘ ʽʥʰʽ ʜʝʪʘʣʽ, 

ʧʝʨʝʚʘʞʥʦ ʮʝ ʪʽʣʘ ʦʙʝʨʪʘʥʥʷ: ʦʙʠʯʘʡʢʠ, ʜʠʩʢʠ ʽ ʪ.ʜ. ʎʽ ʜʝʪʘʣʽ ʤʘʶʪʴ 

ʨʽʟʥʦʤʘʥʽʪʥʫ ʢʦʥʬʽʛʫʨʘʮʽʶ, ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʦʩʦʙʣʠʚʦʩʪʽ, ʨʦʟʤʽʨʠ, ʚʠʤʦʛʠ ʜʦ 

ʪʦʯʥʦʩʪʽ ʽ ʷʢʦʩʪʽ ʧʦʚʝʨʭʦʥʴ. ɺʦʥʠ ʚʠʛʦʪʦʚʣʷʶʪʴʩʷ, ʟʘʣʝʞʥʦ ʚʽʜ ʫʤʦʚ ʨʦʙʦʪʠ, ʟ 

ʥʘʡʨʽʟʥʦʤʘʥʽʪʥʽʰʠʭ ʤʘʪʝʨʽʘʣʽʚ: ʚʽʜ ʧʦʣʽʤʝʨʽʚ ʜʦ ʞʘʨʦʤʽʮʥʠʭ ʽ ʪʚʝʨʜʠʭ 

ʩʧʣʘʚʽʚ. ʇʨʠ ʮʴʦʤʫ ʜʦ ʥʘʟʚʘʥʠʭ ʜʝʪʘʣʝʡ ʧʨʝʜ'ʷʚʣʷʶʪʴ ʧʽʜʚʠʱʝʥʽ ʚʠʤʦʛʠ ʧʦ 

ʪʦʯʥʦʩʪʽ ʽ ʩʪʘʥʫ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ.  

ʈʦʟʤʽʨʥʘ ʦʙʨʦʙʢʘ ʪʘʢʠʭ ʜʝʪʘʣʝʡ ʥʘ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʷʭ ʪʦʯʽʥʥʷ, 

ʧʦʚ'ʷʟʘʥʘ ʟ ʧʨʦʛʠʥʦʤ ʦʙʨʦʙʣʶʚʘʥʠʭ ʧʦʚʝʨʭʦʥʴ ʧʽʜ ʜʽʻʶ ʩʠʣ ʨʽʟʘʥʥʷ ʽ 

ʟʘʢʨʽʧʣʝʥʥʷ ʟ ʧʦʜʘʣʴʰʠʤ ʬʦʨʤʫʚʘʥʥʷʤ ʧʦʚ'ʷʟʘʥʠʭ ʟ ʮʠʤ ʧʦʭʠʙʦʢ ʦʙʨʦʙʢʠ. 

ɺʢʘʟʘʥʝ ʥʘʡʙʽʣʴʰ ʭʘʨʘʢʪʝʨʥʠʡ ʜʣʷ ʦʙʨʦʙʢʠ ʜʝʪʘʣʝʡ ʪʠʧʫ ʧʽʜʰʠʧʥʠʢʦʚʠʭ 

ʢʽʣʝʮʴ, ʤʘʪʝʨʽʘʣʦʤ ʷʢʠʭ ʻ ʦʩʦʙʣʠʚʦ ʤʽʮʥʽ ʤʘʪʝʨʽʘʣʠ ʟ ʥʠʟʴʢʦʶ 

ʦʙʨʦʙʣʶʚʘʥʽʩʪʶ. ɺʘʞʣʠʚʦ ʦʮʽʥʠʪʠ ʤʦʞʣʠʚʽ ʧʦʭʠʙʢʠ ʦʙʨʦʙʢʠ ʥʘ ʩʪʘʜʽʾ 

ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʧʽʜʛʦʪʦʚʢʠ ʚʠʨʦʙʥʠʮʪʚʘ ʧʨʠ ʨʦʟʨʦʙʮʽ ʦʩʥʘʱʝʥʥʷ. 

ɺ ʫʤʦʚʘʭ ʤʘʩʦʚʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʩʝʨʝʜ ʫʩʽʻʾ ʥʦʤʝʥʢʣʘʪʫʨʠ ʜʝʪʘʣʝʡ 

ʟʥʘʯʥʝ ʤʽʩʮʝ ʧʦʩʽʜʘʶʪʴ ʧʽʜʰʠʧʥʠʢʦʚʽ ʢʽʣʴʮʝʚʽ ʜʝʪʘʣʽ. ɺʦʥʠ ʻ ʦʜʥʠʤ ʟ 
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ʥʘʡʙʽʣʴʰ ʨʦʟʧʦʚʩʶʜʞʝʥʠʭ ʪʠʧʽʚ ʜʝʪʘʣʝʡ ʪʘ ʩʢʣʘʜʦʚʠʭ ʽ ʩʢʣʘʜʘʶʪʴ 30é40% 

ʚʽʜ ʫʩʽʭ ʜʝʪʘʣʝʡ ʪʠʧʫ ʪʽʣ ʦʙʝʨʪʘʥʥʷ. ʆʜʥʘʢ ʤʝʭʘʥʽʟʤ ʫʪʚʦʨʝʥʥʷ ʧʦʭʠʙʦʢ ʬʦʨʤ 

ʪʘ ʨʦʟʤʽʨʽʚ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʥʘ ʮʽʡ ʦʩʥʦʚʽ ʨʘʮʽʦʥʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ɿʇ 

ʥʝʜʦʩʪʘʪʥʴʦ ʚʠʚʯʝʥʠʡ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʠʞʝʥʥʷ ʪʦʯʥʦʩʪʽ ʪʘ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʦʙʨʦʙʢʠ, ʟʙʽʣʴʰʝʥʥʶ ʚʠʪʨʘʪ ʤʝʪʘʣʫ ʥʘ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʢʽʣʴʮʝʚʠʭ ʜʝʪʘʣʝʡ. 

ʄʝʪʦʶ ʤʘʛʽʩʪʝʨʩʴʢʦʾ ʨʦʙʦʪʠ ʻ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʪʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ 

ʪʦʢʘʨʥʦʾ ʦʙʨʦʙʢʠ ʢʽʣʴʮʝʚʠʭ ʪʦʥʢʦʩʪʽʥʥʠʭ ʜʝʪʘʣʝʡ ʥʘ ʦʩʥʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʠʩʪʝʤʠ ʧʘʪʨʦʥ-ʜʝʪʘʣʴ, ʧʦʰʫʢʫ ʥʦʚʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʨʽʰʝʥʴ  

ʟʘʪʠʩʢʥʠʭ ʧʘʪʨʦʥʽʚ. 

ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ - ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʽ ʧʨʦʮʝʩʠ ʟʘʪʠʩʢʫ ʪʦʥʢʦʩʪʽʥʥʠʭ 

ʟʘʛʦʪʦʚʦʢ ʪʠʧʫ ʪʽʣ ʦʙʝʨʪʘʥʥʷ ʰʠʨʦʢʠʤʠ ʟʘʪʠʩʢʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʟ ʩʪʘʪʠʯʥʠʤ 

ʪʘ ʜʠʥʘʤʽʯʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʚ ʩʠʩʪʝʤʽ ʧʘʪʨʦʥïʜʝʪʘʣʴ. 

ɻʦʣʦʚʥʠʡ ʦʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʯʘʩʪʠʥʘ ʧʨʫʞʥʦʾ ʩʠʩʪʝʤʠ ʪʦʢʘʨʥʦʛʦ 

ʚʝʨʩʪʘʪʘ - ʩʠʩʪʝʤʘ ʧʘʪʨʦʥ-ʜʝʪʘʣʴ, ʱʦ ʚʢʣʶʯʘʻ ʟʘʪʠʩʢʥʠʡ ʧʘʪʨʦʥ ʪʘ 

ʦʙʨʦʙʣʶʚʘʥʫ ʢʽʣʴʮʝʚʫ ʜʝʪʘʣʴ, ʛʝʦʤʝʪʨʠʯʥʽ ʪʘ ʽʥʝʨʮʽʡʥʽ ʧʘʨʘʤʝʪʨʠ ʷʢʦʾ 

ʟʤʽʥʶʶʪʴʩʷ ʚ ʧʨʦʮʝʩʽ ʦʙʨʦʙʢʠ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʨʦʙʦʪʠ. ʊʝʦʨʝʪʠʯʥʦ ʦʪʨʠʤʘʥʽ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʦʩʥʦʚʘʥʽ ʟʘʣʝʞʥʦʩʪʽ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʧʦʭʠʙʢʠ ʦʙʨʦʙʢʠ ʢʽʣʴʮʝʚʦʾ 

ʜʝʪʘʣʽ, ʚʩʪʘʥʦʚʣʶʶʯʠ ʾʭ ʟʚ'ʷʟʦʢ ʟ ʢʫʪʦʤ ʦʭʦʧʣʝʥʥʷ ʟʘʛʦʪʦʚʢʠ ʟʘʪʠʩʢʥʠʤʠ 

ʝʣʝʤʝʥʪʘʤʠ,  ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʝʣʝʤʝʥʪʽʚ ʟʘʪʠʩʢʥʦʛʦ ʧʘʪʨʦʥʘ.  

ʊʦʤʫ ʧʨʦʙʣʝʤʘ ʟʤʝʥʰʝʥʥʷ ʧʦʭʠʙʦʢ ʧʨʠ ʘʚʪʦʤʘʪʠʟʦʚʘʥʽʡ ʦʙʨʦʙʮʽ 

ʪʦʥʢʦʩʪʽʥʥʠʭ ʜʝʪʘʣʝʡ ʻ ʘʢʪʫʘʣʴʥʦʶ ʚ ʥʘʫʢʦʚʦʤʫ ʽ ʧʨʠʢʣʘʜʥʦʤʫ ʘʩʧʝʢʪʘʭ. 

ʇʨʘʢʪʠʯʥʘ ʮʽʥʥʽʩʪʴ.  

1. ʈʦʟʨʦʙʣʝʥʠʡ ʤʝʪʦʜ ʨʦʟʨʘʭʫʥʢʫ ʧʦʭʠʙʢʠ, ʱʦ ʚʠʥʠʢʘʻ ʚʽʜ ʧʨʦʛʠʥʫ ʧʽʜ 

ʜʽʻʶ ʩʠʣʠ ʨʽʟʘʥʥʷ ʜʣʷ ʪʦʥʢʦʩʪʽʥʥʠʭ ʜʝʪʘʣʝʡ ʟ ʨʽʟʥʠʤʠ ʩʭʝʤʘʤʠ ʟʘʢʨʽʧʣʝʥʥʷ.  

2. ʈʦʟʨʦʙʣʝʥʠʡ ʤʝʪʦʜ ʨʦʟʨʘʭʫʥʢʫ ʧʦʭʠʙʢʠ ʪʦʥʢʦʩʪʽʥʥʦʾ ʜʝʪʘʣʽ, ʱʦ 

ʚʠʥʠʢʘʻ ʚ ʧʨʦʮʝʩʽ ʟʘʢʨʽʧʣʝʥʥʷ ʥʘ ʪʦʢʘʨʥʦʤʫ ʚʝʨʩʪʘʪʽ. 
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3. ʈʦʟʨʦʙʣʝʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʧʦ ʟʥʠʞʝʥʥʶ ʜʝʬʦʨʤʘʮʽʾ ʚʽʜ ʩʠʣ ʟʘʢʨʽʧʣʝʥʥʷ 

ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʢʫʪʘ ʦʭʦʧʣʝʥʥʷ  ʟʘʪʠʩʢʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʚ ʧʨʦʮʝʩʽ ʦʙʨʦʙʢʠ 

ʪʦʥʢʦʩʪʽʥʥʠʭ ʜʝʪʘʣʝʡ  

4. ɺʩʪʘʥʦʚʣʝʥʘ ʤʦʞʣʠʚʽʩʪʴ ʧʦʢʨʘʱʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʪʦʯʥʦʩʪʽ ʩʠʩʪʝʤʠ 

ʧʘʪʨʦʥ-ʜʝʪʘʣʴ ʟʘ ʨʘʭʫʥʦʢ ʥʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʟʘʪʠʩʢʥʠʭ ʧʘʪʨʦʥʽʚ, 

ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʾʭ ʢʦʥʩʪʨʫʢʮʽʾ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʧʽʜʚʠʱʠʪʠ ʪʦʯʥʽʩʪʴ ʪʘ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʦʙʨʦʙʢʠ ʢʽʣʴʮʝʚʠʭ ʜʝʪʘʣʝʡ ʥʘ ʪʦʢʘʨʥʠʭ ʚʝʨʩʪʘʪʘʭ. 
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1. ʄɽʊʆɼʀ ʈʆɿʈɸʍʋʅʂʋ ɯ ʇʈʆɻʅʆɿʋɺɸʅʅʗ ʇʆʍʀɹʆʂ 

ʈʆɿʄɯʈʅʆɰ ʆɹʈʆɹʂʀ ʊʆʅʂʆʉʊɯʅʅʀʍ ɼɽʊɸʃɽʁ 

1.1. ʇʘʨʘʤʝʪʨʠ ʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʦʥʢʦʩʪʽʥʥʠʭ ʜʝʪʘʣʝʡ 

ɺ ʤʘʰʠʥʘʭ ʪʘ ʤʝʭʘʥʽʟʤʘʭ ʜʣʷ ʫʟʛʦʜʞʝʥʥʷ ʢʽʥʝʤʘʪʠʢʠ ʪʘ ʜʠʥʘʤʽʢʠ ʣʘʥʦʢ 

ʤʝʭʘʥʽʟʤʽʚ ʟʘʩʪʦʩʦʚʫʶʪʴ ʚʝʣʠʢʝ ʨʦʟʤʘʾʪʪʷ ʢʽʣʴʮʝʚʠʭ ʜʝʪʘʣʝʡ, ʚ ʪ.ʯ. 

ʪʦʥʢʦʩʪʽʥʥʠʭ. ɽʢʩʧʣʫʘʪʫʶʪʴʩʷ ʚʦʥʠ ʚ ʫʤʦʚʘʭ ʜʽʾ ʟʤʽʥʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ, 

ʧʨʠʩʢʦʨʝʥʴ, ʚʽʙʨʘʮʽʡ, ʪʝʤʧʝʨʘʪʫʨ. 

ʊʦʥʢʦʩʪʽʥʥʽ ʜʝʪʘʣʽ ʚʠʢʦʥʫʶʪʴ ʬʫʥʢʮʽʾ ʦʧʦʨʥʠʭ, ʥʝʩʫʯʠʭ, 

ʢʦʤʧʝʥʩʘʮʽʡʥʠʭ, ʧʨʫʞʥʦ-ʜʝʬʦʨʤʫʶʯʠʭ, ʫʱʽʣʴʥʶʶʯʠʭ ʝʣʝʤʝʥʪʽʚ. 

ʆʜʥʠʤ ʟ ʚʘʞʣʠʚʠʭ ʟʘʚʜʘʥʴ ʩʫʯʘʩʥʦʛʦ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ʻ ʟʥʠʞʝʥʥʷ 

ʚʘʛʠ ʜʝʪʘʣʝʡ. ʎʶ ʦʙʩʪʘʚʠʥʫ ʜʠʢʪʫʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʠʩʦʢʦʪʦʯʥʠʭ 

ʚʠʨʦʙʽʚ ʟ ʤʘʣʦʶ ʪʦʚʱʠʥʦʶ ʩʪʽʥʦʢ, ʷʢʽ ʚ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʚʠʢʦʥʫʶʪʴ ʦʩʥʦʚʥʽ 

ʬʫʥʢʮʽʾ ʽ ʛʘʨʘʥʪʫʶʪʴ ʥʘʜʽʡʥʽʩʪʴ ʽ ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʨʦʙʦʪʠ ʤʘʰʠʥ. ɿʘʩʪʦʩʫʚʘʥʥʷ 

ʪʘʢʠʭ ʜʝʪʘʣʝʡ ʭʘʨʘʢʪʝʨʥʝ ʷʢ ʜʣʷ ʟʘʛʘʣʴʥʦʛʦ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ, ʘ ʦʩʦʙʣʠʚʦ ʜʣʷ 

ʚʠʨʦʙʽʚ ʘʚʽʘʮʽʡʥʦʾ ʽ ʨʘʢʝʪʥʦʾ ʪʝʭʥʽʢʠ, ʢʦʩʤʽʯʥʦʾ ʽ ʚʽʡʩʴʢʦʚʦ-ʧʨʦʤʠʩʣʦʚʦʾ 

ʛʘʣʫʟʽ, ʪʦʙʪʦ ʪʘʤ, ʜʝ ʤʘʣʘ ʚʘʛʘ ʻ ʥʝʦʙʭʽʜʥʦʶ ʚʣʘʩʪʠʚʽʩʪʶ ʢʦʥʩʪʨʫʢʮʽʾ. ʆʩʥʦʚʥʽ 

ʧʦʢʘʟʥʠʢʠ ʧʘʨʘʤʝʪʨʽʚ ʪʦʯʥʦʩʪʽ ʽ ʷʢʦʩʪʽ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ʜʝʪʘʣʝʡ ʧʨʠ 

ʤʝʭʘʥʽʯʥʽʡ ʦʙʨʦʙʮʽ ʟʘʙʝʟʧʝʯʫʶʪʴʩʷ ʥʘ ʦʩʪʘʥʥʽʭ ʩʪʘʜʽʷʭ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʧʨʦʮʝʩʫ. ʗʢ ʦʜʥʘ ʟ ʦʩʥʦʚʥʠʭ ʦʧʝʨʘʮʽʡ ʬʽʥʽʰʥʦʾ ʦʙʨʦʙʢʠ ʻ ʯʠʩʪʦʚʝ ʪʦʯʽʥʥʷ. ʗʢ 

ʬʽʥʽʰʥʠʡ ʤʝʪʦʜ ʦʙʨʦʙʢʠ ʯʠʩʪʦʚʝ ʪʦʯʽʥʥʷ ʜʦʟʚʦʣʷʻ ʟʥʘʯʥʦ ʚʠʧʨʘʚʣʷʪʠ 

ʧʦʯʘʪʢʦʚʽ ʧʦʛʨʽʰʥʦʩʪʽ ʛʝʦʤʝʪʨʠʯʥʦʾ ʬʦʨʤʠ ʦʪʚʦʨʫ ʽ ʬʦʨʤʫʻ ʰʦʨʩʪʢʽʩʪʴ 

ʧʦʚʝʨʭʥʽ ʟ ʦʧʪʠʤʘʣʴʥʠʤ ʤʽʢʨʦʨʝʣʴʻʬʦʤ ʟʘʣʝʞʥʦ ʚʽʜ  ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʠʤʦʛ 

ʜʝʪʘʣʝʡ, ʱʦ ʩʧʦʣʫʯʘʶʪʴʩʷ. ʇʨʦʪʝ ʽʟ-ʟʘ ʦʩʦʙʣʠʚʦʩʪʽ ʪʦʥʢʦʩʪʽʥʥʠʭ ʦʙʦʣʦʥʢʦʚʠʭ 

ʜʝʪʘʣʝʡ ï ʾʭ ʤʘʣʘ ʞʦʨʩʪʢʽʩʪʴ, ʜʦʩʷʛʥʝʥʥʷ ʟʘʜʘʥʠʭ ʢʦʥʩʪʨʫʢʪʦʨʦʤ ʚʠʤʦʛ 

ʧʘʨʘʤʝʪʨʽʚ ʪʦʯʥʦʩʪʽ ʻ ʜʦʩʪʘʪʥʴʦ ʩʢʣʘʜʥʠʤ ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʟʘʚʜʘʥʥʷʤ. 

ʇʨʘʢʪʠʢʘ ʧʦʢʘʟʘʣʘ [6], ʱʦ ʦʩʥʦʚʥʠʤʠ ʯʠʥʥʠʢʘʤʠ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ 

ʛʝʦʤʝʪʨʠʯʥʫ ʪʦʯʥʽʩʪʴ ʜʝʪʘʣʽ ʧʨʠ ʪʦʢʘʨʥʽʡ ʦʙʨʦʙʮʽ, ʻ ʟ ʦʜʥʦʛʦ ʙʦʢʫ ʟʫʩʠʣʣʷ 

ʟʘʢʨʽʧʣʝʥʥʷ ʟʘʛʦʪʽʚʢʠ ʚ ʧʨʠʩʪʦʩʫʚʘʥʥʽ, ʘ ʟ ʽʥʰʦʾ - ʪʠʩʢ ʨʽʞʫʯʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ 

ʥʘ ʦʙʨʦʙʣʶʚʘʥʫ ʧʦʚʝʨʭʥʶ. ʆʢʨʽʤ ʮʴʦʛʦ ʢʦʥʩʪʨʫʢʮʽʷ ʪʦʥʢʦʩʪʽʥʥʠʭ ʜʝʪʘʣʝʡ 

ʤʦʞʝ ʧʝʨʝʜʙʘʯʘʪʠ ʥʘʷʚʥʽʩʪʴ ʬʣʘʥʮʽʚ ʧʦ ʪʦʨʮʷʭ ʘʙʦ ʚ ʩʝʨʝʜʥʽʡ ʯʘʩʪʠʥʽ, 
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ʚʠʩʪʫʧʽʚ, ʚʽʢʦʥ, ʟʫʙʯʘʪʠʭ ʧʝʨʝʜʘʯ ʽ ʪʘʢ ʜʘʣʽ ʆʩʪʘʥʥʻ ʧʨʠʚʦʜʠʪʴ ʜʦ 

ʥʝʨʽʚʥʦʤʽʨʥʦʾ ʜʝʬʦʨʤʘʮʽʾ ʩʪʽʥʦʢ ʽ, ʷʢ ʥʘʩʣʽʜʦʢ, ʜʦ ʚʠʥʠʢʥʝʥʥʷ ʧʦʭʠʙʦʢ 

ʦʙʨʦʙʢʠ ʩʫʤʽʨʥʠʭ ʟ ʜʦʧʫʩʢʦʤ ʥʘ ʦʙʨʦʙʢʫ ʷʢ ʚ ʦʩʴʦʚʦʤʫ ʪʘʢ ʽ ʚ ʧʦʧʝʨʝʯʥʦʤʫ 

ʧʝʨʝʪʠʥʘʭ.  

ʅʘ ʧʽʜʩʪʘʚʽ ʘʥʘʣʽʟʫ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʘʥʠʭ [33 ] ʧʨʦʘʥʘʣʽʟʦʚʘʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʤʝʪʘʣʽʚ ʽ ʩʧʣʘʚʽʚ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʪʦʥʢʦʩʪʽʥʥʠʭ 

ʜʝʪʘʣʝʡ ʽ ʟʜʽʡʩʥʝʥʘ ʢʣʘʩʠʬʽʢʘʮʽʷ ʜʝʪʘʣʝʡ ʧʦ ʚʠʛʣʷʜʫ ʪʚʽʨʥʦʾ. 

ʊʦʥʢʦʩʪʽʥʥʘ  ʜʝʪʘʣʴ ï ʮʝ ʪʽʣʦ ʦʙʝʨʪʘʥʥʷ ʟ ʥʘʷʚʥʽʩʪʶ ʚʥʫʪʨʽʰʥʴʦʾ 

ʦʙʨʦʙʣʝʥʦʾ ʧʦʚʝʨʭʥʽ, ʚʠʢʦʥʘʥʦʾ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ 

ʜʝʪʘʣʽ ʧʽʜ ʨʽʟʥʠʤ ʢʫʪʦʤ ʜʦ ʾʾ ʦʩʽ ʜʝʪʘʣʽ. ɼʦ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ 

ʢʽʣʴʮʝʚʠʭ ʜʝʪʘʣʝʡ ʩʣʽʜ ʚʽʜʥʝʩʪʠ ʙʫʨʪʠʢʠ, ʢʘʥʘʚʢʠ ʥʘ ʟʦʚʥʽʰʥʽʡ, ʚʥʫʪʨʽʰʥʽʡ 

ʘʙʦ ʪʦʨʮʝʚʽʡ ʧʦʚʝʨʭʥʽ. ʂʦʥʩʪʨʫʢʮʽʷ ʢʽʣʴʮʝʚʠʭ ʜʝʪʘʣʝʡ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʨʽʟʥʦʤʘʥʽʪʪʷʤ ʛʝʦʤʝʪʨʠʯʥʠʭ ʬʦʨʤ ʧʝʨʝʨʽʟʫ (ʚʽʜ ʥʘʡʧʨʦʩʪʽʰʠʭ ʪʽʣ ʦʙʝʨʪʘʥʥʷ 

ʜʦ ʩʢʣʘʜʥʠʭ, ʫʪʚʦʨʝʥʠʭ ʩʧʦʣʫʯʝʥʥʷʤ ʧʨʷʤʦ ï ʪʘ ʢʨʠʚʦʣʽʥʽʡʥʠʭ ʧʦʚʝʨʭʦʥʴ). 

 

ʈʠʩ.1.1. ʊʠʧʦʚʽ ʪʦʥʢʦʩʪʽʥʥʽ ʜʝʪʘʣʽ [https://ural-stanki.tiu.ru/g8920542-davilno-raskatnye-stanki] 
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ʈʠʩ. 1.2. ʍʘʨʘʢʪʝʨʥʽ ʪʦʥʢʦʩʪʽʥʥʽ ʜʝʪʘʣʽ ʪʠʧʫ ʢʽʣʝʮʴ ʧʽʜʰʠʧʥʠʢʽʚ 

 

ɿ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʪʦʯʢʠ ʟʦʨʫ ʥʝʞʦʨʩʪʢʽ ʢʽʣʴʮʝʚʽ ʜʝʪʘʣʽ ʚʠʜʽʣʷʶʪʴ ʩʝʨʝʜ 

ʢʦʤʧʦʥʝʥʪʽʚ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʩʠʩʪʝʤʠ ʚʝʨʩʪʘʪʘ ʪʠʤ, ʱʦ ʚʦʥʠ ʥʘʡʙʽʣʴʰ ʧʦʜʘʪʣʠʚʽ 

ʪʘ ʯʫʪʪʻʚʽ ʧʨʫʞʥʽʤ, ʪʝʤʧʝʨʘʪʫʨʥʠʤ ʜʝʬʦʨʤʘʮʽʷʤ ʪʘ ʚʽʙʨʘʮʽʷʤ. ɼʨʫʛʘ 

ʦʩʦʙʣʠʚʽʩʪʴ ï ʮʝ ʢʽʣʴʢʽʩʥʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʟʘʜʘʥʠʭ ʜʦʧʫʩʢʽʚ ʥʘ ʨʦʟʤʽʨʠ ʜʝʪʘʣʽ 

ʪʘ ʾʾ ʝʣʝʤʝʥʪʠ ʟ ʧʨʫʞʥʦʶ ʪʘ ʪʝʤʧʝʨʘʪʫʨʥʦʶ ʜʝʬʦʨʤʘʮʽʻʶ ʤʘʪʝʨʽʘʣʫ, ʱʦ 

ʚʠʥʠʢʘʻ ʧʨʠ ʦʙʨʦʙʮʽ. 

ɼʣʷ ʩʫʮʽʣʴʥʠʭ ʮʠʣʽʥʜʨʠʯʥʠʭ ʜʝʪʘʣʝʡ ʭʘʨʘʢʪʝʨʥʽ ʜʚʘ ʦʩʥʦʚʥʠʭ ʨʦʟʤʽʨʠ: 

ʟʦʚʥʽʰʥʽʡ ʜʽʘʤʝʪʨ 
ʅD  ʪʘ ʜʦʚʞʠʥʘ  ̂(ʘʙʦ ʚʠʩʦʪʘ H). ɼʣʷ ʢʽʣʴʮʝʚʠʭ ʜʝʪʘʣʝʡ 

ʜʦʜʘʪʢʦʚʠʤ ʨʦʟʤʽʨʦʤ ʻ ʚʥʫʪʨʽʰʥʽʡ ʜʽʘʤʝʪʨ 
BʅD  ʘʙʦ ʪʦʚʱʠʥʘ ʩʪʽʥʢʠ h. ʆʩʥʦʚʥʽ 

ʨʦʟʤʽʨʠ ʢʽʣʴʮʝʚʠʭ ʜʝʪʘʣʝʡ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʨʘʞʝʥʽ ʙʝʟʨʦʟʤʽʨʥʠʤʠ 

ʢʦʝʬʽʮʽʻʥʪʘʤʠ, ʧʨʝʜʩʪʘʚʣʝʥʠʤʠ ʚ ʚʽʜʥʦʰʝʥʥʷʤʠ:  
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ʎʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʚʠʟʥʘʯʘʶʪʴ ʪʠʧ ʜʝʪʘʣʽ, ʩʧʦʩʽʙ ʾʾ ʦʨʽʻʥʪʘʮʽʾ, ʟʘʛʨʫʟʢʠ, 

ʙʘʟʫʚʘʥʥʷ ʪʘ ʟʘʢʨʽʧʣʝʥʥʷ ʚ ʧʘʪʨʦʥʽ, ʘ ʪʘʢʦʞ ʩʧʦʩʽʙ ʦʙʨʦʙʢʠ. 
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ʈʠʩ. 1.3.ɻʝʦʤʝʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʢʽʣʴʮʝʚʠʭ ʜʝʪʘʣʝʡ 

 

ɼʣʷ ʧʘʪʨʦʥʥʠʭ ʨʦʙʽʪ ʥʘ ʪʦʢʘʨʥʠʭ ʚʝʨʩʪʘʪʘʭ ʧʽʜʙʠʨʘʶʪʴʩʷ ʜʝʪʘʣʽ ʟ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ: h/ 5,1¢ʅD , ʱʦ ʦʙʫʤʦʚʣʶʻ ʥʝʚʝʣʠʢʝ ʟʥʘʯʝʥʥʷ 

ʮʝʥʪʨʦʩʪʨʽʤʥʠʭ ʩʠʣ ʪʘ ʤʦʤʝʥʪʽʚ. 

ʆʙʦʣʦʥʢʘʤʠ ʚ ʪʝʦʨʽʾ ʧʨʫʞʥʦʩʪʽ [56 ] ʧʨʠʡʥʷʪʦ ʥʘʟʠʚʘʪʠ ʛʝʦʤʝʪʨʠʯʥʽ 

ʪʽʣʘ, ʦʙʤʝʞʝʥʽ ʜʚʦʤʘ ʢʨʠʚʦʣʽʥʽʡʥʠʤʠ ʧʦʚʝʨʭʥʷʤʠ, ʚʽʜʩʪʘʥʴ ʤʽʞ ʷʢʠʤʠ ʤʘʣʦ ʚ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʽʥʰʠʤʠ ʨʦʟʤʽʨʘʤʠ. ɼʽʘʤʝʪʨ, ʩʝʨʝʜʠʥʥʘ ʧʦʚʝʨʭʥʷ, ʪʦʚʱʠʥʘ ʽ 

ʛʨʘʥʠʯʥʠʡ ʢʦʥʪʫʨ (ʜʦʚʞʠʥʘ) ʧʦʚʥʽʩʪʶ ʚʠʟʥʘʯʘʶʪʴ ʦʙʦʣʦʥʢʫ ʟ ʛʝʦʤʝʪʨʠʯʥʦʛʦ 

ʙʦʢʫ. ʉʝʨʝʜʠʥʥʦʶ ʧʦʚʝʨʭʥʝʶ ʧʨʠʡʥʷʪʦ ʥʘʟʠʚʘʪʠ ʛʝʦʤʝʪʨʠʯʥʝ ʤʽʩʮʝ ʪʦʯʦʢ, 

ʨʽʚʥʦʚʽʜʜʘʣʝʥʠʭ ʚʽʜ ʦʙʦʭ ʧʦʚʝʨʭʦʥʴ. ɿʛʽʜʥʦ ʢʣʘʩʠʬʽʢʘʮʽʾ ʟʘʣʝʞʥʦ ʚʽʜ 

ʚʽʜʥʦʰʝʥʥʷ ʪʦʚʱʠʥʠ ʩʪʽʥʢʠ h ʜʦ ʨʘʜʽʫʩʫ R ʮʠʣʽʥʜʨʠʯʥʦʾ ʜʝʪʘʣʽ ʧʨʠʡʥʷʪʦ 

ʜʽʣʠʪʠ ʥʘ ʪʦʥʢʦʩʪʽʥʥʠʭ ʽ ʪʦʚʩʪʦʩʪʽʥʥʠʭ. ɼʣʷ ʪʦʥʢʦʩʪʽʥʥʠʭ ʜʝʪʘʣʝʡ ʮʝ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʨʽʚʥʝ: 
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ʋ ʪʝʦʨʽʾ ʧʨʫʞʥʦʩʪʽ [ 56] ʢʨʠʪʝʨʽʻʤ ʧʦʜʽʣʫ ʪʦʥʢʦʩʪʽʥʥʠʭ ʮʠʣʽʥʜʨʠʯʥʠʭ 

ʜʝʪʘʣʝʡ ʧʦ ʜʦʚʞʠʥʽ ʻ ʧʨʠʚʝʜʝʥʘ ʜʦʚʞʠʥʘ. ʇʨʠ ʦʩʝʩʠʤʝʪʨʠʯʥʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ 

ʧʨʠʚʝʜʝʥʘ ʜʦʚʞʠʥʘ ʩʪʘʥʦʚʠʪʴ lÖb , ʜʝ l ïʜʦʚʞʠʥʘ ʜʝʪʘʣʽ. ʇʨʠʡʥʷʪʦ ʨʦʟʨʽʟʥʷʪʠ 

ʮʠʣʽʥʜʨʠʯʥʽ ʦʙʦʣʦʥʢʠ ʷʢ ʜʫʞʝ ʢʦʨʦʪʢʽ ʦʙʦʣʦʥʢʠ, ʷʢʱʦ  ʽ ʛʽʣʴʟʠ ʧʨʠ  

360 ààÖ¢ lb,  

ʂʦʝʬʽʮʽʻʥʪ ʛʥʫʯʢʦʩʪʽ ɓ ʚʠʟʥʘʯʘʶʪʴ ʧʦ ʬʦʨʤʫʣʽ: 

4
22
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hR

)ɛ( -
=b  

 ʜʝ  Õ  - ʢʦʝʬʽʮʽʻʥʪ ʇʫʘʥʩʦʥʘ. 

ʗʢʱʦ ʚʨʘʭʫʚʘʪʠ, ʱʦ ʜʣʷ ʩʪʘʣʝʡ ʽ ʪʠʪʘʥʦʚʠʭ ʩʧʣʘʚʽʚ Õ = 0,3, ʪʦʜʽ  

hR, Ö= 2851b  

ʇʨʠ ʚʠʢʦʥʘʥʥʽ ʬʽʥʽʰʥʠʭ ʦʧʝʨʘʮʽʡ ʪʦʥʢʦʩʪʽʥʥʽ ʮʠʣʽʥʜʨʦʚʽ ʜʝʪʘʣʽ 

ʥʘʡʯʘʩʪʽʰʝ ʟʘʢʨʽʧʣʶʶʪʴ ʫ ʪʦʨʮʷ ʟ ʜʦʜʘʪʢʦʤ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʧʝʚʥʽʡ ʜʦʚʞʠʥʽ 

ʽ ʨʽʜʰʝ ʨʦʟʧʦʜʽʣʝʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʧʦ ʢʽʣʴʮʝʚʦʤʫ ʧʝʨʝʪʠʥʫ. ʇʨʠ ʮʴʦʤʫ 

ʬʦʨʤʫʣʠ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʧʝʨʝʤʽʱʝʥʥʷ ʧʨʫʞʥʦʾ ʣʽʥʽʾ ʢʽʥʮʷ ʦʙʦʣʦʥʢʠ ʥʘ ʜʽʣʷʥʮʽ 

ʚʘʥʪʘʞʝʥʥʷ ʽ ʧʦʟʘ ʜʽʣʷʥʢʦʶ ʨʽʟʥʽ. ɼʝʬʦʨʤʘʮʽʷ ʦʙʦʣʦʥʢʠ-ʮʠʣʽʥʜʨʘ ʧʨʠ 

ʥʘʚʘʥʪʘʞʝʥʥʽ ʾʾ ʨʦʟʧʦʜʽʣʝʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʦ ʢʽʣʴʮʝʚʦʤʫ ʧʝʨʝʪʠʥʫ ʤʦʞʝ 

ʙʫʪʠ ʨʦʟʨʘʭʦʚʘʥʘ ʧʦ ʬʦʨʤʫʣʽ: 

2124
,f

Dɓ

T
=w  

ʜʝ ʊ ï  ʩʠʣʘ ʟʘʪʠʩʢʫ. 

ʇʨʠ ʨʽʚʥʦʤʽʨʥʦ ʨʦʟʧʦʜʽʣʝʥʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ ʧʦ ʜʦʚʞʠʥʽ ʨʽʚʥʷʥʥʷ 

ʧʨʫʞʥʦʾ ʣʽʥʽʾ ʩʝʨʝʜʠʥʥʦʾ ʧʦʚʝʨʭʥʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ: 

4324
,f

D

T

b
w=  

ʌʫʥʢʮʽʾ 21,f  ʽ 43,f , ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʚʝʣʠʯʠʥʫ ʧʝʨʝʤʽʱʝʥʴ, 

ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ ʜʣʷ ʟʥʘʯʝʥʴ ʜʦʚʞʠʥʠ lÖb  ʚ ʟʘʜʘʥʦʤʫ ʽʥʪʝʨʚʘʣʽ. ʉʣʽʜ 

60,/lÖb
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ʚʨʘʭʦʚʫʚʘʪʠ, ʱʦ ʬʫʥʢʮʽʾ 
2f  ʽ 

4f  ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʧʝʨʝʤʽʱʝʥʥʷ ʚ ʟʦʥʽ 

ʧʨʠʢʣʘʜʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ 
1f  ʽ 3f  ʽ ʧʦʟʘ ʜʽʣʷʥʢʦʶ ʥʘʚʘʥʪʘʞʝʥʥʷ 

2f  ʽ 
4f .  

ɺʩʪʘʥʦʚʣʝʥʦ [35], ʱʦ ʧʨʠ ʥʘʚʘʥʪʘʞʝʥʥʽ ʦʙʦʣʦʥʢʠ ʩʠʣʘʤʠ ʟʘʢʨʽʧʣʝʥʥʷ 

ʙʽʣʷ ʪʦʨʮʷ ʨʦʟʧʦʜʽʣʝʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ, ʤʘʢʩʠʤʘʣʴʥʘ ʜʝʬʦʨʤʘʮʽʷ ʤʘʻ ʤʽʩʮʝ 

ʥʘ ʩʘʤʦʤʫ ʪʦʨʮʽ (ʢʨʘʻʚʠʡ ʝʬʝʢʪ). ɿʘʤʽʥʶʶʯʠ ʨʽʚʥʦʤʽʨʥʦ ʨʦʟʧʦʜʽʣʝʥʝ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʪʨʠʢʫʪʥʫ ʟ ʚʝʨʰʠʥʦʶ ʫ ʪʦʨʮʷ, ʤʦʞʥʘ ʟʤʝʥʰʠʪʠ ʜʝʬʦʨʤʘʮʽʶ 

ʟʘʛʦʪʦʚʢʠ 30%. ɿʘʩʪʦʩʦʚʫʚʘʪʠ ʨʦʟʧʦʜʽʣʝʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʦ ʢʽʣʴʮʝʚʦʤʫ 

ʧʝʨʝʪʠʥʫ ʥʝʙʘʞʘʥʦ, ʦʩʢʽʣʴʢʠ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʤʘʻ ʤʽʩʮʝ ʤʘʢʩʠʤʘʣʴʥʘ 

ʜʝʬʦʨʤʘʮʽʷ ʦʙʦʣʦʥʢʠ. ʊʘʢʠʡ ʚʠʚʽʜ ʩʧʽʚʧʘʜʘʻ ʟ ʜʦʩʣʽʜʞʝʥʥʷʤʠ ɺ.ʉ. ʂʦʨʩʘʢʦʚʘ  

[24] ʽ ʽʥʰʠʭ ʘʚʪʦʨʽʚ [22, 26]. 

ʂʽʣʴʮʝʚʽ ʜʝʪʘʣʽ, ʱʦ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʫ ʮʽʡ ʨʦʙʦʪʽ, ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʩʦʙʦʶ 

ʪʽʣʘ ʦʙʝʨʪʘʥʥʷ, ʚʽʜʥʦʰʝʥʥʷ ʜʦʚʞʠʥʠ  ̂ʷʢʠʭ ʜʦ ʟʦʚʥʽʰʥʴʦʛʦ ʜʽʘʤʝʪʨʘ
ʅD , 

ʚʠʨʘʞʘʻʪʴʩʷ ʯʝʨʝʟ ʢʦʝʬʽʮʽʻʥʪb, ʟʥʘʯʥʦ ʤʝʥʰʠʡ  ʚʽʜ ʦʜʠʥʠʮʽ (ʪʦʙʪʦ 
ʅD<̂ ) ʽ 

ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʤʝʞʘʭ: 

3,0...1,0==
ʅD

^
b . 

ɺʠʭʦʜʷʯʠ ʟ ʪʝʦʨʽʾ ʙʘʟʫʚʘʥʥʷ ʧʨʠ ʦʨʽʻʥʪʫʚʘʥʥʽ ʚ ʧʨʦʩʪʦʨʽ ʪʘʢʠʭ ʜʝʪʘʣʝʡ, 

ʥʘʧʨʷʤʦʢ ʦʩʽ ʦʙʝʨʪʘʥʥʷ ʢʽʣʴʮʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʦʨʮʝʚʦʶ ʧʦʚʝʨʭʥʝʶ, ʱʦ ʷʚʣʷʻ 

ʩʦʙʦʶ ʫʩʪʘʥʦʚʦʯʥʫ ʙʘʟʫ, ʥʘ ʷʢʽʡ ʟʥʘʭʦʜʷʪʴʩʷ ʪʨʠ ʦʧʦʨʥʽ ʪʦʯʢʠ, ʟʚʽʣʴʥʷʶʯʘ 

ʜʝʪʘʣʴ ʪʨʴʦʭ ʩʪʫʧʝʥʽʚ ʩʚʦʙʦʜʠ : ʧʝʨʝʤʽʱʝʥʥʷ ʚʟʜʦʚʞ ʦʩʽ X ʪʘ ʦʙʝʨʪʘʥʥʷ 

ʥʘʚʢʦʣʦ ʦʩʝʡ Y ʪʘ Z. ɺʽʜʥʦʩʥʦ ʥʝ ʚʝʣʠʢʘ ʧʨʦʪʷʞʥʽʩʪʴ ʟʦʚʥʽʰʥʴʦʾ ʧʦʚʝʨʭʥʽ 

ʜʦʟʚʦʣʷʻ ʨʦʟʤʽʩʪʠʪʠ ʥʘ ʥʽʡ ʜʚʽ ʦʧʦʨʥʽ ʪʦʯʢʠ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʮʷ ʧʦʚʝʨʭʥʷ 

ʚʠʢʦʥʫʻ ʬʫʥʢʮʽʾ ʪʽʣʴʢʠ ʮʝʥʪʨʫʚʘʥʥʷ ʢʽʣʴʮʷ, ʥʝ ʜʦʟʚʦʣʷʶʯʠ ʡʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ 

ʚʟʜʦʚʞ ʦʩʝʡ Y ʪʘ Z. ʚʨʘʭʦʚʫʶʯʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʨʦʟʤʽʨʽʚ ʜʽʘʤʝʪʨʘʣʴʥʠʭ ʪʘ 

ʪʦʨʮʝʚʠʭ ʧʦʚʝʨʭʦʥʴ ʢʽʣʴʮʝʚʠʭ ʜʝʪʘʣʝʡ ʫ ʨʦʙʦʪʽ ʚʢʘʟʫʻʪʴʩʷ, ʱʦ ʾʭ ʛʦʣʦʚʥʦʶ 

ʫʩʪʘʥʦʚʯʦʶ ʙʘʟʦʶ ʻ ʪʦʨʮʝʚʘ ʧʦʚʝʨʭʥʷ. 

ʊʦʯʥʽʩʪʴ ʨʦʟʤʽʨʥʠʭ ʪʘ ʛʝʦʤʝʪʨʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʘʟʦʚʠʭ ʧʦʚʝʨʭʦʥʴ 

ʢʽʣʴʮʝʚʠʭ ʜʝʪʘʣʝʡ ʙʘʛʘʪʦ ʚ ʯʦʤʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʟʘʩʦʙʽʚ ʦʪʨʠʤʘʥʥʷ ʟʘʛʦʪʦʚʦʢ. 



22 

 

ɸʥʘʣʽʟ ʬʦʨʤ ʫʩʪʘʥʦʚʯʠʭ ʧʦʚʝʨʭʦʥʴ ʢʽʣʴʮʝʚʠʭ ʜʝʪʘʣʝʡ ʜʦʟʚʦʣʷʻ ʚʩʪʘʥʦʚʠʪʠ, 

ʱʦ ʚ 67% ʧʦʭʠʙʢʠ ʬʦʨʤʠ ʤʘʻ ʚʠʛʣʷʜ ʦʚʘʣʫ [6, 15, 17, 22, 26]. 

ʉʧʦʩʽʙ ʦʪʨʠʤʘʥʥʷ ʟʘʛʦʪʦʚʦʢ ʨʦʙʠʪʴ ʦʩʪʘʪʦʯʥʠʡ ʚʧʣʠʚ ʥʘ 

ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʪʦʢʘʨʥʦʾ ʦʙʨʦʙʢʠ ʢʽʣʴʮʝʚʠʭ ʜʝʪʘʣʝʡ ʪʘ ʚʠʷʚʣʷʻ ʾʾ 

ʪʝʭʥʦʣʦʛʽʯʥʫ ʩʧʘʜʢʦʚʽʩʪʴ. ɺʘʨʪʽʩʪʴ ʟʘʛʦʪʦʚʦʢ ʚ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽ ʩʢʣʘʜʘʻ ʙʽʣʷ 

60% ʚʘʨʪʦʩʪʽ ʛʦʪʦʚʠʭ ʜʝʪʘʣʝʡ, ʪʦʤʫ ʧʨʦʙʣʝʤʘ ʚʠʙʦʨʫ ʟʘʛʦʪʦʚʦʢ ʪʘ ʩʧʦʩʦʙʫ ʾʭ 

ʦʪʨʠʤʘʥʥʷ ʪʘʢʦʞ ʘʢʪʫʘʣʴʥʘ. 

ɺʧʣʠʚ ʢʨʘʻʚʦʛʦ ʝʬʝʢʪʫ ʥʘ ʪʦʯʥʽʩʪʴ ʦʙʨʦʙʢʠ ʤʦʞʥʘ ʟʤʝʥʰʠʪʠ, ʫʜʘʶʯʠʩʴ 

ʜʦ ʧʨʦʬʽʣʽʟʘʮʽʾ ʝʣʝʤʝʥʪʽʚ ʟʘʪʠʩʢʥʠʭ ʧʨʠʩʪʨʦʾʚ, ʱʦ ʥʘʚʤʠʩʥʦ ʩʧʦʪʚʦʨʶʶʪʴ 

ʧʨʦʬʽʣʴ ʟʘʛʦʪʦʚʢʠ ʫ ʪʦʨʮʷ ʧʨʠ ʟʘʢʨʽʧʣʝʥʥʽ ʰʣʷʭʦʤ ʥʝʨʽʚʥʦʤʽʨʥʦʛʦ ʨʦʟʧʦʜʽʣʫ 

ʩʠʣ ʧʦ ʨʦʙʦʯʽʡ ʧʦʚʝʨʭʥʽ. ʆʪʨʠʤʘʪʠ ʙʫʜʴ-ʷʢʠʡ ʧʨʦʬʽʣʴ ʟʘʪʠʩʢʥʦʛʦ ʝʣʝʤʝʥʪʫ 

(ʢʫʣʘʯʢʠ, ʮʘʥʛʠ ʪ.ʜ. ) ʥʝ ʧʨʝʜʩʪʘʚʣʷʻ ʩʢʣʘʜʥʦʩʪʽ, ʦʩʢʽʣʴʢʠ ʩʫʯʘʩʥʝ 

ʫʩʪʘʪʢʫʚʘʥʥʷ ʟ ʏʇʂ ʜʦʟʚʦʣʷʻ ʚʠʨʽʰʠʪʠ ʮʶ ʟʘʜʘʯʫ. 

ʄʝʪʦʜʠʯʥʦʶ ʦʩʥʦʚʦʶ ʜʣʷ ʨʦʟʨʦʙʢʠ ʢʣʘʩʠʬʽʢʘʮʽʾ ʢʽʣʴʮʝʚʠʭ ʜʝʪʘʣʝʡ 

ʧʨʠʡʥʷʪʦ ʢʽʣʴʢʽʩʥʠʡ ʚʟʘʻʤʦʟʚôʷʟʦʢ ʤʽʞ ʤʘʩʦʶ ʪʘ ʞʦʨʩʪʢʽʩʪʶ ʫ ʚʠʛʣʷʜʽ 

ʙʝʟʨʦʟʤʽʨʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ b  ʪʘ da. ɿʘ ʮʽʻʶ ʦʟʥʘʢʦʶ ʜʝʪʘʣʽ ʤʦʞʥʘ ʧʦʜʽʣʠʪʠ 

ʥʘ: 

ʂʽʣʴʮʝ: b<1 ʪʘ da <1; 

ʊʨʫʙʘ: b>1 ʪʘ da <1. 

ɿʘ ʦʟʥʘʢʦʶ ʞʦʨʩʪʢʦʩʪʽ ʢʽʣʴʮʝʚʽ ʜʝʪʘʣʽ ʤʦʞʥʘ ʧʦʜʽʣʠʪʠ ʫʤʦʚʥʦ ʥʘ 

ʥʘʩʪʫʧʥʽ ʛʨʫʧʠ: 1) ʪʦʚʩʪʦʩʪʽʥʥʽ ʘʙʦ ʥʦʨʤʘʣʴʥʦʾ ʞʦʨʩʪʢʦʩʪʽ ʟ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ 

15¢
h

Dʅ ; 2) ʩʝʨʝʜʥʴʦʾ ʞʦʨʩʪʢʦʩʪʽ 1815 ¢¢
h

Dʅ ; 3) ʪʦʥʢʦʩʪʽʥʥʽ ʘʙʦ ʧʦʥʠʞʝʥʦʾ 

ʞʦʨʩʪʢʦʩʪʽ   18>
h

Dʅ . 

ɺ ʢʫʨʩʽ çʆʧʽʨ ʤʘʪʝʨʽʘʣʽʚè [45] ʜʦ ʢʣʘʩʫ ʪʦʥʢʦʩʪʽʥʥʠʭ ʚʽʜʥʦʩʷʪʴ 

ʦʩʝʩʠʤʝʪʨʠʯʥʽ ʚʠʨʦʙʠ ʟ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ 2,0¢
ʅD

h
. 

ɿʚ'ʷʟʦʢ ʚʘʛʠ ʜʝʪʘʣʽ ʟ ʾʾ ʞʦʨʩʪʢʽʩʪʁ  ʤʘʪʝʤʘʪʠʯʥʦ ʦʧʠʩʫʻʪʴʩʷ: 

- ʧʨʠ ʨʦʟʪʷʛʫʚʘʥʽ ï ʩʪʠʩʢʫʚʘʥʥʽ  
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ʜʝ N ï ʧʦʚʟʜʦʚʞʥʷ ʩʠʣʘ, ɔ -  ʛʫʩʪʠʥʘ, E ï ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ, ʈ- ʧʦʧʝʨʝʯʥʘ 

ʩʠʣʘ,  ɓ - ʧʨʦʛʠʥ , ȹl - ʧʦʜʦʚʞʝʥʥʷ,  S ï ʧʣʦʱʘ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʪʠʥʫ, D ï 

ʜʽʘʤʝʪʨ. 

 ʆʪʞʝ, ʟʤʝʥʰʝʥʥʷʤ ʧʽʢʦʚʠʭ ʜʝʬʦʨʤʘʮʽʡ, ʚʠʨʽʚʥʶʚʘʥʥʷʤ ʾʭ ʧʦ ʜʦʚʞʠʥʽ 

ʤʦʞʥʘ ʧʦʥʠʟʠʪʠ ʧʦʭʠʙʢʫ ʦʙʨʦʙʢʠ ʚʽʜ ʩʠʣ ʟʘʪʠʩʢʫ. ɼʦʩʣʽʜʞʝʥʥʷʤʠ 

ʚʩʪʘʥʦʚʣʝʥʦ [22, 38], ʱʦ ʧʨʫʞʥʽ ʜʝʬʦʨʤʘʮʽʾ ʚʽʜ ʜʽʾ ʨʽʞʫʯʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ 

ʥʦʩʷʪʴ ʪʘʢʦʞ ʧʽʢʦʧʦʜʽʙʥʠʡ ʭʘʨʘʢʪʝʨ. ʅʘʡʙʽʣʴʰʝ ʟʥʘʯʝʥʥʷ ʧʨʦʛʠʥʫ ʟʘʛʦʪʽʚʢʠ 

ʤʘʻ ʤʽʩʮʝ ʚ ʩʝʨʝʜʠʥʽ ʨʦʟʤʽʱʝʥʥʷ ʭʦʥʫ. ʋ ʤʽʨʫ ʧʝʨʝʤʽʱʝʥʥʷ ʨʽʞʫʯʦʛʦ 

ʽʥʩʪʨʫʤʝʥʪʫ  ʫʟʜʦʚʞ ʦʩʽ ʪʦʥʢʦʩʪʽʥʥʦʾ ʟʘʛʦʪʦʚʢʠ ʧʽʢʦʚʘ ʜʝʬʦʨʤʘʮʽʷ ʟʤʽʱʫʻʪʴʩʷ 

ʨʘʟʦʤ ʟ ʥʠʤ. ʇʽʜ ʯʘʩ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʝʨʝʙʽʛʘʥʥʷ ʨʽʞʫʯʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʟʘ ʢʨʘʾ 

ʦʙʨʦʙʣʶʚʘʥʦʛʦ ʦʪʚʦʨʫ ʜʝʬʦʨʤʘʮʽʾ ʟʘʛʦʪʽʚʢʠ ʟʙʽʣʴʰʫʶʪʴʩʷ ʜʦ ʤʘʢʩʠʤʫʤʫ ʟʘ 

ʨʘʭʫʥʦʢ ʧʝʨʝʨʦʟʧʦʜʽʣʫ ʧʠʪʦʤʦʛʦ ʪʠʩʢʫ ʨʽʞʫʯʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ  ʥʘ ʯʘʩʪʠʥʫ, ʱʦ 

ʟʘʣʠʰʠʣʘʩʷ ʚ ʦʪʚʦʨʽ. ɿʘ ʥʘʷʚʥʦʩʪʽ ʚ ʢʦʥʩʪʨʫʢʮʽʾ ʜʝʪʘʣʽ ʬʣʘʥʮʽʚ, ʫʩʪʫʧʽʚ, ʚʽʢʦʥ 

ʽ ʦʪʚʦʨʽʚ ʭʘʨʘʢʪʝʨ ʜʝʬʦʨʤʘʮʽʾ ʚʠʜʦʟʤʽʥʶʻʪʴʩʷ, ʦʩʢʽʣʴʢʠ ʞʦʨʩʪʢʽʩʪʴ ʟʘʛʦʪʽʚʢʠ 

ʤʘʻ ʟʤʽʥʥʠʡ ʭʘʨʘʢʪʝʨ. ʇʦʙʣʠʟʫ ʦʪʚʦʨʽʚ ʽ ʚʽʢʦʥ ʚʝʣʠʯʠʥʘ ʜʝʬʦʨʤʘʮʽʾ ʟʨʦʩʪʘʻ, 

ʪʦʜʽ ʷʢ ʥʘʷʚʥʽʩʪʴ ʧʦʪʦʚʱʝʥʥʷ ʩʪʽʥʦʢ ʫ ʚʠʛʣʷʜʽ ʬʣʘʥʮʽʚ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʾʭ 

ʟʥʠʞʝʥʥʷ. ʈʝʟʫʣʴʪʫʶʯʘ ʚʝʣʠʯʠʥʘ ʧʨʫʞʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʚʽʜ ʩʫʤʽʩʥʦʾ 

ʦʜʥʦʯʘʩʥʦʾ ʜʽʾ ʩʠʣ ʟʘʢʨʽʧʣʝʥʥʷ ʟʘʛʦʪʦʚʢʠ ʽʟ ʟʦʚʥʽʰʥʴʦʛʦ ʙʦʢʫ ʽ ʧʠʪʦʤʦʛʦ ʪʠʩʢʫ 

ʨʽʞʫʯʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ  ʟʩʝʨʝʜʠʥʠ ʥʦʩʠʪʴ ʩʢʣʘʜʥʠʡ ʭʘʨʘʢʪʝʨ ʽ, ʫ ʨʷʜʽ ʚʠʧʘʜʢʽʚ, 

ʥʝ ʤʦʞʝ ʙʫʪʠ ʚʠʟʥʘʯʝʥʘ ʨʦʟʨʘʭʫʥʢʦʚʠʤ ʰʣʷʭʦʤ ʽʟ-ʟʘ ʥʝʧʨʘʚʦʤʽʨʥʠʭ ʜʦʧʫʱʝʥʴ 

ʽ ʥʝ ʟʘʚʞʜʠ ʚʽʜʦʙʨʘʞʘʻ ʨʝʘʣʴʥʫ ʢʘʨʪʠʥʫ. ɺʠʨʽʰʫʚʘʪʠ ʮʶ ʟʘʜʘʯʫ ʥʘʡʽʤʦʚʽʨʥʽʰʝ 

ʥʝʦʙʭʽʜʥʦ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʦʤʧ'ʶʪʝʨʥʠʭ ʧʨʦʛʨʘʤ . [60 ] 
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ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ [46], ʱʦ ʚʝʣʠʢʠʤ ʧʨʫʞʥʠʤ ʜʝʬʦʨʤʘʮʽʷʤ ʩʪʽʥʦʢ 

ʮʠʣʽʥʜʨʽʚ ʚʽʜʧʦʚʽʜʘʻ ʤʝʥʰʝ ʟʥʽʤʘʥʥʷ ʤʘʪʝʨʽʘʣʫ, ʪʦʤʫ ʧʨʠ ʨʦʟʨʦʙʮʽ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʽ ʢʦʥʩʪʨʫʶʚʘʥʥʽ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʩʥʘʱʝʥʥʷ ʥʝʦʙʭʽʜʥʦ 

ʩʪʚʦʨʶʚʘʪʠ ʫʤʦʚʠ ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʚʠʢʦʥʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ 

ʛʝʦʤʝʪʨʠʯʥʦʾ ʪʦʯʥʦʩʪʽ ʦʪʚʦʨʫ ʷʢ ʚ ʧʦʧʝʨʝʯʥʦʤʫ, ʪʘʢ ʽ ʧʦʜʦʚʞʥʴʦʤʫ ʥʘʧʨʷʤʘʭ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʟʥʘʯʝʥʴ ʜʝʬʦʨʤʘʮʽʡ ʩʪʽʥʦʢ ʟʘʛʦʪʽʚʢʠ ʜʦʟʚʦʣʷʻ 

ʧʨʦʛʥʦʟʫʚʘʪʠ ʦʯʽʢʫʚʘʥʫ ʪʦʯʥʽʩʪʴ ʦʙʨʦʙʢʠ, ʦʮʽʥʠʪʠ ʽ ʚʨʘʭʫʚʘʪʠ ʾʭ ʧʨʠ 

ʥʘʩʪʨʦʡʮʽ ʩʠʩʪʝʤ ʘʢʪʠʚʥʦʛʦ ʢʦʥʪʨʦʣʶ  [33 ]. 

ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʦʙʨʦʙʢʠ ʥʝʞʦʨʩʪʢʠʭ ʜʝʪʘʣʝʡ, ʚ ʪʠʭ ʚʠʧʘʜʢʘʭ 

ʢʦʣʠ ʨʦʟʨʘʭʫʥʢʦʚʽ ʜʝʬʦʨʤʘʮʽʾ ʧʨʠ ʟʘʢʨʽʧʣʝʥʥʽ ʘʙʦ ʚʽʜ ʜʽʾ ʨʽʞʫʯʦʛʦ 

ʽʥʩʪʨʫʤʝʥʪʫ ʧʝʨʝʚʠʱʫʶʪʴ ʜʦʧʫʩʪʠʤʽ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʪʦʯʥʦʩʪʽ, ʜʦʮʽʣʴʥʦ 

ʟʙʽʣʴʰʠʪʠ ʞʦʨʩʪʢʽʩʪʴ ʩʪʽʥʦʢ ʮʠʣʽʥʜʨʽʚ ʰʣʷʭʦʤ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʦʜʘʪʢʦʚʠʭ 

ʝʣʝʤʝʥʪʽʚ (ʚʩʪʘʚʦʢ, ʨʝʙʝʨ ʽ ʪʘʢ ʜʘʣʽ) ʤʽʞ ʧʨʠʩʪʦʩʫʚʘʥʥʷʤ ʽ ʟʘʛʦʪʽʚʢʦʶ ʘʙʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʢʫʣʘʯʢʠ ʤʘʣʦʾ ʞʦʨʩʪʢʦʩʪʽ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʝʣʘʩʪʠʯʥʠʭ 

ʜʝʤʧʬʫʶʯʠʭ ʝʣʝʤʝʥʪʽʚ  [36, 48, 61 ]. 

ʋ ʷʢʦʩʪʽ ʩʠʨʦʚʠʥʠ ʜʣʷ ʢʽʣʴʮʝʚʠʭ ʜʝʪʘʣʝʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʨʽʟʥʦʤʘʥʽʪʥʽ 

ʤʘʨʢʠ ʩʪʘʣʝʡ. ʊʘʢ ʜʣʷ ʢʽʣʝʮʴ ʩʪʘʥʜʘʨʪʥʠʭ ʧʽʜʰʠʧʥʠʢʽʚ ʟʘʩʪʦʩʦʚʫʶʪʴ 

ʚʠʩʦʢʦʚʫʛʣʝʮʝʚʽ (ʪʚʝʨʜʦʛʘʨʪʫʶʯʽ) ʩʪʘʣʽ ʤʘʨʦʢ ʐʍ15, ʐʍ15ʉɻ, 18ʍɻʊ ʪʘ 

20ʍ2ʅʏɸ ʟ ʪʚʝʨʜʽʩʪʶ ʚ ʩʪʘʥʽ ʧʦʩʪʘʚʢʠ ʅɺ179é207, ʟʘ ʫʤʦʚʠ ʦʙʨʦʙʣʶʚʘʥʦʩʪʽ 

ʩʪʘʣʽ 18ʍɻʊ ʚ 1,4é1,5 ʨʘʟʽʚ ʚʠʱʝ ʟʘ ʐʍ15. 

ʂʣʘʩʠʬʽʢʘʮʽʷ ʢʽʣʴʮʝʚʠʭ ʜʝʪʘʣʝʡ ʟʘ ʨʽʟʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʤʦʞʝ 

ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʘ ʤʦʨʬʦʣʦʛʽʯʥʦʛʦ ʘʥʘʣʽʟʫ, ʷʢʠʡ ʷʚʣʷʻ 

ʩʦʙʦʶ ʧʨʠʢʣʘʜ ʩʠʩʪʝʤʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʚʠʨʽʰʫʚʘʥʦʾ ʟʘʜʘʯʽ. ʇʨʠʢʣʘʜʠ ʟ ʾʭ 

ʘʣʴʪʝʨʥʘʪʠʚʘʤʠ ʤʦʞʥʘ ʨʦʟʤʽʩʪʠʪʠ ʫ ʚʠʛʣʷʜʽ ʪʘʙʣʠʮʽ, ʪʘʢ ʟʚʘʥʦʾ ʤʦʨʬʦʣʦʛʽʯʥʦʾ 

ʤʘʪʨʠʮʽ, ʱʦ ʜʦʟʚʦʣʷʻ ʢʨʘʱʝ ʫʷʚʠʪʠ ʧʦʣʝ ʘʥʘʣʽʟʫ (ʪʘʙʣ.1.1). 
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ʊʘʙʣʠʮʷ 1.1 

ʄʦʨʬʦʣʦʛʽʯʥʘ ʤʘʪʨʠʮʷ ʢʽʣʴʮʝʚʠʭ ʜʝʪʘʣʝʡ 

ɼʝʪʘʣʴ 

ɻʝʦʤʝʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʊʝʭʥʦʣʦʛʽʯʥʽ ʧʘʨʘʤʝʪʨʠ 

ʇʦ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ

ʤ ʤʽʞ 

ʦʩʥʦʚʥʠʤʠ 

ʨʦʟʤʽʨʘʤʠ 

ʌʦʨʤʘ ʧʦʧʝʨʝʯʥʦʛʦ 

ʨʦʟʨʽʟʫ 

ɺʽʜʭʠʣʝʥʥ

ʷ 

ʦʩʥʦʚʥʦʛʦ 

ʨʦʟʤʽʨʫ 

ʉʧʦʩʽʙ 

ʦʪʨʠʤʘʥʥʷ 

ʄʘʪʝʨʽʘʣ ɾʦʨʩʪʢʽʩʪʴ 

ʜʝʪʘʣʽ 

ɼ11 ɼ12 ɼ21 ɼ22 ɼ23 ɼ24 

ʂʽʣʴʮʝ 
;1<b

1<da  

ʊʨʫʙʘ 
;1>b

1<da  

1.ʇʨʠʷʤʦʢʫʪʥʘ 

2.ʊʨʘʧʝʮʽʝʚʠʜʥʘ 

3.ʂʨʫʛʣʘ 

4.ʂʦʤʙʽʥʦʚʘʥʘ 

4.1ʫʪʚʦʨʝʥʘ 

ʧʨʷʤʠʤʠ ʣʽʥʽʷʤʠ 

4.2ʫʪʚʦʨʝʥʘ 

ʢʨʠʚʠʤʠ ʣʽʥʽʷʤʠ 

4.3ʫʪʚʦʨʝʥʘ 

ʧʨʷʤʠʤʠ ʽ 

ʢʨʠʚʠʤʠ ʣʽʥʽʷʤʠ 

1.ʅʝʤʘ                   

0=Dd  
2. ɭ  

0

0

<D

>D

d

d
 

1.ʇʦʢʦʚʢʘ 

2.ʃʠʪʪʷ 

3.ʄʝʭʘʥʽʯʥʘ 

ʦʙʨʦʙʢʘ 

4.ʉʧʽʢʘʥʥʷ 

5.ʐʪʘʤʧʦʚʢʘ 

1.ʄʝʪʘʣ 

1.2ʯʫʛʫʥ 

1.2ʩʪʘʣʴ 

1.3ʢʦʣʴʦʨʦ

ʚʠʡ ʤʝʪʘʣ 

2.ʅʝʤʝʪʘʣʠ 

3.ʂʦʤʧʦʟʠʪ 

1.ɾʦʨʩʪʢʘ 

15¢
h

DH  

2.ʉʝʨʝʜʥʴʦʾ 

ʞʦʨʩʪʢʦʩʪʽ 

1815 ¢¢
h

DH  

3.ʇʦʥʠʞʝʥʦʾ 

ʞʦʨʩʪʢʦʩʪʽ 

18>
h

DH  

 

ɼʣʷ ʚʠʷʚʣʝʥʥʷ ʤʦʞʣʠʚʦʩʪʝʡ ʙʝʟ ʜʝʬʦʨʤʘʮʽʡʥʦʛʦ ʟʘʪʠʩʢʫ ʪʘ ʦʙʨʦʙʢʠ 

ʢʽʣʴʮʝʚʦʾ ʜʝʪʘʣʽ  ʤʦʞʥʘ ʚʚʝʩʪʠ ʽʥʪʝʛʨʘʣʴʥʠʡ ʧʦʢʘʟʥʠʢ, ʷʢʠʡ ʭʘʨʘʢʪʝʨʠʟʫʻ 

ʢʽʣʴʮʝʚʫ ʟʘʛʦʪʦʚʢʫ ʟ ʪʦʯʢʠ ʟʦʨʫ ʞʦʨʩʪʢʦʩʪʽ. ɯʥʪʝʛʨʘʣʴʥʠʡ ʧʦʢʘʟʥʠʢ ʧʦʚʠʥʝʥ 

ʚʨʘʭʦʚʫʚʘʪʠ ʛʝʦʤʝʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʟʘʛʦʪʦʚʢʠ ʪʘ ʩʭʝʤʫ ʾʾ ʙʘʟʫʚʘʥʥʷ ʪʘ 

ʟʘʪʠʩʢʫ. 

ɻʝʦʤʝʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʤʦʞʥʘ ʚʠʨʘʟʠʪʠ ʯʝʨʝʟ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ, ʱʦ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ: 

ʘ) ʪʦʚʱʠʥʫ ʟʘʛʦʪʦʚʢʠ 
ʅ

h
D

h
=a ;  ʙ) ʜʦʚʞʠʥʫ 

ʅ

l
D

l
=a  ; ʚ) ʬʦʨʤʫ 

ʧʨ

ʬʘʩ

d
I

I
=a ;  
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ʜʝ h, l ʪʦʚʱʠʥʘ ʪʘ ʜʦʚʞʠʥʘ ʟʘʛʦʪʦʚʢʠ; ʬʘʩI ʪʘ ʧʨI - ʤʦʤʝʥʪʠ ʽʥʝʨʮʽʾ 

ʬʘʩʦʥʥʦʛʦ ʧʨʦʬʽʣʶ ʟʘʛʦʪʦʚʢʠ ʪʘ ʧʨʷʤʦʢʫʪʥʦʛʦ ʟ ʪʠʤ ʩʘʤʠʤ ʟʥʘʯʝʥʥʷʤ h ʪʘ l ; 

12

3lh
Iʧʨ= . 

ʉʭʝʤʘ ʙʘʟʫʚʘʥʥʷ ʪʘ ʟʘʢʨʽʧʣʝʥʥʷ ʢʽʣʴʮʝʚʠʭ ʟʘʛʦʪʦʚʦʢ ʤʦʞʝ ʙʫʪʠ 

ʚʠʨʘʞʝʥʘ ʯʝʨʝʟ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ: ʘ) ʢʽʣʴʢʽʩʪʴ ʟʘʪʠʩʢʥʠʭ 

ʝʣʝʤʝʥʪʽʚ Z; ʙ) ʚʽʜʥʦʰʝʥʥʷ ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʟʘʪʠʩʢʥʠʭ ʝʣʝʤʝʥʪʽʚ Z ʜʦ 

ʢʽʣʴʢʦʩʪʽ ʪʦʯʦʢ ʢʦʥʪʘʢʪʫ Zʢ ʟʘʪʠʩʢʥʦʛʦ ʝʣʝʤʝʥʪʘ ʟ ʟʘʛʦʪʦʚʢʦʶ: 
k

k
Z

Z
=b ; (ʤʦʞʝ 

ʙʫʪʠ ʧʨʠ ʮʴʦʤʫ: ZZk = ; 2²kZ  ʪʘ 1¢kZ ; ʚ) ʜʦʚʞʠʥʫ ʢʦʥʪʘʢʪʫ ʟʘʪʠʩʢʥʠʭ 

ʝʣʝʤʝʥʪʽʚ ʟ ʟʘʛʦʪʦʚʢʦʶ: 
l

bk=b   (ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʧʘʜʢʦʚʠʤʠ, ʢʦʣʠ 1=lb ; 1>lb  

. ɿʘʟʚʠʯʘʡ, ʧʨʠ ʟʘʪʠʩʢʘʥʥʽ ʜʝʪʘʣʽ ʪʠʧʫ ʢʽʣʝʮʴ ʧʽʜʰʠʧʥʠʢʽʚ ʧʦ ʟʦʚʥʽʰʥʽʡ 

ʧʦʚʝʨʭʥʽ 8,0...5,0=lb . 

ɯʥʪʝʛʨʘʣʴʥʠʡ ʧʦʢʘʟʥʠʢ ʞʦʨʩʪʢʦʩʪʽ ʜʝʪʘʣʽ ʚ ʧʨʦʮʝʩʽ ʟʘʪʠʩʢʫ ʤʦʞʝ ʙʫʪʠ 

ʧʨʠʚʝʜʝʥʠʡ ʜʦ ʚʠʛʣʷʜʫ: 

lklʬnɾɼ Zʂ bbaaa ÖÖÖÖÖ= . 

ɿʚʽʜʢʠ ʩʣʽʜʫʻ, ʱʦ ʥʘʡʙʽʣʴʰ ʞʦʨʩʪʢʦʶ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʦ ʧʨʠʜʘʪʥʦʶ ʜʦ 

ʦʙʨʦʙʢʠ ʢʽʣʴʮʝʚʠʭ ʜʝʪʘʣʣʶ ʙʫʜʝ ʜʝʪʘʣʴ ʟ ʤʘʢʩʠʤʘʣʴʥʠʤ ʟʥʘʯʝʥʥʷʤ ʂʞʜ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʪʝʭʥʦʣʦʛʫ ʪʘ ʢʦʥʩʪʨʫʢʪʦʨʫ ʧʨʠ ʨʦʟʨʦʙʮʽ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʧʨʦʮʝʩʫ ʪʘ ʚʠʙʦʨʫ ʪʠʧʘ ʦʙʣʘʜʥʘʥʥʷ ʥʘ ʩʪʘʜʽʾ ʘʥʘʣʽʟʫ ʟʘʛʦʪʦʚʢʠ ʥʝʦʙʭʽʜʥʦ 

ʟʥʘʪʠ ʟʥʘʯʝʥʥʷ ʂʞʜ. ʊʘʢ, ʜʣʷ ʟʦʚʥʽʰʥʴʦʛʦ ʢʽʣʴʮʷ ʧʽʜʰʠʧʥʠʢʘ 1516ɸ/01 ʧʨʠ 

ʟʘʪʠʩʢʘʥʥʽ ʫ ʪʨʴʦʭʢʫʣʘʯʢʦʚʦʤʫ ʢʣʠʥʦʧʦʜʽʙʥʦʤʫ ʧʘʪʨʦʥʽ ʂʞʜ = 0,0038 ʫ 

ʰʝʩʪʠʧʣʫʥʞʝʨʥʦʤʫ ʩʘʤʦʮʝʥʪʨʫʶʯʦʤʫ ʂʞʜ = 0,0076 ʪʘ ʚ ʮʘʥʛʦʚʦʤʫ ʂʞʜ = 

0,038. 

 

1.2.   ʇʘʨʘʤʝʪʨʠ ʪʦʯʥʦʩʪʽ ʦʙʨʦʙʢʠ 

ʆʙʨʦʙʢʘ ʪʦʥʢʦʩʪʽʥʥʠʭ ʜʝʪʘʣʝʡ ʧʦʚ'ʷʟʘʥʘ ʟ ʥʠʟʢʦʶ ʩʢʣʘʜʥʦʱʽʚ, ʦʜʥʘ ʟ 

ʷʢʠʭ - ʜʝʬʦʨʤʘʮʽʷ ʜʝʪʘʣʽ ʧʨʠ ʟʘʢʨʽʧʣʝʥʥʽ ʥʘ ʚʝʨʩʪʘʪʽ. ɼʝʬʦʨʤʘʮʽʾ ʚʧʣʠʚʘʶʪʴ 

ʥʘ ʪʦʯʥʽʩʪʴ ʜʝʪʘʣʽ ʧʽʩʣʷ ʦʙʨʦʙʢʠ. ɯʩʥʫʶʪʴ ʩʪʘʥʜʘʨʪʥʽ ʰʣʷʭʠ ʚʠʨʽʰʝʥʥʷ ʮʽʻʾ 



27 

 

ʧʨʦʙʣʝʤʠ: ʮʝ ʨʦʟʧʦʜʽʣ ʟʘʪʠʩʢʥʦʛʦ ʟʫʩʠʣʣʷ ʟʘ ʨʘʭʫʥʦʢ ʟʙʽʣʴʰʝʥʥʷ ʯʠʩʣʘ ʪʦʯʦʢ 

ʜʦʢʣʘʜʘʥʥʷ ʘʙʦ ʟʘ ʨʘʭʫʥʦʢ ʟʙʽʣʴʰʝʥʥʷ ʧʣʦʱʽ ʢʦʥʪʘʢʪʫ, ʨʝʛʫʣʶʚʘʥʥʷ 

ʟʘʪʠʩʢʥʦʛʦ ʟʫʩʠʣʣʷ (ʨʠʩ.1.4 -1.6). 

ʇʨʠ ʨʦʟʪʦʯʫʚʘʥʥʽ ʦʪʚʦʨʫ ʚ ʪʦʥʢʦʩʪʽʥʥʽʡ ʜʝʪʘʣʽ, ʚʩʪʘʥʦʚʣʝʥʽʡ ʚ 3-ʭ 

ʢʫʣʘʯʢʦʚʦʤʫ ʧʘʪʨʦʥʽ, ʚʽʜʙʫʚʘʻʪʴʩʷ ʩʧʦʪʚʦʨʝʥʥʷ ʦʙʨʦʙʣʝʥʦʛʦ ʦʪʚʦʨʫ ï ʚʦʥʦ 

ʥʘʙʫʚʘʻ ʦʛʨʘʥʦʚʫʚʘʥʥʷ. ʎʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʜʝʬʦʨʤʘʮʽʾ ʩʪʽʥʦʢ ʚʪʫʣʢʠ 

ʢʫʣʘʯʢʘʤʠ ʧʘʪʨʦʥʘ.  
 

 
ʈʠʩ.1.4. ʉʭʝʤʘ ʦʙʨʦʙʢʠ ʪʦʥʢʦʩʪʽʥʥʦʾ ʜʝʪʘʣʽ [https://www.metalcutting.ru/content/rastachivaniya-skvoznyh-

i-gluhih-cilindricheskih-otverstiy] 

 

 
 

ʈʠʩ. 1.5. ɼʝʬʦʨʤʘʮʽʾ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʚ ʧʨʦʮʝʩʽ ʦʙʨʦʙʢʠ ʪʦʥʢʦʩʪʽʥʥʦʾ 

ʚʪʫʣʢʠ: ʘ) ʚʪʫʣʢʘ ʜʦ ʟʘʪʠʩʢʫ ʚ 3-ʭ ʢʫʣʘʯʢʦʚʦʤʫ ʧʘʪʨʦʥʽ, ʙ) ʚʪʫʣʢʘ ʟʘʪʠʩʥʫʪʘ ʚ 

ʧʘʪʨʦʥʽ, ʚ) ʧʨʦʮʝʩ ʨʦʟʪʦʯʫʚʘʥʥʷ, ʛ) ʚʪʫʣʢʘ ʧʽʩʣʷ ʟʚʽʣʴʥʝʥʥʷ ʟ ʧʘʪʨʦʥʘ 

[http://rustan.ru/zhestkost-i-vibracii-pri-tokarnoj-obrabotke.htm] 
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ʈʠʩ.1.6. ʉʧʦʩʦʙʠ ʟʘʢʨʽʧʣʝʥʥʷ ʪʦʥʢʦʩʪʽʥʥʠʭ ʚʪʫʣʦʢ: ʘ) ʟʘ ʜʦʧʦʤʦʛʦʶ ʰʠʨʦʢʠʭ 

ʢʫʣʘʯʢʽʚ, ʙ) ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʦʜʦʚʞʝʥʠʭ ʢʫʣʘʯʢʽʚ, ʚ) ʫ ʨʦʟʨʽʟʥʽʡ ʚʪʫʣʮʽ 
[http://pereosnastka.ru/articles/obrabotka-zagotovok-detalei-tipa-tonkostennykh-vtulok-gilz] 

 

ʆʩʥʦʚʥʠʤʠ ʩʪʘʥʜʘʨʪʥʠʤʠ ʨʽʰʝʥʥʷʤʠ ʜʦ ʥʝʜʘʚʥʴʦʛʦ ʯʘʩʫ ʚʚʘʞʘʣʠʩʷ 

ʩʝʛʤʝʥʪʥʽ ʢʫʣʘʯʢʠ ʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʦʟʪʠʩʢʥʠʭ ʦʧʨʘʚʦʢ ʘʙʦ ʮʘʥʛʦʚʠʭ ʧʘʪʨʦʥʽʚ. 

ʎʽ ʨʽʰʝʥʥʷ ʤʘʶʪʴ ʩʫʪʪʻʚʽ ʥʝʜʦʣʽʢʠ. ʉʝʛʤʝʥʪʥʽ ʢʫʣʘʯʢʠ ʤʘʶʪʴ ʚʝʣʠʢʽ ʨʦʟʤʽʨʠ 

ʪʘ  ʚʘʛʫ, ʚʽʜʧʦʚʽʜʥʦ  ʚʝʣʠʢʽ  ʚʠʥʠʢʘʶʪʴ ʫ ʧʨʦʮʝʩʽ ʦʙʨʦʙʢʠ ʜʦʮʝʥʪʨʦʚʽ ʩʠʣʠ.  

ʆʜʥʝ ʟ ʝʬʝʢʪʠʚʥʠʭ ʨʽʰʝʥʴ ʜʣʷ ʟʘʪʠʩʢʫ ʪʦʥʢʦʩʪʽʥʥʠʭ ʜʝʪʘʣʝʡ, 

ʧʨʦʧʦʥʦʚʘʥʠʭ ʢʦʤʧʘʥʽʻʶ SCHUNK, - ʤʘʷʪʥʠʢʦʚʽ ʢʫʣʘʯʢʠ. 

ʂʦʥʩʪʨʫʢʮʽʷ ʜʘʥʠʭ ʢʫʣʘʯʢʽʚ ʷʚʣʷʻ ʩʦʙʦʶ ʞʦʨʩʪʢʫ ʦʧʦʨʫ, ʥʘ ʷʢʽʡ 

ʚʩʪʘʥʦʚʣʝʥʦ ʢʦʨʦʤʠʩʣʦ, ʱʦ ʤʘʻ ʤʦʞʣʠʚʽʩʪʴ ʧʝʨʝʤʽʱʝʥʥʷ ʚ ʤʝʞʘʭ 1-3 . ʅʘ 

ʢʨʘʡʥʽʭ ʪʦʯʢʘʭ ʢʦʨʦʤʠʩʣʘ ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʘʙʦ ʟʘʛʘʨʪʦʚʘʥʽ ʥʘʢʣʘʜʢʠ ʟ 

ʨʠʬʣʝʥʥʷʤ, ʘʙʦ ʩʠʨʽ ʨʦʟʪʦʯʫʶʪʴ ʥʘʢʣʘʜʢʠ (ʨʠʩ.1.7). 

ʈʠʩ.1.7.  ʇʘʪʨʦʥ ʬʽʨʤʠ ʐʫʥʢ ʟʰʠʨʦʢʠʤʠ  ʩʘʤʦʚʩʪʘʥʦʚʣʶʚʘʥʠʤʠ ʢʫʣʘʯʢʘʤʠ  
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[https://www.etmm-online.com/index.cfm?pid=10891&pk=1329405&type=article&fk=669304] 

ʄʦʞʣʠʚʽ ʥʘʩʪʫʧʥʽ ʩʧʦʩʦʙʠ ʫʩʪʘʥʦʚʢʠ ʪʦʥʢʦʩʪʽʥʥʠʭ ʜʝʪʘʣʝʡ ʥʘ 

ʚʝʨʩʪʘʪʽ (ʨʠʩ.1.8). 

 

ʈʠʩ. 1.8. ʉʧʦʩʦʙʠ ʫʩʪʘʥʦʚʢʠ ʪʦʥʢʦʩʪʽʥʥʠʭ ʜʝʪʘʣʝʡ ʥʘ ʚʝʨʩʪʘʪʽ [35] 

 

 

1.3. ɺʧʣʠʚ ʜʝʪʝʨʤʽʥʦʚʘʥʠʭ ʯʠʥʥʠʢʽʚ ʥʘ ʧʦʭʠʙʢʫ ʦʙʨʦʙʢʠ 

ʊʝʦʨʝʪʠʯʥʘ ʤʦʜʝʣʴ ʧʦʢʘʟʫʻ ʱʦ ʥʝʢʨʫʛʣʽʩʪʴ ʟʘʣʝʞʠʪʴ ʚʽʜ ʘ) ʢʽʣʴʢʦʩʪʽ 

ʢʫʣʘʯʢʽʚ, ʙ) ʟʫʩʠʣʣʷ ʟʘʪʠʩʢʫ, ʚ) ʪʦʚʱʠʥʠ ʩʪʽʥʢʠ ʚʠʨʦʙʫ ʯʠ ʚʽʜʥʦʩʥʦʾ ʪʦʚʱʠʥʠ 

ʘ/ R0, ʛ) ʚʣʘʩʪʠʚʦʩʪʝʡ  ʟʨʘʟʢʘ  ʤʘʪʝʨʽʘʣʫ ʽ ʜ) ʜʦʚʞʠʥʠ ʜʝʪʘʣʽ. 

ɺʧʣʠʚ ʢʽʣʴʢʦʩʪʽ ʟʘʪʠʩʢʥʠʭ ʝʣʝʤʝʥʪʽʚ ʧʘʪʨʦʥʘ.  ɺʧʣʠʚ ʪʠʧʫ ʧʘʪʨʦʥʘ.. 

ɺ [13, 22 ]  ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ  ʜʣʷ 4-ʢʫʣʘʯʢʦʚʦʛʦ ʧʘʪʨʦʥʫ 

ʪʘ  ʜʣʷ 3- ʽ 2-ʢʫʣʘʯʢʦʚʠʭ ʧʘʪʨʦʥʽʚ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʟʥʘʯʝʥʴ ʥʝʢʨʫʛʣʦʩʪʽ, 

ʦʪʨʠʤʘʥʠʭ ʧʨʠ ʘ/ R0 = 0.20 ʤʦʞʝ ʙʫʪʠ ʟʘʧʠʩʘʥʦ ʷʢ  2,5:6. 

ʎʝ ʦʟʥʘʯʘʻ,  ʱʦ ʟʤʝʥʰʝʥʽ ʯʠʩʣʘ ʢʫʣʘʯʢʽʚ ʟʙʽʣʴʰʫʶʪʴ ʥʝʢʨʫʛʣʽʩʪʴ ʚʠʨʦʙʫ 

ʧʦ ʛʝʦʤʝʪʨʠʯʥʽʡ ʧʨʦʛʨʝʩʽʾ ʟʽ ʟʥʘʤʝʥʥʠʢʦʤ 2,5. ʅʘ ʦʩʥʦʚʽ ʮʠʭ ʨʝʟʫʣʴʪʘʪʽʚ 

ʤʦʞʥʘ ʩʢʘʟʘʪʠ , ʱʦ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʯʠʩʣʘ ʢʫʣʘʯʢʽʚ ʥʝʢʨʫʛʣʽʩʪʴ ʟʤʝʥʰʠʪʴʩʷ ʧʦ 

ʛʝʦʤʝʪʨʠʯʥʽʡ ʧʨʦʛʨʝʩʽʾ. ɿʥʘʤʝʥʥʠʢ ʮʽʻʾ ʛʝʦʤʝʪʨʠʯʥʦʾ ʧʨʦʛʨʝʩʽʾ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʟʫʩʠʣʣʷ ʟʘʪʠʩʢʫ, ʘ ʪʘʢʦʞ ʚʽʜ ʤʘʪʝʨʽʘʣʫ ʪʘ ʨʦʟʤʽʨʽʚ ʟʘʪʠʩʢʫ. 



30 

 

ɺʧʣʠʚ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʝʨʽʘʣʫ. ɿ ʬʦʨʤʫʣ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʥʝʢʨʫʛʣʦʩʪʽ 

ʚʠʧʣʠʚʘʻ, ʱʦ ʚʣʘʩʪʠʚʽʩʪʴ ʤʘʪʝʨʽʘʣʫ ʙʫʜʫʪʴ ʜʝʷʢʠʭ ʯʠʥʦʤ ʚʧʣʠʚʘʪʠ ʥʘ 

ʥʝʢʨʫʛʣʽʩʪʴ.  

ɺʧʣʠʚ ʰʠʨʠʥʠ ʟʘʛʦʪʦʚʢʠ. ʆʜʥʠʤ ʟ ʝʬʝʢʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʟʘʛʦʪʦʚʢʠ, ʱʦ 

ʟʘʙʝʟʧʝʯʫ ̒ʦʧʽʨ ʾʾ ʜʝʬʦʨʤʘʮʽʾ ʧʽʜ ʜʽʻʶ ʟʫʩʠʣʴ ʟʘʪʠʩʢʫ, ʻ ʾʾ ʰʠʨʠʥʘ. 

ɸʥʘʣʽʟ ʩʫʯʘʩʥʦʛʦ ʩʪʘʥʫ ʧʠʪʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʦʯʥʦʩʪʽ 

ʦʙʨʦʙʢʠ ʪʦʥʢʦʩʪʽʥʥʠʭ ʜʝʪʘʣʝʡ ʧʦʢʘʟʘʚ, ʱʦ ʧʦʰʫʢ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʽʰʝʥʴ 

ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʟʘʜʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʪʦʯʥʦʩʪʽ ʧʨʠ ʦʙʨʦʙʮʽ ʜʝʪʘʣʝʡ ʪʠʧʫ ʢʽʣʝʮʴ 

ʻ ʘʢʪʫʘʣʴʥʦʶ ʥʘʫʢʦʚʦʶ ʽ ʚʠʨʦʙʥʠʯʦʶ ʟʘʜʘʯʝʶ. ɸʥʘʣʽʪʠʯʥʠʡ ʦʛʣʷʜ ʥʘʫʢʦʚʦ-

ʪʝʭʥʽʯʥʦʾ ʣʽʪʝʨʘʪʫʨʠ ʟ ʜʘʥʦʾ ʪʝʤʘʪʠʢʠ [1-10,  13-15, 20-23] ʧʨʠʚʽʚ ʜʦ ʚʠʩʥʦʚʢʫ, 

ʱʦ ʥʝʜʦʩʪʘʪʥʴʦ ʚʠʚʯʝʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʦʙʨʦʙʢʠ 

ʪʦʥʢʦʩʪʽʥʥʠʭ ʢʽʣʝʮʴ ʰʠʨʦʢʠʤʠ ʢʫʣʘʯʢʘʤʠ. ʅʘʚʦʜʠʪʴʩʷ ʥʝʜʦʩʪʘʪʥʴʦ ʜʘʥʠʭ, ʷʢʽ 

ʤʦʞʥʘ ʟʘʩʪʦʩʫʚʘʪʠ ʜʣʷ ʚʠʙʦʨʫ ʤʝʪʦʜʽʚ ʽ ʟʘʩʦʙʽʚ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʩʥʘʱʝʥʥʷ 

ʚʠʨʦʙʥʠʮʪʚʘ ʜʣʷ ʮʴʦʛʦ ʢʣʘʩʫ ʜʝʪʘʣʝʡ. 

ɼʦʩʣʽʜʞʝʥʦ ʷʚʠʱʝ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʩʧʘʜʢʦʚʦʩʪʽ ʽ ʭʘʨʘʢʪʝʨ ʡʦʛʦ ʧʨʦʷʚʫ 

ʧʨʠ ʦʙʨʦʙʮʽ ʪʦʥʢʦʩʪʽʥʥʠʭ ʢʽʣʝʮʴ [15]. ɺʠʷʚʣʝʥʦ, ʱʦ ʪʦʯʥʽʩʪʴ ʚʝʨʩʪʘʪʥʦʛʦ 

ʧʨʠʩʪʦʩʫʚʘʥʥʷ ʽʩʪʦʪʥʦ ʚʧʣʠʚʘʻ ʥʘ ʪʦʯʥʽʩʪʴ ʚʠʢʦʥʫʚʘʥʦʛʦ ʨʦʟʤʽʨʫ ʽ ʬʦʨʤʠ 

ʦʙʨʦʙʣʝʥʦʾ ʧʦʚʝʨʭʥʽ. ʊʘʢʦʞ ʚʠʷʚʣʝʥʦ, ʱʦ ʧʦʭʠʙʢʠ ʬʦʨʤʠ ʦʙʨʦʙʣʝʥʦʾ ʜʝʪʘʣʽ 

ʤʦʞʫʪʴ ʚʠʥʠʢʥʫʪʠ ʽ ʧʽʩʣʷ ʾʾ ʟʥʷʪʪʷ ʟ ʚʝʨʩʪʘʪʘ ʚʥʘʩʣʽʜʦʢ ʧʨʫʞʥʦʛʦ ʚʽʜʥʦʚʣʝʥʥʷ 

ʝʣʝʤʝʥʪʽʚ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʩʠʩʪʝʤʠ ʽ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʫʩʧʘʜʢʫʚʘʥʥʷ ʦʟʥʘʢ ʧʨʠ 

ʨʝʘʣʽʟʘʮʽʾ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ. 

 

1.4. ɺʧʣʠʚ ʚʠʧʘʜʢʦʚʠʭ ʬʘʢʪʦʨʽʚ ʥʘ ʧʦʭʠʙʢʫ ʦʙʨʦʙʢʠ 

ɺʠʧʘʜʢʦʚʽ ʧʦʭʠʙʢʠ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʧʦʭʠʙʢʠ, ʫ ʧʦʷʚʽ ʢʦʞʥʦʾ ʟ ʷʢʠʭ ʥʝ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʷʢʦʾ-ʥʝʙʫʜʴ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ. ɺʠʧʘʜʢʦʚʽ ʧʦʭʠʙʢʠ ʥʝʤʠʥʫʯʽ ʽ 

ʥʝʧʝʨʝʙʦʨʥʽ ʡ ʟʘʚʞʜʠ ʧʨʠʩʫʪʥʽ ʚ ʨʝʟʫʣʴʪʘʪʽ ʚʠʤʽʨʶʚʘʥʥʷ. ɺʦʥʠ ʚʠʢʣʠʢʘʶʪʴ 

ʨʦʟʩʽʶʚʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʧʨʠ ʙʘʛʘʪʦʢʨʘʪʥʦʤʫ ʽ ʜʦʩʪʘʪʥʴʦ ʪʦʯʥʦʤʫ ʚʠʤʽʨʶʚʘʥʥʽ 

ʦʜʥʽʻʾ ʽ ʪʽʻʾ ʞ ʚʝʣʠʯʠʥʠ ʧʨʠ ʥʝʟʤʽʥʥʠʭ ʫʤʦʚʘʭ, ʚʠʢʣʠʢʘʶʯʠ ʚʽʜʤʽʥʥʽʩʪʴ ʾʭ ʚ 

ʦʩʪʘʥʥʽʭ ʟʥʘʯʫʱʠʭ ʮʠʬʨʘʭ (ʨʝʟʫʣʴʪʘʪʠ ʙʘʛʘʪʦʨʘʟʦʚʠʭ ʚʠʤʽʨʶʚʘʥʴ ʦʜʥʽʻʾ ʽ ʪʽʻʾ 

ʞ ʧʦʩʪʽʡʥʦʾ ʚʝʣʠʯʠʥʠ ʚ ʦʜʥʠʭ ʽ ʪʠʭ ʞʝ ʫʤʦʚʘʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʜʥʦʛʦ ʽ ʪʦʛʦ ʞ 



31 

 

ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʧʨʠʩʪʨʦʶ ʦʜʥʠʤ ʽ ʪʠʤ ʞʝ ʦʧʝʨʘʪʦʨʦʤ ʤʦʞʫʪʴ ʚʽʜʨʽʟʥʷʪʠʩʷ 

ʦʜʠʥ ʚʽʜ ʦʜʥʦʛʦ). 

ʂʦʞʥʘ ʚʠʧʘʜʢʦʚʘ ʧʦʭʠʙʢʘ ʚʠʥʠʢʘʻ ʚʥʘʩʣʽʜʦʢ ʚʧʣʠʚʫ ʙʘʛʘʪʴʦʭ 

ʬʘʢʪʦʨʽʚ, ʢʦʞʝʥ ʟ ʷʢʠʭ ʩʘʤ ʧʦ ʩʦʙʽ ʥʝ ʯʠʥʠʪʴ ʟʥʘʯʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʨʝʟʫʣʴʪʘʪ. 

ʊʘʢ ʷʢ ʚʠʧʘʜʢʦʚʽ ʧʦʭʠʙʢʠ ʥʝ ʧʽʜʜʘʶʪʴʩʷ ʚʠʢʣʶʯʝʥʥʷ ʟ ʨʝʟʫʣʴʪʘʪʽʚ 

ʚʠʤʽʨʶʚʘʥʴ, ʪʦ ʧʨʠ ʨʦʟʛʣʷʜʽ ʾʭ ʚʧʣʠʚʫ ʥʘ ʨʝʟʫʣʴʪʘʪ ʚʠʤʽʨʶʚʘʥʴ ʟʘʚʜʘʥʥʷ 

ʟʚʦʜʠʪʴʩʷ ʜʦ ʚʠʚʯʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʫʢʫʧʥʦʩʪʝʡ ʨʝʟʫʣʴʪʘʪʽʚ ʦʢʨʝʤʠʭ 

ʩʧʦʩʪʝʨʝʞʝʥʴ. 

ʇʨʠʨʦʜʘ ʽ ʬʽʟʠʯʥʘ ʩʫʪʥʽʩʪʴ ʚʠʧʘʜʢʦʚʠʭ ʽ ʩʠʩʪʝʤʘʪʠʯʥʠʭ ʩʢʣʘʜʦʚʠʭ 

ʧʦʭʠʙʢʠ ʚʠʤʽʨʶʚʘʥʴ ʨʽʟʥʘ. ʆʜʥʘʢ ʦʮʽʥʢʠ ʥʝʚʠʢʣʶʯʥʠʭ ʟʘʣʠʰʢʽʚ 

ʩʠʩʪʝʤʘʪʠʯʥʠʭ ʧʦʭʠʙʦʢ ʽ ʚʠʧʘʜʢʦʚʠʭ ʧʦʭʠʙʦʢ ʟʜʽʡʩʥʶʶʪʴʩʷ ʥʘ ʦʩʥʦʚʽ 

ʦʙʨʦʙʢʠ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʱʦ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʩʫʢʫʧʥʽʩʪʴ 

ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʥʴ. 

ɼʣʷ ʚʠʚʯʝʥʥʷ ʚʠʧʘʜʢʦʚʠʭ ʧʦʭʠʙʦʢ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʤʝʪʦʜʠ ʪʝʦʨʽʾ 

ʡʤʦʚʽʨʥʦʩʪʝʡ ʽ ʤʘʪʝʤʘʪʠʯʥʦʾ ʩʪʘʪʠʩʪʠʢʠ. ʎʽ ʤʝʪʦʜʠ ʟʘʩʪʦʩʦʚʥʽ ʽ ʜʣʷ 

ʥʝʚʠʢʣʶʯʥʠʭ ʩʠʩʪʝʤʘʪʠʯʥʠʭ ʩʢʣʘʜʦʚʠʭ. 
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2.  ʊɽʆʈɽʊʀʏʅɽ ɺʀɿʅɸʏɽʅʅʗ ʇʆʍʀɹʆʂ ʆɹʈʆɹʂʀ 

ʊʆʅʂʆʉʊɯʅʅʀʍ ɼɽʊɸʃɽʁ 

ɺʠʤʦʛʠ ʜʦ ʧʽʜʚʠʱʝʥʥʶ ʪʦʯʥʦʩʪʽ ʦʙʨʦʙʢʠ ʜʝʪʘʣʝʡ ʙʝʟʧʝʨʝʨʚʥʦ 

ʧʽʜʚʠʱʫʶʪʴʩʷ, ʽ ʮʷ ʪʝʥʜʝʥʮʽʷ ʜʦʩʠʪʴ ʚʘʞʣʠʚʘ ʜʣʷ ʨʦʟʚʠʪʢʫ  ʩʫʯʘʩʥʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ. ʈʦʟʤʽʨʥʘ ʦʙʨʦʙʢʘ ʪʦʥʢʦʩʪʽʥʥʠʭ ʜʝʪʘʣʝʡ ʥʘ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʦʧʝʨʘʮʽʷʭ ʪʦʯʽʥʥʷ, ʰʣʽʬʫʚʘʥʥʷ ʽ ʽʥʰʠʭ ʧʦʚ'ʷʟʘʥʘ ʟ ʧʨʦʛʠʥʦʤ ʦʙʨʦʙʣʶʚʘʥʠʭ 

ʧʦʚʝʨʭʦʥʴ ʧʽʜ ʜʽʻʶ ʩʠʣ ʨʽʟʘʥʥʷ ʽ ʟʘʢʨʽʧʣʝʥʥʷ ʟ ʧʦʜʘʣʴʰʠʤ ʬʦʨʤʫʚʘʥʥʷʤ 

ʧʦʚ'ʷʟʘʥʠʭ ʟ ʮʠʤ ʧʦʭʠʙʦʢ ʦʙʨʦʙʢʠ. ɺʢʘʟʘʥʝ ʥʘʡʙʽʣʴʰ ʭʘʨʘʢʪʝʨʥʠʡ ʜʣʷ 

ʦʙʨʦʙʢʠ ʜʝʪʘʣʝʡ ʩʠʣʦʚʦʛʦ ʫʩʪʘʪʢʫʚʘʥʥʷ, ʤʘʪʝʨʽʘʣʦʤ ʷʢʠʭ ʻ ʚʠʩʦʢʦ - ʽ 

ʥʘʜʟʚʠʯʘʡʥʦ ʤʽʮʥʽ ʤʘʪʝʨʽʘʣʠ ʟ ʥʠʟʴʢʦʶ ʦʙʨʦʙʣʶʚʘʥʽʩʪʶ. ɺʘʞʣʠʚʦ ʦʮʽʥʠʪʠ 

ʤʦʞʣʠʚʽ ʧʦʭʠʙʢʠ ʦʙʨʦʙʢʠ ʥʘ ʩʪʘʜʽʾ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʧʽʜʛʦʪʦʚʢʠ ʚʠʨʦʙʥʠʮʪʚʘ. 

ɼʣʷ ʦʮʽʥʢʠ ʧʦʭʠʙʦʢ ʦʙʨʦʙʢʠ ʪʦʯʥʠʭ ʜʝʪʘʣʝʡ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʘʪʠ ʪʘʢʽ 

ʧʘʨʘʤʝʪʨʠ, ʷʢ ʨʦʟʤʽʨʥʠʡ ʜʦʧʫʩʢ, ʷʢʽʩʪʴ ʧʦʚʝʨʭʥʽ, ʥʝʮʠʣʽʥʜʨʠʯʥʽʩʪʴ  ʪʘ 

ʥʝʢʨʫʛʣʽʩʪʴ. 

ɸʥʘʣʽʟ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ [26-30 ] ʧʦʢʘʟʘʚ, ʱʦ ʽʩʥʫʶʯʽ ʤʝʪʦʜʠ 

ʨʦʟʨʘʭʫʥʢʫ ʧʦʛʨʽʰʥʦʩʪʝʡ ʱʦ ʚʠʥʠʢʘʶʪʴ ʚʽʜ ʩʠʣ ʨʽʟʘʥʥʷ ʽ ʟʘʢʨʽʧʣʝʥʥʷ ʤʘʻ 

ʙʝʟʣʽʯ ʥʝʜʦʣʽʢʽʚ: ʚʠʩʦʢʘ ʧʦʛʨʽʰʥʽʩʪʴ ʨʦʟʨʘʭʫʥʢʽʚ, ʥʠʟʴʢʠʡ ʩʪʫʧʽʥʴ 

ʘʚʪʦʤʘʪʠʟʘʮʽʾ, ʥʝʦʙʭʽʜʥʘ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʧʦʯʘʪʢʦʚʠʭ ʜʘʥʠʭ. 

ɺ ʧʨʘʢʪʠʮʽ ʚʠʛʦʪʦʚʣʝʥʥʷ, ʟʙʠʨʘʥʥʷ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʦʥʢʦʩʪʽʥʥʠʭ 

ʜʝʪʘʣʝʡ ʾʭ ʯʘʩʪʦ ʜʦʚʦʜʠʪʴʩʷ  ʥʘʚʘʥʪʘʞʫʚʘʪʠ  n ʩʠʣʘʤʠ, ʷʢʽ ʧʨʠʢʣʘʜʝʥʽ ʧʦ ʜʫʟʽ 

ɓ  ̔ʨʽʚʥʦʤʽʨʥʦ ʨʦʟʪʘʰʦʚʘʥʽ ʧʦ ʢʦʣʫ. ʋ ʜʘʥʽʡ ʨʦʙʦʪʽ ʘʥʘʣʽʟʫʻʪʴʩʷ ʚʧʣʠʚ ʢʫʪʘ 

ʦʭʦʧʣʝʥʥʷ ʧʨʠʢʣʘʜʝʥʥʷ ʟʫʩʠʣʣʷ  ʧʨʠ ʦʙʨʦʙʮʽ ʪʦʥʢʦʩʪʽʥʥʠʭ ʜʝʪʘʣʝʡ ʥʘ ʾʭ 

ʪʦʯʥʽʩʪʴ.  

ʅʝʢʨʫʛʣʽʩʪʴ ʦʙʨʦʙʣʝʥʦʾ ʜʝʪʘʣʽ ʻ  ʥʘʡʙʽʣʴʰ ʚʘʞʥʠʤ ʛʝʦʤʝʪʨʠʯʥʠʤ 

ʚʽʜʭʠʣʝʥʥʷʤ, ʪʘʢ ʷʢ ʚʦʥʘ ʚʧʣʠʚʘʻ ʥʘ ʨʦʟʤʽʨʥʫ ʪʦʯʥʽʩʪʴ ʪʘ ʽʥʰʽ  ʚʘʞʣʠʚʽ 

ʬʘʢʪʦʨʠ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʥʘ ʧʽʜʛʦʥʢʫ ʜʝʪʘʣʝʡ ʤʘʰʠʥʠ ʽ ʥʘ ʟʥʦʰʝʥʥʷ ʦʙʝʨʪʦʚʠʭ 

ʜʝʪʘʣʝʡ. 

ɿʘʟʚʠʯʘʡ ʥʝʢʨʫʛʣʽʩʪʴ ð ʮʝ ʟʘʢʦʥʦʤʽʨʥʦ ʯʠ ʚʠʧʘʜʢʦʚʦ ʨʦʟʧʦʜʽʣʝʥʽ 

ʚʽʜʭʠʣʝʥʥʷ ʨʝʘʣʴʥʦʛʦ ʧʨʦʬʽʣʶ ʚʽʜ ʽʜʝʘʣʴʥʦʛʦ ʢʦʣʘ,  ʷʢʽ ʤʦʞʫʪʴ  ʙʫʪʠ  

ʨʝʟʫʣʴʪʘʪʦʤ ʚʧʣʠʚʫ ʨʷʜʫ ʧʘʨʘʤʝʪʨʽʚ ʩʠʩʪʝʤʠ ʚʝʨʩʪʘʪ ï ̔ ʥʩʪʨʫʤʝʥʪ - ʜʝʪʘʣʴ ʧʽʜ 
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ʯʘʩ ʦʙʨʦʙʢʠ. ɼʦʩʷʛʥʝʥʥʷ ʟʘʜʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʪʦʯʥʦʩʪʽ ʧʨʠ ʦʙʨʦʙʮʽ ʜʝʪʘʣʝʡ 

ʤʦʞʝ ʙʫʪʠ ʛʘʨʘʥʪʦʚʘʥʦ ʪʽʣʴʢʠ ʚ ʪʦʤʫ ʚʠʧʘʜʢʫ, ʷʢʱʦ ʥʘ ʩʪʘʜʽʾ ʧʨʦʝʢʪʫʚʘʥʥʷ 

ʧʨʦʚʝʜʝʥʘ ʜʦʩʠʪʴ ʜʦʩʪʦʚʽʨʥʘ ʦʮʽʥʢʘ ʧʦʭʠʙʦʢ, ʷʢʽ ʤʦʞʫʪʴ ʚʠʥʠʢʥʫʪʠ ʧʨʠ 

ʨʝʘʣʽʟʘʮʽʾ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ. ɯʩʥʫʻ ʜʚʘ ʦʩʥʦʚʥʽ ʤʝʪʦʜʠ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʥʘ ʪʦʯʥʽʩʪʴ. 

ʇʝʨʰʠʡ ʤʝʪʦʜ ï ʘʥʘʣʽʪʠʯʥʠʡ, ʱʦ ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʚʠʷʚʣʝʥʥʽ ʚʩʽʭ 

ʧʝʨʚʠʥʥʠʭ ʧʦʭʠʙʦʢ ʦʙʨʦʙʢʠ ʽ ʨʦʟʨʘʭʫʥʢʫ ʩʫʤʘʨʥʦʾ ʧʦʭʠʙʢʠ ʷʢ ʬʫʥʢʮʽʾ ʚʽʜ 

ʧʝʨʚʠʥʥʠʭ. ɺ ʷʢʦʩʪʽ ʦʜʥʽʻʾ ʟ ʧʝʨʚʠʥʥʠʭ ʚʠʩʪʫʧʘʻ ʪʝʦʨʝʪʠʯʥʘ ʧʦʭʠʙʢʘ. ɺʦʥʘ 

ʚʠʥʠʢʘʻ ʚ ʨʝʟʫʣʴʪʘʪʽ ʚʽʜʩʪʫʧʫ ʚʽʜ ʧʨʘʚʠʣʴʥʦʾ ʩʭʝʤʠ ʦʙʨʦʙʢʠ ʘʙʦ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʥʘʙʣʠʞʝʥʦʾ ʩʭʝʤʠ ʟʘʤʽʩʪʴ ʪʝʦʨʝʪʠʯʥʦ ʪʦʯʥʦʾ.   

ɯʥʰʠʤ ʚʠʜʦʤ ʧʝʨʚʠʥʥʠʭ ʧʦʭʠʙʦʢ ʻ ʜʝʬʦʨʤʘʮʽʾ ʧʨʫʞʥʦʾ ʪʝʭʥʦʣʦʛʽʯʥʦʾ 

ʩʠʩʪʝʤʠ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʧʽʜ ʜʽʻʶ ʧʨʠʢʣʘʜʝʥʠʭ ʜʦ ʩʠʩʪʝʤʠ ʩʠʣ.  

ɿʘʣʝʞʥʦ ʚʽʜ ʭʘʨʘʢʪʝʨʫ ʟʫʩʠʣʴ ʜʝʬʦʨʤʘʮʽʾ ʜʽʣʷʪʴʩʷ ʥʘ: ʘ) ʚʠʢʣʠʢʘʥʽ 

ʟʫʩʠʣʣʷʤʠ ʨʽʟʘʥʥʷ; ʙ) ʚʠʢʣʠʢʘʥʽ ʟʫʩʠʣʣʷʤʠ ʟʘʢʨʽʧʣʝʥʥʷ; ʚ) ʚʠʢʣʠʢʘʥʽ ʚʘʛʦʶ 

ʩʠʩʪʝʤʠ; ʛ) ʚʠʢʣʠʢʘʥʽ ʜʽʻʶ ʥʝʚʨʽʚʥʦʚʘʞʝʥʠʭ ʯʘʩʪʠʥ (ʜʠʩʙʘʣʘʥʩʦʤ); 

ʜ) ʚʠʢʣʠʢʘʥʽ ʩʠʣʘʤʠ ʽʥʝʨʮʽʾ; ʝ) ʩʫʧʫʪʥʽ ʚʽʙʨʘʮʽʡ ʧʨʠ ʨʽʟʘʥʥʽ. 

ʇʽʜ ʢʝʨʽʚʥʠʮʪʚʦʤ ʥʘʫʢʦʚʦʛʦ ʢʝʨʽʚʥʠʢʘ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜ 

ʚʠʷʚʣʝʥʥʷ ʚʧʣʠʚʫ ʪʠʧʫ ʟʘʪʠʩʢʥʦʛʦ ʧʘʪʨʦʥʘ ʥʘ ʥʝʢʨʫʛʣʽʩʪʴ ʦʙʨʦʙʣʝʥʦʾ ʜʝʪʘʣʽ 

(ʨʠʩ.2.1). ɼʝʪʘʣʴ ʜʽʘʤʝʪʨʘʤʠ 30/20 ʤʤ ʪʘ ʰʠʨʠʥʦʶ 45 ʤʤ ʦʜʥʦʯʘʩʥʦ 

ʦʙʨʦʙʣʷʣʘʩʴ ʚ ʮʘʥʛʦʚʦʤʫ ʪʘ 3-ʭ ʢʫʣʘʯʢʦʚʦʤʫ ʢʣʠʥʦʚʦʤʫ ʧʘʪʨʦʥʘʭ ʽ ʧʽʩʣʷ 

ʢʦʞʥʦʛʦ ʟʥʷʪʪʷ ʧʨʠʧʫʩʢʫ 0,5 ʤʤ ʥʘ ʩʪʦʨʦʥʫ ʢʦʥʪʨʦʣʶʚʘʣʘʩʴ ʥʝʢʨʫʛʣʽʩʪʴ ŭR. 

ʅʘ ʛʨʘʬʽʢʫ (ʨʠʩ.2.1) ʟʘʰʪʨʠʭʦʚʘʥʘ ʦʙʣʘʩʪʴ ï ʮʝ ʧʦʣʝ ʤʦʞʣʠʚʦʛʦ ʧʽʜʚʠʱʝʥʥʷ 

ʪʦʯʥʦʩʪʽ ʦʙʨʦʙʢʠ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʰʠʨʦʢʠʭ ʢʫʣʘʯʢʽʚ. 

ʅʘ ʨʠʩ.2.2. ʥʘʚʝʜʝʥʦ ʩʭʝʤʘ ʦʭʦʧʣʝʥʥʷ ʜʝʪʘʣʽ ʧʦ ʨʽʟʥʦʤʫ ʢʦʥʪʫʨʫ ʜʣʷ 

3-ʭ ʢʫʣʘʯʢʦʚʦʛʦ ʧʘʪʨʦʥʫ, ʮʘʥʛʦʚʦʛʦ ʧʘʪʨʦʥʫ ʪʦ ʦʧʨʘʚʢʠ. 
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ʈʠʩ.2.1. ʊʦʯʥʽʩʪʴ ʦʙʨʦʙʢʠ ʚ ʮʘʥʛʦʚʦʤʫ ʪʘ 3-ʭ ʢʫʣʘʯʢʦʚʦʤʫ ʢʣʠʥʦʚʦʤʫ 

ʧʘʪʨʦʥʘʭ.

 
 

ʈʠʩ.2.2. ʉʭʝʤʘ ʦʭʦʧʣʝʥʥʷ ʜʝʪʘʣʽ ʧʦ ʨʽʟʥʦʤʫ ʢʦʥʪʫʨʫ 

 

 

ʇʨʠ ʦʙʝʨʪʘʥʥʽ ʩʠʩʪʝʤʠ ʧʘʪʨʦʥ -ʜʝʪʘʣʴ ʾʾ ʞʦʨʩʪʢʽʩʪʴ ʫ ʨʘʜʽʘʣʴʥʦʤʫ 

ʥʘʧʨʷʤʽ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʢʫʪʦʤ ʨa  ʤʽʞ ʥʘʧʨʷʤʢʦʤ ʤʘʢʩʠʤʘʣʴʥʦʾ ʩʠʣʠ 
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ʟʘʪʠʩʢʫ maxT  ʪʘ ʨʘʜʽʘʣʴʥʦʾ ʩʢʣʘʜʦʚʦʾ ʩʠʣʠ ʨʽʟʘʥʥʷ ʨʈ, ʟʤʽʥʶʻʪʴʩʷ ʧʦ 

ʛʘʨʤʦʥʽʡʥʦʤʫ ʟʘʢʦʥʫ ʟ ʯʘʩʪʦʪʦʶ 
Zw : 

 

 

ʈʠʩ. 2.3. ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ  

 

;)( 1

max

-= xa ʨʨʨ CC  

);1cos2)(cos( +
Z

-
Z

=
p

a
p

x ʨ  

ʇʨʠʚʝʜʝʥʘ ʨʘʜʽʘʣʴʥʘ ʞʦʨʩʪʢʽʩʪʴ ʩʠʩʪʝʤʠ ʧʘʪʨʦʥ - ʜʝʪʘʣʴ ʤʘʻ ʚʠʛʣʷʜ: 

;
ɼʇ

ɼʇ

ɼʨʇ
ʉʉ

ʉʉ
C

Ö

+
=-  

ʜʝ 
ʇʉ  ʪʘ ɼʉ  - ʨʘʜʽʘʣʴʥʽ ʞʦʨʩʪʢʦʩʪʽ ʟʘʪʠʩʢʥʦʛʦ ʧʘʪʨʦʥʘ ʪʘ ʢʽʣʴʮʝʚʦʾ ʚʽʜʧʦʚʽʜʥʦ. 

ʈʘʜʽʘʣʴʥʘ ʞʦʨʩʪʢʽʩʪʴ ʧʘʪʨʦʥʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘʣʝʞʥʽʩʪʶ: 

;)()(
ÑÌC ðÏ
daj
+=  

ʜʝ )(aðÌ ï ʤʘʪʝʤʘʪʠʯʥʝ ʩʧʦʜʽʚʘʥʥʷ,  Ñd  - ʚʠʧʘʜʢʦʚʽ ʟʤʽʥʠ ʞʦʨʩʪʢʦʩʪʽ 

ʧʘʪʨʦʥʘ ʚ ʧʝʨʝʨʽʟʽ, ʱʦ ʻ ɻʘʫʩʽʚʩʴʢʠʤ ʚʠʧʘʜʢʦʚʠʤ ʧʨʦʮʝʩʦʤ ʽʟ ʧʦʩʪʽʡʥʦʶ 
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ʜʠʩʧʝʨʩʽʻʶ. ʄʘʪʝʤʘʪʠʯʥʝ ʩʧʦʜʽʚʘʥʥʷ ʨʘʜʽʘʣʴʥʦʾ ʞʦʨʩʪʢʦʩʪʽ ʦʧʠʩʫʻʪʴʩʷ 

ʧʦʣʽʛʘʨʤʦʥʽʯʥʠʤ ʧʨʦʮʝʩʦʤ. 

;)sin()cos()sin(
11

)( ää
==

Ö+Ö++=

N

n

nnk

Ì

ê

k mVmukaC jjyj
j

 

 ʜʝ ak ï ʘʤʧʣʽʪʫʜʠ ʪʘ ʧʦʯʘʪʢʦʚʘ ʬʘʟʘ ʛʘʨʤʦʥʽʢ, ʷʢʽ ʦʧʠʩʫʶʪʴ 

ʤʘʪʝʤʘʪʠʯʥʝ ʩʧʦʜʽʚʘʥʥʷ ʨʘʜʽʘʣʴʥʦʾ ʞʦʨʩʪʢʦʩʪʽ, Un, Vn ï ʚʠʧʘʜʢʦʚʽ ʚʝʣʠʯʠʥʠ ʟ 

ʥʦʨʤʘʣʴʥʠʤ ʟʘʢʦʥʦʤ ʨʦʟʧʦʜʽʣʫ ʟ ʜʠʩʧʝʨʩʽʻʶ ŭʩʭ
2. 

ʂʦʣʠʚʘʥʥʷ ʨʘʜʽʘʣʴʥʦʾ ʞʦʨʩʪʢʦʩʪʽ ʧʘʪʨʦʥʫ ʚʧʣʠʚʘʻ ʥʘ ʚʝʣʠʯʠʥʫ 

ʜʽʡʩʥʦʛʦ ʟʫʩʠʣʣʷ ʟʘʪʠʩʢʫ ʚ ʧʨʦʮʝʩʽ ʦʙʨʦʙʢʠ.  

ɺ ʧʨʦʮʝʩʽ ʦʙʨʦʙʢʠ ʧʨʠ ʦʙʝʨʪʘʥʥʽ ʟʘʢʨʽʧʣʝʥʦʾ ʟʘʛʦʪʦʚʢʠ ʧʝʨʝʤʽʱʝʥʥʷ 

ʧʽʜ ʟʘʪʠʩʢʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʙʽʣʴʰʝ, ʥʽʞ ʚ ʽʥʰʦʤʫ ʤʽʩʮʽ ʥʘ ʚʥʫʪʨʽʰʥʴʦʤʫ 

ʜʽʘʤʝʪʨʽ.  

ɼʝʬʦʨʤʘʮʽʾ ʟʘʛʦʪʦʚʢʠ ʟʘʪʠʩʢʫ ʚ ʢʫʣʘʯʢʦʚʦʤʫ ʧʘʪʨʦʥʽ ʦʪʨʠʤʘʥʽ ʟ ʪʝʦʨʽʾ 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʨʽʚʥʦʚʘʛʠ ʢʨʫʛʦʚʦʾ ʜʫʛʠ: 

EI

MR
y

d

yd 2

2

2

-=+
a

 

ʜʝ ʫ ï ʧʦʪʦʯʥʝ ʧʝʨʝʤʽʱʝʥʥʷ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʢʫʪʦʤ Ŭ ʨʘʜʽʫʩʘ ï ʚʝʢʪʦʨʘ 

k (ʨʠʩ.2.4), ʄ ï ʟʛʠʥʘʶʯʠʡ ʤʦʤʝʥʪ ʚ ʪʦʯʮʽ ʟ ʢʫʪʦʚʦʶ ʢʦʦʨʜʠʥʘʪʦʶ Ŭ, ɽɯ ï 

ʞʦʨʩʪʢʽʩʪʴ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ, R- ʨʘʜʽʫʩ ʜʝʪʘʣʽ .  

ʇʨʠ ʦʙʨʦʙʮ ̔ʥʘ ʜʝʪʘʣʴ ʜʽʻ ʨʘʜʽʘʣʴʥʘ ʩʢʣʘʜʦʚʘ ʩʠʣʠ ʨʽʟʘʥʥʷ ʈ (ʨʠʩ. 2.3). 

ɿʘʪʠʩʢʥʽ ʝʣʝʤʝʥʪʠ, ʢʽʣʴʢʽʩʪʶ z, ʩʪʚʦʨʶʶʪʴ ʩʠʣʠ ʟʘʪʠʩʢʫ, ʨʦʟʤʽʱʝʥʽ ʜʦ ʜʝʪʘʣʽ 

ʧʽʜ ʢʫʪʘʤʠ   (ʧʨʠ ʨʽʚʥʦʤʽʨʥʦʤʫ ʾʭ ʨʦʟʪʘʰʫʚʘʥʥʽ ʧʦ ʢʦʣʫ). 

ɿʤʽʥʥʘ ʩʢʣʘʜʦʚʘ ʨʘʜʽʘʣʴʥʦʾ ʞʦʨʩʪʢʦʩʪʽ ʚʠʥʠʢʘʻ ʪʘʢʦʞ ʯʝʨʝʟ ʢʨʫʪʠʣʴʥʫ 

ʧʦʜʘʪʣʠʚʽʩʪ ɹʟʘʪʠʩʢʥʠʭ ʝʣʝʤʝʥʪʽʚ ʽ ʟʤʽʥʠ ʫʤʦʚ ʾʭ ʢʦʥʪʘʢʪʫʚʘʥʥʷ ʟ ʜʝʪʘʣʣʶ ʚ 

ʧʨʦʮʝʩʽ ʨʽʟʘʥʥʷ.  

ʋʤʦʚʘ ʨʽʚʥʦʚʘʛʠ ʚʩʽʭ ʩʠʣ ʚ ʧʨʦʝʢʮʽʾ ʥʘ ʚʽʩʴ ʫ, ʢʦʣʠ ʩʠʣʘ ʧʨʠʢʣʘʜʝʥʘ ʥʘ 

ʢʫʣʘʯʦʢ,: 

)
2

1
(cos)

2

1
(cos 22 abab +Ö+-Ö= yCyʉF ʂʂ ;  
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ʜʝ ʉʢ- ʦʨʽʻʥʪʦʚʘʥʘ (ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʨʘʜʽʘʣʴʥʘ) ʞʦʨʩʪʢʽʩʪʴ ʩʠʩʪʝʤʠ 

ʧʘʪʨʦʥʫ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʫʪʘ ʧʦʚʦʨʦʪʫ, ʫ ï ʧʦʪʦʯʥʝ ʧʝʨʝʤʽʱʝʥʥʷ ʚ ʪʦʯʮʽ,  ɓ - 

ʢʫʪ ʜʫʛʠ ʟʘʛʦʪʦʚʢʠ, ʷʢʘ ʥʝ ʟʥʘʭʦʜʠʪʴʩʷ  ʚ ʢʦʥʪʘʢʪʽ ʟ ʢʫʣʘʯʢʘʤʠ.  

 
ʈʠʩ. 2.4. ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʧʨʠʢʣʘʜʝʥʥʷ ʩʠʣ ʚ ʧʘʪʨʦʥʽ ʧʨʠ ʦʙʨʦʙʮʽ 

 

ʇʨʠ ʧʨʠʢʣʘʜʝʥʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʢʫʣʘʯʦʢ ʞʦʨʩʪʢʽʩʪʴ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʚʽʜʥʦʰʝʥʥʷʤ 

;)
2

1
(cos)

2

1
(cos 22

ù
ú

ø
é
ê

è
++-Ö== ababkʉʉ

y

ʈ
 

ɺʟʷʚʰʠ ʧʝʨʰʫ ʧʦʭʽʜʥʫ ʚʽʜ ʟʘʟʥʘʯʝʥʦʛʦ ʚʠʨʘʟʫ, ʦʪʨʠʤʘʻʤʦ ʟʘʣʝʞʥʽʩʪʴ 

ʰʚʠʜʢʦʩʪʽ ʟʤʽʥʠ ʥʘʧʨʘʚʣʝʥʦʾ  ʦʨʽʻʥʪʦʚʘʥʦʾ ʞʦʨʩʪʢʦʩʪʽ ʧʘʪʨʦʥʫ ʧʦ ʢʫʪʫ (ʘʙʦ 

ʰʚʠʜʢʽʩʪʴ ʟʤʽʥʠ ʧʦʜʘʪʣʠʚʦʩʪʽ ʜʝʪʘʣʽ ʧʦ ʢʫʪʫ):   

)cossin
2

1
cossincos

2

1
(sin4 22 aabaab

a
ÖÖ-ÖÖÖ= kʉ

d

dʉ
 

ɺʟʷʚʰʠ ʜʨʫʛʫ ʧʦʭʽʜʥʫ, ʦʪʨʠʤʘʻʤʦ ʟʘʣʝʞʥʽʩʪʴ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʟʥʘʢʫ 

ʚʠʱʝʥʘʚʝʜʝʥʦʛʦ ʚʠʨʘʟʫ, ʪʦʙʪʦ ʨʦʟʪʷʛʥʝʥʥʷ ʘʙʦ ʩʪʠʩʢʘʥʥʷ ʤʘʪʝʨʽʘʣʫ ʜʝʪʘʣʽ:  

ba
a

cos2cos4
2

2

ÖÖ-= kʉ
d

ʉd
 

ʎʽ ʧʝʨʝʤʽʱʝʥʥʷ, ʟʫʤʦʚʣʝʥʽ ʚʠʱʝʟʘʟʥʘʯʝʥʠʤʠ ʬʘʢʪʦʨʘʤʠ, ʧʨʠʟʚʦʜʷʪʴ ʜʦ 

ʟʘʣʠʰʢʦʚʠʭ ʥʘʧʨʫʞʝʥʴ, ʪʘʢʦʞ ʜʦ ʧʝʨʝʥʦʩʫ ʚʽʜʭʠʣʝʥʴ ʬʦʨʤʠ ʥʘ ʟʦʚʥʽʰʥʽʡ 

ʩʪʦʨʦʥʽ ʢʽʣʴʮʝʚʦʾ ʜʝʪʘʣʽ, ʥʘ ʚʥʫʪʨʽʰʥʶ ʧʦʚʝʨʭʥʶ.  
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ʊʦʤʫ ʧʨʠ ʫʩʪʘʥʦʚʮʽ ʚ ʰʧʠʥʜʝʣʴ ʚʝʨʩʪʘʪʘ ʟʘʪʠʩʢʥʠʭ ʧʘʪʨʦʥʽʚ, ʦʩʪʘʥʥʽ 

ʥʝʦʙʭʽʜʥʦ ʦʨʽʻʥʪʫʚʘʪʠ ʧʦ ʢʫʪʦʚʽʡ ʢʦʦʨʜʠʥʘʪʽ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʥʘʧʨʷʤʢʠ 

ʥʘʡʙʽʣʴʰʦʶ ʧʦʜʘʪʣʠʚʦʩʪʽ ʩʠʩʪʝʤʠ çʧʘʪʨʦʥ-ʜʝʪʘʣʴè ʥʝ ʟʙʽʛʘʣʠʩʷ ʟ ʪʘʢʠʤʠ 

ʥʘʧʨʷʤʢʘʤʠ ʚ ʩʠʩʪʝʤʽ çʰʧʠʥʜʝʣʴ-ʦʧʦʨʠè, ʘ ʩʫʤʘʨʥʽ ʚʽʜʪʠʩʢʘʥʥʷ ʩʠʩʪʝʤʠ 

çʰʧʠʥʜʝʣʴ - ʧʘʪʨʦʥ - ʜʝʪʘʣʴè ʙʫʣʠ ʤʽʥʽʤʘʣʴʥʠʤʠ ʫ ʚʩʽʭ ʥʘʧʨʷʤʢʘʭ  

ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʟʘʣʝʞʥʽʩʪʴ ʰʚʠʜʢʦʩʪʽ ʟʤʽʥʠ ʥʘʧʨʘʚʣʝʥʦʾ  

ʦʨʽʻʥʪʦʚʘʥʦʾ ʞʦʨʩʪʢʦʩʪʽ ʧʘʪʨʦʥʫ ʧʦ ʢʫʪʫ ʧʨʠ ʜʘʥʠʭ: 

 

 

 

 

 

 

 

ʈʝʟʫʣʴʪʘʪʠ ʦʙʯʠʩʣʝʥʴ: 
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Pa( ) 4- CkÖ cos 2aÖ( )Ö cos b( )Ö:=
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31.329Ŀ10

31.311Ŀ10

3-2.42Ŀ10

703.216

31.834Ŀ10

3-2.23Ŀ10

21.62

32.212Ŀ10

3-1.863Ŀ10

-661.699

...

= Pa( )

3-4.885Ŀ10

32.033Ŀ10

33.193Ŀ10

3-4.691Ŀ10

710.78

34.099Ŀ10

3-4.122Ŀ10

-667.973
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ʈʠʩ. 2.5. ɻʨʘʬʽʢ ʟʘʣʝʞʥʦʩʪʽ 

 

 

ʉʫʤʘʨʥʘ ʧʦʭʠʙʢʘ ʦʙʨʦʙʢʠ ʻ ʬʫʥʢʮʽʻʶ ʚʽʜ ʧʝʨʝʤʽʱʝʥʴ: 

( )ñ DR=D UUUR POT ,, ; 

ʘʙʦ 

;2 222

DR++=D UUUR PT  

ʜʝ DRUUU POT ,,  - ʤʘʪʝʤʘʪʠʯʥʝ ʦʯʽʢʫʚʘʥʥʷ ʚʽʜʪʠʩʢʘʥʴ, ʱʦ ʚʠʢʣʠʢʘʥʽ 

ʚʽʜʧʦʚʽʜʥʦ ʩʠʣʦʶ ʟʘʪʠʩʢʫ äT , ʨʽʟʘʥʥʷ POP  ʪʘ ʜʠʥʘʤʽʯʥʦʶ ʩʢʣʘʜʦʚʦʶ ʩʠʣʠ 

ʨʽʟʘʥʥʷ POPD . ʍʘʨʘʢʪʝʨ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʢʨʫʛʣʦʩʪʽ, ʚʠʢʣʠʢʘʥʦʛʦ ʢʦʞʥʦʶ 

ʩʢʣʘʜʦʚʦʶ, ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ.2.5. ɺʨʘʭʦʚʫʶʯʠ ʟʤʽʥʥʠʡ ʭʘʨʘʢʪʝʨ ʩʢʣʘʜʦʚʦʾ 
DRU

, ʩʫʤʘʨʥʫ ʧʦʭʠʙʢʫ ʦʙʨʦʙʢʠ ʢʽʣʴʮʝʚʦʾ ʜʝʪʘʣʽ ʫ ʨʘʜʽʘʣʴʥʦʤʫ ʥʘʧʨʷʤʢʫ ʤʦʞʥʘ 

ʧʨʝʜʩʪʘʚʠʪʠ ʫ ʚʠʛʣʷʜʽ : 

TEKCP RRR D°D=D ; 

ʜʝ  

( )ñ=D PTCP UUR ,   ʪʘ ( )ñD=D PTEK UR . 

0 50 100
3- 10

3
³
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³
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ʘ) ʙ) ʠ) 

ʈʠʩ 2.5. ʇʦʭʠʙʢʠ ʦʙʨʦʙʢʠ ʢʽʣʴʮʝʚʦ ʾʜʝʪʘʣʽ ʚʽʜ ʩʠʣʠ ʟʘʪʠʩʢʫ (ʘ), ʩʠʣʠ 

ʨʽʟʘʥʥʷ (ʙ) ʪʘ ʟʤʽʥʥʦʾ ʩʢʣʘʜʦʚʦʾ ʩʠʣʠ ʨʽʟʘʥʥʷ (ʚ) 

 

 

ɺʠʟʥʘʯʠʤʦ ʚʝʣʠʯʠʥʫ ʩʢʣʘʜʦʚʦʾ ʩʠʣʠ ʧʝʨʝʤʽʱʝʥʥʷ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ ʚʠʨʘʟʫ. 

ɼʣʷ ʮʴʦʛʦ ʨʦʟʛʣʷʥʝʤʦ ʧʨʦʮʝʩ ʟʘʪʠʩʢʫ ʢʽʣʴʮʝʚʠʭ ʜʝʪʘʣʝʡ ʫ ʧʘʪʨʦʥʘʭ. ʋʤʦʚʘ 

ʨʽʚʥʦʚʘʛʠ ʢʽʣʴʮʷ ʧʽʜ ʜʽʻʶ ʩʠʣ ʟʘʪʠʩʢʫ ʪʘ ʨʽʟʘʥʥʷ ʤʘʻ ʚʠʛʣʷʜ: 

;0sincoscossin =-+ä-ä KYKZiTPiii PPFT jjjj  

;0cossinsincos =--ä-ä KYKZiTPiii PPFT jjjj  

;0=Öä-ä OTPiOZ RFRP  

ʈʦʟʛʣʷʥʝʤʦ ʧʨʦʮʝʩ ʟʘʪʠʩʢʫ ʜʝʪʘʣʽ ʫ ʧʘʪʨʦʥʽ. ʇʨʠʧʫʩʪʠʤʦ, ʱʦ ʪʦʯʢʘ 
1A  

ʟʦʚʥʽʰʥʴʦʾ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʽ ʚʟʘʻʤʦʜʽʻ ʟ ʟʘʪʠʩʢʥʠʤ ʝʣʝʤʝʥʪʦʤ. ʋ ʧʨʦʮʝʩʽ 

ʟʘʪʠʩʢʫ ʧʽʜ ʜʽʻʶ ʩʠʣʠ T  ʯʝʨʝʟ ʨʦʟʩʽʶʚʘʥʥʷ ʤʦʤʝʥʪʽʚ ʩʠʣ ʪʘ ʞʦʨʩʪʢʦʩʪʝʡ 
PCD  

ʪʘ nCD  ʧʘʪʨʦʥʘ ʪʦʯʢʘ 
1A  ʟʘʡʥʷʣʘ ʧʦʣʦʞʝʥʥʷ 

2A, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʝʢʪʦʨʦʤ ʆɸ, 

ʢʫʪʦʤ ( )jj D+  ʪʘ ʢʫʪʦʤ ʧʦʚʦʨʦʪʫ ʜʦʪʠʯʥʦʾ ʜʦ ʦʩʴʦʚʦʾ ʣʽʥʽʾ ʫ ʥʝʜʝʬʦʨʤʦʚʘʥʦʤʫ 

ʩʪʘʥʽ q. ɺʠʜʦʚʞʝʥʥʷ ʝʣʝʤʝʥʪʽʚ ʢʽʣʴʮʷ ʙʫʜʝ: 

öö
÷

õ
ææ
ç

å

µ

µ
+=E
j

n
U

RO

1
' , 

ʟʤʽʥʘ ʢʨʠʚʠʟʥʠ  

jqc dRd O/= ; 

ʢʫʪ ʧʦʚʦʨʦʪʫ ʜʦʪʠʯʥʦʾ ʜʦ ʦʩʽ ʢʽʣʴʮʷ ʫ ʥʝʜʝʬʦʨʤʦʚʘʥʦʤʫ ʩʪʘʥʽ:  
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( )njq -= ddURO //1 . 

ʗʢʱʦ ʟʥʝʭʪʫʚʘʪʠ ʚʧʣʠʚʦʤ ʨʦʟʪʷʛʥʝʥʥʷ ʦʩʽ ʢʽʣʴʮʷ, ʪʦʙʪʦ ʧʨʠʧʫʩʪʠʪʠ 

0/ =+ jn ddU , ʪʦ ʪʦʜʽ ɽ=0. ʇʦʜʦʚʞʝʥʥʷ ɽç1, ʪʦʜʽ ʢʫʪ ʧʦʚʦʨʦʪʫ ʜʦʪʠʯʥʦʾ q ʪʘ 

ʟʤʽʥʘ ʢʨʠʚʠʟʥʠ c ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ ʚʧʣʠʚʫ ʧʦʜʦʚʞʝʥʥʷ ɽ. 

ʄʦʞʥʘ ʟʘʧʠʩʘʪʠ ʥʘʩʪʫʧʥʽ ʚʠʨʘʟʠ, ʱʦ ʦʧʠʩʫʶʪʴ ʛʝʦʤʝʪʨʽʶ ʜʝʬʦʨʤʘʮʽʾ ʢʽʣʴʮʷ 

ʫ ʡʦʛʦ ʧʣʦʱʠʥʽ: 

öö
÷

õ
ææ
ç

å

µ

µ
+=E
j

n
U

RO

1
' ; 

( )njq -= ddURO //1 ; 

)(/1
2

2
2

j

n

j
c

d

d

d

Ud
RO -= . 

ɿʤʽʥʘ ʢʨʠʚʠʟʥʠ ʢʽʣʴʮʷ ʤʦʞʥʘ ʧʽʜʨʘʭʫʚʘʪʠ ʧʦ ʬʦʨʤʫʣʘʤ: 

);(
1

2

2

2
U

d

Ud

RO

+=
j

c    

 ).(
1

3

3

2 j

n

j

n
c

d

d

d

d

RO

+=   

 
ʈʠʩ. 2.7.  ʉʭʝʤʘ ʜʝʬʦʨʤʘʮʽʾ ʪʦʥʢʦʩʪʽʥʥʦʛʦ ʢʽʣʴʮʷ 
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ʈʠʩ. 2.8. ʉʭʝʤʘ ʜʝʬʦʨʤʘʮʽʾ ʝʣʝʤʝʥʪʘʨʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ʪʦʥʢʦʩʪʽʥʥʦʛʦ ʢʽʣʴʮʷ 

 

ʇʝʨʝʤʽʱʝʥʥʷ ʪʦʯʢʠ ɸ ʢʽʣʴʮʝʚʦʾ ʜʝʪʘʣʽ, ʚʠʢʣʠʢʘʥʽ ʩʠʣʘʤʠ ʟʘʪʠʩʢʫ ST : 

].2)cos())(
2

)(sin()[(
3

----
-

--= AA
A

AA
O

T
EI

TR
U jbjbp

jb
jbjb     

ʇʝʨʝʤʽʱʝʥʥʷ ʪʦʯʢʠ ɸ ʢʽʣʴʮʝʚʦʾ ʜʝʪʘʣʽ, ʚʠʢʣʠʢʘʥʽ ʩʠʣʦʶ ʨʽʟʘʥʥʷ POP : 

ù
ú

ø
é
ê

è
+-+-+-= 2cos)

34

3

2
(sin)(

4

323

K
K

KKAK
OPO

p
EI

RP
U j

pj
pjjjj

p . 

 

2.1. ɺʧʣʠʚ ʢʫʪʘ ʦʭʦʧʣʝʥʥʷ ʧʨʠʢʣʘʜʝʥʥʷ ʟʫʩʠʣʣʷ ʟʘʪʠʩʢʫ 

ɺʠʟʥʘʯʠʤʦ ʩʪʫʧʽʥʴ ʚʧʣʠʚ ʧʦʭʠʙʦʢ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʟʘʢʨʽʧʣʝʥʥʷ ʪʦʥʢʦʩʪʽʥʥʦʛʦ ʢʽʣʴʮʷ ʧʦ ʟʦʚʥʽʰʥʽʡ ʧʦʚʝʨʭʥʽ ʚ ʪʨʠʢʫʣʘʯʢʦʚʦʤʫ  

ʧʘʪʨʦʥʽ ʧʨʠ  ʚʠʛʦʪʦʚʣʝʥʥ ̔ʢʽʣʝʮʴ ʧʽʜʰʠʧʥʠʢʽʚ, ʷʢ ʯʠʥʥʠʢʘ,  ʱʦ ʚʧʣʠʚʘʻ ʥʘ 

ʪʦʯʥʽʩʪʴ. ʇʨʠ ʟʘʢʨʽʧʣʝʥʥʽ ʥʝʞʦʨʩʪʢʠʭ ʟʘʛʦʪʦʚʦʢ, ʢʨʽʤ ʾʭ ʤʦʞʣʠʚʦʛʦ ʟʩʫʚʫ, 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʜʝʬʦʨʤʘʮʽʷ ʟʘʛʘʣʴʥʦʛʦ ʭʘʨʘʢʪʝʨʫ, ʷʢʘ ʦʭʦʧʣʶʻ ʙʽʣʴʰ ʤʝʥʰ 

ʟʥʘʯʥʽ ʜʽʣʷʥʢʠ, ʱʦ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʟʦʥʽ ʦʙʨʦʙʢʠ. ɺ ʮʴʦʤʫ 

ʚʠʧʘʜʢʫ ʧʦʚʝʨʭʥʽ, ʱʦ ʧʽʜʜʘʶʪʴʩʷ ʦʙʨʦʙʮʽ, ʦʪʨʠʤʫʶʪʴ ʚʽʜʧʦʚʽʜʥʽ ʩʧʦʪʚʦʨʝʥʥʷ 

ʬʦʨʤʠ.  
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ʈʠʩ. 2.9. ʉʭʝʤʘ ʩʠʣ, ʱʦ ʜʽʶʪʴ ʧʨʠ ʟʘʪʠʩʢʫ  ʢʽʣʴʮʷ ʚ ʪʨʠʢʫʣʘʯʢʦʚʦʤʫ ʧʘʪʨʦʥʽ 

 

ʇʨʠ ʪʝʦʨʝʪʠʯʥʦʤʫ ʨʦʟʨʘʭʫʥʢʫ ʜʝʬʦʨʤʘʮʽʾ ʪʦʥʢʦʩʪʽʥʥʦʛʦ ʢʽʣʴʮʷ ʟʘ 

ʦʩʥʦʚʫ ʙʫʣʘ ʫʟʷʪʘ ʤʝʪʦʜʠʢʘ ʽ ʩʭʝʤʘ, ʟʘʧʨʦʧʦʥʦʚʘʥʘ ɺ.ʉ. ʂʦʨʩʘʢʦʚʠʤ [24]  ̔  ʉ.ɯ. 

ɹʣʽʥʥʠʢʦʤ.  ɹʣʠʥʥʠʢ ʉ. ʀ., ʄʘʣʠʥʠʥ ʅ. ʅ.. ʇʦʥʦʤʘʨʝʚ ʉ.ɼ., ʌʝʜʦʩʝʝʚ ɺ. ʀ., ʏʝʨʥʳʰʸʚ ʅ. ʀ., ʅʦʚʳʝ 

ʤʝʪʦʜʳ ʨʘʩʯʸʪʘ ʧʨʫʞʠʥ, ʄʘʰʛʠʟ, ʄ. 1946.  [c.211] 

     

ʈʠʩ.2.10. ʉʭʝʤʘ ʟʘʢʨʽʧʣʝʥʥʷ ʢʽʣʴʮʷ ʚ ʪʨʴʦʭ ʰʠʨʦʢʠʭ ʢʫʣʘʯʢʘʭ 

                

http://mash-xxl.info/page/120206103160141177210210155073025059119085202243
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ʜʝ Q/2 ï ʟʫʩʠʣʣʷ ʟʘʪʠʩʢʫ ʢʫʣʘʯʢʽʚ; 
aa - ʢʫʪ ʦʭʦʧʣʝʥʥʷ ʢʫʣʘʯʢʽʚ; ʭ ï ʟʘʟʦʨ 

ʤʽʞ ʢʫʣʘʯʢʦʤ ʽ ʢʽʣʴʮʝʤ; 
aj - ʢʫʪ ʤʽʞ ʧʝʨʝʪʠʥʦʤ ʆʆ ̔ ʧʦʪʦʯʥʠʤ ʧʝʨʝʪʠʥʦʤ m-

m, ʜʣʷ ʷʢʦʛʦ ʟʥʘʭʦʜʠʪʴʩʷ ʧʝʨʝʤʽʱʝʥʥʷ . 

ɼʝʬʦʨʤʘʮʽʾ, ʱʦ ʚʠʥʠʢʘʶʪʴ, ʚ ʧʝʨʝʪʠʥʘʭ 1-1 ̔  2-2, ʪʦʙʪʦ ʥʘʡʙʽʣʴʰʠʡ ʧʨʦʛʠʥ 

ʪʘ ʚʠʧʫʯʫʚʘʥʥʷ: 

EIcos

PR
ʉ

Ö

Ö=

2
2

3

1 a
d , 

ʜʝ ʉ1 ï ʢʦʝʬʽʮʽʻʥʪ, ʟʘʣʝʞʥʠʡ ʚʽʜ ʢʫʪʘ ʦʙʭʚʘʪʫ ʢʫʣʘʯʢʽʚ ʽ ʧʝʨʝʪʠʥʫ. 

  

  

ʈʠʩ.2.11. ʉʭʝʤʘ ʟʘʢʨʽʧʣʝʥʥ̫ ʪʦʥʢʦʩʪʥ̔ʥʦʾ ʜʝʪʘʣ ̔ʚ ʪʨɹʦʭ ʰʠʨʦʢʠʭ 

ʢʫʣʘʯʢʘʭ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʩʠʣ ʪʝʨʪʷ 
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 ʅʘ ʧʽʜʩʪʘʚʽ ʚʠʱʝʥʘʚʝʜʝʥʠʭ ʬʦʨʤʫʣ  ʤʦʞʥʘ ʟʘʧʨʦʧʦʥʫʚʘʪʠ ʥʘʩʪʫʧʥʽ 

ʟʘʣʝʞʥʦʩʪʽ ʚʧʣʠʚʫ ʢʫʪʘ ʦʭʦʧʣʝʥʥʷ ű ʢʫʣʘʯʢʘ ʦʙʨʦʙʣʶʚʘʥʽʡ ʥʘ ʥʝʢʨʫʛʣʽʩʪʴ, 

ʦʙʨʦʙʣʝʥʦʾ ʜʝʪʘʣʽ,   ʷʢʘ ʤʦʞʝ ʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠʩʷ ʢʦʝʬʽʮʽʻʥʪʦʤ ʉ ʚ ʟʘʣʝʞʥʦʩʪʽ 

ʚʽʜ  ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 
âí

3

d

d
 (ʨʠʩ. 2.12.). 

ʉʪʚʦʨʝʥʘ ʢʦʤʧ'ʶʪʝʨʥʘ ʤʦʜʝʣʴ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʥʠʢʘʶʯʠʭ ʧʦʭʠʙʦʢ 

ʧʨʠ ʟʘʢʨʽʧʣʝʥʥʽ ʪʦʥʢʦʩʪʽʥʥʦʛʦ ʜʽʘʤʝʪʨʦʤ ʢʽʣʴʮʷ 400 ʤʤ ʚ ʪʨʴʦʭʢʫʣʘʯʢʦʚʦʤʫ 

ʧʘʪʨʦʥʽ ʩʠʣʦʶ 1200 ʅ ʥʘ ʢʦʞʥʦʤʫ ʢʫʣʘʯʢʫ ʟ ʨʽʟʥʠʤʠ ʢʫʪʘʤʠ ʦʙʭʚʘʪʫ ( ʷ ʙʨʘʚ 

20 ʛʨʘʜ.,  40 ʛʨʘʜ. ʪʘ 60 ʛʨʘʜ.) ʚ ʧʨʦʛʨʘʤʽ ANSYS Workbench. ʇʨʠ ʮʴʦʤʫ ʜʝʪʘʣʴ 

ï ʢʽʣʴʮʝ ʢʦʥʩʦʣʴʥʦ ʟʘʢʨʽʧʠʚ ʟʘ ʪʦʨʝʮʴ. ɼʝʬʦʨʤʘʮʽʾ ʤʽʟʝʨʥʽ, ʷʢ ʽ ʥʘʧʨʫʞʝʥʥʷ. ʗ 

ʥʝ ʘʥʘʣʽʟʫʚʘʚ ʟ ʧʨʠʢʣʘʜʘʥʥʷʤ 800 ʪʘ 500 ʅ, ʦʩʢʽʣʴʢʠ ʥʘʚʽʪʴ ʧʨʠ 1200 ʅ ʚʩʝ 

ʩʪʘʣʦ ʜʦʙʨʝ.  

(ʘ) 
















































