
 

 

 

ʪʰʵʸʪʰ ʽʨʸʯʭʬʲʰშʭʰʲʰ 

ʹʨʳʬწʨʸʳʬʵ ʹʼʬʸʵʹ ʶʸʵʫʻʽცʰʰʹ ხʨʸʰʹხʰʹ 

ʶʨʸʨʳʬʺʸʬʩʰʹ ʱʵʴʺʸʵʲʰʹ, ʪʨʳʵცʫʰʲʬʩʰʹ ʫʨ 

ʪʨʮʵʳʭʬʩʰʹ ʳʨʯʬʳʨʺʰʱʻʸʰ ʳʵʫʬʲʰʸʬʩʨ 

წʨʸʳʵʫʪʬʴʰʲʰʨ  ʫʵʽʺʵʸʰʹ ʨʱʨʫʬʳʰʻʸʰ ხʨʸʰʹხʰʹ  

ʳʵʹʨʶʵʭʬʩʲʨʫ 

ʹʨʽʨʸʯʭʬʲʵʹ ʺʬʽʴʰʱʻʸʰ ʻʴʰʭʬʸʹʰʺʬʺʰ 

ʯʩʰʲʰʹʰ, 0175, ʹʨʽʨʸʯʭʬʲʵ 

ʯʭʬ,      2013 წʬʲʰ 

 

ʹʨʨʭʺʵʸʵ ʻʼʲʬʩʨ © წʬʲʰ,  ნʪʰʵʸʪʰ ʽʨʸʯʭʬʲʰშʭʰʲʰ, 2013 წʬʲʰნ 



ii 

 

ʹʨʽʨʸʯʭʬʲʵʹ ʺʬʽʴʰʱʻʸʰ ʻʴʰʭʬʸʹʰʺʬʺʰ 

 

ʰʴʼʵʸʳʨʺʰʱʰʹʨ ʫʨ ʳʨʸʯʭʰʹ ʹʰʹʺʬʳʬʩʰʹ ʼʨʱʻʲʺʬʺʰ 

 

 

 

ˁʭʬʴ,  ʽʭʬʳʵʸʬ ˆʬʲʰʹʳʵʳ˄ʬʸʴʰ ʭʨʫʨʹʺʻʸʬʩʯ, ʸʵʳ ʪʨʭʬ˂ʨʴʰʯ 

ʪʰʵʸʪʰ ʽʨʸʯʭʬʲʰˀʭʰʲʰʹ ʳʰʬʸ ˀʬʹʸʻʲʬʩʻʲ ʹʨʫʰʹʬʸʺʨ˂ʰʵ ʴʨˀʸʵʳʹ 

ʫʨʹʨˆʬʲʬʩʰʯ: ʹʨʳʬ˄ʨʸʳʬʵ ʹʼʬʸʵʹ ʶʸʵʫʻʽ˂ʰʰʹ ˆʨʸʰʹˆʰʹ ʶʨʸʨʳʬʺʸʬʩʰʹ 

ʱʵʴʺʸʵʲʰʹ, ʪʨʳʵ˂ʫʰʲʬʩʰʹ ʫʨ ʪʨʮʵʳʭʬʩʰʹ ʳʨʯʬʳʨʺʰʱʻʸʰ ʳʵʫʬʲʰʸʬʩʨნ 

ʫʨ ʭʨ˃ʲʬʭʯ ʸʬʱʵʳʬʴʫʨ˂ʰʨʹ ʹʨʽʨʸʯʭʬʲʵʹ ʺʬʽʴʰʱʻʸʰ ʻʴʰʭʬʸʹʰʺʬʺʰʹ  

ʰʴʼʵʸʳʨʺʰʱʰʹʨ ʫʨ  ʳʨʸʯʭʰʹ    ʹʰʹʺʬʳʬʩʰʹ   ʼʨʱʻʲʺʬʺʰʹ ʹʨʫʰʹʬʸʺʨ˂ʰʵ 

ʹʨʩ˅ʵˀʰ ʳʰʹ ʪʨʴˆʰʲʭʨʹ ʫʵʽʺʵʸʰʹ ʨʱʨʫʬʳʰʻʸʰ ˆʨʸʰʹˆʰʹ ʳʵʹʨʶʵʭʬʩʲʨʫ. 

 

2013 ˄ʬʲʰ 

  

ˆʬʲʳ˃ʾʭʨʴʬʲʰ: 1.  ʺ.ʳ.ʱ., ʨʹʵ˂ʰʸʬʩʻʲʰ ʶʸʵʼʬʹʵʸʰ 

     ʴʵʫʨʸ ʨʩʬʲʨˀʭʰʲʰ 

ʸʬ˂ʬʴʮʬʴʺʰ:  

ʸʬ˂ʬʴʮʬʴʺʰ:  

ʸʬ˂ʬʴʮʬʴʺʰ:  
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ʹʨʽʨʸʯʭʬʲʵʹ ʺʬʽʴʰʱʻʸʰ ʻʴʰʭʬʸʹʰʺʬʺʰ 

2013    ˄ʬʲʰ  

 

ʨʭʺʵʸʰ:  ʪʰʵʸʪʰ ʽʨʸʯʭʬʲʰˀʭʰʲʰ 

ʫʨʹʨˆʬʲʬʩʨ: ʹʨʳʬ˄ʨʸʳʬʵ ʹʼʬʸʵʹ ʶʸʵʫʻʽ˂ʰʰʹ ˆʨʸʰʹˆʰʹ 

ʶʨʸʨʳʬʺʸʬʩʰʹ ʱʵʴʺʸʵʲʰʹ, ʪʨʳʵ˂ʫʰʲʬʩʰʹ ʫʨ 

ʪʨʮʵʳʭʬʩʰʹ ʳʨʯʬʳʨʺʰʱʻʸʰ ʳʵʫʬʲʰʸʬʩʨ 

ʼʨʱʻʲʺʬʺʰ :  ʰʴʼʵʸʳʨʺʰʱʰʹʨ ʫʨ ʳʨʸʯʭʰʹ ʹʰʹʺʬʳʬʩʰʹ ʼʨʱʻʲʺʬʺʰ 

ˆʨʸʰʹˆʰ:    ʫʵʽʺʵʸʰ 

ʹˆʫʵʳʨ ˁʨʺʨʸʫʨ:  2013 ˄ʲʰʹ  

 

ʰʴʫʰʭʰʫʻʨʲʻʸʰ ʶʰʸʵʭʴʬʩʬʩʰʹ ʨʴ ʰʴʹʺʰʺʻʺʬʩʰʹ ʳʰʬʸ 

ʮʬʳʵʳʵʿʭʨʴʰʲʰ ʫʨʹʨˆʬʲʬʩʰʹ ʫʰʹʬʸʺʨ˂ʰʰʹ ʪʨ˂ʴʵʩʰʹ ʳʰʮʴʰʯ ʳʵʯˆʵʭʴʰʹ 

ˀʬʳʯˆʭʬʭʨˀʰ ʳʰʹʰ ʨʸʨʱʵʳʬʸ˂ʰʻʲʰ ʳʰʮʴʬʩʰʯ ʱʵʶʰʸʬʩʰʹʨ ʫʨ ʪʨʭʸ˂ʬʲʬʩʰʹ 

ʻʼʲʬʩʨ ʳʰʴʰ˅ʬʩʻʲʰ ʨʽʭʹ ʹʨʽʨʸʯʭʬʲʵʹ ʺʬʽʴʰʱʻʸ ʻʴʰʭʬʸʹʰʺʬʺʹ. 

 

ʨʭʺʵʸʰʹ ˆʬʲʳʵ˄ʬʸʨ 

 

 

ʨʭʺʵʸʰ ʰʴʨʸˁʻʴʬʩʹ ʫʨʴʨʸˁʬʴ ʹʨʪʨʳʵʳ˂ʬʳʲʵ ʻʼʲʬʩʬʩʹ ʫʨ ʨʸ˂ 

ʳʯʲʰʨʴʰ ʴʨˀʸʵʳʰʹ ʫʨ ʨʸ˂ ʳʰʹʰ ˂ʨʲʱʬʻʲʰ ʱʵʳʶʵʴʬʴʺʬʩʰʹ ʪʨʫʨʩʬ˅ʫʭʨ ʨʴ 

ʹˆʭʨ ʸʨʰʳʬ ʳʬʯʵʫʰʯ ʸʬʶʸʵʫʻʽ˂ʰʨ ʫʨʻˀʭʬʩʬʲʰʨ ʨʭʺʵʸʰʹ ˄ʬʸʰʲʵʩʰʯʰ 

ʴʬʩʨʸʯʭʰʹ ʪʨʸʬˀʬ.  

ʨʭʺʵʸʰ ʰʸ˄ʳʻʴʬʩʨ, ʸʵʳ ʴʨˀʸʵʳˀʰ ʪʨʳʵʿʬʴʬʩʻʲʰ ʹʨʨʭʺʵʸʵ 

ʻʼʲʬʩʬʩʰʯ ʫʨ˂ʻʲʰ ʳʨʹʨʲʬʩʮʬ ʳʰʾʬʩʻʲʰʨ ˀʬʹʨʩʨʳʰʹʰ ʴʬʩʨʸʯʭʨ (ʪʨʸʫʨ 

ʰʹ ʳ˂ʰʸʬ ʮʵʳʰʹ ˂ʰʺʨʺʬʩʰʹʨ, ʸʵʳʲʬʩʰ˂ ʳʵʰʯˆʵʭʬʴ ʳˆʵʲʵʫ ʹʶʬ˂ʰʼʰʻʸ 

ʳʰʳʨʸʯʬʩʨʹ ʲʰʺʬʸʨʺʻʸʰʹ ˂ʰʺʰʸʬʩʨˀʰ, ʸʵʪʵʸ˂ ʬʹ ʳʰʾʬʩʻʲʰʨ 

ʹʨʳʬ˂ʴʰʬʸʵ ʴʨˀʸʵʳʬʩʰʹ ˀʬʹʸʻʲʬʩʰʹʨʹ) ʫʨ ʿʭʬʲʨ ʳʨʯʪʨʴʮʬ ʰʾʬʩʹ 

ʶʨʹʻˆʰʹʳʪʬʩʲʵʩʨʹ. 

 

 



iv 

 

ʸʬʮʰʻʳʬ 

ʱʭʲʬʭʰʹ ʨʽʺʻʨʲʵʩʨ. ʽʭʬʿʨʴʨˀʰ ʹʻʲ ʻʼʸʵ ʳʨʺʻʲʵʩʹ 
ʯʨʴʨʳʬʫʸʵʭʬ ʺʬʽʴʰʱʻʸʰ ʫʨ ʺʬʽʴʵʲʵʪʰʻʸʰ ʹʨˀʻʨʲʬʩʬʩʰʯ ʨʾ˅ʻʸʭʰʲʰ  
ʹʨ˄ʨʸʳʵʵ-ʺʬʽʴʰʱʻʸʰ ʫʨ ʺʬʽʴʵʲʵʪʰʻʸʰ ʫʨʴʰˀʴʻʲʬʩʰʹ ʹʨ˄ʨʸʳʵʯʨ 
ʸʨʵʫʬʴʵʩʨ, ʸʨ˂ ʽʭʬʿʴʰʹ ʳʹʵʼʲʰʵ ʳ˄ʨʸʳʵʬʩʲʻʸ ʰʴʼʸʨʹʺʸʻʽʺʻʸʨˀʰ 
ˁʨʸʯʭʰʹ ʱʭʨʲʵʩʨʮʬ ʳʵʹʨʲʵʫʴʬʲʰʨ, ʸʵʳ ʱʰʫʬʭ ʻʼʸʵ ʪʨʰʮʸʫʵʹ, ʬʹ ʱʰ 
ˀʬʹʨʩʨʳʰʹʰ ʫʨʸʪʬʩʰʹ ʻʼʸʵ ʳʬʺ ʰʴʺʬʪʸʨ˂ʰʨʹ ʫʨ ʺʬʽʴʰʱʻʸʰ 
ʪʨʫʨ˄ʿʭʬʺʬʩʰʹʨʫʳʰ ʳʵʯˆʵʭʴʰʲʬʩʬʩʹʨ ʫʨ ʰʴʺʬʸʬʹʬʩʹ ʱʰʫʬʭ ʻʼʸʵ 
ʪʨʮʸʫʰʹ. ʨʳʰʺʵʳ ʳʨʾʨʲʰ ʼʰʴʨʴʹʻʸʰ  ʺʬʭʨʫʵʩʰʹ ʳʽʵʴʬ ʶʸʵʬʽʺʬʩˀʰ 
ʵʩʰʬʽʺʰʹ ʽ˂ʬʭʰʹ ˄ʬʹʬʩʰʹ, ʳʨʯʰ ʹʨʬʽʹʶʲʵʨʺʨ˂ʰʵ ʳʨˆʨʹʰʨʯʬʩʲʬʩʰʹ 
˄ʰʴʨʹ˄ʨʸʰ ˀʬʹ˄ʨʭʲʨ, ʨʹʬʭʬ ʱʵʴʺʸʵʲʰʹʨ ʫʨ ʳʵʴʰʺʵʸʰʴʪʰʹ ʵʶʬʸʨ˂ʰʬʩʮʬ 
ʱʭʨʲʰʼʰ˂ʰʸʬʩʻʲʰ ʱʨʫʸʬʩʰʹ ʳʵʳʮʨʫʬʩʨ ʻʳʴʰˀʭʴʬʲʵʭʨʴʬʹ ʨʳʵ˂ʨʴʨʯʨ 
ʸʰʪʹ ʪʨʴʬʱʻʯʭʴʬʩʨ. 

 ʨʳ ʨʳʵ˂ʨʴʰʹ ʻʮʸʻʴʭʬʲʿʵʼʨ ʪʨʹʨʮʵʳʰ ʶʨʸʨʳʬʺʸʰʹ 
ʹʶʬ˂ʰʼʰʱʻʸʵʩʰʹ ʪʨʳʵ, ʿʵʭʬʲʯʭʰʹ ʨʫʭʰʲʨʫ ʳʰʾ˄ʬʭʨʫʰ ʨʳʵ˂ʨʴʨ ʨʸ ʨʸʰʹ, 
ʪʨʴʹʨʱʻʯʸʬʩʰʯ ʻ˄ʿʭʬʺʰ ˂ʰʱʲʰʯ ʳʵʽʳʬʫʰ, ʨʹʬʭʬ ʫʨʶʸʵʬʽʺʬʩʰʹ 
ʹʺʨʫʰʨˀʰ ʳʿʵʼʰ ʶʸʵ˂ʬʹʬʩʰʹʨʯʭʰʹ, ʪʨʴʹʨʱʻʯʸʬʩʰʯ ʯʻ ʨʻ˂ʰʲʬʩʬʲʰʨ 
ʳʵʳʹʨˆʻʸʬ ʵʶʬʸʨʺʵʸʬʩʰʹ ˄ʰʴʨʹ˄ʨʸʰ ʳʵʳʮʨʫʬʩʨ, ʨʴ ʪʨʴʹʨʱʻʯʸʬʩʻʲ 
ʹʰʺʻʨ˂ʰʬʩˀʰ ʶʸʵ˂ʬʹʰʹʨ ʫʨ ʳʵʳʹʨˆʻʸʬ ʵʶʬʸʨʺʵʸʬʩʰʹ ʽ˂ʬʭʰʹ ˄ʬʹʬʩʰʹ 
ˀʬʹ˄ʨʭʲʨ ʫʨ ʫʨʫʪʬʴʨ. 

ʹʨʫʰʹʬʸʺʨ˂ʰʵ ʴʨˀʸʵʳʰʹ ˃ʰʸʰʯʨʫʰ ʪʨʴʹʨˆʰʲʭʬʲʰ ʯʬʳʨ ʪʨʮʵʳʭʰʹ 
ʶʸʵ˂ʬʹʰʹ ʳʨʯʬʳʨʺʰʱʻʸʰ ʫʨ ʭʰʸʺʻʨʲʻʸʰ ʳʵʫʬʲʰʸʬʩʰʹ ʹʨʱʰʯˆʬʩʰʨ 
ʳʰʲʹʨʫʬʴʰ ʺʸʨʴʹʶʵʸʺʰʯ ʪʨʫʨʮʰʫʭʰʹ ˆʨʸʰʹˆʰʹ ʶʨʸʨʳʬʺʸʬʩʰʹ 
ʱʵʴʺʸʵʲʰʹ, ʪʨʳʵ˂ʫʰʹʨ ʫʨʪʨʮʵʳʭʰʹ ʶʸʵ˂ʬʹʬʩʰʹ ʻʮʸʻʴʭʬʲʿʵʼʰʹʨʯʭʰʹ. 

ʹʨʫʰʹʬʸʺʨ˂ʰʵ ʴʨˀʸʵʳʰʹ ˃ʰʸʰʯʨʫʰ ʹʰʨˆʲʬ ʳʫʪʵʳʨʸʬʵʩʹ 

ʶʸʵʫʻʽ˂ʰʰʹʨ ʫʨ ʳʵʳʹʨˆʻʸʬʩʰʹ ˆʨʸʰʹˆʰʹ ʱʵʴʺʸʵʲʰʹ, ʻʮʸʻʴʭʬʲʿʵʼʰʹʨ 

ʫʨ ʳʨʸʯʭʰʹ ˃ʰʸʰʯʨʫʰ ʶʸʰʴ˂ʰʶʬʩʰʹ ʪʨʳʵʭʲʬʴʰʹʨ ʫʨ ʨʴʨʲʰʮʰʹ ʹʨʼʻ˃ʭʬʲʮʬ 

ˆʨʸʰʹˆʰʹ ʳʨʸʯʭʰʹ ʬʼʬʽʺʻʸʰ ʳʬʯʵʫʬʩʰʹ ʫʨʳʻˀʨʭʬʩʨˀʰ. 

 ʪʨʮʵʳʭʬʩʰʹ ʹʼʬʸʵˀʰ ʳʵʴʨ˂ʬʳʯʨ ʫʨʳʻˀʨʭʬʩʰʹʨ ʫʨ ʪʨʮʵʳʭʰʹ 
ˀʬʫʬʪʬʩʰʹ ˄ʨʸʳʵʫʪʬʴʰʹ ʬʸʯʰʨʴʰ ˈʨʸʳʵʴʰʮʬʩʻʲʰ ʹʰʹʺʬʳʰʹ ʫʨʴʬʸʪʭʨ 
ʬʭʸʵʱʨʭˀʰʸʹʨ ʫʨ ʨˀˀ-ʹʯʨʴ ʳʵʹʨʲʵʫʴʬʲʰ ʯʨʭʰʹʻʼʨʲʰ ʭʨ˅ʸʵʩʰʹ ˀʬʹʨˆʬʩ 
ˀʬʯʨʴˆʳʬʩʰʹ ʬʸʯ-ʬʸʯʰ ˃ʰʸʰʯʨʫʰ ʳʵʯˆʵʭʴʨʨ, ʸʵʳʬʲʰ˂ ʪʻʲʰʹˆʳʵʩʹ 
ʪʨʮʵʳʭʰʹ  ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʰʹ ˀʬʼʨʹʬʩʰʹ ʨʻ˂ʰʲʬʲʵʩʨʹ  ISO 17025 

ʹʺʨʴʫʨʸʺʰʹ ʳʰˆʬʫʭʰʯ ʹʨ˄ʨʸʳʵʵ ʺʬʽʴʰʱʻʸʰ ʯʨʴʨʳˀʸʵʳʲʵʩʰʹ ʿʭʬʲʨ 
ʹʼʬʸʵˀʰ. ʯʨʭʰʹ ʳˆʸʰʭ ʪʨʮʵʳʭʰʹ ʳʵʴʨ˂ʬʳʬʩʰʹ ʫʨʳʻˀʨʭʬʩʰʹ ʨʾʴʰˀʴʻʲʰ 
ʳʬʯʵʫʰ ʱʨʸʪʰ ʹʨˀʻʨʲʬʩʨʨ ʳʨʯʬʳʨʺʰʱʻʸʰ ʫʨ ʭʰʸʺʻʨʲʻʸʰ ʳʵʫʬʲʰʹ 
ʸʬʨʲʻʸʰ ʪʨʮʵʳʭʰʹ ʹʽʬʳʨʹʯʨʴ ʨʫʬʽʭʨʺʻʸʵʩʰʹ ʸʨʵʫʬʴʵʩʸʰʭʰ ʱʻʯˆʰʯ 
ʫʨʹʨˆʨʹʰʨʯʬʩʲʨʫ. 

 

ʹʨʫʰʹʬʸʺʨ˂ʰʵ ʴʨˀʸʵʳʰʹ ˃ʰʸʰʯʨʫ ʳʰʮʨʴʹ ˄ʨʸʳʵʨʫʪʬʴʹ ʳʰʲʹʨʫʬʴʰ 
ʺʸʨʴʹʶʵʸʺʰʯ ʪʨʫʨʮʰʫʭʰʹ ˆʨʸʰʹˆʰʹ ʶʨʸʨʳʬʺʸʬʩʰʹ ʱʵʴʺʸʵʲʰʹ, 
ʪʨʳʵ˂ʫʰʹʨ ʫʨ ʪʨʮʵʳʭʰʹ ʶʸʵ˂ʬʹʬʩʰʹ ʳʨʯʬʳʨʺʰʱʻʸʰ ʫʨ ʭʰʸʺʻʨʲʻʸʰ 
ʳʵʫʬʲʰʸʬʩʨ ʳʨʯʰ  ʵʶʺʰʳʰʮʨ˂ʰʰʹʨ ʫʨ ʳʵʫʬʲʬʩʰʹ ʨʫʬʽʭʨʺʻʸʵʩʰʹ 
ʫʨʫʪʬʴʨʹʨʯʭʰʹ ʪʨʮʵʳʭʰʹ ˀʬʫʬʪʬʩʰʹ  ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʬʩʰʹ ˀʬʼʨʹʬʩʰʹ  
ʪʮʰʯ.  



v 

 

˃ʰʸʰʯʨʫʰ ʨʳʵ˂ʨʴʬʩʰ. ʫʨʹʨˆʻʲʰ ʳʰʮʴʰʹ ʳʰʹʨʾ˄ʬʭʨʫ ʹʨʳʻˀʨʵ 
ʰʯʭʨʲʰʹ˄ʰʴʬʩʹ ˀʬʳʫʬʪʰ ˃ʰʸʰʯʨʫʰ ʨʳʵ˂ʨʴʬʩʰʹ ʪʨʫʨ˄ʿʭʬʺʨʹ: 

 ʨʸʹʬʩʻʲʰ ʳʨʪʰʹʺʸʨʲʻʸʰ ʫʨ ʲʵʱʨʲʻʸʰ ʳʰʲʹʨʫʬʴʬʩʰʹ 
ʶʸʵʬʽʺʰʸʬʩʰʹʨ ʫʨ ʬʽʹʶʲʵʨʺʨ˂ʰʰʹ ʶʰʸʵʩʬʩʰʹ, ʳʨʯʰ 
ʹʨʱʵʴʺʸʵʲʵ ʶʨʸʨʳʬʺʸʬʩʰʹ ʪʩʴʬʭʰʹ ʳʨˆʨʹʰʨʯʬʩʲʬʩʰʹ ʫʨʫʪʬʴʨʹʨ 
ʫʨ  ˀʬʹ˄ʨʭʲʨʹ.   

 ʸʬʨʲʻʸʰ ʹʨʱʭʲʬʭʰ ʵʩʰʬʽʺʰʹ ʹʨʱʵʴʺʸʵʲʵ ʶʨʸʨʳʬʺʸʬʩʰʹ (˄ʴʬʭʨ, 
ʺʬʳʶʬʸʨʺʻʸʨ, ˆʨʸˇʰ) ʪʨʮʵʳʭʨʯʨ ˂ʫʵʳʰʲʬʩʰʹ ʨʴʨʲʰʮʰ ʫʨ 
ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʰʹ  ˀʬʼʨʹʬʩʨ; 

 ʹʨʺʻʳʩ ʹʨʪʻʸʬʩˀʰ ʹʨʱʵʴʺʸʵʲʵ ʶʨʸʨʳʬʺʸʬʩʰʹ ʪʨʮʵʳʭʰʹ 
ʶʸʵ˂ʬʹʰʹ  ʭʰʸʺʻʨʲʻʸʰ ʳʵʫʬʲʰʸʬʩʨ LabVIEW  ʪʸʨʼʰʱʻʲʰ 

ʶʸʵʪʸʨʳʰʸʬʩʰʹ ʹʰʭʸ˂ʬˀʰ; 

 ˂ʫʵʳʰʲʬʩʨʯʨ ʨʴʨʲʰʮʰ ʫʨ ʪʨʮʵʳʭʰʹ ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʰʹ 
ˀʬʼʨʹʬʩʨ ʳʨʯʬʳʨʺʰʱʻʸʰ ʫʨ ʭʰʸʺʻʨʲʻʸʰ ʳʵʫʬʲʬʩʰʹ ʸʬʨʲʻʸ 
ʵʩʰʬʽʺʯʨʴ ʨʫʬʽʭʨʺʻʸʵʩʰʹ ʫʨʹʨʫʪʬʴʨʫ.   

 

ʴʨˀʸʵʳʰʹ ˃ʰʸʰʯʨʫʰ ˀʬʫʬʪʬʩʰ ʫʨ ʳʬ˂ʴʰʬʸʻʲʰ ʹʰʨˆʲʬ. ʴʨˀʸʵʳˀʰ 
ʫʬʺʨʲʻʸʨʫ ʪʨʴˆʰʲʻʲʰ ʫʨ ˀʬʹ˄ʨʭʰʲʰʨ  ʹʨʮʵʳ ʹʨʱʵʴʺʸʵʲʵ 
ʹʨʳʻˀʨʵʬʩʰʹ ʺʬʽʴʵʲʵʪʰʨ ʫʨ ʵʸʪʨʴʰʮʨ˂ʰʨ ʴʨʭʯʵʩʹʨʫʬʴʮʬ, ʹʨʱʵʴʺʸʵʲʵ 

ʵʶʬʸʨ˂ʰʬʩʵʹ ˁʨʹʨʺʨʸʬʩʬʲʰ ʨʾ˅ʻʸʭʰʲʵʩʨ, ʳʨʯʰ ʯʬʵʸʰʻʲʰ ʫʨ 
ʶʸʨʽʺʰʱʻʲʰ ʹʨʬʽʹʶʲʵʻʨʺʨ˂ʰʵ ʳʨˆʨʹʰʨʯʬʩʲʬʩʰ ʴʨʭʯʵʩʹʨʫʬʴʰʹ 
ʫʨʺʭʰʸʯʭʰʹ 0, 25, 50, 75, ʫʨ 100%  ʸʬʷʰʳʬʩʰʹʨʯʭʰʹ ʹʨʳʰ ˃ʰʸʰʯʨʫʰ 
ʹʨʱʵʴʺʸʵʲʵ ʶʨʸʨʳʬʺʸʰʹ ˄ʴʬʭʰʹ, ʺʬʳʶʬʸʨʺʻʸʰʹʨ ʫʨ ˆʨʸˇʰʹ ʳʰˆʬʫʭʰʯ, 
ʨʹʬʭʬ  ʹʨʮʵʳʰ ʹʨˀʻʨʲʬʩʬʩʰʹ ʱʨʲʰʩʸʬʩʰʹ ʳʬʯʵʫʬʩʰ  ʴʨʭʯʵʩʹʨʫʬʴʰʹ 
ʴʵʳʰʴʨʲʻʸʰ ʫʨʺʭʰʸʯʭʰʹ ʳʵʿʭʨʴʰʲʰ ʹˆʭʨʫʨʹˆʭʨ ʸʬʷʰʳʬʩʰʹʨʯʭʰʹ.  

ˁʨʺʨʸʬʩʻʲʰ  ʬʽʹʶʬʸʰʳʬʴʺʨʲʻʸʰ ʱʭʲʬʭʰʹ ˀʬʫʬʪʬʩʮʬ 
ʫʨʿʸʫʴʵʩʰʯ ʯʰʯʵʬʻʲʰ ʶʨʸʨʳʬʺʸʰʹ ʶʰʸʫʨʶʰʸʰ ʬʸʯˇʬʸʨʫʰ ʫʨ 
ʳʸʨʭʨʲˇʬʸʨʫʰ ʪʨʮʵʳʭʰʹ ʹˆʭʨʫʨʹˆʭʨ ʸʬʷʰʳʬʩʰʹʨʯʭʰʹ ˁʨʺʨʸʬʩʻʲʰʨ 
ʪʨʮʵʳʭʰʹ ˀʬʫʬʪʬʩʰʹ ʯʬʵʸʰʻʲʰ ʱʭʲʬʭʨ  ʪʨʮʵʳʭʰʹ ˂ʫʵʳʰʲʬʩʨʯʨ 
ʨʴʨʲʰʮʰʹʨ ʫʨ ʪʨʮʵʳʭʰʹ ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʰʹ ˀʬʹʨʼʨʹʬʩʲʨʫ. 

˄ʨʸʳʵʫʪʬʴʰʲʰʨ ʳʨʯʬʳʨʺʰʱʻʸʰ ʳʵʫʬʲʰʸʬʩʰʹ  ˄ʸʼʰʭʰ ʫʨ 
ʫʰʴʨʳʰʱʻʸʰ ʶʸʵʪʸʨʳʰʸʬʩʰʹ ʹʨʺʸʨʴʹʶʵʸʺʵ ʨʳʵ˂ʨʴʨ ʶʸʵʬʽʺʰʸʬʩʰʹ ʬʺʨʶʮʬ 
ʳʰʲʹʨʫʬʴʰʹ ʶʨʸʨʳʬʺʸʬʩʰʹ ˀʬʸˁʬʭʰʹʨ ʫʨ ʨʶʸʵʩʨ˂ʰʰʹʨʯʭʰʹ.  

ʴʨˀʸʵʳˀʰ ʫʨʳʻˀʨʭʬʩʻʲʰ, ˀʬʽʳʴʰʲʰ ʫʨ ʪʨʳʵʱʭʲʬʻʲʰʨ 
ʴʨʭʯʵʩʹʨʫʬʴʰʹ ʹʨʺʻʳʩ ʹʨʫʪʻʸˀʰ ʹʨʮʵʳʰ ʨʶʨʸʨʺʻʸʰʹ ʱʨʲʰʩʸʬʩʰʹ 
ʶʸʵ˂ʬʹʰʹʨ ʫʨ ʹʨʱʵʴʺʸʵʲʵ  ʶʨʸʨʳʬʺʸʬʩʰʹ  ʪʨʮʵʳʭʰʹ  ʭʰʸʺʻʨʲʻʸʰ 
ʳʵʫʬʲʬʩʰ   LabVIEW  ʪʸʨʼʰʱʻʲʰ ʶʸʵʪʸʨʳʰʸʬʩʰʹ  ʹʰʭʸ˂ʬˀʰ, ʸʨʮʬʫʨ˂   
ʸʬʨʲʻʸ ʵʩʰʬʽʺʮʬ ˁʨʺʨʸʬʻʲʰ  ʨʴʨʲʵʪʰʻʸʰ ʺʰʶʰʹ ʪʨʮʵʳʭʬʩʰʨ 
ˁʨʺʨʸʬʩʻʲʰ ʳʨʯʰ ˀʬʫʬʪʬʩʰʹ ˀʬʫʨʸʬʩʰʹ ʳʰʮʴʰʯ. 

ʶʰʸʭʬʲʨʫʨʨ ʪʨʳʵʱʭʲʬʻʲʰ ˁʨʺʨʸʬʩʻʲʰ ʪʨʮʵʳʭʬʩʰʹ ˀʬʫʬʪʬʩʰʹ 
˂ʫʵʳʰʲʬʩʨʯʨ ʨʴʨʲʰʮʰʹʨ  ʫʨ ʪʨʮʵʳʭʰʹ ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʰʹ ˀʬʼʨʹʬʩʨ 
ʭʰʸʺʻʨʲʻʸʰ ʳʵʫʬʲʰʹʨʯʭʰʹ ʳʰʹʰ ˀʬʫʬʪʬʩʰʹ   ʨʫʬʽʭʨʺʻʸʵʩʰʹ 
ʪʨʳʵʹʨʱʭʲʬʭʨʫ ʸʬʨʲʻʸʰ ʵʩʰʬʽʺʰʹ ˀʬʫʬʪʬʩʯʨʴ, ʨʹʬʭʬ  ʪʨʳʵʱʭʲʬʻʲʰ ʫʨ 
ʳʵ˂ʬʳʻʲʰʨ ʹʨʫʪʻʸʯˀʵʸʰʹʰ ʫʨʱʭʰʸʭʬʩʨʯʨ ˇʪʻʼʬʩʰʹ ˀʬʫʬʪʬʩʰʹ 
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ʪʨʬʸʯʰʨʴʬʩʰʹ ʶʰʸʵʩʬʩʰ ʸʬʨʲʻʸʰ ʵʩʰʬʽʺʰʹʨ   ʫʨ ʭʰʸʺʻʨʲʻʸʰ 
ʳʵʫʬʲʰʹʨʯʭʰʹ. 

ˀʬʫʬʪʬʩʰʹ ʪʨʳʵʿʬʴʬʩʰʹ ʹʼʬʸʵ. ʹʨʫʰʹʬʸʺʨ˂ʰʵ ʴʨˀʸʵʳˀʰ 
ʳʵʿʭʨʴʰʲʰ ˀʬʫʬʪʬʩʰ ʫʨ ʸʬʱʵʳʬʴʫʨ˂ʰʬʩʰ ˀʬʹʨ˃ʲʬʩʬʲʰʨ ʪʨʳʵʿʬʴʬʩʻʲʰ 
ʰʿʵʹ ʹʨʮʵʳ ʹʨʱʵʴʺʸʵʲʵ ʹʨʳʻˀʨʵʬʩʰʹ ʵʸʪʨʴʰʮʨ˂ʰʰʹ ʫʨʪʬʪʳʭʰʹʨʯʭʰʹ  
ʴʬʩʰʹʳʰʬʸʰ ʺʰʶʰʹ ʹʨ˄ʨʸʳʵʵ ʫʨʴʰˀʴʻʲʬʩʰʹ ʵʩʰʬʽʺʮʬ ʳʵʫʬʲʰʹʨ ʫʨ 
ʸʬʨʲʻʸʰ ʵʩʰʬʽʺʰʹ ʳʨʽʹʰʳʨʲʻʸʰ ʨʫʬʽʭʨʺʻʸʵʩʰʹ ʻʮʸʻʴʭʬʲʹʨʿʵʼʨʫ 
ʳʨʯʰ ʶʸʵʬʽʺʰʸʬʩʰʹ, ˄ʰʴʨʹ˄ʨʸʰ ʨʶʸʵʩʨ˂ʰʰʹʨ ʫʨ ʬʽʹʶʲʻʨʺʨ˂ʰʰʹ 
ʨʸʨʹʨˀʺʨʺʵ ʶʰʸʵʩʬʩʰʹ ʪʨʳʵʱʭʲʬʭʰʹʨʹ, ʪʨʴʹʨʱʻʯʸʬʩʰʯ ʻ˄ʿʭʬʺ 
˂ʰʱʲʰʨʴʰ, ˃ʭʰʸʨʫʾʰʸʬʩʻʲʰ ʫʨ  ʪʨʮʵʳʭʬʩʰʹ ˁʨʺʨʸʬʩʰʹ ˀʬʮʾʻʫʻʲʰ 
ˀʬʹʨ˃ʲʬʩʲʵʩʰʹ ʳʽʵʴʬ  ʵʩʰʬʽʺʬʩʰʹʨʯʭʰʹ, ʨʹʬʭʬ ʪʨʮʸʫʰʲʰ 
ʶʨʹʻˆʰʹʳʪʬʩʲʵʩʰʹ ʳʽʵʴʬ  ʹʨʮʵʳ ʹʨʱʵʴʺʸʵʲʵ  ʹʨʳʻˀʨʵʩʰʹ 
ˀʬʳʹʸʻʲʬʩʬʲʰ ʵʶʬʸʨʺʵʸʬʩʰʹ ʳʵʹʨʳʮʨʫʬʩʲʨʫ. 
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Abstract 

             Topicality of the research. In our country there is increase from day to day 

of modern technical and technological means of production equipped enterprises.  

In the big enterprises is necessary to find out more information about measuring 

devises and study its technical parameters, also train high qualified personal for 

control and monitoring of processes.  

To solve this problem is not always easy, exceptionally when we have 

continuous cycle and planning of process. Especially if required to train operators 

for control and monitoring of processes in emergency situations.  

The mine theme of dissertation is mathematical and virtual modeling for 

controlling, testing and measurement processess of pipeline transport. The 

innovation of dissertation is treatment of quality management effective methods 

recline on the product and service quality control and identify and analyze 

management principles.  

       The main aim of the dissertation is  optimization of mathematical and 

virtual modeling for controlling, testing and measurement processess of pipeline 

transport and identify suitability for assessing the uncertainty of measurement 

results. 

       The main objectives. Execution of these problems include addressing the 

major objectives of the study: 

 Design and operation conditions of trunk and local pipelines, 

determination and study of the control parameters sparse characteristics. 

 The control parameters (pressure, temperature and flow) of real 

research object measurement error analysis and uncertainty estimation.  

 In the pumping stations measurements processes virtual modeling 

using LabVIEW. 

 Evaluation of measurement error and uncertainty for suitability of a 

virtual and real models.  

     The main results of the dissertation and scientific innovation. In the 

dissertation is considered measurement technology and organization at crude oil 

pipelines and pumping stations. Theoretical and practical parameters of pipeline 

load at 0, 25, 50, 75 and 100% of nominal. Also calibration methods of pressure, 

temperature and flow measurement at 0, 25, 50, 75 and 100% of nominal and 

different regimes.  

 Based on the conducting experiments on each parameters single and 

multiple measurement for different regimes conducted measurement results 

theoretical research for error analyze and  uncertainty estimation. 

Represented mathematical models rectilinear and dynamical 

transportation programing task for choosing pipeline parameters during planning. 

In this dissertation described general information about the graphical 

programming program LabVIEW. Possibility using sphere and creating virtual 

models with LabVIEW. Using LabVIEW we create, process and investigate virtual 

models of measurement transmitterპs calibration process at pumping station. We 

create virtual models for single and multiple direct measurements as pressure, also 

temperature and flow transmitters. Tested virtual models and record test results for 
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single and multiple direct measurements. Using this results was calculated 

uncertainty of these virtual transmitters. Also was was comparison virtual models 

uncertainty with real transmitters uncertainty. 

There was for the first time investigated measurement results error analyze 

and measurement uncertainty estimation for virtual model for checking adequacy 

with real object measurement results. Also is investigated and presented the 

consolidation of observed test results of group pumping stations of real objects and 

virtual models measurement parameters. 

The sphere of using results: The research results and recommendations 

presented in the dissertation will use for measurement jobs planning at any type 

enterprise, for highest possible adequacy real and virtual models for their planning, 

testing and emergency situations exercises. This is useful especially for continuous 

and expensive measurements. Also for the objects with disabilities of measurement 

and train to high qualified personals. 
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ʳʨʫʲʰʬʸʬʩʨ 

 ʫʰʫʰ ʶʨʺʰʭʰʹ˂ʬʳʰʯʨ ʫʨ ʹʰʿʭʨʸʻʲʰʯ ʳʰʴʫʨ ʳʨʫʲʵʩʨ ʭʻʯˆʸʨ 

ˁʬʳʰ ʯʬʳʰʹ ˆʬʲʳ˃ʾʭʨʴʬʲʹ ʶʸʵʼʬʹʵʸ ʴʵʫʨʸ ʨʩʬʲʨˀʭʰʲʹ, ʸʵʳʬʲʳʨ˂ 

ʹʨʱʻʯʨʸʰ ʶʸʵʼʬʹʰʻʲʰ ˆʬʫʭʨ ʫʨ ʫʰʫʰ ʪʨʳʵ˂ʫʰʲʬʩʨ ʻˀʻʸʭʬʲʨʫ 

ʪʨʳʰʮʰʨʸʨ ˁʬʳʰ ʯʬʳʨʮʬ ʳʻˀʨʵʩʰʹ ˄ʨʸʳʨʸʯʭʰʹʨʯʭʰʹ. ʳʰʹʰ 

ʱʵʴʹʻʲʺʨ˂ʰʬʩʰ, ʸˁʬʭʬʩʰ, ˀʬʴʰˀʭʴʬʩʰ ʰʿʵ ˃ʭʰʸʼʨʹʰ ˀʬʴʨ˃ʬʴʰ ˁʬʳʯʭʰʹ, 

ʸʨʳʨ˂ ʪʨʴʨʶʰʸʵʩʨ ʴʨˀʸʵʳʰʹ ˁʨʳʵʿʨʲʰʩʬʩʨ ʫʨ ʫʨʹʸʻʲʬʩʨ. ʨʳʨʹʯʨʴ, 

ʯʨʴʳʰʳʫʬʭʸʻʲʰ ʳʻˀʨʵʩʰʹ, ʳʬ˂ʴʰʬʸʻʲʰ ʫʨʱʭʰʸʭʬʩʰʹʨ ʫʨ ʱʵʴʱʸʬʺʻʲʰʹ 

ʪʨʴʮʵʪʨʫʵʬʩʰʹ ʻʴʨʸკˁʭʬʭʬʩʹʨ˂ ʹ˄ʵʸʨʫ ʩʨʺʵʴʰ ʴʵʫʨʸʰ ʳʰʿʨʲʰʩʬʩʫʨ. 

ʰʪʰ ʪʨʳʵʸˁʬʻʲʰ ʶʬʫʨʪʵʪʰʻʸʰ ʨʲʾʵʯʰ ʫʨ ʳʨʾʨʲʰ ʶʸʵʼʬʹʰʵʴʨʲʰʮʳʰʯ 

ʹʨ˅ʰʸʵ ʳʰʳʨʸʯʻʲʬʩʨʹ ʨ˃ʲʬʭʫʨ ʹʨʳʬ˂ʴʰʬʸʵ ʱʭʲʬʭʰʯ ʳʻˀʨʵʩʨʹ. 
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ˀ ʬ ʹ ʨ ʭ ʨ ʲ ʰ 

ʻʱʨʴʨʹʱʴʬʲ ˄ʲʬʩˀʰ ˁʨʳʵʿʨʲʰʩʫʨ ˆʨʸʰʹˆʰʹ, ʸʵʪʵʸ˂ ʬʸʯ-ʬʸʯʰ 

ʼʻʴʫʨʳʬʴʺʻʸʰ ʱʨʺʬʪʵʸʰʰʹ ʱʵʴ˂ʬʶʺʻʨʲʻʸʰ ˆʬʫʭʨ, ʸʵʳʬʲʰ˂ 

ʪʨʴʹʨʮʾʭʸʨʭʹ ʨʫʨʳʰʨʴʰʹʨ ʫʨ ʹʨʮʵʪʨʫʵʬʩʰʹ ʪʨʴʭʰʯʨʸʬʩʰʹ ʹʵ˂ʰʨʲʻʸ ʫʨ 

ʬʱʵʴʵʳʰʱʻʸ ʹʨʼʻ˃ʭʬʲʹ, ˂ˆʵʭʸʬʩʰʹ ˄ʬʹʹ. ˆʨʸʰʹˆʰʹ ʨʹʬʯʰ ˆʬʫʭʨ ʯʰʯʽʳʰʹ 

ʿʵʭʲʰʹʳʵʳ˂ʭʬʲʰʨ ʫʨ ʳʱʨʼʰʵʫ ʨʹʨˆʨʭʹ ˆʨʸʰʹˆʰʹ ʨʳʨʾʲʬʩʰʹ 

ʳʴʰˀʭʴʬʲʵʩʨʹ. ʹʨʮʵʪʨʫʵʬʩʰʹ ʯʰʯʵʬʻʲʰ ʨʫʨʳʰʨʴʮʬ ˆʨʸʰʹˆʰ ʫʨ ʳʨʹʯʨʴ 

ʫʨʱʨʭˀʰʸʬʩʻʲʰ  ʱʵʳʶʵʴʬʴʺʬʩʰʹ ʪʨʭʲʬʴʨ ʿʵʭʬʲʫʾʰʻʸʰ ʸʬʨʲʵʩʨʨ, 

ʸʵʳʬʲʰ˂ ʪʻʲʰʹˆʳʵʩʹ ʨʸʨ ʳˆʵʲʵʫ ʱʵʴʱʸʬʺʻʲʰ ʶʸʵʫʻʽʺʰʹ, 

ʱʵʴʱʸʬʺʻʲʰ ʶʨʸʨʳʬʺʸʰʹ ˀʬʹʨʩʨʳʰʹʵʩʨʹ ʹʨʯʨʴʨʫʵ ʺʬʽʴʰʱʻʸ-

ʬʱʵʴʵʳʰʱʻʸʰ ʫʵʱʻʳʬʴʺʨ˂ʰʰʹ ʳʵʯˆʵʭʴʬʩʯʨʴ, ʨʸʨʳʬʫ ʱʵʳʶʲʬʽʹʻʸʰ, 

ʿʵʭʲʰʹʳʵʳ˂ʭʬʲʰ ʾʵʴʰʹ˃ʰʬʩʬʩʰʹ ʪʨʺʨʸʬʩʨʹʨ˂ ʶʸʵʫʻʽ˂ʰʰʹ ʹʨ˂ʰ˂ʵ˂ˆʲʵ 

˂ʰʱʲʰʹ ʿʭʬʲʨ ʬʺʨʶʮʬ. 

˂ˆʵʭʸʬʩʰʹ ˄ʬʹʰʹ ˆʨʸʰʹˆʮʬ ʹʨʪʸ˃ʴʵʩ ʪʨʭʲʬʴʨʹ ʨˆʫʬʴʹ 

ʳʨʺʬʸʰʨʲʻʸʰ ʪʨʸʬʳʵ კ ʹʨʽʵʴʲʰʹʨ ʫʨ ʳʵʳʹʨˆʻʸʬʩʰʹ ˆʨʸʰʹˆʰ. ʨʳʰʺʵʳ 

ʶʸʵʫʻʽ˂ʰʰʹʨ ʫʨ ʳʵʳʹʨˆʻʸʬʩʰʹ ˆʨʸʰʹˆʰʹ ʶʸʵʩʲʬʳʨ ʰʿʵ ʫʨ ʸˁʬʩʨ 

ʨʽʺʻʨʲʻʸʰ. ʰʪʰ ʹʺʸʨʺʬʪʰʻʲʰ ʶʸʵʩʲʬʳʨʨ, ʸʵʳʲʰʹ ʪʨʫʨ˅ʸʨʮʬ˂ 

ʳʴʰˀʭʴʬʲʵʭʴʨʫʨʨ ʫʨʳʵʱʰʫʬʩʻʲʰʨ ʹʨˆʬʲʳ˄ʰʼʵ ʬʱʵʴʵʳʰʱʰʹ 

ʹʺʨʩʰʲʻʸʵʩʨ. 

ˆʨʸʰʹˆʰʹ ʻʮʸʻʴʭʬʲʿʵʼʰʹʨʯʭʰʹ ʹʨ˅ʰʸʵʨ ʨʸʨ ʳˆʵʲʵʫ ˀʬʹʨʩʨʳʰʹʰ 

ʳʨʺʬʸʰʨʲʻʸʰ ʩʨʮʨ ʫʨ ʫʨʰʴʺʬʸʬʹʬʩʻʲʰ ʶʬʸʹʵʴʨʲʰ, ʨʸʨʳʬʫ ʨʹʬʭʬ 

ʳʴʰˀʭʴʬʲʵʭʨʴʰʨ ˆʨʸʰʹˆʰʹ ʹ˄ʵʸʰ ʳʨʸʯʭʨ. ʨʳʰʺʵʳʨ˂ ʰˁʬʴʬʴ ˆʨʸʰʹˆʰʹ 

ʳʨʸʯʭʰʹʨʫʳʰ ʰʴʺʬʸʬʹʹ ʹʨ˄ʨʸʳʵʬʩʰ ʫʨ ʰʽʳʴʬʩʨ ʶʸʵʫʻʽ˂ʰʰʹʨ ʫʨ 

ʳʵʳʹʨˆʻʸʬʩʰʹ ˆʨʸʰʹˆʰʹ ʳʨʸʯʭʰʹʨ ʫʨ ʻʮʸʻʴʭʬʲʿʵʼʰʹ ʬʼʬʽʺʻʸʰ 

ʳʬʯʵʫʬʩʰ. 

 ʮʬʳʵʨʾʴʰˀʴʻʲʰʹ ʪʨʯʭʨʲʰʹ˄ʰʴʬʩʰʯ ˀʬʻ˃ʲʬʩʬʲʰʨ 

ʪʨʫʨ˅ʨʸʩʬʩʰʯ ˀʬʨʼʨʹʵ ˆʨʸʰʹˆʰʹʨʯʭʰʹ ʩʸ˃ʵʲʰʹ ʨʽʺʻʨʲʵʩʨ, ʸʵʳʬʲʰ˂ 

ʫʨʼʻ˃ʴʬʩʻʲʰʨ ʹʨʱʵʴʺʸʵʲʵ ʶʨʸʨʳʬʺʸʬʩʰʹ ʱʭʲʬʭʬʰʹ ʸʨʵʫʬʴʵʩʰʭʰ 

ʨʴʨʲʰʮʰʹ ʯʨʴʨʳʬʫʸʵʭʬ ʳʬʯʵʫʬʩʰʹ ʪʨʳʵʿʬʴʬʩʨʹʯʨʴ. ʱʭʲʬʭʰʹ ʬʹ 

ʳʬʯʵʫʬʩʰ ʪʻʲʰʹˆʳʵʩʹ ˆʨʸʰʹˆʰʹ ʶʨʸʨʳʬʺʸʬʩʰʹ ʫʨʫʪʬʴʰʹʨ ʫʨ ˀʬʼʨʹʬʩʨʹ 

ʹʨʶʸʵʬʽʺʵ, ʹʨʪʨʳʵ˂ʫʵ, ʹʨ˄ʨʸʳʵʵ, ʹʨʬʽʹʶʲʻʨʺʨ˂ʰʵ ʫʨ ʻʺʰʲʰʮʨ˂ʰʰʹ 
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ʶʸʵ˂ʬʹʬʩˀʰ  ʱʵʴʺʸʵʲʰʹ ʳʬʽʨʴʰʮʳʬʩʰʹ ʪʨʳʵʿʬʴʬʩʨʹ, ʸʨ˂ ʯʨʭʰʹ ʳˆʸʰʭ ʨʳ 

ʶʸʵ˂ʬʹʬʩʰʹ ʳʨʸʯʭʰʹ ʨʻ˂ʰʲʬʩʲʵʩʨʹ ˄ʨʸʳʵˀʵʩʹ ʪʨʳʵʹʨʹʭʲʬʲʰ 

ʶʨʸʨʳʬʺʸʰʹ ʵʶʺʰʳʰʮʨ˂ʰʰʹ ʳʰʮʴʰʯ. ʸʵʪʵʸ˂ ˂ʴʵʩʰʲʰʨ ʬʼʬʽʺʻʸʰ 

ʳʨʸʯʭʰʹ ʪʨʴˆʵʸ˂ʰʬʲʬʩʨ ˀʬʻ˃ʲʬʩʬʲʰʨ ʳʨʸʯʭʰʹ ʵʩʰʬʽʺʹʨ ʯʻ ʶʸʵ˂ʬʹʮʬ 

ʹʨʴʫʵ ʫʨ ʳʨʾʨʲʰ ʹʰʮʻʹʺʰʯ ʳʵʶʵʭʬʩʻʲʰ ʶʨʸʨʳʬʺʸʬʩʰʹ ʸʨʵʫʬʴʵʩʸʰʭʰ 

ʳʨˆʨʹʰʨʯʬʩʲʬʩʰʹ ˂ʵʫʴʰʹ ʪʨʸʬˀʬ, ʹˆʭʨ ʹʰʺʿʭʬʩʰʯ ʸʵʳ ʭʯʽʭʨʯ ˆʨʸʰʹˆʰʹ 

ʻʮʸʻʴʭʬʲʿʵʼʰʹ ʶʸʵ˂ʬʹʰʹ ʪʨʴˆʵʸ˂ʰʬʲʬʩʰʹʨ ʫʨ ʳʨʸʯʭʰʹʨʯʭʰʹ 

ʨʻ˂ʰʲʬʩʬʲʰʨ ʶʨʸʨʳʬʺʸʬʩʰʹ ʱʵʴʺʸʵʲʰʹ ʶʸʵ˂ʬʹˀʰ ʳʵ˃ʰʬʩʻʲʰ ʹʨʮʵʳʰ 

ʰʴʼʵʸʳʨ˂ʰʰʹ ʹʨʰʳʬʫʵʩʨ ʫʨ ʳʨʾʨʲʰ ʨʲʩʨʯʵʩʰʯ ʹʨʴʫʵʵʩʨ. 

ʱʭʲʬʭʰʹ ʨʽʺʻʨʲʵʩʨ. ʽʭʬʿʨʴʨˀʰ ʹʻʲ ʻʼʸʵ ʳʨʺʻʲʵʩʹ 

ʯʨʴʨʳʬʫʸʵʭʬ ʺʬʽʴʰʱʻʸʰ ʫʨ ʺʬʽʴʵʲʵʪʰʻʸʰ ʹʨˀʻʨʲʬʩʬʩʰʯ ʨʾ˅ʻʸʭʰʲʰ  

ʹʨ˄ʨʸʳʵʵ-ʺʬʽʴʰʱʻʸʰ ʫʨ ʺʬʽʴʵʲʵʪʰʻʸʰ ʫʨʴʰˀʴʻʲʬʩʰʹ ʹʨ˄ʨʸʳʵʯʨ 

ʸʨʵʫʬʴʵʩʨ, ʸʨ˂ ʽʭʬʿʴʰʹ ʳʨʵʼʲʰʵ ʳ˄ʨʸʳʵʬʩʲʻʸ ʰʴʼʸʨʹʺʸʻʽʺʻʸʨˀʰ 

ˁʨʸʯʭʰʹ ʱʭʨʲʵʩʨʮʬ ʳʵʹʨʲʵʫʴʬʲʰʨ, ʸʵʳ ʱʰʫʬʭ ʻʼʸʵ ʪʨʰʮʸʫʵʹ, ʬʹ ʱʰ 

ˀʬʹʨʩʨʳʰʹʰ ʫʨʸʪʬʩʰʹ ʻʼʸʵ ʳʬʺ ʰʴʺʬʪʸʨ˂ʰʨʹ ʫʨ ʺʬʽʴʰʱʻʸʰ 

ʪʨʫʨ˄ʿʭʬʺʬʩʰʹʨʫʳʰ ʳʵʯˆʵʭʴʰʲʬʩʬʩʹʨ ʫʨ ʰʴʺʬʸʬʹʬʩʹ ʱʰʫʬʭ ʻʼʸʵ 

ʪʨʮʸʫʰʹ. ʨʳʰʺʵʳ ʳʨʾʨʲʰ ʼʰʴʨʴʹʻʸʰ  ʺʬʭʨʫʵʩʰʹ ʳʽʵʴʬ ʶʸʵʬʽʺʬʩˀʰ 

ʵʩʰʬʽʺʰʹ ʽ˂ʬʭʰʹ ˄ʬʹʬʩʰʹ, ʳʨʯʰ ʹʨʬʽʹʶʲʵʨʺʨ˂ʰʵ ʳʨˆʨʹʰʨʯʬʩʲʬʩʰʹ 

˄ʰʴʨʹ˄ʨʸʰ ˀʬʹ˄ʨʭʲʨ, ʨʹʬʭʬ ʱʵʴʺʸʵʲʰʹʨ ʫʨ ʳʵʴʰʺʵʸʰʴʪʰʹ ʵʶʬʸʨ˂ʰʬʩʮʬ 

ʱʭʨʲʰʼʰ˂ʰʸʬʩʻʲʰ ʱʨʫʸʬʩʰʹ ʳʵʳʮʨʫʬʩʨ ʻʳʴʰˀʭʴʬʲʵʭʨʴʬʹ ʨʳʵ˂ʨʴʨʯʨ 

ʸʰʪʹ ʪʨʴʬʱʻʯʭʴʬʩʨ. 

 ʨʳ ʨʳʵ˂ʨʴʰʹ ʻʮʸʻʴʭʬʲʿʵʼʨ ʪʨʹʨʮʵʳʰ ʶʨʸʨʳʬʺʸʰʹ 

ʹʶʬ˂ʰʼʰʱʻʸʵʩʰʹ ʪʨʳʵ, ʿʵʭʬʲʯʭʰʹ ʨʫʭʰʲʨʫ ʳʰʾ˄ʬʭʨʫʰ ʨʳʵ˂ʨʴʨ ʨʸ ʨʸʰʹ, 

ʪʨʴʹʨʱʻʯʸʬʩʰʯ ʻ˄ʿʭʬʺʰ ˂ʰʱʲʰʯ ʳʵʽʳʬʫʰ, ʨʹʬʭʬ ʫʨʶʸʵʬʽʺʬʩʰʹ 

ʹʺʨʫʰʨˀʰ ʳʿʵʼʰ ʶʸʵ˂ʬʹʬʩʰʹʨʯʭʰʹ, ʪʨʴʹʨʱʻʯʸʬʩʰʯ ʯʻ ʨʻ˂ʰʲʬʩʬʲʰʨ 

ʳʵʳʹʨˆʻʸʬ ʵʶʬʸʨʺʵʸʬʩʰʹ ˄ʰʴʨʹ˄ʨʸʰ ʳʵʳʮʨʫʬʩʨ, ʨʴ ʪʨʴʹʨʱʻʯʸʬʩʻʲ 

ʹʰʺʻʨ˂ʰʬʩˀʰ ʶʸʵ˂ʬʹʰʹʨ ʫʨ ʳʵʳʹʨˆʻʸʬ ʵʶʬʸʨʺʵʸʬʩʰʹ ʽ˂ʬʭʰʹ ˄ʬʹʬʩʰʹ 

ˀʬʹ˄ʨʭʲʨ ʫʨ ʫʨʫʪʬʴʨ. 

ʹʨʫʰʹʬʸʺʨ˂ʰʵ ʴʨˀʸʵʳʰʹ ˃ʰʸʰʯʨʫʰ ʪʨʴʹʨˆʰʲʭʬʲʰ ʯʬʳʨ ʪʨʮʵʳʭʰʹ 

ʶʸʵ˂ʬʹʰʹ ʳʨʯʬʳʨʺʰʱʻʸʰ ʫʨ ʭʰʸʺʻʨʲʻʸʰ ʳʵʫʬʲʰʸʬʩʰʹ ʹʨʱʰʯˆʬʩʰʨ 
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ʳʰʲʹʨʫʬʴʰ ʺʸʨʴʹʶʵʸʺʰʯ ʪʨʫʨʮʰʫʭʰʹ ˆʨʸʰʹˆʰʹ ʶʨʸʨʳʬʺʸʬʩʰʹ 

ʱʵʴʺʸʵʲʰʹ, ʪʨʳʵ˂ʫʰʹʨ ʫʨʪʨʮʵʳʭʰʹ ʶʸʵ˂ʬʹʬʩʰʹ ʻʮʸʻʴʭʬʲʿʵʼʰʹʨʯʭʰʹ. 

ʹʨʫʰʹʬʸʺʨ˂ʰʵ ʴʨˀʸʵʳʰʹ ˃ʰʸʰʯʨʫʰ ʹʰʨˆʲʬ ʳʫʪʵʳʨʸʬʵʩʹ 

ʶʸʵʫʻʽ˂ʰʰʹʨ ʫʨ ʳʵʳʹʨˆʻʸʬʩʰʹ ˆʨʸʰʹˆʰʹ ʱʵʴʺʸʵʲʰʹ, ʻʮʸʻʴʭʬʲʿʵʼʰʹʨ 

ʫʨ ʳʨʸʯʭʰʹ ˃ʰʸʰʯʨʫʰ ʶʸʰʴ˂ʰʶʬʩʰʹ ʪʨʳʵʭʲʬʴʰʹʨ ʫʨ ʨʴʨʲʰʮʰʹ ʹʨʼʻ˃ʭʬʲʮʬ 

ˆʨʸʰʹˆʰʹ ʳʨʸʯʭʰʹ ʬʼʬʽʺʻʸʰ ʳʬʯʵʫʬʩʰʹ ʫʨʳʻˀʨʭʬʩʨˀʰ. 

 ʪʨʮʵʳʭʬʩʰʹ ʹʼʬʸʵˀʰ ʳʵʴʨ˂ʬʳʯʨ ʫʨʳʻˀʨʭʬʩʰʹʨ ʫʨ ʪʨʮʵʳʭʰʹ 

ˀʬʫʬʪʬʩʰʹ ˄ʨʸʳʵʫʪʬʴʰʹ ʬʸʯʰʨʴʰ ˈʨʸʳʵʴʰʮʬʩʻʲʰ ʹʰʹʺʬʳʰʹ ʫʨʴʬʸʪʭʨ 

ʬʭʸʵʱʨʭˀʰʸʹʨ ʫʨ ʨˀˀ-ʹʯʨʴ ʳʵʹʨʲʵʫʴʬʲʰ ʯʨʭʰʹʻʼʨʲʰ ʭʨ˅ʸʵʩʰʹ ˀʬʹʨˆʬʩ 

ˀʬʯʨʴˆʳʬʩʰʹ ʬʸʯ-ʬʸʯʰ ˃ʰʸʰʯʨʫʰ ʳʵʯˆʵʭʴʨʨ, ʸʵʳʬʲʰ˂ ʪʻʲʰʹˆʳʵʩʹ 

ʪʨʮʵʳʭʰʹ  ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʰʹ ˀʬʼʨʹʬʩʰʹ ʨʻ˂ʰʲʬʲʵʩʨʹ  ISO 17025 

ʹʺʨʴʫʨʸʺʰʹ ʳʰˆʬʫʭʰʯ ʹʨ˄ʨʸʳʵʵ ʺʬʽʴʰʱʻʸʰ ʯʨʴʨʳˀʸʵʳʲʵʩʰʹ ʿʭʬʲʨ 

ʹʼʬʸʵˀʰ. ʯʨʭʰʹ ʳˆʸʰʭ ʪʨʮʵʳʭʰʹ ʳʵʴʨ˂ʬʳʬʩʰʹ ʫʨʳʻˀʨʭʬʩʰʹ ʨʾʴʰˀʴʻʲʰ 

ʳʬʯʵʫʰ ʱʨʸʪʰ ʹʨˀʻʨʲʬʩʨʨ ʳʨʯʬʳʨʺʰʱʻʸʰ ʫʨ ʭʰʸʺʻʨʲʻʸʰ ʳʵʫʬʲʰʹ 

ʸʬʨʲʻʸʰ ʪʨʮʵʳʭʰʹ ʹʽʬʳʨʹʯʨʴ ʨʫʬʽʭʨʺʻʸʵʩʰʹ ʸʨʵʫʬʴʵʩʸʰʭʰ ʱʻʯˆʰʯ 

ʫʨʹʨˆʨʹʰʨʯʬʩʲʨʫ. 

ʹʨʫʰʹʬʸʺʨ˂ʰʵ ʴʨˀʸʵʳʰʹ ˃ʰʸʰʯʨʫ ʳʰʮʨʴʹ ˄ʨʸʳʵʨʫʪʬʴʹ 

ʳʰʲʹʨʫʬʴʰ ʺʸʨʴʹʶʵʸʺʰʯ ʪʨʫʨʮʰʫʭʰʹ ˆʨʸʰʹˆʰʹ ʶʨʸʨʳʬʺʸʬʩʰʹ 

ʱʵʴʺʸʵʲʰʹ, ʪʨʳʵ˂ʫʰʹʨ ʫʨ ʪʨʮʵʳʭʰʹ ʶʸʵ˂ʬʹʬʩʰʹ ʳʨʯʬʳʨʺʰʱʻʸʰ ʫʨ 

ʭʰʸʺʻʨʲʻʸʰ ʳʵʫʬʲʰʸʬʩʨ ʳʨʯʰ  ʵʶʺʰʳʰʮʨ˂ʰʰʹʨ ʫʨ ʳʵʫʬʲʬʩʰʹ 

ʨʫʬʽʭʨʺʻʸʵʩʰʹ ʫʨʫʪʬʴʨʹʨʯʭʰʹ ʪʨʮʵʳʭʰʹ ˀʬʫʬʪʬʩʰʹ  

ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʬʩʰʹ ˀʬʼʨʹʬʩʰʹ  ʪʮʰʯ.  

˃ʰʸʰʯʨʫʰ ʨʳʵ˂ʨʴʬʩʰ. ʫʨʹʨˆʻʲʰ ʳʰʮʴʰʹ ʳʰʹʨʾ˄ʬʭʨʫ ʹʨʳʻˀʨʵ 

ʰʯʭʨʲʰʹ˄ʰʴʬʩʹ ˀʬʳʫʬʪʰ ˃ʰʸʰʯʨʫʰ ʨʳʵ˂ʨʴʬʩʰʹ ʪʨʫʨ˄ʿʭʬʺʨʹ: 

 ʨʸʹʬʩʻʲʰ ʳʨʪʰʹʺʸʨʲʻʸʰ ʫʨ ʲʵʱʨʲʻʸʰ ʳʰʲʹʨʫʬʴʬʩʰʹ 

ʶʸʵʬʽʺʰʸʬʩʰʹʨ ʫʨ ʬʽʹʶʲʵʨʺʨ˂ʰʰʹ ʶʰʸʵʩʬʩʰʹ, ʳʨʯʰ 

ʹʨʱʵʴʺʸʵʲʵ ʶʨʸʨʳʬʺʸʬʩʰʹ ʪʨʩʴʬʭʰʹ ʳʨˆʨʹʰʨʯʬʩʲʬʩʰʹ 

ʫʨʫʪʬʴʨʹʨ ʫʨ  ˀʬʹ˄ʨʭʲʨʹ.   

 ʸʬʨʲʻʸʰ ʹʨʱʭʲʬʭʰ ʵʩʰʬʽʺʰʹ ʹʨʱʵʴʺʸʵʲʵ ʶʨʸʨʳʬʺʸʬʩʰʹ (˄ʴʬʭʨ, 

ʺʬʳʶʬʸʨʺʻʸʨ, ˆʨʸˇʰ) ʪʨʮʵʳʭʨʯʨ ˂ʫʵʳʰʲʬʩʰʹ ʨʴʨʲʰʮʰ ʫʨ 

ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʰʹ  ˀʬʼʨʹʬʩʨ; 
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 ʹʨʺʻʳʩ ʹʨʪʻʸʬʩˀʰ ʹʨʱʵʴʺʸʵʲʵ ʶʨʸʨʳʬʺʸʬʩʰʹ ʪʨʮʵʳʭʰʹ 

ʶʸʵ˂ʬʹʰʹ  ʭʰʸʺʻʨʲʻʸʰ ʳʵʫʬʲʰʸʬʩʨ LabVIEW  ʪʸʨʼʰʱʻʲʰ 

ʶʸʵʪʸʨʳʰʸʬʩʰʹ ʹʰʭʸ˂ʬˀʰ; 

 ˂ʫʵʳʰʲʬʩʨʯʨ ʨʴʨʲʰʮʰ ʫʨ ʪʨʮʵʳʭʰʹ ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʰʹ 

ˀʬʼʨʹʬʩʨ ʳʨʯʬʳʨʺʰʱʻʸʰ ʫʨ ʭʰʸʺʻʨʲʻʸʰ ʳʵʫʬʲʬʩʰʹ ʸʬʨʲʻʸ 

ʵʩʰʬʽʺʯʨʴ ʨʫʬʽʭʨʺʻʸʵʩʰʹ ʫʨʹʨʫʪʬʴʨʫ.   

ʱʭʲʬʭʰʹ ʵʩʰʬʽʺʰ ʫʨ ʳʬʯʵʫʬʩʰ.  ʹʨʫʰʹʬʸʺʨ˂ʰʵ ʴʨˀʸʵʳʰʹ 

ʱʭʲʬʭʰʹ ʵʩʰʬʽʺʹ ˄ʨʸʳʵʨʫʪʬʴʹ, ʸʬʨʲʻʸʰ (ʩʨʽʵ-ʯʩʰʲʰʹʰ-ˇʬʰˈʨʴʰ) 

ʴʨʭʯʵʩʹʨʫʬʴʰʹ ʹʨʺʻʳʩ ʹʨʫʪʻʸˀʰ ʹʨʮʵʳʰ ʨʶʨʸʨʺʻʸʰʹ ʱʨʲʰʩʸʬʩʰʹ 

ʶʸʵ˂ʬʹʰʹʨ ʫʨ ʹʨʱʵʴʺʸʵʲʵ  ʶʨʸʨʳʬʺʸʬʩʰʹ  ʪʨʮʵʳʭʰʹ  ʳʨʯʬʳʨʺʰʱʻʸʰ ʫʨ 

ʭʰʸʺʻʨʲʻʸʰ ʳʵʫʬʲʬʩʰʹ  ʫʨʳʻˀʨʭʬʩʨ, ˀʬʽʳʴʨ ʫʨ ʪʨʳʵʱʭʲʬʭʨ. 

ʴʨˀʸʵʳˀʰ ʪʨʳʵʿʬʴʬʩʻʲʰʨ ˂ʫʵʳʰʲʬʩʨʯʨ ʨʴʨʲʰʮʰʹʨ ʫʨ ʪʨʮʵʳʭʨʯʨ 

ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʰʹ ˀʬʼʨʹʬʩʰʹ,  ʳʨʯʬʳʨʺʰʱʻʸʰ ʳʵʫʬʲʰʸʬʩʰʹ ˄ʸʼʰʭʰ ʫʨ 

ʫʰʴʨʳʰʱʻʸʰ ʶʸʵʪʸʨʳʰʸʬʩʰʹ, LabVIEW  ʪʸʨʼʰʱʻʲʰ ʶʸʵʪʸʨʳʰʸʬʩʰʹ 

ʹʰʭʸ˂ʬˀʰ ʭʰʸʺʻʨʲʻʸʰ ʳʵʫʬʲʰʸʬʩʰʹ,  ʳʨʯʬʳʨʺʰʱʻʸʰ ʹʺʨʺʰʹʺʰʱʰʹ 

ʨʪʸʬʯʭʬ ʶʸʵʪʸʨʳʻʲʰ  ʹʺʨʺʰʹʺʻʱʻʸʰ ʳʵʫʬʲʰʸʬʩʰʹ  ʳʬʯʵʫʬʩʰ, 

ʸʵʳʬʲʯʨ ʹʨˀʻʨʲʬʩʰʯʨ˂ ʫʨʫʨʹʺʻʸʬʩʻʲʰʨ  ʱʭʲʬʭʰʹ  ˃ʰʸʰʯʨʫʰ 

ʶʸʰʴ˂ʰʶʬʩʰ ʫʨ ˀʬʫʬʪʬʩʰ.  

ʴʨˀʸʵʳʰʹ ˃ʰʸʰʯʨʫʰ ˀʬʫʬʪʬʩʰ ʫʨ ʳʬ˂ʴʰʬʸʻʲʰ ʹʰʨˆʲʬ. ʴʨˀʸʵʳˀʰ 

ʫʬʺʨʲʻʸʨʫ ʪʨʴˆʰʲʻʲʰ ʫʨ ˀʬʹ˄ʨʭʰʲʰʨ  ʹʨʮʵʳ ʹʨʱʵʴʺʸʵʲʵ 

ʹʨʳʻˀʨʵʬʩʰʹ ʺʬʽʴʵʲʵʪʰʨ ʫʨ ʵʸʪʨʴʰʮʨ˂ʰʨ ʴʨʭʯʵʩʹʨʫʬʴʮʬ, ʹʨʱʵʴʺʸʵʲʵ 

ʵʶʬʸʨ˂ʰʬʩʵʹ ˁʨʹʨʺʨʸʬʩʬʲʰ ʨʾ˅ʻʸʭʰʲʵʩʨ, ʳʨʯʰ ʯʬʵʸʰʻʲʰ ʫʨ 

ʶʸʨʽʺʰʱʻʲʰ ʹʨʬʽʹʶʲʵʻʨʺʨ˂ʰʵ ʳʨˆʨʹʰʨʯʬʩʲʬʩʰ ʴʨʭʯʵʩʹʨʫʬʴʰʹ 

ʫʨʺʭʰʸʯʭʰʹ 0, 25, 50, 75, ʫʨ 100%  ʸʬʷʰʳʬʩʰʹʨʯʭʰʹ ʹʨʳʰ ˃ʰʸʰʯʨʫʰ 

ʹʨʱʵʴʺʸʵʲʵ ʶʨʸʨʳʬʺʸʰʹ ˄ʴʬʭʰʹ, ʺʬʳʶʬʸʨʺʻʸʰʹʨ ʫʨ ˆʨʸˇʰʹ ʳʰˆʬʫʭʰʯ, 

ʨʹʬʭʬ  ʹʨʮʵʳʰ ʹʨˀʻʨʲʬʩʬʩʰʹ ʱʨʲʰʩʸʬʩʰʹ ʳʬʯʵʫʬʩʰ  ʴʨʭʯʵʩʹʨʫʬʴʰʹ 

ʴʵʳʰʴʨʲʻʸʰ ʫʨʺʭʰʸʯʭʰʹ ʳʵʿʭʨʴʰʲʰ ʹˆʭʨʫʨʹˆʭʨ ʸʬʷʰʳʬʩʰʹʨʯʭʰʹ.  

ˁʨʺʨʸʬʩʻʲʰ  ʬʽʹʶʬʸʰʳʬʴʺʨʲʻʸʰ ʱʭʲʬʭʰʹ ˀʬʫʬʪʬʩʮʬ 

ʫʨʿʸʫʴʵʩʰʯ ʯʰʯʵʬʻʲʰ ʶʨʸʨʳʬʺʸʰʹ ʶʰʸʫʨʶʰʸʰ ʬʸʯˇʬʸʨʫʰ ʫʨ 

ʳʸʨʭʨʲˇʬʸʨʫʰ ʪʨʮʵʳʭʰʹ ʹˆʭʨʫʨʹˆʭʨ ʸʬʷʰʳʬʩʰʹʨʯʭʰʹ ˁʨʺʨʸʬʩʻʲʰʨ 
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ʪʨʮʵʳʭʰʹ ˀʬʫʬʪʬʩʰʹ ʯʬʵʸʰʻʲʰ ʱʭʲʬʭʨ  ʪʨʮʵʳʭʰʹ ˂ʫʵʳʰʲʬʩʨʯʨ 

ʨʴʨʲʰʮʰʹʨ ʫʨ ʪʨʮʵʳʭʰʹ ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʰʹ ˀʬʹʨʼʨʹʬʩʲʨʫ. 

˄ʨʸʳʵʫʪʬʴʰʲʰʨ ʳʨʯʬʳʨʺʰʱʻʸʰ ʳʵʫʬʲʰʸʬʩʰʹ  ˄ʸʼʰʭʰ ʫʨ 

ʫʰʴʨʳʰʱʻʸʰ ʶʸʵʪʸʨʳʰʸʬʩʰʹ ʹʨʺʸʨʴʹʶʵʸʺʵ ʨʳʵ˂ʨʴʨ ʶʸʵʬʽʺʰʸʬʩʰʹ ʬʺʨʶʮʬ 

ʳʰʲʹʨʫʬʴʰʹ ʶʨʸʨʳʬʺʸʬʩʰʹ ˀʬʸˁʬʭʰʹʨ ʫʨ ʨʶʸʵʩʨ˂ʰʰʹʨʯʭʰʹ.  

ʴʨˀʸʵʳˀʰ ʫʨʳʻˀʨʭʬʩʻʲʰ, ˀʬʽʳʴʰʲʰ ʫʨ ʪʨʳʵʱʭʲʬʻʲʰʨ 

ʴʨʭʯʵʩʹʨʫʬʴʰʹ ʹʨʺʻʳʩ ʹʨʫʪʻʸˀʰ ʹʨʮʵʳʰ ʨʶʨʸʨʺʻʸʰʹ ʱʨʲʰʩʸʬʩʰʹ 

ʶʸʵ˂ʬʹʰʹʨ ʫʨ ʹʨʱʵʴʺʸʵʲʵ  ʶʨʸʨʳʬʺʸʬʩʰʹ  ʪʨʮʵʳʭʰʹ  ʭʰʸʺʻʨʲʻʸʰ 

ʳʵʫʬʲʬʩʰ   LabVIEW  ʪʸʨʼʰʱʻʲʰ ʶʸʵʪʸʨʳʰʸʬʩʰʹ  ʹʰʭʸ˂ʬˀʰ, ʸʨʮʬʫʨ˂   

ʸʬʨʲʻʸ ʵʩʰʬʽʺʮʬ ˁʨʺʨʸʬʻʲʰ  ʪʨʮʵʳʭʬʩʰʹ ʳʹʪʨʭʹʰ ʪʨʮʵʳʭʬʩʰʨ 

ˁʨʺʨʸʬʩʻʲʰ ʳʨʯʰ ˀʬʫʬʪʬʩʰʹ ˀʬʫʨʸʬʩʰʹ ʳʰʮʴʰʯ.  

ʶʰʸʭʬʲʨʫʨʨ ʪʨʳʵʱʭʲʬʻʲʰ ˁʨʺʨʸʬʩʻʲʰ ʪʨʮʵʳʭʬʩʰʹ ˀʬʫʬʪʬʩʰʹ 

˂ʫʵʳʰʲʬʩʨʯʨ ʨʴʨʲʰʮʰʹʨ  ʫʨ ʪʨʮʵʳʭʰʹ ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʰʹ ˀʬʼʨʹʬʩʨ 

ʭʰʸʺʻʨʲʻʸʰ ʳʵʫʬʲʰʹʨʯʭʰʹ ʳʰʹʰ ˀʬʫʬʪʬʩʰʹ   ʨʫʬʽʭʨʺʻʸʵʩʰʹ 

ʪʨʳʵʹʨʱʭʲʬʭʨʫ ʸʬʨʲʻʸʰ ʵʩʰʬʽʺʰʹ ʪʨʮʵʳʭʰʹ ˀʬʫʬʪʬʩʯʨʴ, ʨʹʬʭʬ  

ʪʨʳʵʱʭʲʬʻʲʰ ʫʨ ʳʵ˂ʬʳʻʲʰʨ ʹʨʫʪʻʸʯˀʵʸʰʹʰ ʫʨʱʭʰʸʭʬʩʨʯʨ ˇʪʻʼʬʩʰʹ 

ˀʬʫʬʪʬʩʰʹ ʪʨʬʸʯʰʨʴʬʩʰʹ ʶʰʸʵʩʬʩʰ ʸʬʨʲʻʸʰ ʵʩʰʬʽʺʰʹʨ   ʫʨ 

ʭʰʸʺʻʨʲʻʸʰ ʳʵʫʬʲʰʹʨʯʭʰʹ. 

ˀʬʫʬʪʬʩʰʹ ʪʨʳʵʿʬʴʬʩʰʹ ʹʼʬʸʵ. ʹʨʫʰʹʬʸʺʨ˂ʰʵ ʴʨˀʸʵʳˀʰ 

ʳʵʿʭʨʴʰʲʰ ˀʬʫʬʪʬʩʰ ʫʨ ʸʬʱʵʳʬʴʫʨ˂ʰʬʩʰ ˀʬʹʨ˃ʲʬʩʬʲʰʨ ʪʨʳʵʿʬʴʬʩʻʲʰ 

ʰʿʵʹ ʹʨʮʵʳ ʹʨʱʵʴʺʸʵʲʵ ʹʨʳʻˀʨʵʬʩʰʹ ʵʸʪʨʴʰʮʨ˂ʰʰʹ ʫʨʪʬʪʳʭʰʹʨʯʭʰʹ  

ʴʬʩʰʹʳʰʬʸʰ ʺʰʶʰʹ ʹʨ˄ʨʸʳʵʵ ʫʨʴʰˀʴʻʲʬʩʰʹ ʵʩʰʬʽʺʮʬ ʳʵʫʬʲʰʹʨ ʫʨ 

ʸʬʨʲʻʸʰ ʵʩʰʬʽʺʰʹ ʳʨʽʹʰʳʨʲʻʸʰ ʨʫʬʽʭʨʺʻʸʵʩʰʹ ʻʮʸʻʴʭʬʲʹʨʿʵʼʨʫ 

ʳʨʯʰ ʶʸʵʬʽʺʰʸʬʩʰʹ, ˄ʰʴʨʹ˄ʨʸʰ ʨʶʸʵʩʨ˂ʰʰʹʨ ʫʨ ʬʽʹʶʲʻʨʺʨ˂ʰʰʹ 

ʨʸʨʹʨˀʺʨʺʵ ʶʰʸʵʩʬʩʰʹ ʪʨʳʵʱʭʲʬʭʰʹʨʹ, ʪʨʴʹʨʱʻʯʸʬʩʰʯ ʻ˄ʿʭʬʺ 

˂ʰʱʲʰʨʴʰ, ˃ʭʰʸʨʫʾʰʸʬʩʻʲʰ ʫʨ  ʪʨʮʵʳʭʬʩʰʹ ˁʨʺʨʸʬʩʰʹ ˀʬʮʾʻʫʻʲʰ 

ˀʬʹʨ˃ʲʬʩʲʵʩʰʹ ʳʽʵʴʬ  ʵʩʰʬʽʺʬʩʰʹʨʯʭʰʹ, ʨʹʬʭʬ ʪʨʮʸʫʰʲʰ 

ʶʨʹʻˆʰʹʳʪʬʩʲʵʩʰʹ ʳʽʵʴʬ  ʹʨʮʵʳ ʹʨʱʵʴʺʸʵʲʵ  ʹʨʳʻˀʨʵʩʰʹ 

ˀʬʳʹʸʻʲʬʩʬʲʰ ʵʶʬʸʨʺʵʸʬʩʰʹ ʳʵʹʨʳʮʨʫʬʩʲʨʫ. 

ʴʨˀʸʵʳʰʹ ʨʶʸʵʩʨ˂ʰʨ. ʹʨʫʰʹʬʸʺʨ˂ʰʵ ʯʬʳʰʹ ʰʸʪʭʲʰʭ ʴʨˀʸʵʳʰʹ 

˃ʰʸʰʯʨʫʰ ˀʬʫʬʪʬʩʰ ʹˆʭʨʫʨʹˆʭʨ ˄ʲʬʩˀʰ ʳʵˆʹʬʴʬʩʻʲʰ ʫʨ ʪʨʴˆʰʲʻʲʰ 
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ʰʽʴʨ ʹʨʳʬ˂ʴʰʬʸʵ - ʺʬʽʴʰʱʻʸ ʵʴʼʬʸʬʴ˂ʰʨʮʬ, ʪʨʳʵʽʭʬʿʴʫʨ ʹʨʳʬ˂ʴʰʬʸʵ 

ʷʻʸʴʨʲˀʰ ʫʨ ʳʵˆʹʬʴʫʨ ʹʬʳʰʴʨʸʬʩʮʬ, ʳʨʯ ˀʵʸʰʹ: 

1. ʴ.ʨʩʬʲʨˀʭʰʲʰ, ʪ.ʽʨʸʯʭʬʲʰˀʭʰʲʰ. ʫʰʴʨʳʰʱʻʸʰ 

ʶʸʵʪʸʨʳʰʸʬʩʨ ʪʨʮʪʨʿʭʨʴʰʲʵʩʰʹ ʹʰʹʺʬʳʰʹ ʫʨʶʸʵʬʽʺʬʩʨˀʰ.  

ʹʨʬʸʯʨˀʵʸʰʹʵ ʹʨʳʬ˂ʴʰʬʸʵ ʱʵʴʼʬʸʬʴ˂ʰʨ ნʳʨʸʯʭʰʹ ʨʭʺʵʳʨʺʰʮʬʩʻʲʰ 

ʹʰʹʺʬʳʬʩʰ ʫʨ ʯʨʴʨʳʬʫʸʵʭʬ ʹʨʰʴʼʵʸʳʨ˂ʰʵ ʺʬʽʴʵʲʵʪʰʬʩʰნ, 2011˄., 20-22 

ʳʨʰʹʰ. 

2. ʴ.ʨʩʬʲʨˀʭʰʲʰ, ʪ.ʽʨʸʯʭʬʲʰˀʭʰʲʰ. ʫʰʴʨʳʰʱʻʸʰ 

ʶʸʵʪʸʨʳʰʸʬʩʨ ʪʨʮʪʨʿʭʨʴʰʲʵʩʰʹ ʹʰʹʺʬʳʰʹ ʫʨʶʸʵʬʽʺʬʩʨˀʰ.   ნˀʸʵʳʬʩʰ 

ʳʨʸʯʭʰʹ ʨʭʺʵʳʨʺʰʮʰʸʬʩʻʲʰ ʹʰʹʺʬʳʬʩʰნ, ʹʨʽʨʸʯʭʬʲʵʹ ʺʬʽʴʰʱʻʸʰ 

ʻʴʰʭʬʸʹʰʺʬʺʰ, № 1(10), 2011. 

3. ʴ.ʨʩʬʲʨˀʭʰʲʰ, ʪ.ʽʨʸʯʭʬʲʰˀʭʰʲʰ. LabVIEW-ʹ ʹʰʭʸ˂ʬˀʰ 

ʺʸʨʴʹʳʰʺʬʸʰʹ ʭʰʸʺʻʨʲʻʸʰ ʳʵʫʬʲʰ ʳʨʪʰʹʺʸʨʲʻʸ ʳʰʲʹʨʫʬʴʮʬ ˄ʴʬʭʰʹ 

ʱʨʲʰʩʸʬʩʹʨ ʫʨ ʪʨʮʵʳʭʹʨʯʭʰʹ.  ნˀʸʵʳʬʩʰ ʳʨʸʯʭʰʹ ʨʭʺʵʳʨʺʰʮʰʸʬʩʻʲʰ 

ʹʰʹʺʬʳʬʩʰნ, ʹʨʽʨʸʯʭʬʲʵʹ ʺʬʽʴʰʱʻʸʰ ʻʴʰʭʬʸʹʰʺʬʺʰ, №2(13), 2012. 

4. ʴ.ʨʩʬʲʨˀʭʰʲʰ, ʪ.ʽʨʸʯʭʬʲʰˀʭʰʲʰ, ʲ.ʪʨˁʬˁʰʲʨ˃ʬ. ˄ʴʬʭʰʹ 

ʶʰʸʫʨʶʰʸʰ ʬʸʯˇʬʸʨʫʰ ʪʨʮʵʳʭʰʹ ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʰʹ ˀʬʼʨʹʬʩʨ ʸʬʨʲʻʸʰ 

ʵʩʰʬʽʺʰʹʨ ʫʨ ʭʰʸʺʻʨʲʻʸʰ ʳʵʫʬʲʰʹʨʯʭʰʹ. ნˀʸʵʳʬʩʰ ʳʨʸʯʭʰʹ 

ʨʭʺʵʳʨʺʰʮʰʸʬʩʻʲʰ ʹʰʹʺʬʳʬʩʰნ, ʹʨʽʨʸʯʭʬʲʵʹ ʺʬʽʴʰʱʻʸʰ 

ʻʴʰʭʬʸʹʰʺʬʺʰ, № 1(14), 2013.  

5. ʴ.ʨʩʬʲʨˀʭʰʲʰ, ʪ.ʽʨʸʯʭʬʲʰˀʭʰʲʰ, ʪ.ʳʻʸˇʰʱʴʬʲʰ. ʸʬʨʲʻʸʰ 

ʵʩʰʬʽʺʰʹʨ ʫʨ ʭʰʸʺʻʨʲʻʸʰ ʳʵʫʬʲʰʹ ʪʨʮʵʳʭʰʹ ʳʵʴʨ˂ʬʳʬʩʰʹ 

ʪʨʬʸʯʰʨʴʬʩʰʹ ʶʰʸʵʩʬʩʰ. ნˀʸʵʳʬʩʰ ʳʨʸʯʭʰʹ ʨʭʺʵʳʨʺʰʮʰʸʬʩʻʲʰ 

ʹʰʹʺʬʳʬʩʰნ, ʹʨʽʨʸʯʭʬʲʵʹ ʺʬʽʴʰʱʻʸʰ ʻʴʰʭʬʸʹʰʺʬʺʰ, № 2(15), 2013.  
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ʯʨʭʰ 1  

ʮʵʪʨʫʰ ˂ʴʵʩʬʩʰ ʳʰʲʹʨʫʬʴʰʯ ʺʸʨʴʹʶʵʸʺʰʸʬʩʨʫ ʩʻʴʬʩʸʰʭ 
ʸʬʹʻʸʹʬʩʮʬ 

1.1. ʴʨʭʯʵʩʰʹʨ ʫʨ ʪʨʮʰʹ ʹʨʩʨʫʵʹ ˄ʨʸʳʵˀʵʩʨ, ʳʵ˃ʰʬʩʨ, ʫʨʮʭʬʸʭʨ, 

ʳʵʶʵʭʬʩʨ, ʪʨʭʸ˂ʬʲʬʩʨ 

1.1.1 ʳʰʲʹʨʫʬʴʰ ʺʸʨʴʹʶʵʸʺʰʹ ʹʨˆʬʵʩʬʩʰ. ʴʨʭʯʵʩʰʹ ʺʸʨʴʹʶʵʸʺʰʸʬʩʰʹ 

ʳʬʯʵʫʬʩʰ 

 

ʴʨʭʯʵʩʶʸʵʫʻʽʺʬʩʰ ʹʨʻʱʻʴʰʹ ˂ʰʭʰʲʰʮʨ˂ʰʰʹ ʳʰʴʰˀʭʴʬʲʵʭʨʴʰ 

ʳʵʴʨʶʵʭʨʸʰʨ. ʯʨʴʨʳʬʫʵʭʬ ʺʬʽʴʰʱʰʹʨ ʫʨ ʺʬʽʴʵʲʵʪʰʬʩʰʹ ʻʫʰʫʬʹʰ 

ʻʳʸʨʭʲʬʹʵʩʨ ʨʳ ʩʻʴʬʩʸʰʭʰ ʶʸʵʫʻʽʺʰʹ ʳʵʶʵʭʬʩʰʹ, ʪʨʫʨʳʻˀʨʭʬʩʰʹʨ ʫʨ 

ʳʵˆʳʨʸʬʩʰʹ ʪʨʸʬˀʬ ˄ʨʸʳʵʻʫʪʬʴʬʲʰʨ. ʨʳʰʺʵʳʨ˂ ʴʨʭʯʵʩʰʹ ʹʨʩʨʫʵʬʩʰ, 

ʳʰʹʰ ʳʴʰˀʭʴʬʲʩʰʫʨʴ ʪʨʳʵʳʫʰʴʨʸʬ, ˆˀʰʸʨʫ ʹʨʬʸʯʨˀʵʸʰʹʵ 

ʱʵʴʼʲʰʽʺʬʩʰʹ ʪʨʳʵʳ˄ʭʬʭʰ ʳʰʮʬʮʰ ˆʫʬʩʨ. ʯʻʳ˂ʨ  ʳʰʹʰ ʨʸʨ ʹ˄ʵʸʰ 

ʳʵʶʵʭʬʩʨ, ʺʸʨʴʹʶʵʸʺʰʸʬʩʨ ʫʨ ʪʨʳʵʿʬʴʬʩʨ, ˆˀʰʸʨʫ  ʨʩʰʴ˃ʻʸʬʩʹ ʫʨ 

ʨʮʰʨʴʬʩʹ ʬʱʵʲʵʪʰʻʸ ʹʰʺʻʨ˂ʰʨʹ. 

          ʴʨʭʯʵʩʰʹ ˀʬʳʨʫʪʬʴʬʲʰ ʹʺʸʻʽʺʻʸʰʹ ˃ʰʸʰʯʨʫʰ ʬʲʬʳʬʴʺʬʩʰ  

ʴʨˆˀʰʸ˄ʿʨʲʩʨʫʬʩʰʨ. ʳʨʯʰ ʳʵʲʬʱʻʲʬʩʰ ʹˆʭʨ ʴʰʭʯʰʬʸʬʩʬʩʯʨʴ ʬʸʯʨʫ ʵʸ 

ʽʰʳʰʻʸ ʬʲʬʳʬʴʺʹ - ˄ʿʨʲʩʨʫʹʨ ʫʨ ʴʨˆˀʰʸʩʨʫʹ ˀʬʰ˂ʨʭʹ. ʴʨʭʯʵʩʰ ʩʻʴʬʩʨˀʰ 

ʯˆʬʭʨʫʰ ʨʴ ʼʰʹʰʹʬʩʸʰ  ʼʵʸʳʰʯ ʪʭˆʭʫʬʩʨ. ʴʨʭʯʵʩʰ ʵʸʪʨʴʻʲʰ 

ʴʰʭʯʰʬʸʬʩʨʨ, ʸʵʳʲʰʹ ʼʵʸʳʰʸʬʩʨ˂ ʾʸʳʨ ʰʹʺʵʸʰʻʲ ˄ʨʸʹʻʲˀʰ  ʳʵˆʫʨ, 

ʨʳʰʺʵʳ ʴʨʭʯʵʩʹ ʫʨ ʩʻʴʬʩʸʰʭ ʨʰʸʹ ʴʨʳʨʸˆ ʹʨʯʩʵʩʹ ʻ˄ʵʫʬʩʬʴ.   

               ʴʨʭʯʵʩʰʹ ʳʵʹʨʶʵʭʬʩʲʨʫ ʨʾʳʵˁʬʴʰʹ ˀʬʳʫʬʪ ʨʻ˂ʰʲʬʩʬʲʰʨ ʳʰʹʰ 

ʫʨʮʭʬʸʭʨ ʫʨ ʳʨʸʨʪʰʹ ˀʬʹ˄ʨʭʲʨ. ʴʨʭʯʵʩʰʹ ʳʵʹʨ˃ʰʬʩʬʲ ʱʭʲʬʭʬʩʰ ʨʸʹʬʩʻʲ 

ʪʬʵʲʵʪʰʻʸ ʳʵʴʨ˂ʬʳʬʩʮʬ ʫʨʿʸʫʴʵʩʰʯ ʰ˄ʿʬʩʨ. ʯʻ ʫʨʫʪʰʴʫʨ, ʸʵʳ 

ʽʨʴʬʩʰʹ ʽʭʬʫʨ ʼʬʴʬʩˀʰ ʴʨʭʯʵʩʰ ʴʨʳʫʭʰʲʨʫ ʨʸʹʬʩʵʩʹ, ʪʬʵʲʵʪʬʩʰ ʨʳ 

ʨʫʪʰʲʰʹ ʽʨʴʬʩʰʹ ˀʸʬʬʩʰʹ ˀʬʹ˄ʨʭʲʨʹ ʸʨʳʫʬʴʰʳʬ ʱʳ-ʰʹ ʹʰʾʸʳʬʮʬ ʰ˄ʿʬʩʬʴ 

ʪʬʵʼʰʮʰʱʻʸʰ ʱʭʲʬʭʰʹ ʳʬʯʵʫʬʩʰʹʨ ʫʨ ʺʬʽʴʰʱʰʹ ʪʨʳʵʿʬʴʬʩʰʯ, ʸʵʳʬʲʰ˂ 

ʳʵʰ˂ʨʭʹ ʳʨʪʴʰʺʻʸ, ʪʸʨʭʰʳʬʺʸʰʻʲ ʫʨ ʹʬʰʹʳʻʸ ʫʨʮʭʬʸʭʬʩʹ.  
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 ʹʨʫʨʮʭʬʸʭʵ ˅ʨʩʻʸʾʰʲˀʰ ʴʨʭʯʵʩʰʹ ʨʾʳʵˁʬʴʰʹ ˀʬʳʫʬʪ ʳʰʹʰ 

ʪʨʳʵʱʭʲʬʭʨ ʰ˄ʿʬʩʨ. ʯʻ ʱʰ ʫʨʫʪʰʴʫʨ ʸʵʳ ʨʾʳʵˁʬʴʰʲʰ ʴʨʭʯʵʩʰ ˆʨʸʰʹˆʰ 

ʫʨʳʨʱʳʨʿʵʼʰʲʬʩʬʲʰʨ, ʳʨˀʰʴ ʺʬʸʰʺʵʸʰʨʮʬ ʹʶʬ˂ʰʨʲʻʸʰ ˅ʨʩʻʸʾʰʲʬʩʰʹ 

ʳʰʲʹʨʫʬʴʬʩʰʹʨ ʫʨ ʹˆʭʨʫʨʹˆʭʨ ʫʨʴʰˀʴʻʲʬʩʬʩʰʹ ʫʨʴʨʫʪʨʸʬʩʰʫʨʴ 

ˀʬʳʫʪʨʸʰ ʺʬʽʴʵʲʵʪʰʻʸʰ ʱʵʳʶʲʬʽʹʰ ˀʬʴʫʬʩʨ. 

                ʹʨʺʸʨʴʹʶʵʸʺʵ ʹʨˀʻʨʲʬʩʬʩʰʫʨʴ ʯˆʬʭʨʫʰ ʺʭʰʸʯʬʩʰʹ 

ʪʨʫʨʹʨʺʨʴʨʫ ʳʰʲʹʨʫʬʴʰ ʺʸʨʴʹʶʵʸʺʰ ʪʨʫʨʮʰʫʭʰʹ ʬʱʵʴʵʳʰʻʸʵʩʰʹ, 

ʹʰʹ˄ʸʨʼʰʹ, ʪʨʫʨʮʰʫʭʰʹ ʳʵ˂ʻʲʵʩʰʹ, ʬʽʹʶʲʻʨʺʨ˂ʰʰʹ ʫʰʫʰ ʭʨʫʰʹʨ ʫʨ 

ʻʹʨʼʸʯˆʵʬʩʰʹ ʪʨʳʵ ʬʸʯ-ʬʸʯʰ ʿʭʬʲʨʮʬ ʪʨʭʸ˂ʬʲʬʩʻʲʰ ʹʨˀʻʨʲʬʩʨʨ.  

              ʬʸʯ ʬʸʯʰ ʻ˂ʴʨʻʸʰ ʳʰʲʹʨʫʬʴʰ ʪʬʸʳʨʴʰʨˀʰ ʼʻʴʽ˂ʰʵʴʰʸʬʩʹ, 

ʱʬʸ˃ʵʫ ʱʰ ʪʬʲʮʬʴʱʰˆʬʸˀʰ ʭʬʴʺʰʴʹ ʨʸʬʴʨʹ  ʩʨʸʬʩʰ ʫʨʱʨʭˀʰʸʬʩʻʲʬʩʰ 

ʨʸʰʨʴ 5 ʱʰʲʵʳʬʺʸʰʨʴʰ  ʲʻʫʰʹ ʳʰʲʹʨʫʬʴʰʯ. ʬʹ ʬʸʯ - ʬʸʯʰ   

ʪʨʳʵʸˁʬʻʲʰ ʳʬʯʵʫʰʨ ʲʻʫʰʹ ʫʰʹʺʸʰʩʻ˂ʰʰʹʨʯʭʰʹ. ʫʰʫ ʹʺʨʫʰʵʴʬʩʮʬ 

ʳʨʺˁʬʩʰʹ ʫʸʵʹ ʫʰʫʰ ʳʵʯˆʵʭʴʨʨ ʲʻʫʮʬ ʫʨ ʨʳʰʺʵʳ ʩʨʸʰʹ 

ʳʬʶʨʺʸʵʴʬʬʩʰʹʨʯʭʰʹ ʻʳˇʵʩʬʹʰʨ ʶʰʸʫʨʶʰʸ ʰʿʭʴʬʴ ʫʨʱʨʭˀʰʸʬʩʻʲʬʩʰ 

˂ʬʴʺʸʨʲʻʸ ʸʬʮʬʸʭʻʨʸʯʨʴ.   

             ʫʨʴʰʨˀʰ, ʽʨʲʨʽ ʸʨʴʫʬʸˀʰ ʫʾʬʹʨ˂ ʨʸʹʬʩʵʩʹ ʹʶʰʲʬʴ˃ʰʹ ʳʰʲʹʨʫʬʴʰ, 

ʸʵʳʬʲʰ˂ ʫʨʱʨʭˀʰʸʬʩʻʲʰ ʰʿʵ ʲʻʫʹʨˆʨʸˀʯʨʴ. ʳʨʪʸʨʳ ʨʳʷʨʳʨʫ ʬʹ 

ʳʰʲʹʨʫʬʴʰ ʨʸ ʼʻʴʽ˂ʰʵʴʰʸʬʩʹ. 

      ʳʰʲʨʫʬʴʰʹ ʨʹʬʯʰ ʬʪʮʵʺʰʱʻʸʰ ʹʨˆʬʵʩʨ ʨʸʹʬʩʵʩʫʨ ʹʨʽʨʸʯʭʬʲʵˀʰ 

˄ʰʴʨ ʹʨʻʱʻʴʰʹ ʩʵʲʵʹ, ʸʵʳʬʲʰ˂ ʨʱʨʭˀʰʸʬʩʫʨ ʭʨˁʴʨ˃ʰʨʴʰʹ ʾʭʰʴʰʹ ʽʨʸˆʨʴʨʹ 

ʸʱʰʴʰʪʮʰʹ ʹʨʫʪʻʸʯʨʴ, ʰʪʰ ʳʰʴʰʹ ʳʰʲʬʩʰʹʨʪʨʴ ʨʪʬʩʻʲʰ ʳʨʪʰʹʺʸʨʲʰ 

ʰʿʵ, ʸʵʳʲʰʹ ʹʰʪʸ˃ʬ ʫʨʨˆʲʵʬʩʰʯ 3 ʱʰʲʵʳʬʺʸʹ ˀʬʨʫʪʬʴʫʨ. 

     ʺʸʨʴʹʶʵʸʺʰʸʬʩʰʹ ʼʻʴʽ˂ʰʰʹ ʳʰˆʬʫʭʰʯ ʳʰʲʹʨʫʬʴʬʩʰ ʰʿʵʼʨ ʹʨʳ 

ʺʰʶʨʫ: 

ˀʬʳʪʸʵʭʬʩʬʲʰ, ʺʸʨʴʹʶʵʸʺʰʸʬʩʰʹ ʫʨ ʫʰʹʺʸʰʩʻ˂ʰʰʹ ʳʰʲʹʨʫʬʴʬʩʰ. 

 ˀʬʳʪʸʵʭʬʩʬʲʰ ʳʰʲʹʨʫʬʴʬʩʰ.   

     ʻʸʯʰʬʸʯʫʨʱʨʭˀʰʸʬʩʻʲʰ ʳ˂ʰʸʬ ʫʰʨʳʬʺʰʹ ʫʨ ʹʰʪʸ˃ʰʹ ʳʰʲʹʨʫʬʴʬʩʰʹ 

ˇʪʻʼʰʨ, ʸʵʳʲʬʩʰ˂ ʽʳʴʰʨʴ ʽʹʬʲʹ ʴʨʭʯʵʩʰʹ ʨʴ ʩʻʴʬʩʸʰʭʰ ʪʨʮʰʹ 

ʪʨʫʨʮʰʫʭʰʹ ʳʰʮʴʰʯ, ʸʨʳʵʫʬʴʰʳʬ ʨˆʲʵ ʳʫʬʩʨʸʬ ˅ʨʩʻʸʾʰʲʰʫʨʴ 
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ʪʨʹʨ˄ʳʬʴʫʨʫ ʨʴ ʪʨʫʨʹʨʳʻˀʨʭʬʩʬʲ ʽʨʸˆʴʨʳʫʬ. ʸʵʪʵʸ˂ ˄ʬʹʰ ʨʳ ˇʪʻʼˀʰ 

ʳʰʲʹʨʫʬʴʰʹ ʹʰʪʸ˃ʬ ʸʨʳʵʫʬʴʰʳʬ ʨʹʬʻʲ ʳʬʺʸʰʹ  ʨʸ ʨʾʬʳʨʺʬʩʨ.  

 ʺʸʨʴʹʶʵʸʺʰʸʬʩʰʹ ʳʰʲʹʨʫʬʴʬʩʰ.  

      ʰʹʰʴʰ ʹʨʱʳʨʵʫ ʪʸ˃ʬʲʰ ʫʨ ʫʰʫʰ ʫʰʨʳʬʺʸʰʹʨʨ, ʸʵʳʬʲʰ˂ ˃ʰʸʰʯʨʫʨʫ 

ʪʨʳʵʰʿʬʴʬʩʨ ʴʨʭʯʵʩʰʹ ʪʨʮʰʹ ʫʨ ʹˆʭʨʫʨʹˆʭʨ ʴʰʭʯʰʬʸʬʩʬʩʰʹ 

ʺʸʨʴʹʶʵʸʺʰʸʬʩʰʹʨʯʭʰʹ ʽʨʲʨʽʬʩʹ, ʽʭʬʿʴʬʩʹ ʫʨ ʱʵʴʺʰʴʬʴʺʬʩʹ ˀʵʸʰʹʨ˂ ʱʰ. 

ʨʹʬʯʰ ʺʰʶʰʹ ʳʰʲʹʨʫʬʴʬʩʰ ˀʬʰ˂ʨʭʬʴ ʸʨʳʵʫʬʴʰʳʬ ʹʨʱʵʳʶʸʬʹʵʸʵ ʹʨʫʪʻʸʹ 

ʩʻʴʬʩʸʰʭʰ ʪʨʮʰʹʨʯʭʰʹ, ʫʨ ʹʨʺʻʳʩ ʹʨʫʪʻʸʬʩʹ ʴʨʭʯʵʩʰʹʨ ʫʨ 

ʳʻʲʺʰʶʸʵʫʻʽʺʬʩʰʹʨʯʭʰʹ. 

 ʫʰʹʺʸʰʩʻ˂ʰʰʹ ʳʰʲʹʨʫʬʴʬʩʰ.  

       ʨʹʬʯʰ ʳʰʲʹʨʫʬʴʬʩʰ ˀʬʫʪʬʩʨ ʸʨʳʵʫʬʴʰʳʬ ʻʸʯʰʬʸʯ ʫʨʱʨʭˀʰʸʬʩʻʲʰ 

ʳ˂ʰʸʬ ʫʰʨʳʬʺʸʰʹ ʳʰʲʹʨʫʬʴʬʩʰʹʨʪʨʴ ʸʵʳʲʬʩʰ˂  ʨ˄ʭʫʰʹ ʶʸʵʫʻʽ˂ʰʨʹ 

ʻˀʻʨʲʵʫ ʳʵʳˆʳʨʸʬʩʬʲʹ.  

 

     ʴʨʭʯʵʩʰʹ ʺʸʨʴʹʶʵʸʺʰʸʬʩʰʹ ʳʬʯʵʫʬʩʰ. 

     ʴʨʭʯʵʩʰʹ ʨʾʳʵˁʬʴʰʹʨ ʫʨ ʳʵʶʵʭʬʩʰʹ ˀʬʳʫʬʪ ʨʻ˂ʰʲʬʩʬʲʰʨ ʳʰʹʰ 

ʪʨʫʨʳʻˀʨʭʬʩʨ ʨʫʪʰʲʮʬ ʨʴ ʺʸʨʴʹʶʵʸʺʰʸʬʩʨ ʳʰʹʰ ˀʬʳʫʪʵʴʰ 

ʪʨʫʨʳʻˀʨʭʬʩʰʹʨʯʭʰʹ. ʨʸʹʬʩʵʩʹ ʴʨʭʯʵʩʰʹ ʺʸʨʴʹʶʵʸʺʰʹ 3 ʹʨˆʬʵʩʨ: ˄ʿʲʰʹ, 

ʸʱʰʴʰʪʮʰʹ ʫʨ ʳʰʲʹʨʫʬʴʰ. ʯʰʯʵʬʻʲ ʳʨʯʪʨʴʹ ʯʨʭʰʹʰ ʫʨʫʬʩʰʯʰ ʫʨ 

ʻʨʸʿʵʼʰʯʰ ʳˆʨʸʬʬʩʰ ʨʽʭʹ. 

 ˄ʿʲʰʹ ʺʸʨʴʹʶʵʸʺʰ ʪʭʨ˃ʲʬʭʹ ʹʨˀʻʨʲʬʩʨʹ ʸʵʳ ʪʨʫʨʭʮʰʫʵʯ 

ʺʨʴʱʬʸʬʩʰʯ ʴʨʭʯʵʩʰ, ʴʨʭʯʵʩ ʶʸʵʫʻʽʺʬʩʰ ʫʨ ʪʨʮʰ ʴʬʩʰʹʳʰʬʸʰ 

ʸʨʵʫʬʴʵʩʰʯ. ˄ʿʲʰʹ ʺʸʨʴʹʶʵʸʺʰ ʼʨʸʯʵʫ ʪʨʳʵʰʿʬʴʬʩʨ ʳʨʪʸʨʳ ʪʨʸʱʭʬʻʲ 

ʹʰʺʻʨ˂ʰʨˀʰ ʨʹʬʯʰ ʳʬʯʵʫʰ ˃ʭʰʸʫʬʩʨ ʸʨʫʪʨʴ ʹʨ˅ʰʸʰʵʨ ʫʨʳʨʺʬʩʰʯʰ 

ʫʨʳʨʪʸʵʭʬʩʬʲʰ ʹʨʫʪʻʸʬʩʰ (ʺʬʸʳʰʴʨʲʬʩʰ) ʴʨʭʯʵʩʰʹ ʫʨʹʨʪʸʵʭʬʩʲʨʫ. 

 ʸʱʰʴʰʪʮʰʹ ʺʸʨʴʹʶʵʸʺʰ ʪʭʨ˃ʲʬʭʹ ʹʨˀʻʨʲʬʩʨʹ ʪʨʫʨʭʮʰʫʵʯ 

ʴʬʩʰʹʳʰʬʸʰ ʹʨˆʬʵʩʰʹ ʴʨʭʯʵʩ ʶʸʵʫʻʽʺʬʩʰ. ʸʱʰʴʰʪʮʰʹ ʺʸʨʴʹʶʵʸʺʰʹ 

ʪʨʳʵʿʬʴʬʩʨ ʫʰʫʰ ʸʨʵʫʬʴʵʩʰʯ ʪʨʫʨʮʰʫʭʰʹʨʯʭʰʹ ʬʱʵʴʵʳʰʱʻʸʰ 

ʯʭʨʲʹʨʮʸʰʹʰʯ ʨʸ ʨʸʰʹ ʪʨʳʨʸʯʲʬʩʻʲʰ. ʸʨ˂ ˀʬʬˆʬʩʨ ʳ˂ʰʸʬ ʮʵʳʰʹ 

ʪʨʫʨʮʰʫʭʬʩʹ ʨʽ ʹʨʻʱʬʯʬʹʵ ʭʨʸʰʨʴʺʰ ʸʱʰʴʰʪʮʰʹ ʺʸʨʴʹʶʵʸʺʰʨ, ʸʨʫʪʨʴ 
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ʪʨʴʹˆʭʨʭʬʩʰʯ ˄ʿʲʰʹ ʺʸʨʴʹʶʵʸʺʰʹʨʪʨʴ  ʳʰʹʰ ʪʨʳʵʿʬʴʬʩʨ ˀʬʰ˃ʲʬʩʨ ʳʯʬʲʰ 

˄ʲʰʹ ʪʨʴʳʨʭʲʵʩʨˀʰ. 

 ʳʰʲʹʨʫʬʴʰ ʺʸʨʴʹʶʵʸʺʰ ʪʨʳʵʰʿʬʴʬʩʨ ʫʰʫʰ ʸʨʵʫʬʴʵʩʰʹ 

ʴʨʭʯʵʩʰʹ ʫʨ ʴʨʭʯʵʩ ʶʸʵʫʻʽʺʬʩʰʹ ʪʨʫʨʹʨʮʰʫʨʫ.  ʺʸʨʴʹʶʵʸʺʰʹ ʹˆʭʨ 

ʹʨˆʬʵʩʬʩʯʨʴ ˀʬʫʨʸʬʩʰʯ ʳʨʹ ʪʨʨˁʴʰʨ ˀʬʳʫʬʪʰ ʫʨʫʬʩʰʯʰ ʯʭʰʹʬʩʬʩʰ: 

- ʳʰʲʹʨʫʬʴʰ   ʻʳʵʱʲʬʹʰ ʳʨʴ˃ʰʲʰʯ ʨʬʸʯʬʩʹ ʹʨ˄ʿʰʹ ʫʨ ʩʵʲʵʵ 

˄ʬʸʺʰʲʬʩʹ; 

- ʳʰʹʰ ʫʨʺʭʰʸʯʭʨ  ʸʰʺʳʻʲʰ ʫʨ ʻ˄ʿʭʬʺʰʨ, ʸʨ˂ ʪʨʳʵʸʰ˂ˆʨʭʹ 

ʫʰʫʰ ʸʨʵʫʬʴʵʩʰʹ ʳʨʸʨʪʰʹ ˀʬʽʳʴʨʹ. 

-  ʫʨʴʨʱʨʸʪʬʩʰʹ ʹʰʳ˂ʰʸʬ ʫʨ ʪʨʫʨʮʰʫʭʰʹ ʨʭʺʵʳʨʺʰʮʨ˂ʰʰʹ 

ˀʬʹʨ˃ʲʬʩʲʵʩʨ. 

       ʻʨʸʿʵʼʰʯʰ ʳˆʨʸʬʨ ʹʨ˄ʿʰʹʰ ʱʨʶʰʺʨʲʫʨʩʨʴʫʬʩʬʩʰʹ ʫʰʫʰ ʸʨʵʫʬʴʵʩʨ 

ʫʨ ʪʨʫʨʮʰʫʭʰʹ ʳʰʳʨʸʯʻʲʬʩʰʹ ,,ʻˆʬˀʵʩʨმ, ʨʴʻ ʳʰʲʹʨʫʬʴʰʹ 

ʳʰʳʨʸʯʻʲʬʩʰʹ ˀʬ˂ʭʲʨ ʳˀʬʴʬʩʲʵʩʰʹ ʫʨʳʯʨʭʸʬʩʰʹ ˀʬʳʫʬʪ ˀʬʻ˃ʲʬʩʬʲʰʨ.  

            ʳʰʲʹʨʫʬʴʰ ʹʰʹʺʬʳʬʩʰʹ ʪʨʳʵʿʬʴʬʩʨ XX-ʬ ʹʨʻʱʻʴʰʹ 10-ʰʨʴʰ ˄ʲʬʩʰʹ 

ʩʵʲʵʫʨʴ ʫʨʰ˄ʿʵ. ʳʰʹʰ ʻʫʰʫʬʹʰ ʴʨ˄ʰʲʰ ʳ˂ʰʸʬ ʫʰʨʳʬʺʸʰʹ ʰʿʵ ʫʨ 

˃ʰʸʰʯʨʫ ʪʨʳʵʰʿʬʴʬʩʵʫʨ ʴʨʭʯʵʩʰʹ ʪʨʫʨʹʨʮʰʫʨʫ ʹʨʩʨʫʵʬʩʰʫʨʴ  

ʪʨʫʨʳʨʳʻˀʨʭʬʩʬʲ ʶʻʴʽʺʬʩʨʳʫʬ. ˀʬʳʫʪʵʳ ʶʬʸʰʵʫˀʰ ʫʨʰ˄ʿʵ ʼʨʸʯʵ 

ʫʰʨʳʬʺʸʰʨʴʰ ʴʨʭʯʵʩʹʨʫʬʴʬʩʰʹ ʳˀʬʴʬʩʲʵʩʨ. ʨ.ˀ.ˀ-ˀʰ ʪʨʴʹʨʱʻʯʸʬʩʻʲʰ 

ʪʨʳʨʲʬʩʰʯ ʺʸʨʴʹʶʵʸʺʰʹ ʬʹ ʹʨˆʬʵʩʨ ʭʰʯʨʸʫʬʩʵʫʨ 1945 ˄ʲʰʹ ˀʬʳʫʪʵʳ. 

ʸʨ˂ ˀʬʬˆʬʩʨ ˁʭʬʴʹ ʫʸʵʹ, ʨˆʲʨ ʳʰʲʹʨʫʬʴʰ ʺʸʨʴʹʶʵʸʺʰʹ ʪʨʴʭʰʯʨʸʬʩʰʹ 

ʨˆʨʲʰ ʬʺʨʶʰ ʳʰʳʫʰʴʨʸʬʵʩʹ. ʬʹ ʻʶʰʸʭʬʲʬʹ ʿʵʭʲʰʹʨ ʫʨʱʨʭˀʰʸʬʩʻʲʰʨ 

ʴʨʭʯʵʩʰʹʨ ʫʨ ʪʨʮʰʹ ʳʵʶʵʭʬʩʰʹ ʪʨʼʨʸʯʵʬʩʨʹʯʨʴ. 

      ʳʰʲʹʨʫʬʴʰ ʺʸʨʴʹʶʵʸʺʰ ʹʨˀʻʨʲʬʩʨʹ ʰ˃ʲʬʭʨ ʬʸʯʰ ʫʨ ʰʪʰʭʬ 

ʳʰʲʹʨʫʬʴʰ ʪʨʳʵʿʬʴʬʩʻʲʰ ʰʽʴʨʹ ʵʸʰ ʨʴ ʳʬʺʰ ʹˆʭʨʫʨʹˆʭʨ ʶʸʵʫʻʽʺʰʹ 

ʪʨʫʨʹʨʺʨʴʨʫ ʬʸʯʰʳʬʵʸʰʹ ʳʰʿʵʲʬʩʰʯ ʬ.˄. ʳʸʨʭʨʲ ʶʸʵʫʻʽʺʰʨʴʰ 

ʳʰʲʹʨʫʬʴʬʩʰ.  
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1.1.2. ʳʰʲʹʨʫʬʴʰ ʺʸʨʴʹʶʵʸʺʰʹ ʳʫʪʵʳʨʸʬʵʩʨ ʳʹʵʼʲʰʵʹ ˂ʨʲʱʬʻʲ 

ʽʭʬʿʴʬʩˀʰ. 

       ʴʨʭʯʵʩʹʨʫʬʴʬʩʰ, ʹʨʳʵʳʨʭʲʵʫ ʺʸʨʴʹʶʵʸʺʰʹ ʹʨʱʳʨʵʫ 

ʶʬʸʹʶʬʽʺʰʻʲʰ ʹʨˆʬʵʩʨʨ, ʳʨʪʸʨʳ ʳʰʹ ˀʬʳʫʪʵʳ ʪʨʴʭʰʯʨʸʬʩʨʹ ʯʨʴ ʨˆʲʨʭʹ 

ʻʨʳʸʨʭʰ ʶʸʵʩʲʬʩʨ, ʳʨʪʨʲʰʯʨʫ ʸʵʪʵʸʰ˂ʨʨ ʯʭʰʯʵʴ ʳʰʲʹʨʫʬʴʬʩʰʹ 

ʪʨʿʭʨʴʰʹ ʹʰʸʯʻʲʬʬʩʰ, ˆˀʰʸʨʫ ʹʨʬ˅ʭʵ ʶʬʸʹʶʬʽʺʰʭʬʩʰ ʫʨ ʹʺʸʨʺʬʪʰʨ. 

ʫʾʬʰʹʨʯʭʰʹ ʬʽʹʶʲʻʨʺʨ˂ʰʨˀʰ ʳʿʵʼʰ ʳʰʲʹʨʫʬʴʬʩʰʹ 35 % 20 ˄ʲʰʹ ʨʹʨʱʰʹʨʨ. 

ʨʳ ʨʹʨʱʰʹ ʳʰʲʹʨʫʬʴʬʩʰ ʻʱʭʬ ʳʵʰʯˆʵʭʹ ʫʰʫ ʿʻʸʨʫʾʬʩʨʹʨ ʫʨ ʳʵʭʲʨʹ, 

ʸʨʯʨ ʪʨʸʨʴʺʰʸʬʩʻʲ ʰʽʴʨʹ ʳʨʯʰ ʹʨʰʳʬʫʵʵʩʨ ʫʨ ʻʹʨʼʸʯˆʵʬʩʨ. 

      ʫʾʬʹʫʾʬʰʹʵʩʰʯ ʳʹʵʼʲʰʵˀʰ ʳʰʲʹʨʫʬʴʬʩʰʹ ʹʨʬʸʯʵ ʹʰʪʸ˃ʬ 

ʫʨˆʲʵʬʩʰʯ 3 500 000 ʱʰʲʵʳʬʺʸʰʨ. ʳʨʯ ˀʵʸʰʹ ʴʨʭʯʵʩʮʬ ʳʵʫʰʹ 

ʫʨʨˆʲʵʬʩʰʯ 17%, ʴʨʭʯʵʩʶʸʵʫʻʽʺʬʩʮʬ ʸʵʪʵʸʰ˂ʨʨ ʫʰʮʬʲʰ, ʴʨʭʯʰ ʫʨ 

ʹˆʭʨ ˀʬʨʫʪʬʴʹ ʫʨʨˆʲʵʬʩʰʯ 19%, ˆʵʲʵ ʫʨʴʨʸˁʬʴʰ 64% ʱʰ ʳʵʫʰʹ 

ʩʻʴʬʩʸʰʭ ʪʨʮʮʬ. ʽʭʬʳʵʯ ʳʵʿʭʨʴʰʲʰʨ ˂ʨʲʱʬʻʲʰ ʽʭʬʿʴʬʩʰʹ ʳʰˆʬʫʭʰʯ 

ʳʰʲʹʨʫʬʴʬʩʰʹ ʪʨʴʭʰʯʨʸʬʩʰʹ ʳʨˁʭʬʴʬʩʲʬʩʰ.        

 

ʨˀˀ  

       ʬʽʹʶʲʻʨʺʨ˂ʰʨˀʰ ʳʿʵʼʰ ʫʨ ʳˀʬʴʬʩʨʸʬ ʳʨʪʰʹʺʸʨʲʻʸʰ ʳʰʲʹʨʫʬʴʬʩʰʹ 

ʹʰʪʸ˃ʰʯ ʨʳʬʸʰʱʰʹ ˀʬʬʸʯʬʩʻʲ ˀʺʨʺʬʩʹ ʶʰʸʭʬʲʰ ʨʫʪʰʲʰ ʻʱʨʭʰʨ 

ʳʹʵʼʲʰʵˀʰ. ʫʾʬʹ ʨˀˀ-ˀʰ ʴʨʭʯʵʩʹʨʫʬʴʬʩʰʹ ʳˀʬʴʬʩʲʵʩʨʹ ʳʴʰˀʭʴʬʲʵʭʨʴʰ 

ʨʫʪʰʲʰ ʻʱʨʭʰʨ. ʪʨʴʹʨʱʻʯʸʬʩʻʲʰ ʿʻʸʨʫʾʬʩʨ ʬʯʳʵʩʨ ʴʨʭʯʵʩʹʨʫʬʴʬʩʰʹ 

ʳˀʬʴʬʩʲʵʩʨʹ ʨʲʨʹʱʰʫʨʴ ʫʨ ʱʨʴʨʫʰʹ ʨʸʽʺʰʱʻʲʰ ʸʨʰʵʴʬʩʰʫʨʴ. ʳʨʯ ˀʵʸʰʹ 

ʿʭʬʲʨʮʬ ʳʴʰˀʭʴʬʲʵʭʨʴʰʨ ʺʸʨʴʹʨʲʨʹʱʻʸʰ ʳˀʬʴʬʩʨʸʬ ʳʰʲʹʨʫʬʴʰ, ʸʵʳʲʰʹ 

ʹʰʪʸ˃ʬʨ 7763 ʱʳ. ʰʪʰ ʻʮʸʻʴʭʬʲʿʵʼʹ ʨʲʨʹʱʻʸʰ ʫʨ ʱʨʴʨʫʻʸʰ ʪʨʮʰʹ 

ʳʰ˄ʵʫʬʩʨʹ 48 ˀʺʨʺʰʹʯʭʰʹ. ʰʹ ˀʬʫʪʬʩʨ 4 ˃ʰʸʰʯʨʫʰ ʳʵʴʨʱʭʬʯʰʹʪʨʴ: 

ʨʲʰʨʹʱʰʹ, ʱʨʴʨʫʰʹ, ʨʾʳʵʹʨʭʲʬʯ ʫʨ ʫʨʹʨʭʲʬʯ ʳˆʨʸʬʬʩʰʹʪʨʴ.  

           2010 ˄ʲʰʹ ʩʵʲʵʹʨʯʭʰʹ ʨ.ˀ.ˀ-ˀʰ ʳʰʲʹʨʫʬʴʬʩʰʹ ʹʨʬʸʯʵ ʹʰʪʸ˃ʬ 

793,285 ʱʰʲʵʳʬʺʸʰ ˀʬʨʫʪʰʴʨ. ʳʨʯ ˀʵʸʰʹ ʴʨʭʯʵʩʹʨʫʬʴʬʩʰʹ 244,620 ʱʳ, 

ˆʵʲʵ ʪʨʮʹʨʫʬʴʬʩʰʹ 548,665 ʱʳ.  

http://ka.wikipedia.org/w/index.php?title=%E1%83%A3%E1%83%A1%E1%83%90%E1%83%A4%E1%83%A0%E1%83%97%E1%83%AE%E1%83%9D%E1%83%94%E1%83%91%E1%83%90&action=edit&redlink=1
http://ka.wikipedia.org/wiki/%E1%83%90%E1%83%A8%E1%83%A8
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ʴʨˆ. 1  ʳʰʲʹʨʫʬʴʰ ʺʸʨʴʹʶʵʸʺʰ ʨˀˀ-ˀʰ 

ʸʻʹʬʯʰ 

ʸʻʹʬʯˀʰ ʨʸʨ ʳˆʵʲʵʫ ʳʹʵʼʲʰʵˀʰ ʻʫʰʫʬʹʰ ʪʨʮʰʹ ʳʨʸʨʪʰʨ, ʨʸʨʳʬʫ 

ʨʽ ʹʨʻʱʬʯʬʹʵ ʶʰʸʵʩʬʩʰʨ ʳʰʹʰ ʫʨʹʨʭʲʬʯ ʬʭʸʵʶʨʹʨ ʫʨ ʨˆʲʵ 

ʨʾʳʵʹʨʭʲʬʯˀʰ ʺʸʨʴʹʶʵʸʺʰʸʬʩʰʹʨʯʭʰʹ. ʸʻʹʬʯʰʹ ʼʬʫʬʸʨ˂ʰʰʹ 

ʺʬʸʰʺʵʸʰʨʮʬ ʪʨʴʲʨʪʬʩʻʲʰ ʪʨʮʹʨʫʬʴʬʩʰʯ ʨʽʺʰʻʸʨʫ ʹʨʸʪʬʩʲʵʩʹ 

ʳʹʵʼʲʰʵˀʰ ʪʨʮʰʹ ʳʨʸʨʪʰʯ ʳʬʵʸʬ ʽʭʬʿʨʴʨ  —  ʰʸʨʴʰ, ʸʵʳʬʲʹʨ˂ ʨʳ ʪʮʰʯ 

ʯʨʭʰʹʰ ʪʨʮʰ ʪʨʨʽʭʹ ʬʭʸʵʶʨˀʰ. ʸʻʹʬʯʰʹ ʪʨʮʹʨʫʬʴʰ ʽʹʬʲʰ ˀʬʨʫʪʬʴʹ 

ʳʹʵʼʲʰʵˀʰ ʬʸʯ-ʬʸʯ ʻʳ˃ʲʨʭʸʬʹ ʪʨʮʹʨʫʬʴ ʹʰʹʺʬʳʨʹ, ʸʵʳʬʲʹʨ˂ 

ʳʹʵʼʲʰʵˀʰ ʨʴʨʲʵʪʰ ʨʸ ʳʵʬʶʵʭʬʩʨ. 

       ʸʻʹʬʯʰʹ ʳʰʲʹʨʫʬʴʰʹ ʹʨʬʸʯʵ ʹʰʪʸ˃ʬ 2010 ˄ʲʰʹ ʳʵʴʨ˂ʬʳʬʩʰʯ ʨʸʰʹ 

252 527  ʱʰʲʵʳʬʺʸʰʨ, ʳʨʯ ˀʵʸʰʹ ʴʨʭʯʵʩʰ ʫʨ ʴʨʭʯʵʩ ʶʸʵʫʻʽʺʬʩʰ  91 

326, ˆʵʲʵ ʯˆʬʭʨʫʰ ʫʨ ʩʻʴʬʩʸʰʭʰ ʪʨʮʰʹ ʱʰ 161 198 ʱʰʲʵʳʬʺʸʰʨ. 

      ʱʨʴʨʫʨ  

      ʴʨʭʯʵʩʰʹʨ ʫʨ ʪʨʮʰʹ ʳʸʬ˄ʭʬʲʵʩʨʳ ʱʨʴʨʫʨˀʰ ʪʨʴʹʨʱʻʯʸʬʩʻʲʰ 

ʳʴʰˀʭʴʬʲʵʩʨ ʳʬʵʸʬ ʳʹʵʼʲʰʵ ʵʳʰʹ ˀʬʳʫʬʪ ˀʬʰ˃ʰʴʨ. 1963 ˄ʬʲʹ ʪʨʮʰʹ 

ʳʵʶʵʭʬʩʨ 28-ˇʬʸ ʪʨʰʮʨʸʫʨ ʫʨ 28 ʳʰʲʰʨʸʫ ʳ3 ʳʰʨʾ˄ʰʨ, ˆʵʲʵ ʴʨʭʯʵʩʰʹ 

ʳʵʶʵʭʬʩʨ 34-ˇʬʸ ʫʨ 34 ʳʰʲʰʵʴ ʺʵʴʨʹ ʳʰʨʾ˄ʰʨ ˄ʬʲʰ˄ʨʫˀʰ. ʳʵʳʫʬʭʴʵ 

˄ʲʬʩˀʰ ʴʨʭʯʵʩʰʹʨ ʪʨʮʰʹ ʳʸʬ˄ʭʬʲʵʩʨ ʱʨʴʨʫʨˀʰ ʻʼʸʵ ʫʰʫʰ ʳʨʹˀʺʨʩʬʩʰʯ 

ʰʮʸʫʬʩʵʫʨ. 90-ʰʨʴʰ ˄ʲʬʩʰʹ ʳʰ˄ʻʸʻʲʰʹʯʭʰʹ ʪʨʮʰʹ ʳʵʶʵʭʬʩʨ ˀʬʨʫʪʬʴʫʨ 

87 ʳʰʲʰʨʸʫ ʳ3, ˆʵʲʵ ʴʨʭʯʵʩʰʹʨ - 69 ʳʰʲʰʵʴ ʺʵʴʨʹ ˄ʬʲʰ˄ʨʫˀʰ. 

     2010 ˄ʲʰʹ ʳʵʴʨ˂ʬʳʬʩʰʯ ʱʨʴʨʫʰʹ ʴʨʭʯʵʩʰʹ ʳʰʲʹʨʫʬʴʰʹ ʹʰʪʸ˃ʬ 

ˀʬʨʫʪʬʴʹ 75 000 ʱʰʲʵʳʬʺʸʹ, ˆʵʲʵ ʪʨʮʰʹʯʭʰʹ ʱʰ 835 ʱʰʲʵʳʬʺʸʹ. 

http://ka.wikipedia.org/wiki/%E1%83%A0%E1%83%A3%E1%83%A1%E1%83%94%E1%83%97%E1%83%98
http://ka.wikipedia.org/wiki/%E1%83%98%E1%83%A0%E1%83%90%E1%83%9C%E1%83%98
http://ka.wikipedia.org/wiki/%E1%83%99%E1%83%90%E1%83%9C%E1%83%90%E1%83%93%E1%83%90
http://ka.wikipedia.org/wiki/%E1%83%9B%E1%83%A0%E1%83%94%E1%83%AC%E1%83%95%E1%83%94%E1%83%9A%E1%83%9D%E1%83%91%E1%83%90
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˂ˆʸʰʲˀʰ 1 ʳʵʿʭʨʴʰʲʰʨ ʳʹʵʼʲʰʵˀʰ ʻʫʰʫʬʹʰ ʳʰʲʹʨʫʬʴʰ 

ʺʸʨʴʹʶʵʸʺʰʹ ʳʽʵʴʬ ʽʭʬʿʴʬʩʰʹ ʸʬʰʺʰʴʪʰ. 

˂ˆʸʰʲʰ 1 

№ 
ʽʭ

ʬʿ
ʨʴ

ʨ 

ʳʰ
ʲ

ʹʨ
ʫ

ʬʴ
ʰʹ

 

ʳʯ
ʲ

ʰʨ
ʴʰ

 

ʹʰ
ʪʸ

˃ʬ
 

ʴʨ
ʭʯ

ʵ
ʩʹ

ʨʫ
ʬʴ

ʰʹ
 

ʳʰ
ʲ

ʹʨ
ʫ

ʬʴ
ʰ 

  
  
  
  
  
 

ʱʳ
 

ʪʨ
ʮ

ʹʨ
ʫ

ʬʴ
ʰʹ

 

ʳʰ
ʲ

ʹʨ
ʫ

ʬʴ
ʰ 

 

ʱʳ
 

ʹˆ
ʭʨ

 

ʳʰ
ʲ

ʹʨ
ʫ

ʬʴ
ʬʩ

ʰ 
ʱʳ

 

1 ʨˀˀ 793 285 244 620 548 665 - 

2 ʸʻʹʬʯʰ 252 527 77 630 161 198 13 699 

3 ʱʨʴʨʫʨ 75 835 75 00 835 - 

4 ˁʰʴʬʯʰ 75 742 23 470 38 566 13 706 

5 ʻʱʸʨʰʴʨ 45 218 4 514 36 493 4 211 

6 ʨʸʪʬʴʺʰʴʨ 39 239 6 166 29 401 3 672 

7 ʰʸʨʴʰ 35 804 7 123 20 155 8 526 

8 ʳʬʽʹʰʱʨ 33 546 7 499 16 594 9 453 

9 ʪʬʸʳʨʴʰʨ 33 250 3 687 24 688 4 875 

10 ʨʭʹʺʸʨʲʰʨ 31 398 3 257 27 900 241 

11 ʨʲʷʰʸʰ 30 162 7 611 16 360 6 191 

12 ʰʴʫʵʬʯʰ 29 684 7 448 9 596 12 640 

13 ʿʨʮʨˆʬʯʰ 26 736 11 201 12 317 3 218 

14 ʹʨʼʸʨʴʪʬʯʰ 23 299 2 939 15 276 5 084 

15 ʩʸʨʮʰʲʰʨ 22 341 3 729 13 514 5 098 

16 ʫʰʫʰ ʩʸʰʺʨʴʬʯʰ 19 640 595 14 071 4974 

17 ʰʺʨʲʰʨ 19 589 1 241 18 348 - 

18 ʶʵʲʵʴʬʯʰ 16 056 1 384 13 860 812 

19 ʰʴʫʵʴʬʮʰʨ 14 707 5 984 7 165 1 558 

57 ʹʨʽʨʸʯʭʬʲʵ 2 854 1 258 1 596 - 

88 ʺʨˇʰʱʬʯʰ 587 38 549 - 

123 ʲʰˆʺʬʴˀʺʬʰʴʰ 20 20 - - 

124 ʲʰʩʬʸʰʨ 4 - 4 - 

125 ʱʭʰʶʸʵʹʰ 0 - - - 
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1.1.3.  ʳʰʲʹʨʫʬʴʰ ʺʸʨʴʹʶʵʸʺʰʹ ʰʹʺʵʸʰʨ ʫʨ ʪʨʴʭʰʯʨʸʬʩʰʹ ʶʬʸʹʶʬʽʺʰʭʬʩʰ 

ʹʨʽʨʸʯʭʬʲʵˀʰ 

             ʹʨʽʨʸʯʭʬʲʵʹ ʳʰʲʹʨʫʬʴʰ ʺʸʨʴʹʶʵʸʺʰʹ ʰʹʺʵʸʰʨ ʰ˄ʿʬʩʨ ʻ˃ʭʬʲʬʹ 

ʫʸʵʹ ˀʬʽʳʴʰʲʰ ʯʰˆʰʹ ʳʰʲʬʩʰʨʴʰ ˄ʿʨʲʳʵʳʨʸʨʪʬʩʰʹ ʽʹʬʲʰʹ  ʯʨʸʰʾʰʫʨʴ 

(ʳ˂ˆʬʯʨ, ʨʸʳʨʮʰ, ʴʵʽʨʲʨʽʬʭʰ, ʭʨʸ˃ʰʨ, ʯʩʰʲʰʹʰ, ʯʬʲʨʭʰ ʫʨ ʹˆʭʨ), ˆʵʲʵ 

ʸʨ˂ ˀʬʬˆʬʩʨ ʳʰʲʹʨʫʬʴʹ, ʸʵʪʵʸ˂ ʴʨʭʯʵʩʰʹ ʫʨ ʪʨʮʰʹ ʳʰʲʹʨʫʬʴ 

ʺʸʨʴʹʶʵʸʺʹ ʰʪʰ ʰ˄ʿʬʩʨ ʳʬʵ˂ʬ ʹʨʻʱʻʴʰʫʨʴ.      

     ʳʹʵʼʲʰʵˀʰ ʬʸʯ-ʬʸʯʰ ʶʰʸʭʬʲʰ ʫʨ ʻʫʰʫʬʹʰ ʴʨʭʯʵʩʹʨʫʬʴʰ, 

ʸʵʳʲʰʹ ʫʰʨʳʬʺʸʰ 200 ʳʳ. ˆʵʲʵ ʹʰʪʸ˃ʬ 835-ʱʳ. 16 ʪʨʫʨʹʨʺʻʳʩʰ 

ʹʨʫʪʻʸʰʯ.    ʪʨʰʿʭʨʴʬʹ 1897-1907 ˄. ʩʨʽʵʫʨʴ ʩʨʯʻʳʰʹ ʳʰʳʨʸʯʻʲʬʩʰʯ  

     1924-1925 ˄ʲʬʩˀʰ ʱʰ ʹʨʩ˅ʵʯʨ ʱʨʭˀʰʸʳʨ ʫʨ ʹʨʼʸʨʴʪʬʯʰʹ 

ʴʨʭʯʵʩʱʵʳʶʨʴʰʬʩʳʨ ˀʬʰʳʨʻˀʨʭʬʹ ʩʨʽʵ-ʩʨʯʻʳʰʹ ʴʨʭʯʵʩʹʨʫʬʴʰʹ ʶʸʵʬʽʺʰ. 

ʨʳ ʴʨʭʯʵʴʹʨʫʬʴʰʯ ʻʴʫʨ ʳʵʳˆʫʨʸʰʿʵ ʴʨʭʯʵʩʰʹ ʩʨʽʵʫʨʴ ʬʭʸʵʶʨˀʰ, 

ʱʬʸ˃ʵʫ ʱʰ ʹʨʼʸʨʴʪʬʯˀʰ ʺʸʨʴʹʶʵʸʺʰʸʬʩʨ. ʳʰʲʹʨʫʬʴʰʹ ʳˀʬʴʬʩʲʵʩʨ 

ʫʨʰ˄ʿʵ 1928 ˄ʬʲʹ ʫʨ  1930 ˄ʬʲʰʹ 30 ʨʶʸʰʲʹ ʪʨʰˆʹʴʨ.  

     ʨʳ ʳʰʲʹʨʫʬʴʰʹ ʫʰʨʳʬʺʸʰ ʰʿʵ 250 ʳʳ ʹʰʪʸ˃ʬ ʱʰ 834ʱʳ. ʳʰʲʹʨʫʬʴʰʹ 

ʪʨʹ˄ʭʸʰʭ ʨˀʬʴʬʩʻʲʰ ʰʿʵ 13 ʪʨʫʨʹʨʺʻʳʩʰ ʹʨʫʪʻʸʰ, ʸʵʳʲʬʩʰ˂ 

ʨʾ˅ʻʸʭʰʲʰ ʰʿʵ ʹʨʳ-ʹʨʳʰ ʫʰʮʬʲʰʹ ˃ʸʨʭʰʨʴʰ ʺʻʳʩʵʬʩʰʯ.  

        1974 ˄ʲʰʹ ʫʨʹʨ˄ʿʰʹˀʰ ʩʨʯʻʳʹʨ ʫʨ ˆʨˀʻʸʹ ˀʵʸʰʹ ʴʨʭʯʵʩʹʨʫʬʴʰʹ 

ʶʨʸʨʲʬʲʻʸʨʫ ʪʨʰʿʭʨʴʬʹ ʨˆʨʲʰ, 232 ʱʳ ʹʰʪʸ˃ʰʹ ʫʰʮʬʲʰʹ ʳʰʲʹʨʫʬʴʰ. ʨʳ 

ʳʨʪʰʹʺʸʨʲʮʬ ʫʰʮʬʲʹ ʩʨʽʵʫʨʴ ˆʨˀʻʸʨʳʫʬ ʸʱʰʴʰʪʮʰʯ ʬʮʰʫʬʩʵʫʴʬʴ ʫʨ 

ˆʨˀʻʸʰʫʨʴ ʱʰ ʳʰʲʹʨʫʬʴˀʰ ʻˀʭʬʩʫʴʬʴ ʫʰʮʬʲʹ.  

       ʨʳʷʨʳʨʫ ʹʨʽʨʸʯʭʬʲʵʹ ʺʬʸʰʺʵʸʰʨʮʬ ʪʨʫʰʹ 2 ʴʨʭʯʵʩ ʹʨʫʬʴʰ 

WREP (Western Route Export Pipeline) ʫʨ BTC (Baku-Tbilisi-Ceyhan) ʫʨ ʬʸʯʰ 

ʪʨʮʹʨʫʬʴʰ SCP (South Caucasus Pipeline).  ˆʵʲʵ ʳʬʵʸʬ ʪʨʮʹʨʫʬʴʰʹ 

ʳˀʬʴʬʩʲʵʩʨ ʳʰʳʫʰʴʨʸʬʵʩʹ (NABUCCO). 

ʫʨʹʨʭʲʬʯʰʹ ʳʰʳʨʸʯʻʲʬʩʰʹ ʹʨʬʽʹʶʵʸʺʵ ʳʰʲʹʨʫʬʴʰ (Western Route 

Export Pipeline) 

       1996 ˄ʲʰʹ 8 ʳʨʸʺʹ ʨʮʬʸʩʨʰˇʨʴʰʹ ʫʨ ʹʨʽʨʸʯʭʬʲʵʹ ʶʸʬʮʰʫʬʴʺʬʩʳʨ 

ʫʨʨʼʻ˃ʴʬʹ ʫʨʹʨʭʲʬʯʰʹ  ʳʰʳʨʸʯʻʲʬʩʰʹ  ʹʨʬʽʹʶʵʸʺʵ  ʳʰʲʹʨʫʬʴʰ  

(WREP). ʹʨʳʳˆʸʰʭ ˆʬʲˀʬʱʸʻʲʬʩʨʹ ʱʰ  ˆʬʲʰ ʳʵʨ˄ʬʸʬʹ AIOC (Azerbaijan 



     32 

 

International Operating Company), ʹʵʱʨʸʳʨ (SOCAR - State Oil Company of 

Azerbaijan Republic) ʫʨ ʹʨʽʨʸʯʭʬʲʵʹ ʳʯʨʭʸʵʩʨʳ. 1999 ˄ʲʰʹ 17 ʨʶʸʰʲʹ 

ʹʨʮʬʰʳʵʫ ʳʵˆʫʨ ʳʰʲʹʨʫʬʴʰʹ ʰʴʨʻʪʻʸʨ˂ʰʨ ʫʨ ʪʨˆʹʴʨ ʹʻʼʹʰʹ 

ʺʬʸʳʰʴʨʲˀʰ.  

     ʳʰʲʹʨʫʬʴʰʹ ʹʰʪʸ˃ʬ 833 ʱʰʲʵʳʬʺʸʰʨ ʫʨ ʳʰʹʰ ʹʨˀʻʨʲʬʩʰʯ 

ʨʮʬʸʩʨʰˇʨʴˀʰ ʱʨʹʶʰʰʹ ʮʾʭʰʹ ˀʰʸʨʽʰʹ ʹʨʩʨʫʵʫʨʴ ʳʵʶʵʭʬʩʻʲʰ ʴʨʭʯʵʩʰ 

ʹʨʴʪʨˁʨʲʰʹ ʺʬʸʳʰʴʨʲʰʹ ʪʨʭʲʰʯ ʫʨʹʨʭʲʬʯ ʹʨʽʨʸʯʭʬʲʵˀʰ ʹʻʼʹʰʹ 

ʺʬʸʳʰʴʨʲʨʳʫʬ ʳʰʬʫʰʴʬʩʨ. ʴʨʭʯʵʩʰʹ ʻʹʨʼʸʯˆʵ ʺʸʨʴʹʶʵʸʺʰʸʬʩʨʹ 

ʨˆʫʬʴʹ ʩʨʽʵʫʨʴ ʹʻʼʹʰʹ ʺʬʸʳʰʴʨʲʨʳʫʬ, ʴʨʭʯʵʩʹʨʫʬʴʰʹ ʬʽʹʶʲʻʨʺʨ˂ʰʰʹ 

99,9% ʬʼʬʽʺʻʸʵʩʰʹ ʶʰʸʵʩʬʩˀʰ. ʫʨʹʨʭʲʬʯʰʹ ʳʰʳʨʸʯʻʲʬʩʰʹ ʹʨʬʽʹʶʵʸʺʵ 

ʳʰʲʹʨʫʬʴʹ ʫʾʬˀʰ 150 000 ʩʨʸʬʲʨʳʫʬ ʴʨʭʯʵʩʰʹ ʪʨʺʨʸʬʩʨ ˀʬʻ˃ʲʰʨ 

(1ʩʨʸʬʲʰ ≈ 158 ʲʰʺʸʰ). 

 

ʴʨˆ. 2  WREP, SCP ʫʨ BTC ʳʰʲʹʨʫʬʴʬʩʰʹ ʸʻʽʨ 

              ʹʨʽʨʸʯʭʬʲʵʹ ʺʬʸʰʺʵʸʰʨʮʬ ʨʸʰʹ 3 ʴʨʭʯʵʩ ʹʨʺʻʳʩʰ ʹʨʫʪʻʸʰ ʫʨ 2 

˄ʴʬʭʰʹ ʳʨʸʬʪʻʲʰʸʬʩʬʲʰ ʹʨʫʪʻʸʰ, 4 ʴʨʭʯʵʩʰʹ ʸʬʮʬʸʭʻʨʸʰ ʹʨʬʸʯʵ 

ʳʵ˂ʻʲʵʩʰʯ 160 000 ʳ3. ʳʰʲʹʨʫʬʴʰʹ ʨʳʷʨʳʰʴʫʬʲʰ ˄ʨʸʳʨʫʵʩʨʨ 15 000 ʳ3 

ʫʾʬʾʨʳʬˀʰ. 

ʩʨʽʵკʯʩʰʲʰʹʰკˇʬʰˈʨʴʰʹ ʳʰʲʹʨʫʬʴʰ (BTC) 

       ʩʨʽʵ-ʯʩʰʲʰʹʰ-ˇʬʰˈʨʴʰʹ (Baku-Tbilisi-Ceyhan) ʳʰʲʹʨʫʬʴʰ ʨˆʨʲʰ 

ʨʯʨʹ˄ʲʬʻʲʰʹ ʬʸʯ-ʬʸʯʰ ʿʭʬʲʨʮʬ ʫʰʫʰ ʹʨʰʴʷʰʴʸʵ ʳʰʾ˄ʬʭʨʨ. ʩʨʽʵ-

ʯʩʰʲʰʹʰ-ˇʬʰˈʨʴʰʹ ʳʰʲʹʨʫʬʴʰ ʪʨʫʰʹ ʹʨʳ ʽʭʬʿʨʴʰʹ ʺʬʸʰʺʵʸʰʨʮʬ ʱʨʹʶʰʰʹ 

ʮʾʭʰʫʨʴ ˆʳʬʲʯʨˀʻʨ ʮʾʭʰʹ ʹʨʴʨʶʰʸʵʳʫʬ.  ʳʰʹʰ ʳʯʲʰʴʰ ʹʰʪʸ˃ʬʨ 1768 ʱʳ. 

ʳʰʹʰ ʹʰʪʸ˃ʬ ʨʮʬʸʩʨʰˇʨʴʰʹ ʺʬʸʰʺʵʸʰʨʮʬ 443 ʱʰʲʵʳʬʺʸʰʨ, ʹʨʽʨʸʯʭʬʲʵʹ 
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ʺʬʸʰʺʵʸʰʨʮʬ 249 ʱʰʲʵʳʬʺʸʰ ʫʨ  ʯʻʸʽʬʯˀʰ ˇʬʰˈʨʴʰʹ ʹʨʮʾʭʨʵ 

ʺʬʸʳʰʴʨʲʨʳʫʬ ʱʰ 1076 ʱʰʲʵʳʬʺʸʰ. 

           BTC  ʳʰʲʹʨʫʬʴʰ ʹʸʻʲ ʬʽʹʶʲʻʨʺʨ˂ʰʨˀʰ 2006 ˄ʬʲʹ ʰʽʴʨ 

ʪʨˀʭʬʩʻʲʰ. ʳʰʲʹʨʫʬʴˀʰ ʪʨʺʨʸʬʩʻʲʰ ʴʨʭʯʵʩʰʹ ʴʨʱʨʫʰ ʹʺʨʩʰʲʻʸʨʫ 

ʰʮʸʫʬʩʨ ʫʨ ʫʾʬˀʰ ʫʨʨˆʲʵʬʩʰʯ  1 000 000 ʩʨʸʬʲ ʴʨʭʯʵʩʹ ʨ˄ʭʫʰʹ 

ʳʹʵʼʲʰʵ ʩʨʮʸʬʩʹ. 

       ʫʨʹʸʻʲʫʨ ʨʪʸʬʯʭʬ ʴʨʭʯʵʩʰʹ ʨʭʨʸʰʻʲʰ ˁʨʳʵʹʨ˂ʲʬʲʰʹ (EDDF - 

Emergency Drain Down Facility) ʳˀʬʴʬʩʲʵʩʨ. ʬʹ ʵʩʰʬʽʺʰ 8 500 ʱʻʩʻʸʰ 

ʳʬʺʸʰʹ ʳʵ˂ʻʲʵʩʰʹ ʸʬʮʬʸʭʻʨʸʰʨ, ʸʵʳʬʲʰ˂ ʳʵʯʨʭʹʫʨ ʱʰʫʬʭ ʬʸʯ 

ʩʬʺʵʴʰʹ ʳʰ˄ʰʹʽʭʬˀʨ ʸʬʮʬʸʭʻʨʸˀʰ, ʹʨʫʨ˂ ʨʭʨʸʰʰʹ ˀʬʳʯˆʭʬʭʨˀʰ, ʱʵʫʰʨʴʨʹ 

ʳʵʴʨʱʭʬʯʰʹ ʴʬʩʰʹʳʰʬʸʰ ʨʫʪʰʲʰʫʨʴ BTC ʳʰʲʹʨʫʬʴʰʫʨʴ ʫʨʾʭʸʰʲʰ 

ʴʨʭʯʵʩʰ ˁʨʰ˂ʲʬʩʨ ʫʨ ˀʬʰʴʨˆʬʩʨ. 

              BTC ʳʰʲʹʨʫʬʴʰʹ ʫʨʳˆʳʨʸʬ ʹʨˀʻʨʲʬʩʬʩʰ ʳʵʰ˂ʨʭʹ ʸʭʨ 

ʴʨʭʯʵʩʹʨʺʻʳʩ ʹʨʫʪʻʸʹ (ʵʸʰ ʨʮʬʸʩʨʰˇʨʴˀʰ, ʵʸʰ ʹʨʽʨʸʯʭʬʲʵˀʰ, ʵʯˆʰ 

ʯʻʸʽʬʯˀʰ); ʯʻʸʽʬʯʰʹ ˆʳʬʲʯʨˀʻʨ ʮʾʭʰʹ ʴʨʶʰʸʮʬ ʳʫʬʩʨʸʬ ˇʬʰˈʨʴʰʹ 

ʹʨʮʾʭʨʵ ʺʬʸʳʰʴʨʲʹ; ʬʸʯ ˄ʴʬʭʰʹ ʳʨʸʬʪʻʲʰʸʬʩʬʲ ʹʨʫʪʻʸʹ ʫʨ 101 ʳ˂ʰʸʬ 

ˁʨʳʱʬʺʰ ʹʨʸʽʭʬʲʰʹ ʹʨʫʪʻʸʹ. 

   

     ʹʨʳˆʸʬʯ ʱʨʭʱʨʹʰʰʹ ʪʨʮʹʨʫʬʴʰ (SCP) 

            692 ʱʳ. ʹʰʪʸ˃ʰʹ ʹʨʳˆʸʬʯ ʱʨʭʱʨʹʰʻʸʰ ʳʰʲʹʨʫʬʴʰ ʱʨʹʶʰʰʹ ʮʾʭʰʹ 

ʨʮʬʸʩʨʰˇʨʴʰʹ ʹʬʽʺʵʸˀʰ ʳʫʬʩʨʸʬ ˀʨˈ-ʫʬʴʰʮʰʹ ʹʨʩʨʫʵʫʨʴ ʹʨʽʨʸʯʭʬʲʵʹ 

ʺʬʸʰʺʵʸʰʰʹ ʪʨʭʲʰʯ ʹʨʽʨʸʯʭʬʲʵ-ʯʻʸʽʬʯʰʹ ʹʨʮʾʭʸʨʳʫʬ ʪʨʮʰʹ 

ʺʸʨʴʹʶʵʸʺʰʸʬʩʰʹʨʯʭʰʹ ʫʨʶʸʵʬʽʺʫʨ. ʪʨʮʹʨʫʬʴʰ ˄ʬʲʰ˄ʨʫˀʰ 20 

ʳʰʲʰʨʸʫ ʱʻʩʻʸ ʳʬʺʸ ʨʰʸʹ ʨʺʨʸʬʩʹ. ʳʰʲʹʨʫʬʴʰ ʹʨʽʨʸʯʭʬʲʵ-ʯʻʸʽʬʯʰʹ 

ʹʨʮʾʭʨʸʮʬ ʬʸʮʸʻʳʰʹ ʨʫʪʰʲʵʩʸʰʭ ʪʨʮʳʵʳʨʸʨʪʬʩʰʹ ʹʰʹʺʬʳʨʹ 

ʻʱʨʭˀʰʸʫʬʩʨ. ʨʳ ʳʰʲʹʨʫʬʴʰʹ ʳˀʬʴʬʩʲʵʩʨ, ʸʵʳʬʲʰ˂ ʹʨʽʨʸʯʭʬʲʵʹ 

ʺʬʸʰʺʵʸʰʨʮʬ ʰʳʨʭʬ ʫʬʸʬʼʨʴˀʰ ʪʨʫʰʹ, ʸʵʳʬʲˀʰ˂ BTC ʳʰʲʹʨʫʬʴʰ, 2006 

˄ʬʲʹ ʫʨʹʸʻʲʫʨ. SCP ʳʰʲʹʨʫʬʴʰʹ ʹʨˀʻʨʲʬʩʰʯ ʩʻʴʬʩʸʰʭʰ ʨʰʸʰ 

ʨʮʬʸʩʨʰˇʨʴʰʹ, ʹʨʽʨʸʯʭʬʲʵʹʨ ʫʨ ʯʻʸʽʬʯʰʹ ʳʵʳˆʳʨʸʬʩʬʲʹ ʳʰʬ˄ʵʫʬʩʨ.  

2006 ˄ʲʹ ʪʨʸʫʨʩʴʰʹ ʨˆʲʵʹ ʫʨʹʸʻʲʫʨ ʨʪʸʬʯʭʬ SCP ʳʰʲʹʨʫʬʴʰʹ 

ʹʨʽʨʸʯʭʬʲʵʹ ʪʨʮʳʵʳʨʸʨʪʬʩʰʹ ʹʰʹʺʬʳʨʹʯʨʴ  ˀʬʳʨʬʸʯʬʩʬʲʰ ʨˆʨʲʰ, 12 
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ʱʰʲʵʳʬʺʸʰ ʹʰʪʸ˃ʰʹ ʳʰʲʹʨʫʬʴʰʹ ʳˀʬʴʬʩʲʵʩʨ. ʳʰʹʰ ʬʽʹʶʲʻʨʺʨ˂ʰʨˀʰ 

ʪʨˀʭʬʩʰʹ ˀʬʳʫʬʪ ʹʨʽʨʸʯʭʬʲʵʳ ʶʰʸʭʬʲʰ ʪʨʮʰ 2007 ˄ʲʰʹ ʰʨʴʭʨʸˀʰ ʳʰʰʾʵ. 

   ʴʨʩʻʱʵʹ ʪʨʮʹʨʫʬʴʰ. 

    ʴʨʩʻʱʵ ʬʹ ʨʸʰʹ ʪʨʮʹʨʫʬʴʰ ʸʵʳʬʲʰʹ ʹʰʪʸ˃ʬʨ 3893 ʱʳ ʫʨ ʸʵʳʬʲʰ˂ 

ʪʨʫʰʹ ʯʻʸʽʳʬʴʬʯʰ ʫʨ ʨʮʬʸʩʨʰˇʨʴʰʫʨʴ ʬʭʸʵʶʨˀʰ, ʪʬʸʳʨʴʰʨʹʨ ʫʨ 

ʨʭʹʺʸʰʨˀʰ. ʳʰʲʹʨʫʬʴʰʹ ʹʰʳ˃ʲʨʭʸʬ ʨʸʰʹ ʫʨʨˆʲʵʬʩʰʯ 31 ʳʰʲʰʨʸʫʰ ʳ3 

ʪʨʮʰ ˄ʬʲʰ˄ʨʫˀʰ.  

 

ʴʨˆ. 3  NABUCCO ʳʰʲʹʨʫʬʴʰʹ ʳʨʸˀʸʻʺʰ 

ʨʳ ʶʸʵʬʽʺʰʹʨʯʭʰʹ ʳʮʨʫʬʩʨ ʫʨʰ˄ʿʵ 2002 ˄ʬʲʹ. ʹʨˆʬʲʳ˄ʰʼʵʯʨˀʵʸʰʹʰ 

ˆʬʲˀʬʱʸʻʲʬʩʨ ʯʻʸʽʬʯʹ, ʩʻʲʪʨʸʬʯʹ, ʻʴʪʸʬʯʹ ʫʨ ʨʭʹʺʸʰʨʹ ˀʵʸʰʹ 

ˆʬʲʰ ʳʵʬ˄ʬʸʨ 2009 ˄ʲʰʹ 13 ʰʭʲʰʹʹ.  ʳˀʬʴʬʩʲʵʩʨ ʫʨʰ˄ʿʵ 2011 ˄ʬʲʹ ʫʨ 

ʫʨʳʯʭʸʫʬʩʨ 2017 ˄ʬʲʹ, ˆʵʲʵ ʬʽʹʶʲʻʨʺʨ˂ʰʨˀʰ ˀʬʭʨ ʹʨʭʨʸʨʻʫʵʫ 2019 

˄ʬʲʹ.  
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1.1.4.  ʹʨʺʻʳʩʰ ʹʨʫʪʻʸʬʩʰʹ ʺʬʽʴʵʲʵʪʰʨ ʫʨ ʨʾ˅ʻʸʭʰʲʵʩʨ.  

         ʳʰʲʹʨʫʬʴʰʹ ʽʹʬʲʰ ʨʾ˅ʻʸʭʰʲʰʨ ʹˆʭʨʫʨʹˆʭʨ ˆʬʲʹʨ˄ʿʵʬʩʰʯ, 

ʫʨʴʨʫʪʸʬʩʰʯ ʫʨ ʳʵ˄ʿʵʩʰʲʵʩʬʩʰʯ, ʸʵʳʲʯʨ ʬʸʯʵʩʲʰʭʰ ʳʻˀʨʵʩʨ 

ʻʮʸʻʴʭʬʲʿʵʼʹ  ʶʸʵʫʻʽʺʰʹ ʪʨʫʨʨʫʪʰʲʬʩʨʹ.  

ʳʰʲʹʨʫʬʴʰʹ ʪʨʹ˄ʭʸʰʭ ʪʨʿʨʭʯ ʱʵʳʻʴʰʱʨ˂ʰʰʹ ˆʨʮʬʩʰ ʫʨ ʪʨʴʨʲʨʪʬʩʬʴ 

ʳʰʲʹʨʫʬʴʰʹ ʱʵʸʵʮʰʰʹʨʪʨʴ ʱʨʯʵʫʻʸʰ ʫʨ˂ʭʰʹ ʵʩʰʬʽʺʬʩʹ, ʸʰʹʯʭʰʹʨ˂  

ʳʰʲʹʨʫʬʴʹ ʨʹʬʭʬ ʼʨʸʨʭʬʴ ʨʴʺʰʱʵʸʵʮʰʻʲʰ ʰʮʵʲʨ˂ʰʰʹ ʼʬʴʰʯ. 

ʳʰʲʹʨʫʬʴʰʹ ʪʨʿʭʨʴʰʹʨʹ ˅ʨʵʩʰʨʴ ʨʫʪʰʲʨʹ ʨ˄ʿʵʩʬʴ ˆʬʲʵʭʴʻʸ ʳʰ˄ʨʿʸʰʲʹ 

ʨʴ ʨʯʨʭʹʬʩʬʴ ʹʨʿʸʫʬʴʬʩʮʬ. ʯʻ ʳʰʲʹʨʫʬʴʰ ʱʭʬʯʨʭʹ ʳʫʰʴʨʸʬʹ ʳʨˀʰʴ 

ʳʰʲʹʨʫʬʴʹ ʨʳ˃ʰʳʬʩʬʴ ʹʶʬ˂ʰʨʲʻʸʰ ʺʭʰʸʯʰʯ ʨʴ ʩʬʺʵʴʰʯ ʨʳʨʪʸʬʩʬʴ 

ʼʹʱʬʸʮʬ. ʨʳʨʭʬ ʫʸʵʹ ʳʯʨʭʨʸʰ ʳʰʲʹʨʫʬʴʰʹ ʪʨʹ˄ʭʸʰʭ ʨʺʨʸʬʩʬʴ 

ʫʨʳʨʺʬʩʰʯ, ʹʨʸʬʮʬʸʭʵ ʰʳʨʭʬ ʫʰʨʳʬʺʸʰʹ ʳʰʲʹʨʫʬʴʹ. ʸʱʰʴʰʪʮʰʹ 

ʲʰʨʴʫʨʪʰʹ ʨʴ ʨʭʺʵʳʨʪʰʹʺʸʨʲʰʹ ʪʨʫʨʱʭʬʯʨʮʬ ʳʰʲʹʨʫʬʴʹ ʨʯʨʭʹʬʩʬʴ 

ʫʨʳ˂ʨʭ ʳʰʲˀʰ ʸʵʳʬʲʰ˂ 100-200 ʳʳ-ʰʯ ʫʰʫʰʨ ʳʰʲʹʨʫʬʴʮʬ.  

   ʹʨ˄ʿʰʹʰ ʹʨʫʪʻʸʰ ˂ʴʵʩʰʲʰʨ ʸʵʪʵʸ˂ ˄ʿʨʸʵ ʨʴ ʳʵʳʳʨʸʨʪʬʩʬʲʰ 

ʹʨʫʪʻʸʰ, ʸʵʪʵʸ˂ ˄ʬʹʰ ʰʪʰ ʪʨʴʲʨʪʬʩʻʲʰʨ ˅ʨʩʻʸʾʰʲʯʨʴ ʨˆʲʵʹ 

ʹʨʰʫʨʴʨ˂ ʻˀʻʨʲʵʫ ʳʰʰʾʬʩʨ ʶʸʵʫʻʽʺʰ ʫʨ ʰ˄ʿʬʩʨ ʳʰʹʰ ʪʨʫʨʺʻʳʩʭʨ ʹˆʭʨ 

ʹʨʫʪʻʸʬʩʰʹʨʱʬʴ. ʸʬʮʬʸʭʻʨʸʬʩʰ, ʺʻʳʩʵʬʩʰ ʨʴ ʱʵʳʶʸʬʹʵʸʬʩʰ, ʸʵʪʵʸ˂ 

˄ʬʹʰ ʪʨʴʲʨʪʬʩʻʲʰʨ ʨʹʬʯ ʹʨʫʪʻʸʬʩʮʬ. ʹʨ˄ʿʰʹ ʹʨʺʻʳʩʰ ʹʨʫʪʻʸʮʬ, 

ʪʨʴʹˆʭʨʭʬʩʰʯ  ˁʭʬʻʲʬʩʸʰʭʰ ʹʨʺʻʳʩʰ ʹʨʫʪʻʸʬʩʰʹʨʪʨʴ, ʴʨʭʯʵʩʰʹ 2-3 

ʫʾʰʹ ʳʨʸʨʪʰʹʨʯʭʰʹ ʳʵ˄ʿʵʩʰʲʰʨ ʹʨʸʬʮʬʸʭʵ  ʨʭʮʬʩʰ.  

     ʹʨʺʻʳʩʰ ʹʨʫʪʻʸʬʩʰ ʪʨʴʲʨʪʬʩʻʲʰʨ ʳʰʲʹʨʫʬʴʰʹ ʪʨʹ˄ʭʸʰʭ 50-150 

ʱʳ-ʰʹ ʰʴʺʬʸʭʨʲʰʯ. ʨʹʬʯʰ ʺʰʶʰʹ ʹʨʫʪʻʸʬʩʰʹ ʪʨʴʲʨʪʬʩʨ 

ʫʨʳʵʱʰʫʬʩʻʲʰʨ ʸʬʲʰʬʼʮʬ, ʺʸʨʴʹʶʵʸʺʰʸʬʩʨʫʰ ʴʰʭʯʰʬʸʬʩʰʹ ʫʨ 

ʽʹʬʲʰʹ ʳʻˀʨʵʩʰʹ ʶʰʸʵʩʬʩʮʬ. ʹʨʺʻʳʩʰ ʹʨʫʪʻʸʬʩʰ ʨʾ˅ʻʸʭʰʲʰʨ 

ʺʻʳʩʵʬʩʰʯ ʸʵʳʬʲʯʨ ˄ʨʸʳʨʫʵʩʨ ʨʾʮʬʭʹ 12500 ʳ3/ʹʯ-ˀʰ.  ʯʰʯʵʬʻʲ 

ʹʨʫʪʻʸʮʬ  ʪʨʴʲʨʪʬʩʻʲʰʨ ʹʻʲ ʳ˂ʰʸʬ 3 ʺʻʳʩʵ.  

       ʿʭʬʲʨ ʹʨʫʪʻʸʰ ʨʾ˅ʻʸʭʰʲʰʨ ʫʨʳʵʻʱʰʫʬʩʬʲʰ ʬʲʬʽʺʸʵ 

ʳʵʳʨʸʨʪʬʩʰʹ  ʫʨ   ʹʨʫʸʬʴʨʷʵ ʹʰʹʺʬʳʰʯ, ʴʨʭʯʵʩʰʹ ʫʨʾʭʸʰʹʨʪʨʴ ʫʨʳ˂ʨʭʰ 

ʴʨʪʬʩʵʩʬʩʰʯ, ʴʨʭʯʵʩʰʹʨ ʫʨ ˄ʿʲʰʹ ʨʭʮʬʩʰʯ, ʹʨ˄ʭʨʭʰʹ ʳʨʸʨʪʰʹʨ ʫʨ 

ˆʨʴ˃ʨʸʹʨ˄ʰʴʨʨʾʳʫʬʪʵ ʹʰʹʺʬʳʰʯ. 
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ʴʨˆ. 4  ʴʨʭʯʵʩ ʹʨʺʻʳʩʰ ʹʨʫʪʻʸʰ 

       ʴʬʫʲʰ ʴʨʭʯʵʩʰ ˀʬʰ˂ʨʭʹ ʫʰʫʰ ʸʨʵʫʬʴʵʩʰʯ ˂ʭʰʲʹ ʫʨ ʶʨʸʨʼʰʴʹ 

ʸʵʳʬʲʰ˂ ʰʲʬʽʬʩʨ ʳʰʲʹʨʫʬʴʰʹ ʱʬʫʲʬʩʮʬ. ʨʳʰʹʺʵʳ ʨʸʰʹ ʹʨ˅ʰʸʵ 

ʳʰʲʹʨʫʬʴʰʹ ˀʬʳʵ˄ʳʬʩʨ ʫʨ ʪʨ˄ʳʬʴʫʨ ʳʰʲʹʨʫʬʴʰʹ ˀʬʹʨʳʵ˄ʳʬʩʬʲʰ ʿʨʲʰʩʰʹ 

(ʰʴʪʲʰʹʻʸʰʫʨʴ P.I.G. Pipeline Inspection Gauge ) ʹʨˀʻʨʲʬʩʰʯ.  

 

ʴʨˆ. 5  ʳʰʲʹʨʫʬʴʰʹ ˀʬʹʨʳʵ˄ʳʬʩʬʲʰ ʳʮʭʬʸʨʭʰ ʿʨʲʰʩʰ 

               

                ʬʸʯ-ʬʸʯʰ ʳʴʰˀʭʴʬʲʵʭʨʴʰ ʺʬʽʴʵʲʵʪʰʻʸʰ ʨʾ˅ʻʸʭʰʲʵʩʨ 

ʸʵʳʬʲʰ˂  ʴʨʭʯʵʩʹʨʫʬʴʰʹ ʹʨʺʻʳʩ ʹʨʫʪʻʸʬʩˀʰ ʪʨʳʵʰʿʬʴʬʩʨ ˁʨʳʱʬʺʰ 

ʻʸʫʻʲʰʰʨ. ʳʰʹʰ ʫʨʴʰˀʴʻʲʬʩʨʨ ʴʨʭʯʵʩʹʨʫʬʴʰʹ ʴʬʩʰʹʳʰʬʸʰ ʹʬʪʳʬʴʺʰʹ 

ʰʮʵʲʨ˂ʰʨ ʴʨʭʯʵʩʹʨʫʬʴʰʹʨ ʫʨ ʪʨʸʬʳʵʹ ʻʹʨʼʸʯˆʵʬʩʰʹ ʫʨ˂ʭʰʹ, ʪʬʪʳʰʻʸʰ 

ʯʻ ʨʸʨʹʨˀʺʨʺʵ ʹʨʸʬʳʵʴʺʵ ʹʨʳʻˀʨʵʬʩʰʹ ˁʨʺʨʸʬʩʰʹ  ʳʰʮʴʰʯ. ʳʰʲʹʨʫʬʴʮʬ 

ʨʹʬʯʰ ʺʰʶʰʹ ʹʨʫʪʻʸʬʩʰ, ʸʬʲʰʬʼʰʹ ʪʹʯʭʨʲʰʹ˄ʰʴʬʩʰʯ, ʬʸʯʳʨʴʬʯʰʹʨʪʨʴ 
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˃ʰʸʰʯʨʫʨʫ 50 ʱʰʲʵʳʬʺʸʰʹ ʫʨˀʵʸʬʩʰʯ  ʳʫʬʩʨʸʬʵʩʹ, ʨʹʬʭʬ 

ʳʴʰˀʭʴʬʲʵʭʨʴʰʨ ʳʰʲʹʨʫʬʴʰʹ ʺʸʨʬʽʺʵʸʰʨ, ʪʨʫʨʹʨʮʰʫʰ ʴʰʭʯʰʬʸʬʩʨ ʫʨ  

ʳʰʲʹʨʫʬʴʰʹ ʬʽʹʶʲʻʨʺʨ˂ʰʰʹ ʶʰʸʵʩʬʩʰ.  

    ʴʨʭʯʵʩʹʨʫʬʴʰʹ ʼʻʴʽ˂ʰʵʴʰʸʬʩʰʹ ʴʵʸʳʨʲʻʸ ʹʨʬʽʹʶʲʻʨʺʨ˂ʰʵ 

ʶʰʸʵʩʬʩʹ ʨʹʬʭʬ ʻʮʸʻʴʭʬʲʿʵʼʹ    ʳʨʸʪʻʲʰʸʬʩʬʲʰ ʹʨʫʪʻʸʬʩʰ, ʸʵʳʲʯʨ 

ʹʨˀʻʨʲʬʩʰʯʨ˂ ʵʶʬʸʨʺʵʸʹ ˀʬʻ˃ʰʨ ʨʸʬʪʻʲʰʸʵʹ ˄ʴʬʭʨ ʳʰʲʹʨʫʬʴˀʰ. 

ʸʵʪʵʸ˂ ˄ʬʹʰ ʨʹʬʯʰ ʹʨʫʪʻʸʬʩʰ ʳʫʬʩʨʸʬʵʩʹ ʨʳʨʾʲʬʩʻʲʰ ʨʫʪʰʲʰʹ 

(ʳʯʰʹ) ʫʨˀʭʬʩʰʹ ʨʫʪʰʲʨʹ.  

     ʳʰʲʹʨʫʬʴʰʯ ʺʸʨʴʹʶʵʸʺʰʸʬʩʻʲʰ ʶʸʵʫʻʽʺʰ ʹʨʩʵʲʵʵʫ 

ʳʰʳʾʬʩ ʹʨʫʪʻʸˀʰ ʰʿʸʰʹ ʯʨʭʹ, ʹʨʫʨ˂ ʨʱʻʳʻʲʰʸʫʬʩʨ ʹʶʬ˂ʰʨʲʻʸʨʫ 

ʳʵ˄ʿʵʩʰʲ ʸʬʮʬʸʭʻʨʸʬʩʹʨ ʫʨ ʺʬʸʳʰʴʨʲʬʩˀʰ ʰʽʰʫʨʴ ʱʰ ʻˀʻʨʲʵʫ 

ʳʵʳˆʳʨʸʬʩʬʲʹ ʳʰʬ˄ʵʫʬʩʨ.                                                  
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1.2.  ʹʨʮʵʳ-ʹʨʱʵʴʺʸʵʲʵ ʹʨʳʻˀʨʵʬʩʰʹ ʺʬʽʴʵʲʵʪʰʨ ʫʨ ʵʸʪʨʴʰʮʨ˂ʰʨ 

ʴʨʭʯʵʩʹʨʫʬʴʮʬ 

1.2.1. ˄ʴʬʭʰʹ ʺʸʨʴʹʳʰʺʬʸʰʹ ʳʻˀʨʵʩʰʹ ʫʨ ʫʨʱʨʲʰʩʸʬʩʰʹ ʵʶʬʸʨ˂ʰʬʩʰ 

 

              ʴʨʭʯʵʩʹʨʫʬʴʰ ʨʾ˅ʻʸʭʰʲʰʨ ʴʨʭʯʵʩʰʹ ʹʨʺʻʳʩʰ ʫʨ ˄ʴʬʭʰʹ 

ʳʨʸʬʪʻʲʰʸʬʩʬʲʰ ʹʨʫʪʻʸʬʩʰʯ, ʸʵʳʲʬʩʰ˂ ʻʮʸʻʴʭʬʲʿʵʼʬʴ ʴʨʭʯʵʩʰʹ 

ʪʨʫʨʺʻʳʩʭʰʹʨ ʫʨ ˄ʴʬʭʰʹ ʸʬʪʻʲʰʸʬʩʰʹ ʵʶʬʸʨ˂ʰʬʩʹ.  

             ˄ʴʬʭʰʹ ʪʨʹʨʮʵʳʨʫ ʹʨʫʪʻʸʬʩʮʬ ʪʨʳʵʰʿʬʴʬʩʨ ʵʸʰ ʺʰʶʰʹ ʹʨʮʵʳʰ 

ʳʵ˄ʿʵʩʰʲʵʩʬʩʰ: ʶʰʸʭʬʲʰ ʨʴʨʲʵʪʻʸʰ ʪʨʳʮʵʳʰ ʳʵ˄ʿʵʩʰʲʵʩʨ - 

ʳʨʴʵʳʬʺʸʰ, ʸʵʳʬʲʰ˂ ʫʨʳʵʴʺʨʷʬʩʻʲʰʨ ʳʰʲʹʨʫʬʴʮʬ ʫʨ ʭʰʮʻʨʲʻʸʰ 

ʱʵʴʸʺʵʲʰʹʨʯʭʰʹ ʰʿʬʴʬʩʬʴ, ˆʵʲʵ ʳʬʵʸʬ ʺʰʶʰʹ - ˄ʴʬʭʰʹ ʪʨʫʨʳ˄ʵʫʰ 

(ʺʸʨʴʹʳʰʺʬʸʰ - Transmitter), ʸʵʳʬʲʰ˂ ˂ʰʼʸʻʲʰ ʼʵʸʳʰʯ  ʪʨʮʵʳʭʰʹ 

ˀʬʫʬʪʹ  ʪʨʫʨʹ˂ʬʳʹ ʹʨʵʶʬʸʨʺʵʸʵ ʵʯʨˆˀʰ ʳʨʸʯʭʰʹ ʼʨʸʰʹ ʱʵʳʶʰʻʺʬʸʮʬ 

ˀʬʹʨʩʨʳʰʹʰ ʸʬʨʪʰʸʬʩʰʹʨʯʭʰʹ.  

             ˄ʴʬʭʰʹ ʪʨʫʨʳ˄ʵʫʰʹ ʳʻˀʨʵʩʰʹ ʶʸʰʴ˂ʰʶʰ 

            ˄ʴʬʭʰʹ ʪʨʮʵʳʭʰʹ ʶʸʰʴ˂ʰʶʻʲʰ ʹʽʬʳʨ ʳʵ˂ʬʳʻʲʰʨ ʴʨˆ. 6 ˄ʴʬʭʰʹ 

ʺʸʨʴʹʳʰʺʬʸʰ ˀʬʫʪʬʩʨ 2 ˃ʰʸʰʯʨʫʰ ʴʨ˄ʰʲʰʹʪʨʴ - ʨʾʳʵʳˁʬʴʰ ʫʨ ʪʨʫʨʳ˂ʬʳʰ 

ʬʸʯʬʻʲʰʹʨʪʨʴ. ʺʸʨʴʹʳʰʺʬʸʰʹ ˀʬʳʹʭʲʬʲʮʬ  ˄ʴʬʭʨ ʨ˄ʭʬʩʨ ʫʰʨʼʸʨʪʳʨʹ 1 

ʸʨ˂ ʰ˄ʭʬʭʹ ʳʰʹ ʫʬʼʵʸʳʨ˂ʰʨʹ. ʫʰʨʼʸʨʪʳʨ ʫʨʱʨʭˀʰʸʬʩʻʲʰʨ ʺʬʭʨʫʻʸ 

ʹʬʴʹʵʸʯʨʴ-2. 

 

ʴʨˆ. 6  ˄ʴʬʭʰʹ ʺʸʨʴʹʳʰʺʬʸʰʹ ʶʸʰʴ˂ʰʶʻʲʰ ʹʽʬʳʨ.  

ʹʨʫʨ˂ 1. ʫʰʨʼʸʨʪʳʨ; 2. ʹʬʴʹʵʸʰ; 3. ʪʨʳʮʵʳʰ ˄ʸʬʫʰ; 4. ʳʨ˃ʲʰʬʸʬʩʬʲʰ 

˄ʸʬʫʰ. 
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          ʫʰʨʼʸʨʪʳʰʹ ʫʬʼʵʸʳʨ˂ʰʰʹ ˀʬʫʬʪʨʫ ʰ˂ʭʲʬʩʨ ʹʬʴʹʵʸʰʹ 

ʬʲʬʽʺʸʵʹʺʨʺʰʱʻʸʰ ʺʬʭʨʫʵʩʨ. ʺʬʭʨʫʵʩʰʹ ˂ʭʲʰʲʬʩʨ ʶʰʸʫʨʶʰʸ 

ʶʸʵʶʵʸ˂ʰʻʲʰʨ ˄ʴʬʭʰʹ ˂ʭʲʰʲʬʩʰʹ.  ʺʬʭʨʫʻʸʰ ʹʬʴʹʵʸʰʫʨʴ ʹʰʪʴʨʲʰ 

ʪʨʫʨʬ˂ʬʳʨ ʪʨʳʮʵʳ ʫʨ ʳʨ˃ʲʰʬʸʬʩʬʲ ˄ʸʬʫʬʩʹ. ʨʳ ˄ʸʬʫʬʩʰʹ ʪʨʭʲʰʹ ˀʬʳʫʬʪ 

ʺʸʨʴʹʳʰʺʬʸʰʹ ʪʨʳʵʹʨʹʭʲʬʲʮʬ ʰʮʵʳʬʩʨ  ʹʰʪʴʨʲʰ ʫʬʴʰʹ ˃ʨʲʰʹ 

ʬʸʯʬʻʲʬʩˀʰ, ʸʵʳʲʰʹ ˂ʭʲʰʲʬʩʰʹ ʮʾʭʸʬʩʰ ʴʨʭʯʵʩʹʨʫʬʴʰʹ ʪʨʳʨʸʯʻʲʰ 

ʳʻˀʨʵʩʰʹ ʶʰʸʵʩʬʩˀʰ 4-20 mA-ʰʨ. 4 ʳʰʲʰʨʳʶʬʸʰ ˀʬʬʹʨʩʨʳʬʩʨ ʺʸʨʴʹʳʰʺʬʸʰʹ 

ʪʨʮʵʳʭʰʹ ʫʰʨʶʨʮʵʴʰʹ ʳʰʴʰʳʻʳʹ 0 Ba, ˆʵʲʵ 20 mA  ʱʰ - ʳʨʽʹʰʳʻʳʹ 30Ba. 

  

ʺʸʨʴʹʳʰʺʬʸʰʹ ʫʨʱʨʲʰʩʸʬʩʨ.  

               ʫʨʱʨʲʰʩʸʬʩʨ - ʪʨʴʹʨʮʾʭʸʻʲ ʶʰʸʵʩʬʩˀʰ ˀʬʹʸʻʲʬʩʻʲʰ 

ʶʸʵ˂ʬʫʻʸʨʨ, ʸʵʳʬʲʰ˂ ʶʰʸʭʬʲ ʬʺʨʶʮʬ ʨʫʪʬʴʹ ʫʨʳʵʱʰʫʬʩʻʲʬʩʨʹ 

ʪʨʮʵʳʭʰʹ ʬʸʯʬʻʲʰʹ ʬʺʨʲʵʴʰʯ (ʪʨʮʵʳʭʰʹ ʹʺʨʴʫʨʸʺʰʯ) 

ʻʮʸʻʴʭʬʲʵʼʰʲʰ ʹʰʫʰʫʰʹ ʳʴʰˀʭʴʬʲʵʩʨʹ (ʪʨʮʵʳʭʰʹ 

ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʰʯ) ʫʨ ˀʬʹʨʩʨʳʰʹ ˁʭʬʴʬʩʨʹ (ʳʨʯʯʨʴ ʫʨʱʨʭˀʰʸʬʩʻʲ 

ʪʨʮʵʳʭʰʹ ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʰʯ) ˀʵʸʰʹ, ʳʬʵʸʬ ʬʺʨʶʮʬ ʨʳ ʰʴʼʵʸʳʨ˂ʰʨʹ 

ʰʿʬʴʬʩʹ ʫʨʹʨʱʭʰʸʭʬʩʬʲʰ ʪʨʮʵʳʭʰʹ ˀʬʫʬʪʰʹ, ʪʨʮʵʳʭʰʹ ʬʸʯʬʻʲʰʹ 

ʬʺʨʲʵʴʬʩʰʹ (ʪʨʮʵʳʭʰʹ ʹʺʨʴʫʨʸʺʰʹ) ˁʭʬʴʬʩʬʩʯʨʴ ʫʨʳʵʱʰʫʬʩʻʲʬʩʰʹ 

ʫʨʹʨʫʪʬʴʨʫ.  

 

ʴʨˆ. 7  ˄ʴʬʭʰʹ ʺʸʨʴʹʳʰʺʬʸʰʹ ʫʨʱʨʲʰʩʸʬʩʰʹ ʹʽʬʳʨ 

  

            ʹʽʬʳʨʺʻʸʨʫ ʴʨˁʭʬʴʬʩ ʻˀʻʨʲʵ ˀʬʫʨʸʬʩʰʹ ʳʬʯʵʫʰʯ   ˄ʴʬʭʰʹ 

ʺʸʨʴʹʳʰʺʬʸʰʹ ʫʨʱʨʲʰʩʸʬʩʰʹ ʶʰʸʵʩʰʯ ʹʽʬʳʨˀʰ (ʴʨˆ.7),  ʹʨʫʨ˂  1. ˄ʴʬʭʰʹ 

ʪʨʫʨʳ˄ʵʫʰ (ʺʸʨʴʹʳʰʺʬʸʰ);  2. ʳʨʾʨʲʰ ʹʰʮʻʹʺʰʹ ʳʻʲʺʰʳʬʺʸʰ; 3-˄ʴʬʭʰʹ 

ʱʨʲʰʩʸʨʺʵʸʰ; 4-ˀʬʳʨʭʨʲʰ ʵʴʱʨʴʰ; 5-ʫʸʬʴʨʷʰʹ ʵʴʱʨʴʰ; 6.ʫʸʬʴʨʷʰ; 
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7.ʱʨʲʰʩʸʨʺʵʸʰʹ ʵʴʱʨʴʰ, ʫʨʱʨʲʰʩʸʬʩʰʹ ʶʸʵ˂ʬʹʰʹ ʹʺʨʴʫʨʸʺʻʲʰ 

ʶʸʵ˂ʬʫʻʸʬʩʰ ʳʯʲʰʨʴʨʫ ʪʨ˄ʬʸʰʲʰʨ ˀʰʫʨʹʨʻ˄ʿʬʩʵ ʴʵʸʳʨʺʰʻʲʰ 

ʫʵʱʻʳʬʴʺʨ˂ʰʰʹʨ ʫʨ ʹʨʳʵʽʳʬʫʵ ʰʴʹʺʸʻʽ˂ʰʬʩʰʹ ʳʰˆʬʫʭʰʯ, ʸʵʳʬʲʰ˂ 

ˀʬʽʳʴʰʲʰʨ ʺʸʨʴʹʳʰʺʬʸʰʹ ʹʨʶʨʹʶʵʸʺʵ ʳʵʴʨ˂ʬʳʬʩʰʹ ʹʨʼʻ˃ʭʬʲ˃ʬ ʫʨ 

ʽʨʸˆʨʴʨ ʫʨʳʨʳʮʨʫʬʩʲʰʹ ʸʬʱʵʳʬʴʫʨ˂ʰʬʩʮʬ ʫʨʿʸʫʴʵʩʰʯ. ʰʴʹʺʸʻʽ˂ʰʰʹ 

ʳʰˆʬʫʭʰʯ ʺʸʨʴʹʳʰʺʬʸʰʹ ʫʨʱʨʲʰʩʸʬʩʨʳʫʬ ʨʻ˂ʰʲʬʩʬʲʰʨ ʪʨʸʬʪʨʴʰ 

ʭʰʮʻʨʲʻʸʰ ʫʨʯʭʨʲʰʬʸʬʩʨ ʫʨ ˆʬʲʹʨ˄ʿʵʬʩʰʹ ʳʻˀʨʵʩʰʹʻʴʨʸʰʨʴʵʩʰʹ 

ˀʬʳʵ˄ʳʬʩʨ. 

        ʫʨʱʨʲʰʩʸʬʩʨ ʰ˄ʿʬʩʨ ʺʸʨʴʹʳʰʺʬʸʰʹ ʭʰʮʻʨʲʻʸʰ 

ʫʨʯʭʨʲʰʬʸʬʩʰʯ. ʶʰʸʭʬʲ ʸʰʪˀʰ ʻʴʫʨ ˀʬʳʵ˄ʳʫʬʹ ʳʰʹʰ ʪʨʸʬʪʴʻʲʰ ʹʨˆʬ 

ʫʨ ʮʬʫʨʶʰʸʻʲʰ  ʫʨʮʰʨʴʬʩʬʩʰ, ʫʨʳʰ˄ʬʩʰʹ ʱʨʩʬʲʬʩʰʹ ˀʬʬʸʯʬʩʰʹ ʹʰʹ˄ʵʸʬ, 

ʨʹʬʭʬ ʳʵ˄ʳʫʬʩʨ ʴʨʭʯʵʩʰʹ ʪʨʷʵʴʭʬʩʰ. ʭʰʮʻʨʲʻʸʰ ʫʨʯʭʨʲʰʬʸʬʩʰʹ ˀʬʳʫʬʪ 

ʰ˄ʿʬʩʨ ʳʻˀʨʵʩʰʹʻʴʨʸʰʨʴʵʩʰʹ ˀʬʳʵ˄ʳʬʩʨ. 

         ˆʬʲʹʨ˄ʿʵʹ ʳʻˀʨʵʩʰʹʻʴʨʸʰʨʴʵʩʰʹ ˀʬʹʨʳʵ˄ʳʬʩʲʨʫ ʫʸʬʴʨʷʰʹ 

ʵʴʱʨʴʰ 5 ʫʨ ˀʬʳʨʭʨʲʰ ʵʴʱʨʴʰ 4 ʰˆʻʸʬʩʨ ʫʨ ʭˆʹʴʰʯ ʱʨʲʰʩʸʨʺʵʸʰʹ ʵʴʱʨʴʹ 

7, ʸʰʹ ˀʬʳʫʬʪʨ˂ ʱʨʲʰʩʸʨʺʵʸʰʹ ʹʨˀʻʨʲʬʩʰʯ ʫʨʹʨʱʨʲʰʩʸʬʩʬʲ ˄ʸʬʫˀʰ 

ʭʽʳʴʰʯ ˄ʴʬʭʨʹ ʪʨʫʨʳ˄ʵʫʰʹʨ ʫʨ ʳʻʲʺʰʳʬʺʸʰʹ ʪʨʮʵʳʭʰʹ ʮʬʫʨ ʮʾʭʸʨʳʫʬ. 

ʨʳʨʭʫʸʵʻʲʨʫ ʳʻʲʺʰʳʬʺʸʰʹ ʹʨˀʻʨʲʬʩʰʯ ʭʨʱʭʰʸʫʬʩʰʯ ˄ʴʬʭʰʹ 

˂ʭʲʰʲʬʩʨʹ. ʨʾʴʰˀʴʻʲ ʶʸʵ˂ʬʫʻʸʨʹ ʭʰʳʬʵʸʬʩʯ ʵʸˇʬʸ ʫʨ 

ʫʨʭʸ˄ʳʻʴʫʬʩʰʯ ʸʨ ʹʰʹʺʬʳʰʹ ʳʻˀʨʵʩʰʹʻʴʨʸʰʨʴʵʩʨˀʰ ˀʬʹʨ˃ʲʬʩʬʲʰ ˆʫʬʩʨ 

ʱʨʲʰʩʸʬʩʰʹ ʶʸʵ˂ʬʹʰʹ ʫʨ˄ʿʬʩʨ. 

          ʱʨʲʰʩʸʬʩʰʹ ʶʰʸʭʬʲ ʬʺʨʶʮʬ ˆʫʬʩʨ ˄ʴʬʭʰʹ ʴʻʲʵʭʨʴʰ ˄ʬʸʺʰʲʰʹ 

ˀʬʳʵ˄ʳʬʩʨ. ʨʳ ʫʸʵʹ ˀʬʳʨʭʨʲʰ ʵʴʱʨʴʰ 4 ʫʨˆʻʸʻʲʰʨ, ˆʵʲʵ  ʫʸʬʴʨʷʰʹ 

ʵʴʱʨʴʰ 5 ʾʰʨ. ʨʹʬʯ ʳʫʪʵʳʨʸʬʵʩʨˀʰ ʳʻʲʺʰʳʬʺʸʳʨ ʻʴʫʨ ʪʭʨˁʭʬʴʵʹ 4 mA 

(0,016 mA) ʫʬʴʰʹ ˃ʨʲʨ. ʹʨ˄ʰʴʨʨʾʳʫʬʪʵ ˀʬʳʯˆʭʬʭʨˀʰ ʭʨˆʫʬʴʯ 

ʺʸʨʴʹʳʰʺʬʸʰʹ ʫʨʱʨʲʰʩʸʬʩʨʹ ˄ʴʬʭʰʹ ʴʻʲʵʭʨʴ ˄ʬʸʺʰʲʮʬ. 
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ʴʨˆ. 8 ʺʸʨʴʹʳʰʺʬʸʰʹ ʫʨʱʨʲʰʩʸʬʩʨ ʹʨʸʬʪʻʲʰʸʬʩʲʰ ˆʸʨˆʴʰʯ 

            ʨʳʰʹʨʯʭʰʹ ʭʰʿʬʴʬʩʯ ʹʨʸʬʪʻʲʰʸʬʩʬʲ ˆʸʨˆʴʹ 7, ʳʰʹʰ ʳʵʳʨʺʬʩʰʯ ʨʴ 

ˀʬʳ˂ʰʸʬʩʰʯ ʭʨˆʫʬʴʯ ʺʸʨʴʹʳʰʺʬʸʰʹ ʫʨʱʨʲʰʩʸʬʩʨʹ ʴʻʲ ˄ʬʸʺʰʲʮʬ. ʨʳ 

ʫʸʵʹ ʳʻʲʺʰʳʬʺʸʳʨ ʻʴʫʨ ʪʭʰˁʭʬʴʵʹ 4 ± 0.016 mA. ˀʬʳʫʬʪ ʱʰʫʬʭ ʬʸʯˆʬʲ 

ˀʬʭʽʳʴʰʯ ʹʰʹʺʬʳʨˀʰ ˄ʴʬʭʨʹ ʫʨ ʰʹʬʭ ʫʨʭ˂ʲʰʯ ʸʨʯʨ ʭʴʨˆʵʯ ʫʨʱʨʲʰʩʸʬʩʰʹ 

ˀʬʫʬʪʬʩʰ. ʯʻ ʫʨʨʱʳʨʿʵʼʰʲʨ ʹʨʶʨʹʶʵʸʺʵ ʳʵʯˆʵʭʴʬʩʰ ʫʨ ˂ʫʵʳʰʲʬʩʨ ʨʸ 

ʨʾʬʳʨʺʬʩʨ ± 0.1% ʻʱʭʬ ʭʨʪʸ˃ʬʲʬʩʯ ˀʬʳʵ˄ʳʬʩʨʹ ʳʯʬʲ ʫʰʨʶʨʮʵʴʮʬ. 

ʨʳʰʹʨʯʭʰʹ ʭʰ˄ʿʬʩʯ ʹʰʹʺʬʳʨˀʰ ˄ʴʬʭʰʹ ˀʬʽʳʴʨʹ. ʪʨʫʨʳ˄ʵʫʹ ʭʨʳʵ˄ʳʬʩʯ 

ʳʨʽʹʰʳʨʲʻʸʰ ʮʾʭʨʸʰʹ 0%, 25%, 50%, 75% ʫʨ 100% ʫʨʺʭʰʸʯʭʨʮʬ ʸʵʪʵʸ˂ 

˄ʴʬʭʰʹ ʳʵʳʨʺʬʩʰʹʨʹ ʨʹʬʭʬ ˄ʴʬʭʰʹ ˀʬʳ˂ʰʸʬʩʰʹʨʹ. ʯʨʭʰʫʨʴ ʱʨʲʰʩʸʨʺʵʸʰʹ 

ʳʬˀʭʬʵʩʰʯ ʭʽʳʴʰʯ ʳʨʽʹʰʳʨʲʻʸʰ ʫʨʺʭʰʸʭʰʹ 25% ʫʨ ʭʨʫʨʸʬʩʯ 

ʳʻʲʺʰʳʬʺʸʰʹ ˁʭʬʴʬʩʨʹ ʸʨ˂ ʻʴʫʨ ˀʬʬʹʨʩʨʳʬʩʵʫʬʹ 8 mA, ʨʹʬʭʬ 50% ʻʴʫʨ 

ˀʬʬʹʨʩʨʳʬʩʵʫʬʹ 12 mA, 75% ʻʴʫʨ ˀʬʬʹʨʩʨʳʬʩʵʫʬʹ 16 mA ʫʨ 100% 

ʫʨʺʭʰʸʯʭʨ ʱʰ 20 mA. ʫʨʹʨˀʭʬʩʰ ˂ʫʵʳʰʲʬʩʨ ʺʸʨʴʹʳʰʺʬʸʰʹ ʹʨʶʨʹʶʵʸʺʵ 

ʳʵʴʨ˂ʬʳʬʩʰʯ ʨʸʰʹ ±0.016 mA. ʨʹʬʯʰ ʩʰˇʬʩʰʯ ʭʮʸʫʰʯ ˄ʴʬʭʨʹ 

ʳʨʽʹʰʳʻʳʨʳʫʬ ʫʨ ʰʹʬʭ ʰʪʰʭʬ ʩʰˇʬʩʰʯ ʭʨʳ˂ʰʸʬʩʯ ˄ʴʬʭʨʹ ʴʻʲʨʳʫʬ. 

ˀʬʳʵ˄ʳʬʩʨʳ ʯʻ ʨʸ ʫʨʨʱʨʳʿʵʼʰʲʨ ʹʨʶʨʹʶʵʸʺʵ ʳʵʯˆʵʭʴʬʩʰ ʫʨ ˂ʫʵʳʰʲʬʩʨ 

ʨʾʬʳʨʺʬʩʨ ʫʨʹʨˀʭʬʩ ˂ʫʵʳʰʲʬʩʨʹ ˆʫʬʩʨ ʺʸʨʴʹʳʰʺʬʸʰʹ ʫʨʱʨʲʰʩʸʬʩʨ ʻʱʭʬ 

ʳʨʽʹʰʳʨʲʻʸ ˄ʬʸʺʰʲʮʬ ʫʨ ʨʳʰʹ ˀʬʳʫʬʪ ʱʭʲʨʭ ˀʬʳʵ˄ʳʬʩʨ.  

              ʳʨʽʹʰʳʨʲʻʸ ˄ʬʸʺʰʲʮʬ ʫʨʹʨʱʨʲʰʩʸʬʩʲʨʫ ʹʨ˅ʰʸʵʨ ʹʰʹʺʬʳʨˀʰ 

ˀʬʭʽʳʴʨʯ ˄ʴʬʭʨ, ʸʵʳʬʲʰ˂ ʺʵʲʰ ʰʽʴʬʩʨ ˆʬʲʹʨ˄ʿʵʹ ʪʨʮʵʳʭʰʹ ʳʨʽʹʰʳʨʲʻʸʰ 

ʮʾʭʨʸʰʹ ʫʨ ʨʽʨ˂ ʹʨʸʬʪʻʲʰʸʬʩʬʲʰ 7კʰʹ ʳʵʳʨʺʬʩʰʯ ʨʴ ˀʬʳ˂ʰʸʬʩʰʯ 
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ʭʨˆʫʬʴʯ ʺʸʨʴʹʳʰʺʬʸʰʹ ʫʨʱʨʲʰʩʸʬʩʨʹ ʳʨʽʹʰʳʨʲʻʸ ʮʾʭʨʸʮʬ ʫʨ 

ʳʰʭʨʾ˄ʬʭʯ ʰʳʨʹ ʸʵʳ ʳʻʲʺʰʳʬʺʸʳʨ ʪʭʰˁʭʬʴʵʹ 20 ±0.016 mA. 

                ʳʨʽʹʰʳʨʲʻʸ ˄ʬʸʺʰʲʮʬ ʫʨʱʨʲʰʩʸʬʩʰʹ ˀʬʳʫʬʪ ʭʱʬʺʨʭʯ ʵʴʱʨʴ 7-ʹ 

ʫʨ ʵʴʱʨʴ 5-ʹ ʫʨ ʭʨʾʬʩʯ ʵʴʱʨʴ 4-ʹ ʴʬʲ-ʴʬʲʨ ʫʨ ˄ʴʬʭʰʹ ʳʵʳʨʺʬʩʨʹ 

ʭʨʱʭʰʸʫʬʩʰʯ ʳʻʲʺʰʳʬʺʬʸʰʯ. ˀʬʳʨʭʨʲʰ ʵʴʱʨʴʰʹ ʩʵʲʵʳʫʬ ʪʨʰʾʬʩʰʹ 

ˀʬʳʫʬʪ ʳʻʲʺʰʳʬʺʬʸʰ ˁʨʰˆʹʴʬʩʨ.  

                ˄ʴʬʭʰʹ ʺʸʨʴʹʳʰʺʬʸʰʹ ʫʨʱʨʲʰʩʸʬʩʰʹʨʹ ʪʨʳʵʿʬʴʬʩʻʲʰ ʰʿʵ ˄ʴʬʭʰʹ 

ʺʸʨʴʹʳʰʺʬʸʰ, ʳʨʾʨʲʰ ʹʰʮʻʹʺʰʹ ʳʻʲʺʰʳʬʺʸʰ  ʫʨ ˄ʴʬʭʰʹ ʱʨʲʰʩʸʨʺʵʸʰ, 

ʨʾʴʰˀʴʻʲʰ ʹʨʴʰʳʻˀʵ ˆʬʲʹʨ˄ʿʵʬʩʰ ʫʨʱʨʲʰʩʸʬʩʻʲʰʨ ʫʨ ʳʨʯʰ 

ʺʬʽʴʰʱʻʸʰ ʳʨˆʨʹʰʨʯʬʩʲʬʩʰ ʳʵ˂ʬʳʻʲʰʨ ˂ˆʸʰʲʬʩˀʰ 2, 3 ʫʨ 4 

      ˄ʴʬʭʰʹ ʺʸʨʴʹʳʰʺʬʸʰ 

˂ˆʸʰʲʰ 2 

ʺʰʶʰ FKP,  Fuji Electric Systems, FCX-C2, 

ʫʨʳʮʨʫʬʩʰʹ ʯʨʸʰʾʰ 1998 ˄ʬʲʹ. 

ʹʰʮʻʹʺʰʹ ʱʲʨʹʰ 0.1% 

ʱʭʬʩʨ 10.5  28 ʭʵʲʺʰ ʳʻʫʳʰʭʰ ˃ʨʩʭʨ 
ʪʨʮʵʳʭʰʹ ʫʰʨʶʨʮʵʴʰ -100  3000 ʱʶʨ 

 

      ʳʻʲʺʰʳʬʺʸʰ 

˂ˆʸʰʲʰ 3 

ʺʰʶʰ FLUKE 789 

ʹʰʮʻʹʺʰʹ ʱʲʨʹʰ 0.05% 

ʪʨʮʵʳʭʰʹ ʫʰʨʶʨʮʵʴʰ 0  30 ʳʨ 
   

      ˄ʴʬʭʰʹ ʱʨʲʰʩʸʨʺʵʸʰ 

˂ˆʸʰʲʰ 4 

ʺʰʶʰ Druck DPI 615 IS 

ʹʰʮʻʹʺʰʹ ʱʲʨʹʰ 0.025% 

ʪʨʮʵʳʭʰʹ ʫʰʨʶʨʮʵʴʰ 0  13500 ʱʶʨ 
 

 

 

 



43 

 

1.2.2.  ʺʬʳʶʬʸʨʺʻʸʰʹ ʺʸʨʴʹʳʰʺʬʸʰʯ ʴʨʱʨʫʰʹ ʺʬʳʶʬʸʨʺʻʸʰʹ ʪʨʮʵʳʭʰʹ  

ʶʸʰʴ˂ʰʶʰ. 

           ʺʬʳʶʬʸʨʺʻʸʰʹ ʪʨʹʨʮʵʳʨʫ ʹʨʫʪʻʸʬʩʮʬ ʪʨʳʵʰʿʬʴʬʩʨ ʵʸʰ ʺʰʶʰʹ 

ʹʨʮʵʳʰ ʳʵ˄ʿʵʩʰʲʵʩʨ: ʨʴʨʲʵʪʻʸʰ ʪʨʳʮʵʳʰ ʳʵ˄ʿʵʩʰʲʵʩʨ - ʯʬʸʳʵʳʬʺʸʰ, 

ʸʵʳʬʲʰ˂ ʫʨʳʵʴʺʨʷʬʩʻʲʰʨ ʳʰʲʹʨʫʬʴʮʬ ʫʨ ʪʨʳʵʰʿʬʴʬʩʨ ʳˆʵʲʵʫ 

ʭʰʮʻʨʲʻʸʰ ʱʵʴʸʺʵʲʰʹʨʯʭʰʹ, ˆʵʲʵ ʳʬʵʸʬ - ʺʬʳʶʬʸʨʺʻʸʰʹ 

ʺʸʨʴʹʳʰʺʬʸʰ (ʪʨʫʨʳ˄ʵʫʰ), ʸʵʳʬʲʰ˂ ʫʨʳʵʴʺʨʷʬʩʻʲʰʹ ʨʹʬʭʬ 

ʳʰʲʹʨʫʬʴʮʬ ʫʨ ʪʨʮʵʳʰʲʰ  ʹʰʫʰʫʰʹ ʳʴʰˀʭʴʬʲʵʩʨʹ ʪʨʫʨʹ˂ʬʳʹ 

ʹʨʵʶʬʸʨʺʵʸʵ ʵʯʨˆˀʰ ʳʨʸʯʭʰʹ ʼʨʸʮʬ. ʳʰʹʰ ʹʨˀʻʨʲʬʩʰʯ ˀʬʹʨ˃ʲʬʩʬʲʰʨ 

ʹʨʫʪʻʸʰʹ ʪʨˁʬʸʬʩʨ ʨʭʨʸʰʻʲ ʹʰʺʻʨ˂ʰʬʩˀʰ, ʹʨʫʪʻʸʰʹ ʨʴ ʺʻʳʩʵʹ 

ˀʬʹʨʹʭʲʬʲʮʬ ʨʴ ʪʨʳʵʹʨʹʭʲʬʲʮʬ  ʪʨʫʨʹʨʺʻʳʩʰ ʴʰʭʯʰʬʸʬʩʰʹ  

ʺʬʳʶʬʸʨʺʻʸʰʹ  ʳʱʭʬʯʸʰ ʳʵʳʨʺʬʩʰʹʨʹ  ʨʴ ʫʨʱʲʬʩʰʹʨʹ.  

ʺʬʳʶʬʸʨʺʻʸʰʹ ʪʨʹʨʮʵʳʨʫ ʪʨʳʵʰʿʬʴʬʩʨ ʹˆʭʨʫʨʹˆʭʨ ʺʰʶʰʹ ʪʨʳʮʵʳʰ 

ˆʬʲʹʨ˄ʿʵʬʩʰ, ʸʵʪʵʸʰ˂ʨʨ: 

        -˄ʰʴʨʾʵʩʰʨʴʰ ʯʬʸʳʵʳʬʺʸʬʩʰ, 

            -ʯʬʸʳʵ˄ʿʭʰʲʬʩʰ, 

            -ʹʰʴʫʰʿʰʨʴʰ ʯʬʸʳʵʳʬʺʸʬʩʰ, 

            -ʩʰʳʬʺʨʲʻʸʰ ʯʬʸʳʵʳʬʺʸʬʩʰ, 

            -ʶʰʸʵʳʬʺʸʬʩʰ, 

            -ʰʴʼʸʨ˄ʰʯʬʲʰ ʯʬʸʳʵʳʬʺʸʬʩʰ.  

              ˄ʰʴʨʾʵʩʰʨʴʰ ʯʬʸʳʵʳʬʺʸʬʩʰ ˂ʴʵʩʰʲʰʨ  RTD (Resistance 

Temperature Device) ʹʨˆʬʲ˄ʵʫʬʩʰʯ.  ʨʹʬʯʰ ʺʰʶʰʹ ʺʬʳʶʬʸʨʺʻʸʰʹ 

ʺʸʨʴʹʳʰʺʬʸʰʹ ʳʻˀʨʵʩʰʹ ʶʸʰʴ˂ʰʶʰ ˀʬʳʫʬʪʰʨ:  ʺʸʨʴʹʳʰʺʬʸʰʹ ʨʾʳʵʳˁʬʴ 

ʴʨ˄ʰʲˀʰ ʪʨʴʲʨʪʬʩʻʲʰʨ ʳʪʸ˃ʴʵʩʰʨʸʬ ˄ʰʴʨʾʵʩʰʹ ʬʲʬʳʬʴʺʰ,  ʸʵʳʲʰʹ 

ʳʰʬʸ ʪʨʮʵʳʰʲʰ ˄ʰʴʨʾʵʩʨ ʶʰʸʫʨʶʰʸ ʶʸʵʶʵʸ˂ʰʻʲʰʨ ʪʨʮʵʳʰʲʰ 

ʺʬʳʶʬʸʨʺʻʸʰʹ.  ʺʸʨʴʹʳʰʺʬʸʰʹ ʳʪʸ˃ʴʵʩʰʨʸʬ ʴʨ˄ʰʲʰ ʫʨʳʮʨʫʬʩʻʲʰʨ 

ʶʲʨʺʰʴʰʹ, ʹʶʰʲʬʴ˃ʰʹ ʨʴ ʴʰʱʬʲʰʹʪʨʴ. ʿʭʬʲʨʮʬ ʪʨʭʸ˂ʬʲʬʩʻʲʰʨ ʶʲʨʺʰʴʰʹ 

˄ʰʴʨʾʵʩʰʨʴʰ ʺʸʨʴʹʳʰʺʬʸʬʩʰ. ʰʹʰʴʰ ʪʨʳʵʰʿʬʴʬʩʨ -200 0C ʫʨʴ 1000 0C ʳʫʬ. 

ʶʲʨʺʰʴʨ ʨʸʰʹ ʳʬʺʨʲʰ ʸʵʳʬʲʹʨ˂ ʨʽʭʹ ʹʺʨʩʰʲʻʸʰ ˄ʰʴʨʾʵʩʨ 

ʺʬʳʶʬʸʨʺʻʸʨʹʯʨʴ ʫʨʳʵʱʰʫʬʩʻʲʬʩʰʯ ʪʨʮʵʳʭʰʹ ʳʯʲʰʨʴ ʫʰʨʶʨʮʵʴˀʰ. 

ʴʰʱʬʲʰʹ ʬʲʬʳʬʴʺʹ ʨʽʭʹ ˀʬʮʾʻʫʻʲʰ ʪʨʮʵʳʭʰʹ ʫʰʨʶʨʮʵʴʰ, ʸʨʫʪʨʴ 
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˄ʰʴʨʾʵʩʰʹ ˂ʭʲʰʲʬʩʨ ʺʬʳʶʬʸʨʺʻʸʰʹ ʿʵʭʬʲ ʪʸʨʫʻʹʮʬ ʨʸ ʨʸʰʹ 

ʹʺʨʩʰʲʻʸʰ ʫʨ ˄ʸʼʰʭʰ. ʬʹ ʨʸʨʹʺʨʩʰʲʻʸʵʩʨ ʭʲʰʴʫʬʩʨ 3000C 

ʺʬʳʶʬʸʨʺʻʸʰʹ ʮʬʭʰʯ. ʹʶʰʲʬʴ˃ʹ ʨʽʭʹ ˃ʨʲʰʨʴ ˄ʸʼʰʭʰ ˄ʰʴʨʾʵʩʨ ʳʨʪʸʨʳ ʨʸ 

ʪʨʳʵʰʿʬʴʬʩʨ 150 0C ʳʬʺʰ ʺʬʳʶʬʸʨʺʻʸʰʹ ʪʨʹʨʮʵʳʨʫ, ʸʨʫʪʨʴ ʨʫʭʰʲʨʫ 

ˆʫʬʩʨ ʳʰʹʰ ʷʨʴʪʭʨ.   

            ʳʬʺʨʲʬʩʰ ʸʵʳʲʬʩʰ˂ ʪʨʳʵʰʿʬʴʬʩʰʨʴ ʻʳʯʨʭʸʬʹʨʫ ˄ʰʴʨʾʵʩʰʨʴ 

ʬʲʬʳʬʴʺʬʩʨʫ, ʨˆʨʹʰʨʯʬʩʯ  ʺʬʳʶʬʸʨʺʻʸʰʹ ˄ʸʼʰʭʵʩʨ  0 ʫʨ 100 0C ˀʵʸʰʹ. 

ʺʬʳʶʬʸʨʺʻʸʻʲʰ ˄ʸʼʰʭʵʩʰʹ ʱʵʬʼʰ˂ʰʬʴʺʰ α ʪʨʳʵʰʯʭʲʬʩʨ                                                                                  

ʹʨʫʨ˂ R0  ʨʸʰʹ ʹʬʴʹʵʸʰʹ ˄ʰʴʨʾʵʩʨ 0 0C 

           R100  ʨʸʰʹ ʹʬʴʹʵʸʰʹ ˄ʰʴʨʾʵʩʨ 100 0C 

             ʶʲʨʺʰʴʰʹ ˄ʰʴʨʾʵʩʰʨʴʰ ʲʨʩʵʸʨʺʵʸʰʻʲʰ ʺʸʨʴʹʳʰʺʬʸʬʩʰʹʨʯʭʰʹ 

α ʺʵʲʰʨ 0.003925, ˆʵʲʵ ʰʴʫʻʹʺʸʰʻʲ ʳˀʬʴʬʩʲʵʩʨˀʰ ʪʨʳʵʿʬʴʬʩʻʲ 

ʺʸʨʴʹʳʰʺʬʸʬʩʰʹʯʭʰʹ  α ʺʵʲʰʨ 0.00385. 

              ʫʨʴʨʸʯˀʰ ʳʵ˂ʬʳʻʲʰʨ ʺʬʳʶʬʸʨʺʻʸʰʹ ˄ʰʴʨʾʵʩʨʮʬ 

ʫʨʳʵʱʰʫʬʩʻʲʬʩʰʹ ˂ˆʸʰʲʬʩʰ.  
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1.2.3. ˆʨʸˇʳʮʵʳʰ ʺʸʨʴʹʳʰʺʬʸʰʯ ʴʨʱʨʫʰʹ ʹʰˁʽʨʸʰʹ  ʪʨʮʵʳʭʰʹ ʶʸʰʴ˂ʰʶʰ 

            ʴʨʭʯʵʩʰʹ ʺʸʨʴʹʶʵʸʺʰʸʬʩʰʹʨʹ ʨʻ˂ʰʲʬʩʬʲʰʨ, ʸʵʪʵʸ˂ ʺʬʽʴʰʱʻʸʰ 

ʨʹʬʭʬ ʱʵʳʬʸ˂ʰʻʲʰ ʯʭʨʲʹʨʮʸʰʹʰʯ, ʹʨʺʻʳʩ ʫʨ ˄ʴʬʭʰʹ ʳʨʸʬʪʻʲʰʸʬʩʬʲ 

ʹʨʫʪʻʸʬʩʮʬ ˆʫʬʩʵʫʬʹ ʴʨʭʯʵʩʰʹ ˆʨʸˇʰʹ ʱʵʴʺʸʵʲʰ.  

ʳʵʽʳʬʫʬʩʰʹ ʶʸʰʴ˂ʰʶʰʹ ʳʰˆʬʫʭʰʯ ʨʸʹʬʩʵʩʹ ʹˆʭʨʫʨʹˆʭʨ ʺʰʶʰʹ 

ˆʨʸˇʳʮʵʳʬʩʰ, ʰʹʬʯʬʩʰ ʸʵʪʵʸʰ˂ʨʨ ʻʲʺʸʨʩʪʬʸʰʯʰ, ʫʰʨʼʸʨʪʳʻʲʰ, 

ʸʵʺʨ˂ʰʻʲʰ. ʿʭʬʲʨʮʬ ʪʨʭʸ˂ʬʲʬʩʻʲʰʨ  ʻʲʺʸʨʩʪʬʸʰʯʰ ˆʨʸˇʳʮʵʳʬʩʰ. 

ʻʲʸʺʨʩʪʬʸʰʯʰ ˆʨʸˇʳʮʵʳʰ ʹʽʬʳʨʺʻʸʨʫ ʳʵ˂ʬʳʻʲʰʨ ʴʨˆ.9 

 

 ʴʨˆ. 9  ʻʲʺʸʨʩʪʬʸʰʯʰ ˆʨʸˇʳʮʵʳʰ. 

            ʴʨʱʨʫʰʹ ʹʰˁʽʨʸʰʹ ʪʨʮʵʳʭʨ ˆʫʬʩʨ ʳʰʲʹʨʫʬʴʰʹ ʻʲʺʸʨʩʪʬʸʰʯ 

ʫʨʹˆʰʭʬʩʰʹ ʹʨˀʻʨʲʬʩʰʯ. ʸʵʳʬʲʰ˂ ʫʨʳʿʨʸʬʩʻʲʰʨ ʴʨʱʨʫʰʹʨ ʫʨ ʺʨʲʾʰʹ 

ʻʸʯʰʬʸʯʳʵʽʳʬʫʬʩʨʮʬ, ʱʬʸ˃ʵʫ - ʺʨʲʾʨʹ ʴʨʱʨʫʰʹ ʳʰʳʨʸʯʻʲʬʩʰʯ 

ʳʰʲˀʰ ʪʨʭʲʰʹʨʹ ʹ˅ʰʸʫʬʩʨ ˀʬʫʨʸʬʩʰʯ ʴʨʱʲʬʩʰ ʫʸʵ ʭʰʫʸʬ ʴʨʱʨʫʰʹ 

ʹʨʶʰʸʰʹʶʰʸʵʫ ʪʨʭʲʰʹʨʹ. ʬʹ ʹˆʭʨʵʩʨ ʶʰʸʫʨʶʰʸʶʸʵʶʵʸ˂ʰʻʲʰʨ 

ʴʨʱʨʫʰʹʹʰˁʽʨʸʰʹ, ʸʵʳʬʲʰ˂ ʳʰʲʨʫʬʴʰʹ ʫʰʨʳʬʺʸʰʹ ʳʻʫʳʰʭʵʩʰʹ 

ʶʰʸʵʩʬʩˀʰ ˂ʨʲʹʨˆʨʫ ʨˆʨʹʰʨʯʬʩʹ ʴʨʱʨʫʰʹ ˆʨʸˇʹ. ʰʳʰʹ ʪʨʯʭʨʲʰʹ˄ʰʴʬʩʰʯ 

ʸʵʳ ʻʲʺʸʨʩʪʬʸʨʹ  ˀʬʻ˃ʲʰʨ ʳʿʨʸʰ ʴʰʭʯʰʬʸʬʩʰʹ ʪʨʭʲʨ, ʺʸʨʴʹʫʻʹʬʸʬʩʰ 

(ʴʨʱʨʫʰʹ ʹʰˁʽʨʸʰʹ ʻʲʺʸʨʩʪʬʸʰʯʰ ʪʨʳʮʵʳʰ ˆʬʲʹʨ˄ʿʵ) ˀʬʹʨʹ˃ʲʬʩʬʲʰʨ 

ʫʨʳʵʴʺʨʷʫʬʹ ʳʰʲʹʨʫʬʴʰʹ ʪʨʸʬʫʨʴ. ʻʲʺʸʨʩʪʬʸʰʯʰ ˆʨʸˇʳʮʵʳʬʩʰʹ 

ʹ˄ʸʨʼʰ ˂ʰʼʸʻʲʰ ʶʸʵ˂ʬʹʵʸʬʩʰ ʪʨʸʨʴʺʰʨʨ ʰʳʰʹʨ ʰʽ ʹʨʫʨ˂ ʨʫʸʬ 
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ˀʬʻ˃ʲʬʩʬʲʰ ʰʿʵ ʳʸʰ˂ˆʭʬʲʰʹ ʪʨʳʵʿʬʴʬʩʨ,  ʪʨʮʵʳʭʨ ˁʨʺʨʸʫʬʩʨ ʳʨʾʨʲʰ 

ʹʰʮʻʹʺʰʯ, ʳ˃ʰʳʬ ʪʨʸʬʳʵ ʶʰʸʵʩʬʩˀʰ˂ ʱʰ.   

წʪʨʳʨʭʨʲʰ ʫʸʵʰʹმ ʺʰʶʰʹ ʻʲʺʸʨʩʪʬʸʰʯ ˆʨʸˇʳʮʵʳʬʩˀʰ ʰʿʬʴʬʩʬʴ 

2 ʪʨʫʨʳ˂ʬʳ ʺʸʨʴʹʫʻʹʬʸʹ. ʳʨʯ ʪʨʳʵʰʿʬʴʬʩʬʴ ʸʵʪʵʸ˂ ʻʲʺʸʨʩʪʬʸʰʯʰ 

ʪʨʫʨʳ˂ʬʳʬʩʹ, ʨʹʬʭʬ ʸʵʪʵʸ˂ ʳʰʳʾʬʩʬʩʹ. ʪʨʫʨʳ˂ʬʳʬʩʰ ʳʨʪʸʫʬʩʨ 

ʳʰʲʹʨʫʬʴʮʬ ʬʸʯʳʨʴʨʯʰʹʨʪʨʴ ʪʨʸʱʭʬʻʲʰ ʳʨʴ˃ʰʲʰʯ. ʬʹ ʳʨʴ˃ʰʲʰ ˀʬʿʨʭʯ 

ʱʵʴʺʸʵʲʬʸˀʰ ʸʵʳʬʲʰ˂ ʹʨ˅ʰʸʵʨ ʴʨʱʨʫʰʹ ˆʨʸˇʰʹ ʫʨʹʨʯʭʲʬʲʨʫ.  

             ʺʸʨʴʹʫʻʹʬʸʬʩʰ ˀʬʰ˃ʲʬʩʨ ʳʰʲʹʨʫʬʴʮʬ ʫʨʳʨʪʸʫʬʹ 

ʫʰʨʪʵʴʨʲʻʸʨʫ ʴʨˆ.10 ʨʴ ʨʳʸʬʱʲʨʭ ʳʫʪʵʳʨʸʬʵʩʨˀʰ ʴʨˆ.11 

 

 

ʴʨˆ. 10 ʺʸʨʴʹʫʻʹʬʸʬʩʰʹ ʨʳʸʬʱʲʨʭʰ ʪʨʴʲʨʪʬʩʨ 

 

ʴʨˆ. 11  ʺʸʨʴʹʫʻʹʬʸʬʩʰʹ ʫʰʪʵʴʨʲʻʸʰ ʪʨʴʲʨʪʬʩʨ 

            ʬʹ ʪʨʴʲʨʪʬʩʨ ʫʨʳʵʱʰʫʬʩʻʲʰʨ ʪʨʹʨʮʵʳʰ ʴʰʭʯʰʬʸʬʩʰʹ ʽʰʳʰʻʸ 

ʯʭʰʹʬʩʬʩʮʬ. ʹʰʪʴʨʲʰ ˇʬʸ ʪʨʫʨʬ˂ʬʳʨ ʪʨʫʨʳ˂ʬʳʰ ʺʸʨʴʹʫʻʹʬʸʰʫʨʴ ʳʰʳʾʬʩ 

ʺʸʨʴʹʫʻʹʬʸʹ ʴʨʱʨʫʰʹ ʳʰʳʨʸʯʻʲʬʩʰʯ, ˆʵʲʵ ˀʬʳʫʬʪ ʬʹ ʹʰʪʴʨʲʰ 

ʩʸʻʴʫʬʩʨ ʻʱʨʴ, ʴʨʱʨʫʰʹ ʹʨʶʰʸʰʹʶʰʸʵʫ ʰʹʬʭ ʳʰʳʾʬʩʰ ʺʸʨʴʹʫʻʹʬʸʰʹʱʬʴ. 

ʸʵʪʵʸ˂ ʨʭʾʴʰˀʴʬʯ ʹʰʪʴʨʲʹ ʴʨʱʨʫʰʹ ʳʰʳʨʸʯʻʲʬʩʰʯ ˀʬʫʨʸʬʩʰʯ 
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ʴʨʱʲʬʩʰ ʫʸʵ ʻʴʫʨ ʭʰʫʸʬ ʴʨʱʨʫʰʹ ʹʨʶʰʸʰʹʶʰʸʵʫ. ʯʻ ʴʨʱʨʫʰ ʨʸ 

ʳʵ˃ʸʨʵʩʹ, ʳʨˀʰʴ ʪʨʫʨ˂ʬʳʰʹ ʫʨ ʳʰʾʬʩʰʹ ʫʸʵʬʩʰ ʰʽʴʬʩʨ ʬʸʯʳʨʴʬʯʰʹ ʺʵʲʰ 

ʫʨ ʬʹ ʹˆʭʨʵʩʨ ˀʬʹʨʩʨʳʰʹʨʫ ʴʻʲʰʹ ʺʵʲʰ. ʹʰʪʴʨʲʰʹ ʪʨʫʨ˂ʬʳʰʹ ʫʨ ʳʰʾʬʩʰʹ 

ʫʸʵʬʩʹ ˀʵʸʰʹ ʹˆʭʨʵʩʨ ʶʰʸʫʨʶʰʸʶʸʵʶʵʸ˂ʰʻʲʰʨ ʳʰʲʹʨʫʬʴˀʰ ʴʨʱʨʫʰʹ 

ˆʨʸˇʰʹ.  

              ʴʨʱʨʫʰʹ ʹʰˁʽʨʸʬ V ʫʨʱʨʭˀʰʸʬʩʻʲʰʨ ʻʲʺʸʨʩʪʬʸʰʹ ʹʰʪʴʨʲʰʹ 

ʹˆʭʨʵʩʨʹʯʨʴ dt ˀʬʳʫʬʪʰ ʪʨʴʺʵʲʬʩʰʯ: 

V=K*D*dt                                                          (2) 

             ʹʨʫʨ˂ K ʨʸʰʹ ʳʻʫʳʰʭʨ,  D ʺʸʨʴʹʫʻʹʬʸʬʩʹ ˀʵʸʰʹ ʳʨʴ˃ʰʲʰ ʫʨ dt 

ʨʸʰʹ ʹʰʪʴʨʲʰʹ ʪʨʫʨ˂ʬʳʰʹʨ ʫʨ ʳʰʾʬʩʰʹʨʯʭʰʹ ʹʨ˅ʰʸʵ ʫʸʵʬʩʰʹ ʹˆʭʨʵʩʨ. 
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ʯʨʭʰ 2 

 ʳʨʯʬʳʨʺʰʱʻʸʰ ʳʵʫʬʲʰʸʬʩʨ ʴʨʭʯʵʩʹʨʫʬʴʰʹ ʶʸʵʬʽʺʰʸʬʩʰʹ 

ʬʺʨʶʮʬ 

2.1.  ˄ʸʼʰʭʰ ʫʨ ʫʰʴʨʳʰʱʻʸʰ ʳʨʯʬʳʨʺʰʱʻʸʰ ʳʵʫʬʲʰʸʬʩʰʹ ʳʬʯʵʫʰ 

ʴʨʭʯʵʩʹʨʫʬʴʰʹ ʫʨʪʬʪʳʭʰʹ ʨʳʵ˂ʨʴʰʹ ʵʶʺʰʳʰʮʨ˂ʰʰʹʨʯʭʰʹ 

           ʳʰʲʹʨʫʬʴʰʹ ʳˀʬʴʬʩʲʵʩʰʹ ʶʸʵʬʽʺʰ ʳʵʰ˂ʨʭʹ ʨʸʨʳʨʸʺʵ 

ʹʨʳˀʬʴʬʩʲʵ ʹʨʳʻˀʨʵʬʩʹ ʨʸʨʳʬʫ ʳʰʹ ʶʸʵʬʽʺʰʸʬʩʨʹʨ ʫʨ ʪʨʨʴʪʨʸʰˀʬʩʨʹʯʨʴ 

ʫʨʱʨʭˀʰʸʬʩʻʲ ʳʯʬʲ ʸʰʪ ʪʨʳʵʯʭʲʬʩʹ, ʸʵʳʬʲʰ˂ ʫʨʱʨʭˀʰʸʬʩʻʲʰʨ 

ʳʰʲʹʨʫʬʴʰʹ ʺʸʨʹʰʹ ʫʨʪʬʪʳʭʨʹʯʨʴ, ʹʨʫʨ˂ ʰʯʭʨʲʰʹ˄ʰʴʬʩʬʴ ʳʰʲʹʨʫʬʴʰʹ 

ʰʹʬʯ ʺʬʽʴʰʱʻʸ ʳʨˆʨʹʰʨʯʬʩʲʬʩʹ ʸʵʪʵʸʰ˂ʨʨ ʳʰʲʹʨʫʬʴʰʹ 

ʪʨʳʺʨʸʻʴʨʸʰʨʴʵʩʨ (ˆʨʸˇʰ), ʴʨʱʨʫʰʹ ʳʻˀʨ ˄ʴʬʭʨ,  ʫʨ ʺʬʳʶʬʸʨʺʻʸʨ,  ʨʹʬʭʬ 

ʺʬʽʴʵʲʵʪʰʻʸʰ ʫʨʴʨʫʪʨʸʬʩʰʹ  ʺʰʶʬʩʰ ʫʨ ʳʨʯʰ ʪʨʴʲʨʪʬʩʰʹ 

ʱʵʴʼʰʪʻʸʨ˂ʰʨ ʳʰʲʹʨʫʬʴʰʹ ʺʸʨʹʨʮʬ. ʨʹʬʭʬ ʻʴʫʨ ˀʬʰʸˁʬʹ ʱʵʴʺʸʵʲʰʹ  

ʹʰʹʺʬʳʰʹʨ ʫʨ ʹʨʮʵʳʰ ʨʶʨʸʨʺʻʸʰʹ ʺʬʽʴʰʱʻʸʰ ʶʨʸʨʳʬʺʸʬʩʰ.  ʹʨˀʻʨʲʬʩʰʯ  

ʳʰʲʹʨʫʬʴʰ ʺʸʨʴʹʶʵʸʺʰʹ ʫʨʶʸʵʬʽʺʬʩʰʹʨʹ ʻʴʫʨ ʨʰʸˁʬʹ 

ʺʸʨʴʹʶʵʸʺʰʸʬʩʰʹ ʵʶʺʰʳʨʲʻʸʰ ʭʨʸʰʨʴʺʰ. ʨʸʹʬʩʵʩʹ ʹˆʭʨʫʨʹˆʭʨ 

ʳʨˆʨʹʰʨʯʬʩʲʬʩʰ ʸʵʳʬʲʬʩʰʯʨ ʹʨˀʻʨʲʬʩʰʯʨ˂ ʻʴʫʨ ˀʬʫʨʸʫʬʹ 

ʺʸʨʴʹʶʵʸʺʰʸʬʩʰʹ ʳʬʯʵʫʬʩʰ:  

- ʬʱʵʴʵʳʰʱʻʸʰ (ʱʨʶʰʺʨʲʫʨʩʨʴʫʬʩʨ ʫʨ ʹʨʬʽʹʶʲʻʨʺʨ˂ʰʵ 

ˆʨʸˇʬʩʰ); 

- ʸʰʺʳʻʲʵʩʨ; 

- ʳʨʹʨʲʨʺʬʭʨʫʵʩʨ;  

- ʳˀʬʴʬʩʲʵʩʰʹ ʫʸʵ;  

- ʳʨʸˀʸʻʺʰʹ ʹʰʪʸ˃ʬ; 

- ʸʬʲʰʬʼʰʹ ʹʰʸʯʻʲʬ. 

        ʴʬʩʰʹʳʰʬʸʰ ʳʬʯʵʫʰʹ ʨʸˁʬʭʨ ˆʫʬʩʨ ʺʬʽʴʰʱʻʸʰ ʫʨ ʬʱʵʴʵʳʰʱʻʸʰ 

ˀʬʫʨʸʬʩʰʯ. 

         ʳʰʲʹʨʫʬʴʰʹ ʶʸʵʬʽʺʰʸʬʩʰʹ ʵʶʺʰʳʨʲʻʸʰ ʭʨʸʰʨʴʺʰʹ ˀʬʸˁʬʭʨ 

ʫʨʳʵʱʰʫʬʩʻʲʰʨ ʩʬʭʸ ʼʨʽʺʵʸʬʩʮʬ. ʳʴʰˀʭʴʬʲʵʭʨʴʰ ʬʱʵʴʵʳʰʱʻʸʰ 

ʳʨˆʨʹʰʨʯʬʩʲʬʩʰʨ ʱʨʶʰʺʨʲʻʸʰ ʫʨʴʨˆʨʸˇʬʩʰ K ʫʨ ʹʨʬʽʹʶʲʻʨʺʨ˂ʰʵ 
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ˆʨʸˇʬʩʰ Э.  ʨʳ ʶʨʸʨʳʬʺʸʬʩʰʫʨʴ ʪʨʳʵʳʫʰʴʨʸʬ ʰʸˁʬʭʬʴ ʵʶʺʰʳʨʲʻʸ 

ʭʨʸʰʨʴʺʹ. 

         ʱʨʶʰʺʨʲʻʸ ʫʨʴʨˆʨʸˇʬʩʹ ʳʰʬʱʻʯʭʴʬʩʨ ʳʵ˄ʿʵʩʰʲʵʩʬʩʰʹ ʫʨ 

ˆʬʲʹʨ˄ʿʵʬʩʰʹ, ʳʨʹʨʲʬʩʰʹ ʾʰʸʬʩʻʲʬʩʨ, ʨʹʬʭʬ ʹʨʫʪʻʸʬʩʰʹ ʪʨʹʨʳʨʸʯʨʭʨʫ 

ʪʨʾʬʩʻʲʰ ʼʰʴʨʴʹʻʸʰ ʫʨʴʨˆʨʸˇʬʩʰ. ʹʨʬʽʹʶʲʻʨʺʨ˂ʰʵ ˆʨʸˇʬʩʰ ʱʰ ʳʵʰ˂ʨʭʹ  

ʹʨˆʬʲʼʨʹʵ ʼʵʴʫʹ, ʪʨʫʨʹʨˆʨʫʬʩʹ ˄ʿʨʲʮʬ, ʹʨ˄ʭʨʭʮʬ, ʬʲʬʽʺʸʵʬʴʬʸʪʰʨʮʬ 

ʫʨ ʨ.ˀ. ʱʨʶʰʺʨʲʻʸʰ ʫʨʴʨˆʨʸˇʬʩʰ ʨʸʰʹ ʬʸʯˇʬʸʨʫʰ, ˆʵʲʵ 

ʹʨʬʽʹʶʲʵʨʺʨ˂ʰʵ ˆʨʸˇʬʩʰ ʱʰ ʪʨʴʨ˄ʰʲʬʩʻʲʰʨ ʫʸʵˀʰ. 2 ˀʬʹʨ˃ʲʵ 

ʭʨʸʰʨʴʺʰʹ ˀʬʫʨʸʬʩʰʹ ʫʸʵʹ ʯʻ ʨʾʳʵˁʴʫʬʩʨ ʸʵʳ  ʬʸʯ ʳʨʯʪʨʴʹ ʸʵʪʵʸ˂ 

ʹʨʬʽʹʶʲʵʨʺʨ˂ʰʵ ˆʨʸˇʬʩʰ, ʨʹʬʭʬ ʱʨʶʰʺʨʲʻʸ ʫʨʴʨˆʨʸˇʬʩʰ ʪʨ˂ʰʲʬʩʰʯ 

ʴʨʱʲʬʩʰ ʨʽʭʹ ʳʬʵʸʬʮʬ, ʨʴʻ K1 < K2  ʫʨ Э1 < Э2. ʹʨʫʨ˂ K1 ʫʨ K2  ʨʸʰʹ 

ʱʨʶʰʺʨʲʻʸʰ ʫʨʴʨˆʨʸˇʬʩʰ ˀʬʹʨʩʨʳʰʹʨʫ ʶʰʸʭʬʲ ʫʨ ʳʬʵʸʬ ʭʨʸʰʨʴʺˀʰ, 

ˆʵʲʵ Э1 ʫʨ Э2 ʹʨʬʽʹʶʲʻʨʺʨ˂ʰʵ ˆʨʸˇʬʩʰ ˀʬʹʨʩʨʳʰʹʨʫ ʶʰʸʭʬʲ ʫʨ ʳʬʵʸʬ 

ʭʨʸʰʨʴʺˀʰ. ʳʨˀʰʴ ʻʫʨʭʵʫ ʨʰʸˁʬʭʬʴ ʶʰʸʭʬʲ ʭʨʸʰʨʴʺʹ. ʪʨʴˆʰʲʭʨʹ 

ʬʽʭʬʳʫʬʩʨʸʬʩʨ ˀʬʳʫʬʪʰ ʳʫʪʵʳʨʸʬʵʩʨ K1 < K2  ʫʨ Э1 > Э2,  ʨʹʬʯ ˀʬʳʯˆʭʬʭʨˀʰ  

ˀʬʳʵʰʾʬʩʬʴ ʨˆʨʲ ʬʱʵʴʵʳʰʱʻʸʰ ʬʼʬʽʺʻʸʵʩʰʹ ʳʨˁʭʬʴʬʩʬʲʹ                                                                           3 

         ʬʹ ʪʨʴʺʵʲʬʩʨ ˄ʨʸʳʵʨʫʪʬʴʹ ˁʨʫʬʩʻʲʰ ʱʨʶʰʺʨʲʻʸʰ 

ʫʨʴʨˆʨʸˇʬʩʰʹ ʨʳʵʪʬʩʨʹ K2-K1 ʫʸʵʹ, ʹʨʬʽʹʶʲʻʨʺʨ˂ʰʵ ˆʨʸˇʬʩʰʹ 

ʬʱʵʴʵʳʰʰʹ ˆʨʸˇʮʬ Э1-Э2, ʨʳ ʹʰʫʰʫʰʹ ˀʬʩʸʻʴʬʩʻʲʰ ʹʰʫʰʫʬ ʱʰ ʨʸʰʹ 

ʬʼʬʽʺʻʸʵʩʨ.                                                                        4 

       ʳʬʵʸʬ ʭʨʸʰʨʴʺʰ ʰʽʴʬʩʨ ˀʬʫʨʸʬʩʰʯ ʳʵʳʪʬʩʰʨʴʰ ʯʻ, ʬʼʬʽʺʻʸʵʩʰʹ 

ʱʵʬʼʰ˂ʰʬʴʺʰ ʰʽʴʬʩʨ ʪʨ˂ʰʲʬʩʰʯ ʫʰʫʰ (ʨʴ ʻʱʻʨʳʵʾʬʩʰʹ ʫʸʵ ʰʽʴʬʩʨ 

ʪʨ˂ʰʲʬʩʰʯ ʶʨʺʨʸʨ). ʪʨʹʨʸʱʭʬʭʰʨ ʯʻ ʸʨʹ ʴʰˀʴʨʭʹ ʪʨ˂ʰʲʬʩʰʯ ʫʰʫʰ ʫʨ 

ʪʨ˂ʰʲʬʩʰʯ ʶʨʺʨʸʨ, ʨʳʰʹ ʪʨʫʨ˄ʿʭʬʺʨ ˀʬʰ˃ʲʬʩʨ E ʨʴ t ʶʨʸʨʳʬʺʸʬʩʰʹ 

ˀʬʫʨʸʬʩʰʯ ʴʵʸʳʰʸʬʩʻʲ ʬʼʬʽʺʻʸʵʩʰʹ ʱʵʬʼʰ˂ʰʬʴʺʯʨʴ Eн (ʨʴ 

ʻʱʻʨʳʵʾʬʩʰʹ ʴʵʸʳʨʺʰʻʲ ʫʸʵʹʯʨʴ Tн ). 

     ʳ˂ʰʸʬ ʹʨʬʽʹʶʲʻʨʺʨ˂ʰʵ ˆʨʸˇʬʩʰʹ ʨʸˁʬʭʰʹ ˀʬʳʯˆʭʬʭʨˀʰ ˀʬʰ˃ʲʬʩʨ 

ˀʬʳʫʬʪʴʨʰʸʨʫ ˁʨʰ˄ʬʸʵʹ 
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                                                                        5 

    ʨʴ                                                                       6 

       ʳʨˀʰʴ   Э2+ EнK2 ≤ Э1+ EнK1  ʨʳ ʪʨʴʺʵʲʬʩʰʹ ʨʸʹʰ ʰʳʨˀʰ ʳʫʪʵʳʨʸʬʵʩʹ 

ʸʵʳ ʳʵʳʪʬʩʰʨʴʰʨ ʰʹ ʭʨʸʰʨʴʺʰ, ʸʵʳʬʲʹʨ˂ Э+ EнK  ʨʽʭʹ ʳ˂ʰʸʬ. 

 Э+ EнK  = П ʨʸʰʹ ʳʵʿʭʨʴʰʲʰ ʫʨʴʨˆʨʸˇʬʩʰ. 

        ʬʹ ʳʬʯʵʫʰʱʨ ʪʨʳʵʰʿʬʴʬʩʨ ʳʨˀʰʴʨ˂ ʸʵ˂ʨ ʪʨʴʰˆʰʲʬʩʨ ʨʸʨ ʵʸʰ 

ʨʸʨʳʬʫ ʸʨʳʵʫʬʴʰʳʬ ʭʨʸʰʨʴʺʰ. ʯʻ                                                                    7 

        ʸʵʪʵʸ˂ ʮʬʳʵʯ ʰʿʵ ʴʨˆʹʬʴʬʩʰ, ʻʼʸʵ ˆʬʲʹʨʿʸʬʲʰʨ ʳʬʵʸʬ 

ʭʨʸʰʨʴʺʰ ʭʰʫʸʬ ʶʰʸʭʬʲʰ. ʪʨʫʨʭ˄ʬʸʵʯ ʻʺʵʲʵʩʨ ˀʬʳʫʬʪʰ ʹʨˆʰʯ:                                                        8 

       ʨʴ ʱʰʫʬʭ 

EH K1+ Э1> EH K2+ Э2                                              9 

       ʪʨʴʺʵʲʬʩʨ EH Ki+Эi>Si  ʬ˄ʵʫʬʩʨ i-ʻʸʰ ʭʨʸʰʨʴʺʰʹ ʫʨʴʨˆʨʸˇʬʩʰ.    

       ʹʨʫʨ˂ EH=0.12 (ʱʨʶʰʺʨʲʫʨʩʨʴʫʬʩʰʹ ʬʼʬʽʺʻʸʵʩʰʹ ʱʵʬʼʰ˂ʰʬʴʺʰ 

ʴʨʭʯʵʩʰʹʨ ʫʨ ʪʨʮʰʹ ˄ʨʸʳʵʬʩʨˀʰ.) 

     ʱʨʶʰʺʨʲʻʸʰ ʫʨʴʨˆʨʸˇʬʩʰ ʹˆʭʨʫʨʹˆʭʨ ʺʸʨʴʹʶʵʸʺʰʹ ʹʨˆʬʵʩʰʹʨʯʭʰʹ 

ʹˆʭʨʫʨʹˆʭʨʨ ʫʨ ʪʨʳʵʰʯʭʲʬʩʨ ˀʬʳʫʬʪʴʨʰʸʨʫ. 

 

ʳʰʲʹʨʫʬʴʰ ʺʸʨʴʹʶʵʸʺʰʹʨʯʭʰʹ: 

Kʱʫ= Cʳ L+Cʹʹʹ +Cˀʹʹʸ+L/l+(n-L/l-1)Cˀʹʹ                      10 

ʹʨʫʨ˂:  

Kʱʫ- ʱʨʶʰʺʨʲʻʸʰ ʫʨʴʨˆʨʸˇʬʩʰ ʳʰʲʹʨʫʬʴ ʺʸʨʴʹʶʵʸʺʮʬ, 

Cʳ- ʳʰʲʹʨʫʬʴʰʹ ʹʰʪʸ˃ʰʹ ʬʸʯʬʻʲʰʹ ʾʰʸʬʩʻʲʬʩʨ 

L-ʳʰʲʹʨʫʬʴʰʹ ʹʰʪʸ˃ʬ 

l - ʹʨʬʽʹʶʲʻʨʺʨ˂ʰʵ ʳʰʲʹʨʫʬʴʰʹ ʹʰʪʸ˃ʬ   (l=400-800ʳ) 

n - ʹʨʺʻʳʩʰ ʹʨʫʪʻʸʬʩʰʹ ʸʨʵʫʬʴʵʩʨ 

Cʹʹʹ - ʹʨʯʨʭʵ ʹʨʺʻʳʩʰ ʹʨʫʪʻʸʰʹ ʾʰʸʬʩʻʲʬʩʨ 
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Cˀʹʹ - ˀʻʨʲʬʫʻʸʰ ʹʨʺʻʳʩʰ ʹʨʫʪʻʸʰʹ ʾʰʸʬʩʻʲʬʩʨ (ʸʬʮʬʸʭʻʨʸʰʹ 

ʪʨʸʬˀʬ)  

Cˀʹʹʸ - ˀʻʨʲʬʫʻʸʰ ʹʨʺʻʳʩʰ ʹʨʫʪʻʸʰʹ ʾʰʸʬʩʻʲʬʩʨ (ʸʬʮʬʸʭʻʨʸʰʯ) 

      ʹʨʭʨʸʨʻʫʵʫ ʹʨˀʻʨʲʵ ˄ʲʰʻʸʰ ʪʨʳʺʨʸʵʩʰʹ ˀʬʹʨ˃ʲʬʩʲʵʩʬʩʰʹ 

ʳʰˆʬʫʭʰʯ ˂ˆʸʰʲʰʫʨʴ ʨʸˁʬʭʬʴ ʳʰʲʹʨʫʬʴʰʹ ˀʬʹʨʩʨʳʰʹ ʸʬʱʵʳʬʴʫʰʸʬʩʻʲ 

ʫʰʨʳʬʺʸʹ. ʨʳʰʹ ˀʬʳʫʬʪ ʰ˂ʰʨʴ ʸʨ ʱʨʶʰʺʨʲʻʸʰ ʫʨʴʨˆʨʸˇʬʩʰ ʳʰʲʹʨʫʬʴʮʬ 

ʫʨ ʹʨʺʻʳʩ ʹʨʫʪʻʸʬʩʮʬ ʫʨʰʨʴʪʨʸʰˀʬʩʬʴ ˄ʰʴʨʹ˄ʨʸ ʫʨʴʨˆʨʸˇʬʩʹ. ʹʨʺʻʳʩʰ 

ʹʨʫʪʻʸʬʩʰʹ ʸʨʵʫʬʴʵʩʨ ʪʨʴʰʹʨʮʾʭʸʬʩʨ ʳʰʲʹʨʫʬʴʰʹ ʺʬʽʴʵʲʵʪʰʻʸʰ 

ʪʨʯʭʲʬʩʰʯ. 
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2.2 ʳʨʯʬʳʨʺʰʱʻʸʰ ʳʵʫʬʲʰʸʬʩʰʹ ʫʰʴʨʳʰʱʻʸʰ ʶʸʵʪʸʨʳʰʸʬʩʰʹ 

ʹʨʺʸʨʴʹʶʵʸʺʵ  ʨʳʵ˂ʨʴʨ  ʳʰʲʹʨʫʬʴʰʹ ʶʨʸʨʳʬʺʸʬʩʰʹ ˀʬʹʨʸˁʬʭʨʫ 

     ʳʰʲʪʨʿʭʨʴʰʲʵʩʰʹ ʳʵ˄ʿʵʩʰʹ ʨʫʸʬʻʲ ʬʺʨʶʬʩʮʬ (ʺʬʽʴʰʱʻʸ-

ʬʱʵʴʵʳʰʱʻʸʰ ʪʨʨʴʪʨʸʰˀʬʩʨ, ʶʸʵʬʽʺʰʹ ʫʨʹʨʩʻʯʬʩʨ, ʩʰʮʴʬʹ ʪʬʪʳʰʹ 

ˀʬʫʪʬʴʨ ˄ʰʴʨʹ˄ʨʸʰ ʹʨ˃ʰʬʩʵ-ʹʨʱʭʲʬʭʰ ʹʨʳʻˀʨʵʬʩʰ ʫʨ ʳʰʲʹʨʫʬʴʰʹ 

ʶʸʵʬʽʺʰʸʬʩʨ)  ʻʨʾʸʬʹʨʫ  ʳʴʰˀʭʴʬʲʵʭʨʴʰʨ ʹ˄ʵʸʰ ʵʸʰʬʴʺʰʸʬʩʰʹ 

ʪʨʴʹʨʮʾʭʸʨ ʳʵʳʨʭʨʲʰ ʱʨʶʰʺʨʲʫʨʩʨʴʫʬʩʬʩʰʹʨʯʭʰʹ. 

    ʮʵʪʨʫʨʫ ʨʳʵ˂ʨʴʨ ˀʬʰ˃ʲʬʩʨ ʳʵ˂ʬʳʻʲʰ ʰʿʵʹ ˀʬʳʫʬʪʰ ʹʨˆʰʯ:  

ʳʰʲʪʨʿʭʨʴʰʲʵʩʰʹ ʹʰʹʺʬʳʨ ʳʵʹʨ˄ʿʵʩʰʨ ʹʨ˄ʿʰʹʰ N ʶʻʴʽʺʰʫʨʴ ʹʨʩʵʲʵʵ M 

ʶʻʴʽʺˀʰ, ʸʵʳʲʰʹ ʪʨʴˆʵʸ˂ʰʲʬʩʨ˂ ˀʬʹʨ˃ʲʬʩʬʲʰʨ ʸʬʲʰʬʼʰʹ, 

ʫʨʹʨˆʲʬʩʻʲ ʶʻʴʽʺˀʰ ʳʰʲʪʨʿʭʨʴʰʲʵʩʰʹ ʽʹʬʲʰʹ ʳʵ˄ʿʵʩʰʹ 

ˀʬʨ˃ʲʬʩʲʵʩʬʩʰʹ ʫʨ ʹʨʳʻˀʨʵʯʨ ʾʰʸʬʩʻʲʬʩʰʹ ʪʨʯʭʨʲʰʹ˄ʰʴʬʩʰʯ, 

ʸʰʹʯʭʰʹʨ˂ ʨʸʹʬʩʵʩʹ ʸʨʳʵʫʬʴʰʳʬ ʨʲʺʬʸʴʨʺʰʻʲʰ ʳʨʸˀʸʻʺʰ ˀʻʨʲʬʫʻʸ 

ʶʻʴʽʺʬʩʮʬ ʪʨʭʲʰʯ. ʨʾʴʰˀʴʻʲʰ ʹʰʺʻʨ˂ʰʨ ˀʬʰ˃ʲʬʩʨ ˄ʨʸʳʵʭʰʫʪʰʴʵʯ 

ʽʹʬʲʰʹ ʹʨˆʰʯ, ʸʵʳʲʰʹ ʳ˄ʭʬʸʭʨʲʬʩʰ ʨʹʨˆʨʭʹ ʫʨʹʨˆʲʬʩʻʲ ʶʻʴʽʺʬʩˀʰ 

ʪʨʳʨʴʨ˄ʰʲʬʩʬʲ ʹʨʫʪʻʸʬʩʹ, ˆʵʲʵ ʸʱʨʲʬʩʰ ʱʰ ʳʰʲʪʨʿʭʨʴʰʲʵʩʰʹ 

ʳʨʸˀʻʺʬʩʰʨ. ʳʨʸˀʻʺʰʹ ʫʨʪʬʪʳʨʸʬʩʰʹʨʹ ʨʻ˂ʰʲʬʩʬʲʰʨ ʪʨʭʰʯʭʨʲʰʹ˄ʰʴʵʯ 

ʳʯʨʭʨʸʰ 3 ʶʰʸʵʩʨ: ʳʰʲʪʨʿʭʨʴʰʲʵʩʰʹ ʹʰʹʺʬʳʨ ʻʴʫʨ ˀʬʹʸʻʲʫʬʹ 

ʳʰʴʰʳʨʲʻʸʰ ˆʨʸˇʬʩʰʯ, ʳʰʴʰʳʨʲʻʸ ʫʸʵˀʰ ʫʨ ʫʨʨʱʳʨʿʵʼʰʲʵʹ 

ʳʨʽʹʰʳʨʲʻʸʨʫ ʩʬʭʸʰ ʨʫʨʳʰʨʴʰ. ʨʹʬʭʬ ʪʨʹʨʯʭʨʲʰʹ˄ʰʴʬʩʬʲʰʨ ˀʬʳʫʬʪʰ 

ʶʰʸʵʩʨ:  

    ʳʰʲʹʨʫʬʴʰʹ ʳʰʴʰʳʨʲʻʸʰ ʫʨʴʨˆʨʸˇʬʩʰʹ  ʪʨʿʭʨʴʰʹ ˀʬʳʯˆʭʬʭʨˀʰ 

ʱʨʶʰʺʨʲʻʸʰ ʫʨʴʨˆʨʸˇʬʩʰ K1=200 ʳʰʲʰʵʴʰ ʫʵʲʨʸʰ, ˆʵʲʵ 

ʹʨʬʽʹʶʲʻʨʺʨ˂ʰʵ ʫʨʴʨˆʨʸˇʬʩʰ  Э1=4 ʳʰʲʰʵʴʰ ʫʵʲʨʸʰ/˄ʬʲʰ 

    ʳʰʲʹʨʫʬʴʰʹ ʳʰʴʰʳʨʲʻʸ ʫʸʵˀʰ  ʪʨʿʭʨʴʰʹ ˀʬʳʯˆʭʬʭʨˀʰ ʫʸʵʹ 

ʱʨʶʰʺʨʲʻʸʰ ʫʨʴʨˆʨʸˇʬʩʰ K1=160 ʳʰʲʰʵʴʰ ʫʵʲʨʸʰ, ˆʵʲʵ 

ʹʨʬʽʹʶʲʻʨʺʨ˂ʰʵ ʫʨʴʨˆʨʸˇʬʩʰ  Э1=10 ʳʰʲʰʵʴʰ ʫʵʲʨʸʰ/˄ʬʲʰ 

    ʳʰʲʹʨʫʬʴʰʹ ʪʨʿʭʨʴʰʹ ˀʬʳʯˆʭʬʭʨˀʰ ʸʵ˂ʨ ʰʪʰ ʫʨʨʱʳʨʿʵʼʰʲʬʩʹ 

ʳʨʽʹʰʳʨʲʻʸʨʫ ʩʬʭʸ ʳʵʳˆʳʨʸʬʩʬʲʹ ʱʨʶʰʺʨʲʻʸʰ ʫʨʴʨˆʨʸˇʬʩʰ K1=140 

ʳʰʲʰʵʴʰ ʫʵʲʨʸʰ, ˆʵʲʵ ʹʨʬʽʹʶʲʻʨʺʨ˂ʰʵ ʫʨʴʨˆʨʸˇʬʩʰ  Э1=14 ʳʰʲʰʵʴʰ 

ʫʵʲʨʸʰ/˄ʬʲʰ 
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ʳʰʲʹʨʫʬʴʰʹ ʳʰʴʰʳʨʲʻʸ ʫʸʵˀʰ  ʪʨʿʭʨʴʰʹ ˀʬʳʯˆʭʬʭʨˀʰ ʫʸʵʹ 

ʱʨʶʰʺʨʲʻʸʰ ʫʨʴʨˆʨʸˇʬʩʰ K1=160 ʳʰʲʰʵʴʰ ʫʵʲʨʸʰ, ʨʳʵ˂ʨʴʨ 

ʫʨʭʿʵʯ 3 ʴʨ˄ʰʲʨʫ, ʶʰʸʭʬʲ ʴʨ˄ʰʲˀʰ ʪʨʴʭʰˆʰʲʵʯ ʳʰʲʪʨʿʭʨʴʰʲʵʩʰʹ 

ʹʰʹʺʬʳʰʹ ʪʨʿʭʨʴʰʹ ʵʶʺʰʳʨʲʻʸʰ ʳʨʸˀʸʻʺʰ ʳʰʴʰʳʨʲʻʸʰ 

ʫʨʴʨˆʨʸˇʬʩʰʹʨʯʭʰʹ, ʳʬʵʸʬ ʴʨ˄ʰʲˀʰ კ ʳʵʳˆʳʨʸʬʩʬʲʯʨ ʳʨʽʹʰʳʨʲʻʸʰ 

ʸʨʵʫʬʴʵʩʰʹ ʫʨʱʳʨʿʵʼʰʲʬʩʰʹ ʳʨʸˀʸʻʺʰ ʫʨ ʩʵʲʵʹ ʪʨʴʭʰˆʰʲʵʯ 

ʳʨʽʹʰʳʨʲʻʸʨʫ ʳ˂ʰʸʬ ʫʸʵˀʰ ʺʸʨʹʰʹ ʳˀʬʴʬʩʲʵʩʰʹ  ʳʨʸˀʸʻʺʰʹ ʨʸˁʬʭʰʹ 

ˀʬʹʨ˃ʲʬʩʲʵʩʨ. 

ʴʨ˄ʰʲʰ 1. 

 

ʴʨˆ. 12  ʵʶʺʰʳʨʲʻʸʰ ʳʨʸˀʸʻʺʰʹ ʳʵʫʬʲʰ ʳʰʴʰʳʨʲʻʸʰ 

ʫʨʴʨˆʨʸˇʬʩʰʹʨʯʭʰʹ 

    ʶʸʵʬʽʺʰ ˀʬʰ˃ʲʬʩʨ ʫʨʭʻʱʨʭˀʰʸʵʯ ʫʰʴʨʳʰʱʻʸʰ ʶʸʵʪʸʨʳʰʸʬʩʰʹ 

ʨʳʵ˂ʨʴʨʹ.  ʶʸʵʬʽʺʰʹ ˃ʰʸʰʯʫʰ ʬʲʬʳʬʴʺʬʩʰʹ ʪʨʴʹʨʮʾʭʸʰʹ ʪʮʰʯ ˀʬʰ˃ʲʬʩʨ 

ʳʰʭʨʾ˄ʰʵʯ ʪʨʫʨ˄ʿʭʬʺʰʹ ʵʶʺʰʳʨʲʻʸʰ ʨʳʵʴʨˆʹʬʴʰʹ ʳʵ˃ʬʩʴʨʹ.  

    ʫʰʴʨʳʰʱʻʸʰ ʶʸʵʪʸʨʳʰʸʬʩʰʹ ʩʰˇʬʩʨʫ ˀʬʰ˃ʲʬʩʨ ʳʰʭʰʾʵʯ 

ʪʨʿʭʨʴʰʲʵʩʰʹ ʳʨʸˀʻʺʬʩʰ ʸʵʳʲʬʩʰ˂ ʨʱʨʭˀʰʸʬʩʹ ʵʸ ʳʵʹʨʮʾʭʸʬ 

ʪʨʳʨʴʨ˄ʰʲʬʩʬʲ ʹʨʫʪʻʸʰʹ. i-ʻʸʰ ʩʰˇʰʹ ʫʨʹʨ˄ʿʰʹˀʰ Xi ʳʫʪʵʳʨʸʬʵʩʨ 

ʪʨʴʰʹʨʮʾʭʸʬʩʨ ʴʬʩʰʹʳʰʬʸʰ ʪʨʳʨʴʨ˄ʰʲʬʩʬʲʰ ʹʨʫʪʻʸʰʹʨʯʭʰʹ, ʸʵʳʬʲʰ˂ 

ˁʨʸʯʻʲʰʨ ʹʰʹʺʬʳʨˀʰ, ˆʵʲʵ ʨʳʵʴʨˆʹʴʰʹ Ki ʭʨʸʰʨʴʺʬʩʰ i-ʻʸʰ ʩʰˇʮʬ 

ʪʨʴʰʹʨʮʾʭʸʬʩʨ ʸʱʨʲʬʩʰʹ ʸʨʵʫʬʴʵʩʰʯ, ʸʵʳʲʬʩʰ˂ ʪʨʳʵʫʰʹ 

ʳ˄ʭʬʸʭʨʲʬʩʰʫʨʴ ʨʴʻ ʯʰʯʵʬʻʲʰ ʪʨʳʨʴʨ˄ʰʲʬʩʬʲʰ ʹʨʫʪʻʸʰʹʨʯʭʰʹ 

ʳʨʸˀʻʺʬʩʰʹ ˀʬʹʨ˃ʲʵ ʭʨʸʰʨʴʺʬʩʰʹ ʸʨʵʫʬʴʵʩʰʯ. 
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ʳʰʮʴʵʩʸʰʭʰ ʼʻʴʽ˂ʰʨ i-ʻʸʰ ʩʰˇʮʬ f i (Xi, Ui) ˀʬʰ˃ʲʬʩʨ ʪʨʴʰʹʨʮʾʭʸʵʹ 

ʳʨʸˀʻʺʰʹ ʪʨʿʭʨʴʰʹ ʾʰʸʬʩʻʲʬʩʰʹ ʳʰˆʬʫʭʰʯ ʴʬʩʰʹʳʰʬʸʰ Sკʻʸʰ 

ʹʨʫʪʻʸʰʫʨʴ jკʻʸ ʹʨʫʪʻʸˀʰ 

fi(Xi, Ui)=CS-j                                                        11 

Ki-ʻʸʰ ʳʨʸʯʭʨ ʪʻʲʰʹˆʳʵʩʹ ʪʨʮʪʨʿʭʨʴʰʲʵʩʰʹ ʳʨʸˀʸʻʺʰʹ ʨʸˁʬʭʨʹ  S-

ʻʸʰ ʳʴʰˀʭʴʬʲʵʩʰʫʨʴ Ji-ʻʸ ʳʴʰˀʭʴʬʲʵʩʨʳʫʬ. ʶʸʵʬʽʺʰʹ 

ʱʵʴʱʻʸʬʴʺʻʴʨʸʰʨʴʵʩʰʹ ʪʨʮʸʫʰʹ ʳʰʮʴʰʯ ˀʬʹʨ˃ʲʬʩʬʲʰʨ ʳʰʮʴʵʩʸʰʭʰ 

ʼʻʴʽ˂ʰʰʹ ˀʬʮʾʻʫʭʨ ʳʨʸˀʸʻʺʰʹ ʳˀʬʴʬʩʲʵʩʰʹ ʳʰʴʰʳʨʲʻʸʰ 

ʾʰʸʬʩʻʲʬʩʰʹ ˀʬʹʨˆʬʩ. ʶʸʵʪʸʨʳʰʸʬʩʰʹ ˃ʰʸʰʯʨʫʰ ʼʻʴʽ˂ʰʵʴʨʲʻʸʰ 

ʪʨʴʺʵʲʬʩʨ ˁʨʰ˄ʬʸʬʩʨ ˀʬʳʫʬʪʰ  

)( ii xf  )(),(min
1

1 iiiii
jS

xfuxf  
 = 

 )(min
1

1 ii

i

js
jS

xfC                    12
         

ʫʰʴʨʳʰʱʻʸʰ ʶʸʵʪʸʨʳʰʸʬʩʰʹ ʳʬʯʵʫʰʱʰʹ ʳʰˆʬʫʭʰʯ ʨʳʵ˂ʨʴʰʹ 

ʨʳʵˆʹʴʨʹ ʭʰ˄ʿʬʩʯ ʳʬʵʯˆʬ ʩʰˇʰʫʨʴ, ʹʨʫʨ˂ ʪʨʴʰʹʨʮʾʭʸʬʩʨ ʶʰʸʵʩʰʯ 

ʵʶʺʰʳʨʲʻʸʰ ʳʨʸʯʭʨ ʫʨ ʳʰʮʴʵʩʸʰʭʰ ʶʻʴʽ˂ʰʰʹ ʶʰʸʵʩʰʯʰ ʵʶʺʰʳʨʲʻʸʰ 

ʳʴʰˀʭʴʬʲʵʩʨ 

)( 44 xf  )(),(min 44444 xfuxf
jS

                                        13        

)( 44 xf  
JS

JS
C min                                                      14     

)(4 Pf  
MP

MP
C min =6                                                    15     

)(4 Qf  
MQ

MP
C min =3                                                   16 

ʳʰʾʬʩʻʲʰ ˀʬʫʬʪʬʩʰ ˀʬʭʰʺʨʴʵʯ ˂ˆʸʰʲˀʰ N5 

       ˂ˆʸʰʲʰ N5 

i 

 

ʶʻʴʽʺʰ 

ʬʺʨʶʰ 

X4=M 

ʳʰʮʴʵʩʸʰʭʰ 

ʼʻʴʽ˂ʰʨ 

F4(X4) 

ʳʨʸʯʭʨ 

U4 

P 6 6 M 

Q 3 3 M 

     ʨʳʰʹ ˀʬʳʫʪʵʳ ʪʨʴʭʹʨʮʾʭʸʵʯ ʶʰʸʵʩʰʯʰ ʵʶʺʰʳʨʲʻʸʰ ʳʨʸʯʭʨ ʫʨ 

ʳʰʮʴʵʩʸʰʭʰ ʼʻʴʽ˂ʰʰʹ ʶʰʸʵʩʰʯʰ ʵʶʺʰʳʨʲʻʸʰ ʳʴʰˀʭʴʬʲʵʩʨ ʳʬʹʨʳʬ 

ʩʰˇʮʬ 
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)(3 Df     )(;)(min 44 QFCPFC qdpd

qd
pd

 


 = min     32;68  =5       17 

)(3 Lf     )(;)(min 44 QFCPFC qlpl

ql
pl

 


 = min     35;66  =8        18 

)(3 Kf     )(;)(min 44 QFCPFC qkpk

qk
pk

 


 = min     37;65  =10       19 

ʳʰʾʬʩʻʲʰ ˀʬʫʬʪʬʩʰ ˀʬʭʰʺʨʴʵʯ ˂ˆʸʰʲˀʰ N6                                                                                                                    

˂ˆʸʰʲʰ N6 

i 

 

ʶʻʴʽʺʰ 

X1
3=P X1

3=Q 
ʳʰʮʴʵʩʸʰʭʰ 

ʼʻʴʽ˂ʰʨ 

f3(x3) 

ʳʨʸʯʭʨ 

U3 

D 8+6 2+3 5 Q 

L 6+6 5+3 8 Q 

K 5+6 7+3 10 Q 

      

             ʨˆʲʨ ʪʨʴʭʹʨʮʾʭʸʵʯ ʶʰʸʵʩʰʯʰ ʵʶʺʰʳʨʲʻʸʰ ʳʨʸʯʭʨ ʫʨ 

ʳʰʮʴʵʩʸʰʭʰ ʼʻʴʽ˂ʰʰʹ ʶʰʸʵʩʰʯʰ ʵʶʺʰʳʨʲʻʸʰ ʳʴʰˀʭʴʬʲʵʩʨ ʳʬʵʸʬ 

ʩʰˇʮʬ. 

)(2 Af     )(;)(min 33 LFCDFC lada

la
da

 


 = min     89;52  =7         20 

)(2 Bf     )(;)(min 33 LFCDFC lbdb

lb
db

 


 = min     84;55  =10        21 

)(2 Cf      )()(;)(min 333 KFCLFCDFC kclcdc

kc
lc
dc

 

  = 

=min       105;83;56  =11                                 22 

     ˀʬʫʬʪʬʩʰ ˀʬʭʰʿʭʨʴʵʯ ˂ˆʸʰʲˀʰ N7                                                                                  

                 ˂ˆʸʰʲʰ N7 

i 

 

ʶʻʴʽʺʰ 

X1
3=A X1

3=B X1
3=C 

ʳʰʮʴʵʩʸʰʭʰ 

ʼʻʴʽ˂ʰʨ 

f2(x2) 

ʳʨʸʯʭʨ 

U2 

A 2+5 9+8 _ 7 D 

B 5+5 4+8 _ 10 D 

C 6+5 3+8 5+10 11 D, L 
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            ʫʨ ʩʵʲʵʹ ʪʨʴʭʹʨʮʾʭʸʵʯ ʶʰʸʵʩʰʯʰ ʵʶʺʰʳʨʲʻʸʰ ʳʨʸʯʭʨ ʫʨ 

ʳʰʮʴʵʩʸʰʭʰ ʼʻʴʽ˂ʰʰʹ ʶʰʸʵʩʰʯʰ ʵʶʺʰʳʨʲʻʸʰ ʳʴʰˀʭʴʬʲʵʩʨ ʶʰʸʭʬʲ 

ʩʰˇʮʬ. 

)(1 Nf      )()(;)(min 222 CFCBFCAFC CNBNAN

CN
BN
AN

 

  = 

= min       114;103;77  =13                                          23 

 

          ˀʬʹʨʩʨʳʰʹʰ ʳʴʰˀʭʴʬʲʵʩʬʩʰ ˀʬʭʰʺʨʴʵʯ ˂ˆʸʰʲˀʰ N8 

                                                              ˂ˆʸʰʲʰ N8 

i 

 

ʶʻʴʽʺʰ 

X1
1=A X1

1=B X1
1=C 

ʳʰʮʴʵʩʸʰʭʰ  

ʼʻʴʽ˂ʰʨ 

f1(x1) 

ʳʨʸʯʭʨ 

U1 

N 7+7 3+10 4+11 13 B 

       

             ˂ˆʸʰʲʰʹ ʳʰˆʬʫʭʰʯ ʹʨ˄ʿʰʹʰ N ʶʻʴʽʺʰʫʨʴ ʳʰʴʰʳʨʲʻʸʰ 

ʫʨʴʨˆʨʸˇʬʩʰʯ ˀʬʰ˃ʲʬʩʨ ʪʨʭʰʿʭʨʴʵʯ B ʶʻʴʽʺˀʰ, ˀʬʳʫʬʪ ˂ˆʸʰʲʰ 3-ʰʹ 

ʳʬˀʭʬʵʩʰʯ ʳʵʭ˃ʬʩʴʵʯ  B ʶʻʴʽʺʰʹ ˀʬʹʨʩʨʳʰʹʰ ʹʺʸʰʽʵʴʰ, ʸʵʳʬʲʰ˂ 

ʪʨʴʹʨʮʾʭʸʨʭʹ ʳʨʸˀʻʺʰʹ ˀʬʳʫʬʪ ʶʻʴʽʺʹ, ʸʵʳʬʲʮʬʫʨ˂ ʫʨʴʨˆʨʸˇʬʩʰ 

ʰʽʴʬʩʨ ʳʰʴʰʳʨʲʻʸʰ, ʬʹ ʨʸʰʹ ʶʻʴʽʺʰ ʫ. ʨʳʰʹ ˀʬʳʫʬʪ ʳʬ-2-ʬ ˂ˆʸʰʲʰʹ 

ʹʨˀʻʨʲʬʩʰʯ D ʶʻʴʽʺʰʹ ˀʬʹʨʩʨʳʰʹʰ ʹʺʸʰʽʵʴʰ, ʸʵʳʬʲʰ˂ ʪʨʴʹʨʮʾʭʸʨʭʹ 

ʳʨʸˀʻʺʰʹ ˀʬʳʫʬʪ ʶʻʴʽʺʹ ʫʨ ʬʹ ʶʻʴʽʺʰ ʰʽʴʬʩʨ Q  ʫʨ ʩʵʲʵʹ ʶʰʸʭʬʲʰ 

˂ˆʸʰʲʰ ʳʰʪʭʰʯʰʯʬʩʹ ʳʨʸˀʸʻʺʰʹ ʩʵʲʵ ʶʻʴʽʺʹ M.  

ʳʨʸˀʻʺʹ ʬʽʴʬʩʨ ˀʬʳʫʬʪʰ ʹʨˆʬ   N  →  B → D → Q →  M 

ʴʨ˄ʰʲʰ 2. ʨʳʵ˂ʨʴʰʹ ʳʬʵʸʬ ʴʨ˄ʰʲʰʹ ʨʳʵʹʨˆʹʴʬʲʨʫ ʱʭʲʨʭ 

ʪʨʳʵʭʰʿʬʴʵʯ ʳʨʯʬʳʨʺʰʱʻʸʰ ʳʵʫʬʲʰʸʬʩʰʹ ʫʰʴʨʳʰʱʻʸʰ ʶʸʵʪʸʨʳʰʸʬʩʰʹ 

ʳʬʯʵʫʰ ʳʵ˂ʬʳʻʲ ʳʵʳˆʳʨʸʬʩʬʲʯʨ ʪʨʴʨ˄ʰʲʬʩʰʹ ʹʽʬʳʰʹ ʳʰˆʬʫʭʰʯ, ʹʨʫʨ˂ 

ʨʳˇʬʸʨʫ ʸʱʨʲʬʩʮʬ ʳʵ˂ʬʳʻʲʰʨ ʳʵʳˆʳʨʸʬʩʬʲʯʨ ˀʬʹʨ˃ʲʵ ʸʨʵʫʬʴʵʩʨ 

ˀʬʹʨʩʨʳʰʹ ʪʨʮʪʨʳʨʴʨ˄ʰʲʬʩʬʲ ʶʻʴʽʺʰʹ ʼʨʸʪʲʬʩˀʰ. ʨʳ ˀʬʳʯˆʭʬʭʨˀʰ Ui -

ʳʨʸʯʭʨˀʰ ʰʪʻʲʰʹˆʳʬʩʨ ʳʨʸˀʻʺʰʹ ʨʳʵʸˁʬʭʨ S-ʻʸʰ ʶʻʴʽʺʰʫʨʴ J-ʻʸˀʰ. 

ˆʵʲʵ ʳʰʮʴʵʩʸʰʭʰ ʼʻʴʽ˂ʰʰʹʨʯʭʰʹ ˀʬʰ˃ʲʬʩʨ ˀʬʳʵʭʰʾʵʯ ˀʬʮʾʻʫʭʨ 
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ʹʰʹʺʬʳʨˀʰ ʪʨʹʨ˄ʬʭʸʰʨʴʬʩʬʲʰ ʳʵʳˆʳʨʸʬʩʬʲʯʨ ʳʨʽʹʰʳʨʲʻʸʰ ʸʨʵʫʬʴʵʩʰʹ 

ˀʬʹʨˆʬʩ. 

 

ʴʨˆ.  13 ʵʶʺʰʳʨʲʻʸʰ ʳʨʸˀʸʻʺʰʹ ʳʵʫʬʲʰ ʳʵʳˆʳʨʸʬʩʬʲʯʨ  

ʳʨʽʹʰʳʨʲʻʸʰ ʸʨʵʫʬʴʵʩʰʹ ʫʨʱʳʨʿʵʼʰʲʬʩʰʹʯʭʰʹ  

ʨʽʨ˂ ʳʵʴʨ˂ʬʳʬʩʰʹ ʫʨʳʻˀʨʭʬʩʨʹ ʭʰ˄ʿʬʩʯʳʬ-4-ʬ ʩʰˇʰʫʨʴ. 

)(4 Pf  
MP

MP
C min  = 4                                                 24 

)(4 Qf  
MQ

MP
C min  = 8                                                 25 

     ʳʰʾʬʩʻʲʰ ˀʬʫʬʪʬʩʰ ˀʬʭʰʺʨʴʵʯ ˂ˆʸʰʲˀʰ N9 

 ˂ˆʸʰʲʰ N9 

i 

 

ʶʻʴʽʺʰ 

ʬʺʨʶʰ 

X4=M 

ʳʰʮʴʵʩʸʰʭʰ 

ʼʻʴʽ˂ʰʨ 

F4(X4) 

ʳʨʸʯʭʨ 

U4 

P 4 4 M 

Q 8 8 M 

          ʳʬ-4-ʬ ʬʺʨʶʰʹ ˀʬʳʫʬʪ ʪʨʴʭʹʨʮʾʭʸʵʯ ʶʰʸʵʩʰʯʰ ʵʶʺʰʳʨʲʻʸʰ 

ʳʨʸʯʭʨ ʫʨ ʳʰʮʴʵʩʸʰʭʰ ʼʻʴʽ˂ʰʰʹ ʶʰʸʵʩʰʯʰ ʵʶʺʰʳʨʲʻʸʰ ʳʴʰˀʭʴʬʲʵʩʨ 

ʳʬʹʨʳʬ ʩʰˇʮʬ. 

)(3 Df     )(;)(max 44 QFCPFC qdpd

qd
pd

 


 = max     86;46  =14     26 

)(3 Lf     )(;)(max 44 QFCPFC qlpl

ql
pl

 


 = max     89;49  =17     27 
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)(3 Df     )(;)(max 44 QFCPFC qkpk

qk
pk

 


 = max     87;47  =15     28 

     ʳʰʾʬʩʻʲʰ ʳʴʰˀʭʴʬʲʵʩʬʩʰ ˀʬʭʰʺʨʴʵʯ ˂ˆʸʰʲˀʰ N10 

                                                                   ˂ˆʸʰʲʰ N10 

i 

 

ʶʻʴʽʺʰ 

X1
3=P X1

3=Q 

ʳʰʨʴʵʩʸʰʭʰ 

ʼʻʴʽ˂ʰʨ 

F3(X3) 

ʳʨʸʯʭʨ 

U3 

D 6+4 6+8 14 Q 

L 9+4 9+8 17 Q 

K 7+4 7+5 15 Q 

       ʨˆʲʨ ʪʨʴʭʹʨʮʾʭʸʵʯ ʶʰʸʵʩʰʯʰ ʵʶʺʰʳʨʲʻʸʰ ʳʨʸʯʭʨ ʫʨ 

ʳʰʮʴʵʩʸʰʭʰ ʼʻʴʽ˂ʰʰʹ ʶʰʸʵʩʰʯʰ ʵʶʺʰʳʨʲʻʸʰ ʳʴʰˀʭʴʬʲʵʩʨ ʳʬʵʸʬ 

ʩʰˇʮʬ. 

)(2 Af     )(;)(min 33 LFCDFC lada

la
da

 


 = min     1710;1410  =27          29 

)(2 Bf     )(;)(min 33 LFCDFC lbdb

lb
db

 


 = min     1712;1412  =29          30 

)(2 Cf      )()(;)(min 333 KFCLFCDFC kclcdc

kc
lc
dc

 

  =  

=min       155;175;145  =22                                    31 

     ˀʬʹʨʩʨʳʰʹʰ ʳʴʰˀʭʴʬʲʵʩʬʩʰ ˀʬʭʰʯʨʴʵʯ ˂ˆʸʰʲˀʰ N11                                                             

     ˂ˆʸʰʲʰ N11 

 i 

 

ʶʻʴʽʺʰ  

X1
2=A X1

2=B X1
2=C 

ʳʰʮʴʵʩʸʰʭʰ 

ʼʻʴʽ˂ʰʨ 

F2(X2) 

ʳʨʸʯʭʨ 

U2 

A 10+14 10+17 - 27 L 

B 12+14 12+17 - 29 L 

C 5+14 5+17 5+15 22 L 

     ʩʵʲʵʹ ʪʨʴʭʹʨʮʾʭʸʵʯ ʶʰʸʵʩʰʯʰ ʵʶʺʰʳʨʲʻʸʰ ʳʨʸʯʭʨ ʫʨ 

ʳʰʮʴʵʩʸʰʭʰ ʼʻʴʽ˂ʰʰʹ ʶʰʸʵʩʰʯʰ ʵʶʺʰʳʨʲʻʸʰ ʳʴʰˀʭʴʬʲʵʩʨ ʶʰʸʭʬʲ 

ʩʰˇʮʬ. 

)(1 Nf      )()(;)(min 222 CFCBFCAFC CNBNAN

CN
BN
AN

 

  =  

=min       225;2912;2710  =41                             32  
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 ˀʬʹʨʩʨʳʰʹʰ ʳʴʰˀʭʴʬʲʵʩʬʩʰ ˀʬʭʰʯʨʴʵʯ ˂ˆʸʰʲˀʰ N12 

 ˂ˆʸʰʲʰ N12 

i 

 

ʶʻʴʽʺʰ 

X1
1=A X1

1=B X1
1=C 

ʳʰʮʴʵʩʸʰʭʰ 

ʼʻʴʽ˂ʰʨ 

f1(x1) 

ʳʨʸʯʭʨ 

U1 

N 10+27 12+29 5+22 41 B 

         ʨʽʨ˂ ˂ˆʸʰʲʰʹ ʳʰˆʬʫʭʰʯ ʹʨ˄ʿʰʹʰ N ʶʻʴʽʺʰʫʨʴ ʳʨʽʹʰʳʨʲʻʸʰ 

ʳʵʳˆʳʨʸʬʩʲʬʩʰʯ ˀʬʰ˃ʲʬʩʨ ʪʨʭʰʿʭʨʴʵʯ B ʶʻʴʽʺˀʰ, ˀʬʳʫʬʪ ˂ˆʸʰʲʰ 7-ʰʹ 

ʳʬˀʭʬʵʩʰʯ ʳʵʭ˃ʬʩʴʵʯ B ʶʻʴʽʺʰʹ ˀʬʹʨʩʨʳʰʹʰ ʹʺʸʰʽʵʴʰ, ʸʵʳʬʲʰ˂ 

ʪʨʴʹʨʮʾʭʸʨʭʹ ʳʨʸˀʻʺʰʹ ˀʬʳʫʬʪ ʶʻʴʽʺʹ, ʸʵʳʬʲʮʬʫʨ˂ ʳʵʳˆʳʨʸʬʩʬʲʯʨ 

ʸʨʵʫʬʴʵʩʨ ʰʽʴʬʩʨ ʳʨʽʹʰʳʨʲʻʸʰ, ʬʹ ʨʸʰʹ ʶʻʴʽʺʰ L. ʨʳʰʹ ˀʬʳʫʬʪ ʳʬ-6-ʬ 

˂ˆʸʰʲʰʹ ʹʨˀʻʨʲʬʩʰʯ L ʶʻʴʽʺʰʹ ˀʬʹʨʩʨʳʰʹʰ ʹʺʸʰʽʵʴʰ, ʸʵʳʬʲʰ˂ 

ʪʨʴʹʨʮʾʭʸʨʭʹ ʳʨʸˀʻʺʰʹ ˀʬʳʫʬʪ ʶʻʴʽʺʹ ʫʨ ʬʹ ʶʻʴʽʺʰ ʰʽʴʬʩʨ Q  ʫʨ ʩʵʲʵʹ 

ʳʬˆʻʯʬ ˂ˆʸʰʲʰ ʳʰʪʭʰʯʰʯʬʩʹ ʳʨʸˀʸʻʺʰʹ ʩʵʲʵ ʶʻʴʽʺʹ M.  

ʳʨʸˀʻʺʹ ʬʽʴʬʩʨ ˀʬʳʫʬʪʰ ʹʨˆʬ   N  →  B → L → Q →  M 

ʴʨ˄ʰʲʰ 3. ʨʳʵ˂ʨʴʰʹ ʳʬʹʨʳʬ ʴʨ˄ʰʲʰʹ ʨʳʵʹʨˆʹʴʬʲʨʫʨ˂ ʪʨʳʵʭʰʿʬʴʵʯ 

ʳʨʯʬʳʨʺʰʱʻʸʰ ʳʵʫʬʲʰʸʬʩʰʹ ʫʰʴʨʳʰʱʻʸʰ ʶʸʵʪʸʨʳʰʸʬʩʰʹ ʳʬʯʵʫʰ 

ʳʵ˂ʬʳʻʲ ʹʨʳʻˀʨʵʹ ˀʬʹʸʻʲʬʩʰʹ ʫʸʵʰʹ ʪʨʴʨ˄ʰʲʬʩʰʹ ʹʽʬʳʰʹ ʳʰˆʬʫʭʰʯ, 

ʹʨʫʨ˂ ʨʳˇʬʸʨʫ ʳʵ˂ʬʳʻʲʰʨ ˀʬʹʨʸʻʲʬʩʬʲ ʹʨʳʻˀʨʵʯʨ ʫʸʵ ˀʬʹʨʩʨʳʰʹ 

ʪʨʮʪʨʳʨʴʨ˄ʰʲʬʩʬʲ ʶʻʴʽʺʰʹ ʼʨʸʪʲʬʩˀʰ. ʨʳ ˀʬʳʯˆʭʬʭʨˀʰ˂ Ui -ʳʨʸʯʭʨˀʰ 

ʰʪʻʲʰʹˆʳʬʩʨ ʳʨʸˀʻʺʰʹ ʨʳʵʸˁʬʭʨ S-ʻʸʰ ʶʻʴʽʺʰʫʨʴ J-ʻʸˀʰ. ˆʵʲʵ 

ʳʰʮʴʵʩʸʰʭʰ ʼʻʴʽ˂ʰʰʹʨʯʭʰʹ ˀʬʰ˃ʲʬʩʨ ˀʬʳʵʭʰʾʵʯ ˀʬʮʾʻʫʭʨ ʹʰʹʺʬʳʨˀʰ 

ˀʬʹʨʸʻʲʬʩʬʲ ʹʨʳʻˀʨʵʯʨ ʳʰʴʰʳʨʲʻʸ ʫʸʵˀʰ ˀʬʹʸʻʲʬʩʰʹ ˀʬʹʨˆʬʩ. 

 

ʴʨˆ.  14  ʳʨʯʬʳʨʺʰʱʻʸʰ ʳʵʫʬʲʰ ʺʸʨʹʰʹ ʳʨʽʹʰʳʨʲʻʸʨʫ ʳ˂ʰʸʬ ʫʸʵˀʰ  

ʳˀʬʴʬʩʲʵʩʰʹ  ʳʨʸˀʸʻʺʰʹ ʨʸˁʬʭʰʹʨʯʭʰʹ 
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   ʨʽʨ˂ ʳʵʴʨ˂ʬʳʬʩʰʹ ʫʨʳʻˀʨʭʬʩʨʹ ʭʰ˄ʿʬʩʯ ʳʬ-4-ʬ ʩʰˇʰʫʨʴ. 

)(4 Pf  
MP

MP
C min  = 18                                           33 

)(4 Qf  
MQ

MP
C min  = 10                                          34 

ʳʰʾʬʩʻʲʰ ˀʬʫʬʪʬʩʰ ˀʬʭʰʺʨʴʵʯ ˂ˆʸʰʲˀʰ N13 

                                                          ˂ˆʸʰʲʰ N13 

i 

 

ʶʻʴʽʺʰ 

ʬʺʨʶʰ 

X4=M 

ʳʰʮʴʵʩʸʰʭʰ 

ʼʻʴʽ˂ʰʨ 

F4(X4) 

ʳʨʸʯʭʨ 

U4 

P 18 18 M 

Q 10 10 M 

     

              ˀʬʳʫʪʵʳ ʪʨʴʭʹʨʮʾʭʸʵʯ ʶʰʸʵʩʰʯʰ ʵʶʺʰʳʨʲʻʸʰ ʳʨʸʯʭʨ ʫʨ 

ʳʰʮʴʵʩʸʰʭʰ ʼʻʴʽ˂ʰʰʹ ʶʰʸʵʩʰʯʰ ʵʶʺʰʳʨʲʻʸʰ ʳʴʰˀʭʴʬʲʵʩʨ ʳʬʹʨʳʬ 

ʩʰˇʮʬ. 

)(3 Df     )(;)(min 44 QFCPFC qdpd

qd
pd

 


=min     106;1817  =16    35 

)(3 Lf     )(;)(min 44 QFCPFC qlpl

ql
pl

 


=min     1011;188  =21     36   

)(3 Kf     )(;)(min 44 QFCPFC qkpk

qk
pk

 


=min     1017;1810  =27   37   

    ˀʬʹʨʩʨʳʰʹʰ ʳʴʰˀʭʴʬʲʵʩʬʩʰ ˀʬʭʰʯʨʴʵʯ ˂ˆʸʰʲˀʰ N14 

                                                                 ˂ˆʸʰʲʰ N14 

i 

 

ʶʻʴʽʺʰ 

X1
3=P X1

3=Q 

ʳʰʮʴʵʩʸʰʭʰ 

ʼʻʴʽ˂ʰʨ 

f3(x3) 

ʳʨʸʯʭʨ 

U3 

D 17+18 6+10 16 Q 

L 8+18 11+10 21 Q 

K 10+18 17+10 27 Q 

            ʨʳʰʹ ˀʬʳʫʬʪ ʪʨʴʭʹʨʮʾʭʸʵʯ ʶʰʸʵʩʰʯʰ ʵʶʺʰʳʨʲʻʸʰ ʳʨʸʯʭʨ ʫʨ 

ʳʰʮʴʵʩʸʰʭʰ ʼʻʴʽ˂ʰʰʹ ʶʰʸʵʩʰʯʰ ʵʶʺʰʳʨʲʻʸʰ ʳʴʰˀʭʴʬʲʵʩʨ ʳʬʵʸʬ 

ʩʰˇʮʬ. 

)(2 Af     )(;)(min 33 LFCDFC lada

la
da

 


=min     2117;1615  =31    38   

)(2 Bf     )(;)(min 33 LFCDFC lbdb

lb
db

 


=min     219;1622  =30      39   
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)(2 Cf      )()(;)(min 333 KFCLFCDFC kclcdc

kc
lc
dc

 

  = min  

      2716;218;1610  =26                                    40 

   ˀʬʹʨʩʨʳʰʹʰ ʳʴʰˀʭʴʬʲʵʩʬʩʰ ˀʬʭʰʿʭʨʴʵʯ ˂ˆʸʰʲˀʰ N15 

˂ˆʸʰʲʰ N15 

i 

 

ʶʻʴʽʺʰ 

X1
2=A X1

2=B X1
2=C 

ʳʰʮʴʵʩʸʰʭʰ 

ʼʻʴʽ˂ʰʨ 

f2(x2) 

ʳʨʸʯʭʨ 

U2 

A 15+16 17+21 _ 31 D 

B 22+16 9+21 _ 30 D 

C 10+16 8+21 16+27 26 D 

             ʩʵʲʵʹ ʪʨʴʭʹʨʮʾʭʸʵʯ ʶʰʸʵʩʰʯʰ ʵʶʺʰʳʨʲʻʸʰ ʳʨʸʯʭʨ ʫʨ 

ʳʰʮʴʵʩʸʰʭʰ ʼʻʴʽ˂ʰʰʹ ʶʰʸʵʩʰʯʰ ʵʶʺʰʳʨʲʻʸʰ ʳʴʰˀʭʴʬʲʵʩʨ ʶʰʸʭʬʲ 

ʩʰˇʮʬ. 

)(1 Nf      )()(;)(min 222 CFCBFCAFC CNBNAN

CN
BN
AN

 

  = 

 =min       2616;3013;3120  =42                                 41 

     ˀʬʹʨʩʨʳʰʹʰ ʳʴʰˀʭʴʬʲʵʩʬʩʰ ˀʬʭʰʺʨʴʵʯ ˂ˆʸʰʲˀʰ N16 

                                                             ˂ˆʸʰʲʰ N16 

i 

 

ʶʻʴʽʺʰ 

X1
1=A X1

1=B X1
1=C 

ʳʰʮʴʵʩʸʰʭʰ 

ʼʻʴʽ˂ʰʨ 

f1(x1) 

ʳʨʸʯʭʨ 

U1 

N 20+31 13+30 16+26 42 C 

 

ʳʰʭʰʾʬʯ ʵʶʺʰʳʨʲʻʸʰ ʳʴʰˀʭʴʬʲʵʩʨ N → C →  D → Q → M 

  ʪʨʮʪʨʳʨʴʨ˄ʰʲʬʩʬʲʰ ʳʨʸˀʻʺʰʹ ʵʶʺʰʳʰʮʨ˂ʰʰʹ ˀʬʳʫʬʪ 

ʪʨʳʵʭʯʭʨʲʵʯ ʨʳʵʸˁʬʻʲʰ ʳʨʸˀʸʻʺʰʹ ʬʼʬʽʺʻʸʵʩʨ, ʸʵʳʬʲʰ˂ ʹʰʹʺʬʳʨˀʰ 

ʨʩʵʴʬʴʺʬʩʰʹ (ʳʵʳˆʳʨʸʬʩʲʬʩʰʹ) ʸʨʵʫʬʴʵʩʰʯ ʪʨʴʰʹʨʮʾʭʸʬʩʨ ʨʴʻ 

ʼʨʸʫʵʩʨ ნʫʨʴʨˆʨʸˇʬʩʰ / ʳʵʳˆʳʨʸʬʩʬʲʰნ ʹʨˀʻʨʲʬʩʨʹ ʳʵʪʭ˂ʬʳʹ 

ʪʨʳʵʭʯʭʨʲʵʯ ʳʵʫʬʲʰʸʬʩʻʲʰ ʳʨʸˀʻʺʰʹ ʬʼʬʽʺʻʸʵʩʨ, ʸʨ˂ 

ʳʵʳˆʳʨʸʬʩʬʲʯʨ ʫʨʱʳʨʱʵʼʰʲʬʩʰʹ ˆʨʸʰʹˆʹ ʫʨ ˀʬʹʨʩʨʳʰʹʨʫ ʳʵʳʹʨˆʻʸʬʩʰʹ 

ˆʨʸʰʹˆʹ ʪʨʴʹʨʮʾʭʸʨʭʹ. 
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    ʳʰʴʰʳʨʲʻʸʰ ˆʨʸˇʰʹ ʳʨʸˀʸʻʺʰʹ ʳʰˆʬʫʭʰʯ ʳʵʳˆʳʨʸʬʩʬʲʯʨ 

ʸʨʵʫʬʴʵʩʨ ˀʬʨʫʪʬʴʹ 26 ʬʸʯʬʻʲʹ, ˆʵʲʵ ˆʨʸˇʰ ʱʰ 13 ʬʸʯʬʻʲʹ ʫʨ 

ˀʬʹʨʩʨʳʰʹʨʫ ʪʨʮʪʨʿʭʨʴʰʲʵʩʰʹ ʬʼʬʽʺʰ 13/26=0,5, ˆʵʲʵ ʳʵʳˆʳʨʸʬʩʲʯʨ 

ʳʨʽʹʰʳʨʨʲʻʸʰ ʸʨʵʫʬʴʵʩʰʹ ʳʨʸˀʸʻʺʰʹ ʳʰˆʬʫʭʰʯ ˆʨʸˇʰ ˀʬʨʫʪʬʴʹ 15 

ʬʸʯʬʻʲʹ, ʳʵʳˆʳʨʸʬʩʬʲʯʨ ʸʨʵʫʬʴʵʩʨ ʱʰ 42 ʬʸʯʬʻʲʹ ʫʨ ˀʬʹʨʩʨʳʰʹʨʫ 

ʬʼʬʽʺʰ 15/42=0,35.    

    ʪʨʴˆʰʲʻʲʰ ˀʬʳʯˆʭʬʭʬʩʰʫʨʴ ʳʰʹʨʾʬʩʰʨ ʰʹ ʭʨʸʰʨʴʺʰ ʹʨʫʨ˂  

ʪʨʮʪʨʿʭʨʴʰʲʵʩʰʹ ʬʼʬʽʺʰ ʬʸʯ ʳʵʳˆʳʨʸʬʩʬʲʮʬ ʳʰʴʰʳʨʲʻʸʰʨ, 

ˀʬʹʨʩʨʳʰʹʨʫ NCDQM  ʳʨʸˀʸʻʺʰ ʿʭʬʲʨ ˀʬʹʨ˃ʲʵ ˀʬʳʯˆʭʬʭʭʬʩʰʫʨʴ 

ʵʶʺʰʳʨʲʻʸʰʨ. ʨʳʰʹ ˀʬʳʫʬʪ ʪʨʳʵʭʯʭʨʲʵʯ ʵʶʺʰʳʨʲʻʸʰ ʳʨʸˀʸʻʺʰ 

ʳʰʲʹʨʫʬʴʰʹ  ʱʨʶʰʺʨʲʻʸʰ ʫʨ ʹʨʬʽʹʶʲʻʨʺʨ˂ʰʵ ˆʨʸˇʬʩʰʹ 

ʪʨʯʭʨʲʰʹ˄ʰʴʬʩʰʯ. 

             ˀʬʭʨʫʨʸʵʯ ʶʰʸʭʬʲʰ ʫʨ ʳʬʵʸʬ ʭʨʸʰʨʴʺʰ, ʨʳʰʹʨʯʭʰʹ ʳʵʴʨ˂ʬʳʬʩʰ 

ˀʬʭʰʯʨʴʵʯ ʼʵʸʳʻʲʨˀʰ 2.1 ʳʰʭʰʾʬʩʯ ʸʵʳ:                                       ˄ʬʲʰ 

ˀʬʭʨʫʨʸʵʯ ʨʹʬʭʬ  ʶʰʸʭʬʲʰ ʫʨ ʳʬʹʨʳʬ, ˆʵʲʵ ˀʬʳʫʬʪ ʳʬʵʸʬ ʫʨ ʳʬʹʨʳʬ 

ʭʨʸʰʨʴʺʬʩʰ, ˀʬʫʬʪʨʫ  ʳʰʭʰʾʬʩʯ:  

                                    ˄ʬʲʰ 

                                     ˄ʬʲʰ 

              ʨʽʬʫʨʴ ʪʨʳʵʳʫʰʴʨʸʬ ˀʬʰ˃ʲʬʩʨ ʭʰʳʹˇʬʲʵʯ ʸʵʳ ʹʨʻʱʬʯʬʹʵ ʳʬʵʸʬ 

ʭʨʸʰʨʴʺʰʨ, ʳʨʪʸʨʳ ʯʻ ʪʨʴʭʹʨʮʾʭʸʨʭʯ ʫʨʴʨˆʨʸˇʬʩʹ ʯʰʯʵʬʻʲʰ 

ʭʨʸʰʨʴʺʰʹ ʳʰʳʨʸʯ, ʳʰʭʰʾʬʩʯ ʸʵʳ: 

S1=0.12 200+4=28   ʳʰʲʰʵʴʰ ʫʵʲʨʸʰ/˄ʬʲʰ 

 S2=0.12 160+10=29.2 ʳʰʲʰʵʴʰ ʫʵʲʨʸʰ/˄ʬʲʰ 

S3=0.12 140+14=30.8   ʳʰʲʰʵʴʰ ʫʵʲʨʸʰ/˄ʬʲʰ 

    ʨʹʬʯ ˀʬʳʯˆʭʬʭʨˀʰ ʳʰʭʰʾʬʩʯ ʸʵʳ ʵʶʺʰʳʨʲʻʸʰ ʭʨʸʰʨʴʺʰʨ ʶʰʸʭʬʲʰ. 
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ʯʨʭʰ 3 

 ʴʨʭʯʵʩʹʨʫʬʴʰʹ ʹʨʺʻʳʩ ʹʨʫʪʻʸˀʰ ʱʨʲʰʩʸʬʩʰʹ ʶʸʵ˂ʬʹʰʹʨ 

ʫʨ ʹʨʱʵʴʺʸʵʲʵ  ʶʨʸʨʳʬʺʸʬʩʰʹ  ʪʨʮʵʳʭʰʹ ʵʸʪʨʴʰʮʨ˂ʰʨ 

3.1.  ʸʬʨʲʻʸ ʹʨʺʻʳʩ ʹʨʫʪʻʸˀʰ ʴʨʭʯʵʩ ʴʨʱʨʫʰʹ ˄ʴʬʭʰʹ ʪʨʮʵʳʭʰʹʨ ʫʨ 

ʺʸʨʴʹʳʰʺʬʸʰʹ ʱʨʲʰʩʸʬʩʰʹ ʶʸʵ˂ʬʹʰ 

3.1.1.  ˄ʴʬʭʰʹ ʶʰʸʫʨʶʰʸʰ ʬʸʯˇʬʸʨʫʰ ʫʨ ʳʸʨʭʨʲˇʬʸʨʫʰ ʪʨʮʵʳʭʰʹ 

ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʨʯʨ ˀʬʼʨʹʬʩʨ ʫʨ ʻʸʯʰʬʸʯˀʬʫʨʸʬʩʨ 

 

    ˄ʴʬʭʰʹ ʪʨʮʵʳʭʨ ʳʰʳʫʰʴʨʸʬʵʩʫʨ ˄ʴʬʭʰʹ ʪʨʸʫʨʳʹʨˆʰʫʨʴ 

ʳʰʾʬʩʻʲʰ ˄ʴʬʭʰʹ ʳʴʰˀʭʴʬʲʵʩʰʹ ˀʬʹʨʩʨʳʰʹʰ ʬʲʬʽʺʸʻʲʰ ʹʰʪʴʨʲʰʹ ʫʬʴʰʹ 

˃ʨʲʰʹ ʹʰʫʰʫʰʹ ʪʨʮʵʳʭʰʯ ʳʰʲʰʨʳʶʬʸʬʩˀʰ ʳʨʾʨʲʰ ʹʰʮʻʹʺʰʹ FLUKE 787 

ʺʰʶʰʹ ʳʻʲʺʰʳʬʺʸʰʯ, ʸʵʳʲʰʹ ʹʰʮʻʹʺʰʹ ʱʲʨʹʰ 0.05%, ʪʨʮʵʳʭʰʹ ʩʰˇʰ 

0.001 ʳʨ, ʪʨʮʵʳʭʰʹ ʫʰʨʶʨʮʵʴʰ 0-30 mA. ʱʨʲʰʩʸʨʺʵʸʰʹ ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʨ 

ʫʨʱʨʲʰʩʸʬʩʰʹ ʹʬʸʯʰʼʰʱʨʺʰʹ ʳʰˆʬʫʭʰʯ 0.0034Ba, ʳʻʲʺʰʳʬʸʺʰʹ 

ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʨ ʫʨʱʨʲʰʩʸʬʩʰʹ ʹʬʸʯʰʼʰʱʨʺʰʹ ʳʰˆʬʫʭʰʯ 0.004mA. 

˃ʨʩʭʰʹ ʪʨʭʲʬʴʰʹ ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʨ 0.005V. 

   ˄ʴʬʭʰʹ ʺʸʨʴʹʳʰʺʬʸʰʹ ʫʨʱʨʲʰʩʸʬʩʰʹ ʶʸʵ˂ʬʹʰ ʲʨʩʵʸʨʺʵʸʰʻʲ 

ʶʰʸʵʩʬʩˀʰ ʴʨˁʭʬʴʬʩʰʨ ʴʨˆ. 15. 

 

 ʴʨˆ. 15. ˄ʴʬʭʰʹ ʺʸʨʴʹʳʰʺʬʸʰʹ ʫʨʱʨʲʰʩʸʬʩʨ ʲʨʩʵʸʨʺʵʸʰʻʲ ʶʰʸʵʩʬʩˀʰ 
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  ˄ʴʬʭʰʹ ʳʸʨʭʨʲˇʬʸʨʫʰ ʪʨʮʵʳʭʰʹʨʹ  ʳʰʾʬʩʻʲʰ ʳʴʰˀʭʴʬʲʵʩʬʩʰ 

ʳʵʿʭʨʴʰʲʰʨ ˂ˆʸʰʲ 17-ˀʰ ʫʬʴʰʹ ˃ʨʲʰʹ ʬʸʯʬʻʲʬʩˀʰ (mA) ʫʨ ˄ʴʬʭʰʹ 

ʬʸʯʬʻʲʬʩˀʰ (Ba), ʹʨʫʨ˂ ʹʱʨʲʰʹ ʹʨ˄ʿʰʹ 7.5 Ba ˄ʴʬʭʰʹ ʳʴʰˀʭʴʬʲʵʩʨʹ 

ˀʬʬʹʨʩʨʳʬʩʨ 8 mA ʫʬʴʰʹ ʳʴʰˀʭʴʬʲʵʩʨ, ˄ʴʬʭʰʹ ʱʨʲʰʩʸʨʺʵʸʰʹ ʫʰʨʶʨʮʵʴʰ 

0-35 Ba ʹʰʮʻʹʺʰʹ ʱʲʨʹʰ 0,025%. ʱʨʲʰʩʸʨʺʵʸʰʫʨʴ ʳʰ˄ʵʫʬʩʻʲʰ ˄ʴʬʭʰʹ 

ʳʴʰˀʭʴʬʲʵʩʨ ʨʰʾʬʩʨ ʱʨʲʰʩʸʨʺʵʸʰʹ ˁʭʬʴʬʩʰʹ ʳʰˆʬʫʭʰʯ ˄ʴʬʭʰʹ 

ʬʸʯʬʻʲʬʩˀʰ  (ʩʨʸʰ) ʫʨ ʫʬʴʰʹ ˃ʨʲʰʹ ʬʸʯʬʻʲʬʩˀʰ (ʳʰʲʰʨʳʶʬʸʰ) ˆʵʲʵ 

ʪʨʮʵʳʰʲʰ ˄ʴʬʭʰʹ ʳʴʰˀʭʴʬʲʵʩʨ ʳʻʲʺʰʳʬʺʸʰʹ ʳʨˁʭʬʴʬʩʲʰʹ ʳʰˆʬʫʭʰʯ. 

ʫʬʺʨʲʻʸʨʫ ˄ʴʬʭʰʹ ʺʸʨʴʹʳʰʺʬʸʰʹ ʫʨʱʨʲʰʩʸʬʩʨ ʨʾ˄ʬʸʰʲʰʨ 1.2 ʯʨʭˀʰ. 

ʬʽʹʶʬʸʰʳʬʴʺʨʲʻʸʰ ʪʮʰʯ ʳʰʾʬʩʻʲʰ ʳʵʴʨ˂ʬʳʬʩʰʹ ʹʰʳ˂ʰʸʰʹ ʪʨʳʵ, 

ʸʵʳʬʲʰ˂ ʫʨʱʨʭˀʰʸʬʩʻʲʰʨ ʬʽʹʶʲʻʨʺʨ˂ʰʰʹ ʶʸʵ˂ʬʹˀʰ ʳʿʵʼʰ ʳʵʽʳʬʫʰ 

ʴʨʭʯʵʩʹʨʫʬʴʰʹ ʩʨʽʵ ʯʩʰʲʰʹʰ ʹʻʼʹʰʹ ʼʻʴʽ˂ʰʵʴʰʸʬʩʨʹʯʨʴ, 

ʬʽʹʶʬʸʰʳʬʴʺʰʹ ʳʨʹˀʺʨʩʬʩʰʫʨʴ ʪʨʳʵʳʫʰʴʨʸʬ, ʪʨʮʵʳʭʨʯʨ ʯʰʯʵʬʻʲʰ 

ʹʬʸʰʨ ʪʨʴʭʰˆʰʲʵʯ, ʸʵʪʵʸ˂ ʬʸʯʬʻʲʵʭʨʴʰ ʪʨʮʵʳʭʨ ʫʨʱʭʰʸʭʬʩʨʯʨ ʳ˂ʰʸʬ 

ʸʨʵʫʬʴʵʩʰʹʨʯʭʰʹ.  

  ʪʨʳʵʭʰʯʭʨʲʵʯ ˀʬʹʨʹʭʲʬʲʰ ʹʰʫʰʫʰʹ ʹʺʨʴʫʨʸʺʻʲʰ 

ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʨ ʬʸʯʬʻʲʵʭʨʴʰ ʪʨʮʵʳʭʰʹ ʳ˂ʰʸʬ ʸʨʵʫʬʴʵʩʰʹʨʯʭʰʹ.  

   ˂ˆʸʰʲʰ 17-ˀʰ ʳʵ˂ʬʳʻʲʰʨ ˀʬʹʨʹʭʲʬʲʰ ʹʰʫʰʫʰʹ ʳʴʰˀʭʴʬʲʵʩʬʩʰ 

10 ˇʬʸʨʫʰ ʪʨʮʵʳʭʰʹ ˀʬʫʬʪʬʩʰʹ ʳʰˆʬʫʭʰʯ ʳʰ˄ʵʫʬʩʻʲʰ ˄ʴʬʭʰʹ 8 Ba-ʰʹ 

ʶʰʸʵʩʬʩˀʰ ˄ʴʬʭʰʹʨ ʫʨ ʫʬʴʰʹ ˃ʨʲʰʹ ʬʸʯʬʻʲʬʩʰʯ ʪʸʨʫʻʰʸʬʩʻʲʰ 

ʹʱʨʲʬʩʰʹ ʳʵʴʨ˂ʬʳʬʩʰʹ ʳʰˆʬʫʭʰʯ ʳʰʹʰ ˀʬʹʨʩʨʳʰʹʰ ʫʬʴʰʹ ˃ʨʲʰʹ 

ʬʸʯʬʻʲʬʩʰʯ ʪʸʨʫʻʰʸʬʩʻʲʰ ʳʻʲʺʰʳʬʺʸʰʯ ʪʨʮʵʳʰʲʰ ʫʬʴʰʹ ˃ʨʲʰʹ 

ʬʸʯʬʻʲʬʩʰʹ  ʳʴʰˀʭʴʬʲʵʩʬʩʰʹʨʯʭʰʹ. ʨʽʭʬ ˂ˆʸʰʲˀʰ ʴʨˁʭʬʴʬʩʰʨ ʪʨʮʵʳʰʲʰ 

ʹʰʫʰʫʰʹ ʹʨˀʻʨʲʵ ʨʸʰʯʳʬʺʰʱʻʲʰ ʫʨ ʳʵ˂ʬʳʻʲʰʨ ʪʨʮʵʳʭʰʹ ˀʬʫʬʪʬʩʰʹ      ̅  ʳʴʰˀʭʴʬʲʵʩʬʩʰ, ʨʹʬʭʬ ʳʨʯʰ ʹʨˀʻʨʲʵ ʱʭʨʫʸʨʺʻʲʰ ʪʨʫʨˆʸʰʹ 

ʳʴʰˀʭʴʬʲʵʩʬʩʰ. 

 

 

 

 



65 
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              ̅   (     ̅ )  

ʪʨʮʵʳʭʬʩʰ ʳʨʽʹʰʳʨʲʻʸʰ ʫʰʨʶʨʮʵʴʰʹ 25%-ʰʹ ʳʴʰˀʭʴʬʲʵʩʰʹ 

ʫʸʵʹ 

(˄ʴʬʭʨ 7.5 Ba) 

1. 7.5 8 8 0.0017000 0.0000029 

2.        7.5 8 8.002 0.0003000 0.0000001 

3. 7.5 8 8.001 0.0007000 0.0000005 

4. 7.5 8 8.002 0.0003000 0.0000001 

5. 7.5 8 8.004 0.0023000 0.0000053 

6. 7.5 8 8.003 0.0013000 0.0000017 

7. 7.5 8 8.002 0.0003000 0.0000001 

8. 7.5 8 8 0.0017000 0.0000029 

9. 7.5 8 8.002 0.0003000 0.0000001 

10. 7.5 8 8.001 0.0007000 0.0000005 

ˀʬʹʨʹʭʲʬʲʰ 

ʹʰʫʰʫʰʹ ʹʨˀʻʨʲʵ 

ʨʸʰʯʳʬʺʰʱʻʲʰʹ 

ʳʴʰˀʭʴʬʲʵʩʨ    ̅  
8 8.0017 

|∑|=0.0096 

 

∑=0.0000141 

 

 

     ˀʬʹʨʹʭʲʬʲʰ ʹʰʫʰʫʰʹ A ʺʰʶʰʹ ˇʨʳʻʸʰ ʹʺʨʴʫʨʸʺʻʲʰ 

ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʨ ʪʨʳʵʰʯʭʲʬʩʨ:          √           (      )       √                            42  

       ˀʬʹ˄ʵʸʬʩʰʹ ʱʵʬʼʰ˂ʰʬʴʺʰʹ ʪʨʯʭʨʲʰʹ˄ʰʴʬʩʰʯ ʪʨʮʵʳʭʨʯʨ ʳ˂ʰʸʬ 

ʸʨʵʫʬʴʵʩʰʹʨʯʭʰʹ, ʸʵʳʬʲʰ˂ 10 ʪʨʮʵʳʭʰʹ ˀʬʳʯˆʭʬʭʨˀʰ 1,2 ʺʵʲʰʨ 

ʪʭʬʽʴʬʩʨ                                                    43 

      ̃ʱʸʰʺʬʸʰʻʳʰʹ ʳʰˆʬʫʭʰʯ ʫʨʱʭʰʸʭʬʩʨʯʨ ˀʬʫʬʪʬʩʰʹ ʪʨʴʨ˄ʰʲʬʩʰʹ 

ʴʵʸʳʨʲʻʸʵʩʰʹ ˀʬʳʵ˄ʳʬʩʨ ʪʭʨ˃ʲʬʭʹ [1] 

  ̃        ̅                                                          44 
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ʹʨʫʨ˂  

   √(      ̅  )   √                    .              45 

       ʨʳʰʹ ʪʨʯʭʨʲʰʹ˄ʰʴʬʩʰʯ  ̃                    =0.8084                       46 

       ʸʨ˂ ʳʵʯʨʭʹʬʩʻʲʰʨ  ̃ ʱʸʰʺʬʸʰʻʳʰʹ ʴʵʸʳʨʲʻʸʰ ʪʨʴʨ˄ʰʲʬʩʰʹ 

ʶʰʸʵʩʰʹ ʮʾʭʸʬʩʹ ˀʰʪʴʰʯ 10 ʪʨʮʵʳʭʰʹʨʯʭʰʹ    (  ⁄ )          ̃            ⁄        ʬ.ʰ. ʹʨʽʳʬ ʪʭʨʽʭʹ ʪʨʮʵʳʰʲʰ ʹʰʫʰʫʬʬʩʰʹ ʴʵʸʳʨʲʻʸʰ 

ʪʨʴʨ˄ʰʲʬʩʰʹ ʱʨʴʵʴʯʨʴ [1]. 

    ʳʰʲʹʨʫʬʴʬʩˀʰ ˄ʴʬʭʰʹ ʪʨʮʵʳʭʰʹ ʶʸʵ˂ʬʹʰʹʨʯʭʰʹ  A ʺʰʶʰʹ 

ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʰʹ ʪʨʸʫʨ ʫʨʳʨˆʨʹʰʨʯʬʩʬʲʰʨ   B ʺʰʶʰʹ 

ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʨ˂, ʸʵʳʬʲʰ˂ ʳʰʲʹʨʫʬʴʬʩˀʰ ʹʰʯˆʰʹ ʳʵ˃ʸʨʵʩʰʹʨʹ 

ʹˆʭʨʫʨʹˆʭʨ ʮʬʳʵʽʳʬʫʬʩʰʹ ʼʨʽʺʵʸʬʩʰʹ ʨʸʹʬʩʵʩʰʯ ʪʨʳʵʭʲʰʴʫʬʩʨ.  

   ʳʰʲʹʨʫʬʴˀʰ ʹʰʯˆʰʹ ʫʨʳʿʨʸʬʩʻʲʰ ʳʵ˃ʸʨʵʩʨ ʨʾʰ˄ʬʸʬʩʨ 

ʪʨʴʺʵʲʬʩʰʯ  

                         
      ቀ   ቁ ቀ   ቁ    ቀ   ቁ       .                        47 

ʹʨʫʨ˂   _ ʹʰʯˆʰʹ ˄ʴʬʭʨʨ ʳʰʲʹʨʫʬʴʰʹ ʱʬʫʲʬʩʮʬ;  

ρ _ ʹʰʯˆʰʹ ʹʰʳʱʭʸʰʭʬ;  

λ _ ˈʰʫʸʨʭʲʰʱʻʸʰ ˄ʰʴʨʨʾʳʫʬʪʵʩʰʹ ʱʵʬʼʰ˂ʰʬʴʯʰ;   _ ʳʰʲʹʨʫʬʴʰʹ ʹʰʪʸ˃ʬ;   _ ʯʨʭʰʹʻʼʨʲʰ ʭʨʸʫʴʰʹ ʨˁʽʨʸʬʩʨ 

ω _ ʹʰʯˆʰʹ ʳʵ˃ʸʨʵʩʰʹ ʹʨˀʻʨʲʵ ʹʰˁʽʨʸʬ;   _ ʳʰʲʹʨʫʬʴʰʹ ʴʰʭʬʲʰʸʬʩʻʲʰ ʹʰʳʨʾʲʬ. 

ʹʰʫʰʫʬ 
    w ˄ʨʸʳʵʨʫʪʬʴʹ ʹʰʯˆʰʹ ʳʨʹʰʹ ʬʸʯʬʻʲʰʹ 

ʪʨʫʨʨʫʪʰʲʬʩʰʹ ʳʻˀʨʵʩʨʹ    ʳʵʴʨʱʭʬʯʮʬ, ʸʵʳʲʰʹ ʮʵʳʰʹ ʬʸʯʬʻʲʰʨ [    ⁄ ], ʸʵʳʬʲʰ˂ ʹʸʻʲʫʬʩʨˆʨˆʻʴʰʹ ˃ʨʲʰʹ  ቀ   ቁ ቀ   ቁ  ʫʨ˃ʲʬʭʨʮʬ, 

ʹʰʯˆʰʹ ʱʰʴʬʺʰʱʻʸʰ ʬʴʬʸʪʰʰʹ ˀʬ˂ʭʲʨʮʬ  ቀ   ቁ ʫʨ ʹʰʯˆʰʹ    ʹʰʳʨʾʲʬʳʫʬ 

ʨ˄ʬʭʨʳʫʬ. 
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ʯʻ ʪʨʭʰʯʭʨʲʰʹ˄ʰʴʬʩʯ, ʸʵʳ  ρ        (˄ʭʬʯʵʭʨʴʰ ʹʰʯˆʬ) ʫʨ 

ʳʰʲʹʨʫʬʴʰʹ ʫʰʨʳʬʺʸʰʹ ʳʻʫʳʰʭʵʩʨʹ ʬ.ʰ.  ቀ   ቁ    ʰʴʺʬʪʸʰʸʬʩʰʹ ˀʬʳʫʬʪ 

ʳʰʭʰʾʬʩʯ, ʸʵʳ                   .                                       48 

ʹʨʫʨ˂   _ ʳʨʴ˃ʰʲʰʨ ʳʰʲʹʨʫʬʴʰʹ ʵʸ 1 ʫʨ 2 ˄ʬʸʺʰʲʹ ˀʵʸʰʹ ʨʴʻ 

ʳʰʲʹʨʫʬʴʰʹ ʹʰʪʸ˃ʬ;            ʪʬʵʫʬʮʰʻʸ ʹʰʳʨʾʲʬʬʩʹ ˀʵʸʰʹ 

ʹˆʭʨʵʩʨʨ. 

    ʮʬʳʵʯ ʳʵʿʭʨʴʰʲʰ ʼʵʸʳʻʲʰʯ ʹʨʸʪʬʩʲʵʩʬʴ ʳʰʲʹʨʫʬʴʰʹ 

ʫʨʶʸʵʬʽʺʬʩʰʹʨ ʫʨ ʪʨʨʴʪʨʸʰˀʬʩʰʹ ʫʸʵʹ. ˁʭʬʴʰ ˀʬʳʯˆʭʬʭʰʹʨʯʭʰʹ ˄ʴʬʭʰʹ 

ʪʨʮʵʳʭʨ ˆʵʸ˂ʰʬʲʫʬʩʨ ʱʵʴʱʸʬʺʻʲ ʹʨʺʻʳʩ ʹʨʫʪʻʸˀʰ ʨʳʰʺʵʳ        . ʳʰʲʹʨʫʬʴʰʹ ʹʰʪʸ˃ʰʹ L-ʰʹ, ʳʰʲʹʨʫʬʴʰʹ ʳʰʲʰʹ ʫʰʨʳʬʺʸʰʹ D-ʹ ʫʨ 

ʪʬʵʫʬʮʰʻʸ ʹʰʳʨʾʲʬʬʩʹ ˀʵʸʰʹ ʹˆʭʨʵʩʰʹ Δz -ʰʹ ʪʨʭʲʬʴʨ ʹʨʺʻʳʩ ʹʨʫʪʻˀʰ 

˄ʴʬʭʰʹ ʪʨʮʵʳʭʰʹ ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʨʮʬ ˀʬʹʨ˃ʲʬʩʬʲʰʨ ʪʨʳʵʰʸʰ˂ˆʵʹ, 

ʸʵʪʵʸ˂ ʳʻʫʳʰʭʳʵʽʳʬʫʰ ʼʨʽʺʵʸʰ, ʸʵʳʲʰʹ ʪʨʭʲʬʴʨ ˂ʨʲʱʬʻʲʰ 

ʪʨʮʵʳʭʬʩʰʹ ʳʴʰˀʭʴʬʲʵʩʨʮʬ ʳʻʫʳʰʭʰ ʰʽʴʬʩʨ. ʨʾʴʰˀʴʻʲʰʹ 

ʪʨʯʭʨʲʰʹ˄ʰʴʬʩʰʯ ʪʨʮʵʳʭʰʹ ʪʨʴʺʵʲʬʩʨʹ ʬʽʴʬʩʨ ˀʬʳʫʬʪʰ ʹʨˆʬ                                            49 

  ʪʨʴʺʵʲʬʩʨ (7) ˀʬʳʨʭʨʲʰ ˈʰʫʸʨʭʲʰʱʻʸʰ ˄ʰʴʨʨʾʳʫʬʪʵʩʰʹ 

ʱʵʬʼʰ˂ʰʬʴʺʰ   ʨʸʰʹ ʸʬʰʴʵʲʫʹʰʹ ʸʰ˂ˆʭʰʹ   -ʹ ʪʨʸʫʵʩʰʯʰʹʰʳʽʰʹʰʹ  -ʰʹ 

ʼʻʴʽ˂ʰʨ.                                                              50                                                             51 

ʹʨʫʨ˂ ν _ ʪʨʫʨʹʨʺʻʳʩʰ ʴʨʭʯʵʩʰʹ ʱʰʴʬʳʨʺʰʱʻʸʰ ʹʰʩʲʨʴʺʬʨ;    _ 

ʳʵ˂ʻʲʵʩʰʯʰ ˆʨʸˇʰ;    _ ʳʰʲʹʨʫʬʴʰʹ ʱʬʫʲʬʩʰʹ ʨʩʹʵʲʻʺʻʸʰ 

ʬʽʭʰʭʨʲʬʴʺʻʸʰ ʹʰʳʽʰʹʬ.  

    ʴʨʭʯʵʩʰʹ ʲʨʳʰʴʨʸʻʲʰ ʫʰʴʬʩʰʹ ʫʸʵʹ (ʪʨʴʹʨˆʰʲʭʬʲʰ 

ʴʨʭʯʵʩʹʨʫʬʴʰʹ ˀʬʳʯˆʭʬʭʨ) ʴʨʭʯʵʩʰʹ ʴʨʱʨʫʰʹ ʪʨʸˀʬʵʭʲʨ  ʳʰʲʰʹ 

ʱʬʫʲʬʩʰʹ ʹʰʳʽʰʹʰʯ ʪʨʳʵ˄ʭʬʻʲ ˄ʰʴʨʨʾʳʫʬʪʵʩʬʩʯʨʴ ʳʫʵʸʬʫ 

ʳʰʳʫʰʴʨʸʬʵʩʹ, ʨʴʻ ʮʬʫʨʶʰʸʰʹ ʹʰʳʽʰʹʬ ʨʸ ʳʵʽʳʬʫʬʩʹ ʴʨʱʨʫʰʹ ˄ʴʬʭʰʹ 

ʱʨʸʪʭʨʮʬ ʨʳʰʺʵʳ ˈʰʫʸʨʭʲʰʱʻʸʰ ˄ʰʴʨʨʾʳʫʬʪʵʩʰʹ ʱʵʬʼʰ˂ʰʬʴʺʰ 
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ʻʨʸʿʵʼʰʯʰ ʱʵʸʬʲʨ˂ʰʰʯ ʳˆʵʲʵʫ    -ʹ ʹʰʫʰʫʬʮʬʨ ʫʨʳʵʱʰʫʬʩʻʲʰ ʬ.ʰ.   -ʹ ʪʨʫʰʫʬʩʰʯ ʳ˂ʰʸʫʬʩʨ  . 

   ʲʨʳʰʴʨʸʻʲʰ ʫʰʴʬʩʰʹ ʫʸʵʹ, ʸʬʰʴʵʲʫʹʰʹ ʸʰ˂ˆʭʰʹ ʳʴʰˀʭʴʬʲʵʩʨ 

ʳʵ˃ʰʬʩʻʲʰʨ ʲʰʺʬʸʨʺʻʸʨ [2]-ʰʹ ʹʨ˂ʴʵʩʨʸʵ ʳʵʴʨ˂ʬʳʬʩʰʹ ʳʰˆʬʫʭʰʯ 

ʹʨʫʨ˂  ʳʰʹʰ ʪʨʴʨ˄ʰʲʬʩʰʹ ʱʨʴʵʴʰʹ ˀʬʹʨˆʬʩ ʨʸ ʿʵʼʰʲʨ ʳʰʯʰʯʬʩʻʲʰ, 

ʨʳʰʺʵʳ ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʨʯʨ ˀʬʼʨʹʬʩʰʹ ʹʨˆʬʲʳ˃ʾʭʨʴʬʲʵ 

ʫʵʱʻʳʬʴʺʬʩʰʫʨʴ ʪʨʳʵʳʫʰʴʨʸʬ [3] ʳʵ˂ʬʳʻʲʰ ʹʰʫʰʫʰʹ ʪʨʴʨ˄ʰʲʬʩʰʹ 

ʱʨʴʵʴʨʫ ʻʴʫʨ ʳʰʭʰʾʵʯ ʯʨʴʨʩʨʸʰ ʪʨʴʨ˄ʰʲʬʩʰʹ ʱʨʴʵʴʰ. ʸʬʰʴʵʲʫʹʰʹ 

ʸʰ˂ˆʭʰʹ ʳʴʰˀʭʴʬʲʵʩʨ               ʬʸʯʬʻʲʰʹ ʺʵʲʰʨ 

ˈʰʫʸʨʭʲʰʱʻʸʰ ˄ʰʴʨʾʵʩʰʹ ʱʵʬʼʰ˂ʰʬʴʺʹ ʶʵʻʲʵʩʬʴ ʹʺʵʽʹʰʹ ʼʵʸʳʻʲʰʹ 

ʳʰˆʬʫʭʰʯ [2].                                                         52 

     ʸʨ˂ ˄ʨʸʳʵʨʫʪʬʴʹ ˈʰʫʸʨʭʲʰʱʻʸʰ ˄ʰʴʨʾʵʩʰʹ ʱʵʬʼʰ˂ʰʬʴʺʰʹ 

ʪʨʫʨˆʸʰʹ ʮʾʭʸʬʩʹ, ʸʵʳʬʲʰ˂ ʪʨʹʨˀʻʨʲʬʩʻʲʰ ʳʴʰˀʭʴʬʲʵʩʰʹ 0,0375 

ʹʰʫʰʫʰʹʨʯʭʰʹ ˀʬʰ˃ʲʬʩʨ ʨʹʬʯʰ ʹʨˆʰʯ ˁʨʰ˄ʬʸʵʹ                 

ʸʵʳʲʰʹ ʹʺʨʴʫʨʸʺʻʲʰ ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʨ ʯʨʴʨʩʨʸʰ ʪʨʴʨ˄ʰʲʬʩʰʹ 

ˀʬʳʯˆʭʬʭʨˀʰ ʪʨʳʵʰʯʭʲʬʩʨ          √                                                 53 

      ʩʨʽʵ-ʯʩʰʲʰʹʰ-ˇʬʰˈʨʴʰʹ ʳʰʲʹʨʫʬʴʰʹ ʴʨʭʯʵʩʰʹ  ʹʰʳʱʭʸʰʭʬ 

ˀʬʨʫʪʬʴʹ                     . ˄ʰʴʨ ˀʬʳʯˆʭʬʭʰʹ ʨʴʨʲʵʪʰʰʹ ʳʰˆʬʫʭʰʯ 

ʴʨʭʯʵʩʰʹ ʹʰʳʱʭʸʰʭʰʹ ʹʺʨʴʫʨʸʺʻʲʰ ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʰʹʨʯʭʰʹ ʪʭʬʽʴʬʩʨ          √                                           54 

    ʴʨʭʯʵʩʰʹ ʴʨʱʨʫʰʹ ˆʨʸˇʰ  ʺʬʽʴʰʱʻʸʰ ʮʬʫʨʳˆʬʫʭʬʲʵʩʰʹ 

ʳʸʨʭʨʲ˄ʲʰʨʴʰ ʳʵʴʨ˂ʬʳʬʩʰʹ ʳʰˆʬʫʭʰʯ ˀʬʨʫʪʬʴʹ 600±0,8     . ʨʸʹʬʩʻʲʰ 

ʳʰʲʹʨʫʬʴʰʹ ʫʰʨʳʬʺʸʰ          ʪʨʯʭʨʲʰʹ˄ʰʴʬʩʰʯ ˀʬʹʨ˃ʲʬʩʬʲʰʨ 

ʪʨʳʵʰʯʭʨʲʵʹ ʴʨʱʨʫʰʹ ʹʰˁʽʨʸʬ, ʸʵʳʬʲʰ˂ ʪʨʨʴʪʨʸʰˀʬʩʨʯʨ ˁʨʺʨʸʬʩʰʹ 

ˀʬʳʫʬʪ ˀʬʨʫʪʬʴʹ 0.76     ʳʰʹʰ ʪʨʫʨˆʸʰʹ ʮʾʭʸʬʩʰ ˆʨʸˇʰʹ ʪʨʫʨˆʸʰʹ 

ʮʾʭʸʬʩʰʹʨʪʨʴ ʫʨʳʵʱʰʫʬʩʻʲʬʩʰʯ ˀʬʨʫʪʬʴʹ                  . ˄ʰʴʨ 

ˀʬʳʯˆʭʬʭʰʹ ʨʴʨʲʵʪʰʻʸʨʫ ˀʬʹʨ˃ʲʬʩʬʲʰʨ ˀʬʭʨʼʨʹʵʯ ʴʨʱʨʫʰʹ  
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ʹʺʨʴʫʨʸʺʻʲʰ ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʨ ʳʵʴʨ˂ʬʳʯʨ ʯʨʴʨʩʨʸʰ ʪʨʴʨ˄ʰʲʬʩʰʹ 

ʱʨʴʵʴʰʹ ʪʨʯʭʨʲʰʹ˄ʰʴʬʩʰʯ            √                                                    55 

    ʪʨʳʵʭʰʯʭʨʲʵʯ ʮʬʳʵʽʳʬʫʬʩʰʹ ʼʨʽʺʵʸʬʩʰʹ ʪʨʭʲʬʴʰʹ 

ʱʵʬʼʰ˂ʰʬʴʺʰʹ ʳʴʰˀʭʴʬʲʵʩʬʩʰ ρ, λ, ω ʹʰʫʰʫʬʬʩʰʹ ʱʬʸ˃ʵ ˄ʨʸʳʵʬʩʻʲʬʩʰʹ 

ʳʰʳʨʸʯ                                                                    56                                                                 57                                                58 

 ʺʬʳʶʬʸʨʺʻʸʻʲʰ ʬʼʬʽʺʰ ʹʨʶʨʹʶʵʸʺʵ ʳʵʴʨ˂ʬʳʬʩʰʯ 200C 

ʺʬʳʶʬʸʨʺʻʸʨʮʬ     ቀ              ቁ          ቀ                  ቁ                                           
ʳʰʾʬʩʻʲʰ ʳʴʰˀʭʴʬʲʵʩʰʹ ʪʨʯʭʨʲʰʹ˄ʰʴʬʩʰʯ                                                              

 ʺ                                                      

ʳʻʲʺʰʳʬʺʸʰʹ ʨʯʭʲʰʹ ˂ʫʵʳʰʲʬʩʬʩʰʹ ʹʨʮʾʭʸʬʩʰ.  ʨ                                                            

 ʨ   ʨ√        √                                            

ʱʨʲʰʩʸʨʺʵʸʰʹ ʨʯʭʲʰʹ ˂ʫʵʳʰʲʬʩʬʩʰʹ ʹʨʮʾʭʸʬʩʰ.  ʨ                                                                    
 ʨ   ʨ√       √                                                    
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˂ˆʸʰʲʰ N18 

ˀʬʹʨʹʭʲʬʲʰ 
ʹʰʫʰʫʬʬʩʰ 

ˀʬʹʨʹʭʲʬʲʰ 
ʹʰʫʰʫʬʬʩʰʹ 
ˀʬʼʨʹʬʩʬʩʰ 

ˀʬʹʨʹʭʲʬʲʰ 
ʹʰʫʰʫʬʬʩʰʹ 

ʹʺʨʴʫʨʸʺʻʲʰ 
ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʨ 

ʨʲʩʨʯʵʩʰʹ 
ʪʨʴʨ˄ʰʲʬʩʰʹ 

ʹʨˆʬ 

˄ʴʬʭʰʹ ʪʨʮʵʳʰʲʰ 
ʳʴʰˀʭʴʬʲʵʩʨ 

8.0017mA       _ _ 

ʳʻʲʺʰʳʬʺʬʸʰʹ 
ʫʰʹʱʸʬʺʻʲʵʩʰʹ 
ʪʨʴʻʹʨʮʾʭʸʬʩʨ 

_  ʨ            ʳʨʸʯʱʻʯˆʨ 

ʺʬʳʶʬʸʨʺʻʸʻʲʰ 

(ʫʨʳʨʺʬʩʰʯʰ) 
ʪʨʴʻʹʨʮʾʭʸʬʩʨ 

_  ʫ   0.00409 ʳʨʸʯʱʻʯˆʨ 

ʱʨʲʰʩʸʨʺʵʸʰʹ 
ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʨ 

  ʱ         ʳʨʸʯʱʻʯˆʨ 

ʳʻʲʺʰʳʬʺʬʸʰʹ 
ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʨ 

  ʳ          ʳʨʸʯʱʻʯˆʨ 

ʹʰʳʱʭʸʰʭʰʹ 
ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʨ 

  ʹ   0.000013 ʳʨʸʯʱʻʯˆʨ 

ˈʰʸʫʨʭʲʰʱʻʸʰ 
˄ʰʴʨʾʵʩʰʹ 
ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʨ 

 uˈ˄ = 0.000777 ʳʨʸʯʱʻʯˆʨ 

ʴʨʱʨʫʰʹ ʹʰˁʽʨʸʰʹ 
ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʨ 

  ʴʹ           ʳʨʸʯʱʻʯˆʨ 

ʱʨʲʰʩʸʨʺʵʸʰʹ 
ʫʰʹʱʸʬʺʻʲʵʩʰʹ 
˂ʫʵʳʰʲʬʩʨ 

_  ʨ         ʳʨʸʯʱʻʯˆʨ 

˃ʨʩʭʰʹ ʪʨʭʲʬʴʰʹ 
ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʨ 

  ʨ        ʳʨʸʯʱʻʯˆʨ 

Y 8                      

 

B ʺʰʶʰʹ ˇʨʳʻʸʰ ʹʺʨʴʫʨʸʺʻʲʰ ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʨ ʪʨʳʵʰʯʭʲʬʩʨ 

                          √( ʺ)    ʳ   ( ʱ)  (     )                   
 √                                                                                                                                                                                                                            

           A ʫʨ B ʺʰʶʰʹ ˇʨʳʻʸʰ ʹʺʨʴʫʨʸʺʻʲʰ ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʨ 

ʪʨʳʵʰʯʭʲʬʩʨ       √          √                    0.008866                67 
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        ˄ʴʬʭʰʹ ʳʸʨʭʨʲˇʬʸʨʫʰ ʪʨʮʵʳʭʰʹ ʪʨʼʨʸʯʵʬʩʻʲʰ 

ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʨ                                                          68 

         ʹʨʫʨ˂        ʹʺʰʻʫʬʴʺʰʹ ʪʨʴʨ˄ʰʲʬʩʰʹ ʱʵʬʼʰ˂ʰʬʴʺʰʨ 0,95 

ʨʲʩʨʯʵʩʰʹʨ ʫʨ ν     ʯʨʭʰʹʻʼʲʬʩʰʹ ʸʰ˂ˆʭʰʹʨʯʭʰʹ, ʸʵʳʬʲʰ˂ 

ʳʰʨˆʲʵʬʩʰʯ [1]     √         √         .                          69 

ʳʰʾʬʩʻʲʰ ʳʴʰˀʭʴʬʲʵʩʬʩʰʹ ʪʨʯʭʨʲʰʹ˄ʰʴʬʩʰʯ ʺʸʨʴʹʳʰʺʬʸʰʹ 

ʱʨʲʰʩʸʬʩʰʹ ʶʰʸʫʨʶʰʸʰ ʳʸʨʭʨʲˇʬʸʨʫʰ ʪʨʮʵʳʭʰʹ ʪʨʼʨʸʯʵʬʩʻʲʰ 

ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʨ ʰʽʴʬʩʨ                                                   70 

ʪʨʮʵʳʭʰʹ ˀʬʫʬʪʰ ˁʨʰ˄ʬʸʬʩʨ ˀʬʳʫʬʪʰ ʹʨˆʰʯ                   ʹʨʴʫʵʵʩʰʹ ʫʵʴʰʯ 0.95 

 

 

ˀʬʭʨʼʨʹʵʯ  ˄ʴʬʭʰʹ ʶʰʸʫʨʶʰʸʰ ʬʸʯˇʬʸʨʫʰ ʪʨʮʵʳʭʰʹ ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʨ 

˄ʴʬʭʰʹ ʪʨʮʵʳʭʨ ʰʹʭʬ ʸʵʪʵʸ˂ ˄ʰʴʨ ˀʬʳʯˆʭʬʭʨˀʰ ʳʰʳʫʰʴʨʸʬʵʩʫʨ 

˄ʴʬʭʰʹ ʱʨʲʰʩʸʨʺʵʸʰʫʨʴ ʳʰʾʬʩʻʲʰ ˄ʴʬʭʰʹ ʳʴʰˀʴʴʬʲʵʩʰʹ ˀʬʹʨʩʨʳʰʹʰ 

ʬʲʬʽʺʸʻʲʰ ʹʰʪʴʨʲʰʹ ʫʬʴʰʹ ˃ʨʲʰʹ ʹʰʫʰʫʰʹ ʪʨʮʵʳʭʰʯ, ʳʨʾʨʲʰ 

ʹʰʮʻʹʺʰʹ Fluke 787 ʺʰʶʰʹ ʳʻʲʺʰʳʬʺʸʰʯ, ʳʰʲʰʨʳʶʬʸʬʩˀʰ (mA).  

ʳʻʲʺʰʳʬʺʸʰʹ ʪʨʮʵʳʭʰʹ ʫʰʨʶʨʮʵʴʰʨ 0-30 mA. ˄ʴʬʭʰʹ ʬʸʯˇʬʸʨʫʰ 

ʪʨʮʵʳʭʰʹʨʹ ʳʰʾʬʩʻʲʰ ʳʴʰˀʭʴʬʲʵʩʨ 8    ˀʬʬʹʨʩʨʳʬʩʨ ˄ʴʬʭʨʹ  7.5Ba, 

(ˀʬʹʨʩʨʳʰʹʵʩʰʹ ʱʵʬʼʰ˂ʰʬʴʺʰʹ ʳʴʰˀʭʴʬʲʵʩʰʹ ʪʨʯʭʨʲʰʹ˄ʰʴʬʩʰʯ ʪʭʬʽʴʬʩʨ 

(7.5Ba 0.5333+4=8mA). ʳʻʲʺʰʳʬʺʸʰʹ ʹʰʮʻʹʺʰʹ ʱʲʨʹʰ 0.05%.  

ʪʨʴʭʹʨʮʾʭʸʵʯ ʪʨʮʵʳʭʰʹ ˀʬʫʬʪʰ ʫʨ ˀʬʭʨʼʨʹʵʯ ˄ʴʬʭʰʹ ʪʨʮʵʳʭʰʹ 

ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʨ. 

ʪʨʮʵʳʭʰʹ ʹʶʬ˂ʰʼʰʱʨ˂ʰʰʹ ˀʬʫʪʬʴʨ: 

 ʪʨʮʵʳʭʨ ʳʰʳʫʰʴʨʸʬʵʩʫʨ ʪʨʸʬʳʵʹ +28  ʺʬʳʶʬʸʨʺʻʸʰʹ 

ʫʸʵʹ; 

 ʳʻʲʺʰʳʬʺʸʰʹ ʨʯʭʲʰʹ ʩʰˇʰ 0.001mA ; 
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 ʱʨʲʰʩʸʨʺʵʸʰʹ ʨʯʭʲʰʹ ʩʰˇʰ 0.01 ; 

 ʱʨʲʰʩʸʨʺʵʸʰʹ ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʨ 0.0034 

 ʳʻʲʺʰʳʬʺʸʰʹ ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʨ 0.004 mA 

 ʳʻʲʺʰʳʬʺʸʰʹ ʳʻˀʨ ʺʬʳʶʬʸʨʺʻʸʰʹ  ʫʰʨʶʨʮʵʴʰ          ;  

 ʹʰʳʱʭʸʰʭʰʹ ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʨ 0.000013 

 ˈʰʸʫʨʭʲʰʱʻʸʰ ˄ʰʴʨʾʵʩʰʹ ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʨ 0.000777 

 ʴʨʱʨʫʰʹ ʹʰˁʽʨʸʰʹ ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʨ 0.000001 

ʪʨʴʭʹʨʮʾʭʸʵʯ ʪʨʮʵʳʭʰʹ ˇʨʳʻʸʰ ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʰʹ 

ʳʫʪʬʴʬʲʬʩʰ: 

ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʨ ʪʨʳʵ˄ʭʬʻʲʰ ʺʬʳʶʬʸʨʺʻʸʻʲʰ ʪʨʫʨˆʸʰʯ 

ʴʵʸʳʨʲʻʸʰ 18 -ʫʨʴ. ʫʨʳʨʺʬʩʰʯʰ ʨʩʹʵʲʻʺʻʸʰ ˂ʫʵʳʰʲʬʩʨ 28  

ˁʨʺʨʸʬʩʻʲʰ ʪʨʮʵʳʭʰʹʨʹ. 

      ʶʨʹʶʵʸʺʰʹ ʳʵʴʨ˂ʬʳʬʩʰʹ ʳʰˆʬʫʭʰʯ ʺʬʳʶʬʸʨʺʻʸʻʲʰ ʬʼʬʽʺʰʹ 

ʪʨʭʲʬʴʨ ʪʨʮʵʳʭʰʹ ʹʰʮʻʹʺʬʮʬ ʪʨʳʵʰʯʭʲʬʩʨ  

   ቀ              ቁ          ቀ             ቁ                             

ʳʰʾʬʩʻʲʰ ʳʴʰˀʭʴʬʲʵʩʰʹ ʪʨʯʭʨʲʰʹ˄ʰʴʬʩʰʯ                                                                     

     ˄ʴʬʭʰʹ ʪʨʮʵʳʭʰʹ ˂ʫʵʳʰʲʬʩʰʹ ʪʨʴʨ˄ʰʲʬʩʰʹ ʱʨʴʵʴʰ, ʬʸʯˇʬʸʨʫʰ 

ʪʨʮʵʳʭʰʹʨʯʭʰʹ, ʳʰʭʰʾʵʯ ʳʨʸʯʱʻʯˆʨ ʪʨʴʨ˄ʰʲʬʩʰʹ ʳʽʵʴʬʫ, 

ʸʵʳʲʰʹʯʭʰʹʨ˂ ʳʵ˂ʭʰʹ ʱʵʬʰ˂ʰʬʴʺʰ α=√3. ʨʳʰʹ ʪʨʯʭʨʲʰʹ˄ʰʴʬʩʰʯ   ʫ            √                                                         

ʳʻʲʺʰʳʬʺʸʰʹ ʨʯʭʲʰʹ ˂ʫʵʳʰʲʬʩʬʩʰʹ ʹʨʮʾʭʸʬʩʰ.  ʨ                                                                      

 ʨ   ʨ√        √                                                        

ʱʨʲʰʩʸʨʺʵʸʰʹ ʨʯʭʲʰʹ ˂ʫʵʳʰʲʬʩʬʩʰʹ ʹʨʮʾʭʸʬʩʰ.  ʨ                                                                         
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 ʨ   ʨ√       √                                                         

 

ʱʵʸʬʲʨ˂ʰʨ: ʨʸ˂ʬʸʯʰ ˀʬʹʨʹʭʲʬʲʰ ʹʰʫʰʫʬ  ʨʸ ˆʨʹʰʯʫʬʩʨ 

ʳʴʰˀʭʴʬʲʵʭʨʴʰ ˆʨʸʰʹˆʰʯ ʻʸʯʰʬʸʯ ʱʵʸʬʲʰʸʬʩʻʲʨʫ.  

ʪʨʳʵʹʨʹʭʲʬʲʰ ʹʰʫʰʫʰʹ ˇʨʳʻʸʰ ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʨ.     √∑                                                                            

ˀʬʭʨʫʪʰʴʵʯ ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʰʹ ʩʰʻˇʬʺʰ 

˂ˆʸʰʲʰ 19 

ˀʬʹʨʹʭʲʬʲʰ 

ʹʰʫʰʫʬʬʩʰ 

ˀʬʹʨʹʭʲʬʲʰ 

ʹʰʫʰʫʬʬʩʰʹ 

ˀʬʼʨʹʬʩʬʩʰ 

ˀʬʹʨʹʭʲʬʲʰ 

ʹʰʫʰʫʬʬʩʰʹ 

ʹʺʨʴʫʨʸʺʻʲʰ 

ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʨ 

ʨʲʩʨʯʵʩʰʹ 

ʪʨʴʨ˄ʰʲʬʩʰʹ 

ʹʨˆʬ 

˄ʴʬʭʰʹ ʪʨʮʵʳʰʲʰ 

ʳʴʰˀʭʴʬʲʵʩʨ 
8.0017mA   _ _ 

ʳʻʲʺʰʳʬʺʬʸʰʹ 

ʫʰʹʱʸʬʺʻʲʵʩʰʹ 

˂ʫʵʳʰʲʬʩʨ 

_  ʨ            ʳʨʸʯʱʻʯˆʨ 

ʺʬʳʶʬʸʨʺʻʸʻʲʰ 

(ʫʨʳʨʺʬʩʰʯʰ) 

˂ʫʵʳʰʲʬʩʨ 

_  ʫ   0.00277 ʳʨʸʯʱʻʯˆʨ 

ʱʨʲʰʩʸʨʺʵʸʰʹ 

ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʨ 
_  ʱ         ʳʨʸʯʱʻʯˆʨ 

ʳʻʲʺʰʳʬʺʬʸʰʹ 

ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʨ 
_  ʳ        ʳʨʸʯʱʻʯˆʨ 

ʹʰʳʱʭʸʰʭʰʹ 

ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʨ 
_       ʹ   0.000013 ʳʨʸʯʱʻʯˆʨ 

ˈʰʸʫʨʭʲʰʱʻʸʰ 

˄ʰʴʨʾʵʩʰʹ 

ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʨ 

_   uˈ˄ = 0.000777 ʳʨʸʯʱʻʯˆʨ 

ʴʨʱʨʫʰʹ ʹʰˁʽʨʸʰʹ 

ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʨ 
_  uʴʹ = 0.000001 ʳʨʸʯʱʻʯˆʨ 

ʱʨʲʰʩʸʨʺʵʸʰʹ 

ʫʰʹʱʸʬʺʻʲʵʩʰʹ 

˂ʫʵʳʰʲʬʩʨ 

_  ʨ         ʳʨʸʯʱʻʯˆʨ 

˃ʨʩʭʰʹ ʪʨʭʲʬʴʰʹ 

ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʨ 
_  ʨ        ʳʨʸʯʱʻʯˆʨ 

Y 8                     
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ʪʨʳʵʭʰʯʭʨʲʵʯ ʪʨʮʵʳʭʰʹ ˀʬʫʬʪʰʹ ʪʨʼʨʸʯʵʬʩʻʲʰ 

ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʨ p=0,95 ʹʨʴʫʵʵʩʰʹ ʫʵʴʰʹʨʯʭʰʹ                                                                       

ʰʳʰʹ ʪʨʯʭʨʲʰʹ˄ʰʴʬʩʰʯ, ʸʵʳ ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʰʹ ʳʫʪʬʴʬʲʬʩʰʹ 

ʪʨʴʨ˄ʰʲʬʩʰʹ ʱʨʴʵʴʰ ʳʨʸʯʱʻʯˆʨʨ        ʹʨʴʫʵʵʩʰʹ ʫʵʴʰʹʨʯʭʰʹ 

k       [1]                                                                          

ʹʨʩʵʲʵʵʫ ʪʨʮʵʳʭʰʹ ˀʬʫʬʪʰ ˁʨʰ˄ʬʸʬʩʨ 8           . 

 ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʬʩʰʹ ˀʬʫʨʸʬʩʨ ˄ʴʬʭʰʹ ʬʸʯˇʬʸʨʫʰ ʫʨ 

ʳʸʨʭʨʲˇʬʸʨʫʰ ʪʨʮʵʳʭʬʩʰʹ ˀʬʳʯˆʭʬʭʬʩʰʹʨʯʭʰʹ ʪʭʨ˃ʲʬʭʹ    ʳʸ   ʬʸ ʳʸ
                                                             

ʸʨ˂ ʫʨʳʨʱʳʨʿʵʼʰʲʬʩʬʲʨʫ ˀʬʰ˃ʲʬʩʨ ˁʨʰʯʭʨʲʵʹ. 
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3.2 ʴʨʭʯʵʩ ʴʨʱʨʫʰʹ ʺʬʳʶʬʸʨʺʻʸʰʹ ʪʨʮʵʳʭʰʹʨ ʫʨ ʺʬʳʶʬʸʨʺʻʸʰʹ 

ʺʸʨʴʹʳʰʺʬʸʰʹ ʱʨʲʰʩʸʬʩʨ ʸʬʨʲʻʸʰ ʳʰʲʹʨʫʬʴʰʹ ʹʨʺʻʳʩ ʹʨʫʪʻʸˀʰ 

3.2.1. ʺʬʳʶʬʸʨʺʻʸʰʹ ʶʰʸʫʨʶʰʸʰ ʬʸʯˇʬʸʨʫʰ ʫʨ ʳʸʨʭʨʲˇʬʸʨʫʰ 

ʪʨʮʵʳʭʬʩʰʹ ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʨʯʨ ˀʬʼʨʹʬʩʨ ʫʨ ʻʸʯʰʬʸʯˀʬʫʨʸʬʩʨ 

   ʺʬʳʶʬʸʨʺʻʸʰʹ ʪʨʮʵʳʭʨ ʳʰʳʫʰʴʨʸʬʵʩʫʨ ʺʬʳʶʬʸʨʺʻʸʰʹ 

ʱʨʲʰʩʸʨʺʵʸʰʯ ˄ʨʸʳʵʽʳʴʰʲʰ ʺʬʳʶʬʸʨʺʻʸʰʹ ʳʴʰˀʭʴʬʲʵʩʰʹ ˀʬʹʨʩʨʳʰʹʰ 

ʬʲʬʽʺʸʻʲʰ ʹʰʪʴʨʲʰʹ ˄ʰʴʨʾʵʩʰʹ ʹʰʫʰʫʰʹ ʪʨʮʵʳʭʰʯ, ʳʨʾʨʲʰ 

ʹʰʮʻʹʺʰʹ Fluke 787 ʺʰʶʰʹ ʳʻʲʺʰʳʬʺʸʰʯ, ʵʳʬʩˀʰ (Ohm) ʳʻʲʺʰʳʬʺʸʰʹ 

ʪʨʮʵʳʭʰʹ ʫʰʨʶʨʮʵʴʰʨ 0-400Ohm. ʲʨʩʵʸʨʺʵʸʰʻʲ ʶʰʸʵʩʬʩˀʰ 

ʺʬʳʶʬʸʨʺʻʸʰʹ ʺʸʨʴʹʳʰʺʬʸʰʹ ʫʨʱʨʲʰʩʸʬʩʨ ʴʨˁʭʬʴʬʩʰʨ  ʴʨˆ. 16 

 

ʴʨˆ. 16 ʲʨʩʵʸʨʺʵʸʰʻʲ ʶʰʸʵʩʬʩˀʰ ʺʬʳʶʬʸʨʺʻʸʰʹ ʺʸʨʴʹʳʰʺʬʸʰʹ 

ʫʨʱʨʲʰʩʸʬʩʨ 

     ʬʸʯˇʬʸʨʫʰ ʪʨʮʵʳʭʬʩʰʹ ʫʸʵʹ ʺʬʳʶʬʸʨʺʻʸʰʹ ʱʨʲʰʩʸʨʺʵʸʰʹ 

ʳʰʬʸ ʨʾ˄ʨʸʳʵʬʩʻʲʰʨ 250C ʸʵʳʬʲʹʨ˂ ˀʬʬʹʨʩʨʳʬʩʨ ˄ʰʴʨʾʵʩʨ 109.73 Ohm. 

ʬʸʯˇʬʸʨʫʰ ʪʨʮʵʳʭʰʹʨʹ ʳʻʲʺʰʳʬʺʬʸʰʯ ʪʨʮʵʳʰʲʰ ʳʴʰˀʭʴʬʲʵʩʨʨ 110.5 

Ohm, ʸʨ˂ ˀʬʬʹʨʩʨʳʬʩʨ 260C  (ʫʨʴʨʸʯʰ 1). ʳʻʲʺʰʳʬʺʸʰʹ ʹʰʮʻʹʺʰʹ ʱʲʨʹʰ 

0.05%. 

   ʺʬʳʶʬʸʨʺʻʸʰʹ ʪʨʫʨʿʭʨʴʨ ˄ʰʴʨʾʵʩʨˀʰ ˀʬʹʨ˃ʲʬʩʬʲʰʨ ˀʬʳʫʬʪʰ 

ʼʵʸʳʻʲʰʯ: 

R=((T*α)+1)*100                                            82 

ʹʨʫʨ˂ R -ʨʸʰʹ ˄ʰʴʨʾʵʩʨ ʪʨʸʱʭʬʻʲ ʺʬʳʶʬʸʨʺʻʸʨʮʬ, 



76 

 

T-ʺʬʳʶʬʸʨʺʻʸʨʨ, 

α-ʱʵʬʼʰ˂ʰʬʴʺʰʨ, ʸʵʳʬʲʰ˂ ʫʨʳʵʱʰʫʬʩʻʲʰʨ ʺʬʳʶʬʸʨʺʻʸʰʹ 

ʺʸʨʴʹʳʰʺʬʸʰʹ ʳʨʹʨʲʨʮʬ, ˁʭʬʴʹ ˀʬʳʯˆʭʬʭʨˀʰ α=0.00385. 

   ʪʨʴʭʹʨʮʾʭʸʵʯ ʪʨʮʵʳʭʰʹ ˀʬʫʬʪʰ ʫʨ ˀʬʭʨʼʨʹʵʯ ʺʬʳʶʬʸʨʺʻʸʰʹ 

ʪʨʮʵʳʭʰʹ ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʨ. 

ʪʨʮʵʳʭʰʹ ʹʶʬ˂ʰʼʰʱʨ˂ʰʰʹ ˀʬʫʪʬʴʨ: 

 ʪʨʮʵʳʭʨ ʳʰʳʫʰʴʨʸʬʵʩʫʨ ʪʨʸʬʳʵʹ +30  ʺʬʳʶʬʸʨʺʻʸʰʹ ʫʸʵʹ; 

 ʳʻʲʺʰʳʬʺʸʰʹ ʨʯʭʲʰʹ ʩʰˇʰ 0.01Ohm ; 

 ʳʻʲʺʰʳʬʺʸʰʹ ʳʻˀʨ ʺʬʳʶʬʸʨʺʻʸʰʹ  ʫʰʨʶʨʮʵʴʰ          ;  

   ʪʨʴʭʹʨʮʾʭʸʵʯ ʪʨʮʵʳʭʰʹ ˇʨʳʻʸʰ ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʰʹ ʳʫʪʬʴʬʲʬʩʰ: 

   ʶʨʹʶʵʸʺʰʹ ʳʵʴʨ˂ʬʳʬʩʰʹ ʳʰˆʬʫʭʰʯ ʺʬʳʶʬʸʨʺʻʸʻʲʰ ʬʼʬʽʺʰʹ 

ʪʨʭʲʬʴʨ (ʪʨʫʨˆʸʨ ʹʺʨʴʫʨʸʺʻʲʰ ʺʬʳʶʬʸʨʺʻʸʰʫʨʴ) ʪʨʮʵʳʭʰʹ 

ʹʰʮʻʹʺʬʮʬ ʪʨʳʵʰʯʭʲʬʩʨ                                                                 83 

     ʹʨʫʨ˂, 110.5 ʨʸʰʹ ʪʨʮʵʳʰʲʰ ʳʴʰˀʭʴʬʲʵʩʨ, 109.73 ʱʰ ʨʸʰʹ 

ʹʺʨʴʫʨʸʺʻʲʰ ʺʬʳʶʬʸʨʺʻʸʰʹ ʬʽʭʰʭʨʲʬʴʺʰ ˄ʰʴʨʾʵʩʨ 200C. 

ʨʽʬʫʨʴ                                                                                 

     ʭʰʶʵʭʵʯ ʶʨʹʶʵʸʺʰʹ ʳʵʴʨ˂ʬʳʬʩʰʹ ʳʰˆʬʫʭʰʯ ˃ʰʸʰʯʨʫʰ 

ʨʩʹʵʲʻʺʻʸʰ ˂ʫʵʳʰʲʬʩʰʹ ʳʨʽʹʰʳʨʲʻʸʰ ʳʴʰˀʭʴʬʲʵʩʨ                                                                  85 

ʳʻʲʺʰʳʬʺʸʰʹ ʨʯʭʲʰʹ ˂ʫʵʳʰʲʬʩʬʩʰʹ ʹʨʮʾʭʸʬʩʰ.  ʨ                                                                          
   ˃ʰʸʰʯʨʫʰ ˂ʫʵʳʰʲʬʩʰʹ ʹʺʨʴʫʨʸʺʻʲʰ ʪʨʴʰʹʨʮʾʭʸʬʲʵʩʨ  ˃                                                                              

   ʺʬʳʶʬʸʨʺʻʸʰʹ ʪʨʮʵʳʭʰʹ ˂ʫʵʳʰʲʬʩʰʹ ʪʨʴʨ˄ʰʲʬʩʰʹ ʱʨʴʵʴʰ, 

ʬʸʯˇʬʸʨʫʰ ʪʨʮʵʳʭʰʹʨʯʭʰʹ, ʳʰʭʰʾʵʯ ʳʨʸʯʱʻʯˆʨ ʪʨʴʨ˄ʰʲʬʩʰʹ ʳʽʵʴʬʫ, 

ʸʵʳʲʰʹʯʭʰʹʨ˂ ʳʵ˂ʭʰʹ ʱʵʬʰ˂ʰʬʴʺʰ α=√ . ʨʳʰʹ ʪʨʯʭʨʲʰʹ˄ʰʴʬʩʰʯ   ˃           √                                                               
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    ʹʺʨʴʫʨʸʺʻʲʰ ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʨ ʫʨʳʨʺʬʩʰʯʰ ʨʩʹʵʲʻʺʻʸʰ 

˂ʫʵʳʰʲʬʩʰʹʨʯʭʰʹ  ʫ           √                                                        
        ʫʰʹʱʸʬʺʻʲʰ ʨʯʭʲʰʹ ˂ʫʵʳʰʲʬʩʰʹ ʹʺʨʴʫʨʸʺʻʲʰ 

ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʨ, ʸʵʳʬʲʰ˂ ʺʵʲʰʨ ʨʴʨʯʭʲʰʹ ʫʰʹʱʸʬʺʻʲʵʩʰʹ 

ʪʨʴʨʿʵʼʰʹʨ ʳʨʸʯʱʻʯˆʨ ʪʨʴʨ˄ʰʲʬʩʰʹ ʳʵ˂ʭʰʹ ʱʵʬʼʰ˂ʰʬʴʺʮʬ.  ʨ   ʨ√       √                                                        

      ʳʻʲʺʰʳʬʺʬʸʰʹ ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʨ ʫʨʱʨʲʰʩʸʬʩʰʹ ʹʬʸʯʰʼʰʱʨʺʰʹ 

ʳʰˆʬʫʭʰʯ  ʳ                                                           91 

ˀʬʭʨʫʪʰʴʵʯ ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʰʹ ʩʰʻˇʬʺʰ 

˂ˆʸʰʲʰ N20 

ˀʬʹʨʹʭʲʬʲʰ 

ʹʰʫʰʫʬʬʩʰ 

ˀʬʹʨʹʭʲʬʲʰ 
ʹʰʫʰʫʬʬʩʰʹ 

ˀʬʼʨʹʬʩʬʩʰ 

ˀʬʹʨʹʭʲʬʲʰ 
ʹʰʫʰʫʬʬʩʰʹ 

ʹʺʨʴʫʨʸʺʻʲʰ 

ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʨ 

ʨʲʩʨʯʵʩʰʹ 
ʪʨʴʨ˄ʰʲʬʩʰʹ 

ʹʨˆʬ 

ʺʬʳʶʬʸʨʺʻʸʰʹ 
ʪʨʮʵʳʰʲʰ 

ʳʴʰˀʭʴʬʲʵʩʨ 

110.1 Ohm _ _ 

˃ʰʸʰʯʨʫʰ 

˂ʫʵʳʰʲʬʩʨ 

_  ˃=0.046 ʳʨʸʯʱʻʯˆʨ 

ʺʬʳʶʬʸʨʺʻʸʻʲʰ 

(ʫʨʳʨʺʬʩʰʯʰ) 

˂ʫʵʳʰʲʬʩʨ 

_  ʫ        ʳʨʸʯʱʻʯˆʨ 

ʫʰʹʱʸʬʺʻʲʵʩʰʹ 
˂ʫʵʳʰʲʬʩʨ 

_  ʨ         ʳʨʸʯʱʻʯˆʨ 

ʳʻʲʺʰʳʬʺʬʸʰʹ 

ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʨ 
-  ʳ      ʯʨʴʨʩʨʸʰ 

Y 110.5 Ohm             

      ʱʵʸʬʲʨ˂ʰʨ: ʨʸ˂ʬʸʯʰ ˀʬʹʨʹʭʲʬʲʰ ʹʰʫʰʫʬ  ʨʸ ˆʨʹʰʯʫʬʩʨ 

ʳʴʰˀʭʴʬʲʵʭʨʴʰ ˆʨʸʰʹˆʰʯ ʻʸʯʰʬʸʯ ʱʵʸʬʲʰʸʬʩʻʲʨʫ.  

      ʪʨʳʵʹʨʹʭʲʬʲʰ ʹʰʫʰʫʰʹ ˇʨʳʻʸʰ ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʨ.     √     √                                            92 

     ʪʨʳʵʭʰʯʭʨʲʵʯ ʪʨʮʵʳʭʰʹ ˀʬʫʬʪʰʹ ʪʨʼʨʸʯʵʬʩʻʲʰ 

ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʨ p=0,95 ʹʨʴʫʵʵʩʰʹ ʫʵʴʰʹʨʯʭʰʹ 
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                                                              93 

     ʰʳʰʹ ʪʨʯʭʨʲʰʹ˄ʰʴʬʩʰʯ, ʸʵʳ ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʰʹ ʳʫʪʬʴʬʲʬʩʰʹ 

ʪʨʴʨ˄ʰʲʬʩʰʹ ʱʨʴʵʴʰ        ʹʨʴʫʵʵʩʰʹ ʫʵʴʰʹʨʯʭʰʹ k       [1]                                                          94 

      ʹʨʩʵʲʵʵʫ ʪʨʮʵʳʭʰʹ ˀʬʫʬʪʰ ˁʨʰ˄ʬʸʬʩʨ   

110.5±0.185 Ohm           

     ˀʬʭʨʼʨʹʵʯ ʺʬʳʶʬʸʨʺʻʸʰʹ ʶʰʸʫʨʶʰʸʰ ʳʸʨʭʨʲˇʬʸʨʫʰ ʪʨʮʵʳʭʰʹ 

ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʨ 

      ʺʬʳʶʬʸʨʺʻʸʰʹ ʱʨʲʰʩʸʨʺʵʸʰʹ ʳʰʬʸ ʨʾ˄ʨʸʳʵʬʩʻʲʰʨ 250C 

ʸʵʳʬʲʹʨ˂ ˀʬʬʹʨʩʨʳʬʩʨ ˄ʰʴʨʾʵʩʨ 109.73 Ohm. ʳʸʨʭʨʲˇʬʸʨʫʰ ʪʨʮʵʳʭʰʹʨʹ 

ʳʰʾʬʩʻʲʰ ˀʬʫʬʪʬʩʰ ʳʵ˂ʬʳʻʲʰʨ ˂ˆʸʰʲˀʰ N21. ʹʨˀʻʨʲʵ ʳʴʰˀʭʴʬʲʵʩʨ 

110.67 Ohm. 

˂ˆʸʰʲˀʰ N21 

N 
ʳʰ˄ʵʫʬʩʻʲʰ 

ʺʬʳʶʬʸʨʺʻʸʨ    

ʳʰ˄ʵʫʬʩʻʲʰ 

˄ʰʴʨʾʵʩʨ 
Ohm 

ʪʨʮʵʳʰʲʰ 

˄ʰʴʨʾʵʩʨ 
Ohm                ̅   (     ̅ )  

ʪʨʮʵʳʭʬʩʰ ʳʨʽʹʰʳʨʲʻʸʰ ʫʰʨʶʨʮʵʴʰʹ 25%-ʰʹ ʳʴʰˀʭʴʬʲʵʩʰʹ ʫʸʵʹ 
(ʺʬʳʶʬʸʨʺʻʸʨ) 

1 25 109,73 110.7 0.03000 0.00090 

2 25 109,73 110.6 0.07000 0.00490 

3 25 109,73 110.8 0.13000 0.01690 

4 25 109,73 110.7 0.03000 0.00090 

5 25 109,73 110.5 0.17000 0.02890 

6 25 109,73 110.6 0.07000 0.00490 

7 25 109,73 110.4 0.27000 0.07290 

8 25 109,73 110.9 0.23000 0.05290 

9 25 109,73 110.7 0.03000 0.00090 

10 25 109,73 110.8 0.13000 0.01690 

ˀʬʹʨʹʭʲʬʲʰ 
ʹʰʫʰʫʰʹ ʹʨˀʻʨʲʵ 

ʨʸʰʯʳʬʺʰʱʻʲʰʹ 

ʳʴʰˀʭʴʬʲʵʩʨ    ̅  
109,73 110.67 |∑|=1.16 

 
∑=0.201 

 

         ʪʨʴʭʹʨʮʾʭʸʵʯ ʪʨʮʵʳʭʰʹ ˀʬʫʬʪʰ ʫʨ ˀʬʭʨʼʨʹʵʯ ʺʬʳʶʬʸʨʺʻʸʰʹ 

ʪʨʮʵʳʭʰʹ ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʨ. 

ʪʨʮʵʳʭʰʹ ʹʶʬ˂ʰʼʰʱʨ˂ʰʰʹ ˀʬʫʪʬʴʨ: 

 ʪʨʮʵʳʭʨ ʳʰʳʫʰʴʨʸʬʵʩʫʨ ʪʨʸʬʳʵʹ +30  ʺʬʳʶʬʸʨʺʻʸʰʹ ʫʸʵʹ; 
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 ʳʻʲʺʰʳʬʺʸʰʹ ʨʯʭʲʰʹ ʩʰˇʰ 0.01Ohm ; 

 ʳʻʲʺʰʳʬʺʸʰʹ ʹʰʮʻʹʺʰʹ ʱʲʨʹʰ 0,05%. 

 ʳʻʲʺʰʳʬʺʸʰʹ ʳʻˀʨ ʺʬʳʶʬʸʨʺʻʸʰʹ  ʫʰʨʶʨʮʵʴʰ          ;  

 

ʪʨʴʭʹʨʮʾʭʸʵʯ ʪʨʮʵʳʭʰʹ ˇʨʳʻʸʰ ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʰʹ ʳʫʪʬʴʬʲʬʩʰ: 

       ˀʬʹʨʹʭʲʬʲʰ ʹʰʫʰʫʰʹ A ʺʰʶʰʹ ˇʨʳʻʸʰ ʹʺʨʴʫʨʸʺʻʲʰ 

ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʨ ʪʨʳʵʰʯʭʲʬʩʨ:          √           (      )       √                                           

      ˀʬʹ˄ʵʸʬʩʰʹ ʱʵʬʼʰ˂ʰʬʴʺʰʹ ʪʨʯʭʨʲʰʹ˄ʰʴʬʩʰʯ ʪʨʮʵʳʭʨʯʨ ʳ˂ʰʸʬ 

ʸʨʵʫʬʴʵʩʰʹʨʯʭʰʹ, ʸʵʳʬʲʰ˂ 10 ʪʨʮʵʳʭʰʹ ˀʬʳʯˆʭʬʭʨˀʰ 1,2 ʺʵʲʰʨ 

ʪʭʬʽʴʬʩʨ                                                               ̃ ʱʸʰʺʬʸʰʻʳʰʹ ʳʰˆʬʫʭʰʯ ʫʨʱʭʰʸʭʬʩʨʯʨ ˀʬʫʬʪʬʩʰʹ ʪʨʴʨ˄ʰʲʬʩʰʹ 

ʴʵʸʳʨʲʻʸʵʩʰʹ ˀʬʳʵ˄ʳʬʩʨ ʪʭʨ˃ʲʬʭʹ [1]  ̃        ̅                                                                      

ʹʨʫʨ˂  

   √(      ̅  )   √                                                  

ʨʳʰʹ ʪʨʯʭʨʲʰʹ˄ʰʴʬʩʰʯ  ̃               =0.8182                                              99 

     ʸʨ˂ ʳʵʯʨʭʹʬʩʻʲʰʨ  ̃ ʱʸʰʺʬʸʰʻʳʰʹ ʴʵʸʳʨʲʻʸʰ ʪʨʴʨ˄ʰʲʬʩʰʹ 

ʶʰʸʵʩʰʹ ʮʾʭʸʬʩʹ ˀʰʪʴʰʯ 10 ʪʨʮʵʳʭʰʹʨʯʭʰʹ    (  ⁄ )          ̃            ⁄        ʬ.ʰ. ʹʨʽʳʬ ʪʭʨʽʭʹ ʪʨʮʵʳʰʲʰ ʹʰʫʰʫʬʬʩʰʹ ʴʵʸʳʨʲʻʸʰ 

ʪʨʴʨ˄ʰʲʬʩʰʹ ʱʨʴʵʴʯʨʴ [1]. 

          ʶʨʹʶʵʸʺʰʹ ʳʵʴʨ˂ʬʳʬʩʰʹ ʳʰˆʬʫʭʰʯ ʺʬʳʶʬʸʨʺʻʸʻʲʰ ʬʼʬʽʺʰʹ 

ʪʨʭʲʬʴʨ (ʪʨʫʨˆʸʨ ʹʺʨʴʫʨʸʺʻʲʰ ʺʬʳʶʬʸʨʺʻʸʰʫʨʴ) ʪʨʮʵʳʭʰʹ 

ʹʰʮʻʹʺʬʮʬ ʪʨʳʵʰʯʭʲʬʩʨ                                                                100 

ʹʨʫʨ˂, 110.67 ʨʸʰʹ ʪʨʮʵʳʰʲʰ ʹʨˀʻʨʲʵ ʳʴʰˀʭʴʬʲʵʩʨ,  
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109.73 ʨʸʰʹ  ˄ʰʴʨʾʵʩʨ 200C ʱʰ ʹʺʨʴʫʨʸʺʻʲʰ ʺʬʳʶʬʸʨʺʻʸʨʮʬ. 

ʨʽʬʫʨʴ                                                                          

     ʭʰʶʵʭʵʯ ʶʨʹʶʵʸʺʰʹ ʳʵʴʨ˂ʬʳʬʩʰʹ ʳʰˆʬʫʭʰʯ ˃ʰʸʰʯʨʫʰ 

ʨʩʹʵʲʻʺʻʸʰ ˂ʫʵʳʰʲʬʩʰʹ ʳʨʽʹʰʳʨʲʻʸʰ ʳʴʰˀʭʴʬʲʵʩʨ                                                                  

         ʳʻʲʺʰʳʬʺʸʰʹ ʨʯʭʲʰʹ ˂ʫʵʳʰʲʬʩʬʩʰʹ ʹʨʮʾʭʸʬʩʰ.  ʨ                                                                    
        ˃ʰʸʰʯʨʫʰ ˂ʫʵʳʰʲʬʩʰʹ ʹʺʨʴʫʨʸʺʻʲʰ ʪʨʴʰʹʨʮʾʭʸʬʲʵʩʨ  ˃                                                                          

    ʺʬʳʶʬʸʨʺʻʸʰʹ ʪʨʮʵʳʭʰʹ ˂ʫʵʳʰʲʬʩʰʹ ʪʨʴʨ˄ʰʲʬʩʰʹ ʱʨʴʵʴʰ 

ʴʵʸʳʨʲʻʸʰʨ, ʳʸʨʭʨʲˇʬʸʨʫʰ ʪʨʮʵʳʭʰʹʨʯʭʰʹ ʳʵ˂ʭʰʹ ʱʵʬʰ˂ʰʬʴʺʰ α=    .  

ʨʳʰʹ ʪʨʯʭʨʲʰʹ˄ʰʴʬʩʰʯ   ˃                                                                             

   ʹʺʨʴʫʨʸʺʻʲʰ ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʨ ʫʨʳʨʺʬʩʰʯʰ ʨʩʹʵʲʻʺʻʸʰ 

˂ʫʵʳʰʲʬʩʰʹʨʯʭʰʹ  ʫ                                                                
      ʫʰʹʱʸʬʺʻʲʰ ʨʯʭʲʰʹ ˂ʫʵʳʰʲʬʩʰʹ ʹʺʨʴʫʨʸʺʻʲʰ 

ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʨ, ʸʵʳʬʲʰ˂ ʺʵʲʰʨ ʨʴʨʯʭʲʰʹ ʫʰʹʱʸʬʺʻʲʵʩʰʹ 

ʪʨʴʨʿʵʼʰʹʨ ʳʨʸʯʱʻʯˆʨ ʪʨʴʨ˄ʰʲʬʩʰʹ ʳʵ˂ʭʰʹ ʱʵʬʼʰ˂ʰʬʴʺʮʬ.  ʨ   ʨ√       √                                                  

     ʳʻʲʺʰʳʬʺʬʸʰʹ ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʨ ʫʨʱʨʲʰʩʸʬʩʰʹ ʹʬʸʯʰʼʰʱʨʺʰʹ 

ʳʰˆʬʫʭʰʯ  ʳ                                                                  
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ˀʬʭʨʫʪʰʴʵʯ ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʰʹ ʩʰʻˇʬʺʰ 

˂ˆʸʰʲʰ N22 

ˀʬʹʨʹʭʲʬʲʰ 
ʹʰʫʰʫʬʬʩʰ 

ˀʬʹʨʹʭʲʬʲʰ 

ʹʰʫʰʫʬʬʩʰʹ 
ˀʬʼʨʹʬʩʬʩʰ 

ˀʬʹʨʹʭʲʬʲʰ 

ʹʰʫʰʫʬʬʩʰʹ 
ʹʺʨʴʫʨʸʺʻʲʰ 

ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʨ 

ʨʲʩʨʯʵʩʰʹ 

ʪʨʴʨ˄ʰʲʬʩʰʹ 
ʹʨˆʬ 

˄ʰʴʨʾʵʩʰʹ 

ʪʨʮʵʳʰʲʰ 
ʳʴʰˀʭʴʬʲʵʩʨ 

110.67 _ _ 

˃ʰʸʰʯʨʫʰ 

˂ʫʵʳʰʲʬʩʰʹ 

ʹʺʨʴʫʨʸʺʻʲʰ 
ʪʨʴʻʹʨʮʾʭʸʬʩʨ 

_  ˃ = 0.006 Ohm ʴʵʸʳʨʲʻʸʰ 

ʫʨʳʨʺʬʩʰʯʰ 

˂ʫʵʳʰʲʬʩʨ 
_  ʫ          ʴʵʸʳʨʲʻʸʰ 

ʫʰʹʱʸʬʺʻʲʵʩʰʹ 
˂ʫʵʳʰʲʬʩʨ 

_  ʨ             ʴʵʸʳʨʲʻʸʰ 

ʳʻʲʺʰʳʬʺʬʸʰʹ 

ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʨ 
-  ʳ     Ohm ʴʵʸʳʨʲʻʸʰ 

Y 110.67                

 

    ʱʵʸʬʲʨ˂ʰʨ: ʨʸ˂ʬʸʯʰ ˀʬʹʨʹʭʲʬʲʰ ʹʰʫʰʫʬ  ʨʸ ˆʨʹʰʯʫʬʩʨ 

ʳʴʰˀʭʴʬʲʵʭʨʴʰ ˆʨʸʰʹˆʰʯ ʻʸʯʰʬʸʯ ʱʵʸʬʲʰʸʬʩʻʲʨʫ.  

     ʪʨʳʵʹʨʹʭʲʬʲʰ ʹʰʫʰʫʰʹ ˇʨʳʻʸʰ ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʨ.     √∑    √                                                

     ʪʨʳʵʭʯʭʨʲʵʯ  A ʫʨ B ʺʰʶʰʹ ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʬʩʰʹ ˇʨʳʻʸʰ 

ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʨ:      √∑        √                                                    ʪʨʳʵʭʰʯʭʨʲʵʯ ʪʨʮʵʳʭʰʹ ˀʬʫʬʪʰʹ ʪʨʼʨʸʯʵʬʩʻʲʰ ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʨ 

p=0,95 ʹʨʴʫʵʵʩʰʹ ʫʵʴʰʹʨʯʭʰʹ                                                                           

    ʰʳʰʹ ʪʨʯʭʨʲʰʹ˄ʰʴʬʩʰʯ, ʸʵʳ ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʰʹ ʳʫʪʬʴʬʲʬʩʰʹ 

ʪʨʴʨ˄ʰʲʬʩʰʹ ʱʨʴʵʴʰ        ʹʨʴʫʵʵʩʰʹ ʫʵʴʰʹʨʯʭʰʹ k       [1]                                                              112 

ʹʨʩʵʲʵʵʫ ʪʨʮʵʳʭʰʹ ˀʬʫʬʪʰ ˁʨʰ˄ʬʸʬʩʨ  

110.67±0.2           
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3.3 ʴʨʭʯʵʩʹʨʫʬʴʰʹ ʹʨʺʻʳʩ ʹʨʫʪʻʸʮʬ ʴʨʭʯʵʩʰʹ ˆʨʸˇʰʹ ʪʨʮʵʳʭʨ ʫʨ 

ʹʨʮʵʳʰ ʹʨˀʻʨʲʬʩʰʹ ʱʨʲʰʩʸʬʩʨ 

3.3.1. ʴʨʭʯʵʩʴʨʱʨʫʰʹ ˆʨʸˇʰʹ ʶʰʸʫʨʶʰʸʰ ʬʸʯˇʬʸʨʫʰ ʫʨ 

ʳʸʨʭʨʲˇʬʸʨʫʰ ʪʨʮʵʳʭʬʩʰʹ ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʨʯʨ ˀʬʼʨʹʬʩʨ ʫʨ 

ʻʸʯʰʬʸʯˀʬʫʨʸʬʩʨ. 

      ˀʬʭʨʼʨʹʵʯ ˆʨʸˇʰʹ ʶʰʸʫʨʶʰʸʰ ʬʸʯˇʬʸʨʫʰ ʪʨʮʵʳʭʰʹ 

ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʨ. 

     ˆʨʸˇʰʹ ʪʨʮʵʳʭʨ ʳʰʳʫʰʴʨʸʬʵʩʫʨ ʳʰʲʹʨʫʬʴʮʬ ʫʨʳʵʴʺʨʷʬʩʻʲʰ 

ˆʨʸˇʳʮʵʳʰʹ ʹʨˀʻʨʲʬʩʰʯ ˆʨʸˇʰʹ ʻ˄ʿʭʬʺ ʴʨʱʨʫʰʹ ʶʰʸʵʩʬʩˀʰ. 

ˆʨʸˇʳʮʵʳʰʹ ʪʨʮʵʳʭʰʹ ʫʰʨʶʨʮʵʴʰʨ 0-1600 ʳ3/ʹʯ, ʹʰʮʻʹʺʰʹ ʱʲʨʹʰ 0.5. 

ˆʨʸˇʰʹ ʬʸʯˇʬʸʨʫʰ ʪʨʮʵʳʭʰʹʨʹ ʳʰʾʬʩʻʲʨ ʳʴʰˀʭʴʬʲʵʩʨ 585.6 ʳ3/ʹʯ. 

   ʪʨʴʭʹʨʮʾʭʸʵʯ ʪʨʮʵʳʭʰʹ ˀʬʫʬʪʰ ʫʨ ˀʬʭʨʼʨʹʵʯ ˆʨʸˇʰʹ ʪʨʮʵʳʭʰʹ 

ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʨ. 

ʪʨʮʵʳʭʰʹ ʹʶʬ˂ʰʼʰʱʨ˂ʰʰʹ ˀʬʫʪʬʴʨ: 

 ʪʨʮʵʳʭʨ ʳʰʳʫʰʴʨʸʬʵʩʫʨ ʪʨʸʬʳʵʹ +30  ʺʬʳʶʬʸʨʺʻʸʰʹ ʫʸʵʹ; 

 ˀʬʹʨʳʵ˄ʳʬʩʬʲʰ ˆʨʸˇʳʮʵʳʰʹ ʨʯʭʲʰʹ ʩʰˇʰʨ 0.1 ʳ3/ʹʯ, 

 ˀʬʹʨʳʵ˄ʳʬʩʬʲʰ ˆʨʸˇʳʮʵʳʰʹ ʳʻˀʨ ʺʬʳʶʬʸʨʺʻʸʰʹ  ʫʰʨʶʨʮʵʴʰ          ;  

 ʹʨʴʰʳʻˀʵ ˆʨʸˇʳʮʵʳʰʹ ʨʯʭʲʰʹ ʩʰˇʰ  0.01 

 ʹʨʴʰʳʻˀʵ ˆʨʸˇʳʮʵʳʰʹ ʪʨʮʵʳʭʰʹ ʫʰʨʶʨʮʵʴʰ 0-2500 ʳ3/ʹʯ, 

 ʹʨʴʰʳʻˀʵ ˆʨʸˇʳʮʵʳʰʹ ʹʰʮʻʹʺʰʹ ʱʲʨʹʰ 0.1 

   ʪʨʴʭʹʨʮʾʭʸʵʯ ʪʨʮʵʳʭʰʹ ˇʨʳʻʸʰ ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʰʹ ʳʫʪʬʴʬʲʬʩʰ: 

   ˆʨʸˇʰʹ ʪʨʮʵʳʭʰʹ ˂ʫʵʳʰʲʬʩʰʹ ʪʨʴʨ˄ʰʲʬʩʰʹ ʱʨʴʵʴʰ, ʬʸʯˇʬʸʨʫʰ 

ʪʨʮʵʳʭʰʹʨʯʭʰʹ, ʳʰʭʰʾʵʯ ʳʨʸʯʱʻʯˆʨ ʪʨʴʨ˄ʰʲʬʩʰʹ ʳʽʵʴʬʫ, 

ʸʵʳʲʰʹʯʭʰʹʨ˂ ʳʵ˂ʭʰʹ ʱʵʬʰ˂ʰʬʴʺʰ α=√3. ʨʳʰʹ ʪʨʯʭʨʲʰʹ˄ʰʴʬʩʰʯ  

             ˀʬʹʨʳʵ˄ʳʬʩʬʲʰ ˆʨʸˇʳʮʵʳʰʹ ˂ʫʵʳʰʲʬʩʰʯ ʪʨʳʵ˄ʭʬʻʲʰ 

ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʨ 

 U˂ʫʵʳ. ˀʬʹ. ˆʨʸˇ=
 √                                                                   

             ˀʬʹʨʳʵ˄ʳʬʩʬʲʰ ˆʨʸˇʳʮʵʳʰʹ ʫʰʹʱʸʬʺʻʲʵʩʰʯ ʪʨʳʵ˄ʭʬʻʲʰ 

ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʨ 
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 Uʫʰʹʱ. ˀʬʹʨʳ. ˆʨʸˇ=
 √                                                                

  ʹʨʴʰʳʻˀʵ ˆʨʸˇʳʮʵʳʰʹ ʫʰʹʱʸʬʺʻʲʵʩʰʯ ʪʨʳʵ˄ʭʬʻʲʰ 

ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʨ 

 Uʫʰʹʱ. ʹʨʴʰʳ. ˆʨʸˇ=
 √                                                                 

        ʹʨʴʰʳʻˀʵ ˆʨʸˇʳʮʵʳʰʹ ˂ʫʵʳʰʲʬʩʰʯ ʪʨʳʵ˄ʭʬʻʲʰ ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʨ 

 U˂ʫʵʳ.ʹʨʴʰʳ.ˆʨʸˇ=
 √                                                        116 

ˀʬʭʨʫʪʰʴʵʯ ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʰʹ ʩʰʻˇʬʺʰ 

                                                                                                          ˂ˆʸʰʲʰ 23 

ˀʬʹʨʹʭʲʬʲʰ 

ʹʰʫʰʫʬʬʩʰ 

ˀʬʹʨʹʭʲʬʲʰ 

ʹʰʫʰʫʬʬʩʰʹ 

ˀʬʼʨʹʬʩʬʩʰ 

ˀʬʹʨʹʭʲʬʲʰ 

ʹʰʫʰʫʬʬʩʰʹ 

ʹʺʨʴʫʨʸʺʻʲʰ 
ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʨ 

ʨʲʩʨʯʵʩʰʹ 

ʪʨʴʨ˄ʰʲʬʩʰʹ 

ʹʨˆʬ 

ˆʨʸˇʰ ʪʨʮʵʳʰʲʰ 

ʳʴʰˀʭʴʬʲʵʩʨ 
585.6 _ _ 

ˀʬʹʨʳʵ˄ʳʬʩʬʲʰ 

ˆʨʸˇʳʮʵʳʰʹ 
˃ʰʸʰʯʨʫʰ 

˂ʫʵʳʰʲʬʩʰʯ 

ʪʨʳʵ˄ʭʬʻʲʰ 
ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʨ 

_       ʳʨʸʯʱʻʯˆʨ 

ˀʬʹʨʳʵ˄ʳʬʩʬʲʰ 

ˆʨʸˇʳʮʵʳʰʹ 

ʫʰʹʱʸʬʺʻʲʵʩʰʯ 
ʪʨʳʵ˄ʭʬʻʲʰ 

ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʨ 

_        ʳʨʸʯʱʻʯˆʨ 

ʹʨʴʰʳʻˀʵ 
ˆʨʸˇʳʮʵʳʰʹ 

˃ʰʸʰʯʨʫʰ 

˂ʫʵʳʰʲʬʩʰʯ 

ʪʨʳʵ˄ʭʬʻʲʰ 
ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʨ 

_         ʳʨʸʯʱʻʯˆʨ 

ʹʨʴʰʳʻˀʵ 

ˆʨʸˇʳʮʵʳʰʹ 
ʫʰʹʱʸʬʺʻʲʵʩʰʯ 

ʪʨʳʵ˄ʭʬʻʲʰ 

ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʨ 

        ʳʨʸʯʱʻʯˆʨ 

Y 585.6   0.4098  

       ʱʵʸʬʲʨ˂ʰʨ: ʨʸ˂ʬʸʯʰ ˀʬʹʨʹʭʲʬʲʰ ʹʰʫʰʫʬ  ʨʸ ˆʨʹʰʯʫʬʩʨ 

ʳʴʰˀʭʴʬʲʵʭʨʴʰ ˆʨʸʰʹˆʰʯ ʻʸʯʰʬʸʯ ʱʵʸʬʲʰʸʬʩʻʲʨʫ.  

    ʪʨʳʵʹʨʹʭʲʬʲʰ ʹʰʫʰʫʰʹ ˇʨʳʻʸʰ ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʨ.  
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   √     √                                                 117 

      ʪʨʳʵʭʰʯʭʨʲʵʯ ʪʨʮʵʳʭʰʹ ˀʬʫʬʪʰʹ ʪʨʼʨʸʯʵʬʩʻʲʰ 

ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʨ p=0,95 ʹʨʴʫʵʵʩʰʹ ʫʵʴʰʹʨʯʭʰʹ  k       [1]                                                118 

ʹʨʩʵʲʵʵʫ ʪʨʮʵʳʭʰʹ ˀʬʫʬʪʰ ˁʨʰ˄ʬʸʬʩʨ  

(585.6            p=0,95 

 

 

      ˀʬʭʨʼʨʹʵʯ ˆʨʸˇʰʹ ʶʰʸʫʨʶʰʸʰ ʳʸʨʭʨʲˇʬʸʨʫʰ ʪʨʮʵʳʭʰʹ 

ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʨ. 

      ˆʨʸˇʰʹ ʳʸʨʭʨʲˇʬʸʨʫʰ ʪʨʮʵʳʭʰʹʨʹ ʳʰʾʬʩʻʲʨ ʳʴʰˀʭʴʬʲʵʩʬʩʰ 

ʳʵ˂ʬʳʻʲʰʨ ˂ˆʸʰʲˀʰ 24  ʪʨʴʭʹʨʮʾʭʸʵʯ ʪʨʮʵʳʭʰʹ ˀʬʫʬʪʰ ʫʨ ˀʬʭʨʼʨʹʵʯ 

˄ʴʬʭʰʹ ʪʨʮʵʳʭʰʹ ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʨ. 

˂ˆʸʰʲʰ 24 

˂ʫʰʹ 

ʴʵʳʬʸʰ 

ʳʰ˄ʵʫʬʩʻʲʰ 

ˆʨʸˇʰ 

ʳ3/ʹʯ 

ʪʨʮʵʳʰʲʰ 

ˆʨʸˇʰ                ̅   (     ̅ )  

1 600 596.55 0.2700 0.0729000 

2 600 596.475 0.6300 0.3969000 

3 600 595.925 0.1300 0.0169000 

4 600 595.325 0.4700 0.2209000 

5 600 594.9 0.8700 0.7569000 

6 600 594.275 1.5700 2.4649000 

7 600 594.325 1.4700 2.1609000 

8 600 594.85 0.9700 0.9409000 

9 600 597.075 1.2300 1.5129000 

10 600 599.475 3.6300 13.1769000 

ˀʬʹʨʹʭʲʬʲʰ ʹʰʫʰʫʰʹ 

ʹʨˀʻʨʲʵ 
ʨʸʰʯʳʬʺʰʱʻʲʰʹ 

ʳʴʰˀʭʴʬʲʵʩʨ    ̅  
595.77 

|∑|=11.24 
 

∑=21.721 
 

 

ʪʨʮʵʳʭʰʹ ʹʶʬ˂ʰʼʰʱʨ˂ʰʰʹ ˀʬʫʪʬʴʨ: 

 ʪʨʮʵʳʭʨ ʳʰʳʫʰʴʨʸʬʵʩʫʨ ʪʨʸʬʳʵʹ +30  ʺʬʳʶʬʸʨʺʻʸʰʹ ʫʸʵʹ; 

 ˀʬʹʨʳʵ˄ʳʬʩʬʲʰ ˆʨʸˇʳʮʵʳʰʹ ʨʯʭʲʰʹ ʩʰˇʰʨ 0.1 ʳ3/ʹʯ, 
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 ˀʬʹʨʳʵ˄ʳʬʩʬʲʰ ˆʨʸˇʳʮʵʳʰʹ  ʳʻˀʨ ʺʬʳʶʬʸʨʺʻʸʰʹ  ʫʰʨʶʨʮʵʴʰ          ;  

 ʹʨʴʰʳʻˀʵ ˆʨʸˇʳʮʵʳʰʹ ʨʯʭʲʰʹ ʩʰˇʰ ʨʸʰʹ 0.01 

 ʹʨʴʰʳʻˀʵ ˆʨʸˇʳʮʵʳʰʹ ʪʨʮʵʳʭʰʹ ʳʨʽʹʰʳʨʲʻʸʰ ʫʰʨʶʨʮʵʴʰ 0-2500 

ʳ3/ʹʯ, 

 ʹʨʴʰʳʻˀʵ ˆʨʸˇʳʮʵʳʰʹ ʹʰʮʻʹʺʰʹ ʱʲʨʹʰ 0.1 

ʪʨʴʭʹʨʮʾʭʸʵʯ ʪʨʮʵʳʭʰʹ ˇʨʳʻʸʰ ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʰʹ ʳʫʪʬʴʬʲʬʩʰ: 

       ˀʬʹʨʹʭʲʬʲʰ ʹʰʫʰʫʰʹ A ʺʰʶʰʹ ˇʨʳʻʸʰ ʹʺʨʴʫʨʸʺʻʲʰ 

ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʨ ʪʨʳʵʰʯʭʲʬʩʨ:  

        √          ∑(      )   
    √                              

      ˀʬʹ˄ʵʸʬʩʰʹ ʱʵʬʼʰ˂ʰʬʴʺʰʹ ʪʨʯʭʨʲʰʹ˄ʰʴʬʩʰʯ ʪʨʮʵʳʭʨʯʨ ʳ˂ʰʸʬ 

ʸʨʵʫʬʴʵʩʰʹʨʯʭʰʹ, ʸʵʳʬʲʰ˂ 10 ʪʨʮʵʳʭʰʹ ˀʬʳʯˆʭʬʭʨˀʰ 1,2 ʺʵʲʰʨ 

ʪʭʬʽʴʬʩʨ                                                                   ̃ ʱʸʰʺʬʸʰʻʳʰʹ ʳʰˆʬʫʭʰʯ ʫʨʱʭʰʸʭʬʩʨʯʨ ˀʬʫʬʪʬʩʰʹ ʪʨʴʨ˄ʰʲʬʩʰʹ 

ʴʵʸʳʨʲʻʸʵʩʰʹ ˀʬʳʵ˄ʳʬʩʨ ʪʭʨ˃ʲʬʭʹ [1]  ̃        ̅                                                                     

ʹʨʫʨ˂  

   √(      ̅  )   √                                             

ʨʳʰʹ ʪʨʯʭʨʲʰʹ˄ʰʴʬʩʰʯ  ̃                 =0.7626                                            123 

       ʸʨ˂ ʳʵʯʨʭʹʬʩʻʲʰʨ  ̃ ʱʸʰʺʬʸʰʻʳʰʹ ʴʵʸʳʨʲʻʸʰ ʪʨʴʨ˄ʰʲʬʩʰʹ 

ʶʰʸʵʩʰʹ ʮʾʭʸʬʩʹ ˀʰʪʴʰʯ 10 ʪʨʮʵʳʭʰʹʨʯʭʰʹ    (  ⁄ )          ̃           ⁄        ʬ.ʰ. ʹʨʽʳʬ ʪʭʨʽʭʹ ʪʨʮʵʳʰʲʰ ʹʰʫʰʫʬʬʩʰʹ ʴʵʸʳʨʲʻʸʰ 

ʪʨʴʨ˄ʰʲʬʩʰʹ ʱʨʴʵʴʯʨʴ [1]. ʸʵʳʲʰʹʯʭʰʹʨ˂ ʳʵ˂ʭʰʹ ʱʵʬʰ˂ʰʬʴʺʰ α=1.68 ʨʳʰʹ 

ʪʨʯʭʨʲʰʹ˄ʰʴʬʩʰʯ  
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ˀʬʹʨʳʵ˄ʳʬʩʬʲʰ ˆʨʸˇʳʮʵʳʰʹ ˂ʫʵʳʰʲʬʩʰʯ ʪʨʳʵ˄ʭʬʻʲʰ 

ʪʨʴʻʹʨʮʸʭʸʬʲʵʩʨ 

 U˂ʫʵʳ. ˀʬʹ. ˆʨʸˇ                                                                   

               ˀʬʹʨʳʵ˄ʳʬʩʬʲʰ ˆʨʸˇʳʮʵʳʰʹ ʫʰʹʱʸʬʺʻʲʵʩʰʯ ʪʨʳʵ˄ʭʬʻʲʰ 

ʪʨʴʻʹʨʮʸʭʸʬʲʵʩʨ 

 Uʫʰʹʱ. ˀʬʹʨʳ. ˆʨʸˇ                                                               

               ˀʬʭʨʫʪʰʴʵʯ ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʰʹ ʩʰʻˇʬʺʰ 

˂ˆʸʰʲʰ 25 

ˀʬʹʨʹʭʲʬʲʰ 

ʹʰʫʰʫʬʬʩʰ 

ˀʬʹʨʹʭʲʬʲʰ 
ʹʰʫʰʫʬʬʩʰʹ 

ˀʬʼʨʹʬʩʬʩʰ 

ˀʬʹʨʹʭʲʬʲʰ 
ʹʰʫʰʫʬʬʩʰʹ 

ʹʺʨʴʫʨʸʺʻʲʰ 

ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʨ 

ʨʲʩʨʯʵʩʰʹ 
ʪʨʴʨ˄ʰʲʬʩʰʹ 

ʹʨˆʬ 

ˆʨʸˇʰ ʪʨʮʵʳʰʲʰ 
ʳʴʰˀʭʴʬʲʵʩʨ 595.77 _ _ 

ˀʬʹʨʳʵ˄ʳʬʩʬʲʰ 

ˆʨʸˇʳʮʵʳʰʹ 

˃ʰʸʰʯʨʫʰ 
˂ʫʵʳʰʲʬʩʰʯ 

ʪʨʳʵ˄ʭʬʻʲʰ 

ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʨ 

_        ʳʨʸʯʱʻʯˆʨ 

ˀʬʹʨʳʵ˄ʳʬʩʬʲʰ 
ˆʨʸˇʳʮʵʳʰʹ 

ʫʰʹʱʸʬʺʻʲʵʩʰʯ 

ʪʨʳʵ˄ʭʬʻʲʰ 
ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʨ 

_        ʳʨʸʯʱʻʯˆʨ 

ʹʨʴʰʳʻˀʵ 

ˆʨʸˇʳʮʵʳʰʹ 

˃ʰʸʰʯʨʫʰ 
˂ʫʵʳʰʲʬʩʰʯ 

ʪʨʳʵ˄ʭʬʻʲʰ 

ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʨ 

_         ʳʨʸʯʱʻʯˆʨ 

ʹʨʴʰʳʻˀʵ 

ˆʨʸˇʳʮʵʳʰʹ 

ʫʰʹʱʸʬʺʻʲʵʩʰʯ 

ʪʨʳʵ˄ʭʬʻʲʰ 
ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʨ 

        ʳʨʸʯʱʻʯˆʨ 

Y 595.77   0.423  

 

ʹʨʴʰʳʻˀʵ ˆʨʸˇʳʮʵʳʰʹ ʫʰʹʱʸʬʺʻʲʵʩʰʯ ʪʨʳʵ˄ʭʬʻʲʰ ʪʨʴʻʹʨʮʸʭʸʬʲʵʩʨ 

 Uʫʰʹʱ. ʹʨʴʰʳ. ˆʨʸˇ                                                               



87 

 

              ʹʨʴʰʳʻˀʵ ˆʨʸˇʳʮʵʳʰʹ ˂ʫʵʳʰʲʬʩʰʯ ʪʨʳʵ˄ʭʬʻʲʰ 

ʪʨʴʻʹʨʮʸʭʸʬʲʵʩʨ 

 U˂ʫʵʳ.ʹʨʴʰʳ.ˆʨʸˇ                                                              

    ʱʵʸʬʲʨ˂ʰʨ: ʨʸ˂ʬʸʯʰ ˀʬʹʨʹʭʲʬʲʰ ʹʰʫʰʫʬ  ʨʸ ˆʨʹʰʯʫʬʩʨ 

ʳʴʰˀʭʴʬʲʵʭʨʴʰ ˆʨʸʰʹˆʰʯ ʻʸʯʰʬʸʯ ʱʵʸʬʲʰʸʬʩʻʲʨʫ.  

ʪʨʳʵʹʨʹʭʲʬʲʰ ʹʰʫʰʫʰʹ ˇʨʳʻʸʰ ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʨ.     √∑    √                                                         

       A ʫʨ B ʺʰʶʰʹ ˇʨʳʻʸʰ ʹʺʨʴʫʨʸʺʻʲʰ ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʨ 

ʪʨʳʵʰʯʭʲʬʩʨ       √          √              0.5795                        129 

 

ʪʨʳʵʭʰʯʭʨʲʵʯ ʪʨʮʵʳʭʰʹ ˀʬʫʬʪʰʹ ʪʨʼʨʸʯʵʬʩʻʲʰ 

ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʨ p=0,95 ʹʨʴʫʵʵʩʰʹ ʫʵʴʰʹʨʯʭʰʹ  k       [1]                                                       130 

ʹʨʩʵʲʵʵʫ ʪʨʮʵʳʭʰʹ ˀʬʫʬʪʰ ˁʨʰ˄ʬʸʬʩʨ   

595.77        
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4.2 ˄ʴʬʭʰʹ ʪʨʮʵʳʭʰʹ ʭʰʸʺʻʨʲʻʸʰ ʳʵʫʬʲʰʹ ˀʬʽʳʴʨ LabVIEW 

ʹʰʭʸ˂ʬˀʰ 

4.2.1. ˄ʴʬʭʰʹ ʶʰʸʫʨʶʰʸʰ ʬʸʯˇʬʸʨʫʰ ʫʨ ʳʸʨʭʨʲˇʬʸʨʫʰ ʪʨʮʵʳʭʰʹ 

ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʨʯʨ ˀʬʼʨʹʬʩʨ ʭʰʸʺʻʨʲʻʸʰ ʳʵʫʬʲʰʹʨʯʭʰʹ 

       ʪʸʨʼʰʱʻʲʰ ʶʸʵʪʸʨʳʰʸʬʩʰʹ ʬʴʰʹ LabVIEW  ʪʨʳʵʿʬʴʬʩʰʯ ˀʬʰʽʳʴʨ 

˄ʴʬʭʰʹ ʪʨʮʵʳʭʰʹ ʭʰʸʺʻʨʲʻʸʰ  ʳʵʫʬʲʰ ʴʨˆʨʮʰ 23 ʫʨ 24 ʭʰʸʺʻʨʲʻʸʰ 

ʳʵʫʬʲʰ ˀʬʫʪʬʩʨ 2 ʴʨ˄ʰʲʰʹʨʪʨʴ, ʶʰʸʭʬʲʰ ʭʰʸʺʻʨʲʻʸʰ ʳʵʫʬʲʰʹ ˄ʰʴʨ 

ʶʨʴʬʲʰ ʴʨˆʨʮʰ 23  ʫʨ ʭʰʸʺʻʨʲʻʸʰ ʳʵʫʬʲʰʹ ʩʲʵʱ ʫʰʨʪʸʨʳʨ ʴʨˆʨʮʰ 24 

     ʭʰʸʺʻʨʲʻʸʰ ʰʴʹʺʸʻʳʬʴʺʬʩʰʯ ˀʬʽʳʴʰʲʰ ˄ʴʬʭʰʹ ʹʨʮʵʳʰ  ʩʲʵʱʰʹ  

ʹʨʳʻˀʨʵ ʳʨʪʰʫʨ ʫʨʿʵʼʰʲʰʨ 3 ʴʨ˄ʰʲʨʫ, ʳʨʸ˂ˆʬʴʨ ʳˆʨʸʬʹ ʪʨʴʲʨʪʬʩʻʲʰʨ  

ʹʨʴʰʳʻˀʵ ˆʬʲʹʨ˄ʿʵʹ ʳʵʴʨ˂ʬʳʬʩʰ (ʨ), ˀʻʨ ʴʨ˄ʰʲˀʰ ˀʬʹʨʳʵ˄ʳʬʩʬʲʰ 

ʺʸʨʴʹʳʰʺʬʸʰʹ ʳʵʴʨ˂ʬʳʬʩʰʨ (ʩ), ˆʵʲʵ ʳʨʸˇʭʬʴʨ ʳˆʨʸʬʹ ʱʰ ʪʨʮʵʳʭʰʹ 

ˀʬʫʬʪʬʩʰʹ ʹʨʱʵʴʺʸʵʲʵ ʬ.˄. ნʪʨʴʪʨˀʰʹ ʶʨʴʬʲʰʹნ ʹʨʰʴʫʰʱʨ˂ʰʵ 

ʰʴʹʺʸʻʳʬʴʺʬʩʰ (ʪ).  

 

 ʴʨˆ. 23  ʭʰʸʺʻʨʲʻʸʰ ʳʵʫʬʲʰʹ ˄ʰʴʨ ʶʨʴʬʲʰ 

           ˄ʴʬʭʰʹ ʪʨʮʵʳʭʨ, ʰʹʬʭʬ ʸʵʪʵʸ˂ ʸʬʨʲʻʸ ʹʽʬʳʨˀʰ, ʳʰʳʫʰʴʨʸʬʵʩʫʨ 

˄ʴʬʭʰʹ ʱʨʲʰʩʸʨʺʵʸʰʫʨʴ ʳʰʾʬʩʻʲʰ ˄ʴʬʭʰʹ ʳʴʰˀʭʴʬʲʵʩʰʹ ˀʬʹʨʩʨʳʰʹʰ 

ʬʲʬʽʺʸʻʲʰ ʹʰʪʴʨʲʰʹ ʫʬʴʰʹ ˃ʨʲʰʹ ʹʰʫʰʫʰʹ ʪʨʮʵʳʭʰʯ ʳʰʲʰʨʳʶʬʸʬʩˀʰ 

ʳʵʫʬʲʰʸʬʩʻʲʰ ʳʻʲʺʰʳʬʺʸʰ 8 ʪʨʳʵʹʨʹʭʲʬʲʰʹ ʹʨˀʻʨʲʬʩʰʯ, ʸʵʳʲʰʯʨ 

ʪʨʮʵʳʭʰʹ ʫʰʨʶʨʮʵʴʰ 0-30 mA. ʳʵʫʬʲʰʸʬʩʻʲʰ ʳʻʲʺʰʳʬʺʸʰʹ ʹʰʮʻʹʺʰʹ 

ʱʲʨʹʰ 0,048% ʨʴʪʨʸʰˀʰ ʳʵʿʭʨʴʰʲʰʨ ʽʭʬʳʵʯ. ʸʬʨʲʻʸʰ ʹʽʬʳʰʹʨʪʨʴ 

ʪʨʴʹˆʭʨʭʬʩʰʯ ˄ʴʬʭʰʹ ʱʨʲʰʩʸʨʺʵʸʰʹ ʸʵʲʹ ʭʰʸʺʻʨʲʻʸ ʹʽʬʳʨˀʰ 



94 

 

ʨʹʸʻʲʬʩʹ ˀʬʹʨʹʭʲʬʲʰ ʹʰʫʰʫʬʬʩʰʹ ʾʰʲʨʱʰ 1, ʹʨʫʨ˂ ˆʫʬʩʨ ʹʨʹʻʸʭʬʲʰ 

ʹʰʫʰʫʰʹ ˄ʴʬʭʰʹ ʳʴʰˀʭʴʬʲʵʩʰʹ ʨʸˁʬʭʨ. ˀʬʳʫʬʪ ʳʰʾʬʩʻʲ ʹʰʪʴʨʲʹ  ʬʳʨʺʬʩʨ 

ˀʬʳʯˆʭʬʭʰʯʰ ʹʰʪʴʨʲʬʩʰʹ ʪʬʴʬʸʨʺʵʸʰʫʨʴ 17 ˀʬʳʯˆʭʬʭʰʯʰ ʳʫʪʬʴʬʲʰ ʫʨ 

˄ʴʬʭʰʹ ʬʹ ʳʴʰˀʭʴʬʲʵʩʨ ʰʴʫʰ˂ʰʸʫʬʩʨ ʰʴʫʰʱʨʺʵʸ 15-ʮʬ. ʱʨʲʰʩʸʨʺʵʸʰʯ 

1 ʳʰ˄ʵʫʬʩʨ ˄ʴʬʭʨ ˀʬʹʨʳʵ˄ʳʬʩʬʲʰ ʺʸʨʴʹʳʰʺʬʸʰʹ ʪʨʸʫʨʳʽʳʴʬʲʹ ,,˄ʴʬʭʨ-

ʫʬʴʰʹ ˃ʨʲʨმ (5). ʨʳ ʪʨʸʫʨʳʽʳʴʬʲʰʹ ʳʬˀʭʬʩʰʯ ˆʵʸ˂ʰʬʲʫʬʩʨ ʳʰ˄ʵʫʬʩʻʲʰ 

˄ʴʬʭʰʹ ʪʨʸʫʨʽʳʴʨ ʬʲʬʽʺʸʻʲʰ ʫʬʴʰʹ ˃ʨʲʰʹ ʶʸʵʶʵʸ˂ʰʻʲ 

ʳʴʰˀʭʴʬʲʵʩʨʫ. 

 

ʴʨˆ.24 ʭʰʸʺʻʨʲʻʸʰ ʳʵʫʬʲʰʹ ʩʲʵʱ ʹʽʬʳʨ 

      ʩʲʵʱ ʫʰʨʪʸʨʳʨʮʬ ʬʹ ʪʨʸʫʨʳʽʳʴʬʲʰ ʪʨʳʵʹʨˆʻʲʰʨ ʳʨʯʬʳʨʺʰʱʻʸʰ 

ʳʵʽʳʬʫʬʩʰʹ ʪʨʳʸʨʭʲʬʩʰʹ ʫʨ ʫʨʳʨʺʬʩʰʹ ʹʨˆʰʯ, ʹʨʫʨ˂ ʳʰ˄ʵʫʬʩʻʲʰ 

˄ʴʬʭʰʹ ʳʴʰˀʭʴʬʲʵʩʨ ʳʸʨʭʲʫʬʩʨ ʱʵʬʼʰ˂ʰʬʴʺʮʬ 0.533333 ʫʨ ʬʳʨʺʬʩʨ 

ʱʵʬʼʰ˂ʰʬʴʺʰ 4 ʸʨʯʨ ʳʵʭʨˆʫʰʴʵʯ ˄ʴʬʭʰʹ ʳʴʰˀʭʴʬʲʵʩʰʹ ʪʨʸʫʨʽʳʴʨ 

ʬʲʬʽʺʸʻʲʰ ʫʬʴʰʹ ˃ʨʲʰʹ ʳʴʰˀʭʴʬʲʵʩʨˀʰ. ʱʵʬʼʰ˂ʰʬʴʺʰ 0.53333 

ʫʨʳʵʱʰʫʬʩʻʲʰʨ ʺʸʨʴʹʳʰʺʬʸʰʹ ʪʨʮʵʳʭʰʹ ʮʾʭʨʸʮʬ. ˆʵʲʵ ʸʰ˂ˆʭʰʯʰ 

ʳʴʰˀʭʴʬʲʵʩʨ 4 ʳʻʫʳʰʭʨʨ. ʹʨʴʰʳʻˀʵ ʱʨʲʰʩʸʨʺʵʸʰʹ (1) ʳʰʬʸ ʳʰ˄ʵʫʬʩʻʲʰ 

˄ʴʬʭʰʹ ʪʸʨʼʰʱʻʲʰ ʳʴʰˀʭʴʬʲʵʩʨ ʨʰʹʨˆʬʩʨ ˄ʸʰʻʲʰ ʼʵʸʳʰʹ ʰʹʸʰʨʴʰ 

ʹʨʰʴʫʰʱʨ˂ʰʵ ʶʨʴʬʲʮʬ (2). ʪʨʹʨʮʵʳʰ ˄ʴʬʭʰʹ ʳʴʰˀʭʴʬʲʵʩʰʹ ʶʸʵʶʵʸ˂ʰʻʲʰ 

ʬʲʬʽʺʸʻʲʰ ʫʬʴʰʹ ˃ʨʲʰʹ ʪʸʨʼʰʱʻʲʰ ʳʴʰˀʭʴʬʲʵʩʨ ʨʰʹʨˆʬʩʨ ʰʴʫʰʱʨ˂ʰʨ 

3-ʮʬ, ˆʵʲʵ ʳʰʹʰ ˂ʰʼʸʻʲʰ ʳʴʰˀʭʴʬʲʵʩʰʹ ʰʴʫʰʱʨ˂ʰʨ (4) ʹʨʰʴʫʰʱʨ˂ʰʵ 

ʼʨʴˇʸʰʹ ʹʨˀʻʨʲʬʩʰʯ ʨʰʹʨˆʬʩʨ.   
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       ˀʬʹʨʳʵ˄ʳʬʩʬʲʰ ʺʸʨʴʹʳʰʺʬʸʰʹ ʳʵʴʨ˂ʬʳʬʩʰʹ ʶʨʴʬʲʮʬ 

ʺʸʨʴʹʳʰʺʬʸʰʹ ʳʰʬʸ ʪʨʮʵʳʰʲʰ   ˄ʴʬʭʰʹ ʳʴʰˀʭʴʬʲʵʩʨ ˂ʰʼʸʻʲ ʼʵʸʳʨˀʰ 

ʨʰʹʨˆʬʩʨ ʰʴʫʰʱʨʺʵʸʮʬ (6), ʸʵʳʲʰʹ ʪʨʮʵʳʭʰʹ ʫʰʨʶʨʮʵʴʰ ʺʸʨʴʹʳʰʺʬʸʰʹ 

ʫʰʨʶʨʮʵʴʰʹ ʺʵʲʰʨ ʫʨ ˀʬʨʫʪʬʴʹ 0 - 30 ʩʨʸʹ. 

      ˀʬʹʨʳʵ˄ʳʬʩʬʲʰ ˆʬʲʹʨ˄ʿʵʹ ʶʨʴʬʲʮʬ  ნ˄ʴʬʭʨ - ʫʬʴʰʹ ˃ʨʲʨნ 

ʪʨʸʫʨʳʽʳʴʬʲʰʫʨʴ (5) ʪʨʳʵʳʨʭʨʲʰ ʬʲʬʽʺʸʻʲʰ ʹʰʪʴʨʲʰ ʬʸʯʫʸʵʻʲʨʫ  

ʨʰʹʨˆʬʩʨ ʨʴʨʲʵʪʻʸʰ ʳʻʲʺʰʳʬʺʸʰʹ (7) ʫʨ ˂ʰʼʸʻʲʰ ʰʴʫʰʱʨ˂ʰʰʹ 

ʼʨʴˇʨʸʨˀʰ (8), ʹʨʫʨ˂ ʳʨʯʰ ʳʴʰˀʭʴʬʲʵʩʬʩʰ ʰʴʫʰ˂ʰʸʫʬʩʨ ʫʨʴʰʹ ˃ʨʲʰʹ 

ʹʰʫʰʫʰʹ ʬʸʯʬʻʲʰʯ mA. ʪʨʹʨʮʵʳ ʹʰʫʰʫʬʯʨ  ˂ʰʼʸʻʲ ʼʵʸʳʨˀʰ 

˄ʨʸʳʵʫʪʬʴʨ ʨʰʵʲʬʩʹ ʨʴʨʯʭʲʰʹ ʨʾʬʩʰʹ ʨʳʵ˂ʨʴʨʹ ʫʨ ʪʨʳʵʸʰ˂ˆʨʭʹ 

ʹʻʩʰʬʽʺʻʸʰ ʼʨʽʺʵʸʰʯ ʪʨʴʶʰʸʵʩʬʩʻʲ ˂ʫʵʳʰʲʬʩʨʹ. ʪʨʸʫʨʳʽʳʴʬʲʰʫʨʴ 

ʳʰʾʬʩʻʲʰ ˂ʰʼʸʻʲ ʼʵʸʳʨˀʰ ˄ʨʸʳʵʫʪʬʴʰʲʰ ˀʬʹʨʳʵ˄ʳʬʩʬʲʰ ˄ʴʬʭʰʹ 

ʳʴʰˀʭʴʬʲʵʩʨ ʺʸʨʴʹʳʰʺʬʸʰʹ ʼʨʸʫʵʩʰʯʰ ˂ʫʵʳʰʲʬʩʰʹ ʪʨʳʵʹʨʯʭʲʬʲʨʫ 

ʪʨʳʵʰʿʬʴʬʩʨ, ʸʵʳʬʲʰ˂ ʰʴʫʰ˂ʰʸʫʬʩʨ ˀʬʹʨʳʵ˄ʳʬʩʬʲʰ ˆʬʲʹʨ˄ʿʵʹ ʶʨʴʬʲʮʬ 

,,˂ʫʵʳʰʲʬʩʨმ (9) ʫʨ ,,ʹʭʬʺʰმ (10) ʼʨʴˇʨʸʨˀʰ. ʰʳʰʹʨʯʭʰʹ ʸʵʳ 

ʺʸʨʴʹʳʰʺʬʸʰʹ ʳʰʬʸ ʪʨʮʵʳʰʲʰ ˄ʴʬʭʰʹ ʳʴʰˀʭʴʬʲʵʩʨ ʪʨʴʹˆʭʨʭʬʩʻʲʰ ʰʿʵʹ 

ʳʰ˄ʵʫʬʩʻʲʰ ʹʨʴʰʳʻˀʵ ˄ʴʬʭʰʹʨʪʨʴ ʭʰʸʺʻʨʲʻʸʰ ʳʵʫʬʲʰʹ ʩʲʵʱ  

ʫʰʨʪʸʨʳʨʮʬ ʨʸʰʹ ˀʬʳʯˆʭʬʭʰʯʰ ʸʰ˂ˆʭʬʩʰʹ ʪʬʴʬʸʨʺʵʸʰ (17).  ʹʨʫʨ˂ ˆʫʬʩʨ 

ˀʬʳʯˆʭʬʭʰʯʰ ʸʰ˂ˆʭʬʩʰʹ ʪʬʴʬʸʰʸʬʩʨ ʪʨʸʱʭʬʻʲʰ ʫʸʵʰʹ ʰʴʺʬʸʭʨʲʰʯ 

(ʱʵʬʼʰ˂ʰʬʴʺʰ 1000 ʺʵʲʰʨ 1 ˄ʨʳʰʹ) ʫʨ ʨʳ ʸʰ˂ˆʭʰʯʰ ʳʴʰˀʭʴʬʲʵʩʰʹ 

ʪʨʳʸʨʭʲʬʩʨ ʱʨʲʰʩʸʨʺʵʸʰʹ ʳʰʬʸ ʳʰ˄ʵʫʬʩʻʲʰ ˄ʴʬʭʰʹ ʳʴʰˀʭʴʬʲʵʩʨʮʬ. 

        ˀʬʹʨʳʵ˄ʳʬʩʬʲʰ ʺʸʨʴʹʳʰʺʬʸʰʹ ʶʨʴʬʲʮʬ ʨʸʰʹ ʹʨʸʬʪʻʲʰʸʰʬʩʬʲʰ 

(11), ʸʵʳʲʰʹ  ʳʵʩʸʻʴʬʩʰʯ ʹʨʨʯʰʹ ʰʹʸʰʹ ʳʰʳʨʸʯʻʲʬʩʰʯ ʨʴ 

ʹʨ˄ʰʴʨʨʾʳʫʬʪʵ ʳˆʨʸʬʹ  ʭʨˆʫʬʴʯ ʺʸʨʴʹʳʰʺʬʸʰʹ ʫʨʱʨʲʰʩʸʬʩʨʹ ʯʻ ʳʰʹʰ 

˂ʫʵʳʰʲʬʩʨ ʨʾʬʳʨʺʬʩʨ ʫʨʹʨˀʭʬʩ ˂ʫʵʳʰʲʬʩʨʹ. ʺʸʨʴʹʳʰʺʬʸʰʹ ˂ʫʵʳʰʲʬʩʨ 

ʨʰʹʨˆʬʩʨ ʰʴʫʰʱʨʺʵʸ ,,˂ʫʵʳʰʲʬʩʨმ-ʮʬ (12).  ʸʵ˂ʨ ʺʸʨʴʹʳʰʺʬʸʰʹ 

˂ʫʵʳʰʲʬʩʨ ʨʸ ʨʾʬʳʨʺʬʩʨ ʴʵʸʳʨʺʰʻʲ - ʺʬʽʴʰʱʻʸʰ ʫʵʱʻʳʬʴʺʨ˂ʰʰʯ 

ʳʵ˂ʬʳʻʲ ʫʨʹʨˀʭʬʩ ʳʴʰˀʭʴʬʲʵʩʨʹ 0.1% ʰʴʫʰʱʨʺʵʸʰ (12) ʨʸʰʹ ʳ˄ʭʨʴʬ 

ʼʬʸʰ, ˆʵʲʵ ʸʵ˂ʨ ˂ʫʵʳʰʲʬʩʨ ʪʨʫʨʨ˅ʨʸʩʬʩʹ ʨʳ ʳʴʰˀʭʴʬʲʵʩʨʹ ʳʨˀʰʴ 

ʰʴʫʰʱʨʺʵʸʰ (12) ʨʸʰʹ ˄ʰʯʬʲʰ ʼʬʸʰ. ʫʨʹʨˀʭʬʩʰ ˂ʫʵʳʰʲʬʩʰʹ 

ʳʴʰˀʭʴʬʲʵʩʬʩʰʹ ʫʰʨʶʨʮʵʴʰʹ ʨʸˁʬʭʨ ˆʫʬʴʨ ˀʬʫʨʸʬʩʰʹ ʹʽʬʳʰʫʨʴ (13).  
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      ʭʰʸʺʻʨʲʻʸʰ ʳʵʫʬʲʰʹ ˄ʰʴʨ ʶʨʴʬʲʰʹ ʳʨʸˇʭʬʴʨ ʳˆʨʸʬʹ 

ʳʵʯʨʭʹʬʩʻʲʰʨ ʪʨʴʪʨˀʰʹ ʶʨʴʬʲʰ. ʨʳ ʶʨʴʬʲʮʬ ʪʨʴʲʨʪʬʩʻʲʰʨ 

ʰʴʫʰʱʨʺʵʸʰʹ 3 ʴʨʯʻʸʨ: ˂ʫʵʳʰʲʬʩʨ (12), ʪʨʮʵʳʭʰʹ ʮʾʭʨʸʰ (14) ʫʨ 

ʵʶʺʰʳʨʲʻʸʰ ʫʨʰʶʨʮʵʴʰ (13). 

 

ʴʨˆ. 25 ˀʬʹʨʳʵ˄ʳʬʩʬʲʰ ˆʬʲʹʨ˄ʿʵʹ ˂ʫʵʳʰʲʬʩʨ ʫʨʹʨˀʭʬʩ ʮʾʭʨʸʹ ʪʨʸʬʯʨʨ.  

        ʴʨˆʨʮʮʬ 25  ʴʨˁʭʬʴʬʩʰʨ ʳʫʪʵʳʨʸʬʵʩʨ ʸʵ˂ʨ ˀʬʹʨʳʵ˄ʳʬʩʬʲʰ ˆʬʲʹʨ˄ʿʵʹ 

˂ʫʵʳʰʲʬʩʨ ʫʨʹʨˀʭʬʩ ʮʾʭʨʸʹ ʪʨʸʬʯʨʨ.  

      ʪʨʮʵʳʭʰʹ ʮʾʭʨʸʰ 14 ʪʭʰˁʭʬʴʬʩʹ ˀʬʹʨʳʵ˄ʳʬʩʬʲʰ ʺʸʨʴʹʳʰʺʬʸʰʹ 

ʪʨʮʵʳʭʰʹ ʮʾʭʨʸʹ (30 ʬʸʯʬʻʲʰ). ,,ʪʨʮʵʳʭʰʹ ʮʾʭʨʸმ ʰʴʫʰʱʨʺʵʸʹ (14) ʨʽʭʹ 

ʵʸʰ ʼʬʸʰ, ʯʻ ʪʨʮʵʳʰʲʰ ʹʰʫʰʫʬ ʨʸ ʨʾʬʳʨʺʬʩʨ ʺʸʨʴʹʳʰʺʬʸʰʹ ʪʨʮʵʳʭʰʹ 

ʳʨʽʹʰʳʨʲʻʸ ʮʾʭʨʸʹ ʰʴʫʰʱʨʺʵʸʰ ʨʸʰʹ ʳ˄ʭʨʴʬ ʼʬʸʰʹ, ˆʵʲʵ ʸʵ˂ʨ 

ʨʾʬʳʨʺʬʩʨ ʳʨˀʰʴ ʱʰ ʰʴʯʬʩʨ ˄ʰʯʬʲʰ ʼʬʸʰ.  

      ,,ʵʶʺʰʳʨʲʻʸ ʫʰʨʶʨʮʵʴʰʹმ ʰʴʫʰʱʨʺʵʸʰ˂ (15) ʵʸ ʼʬʸʰʨʴʰʨ. 

ʸʵʪʵʸ˂ ˂ʴʵʩʰʲʰʨ ʴʬʩʰʹʳʰʬʸʰ ˆʬʲʹʨ˄ʿʵʹ ʳʻˀʨʵʩʰʹ ʵʶʺʰʳʨʲʻʸʰ 

ʫʰʨʶʨʮʵʴʰ ʨʸʰʹ ˆʬʲʹʨ˄ʿʵʹ ʳʨʽʹʰʳʨʲʻʸʰ ʫʨʺʭʰʸʯʭʰʹ 20%-ʫʨʴ 80%-ʳʫʬ. 

ʯʻ ʪʨʮʵʳʰʲʰ ʳʴʰˀʭʴʬʲʵʩʨ ʨʳ ʫʰʨʶʨʮʵʴˀʰʨ ʳʨˀʰʴ ʰʴʫʰʱʨʺʵʸʰ ʨʸʰʹ 

ʳ˄ʭʨʴʬ ʼʬʸʰʹ, ˆʵʲʵ ʯʻ ʨʳ ʫʰʨʶʨʮʵʴʰʹ ʳʰʾʳʨʨ ʳʨˀʰʴ ʰʴʫʰʱʨʺʵʸʰ 

˄ʰʯʬʲʰ ʼʬʸʰʹʨʨ.  ,,ʵʶʺʰʳʨʲʻʸ ʫʰʨʶʨʮʵʴʰʹმ  ʳʴʰˀʭʴʬʲʵʩʬʩʰʹ 

ʫʰʨʶʨʮʵʴʰʹ ʨʸˁʬʭʨ ˆʫʬʴʨ ˀʬʫʨʸʬʩʰʹ ʹʽʬʳʰʫʨʴ (16).   

        ˄ʴʬʭʰʹ ʶʰʸʫʨʶʰʸʰ ʬʸʯˇʬʸʨʫʰ ʪʨʮʵʳʭʰʹ ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʰʹ 

ˀʬʼʨʹʬʩʨ ʭʰʸʺʻʨʲʻʸʰ ʳʵʫʬʲʰʹʨʯʭʰʹ LabVIEW ʹʰʭʸ˂ʬˀʰ. 

      ʪʨʮʵʳʭʰʹ ˀʬʫʬʪʰʹ ˀʬʼʨʹʬʩʰʹʨ ʫʨ ˄ʴʬʭʰʹ ʪʨʮʵʳʭʰʹ 

ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʰʹ ˀʬʼʨʹʬʩʰʹʨʯʭʰʹ ʸʬʨʲʻʸ ʶʰʸʵʩʬʩˀʰ ˀʬʫʪʬʴʰʲʰ 
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ʨʲʪʵʸʰʯʳʰʹ ʳʰˆʬʫʭʰʯ ˀʬʭʨʫʪʰʴʵʯ ʪʨʮʵʳʭʰʹ ʹʶʬ˂ʰʼʰʱʨ˂ʰʨ 

ʭʰʸʺʻʨʲʻʸʰ ʳʵʫʬʲʰʹʨʯʭʰʹ. 

             ʪʨʮʵʳʭʨ ʳʰʳʫʰʴʨʸʬʵʩʫʨ ʲʨʩʵʸʨʺʵʸʰʻʲ ʶʰʸʵʩʬʩˀʰ +22℃ 

ʺʬʳʶʬʸʨʺʻʸʰʹ ʪʨʸʬʳʵˀʰ ʸʨ˂ ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʰʹ ʫʨʳʨʺʬʩʰʯʰ 

ʳʫʪʬʴʬʲʰʹ ˄ʨʸʳʵˀʵʩʰʹ ˄ʿʨʸʵʫ ʨʸ ˀʬʰ˃ʲʬʩʨ ˁʨʰʯʭʨʲʵʹ, ʸʨʫʪʨʴ 

ʱʵʳʶʰʻʺʬʸʰʹ ʸʬʱʵʳʬʴʫʰʸʬʩʻʲʰ ʪʨʸʬʳʵ ʳʻˀʨ ʺʬʳʶʬʸʨʺʻʸʰʹ ʫʰʨʶʨʮʵʴʰ 

(+5+35)℃. ʭʰʸʺʻʨʲʻʸʰ ʳʻʲʺʰʳʬʺʸʰʹ ʨʯʭʲʰʹ ʩʰˇʰ 0.001 ʳʨ. 

ˁʨʺʨʸʬʩʻʲʰ ʬʸʯˇʬʸʨʫʰ ʪʨʮʵʳʭʰʹ ˀʬʫʬʪʬʩʰ ʳʵʿʭʨʴʰʲʰʨ ˂ˆʸʰʲˀʰ N26 

ʳʻʲʺʰʳʬʺʸʰʹ ʨʯʭʲʰʹ ˂ʫʵʳʰʲʬʩʬʩʰʹ ʹʨʮʾʭʸʬʩʰ.  ʨ                                                                     

˂ˆʸʰʲʰ N26 

ʳʰ˄ʵʫʬʩʻʲʰ ˄ʴʬʭʨ 
ʱʨʲʰʩʸʨʺʵʸʰ

ʹ ˂ʫʵʳʰʲʬʩʨ 

ʳʻʲʺʰʳʬʺʸʰ 

 ˂ʫʵʳʰʲʬʩʨ 

ʱʨ
ʲ
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ʸ
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ʵ
ʸ
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ʯ
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ʰʻ

ʲ
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ʮ
ʵ
ʳʰ

ʲ
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ʰʺ

ʻ
ʸ
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Δ 

ʼ
ʨʸ

ʫ
ʵ
ʩʰ

ʯ
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ʪʨ
ʮ
ʵ
ʳʰ

ʲ
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ʳʴ
ʰˀ

ʭʴ
ʬʲ

ʵ
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ʨʩ
ʹʵ

ʲ
ʻ
ʺ
ʻ
ʸ
ʰ 

 

Δ 

ʼ
ʨʸ

ʫ
ʵ
ʩʰ

ʯ
ʰ 

 

δ 
Ba mA mA mA % mA mA % 

7.5087 8.0044 8.012 0.0076 0.0948 8.019 0.0136 0.169 

           

 ʳʰ˄ʵʫʬʩʻʲʰ ˄ʴʬʭʰʹ ʯʬʵʸʰʻʲʰ ʳʴʰˀʭʴʬʲʵʩʨ  

7.5087              ⁄                                 

      ʱʨʲʰʩʸʨʺʵʸʰʹ ʨʩʹʵʲʻʺʻʸʰ ˂ʫʵʳʰʲʬʩʰʹ ʳʨʽʹʰʳʨʲʻʸʰ 

ʳʴʰˀʭʴʬʲʵʩʨ     ʪʨʮ   ʯʬʵʸ                                             

ʱʨʲʰʩʸʨʺʵʸʰʹ ʼʨʸʫʵʩʰʯʰ ˂ʫʵʳʰʲʬʩʨ 

δ    ʪʨʮ 100  
           100  0.09                                        

ʳʻʲʺʰʳʬʺʸʰʯ ʪʨʮʵʳʰʲʰ ˄ʴʬʭʰʹ ʨʩʹʵʲʰʺʻʸʰ ˂ʫʵʳʰʲʬʩʰʹ 

ʳʨʽʹʰʳʨʲʻʸʰ ʳʴʰˀʭʴʬʲʵʩʨ    ʪʨʮ ʳ   ʯʬʵʸ  8.019-8.0044  0.0146                       
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       ʳʻʲʺʰʳʬʺʸʰʹ ʼʨʸʫʵʩʰʯʰ ˂ʫʵʳʰʲʬʩʨ 

δ    ʪʨʮ ʳ 100  
            100  0.1                                    

       ʸʬʨʲʻʸʰ ʳʻʲʺʰʳʬʺʸʰʹ ʹʰʮʻʹʺʰʹ ʱʲʨʹʰ 0,05%_ʰʹ ʺʵʲʰʨ, 

ʭʰʸʺʻʨʲʻʸʰ ʳʵʫʬʲʰʹʨʯʭʰʹ ʳʰʾʬʩʻʲʰ ʳʵʴʨ˂ʬʳʬʩʰʹ ʳʰˆʬʫʭʰʯ 

ˀʬʹʨ˃ʲʬʩʬʲʰʨ ʪʨʳʵʭʰʯʭʨʲʵʯ ʱʵʴʱʸʬʺʻʲʰ ʪʨʮʵʳʭʰʹ ʼʨʸʫʵʩʰʯʰ 

˂ʫʵʳʰʲʬʩʨ, ʸʵʳʬʲʰ˂ ʪʨʳʮʵʳʰ ˆʬʲʹʨ˄ʿʵʹ ʹʰʮʻʹʺʰʹ ʱʲʨʹʹ 

ʪʨʴʹʨʮʾʭʸʨʭʹ. ʳʻʲʺʰʳʬʺʸʰʹ ʭʰʸʺʻʨʲʻʸʰ ʳʵʫʬʲʰʹʨʯʭʰʹ ʼʨʸʫʵʩʰʯʰ 

˂ʫʵʳʰʲʬʩʨ  

δ       100  
         100  0.0                                        

ʪʨʴʹˆʭʨʭʬʩʨ ʸʬʨʲʻʸ ʫʨ ʭʰʸʺʻʨʲʻʸ  ʪʨʳʮʵʳʰ ʳʻʲʺʰʳʬʺʸʬʩʰʹ 

ʼʨʸʫʵʩʰʯ ˂ʫʵʳʰʲʬʩʬʩʹ (ʹʰʮʻʹʺʰʹ ʱʲʨʹʬʩʹ) ˀʵʸʰʹ ʸʬʨʲʻʸʰ 

ʳʻʲʺʰʳʬʺʸʰʹ ʹʰʮʻʹʺʰʹ ʱʲʨʹʯʨʴ ˀʬʫʨʸʬʩʰʯ ˀʬʨʫʪʬʴʹ     ʸ   ʭ ʸ                                                          

ʹʨʫʨ˂:  

_ γ0 ʸʬʨʲʻʸʰ ʫʨ ʭʰʸʺʻʨʲʻʸʰ ʳʻʲʺʰʳʬʺʸʬʩʰʹ ʫʨʿʭʨʴʰʲʰ 

˂ʫʵʳʰʲʬʩʬʩʰʹ (ʹʰʮʻʹʺʰʹ ʱʲʨʹʬʩʰʹ)  ʼʨʸʫʵʩʰʯʰ ʳʨˁʭʬʴʬʩʬʲʰʨ; 

_ γʸ ʸʬʨʲʻʸʰ ʳʻʲʺʰʳʬʺʸʰʹ ʫʨʿʭʨʴʰʲʰ ˂ʫʵʳʰʲʬʩʨʨ. 

_γʭ ʭʰʸʺʻʨʲʻʸʰ ʳʻʲʺʰʳʬʺʸʰʹ ʫʨʿʭʨʴʰʲʰ ˂ʫʵʳʰʲʬʩʨ. 

ʸʬʨʲʻʸʰ  ʫʨ ʭʰʸʺʻʨʲʻʸʰ ʳʻʲʺʰʳʬʺʸʬʩʰʹ ʫʨʿʭʨʴʰʲʰ 

˂ʫʵʳʰʲʬʩʬʩʰʹ ʳʰʾʬʩʻʲʰ ʪʨʴʹˆʭʨʭʬʩʨ ʭʰʸʺʻʨʲʻʸʰ ʳʵʫʬʲʰʹ 

ʸʬʨʲʻʸʯʨʴ ʨʫʬʱʭʨʺʻʸʵʩʨʮʬ ʳʬʺʿʭʬʲʬʩʹ. 

˃ʰʸʰʯʨʫʰ ˂ʫʵʳʰʲʬʩʰʹ ʪʨʴʨ˄ʲʬʩʰʹ ʱʨʴʵʴʰ, ʬʸʯˇʬʸʨʫʰ 

ʪʨʮʵʳʭʰʹʨʯʭʰʹ, ʳʰʭʰʾʵʯ ʳʨʸʯʱʻʯˆʨ ʪʨʴʨ˄ʰʲʬʩʰʹ ʳʽʵʴʬʫ, 

ʸʵʳʲʰʹʯʭʰʹʨ˂ α √3 ʨʳʰʹ ʪʨʯʭʨʲʰʹ˄ʰʴʬʩʰʯ ʱʨʲʰʩʸʨʺʵʸʰʹ ˄ʴʬʭʰʹ 

ʳʴʰˀʭʴʬʲʵʩʰʹ ʪʨʮʵʳʭʰʹ ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʨ ʳʰʹʰ ʳʨʽʹʰʳʨʲʻʸʰ 

ʨʩʹʵʲʻʺʻʸʰ ˂ʫʵʳʰʲʬʩʰʹ ʪʨʯʭʨʲʰʹ˄ʰʴʬʩʰʯ  ʱ   ʱ                                                                

ʳʻʲʺʰʳʬʺʸʰʯ ˄ʴʬʭʰʹ ʳʴʰˀʭʴʬʲʵʩʰʹ ʪʨʮʵʳʭʰʹ ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʨ 

ʳʰʹʰ ʳʨʽʹʰʳʨʲʻʸʰ ʨʩʹʵʲʻʺʻʸʰ ˂ʫʵʳʰʲʬʩʰʹ ʪʨʯʭʨʲʰʹ˄ʰʴʬʩʰʯ 
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 ʳ                                                                

ʫʰʹʱʸʬʺʻʲʰ ʨʯʭʲʰʹ ˂ʫʵʳʰʲʬʩʰʹ ʹʺʨʴʫʨʸʺʻʲʰ 

ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʨ ʳʨʸʯʱʻʯˆʨ ʪʴʨ˄ʰʲʬʩʰʹ ʳʵ˂ʭʰʹ ʱʵʬʼʰ˂ʰʬʴʺʰʹ 

ʳʴʰˀʭʴʬʲʵʩʰʹʨʯʭʰʹ ʳʰʰʾʬʩʹ ʹʨˆʬʹ  ʨ   ʨ√        √                                                   

ˀʬʭʨʫʪʰʴʵʯ ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʰʹ ʩʰʻˇʬʺʰ ˂ˆʸʰʲʰ N27 

˂ˆʸʰʲʰ N27 

ˀʬʹʨʹʭʲʬʲʰ ʹʰʫʰʫʬʬʩʰ 

ˀʬʹʨʹʭʲʬʲʰ 

ʹʰʫʰʫʬʬʩʰʹ 

ˀʬʼʨʹʬʩʬʩʰ 

ˀʬʹʨʹʭʲʬʲʰ 

ʹʰʫʰʫʬʬʩʰʹ 

ʹʺʨʴʫʨʸʺʻʲʰ 

ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʨ 

ʨʲʩʨʯʵʩʰʹ 

ʪʨʴʨ˄ʰʲʬʩʰʹ 

ʹʨˆʬ 

˄ʴʬʭʰʹ ʪʨʮʵʳʰʲʰ 

ʳʴʰˀʭʴʬʲʵʩʨ 
8.019 mA _ _ 

ʱʨʲʰʩʸʨʺʵʸʰʹ 
ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʨ 

_  ˃=         ʳʨʸʯʱʻʯˆʨ 

ʳʻʲʺʰʳʬʺʸʰʹ 
ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʨ 

_  ʫ           ʳʨʸʯʱʻʯˆʨ 

ʫʰʹʱʸʬʺʻʲʵʩʰʹ 

ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʨ 
_  ʨ            ʳʨʸʯʱʻʯˆʨ 

Y 8.019                   

 

ʪʨʳʵʹʨʹʭʲʬʲʰ ʹʰʫʰʫʰʹ ˇʨʳʻʸʰ ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʨ.     √∑    √                                              

      ʪʨʳʵʭʰʯʭʨʲʵʯ ʪʨʮʵʳʭʰʹ ˀʬʫʬʪʰʹ ʪʨʼʨʸʯʵʬʩʻʲʰ 

ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʨ p=0.95 ʹʨʴʫʵʵʩʰʹ ʫʵʴʰʹʨʯʭʰʹ                                                      

ʹʨʩʵʲʵʵʫ ʪʨʮʵʳʭʰʹ ˀʬʫʬʪʰ ʭʰʸʺʻʨʲʻʸʰ ʳʵʫʬʲʰʹʨʯʭʰʹ ˁʨʰ˄ʬʸʬʩʨ       

8.019            

ʪʨʴʹˆʭʨʭʬʩʨ ʸʬʨʲʻʸ ʫʨ ʭʰʸʺʻʨʲʻʸ ʪʨʼʨʸʯʵʬʩʻʲ 

ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʬʩʹ ˀʵʸʰʹ ˀʬʨʫʪʬʴʹ     ʸ   ʭ ʸ                                                   

ʸʨ˂ ʫʨʳʨʱʳʨʿʵʼʰʲʬʩʬʲ ˀʬʫʬʪʨʫ ˀʬʰ˃ʲʬʩʨ ˁʨʰʯʭʨʲʵʹ. 
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˄ʴʬʭʰʹ ʶʰʸʫʨʶʰʸʰ ʳʸʨʭʨʲˇʬʸʨʫʰ ʪʨʮʵʳʭʰʹ ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʰʹ ˀʬʼʨʹʬʩʨ 

ʭʰʸʺʻʨʲʻʸʰ ʳʵʫʬʲʰʹʨʯʭʰʹ 

 

       ʪʨʮʵʳʭʰʹ ˀʬʫʬʪʰʹ ˀʬʼʨʹʬʩʰʹʨ ʫʨ ˄ʴʬʭʰʹ ʪʨʮʵʳʭʰʹ 

ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʰʹ ˀʬʼʨʹʬʩʰʹʨʯʭʰʹ ʸʬʨʲʻʸ ʶʰʸʵʩʬʩˀʰ ˀʬʫʪʬʴʰʲʰ 

ʨʲʪʵʸʰʯʳʰʹ ʳʰˆʬʫʭʰʯ ˀʬʭʨʫʪʰʴʵʯ ʪʨʮʵʳʭʰʹ ʹʶʬ˂ʰʼʰʱʨ˂ʰʨ 

ʭʰʸʺʻʨʲʻʸʰ ʳʵʫʬʲʰʹʨʯʭʰʹ. 

              ʪʨʮʵʳʭʨ ʳʰʳʫʰʴʨʸʬʵʩʫʨ ʲʨʩʵʸʨʺʵʸʰʻʲ ʶʰʸʵʩʬʩˀʰ +22℃ 

ʺʬʳʶʬʸʨʺʻʸʰʹ ʪʨʸʬʳʵˀʰ ʸʨ˂ ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʰʹ ʫʨʳʨʺʬʩʰʯʰ 

ʳʫʪʬʴʬʲʰʹ ˄ʨʸʳʵˀʵʩʰʹ ˄ʿʨʸʵʫ ʨʸ ˀʬʰ˃ʲʬʩʨ ˁʨʰʯʭʨʲʵʹ, ʸʨʫʪʨʴ 

ʱʵʳʶʰʻʺʬʸʰʹ ʸʬʱʵʳʬʴʫʰʸʬʩʻʲʰ ʪʨʸʬʳʵ ʳʻˀʨ ʺʬʳʶʬʸʨʺʻʸʰʹ ʫʰʨʶʨʮʵʴʰ 

(+5+35)℃  

      ʭʰʸʺʻʨʲʻʸʰ ʳʻʲʺʰʳʬʺʸʰʹ ʨʯʭʲʰʹ ʩʰˇʰ 0.001 ʳʨ; 

ʳʻʲʺʰʳʬʺʸʰʹ ʨʯʭʲʰʹ ˂ʫʵʳʰʲʬʩʬʩʰʹ ʹʨʮʾʭʸʬʩʰ.  ʨ                                                                

     ˂ˆʸʰʲʬʩˀʰ N28-ˀʰ ʫʨ N29 ʳʵ˂ʬʳʻʲʰʨ ˀʬʹʨʹʭʲʬʲʰ ʹʰʫʰʫʰʹ 

ʳʴʰˀʭʴʬʲʵʩʬʩʰ 10 ˇʬʸʨʫʰ ʪʨʮʵʳʭʰʹ ˀʬʫʬʪʬʩʰʹ ʳʰˆʬʫʭʰʯ ʳʰ˄ʵʫʬʩʻʲʰ 

˄ʴʬʭʰʹ 8 Ba-ʰʹ ʶʰʸʵʩʬʩˀʰ ˄ʴʬʭʰʹʨ ʫʨ ʫʬʴʰʹ ˃ʨʲʰʹ ʬʸʯʬʻʲʬʩʰʯ 

ʪʸʨʫʻʰʸʬʩʻʲʰ ʹʱʨʲʬʩʰʹ ʳʵʴʨ˂ʬʳʬʩʰʹ ʳʰˆʬʫʭʰʯ ʳʰʹʰ ˀʬʹʨʩʨʳʰʹʰ ʫʬʴʰʹ 

˃ʨʲʰʹ ʬʸʯʬʻʲʬʩʰʯ ʪʸʨʫʻʰʸʬʩʻʲʰ ʳʻʲʺʰʳʬʺʸʰʯ ʪʨʮʵʳʰʲʰ ʫʬʴʰʹ 

˃ʨʲʰʹ ʬʸʯʬʻʲʬʩʰʹ  ʳʴʰˀʭʴʬʲʵʩʬʩʰʹʨʯʭʰʹ. ʨʽʭʬ ˂ˆʸʰʲˀʰ ʴʨˁʭʬʴʬʩʰʨ 

ʪʨʮʵʳʰʲʰ ʹʰʫʰʫʰʹ ʹʨˀʻʨʲʵ ʨʸʰʯʳʬʺʰʱʻʲʰʹʨ ʫʨ ʳʵ˂ʬʳʻʲʰʨ ʪʨʮʵʳʭʰʹ 

ˀʬʫʬʪʬʩʰʹ      ̅  ʳʴʰˀʭʴʬʲʵʩʬʩʰ, ʨʹʬʭʬ ʳʨʯʰ ʹʨˀʻʨʲʵ ʱʭʨʫʸʨʺʻʲʰ 

ʪʨʫʨˆʸʰʹ ʳʴʰˀʭʴʬʲʵʩʬʩʰ. 
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     ˂ˆʸʰʲʰ N28 

     

 ʭʰʸʺʻʨʲʻʸʰ ʳʻʲʺʰʳʬʺʸʰʹ ʨʯʭʲʰʹ ʩʰˇʰ 0.001 ʳʨ ; 

     ʳʻʲʺʰʳʬʺʸʰʹ ʨʯʭʲʰʹ ˂ʫʵʳʰʲʬʩʬʩʰʹ ʹʨʮʾʭʸʬʩʰ.  ʨ                                                             

      ʴʨʭʯʵʩʹʨʫʬʴˀʰ ʪʨʹʨʮʵʳʰ ˄ʴʬʭʰʹ ʳʴʰˀʭʴʬʲʵʩʨ ʰʳʰʺʰʸʬʩʻʲʰʨ 

ʭʰʸʺʻʨʲʻʸ ˆʬʲʹʨ˄ʿʵʹ ˄ʰʴʨ ʶʨʴʬʲʮʬ ʱʨʲʰʩʸʨʺʵʸʰʹ ʩʲʵʱˀʰ, ˆʬʲʰʯ 

ʫʨʿʬʴʬʩʻʲʰ ˄ʴʬʭʰʹ (ʹʰʪʴʨʲʰʹ ʳʻʫʳʰʭʰ ʳʫʪʬʴʬʲʰ) ʭʰʸʺʻʨʲʻʸʰ 

ʾʰʲʨʱʰʹ ʹʨˀʻʨʲʬʩʰʯ. ʨʳ ʳʫʪʬʴʬʲʹ ʬʳʨʺʬʩʨ ˀʬʳʯˆʭʬʭʰʯʰ ʹʰʪʴʨʲʬʩʰʹ 

ʪʬʴʬʸʨʺʵʸʰʫʨʴ ʪʬʴʬʸʰʸʬʩʻʲʰ ˀʬʳʯˆʭʬʭʰʯʰ ʹʰʪʴʨʲʰʹ ʳʫʪʬʴʬʲʰ, 

ʸʵʳʲʰʹ ʹʨˀʻʨʲʵ ʱʭʨʫʸʨʺʻʲʰ ʪʨʫʨˆʸʨ ʳʨʽʹʰʳʨʲʻʸʨʫʨʨ ʳʰʨˆʲʵʬʩʻʲʰ 

ʸʬʨʲʻʸʰ ʶʸʵ˂ʬʹʰʹ ʨʴʨʲʵʪʰʻʸ ʳʨˁʭʬʴʬʩʬʲʯʨʴ ʨʳʨʹʯʨʴ, ˀʬʳʯˆʭʬʭʰʯʰ 

ʹʰʪʴʨʲʬʩʰʹ ʪʨʴʨ˄ʰʲʬʩʰʹ ʱʨʴʵʴʹ ʴʵʸʳʨʲʻʸʰ ʪʨʴʨ˄ʰʲʬʩʰʹ ʹʨˆʬ ʨʽʭʹ. 

ʨʹʬʯʰ ʳʰʫʪʵʳʨ ˃ʰʸʨʯʨʫʰ ʹʰʪʴʨʲʰʹ ˀʬʳʯˆʭʬʭʰʯʰ ʶʸʵ˂ʬʹʰʹ ʰʳʰʺʨ˂ʰʰʹ 

 

N 

ʳʰ˄ʵʫʬʩʻʲʰ ˄ʴʬʭʨ 
ʱʨʲʰʩʸʨʺʵʸʰʹ 
˂ʫʵʳʰʲʬʩʨ 

ʱʨ
ʲ
ʰʩ

ʸ
ʨʺ

ʵ
ʸ
ʰʯ

 

 ʯʬʵʸ 
ʯ
ʬʵ

ʸ
ʰʻ

ʲ
ʰ 

 ʪʨʮ 
ʪʨ
ʮ
ʵ
ʳʰ

ʲ
ʰ 

ʨʩ
ʹʵ

ʲ
ʰʺ

ʻ
ʸ
ʰ 

Δ  ʱ 
ʼ
ʨʸ

ʫ
ʵ
ʩʰ

ʯ
ʰ 

Ba mA mA mA % 

1 7.5018 8.001 7.9929 0.00807 0.1009 

2 7.5034 8.0018 7.9937 0.0080 0.1004 

3 7.5006 8.0003 7.9922 0.00804 0.1006 

4 7.5079 8.0043 7.9961 0.00811 0.1014 

5 7.5054 8.0029 7.9945 0.00805 0.1007 

6 7.5028 8.0015 7.9934 0.00807 0.1009 

7 7.5076 8.0041 7.9960 0.00807 0.1010 

8 7.5048 8.0026 7.9945 0.00810 0.1013 

9 7.5043 8.0023 7.9942 0.00805 0.1007 

10 7.5040 8.0022 7.9941 0.00807 0.1010 

ʹʨˀʻʨʲʵ 7.5043 8.0023 7.9942   



102 

 

ʹʨˀʻʨʲʬʩʨʹ ʰ˃ʲʬʭʨ ʸʨ˂ ʳʨʽʹʰʳʨʲʻʸʨʫ ˀʬʬʹʨʩʨʳʬʩʨ ʸʬʨʲʻʸ ʶʰʸʵʩʬʩˀʰ 

ʳʰʳʫʰʴʨʸʬ ʳʵʭʲʬʴʬʩʹ. 

     ˂ˆʸʰʲʰ N29 

       ʳʰ˄ʵʫʬʩʻʲʰ ˄ʴʬʭʰʹ ʯʬʵʸʰʻʲʰ ʳʴʰˀʭʴʬʲʵʩʨ (მʹʨʴʰʳʻˀʵნ 

ʳʴʰˀʭʴʬʲʵʩʨ) ʳʰʰʾʬʩʨ ʭʰʸʺʻʨʲʻʸʰ ˆʬʲʹʨ˄ʿʵʹ ˄ʰʴʨ ʶʨʴʬʲʮʬ ʨʳʯʭʲʬʲʰ 

ʳʵ˄ʿʵʩʰʲʵʩʰʹ ʰʳʰʺʨʺʵʸʰʹ ʪʨʳʵʿʬʴʬʩʰʯ ʹʨʫʨ˂ ˄ʴʬʭʰʹ ʬʸʯʬʻʲʬʩˀʰ 

ʳʰ˄ʵʫʬʩʻʲʰ ʳʴʰˀʭʴʬʲʵʩʨ ʳʸʨʭʲʫʬʩʨ ʪʨʫʨʹʨʿʭʨʴʰ ʱʵʬʼʰ˂ʰʬʴʺʰʹ 

ʳʴʰˀʭʴʬʲʵʩʨʮʬ  0.533 mA/Ba . ʴʨʳʸʨʭʲʹ ʬʳʨʺʬʩʨ 4 ʬʸʯʬʻʲʰ, ʸʨ˂ ʫʬʴʰʹ 

ʬʸʯʬʻʲʬʩʰʯ ʪʸʨʫʻʰʸʬʩʻʲʰ ˆʬʲʹʨ˄ʿʵʹ 0-ʰʹ ʳʴʰˀʭʴʬʲʵʩʨʹ ˀʬʬʹʨʩʨʳʬʩʨ. 

7.529 Ba * 0.533 mA/Ba +4=8.0155 mA                          

      ʳʰʾʬʩʻʲʰ ˀʬʫʬʪʰ ˄ʨʸʳʵʨʫʪʬʴʹ ˄ʴʬʭʰʹ ʯʬʵʸʰʻʲ, ʳʨʯʬʳʨʺʰʱʻʸʰ 

ʪʨʳʵʯʭʲʬʩʰʯ ʳʰʾʬʩʻʲ ʳʴʰˀʭʴʬʲʵʩʨʹ ʫʨ ʭʰʸʺʻʨʲʻʸʰ ʪʨʮʵʳʭʰʹ 

ʶʸʵ˂ʬʹʰʹʨʯʭʰʹ ˀʬʰ˃ʲʬʩʨ ˁʨʰʯʭʨʲʵʹ, ʸʵʪʵʸ˂ ʹʨʴʰʳʻˀʵ, ʪʬʴʬʸʰʸʬʩʻʲʰ 

ʹʰʪʴʨʲʰʹ ʸʬʨʲʻʸ ʶʰʸʵʩʬʩʯʨʴ ʳʰʨˆʲʵʬʩʰʹ ʯʭʨʲʹʨʮʸʰʹʰʯ. 

      ʱʨʲʰʩʸʨʺʵʸʰʹ ʨʩʹʵʲʻʺʻʸʰ ˂ʫʵʳʰʲʬʩʰʹ ʳʨʽʹʰʳʨʲʻʸʰ 

ʳʴʰˀʭʴʬʲʵʩʨ     ʪʨʮ   ʯʬʵʸ                                            

ʱʨʲʰʩʸʨʺʵʸʰʹ ʼʨʸʫʵʩʰʯʰ ˂ʫʵʳʰʲʬʩʨ     ʪʨʮ                                                      

ʳʻʲʺʰʳʬʺʸʰ       ̅   (     ̅ )  

 ˂ʫʵʳʰʲʬʩʨ 

              

ʪʨʮʵʳʰʲʰ               ʳ ʨʩʹʵʲʰʺʻʸʰ              ʳ ʼʨʸʫʵʩʰʯʰ 

mA mA %   

8.014 -0.013 -0.01 0.004 0.0000203 

8.015 0.0162 -0.01 0.002 0.0000062 

8.021 -0.02 -0.02 0.006 0.0000423 

8.019 -0.014 -0.014 0.011 0.0001322 

8.013 -0.01 -0.01 0.006 0.0000423 

8.017 -0.015 -0.015 0.002 0.0000062 

8.018 -0.013 -0.013 0.006 0.0000422 

8.015 -0.012 -0.012 0.010 0.0001103 

8.016 -0.007 -0.007 0.003 0.0000123 

8.01 -0.007 -0.007 0.002 0.0000062 

8.015   ∑ 0.057 ∑ 0.00042 
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      ʳʻʲʺʰʳʬʺʸʰʯ ʪʨʮʵʳʰʲʰ ˄ʴʬʭʰʹ ʨʩʹʵʲʰʺʻʸʰ ˂ʫʵʳʰʲʬʩʰʹ 

ʳʨʽʹʰʳʨʲʻʸʰ ʳʴʰˀʭʴʬʲʵʩʨ    ʪʨʮ ʳ   ʯʬʵʸ  8.0158                                  

ʳʻʲʺʰʳʬʺʸʰʹ ʼʨʸʫʵʩʰʯʰ ˂ʫʵʳʰʲʬʩʨ     ʪʨʮ ʳ                                                            

ʸʬʨʲʻʸʰ ʳʻʲʺʰʳʬʺʸʰʹ ʹʰʮʻʹʺʰʹ ʱʲʨʹʰ 0.05%_ʰʹ ʺʵʲʰʨ, 

ʭʰʸʺʻʨʲʻʸʰ ʳʵʫʬʲʰʹʨʯʭʰʹ ʳʰʾʬʩʻʲʰ ʳʵʴʨ˂ʬʳʬʩʰʹ ʳʰˆʬʫʭʰʯ 

ˀʬʹʨ˃ʲʬʩʬʲʰʨ ʪʨʳʵʭʰʯʭʨʲʵʯ ʱʵʴʱʸʬʺʻʲʰ ʪʨʮʵʳʭʰʹ ʼʨʸʫʵʩʰʯʰ 

˂ʫʵʳʰʲʬʩʨ, ʸʵʳʬʲʰ˂ ʪʨʳʮʵʳʰ ˆʬʲʹʨ˄ʿʵʹ ʹʰʮʻʹʺʰʹ ʱʲʨʹʹ 

ʪʨʴʹʨʮʾʭʸʨʭʹ. ʳʻʲʺʰʳʬʺʸʰʹ ʭʰʸʺʻʨʲʻʸʰ ʳʵʫʬʲʰʹʨʯʭʰʹ ʼʨʸʫʵʩʰʯʰ 

˂ʫʵʳʰʲʬʩʨ                                                      
      ʨʹʬʯ ˀʬʳʯˆʭʬʭʨˀʰ ʪʨʴʹˆʭʨʭʬʩʨ ʼʨʸʫʵʩʰʯ ˂ʫʵʳʰʲʬʩʬʩʹ ˀʵʸʰʹ 

ˀʬʨʫʪʬʴʹ      ʸ   ʭ ʸ                                            

       ʮʵʪʨʫʨʫ ˀʬʰ˃ʲʬʩʨ ʰʯʽʭʨʹ, ʸʵʳ ʸʵʪʵʸ˂ ʬʸʯˇʬʸʨʫʰ ʪʨʮʵʳʭʰʹʨʹ 

ʨʹʬʭʬ ʳʸʨʭʨʲˇʬʸʨʫʰ ʪʨʮʵʳʭʬʩʰʹʨʹ ˁʨʺʨʸʬʩʻʲʰ ˂ʫʵʳʰʲʬʩʨʯʨ ʨʴʨʲʰʮʰ 

ʪʭʰˁʭʬʴʬʩʹ ʸʬʨʲʻʸʰ  ʫʨ ʭʰʸʺʻʨʲʻʸʰ ʳʻʲʺʰʳʬʺʸʬʩʰʹ ʫʨʿʭʨʴʰʲʰ 

˂ʫʵʳʰʲʬʩʬʩʰʹ ʳʰʾʬʩʻʲʰ ʪʨʴʹˆʭʨʭʬʩʨ, ʭʰʸʺʻʨʲʻʸʰ ʳʵʫʬʲʰʹ 

ʸʬʨʲʻʸʯʨʴ ʨʫʬʱʭʨʺʻʸʵʩʨʮʬ ʳʬʺʿʭʬʲʬʩʹ. 

     ʳʸʨʭʨʲˇʬʸʨʫʰ ʪʨʮʵʳʭʬʩʰʹ  ˀʬʹʨʹʭʲʬʲʰ ʹʰʫʰʫʰʹ A ʺʰʶʰʹ 

ˇʨʳʻʸʰ ʹʺʨʴʫʨʸʺʻʲʰ ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʨ ʪʨʳʵʰʯʭʲʬʩʨ:     ሺ  ሻ  √    ሺ    ሻ (      )       √                                    

             ˀʬʹ˄ʵʸʬʩʰʹ ʱʵʬʼʰ˂ʰʬʴʺʰʹ ʪʨʯʭʨʲʰʹ˄ʰʴʬʩʰʯ ʪʨʮʵʳʭʨʯʨ ʳ˂ʰʸʬ 

ʸʨʵʫʬʴʵʩʰʹʨʯʭʰʹ, ʸʵʳʬʲʰ˂ 10 ʪʨʮʵʳʭʰʹ ˀʬʳʯˆʭʬʭʨˀʰ 1,  ʺʵʲʰʨ 

ʪʭʬʽʴʬʩʨ    ሺ  ሻ                                                 ̃ ʱʸʰʺʬʸʰʻʳʰʹ ʳʰˆʬʫʭʰʯ ʫʨʱʭʰʸʭʬʩʨʯʨ ˀʬʫʬʪʬʩʰʹ ʪʨʴʨ˄ʰʲʬʩʰʹ 

ʴʵʸʳʨʲʻʸʵʩʰʹ ˀʬʳʵ˄ʳʬʩʨ ʪʭʨ˃ʲʬʭʹ [1] 
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 ̃        ̅                                                           

ʹʨʫʨ˂  

   √(      ̅  )   √                                          

ʨʳʰʹ ʪʨʯʭʨʲʰʹ˄ʰʴʬʩʰʯ  ̃                   =0.8715                                               

     ʸʨ˂ ʳʵʯʨʭʹʬʩʻʲʰʨ  ̃ ʱʸʰʺʬʸʰʻʳʰʹ ʴʵʸʳʨʲʻʸʰ ʪʨʴʨ˄ʰʲʬʩʰʹ 

ʶʰʸʵʩʰʹ ʮʾʭʸʬʩʹ ˀʰʪʴʰʯ 10 ʪʨʮʵʳʭʰʹʨʯʭʰʹ    (  ⁄ )          ̃            ⁄        ʬ.ʰ. ʹʨʽʳʬ ʪʭʨʽʭʹ ʪʨʮʵʳʰʲʰ ʹʰʫʰʫʬʬʩʰʹ ʴʵʸʳʨʲʻʸʰ 

ʪʨʴʨ˄ʰʲʬʩʰʹ ʱʨʴʵʴʯʨʴ [1]. 

      ˃ʰʸʰʯʨʫʰ ˂ʫʵʳʰʲʬʩʰʹ ʪʨʴʨ˄ʲʬʩʰʹ ʱʨʴʵʴʰ, ʳʸʨʭʨʲˇʬʸʨʫʰ 

ʪʨʮʵʳʭʰʹʨʯʭʰʹ, ʳʰʭʰʾʵʯ ʴʵʸʳʨʲʻʸʰ ʪʨʴʨ˄ʰʲʬʩʰʹ ʳʽʵʴʬʫ 

ʸʵʳʲʰʹʯʭʰʹʨ˂ α=1.65.   ʱ   ʱ                                                                      

             ʳʻʲʺʰʳʬʺʸʰʯ ˄ʴʬʭʰʹ ʳʴʰˀʭʴʬʲʵʩʰʹ ʪʨʮʵʳʭʰʹ ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʨ 

ʳʰʹʰ ʳʨʽʹʰʳʨʲʻʸʰ ʨʩʹʵʲʻʺʻʸʰ ˂ʫʵʳʰʲʬʩʰʹ ʪʨʯʭʨʲʰʹ˄ʰʴʬʩʰʯ: 

 ʳ                                                                  

      ʫʰʹʱʸʬʺʻʲʰ ʨʯʭʲʰʹ ˂ʫʵʳʰʲʬʩʰʹ ʹʺʨʴʫʨʸʺʻʲʰ 

ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʨ ʳʨʸʯʱʻʯˆʨ ʪʴʨ˄ʰʲʬʩʰʹ ʳʵ˂ʭʰʹ ʱʵʬʼʰ˂ʰʬʴʺʰʹ 

ʳʴʰˀʭʴʬʲʵʩʰʹʨʯʭʰʹ ʳʰʰʾʬʩʹ ʹʨˆʬʹ  ʨ   ʨ                                                 

ʱʵʸʬʲʨ˂ʰʨ: ʨʸ˂ʬʸʯʰ ˀʬʹʨʹʭʲʬʲʰ ʹʰʫʰʫʬ  ʨʸ ˆʨʹʰʯʫʬʩʨ 

ʳʴʰˀʭʴʬʲʵʭʨʴʰ ˆʨʸʰʹˆʰʯ ʻʸʯʰʬʸʯ ʱʵʸʬʲʰʸʬʩʻʲʨʫ.  

ʪʨʳʵʹʨʹʭʲʬʲʰ ʹʰʫʰʫʰʹ ˇʨʳʻʸʰ ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʨ.  
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ˀʬʭʨʫʪʰʴʵʯ ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʰʹ ʩʰʻˇʬʺʰ 

     ˂ˆʸʰʲʰ 30 

ˀʬʹʨʹʭʲʬʲʰ ʹʰʫʰʫʬʬʩʰ 

ˀʬʹʨʹʭʲʬʲʰ 

ʹʰʫʰʫʬʬʩʰʹ 

ˀʬʼʨʹʬʩʬʩʰ 

ˀʬʹʨʹʭʲʬʲʰ 

ʹʰʫʰʫʬʬʩʰʹ 

ʹʺʨʴʫʨʸʺʻʲʰ 

ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʨ 

ʨʲʩʨʯʵʩʰʹ 

ʪʨʴʨ˄ʰʲʬʩʰʹ 

ʹʨˆʬ 

˄ʴʬʭʰʹ ʪʨʮʵʳʰʲʰ 

ʳʴʰˀʭʴʬʲʵʩʨ 
8.0122 _ _ 

ʱʨʲʰʩʸʨʺʵʸʰʹ 
˃ʰʸʰʯʨʫʰ ˂ʫʵʳʰʲʬʩʰʹ 

ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʨ 
_  ˃   =         ʴʵʸʳʨʲʻʸʰ 

ʳʻʲʺʰʳʬʺʸʰʹ 
˃ʰʸʰʯʨʫʰ ˂ʫʵʳʰʲʬʩʰʹ 

ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʨ 
_  ʫ  0,0078   ʴʵʸʳʨʲʻʸʰ 

ʫʰʹʱʸʬʺʻʲʵʩʰʹ 

ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʨ 
_  ʨ           ʴʵʸʳʨʲʻʸʰ 

Y 8.0122                

    √     √                                               

      A ʫʨ B ʺʰʶʰʹ ˇʨʳʻʸʰ ʹʺʨʴʫʨʸʺʻʲʰ ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʨ 

ʪʨʳʵʰʯʭʲʬʩʨ       √          √                  0.0093                

˄ʴʬʭʰʹ ʳʸʨʭʨʲˇʬʸʨʫʰ ʪʨʮʵʳʭʰʹ ʪʨʼʨʸʯʵʬʩʻʲʰ ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʨ      ሺ ሻ     ሺ ሻ                                                    

        ʹʨʫʨ˂    ሺ ሻ ʹʺʰʻʫʬʴʺʰʹ ʪʨʴʨ˄ʰʲʬʩʰʹ ʱʵʬʼʰ˂ʰʬʴʺʰʨ 0,95 

ʨʲʩʨʯʵʩʰʹʨ ʫʨ ν     ʯʨʭʰʹʻʼʲʬʩʰʹ ʸʰ˂ˆʭʰʹʨʯʭʰʹ, ʸʵʳʬʲʰ˂ 

ʳʰʨˆʲʵʬʩʰʯ [1]      √         √         .                              

      ʳʰʾʬʩʻʲʰ ʳʴʰˀʭʴʬʲʵʩʬʩʰʹ ʪʨʯʭʨʲʰʹ˄ʰʴʬʩʰʯ ʶʰʸʫʨʶʰʸʰ 

ʳʸʨʭʨʲˇʬʸʨʫʰ ʪʨʮʵʳʭʰʹ ʪʨʼʨʸʯʵʬʩʻʲʰ ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʨ ʰʽʴʬʩʨ                                                       

    ʪʨʮʵʳʭʰʹ ˀʬʫʬʪʰ ˁʨʰ˄ʬʸʬʩʨ ˀʬʳʫʬʪʰ ʹʨˆʰʯ                      ʹʨʴʫʵʵʩʰʹ ʫʵʴʰʯ 0.95 
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ʪʨʴʹˆʭʨʭʬʩʨ ʸʬʨʲʻʸ ʫʨ ʭʰʸʺʻʨʲʻʸ ʪʨʼʨʸʯʵʬʩʻʲ 

ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʬʩʹ ˀʵʸʰʹ ˀʬʨʫʪʬʴʹ     ʸ   ʭ ʸ                                                       

      ˄ʴʬʭʰʹ ʬʸʯˇʬʸʨʫʰ ʫʨ ʳʸʨʭʨʲˇʬʸʨʫʰ ʳʵʴʨ˂ʬʳʬʩʰʹ 

ʪʨʴʻʹʨʮʭʸʬʲʵʩʰʹ ʪʨʳʵʯʭʲʰʹ ˀʬʳʫʬʪ ʶʸʵʪʸʨʳʨ Labview-ˀʰ ʳʵʭʨˆʫʰʴʬʯ 

ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʰʹ ʪʨʳʵʯʭʲʰʹ ʰʴʺʬʪʸʨ˂ʰʨ. ˄ʴʬʭʰʹ ʬʸʯˇʬʸʨʫʰ 

ʪʨʮʵʳʭʰʹʯʭʰʹ ʰʴʺʬʪʸʰʸʬʩʻʲʰ ʭʰʸʺʻʨʲʻʸʰ ʳʵʫʬʲʰʹ ˄ʰʴʨ ʶʨʴʬʲʰ 

˄ʨʸʳʵʫʪʬʴʰʲʰʨ ʴʨˆʨʮʮʬ 26  

 

ʴʨˆ.26 ʭʰʸʺʻʨʲʻʸʰ ʳʵʫʬʲʰ  ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʰʹ ʪʨʳʵʯʭʲʰʯ 

ʹʨʫʨ˂ 1 ʨʸʰʹ ʱʨʲʰʩʸʨʺʵʸʰʹ ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʨ, 2 ʳʻʲʺʰʳʬʺʸʰʹ 

ʪʨʴʻʹʨʮʸʭʸʬʲʵʩʨ, 3 ʳʻʲʺʰʳʬʺʸʰʹ ʨʯʭʲʰʹ ʩʰˇʰʹ ʪʨʴʻʹʨʮʭʸʬʲʵʩʨʨ, 

4ˇʨʳʻʸʰ ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʨ ʫʨ 5 ʪʨʼʨʸʯʵʬʩʻʲʰ ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʨ. 
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4.3 ʺʬʳʶʬʸʨʺʻʸʰʹ ʪʨʮʵʳʭʰʹ ʭʰʸʺʻʨʲʻʸʰ ʳʵʫʬʲʰ 

4.3.1. ʺʬʳʶʬʸʨʺʻʸʰʹ ʶʰʸʫʨʶʰʸʰ ʬʸʯˇʬʸʨʫʰ ʫʨ ʳʸʨʭʨʲˇʬʸʨʫʰ 

ʪʨʮʵʳʭʬʩʰʹ ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʨʯʨ ˀʬʼʨʹʬʩʨ ʪʸʨʼʰʱʻʲʰ ʶʸʵʪʸʨʳʰʸʬʩʰʹ 

LabVIEW  ʹʰʭʸ˂ʬˀʰ 

             ʪʨʴʭʰˆʰʲʵʯ ʺʬʳʶʬʸʨʺʻʸʰʹ  ʺʸʨʴʹʳʰʺʬʸʰʹ  ˀʬʳʵ˄ʳʬʩʰʹ 

ʭʰʸʺʻʨʲʻʸʰ ʳʵʫʬʲʰ ʸʵʳʬʲʰ˂ ʳʵ˂ʬʳʻʲʰʨ ʴʨˆʨʮʬʩʮʬ 27 ʫʨ 28. 

ʭʰʸʺʻʨʲʻʸʰ ʰʴʹʺʸʻʳʬʴʺʬʩʰʯ ˀʬʽʳʴʰʲʰ ʹʨʮʵʳʰ  ʩʲʵʱʰʹ  ʹʨʳʻˀʨʵ 

ʳʨʪʰʫʨ ʫʨʿʵʼʰʲʰʨ 3 ʴʨ˄ʰʲʨʫ, ʳʨʸ˂ˆʬʴʨ ʳˆʨʸʬʹ ʪʨʴʲʨʪʬʩʻʲʰʨ  ʹʨʴʰʳʻˀʵ 

ˆʬʲʹʨ˄ʿʵʹ ʳʵʴʨ˂ʬʳʬʩʰ (ʨ), ˀʻʨ ʴʨ˄ʰʲˀʰ ˀʬʹʨʳʵ˄ʳʬʩʬʲʰ ʺʸʨʴʹʳʰʺʬʸʰʹ 

ʳʵʴʨ˂ʬʳʬʩʰʨ(ʩ), ˆʵʲʵ ʳʨʸˇʭʬʴʨ ʳˆʨʸʬʹ ʱʰ ʪʨʮʵʳʭʰʹ ˀʬʫʬʪʬʩʰʹ 

ʹʨʱʵʴʺʸʵʲʵ ʬ.˄. ნʪʨʴʪʨˀʰʹ ʶʨʴʬʲʰʹნ ʹʨʰʴʫʰʱʨ˂ʰʵ ʰʴʹʺʸʻʳʬʴʺʬʩʰ(ʪ). 

 

         ʴʨˆ. 27 ʺʬʳʶʬʸʨʺʻʸʰʹ ʺʸʨʴʹʳʰʺʬʸʰʹ ʫʨʱʨʲʰʩʸʬʩʰʹ ʭʰʸʺʻʨʲʻʸʰ 

ʳʵʫʬʲʰʹ ˄ʰʴʨ ʶʨʴʬʲʰ. 

    ʸʬʨʲʻʸʰ ʹʽʬʳʰʹʨʪʨʴ ʪʨʴʹˆʭʨʭʬʩʰʯ ʺʬʳʶʬʸʨʺʻʸʰʹ ʱʨʲʰʩʸʨʺʵʸʰʹ 

ʸʵʲʹ ʭʰʸʺʻʨʲʻʸ ʹʽʬʳʨˀʰ ʨʹʸʻʲʬʩʹ ˀʬʹʨʹʭʲʬʲʰ ʹʰʫʰʫʬʬʩʰʹ ʾʰʲʨʱʰ 

1, ʹʨʫʨ˂ ˆʫʬʩʨ ʹʨʹʻʸʭʬʲʰ ʹʰʫʰʫʰʹ ʺʬʳʶʬʸʨʺʻʸʰʹ ʳʴʰˀʭʴʬʲʵʩʰʹ 

ʨʸˁʬʭʨ. ˀʬʳʫʬʪ ʳʰʾʬʩʻʲ ʹʰʪʴʨʲʹ  ʬʳʨʺʬʩʨ ˀʬʳʯˆʭʬʭʰʯʰ ʹʰʪʴʨʲʬʩʰʹ 

ʪʬʴʬʸʨʺʵʸʰʫʨʴ 15 ˀʬʳʯˆʭʬʭʰʯʰ ʳʫʪʬʴʬʲʰ ʸʰʹ ˀʬʳʫʬʪʨ˂ ʼʵʸʳʰʸʬʩʻʲʰ 

ʹʰʪʴʨʲʰ ˆʭʫʬʩʨ ʪʨʮʵʳʭʰʹ ʹʽʬʳʨˀʰ ʫʨ ʰʴʫʰ˂ʰʸʫʬʩʨ ʰʴʫʰʱʨʺʵʸ 14-ʮʬ. 

         ʪʨʹʨʮʵʳʰ ʺʬʳʶʬʸʨʺʻʸʰʹ ʳʴʰˀʭʴʬʲʵʩʨ ʰʳʰʺʰʸʬʩʻʲʰʨ 

ʭʰʸʺʻʨʲʻʸ ˆʬʲʹʨ˄ʿʵʹ ˄ʰʴʨ ʶʨʴʬʲʮʬ ʱʨʲʰʩʸʨʺʵʸʰʹ ʩʲʵʱˀʰ, ˆʬʲʰʯ 

ʫʨʿʬʴʬʩʻʲʰ ʺʬʳʶʬʸʨʺʻʸʰʹ (ʹʰʪʴʨʲʰʹ ʳʻʫʳʰʭʰ ʳʫʪʬʴʬʲʰ) 
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ʭʰʸʺʻʨʲʻʸʰ ʾʰʲʨʱʰʹ ʹʨˀʻʨʲʬʩʰʯ. ʨʳ ʳʫʪʬʴʬʲʹ ʬʳʨʺʬʩʨ ˀʬʳʯˆʭʬʭʰʯʰ 

ʹʰʪʴʨʲʬʩʰʹ ʪʬʴʬʸʨʺʵʸʰʫʨʴ ʪʬʴʬʸʰʸʬʩʻʲʰ ˀʬʳʯˆʭʬʭʰʯʰ ʹʰʪʴʨʲʰʹ 

ʳʫʪʬʴʬʲʰ, ʸʵʳʲʰʹ ʹʨˀʻʨʲʵ ʱʭʨʫʸʨʺʻʲʰ ʪʨʫʨˆʸʨ ʳʨʽʹʰʳʨʲʻʸʨʫʨʨ 

ʳʰʨˆʲʵʬʩʻʲʰ ʸʬʨʲʻʸʰ ʶʸʵ˂ʬʹʰʹ ʨʴʨʲʵʪʰʻʸ ʳʨˁʭʬʴʬʩʬʲʯʨʴ ʨʳʨʹʯʨʴ, 

ˀʬʳʯˆʭʬʭʰʯʰ ʹʰʪʴʨʲʬʩʰʹ ʪʨʴʨ˄ʰʲʬʩʰʹ ʱʨʴʵʴʹ ʴʵʸʳʨʲʻʸʰ ʪʨʴʨ˄ʰʲʬʩʰʹ 

ʹʨˆʬ ʨʽʭʹ. ʨʹʬʯʰ ʳʰʫʪʵʳʨ ˃ʰʸʨʯʨʫʰ ʹʰʪʴʨʲʰʹ ˀʬʳʯˆʭʬʭʰʯʰ ʶʸʵ˂ʬʹʰʹ 

ʰʳʰʺʨ˂ʰʰʹ ʹʨˀʻʨʲʬʩʨʹ ʰ˃ʲʬʭʨ ʸʨ˂ ʳʨʽʹʰʳʨʲʻʸʨʫ ˀʬʬʹʨʩʨʳʬʩʨ ʸʬʨʲʻʸ 

ʶʰʸʵʩʬʩˀʰ ʳʰʳʫʰʴʨʸʬ ʳʵʭʲʬʴʬʩʹ. 

        ʳʰʾʬʩʻʲʰ ˀʬʫʬʪʰ ˄ʨʸʳʵʨʫʪʬʴʹ ˄ʴʬʭʰʹ ʯʬʵʸʰʻʲ, ʳʨʯʬʳʨʺʰʱʻʸʰ 

ʪʨʳʵʯʭʲʬʩʰʯ ʳʰʾʬʩʻʲ ʳʴʰˀʭʴʬʲʵʩʨʹ ʫʨ ʭʰʸʺʻʨʲʻʸʰ ʪʨʮʵʳʭʰʹ 

ʶʸʵ˂ʬʹʰʹʨʯʭʰʹ ˀʬʰ˃ʲʬʩʨ ˁʨʰʯʭʨʲʵʹ, ʸʵʪʵʸ˂ ʹʨʴʰʳʻˀʵ, ʪʬʴʬʸʰʸʬʩʻʲʰ 

ʹʰʪʴʨʲʰʹ ʸʬʨʲʻʸ ʶʰʸʵʩʬʩʯʨʴ ʳʰʨˆʲʵʬʩʰʹ ʯʭʨʲʹʨʮʸʰʹʰʯ. 

       ʺʬʳʶʬʸʨʺʻʸʰʹ ʹʨʮʵʳʰ ʩʲʵʱʰʹ ʹʨʴʰʳʻˀʵ ˆʬʲʹʨ˄ʿʵʬʩʰʹ ʶʨʴʬʲʮʬ  

ʪʨʴʲʨʪʬʩʻʲʰ ʹʨʰʴʫʰʱʨ˂ʰʵ ʼʨʴˇʨʸʨ (1)-ʫʨʴ  ʸʬʪʬʴʰʸʬʩʻʲʰ 

ʺʬʳʶʬʸʨʺʻʸʨ ʨʰʹʨˆʬʩʨ ʰʴʫʰʱʨʺʵʸ (2)-ʮʬ ʸʵʪʵʸ˂ ʹʨʴʰʳʻˀʵ 

ʺʬʳʶʬʸʨʺʻʸʨ. ʹʨʴʰʳʻˀʵ ʺʬʳʶʬʸʨʺʻʸʨ ʳʰʬ˄ʵʫʬʩʨ ʪʨʸʫʨʳʽʳʴʬʲʹ ,,˄ʴʬʭʨ-

ʫʬʴʰʹ ˃ʨʲʨმ (5). ʨʳ ʪʨʸʫʨʳʽʳʴʬʲʰʹ ʳʬˀʭʬʩʰʯ ˆʵʸ˂ʰʬʲʫʬʩʨ ʳʰ˄ʵʫʬʩʻʲʰ 

˄ʴʬʭʰʹ ʪʨʸʫʨʽʳʴʨ ʬʲʬʽʺʸʻʲʰ ʫʬʴʰʹ ˄ʰʴʨʾʵʩʰʹ ʶʸʵʶʵʸ˂ʰʻʲ 

ʳʴʰˀʭʴʬʲʵʩʨʫ. ʺʬʳʶʬʸʨʺʻʸʨʹʨ ʫʨ ˄ʰʴʨʾʵʩʨʹ ˀʵʸʰʹ ʨʸʰʹ ˄ʸʼʰʭʰ 

ʫʨʳʵʱʰʫʬʩʻʲʬʩʨ. ʰʴʫʰʱʨʺʵʸʬʩʮʬ 3 ʫʨ 4  ʨʰʹʨˆʬʩʨ ʺʬʳʶʬʸʨʺʻʸʰʹ 

ʶʸʵʶʵʸ˂ʰʻʲʰ ˄ʰʴʨʾʵʩʨ. 

      ʹʨʴʰʳʻˀʵ  ʱʨʲʰʩʸʨʺʵʸʰʹ 2 ʳʰʬʸ ʺʬʳʶʬʸʨʺʻʸʨ ʪʨʫʨʬ˂ʬʳʨ 

ˀʬʹʨʳʵ˄ʳʬʩʬʲ ʺʸʨʴʹʳʰʺʬʸʰʹ ʪʨʸʫʨʳʽʳʴʬʲʹ ”ʺʬʳʶʬʸʨʺʻʸʨ-˄ʰʴʨʾʵʩʨ“ (5).  

ʨʳ ʪʨʸʫʨʽʳʴʬʲˀʰ ˆʫʬʩʨ ʪʨʫʨ˂ʬʳʻʲʰ ʺʬʳʶʬʸʨʺʻʸʰʹ ʪʨʸʫʨʽʳʴʨ 

˄ʰʴʨʾʵʩʨˀʰ.ʪʨʸʫʨʳʽʳʴʬʲʰʫʨʴ (5) ˀʬʳʵʹʻʲʰ ʬʲʬʽʺʸʻʲʰ ʹʰʪʴʨʲʰ 

ʬʸʯʫʸʵʻʲʨʫ  ʨʰʹʨˆʬʩʨ ʨʴʨʲʵʪʻʸʰ ʳʻʲʺʰʳʬʺʸʰʹʨ (6) ʫʨ ˂ʰʼʸʻʲʰ 

ʰʴʫʰʱʨ˂ʰʰʹ ʼʨʴˇʨʸʨˀʰ (7), ʹʨʫʨ˂ ʳʨʯʰ ʳʴʰˀʭʴʬʲʵʩʬʩʰ ʰʴʫʰ˂ʰʸʫʬʩʨ 

˄ʰʴʨʾʵʩʰʹ ʹʰʫʰʫʰʹ ʬʸʯʬʻʲʰʯ 0C. ʪʨʹʨʮʵʳ ʹʰʫʰʫʬʯʨ  ˂ʰʼʸʻʲ 

ʼʵʸʳʨˀʰ ˄ʨʸʳʵʫʪʬʴʨ ʨʰʵʲʬʩʹ ʨʴʨʯʭʲʰʹ ʨʾʬʩʰʹ ʨʳʵ˂ʨʴʨʹ ʫʨ ʪʨʳʵʸʰ˂ˆʨʭʹ 

ʹʻʩʰʬʽʺʻʸʰ ʼʨʽʺʵʸʰʯ ʪʨʴʶʰʸʵʩʬʩʻʲ ˂ʫʵʳʰʲʬʩʨʹ. ˆʵʲʵ ˂ʰʼʸʻʲ 

ʰʴʫʰʱʨʺʵʸʮʬ 8 ʨʰʹʨˆʬʩʨ ʪʨʮʵʳʰʲʰ ʺʬʳʶʬʸʨʺʻʸʰʹ ˀʬʹʨʩʨʳʰʹʰ ˄ʰʴʨʾʵʩʨ. 
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        ʴʨˆ. 28 ʺʬʳʶʬʸʨʺʻʸʰʹ ʺʸʨʴʹʳʰʺʬʸʰʹ ʫʨʱʨʲʰʩʸʬʩʰʹ ʭʰʸʺʻʨʲʻʸʰ 

ʳʵʫʬʲʰʹ ʩʲʵʱ ʫʰʨʪʸʨʳʨ. 

 

ʹʨʴʰʳʻˀʵ ˆʬʲʹʨ˄ʿʵʹ ʶʨʴʬʲʮʬ  ”ʺʬʳʶʬʸʨʺʻʸʨ-˄ʰʴʨʾʵʩʨ“ 

ʪʨʸʫʨʳʽʳʴʬʲʰʫʨʴ ʳʰʾʬʩʻʲʰ ˂ʰʼʸʻʲ ʼʵʸʳʨˀʰ ˄ʨʸʳʵʫʪʬʴʰʲʰ 

ˀʬʹʨʳʵ˄ʳʬʩʬʲʰ ʺʬʳʶʬʸʨʺʻʸʰʹ ʳʴʰˀʭʴʬʲʵʩʨ ʺʸʨʴʹʳʰʺʬʸʰʹ ʨʩʹʵʲʰʺʻʸ 

˂ʫʵʳʰʲʬʩʰʹ ʪʨʳʵʹʨʯʭʲʬʲʨʫ ʪʨʳʵʰʿʬʴʬʩʨ, ʸʵʳʬʲʰ˂ ʰʴʫʰ˂ʰʸʫʬʩʨ 

ˀʬʹʨʳʵ˄ʳʬʩʬʲʰ ˆʬʲʹʨ˄ʿʵʹ ʶʨʴʬʲʮʬ ,,˂ʫʵʳʰʲʬʩʨ“ (9) ʫʨ ,,ʹʭʬʺʰ“ (10) 

ʼʨʴˇʨʸʨˀʰ.  

ʹʨʳʻˀʨʵ ʳʨʪʰʫʰʹ ʳʨʸˇʭʬʴʨ ʳˆʨʸʬʹ ʳʵʯʨʭʹʬʩʻʲʰʨ ʪʨʴʪʨˀʰʹ ʶʨʴʬʲʰ. 

ʨʳ ʶʨʴʬʲʮʬ ʪʨʴʲʨʪʬʩʻʲʰʨ ʰʴʫʰʱʨʺʵʸʰʹ 2 ʴʨʯʻʸʨ: ˂ʫʵʳʰʲʬʩʨ (11) ʫʨ 

ʪʨʮʵʳʭʰʹ ʮʾʭʨʸʰ (12). 

ʵʸʰʭʬ ʰʴʫʰʱʨʺʵʸʹ ʪʨʨˁʴʰʨ 2 ʼʬʸʰ. ʰʴʫʰʱʨʺʵʸ ,,˂ʫʵʳʰʲʬʩʨ“-ʮʬ 

ʸʵ˂ʨ ʺʸʨʴʹʳʰʺʬʸʰʹ ˂ʫʵʳʰʲʬʩʨ ʨʸ ʨʾʬʳʨʺʬʩʨ ʴʵʸʳʨʺʰʻʲ - ʺʬʽʴʰʱʻʸʰ 

ʫʵʱʻʳʬʴʺʨ˂ʰʰʯ ʳʵ˂ʬʳʻʲ ʫʨʹʨˀʭʬʩ ʳʴʰˀʭʴʬʲʵʩʨʹ 0.3% ʳʨˀʰʴ ʨʴʯʰʨ 

ʳ˄ʭʨʴʬ ʼʬʸʰ, ˆʵʲʵ ʸʵ˂ʨ ˂ʫʵʳʰʲʬʩʨ ʪʨʫʨʨ˅ʨʸʩʬʩʹ ʨʳ ʳʴʰˀʭʴʬʲʵʩʨʹ 

ʳʨˀʰʴ ʰʴʯʬʩʨ ˄ʰʯʬʲʰ ʼʬʸʰ. 

,,ʪʨʮʵʳʭʰʹ ʮʾʭʨʸმ ʰʴʫʰʱʨʺʵʸʹʨ˂ (12)   ʨʽʭʹ ʵʸʰ ʼʬʸʰ, ʯʻ 

ʪʨʮʵʳʰʲʰ ʹʰʫʰʫʬ ʨʸ ʨʾʬʳʨʺʬʩʨ ʺʸʨʴʹʳʰʺʬʸʰʹ ʪʨʮʵʳʭʰʹ ʳʨʽʹʰʳʨʲʻʸ 

ʮʾʭʨʸʹ ʰʴʫʰʱʨʺʵʸʰ ʨʸʰʹ ʳ˄ʭʨʴʬ ʼʬʸʰʹ, ˆʵʲʵ ʸʵ˂ʨ ʨʾʬʳʨʺʬʩʨ ʳʨˀʰʴ ʱʰ 

ʰʴʯʬʩʨ ˄ʰʯʬʲʰ ʼʬʸʰ.  
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ʴʨˆ. 29. ʺʬʳʶʬʸʨʺʻʸʰʹ ʺʸʨʴʹʳʰʺʬʸʰʹ ʳʵʫʬʲʰ ʸʵ˂ʨ ˂ʫʵʳʰʲʬʩʨ ʫʨ 

ʪʨʹʨʮʵʳʰ ʹʰʫʰʫʬ ʮʾʭʨʸʹ ʪʨʸʬʯʨʨ  

 

ʺʬʳʶʬʸʨʺʻʸʰʹ ʶʰʸʫʨʶʰʸʰ ʬʸʯˇʬʸʨʫʰ ʪʨʮʵʳʭʰʹ 

ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʰʹ ˀʬʼʨʹʬʩʨ ʭʰʸʺʻʨʲʻʸʰ ʳʵʫʬʲʰʹʨʯʭʰʹ LabVIEW 

ʹʰʭʸ˂ʬˀʰ 

            ʺʬʳʶʬʸʨʺʻʸʰʹ ʪʨʮʵʳʭʨ, ʰʹʬʭʬ ʸʵʪʵʸ˂ ʸʬʨʲʻʸ ʹʽʬʳʨˀʰ, 

ʳʰʳʫʰʴʨʸʬʵʩʫʨ ʺʬʳʶʬʸʨʺʻʸʰʹ ʱʨʲʰʩʸʨʺʵʸʰʫʨʴ ʳʰʾʬʩʻʲʰ 

ʺʬʳʶʬʸʨʺʻʸʰʹ ʳʴʰˀʭʴʬʲʵʩʰʹ ˀʬʹʨʩʨʳʰʹʰ ʬʲʬʽʺʸʻʲʰ ʹʰʪʴʨʲʰʹ 

˄ʰʴʨʾʵʩʰʹ ʹʰʫʰʫʰʹ ʪʨʮʵʳʭʰʯ ʵʳʬʩˀʰ ʳʵʫʬʲʰʸʬʩʻʲʰ ʳʻʲʺʰʳʬʺʸʰ 

8_ʰʹ ˂ʰʼʸʻʲʰ ʪʨʳʵʹʨʹʭʲʬʲʬʩʰʹ ʹʨˀʻʨʲʬʩʰʯ, ʸʵʳʲʰʯʨ ʪʨʮʵʳʭʰʹ 

ʫʰʨʶʨʮʵʴʰ 0-400 Ohm-ʰʨ. ʳʵʫʬʲʰʸʬʩʻʲʰ ʳʻʲʺʰʳʬʺʸʰʹ ʹʰʮʻʹʺʰʹ 

ʱʲʨʹʰ 0.0475% ʨʴʪʨʸʰˀʰ ʳʵʿʭʨʴʰʲʰʨ ʽʭʬʳʵʯ. 

ʺʬʳʶʬʸʨʺʻʸʰʹ ʬʸʯˇʬʸʨʫʰ ʪʨʮʵʳʭʰʹʨʹ ʳʰʾʬʩʻʲʰ ʳʴʰˀʭʴʬʲʵʩʨ 

110.11 Ohm ˀʬʬʹʨʩʨʳʬʩʨ 26
0
C ʺʬʳʶʬʸʨʺʻʸʨʹ. (ʺʬʳʶʬʸʨʺʻʸʰʹ ˄ʰʴʾʵʩʨʮʬ 

ʫʨʳʵʱʰʫʬʩʻʲʬʩʰʹ ˂ˆʸʰʲʬʩʰ ʳʵ˂ʬʳʻʲʰʨ ʫʨʴʨʸʯˀʰ 1) ʪʨʮʵʳʭʰʹ 

ˀʬʫʬʪʰʹ ˀʬʼʨʹʬʩʰʹʨ ʫʨ ʺʬʳʶʬʸʨʺʻʸʰʹ ʪʨʮʵʳʭʰʹ ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʰʹ 

ˀʬʼʨʹʬʩʰʹʨʯʭʰʹ ʸʬʨʲʻʸ ʶʰʸʵʩʬʩˀʰ ˀʬʫʪʬʴʰʲʰ ʨʲʪʵʸʰʯʳʰʹ ʳʰˆʬʫʭʰʯ 

ˀʬʭʨʫʪʰʴʵʯ ʪʨʮʵʳʭʰʹ ʹʶʬ˂ʰʼʰʱʨ˂ʰʨ ʭʰʸʺʻʨʲʻʸʰ ʳʵʫʬʲʰʹʨʯʭʰʹ. 

               ʪʨʮʵʳʭʨ ʳʰʳʫʰʴʨʸʬʵʩʫʨ ʲʨʩʵʸʨʺʵʸʰʻʲ ʶʰʸʵʩʬʩˀʰ +22℃ 

ʺʬʳʶʬʸʨʺʻʸʰʹ ʪʨʸʬʳʵˀʰ ʸʨ˂ ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʰʹ ʫʨʳʨʺʬʩʰʯʰ 

ʳʫʪʬʴʬʲʰʹ ˄ʨʸʳʵˀʵʩʰʹ ˄ʿʨʸʵʫ ʨʸ ˀʬʰ˃ʲʬʩʨ ˁʨʰʯʭʨʲʵʹ, ʸʨʫʪʨʴ 

ʱʵʳʶʰʻʺʬʸʰʹ ʸʬʱʵʳʬʴʫʰʸʬʩʻʲʰ ʪʨʸʬʳʵ ʳʻˀʨ ʺʬʳʶʬʸʨʺʻʸʰʹ ʫʰʨʶʨʮʵʴʰ 
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(+5+35)℃. ˁʨʺʨʸʬʩʻʲʰ ʬʸʯˇʬʸʨʫʰ ʪʨʮʵʳʭʰʹ ˀʬʫʬʪʬʩʰ ʳʵʿʭʨʴʰʲʰʨ 

˂ˆʸʰʲˀʰ 31. 

       ʭʰʸʺʻʨʲʻʸʰ ʳʻʲʺʰʳʬʺʸʰʹ ʨʯʭʲʰʹ ʩʰˇʰ 0.01 Ohm ; 

       ʳʻʲʺʰʳʬʺʸʰʹ ʨʯʭʲʰʹ ˂ʫʵʳʰʲʬʩʬʩʰʹ ʹʨʮʾʭʸʬʩʰ.  ʨ                                                                     

˂ˆʸʰʲʰ  31 

ʳʰ˄ʵʫʬʩʻʲʰ 

ʺʬʳʶʬʸʨʺʻʸʨ 

ʱʨʲʰʩʸʨʺʵʸʰʹ 
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ʨʺ

ʵ
ʸ
ʰʫ

ʨʴ
 

ʯ
ʬʵ

ʸ
ʰʻ

ʲ
ʰ 

ʪʨ
ʮ
ʵ
ʳʰ

ʲ
ʰ 

ʨʩ
ʹʵ

ʲ
ʰʺ

ʻ
ʸ
ʰ 

Δ 

ʼ
ʨʸ

ʫ
ʵ
ʩʰ

ʯ
ʰ 

δ 

ʪʨ
ʮ
ʵ
ʳʰ

ʲ
ʰ 

ʨʩ
ʹʵ

ʲ
ʻ
ʺ
ʻ
ʸ
ʰ 

Δ 

ʼ
ʨʸ

ʫ
ʵ
ʩʰ

ʯ
ʰ 

δ 

0C Ohm Ohm Ohm % Ohm Ohm % 

25.7 109.92 109.96 0.03 0.027 110.11 0.19 0.173 

ʱʨʲʰʩʸʨʺʵʸʰʹ ʨʩʹʵʲʻʺʻʸʰ ˂ʫʵʳʰʲʬʩʰʹ ʳʨʽʹʰʳʨʲʻʸʰ 

ʳʴʰˀʭʴʬʲʵʩʨ     ʪʨʮ   ʯʬʵʸ= 109.96-109.92=0.04                                 169 

    ʱʨʲʰʩʸʨʺʵʸʰʹ ʼʨʸʫʵʩʰʯʰ ˂ʫʵʳʰʲʬʩʨ     ʪʨʮ                                                             
             ʳʻʲʺʰʳʬʺʸʰʯ ʪʨʮʵʳʰʲʰ ʺʬʳʶʬʸʨʺʻʸʰʹ ʨʩʹʵʲʰʺʻʸʰ 

˂ʫʵʳʰʲʬʩʰʹ ʳʨʽʹʰʳʨʲʻʸʰ ʳʴʰˀʭʴʬʲʵʩʨ    ʪʨʮ ʳ   ʯʬʵʸ  110.11-109.92=0.19                        171 

ʳʻʲʺʰʳʬʺʸʰʹ ʼʨʸʫʵʩʰʯʰ ˂ʫʵʳʰʲʬʩʨ 

δ    ʪʨʮ ʳ      
                  .                                     

         ʸʬʨʲʻʸʰ ʳʻʲʺʰʳʬʺʸʰʹ ʹʰʮʻʹʺʰʹ ʱʲʨʹʰ 0,05%_ʰʹ ʺʵʲʰʨ, 

ʭʰʸʺʻʨʲʻʸʰ ʳʵʫʬʲʰʹʨʯʭʰʹ ʳʰʾʬʩʻʲʰ ʳʵʴʨ˂ʬʳʬʩʰʹ ʳʰˆʬʫʭʰʯ 

ˀʬʹʨ˃ʲʬʩʬʲʰʨ ʪʨʳʵʭʰʯʭʨʲʵʯ ʱʵʴʱʸʬʺʻʲʰ ʪʨʮʵʳʭʰʹ ʼʨʸʫʵʩʰʯʰ 
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˂ʫʵʳʰʲʬʩʨ, ʸʵʳʬʲʰ˂ ʪʨʳʮʵʳʰ ˆʬʲʹʨ˄ʿʵʹ ʹʰʮʻʹʺʰʹ ʱʲʨʹʹ 

ʪʨʴʹʨʮʾʭʸʨʭʹ. ʳʻʲʺʰʳʬʺʸʰʹ ʭʰʸʺʻʨʲʻʸʰ ʳʵʫʬʲʰʹʨʯʭʰʹ ʼʨʸʫʵʩʰʯʰ 

˂ʫʵʳʰʲʬʩʨ  

δ            
               .                                       

ʪʨʴʹˆʭʨʭʬʩʨ ʸʬʨʲʻʸ ʫʨ ʭʰʸʺʻʨʲʻʸ  ʪʨʳʮʵʳʰ ʳʻʲʺʰʳʬʺʸʬʩʰʹ 

ʼʨʸʫʵʩʰʯ ˂ʫʵʳʰʲʬʩʬʩʹ (ʹʰʮʻʹʺʰʹ ʱʲʨʹʬʩʹ) ˀʵʸʰʹ ʸʬʨʲʻʸʰ 

ʳʻʲʺʰʳʬʺʸʰʹ ʹʰʮʻʹʺʰʹ ʱʲʨʹʯʨʴ ˀʬʫʨʸʬʩʰʯ ˀʬʨʫʪʬʴʹ     ʸ   ʭ ʸ                                                        
ʹʨʫʨ˂:  

_ γ_0 ʸʬʨʲʻʸʰ ʫʨ ʭʰʸʺʻʨʲʻʸʰ ʳʻʲʺʰʳʬʺʸʬʩʰʹ ʫʨʿʭʨʴʰʲʰ 

˂ʫʵʳʰʲʬʩʬʩʰʹ (ʹʰʮʻʹʺʰʹ ʱʲʨʹʬʩʰʹ)  ʼʨʸʫʵʩʰʯʰ ʳʨˁʭʬʴʬʩʬʲʰʨ; 

_ γ_ʸ ʸʬʨʲʻʸʰ ʳʻʲʺʰʳʬʺʸʰʹ ʫʨʿʭʨʴʰʲʰ ˂ʫʵʳʰʲʬʩʨʨ. 

_ γ_ʭ ʭʰʸʺʻʨʲʻʸʰ ʳʻʲʺʰʳʬʺʸʰʹ ʫʨʿʭʨʴʰʲʰ ˂ʫʵʳʰʲʬʩʨ. 

ʸʬʨʲʻʸʰ  ʫʨ ʭʰʸʺʻʨʲʻʸʰ ʳʻʲʺʰʳʬʺʸʬʩʰʹ ʫʨʿʭʨʴʰʲʰ 

˂ʫʵʳʰʲʬʩʬʩʰʹ ʳʰʾʬʩʻʲʰ ʪʨʴʹˆʭʨʭʬʩʨ ʭʰʸʺʻʨʲʻʸʰ ʳʵʫʬʲʰʹ 

ʸʬʨʲʻʸʯʨʴ ʨʫʬʱʭʨʺʻʸʵʩʨʮʬ ʳʬʺʿʭʬʲʬʩʹ. 

˃ʰʸʰʯʨʫʰ ˂ʫʵʳʰʲʬʩʰʹ ʪʨʴʨ˄ʲʬʩʰʹ ʱʨʴʵʴʰ, ʬʸʯˇʬʸʨʫʰ 

ʪʨʮʵʳʭʰʹʨʯʭʰʹ, ʳʰʭʰʾʵʯ ʳʨʸʯʱʻʯˆʨ ʪʨʴʨ˄ʰʲʬʩʰʹ ʳʽʵʴʬʫ, 

ʸʵʳʲʰʹʯʭʰʹʨ˂ α=√3 ʨʳʰʹ ʪʨʯʭʨʲʰʹ˄ʰʴʬʩʰʯ ʱʨʲʰʩʸʨʺʵʸʰʹ 

ʺʬʳʶʬʸʨʺʻʸʰʹ ʳʴʰˀʭʴʬʲʵʩʰʹ ʪʨʮʵʳʭʰʹ ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʨ ʳʰʹʰ 

ʳʨʽʹʰʳʨʲʻʸʰ ʨʩʹʵʲʻʺʻʸʰ ˂ʫʵʳʰʲʬʩʰʹ ʪʨʯʭʨʲʰʹ˄ʰʴʬʩʰʯ  ʱ   ʱ                    Ohm                                     175       

       ʳʻʲʺʰʳʬʺʸʰʯ ʺʬʳʶʬʸʨʺʻʸʰʹ ʳʴʰˀʭʴʬʲʵʩʰʹ ʪʨʮʵʳʭʰʹ 

ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʨ ʳʰʹʰ ʳʨʽʹʰʳʨʲʻʸʰ ʨʩʹʵʲʻʺʻʸʰ ˂ʫʵʳʰʲʬʩʰʹ 

ʪʨʯʭʨʲʰʹ˄ʰʴʬʩʰʯ  ʳ                      Ohm                                      176 

         ʫʰʹʱʸʬʺʻʲʰ ʨʯʭʲʰʹ ˂ʫʵʳʰʲʬʩʰʹ ʹʺʨʴʫʨʸʺʻʲʰ 

ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʨ ʳʨʸʯʱʻʯˆʨ ʪʨʴʨ˄ʰʲʬʩʰʹ ʳʵ˂ʭʰʹ ʱʵʬʼʰ˂ʰʬʴʺʰʹ 

ʳʴʰˀʭʴʬʲʵʩʰʹʨʯʭʰʹ ʳʰʰʾʬʩʹ ʹʨˆʬʹ 
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 ʨ   ʨ√       √                                               

ˀʬʭʨʫʪʰʴʵʯ ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʰʹ ʩʰʻˇʬʺʰ 

        ˂ˆʸʰʲʰ 32 

ˀʬʹʨʹʭʲʬʲʰ 

ʹʰʫʰʫʬʬʩʰ 

ˀʬʹʨʹʭʲʬʲʰ 

ʹʰʫʰʫʬʬʩʰʹ 

ˀʬʼʨʹʬʩʬʩʰ 

ˀʬʹʨʹʭʲʬʲʰ 

ʹʰʫʰʫʬʬʩʰʹ 

ʹʺʨʴʫʨʸʺʻʲʰ 

ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʨ 

ʨʲʩʨʯʵʩʰʹ 

ʪʨʴʨ˄ʰʲʬʩʰʹ 

ʹʨˆʬ 

ʺʬʳʶʬʸʨʺʻʸʰʹ 

ʪʨʮʵʳʰʲʰ 

ʳʴʰˀʭʴʬʲʵʩʨ 

110.11 Ohm _ _ 

ʱʨʲʰʩʸʨʺʵʸʰʹ 

ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʨ 
_  ˃=      ʳʨʸʯʱʻʯˆʨ 

ʳʻʲʺʰʳʬʺʸʰʹ 

ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʨ 
_  ʫ  0.1098 ʳʨʸʯʱʻʯˆʨ 

ʫʰʹʱʸʬʺʻʲʵʩʰʹ 

ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʨ 
_  ʨ         ʳʨʸʯʱʻʯˆʨ 

Y 110.11 Ohm            

        ʱʵʸʬʲʨ˂ʰʨ: ʨʸ˂ʬʸʯʰ ˀʬʹʨʹʭʲʬʲʰ ʹʰʫʰʫʬ  ʨʸ ˆʨʹʰʯʫʬʩʨ 

ʳʴʰˀʭʴʬʲʵʭʨʴʰ ˆʨʸʰʹˆʰʯ ʻʸʯʰʬʸʯ ʱʵʸʬʲʰʸʬʩʻʲʨʫ.  

                 ʪʨʳʵʹʨʹʭʲʬʲʰ ʹʰʫʰʫʰʹ ˇʨʳʻʸʰ ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʨ.     √     √                                          178 

ʪʨʳʵʭʰʯʭʨʲʵʯ ʪʨʮʵʳʭʰʹ ˀʬʫʬʪʰʹ ʪʨʼʨʸʯʵʬʩʻʲʰ 

ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʨ p=0,95 ʹʨʴʫʵʵʩʰʹ ʫʵʴʰʹʨʯʭʰʹ                                                           179 

ʰʳʰʹ ʪʨʯʭʨʲʰʹ˄ʰʴʬʩʰʯ, ʸʵʳ ʬʸʯˇʬʸʨʫʰ ʪʨʮʵʳʭʰʹ 

ˀʬʳʯˆʭʬʭʰʹʨʯʭʰʹ  ʳʵ˂ʭʰʹ ʱʵʬʼʰ˂ʰʬʴʺʰʹ k_ʹ ʳʴʰˀʭʴʬʲʵʩʨ ˀʬʭʰʸˁʰʵʯ 

ʰʳʰʹ ʪʨʯʭʨʲʰʹ˄ʰʴʬʩʰʯ, ʸʵʳ ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʰʹ ʳʫʪʬʴʬʲʬʩʰʹ 

ʪʨʴʨ˄ʰʲʬʩʰʹ ʱʨʴʵʴʰ ʳʨʸʯʱʻʯˆʨʨ,        ʹʨʴʫʵʵʩʰʹ ʫʵʴʰʹʨʯʭʰʹ 

k                                                             180 
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 ʹʨʩʵʲʵʵʫ ʪʨʮʵʳʭʰʹ ˀʬʫʬʪʰ ʭʰʸʯʻʨʲʻʸʰ ʳʵʫʬʲʰʹʨʯʭʰʹ 

ˁʨʰ˄ʬʸʬʩʨ  

110.11±0.188 

       ʪʨʴʹˆʭʨʭʬʩʨ ʸʬʨʲʻʸ ʫʨ ʭʰʸʺʻʨʲʻʸ ʪʨʼʨʸʯʵʬʩʻʲ 

ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʬʩʹ ˀʵʸʰʹ ˀʬʨʫʪʬʴʹ     ʸ  ʭ ʸ
                          %                    181 

ʸʨ˂ ʫʨʳʨʱʳʨʿʵʼʰʲʬʩʬʲ ˀʬʫʬʪʨʫ ˀʬʰ˃ʲʬʩʨ ˁʨʰʯʭʨʲʵʹ. 

 

       ʪʨʴʻʹʨʮʭʸʬʲʵʩʰʹ ʪʨʳʵʯʭʲʰʹ ˀʬʳʫʬʪ ʶʸʵʪʸʨʳʨ Labview-ˀʰ 

ʳʵʭʨˆʫʰʴʬʯ ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʰʹ ʪʨʳʵʯʭʲʰʹ ʰʴʺʬʪʸʨ˂ʰʨ. ʺʬʳʶʬʸʨʺʻʸʰʹ 

ʬʸʯˇʬʸʨʫʰ ʪʨʮʵʳʭʰʹʯʭʰʹ ʰʴʺʬʪʸʰʸʬʩʻʲʰ ʭʰʸʺʻʨʲʻʸʰ ʳʵʫʬʲʰʹ 

˄ʰʴʨ ʶʨʴʬʲʰ ˄ʨʸʳʵʫʪʬʴʰʲʰʨ ʴʨˆʨʮʮʬ 30.  

       ʹʨʫʨ˂ 10 ʨʸʰʹ ʱʨʲʰʩʸʨʺʵʸʰʹ ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʨ, 11 

ʳʻʲʺʰʳʬʺʸʰʹ ʪʨʴʻʹʨʮʸʭʸʬʲʵʩʨ, 12 ʳʻʲʺʰʳʬʺʸʰʹ ʨʯʭʲʰʹ ʩʰˇʰʹ 

ʪʨʴʻʹʨʮʭʸʬʲʵʩʨʨ, 13ˇʨʳʻʸʰ ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʨ ʫʨ 14 ʪʨʼʨʸʯʵʬʩʻʲʰ 

ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʨ. 

 

ʴʨˆ. 30. ʺʬʳʶʬʸʨʺʻʸʰʹ ʺʸʨʴʹʳʰʺʬʸʰʹ ʭʰʸʺʻʨʲʻʸʰ ʳʵʫʬʲʰ 

ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʰʹ ʪʨʳʵʯʭʲʰʹ ʰʴʺʬʪʸʨ˂ʰʰʹ ˀʬʳʫʬʪ. 
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ʺʬʳʶʬʸʨʺʻʸʰʹ  ʶʰʸʫʨʶʰʸʰ ʳʸʨʭʨʲˇʬʸʨʫʰ ʪʨʮʵʳʭʰʹ 

ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʰʹ ˀʬʼʨʹʬʩʨ ʭʰʸʺʻʨʲʻʸʰ ʳʵʫʬʲʰʹʨʯʭʰʹ 

 

       ʪʨʮʵʳʭʰʹ ˀʬʫʬʪʰʹ ˀʬʼʨʹʬʩʰʹʨ ʫʨ ʺʬʳʶʬʸʨʺʻʸʰʹ ʪʨʮʵʳʭʰʹ 

ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʰʹ ˀʬʼʨʹʬʩʰʹʨʯʭʰʹ ʸʬʨʲʻʸ ʶʰʸʵʩʬʩˀʰ ˀʬʫʪʬʴʰʲʰ 

ʨʲʪʵʸʰʯʳʰʹ ʳʰˆʬʫʭʰʯ ˀʬʭʨʫʪʰʴʵʯ ʪʨʮʵʳʭʰʹ ʹʶʬ˂ʰʼʰʱʨ˂ʰʨ 

ʭʰʸʺʻʨʲʻʸʰ ʳʵʫʬʲʰʹʨʯʭʰʹ. 

 ʪʨʮʵʳʭʨ ʳʰʳʫʰʴʨʸʬʵʩʫʨ ʲʨʩʵʸʨʺʵʸʰʻʲ ʶʰʸʵʩʬʩˀʰ +22℃ 

ʺʬʳʶʬʸʨʺʻʸʰʹ ʪʨʸʬʳʵˀʰ ʸʨ˂ ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʰʹ ʫʨʳʨʺʬʩʰʯʰ 

ʳʫʪʬʴʬʲʰʹ ˄ʨʸʳʵˀʵʩʰʹ ˄ʿʨʸʵʫ ʨʸ ˀʬʰ˃ʲʬʩʨ ˁʨʰʯʭʨʲʵʹ, ʸʨʫʪʨʴ 

ʱʵʳʶʰʻʺʬʸʰʹ ʸʬʱʵʳʬʴʫʰʸʬʩʻʲʰ ʪʨʸʬʳʵ ʳʻˀʨ ʺʬʳʶʬʸʨʺʻʸʰʹ 

ʫʰʨʶʨʮʵʴʰ (+5+35)℃  

 ʭʰʸʺʻʨʲʻʸʰ ʳʻʲʺʰʳʬʺʸʰʹ ʨʯʭʲʰʹ ʩʰˇʰ 0,01 Ohm ; 

ʳʻʲʺʰʳʬʺʸʰʹ ʨʯʭʲʰʹ ˂ʫʵʳʰʲʬʩʬʩʰʹ ʹʨʮʾʭʸʬʩʰ.  ʨ                                                        

       ˁʨʺʨʸʬʩʻʲʰ ʬʸʯˇʬʸʨʫʰ ʪʨʮʵʳʭʰʹ ˀʬʫʬʪʬʩʰ ʳʵʿʭʨʴʰʲʰʨ 

˂ˆʸʰʲʬʩˀʰ 33 ʫʨ 34 ʳʵ˂ʬʳʻʲʰʨ ˀʬʹʨʹʭʲʬʲʰ ʹʰʫʰʫʰʹ ʳʴʰˀʭʴʬʲʵʩʬʩʰ 10 

ˇʬʸʨʫʰ ʪʨʮʵʳʭʰʹ ˀʬʫʬʪʬʩʰʹ ʳʰˆʬʫʭʰʯ ʳʰ˄ʵʫʬʩʻʲʰ ʺʬʳʶʬʸʨʺʻʸʰʹ 25 

0C - ʰʹ ʶʰʸʵʩʬʩˀʰ ʺʬʳʶʬʸʨʺʻʸʰʹʨ ʫʨ ˄ʰʴʨʾʵʩʰʹ ʬʸʯʬʻʲʬʩʰʯ 

ʪʸʨʫʻʰʸʬʩʻʲʰ ʹʱʨʲʬʩʰʹ ʳʵʴʨ˂ʬʳʬʩʰʹ ʳʰˆʬʫʭʰʯ ʳʰʹʰ ˀʬʹʨʩʨʳʰʹʰ 

˄ʰʴʨʾʵʩʰʹ ʬʸʯʬʻʲʬʩʰʯ ʪʸʨʫʻʰʸʬʩʻʲʰ ʳʻʲʺʰʳʬʺʸʰʯ ʪʨʮʵʳʰʲʰ 

˄ʰʴʨʾʵʩʰʹ ʬʸʯʬʻʲʬʩʰʹ  ʳʴʰˀʭʴʬʲʵʩʬʩʰʹʨʯʭʰʹ. ʨʽʭʬ ˂ˆʸʰʲˀʰ ʴʨˁʭʬʴʬʩʰʨ 

ʪʨʮʵʳʰʲʰ ʹʰʫʰʫʰʹ ʹʨˀʻʨʲʵ ʨʸʰʯʳʬʺʰʱʻʲʰʹʨ ʫʨ ʳʵ˂ʬʳʻʲʰʨ ʪʨʮʵʳʭʰʹ 

ˀʬʫʬʪʬʩʰʹ      ̅  ʳʴʰˀʭʴʬʲʵʩʬʩʰ, ʨʹʬʭʬ ʳʨʯʰ ʹʨˀʻʨʲʵ ʱʭʨʫʸʨʺʻʲʰ 

ʪʨʫʨˆʸʰʹ ʳʴʰˀʭʴʬʲʵʩʬʩʰ. 
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˂ˆʸʰʲʰ 33 

 

      ʱʨʲʰʩʸʨʺʵʸʰʹ ʨʩʹʵʲʻʺʻʸʰ ˂ʫʵʳʰʲʬʩʰʹ ʳʨʽʹʰʳʨʲʻʸʰ 

ʳʴʰˀʭʴʬʲʵʩʨ     ʪʨʮ   ʯʬʵʸ                        Ohm              

    ʱʨʲʰʩʸʨʺʵʸʰʹ ʼʨʸʫʵʩʰʯʰ ˂ʫʵʳʰʲʬʩʨ     ʪʨʮ                                                      

   ʳʻʲʺʰʳʬʺʸʰʯ ʪʨʮʵʳʰʲʰ ˄ʴʬʭʰʹ ʨʩʹʵʲʰʺʻʸʰ ˂ʫʵʳʰʲʬʩʰʹ 

ʳʨʽʹʰʳʨʲʻʸʰ ʳʴʰˀʭʴʬʲʵʩʨ    ʪʨʮ ʳ   ʯʬʵʸ  110.013-109.826= 0.187                        

ʳʻʲʺʰʳʬʺʸʰʹ ʼʨʸʫʵʩʰʯʰ ˂ʫʵʳʰʲʬʩʨ     ʪʨʮ ʳ                                                     

 

 

 

 

N 

ʳʰ˄ʵʫʬʩʻʲʰ ʺʬʳʶʬʸʨʺʻʸʨ ʱʨʲʰʩʸʨʺʵʸʰʹ ˂ʫʵʳʰʲʬʩʨ 

ʱʨ
ʲ
ʰʩ

ʸ
ʨʺ

ʵ
ʸ
ʰʯ

 

           
ʯ
ʬʵ

ʸ
 

ʯ
ʬʵ

ʸ
ʰʻ

ʲ
ʰ 

           
ʪʨ
ʮ

 

ʪʨ
ʮ
ʵ
ʳʰ

ʲ
ʰ 

ʨʩ
ʹʵ

ʲ
ʰʺ

ʻ
ʸ
ʰ 

Δ 

ʼ
ʨʸ

ʫ
ʵ
ʩʰ

ʯ
ʰ 

  
 ʱ 

Ohm 0C 0C 0C % 

1 25.7 109.92 109.93 -0.010 -0.009 

2 25.5 109.85 109.86 -0.013 -0.012 

3 25.9 109.8 110.00 -0.208 -0.189 

4 25 109.66 109.67 -0.010 -0.009 

5 25.7 109.89 109.90 -0.010 -0.009 

6 25.5 109.8 109.83 -0.030 -0.027 

7 25.7 109.8 109.91 -0.113 -0.103 

8 25.8 109.95 109.97 -0.020 -0.018 

9 25.7 109.92 109.94 -0.020 -0.018 

10 25.6 109.65 109.6 -0.010 -0.009 

Xʹʨˀ  109.826 109.87   
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˂ˆʸʰʲˀʰ 34 

     ʸʬʨʲʻʸʰ ʳʻʲʺʰʳʬʺʸʰʹ ʹʰʮʻʹʺʰʹ ʱʲʨʹʰ 0,05%_ʰʹ ʺʵʲʰʨ, 

ʭʰʸʺʻʨʲʻʸʰ ʳʵʫʬʲʰʹʨʯʭʰʹ ʳʰʾʬʩʻʲʰ ʳʵʴʨ˂ʬʳʬʩʰʹ ʳʰˆʬʫʭʰʯ 

ˀʬʹʨ˃ʲʬʩʬʲʰʨ ʪʨʳʵʭʰʯʭʨʲʵʯ ʱʵʴʱʸʬʺʻʲʰ ʪʨʮʵʳʭʰʹ ʼʨʸʫʵʩʰʯʰ 

˂ʫʵʳʰʲʬʩʨ, ʸʵʳʬʲʰ˂ ʪʨʳʮʵʳʰ ˆʬʲʹʨ˄ʿʵʹ ʹʰʮʻʹʺʰʹ ʱʲʨʹʹ 

ʪʨʴʹʨʮʾʭʸʨʭʹ. ʳʻʲʺʰʳʬʺʸʰʹ ʭʰʸʺʻʨʲʻʸʰ ʳʵʫʬʲʰʹʨʯʭʰʹ ʼʨʸʫʵʩʰʯʰ 

˂ʫʵʳʰʲʬʩʨ                                                            

      ʨʹʬʯ ˀʬʳʯˆʭʬʭʨˀʰ ʪʨʴʹˆʭʨʭʬʩʨ ʼʨʸʫʵʩʰʯ ˂ʫʵʳʰʲʬʩʬʩʹ ˀʵʸʰʹ 

ˀʬʨʫʪʬʴʹ      ʸ   ʭ ʸ                                                      

      ʮʵʪʨʫʨʫ ˀʬʰ˃ʲʬʩʨ ʰʯʽʭʨʹ, ʸʵʳ ʸʵʪʵʸ˂ ʬʸʯˇʬʸʨʫʰ ʪʨʮʵʳʭʰʹʨʹ 

ʨʹʬʭʬ ʳʸʨʭʨʲˇʬʸʨʫʰ ʪʨʮʵʳʭʬʩʰʹʨʹ ˁʨʺʨʸʬʩʻʲʰ ˂ʫʵʳʰʲʬʩʨʯʨ ʨʴʨʲʰʮʰ 

 

N 

ʳʻʲʺʰʳʬʺʸʰ 

      ̅   (     ̅ )  
 ˂ʫʵʳʰʲʬʩʨ 

 
ʪʨʮʵʳʰʲʰ 

      

ʨʩʹʵʲʰʺʻʸʰ 

  ʳ ʼʨʸʫʵʩʰʯʰ 

  ʳ 
 0C 0C %   

1 110.07 -0.153 -0.139 0.036 0.0013 

2 110.02 -0.16 -0.141 0.031 0.0009 

3 110.03 -0.23 -0.320 0.115 0.013 

4 109.88 -0.222 -0.202 0.154 0.023 

5 110.04 -0.15 -0.142 0.009 0 

6 110.05 -0.25 -0.323 0.119 0.014 

7 110.05 -0.25 -0.233 0.019 0.0003 

8 110.11 -0.160 -0.145 0.073 0.0054 

9 110.08 -0.161 -0.146 0.044 0.0020 

10 109.8 -0.150 -0.137 0.236 0.055 

Xʹʨˀ       110.13   ∑ 0.842 ∑ 0.117 
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ʪʭʰˁʭʬʴʬʩʹ ʸʬʨʲʻʸʰ  ʫʨ ʭʰʸʺʻʨʲʻʸʰ ʳʻʲʺʰʳʬʺʸʬʩʰʹ ʫʨʿʭʨʴʰʲʰ 

˂ʫʵʳʰʲʬʩʬʩʰʹ ʳʰʾʬʩʻʲʰ ʪʨʴʹˆʭʨʭʬʩʨ, ʭʰʸʺʻʨʲʻʸʰ ʳʵʫʬʲʰʹ 

ʸʬʨʲʻʸʯʨʴ ʨʫʬʱʭʨʺʻʸʵʩʨʮʬ ʳʬʺʿʭʬʲʬʩʹ. 

    ʳʸʨʭʨʲˇʬʸʨʫʰ ʪʨʮʵʳʭʬʩʰʹ  ˀʬʹʨʹʭʲʬʲʰ ʹʰʫʰʫʰʹ A ʺʰʶʰʹ ˇʨʳʻʸʰ 

ʹʺʨʴʫʨʸʺʻʲʰ ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʨ ʪʨʳʵʰʯʭʲʬʩʨ:     ሺ  ሻ  √    ሺ    ሻ (      )       √                                      

            ˀʬʹ˄ʵʸʬʩʰʹ ʱʵʬʼʰ˂ʰʬʴʺʰʹ ʪʨʯʭʨʲʰʹ˄ʰʴʬʩʰʯ ʪʨʮʵʳʭʨʯʨ ʳ˂ʰʸʬ 

ʸʨʵʫʬʴʵʩʰʹʨʯʭʰʹ, ʸʵʳʬʲʰ˂    ʪʨʮʵʳʭʰʹ ˀʬʳʯˆʭʬʭʨˀʰ  ,  ʺʵʲʰʨ 

ʪʭʬʽʴʬʩʨ    ሺ  ሻ                                                           ̃ ʱʸʰʺʬʸʰʻʳʰʹ ʳʰˆʬʫʭʰʯ ʫʨʱʭʰʸʭʬʩʨʯʨ ˀʬʫʬʪʬʩʰʹ ʪʨʴʨ˄ʰʲʬʩʰʹ 

ʴʵʸʳʨʲʻʸʵʩʰʹ ˀʬʳʵ˄ʳʬʩʨ ʪʭʨ˃ʲʬʭʹ [ ]  ̃        ̅                                                                   

ʹʨʫʨ˂  

   √(      ̅  )   √                                                     

ʨʳʰʹ ʪʨʯʭʨʲʰʹ˄ʰʴʬʩʰʯ  ̃                  =0.7769                                                

       ʸʨ˂ ʳʵʯʨʭʹʬʩʻʲʰʨ  ̃ ʱʸʰʺʬʸʰʻʳʰʹ ʴʵʸʳʨʲʻʸʰ ʪʨʴʨ˄ʰʲʬʩʰʹ 

ʶʰʸʵʩʰʹ ʮʾʭʸʬʩʹ ˀʰʪʴʰʯ    ʪʨʮʵʳʭʰʹʨʯʭʰʹ    (  ⁄ )          ̃            ⁄        ʬ.ʰ. ʹʨʽʳʬ ʪʭʨʽʭʹ ʪʨʮʵʳʰʲʰ ʹʰʫʰʫʬʬʩʰʹ ʴʵʸʳʨʲʻʸʰ 

ʪʨʴʨ˄ʰʲʬʩʰʹ ʱʨʴʵʴʯʨʴ [ ] ʸʵʳʲʰʹʯʭʰʹʨ˂ α=1.65.         ʱ   ʱ                                                                    

     ʳʻʲʺʰʳʬʺʸʰʯ ˄ʴʬʭʰʹ ʳʴʰˀʭʴʬʲʵʩʰʹ ʪʨʮʵʳʭʰʹ 

ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʨ ʳʰʹʰ ʳʨʽʹʰʳʨʲʻʸʰ ʨʩʹʵʲʻʺʻʸʰ ˂ʫʵʳʰʲʬʩʰʹ 

ʪʨʯʭʨʲʰʹ˄ʰʴʬʩʰʯ  ʳ                                                                 
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          ʫʰʹʱʸʬʺʻʲʰ ʨʯʭʲʰʹ ˂ʫʵʳʰʲʬʩʰʹ ʹʺʨʴʫʨʸʺʻʲʰ 

ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʨ ʳʨʸʯʱʻʯˆʨ ʪʨʴʨ˄ʰʲʬʩʰʹ ʳʵ˂ʭʰʹ ʱʵʬʼʰ˂ʰʬʴʺʰʹ 

ʳʴʰˀʭʴʬʲʵʩʰʹʨʯʭʰʹ ʳʰʰʾʬʩʹ ʹʨˆʬʹ  ʨ   ʨ                                                           

 

ˀʬʭʨʫʪʰʴʵʯ ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʰʹ ʩʰʻˇʬʺʰ  ˂ˆʸʰʲˀʰ 35 

˂ˆʸʰʲʰ 35 

ˀʬʹʨʹʭʲʬʲʰ 

ʹʰʫʰʫʬʬʩʰ 

ˀʬʹʨʹʭʲʬʲʰ 

ʹʰʫʰʫʬʬʩʰʹ 

ˀʬʼʨʹʬʩʬʩʰ 

ˀʬʹʨʹʭʲʬʲʰ 

ʹʰʫʰʫʬʬʩʰʹ 

ʹʺʨʴʫʨʸʺʻʲʰ 

ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʨ 

ʨʲʩʨʯʵʩʰʹ 

ʪʨʴʨ˄ʰʲʬʩʰʹ 

ʹʨˆʬ 

ʺʬʳʶʬʸʨʺʻʸʰʹ 

ʪʨʮʵʳʰʲʰ 

ʳʴʰˀʭʴʬʲʵʩʨ 
110.013 _ _ 

ʱʨʲʰʩʸʨʺʵʸʰʹ 
ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʨ 

_  ˃   =        ʴʵʸʳʨʲʻʸʰ 

ʳʻʲʺʰʳʬʺʸʰʹ 
ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʨ 

_  ʫ        ʴʵʸʳʨʲʻʸʰ 

ʫʰʹʱʸʬʺʻʲʵʩʰʹ 

ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʨ 
_  ʨ        ʴʵʸʳʨʲʻʸʰ 

Y 110.013            

 

ʱʵʸʬʲʨ˂ʰʨ: ʨʸ˂ʬʸʯʰ ˀʬʹʨʹʭʲʬʲʰ ʹʰʫʰʫʬ  ʨʸ ˆʨʹʰʯʫʬʩʨ 

ʳʴʰˀʭʴʬʲʵʭʨʴʰ ˆʨʸʰʹˆʰʯ ʻʸʯʰʬʸʯ ʱʵʸʬʲʰʸʬʩʻʲʨʫ.  

ʪʨʳʵʹʨʹʭʲʬʲʰ ʹʰʫʰʫʰʹ ˇʨʳʻʸʰ ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʨ.     √     √                                              

      A ʫʨ B ʺʰʶʰʹ ˇʨʳʻʸʰ ʹʺʨʴʫʨʸʺʻʲʰ ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʨ 

ʪʨʳʵʰʯʭʲʬʩʨ       √          √               0.117                      

     ˄ʴʬʭʰʹ ʳʸʨʭʨʲˇʬʸʨʫʰ ʪʨʮʵʳʭʰʹ ʪʨʼʨʸʯʵʬʩʻʲʰ 

ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʨ      ሺ ሻ     ሺ ሻ 
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      ʹʨʫʨ˂    ሺ ሻ ʹʺʰʻʫʬʴʺʰʹ ʪʨʴʨ˄ʰʲʬʩʰʹ ʱʵʬʼʰ˂ʰʬʴʺʰʨ 0,95 

ʨʲʩʨʯʵʩʰʹʨ ʫʨ ν     ʯʨʭʰʹʻʼʲʬʩʰʹ ʸʰ˂ˆʭʰʹʨʯʭʰʹ, ʸʵʳʬʲʰ˂ 

ʳʰʨˆʲʵʬʩʰʯ [1]      √         √         .                           

      ʳʰʾʬʩʻʲʰ ʳʴʰˀʭʴʬʲʵʩʬʩʰʹ ʪʨʯʭʨʲʰʹ˄ʰʴʬʩʰʯ ʶʰʸʫʨʶʰʸʰ 

ʳʸʨʭʨʲˇʬʸʨʫʰ ʪʨʮʵʳʭʰʹ ʪʨʼʨʸʯʵʬʩʻʲʰ ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʨ ʰʽʴʬʩʨ                                                          

       ʪʨʮʵʳʭʰʹ ˀʬʫʬʪʰ ˁʨʰ˄ʬʸʬʩʨ ˀʬʳʫʬʪʰ ʹʨˆʰʯ                   ʹʨʴʫʵʵʩʰʹ ʫʵʴʰʯ p 0.95 

ʪʨʴʹˆʭʨʭʬʩʨ ʸʬʨʲʻʸ ʫʨ ʭʰʸʺʻʨʲʻʸ  ʪʨʳʮʵʳʰ ʳʻʲʺʰʳʬʺʸʬʩʰʹ 

ʪʨʼʨʸʯʵʬʩʻʲ ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʬʩʹ ˀʵʸʰʹ ʸʬʨʲʻʸʰ ʳʻʲʺʰʳʬʺʸʰʹ 

ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʨʹʯʨʴ ˀʬʫʨʸʬʩʰʯ ˀʬʨʫʪʬʴʹ     ʸ   ʭ ʸ                                                    

ʸʨ˂ ʫʨʳʨʱʳʨʿʵʼʰʲʬʩʬʲ ˀʬʫʬʪʨʫ ˀʬʰ˃ʲʬʩʨ ˁʨʰʯʭʨʲʵʹ. 

 

 

 

 

 



121 

 

4.4 ʴʨʭʯʵʩʰʹ ˆʨʸˇʰʹ ʪʨʮʵʳʭʰʹ ʭʰʸʺʻʨʲʻʸʰ ʳʵʫʬʲʰ 

4.4.1. ʭʰʸʺʻʨʲʻʸʰ ʳʵʫʬʲʰʹ ʹʨʺʻʳʩ ʹʨʫʪʻʸʮʬ ʴʨʭʯʵʩʰʹ ˆʨʸˇʰʹ 

ʬʸʯˇʬʸʨʫʰ ʫʨ ʳʸʨʭʨʲˇʬʸʨʫʰ ʪʨʮʵʳʭʰʹ ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʨʯʨ ˀʬʼʨʹʬʩʨ 

     ʳʨʪʰʹʺʸʨʲʻʸʰ ʳʰʲʹʨʫʬʴʬʩʰʹʨʯʭʰʹ LabVIEW ʹʰʭʸ˂ʬˀʰ ˀʬʽʳʴʰʲʰ 

ˆʨʸˇʰʹ ʪʨʮʵʳʭʰʹ ʭʰʸʺʻʨʲʻʸʰ ʳʵʫʬʲʰʹ ˄ʰʴʨ ʶʨʴʬʲʰ ˄ʨʸʳʵʫʪʬʴʰʲʰʨ 

ʴʨˆʨʮʮʬ 31, ˆʵʲʵ ʴʨˆʨʮʮʬ 32 ʳʵ˂ʬʳʻʲʰʨ ʳʰʹʰ ʩʲʵʱ_ʫʰʨʪʸʨʳʨ. 

 

ʴʨˆ. 31 ˆʨʸˇʰʹ ʪʨʮʵʳʭʰʹ ʭʰʸʺʻʨʲʻʸʰ ʳʵʫʬʲʰʹ ˄ʰʴʨ ʶʨʴʬʲʰ 

 

 ʴʨˆ. 32 ˆʨʸˇʰʹ ʪʨʮʵʳʭʰʹ ʭʰʸʺʻʨʲʻʸʰ ʳʵʫʬʲʰʹ ʩʲʵʱ ʫʰʨʪʸʨʳʨ 

            ʭʰʸʺʻʨʲʻʸʰ ʰʴʹʺʸʻʳʬʴʺʬʩʰʯ ˀʬʽʳʴʰʲʰ ˆʨʸˇʰʹ ʹʨʮʵʳʰ  ʩʲʵʱʰʹ  

ʹʨʳʻˀʨʵ ʳʨʪʰʫʨ ʫʨʿʵʼʰʲʰʨ 3 ʴʨ˄ʰʲʨʫ, ʳʨʸ˂ˆʬʴʨ ʳˆʨʸʬʹ ʪʨʴʲʨʪʬʩʻʲʰʨ  

ʹʨʴʰʳʻˀʵ ˆʬʲʹʨ˄ʿʵʹ ʳʵʴʨ˂ʬʳʬʩʰ (ʨ), ˀʻʨ ʴʨ˄ʰʲˀʰ ˀʬʹʨʳʵ˄ʳʬʩʬʲʰ 

ʺʸʨʴʹʳʰʺʬʸʰʹ ʳʵʴʨ˂ʬʳʬʩʰʨ (ʩ), ˆʵʲʵ ʳʨʸˇʭʬʴʨ ʳˆʨʸʬʹ ʱʰ ʪʨʮʵʳʭʰʹ 

ˀʬʫʬʪʬʩʰʹ ʹʨʱʵʴʺʸʵʲʵ ʬ.˄. ნʪʨʴʪʨˀʰʹ ʶʨʴʬʲʰʹნ ʹʨʰʴʫʰʱʨ˂ʰʵ 

ʰʴʹʺʸʻʳʬʴʺʬʩʰ (ʪ). ʸʬʨʲʻʸʰ ʹʽʬʳʰʹʨʪʨʴ ʪʨʴʹˆʭʨʭʬʩʰʯ ʹʨʴʰʳʻˀʵ 

ˆʨʸˇʳʮʵʳʰʹ ʸʵʲʹ ʭʰʸʺʻʨʲʻʸ ʹʽʬʳʨˀʰ ʨʹʸʻʲʬʩʹ ˀʬʹʨʹʭʲʬʲʰ 

ʹʰʫʰʫʬʬʩʰʹ ʾʰʲʨʱʰ 1, ʹʨʫʨ˂ ˆʫʬʩʨ ʹʨʹʻʸʭʬʲʰ ʹʰʫʰʫʰʹ ˆʨʸˇʰʹ 
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ʳʴʰˀʭʴʬʲʵʩʰʹ ʨʸˁʬʭʨ. ˀʬʳʫʬʪ ʳʰʾʬʩʻʲ ʹʰʪʴʨʲʹ  ʬʳʨʺʬʩʨ ˀʬʳʯˆʭʬʭʰʯʰ 

ʹʰʪʴʨʲʬʩʰʹ ʪʬʴʬʸʨʺʵʸʰʫʨʴ 17 ˀʬʳʯˆʭʬʭʰʯʰ ʳʫʪʬʴʬʲʰ ʫʨ ʹʰʪʴʨʲʰ 

ˆʭʫʬʩʨ ʪʨʮʵʳʭʰʹ ʹʽʬʳʨˀʰ ʰʴʫʰʱʨʺʵʸʮʬ 16. 

     ʨʳʰʹ ˀʬʳʫʬʪ ʹʰʪʴʨʲʹ ʬʳʨʺʬʩʨ ʫʨʱʨʲʰʩʸʬʩʰʹ ʱʵʬʼʰ˂ʰʬʴʺʰ 15 ʫʨ 

ʼʵʸʳʰʸʬʩʻʲʰ ˆʨʸˇʰʹ ʳʴʰˀʭʴʬʲʵʩʨ ʳʰʬ˄ʵʫʬʩʨ ˆʨʸˇʳʮʵʳʰʹ ʵʯˆ 

ʫʨʳʵʻʱʰʫʬʩʬʲ ʨʸˆʹ ʹʨʫʨ˂ ʯʰʯʵʬʻʲʰ ʨʸˆʰʹ ʳʰʬʸ ʪʨʮʵʳʰʲʰ 

ʳʴʰˀʭʴʬʲʵʩʨ ʨʰʹʨˆʬʩʨ ʰʴʫʰʱʨʺʵʸʬʩʮʬ 3, 4, 5 ʫʨ 7. ʨʳ ʹʰʪʴʨʲʬʩʰʹ 

ʪʸʨʼʰʱʻʲʰ ʪʨʳʵʹʨˆʻʲʬʩʨʨ ʨʰʹʨˆʬʩʨ ʰʴʫʰʱʨʺʵʸʬʩʮʬ 7, 8, 9 ʫʨ 10. 

ʫʨʳʵʻʱʰʫʬʩʬʲʰ ʨʸˆʬʩʰʹ ʰʴʫʰʱʨʺʵʸʬʩʰʹ 3,4,5 ʫʨ 6-ʰʹ  ʪʨʭʲʰʹ ˀʬʳʫʬʪ 

ˆʫʬʩʨ ʪʨʮʵʳʰʲʰ ʹʰʪʴʨʲʰʹ ʹʨˀʻʨʲʵ ʨʸʰʯʳʬʺʰʱʻʲʰʹ ʪʨʳʵʯʭʲʨ ʫʨ 

ʨʹʨˆʭʨ ʰʴʫʰʱʨʺʵʸʮʬ 11. 

ʫʰʨʪʸʨʳʰʹ ʳʨʸ˂ˆʬʴʨ ʳˆʨʸʬʹ ʱʰ ʨʸʰʹ ʰʴʫʰʱʨʺʵʸʰ ˂ʫʵʳʰʲʬʩʨ 12, 

ʯʻ ˆʬʲʹʨ˄ʿʵʹ ˂ʫʵʳʰʲʬʩʨ ʨʸ ʨʾʬʳʨʺʬʩʨ 0.5 ʶʸʵ˂ʬʴʺʹ, ʳʨˀʰʴ 

ʰʴʫʰʱʨʺʵʸʮʬ 13 ʨʴʯʰʨ ʳ˄ʭʨʴʬ ʼʬʸʰ, ˆʵʲʵ ʯʻ ʨʾʬʳʨʺʬʩʨ ʫʨʹʨˀʭʬʩ 

ʹʰʫʰʫʬʹ ʨʰʴʯʬʩʨ ˄ʰʯʬʲʰ ʼʬʸʰ. ,,ʪʨʮʵʳʭʰʹ ʮʾʭʨʸმ ʰʴʫʰʱʨʺʵʸʹʨ˂ 14   

ʨʽʭʹ ʵʸʰ ʼʬʸʰ, ʯʻ ʪʨʮʵʳʰʲʰ ʹʰʫʰʫʬ ʨʸ ʨʾʬʳʨʺʬʩʨ ʺʸʨʴʹʳʰʺʬʸʰʹ 

ʪʨʮʵʳʭʰʹ ʳʨʽʹʰʳʨʲʻʸ ʮʾʭʨʸʹ (1600) ʰʴʫʰʱʨʺʵʸʰ ʨʸʰʹ ʳ˄ʭʨʴʬ ʼʬʸʰʹ, 

ˆʵʲʵ ʸʵ˂ʨ ʨʾʬʳʨʺʬʩʨ ʳʨˀʰʴ ʱʰ ʰʴʯʬʩʨ ˄ʰʯʬʲʰ ʼʬʸʰ. 

 

ˆʨʸˇʰʹ  ʶʰʸʫʨʶʰʸʰ ʬʸʯˇʬʸʨʫʰ ʪʨʮʵʳʭʰʹ ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʰʹ 

ˀʬʼʨʹʬʩʨ ʭʰʸʺʻʨʲʻʸʰ ʳʵʫʬʲʰʹʨʯʭʰʹ 

     ʬʸʯˇʬʸʨʫʰ ʪʨʮʵʳʭʰʹʨʹ ʳʰʾʬʩʻʲʰ ʳʴʰˀʭʴʬʲʵʩʨ 600.6ʳ3. ʪʨʮʵʳʭʰʹ 

ˀʬʫʬʪʰʹ ˀʬʼʨʹʬʩʰʹʨ ʫʨ ˆʨʸˇʰʹ ʪʨʮʵʳʭʰʹ ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʰʹ 

ˀʬʼʨʹʬʩʰʹʨʯʭʰʹ ʸʬʨʲʻʸ ʶʰʸʵʩʬʩˀʰ ˀʬʫʪʬʴʰʲʰ ʨʲʪʵʸʰʯʳʰʹ ʳʰˆʬʫʭʰʯ 

ˀʬʭʨʫʪʰʴʵʯ ʪʨʮʵʳʭʰʹ ʹʶʬ˂ʰʼʰʱʨ˂ʰʨ ʭʰʸʺʻʨʲʻʸʰ ʳʵʫʬʲʰʹʨʯʭʰʹ. 

     ʪʨʮʵʳʭʨ ʳʰʳʫʰʴʨʸʬʵʩʫʨ ʲʨʩʵʸʨʺʵʸʰʻʲ ʶʰʸʵʩʬʩˀʰ +22℃ 

ʺʬʳʶʬʸʨʺʻʸʰʹ ʪʨʸʬʳʵˀʰ ʸʨ˂ ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʰʹ ʫʨʳʨʺʬʩʰʯʰ 

ʳʫʪʬʴʬʲʰʹ ˄ʨʸʳʵˀʵʩʰʹ ˄ʿʨʸʵʫ ʨʸ ˀʬʰ˃ʲʬʩʨ ˁʨʰʯʭʨʲʵʹ, ʸʨʫʪʨʴ 

ʱʵʳʶʰʻʺʬʸʰʹ ʸʬʱʵʳʬʴʫʰʸʬʩʻʲʰ ʪʨʸʬʳʵ ʳʻˀʨ ʺʬʳʶʬʸʨʺʻʸʰʹ ʫʰʨʶʨʮʵʴʰ 

(+5+35)℃. ʪʨʴʭʹʨʮʾʭʸʵʯ ʪʨʮʵʳʭʰʹ ˀʬʫʬʪʰ ʫʨ ˀʬʭʨʼʨʹʵʯ ˄ʴʬʭʰʹ ʪʨʮʵʳʭʰʹ 

ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʨ. 
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ʪʨʮʵʳʭʰʹ ʹʶʬ˂ʰʼʰʱʨ˂ʰʰʹ ˀʬʫʪʬʴʨ: 

 ˀʬʹʨʳʵ˄ʳʬʩʬʲʰ ˆʨʸˇʳʮʵʳʰʹ ʨʯʭʲʰʹ ʩʰˇʰʨ 0.1 ʳ3/ʹʯ, 

 ʹʨʴʰʳʻˀʵ ˆʨʸˇʳʮʵʳʰʹ ʨʯʭʲʰʹ ʩʰˇʰ ʨʸʰʹ 0.01 

 ʹʨʴʰʳʻˀʵ ˆʨʸˇʳʮʵʳʰʹ ʪʨʮʵʳʭʰʹ ʳʨʽʹʰʳʨʲʻʸʰ ʫʰʨʶʨʮʵʴʰ 0-1600 ʳ3/ʹʯ, 

ʬʸʯˇʬʸʨʫʰ ʪʨʮʵʳʭʰʹ ˀʬʫʬʪʬʩʰ ʳʵʿʭʨʴʰʲʰʨ ˂ˆʸʰʲˀʰ     
˂ˆʸʰʲʰ    

ʹʨʴʰʳʻˀʵ ˆʨʸˇʳʮʵʳʰ 

ˀʬʹʨʳʵ˄ʳʬʩʬʲʰ 
ˆʨʸˇʳʮʵʳʰ 

 ˂ʫʵʳʰʲʬʩʨ 

ʯ
ʬʵ

ʸ
ʰʻ

ʲ
ʰ 

ʪʨ
ʮ
ʵ
ʳʰ

ʲ
ʰ 

ʨʩ
ʹʵ

ʲ
ʰʺ

ʻ
ʸ
ʰ 

Δ 

ʼ
ʨʸ

ʫ
ʵ
ʩʰ

ʯ
ʰ 

 δ
 

ʪʨ
ʮ
ʵ
ʳʰ

ʲ
ʰ 

ʳʴ
ʰˀ

ʭʴ
ʬʲ

ʵ
ʩʨ

 

ʨʩ
ʹʵ

ʲ
ʻ
ʺ
ʻ
ʸ
ʰ 

Δ 

ʼ
ʨʸ

ʫ
ʵ
ʩʰ

ʯ
ʰ 

 

δ 

ʳ3/ʹʯ, ʳ3/ʹʯ, ʳ3/ʹʯ, % ʳ3/ʹʯ, ʳ3/ʹʯ, % 

600.03 600.09 0.06 0.0099 600.6 0.57 0.094 

   ʹʨʴʰʳʻˀʵ ˆʨʸˇʳʮʵʳʰʹ  ʨʯʭʲʰʹ ˂ʫʵʳʰʲʬʩʬʩʰʹ ʹʨʮʾʭʸʬʩʰ.  ʨ                                                                  

ˀʬʹʨʳʵ˄ʳʬʩʬʲʰ ˆʨʸˇʳʮʵʳʰʹ ʨʯʭʲʰʹ ˂ʫʵʳʰʲʬʩʬʩʰʹ ʹʨʮʾʭʸʬʩʰ.  ʨ                                                                    

ʹʨʴʰʳʻˀʵ ˆʨʸˇʳʮʵʳʰʹ ʨʩʹʵʲʻʺʻʸʰ ˂ʫʵʳʰʲʬʩʰʹ ʳʨʽʹʰʳʨʲʻʸʰ 

ʳʴʰˀʭʴʬʲʵʩʨ     ʪʨʮ   ʯʬʵʸ= 600.09-600.03=0.06                           

ʹʨʴʰʳʻˀʵ ˆʨʸˇʳʮʵʳʰʹ ʼʨʸʫʵʩʰʯʰ ˂ʫʵʳʰʲʬʩʨ  

δ    ʪʨʮ      
                 .                                      

ʳʻʲʺʰʳʬʺʸʰʯ ʪʨʮʵʳʰʲʰ ʺʬʳʶʬʸʨʺʻʸʰʹ ʨʩʹʵʲʰʺʻʸʰ 

˂ʫʵʳʰʲʬʩʰʹ ʳʨʽʹʰʳʨʲʻʸʰ ʳʴʰˀʭʴʬʲʵʩʨ    ʪʨʮ ʳ   ʯʬʵʸ  600.6-600.03=0.57                              

ʳʻʲʺʰʳʬʺʸʰʹ ʼʨʸʫʵʩʰʯʰ ˂ʫʵʳʰʲʬʩʨ 

δ    ʪʨʮ ʳ      
                .                                          
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˃ʰʸʰʯʨʫʰ ˂ʫʵʳʰʲʬʩʰʹ ʪʨʴʨ˄ʲʬʩʰʹ ʱʨʴʵʴʰ, ʬʸʯˇʬʸʨʫʰ 

ʪʨʮʵʳʭʰʹʨʯʭʰʹ, ʳʰʭʰʾʵʯ ʳʨʸʯʱʻʯˆʨ ʪʨʴʨ˄ʰʲʬʩʰʹ ʳʽʵʴʬʫ, 

ʸʵʳʲʰʹʯʭʰʹʨ˂ α √3.   ʹ   ʱ                                                                   

    ˀʬʹʨʳʵ˄ʳʬʩʬʲʰ ˆʨʸˇʳʮʵʳʰʹ ʳʴʰˀʭʴʬʲʵʩʰʹ ʪʨʮʵʳʭʰʹ 

ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʨ ʳʰʹʰ ʳʨʽʹʰʳʨʲʻʸʰ ʨʩʹʵʲʻʺʻʸʰ ˂ʫʵʳʰʲʬʩʰʹ 

ʪʨʯʭʨʲʰʹ˄ʰʴʬʩʰʯ  ˀ                                                                 

    ˀʬʹʨʳʵ˄ʳʬʩʬʲʰ ˆʨʸˇʳʮʵʳʰʹ ʫʰʹʱʸʬʺʻʲʰ ʨʯʭʲʰʹ ˂ʫʵʳʰʲʬʩʰʹ 

ʹʺʨʴʫʨʸʺʻʲʰ ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʨ  ˀʫ   ˀ√      √                                                

    ʹʨʴʰʳʻˀʵ ˆʨʸˇʳʮʵʳʰʹ ʫʰʹʱʸʬʺʻʲʰ ʨʯʭʲʰʹ ˂ʫʵʳʰʲʬʩʰʹ 

ʹʺʨʴʫʨʸʺʻʲʰ ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʨ   ʹʫ   ʹ√       √                                           

ʪʨʳʵʹʨʹʭʲʬʲʰ ʹʰʫʰʫʰʹ ˇʨʳʻʸʰ ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʨ.     √∑    √                                                 

ʪʨʳʵʭʰʯʭʨʲʵʯ ʪʨʮʵʳʭʰʹ ˀʬʫʬʪʰʹ ʪʨʼʨʸʯʵʬʩʻʲʰ 

ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʨ p=0,95 ʹʨʴʫʵʵʩʰʹ ʫʵʴʰʹʨʯʭʰʹ                                                                

ʰʳʰʹ ʪʨʯʭʨʲʰʹ˄ʰʴʬʩʰʯ, ʸʵʳ ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʰʹ ʳʫʪʬʴʬʲʬʩʰʹ 

ʪʨʴʨ˄ʰʲʬʩʰʹ ʱʨʴʵʴʰ ʳʨʸʯʻʯˆʨʨ,        ʹʨʴʫʵʵʩʰʹ ʫʵʴʰʹʨʯʭʰʹ k                                                       

ʹʨʩʵʲʵʵʫ ʪʨʮʵʳʭʰʹ ˀʬʫʬʪʰ ʭʰʸʺʻʨʲʻʸʰ ʳʵʫʬʲʰʹʨʯʭʰʹ 
ˁʨʰ˄ʬʸʬʩʨ  

600.6±0.558 
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ˀʬʭʨʫʪʰʴʵʯ ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʰʹ ʩʰʻˇʬʺʰ  

˂ˆʸʰʲʰ    

ˀʬʹʨʹʭʲʬʲʰ 

ʹʰʫʰʫʬʬʩʰ 

ˀʬʹʨʹʭʲʬʲʰ 

ʹʰʫʰʫʬʬʩʰʹ 

ˀʬʼʨʹʬʩʬʩʰ 

ˀʬʹʨʹʭʲʬʲʰ 

ʹʰʫʰʫʬʬʩʰʹ 

ʹʺʨʴʫʨʸʺʻʲʰ 

ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʨ 

ʨʲʩʨʯʵʩʰʹ 

ʪʨʴʨ˄ʰʲʬʩʰʹ 

ʹʨˆʬ 

ˆʨʸˇʰʹ ʪʨʮʵʳʰʲʰ 

ʳʴʰˀʭʴʬʲʵʩʨ 
6  .6 ʳ3/ʹʯ _ _ 

ʹʨʴʰʳʻˀʵ 
ˆʨʸˇʳʮʵʳʰʹ 
˂ʫʵʳʰʲʬʩʰʹ 

ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʨ 

_  ˃=      ʳʨʸʯʱʻʯˆʨ 

ˀʬʹʨʳʵ˄ʳʬʩʬʲʰ 
ˆʨʸˇʳʮʵʳʰʹ 
˂ʫʵʳʰʲʬʩʰʹ 

ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʨ 

_  ʫ  0.329 ʳʨʸʯʱʻʯˆʨ 

ˀʬʹʨʳʵ˄ʳʬʩʬʲʰ 
ˆʨʸˇʳʮʵʳʰʹ 

ʫʰʹʱʸʬʺʻʲʵʩʰʹ 

˂ʫʵʳʰʲʬʩʨ 

_  ˀʫ         ʳʨʸʯʱʻʯˆʨ 

ʹʨʴʰʳʻˀʵ 
ˆʨʸˇʳʮʵʳʰʹ 

ʫʰʹʱʸʬʺʻʲʵʩʰʹ 

˂ʫʵʳʰʲʬʩʨ 

  ʹʫ           

Y 6  .6 ʳ3/ʹʯ          5  

 

ʪʨʴʹˆʭʨʭʬʩʨ ʸʬʨʲʻʸʰ ʫʨ ʭʰʸʺʻʨʲʻʸʰ ˆʨʸˇʳʮʵʳʬʩʰʹ ʪʨʼʨʸʯʵʬʩʻʲ 
ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʬʩʹ ˀʵʸʰʹ ˀʬʨʫʪʬʴʹ  

     ʸ  ʭ ʸ
                            %                            

ʸʨ˂ ʫʨʳʨʱʳʨʿʵʼʰʲʬʩʬʲ ˀʬʫʬʪʨʫ ˀʬʰ˃ʲʬʩʨ ˁʨʰʯʭʨʲʵʹ. 

 

ˆʨʸˇʰʹ  ʶʰʸʫʨʶʰʸʰ ʳʸʨʭʨʲˇʬʸʨʫʰ ʪʨʮʵʳʭʰʹ ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʰʹ 

ˀʬʼʨʹʬʩʨ ʭʰʸʺʻʨʲʻʸʰ ʳʵʫʬʲʰʹʨʯʭʰʹ 

     ʪʨʮʵʳʭʰʹ ˀʬʫʬʪʰʹ ˀʬʼʨʹʬʩʰʹʨ ʫʨ ˆʨʸˇʰʹ ʪʨʮʵʳʭʰʹ 

ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʰʹ ˀʬʼʨʹʬʩʰʹʨʯʭʰʹ ʸʬʨʲʻʸ ʶʰʸʵʩʬʩˀʰ ˀʬʫʪʬʴʰʲʰ 

ʨʲʪʵʸʰʯʳʰʹ ʳʰˆʬʫʭʰʯ ˀʬʭʨʫʪʰʴʵʯ ʪʨʮʵʳʭʰʹ ʹʶʬ˂ʰʼʰʱʨ˂ʰʨ 

ʭʰʸʺʻʨʲʻʸʰ ʳʵʫʬʲʰʹʨʯʭʰʹ. 

ˆʨʸˇʰʹ ʳʸʨʭʨʲˇʬʸʨʫʰ ʪʨʮʵʳʭʰʹʨʹ ʳʰʾʬʩʻʲʰ ʳʴʰˀʭʴʬʲʵʩʬʩʰ 

ʳʵ˂ʬʳʻʲʰʨ ˂ˆʸʰʲˀʰ    
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˂ˆʸʰʲʰ    

N 

ʹʨʴʰʳʻˀʵ ˆʨʸˇʳʮʵʳʰ 

ˀʬʹʨʳʵ˄ʳʬʩʬʲʰ 
ˆʨʸˇʳʮʵʳʰ 

 ˂ʫʵʳʰʲʬʩʨ 

ʯ
ʬʵ

ʸ
ʰʻ

ʲ
ʰ 

ʪʨ
ʮ
ʵ
ʳʰ

ʲ
ʰ 

ʨʩ
ʹʵ

ʲ
ʰʺ

ʻ
ʸ
ʰ 

 Δ
 

ʼ
ʨʸ

ʫ
ʵ
ʩʰ

ʯ
ʰ 

 

δ 

ʪʨ
ʮ
ʵ
ʳʰ

ʲ
ʰ 

ʳʴ
ʰˀ

ʭʴ
ʬʲ

ʵ
ʩʨ

 

ʨʩ
ʹʵ

ʲ
ʻ
ʺ
ʻ
ʸ
ʰ 

 

Δ 

ʼ
ʨʸ

ʫ
ʵ
ʩʰ

ʯ
ʰ 

 δ
 

ʳ3/ʹʯ, ʳ3/ʹʯ, ʳ3/ʹʯ, % ʳ3/ʹʯ, ʳ3/ʹʯ, % 

1 600.02 600.06 -0.040 -0.007 601.18 -1.155 -0.192 

2 600.02 600.05 -0.030 -0.005 600.98 -0.955 -0.159 

3 600.02 600.02 0.000 0.000 599.58 0.445 0.074 

4 600.02 600.03 -0.010 -0.002 601.40 -1.380 -0.229 

5 600.02 600.06 -0.040 -0.007 602.20 -2.180 -0.362 

6 600.02 600.02 0.000 0.000 598.33 1.695 0.283 

7 600.02 600.05 -0.030 -0.005 602.38 -2.355 -0.391 

8 600.02 600.04 -0.020 -0.003 599.15 0.870 0.145 

9 600.02 600.03 -0.010 -0.002 600.25 -0.230 -0.038 

10 600.02 600.04 -0.020 -0.003 598.88 1.145 0.191 

ʹʨˀʻʨʲʵ 600.02 600.04   
600.43 

 
  

 

             ʪʨʮʵʳʭʨ ʳʰʳʫʰʴʨʸʬʵʩʫʨ ʲʨʩʵʸʨʺʵʸʰʻʲ ʶʰʸʵʩʬʩˀʰ +22℃ 

ʺʬʳʶʬʸʨʺʻʸʰʹ ʪʨʸʬʳʵˀʰ ʸʨ˂ ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʰʹ ʫʨʳʨʺʬʩʰʯʰ 

ʳʫʪʬʴʬʲʰʹ ˄ʨʸʳʵˀʵʩʰʹ ˄ʿʨʸʵʫ ʨʸ ˀʬʰ˃ʲʬʩʨ ˁʨʰʯʭʨʲʵʹ, ʸʨʫʪʨʴ 

ʱʵʳʶʰʻʺʬʸʰʹ ʸʬʱʵʳʬʴʫʰʸʬʩʻʲʰ ʪʨʸʬʳʵ ʳʻˀʨ ʺʬʳʶʬʸʨʺʻʸʰʹ ʫʰʨʶʨʮʵʴʰ 

(+5+35)℃  

ʪʨʮʵʳʭʰʹ ʹʶʬ˂ʰʼʰʱʨ˂ʰʰʹ ˀʬʫʪʬʴʨ: 

 ˀʬʹʨʳʵ˄ʳʬʩʬʲʰ ˆʨʸˇʳʮʵʳʰʹ ʨʯʭʲʰʹ ʩʰˇʰʨ 0.1 ʳ3/ʹʯ, 

 ʹʨʴʰʳʻˀʵ ˆʨʸˇʳʮʵʳʰʹ ʨʯʭʲʰʹ ʩʰˇʰ ʨʸʰʹ 0.01 

 ʹʨʴʰʳʻˀʵ ˆʨʸˇʳʮʵʳʰʹ ʪʨʮʵʳʭʰʹ ʳʨʽʹʰʳʨʲʻʸʰ ʫʰʨʶʨʮʵʴʰ 0-2500 

ʳ3/ʹʯ, 

 ʳʸʨʭʨʲˇʬʸʨʫʰ ʪʨʮʵʳʭʬʩʰʹ  ˀʬʹʨʹʭʲʬʲʰ ʹʰʫʰʫʰʹ A ʺʰʶʰʹ ˇʨʳʻʸʰ 

ʹʺʨʴʫʨʸʺʻʲʰ ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʨ ʪʨʳʵʰʯʭʲʬʩʨ:     ሺ  ሻ  √    ሺ    ሻ (      )       √                           
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     ˀʬʹ˄ʵʸʬʩʰʹ ʱʵʬʼʰ˂ʰʬʴʺʰʹ ʪʨʯʭʨʲʰʹ˄ʰʴʬʩʰʯ ʪʨʮʵʳʭʨʯʨ ʳ˂ʰʸʬ 

ʸʨʵʫʬʴʵʩʰʹʨʯʭʰʹ, ʸʵʳʬʲʰ˂ 10 ʪʨʮʵʳʭʰʹ ˀʬʳʯˆʭʬʭʨˀʰ 1,2 ʺʵʲʰʨ 

ʪʭʬʽʴʬʩʨ    ሺ  ሻ                                   ̃ ʱʸʰʺʬʸʰʻʳʰʹ ʳʰˆʬʫʭʰʯ ʫʨʱʭʰʸʭʬʩʨʯʨ ˀʬʫʬʪʬʩʰʹ ʪʨʴʨ˄ʰʲʬʩʰʹ 

ʴʵʸʳʨʲʻʸʵʩʰʹ ˀʬʳʵ˄ʳʬʩʨ ʪʭʨ˃ʲʬʭʹ [1]  ̃        ̅                                                          

ʹʨʫʨ˂  

   √(      ̅  )   √                             

ʨʳʰʹ ʪʨʯʭʨʲʰʹ˄ʰʴʬʩʰʯ  ̃            =0.89                         

       ʸʨ˂ ʳʵʯʨʭʹʬʩʻʲʰʨ  ̃ ʱʸʰʺʬʸʰʻʳʰʹ ʴʵʸʳʨʲʻʸʰ ʪʨʴʨ˄ʰʲʬʩʰʹ 

ʶʰʸʵʩʰʹ ʮʾʭʸʬʩʹ ˀʰʪʴʰʯ 10 ʪʨʮʵʳʭʰʹʨʯʭʰʹ    (  ⁄ )          ̃          ⁄        ʬ.ʰ. ʹʨʽʳʬ ʪʭʨʽʭʹ ʪʨʮʵʳʰʲʰ ʹʰʫʰʫʬʬʩʰʹ ʴʵʸʳʨʲʻʸʰ 

ʪʨʴʨ˄ʰʲʬʩʰʹ ʱʨʴʵʴʯʨʴ [1]. 

     ʹʨʴʰʳʻˀʵ ˆʨʸˇʳʮʵʳʰʹ  ʨʯʭʲʰʹ ˂ʫʵʳʰʲʬʩʬʩʰʹ ʹʨʮʾʭʸʬʩʰ.  ʨ                                                             

ˀʬʹʨʳʵ˄ʳʬʩʬʲʰ ˆʨʸˇʳʮʵʳʰʹ ʨʯʭʲʰʹ ˂ʫʵʳʰʲʬʩʬʩʰʹ ʹʨʮʾʭʸʬʩʰ.  ʨ                                                                

    ʪʨʴʭʹʨʮʾʭʸʵʯ ʪʨʮʵʳʭʰʹ ˀʬʫʬʪʰ ʫʨ ˀʬʭʨʼʨʹʵʯ ˆʨʸˇʰʹ ʪʨʮʵʳʭʰʹ 

ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʨ. ʹʨʴʰʳʻˀʵ ˆʨʸˇʳʮʵʳʰʹ ʨʩʹʵʲʻʺʻʸʰ ˂ʫʵʳʰʲʬʩʰʹ 

ʳʨʽʹʰʳʨʲʻʸʰ ʳʴʰˀʭʴʬʲʵʩʨ     ʪʨʮ   ʯʬʵʸ= 600.04-600.02=0.02                        

ʹʨʴʰʳʻˀʵ ˆʨʸˇʳʮʵʳʰʹ ʼʨʸʫʵʩʰʯʰ ˂ʫʵʳʰʲʬʩʨ      ʪʨʮ                          33                          

ˀʬʹʨʳʵ˄ʳʬʩʬʲʰ ˆʨʸˇʳʮʵʳʰʹ ʨʩʹʵʲʰʺʻʸʰ ˂ʫʵʳʰʲʬʩʰʹ 

ʳʨʽʹʰʳʨʲʻʸʰ ʳʴʰˀʭʴʬʲʵʩʨ    ʪʨʮ ʳ   ʯʬʵʸ  600.43-600.02=0.41                      
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ʳʻʲʺʰʳʬʺʸʰʹ ʼʨʸʫʵʩʰʯʰ ˂ʫʵʳʰʲʬʩʨ 

δ    ʪʨʮ ʳ      
                 . 6                         

              ˃ʰʸʰʯʨʫʰ ˂ʫʵʳʰʲʬʩʰʹ ʪʨʴʨ˄ʲʬʩʰʹ ʱʨʴʵʴʰ, ʬʸʯˇʬʸʨʫʰ 

ʪʨʮʵʳʭʰʹʨʯʭʰʹ, ʳʰʭʰʾʵʯ ʳʨʸʯʱʻʯˆʨ ʪʨʴʨ˄ʰʲʬʩʰʹ ʳʽʵʴʬʫ, 

ʸʵʳʲʰʹʯʭʰʹʨ˂ α=√3.   ʹ   ʱ                                                           

      ˀʬʹʨʳʵ˄ʳʬʩʬʲʰ ˆʨʸˇʳʮʵʳʰʹ ʳʴʰˀʭʴʬʲʵʩʰʹ ʪʨʮʵʳʭʰʹ 

ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʨ ʳʰʹʰ ʳʨʽʹʰʳʨʲʻʸʰ ʨʩʹʵʲʻʺʻʸʰ ˂ʫʵʳʰʲʬʩʰʹ 

ʪʨʯʭʨʲʰʹ˄ʰʴʬʩʰʯ  ˀ                                                               

     ˀʬʹʨʳʵ˄ʳʬʩʬʲʰ ˆʨʸˇʳʮʵʳʰʹ ʫʰʹʱʸʬʺʻʲʰ ʨʯʭʲʰʹ ˂ʫʵʳʰʲʬʩʰʹ 

ʹʺʨʴʫʨʸʺʻʲʰ ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʨ ʳʰʰʾʬʩʹ ʹʨˆʬʹ  ˀʫ   ˀ                                                        

      ʹʨʴʰʳʻˀʵ ˆʨʸˇʳʮʵʳʰʹ ʫʰʹʱʸʬʺʻʲʰ ʨʯʭʲʰʹ ˂ʫʵʳʰʲʬʩʰʹ 

ʹʺʨʴʫʨʸʺʻʲʰ ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʨ ʳʰʰʾʬʩʹ ʹʨˆʬʹ  ʹʫ   ʹ                                                      

ʪʨʳʵʹʨʹʭʲʬʲʰ ʹʰʫʰʫʰʹ ˇʨʳʻʸʰ ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʨ.      √     √                                                 

      A ʫʨ B ʺʰʶʰʹ ˇʨʳʻʸʰ ʹʺʨʴʫʨʸʺʻʲʰ ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʨ 

ʪʨʳʵʰʯʭʲʬʩʨ       √          √            0.58                         

˄ʴʬʭʰʹ ʳʸʨʭʨʲˇʬʸʨʫʰ ʪʨʮʵʳʭʰʹ ʪʨʼʨʸʯʵʬʩʻʲʰ 

ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʨ                                                                          
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ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʰʹ ʩʰʻˇʬʺʰ 

˂ˆʸʰʲʰ    

ˀʬʹʨʹʭʲʬʲʰ 

ʹʰʫʰʫʬʬʩʰ 

ˀʬʹʨʹʭʲʬʲʰ 

ʹʰʫʰʫʬʬʩʰʹ 

ˀʬʼʨʹʬʩʬʩʰ 

ˀʬʹʨʹʭʲʬʲʰ 

ʹʰʫʰʫʬʬʩʰʹ 

ʹʺʨʴʫʨʸʺʻʲʰ 

ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʨ 

ʨʲʩʨʯʵʩʰʹ 

ʪʨʴʨ˄ʰʲʬʩʰʹ 

ʹʨˆʬ 

ˆʨʸˇʰʹ ʪʨʮʵʳʰʲʰ 

ʳʴʰˀʭʴʬʲʵʩʨ 
6  .6 ʳ3/ʹʯ _ _ 

ʹʨʴʰʳʻˀʵ 
ˆʨʸˇʳʮʵʳʰʹ 
˂ʫʵʳʰʲʬʩʰʹ 

ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʨ 

_  ˃=        ʴʵʸʳʨʲʻʸʰ 

ˀʬʹʨʳʵ˄ʳʬʩʬʲʰ 
ˆʨʸˇʳʮʵʳʰʹ 
˂ʫʵʳʰʲʬʩʰʹ 

ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʨ 

_  ʫ  0.248 ʴʵʸʳʨʲʻʸʰ 

ˀʬʹʨʳʵ˄ʳʬʩʬʲʰ 
ˆʨʸˇʳʮʵʳʰʹ 

ʫʰʹʱʸʬʺʻʲʵʩʰʹ 

˂ʫʵʳʰʲʬʩʨ 

_  ˀʫ       ʴʵʸʳʨʲʻʸʰ 

ʹʨʴʰʳʻˀʵ 
ˆʨʸˇʳʮʵʳʰʹ 

ʫʰʹʱʸʬʺʻʲʵʩʰʹ 

˂ʫʵʳʰʲʬʩʨ 

  ʹʫ        ʴʵʸʳʨʲʻʸʰ 

Y 6  .6 ʳ3/ʹʯ             

 

ʪʨʮʵʳʭʰʹ ˀʬʫʬʪʰ ˁʨʰ˄ʬʸʬʩʨ ˀʬʳʫʬʪʰ ʹʨˆʰʯ 

600.43±1.06   P ʹʨʴʫʵʵʩʰʹ ʫʵʴʰʯ 0.95 

ʪʨʴʹˆʭʨʭʬʩʨ ʸʬʨʲʻʸʰ ʫʨ ʭʰʸʺʻʨʲʻʸʰ ˆʨʸˇʳʮʵʳʬʩʰʹ ʪʨʼʨʸʯʵʬʩʻʲ 

ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʬʩʹ ˀʵʸʰʹ ˀʬʨʫʪʬʴʹ      ʸ  ʭ ʸ
                       %                           

ʸʨ˂ ʫʨʳʨʱʳʨʿʵʼʰʲʬʩʬʲ ˀʬʫʬʪʨʫ ˀʬʰ˃ʲʬʩʨ ˁʨʰʯʭʨʲʵʹ. 
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ʯʨʭʰ 5 

˂ʫʵʳʰʲʬʩʨʯʨ ʨʴʨʲʰʮʰ ʫʨ ʪʨʮʵʳʭʰʹ ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʰʹ 

ˀʬʼʨʹʬʩʨ ʭʰʸʺʻʨʲʻʸʰ ʳʵʫʬʲʰʹ ʨʫʬʽʭʨʺʻʸʵʩʰʹ 

ʪʨʳʵʹʨʱʭʲʬʭʨʫ 

5.1 ʸʬʨʲʻʸʰ ʵʩʰʬʽʺʰʹ ʹʨʫʪʻʸʯʨˀʵʸʰʹʰ ʪʨʮʵʳʭʬʩʰʹ ʸʨʳʵʫʬʴʰʳʬ 

ˇʪʻʼʰʹ ʳʵʴʨ˂ʬʳʬʩʰʹ ʨʸʹʬʩʰʯʵʩʰʹ ˀʬʳʵ˄ʳʬʩʨ ʫʰʹʶʬʸʹʰʬʩʰʹ ˀʬʫʨʸʬʩʰʹ 

ʪʮʰʯ 

5.1.1 ˄ʴʬʭʰʹ ʳʸʨʭʨʲˇʬʸʨʫʰ ʪʨʮʵʳʭʬʩʰʹ ʸʨʳʵʫʬʴʰʳʬ ˇʪʻʼʰʹ 

ʳʵʴʨ˂ʬʳʬʩʰʹ ʨʸʹʬʩʰʯʵʩʰʹ ˀʬʳʵ˄ʳʬʩʨ ʫʰʹʶʬʸʹʰʬʩʰʹ ˀʬʫʨʸʬʩʰʹ ʪʮʰʯ 

 

               ʳʰʲʹʨʫʬʴˀʰ ʳʰʳʫʰʴʨʸʬ ʶʸʵ˂ʬʹʬʩʰʹʨ ʫʨ ʹʨʮʵʳʰ ʨʾ˅ʻʸʭʰʲʵʩʰʹ 

ʳʨˆʨʹʰʨʯʬʩʲʬʩʹ ˀʵʸʰʹ ʹˆʭʨʵʩʰʹ ʪʨʳʵ ʳʰʲʹʨʫʬʴʰʹ ʺʸʨʹʨʮʬ ʪʨʴʲʨʪʬʩʻʲ 

ʹˆʭʨʫʨʹˆʭʨ ʹʨʫʪʻʸʬʩʰʹ ʪʨʮʵʳʭʬʩʹ ˀʵʸʰʹ ˀʬʫʬʪʬʩʰʹ ʪʨʩʴʬʭʰʹ ʹʰʫʰʫʬ  

ˀʬʹʨ˃ʲʬʩʬʲʰʨ ʰʿʵʹ ʳʻʫʳʰʭʰ ʨʴ ʰ˂ʭʲʬʩʵʫʬʹ ʪʨʸʱʭʬʻʲʰ 

ʱʨʴʵʴʮʵʳʰʬʸʬʩʰʯ. ʪʨʩʴʬʭʰʹ ʳʨˆʨʹʰʨʯʬʩʲʰʹ ʨʸʹʬʩʰʯʵʩʨ ʳʰʲʹʨʫʬʴˀʰ 

ʨʸʹʬʩʻʲʰ ʪʨʸʱʭʬʻʲʰ ʻ˄ʬʹʸʰʪʵʩʰʹ ʳʨˁʭʬʴʬʩʬʲʰ ˀʬʰ˃ʲʬʩʨ ʰʿʵʹ, ʨʳʫʬʴʨʫ 

ʹʨʫʪʻʸʬʩʹ ˀʵʸʰʹ ʳʵʴʨ˂ʬʳʯʨ ʬʸʯʪʭʨʸʵʭʴʬʩʨ ʺʸʨʴʹʶʵʸʺʰʸʬʩʰʹ ʹʰʹʺʬʳʰʹ 

ˆʨʸʰʹˆʰʹʨ ʫʨ ʹʨʰʳʬʫʵʵʩʰʹ ʳʴʰˀʭʴʬʲʵʭʨʴʰ ʳʨˁʭʬʴʬʩʬʲʰʨ. ʸʬʨʲʻʸ 

ʶʰʸʵʩʬʩˀʰ ˁʨʺʨʸʬʩʻʲʰ ʱʵʴʺʸʵʲʰʹ ʵʶʬʸʨ˂ʰʰʹ ˀʬʫʬʪʬʩʰʹ ʪʨʩʴʬʭʰʹ 

ʹʰʫʰʫʰʹ ʳʻʫʳʰʭʵʩʨʹ ʪʨʫʨʳ˄ʿʭʬʺʰ ʳʴʰˀʭʴʬʲʵʩʨ ʬʴʰ˅ʬʩʨ ʳʵʴʨ˂ʬʳʯʨ 

ˀʬʫʬʪʬʩʰʹ ʹʨʴʫʵʵʩʰʹ ˀʬʼʨʹʬʩʰʹʨʯʭʰʹ.  ˀʬʹʨʩʨʳʰʹʨʫ ʭʰʸʺʻʨʲʻʸʰ 

ʳʵʫʬʲʰʹʨʯʭʰʹ ʪʨʮʵʳʭʰʹ ˀʬʫʬʪʬʩʰʹ ʪʨʩʴʬʭʰʹ ʳʨˆʨʹʰʨʯʬʩʲʰʹ ʪʨʴʹʨʮʾʭʸʨ 

ʫʨ ʳʰʹʰ ˀʬʹʨʺʿʭʰʹʵʩʨ ʸʬʨʲʻʸ ʶʰʸʵʩʬʩˀʰ ʳʰʾʬʩʻʲ ʪʨʩʴʬʭʰʹ 

ʳʨˆʨʹʰʨʯʩʬʲʯʨʴ ʳʰʻʯʰʯʬʩʹ ʳʵʫʬʲʰʹ ʨʫʬʽʭʨʺʻʸʵʩʨʮʬ.  

             ʪʨʩʴʬʭʰʹ ʳʨˆʨʹʰʨʯʬʩʲʰʹ ˀʬʼʨʹʬʩʰʹʨʯʭʰʹ, ˁʭʬʻʲʬʩʸʰʭ ʨˆʫʬʴʬʴ 

ʹʨ˄ʿʰʹ ʫʨ ʹʨʩʵʲʵʵ  ʪʨʮʵʳʭʰʹ ˇʪʻʼʬʩʰʹ ʫʰʹʶʬʸʹʰʬʩʰʹ ˀʬʫʨʸʬʩʨʹ. 

ʰʯʭʲʬʩʨ, ʸʵʳ ʯʻ ʳʨʯ ˀʵʸʰʹ ʪʨʴʹˆʭʨʭʬʩʨ ˀʬʳʯˆʭʬʭʰʯʰ ˆʨʹʰʨʯʹ ʨʺʨʸʬʩʹ, 

ʳʨˀʰʴ ʹʨʫʪʻʸʯʨˀʵʸʰʹ ʪʨʮʵʳʭʨʯʨ ˀʬʫʬʪʬʩʰʹ ʪʨʩʴʬʭʰʹ ʹʰʫʰʫʬ ʳʻʫʳʰʭʰʨ 

ʬ.ʰ. ʪʨʮʵʳʭʰʹ ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʨ ʨʸ ʰ˂ʭʲʬʩʨ. ʯʻ ʪʨʮʵʳʭʨʯʨ ˀʬʫʬʪʬʩʹ 

ˀʵʸʰʹ ʪʨʴʹˆʭʨʭʬʩʨʹ ˀʬʳʯˆʭʬʭʰʯʰ ˆʨʹʰʨʯʰ ʨʸ ʪʨʨˁʴʰʨ, ʱʬʯʫʬʩʨ ʫʨʹʱʭʴʨ 
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ˀʬʳʯˆʭʬʭʰʯʰ ˀʬ˂ʫʵʳʰʹ ʹʰʫʰʫʰʹ ˂ʭʲʰʲʬʩʰʹ ˀʬʹʨˆʬʩ ʸʨʰʳʬ 

ʼʻʴʽ˂ʰʵʴʨʲʻʸʰ ʫʨʳʵʱʰʫʬʩʻʲʬʩʰʹ ʳʰˆʬʫʭʰʯ. 

               ʨʳʵ˂ʨʴʰʹ ʪʨʫʨ˄ʿʭʬʺʰʹʯʭʰʹ ʪʨʳʵʰʿʬʴʬʩʨ ʼʰˀʬʸʰʹ ʱʸʰʺʬʸʰʻʳʰ [1], 

ʸʵʳʲʰʹ ʸʬʨʲʰʮʨ˂ʰʰʹ ʨʳʵ˂ʨʴʨ ʽʭʬʳʵʯ ʳʵʿʭʨʴʰʲʰ  ʹʨˆʰʯ ˁʨʳʵʿʨʲʰʩʫʬʩʨ: 

             ʭʯʽʭʨʯ ʸʵʳʬʲʰʳʬ ʶʨʸʨʳʬʺʸʰʹ ʪʨʮʵʳʭʰʹ ˀʬʫʬʪʬʩʰʹ ʳʵ˂ʻʲʵʩʨ, 

ʹʨ˄ʿʰʹʰ ʹʨʫʪʻʸʰʹ ʳʵʴʨ˂ʬʳʬʩʰʹ ʳʰˆʬʫʭʰʯ, ˀʬʨʫʪʬʴʹ     ʫʨ ʹʨʱʵʴʺʸʵʲʵ 

ʶʨʸʨʳʬʺʸʰʹ ʳʴʰˀʭʴʬʲʵʩʬʩʰʨ              ;  ʩʵʲʵ ʹʨʫʪʻʸʰʹ 

ʳʵʴʨ˂ʬʳʬʩʰʹʨʯʭʰʹ     -ʹ ʹʨʱʴʺʸʵʲʵ ʶʨʸʨʳʬʺʸʰʹ ʳʴʰˀʭʴʬʲʵʩʬʩʰʯ               .  ʳʰʾʬʩʻʲʰ ʳʵʴʨ˂ʬʳʬʩʰʹ ʳʰˆʬʫʭʰʯ ʪʨʴʹʨʮʾʭʸʨʭʬʴ 

ʨʳʵʸˁʬʻʲʰ ʳʴʰˀʭʴʬʲʵʩʬʩʰʹ  ʱʵʴʺʸʵʲʰʹ ˀʬʫʬʪʬʩʰʹ ʫʰʹʶʬʸʹʰʨʹ. 

         ∑ሺ     ̅ ሻ   
                                                             

         ∑ሺ     ̅ ሻ   
                                                            

        ʹʨʫʨ˂  ̅  ሺ              ሻ   ⁄  ʫʨ    ̅  ሺ              ሻ   ⁄ . 

             ʫʰʹʶʬʸʹʰʬʩʰʹ ʪʨʴʹʨʮʾʭʸʰʹ ˀʬʳʫʬʪ ʶʵʻʲʵʩʬʴ ʼʰˀʬʸʰʹ 

ʱʸʰʺʬʸʰʻʳʰʹ ʹʨʨʴʪʨʸʰˀʵ ʳʴʰˀʭʴʬʲʵʩʨʹ                                                                               237     

             ʸʵʳʬʲʹʨ˂ ʨʫʨʸʬʩʬʴ ʼʰˀʬʸʰʹ ʱʸʰʺʬʸʰʻʳʰʹ ʮʬʫʨ ሺ ʮ ሻ ʫʨ ( ̔  ) 
ʽʭʬʫʨ ʱʸʰʺʰʱʻʲ  ʳʴʰˀʭʴʬʲʵʩʬʩʹ. ʮʬʫʨ ʱʸʰʺʰʱʻʲʰ ʳʴʰˀʭʴʬʲʵʩʨ 

ˀʬʰʸˁʬʭʨ ʼʰˀʬʸʰʹ ˂ˆʸʰʲʰʫʨʴ ˆʵʲʵ ʽʭʬʫʨ ʱʸʰʺʰʱʻʲʰ ʳʴʰˀʭʴʬʲʵʩʨ 

  ̔     ʮ
                                                                       238 

              ʯʻ ʹʨʨʴʪʨʸʰˀʵ ʳʴʰˀʭʴʬʲʵʩʨ ʨʾʳʵˁʴʫʬʩʨ ʽʭʬʫʨ ʫʨ ʮʬʫʨ 

ʱʸʰʺʰʱʻʲ ʳʴʰˀʭʴʬʲʵʩʨʹ ˀʵʸʰʹ   ̔            ʮ ʰʯʭʲʬʩʨ, ʸʵʳ ʨʳ ʵʸʰ 

ˇʪʻʼʰʹ ʫʰʹʶʬʸʹʰʨ ʨʸʹʬʩʰʯʨʫ ʨʸ ʪʨʴʹˆʭʨʭʫʬʩʨ ʬʸʯʳʨʴʬʯʰʹʨʪʨʴ. 

               ʪʨʳʵʭʰʯʭʨʲʵʯ ʸʬʨʲʻʸʰ ʳʰʲʹʨʫʬʴʰʹ (ʩʨʽʵ-ʯʩʰʲʰʹʰ-ʹʻʼʹʨ) 

ʬʸʯ-ʬʸʯʰ ʹʨʱʵʴʺʸʵʲʵ ʶʨʸʨʳʬʺʸʰʹ, ˄ʴʬʭʰʹ ʨʯˇʬʸʨʫʰ ʪʨʮʵʳʭʰʹ 

ˀʬʫʬʪʬʩʰ ˄ʴʬʭʰʹ ʺʸʨʴʹʳʰʺʬʸʰʹ 100% ʫʨʺʭʰʸʯʭʰʹ ʶʰʸʵʩʬʩˀʰ ʹʨ˄ʿʰʹ XI 

ʫʨ ʹʨʩʵʲʵʵ II ʹʨʫʪʻʸʬʩʮʬ. ʪʨʮʵʳʭʰʹ ʳʵʴʨ˂ʬʳʬʩʰ ʹʨʫʪʻʸʬʩʮʬ 

ʳʵ˂ʬʳʻʲʰʨ ˂ˆʸʰʲˀʰ 40 (ʹʨ˄ʿʰʹʰ  XI) ʫʨ ˂ˆʸʰʲˀʰ 41 (ʹʨʩʵʲʵʵ II). ʵʸʰʭʬ 
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ˀʬʳʯˆʭʬʭʨˀʰ ˄ʴʬʭʰʹ ʬʸʯʬʻʲʬʩʰʯ ʪʨʮʵʳʰʲʰ ʳʴʰˀʭʴʬʲʵʩʨ 30kPa-ʹ 

ˀʬʨʫʪʬʴʫʨ, ʸʵʳʲʰʹ ʬʽʭʰʭʨʲʬʴʺʻʸʰ ʳʴʰˀʭʴʬʲʵʩʬʩʰ (ʺʸʨʴʹʳʰʺʬʸʰʹ 

ˁʭʬʴʬʩʰʹ ʳʰˆʬʫʭʰʯ) ʫʬʴʰʹ ˃ʨʲʰʹ ʬʸʯʬʻʲʬʩˀʰ mA ʳʵ˂ʬʳʻʲʰʨ 

˂ˆʸʰʲʬʩˀʰ. 

˂ˆʸʰʲʰ 40 

№ 

ʳʰ˄ʵʫʬʩʻʲʰ ˄ʴʬʭʨ, kPa 

ʫʬʴʰʹ ˃ʨʲʰʹ ʪʨʮʵʳʰʲʰ ʳʴʰˀʭʴʲʵʩʨ, 

mA    ሺ   ሻ       ̅   (     ̅ )  

ʪʨʮʵʳʭʬʩʰ ʳʨʽʹʰʳʨʲʻʸʰ ʫʰʨʶʨʮʵʴʰʹ 100% ʳʴʰˀʭʴʬʲʵʩʰʹ ʫʸʵʹ (˄ʴʬʭʨ 

30kPa) 

1 

       

20,003 -0,0013 0,169      
2 20,004 0,0023 0,53      
3 20,008 0,0063 3,96      
4 19,997 -0,0047 2,21      
5 19,995 -0,0067           
6 19,998 -0,0037 1,37      
7 20,005 0,0033 1,09      
8 19,997 -0,0047 2,21      
9 20,007 0,0053 2,81      
10 20, 003 -0,0013 0,169      
ˀʬʹʨʹʭʲʬʲʰ ʹʰʫʰʫʰʹ ʹʨˀʻʨʲʵ  

ʨʸʰʯʳʬʺʰʱʲʰʹ ʳʴʰˀʭʴʬʲʵʩʨ  ̅  20,0017  ∑19,008      
            ʪʨʴʭʹʨʮʾʭʸʵʯ  ʼʰˀʬʸʰʹ ʱʸʰʺʬʸʰʻʳʰʹ ʹʨʨʴʪʨʸʰˀʵ ʳʴʰˀʭʴʬʲʵʩʨ                                                                      

                                                                                                                                                                  

             ʳʰʾʬʩʻʲʰ ˀʬʫʬʪʰ ˀʬʭʨʫʨʸʵʯ ʼʰˀʬʸʰʹ ʱʸʰʺʬʸʰʻʳʰʹ ʱʸʰʺʰʱʻʲʰ 

ʹʨʮʾʭʸʬʩʰʹ ʳʴʰˀʭʴʬʲʵʩʨʹ, ʸʵʳʬʲʰʰʹ ʮʬʫʨ ʱʸʰʺʰʱʻʲʰ ʳʴʰˀʭʴʬʲʵʩʨ 

ʼʰˀʬʸʰʹ ˂ˆʸʰʲʰʹ  ʳʰˆʬʫʭʰʯ [1], ˁʭʬʴʰ ˀʬʳʯˆʭʬʭʰʹʨʯʭʰʹ  ˀʬʨʫʪʬʴʹ   ʮ      . ʽʭʬʫʨ ʱʸʰʺʰʱʻʲʰ ʳʴʰˀʭʴʬʲʵʩʰʹʨʯʭʰʹ  

  ̔     ʮ
     ⁄                                                                   
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˂ˆʸʰʲʰ 41 

№ 

ʳʰ˄ʵʫʬʩʻʲʰ ˄ʴʬʭʨ, kPa 

ʫʬʴʰʹ ˃ʨʲʰʹ ʪʨʮʵʳʰʲʰ ʳʴʰˀʭʴʲʵʩʨ, 

mA    ሺ   ሻ       ̅   (     ̅ )  

ʪʨʮʵʳʭʬʩʰ ʳʨʽʹʰʳʨʲʻʸʰ ʫʰʨʶʨʮʵʴʰʹ 100% ʳʴʰˀʭʴʬʲʵʩʰʹ ʫʸʵʹ 

(˄ʴʬʭʨ 30kPa) 

1 

       

20,005 0,0037 1,36      
2 19,997 -0,0043 1,84      
3 20,006 -0,0047 2,2      
4 20,003 0,0017 0,28      
5 19,995 -0,0063 3,96      
6 19,998 -0,0033 1,08      
7 20,002 0,0007 0,049      
8 20,004 0,0027 0,73      
9 20,007 0,0057 3,25      
10 19,996 -0,0053 2,81      
ˀʬʹʨʹʭʲʬʲʰ ʹʰʫʰʫʰʹ ʹʨˀʻʨʲʵ  

ʨʸʰʯʳʬʺʰʱʻʲʰʹ ʳʴʰˀʭʴʬʲʵʩʨ  ̅  20,0013  ∑17,559       
 

ʳʰʾʬʩʻʲʰ ʹʨʨʴʪʨʸʰˀʵ ʳʴʰˀʭʴʬʲʵʩʨ ʨʾʳʵˁʴʫʬʩʨ ʽʭʬʫʨ ʫʨ ʮʬʫʨ 

ʱʸʰʺʰʱʻʲ ʳʴʰˀʭʴʬʲʵʩʨʹ ˀʵʸʰʹ   ̔                ʮ      

ʰʯʭʲʬʩʨ, ʸʵʳ ʨʳ ʵʸʰ ˇʪʻʼʰʹ ʫʰʹʶʬʸʹʰʨ ʨʸʹʬʩʰʯʨʫ ʨʸ ʪʨʴʹˆʭʨʭʫʬʩʨ 

ʬʸʯʳʨʴʬʯʰʹʨʪʨʴ (ʫʰʹʶʬʸʹʰʬʩʹ ˀʵʸʰʹ ʪʨʴʹˆʭʨʭʬʩʨ ˀʬʳʯˆʭʬʭʰʯ ˆʨʹʰʨʯʹ 

ʨʺʨʸʬʩʹ) ʬ.ʰ ʪʨʮʵʳʭʰʹ ˀʬʫʬʪʬʩʰ ʨʸʹʬʩʰʯʨʫ ʨʸ ʪʨʴʹˆʭʨʭʫʬʩʨ 

ʬʸʯʳʨʴʬʯʰʹʨʪʨʴ.  

             ʭʰʸʺʻʨʲʻʸʰ ʳʵʫʬʲʰʹ ʨʫʬʽʭʨʺʻʵʩʰʹ ʫʨʹʨʫʪʬʴʨʫ ʨʹʬʭʬ 

ˀʬʭʨʫʨʸʵʯ ʭʰʸʺʻʨʲʻʸ ʳʵʫʬʲʮʬ ˁʨʺʨʸʬʩʻʲʰ ʨʯˇʬʸʨʫʰ ʪʨʮʵʳʭʰʹ 

ˀʬʫʬʪʬʩʰʹ ʫʰʹʶʬʸʹʰʨ ʸʬʨʲʻʸ ʹʨʫʪʻʸʯʨˀʵʸʰʹ ʫʰʹʶʬʸʹʰʨʹʯʨʴ.  

            ʭʰʸʺʻʨʲʻʸ ʳʵʫʬʲʮʬ ˁʨʺʨʸʬʩʻʲʰ ˄ʴʬʭʰʹ ʨʯˇʬʸʨʫʰ ʪʨʮʵʳʭʰʹ 

ˀʬʫʬʪʬʩʰ ˄ʴʬʭʰʹ, ʳʨʽʹʰʳʨʲʻʸʰ 100%-ʰʨʴʰ ʫʨʺʭʰʸʯʭʰʹ 

ʳʴʰˀʭʴʬʲʵʩʰʹʨʯʭʰʹ  ʳʵ˂ʬʳʻʲʰʨ ˂ˆʸʰʲʰ 42-ʰʹ ʹʨˀʻʨʲʬʩʯ.  

 

 

 

 

 



134 

 

˂ˆʸʰʲʰ 42 

 

ʳʰ˄ʵʫʬʩʻʲʰ ˄ʴʬʭʨ, kPa 

ʫʬʴʰʹ ˃ʨʲʰʹ ʪʨʮʵʳʰʲʰ ʳʴʰˀʭʴʲʵʩʨ, 

mA    ሺ   ሻ       ̅   (     ̅ )  

ʪʨʮʵʳʭʬʩʰ ʳʨʽʹʰʳʨʲʻʸʰ ʫʰʨʶʨʮʵʴʰʹ 100% ʳʴʰˀʭʴʬʲʵʩʰʹ ʫʸʵʹ (˄ʴʬʭʨ 

30kPa) 

1 

       

20,007 0,0037 1,36      
2 20,000 -0,0033 1,09      
3 20,004 0,0007 0,049,      
4 20,009 0,0057 3,25      
5 19,997 -0,0063 3,97      
6 19,992 -0,0113 12,77      
7 20,007 0,0037 1,37      
8 20,009 0,0057 3,25      
9 20,01 0,0067 4,49      

10 19,998 0,0053 2,81      
ˀʬʹʨʹʭʲʬʲʰ ʹʰʫʰʫʰʹ ʹʨˀʻʨʲʵ  

ʨʸʰʯʳʬʺʰʱʲʰʹ ʳʴʰˀʭʴʬʲʵʩʨ  ̅  20,0033  ∑34,409       
                                                                    

ʼʰˀʬʸʰʹ ʱʸʰʺʬʸʰʻʳʰʹ ʹʨʨʴʪʨʸʰˀʵ ʳʴʰˀʭʴʬʲʵʩʨ ʭʰʸʺʻʨʲʻʸʰ ʫʨ 

ʸʬʨʲʻʸʰ ʳʵʫʬʲʬʩʰʹ ʫʰʹʶʬʸʹʰʬʩʰʹʨʯʭʰʹ ʪʭʨ˃ʲʬʭʹ                                                                                                                                                                    

               ʼʰˀʬʸʰʹ ʱʸʰʺʬʸʰʻʳʰʹ ʱʸʰʺʰʱʻʲʰ ʹʨʮʾʭʸʬʩʰʹ ʳʴʰˀʭʴʬʲʵʩʨʹ, 

ʸʵʳʬʲʰʰʹ ʮʬʫʨ ʱʸʰʺʰʱʻʲʰ ʳʴʰˀʭʴʬʲʵʩʨ ʼʰˀʬʸʰʹ ˂ˆʸʰʲʰʹ  ʳʰˆʬʫʭʰʯ, 

ˁʭʬʴʰ ˀʬʳʯˆʭʬʭʰʹʨʯʭʰʹ  ˀʬʨʫʪʬʴʹ   ʮ       .  ʽʭʬʫʨ ʱʸʰʺʰʱʻʲʰ 

ʳʴʰˀʭʴʬʲʵʩʰʹʨʯʭʰʹ     ̔     ʮ
                                                                            

               ʳʰʾʬʩʻʲʰ ʹʨʨʴʪʨʸʰˀʵ ʳʴʰˀʭʴʬʲʵʩʨ ʨʾʳʵˁʴʫʬʩʨ ʽʭʬʫʨ ʫʨ ʮʬʫʨ 

ʱʸʰʺʰʱʻʲ ʳʴʰˀʭʴʬʲʵʩʨʹ ˀʵʸʰʹ   ̔                ʮ      

ʰʯʭʲʬʩʨ, ʸʵʳ ʨʳ ʵʸʰ ˇʪʻʼʰʹ ʫʰʹʶʬʸʹʰʨ ʨʸʹʬʩʰʯʨʫ ʨʸ ʪʨʴʹˆʭʨʭʫʬʩʨ 

ʬʸʯʳʨʴʬʯʰʹʨʪʨʴ ʬ.ʰ ʪʨʮʵʳʭʰʹ ˀʬʫʬʪʬʩʰ ʨʸʹʬʩʰʯʨʫ ʨʸ ʪʨʴʹˆʭʨʭʫʬʩʨ 

ʬʸʯʳʨʴʬʯʰʹʨʪʨʴ, ʸʨ˂ ʭʰʸʺʻʨʲʻʸʰ ʳʵʫʬʲʰʹ ʸʬʨʲʻʸʯʨʴ 

ʨʫʬʽʭʨʺʻʸʵʩʨʮʬ ʳʰʻʯʰʯʬʩʹ. 
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        5.1.2  ʺʬʳʶʬʸʨʺʻʸʰʹ ʳʸʨʭʨʲˇʬʸʨʫʰ ʪʨʮʵʳʭʬʩʰʹ ʸʨʳʵʫʬʴʰʳʬ ˇʪʻʼʰʹ 

ʳʵʴʨ˂ʬʳʬʩʰʹ ʨʸʹʬʩʰʯʵʩʰʹ ˀʬʳʵ˄ʳʬʩʨ ʫʰʹʶʬʸʹʰʬʩʰʹ ˀʬʫʨʸʬʩʰʹ ʪʮʰʯ 

      ʪʨʳʵʭʰʯʭʨʲʵʯ ʸʬʨʲʻʸʰ ʳʰʲʹʨʫʬʴʰʹ (ʩʨʽʵ-ʯʩʰʲʰʹʰ-ʹʻʼʹʨ) 

ʺʬʳʶʬʸʨʺʻʸʰʹ ʨʯˇʬʸʨʫʰ ʪʨʮʵʳʭʰʹ ˀʬʫʬʪʬʩʰʹ ʫʰʹʶʬʸʹʰʬʩʰ 

ʺʸʨʴʹʳʰʺʬʸʰʹ 100% ʫʨʺʭʰʸʯʭʰʹ ʶʰʸʵʩʬʩˀʰ ʹʨ˄ʿʰʹ XXI ʫʨ ʹʨʩʵʲʵʵ II 

ʹʨʫʪʻʸʬʩʮʬ. ʪʨʮʵʳʭʰʹ ʳʵʴʨ˂ʬʳʬʩʰ ʹʨʫʪʻʸʬʩʮʬ ʳʵ˂ʬʳʻʲʰʨ ˂ˆʸʰʲˀʰ 43 

(ʹʨ˄ʿʰʹʰ  XXI) ʫʨ ˂ˆʸʰʲˀʰ 44  (ʹʨʩʵʲʵʵ II). ʵʸʰʭʬ ˀʬʳʯˆʭʬʭʨˀʰ 

ʺʬʳʶʬʸʨʺʻʸʰʹ ʪʨʮʵʳʰʲʰ ʳʴʰˀʭʴʬʲʵʩʨ 1000C ˀʬʨʫʪʬʴʫʨ, ʸʵʳʲʰʹ 

ʬʽʭʰʭʨʲʬʴʺʻʸʰ ʳʴʰˀʭʴʬʲʵʩʬʩʰ ˄ʰʴʨʾʵʩʰʹ ʬʸʯʬʻʲʬʩˀʰ Ohm 

ʳʵ˂ʬʳʻʲʰʨ ˂ˆʸʰʲʬʩˀʰ. 

˂ˆʸʰʲʰ 43 

№ 

ʳʰ˄ʵʫʬʩʻʲʰ  ʺʬʳʶʬʸʨʺʻʸʨ 

˄ʰʴʨʾʵʩʰʹ  ʪʨʮʵʳʰʲʰ ʳʴʰˀʭʴʲʵʩʨ, Ohm    ሺ   ሻ       ̅   (     ̅ )  

ʪʨʮʵʳʭʬʩʰ ʳʨʽʹʰʳʨʲʻʸʰ ʫʰʨʶʨʮʵʴʰʹ 100% ʳʴʰˀʭʴʬʲʵʩʰʹ ʫʸʵʹ  

1 

1000C 

      138 0.64 0.41 

2 138.4 0.24 0.06 

3 138.7 0.06 0.00 

4 139.1 0.46 0.21 

5 138.6 0.04 0.00 

6 138.7 0.06 0.00 

7 138.4 0.24 0.06 

8 138.3 0.34 0.12 

9 138.5 0.14 0.02 

10 139.7 1.06 1.12 

ˀʬʹʨʹʭʲʬʲʰ ʹʰʫʰʫʰʹ ʹʨˀʻʨʲʵ  

ʨʸʰʯʳʬʺʰʱʲʰʹ ʳʴʰˀʭʴʬʲʵʩʨ  ̅  138.64 ∑ 3.28 ∑ 2.004                                                                                                                                                         

ʪʨʴʭʹʨʮʾʭʸʵʯ  ʼʰˀʬʸʰʹ ʱʸʰʺʬʸʰʻʳʰʹ ʹʨʨʴʪʨʸʰˀʵ ʳʴʰˀʭʴʬʲʵʩʨʹ                     ⁄                                                        

ʳʰʾʬʩʻʲʰ ˀʬʫʬʪʰ ˀʬʭʨʫʨʸʵʯ ʼʰˀʬʸʰʹ ʱʸʰʺʬʸʰʻʳʰʹ 

ʱʸʰʺʰʱʻʲʰ ʹʨʮʾʭʸʬʩʰʹ ʳʴʰˀʭʴʬʲʵʩʨʹ, ʸʵʳʬʲʰʰʹ ʮʬʫʨ ʱʸʰʺʰʱʻʲʰ 
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ʳʴʰˀʭʴʬʲʵʩʨ ʼʰˀʬʸʰʹ ˂ˆʸʰʲʰʹ  ʳʰˆʬʫʭʰʯ [1], ˁʭʬʴʰ ˀʬʳʯˆʭʬʭʰʹʨʯʭʰʹ  

ˀʬʨʫʪʬʴʹ   ʮ      . ʽʭʬʫʨ ʱʸʰʺʰʱʻʲʰ ʳʴʰˀʭʴʬʲʵʩʰʹʨʯʭʰʹ 

   ̔     ʮ
     ⁄                                                                  

˂ˆʸʰʲʰ 44 

№ 

ʳʰ˄ʵʫʬʩʻʲʰ  ʺʬʳʶʬʸʨʺʻʸʨ 

˄ʰʴʨʾʵʩʰʹ  ʪʨʮʵʳʰʲʰ ʳʴʰˀʭʴʲʵʩʨ, Ohm    ሺ   ሻ       ̅   (     ̅ )  

ʪʨʮʵʳʭʬʩʰ ʳʨʽʹʰʳʨʲʻʸʰ ʫʰʨʶʨʮʵʴʰʹ 100% ʳʴʰˀʭʴʬʲʵʩʰʹ ʫʸʵʹ  

1 

1000C 

138.8 0.40 0.16 

2 138.4 0.00 0.00 

3 138.6 0.20 0.04 

4 138.3 0.10 0.01 

5 138.5 0.10 0.01 

6 138.6 0.20 0.04 

7 138.4 0.00 0.00 

8 138.4 0.00 0.00 

9 138.5 0.10 0.01 

10 137.5 0.90 0.81 

ˀʬʹʨʹʭʲʬʲʰ ʹʰʫʰʫʰʹ ʹʨˀʻʨʲʵ  

ʨʸʰʯʳʬʺʰʱʲʰʹ ʳʴʰˀʭʴʬʲʵʩʨ  ̅  138.4 ∑ 2 ∑  1.08 

ʳʰʾʬʩʻʲʰ ʹʨʨʴʪʨʸʰˀʵ ʳʴʰˀʭʴʬʲʵʩʨ ʨʾʳʵˁʴʫʬʩʨ ʽʭʬʫʨ ʫʨ ʮʬʫʨ 

ʱʸʰʺʰʱʻʲ ʳʴʰˀʭʴʬʲʵʩʨʹ ˀʵʸʰʹ   ̔                ʮ      

ʰʯʭʲʬʩʨ, ʸʵʳ ʨʳ ʵʸʰ ˇʪʻʼʰʹ ʫʰʹʶʬʸʹʰʨ ʨʸʹʬʩʰʯʨʫ ʨʸ ʪʨʴʹˆʭʨʭʫʬʩʨ 

ʬʸʯʳʨʴʬʯʰʹʨʪʨʴ ʬ.ʰ ʪʨʮʵʳʭʰʹ ˀʬʫʬʪʬʩʰ ʨʸʹʬʩʰʯʨʫ ʨʸ ʪʨʴʹˆʭʨʭʫʬʩʨ 

ʬʸʯʳʨʴʬʯʰʹʨʪʨʴ.  

ʭʰʸʺʻʨʲʻʸʰ ʳʵʫʬʲʰʹ ʨʫʬʽʭʨʺʻʵʩʰʹ ʫʨʹʨʫʪʬʴʨʫ ʨʹʬʭʬ 

ˀʬʭʨʫʨʸʵʯ ʭʰʸʺʻʨʲʻʸ ʳʵʫʬʲʮʬ ˁʨʺʨʸʬʩʻʲʰ ʨʯˇʬʸʨʫʰ ʪʨʮʵʳʭʰʹ 

ˀʬʫʬʪʬʩʰʹ ʫʰʹʶʬʸʹʰʨ ʸʬʨʲʻʸ ʹʨʫʪʻʸʯʨˀʵʸʰʹ ʫʰʹʶʬʸʹʰʨʹʯʨʴ.      

ʭʰʸʺʻʨʲʻʸ ʳʵʫʬʲʮʬ ˁʨʺʨʸʬʩʻʲʰ ʺʬʳʶʬʸʨʺʻʸʰʹ ʨʯˇʬʸʨʫʰ 

ʪʨʮʵʳʭʰʹ ˀʬʫʬʪʬʩʰ  ʳʨʽʹʰʳʨʲʻʸʰ 100%-ʰʨʴʰ ʫʨʺʭʰʸʯʭʰʹ 

ʳʴʰˀʭʴʬʲʵʩʰʹʨʯʭʰʹ  ʳʵ˂ʬʳʻʲʰʨ ˂ˆʸʰʲʰˀʰ 45.  

               ∑ሺ       ̅ ሻ   
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          ʼʰˀʬʸʰʹ ʱʸʰʺʬʸʰʻʳʰʹ ʹʨʨʴʪʨʸʰˀʵ ʳʴʰˀʭʴʬʲʵʩʨ ʭʰʸʺʻʨʲʻʸʰ ʫʨ 

ʸʬʨʲʻʸʰ ʳʵʫʬʲʬʩʰʹ ʫʰʹʶʬʸʹʰʬʩʰʹʨʯʭʰʹ ʪʭʨ˃ʲʬʭʹ                 ⁄              ⁄                                            

˂ˆʸʰʲʰ 45    

№ 

ʳʰ˄ʵʫʬʩʻʲʰ  ʺʬʳʶʬʸʨʺʻʸʨ 

˄ʰʴʨʾʵʩʰʹ  ʪʨʮʵʳʰʲʰ ʳʴʰˀʭʴʲʵʩʨ, 

Ohm    ሺ   ሻ       ̅   (     ̅ )  

ʪʨʮʵʳʭʬʩʰ ʳʨʽʹʰʳʨʲʻʸʰ ʫʰʨʶʨʮʵʴʰʹ 100% ʳʴʰˀʭʴʬʲʵʩʰʹ ʫʸʵʹ  

1 

1000C 

138.73 0.3060 0.0936360 

2 138.96 0.5360 0.2872960 

3 138.6 0.1760 0.0309760 

4 138.12 0.3040 0.0924160 

5 138.57 0.1460 0.0213160 

6 138.24 0.1840 0.0338560 

7 138.1 0.3240 0.1049760 

8 138.25 0.1740 0.0302760 

9 138.06 0.3640 0.1324960 

10 138.61 0.1860 0.0345960 

ˀʬʹʨʹʭʲʬʲʰ ʹʰʫʰʫʰʹ ʹʨˀʻʨʲʵ  

ʨʸʰʯʳʬʺʰʱʲʰʹ ʳʴʰˀʭʴʬʲʵʩʨ  ̅  138.42 ∑ 2.7 ∑  0.862 

 

ʼʰˀʬʸʰʹ ʱʸʰʺʬʸʰʻʳʰʹ ʱʸʰʺʰʱʻʲʰ ʹʨʮʾʭʸʬʩʰʹ ʳʴʰˀʭʴʬʲʵʩʨʹ, 

ʸʵʳʬʲʰʰʹ ʮʬʫʨ ʱʸʰʺʰʱʻʲʰ ʳʴʰˀʭʴʬʲʵʩʨ ʼʰˀʬʸʰʹ ˂ˆʸʰʲʰʹ  ʳʰˆʬʫʭʰʯ, 

ˁʭʬʴʰ ˀʬʳʯˆʭʬʭʰʹʨʯʭʰʹ  ˀʬʨʫʪʬʴʹ   ʮ      . ʽʭʬʫʨ ʱʸʰʺʰʱʻʲʰ 

ʳʴʰˀʭʴʬʲʵʩʰʹʨʯʭʰʹ          ̔     ʮ
       .                                                          

ʳʰʾʬʩʻʲʰ ʹʨʨʴʪʨʸʰˀʵ ʳʴʰˀʭʴʬʲʵʩʨ ʨʾʳʵˁʴʫʬʩʨ ʽʭʬʫʨ ʫʨ ʮʬʫʨ 

ʱʸʰʺʰʱʻʲ ʳʴʰˀʭʴʬʲʵʩʨʹ ˀʵʸʰʹ   ̔                ʮ      

ʰʯʭʲʬʩʨ, ʸʵʳ ʨʳ ʵʸʰ ˇʪʻʼʰʹ ʫʰʹʶʬʸʹʰʨ ʨʸʹʬʩʰʯʨʫ ʨʸ ʪʨʴʹˆʭʨʭʫʬʩʨ 

ʬʸʯʳʨʴʬʯʰʹʨʪʨʴ ʬ.ʰ ʪʨʮʵʳʭʰʹ ˀʬʫʬʪʬʩʰ ʨʸʹʬʩʰʯʨʫ ʨʸ ʪʨʴʹˆʭʨʭʫʬʩʨ 

ʬʸʯʳʨʴʬʯʰʹʨʪʨʴ, ʸʨ˂ ʭʰʸʺʻʨʲʻʸʰ ʳʵʫʬʲʰʹ ʸʬʨʲʻʸʯʨʴ 

ʨʫʬʽʭʨʺʻʸʵʩʨʮʬ ʳʰʻʯʰʯʬʩʹ. 

   

 

 



138 

 

5.1.3 ˆʨʸˇʰʹ ʳʸʨʭʨʲˇʬʸʨʫʰ ʪʨʮʵʳʭʬʩʰʹ ʸʨʳʵʫʬʴʰʳʬ ˇʪʻʼʰʹ 

ʳʵʴʨ˂ʬʳʬʩʰʹ ʨʸʹʬʩʰʯʵʩʰʹ ˀʬʳʵ˄ʳʬʩʨ ʫʰʹʶʬʸʹʰʬʩʰʹ ˀʬʫʨʸʬʩʰʹ ʪʮʰʯ 

         ʪʨʳʵʭʰʯʭʨʲʵʯ ʸʬʨʲʻʸʰ ʳʰʲʹʨʫʬʴʰʹ (ʩʨʽʵ-ʯʩʰʲʰʹʰ-ˇʬʰˈʨʴʰ) 

ʬʸʯ-ʬʸʯʰ ʹʨʱʵʴʺʸʵʲʵ ʶʨʸʨʳʬʺʸʰʹ, ˆʨʸˇʰʹ ʨʯˇʬʸʨʫʰ  ʪʨʮʵʳʭʰʹ 

ˀʬʫʬʪʬʩʰʹ ʫʰʹʶʬʸʹʰʬʩʰ ʳʨʪʰʹʺʸʨʲʰʹ 600 ʳ3/ʹʯ ʫʨʺʭʰʸʯʭʰʹ ʶʰʸʵʩʬʩˀʰ 

ʹʨ˄ʿʰʹ XXI ʫʨ ʹʨʩʵʲʵʵ II ʹʨʫʪʻʸʬʩʮʬ, ʪʨʮʵʳʭʰʹ ʳʵʴʨ˂ʬʳʬʩʰ 

ʹʨʫʪʻʸʬʩʮʬ ʳʵ˂ʬʳʻʲʰʨ ˂ˆʸʰʲˀʰ 46  (ʹʨ˄ʿʰʹʰ  XI) ʫʨ ˂ˆʸʰʲˀʰ 47 

(ʹʨʩʵʲʵʵ II).  

˂ˆʸʰʲʰ 46 

№ ˆʨʸˇʰ ʳ3/ʹʯ ሺ   ሻ       ̅   (     ̅ )  

1 

600 ʳ3/ʹʯ 

596.55 1.1350 1.2882250 

2 596.4 0.9850 0.9702250 

3 595.92 0.5050 0.2550250 

4 595.32 0.0950 0.0090250 

5 594.9 0.5150 0.2652250 

6 594.27 1.1450 1.3110250 

7 594.32 1.0950 1.1990250 

8 594.85 0.5650 0.3192250 

9 596.07 0.6550 0.4290250 

10 595.55 0.1350 0.0182250 

ˀʬʹʨʹʭʲʬʲʰ ʹʰʫʰʫʰʹ ʹʨˀʻʨʲʵ  

ʨʸʰʯʳʬʺʰʱʻʲʰʹ ʳʴʰˀʭʴʬʲʵʩʨ  ̅  595.62 ∑ 6.83 ∑ 6.06 

˂ˆʸʰʲʰ 47 

№ ˆʨʸˇʰ ʳ3/ʹʯ ሺ   ሻ       ̅   (     ̅ )  

1 

600 ʳ3/ʹʯ 

595.9 0.2370 0.0561690 

2 595.2 0.4630 0.2143690 

3 596.22 0.5570 0.3102490 

4 595.1 0.5630 0.3169690 

5 595.32 0.3430 0.1176490 

6 595.45 0.2130 0.0453690 

7 595 0.6630 0.4395690 

8 596.17 0.5070 0.2570490 

9 596.35 0.6870 0.4719690 

10 595.92 0.2570 0.0660490 

ˀʬʹʨʹʭʲʬʲʰ ʹʰʫʰʫʰʹ ʹʨˀʻʨʲʵ  

ʨʸʰʯʳʬʺʰʱʻʲʰʹ ʳʴʰˀʭʴʬʲʵʩʨ  ̅  595.66 ∑ 4.49 ∑2.295 
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ʪʨʴʭʹʨʮʾʭʸʵʯ  ʼʰˀʬʸʰʹ ʱʸʰʺʬʸʰʻʳʰʹ ʹʨʨʴʪʨʸʰˀʵ ʳʴʰˀʭʴʬʲʵʩʨʹ                   ⁄                                                      

ʳʰʾʬʩʻʲʰ ˀʬʫʬʪʰ ˀʬʭʨʫʨʸʵʯ ʼʰˀʬʸʰʹ ʱʸʰʺʬʸʰʻʳʰʹ 

ʱʸʰʺʰʱʻʲʰ ʹʨʮʾʭʸʬʩʰʹ ʳʴʰˀʭʴʬʲʵʩʨʹ, ʸʵʳʬʲʰʰʹ ʮʬʫʨ ʱʸʰʺʰʱʻʲʰ 

ʳʴʰˀʭʴʬʲʵʩʨ ʼʰˀʬʸʰʹ ˂ˆʸʰʲʰʹ  ʳʰˆʬʫʭʰʯ [1], ˁʭʬʴʰ ˀʬʳʯˆʭʬʭʰʹʨʯʭʰʹ  

ˀʬʨʫʪʬʴʹ   ʮ      . ʽʭʬʫʨ ʱʸʰʺʰʱʻʲʰ ʳʴʰˀʭʴʬʲʵʩʰʹʨʯʭʰʹ 

   ̔     ʮ
     ⁄                                                                 

ʳʰʾʬʩʻʲʰ ʹʨʨʴʪʨʸʰˀʵ ʳʴʰˀʭʴʬʲʵʩʨ ʨʾʳʵˁʴʫʬʩʨ ʽʭʬʫʨ ʫʨ ʮʬʫʨ 

ʱʸʰʺʰʱʻʲ ʳʴʰˀʭʴʬʲʵʩʨʹ ˀʵʸʰʹ   ̔                ʮ      

ʰʯʭʲʬʩʨ, ʸʵʳ ʨʳ ʵʸʰ ˇʪʻʼʰʹ ʫʰʹʶʬʸʹʰʨ ʨʸʹʬʩʰʯʨʫ ʨʸ ʪʨʴʹˆʭʨʭʫʬʩʨ 

ʬʸʯʳʨʴʬʯʰʹʨʪʨʴ ʬ.ʰ ʪʨʮʵʳʭʰʹ ˀʬʫʬʪʬʩʰ ʨʸʹʬʩʰʯʨʫ ʨʸ ʪʨʴʹˆʭʨʭʫʬʩʨ 

ʬʸʯʳʨʴʬʯʰʹʨʪʨʴ.  

ʭʰʸʺʻʨʲʻʸʰ ʳʵʫʬʲʰʹ ʨʫʬʽʭʨʺʻʵʩʰʹ ʫʨʹʨʫʪʬʴʨʫ ʨʹʬʭʬ 

ˀʬʭʨʫʨʸʵʯ ʭʰʸʺʻʨʲʻʸ ʳʵʫʬʲʮʬ ˁʨʺʨʸʬʩʻʲʰ ʨʯˇʬʸʨʫʰ ʪʨʮʵʳʭʰʹ 

ˀʬʫʬʪʬʩʰʹ ʫʰʹʶʬʸʹʰʨ ʸʬʨʲʻʸ ʹʨʫʪʻʸʯʨˀʵʸʰʹ ʫʰʹʶʬʸʹʰʨʹʯʨʴ.  

ʭʰʸʺʻʨʲʻʸ ʳʵʫʬʲʮʬ ˁʨʺʨʸʬʩʻʲʰ ˆʨʸˇʰʹ ʨʯˇʬʸʨʫʰ ʪʨʮʵʳʭʰʹ 

ˀʬʫʬʪʬʩʰ  ʳʵ˂ʬʳʻʲʰʨ ˂ˆʸʰʲʰ 48-ʰʹ ʹʨˀʻʨʲʬʩʯ.  

               ∑ሺ       ̅ ሻ   
                                               

                                                                        

          ʼʰˀʬʸʰʹ ʱʸʰʺʬʸʰʻʳʰʹ ʹʨʨʴʪʨʸʰˀʵ ʳʴʰˀʭʴʬʲʵʩʨ ʭʰʸʺʻʨʲʻʸʰ ʫʨ 

ʸʬʨʲʻʸʰ ʳʵʫʬʲʬʩʰʹ ʫʰʹʶʬʸʹʰʬʩʰʹʨʯʭʰʹ ʪʭʨ˃ʲʬʭʹ                 ⁄          ⁄                                                   

ʼʰˀʬʸʰʹ ʱʸʰʺʬʸʰʻʳʰʹ ʱʸʰʺʰʱʻʲʰ ʹʨʮʾʭʸʬʩʰʹ ʳʴʰˀʭʴʬʲʵʩʨʹ, 

ʸʵʳʬʲʰʰʹ ʮʬʫʨ ʱʸʰʺʰʱʻʲʰ ʳʴʰˀʭʴʬʲʵʩʨ ʼʰˀʬʸʰʹ ˂ˆʸʰʲʰʹ  ʳʰˆʬʫʭʰʯ, 

ˁʭʬʴʰ ˀʬʳʯˆʭʬʭʰʹʨʯʭʰʹ  ˀʬʨʫʪʬʴʹ   ʮ       . ʽʭʬʫʨ ʱʸʰʺʰʱʻʲʰ 

ʳʴʰˀʭʴʬʲʵʩʰʹʨʯʭʰʹ                ̔     ʮ
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˂ˆʸʰʲʰ 48    

№ ˆʨʸˇʰ ʳ3/ʹʯ ሺ   ሻ       ̅   (     ̅ )  

1 

          600 ʳ3/ʹʯ 

601.175 0.7450 0.5550250 

2 600.975 0.5450 0.2970250 

3 599.575 0.8550 0.7310250 

4 601.4 0.9700 0.9409000 

5 601.2 0.7700 0.5929000 

6 598.325 2.1050 4.4310250 

7 602.375 1.9450 3.7830250 

8 599.15 1.2800 1.6384000 

9 600.25 0.1800 0.0324000 

10 599.875 0.5550 0.3080250 

ˀʬʹʨʹʭʲʬʲʰ ʹʰʫʰʫʰʹ ʹʨˀʻʨʲʵ  

ʨʸʰʯʳʬʺʰʱʲʰʹ ʳʴʰˀʭʴʬʲʵʩʨ  ̅  600.43 9.95 ∑13.3 

 

ʳʰʾʬʩʻʲʰ ʹʨʨʴʪʨʸʰˀʵ ʳʴʰˀʭʴʬʲʵʩʨ ʨʾʳʵˁʴʫʬʩʨ ʽʭʬʫʨ ʫʨ ʮʬʫʨ 

ʱʸʰʺʰʱʻʲ ʳʴʰˀʭʴʬʲʵʩʨʹ ˀʵʸʰʹ   ̔                ʮ      

ʰʯʭʲʬʩʨ, ʸʵʳ ʨʳ ʵʸʰ ˇʪʻʼʰʹ ʫʰʹʶʬʸʹʰʨ ʨʸʹʬʩʰʯʨʫ ʨʸ ʪʨʴʹˆʭʨʭʫʬʩʨ 

ʬʸʯʳʨʴʬʯʰʹʨʪʨʴ (ʫʰʹʶʬʸʹʰʬʩʹ ˀʵʸʰʹ ʪʨʴʹˆʭʨʭʬʩʨ ˀʬʳʯˆʭʬʭʰʯ ˆʨʹʰʨʯʹ 

ʨʺʨʸʬʩʹ) ʬ.ʰ ʪʨʮʵʳʭʰʹ ˀʬʫʬʪʬʩʰ ʨʸʹʬʩʰʯʨʫ ʨʸ ʪʨʴʹˆʭʨʭʫʬʩʨ 

ʬʸʯʳʨʴʬʯʰʹʨʪʨʴ, ʸʨ˂ ˆʨʸˇʰʹ ʨʯˇʬʸʨʫʰ ʪʨʮʵʳʭʬʩʰʹ ˀʬʳʯˆʭʬʭʨˀʰ˂ 

ʭʰʸʺʻʨʲʻʸʰ ʳʵʫʬʲʰʹ ʸʬʨʲʻʸʯʨʴ ʨʫʬʽʭʨʺʻʸʵʩʨʮʬ ʳʰʻʯʰʯʬʩʹ. 
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5.2 ʹʨʫʪʻʸʯʨˀʵʸʰʹ ʪʨʮʵʳʭʰʹ ʳʵʴʨ˂ʬʳʯʨ ʸʨʳʵʫʬʴʰʳʬ ˇʪʻʼʰʹ ʹʨˀʻʨʲʵ 

ʨʸʰʯʳʬʺʰʱʻʲʬʩʰʹ ʪʨʴʹˆʭʨʭʬʩʰʹ ʨʸʹʬʩʰʯʵʩʰʹ ˀʬʳʵ˄ʳʬʩʨ 

5.2.1 ʹʨʫʪʻʸʯʨˀʵʸʰʹ ˄ʴʬʭʰʹ ʪʨʮʵʳʭʰʹ ʳʵʴʨ˂ʬʳʯʨ ʸʨʳʵʫʬʴʰʳʬ ˇʪʻʼʰʹ 

ʹʨˀʻʨʲʵ ʨʸʰʯʳʬʺʰʱʻʲʬʩʰʹ ʪʨʴʹˆʭʨʭʬʩʰʹ ʨʸʹʬʩʰʯʵʩʰʹ ˀʬʳʵ˄ʳʬʩʨ 

  ʪʨʮʵʳʭʰʹ ˀʬʫʬʪʬʩʰʹ ʨʫʬʽʭʨʺʻʸʵʩʰʹ ˀʬʳʵ˄ʳʬʩʰʹʨ ʫʨ ʳʵʴʨ˂ʬʳʯʨ 

ʪʨʬʸʯʰʨʴʬʩʰʹ ʳʰʮʴʰʯ ʳʨʯʰ  ʳʿʰʹʰʬʸʰ ʪʨʩʴʬʭʰʹ ʹʰʫʰʫʰʹ ʳʻʫʳʰʭʵʩʰʹ 

ˀʬʼʨʹʬʩʨʹʯʨʴ ʬʸʯʨʫ ʳʴʰˀʭʴʬʲʵʭʨʴʰʨ ʳʰʾʬʩʻʲʰ ˀʬʫʬʪʬʩʰʹ  ʹʨˀʻʨʲʵ 

ʨʸʰʯʳʬʺʰʱʻʲʬʩʰʹ ʪʨʴʹˆʭʨʭʬʩʰʹ ʨʸʹʬʩʰʯʵʩʰʹ ˀʬʳʵ˄ʳʬʩʨ. ʪʨʮʵʳʭʰʹ 

ˀʬʫʬʪʬʩʰʹ ʸʨʳʵʫʬʴʰʳʬ ˇʪʻʼʰʹ ʨʸʹʬʩʵʩʰʹ ˀʬʳʯˆʭʬʭʨˀʰ ʨʳ ʳʰʮʴʰʯ 

ˀʬʳʵʯʨʭʨʮʬʩʻʲʰʨ ʼʰˀʬʸʰʹ ʱʸʰʺʬʸʰʻʳʰʹ ʪʨʳʵʿʬʴʬʩʨ [1]. 

ʶʸʨʽʺʰʱʻʲʰ ʪʨʳʵʯʭʲʰʹ ʨʲʪʵʸʰʯʳʹ, ʸʵʫʬʹʨ˂ ʪʨʮʵʳʭʰʹ 

ˀʬʫʬʪʬʩʰʹ   ˇʪʻʼʰʹ ʳʵʴʨ˂ʬʳʬʩʰ ˄ʨʸʳʵʫʪʬʴʰʲʰʨ ʨʴʨʲʰʮʻʸʨʫ, ˀʬʳʫʬʪʰ 

ʹʨˆʬ ʬʽʴʬʩʨ: 

1.                  
2.                 

. . . . . . . . . . . .                     
ʼʰˀʬʸʰʹ ʱʸʰʺʬʸʰʻʳʰʯ ˀʬʫʨʸʬʩʰʹ ʳʬʯʵʫʰʹ ʯʨʴʨˆʳʨʫ ʫʨʹʨ˄ʿʰʹˀʰ 

ʻʴʫʨ ʪʨʳʵʭʰʯʭʨʲʵʯ ʯʰʯʵʬʻʲʰ ˇʪʻʼʰʹ ʹʨˀʻʨʲʵ ʨʸʰʯʳʬʺʰʱʻʲʬʩʰ:       ̅   ̅     ̅    ˀʬʳʫʬʪ ʬʸʯʵʩʲʰʭʰ ʹʨˀʻʨʲʵ  ̿    ∑    ̅                                                          262  

ʹʨʫʨ˂ N  ʪʨʮʵʳʭʬʩʰʹ ʹʨʬʸʯʵ ʸʨʵʫʬʴʵʩʨʨ ʿʭʬʲʨ ˇʪʻʼˀʰ              . 

ˀʬʳʫʬʪ ʪʨʳʵʰʯʭʲʬʩʨ ˇʪʻʼʯʨˀʵʸʰʹʰ ʫʰʹʶʬʸʹʰʨ   ∑  .                 ∑       ∑       ሺ ̅   ̿ሻ                                            263 

ʫʨ ˇʪʻʼʬʩʰʹ ˀʰʪʴʰʯ ʫʰʹʶʬʸʹʰʬʩʰʹ ʪʨʹʨˀʻʨʲʬʩʻʲʰ ʳʴʰˀʭʴʬʲʵʩʨ   ̅     ̅       ∑ ∑ (     ̅ )                                                     264 

ʩʵʲʵʹ ʪʨʴʰʹʨʮʾʭʸʬʩʨ ʼʰˀʬʸʰʹ ʱʸʰʺʬʸʰʻʳʰʹ ʹʨʨʴʪʨʸʰˀʵ 

ʳʴʰˀʭʴʬʲʵʩʨ    ∑   ̅                                                                265 
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ʳʰʾʬʩʻʲʰ ʹʰʫʰʫʬ ˀʬʬʫʨʸʬʩʨ ʼʰˀʬʸʰʹ ʱʸʰʺʬʸʰʻʳʰʹ ˀʬʹʨʩʨʳʰʹ 

ʱʸʰʺʰʱʻʲ ʳʴʰˀʭʴʬʲʵʩʬʩʹ, ʹʨʫʨ˂ ʮʬʫʨ ʱʸʰʺʰʱʻʲʰ ʳʴʰˀʭʴʬʲʵʩʨ  ʮ 

ˀʬʰʸˁʬʭʨ ʼʰˀʬʸʰʹ ˂ˆʸʰʲʰʹ      ʹʭʬʺʰʹʨ ʫʨ       ʹʺʸʰʽʵʴʰʹ 

ʪʨʫʨʱʭʬʯʨʮʬ. ʽʭʬʫʨ ʱʸʰʺʰʱʻʲʰ ʳʴʰˀʭʴʬʲʵʩʨ  ̔    ʮ.  ʯʻ ʹʨʨʴʪʨʸʰˀʵ 

ʳʴʰˀʭʴʬʲʵʩʨ ʨʾʳʵˁʴʫʨ ʮʬʫʨ ʫʨ ʽʭʬʫʨ ʱʸʰʺʰʱʻʲ ʳʴʰˀʭʴʬʲʵʩʬʩʹ ˀʵʸʰʹ  ̔   ∑   ̅     ʮ                                                        266 

ʭʯʭʲʰʯ, ʸʵʳ ʪʨʴʹʨˆʰʲʭʬʲʰ ˇʪʻʼʬʩʰʹ ʹʨˀʻʨʲʵ 

ʨʸʰʯʳʬʺʰʱʻʲʬʩʰʹ ʪʨʴʹˆʭʨʭʬʩʨ ʨʸʨʨʸʹʬʩʰʯʰʨ ʫʨ ˀʬʹʨ˃ʲʬʩʬʲʰʨ ʪʨʮʵʳʭʰʹ 

ʳʵʴʨ˂ʬʳʬʩʰʹ ʪʨʬʸʯʰʨʴʬʩʨ ʳʵʴʨ˂ʬʳʯʨ ʫʨʳʻˀʨʭʬʩʰʹ ʳʰʹʨʾʬʩʰ 

ʨʲʪʵʸʰʯʳʬʩʰʹ ʹʨˀʻʨʲʬʩʰʯ. 

ʨʾ˄ʬʸʰʲʰ ʨʲʪʵʸʰʯʳʰʹ ʫʨˆʳʨʸʬʩʰʯ ʳʵʭʨʨˆʫʰʴʵʯ 

ʹʨʫʪʻʸʯʨˀʵʸʰʹ ˄ʴʬʭʰʹ ʪʨʮʵʳʭʰʹ ʳʵʴʨ˂ʬʳʯʨ ʸʨʳʵʫʬʴʰʳʬ ˇʪʻʼʰʹ 

ʹʨˀʻʨʲʵ ʨʸʰʯʳʬʺʰʱʻʲʬʩʰʹ ʪʨʴʹˆʭʨʭʬʩʰʹ ʨʸʹʬʩʰʯʵʩʰʹ ˀʬʳʵ˄ʳʬʩʨ. 

ʪʨʮʵʳʭʰʹ ʳʵʴʨ˂ʬʳʬʩʰ ʳʰʾʬʩʻʲʰ ʪʭʨʽʭʹ ʩʨʽʵ-ʯʩʰʲʰʹʰ-ˇʬʰˈʨʴʰʹ 

ʳʰʲʹʨʫʬʴʰʹ  ˆʻʯʰ ʹˆʭʨʫʨʹˆʭʨ ʹʨʫʪʻʸʰʹ  ˄ʴʬʭʰʹ ʨʯˇʬʸʨʫʰ ʪʨʮʵʳʭʰʹ 

ˁʭʬʴʬʩʬʩʰʹ ʳʰˆʬʫʭʰʯ (˂ˆʸʰʲʰ 49), ʳʨʪʰʹʺʸʨʲʰʹ ʴʨʭʯʵʩʰʹ ʴʨʱʨʫʰʯ 100% 

ʫʨʺʭʰʸʯʭʰʹ ˀʬʳʯˆʭʬʭʰʹʨʯʭʰʹ.  

       ˂ˆʸʰʲʰ 49 

№ ʨʯˇʬʸʨʫʰ ʪʨʮʵʳʭʰʹ ʳʵʴʨ˂ʬʳʬʩʰ 

ʺʸʨʴʹʳʰʺʬʸʰʹ ˁʭʬʴʬʩʰʹ ʳʰˆʬʫʭʰʯ (mA) 

11 20,005 19,993 20,006 19,995 20,007 20,008 20,007 19,985 20,007 20,006 

13 19,986 20,004 19,986 19,987 19,987 20,002 19,989 20,004 19,986 19,988 

15 20,001 20 19,987 20,002 20,002 20,001 20,002 20,003 19,98 20,001 

1 20,01 20,008 20,009 20,011 20,012 20,011 20,007 20,008 20,009 20,005 

2 20,004 20,005 19,985 20,008 20,006 20,007 19,987 20,004 20,005 20,003 

 

˂ˆʸʰʲˀʰ ʳʵʿʭʨʴʰʲʰ ʳʵʴʨ˂ʬʳʬʩʰʹ ʳʰˆʬʫʭʰʯ ʳʵ˂ʬʳʻʲʰ ʪʭʨʽʭʹ  

ʫʨʱʭʰʸʭʬʩʨʯʨ 5 ˇʪʻʼʰ (L=5), ʯʰʯʵʬʻʲ ˇʪʻʼˀʰ ʫʨʱʭʰʸʭʬʩʨʯʨ 

ˀʬʫʬʪʬʩʰʹ ʸʨʵʫʬʴʵʩʨ                  . 

 ʶʰʸʭʬʲ ʬʺʨʶʮʬ ʪʨʳʵʭʰʯʭʨʲʵʯ ʹʨʫʪʻʸʬʩʮʬ ʪʨʮʵʳʭʰʹ ˀʬʫʬʪʬʩʰʹ 

ʹʨˀʻʨʲʵ ʨʸʰʯʳʬʺʰʱʻʲʬʩʰ  ̅   20,0019; 
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 ̅   19,9919  ̅   19,9981  ̅  20,009  ̅  20,0014 

ʫʨʱʭʰʸʭʬʩʨʯʨ ʹʨʬʸʯʵ ʸʨʵʫʬʴʵʩʰʹ                      

ʪʨʯʭʨʲʰʹ˄ʰʴʬʩʰʯ ʬʸʯʵʩʲʰʭʰ ʹʨˀʻʨʲʵ ʳʴʰˀʭʴʬʲʵʩʰʹʨʯʭʰʹ 262 

ʳʰˆʬʫʭʯ  ʪʭʬʽʴʬʩʨ:  ̿     ሺ                                                     ሻ          

ʳʰʾʬʩʻʲʰ ʳʴʰˀʭʴʬʲʵʩʰʹ ʪʨʯʭʨʲʰʹ˄ʰʴʬʩʰʯ ʪʨʳʵʭʰʯʭʨʲʵʯ 263 

ʼʵʸʳʻʲʰʹ ʳʰˆʬʫʭʰʯ  ˇʪʻʼʯʨˀʵʸʰʹʰ ʫʰʹʶʬʸʹʰʨ  ∑       [   ሺ                ሻ    ሺ                ሻ    ሺ                ሻ  ሺ               ሻ  ሺ                ሻ ]            

ˇʪʻʼʬʩʰʹ ˀʰʪʴʰʯ  ʫʰʹʶʬʸʹʰʬʩʰʹ  ʪʨʹʨˀʻʨʲʬʩʻʲʰ  ʳʴʰˀʭʴʬʲʵʩʨ 

ʪʨʳʵʰʯʭʲʬʩʨ 264 ʳʰˆʬʫʭʰʯ   ̅        {[ሺ              ሻ  ሺ             ሻ  ሺ             ሻ  ሺ              ሻ  ሺ              ሻ  ሺ             ሻ  ሺ              ሻ  ሺ              ሻ  ሺ              ሻ  ሺ              ሻ ]  [ሺ              ሻ  (ሺ              ሻ)  (ሺ              ሻ)  (ሺ              ሻ)  (ሺ              ሻ)  (ሺ              ሻ)  (ሺ              ሻ)  (ሺ              ሻ)  (ሺ              ሻ)  (ሺ              ሻ) ]  [ሺ              ሻ  ሺ          ሻ  ሺ              ሻ  ሺ              ሻ  ሺ              ሻ  ሺ              ሻ  ሺ              ሻ  ሺ              ሻ  ሺ             ሻ  ሺ              ሻ ]  [ሺ            ሻ  ሺ             ሻ  ሺ             ሻ  ሺ             ሻ  ሺ             ሻ  ሺ             ሻ  ሺ             ሻ  ሺ             ሻ  ሺ             ሻ  ሺ             ሻ ]  [ሺ              ሻ  ሺ              ሻ  ሺ              ሻ  ሺ              ሻ  ሺ              ሻ  ሺ              ሻ  
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ሺ              ሻ  ሺ              ሻ  ሺ              ሻ  ሺ              ሻ ]}   0,0004017. 

ʼʰˀʬʸʰʹ ʱʸʰʺʬʸʰʻʳʰʹ ʹʨʨʴʪʨʸʰˀʵ  ʳʴʰˀʭʴʬʲʵʩʨ ʪʨʴʰʹʨʮʾʭʸʬʩʨ 

265 ʼʵʸʳʻʲʰʯ      ∑    ̅                              

ʼʰˀʬʸʰʹ ʱʸʰʺʬʸʰʻʳʰʹ ʮʬʫʨ ʱʸʰʺʰʱʻʲʰ ʳʴʰˀʭʴʬʲʵʩʰʹʨʯʭʰʹ 

ʳʬʵʯˆʬ ʹʭʬʺʰʹʨ ʫʨ 45 ʹʺʸʰʽʵʴʰʹ ʪʨʫʨʱʭʬʯʨʮʬ  ʪʭʨ˃ʲʬʭʹ  ʮ      .  

ʽʭʬʫʨ ʱʸʰʺʰʱʻʲʰ ʳʴʰˀʭʴʬʲʵʩʨ  ̔    ʮ⁄       . 

ʸʨʫʪʨʴ   ̔  0,349 0,3834  ʮ       ʰʯʭʲʬʩʨ,ʸʵʳ ʪʨʴʹʨˆʰʲʭʬʲʰ 

ˇʪʻʼʬʩʰʹ ʹʨˀʻʨʲʵ ʨʸʰʯʳʬʺʰʱʻʲʬʩʰʹ ʪʨʴʹˆʭʨʭʬʩʨ ʨʸʨʨʸʬʹʬʩʰʯʰʨ. 
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5.2.2 ʹʨʫʪʻʸʯʨˀʵʸʰʹ ʺʬʳʶʬʸʨʺʻʸʰʹ ʪʨʮʵʳʭʰʹ ʳʵʴʨ˂ʬʳʯʨ ʸʨʳʵʫʬʴʰʳʬ 

ˇʪʻʼʰʹ ʹʨˀʻʨʲʵ ʨʸʰʯʳʬʺʰʱʻʲʬʩʰʹ ʪʨʴʹˆʭʨʭʬʩʰʹ ʨʸʹʬʩʰʯʵʩʰʹ 

ˀʬʳʵ˄ʳʬʩʨ 

 

ʪʨʮʵʳʭʰʹ ʳʵʴʨ˂ʬʳʬʩʰ ʳʰʾʬʩʻʲʰ ʪʭʨʽʭʹ ʩʨʽʵ-ʯʩʰʲʰʹʰ-ˇʬʰˈʨʴʰʹ 

ʳʰʲʹʨʫʬʴʰʹ  ˆʻʯʰ ʹˆʭʨʫʨʹˆʭʨ ʹʨʫʪʻʸʰʹ  ʺʬʳʶʬʸʨʺʻʸʰʹ ʨʯˇʬʸʨʫʰ 

ʪʨʮʵʳʭʰʹ ˁʭʬʴʬʩʬʩʰʹ ʳʰˆʬʫʭʰʯ (˂ˆʸʰʲʰ 50)  

˂ˆʸʰʲʰ 50 

№ ʨʯˇʬʸʨʫʰ ʪʨʮʵʳʭʰʹ ʳʵʴʨ˂ʬʳʬʩʰ 

ʺʸʨʴʹʳʰʺʬʸʰʹ ˁʭʬʴʬʩʰʹ ʳʰˆʬʫʭʰʯ (ohm) 

11 138 138.4 138.7 139.1 138.6 138.7 138.4 138.3 138.5 139.7 

13 138 139.2 138.8 138.6 138.8 138.4 138.5 138.3 138.2 139.4 

15 138.8 138.6 138.8 138.3 138.4 137.8 138.6 138.4 138.5 137.6 

1 138.5 138.3 138.6 138.3 138.6 138.6 138.7 138.5 138.2 140.7 

2 138.8 138.4 138.6 138.3 138.5 138.6 138.4 138.4 138.5 137.5 

 

˂ˆʸʰʲˀʰ ʳʵʿʭʨʴʰʲʰ ʳʵʴʨ˂ʬʳʬʩʰʹ ʳʰˆʬʫʭʰʯ ʳʵ˂ʬʳʻʲʰ ʪʭʨʽʭʹ  

ʫʨʱʭʰʸʭʬʩʨʯʨ 5 ˇʪʻʼʰ (L=5), ʯʰʯʵʬʻʲ ˇʪʻʼˀʰ ʫʨʱʭʰʸʭʬʩʨʯʨ 

ˀʬʫʬʪʬʩʰʹ ʸʨʵʫʬʴʵʩʨ                  . 

 ʶʰʸʭʬʲ ʬʺʨʶʮʬ ʪʨʳʵʭʰʯʭʨʲʵʯ ʹʨʫʪʻʸʬʩʮʬ ʪʨʮʵʳʭʰʹ ˀʬʫʬʪʬʩʰʹ 

ʹʨˀʻʨʲʵ ʨʸʰʯʳʬʺʰʱʻʲʬʩʰ  ̅   138.64;  ̅   138.62  ̅   138.38  ̅  138.7  ̅  138.4 

   ʫʨʱʭʰʸʭʬʩʨʯʨ ʹʨʬʸʯʵ ʸʨʵʫʬʴʵʩʰʹ                      

ʪʨʯʭʨʲʰʹ˄ʰʴʬʩʰʯ ʬʸʯʵʩʲʰʭʰ ʹʨˀʻʨʲʵ ʳʴʰˀʭʴʬʲʵʩʰʹʨʯʭʰʹ ʪʭʬʽʴʬʩʨ:  ̿     ሺ                                               ሻ                                                                                                         
    ʳʰʾʬʩʻʲʰ ʳʴʰˀʭʴʬʲʵʩʰʹ ʪʨʯʭʨʲʰʹ˄ʰʴʬʩʰʯ ʪʨʳʵʭʰʯʭʨʲʵʯ 

ˇʪʻʼʯʨˀʵʸʰʹʰ ʫʰʹʶʬʸʹʰʨ   ∑                                                          268 
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 ˇʪʻʼʬʩʰʹ ˀʰʪʴʰʯ  ʫʰʹʶʬʸʹʰʬʩʰʹ  ʪʨʹʨˀʻʨʲʬʩʻʲʰ  ʳʴʰˀʭʴʬʲʵʩʨ:   ̅    0.1215                                                   269 

ʼʰˀʬʸʰʹ ʱʸʰʺʬʸʰʻʳʰʹ ʹʨʨʴʪʨʸʰˀʵ  ʳʴʰˀʭʴʬʲʵʩʨ     ∑    ̅                                                            
ʼʰˀʬʸʰʹ ʱʸʰʺʬʸʰʻʳʰʹ ʮʬʫʨ ʱʸʰʺʰʱʻʲʰ ʳʴʰˀʭʴʬʲʵʩʰʹʨʯʭʰʹ 

ʳʬʵʯˆʬ ʹʭʬʺʰʹʨ ʫʨ 45 ʹʺʸʰʽʵʴʰʹ ʪʨʫʨʱʭʬʯʨʮʬ  ʪʭʨ˃ʲʬʭʹ  ʮ      .  

ʽʭʬʫʨ ʱʸʰʺʰʱʻʲʰ ʳʴʰˀʭʴʬʲʵʩʨ  ̔    ʮ⁄       . 

ʸʨʫʪʨʴ   ̔  0,349 1.78  ʮ       ʰʯʭʲʬʩʨ,ʸʵʳ ʪʨʴʹʨˆʰʲʭʬʲʰ 

ˇʪʻʼʬʩʰʹ ʹʨˀʻʨʲʵ ʨʸʰʯʳʬʺʰʱʻʲʬʩʰʹ ʪʨʴʹˆʭʨʭʬʩʨ ʨʸʨʨʸʬʹʬʩʰʯʰʨ. 
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5.2.3 ʹʨʫʪʻʸʯʨˀʵʸʰʹ ˆʨʸˇʰʹ ʪʨʮʵʳʭʰʹ ʳʵʴʨ˂ʬʳʯʨ ʸʨʳʵʫʬʴʰʳʬ ˇʪʻʼʰʹ 

ʹʨˀʻʨʲʵ ʨʸʰʯʳʬʺʰʱʻʲʬʩʰʹ ʪʨʴʹˆʭʨʭʬʩʰʹ ʨʸʹʬʩʰʯʵʩʰʹ ˀʬʳʵ˄ʳʬʩʨ 

       ʪʨʮʵʳʭʰʹ ʳʵʴʨ˂ʬʳʬʩʰ ʳʰʾʬʩʻʲʰ ʪʭʨʽʭʹ ʩʨʽʵ-ʯʩʰʲʰʹʰ-ˇʬʰˈʨʴʰʹ 

ʳʰʲʹʨʫʬʴʰʹ  ˆʻʯʰ ʹˆʭʨʫʨʹˆʭʨ ʹʨʫʪʻʸʰʹ  ˆʨʸˇʰʹ ʨʯˇʬʸʨʫʰ ʪʨʮʵʳʭʰʹ 

ˁʭʬʴʬʩʬʩʰʹ ʳʰˆʬʫʭʰʯ (˂ˆʸʰʲʰ 51) 

˂ˆʸʰʲʰ 51 

 

№ 

ʨʯˇʬʸʨʫʰ ʪʨʮʵʳʭʰʹ ʳʵʴʨ˂ʬʳʬʩʰ 

ʺʸʨʴʹʳʰʺʬʸʰʹ ˁʭʬʴʬʩʰʹ ʳʰˆʬʫʭʰʯ (ʳ3/ʹʯ) 

11 596.55 596.4 595.92 595.3 594.9 594.27 594.3 594.8 596.07 595.55 

13 596.5 596.5 595.85 595.1 595.73 595.8 595.3 595.2 594.8 596.5 

15 596.15 595.2 595.12 595.9 596.37 596.5 595.5 594.3 593.17 596.15 

1 595.9 595.9 594.55 594.7 593.67 595.05 598.1 599.4 599.35 595.95 

2 595.9 595.2 596.22 595.1 595.32 595.45 595 596.1 596.35 595.92 

 

˂ˆʸʰʲˀʰ ʳʵʿʭʨʴʰʲʰ ʳʵʴʨ˂ʬʳʬʩʰʹ ʳʰˆʬʫʭʰʯ ʳʵ˂ʬʳʻʲʰ ʪʭʨʽʭʹ  

ʫʨʱʭʰʸʭʬʩʨʯʨ 5 ˇʪʻʼʰ (L=5), ʯʰʯʵʬʻʲ ˇʪʻʼˀʰ ʫʨʱʭʰʸʭʬʩʨʯʨ 

ˀʬʫʬʪʬʩʰʹ ʸʨʵʫʬʴʵʩʨ                   . 

ʶʰʸʭʬʲ ʬʺʨʶʮʬ ʪʨʳʵʭʰʯʭʨʲʵʯ ʹʨʫʪʻʸʬʩʮʬ ʪʨʮʵʳʭʰʹ ˀʬʫʬʪʬʩʰʹ 

ʹʨˀʻʨʲʵ ʨʸʰʯʳʬʺʰʱʻʲʬʩʰ  ̅   595.41  ̅   595.61  ̅   594.82  ̅  595.74  ̅  595.29 

ʫʨʱʭʰʸʭʬʩʨʯʨ ʹʨʬʸʯʵ ʸʨʵʫʬʴʵʩʰʹ                      ʪʨʯʭʨʲʰʹ˄ʰʴʬʩʰʯ ʬʸʯʵʩʲʰʭʰ ʹʨˀʻʨʲʵ ʳʴʰˀʭʴʬʲʵʩʰʹʨʯʭʰʹ 

ʪʭʬʽʴʬʩʨ:  ̿     ሺ                                                 ሻ                                                                                                             
ʳʰʾʬʩʻʲʰ ʳʴʰˀʭʴʬʲʵʩʰʹ ʪʨʯʭʨʲʰʹ˄ʰʴʬʩʰʯ ʪʨʳʵʭʰʯʭʨʲʵʯ 

ˇʪʻʼʯʨˀʵʸʰʹʰ ʫʰʹʶʬʸʹʰʨ  ∑                                                                      

ˇʪʻʼʬʩʰʹ ˀʰʪʴʰʯ  ʫʰʹʶʬʸʹʰʬʩʰʹ  ʪʨʹʨˀʻʨʲʬʩʻʲʰ  ʳʴʰˀʭʴʬʲʵʩʨ 
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  ̅                                                                                                     

ʼʰˀʬʸʰʹ ʱʸʰʺʬʸʰʻʳʰʹ ʹʨʨʴʪʨʸʰˀʵ  ʳʴʰˀʭʴʬʲʵʩʨ    ∑    ̅                                                                  

ʼʰˀʬʸʰʹ ʱʸʰʺʬʸʰʻʳʰʹ ʮʬʫʨ ʱʸʰʺʰʱʻʲʰ ʳʴʰˀʭʴʬʲʵʩʰʹʨʯʭʰʹ 

ʳʬʵʯˆʬ ʹʭʬʺʰʹʨ ʫʨ 45 ʹʺʸʰʽʵʴʰʹ ʪʨʫʨʱʭʬʯʨʮʬ  ʪʭʨ˃ʲʬʭʹ  ʮ      .  

ʽʭʬʫʨ ʱʸʰʺʰʱʻʲʰ ʳʴʰˀʭʴʬʲʵʩʨ  ̔    ʮ⁄       . 

ʸʨʫʪʨʴ   ̔  0,349 1.61  ʮ       ʰʯʭʲʬʩʨ,ʸʵʳ ʪʨʴʹʨˆʰʲʭʬʲʰ 

ˇʪʻʼʬʩʰʹ ʹʨˀʻʨʲʵ ʨʸʰʯʳʬʺʰʱʻʲʬʩʰʹ ʪʨʴʹˆʭʨʭʬʩʨ ʨʸʨʨʸʬʹʬʩʰʯʰʨ. 
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 52 

  
 

 

     2.11       ̅  20,0017 

     1.95       ̅          

 

      ̿                                                                   

        ̿           [                                                                              ]                                                                                                               

       

        

 ,        

. 

      

    .  

278  279       

     :  ̅     20,0033    ̿              ̿         

      ̿                                                                

        ̿           [                                                                          ]                                                                                                              
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5.3.2     

   

      

       

 (  53).    275  276  

      

        

. 

    

 53 

  
 

 

     0.222  ̅  138.64 

     0.1199  ̅        

 

      ̿                                                                       

        ̿           [                                                                 ]                                                           

       

        

 ,        

. 

      

    .  

282  283       

     :  ̅     138.42    ̿             ̿       
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5.3.3      

  

      

       

 (  54).   275  276  

      

        

. 

    

 54 

    

 

     0.67  ̅  595.61 

     0.255  ̅         

 

      ̿                                                                        

        ̿           [                                                                ]                                                             

       

        

 ,        

. 

      

    .  

286  287       

     :  ̅     600.43    ̿             ̿        
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 ̿                                                              

        ̿           [                                                                 ]                                                               

     

         

 .        

. 
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ʫ ʨ ʹ ʱ ʭ ʴ ʨ 

1.      ʪʨʴˆʰʲʻʲʰʨ ʴʨʭʯʵʩʹʨʫʬʴʰʹ ʹʨʺʻʳʩ ʹʨʫʪʻʸʬʩˀʰ 

ʪʨʳʵʿʬʴʬʩʻʲʰ ʹʨʮʵʳ ʹʨʱʵʴʺʸʵʲʵ ʵʶʬʸʨ˂ʰʬʩʰʹ ˁʨʹʨʺʨʸʬʩʬʲʰ 

ʨʾ˅ʻʸʭʰʲʵʩʨ,  ʹʨʳʻˀʨʵʬʩʰʹ ʺʬʽʴʵʲʵʪʰʨ ʫʨ ʵʸʪʨʴʰʮʨ˂ʰʨ, ʳʨʯʰ 

ʯʬʵʸʰʻʲʰ ʫʨ ʶʸʨʽʺʰʱʻʲʰ ʹʨʬʽʹʶʲʵʻʨʺʨ˂ʰʵ ʳʨˆʨʹʰʨʯʬʩʲʬʩʰ; 

2.     ˀʬʹ˄ʨʭʰʲʰʨ ʴʨʭʯʵʩʹʨʫʬʴʰʹ ʫʨʺʭʰʸʯʭʰʹ 0, 25, 50, 75, ʫʨ 

100%  ʸʬʷʰʳʬʩʰʹʨʯʭʰʹ ʹʨʳʰ ˃ʰʸʰʯʨʫʰ ʹʨʱʵʴʺʸʵʲʵ ʶʨʸʨʳʬʺʸʰʹ ˄ʴʬʭʰʹ, 

ʺʬʳʶʬʸʨʺʻʸʰʹʨ ʫʨ ˆʨʸˇʰʹ ʴʵʸʳʨʺʰʻʲ-ʺʬʽʴʰʱʻʸʰ ʶʨʸʨʳʬʺʸʬʩʰ, 

ʨʹʬʭʬ  ʹʨʮʵʳʰ ʹʨˀʻʨʲʬʩʬʩʰʹ ʱʨʲʰʩʸʬʩʰʹ ʳʬʯʵʫʬʩʰ;   

3.    ʫʨʫʪʬʴʰʲʰ ʫʨ ˀʬʹ˄ʨʭʲʰʲʰʨ ʨʸʹʬʩʻʲʰ ʳʨʪʰʹʺʸʨʲʻʸʰ ʫʨ 

ʲʵʱʨʲʻʸʰ ʳʰʲʹʨʫʬʴʬʩʰʹ ʶʸʵʬʽʺʰʸʬʩʰʹʨ ʫʨ ʬʽʹʶʲʵʨʺʨ˂ʰʰʹ ʶʰʸʵʩʬʩʰ, 

ʳʨʯʰ ʹʨʱʵʴʺʸʵʲʵ ʶʨʸʨʳʬʺʸʬʩʰʹ ʪʩʴʬʭʰʹ ʳʨˆʨʹʰʨʯʬʩʲʬʩʰ; 

4.      ˁʨʺʨʸʬʩʻʲʰʨ ʸʬʨʲʻʸʰ ʹʨʱʭʲʬʭʰ ʵʩʰʬʽʺʰʹ, ʳʨʪʰʹʺʸʨʲʻʸʰ 

ʴʨʭʯʵʩʹʨʫʬʴʰʹ ʩʨʽʵ - ʯʩʰʲʰʹʰ - ʹʻʼʹʰʹ,  ʹʨʱʵʴʺʸʵʲʵ ʶʨʸʨʳʬʺʸʬʩʰʹ 

(˄ʴʬʭʨ, ʺʬʳʶʬʸʨʺʻʸʨ, ˆʨʸˇʰ) ʪʨʮʵʳʭʨʯʨ ˀʬʫʬʪʬʩʰʹ ˂ʫʵʳʰʲʬʩʨʯʨ 

ʨʴʨʲʰʮʰ ʫʨ ˀʬʼʨʹʬʩʻʲʰʨ ʳʨʯʰ ʪʨʮʵʳʭʰʹ ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʬʩʰ; 

5.      ˁʨʺʨʸʬʩʻʲʰ  ʬʽʹʶʬʸʰʳʬʴʺʨʲʻʸʰ ʱʭʲʬʭʰʹ ˀʬʫʬʪʬʩʮʬ 

ʫʨʿʸʫʴʵʩʰʯ ʯʰʯʵʬʻʲʰ ʶʨʸʨʳʬʺʸʰʹ ʶʰʸʫʨʶʰʸʰ ʬʸʯˇʬʸʨʫʰ ʫʨ 

ʳʸʨʭʨʲˇʬʸʨʫʰ ʪʨʮʵʳʭʰʹʨʹ, ʹˆʭʨʫʨʹˆʭʨ ʸʬʷʰʳʬʩʰʹʨʯʭʰʹ, ˁʨʺʨʸʬʩʻʲʰʨ 

ʪʨʮʵʳʭʰʹ ˀʬʫʬʪʬʩʰʹ ʯʬʵʸʰʻʲʰ ʱʭʲʬʭʨ ʫʨ 

ˀʬʹʸʻʲʬʩʻʲʰʨ  ʶʸʨʽʺʰʱʻʲʰ ʪʨʨʴʪʨʸʰˀʬʩʬʩʰ ʪʨʮʵʳʭʰʹ ˂ʫʵʳʰʲʬʩʨʯʨ 

ʨʴʨʲʰʮʰʹʨ ʫʨ ʪʨʮʵʳʭʰʹ ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʰʹ ˀʬʹʨʼʨʹʬʩʲʨʫ. 

6.        ˄ʨʸʳʵʫʪʬʴʰʲʰʨ ʳʨʯʬʳʨʺʰʱʻʸʰ ʳʵʫʬʲʰʸʬʩʰʹ  ˄ʸʼʰʭʰ ʫʨ 
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ʬʺʨʶʮʬ ʳʰʲʹʨʫʬʴʰʹ ʶʨʸʨʳʬʺʸʬʩʰʹ ˀʬʸˁʬʭʰʹʨ ʫʨ ʨʶʸʵʩʨ˂ʰʰʹʨʯʭʰʹ.  

7.        ʴʨˀʸʵʳˀʰ ʫʨʳʻˀʨʭʬʩʻʲʰ, ˀʬʽʳʴʰʲʰ ʫʨ ʪʨʳʵʱʭʲʬʻʲʰʨ 
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ʶʸʵ˂ʬʹʰʹʨ ʫʨ ʹʨʱʵʴʺʸʵʲʵ  ʶʨʸʨʳʬʺʸʬʩʰʹ  ʪʨʮʵʳʭʰʹ  ʭʰʸʺʻʨʲʻʸʰ 

ʳʵʫʬʲʬʩʰ   LabVIEW  ʪʸʨʼʰʱʻʲʰ ʶʸʵʪʸʨʳʰʸʬʩʰʹ  ʹʰʭʸ˂ʬˀʰ; 

8.        ʸʬʨʲʻʸ ʵʩʰʬʽʺʮʬ ˁʨʺʨʸʬʻʲʰ  ʹʨʱʵʴʺʸʵʲʵ ʶʨʸʨʳʬʺʸʬʩʰʹ 

ʪʨʮʵʳʭʬʩʰʹ ˀʬʫʬʪʬʩʰ ˀʬʫʨʸʬʩʻʲʰʨ  LabVIEW  ʪʸʨʼʰʱʻʲʰ 
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ʬʽʹʶʬʸʰʳʬʴʺʨʲʻʸʰ ʱʭʲʬʭʰʹ ʳʵʴʨ˂ʬʳʬʩʯʨʴ;  
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ˀʬʫʬʪʬʩʰʹʨʯʭʰʹ ʳʵ˂ʬʳʻʲʰʨ ˂ʫʵʳʰʲʬʩʨʯʨ ʨʴʨʲʰʮʰʹʨ  ʫʨ ʪʨʮʵʳʭʰʹ 

ʪʨʴʻʹʨʮʾʭʸʬʲʵʩʰʹ ˀʬʼʨʹʬʩʰʹ ʨʲʪʵʸʰʯʳʰ ʫʨ 

ʸʬʨʲʰʮʬʩʻʲʰʨ  LabVIEW  ʪʸʨʼʰʱʻʲʰ ʶʸʵʪʸʨʳʰʸʬʩʰʹ  ʹʰʭʸ˂ʬˀʰ; 

10.        ˁʨʺʨʸʬʩʻʲʰ ʯʬʵʸʰʻʲʰ ʫʨ ʬʽʹʶʬʸʰʳʬʴʺʨʲʻʸʰ ʱʭʲʬʭʰʹ 

ʹʨʼʻ˃ʭʬʲʮʬ ʫʨʫʪʬʴʰʲʰʨ ʭʰʸʺʻʨʲʻʸʰ ʳʵʫʬʲʬʩʰʹ ʸʬʨʲʻʸ 

ʵʩʰʬʽʺʬʩʯʨʴ ʨʫʬʽʭʨʺʻʸʵʩʨ; 

11.        ʪʨʳʵʱʭʲʬʻʲʰ ʫʨ ʳʵ˂ʬʳʻʲʰʨ ʹʨʫʪʻʸʯˀʵʸʰʹʰ ʫʨʱʭʰʸʭʬʩʨʯʨ 

ˇʪʻʼʬʩʰʹ ˀʬʫʬʪʬʩʰʹ ʪʨʬʸʯʰʨʴʬʩʰʹ ʶʰʸʵʩʬʩʰ ʸʬʨʲʻʸʰ ʵʩʰʬʽʺʰʹʨ   ʫʨ 

ʭʰʸʺʻʨʲʻʸʰ ʳʵʫʬʲʰʹʨʯʭʰʹ. 
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ʫʨʴʨʸʯʰ 

წʰʴʨღʵʩʰʹ ʫʨ ʺʬʳʶʬʸʨʺʻʸʰʹ ʫʨʳʵʱʰʫʬʩʻʲʬʩʨ ʸʵცʨ α=0.00385 

oC ohm oC ohm oC ohm oC ohm oC ohm 

-100 60.26 -65 74.33 -30 88.22 5 101.95 40 115.54 

-99 60.67 -64 74.73 -29 88.62 6 102.34 41 115.93 

-98 61.07 -63 75.13 -28 89.01 7 102.73 42 116.31 

-97 61.48 -62 75.53 -27 89.40 8 103.12 43 116.70 

-96 61.87 -61 75.93 -26 89.80 9 103.51 44 117.08 

-95 62.29 -60 76.33 -25 90.19 10 103.90 45 117.47 

-94 62.69 -59 76.73 -24 90.59 11 104.29 46 117.85 

-93 63.1 -58 77.13 -23 90.98 12 104.68 47 118.24 

-92 63.5 -57 77.52 -22 91.37 13 105.07 48 118.62 

-91 63.91 -56 77.92 -21 91.77 14 105.46 49 119.01 

-90 64.3 -55 78.32 -20 92.16 15 105.85 50 119.40 

-89 64.7 -54 78.72 -19 92.55 16 106.24 51 119.78 

-88 65.11 -53 79.11 -18 92.95 17 106.63 52 120.16 

-87 65.51 -52 79.51 -17 93.34 18 107.02 53 120.55 

-86 65.91 -51 79.91 -16 93.73 19 107.40 54 120.93 

-85 66.31 -50 80.31 -15 94.12 20 107.79 55 121.32 

-84 66.72 -49 80.70 -14 94.52 21 108.18 56 121.70 

-83 67.12 -48 81.10 -13 94.91 22 108.57 57 122.09 

-82 67.52 -47 81.50 -12 95.30 23 108.96 58 122.47 

-81 67.92 -46 81.89 -11 95.69 24 109.35 59 122.86 

-80 68.33 -45 82.29 -10 96.09 25 109.73 60 123.24 

-79 68.73 -44 82.69 -9 96.48 26 110.12 61 123.62 

-78 69.13 -43 83.08 -8 96.87 27 110.51 62 124.01 

-77 69.53 -42 83.48 -7 97.26 28 110.90 63 124.39 

-76 69.93 -41 83.88 -6 97.65 29 111.28 64 124.77 

-75 70.33 -40 84.27 -5 98.04 30 111.67 65 125.17 

-74 70.73 -39 84.67 -4 98.44 31 112.06 66 125.55 

-73 71.13 -38 85.06 -3 98.83 32 112.45 67 125.93 

-72 71.53 -37 85.46 -2 99.22 33 112.83 68 126.32 

-71 71.93 -36 85.85 -1 99.61 34 113.22 69 126.70 

-70 72.33 -35 86.25 0 100.00 35 113.61 70 127.08 

-69 72.73 -34 86.64 1 100.39 36 113.99 71 127.46 

-68 73.13 -33 87.04 2 100.78 37 114.38 72 127.85 

-67 73.53 -32 87.43 3 101.17 38 114.77 73 128.23 

-66 73.93 -31 87.83 4 101.56 39 115.15 74 128.61 
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oC ohm oC ohm oC ohm oC ohm oC ohm 

75 128.99 100 138.51 125 147.95 150 157.33 175 166.62 

76 129.38 101 138.89 126 148.33 151 157.71 176 167.00 

77 129.76 102 139.27 127 148.71 152 158.08 177 167.38 

78 130.14 103 139.65 128 149.08 153 158.45 178 167.75 

79 130.52 104 140.03 129 149.46 154 158.83 179 168.12 

80 130.90 105 140.39 130 149.83 155 159.20 180 168.49 

81 131.28 106 140.77 131 150.21 156 159.56 181 168.86 

82 131.67 107 141.15 132 150.59 157 159.94 182 169.24 

83 132.05 108 141.53 133 150.96 158 160.31 183 169.61 

84 132.43 109 141.91 134 151.34 159 160.68 184 169.98 

85 132.81 110 142.29 135 151.72 160 161.05 185 170.34 

86 133.19 111 142.66 136 152.09 161 161.43 186 170.69 

87 133.57 112 143.04 137 152.47 162 161.80 187 171.06 

88 133.95 113 143.42 138 152.85 163 162.17 188 171.43 

89 134.33 114 143.80 139 153.22 164 162.55 189 171.79 

90 134.71 115 144.18 140 153.58 165 162.92 190 172.16 

91 135.09 116 144.56 141 153.95 166 163.29 191 172.54 

92 135.47 117 144.94 142 154.32 167 163.66 192 172.91 

93 135.85 118 145.32 143 154.73 168 164.03 193 173.27 

94 136.23 119 145.69 144 155.08 169 164.41 194 173.64 

95 136.61 120 146.07 145 155.46 170 164.78 195 174.01 

96 136.99 121 146.45 146 155.83 171 165.15 196 174.39 

97 137.37 122 146.82 147 156.21 172 165.52 197 174.75 

98 137.75 123 147.20 148 156.58 173 165.89 198 175.12 

99 138.13 124 147.58 149 156.96 174 166.26 199 175.49 
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