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ʹʨʸˁʬʭʰ 

ˀʬʹʨʭʨʲʰ 

ʯʨʭʰ 1. ʬʴʬʸʪʬʺʰʱʻʲʰ ʳʨʴʽʨʴʬʩʰʹ ʺʬʽʴʰʱʻʸ ʳʫʪʵʳʨʸʬʵʩʨʯʨ ʭʰʩʸʵʨʱʻʹʺʰʱʻʸʰ 

ʫʰʨʪʴʵʹʺʰʱʰʹ ʨʳʵ˂ʨʴʨʯʨ ʫʨʹʳʨ ʫʨ ʮʵʪʨʫʰ ʳʰʳʵˆʰʲʭʨ 

1.1.ʳʨʴʽʨʴʨ-ʫʨʴʨʫʪʨʸʬʩʰʹʺʬʽʴʰʱʻʸʰ ʫʰʨʪʴʵʹʺʰʱʨდდდდდდდდდდდდდდდйймл 

1.2.ʬʴʬʸʪʬʺʰʱʻʲʰ ʫʨʴʨʫʪʨʸʬʩʰʹ ʺʬʽʴʰʱʻʸ ʳʫʪʵʳʨʸʬʵʩʨʯʨ ʭʰʩʸʵʨʱʻʹʺʰʱʻʸʰ 

ʫʰʨʪʴʵʹʺʰʱʨდდდდდდდდდდდდდდდდდდდდდდდდდდდდდდდდййймн 

1.3.ʳʨʴʽʨʴʨʯʨ ʭʰʩʸʵʨʱʻʹʺʰʱʻʸʰ ʫʰʨʪʴʵʹʺʰʱʰʹ ʪʨʴʭʰʯʨʸʬʩʰʹ ʬʺʨʶʬʩʰდდდდდდй16 

1.4.ʬʴʬʸʪʬʺʰʱʻʲʰ ʳʨʴʽʨʴʬʩʰʹ ʺʬʽʴʰʱʻʸ ʳʫʪʵʳʨʸʬʵʩʨʯʨ ʭʰʩʸʵʨʱʻʹʺʰʱʻʸʰ 

ʳʵʴʰʺʵʸʰʴʪʰʹ  ʹˆʭʨʫʨʹˆʭʨ ʹʰʹʺʬʳʬʩʰʹ ʪʨʴˆʰʲʭʨ დდდდდდდდდდდდდდდდмф 

1.4.1. ʳʵʴʰʺʵʸʰʴʪʰʹʨ ʫʨ ʱʵʴʺʸʵʲʰʹ ʳʨʸʺʰʭʰ ʹʰʹʺʬʳʬʩʰʹ ʫʨʴʰˀʴʻʲʬʩʨდდდდდмф 

1.4.2. ʳʨʸʺʰʭʰ ʪʨʫʨʹʨʺʨʴʰ ʭʰʩʸʵʳʵʴʰʺʵʸʰʴʪʰʹ ʹʰʹʺʬʳʬʩʰʹ ʫʨʴʰˀʴʻʲʬʩʨდდდდйй19 

1.4.3. ʳʵʴʰʺʵʸʰʴʪʰʹ ʳʨʸʺʰʭʰ ʹʺʨ˂ʰʵʴʨʲʻʸʰ ʹʰʹʺʬʳʬʩʰდდდდდდდდდდდდййнм 

1.4.4. ʳʨʴʽʨʴʨ-ʫʨʴʨʫʪʨʸʬʩʰʹ ʾʸʳʨ ʫʰʨʪʴʵʹʺʰʸʬʩʰʹ ʹʰʹʺʬʳʬʩʰʹ ʫʨʴʰˀʴʻʲʬʩʨდდდнм 

ʯʨʭʰ 2. ˈʰʫʸʵʪʬʴʬʸʨʺʵʸʬʩʰʹ ʬʲʬʽʺʸʵʳʬʽʨʴʰʱʻʸʰ ʹʰʹʺʬʳʰʹ ʫʰʴʨʳʰʱʰʹ ʯʬʵʸʰʻʲʰ 

ʱʭʲʬʭʨ 

2.1.ˈʰʫʸʵ ʬʴʬʸʪʵʨʪʸʬʪʨʺʬʩʰʹ ʫʰʴʨʳʰʱʰʹ ʪʨʴʺʵʲʬʩʨდდდდდდდდდდდდდდйно 

2.2. ˈʰʫʸʵʬʴʬʸʪʵʨʪʸʬʪʨʺʬʩʰʹ ʭʰʩʸʵʨʱʻʹʺʰʱʻʸʰ ʫʰʨʪʴʵʹʺʰʱʰʹ ʨʳʵ˂ʨʴʰʹ ʫʨʹʳʨ ʫʨ 

ʪʨʫʨ˄ʿʭʬʺʨდდდდდდდდდდდდდდდდდდდდდდდდდდდდდდდდდйййнр 

2.3. ˈʰʫʸʵʬʴʬʸʪʵʨʪʸʬʪʨʺʬʩʰʹ ʺʬʽʴʰʱʻʸʰ ʳʫʪʵʳʨʸʬʵʩʰʹ ʨʳʵ˂ʴʵʩʰʹ ʨʲʪʵʸʰʯʳʰʹ 

ʨʾ˄ʬʸʨდდდდდდდდდდდდდდდდდდდდდდდდდდდდდდდდდდდйййну 

2.4.ʬʴʬʸʪʬʺʰʱʻʲʰ ʳʨʴʽʨʴʬʩʰʹ ʺʬʽʴʰʱʻʸ ʳʫʪʵʳʨʸʬʵʩʨʯʨ ˂ʭʲʰʲʬʩʬʩʰʹ ʺʸʬʴʫʰʹʨ ʫʨ 

ʶʸʵʪʴʵʮʰʹ ʪʨʴʹʨʮʾʭʸʰʹ ʳʬʯʵʫʰ ʺʬʽʴʰʱʻʸʰ ʫʰʨʪʴʵʹʺʰʱʰʹ ʨʳʵ˂ʨʴʬʩˀʰდდდდდйол 

2.5.ʳʨʾʨʲʹʰˆˀʰʸʻʲʰ ʭʰʩʸʨ˂ʰʻʲʰ ʹʰʪʴʨʲʰʹ ˀʬʳʵʳʭʲʬʩʰʹ ʹʶʬʽʺʸʨʲʻʸʰ ʨʴʨʲʰʮʰʹ 

ʪʨʳʵʿʬʴʬʩʨ ˈʰʫʸʵʬʴʬʸʪʵʨʪʸʬʪʨʺʬʩʰʹ ʹʸʰʨʲʰʹ ʹʨʱʰʹʸʬʩʰʹ ʺʬʽʴʰʱʻʸ 

ʳʫʪʵʳʨʸʬʵʩʨʯʨ ʭʰʩʸʵʨʱʻʹʺʰʱʻʸʰ ʫʰʨʪʴʵʹʺʰʱʰʹʨʯʭʰʹდდდდდდდდდდდდййос 

2.6. ˈʰʫʸʵ ʬʴʬʸʪʵʨʪʸʬʪʨʺʬʩʰʹ ʬʺʨʲʵʴʻʸʰ ʭʰʩʸʵʨʱʻʹʺʰʱʻʸʰ ʳʨˆʨʹʰʨʯʬʩʲʬʩʰ 

ʬʽʹʶʲʻʨʺʨ˂ʰʰʹ ʶʸʵ˂ʰʹˀʰ ʫʨ ʳʨʯʰ ʨʴʨʲʰʮʰდდდდდდდდდდდდდდდდდდй44 
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ˀʬʹʨʭʨʲʰ 

XXI ʹʨʻʱʻʴʬ ˆʨʹʰʨʯʫʬʩʨ ʺʬʽʴʰʱʰʹʨ ʫʨ ʺʬʽʴʵʲʵʪʰʬʩʰʹ ʪʨʴʭʰʯʨʸʬʩʰʹ ʩʬʭʸʨʫ 

ʻʼʸʵ ʹ˄ʸʨʼʰ ʺʬʳʶʬʩʰʯ, ʭʰʫʸʬ ʬʹ ʰʿʵ ˄ʰʴʨ ʹʨʻʱʻʴʬˀʰ. ʺʬʽʴʰʱʻʸʰ ʳʵ˄ʿʵʩʰʲʵʩʬʩʰ 

ʳʴʰˀʭʴʬʲʵʭʴʨʫ ʪʨʸʯʻʲʫʴʬʴ ʫʨ ʳʰʳʫʰʴʨʸʬʵʩʹ ʳʨʯʰ ʰʴʺʬʲʬʽʺʻʨʲʰʮʨ˂ʰʨ, ʨʴʻ 

ʰʹʰʴʰ ʰ˃ʬʴʬʴ ˆʬʲʵʭʴʻʸʰ ʰʴʺʬʲʬʽʺʰʹ ʬʲʬʳʬʴʺʬʩʹ, ʶʰʸʭʬʲ ʸʰʪˀʰ ʳʨʸʯʭʰʹ 

ʶʸʵ˂ʬʹˀʰ. ʯʨʴʨʳʬʫʸʵʭʬ ʳʨʴʽʨʴʬʩʰ, ʪʬʳʬʩʰ, ʨʭʰʨʳʮʰʫʬʩʰ, ʴʨʭʯʵʩʳʵʳʶʵʭʬʩʬʲʰ 

ʶʲʨʺʼʵʸʳʬʩʰ, ʬʲʬʽʺʸʵʹʨʫʪʻʸʬʩʰ ʫʨ ʹˆʭʨʫʨʹˆʭʨ ʹʨˆʰʹ ʫʨʴʨʫʪʨʸʬʩʰ  

ʪʨʫʨʺʭʰʸʯʻʲʰ ʨʸʰʨʴ ʻʨʳʸʨʭʰ, ʻʸʯʻʲʬʹʰ ʳʬʽʨʴʰʮʳʬʩʰʯʨ ʫʨ ʳʵ˄ʿʵʩʰʲʵʩʬʩʰʯ. 

ʳʨʯʰ ˄ʨʸʳʨʺʬʩʻʲʰ ʳʵʳʹʨˆʻʸʬʵʩʨ ʱʰ ʸʯʻʲʰ ʨʳʵ˂ʨʴʨ ʪʨˆʫʨ. 

ʹʨʰʨʴʵ-ˀʻˀʬʴʹʱʨʰʨʹ ˈʰʫʸʵʬʲʬʽʺʸʵʹʨʫʪʻʸʮʬ ʳʵʳˆʫʨʸʳʨ ʺʸʨʪʰʱʻʲʳʨ ʨʭʨʸʰʨʳ 

(17.08.2009 ˄ʬʲʰ,  ʳʹˆʭʬʸʶʲʰ - 75 ʨʫʨʳʰʨʴʰ, ʳʰʮʬʮʰ - ˈʰʫʸʵʨʪʸʬʪʨʺʰʹ ʺʻʸʩʰʴʰʹ 

ʹʨˆʻʸʨʭʰʹ ʸʾʭʬʭʨ ʳʵʳʨʺʬʩʻʲʰ ʭʰʩʸʨ˂ʰʬʩʰʹ ʪʨʳʵ ʸˆʬʭʬʩʰʹ ʹʰˆˀʰʸʰʹ ˂ʭʲʰʲʬʩʰʯ) 

ʳʴʰˀʭʴʬʲʵʭʴʨʫ ʪʨʨʳ˄ʭʨʭʨ ʫʨ ˄ʰʴʨ ʶʲʨʴʮʬ ˄ʨʳʵ˄ʰʨ ˈʰʫʸʵʬʲʬʽʺʸʵʹʨʫʪʻʸʬʩʰʹ 

ʹʨʰʳʬʫʵʵʩʰʹʨ ʫʨ ʻʹʨʼʸʯˆʵʬʩʰʹ ʹʨʱʰʯˆʬʩʰ [43]. 

ʹʨʰʨʴʵ-ˀʻˀʬʴʹʱʨʰʨʹ ˈʰʫʸʵʬʲʬʽʺʸʵʹʨʫʪʻʸʹ ʪʨʨˁʴʫʨ ʹʨʳʰ ʻʹʨʼʸʯˆʵʬʩʰʹ 

ʫʨ˂ʭʰʯʰ ʹʰʹʺʬʳʨ, ʳʨʪʸʨʳ ʹʨ˄ʻˆʨʸʵʫ ʨʸ˂ ʬʸʯʳʨ ʳʨʯʪʨʴʳʨ ʨʸ ʪʨʨʳʨʸʯʲʨ ʫʨ ʨʸ 

ʰʳʻˀʨʭʨ. ʨʳʨʹ ʫʨʬʳʨʺʨ ʳʵʳʹʨˆʻʸʬ ʶʬʸʹʵʴʨʲʰʹ ʫʨʻʫʬʭʸʵʩʨ˂ [36]. 

ʹʨʽʨʸʯʭʬʲʵˀʰ  ʨʸ˂ʬʸʯ ˈʰʫʸʵʬʲʬʽʺʸʵʹʨʫʪʻʸˀʰ ʨʸ ʨʸʰʹ ʫʨʴʬʸʪʰʲʰ  

ʯʨʴʨʳʬʫʸʵʭʬ ʳʵʴʰʺʵʸʰʴʪʰʹʨ ʫʨ ʫʰʨʪʴʵʹʺʰʱʰʹʰʹ ʹʰʹʺʬʳʬʩʰ. ʭʰʩʸʨ˂ʰʬʩʰʹ 

ʪʨʮʵʳʭʬʩʰ ʫʨ ʪʨʮʵʳʭʰʹ ˀʬʫʬʪʨʫ ʳʰʾʬʩʻʲʰ ʭʰʩʸʵʨʱʻʹʺʰʱʻʸʰ ʹʰʪʴʨʲʰʹ ʨʴʨʲʰʮʰ 

ʨʸ ˄ʨʸʳʵʬʩʹ ʨʸ˂ʬʸʯ ˈʰʫʸʵʬʴʬʸʪʵʨʪʸʬʪʨʺʮʬ, ʳʨˀʰʴ ʸʵʫʬʹʨ˂ ʰʴʺʬʸʬʹʰ 

ˈʰʫʸʵʬʴʬʸʪʬʺʰʱʰʹ ʪʨʴʭʰʯʨʸʬʩʰʹʨʫʳʰ ˁʭʬʴʹ ʽʭʬʿʨʴʨˀʰ ʫʨ ʳʯʬʲ ʳʹʵʼʲʰʵˀʰ ˃ʨʲʰʨʴ 

ʫʰʫʰʨ.  

    ʻ˂ˆʵʬʯʰʹ ʼʰʴʨʴʹʻʸʨʫ ˃ʲʰʬʸʰ ʱʵʳʶʨʴʰʬʩʰ ʰ˃ʬʴʬʴ ʫʰʨʪʴʵʹʺʰʸʬʩʰʹʨʯʭʰʹ 

ʪʨʳʮʨʫʬʩʻʲ ʹʰʹʺʬʳʬʩʹ ʫʨ ʹʨˀʻʨʲʬʩʬʩʹ, ʳʨʪʸʨʳ ˇʬʸ ʬʸʯʰ, ʳʨʯʰ ʼʨʹʰ ʹʨʱʳʨʵʫ  

˃ʭʰʸʰʨ ʫʨ ʳʬʵʸʬ - ˆˀʰʸʨʫ ʩʵʲʵʳʫʬ ʪʨʻʪʬʩʨʸʰ ʨʸʰʹ ʸʵʪʵʸ ˆʫʬʩʨ ʫʰʨʪʴʵʹʺʰʸʬʩʰʹ 

ʶʸʵ˂ʬʹʰ, ʱʬʸ˃ʵʫ, ʯʻ ʸʨʹ ʮʵʳʨʭʬʴ, ʸʵʪʵʸ ʫʨ ʸʨʹ ʨʫʨʸʬʩʬʴ ʪʨʮʵʳʰʲ ʹʰʫʰʫʬʬʩʹ. ʨʹʬ 

ʭʯʽʭʨʯ, ʳʵʳˆʳʨʸʬʩʲʬʩʰʹʯʭʰʹ ʻˆʰʲʨʭʰ ʫʨ ʻ˂ʴʵʩʰ ʸˁʬʩʨ ʭʰʩʸʵʳʵʴʰʺʵʸʰʴʪʰʹʨ ʫʨ 

ʫʰʨʪʴʵʹʺʰʱʰʹ ʶʸʵ˂ʬʫʻʸʬʩʰ. 
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ʪʨʸʫʨ ʹʨˆʰʼʨʯʵ ʫʨ ʳʨʭʴʬ  ʮʬʳʵʽʳʬʫʬʩʰʹʨ  ʨʫʨʳʰʨʴʬʩʹʨ  ʫʨ  ʺʬʽʴʰʱʻʸ  ʵʩʰʬʽʺʬʩʮʬ  

(ʪʨʴʹʨʱʻʯʸʬʩʰʯ ʳʨʾʨʲʰ ʫʵʴʬʬʩʰʹ ˀʬʳʯˆʭʬʭʬʩˀʰ), ʭʰʩʸʨ˂ʰʬʩʰ ʫʨ ʭʰʩʸʵʨʱʻʹʺʰʱʻʸʰ 

ʹʰʪʴʨʲʬʩʰ ʮʵʪʨʫʨʫ ʨʸʰʨʴ ʰʴʼʵʸʳʨ˂ʰʰʹ ʳʨʺʨʸʬʩʬʲʰ ʳʨʴʽʨʴʬʩʰʹ  ʺʬʽʴʰʱʻʸ 

ʳʫʪʵʳʨʸʬʵʩʨʯʨ ˀʬʹʨˆʬʩ [34]. ˀʬʹʨʩʨʳʰʹʰ ʫʨʳʻˀʨʭʬʩʰʹʨʹ ʬʹ ʹʰʪʴʨʲʬʩʰ ˀʬʹʨ˃ʲʬʩʬʲʰʨ 

˄ʨʸʳʨʺʬʩʰʯ ʰʽʴʨʴ ʪʨʳʵʿʬʴʬʩʻʲʰ  ʳʨʴʽʨʴʰʹ ʺʬʽʴʰʱʻʸ ʳʫʪʵʳʨʸʬʵʩʨʯʨ ʫʰʨʪʴʵʹʺʰʱʰʹʨ 

ʫʨ ʶʸʵʪʴʵʮʰʸʬʩʰʹʨʯʭʰʹ. ˈʰʫʸʵʬʲʬʽʺʸʵʹʨʫʪʻʸʬʩʰʹ ʬʴʬʸʪʵʨʪʸʬʪʨʺʬʩˀʰ 

ʳʰʳʫʰʴʨʸʬ ʼʰʮʰʱʻʸʰ ʶʸʵ˂ʬʹʬʩʰ ʸʯʻʲʰ ʶʸʵ˂ʬʹʬʩʰʨ ʫʨ ʰʹʰʴʰ ʨʸ ʨʸʰʨʴ ʩʵʲʵʳʫʬ 

ˀʬʹ˄ʨʭʲʰʲʰ. ʱʬʸ˃ʵʫ, ʫʰʴʨʳʰʻʸʰ ʶʸʵ˂ʬʹʬʩʰ ʫʨ ʹʨʬʸʯʵʫ 

ˈʰʫʸʵʬʴʬʸʪʵʨʪʸʬʪʨʺʬʩʰʹ ʫʰʴʨʳʰʱʨ ʴʨʱʲʬʩʨʫ ˀʬʹ˄ʨʭʲʰʲʰ ʫʨʸʪʰʨ. ʲʰʺʬʸʨʺʻʸʨˀʰ 

ʳ˂ʰʸʬʨ ʰʳ ʴʨˀʸʵʳʬʩʰʹ ʸʨʵʫʬʴʵʩʨ, ʸʵʳʲʬʩʰ˂ ʬ˃ʾʭʴʬʩʨ ˈʰʫʸʵʬʴʬʸʪʵʨʪʸʬʪʨʺʬʩʰʹ 

ʫʰʴʨʳʰʻʸ ʽ˂ʬʭʨʹ. ʳʵ˂ʬʳʻʲʰ ʯʬʳʨ ʹ˄ʵʸʬʫ ʨʳ ʹʨʱʰʯˆʬʩʹ ʬ˃ʾʭʴʬʩʨ, ʱʬʸ˃ʵʫ 

ˈʰʫʸʵʬʴʬʸʪʵʨʪʸʬʪʨʺʬʩʰʹ ʭʰʩʸʵʨʱʻʹʺʰʱʻʸʰ ʳʵʴʰʺʵʸʰʴʪʰʹʨ ʫʨ  ʺʬʽʴʰʱʻʸ 

ʳʫʪʵʳʨʸʬʵʩʨʯʨ ʫʰʨʪʴʵʹʺʰʱʰʹ ʹʨʱʰʯˆʬʩʹ . 

ʯʬʳʰʹ ʨʽʺʻʨʲʵʩʨ. ʹʨʽʨʸʯʭʬʲʵˀʰ ʳʸʨʭʨʲʰ ʹʨˀʻʨʲʵ, ʫʰʫʰ ʫʨ ʳ˂ʰʸʬ ʮʵʳʰʹ 

ˈʰʫʸʵʬʲʬʽʺʸʵʹʨʫʪʻʸʰʨ. ʫʾʬʭʨʴʫʬʲʰ ʳʫʪʵʳʨʸʬʵʩʰʯ ʨʸ˂ʬʸʯ ʳʨʯʪʨʴʮʬ ʨʸ 

ʨʸʹʬʩʵʩʹ ʹʨʰʳʬʫʵ ʱʵʴʺʸʵʲʰʹ ʹʰʹʺʬʳʬʩʰ, ʱʬʸ˃ʵʫ, ʺʬʽʴʰʱʻʸ ʳʫʪʵʳʨʸʬʵʩʨʯʨ 

ʭʰʩʸʵʨʱʻʹʺʰʱʻʸʰ ʳʵʴʰʺʵʸʰʴʪʰʹʨ ʫʨ ʫʰʨʪʴʵʹʺʰʱʰʹ ʯʨʴʨʳʬʫʸʵʭʬ ʹʰʹʺʬʳʬʩʰ 

(ʻʱʬʯʬʹ ˀʬʳʯˆʭʬʭʨˀʰ ˄ʨʸʳʵʬʩʹ ʳˆʵʲʵʫ ʺʬʳʶʬʸʨʺʻʸʰʹ ʱʵʴʺʸʵʲʰ, ʸʨ˂ ʹʨʱʳʨʸʰʹʰ ʨʸ 

ʨʸʰʹ). ʹʨʰʳʬʫʵʵʩʰʹ ʫʨ ʻʹʨʼʸʯˆʵʬʩʰʹ ʹʨʱʰʯˆʬʩʰ ʱʰ ʨʸʰʹ ʳʰʴʫʵʩʰʲʰ ʳˆʵʲʵʫ  

ʪʨʳʵ˂ʫʰʲʰ ʰʴʷʰʴʸʬʩʰʹ ʰʴʺʻʰ˂ʰʨʮʬ. ʭʰʩʸʵʨʱʻʹʺʰʱʻʸʰ ʫʰʨʪʴʵʹʺʰʱʰʹʨ ʫʨ 

ʳʵʴʰʺʵʸʰʴʪʰʹ ʹʰʹʺʬʳʬʩʰʹ ʫʨʴʬʸʪʭʨ ʹʨˀʻʨʲʬʩʨʹ ʳʵʪʭ˂ʬʳʹ ʭʨʱʵʴʺʸʵʲʵʯ ˈʰʫʸʵ- 

ʬʴʬʸʪʵʨʪʸʬʪʨʺʬʩˀʰ ʳʰʳʫʰʴʨʸʬ ʴʬʩʰʹʳʰʬʸʰ ʶʸʵ˂ʬʹʰ ʫʨ ʴʬʩʰʹʳʰʬʸʰ ʪʨʻʳʨʸʯʨʵʩʨ 

ʪʨʳʵʳʨʭʲʰʴʵʯ ʫʬʼʬʽʺʰʹ ˁʨʹʨˆʭʰʹ ʶʰʸʭʬʲʰʭʬ ʬʺʨʶʰʫʨʴ. 

ʨʳʵ˂ʨʴʰʹ ʼʵʸʳʻʲʰʸʬʩʨ. ʭʰʩʸʨ˂ʰʻʲʰ ʳʵʴʰʺʵʸʰʴʪʰ ʨʸʰʹ ʳʬʽʨʴʰʱʻʸʰ ʹʰʹʺʬʳʰʹ 

ʭʰʩʸʨ˂ʰʻʲ ʳʫʪʵʳʨʸʬʵʩʨʯʨ ˂ʭʲʰʲʬʩʬʩʰʹ ʳʬʯʭʨʲʿʻʸʬʵʩʨ ʫʨ ʨʳ ˂ʭʲʰʲʬʩʬʩʰʹ 

ʳʰʮʬʮʬʩʰʹ ʨʴʨʲʰʮʰ. ʭʰʩʸʵʨʱʻʹʺʰʱʻʸʰ ʱʵʴʺʸʵʲʰʹ ʶʸʵʩʲʬʳʰʹ ʨʽʺʻʨʲʵʩʨ ʫʨ ʳʰʹʰ 

ʶʸʨʽʺʰʱʨˀʰ ʫʨʴʬʸʪʭʨ ʪʨʳʵʰ˄ʭʰʨ ʳʨʴʽʨʴʰʹ ʺʬʽʴʰʱʻʸʰ ʳʫʪʵʳʨʸʬʵʩʰʹ ˀʬʹʨˆʬʩ 

ʵʶʬʸʨʺʰʻʲʰ ʱʵʴʺʸʵʲʰʹ ʨʸʹʬʩʵʩʰʹ ʨʻ˂ʰʲʬʩʲʵʩʨʳ. ʺʬʽʴʰʱʰʹ ʹˆʭʨʫʨʹˆʭʨ ʫʨʸʪˀʰ 

ʫʾʬʹ ʨʸʹʬʩʻʲʰ ʱʵʴʺʸʵʲʰʹ ʹʨˀʻʨʲʬʩʬʩʰʯ ʫʨʴʨʫʪʨʸʰʹ ʺʬʽʴʰʱʻʸʰ ʳʫʪʵʳʨʸʬʵʩʰʹ 
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ˀʬʹʨˆʬʩ ʰʴʼʵʸʳʨ˂ʰʰʹ ʳʰʾʬʩʨ ˀʬʹʨ˃ʲʬʩʬʲʰʨ ʳˆʵʲʵʫ ʳʰʹʰ ˀʰʴʨʪʨʴʰ ʫʨʯʭʨʲʰʬʸʬʩʰʹ 

ʪʮʰʯ, ʨʴʻ ʨʻ˂ʰʲʬʩʬʲʰ ˆʫʬʩʨ ʳʰʹʰ ʳʻˀʨ ʸʬʷʰʳʰʫʨʴ ʪʨʳʵʿʭʨʴʨ,  ʨʴ ʴʨ˄ʰʲʵʩʸʰʭʰ ʫʨ 

ʯʻ ʹʨʱʳʨʸʰʹʰ ʨʸ ʨʸʰʹ, ʳʰʹʰ ʹʸʻʲʰ ʫʨˀʲʨ, ʸʨ˂ ʫʨʱʨʭˀʰʸʬʩʻʲʰʨ ʫʰʫ ʼʰʴʨʴʹʻʸ 

ʫʨʴʨˆʨʸˇʬʩʯʨʴ. ʭʰʩʸʵʨʱʻʹʺʰʱʻʸʰ ʫʰʨʪʴʵʹʺʰʱʰʹ ˃ʰʸʰʯʨʫ ʨʳʵ˂ʨʴʨʹ ˄ʨʸʳʵʨʫʪʬʴʹ 

ʹ˄ʵʸʬʫ ʰʹ, ʸʵʳ ʳʰʹʰ ʹʨˀʻʨʲʬʩʰʯ ˀʬʹʨ˃ʲʬʩʬʲʰʨ ʳʨʴʽʨʴʰʹ ʺʬʽʴʰʱʻʸʰ ʳʫʪʵʳʨʸʬʵʩʰʹ 

ʱʵʴʺʸʵʲʰ ʳʰʳʫʰʴʨʸʬʵʩʫʬʹ ʳʰʹʰ ʫʨˀʲʰʹ ʪʨʸʬˀʬ˂ ʳʻˀʨ ʸʬʷʰʳˀʰ. ʰʹʬʯʰ 

ʪʨʭʸ˂ʬʲʬʩʻʲʰ ʳʬʯʵʫʬʩʰ, ʸʵʪʵʸʰ˂ʨʨ ʺʬʳʶʬʸʨʺʻʸʰʹ ʱʵʴʺʸʵʲʰ, ˀʬʮʬʯʭʰʹ 

ˆʨʸʰʹˆʰ ʫʨ ʹˆʭʨ ʹʨ˅ʰʸʵ ʨʾʨʸ ʨʸʰʹ - ʳʨʯ ˂ʭʲʰʹ ʭʰʩʸʨ˂ʰʰʹ ʨʴʨʲʰʮʰ. ʭʰʩʸʨ˂ʰʻʲʰ 

ʫʰʨʪʴʵʹʺʰʱʨ ʨʸʰʹ ʹʨʫʰʨʪʴʵʹʺʰʱʵ ʬʲʬʽʺʸʵʳʬʽʨʴʰʱʻʸʰ ʹʰʹʺʬʳʰʹ ʫʬʼʬʽʺʬʩʰʹ 

ʨʾʳʵˁʬʴʨ ʫʨ ʰʫʬʴʺʰʼʰ˂ʰʸʬʩʨ (ʫʬʼʬʽʺʰʹ ʹʨˆʰʹʨ ʫʨ ʹʰʫʰʫʰʹ ʪʨʴʹʨʮʾʭʸʰʯ). 

ʱʭʲʬʭʰʹ ʳʰʮʨʴʰ. ʹʨʫʰʹʬʸʺʨ˂ʰʵ ʹʨʳʻˀʨʵʹ ʳʰʮʨʴʰ ʨʸʰʹ ʭʰʩʸʵʨʱʻʹʺʰʱʻʸʰ 

ʫʰʨʪʴʵʹʺʰʱʰʹ ʯʬʵʸʰʻʲʰ ʫʨ ʶʸʨʽʺʰʱʻʲʰ ʹʨʼʻ˃ʭʲʬʩʰʹ ʫʨʳʻˀʨʭʬʩʨ ʫʨ 

ʭʰʩʸʵʨʱʻʹʺʰʱʻʸʰ ʳʵʴʰʺʵʸʰʴʪʰʹʨ ʫʨ ʫʰʨʪʴʵʹʺʰʱʰʹ ʳʨʾʨʲʬʼʬʽʺʻʸʰ ʳʬʯʵʫʬʩʰʹ 

ˀʬʽʳʴʨ ʰʹʬʯ ʻʴʰʭʬʸʹʨʲʻʸ ʳʨʯʬʳʨʺʰʱʻʸ ʶʸʵʪʸʨʳʨˀʰ, ʸʵʪʵʸʰ˂ ʨʸʰʹ MathCad-ʰ, 

ʸʵʳʬʲʰ˂ ʻʮʸʻʴʭʬʲʿʵʼʹ ʹʨʰʳʬʫʵʵʩʰʹ ʳʨʾʨʲ ʫʵʴʬʹ ʬʴʬʸʪʬʺʰʱʻʲʰ ʫʨʴʨʫʪʨʸʬʩʰʹ 

ʯʨʴʨʳʬʫʸʵʭʬ ʪʨʴʭʰʯʨʸʬʩʰʹ ʺʬʴʫʬʴ˂ʰʬʩʰʹ ˀʬʹʨʩʨʳʰʹʨʫ. 

ʱʭʲʬʭʰʹ ʨʳʵ˂ʨʴʬʩʰ. ʳʵ˂ʬʳʻʲʰ ʳʰʮʴʰʹ ʳʰʹʨʾ˄ʬʭʨʫ ʨʻ˂ʰʲʬʩʬʲʰʨ ˀʬʳʫʬʪʰ 

ʨʳʵ˂ʨʴʬʩʰʹ ʪʨʫʨ˄ʿʭʬʺʨ: 

1.ʳʹʵʼʲʰʵʹ ˄ʨʳʿʭʨʴʰ ʼʰʸʳʬʩʰʹ ʱʭʲʬʭʬʩʰʹ ʹʨʼʻ˃ʭʬʲʮʬ ʭʰʩʸʵʨʱʻʹʺʰʱʻʸʰ 

ʫʰʨʪʴʵʹʺʰʱʰʹ ʫʨʸʪˀʰ ʳʬʯʵʫʬʩʰʹʨ ʫʨ ʹʨˀʻʨʲʬʩʬʩʰʹ ʹʰʹʺʬʳʨʺʰʮʨ˂ʰʨ, ʨʪʸʬʯʭʬ ʳʨʯʰ 

ˆʨʸʰʹˆʰʹ ʨʳʨʾʲʬʩʰʹ ʪʮʬʩʰʹ ʫʨ ʳʬʯʵʫʵʲʵʪʰʻʸʰ ʳʰʫʪʵʳʬʩʰʹ ʫʨʳʻˀʨʭʬʩʨ 

ˈʰʫʸʵʬʴʬʸʪʵʨʪʸʬʪʨʺʬʩʰʹ ʺʬʽʴʰʱʻʸʰ ʫʰʨʪʴʵʹʺʰʱʰʹ ʹʰʹʺʬʳʬʩʰʹ ʫʨʳʻˀʨʭʬʩʰʹʨʹ. 

2.ʺʬʽʴʰʱʻʸʰ ʫʰʨʪʴʵʹʺʰʱʰʹ ʨʭʺʵʳʨʺʰʮʰʸʬʩʻʲʰ ʹʰʹʺʬʳʰʹ ʯʬʵʸʰʻʲʰ ʫʨ 

ʳʬʯʵʫʵʲʵʪʰʻʸʰ ʹʨʼʻ˃ʭʲʬʩʰʹ ˀʬʽʳʴʨ ˈʰʫʸʵʬʴʬʸʪʵʨʪʸʬʪʨʺʬʩʰʹʨʯʭʰʹ 

ʭʰʩʸʨ˂ʰʻʲʰ ʶʸʵ˂ʬʹʬʩʰʹ ʳʵʴʰʺʵʸʰʴʪʰʹ ʩʨʮʨʮʬ. 

3.ʯʬʵʸʰʻʲʰ ʳʵʫʬʲʬʩʰʹ ʫʨʳʻˀʨʭʬʩʨ, ʸʵʳʲʬʩʰ˂ ʨʱʨʭˀʰʸʬʩʹ ˈʰʫʸʵ- 

ʬʴʬʸʪʵʨʪʸʬʪʨʺʬʩʰʹ ʭʰʩʸʨ˂ʰʰʹ ʬʲʬʳʬʴʺʬʩʰʹ ʹʶʬʽʺʸʨʲʻʸ ʳʨˆʨʹʰʨʯʬʩʲʬʩʹ ʳʰʹ 

ʱʵʴʹʺʸʻʽ˂ʰʻʲ ʶʨʸʨʳʬʺʸʬʩʯʨʴ ʫʨ ʳʨʯʰ ˂ʭʬʯʰʹ ʶʨʸʨʳʬʺʸʬʩʯʨʴ ʫʨ ʰ˃ʲʬʭʰʨʴ 

ˀʬʹʨ˃ʲʬʩʲʵʩʨʹ ʪʨʴʰʹʨʮʾʭʸʵʹ ʺʬʽʴʰʱʻʸʰ ʳʫʪʵʳʨʸʬʵʩʬʩʰ ʳʵ˂ʬʳʻʲʰ ʻʺʿʻʨʸʵʩʰʯ. 
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ʳʨʯʬʳʬʺʰʱʻʸʰ ʳʵʫʬʲʰʸʬʩʰʹ ʫʨ ʸʬʨʲʻʸʰ ʬʽʹʶʬʸʰʳʬʴʺʬʩʰʹ ʹʨʼʻ˃ʭʬʲʮʬ  

ˀʬʭʨʸˁʰʵʯ ʫʨ ʫʨʭʨʹʨʩʻʯʵʯ ʫʰʨʪʴʵʹʺʰʱʻʸʰ ʴʰˀʴʬʩʰ ʫʨ ʴʰˀʨʴʯʨ ʹʰʭʸ˂ʬʬʩʰ, 

ʸʵʳʲʬʩʰ˂ ʨˆʨʹʰʨʯʬʩʬʴ ˈʰʫʸʵʬʴʬʸʪʵʨʪʸʬʪʨʺʬʩʹ. 

4.ʼʻʴʽ˂ʰʵʴʨʲʻʸʰ (ʨʴʨʲʰʺʰʱʻʸʰ ʫʨ ʹʺʨʺʰʹʺʰʱʻʸʰ) ʫʨʳʵʱʰʫʬʩʻʲʬʩʬʩʰʹ ʶʵʭʴʨ-

ʪʨʴʹʨʮʾʭʸʨ ʭʰʩʸʵʨʱʻʹʺʰʱʻʸ ʹʰʪʴʨʲʬʩʹʨ ʫʨ ˈʰʫʸʵʬʴʬʸʪʵʨʪʸʬʪʨʺʬʩʰʹ ʺʬʽʴʰʱʻʸ 

ʳʫʪʵʳʨʸʬʵʩʨʯʨ ˀʵʸʰʹ. 

 5.ˈʰʫʸʵʬʴʬʸʪʵʨʪʸʬʪʨʺʬʩʰʹ ʫʰʨʪʴʵʹʺʰʸʬʩʰʹ ʳʬʯʵʫʵʲʵʪʰʰʹ ʫʨʳʻˀʨʭʬʩʨ, 

ʸʵʳʬʲʰ˂ ʻʮʸʻʴʭʬʲʿʵʼʹ ʭʰʩʸʨ˂ʰʻʲʰ ʱʵʴʺʸʵʲʰʹ ˀʬʫʬʪʬʩʰʹ ʻʺʿʻʨʸʵʩʨʹ ʫʨ 

ʰ˃ʲʬʭʨ ˀʬʹʨ˃ʲʬʩʲʵʩʨʹ ʪʨʳʵʿʬʴʬʩʻʲʰ ʰʽʴʨʴ ʬʽʹʶʲʻʨʺʨ˂ʰʰʹ ʸʬʨʲʻʸ ʶʰʸʵʩʬʩˀʰ. 

ʱʭʲʬʭʬʩʰʹ ʳʬʯʵʫʬʩʰ. ʫʨʹʳʻʲʰ ʨʳʵ˂ʨʴʬʩʰʹ ʨʳʵˆʹʴʰʹʨʹ ʪʨʳʵʿʬʴʬʩʻʲʰ ʰʽʴʨ 

ʫʬʩʻʲʬʩʬʩʰ ʳʨʴʽʨʴʨʯʨ ʫʨ ʳʬʽʨʴʰʮʳʬʩʰʹ ʯʬʵʸʰʰʹ, ʳʨʴʽʨʴʨʯʨ ʫʰʴʨʳʰʱʰʹ, ʹʨˆʬʯʨ 

ʨʳʵ˂ʴʵʩʰʹ, ʨʲʩʨʯʵʩʰʹ ʯʬʵʸʰʰʹʨ ʫʨ ʳʨʯʬʳʨʺʰʱʻʸʰ ʹʺʨʺʰʹʺʰʱʰʫʨʴ. 

ʬʽʹʶʬʸʰʳʬʴʺʻʲ ʱʭʲʬʭʬʩˀʰ ʪʨʳʵʿʬʴʬʩʻʲʰ ʰʽʴʨ ʯʨʴʨʳʬʫʸʵʭʬ ʭʰ˄ʸʵʮʵʲʰʨʴʰ, 

ʵʽʺʨʭʻʸʰ ʫʨ ʺʬʸ˂-ʵʽʺʨʭʻʸʰ ʹʶʬʽʺʸʨʲʻʸʰ ʨʴʨʲʰʮʰʹ ʳʬʯʵʫʬʩʰ (SpectraLab-ʰ, 

MathCad-ʰ)  ʬʽʹʶʬʸʰʳʬʴʺʻʲʰ ʳʵʴʨ˂ʬʳʬʩʰʹ ʳʨʯʬʳʨʺʰʱʻʸʰ ʫʨʳʻˀʨʭʬʩʨ MathCad-ˀʰ. 

ʫʰʨʪʴʵʹʺʰʸʬʩʰʹ ʨʲʪʵʸʰʯʳʬʩʰʹ ʫʨʳʻˀʨʭʬʩʰʹʨʹ ʪʨʳʵʰʿʬʴʬʩʵʫʨ 

ʪʨʫʨ˄ʿʭʬʺʰʲʬʩʨʯʨ ʳʰʾʬʩʰʹ ʯʬʵʸʰʰʹ ʫʨ ʹʨˆʬʯʨ ʨʳʵ˂ʴʵʩʰʹ ʯʬʵʸʰʰʹ ʳʬʯʵʫʬʩʰ. 

    ʫʨ˂ʭʨʮʬ ʪʨʳʵʺʨʴʰʲʰ ʫʬʩʻʲʬʩʬʩʰ: 

1. ˈʰʫʸʵʬʴʬʸʪʵʨʪʸʬʪʨʺʬʩʰʹ ʭʰʩʸʵʨʱʻʹʺʰʱʻʸʰ ʳʵʴʰʺʵʸʰʴʪʰʹʨ ʫʨ ʺʬʽʴʰʱʻʸ 

ʳʫʪʵʳʨʸʬʵʩʨʯʨ ʫʰʨʪʴʵʹʺʰʱʰʹ ʹʰʹʺʬʳʰʹ ʨʪʬʩʰʹ ʶʸʰʴ˂ʰʶʬʩʰ, ʸʵʳʬʲʰ˂ ˀʬʰ˂ʨʭʹ 

ʰʴʼʵʸʳʨ˂ʰʻʲʰ ʹʰˆˀʰʸʬʬʩʰʹ ʪʨʳʵʿʵʼʨʹ ʫʨ ʳʨʯʰ ʳʴʰˀʭʴʬʲʵʩʬʩʰʹ ˀʬʼʨʹʬʩʨʹ, 

ʫʰʨʪʴʵʹʺʰʱʻʸʰ ʴʰˀʴʬʩʰʹ ʭʬʽʺʵʸʰʹ ʼʵʸʳʰʸʬʩʨʹ, ʺʬʽʴʰʱʻʸ ʳʫʪʵʳʨʸʬʵʩʨʯʨ 

ˀʬʼʨʹʬʩʨʹ, ʸʵʳʬʲʰ˂ ʫʨʿʸʫʴʵʩʰʲʰʨ ʹʨˆʬʯʨ ʨʳʵ˂ʴʵʩʰʹ ʯʬʵʸʰʨʮʬ. 

2. ˈʰʫʸʵʬʴʬʸʪʵʨʪʸʬʪʨʺʬʩʰʹ ˃ʰʸʰʯʨʫ ʭʰʩʸʵʨʽʺʰʻʸʰ ʱʭʨʴ˃ʬʩʰʹ ʺʬʽʴʰʱʻʸ 

ʳʫʪʵʳʨʸʬʵʩʨʯʨ ˀʬʼʨʹʬʩʰʹ ʳʬʯʵʫʬʩʰ, ʸʵʳʲʬʩʰ˂ ʫʨʼʻ˃ʴʬʩʻʲʰʨ ʭʰʩʸʵʨˁʽʨʸʬʩʰʹ 

ˇʨʳʻʸ ʫʵʴʬʬʩʮʬ, ʭʰ˄ʸʵʮʵʲʰʨʴ, ʺʬʸ˂-ʵʽʺʨʭʻʸ ʫʨ ʵʽʺʨʭʻʸ ʹʶʬʽʺʸʨʲʻʸ 

ʨʴʨʲʰʮʮʬ ʫʨ ˀʬʹʨʩʨʳʰʹʰ ʳʨʾʨʲʹʰˆˀʰʸʻʲʰ ʸˆʬʭʬʩʰʹ ʳʵʳʭʲʬʩʮʬ, ˈʰʫʸʵკ 

ʬʴʬʸʪʵʨʪʸʬʪʨʺʬʩʰʹ ʭʰʩʸʨ˂ʰʬʩʰʹ ʹʶʬʽʺʸˀʰ ʰʴʼʵʸʳʨ˂ʰʻʲʰ ʹʰˆˀʰʸʬʬʩʰʹ ʪʨʳʵʭʲʬʴʰʹ 

ʳʬʯʵʫʬʩʰ ʫʨ ʳʨʯʰ ʰʴʼʵʸʳʨʺʰʻʲʵʩʰʹ ˀʬʼʨʹʬʩʨ. 
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3. ʫʰʨʪʴʵʹʺʰʸʬʩʰʹ ʳʵʫʬʲʬʩʰʹ ʨʪʬʩʰʹ ʹʨʼʻ˃ʭʲʬʩʰ, ʸʵʳʲʬʩʰ˂ ʰ˃ʲʬʭʰʨʴ  

ˈʰʫʸʵʬʴʬʸʪʵʨʪʸʬʪʨʺʬʩʰʹ ʺʬʽʴʰʱʻʸ ʳʫʪʵʳʨʸʬʵʩʨʯʨ ʱʲʨʹʰʼʰʱʨ˂ʰʰʹ 

ʪʨʴˆʵʸ˂ʰʬʲʬʩʰʹ ˀʬʹʨ˃ʲʬʩʲʵʩʨʹ ʳʸʨʭʨʲʪʨʴʮʵʳʰʲʬʩʰʨʴʰ ʫʰʨʪʴʵʹʺʰʱʻʸʰ ʴʰˀʴʬʩʰʹ 

ʳʬˀʭʬʵʩʰʯ. 

4. ˈʰʫʸʵʬʴʬʸʪʵʨʪʸʬʪʨʺʬʩʰʹ ʬʲʬʽʺʸʵʳʬʽʨʴʰʱʻʸʰ ʹʰʹʺʬʳʰʹ ʺʬʽʴʰʱʻʸ 

ʳʫʪʵʳʨʸʬʵʩʨʯʨ ʫʰʨʪʴʵʹʺʰʱʰʹ ʳʬʯʵʫʰʱʨ MathCad-ʰʹ ʹʰʹʺʬʳʨˀʰ, ʸʵʳʬʲʰ˂ ʰ˃ʲʬʭʨ 

ʺʬʽʴʰʱʻʸ ʳʫʪʵʳʨʸʬʵʩʨʯʨ ʪʨʴʹʨʮʾʭʸʰʹ ˀʬʹʨ˃ʲʬʩʲʵʩʨʹ ʫʨ ʳʨʯʰ ʪʨʴʭʰʯʨʸʬʩʰʹ 

ʶʸʵʪʴʵʮʹ ʬʽʹʶʲʻʨʺʨ˂ʰʰʹ ʶʰʸʵʩʬʩˀʰ.  

ʳʬ˂ʴʰʬʸʻʲʰ ʹʰʨˆʲʬ. ʹʨʳʻˀʨʵʹ ʳʬ˂ʴʰʬʸʻʲʰ ʹʰʨˆʲʬ ʳʫʪʵʳʨʸʬʵʩʹ ʰʳʨˀʰ, ʸʵʳ 

ʶʰʸʭʬʲʨʫ ʼʵʸʳʻʲʰʸʬʩʻʲʰʨ ˈʰʫʸʵʬʴʬʸʪʵʨʪʸʬʪʨʺʬʩʰʹ ʭʰʩʸʵʨʱʻʹʺʰʱʻʸʰ 

ʳʵʴʰʺʵʸʰʴʪʰʹʨ ʫʨ ʺʬʽʴʰʱʻʸ ʳʫʪʵʳʨʸʬʵʩʨʯʨ ʫʰʨʪʴʵʹʺʰʱʰʹ ʹʰʹʺʬʳʰʹ ʨʪʬʩʰʹ 

ʶʸʰʴ˂ʰʶʬʩʰ, ʸʵʳʲʬʩʰ˂ ʳʵʰ˂ʨʭʬʴ ʰʴʼʵʸʳʨ˂ʰʻʲʰ ʹʰˆˀʰʸʬʬʩʰʹ ʪʨʳʵʿʵʼʨʹ ʫʨ ʳʨʯʰ 

ʳʴʰˀʭʴʬʲʵʩʰʹ ˀʬʼʨʹʬʩʨʹ, ʫʰʨʪʴʵʹʺʰʱʻʸʰ ʴʰˀʴʬʩʰʹ ʭʬʽʺʵʸʰʹ ʼʵʸʳʰʸʬʩʨʹ, ʫʬʼʬʽʺʰ-

ʹʰʳʶʺʵʳʰʹ ˂ˆʸʰʲʬʩʰʹ ʨʪʬʩʨʹ, ʺʬʽʴʰʱʻʸʰ ʳʫʪʵʳʨʸʬʵʩʰʹ ˀʬʼʨʹʬʩʨʹ, ʹʨˆʬʯʨ 

ʨʳʵ˂ʴʵʩʰʹ ʯʬʵʸʰʨʮʬ ʫʨʿʸʫʴʵʩʰʯ. ʨʳʰʹ ʹʨʼʻ˃ʭʬʲʮʬ ˀʬʽʳʴʰʲʰʨ ʭʰʩʸʵʨʱʻʹʺʰʱʻʸʰ 

ʫʰʨʪʴʵʹʺʰʱʰʹ ʨˆʨʲʰ ʳʬʯʵʫʵʲʵʪʰʨ, ʸʵʳʬʲʰ˂ ʨʪʬʩʻʲʰʨ ʻʴʰʭʬʸʹʨʲʻʸ 

ʱʵʳʶʰʻʺʬʸʻʲ ʶʸʵʪʸʨʳʨˀʰ MathCad-ˀʰ (ʸʨ˂ ʼʨʽʺʰʻʸʨʫ ʻʼʨʹʵʨ, ˄ʨʳʿʭʨʴʰ ʼʰʸʳʬʩʰʹ 

˃ʭʰʸʨʫ ʾʰʸʬʩʻʲʰ ʶʸʵʫʻʽ˂ʰʰʹʨʪʨʴ ʪʨʴʹˆʭʨʭʬʩʰʯ - ʬʱʵʴʵʳʰʱʰʹ ʹʨˆʰʯˆʬʩʰ ʨʽ ˃ʨʲʰʨʴ 

ʳʴʰˀʭʴʬʲʵʭʨʴʰʨ). 

ʶʸʨʽʺʰʱʻʲʰ ʾʰʸʬʩʻʲʬʩʨ.  ˈʰʫʸʵʬʴʬʸʪʵʨʪʸʬʪʨʺʬʩʰʹ ʺʬʽʴʰʱʻʸ ʳʫʪʵʳʨʸʬʵʩʨʯʨ 

ˀʬʼʨʹʬʩʰʹʨʯʭʰʹ ʫʰʨʪʴʵʹʺʰʱʻʸʰ ʴʰˀʴʬʩʰʹ ʫʨ ʫʰʨʪʴʵʹʺʰʱʻʸʰ ʳʵʫʬʲʬʩʰʹ  

ʳʰʾʬʩʻʲʰ ʳʵʴʨ˂ʬʳʬʩʰ ʨʸʰʨʴ ʳʬʯʵʫʵʲʵʪʰʻʸʰ ʹʨʼʻ˃ʭʲʬʩʰ ʺʬʽʴʰʱʻʸ 

ʳʫʪʵʳʨʸʬʵʩʨʯʨ ʹʨˀʻʨʲʬʩʬʩʰʹ ʫʨʳʻˀʨʭʬʩʰʹʨʯʭʰʹ ʫʨ ʸʬʳʵʴʺʰʹʨ ʫʨ ʳʵʳʹʨˆʻʸʬʵʩʰʹ 

ʹʰʹʺʬʳʰʹ ʵʸʪʨʴʰʮʨ˂ʰʰʹ ʳʴʰˀʭʴʬʲʵʭʨʴʰ ʼʨʽʺʵʸʰ. ʳʨʯʰ ʶʸʨʽʺʰʱʻʲʰ ʾʰʸʬʩʻʲʬʩʨ 

ʳʫʪʵʳʨʸʬʵʩʹ ʰʳʨˀʰ, ʸʵʳ ʰ˃ʲʬʭʰʨʴ ˀʬʹʨ˃ʲʬʩʲʵʩʨʹ: 

1. ʫʨʳʻˀʨʭʬʩʻʲʰ ʫʰʨʪʴʵʹʺʰʱʻʸʰ ʹʨˀʻʨʲʬʩʬʩʰ ʪʨʳʵʿʬʴʬʩʻʲʰ ʰʽʴʨʴ ˈʰʫʸʵკ 

ʬʴʬʸʪʵʨʪʸʬʪʨʺʬʩʰʹ ʫʨʳʮʨʫʬʩʰʹ, ʪʨ˄ʿʵʩʰʹ ʫʨ ʳʵʴʰʺʵʸʰʴʪʰʹ ʶʸʵ˂ʬʹˀʰ 

ʬʽʹʶʲʻʨʺʨ˂ʰʰʹ ʫʸʵʹ; 
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2. ʱʵʳʶʰʻʺʬʸʻʲʰ ʳʵʫʬʲʰʸʬʩʰʹ ˀʬʹʸʻʲʬʩʰʹ ʫʨ ʫʰʨʪʴʵʹʺʰʸʬʩʰʹ ʴʰˀʴʬʩʰʹ 

ʼʵʸʳʰʸʬʩʰʹ, ʰʴʼʵʸʳʨ˂ʰʻʲʰ ʳʵʴʨ˂ʬʳʬʩʰʹ ʩʨʮʬʩʰʹ ˀʬʽʳʴʰʹ, ʸʵʳʲʬʩʰ˂ ʨʸʰʨʴ 

ʹʨʼʻ˃ʭʬʲʰ ˈʰʫʸʵʬʴʬʸʪʵʨʪʸʬʪʨʺʬʩʰʹ ʬʲʬʳʬʴʺʬʩʰʹ ʺʬʽʴʰʱʻʸ ʳʫʪʵʳʨʸʬʵʩʨʯʨ 

ˀʬʼʨʹʬʩʰʹ ʫʨ ʨʪʸʬʯʭʬ ʼʻʴʽ˂ʰʵʴʰʸʬʩʰʹ ˆʨʸʰʹˆʰʹ ʹʺʨʺʰʹʺʰʱʻʸʰ ʨʴʨʲʰʮʰʹʨʯʭʰʹ; 

3. ˈʰʫʸʵʬʴʬʸʪʵʨʪʸʬʪʨʺʬʩʰʹ ʺʬʽʴʰʱʻʸʰ ʳʵʳʹʨˆʻʸʬʵʩʰʹ ʹʰʹʺʬʳʰʹ წʼʨʽʺʰʻʸʰ 

ʳʫʪʵʳʨʸʬʵʩʰʹ ʳʰˆʬʫʭʰʯმ  ʫʨʴʬʸʪʭʰʹ, ʸʵʳʬʲʰ˂ ʫʨʼʻ˃ʴʬʩʻʲʰʨ ʭʰʩʸʨ˂ʰʻʲʰ 

ʶʨʸʨʳʬʺʸʬʩʰʯ ʫʰʨʪʴʵʹʺʰʱʻʸ ʱʵʴʺʸʵʲʮʬ.  

ʹʨʳʻˀʨʵʹ ˀʬʫʬʪʬʩʰʹ ʫʨʴʬʸʪʭʨ ʫʨ ʸʬʨʲʰʮʨ˂ʰʨ. ʫʨʳʻˀʨʭʬʩʻʲʰ ʳʵʫʬʲʬʩʰ, 

ʳʬʯʵʫʰʱʨ ʫʨ ʺʬʽʴʰʱʻʸ ʹʨˀʻʨʲʬʩʨʯʨ ʱʵʳʶʲʬʽʹʰ ʻʴʫʨ ʰʽʴʨʴ ʪʨʳʵʿʬʴʬʩʻʲʰ ˈʰʫʸʵკ 

ʬʴʬʸʪʵʨʪʸʬʪʨʺʬʩʰʹ ʺʬʽʴʰʱʻʸ ʳʫʪʵʳʨʸʬʵʩʨʯʨ ʱʵʳʶʰʻʺʬʸʻʲʰ ʫʰʨʪʴʵʹʺʰʱʰʹ 

ʹʰʹʺʬʳʬʩʰʹ ʫʨʳʻˀʨʭʬʩʰʹʨʹ ʫʨ ʫʨʴʬʸʪʭʰʹʨʹ ʿʭʬʲʨ ˈʰʫʸʵʬʲʬʽʺʸʵʹʨʫʪʻʸʬʩˀʰ  

ʳʯʬʲ ʹʨʽʨʸʯʭʬʲʵˀʰ.  

ʹʨʫʰʹʬʸʨʺʨ˂ʰʵ ʹʨʳʻˀʨʵʹ ˀʬʫʬʪʬʩʰ ʪʨʳʵʿʬʴʬʩʻʲʰ ʻʴʫʨ ʰʽʴʨʴ ʨʱʨʱʰ ˄ʬʸʬʯʲʰʹ 

ʹʨˆʬʲʳ˄ʰʼʵ ʻʴʰʭʬʸʹʰʺʬʺʰʹ ʬʴʬʸʪʬʺʰʱʻʲʰ  ʹʶʬ˂ʰʨʲʵʩʬʩʰʹ ʹʨʹ˄ʨʭʲʵ ʶʸʵ˂ʬʹˀʰ,  

ʸʵʪʵʸ˂ ʹʨʫʰʶʲʵʳʵ ʶʸʵʬʽʺʰʸʬʩʰʹʨʹ, ʨʹʬʭʬ ʳʨʪʰʹʺʸʬʩʰʹʨ ʫʨ ʫʵʽʺʵʸʨʴʺʬʩʰʹ 

ʹʨʳʬ˂ʴʰʬʸʵ-ʱʭʲʬʭʰʯ ʹʨʳʻˀʨʵʩʬʩˀʰ. 

ʹʨʳʻˀʨʵʹ ʨʶʸʵʩʨ˂ʰʨ. ʹʨʳʻˀʨʵʹ ˃ʰʸʰʯʨʫʰ ʫʬʩʻʲʬʩʬʩʰ ʫʨ ˀʬʫʬʪʬʩʰ ʫʰʹʬʸʺʨ˂ʰʰʹ 

ʯʬʳʨʮʬ ʳʵˆʹʬʴʬʩʻʲʰ ʰʽʴʨ ʹʨʬʸʯʨˀʵʸʰʹʵ ʱʵʴʼʬʸʬʴ˂ʰʬʩʮʬ.  

1. ʬʴʬʸʪʬʺʰʱʨх ʸʬʪʰʵʴʨʲʻʸʰ ʶʸʵʩʲʬʳʬʩʰ ʫʨ ʪʨʴʭʰʯʨʸʬʩʰʹ ʶʬʸʹʶʬʽʺʰʭʬʩʰ 

2. ʳʫʪʸʨʫʰ ʬʴʬʸʪʬʺʰʱʨ ʪʨʳʵ˄ʭʬʭʬʩʰ ʫʨ ʪʨʴʭʰʯʨʸʬʩʰʹ ʶʬʸʹʶʬʽʺʰʭʬʩʰй 

ʶʻʩʲʰʱʨ˂ʰʬʩʰ. ʫʰʹʬʸʺʨ˂ʰʰʹ ʯʬʳʨʮʬ ʨʭʺʵʸʰʹ ʳʰʬʸ ʪʨʳʵʽʭʬʿʴʬʩʻʲʰʨ 3 ʹʺʨʺʰʨ 

ʹʨʬʸʯʨˀʵʸʰʹʵʫ ʨʾʰʨʸʬʩʻʲ ʹʨʳʬ˂ʴʰʬʸʵ ʷʻʸʴʨʲʬʩˀʰ. 

ʹʨʳʻˀʨʵʹ ʳʵ˂ʻʲʵʩʨ ʫʨ ʹʺʸʻʽʺʻʸʨ. ʹʨʫʰʹʬʸʺʨ˂ʰʵ ʴʨˀʸʵʳʰ ˀʬʫʪʬʩʨ 108 

ʪʭʬʸʫʰʹʨʪʨʴ, ˀʬʹʨʭʨʲʰʹʨʪʨʴ, 4  ʯʨʭʰʹʨʪʨʴ, ʫʨʹʱʭʴʬʩʰʹʨʪʨʴ ʫʨ ʪʨʳʵʿʬʴʬʩʻʲʰ 

ʲʰʺʬʸʨʺʻʸʰʹ 47 ˁʨʳʵʴʨʯʭʨʲʰʹʨʪʨʴ. 
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ʯʨʭʰ 1 

ʬʴʬʸʪʬʺʰʱʻʲʰ ʳʨʴʽʨʴʬʩʰʹ ʺʬʽʴʰʱʻʸ ʳʫʪʵʳʨʸʬʵʩʨʯʨ ʭʰʩʸʵʨʱʻʹʺʰʱʻʸʰ 

ʫʰʨʪʴʵʹʺʰʱʰʹ ʨʳʵ˂ʨʴʨʯʨ ʫʨʹʳʨ ʫʨ ʮʵʪʨʫʰ ʳʰʳʵˆʰʲʭʨ 

1.1. ʳʨʴʽʨʴʨʯʨ ʺʬʽʴʰʱʻʸʰ ʫʰʨʪʴʵʹʺʰʱʨ 

ʺʬʽʴʰʱʻʸʰ ʫʰʨʪʴʵʹʺʰʱʨ ʳʬ˂ʴʰʬʸʬʩʰʹ ˀʬʫʨʸʬʩʰʯ ʨˆʨʲʰ ʳʰʳʨʸʯʻʲʬʩʨʨ, ʸʵʳʬʲʰ˂ 

ʪʨʴʹʨʱʻʯʸʬʩʻʲʨʫ ʪʨʴʭʰʯʨʸʫʨ ʩʵʲʵ  ˄ʲʬʩʰʹ ʪʨʴʳʨʭʲʵʩʨˀʰ, ʸʨ˂ ʫʨʱʨʭˀʰʸʬʩʻʲʰʨ  

ʹˆʭʨʫʨʹˆʭʨ ʫʨʸʪʰʹ ʺʬʽʴʰʱʰʹ ʳʵˆʳʨʸʬʩʰʹ ʮʸʫʨʹʯʨʴ. ʫʾʬʹʫʾʬʵʩʰʯ ʯʨʴʫʨʯʨʴ 

ʰʮʸʫʬʩʨ ʸʵʪʵʸ˂ ʳʨʸʺʰʭʰ ʨʹʬʭʬ ʸʯʻʲʰ ʺʬʽʴʰʱʻʸʰ ʹʰʹʺʬʳʬʩʰʹ ʳʴʰˀʭʴʬʲʵʩʨ, 

ʪʨʴʹʨʱʻʯʸʬʩʰʯ ʳʨʴʽʨʴʨʯʳˀʬʴʬʩʲʵʩʨˀʰ, ʸʨʫʰʵʬʲʬʽʺʸʵʴʰʱʨʹʨ ʫʨ ʬʴʬʸʪʬʺʰʱʨˀʰ. 

ʳʵʯˆʵʭʴʨ ʻʹʨʼʸʯˆʵʬʩʨʮʬ, ʳʺʿʻʴʬʩʰʹ ʫʨʩʨʲʰ ʸʰʹʱʰ ʫʨ ʳʻˀʨʵʩʰʹ ˆʨʴʪʸ˃ʲʰʭʵʩʨ ʬʹ 

ʺʬʽʴʰʱʻʸʰ ʫʰʨʪʴʵʹʺʰʱʰʹ ˄ʨʸʳʵˀʵʩʰʹʨ ʫʨ ʳʰʹʰ ʪʨʴʭʰʯʨʸʬʩʰʹ ˃ʰʸʰʯʨʫʰ ʳʰʮʬʮʬʩʰʨ 

[27]. ʺʬʽʴʰʱʻʸʰ ʫʰʨʪʴʵʹʺʰʱʨ - ʬʹʨʨ ʳʬ˂ʴʰʬʸʬʩʨ, ʸʵʳʬʲʰ˂ ʻʮʸʻʴʭʬʲʿʵʼʹ 

ʰʴʼʵʸʳʨ˂ʰʰʹ ʳʰ˄ʵʫʬʩʨʹ ʬʽʹʶʲʻʨʺʨ˂ʰʰʹ ʶʸʵ˂ʬʹˀʰ.  

ʵʩʰʬʽʺʰʹ ʺʬʽʴʰʱʻʸʰ ʳʫʪʵʳʨʸʬʵʩʨ ʪʨʴʰʹʨʮʾʭʸʬʩʨ ʺʬʽʴʰʱʻʸʰ ʶʨʸʨʳʬʺʸʬʩʰʹ 

ʬʸʯʵʩʲʰʵʩʰʯ, ʸʵʳʲʬʩʰ˂ ʨˆʨʹʰʨʯʬʩʬʴ ʵʩʰʬʽʺʰʹ ʼʻʴʽ˂ʰʵʴʰʸʬʩʰʹ ˀʬʹʨ˃ʲʵ 

ʪʨʫʨˆʸʨʹ ʴʵʸʳʨʲʻʸʰʹʨʪʨʴ ʫʨ ʸʵʳʲʬʩʹʨ˂ ʯʨʭʰʹ ʳˆʸʰʭ ʳʰʭʿʨʭʨʸʯ ˀʬʹʨ˃ʲʵ 

ʳʺʿʻʴʬʩʨʳʫʬ (ʵʩʰʬʽʺʰʹ ʪʨˁʬʸʬʩʨʳʫʬ). 

ʳʨʴʽʨʴʰʹ ʨʴ ʳʬʽʨʴʰʮʳʰʹ ʺʬʽʴʰʱʻʸʰ ʳʫʪʵʳʨʸʬʵʩʰʹ ʶʨʸʨʳʬʺʸʬʩʰʨ: ʳʰʹʰ ʫʬʺʨʲʬʩʰʹ 

ʪʬʵʳʬʺʸʰʻʲʰ ʫʨ ʼʰʮʰʱʻʸʰ ʶʨʸʨʳʬʺʸʬʩʰ, ʳʨʯʰ ʻʸʯʰʬʸʯʪʨʴʲʨʪʬʩʨ, ʾʸʬˁʵʬʩʰ, 

ʹʨʱʵʴʺʨʽʺʵ ʮʬʫʨʶʰʸʬʩʰʹ ˆʨʸʰʹˆʰ, ʾʬʸ˃ʬʩʰʹ ʪʨʫʨˆʸʰʹ ʱʻʯˆʬʬʩʰ, ʪʬʵʳʬʺʸʰʻʲʰ 

ʮʵʳʬʩʰʹ ˂ʫʵʳʰʲʬʩʬʩʰ, ʳʨʹʨʲʰʹ ʹʺʸʻʽʺʻʸʰʹʨ ʫʨ ʹʰʳʺʱʰ˂ʰʹ ˂ʭʲʰʲʬʩʬʩʰ, 

ʭʰʩʸʨ˂ʰʰʹʨ ʫʨ ˆʳʨʻʸʰʹ ˇʨʳʻʸʰ ʫʨ ʹʶʬʽʺʸʨʲʻʸʰ ʳʫʪʬʴʬʲʬʩʰʹ ʫʵʴʬʬʩʰ, 

ʺʬʳʶʬʸʨʺʻʸʬʩʰ, ʴʨʸʬʭʰʹ ˄ʨʸʳʵʽʳʴʰʹ ˆʨʸʰʹˆʰ, ʫʨ ʨʹʬ ˀʬʳʫʬʪ. ʺʬʽʴʰʱʻʸʰ 

ʫʰʨʪʴʵʹʺʰʱʰʹ ʫʸʵʹ ˆʫʬʩʨ ʺʬʽʴʰʱʻʸʰ ʳʫʪʵʳʨʸʬʵʩʰʹ ʶʨʸʨʳʬʺʸʬʩʰʹ ʼʨʸʫʵʩʰʯʰ 

ˀʬʼʨʹʬʩʨ (ʶʨʸʨʳʬʺʸʬʩʰʹ ˀʬʫʨʸʬʩʨ, ʳʨʪʨʲʰʯʨʫ, ʫʾʬʭʨʴʫʬʲʰ ʶʨʸʨʳʬʺʸʬʩʰʹ 

ʪʻˀʰʴʫʬʲʯʨʴ).  

ʺʬʽʴʰʱʻʸʰ ʫʰʨʪʴʵʹʺʰʱʨ ʹ˄ʨʭʲʵʩʹ ʺʬʽʴʰʱʻʸʰ ʰʴʼʵʸʳʨ˂ʰʰʹ ʳʰʾʬʩʰʹʨ ʫʨ 

ʫʨʳʻˀʨʭʬʩʰʹ ʳʬʯʵʫʬʩʹ. ʳʰʹ ʳʰʮʨʴʹ ˄ʨʸʳʵʨʫʪʬʴʹ ʺʬʽʴʰʱʻʸʰ ʹʰʹʺʬʳʬʩʰʹ 

ʹʨʰʳʬʫʵʵʩʰʹʨ ʫʨ ʸʬʹʻʸʹʰʹ ʨʳʨʾʲʬʩʨ. ʸʵʪʵʸ˂ ˂ʴʵʩʰʲʰʨ ʹʨʰʳʬʫʵʵʩʰʹ ʨʸʨʴʨʱʲʬʩ 
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ʳʴʰˀʭʴʬʲʵʭʨʴ ʳʨˆʨʹʰʨʯʬʩʲʨʫ ʰʯʭʲʬʩʨ ʳʺʿʻʴʬʩʬʩʰʹ ʸʰʹʱʰʹ ˀʬʳ˂ʰʸʬʩʨ ʳʨʴʽʨʴʨ-

ʫʨʴʨʫʪʨʸʰʹ ʼʻʴʽ˂ʰʵʴʰʸʬʩʰʹ ʫʸʵʹ. ʹʨʨʭʰʨ˂ʰʵ ˃ʸʨʭʬʩʰʹ, ˄ʿʨʲʽʭʬˀʨ ˆʵʳʨʲʫʬʩʰʹʨ ʫʨ 

ʹˆʭʨʫʨʹˆʭʨ ʬʴʬʸʪʬʺʰʱʻʲʰ ʫʨʴʨʫʪʨʸʰʹ ˃ʸʨʭʬʩʰʹʨ ʯʻ ʺʬʽʴʰʱʻʸʰ ʫʨʴʨʫʪʨʸʬʩʰʹ 

ʳʺʿʻʴʬʩʨʳ ʳʨʯʰ ʬʽʹʶʲʻʨʺʨ˂ʰʰʹ ʶʸʵ˂ʬʹˀʰ ˀʬʹʨ˃ʲʵʨ ʳʰʪʭʰʿʭʨʴʵʹ ʳ˃ʰʳʬ ˀʬʫʬʪʬʩʨʳʫʬ 

ʫʨ ʪʨʳʵʰ˄ʭʰʵʹ ʨʸʨ ʳˆʵʲʵʫ ʬʱʵʴʵʳʰʱʻʸ-ʺʬʽʴʰʱʻʸʰ ʫʨʴʨʱʨʸʪʬʩʰ ʨʸʨʳʬʫʰ 

ʨʫʨʳʰʨʴʻʸʰ ʳʹˆʭʬʸʶʲʰ˂ ʱʰ. ʫʬʼʬʽʺʬʩʰʹʨ ʫʨ ʪʨʻʳʨʸʯʨʵʩʬʩʰʹ ʨʫʸʬʻʲʰ 

ʪʨʳʵʭʲʰʴʬʩʰʹ ˄ʿʨʲʵʩʰʯ ʺʬʽʴʰʱʻʸʰ ʫʰʨʪʴʵʹʺʰʱʨ ʹʨˀʻʨʲʬʩʨʹ ʰ˃ʲʬʭʨ ʯʨʭʰʫʨʴ 

ʨʭʰ˂ʰʲʵʯ ʳʺʿʻʴʬʩʬʩʰ ʬʽʹʶʲʻʨʺʨ˂ʰʰʹ ʫʸʵʹ, ʸʨ˂ ʨʳʨʾʲʬʩʹ ʹʨʰʳʬʫʵʵʩʰʹʨ ʫʨ 

ʬʼʬʽʺʻʸʵʩʰʹ ˆʨʸʰʹˆʹ [31]. 

ʺʬʽʴʰʱʻʸʰ ʫʰʨʪʴʵʹʺʰʱʨ ˄ʿʭʬʺʹ ʶʸʵʩʲʬʳʬʩʰʹ ʹʨʱʳʨʵʫ ʼʨʸʯʵ ʹʶʬʽʺʸʹ, ʳʸʨʭʨʲʰ 

ʳʨʯʪʨʴʰ ʱʰ ʫʨʱʨʭˀʰʸʬʩʻʲʰʨ ʳʬ˂ʴʰʬʸʬʩʰʹ ʹˆʨʭʫʨʹˆʭʨ ʫʨʸʪʯʨʴ. ʺʬʽʴʰʱʻʸ ʫʰʨʪʴʵʹ  - 

ʺʰʱʨʹ ˆˀʰʸ ˀʬʳʯˆʭʬʭʨˀʰ ʳʵʰˆʹʬʴʰʬʩʬʴ ʸʵʪʵʸ˂ წʫʰʨʪʴʵʹʺʰʱʨ ʳʻˀʨʵʩʰʹ ʶʸʵ˂ʬʹˀʰმ з 

ʰʳʰʺʵʳ ʸʵʳ ʳʫʪʵʳʨʸʬʵʩʰʹ ʨʴʨʲʰʮʰ ˆʫʬʩʨ ʬʽʹʶʲʻʨʺʨ˂ʰʰʹ ʶʰʸʵʩʬʩˀʰ. ʨʳʨʹʯʨʴ 

ʪʨʹʨʯʭʨʲʰʹ˄ʰʴʬʩʬʲʰʨ ʰʹʰ˂, ʸʵʳ ʫʰʨʪʴʵʹʺʰʱʰʹ ʨʳʵ˂ʨʴʰʹ ʪʨʫʨ˄ʿʭʬʺʰʹʨʹ ʯʨʭʰʫʨʴ 

ʨ˂ʰʲʬʩʻʲʰ ʰʽʴʨʹ ʳ˂ʫʨʸʰ ʪʨʴʪʨˀʰʹ ʸʰʹʱʰ, ʫʰʨʪʴʵʹʺʰʱʰʹ ʨʳʵ˂ʨʴʰʹ ʪʨʫʨ˄ʿʭʬʺʨ 

ʿʵʭʬʲʯʭʰʹ ʫʨʱʨʭˀʰʸʬʩʻʲʰʨ ʹʨʰʳʬʫʵʵʩʰʹ ʶʸʵʪʴʵʮʯʨʴ, ʫʨʴʨʫʪʨʸʰʹ 

ʬʽʹʶʲʻʨʺʨ˂ʰʰʹ ʻʨˆʲʵʬʹ ʶʬʸʰʵʫˀʰ . 

ʺʬʽʴʰʱʻʸʰ ʫʰʨʪʴʵʹʺʰʱʨ ʫʨʱʨʭˀʰʸʬʩʻʲʰʨ ʹʨʱʳʨʵʫ ʫʰʫʰ ʰʴʼʵʸʳʨ˂ʰʰʹ 

ʳʰʾʬʩʨʹʯʨʴ ʳʰʹ ʫʨʳʻˀʨʭʬʩʨʹʯʨʴ ʫʨ ʨʳ ʫʨʳʻˀʨʭʬʩʻʲ ʰʴʼʵʸʳʨ˂ʰʨʮʬ ʫʨʿʸʫʴʵʩʰʯ 

ʪʨʫʨ˄ʿʭʬʺʰʲʬʩʰʹ ʳʰʾʬʩʨʹʯʨʴ,  ʬʹ ʶʸʵ˂ʬʹʰ ˆʵʸ˂ʰʬʲʫʬʩʨ ʬʲʬʽʺʸʵʪʨʳʵʳʯʭʲʬʲʰ 

ʳʨʴʽʨʴʬʩʰʹ ʫʨˆʳʨʸʬʩʰʯ. ʰʹ ˄ʿʭʬʺʹ ʨʳʵ˂ʨʴʬʩʰʹ ˃ʨʲʰʨʴ ʼʨʸʯʵ ʹʶʬʽʺʸʹ. ʨʳ 

ʳʰʳʨʸʯʻʲʬʩʰʹ  ʯʬʵʸʰʻʲ ʼʻʴʫʨʳʬʴʺʨʫ ˀʬʰ˃ʲʬʩʨ ʳʰʭʰˁʴʰʵʯ ʴʰʳʻˀʬʩʰʹ ʨʳʵ˂ʴʵʩʰʹ 

ʮʵʪʨʫʰ ʯʬʵʸʰʨ. ʬʹ ʯʬʵʸʰʨ ʨʸʰʹ ʺʬʽʴʰʱʻʸʰ ʱʰʩʬʸʴʬʺʰʱʰʹ ʻʳʯʨʭʸʬʹʰ ʴʨ˄ʰʲʰ [44]. 

ʫʰʨʪʴʵʹʺʰʱʰʹ ʨʳʵ˂ʨʴʰʹ ʪʨʫʨ˅ʸʰʹ ʫʸʵʹ ʿʵʭʬʲʯʭʰʹ ʨʸʰʹ ʳ˂ʫʨʸʰ ˀʬʫʬʪʬʩʰʹ 

ʳʰʾʬʩʰʹ  ʸʰʹʱʰ. ʫʰʨʪʴʵʹʺʰʱʰʹ ʨʳʵ˂ʨʴʨ ʨʹʬʭʬ ʫʨʱʨʭˀʰʸʬʩʻʲʰʨ ʬʽʹʶʲʻʨʺʨ˂ʰʰʹ ʫʸʵʹ 

ʻʨˆʲʵʬʹ ʶʬʸʰʵʫˀʰ ʳʵʹʨʲʵʫʴʬʲʰ ˂ʭʲʰʲʬʩʬʩʰʹ ʨʳʵ˂ʴʵʩʨʹʯʴ. ʫʰʨʪʴʵʹʺʰʱʰʹ 

ʳʬʵʸʬ ʳʯʨʭʨʸʰ ʳʰʳʨʸʯʻʲʬʩʨ  ʬʹ ʨʸʰʹ ʱʵʴʺʸʵʲʰʹ ʹʨʰʳʬʫʵʵʩʰʹ ʯʬʵʸʰʨ. 

ʱʵʴʺʸʵʲʹʨʰʳʬʫʵʵʩʨ ʰʯʭʨʲʰʹ˄ʰʴʬʩʹ ʫʸʵʻʲʰ ʰʴʼʵʸʳʨ˂ʰʰʹ ʳʰ˄ʵʫʬʩʨʹ ʹʨʭʨʸʨʻʫʵ 

ʫʬʼʬʽʺʰʹ (ʳʺʿʻʴʬʩʰʹ) ˀʬʹʨˆʬʩ [30]. ʱʵʴʺʸʵʲʰʹ ʹʨʰʳʬʫʵʵʩʰʹ ʻʸʯʻʲʬʹ ʨʳʵ˂ʨʴʨʹ 
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˄ʨʸʳʵʨʫʪʬʴʹ ʰʳ ʳʬʯʵʫʬʩʰʹʨ ʫʨ ʹʨˀʻʨʲʬʩʬʩʰʹ ˃ʰʬʩʨ ʸʵʳʲʰʹ ʳʰˆʬʫʭʰʯʨ˂ ʳʰʭʰʾʬʩʯ 

ʫʰʨʪʴʵʹʺʰʱʰʹʨʯʭʰʹ ʹʨ˅ʰʸʵ ʨʻ˂ʰʲʬʩʬʲ ʰʴʼʵʸʳʨ˂ʰʨʹ (ʹʰʪʴʨʲʹ). ʨʹʬʯʰ 

ʨʭʺʵʳʨʺʰʮʰʸʬʩʻʲʰ ʱʵʴʺʸʵʲʰʹ ʹʰʹʺʬʳʬʩʰʹ ʶʸʵʬʽʺʰʸʬʩʨ ˄ʨʸʳʵʨʫʪʬʴʹ 

ʱʵʴʺʸʵʲʰʹ ʹʨʰʳʬʫʵʵʩʰʹ ʬʸʯ-ʬʸʯ ʳʰʳʨʸʯʻʲʬʩʨʹ. ʹʨʩʵʲʵʵʫ ʱʵʴʺʸʵʲʰʹ 

ʹʨʰʳʬʫʵʵʩʰʹ ˃ʨʲʰʨʴ ʳʴʰˀʭʴʬʲʵʭʨʴʰ ʨʳʵ˂ʨʴʨ ʫʨʱʨʭˀʰʸʬʩʻʲʰʨ ʰʳ ʨʲʪʵʸʰʯʳʬʩʰʹ 

ʫʨʳʻˀʨʭʬʩʨʹʯʨʴ, ʸʵʳʲʬʩʰ˂ ʹʨˀʻʨʲʬʩʨʹ ʪʭʨ˃ʲʬʭʬʴ ʨʾʳʵʭʨˁʰʴʵʯ ʪʨʻʳʨʸʯʨʵʩʬʩʰ.  

 

 

 

 

1.2. ʬʴʬʸʪʬʺʰʱʻʲʰ ʫʨʴʨʫʪʨʸʬʩʰʹʺʬʽʴʰʱʻʸ ʳʫʪʵʳʨʸʬʵʩʨʯʨ ʭʰʩʸʵʨʱʻʹʺʰʱʻʸʰ 

ʫʰʨʪʴʵʹʺʰʱʨ 

ʭʰʩʸʵʨʱʻʹʺʰʱʻʸʰ ʫʰʨʪʴʵʹʺʰʱʨ ˄ʨʸʳʵʨʫʪʬʴʹ ʺʬʽʴʰʱʻʸʰ ʫʰʨʪʴʵʹʺʰʱʰʹ ʬʸʯ-ʬʸʯ 

ʹʨˆʬʹ, ʹʨʫʨ˂ ʫʰʨʪʴʵʹʺʰʱʰʹʨʯʭʰʹ ʨʻ˂ʰʲʬʩʬʲ ʳʯʨʭʨʸ ʹʰʪʴʨʲʹ ˄ʨʸʳʵʨʫʪʬʴʹ ʳʨʴʽʨʴʨ-

ʫʨʴʨʫʪʨʸʰʹ ʳʻˀʨʵʩʰʹ ʫʸʵʹ ʨʸʹʬʩʻʲʰ ʭʰʩʸʨ˂ʰʬʩʰ ʫʨ ˆʳʨʻʸʰ. ʺʬʽʴʰʱʻʸʰ ʵʩʰʬʽʺʰʹ 

ʪʨʳʨʸʯʻʲʨʫ ʳʻˀʨʵʩʰʹʨʯʭʰʹ ʹʨ˅ʰʸʵ ʫʨʴʨˆʨʸˇʬʩʰʹ ʸʰ˂ˆʭʰ ʩʬʭʸˇʬʸ ʨʾʬʳʨʺʬʩʨ ʳʰʹʰ 

ʫʨʳʮʨʫʬʩʰʹʨʯʭʰʹ ʹʨ˅ʰʸʵ ˆʨʸˇʬʩʹ. ʨʭʺʵʺʸʨʴʹʶʵʸʺʰʹ ˀʬʳʯˆʭʬʭʨˀʰ ʬʹ ʫʨʴʨˆʨʸˇʬʩʰ 

ˀʬʹʨ˃ʲʵʨ 6-7 -ˇʬʸ ʳʬʺʰ ʰʿʵʹ ʫʨʴʨʫʪʨʸʬʩʰʹʨʯʭʰʹ 8 -ˇʬʸ, ʯʭʰʯʳʼʸʰʴʨʭʬʩʰʹʨʯʭʰʹ 5 -

ˇʬʸ, ʸʨʫʰʵʨʶʨʸʨʺʻʸʰʹʨʯʭʰʹ 12-ˇʬʸ [28].  

ʭʰʩʸʵʨʱʻʹʺʰʱʻʸʰ ʫʰʨʪʴʵʹʺʰʱʰʹʨ ʫʨ  ʳʵʴʰʺʵʸʰʴʪʰʹ  ˃ʰʸʰʯʨʫʰ ʫʨʴʰˀʴʻʲʬʩʨ 

ʨʸʰʹ ʱʵʴʺʸʵʲʰ ʫʨ ʶʸʵʪʴʵʮʰ ʫʨʴʨʫʪʨʸʰʹ ʳʫʪʵʳʨʸʬʵʩʰʹ ʬʽʹʶʲʻʨʺʨ˂ʰʰʹ 

ʶʰʸʵʩʬʩˀʰ. ʭʰʩʸʵʨʱʻʹʺʰʱʻʸʰ ʳʬʯʵʫʬʩʰʯ ˆʫʬʩʨ ʵʸʰ ˃ʰʸʰʯʨʫʰ ʨʳʵ˂ʨʴʰʹ ʪʨʫʨ˅ʸʨ 

ʬʹʬʴʰʨ:  

1)ʬʽʹʶʲʻʨʺʨ˂ʰʰʹ ʶʰʸʵʩʬʩˀʰ ʳʿʵʼʰ ʨʪʸʬʪʨʺʰʹ ʳʫʪʵʳʨʸʬʵʩʰʹ ʪʨ˂ʴʵʩʨ; 

2)ʰʳ ʫʨʸʾʭʬʭʬʩʰʹʨ ʫʨ ʳʰʮʬʮʬʩʰʹ ʪʨʳʵʭʲʬʴʨ, ʸʵʳʲʬʩʳʨ˂ ˀʬʹʨ˃ʲʵʨ ʯʨʭʰ ʰˁʰʴʵʹ 

ʻʨˆʲʵʬʹ ˆʨʴʬʩˀʰ.  

 ˆˀʰʸ ˀʬʳʯʭʬʭʨˀʰ ʬʽʹʶʲʻʨʺʨ˂ʰʰʹ ʶʸʵ˂ʬʹˀʰ ʨˆʲʨʫ ˀʬʹʻʲʰ ʳʨʴʽʨʴʰʹ ʫʰʨʪʴʵʹʺʰʱʨʹ 

ʨʸ ʰ˄ʿʬʩʬʴ ʸʨʫʪʨʴ ʯʨʭʫʨʶʰʸʭʬʲʨʫ ʳʰʹʰ ʫʨʮʰʨʴʬʩʰʹ ʫʨ ʳʨʹʮʬ ʨʭʨʸʰʰʹ ʸʰʹʱʰ 

ʫʨʩʨʲʰʨ ʸʨ˂ ʬʱʵʴʵʳʰʱʻʸʨʫ ʪʨʳʨʸʯʲʬʩʻʲʰʨ. ʨʾʹʨʴʰˀʴʨʭʰʨ ʰʹʰ˂, ʸʵʳ 
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ʭʰʩʸʵʨʱʻʹʺʰʱʻʸʰ ʫʰʨʪʴʵʹʺʰʱʨ ˀʬʹʨ˃ʲʵʨ ʪʨʳʵʭʰʿʰʴʵʯ ʿʭʬʲʨ ʰʳ ʳʵ˄ʿʵʩʰʲʵʩʨʹʯʨʴ 

ʫʨʱʨʭˀʰʸʬʩʰʯ ʹʨʫʨ˂ ʨʸʹʬʩʵʩʹ ʨʴ ˀʬʰ˃ʲʬʩʨ ˄ʨʸʳʵʰʽʳʴʨʹ ʸˆʬʭʰʯʰ ʶʸʵ˂ʬʹʬʩʰ. 

ʭʰʩʸʨ˂ʰʨ ʫʨ ˆʳʨʻʸʰ ʬʹ ʨʸʰʹ ʯʨʴʳʫʬʭʰ ʶʸʵ˂ʬʹʰ ʴʬʩʰʹʳʰʬʸʰ ʫʰʴʨʳʰʻʸʰ ʶʸʵ˂ʬʹʰʹʨ, 

ʸʵʳʬʲʰ˂ ʪʭʨʽʭʹ ʿʭʬʲʨ ʳʨʴʽʨʴʨˀʰ. ʬʹ ˃ʨʲʬʩʰ ʨʸʰʨʴ ʶʰʸʭʬʲʰ ˄ʿʨʸʵ ʨʸʨ ʳˆʵʲʵʫ 

ˆʳʨʻʸʰʹ ʫʨ ʭʰʩʸʨ˂ʰʰʹ ʨʸʨʳʬʫ ʫʬʼʬʽʺʬʩʰʹ [46]. ʶʸʨʽʺʰʱʨˀʰ ʭʰʩʸʨ˂ʰʰʹ ʱʵʴʺʸʵʲʰ ʫʨ 

ʭʰʩʸʨ˂ʰʻʲʰ ʫʰʨʪʴʵʹʺʰʱʨ ʨʸʰʹ ʹˆʭʨʫʨʹˆʭʨ ʶʸʨʽʺʰʱʻʲʰ ʨʳʵ˂ʨʴʬʩʰ. ʫʰʨʪʴʵʹʺʰʱʨˀʰ 

ʫʬʼʬʽʺʰ ʪʨʴʰʹʨʮʾʭʸʬʩʨ ʸˆʬʭʰʯʰ ˃ʨʲʰʯ, ʸʵʳʬʲʰ˂ ˄ʨʸʳʵʰˀʵʩʨ ʫʬʼʬʽʺʰʹ ʮʵʴʨˀʰ, 

ˆʵʲʵ ˃ʨʲʨ ʹ˄ʵʸˆʨʮʵʭʴʨʫ ʫʨʱʨʭˀʰʸʬʩʻʲʰʨ ʭʰʩʸʵʨˁʽʨʸʬʩʨʹʯʨʴ ʫʨ ʨʸʨ ʹʰˁʽʨʸʬʹʯʨʴ 

(ʰʳʰʺʵʳ, ʸʵʳ ʹʬʴʹʵʸʬʩʰ ʸʬʨʪʰʸʬʩʬʴ ʭʰʩʸʵʹʰˁʽʨʸʬʩʨʮʬ), ʨʳʰʺʵʳ ʫʰʨʪʴʵʹʺʰʸʬʩʰʹʨʹ 

ˆˀʰʸʨʫ ʹʨʸʪʬʩʲʵʩʬʴ ʭʰʩʸʵʨˁʽʨʸʬʩʰʹ ʪʨʮʵʳʭʰʯ ʫʨ ʳʨʴʽʨʴʬʩʰʹ ʭʰʩʸʨ˂ʰʻʲʰ 

ʱʵʴʺʸʵʲʰʹʨʯʭʰʹ ʫʨʳʨʺʬʩʰʯ ʮʵʳʨʭʬʴ ʭʰʩʸʵʪʨʫʨʨʫʪʰʲʬʩʨʹ, ʳˆʵʲʵʫ 

ʪʨʴʹʨʮʾʭʸʻʲ ʫʨʩʨʲʹʰˆˀʰʸʻʲ ʫʰʨʶʨʮʵʴˀʰ (ʪʨʴʹʨʱʻʯʸʬʩʰʯ ʫʨʩʨʲʰʹʰˆˀʰʸʰʹ 

ʩʸʻʴʯʨ ʸʰ˂ˆʭʰʹ ʳʽʵʴʬ ʳʬʽʨʴʰʮʳʬʩˀʰ - ʳʨʴʽʨʴʬʩˀʰ). ʭʰʩʸʨ˂ʰʰʹ ʪʨʮʵʳʭʰʹʨʯʭʰʹ 

ʸʵʪʵʸ˂ ˄ʬʹʰ ʪʨʳʵʰʿʬʴʬʩʨ ʭʰʩʸʵʨˁʽʨʸʬʩʰʹ ʳʵ˄ʿʵʩʰʲʵʩʨ, ʸʵʳʬʲʰ˂ ʳʻˀʨʵʩʹ 

ʶʰʬʮʵʬʼʬʽʺʮʬ, ˆʳʰʹ ʹʨʮʵʳʨʫ ʪʨʳʵʰʿʬʴʬʩʨ ʳʰʱʸʵʼʵʴʰ [26].  

ʭʰʩʸʨ˂ʰʻʲʰ ʫʰʨʪʴʵʹʺʰʱʨ ʯʨʭʰʹ ʯʨʭˀʰ ʨʸ ʪʻʲʰʹˆʳʵʩʹ ʳʨʴʽʨʴʰʹ ʨʭʨʸʰʰʹʪʨʴ 

ʪʨʸʨʴʺʰʸʬʩʻʲ ʫʨ˂ʭʨʹ ʰʹ ʳˆʵʲʵʫ ʰ˃ʲʬʭʨ ʰʴʼʵʸʳʨ˂ʰʨʹ ʳʨʴʽʨʴʰʹ ʺʬʽʴʰʱʻʸʰ 

ʳʫʪʵʳʨʸʬʵʩʰʹ ˀʬʹʨˆʬʩ ʫʨ ʳʰʻʯʰʯʬʩʹ ʨʫʨʳʰʨʴʬʩʹ ˀʬʳʫʬʪʰ ʳʵʽʳʬʫʬʩʬʩʰʹʨʯʭʰʹ, 

ʯʻʴʫʨ˂ ʫʬʼʬʽʺʰʹ ˁʨʹʨˆʭʰʹ ʹʨ˄ʿʰʹ ʬʺʨʶʮʬ. 

ʨʸʹʬʩʵʩʹ ʭʰʩʸʵʨʱʻʹʺʰʱʻʸʰ ʫʰʨʪʴʵʹʺʰʱʰʹ ʹʨʳʰ ˃ʰʸʰʯʨʫʰ ˇʪʻʼʰ: 

1. ʫʰʨʪʴʵʹʺʰʱʰʹ ʶʸʵʼʬʹʰʵʴʨʲʻʸʰ ʹʰʹʺʬʳʬʩʰ, ʸʵʳʬʲˀʰ˂ ʵʶʬʸʨʺʵʸʰ ʯʭʰʯʵʴ 

ʰʸˁʬʭʹ ʰʴʼʵʸʳʨ˂ʰʻʲ ʺʬʽʴʵʲʵʪʰʨʹ ʫʨ ʪʨʮʵʳʭʰʹ ʹʨˀʻʨʲʬʩʨʹ. ʨʳ ˀʬʳʯˆʭʬʭʨˀʰ 

ʬʽʹʶʬʸʺ-ʵʶʬʸʨʺʵʸʰʹ ˂ʵʫʴʨ ʫʨ ʪʨʳʵ˂ʫʰʲʬʩʨ ʹʸʻʲʰʨʫ ʪʨʴʹʨʮʾʭʸʨʭʹ ʫʰʨʪʴʵʮʰʹ 

ʹʨʰʳʬʫʵʵʩʨʹ; 

2.ʫʰʨʪʴʵʹʺʰʱʰʹ ʬʽʹʶʬʸʺʻʲʰ ʹʰʹʺʬʳʬʩʰ. ʸʵʳʬʲʰ˂ ʬˆʳʨʸʬʩʨ ʵʶʬʸʨʺʵʸʹ ʳʰʰʾʵʹ 

ʪʨʫʨ˄ʿʭʬʺʰʲʬʩʨ ʪʨʴʹʨʮʾʭʸʻʲ ʳʵʳʬʴʺˀʰ; 

3.ʨʭʺʵʳʨʺʰʮʰʸʬʩʻʲʰ ʫʰʨʪʴʵʹʺʰʱʰʹ ʹʰʹʺʬʳʬʩʰ [38]. 

ʫʰʨʪʴʵʹʺʰʱʨ ʬʹ ʶʰʸʭʬʲ ʸʰʪˀʰ ʨʸʰʹ ʹʻʹʺʰ ʱʵʳʶʵʴʬʴʺʬʩʰʹ ˃ʰʬʩʨ ˃ʲʰʬʸʰʹ ʼʵʴʮʬ. 

˃ʲʰʬʸʰ ʫʨ ʹʻʹʺʰ ʱʵʳʶʵʴʬʴʺʬʩʰ ʪʨʴʹˆʭʨʭʫʬʩʰʨʴ ʹʰˆˀʰʸʰʹ ʳʰˆʬʫʭʰʯ ʫʨ ʹʰʳ˃ʲʨʭʸʰʹ 
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ʳʰˆʬʫʭʰʯ ʬʹ ʱʵʳʶʵʴʬʴʺʬʩʰ ˀʬʹʨ˃ʲʵʨ ʪʨʴʹˆʭʨʭʫʬʩʵʫʴʬʴ ͳͲ଺ -ˇʬʸ, ʨʳʰʺʵʳ ʰʮʵʳʬʩʨ 

ʨʸʨ ʳʨʯʰ ʹʰʳ˃ʲʨʭʸʬ, ʨʸʨʳʬʫ ʨʳʶʲʰʺʻʫʨ. ʨʳ ʳʬʯʵʫʰʯ ˃ʲʰʬʸ ʫʨ ʹʻʹʺ ʱʵʳʶʵʴʬʴʺʬʩʹ 

ˀʵʸʰʹ ʪʨʴʹˆʭʨʭʬʩʨ ʻʼʸʵ ʳʱʨʼʰʵʨ [4].  

ʫʾʬʹʫʾʬʵʩʰʯ ʺʬʸʳʰʴʰʹ ʽʭʬˀ წʳʵʴʰʺʵʸʰʴʪʰმ ʰʪʻʲʰʹˆʳʬʩʨ ʺʬʽʴʰʱʻʸʰ ʹʰʹʺʬʳʰʹ 

ʳʫʪʵʳʨʸʬʵʩʰʹ ʶʨʸʨʳʬʺʸʬʩʰʹ ʪʨʮʵʳʭʰʹ ʹʸʻʲʰ ʱʵʳʶʲʬʽʹʰ. ʳʵʴʰʺʵʸʰʴʪʰ ʿʵʭʬʲʯʭʰʹ 

ʨʸ ʰ˃ʲʬʭʨ ʮʻʹʺ ʶʨʹʻˆʹ ˀʬʹʨ˃ʲʵ ʫʬʼʬʽʺʬʩʰʹ ˀʬʹʨˆʬʩ. ʨʻ˂ʰʲʬʩʬʲʰʨ 

ʬʸʯʳʨʴʬʯʰʹʨʪʨʴ ʪʨʰʳʰˇʴʵʹ ʺʬʸʳʰʴʰ ʳʵʴʰʺʵʸʰʴʪʰ ʫʨ ʫʰʨʪʴʵʹʺʰʱʨ.  

ʳʵʴʰʺʵʸʰʴʪʰ - ʬʹ ʨʸʰʹ ʱʵʴʺʸʵʲʰ ˃ʰʸʰʯʨʫʰ ʶʨʸʨʳʬʺʸʬʩʰʹʨ, ˆʵʲʵ ʺʬʸʳʰʴʰ 

ʫʰʨʪʴʵʹʺʰʱʨ - ʬʹ ʨʸʰʹ  ʫʬʼʬʽʺʬʩʰʹ ʫʨ ʳʨʯʰ ʪʨʴʭʰʯʨʸʬʩʰʹ ʶʸʵʪʴʵʮʰʹ 

ʰʫʬʴʺʰʼʰ˂ʰʸʬʩʨ. 

ʬʴʬʸʪʬʺʰʱʻʲʰ ʳʵ˄ʿʵʩʰʲʵʩʬʩʰʹ ʳʵʴʰʺʵʸʰʴʪʰʹ ʯʨʴʨʳʬʫʸʵʭʬ ʹʰʹʺʬʳʬʩʰ 

ʨʪʬʩʻʲʰʨ ʱʵʴʺʸʵʲʰʹ ʫʨ ʫʰʨʪʴʵʹʺʰʸʬʩʰʹ ʳʿʨʸ ʳʬʯʵʫʬʩʮʬ. ʳʨʹˀʰ ʪʨʳʵʿʬʴʬʩʻʲʰ 

ʫʰʨʪʴʵʹʺʰʱʰʹ ʳʬʯʵʫʬʩʰ ˀʬʹʨ˃ʲʵʨ ʫʨʰʿʵʹ ʵʸ ˇʪʻʼʨʫ:  

1.  ʺʬʹʺʻʸʰ ʫʰʨʪʴʵʹʺʰʸʬʩʰʹ ʳʬʯʵʫʰ, ʸʵʳʬʲʰ˂ ʳʵʰʯˆʵʭʹ ˆʬʲʵʭʴʻʸʰ 

ʫʨʸʾʭʬʭʬʩʰʹ ˄ʨʸʳʵˀʵʩʨʹ; 

2.  ʼʻʴʽ˂ʰʵʴʨʲʻʸʰ ʫʰʨʪʴʵʹʺʰʸʬʩʰʹ ʳʬʯʵʫʰ, ʸʵʳʬʲʰ˂ ʪʨʳʵʰʿʬʴʬʩʨ ʰʹʬʯʰ 

ʳʨʴʽʨʴʬʩʰʹʨʯʭʰʹ, ʸʵʳʲʬʩʰ˂ ʨʸʰʨʴ ʩʻʴʬʩʸʰʭʰ ʫʨʸʾʭʬʭʬʩʰʹ ˄ʿʨʸʵ ʳʨʯʰ ʳʻˀʨʵʩʰʹ 

ʶʸʵ˂ʬʹˀʰ [2]. 

ʮʵʪʨʫʨʫ, ʫʰʨʪʴʵʹʺʰʸʬʩʰʹ ʶʸʵ˂ʬʹʰʹ ʹʽʬʳʨ ʨʹʬʯʰʨ:  

1. ʫʰʨʪʴʵʹʺʰʱʻʸʰ ʳʵʫʬʲʰʹ ˀʬʫʪʬʴʨ; 

2. ʭʰʩʸʨ˂ʰʬʩʰʹ ʳʵʴʰʺʵʸʰʴʪʰʯ ʳʰʾʬʩʻʲʰ ˀʬʫʬʪʬʩʰʹ ʨʴʨʲʰʮʰ; 

3. ˀʬʹʨ˃ʲʵ ʫʬʼʬʽʺʬʩʰʹʨ ʫʨ ˀʬʹʨʩʨʳʰʹʰ ʹʰʳʶʺʵʳʬʩʰʹ ˁʨʳʵʿʨʲʰʩʬʩʨ ʫʨ ʳʨʯʰ 

ʫʨʹʨˀʭʬʩʰ  ʹʰʫʰʫʬʬʩʰʹ ʫʨʫʪʬʴʨ; 

4. ʳʵʪʸʵʭʰʲʰ  ʰʴʼʵʸʳʨ˂ʰʰʹ ʱʵʳʶʰʻʺʬʸˀʰ ˀʬʿʭʨʴʨ ʫʨ  ʱʵʳʶʰʻʺʬʸʻʲʰ 

ʫʰʨʪʴʵʹʺʰʱʻʸʰ ʶʸʵʪʸʨʳʰʹ ˀʬʽʳʴʨ; 

5. ʹʨʫʰʨʪʴʵʹʺʰʱʵ ʹʰʹʺʬʳʰʹ ˃ʰʸʰʯʨʫʰ ʱʭʨʴ˃ʬʩʰʹ ʺʬʽʴʰʱʻʸ ʳʫʪʵʳʨʸʬʵʩʨʯʨ  

ˀʬʼʨʹʬʩʨ ʫʨ ʸʬʱʵʳʬʴʫʨ˂ʰʬʩʰʹ ʪʨ˂ʬʳʨ ʵʶʬʸʨʺʵʸʰʹʨʯʭʰʹ ˀʬʳʫʪʵʳʰ 

ʳʵʽʳʬʫʬʩʰʹʨʯʭʰʹ. 
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ʺʬʽʴʰʱʰʹ ʴʬʩʰʹʳʰʬʸ ʫʨʸʪˀʰ ʹˆʭʨʫʨʹˆʭʨ ʳʨʴʽʨʴʰʹ ʬʽʹʶʲʻʨʺʨ˂ʰʨ ʫʨ ʸʬʳʵʴʺʰ ˆʫʬʩʨ  

ˀʬʳʫʬʪʰ ʹʨʳʰ ʶʸʰʴ˂ʰʶʰʹ ʳʰˆʬʫʭʰʯ: 

1. ʳʻˀʨʵʩʨ ʳʺʿʻʴʬʩʨʳʫʬ; 

2. ʳʨʴʽʨʴʨ ʫʨʴʨʫʪʨʸʬʩʰʹ ʸʬʳʵʴʺʰ ʬʽʹʶʬʸʺʬʩʰʹ ˀʬʼʨʹʬʩʰʹ ʳʰˆʬʫʭʰʯ; 

3. ʳʨʴʽʨʴʨ ʫʨʴʨʫʪʨʸʬʩʰʹ ʸʬʳʵʴʺʰ ʫʰʨʪʴʵʹʺʰʱʰʹ ˀʬʫʬʪʬʩʰʹ ʳʰˆʬʫʭʰʯ. 

     ʳʴʰˀʭʴʬʲʵʭʨʴ ʬʱʵʴʵʳʰʱʻʸ ʬʼʬʽʺʹ ʰ˃ʲʬʭʨ ʳˆʵʲʵʫ ʳʬʹʨʳʬ ʹʨˀʻʨʲʬʩʨ, ʳʰʹʰ 

˄ʨʸʳʨʺʬʩʰʯ ʪʨʴˆʵʸ˂ʰʬʲʬʩʨ ʹʨˀʻʨʲʬʩʨʹ ʪʭʨ˃ʲʬʭʹ: 

1. ʳʵʭʨˆʫʰʴʵʯ  ʫʸʵʰʹ ʬʱʵʴʵʳʰʨ ʫʨ ˀʬʭʨʳ˂ʰʸʵʯ ʹʨʯʨʫʨʸʰʪʵ ʴʨ˄ʰʲʬʩʰʹʨʯʭʰʹ 

ʹʨ˅ʰʸʵ ʼʰʴʨʴʹʬʩʰ ʳʬʹʨʳʬʫʨʳʫʬ; 

2. ˀʬʭʨʳ˂ʰʸʵʯ ʳʵʻʲʵʫʴʬʲʰ ʳʺʿʻʴʬʩʬʩʰʹ ʸʰ˂ˆʭʰ 10-ˇʬʸ; 

3. ˀʬʭʨʳ˂ʰʸʵʯ ʪʨʻʯʭʨʲʰʹ˄ʰʴʬʩʬʲʰ ˆʨʸˇʬʩʰ. 

ʨʳʰʹʨʯʭʰʹ ʨʻ˂ʰʲʬʩʬʲʰʨ ʵʩʰʬʽʺʰʹ ʹʸʻʲʰ ʫʰʨʪʴʵʹʺʰʱʨ ʸʨʯʨ ʨʾʳʵˁʬʴʰʲ ʰʽʴʨʹ 

ʿʭʬʲʨ ʫʬʼʬʽʺʰ, ʸʵʳʬʲʰ˂ ʪʨʭʲʬʴʨʹ ʨˆʫʬʴʹ ʸʬʹʻʸʹʮʬ. ʳʬʽʨʴʰʱʨʹʨ ʫʨ 

ʬʲʬʽʺʸʵʳʬʽʨʴʰʱʨˀʰ, ʸʵʪʵʸ˂ ʶʸʨʽʺʰʱʨ ʨˁʭʬʴʬʩʹ, ʳʨʴʽʨʴʰʹ ʬʼʬʽʺʻʸʰ ʫʰʨʪʴʵʹʺʰʱʨ 

ˀʬʹʨ˃ʲʬʩʬʲʰʨ ʭʰʩʸʨ˂ʰʬʩʰʹ ʹʨˀʻʨʲʬʩʰʯ ʫʨ ʳʨʯʮʬ ʫʨʱʭʰʸʭʬʩʰʹ ʪʮʰʯ, ʸʨʫʪʨʴʨ˂:  

1. ʸˆʬʭʰʯʰ ˃ʨʲʬʩʰ ˄ʨʸʳʵʰˀʵʩʰʨʴ ʶʰʸʫʨʶʰʸ ʫʬʼʬʽʺʰʹ ʪʨˁʬʴʰʹ ʨʫʪʰʲʮʬ; 

2. ʭʰʩʸʨ˂ʰʨ ʨʸʰʹ ʳʨʽʹʰʳʨʲʻʸʨʫ ʰʴʼʵʸʳʨ˂ʰʻʲʰ ʫʰʨʪʴʵʹʺʰʱʰʹʨʯʭʰʹ; 

3. ʫʰʨʪʴʵʹʺʰʱʨ ˀʬʹʨ˃ʲʬʩʬʲʰʨ ʨʫʪʰʲʮʬ ʳʵ˄ʿʵʩʰʲʵʩʰʹ ʳʻˀʨ ʸʬʷʰʳʰʫʨʴ 

ʪʨʳʵʿʭʨʴʰʹ ʪʨʸʬˀʬ [1]. 

ʪʨʴʹʨʱʻʯʸʬʩʻʲʨʫ ʸʯʻʲʰʨ ʫʰʨʪʴʵʹʺʰʱʰʹ ʰʹ ʹʰʹʺʬʳʬʩʰ, ʸʵʳʲʬʩʰ˂ ʪʨʳʵʰʿʬʴʬʩʨ 

ʳʩʸʻʴʨʭʰ ʳʬʽʨʴʰʮʳʬʩʰʹ ʱʵʴʺʸʵʲʰʹʨʯʭʰʹ. ʳʨʯ ʫʨʴʰˀʴʻʲʬʩʨʹ ˄ʨʸʳʵʨʫʪʬʴʹ 

ʫʬʼʬʽʺʬʩʰʹ ʪʨʳʵʭʲʬʴʨ ʳʨʯʰ ˁʨʹʨˆʭʰʹ ʶʰʸʭʬʲʰʭʬ ʬʺʨʶʰʫʨʴʭʬ, ʨʪʸʬʯʭʬ ʳʨʴʽʨʴʨ 

ʫʨʴʨʫʪʨʸʰʹ ʳʫʪʵʳʨʸʬʵʩʰʹ ˀʬʹʨˆʬʩ ʪʸ˃ʬʲʭʨʫʰʨʴʰ ʶʸʵʪʴʵʮʰ. ʫʰʨʪʴʵʹʺʰʸʬʩʰʹ 

ʪʨʴʹʨʱʻʯʸʬʩʻʲ ʳʬʯʵʫʹ ˄ʨʸʳʵʨʫʪʬʴʹ ʨʹʬʭʬ ʰʹʰ˂, ʸʵʳ ʫʬʼʬʽʺʬʩʰʹ ˁʨʹʨˆʭʰʹʯʨʴʨʭʬ 

ʳʨʯʰ ʪʨʳʵʭʲʰʴʬʩʰʹʨʯʭʰʹ ʹʨ˅ʰʸʵʨ ʭʰʩʸʨ˂ʰʨʮʬ ʪʨʴʹʨʱʻʯʸʬʩʰʯ ʳʪʸ˃ʴʵʨʩʰʨʸʬ 

ˆʬʲʹʨ˄ʿʵʬʩʰ [32]. 
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1.3.ʳʨʴʽʨʴʨʯʨ ʭʰʩʸʵʨʱʻʹʺʰʱʻʸʰ ʫʰʨʪʴʵʹʺʰʱʰʹ ʪʨʴʭʰʯʨʸʬʩʰʹ ʬʺʨʶʬʩʰ 

ʳʨʴʽʨʴʬʩʰʹ ʺʬʽʴʰʱʻʸʰ ʳʫʪʵʳʨʸʬʵʩʰʹ ʳʬʯʵʫʬʩʰ ʫʨ ˀʬʼʨʹʬʩʰʹ ʹʨˀʻʨʲʬʩʬʩʰ 

ʪʨʴʭʰʯʨʸʫʨ ʬʺʨʶʵʩʸʰʭʨʫ, ʯʨʭʰʫʨʴ ˆʫʬʩʵʫʨ ʹˆʭʨʫʨʹˆʭʨ ʶʨʸʨʳʬʺʸʬʩʰʹ ʱʵʴʺʸʵʲʰ, 

ˀʬʳʫʬʪ ʳʵʴʰʺʵʸʰʴʪʰ ʫʨ ʩʵʲʵ ʬʺʨʶʰ ʰʿʵ ʫʰʨʪʴʵʹʺʰʱʰʹ ʹʰʹʺʬʳʬʩʰʹ ʫʨʴʬʸʪʭʨ ʫʨ 

ʺʬʽʴʰʱʻʸʰ ʳʫʪʵʳʨʸʬʵʩʰʹ ʱʵʴʺʸʵʲʰ.  

ˀʬʹʨ˃ʲʵʨ ʪʨʳʵʭʿʵʯ ʫʰʨʪʴʵʹʺʰʱʻʸ-ʰʴʼʵʸʳʨ˂ʰʻʲʰ ʹʨˀʻʨʲʬʩʬʩʰʹ ʪʨʴʭʰʯʨʸʬʩʰʹ 

ʹʨʳʰ ˃ʰʸʰʯʨʫʰ ʬʺʨʶʰ: 

1. ʶʰʸʭʬʲʰ ʳʰʬʱʻʯʭʴʬʩʨ ʹʨ˄ʿʰʹ ʬʺʨʶʹ ʫʰʨʪʴʵʹʺʰʸʬʩʨˀʰ ʫʨ ʶʰʸʭʬʲ ʸʰʪˀʰ 

ʭʰʩʸʵʨʱʻʹʺʰʱʨˀʰ, ʸʵʫʬʹʨ˂ ʳʨʴʽʨʴʰʹ ʳʫʪʵʳʨʸʬʵʩʰʹ ˀʬʼʨʹʬʩʰʹʨʯʭʰʹ ʪʨʳʵʿʬʴʬʩʻʲʰ 

ʰʿʵ ʨʫʨʳʰʨʴʰʹ ʹʳʬʴʰʹ ʵʸʪʨʴʵʬʩʰ; 

2. ʳʵʳʫʬʭʴʵ ʬʺʨʶʹ ʳʰʬʱʻʯʭʴʬʩʨ ʭʰʩʸʵʨʱʻʹʺʰʱʻʸʰ ʫʨʴʨʫʪʨʸʬʩʰʹ ˀʬʽʳʴʨ, 

ʸʵʳʲʬʩʰ˂ ʪʨʳʵʰʿʬʴʬʩʨ ʭʰʩʸʨ˂ʰʬʩʰʹ,  ˆʳʨʻʸʰʹ ʫʨ ʳʨʯʰ ʹʶʬʽʺʸʨʲʻʸʰ ʨʴʨʲʰʮʰʹ 

ʪʨʹʨʮʵʳʨʫ ʳʨʾʨʲʹʰˆˀʰʸʻʲ ʫʰʨʶʨʮʵʴʬʩˀʰ. ʹ˄ʵʸʬʫ ʨʳ ʳʵ˄ʿʵʩʰʲʵʩʬʩʰʹ ʪʨʳʵˁʬʴʰʹʨʹ 

50-60-ʰʨʴ ˄ʲʬʩˀʰ ʫʨʰ˄ʿʵ ʹʰʪʴʨʲʬʩʰʹ ʨʴʨʲʰʮʰʹ ʰʴʺʬʴʹʰʻʸʰ ʱʭʲʬʭʬʩʰ   

ʹʶʬ˂ʰʨʲʰʮʰʸʬʩʻʲʰ ʫʰʨʪʴʵʹʺʰʱʰʹ ʨʳʵ˂ʨʴʬʩʰʹʨʯʭʰʹ. ˃ʰʸʰʯʨʫʰ ʴʨʩʰˇʬʩʰ 

ʫʰʨʪʴʵʹʺʰʸʬʩʰʹ ʫʨʸʪˀʰ ʪʨʫʨʫʪʳʻʲ ʰʽʴʨ 60-70-ʰʨʴ ˄ʲʬʩˀʰ, ʹ˄ʵʸʬʫ ʨʳ ˄ʲʬʩˀʰ ʰʽʴʨ 

ˁʨʺʨʸʬʩʻʲʰ ʻʨʳʸʨʭʰ ʱʭʲʬʭʨ ʰʳʰʹ ˀʬʹʨˆʬʩ, ʯʻ ʸʨ ʪʨʭʲʬʴʨʹ ʨˆʫʬʴʹ ʫʬʼʬʽʺʰʹ 

ʹˆʭʨʫʨʹˆʭʨ ʹʨˆʬʵʩʬʩʰ ʫʨʴʨʫʪʨʸʰʹ ʳʻˀʨʵʩʨʮʬ ʫʨ ʸʵʪʵʸ ʪʨʳʵʰʹʨˆʬʩʨ ʬʹ ʿʭʬʲʨʼʬʸʰ 

ʫʰʨʪʴʵʹʺʰʱʰʹ ʫʸʵʹ ʹʰʪʴʨʲʬʩˀʰ. ʨʳ ˂ʫʬʩʰʹ ˀʬʫʬʪʬʩʳʨ ʨˁʭʬʴʬʹ, ʸʵʳ ʭʰʩʸʨ˂ʰʰʹ 

ʹʰʪʴʨʲʰ  ʻʫʰʫʬʹʰ ʰʴʼʵʸʳʨ˂ʰʰʹ ʳʨʺʨʸʬʩʬʲʰʨ ʫʨ ʹˆʭʨ ʹʰʪʴʨʲʬʩʰ ʻʩʸʨʲʵʫ 

ʫʻʩʲʰʸʬʩʨʨ ʨʳ ʰʴʼʵʸʳʨ˂ʰʰʹ, ʸʨʹʨ˂ ˀʬʰ˂ʨʭʹ ʭʰʩʸʨ˂ʰʰʹ ʹʰʪʴʨʲʰ. ʪʨʸʫʨ ʨʳʰʹʨ, 

˂ʴʵʩʰʲʰ ʪʨˆʫʨ ʰʹʰ˂, ʸʵʳ ʫʬʼʬʽʺʬʩʰ ˁʴʫʬʩʨ ʨʭʨʸʰʰʹ ʳʵʳʬʴʺʰʹ ʫʨʫʪʵʳʨʳʫʬ ʫʨ ʩʬʭʸ 

ˀʬʳʯˆʭʬʭʨˀʰ ʫʨʴʨʫʪʨʸʬʩʰʹ ʬʽʹʶʲʻʨʺʨ˂ʰʰʹ ʶʰʸʭʬʲ ˆʨʴʬʩˀʰ ʫʨ ˂ʴʵʩʰʲʰ ʪʨˆʫʨ ʰʹʰ˂, 

ʸʵʳ ʫʬʼʬʽʺʬʩʰ ʪʨʭʲʬʴʨʹ ʨˆʫʬʴʬʴ ʭʰʩʸʨ˂ʰʨʮʬ (ʨʰʹʨˆʬʩʰʨʴ ʳʨʹˀʰ); 

3. ʳʬʹʨʳʬ ʬʺʨʶʰ ʯʨʴʳʫʬʭʰʨ ʱʵʳʶʰʻʺʬʸʻʲʰ ʺʬʽʴʰʱʰʹ ʫʨ ʺʬʽʴʵʲʵʪʰʬʩʰʹ 

ʪʨʴʭʰʯʨʸʬʩʰʹ. ʱʵʴʱʸʬʺʻʲʨʫ ʨʳ ʫʸʵʹ ʪʨʳʵˁʴʫʨ ʹʶʬʽʺʸʰʹ ˂ʰʼʸʻʲʰ 

ʨʴʨʲʰʮʨʺʵʸʬʩʰ ʫʨ  ʪʨˆʫʨ ˀʬʹʨ˃ʲʬʩʬʲʰ ʹˆʭʨʫʨʹˆʭʨ ʬʽʹʶʬʸʺʬʩʰ ˁʨʬʴʨ˂ʭʲʬʩʰʴʨ ʨʳ 

ˆʬʲʹʨ˄ʿʵʬʩʹ. ʯʨʭʫʨʶʰʸʭʬʲʨʫ ʫʨʴʨʫʪʨʸʰʹ ʹˆʭʨʫʨʹˆʭʨ ʴʨ˄ʰʲʬʩʰʹ ʺʬʽʴʰʱʻʸʰ 

ʳʫʪʵʳʨʸʬʵʩʰʹ ʫʰʨʪʴʵʹʺʰʸʬʩʨ ʫʨ ʶʸʵʪʴʵʮʰʸʬʩʨ ˆʫʬʩʵʫʨ ʨʭʺʵʳʨʺʻʸʨʫ 
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ʹˆʭʨʫʨʹˆʭʨ ʬʽʹʶʬʸʺʻʲʰ ʶʸʵʪʸʨʳʬʩʰʯ. ʯʨʴʨʳʬʫʸʵʭʬ ʳ˃ʲʨʭʸʰ ʱʵʳʶʰʻʺʬʸʬʩʰʹ 

ʪʨʳʵˁʬʴʨʳ ˆʬʲʰ ˀʬʻ˄ʿʵ ʨʳ ʶʸʵ˂ʬʹʹ [3]. 

ʪʨʮʵʳʭʬʩʰʹʨ ʫʨ ʨʴʨʲʰʮʰʹ ʹʨʳʰʭʬ ʨʾʴʰˀʴʻʲʰ ʹʨˀʻʨʲʬʩʨ ʫʨʼʻ˃ʴʬʩʻʲʰʨ ʹʨʳʰ 

ʺʰʶʰʹ ʳʵ˄ʿʵʩʰʲʵʩʨʮʬ, ʬʹʬʴʰʨ: 

1. ʭʰʩʸʨ˂ʰʰʹ ʹʬʴʹʵʸʰ ʨʴ ʳʰʱʸʵʼʵʴʰ, ʸʵʳʬʲʰ˂ ʪʨʸʫʨʽʳʴʰʹ ʸˆʬʭʨʹ ʬʲʬʽʺʸʻʲ 

ʹʰʪʴʨʲʨʫ; 

2. ʼʰʲʺʸʰ, ʸʵʳʬʲʰ˂ ʪʨʳʵʿʵʼʹ  ʹʰʪʴʨʲʹ ˁʭʬʴʯʭʰʹ ʨʻ˂ʰʲʬʩʬʲʰ ʹʰˆˀʰʸʰʹ 

ʫʰʨʶʨʮʵʴˀʰ; 

3. ʫʬʺʬʽʺʵʸʰ, ʸʵʳʬʲʰ˂ ʬʳʹʨˆʻʸʬʩʨ ʪʨʳʵʿʵʼʰʲʰ ʱʵʳʶʵʴʬʴʺʬʩʰʹ ʨʳʶʲʰʺʻʫʰʹ 

ˀʬʼʨʹʬʩʨʹ. 

ʭʰʩʸʵʫʰʨʪʴʵʹʺʰʱʰʹ ʪʨʴʭʰʯʨʸʬʩʰʹ ʳʴʰˀʭʴʬʲʵʭʨʴʰ ʬʺʨʶʰ ʫʨʱʨʭˀʰʸʬʩʻʲʰʨ 

ʹˆʭʨʫʨʹˆʭʨ ʹʨˆʰʹ ʪʨʳʵʳʯʭʲʬʲʰ ʳʨʴʽʨʴʬʩʰʹ ʪʨʳʵˁʬʴʨʹʯʨʴ, ʸʨ˂ ʪʨʳʵʰʿʬʴʬʩʵʫʨ 

ʹʶʬʽʺʸʨʲʻʸʰ ʨʴʨʲʰʮʰʹʨʯʭʰʹ. ʹˆʭʨʫʨʹˆʭʨ ʹʰˆˀʰʸʬʬʩʰʹʪʨʴ ˀʬʳʫʪʨʸʰ ʸʯʻʲʰ 

ʹʰʪʴʨʲʬʩʰʹ ʳʰʾʬʩʨ ʨʫʨʳʰʨʴʰʹ ʹʳʬʴʰʹ ʵʸʪʨʴʵʬʩʰʯ ˀʬʻ˃ʲʬʩʬʲʰʨ, ʹ˄ʵʸʬʫ ʨʳʰʺʵʳ 

ʨʻ˂ʰʲʬʩʬʲʰ ʪʨˆʫʨ ʰʹʬʯʰ ʹʰʹʺʬʳʬʩʰʹ ˀʬʽʳʴʨ, ʸʵʳʲʬʩʰ˂ ʹʨˀʻʨʲʬʩʨʹ ʪʭʨ˃ʲʬʭʹ 

ʳʵʭʨˆʫʰʴʵʯ ʪʨ˂ʰʲʬʩʰʯ ʬʼʬʽʺʻʸʰ ʫʰʨʪʴʵʹʺʰʱʨ ʫʨ ʳʵʴʰʺʵʸʰʴʪʰ [5].  

ʨʳ ʳʬʯʵʫʰʹ ʶʰʸʭʬʲ ˄ʨʸʳʨʺʬʩʨʫ, ʭʰʩʸʵʨʱʻʹʺʰʱʻʸʰ ʫʰʨʪʴʵʹʺʰʱʰʹ ʶʰʸʭʬʲ 

ʬʺʨʶʮʬ, ˀʬʰ˃ʲʬʩʨ ˁʨʰʯʭʨʲʵʹ ˀʰʪʨ˄ʭʰʹ ˃ʸʨʭʬʩʰʹ ʫʰʨʪʴʵʹʺʰʱʨ. ˀʬʳʫʬʪʰ 

˄ʨʸʳʨʺʬʩʻʲʰ ʴʨʩʰˇʰʨ ʫʨʸʺʿʳʰʯʰ ʰʳʶʻʹʲʬʩʰʯ ʫʰʨʪʴʵʹʺʰʱʰʹ ʳʬʯʵʫʬʩʰʹʨ ʫʨ 

ʹʨˀʻʨʲʬʩʬʩʰʹ ˀʬʳʻˀʨʭʬʩʨ. ˀʬʳʫʬʪˀʰ ʱʰ ʫʰʨʪʴʵʹʺʰʱʨ ʪʨʴʭʰʯʨʸʫʨ ʭʰʩʸʨ˂ʰʰʹ 

ʨʴʨʲʰʮʰʹ ʳʰʳʨʸʯʻʲʬʩʰʯ, ʸʵʳʬʲʰ˂ ˄ʨʸʳʵʰˀʵʩʨ ˆʨˆʻʴʰʹ ˃ʨʲʰʯ [25]. 

ʺʬʽʴʰʱʰʹ ʴʬʩʰʹʳʰʬʸ ʹʼʬʸʵˀʰ ʰʫʬʰʫʨʴ ʳʰʹ ʸʬʨʲʰʮʨ˂ʰʨʳʫʬ ʫʨ ʶʸʨʽʺʰʱʨˀʰ 

ʫʨʴʬʸʪʭʨʳʫʬ ʪʨʸʱʭʬʻʲʰ ʫʸʵʨ ʹʨ˅ʰʸʵ. ʭʰʩʸʨ˂ʰʰʹ ʨʴʨʲʰʮʰʹ ˃ʰʸʰʯʨʫʰ ʳʬʯʵʫʬʩʰ 

ʪʨʳʵˁʴʫʨ 60-80-ʰʨʴ ˄ʲʬʩˀʰ, ʳʨʪʸʨʳ ʨʳ ʿʭʬʲʨʼʸʰʹ ʸʬʨʲʰʮʨ˂ʰʨʳʫʬ ʪʨʰʨʸʨ 2-3 

ʨʯ˄ʲʬʻʲʳʨ ʫʨ ʳˆʵʲʵʫ ʨʳʰʹ ˀʬʳʫʬʪ ʫʨʰ˄ʿʵ ʳʰʹʰ ʶʸʨʽʺʰʱʻʲʰ ʪʨʳʵʿʬʴʬʩʨ 

ʳʸʬ˄ʭʬʲʵʩʰʹ ʯʰʯʽʳʰʹ ʿʭʬʲʨ ʫʨʸʪˀʰ. ʸʬʨʲʻʸʨʫ ʭʰʩʸʵʳʮʵʳʰ ʺʬʽʴʰʱʰʹ ʬʶʵʽʨ 

ʫʨʰ˄ʿʵ 90-ʰʨʴ ˄ʲʬʩˀʰ, ʸʵʫʬʹʨ˂ ʫʨʰ˄ʿʵ ʹˆʭʨʫʨʹˆʭʨ ʳʵ˄ʿʵʩʰʲʵʩʬʩʰʹ ʨʪʬʩʨ 

ʳʰʱʸʵʱʵʳʶʰʻʺʬʸʬʩʰʹ ʩʨʮʨʮʬ. ʫʾʬʹʫʾʬʵʩʰʯ ʱʵʳʶʰʻʺʬʸʬʩʰʹ ʨˆʨʲʰ ʯʨʵʩʨ ˁʴʫʬʩʨ 

ʿʵʭʬʲ 2-3 ˄ʬʲʰ˄ʨʫˀʰ ʫʨ ʨʹʬʭʬ ʿʵʭʬʲ 2-3 ˄ʬʲʰ˄ʨʫˀʰ ˆʫʬʩʨ  ʳʮʵʳʰ ʫʨ ʨʴʨʲʰʮʻʸʰ 
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ʺʬʽʴʰʱʰʹ ʪʨʴʨˆʲʬʩʨ. ˀʬʰ˃ʲʬʩʨ ʰʯʽʭʨʹ, ʸʵʳ ʯʨʴʨʳʬʫʸʵʭʬ ʳʵ˄ʿʵʩʰʲʵʩʨ ʬʹ ʨʸʰʹ 

ʳʵ˄ʿʵʩʰʲʵʩʨʹ ʶʲʻʹ ʳʰʱʸʵʱʵʳʶʰʻʺʬʸʰ. ʫʾʬʹʫʾʬʵʩʰʯ ʼʨʸʯʵʫ ʪʨʭʸ˂ʬʲʬʩʻʲʰʨ 

ʭʰʸʺʻʨʲʻʸʰ ʳʵ˄ʿʵʩʰʲʵʩʬʩʰ, ʸʵʫʬʹʨ˂ ʪʭʨʽʭʹ ʳʵ˄ʿʵʩʰʲʵʩʨ ʶʲʻʹ ʹʬʴʹʵʸʰ ʫʨ 

ʶʬʸʹʵʴʨʲʻʸʰ ʱʵʳʶʰʻʺʬʸʰ. ʫʰʫʰ ˆʴʰʹ ʳʨʴ˃ʰʲʮʬ ʳʨʴʽʨʴʬʩʰʹ ʫʰʨʪʴʵʹʺʰʱʨ 

ʳʨʾʨʲʹʰˆˀʰʸʻʲʰ ʭʰʩʸʨ˂ʰʰʹ ʳʰˆʬʫʭʰʯ ʭʬʸ ʭʰʯʨʸʫʬʩʵʫʨ ʳʨʯʰ ʬʼʬʽʺʻʸʰ 

ʨʴʨʲʰʮʰʹ ʨʸʨʸʹʬʩʵʩʰʹ ʪʨʳʵ. ʳʨʪʸʨʳ 1968 ˄ʬʲʹ ˀʭʬʫʳʨ ʹʶʬ˂ʰʨʲʰʹʺʬʩʳʨ ʳʰʨʱʭʲʰʬʹ 

ʳʨʾʨʲʹʰˆˀʰʸʻʲʰ ʭʰʩʸʨ˂ʰʰʹ ʨʴʨʲʰʮʰʹ ʨˆʨʲ ʳʬʯʵʫʹ. ʨʳ ʳʬʯʵʫʹ ʬ˄ʵʫʬʩʨ 

წʫʨʸʺʿʳʰʯʰ ʰʳʶʻʲʹʬʩʰʹ ʳʬʯʵʫʰმй ʨʹʬʯ ʺʰʶʰʹ ʨʴʨʲʰʮʰʹ ˀʬʹʸʻʲʬʩʰʹʨʯʭʰʹ ˀʬʰʽʳʴʨ 

ʹʶʬ˂ʰʨʲʻʸʰ ʹʨʮʵʳʰ ʳʵ˄ʿʵʩʰʲʵʩʬʩʰ, ʸʵʳʲʬʩʰ˂ ʯʨʭʰʨʴʯʰ ʫʨʩʨʲʰ ʾʰʸʬʩʻʲʬʩʰʹ 

ʪʨʳʵ ʨʸʰʹ ʼʨʸʯʵʫ ʪʨʭʸ˂ʬʲʬʩʻʲʰ. ʨʳ ʳʬʯʵʫʳʨ ʳʰʹ˂ʨ ʫʨʹʨʩʨʳʰ  ʫʰʨʪʴʵʹʺʰʱʰʹ ʩʬʭʸ  

ʨˆʨʲ  ʹʰʹʺʬʳʨʹ [37]. 

ʩʵʲʵ ˄ʲʬʩʰʹ ʪʨʴʳʨʭʲʵʩʨˀʰ ˀʬʳʻˀʨʭʬʩʻʲ ʰʽʴʨ ʸʨʳʫʬʴʰʳʬ ʬʼʬʽʺʻʸʰ ʳʬʯʵʫʰ, 

ʸʵʳʬʲʰ˂ ʪʨʳʵʨʭʲʬʴʹ ˃ʰʸʰʯʨʫ ʫʬʼʬʽʺʬʩʹ ʳʨʴʽʨʴʨˀʰ ʳʰʹʰ ˁʨʹʨˆʭʰʹ ʶʰʸʭʬʲʰʭʬ 

ʬʺʨʶʰʫʨʴ. ʩʻʴʬʩʸʰʭʰʨ, ʬʹ ʳʬʯʵʫʬʩʰ ʫʨʼʻ˃ʴʬʩʻʲʰʨ ʳʨʾʨʲʹʰˆˀʰʸʻʲʰ ʭʰʩʸʨ˂ʰʰʹ 

ʨʴʨʲʰʮʮʬ, ʸʵʳʲʰʹ ˄ʨʸʳʵʽʳʴʰʹʨʯʭʰʹ ʨʸ ʨʸʰʹ ʹʨ˅ʰʸʵ ʫʰʫʰ ʸˆʬʭʰʯʰ ˃ʨʲʬʩʰʹ 

ʨʸʹʬʩʵʩʨ. ʨʳʰʹ ʶʨʸʨʲʬʲʻʸʨʫ ʪʨʴʭʰʯʨʸʫʨ ʫʰʨʪʴʵʹʺʰʱʰʹ ʨʭʺʵʳʨʺʰʮʰʸʬʩʻʲʰ 

ʨʲʪʵʸʰʯʳʬʩʰʹ ʳʬʯʵʫʰ, ʸʨ˂ ʬˆʳʨʸʬʩʨ ʫʰʨʪʴʵʹʺʰʱʰʹ ʹʰʹʺʬʳʰʹ ʳ˄ʨʸʳʵʬʩʲʬʩʹ 

ˀʬ˂ʭʨʲʵʹ ʯʻʴʫʨ˂ ʳʨʾʨʲʰ ʱʲʨʹʰʹ ʬʽʹʶʬʸʺʰ  ˀʬʹʨʩʨʳʰʹʰ ʶʸʵʪʸʨʳʻʲʰ 

ʻʮʸʻʴʭʬʲʿʵʼʰʯ, ʳʨʾʨʲʰ ʫʵʴʰʹ ʨʴʨʲʵʪʻʸʰ ʨʳʵ˂ʨʴʬʩʰʹ ʨʳʵˆʹʴʰʹʨʹ.  ʨʹʬʯʰ 

ʨʳʵ˂ʨʴʬʩʰʹ ˄ʰʲʰ ʹʨʱʳʨʵʫ ʳʨʾʨʲʰʨ [33]. 
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1.4. ʬʴʬʸʪʬʺʰʱʻʲʰ ʳʨʴʽʨʴʬʩʰʹ ʺʬʽʴʰʱʻʸ ʳʫʪʵʳʨʸʬʵʩʨʯʨ ʭʰʩʸʵʨʱʻʹʺʰʱʻʸʰ 

ʳʵʴʰʺʵʸʰʴʪʰʹ ʹˆʭʨʫʨʹˆʭʨ ʹʰʹʺʬʳʬʩʰʹ ʪʨʴˆʰʲʭʨ 

1.4.1.ʳʵʴʰʺʵʸʰʴʪʰʹʨ ʫʨ ʱʵʴʺʸʵʲʰʹ ʳʨʸʺʰʭʰ ʹʰʹʺʬʳʬʩʰʹ ʫʨʴʰˀʴʻʲʬʩʨ 

ʬʽʹʶʲʻʨʺʨ˂ʰʨˀʰ ʳʿʵʼʰ ʳʨʴʽʨʴʰʹ ʹʨʰʳʬʫʵʵʩʨ ʫʨ ˆʨʸʰʹˆʰ ʪʨʴʰʹʨʮʾʭʸʬʩʨ ʳʰʹʰ 

ʶʸʵʬʽʺʰʸʬʩʰʹ ʳʰˆʬʫʭʰʯ, ʬʽʹʶʲʻʨʺʨ˂ʰʰʹ ʶʰʸʵʩʬʩʰʯ, ʳʵʳʹʨˆʻʸʬʩʰʯ ʫʨ ʨʹʬʭʬ 

ʳʵʴʰʺʵʸʰʴʪʰʹʨ ʫʨ ʫʰʨʪʴʵʹʺʰʱʰʹ ʹʨˀʻʨʲʬʩʬʩʰʹ ʬʼʬʽʺʻʸʵʩʰʯ. 

ʳʨʸʺʰʭʰ ʳʵʴʰʺʵʸʰʴʪʰʹʨ ʫʨ ʫʰʨʪʴʵʹʺʰʱʰʹ ʹʰʹʺʬʳʬʩʰʹ ʳʯʨʭʨʸʰ ʶʸʵʩʲʬʳʨ ʨʸʰʹ ʰʹ, 

ʸʵʳ ˀʬʻ˃ʲʬʩʬʲʰʨ ˄ʰʴʨʹ˄ʨʸ ʪʨʸʨʴʺʰʸʬʩʻʲʨʫ ʰʯʽʭʨʹ ʸʨʳʫʬʴ ˆʨʴʹ ˀʬʰ˃ʲʬʩʨ ʨʳ 

ʹʰʹʺʬʳʬʩʳʨ ʹʺʨʩʰʲʻʸʨʫ, ʱʨʸʪ ʳʫʪʵʳʨʸʬʵʩʨˀʰ ʰʳʻˀʨʵʹ. ʯʻʱʰ ʩʬʭʸʰ 

ʪʨʹʨʱʵʴʺʸʵʲʬʩʬʲʰ ʶʨʸʨʳʬʺʸʰʹ ʹʨʮʾʭʸʬʩʰ ˄ʰʴʨʹ˄ʨʸ ˂ʴʵʩʰʲʰʨ, ʨʳ ˀʬʳʯˆʬʭʬʭʨˀʰ 

ʱʵʴʺʸʵʲʰʹ ʹʰʹʺʬʳʬʩʰʹ ˃ʰʸʰʯʨʫʰ ʫʨʴʰˀʴʻʲʲʬʩʨ ʨʸʰʹ ʨʾʳʵʨˁʰʴʵʹ ʫʨ 

ʫʨʨʼʰʽʹʰʸʵʹ ʸʵʳʬʲʰʳʬ ʶʨʸʨʳʬʺʸʰʹ ˄ʰʴʨʹ˄ʨʸ ʪʨʴʹʨʮʾʭʸʻʲʰ ʹʨʮʾʭʸʰʫʨʴ 

ʪʨʫʨ˂ʫʵʳʨ. ʨʳʰʹʨʯʭʰʹ ʰʽʳʴʬʩʨ ʳʵʴʨ˂ʬʳʯʨ ʩʨʮʬʩʰ, ʸʵʳʬʲˀʰ˂ ˀʬʹʻʲʰʨ ʶʬʸʰʵʫʻʲʰ 

ʪʨʮʵʳʭʰʹ ˀʬʫʬʪʬʩʰ ʪʨʹʨʱʵʴʺʸʵʲʬʩʬʲʰ ʶʨʸʨʳʬʺʸʬʩʰʹ ʺʸʬʴʫʰʹ (ʺʬʴʫʬʴ˂ʰʰʹ) 

ʨʹʨʪʬʩʨʫ [29]. 

ʳʨʸʺʰʭʰ ʳʵʴʰʺʵʸʰʴʪʰʹ ʪʨʫʨʹʨʺʨʴʰ ʹʰʹʺʬʳʬʩʰʹ ʫʨˆʳʨʸʬʩʰʯ ˃ʰʸʰʯʨʫʨʫ ˆʫʬʩʨ 

ʰʹʬʯʰ ʳʬʵʸʨʫʰ ʶʸʵ˂ʬʹʬʩʰʹ ʪʨʮʵʳʭʨ, ʸʵʪʵʸʰ˂ʨʨ, ʳʨʪʨʲʰʯʨʫ ʭʰʩʸʨ˂ʰʨ ʫʨ 

ʺʬʳʶʬʸʨʺʻʸʨ. ʪʨʴʹˆʭʨʭʬʩʰʯ ʪʨʫʨʹʨʺʨʴʰ ʹʰʹʺʬʳʬʩʰʹʨʪʨʴ ʹʺʨ˂ʰʵʴʨʲʻʸʰ ʹʰʹʺʬʳʬʩʰʹ 

ˀʬʳʯˆʭʬʭʨˀʰ, ʳʬʵʸʨʫʰ ʶʸʵ˂ʬʹʬʩʰʹ  ʸʨʵʫʬʴʵʩʨ ˀʬʹʨ˃ʲʵʨ ʰʿʵʹ ʪʨʼʨʸʯʵʬʩʻʲʰ [26]. 

 

 

 

 

1.4.2. ʳʨʸʺʰʭʰ ʪʨʫʨʹʨʺʨʴʰ ʭʰʩʸʵʳʵʴʰʺʵʸʰʴʪʰʹ ʹʰʹʺʬʳʬʩʰʹ ʫʨʴʰˀʴʻʲʬʩʨ 

ʳʰʮʬʮʰ ʰʳʰʹʨ, ʯʻ ʸʨ ʪʨʴʨʶʰʸʵʩʬʩʹ ˃ʰʸʰʯʫ ʳʵʯˆʵʭʴʰʲʬʩʨʹ ʳʵʴʰʺʵʸʰʴʪʰʹ 

ʹʰʹʺʬʳʬʩʰʹʨ, ʨʸʰʹ ʰʹ, ʸʵʳ  ʳʰʹʰ ʹʨˀʻʨʲʬʩʰʯ ˀʬʹʨ˃ʲʬʩʬʲʰʨ ˃ʰʸʰʯʨʫʰ ʶʨʸʨʳʬʺʸʬʩʰ 

ʭʨʱʵʴʺʸʵʲʵʯ ʫʵʱʻʳʬʴʺʨ˂ʰʰʯ ʪʨʯʭʨʲʰʹ˄ʰʴʬʩʻʲ ʮʾʭʸʬʩˀʰ. 

ʨʾʹʨʴʰˀʴʨʭʰʨ,  ʸʵʳ ʳʵʴʰʺʵʸʰʴʪʰʹ ʹʰʹʺʬʳʬʩʰʹ ʳʰʴʰʳʨʲʻʸ ʫʨʴʰˀʴʻʲʬʩʨʹ 

ˀʬʹʨ˃ʲʬʩʬʲʰʨ ˄ʨʸʳʵʨʫʪʬʴʫʬʹ ʰʹʰ˂, ʸʵʳ ʪʨʳʵʭʰʿʬʴʵʯ ʹʺʨʴʫʨʸʺʻʲʰ ʭʰʩʸʵʳʮʵʳʰ 
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ʫʨ ʳʰʹʰ ʹʨˀʻʨʲʬʩʰʯ ʪʨʮʵʳʰʲʰ ʭʰʩʸʨ˂ʰʬʩʰʹ ʨʾʸʰ˂ˆʭʨ ʭʨ˄ʨʸʳʵʵʯ,  ʸʨ˂ ʹʨˀʻʨʲʬʩʨʹ 

ʳʵʪʭ˂ʬʳʹ ʪʭʽʵʴʫʬʹ ʳʵʴʨ˂ʬʳʯʨ ʩʨʮʨ, ˆʵʲʵ ʨʳ ʩʨʮʰʹ ʳʰˆʬʫʭʰʯ ʭʨʱʵʴʺʸʵʲʵʯ  

ʸʵʳʬʲʰʳʬ ʶʨʸʨʳʬʺʸʰʹ  ˄ʰʴʨʹ˄ʨʸ ʪʨʴʹʨʮʾʭʸʻʲʰ ʮʾʭʸʬʩʰʫʨʴ ʪʨʳʵʹʭʲʨ, ʨʴ ʳʰʹʰ 

(ʳʴʰˀʭʴʬʲʵʩʰʹ) ʳʰʨˆʲʵʭʬʩʨ ʱʸʰʺʰʱʻʲ ʳʴʰˀʭʴʬʲʵʩʨʹ. ʨʹʬʯʰ ʳʨʸʺʰʭʰ 

ʳʵʴʰʺʵʸʰʴʪʰʹ ʹʰʹʺʬʳʬʩʰʹ (ʹʻʸ.1.1.)  ʫʨˆʳʨʸʬʩʰʯ ˀʬʻ˃ʲʬʩʬʲʰʨ, ʸʵʪʵʸ˂ 

ʶʸʵʪʴʵʮʰʸʬʩʨ ˀʬʹʨ˃ʲʵ ˂ʭʲʰʲʬʩʬʩʰʹʨ, ʨʹʬʭʬ ˀʬʻ˃ʲʬʩʬʲʰʨ ʺʸʬʴʫʰʹ ʪʨʴʹʨʮʾʭʸʨ˂ 

[35]. 

ʹʻʸ.1.1. ʳʨʸʺʰʭʰ ʳʵʴʰʺʵʸʰʴʪʰʹ ʹʰʹʺʬʳʨ VIBRO 21  

 

ʫʾʬʭʨʴʫʬʲ ʸʬʨʲʵʩʨˀʰ ʨʸʹʬʩʵʩʹ ʹˆʭʨ ʺʬʽʴʰʱʻʸʰ ʪʨʫʨ˄ʿʭʬʺʨ˂, ʸʨ˂ ʬˆʳʨʸʬʩʨ 

ʳʵʳʹʨˆʻʸʬ ʶʬʸʹʵʴʨʲʹ ʳʰʰʾʵʹ ʻʼʸʵ ʮʻʹʺʰ ʳʵʴʨ˂ʬʳʬʩʰ ʵʩʰʬʽʺʰʹ ʺʬʽʴʰʱʻʸʰ 

ʳʫʪʵʳʨʸʬʵʩʰʹ ˀʬʹʨˆʬʩ. ʬʹ ˀʬʹʨ˃ʲʬʩʬʲʹ ˆʫʰʹ ʪʨʭʨʱʬʯʵʯ ʻʼʸʵ ʫʨʳʨˇʬʸʬʩʬʲʰ 

ʶʸʵʪʴʵʮʰ. ʨʳʰʹʨʯʭʰʹ ʹʨ˅ʰʸʵʨ ʪʨʭʮʨʸʫʵʯ ʳʮʵʳʰ ʺʬʽʴʰʱʰʹʨ ʫʨ ʳʵ˄ʿʵʩʰʲʵʩʬʩʰʹ 

ˆʨʸʰʹˆʰ. ʯʨʴʨʳʬʫʸʵʭʬ ˂ʰʼʸʻʲʰ ʳʵ˄ʿʵʩʰʲʵʩʬʩʰ ʰ˃ʲʬʭʨ ʰʳʰʹ ʹʨˀʻʨʲʬʩʨʹ, ʸʵʳ 

ʳʵʭʨˆʫʰʴʵʯ, ʸʵʪʵʸ˂ ʪʨʮʵʳʭʬʩʰ, ʨʹʬʭʬ ʪʨʭʨʱʬʯʵʯ ˁʨʺʨʸʬʩʻʲʰ ʪʨʮʵʳʭʬʩʰʹ 

ʨʴʨʲʰʮʰ [47]. 
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1.4.3. ʳʵʴʰʺʵʸʰʴʪʰʹ ʳʨʸʺʰʭʰ ʹʺʨ˂ʰʵʴʨʲʻʸʰ ʹʰʹʺʬʳʬʩʰ  

ʳʵʴʰʺʵʸʰʴʪʰʹ ʳʨʸʺʰʭʰ ʹʰʹʺʬʳʬʩʰʹ ˃ʰʸʰʯʨʫ ʫʨʴʰˀʴʻʲʬʩʨ  ʨʸʰʹ ʫʨʴʨʫʪʨʸʰʹ 

ʱʵʴʺʸʵʲʰ ʳʰʹʰ ʻʴʰʭʬʸʹʨʲʻʸʰ ʶʨʸʨʳʬʺʸʬʩʰʹ ʳʰˆʬʫʭʰʯ, ʸʵʳʬʲʰ˂ ʫʨʫʪʬʴʰʲʰʨ 

ʽʨʸˆʨʴʨ-ʫʨʳʨʳʮʨʫʬʩʲʰʹ ʳʰʬʸ. ʪʨʹʨʱʵʴʺʸʵʲʬʩʬʲʰ ʶʨʸʨʳʬʺʸʬʩʰʹ ʸʰ˂ˆʭʰ 

ʹʺʨ˂ʰʵʴʨʲʻʸʰ ʳʵʴʰʺʵʸʰʴʪʰʹ ʹʰʹʺʬʳʬʩʰʹ ˀʬʳʯˆʭʬʭʨˀʰ ˀʬʹʨ˃ʲʵʨ ʰʿʵʹ ʻʼʸʵ ʳʬʺʰ, 

ʭʰʫʸʬ ʹʺʨ˂ʰʵʴʨʲʻʸʰ ʹʰʹʺʬʳʬʩʰʹ ˀʬʳʯˆʭʬʭʨˀʰ. 

ʳʵʴʰʺʵʸʰʴʪʰʹ ʳʨʸʺʰʭʰ ʹʺʨ˂ʰʵʴʨʲʻʸʰ ʹʰʹʺʬʳʬʩʰʹ ʻʳʸʨʭʲʬʹʵʩʨ, ʸʵʳʲʬʩʰ˂ 

ʫʨʼʻ˃ʴʬʩʻʲʰʨ ˃ʭʬʲʰ ʯʨʵʩʰʹ ʹʰʹʺʬʳʬʩʮʬ ʨʸ ʪʨʳʵʰʿʬʴʬʩʬʴ ʳʮʵʳ ʪʨʸʫʨʳʽʳʴʬʲʬʩʹ. 

ʨʹʬ, ʸʵʳ ʳʵʴʰʺʵʸʰʴʪʰʹ ʳʨʸʺʰʭʰ  ʹʰʹʺʬʳʨ ʫʨʼʻ˃ʴʬʩʻʲʰʨ ʮʾʭʸʻʲʰ ʭʰʩʸʨ˂ʰʰʹ 

ʱʵʴʺʸʵʲʮʬ,  ʳʰʹʰ ʼʻʴʽ˂ʰʨ ʨʸʰʹ ʳˆʵʲʵʫ ʨʭʨʸʰʻʲʰ ʹʰʪʴʨʲʰʮʨ˂ʰʨ ʫʨ ʨʳ ʼʻʴʽ˂ʰʨʹ 

ʬʳʨʺʬʩʨ ʫʨʻˀʭʬʩʬʲʰ ʪʨʫʨˆʸʬʩʰʹ ʫʨʼʰʽʹʰʸʬʩʨ. ʹ˄ʵʸʬʫ ʨʳ ʪʨʫʨˆʸʬʩʹ ʳʰʭʿʨʭʨʸʯ 

ʭʰʩʸʨ˂ʰʬʩʰʹ ʹʨˆʰʼʨʯʵ ʮʸʫʨʳʫʬ. ʬʹ ʪʸʵʭʫʬʩʨ ʳʵʴʨ˂ʬʳʯʨ ʩʨʮʬʩˀʰ ʫʨ ʪʭʨ˃ʲʬʭʹ 

ˀʬʹʨ˃ʲʬʩʲʵʩʨʹ ʪʨʳʵʭʨʭʲʰʴʵʯ ʨʳ ʪʨʫʨˆʸʬʩʰʹ ʳʵʳʬʴʺʬʩʰ ʫʨ ʳʨʯʰ ˀʬʹʨ˃ʲʵ 

ʳʰʮʬʮʬʩʰ, ʸʨʯʨ ʨʸ ʫʨʭʻˀʭʨʯ ʰʹʰʴʰ ˀʬʳʫʬʪʵʳˀʰ. ʴʬʩʰʹʳʰʬʸʰ ʳ˄ʨʸʳʵʬʩʲʰʹ 

ʳʵʴʰʺʵʸʰʴʪʰʹ ʹʺʨ˂ʰʵʴʨʲʻʸ ʹʰʹʺʬʳʬʩʹ ʨʽʭʯ ʳʨʾʨʲʰ ʾʰʸʬʩʻʲʬʩʨ. ʨʽʬʫʨʴ 

ʪʨʳʵʳʫʰʴʨʸʬ, ʳʵʴʰʺʵʸʰʴʪʰʹ ʳʨʸʺʰʭʰ ʹʺʨ˂ʰʵʴʨʲʻʸʰ ʹʰʹʺʬʳʬʩʰʹ ʪʨʳʵʿʬʴʬʩʨ ˆˀʰʸ 

ˀʬʳʯˆʭʬʭʨˀʰ ʬʱʵʴʵʳʰʱʻʸʨʫ ʨʸ ʨʸʰʹ ʪʨʳʨʸʯʲʬʩʻʲʰ, ʪʨʸʫʨ ʰʳ ʪʨʳʵʴʨʱʲʰʹʰ 

ˀʬʳʯˆʭʬʭʰʹʨ, ʸʵʫʬʹʨ˂ ʰʹ ʪʨʳʵʿʬʴʬʩʻʲʰʨ ʳʨʸʺʰʭ ʪʨʫʨʹʨʺʨʴ ʹʰʹʺʬʳʬʩʯʨʴ ʬʸʯʨʫ [26]. 

 

 

 

 

1.4.4. ʳʨʴʽʨʴʨ-ʫʨʴʨʫʪʨʸʬʩʰʹ ʾʸʳʨ ʫʰʨʪʴʵʹʺʰʸʬʩʰʹ ʹʰʹʺʬʳʬʩʰʹ ʫʨʴʰˀʴʻʲʬʩʨ 

ʳʨʴʽʨʴʨ-ʫʨʴʨʫʪʨʸʬʩʰʹ ʾʸʳʨ ʫʰʨʪʴʵʹʺʰʸʬʩʰʹ ʹʰʹʺʬʳʬʩʰʹ ʫʨʴʰˀʴʻʲʬʩʨ ʨʸʰʹ 

ˁʨʹʨˆʻʲʰ ʫʬʼʬʽʺʬʩʰʹ ʨʫʸʬʻʲʰ ʨʾʳʵˁʬʴʨ, ʳʵʴʰʺʵʸʰʴʪʰ, ʳʨʴʽʨʴʨ-ʫʨʴʨʫʪʨʸʰʹ 

ʺʬʽʴʰʱʻʸʰ ʳʫʪʵʳʨʸʬʵʩʰʹ ˀʬʹʨˆʬʩ  ʪʸ˃ʬʲʭʨʫʰʨʴʰ ʶʸʵʪʴʵʮʰ ʫʨ ʨʭʨʸʰʰʹʨ ʫʨ 

ʳʺʿʻʴʬʩʬʩʰʹ ʸʰʹʱʰʹ ʳʰʴʰʳʨʲʻʸʨʳʫʬ ˀʬʳ˂ʰʸʬʩʨ [39]. ʯʰʯʽʳʰʹ ʨʸ˂ ʬʸʯʰ ʫʬʼʬʽʺʰ ʯʻ 

ʫʨʮʰʨʴʬʩʨ ʨʸ ʰ˄ʭʬʭʹ ʳʰʹʰ ˁʨʹʨˆʭʰʫʨʴʭʬ ʳʰʴʰʳʨʲʻʸ ʫʸʵˀʰ ʨʭʨʸʰʨʹ. ʫʨʴʨʫʪʨʸʰʹ 
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ʪʸ˃ʬʲʭʨʫʰʨʴʰ ʶʸʵʪʴʵʮʰʹ ʨʳʵ˂ʨʴʰʹ ʪʨʫʨ˄ʿʭʬʺʨ ʳʨʾʨʲ ʫʵʴʬʮʬ ˀʬʹʨ˃ʲʬʩʬʲʰʨ ʯʻʱʰ 

ʫʨ˂ʻʲʰ ʰʽʴʬʩʨ ˀʬʳʫʬʪʰ ʶʰʸʵʩʬʩʰ: 

1. ʿʭʬʲʨ ʰʳ ˀʬʹʨ˃ʲʵ ʫʬʼʬʽʺʰʹ ʪʨʴʹʨʮʾʭʸʨ ʸʵʳʬʲʰ˂ ˀʬʹʨ˃ʲʵʨ ˄ʨʸʳʵʰʽʳʴʨʹ; 

2. ʿʭʬʲʨ ʫʬʼʬʽʺʰʹ ʫʰʨʪʴʵʹʺʰʱʻʸʰ ʹʨʼʻ˃ʭʲʬʩʰʹ ʪʨʴʹʨʮʾʭʨ, ʸʵʪʵʸ˂ ʨʫʸʬʻʲ, 

ʨʹʬʭʬ ˀʻʨ ʫʨ ʩʵʲʵ ʹʺʨʫʰʬʩˀʰ; 

3. ʰʳ ˃ʰʸʰʯʨʫʰ ʮʵʴʬʩʰʹ ʪʨʴʹʨʮʾʭʸʨ, ʹʨʰʫʨʴʨ˂ ʻʴʫʨ ʳʵˆʫʬʹ 

ʫʰʨʪʴʵʹʺʰʸʬʩʰʹʨʯʭʰʹ ʹʨ˅ʰʸʵ ʰʴʼʵʸʳʨ˂ʰʰʹ ʳʰʾʬʩʨ; 

4. ʬʽʹʶʲʻʨʺʨ˂ʰʰʹ ʶʸʵ˂ʬʹˀʰ ʳʿʵʼʰ ʫʨʴʨʫʪʨʸʰʹ ʫʰʨʪʴʵʹʺʰʱʨ ʻʴʫʨ 

ʳʰʳʫʰʴʨʸʬʵʩʫʬʹ ʳʰʹʰ ʫʨˀʲʰʹʨ ʫʨ ʪʨˁʬʸʬʩʰʹ ʪʨʸʬˀʬ. 
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ʯʨʭʰ 2 

ˈʰʫʸʵʪʬʴʬʸʨʺʵʸʬʩʰʹ ʬʲʬʽʺʸʵʳʬʽʨʴʰʱʻʸʰ ʹʰʹʺʬʳʰʹ ʫʰʴʨʳʰʱʰʹ 

ʯʬʵʸʰʻʲʰ ʱʭʲʬʭʨ 

2.1.ˈʰʫʸʵʬʴʬʸʪʵʨʪʸʬʪʨʺʬʩʰʹ ʫʰʴʨʳʰʱʰʹ ʪʨʴʺʵʲʬʩʨ 

ˈʰʫʸʵʬʴʬʸʪʵʨʪʸʬʪʨʺʰ, ʸʵʪʵʸ˂ ʬʴʬʸʪʵʹʰʹʺʬʳʨ, ˀʬʰ˃ʲʬʩʨ ˄ʨʸʳʵʭʰʫʪʰʴʵʯ 

ʸʵʪʵʸ˂ ʻʮʨʸʳʨʮʨʸʰ ʳʽʴʬʭʨʸʨ, ʸʵʳʬʲʰ˂ ʩʸʻʴʨʭʹ ʳʻʫʳʰʭʰ ʹʰˆˀʰʸʰʯ. 

ˈʰʫʸʵʪʬʴʬʸʨʺʵʸʰ ʨʽ ʳʵʫʬʲʰʸʬʩʻʲʰʨ ʳʽʴʬʭʨʸʨʯʰ, ʸʵʳʬʲʰ˂ ˀʬʫʪʬʩʨ ʪʬʴʬʸʨʺʵʸʰʹ 

ʸʵʺʵʸʰʹʨʪʨʴ ʫʨ ʳʻˀʨ ʯʭʨʲʰʹʨʪʨʴ (ʺʻʸʩʰʴʰʹʨʪʨʴ). ˈʰʫʸʵʪʬʴʬʸʨʺʵʸʰʹ  

ʬʴʬʸʪʵʹʰʹʺʬʳʨʹʯʨʴ  ʱʨʭˀʰʸʰʹ ʳʬʽʨʴʰʱʻʸ ʳʵʫʬʲʨʫ ˀʬʰ˃ʲʬʩʨ ʳʰʭʰˁʴʰʵʫ ʫʸʬʱʨʫʰ 

ʺʵʸʹʰʵʴʰ, ʸʵʳʲʰʹ ʪʸʬˆʰʯʰ ʹʰˆʰʹʺʬ ʨʸʰʹ mc. ʺʵʸʹʰʵʴʰʹ ʪʸʬˆʰʹ ʱʻʯˆʬ θ 

ʪʨʴʹʨʮʾʸʨʭʹ ˈʰʫʸʵʪʬʴʬʸʨʺʵʸʰʹ ʳʻˀʨʵʩʰʹ ʸʬʷʰʳʹ. ʯʻ θ>0 ʳʨˀʰʴ ˆʫʬʩʨ 

ʬʲʬʽʺʸʵʬʴʬʸʪʰʰʹ ʪʨʳʵʳʻˀʨʭʬʩʨ (ʪʬʴʬʸʨʺʵʸʰʹ ʸʬʷʰʳʰ), ʯʻ θ<0ʳʨˀʰʴ ˆʫʬʩʨ 

ʬʴʬʸʪʰʰʹ ʳʵˆʳʨʸʬʩʨ (˃ʸʨʭʰʹ ʸʬʷʰʳʰ). 

ʽʭʬʳʵʯ ʴʨˆ.2.1.-ʮʬ ˄ʨʸʳʵʫʪʬʴʰʲʰʨ ˈʰʫʸʵʬʴʬʸʪʵʨʪʸʬʪʨʺʰʹ 

ʬʲʬʽʺʸʵʳʬʽʨʴʰʱʻʸʰ ʳʵʫʬʲʰ. 

 

ʴʨˆ.2.1. ˈʰʫʸʵʬʴʬʸʪʵʨʪʸʬʪʨʺʰʹ ʬʲʬʽʺʸʵʳʬʽʨʴʰʱʻʸʰ ʳʵʫʬʲʰ 

ʮʵʪʨʫʨʫ ʨʪʸʬʪʨʺʰʹ ʸʵʺʵʸʰʹ ʳʵ˃ʸʨʵʩʰʹ ʪʨʴʺʵʲʬʩʨʹ ʨʽʭʹ ˀʬʳʫʬʪʰ ʹʨˆʬ: 
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ʬʹ ʨʸʰʹ ˈʨʸʳʵʴʰʻʲʰ ʵʹ˂ʰʲʰʨʺʵʸʰʹ ʪʨʴʺʵʲʬʩʨ,ʸʵʳʲʰʹ ʹʨʱʻʯʨʸʰ ʹʰˆˀʰʸʬ   ω0 

ʫʨ Q - ʼʨʽʺʵʸʰ (ʭʨʸʪʰʹʰʨʴʵʩʨ)  ʻʫʸʰʹ: 

߱଴ ≈ ܬ݇ʹ݉√     ܳ ≈ ߱଴ ܦܬ݇ = ͳܦ √݉ʹ݇  

ʨʳʪʮʴʬʩʰ ʳʵʳʬʴʺʰʹ ʳʵʽʳʬʫʬʩʰʹʨʹ ʹʰʴʽʸʵʴʻʲʰ ʳʨʴʽʨʴʨ ʨʹʸʻʲʬʩʹ ʳʰʲʬʭʨʫ 

ʸˆʬʭʬʩʹ, ʸʵʳʬʲʹʨ˂ ʹʰʴʽʸʵʴʻʲ ʸˆʬʭʬʩʹ ʻ˄ʵʫʬʩʬʴ. ʨʳ ʫʸʵʹ ʰʸˆʬʭʨ ʱʻʯˆʬ θ. 

ˀʬʹʨʩʨʳʰʹʨʫ ʰ˂ʭʲʬʩʨ ʬʲʬʽʺʸʻʲʰ ʳʵʳʬʴʺʰ ʫʨ ʪʬʴʬʸʨʺʵʸʰʹ ʹʰʳ˃ʲʨʭʸʬ. ʨʪʸʬʪʨʺʰʹ 

ʹʰʴʽʸʵʴʻʲʰ ʸˆʬʭʰʹ ʹʰˆˀʰʸʬ ˁʭʬʻʲʬʩʸʰʭʨʫ ʳ˂ʰʸʬʨ ʫʨ ʨʸʰʹ ʫʰʨʶʨʮʵʴˀʰ 0.5 კ 3 ˈ˂. 

Mʬʳ- ʬʲʬʽʺʸʵʳʨʪʴʰʺʻʸʰ ʳʵʳʬʴʺʰ, ʱʰ ʪʨʴʰʹʨʮʾʭʸʬʩʨ ˀʬʳʫʬʪʰ ʼʵʸʳʻʲʰʯ: 

ʬʳܯ ≈ ͵ܷ߱ ௤ௗݔ଴ܧ cos � ∗ � = ݉ʹ ∗ � 

ʹʨʫʨ˂,   (ʱʻʯˆʬ θ - ʨʸʰʹ ʫʨʺʭʰʸʯʰʹ ʱʻʯˆʬ ʬ.ʫ.ʹ. (E0) კ ʹʨ ʫʨ ˃ʨʩʭʰʹ (U)  ʭʬʽʺʵʸʬʩʹ 

ˀʵʸʰʹ, xqd - ʫʨʿʭʨʴʰʲʰ ʹʰʴʽʸʵʴʻʲʰ ˄ʰʴʨʨʾʳʫʬʪʵʩʨʨ, mʹ - ˆʭʬʫʸʰʯʰ 

ʳʨʹʰʴʽʸʵʴʰʮʰʸʬʩʨʫʰ ʳʵʳʬʴʺʰʨ ʫʨ ʻʫʸʰʹ  ݉ʹ  ≈ ͵ܷ߱ ௤ௗݔ଴ܧ cos � 

ʪʬʴʬʸʨʺʵʸˀʰ ʨʸʰʹ ʳʨʫʬʳʼʬʸʬʩʬʲʰ ʪʸʨʪʴʰʲʰ, ʸʵʳʬʲʰ˂ ʨʳ˂ʰʸʬʩʹ ʸʵʺʵʸʰʹ 

ʸˆʬʭʬʩʹ ʨʪʸʬʪʨʺʰʹ ʳʰʳʨʸʯ. ʨʳ ʪʸʨʪʴʰʲʰʹ ʬʲʬʽʺʸʵʳʨʪʴʰʺʻʸʰ ʳʵʳʬʴʺʰ ʻʫʸʰʹ: ܯʫ = ݇͵ܷଶ߱ݎଶ ܵ = ͵ܷଶ߱ଶݎଶ ݐ݀�݀ = ܦ ݐ݀�݀  

ʹʨʫʨ˂, S კ ʨʸʰʹ ʸʵʺʵʸʰʹ ʹʸʰʨʲʰ, k- ʶʵʲʻʹʬʩʰʹ ˄ʿʭʰʲʯʨ ʸʰ˂ˆʭʰ, ˆʵʲʵr2- ʹʸʰʨʲʰʹ 

ʫʨʿʭʨʴʰʲʰ ˄ʰʴʨʨʾʳʫʬʪʵʩʨʨ. 

       ˃ʰʸʰʯʨʫʰ ʫʰʴʨʳʰʻʸʰ ˃ʨʲʬʩʰ, ʸʵʳʲʬʩʰ˂ ʳʵʽʳʬʫʬʩʬʴ ˈʰʫʸʵ ʬʴʬʸʪʵʨʪʸʬʪʨʺˀʰ ʨʸʰʨʴ: 

1. ʳʬʽʨʴʰʱʻʸʰ ʩʻʴʬʩʰʹ (˂ʬʴʺʸʰʫʨʴʻʲʰ, ʱʰʴʬʳʨʺʰʱʻʸʰ, ʶʨʸʨʳʬʺʸʻʲʰ, ˆʨˆʻʴʰʹ 

˃ʨʲʬʩʰ, ʫʨʸʺʿʳʬʩʰ); 
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2. ʬʲʬʽʺʸʵʳʨʪʴʰʺʻʸʰ ʩʻʴʬʩʰʹ (ʳʨʪʴʰʺʻʸʰ, ʬʲʬʽʺʸʵʫʰʴʨʳʰʻʸʰ, 

ʳʨʪʴʰʺʵʹʺʸʰʽ˂ʰʻʲʰ); 

3. ˈʰʫʸʵʫʰʴʨʳʰʻʸʰ ʩʻʴʬʩʰʹ (ʨʳ˄ʬ, ʨʴʻ ʪʨʸʹˀʬʳʵʫʰʴʬʩʰʹ ˃ʨʲʬʩʰ, ˆʨˆʻʴʰʹ ˃ʨʲʬʩʰ, 

˄ʴʬʭʰʹ ʶʻʲʹʨ˂ʰʬʩʰ). 

ʬʹ ʫʰʴʨʳʰʻʸʰ ˃ʨʲʬʩʰ ʨʸʰʨʴ ʫʬʺʬʸʳʰʴʰʸʬʩʻʲʰ (ˆˀʰʸʨʫ ʶʬʸʰʵʫʻʲʰ) ʫʨ 

ˀʬʳʯˆʭʬʭʰʯʰ. ʳʨʯʰ ʬʸʯʫʸʵʻʲʰ ʮʬʳʵʽʳʬʫʬʩʰʹ ˀʬʫʬʪʨʫ ˈʰʫʸʵʬʴʬʸʪʵʨʪʸʬʪʨʺʬʩʰ 

ʪʨʴʰ˂ʫʰʨʴ ʸʯʻʲ ˄ʸʼʰʭ ʫʨ ʨʸʨ˄ʸʼʰʭ ʸˆʬʭʬʩʹ ʫʨ ʪʬʴʬʸʰʸʫʬʩʰʨʴ ʸʯʻʲʰ 

ʭʰʩʸʨ˂ʰʻʲʰ ʭʬʲʬʩʰ. ʨʫʪʰʲʰ ʨʽʭʹ ʯʨʴʨʮʵʳʨʫʰ ʹʰʫʰʫʰʹ ʸˆʬʭʬʩʹ ʹʨʳʰʭʬ 

ʳʰʳʨʸʯʻʲʬʩʰʯ - ʸʵʺʵʸʰʹ ʸʨʫʰʨʲʻʸʰ  ʺʨʴʪʬʴ˂ʰʻʸʰ ʫʨ ʪʸ˃ʰʭʰ ʳʰʳʨʸʯʻʲʬʩʬʩʰʯ.  

ˈʰʫʸʵʬʴʬʸʪʵʨʪʸʬʪʨʺʬʩʰʹ ʸˆʬʭʬʩʰʹ ʯʬʵʸʰʻʲʰ ʨʴʪʨʸʰˀʰ ʳʨʯʰ ʹʰʸʯʻʲʰʹ ʪʨʳʵ 

ʫʾʬʹʫʾʬʵʩʰʯ ˀʬʻ˃ʲʬʩʬʲʰ ʨʳʵ˂ʨʴʨʨ, ʨʸʨʫʨ ʬʴʬʸʪʵʨʪʸʬʪʨʺʬʩʰʹ ʳʻˀʨʵʩʰʹ ʶʸʵ˂ʬʹˀʰ 

ʳʨʯʰ ʺʬʽʴʰʱʻʸ ʳʫʪʵʳʨʸʬʵʩʨʯʨ ʻ˄ʿʭʬʺʰ ʪʨʴʹʨʮʾʭʸʨ ʫʨ ʫʰʨʪʴʵʹʺʰʱʨ ʰʯˆʵʭʬʴ 

ʭʰʩʸʨ˂ʰʻʲʰ ʳʨˆʨʹʰʨʯʬʩʲʬʩʰʹ ʫʬʺʨʲʻʸ ˂ʵʫʴʨʹ ʫʸʵʰʹ  ʿʵʭʬʲ ʳʵʴʨʱʭʬʯˀʰ. ʳʨʯʰ 

ˀʬʹ˄ʨʭʲʨ ʫʨ ʨʴʨʲʰʮʰ ʳˆʵʲʵʫ ʬʽʹʶʬʸʰʳʬʴʺʨʲʻʸʰ ʪʨʮʵʳʭʬʩʰʯʨʨ ˀʬʹʨ˃ʲʬʩʬʲʰ [20].  

 

 

 

 

2.2. ̍ ʰʫʸʵʬʴʬʸʪʵʨʪʸʬʪʨʺʰʹ  ʭʰʩʸʵʨʱʻʹʺʰʱʻʸʰ   ʫʰʨʪʴʵʹʺʰʱʰʹ  ʨʳʵ˂ʨʴʰʹ ʫʨʹʳʨ ʫʨ 

ʪʨʫʨ˄ʿʭʬʺʨ 

ʵʩʰʬʽʺʰʹ ʿʭʬʲʨ ʺʬʽʴʰʱʻʸ ʳʫʪʵʳʨʸʬʵʩʨʹ ˀʬʬʹʨʩʨʳʬʩʨ ʫʰʨʪʴʵʹʺʰʱʻʸʰ ʴʰˀʴʰʹ n - 

ʪʨʴʮʵʳʰʲʬʩʰʨʴʰ ʭʬʺʽʵʸʰ  � = ሺ�ଵ, �ଶ … . . , �௡ሻ ʨʴ ʭʰʩʸʵʨʱʻʹʺʰʱʻʸʰ ʹʰʳʶʺʵʳʬʩʰ, ʬʹ 

ʹʰʳʶʺʵʳʬʩʰ ʫʬʭʹ ʪʨʮʵʳʭʰʹ ˀʬʫʬʪʨʫ ʳʰʾʬʩʻʲ ʭʰʩʸʵʨʱʻʹʺʰʱʻʸ ʹʰʪʴʨʲˀʰ ܺ. ʪʭʨʽʭʹ 

ˀʬʳʫʬʪʰ ʨʳʵ˂ʨʴʨ - ʳʨʯʰ (ˁʭʬʴʯʭʰʹ ʹʨʹʨʸʪʬʩʲʵ ʹʰʪʴʨʲʰʹ)  ʪʨʳʵʿʵʼʨ 

ʭʰʩʸʵʨʱʻʹʺʰʱʻʸʰ ʹʰʪʴʨʲʰʫʨʴ. 

ʳʨʯʬʳʨʺʰʱʻʸʰ ʱʨʭˀʰʸʰ ʳʬʽʨʴʰʱʻʸ ʹʰʹʺʬʳʨˀʰ ʹʰʳʶʺʵʳʬʩʹʨ ʫʨ ʪʨʮʵʳʭʬʩʹ ˀʵʸʰʹ 

ˀʬʰ˃ʲʬʩʨ ʫʨʳʿʨʸʫʬʹ ˀʬʳʫʬʪʴʨʰʸʨʫ: �ଵ = �݂(∆௥భ,∆௥మ , …… , ∆௥�൯, � = ͳ,ʹ, … . ݊. 
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ʹʨʫʨ˂,  �݂  - ʨʸʰʹ ʫʰʼʬʸʬʴ˂ʰʨʲʻʸʰ ʨʴ ʨʲʪʬʩʸʻʲʰ ʵʶʬʸʨʺʵʸʰ. ʬʹ ʱʨʭˀʰʸʰ 

ʫʰʼʬʸʬʴ˂ʰʨʲʻʸʰ ʼʵʸʳʰʯ ʰ˃ʲʬʭʨ ˀʬʹʨ˃ʲʬʩʲʵʩʨʹ ʳʰʭʰʾʵʯ ˁʭʬʴʯʭʰʹ ʹʨʹʻʸʭʬʲʰ 

ʭʰʩʸʵʨʱʻʹʺʰʱʻʸʰ ʫʰʨʪʴʵʹʺʰʱʰʹ ˀʬʫʬʪʰ ʳˆʵʲʵʫ ʫʨʩʨʲʹʰˆˀʰʸʻʲ ʫʰʨʶʨʮʵʴˀʰ 

(200 კ 300 ˈ˂). 

ʫʾʬʹʫʾʬʵʩʰʯ  ʹʸʻʲʰ ʭʰʩʸʵʨʱʻʹʺʰʱʻʸʰ ʫʰʨʪʴʵʹʺʰʱʨ ˆʫʬʩʨ ʨʳʵ˂ʴʵʩʰʹ 

ʯʬʵʸʰʰʹ ʹʨˀʻʨʲʬʩʰʯ: 

1. ˆʫʬʩʨ ʫʨˀʭʬʩʨ, ʸʵʳ ʺʬʽʴʰʱʻʸʰ ʵʩʰʬʽʺʰ ʰʳʿʵʼʬʩʨ ʺʬʽʴʰʱʻʸʰ ʳʫʪʵʳʨʸʬʵʩʰʹ 

ʹʨʹʸʻʲ ʹʰʳʸʨʭʲʬˀʰ- S. ʺʬʽʴʰʱʻʸʰ ʳʫʪʵʳʨʸʬʵʩʰʹ ʨʳ ʹʰʳʸʨʭʲʬˀʰ ʪʨʳʵʿʵʼʰʲʰʨ ʵʸʰ 

ʽʭʬʹʰʳʸʨʭʲʬ  ܵଵܷܵଶ. ܵଵ - ʳʻˀʨʻʴʨʸʰʨʴʰ ʺʬʽʴʰʱʻʸʰ ʳʫʪʵʳʨʸʬʵʩʰʹ ʽʭʬʹʰʳʸʨʭʲʬ ʫʨ ܵଶ - 

ʨʸʨʳʻˀʨʻʴʨʸʰʨʴʰ ʺʬʽʴʰʱʻʸʰ ʳʫʪʵʳʨʸʬʵʩʰʹ ʽʭʬʹʰʳʸʨʭʲʬ. 

ʽʭʬʹʰʳʸʨʭʲʬ ܵଵ  ʪʻʲʰʹˆʳʵʩʹ ʿʭʬʲʨ ʰʳ ʳʫʪʵʳʨʸʬʵʩʨʹ, ʸʵʳʲʰʹ ʳʰˆʬʫʭʰʯʨ˂ 

ʵʩʰʬʽʺʰ ʳʻˀʨʵʩʹ ʪʨʳʨʸʯʻʲʨʫ. ʽʭʬʹʰʳʸʨʭʲʬ ܵଶ  ʪʻʲʰʹˆʳʵʩʹ ʿʭʬʲʨ ʰʳ 

ʳʫʪʵʳʨʸʬʵʩʨʹ, ʸʵʳʲʰʹ ʳʰˆʬʫʭʰʯʨ˂ ˁʴʫʬʩʨ ʫʬʼʬʽʺʬʩʰ, ʸʵʳʲʬʩʰ˂ ʪʨʭʲʬʴʨʹ 

ʨˆʫʬʴʬʴ ʵʩʰʬʽʺʰʹ ʳʻˀʨʵʩʰʹ ˆʨʸʰʹˆʮʬ. ʬʸʯʰ ʳʫʪʵʳʨʸʬʵʩʰʫʨʴ ʳʬʵʸʬʮʬ ʪʨʫʨʹʭʲʨ 

ʫʨʳʵʱʰʫʬʩʻʲʰʨ ʵʩʰʬʽʺʰʹ ˀʰʪʴʰʯ ʨʸʹʬʩʻʲ ʫʬʼʬʽʺʬʩʮʬ. 

2. ʺʬʽʴʰʱʻʸʰ ʵʩʰʬʽʺʰʹ ʫʰʨʪʴʵʹʺʰʱʨ ʫʨʰʿʭʨʴʬʩʨ ܵଵ  ʹʰʳʸʨʭʲʰʹ ʨʴ ܵଵʫʨܵଶ 

ʽʭʬʹʰʳʸʨʭʲʬʬʩʰʹ ʨʴʨʲʰʮʮʬ. ʵʩʰʬʽʺʰʹ ʳʻˀʨʻʴʨʸʰʨʴʵʩʰʹ ʪʨʴʹʨʮʾʭʸʰʹ ʫʸʵʹ ˆʫʬʩʨ 

ʳʰʹʰ ˀʬʼʨʹʬʩʨ ʫʨ ʨʳ ˀʬʼʨʹʬʩʰʹ ˀʬʳʫʬʪ ʳʰʨʱʻʯʭʴʬʩʬʴ ܵଵʫʨ ܵଶ ʽʭʬʹʰʳʸʨʭʲʬʬʩʰʫʨʴ ʬʸʯ-

ʬʸʯʹ.  ˀʬʳʫʬʪ ˆʫʬʩʨ ʳʰʹʰ (ʵʩʰʬʽʺʰʹ) ʳʫʪʵʳʨʸʬʵʩʰʹ ʫʬʺʨʲʻʸʰ ˀʬʼʨʹʬʩʨ ʫʨ 

ˀʬʹʨ˃ʲʬʩʬʲʰʨ ʪʨʫʨʰʴʨ˂ʭʲʵʹ ʬʸʯʰ ʽʭʬʹʰʳʸʨʭʲʰʫʨʴ ʳʬʵʸʬˀʰ. 

3. ʫʬʼʬʽʺʰʹ ˁʨʹʨˆʭʨ ʨʻ˂ʰʲʬʩʲʨʫ ʨʸ ʪʻʲʰʹˆʳʵʩʹ ʰʳʨʹ, ʸʵʳ ʵʩʰʽʺʰ 

ʨʸʨʳʻˀʨʻʴʨʸʰʨʴʰʨ. ʫʬʼʬʽʺʰ ˀʬʹʨ˃ʲʵʨ ʨʸʹʬʩʵʩʫʬʹ ʳʻˀʨʻʴʨʸʰʨʴ ʵʩʰʬʽʺʮʬ˂. 

ʫʬʼʬʽʺʰʹ ˁʨʹʨˆʭʰʹ ˀʬʫʬʪʨʫ ʰʳ ˀʬʳʯˆʭʬʭʨˀʰ ʯʻ ʫʬʼʬʽʺʰ ʳʨʹˀʺʨʩʻʸʰʨ  ʵʩʰʬʽʺʰ 

ʳˆʵʲʵʫ ʰʴʨ˂ʭʲʬʩʹ ʬʸʯʰ ʳʫʪʵʳʨʸʬʵʩʰʫʨʴ ʳʬʵʸʬˀʰ. ʨʹʬ, ʸʵʳ ʳʻˀʨʻʴʨʸʰʨʴ ʵʩʰʬʽʺʹ 

ˀʬʹʨ˃ʲʵʨ ˈʽʵʴʫʬʹ ʫʬʼʬʽʺʰ ʰʹʬ, ʸʵʪʵʸ˂ ʨʸʨ ʳʻˀʨʻʴʨʸʰʨʴ ʵʩʰʬʽʺʹ, ʳʯʨʭʨʸʰʨ 

ʫʬʼʬʽʺʰʹ ˀʬʼʨʹʬʩʰʹ ˀʬʳʫʬʪ ʳʨʴ ʨʸ ʪʨʫʨʰʴʨ˂ʭʲʵʹ ʶʰʸʭʬʲʰʫʨʴ ʳʬʵʸʬ 

ʽʭʬʹʰʳʸʨʭʲʬˀʰ.   

ʸʬʨʲʻʸʰ ʶʸʵ˂ʬʹʬʩʰʹ ʫʸʵʹ ʿʵʭʬʲʯʭʰʹ ʰʯʭʨʲʰʹ˄ʰʴʬʩʬʴ ʵʩʰʬʽʺʰʹ ʶʨʸʨʳʬʺʸʬʩʰʹ 

ʳ˂ʰʸʬ ʪʨʫʨ˂ʫʵʳʨʹ ʫʨʹʨˀʭʬʩʰ ʳʴʰˀʭʴʬʲʵʩʰʫʨʴ ʫʨ ʪʨʮʵʳʭʰʹ ˂ʫʵʳʰʲʬʩʨʹ. ʨʽʭʬ 
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ˀʬʳʵʪʭʨʽʭʹ ʬʺʨʲʵʴʻʸʰ ʳʴʰˀʭʴʬʲʵʩʰʹ ˂ʴʬʩʨ. ʬʺʨʲʵʴʨʫ ʳʰʰˁʴʬʭʨ ʰʹʬʯʰ ʳʨʴʽʨʴʨ, 

ʸʵʳʲʰʹ ʳʻˀʨʵʩʰʹ ʶʨʸʨʳʬʺʸʬʩʰ ʮʻʹʺʨʫ ˀʬʬʹʨʩʨʳʬʩʨ ʽʨʸˆʨʴʨ-ʫʨʳʨʳʮʨʫʬʩʲʰʹ ʳʰʬʸ 

ʳʰʴʰ˅ʬʩʻʲ ʶʨʸʨʳʬʺʸʬʩʹ [14]. 

ʺʬʽʴʰʱʻʸʰ ʵʩʰʬʽʺʰʹ ʳʫʪʵʳʨʸʬʵʩʰʹ ˀʬʼʨʹʬʩʨ ˆʫʬʩʨ ʳʨʹʮʬ ʫʨʱʰʹʸʬʩʻʲʰ 

ʼʻʴʽ˂ʰʬʩʰʹ ˄ʨʸʳʨʺʬʩʻʲʨʫ ˀʬʹʸʻʲʬʩʰʹ ʳʰˆʬʫʭʰʯ, ʸʨʹʨ˂ ʼʻʴʽ˂ʰʵʴʨʲʻʸʰ 

ʫʰʨʪʴʵʹʺʰʱʨ ʬ˄ʵʫʬʩʨ, ʨʴ ʵʩʰʬʽʺʮʬ ʹʶʬ˂ʰʨʲʻʸʰ ʪʨʸʬ ʮʬʳʵʽʳʬʫʬʩʰʹ ʫʨ ʨʳ 

ʮʬʳʵʽʳʬʫʬʩʰʹ ˀʬʫʬʪʨʫ ʪʨʴʭʰʯʨʸʬʩʻʲ ʳʵʭʲʬʴʬʩʮʬ ʫʨʱʭʰʸʭʬʩʰʹ ʳʰˆʬʫʭʰʯ, ʸʨʹʨ˂ 

ʺʬʹʺʻʸʰ ʫʰʨʪʴʵʹʺʰʱʨ ʬ˄ʵʫʬʩʨ. 

ʼʻʴʽ˂ʰʵʴʨʲʻʸʰ ʫʰʨʪʴʵʹʺʰʱʰʹ ʳʯʨʭʨʸ ʻʶʰʸʨʺʬʹʵʩʨʹ ˄ʨʸʳʵʨʫʪʬʴʹ ʰʹ, ʸʵʳ ʳʰʹʰ 

ʸʬʨʲʰʮʨ˂ʰʰʹ ʶʸʵ˂ʬʹˀʰ ʨʸ ʨʸʰʹ ʹʨ˅ʰʸʵ ʹʶʬ˂ʰʨʲʻʸʰ ʪʬʴʬʸʨʺʵʸʬʩʰ ʫʨ ʹˆʭʨʫʨʹˆʭʨ 

ʫʨʴʨʫʪʨʸʬʩʰ. ʫʰʨʪʴʵʹʺʰʱʨˀʰ ʰʪʻʲʰʹˆʳʬʩʨ, ʸʵʪʵʸ˂ ʳʰʾʬʩʻʲʰ ʰʴʼʵʸʳʨ˂ʰʰʹ 

ʫʨʳʻˀʨʭʬʩʨ, ʨʹʬʭʬ ʰʳ ˄ʬʸʺʰʲʬʩʰʹ ˀʬʸˁʬʭʨ, ʹʨʰʫʨʴʨ˂ ʻʴʫʨ ʳʵˆʫʬʹ ʭʰʩʸʵʨʱʻʹʺʰʱʻʸʰ 

ʹʰʪʴʨʲʰʹ ʨʾʬʩʨ. 

ʪʨʸʫʨ ʳʻˀʨ ʶʸʵ˂ʬʹˀʰ ʳʿʵʼʰ ʫʬʺʨʲʬʩʰʹʨ, ˆʫʬʩʨ ˄ʨʸʳʵʬʩʰʹ ʶʸʵ˂ʬʹˀʰ ʳʿʵʼʰ 

ʵʩʰʬʽʺʰʹ ʫʰʨʪʴʵʹʺʰʸʬʩʨ. ʵʩʰʬʽʺʰʹ ʫʰʨʪʴʵʹʺʰʸʬʩʰʹ ˃ʰʸʰʯʨʫʰ ʳʰʮʨʴʰ ˄ʨʸʳʵʬʩʰʹ 

ʶʸʵ˂ʬʹˀʰ ʨʸʰʹ ʫʬʺʨʲʬʩʰʹ ʫʨʳʮʨʫʬʩʰʹ ˆʨʸʰʹˆʰʹ ʱʵʴʺʸʵʲʰ ʫʨ ʳʨʯʰ ʳʵʴʺʨʷʰ. 

ʹʬʸʰʻʲʰ ˄ʨʸʳʵʬʩʰʹ ˃ʰʸʰʯʨʫʰ ʫʬʼʬʽʺʬʩʰ ʨʸʰʹ, ʸʵʪʵʸ˂ ˄ʨʸʳʵʬʩʰʹ ʶʸʵ˂ʬʹˀʰ 

ʫʨˀʭʬʩʻʲʰ  ˀʬ˂ʫʵʳʬʩʰ, ʨʹʬʭʬ ʨ˄ʿʵʩʨ-ʳʵʴʺʨʷʰʹ ʫʸʵʹ ʫʨˀʭʬʩʻʲʰ ˆʨʸʭʬʮʬʩʰ.  

ʴʬʩʰʹʳʰʬʸʰ ʹʨˆʰʹ ʳʬʽʨʴʰʮʳʰʹʨ ʫʨ ʳʨʴʽʨʴʰʹ ʫʨʴʰˀʴʻʲʬʩʨ ʨʸʰʹ ʬʸʯʰ ʹʨˆʰʹ ʬʴʬʸʪʰʰʹ 

ʳʬʵʸʬ ʹʨˆʰʹ ʬʴʬʸʪʰʨʫ ʪʨʸʫʨʽʳʴʨ, ʳʨʴʽʨʴʰʹ ʵʶʺʰʳʨʲʻʸʰ ʳʻˀʨʵʩʰʹʨʯʭʰʹ 

ʨʻ˂ʰʲʬʩʬʲʰʨ ʳʨʸʪʰ ʽʳʬʫʬʩʰʹ ʱʵʬʼʰ˂ʰʬʴʺʰ ʨʾ˄ʬʭʫʬʹ ʳʨʽʹʰʳʻʳʹ. ʨʳʰʹʨʯʭʰʹ ʳʨʴʽʨʴʰʹ 

ʯʩʻʸʰ, ʭʰʩʸʵ, ʨʱʻʹʺʰʱʻʸʰ ʫʨ ʹˆʭʨ ʫʨʴʨʱʨʸʪʬʩʰ ʻʴʫʨ ʨʾ˄ʬʭʫʬʹ ʳʰʴʰʳʻʳʹ. ʨʳʰʺʵʳ 

ʭʰʩʸʵʨʽʺʰʭʵʩʰʹ ʫʵʴʰʹ ʪʨʻʳˇʵʩʬʹʬʩʨ ʨʸʰʹ ʳʰʹʰ ʺʬʽʴʰʱʻʸʰ ʳʫʪʵʳʨʸʬʵʩʰʹ 

ʬʸʯʬʸʯʰ ˃ʰʸʰʯʨʫʰ ʳʨˁʭʬʴʬʩʬʲʰ. 
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2.3. ˈʰʫʸʵ ʬʴʬʸʪʵʨʪʸʬʪʨʺʬʩʰʹ ʺʬʽʴʰʱʻʸʰ ʳʫʪʵʳʨʸʬʵʩʰʹ ʨʳʵ˂ʴʵʩʰʹ ʨʲʪʵʸʰʯʳʰʹ 

ʨʾ˄ʬʸʨ 

   ʸʵʪʵʸ˂ ˂ʴʵʩʰʲʰʨ, ʳʨʴʽʨʴʰʹ ʨ˄ʿʵʩʰʹʨ ʫʨ ʳʵʴʺʨʷʰʹ ˀʬʳʫʬʪ ʳʰʹʰ ʳʨʸʯʭʨ ˆʫʬʩʨ 

ʹʶʬ˂ʰʨʲʻʸʰ ʹʺʬʴʫʬʩʰʹ ʹʨˀʻʨʲʬʩʰʯ, ʸʵʳʬʲʮʬ˂ ʨʰʹʨˆʬʩʨ ˃ʰʸʰʯʨʫʰ ʳʵʴʨ˂ʬʳʬʩʰ ʫʨ 

ʰʴʼʵʸʳʨ˂ʰʨ ʳʰʳʫʰʴʨʸʬ ʬʽʹʶʲʻʨʺʨ˂ʰʰʹ ʶʸʵ˂ʬʹˀʰ. ˀʬʳʻˀʨʭʬʩʻʲʰ ʨʲʪʵʸʰʯʳʰʹ 

ʳʰˆʬʫʭʰʯ ʫʰʨʪʴʵʹʺʰʱʰʹʨʯʭʰʹ ʹʨ˅ʰʸʵ ʰʴʼʵʸʳʨ˂ʰʨ ʨʴʨʲʵʪʻʸ-˂ʰʼʸʻʲʰ 

ʪʨʸʫʨʳʽʳʴʬʲʬʩʰʹʨ ʫʨ ʹʶʬʽʺʸʰʹ ʨʴʨʲʰʮʨʺʵʸʬʩʰʹ ʫʨˆʳʨʸʬʩʰʯ ˀʬʫʰʹ ʱʵʳʶʰʻʺʬʸˀʰ, 

ˀʬʳʫʬʪ ˆʫʬʩʨ ʨʳ ʰʴʼʵʸʳʨ˂ʰʰʹ ʫʨʳʻˀʨʭʬʩʨ ʫʨ ˀʬʫʨʸʬʩʨ ʬʺʨʲʵʴʻʸ ʰʴʼʵʸʳʨ˂ʰʨʹʯʨʴ, 

ˆʵʲʵ ʨʳʵ˂ʴʵʩʰʹ ʨʲʪʵʸʰʯʳʰʹ ʹʨˀʻʨʲʬʩʰʯ ˆʫʬʩʨ ʺʬʽʴʰʱʻʸʰ ʳʫʪʵʳʨʸʬʵʩʰʹ ˀʬʹʨˆʬʩ 

ʰʴʼʵʸʳʨ˂ʰʰʹ ʳʰʾʬʩʨ. 

ʭʰʩʸʵʨʱʻʹʺʰʱʻʸʰ ʫʰʨʪʴʵʹʺʰʱʰʹ ʶʸʵ˂ʬʫʻʸʨ ʫʨʿʵʼʰʲʰʨ ʹʨʳ ʴʨ˄ʰʲʨʫ: 

ʶʰʸʭʬʲ ʬʺʨʶʮʬ ˄ʿʫʬʩʨ ʮʵʪʨʫʰ ʨʳʵ˂ʨʴʨ ʭʨʸʪʰʹʰʨ ʯʻ ʨʸʨ ʫʨʴʨʫʪʨʸʰ. ʨʽʬʫʨʴ 

ʪʨʳʵʳʫʰʴʨʸʬ ʺʬʽʴʰʱʻʸʰ ʳʫʪʵʳʨʸʬʵʩʨ ʳʰʬʱʻʯʭʴʬʩʨ ܵଵ  ʨʴ  ܵଶ  ʽʭʬʹʰʳʸʨʭʲʬʹ. 

ʳʨʯʬʳʨʺʰʱʻʸʨʫ ʬʹ ʶʸʵ˂ʬʹʰ ʨʰʹʨˆʬʩʨ ˀʬʳʫʬʪʴʨʰʸʨʫ: 

           ʯʻ ܺ ൑ ܺ∋+�ʭʨʸʪʰʹʰʨ 

                ʯʻ ܺ > ܺ∋+�ʻʭʨʸʪʰʹʰʨ 

ʹʨʫʨ˂ ܺ  ʨʸʰʹ  ʪʨʳʵʳʨʭʨʲʰ ʪʨʹʨʮʵʳʰ ʶʨʸʨʳʬʺʸʰʹ ʭʬʽʺʵʸʰ, ܺ∋   ʨʸʰʹ ʬʺʨʲʵʴʻʸʰ 

ʶʨʸʨʳʬʺʸʬʩʰʹ ˀʬʹʨʩʨʳʰʹʰ ʭʬʽʺʵʸʰ, � ʨʸʰʹ ʫʨʹʨˀʭʬʩʰ ʪʨʫʨˆʸʨ ʬʺʨʲʵʴʻʸʰ 

ʳʴʰˀʭʴʬʲʵʩʰʫʨʴ. ʯʻ ʬʸʯʰ ʶʨʸʨʳʬʺʸʰ˂ ʱʰ ʪʨʳʵʫʰʹ ʫʨʹʨˀʭʬʩʰ ʳʴʰˀʭʴʬʲʵʩʰʫʨʴ 

ʵʩʰʬʽʺʰ ʰʯʭʲʬʩʨ ʨʸʨʳʻˀʨʻʴʨʸʰʨʴʨʫ წʻʭʨʸʪʰʹʰʨმ ʫʨ ʵʩʰʬʽʺʰʹ ʺʬʽʴʰʱʻʸʰ 

ʳʫʪʵʳʨʸʬʵʩʨ ʪʨʫʨʰʴʨ˂ʭʲʬʩʹ ܵଶ ʽʭʬʹʰʳʸʨʭʲʬˀʰ. 

ʳʬʵʸʬ ʬʺʨʶʮʬ ˆʫʬʩʨ ʺʬʽʴʰʱʻʸʰ ʳʫʪʵʳʨʸʬʵʩʰʹ ʨʴʨʲʰʮʰ. ʨʳ ʬʺʨʶʮʬ ˆʫʬʩʨ ʨˆʨʲʰ 

ʳʻˀʨʻʴʨʸʰʨʴʵʩʰʹ ʱʵʬʼʰ˂ʰʬʴʺʰʹ ˀʬʳʵʾʬʩʨ. ʨʳʰʹʨʯʭʰʹ � -ʯʰ ʪʨʴʰʹʨʮʾʭʸʬʩʨ ʯʻ 

ʸʵʳʬʲ ʮʵʴʨˀʰ ʰʳʿʵʼʬʩʨ ʫʸʵʰʹ ʳʵ˂ʬʳʻʲ ʳʵʳʬʴʺˀʰ ʨʸʹʬʩʻʲʰ ʳʨʴʽʨʴʰʹ ʺʬʽʴʰʱʻʸʰ 

ʳʫʪʵʳʨʸʬʵʩʨ.  ʳʻˀʨʻʴʨʸʰʨʴʵʩʰʹ ʱʵʬʼʰ˂ʰʬʴʺʰ ̅ܥ = Ͳ ÷ ͳ . ʸʨ˂ ʻʼʸʵ ʳʨʾʨʲʰʨ 

ʳʻˀʨʻʴʨʸʰʨʴʵʩʨ C ʻʼʸʵ ʨˆʲʵʹʨʨ 1 ʯʨʴ. ʳʨʯʬʳʨʺʰʱʻʸʨʫ ʬʹ ˀʬʳʫʬʪʴʨʰʸʨʫ 

ʪʨʳʵʰʹʨˆʬʩʨ: ̅ܥ = ͳ − ݔ̅| − ̅̅∈ݔ ߲̅̅ | 
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ʹʨʫʨ˂  ̅ܥ ʨʸʰʹ ʳʻˀʨʻʴʨʸʰʨʴʵʩʰʹ ʱʵʬʼʰ˂ʰʬʴʺʰ. ʯʻ ̅ܥ = Ͳ ʵʩʰʬʽʺʰ ʨʸ ʨʸʰʹ ʭʨʸʪʰʹʰ 

ʯʻ ̅ܥ = ͳ , ʳʨˀʰʴ ʳʰʹʰ ʳʫʪʵʳʨʸʬʵʩʨ ʬʺʨʲʵʴʻʸʰʨ. ʯʻ Ͳ ൑ ̅ܥ ൑ Ͳ,ʹͷ ʵʩʰʬʽʺʹ ʪʨʨˁʴʰʨ 

˃ʨʲʰʨʴ ʳʨʾʨʲʰ ʳʻˀʨʻʴʨʸʰʨʴʵʩʰʹ ʱʵʬʼʰ˂ʰʬʴʺʰ, ʯʻ Ͳ,ʹͷ < ̅ܥ ൑ Ͳ,ͷ  ʪʭʨʽʭʹ ʫʨʩʨʲʰ 

ʳʻˀʨʻʴʨʸʰʨʴʵʩʰʹ ʳʨˁʭʬʴʬʩʬʲʰ ʯʻ Ͳ,ͷ < ̅ܥ ൑ Ͳ,͹ͷ  -ʳʨʾʨʲʰ ʳʻˀʨʻʴʨʸʰʨʴʵʩʰʹ 

ʳʨˁʭʬʴʬʩʬʲʰ, ʯʻ Ͳ,͹ͷ < ̅ܥ ൑ ͳ - ˃ʨʲʰʨʴ ʳʨʾʨʲʰ ʳʻˀʨʻʴʨʸʰʨʴʵʩʰʹ ʳʨˁʭʬʴʬʩʬʲʰ.  

ʳʬʹʨʳʬ ʬʺʨʶʮʬ ʪʨʴʰʹʨʮʾʭʸʬʩʨ ʨʸʹʬʩʻʲʰ ʫʬʼʬʽʺʬʩʰʹ ʳʰˆʬʫʭʰʯ ʺʬʽʴʰʱʻʸʰ 

ʳʫʪʵʳʨʸʬʵʩʰʹ ʸʵʳʬʲ ʱʲʨʹʹ ʳʰʬʱʻʯʭʴʬʩʨ ʵʩʰʬʽʺʰ ʰʳʰʹ ʳʰˆʬʫʭʰʯ, ʯʻ ʸʨʳʫʬʴʨʫ 

ˀʵʸʹʨʨ ʳʰʹʰ ʶʨʸʨʳʬʺʸʬʩʰ ʬʺʨʲʵʴʻʸʯʨʴ. ʬʹ ʼʵʸʳʻʲʰʯ ˀʬʳʫʬʪʴʨʰʸʨʫ ʪʨʳʵʰʹʨˆʬʩʨ:  

��ܦ = ∑[�̅�� − ��∋]௡
�=ଵ  

ʹʨʫʨ˂ �̅��  ʨʸʰʹ ʹʰʳʶʺʵʳʬʩʰ, ʸʵʳʬʲʰ˂ ʳʰʾʬʩʻʲʰʨ ʪʨʮʵʳʭʰʹ ˀʬʫʬʪʨʫ ʳʰʾʬʩʻʲʰ 

ʹʰʪʴʨʲʰʹ ʫʨʳʻˀʨʭʬʩʰʹ ˀʬʫʬʪʨʫ, ��∋ -ʬʺʨʲʵʴʻʸʰ ʳʴʰˀʭʴʬʲʵʩʨ, ʸʵʳʬʲʰ˂ ˁʨʫʬʩʻʲʰʨ 

ʫʰʨʪʴʵʹʺʰʱʰʹ ʨʲʪʵʸʰʯʳˀʰ. 

ʳʨʯʬʳʨʺʰʱʻʸʨʫ ʨʳʵ˂ʴʵʩʰʹ ʨʲʪʵʸʰʯʳʹ ʨʽʭʹ ˀʬʳʫʬʪʰ ʹʨˆʬ: 

     ʯʻ ܦ�� ൑ ∆��௡ - ʫʬʼʬʽʺʰ ʨʸ ʨʸʰʹ 

ʯʻ ܦ�� > ∆��௡  - ʫʬʼʬʽʺʰ ʨʸʰʹ  

ʨʽ ∆��௡  ʨʸʰʹ ʮʾʭʸʻʲʰ ʳʴʰˀʭʴʬʲʵʩʨ, ʬʹ ʹʰʫʰʫʬʬʩʰ ʳʰʾʬʩʻʲʰʨ ʹʺʨʺʰʹʺʰʱʻʸʨʫ ʫʨ 

ʬʽʹʶʬʸʰʳʬʴʺʻʲʨʫ. ʯʻʱʰ ʭʰʩʸʨ˂ʰʰʹ ʫʵʴʬ ʪʨʰʮʸʫʬʩʨ ʳʨʪʨʲʰʯʨʫ ʵʸˇʬʸ ʻʱʭʬ ʬʹ 

ʳʰʻʯʰʯʬʩʹ ʫʬʼʬʽʺʰʹ ʨʸʹʬʩʵʩʨʮʬ [14]. 

ʭʰʩʸʵʨʱʻʹʺʰʱʻʸʰ ʫʰʨʪʴʵʹʺʰʱʰʹʨʯʭʰʹ ʸʵʪʵʸ˂ ʫʨʳʮʨʫʬʩʰʹ ʶʸʵ˂ʬʹˀʰ ʨʹʬʭʬ 

ʬʽʹʶʲʻʨʺʨ˂ʰʰʹ ʫʸʵʹ ʨʻ˂ʰʲʬʩʬʲʰʨ: 

1. ʫʬʺʨʲʻʸʨʫ ʫʨ ʹʰʾʸʳʰʹʬʻʲʨʫ ʻʴʫʨ ʰʿʵʹ ʪʨʳʵʱʭʲʬʻʲʰ ʬʺʨʲʵʴʰ - 

ʹʰʹʺʬʳʨ ʸʵʳʬʲʰ˂ ʨˆʲʵʹʨʨ ʰʫʬʨʲʻʸʯʨʫ; 

2. ʻʴʫʨ ˀʬʰʽʳʴʨʹ ʰʳ ʶʨʸʨʳʬʺʸʬʩʰʹ ʩʨʮʨ, ʸʵʳʬʲʯʨ ʳʴʰˀʭʴʬʲʵʩʬʩʰ˂ ʴʵʸʳʰʫʨʴʨʨ 

ʪʨʫʨˆʸʰʲʰ ʫʨ ˁʨʺʨʸʫʬʹ ˀʬʹʨʩʨʳʰʹʰ ʬʽʹʶʬʸʰʳʬʴʺʬʩʰ; 

3. ʻʴʫʨ ʳʵˆʫʬʹ ʨʸʹʬʩʻʲʰ ʰʴʼʸʵʳʨ˂ʰʰʹ ʱʵʳʶʰʻʺʬʸˀʰ ˀʬʺʨʴʨ ʫʨ ʫʨʳʻˀʨʭʬʩʨ. 

ʵʩʰʬʽʺʰʹ ʺʬʽʴʰʱʻʸʰ ʳʫʪʵʳʨʸʬʵʩʰʹ ˀʬʼʨʹʬʩʰʹ ʩʲʵʱʹʬʳʨʹ ʨʽʭʹ ˀʬʳʫʬʪʰ ʹʨˆʬ 

(ʴʨˆ.2.2). 
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ʴʨˆ. 2.2. ʭʰʩʸʵʨʱʻʹʺʰʱʻʸʰ ʫʰʨʪʴʵʹʺʰʱʰʹ ʹʨˀʻʨʲʬʩʰʯ ʵʩʰʬʽʺʰʹ ʺʬʽʴʰʱʻʸʰ 

ʳʫʪʵʳʨʸʬʵʩʰʹ ˀʬʼʨʹʬʩʰʹ ʩʲʵʱʹʽʬʳʨ 

 

 

 

 

2.4.ʬʴʬʸʪʬʺʰʱʻʲʰ ʳʨʴʽʨʴʬʩʰʹ ʺʬʽʴʰʱʻʸ ʳʫʪʵʳʨʸʬʵʩʨʯʨ ˂ʭʲʰʲʬʩʬʩʰʹ ʺʸʬʴʫʰʹʨ ʫʨ 

ʶʸʵʪʴʵʮʰʹ ʪʨʴʹʨʮʾʭʸʰʹ ʳʬʯʵʫʰ ʺʬʽʴʰʱʻʸʰ ʫʰʨʪʴʵʹʺʰʱʰʹ ʨʳʵ˂ʨʴʬʩˀʰ 

ʳʨʴʽʨʴʰʹ ʺʬʽʴʰʱʻʸʰ ʳʫʪʵʳʨʸʬʵʩʨ - ʨʸʰʹ ʳʨʴʽʨʴʰʹ ʺʬʽʴʰʱʻʸʰ ʶʨʸʨʳʬʺʸʬʩʰʹ 

ʬʸʯʵʩʲʰʵʩʨ, ʸʵʳʲʬʩʰ˂ ʨˆʨʹʰʨʯʬʩʬʴ ʵʩʰʬʽʺʰʹ ʼʻʴʽ˂ʰʵʴʰʸʬʩʰʹ ˀʬʹʨ˃ʲʵ ʪʨʫʨˆʸʨʹ 

ʴʵʸʳʰʹʨʪʨʴ ʫʨ ʸʵʳʲʬʩʹʨ˂ ʯʨʭʰʹ ʳˆʸʰʭ ʳʰʭʿʨʭʨʸʯ ˀʬʹʨ˃ʲʵ ʪʨʻʳʨʸʯʨʵʩʨʳʫʬ. 

(ʵʩʰʬʽʺʰʹ ʪʨˁʬʸʬʩʨʳʫʬ). 

ʸʵʪʵʸ˂ ʱʭʲʬʭʬʩʰ ʻˁʭʬʴʬʩʬʴ, ʮʵʪʨʫʨʫ, ʳʨʴʽʨʴʨʯʨ ʺʬʽʴʰʱʻʸ ʳʫʪʵʳʨʸʬʵʩʨʯʨ 

˂ʭʲʰʲʬʩʬʩʰʹ ʫʨ˄ʿʬʩʨʹ ʫʨ ˀʬʳʫʪʵʳˀʰ ʫʬʪʸʨʫʨ˂ʰʻʲʰ ʶʸʵ˂ʬʹʬʩʰʹ ʳʰʳʫʰʴʨʸʬʵʩʨʹ 

ʫʸʵˀʰ ʨʽʭʹ ʽʭʬʳʵʯ  ʴʨˆ.2.3-ʮʬ ˄ʨʸʳʵʫʪʬʴʰʲʰ ʹʨˆʬ. ʿʭʬʲʨʮʬ ʨʫʸʬ ˂ʭʲʰʲʬʩʬʩʮʬ 

ʸʬʨʪʰʸʬʩʹ ʭʰʩʸʨ˂ʰʨ, ˀʬʳʫʬʪ ˆʳʨʻʸʰ, ˀʬʳʫʬʪ ʺʬʳʶʬʸʨʺʻʸʨ ʫʨ ʩʵʲʵʹ ʰʪʸ˃ʴʵʩʨ 

ʴʨʳ˄ʭʨʭʰʹ ʹʻʴʰ ʫʨ ʱʭʨʳʲʰ. 

ʳʨʸʯʭʰʹ ʩʲʵʱʰ 

ʵʩʰʬʽʺʰ ʪʨʮʵʳʭʰʹ 

ʩʲʵʱʰ 

ʹʰʳʶʺʵʳʬʩʰʹ 

ʼʵʸʳʰʸʬʩʨ 

ʫʰʨʪʴʵʮʰ ʪʨʫʨ˄ʿʭʬʺʰ-

ʲʬʩʰʹ 

ʳʰʾʬʩʨ 

ʫʰʨʪʴʵʹ-

ʺʰʱʻʸʰ 

ʳʵʫʬʲʰ 

ʬʺʨʲʵʴʰʹ 

ʼʵʸʳʰʸʬʩʨ 

ʨʳʵ˂ʴʵʩʰʹ 

˄ʬʹʰ 
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ʴʨˆ.2.3. ʳʨʴʽʨʴʨʯʨ ʺʬʽʴʰʱʻʸ ʳʫʪʵʳʨʸʬʵʩʨʯʨ ˂ʭʲʰʲʬʩʬʩʰʹ ʫʨ˄ʿʬʩʨ ʫʨ ˀʬʳʫʪʵʳʰ 

ʫʬʪʸʨʫʨ˂ʰʻʲʰ ʶʸʵ˂ʬʹʬʩʰʹ ʪʨʴʭʰʯʨʸʬʩʨ ʫʸʵˀʰ 

ʺʬʽʴʰʱʻʸ ʳʫʪʵʳʨʸʬʵʩʨʯʨ ʳʵʴʰʺʵʸʰʴʪʰ ʳʵʰ˂ʨʭʹ ʫʨʴʨʫʪʨʸʬʩʰʹ ʨʴ ʳʬʽʨʴʰʮʳʬʩʰʹ 

ʹʺʸʻʽʺʻʸʻʲʰ ʱʵʳʶʵʴʬʴʺʬʩʰʹ ʳʫʪʵʳʨʸʬʵʩʨʯʨ ʻ˄ʿʭʬʺ ʨʴ ʶʬʸʰʵʫʻʲ ˀʬʼʨʹʬʩʬʩʹ 

ʬʽʹʶʲʻʨʺʨ˂ʰʰʹ ʶʸʵ˂ʬʹˀʰ. ʬʹ ʰ˃ʲʬʭʨ ʴʬʩʰʹʳʰʬʸʰ ʳʺʿʻʴʬʩʰʹʨ ʫʨ ʫʬʼʬʽʺʬʩʰʹ 

ʪʨʳʵʭʲʬʴʰʹʨ ʫʨ ʳʨʯʰ ˄ʰʴʨʹ˄ʨʸʳʬʺʿʭʬʲʬʩʰʹ (ʶʸʵʪʴʵʮʰʹ) ˀʬʹʨ˃ʲʬʩʲʵʩʬʩʹ, ʸʨʹʨ˂ 

ʳʵʨʽʭʹ ʨʸʹʬʩʰʯʰ ʹʨʸʪʬʩʲʵʩʨ, ʱʬʸ˃ʵʫ, ʨʳ˂ʰʸʬʩʹ ʳʵʳʹʨˆʻʸʬʵʩʰʹ ʫʨʴʨˆʨʸˇʬʩʹ, 

ʮʸʫʰʹ ʳʨʴʽʨʴʨʯʨ ʳʮʨʫʿʵʼʴʨʹ, ʨʳ˂ʰʸʬʩʹ ʹʨʯʨʫʨʸʰʪʵ ʴʨ˄ʰʲʬʩʰʹ ʪʨʳʵʿʬʴʬʩʰʹʨ ʫʨ 

ˀʬʴʨˆʭʰʹ ʹʨ˅ʰʸʵʬʩʨʹ ʫʨ ʨʻʳˇʵʩʬʹʬʩʹ ʻʹʨʼʸʯˆʵʬʩʨʹ [16].  

ʺʬʽʴʰʱʻʸʰ ʳʵʴʰʺʵʸʰʴʪʰʹʨ ʫʨ ʫʰʨʪʴʵʹʺʰʱʰʹ ʨʳʵ˂ʨʴʬʩˀʰ ʳʨʴʽʨʴʨʯʨ ʺʬʽʴʰʱʻʸ 

ʳʫʪʵʳʨʸʬʵʩʨʯʨ ʱʵʴʺʸʵʲʰʹ ʫʸʵʹ ˀʬʹʨ˃ʲʬʩʬʲʰʨ ʵʸʰ ʳʰʫʪʵʳʨ. 

ʶʰʸʭʬʲʰ ʳʰʫʪʵʳʨ ʳʫʪʵʳʨʸʬʵʩʹ ʳʨʴʽʨʴʰʹ ˄ʨʸʳʵʳʨʫʪʬʴʲʵʩʰʯʰ ʶʨʸʨʳʬʺʸʬʩʰʹ 

˂ʭʲʰʲʬʩʨʯʨ  ʳʻʫʳʰʭʰ ʱʵʴʺʸʵʲʰʹ ʵʸʪʨʴʰʮʨ˂ʰʨˀʰ (˂ʭʲʰʲʬʩʨʯʨ ʺʸʬʴʫʰʹ, 

ʺʬʴʫʬ˂ʰʰʹ). ʨʳ ʶʨʸʨʳʬʺʸʬʩʰʹ ˂ʭʲʰʲʬʩʬʩʰ ʨˆʨʹʰʨʯʬʩʬʴ ʳʨʴʽʨʴʰʹ ʺʬʽʴʰʱʻʸ 

ʳʫʪʵʳʨʸʬʵʩʨʯʨ ˂ʭʲʰʲʬʩʬʩʹ ʳʻˀʨʵʩʰʹ ʶʸʵ˂ʬʹˀʰ, ʰʳʰʹʨʯʭʰʹ ʸʵʳ ʳʰʭʻʯʰʯʵʯ ʫʸʵ, 

ʸʵʫʬʹʨ˂ ʺʬʽʴʰʱʻʸʰ ʳʫʪʵʳʨʸʬʵʩʰʹ ʪʨʻʨʸʬʹʬʩʰʹ ʹʰˁʽʨʸʬ ʪʨˆʫʬʩʨ ʱʸʰʺʰʱʻʲʰ. 

˄ʨʸʳʵʳʨʫʪʬʴʲʵʩʰʯ ʶʨʸʨʳʬʺʸˀʰ ʰʪʻʲʰʹˆʳʬʩʨ, ʳʨʪʨʲʰʯʨʫ: ʭʰʩʸʨ˂ʰʰʹ ʨʴ ˆʳʨʻʸʰʹ 

ˇʨʳʻʸʰ ʫʵʴʬʬʩʰ, ʨʴ ʳʨʯʰ ʹʶʬʽʺʸʨʲʻʸʰ ʳʫʪʬʴʬʲʬʩʰʹ ʫʵʴʬʬʩʰ, ʹʸʻʲʰ ʭʰʩʸʨ˂ʰʻʲʰ 

ʬʴʬʸʪʰʨ, ʺʬʳʶʬʸʨʺʻʸʨ, ˄ʴʬʭʨ, ʫʬʴʰ, ˃ʨʩʭʨ ʫʨ ʨ.ˀ.. 
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ʳʨʴʽʨʴʰʹ ʳʻˀʨʵʩʰʹ ʺʬʽʴʰʱʻʸ ʳʫʪʵʳʨʸʬʵʩʨʯʨ ˄ʨʸʳʵʳʨʫʪʬʴʲʵʩʰʯʰ ʶʨʸʨʳʬʺʸʰʹ 

(ʳʨʪʨʲʰʯʨʫ, ʭʰʩʸʵʹʰʪʴʨʲʰʹ) ʺʰʶʰʻʸ ʫʨʳʵʱʰʫʬʩʻʲʬʩʨʹ ʫʸʵʮʬ ʨʽʭʹ ʽʭʬʳʵʯ 

ʴʨˆ.2.4-ʮʬ  ˄ʨʸʳʵʫʪʬʴʰʲʰ ʹʨˆʬ.   

 

 

ʴʨˆ.2.4. ʳʬʽʨʴʰʮʳʰʹ ʱʭʨʴ˃ʰʹ ˄ʨʸʳʵʳʨʫʪʬʴʲʵʩʰʯʰ ʶʨʸʨʳʬʺʸʰʹ ʺʬʽʴʰʱʻʸʰ 

ʳʫʪʵʳʨʸʬʵʩʰʹ ʺʰʶʰʻʸʰ ʽ˂ʬʭʨ ʳʻˀʨʵʩʰʹ ʶʸʵ˂ʬʹˀʰ 

T1 - ʳʰʳʻˀʨʭʬʩʰʹ ʶʬʸʰʵʫʰ, T2 - ʴʵʸʳʨʲʻʸʰ ʼʻʴʽ˂ʰʵʴʰʸʬʩʰʹ ʶʬʸʰʵʫʰ, T3 - 

ʫʬʼʬʽʺʰʹ ˁʨʹʨˆʭʰʹʨ ʫʨ ʪʨʴʭʰʯʨʸʬʩʰʹ ʶʬʸʰʵʫʰ, Tʸ - ʫʨʴʰˀʴʻʲʰ ʸʬʹʻʸʹʰʹ ʫʸʵ, Tʼ 

- ʼʨʽʺʰʻʸʰ ʸʬʳʵʴʺʰʹ ʭʨʫʰʹ ʫʸʵ, Tʨ - ʨʭʨʸʰʰʹ ʫʨʫʪʵʳʰʹ ʫʸʵ, Uʴ - ʴʵʸʳʨʲʻʸʰ 

ʼʻʴ˂ʰʵʴʰʸʬʩʰʹ ʫʵʴʬ, Uʫ- ʫʨʹʨˀʭʬʩʰ ʫʵʴʬ,  Uʨ - ʨʭʨʸʰʻʲʰ ʫʵʴʬ. 

ʳʱʭʬʯʸʨʫ ʪʨʳʵʰʸˁʬʭʨ ʹʨʳʰ ʶʬʸʰʵʫʰ: ʳʨʴʽʨʴʰʹ ʴʨ˄ʰʲʬʩʰʹ ʳʰʳʻˀʨʭʬʩʰʹ 

(ʳʰˆʨˆʻʴʬʩʰʹ, ʳʵʸʪʬʩʰʹ) ʶʬʸʰʵʫʰ (T1 - ʿʭʰʯʬʲʰ ʼʬʸʰ ʪʸʨʼʰʱʮʬ), ʴʵʸʳʨʲʻʸʰ 

ʳʻˀʨʵʩʰʹ ʶʬʸʰʵʫʰ (T2 - ʳ˄ʭʨʴʬ ʼʬʸʰ) ʫʨ ʫʬʪʸʨʫʨ˂ʰʰʹ ʶʬʸʰʵʫʰ (T3 - ˄ʰʯʬʲʰ ʼʬʸʰ), 

ʸʵʫʬʹʨ˂ ʺʬʽʴʰʱʻʸʰ  ʳʫʪʵʳʨʸʬʵʩʰʹ ʪʨʻʨʸʬʹʬʩʰʹ ʹʰˁʽʨʸʬ ʰʮʸʫʬʩʨ ʫʸʵʰʹ 

ʳʰˆʬʫʭʰʯ. ʨʳ ʫʨʳʵʱʰʫʬʩʻʲʬʩʰʫʨʴ ʪʨʳʵʫʰʹ, ʸʵʳ ʹʨʸʬʳʵʴʺʵ ʹʨʳʻˀʨʵʩʬʩʰʹ 

ˁʨʺʨʸʬʩʰʹ ʫʸʵ Tʸ (ʫʨʴʰˀʴʻʲʰ ʸʬʹʻʸʹʰ) ʩʬʭʸʨʫ ʻʼʸʵ ʴʨʱʲʬʩʰʨ ʭʰʫʸʬ ʼʨʽʺʰʻʸʰ 

ʭʨʫʨ Tʼ , ʸʵʫʬʹʨ˂ ʬʹ ʸʬʳʵʴʺʰ ˆʫʬʩʨ ʨʻ˂ʰʲʬʩʬʲʰ. 

ʺʸʬʴʫʻʸʰ ʳʨˆʨʹʰʨʯʬʩʬʲʰ (ʳʨˆʨʹʰʨʯʬʩʲʰʹ ʪʨʴʭʰʯʨʸʬʩʰʹ ʺʬʴʫʬʴ˂ʰʨ)  ʰ˃ʲʬʭʨ 

ˀʬʹʨ˃ʲʬʩʲʵʩʨʹ ʳʵʭʨˆʫʰʴʵʯ ʺʬʽʴʰʱʻʸ ʳʫʪʵʳʨʸʬʵʩʨʯʨ ʱʨʺʨʹʺʸʵʼʻʲʰ 

˂ʭʲʰʲʬʩʬʩʰʹ ʫʨʫʪʵʳʰʹ ʳʵʳʬʴʺʰʹ ʶʸʵʪʴʵʮʰʸʬʩʨ. ʨʽʬʫʨʴ ʪʨʳʵʳʫʰʴʨʸʬ, 
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ˀʬʹʨ˃ʲʬʩʬʲʰʨ ʫʨʸˁʬʴʰʲʰ ʸʬʹʻʸʹʰʹ ʶʸʵʪʴʵʮʰʸʬʩʨ ʫʨ ʼʰʮʰʱʻʸʨʫ ʫʨʹʨʩʻʯʬʩʻʲʰ 

ʸʬʳʵʴʺʰʹ ʫʨʪʬʪʳʭʰʹ ʭʨʫʰʹ ʪʨʴʹʨʮʾʭʸʨ. 

ʬʹ ʳʬʯʵʫʰ ʸʬʱʵʳʬʴʫʰʸʬʩʻʲʰʨ ˃ʭʰʸʨʫʾʰʸʬʩʻʲʰ ʻʴʰʱʨʲʻʸʰ ʨʴ 

ʹʨʶʨʹʻˆʰʹʳʪʬʩʲʵ ʺʬʽʴʰʱʻʸʰ ʵʩʰʬʽʺʬʩʰʹʨʯʭʰʹ, ʸʵʳʬʲʯʨ  ʳʻˀʨʻʴʨʸʰʨʴʵʩʰʹ 

ʫʨʸʾʭʬʭʨʹ ˀʬʻ˃ʲʰʨ ʳʰʪʭʰʿʭʨʴʵʹ ʱʨʺʨʹʺʸʵʼʻʲ ˀʬʫʬʪʬʩʨʳʫʬ, ʳʨʯ ˀʵʸʰʹ  

ʨʫʨʳʰʨʴʬʩʰʹ ˇʨʳʸʯʬʲʵʩʨʹʯʨʴ ʫʨ ʹʰ˂ʵ˂ˆʲʬʹʯʨʴ ʫʨʱʨʭˀʰʸʬʩʻʲʹ. 

ʸʨ˂ ʻʼʸʵ ʨʫʸʬ ʪʨʳʵʭʲʰʴʫʬʩʨ ʫʬʼʬʽʺʰ, ʳʰʯ ʻʼʸʵ ʳʬʺʰʨ ʨʲʩʨʯʵʩʨ ʨʭʨʸʰʻʲʰ 

ʹʰʺʻʨ˂ʰʰʹ ʫʸʵʻʲʨʫ ʯʨʭʰʫʨʴ ʨ˂ʰʲʬʩʰʹʨ. ʨʳʰʺʵʳʨʨ, ʸʵʳ ʳʨʴʽʨʴʬʩʰʹʨ ʫʨ 

ʳʬʽʨʴʰʮʳʬʩʰʹ ʬʽʹʶʲʻʨʺʨ˂ʰʰʹ ʬʺʨʶʮʬ ʨʹʬʯʰ ʫʰʫʰ ʳʴʰˀʭʴʬʲʵʩʨ ʬʴʰ˅ʬʩʨ ˁʨʹʨˆʻʲʰ 

ʫʬʼʬʽʺʬʩʰʹ ʭʰʩʸʵʨʱʻʹʺʰʱʻʸʰ ʫʰʨʪʴʵʹʺʰʱʰʹ ʳʬʯʵʫʬʩʹ, ʸʵʳʲʬʩʰ˂ ʰ˃ʲʬʭʰʨʴ ʱʨʸʪ 

ˀʬʫʬʪʬʩʹ. 

ʳʬʵʸʬ ʳʰʫʪʵʳʨ  (ʹʨʱʵʴʺʸʵʲʵ ˀʬʳʵ˄ʳʬʩʨ) ʫʨʼʻ˃ʴʬʩʻʲʰʨ ʺʬʽʴʰʱʻʸ 

ʳʫʪʵʳʨʸʬʵʩʨʯʨ ˄ʨʸʳʵʳʨʫʪʬʴʲʵʩʰʯʰ  ʶʨʸʨʳʬʺʸʬʩʰʹ ʬʶʰʮʵʫʻʸ ʱʵʴʺʸʵʲʮʬ ʫʨ 

ʳʨʯ ˀʬʫʨʸʬʩʨʮʬ ʮʾʭʸʻʲ ʳʴʰˀʭʴʬʲʵʩʬʩʯʨʴ, ʸʵʳʲʬʩʰ˂ ʯʨʭʰʹ ʳˆʸʰʭ ʨʸʰʨʴ 

ʫʨʫʪʬʴʰʲʰ ʹʨʱʳʨʵʫ ʩʬʭʸʰ ˄ʰʴʨʹ˄ʨʸ ˁʨʺʨʸʬʩʻʲʰ ʫʰʨʪʴʵʹʺʰʱʻʸʰ ʬʽʹʶʬʸʰʳʬʴʺʬʩʰʹ 

ʹʨʼʻ˃ʭʬʲʮʬ. ʹʨʱʵʴʺʸʵʲʵ ˀʬʳʵ˄ʳʬʩʰʹ ʳʬʯʵʫʰ ʳʰʮʨʴˀʬ˄ʵʴʰʲʰʨ ʪʨʳʵʿʬʴʬʩʻʲʰ 

ʰʽʴʨʹ  ʰʳ ʳʨʴʽʨʴʬʩʰʹ ʫʨ ʴʨ˄ʰʲʬʩʰʹ ʪʨʳʵʭʲʬʴʰʹʨʯʭʰʹ ʸʵʳʲʬʩʰ˂ ʰʳʿʵʼʬʩʰʨʴ 

ʱʸʰʺʰʱʻʲ ʳʫʪʵʳʨʸʬʵʩʨˀʰ [15]. 

ʯʻ ˀʬʭʨˇʨʳʬʩʯ ʮʬʳʵʯʽʳʻʲʹ ʫʨ ʪʨʭʰʯʭʨʲʰʹ˄ʰʴʬʩʯ ʿʵʭʬʲʫʾʰʻʸʰ ʶʸʨʽʺʰʱʰʹ 

ˀʬʫʬʪʬʩʹ, ˀʬʰ˃ʲʬʩʨ ʫʨʭʨʹʱʭʴʨʯ, ʸʵʳ ʳʵʴʰʺʵʸʰʴʪʰʹʨ ʫʨ ʫʰʨʪʴʵʹʺʰʱʰʹ ʳʬʯʵʫʬʩʰʹ 

ʪʨʳʵʿʬʴʬʩʨ ʳʨʴʽʨʴʨʯʨ ʬʽʹʶʲʻʨʺʨ˂ʰʰʹ ʬʺʨʶʮʬ ʰ˃ʲʬʭʨ ˀʬʹʨ˃ʲʬʩʲʵʩʨʹ 

ʫʨʻʹʨʩʻʯʬʩʬʲʰ ʪʨʫʨʹʰʴˇʭʰʹ ʲʰʱʭʰʫʨ˂ʰʰʹ ˆʨʸˇʮʬ, ʸʵʳʬʲʰ˂ ʨʳ˂ʰʸʬʩʹ ʸʬʹʻʸʹʹ, 

ʪʨʪʸ˃ʬʲʬʩʻʲʰ ʰʽʴʨʹ ʫʨʴʨʫʪʨʸʰʹ ʳʻˀʨʵʩʰʹ ʭʨʫʨ, ˀʬʳ˂ʰʸʬʩʻʲʰ ʰʽʴʨʹ 

ʬʽʹʶʲʻʨʺʨ˂ʰʰʹ ʾʰʸʬʩʻʲʬʩʨ ʳʻˀʨʵʩʰʹ ʫʸʵʹ, ʹʨʯʨʫʨʸʰʪʵ ʴʨ˄ʰʲʬʩʰʹʨ ʫʨ ʹʨ˄ʭʨʭ-

ʹʨʶʵˆʰ ʳʨʹʨʲʬʩʰʹ ʬʱʵʴʵʳʰʰʹ ˆʨʸˇʮʬ, ˆʵʲʵ ˄ʨʸʳʵʬʩʰʹ ʶʰʸʵʩʬʩˀʰ ʨʭʨʳʨʾʲʵʯ 

ʫʨʴʨʫʪʨʸʰʹ ʬʼʬʽʺʻʸʵʩʨ ʫʨʻʹʨʩʻʯʬʩʬʲʰ ʪʨˁʬʸʬʩʬʩʰʹ ˆʨʸˇʮʬ. 

ʨʭʺʵʳʨʺʰʮʰʸʬʩʻʲ ˄ʨʸʳʵʬʩʬʩˀʰ ʫʰʨʪʴʵʹʺʰʱʰʹ ʳʬʯʵʫʬʩʰʹ ʪʨʳʵʿʬʴʬʩʨ ʰ˃ʲʬʭʨ 

ˀʬʹʨ˃ʲʬʩʲʵʩʨʹ ʭʨ˄ʨʸʳʵʵʯ ʺʬʽʴʵʲʵʪʰʻʸʰ ʶʸʵ˂ʬʹʬʩʰʹ ʹʰʮʻʹʺʰʹ ʶʨʸʨʳʬʺʸʬʩʰʹ 

ʻ˄ʿʭʬʺʰ ʱʵʴʺʸʵʲʰ, ʸʨ˂ ʨʸʰʹ ʪʨʸʨʴʺʰʨ ʳʨʾʨʲʰ ˆʨʸʰʹˆʰʹ ʶʸʵʫʻʽ˂ʰʰʹ ʪʨʳʵˀʭʬʩʰʹʨ, 
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ʫʨʴʨʫʪʨʸʬʩʰʹ ʳʵ˂ʫʬʴʬʩʰʹ, ʶʸʵʼʰʲʨʽʺʰʱʻʸʰ ʫʨʯʭʨʲʰʬʸʬʩʰʹʨ ʫʨ ˄ʰʴʨʹ˄ʨʸ 

ʫʨʪʬʪʳʰʲʰ ʳʰʳʫʰʴʨʸʬ ʸʬʳʵʴʺʰʹʨʯʭʰʹ ʫʸʵʰʹ ˀʬʳ˂ʰʸʬʩʰʯ,. 

ʮʵʪʨʫʨʫ, ʳʵʴʰʺʵʸʰʴʪʰʹʨ ʫʨ ʫʰʨʪʴʵʹʺʰʱʰʹ ʳʬʯʵʫʬʩʰʹ  (ʪʨʴʹʨʱʻʯʸʬʩʰʯ 

ʭʰʩʸʵʨʱʻʹʺʰʱʻʸʰ ʳʬʯʵʫʬʩʰʹ) ʫʨʴʬʸʪʭʨ ʶʸʨʽʺʰʱʨˀʰ ʰ˃ʲʬʭʨ ʺʬʽʴʵʲʵʪʰʻʸʰ 

ʶʸʵ˂ʬʹʬʩʰʹ ʳʨʾʨʲʰ ʫʵʴʰʹ ʵʶʺʰʳʰʮʨ˂ʰʰʹ ʫʰʫ ˀʬʹʨ˃ʲʬʩʵʩʬʩʹ. 

Mathcad-ˀʰ ʨʸʰʹ ʼʻʴʽ˂ʰʬʩʰ: detrendმʫʨწpredictმ  ˂ʭʲʰʲʬʩʨʯʨ ʺʸʬʴʫʰʹ 

ʪʨʴʹʨʮʾʭʸʰʹʨʯʭʰʹ ʫʨ ˂ʭʲʰʲʬʩʨʯʨ ʶʸʵʪʴʵʮʰʹʨʯʭʰʹ (ʩʻʸʪʰʹ ʼʻʴʽ˂ʰʨ, 

ʫʨʼʻ˃ʴʬʩʻʲʰ ʨʭʺʵʸʬʪʸʬʹʰʻʲ ʳʬʯʵʫʮʬ), ʸʵʳʲʬʩʰ˂ ʱʨʸʪ ʶʸʨʽʺʰʱʻʲ ˀʬʫʬʪʬʩʹ 

ʰ˃ʲʬʭʰʨʴ [42]. ʹʨʰʲʻʹʺʸʨ˂ʰʵʫ ʪʨʳʵʭʰʿʬʴʵʯ ʬʹ ʼʻʴʽ˂ʰʬʩʰ, ʳʨʪʨʲʰʯʨʫ ʽʭʬʳʵʯ 

ʳʵʿʭʨʴʰʲ ʳʵʫʬʲʰʸʬʩʻʲ ʹʰʪʴʨʲʮʬ (ʴʨˆ.2.5.) ˀʬʭ˄ʿʭʰʺʵʯ ʶʸʵ˂ʬʹʰ ʴʬʩʰʹʳʰʬʸ ʫʸʵʰʹ 

ʳʵʴʨʱʭʬʯˀʰ ʫʨ ʪʨʭʨʱʬʯʵʯ ʳʵʹʨʲʵʫʴʬʲʰ ˄ʬʸʺʰʲʬʩʰʹ ʶʸʵʪʴʵʮʰ ʫʨ ʭʰʶʵʭʵʯ 

ʺʸʬʴʫʰ (ʴʨˆ.2.6). 

�ݔ ∶= �ͳ ∙ cosሺʹ ∙ �݂ͳ ∙ ሻ�ݐ + ∑ሺ�݇ ∙ cosሺʹ ∙ � ∙ �݂ ∙ ଵሻሻସݐ
�=ଵ  

 

ʴʨˆ.2.5. ʳʵʫʬʲʰʸʬʩʻʲʰ ʹʰʪʴʨʲʰ 
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ʴʨˆ. 2.6.  ˀʬ˄ʿʭʬʺʰʲʰ ʹʰʪʴʨʲʰʹ ʳʵʹʨʲʵʫʴʬʲʰ ˄ʬʸʺʰʲʬʩʰʹ ʶʸʵʪʴʵʮʰ ʫʨ ʺʸʬʴʫʰ 

ʸʵʪʵʸ˂ ʭˆʬʫʨʭʯ ʬʹ ʳʬʯʵʫʰ ʳʨʾʨʲʰ ʹʰʮʻʹʺʰʯ ʨʱʬʯʬʩʹ ˄ʬʸʺʰʲʬʩʰʹ ʶʸʵʪʴʵʮʹ 

ʯʭʰʯ ʶʸʵ˂ʬʹʰʫʨʴ ʪʨʳʵʳʫʰʴʨʸʬ. ʸʬʨʲʻʸ ʹʰʹʺʬʳʬʩˀʰ, ʯʻ ʶʸʵ˂ʬʹˀʰ ʨʸʰʹ ʸʨʰʳʬ 

ʱʨʴʵʴʮʵʳʰʬʸʬʩʨ, ʳʬʯʵʫʰ ʨʭʲʬʴʹ ʨʳ ʱʨʴʵʴʮʵʳʰʬʸʬʩʨʹ ʫʨ ʰʿʬʴʬʩʹ ʳʨʹ ʶʸʵ˂ʬʹʰʹ 

ʳʵʹʨʲʵʫʴʬʲʰ ˄ʬʸʺʰʲʬʩʰʹ ʳʨʾʨʲʰ ʹʰʮʻʹʺʰʯ ʶʸʵʪʴʵʮʰʹʨʯʭʰʹ. ʪʨʳʵʭʰʿʬʴʵʯ ʬʹ 

ʳʬʯʵʫʰ  ˈʰʫʸʵʬʴʬʸʪʵʨʪʸʬʪʨʺʰʹ ʺʻʸʩʰʴʰʹ ʹʨʱʰʹʸʰʹ ʭʰʩʸʨ˂ʰʰʹ ˇʨʳʻʸʰ ʫʵʴʰʹ (ʫʩ) 

ʺʸʬʴʫʰʹʨ ʫʨ ˂ʭʲʰʲʬʩʨʯʨ ʳʵʹʨʲʵʫʴʬʲʰ ʶʸʵʪʴʵʮʰʹʨʯʭʰʹ. 

 

ʴʨˆ.2.7. ʺʬʽʴʰʱʻʸ ʳʫʪʵʳʨʸʬʵʩʨʯʨ ʺʸʬʴʫʰʹʨ ʫʨ ʶʸʵʪʴʵʮʰʹ  

ʪʨʴʹʨʮʾʭʸʰʹ ʳʨʪʨʲʰʯʰ 
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ʸʵʪʵʸ˂ ʱʰ ʫʨʰ˄ʿʬʩʨ ʹʨʱʰʹʨʸˀʰ ʫʬʪʸʨʫʨ˂ʰʻʲʰ ʶʸʵ˂ʬʹʬʩʰ, ʹʬʴʹʵʸʰʫʨʴ ˄ʨʳʵʹʻʲ 

ʹʰʪʴʨʲʹ ʳʬʯʵʫʰ ʻʱʬʯʬʩʹ ʶʸʵʪʴʵʮʹ ʫʨ ʹʨʮʾʭʸʨʭʹ ʺʸʬʴʫʹ, ʸʨ˂ ʳʰʨʴʰˀʴʬʩʹ 

ʵʶʬʸʨʺʵʸʹ ʹʨ˅ʰʸʵ ʳʵʽʳʬʫʬʩʬʩʰʹʨʯʭʰʹ. ʰʫʬʨʲʻʸʰʨ ʬʹ ʳʰʫʪʵʳʨ ʶʸʵ˂ʬʹʬʩʰʹ 

ʨʭʺʵʳʨʺʰʮʨ˂ʰʰʹʨʯʭʰʹ, ʳʰʯʻʳʬʺʬʹ, ʸʵʳ ʫʾʬʹʫʾʬʵʩʰʯ ʳʰʳʫʰʴʨʸʬʵʩʹ ʰʴʺʬʴʹʰʻʸʰ 

ʳʻˀʨʵʩʨ ʭʰʩʸʨ˂ʰʻʲʰ ʹʰʪʴʨʲʬʩʰʹ ʪʨʳʵʿʬʴʬʩʰʯ ʨʭʺʵʳʨʺʰʮʰʸʬʩʻʲʰ ʳʨʸʯʭʰʹ 

ʹʰʹʺʬʳʬʩʰʹ ˀʬʹʨʽʳʴʬʲʨʫ. 

 

 

 

 

2.5. ʳʨʾʨʲʹʰˆˀʰʸʻʲʰ ʭʰʩʸʨ˂ʰʻʲʰ ʹʰʪʴʨʲʰʹ ˀʬʳʵʳʭʲʬʩʰʹ ʹʶʬʽʺʸʨʲʻʸʰ 

ʨʴʨʲʰʮʰʹ ʪʨʳʵʿʬʴʬʩʨ ˈʰʫʸʵʬʴʬʸʪʵʨʪʸʬʪʨʺʬʩʰʹ ʹʸʰʨʲʰʹ ʹʨʱʰʹʸʬʩʰʹ ʺʬʽʴʰʱʻʸ 

ʳʫʪʵʳʨʸʬʵʩʨʯʨ ʭʰʩʸʵʨʱʻʹʺʰʱʻʸʰ ʫʰʨʪʴʵʹʺʰʱʰʹʨʯʭʰʹ 

ʭʰʩʸʵʨʱʻʹʺʰʱʻʸʰ ʫʰʨʪʴʵʹʺʰʱʰʹ ʹʰʹʺʬʳʰʹ ʳʨʾʨʲʰ ʻʺʿʻʨʸʵʩʰʹʨʯʭʰʹ ʹʨ˅ʰʸʵʨ, 

ʸʵʳ ʹʺʨʴʫʨʸʺʻʲ ʹʰʺʻʨ˂ʰʬʩˀʰ ʪʨʮʵʳʭʬʩʰ ˁʨʺʨʸʫʬʹ ʹʰʹʺʬʳʨʺʻʸʨʫ (ʨʴ ʪʨʸʱʭʬʻʲʰ 

ʶʬʸʰʵʫʻʲʵʩʰʯ, ʳʨʪʨʲʰʯʨʫ, ʱʭʰʸʨˀʰ ʬʸʯˇʬʸ); ʳʨʴʽʨʴʰʹ ʬʸʯʰʫʨʰʪʰʭʬ ˄ʬʸʺʰʲʬʩˀʰ; 

ʳʨʴʽʨʴʰʹ ʹʺʨʩʰʲʻʸ ʩʸʻʴʭʰʹ ʹʰˆˀʰʸʬʬʩʮʬ ʫʨ ʳʻˀʨʵʩʰʹ ʹʺʨʴʫʨʸʺʻʲ ʸʬʷʰʳʬʩˀʰ.  

ʹʸʰʨʲʰʹ ʹʨʱʰʹʸʬʩˀʰ ʳʵʽʳʬʫʬʩʬʴ ˆʨˆʻʴʰʹ ˃ʨʲʬʩʰ ʫʨ ʨʪʸʬʯʭʬ ˃ʨʲʬʩʰ, ʸʵʳʲʬʩʰ˂ 

ʯʨʴ ʨˆʲʨʭʯ ʸʵʺʵʸʰʹ ʨʭʺʵʸˆʬʭʬʩʹ ʹʨʱʰʹʨʸˀʰ. ʬʹ  ˃ʨʲʬʩʰ ʨʸʰʨʴ ʹʺʨʺʰʱʻʸʰ 

ʫʨʺʭʰʸʯʭʰʹ ʫʨ ˆʨˆʻʴʰʹ ˃ʨʲʬʩʰʹ ʨʸʨ˄ʸʼʰʭʰ ʻʸʯʰʬʸʯʽʳʬʫʬʩʰʹ ˀʬʫʬʪʰ, ʸʨʫʪʨʴ 

ʸʵʺʵʸʰ ʪʨʳʵʿʨʭʹ ˄ʵʴʨʹ˄ʵʸʵʩʰʹ ʳʫʪʵʳʨʸʬʵʩʰʫʨʴ ˆʨˆʻʴʰʹ ˃ʨʲʬʩʹ ʫʨ ʻʱʨʴ ʨʩʸʻʴʬʩʹ 

ʹʰʳ˃ʰʳʰʹ ˃ʨʲʨ – ʨʫʪʰʲʰ ʨʽʭʹ ʸʵʺʵʸʰʹ ʨʭʺʵʸˆʬʭʬʩʹ. ʨʹʬʯʰ ʨʸʨʳʫʪʸʨʫʰ 

˄ʵʴʨʹ˄ʵʸʵʩʰʹ ʳʰʮʬʮʰ ʨʸʰʹ ˆʨˆʻʴʰʹ ˃ʨʲʬʩʰʹ ʨʸʨ˄ʸʼʰʭʰ ʫʨʳʵʱʰʫʬʩʻʲʬʩʨ ˀʬʮʬʯʭʰʹ 

ʼʬʴʰʹ ʹʰʹʽʬʮʬ, ʸʵʳʬʲʰ˂ ʰʮʸʫʬʩʨ ʸʵʺʵʸʰʹ ˄ʵʴʨʹ˄ʵʸʵʩʰʹ ʳʫʪʵʳʨʸʬʵʩʰʫʨʴ 

ʪʨʫʨˆʸʨʹʯʨʴ ʬʸʯʨʫ. ʨʭʺʵʸˆʬʭʬʩʰʹ ʹʰˆˀʰʸʬ ʳʰʯ ʻʼʸʵ ʴʨʱʲʬʩʰʨ, ʸʨ˂ ʳʬʺʰʨ ʾʸʬˁʵ 

ʹʨʱʰʹʨʸˀʰ, ʨʴʻ ʸʨ˂ ʳʬʺʰʨ ʳʰʹʰ ˂ʭʬʯʨ [40]. 
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ʸʵʪʵʸ˂ ˄ʬʹʰ, ʨʭʺʵʸˆʬʭʬʩʰʹ ʹʰˆˀʰʸʬ ʰ˂ʭʲʬʩʨ ʴʨˆʺʵʳʬʩʰʯ fʩʸ ʹʰˆˀʰʸʰʫʨʴ   ½ fʩʸ 

ʹʰˆˀʰʸʬʳʫʬ, ʮʵʪˇʬʸ, 1/3 fʩʸ ʹʰˆˀʰʸʬʳʫʬ, ˂ʭʬʯʰʹ ʳʰˆʬʫʭʰʯ. ʨʭʺʵʸˆʬʭʬʩʰʹ ʳʰʮʬʮʰ 

ˀʬʰ˃ʲʬʩʨ ʰʿʵʹ ʨʸʨʳʨʸʺʵ ʹʸʰʨʲʰʹ ʹʨʱʰʹʸʰʹ ˂ʭʬʯʨ, ʨʸʨʳʬʫ ˀʬʮʬʯʭʰʹ ˆʨʸʰʹˆʰʹ 

ˀʬʳ˂ʰʸʬʩʨ ʨʴ ʮʬʯʰʹ ʹʨʱʰʹʨʸˀʰ ʳʰ˄ʵʫʬʩʰʹ ʫʨʸʾʭʬʭʨ.  

ʫʨʸʺʿʳʰʯʰ ˃ʨʲʬʩʰ, ʸʵʳʲʬʩʰ˂ ʳʵʽʳʬʫʬʩʬʴ ʹʸʰʨʲʰʹ ʹʨʱʰʹʸʬʩˀʰ, ʨʸʰʨʴ ʵʸʰ ʹʨˆʰʹ. 

͞ʳˀʸʨʲʰ͟ ʫʨʸʺʿʳʨ ʮʬʯʰʹ ʼʬʴʰʹ ʪʨʸʾʭʬʭʰʯ ˃ʨʲʰʨʴ ʹʨˀʰˀʰʨ, ʳʨʪʸʨʳ ˆʫʬʩʨ ʰˀʭʰʨʯʨʫ 

ʫʨ ʯʨʴ ʨˆʲʨʭʹ ʳʨʾʨʲʹʰˆˀʰʸʻʲʰ ʭʰʩʸʨ˂ʰʰʹ ʳʴʰˀʭʴʬʲʵʭʨʴʰ ʮʸʫʨ [6].  

͞ˈʰʫʸʨʭʲʰʱʻʸʰ͟ ʫʨʸʺʿʳʨ, ʸʵʳʬʲʰ˂ ʨʸ ʨʮʰʨʴʬʩʹ ʮʬʯʰʹʼʬʴʨʹ, ʨʸʨʳʬʫ ʹʨʱʰʹʸʰʹ 

ʨʸʨʬʸʯʪʭʨʸʵʭʨʴʰ ˂ʭʬʯʰʹ ʪʨʳʵ ʫʨʺʭʰʸʯʭʰʹ ʮʵʴʨˀʰ, ʹʨʫʨ˂ ˀʬʮʬʯʭʰʹ ʹʰʹʽʬʹ ʫʨ 

ʳʵ˃ʸʨʵʩʰʹ ʹʰˁʽʨʸʬʹ ʨʽʭʯ ʴʨˆʺʵʳʬʩʰ, ˄ʨʸʳʵʰˀʵʩʨ ʴʨʱʨʫʰʹ ʺʻʸʩʻʲʬʴʺʻʸʰ 

͞ʳʵ˄ʿʭʬʺʨ͟. ˀʬʮʬʯʭʰʹ ʴʨʱʨʫʰʹ ͞ʳʵ˄ʿʭʬʺʰʹ͟ ʳʵʳʬʴʺʰ ʨʾʰʽʳʬʩʨ ʭʰʩʸʨ˂ʰʬʩʰʹ ʳʮʵʳʰ 

ʹʰʹʺʬʳʬʩʰʯ ʸʵʪʵʸ˂ ʫʨʸʺʿʳʨ, ʸʵʳʬʲʹʨ˂ ʯʨʴ ʨˆʲʨʭʹ ʳʨʾʨʲʹʰˆˀʰʸʻʲʰ ʭʰʩʸʨ˂ʰʬʩʰʹ 

ʰʳʶʻʲʹʻʸʰ ʮʸʫʨ. ʨʹʬʯʰ ͞ʫʨʸʺʿʳʨ͟ ʨʸ ʰ˄ʭʬʭʹ ʹʨʱʰʹʸʰʹ ʹ˄ʸʨʼ ʸʾʭʬʭʨʹ, ʳʨʪʸʨʳ ʰ˄ʭʬʭʹ 

ʳʰʹ ʨʸʨʬʸʯʪʭʨʸʵʭʨʴ ˂ʭʬʯʨʹ.   

ˆʨˆʻʴʰʹ ˃ʨʲʬʩʰʯ ʪʨʳʵ˄ʭʬʻʲʰ ʹʸʰʨʲʰʹ ʹʨʱʰʹʸʬʩʰʹ ʹ˄ʵʸʰ ʫʰʨʪʴʵʹʺʰʸʬʩʨ ˆʫʬʩʨ 

ʶʸʨʽʺʰʱʻʲʨʫ ʿʵʭʬʲʯʭʰʹ ʹʨʱʰʹʸʰʹ ʫʨʩʨʲʹʰˆˀʰʸʻʲʰ ʭʰʩʸʨ˂ʰʬʩʰʹ ʹʶʬʽʺʸʰʹ ʫʨ 

ʳʨʾʨʲʹʰˆˀʰʸʻʲʰ ( > 5 ʱˈ˂ʮʬʭʰʯ) ʭʰʩʸʨ˂ʰʬʩʰ ʹˀʬʳʵʳʭʲʬʩʰʹ ʹʶʬʽʺʸʰʹ ʬʸʯʵʩʲʰʭʰ 

ʪʨʮʵʳʭʬʩʰʯ. 
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ʴʨˆ.2.8. ʨʾʬʩʻʲʰ ʭʰʩʸʨ˂ʰʻʲʰ ʹʰʪʴʨʲʰʹ ʹʶʬʽʺʸʰʹ ˀʬʳʵʳʭʲʬʩʰ ʸʨʫʰʨʲʻʸʰ, ʺʨʴʪʬʴ˂ʰʻʸʰ 

ʫʨ ʭʬʸʺʰʱʨʲʻʸʰ ʳʰʳʨʸʯʻʲʬʩʬʩʰʯ 

ʹʸʰʨʲʰʹ ʹʨʱʰʹʸʰʹ ʫʬʼʬʽʺʬʩʹ ʨʽʭʯ ʹʨʳʰ ˃ʰʸʰʯʨʫʰ ʹʰʳʶʺʵʳʰ: 

1. ˀʬʳʵʳʭʲʬʩʰʹ ʹʶʬʽʺʸˀʰ ˁʴʫʬʩʨ ʨʳʨʾʲʬʩʨ, ʨ˄ʬʭʨ ʫʨʩʨʲ ʹʰˆˀʰʸʬʬʩʮʬ. ʳʰʮʬʮʰ: 

ʨʫʪʰʲʰ ʨʽʭʹ ʮʬʯʰʹ  ʹʰʹʽʰʹ ʫʨ ʨʫʪʰʲʳʫʬʩʨʸʬʵʩʰʹ ʼʲʻʽʺʰʨ˂ʰʨʹ, ʸʵʳʬʲʰ˂ 

ˀʬʳʯˆʭʬʭʰʯ ʭʰʩʸʨ˂ʰʨʹ ʳʵʫʻʲʨ˂ʰʨʹ ʻʱʬʯʬʩʹ ʫʨʩʨʲʹʰˆˀʰʸʻʲʰ ˀʬʳʯˆʭʬʭʰʯʰ 

ʶʸʵ˂ʬʹʰʯ (ʴʨˆ.2.8). 
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ʴʨˆ.2.9.ʹʸʰʨʲʰʹ ʹʨʱʰʹʸʰʹ ˂ʭʬʯʰʹʨʹ ʳʨʾʨʲʹʰˆˀʰʸʻʲʰ ʭʰʩʸʨ˂ʰʬʩʰʹ ˀʬʳʵʳʭʲʬʩʰʹ 

ʹʶʬʽʺʸʰ 

(ʨʾʳʵˁʬʴʰʲʰ ʮʬʯʰʹ ʹʵʲʰʹ ʨʸʨʹʺʨʩʰʲʻʸʵʩʰʯ) 

2. ˁʴʫʬʩʨ ʳʫʪʬʴʬʲʰ კ ʩʸʻʴʭʰʹ ʹʰˆˀʰʸʰʹ ʹʻʩˈʨʸʳʵʴʰʱʨ 1/2  ʨʴ  1/3. ʳʰʮʬʮʰ: 

ʹʨʱʰʹʨʸˀʰ ʰ˄ʿʬʩʨ ʸʵʺʵʸʰʹ ʨʭʺʵʸˆʬʭʬʩʰ, ʸʨ˂ ʨʸʰʹ ʭʰʩʸʨ˂ʰʬʩʰʹ ˄ʿʨʸʵ ʩʸʻʴʭʰʹ 

ʹʰˆˀʰʸʰʹ ʹʻʩˈʨʸʳʵʴʰʱʬʩʮʬ. (ʴʨˆ.2.9.) 

 

 

ʴʨˆ.2.10.ʹʸʰʨʲʰʹ ʹʨʱʰʹʸʰʹ ʭʰʩʸʨ˂ʰʬʩʰʹ ˀʬʳʵʳʭʲʬʩʰʹ ʹʶʬʽʺʸʰ ʸʵʺʵʸʰʹ 

ʨʭʺʵʸˆʬʭʬʩʰʯ 

3. ʹʨʱʰʹʸʰʹ ʳʨʾʨʲʹʰˆˀʰʸʻʲʰ ʭʰʩʸʨ˂ʰʬʩʰʹ ˀʬʳʵʳʭʲʬʩʰʹ ʹʶʬʽʺʸˀʰ ˁʴʫʬʩʨ 

ʹʻʹʺʨʫ ʳʰʲʬʭʨʫʰ ʳʫʪʬʴʬʲʬʩʰʹ ʳ˄ʱʸʰʭʰ, ʸʵʳʲʬʩʰ˂ ʸʵʺʵʸʰʹ ʩʸʻʴʭʰʹ ʹʰˆˀʰʸʰʹ 

ˇʬʸʨʫʰʨ. ʳʰʮʬʮʰʨ: ʫʨʸʺʿʳʬʩʰʹ (ʳˀʸʨʲʰ ʫʨ ˈʰʫʸʨʭʲʰʱʻʸʰ) ˄ʨʸʳʵˀʵʩʨ. (ʴʨˆ.2.10.) 
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ʴʨˆ.2.11.ʹʸʰʨʲʰʹ ʹʨʱʰʹʸʰʹ ʭʰʩʸʨ˂ʰʬʩʰʹ ˀʬʳʵʳʭʲʬʩʰʹ ʹʶʬʽʺʸʰ.  ʨ) ʫʬʼʬʽʺʰʹ 

ʪʨʸʬˀʬ;  ʩ) ʹʨʱʰʹʨʸˀʰ ʫʨʸʺʿʳʬʩʰʹ ˀʬʳʯˆʭʬʭʨˀʰ 

 

ʹʨʩʵʲʵʵʫ კ ʳʨʴʽʨʴʰʹ (ʸʵʳʬʲʹʨ˂ ʬʸʯʰ ʩʸʻʴʭʰʹ ʾʬʸ˃ʰ ʨʽʭʹ) ʹʨʱʰʹʸʰʹ ʺʬʽʴʰʱʻʸʰ 

ʳʫʪʵʳʨʸʬʵʩʰʹ ʻʺʿʻʨʸʰ ʫʰʨʪʴʵʹʺʰʱʰʹʨ ʫʨ ʶʸʵʪʴʵʮʰʹʨʯʭʰʹ (ʭʰʩʸʨ˂ʰʬʩʰʹ 

ʬʸʯˇʬʸʨʫʰ ʪʨʮʵʳʭʬʩʰʯ) ʹʨʱʳʨʸʰʹʰʨ ˁʨʺʨʸʫʬʹ ʹʨʳʰ ʪʨʮʵʳʭʨ: 

1. ʭʰʩʸʨ˂ʰʰʹ ʫʨʩʨʲʹʰˆˀʰʸʻʲʰ ʹʶʬʽʺʸʰʹ; 

2. ʳʨʾʨʲʹʰˆˀʰʸʻʲʰ ˀʬʳʯˆʭʬʭʰʯʰ ʭʰʩʸʨ˂ʰʬʩʰʹ ˀʬʳʵʳʭʲʬʩʰʹ ʹʶʬʽʺʸʰʹ; 

3. ʳʨʾʨʲʹʰˆˀʰʸʻʲʰ ʭʰʩʸʨ˂ʰʬʩʰʹ ʼʵʸʳʰʹ (ʳˆʵʲʵʫ ʵʸʰ ʶʨʸʨʳʬʺʸʰ - ʹʨˀʻʨʲʵ 

ʱʭʨʫʸʨʺʻʲʰ ʳʴʰˀʭʴʬʲʵʩʨ ʫʨ ʱʸʬʹʺ-ʼʨʽʺʵʸʰ). 

ʹʨ˅ʰʸʵʨ ʨʪʬʯʭʬ ʭʰʩʸʨ˂ʰʬʩʰʹ ˇʨʳʻʸʰ (ʰʴʺʬʪʸʨʲʻʸʰ) ʫʵʴʰʹ ʪʨʮʵʳʭʨ ʫʨ 

ʮʾʭʸʻʲʰ ʳʴʰˀʭʴʬʲʵʩʬʩʰʹ ˂ʵʫʴʨ. 

ˈʰʫʸʵʬʴʬʸʪʵʨʪʸʬʪʨʺʰʹʨʯʭʰʹ (ʴʨˆ.2.11.) ʺʻʸʩʰʴʨ (ʳʻˀʨ ʯʭʨʲʰ) ʨʸʰʹ ˃ʰʸʰʯʨʫʰ 

ʭʰʩʸʵʨʽʺʰʻʸʰ ʱʭʨʴ˃ʰ ʫʨ ʰʪʰ ʳʵʰʯˆʵʭʹ ʫʬʺʨʲʻʸ ʭʰʩʸʨ˂ʰʻʲ ʳʵʴʰʺʵʸʰʴʪʹ, 

ʨʴʨʲʰʮʹ ʫʨ ʫʰʨʪʴʵʹʺʰʱʨʹ. ʭʰʩʸʨ˂ʰʬʩʰʹ ʨʳʪʮʴʬʩʰ ˃ʰʸʰʯʨʫʰ ʼʨʽʺʵʸʰ ˄ʿʨʲʰʨ, ʳʰʹʰ 

˄ʴʬʭʨ ʫʨ ʶʻʲʹʨ˂ʰʨ ʪʨʫʨʬ˂ʬʳʨ ʸʵʺʵʸʮʬ ʫʨʳʨʪʸʬʩʻʲ ʺʻʸʩʰʴʰʹ ʼʸʯʬʩʹ, ˀʬʳʫʬʪ 

ʹʨʱʰʹʸʬʩʹ ʫʨ ʨʪʸʬʪʨʺʰʹ ʱʵʸʶʻʹʹ. ʬʹ ʶʸʵ˂ʬʹʰ ʹʺʸʻʽʺʻʸʻʲʨʫ ʳʵ˂ʬʳʻʲʰʨ ʴʨˆ.2.12-

ʮʬ. 
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ʴʨˆ.2.12. ˈʰʫʸʵʬʴʬʸʪʵʨʪʸʬʪʨʺʰʹ ʶʸʰʴ˂ʰʶʻʲʰ ʹʽʬʳʨ 

 

 

 

ʴʨˆ.2.13.ˈʰʫʸʵʬʴʬʸʪʵʨʪʸʬʪʨʺˀʰ ʭʰʩʸʨ˂ʰʬʩʰʹ ʪʨʭʸ˂ʬʲʬʩʰʹ ʹʺʸʻʽʺʻʸʻʲʰ 

ʹʽʬʳʨ 

˄ʿʲʰʹ ˄ʴʬʭʰʹ ʶʻʲʹʨ˂ʰʨʹ ˀʬʳʯˆʭʬʭʰʯʰ ˆʨʹʰʨʯʰ ʨʽʭʹ ʫʨ ʳʰʹʰ ʮʬʳʵʽʳʬʫʬʩʰʹ 

ˀʬʫʬʪʨʫ ʪʬʴʬʸʰʸʫʬʩʨ ˀʬʳʯˆʬʭʰʯʰ ʳʨʾʨʲʹʰˆˀʰʸʻʲʰ ʭʰʩʸʨ˂ʰʬʩʰ ʫʨ ʳˆʨʻʸʰ. 

ʭʰʩʸʨ˂ʰʬʩʰʹ ˀʬʫʬʪʨʫ ˀʬʹʨ˃ʲʬʩʬʲʰʨ ʨʫʪʰʲʰ ˈʽʵʴʫʬʹ: 

1. ʺʻʸʩʰʴʰʹ (ʳʻˀʨʯʭʨʲʰʹ)˂ʬʳʨʹ; 

2. ʳʰʹʰ ˂ʨʲʱʬʻʲʰ ʼʸʯʬʩʰʹ ʫʬʼʬʽʺʬʩʹ; 
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3. ˄ʿʲʰʹ ʴʨʱʨʫʰʹ ʺʻʸʩʻʲʬʴʺʵʩʰʹ ʮʸʫʨʹ; 

4. ˄ʿʲʰʹ ʱʨʭʰʺʨ˂ʰʨʹ. 

ʸʵʳʬʲʯʨ ʫʰʨʪʴʵʹʺʰʸʬʩʰʹʨʯʭʰʹ ʪʨʳʵʰʿʬʴʬʩʨ ʳʨʾʨʲʹʰˆˀʰʸʻʲʰ ʭʰʩʸʨ˂ʰʬʩʰʹ 

ˀʬʳʵʳʭʲʬʩʰʹ ʹʶʬʽʺʸʨʲʻʸʰ ʨʴʨʲʰʮʰ.   

ʺʻʸʩʰʴʰʹ ʫʰʨʪʴʵʮʰʹ ʻʺʿʻʨʸʵʩʨ ʰʮʸʫʬʩʨ, ʯʻ ʨʪʸʬʪʨʺʰʹ ʺʻʸʩʰʴʰʹ ʹʨʱʰʹʸʰʹ 

ʱʭʨʴ˃ʰʹ ʳʨʾʨʲʹʰˆˀʰʸʻʲʰ ʭʰʩʸʨ˂ʰʬʩʰʹ ˀʬʳʵʳʭʲʬʩʰʹ ʹʶʬʽʺʸʰʹ ʪʨʸʫʨ ʪʨʰʮʵʳʬʩʨ ʫʨ 

ʪʨʨʴʨʲʰʮʫʬʩʨ ʫʨʩʨʲʹʰˆˀʰʸʻʲʰ ʭʰʩʸʨ˂ʰʬʩʰʹ ʹʶʬʽʺʸʰ. ʭʰʩʸʨ˂ʰʬʩʰʹ ʼʸʯʬʩʰʹ 

ʳʫʪʬʴʬʲʬʩʮʬ (nf0, ʳʨʪʨʲʰʯʨʫ, ʯʻ ʼʸʯʬʩʰʹ ʸʰ˂ˆʭʰ n=20, ʫʨ f0=5 ˈ˂ ʳʨˀʰʴ 100, 200, 

300ˈ˂ ʫʨ ʨʹʬ ˀʬʳʫʬʪ) ʫʨ ʩʸʻʴʭʰʹ ˈʨʸʳʵʴʰʱʬʩʮʬ (f0=5 ˈ˂, 10, 15 ˈ˂ ʫʨ ʨʹʬ ˀʬʳʫʬʪ) 

ʳʵʴʨ˂ʬʳʯʨ ʨʴʨʲʰʮʰʹ ʹʨʼʻ˃ʭʬʲʮʬ ˀʬʹʨ˃ʲʬʩʬʲʰʨ ʩʬʭʸʨʫ ʻʼʸʵ ʮʻʹʺʨʫ 

ʪʨʴʰʹʨʮʾʭʸʵʹ ʫʬʼʬʽʺʬʩʰʹ ʹʰʫʰʫʬʬʩʰ.  

ʿʭʬʲʨ ʳʵʽʳʬʫʰ ˃ʰʸʰʯʨʫʰ ʸˆʬʭʰʯʰ ˃ʨʲʬʩʰ ʪʨʴʰʹʨʮʾʭʸʬʩʰʨʴ ˄ʿʲʰʹ ʴʨʱʨʫʰʹ, 

ʺʻʸʩʰʴʰʹ ʼʸʯʬʩʰʹʨ ʫʨ ʱʵʸʶʻʹʰʹ ˀʰʪʨ ʮʬʫʨʶʰʸʰʹ ʻʸʯʰʬʸʯʽʳʬʫʬʩʰʯ.     

˃ʰʸʰʯʨʫʰ ˃ʨʲʨ, ʸʵʳʬʲʰ˂ ʳʵʽʳʬʫʬʩʹ ʺʻʸʩʰʴʰʹ ʿʵʭʬʲ ʼʸʯʨʮʬ კ ʨʸʰʹ ʴʨʱʨʫʰʹʨ 

ʫʨ ʼʸʯʰʹ ʻʸʯʰʬʸʯʽʳʬʫʬʩʰʹ მʨʳ˄ʬნ ˃ʨʲʨ. ʼʸʯʬʩʰ ʪʨʴʲʨʪʬʩʻʲʰʨ ʱʻʯˆʰʯ ʴʨʱʨʫʰʹ 

ʳʰʳʨʸʯ ʹʶʬ˂ʰʨʲʻʸʨʫ, ʰʹʬ ʸʵʳ ʨʳ˄ʬ ˃ʨʲʬʩʰʹ ˇʨʳʰ, ʸʵʳʲʬʩʰ˂ ʳʵʽʳʬʫʬʩʬʴ 

ʬʸʯʪʭʨʸʵʭʨʴ ʴʨʱʨʫˀʰ ʻʫʬʼʬʽʺʵ ʺʻʸʩʰʴʨʮʬ, ʳʰʳʨʸʯʻʲʰʨ ʳʰʹʰ ʩʸʻʴʭʰʹ ʾʬʸ˃ʰʹ 

ʪʨʹ˄ʭʸʰʭ ʫʨ ʨʸ ʪʨʨˁʴʰʨ ˂ʭʲʨʫʰ ʳʫʪʬʴʬʲʬʩʰ. 

ʺʻʸʩʰʴʰʹ ʸʵʳʬʲʰʳʬ ʼʸʯʰʹ ʨʳ˄ʬ ˃ʨʲʰʹ ʳʰʳʨʸʯʻʲʬʩʰʹ ʨʴ ʹʨˀʻʨʲʵ 

ʳʴʰˀʭʴʬʲʵʩʰʫʨʴ ʪʨʫʨˆʸʰʹ ˀʬʳʯˆʭʬʭʨˀʰ ˄ʨʸʳʵʰˀʵʩʨ ʸʨʫʰʨʲʻʸʰ ˃ʨʲʨ (ʩʸʻʴʭʰʹ 

ʹʰˆˀʰʸʰʹ) ʫʨ ʰʳʨʭʬ ʹʰˆˀʰʸʰʹ ˃ʨʲʯʨ ʳʵʳʬʴʺʰ, ʸʵʳʲʰʹ ʭʬʽʺʵʸʰ ʳʰʳʨʸʯʻʲʰʨ 

ʩʸʻʴʭʰʹ ʾʬʸ˃ʰʹ ʶʬʸʶʬʴʫʰʱʻʲʨʸʻʲʨʫ. 

˄ʿʲʰʹ ʴʨʱʨʫʰʹ ʨʸʨʬʸʯʪʭʨʸʵʭʴʬʩʰʹ ˀʬʳʯˆʭʬʭʨˀʰ ʺʻʸʩʰʴʰʹ ʮʵʴʨˀʰ ʳʵʽʳʬʫʬʩʹ 

ʸʨʫʰʨʲʻʸʰ ˃ʨʲʨ ʫʨ ʰʪʰʭʬ ʩʻʴʬʩʰʹ ˃ʨʲʯʨ ʳʵʳʬʴʺʰ, ʸʵʳʬʲʯʨ ʹʰˆˀʰʸʬ 

ʪʨʴʰʹʨʮʾʭʸʬʩʨ ʺʻʸʩʰʴʰʹ ʼʸʯʬʩʰʹ ʸʰ˂ˆʭʰʯ. ʨʳ ʹʰˆˀʰʸʬʹ ʼʸʯʬʩʰʹ ʹʰˆˀʰʸʬ ʬ˄ʵʫʬʩʨ  

fʼ = f0 * n, ʯʻ ʼʸʯʬʩʰʹ ʸʰ˂ˆʭʰ n=20, ʫʨ f0=5 ˈ˂ ʳʨˀʰʴ 100, 200, 300ˈ˂ ʫʨ ʨʹʬ ˀʬʳʫʬʪ კ 

ʼʸʯʬʩʰʹ ˈʨʸʳʵʴʰʱʬʩʰʨ. ʩʸʻʴʭʰʹ ʹʰˆˀʰʸʰʹ ˈʨʸʳʵʴʰʱʬʩʰʨ ʨʳ ˀʬʳʯˆʭʬʭʨˀʰ (ʯʻ f0=5 ˈ˂ 

5, 10, 15 ˈ˂ დʫʨ ʨʹʬ ˀʬʳʫʬʪ). 
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ʬʹ ˃ʨʲʬʩʰ ʫʨ ʳʵʳʬʴʺʬʩʰ ʹʰˆˀʰʸʬʬʩʰʯ kf0 ʫʨkff ʪʨʫʨʬ˂ʬʳʨ ʩʸʻʴʭʰʹ ʹʨʿʸʫʬʴʬʩʰʹ 

ʳʬˀʭʬʵʩʰʯ ʨʪʸʬʪʨʺʰʹ ʱʵʸʶʻʹʹ. ʳʬʵʸʬʹ ʳˆʸʰʭ, ʱʵʸʶʻʹʹ ʪʨʫʨʬ˂ʬʳʨ ʨʪʸʬʯʭʬ ˄ʿʲʰʹ 

ʴʨʱʨʫʰʹ ˄ʴʬʭʰʹ ʶʻʲʹʨ˂ʰʨ ʨʸʨ ʳʨʸʺʵ ʨʳ ʹʰˆˀʰʸʬʬʩʮʬ. ˇʬʸ ʬʸʯʰ, ʨʽ ʨʸʰʹ ˄ʴʬʭʰʹ 

ʶʻʲʹʨ˂ʰʨ ʪʨʸʬʳʵʯʨ ʹʨʮʾʭʨʸʮʬ (ʨʬʸʵ ʫʨ ˈʰʫʸʵʫʰʴʨʳʰʻʸʰ ˆʨˆʻʴʰ). ʳʬʵʸʬ, ʨʸʰʹ 

˄ʴʬʭʰʹ ʶʻʲʹʨ˂ʰʨ, ʸʵʳʬʲʰ˂ ʪʨʳʵ˄ʭʬʻʲʰʨ ʴʨʱʨʫʰʹ ʺʻʸʩʻʲʬʴʺʵʩʰʯ ʫʨ ʴʨʱʨʫʰʹ 

ʳʵ˄ʿʭʬʺʰʯ ʼʸʯʬʩʰʹ ʻʱʨʴʨ ʴʨʶʰʸʬʩʮʬ. ʳʬʹʨʳʬ, ʹʰʯˆʰʹ ʱʨʭʰʺʨ˂ʰʰʹ ˃ʨʲʬʩʰ ʯʻ ʨʫʪʰʲʰ 

ʨʽʭʹ ʱʨʭʰʺʨ˂ʰʨʹ.    

ʨʪʸʬʪʨʺʰʹ ʱʵʸʶʻʹʰʹ ʸˆʬʭʬʩʹ, ʭʰʩʸʨ˂ʰʬʩʹ, ʸʵʳʲʬʩʰ˂ ʪʨʳʵ˄ʭʬʻʲʰʨ ˄ʴʬʭʰʹ ˂ʭʲʨʫʰ 

ʶʻʲʹʨ˂ʰʬʩʰʯ ʴʨʱʨʫˀʰ, ʨʽʭʯ ˀʬʳʯˆʭʬʭʰʯʰ ˆʨʹʰʨʯʰ, ʫʨ ʳʱʨ˂ʸʨʫ ʼʰʽʹʰʸʬʩʻʲʰ 

ʹʰˆˀʰʸʬ ʨʸ ʪʨʨˁʴʰʨʯ.       

ʸʨʫʪʨʴ ʳʨʾʨʲʹʰˆˀʰʸʻʲʰ ˀʬʳʯˆʭʬʭʰʯʰ ˆʳʨʻʸʰʹʨ ʫʨ ʭʰʩʸʨ˂ʰʬʩʰʹ ʨʴʨʲʰʮʰʹ 

˃ʰʸʰʯʨʫʰ ʳʬʯʵʫʰ ʨʸʰʹ ˀʬʳʵʳʭʲʬʩʰʹ ʹʶʬʽʺʸʨʲʻʸʰ ʨʴʨʲʰʮʰ ʨʳʰʺʵʳ ʺʻʸʩʰʴʰʹ 

ʫʰʨʪʴʵʹʺʰʱʰʹ ʫʸʵʹ ʳʨʹʮʬ ʱʬʯʫʬʩʨ ˃ʰʸʰʯʨʫʰ ʱʵʴ˂ʬʴʺʸʨ˂ʰʨ. ʨʹʬʯʰ ʨʴʨʲʰʮʰʹ 

ʹʨʼʻ˃ʭʬʲʮʬ ˀʬʹʨ˃ʲʬʩʬʲʰʨ ʪʨʳʵʭʲʰʴʫʬʹ:  

1. ʺʻʸʩʰʴʰʹ ˂ʬʳʨ; 

2. ˂ʨʲʱʬʻʲʰ ʼʸʯʬʩʰʹ ʫʬʼʬʽʺʬʩʰ; 

3. ʴʨʱʨʫʰʹ ʪʨʮʸʫʰʲʰ ʺʻʸʩʻʲʬʴʺʵʩʨ; 

4. ʱʨʭʰʺʨ˂ʰʨ. 

ʨʳʰʹʨʯʭʰʹ ʹʨ˅ʰʸʵʨ ʭʰʸʨ˂ʰʬʩʰʹ ˀʬʳʵʳʭʲʬʩʰʹ ʹʶʬʽʺʸʰ ʪʨʰʮʵʳʵʹ ʺʻʸʩʰʴʰʹ 

ʼʸʯʬʩʯʨʴ, ʸʨ˂ ˀʬʰ˃ʲʬʩʨ ʨˆʲʵʹ. ʹʬʴʹʵʸʰʹ ʫʨʿʬʴʬʩʰʹ ˄ʬʸʺʰʲʬʩʰ ˄ʰʴʨʹ˄ʨʸ ʻʴʫʨ 

ʰʽʴʨʹ ʳʵʳʮʨʫʬʩʻʲʰ. 

ʫʰʨʪʴʵʮʰʹ ʻʺʿʻʨʸʵʩʨ ʳʴʰˀʭʴʬʲʵʴʨʫ ʰʮʸʫʬʩʨ, ʯʻ ʨʪʸʬʯʭʬ ʰʮʵʳʬʩʨ ʱʵʸʶʻʹʰʹ 

ʯʻ ʹʨʱʰʹʸʰʹ ʱʭʨʴ˃ʰʹ ʫʨʩʨʲʹˆˀʰʸʻʲʰ ʹʶʬʽʺʸʰ.  

ʹʰʳʶʺʵʳʬʩʰ: 

1. ʺʻʸʩʰʴʰʹ ˂ʬʳʨ კ ʹʰʳʶʺʵʳʰ - ʨʸʰʹ ʫʨʩʨʲʹʰˆˀʰʸʻʲʰ ʭʰʩʸʨ˂ʰʬʩʰʹ ʮʸʫʨ 

ˈʨʸʳʵʴʰʱʬʩʮʬ kf0 - ʬʸʯʬʸʯʰ ʹʰʳʶʺʵʳʰ. 

2. ˂ʨʲʱʬʻʲʰ ʼʸʯʬʩʰʹ ʫʬʼʬʽʺʬʩʰ კ ʹʰʳʶʺʵʳʰ კ ʨʸʰʹ ʼʸʯʬʩʰʹ ʫʬʼʬʽʺʬʩʰʹ 

ʹʰʳʶʺʵʳʰ ʨʸʰʹ ʫʨʩʨʲʹʰˆˀʰʸʻʲʰ ʭʰʩʸʨ˂ʰʬʩʰʹ ʮʸʫʨ ˈʨʸʳʵʴʰʱʬʩʮʬ kf0 ʫʨʳʨʺʬʩʻʲʰ 

ˈʨʸʳʵʴʰʱʬʩʰʹ ʮʸʫʰʯ ʰʪʰʭʬ ʹʰˆˀʰʸʬʬʩʮʬ ˀʬʳʵʳʭʲʬʩʰʹ ʹʶʬʽʺʸˀʰ, ʯʨʴʨ˂ 
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ˈʨʸʳʵʴʰʱʬʩʰʹ ʫʵʴʬʬʩʰ ˀʬʹʨ˃ʲʵʨ ʳʬʺʰ ʰʿʵʹ ʼʸʯʬʩʰʹ ˈʨʸʳʵʴʰʱʬʩʰʹ ʫʵʴʬʬʩʮʬ. 

ˀʬʹʨ˃ʲʵʨ ʪʨʳʵˁʴʫʴʬʴ ʪʭʬʸʫʰʯʰ ʳʫʪʬʴʬʲʬʩʰ ʼʸʯʬʩʰʹ ˈʨʸʳʵʴʰʱʬʩʮʬ ʭʰʩʸʨ˂ʰʰʹ 

ʹʶʬʽʺʸˀʰ ʫʨ ʳʰʹ ˀʬʳʵʳʭʲʬʩˀʰ. ˃ʰʸʰʯʨʫʰ ʪʨʴʹˆʭʨʭʬʩʨ ʹʰʳʶʺʵʳʬʩʰʹ ʼʸʯʬʩʰʹ 

ʫʬʼʬʽʺʬʩʰʹʨ ʫʨ ʺʻʸʩʰʴʰʹ ˂ʬʳʰʹ ʰʯʭʲʬʩʨ ˃ʰʸʰʯʨʫʨʫ ˈʨʸʳʵʴʰʱʬʩʰʹ ʮʸʫʨ kf0 

ˀʬʳʵʳʭʲʬʩʰʹ ʹʶʬʽʺʸˀʰ. ʼʸʯʬʩʰʹ ˈʨʸʳʵʴʰʱʬʩʰ ʳʵˁʨʴʹ ʺʨʴʪʬʴ˂ʰʻʸʰ ʫʨ ʭʬʸʺʰʱʨʲʻʸʰ 

ʳʰʳʨʸʯʻʲʬʩʰʯ[13]. 

 

 

 

 

2.6. ˈʰʫʸʵʬʴʬʸʪʵʨʪʸʬʪʨʺʬʩʰʹ ʬʺʨʲʵʴʻʸʰ ʭʰʩʸʵʨʱʻʹʺʰʱʻʸʰ ʳʨˆʨʹʰʨʯʬʩʲʬʩʰ 

ʬʽʹʶʲʻʨʺʨ˂ʰʰʹ ʶʸʵ˂ʬʹˀʰ ʫʨ ʳʨʯʰ ʨʴʨʲʰʮʰ 

ˈʰʫʸʵʬʲʬʽʺʸʵʹʨʫʪʻʸʬʩʰʹ ʳʸʨʭʨʲ˄ʲʰʨʴʰ ʬʽʹʶʲʻʨʺʨ˂ʰʰʹ ʶʸʨʽʺʰʱʨ  ʳʵʳʹʨˆʻʸʬ 

ʶʬʸʹʵʴʨʲʹ ˆʳʨʻʸʰʹʨ ʫʨ ʭʰʩʸʨ˂ʰʬʩʰʹ ˂ʭʲʰʲʬʩʰʯ ʴʨʯʲʨʫ ʻˁʭʬʴʬʩʹ ʸʨʾʨ˂ 

˂ʭʲʰʲʬʩʮʬ ʳʵʳʻˀʨʭʬ ʫʨʴʨʫʪʨʸˀʰ. ʳʨʪʸʨʳ ʳʵʳʹʨˆʻʸʬ ʶʬʸʹʵʴʨʲʹ ʨʸ ʨʽʭʹ ʰʴʼʵʸʳʨ˂ʰʨ 

ʨʪʸʬʪʨʺˀʰ ʳʵʳˆʫʨʸʰ ʸʬʨʲʻʸʰ ˂ʭʲʰʲʬʩʬʩʰʹ ˀʬʹʨˆʬʩ. ʳˆʵʲʵʫ ʭʰʩʸʨ˂ʰʬʩʰʹʨ ʫʨ 

ˆʳʨʻʸʰʹ ʪʨʮʵʳʭʬʩʰʯʨʨ ˀʬʹʨ˃ʲʬʩʬʲʰ ʺʬʽʴʰʱʻʸʰ ʳʫʪʵʳʨʸʬʵʩʰʹ ʴʵʸʳʰʹʨʪʨʴ 

ʪʨʫʨˆʸʰʹ  ʫʨʫʪʬʴʨ, ʬʺʨʲʵʴʰʹʨʪʨʴ. ʬʺʨʲʵʴʰ ʨʸʰʹ ʹʰʹʺʬʳʨ, ʸʵʳʬʲʰ˂ ʨˆʲʵʹ ʨʸʰʹ 

ʰʫʬʨʲʯʨʴ. ʽʨʸˆʨʴʨʹ ˈʰʫʸʵʨʪʸʬʪʨʺʬʩʰʹ ʳ˄ʨʸʳʵʬʩʬʲʹ ʪʨʨˁʴʰʨ ʹʺʨʺʰʹʺʰʱʻʸʨʫ 

ʫʨʫʪʬʴʰʲʰ ʭʰʩʸʨ˂ʰʬʩʰʹ ʫʨʹʨˀʭʬʩʰ ʹʰʫʰʫʬʬʩʰʹ ʳʴʰˀʭʴʬʲʵʩʬʩʰ. ʨʪʸʬʯʭʬʧОˁ˃ ϱϲϭϲ-

89-ʰʯ ʪʨʴʹʨʮʾʭʸʻʲʰʨ ˈʰʫʸʵ ʪʬʴʬʸʨʺʵʸʬʩʰʹʨʯʭʰʹ ʭʰʩʸʨ˂ʰʬʩʰʹ (ʵʸʳʨʪʰ 

ʨʳʶʲʰʺʻʫʨ ʨʴ ʸˆʬʭʨʯʨ ʳʨʴ˃ʰʲʰ) ʿʭʬʲʨ ʳʰʳʨʸʯʻʲʬʩʰʯ ʳʻˀʨʵʩʰʹ ʿʭʬʲʨ 

ʫʨʳʿʨʸʬʩʻʲ ʸʬʷʰʳʬʩʮʬ ʨʸ ʻʴʫʨ ʨʾʬʳʨʺʬʩʵʫʬʹ ʨʳ ʹʺʨʴʫʨʸʺʰʯ ʪʨʴʹʨʮʾʭʸʻʲ 

ʫʨʹʨˀʭʬʩ ʹʰʫʰʫʬʬʩʹ. 

ʳʨʪʨʲʰʯʨʫ, ˈʰʫʸʵ ʪʬʴʬʸʨʺʵʸʬʩʰʹʨʯʭʰʹ, ʸʵʳʬʲʯʨ ʴʵʳʰʴʨʲʻʸʰ ʩʸʻʴʯʨ ʸʰ˂ˆʭʰ 

ʻʫʸʰʹ 100-ʫʨʴ 187,5 ʩʸ/˄ʻʯˀʰ ʫʨʹʨˀʭʬʩʰ ʭʰʩʸʨ˂ʰʬʩʰʹ ʨʳʶʲʰʺʻʫʨ ʻʫʸʰʹ 0.15 ʳʳ. ʬʹ 

ʳʴʰˀʭʬʲʵʩʨ ʻʴʫʨ ˁʨʰʯʭʨʲʵʹ ʬʺʨʲʵʴʨʫ. ʮʵʪʨʫʨʫ, ʸʨ˂ ʻʼʸʵ ʴʨʱʲʬʩʰʨ 

ʬʺʨʲʵʴʻʸʰ ʫʨʹʨˀʭʬʩʰ ʹʰʫʰʫʬʬʩʰ, ʳʰʯ ʻʼʸʵ ʳʪʸ˃ʴʵʩʰʨʸʬʨ ʫʰʨʪʴʵʹʺʰʱʻʸʰ 

ʹʰʹʺʬʳʨ ʫʬʼʬʽʺʬʩʰʹ ʳʰʳʨʸʯ. ˁʭʬʴ ʱʭʲʬʭʬʩˀʰ ʭʯʲʰʫʰʯ ʫʨʹʨˀʭʬʩ ʹʰʫʰʫʬʫ 
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ʼʨʸʫʵʩʰʯʰ ʹʱʨʲʰʯ 6 ʫʩ-ʹ, ʨʴʻ ʯʻ ʭʰʩʸʨ˂ʰʬʩʰ ʰʮʸʫʬʩʵʫʨ ʵʸˇʬʸ, ʳʨˀʰʴ 

ʳʵʹʨʲʵʫʴʬʲʰ ʰʿʵ ʫʬʼʬʽʺʰʹ ʪʨʳʵʭʲʬʴʨ [11]. 

ʹʨʳʻˀʨʵʬʩˀʰ ʸʬʱʵʳʬʴʫʰʸʬʩʻʲʰʨ ˁʨʭʯʭʨʲʵʯ, ʸʵʳ ʳʰʳʫʰʴʨʸʬ ʶʬʸʰʵʫʻʲʰ 

ʸˆʬʭʰʯʰ ʶʸʵ˂ʬʹʰ ʳˆʵʲʵʫ ʰˀʭʰʨʯʨʫ ˄ʿʫʬʩʨ ʫʨʳʨˆʨʹʰʨʯʬʩʬʲʰ ˂ʭʲʰʲʬʩʬʩʰʯ - 

ʴʨˆʺʵʳʰʹ, ʺʸʬʴʫʰʹ ʨʴ ʨʳʵʭʨʸʫʴʬʩʰʹ ʹʨˆʰʯ, ʳʫʪʵʳʨʸʬʵʩʨʹ წʴʵʸʳʨმ ʬʴʰ˅ʬʩʨ ʳʨʾʨʲʰ 

ʨʲʩʨʯʵʩʨ. ʨʳʰʺʵʳ ʬʽʹʶʬʸʰʳʬʴʺʬʩʰʯ ʳʰʾʬʩʻʲʰ ʹʶʬʽʺʸʵʪʸʨʳʬʩʰ ʫʨ ˂ˆʸʰʲʬʩʰ, 

ʸʵʪʵʸ˂ ʬʺʨʲʵʴʻʸʰ, ʸʬʨʲʻʸʨʫ ˀʬʹʨ˃ʲʬʩʬʲʰʨ ʪʨʳʵʿʬʴʬʩʻʲʰ ʰʽʴʨʴ ˈʰʫʸʵ- 

ʬʴʬʸʪʵʨʪʸʬʪʨʺʬʩʰʹ ʭʰʩʸʵʨʱʻʹʺʰʱʻʸʰ ʱʵʴʺʸʵʲʰʹʨʯʭʰʹ ʬʽʹʶʲʻʨʺʨ˂ʰʰʹ ʶʸʵ˂ʬʹˀʰ. 

ʪʨʸʫʨ ʨʳʰʹʨ, ʸʨʫʪʨʴ ˁʭʬʴʰ ʪʨʮʵʳʭʬʩʰ ʼʨʸʫʵʩʰʯʰʨ, ʭʰʩʸʵʨʱʻʹʺʰʱʻʸʰ 

ʳʵʴʰʺʵʸʰʴʪʰʹ ʫʸʵʹ, ʨʴʻ ʪʻˀʰʴʫʬʲʰ (ʨʴ ˄ʰʴʨ) ʪʨʮʵʳʭʬʩʰʹ ˀʬʫʬʪʬʩʰʹ ˀʬʫʨʸʬʩʨ 

ˆʫʬʩʨ ʫʾʬʭʨʴʫʬʲʯʨʴ ʫʨ ʳʨʯ ˀʵʸʰʹ ʪʨʴʹˆʭʨʭʬʩʬʩʰʹ ˀʬʫʨʸʬʩʰʹ ʳʴʰˀʭʴʬʲʵʩʨʹ ʨʽʭʹ 

ʻʼʸʵ ʳʬʺʰ ʳʴʰˀʭʴʬʲʵʩʨ, ʭʰʫʸʬ ʨʩʹʵʲʻʺʻʸ ʪʨʴʹˆʭʨʭʬʩʨʹ ʬʺʨʲʵʴʯʨʴ. ʨʳʰʺʵʳ 

ʫʨʹʨˀʭʬʩʰ ʸˆʬʭʬʩʰʹ ʹʰʫʰʫʬʬʩʰʹ ʪʨʴʹʨʮʾʭʸʨ ʶʸʵʩʲʬʳʨʹ ʨʸ ˄ʨʸʳʵʨʫʪʬʴʹ. 

ʭʰʩʸʵʨʱʻʹʺʰʱʻʸʰ ʫʰʨʪʴʵʹʺʰʱʰʹ ʨʳʵ˂ʨʴʨ ʰˆʹʴʬʩʨ ʫʬʺʬʸʳʰʴʰʸʬʩʻʲʰ ʹʨˆʰʯ, 

ʨʸʨʱʵʸʬʲʰʸʬʩʻʲʰ ʹʰʪʴʨʲʬʩʰʯ ˄ʿʨʸʵʬʩʰʫʨʴ ʫʨ ʳʨʯʰ ʪʨʿʵʼʰʹ ˀʬʹʨ˃ʲʬʩʲʵʩʰʯ 

ʹʰˆˀʰʸʻʲ ʹʰʭʸ˂ʬˀʰ. ʺʬʽʴʰʱʻʸ ʳʫʪʵʳʨʸʬʵʩʨʯʨ ʹʰʭʸ˂ʰʹ ʨʴʨʹʨˆʰ ʹʰʪʴʨʲʬʩʰʹ 

ʹʰʭʸ˂ʬˀʰ ʫʨ ʶʰʸʰʽʰʯ, ʳʰˁʴʬʻʲʰʨ ʻʸʯʰʬʸʯ-˂ʨʲʹʨˆʨʫ. ʪʨʸʫʨ ʨʳʰʹʨ, ʸʵʪʵʸ˂ ʻˁʭʬʴʨ 

ʪʨʮʵʳʭʬʩʳʨ, ʸˆʬʭʰʯʰ ʶʸʵ˂ʬʹʬʩʰ ˈʰʫʸʵʪʬʴʬʸʨʺʵʸʬʩˀʰ, ʸʵʪʵʸ˂ ˄ʬʹʰ, ˄ʨʸʳʵʨʫʪʬʴʬʴ 

ʶʵʲʰˈʨʸʳʵʴʰʻʲʰ ʫʨ ˀʬʳʯˆʭʬʭʰʯʰ ʶʸʵ˂ʬʹʬʩʰʹ ˇʨʳʹ. ʳʨʯ ʪʨʨˁʴʰʨʯ 

ʹʺʨ˂ʰʵʴʨʸʻʲʵʩʰʹ ʯʭʰʹʬʩʬʩʰ, ʨʴʻ  ʨʸ ʨʸʰʨʴ ʫʨʳʵʱʰʫʬʩʻʲʰ ʫʸʵʰʹ ʨʯʭʲʰʹ 

ʹʨ˄ʿʰʹʮʬ [9]. 
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ʯʨʭʰ 3 

MathCad-ʰʹ ˀʬʹʨ˃ʲʬʩʲʵʩʬʩʰʹ ʪʨʳʵʿʬʴʬʩʨ ʭʰʩʸʵʨʱʻʹʺʰʱʻʸ 

ʫʰʨʪʴʵʹʺʰʱʨˀʰ 

3.1.ʹʰʪʴʨʲʬʩʰʹ ʫʨʳʻˀʨʭʬʩʨ MathCad ʰʹ ʹʰʹʺʬʳʨˀʰ 

MathCad-ʰ ʨʸʰʹ ʱʵʳʶʰʻʺʬʸʻʲʰ ʳʨʯʬʳʨʺʰʱʰʹ ʶʵʶʻʲʨʸʻʲʰ ʹʰʹʺʬʳʨ ʫʨ 

ʪʨʴʱʻʯʭʴʰʲʰʨ ʳʨʯʬʳʨʺʰʱʻʸʰ ʨʳʵ˂ʨʴʬʩʰʹ ʨʳʵˆʹʴʨʯʨ ʨʭʺʵʳʨʺʰʮʨ˂ʰʰʹʨʯʭʰʹ 

ʳʬ˂ʴʰʬʸʬʩʰʹ, ʺʬʽʴʰʱʰʹʨ ʫʨ ʪʨʴʨʯʲʬʩʰʹ ʹˆʭʨʫʨʹˆʭʨ ʫʨʸʪʬʩˀʰ. ʹʨˆʬʲ˄ʵʫʬʩʨ 

˄ʨʸʳʵʽʳʴʰʲʰʨ ʫʨ ˀʬʫʪʬʩʨ ʵʸʰ ʹʰʺʿʭʰʹʨʪʨʴ - Mathematika ʫʨ CAD (Computer Aided 

Design - ʨʭʺʵʳʨʺʻʸʰ ʶʸʵʬʽʺʰʸʬʩʰʹ ʹʰʹʺʬʳʨ). 

MathCad-ʰ ˀʬʹʨ˃ʲʬʩʬʲʰʨ ˄ʨʸʳʨʺʬʩʻʲʨʫ ʰʽʴʨʹ ʪʨʳʵʿʬʴʬʩʻʲʰ ʨʸʨ ʳʨʸʺʵ 

ʼʰʮʰʱʻʸʰ ʫʨʴʨʫʪʨʸʬʩʰʹ ʬʽʹʶʬʸʰʳʬʴʺʬʩʰʹ ʳʵʴʨ˂ʬʳʯʨ ʫʨʳʻˀʨʭʬʩʰʹʨʹ, ʨʸʨʳʬʫ 

ʳʻˀʨʵʩʰʹ ʬʼʬʽʺʻʸʰ ʳʨʸʯʭʰʹ, ʼʨʽʺʰʻʸʰ ʳʵʴʰʺʵʸʰʴʪʰʹʨ ʫʨ ʫʰʨʪʴʵʹʺʰʱʰʹ, ʳʨʯʰ 

ʹʸʻʲʰ ʨʭʺʵʳʨʺʰʮʨ˂ʰʰʹ ʨʳʵ˂ʨʴʬʩˀʰ. 

ʽʭʬʳʵʯ ʳʨʪʨʲʰʯʬʩʰʹ ʹʨˆʰʯ ˄ʨʸʳʵʫʪʬʴʰʲʰʨ ʱʵʳʶʰʻʺʬʸʻʲʰ ʳʨʯʬʳʨʺʰʱʰʹ 

ʶʸʵʪʸʨʳʨ MathCad -ʰʹ ʪʨʸʬʳʵˀʰ ʳʨʴʽʨʴʬʩʰʹ ʺʬʽʴʰʱʻʸ ʳʫʪʵʳʨʸʬʵʩʨʯʨ ʫʰʨʪʴʵʹʺʰʱʰʹ 

ʨʳʵ˂ʨʴʨʯʨ ʸʬʨʲʰʮʨ˂ʰʰʹ ˃ʰʸʰʯʨʫʰ ʬʺʨʶʬʩʰ. ʨʳ ʨʳʵ˂ʨʴʬʩʰʹ ʨʳʵˆʹʴʰʹ ʹʨʼʻ˃ʭʬʲʹ 

˄ʨʸʳʵʨʫʪʬʴʹ MathCad-ʰʹʪʨʸʬʳʵˀʰ ʨʭʺʵʸʬʩʰʹ ʳʰʬʸ ˀʬʳʻˀʨʭʬʩʻʲʰ ˂ʰʼʸʻʲʰ ʨʴʨʲʰ-

ʮʨʺʵʸʰ. ʽʭʬʳʵʯ ʳʵʿʭʨʴʰʲʰʨ ʨʴʨʲʰʮʨʺʵʸˀʰ ʸʬʨʲʻʸʰ ʭʰʩʸʨ˂ʰʻʲʰ ʹʰʪʴʨʲʬʩʰʹ 

ˀʬʺʨʴʰʹʨ ʫʨ ʳʰʹʰ ʫʨʳʻˀʨʭʬʩʰʹ (ʫʸʵʰʯʰ ʸʬʨʲʰʮʨ˂ʰʨ, ʹʶʬʽʺʸʻʲʰ ˄ʨʸʳʵʫʪʬʴʨ, 

ʱʬʶʹʺʸʰ, ʹʶʬʽʺʸʰʹ ʳʵʳʭʲʬʩʰ) ʳʨʪʨʲʰʯʬʩʰ. ʨʹʬʭʬ ʪʨʴˆʵʸ˂ʰʬʲʬʩʻʲʰʨ ʳʵ˂ʬʳʻʲʰ 

ʹʰʪʴʨʲʬʩʰʹ ʳʵʫʬʲʰʸʬʩʨ ʫʨ ʫʰʨʪʴʵʮʰʹ ʫʨʹʳʨ წʯʻ - ʳʨˀʰʴნ ʲʵʪʰʱʰʹ ʩʲʵʱʰʹ 

ʪʨʳʵʿʬʴʬʩʰʯ [7]. 

ʻʱʨʴʨʹʱʴʬʲ ʶʬʸʰʵʫˀʰ ʱʵʳʶʰʻʺʬʸʻʲʰ ʺʬʽʴʰʱʰʹʨ ʫʨ ʶʸʵʪʸʨʳʰʸʬʩʰʹ 

ʪʨʴʭʰʯʨʸʬʩʰʹ ʫʵʴʬ ʳʴʰˀʭʴʬʲʵʭʴʨʫ ˂ʭʲʰʹ ʩʬʭʸ ʫʨʸʪˀʰ ʺʬʽʴʰʱʻʸʰ ʨʳʵ˂ʨʴʬʩʰʹ 

ʨʳʵˆʹʴʰʹ ʪʮʬʩʹ ʫʨ ʳʬʯʵʫʬʩʹ, ʱʬʸ˃ʵʫ ʳʴʰˀʭʴʬʲʵʭʴʨʫ ʨʳʨʸʺʰʭʬʩʹ ʳʨʯ. ʶʰʸʭʬʲ 

ʸʰʪˀʰ ʬʹ ʬˆʬʩʨ ʸʯʻʲʰ ʼʰʮʰʱʻʸʰ ʶʸʵ˂ʬʹʬʩʰʹ ʳʨʸʯʭʰʹ ʨʭʺʵʳʨʺʰʮʨ˂ʰʨʹ ʫʨ ʳʨʯ 

ˀʵʸʰʹ ʹˆʭʨʫʨʹˆʭʨ ʹʨˆʰʹ ʳʬʽʨʴʰʱʻʸʰ ʳʵ˄ʿʵʩʰʲʵʩʬʩʰʹ ʺʬʽʴʰʱʻʸ ʳʫʪʵʳʨʸʬʵʩʨʯʨ 

ʭʰʩʸʵʨʱʻʹʺʰʱʻʸʰ ʳʵʴʰʺʵʸʰʴʪʰʹʨ ʫʨ ʫʰʨʪʴʵʹʺʰʱʰʹ ʹʰʹʺʬʳʬʩʰʹ ʨʭʺʵʳʨʺʰʮʨ˂ʰʨʹ, 

ʯʻ ˄ʰʴʨʯ ʨʹʬʯʰ ʨʳʵ˂ʨʴʬʩʰʹ ʸʬʨʲʰʮʨ˂ʰʰʹʨʯʭʰʹ ʹʨ˅ʰʸʵ ʰʿʵ ʫʰʫʰ ʹʨʰʴʷʰʴʸʵ 
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ʪʨʴʿʵʼʰʲʬʩʬʩʰ ʻʮʨʸʳʨʮʨʸʰ ʫʨ ʻʨʳʸʨʭʰ ʫʨʴʨʫʪʨʸʬʩʰʯ, ʫʾʬʹ ʨʳʰʹ ʪʨʱʬʯʬʩʨ 

ˀʬʻ˃ʲʰʨ ʬʸʯ ʱʭʨʲʰʼʰ˂ʰʸʬʩʻʲ  ʰʴʷʰʴʬʸʹ  წNotebookმ- ʰʯ  ˆʬʲˀʰ,  ˀʬʹʨʩʨʳʰʹʨʫ, 

ˁʨʺʭʰʸʯʻʲʰ ʳʵʽʴʰʲʰ ʶʸʵʪʸʨʳʬʩʰʯ ʫʨ ʰʴʺʬʸʴʬʺʰʯ. 

ʳʹʵʼʲʰʵ ʩʨʮʨʸʮʬ ʨʸʹʬʩʻʲʰ ʫʨ ˀʬʳʵʯʨʭʨʮʬʩʻʲʰ ˂ʰʼʸʻʲʰ ʨʴʨʲʰʮʨʺʵʸʬʩʰʹʨ 

ʫʨ ʫʰʨʪʴʵʹʺʰʱʰʹ ʶʸʵʪʸʨʳʬʩʰʹ ʹʰ˃ʭʰʸʬ ʪʭʨʰ˃ʻʲʬʩʹ, ʸʵʳ ˀʬʭʽʳʴʨʯ ʫʨ ʫʨʭʨʳʻˀʨʭʵʯ 

ʨʲʺʬʸʴʨʺʰʻʲʰ ʶʸʵʪʸʨʳʬʩʰ. ʨʳ ʳʰʮʴʰʯ ʱʵʳʶʰʻʺʬʸʻʲʰ ʳʨʯʬʳʨʺʰʱʰʹ ʹʰʹʺʬʳʨ 

MathCad-ˀʰ ˀʬʳʻˀʨʭʬʩʻʲ ʰʽʴʨ ˂ʰʼʸʻʲʰ ʨʴʨʲʰʮʨʺʵʸʰ ʳʨʴʽʨʴʨʯʨ ʺʬʽʴʰʱʻʸ 

ʳʫʪʵʳʨʸʬʵʩʨʯʨ ʭʰʩʸʵʨʱʻʹʺʰʱʻʸʰ ʫʰʨʪʴʵʹʺʰʱʰʹʨʯʭʰʹ [18]. ʹʨʶʸʵʪʸʨʳʵ ʪʨʸʬʳʵʫ 

MathCad - ʰʹ ʪʨʳʵʿʬʴʬʩʨʳ ʪʨʴʨʶʰʸʵʩʨ ˂ʰʼʸʻʲʰ ʨʴʨʲʰʮʨʺʵʸʰʹ ʳʨʾʨʲʰ ʹʰʮʻʹʺʬ ʫʨ 

ʻʴʰʭʬʸʹʨʲʻʸʵʩʨ . 

˂ʴʵʩʰʲʰʨ, ʸʵʳ MathCad-ʰ ʹˆʭʨ ʳʨʯʬʳʨʺʰʱʻʸʰ ʶʸʵʪʸʨʳʬʩʰʹʨʪʨʴ ʪʨʴʹˆʭʨʭʫʬʩʨ 

წʹʨʹʨʻʩʸʵ ʬʴʰʹმ ʹʰʳʨʸʺʰʭʰʯ ʫʨ ʳʨʹ ʪʨʨˁʴʰʨ ʻʴʰʱʨʲʻʸʰ ʯʭʰʹʬʩʨ  ʨʾ˄ʬʸʵʹ 

ʳʨʯʬʳʨʺʰʱʻʸʰ ʨʲʪʵʸʰʯʳʬʩʰ ʩʻʴʬʩʸʰʭʰ ʳʨʯʬʳʨʺʰʱʻʸʰ ʼʵʸʳʰʯ ʮʵʪʨʫʨʫ 

ʳʰʾʬʩʻʲʰ ʹʰʳʩʵʲʵʬʩʰʹ ʪʨʳʵʿʬʴʬʩʰʯ, ʸʨ˂ ʳʴʰˀʭʴʬʲʵʭʴʨʫ ʨʨʫʭʰʲʬʩʹ ʨʳʵʹʨˆʹʴʬʲʰ 

ʨʳʵ˂ʨʴʬʩʰʹ ʳʨʯʬʳʨʺʰʱʻʸʰ ʨʸʹʰʹ ʨʾʽʳʨʹ. ˂ʰʼʸʻʲʰ ʨʴʨʲʰʮʨʺʵʸʰʹ ʳʨʯʬʳʨʺʰʱʻʸʰ 

ʪʨʸʬʳʵ ʳʴʰˀʭʴʬʲʵʭʴʨʫ ʨʼʨʸʯʵʭʬʩʹ ʳʰʹ ˀʬʹʨ˃ʲʬʩʲʵʩʬʩʹ, ʹʨˀʻʨʲʬʩʨʹ ʰ˃ʲʬʭʨ 

ʭʨ˄ʨʸʳʵʵʯ ʳʨʾʨʲʰ ʹʰʮʻʹʺʰʹ ʪʨʨʴʪʨʸʰˀʬʩʬʩʰ ʫʨ ˃ʬʴʹ ʨʴʨʲʰʮʨʺʵʸʹ ʶʸʨʽʺʰʱʻʲ 

ʻʴʰʭʬʸʹʨʲʻʸʵʩʨʹ. ʨʴʨʲʰʮʨʺʵʸʰ ˀʬʻ˂ʭʲʬʲʰʨ ʹʨʱʭʲʬʭʰ ʫʨ ʹʨʹ˄ʨʭʲʵ ʨʳʵ˂ʨʴʬʩʰʹ 

ʪʨʫʨ˄ʿʭʬʺʰʹʨʹ, ʭʰʩʸʵʨʱʻʹʺʰʱʻʸʰ ʹʰʪʴʨʲʬʩʰʹ ʳʵʫʬʲʰʸʬʩʰʹʨʹ, ʨʪʸʬʯʭʬ 

ʫʰʨʪʴʵʹʺʰʱʰʹ ʬʽʹʶʬʸʺʻʲʰ ʫʨ ʨʭʺʵʳʨʺʰʮʰʸʬʩʻʲʰ ʹʰʹʺʬʳʬʩʰʹ ˀʬʽʳʴʰʹʨ ʫʨ 

ʫʨʳʻˀʨʭʬʩʰʹ ʶʸʵ˂ʬʹˀʰ[21]. 

ʻʶʰʸʭʬʲʬʹʰ ʨʳʵ˂ʨʴʨ ʨʳ ʪʮʨʮʬ ʨʸʰʹ ʱʨʭˀʰʸʰʹ ʫʨʳʿʨʸʬʩʨ ʼʰʮʰʱʻʸ ʫʨʴʨʫʪʨʸʬʩʹʨ  

(ʻʼʸʵ ʮʻʹʺʨʫ ʳʨʯ ʶʸʵʪʸʨʳʻʲ ʻʮʸʻʴʭʬʲʿʵʼʰʹʨ) ʫʨ MathCad-ʰʹ ʹʰʹʺʬʳʬʩʹ  

ˀʵʸʰʹ. ʳʹʪʨʭʹʰ ʱʨʭˀʰʸʬʩʰʹ ʪʨʴʹʨˆʵʸ˂ʰʬʲʬʩʲʨʫ MathCad-ʹ ʪʨʨˁʴʰʨ ʳʵʴʨ˂ʬʳʯʨ 

ʹʶʬ˂ʰʨʲʻʸʰ ʺʰʶʰ - ʼʨʰʲʻʸʰ ʳʵʴʨ˂ʬʳʬʩʰ. ʨʸʹʬʩʰʯʨʫ ʬʹ ʰʪʰʭʬ ʭʬʽʺʵʸʬʩʰ ʫʨ 

ʳʨʺʸʰ˂ʬʩʰʨ, ʳˆʵʲʵʫ ʬʲʬʳʬʴʺʬʩʰʯ, ʸʵʳʲʬʩʰ˂ ˀʬʹʨ˃ʲʬʩʬʲʰʨ ˁʨ˄ʬʸʰʲʰ ʰʽʴʨʴ 

ʺʬʽʹʺʻʸʰ ʼʵʸʳʨʺʰʹ ʼʨʰʲʬʩʰʹ ʹʨˆʰʯ. ʳʵʴʨ˂ʬʳʯʨ ʼʨʰʲʬʩʰ ʨʸʰʨʴ ʼʨʽʺʰʻʸʨʫ 

ʳʨʺʸʰ˂ʬʩʰ ʯʨʭʰʹʰ ʩʻʴʬʩʸʰʭʰ ʼʵʸʳʰʯ. MathCad-ˀʰ ʨʸʹʬʩʵʩʹ ʨʹʬʯʰ ʼʨʰʲʬʩʰʹ 

ʨʯʭʲʰʹ ʼʨʰʲʻʸʰ ʵʶʬʸʨ˂ʰʬʩʰ. ʳʨʯ ʳʰʬʸ ˀʬʽʳʴʰʲʰ ʼʨʰʲʬʩʰ ˀʬʹʨ˃ʲʬʩʬʲʰʨ 



48 

 

ʳʨʸʺʰʭʨʫ ʫʨʯʭʨʲʰʬʸʬʩʻʲʰ ʰʽʴʨʴ ʴʬʩʰʹʳʰʬʸ ʺʬʽʹʺʻʸ ʸʬʫʨʽʺʵʸˀʰ, ʸʵʳʲʬʩʰ˂ 

ʨʾʰʽʭʨʳʬʴ ʺʬʽʹʺʬʩʹ ASII-ʱʵʫʬʩʰʹ ʹʨˆʰʯ. ʼʨʰʲʬʩʰʹ ʨʯʭʲʰʹ ʫʸʵʹ ˆʫʬʩʨ ʹʰʳʩʵʲʻʸʰ 

˄ʨʸʳʵʫʪʬʴʬʩʰʹ ʬʲʬʳʬʴʺʬʩʰʹ ʻʱʻʪʨʸʫʨʽʳʴʨ ʸʰ˂ˆʭʰʯ ʳʴʰˀʭʴʬʲʵʩʬʩˀʰ. ʨʹʬʯʰ ʼʵʸʳʨ 

ʨʳʨʸʺʰʭʬʩʹ MathCad-ʰʹ ʱʨʭˀʰʸʬʩʹ ʹˆʭʨ ʶʸʵʪʸʨʳʬʩʯʨʴ ʫʨ ʻʮʸʻʴʭʬʲʿʵʼʹ ʺʬʽʹʺʻʸʰ 

ʼʵʸʳʨʺʰʹ ʼʨʰʲʬʩʰʹ ʻʸʯʰʬʸʯʪʨ˂ʭʲʨʹ ʳʨʾʨʲ ʫʵʴʬʮʬ. 

ʩʪʬʸʰʯʰ ʹʰʪʴʨʲʬʩʰʹ ʫʨʹʨʳʻˀʭʨʩʬʲʨʫ MathCad-ʰʹ ʫʨʳʨʺʬʩʰʯ SP -ʶʨʱʬʺˀʰ (SP-

Signal Processing - ʹʰʪʴʨʲʬʩʰʹ ʫʨʳʻˀʨʭʬʩʨ) ʨʸʰʹ ʸʨʳʵʫʬʴʰʳʬ ʼʻʴʽ˂ʰʨ [17]. 

 REья гმFნд ʹʰʪʴʨʲʰʹ ʨʯʲʨ ʩʪʬʸʰʯʰ ʼʨʰʲʰʫʨʴ ʸʵʳʲʰʹ ʹʨˆʬʲʰ ʨʸʰʹ  F; 

 WRITEWAV კ ʩʪʬʸʰʯʰ ʹʰʪʴʨʲʰʹ ˁʨ˄ʬʸʨ ʼʨʰʲˀʰ ʹʨˆʬʲʰʯ F ʹʰˆˀʰʸʰʯ s ʫʨ 

ʩʰʺʻʸʰ ʪʨʸˁʬʭʰʹ ʻʴʨʸʰʨʴʵʩʰʯ b; 

 GETWьVEINFO гმFნд - ʰʴʼʵʸʳʨ˂ʰʰʹ ʳʰʾʬʩʨ ʹʰʪʴʨʲʰʹ ˀʬʹʨˆʬʩ (ʨʸˆʬʩʰʹ 

ʸʨʵʫʬʴʵʩʨ, ʹʰˁʽʨʸʬ s, ʩʰʺʻʸʰ ʪʨʸˁʬʭʰʹʻʴʨʸʰʨʴʵʩʨ b ʫʨ ʹʨˀʻʨʲʵ ʹʰˁʽʨʸʬ 

ʩʰʺʬʩʰ ˄ʨʳˀʰ. 

ʹʨʱʰʯˆʰʹ ʫʨʹʳʨ. ʳʨʴʽʨʴʰʹ (ʨʴ ʳʰʹʰ ˂ʨʲʱʬʻʲʰ ʱʭʨʴ˃ʰʹ) ʺʬʽʴʰʱʻʸʰ ʳʫʪʵʳʨʸʬʵʩʰʹ 

ʫʰʨʪʴʵʹʺʰʱʰʹ ʫʸʵʹ ˂ʰʼʸʻʲʰ ʨʴʨʲʰʮʨʺʵʸʰ ʨʳʻˀʨʭʬʩʹ ʳʵʳʻˀʨʭʬ ʳʨʴʽʨʴʰʹ ʹʨʱʭʲʬʭ 

˄ʬʸʺʰʲʬʩˀʰ ʫʨʳʨʪʸʬʩʻʲ ʪʨʫʨʳ˄ʵʫʬʩʬʩʰʫʨʴ ʳʵˆʹʴʰʲ ʭʰʩʸʵʨʱʻʹʺʰʱʻʸ ʹʰʪʴʨʲʬʩʹ, 

ʪʨʳʵʿʵʼʹ ʳʰʹʪʨʴ ʹʨʹʨʸʪʬʩʲʵ ʰʴʼʵʸʳʨ˂ʰʨʹ ʳʨʴʽʨʴʰʹ ʱʭʨʴ˃ʰʹ ʺʬʽʴʰʱʻʸʰ 

ʳʫʪʵʳʨʸʬʵʩʰʹ ˀʬʹʨˆʬʩ, ʨʨʴʨʲʰʮʬʩʹ ʫʨ ʨʫʨʸʬʩʹ ʹʰʪʴʨʲʰʹ ʶʨʸʨʳʬʺʸʬʩʹ ˄ʰʴʨ 

ʪʨʮʵʳʭʰʹʨ ʫʨ ʫʨʹʨˀʭʬʩʰ ʶʨʸʨʳʬʺʸʬʩʰʹ ʳʴʰˀʭʴʬʲʵʩʬʩʹ. ˀʬʹʨ˃ʲʵ ʫʬʼʬʽʺʬʩʰʹ 

ʹʰʳʶʺʵʳʬʩʰ ʫʨ ʶʨʸʨʳʬʺʸʬʩʰʹ ʫʨʹʨˀʭʬʩʰ ʳʴʰˀʭʴʬʲʵʩʬʩʰ ˄ʰʴʨʹ˄ʨʸ ʨʸʰʹ ˂ʴʵʩʰʲʰ ʫʨ 

ˁʨʫʬʩʻʲʰʨ ʫʰʨʪʴʵʹʺʰʱʰʹ ʨʲʪʵʸʰʯʳʬʩˀʰ. 

ʹʨ˄ʿʰʹʰ ʰʴʼʵʸʳʨ˂ʰʰʹ ʳʵʳʮʨʫʬʩʨ. ˂ʰʼʸʻʲ ʨʴʨʲʰʮʨʺʵʸˀʰ ˀʬʳʨʭʨʲʰ ʹʰʪʴʨʲʰ 

ˁʨ˄ʬʸʰʲʰ ʻʴʫʨ ʰʽʴʬʹ ʩʪʬʸʰʯʰ ʼʨʰʲʰʹ WAV ʼʵʸʳʨʺˀʰ ʫʨ ʰʹ ʻʴʫʨ ʳʵʯʨʭʹʫʬʹ 

წ˂ʰʼʸʻʲʰ ʨʴʨʲʰʮʨʺʵʸʰʹმ ʼʵʲʫʬʸˀʰ. ˀʬʳʫʪʵʳˀʰ ʨʳ ʼʵʲʫʬʸʰʹ ʫʨ ʳʨʹˀʰ 

ʨʸʹʬʩʻʲʰ MathCad-ʰʹ ʼʨʰʲʬʩʰʹ ʪʨˆʹʴʨ ʻˀʻʨʲʵʫ ʰ˃ʲʬʭʨ ʹʰʪʴʨʲʬʩʰʹ ʹʸʻʲʰ 

ʫʨʳʻˀʨʭʬʩʰʹ ˀʬʫʬʪʬʩʹ, ʸʨ˂ ʨʻ˂ʰʲʬʩʬʲʰʨ ʳʨʴʽʨʴʰʹ ʺʬʽʴʰʱʻʸ ʳʫʪʵʳʨʸʬʵʩʨʯʨ 

ʫʰʨʪʴʵʹʺʰʱʰʹʨʯʭʰʹ [23].  

ʱʵʳʶʰʻʺʬʸˀʰ ʸʬʨʲʻʸʰ ʹʰʪʴʨʲʰʹ ˀʬʹʨʿʭʨʴʨʫ ʨʪʸʬʯʭʬ ˀʬʰ˃ʲʬʩʨ ʪʨʳʵʿʬʴʬʩʻʲʰ 

ʰʽʴʨʹ ʱʵʳʶʰʻʺʬʸʰʹ ʳʰʱʸʵʼʵʴʰʹ ˀʬʹʨʹʭʲʬʲʰ ʫʨ ʶʨʺʨʸʨ ʱʵʳʶʰʻʺʬʸʻʲʰ ʶʸʵʪʸʨʳʨ 
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SpectraLab(Sound Sechnology Inc.) ʹʰʪʴʨʲʰ ˁʨʰ˄ʬʸʬʩʨ WAV ʼʵʸʳʨʺˀʰ, ʸʵʳʬʲʰ˂ 

ˀʬʳʫʪʵʳ ˀʬʰ˃ʲʬʩʨ ʫʨʳʻˀʨʭʫʬʹ ˂ʰʼʸʻʲ ʨʴʨʲʰʮʨʺʵʸˀʰ ʨʴ ʶʸʵʪʸʨʳʨ SpectraLab - ˀʰ 

[10]. 

ʯʰʯʵʬʻʲʰ ʫʸʵʰʯʰ ʸʬʨʲʰʮʨ˂ʰʨ ʰʽʭʨʴʺʬʩʨ 16 ʩʰʺʰʨʴʰ ʯʨʴʸʰʪʰʯ ʫʨ ʪʨʴ-

ʹˆʭʨʭʬʩʻʲʰ ʨʴʨʯʭʲʬʩʰʹ ʫʵʴʬʬʩʰ ˀʬʨʫʪʬʴʹ 216= 65 536 ʹˆʭʨʫʨʹˆʭʨ ʳʴʰˀʭʴʬʲʵʩʨʹ. 

WAV ʼʨʰʲʰʫʨʴ ʹʰʪʴʨʲʰʹ ʳʨˆʨʹʰʨʯʬʩʬʲʰ ʰʴʼʵʸʳʨ˂ʰʰʹ ʨʳʵʹʨʱʰʯˆʨʭʨʫ MathCad-ˀʰ 

ʪʨʳʵʰʿʬʴʬʩʨ ʼʻʴʽ˂ʰʨ GETWAVINFO, ʸʵʳʬʲʰ˂ ʨʩʸʻʴʬʩʹ 4 ʪʨʴʮʵʳʰʲʬʩʰʨʴ ʭʬʽʺʵʸʹ  

 

൮ NumCannelsSampleRateResolutionAvgBytesPerSecond) ∶= .ሺ"ͳܱܨܰܫܸ�ܹܶܧܩ  ሻ"ݒ�ݓ

 

.ሺ"ͳܱܨܰܫܸ�ܹܶܧܩ ሻ"ݒ�ݓ = ൮ ͳͶͶͳͲͲͳ͸ͺͺʹͲͲ) 

 

ʨʽ NumCannels=1 ʨʸʰʹ ʨʸˆʬʩʰʹ ʸʰ˂ˆʭʰ, SampleRateш44млл Е ʫʰʹʱʸʬʺʰʮʨ˂ʰʰʹ 

ʹʰˆˀʰʸʬ, Resolution=16 ʨʴʨʯʭʨʲˀʰ ʩʰʺʬʩʰʹ ʸʨʵʫʬʴʵʩʨ (ʨʴʻ 2 ʩʨʰʺʰ), 

AvgBytesPerSecond=уунлл Е ʪʨʸʫʨʽʳʴʰʹ ʹʨˀʻʨʲʵ ʹʰˁʽʨʸʬ (ʩʨʰʺʰ/˄ʳ) [22]. 

ʽʭʬʳʵʯ ʴʨˆ.3.1-ʮʬ ʳʵ˂ʬʳʻʲʰʨ ʸʨʫʰʨʲʻʸʰ ʭʰʩʸʨ˂ʰʰʹ ʸʬʨʲʻʸʰ ʹʰʪʴʨʲʰʹ MathCad 

-ˀʰ ˀʬʺʨʴʰʹ ʫʨ ʭʰʮʻʨʲʰʮʨ˂ʰʰʹ ʳʨʪʨʲʰʯʰ. 

 

ʴʨˆ. 3.1. ʸʨʫʰʨʲʻʸʰ ʭʰʩʸʨ˂ʰʰʹ  ʹʰʪʴʨʲʰʹMathCad -ˀʰ ˀʬʺʨʴʰʹ ʫʨ ʭʰʮʻʨʲʰʮʨ˂ʰʰʹ 

ʳʨʪʨʲʰʯʰ 
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ܵܯܴ = √ ͳܰ − ͳ ∑ሺܥ�ሻଶே−ଵ
�=଴  

ݎ݋ݐܿ�ܨݐݏ݁ݎܥ = ܵܯሻܴܥሺݔ�݉  

ʨʴʨʲʰʮʨʺʵʸʰʹ ʳʨʯʬʳʨʺʰʱʻʸʰ ʪʨʸʬʳʵ ʹʨˀʻʨʲʬʩʨʹ ʰ˃ʲʬʭʨ ʨʫʭʰʲʨʫ ʪʨʳʵʭ-

ʯʭʨʲʵʯ ʫʰʨʪʴʵʹʺʰʱʰʹʨʯʭʰʹ ʨʻ˂ʰʲʬʩʬʲʰ ʹʰʫʰʫʬʬʩʰ, ʳʨʪʨʲʰʯʨʫ, ʹʰʪʴʨʲʰʹ 

ʹʨˀʻʨʲʵ ʱʭʨʫʸʨʺʻʲʰ ʳʴʰˀʭʴʬʲʵʩʨ RMS ʸʵʳʬʲʰ˂ ʭʰʩʸʨ˂ʰʻʲʰ ʹʰʳ˃ʲʨʭʸʰʹ 

ʶʸʵʶʵʸ˂ʰʻʲʰʨ, ʨʪʸʬʯʭʬ CrestFactor-ʰ ʸʵʳʬʲʰ˂ ˄ʨʸʳʵʨʫʪʬʴʹ ʹʰʪʴʨʲʰʹ ʳʨʽʹʰʳʻʳʰʹ 

RMS-ʯʨʴ ʼʨʸʫʵʩʨʹ. 

ˀʬʭʴʰˀʴʵʯ, ʸʵʳ RMS-ʰ ʫʨ CrestFactor-ʰ ˄ʨʸʳʵʨʫʪʬʴʬʴ ʳʴʰˀʭʴʬʲʵʭʨʴ ʶʨʸʨʳʬʺʸʬʩʹ 

ʭʰʩʸʵʨʱʻʹʺʰʱʻʸʰ ʫʰʨʪʴʵʹʺʰʱʰʹ ʶʸʵ˂ʬʹˀʰ ʺʬʽʴʰʱʻʸ ʳʫʪʵʳʨʸʬʵʩʨʯʨ 

˂ʭʲʰʲʬʩʬʩʰʹ ˀʬʼʨʹʬʩʰʹ ʫʸʵʹ [8]. 

ʹʰʪʴʨʲʰʹ ʹʶʬʽʺʸʨʲʻʸʰ ˄ʨʸʳʵʫʪʬʴʨ FFT (ʼʻʸʰʬʹ ʹ˄ʸʨʼʰ ʪʨʸʫʨʽʳʴʨ) MathCad 

ʪʨʸʬʳʵˀʰ ˆʵʸ˂ʰʬʲʫʬʩʨ ʹʶʬ˂ʰʨʲʻʸʰ ʵʶʬʸʨʺʵʸʬʩʰʯ. ʽʭʬʳʵʯ ʴʨˆ.3.2-ʮʬ 

˄ʨʸʳʵʫʪʬʴʰʲʰʨ ʮʬʳʵʯ ʳʵʿʭʨʴʰʲʰ ʹʰʪʴʨʲʰʹ ʭʰ˄ʸʵʮʵʲʰʨʴʰ ʹʶʬʽʺʸʨʲʻʸʰ 

ʨʴʨʲʰʮʰʹ ˀʬʫʬʪʰ. 

 

ʴʨˆ. 3.2. ʹʰʪʴʨʲʰʹ ʭʰ˄ʸʵʮʵʲʰʨʴʰ ʹʶʬʽʺʸʨʲʻʸʰ ʨʴʨʲʰʮʰ 

ʪʸʨʼʰʱʰʹ ʮʬʫʨ ʴʨ˄ʰʲˀʰ ʫʨʺʨʴʰʲʰʨ ˈʨʸʳʵʴʰʱʬʩʰʹ ʴʵʳʸʬʩʰ (ʩʸʻʴʭʰʹ ʹʰˆˀʰʸʬ 

ˀʬʨʫʪʬʴʹ f1 = 61.235 ˈ˂-ʹ). 1000 ˈ˂ ʫʰʨʶʨʮʵʴˀʰ ʴʨʯʲʨʫ ˁʨʴʹ 16 ˈʨʸʳʵʴʰʱʨ, ʸʵʳʬʲʯʨ 

ˀʵʸʰʹ ʳʨʽʹʰʳʨʲʻʸʰʨ ʳʬ-4 ˈʨʸʳʵʴʰʱʨ. 
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ʹʰʪʴʨʲˀʰ ʫʨʼʨʸʻʲʰ ʶʬʸʰʵʫʻʲʵʩʰʹ ʪʨʳʵʭʲʬʴʨ ʳʨʴʽʨʴʨʯʨ ʭʰʩʸʵ-ʫʰʨʪʴʵʹʺʰʱʨˀʰ 

ˆʵʸ˂ʰʬʲʫʬʩʨ ʱʬʶʹʺʸʰʹ ʪʨʳʵʿʬʴʬʩʰʯ, ʸʵʳʬʲʰ˂ ˄ʨʸʳʵʨʫʪʬʴʹ ʹʰʪʴʨʲʰʹ 

ʲʵʪʨʸʰʯʳʮʬ ʪʨʴˆʵʸ˂ʰʬʲʬʩʻʲ ʼʻʸʰʬʹ ˀʬʩʸʻʴʬʩʻʲ ʪʨʸʫʨʽʳʴʨʹ: 

 


  ])))((ln(([2/1)( deXnk nj
x . 

 ʶʸʨʽʺʰʱʨˀʰ ʱʬʶʹʺʸʰ ˆˀʰʸʨʫ ʪʨʴʰʹʨʮʾʭʸʬʩʨ, ʸʵʪʵʸ˂ ʭʰ˄ʸʵʮʵʲʰʨʴʰ 

ʹʶʬʽʺʸʰʹ ʪʨʸʫʨʽʳʴʨ. ʽʭʬʳʵʯ ʴʨˆ. 3.3-ʮʬ ʳʵ˂ʬʳʻʲʰʨ ʮʬʳʵʯʳʵʿʭʨʴʰʲʰ ʹʰʪʴʨʲʰʹ 

ʱʬʶʹʺʸʰ, ʸʵʳʬʲʮʬʫʨ˂ ʴʨʯʲʨʫ ˁʨʴʹ ˈʨʸʳʵʴʰʻʲʰ ʳʫʪʬʴʬʲʬʩʰ 61,235 ˈ˂ ˃ʰʸʰʯʨʫʰ 

ʹʰˆˀʰʸʰʯ. 

 

ʴʨˆ. 3.3. ʭʰʩʸʵʹʰʪʴʨʲʰ ʱʬʶʹʺʸʰ MathCad-ˀʰ 

ʰʳʶʻʲʹʻʸʰ, ʨʸʨ˄ʸʼʰʭʰ, ˀʬʳʯˆʭʬʭʰʯʰ ʸˆʬʭʬʩʰ ʫʨ ʨʭʺʵʸˆʬʭʬʩʰ ʳʨʴʽʨʴʬʩˀʰ ʨˆʫʬʴʬʴ 

ʳʵʫʻʲʰʸʬʩʻʲʰ ʹʰʪʴʨʲʬʩʰʹ ʪʬʴʬʸʰʸʬʩʨʹ, ʸʵʳʬʲʯʨ ʨʴʨʲʰʮʰʹʨʯʭʰʹ ʨʻ˂ʰʲʬʩʬʲʰʨ 

ʹʨ˄ʿʰʹʰ ʹʰʪʴʨʲʰʹ ʳʨʾʨʲʹʰˆˀʰʸʻʲʰ ʼʰʲʺʸʨ˂ʰʨ (ʴʨˆ. 3.4.) ʳʰʹʰ ʳʵʳʭʲʬʩʰʹ ʶʵʭʴʨ ʫʨ 

ʨʳ ʳʵʳʭʲʬʩʰʹ ʫʨʩʨʲʹʰˆˀʰʸʻʲʰ ʹʶʬʽʺʸʻʲʰ ʨʴʨʲʰʮʰʹ ˁʨʺʨʸʬʩʨ. 

 

ʴʨˆ. 3.4. ʹʨ˄ʿʰʹʰ ʭʰʩʸʵʹʰʪʴʨʲʰʹ ʳʨʾʨʲʹʰˆˀʰʸʻʲʰ ʼʰʲʺʸʨ˂ʰʨ 
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ʴʨˆ.3.5. ʳʨʾʨʲʹʰˆˀʰʸʻʲʰ ʭʰʩʸʨ˂ʰʰʹ ʳʵʳʭʲʬʩʰʹ ʫʨʩʨʲʹʰˆˀʰʸʻʲʰ 

ʹʶʬʽʺʸʰ MathCad-ˀʰ 

ʴʨˆ. 3.5-ʮʬ ʳʵ˂ʬʳʻʲʰʨ ʹʨ˄ʿʰʹʰ ʭʰʩʸʵʹʰʪʴʨʲʰʹ ʳʨʾʨʲʹʰˆˀʰʸʻʲʰ ʼʰʲʺʸʰ, ʳʰʹʰ 

ʳʵʳʭʲʬʩʰʹ ʶʵʭʴʨ ˈʰʲʩʬʸʺʰʹ ʪʨʸʫʨʽʳʴʰʹ ʪʨʳʵʿʬʴʬʩʰʯ ʫʨ ˀʬʳʫʬʪ ʴʨˆ. 3.6-ʮʬ 

ʳʵ˂ʬʳʻʲʰʨ ʳʵʳʭʲʬʩʰʹ ʫʨʩʨʲʹʰˆˀʰʸʻʲʰ ʹʶʬʽʺʸʰ, ʸʨ˂ ʼʸʰʨʫ ʳʴʰˀʭʴʬʲʵʭʨʴʰʨ 

ʳʨʴʽʨʴʨʯʨ ʺʬʽʴʰʱʻʸʰ ʳʫʪʵʳʨʸʬʵʩʰʹ ʭʰʩʸʵʨʱʻʹʺʰʱʻʸʰ ʫʰʨʪʴʵʹʺʰʱʰʹʨʯʭʰʹ. 

ʪʨʴʭʰˆʰʲʵʯ MathCad-ˀʰ ʭʰʩʸʨ˂ʰʻʲʰ ʹʰʪʴʨʲʰʹ ʳʵʫʬʲʰʸʬʩʰʹ ʳʨʪʨʲʰʯʰ. 

ʸʵʪʵʸ˂ ˂ʴʵʩʰʲʰʨ, ʯʻ ʭʰʩʸʨ˂ʰʻʲʰ ʹʰʪʴʨʲʰʹ ʹʶʬʽʺʸˀʰ ʳʵˁʨʴʹ ʳʫʪʬʴʬʲʬʩʰ ʬ.˄. 

წʪʭʬʸʫʰʯმ ʹʰˆˀʰʸʬʬʩʮʬ, ʬʹ ˀʬʰ˃ʲʬʩʨ ʪʨʳʵ˄ʭʬʻʲʰ ʰʿʵʹ ʳʨʴʽʨʴʨˀʰ ˄ʨʸʳʵʽʳʴʰʲʰ 

ʳʵʫʻʲʰʸʬʩʻʲʰ ʸˆʬʭʬʩʰʹʨʪʨʴ. ʴʨˆ.3.6-ʮʬ ʮʬʫʨ ʴʨ˄ʰʲˀʰ ʳʵ˂ʬʳʻʲʰʨ 

ʳʵʫʻʲʰʸʬʩʻʲʰ ʸˆʬʭʰʹ ʨʴʨʲʰʮʻʸʰ ʪʨʳʵʹʨˆʻʲʬʩʨ, ʹʨʫʨ˂ f2 ʨʸʰʹ ʪʨʫʨʳʺʨʴʰ 

ʹʰˆˀʰʸʬз fм Е ʳʵʫʻʲʨ˂ʰʰʹ ʹʰˆˀʰʸʬ, n -ʳʵʫʻʲʨ˂ʰʰʹ ʹʰʾʸʳʬ. ʮʬʫʨ ʴʨ˄ʰʲˀʰ ʳʵˁʨʴʹ 

ʹʶʬʽʺʸʰʹ ʹʨʳʰ ʳʫʪʬʴʬʲʰ, ʪʭʬʸʫʰʯ ʹʰˆˀʰʸʬʬʩʮʬ (f1-f2) ʫʨ (f1+f2) ʫʨ ʪʨʫʨʳʺʨʴ 

ʹʰˆˀʰʸʬʮʬ კ f2. ʽʭʬʫʨ ʴʨˆʨʮʮʬ ʱʰ ˄ʨʸʳʵʫʪʬʴʰʲʰʨ ʳʵʳʭʲʬʩʰʹ ʫʨʩʨʲʹʰˆˀʰʸʻʲʰ 

ʹʶʬʽʺʸʰ, ʹʨʫʨ˂ ʳʵˁʨʴʹ ʳˆʵʲʵʫ ʬʸʯʰ ʳʫʪʬʴʬʲʰ ʳʵʫʻʲʨ˂ʰʰʹ f1 ʹʰˆˀʰʸʬʮʬ. 

ʪʸʨʼʰʱʬʩʰʫʨʴ ʴʨʯʲʨʫ ˁʨʴʹ, ʯʻ ʸʵʪʵʸ ʨʰʹʨˆʬʩʨ ʳʵʫʻʲʰʸʬʩʻʲʰ ʸˆʬʭʬʩʰ ʹʰʹʺʬʳʰʹ 

ʳʨˆʨʹʰʨʯʬʩʲʬʩˀʰ, ʫʨ ʹʨʫ ʫʨ ʸʵʪʵʸ ʻʴʫʨ ʭʬ˃ʰʵʯ ʳʵʫʻʲʰʸʬʩʻʲʰ ʬʲʬʳʬʴʺʬʩʰ 

ʸʯʻʲ ʸʬʨʲʻʸ ʹʰʹʺʬʳʬʩˀʰ [12]. 
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ʴʨˆ. 3.6. ʳʻʲʺʰʶʲʰʱʨ˂ʰʻʸʰ ʹʰʪʴʨʲʰ, 

ʨʴʨʲʰʮʻʸʰ ʪʨʳʵʹʨˆʻʲʬʩʨ (a), ʹʰʪʴʨʲʰʹ ʼʵʸʳʨ (b) 

 

ʴʨˆ. 3.7. ʹʰʪʴʨʲʰʹ ʹʶʬʽʺʸʰ гȈдз ʳʵʳʭʲʬʩʰʹ ʹʶʬʽʺʸʰ (ʩ) 

 

ʨʴʨʲʰʮʨʺʵʸʰ ʨʪʸʬʯʭʬ ʹʨˀʻʨʲʬʩʨʹ ʰ˃ʲʬʭʨ ʹʨ˅ʰʸʵʬʩʰʹ ˀʬʳʯˆʭʬʭʨˀʰ ʪʨʳʵ-

ʿʬʴʬʩʻʲʰ ʰʽʴʨʹ ʹʰʪʴʨʲʬʩʰʹ ʫʨʳʻˀʨʭʬʩʰʹ ʯʨʴʨʳʬʫʸʵʭʬ ʳ˃ʲʨʭʸʰ ʨʶʨʸʨʺʰ (ʶʨʱʬʺʰ 

Signal Prosessing) ʫʨ ʨʸʨ ʳˆʵʲʵʫ ʬʹ. MathCad ʹʰʹʺʬʳʰʹ ʳʨʯʬʳʨʺʰʱʻʸʰ ʪʨʸʬʳʵ ʫʨ 

ʫʨʶʸʵʪʸʨʳʬʩʰʹ ʯʨʴʨʳʬʫʸʵʭʬ ʹʨˀʻʨʲʬʩʬʩʰ ˀʬʰ˃ʲʬʩʨ ˄ʨʸʳʨʺʬʩʰʯ ʰʽʴʨʹ 

ʪʨʳʵʿʬʴʬʩʻʲʰ ʫʰʨʪʴʵʹʺʰʱʰʹ ʹʸʻʲʼʨʹʵʭʨʴʰ ʬʽʹʶʬʸʺʻʲʰ ʹʰʹʺʬʳʬʩʰʹ ʨʪʬʩʰʹʨʯʭʰʹ. 
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MathCad-ʰ ʨʪʸʬʯʭʬ ʳʵʹʨˆʬʸˆʬʩʬʲʰʨ ʫʰʨʪʴʵʹʺʰʱʰʹ ʨʭʺʵʳʨʺʰʮʬʩʻʲʰ ʹʰʹʺʬʳʬʩʰʹ 

ʫʨʳʻˀʨʭʬʩʰʹʨ ʫʨ ˀʬʽʳʴʰʹ ʶʸʵ˂ʬʹˀʰ, ʸʨʳʫʬʴʨʫʨ˂ ʰʹ ʨʫʭʰʲʨʫ ʪʨʳʵˈʿʵʼʹ ʹʰʪʴʨʲʰʫʨʴ 

ˈʨʸʳʵʴʰʱʬʩʹ, ˇʨʳʬʩʹ, ʳʨʽʹʰʳʻʳʬʩʹ, ʹˆʭʨ ʰʴʺʬʪʸʨʲʻʸ ʳʨˆʨʹʰʨʯʬʩʲʬʩʹ. MathCad -ˀʰ 

ˀʬʰ˃ʲʬʩʨ ʨʰʪʵʹ ʯʭʰʯʹ˄ʨʭʲʬʩʨʫʰ ʹʨʬʽʹʶʬʸʺʵ ʹʰʹʺʬʳʬʩʰ ʫʨ ʹʰʹʺʬʳʬʩʰ ˆʬʲʵʭʴʻʸʰ 

ʰʴʺʬʲʬʽʺʰʯ.  MathCad-ʰ ʯʨʭʹʬʩʨʫʰʨ ʰʹʬʯ ʶʸʵʪʸʨʳʬʩʯʨʴ, ʸʵʪʵʸʰ˂ʨʨ MatLAb 

ʨʪʸʬʯʭʬ Word, Excel ʫʨ ʨ.ˀ. 

 ˁʨʺʨʸʬʩʻʲʰ ʱʭʲʬʭʬʩʰʹ ʹʨʼʻ˃ʭʬʲʮʬ ˀʬʰ˃ʲʬʩʨ ʫʨʭʨʹʱʭʴʨʯ, ʸʵʳ MathCad-ʰ 

˂ʰʼʸʻʲʰ ʨʴʨʲʰʮʨʺʵʸʰʹ ʹʨˆʰʯ ˄ʨʸʳʨʺʬʩʰʯ ˀʬʰ˃ʲʬʩʨ ʪʨʳʵʿʬʴʬʩʻʲʰ ʰʽʴʨʹ ʨʸʨ 

ʳˆʵʲʵʫ ʸʵʪʵʸ˂ ʫʨʳˆʳʨʸʬ ʹʨˀʻʨʲʬʩʨ, ʨʸʨʳʬʫ ʸʵʪʵʸ˂ ʳʬʽʨʴʰʱʻʸʰ ʹʰʹʺʬʳʬʩʰʹ 

ʺʬʽʴʰʱʻʸ ʳʫʪʵʳʨʸʬʵʩʨʯʨ ʹʸʻʲʼʨʹʵʭʨʴʰ ʫʰʨʪʴʵʹʺʰʱʻʸʰ ʹʰʹʺʬʳʬʩʰʹ ʨʪʬʩʰʹ 

ʹʨʶʸʵʪʸʨʳʵ ʪʨʸʬʳʵ. 

 

 

 

 

3.2.ˈʰʫʸʵʬʴʬʸʪʵʨʪʸʬʪʨʺʬʩʰʹ ʺʬʽʴʰʱʻʸ ʳʫʪʵʳʨʸʬʵʩʨʯʨ ʨʳʵ˂ʨʴʰʹ ʸʬʨʲʰʮʨ˂ʰʨ 

MathCad - ʰʹ ʹʰʹʺʬʳʨˀʰ 

ʫʰʨʪʴʵʹʺʰʱʰʹ ʨʳʵ˂ʨʴʰʹ ʫʨʹʳʨ: ʮʵʪʨʫʨʫ ʴʬʩʰʹʳʰʬʸʰ ʳʬʽʨʴʰʱʻʸʰ   ʹʰʹʺʬʳʰʹ   

ʸˆʬʭʬʩʰ    ʨʾʰ˄ʬʸʬʩʰʨʴ   ʫʰʼʬʸʬʴ˂ʰʨʲʻʸ ʪʨʴʺʵʲʬʩʨʯʨ ʹʰʹʺʬʳʰʯ: ܮ�ሺݔ, ሶݔ , ሷ,ݔ … , ,′ݔ ,′′ݔ … , ሻݎ =  (3.1)    �ܨ

ʹʨʫʨ˂:  ݔ = ሺݔଵ, ,ଶݔ ,ଷݔ …  ˂௡ሻ  - ʪʨʴʮʵʪʨʫʬʩʻʲ ʪʨʫʨʨʫʪʰʲʬʩʨʯʨ ʭʬʽʺʵʸʰʨ ʸʵʳʬʲʰݔ

ʫʸʵʰʹʨ ʫʨ ʹʰʭʸ˂ʰʯʰ ʱʵʵʸʫʰʴʨʺʬʩʰʹ ʼʻʴʽ˂ʰʨʨ. ݎ = ሺݎଵ, ,ଶݎ ,ଷݎ … , ௡ሻݎ  - ʹʰʹʺʬʳʰʹ ʱʵʴʹʺʸʻʽ˂ʰʻʲʰ ʶʨʸʨʳʬʺʸʬʩʰʹ ʭʬʽʺʵʸʰʨ ʫʨ 

ʸʰ˂ˆʵʩʸʰʭʨʫ ʨˆʨʹʰʨʯʬʩʹ ʪʬʵʳʬʺʸʰʻʲ ʮʵʳʬʩʹ, ʳʨʹʬʩʹ, ʹʰˆʰʹʺʬʬʩʹ ʫʨʴʨʱʨʸʪʬʩʹ ʫʨ 

ʨʹʬ ˀʬʳʫʬʪ. ܮ� - ʵʶʬʸʨʺʵʸʬʩʰ ʳʵʰ˂ʨʭʬʴ ʫʰʼʬʸʬʴ˂ʰʨʲʻʸ ʪʨʴʺʵʲʬʩʬʩʹ ʹʨ˄ʿʰʹʰ ʫʨ ʹʨʹʨʮʾʭʸʵ 

ʶʰʸʵʩʬʩʰʯ. ʯʻ ʳʵ˂ʬʳʻʲʰʨ ʱʵʴʹʺʸʻʽ˂ʰʻʲʰ ʶʨʸʨʳʬʺʸʬʩʰ ݎ �ʫʨ ʪʨʸʬ ˃ʨʲʬʩʰ ܨ �ʳʨˀʰʴ 

ʹʨʹʨʮʾʭʸʵ ʨʳʵ˂ʨʴʰʹ ʨʳʵʴʨˆʹʴʰ ˂ʨʲʹʨˆʨʫ ʨʾ˄ʬʸʹ ʳʬʽʨʴʰʱʻʸʰ ʹʰʹʺʬʳʰʹ ʸˆʬʭʬʩʹ. 
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ʫʰʨʪʴʵʹʺʰʱʰʹ ʨʳʵ˂ʨʴʨ ʳʫʪʵʳʨʸʬʵʩʹ: ˂ʴʵʩʰʲ ݔ� ʫʨ ܨ� ʳʬˀʭʬʵʩʰʯ ʪʨʴʰʹʨʮʾʭʸʵʹ 

˂ʭʲʰʲʬʩʬʩʰ ʹʰʹʺʬʳʨˀʰ   ∆ݎ�  ʹʨˆʬʯʨ ʨʳʵ˂ʴʵʩʰʹ ʯʬʵʸʰʰʯ ʨʴʻ  ʪʨʮʵʳʰʲʰ ʪʨʳʵʳʨʭʨʲʰ 

ʹʰʪʴʨʲʰʹ ʳʰˆʬʫʭʰʯ ʹʨ˅ʰʸʵʨ ʪʨʱʬʯʫʬʹ ʫʨʹʱʭʴʨ ʳʬʽʨʴʰʱʻʸʰ ʹʰʹʺʬʳʰʹ ʼʨʽʺʰʻʸ 

ʺʬʽʴʰʱʻʸ ʳʫʪʵʳʨʸʬʵʩʰʹ ˀʬʹʨˆʬʩ. 

 

 

 

ʴʨˆ.3.8.  ʫʰʨʪʴʵʹʺʰʱʰʹ ʨʳʵ˂ʨʴʰʹ ʹʺʸʻʽʺʻʸʻʲʰ ʹʽʬʳʨ 

 

ʨʽ �௘ݎ ʫʨ ݔ௘� ʳʬʽʨʴʰʱʻʸʰ ʹʰʹʺʬʳʰʹ ʶʨʸʨʳʬʺʸʬʩʰʹʨ ʫʨ ʪʨʴʮʵʪʨʫʬʩʻʲ 

ʪʨʫʨʨʫʪʰʲʬʩʨʯʨ ʬʺʨʲʵʴʻʸʰ ʳʴʰˀʭʴʬʲʵʩʬʩʰʹ ʭʬʽʺʵʸʰʨ.  

ʬʹ ʨʸʰʹ ʫʰʨʪʴʵʹʺʰʱʰʹ ʨʳʵ˂ʨʴʰʹ ʫʨʹʳʨ, ʮʻʹʺʰ ʳʨʯʬʳʨʺʰʱʻʸʰ ʳʰʫʪʵʳʰʯ, ʳʨʪʸʨʳ 

ʸʵʪʵʸ˂ ʶʸʨʽʺʰʱʨ ʻˁʭʬʴʬʩʹ ʹʨ˅ʰʸʵʨ ʶʨʸʨʳʬʺʸʬʩʰʹ ʪʨʴʹʨʮʾʭʸʨ ʳʨʾʨʲʰ ʫʨ 

ʨʻ˂ʰʲʬʩʬʲʰ ʹʰʮʻʹʺʰʯ. ʨʳʵ˂ʨʴʰʹ ʨʳʵˆʹʴʨ ʨʹʬʯʰ ʳʰʫʪʵʳʰʯ ˃ʨʲʰʨʴ ʸʯʻʲʰʨ ʫʨ 

ʹʨʹʻʸʭʬʲ  ˀʬʫʬʪʬʩʹ ʨʸ ʰ˃ʲʬʭʨ. 

ʨʳʰʺʵʳ, ʸʵʪʵʸ˂ ˄ʬʹʰ ʫʰʨʪʴʵʹʺʰʱʰʹ ʨʳʵ˂ʨʴʰʹ ʨʳʵˆʹʴʨ ˆʫʬʩʨ ʹʺʸʻʽʺʻʸʻʲ  -   

ˀʬʫʬʪʵʩʸʰʭʰ     ʳʵʫʬʲʰʸʬʩʰʹ     ʪʨʳʵʿʬʴʬʩʰʯ. ʼʨʽʺʰʻʸʨʫ ʬʹ ʨʸʰʹ წˀʨʭʰ ʿʻʯʰʹმ 

ʨʳʵ˂ʨʴʨ ˂ʴʵʩʰʲʰʨ ˀʬʳʨʭʨʲʰ ʹʰʪʴʨʲʰ ʫʨ ʹʰʹʺʬʳʰʹ ʶʨʸʨʳʬʺʸʬʩʰ. ʭʰʩʸʨ˂ʰʬʩʰʹ 

ʳʵʴʰʺʵʸʰʴʪʰʯ ʳʰʾʬʩʻʲʰʨ ʫʨ ˂ʴʵʩʰʲʰʨ ʨʪʸʬʯʭʬ ʪʨʳʵʳʨʭʨʲʰ ʹʰʪʴʨʲʬʩʰ ʹˆʭʨʫʨʹˆʭʨ 

˄ʬʸʺʰʲʬʩˀʰ ʫʨ ʫʸʵʰʹ ʹˆʭʨʫʨʹˆʭʨ ʳʵʴʨʱʭʬʯʬʩˀʰ. ʨʪʸʬʯʭʬ ˂ʴʵʩʰʲʰʨ 

ʹʺʨʺʰʹʺʰʱʻʸʨʫ ʬʺʨʲʵʴʻʸʰ ʶʨʸʨʳʬʺʸʬʩʰ ʫʨ ˀʬʹʨʩʨʳʰʹʰ ʹʰʪʴʨʲʬʩʰ. ʫʾʬʰʹʯʭʰʹ 

ʫʰʨʪʴʵʹʺʰʱʰʹ ʨʳʵ˂ʨʴʨ ʬʿʸʫʴʵʩʨ ʨʳ ʳʵʴʨ˂ʬʳʬʩʹ. 
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ʴʨˆ.3.9. ˈʰʫʸʵ ʬʴʬʸʪʵʨʪʸʬʪʨʺʬʩʰʹʨʯʭʰʹ ʫʰʨʪʴʵʹʺʰʸʬʩʰʹ ʶʸʵ˂ʬʹʰʹ 

˃ʰʸʰʯʨʫʰʩʲʵʱʹʽʬʳʨ 

 

ʨʽ ˃ʰʸʰʯʨʫʰ ʶʨʸʨʳʬʺʸʬʩʰʨ : 

1.ʳʵʴʨ˂ʬʳʯʨ ʩʨʮʨ - ʫʰʨʪʴʵʹʺʰʱʻʸʰ ʳʵʫʬʲʰʹ ˀʬʫʪʬʴʨ ʫʨ ʭʰʩʸʵʨʱʻʹʺʰʱʻʸʰ 

ʳʵʴʰʺʵʸʰʴʪʰʯ ʳʰʾʬʩʻʲʰ ˀʬʫʬʪʬʩʰʹ ʨʴʨʲʰʮʰ; 

2.˂ʵʫʴʨʯʨ ʩʨʮʨ  - ˀʬʹʨ˃ʲʵ ʫʬʼʬʽʺʬʩʰʹʨ ʫʨ ˀʬʹʨʩʨʳʰʹʰ ʹʰʳʶʺʵʳʬʩʰʹ ˁʨʳʵʿʨʲʰʩʬʩʨ 

ʫʨ ʳʨʯʰ ʫʨʹʨˀʭʬʩʰ ʹʰʫʰʫʬʬʩʰʹ ʫʨʫʪʬʴʨ; 

3.ʪʨʫʨ˄ʿʭʬʺʰʲʬʩʨʯʨ ʳʰʾʬʩʨ -  ʳʵʪʸʵʭʰʲʰ ʰʴʼʵʸʳʨ˂ʰʰʹ ʱʵʳʶʰʻʺʬʸˀʰ ˀʬʿʭʨʴʨ ʫʨ 

ʱʵʳʶʰʻʺʬʸʻʲʰ ʫʰʨʪʴʵʹʺʰʱʻʸʰ ʶʸʵʪʸʨʳʰʯ ʪʨʫʨ˄ʿʭʬʺʰʲʬʩʰʹ ʳʰʾʬʩʨ; 

4.ʫʰʨʪʴʵʹʺʰʱʨ - ʹʨʫʰʨʪʴʵʹʺʰʱʵ ʹʰʹʺʬʳʰʹ ˃ʰʸʰʯʨʫʰ ʱʭʨʴ˃ʬʩʰʹ ʺʬʽʴʰʱʻʸ 

ʳʫʪʵʳʨʸʬʵʩʨʯʨ ˀʬʼʨʹʬʩʨ ʫʨ ʸʬʱʵʳʬʴʫʨ˂ʰʬʩʰʹ ʪʨ˂ʬʳʨ ʵʶʬʸʨʺʵʸʬʩʰʹʨʯʭʰʹ ˀʬʳʫʪʵʳʰ 

ʳʵʽʳʬʫʬʩʬʩʰʹʨʯʭʰʹ. 

ʹʺʸʻʽʺʻʸʻʲ-ˀʬʫʬʪʵʩʸʰʭʰ ʳʵʫʬʲʰ ʰʽʳʴʬʩʨ ʹʨʫʰʨʪʴʵʹʺʰʱʵ ʺʬʽʴʰʱʻʸʰ 

ʵʩʰʬʽʺʰʹ ʲʵʪʰʱʻʸʰ, ʼʻʴʽ˂ʰʵʴʨʲʻʸʰ ʫʨ ʹʺʸʻʽʺʻʸʻʲʰ ˀʬʹ˄ʨʭʲʰʹ ʹʨʼʻ˃ʭʬʲʮʬ, 

ʸʨ˂ ʰ˃ʲʬʭʨ ʴʨʯʬʲ ˄ʨʸʳʵʫʪʬʴʨʹ ʹʻʹʺʰ ʫʨ ʹʨʶʨʹʻˆʰʹʳʪʬʩʲʵ ʬʲʬʳʬʴʺʬʩʰʹʨ ʫʨ ʳʨʯʰ 

ʹʺʸʻʽʺʻʸʻʲʰ ʫʨ ʫʰʨʪʴʵʹʺʰʱʻʸʰ ʱʨʭˀʰʸʬʩʰʹ ˀʬʹʨˆʬʩ. ʨʳ ʳʵʫʬʲʰʹ ʪʨʳʵʿʬʴʬʩʰʯ 

ˆʫʬʩʨ ʻʳʴʰˀʭʴʬʲʵʭʨʴʬʹʰ ʫʰʨʪʴʵʹʺʰʱʻʸʰ ʴʰˀʴʬʩʰʹ ʪʨʳʵʿʵʼʨʹ, ʸʨʫʪʨʴ ʺʬʽʴʰʱʻʸʰ 

ʫʰʨʪʴʵʹʺʰʱʰʹ ˃ʰʸʰʯʨʫʰ ʨʳʵ˂ʨʴʨ ʨʸʰʹ ʱʨʭˀʰʸʬʩʰʹ ʫʨʳʿʨʸʬʩʨ ʳʨʴʽʨʴʰʹ 

ʪʨʻʳʨʸʯʨʵʩʬʩʹ, ʨʴʻ ʫʬʼʬʽʺʬʩʹ, ʳʨʯ ʹʰʳʶʺʵʳʬʩʹʨ ʫʨ ʪʨʮʵʳʭʰʹ ˀʬʫʬʪʬʩʹ ˀʵʸʰʹ, 

ʨʳʰʺʵʳ ʭʨʫʪʬʴʯ ʨʳ ʱʨʭˀʰʸʬʩʹ. 
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˂ˆʸʰʲʰ 1 

ˀʬʹʨ˃ʲʵ ʫʬʼʬʽʺʬʩʰʹʨ ʫʨ ʹʰʳʶʺʵʳʬʩʰʹ ˂ˆʸʰʲʰ 
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ˈʰʫʸʵʬʴʬʸʪʵʨʪʸʬʪʨʺʬʩʰʹ ʺʬʽʴʰʱʻʸ ʳʫʪʵʳʨʸʬʵʩʨʯʨ ʭʰʩʸʵʨʱʻʹʺʰʱʻʸʰ 

ʫʰʨʪʴʵʹʺʰʱʰʹ ʨʳʵ˂ʨʴʰʹ ʸʬʨʲʰʮʨ˂ʰʰʹ ʫʸʵʹ Mathcad- ʰʹ ʹʰʹʺʬʳʨˀʰ ʼʨʸʯʬʫ 

ʪʨʳʵʿʬʴʬʩʻʲʰ ʰʽʴʨ ˁʭʬʴʹ ʳʰʬʸ  ˀʬʽʳʴʰʲʰ ʸʰ˂ˆʭʰʯʰ ʹʶʬʽʺʸʵʨʴʨʲʰʮʨʺʵʸʰ ʫʨ 

ʩʵʲʵʹ ʽʭʬʳʵʯ ˄ʨʸʳʵʫʪʬʴʰʲʰʨ Mathcad-ʰʹ ʫʵʱʻʳʬʴʺʰʹ ʴʨ˄ʰʲʰ, ʸʵʳʬʲʰ˂ ʨʹʨˆʨʭʹ 

ʫʰʨʪʴʵʹʺʰʸʬʩʰʹ ʬʸʯ ʬʸʯ ʶʸʵ˂ʬʫʻʸʨʹ - ʪʨʫʨ˄ʿʭʬʺʰʲʬʩʰʹ ʳʰʾʬʩʨʹ, ʱʬʸ˃ʵʫ 

ʸʵʺʵʸʰʹ ʳʬʽʨʴʰʱʻʸʰ ʫʬʩʨʲʨʴʹʰʹ ʫʨʫʪʬʴʨʹ [24]. 

ʫʬʼʬʽʺʰ - ʳʬʽʨʴʰʱʻʸʰ ʫʬʩʨʲʨʴʹʰ 

ʹʰʳʶʺʵʳʰ - ʮʬʫʨ ʫʨ ʽʭʬʫʨ ʳʰʳʳʨʸʯʭʬʲʰ ʹʨʱʰʹʸʬʩʰʹ ʭʰʩʸʨ˂ʰʬʩʰʹ ˇʨʳʻʸʰ ʫʵʴʰʹ 

ʮʸʫʨ, ʨʪʸʬʯʭʬ ʶʰʸʭʬʲʰ ˈʨʸʳʵʴʰʱʰʹ ʮʸʫʨ. 

ʫʨʹʨˀʭʬʩʰ ʹʰʫʰʫʬʬʩʰ ʫʬ˂ʰʩʬʲʬʩˀʰ: ∆ͳͳͳ < ͸  ʫʨ ∆ͳͳʹ < ͸    �ଵ = [�ଵሺ ʩ݂ʸሻ] ଵ݂ ∶= ͷˈ˂ ଵܸ ∶= ͷͶ.ͷ ଶܸ ∶= ͷ͸ 

 ∆ͳͳͳ ∶= ଶܸ − ଵܸ∆ͳͳʹ ∶= Ͳ͵ʹ଴,ଵ − Ͳ͵ͳଷ,ଵ∆ͳͳͳ = ͳ.ͷ∆ͳͳʹ = ͻ.ͳͷͺ 

ͳͳܦ ∶= | There is defect if  ∆ͳͳͳ > ͸There is defect if  ∆ͳͳʹ > ͸There is no defect       otherwiseDͳͳ ∶= There is a defect  

 

 

 

 

3.3.ʭʰʩʸʵʨʱʻʹʺʰʱʻʸʰ ʹʰʪʴʨʲʬʩʰʹ ˂ʰʼʸʻʲʰ ʮʵʲʻʸʰ ʼʰʲʺʸʨ˂ʰʰʹ  

ʬʸʯʰ ʳʬʯʵʫʰʹ ˀʬʹʨˆʬʩ 

ʭʰʩʸʨ˂ʰʬʩʰʹ ʫʨ ˆʳʨʻʸʰʹ ʹʰʪʴʨʲʬʩʰʫʨʴ ʳʨʾʨʲʹʰˆˀʰʸʻʲʰ ʳʫʪʬʴʬʲʬʩʰʹ 

ʪʨʳʵʿʵʼʰʹʨʹ ʬʴʬʸʪʬʺʰʱʻʲʰ ʳʵ˄ʿʵʩʰʲʵʩʬʩʰʹ ʺʬʽʴʰʱʻʸ ʳʫʪʵʳʨʸʬʵʩʨʯʨ 

ʭʰʩʸʵʨʱʻʹʺʰʱʻʸʰ ʳʵʴʰʺʵʸʰʴʪʰʹʨ ʫʨ ʫʰʨʪʴʵʹʺʰʱʰʹ ʨʳʵ˂ʨʴʬʩˀʰ ʹʨ˅ʰʸʵ ʨʸʰʹ 

ʹʰʪʴʨʲʬʩʰʹ ˂ʰʼʸʻʲʰ ʮʵʲʻʸʰ ʼʰʲʺʸʨ˂ʰʨ. ʽʭʬʳʵʯ ʴʨˆ.3.10-ʮʬ ʴʨˁʭʬʴʬʩʰʨ ˈʰʫʸʵ 

ʬʴʬʸʪʵʨʪʸʬʪʨʺʰʹ ˆʳʨʻʸʰʹ ʹʰʪʴʨʲʰʹ ʼʰʲʺʸʨ˂ʰʨ ʨʸʨʹʨʹʻʸʭʬʲ ʹʰˆˀʰʸʬʯʨ 
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ნʪʨʴʻʲʬʩʰʯნй ʭʯʽʭʨʯ ʪʭʨʽʭʹ ʹʰʪʴʨʲʰ. MathCad-ˀʰ ʳʰʹʰ ʼʵʸʳʨ ˄ʨʸʳʵʫʪʬʴʰʲʰʨ ʴʨˆ. 

3.10კʮʬ  

 

ʴʨˆ.3.10. ˈʰʫʸʵʬʴʬʸʪʵʨʪʸʬʪʨʺʰʹ ʭʰʩʸʵʨʱʻʹʺʰʱʻʸʰ ʹʰʪʴʨʲʰ 

ʳʵ˂ʬʳʻʲʰʨ ʼʨʸʯʬ ʹʰˆˀʰʸʻʲʮʵʲʰʨʴʰ ˀʬʳʯˆʭʬʭʰʯʰ ˆʳʨʻʸʰʹ ʹʰʪʴʨʲʰ. ʳʵʭʨˆʫʰʴʵʯ 

ʳʰʹʰ ʭʰ˄ʸʵʮʵʲʰʨʴʰ ʹʶʬʽʺʸʨʲʻʸʰ ʨʴʨʲʰʮʰ ˀʬʳʫʬʪʰ ʶʨʸʨʳʬʺʸʬʩʰʯ: ݉ ∶= ͳ͸   ܰ ∶= ʹ௠  ܰ ∶= ͸,ͷͷͶ ×ͳͲସ   ܵ�݉݁ݐ�ܴ݈݁݌ ∶= ͶͶͳͲͲ 

∆ ∶= ܰ݁ݐ�ܴ݈݁݌݉�ܵ ∆ ∶= Ͳ,͸͹͵ܪ� �݂ ∶= � ∙ �ܨ∆ ∶=  ሺܿሻݐ݂݂

ʨʴʨʲʰʮʰʹ ʩʰˇʰ ʨʸʰʹ 0.673 ˈ˂ ʫʨ ʰʪʰ ʳʵʰ˂ʨʭʹ ʨʫʨʳʰʨʴʰʹʨʯʭʰʹ ʳʯʬʲ ʹʳʬʴʨʫ 

ʩʪʬʸʰʯ ʫʰʨʶʨʮʵʴʹ. ʹʶʬʽʺʸʨʲʻʸ ʫʰʨʪʸʨʳʨʹ ʬʽʴʬʩʨ ˀʬʳʫʬʪʰ ʹʨˆʬ (ʴʨˆ. 3.11.) 

 

ʴʨˆ. 3.11. ʹʨ˄ʿʰʹʰ ʹʰʪʴʨʲʰʹ ʭʰ˄ʸʵʮʵʲʰʨʴʰ ʹʶʬʽʺʸʰ 

ʪʨʳʵʭʿʵʯ ʨʳ ʹʶʬʽʺʸˀʰ, ʳʨʪʨʲʰʯʨʫ, ʹʰˆˀʰʸʬʯʨ ʫʰʨʶʨʮʵʴʰ 2000 კ 5000 ˈ˂ ʫʨ 

ʫʨʴʨʸˁʬʴʰ ʹʰˆˀʰʸʬʯʨ ʻʩʴʬʩʰ ʪʨʭʨʴʻʲʵʯ (= 0). ʳʰʭʰʾʬʩʯ ʴʨˆ.3.13 - ʮʬ ˄ʨʸʳʵʫʪʬʴʰʲ 

ʹʻʸʨʯʹ.  
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ʴʨˆ. 3.12. ʹʨʹʻʸʭʬʲʰ (2000 კ 5000 ˈ˂) ʫʰʨʶʨʮʵʴʰʹ ʪʨʳʵʿʵʼʨ ʹʶʬʽʺʸˀʰ 

ʨʽ ʫʨʩʨʲʰ (2000 ˈ˂-ʳʫʬ) ʫʨ ʳʨʾʨʲʰ (5000 ˈ˂ ʮʬʭʰʯ) ʳʫʪʬʴʬʲʬʩʰ ʨʾʨʸ ʨʸʰʹ - ʰʹʰʴʰ 

ʻʫʸʰʹ ʴʵʲʹ. 

ͳܯ ∶= ሺܨ� ∙ ଵሻ⃗⃗ܨ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗   
ʰʹʨʸʰ ʴʰˀʴʨʭʹ ʭʬʽʺʵʸʰʮʨ˂ʰʰʹ ʶʸʵ˂ʬʫʻʸʨʹ - ʨʴʻ ʳʵ˂ʬʳʻʲʰ ʵʶʬʸʨ˂ʰʰʹ 

ˀʬʹʸʻʲʬʩʨʹ ʭʬʽʺʵʸʰʹ ʿʭʬʲʨ ʬʲʬʳʬʴʺʬʩʰʹʨʯʭʰʹ. ʨˆʲʨ ʳʵʭʨˆʫʰʴʵʯ ʨʳ ʹʶʬʽʺʸʰʹ 

ʳʰˆʬʫʭʰʯ ʼʻʸʰʬʹ ʹ˄ʸʨʼʰ ʪʨʸʫʨʽʳʴʰʹ ʻʱʻʶʸʵ˂ʬʹʰ - ʰʴʭʬʸʹʰʸʬʩʰʹ ʶʸʵ˂ʬʫʻʸʨ 

(ʴʨˆ.3.13.) 

 

 

ʴʨˆ.3.13. ʰʴʭʬʸʹʰʸʬʩʰʹ ˀʬʫʬʪʨʫ ʳʰʾʬʩʻʲʰ ʹʰʪʴʨʲʰ 
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ʹʨʩʵʲʵʫ ʳʰʭʰʾʬʩʯ ˂ʰʼʸʻʲʨʫ ʪʨʼʰʲʺʸʻʲ ʹʰʪʴʨʲʹ, ʸʵʳʬʲˀʰ˂ ʰʽʴʬʩʨ 

ʳˆʵʲʵʫ ʮʵʲʰʹ ʹʰˆˀʰʸʬʬʩʰ 2000 კ 5000 ˈ˂. ˀʬʪʭʰ˃ʲʰʨ ˁʨʭ˄ʬʸʵʯ ʬʹ ʹʰʪʴʨʲʰ *.wav 

ʼʵʸʳʨʺˀʰ ʫʨ ʳʵʭʰʹʳʰʴʵʯ ʯʻ ʸʵʪʵʸʰ ˆʳʨ ʬʽʴʬʩʨ ʨʹʬʯ ˆʳʨʻʸʹ.  ʨʪʸʬʯʭʬ ˀʬʪʭʰ˃ʲʰʨ 

ʪʨʭʨʪʸ˃ʬʲʵʯ ʳʰʹʰ ˀʬʳʫʪʵʳʰ ʫʨʳʻˀʨʭʬʩʨ ʫʰʨʪʴʵʹʺʰʱʰʹ ʯʻ ʹˆʭʨ ʳʰʮʴʬʩʰʹʨʯʭʰʹ. 

ʨʳ ʳʬʯʵʫʹ ʨʽʭʹ ʯʨʭʰʹʬʩʻʸʬʩʨ, ʱʬʸ˃ʵʫ, ʯʻ ʼʰʲʺʸʬʩʹ ˁʭʬʻʲʬʩʸʰʭ (ʨʴʨʲʵʪʻʸʹ 

ʯʻ ˂ʰʼʸʻʲʹ) ʨʽʭʯ ʺʸʨʶʬ˂ʰʰʹ ʳʨˆʨʹʰʨʯʬʩʬʲʰ, ʨʽ ʳʨˆʨʹʰʨʯʬʩʬʲʰ ʨʸʰʹ 

ʳʨʸʯʱʻʯˆʬʫʰ. ʬʹ ʴʰˀʴʨʭʹ, ʸʵʳ ʪʨʸʫʨ ʨʳ ʫʰʨʶʨʮʵʴʰʹʨ ʹˆʭʨ ʹʰˆˀʰʸʬʬʩʰ ʹʰʪʴʨʲˀʰ 

ʨʾʨʸ ʨʸʰʹ, ʰʹʰʴʰ ʳʵ˅ʸʰʲʰʨ.  

ʭʰʩʸʵʨʱʻʹʺʰʱʻʸʰ ʫʰʨʪʴʵʹʺʰʱʰʹ ʨʳʵ˂ʨʴʬʩˀʰ ˆˀʰʸʨʫ ʹʨ˅ʰʸʵʨ ʨʳ ʪʨʼʰʲʺʸʻʲʰ 

ʹʰʪʴʨʲʰʹ ˀʬʳʫʪʵʳʰ ʫʨʳʻˀʨʭʬʩʨ, ʱʬʸ˃ʵʫ, ˈʰʲʩʬʸʺʰʹ ʪʨʸʫʨʽʳʴʨ ˀʬʳʵʳʭʲʬʩʰʹ 

ʳʵʹʨ˃ʬʩʴʨʫ, ˀʬʳʫʬʪ ʼʻʸʰʬʹ ʹʶʬʽʺʸʨʲʻʸʰ ʪʨʸʫʨʽʳʴʨ ʫʨ ʳʰʾʬʩʻʲ ʹʶʬʽʺʸˀʰ 

ʫʨʩʨʲʹʰˆˀʰʸʻʲʰ ʳʫʪʬʴʬʲʬʩʰʹ ʳʵ˃ʬʩʴʨ.  

ʽʭʬʳʵʯ ʴʨˆ.3.14 -ʮʬ ˄ʨʸʳʵʫʪʬʴʰʲʰʨ ʨʹʬʯʰ ʶʸʵ˂ʬʫʻʸʬʩʰ MathCad-ʰʹ ʪʨʸʬʳʵˀʰ. 

 

ʴʨˆ.3.14. ʳʨʾʨʲʹʰˆˀʰʸʻʲʰ ʭʰʩʸʨ˂ʰʻʲʰ ʹʰʪʴʨʲʰʹ ˀʬʳʵʳʭʲʬʩʰʹ  

ʫʨʩʨʲʹʰˆˀʰʸʻʲʰ ʹʶʬʽʺʸʨʲʻʸʰ ʳʫʪʬʴʬʲʬʩʰ 
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ʯʨʭʰ 4 

ʭʨʸ˂ʰˆʬ ˈʬʹ-ʰʹ ˈʰʫʸʵʬʴʬʸʪʵʨʪʸʬʪʨʺʬʩʰʹ ʭʰʩʸʨ˂ʰʻʲʰ ʳʨˆʨʹʰʨʯʬʩʲʬʩʰʹ 

ʬʽʹʶʬʸʰʳʬʴʺʻʲʰ ʱʭʲʬʭʨ 

4.1. ʪʨʮʵʳʭʰʹ ʳʬʯʵʫʵʲʵʪʰʨ ʫʨ ʳʰʾʬʩʻʲʰ ʭʰʩʸʨ˂ʰʻʲʰ ʹʰʪʴʨʲʰʹ ʨʴʨʲʰʮʰ 

ˈʰʫʸʵʬʴʬʸʪʵʨʪʸʬʪʨʺʬʩʰʹ ʺʬʽʴʰʱʻʸ ʳʫʪʵʳʨʸʬʵʩʨʯʨ ʭʰʩʸʨ˂ʰʻʲʰ 

ʳʵʴʰʺʵʸʰʴʪʰʹʨ ʫʨ ʫʰʨʪʴʵʹʺʰʱʰʹ ʹʨˀʻʨʲʬʩʬʩʰʹ ʫʨʴʬʸʪʭʨ ʶʸʨʽʺʰʱʨˀʰ ʰʯˆʵʭʹ ʳʨʯʰ 

ʭʰʩʸʨ˂ʰʻʲʰ ʭʬʲʬʩʰʹ ʾʸʳʨ ʫʬʺʨʲʻʸ ˂ʵʫʴʨʹ. ʨʳʰʹʨʯʭʰʹ ʹʨ˅ʰʸʵʨ ˁʨʺʨʸʫʬʹ 

ʭʰʩʸʨ˂ʰʻʲʰ ʳʨˆʨʹʰʨʯʬʩʲʬʩʰʹ ʬʽʶʬʸʰʳʬʴʺʻʲʰ ʱʭʲʬʭʬʩʰ, ʸʨʯʨ ˀʬʹ˄ʨʭʲʰʲ ʰʽʴʨʹ 

ʭʰʩʸʨ˂ʰʬʩʰʹ ʨʳʶʲʰʺʻʫʻʸʰ ʫʨ ʹʰˆˀʰʸʻʲʰ ʳʨˆʨʹʰʨʯʬʩʲʬʩʰ ʭʰʩʸʨ˂ʰʬʩʰʹ 

ʪʬʴʬʸʰʸʬʩʰʹ ʹʸʻʲ ʫʰʨʶʨʮʵʴˀʰ. ʽʭʬʳʵʯ ʳʵ˂ʬʳʻʲʰʨ ʨʹʬʯʰ ʱʭʲʬʭʬʩʰʹ ˀʬʫʬʪʬʩʰ 

ʭʨʸ˂ʰˆʬ ˈʬʹ-ʰʹ ˈʰʫʸʵʬʴʬʸʪʵʨʪʸʬʪʨʺʬʩʰʹ ʳʨʪʨʲʰʯʮʬ. 

ʪʨʮʵʳʭʬʩʰ ˁʨʺʨʸʫʨ ʹʨʳʰʭʬ (ʭʬʸʺʰʱʨʲʻʸʰ, ʺʨʴʪʬʸʴ˂ʰʻʸʰ, ʸʨʫʰʨʲʻʸʰ) 

ʳʰʳʨʸʯʻʲʬʩʬʩʰʯ ʨʪʸʬʪʨʺʬʩʰʹ ʵʯˆ ʭʰʩʸʵʨʽʺʰʻʸ ˄ʬʸʺʰʲˀʰ (ʭʨʸ˂ʰˆʬ ˈʬʹ-ʮʬ). ʬʹ 

˄ʬʸʺʰʲʬʩʰʨ - ʺʻʸʩʰʴʨ, ʽʭʬʫʨ ʹʨʱʰʹʨʸʰ, ʮʬʫʨ ʹʨʱʰʹʨʸʰ ʫʨ ნʱʵʳʩʰʴʨʺʵʸʰნз ʸʵʪʵʸ˂ 

ʬʹ ʴʨˆ.4.1-ʮʬ ʨʸʰʹ ʴʨˁʭʬʴʬʩʰ. 

 

 

 

 

 

 

 

 

 

 

ʴʨˆ. 4.1. ˈʰʫʸʵʬʴʬʸʪʵʨʪʸʬʪʨʺʬʩʰʹ ʪʨʮʵʳʭʬʩʰʹ ˄ʬʸʺʰʲʬʩʰʹ ʹʽʬʳʨ 
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ʪʨʳʵʿʬʴʬʩʻʲʰ ʰʽʴʨ ʭʰʩʸʵʳʮʵʳʰ ʨʶʨʸʨʺʻʸʨ ǪШǪ-003 (ʹʰʮʻʹʺʰʹ ʱʲʨʹʰ 1. 

ǫǶǹǺ17187-81) ʫʨ ʭʰʩʸʵʨˁʽʨʸʬʩʰʹ ʶʰʬʮʵʹʬʴʹʵʸʬʩʰ ǬH -3 (ʹʰˆˀʰʸʰʹ ʫʰʨʶʨʮʵʴʰ 10 -

4000 ˈ˂) (ʹʻʸ.4.)1. ʹʨʳ˄ʻˆʨʸʵʫ ʨʾʴʰˀʴʻʲʰ ʹʰˆˀʰʸʻʲʰ ʫʰʨʶʨʮʵʴʰ ʴʰˀʴʨʭʹ ʰʳʨʹ, ʸʵʳ 

4000   ˈ˂ ʮʬʳʵʯ ʫʨ 10 ˈ˂ ʽʭʬʳʵʯ (ʰʴʼʸʨʩʪʬʸʰʯʰ ʸˆʬʭʬʩʰ) ʨʳ ʹʬʴʹʵʸʬʩʰʯ 

ˀʬʻ˃ʲʬʩʬʲʰʨ ʮʻʹʺʨʫ ʪʨʨʴʨʲʰʮʫʬʹ ʭʰʩʸʨ˂ʰʬʩʰ, ʸʨ˂ ˂ʻʫʨʫ ʪʨʳʵʰʹʨˆʬʩʨ ˀʬʫʬʪʬʩˀʰ. 

ʨʸ ʳʵˁʨʴʹ ʶʰʸʭʬʲʰ ˃ʰʸʰʯʨʫʰ ʫʨ ʼʸʯʰʹ ˈʨʸʳʵʴʰʱʬʩʰ ʫʨ ʹʻʩˈʨʸʳʵʴʰʱʬʩʰ, ʸʨ˂ ʨʸ 

ʰ˃ʲʬʭʨ ˀʬʹʨ˃ʲʬʩʲʵʩʨʹ ʫʰʨʪʴʵʹʺʰʸʬʩʨ ʪʨʭʻʱʬʯʵʯ ʳʴʰˀʭʴʬʲʵʭʨʴ ˂ʭʬʯʰʹ 

ʫʬʼʬʽʺʬʩʹ ʫʨ ʨʪʸʬʯʭʬ ˀʬʻ˃ʲʬʩʬʲʰʨ ʹʸʻʲʰʨʫ ʪʨʭʨʨʴʨʲʰʮʵʯ ʳʨʾʨʲʹʰˆˀʰʸʻʲʰ 

ʭʰʩʸʨ˂ʰʬʩʰʹ ˀʬʳʵʳʭʲʬʩʰʹ ʹʶʬʽʺʸʰ ʳʵʫʻʲʰʸʬʩʻʲʰ ʸˆʬʭʬʩʰʹ ʨʭʺʵʸˆʬʭʬʩʰʹ ʫʨ 

ʱʨʭʰʺʨ˂ʰʰʹ ˄ʨʸʳʵˀʵʩʰʹ ˀʬʳʯˆʭʬʭʨˀʰ. ʨʹʬʭʬ ʪʨʹʨʯʭʨʲʰʹ˄ʰʴʬʩʬʲʰʨ ʰʹʰ˂, ʸʵʳ ʭʨʸ˂ʰˆʬ 

ˈʬʹʰʹ ˈʰʫʸʵʬʴʬʸʪʵʨʪʸʬʪʨʺʬʩʰ ʫʨʩʨʲʰ ʩʸʻʴʯʨ ʸʰ˂ˆʭʰʹ ʨʪʸʬʪʨʺʬʩʰʨ ʫʨ 

ʭʰʩʸʵʨʽʺʰʻʸʰ ʱʭʨʴ˃ʬʩʰʹ ʺʬʽʴʰʱʻʸ ʳʫʪʵʳʨʸʬʵʩʨʯʨ ʹʻʸʨʯʰʹ ʳʰʹʨʾʬʩʨʫ ʹʨ˅ʰʸʵʨ 

ʹʶʬ˂ʰʨʲʻʸʰ ʭʰʩʸʵʳʮʵʳʰ ʨʶʨʸʨʺʻʸʨ, ʼʨʸʯʬ ʹʰˆˀʰʸʻʲʰ ʫʰʨʶʨʮʵʴʰʯ - 0 კ 20 ʱˈ˂ ʫʨ 

ʮʬʭʰʯ. ʹʨ˅ʰʸʵʨ, ʸʵʳ ʪʨʮʵʳʭʰʹ ʹʰˆˀʰʸʻʲ ʫʰʨʶʨʮʵʴˀʰ ʳʵˆʭʫʬʹ, ʸʵʪʵʸ˂ ʨʪʸʬʪʨʺʰʹ 

˃ʰʸʰʯʨʫʰ ʩʸʻʴʭʰʯʰ ʹʰˆˀʰʸʬʬʩʰ, ʨʹʬʭʬ ʹʬʴʹʵʸʬʩʰʹ ʹʨʱʻʯʨʸʰ ʹʰˆˀʰʸʬʬʩʰ ʫʨ 

˂ʨʲʱʬʻʲʰ ʱʭʨʴ˃ʬʩʰʹ ʹʨʱʻʯʨʸʰ ʹʰˆˀʰʸʬʬʩʰ. 

 

ʹʻʸ. 4.1. ʭʰʩʸʵʳʮʵʳʰ ʫʨ ʭʰʩʸʵʨˁʽʨʸʬʩʰʹ ʹʬʴʹʵʸʰ 

ʨʪʸʬʯʭʬ ʪʨʳʵʿʬʴʬʩʻʲʰ ʰʽʴʨ ʯʨʴʨʳʬʫʸʵʭʬ, ʹʶʬ˂ʰʨʲʻʸʨʫ ˀʬ˃ʬʴʰʲʰ ʶʵʸʺʨʺʻʲʰ 

ʭʰʩʸʵʳʮʵʳʰ  VM 6360 (ʹʻʸ. 4.2). 
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ʹʻʸ. 4.2. ʶʵʸʺʨʺʻʲʰ ʭʰʩʸʵʳʮʵʳʰ ʳʵ˄ʿʵʩʰʲʵʩʨ 

 

ʭʰʩʸʵʳʬʺʸʰ (ʹʻʸ. 4.2) VM-6360 ʨʸʰʹ ʳ˂ʰʸʬ ʪʨʩʨʸʰʺʬʩʰʹ ʳʽʵʴʬ ʶʵʸʺʨʺʻʲʰ 

ʭʰʩʸʵʳʮʵʳʰ, ʸʵʳʬʲʰ˂ ʪʨʮʵʳʭʰʹʯʨʴʨʭʬ ʪʭʨ˃ʲʬʭʹ ʳʵʴʨ˂ʬʳʬʩʹ ʳʰʹ ʳ˂ʰʸʬ ʮʵʳʰʹ 

ʫʰʹʶʲʬʰʮʬй 

ʹʬʴʹʵʸʬʩʰ ʳʨʪʸʫʬʩʵʫʨ ʪʨʹʨʮʵʳ ʮʬʫʨʶʰʸʮʬ ʳʨʪʴʰʺʰʹʨ ʫʨ ʶʸʰʮʳʰʹ ʳʬˀʭʬʵʩʰʯ, 

ʸʵʪʵʸ˂ ʬʹ ʴʨˆ. 4.2 -ʮʬ ʨʸʰʹ  ʴʨˁʭʬʴʬʩʰ. 

 

 

 

ʴʨˆ.4.2. ʳʮʵʳʰ ʱʭʨʴ˃ʰ 
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ʭʬʸʺʰʱʨʲʻʸʰ ʳʰʳʨʸʯʻʲʬʩʰʯ ʪʨʮʵʳʭʰʹʨʹ ʳʮʵʳʰ ʱʭʨʴ˃ʰ ʩʸʻʴʫʬʩʵʫʨ 90 

ʪʸʨʫʻʹʰʯ ʹʨʱʻʯʨʸʰ ʾʬʸ˃ʰʹ ʳʰʳʨʸʯ ʫʨ ˀʬʳʫʪʵʳ ʮʵʳʨʭʫʨ ʺʨʴʪʬʴ˂ʰʻʸʰ 

ʳʰʳʨʸʯʻʲʬʩʰʯ. ʪʨʮʵʳʭʬʩʰʹ ʹʰʮʻʹʺʬ ʰʿʵ ± м Ȍǩй ˆʬʲʹʨ˄ʿʵ ʹʸʻʲʰʨʫ ʪʨʳʵʹʨʫʬʪʰʨ 

ʼʨʸʫʵʩʰʯʰ ʭʰʩʸʨ˂ʰʬʩʰʹ ʫʨ ˀʬʼʨʹʬʩʰʯʰ ʪʨʮʵʳʭʬʩʰʹʨʹ, ʳʰʯ ʻʳʬʺʬʹ, ʸʵʳ ˆʫʬʩʨ ʵʸʰ 

ʫʨ ʸʨʳʵʫʬʴʰʳʬ ʪʨʮʵʳʭʰʹ ˀʬʫʬʪʬʩʰʹ ˀʬʫʨʸʬʩʨ ʬʸʯʳʨʴʬʯʯʨʴ. ʪʨʮʵʳʭʬʩʰʹʨʹ 20-30 

˄ʨʳʰʨʴʰ ʭʰʩʸʵʹʰʪʴʨʲʬʩʰʹ ʳʵʴʨʱʭʬʯʬʩʰ ʰ˄ʬʸʬʩʵʫʨ ʱʵʳʶʰʻʺʬʸˀʰ ʹʶʬ˂ʰʨʲʻʸʰ 

ʱʵʳʶʰʻʺʬʸʻʲʰ ʶʸʵʪʸʨʳʰʯ ʫʨ ˀʬʳʫʬʪ ˆʫʬʩʵʫʨ ʳʨʯʰ ʫʨʳʻˀʨʭʬʩʨ ʫʨ ʨʴʨʲʰʮʰ 

ʲʨʩʵʸʨʺʵʸʰʻʲ ʶʰʸʵʩʬʩˀʰ. ʭʰʩʸʵʹʰʪʴʨʲʬʩʰ ˂ʰʼʸʻʲʨʫ ʳʻˀʨʭʫʬʩʵʫʨ, ʸʵʪʵʸ˂ 

ʹʶʬ˂ʰʨʲʻʸʰ ʱʵʳʶʰʻʺʬʸʻʲʰ ʶʸʵʪʸʨʳʰʯ, ʨʹʬʭʬ MathCad-ʰʹ ʪʨʸʬʳʵˀʰ. 

ʪʨʴʹʨʮʾʭʸʻʲʰ ʫʨ ʪʨʨʴʨʲʰʮʬʩʻʲʰ ʰʽʴʨ ʳʵˆʹʴʰʲʰ ʹʰʪʴʨʲʬʩʰʹ ˀʬʳʫʬʪʰ 

ʭʰʩʸʨ˂ʰʻʲʰ ʳʨˆʨʹʰʨʯʬʩʲʬʩʰ: 

 ʭʰʩʸʵʨˁʽʨʸʬʩʰʹ ʹʰʪʴʨʲʬʩʰʹ ʼʵʸʳʬʩʰ; 

 ʹʰʪʴʨʲʬʩʰʹ ʹʨˀʻʨʲʵʱʭʨʫʸʨʺʻʲʰ ʳʴʰˀʭʴʬʲʵʩʬʩʰ - RMS, ʸʵʳʲʬʩʰ˂ 

ʹʰʪʴʨʲʬʩʰʹ ʭʰʩʸʨ˂ʰʻʲʰ ʬʴʬʸʪʰʰʹ ʶʸʵʶʵʸ˂ʰʻʲʰʨ). 

ʹʨʫʨ˂ RTS კ ʨʸʰʹ  Real Time Series -  ʭʰʩʸʨ˂ʰʻʲʰ ˂ʰʼʸʻʲʰ ʹʰʪʴʨʲʬʩʰʹ 

ʨʳʶʲʰʺʻʫʬʩʰʹ ʪʨʮʵʳʰʲʰ ʳʴʰˀʴʬʲʵʩʬʩʰ, i ш лзмзнз დ N - ʭʰʩʸʨ˂ʰʬʩʰʹ ʪʨʴˆʰʲʻʲʰ 

ʸʬʨʲʰʮʨ˂ʰʰʹ ˄ʬʸʺʰʲʬʩʰʹ ʴʻʳʬʸʨ˂ʰʨ. RMS-ʰʹ (ʹʨˀʻʨʲʵʱʭʨʫʸʨʺʻʲʰ ʳʴʰˀʭʴʬʲʵʩʨ) 

ʮʸʫʨ ʳʰʨʴʰˀʴʬʩʹ ʭʰʩʸʨ˂ʰʬʩʰʹ ʫʵʴʰʹ ʮʸʫʨʹ: 

  1

0

2

])[( 1
1

1
:

N

i
RTS iN

RMS
 

ʱʸʬʹʺ-ʼʨʽʺʵʸʬʩʰ :ݎ݋ݐܿ�ܨݐݏ݁ݎܥ ∶= max ሺோ்ௌ<భ>ሻோெௌ  

CrestFactor - ʰʹ ʫʰʫʰ ʳʴʰˀʭʴʬʲʵʩʬʩʰʹ ˀʬʳʯˆʭʬʭʨˀʰ г≥ с д ʸˆʬʭʰʯ ʹʰʹʺʬʳʨˀʰ ˁʴʫʬʩʨ 

ʫʨʸʺʿʳʬʩʰ; 

 ʹʰʪʴʨʲʬʩʰʹ ˇʨʳʻʸʰ ʫʵʴʬʬʩʰ, ʫʩ; 

 ʪʨʫʨʨʫʪʰʲʬʩʬʩʰ ˇʨʳʻʸʰ ʫʵʴʬʬʩʰʯ ˃ʰʸʰʯʨʫ ʳʩʸʻʴʨʭ ʹʰˆˀʰʸʬʮʬ, ʳʳ; 

 ʹʰʪʴʨʲʬʩʰʹ ʹʶʬʽʺʸʨʲʻʸʰ ˀʬʳʨʫʪʬʴʲʵʩʨ ʹʰˆˀʰʸʬʯʨ ʵʽʺʨʭʻʸ ʮʵʲʬʩˀʰ; 

 ʹʰʪʴʨʲʬʩʰʹ ʹʶʬʽʺʸʨʲʻʸʰ ˀʬʳʨʫʪʬʴʲʵʩʨ ʹʰˆˀʰʸʬʯʨ ʺʬʸ˂ - ʵʽʺʨʭʻʸ 

ʮʵʲʬʩˀʰ; 
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 ʹʰʪʴʨʲʬʩʰʹ ʭʰ˄ʸʵʮʵʲʰʨʴʰ ʹʶʬʽʺʸʨʲʻʸʰ ˀʬʳʨʫʪʬʴʲʵʩʨ (ʪʨʺʨʸʬʩʰʹ ʮʵʲʰ 

0,673 ˈ˂) ʳʯʬʲ ʹʰˆˀʰʸʻʲ ʫʰʨʶʨʮʵʴˀʰ ʫʨ ʳʫʪʬʴʬʲʬʩʰʹ ʫʬʺʨʲʻʸʰ 

ʨʴʨʲʰʮʰ, ʸʵʪʵʸ˂ ˄ʸʼʰʭʰ, ʨʹʬʭʬ ʲʵʪʨʸʰʯʳʻʲʰ ʪʨʮʵʳʭʬʩʰʹ ʹʱʨʲʰʯ; 

 ʲʵʱʨʲʻʸʰ ʫʨ ʪʲʵʩʨʲʻʸʰ ʳʨʽʹʰʳʻʳʬʩʰʹ ʶʵʭʴʨ ʯʨʭʰʹʰ ʹʰˆˀʰʸʬʬʩʰʯ; 

 ʱʬʶʹʺʸʬʩʰ (ʸʵʳʲʬʩʰ˂ ʳʰʻʯʰʯʬʩʬʴ ʶʸʰʵʫʻʲʵʩʨʮʬ ʹʰʪʴʨʲʬʩˀʰ); 

 ʭʰʩʸʵʨˁʽʨʸʬʩʰʹ ʹʰʪʴʨʲʬʩʰʹ ˀʬʳʵʳʭʲʬʩʰʹ ʹʶʬʽʺʸʨʲʻʸʰ ˀʬʳʨʫʪʬʴʲʵʩʨ; 

ʰʹʰʴʰ  ʳʰʰʾʬʩʨ ˇʬʸ ʹʰʪʴʨʲʰʹ ˀʬʳʵʳʭʲʬʩʰʹ ʶʵʭʴʰʯ, ˈʰʲʩʬʸʺʰʹ ʪʨʸʫʨʽʳʴʰʯ 

ʫʨ ˀʬʳʫʬʪ FFT -   ʼʻʸʰʬʹ ʹ˄ʸʨʼʰ ʪʨʸʫʨʽʳʴʰʯ ʰ˃ʬʩʴʬʩʨ ʳʨʯʰ ʹʶʬʽʺʸʨʲʻʸʰ 

ˀʬʳʨʫʪʬʴʲʵʩʨ; 

 ʪʨʼʰʲʺʸʻʲʰ ʳʨʾʨʲʹʰˆˀʰʸʻʲʰ ʹʰʪʴʨʲʬʩʰʹ ˀʬʳʵʳʭʲʬʩʰʹ ʹʶʬʽʺʸʨʲʻʸʰ 

ˀʬʳʨʫʪʬʴʲʵʩʨ; 

ʿʭʬʲʨ ʬʹ ʹʰʪʴʨʲʬʩʰʹ ʳʨˆʨʹʰʨʯʬʩʲʬʩʰ ʨʸʰʨʴ MathCad-ʰʹ (ʫʨ ʳʰʹʰ ʪʨʼʨʸʯʵʬʩʰʹ 

Extension Pack მSignal Processingნ-ʰʹ) ʹʺʨʴʫʨʸʺʻʲʰ ʼʻʴʽ˂ʰʬʩʰ ʫʨ ʳʨʯʰ ʶʵʭʴʨ 

MathCad-ʰʹ ʪʨʸʬʳʵˀʰ ˄ʨʸʳʵʬʩʹ ʳʨʸʺʰʭʨʫ ʫʨ ʳʿʰʹʰʬʸʨʫ. 

Mathcad-ʰʹ ʪʨʸʬʳʵˀʰ ʹʶʬ˂ʰʨʲʻʸʨʫ ˀʬʰʽʳʴʨ ʫʨ ʫʨʳʻˀʨʭʫʨ ʱʵʳʶʰʻʺʬʸʻʲʰ 

ʶʸʵʪʸʨʳʨ, ʸʵʳʬʲʰ˂ ʸʨʳʵʫʬʴʰʳʬ ˄ʻʯʰʹ ʪʨʴʳʨʭʲʵʩʨˀʰ ʶʵʻʲʵʩʹ ʿʭʬʲʨ ʰʳ 

ʭʰʩʸʨ˂ʰʻʲ ʶʨʸʨʳʬʺʸʬʩʹ ʫʨ ʨʫʨʸʬʩʹ ʬʸʯʳʨʴʬʯʨʴ, ʸʵʪʵʸ˂ ʸʨʳʵʫʬʴʰʳʬ ʪʨʮʵʳʭʬʩʰʹ 

ˀʬʫʬʪʬʩʹ, ʨʹʬʭʬ ʯʻ ʹʨ˅ʰʸʵʨ ʹˆʭʨʫʨʹˆʭʨ ʨʪʸʬʪʨʺʬʩʰʹ ʪʨʮʵʳʭʬʩʰʹ ˀʬʫʬʪʬʩʹ.  

ˁʭʬʴʹ ˀʬʳʯˆʭʬʭʨˀʰ, ʭʨʸ˂ʰˆʬ ˈʬʹ-ʰʹ ʨʪʸʬʪʨʺʬʩʰʹʨʯʭʰʹ ʫʨʳʻˀʨʭʫʨ ʫʨ ˀʬʫʨʸʫʨ 400-

ʳʫʬ ʪʸʨʼʰʱʰ. ʬʸʯ-ʬʸʯʰ ʺʰʶʰʻʸʰ ʪʸʨʼʰʱʰ ʳʵʿʭʨʴʰʲʰʨ ʽʭʬʳʵʯ (ʴʨˆ.4.3). 
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ʴʨˆ.4.3. ʭʨʸ˂ʰˆʬ ˈʬʹ-ʰʹ ʨʪʸʬʪʨʺʰʹ G2 ʪʬʴʬʸʨʺʵʸʰʹ ʹʶʬʽʺʸʨʲʻʸʰ ʳʫʪʬʴʬʲʬʩʰʹ 

ˀʬʫʨʸʬʩʨ 0 კ 210 ˈ˂ ʹʰˆˀʰʸʻʲ ʫʰʨʶʨʮʵʴˀʰ ʭʬʸʺʰʱʨʲʻʸʰ, ʺʨʴʪʬʸʴ˂ʰʻʸʰ, 

ʸʨʫʰʨʲʻʸʰ ʳʰʳʨʸʯʻʲʬʩʰʯ 

ʳʵʳʨʭʨʲˀʰ ʹʨ˅ʰʸʵʨ ʿʭʬʲʨ ˈʰʫʸʵʬʴʬʸʪʵʨʪʸʬʪʨʺʬʩʰʹʨʯʭʰʹ ʭʰʩʸʨ˂ʰʻʲʰ 

ʹʰʪʴʨʲʬʩʰʹ ʫʨ ʳʨʯʰ ʭʰʩʸʨ˂ʰʻʲʰ ʳʨˆʨʹʰʨʯʬʩʲʬʩʰʹ ʳʵʴʨ˂ʬʳʯʨ ʩʨʮʰʹ ˀʬʽʳʴʨ. ˀʬʳʫʬʪ, 

ʨʳ ʩʨʮʰʹ ʪʨʳʵʿʬʴʬʩʰʯ ʻʴʫʨ ʳʵˆʫʬʹ ʨʴʨʲʰʮʰ ʫʨ ʿʭʬʲʨ ˀʬʹʨ˃ʲʵ ˄ʰʴʨʫʬʼʬʽʺʻʸʰ ʫʨ 

ʫʬʼʬʽʺʻʸʰ ʺʬʽʴʰʱʻʸ ʳʫʪʵʳʨʸʬʵʩʨʯʨ ʪʨʴʹʨʮʾʭʸʨ. 
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ʸʵʺʵʸʰʹ ʴʵʳʰʴʨʲʻʸʰ ʩʸʻʴʭʰʹ ʹʰˆˀʰʸʬ ʭʨʸ˂ʰˆʬ ˈʬʹ-ʮʬ (ʼʸʬʴʹʰʹʰʹ ʺʰʶʰʹ 

ʫʨʩʨʲʰ ʩʸʻʴʭʰʹ ʭʬʸʺʰʱʨʲʻʸʰ ʨʪʸʬʪʨʺʬʩʰ)  ˀʬʨʫʪʬʴʹ 115.5 ʩʸ/˄ʻʯˀʰ, ʨʴʻ 1.923 ˈ˂. 

ʿʭʬʲʨ ʫʰʴʨʳʰʻʸʰ ʶʸʵ˂ʬʹʬʩʰ ʹʰʹʺʬʳʨˀʰ ʳʬʵʸʫʬʩʨ f0 = 1.923 ˈ˂ ʶʬʸʰʵʫʻʲʵʩʰʯ. ʬʹ 

ʨʸʰʹ ʸʵʺʵʸʰʹ ʩʸʻʴʭʰʹ ˃ʰʸʰʯʨʫʰ ʹʰˆˀʰʸʬ ʫʨ ˈʨʸʳʵʴʰʱʬʩʰ ˁʴʫʬʩʨ ʹʰˆˀʰʸʬʬʩʮʬk*f0, 

ʹʨʫʨ˂ k= 1,2,3,...  . 

 

 

ʹʻʸ. 4.3. ʭʨʸ˂ʰˆʬ ˈʬʹ-ʰʹ ˈʰʫʸʵʬʴʬʸʪʵʨʪʸʬʪʨʺʰ 
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ʺʻʸʩʰʴʨʹ ʨʽʭʹ ʵʯˆʰ ʼʸʯʨ ʫʨ ʨʳʰʺʵʳ ˃ʰʸʰʯʨʫʰ ʼʸʯʰʹ ʹʰˆˀʰʸʬ ʨʸʰʹ f1 = 

1.923x4=7.68 ˈ˂, ʬʹʬʪʰ ʼʸʯʰʹ ˈʨʸʳʵʴʰʱʬʩʰ ʪʨʴʲʨʪʫʬʩʰʨʴ k*f1 ʹʰˆˀʰʸʬʬʩʮʬ.ʿʭʬʲʨ ʬʹ 

ˈʨʸʳʵʴʰʱʨ ʳʵˁʨʴʹ ʹʶʬʽʺʸʨʲʻʸ ˀʬʳʨʫʪʬʴʲʵʩʨˀʰ. 

 

 

ʴʨˆ. 4.4. ʹʰʪʴʨʲʰʹ ʼʵʸʳʨ - ʪʨʮʵʳʰʲʰ ʸʨʫʰʨʲʻʸʰ ʳʰʳʨʸʯʻʲʬʩʰʯ 
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ʴʨˆ.4.5. ʹʰʪʴʨʲʰʹ ʼʵʸʳʨ ʸʨʫʰʨʲʻʸʰ ʳʰʳʨʸʯʻʲʬʩʰʯ. ʹʶʬʽʺʸʬʩʰ 0-200 ˈ˂ ʳʫʬ 
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ʴʨˆ.4.6. ʹʰʪʴʨʲʰʹ ʼʵʸʳʨ ʸʨʫʰʨʲʻʸʰ ʳʰʳʨʸʯʻʲʬʩʰʯ. ʵʽʺʨʭʻʸ ʫʰʨʶʨʮʵʴʬʩˀʰ 

(ʳʯʲʰʨʴʰ ʹʰʪʴʨʲʰ) 
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ʴʨˆ.4.7. ʹʰʪʴʨʲʰʹ ʼʵʸʳʨ ʺʨʴʪʬʴ˂ʰʻʸʰ ʳʰʳʨʸʯʻʲʬʩʨ 0-200 ˈʬʸ˂ʨʳʫʬ (ʹʶʬʽʺʸʰ) 
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ʴʨˆ.4.8. ʹʰʪʴʨʲʰʹ ʼʵʸʳʨ ʺʨʴʪʬʴ˂ʰʻʸʰ ʳʰʳʨʸʯʻʲʬʩʰʯ ʵʽʺʨʭʻʸ ʫʰʨʶʨʮʵʴˀʰ 
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ʴʨˆ.4.9. ʹʰʪʴʨʲʰʹ ʹʶʬʽʺʸʰ -  ʪʨʮʵʳʰʲʰ ʭʬʸʺʰʱʨʲʻʸʰ ʳʰʳʨʸʯʻʲʬʩʰʯ 0 -  200 ˈ˂ 
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ʴʨˆ.4.10. ʹʰʪʴʨʲʰʹ ʼʵʸʳʨ ʭʬʸʺʰʱʨʲʻʸʰ ʳʰʳʨʸʯʻʲʬʩʰʯ ʵʽʺʨʭʻʸ ʫʰʨʶʨʮʵʴˀʰ 
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ʴʨˆ.4.11. ˃ʭʬʲʰ ʫʨ ʨˆʨʲʰ ʪʨʮʵʳʰʲʰ ʭʰʩʸʨ˂ʰʻʲʰ ʭʬʲʬʩʰʹ ʹʰʪʴʨʲʬʩʰʹ ˀʬʫʨʸʬʩʨ ʪʨʮʵʳʰʲʰ 

ʸʨʫʰʨʲʻʸʰ ʳʰʳʨʸʯʻʲʬʩʰʯ (˄ʰʯʲʨʫ ʨʾʴʰˀʴʻʲʰʨ ʶʰʸʭʬʲʰ ʪʨʮʵʳʭʰʹ ˀʬʫʬʪʬʩʰ, ʲʻʸˇʨʫ 

ʳʬʵʸʬ) 

 

 



77 

 

4.2. ʭʨʸ˂ʰˆʬ ˈʬʹʰʹ ʨʪʸʬʪʨʺʰʹ ʭʰʩʸʵʨʱʻʹʺʰʱʻʸʰ ʳʵʴʰʺʵʸʰʴʪʰʹ ʶʸʵʪʸʨʳʨ 

ʽʭʬʳʵʯ ʳʵ˂ʬʳʻʲʰ ʶʸʵʪʸʨʳʰʹ ʹʨˀʻʨʲʬʩʰʯ ˆʫʬʩʨ ʪʨʮʵʳʭʰʹ ˀʬʫʬʪʬʩʰʹ ʳʰˆʬʫʭʰʯ 

ʭʰʩʸʨ˂ʰʻʲʰ ʭʬʲʬʩʰʹ ʨʪʬʩʨ. 

 

ʱʭʨʴ˃ʰ 1 ʸʵʺʵʸʰ 

 ∆ͳͳͳ ∶= ଴ܫܲܶ� − DTPI଴ ∆ͳͳʹ ∶= �Ͳ͵ͳ଴,ଵ − DͲ͵ͳ଴,ଵ 

∆ͳʹͳ ∶= (∑ �Ͳ͵ͳ௠,ଵଽ
௠=ଵ ) − (∑ Ͳ͵ͳ௠,ଵଽܦ

௠=ଵ ) 

∆ͳ͵ͳ ∶= ሺ�ܶܲʹ଴ − DTPʹ଴ሻ + ሺATPͶ଴ − DTPͶ଴ሻ ∆ͳ͵ʹ ∶= (�ܱ͵ʹ଴,ଵ − DO͵ʹ଴,ଵ൯ + (AO͵Ͷ଴,ଵ − DO͵ͶͶ଴,ଵ൯ ∆ͳͳʹ ∶= ͳ ʲʰʲʭʰʹ ʱʲʰʸʬʴʹʰʹሺʾʸʬˁʵʹሻ ʮʸʫʨ − ʻʴʫʨ ʪʨʰʮʵʳʵʹ ʰʴʫʰʱʨʺʵʸʰʯ. ∆ͳͳ͵ ∶= ͳ ʹʨʿʸʫʬʴʰ ʹʨʱʰʹʸʰʹ ʮʬʯʰʹ ʼʬʴʰʹ ʮʸʫʨ. ∆ͳʹͶ ∶= ͳ ʶʸʵ˂ʬʹʰʹ ˂ʭʲʰʲʬʩʨ. 
∆ͳͳ͵ ∶= ͳʲʰʲʭʰʹ ʱʲʰʸʬʴʹʰʹ ሺʾʸʬˁʵʹሻʮʸʫʨ. 

∆ͳͶͳ ∶= ͳ ʪʬʴʬʸʨʺʵʸʰʹ ˈʨʬʸʰʹ ʾʸʬˁʵʹ ʮʸʫʨ. 
ʫʨʹʨˀʭʬʩʰ ʹʰʫʰʫʬʬʩʰ (ʹʺʨʺʰʹʺʰʱʻʸʨʫ ʫʨʳʻˀʨʭʬʩʻʲʰ) 

ͳͳͳ∆ܯ  ∶= ͸                  ܯ∆ͳʹͳ ∶= ʹͷ                     ܯ∆ͳ͵ͳ ∶= ͸              ܯ∆ͳͶͳ ∶= Ͳ.ʹ                      ܯ∆ͳͳʹ ∶= ͸                  ܯ∆ͳʹʹ ∶= Ͳ.ͷ                    ܯ∆ͳ͵ʹ ∶= ͸                                                            ܯ∆ͳʹ͵ ∶= Ͳ.ͳ                    ܯ∆ͳ͵͵ ∶= Ͳ.ͷ                      ܯ∆ͳʹͶ ∶= ͸                                                              
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ʪʨʮʵʳʭʰʹ ˀʬʫʬʪʬʩʰʹʨ ʫʨ ʫʨʹʨˀʭʬʩʰ ʹʰʫʰʫʬʬʩʰʹ ʳʨʺʸʰ˂ʨ. 

 

 

ʱʭʨʴ˃ʰ 2 -ʹʺʨʺʵʸʰ 

ʳʵʴʰʺʵʸʰʴʪʰʹ ʪʨʮʵʳʭʰʹ ˀʬʫʬʪʬʩʰ. 

211 ATP3
0

DTP3
0

  ATP4
0

DTP4
0

 
        


0 0
  0 0

 
212 AO33

0 1 DO33
0 1  AO34

0 1 DO34
0 1 

 ∆ʹʹͳ ∶= ͳ   ʪʬʴʬʸʨʺʵʸʰʹ ʴʨ˄ʰʲʵʩʸʰʭʰ ʪʨʴʺʭʰʸʯʭʨ. ∆ʹ͵ͳ ∶= ͳ    ʪʬʴʬʸʨʺʵʸʰʹ ʴʨ˄ʰʲʵʩʸʰʭʰ ʪʨʴʺʭʰʸʯʭʨ. 
232 ATP3

0
DTP3

0
  ATP4

0
DTP4

0
 

 ∆ʹͶͳ ∶= ͳ    ʪʬʴʬʸʨʺʵʸʰʹ ˈʨʬʸʰʹ ʾʸʬˁʵʹ ʮʸʫʨ. 
242 ATP3

0
DTP3

0
  ATP4

0
DTP4

0
 
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 ∆ʹͶͳ ∶= ͳ    ʪʬʴʬʸʨʺʵʸʰʹ ˈʨʬʸʰʹ ʾʸʬˁʵʹ ʮʸʫʨ. 
252 ATP3

0
DTP3

0
  ATP4

0
DTP4

0
 

 ∆ʹ͸ͳ ∶= ͳ    ʪʬʴʬʸʨʺʵʸʰʹ ˈʨʬʸʰʹ ʾʸʬˁʵʹ ʮʸʫʨ. 
262 ATP3

0
DTP3

0
  ATP4

0
DTP4

0
 

 ∆ʹ͹ͳ ∶= ͳ    ʪʬʴʬʸʨʺʵʸʰʹ ˈʨʬʸʰʹ ʾʸʬˁʵʹ ʮʸʫʨ. 
272 ATP3

0
DTP3

0
  ATP4

0
DTP4

0
 

 ∆ʹͺͳ ∶= ͳ    ʪʬʴʬʸʨʺʵʸʰʹ ˈʨʬʸʰʹ ʾʸʬˁʵʹ ʮʸʫʨ. 
282 ATP3

0
DTP3

0
  ATP4

0
DTP4

0
 

 

291 ATP3
0

DTP3
0

  ATP4
0

DTP4
0

 
 ∆ʹͳͲͳ ∶= ͳ    ʪʬʴʬʸʨʺʵʸʰʹ ˈʨʬʸʰʹ ʾʸʬˁʵʹ ʮʸʫʨ. 

2102 ATP3
0

DTP3
0

  ATP4
0

DTP4
0

 
 

ʺʬʳʶʬʸʨʺʻʸʰʹ ʮʸʫʨ ʨʴʻ ʭʰʩʸʨ˂ʰʬʩʰ 

2111 ATP3
0

DTP3
0

  ATP4
0

DTP4
0

 
 

2121 ATP3
0

DTP3
0

  ATP4
0

DTP4
0

 
 

2131 ATP3
0

DTP3
0

  ATP4
0

DTP4
0

 
 

ʫʨʹʨˀʭʬʩʰ ʹʰʫʰʫʬʬʩʰ ʹʺʨʺʰʹʺʰʱʻʸʨʫ ʫʨʳʻˀʨʭʬʩʻʲʰ   ܯ∆ʹͳͳ ∶= ͸               ܯ∆ʹʹͳ ∶= ʹͲ              ܯ∆ʹ͵ͳ ∶= ʹͲ                  ܯ∆ʹͶͳ ∶= Ͳ.ͷ                                 ܯ∆ʹͳʹ ∶= ͸                                                        ܯ∆ʹ͵ʹ ∶= ͸                    ܯ∆ʹͶʹ͸ ∶= ͸               ܯ∆ʹͷͳ ∶= Ͳ.ͷ              ܯ∆ʹ͸ͳ ∶= Ͳ.ͷ            ܯ∆ʹ͹ͳ ∶= Ͳ.ͷ                 ܯ∆ʹͺͳ ∶= Ͳ.ͷ       ܯ∆ʹͷʹ ∶= ͸                  ܯ∆ʹ͸ʹ ∶= ͸                  ܯ∆ʹ͹ʹ ∶= ͸                  ܯ∆ʹͺʹ ∶= ͸           
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ͻͳʹ∆ܯ  ∶= Ͳ.ͷ               ܯ∆ʹͳͲͳ ∶= Ͳ.ͷ              ܯ∆ʹͳͳͳ ∶= ͳͲ            ܯ∆ʹʹͳͳ ∶= ͳͲ                                             ܯ∆ʹͳͲʹ ∶= ͸              ܯ∆ʹͳ͵ͳ ∶= ͳͲ                   
ʪʨʮʵʳʭʰʹ ˀʬʫʬʪʬʩʰʹʨ ʫʨ ʫʨʹʨˀʭʬʩʰ ʹʰʫʰʫʬʬʩʰʹ ʳʨʺʸʰ˂ʨ 

 

 

ʱʭʨʴ˃ʰ 3 - ʺʻʸʩʰʴʨ 

ʳʵʴʰʺʵʸʰʴʪʰʹ - ʪʨʮʵʳʭʰʹ ˀʬʫʬʪʬʩʰ 

311 ATP3
0

DTP3
0

  ATP4
0

DTP4
0

 
 

312 AO33
0 1 DO33

0 1  AO34
0 1 DO34

0 1 
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321

1

9

m

AO33
m 1 




 1

9

m

DO33
m 1 







1

9

m

AO34
m 1 




 1

9

m

DO34
m 1 










 ∆͵ʹʹ ∶=  ͳ        ʶʸʵ˂ʬʹʰʹ ˂ʭʲʨʫʬʩʰ ∆͵ʹ͵ ∶= ͳ ˄ʿʲʰʹ ʹʨʼʨʸʰʹ ʱʨʸʰʹ ʳʫʬʩʨʸʬʵʩʨ ∆͵͵ͳ ∶= �ܶܲͶ଴ − Ͷ଴ ∆͵Ͷͳܲܶܦ ∶= ͳ ʸʪʵʲʻʸʰ ʹʨʳ˅ʰʫʸʵʭʬʩʬʲʰ/ʼʸʯʬʩʰʹ ʶʬʸʰʼʬʸʰʬʩʰʹ ʾʸʬˁʵ. 

∆͵ͷͳ ∶= ͳ ʸʪʵʲʻʸʰ ʹʨʳ˅ʰʫʸʵʭʬʩʬʲʰ/ʼʸʯʬʩʰʹ ʶʬʸʰʼʬʸʰʬʩʰʹ ʾʸʬˁʵ. ∆͵ͷʹ ∶= �ܶܲͶ଴ − ͵Ͷ଴∆͵ͷܲܶܦ ∶= �ܶܲͶ଴ −  Ͷ଴ܲܶܦ

ʫʨʹʨˀʭʬʩʰ ʹʰʫʰʫʬʬʩʰ (ʹʺʨʺʰʹʺʰʱʻʸʨʫ ʫʨʳʻˀʨʭʬʩʻʲʰ) ܯ∆͵ͳͳ ∶= ͸                         ܯ∆͵ʹͳ ∶= ʹͷ                         ܯ∆͵͵ͳ ∶= ͸                     ܯ∆͵Ͷͳ ∶= ͳͳ͵∆ܯ     ʹ ∶= ͸                         ܯ∆͵ʹʹ ∶= ͸                            ܯ∆͵͵ʹ ∶= Ͳ.ͷ                                                  ܯ∆͵ʹ͵ ∶= Ͳ.ͷ                         ܯ∆͵͵͵ ∶= ͸ ܯ∆͵ͷͳ ∶= Ͳ.ͷ                      ܯ∆͵ͷʹ ∶= ͸                             ܯ∆͵ͷ͵ ∶= ͸ 
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ʪʨʮʵʭʭʬʩʰʹ ˀʬʫʬʪʬʩʰʹʨ ʫʨ ʫʨʹʨˀʭʬʩʰ ʹʰʫʰʫʬʬʩʰʹ ʳʨʺʸʰ˂ʨ 

 

 

ʱʭʨʴ˃ʰ 4 - ʹʨʿʸʫʬʴʰ ʹʨʱʰʹʨʸʰ 

411 ATP1
0

DTP1
0


                  ʺʬʳʶʬʸʨʺʻʸʰʹ ʮʸʫʨ - ʨʴʻ ʭʰʩʸʨ˂ʰʬʩʰʹ ʮʸʫʨ. 


0 0


412 ATP1
0

DTP1
0


                        ʹʨʿʸʫʬʴʰ ʹʨʱʰʹʸʰʹ ʮʬʯʰʹ ʼʬʴʰʹ ʹʰʹʽʬ. 

421 ATP1
0

DTP1
0


                        ʺʬʳʶʬʸʨʺʻʸʰʹ ʮʸʫʨ - ʨʴʻ ʭʰʩʸʨ˂ʰʬʩʰʹ ʮʸʫʨ. 


0 0


422 ATP1
0

DTP1
0


                       ʹʨʿʸʫʬʴʰ ʹʨʱʰʹʸʰʹ ʮʬʯʰʹ ʼʬʴʰʹ ʹʰʹʽʬ. 

431 ATP1
0

DTP1
0


                      ʺʬʳʶʬʸʨʺʻʸʰʹ ʮʸʫʨ - ʨʴʻ ʭʰʩʸʨ˂ʰʬʩʰʹ ʮʸʫʨ. 

432 ATP1
0

DTP1
0


                     ʹʨʿʸʫʬʴʰ ʹʨʱʰʹʸʰʹ ʮʬʯʰʹ ʼʬʴʰʹ ʹʰʹʽʬ. 

ʫʨʹʨˀʭʬʩʰ ʹʰʫʰʫʬʬʩʰ ʹʺʨʺʰʹʺʰʱʻʸʨʫ ʫʨʳʻˀʨʭʬʩʻʲʰ ܯ∆Ͷͳͳ ∶= ͸   ܯ∆Ͷʹͳ ∶= ͸   ܯ∆Ͷ͵ͳ ∶= ͸ 
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ʹͶͳ∆ܯ  ∶= ͳͲ   ܯ∆Ͷʹʹ ∶= ͳͲ   ܯ∆Ͷ͵ʹ ∶= ͳͲ ܯ∆Ͷͳ͵ ∶= Ͳ.͸   ܯ∆Ͷʹ͵ ∶= Ͳ.͸   ܯ∆Ͷ͵͵ ∶= Ͳ.͸ 

ʪʨʮʵʳʭʰʹ ˀʬʫʬʪʬʩʰʹʨ ʫʨ ʫʨʹʨˀʭʬʩʰ ʹʰʫʰʫʬʬʩʰʹ ʳʨʺʸʰ˂ʨ 

 

 

ʱʭʨʴ˃ʰ 5-ʳʰʳʳʨʸʯʭʬʲʰ ʹʨʱʰʹʨʸʰ 

ʳʵʴʰʺʵʸʰʴʪʰʹ-ʪʨʮʵʳʭʰʹ ˀʬʫʬʪʬʩʰ. ∆ͷͳͳ ∶= �ܶܲʹ଴ − ʹ଴    ∆ͷͳʹܲܶܦ ∶= �ܶܲʹ଴ − ͵଴ M∆ͷͳʹܲܶܦ ∶= ͳ  ʮʬʫʨ ʹʨʱʰʹʸʰʹ ʮʬʯʰʹ ʼʬʴʰʹ ʹʰʹʽʬ. ∆ͷʹͳ ∶= �ܶܲʹ଴ − ʹʹ଴       ∆ͷʹܲܶܦ ∶= �ܶܲʹ଴ − ͵ʹͷ∆ܯ ଴ʹܲܶܦ ∶= ͳ  ʮʬʫʨ ʹʨʱʰʹʸʰʹ ʮʬʯʰʹ ʼʬʴʰʹ ʹʰʹʽʬ. ∆ͷ͵ͳ ∶= �ܶܲʹ଴ − ʹ͵଴       ∆ͷʹܲܶܦ ∶= �ܶܲʹ଴ − ͵͵ͷ∆ܯ ଴ʹܲܶܦ ∶= ͳ  ʮʬʫʨ ʹʨʱʰʹʸʰʹ ʮʬʯʰʹ ʼʬʴʰʹ ʹʰʹʽʬ. 
ʫʨʹʨˀʭʬʩʰ ʹʰʫʰʫʬʬʩʰ( ʹʺʨʺʰʹʺʰʱʻʸʨʫ ʫʨʳʻˀʨʭʬʩʻʲʰ) ܯ∆ͷͳͳ ∶= ͸   ܯ∆ͷʹͳ ∶= ͸   ܯ∆ͷ͵ͳ ∶= ͸ ܯ∆ͷͳʹ ∶= ͳͲ   ܯ∆ͷʹʹ ∶= ͳͲ   ܯ∆ͷ͵ʹ ∶= ͳͲ ܯ∆ͷͳ͵ ∶= Ͳ.͸   ܯ∆ͷʹ͵ ∶= Ͳ.͸   ܯ∆ͷ͵͵ ∶= Ͳ.͸ 
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ʪʨʮʵʳʭʰʹ ˀʬʫʬʪʬʩʰʹʨ ʫʨ ʫʨʹʨˀʭʬʩʰ ʹʰʫʰʫʬʬʩʰʹ ʳʨʺʸʰ˂ʨ 

 

 

ʱʭʨʴ˃ʰ 6 - ʳʰʳʳʨʸʯʭʬʲʰ ʽʭʬʫʨ ʹʨʱʰʹʨʸʰ 

ʳʵʴʰʺʵʸʰʴʪʰʹ - ʪʨʮʵʳʭʰʹ ˀʬʫʬʪʬʩʰ. ∆͸ͳͳ ∶= �ܶܲʹ଴ − ʹ଴    ∆͸ͳʹܲܶܦ ∶= �ܶܲʹ଴ − ͵଴ ∆͸ͳʹܲܶܦ ∶= ͳ        ʽʭʬʫʨ ʹʨʱʰʹʸʰʹ ʮʬʯʰʹ ʼʬʴʰʹ ʹʰʹʽʬ. ∆͸ʹͳ ∶= �ܶܲ͵଴ − ʹ଴    ∆͸ͳ͵ܲܶܦ ∶= �ܶܲ͵଴ − ͵ʹ଴ ∆͸͵ܲܶܦ ∶= ͳ        ʽʭʬʫʨ ʹʨʱʰʹʸʰʹ ʮʬʯʰʹ ʼʬʴʰʹ ʹʰʹʽʬ. ∆͸͵ͳ ∶= �ܶܲ͵଴ − ʹ͵଴    ∆͸͵ܲܶܦ ∶= �ܶܲ͵଴ − ͵͵଴ ∆͸͵ܲܶܦ ∶= ͳ        ʽʭʬʫʨ ʹʨʱʰʹʸʰʹ ʮʬʯʰʹ ʼʬʴʰʹ ʹʰʹʽʬ. 

ʫʨʹʨˀʭʬʩʰ ʹʰʫʰʫʬʬʩʰ (ʹʺʨʺʰʹʺʰʱʻʸʨʫ ʫʨʳʻˀʨʭʬʩʻʲʰ) ܯ∆͸ͳͳ ∶= ͸ܯ  ∆͸ʹͳ ∶= ͸   ܯ∆͸͵ͳ ∶= ͸ ܯ∆͸ͳʹ ∶= ͳͲ   ܯ∆͸ʹʹ ∶= ͳͲ   ܯ∆͸͵ʹ ∶= ͳͲ ܯ∆͸ͳ͵ ∶= Ͳ.͸   ܯ∆͸ʹ͵ ∶= Ͳ.͸   ܯ∆͸͵͵ ∶= Ͳ.͸ 
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ʪʨʮʵʳʭʰʹ ˀʬʫʬʪʬʩʰʹʨ ʫʨ ʫʨʹʨˀʭʬʩʰ ʹʰʫʰʫʬʬʩʰʹ ʳʨʺʸʰ˂ʨ 

 

 

ʱʭʨʴ˃ʰ 7-ʳʰʳʳʨʸʯʭʬʲʰ ʺʻʸʩʰʴʰʹ ʹʨʱʰʹʨʸʰ 

ʳʵʴʺʵʸʰʴʪʰʹ-ʪʨʮʵʳʭʰʹ ˀʬʫʬʪʬʩʰ ∆͹ͳͳ ∶= �ܶܲͶ଴ − ʹͶ଴    ∆͸ͳܲܶܦ ∶= �ܶܲͶ଴ − ͵Ͷ଴ ∆͹ͳܲܶܦ ∶= ͳ        ʽʭʬʫʨ ʹʨʱʰʹʸʰʹ ʮʬʯʰʹ ʼʬʴʰʹ ʹʰʹʽʬ. ∆͹ʹͳ ∶= �ܶܲͶ଴ − ʹͶ଴    ∆͹ͳܲܶܦ ∶= �ܶܲͶ଴ − ͵ʹͶ଴ ∆͹ܲܶܦ ∶= ͳ        ʽʭʬʫʨ ʹʨʱʰʹʸʰʹ ʮʬʯʰʹ ʼʬʴʰʹ ʹʰʹʽʬ. ∆͹͵ͳ ∶= �ܶܲͶ଴ − ʹ͵Ͷ଴    ∆͹ܲܶܦ ∶= �ܶܲͶ଴ − ͵͵Ͷ଴ ∆͹ܲܶܦ ∶= ͳ        ʽʭʬʫʨ ʹʨʱʰʹʸʰʹʮʬʯʰʹ ʼʬʴʰʹ ʹʰʹʽʬ. 

ʫʨʹʨˀʭʬʩʰ ʹʰʫʰʫʬʬʩʰ (ʹʺʨʺʰʹʺʰʱʻʸʨʫ ʫʨʳʻˀʨʭʬʩʻʲʰ) ܯ∆͹ͳͳ ∶= ͸   ܯ∆͹ʹͳ ∶= ͸    ܯ∆͹͵ͳ ∶= ͸ ܯ∆͹ͳʹ ∶= ͳͲ   ܯ∆͹ʹʹ ∶= ͳͲ   ܯ∆͹͵ʹ ∶= ͳͲ ܯ∆͹ͳ͵ ∶= Ͳ.͸   ܯ∆͹ʹ͵ ∶= Ͳ.͸   ܯ∆͹͵͵ ∶= Ͳ.͸ 
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ʪʨʮʵʳʭʬʩʰʹ ˀʬʫʬʪʬʩʰʹʨ ʫʨ ʫʨʹʨˀʭʬʩʰ ʹʰʫʰʫʬʬʩʰʹ ʳʨʺʸʰ˂ʨ 

 

 

 

 

 

4.3.ʭʨʸ˂ʰˆʬ ˈʬʹ-ʰʹ ʨʪʸʬʪʨʺʰʹ ʪʨʮʵʳʭʰʹʨ ʫʨ ʫʰʨʪʴʵʹʺʰʱʰʹ ˀʬʫʬʪʬʩʰ 

ʱʭʨʴ˃ʰ 1 ʸʵʺʵʸʰ 

ͳͳܦ ∶= ||There is defect if|Dͳ଴,଴| ൒ Dͳ଴,ଵThere is defect if|Dͳ଴,଴| ൒ Dͳଵ,ଵThere is no defect       otherwiseDͳͳ ∶= There is no defect ʹͳܦ    ∶= |
|There is defect if|Dͳଶ,଴| ൒ Dͳଶ,ଵThere is defect if|Dͳଷ,଴| ൒ Dͳଷ,ଵThere is defect if|Dͳସ,଴| ൒ Dͳସ,ଵThere is defect if|Dͳହ,଴| ൒ Dͳହ,ଵThere is no defect       otherwiseDͳʹ ∶= There is defect

 

 

͵ͳܦ ∶= |
|There is defect if|Dͳ଺,଴| ൒ Dͳ଺,ଵThere is defect if|Dͳ଻,଴| ൒ Dͳ଻,ଵThere is defect if|Dͳ଼,଴| ൒ Dͳ଼,ଵThere is no defect       otherwiseDͳ͵ ∶= There is defect.

      D14∶= |There is defect if|Dͳଽ,଴| ൒ Dͳଽ,ଵThere is no defect       otherwiseDͳͶ ∶= There is defect  
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ʱʭʨʴ˃ʰ 2 -ʹʺʨʺʵʸʰ 

ͳʹܦ ∶= |There is no defect if Dʹ଴,଴ ൑ Dʹ଴,ଵThere is no defect if Dʹଵ,଴ ൑ Dʹଵ,ଵThere is  defect       otherwiseDʹͳ ∶= There is no defect      D22∶= |There is no defect if Dʹ଴,଴ ൑ Dʹ଴,ଵThere is  defect       otherwiseDʹͳ ∶= There is no defect  

 

D23∶= | There is no defect if Dʹଷ,଴ ൑ Dʹଷ,ଵThere is no defect if Dʹସ,଴ ൑ Dʹସ,ଵ   There is  defect       otherwiseDʹ͵ ∶= There is no defect   D24∶= |There is no defect if Dʹହ,଴ ൑ Dʹହ,ଵThere is no defect if Dʹ଺,଴ ൑ Dʹ଺,ଵThere is  defect       otherwiseDʹͶ ∶= There is no defect  

 

D25∶= | There is no defect if Dʹ଻,଴ ൑ Dʹ଻,ଵThere is no defect if Dʹ଼,଴ ൑ Dʹ଼,ଵ   There is  defect       otherwiseDʹͷ ∶= There is no defect D26∶= | There is no defect if Dʹଽ,଴ ൑ Dʹଽ,ଵThere is no defect if Dʹଵ଴,଴ ൑ Dʹଵ଴,ଵThere is  defect       otherwiseDʹ͸ ∶= There is no defect  

 

D27∶= |There is no defect if Dʹଵଵ,଴ ൑ Dʹଵଵ,ଵThere is no defect if Dʹଵଶ,଴ ൑ Dʹଵଶ,ଵThere is  defect       otherwiseDʹ͹ ∶= There is no defect     D28∶= |There is no defect if Dʹଵଷ,଴ ൑ Dʹଵଷ,ଵThere is no defect if Dʹଵସ,଴ ൑ Dʹଵସ,ଵThere is  defect       otherwiseDʹͺ ∶= There is no defect  

 

D29∶= |There is no defect if Dʹଵଷ,଴ ൑ Dʹଵଷ,ଵThere is  defect       otherwiseDʹͻ ∶= There is no defect   D210∶= |There is no defect if Dʹଵ଺,଴ ൑ Dʹଵ଺,ଵThere is no defect if Dʹଵ଻,଴ ൑ Dʹଵସ,ଵThere is  defect       otherwiseDʹͳͲ ∶= There is no defect  

 

D211∶= |There is no defect if Dʹଵ଼,଴ ൑ Dʹଵ଼,ଵThere is  defect       otherwiseDʹͳͳ ∶= There is no defect   D212∶= |There is no defect if Dʹଵଽ,଴ ൑ Dʹଵଽ,ଵThere is  defect       otherwiseDʹͳʹ ∶= There is no defect  
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D213∶= |There is no defect if Dʹଶ଴,଴ ൑ Dʹଶ଴,ଵThere is  defect       otherwiseDʹͳ͵ ∶= There is no defect  

 

ʱʭʨʴ˃ʰ 3 - ʺʻʸʩʰʴʨ 

D31∶= ||There is a defect if  |ܦ͵଴,଴|  ൒ |ଵ,଴͵ܦ|  ଴,ଵThere is a defect if͵ܦ  ൒ ଵ,ଵThere is no  defect       otherwiseD͵ͳ͵ܦ ∶= There is no defect     D32∶= ||
There is a defect if  |ܦ͵ଶ,଴|  ൒ |ଷ,଴͵ܦ|  ଶ,ଵThere is a defect if͵ܦ  ൒ |ସ,଴͵ܦ|  ଷ,ଵThere is a defect if͵ܦ  ൒ ʹ͵ସ,ଵThere is no  defect       otherwiseD͵ܦ ∶= There is a  defect

 

 

D33∶= ||
There is a defect if  |ܦ͵ହ,଴|  ൒ |଺,଴͵ܦ|  ହ,ଵThere is a defect if͵ܦ  ൒ |଻,଴͵ܦ|  ଺,ଵThere is a defect if͵ܦ  ൒ ͵͵଻,ଵThere is no  defect       otherwiseD͵ܦ ∶= There is a  defect

Ͷ͵ܦ   ∶= |There is a defect if  |ܦ͵଼,଴|  ൒ ଵThere is no  defect       otherwiseD͵Ͷ,଼͵ܦ ∶= There is no defect  

D35∶= ||
There is a defect if  |ܦ͵ଽ,଴|  ൒ |ଵ଴,଴͵ܦ|  ଽ,ଵThere is a defect if͵ܦ  ൒ |ଵଵ,଴͵ܦ|  ଵ଴,ଵThere is a defect if͵ܦ  ൒ ଵଵ,ଵThere is no  defect       otherwiseD͵ͷ͵ܦ ∶= There is a  defect

 

 

ʱʭʨʴ˃ʰ 4 - ʹʨʿʸʫʬʴʰ ʹʨʱʰʹʨʸʰ 

D41∶= ||
There is a defect if  |ܦͶ଴,଴|  ൒ |Ͷଵ,଴ܦ|  Ͷ଴,ଵThere is a defect ifܦ  ൒ |Ͷଶ,଴ܦ|  Ͷଵ,ଵThere is a defect ifܦ  ൒ Ͷଶ,ଵThere is no  defect       otherwiseDͶͳܦ ∶= There is a  defect

    D42∶= ||
There is a defect if  |ܦͶଷ,଴|  ൒ |Ͷସ,଴ܦ|  Ͷଷ,ଵThere is a defect ifܦ  ൒ |Ͷହ,଴ܦ|  Ͷସ,ଵThere is a defect ifܦ  ൒ Ͷହ,ଵThere is no  defect       otherwiseDͶͳܦ ∶= There is a  defect
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D43∶= ||
There is a defect if  |ܦͶ଴,଴|  ൒ |Ͷ଴,଴ܦ|  Ͷ଴,ଵThere is a defect ifܦ  ൒ |Ͷ଴,଴ܦ|  Ͷ଴,ଵThere is a defect ifܦ  ൒ ͵Ͷ଴,ଵThere is no  defect       otherwiseDͶܦ ∶= There is no  defect

 

 

ʱʭʨʴ˃ʰ 5-ʳʰʳʳʨʸʯʭʬʲʰ ʹʨʱʰʹʨʸʰ 

D51∶= ||
There is a defect if  |ܦͷ଴,଴|  ൒ |ͷଵ,଴ܦ|  ͷ଴,ଵThere is a defect ifܦ  ൒ |ͷଶ,଴ܦ|  ͷଵ,ଵThere is a defect ifܦ  ൒ ͷଶ,ଵThere is no  defect       otherwiseDͷͳܦ ∶= There is a  defect

   D52∶= ||
There is a defect if  |ܦͷଷ,଴|  ൒ |ͷସ,଴ܦ|  ͷଷ,ଵThere is a defect ifܦ  ൒ |ͷହ,଴ܦ|  ͷସ,ଵThere is a defect ifܦ  ൒ ͷହ,ଵThere is no  defect       otherwiseDͷͳܦ ∶= There is a  defect

 

D53∶= ||
There is a defect if  |ܦͷ଺,଴|  ൒ |ͷ଻,଴ܦ|  ͷ଺,ଵThere is a defect ifܦ  ൒ |ͷ଼,଴ܦ|  ͷ଻,ଵThere is a defect ifܦ  ൒ ͵ͷ଼,ଵThere is no  defect       otherwiseDͷܦ ∶= There is a  defect

 

 

ʱʭʨʴ˃ʰ 6 - ʳʰʳʳʨʸʯʭʬʲʰ ʽʭʬʫʨ ʹʨʱʰʹʨʸʰ 

D61∶= ||
There is a defect if  |ܦ͸଴,଴|  ൒ |͸ଵ,଴ܦ|  ͸଴,ଵThere is a defect ifܦ  ൒ |͸ଶ,଴ܦ|  ͸ଵ,ଵThere is a defect ifܦ  ൒ ͸ଶ,ଵThere is no  defect       otherwiseD͸ͳܦ ∶= There is a  defect

 D62∶= ||
There is a defect if  |ܦ͸ଷ,଴|  ൒ |͸ସ,଴ܦ|  ͸ଷ,ଵThere is a defect ifܦ  ൒ |͸ହ,଴ܦ|  ͸ସ,ଵThere is a defect ifܦ  ൒ ʹ͸ହ,ଵThere is no  defect       otherwiseD͸ܦ ∶= There is a  defect

 

 

D63∶= ||
There is a defect if  |ܦ͸଺,଴|  ൒ |͸଻,଴ܦ|  ͸଺,ଵThere is a defect ifܦ  ൒ |͸଼,଴ܦ|  ͸଻,ଵThere is a defect ifܦ  ൒ ͸଼,ଵThere is no  defect       otherwiseD͸ͳܦ ∶= There is a  defect
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ʱʭʨʴ˃ʰ 7-ʳʰʳʳʨʸʯʭʬʲʰ ʺʻʸʩʰʴʰʹ ʹʨʱʰʹʨʸʰ 

D71∶= ||
There is a defect if  |ܦ͹଴,଴|  ൒ |͹ଵ,଴ܦ|  ͹଴,ଵThere is a defect ifܦ  ൒ |͹ଶ,଴ܦ|  ͹ଵ,ଵThere is a defect ifܦ  ൒ ͹ଶ,ଵThere is no  defect       otherwiseD͹ͳܦ ∶= There is a  defect

    D72∶= ||
There is a defect if  |ܦ͹ଷ,଴|  ൒ |͹ସ,଴ܦ|  ͹ଷ,ଵThere is a defect ifܦ  ൒ |͹ହ,଴ܦ|  ͹ସ,ଵThere is a defect ifܦ  ൒ ʹ͹ହ,ଵThere is no  defect       otherwiseD͹ܦ ∶= There is a  defect

 

D73∶= ||
There is a defect if  |ܦ͹଺,଴|  ൒ |͹଻,଴ܦ|  ͹଺,ଵThere is a defect ifܦ  ൒ |͹଼,଴ܦ|  ͹଻,ଵThere is a defect ifܦ  ൒ ͵͹଼,ଵThere is no  defect       otherwiseD͹ܦ ∶= There is a  defect

 

     ʹʨʳ˄ʻˆʨʸʵʫ ʹʬʴʹʵʸʬʩʰʹ Ǭǵ-3 ʹʰˆˀʰʸʻʲʰ ʫʰʨʶʨʮʵʴʰ ˀʬʨʫʪʬʴʹ 10 -  4000 ˈ˂. ʬʹ 

ʰʳʨʹ ʴʰˀʴʨʭʹ, ʸʵʳ 10 ˈ˂ ʽʭʬʳʵʯ (ʰʴʼʸʨʩʪʬʸʰʯʰ ʸˆʬʭʬʩʰ) ʫʨ 4000 ˈ˂ ʮʬʳʵʯ ʨʳ 

ʹʬʴʹʵʸʬʩʰʯ ʪʨʮʵʳʭʬʩʰ ʨʸʰʹ ʴʨʱʲʬʩʨʫ ʹʨʰʳʬʫʵ, ʸʨ˂ ˂ʻʫʨʫ ʪʨʳʵʰʹʨˆʨ ˀʬʫʬʪʬʩˀʰ. ʨʸ 

ʳʵˁʨʴʹ ʶʰʸʭʬʲʰ ˃ʰʸʰʯʨʫʰ ʫʨ ʼʸʯʰʹ ˈʨʸʳʵʴʰʱʬʩʰ ʫʨ ʹʻʩˈʨʸʳʵʴʰʱʬʩʰ, ʸʨ˂ ʨʸ 

ʰ˃ʲʬʭʨ ˀʬʹʨ˃ʲʬʩʲʵʩʨʹ ʫʰʨʪʴʵʹʺʰʸʬʩʨ ʪʨʻʱʬʯʵʯ ʳʴʰˀʭʴʬʲʵʭʨʴ ˂ʭʬʯʰʹ ʫʬʼʬʽʺʬʩʹ 

ʫʨ ʨʪʸʬʯʭʬ ˀʬʻ˃ʲʬʩʬʲʰʨ ʹʸʻʲʨʫ ʪʨʭʨʨʴʨʲʰʮʵʯ ʳʨʾʨʲʹʰˆˀʰʸʻʲʰ ʭʰʩʸʨ˂ʰʬʩʰʹ 

ˀʬʳʵʳʭʲʬʩʰʹ ʹʶʬʽʺʸʰ ʳʵʫʻʲʰʸʬʩʻʲʰ ʸˆʬʭʬʩʰʹ, ʨʭʺʵʸˆʬʭʬʩʰʹ ʫʨ ʱʨʭʰʺʨ˂ʰʰʹ 

˄ʨʸʳʵˀʵʩʰʹ ˀʬʳʯˆʭʬʭʬʩˀʰ. 

 

 

 

 

4.4.ʭʨʸ˂ʰˆʬ ˈʬʹ-ʰʹ ˈʰʫʸʵ ʬʴʬʸʪʵʨʪʸʬʪʨʺʰʹ ʨʱʻʹʺʰʱʻʸʰ ʳʨˆʨʹʰʨʯʬʩʲʬʩʰʹ 

ʬʽʹʶʬʸʰʳʬʴʺʻʲʰ ʱʭʲʬʭʨ ʺʬʽʴʰʱʻʸ ʳʫʪʵʳʨʸʬʵʩʨʯʨ ʫʰʨʪʴʵʹʺʰʱʰʹ ʳʰʮʴʰʯ 

ʬʴʬʸʪʬʺʰʱʻʲʰ ʳʵ˄ʿʵʩʰʲʵʩʬʩʰʹ ʺʬʽʴʰʱʻʸ ʳʫʪʵʳʨʸʬʵʩʨʯʨ ʭʰʩʸʵʨʱʻʹʺʰʱʻʸʰ 

ʳʵʴʰʺʵʸʰʴʪʰʹʨ ʫʨ ʫʰʨʪʴʵʹʺʰʱʰʹ ʨʳʵ˂ʨʴʬʩˀʰ ˆʳʨʻʸʰʹ ʪʨʮʵʳʭʬʩʰ ʴʨʱʲʬʩʨʫ 

ʪʨʳʵʰʿʬʴʬʩʨ. ʫʬʺʨʲʻʸʨʫ ʫʨ ʫʨʴʨʱʨʸʪʬʩʰʹ ʪʨʸʬˀʬ, ʪʨʨʴʨʲʰʮʬʩʻʲʰ ʰʽʴʨʹ 

ʱʵʴʱʸʬʺʻʲʰ ˆʳʨʻʸʰʹ ˄ʿʨʸʵ  ʩʬʭʸʨʫ ʸʯʻʲʰʨ ʹˆʭʨ ˆʳʨʻʸʰʹ ˄ʿʨʸʵʬʩʰʹ ʨʸʹʬʩʵʩʰʹʨʹ. 
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ʪʨʸʫʨ ʨʳʰʹʨ, ˆʳʨʻʸʰʹ ʱʵʴʱʸʬʺʻʲʰ ʳʫʪʬʴʬʲʰʹ ʪʨʳʵʿʵʼʰʹ ʨʳʵ˂ʨʴʨ, ʸʵʳʬʲʰ˂ 

ʪʨʴʶʰʸʵʩʬʩʻʲʰʨ ʫʬʼʬʽʺʰʹ ʪʨʳʵˁʬʴʰʯ ʸʯʻʲʫʬʩʨ ˆʳʨʻʸʰʹ ʺʨʲʾʬʩʰʹ ˀʬʹʨ˃ʲʵ 

ʳʸʨʭʨʲˇʬʸʨʫʰ ʨʴʨʸʬʱʲʰʹʨ ʫʨ ʪʨʸʫʨʺʬˆʭʰʹ ˀʬʫʬʪʨʫ. ʳʵʭʰʩʸʰʸʬ ʮʬʫʨʶʰʸʰʹ 

ʳʨˆʲʵʩʲʵʩʨˀʰ ʰʽʳʴʬʩʨ ˆʳʨʻʸʰʹ ʨˆʲʵ ʫʰʼʻʮʻʸʰ ʭʬʲʰ ʸʯʻʲʰ ʼʵʸʳʰʹ 

ʼʹʬʭʫʵʳʫʪʬʴʬʲʬʩʰʯ, ʸʵʳʲʬʩʰ˂ ˄ʿʨʸʵʫʨʴ ʳʵ˂ʰʲʬʩʰʹʨʹ ʺʸʨʴʹʼʵʸʳʰʸʫʬʩʰʨʴ 

ʻʩʸʨʲʵ (ʺʨʲʾʻʸ) ʼʵʸʳʨˀʰ. ʨʳʰʺʵʳʨʨ ʸʵʳ ˆʳʨʻʸʰʹ ʪʨʮʵʳʭʬʩʰ ʯʰʯʽʳʰʹ ʿʵʭʬʲʯʭʰʹ 

˄ʨʸʳʵʬʩʹ ʨʸʨ ʴʨʱʲʬʩ 1 ʳ ʳʨʴ˃ʬʲʮʬ ʳʨʰʴ˂ ˀʬʹʨʹ˄ʨʭʲʰ ʳʵ˄ʿʵʩʰʲʵʩʰʹ ʮʬʫʨʶʰʸʰʫʨʴ. 

ʭʰʩʸʨ˂ʰʬʩʰʹʨʯʭʰʹ ʱʰ ʪʨʮʵʳʭʰʹʨʹ ˄ʿʨʸʵʬʩʰʹ ʲʵʱʨʲʰʮʨ˂ʰʨ ʩʬʭʸʨʫ ʳʨʸʺʰʭʫʬʩʨ[19]. 

ˈʰʫʸʵʬʲʬʽʺʸʵʹʨʫʪʻʸʬʩˀʰ ˆʳʨʻʸʰʹ ˃ʰʸʰʯʨʫʰ ˄ʿʨʸʵʬʩʰʨ (ʪʨʳʵʹˆʰʭʬʩʻʲʰ 

ˆʳʨʻʸʰʹ ʹʰʳ˃ʲʨʭʸʰʹ ʳʰʳʫʬʭʸʵʩʰʯ) : 

1. ʪʬʴʬʸʨʺʵʸʬʩʰ; 

2. ʬʲʬʽʺʸʵ˃ʸʨʭʬʩʰ ʫʨ ʹˆʭʨ ʬʲʬʽʺʸʻʲʰ ʳʨʴʽʨʴʬʩʰ ʳʩʸʻʴʨʭʰ ʴʨ˄ʰʲʬʩʰʯ; 

3. ˃ʨʲʵʭʨʴʰ ʺʸʨʴʹʼʵʸʳʨʺʵʸʬʩʰ ʹʰʳ˃ʲʨʭʸʰʯ 100 ʳʭʨ ʫʨ ʮʬʭʰʯ; 

4. ʹˆʭʨʫʨʹˆʭʨ ʫʨʴʰˀʴʻʲʬʩʰʹʺʻʳʩʵʬʩʰ; 

5. ˂ʬʴʺʸʰʫʨʴʻʲʰ ʭʬʴʺʰʲʰʨʺʵʸʬʩʰ; 

6. ʱʵʳʶʸʬʹʵʸʬʩʰ; 

7. ʺʻʸʩʰʴʬʩʰ; 

8. ʴʨʪʬʩʵʩʨʯʨ ʪʨʳʫʰʴʨʸʬ ʴʨ˄ʰʲʬʩʰ (˄ʿʨʲʹʨʪʫʬʩʬʩʰ, ʳʰʲ˄ʿʨʲʹʨʫʬʴʬʩʰ); 

9. ʲʰʯʵʴʳ˅ʸʬʲʰ ˁʨʸˆʬʩʰ ʳʺʱʰ˂ʬ ʼʵʲʨʫʬʩʰʹ ʫʨʳʻˀʭʬʩʰʹʨʹ, ʮʻʳʼʨʸʰʹ ˁʨʸˆʬʩʰ; 

10. ʹʨˈʨʬʸʵ ʨʳʵʳʸʯʭʬʲʬʩʰ. 

ˆʳʨʻʸʰʹ ˄ʿʨʸʵʬʩʰ ˀʬʰ˃ʲʬʩʨ ʰʿʭʴʬʴ ʨʪʸʬʯʭʬ ʳʬʽʨʴʰʮʰʸʬʩʻʲʰ ʰʴʹʺʸʻʳʬʴʺʬʩʰ 

(ʶʴʬʭʳʵʰʴʹʺʸʻʳʬʴʺʬʩʰ, ʬʲʬʽʺʸʻʲʰ ʩʻʸʾʬʩʰ, ˀʬʫʻʾʬʩʰʹ ʨʪʸʬʪʨʺʬʩʰ, ʹʨˆʬˆʰ 

ʰʴʹʺʸʻʳʬʴʺʬʩʰ ʫʨ ʨ.ˀ.) [45].  

ˁʨʺʨʸʬʩʻʲʰ ʰʽʴʨ ˈʰʫʸʵʬʴʬʸʪʵʨʪʸʬʪʨʺʰʹ ʨʱʻʹʺʰʱʻʸʰ ʳʨˆʨʹʰʨʯʬʩʲʬʩʰʹ 

ʬʽʹʶʬʸʰʳʬʴʺʻʲʰ ʱʭʲʬʭʨ ʺʬʽʴʰʱʻʸ ʳʫʪʵʳʨʸʬʵʩʨʯʨ ʫʰʨʪʴʵʹʺʰʱʰʹ ʳʰʮʴʰʯ. 

ʨʸˁʬʻʲʰ ʰʽʴʨ ʪʨʮʵʳʭʰʹ ˄ʬʸʺʰʲʰ ʹʨʳʵʴʺʨʷʵ ʳʵʬʫʨʴʮʬ 1 ʳ ʳʨʴ˃ʰʲʮʬ ʸʵʺʵʸʰʹ 

ʲʰʲʭʰʫʨʴ ʺʻʸʩʰʴʰʹ ʳʨˆʲʵʩʲʵʩʨˀʰ, ʸʵʪʵʸ˂ ʽʭʬʳʵʯ ʹʻʸ.4.4-ʮʬ ʨʸʰʹ ʴʨˁʭʬʴʬʩʰ. 
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ʹʻʸ.4.4. ˆʳʨʻʸʰʹ ʪʨʮʵʳʭʰʹ ˄ʬʸʺʰʲʰ 1 ʳ ʳʨʴ˃ʰʲʮʬ ʸʵʺʵʸʰʹ  

ʲʰʲʭʰʫʨʴ ʺʻʸʩʰʴʰʹ ʳʨˆʲʵʩʲʵʩʨˀʰ 

ˈʰʫʸʵʨʪʸʬʪʨʺʰʹ ʳʻˀʨʵʩʰʹ ʸʬʷʰʳʰ ʰʿʵ ʹʺʨʴʫʨʸʺʻʲʰ ʫʨ  ʳʻˀʨʵʩʫʨ ʳˆʵʲʵʫ 

ʬʸʯʰ ʨʪʸʬʪʨʺʰ. ʪʨʮʵʳʰʲʰ ʰʽʴʨ ʩʪʬʸʰʯʰ ˄ʴʬʭʰʹ ʫʵʴʬʬʩʰ ʫʩ C  ʫʨ ʩʪʬʸʰʹ ʫʵʴʬ ʫʩ A, 

ʹʰˆˀʰʸʬʯʨ ʹʺʨʴʫʨʸʺʻʲ ʵʽʺʨʭʻʸ ʫʨ ʺʬʸ˂-ʵʽʺʨʭʻʸ ʫʰʨʶʨʮʵʴʬʩˀʰ. ˁʨʺʨʸʬʩʻʲʰ 

ʰʽʴʨ ʭʰ˄ʸʵʮʵʲʰʨʴʰ ʹʶʬʽʺʸʨʲʻʸʰ ʨʴʨʲʰʮʰ ʩʰˇʰʯ 0.637 ˈ˂ ʳʯʬʲ ʹʳʬʴʨʫ ʹʰˆˀʰʸʻʲ 

ʫʰʨʶʨʮʵʴˀʰ.  

ʴʨˆ.4.12-ʮʬ ˄ʨʸʳʵʫʪʬʴʰʲʰʨ ʹʶʬʽʺʸʨʲʻʸʰ ʨʴʨʲʰʮʰʹ ˀʬʫʬʪʬʩʰ ʹʰˆˀʰʸʬʯʨ 

ʹʺʨʴʫʨʸʺʻʲ ʵʽʺʨʭʻʸ ʫʨ ʺʬʸ˂-ʵʽʺʨʭʻʸ ʫʰʨʶʨʮʵʴʬʩˀʰ. ʴʨˆ.4.13-ʮʬ ʱʰ ʳʵ˂ʬʳʻʲʰʨ 

ʭʰ˄ʸʵʮʵʲʰʨʴʰ ʹʶʬʽʺʸʨʲʻʸʰ ʨʴʨʲʰʮʰʹ ˀʬʫʬʪʬʩʰ (ʹʰˆˀʰʸʬʯʨ 0 კ 2000 ˈ˂ 

ʫʰʨʶʨʮʵʴˀʰ). 

 

ʴʨˆ.4.12. ʹʶʬʽʺʸʨʲʻʸʰ ʨʴʨʲʰʮʰ ʹʰˆˀʰʸʬʯʨ ʹʺʨʴʫʨʸʺʻʲ ʵʽʺʨʭʻʸ (ʳʨʸ˂ˆʴʰʭ) 

 ʫʨ ʺʬʸ˂-ʵʽʺʨʭʻʸ ʫʰʨʶʨʮʵʴʬʩˀʰ 
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ʴʨˆ.4.13. ʭʰ˄ʸʵʮʵʲʰʨʴʰ ʹʶʬʽʺʸʨʲʻʸʰ ʨʴʨʲʰʮʰ ʩʰˇʰʯ 0.637 ˈ˂, 

 0 კ 2000 ˈ˂  ʹʰˆˀʰʸʻʲ ʫʰʨʶʨʮʵʴˀʰ 

 

ʴʨˆ. 4.14. ˆʳʨʻʸʰʹ ʫʵʴʬʬʩʰʹ ˀʬʫʨʸʬʩʨ ʹʺʨʴʫʨʸʺʻʲ ʫʨʹʨˀʭʬʩ ʹʰʫʰʫʬʬʩʯʨʴ 

ʴʨˆ. 4.15 -ʮʬ ʴʨˁʭʬʴʬʩʰʨ ʪʨʮʵʳʰʲʰ ˆʳʨʻʸʰʹ ʹʰʪʴʨʲʰʹ ʼʵʸʳʨ. 

 

ʴʨˆ. 4.15. ʪʨʮʵʳʰʲʰ ˆʳʨʻʸʰʹ ʹʰʪʴʨʲʰʹ ʼʵʸʳʨ 
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ʮʬʳʵʯ ˄ʨʸʳʵʫʪʬʴʰʲʰ ʹʶʬʽʺʸʨʲʻʸʰ ʨʴʨʲʰʮʰ ʫʨ ʪʸʨʼʰʱʬʩʰ ˀʬʹʸʻʲʬʩʻʲʰʨ 

MathCad-ˀʰ. ʨʴʨʲʵʪʰʻʸʰ ʨʴʨʲʰʮʰ ʫʨ ʪʸʨʼʰʱʬʩʰ ˀʬʹʸʻʲʬʩʻʲʰ ʰʽʴʨ ʹʶʬ˂ʰʨʲʻʸʰ, 

˂ʰʼʸʻʲʰ ʹʶʬʽʺʸʨʲʻʸʰʨʴʨʲʰʮʨʺʵʸʰʯ SpectraLab-ʰʯ, ʸʵʳʲʰʹ ˀʬʫʬʪʬʩʰ 

˄ʨʸʳʵʫʪʬʴʰʲʰʨ ʴʨˆ.4.16-ʮʬ. 

 

ʴʨˆ.4.16. ʪʨʮʵʳʭʰʹ ˀʬʫʬʪʬʩʰ ˀʬʹʸʻʲʬʩʻʲʰ ʹʶʬ˂ʰʨʲʻʸʰ, ˂ʰʼʸʻʲʰ ʹʶʬʽʺʸʨʲʻʸʰ  

ʨʴʨʲʰʮʨʺʵʸʰʯ SpectraLab-ʰʯ 

ʹʰʪʴʨʲʰ ʨʸʰʹ ʼʨʸʯʬʹʰˆˀʰʸʻʲ-ʮʵʲʰʨʴʰ ˀʬʳʯˆʭʬʭʰʯʰ ˆʳʨʻʸʰʹ ʹʰʪʴʨʲʰ. ʸʨʫʪʨʴ 

ˈʰʫʸʵʨʪʸʬʪʨʺʰ ʨʸʰʹ ʫʨʩʨʲʰ ʩʸʻʴʭʰʹ - 115.5 ʩʸ./˄ʻʯˀʰ ʨʴʻ 1,923 ˈ˂. ʬʹ ˃ʨʲʰʨʴ 

ʫʨʩʨʲʰ ʹʰˆˀʰʸʬʨ ʨʫʨʳʰʨʴʰʹ ʹʳʬʴʨʫʵʩʰʹʯʭʰʹ. ʰʹʳʰʹ ʳˆʵʲʵʫ ʨʳ ʩʸʻʴʭʬʩʰʹ ʳʨʾʨʲʰ 

ˈʨʸʳʵʴʰʱʬʩʰ, ʸʵʳʬʲʯʨ ʫʵʴʬʬʩʰ ʫʨʩʨʲʰʨ.  ʺʻʸʩʰʴʰʹ ʼʸʯʬʩʰʹ (4 ʼʸʯʨ) ˃ʰʸʰʯʨʫʰ 

ˈʨʸʳʵʴʰʱʨʨ 7.68 ˈ˂. ʭʰ˄ʸʵʮʵʲʰʨʴ ʹʶʬʽʺʸˀʰ ʨʸʰʹ ʨʳ ˄ʿʨʸʵʹ ʳʬ-2 ˈʨʸʳʵʴʰʱʨ 15.477 ˈ˂ - 

ʰʪʰ ˀʬʫʨʸʬʩʰʯ ʳʨʾʨʲʰʨ (ʴʨˆ.4.17). 
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ʴʨˆ.4.17. ʭʰ˄ʸʵʮʵʲʰʨʴʰ ʹʶʬʽʺʸʨʲʻʸʰ ʨʴʨʲʰʮʰ ʩʰˇʰʯ 0.637 ˈ˂, 

 0 კ 200 ˈ˂  ʹʰˆˀʰʸʻʲ ʫʰʨʶʨʮʵʴˀʰ   

ʭʰ˄ʸʵʮʵʲʰʨʴ FFT-ʨʴʨʲʰʮʳʨ ʪʨʳʵʿʵ ʹʰʪʴʨʲˀʰ ˀʬʳʫʬʪʰ ʳʨʽʹʰʳʻʳʬʩʰ ʽʭʬʳʵʯ 

ʳʵ˂ʬʳʻʲ ʹʰˆˀʰʸʬʬʩʮʬ. 

 

ʬʹ ˈʨʸʳʵʴʰʱʬʩʰ ʨʸʰʨʴ ʰʹ ʭʰʩʸʵʨʱʻʹʺʰʱʻʸʰ ʫʰʨʪʴʵʹʺʰʱʻʸʰ ʴʰˀʴʬʩʰ, 

ʸʵʳʲʬʩʮʬ˂ ʻʴʫʨ ʰʽʴʨʹ ʳʰʽ˂ʬʻʲʰ  ʿʻʸʨʫʾʬʩʨ, ʶʰʸʭʬʲ ʸʰʪˀʰ, ʳʵʴʰʺʵʸʰʴʪʰʹ 

ʬʺʨʶʮʬ ʫʨ ʸʵʳʲʬʩʰ˂ ʪʨʴʹʨʮʾʭʸʨʭʬʴ ˈʰʫʸʵʬʴʬʸʪʵʨʪʸʬʪʨʺʰʹ ʺʬʽʴʰʱʻʸ 

ʳʫʪʵʳʨʸʬʵʩʨʹ ʳʯʲʰʨʴʵʩʨˀʰ. ʫʰʫʰ ʳʴʰˀʭʴʬʲʵʩʨ ʨʽʭʹ ʨʪʸʬʯʭʬ ʭʰʩʸʵʨʱʻʹʺʰʱʻʸʰ 

ʹʰʪʴʨʲʰʹ ʳʨʾʨʲʹʰˆˀʰʸʻʲʰ ʸˆʬʭʬʩʰʹ ʹ˄ʵʸʰ ʰʴʼʵʸʳʨ˂ʰʻʲʰ ʫʰʨʶʨʮʵʴʰʹ 

ʼʰʲʺʸʨ˂ʰʨʹ, ʳʰʹʰ ʳʵʳʭʲʬʩʰʹ ʶʵʭʴʨʹ ˈʰʲʩʬʸʺʰʹ ʪʨʸʫʨʽʳʴʰʯ ʫʨ ʨʳ ʳʵʳʭʲʬʩʰʹ 

ʹʶʬʽʺʸʨʲʻʸʰ  ʨʴʨʲʰʮʰʹ ˁʨʺʨʸʬʩʨʹ ʫʨʩʨʲʹʰˆˀʰʸʻʲʰ ʳʫʪʬʴʬʲʬʩʰʹ ʪʨʳʵʹʨʿʵʼʨʫ. 

ʨʱʻʹʺʰʱʻʸ ʳʨˆʨʹʰʨʯʬʩʲʬʩˀʰ ˀʬʫʰʨʴ ʨʪʸʬʯʭʬ ʳʴʰˀʴʬʲʵʭʨʴʰ ʶʨʸʨʳʬʺʸʬʩʰ 

ʭʰʩʸʵʨʱʻʹʺʰʱʻʸʰ ʫʰʨʪʴʵʹʺʰʱʰʹʨʯʭʰʹ - ʨʱʻʹʺʰʱʻʸʰ ʹʰʪʴʨʲʰʹ ʹʨˀʻʨʲʵ 

ʱʭʨʫʸʨʺʻʲʰ ʳʴʰˀʭʴʬʲʵʩʨ RMS, ʸʵʳʬʲʰ˂ ʨʱʻʹʺʰʱʻʸʰ ʹʰʳ˃ʲʨʭʸʰʹ ʶʸʵʶʵʸ˂ʰʻʲʰʨ 

ʫʨ ʨˆʨʹʰʨʯʬʩʹ ˆʳʨʻʸʰʹ ˄ʿʨʸʵʹ ʳʯʲʰʨʴʵʩʨˀʰ, ʫʨ CrestFactor-ʰ, ʸʵʳʬʲʰ˂ 
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˄ʨʸʳʵʨʫʪʬʴʹ ʹʰʪʴʨʲʰʹ ʳʨʽʹʰʳʻʳʰʹ RMS-ʯʨʴ ʼʨʸʫʵʩʨʹ ʫʨ ʳʰʨʴʰˀʴʬʩʹ ˀʬʹʨ˃ʲʵ 

ʫʨʸʺʿʳʬʩʮʬ ʸˆʬʭʰʯ ʹʰʹʺʬʳʨˀʰ. 

  1
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2

])[( 1
1

1
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i
RTS iN

RMS 807.23RMS  

RMS
rCrestFacto RTS )max(

:
1

 257.2rCrestFacto  

ʮʬʳʵʯ ʳʵʿʭʨʴʰʲʰ ʭʰʩʸʵʨʱʻʹʺʰʱʻʸʰ ʹʰʪʴʨʲʰʹ ʳʨˆʨʹʰʨʯʬʩʲʬʩʰ ˄ʨʸʳʵʨʫʪʬʴʬʴ 

ʫʰʨʪʴʵʹʺʰʱʻʸ ʴʰˀʴʬʩʹ ʫʨ ʳʨʯʰ ʻ˄ʿʭʬʺʰ ʳʵʴʰʺʵʸʰʴʪʰ ʰ˃ʲʬʭʨ 

ˈʰʫʸʵʬʴʬʸʪʵʨʪʸʬʪʨʺʰʹ ʺʬʽʴʰʱʻʸ ʳʫʪʵʳʨʸʬʵʩʨʯʨ ʳʵʴʰʺʵʸʰʴʪʰʹʨ ʫʨ 

ʹʸʻʲʼʨʹʵʭʨʴ ʫʰʨʪʴʵʹʺʰʱʰʹ  ˀʬʹʨ˃ʲʬʩʲʵʩʨʹ. 

 

 

 

 

4.5.ʸʰʵʴˈʬʹʰʹ ʳʬʹʨʳʬ ʨʪʸʬʪʨʺʰʹ ʭʰʩʸʨ˂ʰʻʲʰ ʳʨˆʨʹʰʨʯʬʩʲʬʩʰʹ ʬʽʹʶʬʸʰʳʬʴʺʻʲʰ 

ʱʭʲʬʭʨ 

ʽʭʬʳʵʯ ˄ʨʸʳʵʫʪʬʴʰʲʰʨ ʸʰʵʴˈʬʹ-ʰʹ ʳʬ-3 ʨʪʸʬʪʨʺʰʹ ʭʰʩʸʨ˂ʰʻʲʰ ʳʨˆʨʹʰʨʯʬʩʲʬʩʰ 

ʳʬ-4 ˄ʬʸʺʰʲˀʰ гწʱʵʳʩʰʴʨʺʵʸʰმд ʨʪʸʬʪʨʺʰʹ ʳʻˀʨʵʩʰʹ ʹʺʨʴʫʨʸʺʻʲ ʸʬʷʰʳˀʰ. 
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ʹʻʸ. 4.5. ʸʰʵʴˈʬʹʰʹ ˈʰʫʸʵʬʴʬʸʪʵʨʪʸʬʪʨʺʰ 

     ʽʭʬʳʵʯ ˄ʨʸʳʵʫʪʬʴʰʲʰʨ (ʴʨˆ.4.18) ʹʶʬʽʺʸʨʲʻʸʰ ˀʬʳʨʫʪʬʴʲʵʩʨ ʩʪʬʸʰʯ 

ʫʰʨʶʨʮʵʴˀʰ 0 კ 21 ʱˈ˂ ʹˆʭʨʫʨʹˆʭʨ ʫʨʺʭʰʸʯʬʩʰʹ ʫʸʵʹ ʸʰʵʴˈʬʹ-ʰʹ ʳʬ-3 ʨʪʸʬʪʨʺʮʬ ʳʬ-

4 ˄ʬʸʺʰʲˀʰ ʪʨʮʵʳʰʲʰ ʭʰʩʸʵʨˁʽʨʸʬʩʰʹ ʹʸʻʲʰ ʫʰʨʲʻʸʰ ʳʰʳʨʸʯʻʲʬʩʰʯ. 
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ʴʨˆ.4.18. ʹʰʪʴʨʲʰʹ ʹʶʬʽʺʸʨʲʻʸʰ ˀʬʳʨʫʪʬʴʲʵʩʨ ʩʪʬʸʰʯ ʫʰʨʶʨʮʵʴˀʰ 

     ˄ʿʲʰʹ ʫʨ˄ʴʬʭʨ 92 % ʨʸʰʹ P = 12 ʳʪʭʺ. ˄ʿʲʰʹ ʫʨ˄ʴʬʭʰʹ ˀʬʳ˂ʰʸʬʩʨ 6 %-ʰʯ ʰ˄ʭʬʭʹ 

ʹʰʳ˃ʲʨʭʸʰʹ ˀʬʳ˂ʰʸʬʩʨʹ 1 ʳʪʭʺ-ʰʯ, ʨʴʻ  86 % ˄ʿʲʰʹ ʫʨ˄ʴʬʭʨ ʨʸʰʹ  P=11 ʳʪʭʺ. 

    ʽʭʬʳʵʯ ˄ʨʸʳʵʫʪʬʴʰʲʰʨ ʪʨʮʵʳʭʬʩʰʹ ˀʬʫʬʪʬʩʰ ʹˆʭʨʫʨʹˆʭʨ ʹʰˆˀʰʸʻʲ 

ʫʰʨʶʨʮʵʴʬʩˀʰ  ʭʬʸʺʰʱʨʲʻʸʰ, ʺʨʴʪʬʴ˂ʰʻʸʰ ʫʨ ʸʨʫʰʨʲʻʸʰ  ʳʰʳʨʸʯʻʲʬʩʰʯ. 

 

 

ʴʨˆ. 4.19. ʸʨʫʰʨʲʻʸʰ ʳʰʳʨʸʯʻʲʬʩʰʯ ʪʨʮʵʳʰʲʰ ʭʰʩʸʨ˂ʰʰʹ ʹʰˆˀʰʸʻʲʰ 

ʫʰʨʶʨʮʵʴʬʩʰ 
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ʴʨˆ.4.20. ʺʨʴʪʬʴ˂ʰʻʸʰ ʳʰʳʨʸʯʻʲʬʩʰʯ ʪʨʮʵʳʰʲʰ ʭʰʩʸʨ˂ʰʰʹ ʹʰˆˀʰʸʻʲʰ ʫʰʨʶʨʮʵʴʬʩʰ 

 

ʴʨˆ.4.21. ʭʬʸʺʰʱʨʲʻʸʰ ʳʰʳʨʸʯʻʲʬʩʰʯ ʪʨʮʵʳʰʲʰ ʭʰʩʸʨ˂ʰʰʹ ʹʰˆˀʰʸʻʲʰ ʫʰʨʶʨʮʵʴʬʩʰ 

 

ʴʨˆ.4.22. ʸʨʫʰʨʲʻʸʰ ʳʰʳʨʸʯʻʲʬʩʰʯ ʪʨʮʵʳʰʲʰ ʭʰʩʸʨ˂ʰʰʹ ʹʰˆˀʰʸʰʹ ʹʶʬʽʺʸʰ 1-1000ˈ˂ 

ʹʰˆˀʰʸʻʲ ʫʰʨʶʨʮʵʴˀʰ 
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ʴʨˆ.4.23. ʺʨʴʪʬʴ˂ʰʻʸʰ ʳʰʳʨʸʯʻʲʬʩʰʯ ʪʨʮʵʳʰʲʰ ʭʰʩʸʨ˂ʰʰʹ ʹʰˆˀʰʸʰʹ ʹʶʬʽʺʸʰ 1-1000ˈ˂ 

ʹʰˆˀʰʸʻʲ ʫʰʨʶʨʮʵʴˀʰ 

 

ʴʨˆ.4.24. ʭʬʸʺʰʱʨʲʻʸʰ ʳʰʳʨʸʯʻʲʬʩʰʯ ʪʨʮʵʳʰʲʰ ʭʰʩʸʨ˂ʰʰʹ ʹʰˆˀʰʸʰʹ ʹʶʬʽʺʸʰ 1-1000ˈ˂ 

ʹʰˆˀʰʸʻʲ ʫʰʨʶʨʮʵʴˀʰ 



101 

 

 

ʴʨˆ. 4.25. ʸʨʫʰʨʲʻʸʰ ʳʰʳʨʸʯʻʲʬʩʰʯ ʪʨʮʵʳʰʲʰ ʭʰʩʸʨ˂ʰʰʹ ʹʶʬʽʺʸʰʹ ʹʰˆˀʰʸʻʲʰ 

ʫʰʨʶʨʮʵʴʰ 5-50 ˈ˂ 

 

ʴʨˆ. 4.26. ʺʨʴʪʬʴ˂ʰʻʸʰ ʳʰʳʨʸʯʻʲʬʩʰʯ ʪʨʮʵʳʰʲʰ ʭʰʩʸʨ˂ʰʰʹ ʹʶʬʽʺʸʰʹ 

ʹʰˆˀʰʸʻʲʰ ʫʰʨʶʨʮʵʴʰ 5-50 ˈ˂ 
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ʴʨˆ. 4.27. ʭʬʸʺʰʱʨʲʻʸʰ ʳʰʳʨʸʯʻʲʬʩʰʯ ʪʨʮʵʳʰʲʰ ʭʰʩʸʨ˂ʰʰʹ ʹʶʬʽʺʸʰʹ 

ʹʰˆˀʰʸʻʲʰ ʫʰʨʶʨʮʵʴʰ 5-50 ˈ˂ 

ʴʨˆʨʮʬʩʮʬ ʫʨʺʨʴʰʲʰʨ ʪʨʮʵʳʭʬʩʰʹ ʳʰʳʨʸʯʻʲʬʩʨ, ʹʰˆˀʰʸʬʬʩʰʹ ʫʰʨʶʨʮʵʴʬʩʰ ʫʨ 

ʳʨʯʰ  ˂ʨʲʱʬʻʲʰ ʳʴʰˀʭʴʬʲʵʩʬʩʰ. ʬʹ ʪʸʨʼʰʱʬʩʰ ʨʪʬʩʻʲʰʨ MathCad-ʰʹ ʳʬˀʭʬʵʩʰʯ. 

ʴʨʯʲʨʫ ʹˁʨʴʹ ʭʰʩʸʨ˂ʰʻʲʰ ʹʰʪʴʨʲʬʩʰʹ ʶʬʸʰʵʫʻʲʵʩʨ ʩʸʻʴʭʰʹ ʹʰˆˀʰʸʰʹ 

ʪʨʳʬʵʸʬʩʰʯ. 

ʸʰʵʴˈʬʹ-ʰʹ ˄ʰʴʨʹ˄ʨʸʰ ʶʰʸʭʬʲʨʫʰ ʭʰʩʸʨ˂ʰʬʩʰʹ ʹʰʪʴʨʲʬʩʰʹ ʨʴʨʲʰʮʰʹ ʹʨʼʻ˃ʭʬʲʮʬ 

ˀʬʹʨ˃ʲʬʩʬʲʰʨ ʫʨʭʨʹʱʭʴʨʯ ʸʵʳ: 

 ʸˆʬʭʬʩʰ ʹʨʳʰʭʬ ʳʰʳʨʸʯʻʲʬʩʰʯ  ʫʨʩʨʲʹʰˆˀʰʸʻʲ ʫʰʨʶʨʮʵʴˀʰ ʨʸʰʹ 

ˈʨʸʳʵʴʰʻʲʰ, ʩʰˇʰʯ 5ˈ˂. 

 ˃ʰʸʰʯʨʫʰ ˈʨʸʳʵʴʰʱʨ ʨʸʰʹ 50 ˈʬʸ˂ʰ ʸʨʫʰʨʲʻʸʰ ʫʨ ʭʬʸʺʰʱʨʲʻʸʰ 

ʳʰʳʨʸʯʻʲʬʩʰʯ ʫʨ 100 ˈʬʸ˂ʰ ʺʨʴʪʬʴ˂ʰʻʸʰ ʳʰʳʨʸʯʻʲʬʩʰʯ, ʸʨʫʪʨʴ ʪʨʮʵʳʭʬʩʰ 

˄ʨʸʳʵʬʩʫʨ ʪʬʴʬʸʨʺʵʸʰʹ ʳʨˆʲʵʩʲʵʩʨˀʰ ˅ʨʸʩʵʩʹ ʬʲʬʽʺʸʵʳʨʪʴʰʺʻʸʰ ˃ʨʲʬʩʰʯ 

ʪʨʳʵ˄ʭʬʻʲʰ ʭʰʩʸʨ˂ʰʬʩʰ. 

 ʹʶʬʽʺʸˀʰ ʨʸʰʹ ˂ʨʲʱʬʻʲʰ ʳʫʪʬʴʬʲʬʩʰ ʸʵʳʬʲʯʨ ˄ʨʸʳʵˀʵʩʰʹ ʳʰʮʬʮʬʩʰ ʻʴʫʨ 

ʫʨʫʪʰʴʫʬʹ ʱʵʴʹʺʸʻʽ˂ʰʰʹ ʨʴʨʲʰʮʰʯ. 
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 ʹʨ˅ʰʸʵʨ ˀʬʹʨ˃ʲʵ ʫʬʼʬʽʺʬʩʰʹ ʫʨ ʳʨʯʰ ʹʰʳʶʺʵʳʬʩʰʹ ʫʨʫʪʬʴʨ ˀʬʳʫʪʵʳʰ 

ʬʽʹʶʬʸʰʳʬʴʺʬʩʰʹʨ ʫʨ ˀʬʹʨʩʨʳʰʹʰ ʹʺʨʺʰʹʺʰʱʰʹ ʫʨʪʸʵʭʬʩʰʹ ʪʮʰʯ. 

 ʹʶʬʽʺʸʨʲʻʸʰ ʺʬʸ˂ʵʽʺʨʭʻʸʰ ʨʴ ʵʽʺʨʭʻʸʰ ʨʴʨʲʰʮʰʹ ˀʬʫʬʪʬʩʰ ˀʬʹʨʩʨʳʰʹʰ 

ʪʸʨʼʰʱʬʩʰʹ ʹʨˆʰʯ ʹʸʻʲʰʨʫ ʹʨʱʳʨʸʰʹʰ ʰʽʴʬʩʨ ʨʪʸʬʪʨʺʰʹ ʺʬʽʴʰʱʻʸʰ ʳʫʪʵʳʨʸʬʵʩʰʹ 

ˀʬʹʨʼʨʹʬʩʲʨʫ, ʸʨ˂ ʵʶʬʸʨʺʰʻʲʨʫ ʫʨ ʴʨʯʲʨʫ ʪʨʳʵʨʭʲʬʴʹ ˁʨʹʨˆʻʲʰ ʫʬʼʬʽʺʰʹ 

ˀʬʹʨ˃ʲʵ ʳʵʳʬʴʺʹ. 

 ʹʨ˅ʰʸʵʨ ʬʽʹʶʬʸʰʳʬʴʺʬʩʰʹʨ ʫʨ ˀʬʫʬʪʬʩʰʹ ʨʴʨʲʰʮʰʹ ʰʴʺʬʴʹʰʻʸʰ ʪʨʪʸ˃ʬʲʬʩʨ. 
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ʫʨʹʱʭʴʬʩʰ 

1. MathCad-ˀʰ ˀʬʳʻˀʨʭʫʨ ˈʰʫʸʵʬʴʬʸʪʵʨʪʸʬʪʨʺʬʩʰʹ ʭʰʩʸʵʨʱʻʹʺʰʱʻʸʰ 

ʫʰʨʪʴʵʹʺʰʱʰʹʨ ʫʨ ʳʵʴʰʺʵʸʰʴʪʰʹ  ʻʴʰʭʬʸʹʨʲʻʸʰ ʶʸʵʪʸʨʳʨ, ʸʵʳʬʲʰ˂  ʰ˃ʲʬʭʨ  

ʨʾʬʩʻʲʰ ʭʰʩʸʨ˂ʰʻʲʰ ʹʰʪʴʨʲʬʩʰʹ ʨʴʨʲʰʮʰʹ, ʳʨʯʰ ʬʸʯʳʨʴʬʯʯʨʴ ˀʬʫʨʸʬʩʰʹʨ ʫʨ 

ʫʨʹʱʭʴʬʩʰʹ ʪʨʱʬʯʬʩʰʹ ʹʨˀʻʨʲʬʩʨʹ.  

2. ʪʨʮʵʳʭʬʩʰʹ ʳʵʳʬʴʺʰʹʨʯʭʰʹ ʨʪʸʬʪʨʺʬʩʰʹ ʭʰʩʸʨ˂ʰʻʲ ʳʨˆʨʹʰʨʯʬʩʲʬʩˀʰ ʳ˂ʰʸʬ 

ʻʳʴʰˀʭʴʬʲʵ ʪʨʫʨˆʸʬʩʰʹ ʪʨʸʫʨ, ʸʨʳʫʬʴʨʫʨ˂ ˀʬʹʨ˃ʲʬʩʬʲʰʨ ʭʰʳʹˇʬʲʵʯ ʬʸʯˇʬʸʨʫʰ 

ʪʨʮʵʳʭʬʩʰʹ ʳʰˆʬʫʭʰʯ, ʹʰʹʺʬʳʨˀʰ ʨʸ ʰʿʵ ʳʴʰˀʭʴʬʲʵʭʨʴʰ ˁʨʹʨˆʻʲʰ ʫʬʼʬʽʺʬʩʰ, 

ʳʻˀʨʻʴʨʸʰʨʴʵʩʰʹ ʫʨʸʾʭʬʭʨ ʫʨ ʨʪʸʬʪʨʺʬʩʰ ʰʳʿʵʼʬʩʵʫʴʬʴ ʫʨʳʨʱʳʨʿʵʼʰʲʬʩʬʲ 

ʺʬʽʴʰʱʻʸ ʳʫʪʵʳʨʸʬʵʩʨˀʰ. ʬʹ ʺʬʽʴʰʱʻʸʰ ʳʫʪʵʳʨʸʬʵʩʬʩʰ ʪʨʸʱʭʬʻʲʰ ʻʺʿʻʨʸʵʩʰʯ 

ˀʬʹʨ˃ʲʬʩʬʲʰʨ ʳʰˁʴʬʻʲʰ ʰʽʴʨʴ ʸʵʪʵʸ˂ ʹʨ˄ʿʰʹʰ (ʬʺʨʲʵʴʻʸʰ) ʫʨ ʳʵʳʨʭʨʲˀʰ   

ˀʬʹʨ˃ʲʵ ʪʨʫʨˆʸʬʩʰ ʫʨ ʫʬʼʬʽʺʬʩʰ ˀʬʫʨʸʬʩʻʲ ʰʽʴʨʹ ʨʳ ʹʨ˄ʿʰʹ ʳʫʪʵʳʨʸʬʵʩʨʹʯʨʴ.  

3. ʨʸʨʹʨʱʳʨʸʰʹʰ ˀʬʮʬʯʭʰʹ  ˀʬʳʯˆʭʬʭʨˀʰ  ˁʨʹʨˆʻʲʰ ʫʬʼʬʽʺʬʩʰʹ 

ʪʨʳʵʹʨʳʷʾʨʭʴʬʩʲʨʫ ʹʨ˅ʰʸʵʨ ʭʨʱʵʴʺʸʵʲʵʯ  ʫʨʸʺʿʳʰʯʰ ʰʳʶʻʲʹʬʩʰʹ ʪʨʳʵˁʬʴʨ 

ʱʸʬʹʺ-ʼʨʽʺʵʸʰʹ ʹʰʫʰʫʰʹ ʳʰˆʬʫʭʰʯ. ˀʬʳʫʬʪ ʹʨ˅ʰʸʵʨ ʨʳ ʹʰʫʰʫʰʹ ʪʨʮʵʳʭʰʹ 

ˀʬʫʬʪʬʩʰʹ ˀʬʫʨʸʬʩʨ ʳʨʾʨʲʹʰˆˀʰʸʻʲʰ ʭʰʩʸʨ˂ʰʬʩʰʹ ˀʬʳʵʳʭʲʬʩʰʹ ʹʶʬʽʺʸʰʹ 

ʳʵʴʨ˂ʬʳʬʩʯʨʴ, ʸʨʯʨ ʪʨʴʰʹʨʮʾʭʸʵʹ ʨʸʨʶʬʸʰʵʫʻʲʰ ʫʨʸʺʿʳʰʯʰ ʰʳʶʻʲʹʬʩʰʹ 

ʪʨʳʵˁʬʴʨ ˀʬʮʬʯʭʰʹ ʫʬʼʬʽʺʬʩʰʹ ʪʨʳʵ. 

4. ʹʨ˅ʰʸʵʨ ʹʨʱʰʹʸʰʹ ʫʨ ʳʯʲʰʨʴʰ ʳʨʴʽʨʴʰʹ ʫʨʩʨʲʹʰˆˀʰʸʻʲʰ ʭʰʩʸʨ˂ʰʻʲʰ 

ʬʴʬʸʪʰʰʹ ʱʵʴʺʸʵʲʰ, ʸʨʫʪʨʴ ʹʨʱʰʹʸʰʹ ˄ʰʴʨʨʭʨʸʰʻʲʳʨ ʺʬʽʴʰʱʻʸʳʨ ʳʫʪʵʳʨʸʬʵʩʨʳ 

ˀʨʹʨ˃ʲʵʨ ˀʬʳʯˆʭʬʭʰʯʰ ʹʨˆʰʯ ʰʳʵʽʳʬʫʵʹ ʹˆʭʨ ʱʭʨʴ˃ʬʩʰʹ ʭʰʩʸʨ˂ʰʰʹ ʫʵʴʬʬʩʮʬ 

ʭʰʩʸʨ˂ʰʰʹ ˈʨʸʳʵʴʰʻʲʰ ʳʫʪʬʴʬʲʬʩʰʹ ʳʴʰˀʭʴʬʲʵʭʨʴʰ ʮʸʫʰʹ ʪʨʸʬˀʬ. ʻʴʫʨ ʪʨʰʮʵʳʵʹ 

ʻʼʸʵ ʳʬʺʨʫ ʭʰʩʸʵʨˁʽʨʸʬʩʨ. 

5. ʹʨ˅ʰʸʵʨ ʳʨʴʽʨʴʰʹ ʭʰʩʸʨ˂ʰʬʩʰʹ ˂ʨʲʱʬʻʲʰ ˈʨʸʳʵʴʰʻʲʰ ʳʫʪʬʴʬʲʬʩʰʹ 

ʫʵʴʬʬʩʰʹ ʱʵʴʺʸʵʲʰ ʫʨʩʨʲ ʫʨ ʹʨˀʻʨʲʵ ʹʰˆˀʰʸʬʬʩʮʬ. ʸʨʳʵʫʬʴʰʳʬ ˃ʲʰʬʸʰ 

ʫʬʼʬʽʺʰʹ ʬʸʯʫʸʵʻʲʨʫ ʹʨʱʰʹʨʸˀʰ ʫʨʪʸʵʭʬʩʰʹʨʹ ˀʬʰ˃ʲʬʩʨ ʳʱʭʬʯʸʨʫ ʪʨʰʮʨʸʫʵʹ 

ʭʰʩʸʨ˂ʰʨ ˄ʰʴʨʹ˄ʨʸ ʻ˂ʴʵʩ ʱʵʳʩʰʴʨ˂ʰʻʸ ʹʰˆˀʰʸʬʬʩʮʬ ʰʳʰʹ ʫʨ ʳˆʬʫʭʰʯ, ʯʻ ʸʵʪʵʸʰʨ 

ʫʬʼʬʽʺʬʩʰʹ ʱʵʴʱʸʬʺʻʲʰ ʯʨʴʨʼʨʸʫʵʩʨ ʫʨ ʹʰʭʸ˂ʰʯʰ ʪʨʴʲʨʪʬʩʨ. 



105 

 

6. ʭʰʩʸʵʨʱʻʹʺʰʱʻʸʰ ʫʰʨʪʴʵʹʺʰʱʰʹ ʨʾʴʰˀʴʻʲʰ ʳʬʯʵʫʰʹ ʪʨʳʵʿʬʴʬʩʨ 

ˀʬʹʨ˃ʲʬʩʬʲʰʨ ʨʸʨ ʳˆʵʲʵʫ ˈʰʫʸʵʬʴʬʸʪʵʨʪʸʬʪʨʺʬʩʰʹ ˀʬʳʯˆʭʬʭʨˀʰ, ʨʸʨʳʬʫ ʺʬʽʴʰʱʰʹ 

ʴʬʩʰʹʳʰʬʸ ʫʨʸʪˀʰ ˀʬʹʨʩʨʳʰʹʰ ˂ʭʲʰʲʬʩʬʩʰʯ. 

7. ʫʨʳʻˀʨʭʬʩʻʲʰ ʱʵʳʶʰʻʺʬʸʻʲʰ ʶʸʵʪʸʨʳʨ ʳʮʨʫʨʨ ʫʨʴʬʸʪʰʲʰ ʰʽʴʨʹ ʸʵʪʵʸ˂ 

ʭʨʸ˂ʰˆʬ ˈʬʹ-ʮʬ, ʨʹʬʭʬ ʹʨʽʨʸʯʭʬʲʵʹ ʴʬʩʰʹʳʰʬʸ ˈʰʫʸʵʬʲʬʽʺʸʵʹʨʫʪʻʸˀʰ. 
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ʪʨʳʵʿʬʴʬʩʻʲʰ ʲʰʺʬʸʨʺʻʸʨ 

 

1. ǩȈȓȐȞȒȐȑ Ǽйȇй, ИȊȈȕȖȊȈ ǴйǨй, ǹȖȒȖȓȖȊȈ Ǩйǫй, ǽȖȔȧȒȖȊй ǭйИй ǪȐȉȘȖȈȒțșȚȐȟȍșȒȈȧ 

ȌȐȈȋȕȖșȚȐȒȈ ȏȈȘȖȎȌȈȦȡȐȝșȧ ȌȍȜȍȒȚȖȊйკMockoȊ,1984  șȚp -119. 

2. ǩȈркоȊ Ǩ.Ǫ., ǩȈркоȊȈ ʻ.ʤ., ИǵǺǭǳǳǭǲǺǻǨǳȄǵȃǭЫ ǹИǹǺǭǴȃЫ ǴǶǵИǺǶǸИǵǫǨЫ ИЫ

ǬИǨǫǵǶǹǺИǲИЫǴǨШИǵЫǷǶЫǪИǩǸǨЦИИC-ǷеȚерȉțрȋ, 2002  șȚp 30-35. 

3. ʥ̬̌ко̏ ʤ.ʦ.,  Яко̭̍он ʿ.ʿ. КОˀʿОˀʤ˃ИʦʻЫʫ ˁИˁ˃ʫʺЫ ʪИʤʧʻОˁ˃ИКИ 

ЭКˁʿЛ˄ʤ˃Иˀ˄ʫʺЫХ ʺʤШИʻ И ОʥОˀ˄ʪОʦʤʻИЯ.- ˁ̌нкт-ʿете̬̍у̬̐,2010 șȚp 20-42 
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