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1.2. ʪʨʴʨ˂ˆʨʫʰ 

 

ʸʵʪʵʸ˂ ˄ʨʸʫʪʬʴʰʲʰ ʹʨʫʰʹʬʸʺʨ˂ʰʵ ʴʨˀʸʵʳʰʹ ʨʭʺʵʸʰ, ʭʨ˂ˆʨʫʬʩ, ʸʵʳ ʴʨˀʸʵʳʰ 

˄ʨʸʳʵʨʫʪʬʴʹ ˁʬʳʹ ʵʸʰʪʰʴʨʲʻʸ ʴʨʳʻˀʬʭʨʸʹ ʫʨ ʨʸ ˀʬʰ˂ʨʭʹ ʹˆʭʨ ʨʭʺʵʸʬʩʰʹ ʳʰʬʸ 

ʨʽʨʳʫʬ ʪʨʳʵʽʭʬʿʴʬʩʻʲ, ʪʨʳʵʹʨʽʭʬʿʴʬʩʲʨʫ ʳʰʾʬʩʻʲ ʨʴ ʫʨʹʨ˂ʨʭʨʫ ˄ʨʸʫʪʬʴʰʲ 

ʳʨʹʨʲʬʩʹ, ʸʵʳʲʬʩʰ˂ ʴʨˀʸʵʳˀʰ ʨʸ ʨʸʰʹ ʳʵˆʹʬʴʰʬʩʻʲʰ ʨʴ ˂ʰʺʰʸʬʩʻʲʰ ʹʨʯʨʴʨʫʵ 

˄ʬʹʬʩʰʹ ˀʬʹʨʩʨʳʰʹʨʫ. 

ʳʨʰʨ ʳʬʼʨʸʰˀʭʰʲʰ 23.01.207 
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1.3. ʨʩʹʺʸʨʽʺʰ 

 

ʯʨʴʨʳʬʫʸʵʭʬ ʴʬʰʸʵʳʬ˂ʴʰʬʸʬʩʰʹ ʬʸʯ-ʬʸʯʰ ʳʯʨʭʨʸʰ ʪʨʳʵ˄ʭʬʭʨʨ ʰʳ 

ʳʵʲʬʱʻʲʻʸʰ ʫʨ ʻˇʸʬʫʻʲʰ ˂ʭʲʰʲʬʩʬʩʰʹ ˀʬ˂ʴʵʩʨ, ʸʵʳʬʲʹʨ˂ ʨʫʪʰʲʰ ʨʽʭʹ 

ʳʬˆʹʰʬʸʬʩʰʹ ʼʵʸʳʰʸʬʩʰʹ ˀʬʫʬʪʨʫ.  ʮʵʪʰʬʸʯʰ ʹʨˆʬʵʩʰʹ ʨˆʲʨʫ ʫʨʩʨʫʬʩʻʲʬʩʰ, ʳʨʯ 

ˀʵʸʰʹ ˀʰʴʨʻʸʰ ˄ʰ˄ʰʲʬʩʰ,ʹ˄ʨʭʲʵʩʬʴ ʫʨ ˀʬʳʫʬʪ ʨʳʵʰ˂ʴʵʩʬʴ ˄ʨʸʫʪʬʴʰʲʰ ʵʩʰʬʽʺʰʹ 

ʳʨˆʨʹʰʨʯʬʩʲʬʩʹ. ʫʨʹ˄ʨʭʲʰʹ ʨʹʬʯ ʼʵʸʳʨʹ ʰʳʶʸʰʴʺʰʴʪʰ/ˀʯʨʩʬ˅ʫʭʨ ʬ˄ʵʫʬʩʨ  ʫʨ  

˄ʨʸʳʵʨʫʪʬʴʹ ʸʬʱʵʪʴʰ˂ʰʻʲʰ/ʨʳʵ˂ʴʵʩʰʯʰ ʳʬˆʹʰʬʸʬʩʰʹ ʳʨʪʨʲʰʯʹ.ʳˆʬʫʭʬʲʵʩʰʯʰ 

ˀʯʨʩʬ˅ʫʭʰʹ ʳʵʫʬʲʹ  ˄ʰ˄ʰʲʬʩˀʰ ʳʯʬʲʰ ʸʰʪʰ ʻʶʰʸʨʺʬʹʵʩʨʴʰ ʪʨʨˁʴʰʨ ʳʬˆʹʰʬʸʬʩʰʹ 

ʳʬʽʨʴʰʮʳʬʩʰʹ ˀʬʹ˄ʨʭʲʰʹʨʯʭʰʹ. ʳʨʯ ʪʨʴʬʱʻʯʭʴʬʩʨ: 1. ʺʭʰʴʰʹ ʰʳ ʻʩʴʰʹ ˂ʵʫʴʨ 

ʸʵʳʬʲʰ˂ ʫʨʹ˄ʨʭʲʰʹʨ ʫʨ ʳʬˆʹʰʬʸʬʩʰʹ ʹʨʰʺʹ ˄ʨʸʳʵʨʫʪʬʴʹ (ʳʬʫʰʨʲʻʸʰ ʫʨ 

ʰʴʺʬʸʳʬʫʰʨʲʻʸʰ ʳʬʮʵʶʨʲʰʻʳʰ-ʰʳʳ); 2. ʫʨʹ˄ʨʭʲʰʹʨ ʫʨ ʳʬˆʹʰʬʸʬʩʰʹ ʹʰ˃ʲʰʬʸʰʹ 

ʪʨʮʵʳʭʰʹ (ʻʶʰʸʨʺʬʹʵʩʰʹ ʺʬʹʺʰ) ˀʬʹʨ˃ʲʬʩʲʵʩʨ ʫʨ ʨʳ ʶʨʸʨʳʬʺʸʰʹ ʱʵʸʬʲʨ˂ʰʨ 

ʳʵʲʬʱʻʲʻʸ ˂ʭʲʰʲʬʩʬʩʯʨʴ; 3. ʸʨʫʪʨʴʨ˂ ˄ʰ˄ʰʲʬʩʰ ʪʨʳʵˁʬʱʭʰʹ ˀʬʳʫʬʪ ʫʨʹ˄ʨʭʲʨʳʫʬ 

ʹʰʩʴʬʲʬˀʰ ʰʳʿʵʼʬʩʰʨʴ, ʳʨʯʰ ʺʭʰʴʰ ˄ʨʸʳʵʨʫʪʬʴʹ „ʹʻʼʯʨ ʫʨʼʨʹ” ʫʨ ʨʨʫʭʰʲʬʩʹ 

ʳʵʲʬʱʻʲʻʸʰ ˂ʭʲʰʲʬʩʬʩʰʹ ʰʫʬʴʺʰʼʰʱʨ˂ʰʨʹ.  

ʮʬʳʵʯ ˁʨʳʵʯʭʲʰʲʰ ʻʶʰʸʨʺʬʹʵʩʬʩʰʹ ʪʨʳʵʿʬʴʬʩʰʯ ʳˆʬʫʭʬʲʵʩʰʯʰ 

ˀʯʨʩʬ˅ʫʭʰʹ ʫʨʹ˄ʨʭʲʰʹʨ ʫʨ ʳʬˆʹʰʬʸʬʩʰʹ ʶʸʵ˂ʬʹʬʩʰʹʨʯʭʰʹ ʰʫʬʴʺʰʼʰ˂ʰʸʬʩʻʲʰ ʰʽʴʨ  

ʳʯʬʲʰ ʸʰʪʰ ʹʶʬ˂ʰʼʰʱʻʸʰ ʳʵʲʬʱʻʲʻʸʰ ˂ʭʲʰʲʬʩʬʩʰ. ʬʹ ˂ʭʲʰʲʬʩʬʩʰ ˆˀʰʸʨʫ 

ʫʸʵʮʬ ʫʨʳʵʱʰʫʬʩʻʲ ˆʨʹʰʨʯʹ ʨʺʨʸʬʩʹ. ˂ʭʲʰʲʬʩʬʩʰ ʪʨʴʹʨʱʻʯʸʬʩʰʯ ʳʱʭʬʯʸʨʫ 

ʨʸʰʹ ʪʨʳʵʭʲʬʴʰʲʰ ʳʨʸ˂ˆʬʴʨ ʴʨˆʬʭʨʸʹʼʬʸʵʹ ʰʳʳ-ˀʰ ʫʨ ʨʫʪʰʲʰ ʨʽʭʹ  

ʳʰʺʵʽʵʴʫʸʰʻʲ-ʶʲʨʮʳʻʸ ʳʬʳʩʸʨʴʻʲ ʼʸʨʽ˂ʰʰʹ ˂ʰʲʵʭʨʴ ʱʵʳʶʵʴʬʴʺʬʩˀʰ, ʸʨ˂ ʨʳ 

ʼʸʨʽ˂ʰʰʹ ʶʸʵʺʬʵʳʰʹ ʼʨʸʯʵ ʳʨʹˀʺʨʩʰʨʴʰ ˀʬʹ˄ʨʭʲʰʹ ʨʻ˂ʰʲʬʩʲʵʩʨʮʬ ʳʰʻʯʰʯʬʩʹ. 

 ˁʭʬʴʹ ʳʰʬʸ ʪʨʳʵʿʬʴʬʩʻʲʰ ʰʽʴʨ ʶʸʵʺʬʵʳʰʱʰʹ ʰʹʬʯʰʳʰʫʪʵʳʨ, ʸʵʳʬʲʰ˂ ʳʵʰ˂ʨʭʫʨ ʵʸ-

ʪʨʴʮʵʳʰʲʬʩʰʨʴ ʪʬʲ-ʬʲʬʽʺʸʵʼʵʸʬʮʹ ʫʨ  ˇʪʻʼʬʩʹ ˀʵʸʰʹ ʪʨʴʹˆʭʨʭʬʩʻʲʨʫ 

ʬʽʹʶʸʬʹʰʸʬʩʻʲʰ ˂ʰʲʵʭʨʴʰ ʲʨʽʬʩʰʹ ʰʫʬʴʺʰʼʰʱʨ˂ʰʨʹ ʳʨʹ-ʹʶʬʺʸʵʳʬʺʸʻʲʰ 

ʳʬʯʵʫʰʯ. ˀʬʫʨʸʬʩʻʲʰ ʰʽʴʨ ʱʨʸʪʨʫ ʫʨʳʹ˄ʨʭʲʬʲʰ, ˂ʻʫʨʫ ʫʨʳʹ˄ʨʭʲʬʲʰ ʫʨ 

ʨʸʨʺʸʬʴʰʸʬʩʻʲʰ ˄ʰ˄ʰʲʬʩʰʹ ʳʨʸ˂ˆʬʴʨ ʰʳʳ-ʬʩʰʹ  P2 ʳʰʺʵʽʵʴʫʸʰʻʲ-ʳʬʳʩʸʨʴʻʲʰ  
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ʼʸʨʽ˂ʰʬʩʰʹ ʶʸʵʺʬʵʳʬʩʰ ʫʨʹ˄ʨʭʲʰʫʨʴ 24 ʹʨʨʯʰʹ ˀʬʳʫʬʪ. ʰʫʬʴʺʰʼʰ˂ʰʸʬʩʻʲʰ ʰʽʴʨ 

ˀʬʳʫʬʪʰ ʹʨʸ˄ʳʻʴʵʫ ʪʨʴʹˆʭʨʭʬʩʻʲʨʫ ʬʽʹʶʸʬʹʰʸʬʩʻʲʰ ˂ʰʲʬʩʰ: ˄ʰ˄ʰʲʨʹ ʯʭʨʲʰʹ 

ʩʨʫʻʸʰʹ  ˂ʰʲʨ ʱʵʪʴʰʴʰ (ʶʸʵʺʬʰʴ ʫʰʹʻʲʼʰʫ ʰʮʵʳʬʸʨʮʨ),  ʨʫʨʳʰʨʴʬʩʰʹ ʹʶʲʨʰʹʰʴʪ 

ʼʨʽʺʵʸʰʹ SF2-ʰʹP32-ʹʻʩʬʸʯʬʻʲʰʹ ˄ʰ˄ʰʲʬʩʰʹ ˈʵʳʵʲʵʪʰʻʸʰ ˂ʰʲʨ-P38, ʭʵʲʺʨʷ 

ʫʨ˅ʰˀʱʸʻʲʰ ʨʴʰʵʴʻʸʰ ʨʸˆʰ-1 (ʭʫʨʨ-1), ʫʰʴʨʳʰʴ-1, ˈʬʺʬʸʵʪʬʴʻʲʰ ʩʰʸʯʭʻʲʰ 

ʸʰʩʵʴʻʱʲʬʵʶʸʵʺʬʰʴ ʨ2/ʩ1. ʹʨʸ˄ʳʻʴʵ ʪʨʴʹˆʭʨʭʬʩʨʵʸ-ʪʨʴʮʵʳʰʲʬʩʰʨʴʰ 

ʬʲʬʽʺʸʵʼʵʸʬʮʰʹ ʳʰˆʬʫʭʰʯ ʨʸ ˄ʨʸʳʵʫʪʬʴʹ ʹʨʱʳʨʸʰʹ ʹʨʼʻ˃ʭʬʲʹ ʰʳʰʹʨ, ʸʵʳ ʬʹ 

˂ʭʲʰʲʬʩʬʩʰ ʫʨʹ˄ʨʭʲʰʹʨʯʭʰʹ ʹʶʬ˂ʰʼʰʱʻʸ ˂ʭʲʰʲʬʩʬʩʹ ʳʰʭʨʱʻʯʭʴʵʯ. 

ʬʽʹʶʬʸʰʳʬʴʺʬʩʰʹ ˀʬʳʫʬʪ ʹʬʸʰʨˀʰ  ʭʬʹʺʬʸʴ ʰʳʻʴʵʩʲʵʺʰʴʪʰʹ ʹʨˀʻʨʲʬʩʰʯ ˁʭʬʴ 

ʭʨˁʭʬʴʬʯ, ʸʵʳ ʿʵʭʬʲʰ ʨʳ ˂ʰʲʵʭʨʴʰ ʳʵʲʬʱʻʲʰʹ ʸʨʵʫʬʴʵʩʨ ʹʨʸ˄ʳʻʴʵ ʫʨʫʬʩʰʯ 

ʱʵʸʬʲʨ˂ʰʨˀʰʨ ʻʶʰʸʨʺʬʹʵʩʰʹ ʺʬʹʺʰʹ ʳʨˁʭʬʴʬʲʯʨʴ, ʸʬʪʰʵʴ ʹʶʬ˂ʰʼʰʱʻʸʰʨ ʫʨ 

ʪʨʴʬʱʻʯʭʴʬʩʨ ʫʨʹ˄ʨʭʲʰʹʨ ʫʨ ʳʬˆʹʰʬʸʬʩʰʹʨʯʭʰʹ ʹʶʬ˂ʰʼʰʱʻʸ ˂ʭʲʰʲʬʩʬʩʹ. 

ˀʬʹ˄ʨʭʲʰʲʰ ˂ʰʲʬʩʰʫʨʴ ʵʸʰ ʳʨʯʪʨʴʰP-38 ʫʨ ʭʫʨʨ-1 ʳʰʺʵʽʵʴʫʸʰʻʲ 

˂ʰʲʬʩʹ ʪʨʴʬʱʻʯʭʴʬʩʰʨʴ. ʨʹʬʭʬ ˄ʰʴʨ ʱʭʲʬʭʬʩˀʰ ʴʨˁʭʬʴʬʩʰ ʰʿʵ ʹˆʭʨ ʵʸʰ 

ʳʰʺʵʽʵʴʫʸʰʻʲʰ ˂ʰʲʰʹ: ˂ʰʺʵʽʸʵʳ c ʵʽʹʰʫʨʮʨʹ I ʫʨ II ʹʻʩʬʸʯʬʻʲʬʩʰʹ 

ʫʨʹ˄ʨʭʲʰʹʨʯʭʰʹ ʹʶʬ˂ʰʼʰʱʻʸʰ ʳʨʺʬʩʨ, ʸʨ˂ ʲʵʪʰʱʻʸʨʫ ˄ʨʸʳʵˀʵʩʹ ˀʬʱʰʯˆʭʨʹ  ʨʸʰʹ 

ʯʻ ʨʸʨ ʬʹ ˂ʭʲʰʲʬʩʬʩʰ ʪʨʴʶʰʸʵʩʬʩʻʲʰ ʳʰʺʵʽʵʴʫʸʰʬʩʰʹ ʸʰ˂ˆʭʰʹ ʳʨʺʬʩʰʯ? 

ʳʰʺʵʽʵʴʫʸʰʻʲʰ ʫʴʳ-ʰʹ ʨʹʲʬʩʰʹ ʫʨ ʳʰʺʵʽʵʴʫʸʰʻʲʰ ʩʰʵʪʬʴʬʮˀʰ ʳʵʴʨ˄ʰʲʬ 

ʺʸʨʴʹʱʸʰʼ˂ʰʻʲʰ ʼʨʽʺʵʸʬʩʰʹ ʸʨʵʫʬʴʵʩʸʰʭʰ ˂ʭʲʰʲʬʩʬʩʰʹ ˀʬʹ˄ʨʭʲʰʯ ˁʭʬʴ 

ʭʨˁʭʬʴʬʯ, ʸʵʳ ʫʨʹ˄ʨʭʲʰʫʨʴ 24 ʹʨʨʯʰʹ ˀʬʳʫʬʪ ʨʸ ˆʫʬʩʨ ʳʰʺʵʽʵʴʫʸʰʬʩʰʹ ʸʰ˂ˆʭʰʹ 

ʻʩʸʨʲʵ ʳʨʺʬʩʨ. ʨʹʬʭʬ ʴʨˁʭʬʴʬʩʰ ʰʽʴʨ, ʸʵʳ ʪʲʻʸ-1 ʹʬʸʰʴʰʹ 831-ʬ ʴʨˀʯʮʬ 

ʼʵʹʼʵʸʰʲʰʸʬʩʰʹ ʫʨʹ˄ʨʭʲʨ ʹʶʬ˂ʰʼʰʱʻʸʰ ʳʨʺʬʩʨ ʨʸ ˀʬʰʳˁʴʬʭʨ ʺʸʬʴʰʸʬʩʰʫʨʴ 24 

ʹʨʨʯʰʹ ˀʬʳʫʬʪ ʫʨ ʨʳʸʰʪʨʫ ʹʶʬ˂ʰʼʰʱʻʸʰ ʻʴʫʨ ʰʿʵʹ ʳˆʵʲʵʫ ʫʨʹ˄ʨʭʲʰʹ ʫʨ 

ʳʬˆʹʰʬʸʬʩʰʹ ʨʫʸʬʻʲʰ ʹʺʨʫʰʬʩʰʹʨʯʭʰʹ. 

ʳʰʾʬʩʻʲʰ ˀʬʫʬʪʬʩʰ ʳʰʻʯʰʯʬʩʹ ʰʳʨʮʬ, ʸʵʳ ʳˆʬʫʭʬʲʵʩʰʯʰ  ʰʳʶʸʰʴʺʰʴʪʰʹ 
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                                       Abstract 

 

A major research challenge in modern neuroscience is to understand the molecular and 

cellular changes that occur within the vertebrate brain as a result of memory formation. 

Visually naïve domestic chicks come to recognize an object by being exposed to it. This learning 

process is known as visual imprinting. 

The advantages  of visual imprinting in chicks as a model for the study of the mechanism 

of memory are as follows: (i) a region of the chick forebrain has been identified as being of 

crucial importance for the learning process of filial imprinting and  is the intermediate and 

medial mesopallium (IMM), (ii) the possibility to measure the strength of learning and memory 

(preference score -PS) and thus correlate the molecular measure of changes  with the  PS; (iii) 

before learning, no previous visual experience has made its mark on the brain facilitating the 

detection and analysis of learning-related changes in the brain. 

By exploiting the above advantages it has been possible to demonstrate a  number of 

learning-related molecular changes. Some of them are time-dependent and most clearly 

expressed  for the proteins of mitochondrial-plasma membrane fractions of the left IMM. It is 

necessary to  study learning-related changes in these proteins more comprehensively. Two-

dimensional  gel electrophoresis and mass-spectrometry  were used to identify proteins in 

mitochondrial-membrane fractions whose levels in the IMM were changed 24 h after 

learning. The following proteins were identified: (i) membrane cognin; (ii) a protein 

resembling the P-32 subunit of splicing factor SF2 (P-32) ; (iii) voltage-dependent anionic 

channel-1; (iv) dynamin1; (v) heterogeneous nuclear ribonucleoprotein A2/B1.  We then 

enquired  whether amounts of these proteins in the IMM and a control region are correlated 

with a behavioral estimate of memory for the imprinting stimulus and have shown that for 

all of them significant and positive correlations are observed with PS in the left IMM; the 

changes are region-specific and belong to learning-related changes. 

 The learning-related increase in mitochondrial proteins raises the question whether 

the number of mitochondria increases.The critical analysis of  obtained data for changes in  
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mitochondrial transcription factors and copy of mitochondrial-DNA do not support the 

possibility of the  increase in the number of mitochondria.   

 Obtained  results indicate that the molecular processes involved in learning and 

memory of imprinting cover a wide range of cellular activities, including stabilization of 

protein structures, increased mRNA trafficking, synaptic vesicle recycling and specific 

changes in the mitochondrial proteome. 

 

Key words: Imprinting, Learning, Proteomioc 
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                                   2.1      ˀʬʹʨʭʨʲʰ 

 

ʯʨʴʨʳʬʫʸʵʭʬ ʴʬʰʸʵʳʬ˂ʴʰʬʸʬʩʰʹ ʬʸʯ-ʬʸʯʰ ʳʯʨʭʨʸʰ ʪʨʳʵ˄ʭʬʭʨʨ ʰʳ ʳʵʲʬʱʻʲʻʸʰ ʫʨ 

ʻˇʸʬʫʻʲʰ ˂ʭʲʰʲʬʩʬʩʰʹ ˀʬ˂ʴʵʩʨ, ʸʵʳʬʲʹʨ˂ ʨʫʪʰʲʰ ʨʽʭʹ ʳʬˆʹʰʬʸʬʩʰʹ 

ʼʵʸʳʰʸʬʩʰʹ ˀʬʫʬʪʨʫ. ʳʰʻˆʬʫʭʨʫ ʫʰʫʰ ʰʴʺʬʸʬʹʰʹʨ ʫʨ ˃ʨʲʰʹˆʳʬʭʰʹʨ ʨʳ ʹʼʬʸʵˀʰ, 

ˁʭʬʴ ˇʬʸ ʱʰʫʬʭ ˀʵʸʹ ʭʨʸʯ ʨʳ ʶʸʵ˂ʬʹʰʹ ʫʬʺʨʲʻʸʰ ʳʬʽʨʴʰʮʳʬʩʰʹ ˂ʵʫʴʰʹʨʪʨʴ.  

ʫʨʹ˄ʨʭʲʰʹʨ ʫʨ ʳʬˆʹʰʬʸʬʩʰʹ ʶʸʵ˂ʬʹʬʩʰʹ ʳʵʲʬʱʻʲʻʸʰ ʳʬʽʨʴʰʮʳʬʩʰʹ ˂ʵʫʴʨ 

ʳʴʰˀʭʴʬʲʵʭʨʴʰʨ ʰʳʰʯʨ˂, ʸʵʳ ʩʬʭʸʰ ʴʬʰʸʵʶʨʯʵʲʵʪʰʬʩʰʹ ʫʨ ʳʨʯ ˀʵʸʰʹ ʨʳʴʬʮʰʬʩʰʹ 

ʳʱʻʸʴʨʲʵʩʨ ʩʬʭʸʨʫ ʻʼʸʵ ʬʼʬʽʺʻʸʰ ʰʽʴʬʩʨ ʯʻ ˁʭʬʴ ʪʭʬ˂ʵʫʰʴʬʩʨ ʰʹ ʴʨʺʰʼʰ 

ʳʬʽʨʴʰʮʳʬʩʰ, ʸʵʳʲʰʯʨ˂ ʺʭʰʴʰ ʰʴʼʵʸʳʨ˂ʰʨʹ ʰʴʨˆʨʭʹ. 

ʫʨʹ˄ʨʭʲʰʹʨ ʫʨ ʳʬˆʹʰʬʸʬʩʰʹ ʳʬʽʨʴʰʮʳʬʩʰʹ ʱʭʲʬʭʰʹ ʶʸʵʪʸʬʹʰ ʩʬʭʸʨʫ ʨʸʰʹ 

ʫʨʳʵʱʰʫʬʩʻʲʰ ʱʨʸʪʨʫ ˀʬʸˁʬʻʲ ʬʽʹʶʬʸʰʳʬʴʺʻʲ ʳʵʫʬʲʮʬ. ʮʵʪʰʬʸʯʰ ʹʨˆʬʵʩʰʹ 

ʨˆʲʨʫ ʫʨʩʨʫʬʩʻʲʬʩʰ, ʳʨʯ ˀʵʸʰʹ ˀʰʴʨʻʸʰ ˄ʰ˄ʰʲʬʩʰ,ʹ˄ʨʭʲʵʩʬʴ ʫʨ ˀʬʳʫʬʪ 

ʨʳʵʰ˂ʴʵʩʬʴ ˄ʨʸʫʪʬʴʰʲʰ ʵʩʰʬʽʺʰʹ (ʹʺʰʳʻʲʰ) ʳʨˆʨʹʰʨʯʬʩʲʬʩʹ. ʫʨʹ˄ʨʭʲʰʹ ʨʹʬʯ 

ʼʵʸʳʨʹ ʰʳʶʸʰʴʺʰʴʪʰ/ˀʯʨʩʬ˅ʫʭʨʬ˄ʵʫʬʩʨ (Bolhuis et al., 1991). ʰʳʶʸʰʴʺʰʴʪʰ ʼʨʸʯʵʫ 

ʪʨʭʸ˂ʬʲʬʩʻʲʰ ʫʨʹ˄ʨʭʲʰʹ ʼʵʸʳʨʨ ˂ˆʵʭʬʲʯʨ ʳʸʨʭʨʲ ʹʨˆʬʵʩʨˀʰ (Bateson et al., 1990) 

ʫʨ ʰʹ ˄ʨʸʳʵʨʫʪʬʴʹ ʸʬʱʵʪʴʰ˂ʰʻʲʰ/ʨʳʵ˂ʴʵʩʰʯʰ ʳʬˆʹʰʬʸʬʩʰʹ ʳʨʪʨʲʰʯʹ. 

ʰʳʶʸʰʴʺʰʴʪʰʹ-ˀʯʨʩʬ˅ʫʭʰʹ ʫʨ ˀʬʹʨʩʨʳʰʹʰ ʫʨʹ˄ʨʭʲʰʹʨ ʫʨ ʳʬˆʹʰʬʸʬʩʰʹ 

ˀʬʹ˄ʨʭʲʰʹʨʯʭʰʹ ʰʴʺʬʴʹʰʻʸʨʫ ʪʨʳʵʰʿʬʴʬʩʨ  ˀʰʴʨʻʸʰʽʨʯʳʬʩʰ (Gallus gallus 

domesticus).ʨʳ ˀʯʨʩʬ˅ʫʭʨʹ ʺʭʰʴʰʹ ʪʨʴʹʨʮʾʭʸʻʲ ʻʩʴʬʩˀʰ ʯʨʴ ʨˆʲʨʭʹ ʸʰʪʰ 

˂ʭʲʰʲʬʩʬʩʰ ʳʵʲʬʱʻʲʻʸ ʫʵʴʬʮʬ(ʳʰʳʵˆʰʲʭʰʹʨʯʭʰʹ Solomonia and McCabe 2015). 

ʯʻʱʰ ʨˆʲʨʫʪʨʳʵˁʬʱʰʲ ˄ʰ˄ʰʲʬʩʹ ˄ʨʸʻʫʪʬʴʬʴ ʳʵ˃ʸʨʭ ʹˆʬʻʲʹ ʰʹʰʴʰ ʫʨʰʳʨˆʹʵʭʸʬʩʬʴ 

ʳʰʹ ʯʭʰʹʬʩʬʩʹ. ʰʳʶʸʰʴʺʰʴʪʰʹ ʹʨˀʻʨʲʬʩʰʯ ˄ʰ˄ʰʲʨ ʰʳʨˆʹʵʭʸʬʩʹ ʫʬʫʰʹ 

ʪʨʳʵʹʨˆʻʲʬʩʨʹ ʫʨ ʳʰʿʭʬʩʨ ʳˆʵʲʵʫ ʳʨʹ ʫʨ ʨʸʨ ʹˆʭʨ ʸʵʳʬʲʰʳʬ ʮʸʫʨʹʸʻʲ ʽʨʯʨʳʹ 

(Spaldinget al., 1954; Lorenz et al.,1937). ʲʨʩʵʸʨʺʵʸʰʻʲ ʶʰʸʵʩʬʩˀʰ ˄ʰ˄ʰʲʨʹ ˀʬʻ˃ʲʰʨ 

ʫʨʰʳʨˆʹʵʭʸʵʹ ʳʰʹʯʭʰʹ ˄ʨʸʫʪʬʴʰʲʰ ˆʬʲʵʭʴʻʸʰ ʵʩʰʬʽʺʰʹ ʫʬʺʨʲʬʩʰʫʨ ʹʨʩʵʲʵʵʫ 

ʨʳ ʹʨʪʨʴʹ ʳʰʨʴʰ˅ʵʹ ʻʶʰʸʨʺʬʹʵʩʨ ʹˆʭʨ ʹʨʪʴʬʩʯʨʴ ˀʬʫʨʸʬʩʰʯ. 
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ʼʸʰʴʭʬʲʬʩˀʰ ʨʪʸʬʯʭʬ ʭˆʭʫʬʩʰʯ ʹʳʬʴʰʯ ʰʳʶʸʰʴʺʰʴʪʹ, ʸʵʳʬʲʹʨ˂ ʨʫʪʰʲʰ 

ʨʽʭʹ ʨˆʨʲʪʨʮʸʫʨ ʳʵʳʾʬʸʨʲʰ ˁʰʺʬʩʰʹ ˀʬʳʯˆʭʬʭʨˀʰ, ʸʵʳʲʬʩʰ˂ ʰʳʬʵʸʬʩʬʴ ʯʨʭʰʹʰ 

ʳˀʵʩʲʰʹ ʻʸʯʻʲʬʹ ʪʨʲʵʩʨʹ, ʸʵʳʬʲʰ˂ ʸʨʳʵʫʬʴʰʳʬ ʱʭʰʸʰʹ ˄ʰʴ ʳʵʰʹʳʰʴʬʹ (Stevenson-

Hinde, 1972; Doupe&kuhl, 1999). ʳˆʬʫʭʬʲʵʩʰʯʰ ʰʳʶʸʰʴʺʰʴʪʰ ʰ˃ʲʬʭʨ ʻʴʰʱʨʲʻʸ 

ˀʬʹʨ˃ʲʬʩʲʵʩʨʹ ʳʬˆʹʰʬʸʬʩʰʹ ˀʬʹ˄ʨʭʲʰʹʨʯʭʰʹ, ʳʯʬʲʰ ʸʰʪʰ ʴʰˀʴʬʩʰʹ ʪʨʳʵ. ʶʰʸʭʬʲ 

ʸʰʪˀʰ ʨʾʭʴʰˀʴʨʭʯ ʰʳʨʹ, ʸʵʳ   ʲʨʩʵʸʨʺʵʸʰʻʲʨʫ, ʰʳʶʸʰʴʺʰʴʪʰʹ ˀʬʳʯˆʭʬʭʨˀʰ 

ʫʨʹ˄ʨʭʲʨʳʫʬ ʺʭʰʴˀʰ ʹˆʭʨ ʳˆʬʫʭʬʲʵʩʰʯʰ ʰʴʼʵʸʳʨ˂ʰʰʹ ʱʭʨʲʰ ʨʸʨʸʹʬʩʵʩʹ ʫʨ 

ʨʾʩʬ˅ʫʰʲʰ ʰʴʼʵʸʳʨ˂ʰʨ ʯʰʯʽʵʹʫʨ „ ʹʻʼʯʨ ʫʨʼʨʮʬ“ ʰ˄ʬʸʬʩʨ. 

ʳʬˆʹʰʬʸʬʩʰʹ ʳʬʽʨʴʰʮʳʬʩʰʹ ˄ʨʸʳʨʺʬʩʻʲʰ ˀʬʹ˄ʨʭʲʰʹʨʯʭʰʹ ˃ʨʲʰʨʴ 

ʳʴʰˀʭʴʬʲʵʭʨʴʰʨ ʺʭʰʴʰʹ ʰʳ ʻʩʴʰʹ ʰʫʬʴʺʰʼʰʱʨ˂ʰʨ, ʸʵʳʬʲˀʰ˂ ʨʫʪʰʲʰ ʨʽʭʹ 

ʫʨʹ˄ʨʭʲʨʹʨ ʫʨ ʳʬˆʹʰʬʸʬʩʰʹ ˁʨʳʵʿʨʲʰʩʬʩʰʹ ʶʸʵ˂ʬʹʹ ʫʨ ʳˆʬʫʭʬʲʵʩʰʯʰ 

ʰʳʶʸʰʴʺʰʴʪʰʹ ʳʵʫʬʲʹ ʬʹ ʻʶʰʸʨʺʬʹʵʩʨ˂ ʪʨʨˁʴʰʨ. ʳʸʨʭʨʲʰ ʬʽʹʶʬʸʰʳʬʴʺʻʲʰ 

ʳʵʴʨ˂ʬʳʰ, ʳʰʻʯʰʯʬʩʹ, ʸʵʳ ˄ʰʴʨ ʺʭʰʴʰʹ ʹʨˆʻʸʨʭʰʹ ʪʨʴʹʨʮʾʭʸʻʲʰ ʻʩʨʴʰ-

ʳʬʮʵʶʨʲʰʻʳʰʹ ʳʬʫʰʨʲʻʸʰ ʫʨ ʰʴʺʬʸʳʬʫʰʨʲʻʸʰ ʴʨ˄ʰʲʰ (ʰʳʳ), ʰʴʨˆʨʭʹ 

ʰʳʶʸʰʴʺʰʴʪʰʹ ˀʬʫʬʪʨʫ ʳʰʾʬʩʻʲ ʰʴʼʵʸʳʨ˂ʰʨʹ (Horn et al.,1979; Horn, 1985, Horn, 

2004). ʨʳ ʼʨʽʺʹ ʨʫʨʹʺʻʸʬʩʹ ʹʨʱʳʨʵʫ ʹʨʼʻ˃ʭʲʰʨʴʰ ʳʵʴʨ˂ʬʳʬʩʰ, ʱʬʸ˃ʵʫ: ʨʳ ʸʬʪʰʵʴʰʹ 

ʫʨʮʰʨʴʬʩʨ ˆʬʲʹ ʻˀʲʰʹ ʰʳʶʸʰʴʺʰʴʪʰʹʶʸʵ˂ʬʹʹ (McCabe et al., 1981), ˆʵʲʵ ʪʨ˄ʭʸʯʴʰʹ 

ˀʬʳʫʬʪ ʨʳ ʻʩʴʰʹ ʫʨʮʰʨʴʬʩʰʹ ˀʬʫʬʪʨʫ ʽʸʬʩʨ ˀʬ˃ʬʴʰʲʰ ʻʶʰʸʨʺʬʹʵʩʨ (McCabe et 

al.,1982). ʨʪʸʬʯʭʬ ˁʨʺʨʸʫʨ ʬʽʹʶʬʸʰʳʬʴʺʬʩʰ ʳʨʸ˂ˆʬʴʨ ʫʨ ʳʨʸˇʭʬʴʨ ʰʳʳ-ʹ 

ʯʨʴʳʰʳʫʬʭʸʵʩʰʯʰ ʫʨʮʰʨʴʬʩʰʹʪʨʳʵʿʬʴʬʩʰʯ, ʸʨʳʨ˂ ʪʨʳʵʨʭʲʰʴʨ ʭʰʮʻʨʲʻʸʰ 

ʰʳʶʸʰʴʺʰʴʪʰʹʨʯʭʰʹ ʰʴʼʵʸʳʨ˂ʰʰʹ ʫʨʳʨʺʬʩʰʯʰ ˀʬʴʨˆʭʰʹ ʹʨʰʺʰ, ʬ.˄. „S“ʸʵʳʬʲʰ˂ ʰʳʳ-ʹ 

ʪʨʸʬʯʨ ʳˆʨʸʬʹ ʳʫʬʩʨʸʬʵʩʹ ʫʨ ʳʰʹ ʶʨʸʨʲʬʲʻʸʨʫ ʳʵʽʳʬʫʬʩʹ (Cipolla-Netto et al., 1982). 

ʬʹ ʻʩʨʴʰ ʿʨʲʰʩʫʬʩʨ ʫʨ ʼʻʴʽ˂ʰʵʴʰʸʬʩʹ ʫʨʹ˄ʨʭʲʰʫʨʴ 4-6 ʹʨʨʯʰʹ ˀʬʳʫʬʪ ʫʨ ʯʨʭʰʹ 

ʼʻʴʽ˂ʰʨʹ ʰʴʨʸˁʻʴʬʩ ʹʻʲ ʳ˂ʰʸʬ 26 ʹʨʨʯʰʹʪʨʴʳʨʭʲʵʩʨˀʰ (Horn 2004). ʺʭʰʴʰʹ ʰʳ ʻʩʴʰʹ 

˂ʵʫʴʨ˂ ʸʵʳʬʲʰ˂ ʳʯʨʭʨʸ ʸʵʲʹ ʨʹʸʻʲʬʩʹ ʰʳʶʸʰʴʺʰʴʪʰʹ ʫʨʹ˄ʨʭʲʰʹʨ ʫʨ 

ʳʬˆʹʰʬʸʬʩʰʹ ʶʸʵ˂ʬʹʬʩˀʰ˂ ʨʹʬʭʬ, ʨʳ ʳʵʫʬʲʰʹ ʳʴʰˀʭʴʬʲʵʭʨʴ ʻʶʰʸʨʺʬʹʵʩʨʹ 

ʪʨʴʬʱʻʯʭʴʬʩʨ. 

ʳˆʬʫʭʬʲʵʩʰʯʰ ʰʶʸʰʴʺʰʴʪʰʹ, ʸʵʪʵʸ˂ ʳʬˆʹʰʬʸʬʩʰʹ ʳʬʽʨʴʰʮʳʬʩʰʹ ˀʬʹ˄ʨʭʲʰʹ 
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ʳʵʫʬʲʰʹ ʱʰʫʬʭ ʬʸʯʰ ʻʶʰʸʨʺʬʹʵʩʨʨ ʫʨʹ˄ʨʭʲʰʹʨ ʫʨ ʳʬˆʹʰʬʸʬʩʰʹ ʹʰ˃ʲʰʬʸʰʹ 

ʪʨʮʵʳʭʰʹ ˀʬʹʨ˃ʲʬʩʲʵʩʨ ʫʨ ʨʳ ʶʨʸʨʳʬʺʸʮʬ ʩʰʵʽʰʳʰʻʸʰ ˂ʭʲʰʲʬʩʬʩʰʹ ʱʵʸʬʲʨ˂ʰʨ. ʨʳ 

ʳʨˁʭʬʴʬʩʬʲʹ ˄ʨʸʳʵʨʫʪʬʴʹ ʻʶʰʸʨʺʬʹʵʩʰʹ  ʺʬʹʺʰʹ ʳʨˁʭʬʴʬʩʬʲʰ (ʳʰʳʵˆʰʲʭʰʹʨʯʭʰʹ 

Solomonia and McCabe 2015). 

ʳˆʬʫʭʬʲʵʩʰʯʰ ʰʳʶʸʰʴʺʰʴʪʰʹ ʸʵʪʵʸ˂ ʳʵʫʬʲʰʹ  ʻʶʰʸʨʺʬʹʵʩʬʩʰʹ 

ʪʨʳʵʿʬʴʬʩʰʯ ʴʨˁʭʬʴʬʩʰ ʰʽʴʨ ʳʯʬʲʰ ʸʰʪʰ ʩʰʵʽʰʳʰʻʸʰ ˂ʭʲʰʲʬʩʬʩʰ ʸʵʳʲʬʩʰ˂ 

ʹʶʬ˂ʰʼʰʱʻʸʰʨ ʫʨʹ˄ʨʭʲʰʹʨ ʫʨ ʳʬˆʹʰʬʸʬʩʰʹʨʯʭʰʹ (ʳʰʳʵˆʰʲʭʰʹʨʯʭʰʹ Solomonia and 

McCabe 2015), ʯʻʳ˂ʨ ʨˆʨʲʰ ˂ʵʫʴʨ ʿʵʭʬʲʯʭʰʹ ʨˆʨʲ ˀʬʱʰʯˆʭʬʩʹ ˄ʨʸʳʵʽʳʴʰʹ! 

ʰʳʶʸʰʴʺʰʴʪʰʹ ʫʸʵʹ ʨʫʪʰʲʰ ʨʽʭʹ ʸʰʪʰ ˂ʰʲʵʭʨʴʰ ʳʵʲʬʱʻʲʬʩʰʹ 

ʫʨʹ˄ʨʭʲʰʹʨʯʭʰʹ ʹʶʬ˂ʰʼʰʱʻʸ ʳʨʺʬʩʨʹ. ʬʹ ˂ʭʲʰʲʬʩʬʩʰ ˆˀʰʸʨʫ ʫʸʵʮʬ 

ʫʨʳʵʱʰʫʬʩʻʲ ˆʨʹʰʨʯʹ ʨʺʨʸʬʩʹ. ʪʨʴʹʨʱʻʯʸʬʩʰʯ ʳʱʭʬʯʸʨʫ ʨʸʰʹ ʫʨʹ˄ʨʭʲʰʹʨʯʭʰʹ 

ʹʶʬ˂ʰʼʰʱʻʸʰ ˂ʭʲʰʲʬʩʬʩʰ ʪʨʳʵʭʲʬʴʰʲʰ ʶʲʨʮʳʻʸ-ʳʬʳʩʸʨʴʻʲ ʼʸʨʽ˂ʰʨˀʰ (Solomonia 

and McCabe 2015), ʸʨ˂ ʨʳ ʼʸʨʽ˂ʰʰʹ ʶʸʵʺʬʵʳʰʹ ʼʨʸʯʵ ʳʨʹˀʺʨʩʰʨʴʰ ˀʬʹ˄ʨʭʲʰʹ 

ʨʻ˂ʰʲʬʩʲʵʩʨʮʬ ʳʰʻʯʰʯʬʩʹ ʫʨ ˁʬʳʰ ʹʨʫʰʹʬʸʺʨ˂ʰʵ ʴʨˀʸʵʳʰ˂ ʨʳ ʹʨʱʰʯˆʹ ʬ˃ʾʭʴʬʩʨ. 
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                                        2.2 ʲʰʺʬʸʨʺʻʸʰʹ ʳʰʳʵˆʰʲʭʨ 

                                                         ʯʨʭʰ 1 

                                        ʳʰʺʵʽʵʴʫʸʰʰʹ ʼʵʸʳʬʩʰ ʫʨ ʼʻʴʽ˂ʰʬʩʰ 

 

ʳʰʺʵʽʵʴʫʸʰʨ ʨʸʰʹ ʳʯʨʭʨʸʰ ʬʴʫʵʳʬʳʩʸʨʴʻʲʰ ʹʰʹʺʬʳʨ ʬʻʱʨʸʰʵʺʻʲ 

ʻˇʸʬʫˀʰ. ʳʨʹ ʨʽʭʹ ʻʴʨʸʰ ʨʺʼ ʨ˄ʨʸʳʵʵʹ ʫʨ ʳʰʨ˄ʵʫʵʹ ʹʻʴʯʽʭʰʯ ˇʨ˅ʭʹ. 

ʳʰʺʵʽʵʴʫʸʰʨ ˄ʨʸʳʵʰʽʳʴʨ 2 ʳʰʲʰʵʴʰ ˄ʲʰʹ ˄ʰʴ ʯʨʴʨʳʬʫʸʵʭʬ, ʬʻʱʨʸʰʵʺʻʲʰ 

ʻˇʸʬʫʰʹ ˄ʰʴʨʳʵʸʩʬʫˀʰ ʨʲʼʨ ʶʸʵʺʬʵʩʨʽʺʬʸʰʰʹ ˀʯʨʴʯʽʳʰʹ ˀʬʫʬʪʨʫ. 

ʳʰʺʵʽʵʴʫʸʰʨʹ ˀʬʴʨʸˁʻʴʬʩʻʲʰ ʨʽʭʹ ʵʸʳʨʪʰ ʳʬʳʩʸʨʴʨʳʰʹʰ ʯʨʭʫʨʶʰʸʭʬʲʰ ʼʵʸʳʰʹʪʨʴ. 

ʳʰʹʰ ʼʵʸʳʨ ʫʨ ʻˇʸʬʫʻʲʰ ʪʨʴʨ˄ʰʲʬʩʨ ʸʨʫʰʱʨʲʻʸʨʫ ˀʬʰ˂ʭʨʲʨ ʫʸʵʯʨ 

ʪʨʴʳʨʭʲʵʩʨˀʰ ʫʨ ˀʬʰ˃ʰʴʨ ʻʨʳʸʨʭʰ ʫʨʳʨʺʬʩʰʯʰ ʼʻʴʽ˂ʰʨ ʻˇʸʬʫˀʰ. ʻʳʬʺʬʹʰ 

ʪʬʴʬʺʰʱʻʸʰ ʳʨʹʨʲʨ ʨʲʼʨ ʶʸʵʺʬʵʩʨʽʺʬʸʰʰʹʪʨʴ ʫʨʰʱʨʸʪʨ ʹ˄ʸʨʼʨʫ ʨʴ ʪʨʫʨʭʰʫʨ 

ʩʰʸʯʭʻʲ ʪʬʴʵʳˀʰ (Gabaldon et al., 2004). ʩʰʸʯʭʻʲ ʪʬʴʵʳʯʨʴ ˀʬʫʨʸʬʩʰʯ, ˃ʨʲʰʨʴ 

˂ʵʺʨ ʨʸʰʹ ʳʰʺʵʽʵʴʫʸʰʻʲʰ ʪʬʴʵʳʰʹ ˄ʰʲʰ. ʨʫʨʳʰʨʴʰʹ ʳʰʺʵʽʵʴʫʸʰʻʲʰʪʬʴʵʳʰ 

ʨʱʵʫʰʸʬʩʹ 13 ˂ʰʲʨʹ, ʸʵʳʬʲʯʨ ˀʵʸʰʹʨʨ  ʳʰʺʵʽʵʴʫʸʰʰʹ ʹʻʴʯʽʭʰʹ ˇʨ˅ʭʰʹ  

ʱʵʳʶʲʬʽʹʰ I-IV -ʰʹ ʹʻʩʬʸʯʬʻʲʬʩʰ. ʰʹ ʳʰʺʵʽʵʴʫʸʰʰʹ ˀʰʫʨ ʳʬʳʩʸʨʴʨˀʰʨ ˁʨˀʬʴʬʩʻʲʰ. 

ʳʨʺʸʰʽʹˀʰ ʼʻʴʽ˂ʰʵʴʰʸʬʩʹ ʱʸʬʩʹʰʹ ˂ʰʱʲʰ. ʹʻʴʯʽʭʰʹ ˇʨ˅ʭʰ ʽʳʴʰʹ ʬʲʬʽʺʸʵʽʰʳʰʻʸ 

ʪʸʨʫʰʬʴʺʹ,ʷʨʴʪʩʨʫʰʹ ˀʬ˄ʿʭʰʲʬʩʻʲʰ ʬʲʬʽʺʸʵʴʬʩʰʹʪʨʫʨʺʨʴʰʯ ʫʨ ʶʸʵʺʵʴʬʩʰʹ 

ʺʸʨʴʹʶʵʸʺʰʸʬʩʰʯ ʳʨʺʸʰʽʹʰʰʹ ˀʰʫʨ ʳʬʳʩʸʨʴʰʫʨʴ ʪʨʸʬ ʳʬʳʩʸʨʴʻʲ ʹʰʭʸ˂ʬˀʰ. 

ʬʲʬʽʺʸʵʽʰʳʰʻʸʰ ʶʵʺʬʴ˂ʰʨʲʰ ʨʸʰʹ ʪʨʫʨʳ˄ʿʭʬʺʰ ʳʰʺʵʽʵʴʫʸʰʨʲʻʸʰ 

ʼʻʴʽ˂ʰʵʴʰʸʬʩʰʹʯʭʰʹ (Baughman et al., 2011; De Stefani et al., 2011).ʯʨʴʨʳʬʫʸʵʭʬ 

ʳʰʺʵʽʵʴʫʸʰʨ ˀʬʫʪʬʩʨ ʫʨʨˆʲʵʬʩʰʯ 1000 ˂ʰʲʰʹʪʨʴ, ʸʵʳʲʬʩʰ˂ ʹʨ˅ʰʸʵʨ ʻˇʸʬʫʻʲʰ 

ʫʨ ʽʹʵʭʰʲʹʶʬ˂ʰʼʰʱʻʸʰ ʼʻʴʽ˂ʰʵʴʰʸʬʩʰʹʨʯʭʰʹ (Pagliarini et al., 2008; Forner et 

al.,2006). 

ʳʰʺʵʽʵʴʫʸʰʻʲʰ ʶʸʵʺʬʵʳʰ ʨʸʰʹ ˃ʭʬʲʰ: ʩʨʽʺʬʸʰʰʹ ʫ ʨˆʨʲʰ: 

ʬʻʱʨʸʰʵʺʻʲʰ ˄ʨʸʳʵʬʩʰʹ ˂ʰʲʬʩʰʹ ʴʨʮʨʭʰ (Gabaldon et al., 2004). ʳʰʺʵʽʵʴʫʸʰʻʲʰ 

ʫʴʳ-ʰʹ ʸʬʶʲʰʱʨ˂ʰʰʹ ʫʨ ʺʸʨʴʹʲʨ˂ʰʰʹ ʳʬʽʨʴʰʮʳʬʩʰ ʬʭʵʲʻ˂ʰʻʸʨʫ ˄ʨʸʳʵʽʳʴʰʲʰʨ 
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ʩʨʽʺʬʸʰʵʼʨʪˀʰ, ʯʻʳ˂ʨ ʳʰʺʵʽʵʴʫʸʰʰʹ ʺʸʨʴʹʲʨ˂ʰʰʹ ʳʬʽʨʴʰʮʳʹ ʨʽʭʹ ˄ʳʰʴʫʨ 

ʬʭʵʲʻ˂ʰʻʸʰ ʱʨʭˀʰʸʰ ʫʨ ʻʸʯʰʬʸʯʵʩʨ ʩʨʽʺʬʸʰʨʹʯʨʴ (Christian et al., 2012). 

ʳʰʺʵʽʵʴʫʸʰʻʲʰ ʪʬʴʵʳʰʹ ˂ʰʲʵʭʨʴʰ ʱʵʳʶʵʴʬʴʺʬʩʰ ʪʨʴʰ˂ʫʰʹ ʺʸʨʴʹʲʰʨ˂ʰʨʹ 22 

ʹʨʺʸʨʴʹʶʵʸʺʵ ʸʴʳ-ʰʯ ʫʨ ʳʰʺʵʽʵʴʫʸʰʻʲʰ ʸʰʩʵʹʵʳʻʲʰ ʸʴʳ-ʰʯ, ʸʵʳʬʲʰ˂ 

ʺʸʨʴʹʲʨ˂ʰʰʹ ʨʶʨʸʨʺʰʹ ʨʻ˂ʰʲʬʩʬʲʰ ʱʵʳʶʵʴʬʴʺʰʨ. ʳʰʺʵʽʵʴʫʸʰʰʹ ʸʰʩʵʹʵʳʰʹ 

ʨ˄ʿʵʩʨ, ʳʨʾʨʲ ʸʬʪʻʲʰʸʬʩʨʫ ʶʸʵ˂ʬʹʹ ˄ʨʸʳʵʨʫʪʬʴʹ, ʸʵʳʬʲʰ˂ ˁʨʸʯʻʲʰʨ 

ʳʰʺʵʽʵʴʫʸʰʨʲʻʸʰ ʸʰʩʵʹʵʳʰʯ ʱʵʫʰʸʬʩʨʫʰ ʸʴʳ-ʰʹ ʶʸʵ˂ʬʹʰʴʪˀʰ ʫʨ ʳʵʳ˄ʰʼʬʩʨˀʰ. 

ʳʰʺʵʽʵʴʫʸʰʻʲʰ ʸʰʩʵʹʵʳʻʲʰ ˂ʰʲʬʩʰ ˄ʨʸʳʵʽʳʴʰʨʴ ʫʰʫ ʫʨ ʳ˂ʰʸʬ ʹʻʩʬʸʯʬʻʲʬʩʹ 

(Fung et al., 2013). ʳʰʺʵʽʵʴʫʸʰʻʲʰ ʸʰʩʵʹʵʳʻʲʰ ˂ʰʲʬʩʰʹ ʨ˄ʿʵʩʰʹ ʶʸʵ˂ʬʹʹ ʨʽʭʹ 

ˈʵʳʵʲʵʪʰʨ ʩʨʽʺʬʸʰʬʩʰʹʨʴʨʲʵʪʰʻʸ ʶʸʵ˂ʬʹʯʨʴ (Sharma et al., 2013).  

ʨʫʨʳʰʨʴʬʩˀʰ, ʳʰʺʵʽʵʴʫʸʰʰʹ ʩʰʵʪʬʴʬʮʰʹ ʺʸʨʴʹʱʸʰʶ˂ʰʵʴʨʲʻʸʰ ʸʬʪʻʲʨ˂ʰʨ 

ˆʵʸ˂ʰʬʲʫʬʩʨ ʶʪʱ 1 (-ʶʬʶʬʸʵʽʹʰʹʵʳʻʲʰ ʶʸʵʲʰʼʬʸʨʺʵʸʰʯ ʨʽʺʰʭʰʸʬʩʨʫʰ 

ʸʬ˂ʬʶʺʵʸʰʹ ʪʨʳʨ ʱʵʨʽʺʰʭʨʺʵʸ-1 ʨʲʼʨ) ʵˇʨˆʰʹ ʱʵʨʽʺʰʭʨʺʵʸʬʩʰʯ, ʸʵʳʬʲʰ˂ 

ʶʨʹʻˆʵʩʹ ʱʭʬʩʰʯʰ ˂ʭʲʰʲʬʩʰʹ ʶʨʹʻˆʹ, ʸʵʪʵʸʰ˂ ʨʸʰʹ NAD+/NADH ʫʨ AMPA/ATP 

ʼʨʸʫʵʩʬʩʰ.  ʶʪʱ 1 ʱʵʨʽʺʰʭʨʺʵʸʬʩʰʯ ʫʨ ʹʶʬ˂ʰʼʰʱʻʸʰ ʺʸʨʴʹʱʰʼ˂ʰʻʲʰ ʼʨʽʺʵʸʬʩʰʹ 

(NRF1, NRF2 ʫʨ ERR) ʪʨʬʸʯʰʨʴʬʩʻʲʰ ˁʨʸʯʭʰʯ ʩʨʲʨʴʹʫʬʩʨ ʹʶʬ˂ʰʼʰʻʸʰ,ʳʨʷʵʸʻʲʰ 

ʼʻʴʽ˂ʰʻʸʰ ʪʮʬʩʰ ʳʰʺʵʽʵʴʫʸʰʨˀʰ. 

ʩʰʸʯʭˀʰ ʺʸʨʴʹʱʸʰʩʰʸʬʩʨʫʰ ʳʬʹʬʴˇʬʸʻʲʰ ʸʴʳ-ʰʯ ʱʵʫʰʸʬʩʨʫʰ 

ʳʰʺʵʽʵʴʫʸʰʻʲʰ ˂ʰʲʬʩʰ ʶʵʹʺʸ-ʺʸʨʴʹʱʸʰʶ˂ʰʵʴʨʲʻʸʨʫ ʨʸʰʨʴ ʲʵʱʨʲʰʮʬʩʻʲʴʰ 

ʳʰʺʵʽʵʴʫʸʰʰʹ ʪʨʸʬ ʳʬʳʩʸʨʴʨʮʬ ʫʨ ʳʨʾʨʲ ʸʬʪʻʲʰʸʬʩʨʫʰ ʹʰʭʸ˂ʻʲʰ ʫʨ ʫʸʵʬʩʰʯʰ 

ʳʵʽʳʬʫʬʩʰʹ ˄ʬʹʰʯ ʱʵʵʸʫʰʴʰʸʬʩʻʲʨʫ ʪʨʴʰ˂ʫʰʨʴ ʺʸʨʴʹʲʰʨ˂ʰʨ˂ʰʨʹ (Gadir et al., 

2011; Garcia et al., 2007). 

ʳʻʺʨ˂ʰʬʩʰ ʳʺ-ʫʴʳ-ʰʹ ʨʴ ʩʰʸʯʭʻʲʰ ʫʴʳ-ʰʹ ʪʬʴʬʩˀʰ, ʸʵʳʲʬʩʰ˂ ʨʱʵʫʰʸʬʩʬʴ 

ʳʰʺʵʽʵʴʫʸʰʻʲ ˂ʰʲʬʩʹ ʫʨ ʨʻ˂ʰʲʬʩʬʲʴʰ ʨʸʰʨʴ ʨʺʼ-ʰʹ ˄ʨʸʳʵʬʩʰʹʯʭʰʹ, 

ʪʨʴʨʶʰʸʵʩʬʩʬʴ ʳʸʨʭʨʲ ʳʰʺʵʽʵʴʫʸʰʻʲ ʫʨʨʭʨʫʬʩʨʹ ʨʫʨʳʰʨʴʬʩˀʰ, ʸʵʳʲʬʩʰ˂ ʨˆʫʬʴʬʴ  

ʮʬʪʨʭʲʬʴʨʹ  ʹˆʬʻʲʰʹ ʸʵʳʬʲʰʳʬ ʵʸʪʨʴʵʹ ʪʨʳʨʸʯʻʲ ʳʻˀʨʵʩʨʮʬ ʳʯʬʲʰ ˂ˆʵʭʸʬʩʰʹ 

ʪʨʴʳʨʭʲʵʩʨˀʰ (Nunnari et al., 2012). 
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                                     ʳʰʺʵʽʵʴʫʸʰʻʲʰ ʫʴʳ 

 

ʳʰʺʵʽʵʴʫʸʰʨʹ ʨʸ ʪʨʨˁʴʰʨ ʰʹʬʯʰ ʫʨʳ˂ʨʭʰ ʳʬʽʨʴʰʮʳʰ ʳʺ-ʫʴʳ-ʰʹʯʭʰʹ, 

ʸʵʪʵʸʰ˂ʨʨ ˈʰʹʺʵʴʬʩʰ-ʩʰʸʯʭʻʲʰ ʫʴʳ-ʰʹʯʭʰʹ. ʳʺ-ʫʴʳ, ʨʹʵ˂ʰʸʬʩʻʲʰʨ 

ʳʰʺʵʽʵʴʫʸʰʰʹ ˀʰʫʨ ʳʬʳʩʸʨʴʨʹʯʨʴ, ʹʨʫʨ˂ ʫʰʫʰ ʸʨʵʫʬʴʵʩʰʯ ʪʸʵʭʫʬʩʨ 

ʳʻʺʨʪʬʴʻʸʰ ʯʨʭʰʹʻʼʨʲʰ ʸʨʫʰʱʨʲʬʩʰ (Richter et al., 1998), ʨʳʰʺʵʳʨ˂ ʳʺ ʫʴʳ-ˀʰ 

ʳʻʺʨ˂ʰʬʩʰ ʻʼʸʵ ʫʰʫʰ ʹʰˆˀʰʸʰʯ ˆʫʬʩʨ, ʭʰʫʸʬ ʩʰʸʯʭʻʲ ʫʴʳ-ˀʰ. 

ʰʫʬʴʺʰʼʰ˂ʰʸʬʩʻʲʰʨ ʳʺ-ʫʴʳ-ʰʹ 50-ʮʬ ʳʬʺʰ ʫʬʲʬ˂ʰʨ, ʸʵʳʲʬʩʰ˂ ʹˆʭʨʫʨʹˆʭʨ 

ʫʨʨʭʨʫʬʩʨʹ ʪʨʴʨʶʰʸʵʩʬʩʹ (Wallace et al., 1997).  

ʳʺ-ʫʴʳ-ʰʹ ʳʻʺʨ˂ʰʰʯ ʪʨʳʵ˄ʭʬʻʲʰ ʫʨʨʭʨʫʬʩʬʩʰʨ: ʳʰʺʵʽʵʴʫʸʰʻʲʰ ʬʴ˂ʬʶʨʲʵʶʨʯʰʨ, 

ʳʰʵʱʲʵʴʻʸʰ ʬʶʰʲʬʼʹʰʨ, ʴʬʰʸʵʪʬʴʻʸʰ ʻʱʳʨʸʰʹʵʩʨ, ʨʺʨʽʹʰʨ , ʲʬʩʬʸʰʹ 

ʳʬʳʱʭʰʫʸʬʵʩʰʯʰ ʵʶʺʰʱʻʸʰ ʴʬʰʸʵʶʨʯʰʨ ʫʨ ʨ.ˀ. (Jazin et al., 1998). 

ʳʺ-ʫʴʳ-ˀʰ ʨʸʰʹ ʸʬʪʰʵʴʰ, ʸʵʳʬʲʰ˂ ʨʸʨʱʵʫʰʸʬʩʻʲ ʯʨʴʳʰʳʫʬʭʸʵʩʨʹ  

˄ʨʸʳʵʨʫʪʬʴʹ ʫʨ ʳʻʺʨ˂ʰʬʩʰʹ ʨʱʻʳʻʲʰʸʬʩʨ, ʨʳ ʻʩʨʴˀʰ ˆʫʬʩʨ. ʬʹ ʻʩʨʴʰ, 

ʳʰʺʵʽʵʴʫʸʰʻʲʰ D-ʳʨʸʿʻʷʰʹ ʨʸʬʨʲˀʰʨ. D-ʳʨʸʿʻʷʰ ʲʵʱʨʲʰʮʬʩʻʲʰʨ 

ʳʰʺʵʽʵʴʫʸʰʰʹ ʺʸʨʴʹʱʸʰʶ˂ʰʻʲ ʶʸʵʳʵʺʵʸʬʩʯʨʴ. ʳʺ-ʫʴʳ-ʰʹ ʸʬʶʲʰʱʨ˂ʰʨ ʰ˄ʿʬʩʨ D-

ʳʨʸʿʻʷʰʹ ʪʨʫʨʴʨ˂ʭʲʬʩʰʯ ʫʨ ʹʰʴʯʬʮʰʸʫʬʩʨ ʨˆʨʲʰ ʳ˃ʰʳʬ ʨʴʻ H ˇʨ˅ʭʰʹ ʼʵʸʳʰʸʬʩʨ, 

ʸʵʳʬʲʰ˂ ʫʨʨˆʲʵʬʩʰʯ 700 ˄ʿʭʰʲ ʼʻ˃ʬʹ ʳʵʰ˂ʨʭʹ ʫʨ ˂ʴʵʩʰʲʰʨ ʸʵʪʵʸ˂ S-ʫʴʳ 

(Anderson et al., 1981). ʳʺ ʫʴʳ-ʰʹ ʵʸʰʭʬ ˇʨ˅ʭʰʹ ʺʸʨʴʹʱʰʶ˂ʰʨ ˆʫʬʩʨ D-ʳʨʸʿʻʷʰʹ 

ʶʸʵʳʵʺʬʸʬʩʮʬ.  

 ʳʺ-ʫʴʳ ʨʸʰʹ ʻʴʰʱʨʲʻʸʰ ʫʨ ʳˆʵʲʵʫ ʫʬʫʰʹʬʻʲ ʰʴʼʵʸʳʨ˂ʰʨʹ ʳʵʰ˂ʨʭʹ, 

ʩʰʸʯʭʻʲʰ ʫʴʳ ʱʰ ʫʬʫʰʹʬʻʲʰ ʫʨ ʳʨʳʰʹʬʻʲʰ ʪʬʴʬʩʰʹ ʴʨʮʨʭʹ ˄ʨʸʳʵʨʫʪʬʴʹ (Torroni 

et al., 1996). 

ʳʰʺʵʽʵʴʫʸʰʻʲʰ ʫʴʳ-ʰʹ ʳʻʺʨ˂ʰʬʩʰ ˂ʰʲʰʹ ʳʨʱʵʫʰʸʬʩʬʲ  ʸʬʪʰʵʴˀʰ, 

ʮʸʫʰʹ ʳʻʺʨ˂ʰʬʩʰʹ ʸʨʵʫʬʴʵʩʨʹ. ʳʻʺʨ˂ʰʬʩʰʹ ʨʸʹʬʩʵʩʨ ʳʰʺʵʽʵʴʫʸʰʰʹ ʹʻʴʯʽʭʰʯʰ 

ˇʨ˅ʭʰʹ ʱʵʳʶʲʬʽʹʰʹ ʳʨʱʵʫʰʸʬʩʬʲ ʪʬʴʬʩˀʰ, ʰ˄ʭʬʭʹ ʵʶʺʰʱʻʸʰ ʴʬʸʭʰʹ ʨʺʸʵʼʰʨʹ 

ʳʵʮʸʫʰʲʬʩˀʰ ʨʴ ʬʴ˂ʬʼʨʲʵʶʨʯʰʨʹ ˁʭʰʲ ʩʨʭˀʭʬʩˀʰ. ʳʰʺʵʽʵʴʫʸʰʰʹ ʨʸʨʹ˄ʵʸ 

ʼʻʴʽ˂ʰʵʴʰʸʬʩʨʹʯʨʴ ʨʸʰʹ ʫʨʱʨʭˀʰʸʬʩʻʲʰ ʰʹʬʯʰ ʫʨʨʭʨʫʬʩʬʩʰ, ʸʵʪʵʸʬʩʰ˂ʨʨ: ʱʰʩʵ, 
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ʳʬʺʨʩʵʲʻʸʰ ʻ˄ʬʹʸʰʪʵʩʬʩʰ, ʴʬʰʸʵʫʬʪʬʴʬʸʨ˂ʰʻʲʰ ʫʨʨʭʨʫʬʩʬʩʰ, ʨʲ˂ˈʨʰʳʬʸʰʹ, 

ʶʨʸʱʰʴʹʵʴʰʹ ʫʨ ˈʨʴʺʰʴʪʺʵʴʰʹ ʫʨʨʭʨʫʬʩʨ (Nunnari et al., 2012).  

 

                              ʳʰʺʵʽʵʴʫʸʰʨʲʻʸʰ ʽʸʵʳʵʹʵʳʬʩʰ 

 

ʳʴʰˀʭʴʬʲʵʭʨʴʰʨ, ʸʵʳ ʳʰʺʵʽʵʴʫʸʰʻʲʰ ʫʴʳ-ʰʹ ʳʰʬʸ ʱʵʫʰʸʫʬʩʨ 

ʳʰʺʵʽʵʴʫʸʰʰʹ ʼʻʴʽ˂ʰʬʩʰ. ʴʨʴʨˆʰʨ, ʸʵʳ ʳʰʺʵʽʵʴʫʸʰʻʲ ʫʴʳ-ʹʨ ʫʨ 

ʺʸʨʴʹʱʸʰʼ˂ʰʻʲ ʼʨʽʺʵʸ ʳʺʼʨ (ʳʰʺʵʽʵʴʫʸʰʰʹ ʺʸʨʴʹʱʸʰʶ˂ʰʻʲʰ ʼʨʽʺʵʸʰ)-ʹ  

ˀʵʸʰʹ ʳʿʨʸʫʬʩʨ ʱʨʭˀʰʸʰ, ʸʰʹ ʳʬˀʭʬʵʩʰʯʨ˂ ʳʰʺʵʽʵʴʫʸʰʻʲʰ ʫʴʳ-ʰʹ ˀʬʼʻʯʭʨ ˆʫʬʩʨ. 

ʳʰʺʵʽʵʴʫʸʰʻʲʰ ʺʸʨʴʹʱʸʰʶ˂ʰʰʹ ʼʨʽʺʵʸʰ A ʯʨʳʨˀʵʩʹ ʳʴʰˀʭʴʬʲʵʭʨʴ ʸʵʲʹ 

ʺʸʨʴʹʱʸʰʶ˂ʰʰʹ ʶʸʵ˂ʬʹʬʩˀʰ. ʩʨʽʺʬʸʰʰʹʪʨʴ ʪʨʴʹˆʭʨʭʬʩʰʯ, ʻˇʸʬʫʰʹ ʻʳʯʨʭʸʬʹ 

ʺʰʶʬʩˀʰ, ʳʰʺʵʽʵʴʫʸʰʨ ˀʬʰ˂ʨʭʹ ʳʰʺʵʽʵʴʫʸʰʻʲʰ ʫʴʳ-ʰʹ ʳʸʨʭʨʲ ʨʹʲʹ, ʸʵʳʲʬʩʰ˂ 

ʬʸʯʳʨʴʬʯʯʨʴ ʨʸʰʨʴ ʫʨʱʨʭˀʰʸʬʩʻʲʴʰ ʫʨ ˄ʨʸʳʵʽʳʴʰʨʴ  ʹʰʴ˂ʰʺʰʻʳʹ. ʳʺʼ-ʨ ʯʨʳʨˀʵʩʹ 

ʳʴʰˀʭʴʬʲʵʭʨʴ ʸʵʲʹ ʺʸʨʴʹʱʰʶ˂ʰʨˀʰ. ˂ʰʲʬʩʰ, ʸʵʳʲʬʩʰ˂ ʪʨʫʨʳ˄ʿʭʬʺʰ ʨʸʰʹ 

ʳʰʺʵʽʵʴʫʸʰʻʲʰ ʫʴʳ-ʰʹ ˀʬʴʨˆʭʰʹʯʭʰʹ ʲʵʱʨʲʰʮʫʬʩʨ ʴʻʱʲʬʵʰʫʬʩʮʬ. ʬʹ ˂ʰʲʬʩʰ 

ˁʨʸʯʻʲʰʨ ʸʬʶʲʰʱʨ˂ʰʨˀʰ ʫʨ ʸʬʶʨʸʨ˂ʰʰʹ ʳʬʽʨʴʰʮʳʬʩˀʰ (Bogenhagen et al., 2012). 

ʨʫʨʳʰʨʴʰʹ ʳʰʺʵʽʵʴʫʸʰʻʲʰ ʪʬʴʵʳʰ  ʳˆʵʲʵʫ ʹʻʲ 80 ʴʻʱʲʬʵʺʰʫʻʸʰ ˄ʿʭʰʲʰʯ 

ʪʸ˃ʬʲʰʨ ʹʨʼʻʨʸʰʹ ʪʬʴʵʳʮʬ (Holt et al., 2012; Brown et al., 2008).  

ʫʨʳʨʺʬʩʰʯʰ ˂ʰʲʬʩʰ, ʸʵʳʲʬʩʰ˂ ʨʻ˂ʰʲʬʩʬʲʴʰ ʨʸʰʨʴ ʳʰʺʵʽʵʴʫʸʰʻʲʰ 

ʫʴʳ-ʰʹ ʬʽʹʶʲʵʨʺʨ˂ʰʰʹʯʭʰʹ ʲʵʱʨʲʰʮʬʩʻʲʴʰ ʨʸʰʨʴ  ʴʻʱʲʬʵʰʫʬʩʮʬ. ʬʹ ˂ʰʲʬʩʰ 

ʳʵʴʨ˄ʰʲʬʵʩʬʴ ʸʬʶʲʰʱʨ˂ʰʰʹ ʫʨ ʸʬʶʨʸʨ˂ʰʰʹ ʶʸʵ˂ʬʹʬʩˀʰ, ʸʵʳʬʲʯʨ 

˄ʨʸʳʵʳʨʫʪʬʴʲʬʩʰ, ʨʫʨʳʰʨʴʬʩʰʹ ˀʬʳʯˆʭʬʭʨˀʰ ʨʸʰʨʴ ʫʴʳ ʶʵʲʰʳʬʸʨʮʨ ʪʨʳʨ ʫʨ ʳʨʹʯʨʴ 

ʨʹʵ˂ʰʸʬʩʻʲʰ ˂ʰʲʬʩʰ (ʳʨʪ: ʸʬʶʲʰʱʨ˂ʰʰʹ ʳʵʱʨˀʱʨˀʬ ˈʬʲʰʱʨʮʨ)(Bogenhagen et al., 2012). 
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                       ʳʰʺʵʽʵʴʫʸʰʻʲʰ ʫʴʳ-ʰʹ ʹʬʪʸʬʪʨ˂ʰʰʹ ʹʨˆʬʵʩʬʩʰ 

 

ʳʰʺʵʽʵʴʫʸʰʻʲʰ ʫʴʳ-ʰʹ ʪʨʫʨ˂ʬʳʨ ˆʫʬʩʨ ʳʬʳʱʭʰʫʸʬʵʩʰʯ ʫʬʫʰʹʪʨʴ ʫʨ 

ʳʨʳʰʹʬʻʲʰ ʳʰʺʵʽʵʴʫʸʰʬʩʰ  ʨʽʺʰʻʸʨʫ ʰʴʪʸʬʭʨ ʪʨʴʨʿʵʼʰʬʸʬʩʰʹ ˀʬʳʫʬʪ (Al ravi et al., 

2011; Sato et al., 2011). 

ʳʰʺʵʽʵʴʫʸʰʨ ʨʸʰʹ ʱʭʬʸ˂ˆʻˇʸʬʫˀʰ ʫʨ ʹʶʬʸʳʨʺʵʮʵʰʫˀʰ, ʳʨʹ ʨʽʭʯ 

ʪʨʴʹˆʭʨʭʬʩʻʲʰ ʼʻʴʽ˂ʰʵʴʨʲʻʸʰ ʻʸʯʰʬʸʯʵʩʨ, ʼʵʸʳʬʩʰ ʫʨ ʻˇʸʬʫʻʲʰ ʪʨʴʨ˄ʰʲʬʩʨ 

ʫʨ ʬʹ ʪʨʴʹˆʭʨʭʬʩʬʩʰ ʨʸʰʹ ʳʴʰˀʭʴʬʲʵʭʨʴʰ. ʳʰʺʵʽʵʴʫʸʰʻʲʰ ʫʴʳ-ʰʹ  ʪʬʴʵʺʰʶʰʹ 

ʹ˄ʸʨʼʳʨ ʹʬʪʸʬʪʨ˂ʰʨʳ ˀʬʹʨ˃ʲʵʨ ʨʳʵʨʪʫʵʹ ʸʨʳʫʬʴʰʳʬ ʫʬʼʬʽʺʰ ʳʰʺʵʽʵʴʫʸʰʨˀʰ ʫʨ 

ʵʵ˂ʰʺʬʩʰʹ ʳʰʺʵʽʵʴʫʸʰʻʲ ʫʴʳ-ˀʰ ((Pepling et al., 2007). ʶʲʻʸʰʶʵʺʬʴʺʻʲ ʾʬʸʵʭʨʴ 

ʻˇʸʬʫʬʩˀʰ ˈʬʺʬʸʵʶʲʨʮʳʻʸʰ ʳʰʺʵʽʵʴʫʸʰʻʲʰ ʫʴʳ ʹʬʪʸʬʪʰʸʫʬʩʨ ”ʭʰ˄ʸʵ 

ˀʬʹʨʹʭʲʬʲˀʰ” (Hamalainen et al., 2013).ʳʰʺʵʽʵʴʫʸʰʻʲʰ ʽʸʵʳʵʹʵʳʬʩʰʹ ʹʬʪʸʬʪʨ˂ʰʨ 

ʫʨ ʸʬʶʲʰʱʨ˂ʰʨ, ʻʳʬʺʬʹ ʬʻʱʨʸʰʵʺʬʩˀʰ ʳʱʨ˂ʸʨʫ ʨʸ ˄ʿʭʰʲʫʬʩʨ ʻˇʸʬʫʻʲ ˂ʰʱʲˀʰ ʫʨ 

ʨʸ˂ ʹˆʭʨ ʫʸʵʹ. ʳʺ ʫʴʳ-ʰʹ ʸʬʶʲʰʱʨ˂ʰʨ ʹʨ˅ʰʸʵʬʩʹ ʴʻʱʲʬʵʰʫʬʩʰʹ ʫʰʫ ˇʪʻʼʹ 

ʻˇʸʬʫˀʰ (Meeusen et al., 2003). 

 

                       ʫʴʳ ʫʨʱʨʭˀʰʸʬʩʻʲʰ ʳʰʺʵʽʵʴʫʸʰʻʲʰ ʫʰʴʨʳʰʱʨ 

 

ʬʻʱʨʸʰʵʺʬʩˀʰ,ʳʺ ʫʴʳ-ʰʹ ʹʬʪʸʬʪʨ˂ʰʰʹ ʻˇʸʬʫʻʲʰ ˄ʵʴʨʹ˄ʵʸʵʩʰʹ ʫʵʴʬ 

ʫʨʳʵʱʰʫʬʩʻʲʰʨ ʴʨ˄ʰʲʵʩʸʰʭ, ʳʰʺʵʽʵʴʫʸʰʰʹ ʫʨʿʵʼʨʮʬ, ʨʹʬʭʬ ʫʨʳʵʱʰʫʬʩʻʲʰʨ 

ʻˇʸʬʫʰʹ ʺʰʶʮʬ (Hoppins et al., 2007). ʳʰʺʵʽʵʴʫʸʰʰʹ ˀʬʸ˄ʿʳʨˀʰ ʼʻʴʫʨʳʬʴʺʻʸʰ 

ʸʵʲʰ ʻ˅ʰʸʨʭʹ ʵʸ ʵʸʪʨʴʬʲʨʹ ˀʵʸʰʹ ʱʨʭˀʰʸʹ. ʨʳ ʶʸʵ˂ʬʹʹ, ʹʨʭʨʸʨʻʫʵʫ, ʨʨʫʭʰʲʬʩʹ 

ʳʺ-ʫʴʳ-ʰʹ ʬʽʹʶʸʬʹʰʨ (Chen et al., 2010; Hermann et al., 1998). ʳʰʺʵʽʵʴʫʸʰʰʹ ˀʬʸ˄ʿʳʨʹ, 

ʨʹʬʭʬ ʬˆʳʨʸʬʩʨ ʩʻʼʬʸʻʲʰ ʳʬʽʨʴʰʮʳʰ, ʸʰʹʰ ʪʨʳʵ˄ʭʬʭʨ˂ ˆʫʬʩʨ ʳʰʺʵʽʵʴʫʸʰʨˀʰ (Rolland 

et al., 2013). ʩʨʲʨʴʹʰ ˀʬʸ˄ʿʳʨʹ ʫʨ ʫʨʿʵʼʨʹ ˀʵʸʰʹ ʳʴʰˀʭʴʬʲʵʭʨʴʰʨ ʫʨ ʬˆʳʨʸʬʩʨ ʳʺ ʫʴʳ-

ʰʹ ʪʨʴʨ˄ʰʲʬʩʨʹ.   

ʳʰʺʵʽʵʴʫʸʰʬʩʰʹ ʫʨʿʵʼʰʹ  ˀʬʼʬʸˆʬʩʰʹ  ˀʬʳʯˆʭʬʭʨˀʰ,ʳʰʺʵʽʵʴʫʸʰʨ 

ʪʸ˃ʬʲʫʬʩʨ, ʯʻʳ˂ʨ ʨʸ ʰʿʵʼʨ (Ishihara et al., 2009; Hanekamp et al., 2002).ʱʨʭˀʰʸʰ 



9 

 

ʳʰʺʵʽʵʴʫʸʰʰʹ ʫʰʴʨʳʰʱʨʹ ʫʨ ʳʰʺʵʽʵʴʫʸʰʻʲʰ ʫʴʳ-ʰʹ ʺʸʨʴʹʳʰʹʰʨʹ ˀʵʸʰʹ, 

ʳʴʰˀʭʴʬʲʵʭʨʴ ʸʵʲʹ ʨʹʸʻʲʬʩʹ ʳʰʺʵʽʵʴʫʸʰʰʹ ʱʵʶʰʸʬʩʨˀʰ. 

ʳʰʺʵʽʵʴʫʸʰʻʲʰ ʫʨʿʵʼʨ ʫʨ ˀʬʸ˄ʿʳʨ ʫʨʳʵʱʰʫʬʩʻʲʰʨ ʳʨʾʨʲ 

ʱʵʴʹʬʸʭʰʸʬʩʻʲ ʫʰʴʨʳʰʴ ʫʨʱʨʭˀʰʸʬʩʻʲ ˂ʰʲʬʩʯʨʴ (DRP), ʸʵʳʬʲʯʨ˂ ʨʽʭʯ ʯʭʰʯ 

ʨ˄ʿʵʩʰʹ ʻʴʨʸʰ ʫʨ GTP-ʰʹ ˈʰʫʸʵʲʰʮʰʹ ʻʴʨʸʰ. ʳʰʺʵʽʵʴʫʸʰʰʹ ʫʨʿʵʼʨ 

ʱʨʺʨʲʰʮʫʬʩʨ  DRP, DRP1-ʰʯ ˃ʻ˃ʻʳ˄ʵʭʸʬʩˀʰ, ʫʰʴʨʳʰʴ 1-ʰʯ ʹʨʼʻʨʸˀʰ. DRP 1 ʫʨ 

ʫʰʴʨʳʰʴ 1-ʰʹ ʨ˄ʿʵʩʨ ʫʨʱʨʭˀʰʸʬʩʻʲʰʨ ʫʵʳʬʴʬʩʰʹ ʹʶʰʸʨʲʻʸ ʹʺʸʻʽʺʻʸʬʩʯʨʴ.DRP 1 

ʫʨ  ʫʰʴʨʳʰʴ 1 ʳʰʺʵʽʵʴʫʸʰʰʹ ʪʨʸʬ ʮʬʫʨʶʰʸʹ ˀʬʳʵʬˆʭʬʭʰʨʴ ʾʬʸʵʹ ʫʵʳʬʴʰʹ 

ʹʨˀʻʨʲʬʩʰʯ ˀʬʱʻʳˀʭʰʹ ʹʨʰʺʬʩʮʬ, ʸʵʳʬʲʯʨ ʫʰʨʳʬʺʸʰ ʬʳʯˆʭʬʭʨ ʫʨʿʵʼʰʹ 

ˈʬʲʰʽʹʬʩʰʹ ʫʰʨʳʬʺʸʹ (Ingerman et al., 2005; Lbrousse et al., 1999). DRP 1-ʰʹ GTP-ʨʮʨ 

ʫʵʳʬʴʬʩʰʹ ʫʨʿʵʼʰʹʨʹ GTP ˈʰʫʸʵʲʰʮʰ ʱʨʺʨʲʰʮʫʬʩʨ, ʸʨ˂ DRP ʹʶʰʸʨʲʰʹ 

ʱʵʴʼʵʸʳʨ˂ʰʻʲ ˂ʭʲʰʲʬʩʬʩʹ ʪʨʴʨʶʰʸʵʩʬʩʹ. ʳʰʺʵʽʵʴʫʸʰʰʹ ˀʰʫʨ ʫʨ ʪʨʸʬ ʳʬʳʩʸʨʴʰʹ 

ˀʬʸ˄ʿʳʨ ʹʨ˅ʰʸʵʬʩʹ DRP, MFN1  MFN2  ʫʨ OPA 1 -ʹ ˃ʻ˃ʻʳ˄ʵʭʸʬʩˀʰ (FZO, MGM1 

ʹʨʼʻʨʸˀʰ) (Meeusin et al., 2004).  

DRP ʵˇʨˆʰʹ ˂ʰʲʬʩʰ ʪʭˆʫʬʩʨ  ʨʪʸʬʯʭʬ ʩʨʽʺʬʸʰʬʩˀʰ ʫʨ ʰʹʰʴʰ ʳʬʳʩʸʨʴʬʩʰʹ 

ʫʨʱʨʭˀʰʸʬʩʨˀʰ ʾʬʩʻʲʵʩʬʴ ʳʵʴʨ˄ʰʲʬʵʩʨʹ (Low et al., 2009). DRP ʪʨʴʨʶʰʸʵʩʬʩʹ 

ʵʸʪʨʴʬʲʨʹ ʪʨʸʬʯʨ ʮʬʫʨʶʰʸʰʹ ʳʵʮʰʫʭʨʹ ˀʬʱʻʳˀʭʰʹ ʹʨʰʺʬʩʮʬ ʫʨ ˀʬʹʨʩʨʳʰʹʨʫ ʪʨʸʬʯʨ 

ʳʬʳʩʸʨʴʰʹ ʪʨ˅ʸʨ ˆʫʬʩʨ(Meeusin et al., 2004). 

 

             ʬʴʫʵʶʲʨʮʳʻʸ ʸʬʺʰʱʻʲʻʳ ʨʹʵ˂ʰʸʬʩʻʲʰ ʳʰʺʵʽʵʴʫʸʰʻʲʰ ʫʨʿʵʼʨ 

 

DRP 1-ʰʹ ʳʬˀʭʬʵʩʰʯ ʳʰʺʵʽʵʴʫʸʰʰʹ ʪʨʸʬ ʳʬʳʩʸʨʴʰʹ ˀʬʱʻʳˀʭʰʹ ˀʬʳʫʬʪ, 

ʬʴʫʵʶʲʨʮʳʻʸʰ ʸʬʺʰʱʻʲʻʳʰʹ ʺʻʩʻʲʬʩʰ ʬˆʭʬʭʨ ʳʰʺʵʽʵʴʫʸʰʨʹ ʪʨʸˀʬʳʵ ʫʨ ʨˆʫʬʴʹ 

ʳʰʺʵʽʵʴʫʸʰʰʹ ʫʨʿʵʼʰʹ ʹʨʰʺʰʹ ʳʵʴʰˀʭʴʨʹ. ʳʵʴʰˀʴʻʲ ʹʨʰʺʬʩʮʬ, ʳʰʺʵʽʵʴʫʸʰʨ 

ʰʱʻʳˀʬʩʨ. ˀʬʹʨ˃ʲʬʩʬʲʰʨ,ʸʵʳ ʬʴʫʵʶʲʨʮʳʻʸʰ ʩʨʫʬ  ʨʸʰʹ ʹʨ˅ʰʸʵ ʳʰʺʵʽʵʴʫʸʰʰʹ 

ʳʬʳʩʸʨʴʰʹ ʳʵʸʼʵʲʵʪʰʻʸʰ ˂ʭʲʰʲʬʩʰʹʯʭʰʹ ʫʨ ʪʨʴʨʶʰʸʵʩʬʩʹ ʳʰʺʵʽʵʴʫʸʰʰʹ 

ˀʬʱʻʳˀʭʨʹ ʫʨ ʫʨʿʵʼʨʹ. ˃ʻ˃ʻʳ˄ʵʭʸʬʩʰʹ ʻˇʸʬʫʬʩˀʰ, ʨʽʺʰʴʰʹ ˂ʰʺʵˁʵʴˁˆʰ ˁʨʸʯʻʲʰʨ 

ʬʴʫʵʶʲʨʮʳʻʸ ʩʨʫʬʹʯʨʴ  ʨʹʵ˂ʰʸʬʩʻʲ ʳʰʺʵʽʵʴʫʸʰʰʹ ʫʨʿʵʼʨˀʰ.  
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ʴʻʱʲʬʵʰʫʬʩʰʹ ʹʬʪʸʬʪʨ˂ʰʨ ʻʳʬʺʬʹ ˀʬʳʯˆʭʬʭʨˀʰ ʳʰʺʵʽʵʴʫʸʰʰʹ ʵʸʰʭʬ 

ʴʨ˄ʰʲˀʰ ˆʫʬʩʨ. ʹʨʼʻʨʸˀʰ, ER ʨʹʵ˂ʰʸʬʩʻʲʰ ʳʰʺʵʽʵʴʫʸʰʻʲʰ ʫʨʿʵʼʨ ʫʨ 

ʴʻʱʲʬʵʰʫʬʩʰʹ ʹʬʪʸʬʪʨ˂ʰʨ ˀʬʹʨ˃ʲʵʨ ʼʻʴʫʨʳʬʴʺʻʸ ʸʵʲʹ ʨʹʸʻʲʬʩʫʬʹ ʨʽʺʰʴʰʹ 

ʫʨʱʨʭˀʰʸʬʩʨˀʰ (ʹʨʼʻʨʸˀʰ ʫʨ ˃ʻ˃ʻʳ˄ʵʭʸʬʩʰʹ ʻˇʸʬʫʬʩˀʰ) (Glater et al., 2006; Fransson 

et al., 2006). 

ˀʭʰʲʬʻʲʰ ʳʰʺʵʽʵʴʫʸʰʨ ʹʨ˅ʰʸʵʬʩʹ ʳʨʾʨʲ ʱʵʴʹʬʸʭʰʸʬʩʻʲ GTP-ʨʮʨ 

GEM1-ʹ. GEM1-ʰʹ ˀʬʹʨ˃ʲʵ ʼʻʴʽ˂ʰʨ ER ʨʹʵ˂ʰʸʬʩʻʲʰ ʳʰʺʵʽʵʴʫʸʰʻʲʰ ʫʨʿʵʼʰʹ 

ˀʬʳʫʪʵʳ, ˃ʭʸʨʫʵʩʰʹ  ʼʨʽʺʵʸʬʩʰʹ ˆʬʲʰʹ ˀʬ˄ʿʵʩʨˀʰʻʴʫʨ ʳʫʪʵʳʨʸʬʵʩʫʬʹ. Miro 

˂ʰʲʬʩʰ ʫʨʱʨʭˀʰʸʬʩʻʲʰʨ ʳʰʺʵʽʵʴʫʸʰʰʹ Milton/TRAK ˂ʰʲʬʩʰʹ ʵˇʨˆʰʹ 

˄ʨʸʳʵʳʨʫʪʬʴʬʲ Kinesin-1 ʨʫʨʶʺʵʸʯʨʴ, ʸʨ˂ ˆʬʲʹ ʻ˄ʿʵʩʹ ʳʰʱʸʵʺʻʩʻʲ 

ʫʨʼʻ˃ʴʬʩʻʲ ʺʸʨʴʹʶʵʸʺʹ ʳʰʺʵʽʵʴʫʸʰʨˀʰ (Glater et al., 2006; Fransson et al., 2006). 

Miro GTP-ʨʮʨ ʵˇʨˆʰ ʨʸʰʹ ʳʨʾʨʲ ʫʵʴʬʮʬ ʱʵʴʹʬʸʭʰʸʬʩʻʲʰ ʳʰʺʵʽʵʴʫʸʰʨˀʰʫʨ 

ʬʻʱʨʸʰʵʺʬʩˀʰ ʪʨʴʨʶʰʸʵʩʬʩʹ ʳʰʺʵʽʵʴʫʸʰʻʲʰ ʺʸʨʴʹʶʵʸʺʰʹ ʳʸʨʭʨʲʼʬʸʵʭʴʬʩʨʹ. 

 

                                    ʳʰʺʵʽʵʴʫʸʰʰʹ ʫʨʿʵʼʰʹ ˀʰʫʨ ʼʨʽʺʵʸʬʩʰ 

 

˃ʻ˃ʻʳ˄ʵʭʸʬʩʰʹ ʻˇʸʬʫʬʩˀʰ, ʴʻʱʲʬʵʰʫʬʩʰ ʲʵʱʨʲʰʮʬʩʻʲʴʰ ʨʸʰʨʴ 

ʳʰʺʵʽʵʴʫʸʰʰʹ ʫʨʿʵʼʰʹ ʹʨʰʺʬʩʮʬ ʫʨ ʳʰʺʵʽʵʴʫʸʰʰʹ ʩʵʲʵʬʩʮʬ ʫʨ ʫʨʿʵʼʰʹ ʫʸʵʹ. 

DRP ʫʨ DRP1 ʴʨʱʲʬʩʵʩʰʹ ˀʬʳʯˆʭʬʭʨˀʰ ʴʻʱʲʬʵʰʫʬʩʰʹ ʨʪʸʬʪʨʺʬʩʰ ˇʪʻʼʬʩʨʫ 

ʪʨʴʲʨʪʫʬʩʰʨʴ ˈʰʶʬʸˀʬʸ˄ʿʳʻʲ ʳʰʺʵʽʵʴʫʸʰʨˀʰ (Ishihara et al., 2013). 

ʹʨʼʻʨʸˀʰ,ˀʰʫʨ ʳʬʳʩʸʨʴʰʹ ʪʨ˅ʸʨˀʰ ʳʵʴʨ˄ʰʲʬʵʩʹ ˀʰʫʨ ʳʬʳʩʸʨʴʻʲʰ ˂ʰʲʨ 

MdM 33, ʸʵʳʬʲʰ˂ ʳʨʺʸʰʽʹˀʰʨ ʲʵʱʨʲʰʮʬʩʻʲʰ, ʸʪʵʲʵʭʨʴ ʸʬʪʰʵʴʬʩˀʰ, ʸʨ˂ 

ˀʬʹʨ˃ʲʵʨ ʪʨʭʲʬʴʨʹ ʨˆʫʬʴʫʬʹ ʳʬʳʩʸʨʴʰʹ ˀʬʱʻʳˀʭʨʮʬ (Messerschmitt et al., 2003). 

ʳʰʺʵʽʵʴʫʸʰʰʹ ˁʵʴˁˆʰʹ ʹʺʸʻʽʺʻʸʨ ʬʳʹʨˆʻʸʬʩʨ ˀʰʫʨ ʹʰʭʸ˂ʻʲ ʳʨʸʱʰʸʬʩʨʹ. 

ʳʰʺʵʽʵʴʫʸʰʰʹ ˁʨʱʬ˂ʭʰʹ ʳʹʪʨʭʹʰ ʹʺʸʻʽʺʻʸʨ ʽʳʴʰʹ ʵʸʪʨʴʬʲʨʹ  ʵʸʪʨʴʰʮʨ˂ʰʰʹ ʳʨʾʨʲ 

ʫʵʴʬʹ. ˁʨʱʬ˂ʭʰʹ ʳʹʪʨʭʹʰ ʹʺʸʻʽʺʻʸʬʩʰ ˀʬʰ˂ʨʭʹ ʶʸʵˈʰʩʰʺʰʴ ʱʵʳʶʲʬʽʹʹ, ʸʵʳʬʲʰ˂ 

ʨˆʫʬʴʹ ʩʬ˅ʫʰʹ ʳʹʪʨʭʹʰ ʹʺʸʻʽʺʻʸʬʩʰʹ ʼʵʸʳʰʸʬʩʨʹ ʪʨʸʬʯʨ ʳʬʳʩʸʨʴʨʮʬ ʫʨ ʸʵʳʬʲʰ˂ 

ʼʻʴʽ˂ʰʵʴʰʸʬʩʹ ʳʰʺʵʽʵʴʫʸʰʻʲ ʲʰʶʰʫʬʩʯʨʴ ʬʸʯʨʫ, ʳʨʪ: ʱʨʸʫʰʵʲʵʶʰʴʰ ʫʨ 
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ʼʵʹʼʨʺʰʫʰʲʬʯʨʴʵʲʨʳʰʴʰ. ʰʹʰʴʰ ʨʿʨʲʰʩʬʩʹ ˀʰʫʨ ʳʬʳʩʸʨʴʻʲ ʫʵʳʬʴʬʩʹ (Osman et al., 

2011). ʹˆʭʨ ˃ʰʸʰʯʨʫʰ ˁʵʴˁˆʰʹ ʬʲʬʳʬʴʺʬʩʰ ʳʰʺʵʽʵʴʫʸʰʨˀʰ ʱʵʴʹʬʸʭʰʸʬʩʻʲʰʨ ˀʰʫʨ 

ʳʬʳʩʸʨʴʨʹʯʨʴ ʨʹʵ˂ʰʸʬʩʻʲ ʳʻʲʺʰʹʻʩʬʸʯʬʲʵʭʨʴ ʱʵʳʶʲʬʽʹ MitOS-ˀʰ (Hoppins et al., 

2011; Harner et al., 2011; Malsburg et al., 2011). ʴʨˁʭʬʴʬʩʰʨ, ʸʵʳ MitOS ʼʵʸʳʬʩʰ ʪʨ˅ʰʳʻʲʰ 

ʫʨ ʪʨʼʨʸʯʵʬʩʻʲʰ ʹʺʸʻʽʺʻʸʬʩʰ ʨʸʰʹ, ʸʵʳʬʲʰ˂ ʨʿʨʲʰʩʬʩʹ ʳʰʺʵʽʵʴʫʸʰʰʹ ˀʰʫʨ 

ʳʬʳʩʸʨʴʰʹ ʼʵʸʳʨʹ ʫʨ ʫʰʼʬʸʬʴ˂ʰʸʫʬʩʨ ʸʬʪʰʵʴʬʩʰʹ ʳʰˆʬʫʭʰʯ ʹʺʸʻʽʺʻʸʻʲʨʫ ʫʨ 

ʼʻʴʽ˂ʰʵʴʨʲʻʸʨʫ. ʪʨʸʬ ʳʬʳʩʸʨʴʰʹ ʸʬʪʰʵʴʰ ʬʳʹʨˆʻʸʬʩʨ ʲʰʶʰʫʬʩʰʹ ʺʸʬʼʰʱʰʴʪʹ, 

ʳʰʺʵʽʵʴʫʸʰʻʲʰ ˂ʰʲʬʩʰʹ ʰʳʶʵʸʺʹ ʫʨ ʹʻʴʯʽʭʰʯʰ ˇʨ˅ʭʰʹ ʨ˄ʿʵʩʨʹ. ˀʰʫʨ 

ʳʬʳʩʸʨʴʻʲʰ ʹʰʭʸ˂ʰʹ ˁʨʮʸʫʰʲ ʴʨ˄ʰʲʹ ʱʸʰʹʺʨ ʬ˄ʵʫʬʩʨ ʫʨ ʳʨʹ ʨʽʭʹ ˃ʨʲʰʨʴ 

ˀʬʮʴʬʽʰʲʰ ʱʰʫʬʬʩʰ , ʸʵʳʲʬʩʰ˂ ʹʺʨʩʰʲʰʮʫʬʩʨ  ʨʺʼ ʹʰʴʯʨʮʨ ʱʵʳʶʲʬʽʹʬʩʰʹ 

ʫʰʳʬʸʰʮʨ˂ʰʰʯ ʨʴ ʳʻʲʺʰʳʬʸʰʮʨ˂ʰʰʯ (Davies et al., 2012). ˀʬʫʨʸʬʩʰʯ ʭʰ˄ʸʵ 

ʺʻʩʻʲʬʩʹ ʻ˄ʵʫʬʩʬʴ ʱʸʰʹʺʰʹ ˀʬʬʸʯʬʩʨʹ. ʱʸʰʹʺʨ ʻʱʨʭˀʰʸʫʬʩʨ ʳʬʳʩʸʨʴʰʹ ʱʰʫʬʹ ʫʨ 

ˆʹʴʨʫ ˀʰʫʨ ʳʬʳʩʸʨʴʻʲ ʹʰʭʸ˂ʬʹ.ʬʹ ˀʬʬʸʯʬʩʬʩʰ ʸʬʱʵʴʹʺʸʻʽʺʻʸʰʸʫʬʩʨ ʨʶʵʶʺʵʮˀʰ 

ʫʨ ˀʰʫʨʳʬʳʩʸʨʴʻʲ ʹʰʭʸ˂ʬˀʰ ʪʨʳʵʯʨʭʰʹʻʼʲʫʬʩʨ ʻˇʸʬʫʰʹ ʱʭʫʵʳʰʹ ʳʬʫʰʨʺʵʸʬʩʰ 

(Frezza et al., 2006). 

MitOS ʱʵʳʶʲʬʽʹʰ ʶʰʸʫʨʶʰʸ ʸʵʲʹ ʯʨʳʨˀʵʩʹ ʴʻʱʲʬʵʰʫʰʹ ʪʨʴʲʨʪʬʩʨˀʰ ʫʨ 

ʴʨ˄ʰʲʵʩʸʰʭ, ʹʰʭʸ˂ʰʯ ʳʨʸʱʬʸʬʩʯʨʴ ʫʨʱʨʭˀʰʸʬʩʨˀʰ ʳʰʺʵʽʵʴʫʸʰʰʹ ˀʰʫʨ ʫʨ ʪʨʸʬ 

ʴʨ˄ʰʲʬʩˀʰ. ʹʨʼʻʨʸˀʰ, MitOS ʱʵʳʶʲʬʽʹʰʹ ʬʲʬʳʬʴʺʬʩʰ ʴʨʴʨˆʰʨ ʴʻʱʲʬʵʰʫʬʩˀʰ ʫʨ ʨʳ 

ʱʵʳʶʲʬʽʹʰʹ ʫʨʱʨʸʪʭʨ  ʪʨʴʨʶʰʸʵʩʬʩʹ  ʴʻʱʲʬʵʰʫʰʹ ʨʪʸʬʪʨ˂ʰʰʹ ʰʴʰ˂ʰʨ˂ʰʨʹ (Itoh et al., 

2013). ʬʹ ʱʵʶʲʬʽʹʰ ʨʹʬʭʬ, ʨʨʫʭʰʲʬʩʹ ʳʰʺʵʽʵʴʫʸʰʻʲ ʩʰʵʪʬʴʬʮʹ ʰʳʶʵʸʺʰʹ ʫʨ 

ʫʨˆʨʸʰʹˆʬʩʰʹ ʱʵʳʶʵʴʬʴʺʬʩʰʹ ˁʨʸʯʭʰʯ ʪʨʸʬ ʳʰʺʵʽʵʴʫʸʰʻʲ ʳʬʳʩʸʨʴʨʮʬ (Davies et al., 

2012). MitOS-ʹ ˀʬʹʨ˃ʲʵʨ ˈʽʵʴʫʬʹ ʻʼʸʵ ʳʬʺʰ ʪʲʵʩʨʲʻʸʰ ʼʻʴʽ˂ʰʬʩʰ 

ʳʰʺʵʽʵʴʫʸʰʬʩʰʹ ʶʸʵʪʸʨʳʰʸʬʩʰʹ ʵʸʪʨʴʰʮʨ˂ʰʨˀʰ ʫʨ ʰʹ ˀʬʹʨ˃ʲʵʨ ʳʵʽʳʬʫʬʩʫʬʹ 

ʸʵʪʵʸ˂ ʼʵʸʳʰʹ ʫʨ ʼʻʴʽ˂ʰʰʹ ʰʴʺʬʪʸʨʺʵʸʰ. 
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                       ʬʴʫʵʶʲʨʮʳʻʸ ʸʬʺʰʱʻʲʻʳʯʨʴ ʨʹʵ˂ʰʸʬʩʻʲ ʫʨʿʵʼʰʹ      

              ʳʨʱʵʴʺʸʵʲʬʩʬʲʰʳʰʱʸʵʫʵʳʬʴʰ, ʸʵʪʵʸ˂ ʹʰʹʺʬʳʰʹ ʰʴʺʬʪʸʨʺʵʸʰ 

 

ʬʴʫʵʶʲʨʮʳʻʸ ʸʬʺʰʱʻʲʻʳʯʨʴ ʨʹʵ˂ʰʸʬʩʻʲ ʫʨʿʵʼʰʹ ʱʵʴʺʸʵʲʹ, 

ˀʬʹʨ˃ʲʵʨ ʼʻʴʫʨʳʬʴʺʻʸʰ ʸʵʲʰ ˈʽʵʴʫʬʹ ʳʰʺʵʽʵʴʫʸʰʻʲʰ ʫʴʳ-ʰʹ ʪʨʴʨ˄ʰʲʬʩʨˀʰ. 

ʨˀʱʨʸʨʨ ʸʵʳ ʬʴʫʵʶʲʨʮʳʻʸ ʸʬʺʰʱʻʲʻʳʯʨʴ ʨʹʵ˂ʰʸʬʩʻʲ ʫʨʿʵʼʰʹ 

ʳʨʱʵʴʺʸʵʲʬʩʬʲʰ ʫʵʳʬʴʬʩʰ ʨʸʰʨʴ ˁʨʩʳʻʲʰ ʻˇʸʬʫʰʹ ʹˆʭʨ ʫʨʳʨʺʬʩʰʯ ʼʻʴʽ˂ʰʬʩˀʰ 

ʫʨ ʨʹʬʭʬ ˀʬʹʨ˃ʲʵʨ ʼʻʴʽ˂ʰʵʴʰʸʬʩʫʴʬʴ ʸʵʪʵʸ˂ ʰʴʺʬʪʸʨʺʵʸʬʩʰ.ʫʨʳʨʺʬʩʰʯ, 

ʬʴʫʵʶʲʨʮʳʻʸ ʸʬʺʰʱʻʲʻʳʯʨʴ ʨʹʵ˂ʰʸʬʩʻʲ ʫʨʿʵʼʰʹ ʳʨʱʵʴʺʸʵʲʬʩʬʲʰ ʫʵʳʬʴʰ 

ʹˆʭʨ ˂ʰʲʵʭʨʴ ʱʵʳʶʲʬʽʹʬʩʯʨʴ ʬʸʯʨʫ ʼʻʴʽ˂ʰʻʸʨʫ ʻʱʨʭˀʰʸʫʬʩʨ ʪʨʸʬ ʳʬʳʩʸʨʴʰʹ 

˂ʰʲʬʩʰʹ ʩʰʵʪʬʴʬʮʹ ʫʨ ʲʰʶʰʫʻʸ ʺʸʨʴʹʶʵʸʺʹ ʬʴʫʵʶʲʨʮʳʻʸʰ ʸʬʺʰʱʻʲʻʳʹ ʫʨ 

ʳʰʺʵʽʵʴʫʸʰʨʹ ˀʵʸʰʹ,ʸʵʳʬʲʰ˂ ʪʨʫʨʳ˄ʿʭʬʺʰ ʫʨ ʨʻ˂ʰʲʬʩʬʲʰʨ ʰʹʬʯʰ 

ʳʰʺʵʽʵʴʫʸʰʻʲʰ ʲʰʶʰʫʬʩʰʹ ʹʰʴʯʬʮʰʹʯʭʰʹ,ʸʵʪʵʸʰ˂ʨʨ ʼʵʹʼʨʺʰʫʰʲʬʯʨʴʵʲʨʳʰʴʰ 

ʫʨ ʱʨʸʫʰʵʲʰʶʰʴʰ (Kornmann et al., 2009; Voss et al., 2012). ʬʴʫʵʶʲʨʮʳʻʸ ʸʬʺʰʱʻʲʻʳ 

ʨʹʵ˂ʰʸʬʩʻʲʰ ʳʰʺʵʽʵʴʫʸʰʻʲʰ ʫʨʿʵʼʰʹʫʵʳʬʴʬʩʰ ʨ˄ʬʹʸʰʪʬʩʬʴ ʻˇʸʬʫʻʲ 

ʳʫʪʵʳʨʸʬʵʩʨʹ, ˆʬʲʹ ʻ˄ʿʵʩʬʴ ʱʵʳʻʴʰʱʨ˂ʰʨʹ, ʳʰʺʵʽʵʴʫʸʰʰʹ ʳʵʽʳʬʫʬʩʨʹ ʫʨ ʻˇʸʬʫʰʹ 

ʹʨʹʰʪʴʨʲʵ ʪʮʬʩʰʹ ʼʻʴʽ˂ʰʵʩʨʹ. ʨʹʬʭʬ ˀʬʹʨ˃ʲʵʨ ʸʵʳ DRP1 ʨʳʹʻʩʻʽʬʩʫʬʹ ˀʬʱʻʳˀʭʨʹ ʫʨ 

ʨʨʽʺʰʭʬʩʫʬʹ ʶʸʵʨʶʵʶʺʵʮʻʸ ˂ʰʲʨ bcl 2-ʹ. ʪʨʸʫʨ ʨʳʰʹʨ, ʬʴʫʵʶʲʨʮʳʻʸ 

ʸʬʺʰʱʻʲʻʳˀʰ ʹʰʴʯʬʮʰʸʬʩʻʲʰ ʹʼʰʴʪʵʲʰʶʰʫʬʩʰ ʬˆʳʨʸʬʩʨ Bax ʫʨ MOM 

ʨʹʨʳʩʲʰʸʬʩʰʹ ʨʽʺʰʭʨ˂ʰʨʹ in vitro (Chipuk et al., 2012). ʳʰʺʵʽʵʴʫʸʰʻʲ ˀʬʸ˄ʿʳʨˀʰ ʨʽʭʹ 

ʴʬʪʨʺʰʻʸʰ ʸʵʲʰ MOMP-ʹ, ʭʰʴʨʰʫʨʴ ˂ʰʺʵʮʵʲʻʸʰ Bax ʬˆʳʨʸʬʩʨ ʳʰʺʵʽʵʴʫʸʰʰʹ 

ˀʬʸ˄ʿʳʨʹ in vitro,ʯʻʳ˂ʨ ʰʮʸʫʬʩʨ ˀʬʹʨ˃ʲʬʩʲʵʩʨ ʸʵʳ ʬʹ ˀʬʸ˄ʿʳʨ ʨʸʬʪʻʲʰʸʬʩʹ 

ʨʶʵʶʺʵʮʹʬʴʫʵʶʲʨʮʳʻʸ ʸʬʺʰʱʻʲʻʳ ʨʹʵ˂ʰʸʬʩʻʲʰ ʳʰʺʵʽʵʴʫʸʰʻʲʰ ʫʨʿʵʼʰʹ  

ʫʵʳʬʴʬʩʰʯ. ˀʬʹʨ˃ʲʵʨ, ʬʴʫʵʶʲʨʮʳʻʸ ʸʬʺʰʱʻʲʻʳʯʨʴ ʨʹʵ˂ʰʸʬʩʻʲʰ ʫʨʿʵʼʰʹ 

ʱʵʴʺʸʵʲʰʹ ʫʵʳʬʴʬʩʰ ˅ʰʳʨʭʹ ˀʰʫʨ ʳʰʺʵʽʵʴʫʸʰʻʲ ʱʵʳʶʨʸʺʳʬʴʺʬʩʹ ʫʨ 

ʬʴʫʵʶʲʨʮʳʻʸʰ ʸʬʺʰʱʻʲʻʳʰʹ ʹʨʴʨʯʻʸʰ ʨʬʸʯʬʩʹ ʵʸ ʵʸʪʨʴʬʲʨʹ ʫʨ MOMP 

ʨʸʬʪʻʲʰʸʬʩʹ ʬʴʫʵʶʲʨʮʳʻʸʰ ʸʬʺʰʱʻʲʻʳʰʹ ʹʺʸʬʹʹ.  ʬʴʫʵʶʲʨʮʳʻʸʰ 

ʸʬʺʰʱʻʲʻʳʰʹ ʹʺʸʬʹʰʹ ʫʸʵʹ ʨʶʵʶʺʵʮʰʹ ʸʬʪʻʲʨʺʵʸʰ CDIP 1 ʻʸʯʰʬʸʯʽʳʬʫʬʩʫʬʹ 



13 

 

ʬʴʫʵʶʲʨʮʳʻʸʰ ʸʬʺʰʱʻʲʻʳʰʹ ˂ʰʲʨ BAP 31-ʯʨʴ, ʸʵʳʬʲʰ˂ ˀʬʳʫʪʵʳ ˄ʰʴ ʻ˃ʾʭʰʹ BAX 

ʨʹʨʳʩʲʰʸʬʩʨʹ ʳʰʺʵʽʵʴʫʸʰʨʮʬ (Namba et al., 2013). ˂ʰʲʬʩʰ, ʸʵʳʲʬʩʰ˂ ʳʵʴʨ˄ʰʲʬʵʩʬʴ  

ʬʴʫʵʶʲʨʮʳʻʸʰ  ʸʬʺʰʱʻʲʻʳʰʹ ʳʰʺʵʽʵʴʫʸʰʨʹʯʨʴ ʱʨʭˀʰʸˀʰ, ˁʨʸʯʻʲʴʰ ʨʸʰʨʴ 

ˈʨʴʺʰʴʪʺʵʴʰʹ ʫʨʨʭʨʫʬʩʨˀʰ, ʵʶʺʰʱʻʸ ʨʺʸʵʼʰʨˀʰ, ʹʶʰʴʵ˂ʬʸʬʩʬʲʨʸʻʲ ʨʺʨʽʹʰʨˀʰ 

(Schon et al., 2011) ʫʨ ʨʲ˂ˈʨʰʳʬʸʰʹ ʫʨʨʭʨʫʬʩʨˀʰ (Gomez et al., 2012; Hedskog et al., 2012). 

ʬʴʫʵʶʲʨʮʳʻʸ ʸʬʺʰʱʻʲʻʳʯʨʴ ʨʹʵ˂ʰʸʬʩʻʲ ʫʨʿʵʼʰʹ ʱʵʴʺʸʵʲʰʹ ʫʵʳʬʴʬʩʰʹ 

ʫʰʹʼʻʴʽ˂ʰʨ ʪʨʴʨʶʰʸʵʩʬʩʹ ʳʸʨʭʨʲ ʫʨʨʭʨʫʬʩʨʹ. 

ʬʴʫʵʶʲʨʮʳʻʸ ʸʬʺʰʱʻʲʻʳʯʨʴ ʨʹʵ˂ʰʸʬʩʻʲ ʫʨʿʵʼʰʹ ʱʵʴʺʸʵʲʰʹ ʫʵʳʬʴʬʩʰʹ 

ʳˆʵʲʵʫ 1 ʺʰʶʰ ʨʸʰʹ ˄ʨʸʳʵʫʪʬʴʰʲʰ ʬʴʫʵʶʲʨʮʳʻʸʰ ʸʬʺʰʱʻʲʻʳʰʹʨ 

ʫʨʳʰʺʵʽʵʴʫʸʰʻʲ ʱʵʴʺʨʽʺˀʰ. ʯʻʳ˂ʨ ʪʨʻʸʱʭʬʭʬʲʰʨ ʬʴʫʵʶʲʨʮʳʻʸʰ ʸʬʺʰʱʻʲʻʳʰʹ 

ʫʨ ʳʰʺʵʽʵʴʫʸʰʰʹ ʱʵʴʺʨʽʺʰʹ ʫʬʺʨʲʻʸʰ ʳʵʲʬʱʻʲʻʸʰ ʳʬʽʨʴʰʮʳʬʩʰ (Lackner et al., 

2013; Swayne et al., 2011). 

 

                            ʳʰʺʵʽʵʴʫʸʰʰʹ ʨʽʺʰʭʵʩʰʹ ʹˆʭʨʫʨʹˆʭʨ ʯʭʰʹʬʩʬʩʰ  

 

ʳʰʺʵʽʵʴʫʸʰʻʲʰ ʫʨʿʵʼʨ ʫʨ ˀʬʸ˄ʿʳʨ ʨʸʰʹ ʳʯʨʭʨʸʰ ʫʨ ʪʨʫʨʳ˄ʿʭʬʺʰ 

ʳʰʺʵʽʵʴʫʸʰʻʲ ʪʨʴʨ˄ʰʲʬʩʨˀʰ.ʳʰʺʵʽʵʴʫʸʰʻʲʰ ʱʨʭˀʰʸʬʩʰ ʻˇʸʬʫˀʰ 

ʱʵʴʺʸʵʲʰʸʫʬʩʨ ʫʨʳʨʺʬʩʰʯʰ ʳʬʽʨʴʰʮʳʬʩʰʯ, ʸʵʪʵʸʬʩʰ˂ ʨʸʰʹ ˀʬʮʾʻʫʭʨ ʫʨ 

˃ʭʸʨʫʵʩʨ. ʴʬʰʸʵʴʻʲʰ ʻˇʸʬʫʬʩʰ ʨʸʰʹ ʪʸ˃ʬʲʰ, ʨʳʨʪʮʴʬʩʬʲʰ ʻˇʸʬʫʬʩʰ, ʸʵʳʬʲʯʨ˂ 

ʳʨʾʨʲʰ ʱʵʳʶʨʸʺʳʬʴʺʨʲʰʮʨ˂ʰʨ ʪʨʨˁʴʰʨʯ.ʱʨʲ˂ʰʻʳʰʹ ʰʵʴʬʩʰʹ ʩʻʼʬʸʰʮʨ˂ʰʨ ʨʸʰʹ 

ʪʨʴʹʨʱʻʯʸʬʩʰʯ   ʰʴʺʬʴʹʰʻʸʰ  ʨʽʹʵʴʰʹ ʺʬʸʳʰʴʨʲʬʩʮʬ, ʸʵʳʲʬʩʰ˂ ʨʸʰʨʴ ʫʰʴʨʳʰʱʻʸʰ 

ʹʺʸʻʽʺʻʸʬʩʰ. ʳʰʺʵʽʵʴʫʸʰʨʹ ʪʨʸʬ ʮʬʫʨʶʰʸʮʬ ʨʽʭʹ ʹʶʬ˂ʰʼʰʻʸʰ ˂ʰʲʨ 

ʹʰʴʺʨʼʰʲʰʴʰ, ʸʵʳʬʲʰ˂ ʰʳʵʩʰʲʰʮʬʩʻʲʰʨ ʨʽʹʵʴʻʸ ʺʬʸʳʰʴʨʲʬʩʮʬ (Chen et al., 

2013). ʳʰʺʵʽʵʴʫʸʰʻʲʰ ʩʰʵʪʬʴʬʮʰ ˄ʨʸʳʵʫʪʬʴʰʲʰʨ ˃ʰʸʰʯʨʫʨʫ ʴʬʰʸʵʴʰʹ ʹʵʳʨˀʰ. 

ʳʰʺʵʽʵʴʫʸʰʰʹ ʪʨʸʬ ʳʬʳʩʸʨʴʨʮʬ ʲʵʱʨʲʰʮʬʩʻʲʰʨ  ʴʬʰʸʵʴ ʹʶʬ˂ʰʼʰʻʸʰ ˂ʰʲʨ -

ʹʰʴʺʨʼʰʲʰʴʰ, ʸʵʳʬʲʰ˂ ʼʰʽʹʰʸʬʩʻʲʰʨ ʨʽʹʵʴʻʸ ʳʰʺʵʽʵʴʫʸʰʨʮʬ, ʨʽʺʰʻʸ 

ʺʬʸʳʰʴʨʲʬʩʯʨʴ (Chen et al., 2013). ʹʰʴʺʨʼʰʲʰʴʰ ʼʻʴʽ˂ʰʵʴʰʸʬʩʹ ʸʵʪʵʸ˂ ʳʻˆʸʻ˅ʰ, 
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ʹʻʲ ˂ʵʺʨ 2 ʪʨʴʹˆʭʨʭʬʩʻʲʰ  ʳʬʽʨʴʰʮʳʰʹ ʪʨʳʵʿʬʴʬʩʰʯ. ʰʹ ʶʰʸʫʨʶʰʸ ʻʱʨʭˀʰʸʫʬʩʨ 

ʳʰʱʸʵʺʻʩʻʲʨʮʬ ʨʸʹʬʩʻʲ ˂ʰʲʨ ʱʰʴʬʮʰʴʹ.  

˃ʻ˃ʻʳ˄ʵʭʸʬʩʰʹ ʻˇʸʬʫʬʩˀʰ, ʳʰʺʵʽʵʴʫʸʰʨˀʰ DRP/MFN2-ʯʰ  ˀʬʸ˄ʿʳʰʹ 

ʴʨʱʲʬʩʵʩʨ ʪʨʴʨʶʰʸʵʩʬʩʹ ˃ʭʸʨʫʵʩʰʹ ʫʬʼʬʽʺʬʩʹ (Baloh et al., 2007). ʨʫʨʳʰʨʴʬʩˀʰ MFN 2  

ʫʨ OPA1-ʰʹ ʳʻʺʨ˂ʰʰʹ ˀʬʳʯˆʭʬʭʨ ʪʨʴʨʶʰʸʵʩʬʩʹ ʽʹʵʭʰʲ ʹʶʬ˂ʰʼʰʱʻʸ 

ʴʬʰʸʵʫʬʪʬʴʬʸʨ˂ʰʻʲ ʫʨʨʭʨʫʬʩʬʩʹ (Copeland et al., 2012). 

 

                           ʳʰʺʵʽʵʴʫʸʰʰʹ ʯʭʰʹʬʩʬʩʰʹ ʱʵʴʺʸʵʲʰʹ ʪʮʬʩʰ 

 

ʳʰʺʵʽʵʴʫʸʰʰʹ ˀʰʪʴʰʯ, ʳʵʲʬʱʻʲʻʸʰ ˁʨʶʬʸʵʴʬʩʰ ʫʨ ʯʭʰʹʬʩʬʩʰʹ 

ʳʨʱʵʴʺʸʵʲʬʩʬʲʰ ʶʸʵʺʬʨʮʬʩʰ ʳʵʽʳʬʫʬʩʬʴ ʬʸʯʨʫ ʫʨ ʬˆʳʨʸʬʩʰʨʴ ˂ʰʲʬʩʰʹ 

ʱʵʳʶʲʬʽʹʹ ʨ˄ʿʵʩʨˀʰ, ʳʰʺʵʽʵʴʫʸʰʻʲʰ ʫʴʳ ʫʨ ʩʰʸʯʭʰʯ ʱʵʫʰʸʬʩʻʲʰ ˂ʰʲʬʩʰ 

ʨʸʬʪʻʲʰʸʬʩʬʴ ʫʨ ʫʬʪʸʨʫʨ˂ʰʨˀʰ ʬˆʳʨʸʬʩʰʨʴ ˁʨʻʱʬ˂ʨʭ ˂ʰʲʬʩʹ (Baker et al., 2011). 

ʹʨʹʰʪʴʨʲʵ ʪʮʰʹ ʶʨʹʻˆʰ ʰʴʰ˂ʰʸʫʬʩʨ ʹʰʪʴʨʲʰʹ ˄ʨʸʳʵʽʳʴʰʯ ʳʰʺʵʽʵʴʫʸʰʻʲ 

ʫʵʴʬʮʬ, ʸʨ˂ ʨʨʽʺʰʭʬʩʹ ʩʰʸʯʭʰʯ ʱʵʫʰʸʬʩʨʫ ʳʰʺʵʽʵʴʫʸʰʻʲʰ ˁʨʶʬʸʵʴʻʲʰ ʪʬʴʬʩʰʹ 

ʺʸʨʴʹʱʸʰʶ˂ʰʨʹ. ʬʽʹʺʸʨ ʳʰʺʵʽʵʴʫʸʰʻʲʰ ATFS1 ʹʺʨʩʰʲʰʮʫʬʩʨ ʩʰʸʯʭˀʰ, ʹʨʫʨ˂ ʰʹ 

ʨʰʴʰ˂ʰʸʬʩʹ ʺʸʨʴʹʱʸʰʶ˂ʰʨʹ, ʸʨ˂ ʮʸʫʰʹ ʳʰʺʵʽʵʴʫʸʰʻʲʰ ˁʨʶʬʸʵʴʬʩʰʹ ʬʽʹʶʸʬʹʰʨʹ 

(Haynes et al., 2010). 

ʳʰʺʵʽʵʴʫʸʰʰʹ ʳʬʳʩʸʨʴʻʲʰ ʶʵʺʬʴ˂ʰʨʲʰʹ ˀʬʳ˂ʰʸʬʩʰʹ ʫʸʵʹ OPA1 

ʰʮʵʼʵʸʳʨ ʪʨʸʫʨʰʽʳʴʬʩʨ ʳʵʱʲʬ  OMA1 ʳʬʺʨʲʵʶʸʵʺʬʨʮʨʫ, ˀʬʫʬʪʨʫ ʳʰʺʵʽʵʴʫʸʰʰʹ 

ˀʬʸ˄ʿʳʨ ʫʨ ˀʬʳʫʬʪʰ ʼʸʨʪʳʬʴʺʨ˂ʰʨ ʰʴˈʰʩʰʸʫʬʩʨ( Head et al., 2009; Ehses et al., 2009). ʬʹ 

˂ʭʲʰʲʬʩʨ ʬʳʹʨˆʻʸʬʩʨ ʳʰʺʵʼʨʪʰʰʹ ʶʵʺʬʴ˂ʰʸʬʩʨʹ ʨʴ ʻˇʸʬʫʰʹ ʹʰʱʭʫʰʲʹ. ʪʸ˃ʬʲʰ, 

OPA1 ʰʮʵʼʵʸʳʨ ʹʨ˅ʰʸʵʨ ʹʺʸʬʹ ʰʴʫʻ˂ʰʸʬʩʨʫʰ ʶʨʹʻˆʰʹʯʭʰʹ ʫʨ ʳʰʺʵʽʵʴʫʸʰʰʹ 

ˈʰʶʬʸˀʬʸ˄ʿʳʰʹʯʭʰʹ. ʳʰʺʵʽʵʴʫʸʰʰʹ ˈʰʶʬʸˀʬʸ˄ʿʳʨ ʫʨʱʨʭˀʰʸʬʩʻʲʰʨ ʳʰʺʵʽʵʴʫʸʰʰʹ 

ʳʨʾʨʲ ʼʻʴʽ˂ʰʵʴʰʸʬʩʨʹʯʨʴ ʫʨ ʹʺʸʬʹʰʹ ʳʨʭʴʬ ʬʼʬʽʺʬʩʰʹ ʩʻʼʬʸʻʲ 

ʶʵʺʬʴ˂ʰʨ˂ʰʨʹʯʨʴ. ʨˆʨʲʰ ʪʨʳʵʱʭʲʬʭʬʩʰʯ, ʴʨˁʭʬʴʬʩʰʨ ʸʵʳ ʳʰʺʵʽʵʴʫʸʰʰʹ 

ˈʰʶʬʸˀʬʸ˄ʿʳʨ ʬˆʳʨʸʬʩʨ ˈʵʳʬʵʹʺʨʮʻʸ ʶʨʹʻˆʹ ʨʺʼ-ʰʹ ˄ʨʸʳʵʬʩʨʮʬ ʰʳ ˀʬʳʯˆʭʬʭʨˀʰ, 

ʸʵ˂ʨ ʹʻʴʯʽʭʰʹ ˇʨ˅ʭʰʹ ʳʬʵʯˆʬ ʱʵʳʶʲʬʽʹʰʹ ʬʲʬʽʺʸʵʴʬʩʰʹ ʹʨʺʸʨʴʹʶʵʸʺʵ ʨʸˆʰ ʨʸʰʹ 
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ˀʬ˄ʿʭʰʲʬʩʻʲʰ (Rolland et al., 2013). ʶʨʹʻˆʰ ʳʰʺʵʽʵʴʫʸʰʰʹ ʫʰʹʼʻʴʽ˂ʰʨʮʬ ʨʸʰʹ 

ʳʰʺʵʼʨʪʰʨ, ʸʵʳʬʲʰ˂ ʫʨʱʨʭˀʰʸʬʩʻʲʰʨ ʳʬʳʩʸʨʴʻʲ ʶʵʺʬʴ˂ʰʨ˂ʰʨˀʰ ʳʵʴʨ˄ʰʲʬ 

˂ʰʲʬʩʰʹ ʸʨʵʫʬʴʵʩʰʹ ˀʬʳ˂ʰʸʬʩʨʹʯʨʴ. Miro ʫʨ ʳʰʺʵʽʵʴʫʸʰʻʲʰ ˀʬʸ˄ʿʳʰʹ ˂ʰʲʨ 

MFN2 ˂ʰʲʨ ʶʨʸʱʰʴʰʹ ʹʨʳʰʮʴʬʬʩʰ ʨʸʰʨʴ ʫʨ ʰʹʰʴʰ ʻʩʰʽʭʰʺʰʴʰʸʫʬʩʰʨʴ. 

ʳʰʺʵʽʵʴʫʸʰʰʹ ʪʨʸʬ ʳʬʳʩʸʨʴʰʹ ʻʩʰʽʭʰʺʰʴʰʸʬʩʻʲʰ ˂ʰʲʬʩʰ ʶʸʵʺʬʵʹʵʳʻʲʨʫ 

ʫʬʪʸʨʫʰʸʫʬʩʰʨʴ ʫʨ ʬʹ ʫʨʳʵʱʰʫʬʩʻʲʰʨ AAA ʨʺʼ-ʨʮʨ P97-ʰʹ ʨʴʨʲʵʪ 

ʬʴʫʵʶʲʨʮʳʻʸ ʸʬʺʰʱʻʲʻʳ ʨʹʵ˂ʰʸʬʩʻʲ ʫʬʪʸʨʫʨ˂ʰʨʮʬ (Tanaka et al., 2010; Xu et al., 

2011). ʶʨʸʱʰʴ ʫʨʳʵʱʰʫʬʩʻʲʰ ʫʬʪʸʨʫʨ˂ʰʰʹ ʼʨʽʺʵʸʬʩʰ ˁʨʸʯʻʲʰʨ ʳʰʺʵʽʵʴʫʸʰʻʲ 

˃ʭʸʨʫʵʩʨˀʰ ʫʨ ˀʬʸ˄ʿʳʨ ʮʸʫʰʹ ˀʬʸˁʬʭʰʯʨʫʨʫ ʫʬʼʬʽʺʻʸʰ ʳʰʺʵʽʵʴʫʸʰʰʹ 

ʫʬʪʸʨʫʰʸʬʩʨʹ ʨʻʺʵʼʨʪʰʰʹ ʪʮʰʯ. PINK1 ʶʨʸʱʰʴʰʹ ʹʨʹʰʪʴʨʲʵ ʪʮʨʹʨ˂ ʨʽʭʹ ʹʻʴʯʽʭʰʹ 

ˇʨ˅ʭʰʹ ʫʬʪʸʨʫʨ˂ʰʰʹ ʻʴʨʸʰ (Viscow et al., 2013). 

ʳʰʺʵʽʵʴʫʸʰʰʹ ʹʺʸʬʹ ʹʨʹʰʪʴʨʲʵ ʪʮʨ,ʨʲʩʨʫ ʳʴʰˀʭʴʬʲʵʭʨʴ ʸʵʲʹ 

ʨʹʸʻʲʬʩʹ ʳʰʺʵʽʵʴʫʸʰʰʹ ʫʰʹʼʻʴʽ˂ʰʨˀʰ ʫʨ ʯʬʸʨʶʬʭʺʻʲ ʹʨʳʰʮʴʬʹ ˄ʨʸʳʵʨʫʪʬʴʹ. 

PINK1-ʶʨʸʱʰʴʰʹ ʳʰʺʵʼʨʪʰʰʹ ʹʨʹʰʪʴʨʲʵ ʪʮʰʹ ˀʬʳʯˆʭʬʭʨˀʰ,  ʯʰʯʵʬʻʲʰ ʪʬʴʰʹ 

ʳʻʺʨ˂ʰʨ ʳʬʳʱʭʰʫʸʻʲʨʫ ʨʸʰʹ ʫʨʱʨʭˀʰʸʬʩʻʲʰ ʶʨʸʱʰʴʹʵʴʰʹ ʫʨʨʭʨʫʬʩʨʹʯʨʴ (Kitada et 

al., 1998; Valente et al., 2004). 

 

                                                 ʯʨʭʰ 2 

˂ʰʲʨP-32/38, ʳʰʹʰ ʼʻʴʽ˂ʰʬʩʰ ʫʨ ʹʺʸʻʽʺʻʸʨ 

 

˃ʻ˃ʻʳ˄ʵʭʸʬʩˀʰ P32  ˂ʰʲʵʭʨʴʰ ʳʵʲʬʱʻʲʰʹ ʳʨʹʨ ʨʸʰʹ 32 ʱʫʨ, ˆʵʲʵ ˄ʰ˄ʰʲʬʩˀʰ ʳʰʹʰ 

ˈʵʳʵʲʵʪʰʻʸʰ ˂ʰʲʰʹ ˄ʵʴʨ 38 ʱʫʨ-ʰʨ(Okagaki et al., 2000).  
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ʹʻʸʨʯʰ 1. ʨʫʨʳʰʨʴʰʹ ˂ʰʲʨ P-32--ʰʹ ʹʨʳ-ʪʨʴʮʵʳʰʲʬʩʰʨʴʰ 

                                                                                                 ʹʺʸʻʽʺʻʸʨ 

 

                                    ʪʬʴʵʳʻʸʰ ʲʵʱʨʲʰʮʨ˂ʰʨ, ʳ-ʸʴʳ ʫʨ ʹʺʸʻʽʺʻʸʨ. 

 

C1qBP ʨʸʰʹ ʪʬʴʰ, ʸʵʳʬʲʰ˂ ʨʱʵʫʰʸʬʩʹ ʨʫʨʳʰʨʴʰʹ ˂ʰʲʨP-32-ʹ ʫʨʳʫʬʩʨʸʬʵʩʹ    

17q13.3 ʽʸʵʳʵʹʵʳʨʮʬ (Guo et al., 1997). ʰʴʰ˂ʰʨ˂ʰʰʹ ʱʵʫʵʴʰʫʨʴ ʹʺʵʶ ʱʵʫʵʴʨʳʫʬ ʪʬʴʰ 

ˀʬʰ˂ʨʭʹ 6055 ˄ʿʭʰʲ ʼʻ˃ʬʹ. ˂ʰʲʨP-32-ʰʹ ʳʨʱʵʫʰʸʬʩʬʲʰ ʪʬʴʰ ˀʬʰ˂ʨʭʹ 6 ʬʪʮʵʴʹ ʫʨ 

ˀʬʹʨʩʨʳʰʹʨʫ 5 ʰʴʺʸʵʴʹ. ʬʪʮʵʴʬʩʰʹ ʹʰʫʰʫʬ ʳʬʸʿʬʵʩʹ 94  ʴʻʱʲʬʵʺʰʫʻʸʰ ˄ʿʭʰʲʰʫʨʴ 

(ʬʪʮʵʴʰ 3) 232 (ʬʪʮʵʴʰ 1) ʴʻʱʲʬʵʺʰʫʻʸ ˄ʿʭʰʲʨʳʫʬ. ʰʴʺʸʵʴʬʩʰʹ ʹʰʫʰʫʬ ʳʬʸʿʬʵʩʹ 

128 ʴʻʱʲʬʵʺʰʫʻʸʰ ˄ʿʭʰʲʰʫʨʴ (ʰʴʺʸʵʴʰ 5) 3156 (ʰʴʺʸʵʴʰ 2)  ʴʻʱʲʬʵʺʰʫʻʸ 

˄ʿʭʰʲʨʳʫʬ. ʬʪʮʵʴʰ 1 ʨʱʵʫʰʸʬʩʹ ʶʰʸʭʬʲ 77 ʨʳʰʴʵʳʷʨʭʻʸ ʯʨʴʳʰʳʫʬʭʸʵʩʨʹ, ʸʵʳʬʲʰ˂ 

ˀʬʰ˂ʨʭʹ ˂ʰʲʰʹ ʳʰʺʵʽʵʴʫʸʰʰʹʨʱʬʴ ʪʨʳʰʮʴʻʲʰ ʺʸʨʴʹʶʵʸʺʰʹ  ʯʨʴʳʰʳʫʬʭʸʵʩʨʹʨ˂ 

(Dedio et al., 1998). ʬʪʮʵʴʰ 2 ʨʱʵʫʰʸʬʩʹ N  ʺʬʸʳʰʴʨʲʻʸ α ʹʶʰʸʨʲʹ ʫʨ ʶʰʸʭʬʲ ʵʸ ǃ 

ʴʨʱʬ˂ʹ; ʬʪʮʵʴʰ 3  ʨʱʵʫʰʸʬʩʹ ʳʬʹʨʳʬ ǃ  ʴʨʱʬ˂ʹ;  ʬʪʮʵʴʰ 4  ʨʱʵʫʰʸʬʩʹ ʳʬʵʯˆʬ ʫʨ ʳʬˆʻʯʬ 

ǃ  ʴʨʱʬ˂ʹ; ʬʪʮʵʴʰ 5 ʨʱʵʫʰʸʬʩʹ ʳʬʬʽʭʹʬ ʫʨ ʳʬˀʭʰʫʬ ǃ  ʴʨʱʬ˂ʹ; ˆʵʲʵ 

ʻʱʨʴʨʹʱʴʬʲʰʬʪʮʵʴʰ 6 ʨʱʵʫʰʸʬʩʹ C ʺʬʸʳʰʴʨʲʻʸ α ʹʶʰʸʨʲʹ (Jiang et al., 1999). 

 P-32-ʰʹ  ʶʸʬ-ʶʸʵ-˂ʰʲʰʹ ʳʨʱʵʫʰʸʬʩʬʲʰ ʱ-ʫʴʳ, ʨʱʵʫʰʸʬʩʹ283 ʨʳʰʴʵʳʷʨʭʻʸʰ 

ʴʨˀʯʰʹʨʪʨʴ ˀʬʳʫʪʨʸ ˂ʰʲʵʭʨʴ ʳʵʲʬʱʻʲʨʹ, ʸʵʳʲʰʫʨʴʨ˂ 73 ʴʨˀʯʰ N ʺʬʸʳʰʴʨʲʻʸʰ 

ʩʵʲʵʫʨʴ ʬ˅ʸʬʩʨ ʹʨʰʺʹʼʬ˂ʰʼʰʱʻʸʰ ʳʵ˅ʸʰʹ ʹʨˀʻʨʲʬʩʰʯ, ʸʰʹ ˀʬʫʬʪʨʫʨ˂ ʳʰʰʾʬʩʨP-
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32-ʰʹ ʫʨʹʸʻʲʬʩʻʲʰ ʼʵʸʳʨ. ʨʫʨʳʰʨʴʰʹP-32  ˂ʰʲʨ (ʸʵʳʬʲʰ˂ ʨʹʬʭʬ ˂ʴʵʩʰʲʰʨ 

ʸʵʪʵʸ˂SF2-ʨʹʵ˂ʰʸʬʩʻʲʰP-32, P-32 yTAP, and gC1qR) ʱʵʴʹʬʸʭʨʺʵʸʻʲʰʨ 

ʬʻʱʨʸʰʵʺʻʲ ʵʸʪʨʴʰʮʳʬʩʹ ˀʵʸʰʹ(Jiang et al., 1999). ʳʨʾʨʲ ˈʵʳʵʲʵʪʰʻʸʵʩʨʹ 

ʨʳʷʾʨʭʴʬʩʹ ʨʫʨʳʰʨʴʰʹ,  ʭʰʸʯʨʪʭʰʹ, ʯʨʪʭʰʹʨ ʫʨ ʽʨʯʳʰʹ ˂ʰʲʨP-32-ʰʹ ʳʨʱʵʫʰʸʬʩʬʲʰ 

ʪʬʴʰʹ ʴʻʱʲʬʵʺʰʫʻʸʰ ʯʨʴʳʰʳʫʬʭʸʵʩʬʩʰ. ˂ʰʲʨP-32-ʰʹ ʳʹʪʨʭʹʰ ˂ʰʲʨ ʽʨʯʳʬʩˀʰP-38 

ʹʨˆʬʲʰʯ ʨʸʰʹ ˂ʴʵʩʰʲʰ (Lynch et al., 1997).  P-38-ʰʹʨ ʫʨP-32-ʰʹ ʨʳʰʴʵʳʷʨʭʻʸʰ 

ʯʨʴʳʰʳʫʬʭʸʵʩʬʩʰʹ ˀʬʫʨʸʬʩʨʳ ʨˁʭʬʴʨ, ʸʵʳ ʽʨʯʳʰʹP-38 ˂ʰʲʰʹ ʨʳʰʴʵʳʷʨʭʻʸʰ 

ʯʨʴʳʰʳʫʬʭʸʵʩʰʹ 78% ʰʫʬʴʺʻʸʰʨ ʨʫʨʳʰʨʴʰʹP-32 ˂ʰʲʰʹ. ʨʫʨʳʰʨʴʰʹP-32 ˂ʰʲʨʹʯʨʴ 

ʳʰʳʨʸʯʬʩʨˀʰ, ʨʹʬʭʬ ʳʨʾʨʲ ˈʵʳʵʲʵʪʰʻʸʰʨ ʯʨʪʭʰʹ YL2 (Luo et al., 1994), ʰʪʰ 

ˈʵʳʵʲʵʪʰʻʸʰʨ ʨʹʬʭʬ ˄ʰ˄ʰʲʨʹP-38  ˂ʰʲʨʹʯʨʴʨ˂,  ˈʵʳʵʲʵʪʰʻʸʵʩʰʹ ʶʸʵ˂ʬʴʺʻʲ 

ʳʨˁʭʬʴʬʩʬʲʹ  74%-ʹ ˀʬʨʫʪʬʴʹ.  

˂ʰʲʨP-32 ˀʬʫʪʬʩʨ 282 ʨʳʰʴʵʳʷʨʭʻʸʰ ʴʨˀʯʰʹʪʨʴ, ʨʳʨʯʪʨʴ, 73 ʨʳʰʴʵʳʷʨʭʻʸʰ 

ʴʨˀʯʰ ˄ʨʸʳʵʨʫʪʬʴʹ N ʺʬʸʳʰʴʨʲʻʸʰ ʳʰʺʵʽʵʴʫʸʰʻʲ ʹʨʹʰʪʴʨʲʵ ʯʨʴʳʰʳʫʬʭʸʵʩʨʹ. 

ʹʶʲʨʰʹʰʴʪʰʹ ʼʨʽʺʵʸ ASF/SF2-ʹ ˀʬʻ˃ʲʰʨ ʼʵʹʼʵʸʰʲʰʸʬʩʰʹ ʰʴˈʰʩʰʸʬʩʨ ʫʨ ʶʸʬ-

ʳʨʺʸʰ˂ʻʲ ʸʴʳ-ʯʨʴ ʫʨʱʨʭˀʰʸʬʩʨ. P-32 ˁʨʸʯʻʲʰʨ ʨʲʺʬʸʴʨʺʰʻʲ ʹʶʲʨʰʹʰʴʪˀʰ. P-32 

ʨʹʬʭʬ, ʰʫʬʴʺʰʼʰ˂ʰʸʬʩʻʲʰʨ, ʸʵʪʵʸ˂ C1QBP ˂ʰʲʨ,ʸʵʳʬʲʰ˂ ʫʨʱʨʭˀʰʸʬʩʻʲʰʨ 

ʱʵʳʶʲʬʳʬʴʺʨʸʵʩʰʹ ʱʵʳʶʵʴʬʴʺ 1, q ʹʻʩʱʵʳʶʵʴʬʴʺʯʨʴ,ʸʵʳʬʲʰ˂ ʨʳʵʰ˂ʴʵʩʹ ʫʨ 

ʻʱʨʭˀʰʸʫʬʩʨ ʰʳʻʴʵʪʲʵʩʻʲʰʴ G ʨʴ M-ʰʹ ʳ˃ʰʳʬ ʷʨ˅ʭʹ, ʰʴʰ˂ʰʨ˂ʰʰʹ ʱʲʨʹʰʱʻʸʰ 

ʱʵʳʶʲʬʳʬʴʺʨʸʻʲʰ ʶʸʰʴ˂ʰʶʰʯ,ʸʵʪʵʸ˂ ˈʰʨʲʻʸʵʴʰʹ ʳʷʨʭʨʹʯʨʴ ʫʨʱʨʭˀʰʸʬʩʻʲʰ 

˂ʰʲʨ, ʸʵʳʬʲʰ˂ ʨʸʰʹ ʶʴʬʭʳʵʴʰʰʹ ʹʺʸʬʶʺʵʱʵʱ ˈʰʨʲʻʸʵʴʰʫʨʮʨ. P-32 ʨʹʬʭʬ ˁʨʸʯʻʲʰʨ 

CCAAT-ʯʨʴʨʳʰʳʫʬʭʸʵʩʨʹʯʨʴ ʫʨʱʨʭˀʰʸʬʩʻʲʰ ʼʨʽʺʵʸʰʹ B ʹʻʩʬʸʯʬʻʲʰʹ 

ʰʴˈʰʩʰʸʬʩʨˀʰ, ʺʸʨʴʹʱʸʰʶ˂ʰʰʹ ʨʽʺʰʭʨ˂ʰʰʹ ʪʮʰʯ.ʫʨʫʪʰʴʫʨ,ʸʵʳ ʨʸʹʬʩʵʩʹ 143 

ʱʨʴʫʰʫʨʺʰ ˂ʰʲʨ, ʸʵʳʲʬʩʯʨʴʨ˂ ʨʸʰʹP-32 ʨʹʵ˂ʰʸʬʩʻʲʰ. P-32 ʨʹʵ˂ʰʸʬʩʻʲʰʨ ʰʹʬʯ 

˂ʰʲʵʭʨʴ ʳʵʲʬʱʻʲʬʩʯʨʴ,ʸʵʪʵʸʬʩʰ˂ʨʨ: Nop52,  Nop56,  FBL, Mpp10, RNA ˈʬʲʰʱʨʮʨ 

Gu_ ʫʨ  TFIIIC220, TFIIIC102, ʫʨ hnRNP A1. 

 ˂ʰʲʨ P-32-ʰʹ ʹʨʳʪʨʴʮʵʳʰʲʬʩʰʨʴʰ ʹʺʸʻʽʺʻʸʨ ʳʰʾʬʩʻʲʰ ʰʽʴʨ ʸʬʴʺʪʬʴʵ-

ʹʺʸʻʽʺʻʸʻʲʰ ʱʸʰʹʺʨʲʵʪʸʨʼʰʰʹ ʹʨˀʻʨʲʬʩʰʯ.  ʰʪʰ ˄ʨʸʳʵʨʫʪʬʴʹ ʺʸʰʳʬʸʹ, ʳʰʹʰ 

ʪʨʸʬʯʨ ʫʰʨʳʬʺʸʰ ʫʨʨˆʲʵʬʩʰʯ 75 Å-ʰʨ, ʹʨˀʻʨʲʵ ˀʰʪʴʰʯʨ ʫʰʨʳʬʺʸʰ ˀʬʨʫʪʬʴʹ 
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ʫʨʨˆʲʵʬʩʰʯ 20 Å-ʹ, ʹʰʹʽʬ ˀʬʨʫʪʬʴʹ ʫʨʨˆʲʵʬʩʰʯ 30 Å. P32 ˀʬʰ˂ʨʭʹ ʬʸʯ N  

ʺʬʸʳʰʴʨʲʻʸ α  ʹʶʰʸʨʲʹ, ʸʵʳʬʲʹʨ˂ ʳʵʿʭʬʩʨ ˀʭʰʫʰ ʱʵʴʹʬʸʭʨʺʵʸʻʲʰ ǃ ʴʨʱʬ˂ 

ʼʬʴʵʭʨʴʰʹ ʺʸʻʽʺʻʸʨ ʫʨ C ʺʬʸʳʰʴʨʲʻʸʰ α ʹʶʰʸʨʲʰ (Jiang et al., 1999). 

 

                             ˂ʰʲʨ P-32-ʰʹ ʲʵʱʨʲʰʮʨ˂ʰʨ ʫʨ ʼʻʴʽ˂ʰʬʩʰ 

 

˂ʰʲʨ P-32 ʨʸʰʹ ʬʭʵʲʻ˂ʰʻʸʨʫ ˀʬʳʵʴʨˆʻʲʰ ʫʨ ʿʭʬʲʪʨʴ ʪʨʭʸ˂ʬʲʬʩʻʲʰ 

ʳʻʲʺʰ ʼʻʴʽ˂ʰʻʸʰ ˂ʰʲʵʭʨʴʰ ʳʵʲʬʱʻʲʨ. ˂ʰʲʨP-32 ʪʨʴʹʨʱʻʯʸʬʩʰʯ ʫʰʫʰ 

ʸʨʵʫʬʴʵʩʰʯ ʨʸʰʹ ʲʵʱʨʲʰʮʬʩʻʲʰ ʳʰʺʵʽʵʴʫʸʰʻʲ ʳʨʺʸʰʽʹˀʰ,ˁʨʸʯʻʲʰʨ 

ʳʰʺʵʽʵʴʫʸʰʻʲ ʷʨʴʪʭʰʯ ʼʵʹʼʵʸʰʲʰʸʬʩʰʹ ʶʸʵ˂ʬʹˀʰ, ʨʹʬʭʬ ʳʵʴʨ˄ʰʲʬʵʩʹ 

ʳʰʺʵʽʵʴʫʸʰʬʩʰʹ ʫʨ ʩʰʸʯʭʬʩʰʹ ʻʸʯʰʬʸʯʽʳʬʫʬʩʨˀʰ. 

ʴʨʴʨˆʰʨ, ʸʵʳ ʯʨʪʭʬʩʹ, ʸʵʳʬʲʯʨ˂ ʨʸʨʹʨʱʳʨʸʰʹʰ ʸʨʵʫʬʴʵʩʰʯ ˈʽʵʴʫʨʯ ˂ʰʲʨP-32, 

ˁʨʴʨʹʨˆʰʹ ʶʬʸʰʵʫʰʹ ˀʻʨ ʳʫʪʵʳʨʸʬʵʩʨˀʰ, ʪʨʴʻʭʰʯʨʸʫʨʯ ʸʨʳʫʬʴʰʳʬ ʫʨʸʾʭʬʭʨ. P-32 

ʴʵʱʨʻʺʰʸʬʩʻʲ ʬʳʩʰʵʴʨʲʻʸ ʯʨʪʭʬʩˀʰ, ʹʨʰʫʨʴʨ˂ ˃ʰʸʰʯʨʫʰ ʬʳʩʸʰʵʴʨʲʻʸʰ 

ʼʰʩʸʵʩʲʨʹʺʬʩʰ ʨʸʰʹ ʰʮʵʲʰʸʬʩʻʲʰ, ʪʨʳʵʳʷʾʨʭʴʫʨ ʳʰʺʵʽʵʴʫʸʰʻʲʰ ʹʻʴʯʽʭʰʯʰ 

ˇʨ˅ʭʰʹ ʫʬʼʬʽʺʬʩʰ, ʰʳʰʺʵʳ ʸʵʳ ʫʨʮʰʨʴʬʩʻʲʰʨ ʸʨʳʫʬʴʰʳʬ ʳʰʺʵʽʵʴʫʸʰʻʲʰ ˂ʰʲʰʹ 

ʹʰʴʯʬʮʰ(Yagi et al., 2012). 

 P-32 (ʸʬʱʵʳʩʰʴʨʴʺʻʲʰ)ʻʱʨʭˀʰʸʫʬʩʨ ʸʴʳ-ʹ, ʳʨʪʸʨʳ ʨʸʨ-ʫʴʳ-ʹ, ˆʵʲʵ 

ʬʴʫʵʪʬʴʻʸʰP-32, ʻʸʯʰʬʸʯʽʳʬʫʬʩʹ ʿʭʬʲʨ ʳʰʺʵʽʵʴʫʸʰʻʲ ʳʬʹʬʴˇʬʸʻʲ ʸʴʳ-ʰʹ 

ʹʨˆʬʵʩʬʩʯʨʴ, in vivo ʹʰʹʺʬʳʨˀʰ. P-32-ʰʹ ˀʬʹʨ˃ʲʬʩʲʵʩʨ, ʫʨʻʱʨʭˀʰʸʫʬʹ ʸʴʳ-ʹ, 

ʫʨʫʬʩʰʯ ʱʵʸʬʲʨ˂ʰʨˀʰʨ ʳʰʺʵʽʵʴʫʸʰʻʲ ʺʸʨʴʹʲʨ˂ʰʨʹʯʨʴ. ʱʵ-

ʰʳʻʴʵʶʸʬ˂ʰʶʰʺʨ˂ʰʰʯ ʴʨˁʭʬʴʬʩʰ ʰʽʴʨ, ʸʵʳ P-32 ʳ˅ʰʫʸʵ ʱʨʭˀʰʸˀʰ ʰʳʿʵʼʬʩʨ 

ʳʰʺʵʽʵʴʫʸʰʻʲ ʸʰʩʵʹʵʳʬʩʯʨʴ ʫʨ ʪʨʳʵʯʽʳʻʲʰʨ ʭʨʸʨʻʫʰ ʸʵʳ ʬʹ ˂ʰʲʵʭʨʴʰ 

ʳʵʲʬʱʻʲʨ ʳʵʴʨ˄ʰʲʬʵʩʹ ʳʰʺʵʽʵʴʫʸʰʻʲʰ ʺʸʨʴʹʲʨ˂ʰʰʹ ʶʸʵ˂ʬʹʬʩˀʰ (Yagi et al., 

2012). 

 ˂ʰʲʨ P-32 ʨʸʰʹ ʲʵʱʨʲʰʮʬʩʻʲʰ ʴʻʱʲʬʵʰʫˀʰ ʫʨ ʫʰʫʰ ʸʨʵʫʬʴʵʩʰʯ ʨʸʰʹ 

ʳʰʺʵʽʵʴʫʸʰʰʹ ʳʨʺʸʰʽʹˀʰ˂. ʴʨˁʭʬʴʬʩʰʨ, ʸʵʳP-32 ʴʵʱʫʨʻʴʫʰʸʬʩʻʲ ʻˇʸʬʫˀʰ, 
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ʳ˂ʰʸʫʬʩʨ ʳʰʺʵʽʵʴʫʸʰʻʲʰ ʫʴʳ-ʰʯ ʱʵʫʰʸʬʩʨʫʰ ʷʨʴʪʭʰʯ ʼʵʹʼʵʸʰʲʰʸʬʩʰʹ 

ʶʸʵ˂ʬʹˀʰ ʳʵʴʨ˄ʰʲʬ ʶʵʲʰʶʬʶʺʰʫʬʩʰʹ ʹʰʴʯʬʮʰ ʫʨ ʳʨʯ ˀʵʸʰʹ ˂ʰʺʵʽʸʵʳ ʵʽʹʰʫʨʮʨʹ  

I ʫʨ II ʹʻʩʬʸʯʬʻʲʬʩʰʹ ʹʰʴʯʬʮʰ˂ (Fogal et al., 2010). ʻʴʫʨ ʨʾʰʴʰˀʴʵʹ ʸʵʳ ʮʻʹʺʨʫ ʨʳ 

ʹʻʩʬʸʯʬʻʲʬʩʰʹ ʸʨʵʫʬʴʵʩʰʹ ʳʬˆʹʰʬʸʬʩʰʹ ʹʶʬ˂ʰʼʰʱʻʸ ʱʵʵʸʫʰʴʰʸʬʩʻʲʨʫ 

ʳʨʺʬʩʨʹ ʨʫʪʰʲʰ ʨʽʭʹ ʳˆʬʫʭʬʲʵʩʰʯʰ ʰʳʶʸʰʴʺʰʴʪʰʹ ˀʬʳʫʪʵʳ ˄ʰ˄ʰʲʬʩˀʰ 

ʳʬˆʹʰʬʸʬʩʰʹ ʹʨ˂ʨʭ ʺʭʰʴʰʹ ʻʩʨʴˀʰ (Solomonia et al., 2011).  

ʳʰˁʴʬʻʲʰʨ, ʸʵʳ ˂ʰʲʨP-32,ʨʹʬʭʬ ʳʵʴʨ˄ʰʲʬʵʩʹ  ʩʰʸʯʭ-ʳʰʺʵʽʵʴʫʸʰʻʲ 

ʻʸʯʰʬʸʯʽʳʬʫʬʩʬʩˀʰ. Saccharomyces cerevisiae-ˀʰ ˂ʰʲʨP-32-ʰʹ ˈʵʳʵʲʵʪʰʻʸʰ ʪʬʴʰʹ 

ʫʨʮʰʨʴʬʩʨ ʰ˄ʭʬʭʹ ʪʲʰ˂ʬʸʵʲʰʨʴ ʨʸʬˀʰ Saccharomyces cerevisiae-ʹ ʮʸʫʰʹ ˀʬʴʬʲʬʩʨʹ,  

ˆʵʲʵ ʪʲʻʱʵʮʰʨʴ ʨʸʬˀʰ ʨʹʬʯ ʳʵʭʲʬʴʨʹ ʨʸ ʨʽʭʹ ʨʫʪʰʲʰ.  ʳʰʾʬʩʻʲʰ ʳʵʴʨ˂ʬʳʬʩʰʹ 

ʹʨʼʻ˃ʭʬʲʮʬ ˀʬʹʨ˃ʲʬʩʬʲʰʨ,  ʪʨʳʵʭʯʽʭʨʯ ʭʨʸʨʻʫʰ, ʸʵʳP-32 ˁʨʸʯʻʲʰʨ 

ʳʰʺʵʽʵʴʫʸʰʻʲ ʷʨʴʪʭʰʯ ʼʵʹʼʵʸʰʲʰʸʬʩʨˀʰ (Muta et al., 1997). ʨʹʬʭʬ ˀʬʹʨ˃ʲʬʩʬʲʰʨ, 

ʸʵʳP-32  ʨʹʸʻʲʬʩʫʬʹ ʵʸʭʨʲʬʴʺʰʨʴʰ ʱʨʯʰʵʴʬʩʰʹ ˀʬʳʴʨˆʨʭʰ ˂ʰʲʰʹ ʸʵʲʹ, ʸʵʳʬʲʰ˂ 

ʨʸʬʪʻʲʰʸʬʩʹ ʳʰʺʵʽʵʴʫʸʰʻʲʰ ʳʨʺʸʰʽʹʰʹ ʱʨʯʰʵʴʬʩʰʹ ʱʵʴ˂ʬʴʺʸʨ˂ʰʨʹ. ʳʹʪʨʭʹʰ 

ʳʵʹʨʮʸʬʩʨ ʪʨʳʵʯʽʳʻʲʰʨ ʰʳʰʺʵʳ,  ʸʵʳ ʨʳʰʴʵʳʷʨʭʬʩʰʹ 23% (48  ʨʳʰʴʵʳʷʨʭʨ)  ˀʬʨʫʪʬʴʹ 

ʨʹʶʨʸʺʨʺʹ ʫʨ ʪʲʻʺʨʳʨʺʹ ʫʨ ʰʹʰʴʰ ʳʵʯʨʭʹʬʩʻʲʰ ʨʸʰʨʴ ʺʸʰʳʬʸʰʹ ʮʬʫʨʶʰʸʮʬ. 

˂ʰʲʰʹ ʮʬʫʨʶʰʸʮʬ ʨʳʰʴʵʳʷʨʭʬʩʰʹ  ʪʨʫʨʴʨ˄ʰʲʬʩʨ ʪʭʨˆʹʬʴʬʩʹ ʱʨʲ˂ʰʽʻʬʹʺʸʰʴʹ, Ca-ʰʹ 

ˀʬʳʴʨˆʭʬʲ ʳʵʲʬʱʻʲʨʹ, ʸʵʳʬʲʰ˂ ʪʭˆʭʫʬʩʨ ʹʨʸʱʵʶʲʨʮʳʻʸʰ ʸʬʺʰʱʻʲʻʳʰʹ 

ʭʬʮʰʱʻʲʬʩˀʰ (Yano et al., 1994). ʱʨʲ˂ʰʽʻʬʹʺʸʰʴʰ ʨʹʬʭʬ ʳʫʰʫʨʸʰʨ ʨʹʶʨʸʺʨʺʰʯʨ ʫʨ 

ʪʲʻʺʨʳʨʺʰʯ (ʫʨʨˆʲʵʬʩʰʯ 30%),  ʬʸʯ ʳʵʲʬʱʻʲʨʹ ˀʬʻ˃ʲʰʨ ʫʨʻʱʨʭˀʰʸʫʬʹ 40–50-

ʳʫʬ Ca-ʰʹ ʰʵʴʹ ʱʻʴʯʬʩʰʹ ˀʬʱʻʳˀʭʨ-ʸʬʲʨʽʹʨ˂ʰʰʹ ʿʵʭʬʲ ˂ʰʱʲˀʰ. ʰʳʰʹʨʯʭʰʹ ʸʵʳ 

ʳʱʭʲʬʭʨʸʬʩʹ ʪʨʴʬʹʨʮʾʭʸʨʯ ʯʻ ʸʵʳʬʲ ʪʲʻʭ ʱʻʴʯʬʩˀʰ ʬʽʹʶʸʬʹʰʸʫʬʩʵʫʨ ˂ʰʲʨP-

32ˈʵʳʵʪʬʴʨʺʬʩʰ ʪʨʳʵʰʱʭʲʰʬʹ ʭʬʹʺʬʸʴ ʰʳʻʴʵʩʲʵʺʰʴʪʰʹ ʹʨˀʻʨʲʬʩʰʯ. ˂ʰʲʨP-

32ʨʾʳʵˁʴʫʨ ʯʰʯʽʳʰʹ ʿʭʬʲʨ ʹʨˆʰʹ ʪʲʻʭʱʻʴʯʵʭʨʴ ʽʹʵʭʰʲˀʰ, ʹʨʿʲʨʶʨʭ ʳʰʲˀʰ,  ʱʻ˅ˀʰ,  

ʳ˂ʰʸʬ ʴʨ˄ʲʨʭˀʰ,  ʹʨˀʭʰʲʵʹʴʵˀʰ ʫʨ ʨʵʸʺʨˀʰ.ˀʬʰ˃ʲʬʩʨ ʰʯʽʭʨʹ, ʸʵʳP-32ʨʸʰʹ ʪʲʻʭʰ 

ʱʻʴʯʰʹ ʻʴʰʭʬʸʹʨʲʻʸʰ ʱʵʳʶʵʴʬʴʺʰ (Okagaki et al., 2000). ʳʰʻˆʬʫʨʭʨʫ ʰʳʰʹʨ, ʸʵʳ 

ʱʨʲ˂ʰʽʻʬʹʺʸʰʴʹʨ ʫʨP-32-ʹ ˀʵʸʰʹ ʨʸʹʬʩʵʩʹ ʹʺʸʻʽʺʻʸʻʲʰ ʪʨʴʹˆʭʨʭʬʩʬʩʰ,  
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ˀʬʹʨ˃ʲʬʩʬʲʰʨ,  ʸʵʳ ʬʹ ʵʸʰ ˂ʰʲʨ Ca-ʰʹʰʵʴʬʩʰʹ ʫʵʴʰʹ ʳʵʫʻʲʰʸʬʩʰʹʨʯʭʰʹ 

ʬʸʯʳʨʴʬʯʰʹ ʳʹʪʨʭʹʨʫ ʰʽ˂ʬʵʫʴʬʴ.  

 ʳʰʺʵʽʵʴʫʸʰʨˀʰ,Сa-ʰʹ ʰʵʴʬʩʰʹ ʫʵʴʬ ʳ˅ʰʫʸʵʫ ʨʸʰʹ ʫʨʱʨʭˀʰʸʬʩʻʲʰ ʷʨʴʪʭʰʯʰ 

ʳʬʺʨʩʵʲʰʮʳʰʹ ʶʸʵ˂ʬʹʬʩʯʨʴ (McCormack et al., 1993), ʳʨʪʨʲʰʯʨʫ, ʸʨʳʫʬʴʰʳʬ 

ʳʰʺʵʽʵʴʫʸʰʻʲʰ ʫʬˈʰʫʸʵʪʬʴʨʮʨ, ʸʵʪʵʸʰ˂ʨʨ ʶʰʸʻʭʨʺ ʫʬˈʰʫʸʵʪʬʴʨʮʨ, NAD-

ʰʮʵ˂ʰʺʸʨʺ ʫʬˈʰʫʸʵʪʬʴʨʮʨ ʫʨ ʵʽʹʵʪʲʻʺʨʸʨʺ ʫʬˈʰʫʸʵʪʬʴʨʮʨ, ʸʬʪʻʲʰʸʫʬʩʨ 

ˀʰʫʨ ʳʰʺʵʽʵʴʫʸʰʻʲʰ Ca-ʰʹ ʫʵʴʰʯ (Nichols et al., 1995). 

ˀʬʹʨ˃ʲʬʩʬʲʰʨ, ʸʵʳ P-32 ʨʸʬʪʻʲʰʸʬʩʫʬʹ ʳʰʺʵʽʵʴʫʸʰʻʲʰ ʷʨʴʪʭʰʯ 

ʼʵʹʼʵʸʰʲʰʸʬʩʨʹ Ca-ʰʹ ʵʸʭʨʲʬʴʺʰʨʴʰ ʱʨʯʰʵʴʬʩʰʹ ʱʵʴ˂ʬʴʺʸʨ˂ʰʰʹ ʳʵʫʻʲʰʸʬʩʰʯ 

(Muta et al.,1997). 

                                                P-32 ʫʨ ʹʰʳʹʰʭʴʬʬʩʰ 

˂ʰʲʨ P-32  ʨʹʬʭʬ ʨʸʰʹ ʹʰʳʹʰʭʴʰʹ-ˈʵʻʳʰʴʪ ʶʬʶʺʰʫ (tumor-homing peptide) LyP-

1-ʰʹ ʸʬ˂ʬʶʺʵʸʰ, ʸʵʳʬʲʰ˂ ʯʨʭʰʹ ʳˆʸʰʭ ʹʶʬ˂ʰʼʰʱʻʸʨʫ ʨʳʵʰ˂ʴʵʩʹ ʬʶʰʺʵʶʬʩʹ 

ʹʰʳʹʰʭʴʻʸ ʻˇʸʬʫʬʩʮʬ ʪʨʴʹʨʮʾʭʸʻʲ ʹʰʳʹʰʭʴʬʬʩʰʹ ʶʰʸʵʩʬʩˀʰ. ʹʨʰʴʺʬʸʬʹʵʨ, ʸʵʳ 

ʵʸʰ ʼʨʸʯʵʫ ʪʨʭʸ˂ʬʲʬʩʻʲʰ ʻˇʸʬʫˀʰʫʨ ˂ʰʲʨ, ʴʻʱʲʬʵʲʰʴʰ (Christian et al., 2003) 

ʫʨ ʨʴʬʽʹʰʴ 1 (Oh et al., 2004) ʴʵʸʳʰʫʨʴ ʪʨʫʨˆʸʰʲʨʫ ʬʽʹʶʸʬʹʰʸʫʬʩʨ ʹʰʳʹʰʭʴʰʹ 

ʹʰʹˆʲ˃ʨʸʾʭʬʩʰʹ ʻˇʸʬʫʬʩʰʹ ʮʬʫʨʶʰʸʮʬ, ʰʹʰʴʰ ʨʴʪʰʵʪʬʴʬʮʰʹ ʹʶʬ˂ʰʼʰʱʻʸ 

ʳʨʸʱʬʸʬʩʹ ˄ʨʸʳʵʨʫʪʬʴʬʴ. P-32-ʰʹ ʪʨʭʸ˂ʬʲʬʩʨ ʻˇʸʬʫʰʹ ʮʬʫʨʶʰʸʮʬ ʻʼʸʵ 

ˀʬʮʾʻʫʻʲʰ ʴʻʱʲʬʵʲʰʴʯʨʴ ʫʨ ʨʴʬʽʹʰʴ 1-ʯʨʴ ˀʬʫʨʸʬʩʰʯ, ʯʻʳ˂ʨ ʳʰʹʰ ʬʽʹʶʸʬʹʰʨ 

ʹʰʳʹʰʭʴʻʸ ʻˇʸʬʫʹ ʳʬʺ ʹʶʬ˂ʰʼʰʱʻʸʵʩʨʹ ʨʴʰ˅ʬʩʹ (Fogal et al., 2008).  P-32-ʰʹ ˃ʲʰʬʸʰ 

ʬʽʹʶʸʬʹʰʨ ʹʰʳʹʰʭʴʻʸʰ ʻˇʸʬʫʰʹ ʮʬʫʨʶʰʸʮʬ ʫʨ ʮʬʫʨʶʰʸʻʲʰP-32-ʰʹ ʨʸʨʸʹʬʩʵʩʨ 

ʴʵʸʳʨʲʻʸ ʽʹʵʭʰʲˀʰ ʹʨˀʻʨʲʬʩʨʹ ʨ˃ʲʬʭʹ ʳʱʭʲʬʭʨʸʬʩʹ, ʸʵʳP-32 ʪʨʳʵʰʿʬʴʵʴ 

ʹʰʳʹʰʭʴʻʸʰ ʻˇʸʬʫʬʩʰʹ ʳʨʸʱʬʸʬʩʨʫ (Fogal et al., 2008). 

                                           P-32 ʫʨ ʳʰʵʮʰʴʰ 

ʪʨʹʻʼʯʨʭʬʩʻʲʰ ʳʰʵʮʰʴʰ, ʯʻ ʰʹ ʼʵʹʼʵʸʰʲʰʸʬʩʻʲʰ ʨʸ ʨʸʰʹ, ˃ʨʲʰʨʴ 

˃ʴʬʲʨʫ ˄ʨʸʳʵʽʳʴʰʹ ʼʰʲʨʳʬʴʺʬʩʹ. ˂ʰʲʨP-38-ʰʹ ʯʨʴʨʵʩʰʹʨʹ ʱʰ 
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ʨʸʨʼʵʹʼʵʸʰʲʰʸʬʩʻʲ ʳʰʵʮʰʴʹ ˀʬʻ˃ʲʰʨ ʼʰʲʨʳʬʴʺʬʩʰʹ ˄ʨʸʳʵʽʳʴʨ. ˂ʰʲʨP-38 

ʯʨʭʰʹʯʨʭʨʫ ʨʸ ʨʳʷʾʨʭʴʬʩʹ ʱʰʴʨʮʻʸ ʨʽʺʰʭʵʩʨʹ. ˀʬʹʨʩʨʳʰʹʨʫ ʳʰʵʮʰʴʰʹ ʼʰʲʨʳʬʴʺʬʩʰʹ 

˄ʨʸʳʵʽʳʴʨ ʨʸ ʻʴʫʨ ʰʿʵʹ ʪʨʳʵ˄ʭʬʻʲʰ ʼʵʹʼʵʸʰʲʰʸʬʩʰʹ ʫʵʴʰʹ ʪʨʮʸʫʰʯ, ʨʸʨʳʬʫ 

˂ʰʲʨP-38-ʰʹ ʹʶʬ˂ʰʼʰʱʻʸʰ ʻʴʨʸʰʯ (Okagaki et al., 2000). 

                                                   P-32 ʹˆʭʨ ʼʻʴʽ˂ʰʬʩʰ 

 

ʨʫʨʳʰʨʴʰʹ ˂ʰʲʨP-32 ˁʨʸʯʻʲʰʨ ʹˆʭʨ ʳʵʲʬʱʻʲʻʸ ʱʵʳʶʲʬʽʹʬʩˀʰ˂: ʨʫʨʳʰʨʴʰʹ 

ʰʳʻʴʵʫʬʼʰ˂ʰʺʻʸʰ ʹʰʴʫʸʵʳʰʹ Tat  ˂ʰʲʰʹ ʱʵʳʶʲʬʳʬʴʺ 1 q-ˀʰ, ˈʰʨʲʻʸʵʴʰʹ ʳʷʨʭʨʹ 

ˀʬʳʨʫʪʬʴʲʵʩʨˀʰ, ʶʸʵʨʶʵʶʺʵʮʻʸʰ ʼʨʽʺʵʸʰ HRK-ˀʰʫʨ ʹʰʳʹʰʭʴʰʹ ʹʻʶʸʬʹʵʸ ARF-ˀʰ. 

ʬʹ ʴʰˀʴʨʭʹ ʫʨ ʨʫʨʹʺʻʸʬʩʹ ʰʳ ʼʨʽʺʹ ʸʵʳ P-32 ʳʻʲʺʰʼʻʴʽ˂ʰʻʸʰ ˁʨʶʬʸʵʴʰʨ (Mikako at 

al., 2012).  

 ˂ʰʲʨ P-32 , ʨʹʬʭʬ ʻʸʯʰʬʸʯʽʳʬʫʬʩʹ ˈʬʸʶʬʹ-ʹʰʳʶʲʬʽʹ ʭʰʸʻʹ 1ORF P ˂ʰʲʰʹ, 

HIV-1 Tat, ʬʩˀʺʨʰʴ ʩʨʸʰʹ ʭʰʸʻʹʰ-1˂ʰʲʨʹʯʨʴ (Yoshikawa et al., 2011). 

 

                                               ʯʨʭʰ 3 

                                              ʱʵʪʴʰʴʰ 

 

ʻˇʸʬʫʰʹ ʨʫˈʬʮʰʰʹ ʳʵʲʬʱʻʲʨ-ʸʬʺʰʴʨ ʱʵʪʴʰʴʰ (R ʱʵʪʴʰʴʰ), ʨʸʰʹ ʻˇʸʬʫʰʹ 

ʮʬʫʨʶʰʸʰʹ ʫʰʹʻʲʼʰʫʻʸʰ ʰʮʵʳʬʸʨʮʨ, ʸʵʳʲʰʹ ʫʰʹʻʲʼʰʫʻʸʰ ʨʽʺʰʭʨ˂ʰʨ 

ʪʨʭʲʬʴʨʹ ʨˆʫʬʴʹ ʻˇʸʬʫʰʹ ʨʫˈʬʮʰʨʮʬ. ʪʨʸʫʨ ʫʰʹʻʲʼʰʫʻʸ ʰʮʵʳʬʸʨʮʻʲʰ 

ʨʽʺʰʭʵʩʰʹʨ ʨʳ ˂ʰʲʵʭʨʴ ʳʵʲʬʱʻʲʨʹ ʹˆʭʨ ʨʽʺʰʭʵʩʬʩʰ˂ ʻʴʫʨ ʪʨʨˁʴʫʬʹ (ʰˆʰʲʬʯ 

ʽʭʬʳʵʯ). 

 R ʱʵʪʴʰʴʰ, ʶʰʸʭʬʲʨʫ ʪʨʳʵʿʵʼʰʲʰ ʰʽʴʨ, ʬʳʩʸʰʵʴʨʲʻʸʰ ˄ʰ˄ʰʲʨʹ ʩʨʫʻʸʰʹ 

ʻˇʸʬʫʬʩʰʹʪʨʴ (Lilien et al., 1967; McClay et al., 1974). ʻʱʭʬ ˀʬʳʫʪʵʳˀʰ ʬʹ ˂ʰʲʵʭʨʴʰ 

ʳʵʲʬʱʻʲʨ, ʪʨʳʵʿʵʼʰʲʰ ʰʽʴʨ, ʸʵʪʵʸ˂ ʳʬʳʩʸʨʴʨʹʯʨʴ ʫʨʱʨʭˀʰʸʬʩʻʲʰ ˂ʰʲʨ. 

ʯʭʨʲʰʹ ʩʨʫʻʸʰʹ ʻˇʸʬʫʰʹ ʨʫˈʬʮʰʰʹ ʳʵʲʬʱʻʲʨʹ, ʸʬʺʰʴʨ ʱʵʪʴʰʴʹ (R ʱʵʪʴʰʴʹ) 

ʱ- ʫʴʳ-ʰʹ ʯʨʴʳʰʳʫʬʭʸʵʩʨ ʨʴʨʲʵʪʰʻʸʰʨ, ʶʸʵʺʬʰʴ ʫʰʹʻʲʼʰʫ ʰʮʵʳʬʸʨʮʨʹ (ʶʫʰ)  
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ʳʨʱʵʫʰʸʬʩʬʲʰ ʪʬʴʰʹ ʴʻʱʲʬʵʺʰʫʻʸʰ ʯʨʴʨʳʰʳʫʬʭʸʵʩʰʹʨ, ʳʨʪʸʨʳ ʨʳ ʻʱʨʴʨʹʱʴʬʲʹ 

ʨʽʭʹ ʪʨʴʹˆʭʨʭʬʩʻʲʰ ʳʵʲʬʱʻʲʻʸʰ ʳʨʹʨ ʫʨ ʹʻʩʻˇʸʬʫʻʲʰ ʲʵʱʨʲʰʮʨ˂ʰʨ. ˁʴʫʬʩʨ 

ʱʰʯˆʭʨ: ʸʨ ʨʸʰʹ ʨʳ ʪʨʴʹˆʭʨʭʬʩʰʹ ʳʰʮʬʮʰ? 

ʫʨʫʪʰʴʫʨ, ʸʵʳ 5’ ʩʵʲʵʹʯʨʴ, ʶʫʰ-ʰʹ ʺʸʨʴʹʲʨ˂ʰʰʹ ʻʩʴʰʹ ʯʨʴʳʰʳʫʬʭʸʵʩʨ R 

ʱʵʪʴʰʴʰʹ ʨʴʨʲʵʪʰʻʸʰʨ. ʱ-ʫʴʳ-ʰʹ ʯʨʴʳʰʳʫʬʭʸʵʩʨ ˄ʰ˄ʰʲʨʹ, ˆʨʸʰʹ ʫʨ ʨʫʨʳʰʨʴʰʹ 

ʶʸʵʺʬʰʴ ʫʰʹʻʲʼʰʫ ʰʮʵʳʬʸʨʮʨʹʯʭʰʹ ʬʸʯʳʨʴʬʯʰʹ ʳʹʪʨʭʹʰʨ. R ʱʵʪʴʰʴʰʹ ʫʨ ʶʸʵʺʬʰʴ 

ʫʰʹʻʲʼʰʫ ʰʮʵʳʬʸʨʮʨʹ ʹʸʻʲʰ ʱ ʫʴʳ-ʰʹ ʰʫʬʴʺʰʼʰ˂ʰʸʬʩʰʹ ˀʬʳʫʪʵʳ ʫʨʫʪʰʴʫʨ,ʸʵʳ 

ʨʳ ˂ʰʲʵʭʨʴʰ ʳʵʲʬʱʻʲʬʩʰʹ ʱ-ʫʴʳ-ʰʹ ʯʨʴʳʰʳʫʬʭʸʵʩʬʩʹ ˀʵʸʰʹ, ʪʨʴʹˆʭʨʭʬʩʨ ʳˆʵʲʵʫ 

10 %-ʹˀʬʨʫʪʬʴʹ. ʵʸʰʭʬ ˂ʰʲʰʹʯʭʰʹ ʫʨʳʨˆʨʹʰʨʯʬʩʬʲʰʨ ʫʰʹʻʲʼʰʫʻʸʰ ˂ʭʲʰʲʬʩʬʩʰ. 

ʶʸʵʺʬʰʴ ʫʰʹʻʲʼʰʫ ʰʮʵʳʬʸʨʮʨ, ˃ʰʸʰʯʨʫʨʫ ʼʻʴʽ˂ʰʵʴʰʸʬʩʹ ʬʴʫʵʶʲʨʮʳʻʸ 

ʸʬʺʰʱʻʲʻʳˀʰ, R ʱʵʪʴʰʴʰ ʱʰ ʻʳʬʺʬʹʨʫ ʻˇʸʬʫʰʹ ʮʬʫʨʶʰʸʮʬ ʨʸʰʹ ʪʨʴʯʨʭʹʬʩʻʲʰ ʫʨ 

ʰʽ ʼʻʴʽ˂ʰʵʴʰʸʬʩʹ. ʰʪʰ ˁʨʸʯʻʲʰʨ, ʻˇʸʬʫʰʹ ʨʪʸʬʪʨ˂ʰʨˀʰ, ˂ʰʲʬʩʰʹ ʫʨʱʨʭˀʰʸʬʩʨʹʨ 

ʫʨ ʳʰʪʸʨ˂ʰʨˀʰ.R ʱʵʪʴʰʴʰʹ ˂ʰʲʵʭʨʴʰ ʳʵʲʬʱʻʲʰʹ ˄ʵʴʨ-50 ʱʫʨ  ʨʸʰʹ, ˆʵʲʵ ʶʫʰ-ʰʹ 

ʳʵʲʬʱʻʲʻʸʰ ˄ʵʴʨ 57 ʱʫʨ-ʰʨ(Pariser et al.,1999). 

 ʸʬʺʰʴʨ ʱʵʪʴʰʴʰʹ ʳʨʹʨ,ʶʸʵʺʬʰʴ ʫʰʹʻʲʼʰʫ ʰʮʵʳʬʸʨʮʨʮʬ ʳ˂ʰʸʬ ʨʸʰʹ,ʰʳʰʺʵʳ 

ʸʵʳ,R ʱʵʪʴʰʴʹ, C ʺʬʸʳʰʴʨʲʻʸ ʩʵʲʵʮʬ,ʳʵˆʲʬˁʰʲʰ ʨʽʭʹ KDEL ʻʩʨʴʰ.ʬʹ ʻʩʨʴʰ 

ʪʨʨˁʴʰʨ ʶʫʰ-ʰʹ ʫʨ KDEL ʨʹʸʻʲʬʩʹ ʹʨʹʰʪʴʨʲʵ ʼʻʴʽ˂ʰʨʹ. KDEL ʻʩʴʰʹ ʳʵˆʲʬˁʨ, 

ʪʨʴʨʶʰʸʵʩʬʩʹ ʪʵʲˇʰʫʨʴ ʸʬʺʰʴʨ ʱʵʪʴʰʴʰʹ ʪʨʫʨʹʭʲʨʹ ʻˇʸʬʫʰʹ ʮʬʫʨʶʰʸʮʬ. KDEL 

ʻʩʴʰʯ ʨʸʰʹ ʸʬʺʰʴʨ ʱʵʪʴʰʴʰ ʫʨʱʨʭˀʰʸʬʩʻʲʰ ʪʵʲˇʰʹ ʱʵʳʶʲʬʽʹˀʰ ʨʸʹʬʩʻʲ 

ʹʶʬ˂ʰʼʰʱʻʸ ʸʬ˂ʬʶʺʵʸʯʨʴ. ʸʬʺʰʴʨ ʱʵʪʴʰʴʰ ʨʸ ʨʸʰʹ ʺʸʨʴʹʳʬʳʩʸʨʴʻʲʰ ˂ʰʲʨ, ʰʪʰ 

ʪʵʲˇʰʹ ʨʶʨʸʨʺʰʫʨʴ ʪʨʫʨʫʰʹ ʻˇʸʬʫʰʹ ʮʬʫʨʶʰʸʮʬ. 

R-ʱʵʪʴʰʴʰʹ ˂ʰʲʨ-˂ʰʲʵʭʨʴʰ ʻʸʯʰʬʸʯʽʳʬʫʬʩʨ ʫʨ ˈʰʹʺʵʺʰʶʰʻʸʰ ʨʫˈʬʮʰʨ 

ʪʨʴʶʰʸʵʩʬʩʻʲʰʨ C ʺʬʸʳʰʴʨʲʻʸʰ ʩʵʲʵʹ KDEL ʸʬ˂ʬʶʺʵʸʬʩʰʯ ʫʨ 

ʯʰʵʸʬʫʻʽʺʨʮʻʲʰ ʨʽʺʰʭʵʩʰʹ ʹʨʰʺʰʹ ʨʸʹʬʩʵʩʰʯ. ʹˆʭʨ ˂ʰʲʨ-˂ʰʲʵʭʨʴʰ 

ʻʸʯʰʬʸʯʽʳʬʫʬʩʬʩʰ ʪʨʴʶʰʸʵʩʬʩʻʲʰʨ N ʺʬʸʳʰʴʨʲʻʸ ʩʵʲʵʮʬ ʨʸʹʬʩʻʲʰ ʹʨʰʺʬʩʰʯ 

ʸʬʺʰʴʨ ʱʵʪʴʰʴʰʹ ˀʬʳʯˆʭʬʭʨˀʰ ʱʰ ʬʹ ʻʸʯʰʬʸʯʽʳʬʫʬʩʬʩʰ ʪʨʴʶʰʸʵʩʬʩʻʲʰʨ C 

ʺʬʸʳʰʴʨʲʻʸ ʩʵʲʵʮʬ ʨʸʹʬʩʻʲʰ ʹʨʰʺʬʩʰʯ(Rao et al., 1993). 
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 ʸʬʺʰʴʨ ʱʵʪʴʰʴʰ ʨʸ ʨʸʰʹ ʨʾʳʵˁʬʴʰʲʰ ʳʰʻʲʬʸʰʹ ʻˇʸʬʫʬʩʹʨ ʫʨ ʪʲʰʻʸʰ 

ʻˇʸʬʫʬʩʰʹ ʮʬʫʨʶʰʸʮʬ, ʳʨʪʸʨʳ ʴʨʶʵʭʴʰʨ ʴʬʰʸʵʴʻʲʰ ʻˇʸʬʫʬʩʰʹ ʮʬʫʨʶʰʸʮʬ. R 

ʱʵʪʴʰʴʰ ʨʾʳʵˁʬʴʰʲʰʨ ʫʬʴʫʸʰʺʬʩʮʬ, ʪʨʴʪʲʰʻʸʰ ʻˇʸʬʫʬʩʰʹ ʶʸʵʽʹʰʳʨʲʻʸ 

ʨʽʹʵʴʬʩʮʬ, R ʱʵʪʴʰʴʰ ʴʨʯʲʨʫ ʨʸʰʹ ʲʵʱʨʲʰʮʬʩʻʲʰ ʻʨʳʸʨʭ ʴʬʰʸʰʺʬʩʮʬ, ʸʬʺʰʴʨˀʰ 

ʫʨ ʽʹʵʭʰʲʹʶʬ˂ʰʼʰʻʸ ʻˇʸʬʫʻʲ ʨʫˈʬʮʰʨˀʰ ʰʾʬʩʹ ʳʵʴʨ˄ʰʲʬʵʩʨʹ (Hausman et al., 

2000). 

 ʫʨʫʪʬʴʰʲʰʨ ʸʵʳ, ʨʫʨʳʰʨʴʰʹ ʸʬʱʵʳʩʰʴʨʴʺʻʲ ʶʸʵʺʬʰʴ ʫʰʹʻʲʼʰʫ 

ʰʮʵʳʬʸʨʮʨʹ ˀʬʳʯˆʭʬʭʨˀʰ, ʳʻʺʨ˂ʰʬʩʹ˃ʰʸʰʯʨʫʨʫ ʪʨʴʰ˂ʫʰʹ WCGHC ʻʩʨʴʰ. ʨʳ 

ʻʩʨʴʯʨʴʨʨ ʫʨʱʨʭˀʰʸʬʩʻʲʰ ʸʬʺʰʴʨ ʱʵʪʴʰʴʰʹʨ ʫʨ ʶʸʵʺʬʰʴ ʫʰʹʻʲʼʰʫ ʰʮʵʳʬʸʨʮʨʹ 

ʨʫˈʬʮʰʻʸʰ ʳʵʽʳʬʫʬʩʨ˂ (Hausman et al., 2000). 

ʸʬʺʰʴʨ ʱʵʪʴʰʴʰʹ ʳ-ʸʴʳ-ʰʹ ˂ʰʲʰʹ ʳʨʱʵʫʰʸʬʩʬʲʰ ʻʩʨʴʰ ʳʹʪʨʭʹʰʨ ʶʸʵʺʬʰʴ 

ʫʰʹʻʲʼʰʫ ʰʮʵʳʬʸʨʮʨʹ ʳ-ʸʴʳ-ʰʹ ˂ʰʲʰʹ ʳʨʱʵʫʰʸʬʩʬʲʰ ʻʩʴʰʹʨ. ʸʬʺʰʴʨ ʱʵʪʴʰʴʰʹʨ 

ʫʨ ʶʸʵʺʬʰʴ ʫʰʹʻʲʼʰʫ ʰʮʵʳʬʸʨʮʨʹ WCGHC ʻʩʨʴʰ, ʳʴʰˀʭʴʬʲʵʭʨʴ ʸʵʲʹ 

ʨʹʸʻʲʬʩʹʨʳ ˂ʰʲʬʩʰʹ ʨʪʸʬʪʨ˂ʰʰʹ ʼʻʴʽ˂ʰʨˀʰ˂. ˆʹʬʴʬʩʻʲʰ ʻʩʴʰʹ ʰʴˈʰʩʰʺʵʸʹ 

˄ʨʸʳʵʨʫʪʬʴʹ DTNB. ʨʳ ʰʴˈʰʩʰʺʵʸʰʹ ʳʬˀʭʬʵʩʰʯ WCGHC ʻʩʴʰʹ ʰʴˈʰʩʰʸʬʩʨ ʨʽʭʬʰʯʬʩʹ 

˂ʰʲʰʹ ʨʪʸʬʪʨ˂ʰʰʹ ʻʴʨʸʹ. 

ʶʸʵʺʬʰʴ ʫʰʹʻʲʼʰʫ ʰʮʵʳʬʸʨʮʨ ˀʬʰ˂ʨʭʹ ʵʸ WCGHC ʻʩʨʴʹ a ʫʨ a’ ʫʵʳʬʴʬʩʮʬ 

(Darby et al.,1995). ʭʨʸʨʻʫʵʩʬʴ, ʸʵʳ ˂ʰʲʵʭʨʴʰ ʳʵʲʬʱʻʲʰʹ ˂ʨʲʱʬʻʲʰ ʫʵʳʬʴʰ, 

ʪʨʭʲʬʴʨʹ ʨˆʫʬʴʹ ʶʸʵʺʬʰʴ ʫʰʹʻʲʼʰʫ ʰʮʵʳʬʸʨʮʨʹ ʨʪʸʬʪʨ˂ʰʰʹ ʻʴʨʸʮʬ. 

ʨʹʬʭʬ ʭʨʸʨʻʫʵʩʬʴ, ʸʵʳ ʻˇʸʬʫʰʹ ˀʻʨʲʬʫʻʸʰ ʨʪʸʬʪʨ˂ʰʰʹʨ ʫʨ ʨʫˈʬʮʰʰʹʨʹ, 

ʸʬʺʰʴʨ ʱʵʪʴʰʴʹ ʨʽʭʹ 2 ʹʨʰʺʯʨʴ ʻʸʯʰʬʸʯʽʳʬʫʬʩʰʹ ʻʴʨʸʰ ʸʬʺʰʴʻʲʰ ʻˇʸʬʫʰʹ 

ʮʬʫʨʶʰʸʮʬ. ʪʨʳʵʱʭʲʬʭʬʩʰʯ ʫʨʫʪʰʴʫʨ, ʸʵʳ ʬʸʯ ʹʨʰʺʹ ʨʽʭʹ ˂ʰʹʺʬʰʴʰʹ ʴʨˀʯʬʩʰ ʫʨ 

ʻʸʯʰʬʸʯʽʳʬʫʬʩʹ WCGHC ʻʩʨʴʯʨʴ. ʨʳ ʫʨʳʨʱʨʭˀʰʸʬʩʬʲʰ ʹʨʰʺʰʹ ʫʨʩʲʵʱʭʨ ˆʬʲʹ 

ʻˀʲʰʹ ʴʵʸʳʨʲʻʸ ʸʬʨʪʸʬʪʨ˂ʰʨʹ ʬʴʫʵʪʬʴʻʸ ʱʵʪʴʰʴˀʰ. C ʺʬʸʳʰʴʨʲʻʸʰ ʩʵʲʵʹ 

ʴʵʱʨʻʺʰʯ, WCGHC ʻʩʴʰʹ ʨʽʺʰʻʸʵʩʨʳ ʳʵʰʱʲʵ, ˆʵʲʵ N ʺʬʸʳʰʴʨʲʻʸʰ ʩʵʲʵʹ 

ʴʵʱʨʻʺʰʯ WCGHC ʻʩʴʰʹ ʨʽʺʰʻʸʵʩʨ ʨʸˀʬ˂ʭʲʰʲʨ. WCGHC ʻʩʨʴʯʨʴʨʨ 

ʫʨʱʨʭˀʰʸʬʩʻʲʰ, ˂ʰʲʨ-˂ʰʲʵʭʨʴʰ ʻʸʯʰʬʸʯʽʳʬʫʬʩʰʹ ʻʴʨʸʰ˂. ʻˇʸʬʫʰʹ ʨʫˈʬʮʰʨˀʰ 

ʪʨʸʫʨ ʨʳ ʻʩʴʰʹʨ ʳʵʴʨ˄ʰʲʬʵʩʹ ˂ʰʲʰʹ ʹʻʲʼˈʰʫʸʰʲʰʹ ˇʪʻʼʰ˂. 
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 ʸʬʺʰʴʨ ʱʵʪʴʰʴʹʨ ʫʨ ʶʸʵʺʬʰʴ ʫʰʹʻʲʼʰʫ ʰʮʵʳʬʸʨʮʨʹ ʪʨʨˁʴʰʨ 

ʹʶʬ˂ʰʼʰʱʻʸʰʨʴʺʰʹˆʬʻʲʬʩʰʹ ʳʹʪʨʭʹʰ ʫʵʳʬʴʬʩʰ ˂ʰʲʵʭʨʴʰ ʳʵʲʬʱʻʲʰʹ ʮʬʫʨʶʰʸʮʬ. 

ʬʹ ʨʴʺʰʹˆʬʻʲʬʩʰʹ ʳʹʪʨʭʹʰ ʻʩʴʬʩʰ ʸʨʳʫʬʴʰʳʬʨ. ʨʳ ʨʴʺʰʹˆʬʻʲʬʩʰʹ ʹʨˀʻʨʲʬʩʰʯ ˆʫʬʩʨ 

ʼʻʴʽ˂ʰʻʸʨʫ ʳʹʪʨʭʹʰ ˂ʰʲʰʹ ˀʬ˂ʴʵʩʨ ʫʨ ʳʨʹʯʨʴ ʫʨʱʨʭˀʰʸʬʩʨ. ʸʬʺʰʴʨ ʱʵʪʴʰʴʰʹ 

ʨʴʺʰʹˆʬʻʲʬʩʰ ʩʲʵʱʨʭʬʴ ʸʬʺʰʴʻʲʰ ʻˇʸʬʫʰʹ ʸʬʨʪʸʬʪʨ˂ʰʨʹ ʫʨ ʻˇʸʬʫʰʹ 

ʳʬʳʩʸʨʴʬʩʰʹ ʫʨʨˆʲʵʬʩʰʯ 50 % -ˀʰ ʨʪʸʬʪʨ˂ʰʨ ʨʸ ˆʫʬʩʨ (Harold et al., 2000.) 

 ʸʬʺʰʴʨ ʱʵʪʴʰʴʰʹʨ ʫʨ ʶʸʵʺʬʰʴ ʫʰʹʻʲʼʰʫ ʰʮʵʳʬʸʨʮʨʹ ʸʨʵʫʬʴʵʩʨ, ʻˇʸʬʫʰʹ 

ʮʬʫʨʶʰʸʮʬ ʲʰʳʰʺʰʸʬʩʻʲʰʨ. R ʱʵʪʴʰʴʰ, ˀʬʸˁʬʭʰʯʨʫ ʬʽʹʶʸʬʹʰʸʫʬʩʨ ʬʳʩʸʰʵʴʨʲʻʸʰ 

˄ʰ˄ʰʲʨʹ ʸʬʺʰʴʻʲʰ ʻˇʸʬʫʰʹ ʮʬʫʨʶʰʸʮʬ (Harold et al., 2000) . 

ʸʬʺʰʴʨ ʱʵʪʴʰʴʰ, ʴʨʴʨˆʰʨ ʸʵʪʵʸ˂ ʸʬʺʰʴʻʲʰ ʴʬʰʸʵʴʻʲʰ ʻˇʸʬʫʬʩʰʹ 

ʮʬʫʨʶʰʸʮʬ, ʨʹʬʭʬ ˂ʬʴʺʸʨʲʻʸʰ ʴʬʸʭʻʲʰ ʹʰʹʺʬʳʰʹ ʻˇʸʬʫʬʩʰʹ ʮʬʫʨʶʰʸʮʬ˂. 

 R ʱʵʪʴʰʴʰʹ ʬʽʹʶʸʬʹʰʰʹ ʰʴˈʰʩʰʸʬʩʰʹʯʭʰʹ ʪʨʳʵʰʿʬʴʬʹ ʨʴʺʰʹʬʴʹ 

ʵʲʰʪʵʴʻʱʲʬʵʺʰʫʰ, ʰʳʰʹʯʭʰʹ, ʸʵʳ ˀʬʬʹ˄ʨʭʲʨʯ R ʱʵʪʴʰʴʰʹ ʸʵʲʰ ʴʬʰʸʵʴʻʲ 

ʫʰʼʬʸʬʴ˂ʰʨ˂ʰʨˀʰ. ˂ʫʬʩʰ ˁʨʺʨʸʬʩʻʲʰ ʰʽʴʨ 6 ʫʨ 8 ʫʾʰʨʴ ʬʳʩʸʰʵʴʻʲʰ ˄ʰ˄ʰʲʬʩʰʹ 

ʻˇʸʬʫʻʲ ʱʻʲʺʻʸʬʩʮʬ. ʬʽʹʶʸʬʹʰʰʹ ʰʴˈʰʩʰʸʬʩʨ ʪʨʴʨˆʵʸ˂ʰʬʲʬʹ 

ʵʲʰʪʵʴʻʱʲʬʵʺʰʫʰʯ, ʸʵʳʬʲʰ˂ ʱʵʳʶʲʬʳʬʴʺʨʸʻʲʰʨ ʸʬʺʰʴʨ ʱʵʪʴʰʴʰʹ 20 

ʴʻʱʲʬʵʺʰʫʰʨʴʰ ʯʨʴʳʰʳʫʬʭʸʵʩʰʹʨ. ʴʨˁʭʬʴʬʩʰ ʰʽʴʨ ʸʵʳ ʰʹ ʳʵʴʨ˄ʰʲʬʵʩʹ ʻˇʸʬʫˀʰʫʨ 

ʹʨʹʰʪʴʨʲʵ ʱʨʹʱʨʫʬʩˀʰ ʫʨ ʬʹ ʨʻ˂ʰʲʬʩʬʲʰʨ ʸʬʺʰʴʻʲʰ ʻˇʸʬʫʰʹ ʴʵʸʳʨʲʻʸʰ 

ʼʻʴʽ˂ʰʵʴʰʸʬʩʰʹʯʭʰʹ. ʨʳʰʹʯʭʰʹ ʰʿʬʴʬʩʹ ʸʨʳʫʬʴʰʳʬ ʴʬʰʸʵʺʸʨʴʹʳʰʺʬʸʹ: 

ʨ˂ʬʺʰʲʽʵʲʰʴʹʨʫʨ Ǆ-ʨʳʰʴʵʩʻʺʰʸʰʹʳʷʨʭʨʹ (ʪʨʬʳ). ʵʸʰʭʬ ʽʵʲʰʴ-ʬʸʪʻʲ ʫʨ ʪʨʬʳ-

ʬʸʪʻʲ ʴʬʰʸʵʺʸʨʴʹʳʰʺʬʸʬʩʹ. ʨʽʭʯ ʪʨʴʹˆʭʨʭʬʩʻʲʰ ʳʪʸ˃ʴʵʩʬʲʵʩʨ ʻˇʸʬʫʰʹ 

ʹʰʪʴʨʲʰʮʨ˂ʰʨʹʨ ʫʨ ʮʸʫʰʹ ʼʨʽʺʵʸʬʩʮʬ ʸʬʨʪʰʸʬʩʰʹ ʻʴʨʸˀʰ, ʻˇʸʬʫ-ʻˇʸʬʫʻʲ 

ʰʴʺʬʸʨʽ˂ʰʬʩˀʰ (Harold et al., 2000) . 

 ʸʬʺʰʴʨ ʱʵʪʴʰʴʰʹ ʳʹʪʨʭʹ ʱʰʫʬʭ ʬʸʯ ˂ʰʲʵʭʨʴ ʳʵʲʬʱʻʲʨʹ ˄ʨʸʳʵʨʫʪʬʴʹ MFP 

(ʳʻʲʺʰʼʻʴʽ˂ʰʻʸʰ ˂ʰʲʨ). R-ʱʵʪʴʰʴʰʹ ʱ-ʫʴʳ-ʰʹ ʯʨʴʳʰʳʫʬʭʸʵʩʨ ʨʭʲʬʴʹ 99 %-ʰʨʴ 

ˈʵʳʵʲʵʪʰʨʹ MFP-ʰʹ ʱ-ʫʴʳ-ʰʹ ʯʨʴʳʰʳʫʬʭʸʵʩʰʹ ʳʰʳʨʸʯ. MFP -ʰʹ ʳʵʲʬʱʻʲʻʸʰ ˄ʵʴʨ 

ʨʸʰʹ 57 ʱʫʨ. MFP-ʹʪʨʨˁʴʰʨ Trp-Cys-Gly,His-Cys-Lys ʨʳʰʴʵʳʷʨʭʻʸʰ ʯʨʴʳʰʳʫʬʭʸʵʩʨ, 

ʨʳʯʨʴʳʰʳʫʬʭʸʵʩʨʹ ʨʽʭʹ ʻʴʨʸʰ ʪʨʨˁʬʸʵʹ ʯʰʵʸʬʫʻʽʺʨʮʻʲʰ ʨʽʺʰʭʵʩʨ. MFP-ˀʰ ʬʹ 
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ʯʨʴʳʰʳʫʬʭʸʵʩʨ ˀʬʸˁʬʭʰʯʨʫ ʨˆʭʬʭʹ ˂ʰʲʬʩʹ ʳʨʯʰ ʺʸʨʴʹʲʨ˂ʰʰʹ ʫʸʵʹ 

ʬʴʫʵʶʲʨʮʳʻʸʰ ʸʬʺʰʱʻʲʻʳʰʹ ʹʨʴʨʯʻʸˀʰ ʫʨ ʨˆʵʸ˂ʰʬʲʬʩʹ ʨʸʨʹ˄ʵʸʰ 

ʫʰʹʻʲʼʰʫʻʸʰ ʩʳʬʩʰʹ ʪʨ˄ʿʭʬʺʨʹ ʫʨ ʨʼʵʸʳʰʸʬʩʹ ʹ˄ʵʸ ʫʰʹʻʲʼʰʫʻʸ ʩʳʬʩʹ (Noiva et 

al.,1992). 

 R-ʱʵʪʴʰʴʰʹʱ-ʫʴʳ-ʹʪʨʨˁʴʰʨ 73 %-ʰʨʴʰ ˈʵʳʵʲʵʪʰʨ GSBP ˂ʰʲʬʩʰʹʱ-ʫʴʳ-ʯʨʴ. 

ʰʹʬʭʬ ʸʵʪʵʸ˂ R-ʱʵʪʴʰʴʹ, MFP-ʹʪʨʨˁʴʰʨ ʫʰʹʻʲʼʰʫ ʰʮʵʳʬʸʨʮʻʲʰ ʨʽʺʰʭʵʩʨ. 

ʰʮʵʳʬʸʨʮʬʩʰ ˃ʰʸʰʯʨʫʨʫ ʪʨʴʯʨʭʹʬʩʻʲʬʩʰ ʨʸʰʨʴ ʬʴʫʵʶʲʨʮʳʻʸʰ ʸʬʺʰʱʻʲʻʳʰʹ 

ʹʨʴʨʯʻʸˀʰ, ʳʨʪʸʨʳ ʨʹʬʭʬ ʯʨʭʰʹʻʼʲʨʫ ˀʬʻ˃ʲʰʨʯ ʫʨʻʱʨʭˀʰʸʫʴʬʴ ʬʴʫʵʶʲʨʮʳʻʸʰ 

ʸʬʺʰʱʻʲʻʳʰʹ ʳʬʳʩʸʨʴʬʩʹ KDEL ʸʬ˂ʬʶʺʵʸʬʩʰʯ. MFP-ʰʹ KDEL ʸʬ˂ʬʶʺʵʸʬʩʰ ˀʬʰ˂ʨʭʬʴ 

4 ʨʳʰʴʵʳʷʨʭʻʸ ʯʨʴʳʰʳʫʬʭʸʵʩʨʹ ʰʹʬʭʬ ʸʵʪʵʸ˂ ʸʬʺʰʴʨ ʱʵʪʴʰʴʰ ʫʨ ʹˆʭʨ ʳʹʪʨʭʹʰ 

˂ʰʲʵʭʨʴʰ ʳʵʲʬʱʻʲʬʩʰ (Munro et al., 1987). MFP ˆʨʹʰʨʯʫʬʩʨ ʶʸʵʺʬʰʴ ʫʰʹʻʲʼʰʫ 

ʰʮʵʳʬʸʨʮʻʲʰ ʨʽʺʰʭʵʩʰʯ ( Parkkoken et al., 1988 ) . 

R-ʱʵʪʴʰʴʰ ʫʨ MFP ʫʨʱʨʭˀʰʸʬʩʻʲʬʩʰ ʨʸʰʨʴ ʻˇʸʬʫʰʹ ʨʪʸʬʪʨ˂ʰʰʹ 

ʨʫʸʬʻʲʹʺʨʫʰʬʩʯʨʴ. R-ʱʵʪʴʰʴʰ ʳʵʴʨ˄ʰʲʬʵʩʹ ˈʰʹʺʵʺʰʶʰʻʸ ʨʫˈʬʮʰʨˀʰ, ʴʬʰʸʵʴʻʲ 

ʫʰʼʬʸʬʴ˂ʰʨ˂ʰʨˀʰ. ʰʹ ˇʭʨʸʬʫʰʴʨʫ ʻʱʨʭˀʰʸʫʬʩʨ 64 ʱʫʨ-ʰʨʴ ʶʸʵʺʬʰʴʹ. 

ʯʰʵʸʬʫʻʽʺʨʮʻʲʰ ʨʽʺʰʭʵʩʨ ʬˆʳʨʸʬʩʨ R-ʱʵʪʴʰʴʹ ʫʨʻʱʨʭˀʰʸʫʬʹ ʹˆʭʨ ˂ʰʲʵʭʨʴ 

ʳʵʲʬʱʻʲʬʩʹ ʫʰʹʻʲʼʰʫʻʸʰ ʻʸʯʰʬʸʯʽʳʬʫʬʩʬʩʰʯ (Munro et al., 1987). 

 

                                               ʯʨʭʰ 4 
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 ˈʬʺʬʸʵʪʬʴʻʸʰ ʩʰʸʯʭʻʲʰ ʸʰʩʵʴʻʱʲʬʵʶʸʵʺʬʰʴʬʩʰ-(ˈʩʸʶ) ˄ʨʸʳʵʨʫʪʬʴʬʴ ʸʴʳ-

ʫʨʱʨʭˀʰʸʬʩʻʲʰ ˂ʰʲʬʩʰʹ ʵˇʨˆʹ. ˂ʰʲʬʩʰʹ ʬʹ ʵˇʨˆʰ, ʪʨʳʵʰʸˁʬʭʨ 

ʳʻʲʺʰʼʻʴʽ˂ʰʵʴʰʸʬʩʰʯ. ˁʨʸʯʻʲʴʰ ʨʸʰʨʴʨʸʨʳʨʸʺʵ ˈʬʺʬʸʵʪʬʴʻʲʰ ʩʰʸʯʭʻʲʰ 

ʸʴʳ-ʬʩʰʹ ʶʸʵ˂ʬʹʰʴʪˀʰ, ʨʹʬʭʬ, ˂ʴʵʩʰʲʴʰ ʨʸʰʨʴ, ʸʵʪʵʸ˂ ʪʬʴʯʨ ʬʽʹʶʸʬʹʰʰʹ 

ʸʬʪʻʲʨ˂ʰʰʹ ʺʸʨʴʹ-ʼʨʽʺʵʸʬʩʰ (Dreyfuss et al., 1993). 

˂ʰʲʨʯʨ ʬʹ ʵˇʨˆʰ ˄ʨʸʳʵʫʪʬʴʰʲʰ ʨʸʰʹ ʸʨʳʫʬʴʰʳʬ ʹʻʩʵˇʨˆʰʹʪʨʴ ʫʨ 

ʯʰʯʵʬʻʲʰ ʳʨʯʪʨʴʰ ˆʨʹʰʨʯʫʬʩʨ ʺʸʨʴʹʱʸʰʶʺʰʹ ʨʲʺʬʸʴʨʺʰʻʲʰ ʹʶʲʨʰʹʰʴʪʰʯ ʫʨ 

ʶʵʹʺʺʸʨʴʹʲʨ˂ʰʵʴʨʲʻʸʰ ʳʵʫʰʼʰʱʨ˂ʰʬʩʰʯ. ʨʳ ˂ʰʲʬʩʰʹ ʹʺʸʻʽʺʻʸʻʲʰ 

ʳʸʨʭʲʼʬʸʵʭʴʬʩʨ ʪʨʴʨʶʰʸʵʩʬʩʹ  ʳʨʯ ʳʸʨʭʨʲʳˆʸʰʭ ʼʻʴʽ˂ʰʬʩʹʨ˂, ʸʵʳʬʲʰ˂ ʳʵʰ˂ʨʭʹ  

ʻʸʯʰʬʸʯʽʳʬʫʬʩʨʹ  ʸʴʳ-ʹʯʨʴ ʨʴ ʫʴʳ-ʹʯʨʴ (Yaowu et al., 2008). 

 ˈʩʸʶ ʨ/ʩ ˂ʰʲʬʩʰ, ʨʹʬʭʬ ˄ʨʸʳʵʨʫʪʬʴʬʴ ʨʳ ʫʰʫʰ ʵˇʨˆʰʹ ʸʬʪʻʲʨʺʵʸʻʲ ˂ʰʲʬʩʹ, 

ʸʵʳʲʬʩʰ˂ ʨʹʵ˂ʰʸʫʬʩʰʨʴ ʫʴʳ ʫʨ ʸʴʳ ʳʬʺʨʩʵʲʰʮʳʰʹ ʨʽʺʰʭʨʺʵʸʬʩʯʨʴ ʫʨ ʳʰʱʸʵ 

ʸʴʳ-ʬʩʰʹ ˄ʨʸʳʵʽʳʴʨʹ ʻ˄ʿʵʩʬʴ ˆʬʲʹ ˈʩʸʶ-ʰʯ ˀʬʼʻʯʭʰʹ ʹʨˀʻʨʲʬʩʰʯ (Dreyfuss et al., 

1993; Roma et al., 1988; Pullman et al., 1983). ʬʹ ʵˇʨˆʰ, ˄ʨʸʳʵʫʪʬʴʰʲʰʨ 20 ʳʯʨʭʨʸʰ 

ʶʵʲʰʶʬʶʺʰʫʰʯ, ˈʩʸʶ A1-ʫʨʴ U-ʳʫʬ, ʸʵʳʬʲʯʨ ʳʵʲʬʱʻʲʻʸʰ ʳʨʹʨ ʳʬʸʿʬʵʩʹ 34 ʫʨʴ 

120 ʱʫʨ-ʳʫʬ (Roma et al., 1988). ʭʨʸʨʻʫʵʩʬʴ, ʸʵʳ ˈʩʸʶ ʪʬʴʬʩʰ ʨʱʵʫʰʸʬʩʬʴ ʻʼʸʵ 

ʳ˂ʰʸʬ ʮʵʳʰʹ ˈʩʸʶ ˂ʰʲʬʩʹʨ˂ (Carpenter et al., 2006). 

 ʯʭʰʯʵʬʻʲʰ ˈʩʸʶ ˂ʰʲʨ, ˀʬʰ˂ʨʭʹ, ʹʻʲ ʳ˂ʰʸʬ ʬʸʯ ʸʴʳ-ʫʨʳʨʱʨʭˀʰʸʬʩʬʲ ʻʩʨʴʹ, 

ʸʵʳʬʲʰ˂ ʨʳʵʰ˂ʴʵʩʹ ʸʴʳ-ʹ, ˈʩʸʶ K ˈʵʳʵʲʵʪʰʻʸ ʫʵʳʬʴʹ ʨʴ ʨʸʪʰʴʰʴ/ʪʲʰ˂ʰʴʰʹ 

ʱʵʲʵʼʹ (Dreyfuss et al., 1993; Krecic et al., 1999;). ˂ʰʲʬʩʰ ʨʹʬʭʬ ʳʵʰ˂ʨʭʹ, ʳʨʾʨʲ ʨʼʰʴʻʸ 

ʻʩʨʴʹ ʴʻʱʲʬʰʴ ʳʷʨʭʬʩʰʹ ʫʨʱʨʭˀʰʸʬʩʰʹʨʯʭʰʹ(Bennet et al., 1992; Matunis et al., 1993). 

ʮʵʪʰʬʸʯʰ ˈʩʸʶ ˀʬʰ˂ʨʭʹ ʨʳʰʴʵʳʷʨʭʻʸ ʫʨʩʵʲʵʬʩʬʩʹ (Dreyfuss et al., 1993; Krecic et al., 

1999), ʸʵʳʬʲʰ˂ ˂ʰʲʨ-˂ʰʲʵʭʨʴʰ ʻʸʯʰʬʸʯʵʩʬʩʰʹ ˀʻʨʲʬʫʻʸ ʸʪʵʲʹ ˄ʨʳʵʨʫʪʬʴʹ 

(Krecic et al., 1999; Cartegni et al., 1996). ˈʩʸʶ ˂ʰʲʵʭʨʴʰ 

ʵˇʨˆʰʹʳʸʨʭʨʲʼʻʴʽ˂ʰʵʴʨʲʻʸʵʩʰʫʨʴ ʨʾʹʨʴʰˀʴʨʭʰʨ ʳʰʹʰ ʸʵʲʰ, ʫʴʳ-ʰʹ 

ʸʬʱʵʳʩʰʴʨ˂ʰʨˀʰ, ʶʰʸʭʬʲʨʫʰ ʺʸʨʴʹʱʸʰʶʺʬʩʰʹ  ʶʸʵ˂ʬʹʰʴʪʹʨ ʫʨ ʺʸʨʴʹʱʸʰʶ˂ʰʨˀʰ, ʳʨʯ 
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ʩʰʸʯʭʻʲ ʬʽʹʶʵʸʺˀʰ, ˀʰʫʨʻˇʸʬʫʻʲ ʲʵʱʨʲʰʮʨ˂ʰʨʹ, ʺʸʨʴʹʲʨ˂ʰʨʹʨ ʫʨ ʳʰʱʸʵ ʸʴʳ-

ʬʩʰʹ ʹʺʨʩʰʲʰʮʨ˂ʰʨˀʰ (Krecic et al., 1999; Dreyfuss et al., 2002; Glisovic et al., 1986). 

ˈʩʸʶ ʨ/ʩ ʹʻʩʵˇʨˆʰʹ ˂ʰʲʬʩʰ (Minoo et al., 1991), ʯʨʭʰʫʨʴ ʨʾ˄ʬʸʰʲʴʰ ʰʿʭʴʬʴ, 

ʸʵʪʵʸ˂ ʵʸʰ ʳ˂ʰʸʬ ʳʵʲʬʱʻʲʻʸʰ ʳʨʹʰʹ ˂ʰʲʬʩʰʹ ˇʪʻʼʰ, ʸʵʳʬʲʯʨ ʰʮʵʲʰʸʬʩʨ 

ʳʵˆʫʨ HELA-ʹ ʻˇʸʬʫʬʩʰʫʨʴ (Myer et al., 1995). ˈʩʸʶ ʵˇʨˆʰʹ   60 %-ʹ ˀʬʨʫʪʬʴʹ ʨ1 ʫʨ 

ʨ2 ˂ʰʲʬʩʰ , ʸʵʳʲʬʩʰ˂ ʻʳʬʺʬʹʨʫ ʩʰʸʯʭʻʲ ˂ʰʲʬʩʹ ˄ʨʸʳʵʨʫʪʬʴʬʴ (Beyer et al., 1977). 

ˈʩʸʶ ʨ/ʩ ˂ʰʲʬʩʰ, ʻʶʰʸʨʺʬʹʨʫ ʲʵʱʨʲʰʮʬʩʻʲʴʰ ʨʸʰʨʴ ʩʰʸʯʭˀʰ, ʳʨʪʸʨʳ ʪʭˆʭʫʬʩʰʨʴ 

ʨʹʬʭʬ, ʩʰʸʯʭʨʱʬʩˀʰ (Roma et al., 1989; Leser et al., 1984; He et al., 2005). ʨʳ 

˂ʰʲʬʩʰʹʻʳʬʺʬʹʵʩʨ, ʳʵ˃ʸʨʵʩʹ ʩʰʸʯʭʹʨ ʫʨ ˂ʰʺʵʶʲʨʮʳʨʹ ˀʵʸʰʹ (Krecic et al., 1999; 

Dreyfuss et al., 2002; Roma et al., 1992; Shyu et al., 2000). ˈʩʸʶ-ʰʹ ʹˆʭʨʫʨʹˆʭʨ ʼʵʸʳʬʩʰ, 

ʨʾ˄ʬʸʰʲʴʰ ʨʸʰʨʴ, ʸʵʪʵʸ˂ 40S ʴʨ˄ʰʲʨʱʰʹ ʱʵʳʶʵʴʬʴʺʬʩʰ (Dreyfuss et al., 1993; Lothstein 

et al., 1985). ˈʩʸʶ-ʰʹ ʨ2, ʩ1, ʩ2 ʼʵʸʳʬʩʰ (ʨ2)3 (ʩ1) ʽʳʴʰʨʴ ʺʬʺʸʨʳʬʸʬʩʹʫʨ (ʨ2)3 (ʩ\ʩ1)(ʩ2) 

ʼʵʸʳʬʩʰ ʽʳʴʰʨʴ ʶʬʴʺʨʳʬʸʬʩʹ 40S ʴʨ˄ʰʲʨʱʰʹ ˂ʬʴʺʸʨʲʻʸ ʻʩʨʴˀʰ (Walker et al., 1980; 

Barnett et al., 1991), ˆʵʲʵ ˈʩʸʶ-ʰʹ ʨ1, ˂1 ʫʨ ˂2 ʼʵʸʳʬʩʰ ʶʬʸʰʼʬʸʰʨʮʬ ʨʸʰʨʴ 

ʲʵʱʨʲʰʮʬʩʻʲʴʰ (Lothstein et al., 1985). ˈʩʸʶ-ʰʹ ʨ3 ʼʵʸʳʨ ʨʸ ʨʸʰʹ ʴʨʴʨˆʰ, ʸʵʪʵʸ˂  40 

S ʴʨ˄ʰʲʨʱʰʹ ʱʵʳʶʵʴʬʴʺʰ (Percipalle et al., 2002). 

 ˈʩʸʶ ʨ/ʩ ˂ʰʲʬʩʰ ʳʴʰˀʭʴʬʲʵʭʨʴ ʸʵʲʹ ʯʨʳʨˀʵʩʬʴ ʫʴʳ-ʰʹ ʸʬʶʲʰʱʨ˂ʰʨˀʰ. ʨʳ ˂ʰʲʬʩʰʹ 

ʬʸʯ-ʬʸʯʰ ʻʩʨʴʰ-UP1, ʨʹʺʰʳʻʲʰʸʬʩʹ ʫʴʳ ʶʵʲʰʳʬʸʨʮʨ ʨʲʼʨʹ (Kumar et al., 1986; 

Williams et al., 1985) ʼʬʸʳʬʴʺʹ, ʸʵʳʬʲʰ˂ ʨʹʰʴʯʬʮʰʸʬʩʹ ʫʴʳ-ʰʹ ʸʬʶʲʰʱʨ˂ʰʰʹʨʯʭʰʹ 

ʸʴʳ  ʶʸʨʰʳʬʸʹ (ʨʲʼʨ ʹʬʪʳʬʴʺʰ) ʫʨ ʨʰʴʰ˂ʰʸʬʩʹ ʵʱʨʮʨʱʰʹ ʼʸʨʴʪʳʬʴʺʬʩʰʹ ʼʵʸʳʰʸʬʩʨʹ 

„ʳ˃ʰʭʰʹ ʨʹˆʳʰʹ“ ʹʰʴʯʬʮʰʹ ʪʨʴʳʨʭʲʵʩʨˀʰ (Chai et al., 2003). ˈʩʸʶ-ʰʹ A2 ʼʵʸʳʨ, ʨʸʰʹ ʫʴʳ 

ʸʬʶʲʰʱʨ˂ʰʰʹ, ʽʸʵʳʨʺʰʴʰʹ ʸʬʳʵʫʬʲʰʸʬʩʰʹ ʫʨ ʪʬʴʬʩʰʹ ʺʸʨʴʹʱʸʰʶ˂ʰʰʹ 

ʸʬʪʻʲʨʺʵʸʰ. ʨʹʬʭʬ, ʳʵʽʳʬʫʬʩʹ, ʸʵʪʵʸ˂ ʶʸʵʺʬʰʴ ʼʵʹʼʨʺʨʮʨ 2A-ʹ ʰʴˈʰʩʰʺʵʸʰ 

(Vera et al., 2006), ʬʹ ʬʴʮʰʳʰ ʱʰ ˄ʨʸʳʵʨʫʪʬʴʹ ʻˇʸʬʫʰʹ ʶʸʵʲʰʼʬʸʨ˂ʰʰʹ ʫʨ 

ʫʰʼʬʸʬʴ˂ʰʨ˂ʰʰʹ ʸʬʪʻʲʨʺʵʸʹ (Xu et al., 2006). 

 ˈʩʸʶ ʨ/ʩ ˂ʰʲʬʩʰ, ʸʵʪʵʸ˂ ʻʱʭʬ ʨʾʭʴʰˀʴʬʯ, ʳʵʴʨ˄ʰʲʬʵʩʬʴ ʫʴʳ-ʰʹ ʳʬʺʨʩʵʲʰʮʳˀʰ 

ʫʨ ʳʨʯʰ ʼʻʴʽ˂ʰʵʴʰʸʬʩʨ, ʨʹʬʭʬ ʳʵʰ˂ʨʭʹ ʺʬʲʵʳʬʸʬʩʰʹ ʬʽʹʶʲʵʨʺʨ˂ʰʨʹ. ʫʴʳ-˂ʰʲʵʭʨʴʰ 

ʱʵʳʶʲʬʽʹʬʩʰ ʫʨʱʨʭˀʰʸʬʩʻʲʰʨ ʽʸʵʳʵʹʵʳʰʹ ʩʵʲʵʹʯʨʴ ʮʵʪʰʬʸʯ ʻˇʸʬʫˀʰ, ʰ˂ʨʭʹ 
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ʳʨʯ  ʨʸʨʹ˄ʵʸʰ ʱʨʭˀʰʸʬʩʰʹ ˄ʨʸʳʵʽʳʴʰʹʪʨʴ ʫʨ ʨʹ˄ʵʸʬʩʬʴ  ʫʴʳ-ʰʹ ʫʨʸʾʭʬʻʲ, 

ʵʸˇʨ˅ʭʰʨʴ ʹʺʸʻʽʺʻʸʨʹ (Slijepcevic et al., 2005). 

 ˈʩʸʶ ʨ/ʩ ˂ʰʲʬʩʰ ʨʸʰʨʴ ʹʶʲʨʰʹʰʹʵʳʬʩʰʹ ʳʴʰˀʭʴʬʲʵʭʨʴʰ ʱʵʳʶʵʴʬʴʺʬʩʰ ʫʨ 

ʳʵʴʨ˄ʰʲʬʵʩʬʴ ʱʵʴʹʺʰʺʻ˂ʰʻʸ ʫʨ ʨʲʺʬʸʴʨʺʰʻʲ ʹʶʲʨʰʹʰʴʪˀʰ (Contreras et al., 2007). 

ʨ2/ʩ1 ˂ʰʲʬʩʰ ˄ʨʸʳʵʨʫʪʬʴʬʴ ʨʲʺʬʸʴʨʺʰʻʲʰ ʹʶʲʨʰʹʰʴʪʰʹ ʸʬʪʻʲʨʺʵʸʬʩʹ, 

ʸʵʳʲʬʩʰ˂, ʨʹʬʭʬ  ʳʵʴʨ˄ʰʲʬʵʩʬʴʬʴ ʹˆʭʨʫʨʹˆʭʨ ˂ʰʲʬʩʰʹ ʫʨ ʳʰʱʸʵ ʸʴʳ-ʬʩʰʹ 

ʰʮʵʼʵʸʳʬʩʰʹ ˄ʨʸʳʵʬʩʨˀʰ (Black et al., 2003). 

 ˈʩʸʶ ʨ/ʩ ˂ʰʲʬʩʰ ʳʵʴʨ˄ʰʲʬʵʩʬʴ ʨʪʸʬʯʭʬ ʴʬʰʸʵʴʻʲ ʨʽʺʰʭʵʩʰʹ ʸʬʪʻʲʨ˂ʰʰʹ 

ʶʸʵ˂ʬʹʬʩˀʰ. ˈʩʸʶ ʨ2/ʩ1, ʯʨʭʫʨʶʰʸʭʬʲʨʫ, ʴʨʴʨˆʰ ʰʿʵ, ʸʵʪʵʸ˂ ʳʰʱʸʵ ʸʴʳ-ʬʩʰʹ 

ʴʬʰʸʵʴʻʲʰ ʺʸʬʼʰʱʰʴʪʰʹ ʼʨʽʺʵʸʰ (Shan et al., 2003) ʫʨ ʰʹ ʨʻ˂ʰʲʬʩʬʲʰʨ, 

ʪʨʴʹˆʭʨʭʬʩʻʲʰ ʺʰʶʰʹ ʳʰʱʸʵ ʸʴʳ-ʬʩʰʹ ʫʬʴʫʸʰʺʻʲʰ ʲʵʱʨʲʰʮʨ˂ʰʰʹʯʭʰʹ, 

ʸʵʳʲʬʩʰ˂ ˁʨʸʯʻʲʴʰ ʨʸʰʨʴ ʳʰʬʲʰʴʰʮʨ˂ʰʨʹʨ ʫʨ ʹʰʴʨʶʹʻʸ ʸʬʪʻʲʨ˂ʰʨˀʰ (Gao et al., 

2008). ˈʩʸʶ ʨ2/ʩ1 ʨʳʵʰ˂ʴʵʩʹ  ʨ2 ʹʨʹʰʪʴʨʲʵ ʬʲʬʳʬʴʺʹ (A2RE) (Ainger et al., 1993), 

ʸʵʳʬʲʰ˂ ˄ʨʸʳʵʨʫʪʬʴʹ ʳʵ˃ʸʨʭʰ ʳʰʱʸʵ ʸʴʳ-ʰʹ ʴʨ˄ʰʲʹ. ʪʨʸʫʨ ʸʴʳ-ʰʹ ʺʸʬʼʰʱʰʴʪʰʹʨ, 

ˈʩʸʶ ʨ2/ʩ1 ʳʵʴʨ˄ʰʲʬʵʩʹ ʶʸʵ˂ʬʹʰʴʪˀʰ, ʫʨ ʬʹ ʼʻʴʽ˂ʰʨ ʳʵʰ˂ʨʭʹ ʺʸʨʴʹʱʰʶʺʬʩʰʹ 

˄ʨʸʳʵʬʩʨʹʨ ʫʨ ˀʬʼʻʯʭʨʹ, ʶʸʬ ʳ-ʸʴʳ-ʬʩʰʹ ʹʶʲʨʰʹʰʴʪʹ ʫʨ ʺʸʨʴʹʲʨ˂ʰʰʹ ʸʬʪʻʲʨ˂ʰʨʹ 

(He et al., 2008; Kwon et al., 1999). ˈʩʸʶ ʨ2/ʩ1 ˂ʰʲʬʩʰ ʯʨʳʨˀʵʩʬʴ ʳʴʰˀʭʴʬʲʵʭʨʴ ʸʵʲʹ 

ʩʰʸʯʭʻʲʰ ʫʨ ˂ʰʺʵʶʲʨʮʳʻʸʰ ʱʵʳʶʨʸʺʳʬʴʬʺʬʩʰʹ ʶʵʹʺ-ʺʸʨʴʹʲʨ˂ʰʻʸ 

ʸʬʪʻʲʨ˂ʰʨˀʰ. 

 ˈʩʸʶ ʨ2/ʩ1 ʶʸʬ ʳ-ʸʴʳ-ʬʩʰ ʨʲʺʬʸʴʨʺʰʻʲʨʫ ʹʶʲʨʰʹʰʸʫʬʩʨ 4 ʰʮʵʼʵʸʳʨʫ :B1 

(ˀʬʰ˂ʨʭʹ ʿʭʬʲʨ ʬʪʮʵʴʹ), A2 (ʨʳʵʾʬʩʻʲʰʨ ʬʪʮʵʴ 2),B1b ( ʨʳʵʾʬʩʻʲʰʨ ʬʪʮʵʴ 9), A2b 

(ʨʳʵʾʬʩʻʲʰʨ ʬʪʮʵʴ 2 ʫʨ 9) (Hatfield et al., 2002; Kamma et al., 1999). ʳʰʻˆʬʫʨʭʨʫ ʰʳʰʹʨ, 

ʸʵʳ ʳʨʾʨʲʰʨ ˈʵʳʵʲʵʪʰʨ ʨ2/ʩ1 ʰʮʵʼʵʸʳʬʩʹ ˀʵʸʰʹ, ʰʹʰʴʰ ʪʨʴʹˆʭʨʭʬʩʻʲʨʫ 

ʬʽʹʶʸʬʹʰʸʫʬʩʰʨʴ ʪʨʴʹˆʭʨʭʬʩʻʲ ʻˇʸʬʫʻʲ ʺʰʶʬʩˀʰ (Kamma et al., 1999), ʿʭʬʲʨ 

ʻˇʸʬʫʻʲ ˂ʰʱʲʹʨ (He et al., 2005; Kamma et al., 2001) ʫʨ ʫʨʨʭʨʫʬʩʰʹ ʹˆʭʨʫʨʹˆʭʨ 

ʬʺʨʶʬʩʮʬ (Mizukami et al., 2005; Sueoka et al., 1999; 2005; Wu et al., 2003). ʫʨʳʨʺʬʩʰʯ, 

ʴʨʴʨˆʰʨ, ʸʵʳ ˈʩʸʶ ʨ2/ʩ1 ˈʵʳʵʲʵʪʰʻʸʰ ʺʸʨʴʹʱʸʰʶʺʬʩʰ ʪʨʴʹˆʭʨʭʫʬʩʰʨʴ ʻˇʸʬʫʻʲʰ 

ʺʰʶʰʹ ʫʨ ʨʹʨʱʰʹ ʳʰˆʬʫʭʰʯʨ˂ (Hatfield et al., 2002). ʪʨʴʹˆʭʨʭʬʩʻʲʰ ʬʽʹʶʸʬʹʰʰʹ ʳʰʮʬʮʹ, 
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ˀʬʹʨ˃ʲʵʨ ˄ʨʸʳʵʨʫʪʬʴʫʬʹ ʪʨʴʹˆʭʨʭʬʩʻʲʰ ʰʮʵʼʵʸʳʨʹʶʬ˂ʰʼʰʱʻʸʰ ʼʻʴʽ˂ʰʵʴʰʸʬʩʨ 

ʫʨ ʸʬʪʻʲʨʺʵʸʻʲʰ ʳʬʽʨʴʰʮʳʬʩʰ.  

 ˈʩʸʶ ʨ2/ʩ1 -ʰʹ ʩʰʸʯʭʻʲ-˂ʰʺʵʶʲʨʮʳʻʸʰ ʳʵ˃ʸʨʵʩʨ ʸʬʪʻʲʰʸʫʬʩʨ ʩʰʸʯʭʻʲʨʫ 

ʲʵʱʨʲʰʮʬʩʻʲʰ M9 ʹʰʪʴʨʲʰʯ (NLS), ʸʵʳʬʲʰ˂ ʪʨʴʲʨʪʬʩʻʲʰʨ ʱʨʸʩʵʽʹʰ-

ʺʬʸʳʰʴʨʲʻʸ ʪʲʰ˂ʰʴʰʯ ʳʫʰʫʨʸ ʫʵʳʬʴʮʬ ʫʨ ˄ʨʸʳʵʫʪʬʴʰʲʰʨ ʿʭʬʲʨ ʰʮʵʼʵʸʳʨˀʰ 

(Pollard et al., 1996).  

 ˈʬʺʬʸʵʪʬʴʻʲʰ ʩʰʸʯʭʻʲʰ ʸʰʩʵʴʻʱʲʬʵʶʸʵʺʬʰʴʰ A1 (ˈʩʸʶ ʨ1) ˄ʨʸʳʵʨʫʪʬʴʹ ˈʩʸʶ 

ʵˇʨˆʰʹ, ʨ/ʩ ʹʻʩʵˇʨˆʰʹ ˂ʰʲʨʹ, ʸʵʳʬʲʰ˂ ʻʩʰʽʭʰʺʰʴʰʸʫʬʩʨ (Beyer et al., 1977). 

ˈʩʸʶ ʨ1ʺʰʶʰʹ ˂ʰʲʨ, ʳʴʰˀʭʴʬʲʵʭʨʴ ʸʵʲʹ ʨʹʸʻʲʬʩʹ ʴʬʰʸʵʴʰʹ 

ʼʻʴʽ˂ʰʵʴʰʸʬʩʨˀʰ ʫʨ ʳʰʹʰ ʸʨʵʫʬʴʵʩʰʹ ʳʱʭʬʯʸʰ ʫʨʱʲʬʩʨ, ʪʨʴʨʶʰʸʵʩʬʩʹ 

ʽʵʲʰʴʬʸʪʻʲʰ ʴʬʰʸʵʺʸʨʴʹʳʰʹʰʰʹ ˀʬʼʬʸˆʬʩʨʹ. ˈʩʸʶ ʨ1 ʨʸ ʽʵʴʨ, ʪʨʴʨʶʰʸʵʩʬʩʹ ʰʹʬʯʰ 

ʴʬʰʸʵʫʬʪʬʴʬʸʨ˂ʰʻʲ ʫʨʨʭʨʫʬʩʬʩʹ, ʸʵʪʵʸʬʩʰ˂ʨʨ ʳʨʪʨʲʰʯʨʫ : ʨʲ˂ˈʨʰʳʬʸʰʹ 

ʫʨʨʭʨʫʬʩʨ, ʱʻʴʯʬʩʰʹ ʹʶʰʴʨʲʻʸʰ ʨʺʸʵʼʰʨ, ʲʵʩʨʸʰʹ ʼʸʵʴʺʵ-ʺʬʳʶʵʸʨʲʻʸʰ 

ʫʬʪʬʴʬʸʨ˂ʰʨ, ʨʳʰʵʺʸʵʼʻʲʰ ʲʨʺʬʸʨʲʻʸʰ ʹʱʲʬʸʵʮʰ, ʪʨʼʨʴʺʻʲʰ ʹʱʲʬʸʵʮʰ, 

ʳʬʳʱʭʰʫʸʬʵʩʰʯʰ, ʹʶʨʮʳʻʸʰ ʶʨʸʨʶʨʸʬʮʰ ʫʨ ʹˆʭʬʩʰ (Bekenstein et al., 2013). 

 

 

                                            ʯʨʭʰ 5 

                                            ʳʺʼ-ʨ 

 

ʹʻʸʨʯʰ 3. ʳʺʼ-ʨʹ ʹʨʳʪʨʴʮʵʳʰʲʬʩʰʨʴʰ ʹʺʸʻʽʺʻʸʨ 

 

ʩʰʸʯʭʻʲʰ ʫʴʳ-ʰʯ ʱʵʫʰʸʬʩʻʲʰ ʳʰʺʵʽʵʴʫʸʰʻʲʰ ʺʸʨʴʹʱʰʶ˂ʰʰʹ 

ʼʨʽʺʵʸʰ ʨ (ʳʺʼ-ʨ) ʹʰʴʯʬʮʰʸʫʬʩʨ ˂ʰʺʵʶʲʨʮʳʨˀʰ ʫʨ ˀʬʳʫʪʬʪ ˆʫʬʩʨ ʳʰʹʰ 
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ʺʸʨʴʹʶʵʸʺʰʸʬʩʨ ʳʰʺʵʽʵʴʫʸʰʨˀʰ(Lee et al.,2014). ʨʳ ˂ʰʲʰʹ ʬʽʹʶʸʬʹʰʨ, ʬˆʳʨʸʬʩʨ ʳʺ-

ʫʴʳ-ʹ, 13 ˂ʰʲʰʹ, 22 ʺʸʨʴʹʶʵʸʺʻʲʰ ʸʴʳ-ʰʹ ʫ 2 ʸʰʩʵʹʵʳʻʲʰ ʸʴʳ-ʰʹ ˄ʨʸʳʵʬʩʨˀʰ 

(Larson et al., 1997; Scarpulla et al., 2008). ʳʰʺʵʽʵʴʫʸʰʻʲʰ ʫʴʳ-ʰʹ ʫʨ ʳʺʼ-ʨ-ʹ 

ʻʸʯʰʬʸʯʽʳʬʫʬʩʨ ʮʸʫʰʹ ʳʰʺʵʽʵʴʫʸʰʻʲʰ ʫʴʳ-ʰʹ ʺʸʨʴʹʱʸʰʶ˂ʰʨʹ ʫʨ ʸʬʶʲʰʱʨ˂ʰʨʹ. 

ʻ˂ʴʵʩʰʨ, ʸʰʹ ʹʨʶʨʹʻˆʵʫ ˆʫʬʩʨ ʩʰʸʯʭʻʲʰ ʪʬʴʵʳʰʯ ʳʺʼ-ʨ-ʹ ʬʽʹʶʸʬʹʰʸʬʩʨ (Lee et 

al.,2014).  

  ʳʰʺʵʽʵʴʫʸʰʰʹ ʪʨʴʱʨʸʪʻʲʬʩʨˀʰ, ʳʰʺʵʽʵʴʫʸʰʻʲʰ ʫʴʳ-ʰʹ ʸʨʳʫʬʴʰʳʬ 

ʨʹʲʰʨ (ʳʺ ʫʴʳ), ʸʵʳʬʲʰ˂ ʨʱʵʫʰʸʬʩʹ ʷʨʴʪʭʰʯʰ ʼʵʹʼʵʸʰʲʰʸʬʩʰʹ ʹʰʹʺʬʳʨʹ. 

ʳʰʺʵʽʵʴʫʸʰʻʲʰ ʫʴʳ-ʰʹ ʺʸʨʴʹʱʸʰʶ˂ʰʨ ʫʨ ʸʬʶʲʰʱʨ˂ʰʨ ʫʨʳʵʱʰʫʬʩʻʲʰʨ ʪʨʳ˅ʵʲʨʫ-

ʳʵʽʳʬʫ ʩʰʸʯʭʰʯ ʱʵʫʰʸʬʩʨʫ ʼʨʽʺʵʸʬʩʮʬ, ʸʵʪʵʸʬʩʰ˂ʨʨ: ʳʺʼ-ʨ, ʩʰʸʯʭʻʲʰ 

ʸʬʹʶʰʸʨʺʵʸʻʲʰ ʼʨʽʺʵʸʬʩʰ (ʩʸʼ), ʶʸʵʲʰʼʬʸʨʺʵʸʻʲʨʫ ʨʽʺʰʭʰʸʬʩʨʫʰ 

ʶʬʸʵʽʹʰʹʵʳʻʲʰ ʸʬ˂ʬʶʺʵʸʰ ʪʨʳʨʹ ʱʵʨʽʺʰʭʨʺʵʸʰ 1 ʨʲʼʨ (ʶʸʱ 1 ʨʲʼʨ) (Ryan et al., 

2007).ʳʰʺʵʽʵʴʫʸʰʻʲʰ ʫʴʳ-ʰʹ ʨʸʹʬʩʵʩʨ ʫʨ ʨʺʼ-ʰʹ ʴʵʸʳʨʲʻʸʨʫ ˄ʨʸʳʵʬʩʨ 

ʱʸʰʺʰʱʻʲʨʫ ʳʴʰˀʭʴʬʲʵʭʨʴʰʨ ʬʻʱʨʸʰʵʺʻʲʰ ʻˇʸʬʫʬʩʰʹ ʳʰʺʵʽʵʴʫʸʰʬʩʰʹ 

ʼʻʴʽ˂ʰʵʴʰʸʬʩʰʹʯʭʰʹ. 

ʳʺʼʨ ʨʸʰʹ 25 ʱʫʨ ˄ʵʴʰʹ ʫʴʳ-ʯʨʴ ʫʨʱʨʭˀʰʸʬʩʻʲʰ ˂ʰʲʵʭʨʴʰ ʳʵʲʬʱʻʲʨ. 

ʳʵʰ˂ʨʭʹ ʳʨʾʨʲʰ ˃ʭʸʨʫʵʩʰʹ ʳʽʵʴʬ 2 ʫʵʳʬʴʹ ʫʨ ʨˆʫʬʴʹ ʳʰʺʵʽʵʴʫʸʰʻʲʰ ʸʴʳ-ʰʹ 

ʺʸʨʴʹʱʸʰʶ˂ʰʰʹ ʨʽʺʰʭʨ˂ʰʨʹ (Lodeiro et al., 2012) ʫʨ ʳʺ-ʫʴʳ-ʰʹ ʸʬʶʲʰʱʨ˂ʰʨʹ (Falkenberg 

et al., 2007). 1000 ʳʵʲʬʱʻʲʨ ʳʺʼʨ ʨʸʰʹ ʹʨ˅ʰʸʵ, ʸʵʳ ʳʵˆʫʬʹ 1 ʳʺ-ʫʴʳ-ʰʹ 

ʴʻʱʲʬʵʰʫʻʸ ʹʺʸʻʽʺʻʸʨʫ ˀʬʼʻʯʭʨ (ʫʨʨˆʲʵʬʩʰʯ ʰʹʬ, ʸʵʪʵʸ˂ ˆʫʬʩʨ ˈʰʹʺʵʴʬʩʰʹ 

ʳʰʬʸ ʫʴʳ-ʰʹ ˀʬʼʻʯʭʨ ʴʻʱʲʬʵʹʵʳʬʩˀʰ (Alam et al., 2003). ʴʻʱʲʬʵʹʵʳʬʩʰ, ʨʹʬʭʬ, 

ʳʵʰ˂ʨʭʹ ʸʴʳ-ʹ, ʸʴʳ-ʫʴʳ ˈʰʩʸʰʫʬʩʹ ʫʨ ʫʨʱʨʭˀʰʸʬʩʻʲʴʰ ʨʸʰʨʴ ʸʴʳ-ʰʹ ʶʸʵ˂ʬʹʰʴʪˀʰ 

ʳʵʴʨ˄ʰʲʬ ʫʨ ʳʰʺʵʽʵʴʫʸʰʻʲʰ ʸʰʩʵʹʵʳʬʩʰʹ ʩʰʵʪʬʴʬʮˀʰ ˁʨʸʯʻʲ ˂ʰʲʬʩʯʨʴ 

(Timothy et al.,2015). ʳʺʼʨ ʰ˂ʨʭʹ ʳʺ-ʫʴʳ-ʹʷʨʴʪʩʨʫʰʹ ʸʬʨʽ˂ʰʻʲʰ ʹʨˆʬʵʩʬʩʰʹ 

„ʰʬʸʰˀʰʹʨʪʨʴ“.ʸʵʳ ʳʺʼ-ʨ-ʴʵʱʨʻʺʰʸʬʩʻʲʰ ʭʰʸʯʨʪʭʬʩʰ ʨʸʰʨʴ ʬʳʩʸʰʵʴʻʲ 

ʳʫʪʵʳʨʸʬʵʩʨˀʰʭʬ ʲʬʺʨʲʻʸʬʩʰ ʫʨ ʪʨʴʰ˂ʫʰʨʴʳʺ-ʫʴʳ-ʰʹ ʴʨʱʲʬʩʵʩʨʹ (Larson et al., 

1998). ʳʺʼ-ʨ-ʹ ʴʨʱʲʬʩʵʩʨ, ʨʹʬʭʬ ʰ˄ʭʬʭʹ ʫʵʼʨʳʰʴʬʸʪʻʲʰ ʴʬʰʸʵʴʬʩʰʹ ʶʸʵʪʸʬʹʰʸʬʩʨʫ 

ʫʬʪʬʴʬʸʨ˂ʰʨʹ (Ekstrand et al., 2007). ʺʸʨʴʹʪʬʴʻʸʰ ʯʨʪʭʬʩʰʹ ˆʨʮˀʰ, ʹʨʫʨ˂ ʳʵˆʫʨ 
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ʨʫʨʳʰʨʴʰʹ ʳʺʼ-ʨ-ʹ ʫʰʫʰ ʸʨʵʫʬʴʵʩʰʯ ʬʽʹʶʸʬʹʰʸʬʩʨ, ʴʨˆʬʹ ʸʵʳ ʪʨʮʸʫʰʲʰ ʰʿʵ ʳʺ-

ʫʴʳ-ʰʹ ʸʨʵʫʬʴʵʩʨ˂, ʸʨʳʨ˂ ʪʨʳʵʰ˄ʭʰʨ ʳʰʺʵʽʵʴʫʸʰʻʲʰ ʫʨʨʭʨʫʬʩʬʩʰʹ ʼʬʴʵʺʰʶʰʹ 

ˁʨʳʵʿʨʲʰʩʬʩʨ ʫʨ ʪʨʴʨʶʰʸʵʩʨ ʴʬʰʸʵʴʬʩʰʹ ʹʰʱʭʫʰʲʰ (Nishiyama et al., 2010). ʮʬʳʵʯ 

ʪʨʴˆʰʲʻʲʰ ʬʽʹʶʬʸʰʳʬʴʺʰʹ ˀʬʫʬʪʬʩʰ ʨʳʺʱʰ˂ʬʩʹ, ʸʵʳ ʳʺʼ-ʨ ʨʸʰʹ ʳʴʰˀʭʴʬʲʵʭʨʴʰ 

˂ʰʲʵʭʨʴʰ ʳʵʲʬʱʻʲʨ ʳʰʺʵʽʵʴʫʸʰʻʲʰ ʼʻʴʽ˂ʰʵʴʰʸʬʩʰʹʯʭʰʹ. 

ʴʨʴʨˆʰʨ, ʸʵʳ ʺʸʨʴʹʪʬʴʻʸʰ ʳʺʼ-ʨ-ʹ ʫʰʫʰ ʸʨʵʫʬʴʵʩʰʯ ʬʽʹʶʸʬʹʰʸʬʩʰʹ ʪʨʳʵ, 

ʳʰʺʵʽʵʴʫʸʰʬʩʰʹ ʸʰ˂ˆʭʰʹ ʮʸʫʨʹʯʨʴ ʬʸʯʨʫ, ʳʵˆʫʨ ʴʻʱʲʬʵʰʫʬʩʰʹ ʮʵʳʨˀʰ ʳʨʺʬʩʨ 

ʫʨ ʫʬʼʬʽʺʻʸʰ ʸʬʹʶʰʸʨʺʵʸʻʲʰ ʨʸˆʬʩʰʹ ˄ʨʸʳʵʽʳʴʨ ʪʻʲʹʨ ʫʨ ʱʻʴʯʬʩˀʰ (Ylikallio et 

al., 2010). ʳʺʼʨ-ʹ ʫʰʫʰ ʸʨʵʫʬʴʵʩʰʯ ʬʽʹʶʸʬʹʰʰʹ ʪʨʳʵ ˆʰʲʰʹ ʩʻʮʰʹ ʹʰ˂ʵ˂ˆʲʰʹ 

ˆʨʴʪʸ˃ʲʰʭʵʩʨ ʻʼʸʵ ʴʨʱʲʬʩʰʨ, ʭʰʫʸʬ ʴʵʸʳʨʲʻʸ ʳʫʪʵʳʨʸʬʵʩʨˀʰ, ʳʨʪʸʨʳ ʻʼʸʵ 

ʪʸ˃ʬʲʰʨ, ʵʽʹʰʫʨ˂ʰʻʸʰ ʹʺʸʬʹʰʹ ʱʵʴʫʰ˂ʰʸʬʩʰʹ ˀʬʳʯˆʭʬʭʨˀʰ (Matsuda et al., 2013). 

ʮʵʪʨʫʨʫ, ʳʺ-ʫʴʳ-ʰʹ ʸʨʵʫʬʴʵʩʰʹ ʮʸʫʨ, ʳʺʼ-ʨ-ʹ, ʩʸʼ 1-ʰʹ ʨʴ ʶʸʱ 1 ʨʲʼʨʹ ʮʬ 

ʬʽʹʶʸʬʹʰʰʹ ʳʬˀʭʬʵʩʰʯ, ʫʨʱʨʭˀʰʸʬʩʻʲʰʨ ʳʰʺʵʽʵʴʫʸʰʻʲ ʫʰʹʼʻʴʽ˂ʰʬʩʯʨʴ (Ahn et 

al., 2010). 

 

                             ʨʹʨʱʮʬ ʫʨʳʵʱʰʫʬʩʻʲʰ ˂ʭʲʰʲʬʩʬʩʰ ʫʨ ʳʺʼ-ʨ 

 

ʳʰʺʵʽʵʴʫʸʰʻʲʰ ʫʴʳ ʨʫʭʰʲʨʫ ʮʰʨʴʫʬʩʨ ʷʨʴʪʩʨʫʰʹ ʸʬʨʽ˂ʰʻʲʰ 

ʹʨˆʬʵʩʬʩʰʯ (ʷʸʹ). ʫʸʵʯʨ ʪʨʴʳʨʭʲʵʩʨˀʰ, ʨʹʨʱʰʹ ʳʨʺʬʩʨʹʯʨʴ ʬʸʯʨʫ, ʳʺ -ʫʴʳ-ʰʹ 

ʫʨʮʰʨʴʬʩʬʩʰ ʨʱʻʳʻʲʰʸʫʬʩʨ ʫʨ ʬʹ ʨˆʫʬʴʹ ʸʬʹʶʰʸʨʺʵʸʻʲʰ ʨʸˆʰʹ (ʹʻʴʯʽʭʰʹ 

ˇʨ˅ʭʰʹ) ʼʻʴʽ˂ʰʵʴʰʸʬʩʰʹ ʫʨʸʾʭʬʭʨʹ ʷʸʹ-ʰʹ ʸʨʵʫʬʴʵʩʰʹ ʳʵʳʨʺʬʩʰʹ ʳʰʮʬʮʰʯ. 

ʨʹʨʱʯʨʴ ʫʨʱʨʭˀʰʸʬʩʻʲʰ ʳʬˆʹʰʬʸʬʩʰʹ ʪʨʻʨʸʬʹʬʩʨ, ˀʬʹʨ˃ʲʵʨ ʹʻʴʯʽʭʰʹ ˇʨ˅ʭʰʹ 

ʫʰʹʼʻʴʽ˂ʰʬʩʰʯ ʪʨʳʵ˄ʭʬʻʲʰ ʵʽʹʰʫʨ˂ʰʻʸʰ ʹʺʸʬʹʰʹ ˀʬʫʬʪʰ ʰʿʵʹ. ʳʺʼ-ʨ, ʳˆʵʲʵʫ 

ʳʺ ʫʴʳ-ʰʹ ʸʬʶʲʰʱʨ˂ʰʨˀʰ ʨʸ ʳʵʴʨ˄ʰʲʬʵʩʹ. ʴʨʴʨˆʰʨ, ʸʵʳ ʳʺʼʨ-ʹ ʫʰʫʰ ʸʨʵʫʬʴʵʩʰʯ 

ʬʽʹʶʸʬʹʰʰʹ ʫʸʵʹ, ʰʴˈʰʩʰʸʫʬʩʨ  ʩʰʸʯʭʻʲʰ ʼʨʽʺʵʸʬʩʰʹ  ʺʸʨʴʹʲʵʱʨ˂ʰʨ. ʪʨʸʫʨ 

ʨʳʰʹʨ, ʳʺʼʨ-ʺʸʨʴʹʪʬʴʻʸ ʯʨʪʭʬʩˀʰ, ˂ʴʵʩʰʲʰʨ ʸʵʳ ˆʫʬʩʨ ʲʰʶʰʫʻʸʰ ʶʬʸʵʽʹʰʫʨ˂ʰʰʹ 

ʶʸʵʫʻʽʺʬʩʰʹ ʨʱʻʳʻʲʰʸʬʩʨ ʮʵʳʨʮʬ ʳʬʺʰ ʸʨʵʫʬʴʵʩʰʯ ʫʨ ʹʻʴʯʽʭʰʹ ˇʨ˅ʭʰʹ 

ʶʰʸʭʬʲʰ ʫʨ ʳʬʵʯˆʬ ʱʵʳʶʲʬʽʹʬʩʰʹ ʨʽʺʰʭʵʩʰʹ ˀʬʳ˂ʰʸʬʩʨ ʺʭʰʴˀʰ. ˆʴʰʬʸ, ʺʸʨʴʹʪʬʴʻʸ 
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ʯʨʪʭʬʩˀʰ, ʴʨʴʨˆʰʨ ʳʵʺʵʸʻʲʰ ʫʨʹ˄ʨʭʲʰʹ ʫʬʼʰ˂ʰʺʰ, ʯʻʳ˂ʨ, ʳʻˀʨ ʳʬˆʹʰʬʸʬʩʨ ʫʨ 

ˈʰʶʵʱʨʳʶʨʲʻʸʰ ʪʸ˃ʬʲʭʨʫʰʨʴʰ  ˆʨʴʪʸ˃ʲʰʭʰ ʶʵʺʬʴ˂ʰʨ˂ʰʨ ʪʨʻʳˇʵʩʬʹʬʩʻʲʰʨ 

ʳʴʰˀʭʴʬʲʵʭʴʨʫ. ʳʰʰˁʴʬʭʨ, ʸʵʳ ʳʺʼʨ-ʹ ʫʰʫʰ ʸʨʵʫʬʴʵʩʰʯ ʬʽʹʶʸʬʹʰʨ, 

ʨʹʻʹʺʬʩʹʨʹʨʱʯʨʴ ʫʨʳʵʱʰʫʬʩʻʲ ʳʬˆʹʰʬʸʬʩʰʹ ʪʨʻʨʸʬʹʬʩʨʹ, ʵʽʹʰʫʨ˂ʰʻʸʰ ʹʺʸʬʹʰʹ ʫʨ 

ʳʰʺʵʽʵʴʫʸʰʨʲʻʸʰ ʫʰʹʼʻʴʽ˂ʰʬʩʰʹ ʶʸʬʭʬʴ˂ʰʰʯ ʳʰʱʸʵʪʲʰʨˀʰ (Hayashi et al., 2008). 

ʫʰʨʩʬʺʰʹ ʫʸʵʹ, ʰʮʸʫʬʩʨ ʳʺʼʨ-ʹ ʪʬʴʰʹ ʺʸʨʴʹʱʸʰʶʺʬʩʰ, ʳʨʪʸʨʳ ˂ʰʲʰʹ ʫʵʴʬ 

ʳʰʺʵʽʵʴʫʸʰʨˀʰ-ʫʨʩʨʲʰʨ, ʨʹʬʭʬ ˀʬʳ˂ʰʸʬʩʻʲʰʨ ʯʨʭʨʫ ʳʰʺʵʽʵʴʫʸʰʬʩʰʹ 

ʸʨʵʫʬʴʵʩʨ˂. ʨʳʰʹ ʪʨʳʵʳ˄ʭʬʭ ʳʰʮʬʮʨʫ ʰʯʭʲʬʩʨ ʳʰʺʵʽʵʴʫʸʰʻʲʰ ʳʺʼ-ʨ-ʹ 

ʸʨʵʫʬʴʵʩʰʹ ˀʬʳ˂ʰʸʬʩʨ ʫʰʨʩʬʺʰʹ ʫʸʵʹ. ʳʺʼ-ʨ-ʹ ʻʩʰʽʭʰʺʰʴʰʸʬʩʰʯ ʫʰʨʩʬʺʻʸʰ 

ʭʰʸʯʨʪʭʬʩʰʹ ʸʬʺʰʴʻʲ ʻˇʸʬʫˀʰ ˆʬʲʰ ʬˀʲʬʩʨ ʳʰʺʵʽʵʴʫʸʰʻʲʰ ʫʴʳ-ʰʹ 

ʺʸʨʴʹʱʸʰʶ˂ʰʨʹ. ˆʫʬʩʨ, ʳʰʺʵʽʵʴʫʸʰʻʲʰ ʫʰʹʼʻʴʽ˂ʰʬʩʰʹ ʪʨʴʭʰʯʨʸʬʩʨ. 

ʻʩʰʽʭʰʺʰʴʰʸʬʩʰʹ ʰʴˈʰʩʰʸʬʩʨ ˆʬʲʹ ʻ˄ʿʵʩʹ ʳʰʺʵʽʵʴʫʸʰʰʹ ʴʵʸʳʨʲʻʸʰ 

ˈʵʳʬʵʹʺʨʮʰʹ ʨʾʫʪʬʴʨʹ (Santos et al., 2014). 

 

                                       ʯʨʭʰ 6 

                                        ʭʫʨʨ-1 

ʳʰʺʵʽʵʴʫʸʰʻʲʰ ˂ʰʲʬʩʰʹ ˇʪʻʼʰ, ʶʵʸʰʴʬʩʰ ʨʹʬʭʬ ˂ʴʵʩʰʲʰʨ ʭʵʲʺʨʷ 

ʫʨ˅ʰˀʱʸʻʲʰ ʨʴʰʵʴʻʸʰ ʨʸˆʬʩʰʹ (ʭʫʨʨ) ʹʨˆʬʲ˄ʵʫʬʩʰʯ (Linden et al., 1984).  

ʹʻʸʨʯʰ 4. ˂ʰʲʨ ʭʫʨʨ-ʹ ʹʨʳʪʨʴʮʵʳʰʲʬʩʰʨʴʰ ʹʺʸʻʽʺʻʸʨ 
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ʳʨʯ ʨʽʭʯ ʳʨʾʨʲ ʱʵʴʹʬʸʭʰʸʬʩʻʲʰ ʹʺʸʻʽʺʻʸʨ ʫʨ ˄ʨʸʳʵʫʪʬʴʰʲʴʰ ʨʸʰʨʴ 

ʳ˂ʬʴʨʸʬʬʩˀʰ, ʹʨʼʻʨʸˀʰ, ʯʨʪʭʬʩˀʰ ʫʨ ʨʫʨʳʰʨʴʬʩˀʰ. ˂ʴʵʩʰʲʰʨ, ʸʵʳ, ʭʫʨʨ-1 ʶʲʨʮʳʻʸ 

ʳʬʳʩʸʨʴʨʮʬ˂ ʬʽʹʶʸʬʹʰʸʫʬʩʨ, ʯʻʳ˂ʨ ʳʰʹʰ ʼʻʴʽ˂ʰʬʩʰ ʻˇʸʬʫʰʹ ʨʳ ʴʨ˄ʰʲˀʰ, 

ʪʨʻʸʱʭʬʭʬʲʰʨ (Baker et al., 2003). 

ʭʫʨʨ-1 ʳ˂ʰʸʬ ʮʵʳʰʹ, 30-35 ʱʫʨ ˄ʵʴʰʹ ˂ʰʲʵʭʨʴʰ ʳʵʲʬʱʻʲʨʨʫʨ ˃ʰʸʰʯʨʫʨʫ, 

ʳʰʺʵʽʵʴʫʸʰʰʹ ʪʨʸʬ ʳʬʳʩʸʨʴʨʮʬʨ ʲʵʱʨʲʰʮʬʩʻʲʰ (Sorgato et al., 1993). ʰʪʰ ʶʰʸʭʬʲʨʫ, 

ʰʫʬʴʺʰʼʰ˂ʰʸʬʩʻʲʰ ʰʽʴʨ 1976 ˄ʬʲʹ (De pinto et al., 2003). ˃ʻ˃ʻʳ˄ʵʭʸʬʩˀʰ ʭʫʨʨ-ʹ 3 

ʰʮʵʼʵʸʳʨ ʨʸʹʬʩʵʩʹ (ʭʫʨʨ-1, ʭʫʨʨ-2 ʫʨ ʭʫʨʨ-3) ʫʨ ʱʵʫʰʸʫʬʩʰʨʴ ˂ʨʲʱʬʻʲʰ 

ʨʻʺʵʹʵʳʻʸʰ ʪʬʴʬʩʰʯ (Hodge et al.,1997; Sampson et al., 1998). ʯʨʪʭˀʰ   ˆʬʲʵʭʴʻʸʨʫ 

ˀʬʽʳʴʰʲʰ ʩʰˀʸʰʹ ʭʫʨʨ-ʹ ʬʲʬʽʺʸʵʼʰʮʰʵʲʵʪʰʻʸʰ ʱʭʲʬʭʬʩʰʯ, ʴʨʴʨˆʰʨ ʸʵʳ 

ʰʮʵʼʵʸʳʬʩʰʹ ʬʸʯʳʨʴʬʯʰʹʪʨʴ ʪʨʴʹˆʭʨʭʬʩʬʩʰʹ ʳʰʻˆʬʫʨʭʨʫ, ʰʹʰʴʰ, ʿʭʬʲʨʴʰ 

ʨʳʷʾʨʭʴʬʩʬʴ ʨʴʰʵʴʬʩʰʹ ʼʨʸʯʵ ʹʶʬʽʺʸʰʹ ˀʬʸˁʬʭʰʯ ʪʨʳʺʨʸʵʩʨʹ ʾʰʨ ʳʫʪʵʳʨʸʬʵʩʨˀʰ ʫʨ 

ʱʨʯʰʵʴʬʩʰʹ ˀʬʸˁʬʭʰʯ ʪʨʳʺʨʸʻʴʨʸʰʨʴʵʩʨʹ ʫʨˆʻʸʻʲ ʳʫʪʵʳʨʸʬʵʩʨˀʰ (Hodge et 

al.,1997). ˀʬʳʵʯʨʭʨʮʬʩʻʲʰʨ ʳʵʹʨʮʸʬʩʨ, ʸʵʳ ʯʰʯʵʬʻʲ ʰʮʵʼʵʸʳʨʹ ʨʽʭʹ 

ʪʨʴʹˆʭʨʭʬʩʻʲʰ ʼʻʴʽ˂ʰʨ ʳʰʺʵʽʵʴʫʸʰʨˀʰ. 

ʭʫʨʨ-1 ʨʸʰʹ ʩʬʺʨ ʼʵʸʳʰʹ ˂ʰʲʰʴʫʸʻʲʰ ˂ʰʲʨ, 25 ʨʳʰʴʵʳʷʨʭʻʸ ʴʨˀʯʰʨʴʰ 

ʹʰʪʸ˃ʰʹ ʨʳʰʴʵ-ʺʬʸʳʰʴʨʲʻʸʰ ʫʵʳʬʴʰʯ, ʸʵʳʬʲʰ˂ ʼʵʸʰʹ ˀʰʪʴʰʯʨʨ ʪʨʴʲʨʪʬʩʻʲʰ, 

ʳʨʪʸʨʳ ʨʽʭʹ ʻʴʨʸʰ, ʼʵʸʰʹ ʪʨʸʬʯ ʪʨʴʲʨʪʫʬʹ, ʸʨ˂ ˄ʨʸʳʵʽʳʴʰʹ ʨʸˆʰʹ ˃ʭʸʨʫ ˅ʰˀʱʨʸʹ. 

ʹ˄ʵʸʬʫ, ʨʳ ʨʳʰʴʵ-ʺʬʸʳʰʴʨʲʻʸ ʫʨʩʵʲʵʬʩʨʹ ʨʽʭʹ ʱʨʭˀʰʸʰ ʨʴʺʰ-ʨʶʵʶʺʵʮʻʸ 

˂ʰʲʬʩʯʨʴ (Shoshan et al., 2014; Arbel et al., 2012; Arbel et al., 2010; Abu-Hamad et al., 2009; 

Geula et al., 2012 ). ʻˇʸʬʫˀʰ ʬʽʹʶʸʬʹʰʸʬʩʨʫʰ ʨʳʰʴʵ-ʺʬʸʳʰʴʨʲʻʸʰ ʹʬʪʳʬʴʺ ˄ʨʱʭʬʯʰʲʰ 

ʭʫʨʨ-1 ʨʸʰʹ ʨʶʵʶʺʵʮʻʸ ʸʬʮʰʹʺʬʴʺʻʲʰ (Abu-Hamad et al., 2009). ʨʾʳʵˁʴʫʨ, ʸʵʳ 

ʨʳʰʴʵ-ʺʬʸʳʰʴʨʲʻʸʰ ʫʵʳʬʴʰ ʹʨ˅ʰʸʵʨ ʨʶʵʶʺʵʮʰʹ ʰʴʫʻ˂ʰʸʬʩʰʹʯʭʰʹ. 

 ʳʰʺʵʽʵʴʫʸʰʰʹ ʪʨʸʬʯʨ ʳʬʳʩʸʨʴʰʹ ʪʨʳʺʨʸʰʨʴʵʩʨˀʰ ʳʵʴʨ˄ʰʲʬʵʩʨʹ ʾʬʩʻʲʵʩʹ 

ʶʵʸʰʴʰʹ ʵˇʨˆʰʹ ˂ʰʲʬʩʰ. ʳʰʺʵʽʵʴʫʸʰʻʲʰ ʶʵʸʰʴʬʩʰ ʳ˂ʰʸʬ ʮʵʳʰʹ ʳʵʲʬʱʻʲʬʩʰʨ ʫʨ 

ʽʳʴʰʹ ʪʨʳʺʨʸʰʹ ʻʴʨʸʰʹ ʳʽʵʴʬ ʶʵʸʨʹ, ʸʵʳʬʲʰ˂ ʰʾʬʩʨ ʨʶʵʶʺʵʮʻʸʰ ʹʰʪʴʨʲʰʹ 

ʹʨʶʨʹʻˆʵʫ. ʳʰʺʵʽʵʴʫʸʰʻʲ ʶʵʸʰʴʬʩʹ ʳʴʰˀʭʴʬʲʵʭʨʴʰ ʸʵʲʰ ʨʽʭʯ ʹˆʭʨʫʨʹˆʭʨ 

ʻˇʸʬʫʻʲ ʶʸʵ˂ʬʹʬʩˀʰ. ʸʵʪʵʸʰ˂ʨʨ: ʳʰʺʵʽʵʴʫʸʰʻʲʰ ʨʺʼ-ʰʹ ʸʬʪʻʲʨ˂ʰʨ ʫʨ 
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ʱʨʲ˂ʰʻʳʰʹ ʪʨʫʨʺʨʴʨ. ʨʽʬʫʨʴ ʪʨʳʵʳʫʰʴʨʸʬ, ʲʵʪʰʱʻʸʰ ʰʽʴʬʩʨ, ʭʰʼʰʽʸʵʯ ʸʵʳ 

ʶʵʸʰʴʬʩʰ ʳʵʴʨ˄ʰʲʬʵʩʬʴ ʫʨʹ˄ʨʭʲʨʹʨ ʫʨ ʹʰʴʨʶʹʻʸ ʶʲʨʹʺʰʻʸʵʩʨˀʰ.ʴʨʴʨˆʰʨ, ʸʵʳ 

ˀʰˀʰʯ ʪʨʴʶʰʸʵʩʬʩʻʲʰ ʫʨ ʹʰʭʸ˂ʰʯʰ ʫʨʹ˄ʨʭʲʨ ʰʸʾʭʬʭʨ ʶʵʸʰʴ ʫʬʼʰ˂ʰʺʻʸ 

ʯʨʪʭʬʩˀʰ.  

ʶʵʸʰʴ ʫʬʼʰ˂ʰʺʻʸʰ ˈʰʶʵʱʨʳʶʨʲʻʸʰ ʨʴʨʯʲʬʩʰʹ ʬʲʬʽʺʸʵʼʰʮʰʵʲʵʪʰʻʸʳʨ 

ˁʨ˄ʬʸʨʳ ʨˁʭʬʴʨ, ˆʨʴʪʸ˃ʲʰʭʰ ʫʨ ˆʨʴʳʵʱʲʬ ʹʰʴʨʶʹʻʸʰ ʶʲʨʹʺʰʻʸʵʩʰʹ ʫʬʼʰ˂ʰʺʰ. 

˂ʰʱʲʵʹʶʵʸʰʴ ʨ-ʹ ʹʨˀʻʨʲʬʩʰʯ ˈʵʶʵʱʨʳʶʨʲʻʸʰ ʨʴʨʯʲʬʩʰʹ ʰʴˈʰʩʰʸʬʩʰʯ ʶʵʸʰʴ 

ʫʬʼʰ˂ʰʺʻʸ ʯʨʪʭʬʩˀʰ ʳʰʺʵʽʵʴʫʸʰʨʲʻʸʰ ʪʨʳʺʨʸʻʴʨʸʰʨʴʵʩʰʹ ʳʽʵʴʬ ʶʵʸʬʩʰʹ 

ʨʽʺʰʭʵʩʨ ʱʲʬʩʻʲʵʩʹ. ʬʹ ˀʬʫʬʪʬʩʰ ʳʰʻʯʰʯʬʩʹ ʳʰʺʵʽʵʴʫʸʰʨʲʻʸʰ ʶʵʸʰʴʬʩʰʹ 

ʪʨʳʺʨʸʰʨʴʵʩʰʹ ʳʴʰˀʭʴʬʲʵʭʨʴ ʸʵʲʮʬ ʫʨʹ˄ʨʭʲʨʹʨ ʫʨ ʹʰʴʨʶʹʻʸ ʶʲʨʹʺʰʻʸʵʩʨˀʰ 

(Edwin et al., 2002). 

ʳʴʰˀʭʴʬʲʵʭʨʴʰʨ, ʸʵʳ ʭʫʨʨ-1-ʹʯʨʴ ʬʸʯʨʫ ʳʰʺʵʽʵʴʫʸʰʰʹ ʪʨʳʺʨʸʰ ʼʵʸʬʩʰʹ 

ʱʵʳʶʵʴʬʴʺʹ ˀʬʨʫʪʬʴʹ ʨʫʬʴʰʴ ʴʻʱʲʬʵʺʰʫ ʺʸʨʴʹʶʵʸʺʬʸʰ. ʰʹʰʴʰ ʬʸʯʨʫ ʽʳʴʰʨʴ 

ʱʵʳʶʲʬʽʹʹ ʳʰʺʵʽʵʴʫʸʰʰʹ ˀʰʫʨ ʳʬʳʩʸʨʴʨʮʬ ʫʨ ˂ʰʱʲʵʼʰʲʰʴ ʫ-ʹʯʨʴ ʬʸʯʨʫ 

ʳʨʺʸʰʽʹˀʰ (Crompton et al., 1998; Vyssokikh et al., 2001). ˄ʰʴʨ ʱʭʲʬʭʬʩʰʯ ʴʨʴʨˆʰʨ, ʸʵʳ 

ʳʰʺʵʽʵʴʫʸʰʰʹ ʪʨʳʺʨʸʰ ʨʸˆʬʩʰʹ  ʶʨʯʵʲʵʪʰʨ, ʪʨʭʲʬʴʨʹ ʨˆʫʬʴʹ ʨʶʵʶʺʵʮʹʨ ʫʨ 

ʴʬʱʸʵʮʮʬ. ʹˆʭʨ ʱʭʲʬʭʬʩʰʹ ʳʰˆʬʫʭʰʯ, ʳʰʺʵʽʵʴʫʸʰʰʹ ʪʨʳʺʨʸʰ ʨʸˆʬʩʰʹ ʼʵʸʬʩʰ 

ʪʨʴʹˆʭʨʭʫʬʩʰʨʴ ʼʰʮʰʵʲʵʪʰʻʸʰ ʶʰʸʵʩʰʹ ʳʰˆʬʫʭʰʯ (Crompton et al., 2000; Lamasters et 

al., 1999). ʳʨʪʨʲʰʯʨʫ: ʳʰʺʰʽʵʴʫʸʰʰʹ ʪʨʳʺʨʸʰ ʨʸˆʬʩʰ ˁʨʸʯʻʲʴʰ ʨʸʰʨʴ 

ʳʰʺʵʽʵʴʫʸʰʻʲʰ  ʱʨʲ˂ʰʻʳʰʹ ʪʨʳʵʯʨʭʰʹʻʼʲʬʩʨˀʰ. ʱʨʲ˂ʰʻʳʰʹ ʪʨʳʵʯʨʭʰʹʻʼʲʬʩʰʹ 

ʩʲʵʱʰʸʬʩʨ ˀʬʹʨ˃ʲʬʩʬʲʰʨ ˂ʰʱʲʵʹʶʵʸʰʴ ʨ-ʹ ʹʨˀʻʨʲʬʩʰʯ, ʸʵʳʬʲʰ˂ ʳʰʺʵʽʵʴʫʸʰʰʹ 

ʪʨʳʺʨʸʰ ʨʸˆʬʩʰʹ ʰʴˈʰʩʰʺʵʸʹ ˄ʨʸʳʵʨʫʪʬʴʹ (Ichas etal, 1997; Brustevetsky et al., 2000). 

˂ʰʱʲʵʹʶʵʸʰʴ ʨ-ʹ ʳʨʾʨʲʰ ʫʵʴʬ ʨʽʸʵʩʹ  ˈʰʶʵʱʨʳʶʨʲʻʸ ˆʨʴʪʸ˃ʲʰʭ ʫʬʶʸʬʹʰʨʹ, ʰʹ 

˄ʨʸʳʵʨʫʪʬʴʹ ʹʰʴʨʶʹʻʸʰ ʶʲʨʹʺʰʻʸʵʩʰʹ ʪʸ˃ʬʲ ˆʨʴʪʸ˃ʲʰʭ ʼʵʸʳʨʹ, ʸʵʳʬʲʰ˂ 

ʱʨʲ˂ʰʴʬʰʸʵʴʰʹ ʰʴˈʰʩʰʸʬʩʰʹ ˀʬʳʫʬʪ ʰʸʯʭʬʩʨ (ʨʹʬʭʬ, ˂ʴʵʩʰʲʰʨ, ʸʵʪʵʸ˂ ʼʵʹʼʨʺʨʮʨ 

2 -ʩ) (Brustovetsky et al., 2000). ˂ʰʱʲʵʹʶʵʸʰʴ ʨ-ʹ ʳ˂ʰʸʬ ʫʵʮʰʹ ʪʨʳʵʿʬʴʬʩʰʹʨʹ, ʴʨʴʨˆʰʨ, 

ʸʵʳ ʯʨʪʭʬʩˀʰ ʱʲʬʩʻʲʵʩʹ ʭʫʨʨ 1 ʫʨ ʭʫʨʨ 3 ʰʮʵʼʵʸʳʬʩʰʹ ʸʨʵʫʬʴʵʩʨ, ʸʰʹ ʪʨʳʵ˂, 

ˀʬʰ˃ʲʬʩʨ ʭʰʼʰʽʸʵʯ, ʭʫʨʨ-ʹ ʳʴʰˀʭʴʬʲʵʭʨʴʰ ʸʵʲʰʹ ˀʬʹʨˆʬʩ ʳʰʺʵʽʵʴʫʸʰʰʹ 
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ʪʨʳʺʨʸʰʨʴʵʩʰʹ ʫʨʳʵʱʰʫʬʩʻʲʬʩʨʮʬ ʫʨʹ˄ʨʭʲʨʹʨ ʫʨ ʹʰʴʨʶʹʻʸ ʶʲʨʹʺʰʻʸʵʩʨˀʰ (Edwin 

et al., 2002). 

ʰʴ ʭʰʺʸʵ ˂ʫʬʩʰʹʨʹ ʴʨʴʨˆʰʨ, ʸʵʳ  ʭʫʨʨ-1 ʨʸʪʻʲʰʸʬʩʹ  ʳʰʺʵʽʵʴʫʸʰʰʫʨʴ 

ʱʨʯʰʵʴʬʩʰʹ ʪʨʳʵʯʨʭʰʹʻʼʲʬʩʨʹ ʫʨ ʨʾʱʭʬʯʹ ʪʨʫʨʺʭʰʸʯʭʨʹ, ʸʨʹʨ˂ ʳʵˈʿʭʬʩʨ 

ʫʬʶʵʲʨʸʰʮʨ˂ʰʨ. ʭʫʨʨ-ʹ ʨʸʨʹʨʱʳʨʸʰʹʰ ʸʨʵʫʬʴʵʩʨ ʹʨʮʰʨʴʵʨ ʳʰʺʵʽʵʴʫʸʰʰʹ 

ʪʨʳʺʨʸʰʨʴʵʩʰʹʯʭʰʹ, ʸʨʫʪʨʴʨ˂ ʭʫʨʨ 1-ʰʹ ʻʽʵʴʲʵʩʰʹʨʹ, ʰʮʸʫʬʩʨ ʳʰʺʵʽʵʴʫʸʰʻʲʰ 

ʫʬʶʵʲʨʸʰʮʨ˂ʰʰʹ ʨʲʩʨʯʵʩʨ ʫʨ ʨʹʬʭʬ  ʱʨʲ˂ʰʻʳʰʹ ʪʨʳʵʯʨʭʰʹʻʼʲʬʩʨ, ʸʨ˂ 

˄ʨʸʳʵʨʫʪʬʴʹ ʫʰʹʸʬʪʻʲʨ˂ʰʨʹ ʱʨʲ˂ʰʻʳʰʹ ʫʬʶʵʬʩʰʹʯʭʰʹ, ʸʨ˂ ˀʬʹʨ˃ʲʵʨ, 

˄ʨʸʳʵʨʫʪʬʴʫʬʹ ʹʰʪʴʨʲʰʹ ʺʸʨʴʹʫʻʽ˂ʰʰʹ ʪʮʨʹ ʹʰʴʨʶʹʻʸʰ ʶʲʨʹʺʰʻʸʵʩʰʹʨ ʫʨ 

ʺʸʨʴʹʳʰʹʰʰʹʯʭʰʹ (Levy et al., 2003). 

 

                                 ʭʫʨʨ 1 ʫʨ ʨʲ˂ˈʨʰʳʬʸʰʹ ʯʬʸʨʶʰʨ 

 

ʸʵʪʵʸ˂ ʻʱʭʬ ʮʬʳʵʯ ʰʿʵ ʨʾʴʰˀʴʻʲʰ ʭʫʨʨ-1 ʳʰʺʵʽʵʴʫʸʰʰʹ ʪʨʸʬ ʳʬʳʩʸʨʴʨʮʬʨ  

ʫʨ ʳʰʺʵʽʵʴʫʸʰʨʹʨ ʫʨ ʻˇʸʬʫʰʹ ʳʬʺʨʩʵʲʰʮʳˀʰ ʳʴʰˀʭʴʬʲʵʭʨʴ ʸʵʲʹ ʨʹʸʻʲʬʩʹ 

ʹˆʭʨʫʨʹˆʭʨ ʳʵʲʬʱʻʲʬʩʰʹ ʪʨʫʨʺʨʴʰʯ ʳʰʺʵʽʵʴʫʸʰʰʹ ʪʨʸʬ ʳʬʳʩʸʨʴʨʹʨ ʫʨ 

ʳʰʺʵʽʵʴʫʸʰʰʹ ˀʰʫʨ ʴʨ˄ʰʲʹ ˀʵʸʰʹ. ʨʹʬʭʬ, ʳʴʰˀʭʴʬʲʵʭʨʴ ʸʵʲʹ ʨʹʸʻʲʬʩʹ 

ʳʰʺʵʽʵʴʫʸʰʨʮʬ ʫʨʳʵʱʰʫʬʩʻʲ ʨʶʵʶʺʵʮˀʰ. ʭʫʨʨ-1 ˅ʨʸʩʨʫ ʬʽʹʶʸʬʹʰʸʫʬʩʨ 

ʹʰʱʭʫʰʲʰʹ ˀʬʳʫʪʵʳ, ʺʭʰʴˀʰ, ʨʹʬʭʬ, ʨʲ˂ˈʨʰʳʬʸʰʹ ʫʨʨʭʨʫʬʩʰʹ ʳʽʵʴʬ ʶʨ˂ʰʬʴʺʬʩˀʰ. 

ʨʲ˂ˈʨʰʳʬʸʰʹ ʫʨʨʭʨʫʬʩʨ ʫʨʱʨʭˀʰʸʬʩʻʲʰʨ ʳʰʺʵʽʵʴʫʸʰʻʲ ʫʰʹʼʻʴʽ˂ʰʬʩʯʨʴ ʫʨ 

ʨʳʰʲʵʰʫ ʩʬʺʨ ʶʬʶʺʰʫʰʹ ʨʱʻʳʻʲʰʸʬʩʨʹʯʨʴ, ʸʨʹʨ˂ ˂ʰʺʵʺʵʽʹʰʻʸʰ ʬʼʬʽʺʰ ʨʽʭʹ 

(Smilansky et al., 2015). 

ʭʫʨʨ 1-ʹ ʪʨʫʨʨʽʭʹ ʱʨʲ˂ʰʻʳʰʹ ʫʨ ʽʵʲʬʹʺʬʸʵʲʰʹ ʰʵʴʬʩʰ ʳʬʺʨʩʵʲʰʮʳʰʹ ʫʸʵʹ 

ʪʨʸʬ ʳʬʳʩʸʨʴʨʮʬ ʫʨ ʳʵʴʨ˄ʰʲʬʵʩʹ ʳʰʺʵʽʵʴʫʸʰʻʲʰ ʶʸʵʨʶʵʶʺʵʮʻʸʰ ˂ʰʲʬʩʰʹ 

ʪʨʳʵʯʨʭʰʹʻʼʲʬʩʨˀʰ ˂ʰʺʵʮʵʲˀʰ ʫʨ ʻʸʯʰʬʸʯʽʳʬʫʬʩʹ ʨʶʵʶʺʵʮʰʹ ʳʨʸʬʪʻʲʰʸʬʩʬʲ 

˂ʰʲʬʩʯʨʴ (Shoshan et al., 2010; Shoshan et al., 2014)  ʨʹʬʭʬ, ʭʫʨʨ 1 ʴʨʴʨˆʰʨ, ʸʵʪʵʸ˂ 

ʱʵʴʭʬʸʪʬʴʺʻʲʰ, ʹʨʹʰʪʴʨʲʵ ʶʻʴʽʺʰ, ʻˇʸʬʫʰʹ ʹʰ˂ʵ˂ˆʲʬʹʨ ʫʨ ʹʰʱʭʫʰʲʰʹʯʭʰʹ.  
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ʨʳʰʲʵʰʫ ʩʬʺʨ ʶʬʶʺʰʫʻʸ ʺʸʨʴʹʪʬʴʻʲ ʯʨʪʭʬʩˀʰ ʫʰʹʺʸʵʼʻʲʰ ʴʬʰʸʰʺʬʩʰ 

ʭʫʨʨ 1-ʰʹ ʳʨʾʨʲʰ ʫʵʴʰʯ ʨʸʰʨʴ ˄ʨʸʳʵʫʪʬʴʰʲʰ (Perez-Gracia et al.,2008). ʨʳʰʲʵʰʫ 

ʩʬʺʨ -ʭʫʨʨ ˁʨʸʯʻʲʵʩʬʩʰ ʨʸʰʹ ʺʵʽʹʰʱʻʸʰ ʨʲ˂ˈʨʰʳʬʸʰʹ ʫʨʨʭʨʫʬʩʰʹ ʫʸʵʹ  

ʴʬʰʸʵʴʬʩʰʹʯʭʰʹ (Manczak et al., 2012). ʭʫʨʨ 1-ʨʳʰʲʵʰʫ ʶʬʶʺʰʫʻʸʰ ˁʨʸʯʻʲʵʩʬʩʰ ʫʨ 

ʼʵʹʼʵʸʰʲʰʸʬʩʻʲʰ ʺʨʻ ˂ʰʲʨ, ʳʯʨʭʨʸ ʸʵʲʹ ʨʹʸʻʲʬʩʹ ʳʰʺʵʽʵʴʫʸʰʻʲʰ 

ʫʰʹʼʻʴʽ˂ʰʬʩʰʹ ʫʸʵʹ (Reddy et al., 2013).   

ʴʨʴʨˆʰʨ, ʸʵʳ ʨʳʰʲʵʰʫ ʩʬʺʨ ʶʬʶʺʰʫʰ ʫʨʱʨʭˀʰʸʬʩʻʲʰʨ ʭʫʨʨ 1-ʯʨʴ, 

ʪʨʴʹʨʱʻʯʸʬʩʰʯ ʱʰ ʳʰʹ   ʨʳʰʴʵ ʺʬʸʳʰʴʨʲʻʸ ʻʩʨʴʯʨʴ. ʭʫʨʨ 1-ʰʹ ʨʳʰʴʵ ʺʬʸʳʰʴʨʲʻʸʰ 

ʫʵʳʬʴʰ ˆʬʲʹ ʻˀʲʰʹ ʨʳʰʲʵʰʫ ʩʬʺʨ ʶʬʶʺʰʫʹ ʻˇʸʬʫˀʰ ˀʬʾ˄ʬʭʰʯʵʩʨˀʰ ʫʨ ʳʰʹ ʶʸʵ-

ʨʶʵʺʵʮʻʸ ʨʽʺʰʭʵʩʨˀʰ( Smilansky et al., 2015). 

 

 

                                                   ʯʨʭʰ 7 

 

ʶʬʸʵʽʹʰʹʵʳʻʲʰ ʶʸʵʲʰʼʬʸʨʺʵʸʰʯ ʨʽʺʰʭʰʸʬʩʨʫʰ ʸʬ˂ʬʶʺʵʸʰʹ ʪʨʳʨ 

ʱʵʨʽʺʰʭʨʺʵʸ-1 ʨʲʼʨ (ʶʪʱ 1-ʨʲʼʨ)  

 

ʹʻʸʨʯʰ 5. ʶʪʱ 1 ʨʲʼʨʹ ʹʨʳʪʨʴʮʵʳʰʲʬʩʰʨʴʰ ʹʺʸʻʽʺʻʸʨ 

 

 



37 

 

ʶʬʸʵʽʹʰʹʵʳʻʲʰ ʶʸʵʲʰʼʬʸʨʺʵʸʰʯ ʨʽʺʰʭʰʸʬʩʨʫʰ ʸʬ˂ʬʶʺʵʸʰʹ ʪʨʳʨ 

ʱʵʨʽʺʰʭʨʺʵʸ-1 ʨʲʼʨ (ʶʪʱ 1-ʨʲʼʨ)  ʨʸʰʹ ʺʸʨʴʹʱʸʰʶ˂ʰʰʹ ʸʬʪʻʲʨʺʵʸʰ, ʸʵʳʬʲʰ˂ 

ʨʹʺʰʳʻʲʰʸʬʩʹ ʳʰʺʵʽʵʴʫʸʰʰʹ ʩʰʵʪʬʴʬʮʹ. ʨʳ ʶʸʵ˂ʬʹʹ ʶʪʱ 1-ʨʲʼʨ,  ʨʸʬʪʻʲʰʸʬʩʹ 

ʩʰʸʯʭʻʲʰ ʸʬʹʶʰʸʨʺʵʸʻʲʰ ʼʨʽʺʵʸʬʩʰʯ:ʩʸʼ-1 (ʩʰʸʯʭʰʹ ʸʬʹʶʰʸʨʺʵʸʻʲʰ 

ʼʨʽʺʵʸʰ), ʩʸʼ-2-ʹ, ʨʹʬʭʬ ʳʰʺʵʽʵʴʫʸʰʻʲʰ ʺʸʨʴʹʱʸʰʶ˂ʰʰʹ ʼʨʽʺʵʸ-ʨ-ʹ ʹʨˀʻʨʲʬʩʰʯ, 

ʸʵʳʬʲʰ˂ ʪʨʴʨʶʰʸʵʩʬʩʹ ʳʰʺʵʽʵʴʫʸʰʻʲʰ ʫʴʳ-ʰʹ ʸʬʶʲʰʱʨ˂ʰʨʹ ʫʨ ʪʬʴʯʨ 

ʺʸʨʴʹʱʸʰʶ˂ʰʨʹ. ʶʪʱ 1-ʨʲʼʨ ʨʹʬʭʬ ʨʸʬʪʻʲʰʸʬʩʹ ʻˇʸʬʫʰʹ ʵʽʹʰʫʨ˂ʰʨ-

ʨʴʫʰʵʽʹʰʫʨ˂ʰʰʹ ˈʵʳʬʵʹʺʨʮʹ ʹʻʶʬʸʵʽʹʰʫ ʫʰʹʳʻʺʨʮʨ 2-ʰʹ, ʱʨʺʨʲʨʮʨʹ, 

ʪʲʻʺʨʯʰʵʴ ʶʬʸʵʽʹʰʫʨʮʨ 1-ʰʹ ʫʨ ʪʨʴ˂ʨʲʱʬʭʬʩʻʲʰ ˂ʰʲʬʩʰʹ ʪʬʴʯʨ ʬʽʹʶʸʬʹʰʰʹ 

ʹʺʰʳʻʲʰʸʬʩʰʯ (Kang et al., 2012). ʨʳʰʹ ʪʨʸʫʨ, ʶʪʱ 1-ʨʲʼʨ, ʰʫʬʴʺʰʼʰ˂ʰʸʬʩʻʲʰʨ, 

ʸʵʪʵʸ˂ ʨʴʪʰʵʪʬʴʬʮʰʹ, ʨʴʺʰʵʽʹʰʫʨ˂ʰʰʹ ʫʨ ʰʴʼʲʨʳʨʺʵʸʻʲʰ ˂ʰʲʬʩʰʹ 

ʸʬʪʻʲʨʺʵʸʰ (Olesen et al., 2010). 

ʶʪʱ 1-ʨʲʼʨ, ʨʹʬʭʬ ʳʴʰˀʭʴʬʲʵʭʨʴ ʸʵʲʹ ʯʨʳʨˀʵʩʹ ʹʻʴʯʽʭʰʯ ˇʨ˅ʭˀʰ. ʶʪʱ 1-

ʨʲʼʨʵˇʨˆʰʹ ˂ʰʲʬʩʰ ʳʵʫʻʲʨ˂ʰʨʹ ʪʨʴʰ˂ʫʰʨʴ  ʻˇʸʬʫʪʨʸʬ ʳʬʺʨʩʵʲʰʮʳʰʹ 

ʹʨʹʰʪʴʨʲʵ ʪʮʬʩʰʹ ʹʨˀʻʨʲʬʩʰʯ. ʴʨʴʨˆʰʨ, ʸʵʳ ʶʪʱ 1-ʨʲʼʨ, ʹˆʭʨ ʳʸʨʭʨʲ ʻˇʸʬʫʻʲ 

ʼʻʴʽ˂ʰʬʩʯʨʴ ʬʸʯʨʫ ʳʴʰˀʭʴʬʲʵʭʨʴ ʸʵʲʹ ʯʨʳʨˀʵʩʹ ʰʴʺʬʪʸʰʸʬʩʻʲʰ 

ʳʰʺʵʽʵʴʫʸʰʰʹ ʩʰʵʪʬʴʬʮʹʨ ʫʨ ʬʴʬʸʪʰʰʹ ˄ʨʸʳʵʬʩʨˀʰ (Scarpulla et al., 2011). 

ʶʪʱ 1-ʨʲʼʨʹ ʺʸʨʴʹʱʸʰʶ˂ʰʰʹ ʱʵʨʽʺʰʭʨʺʵʸʰ ʪʬʴʰʹ ʱʵʴʺʸʵʲʰʹ „ʶʸʵʪʸʨʳʨ“ 

ʳʴʰˀʭʴʬʲʵʭʨʴ ʸʵʲʹ ʨʹʸʻʲʬʩʹ ʱʭʬʩʰʯ ʳʬʺʨʩʵʲʰʮʳˀʰ. ʳʬʵʸʬ ʺʰʶʰʹ ˀʨʽʸʰʨʴʰ 

ʫʰʨʩʬʺʰʹ ʫʸʵʹ, ʳ˂ʰʸʫʬʩʨ ʶʪʱ 1-ʨʲʼʨʹ ʬʽʹʶʸʬʹʰʨ ʫʨ ʬʹ ʫʨʱʨʭˀʰʸʬʩʻʲʰʨ ʰʴʹʻʲʰʴʰʹ 

ʹʬʱʸʬ˂ʰʰʹ ˀʬʳ˂ʰʸʬʩʨʹʯʨʴ. ʴʨʴʨˆʰʨ, ʸʵʳ ʶʪʱ 1-ʨʲʼʨ ʫʨ ʶʪʱ 1-ʩʬʺʨ-ʰʹ ʬʽʹʶʸʬʹʰʨ 

ʰʮʸʫʬʩʨ ʪʲʻʱʵʮʰʹ ʫʨ ʶʨʲʳʰʺʨʺʰʹ ʮʬʪʨʭʲʬʴʰʯ (Oropeza et al.,2015).  

ʴʨʴʨˆʰʨ, ʸʵʳ ʶʪʱ 1-ʨʲʼʨʹ ʪʬʴʯʨ ʬʽʹʶʸʬʹʰʨ ʰʮʸʫʬʩʨ ʮʵʪʰʬʸʯʰ ʹʨˆʰʹ 

ʼʰʮʰʱʻʸʰ ʨʽʺʰʭʵʩʰʹ ʫʸʵʹ (Gibala et al., 2009; Ydfors et al., 2013). ʶʪʱ 1-ʨʲʼʨ ʪʬʴʯʨ 

ʬʽʹʶʸʬʹʰʰʹ ʹʨʶʨʹʻˆʵʫ,  ʱʨʲ˂ʰʻʳʰʹ, AMPK, MAPK, ROS ʫʨʳʵʱʰʫʬʩʻʲʰ ʶʸʵ˂ʬʹʬʩʰʹ 

ʸʬʪʻʲʨ˂ʰʰʹ ʫʨ ʩʬʺʨ ʨʫʸʬʴʬʸʪʻʲʰ ʹʨʹʰʪʴʨʲʵ ʪʮʰʹ ʪʨʨʽʺʰʭʬʩʨ ˆʫʬʩʨ (Olesen et al., 

2010). 
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ʴʨʴʨˆʰʨ, ʸʵʳ ʳʬʺʨʩʵʲʰʮʳʰʹ ʸʬʪʻʲʨ˂ʰʨ  ʹʰ˂ˆʰʯ ˀʵʱʰʸʬʩʨʹʨ ʫʨ ʨʹʬʭʬ 

ʹʺʸʬʹʮʬ ʶʨʹʻˆʮʬ ʬʸʯʳʨʴʬʯʯʨʴ ʨʸʰʹ ʱʨʭˀʰʸˀʰ. ʶʪʱ 1-ʨʲʼʨ ʱʸʰʺʰʱʻʲʨʫ 

ʳʴʰˀʭʴʬʲʵʭʨʴ ʺʸʨʴʹʱʸʰʶ˂ʰʰʹ ʱʵʨʽʺʰʭʨʺʵʸʹ ˄ʨʸʳʵʨʫʪʬʴʹ ʳʬʺʨʩʵʲʰʮʳˀʰ ˁʨʸʯʻʲ 

ʪʬʴʯʨʯʭʰʹ. ʰʹ, ʻˀʻʨʲʵʫ ʳʵʽʳʬʫʬʩʹ ʹʰ˂ˆʰʯ ˀʵʱʰʸʬʩʨʫ ʼʨʽʺʵʸ 1-ʮʬ (HSF 1), ʨʹʬʭʬ, 

ʳʯʨʭʨʸ ʸʬʪʻʲʨʺʵʸʹ ˄ʨʸʳʵʨʫʪʬʴʹ ʹʰ˂ˆʰʯ ˀʵʱʰʸʬʩʨʹʨ ʫʨ ʹʺʸʬʹʻʲʰ ʶʨʹʻˆʬʩʰʹʯʭʰʹ 

(Minsky et al., 2015). 

ʴʨʴʨˆʰʨ, ʸʵʳ ʬʴʫʵʪʬʴʻʸʰ, ʴʬʰʸʵʴʻʲʰ ʶʪʱ 1-ʨʲʼʨ (ʫʨ ʨʸʨ ʶʪʱ 1-ʩʬʺʨ) 

ʨʽʺʰʭʫʬʩʨ, ʸʵ˂ʨ ʳʰʹʰ ʸʬʶʸʬʹʵʸʻʲʰ ʫʵʳʬʴʰ ʨʸʰʹ ʨʸʨʨʽʺʰʻʸ ʳʫʪʵʳʨʸʬʵʩʨˀʰ 

(Wareski et al., 2009). 

ʪʨʸʫʨ ʪʬʴʯʨ ʬʽʹʶʸʬʹʰʰʹʨ, ʶʪʱ 1-ʨʲʼʨ-ʹ ʨʽʺʰʭʨ˂ʰʨ ʪʨʭʲʬʴʨʹ ʨˆʫʬʩʹ 

ʶʵʹʺʺʸʨʴʹʱʸʰʶ˂ʰʻʲ ʸʬʪʻʲʨ˂ʰʨʮʬ˂, ʸʨ˂ ʯʨʭʰʹ ʳˆʸʰʭ ʴʰˀʴʨʭʹ ˂ʰʲʰʹ 

ʼʵʹʼʵʸʰʲʰʸʬʩʨʹ, ʨ˂ʬʺʰʲʰʸʬʩʨʹ ʫʨ ʳʬʯʰʲʰʸʬʩʰʹ ʶʸʵ˂ʬʹʬʩʹ (Tcherepanova et al., 

2000; Fan et al., 2004). 

ʭʰʸʯʨʪʭʬʩˀʰ, ʶʪʱ 1-ʨʲʼʨ-ʹ ʪʬʴʰ ʲʵʱʨʲʰʮʬʩʻʲʰʨ ʳʬ-5 ʽʸʵʳʵʹʵʳʨʮʬ 

(ʨʫʨʳʰʨʴʬʩˀʰ, ʳʬʵʯˆʬ ʽʸʵʳʵʹʵʳʨʮʬ) ʫʨ ʨʱʵʫʰʸʬʩʹ  797 ʨʳʰʴʵʳʷʨʭʨʹ ˀʬʳ˂ʭʬʲ ˂ʰʲʨʹ 

ʭʰʸʯʨʪʭʬʩˀʰ ʫʨ 798 ʨʳʰʴʵʳʷʨʭʨʹ ˀʬʳ˂ʭʬʲ ˂ʰʲʨʹ ʨʫʨʳʰʨʴʬʩˀʰ. ʶʪʱ 1-ʨʲʼʨ-ʹ ʨʽʭʹ 2 

ʹʨʭʨʸʨʻʫʵ ʩʰʸʯʭʻʲʰ ʲʵʱʨʲʰʮʨ˂ʰʰʹ ʹʰʪʴʨʲʰ(Puigserver et al., 1998). ʰʹ 

ʬʽʹʶʸʬʹʰʸʫʬʩʨ ʰʳ ʽʹʵʭʰʲʬʩˀʰ ʫʰʫʰ ʸʨʵʫʬʴʵʩʰʯ, ʹʨʫʨ˂ ʳʰʺʵʽʵʴʫʸʰʬʩʰ 

ʪʨʴʹʨʱʻʯʸʬʩʰʯ ʨʸʰʨʴ ʨʽʺʰʻʸʬʩʰ ʫʨ ʵʽʹʰʫʨ˂ʰʻʸʰ ʳʬʺʨʩʵʲʰʮʳʰ ʨʸʰʹ ʨʽʺʰʻʸ 

ʼʨʮʨˀʰ. ʳʨʪ: ʿʨʭʰʹʼʬʸ ʨʫʰʶʵʮʻʸʰ ʽʹʵʭʰʲˀʰ, ʪʻʲˀʰ ʫʨ ˁʵʴˁˆʰʹ ʱʻʴʯʬʩˀʰ. ʶʪʱ 1-

ʨʲʼʨ, ʫʰʫʰ ʸʨʵʫʬʴʵʩʰʯ ʬʽʹʶʸʬʹʰʸʫʬʩʨ, ʨʹʬʭʬ ʺʭʰʴʹʨ ʫʨ ʯʰʸʱʳʬʲˀʰ. ʾʭʰ˃ʲˀʰ ʫʨ 

ʯʬʯʸ ʨʫʰʶʵʮʻʸ ʽʹʵʭʰʲˀʰ˂, ʨʳ ˂ʰʲʰʹ ʸʨʵʫʬʴʵʩʨ ʳʨʾʨʲʰ ʨʸ ʨʸʰʹ (Puigserver et al., 

1998). 

ʴʨʴʨˆʰʨ, ʸʵʳ ʶʪʱ 1-ʨʲʼʨ-ʹ ʫʰʫʰ ʸʨʵʫʬʴʵʩʰʯ ʬʽʹʶʸʬʹʰʰʹ ʫʸʵʹ, 

ʫʬʴʫʸʰʺʻʲʰ ʽʨ˂ʭʬʩʰʹ ʸʨʵʫʬʴʵʩʨ ʫʨ ʹʰʴʨʶʹʬʩʮʬ ʳʨʯʰ ʳʵʲʬʱʻʲʻʸʰ 

ʫʰʼʬʸʬʴ˂ʰʨ˂ʰʨ ʰʮʸʫʬʩʨ, ˆʵʲʵ ʶʪʱ 1-ʨʲʼʨ-ʹ ʴʵʱʨʻʺʰʸʬʩʨ ʨʳ˂ʰʸʬʩʹ ʨʳ ʶʸʵ˂ʬʹʬʩʹ 

ˈʰʶʵʱʨʳʶʨʲʻʸ ʪʸʨʴʻʲʨʸʻʲ ʴʬʰʸʵʴʬʩˀʰ (ʰʴ ʭʰʭʵ) (Cheng et al., 2012). 
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ʴʨʴʨˆʰʨ, ʸʵʳ ʶʪʱ 1 ʨʲʼʨ-ʯʰ ʴʵʱʨʻʺʰʸʬʩʻʲ ʯʨʪʭʬʩʹ ʨˆʨʹʰʨʯʬʩʯ 

ʨʸʨʴʵʸʳʨʲʻʸʰ ʽ˂ʬʭʨ ʫʨ ʶʸʵʪʸʬʹʻʲʰ ʭʨʱʻʵʲʰʮʨ˂ʰʨ ʺʭʰʴʰʹ ʹˆʭʨʫʨʹˆʭʨ ʻʩʨʴˀʰ. 

ʴʨʴʨˆʰʨ, ʸʵʳ ʶʪʱ 1-ʨʲʼʨʹ ʳʬʹʬʴˇʬʸʻʲʰ ʸʴʳ-ʰʹ ʬʽʹʶʸʬʹʰʨ ʰʮʸʫʬʩʨ 

ˀʬʹʨʳˁʴʬʭʨʫ,ʶʵʹʺʴʨʺʨʲʻʸʰ ʶʬʸʰʵʫʰʹ 3-14-ʬ ʫʾʬʹ-ʱʵʸʺʬʽʹˀʰ, ʹʺʸʰʨʺʻʳˀʰ ʫʨ 

ˈʰʶʵʱʨʳʶˀʰ. 

ʶʪʱ 1-ʨʲʼʨʹ ʨʸ ˀʬʻ˃ʲʰʨ ʫʴʳ-ʯʨʴ ʫʨʱʨʭˀʰʸʬʩʨ ʨʴ ʺʸʨʴʹʱʸʰʶ˂ʰʰʹ ʨʽʺʰʭʨ˂ʰʨ 

ʯʭʰʯʵʴ, ʰʹ ʫʨʳʵʱʰʫʬʩʻʲʰʨ ʺʸʨʴʹʱʸʰʶ˂ʰʻʲ ʼʨʽʺʵʸʬʩʮʬ. ʶʪʱ 1-ʨʲʼʨ-ʰʹ ʹ˄ʸʨʼʰ 

ʬʽʹʶʸʬʹʰʨ ʨʸʨʴʬʰʸʵʴʻʲ ʻˇʸʬʫʬʩˀʰ ʮʸʫʰʹ ˂ʰʺʵʽʸʵʳ C ʵʽʹʰʫʨʮʨʹ 

ʹʻʩʬʸʯʬʻʲʬʩʰʹ (Scarpulla et al., 2002), ʨʺʼ ʹʰʴʯʨʮʨ ʩʬʺʨʹ (Villena et al., 1998), 

ʳʰʺʵʽʵʴʫʸʰʰʹ ʺʸʨʴʹʱʸʰʶ˂ʰʻʲʰ ʼʨʽʺʵʸ ʨ- ʹ (Tiraby et al., 2003) ʨʴʺʰʵʽʹʰʫʨ˂ʰʻʸʰ 

ʬʴʮʰʳʬʩʰʹ ʬʽʹʶʸʬʹʰʨʹ (Pierre et al., 2003). 

ʴʨʴʨˆʰʨ, ʸʵʳ ʶʪʱ 1-ʨʲʼʨ ʱʸʰʺʰʱʻʲ ʸʵʲʹ ʨʹʸʻʲʬʩʹ ʴʬʰʸʵʴʻʲ 

ʼʻʴʽ˂ʰʵʴʰʸʬʩʨʹʨ ʫʨ ʻˇʸʬʫˀʰʫʨ ʹʰʪʴʨʲʰʮʨ˂ʰʰʹ ʶʸʵ˂ʬʹʬʩˀʰ. ʨʳ ˂ʰʲʰʹ ʬʽʹʶʸʬʹʰʰʹ 

ʸʬʪʻʲʰʸʬʩʨ ˀʬʹʨ˃ʲʬʩʬʲʰʨ ʴʬʰʸʵʴʻʲʰ ʨʽʺʰʭʨ˂ʰʰʯ ʰʴ ʭʰʺʸʵ ʫʨ ʰʴ ʭʰʭʵ(Liang et al., 

2006).  ʫʨʫʪʬʴʰʲʰʨ, ʸʵʳ ʶʪʱ 1-ʨʲʼʨ ʻʱʨʭˀʰʸʫʬʩʨ ʹˆʭʨʫʨʹˆʭʨ ʺʸʨʴʹʱʸʰʶ˂ʰʻʲ 

ʼʨʽʺʵʸʬʩʹ, ʸʨ˂ ʮʬʪʨʭʲʬʴʨʹ ʨˆʫʬʴʹ ʴʬʰʸʵʴʻʲ ʹʨʹʰʪʴʨʲʵ ʪʮʬʩʹʨ, ʶʲʨʹʺʰʻʸʵʩʨʹʨ 

ʫʨ ʩʻʴʬʩʸʰʭ ʪʨʫʨʸˁʬʭʨʮʬ. ʶʪʱ 1-ʨʲʼʨ ʨˆʫʬʴʹ ʬʹʺʸʵʪʬʴʬʩʰʹ ʫʨ ʬʹʺʸʵʪʬʴ 

ʫʨʳʵʱʰʫʬʩʻʲʰ ʸʬ˂ʬʶʺʵʸʬʩʰʹ ʱʵʨʽʺʰʭʨ˂ʰʨʹ (Bramlett et al., 2002; Kressler et al., 2002; 

Schreiber et al., 2004) , ʨʹʬʭʬ, ʯʰʸʵʰʫʻʲʰ ˈʵʸʳʵʴʰʹ ʸʬ˂ʬʶʺʵʸʬʩʰʹ (Zhang et al., 2004), 

ʪʲʻʱʵʱʵʸʺʰʱʵʰʫʻʲʰ ʸʬ˂ʬʶʺʵʸʬʩʰʹ (Herzig et al., 2001; Yoon et al., 2001) ʫʨ 

ʳʰʵ˂ʰʺʰʹ ʮʸʫʰʹ ʼʨʽʺʵʸʰ 2-ʰʹ ʵˇʨˆʰʹ ˂ʰʲʬʩʰʹ ʱʵʨʽʺʰʭʨ˂ʰʨʹ (Czubryt et al., 2003). 

 

                                                             ʯʨʭʰ 8 

                                                              ʩʸʼ-1 

 

ʩʸʼ-1 (ʩʰʸʯʭʰʹ ʸʬʹʶʰʸʨʺʵʸʻʲʰ ʼʨʽʺʵʸʰ) ʳʰʬʱʻʯʭʴʬʩʨ CNC (Cap-n-

collar)˂ʰʲʬʩʰʹ ʹʻʩʵˇʨˆʹ ʫʨ ʪʨʸʫʨ ʩʸʼ-1-ʰʹʨ, ʬʹ ʵˇʨˆʰ ʳʵʰ˂ʨʭʹ ˀʬʳʫʬʪ ˂ʰʲʬʩʹ: Bach- 

1, Bach- 2, Nrf-2, Nrf-3 Nrf-4 (Gegotek et al., 2015).  
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ʹʻʸʨʯʰ 6. ʩʸʼ-1-ʰʹ ʹʨʳʪʨʴʮʵʳʰʲʬʩʰʨʴʰ ʹʺʸʻʽʺʻʸʨ 

 

ʩʸʼ-1-˂ʰʲʬʩʰʹ ʹʻʩʵˇʨˆʰ  ʿʭʬʲʨʮʬ ʻʼʸʵ ʳʸʨʭʨʲʸʰ˂ˆʵʭʨʴʰʨ , CNC ˇʪʻʼʰʹ 

˂ʰʲʬʩʹ ˀʵʸʰʹ ʫʨ ʹʺʸʻʽʺʻʸʻʲʨʫ, ʿʭʬʲʨʮʬ  ʳʬʺʨʫ ʪʨʴʹˆʭʨʭʫʬʩʨ ʳʰʹʰ ʵˇʨˆʰʹ 

˂ʰʲʬʩʹ ˀʵʸʰʹ. ʳʯʲʰʨʴʰ ʹʰʪʸ˃ʰʹ ʩʸʼ-1 ʳʵʰ˂ʨʭʹ CNC ˂ʰʲʬʩʰʹ ʿʭʬʲʨ ˀʬʹʨ˃ʲʵ 

ʸʬʪʰʵʴʹ - ʬʴʫʵʶʲʨʮʳʻʸ ʸʬʺʰʱʻʲʻʳʯʨʴ ʫʨʱʨʭˀʰʸʬʩʻʲ ʫʵʳʬʴʹ, ʺʸʨʴʹʨʽʺʰʭʨ˂ʰʻʸ 

ʫʵʳʬʴʹ ʫʨ ʫʴʳ-ʫʨʱʨʭˀʰʸʬʩʻʲ ʫʵʳʬʴʹ (Zhang et al., 2006; Husberg et al., 2001; McKie et 

al., 1995). 

ʩʸʼ-1-ʰʹ N ʺʬʸʳʰʴʨʲʻʸʰ ʫʵʳʬʴʰ ʳʵʰ˂ʨʭʹ ʬʴʫʵʶʲʨʮʳʻʸ ʸʬʺʰʱʻʲʻʳʯʨʴ 

ʫʨʱʨʭˀʰʸʬʩʻʲ ʸʬʪʰʵʴʹ, ʸʵʳʬʲʰ˂ ʨʹʬʭʬ ˂ʴʵʩʰʲʰʨ, ʸʵʪʵʸ˂ N ʺʬʸʳʰʴʨʲʻʸʰ 

ˈʵʳʵʲʵʪʰʻʸʰ ʩʵʽʹ-1 ʸʬʪʰʵʴʰ, 11-30 ʨʳʰʴʵ ʳʷʨʭʻʸʰ ʸʨʵʫʬʴʵʩʰʯ; ʺʸʨʴʹʳʬʳʩʸʨʴʻʲʰ 

ʸʬʪʰʵʴʰ 1, 7-26 ʨʳʰʴʵʳʷʨʭʻʸʰ ʸʨʵʫʬʴʵʩʰʯ ʫʨ N ʺʬʸʳʰʴʨʲʻʸʰ ˈʵʳʵʲʵʪʰʻʸʰ ʩʵʽʹ-

2, 81-106 ʨʳʰʴʵʳʷʨʭʻʸʰ ʸʨʵʫʬʴʵʩʰʯ (Zhang et al., 2007).  

ʩʸʼ-1-ʰʹ ʺʸʨʴʹʨʽʺʰʭʨ˂ʰʻʸʰ ʸʬʪʰʵʴʰ  ʳʵʰ˂ʨʭʹ ʳʷʨʭʻʸ 1 ʫʨ ʳʷʨʭʻʸ 2 ʫʵʳʬʴʬʩʹ. 

ʺʸʨʴʹʨʽʺʰʭʨ˂ʰʻʸʰ ʫʵʳʬʴʰʹ ˁʨʸʯʭʨ ʩʨʮʨʲʻʸʨʫ, ʨʨʽʺʰʭʬʩʹ ʺʸʨʴʹʱʸʰʶ˂ʰʨʹ (Zhang et 

al., 2009). 

ʪʲʰʱʵʫʵʳʬʴʰ ʨʸʰʹ ʸʬʪʰʵʴʰ, ʸʵʳʲʰʹ ʹʨˀʻʨʲʬʩʰʯʨ˂, ʩʸʼ-1 ʪʲʰʱʵʲʰʮʰʸʫʬʩʨ, 

ʸʨ˂ ʨʸ ʨʸʰʹ ˄ʨʸʳʵʫʪʬʴʰʲʰ ʩʸʼ-2-ˀʰ (Zhang et al., 2014). 

36 ʨʳʰʴʵʳʷʨʭʻʸʰ ʹʬʸʰʴ ʪʨʴʳʬʵʸʬʩʨʫʰ ʫʵʳʬʴʰ, ʨʸʰʹ ʩʸʼ-1-ʰʹ ʸʬʪʰʵʴʰ, ʸʵʳʲʰʹ 

ʨʳʰʴʵʳʷʨʭʬʩʰʹ 76 %-ʹ ʹʬʸʰʴʰ ˀʬʨʫʪʬʴʹ. ˂ʰʲʰʹ ʹʬʸʰʴʰʯ ʳʫʰʫʨʸʰ ʸʬʪʰʵʴʬʩʰ, ˆˀʰʸʨʫ 

ʳʵʫʰʼʰ˂ʰʸʫʬʩʨ ʶʵʹʺ-ʺʨʴʹʲʨ˂ʰʻʸʨʫ ʼʵʹʼʵʸʰʲʰʸʬʩʰʹ ʪʮʰʯ 
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(ˈʰʶʬʸʼʵʹʼʵʸʰʲʰʸʬʩʨ), ʳʨʪʸʨʳ ʨʸ ʨʸʰʹ ˀʬʹ˄ʨʭʲʰʲʰ ʩʸʼ-1-ʰʹ ʹʬʸʰʴʰʯ ʳʫʰʫʨʸʰ 

ʫʵʳʬʴʰʹ ʶʵʹʺ-ʺʸʨʴʹʲʨ˂ʰʻʸʰ ʳʵʫʰʼʰʱʨ˂ʰʨ (Zhang et al., 2006). 

ʩʸʼ-1-ʰʹ ʫʴʳ ʫʨʱʨʭˀʰʸʬʩʻʲʰ ʫʵʳʬʴʰ (582-686 ʨʳʰʴʵʳʷʨʭʨ) ˀʬʰ˂ʨʭʹ cap’n’collar ʫʵʳʬʴʹ, 

ʸʵʳʬʲʰ˂ CNC ˂ʰʲʬʩʰʹ ʹʨʬʸʯʵ ʫʵʳʬʴʹ ˄ʨʸʳʵʨʫʪʬʴʹ. ʫʴʳ ʫʨʳʨʱʨʭˀʰʸʬʩʬʲʰ ʫʵʳʬʴʰʹ 

ˀʬʳʨʫʪʬʴʲʵʩʨˀʰ ˀʬʫʰʹ, ʨʹʬʭʬ, ʩʨʮʰʹʻʸʰ ʲʬʰ˂ʰʴʰʹ ˁʨʳʱʬʺʰ ʫʵʳʬʴʰ, ʸʵʳʬʲʰ˂ 

ˈʬʺʬʸʵʫʰʳʬʸʰʮʫʬʩʨ ʹˆʭʨ ʩʨʮʰʹʻʸʰ ʲʬʰ˂ʰʴʰʹ ˁʨʳʱʬʺʰ ʫʵʳʬʴʰʹ ʳʽʵʴʬ ˂ʰʲʬʩʯʨʴ 

ʬʸʯʨʫ ʳ˂ʰʸʬ ʮʵʳʰʹ Maf ˂ʰʲʬʩʨʫ (Luna et al., 1994). 

C-ʺʬʸʳʰʴʨʲʻʸʰ ʫʵʳʬʴʰ, ʳʵʰ˂ʨʭʹ Neh3 ʳʹʪʨʭʹ ʫʵʳʬʴʹ (ʳʴʰˀʭʴʬʲʵʭʨʴʰ ʫʵʳʬʴʰʨ, 

˂ʰʲʰʹ ʺʸʨʴʹʱʸʰʶ˂ʰʻʲʰ ʨʽʺʰʭʵʩʰʹʯʭʰʹ) ʫʨ ʩʨʮʰʹʻʸ C ʫʨʩʵʲʵʬʩʨʹ. ʳʨʹ, ʨʽʭʹ 53 %-

ʰʨʴʰ ˈʵʳʵʲʵʪʰʨ ʩʸʼ-2-ʰʹ Neh3L ʫʵʳʬʴʯʨʴ (Zhang et al., 2014). 

ʩʸʼ-1 ˄ʨʸʳʵʨʫʪʬʴʹ ʺʸʨʴʹʱʸʰʶ˂ʰʰʹ ʩʰʸʯʭʻʲ ʼʨʽʺʵʸʹ. ʰʪʰ 

ˈʬʺʬʸʵʫʰʳʬʸʰʮʫʬʩʨ ʳ˂ʰʸʬ ʮʵʳʰʹ Maf ˂ʰʲʬʩʯʨʴ ʬʸʯʨʫ ʩʰʸʯʭˀʰ.  ʫʨʱʨʭˀʰʸʬʩʻʲʰʨ 

ʨʴʺʰʵʽʹʰʫʨ˂ʰʰʹ ʳʵʶʨʹʻˆʬ ʬʲʬʳʬʴʺʯʨʴ, ʳʬʵʸʬ ʼʨʮʰʹ ʫʬʺʵʽʹʰʱʨ˂ʰʰʹ ʬʴʮʰʳʯʨʴ ʫʨ 

ʪʬʴʯʨ ʬʽʹʶʸʬʹʰʰʹ ʶʸʵʺʬʵʹʵʳʻʲ ʹʻʩʬʸʯʬʻʲʯʨʴ. ʩʸʼ-1 ʹʶʬ˂ʰʼʰʻʸʨʫ 

ʨʸʬʪʻʲʰʸʬʩʹ ʲʰʶʰʫʻʸ ʳʬʺʨʩʵʲʰʮʳʹ, ʨʳʰʴʵʳʷʨʭʻʸ ʳʬʺʨʩʵʲʰʮʳʹ, ʶʸʵʺʬʵʹʵʳʻʲ 

ʫʬʪʸʨʫʨ˂ʰʨʹ, ʲʰʳʵʴʳʷʨʭʨ ˂ʰʱʲʹ ʫʨ ʳʰʺʵʽʵʴʫʸʰʻʲ ʹʻʴʯʽʭʰʯ ˇʨ˅ʭʹ. 

ʩʸʼ-2 ʲʵʱʨʲʰʮʬʩʻʲʰʨ ˂ʰʺʵʮʵʲˀʰ (Zhao et al., 2010) ˆʵʲʵ ʳʰʹʰ 

ʪʨʸʱʭʬʻʲʰ ʸʨʵʫʬʴʵʩʨ ʨʸʰʹ ʨʹʬʭʬ ʬʴʫʵʶʲʨʮʳʻʸ ʸʬʺʰʱʻʲʻʳˀʰ, ʵʾʵʴʫ ʨʸʨʨʽʺʰʻʸ, 

ʪʲʰʱʵʮʰʲʰʸʬʩʻʲ ʳʫʪʵʳʨʸʬʵʩʨˀʰ. ˂ʰʲʰʹ ʨʽʺʰʭʨ˂ʰʨ ʳʵʰ˂ʨʭʹ: 

ʸʬʺʸʵʺʸʨʴʹʲʵʱʨ˂ʰʨʹ ʬʴʫʵʶʲʨʮʳʻʸʰ ʸʬʺʰʱʻʲʻʳʰʹ ʹʨʴʨʯʻʸʰʫʨʴ ˂ʰʺʵʶʲʨʮʳʨˀʰ, 

ʫʬʪʲʰʱʵʮʰʲʰʸʬʩʨʹ ʫʨ ʴʨ˄ʰʲʵʩʸʰʭ, ʶʸʵʺʬʵʲʰʮʻʸ ʶʸʵ˂ʬʹʬʩʹ ʫʨ ʿʭʬʲʨ ʬʹ 

ʶʸʵ˂ʬʹʰ ʨʻ˂ʰʲʬʩʬʲʰʨ ʩʸʼ-1-ʰʹ ʨʽʺʰʻʸ ʳʫʪʵʳʨʸʬʵʩʨˀʰ ʪʨʫʨʹʭʲʰʹʯʭʰʹ (Bugno et 

al., 2015). 

ʴʨʴʨˆʰʨ, ʸʵʳ ʩʸʼ-1-ʰʹ ʫʬʼʰ˂ʰʺʰ ʰ˄ʭʬʭʹ ˂ʬʴʺʸʨʲʻʸʰ ʴʬʸʭʻʲʰ ʹʰʹʺʬʳʰʹ 

ʴʬʰʸʵʫʬʪʬʴʬʸʨ˂ʰʨʹ (Zhang et al., 2014; Lee et al., 2011; Kobayashi et al.,2011), ˄ʰʴʨ ʺʭʰʴʰʹ 

ʨʹʨʱʮʬ ʫʨʳʵʱʰʫʬʩʻʲ ʨʺʸʵʼʰʨʹ (Radhakrishnan et al., 2010) ʮʻʸʪʰʹ ʺʭʰʴˀʰ, 

ʨʸʨʹ˄ʵʸʨʫ ʫʨˆʭʬʻʲʰ ˂ʰʲʬʩʰʹ ʨʱʻʳʻʲʰʸʬʩʨʹ (Oh et al., 2012)  ʫʨ ʶʻʸʱʰʴʰʬʹ 



42 

 

ʻˇʸʬʫʬʩʰʹ ʫʬʪʬʴʬʸʨ˂ʰʨʹ, ʸʨ˂ ʪʨʴʨʶʰʸʵʩʬʩʹ ʳʵʺʵʸʻʲ ʨʺʨʽʹʰʨʹ( Kobayashi et al., 

2011). 

ʩʸʼ-1 ʨʱʵʴʺʸʵʲʬʩʹ ʵʹʺʬʵʩʲʨʹʺʬʩʰʹ ʫʰʼʬʸʬʴ˂ʰʨ˂ʰʨʹ ʫʨ ˃ʭʲʬʩʰʹ 

ʼʵʸʳʰʸʬʩʨʹ (Biswas et al., 2010; Xing et al., 2007).NRF-1-ʰʹ ʫʬʲʬ˂ʰʨ ʰ˄ʭʬʭʹ ˃ʭʲʰʹ 

ʮʵʳʨˀʰ ˀʬʳ˂ʰʸʬʩʨʹ, ʨʹʬʭʬ, ˃ʭʲʰʹ ʳʨʹʰʹ ʫʨ ʹʰʳʿʨʸʰʹ ˀʬʳ˂ʰʸʬʩʨʹ (Kim et al., 2010).  

ʴʨʴʨˆʰʨ, ʸʵʳ ʴʳʫʨ ʸʬ˂ʬʶʺʵʸʬʩʰʹ GluR-1 ʫʨ GluR2B ʹʻʩʬʸʯʬʻʲʬʩʰʹ 

ʺʸʨʴʹʱʸʰʶ˂ʰʰʹ ʫʵʴʬ ʸʬʪʻʲʰʸʫʬʩʨ ʩʸʼ-1-ʰʯ (Dhar et al., 2009), ʸʵʳʬʲʰ˂ ʨʹʬʭʬ 

ʨʸʬʪʻʲʰʸʬʩʹ ˂ʰʺʵʽʸʵʳ C ʵʽʹʰʫʨʮʨʹ 13 ʹʻʩʬʸʯʬʻʲʰʹ ʺʸʨʴʹʱʸʰʶ˂ʰʨʹ  (Dhar et al., 

2008) , ʸʵʳʲʬʩʰ˂ ʱʸʰʺʰʱʻʲʨʫ ʳʴʰˀʭʴʬʲʵʭʨʴʰʨ ʴʬʰʸʵʴʰʹ ʬʴʬʸʪʰʰʹ ˄ʨʸʳʵʬʩʰʹʯʭʰʹ 

(Wong et al., 1989). 

ʩʸʼ-2 ʫʨ ʩʸʼ-1, ʳʱʨ˂ʸʨʫ ʨʸʬʪʻʲʰʸʬʩʬʴ ʬʴʬʸʪʰʰʹ ʳʬʺʨʩʵʲʰʮʳʹ, ʯʻʳ˂ʨ 

ˀʬʹʨ˃ʲʬʩʬʲʰʨ, ʨʳ ʶʸʵ˂ʬʹˀʰ ʹˆʭʨ ʺʸʨʴʹʱʸʰʶ˂ʰʻʲʰ ʼʨʽʺʵʸʬʩʰ˂ ʳʵʴʨ˄ʰʲʬʵʩʫʬʹ (Wu 

et al., 1999). 

ʴʨʴʨˆʰʨ, ʸʵʳ ʩʸʼ-2 ʫʨ ʩʸʼ-3 ˀʰʫʨʻˇʸʬʫʻʲʰ ʫʵʴʬ ʱʵʴʺʸʵʲʰʸʫʬʩʨ 

ʶʸʵʺʬʵʹʵʳʻʲʰ ʫʬʪʸʨʫʨ˂ʰʰʯ (Nguyen et al., 2003; Nouhi et al., 2007). ʩʸʼ-1-ʹ 

ʸʨʵʫʬʴʵʩʨ˂  ʨʳʪʭʨʸʨʫ ʱʵʴʺʸʵʲʰʸʫʬʩʨ.  

ʩʸʼ-2 ʫʨ ʩʸʼ-3 ʴʨˆʬʭʨʸʫʨˀʲʰʹ ʶʬʸʰʵʫʹ ˀʬʨʫʪʬʴʹ ʫʨʨˆʲʵʬʩʰʯ 15-30 ˄ʻʯʰ 

ʫʨ  ʰʹʰʴʰ ˀʬʰ˂ʨʭʬʴ ʶʸʵʲʰʴʰʯ ʳʫʰʫʨʸ 2 ʯʨʴʳʰʳʫʬʭʸʵʩʨʹ (Nguyen et al., 2003; Nouhi et 

al., 2007; Stewart et al., 2003). ʶʸʵʲʰʴʰʯ ʳʫʰʫʨʸʰ ʯʨʴʳʰʳʫʬʭʸʵʩʬʩʰ, ʨʹʬʭʬ, ˀʬʰ˂ʨʭʬʴ 

ʫʰʫʰ ʸʨʵʫʬʴʵʩʰʯ ʪʲʻʺʨʳʰʴʹ, ʯʸʬʵʴʰʴʹ ʫʨ ʹʬʸʰʴʹ.  ʹʬʸʰʴʰʹ ʫʨ ʯʸʬʵʴʰʴʰʹ 

ʴʨˀʯʬʩʰ ˄ʨʸʳʵʨʫʪʬʴʬʴ ʼʵʹʼʵʸʰʲʰʸʬʩʰʹ ʶʵʺʬʴ˂ʰʻʸ ʹʨʰʺʬʩʹ (Johnson et al., 2005).  

ʩʸʼ-1 ʨʸʰʹ 5-10-ˇʬʸ ʻʼʸʵ ʳʬʺʨʫ ʹʺʨʩʰʲʻʸʰ ˂ʰʲʨ ʫʬʪʸʨʫʨ˂ʰʰʹ ʳˆʸʰʭ, 

ʭʰʫʸʬ ʩʰʸʯʭʰʹ ʹˆʭʨ ʺʸʨʴʹʱʰʶ˂ʰʻʲʰ ʼʨʽʺʵʸʬʩʰ , ʳʨʪʸʨʳ ʩʸʼ ˂ʰʲʬʩʰ ʻʼʸʵ 

ʴʨʱʲʬʩʨʫ ʹʺʨʩʰʲʻʸʬʩʰ ʨʸʰʨʴ ʭʰʫʸʬ ʹˆʭʨ ˂ʰʲʬʩʰ, ʸʵʳʬʲʯʨ ʴʨˆʬʭʨʸʫʨˀʲʰʹ 

ʹʺʨʴʫʨʸʺʻʲ ʶʬʸʰʵʫʹ 16 (ʲʰʮʵ˂ʰʳʰ)-210 (ʼʵʹʼʵʪʲʰ˂ʬʸʨʺ ʱʰʴʨʮʨ) ʹʨʨʯʰ ˀʬʨʫʪʬʴʹ 

(Rogers et al., 1986).  ʴʨʴʨˆʰʨ, ʸʵʳ ʩʸʼ-1-ʰʹ ʸʨʵʫʬʴʵʩʨ ʱʵʴʺʸʵʲʰʸʫʬʩʨ 

ʻʩʰʽʭʰʺʰʴʰʸʬʩʰʯ ʫʨ ʶʸʵʺʬʵʹʵʳʻʲʰ ʫʨˀʲʰʯ. ʻʩʰʽʭʰʺʰʴʰʸʬʩʰʹ ʫʸʵʹ ʩʸʼ-1 

ʳʨʾʨʲʰ ʳʵʲʬʱʻʲʻʸʰ ʳʨʹʰʹ ˀʬʳ˂ʰʸʬʩʨ ˆʫʬʩʨ (Chepelev et al., 2011). ˀʬʳʵʯʨʭʨʮʬʩʻʲʰʨ 
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ˈʰʶʵʯʬʮʨ, ʸʵʳʲʰʹ ʳʰˆʬʫʭʰʯʨ˂ ʩʸʼ-1-ʰʹ ʳʨʹʰʹ ˀʬʳ˂ʰʸʬʩʨ ˆʫʬʩʨ NTD ʫʵʳʬʴʰʹ 

ʶʸʵʺʬʵʲʰʮʻʸʰ ʳʵˆʲʬˁʰʯ. ʨʳ ʶʸʵ˂ʬʹʰʹ ˀʬʳʫʬʪ, ʩʸʼ-1-ʰʹ ˁʨʸʯʭʨ ˆʫʬʩʨ 

ʬʴʫʵʶʲʨʮʳʻʸ ʸʬʺʰʱʻʲʻʳˀʰ ʫʨ ˀʬʳʫʪʵʳ, ʰʹ ʳʰʬʳʨʸʯʬʩʨ ʩʰʸʯʭʰʹʱʬʴ (Schultz et al., 

2010). 

                                                      ʯʨʭʰ 9 

                                                 ʫʰʴʨʳʰʴʰ 

 

ʫʰʴʨʳʰʴʰ ʯჲ ʫʰʴʨʳʰʴʰ-1 ˄ʨʸʳʵʨʫʪʬʴʹ ʻʳʯʨʭʸʬʹ ˂ʰʲʨʹ  DRP-ʰʹ ˂ʰʲʨʯʨ 

ʵˇʨˆʰʫʨʴ.ʰʹ, 104 ʱʫʨ ˄ʵʴʰʹ ʳʽʵʴʬ ˂ʰʲʵʭʨʴʰ ʳʵʲʬʱʻʲʨʨ. ʳʵʴʨ˄ʰʲʬʵʩʹ ʳʬʳʩʸʨʴʰʹ 

ʸʬʳʵʫʬʲʰʸʬʩʨˀʰ ʫʨ ʳʴʰˀʭʴʬʲʵʭʨʴʰ ʸʵʲʰ ʨʱʰʹʸʰʨ ʬʴʫʵ˂ʰʺʨʸʻʲʰ ʳʬʳʩʸʨʴʰʹ  

ʫʨˆʲʬˁʨˀʰ.   

ʹʻʸʨʯʰ 7. ʫʰʴʨʳʰʴ 1-ʰʹ ʹʨʳʪʨʴʮʵʳʰʲʬʩʰʨʴʰ ʹʺʸʻʽʺʻʸʨ 

 

ʬʴʫʵ˂ʰʺʵʮʰ, ʨʸʰʹ ʶʸʵ˂ʬʹʰ ʸʵʳʲʰʹ ʳʬˀʭʬʵʩʰʯʨ˂ ˆʫʬʩʨ ʻˇʸʬʫˀʰ 

˂ʰʲʬʩʰʹ ˁʨʸʯʭʨ,   ʶʲʨʮʳʻʸ ʳʬʳʩʸʨʴʨˀʰ  ʻˇʸʬʫʻʲ ʪʨʸʬ ʨʸʰʹ ʪʨʭʲʰʯ, ʸʨ˂ 

ʼʻʴʫʨʳʬʴʺʨʲʻʸʨʫ ʳʴʰˀʭʴʬʲʵʭʨʴʰʨ ʻˇʸʬʫʰʹ ʼʰʮʰʵʲʵʪʰʰʹʨʯʭʰʹ. ʬʴʫʵ˂ʰʺʵʮʰ 

ʨʩʨʲʨʴʹʬʩʹ ʨˆʨʲʰ ʳʬʳʩʸʨʴʰʹ ˀʬʻʽ˂ʬʭʨʫ ˄ʨʸʳʵʽʳʴʨʹ ʻˇʸʬʫʰʹ ʮʬʫʨʶʰʸʮʬ 

ʬʪʮʵ˂ʰʺʵʮʰʹ ʳʬˀʭʬʵʩʰʯ(McMahon et al., 2011; Mercer et al., 2010; Scita et al., 2010; 

Howes et al., 2010). 

ʬʴʫʵ˂ʰʺʨʸʻʲʰ ʭʬʮʰʱʻʲʬʩʰʹ ˄ʨʸʳʵʽʳʴʨ ʳʵʰʯˆʵʭʹ ʹˆʭʨʫʨʹˆʭʨ ˂ʰʲʰʹ 

ʸʬʱʸʻʺʰʸʬʩʨʹ-„ʳʵˆʳʵʩʨʹ“˂ʰʺʵʮʵʲʰʫʨʴ. ˀʬʳʫʬʪ,  ʰʹʰʴʰ ʳ˄ʿʵʩʸʨʫ ˁʨʬʸʯʭʬʩʰʨʴ 

ʶʲʨʮʳʻʸ ʳʬʳʩʸʨʴʨˀʰ  ʫʨ ˄ʨʸʳʵʽʳʴʰʨʴ ʾʸʳʨ ʰʴʭʨʪʰʴʨ˂ʰʻʸ ʱʭʰʸʺʹ, ʸʰʹ ˀʬʫʬʪʨʫʨ˂ 
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ʳʰʳʫʰʴʨʸʬʵʩʹ ʪʨʳʵʿʵʼʨ.  ʬʸʯ-ʬʸʯʰ ʨʹʬʯʰ ˂ʰʲʨ, ʸʵʳʬʲʰ˂ ʳʵʴʨ˄ʰʲʬʵʩʹ ʳʹʪʨʭʹ 

ʪʨʳʵʿʵʼʨˀʰ ʨʸʰʹ ʪʺʼ-ʨʮʻʸʰ  ʫʰʴʨʳʰʴʰ. ʨʾʳʵˁʬʴʰʲʰʨ ʪʺʼ-ʨʮʨʯʨ ʰʹʬʯʰ ʵˇʨˆʰ 

ʸʵʳʬʲʯʨ˂ ʪʨʨˁʴʰʨʯ ʹˆʭʨʫʨʹˆʭʨ ʸʵʲʰ ʳʬʳʩʸʨʴʰʹ ʸʬʳʵʫʬʲʰʸʬʩʰʹ ʶʸʵ˂ʬʹˀʰ. 

ʫʰʴʨʳʰʴʰʹ ʸʵʲʰʹˀʬʹ˄ʨʭʲʨ ʬʴʫʵ˂ʰʺʵʮʰʹ ʶʸʵ˂ʬʹˀʰ  20 ˄ʬʲʮʬʳʬʺʰʨ 

ʳʰʳʫʰʴʨʸʬʵʩʹ (Koenig et al., 1989; Shpetner et al., 1989; Van der Bliek et al., 1991; Chen et 

al., 1991).  ʨʸʹʬʩʵʩʹ ʻʨʳʸʨʭʰ ʳʺʱʰ˂ʩʻʲʬʩʨ, ʸʵʳ ʫʰʴʨʳʰʴʰ ˄ʨʸʳʵʽʳʴʰʹ ʹʶʰʸʨʲʻʸ 

ʶʵʲʰʳʬʸʹ ʱʭʰʸʺʰʹʳʨʪʭʨʸ ʰʴʭʨʪʰʴʰʸʬʩʻʲʰ ʭʬʮʰʱʻʲʬʩʰʹ ʱʰʹʬʸʯʨʴ ʫʨ ʬʹ ʪʺʼ-

ˈʰʫʸʵʲʰʮ ʫʨʳʵʱʰʫʬʩʻʲʰʱʵʴʼʵʸʳʨ˂ʻʲʰ ˂ʭʲʰʲʬʩʨ ʪʨʴʨʶʰʸʵʩʬʩʹ  ʩʨʮʨʲʻʸʰ 

ʳʬʳʩʸʨʴʰʹ ʫʨʿʵʼʨʹ ʫʨ ˄ʨʸʳʵʽʳʴʰʹ ʯʨʭʰʹʻʼʨʲ ʬʴʫʵ˂ʰʺʨʸʻʲ ʭʬʮʰʱʻʲʬʩʹ. 

ʫʾʬʰʹʯʭʰʹ, ˂ʴʵʩʰʲʰʨ ʳˆʵʲʵʫ,ʫʰʴʨʳʰʴʰʹ  ʳʵʽʳʬʫʬʩʨ  ʱʲʨʺʸʰʴ ʫʨʳʵʱʰʫʬʩʻʲʰ 

ʬʴʫʵ˂ʰʺʵʮʰʹ ʫʸʵʹ ʫʨʿʵʼʰʹ ʹʨʰʺʬʩʮʬ (Shawn et al., 2012). 

 

                                         ʫʰʴʨʳʰʴʰʹ ʨʾʳʵˁʬʴʨ 

 

ʫʰʴʨʳʰʴʰ ʯʨʭʫʨʶʰʸʭʬʲʨʫ ʰʫʬʴʺʰʼʰ˂ʰʸʬʩʻʲ ʰʽʴʨ, ʸʵʪʵʸ˂ ʪʺʼ-ʨʮʨ, 

ʸʵʳʬʲʰ˂ ʻʸʯʰʬʸʯʽʳʬʫʬʩʹ ʺʭʰʴʰʹ ʳʰʱʸʵʺʻʩʻʲʬʩʯʨʴ  (Shpetner et al., 1989; Obar et 

al., 1990). ʳʰʹʰ ʸʵʲʰ ʬʴʫʵ˂ʰʺʵʮˀʰ ʪʨʰʸʱʭʨ ʱʭʲʬʭʬʩʰʹ ˀʬʫʬʪʨʫ, ʸʵʫʬʹʨ˂ ʳʻʺʨ˂ʰʨ 

ʫʨʳʵʱʰʫʬʩʻʲʰ ʫʨ ʺʬʳʶʬʸʨʺʻʸʨ ʹʬʴʹʰʺʰʻʸʰ ʶʨʸʨʲʰʮʬʩʻʲʰ ʫʸʵʮʵʼʰʲʨ 

ʳʬʲʨʴʵʪʨʹʺʬʸʰʹ ʪʬʴʬʺʰʱʻʸʰ ʫʨʸʻʱʬʩʨ ˁʨʺʨʸʫʨ ʫʰʴʨʳʰʴʰʹ ʪʬʴʮʬ (Van der Bliek et al., 

1991; Chen et al., 1991). ʨʳ ʳʻʺʨʴʺʬʩˀʰ,ʶʨʸʨʲʰʮʬʩʨ ʪʨʳʵ˄ʭʬʻʲʰ ʰʿʵ ʴʬʰʸʵʴʻʲʰ  

ʹʰʴʨʼʹʻʸʰ ʭʬʮʰʱʻʲʬʩʰʹ ʨʽʺʰʭʵʩʨ-ʫʨʳʵʱʰʫʬʩʻʲʰ ˀʬʳ˂ʰʸʬʩʰʯ, ʬʹ ʶʸʵ˂ʬʹʰ 

ʯʨʴʳˆʲʬʩʰʨ   ˀʬʳʩʵ˅ʨʭʰ ʬʴʫʵ˂ʰʺʨʸʻʲʰ ʾʸʳʻʲʬʩʰʹ ʨʱʻʳʻʲʨ˂ʰʰʹʨ ʶʸʬʹʰʴʨʼʹʻʸ 

ʶʲʨʮʳʻʸ ʳʬʳʩʸʨʴʨʮʬ (Koenig et al., 1989).  ˀʬʳʫʪʵʳʳʨ ʱʭʲʬʭʬʩʳʨ ʨˁʭʬʴʨ, ʸʵʳ ʳʹʪʨʭʹʰ 

ˀʬʳʩʵ˅ʨʭʰʾʸʳʻʲʬʩʰ ˄ʨʸʳʵʰʽʳʴʬʩʨ ˃ʻ˃ʻʳ˄ʵʭʨʸʯʨ ʶʸʬʹʰʴʨʼʹʻʸ ʶʲʨʮʳʻʸ 

ʳʬʳʩʸʨʴʨʮʬ. 

ˀʬʳʫʪʵʳʳʨ  ʪʨʳʵʱʭʲʬʲʬʩʳʨ ʨʸʨʴʬʰʸʵʴʨʲʻʸ ʻˇʸʬʫʬʩˀʰ ʨˁʭʬʴʨ, ʸʵʳ ʫʰʴʨʳʰʴʰ 

˄ʨʸʳʵʨʫʪʬʴʹ ʻʳʯʨʭʸʬʹ ʱʵʳʶʵʴʬʴʺʹ ʱʲʨʺʸʰʴ-ʫʨʱʨʭˀʰʸʬʩʻʲʰ ʬʴʫʵ˂ʰʺʨʸʻʲʰ 

ʾʸʳʻʲʬʩʰʹʯʭʰʹ ʫʨ ʨʳʰʺʵʳʨ˂ ʪʺʼ-ʨʮʻʸʰʨʽʺʰʭʵʩʨ ʳʴʰˀʭʴʬʲʵʭʨʴʰʨ ʬʴʫʵ˂ʰʺʵʮˀʰ. 
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                           ʫʰʴʨʳʰʴʰʹ  ʰʮʵʼʵʸʳʬʩʰ ˃ʻ˃ʻʳ˄ʵʭʸʬʩˀʰ 

 

˃ʻ˃ʻʳ˄ʵʭʨʸʯʨ ʪʬʴʵʳʰ ˀʬʰ˂ʨʭʹ ʹʨʳʰ ʺʰʶʰʹ ʫʰʴʨʳʰʴʰʹ ʪʬʴʹ. ˂ʰʲʬʩʰ, ʸʵʳʲʬʩʰ˂ 

ʱʵʫʰʸʬʩʻʲʴʰ ʨʸʰʨʴ ʨʳ ʪʬʴʬʩʰʯ, ˄ʨʸʳʵʽʳʴʰʨʴ 80%-ʰʯ ʰʫʬʴʺʻʸ ʫʵʳʬʴʻʸ 

ʵʸʪʨʴʰʮʨ˂ʰʬʩʹ, ʳʨʪʸʨʳ ʪʨʨˁʴʰʨʯ  ʪʨʴʹˆʭʨʭʬʩʻʲʰ ʬʽʹʶʸʬʹʰʰʹ ʹʨʼʬˆʻʸʰ.  ʫʰʴʨʳʰʴ-1 

ˀʬʸˁʬʭʰʯʨʫ ʬʽʹʶʸʬʹʰʸʫʬʩʨ ʳʨʾʨʲʰ ʹʰˆˀʰʸʰʯ ʴʬʰʸʵʴʬʩˀʰ, ʨʸʨʴʬʰʸʵʴʻʲ 

ʽʹʵʭʰʲʬʩˀʰ ʱʰ ˄ʨʸʳʵʫʪʬʴʰʲʰ ʨʸ ʨʸʰʹ (Ferguson et al., 2007; Nakata et al., 1991).  ʨʹʬʭʬ, 

ʰʪʰ ˀʬʹʨ˃ʲʬʩʬʲʰʨ ʨʾʳʵˁʴʫʬʹ ʳʸʨʭʨʲ,ʻˇʸʬʫʻʲ ˆʨʮˀʰ. ʫʰʴʨʳʰʴ-3  

ʶʸʬʫʵʳʰʴʨʴʺʻʸʨʫ ʨʾʳʵʨˁʰʴʬʹ ʺʭʰʴˀʰ, ʵʾʵʴʫ ʻʼʸʵ ʳ˂ʰʸʬ ʰʴʺʬʴʹʰʭʵʩʰʯ, ʭʰʫʸʬ 

ʫʰʴʨʳʰʴ-2(Ferguson et al., 2009; Liu et al., 2008; Cook et al., 1994).  ʳ˂ʰʸʬ ʸʨʵʫʬʴʵʩʰʯ,  

ʰʪʰ ʨʾʳʵˁʬʴʰʲʰʨ  ʼʰʲʺʭʰʹ ʽʹʵʭʰʲˀʰ˂(Cao et al., 1998).ʻˆʬʸˆʬʳʲʵʬʩˀʰ, ʳʨʪ: 

ʫʸʵʮʵʼʰʲʨˀʰ, ʫʰʴʨʳʰʴʰ ˄ʨʸʳʵʫʪʬʴʰʲʰʨ 1 ˄ʿʭʰʲʰ ʪʬʴʰʯ (Van der Bliek et al., 1991; 

Clark et al., 1997).ʫʰʴʨʳʰʴʰʹ ʹʨʳʰ ʪʬʴʰʹ ʨʸʹʬʩʵʩʨ ˃ʻ˃ʻʳ˄ʵʭʸʬʩˀʰ,ˀʬʹʨ˃ʲʵʨ ʨʹʨˆʨʭʫʬʹ 

ʪʨʴʹˆʭʨʭʬʩʬʩʹ ʫʰʴʨʳʰʴ-ʱʲʨʺʸʰʴ ʫʨʳʵʱʰʫʬʩʻʲʬʴʫʵ˂ʰʺʵʮˀʰ, ʸʨ˂ ʪʨʴʶʰʸʵʩʬʩʻʲʰʨ 

ʫʰʴʨʳʰʴ-2 ʰʯ.ʿʵʭʬʲʰʭʬ ʨʳʰʹ  ˀʬʫʬʪʨʫ ʳʰʳʫʰʴʨʸʬʵʩʹ ʹʶʬ˂ʰʨʲʰʮʬʩʻʲʰ 

ʬʴʫʵ˂ʰʺʵʮʰ ʻˇʸʬʫˀʰ, ʸʨ˂ ʫʨʳʨʺʬʩʰʯ ʽʳʴʰʹ  ʫʰʴʨʳʰʴ-1-ʰʹ ʨʴ ʫʰʴʨʳʰʴ-3-ʰʹ 

ʹʨ˅ʰʸʵʬʩʨʹ  ʬʭʵʲʻ˂ʰʰʹ ʶʸʵ˂ʬʹˀʰ, ʫʰʴʨʳʰʴʰʹ ʪʬʴʬʩʰʹ ʨʳʪʭʨʸʰ ʺʸʰʶʲʰʱʨ˂ʰʨ 

ʴʨ˄ʰʲʵʩʸʰʭ ˀʬʰ˃ʲʬʩʨ ʨʰˆʹʴʨʹ ʹʶʬ˂ʰʼʰʱʻʸ ʽʹʵʭʰʲʬʩˀʰʳʰʹʰ ʳʨʽʹʰʳʨʲʻʸʰ 

ʸʨʵʫʬʴʵʩʰʹ ʨʸʹʬʩʵʩʰʯ. ʹˆʭʨʫʨʹˆʭʨ ʰʮʵʼʵʸʳʰʹ ʫʰʴʨʳʰʴʬʩʹ ʪʨʨˁʴʰʨʯ ʳʯʬʲʰ ʸʰʪʰ 

ʻʴʰʱʨʲʻʸʰ ˂ʰʲʨ-˂ʰʲʵʭʨʴʰ ʻʸʯʰʬʸʯʽʳʬʫʬʩʬʩʰ  (Xue et al., 2011; Gray et al., 2003). 

ʲʰʶʰʫʰʹʫʨʱʨʭˀʰʸʬʩʰʹ ˆʨʹʰʨʯʰʹ ʪʨʴʹˆʭʨʭʬʩʨ   ʫʰʴʨʳʰʴ-1 ʫʨ ʫʰʴʨʳʰʴ-2-ˀʰ ʰ˄ʭʬʭʹ 

˃ʲʰʬʸ ʹˆʭʨʵʩʬʩʹ ʳʬʳʩʸʨʴʰʹ ʪʨʿʵʼʰʹ ʨʽʺʰʭʵʩʬʩˀʰ (Liu et al., 2011). 

ʸʵʪʵʸ˂ ʻʱʭʬ ʨʾʴʰˀʴʻʲʰ ʰʿʵ ʫʰʴʨʳʰʴʰ ˄ʨʸʳʵʨʫʪʬʴʹ ʻʳʯʨʭʸʬʹ ˂ʰʲʨʹ  ʪʺʼ-ʨʮʻʸʰ 

ʨʽʺʰʭʵʩʰʹ ʳʽʵʴʬ ˂ʰʲʨʯʨ ˇʪʻʼʰʫʨʴ. ʳʵʴʨ˄ʰʲʬʵʩʹ ʳʬʳʩʸʨʴʰʹ ʸʬʳʵʫʬʲʰʸʬʩʨˀʰ ʫʨ 

ʻʮʸʻʴʭʬʲʿʵʼʹ ʫʵʳʬʴʯʨ ʵʸʪʨʴʰʮʬʩʨʹ. ʳʨʯ ʪʨʨˁʴʰʨʯ ʹʶʬ˂ʰʼʰʱʻʸʰ, ʱʨʺʨʲʰʮʻʸʰ 

ʳʬʽʨʴʰʮʳʰ, ʸʵʳʬʲʰ˂ ʪʨʴʨʹˆʭʨʭʬʩʹ ʳʨʹ RAS ʵˇʨˆʰʹ ˂ʰʲʬʩʰʹʨʪʨʴ, ʸʵʳʲʬʩʰ˂, ʨʹʬʭʬ 

ˆʨʹʰʨʯʫʬʩʰʨʴ ʪʺʼ-ʨʮʻʸʰ ʨʽʺʰʭʵʩʬʩʰʯ.  ʨʳ ˇʪʻʼʰʹ ˂ʰʲʬʩʰʹ G-ʫʵʳʬʴʰ ʪʨʴʰ˂ʫʰʹ 

ʴʻʱʲʬʵʺʰʫ-ʫʨʳʵʱʰʫʬʩʻʲ ʫʰʳʬʸʰʮʨ˂ʰʨʹ ʫʨ ʫʰʳʬʸ-ʫʨʳʵʱʰʫʬʩʻʲ ʪʺʼ-
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ˈʰʫʸʵʲʰʮʹ (Gasper et al., 2009; Chappie et al., 2011). G-ʫʵʳʬʴʰʹ ʫʰʳʬʸʰʮʨ˂ʰʨ 

ʸʬ˂ʰʶʸʵʱʻʲʨʫ ʰʴʫʻ˂ʰʸʬʩʹ  ʶʨʸʺʴʰʵʸʻʲʰ DRP -ʰʹ ˇʪʻʼʰʹ ˂ʰʲʰʹ ʱʨʺʨʲʰʮʻʸʰ 

˂ʬʴʺʸʰʹ ʹʺʸʻʽʺʻʸʻʲ ʪʨʼʨʸʯʵʬʩʨʹ, ʸʨ˂ ʯʨʭʰʹ ʳˆʸʰʭ, ʨʹʺʰʳʻʲʰʸʬʩʹ ʪʺʼ-ʰʹ 

ˈʰʫʸʵʲʰʮʹ (Chappie et al., 2011).  

 

                                     ʫʰʴʨʳʰʴʰʹ ʫʵʳʬʴʬʩʰʹ ʵʸʪʨʴʰʮʨ˂ʰʨ 

 

ʫʰʴʨʳʰʴʰ ˄ʨʸʳʵʨʫʪʬʴʹ ˂ʰʺʵʮʵʲʻʸ ʶʸʵʺʬʰʴʹ, ʸʨʫʪʨʴʨ˂ ˀʬʰ˂ʨʭʹ ʨʳʰʴʵ 

ʺʬʸʳʰʴʨʲʻʸ G ʫʵʳʬʴʹ, „ʹʨˀʻʨʲʵ“ ʨʴ „ʯʨʭʰʹʯʨʭʨʫʰ“ ʸʬʪʰʵʴʹ, ʶʲʬʽʹʺʸʰʴʰʹ 

ˈʵʳʵʲʵʪʰʻʸʰ ʫʵʳʬʴʹ (PH ʫʵʳʬʴʰ),  ʪʺʼ-ʨʮʨ ʬʼʬʽʺʵʸʻʲʰ ʫʵʳʬʴʹ (GED) ʫʨ   

ʶʸʵʲʰʴʰʯʳʫʰʫʨʸʰ ʱʨʸʩʵʽʹʰ ʺʬʸʳʰʴʨʲʻʸʰ ʫʵʳʬʴʹ (PRD).  ʻʼʸʵ ʳʬʺʰ ʰʴʼʵʸʳʨ˂ʰʨ 

ʫʰʴʨʳʰʴʰʹ ʫʨ ʹˆʭʨ  DRP ˂ʰʲʨʯʨ ʹʺʸʻʽʺʻʸʬʩʰʹ ˀʬʹʨˆʬʩ ʳʵ˂ʬʳʻʲʰʨ ʳʰʯʰʯʬʩʻʲ 

ʳʰʳʵˆʰʲʭʬʩˀʰ:   Chappie et al., 2010; Gao et al., 2010; Bian et al., 2011; Byrnes et al., 2011. 

 

                         ʫʰʴʨʳʰʴʰʹ ʾʬʸʵʹ ʫʰʳʬʸʰʮʨ˂ʰʨ 

 

ʫʰʴʨʳʰʴʰʹ ʾʬʸʵ ʫʰʳʬʸʰʮʫʬʩʨ ˇʭʸʰʹʬʩʻʸʨʫ. ʫʰʴʨʳʰʴʰʹ ʫʰʳʬʸˀʰ  ʵʸʰ G ʫʵʳʬʴʰ 

ʵʸʰʬʴʺʰʸʬʩʻʲʰʨ ʹˆʭʨʫʨʹˆʭʨ ʳʰʳʨʸʯʻʲʬʩʬʩʰʯ (Chappie et al., 2010; 2011).  ʬʹ ʫʰʳʬʸʰ 

˄ʨʸʳʵʨʫʪʬʴʹ  ʫʰʴʨʳʰʴʰʹ ʳʯʨʭʨʸ ʬʸʯʬʻʲʹ ʫʨ ʪʨʴʹˆʭʨʭʬʩʻʲʰʨ ʫʨʳʨʺʬʩʰʯʰ  

ʰʵʴʰʮʨ˂ʰʻʸʰ ʰʴʺʬʸʼʬʰʹʰʹʪʨʴ  ʸʵʳʬʲʰ˂ ʪʬʴʬʸʰʸʫʬʩʨ ʵʸʰ G ʫʵʳʬʴʰʹ 

ʻʸʯʰʬʸʯʽʳʬʫʬʩʰʯ (Ramachandran et al.,2009)PH ʫʵʳʬʴʰʫʨʴ ʨʳʵʮʸʫʰʲʰ 

ˈʰʫʸʵʼʵʩʻʲʰ ʳʨʸʿʻʷʰ ˄ʨʸʳʨʸʯʨʭʹ ʳʬʳʩʸʨʴʨʹʯʨʴʻʸʯʰʬʸʯʽʳʬʫʬʩʨʹ(Ramachandran 

et al., 2009., Liu et al.,2011). 

 

               ʳʬʳʩʸʨʴʻʲʰ ʫʨʿʵʼʨ ʫʰʴʨʳʰʴʰʹ ˈʬʲʰʽʹʬʩʰʹ ʳʬˀʭʬʵʩʰʯ 

 

ʸʵʫʬʹʨ˂ ʫʰʴʨʳʰʴʰ ʶʵʲʰʳʬʸʰʮʫʬʩʨ ʬʴʫʵ˂ʰʺʵʮʻʸʰ ʱʭʰʸʺʰʹ ʱʰʹʬʸʮʬ ( ʰʴ ʭʰʺʸʵ 

ʶʰʸʵʩʬʩˀʰ ʺʻʩʻʲʨʸʻʲʰ ʳʬʳʩʸʨʴʰʹ ˀʨʩʲʵʴʮʬ) ʳʰʹʰ ʪʺʼ-ˈʰʫʸʵʲʰʮ 
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ʫʨʳʵʱʰʫʬʩʻʲʰ ʹʺʸʻʽʺʻʸʻʲʰ ʸʬʵʸʪʨʴʰʮʨ˂ʰʨ ʰ˄ʭʬʭʹ ʳʬʳʩʸʨʴʰʹ ʫʨˆʲʬˁʨʹ. 

ʫʨʫʪʰʴʫʨ, ʸʵʳ ʪʨʹʻʼʯʨʭʬʩʻʲ ʫʰʴʨʳʰʴʹ ˀʬʻ˃ʲʰʨ ʫʨˆʲʰˁʵʹ  ʹʰʴʯʬʮʻʸʰ 

ʲʰʶʰʫʻʸʰ ʺʻʩʻʲʬʩʰ ʪʺʼ-ʰʹ ʯʨʴʨʵʩʰʹʨʹ (Roux et al., 2006; Sweitzer et al., 1998; 

Bashkirov et al., 2008; Pucadyil et al., 2008),  ʹˆʭʨ ʼʨʽʺʵʸʬʩʳʨ˂ ˀʬʰ˃ʲʬʩʨ ˀʬʻ˄ʿʵʹ ˆʬʲʰ 

ʫʰʴʨʳʰʴʰʹ ʰʴ ʭʰʭʵ ʳʵʽʳʬʫʬʩʨʹ. 

ʯʨʴʨʳʬʫʸʵʭʬ ʱʸʰʹʺʨʲʵʪʸʨʼʰʻʲʰ ʫʨ ʱʸʰʵ-ʬʲʬʽʺʸʵʴʻʲʰ ʱʭʲʬʭʬʩʰʹ ˀʬʫʬʪʨʫ 

ʳʰʾʬʩʻʲʰʨʫʰʴʨʳʰʴʰʹ ʳʵʽʳʬʫʬʩʰʹ ˀʬʹʨˆʬʩ ʻʨˆʲʬʹʰ ʳʵʴʨ˂ʬʳʬʩʰ. ʻʶʰʸʭʬʲʬʹ ʿʵʭʲʰʹʨ 

ʻʴʫʨ ʨʭʾʴʰˀʴʵʯ, ʸʵʳ ʫʰʴʨʳʰʴʰ ʬʱʻʯʭʴʰʹ G ˂ʰʲʨʯʨ ʹʻʶʬʸʵˇʨˆʹ,ʸʵʳʬʲʰ˂ 

ʨʽʺʰʭʫʬʩʨ ʴʻʱʲʬʵʺʰʫ ʫʨʳʵʱʰʫʬʩʻʲʰ ʫʰʳʬʸʰʮʨ˂ʰʰʹ ˀʬʫʬʪʨʫ(Gasper et al., 2009). 

ʳʰʳʫʰʴʨʸʬʵʩʹ ʳʹˇʬʲʵʩʨ ʰʳʰʹ ˀʬʹʨˆʬʩʨ˂, ʸʵʳ ʪʺʼ-ʫʨʳʵʱʰʫʬʩʻʲʳʨ ʫʰʴʨʳʰʴʳʨ 

ˀʬʰ˃ʲʬʩʨ ʰʼʻʴʽ˂ʰʵʴʰʸʵʹ, ʸʵʪʵʸ˂  „ʫʨʽʰʸʨʭʬʩʻʲʳʨ“  ʬʼʬʽʺʵʸʳʨ(Sever et al., 1999).  

G ʫʵʳʬʴʰʹ ʫʰʳʬʸʰʮʨ˂ʰʨ ˄ʨʸʳʵʨʫʪʬʴʹ  ʱʸʰʺʰʱʻʲ ʼʨʮʨʹ ʪʺʼ-ʨʮʻʸʰ ʳʵʽʳʬʫʬʩʰʹ 

ʨʽʺʰʭʨ˂ʰʰʹʨʯʭʰʹ (Liu et al., 2011; Chappie et al., 2010; Low et al., 2010; Bashkirov et al., 

2008; Ghosh et al., 2006) ʫʨ ʳʵʰʯˆʵʭʹ  ʻʸʯʰʬʸʽʳʬʫʬʩʨʹʫʰʴʨʳʰʴʰʹ ˈʬʲʰʽʹʰʹ 

ʳʰʳʫʬʩʨʸʬ „ʩʰˇʬʩʹ“ ˀʵʸʰʹ (Chappie et al., 2010). ʫʰʴʨʳʰʴʰʹ ʼʻʴʽ˂ʰʵʴʰʸʬʩʨ ʸʵʪʵʸ˂ 

ʳʰʴʰʳʻʳ, ʳʵʰʯˆʵʭʹ, ʸʵʳ  ʶʵʲʰʳʬʸʰ, ʸʵʳʬʲʰ˂ ʳʬʳʩʸʨʴʻʲʰ ˀʨʩʲʵʴʰʹ ʰʸʪʭʲʰʭ 

ˁʨʬˆʭʬʭʨ, ʫʨʻʱʨʭˀʰʸʫʬʹ ʳʵʳʫʬʭʴʵ ʩʰˇʹ. ʨʾʹʨʴʰˀʨʭʰʨ, ʸʵʳ ʫʰʴʨʳʰʴʰʹʨ ʫʨ  DRP 

ʨʺʲʨʹʺʰʴʰʹ  ˀʬʹ˄ʨʭʲʰʹʨʹ ˀʬʳʵʯʨʭʨʮʬʩʻʲ ʰʽʴʨ, ʸʵʳ ʪʺʼ-ʰʹ ˈʰʫʸʵʲʰʮʰ  G 

ʫʵʳʬʴʰʹ ʫʰʳʬʸʰʹ ʳʬˀʭʬʵʩʰʯ, ʰ˄ʭʬʭʹ ʨˆʲʵʹ ʳʫʬʩʨʸʬ ʫʵʳʬʴʰʹ ʩʬʸʱʬʺʰʹ ʳʹʪʨʭʹ 

ʳʵ˃ʸʨʵʩʨʹ. ʨʳʫʨʪʭʨʸʳʨ ʪʨʫʨʨʫʪʰʲʬʩʨʳ ˀʬʰ˃ʲʬʩʨ ˀʬʱʻʳˀʵʹ ʫʰʴʨʳʰʴʰʹ ˈʬʲʰʽʹʰ. 

ʨʳʫʨʪʭʨʸʰ ʪʨʫʨʨʫʪʰʲʬʩʨ ʪʨʳʵ˄ʭʬʻʲʰʨ G-ʫʵʳʬʴʰʹʨ ʫʨ ʳʰʳʫʬʩʨʸʬ ʩʰˇʹ ˀʵʸʰʹ 

ʰʴʺʬʸʨʽ˂ʰʰʯ, ʨʳʨʴ ʱʰ ˀʬʰ˃ʲʬʩʨ ʪʨʳʵʰ˄ʭʰʵʹ ʱʵʵʸʫʰʴʨ˂ʰʻʲʰ ʸʵʺʨ˂ʰʨ ʬʸʯʰ 

ʩʰˇʰʫʨʴ ʳʬʵʸʬʮʬ, ʸʨʹʨ˂ ʳʵˈʿʭʬʩʨ ʫʰʴʨʳʰʴ ʪʨʴʶʰʸʵʩʬʩʻʲʰ ʳʬʳʩʸʨʴʻʲʰ ʫʨˆʲʬˁʨ. 

ʳʵʳʫʬʭʴʵ ʪʺʼ ʰʹʬ ˄ʨʸʳʨʸʯʨʭʹ ˈʰʫʸʵʲʰʮʹ, ʸʵʳ ʨʸ ʬʹʨ˅ʰʸʵʬʩʨ ʫʨˆʲʬˁʰʹ ʺʸʰʪʬʸʰ, 

ʨʲʩʨʯ ʰʳʰʺʵʳ, ʸʵʳ ʪʸ˃ʬʲʰ ʫʰʴʨʳʰʴʰʹ ʼʬʴʨ ʳʵʽʳʬʫʬʩʹ ʸʵʪʵʸ˂ ʹʺʨʩʰʲʰʮʰʸʬʩʨʫʰ 

ʨʳ˄ʿʵʩʰ(Roux et al., 2006; Bashkirov et al., 2008; Danino et al., 2004).  ʯʨʭʰʹʻʼʨʲ 

ʻˇʸʬʫʻʲ ʹʰʹʺʬʳʬʩˀʰ, ʲʰʶʰʫʻʸʰ ʺʻʩʻʲʬʩʰʹ ʬʼʬʽʺʻʸʰ ʫʨʿʵʼʨ ʳʰʳʫʰʴʨʸʬʵʩʹ 

ʵʶʺʰʳʨʲʻʸʨʫ, ʨʳ ʫʸʵʹ ʫʰʴʨʳʰʴʰʹ ʶʵʲʰʳʬʸʰʮʨ˂ʰʨ ˆʫʬʩʨ ʪʺʼ-ʹ ʯʨʴʨʵʩʰʹʨʹ, ʸʨ˂ 
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ʻʮʸʻʴʭʬʲʿʵʼʹ  ʱʨʭˀʰʸʹ  ʫʰʴʨʳʰʴʰʹ ʹ˄ʸʨʼʨʫ ʨ˄ʿʵʩʨʹ, ʪʺʼ-ʰʹ ˈʰʫʸʵʲʰʮʹʨ ʫʨ 

ʶʵʲʰʳʬʸʰʹ ʫʨˀʲʨʹ  ˀʵʸʰʹ (Pucadyil et al., 2008, Bashkirov et al., 2008; Sweitzer et al., 

1998).  ʫʨʪʸ˃ʬʲʬʩʻʲʰ ʫʰʴʨʳʰʴʰʹ ˈʬʲʰʽʹʰ, ˀʬʹʨ˃ʲʵʨ  ʴʨʱʲʬʩ ʬʼʬʽʺʻʸʰ ʰʿʵʹ. 

ʫʨʿʵʼʰʹ ˄ʨʸʳʨʸʯʭʰʹʨʹ, ʸʨʫʪʨʴ ʴʨʱʲʬʩ ʬʼʬʽʺʻʸʰʨ ʹʻʩʬʸʯʬʻʲʯʨ ʫʰʹʵ˂ʰʨ˂ʰʰʹʨʹ. 

ʫʰʴʨʳʰʴʰʹ ʨʹʨʳʩʲʰʸʬʩʨ ˆʫʬʩʵʫʨ ʹ˄ʸʨʼʨʫ, ʸʵʫʬʹʨ˂G-ʫʵʳʬʴʬʩʰ ʬʸʯʰ ʳˆʸʰʭ 

ʫʰʳʬʸʰʮʰʸʫʬʩʰʨʴ ʳʵʳʫʬʭʴʵ ʴʨʩʰˇʮʬ ʫʰʳʬʸʬʩʨʫ G-ʫʵʳʬʴʬʩʯʨʴ ʬʸʯʨʫ. ʮʵʪʰʬʸʯʰ 

ʼʰʮʰʵʲʵʪʰʻʸʰ ʶʰʸʵʩʬʩʰʹ ʪʨʯʭʨʲʰʹ˄ʰʴʬʩʰʯ, ʪʺʼ-ʰʹ ʫʵʳʬʴʰʹ ʲʵʱʨʲʻʸʰ 

ʸʬʪʻʲʨ˂ʰʨ ˆʬʲʹ ʻ˄ʿʵʩʹ  ʫʰʴʨʳʰʴʰʹ ˀʬʹʨʩʨʳʰʹ ʼʻʴʽ˂ʰʨʹ, ʸʵʳʲʰʹ ʫʸʵʹ, ʳʻʺʨ˂ʰʬʩʰ  

ʴʻʱʲʬʵʺʰʫ ʼʵʹʼʨʺ ʱʰʴʨʮʨʹ ʪʬʴˀʰ ˆʫʬʩʨ. ʬʹ ʬˆʳʨʸʬʩʨ ʹʰʴʨʼʹʹ ʪʨˆʫʬʹ ʳʬʺʨʫ 

ʹʬʴʹʰʺʰʻʸʰ ʫʰʴʨʳʰʴʰʹ ʳʻʺʨ˂ʰʰʹ ʫʸʵʹ (Krishnan et al., 2001) 

 

                ʫʰʴʨʳʰʴʰʹ ʸʵʲʰ ʹˆʭʨ ʺʰʶʰʹ ʬʴʫʵ˂ʰʺʨʸʻʲ ʶʸʵ˂ʬʹʬʩˀʰ 

 

ʬʴʫʵ˂ʰʺʵʮʰ ˀʬʹʨ˃ʲʬʩʬʲʰʨ ˄ʨʸʰʳʨʸʯʵʹ ʱʲʨʺʸʰʴʰʹ ʪʨʸʬˀʬ˂. ʫʰʴʨʳʰʴʰ 

ʳʵʴʨ˄ʰʲʬʵʩʹ ʮʵʪʰʬʸʯ  ʱʲʨʺʸʰʴ-ʫʨʳʵʻʱʰʫʬʩʬʲʰ ʬʴʫʵ˂ʰʺʵʮʰʹ ʹʨʼʬˆʻʸʬʩˀʰ˂. 

ʫʰʴʨʳʰʴʰ ʫʨʱʨʭˀʰʸʬʩʻʲʰʨ ʱʨʭʬʵʲʰʴ ʫʨʳʵʱʰʫʬʩʻʲʰ ʰʴʺʬʸʴʨʲʰʮʨ˂ʰʨʹʯʨʴ. 

ʫʰʴʨʳʰʴʰ ʫʨ ʨʽʺʰʴʰʴʨʴʨˆʰʨ ʱʨʭʬʵʲʬʩˀʰ, ʸʨʫʪʨʴʨ˂ ʪʨʨˁʴʰʨʯ  ʳʹʪʨʭʹʰ ʼʻʴʽ˂ʰʻʸʰ 

ˀʬʹʨ˃ʲʬʩʲʵʩʬʩʰ ʳʬʳʩʸʨʴʻʲʰ ʫʨʿʵʼʰʹ ʫʸʵʹ (Pelkmans et al., 2002; Henley et.al., 1998). 

ʱʨʭʬʵʲʬʩˀʰ ʫʰʴʨʳʰʴʰʹ ʫʰʴʨʳʰʱʨ ʫʨ ʼʻʴʽ˂ʰʨ ʩʵʲʵʳʫʬ ʨʸ ʨʸʰʹ ˀʬʹ˄ʨʭʲʰʲʰ. 

ʫʰʴʨʳʰʴʰʹ ʨʸʿʵʼʴʰʹʨʹ,  ʱʨʭʬʵʲʨˀʰ ʳ˂ʰʸʫʬʩʨ ʳʰʹʰ ʩʰʸʯʭʻʲʰ ʱʵʳʶʵʴʬʴʺʰʹ 

ʱʨʭʬʵʲʰʴ-1 ʰʹ ʫʵʴʬ, ʱʨʭʬʵʲʰʴʰʹ ʹʰˆˀʰʸʰʹ ʮʸʫʨ ˀʬʹʨ˃ʲʵʨ ʨʸʬˀʰ ʫʰʴʨʳʰʴʰʹ 

ʨʸʹʬʩʵʩʰʹʨʹ  ʳʬʳʩʸʨʴʰʹ ʫʨʿʵʼʨʹʯʨʴ ʰʿʵʹ ʫʨʱʨʭˀʰʸʬʩʻʲʰ (Ferguson et.al., 2009). ˇʬʸ 

ʩʵʲʵʳʫʬ ʪʨʻʸʱʭʬʭʬʲʰʨ, ʱʨʭʬʵʲʬʩʰʹ ʬʴʫʵ˂ʰʺʵʮʻʸ ʸʵʳʬʲ ʹʨʼʬˆʻʸʮʬ ʨʱʰʹʸʰʨ 

ʫʰʴʨʳʰʴʹ ʳʯʨʭʨʸʰ ʸʵʲʰ. ʱʲʨʺʸʰʴ ʫʨ ʱʨʭʬʵʲʰʴ-ʫʨʳʵʻʱʰʫʬʩʬʲʰ ʬʴʫʵ˂ʰʺʵʮʻʸʰ 

ʹʨʼʬˆʻʸʬʩʰʹ ʪʨʯʭʨʲʰʹ˄ʰʴʬʩʰʯ, ʫʰʴʨʳʰʴʰʹ  ʪʨʫʨʳ˄ʿʭʬʺʰ ʸʵʲʰ  ˁʨʴʹ ʳʸʨʭʨʲ  

ˀʬʳʯˆʭʬʭʨˀʰ. ʻʶʰʸʭʬʲʬʹ ʿʵʭʲʰʹʨ, ʬʹʨʨ: ʫʵʳʰʴʨʴʺ-ʴʬʪʨʺʰʻʸʰ ʳʻʺʨ˂ʰʨ (ʸʵʳʬʲʳʨ˂ 

ˀʬʹʨ˃ʲʵʨ ʪʨʳʵʰ˄ʭʰʵʹ ʴʬʪʨʺʰʻʸʰ ʬʼʬʽʺʬʩʰ) ʨʴ ʼʨʸʳʨʱʵʲʵʪʰʻʸʰ ʰʴˈʰʩʰʸʬʩʨ 

˄ʨʳʲʬʩʰʯ (ˀʬʰ˃ʲʬʩʨ ʪʨʨˁʴʫʬʹ ʨʸʨʼʰʮʰʵʲʵʪʰʻʸʰ ʬʼʬʽʺʰ).  ʨʹʬ ʸʵʳ, ʪʨʴʹʨʮʾʭʸʻʲʰ 
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ʶʨʹʻˆʰ ʰʳʨʮʬ, ʯʻ ʸʵʪʵʸ ʳʵʽʳʬʫʬʩʹ ʫʰʴʨʳʰʴʰ  ʳʹʪʨʭʹ ˀʬʳʯˆʭʬʭʬʩˀʰ,  ʳʵʰʯˆʵʭʹ 

ʳʬʯʵʫʯʨ ʪʨʸʱʭʬʻʲ ʱʵʳʩʰʴʨ˂ʰʬʩʹ. 

 

                          ʫʰʴʨʳʰʴʰʹ ʸʵʲʰ ˀʰʫʨʻˇʸʬʫʻʲ ʫʨʿʵʼʨˀʰ 

 

ʭʬʮʰʱʻʲʬʩʰʫʨʴ ʫʨ˄ʿʬʩʻʲʰ ʫʨ ˀʬʳʫʪʵʳ ʪʨʪʸ˃ʬʲʬʩʻʲʰ ʳʬʳʩʸʨʴʻʲʰ ʫʨʿʵʼʨ 

ʳʰʳʫʰʴʨʸʬʵʩʹ ʪʨʸʱʭʬʻʲʰ ʯʨʴʳʰʳʫʬʭʸʵʩʰʯ, ʳʯʬʲʰ ʹʬʱʸʬʺʵʸʻʲʰ ʫʨ 

ʬʴʫʵ˂ʰʺʵʮʻʸʰʳʬʽʨʴʰʮʳʬʩʰʹʳʵʴʨ˄ʰʲʬʵʩʰʯ. ʬʽʹʶʬʸʰʳʬʴʺʬʩʰʯ  ʫʨʫʪʰʴʫʨ, ʸʵʳ 

ʮʵʪʰʬʸʯ ʨʳʪʭʨʸ ʶʸʵ˂ʬʹʬʩˀʰ,ʫʨʿʵʼʰʹ ʳʰʳʫʰʴʨʸʬʵʩʨʮʬ ʮʬʪʨʭʲʬʴʨʹ ʨˆʫʬʴʹ ʨʸʨ 

ʫʰʴʨʳʰʴʰ, ʨʸʨʳʬʫ ʱʲʨʺʸʰʴʰʯ ʨʳʵʼʬʴʰʲʰ ʭʬʮʰʱʻʲʬʩʰ, ʸʵʳʲʬʩʰ˂ ˄ʨʸʳʵʫʪʬʴʰʲʴʰ 

ʨʸʰʨʴ ʪʵʲˇʰʹ ʨʶʨʸʨʺʰʹ ʺʸʨʴʹ ʮʬʫʨʶʰʸʰʫʨʴ (Liu et.al., 2008; Jones et.al., 1998; Derivery 

et.al., 2009; Mesaki et.al., 2011).ʹʨʼʻʨʸʰʹ ʫʰʴʨʳʰʴʰʹ  ˈʵʳʵʲʵʪʰ VPS1, ˁʨʸʯʻʲʰʨ 

ʬʴʫʵʹʵʳʨʹʨ ʫʨ ʪʵʲˇʰʹ ʨʶʨʸʨʺʰʹʺʸʨʴʹʶʵʸʺʰʸʬʩʨˀʰ (Rothman et.al., 1990).  ʨˀʱʨʸʨʨ, 

ʸʵʳ ʱʲʨʺʸʰʴʰʯ ˀʬʭʹʬʩʻʲʰʾʸʳʻʲʬʩʰ ʼʰʩʸʵʩʲʨʹʺʬʩʰʹ ʪʵʲˇʰʹ ʨʶʨʸʨʺʰʹ ʺʸʨʴʹ 

ʮʬʫʨʶʰʸʮʬ ʨʸ  ʪʭˆʭʫʬʩʨ (Ferguson et.al., 2009). ʳʴʰˀʭʴʬʲʵʭʨʴʰʨ, ʪʨʴʰʹʨʮʾʭʸʵʹ  

ʮʵʪʰʬʸʯʰ ʨʸʨʬʴʫʵ˂ʰʺʵʮʻʸʰ ʫʬʼʬʽʺʰ ʸʵʳʲʰʹ ʫʸʵʹʨ˂, ʫʰʴʨʳʰʴʰ ʰʴˈʰʩʰʸʫʬʩʨ, 

ʨʳʨʴ ʱʰ ˀʬʹʨ˃ʲʵʨ ʪʨʮʨʸʫʵʹ ʱʲʨʺʸʰʴʰʹ ˀʬʳ˂ʰʸʬʩʨ  ʻˇʸʬʫˀʰ. ʳʬʳʩʸʨʴʻʲʰ 

ʺʸʨʴʹʶʵʸʺʰʹ ʫʨʸʾʭʬʭʨ ʳʵʽʳʬʫʬʩʹ ʹʰʪʴʨʲʰʹ ʪʨʫʨ˂ʬʳʨʮʬ ʫʨ  ˂ʰʺʵˁʵʴˁˆʰʹ 

ʫʰʴʨʳʰʱʨʮʬ. 

 

                                  ʫʰʴʨʳʰʴʰ ʫʨ ˂ʰʺʵˁʵʴˁˆʰ 

 

ʫʰʴʨʳʰʴʰ ʶʰʸʫʨʶʰʸʰ ʫʨ ʨʸʨʶʰʸʫʨʶʰʸʰ ʪʮʰʯ ʫʨʱʨʭˀʰʸʬʩʻʲʰʨ ˂ʰʺʵˁʵʴˁˆʯʨʴ. 

ʫʨʳʵʱʰʫʬʩʻʲʬʩʨ ʨʳ ʻʸʯʰʬʸʯʽʳʬʫʬʩʬʩʹʨ  ʫʨ ʫʰʴʨʳʰʴʰʹ ʬʴʫʵ˂ʰʺʵʮʻʸʼʻʴʽ˂ʰʨʹ 

ˀʵʸʰʹ, ʬʸʯ-ʬʸʯʰ ʿʭʬʲʨʮʬ ʹʨʰʴʺʬʸʬʹʵ ʫʨ ʨʳʨʭʫʸʵʻʲʨʫ ʳ˄ʰʸ ʰʴʼʵʸʳʨ˂ʰʻʲʰʨ 

ʫʰʴʨʳʰʴʰʹ ˀʬʹʨˆʬʩ ʨʸʹʬʩʻʲ ʰʴʼʵʸʳʨ˂ʰʨʯʨ ˀʵʸʰʹ. 
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                                  ʫʰʴʨʳʰʴʰʹ  ʨʽʺʰʴʯʨʴ ʱʨʭˀʰʸʰ 

 

ʫʰʴʨʳʰʴʰʹ ʼʻʴʽ˂ʰʵʴʰʸʬʩʰʹ ʬʸʯ-ʬʸʯʰ ʻʳʴʰˀʭʴʬʲʵʭʨʴʬʹʰ ʶʰʸʵʩʨʨ ʳʰʹʰ ʨʽʺʰʴʰʹ 

ʼʰʲʨʳʬʴʺʬʩʯʨʴ ʱʨʭˀʰʸʰ. ʬʹ ʱʨʭˀʰʸʰ ʪʨʴʨʶʰʸʵʩʬʩʹ ʻʨʳʸʨʭ ʬʴʫʵ˂ʰʺʨʸʻʲ 

ʾʵʴʰʹ˃ʰʬʩʨʹ, ʨʹʬʯʰʨ ʳʨʪ: ʻʳʬʺʬʹʵʩʨ ʱʲʨʺʸʰʴ-ʪʨʴʶʰʸʵʩʬʩʻʲʰ ʬʴʫʵ˂ʰʺʨʸʻʲʰ 

ʶʸʵ˂ʬʹʬʩʰ (Collins et.al., 2011; Yarar et.al., 2005; Boulant et.al., 2011;).  

ʰʳʻʴʵʼʲʻʸʬʹ˂ʬʴʺʻʲʳʨ ʫʨ ˂ʵ˂ˆʨʲʰ ʻˇʸʬʫʬʩʰʹ ʱʭʲʬʭʬʩʳʨ ʨˁʭʬʴʨ, ʸʵʳ ʫʰʴʨʳʰʴʰ 

ʨʽʺʰʴʯʨʴ ʲʵʱʨʲʰʮʫʬʩʨ. ʨʳ ʶʸʵ˂ʬʹʰʹ ˆʬʲʰʹ ˀʬʳ˄ʿʵʩʰ ʼʨʽʺʵʸʰʨ ʨʽʺʰʴʰʹ 

ʸʬʪʻʲʨʺʵʸʻʲ ʴʬʰʸʵʴʨʲʻʸʰ ʭʰʹʱʵʺ-ʨʲʫʸʰˆʰʹ ʹʰʴʫʸʵʳʰʹ ˂ʰʲʨ, ʨʽʺʰʴʰ-

ʫʨʱʨʭˀʰʸʬʩʻʲʰ ˂ʰʲʨ2/3 ʵʾʵʴʫ ʪʨʴʹʨʮʾʭʸʻʲ ʹʨʰʺʬʩʮʬ (ʬʹ ʹʨʰʺʬʩʰʨ: 

ʲʨʳʬʲʰʶʵʫʰʨ(Schlunck et.al., 2004), ʳʬʳʩʸʨʴʻʲʰ ʹʨ˂ʬ˂ʬʩʰ (ʫʵʸʹʨʲʻʸʰ ʹʨ˂ʬ˂ʬʩʰ, 

ʸʵʳʲʬʩʰ˂ ʪʨʴʨʶʰʸʵʩʬʩʬʴ  ʼʨʪʵ˂ʰʺʵʮʹ (Gold et.al., 1999) ʰʴʭʨʫʵʶʬʫʰʨ ʫʨ (Baldassarre 

et al., 2003) ʶʵʫʵʹʵʳʬʩʰ (Ochoa et.al., 2000)- ʨʳ ʹʨʰʺʬʩˀʰ ʫʰʴʨʳʰʴʰ ʨʸ ʱʭʬʯʹ 

ʳʬʳʩʸʨʴʻʲ ʹʰʭʸ˂ʬʹ, ʳʨʪʸʨʳ ʯʨʭʰʹʯʨʭʨʫʨʨ ˄ʨʸʳʵʫʪʬʴʰʲʰ ʨʽʺʰʴʰʹ ʽʹʬʲˀʰ.  ʬʹ 

ʲʵʱʨʲʰʮʨ˂ʰʨ ʫʨʳʵʱʰʫʬʩʻʲʰʨ  ʫʰʴʨʳʰʴʹʨ ʫʨ ʸʨʳʫʬʴʰʳʬ ʨʽʺʰʴ-ʸʬʪʻʲʰʸʬʩʨʫ 

˂ʰʲʨʹ ˀʵʸʰʹ ʱʨʭˀʰʸʮʬ, ʸʨ˂ ʯʨʭʰʹ ʳˆʸʰʭ, ʳʵʰ˂ʨʭʹ  CDC-42-ʯʨʴ  ʨʴ ʸʬʪʻʲʨʺʵʸʻʲ 

ʫʵʳʬʴʬʩʹ ˀʵʸʰʹ ʻʸʯʰʬʸʽʳʬʫʬʩʨʹ. ʫʰʴʨʳʰʴʹ ˀʬʻ˃ʲʰʨ ˄ʨʸʳʵʽʳʴʨʹ ʱʲʨʹʺʬʸʬʩʰ  

ʨʽʺʰʴʰʹ ʼʰʲʨʳʬʴʺʬʩʰʹ ʪʨʸˀʬʳʵ ʱʵʸʺʰʱʨʲʻʸʰ ʨʽʺʰʴʰʹ ʯʨʴʨʵʩʰʹʨʹ, ʸʵʳʬʲʰ˂ ʯʨʭʰʹ 

ʳˆʸʰʭ ʳʵʳʬʴʺʨʲʻʸʨʫ ʻʱʨʭˀʰʸʫʬʩʨ F (ʼʰʲʨʳʬʴʺʻʸ)-ʨʽʺʰʴʹ (Krueger et.al., 2003; 

Mooren et.al., 2009). ʫʰʴʨʳʰʴʰʹ ʾʬʸʵʭʨʴ ʸʬʪʰʵʴʹ ˀʬʹ˄ʬʭʹ ʻʴʨʸʰ ʶʰʸʫʨʶʰʸ 

ʫʨʻʱʨʭˀʰʸʫʬʹ F-ʨʽʺʰʴʹ(Haller,et.al., 2010). ʬʹ  ʳʱʨʼʰʵʫ ʹ˂ʬʳʹ ʶʨʹʻˆʹ ʰʳ ʹʨʱʰʯˆʯʨʴ 

ʫʨʱʨʭˀʰʸʬʩʰʯ, ʸʵʳ ʯʻ ʫʰʴʨʳʰʴʰ ʶʰʸʫʨʶʰʸ ʨˆʫʬʴʹ ʪʨʭʲʬʴʨʹ ʨʽʺʰʴʰʹ ʫʰʴʨʳʰʱʨʮʬ, 

ʨʳʨʹ ˀʬʹʨ˃ʲʵʨ ʪʨʨˁʴʫʬʹ ʪʨʸʱʭʬʻʲʰ ʸʵʲʰ ʨʽʺʰʴʰʹ ʼʻʴʽ˂ʰʵʴʨʲʻʸ 

ʫʨʳʵʻʱʰʫʬʩʲʵʩʨʮʬ ʬʴʫʵ˂ʰʺʵʮʰʹ ʫʸʵʹ. ʹʨʼʻʨʸʬʩʮʬ ˁʨʺʨʸʬʩʻʲʳʨ ʱʭʲʬʭʬʩʳʨ 

ˆʨʮʰ ʪʨʻʹʭʨ ʨʽʺʰʴʰʹ ʬʴʫʵ˂ʰʺʵʮˀʰ ʳʵʴʨ˄ʰʲʬʵʩʰʹ ʱʸʰʺʰʱʻʲ ʸʵʲʹ (Kubler et.al., 

1993; Conibear et.al., 2010; Kakson et.al., 2005). 

ʫʰʴʨʳʰʴʰʹ ʫʨ ʨʽʺʰʴʰʹ ʸʬʪʻʲʨʺʵʸʻʲ ˂ʰʲʬʩʯʨʴ ʻʸʯʰʬʸʯʽʳʬʫʬʩʨʳ  ˀʬʹʨ˃ʲʵʨ 

ˆʬʲʰ ˀʬʻ˄ʿʵʹ ʫʰʴʨʳʰʴʰʹ ʪʨʴʲʨʪʬʩʨʹ ʬʴʫʵ˂ʰʺʨʸʻʲ ʹʨʰʺʬʩʮʬ. ʨʽʺʰʴʳʨ ˀʬʹʨ˃ʲʵʨ  
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ʪʨʳʵʰ˄ʭʰʵʹ ʫʨ˃ʨʩʻʲʵʩʨ ʬʴʫʵ˂ʰʺʨʸʻʲʰ ʱʭʰʸʺʬʩʰʹ ʱʰʹʬʸʮʬ ʸʰʹʰ ʳʬˀʭʬʵʩʰʯʨ˂ ʳʨʹ 

˃ʨʲʻ˃ʹ ʫʨʿʵʼʰʹ ʶʸʵ˂ʬʹˀʰ ʰʳʵʽʳʬʫʵʹ ʫʰʴʨʳʰʴʯʨʴ ʬʸʯʨʫ. ʳʬʵʸʬ 

ʳˆʸʰʭʫʰʴʨʳʰʴʰʹ˂ʵ˂ˆʨʲ ʻˇʸʬʫʬʩˀʰ ʶʬʸʺʻʸʩʨ˂ʰʨʳ (ʳʻʺʨʴʺʻʸʰ ʫʰʴʨʳʰʴʰʹ 

ʬʽʹʶʸʬʹʰʰʹ ʳʬˀʭʬʵʩʰʯ ʫʨ, ʨʹʬʭʬ, ʼʨʸʳʨʱʵʲʵʪʰʻʸʰ ʰʴˈʰʩʰʸʬʩʰʯ) ˀʬʹʨ˃ʲʵʨ 

ʪʨʳʵʰ˄ʭʰʵʹ ʻˇʸʬʫʰʹ ʫʰʴʨʳʰʱʰʹ ʸʾʭʬʭʨ  (Gu et.al., 2010; Schlunck et.al., 2004; Lee et.al., 

2002; Orth et.al., 2002; Gomez et.al., 2005; Yamada et.al., 2009). ʰʳ ʻˇʸʬʫʬʩˀʰ, ʸʵʳʬʲʯʨ˂ 

ʪʨʨˁʴʰʨʯ ʫʰʴʨʳʰʴʰʹ ʴʨʱʲʬʩʵʩʨ, ʹʺʸʬʹʻʲʰ ʩʵ˅ʱʵʬʩʰ ʨʸ ʮʰʨʴʫʬʩʨ. ʻʼʸʵ ʳʱʨʼʰʵ 

˂ʭʲʰʲʬʩʨ, ʸʨ˂ ʪʨʳʵʭʲʰʴʫʨ ʨʳ ʻˇʸʬʫʬʩˀʰ ʰʿʵARP2/3-ʫʨʳʵʱʰʫʬʩʻʲʰ ʨʽʺʰʴʻʸʰ 

˃ʨʼʬʩʰʹ ʨʱʻʳʻʲʨ˂ʰʨ ˀʬʩʵ˅ʰʲʰ ʬʴʫʵ˂ʰʺʨʸʻʲʰ ʱʲʨʺʸʰʴʰʹ ʹʨʿʬʲʵʹ ʰʸʪʭʲʰʭ 

(Ferguson et.al., 2009). ʨʸʹʬʩʵʩʹ ʳʺʱʰ˂ʬʩʻʲʬʩʨ ʹˆʭʨ ARP2/3-ʫʨʳʵʱʰʫʬʩʻʲʰ ʨʽʺʰʴ-

ʫʨʼʻ˃ʴʬʩʻʲʰ ˂ʭʲʰʲʬʩʰʹʨ ʨʳ ʻˇʸʬʫʬʩˀʰ, ʸʵʪʵʸʬʩʰ˂ʨʨ ˂ʰʸʱʻʲʨʸʻʲʰ 

ʳʬʳʩʸʨʴʻʲʰ ʳʵʸˁʬʩʰ, ʰʴʭʨʫʵʶʵʫʰʬʩʰ ʨʴ ʶʵʫʵʹʵʳʬʩʰ (Yamada et.al., 2009; Baldassarre 

et.al., 2003; Ochoa et.al., 2000). ʸʯʻʲʰʨ ʪʨʨʭʲʵ ʮʾʭʨʸʰ ʶʰʸʫʨʶʰʸ ʫʨ ʨʸʨʶʰʸʫʨʶʰʸ 

ʬʼʬʽʺʬʩʹ ˀʵʸʰʹ ʨʳ ʬʽʹʶʬʸʰʳʬʴʺʬʩˀʰ. ʬʴʫʵ˂ʰʺʵʮʰʹ ʫʨʸʾʭʬʭʨʳ ˀʬʹʨ˃ʲʵʨ ˀʬ˂ʭʨʲʵʹ 

ʳʯʬʲʰ ʸʰʪʰ ʹʨʹʰʪʴʨʲʵ ʪʮʬʩʰ. 

ʫʰʴʨʳʰʴʰʹ ʯʨʴʨʳʬʫʸʵʭʬ ʱʸʰʹʺʨʲʵʪʸʨʼʰʻʲʳʨ ʱʭʲʬʭʬʩʳʨ (Chappie et.al., 2010; 2011) 

˄ʨʸʳʵˀʭʨ ʱʰʯˆʭʬʩʰ ʶʵʺʬʴ˂ʰʻʸ ʨʸʨʬʴʫʵ˂ʰʺʨʸʻʲ ʬʼʬʽʺʬʩʮʬ ʫʰʴʨʳʰʴ/ʨʽʺʰʴʰʹ 

ʻʸʯʰʬʸʯʽʳʬʫʬʩʰʹ ʫʰʴʨʳʰʱʰʹ ˀʬʹʨˆʬʩ. ʫʰʴʨʳʰʴˀʰ ʶʵʲʰʳʬʸʰʹ ʹʶʰʸʨʲʰʹʬʩʻʸʰ 

ʵʸʪʨʴʰʮʨ˂ʰʨ ʱʭʰʸʺʰʹ ʹʨʿʬʲʵʮʬ, ˀʬʹ˄ʨʭʲʰʲʰʨ ʵʶʺʰʳʨʲʻʸʨʫ, ʸʨʯʨ ʪʨʴʰʹʨʮʾʭʸʵʹ 

ʰʴʺʬʸʨʽ˂ʰʨ ʫʰʴʨʳʰʴʰʹ G-ʫʵʳʬʴʹ ʫʨ ʳʰʹ ʳʰʬʸ ˄ʨʸʳʨʸʯʻʲʰ ʪʺʼ-ʰʹ ˈʰʫʸʵʲʰʮʹ 

ˀʵʸʰʹ. ʪʨʹʻʼʯʨʭʬʩʻʲ ʫʰʴʨʳʰʴʹʨ˂ ʨʽʭʹ ʻʴʨʸʰ ʶʵʲʰʳʬʸʰʮʫʬʹ ˈʬʲʰʽʹʨʫ  

ʳʰʱʸʵʺʻʩʻʲʬʩʹʨ ʫʨ ʨʽʺʰʴʰʹ ʼʰʲʨʳʬʴʺʬʩʹ ˀʵʸʰʹ . 

 

    ʫʰʴʨʳʰʴ-1 ʰʹ ʳʰʬʸ ʨʳʰʲʵʰʫʰʹ ʪʬʴʬʸʨ˂ʰʰʹ ʸʬʪʻʲʰʸʬʩʨ ʩʬʺʨ ʹʬʱʸʬʺʨʮʨ 1-ʰʹ 

ʹʨˀʻʨʲʬʩʰʯ 

 

ʱʭʲʬʭʬʩʰ ʨʳʿʨʸʬʩʹ ʰʳ ʳʵʹʨʮʸʬʩʨʹ ʸʵʳ, ʬʴʫʵ˂ʰʺʵʮʰ ʳʴʰˀʭʴʬʲʵʭʨʴʰʨ ʨʲ˂ˈʨʰʳʬʸʰʹ 

ʫʨʨʭʨʫʬʩʰʹ ʶʨʯʵʪʬʴʬʮʰʹʨʯʭʰʹ. ʨʳʰʲʵʰʫʰʹ ˄ʰʴʨʳʵʸʩʬʫʰ ˂ʰʲʰʹ ʳʵ˃ʸʨʵʩʰʹ 
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ʳʬʽʨʴʰʮʳʬʩʰ ˂ʴʵʩʰʲʰʨ ʻʱʭʬ, ʳʨʪʸʨʳ ʻ˂ʴʵʩʰʨ ʨʳʰʲʵʰʫʰʹ ˄ʰʴʨʳʵʸʩʬʫʰ ˂ʰʲʰʹ ʩʬʺʨ 

ʹʨʰʺʰʹ ʪʨʳˆʲʬˁʰ ʬʴʮʰʳ 1(BACE-1) ʪʨʴʨ˄ʰʲʬʩʨ ʬʴʫʵʹʵʳʬʩʮʬ ʫʨ ʶʲʨʮʳʻʸ ʳʬʳʩʸʨʴʨʮʬ. 

ʫʰʴʨʳʰʴʰ ʳʴʰˀʭʴʬʲʵʭʨʴʰ ʨʫʨʶʺʵʸʰ ˂ʰʲʨʨ, ʸʵʳʬʲʰ˂ ʨʱʵʴʺʸʵʲʬʩʹ ʫʨ ʨˆʨʸʰʹˆʬʩʹ 

ʳʸʨʭʨʲ ʳʵʲʬʱʻʲʨʹ. ʨˆʲʨˆʨʴ ʨʾʳʵˁʴʫʨ ʸʵʳ, ʫʰʴʨʳʰʴʰ ʨʹʵ˂ʰʸʬʩʻʲʰʨ ʨʲ˂ˈʨʰʳʬʸʰʹ 

ʫʨʨʭʨʫʬʩʨʹʯʨʴ, ʯʻʳ˂ʨ ʳʰʹʰ ʼʻʴʽ˂ʰʵʴʰʸʬʩʨ ʹʨʱʨʳʨʯʵʨʨʳ ʫʨʨʭʨʫʬʩʨʹʯʨʴ 

ʳʰʳʨʸʯʬʩʨˀʰ. ʪʨʳʵʱʭʲʬʭʬʩʰʯ ʴʨʴʨˆʰʨ, ʸʵʳ ʫʰʴʨʳʰʴʰʹ ʳʻʺʨ˂ʰʨ ʨʳ˂ʰʸʬʩʹ ʻˇʸʬʫˀʰʫʨ  

ʫʨ ʹʬʱʸʬ˂ʰʬʩʻʲ ʨʳʰʲʵʰʫ ǃ ʶʬʶʺʰʫʰʹ ʫʵʴʬʹ ʻˇʸʬʫʻʲ ʱʻʲʺʻʸʨˀʰ. ʨʳʨʭʬ ʫʸʵʹ, 

ʫʸʨʳʨʺʻʲʨʫ ʳ˂ʰʸʫʬʩʨ ʩʬʺʨ ʹʬʱʸʬʺʨʮʨ-1 -ʰʹ ʳʰʬʸ   ʶʸʵʫʻʽʺʬʩʰʹ ʪʨˆʲʬˁʨ 

ʨʳʰʲʵʰʫʰʹ ˄ʰʴʨʳʵʸʩʬʫʰ ˂ʰʲʰʹʯʭʰʹ. 

ʸʵʪʵʸ˂ ʮʬʳʵʯ ʻʱʭʬ ʰʿʵ ʨʾʴʰˀʴʻʲʰ ʫʰʴʨʳʰʴʰ  ʱʵʫʰʸʫʬʩʨ 3 ʪʨʴʹˆʭʨʭʬʩʻʲʰ ʪʬʴʰʯ: 

ʫʰʴʨʳʰʴ 1, ʫʰʴʨʳʰʴ 2 ʫʨ ʫʰʴʨʳʰʴ 3-ʰʯ ˃ʻ˃ʻʳ˄ʵʭʸʬʩˀʰ (Cao et.al., 1998). ʫʰʴʨʳʰʴ 1 

ʫʰʫʰ ʸʨʵʫʬʴʵʩʰʯ ʫʨ ʹʬʲʬʽʺʰʻʸʨʫ ʬʽʹʶʸʬʹʰʸʫʬʩʨ ʴʬʸʭʻʲ ʹʰʹʺʬʳʨˀʰ ʫʨ 

ʫʰʴʨʳʰʴʰʹ ʳʯʨʭʨʸ ʰʮʵʼʵʸʳʨʹ ˄ʨʸʳʵʨʫʪʬʴʹ, ʸʵʳʬʲʰ˂ ʬʽʹʶʸʬʹʰʸʫʬʩʨ ʨʳ ʽʹʵʭʰʲˀʰ. 

ʫʰʴʨʳʰʴʰ ʩʰʵʲʵʪʰʻʸʨʫ ʫʨʱʨʭˀʰʸʬʩʻʲʰʨ ʨʲ˂ˈʨʰʳʬʸʰʹ ʫʨʨʭʨʫʬʩʨʹʯʨʴ. ʫʵʳʰʴʨʴʺ-

ʴʬʪʨʺʰʻʸʰ ʫʰʴʨʳʰʴ 1 (K44A ʳʻʺʨ˂ʰʨ), ʸʵʳʬʲʰ˂ ʩʲʵʱʨʭʹ ʬʴʫʵ˂ʰʺʵʮʹ, ʨʳ˂ʰʸʬʩʹ 

ʨʳʰʲʵʰʫʰʹ ˄ʰʴʨʳʵʸʩʬʫʰ ˂ʰʲʰʹ ʫʵʴʬʹ ʹʶʰʴʨʲʻʸ ʹʰʯˆʬˀʰ ʫʨ ˆʬʲʹ ʻˀʲʰʹ 

ʨʳʰʲʵʰʫ ʩʬʺʨ  ˂ʰʲʰʹ ʨʽʺʰʭʵʩʨ ʫʨʳʵʱʰʫʬʩʻʲ ʮʸʫʨʹ (Cirrito et.al., 2008). ʫʰʴʨʳʰʴ 1-

ʰʹ K44A  ʳʻʺʨ˂ʰʨ, ʨʹʬʭʬ ʨʳ˂ʰʸʬʩʹ ʵʲʰʪʵʳʬʸ ʨʳʰʲʵʰʫʰʹ ʩʬʺʨ ʶʬʶʺʰʫ 42-ʰʯ 

ʰʴʫʻ˂ʰʸʬʩʨʫ ʴʬʰʸʵʴʻʲ ʹʰʱʭʫʰʲʹ (Yu C et.al., 2010) ʫʨ ʮʸʫʰʹ ʨʳʰʲʵʰʫʰʹ 

˄ʰʴʨʳʵʸʩʬʫʰ ˂ʰʲʰʹ ʬʽʺʵʫʵʳʬʴʰʹ ʹʰʳʱʭʸʰʭʰʹ ʫʨʽʭʬʰʯʬʩʨʹ (Carey et.al., 2005). 

ʨʳʰʲʵʰʫ ʩʬʺʨ ʶʬʶʺʰʫʰʹ ʶʸʵʫʻʽʺʰʻʲʵʩʰʹ ʸʬʪʻʲʨ˂ʰʨˀʰ ʳʴʰˀʭʴʬʲʵʭʨʴ ʸʵʲʹ 

ʯʨʳʨˀʵʩʹ ʪʨʳʨ ʹʬʱʸʬʺʨʮʨ ʫʨ ʩʬʺʨ ʹʬʱʸʬʺʨʮʨ-1, ʸʵʳʲʬʩʰ˂ ʯʨʭʰʹ ʳˆʸʰʭ 

ʸʬʪʻʲʰʸʫʬʩʰʨʴ ʨʳʰʲʵʰʫʰʹ ˄ʰʴʨʳʵʸʩʬʫʰ ˂ʰʲʰʯ. ʪʨʸʫʨ ʨʳʰʹʨ, ʬʴʫʵ˂ʰʺʵʮʻʸʰ 

ʹʨʹʰʪʴʨʲʵ ʪʮʨ ʳʴʰˀʭʴʬʲʵʭʨʴʰʨ ʩʬʺʨ ʹʬʱʸʬʺʨʮʨ-1-ʰʹ ʨʽʺʰʭʵʩʰʹ ʸʬʪʻʲʨ˂ʰʰʹʯʭʰʹ 

(Huse et al., 2000). ʨʸʹʬʩʻʲʰ ʳʵʴʨ˂ʬʳʬʩʰ ˆʨʮʹ ʻʹʭʨʳʹ ʨʳʰʲʵʰʫʰʹ ˄ʰʴʨʳʵʸʩʬʫʰ ˂ʰʲʰʹ 

ʳʵʴʨ˄ʰʲʬʵʩʨʹ ʬʴʫʵ˂ʰʺʵʮˀʰ, ʳʨʪʸʨʳ ʻ˂ʴʵʩʰʨ ʬʴʫʵ˂ʰʺʵʮʰʹ ʸʵʲʰ ʩʬʺʨ ʹʬʱʸʬʺʨʮʨ-

1-ʰʹ ʪʨʴʨ˄ʰʲʬʩʰʹ ˀʬʹʨˆʬʩ ʬʴʫʵ˂ʰʺʵʮˀʰ, ʯʰʸʵʪʲʵʩʻʲʰʴʹʨ (TGN) ʫʨ ʶʲʨʮʳʻʸ 

ʳʬʳʩʸʨʴʨʮʬ. 
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ʳʴʰˀʭʴʬʲʵʭʨʴʰʨ, ʸʵʳ ʬʴʫʵ˂ʰʺʵʮʰʹ ʨʫʨʶʺʵʸʰ ˂ʰʲʨ ʫʰʴʨʳʰʴʰ  ˁʨʸʯʻʲʰʨ ʨʳʰʲʵʰʫ 

ʩʬʺʨ ʶʬʶʺʰʫʰʹ ʩʰʵʪʬʴʬʮˀʰ ʫʨ ʮʸʫʰʹ ʨʳʰʲʵʰʫ ʩʬʺʨ ʶʬʶʺʰʫʰʹ ʩʰʵʪʬʴʬʮʹ 

ʨʲ˂ˈʨʰʳʬʸʰʹ ʫʨʨʭʨʫʬʩʰʹ ʶʨʯʵʪʬʴʬʮˀʰ (Cirrito et.al., 2008; Carey et.al., 2005; Chyung 

et.al., 2003). ʨʮʸʯʨ ʹˆʭʨʫʨʹˆʭʨʵʩʨ ʨʸʹʬʩʵʩʹ, ʨʳʰʲʵʰʫ ʩʬʺʨ ʶʬʶʺʰʫʰʹ ʪʨʭʲʬʴʰʹ 

ʯʨʵʩʨʮʬ ʨʲ˂ˈʨʰʳʬʸʰʹ ʫʨʨʭʨʫʬʩʨˀʰ. ʬʸʯʰ ˇʪʻʼʰʹ ʨʮʸʰʹ ʳʰˆʬʫʭʰʯ, ʨʳʰʲʵʰʫʰʹ 

ʩʬʺʨ ʶʬʶʺʰʫʰʹ ʶʸʵʫʻʽʺʰʻʲʵʩʨ ʰʮʸʫʬʩʨ ʫʵʳʰʴʨʴʺ ʴʬʪʨʺʰʻʸʰ ʫʰʴʨʳʰʴ 1-ʰʹ 

ʳʻʺʨ˂ʰʰʯ (K44A) (Chyung et.al., 2003), ʳʨʪʸʨʳ ʳʬ˂ʴʰʬʸʬʩʰʹ ʳʬʵʸʬ ˇʪʻʼʰ ʬʳˆʸʵʩʨ 

ʳʵʹʨʮʸʬʩʨʹ, ʸʵʳ ʨʳʰʲʵʰʫʰʹ ʩʬʺʨ ʶʬʶʺʰʫʰʹ ʶʸʵʫʻʽʺʰʻʲʵʩʨ ʳ˂ʰʸʫʬʩʨ ʫʰʴʨʳʰʴ 1 

(K44A)-ʰʯ (Cirrito et.al., 2008; Carey et.al., 2005). ʨʹʬʭʬ, ˀʬʳʵʯʨʭʨʮʬʩʻʲʰʨ ʳʵʹʨʮʸʬʩʨ, 

ʸʵʳ ʨʳʰʲʵʰʫʰʹ ˄ʰʴʨʳʵʸʩʬʫʰ ˂ʰʲʰʹ ʬʴʫʵ˂ʰʺʵʮʰ ʫʰʴʨʳʰʴ 1 (K44A) -ʰʹ 

ʫʨˆʳʨʸʬʩʰʯ, ʨʳ˂ʰʸʬʩʹ ʨʽʺʰʭʵʩʨ ʫʨʳʵʱʰʫʬʩʻʲ ʨʳʰʲʵʰʫʰʹ ʩʬʺʨ ʶʬʶʺʰʫʰʹ 

ʹʬʱʸʬ˂ʰʨʹ (Cirrito et.al., 2008). ʪʬʴʬʩʰʹ ʪʨˁʻʳʬʩʰʯ ʹʨʳ ʪʨʴʹˆʭʨʭʬʩʻʲ ʻˇʸʬʫʻʲ 

ˆʨʮʬʩˀʰ (ʴ2ʨ ʻˇʸʬʫʬʩʰ, ʹʨʫʨ˂ ʮʬʬʽʹʶʸʬʹʰʸʬʩʻʲʰʨ ʨʳʰʲʵʰʫʰʹ ˄ʰʴʨʳʵʸʩʬʫʰ ˂ʰʲʨ 

695, ʼʰʩʸʵʩʲʨʹʺʬʩʰ ʹʨʫʨ˂ ʬʴʫʵʪʬʴʻʸʰ ʨʳʰʲʵʰʫʰʹ ˄ʰʴʨʳʵʸʩʬʫʰ ˂ʰʲʨʨ 

ʬʽʹʶʸʬʹʰʸʬʩʻʲʰ ʫʨ ˂ˆʵʭʬʲʬʩʰʹ ʶʰʸʭʬʲʨʫʰ  ʴʬʰʸʵʴʬʩʰ, ʹʨʰʫʨʴʨ˂ ʳʰʾʬʩʻʲʰʨ 

ʫʰʴʨʳʰʴ 1), ʨʾʳʵˁʴʫʨ ʨʫʸʬ ʻ˂ʴʵʩʰ ʳʬʽʨʴʰʮʳʰ, ʸʵʳʲʰʹ ʳʰˆʬʫʭʰʯʨ˂ ʫʰʴʨʳʰʴ 1 

ʨʸʬʪʻʲʰʸʬʩʹ ʨʳʰʲʵʰʫʰʹ ʩʬʺʨ ʶʬʶʺʰʫʰʹ ˄ʨʸʳʵʽʳʴʨʹ, ʨʳ ʫʸʵʹ ʩʬʺʨ ʹʬʱʸʬʺʨʮʨ-1 

ʳʵ˃ʸʨʵʩʹ ʶʲʨʮʳʻʸ ʳʬʳʩʸʨʴʨʹ ʫʨ ʬʴʫʵʹʵʳʬʩʮʬ. ʩʬʺʨ ʹʬʱʸʬʺʨʮʨ-1 ʲʵʱʨʲʰʮʨ˂ʰʰʹ 

ˀʬʳ˂ʰʸʬʩʰʯ ʬʴʫʵʹʵʳʻʸ ʱʵʳʶʨʸʺʳʬʴʺʬʩʮʬ, ʫʰʴʨʳʰʴ-1 ʨʰʴˈʰʩʰʸʬʩʹ ʨʳʰʲʵʰʫʰʹ ʩʬʺʨ 

ʶʬʶʺʰʫʰʹ ˄ʨʸʳʵʽʳʴʨʹ ʫʨ ʹʬʱʸʬ˂ʰʨʹ. ʬʹ ʳʵʹʨʮʸʬʩʨ ʨʳʿʨʸʬʩʹ ˈʰʶʵʯʬʮʨʹ, ʸʵʳ 

ʬʴʫʵʹʵʳʬʩʰ ʳʴʰˀʭʴʬʲʵʭʴʨʫ ʵʶʺʰʳʨʲʻʸʰ ʱʵʳʶʨʸʺʳʬʴʺʬʩʰʨ ʩʬʺʨ ʹʬʱʸʬʺʨʮʨʹ 

ʬʴʮʰʳʻʸʰ ʨʽʺʰʭʵʩʰʹʯʭʰʹ, ʸʨ˂ ˆʬʲʹ ʻˀʲʰʹ ʩʬʺʨ ʹʬʱʸʬʺʨʮʨ-1 ʰʹ ʰʹʬʯ ʪʨʴʨ˄ʰʲʬʩʨʹ 

ʸʵʳ ˆʬʲʰ ˀʬʻˀʨʲʵʹ ʨʳʰʲʵʰʫʰʹ ˄ʰʴʨʳʵʸʩʬʫʰ ˂ʰʲʰʹ ʶʸʵ˂ʬʹʰʴʪʹ. ʨʳʰʲʵʰʫʰʹ ʩʬʺʨ 

ʶʬʶʺʰʫʰʹ ʫʨ ˆʹʴʨʫʰ ʨʳʰʲʵʰʫʰʹ ˄ʰʴʨʳʵʸʩʬʫʰ ʩʬʺʨ ˂ʰʲʨ /ʩʬʺʨ CTF-ʰʹ ˀʬʳ˂ʰʸʬʩʨ 

ʫʰʴʨʳʰʴ 1-ʰʹ ʴʵʱʫʨʻʴʰʯ, ˀʬʹʨ˃ʲʵʨ ʱʨʸʪʰ ʯʬʸʨʶʰʻʲʰ ʹʺʸʨʺʬʪʰʨ ʰʿʵʹ ʪʨʳʨ 

ʹʬʱʸʬʺʨʮʬʩʰʹ ʹʨʳʰʮʴʬʵʩʰʹʯʭʰʹ, ʨˆʲʨˆʨʴ ˀʬʳʵʯʨʭʨʮʬʩʻʲʰ ʩʬʺʨ ʹʬʱʸʬʺʨʮʬʩʰʯ ʳʰʬʸ 

ʨʳʰʲʵʰʫʰʹ ˄ʰʴʨʳʵʸʩʬʫʰ ˂ʰʲʰʹ ʶʸʵʺʬʵʲʰʮʯʨʴ ˀʬʫʨʸʬʩʰʯ, ʹʰʴʨʶʹʻʸʰ ʫʨ 

ʳʬˆʹʰʬʸʬʩʰʹ ʫʬʼʰ˂ʰʺʰʹʯʭʰʹ ʨʲ˂ˈʨʰʳʬʸʰʹ ˀʬʳʯˆʭʬʭʨˀʰ (Tamayev et.al., 2011). 
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ʨʾʳʵˁʴʫʨ, ʸʵʳ ʳʿʰʹʰʬʸʰ ʨʫʸʬʻʲʰ ʪʬʴʬʩʹ ʨʸʱ1/ʨʸʪ 3.1,-ʹ ʸʵʳʲʬʩʰ˂ ˁʨʸʯʻʲʰʨ 

ʫʰʴʨʳʰʴʰʹ ʫʨ ʬʴʫʵʼʰʲʰʴʰʹ ʨʫʸʬʻʲ ʸʬ˂ʰʱʲʰʮʨ˂ʰʨˀʰ, ʶʵʹʺʹʰʴʨʼʹʻʸʰ 

ʺʬʸʳʰʴʨʲʬʩʰʹ ʬʴʫʵʹʵʳʬʩʮʬ, ˀʬʻ˃ʲʰʨʯ, ʶʸʬʹʬʴʰʲʰʴ1/ ʪʨʳʨ ʹʬʱʸʬʺʨʮʨʹ ʺʸʬʼʰʱʰʴʪʰ 

ʫʨ ʨʳʰʲʵʰʫʰʹ ʩʬʺʨ ʶʬʶʺʰʫʰʹ  ʨʽʺʰʭʵʩʨ ʫʨʳʵʱʰʫʬʩʻʲʰ ˄ʨʸʳʵʽʳʴʨ (Wu et.al., 2011). 

ʪʨʳʵʱʭʲʬʭʬʩʰʹ ʳʰˆʬʫʭʰʯ, ʫʰʴʨʳʰʴ 1 ʨʸʬʪʻʲʰʸʬʩʹ ʬʴʫʵ˂ʰʺʵʮʹ ʫʨ ʪʨʳʨ ʹʬʱʸʬʺʨʮʰʹ 

ʼʻʴʽ˂ʰʵʴʰʸʬʩʨʹ. ʫʰʴʨʳʰʴ 1-ʰʹ ʴʵʱʫʨʻʴʰ ʪʨʭʲʬʴʨʹ ʨˆʫʬʴʹ ʳˆʵʲʵʫ ʩʬʺʨ ʹʬʱʸʬʺʨʮʨʹ 

ʫʨ ʨʳʰʲʵʰʫʰʹ ˄ʰʴʨʳʵʸʩʬʫʰ ˂ʰʲʰʹ ˈʵʲʵ ʼʵʸʳʰʹ ʪʨʫʨʹʭʲʨʹ ʶʲʨʮʳʻʸ ʳʬʳʩʸʨʴʨʮʬ, 

ʳʨʪʸʨʳ ʨʸʨ ʪʨʳʨ ʹʬʱʸʬʺʨʮʨʹ ʱʵʳʶʵʴʬʴʺʰʹ: ʴʰʱʨʹʺʸʰʴʰʹ ʫʨ ʶʹ 1 ʴʺʼ-ʰʹ. 

ˀʬʳʵʯʨʭʨʮʬʩʻʲʰʨ, ʸʵʳ ʹʨʹʰʪʴʨʲʵ ʪʮʨ ʩʬʺʨ ʹʬʱʸʬʺʨʮʨʹʯʭʰʹ ʫʨ ʨʳʰʲʵʰʫʰʹ 

˄ʰʴʨʳʵʸʩʬʫʰ ˂ʰʲʰʹ ˆʵʲʵ ʼʵʸʳʰʹʯʭʰʹ ʹʬʲʬʽʺʰʻʸʨʫ ʸʬʪʻʲʰʸʫʬʩʨ ʫʰʴʨʳʰʴ 1-

ʰʯ. 

 

                                                 ʯʨʭʰ 10 

                  ʨʳʶʳ ʸʬ˂ʬʶʺʵʸʬʩʰ ʫʨ ʹʰʴʨʶʹʻʸʰ ʶʲʨʹʺʰʻʸʵʩʨ 

 

 ʹʰʴʨʶʹʻʸʰ ʶʲʨʹʺʰʻʸʵʩʰʹ ˀʬʹ˄ʨʭʲʨ, ʪʨʴʹʨʱʻʯʬʩʰʯ ʱʰ ʪʸ˃ʬʲ-ʭʨʫʰʨʴʰ 

ʶʵʺʬʴ˂ʰʨ˂ʰʰʹ (ʪʭʶ)    ʫʨ ʪʸ˃ʬʲ-ʭʨʫʰʨʴʰ ʫʬʶʸʬʹʰʰʹ (ʪʭʫ)  ʨʸʰʹ ʿʭʬʲʨʮʬ ʨʽʺʰʻʸʰ 

ˀʬʹ˄ʨʭʲʰʹ ʹʨʪʨʴʰ ʴʬʰʸʵʳʬ˂ʴʰʬʸʬʩʨˀʰ. ʬʽʹʶʬʸʰʳʬʴʺʬʩʰʹ ʹʨˀʻʨʲʬʩʰʯ, ˂ˆʨʫʰ ʪʨˆʫʨ 

ʸʵʳ ʰʵʴʵʺʸʵʶʻʲʰ ʪʲʻʺʨʳʨʺʻʸʰ  ʸʬ˂ʬʶʺʵʸʬʩʰʹ ʼʻʴʽ˂ʰʵʴʰʸʬʩʨ ʫʨ ʳʬʳʩʸʨʴʻʲʰ 

ʺʸʬʼʰʱʰʴʪʰ ʨʸʰʹ ʱʸʰʺʰʱʻʲʰ ʹʰʴʨʶʹʻʸʰ ʶʲʨʹʺʰʻʸʵʩʰʹ ʳʸʨʭʨʲʰ ʼʵʸʳʰʹʯʭʰʹ ʫʨ 

ʰʫʬʴʺʰʼʰ˂ʰʸʬʩʻʲʰʨ, ˂ʰʲʬʩʰʹ ʫʰʫʰ ʸʨʵʫʬʴʵʩʨ, ʸʵʳʲʬʩʰ˂ ʨʸʬʪʻʲʰʸʬʩʬʴ ʨʳ 

ʱʵʳʶʲʬʽʹʻʸ ʶʸʵ˂ʬʹʬʩʹ. 

 ʪʭʶ ʯʨʭʫʨʶʰʸʭʬʲʨʫ ʨʾʳʵʨˁʰʴʬʹ ʫʨʱʩʰʲʻʲʰ ʼʨʹ˂ʰʰʹ ʨʳʨʪʮʴʬʩʬʲ 

ʴʬʰʸʵʴʬʩʮʬ(Bliss et al.,: 1973 Lomo et al., 1966) , ʯʻʳ˂ʨ ʳʨˀʰʴ ʨʸ ʰ˂ʵʫʴʬʴ  ʸʵʪʵʸ ʰʿʵ 

ˁʨʸʯʻʲʰ ʪʭʶ-ˀʰ ʪʲʻʺʨʳʨʺʰʹ ʳʵʽʳʬʫʬʩʨ ʴʳʫʨ ʸʬ˂ʬʶʺʵʸʬʩʮʬ. ʨʾʳʵʨˁʰʴʬʹ ʸʵʳ ʪʭʶ-

ʰʹ ʰʴʰ˂ʰʸʬʩʨ ˆʫʬʩʵʫʨ ʴʬʰʸʵʴˀʰ (Collingridge et al., 1983) ʫʨ ʳʵʰ˂ʨʭʫʨ ˀʬʳʫʬʪ 

ʨʻ˂ʰʲʬʩʬʲ ʹʨʼʬˆʻʸʬʩʹ: ʴʳʫʨ ʸʬ˂ʬʶʺʵʸʬʩʰʹ ʨʽʺʰʭʨ˂ʰʨʹ, ʶʵʹʺʹʰʴʨʶʹʻʸʰ 

ʱʨʲ˂ʰʻʳʰʹ ʰʵʴʬʩʰʹ ʸʨʵʫʬʴʵʩʰʹ ʳʵʳʨʺʬʩʨʹ (Lynch et al., 1997) ʫʨ ʶʵʹʺʹʰʴʨʶʹʻʸ 
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ʫʬʶʵʲʨʸʰʮʨ˂ʰʨʹ (Mailinow et al.,1986 ; Wigstrom et al., 1986). ʨʾʳʵˁʴʫʨ 

ʸʵʳ,ʪʲʻʺʨʳʨʺʰʹ ʴʳʫʨ ʸʬ˂ʬʶʺʵʸʬʩʰʹ ʨʽʺʰʭʨ˂ʰʰʹʨʯʭʰʹ ʨʻ˂ʰʲʬʩʬʲʰʨ ʳʨʪʴʰʻʳʰʹ 

ʰʵʴʬʩʰʹ ʳʵˀʵʸʬʩʨ ( Mayer et al., 1984 ; Nowak et al., 1984) ʸʨ˂ ʫʬʶʵʲʨʸʰʮʨ˂ʰʰʯ 

ʳʰʰʾ˄ʬʭʨ. ˀʬʫʬʪʨʫ ʱʨʲ˂ʰʻʳʰʹ ʰʵʴʬʩʰʹ ʸʨʵʫʬʴʵʩʨ ʴʳʫʨ ʸʬ˂ʬʶʺʵʸʬʩʰʹ ʳʬˀʭʬʵʩʰʯ 

ʽʨ˂ʭʬʩˀʰ ʳʨʺʻʲʵʩʹ (Nicoll et al.,1988). ʴʳʫʨ ʸʬ˂ʬʶʺʵʸʬʩʰʹ ʪʨʴʳʬʵʸʬʩʰʯʰ ʨʽʺʰʭʨ˂ʰʨ, 

ʽʨ˂ʭʬʩʮʬ ʨʳʶʳ ʸʬ˂ʬʶʺʵʸʰʹ ʶʨʹʻˆʹ ʮʸʫʰʹ (Ito et al., 1982). 

 ʰʿʵ ʫʬʩʨʺʬʩʰ ʰʳʰʹ ˀʬʹʨˆʬʩ ʸʵʳ, ʰʮʸʫʬʩʨ ʯʻ ʨʸʨ ʪʭʶ-ʰʹ ʬʽʹʶʸʬʹʰʨ ʪʲʻʺʨʳʨʺʰʹ 

ʪʨʳʵʯʨʭʰʹʻʼʲʬʩʰʯ  (Bliss et al., 2013 ; Bredt et al., 2003 ; Nicoll et al., 2013). 

ʻʱʨʴʨʹʱʴʬʲʰ ʫʬʱʨʫʰʹ ʪʨʴʳʨʭʲʵʩʨˀʰ ʪʭʶ-ʰʹ ʨʴʨʲʰʮʰʹʨʹ ʼʵʱʻʹʰʸʬʩʨ 

ˆʫʬʩʵʫʨ, ʱʨʲ˂ʰʻʳ-ʱʨʲʳʵʫʻʲʰʴ ʫʨʳʵʱʰʫʬʩʻʲʰ ʶʸʵʺʬʰʴ-ʱʰʴʨʮʨ - II -ʰʹ (ʱʨʳʱII)-ʰʹ 

ʸʵʲʰʹ ʱʭʲʬʭʨʮʬ (Lisman et al., 2012). ʪʨʳʵʯʽʳʻʲʰ ʰʿʵ ʭʨʸʨʻʫʰ ʸʵʳ ʱʨʳʱII ʨʸʰʹ 

ʳʬˆʹʰʬʸʬʩʰʹ ʳʵʲʬʱʻʲʨ ʫʨ ʹʨʰʴʺʬʸʬʹʵʨ ʳʰʹʰ ʨʽʺʰʭʵʩʨ ʫʨʳʵʱʰʫʬʩʻʲʰ 

ʺʸʨʴʹʲʵʱʨ˂ʰʨ. ʱʨʲ˂ʰʻʳʰʹ ʰʵʴʬʩʰʹ ʫʵʴʰʹ ʳʨʺʬʩʨ ʽʨ˂ʭʬʩˀʰ ʰ˄ʭʬʭʹ ʶʵʹʺʹʰʴʨʼʻʸʰ 

ʹʰʳʱʭʸʰʭʰʹ ˂ʭʲʰʲʬʩʬʩʹ (Barria et al., 2005; Hall et al 2012; Zhou et al.,2007). ʨˆʲʨˆʨʴ 

ʨʾʳʵʨˁʰʴʬʹ, ʸʵʳ ʱʨʳʱII-ʳʨ ˀʬʹʨ˃ʲʵʨ ˁʨʱʬʺʵʹ ʲʵʱʨʲʻʸʰ Ras ʫʨ Rho GTP-ʨʮʬʩʰʹ 

ʳʻʫʳʰʭʰ ʨʽʺʰʭʨ˂ʰʨ,ʸʨ˂ ʳʴʰˀʭʴʬʲʵʭʨʴʰʨ ʹʺʸʻʽʺʻʸʻʲʰ ʫʨ ʼʻʴʽ˂ʰʵʴʨʲʻʸʰ 

ʶʲʨʹʺʰʻʸʵʩʰʹʯʭʰʹ (Murakoshi et al., 2011).          

ʪʭʶ-ʹ  ʫʸʵʹ ʨʫʪʰʲʰ ʻʴʫʨ ˈʽʵʴʫʬʹ  ʨʳʶʳ ʪʲʻʺʨʳʨʺʻʸʰ ʸʬ˂ʬʶʺʵʸʰʹ 

ʹʻʩʬʸʯʬʻʲʬʩʰʹ ʶʰʸʫʨʶʰʸ ʼʵʹʼʵʸʰʲʰʸʬʩʨʹ (Blackstone et al., 1994; McGlade et al., 

1993; Moss et al., 1993;Tan et al., 1994) ʫʨ ʨʳʰʹ ʹʨˀʻʨʲʬʩʰʯ ʸʬ˂ʬʶʺʵʸʻʲʰ ʼʻʴʽ˂ʰʰʹ 

ʸʬʪʻʲʰʸʬʩʨʹ.ʨʳʶʳ ʸʬ˂ʬʶʺʵʸʬʩʰʹ ʯʭʰʯʵʬʻʲʰ ʹʻʩʬʸʯʬʻʲʰ ˀʬʰ˂ʨʭʹ 4 

ˈʵʳʵʲʵʪʰʻʸ, ʳʬʳʩʸʨʴʰʹ ʪʨʳ˅ʵʲ ʹʻʩʬʸʯʬʻʲʹ (Traynelis et al., 2010). 

˂ʴʵʩʰʲʰʨ, ʸʵʳ  Glu A 1-4 ʹʻʩʬʸʯʬʻʲʬʩʰ ʼʵʹʼʵʸʰʲʰʸʫʬʩʨ ʹʬʸʰʴʮʬ, 

ʺʸʬʵʴʰʴʮʬ ʫʨ ʯʰʸʵʮʰʴʰʹ ʴʨˀʯʮʬ ʸʨʳʫʬʴʰʳʬ ʶʸʵʺʬʰʴ ʱʰʴʨʮʨʹ ʳʵʴʨ˄ʰʲʬʵʩʰʯ. ʨʳ 

ʱʰʴʨʮʬʩʹ ʪʨʴʬʱʻʯʭʴʬʩʨ : ʱʨʳʱ II,  ʶʸʵʺʬʰʴ ʱʰʴʨʮʨ C, ʶʸʵʺʬʰʴ ʱʰʴʨʮʨ G ʫʨ, FYN ʫʨ JNK 

ʱʰʴʨʮʬʩʰ. ʰʫʬʴʺʰʼʰ˂ʰʸʬʩʻʲʰʨ -  20 ʪʨʴʹˆʭʨʭʬʩʻʲʰ ʼʵʹʼʵʸʰʲʰʸʬʩʰʹ ʹʨʰʺʰ (Lu et 

al.,2009). ʴʨʴʨˆʰʨ ʸʵʳ, ʪʭʶ-ʰʹ ʬʽʹʶʸʬʹʰʰʹ ˀʬʳʫʬʪ ʫʨ ʱʨʳʱ II -ʰʹ ʼʵʹʼʵʸʰʲʰʸʬʩʰʯ, 

ˆʫʬʩʨ ʨʳʶʳ ʸʬ˂ʬʶʺʵʸʬʩʰʹ ʨʸˆʬʩʰʹ ʪʨʳʺʨʸʵʩʰʹ ʸʬʪʻʲʨ˂ʰʨ.(Barria et al., 1997). 
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ʳʰʾʬʩʻʲʰ ʰʽʴʨ ʯʨʪʭʬʩʰʹ ʰʹʬʯʰ ˆʨʮʬʩʰ ʹʨʫʨ˂ ʳʻʺʨ˂ʰʬʩʻʲʰ ʰʿʵ  ʱʨʳʱ II-ʰʹ 

ʼʵʹʼʵʸʰʲʰʸʬʩʰʹ ʹʨʰʺʬʩʰ (Lee et al., 2000). ʨʹʬʯ ʯʨʪʭʬʩˀʰ ʨʾʰʴʰˀʴʬʩʵʫʨ ʪʭʶ-ʹʨ ʫʨ 

ʪʭʫ-ʹ ʫʬʼʰ˂ʰʺʰ. ʨʳ ʳʻʺʨʴʺ ʯʨʪʭʬʩʹ, ʳʴʰˀʭʴʬʲʵʭʨʴʰ ʫʬʼʰ˂ʰʺʰ ˈʽʵʴʫʨʯ ʹʰʭʸ˂ʰʯʰ 

ʳʬˆʹʰʬʸʬʩʰʹʨ (Lee et al.,2003). 

 

              ʳʬʳʩʸʨʴʻʲʰ ʨʳʶʳ ʸʬ˂ʬʶʺʵʸʬʩʰʹ  ʺʸʬʼʰʱʰʴʪʰʹ ʫʰʴʨʳʰʻʸʰ ʸʬʪʻʲʨ˂ʰʨ  

 

 „ˁʻʳʰ“  ʹʰʴʨʶʹʬʩʰʹ ʨʾʳʵˁʬʴʨʳ  ʫʨ ʨʳʶʨ ʸʬ˂ʬʶʺʵʸʬʩʰʹ ʶʨʹʻˆʰʹ ʸʬʪʻʲʨ˂ʰʨʳ ʪʭʶ-ʰʹʨ  ʫʨ 

ʪʭʫ-ʰʹ ʫʸʵʹ  ʳʴʰˀʭʴʬʲʭʴʵʲʨʭʴʨʫ ʫʨʻ˅ʰʸʨ ʳˆʨʸʰ ʰʫʬʨʹ, ʸʵʳ ʹʰʴʨʶʹʻʸʰ 

ʶʲʨʹʺʰʻʸʵʩʰʹ ʹʨʰʺʹ ʶʵʹʺ-ʹʰʴʨʼʹʻʸʰ ʳˆʨʸʬ ˄ʨʸʳʨʵʫʪʬʴʹ (Liao et al.,1995 ; Isaac et al., 

1995). ʪʨ˃ʲʰʬʸʬʩʨ ʬˆʳʨʸʬʩʨ ʶʵʹʺʹʰʴʨʼʹʻʸ ʲʵʱʻʹʹ ʹʰʴʨʶʹʻʸʰ ʶʲʨʹʺʰʻʸʵʩʰʹ 

ʬʽʹʶʸʬʹʰʨˀʰ. ʯʻʳ˂ʨ, ʶʵʹʺʹʰʴʨʶʹʻʸʰ ʹʬʴʹʰʺʰʻʸʵʩʰʹ ʪʨʮʸʫʨ ʪʨʴʶʰʸʵʩʬʩʻʲʰʨ 

ʰʴʫʰʭʰʫʻʨʲʻʸʰ ʸʬ˂ʬʶʺʵʸʬʩʰʹ ʼʻʴʽ˂ʰʬʩʰʯ, ʸʵʪʵʸʰ˂  ʨʸʰʹ: ʰʵʴʻʸʰ ʨʸˆʬʩʰʹ 

ʪʨʳʺʨʸʵʩʨ ʫʨ ʳʨʯʰ ʪʨˆʹʴʨ, ʬʹ ˀʬʹʨ˃ʲʵʨ ʪʨʭʲʬʴʨʹ ʨˆʫʬʴʹ ʹʰʴʨʼʹʻʸʰ ʸʬ˂ʬʶʺʵʸʬʩʰʹ 

ʸʰ˂ˆʭʰʹ ˂ʭʲʰʲʬʩʬʩʮʬ (Sanes et al.,1999). 

ʨʾʳʵˁʴʫʨ ʸʵʳ, ʨʳʶʳ ʸʬ˂ʬʶʺʵʸʬʩʰʹ ʳʬʳʩʸʨʴʻʲʰ ʺʸʬʼʰʱʰʴʪʰ ʰʿʵ ʫʰʴʨʳʰʻʸʰ 

ʫʨ ʬʹ ˀʬʹʨ˃ʲʵʨ ʳʵʫʰʼʰ˂ʰʸʫʬʹ ˆʨʴʪʸ˃ʲʰʭʰ ʨʴ ˆʨʴʳʵʱʲʬ ʴʬʰʸʵʴʻʲʰ ʨʽʺʰʭʵʩʬʩʰʹ 

˂ʭʲʰʲʬʩʬʩʰʯ. ʨʳʶʳ ʸʬ˂ʬʶʺʵʸʬʩʰʹ ʳʬʳʩʸʨʴʻʲʰ ʺʸʬʼʰʱʰʴʪʰʹ ʫʰʴʨʳʰʻʸʵʩʨ 

ʳʴʰˀʭʴʬʲʵʭʨʴʰʨ ʪʭʶ-ʹʨ ʫʨ ʪʭʫ-ʰʹ  ʬʽʹʶʸʬʹʰʰʹʯʭʰʹ (Liedo et al., 1998: Luscher et al., 

1999). ʱʻʲʺʻʸʨˀʰ ʹʰʴʨʼʹʬʩʰʹ ʰʳʻʴʻʸʰ ʳʵʴʰˀʭʴʰʹ ˀʬʫʬʪʨʫ ʪʨʳʵʭʲʰʴʫʨ, ʸʵʳ „ ˁʻʳʰ“ 

ʹʰʴʨʶʹʬʩʰ ʳʵʸʼʵʲʵʪʰʻʸʨʫ ʪʨʴʹˆʭʨʭʬʩʻʲʬʩʰ ʨʸʰʨʴ.  ʨʳ ʹʰʴʨʼʹʬʩʹ ʪʨʨˁʴʫʨʯ ʴʳʫʨ 

ʸʬ˂ʬʶʺʵʸʬʩʰ, ʳʨʪʸʨʳ ʨʸ ʪʨʨˁʴʫʨʯ ʨʳʶʳ ʸʬ˂ʬʶʺʵʸʬʩʰ. ʬʹ ʳʰʻʯʰʯʬʩʹ ʰʳʨʮʬ, ʸʵʳ 

ʹʰʴʨʼʹʬʩʮʬ ʨʳʶʳ ʸʬ˂ʬʶʺʵʸʬʩʰʹ ʫʵʴʬ ˀʬʰ˃ʲʬʩʨ ˀʬʰ˂ʭʨʲʵʹ (Gomperts et al., 1998: Liao et 

al., 2001; Takumi et al., 1999).  

ʱʻʲʺʻʸʬʩʰʹ ʫʨʳʻˀʨʭʬʩʨ ʪʲʻʺʨʳʨʺʰʯ ʨʴ ʴʳʫʨ-ʯʰ ʰ˄ʭʬʭʹ ʪʭʫ-ʹ (Kameyama 

et al.,1998) ʨʳʰʹ  ˀʬʫʬʪʨʫ ʨʫʪʰʲʰ ʨʽʭʹ  ʨʳʶʳ ʸʬ˂ʬʶʺʵʸʬʩʰʹ ʹ˄ʸʨʼ ʬʴʫʵ˂ʰʺʵʮʹ (Beattie 

et al., 2000; Carrol et al., 1999; Ehlers et al., 2000). ʨʳʶʳ ʸʬ˂ʬʶʺʵʸʬʩʰʹ ʹ˄ʸʨʼʰ ʫʰʴʨʳʰʻʸʰ 

ʺʸʬʼʰʱʰʴʪʰ ʱʸʰʺʰʱʻʲ ʸʵʲʹ ʯʨʳʨˀʵʩʹ ʹʰʴʨʶʹʻʸ ʹʰ˃ʲʰʬʸʬˀʰ(Shi et al., 1999). 
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 ʴʨˁʭʬʴʬʩʰ ʰʽʴʨ, ʸʵʳ ʬʽʹʺʸʨ ʹʰʴʨʶʹʻʸ ʳʬʳʩʸʨʴʨˀʰ,ʨʳʶʳ ʸʬ˂ʬʶʺʵʸʬʩʰ ʨʸʰʨʴ 

˃ʨʲʰʨʴ ʳʵʩʰʲʻʸʬʩʰ ʫʨ ʳʨʯ ˀʬʻ˃ʲʰʨʯ ˀʬʹʭʲʨ ʹʰʴʨʶʹʻʸ ʨʽʺʰʻʸ ʮʵʴʨˀʰ, ʸʰʹ ʪʨʳʵ˂  

ʳʨʯʰ ʸʨʵʫʬʴʵʩʨ ʬʽʹʺʸʨʹʰʴʨʼʹʻʸ ʻʩʴʬʩˀʰ ʳʵʩʰʲʵʩʰʹ ʳʰˆʬʫʭʰʯ ʰʱʲʬʩʹ (Borgdorff et 

al., 2002). ʴʨˁʭʬʴʬʩʰ  ʸʵʳ ʶʵʹʺʹʰʴʨʶʹʻʸʰ ʹʰʳʱʭʸʰʭʰʹ ˂ʰʲʨ 95 ʨʳ˂ʰʸʬʩʹ ʲʨʺʬʸʨʲʻʸ  

ʳʵʩʰʲʵʩʨʹ  ʫʨ ʬʹ ʯʨʳʨˀʵʩʹ ʳʴʰˀʭʴʬʲʵʭʨʴ ʸʵʲʹ ʹʰʴʨʶʹʬʩʮʬ ʸʬ˂ʬʶʺʵʸʬʩʰʹ 

ˀʬʩʵ˅ʭʨˀʰ (Opazo et al., 2011). 

ʨʳʶʳ ʸʬ˂ʬʶʺʵʸʬʩʰʹ ʹʰʴʨʶʹʻʸʰ ʫʵʴʰʹ ʹ˄ʸʨʼ ʸʬʪʻʲʨ˂ʰʨʹʯʨʴ ʬʸʯʨʫ, 

ʴʬʰʸʵʴʬʩʰʹ ʨʽʺʰʭʵʩʰʹ ˆʨʴʪʸ˃ʲʰʭʰ ʳʵʫʻʲʨ˂ʰʨ ʰʴˈʰʩʰʺʵʸʬʩʰʯ ʨʴ ʨʽʺʰʭʨʺʵʸʬʩʰʯ 

ʨʹʬʭʬ ʨʸʬʪʻʲʰʸʬʩʹ ʨʳʶʳ ʸʬ˂ʬʶʺʵʸʰʹ ʶʨʹʻˆʬʩʹ ʫʨ ʨʳʶʳ ʸʬ˂ʬʶʺʵʸʰʹ ʫʵʴʬʹ ʹʰʴʨʶʹʬʩˀʰ 

(Lissin et al., 1998;). 

ʨʳʶʳ ʸʬ˂ʬʶʺʵʸʬʩʰ ʫʨ ʴʳʫʨ ʸʬ˂ʬʶʺʵʸʬʩʰ ʨʸʰʨʴ ʱʵʴ˂ʬʴʺʸʰʸʬʩʻʲʴʰ 

ʨʳʨʪʮʴʬʩʬʲ ʹʰʴʨʶʹʬʩʮʬ (Craig et al.,1993)ʫʨ ʻʸʯʰʬʸʯʽʳʬʫʬʩʬʴ ʲʵʱʨʲʻʸ 

˂ʰʺʵˁʵʴˁˆʯʨʴ ʨʴ ʹʰʴʨʶʹʻʸ ʹʺʸʻʽʺʻʸʬʩʯʨʴ, ʸʵʪʵʸʰ˂ ʨʸʰʹ ʶʵʹʺʹʰʴʨʶʹʻʸʰ 

ʹʰʳʱʭʸʰʭʬ ʫʨ ˆʬʲʹ ʻ˄ʿʵʩʹ ʲʵʱʨʲʻʸ ʳʨʾʨʲ ʳʪʸ˃ʴʵʩʬʲʵʩʨʹ. ʶʵʹʺʹʰʴʨʶʹʻʸʰ 

ʹʰʳʱʭʸʰʭʰʹ ˂ʰʲʨ 95 ʨʸʰʹ ˂ʰʲʬʩʰʹ ʵˇʨˆʰʫʨʴ, ʸʵʳʬʲʯʨ˂ ʨʽʭʯ ʹʰʴʨʶʹʻʸʰ  ˂ʰʲʨ-

˂ʰʲʵʭʨʴʰ ʻʸʯʰʬʸʯʽʳʬʫʬʩʰʹ ʻʩʨʴʰ,ʹʨˆʬʲʨʫ: PDZ ʫʵʳʬʴʰ, ʸʵʳʬʲʰ˂ ˆʬʲʹ ʻ˄ʿʵʩʹ 

˂ʰʲʬʩʰʹ ˁʨˀʬʴʬʩʨʹ ʹʰʴʨʶʹʮʬ (Sheng et al., 2011; Xu et al., 2011). ʨʸʹʬʩʵʩʹ ʳʸʨʭʨʲʰ ʹˆʭʨ 

PDZ ʫʵʳʬʴʯʨʴ ʫʨʱʨʭˀʰʸʬʩʻʲʰ ʹʰʴʨʶʹʻʸʰ ˂ʰʲʬʩʰ: PSD 95, PSD 93 ,SAP 2, Sap 97. ʬʹ 

˂ʰʲʬʩʰ ʰ˄ʵʫʬʩʨ ʸʵʪʵʸ˂ MAGUK ˂ʰʲʬʩʰ, ʨʳ ˂ʰʲʬʩʰʹ ʰʴʰ˂ʰʸʬʩʨ ʨʸʰʹ ʱʸʰʺʰʱʻʲʰ 

ʴʳʫʨ ʸʬ˂ʬʶʺʵʸʬʩʰʹ ʹʰʴʨʶʹʻʸʰ ʹʨʳʰʮʴʬʬʩʰʹʯʭʰʹ. ʴʨʴʨˆʰʨ ʸʵʳ PSD 95-ʰʹ ʮʬʬʽʹʶʸʬʹʰʨʹ 

ˀʬʻ˃ʲʰʨ ʪʨʮʨʸʫʵʹ ʹʰʴʨʼʹʬʩʰʹ ʼʵʸʳʰʸʬʩʨ ʫʨ ʨʹʬʭʬ ʰʮʸʫʬʩʨ ʨʳʶʨ ʸʬ˂ʬʶʺʵʸʬʩʰʹ 

ʫʵʴʬ ʹʰʴʨʶʹʬʩʮʬ (Xu et al., 2011; Zheng et al., 2011). 

 

              ʹʻʩʬʸʯʬʻʲ ʫʨʳʵʱʰʫʬʩʻʲʰ ʨʳʶʨ ʸʬ˂ʬʶʺʵʸʬʩʰʹ ʺʸʬʼʰʱʰʴʪʰ, ʪʭʶ ʫʨ ʪʭʫ 

 

ʳʰʻˆʬʫʨʭʨʫ ʰʳʰʹʨ, ʸʵʳ ʨʳʶʳ ʸʬ˂ʬʶʺʵʸʬʩʰʹ ʹʻʩʬʸʯʬʻʲʬʩʰ ˈʵʳʵʲʵʪʰʻʸʴʰ 

ʨʸʰʨʴ, ʳʨʯʰ C ʺʬʸʳʰʴʨʲʻʸʰ ʫʵʳʬʴʬʩʰ ʹʨʱʳʨʵʫ ʪʨʴʹˆʭʨʭʬʩʻʲʰʨ, ˀʬʰ˂ʨʭʬʴ 

ʼʵʹʼʵʸʰʲʰʸʬʩʰʹ ʻʴʰʱʨʲʻʸ ʹʨʰʺʬʩʹ ʫʨ ʻʸʯʰʬʸʯʽʳʬʫʬʩʬʴ ʹˆʭʨʫʨʹˆʭʨ ˂ʰʲʵʭʨʴ 
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ʳʵʲʬʱʻʲʬʩʯʨʴ (Hayashi et al., 2000).GLuA1 -ʰʹ ʨʸʹʬʩʵʩʨ ʹʨ˅ʰʸʵʨ ʪʭʶ-ʰʹʯʭʰʹ ʫʨ Glu A 

2 ʹʨ˅ʰʸʵʨ ʪʭʫ-ʰʹʯʭʰʹ (Lee et al., 2004;). 

ʨʳʨʪʮʴʬʩʬʲʰ ʹʻʩʬʸʯʬʻʲʬʩʰʹʯʭʰʹ ˃ʨʲʰʨʴ ʳʴʰˀʭʴʬʲʵʭʨʴʰʨ ʲʰʪʨʴʫ 

ʫʨʳʵʱʰʫʬʩʻʲʰ ʫʨ ʭʵʲʺʨʷ ʫʨʳʵʱʰʫʬʩʻʲʰ ʨʸˆʬʩʰ (Chen et al., 

2000).ʺʸʨʴʹʳʬʳʩʸʨʴʻʲʰ ʨʳʶʳ ʸʬ˂ʬʶʺʵʸʬʩʰʹ ʸʬʪʻʲʨʺʵʸʻʲʰ ˂ʰʲʬʩʰ 

ʫʨʱʨʭˀʰʸʬʩʻʲʴʰ ʨʸʰʨʴ ʨʳʶʳ ʸʬ˂ʬʶʺʵʸʬʩʰʹ ʹʻʩʬʸʯʬʻʲʬʩʯʨʴ ʫʨ  ʪʨʴʹˆʭʨʭʬʩʻʲʨʫ 

ʬʽʹʶʸʬʹʰʸʫʬʩʰʨʴ ʺʭʰʴˀʰ ʫʨ ʻʮʸʻʴʭʬʲʿʵʼʬʴ ʨʳʶʳ ʸʬ˂ʬʶʺʵʸʬʩʰʹ ʹʨʯʨʴʨʫʵ 

ʳʵʳ˄ʰʼʬʩʨʹ ʴʬʰʸʵʴʰʹ ʮʬʫʨʶʰʸʮʬ ʫʨ ʹʰʴʨʶʹʬʩʮʬ (Tomita et al., 2005; Sumioka et al., 

2010). 

ʪʬʴʬʺʰʱʻʸʰ ʫʨ ʶʸʵʺʬʵʳʰʱʻʲʰ ʱʭʲʬʭʬʩʰʯ ʰʫʬʴʺʰʼʰ˂ʰʸʫʨ ˂ʰʲʬʩʰʹ 

ʶʨʺʨʸʨ ˇʪʻʼʰ, ʸʵʳʲʬʩʰ˂ ʻʱʨʭˀʰʸʫʬʩʨ ʨʳʶʳ ʸʬ˂ʬʶʺʵʸʹ ʫʨ ʹʺʸʻʽʺʻʸʻʲʨʫ ʨʸ 

ʻʱʨʭˀʰʸʫʬʩʨ TARP-ʹ (TARP ʨʨʽʺʰʭʬʩʹ PDZ ʫʵʳʬʴʹ), ʬʹʬʴʰʨ: Cornichon 2, CNiH-2, 

CniH-3 (Schwenk et al., 2012; 2009), CKAMP 44 (Engelhardt et al., 2010), SynDig 

1(Kalashnikova et al., 2010), Sol 1 ʫʨ Sol 2 (Wang et al., 2012). 

 

                        ʴʳʫʨ ʸʬ˂ʬʶʺʵʸʬʩʮʬ ʫʨʳʵʱʰʫʬʩʻʲʰ  ʪʭʫ  

 

ʴʳʫʨ ʸʬ˂ʬʶʺʵʸʬʩʮʬ ʫʨʳʵʱʰʫʬʩʻʲʰ ʪʭʫ ʰʿʵ ʨʾʳʵˁʬʴʰʲʰ 1992 ˄ʬʲʹ (Dudek et al., 

1992).  ʪʭʫ -ʰʹ ʩʲʵʱʰʸʬʩʨ ʳʵʨˆʫʰʴʬʹ ʨʸʹʬʩʻʲʰ ʱʨʲ˂ʰʻʳʰʹ ʰʵʴʬʩʰʹ ʳʵ˂ʰʲʬʩʰʯ 

ʶʵʹʺʹʰʴʨʶʹʻʸ ʻˇʸʬʫʬʩʮʬ (Mulkey et al., 1992) ʫʨ ʰʴˈʰʩʰʸʬʩʨ ʳʵˆʫʨ ʼʵʹʼʨʺʨʮʨ 

ʱʨʲ˂ʰʴʬʰʸʰʴʰʹ ʰʴˈʰʩʰʺʵʸʬʩʰʯ (Mulkey et al., 1992). ʪʨʴʹˆʭʨʭʬʩʨ ʪʭʶ-ʰʹʨ ʫʨ ʪʭʫ-ʰʹ 

ˀʵʸʰʹ ʪʨʴʶʰʸʵʩʬʩʻʲʰʨ ʱʨʲ˂ʰʻʳʰʹ ʰʵʴʬʩʰʹ ʪʨʫʨ˂ʬʳʰʹ ˆʨʴʪʸ˃ʲʰʭʵʩʰʹ ʹʰ˃ʲʰʬʸʰʯ 

(Lisman et al., 1989).  

ʱʨʲ˂ʰʻʳʰʹ ʰʵʴʬʩʰʹ ʳʨʾʨʲʰ ʫʵʴʬ ʨʨʽʺʰʭʬʩʹ ʫʨʩʨʲ ʨʼʰʴʻʸʰ ʱʰʴʨʮʨʹ ʫʨ ʱʨʳʱ II-ʹ  ʫʨ 

ʨʰʴʰ˂ʰʸʬʩʹ ʶʵʹʺʹʰʴʨʼʹʻʸʰ ʹʰʳʱʭʸʰʭʰʹ ˂ʰʲʬʩʰʹ ʼʵʹʼʵʸʰʲʰʸʬʩʨʹ, ʫʨ ʹʨʩʵʲʵʵʫ  

ʱʰ ʰʮʸʫʬʩʨ ʺʸʨʴʹʳʰʹʰʨ. ʳʬʵʸʬʹ ʳˆʸʰʭ ʱʰ, ʱʨʲ˂ʰʻʳʰʹ ʰʵʴʬʩʰʹ ʹʨˀʻʨʲʵ ʫʵʴʰʹ ʫʸʵʹ 

ˆʫʬʩʨ ʶʵʹʺʹʰʴʨʼʹʻʸʰ ʹʰʳʱʭʸʰʭʰʹ ˂ʰʲʬʩʰʹ ʫʬʼʵʹʼʵʸʰʲʰʸʬʩʨʹ ʫʨ ʺʸʨʴʹʳʰʹʰʨ 

ʳ˂ʰʸʫʬʩʨ. AKAP 150/PSD 95 ʱʨʲ˂ʰʴʬʰʸʵʴʻʲʰ ʱʵʳʶʲʬʽʹʰ ʹʨ˅ʰʸʵʨ ʪʭʫ-ʰʹʯʭʰʹ. 
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ˀʬʳʵʯʨʭʨʮʬʩʻʲʰʨ, ʸʵʳ PKA ʫʨ PKC ʹʻʩʹʺʸʨʺʬʩʰʹ ʫʬʼʵʹʼʵʸʰʲʰʸʬʩʨ ˁʨʸʯʻʲʰʨ 

GluA 1-ʰʹ ʫʬʼʵʹʼʵʸʰʲʰʸʬʩʨˀʰ ʫʨ ˁʨʸʯʻʲʰ ʨʸʰʹ ʪʭʫ-ˀʰ. ʴʵʱʨʻʺʰʸʬʩʻʲ 

ʯʨʪʭʬʩˀʰ, ʹʨʫʨ˂ ʳʻʺʨ˂ʰʨ ʳʵʨˆʫʰʴʬʹ GluA 1,  CamK II, PKA -ʹ ʼʵʹʼʵʸʰʲʰʸʬʩʰʹ 

ʹʨʰʺʬʩʮʬ, ʨʾʳʵˁʴʫʨ ʸʵʳ ʫʬʼʵʹʼʵʸʰʲʰʸʬʩʨ ʳʴʰˀʭʴʬʲʵʭʨʴʰʨ ʪʭʫ-ʰʹʯʭʰʹ (Lee et al., 

1998). 

          ˄ʰ˄ʰʲʬʩʰʹ ʰʳʶʸʰʴʺʰʴʪ ʺʸʬʰʴʰʴʪʰʫʨʴ 1 ʹʨʨʯʰʹ ˀʬʳʫʬʪ ˁʭʬʴʹ ʲʨʩʵʸʨʺʵʸʰʨˀʰ 

ʴʨˁʭʬʴʬʩʰ ʰʿʵ  ʫʨʹ˄ʨʭʲʨʮʬ ʫʨʳʵʱʰʫʬʩʻʲʰ ʱʨʳʱII-ʰʹ ʪʨʨʽʺʰʭʬʩʨ, ʸʨ˂ ʪʨʳʵʰˆʨʺʬʩʨ 

ʼʬʸʳʬʴʺʰʹ 286-ʬ ʺʸʬʵʴʰʴʰʹ ʴʨˀʯʮʬ ʨʭʺʵʼʵʹʼʵʸʰʲʰʸʬʩʨˀʰ. .ʬʹ ʼʨʽʺʰ ʩʨʫʬʩʹ 

ʱʰʯˆʭʬʩʹ  ʳʬˆʹʰʬʸʬʩʰʹ ʼʵʸʳʰʸʬʩʰʹ ʪʨʴʳʨʭʲʵʩʨˀʰʱʨʳʱII-ʰʹ  ʹʨʹʰʪʴʨʲʵ ʪʮʰʹ 

ʨʽʺʰʭʨ˂ʰʰʹ ʳʬʽʨʴʰʮʳʰʹ  ˀʬʹʨˆʬʩ.  

          ʨʳʶʳ ʸʬ˂ʬʶʺʵʸʬʩʰ ˄ʨʸʳʵʨʫʪʬʴʬʴ  ʱʨʳʱII--ʹ ʹʨʳʰʮʴʬʹ. ʱʨʳʱII--ʰʹ ʪʨʨʽʺʰʭʬʩʨ 

ʶʰʸʫʨʶʰʸ ʱʨʭˀʰʸˀʰʨ ʨʳʶʳ ʸʬ˂ʬʶʺʵʸʰʹ ʪʲʻʸ 1 ʹʻʩʬʸʯʬʻʲʰʹ ʹʬʸʰʴʰʹ 831- ʬ ʴʨˀʯʰʹ 

ʼʵʹʼʵʸʰʲʰʸʬʩʨʹʯʨʴ (Barria et al. 1997; Derkach 2003; Derkach et al. 1999; Lee et al. 2000; 

Lisman et al. 2002). ʪʲʻʸ 1-ʰʹ ʼʵʹʼʵʸʰʲʰʸʬʩʨ ʹʬʸʰʴʰʹ 831-ʬ ʴʨˀʯʮʬ ʱʨʳʱII-ʰʹ 

ʳʬˀʭʬʵʩʰʯ , ʰ˄ʭʬʭʹ ʨʳʶ ʸʬ˂ʬʶʺʵʸʬʩʰʹ ʪʨʫʨʨʫʪʰʲʬʩʨʹ ʹʰʴʨʼʹʰʹ ʨʽʺʰʻʸ ʮʵʴʨˀʰ, 

ʨʸˆʰʹ ʪʨʴʭʲʨʫʵʩʰʹ ʨʲʩʨʯʵʩʰʹ ʮʸʫʨʹ ʫʨ ʻʴʫʨ ʳʵʴʨ˄ʰʲʬʵʩʫʬʹ   ˆʨʴʪʸ˃ʲʰʭʰ 

ʶʵʺʬʴ˂ʰʨ˂ʰʨˀʰ ʹ (Barria et al. 1997; Lee et al. 2000)ʫʨ ʳʬˆʹʰʬʸʬʩʰʹ ʮʵʪʰʬʸʯ ʺʰʶˀʰ (Cui 

et al. 2011; Hu et al. 2007). 
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2.3.  ʳʬʯʵʫʵʲʵʪʰʨ 

                                         ʯʨʭʰ 1  

                          ʽ˂ʬʭʰʯʰ ʳʬʯʵʫʬʩʰ -  ˄ʰ˄ʰʲʬʩʰʹ ʺʸʬʰʴʰʴʪʰ 

 

 ˄ʰ˄ʰʲʬʩʰ ʰˁʬʱʬʩʵʫʨ ʫʨ ʰʴʨˆʬʩʵʫʨ ʹʰʩʴʬʲʬˀʰ ʺʸʬʰʴʰʴʪʨʳʫʬ. ʪʨʳʵˁʬʱʭʰʫʨʴ 

22-28 ʹʨʨʯʰʹ ˀʬʳʫʬʪ ˄ʰ˄ʰʲʬʩʰ ʰ˄ʭʸʯʴʬʩʵʫʨ 1 ʹʨʨʯʰʹ ʪʨʴʳʨʭʲʵʩʨˀʰ ʳʩʸʻʴʨʭ 

ʩʵʸʩʨʲˀʰ ʰʳʶʸʰʴʺ-ʹʺʰʳʻʲʰʹ ʬʽʹʶʵʮʰ˂ʰʰʯ (ˀʰʪʴʰʫʨʴ ʪʨʴʨʯʬʩʻʲʰ ʳʩʸʻʴʨʭʰ 

˄ʰʯʬʲʰ ʿʻʯʰ). ʸʵʫʬʹʨ˂ ˄ʰ˄ʰʲʨ ˂ʫʰʲʵʩʫʨ ʺʸʬʴʰʸʬʩʰʹ ʹʺʰʳʻʲʰʹʱʬʴ ʳʰʨˆʲʵʬʩʨʹ, 

ʪʨʫʨʨʫʪʰʲʬʩʰʹ ʳ˂ʫʬʲʵʩʨ ʰ˄ʭʬʭʫʨ ʳʩʸʻʴʨʭʰ ʩʵʸʩʲʰʹ ʳʵ˃ʸʨʵʩʨˀʰ ʳʵʿʭʨʴʨʹ. 

ʳʰʨˆʲʵʭʬʩʰʹ ʨʽʺʰʭʵʩʰʹ ʪʨʴʹʨʹʨʮʾʭʸʨʭʨʫ ʰʯʭʲʬʩʵʫʨ ʳʩʸʻʴʨʭʰ ʩʵʸʩʲʰʹ 

ʪʨʫʨʺʸʰʨʲʬʩʰʹ ʸʨʵʫʬʴʵʩʨ. 

 

 

 

ʹʻʸʨʯʰ 8. ˄ʰ˄ʰʲʬʩʰʹ ʺʸʬʴʰʸʬʩʨ ʳʩʸʻʴʨʭ 

ʩʵʸʩʨʲˀʰ, ʱʸʻˆʰʹ ˆʳʰʹ ʯʨʴʨʵʩʰʹʨʹ 

 

 

 

 

 

 

ʰʹ ˄ʰ˄ʰʲʬʩʰ, ʸʵʳʲʬʩʰ˂ ʹʨ˄ʭʸʯʴʬʲʰ ʵʩʰʬʽʺʰʹ ʳʨˆʨʹʰʨʯʬʩʲʬʩʹ ʹ˄ʨʭʲʵʩʫʴʬʴ, 

ʨʳˇʵʩʰʴʬʩʫʴʬʴ ʳʨʹ ʨʲʺʬʸʴʨʺʰʻʲ ʹʺʰʳʻʲʹ. ʺʸʬʴʰʸʬʩʰʫʨʴ 10 ˄ʻʯʰʹ ˀʬʳʫʬʪ 

ʿʵʭʬʲʰ ˄ʰ˄ʰʲʰʹ ʻʶʰʸʨʺʬʹʵʩʰʹ ʳʨˁʭʬʴʬʩʬʲʰ ʰʮʵʳʬʩʵʫʨ ˄ʰʯʬʲʰ ʿʻʯʰʹ ʫʨ 

ʨʲʺʬʸʴʨʺʰʻʲʰ ʹʺʰʳʻʲʰʹ (ʲʻʸˇʰ ˂ʰʲʰʴʫʸʰʹ) ʬʽʹʶʵʮʰ˂ʰʰʯ 5 ˄ʻʯʰʨʴʰ 

ʰʴʺʬʸʭʨʲʬʩʰʯ (˄ʰʯʬʲʰ ʿʻʯʰ, ʲʻʸˇʰ ˂ʰʲʰʴʫʸʰ, ʱʭʲʨʭ ʲʻʸˇʰ ˂ʰʲʰʴʫʸʰ ʫʨ 
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ʩʵʲʵʹ ˄ʰʯʬʲʰ ʿʻʯʰ). ʪʨʳʵʰʨʴʪʨʸʰˀʬʩʵʫʨ ʻʶʰʸʨʺʬʹʵʩʰʹ ʳʨˁʭʬʴʬʩʬʲʰ, ʸʵʳʬʲʰ˂ 

ʫʨʹ˄ʨʭʲʰʹ ʹʰ˃ʲʰʬʸʰʹ ʳʨˁʭʬʴʬʩʬʲʰ˂ʨʨ (Bolhuis et al., 2000). 

ʻʶʰʸʨʺʬʹʵʩʰʹ ʳʨˁʭʬʴʬʩʬʲʰ ʬʹ ʨʸʰʹ ʶʸʵ˂ʬʴʺʻʲʨʫ ʪʨʳʵʹʨˆʻʲʰ ʳʰʨˆʲʵʬʩʰʹ 

ʨʽʺʰʭʵʩʨ ˄ʰʯʬʲ ʿʻʯʮʬ ˇʨʳʻʸʰ ʳʰʨˆʲʵʭʬʩʰʹ ʨʽʺʰʭʵʩʰʫʨʴ (ʸʵʪʵʸ˂ ˄ʰʯʬʲ ʿʻʯʮʬ 

ʨʹʬʭʬ ʲʻʸˇ ˂ʰʲʰʴʫʸʮʬ). ʯʻ ʳʰʨˆʲʵʭʬʩʰʹ ʨʽʺʰʭʵʩʨ ʰʿʵ ʯʨʴʨʩʨʸʰ ʵʸʰʭʬ 

ʹʺʰʳʻʲʮʬ, ʳʨˀʰʴ ʻʶʰʸʨʺʬʹʵʩʰʹ ʳʨˁʭʬʴʬʩʬʲʰ 50-ʰʨ (ʨʸʨʭʰʯʨʸʰ ʨʸˁʬʭʨʴʰ ʫʨ 

ʨʸʨʭʰʯʨʸʰ ʫʨʹ˄ʨʭʲʨ); ʯʻ ˄ʰ˄ʰʲʨ ʻʨˆʲʵʭʫʬʩʨ ʳˆʵʲʵʫ ʹʨ˄ʭʸʯʴʬʲ ʵʩʰʬʽʺʹ 

ʻʶʰʸʨʺʬʹʵʩʰʹ ʳʨˁʭʬʴʬʩʬʲʰ 100-ʰʨ (˃ʲʰʬʸʰ ʨʸˁʬʭʨʴʰ ʫʨ ˃ʲʰʬʸʰ ʫʨʹ˄ʨʭʲʨ).  

ʬʸʯʰ ˇʪʻʼʰ ˄ʰ˄ʰʲʬʩʰʹʨ ʿʵʭʬʲ ʪʨʳʵˁʬʱʭʨˀʰ ʪʨʳʵʰʿʬʴʬʩʵʫʨ ʨʸʨʺʸʬʴʰʸʬʩʻʲ 

ʱʵʴʺʸʵʲʨʫ (ʨʺʸʱ). ˄ʰ˄ʰʲʬʩʰʹ ʫʬʱʨʶʰʺʨ˂ʰʨ ˆʵʸ˂ʰʬʲʫʬʩʵʫʨ ʺʸʬʴʰʸʬʩʰʫʨʴ 24 

ʹʨʨʯʰʹ ˀʬʳʫʬʪ. ʯʨʭʰʹ ʺʭʰʴʰʫʨʴ ˆʫʬʩʵʫʨ ʵʯˆʰ ʻʩʴʰʹ ʨʳʵʱʭʬʯʨ: ʳʨʸ˂ˆʬʴʨ ʫʨ 

ʳʨʸˇʭʬʴʨ ʴʨˆʬʭʨʸʹʼʬʸʵʹ ʳʬʮʵʶʨʲʰʻʳʰʹ ˀʻʨ ʫʨ ʳʬʫʰʨʲʻʸʰ ʴʨ˄ʰʲʰʹ (ʰʳʳ) ʫʨ 

ʳʨʸ˂ˆʬʴʨ ʫʨ ʳʨʸˇʭʬʴʨ ʴʨˆʬʭʨʸʹʼʬʸʵʹ ʴʰʫʵʶʨʲʰʻʳʰʹ ʶʵʹʺʬʸʰʵʸ ʴʨ˄ʰʲʰʹ (ʴʶʴ) 

(Horn, 1991; Solomonia et al., 1998). ʺʭʰʴʰʫʨʴ ʨʳʵʱʭʬʯʰʹ ˀʬʳʫʬʪ ʽʹʵʭʰʲʰʹ ʿʵʭʬʲʰ 

ʴʨ˄ʰʲʰ ʫʨʻʿʵʭʴʬʩʲʰʭ ʯʨʭʹʫʬʩʵʫʨ ʳˀʸʨʲ ʿʰʴʻʲʮʬ. 

ʹʻʸʨʯʰ 9. ˄ʰ˄ʰʲʨʹ ʯʨʭʰʹ ʺʭʰʴʰ 
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ˁʭʬʴ ʭ˂ʫʰʲʵʩʫʰʯ, ʸʵʳ ʿʵʭʬʲ ʬʽʹʶʬʸʰʳʬʴʺˀʰ ʴʰʳʻˀʬʩʹ ʫʨʬʼʨʸʨ 

ʻʶʰʸʨʺʬʹʵʩʰʹ ˆʨʸʰʹˆʰʹ ʼʨʸʯʵ ʹʶʬʽʺʸʰ: 50-100-ʳʫʬ. ʨʳʰʹ ˀʬʹʨʩʨʳʰʹʨʫ 

ʭ˂ʫʰʲʵʩʫʰʯ, ʬʸʯʰ ʴʰʳʻˀʰ ʿʵʼʰʲʰʿʵ ʫʨʩʨʲʰ ʻʶʰʸʨʺʬʹʵʩʰʹ ˆʨʸʰʹˆʰʯ >40≤60-ʮʬ; 

ʳʬʵʸʬ ʴʰʳʻˀʰ ʹʨˀʻʨʲʵ ʻʶʰʸʨʺʬʹʵʩʰʹ ˆʨʸʰʹˆʰʯ >60≤80-ʮʬ; ʫʨ ʳʬʹʨʳʬ ʴʰʳʻˀʰ ʳʨʾʨʲʰ 

ʻʶʰʸʨʺʬʹʵʩʰʹ ˆʨʸʰʹˆʰʯ >80.  

 

                                    ʯʨʭʰ 2 

P2 ʳʬʳʩʸʨʴʻʲ-ʳʰʺʵʽʵʴʫʸʰʻʲʰ ʼʸʨʽ˂ʰʰʹ ʶʸʵʺʬʵʳʻʲʰ ˀʬʹ˄ʨʭʲʨ 

 

P2 ʳʬʳʩʸʨʴʻʲ-ʳʰʺʵʽʵʴʫʸʰʻʲʰ ʼʸʨʽ˂ʰʰʹ ʳʰʾʬʩʨ.˄ʰ˄ʰʲʬʩʰʹ ʯʨʭʰʹ ʺʭʰʴʰʹ 

ʽʹʵʭʰʲʵʭʨʴʰ ʴʰʳʻˀʬʩʰ ˈʵʳʵʪʬʴʰʮʰʸʫʬʩʵʫʨ (ʩʻʼʬʸʰʹ ˀʬʳʨʫʪʬʴʲʵʩʨ; 0.32 ʳʵʲʰ 

ʹʨʽʨʸʵʮʨ, 20 ʳʳʵʲʰ HCl [pH 7.4], 1 ʳʳʵʲʰ ʬʯʰʲʬʴʫʰʨʳʰʴ-ʺʬʺʸʨ˃ʳʨʸʳʷʨʭʨ, 1 ʳʳʵʲʰ 

ʴʨʺʸʰʻʳʰʹ ʵʸʯʵʭʨʴʨʫʨʺʰ, 0.5 ʳʳʵʲʰ ʬʯʰʲʬʴ ʪʲʰʱʵʲ (2-ʨʳʰʴʵʬʯʰʲʬʯʬʸ)- 

N,N,N',N'- ʺʬʺʸʨ˃ʳʨʸʳʷʨʭʨ ʫʨ ʶʸʵʺʬʨʮʬʩʰʹ ʫʨ ʼʵʹʼʨʺʨʮʬʩʰʹ ʰʴˈʰʩʰʺʵʸʬʩʰʹ ʴʨʸʬʭʰ 

[Sigma])(ʳʯʲʰʨʴʰ ˈʵʳʵʪʬʴʨʺʰʹ ʼʸʨʽ˂ʰʨ - ʰˆ. ʽʭʬʳʵʯ) ʫʨ ˂ʬʴʺʸʰʼʻʪʰʸʫʬʩʵʫʨ 

1000ʪ–ʮʬ 10 ˄ʯ-ʰʹ ʪʨʴʳʨʭʲʵʩʨˀʰ ʫʨʻˀʲʬʲʰ ʻˇʸʬʫʬʩʰʹʨ ʫʨ ʩʰʸʯʭʬʩʰʹ ʫʨʹʨʲʬʽʨʫ. 

ʳʰʾʬʩʻʲʰ ʹʻʶʬʸʴʨʺʨʴʺʰ (ʩʰʸʯʭʬʩ ʳʵ˂ʰʲʬʩʻʲʰ ˈʵʳʵʪʬʴʨʺʰ ʰˆ. ʽʭʬʳʵʯ)  

˂ʬʴʺʸʰʼʻʪʰʸʫʬʩʵʫʨ 15000g-ʮʬ 20 ˄ʯ-ʰʹ ʪʨʴʳʨʭʲʵʩʨˀʰ. ʳʰʾʬʩʻʲʰ ʹʻʶʬʸʴʨʺʨʴʺʰ 

˄ʨʸʳʵʨʫʪʬʴʫʨ ˂ʰʺʵʶʲʨʮʳʻʸ ʼʸʨʽ˂ʰʨʹ (ʰˆ. ʽʭʬʳʵʯ). ʳʰʾʬʩʻʲʰ ʴʨʲʬʽʰ ʱʰʫʬʭ 

ʬʸʯˆʬʲ ʰʸʬ˂ˆʬʩʵʫʨ ʰʪʰʭʬ ʸʬʷʰʳˀʰ ʫʨ ʴʨʲʬʽʰ, P2ʳʰʺʵʽʵʴʫʸʰʻʲ-ʳʬʳʩʸʨʴʻʲʰ 

ʼʸʨʽ˂ʰʨ ʰˆʹʴʬʩʵʫʨ ˀʬʳʫʬʪʰ ˀʬʳʨʫʪʬʴʲʵʩʰʹ ʩʻʼʬʸˀʰ: 7 ʳʵʲʨʸʻʲʰ ˀʨʸʫʵʭʨʴʨ,  2 

ʳʵʲʨʸʻʲʰ ʯʰʵˀʨʸʫʵʭʨʴʨ,2%CHAPS,2%ʺʸʰʺʵʴ X-100,0.1%ASB-14,2%-

ʳʬʸʱʨʶʺʵʬʯʨʴʵʲʰ,2% ʼʨʸʳʨʲʰʺʰ 3–10, ʩʸʵʳʼʬʴʵʲʰʹ ʲʻʸˇʰ. ʰʪʰʭʬ ʸʬʷʰʳʰʯ 

ʳʰʾʬʩʻʲʰ ʳʯʲʰʨʴʰ ˈʵʳʵʪʬʴʨʺʰʹ, ʩʰʸʯʭʬʩ ʳʵ˂ʰʲʬʩʻʲʰ ˈʵʳʵʪʬʴʨʺʰʹ, 

˂ʰʺʵʶʲʨʮʳʻʸʰ  ʫʨ ʳʬʳʩʸʨʴʻʲ-ʳʰʺʵʽʵʴʫʸʰʻʲʰ  ʼʸʨʽ˂ʰʬʩʰ ʨʹʬʭʬ ʪʨʳʵʰʿʬʴʬʩʵʫʨ 

1-ʪʨʴʮʵʳʰʲʬʩʰʨʴʰ ʬʲʬʽʺʸʵʼʵʸʬʮʰʹʨ ʫʨ ʭʬʸʹʺʬʸʴ ʰʳʻʴʵʩʲʵʺʰʴʪʰʹʨʯʭʰʹ (ʰˆ. 

ʽʭʬʳʵʯ). 



63 

 

˂ʰʲʰʹ ʱʵʴ˂ʬʴʺʸʨ˂ʰʰʹ ʪʨʴʹʨʮʾʭʸʨ. ˂ʰʲʰʹ ʱʵʴ˂ʬʴʺʸʨ˂ʰʨ ʰʹʨʮʾʭʸʬʩʵʫʨ 4 

ʶʨʸʨʲʬʲʻʸ ʹʰʴˇˀʰ, ʳʰʱʸʵʩʰʽʰʴʵʴʵʹ ʳʷʨʭʨʹ ʱʰʺʰʹ ʹʨˀʻʨʲʬʩʰʯ(Pierce). 

ʰʮʵʬʲʬʽʺʸʻʲʰ ʼʵʱʻʹʰʸʬʩʨ.  ˆʨʮʵʩʸʰʭʰ ʹʺʸʰʶʬʩʰ (pH3.0–10.0, ʹʰʪʸ˃ʬ 18ʹʳ) 

ʪʨʴʰ˂ʫʰʫʴʬʴ ʸʬˈʰʫʸʰʸʬʩʨʹ ʳʯʬʲʰ ʾʨʳʰʹ ʪʨʴʳʨʭʲʵʩʨˀʰ ˀʬʳʫʬʪʰ ˀʬʳʨʫʪʬʴʲʵʩʰʹ 

ˆʹʴʨʸˀʰ: 8 ʳʵʲʨʸʻʲʰ ˀʨʸʫʵʭʨʴʨ, 0.5% ʺʸʰʺʵʴ X-100, 0.5% ʼʨʸʳʨʲʰʺʰ (pH3.0–10.0), 

14 ʳʰʲʰʳʵʲʰ ʫʰʺʰʵʺʸʬʰʺʵʲʰ (ʫʺʺ) .  

ʰʮʵʬʲʬʽʺʸʻʲʰ ʼʵʱʻʹʰʸʬʩʨ ˀʬʳʫʬʪʰ ʸʬʷʰʳʰʯ ʺʨʸʫʬʩʵʫʨ: 500V 3 ʹʨʨʯʰʹ 

ʪʨʴʳʨʭʲʵʩʨˀʰ, ʫʨ 3500V 17.7 ʹʨʨʯʰʹ ʪʨʴʳʨʭʲʵʩʨˀʰ. ʯʭʰʯʵʬʻʲʰ ʹʺʸʰʶʮʬ 40 

ʳʰʱʸʵʪʸʨʳʰ ˂ʰʲʨ ʫʨʪʭʽʵʴʫʨ.  

ʪʨ˄ʵʴʨʹ˄ʵʸʬʩʨ. ʹʺʸʰʶʬʩʰʹ ˆʬʲʨˆʨʲʰ ʪʨ˄ʵʴʨʹ˄ʵʸʬʩʨ ˀʬʳʫʬʪʰ ʸʬʷʰʳʰʯ 

ʳʰʳʫʰʴʨʸʬʵʩʫʨ: 15 ˄ʻʯʰ 0.05 ʳʵʲʨʸʻʲʰ ʺʸʰʹ-HCl(pH6.8),6 ʳʵʲʨʸʻʲʰ ˀʨʸʫʵʭʨʴʨ, 

30% ʪʲʰ˂ʬʸʵʲʰ, 1.3 ʴʨʺʸʰʻʳʰʹ ʫʵʫʬ˂ʰʲʹʻʲʼʨʺʰ (ʴʫʹ) ʫʨ 1% ʫʺʺ.ʫʨ ʱʰʫʬʭ 

ˀʬʳʫʬʪʰ 15 ˄ʻʯʰ ʰʪʰʭʬ ˀʬʳʨʫʪʬʴʲʵʩʰʹ ʩʻʼʬʸˀʰ ʸʵʳʬʲʰ˂ ʫʺʺ-ʹ ʴʨ˂ʭʲʨʫ 2.5 % 

ʰʵʫʵʨ˂ʬʺʨʳʰʫʹ ˀʬʰ˂ʨʭʫʨ.  

ʴʫʹ ʬʲʬʽʺʸʵʼʵʸʬʮʰ. ʴʫʹ ʪʬʲ-ʬʬʲʽʺʸʵʼʵʸʬʮʰ ʺʨʸʫʬʩʵʫʨ 1 ʳʳ ʹʰʹʽʰʹ 

12.5%-ʰʹ ʹʰʹʽʰʹ ʶʵʲʰʨʱʸʰʲʨʳʰʫʰʹ ʪʬʲʮʬ ʵʸʰ ʹʨʼʬʮʻʸʰʯ: –10mA/ʪʬʲʮʬ 80V 1 

ʹʨʨʯʰ ʫʨ 12mA/ʪʬʲʮʬ, 150V17ʹʨʨʯʰʹ ʪʨʴʳʨʭʲʵʩʨˀʰ,  + 25 ʪʸʨʫʻʹʰ ʺʬʳʶʬʸʨʺʻʸʰʹ 

ʶʰʸʵʩʬʩˀʰ. 

 

                                                  ʯʨʭʰ 3 

                             ˀʬʾʬʩʭʨ, ʹʱʨʴʰʸʬʩʨ ʫʨ ʨʴʨʲʰʮʰ. 

 

ʶʵʲʰʨʱʸʰʲʨʳʰʫʰʹ ʪʬʲʬʩʰ ʰʾʬʩʬʩʵʫʨ ʭʬʸ˂ˆʲʰʹ ʹʨʾʬʩʨʭʰʯ- ʹʶʬ˂ʰʨʲʻʸʰ 

ʱʰʺʰʯ, ʳʨʪʸʨʳ ʭʺʵʭʬʩʫʰʯ ʪʲʻʺʨʸʫʬʨʲʫʬˈʰʫʰʹ ʹʨʼʬˆʻʸʹ,ʸʵʳʬʲʰ˂ ˆʬʲʰʹ 

ˀʬʳˀʲʬʲ ʼʨʽʺʵʸʹ ˄ʨʸʳʵʨʫʪʬʴʹ ʳʨʹʹ-ʹʶʬʽʺʸʵʳʬʺʸʰʹʨʯʭʰʹ. ʭʬʸ˂ˆʲʰʯ ˀʬʾʬʩʰʲʰ 

ʪʬʲʬʩʰʹ ʹʱʨʴʰʸʬʩʨ ˆʵʸ˂ʰʬʲʫʬʩʵʫʨ  ʹʱʨʴʬʸʰʯ _ “Imagescanner IIILabscan6.0(GE 

Healthcare).” ʭʨˆʫʬʴʫʰʯ ʪʨʳʵʹʨˆʻʲʬʩʬʩʰʹ ʫʰʪʰʺʨʲʰʮʨ˂ʰʨʹ, ʸʵʳʬʲʯʨ ˀʬʳʫʬʪʰ 

ʫʨʳʻˀʨʭʬʩʨ ˆʵʸ˂ʰʬʲʫʬʩʵʫʨ ʶʸʵʪʸʨʳʰʯ „ImageMaster2-Dplatinum7.0“. ˁʭʬʴʰ 2-
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ʪʨʴʮʵʳʰʲʬʩʰʨʴʰ ʬʲʬʽʺʸʵʼʵʸʬʮʰʹ ʹʰʹʺʬʳʨ ˀʬʹʨ˃ʲʬʩʲʵʩʨʹ ʰ˃ʲʬʭʨ 6 ʪʬʲʰʹ 

ʬʸʯʫʸʵʻʲʰ ʼʵʸʬʮʰʹʨ ʫʨ ˀʬʹʨʩʨʳʰʹʨʫ ʭʨʨʴʨʲʰʮʬʩʫʰʯ ˄ʰ˄ʰʲʬʩʰʹ ʳʨʸ˂ˆʬʴʨ ʰʳʳ-ʰʹ 

P2 ʳʬʳʩʸʨʴʻʲʰ ʼʸʨʽ˂ʰʰʹ 2-2 ʴʰʳʻˀʹ ʱʨʸʪʨʫ ʫʨʳʹ˄ʨʭʲʬʲʰ ˄ʰ˄ʰʲʬʩʰʫʨʴ 

(ʻʶʰʸʨʺʬʹʵʩʰʹ ʺʬʹʺʰ >85%), ˂ʻʫʨʫ ʫʨʳʹ˄ʨʭʲʬʲʰ ˄ʰ˄ʰʲʬʩʰʫʨʴ (ʻʶʰʸʨʺʬʹʵʩʰʹ 

ʺʬʹʺʰ <65%) ʫʨ ʨʸʨʺʸʬʴʰʸʬʩʻʲʰ ˄ʰ˄ʰʲʬʩʰʫʨʴ. ʨʹʬʯʰ ʺʰʶʰʹ ˂ʫʨ ʹʻʲ 6-ˇʬʸ ʰʿʵ 

ˁʨʺʨʸʬʩʻʲʰ (24 ʴʰʳʻˀʰ ʺʸʬʴʰʸʬʩʻʲʰ ˄ʰ˄ʰʲʬʩʰʫʨʴ ʫʨ 12 ʨʸʨʺʸʬʴʰʸʬʩʻʲʰʫʨʴ). 

ʬʽʹʶʬʸʰʳʬʴʺʬʩʰʹ ʯʭʰʯʵʬʻʲ ʹʬʸʰʨˀʰ ʭʨʸˁʬʭʫʰʯ ʰʳ ˂ʰʲʬʩʹ, ʸʵʳʲʬʩʰ˂ ʹʻʲ ʳ˂ʰʸʬ 

2-ˇʬʸ ʪʨʴʹˆʭʨʭʫʬʩʵʫʴʬʴ ʬʸʯʳʨʴʬʯʰʹʨʪʨʴ ʱʨʸʪʨʫ, ˂ʻʫʨʫ ʫʨ ʨʸʨʺʬʸʴʰʸʬʩʻʲ 

ʴʰʳʻˀʬʩʹ ˀʵʸʰʹ.ʳʵʴʨ˂ʬʳʬʩʰ, ʰʳ ʲʨʽʬʩʰʹ ˀʬʹʨˆʬʩ ʸʵʳʲʬʩʰ˂ ʯʨʴˆʭʫʬʩʵʫʴʬʴ 

ʬʸʯʳʨʴʬʯʹ  ʨʫʪʰʲʳʫʬʩʨʸʬʵʩʰʹ ʳʰˆʬʫʭʰʯ (ʰʮʵʬʲʬʽʺʸʻʲʰ ˄ʬʸʺʰʲʰ, 

ʳʵʲʬʱʻʲʻʸʰ ˄ʵʴʨ)ʹˆʭʨʫʨʹˆʭʨ ʬʽʹʶʬʸʰʳʬʴʺʬʩˀʰ ʫʨʸʫʬʩʵʫʴʬʴ ʬʸʯʳʨʴʬʯʹ ʵʸ-

ʱʻʫʰʨʴʰ t-ʺʬʹʺʰʯ. ʯʻ ʹˆʭʨʵʩʰʹ ʹʨʸ˄ʳʻʴʵʬʩʨ ʴʨʱʲʬʩʰ ʰʿʵ 0.05-ʮʬ ʨʹʬʯʰ ʲʨʽʬʩʰ 

ʨʳʵʰ˅ʸʬʩʵʫʴʬʴ ʫʨ ʳʨʹ-ʹʶʬʺʸʵʳʬʺʸʻʲ (ʳʹ) ʨʴʨʲʰʮʨʳʫʬ ʰʴʨˆʬʩʵʫʴʬʴ –20◦C-ʮʬ. 

ʪʬʲˀʰ ʫʨˆʲʬˁʨ ʫʨ ʳʹ ʨʴʨʲʰʮʰ.ʪʨʴʹˆʭʨʭʬʩʻʲʨʫ ʬʽʹʶʸʬʹʰʸʬʩʻʲʰ ʨʳʵ˅ʸʰʲʰ 

˂ʰʲʵʭʨʴʰ ʲʨʽʬʩʰʹ ʫʨˆʲʬˁʨ, ʳʨʹ-ʹʶʬʽʺʸʵʳʬʺʸʰʨ ʫʨ ʶʬʶʺʰʫʬʩʰʹ ʯʨʴʨʳʰʫʬʭʸʵʩʬʩʰʹ 

ʨʴʨʲʰʮʰ ˁʨʺʨʸʫʨ ʱʬʳʩʸʰˇʰʹ ʻʴʰʭʬʸʹʰʺʬʺʰʹ ʶʸʵʺʬʵʳʰʱʻʲ ˂ʬʴʺʸˀʰ. 

ʪʬʲˀʰ ʫʨˆʲʬˁʨ.ˆʵʸ˂ʰʬʲʫʬʩʵʫʨ ʨʳʵ˅ʸʰʲʰ ˂ʰʲʵʭʨʴʰ ʲʨʽʬʩʰʹ 

ʪʨʻʼʬʸʻʲʬʩʨ, ʨʾʫʪʬʴʨ ʫʺʺ-ʯʰ ʫʨ ʨʲʱʰʲʰʸʬʩʨ ʰʵʫʵʨ˂ʬʺʨʳʰʫʰʯ, ʨʳʰʹ ˀʬʳʫʪʵʳ 

ˆʵʸ˂ʰʬʲʫʬʩʰʫʨ ˂ʰʲʰʹ ʪʬʲˀʰ ʫʨˆʲʬˁʨ ʺʸʰʶʹʰʴʰʯ ʳʯʬʲʰ ʾʨʳʰʹ ʪʨʴʳʨʭʲʵʩʨˀʰ 370C 

-ʮʬ. ʪʨˆʲʬˁʰʹ ˀʬʳʫʬʪ ʺʨʸʫʬʩʵʫʨ ˂ʬʴʺʸʰʼʻʪʰʸʬʩʨ ʫʨ ʳʰʾʬʩʻʲʰ ʹʻʶʬʴʨʺʨʴʺʰ 

ʪʨʳʵʰʿʬʴʬʩʵʫʨ ʳʨʹ-ʹʶʬʽʺʸʵʳʬʺʸʻʲʰ ʨʴʨʲʰʮʰʹʨʯʭʰʹ. 

 

                                                    ʯʨʭʰ 4 

                                 ʳʨʹʹʶʬʽʺʸʻʲʰ ʨʴʨʲʰʮʰ 

 

ʳʹ ʨʴʨʲʰʮʰ ʵʸ ʬʺʨʶʨʫ ʰʽʴʨ ˁʨʺʨʸʬʩʻʲʰ. ʶʰʸʭʬʲʰ ʹʬʸʰʨ ʬʽʹʶʬʸʰʳʬʴʺʬʩʰʹʨ 

(ʶʰʸʭʬʲʰ ʵʸʰ ʱʨʴʫʰʫʨʺʰ ˂ʰʲʰʹ ʰʫʬʴʺʰʼʰʱʨ˂ʰʨ)  ˁʨʺʨʸʬʩʻʲʰ ʰʽʴʨLTQ  ˆʨʮʵʩʸʰʭʰ  

ʰʵʴʻʸʰ ˆʨʼʨʴʪʰʹ ʳʹ-ʰʹ ʳʬˀʭʬʵʩʰʯ. ʨʳ ʬʽʹʶʬʸʰʳʬʴʺʬʩˀʰ ʶʬʶʺʰʫʬʩʰʹ ʫʨʿʵʼʨ ʳʵˆʫʨ 
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ˀʬʩʸʻʴʬʩʻʲʰ ʼʨʮʰʹ ʽʸʵʳʨʺʵʪʸʨʼʰʰʯ Eksigent Ultra(EksigentTechnologies) ʳʨʾʨʲʰ 

˄ʴʬʭʰʹ ʽʸʵʳʨʺʵʪʸʨʼʰʻʲʰ ʹʰʹʺʬʳʰʹ ʪʨʳʵʿʬʴʬʩʰʯ. ʺʻʳʩʵʹ ʫʰʴʬʩʰʹ ʹʰˁʽʨʸʬ 

ˀʬʨʫʪʬʴʫʨ 300 ʴʨʴʵʲʰʺʸʹ/˄ʯ-ˀʰ. ʹʭʬʺʨʫ ʪʨʳʵʰʿʬʴʬʩʵʫʨ  PepMap100ʹʭʬʺʰ (C18,75μM 

i.d. × 150mm,3ʳʰʱʸʵʴʰ ʴʨ˄ʰʲʨʱʬʩʰʹ ʮʵʳʨ). ʶʬʶʺʰʫʬʩʰʹ ʴʨʸʬʭʰ ʫʨʰʺʨʴʬʩʵʫʨ ˇʬʸ ˄ʰʴʨ 

ʹʭʬʺ-ʱʨʸʺʸʰˇʮʬ (AcclaimPepMap100C18,5 ʳʰʱʸʵʴʰ ʴʨ˄ʰʲʨʱʬʩʰʹ ʮʵʳʨ100A) 0.1% 

ʼʵʸʳʰʹ ʳʷʨʭʨʹ ˆʹʴʨʸˀʰ, ʸʵʳʲʰʹ ʫʸʵʹʨ˂ ʨʫʪʰʲʰ ˈʽʵʴʫʨ ʳʨʸʰʲʬʩʰʹ ʳʵ˂ʰʲʬʩʨʹ ʫʨ 

ʶʬʶʺʰʫʬʩʰʹ ʼʵʱʻʹʰʸʬʩʨʹ ʨʴʨʲʰʺʻʸ ʫʨʿʵʼʨʳʫʬ.ʪʨʳˆʹʴʬʲʨʫ ʪʨʳʵʿʬʴʬʩʻʲʰ ʰʽʴʨ 

˄ʿʨʲʰ+0.1% ʼʵʸʳʰʹ ʳʷʨʭʨ (ʨ-ˆʹʴʨʸʰ) ʫʨ ʨ˂ʬʺʵʴʰʺʸʰʲʰ+0.1% ʼʵʸʳʰʹ ʳʷʨʭʨ (ʩ-

ˆʹʴʨʸʰ). ʪʨʳʵʰʿʬʴʬʩʵʫʨ 5-55% ʩ ˆʹʴʨʸʰʹ ʪʸʨʫʰʬʴʺʰ 40 ˄ʻʯʰʹ ʪʨʴʳʨʭʲʵʩʨˀʰ.  LTQ 

ʰʴʹʺʸʻʳʬʴʺʰʹ ʳʨʸʯʭʨ ˆʫʬʩʵʫʨ ʳʵʴʨ˂ʬʳʮʬ ʫʨʳʵʱʰʫʬʩʻʲʰʳʨʴʬʸʰʯ, ʸʵʳʲʰʹ 

ʫʸʵʹʨ˂ ʶʰʸʭʬʲʨʫʰ ʹʱʨʴʰʸʬʩʨ ˆʵʸ˂ʰʬʲʫʬʩʵʫʨ ˀʬʩʸʻʴʬʩʻʲʰ ʼʨʮʰʹ ʹʭʬʺʰʫʨʴ 

ʬʲʻʰʸʬʩʻʲʰ ʰʵʴʬʩʰʹ  m/zʳʴʰˀʭʴʬʲʵʩʰʹ ʫʨʹʨʫʪʬʴʨʫ.  ʯʻ ˆʫʬʩʵʫʨ +2 ʨʴ +3 

ʰʵʴʬʩʰʹʫʬʺʬʽ˂ʰʨ, ʰʹʰʴʰ ʨʭʺʵʳʨʺʻʸʨʫ ʪʨʳʵʰʿʵʼʵʫʴʬʴ, ʪʨʴʰ˂ʫʰʫʴʬʴ 

ʼʸʨʪʳʬʴʺʨ˂ʰʨʹ (ʫʨˇʨˆʬʩʰʯ ʪʨʳʵ˄ʭʬʻʲʰ ʫʰʹʵ˂ʰʨ˂ʰʨ - collision induced dissociation-

CID) ʫʨ ˆʫʬʩʵʫʨ ʳʹ/ʳʹ ʹʶʬʽʺʸʬʩʰʹ ʪʬʴʬʸʨ˂ʰʨ. 

ʬʽʹʶʬʸʰʳʬʴʺʬʩʰʹ ʳʬʵʸʬ ʹʬʸʰʨˀʰ (3 ʱʨʴʫʰʫʨʺʰ ˂ʰʲʵʭʨʴʰ ʳʵʲʬʱʻʲʰʹ 

ʰʫʬʴʺʰʼʰʱʨ˂ʰʨ)ʳʹ ʨʴʨʲʰʮʰ ˆʵʸ˂ʰʬʲʫʬʩʵʫʨ OrbitrapVelos ʹʰʹʺʬʳʨʮʬ. ʶʬʶʺʰʫʬʩʰʹ 

ʫʨʿʵʼʨ ˆʵʸ˂ʰʬʲʫʬʩʵʫʨ ʳʨʾʨʲʰ ˄ʴʬʭʰʹ ʽʸʵʳʨʺʵʪʸʨʼʰʻʲ ʹʰʹʺʬʳʨʮʬ- 

EksigentNanoLC-1Dplus(EksigentTechnologies),ˁʭʬʻʲʬʩʸʰʭ ʪʨʳʵʰʿʬʴʬʩʵʫʨ 

ˀʬʩʸʻʴʬʩʻʲʰ ʼʨʮʰʹ ʽʸʵʳʨʺʵʪʸʨʼʰʨ ʫʰʴʬʩʰʹ ʹʰˁʽʨʸʰʯ 300 ʴʨʴʵʲʰʺʸʰ/˄ʻʯˀʰ. 

ʹʭʬʺʹ ˄ʨʸʳʵʨʫʪʬʴʫʨ   PepMap100 ʹʭʬʺʰ (C18,75μM i.d. × 150mm,3ʳʰʱʸʵʴʰ ʴʨ˄ʰʲʨʱʬʩʰʹ 

ʮʵʳʨ). ʶʬʶʺʰʫʬʩʰ ʯʨʭʫʨʶʰʸʭʬʲʨʫ ʫʨʰʺʨʴʬʩʵʫʨ ˄ʰʴʨ ʹʭʬʺ-ʱʨʸʺʸʰˇʮʬ 

((DionexAcclaimPepMap100C18,5ʳʰʱʸʵʴʰ ʴʨ˄ʰʲʨʱʬʩʰʹ ʮʵʳʨ,100A) 0.1% ʼʵʸʳʰʹ ʳʷʨʭʨˀʰ 

5 ˄ʻʯʰʹ ʪʨʴʳʨʭʲʵʩʨˀʰ ʹʰˁʽʨʸʰʯ 10 ʳʰʱʸʵʲʰʺʸʰ ˄ʻʯˀʰ. ʨʳ ʶʬʸʰʵʫʰʹ ˀʬʳʫʬʪ 

ʺʻʳʩʵʹ ʪʨʫʨʸʯʭʰʯ ʶʬʶʺʰʫʬʩʰ ˄ʰʴʨ-ʹʭʬʺʰʫʨʴ ʪʨʫʨʰʺʨʴʬʩʵʫʨ ʨʴʨʲʰʮʻʸ ʹʭʬʺʮʬ. 

ˆʹʴʨʸ ʨ-ʹ ˄ʨʸʳʵʨʫʪʬʴʫʨ 0.1% ʼʵʸʳʰʹ ʳʷʨʭʨ ˄ʿʨʲˀʰ ʫʨ ˆʹʴʨʸ ʩ-ʹ ʨ˂ʬʺʵʴʰʺʸʰʲʰ+0.1% 

ʼʵʸʳʰʹ ʳʷʨʭʨ. ʪʨʳʵʰʿʬʴʬʩʵʫʨ ʪʸʨʫʰʬʴʺʰ 5-50% ˆʹʴʨʸʰ. ʬʲʻʨʴʺʰ ʯˆʬʭʨʫʰ 

ʽʸʵʳʨʺʵʪʸʨʼʰʰʫʨʴ ˀʬʫʰʵʫʨ ʳʨʹ-ʹʶʬʽʺʸʵʳʬʺʸˀʰ ʬʲʬʽʺʸʵˀʬʹˆʻʸʬʩʰʹ ˄ʿʨʸʵʫʨʴ. 
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ʬʲʻʰʸʬʩʻʲʰ ʰʵʴʬʩʰʹ ʿʭʬʲʨ m/zʳʵʴʨ˂ʬʳʰ ʰʮʵʳʬʩʵʫʨ OrbitrapVelos ʹʰʹʺʬʳʰʹ ʳʹ-

ʨʴʨʲʰʮʨʺʵʸʰʯ 30,000-ʰʹ ʪʨʸˁʬʭʨʫʵʩʰʯ. ʳʵʴʨ˂ʬʳ ʫʨʳʵʱʰʫʬʩʻʲʰ ʹʱʨʴʰʸʬʩʰʹ  

ʹʨˀʻʨʲʬʩʰʯ ˆʵʸ˂ʰʬʲʫʬʩʵʫʨ ʰʵʴʬʩʰʹ ʪʨʳʵ˂ʨʲʱʨʭʬʩʨ ʫʨ ˆʨʮʵʩʸʰʭ ʰʵʴʻʸ ˆʨʼʨʴʪˀʰ 

ʼʸʨʪʳʬʴʺʰʸʬʩʨ  ʫʨˇʨˆʬʩʰʯ ʪʨʳʵ˄ʭʬʻʲʰ ʫʰʹʵ˂ʰʨ˂ʰʰʯ. ʿʵʭʬʲʰʭʬ ʨʳʰʹ ˀʬʫʬʪʨʫ 

ʳʰʰʾʬʩʵʫʨ ʳʹ/ʳʹ ʹʶʬʽʺʸʬʩʰ. ʰʵʴʬʩʰ ʳʻˆʺʰʯ +2-ʰʫʨʴ +4-ʳʫʬ ˀʬʰʸˁʬʵʫʨ 

ʼʸʨʪʳʬʴʺʨ˂ʰʰʹʨʯʭʰʹ. 

ʳʵʴʨ˂ʬʳʯʨ ʩʨʮʰʹ ʫʨʳʻˀʨʭʬʩʨ.ʳʹ ʨʴʨʲʰʮʰʹ ˀʬʳʫʬʪ ʳʰʾʬʩʻʲʰ ʳʵʴʨ˂ʬʳʬʩʰ 

ʳʻˀʨʭʫʬʩʵʫʨ Bioworks Browser-ʰʹ  (ʭʬʸʹʰʨ  3.3..1 SPI, Thermofisher) ʹʨˀʻʨʲʬʩʰʯ.  

ʿʭʬʲʨ ʳʹ/ʳʹ ʹʶʬʽʺʸʬʩʰ ʪʨʸʫʨʰʽʳʬʴʵʩʵʫʨ DTA ʺʬʽʹʺʻʸ ʼʨʰʲʬʩˀʰ.  DTA 

ʼʨʰʲʬʩʰʪʨʸʫʨʰʽʳʬʴʵʫʨ ʬʸʯ ʼʨʰʲˀʰ -SSH ʼʨʰʲˀʰ. ʬʹ ʵʸʰ ʪʨʬʸʯʰʨʴʬʩʻʲʰ ʼʨʰʲʰ 

ʨʴʨʲʰʮʫʬʩʵʫʨ ʳʨʹʱʵʺʰʹ ʱʭʲʬʭʰʹ ʨʲʪʵʸʰʯʳʰʯ (Matrix science, London UK) ʫʨ 

ˀʬʫʬʪʬʩʰ ʰ˃ʬʩʴʬʩʵʫʨ ʳʵʴʨ˂ʬʳʯʨ ʩʨʮʨˀʰ (NCBI Gallus Gallus REFSEQ_082019), ʸʵʳʬʲʰ˂ 

ˀʬʰ˂ʨʭʹ19127 ʯʨʴʨʳʰʳʫʬʭʸʵʩʨʹ ʫʨ 7388293 ʨʳʰʴʵʳʷʨʭʻʸ ʴʨˀʯʹ.ʨʴʨʲʰʮʰʹʨʹ 

ʪʨʳʵʰʿʬʴʬʩʵʫʨ ʱʨʸʨʳʰʫʵʳʬʯʰʲʰʹ ʼʰʽʹʰʸʬʩʻʲʰ ʳʵʫʰʼʰʱʨ˂ʰʨ ʫʨ ʫʨʷʨʴʪʭʰʹ 

˂ʭʲʨʫʰ ʳʵʫʰʼʰʱʨ˂ʰʨ. ʹʨʸ˄ʳʻʴʵʬʩʰʹ ʮʾʭʨʸʰ ʰʿʵ P<0.05-ʮʬ. ʳʰʴʰʳʨʲʻʸʰ ʶʬʶʺʰʫʰʹ 

ʨʴʪʨʸʰˀʨʫ ʪʨʴʰˆʰʲʬʩʵʫʨ 20.  

                                                ʯʨʭʰ 5 

                              ʹʻʩʻˇʸʬʫʻʲʰ ʼʸʨʽ˂ʰʵʴʰʸʬʩʨ  

 

ʶʸʵʺʬʵʳʰʱʻʲ ʬʽʹʶʬʸʰʳʬʴʺʬʩˀʰ ʰʫʬʴʺʰʼʰ˂ʰʸʬʩʻʲʰ ʱʨʴʫʰʫʨʺʰ ˂ʰʲʵʭʨʴʰ 

ʳʵʲʬʱʻʲʬʩʰʹ ʰʳʶʸʰʴʺʰʴʪʰʹ ʳʬˆʹʰʬʸʬʩʨˀʰ ʳʵʴʨ˄ʰʲʬʵʩʰʹ ʭʨʲʰʫʨ˂ʰʰʹ 

ʬʽʹʶʬʸʰʳʬʴʺʬʩˀʰ ʪʨʳʵʰʿʬʴʬʩʵʫʨ ʳʯʲʰʨʴʰ ˈʵʳʵʪʬʴʨʺʰʹ, ˂ʰʺʵʶʲʨʮʳʻʸʰ ʫʨ P2 

ʳʰʺʵʽʵʴʫʸʰʻʲ-ʳʬʳʩʸʨʴʻʲʰ ʼʸʨʽ˂ʰʨ. ʳʰʹʰ ʳʰʾʬʩʰʹ ʳʬʯʵʫʰʱʨ ʨʾ˄ʬʸʰʲʰʨ ʮʬʳʵʯ. 

ʨʳʶʳ ʸʬ˂ʬʶʺʵʸʬʩʰʹ ˇʨʳʻʸʰ ʸʨʵʫʬʴʵʩʰʹ ʫʨ ʼʵʹʼʵʸʰʲʰʸʬʩʻʲʰ ʼʵʸʳʰʹ 

ˀʬʹ˄ʨʭʲʰʹʨʯʭʰʹ ʪʨʳʵʰʿʬʴʬʩʵʫʨ ʩʰʸʯʭʬʩ-ʳʵ˂ʰʲʬʩʻʲʰ ˈʵʳʵʪʬʴʨʺʰʹ ʼʸʨʽ˂ʰʨ. ʳʰʹʰ 

ʳʰʾʬʩʰʹ ʳʬʯʵʫʰʱʨ˂ ʨʹʬʭʬ ʮʬʳʵʯ ʨʸʰʹ ʨʾ˄ʬʸʰʲʰ.  

P2 ʳʰʺʵʽʵʴʫʸʰʻʲ-ʳʬʳʩʸʨʴʻʲʰ ʼʸʨʽ˂ʰʨ ʰˆʹʴʬʩʵʫʨ 5%-ʰʨʴ ʴʨʺʸʰʻʳʰʹ 

ʫʵʫʬ˂ʰʲʹʻʲʼʨʺʰʹ (ʴʫʹ) ˆʹʴʨʸˀʰ, ˆʵʲʵ ʳʯʲʰʨʴʰ ˈʵʳʵʪʬʴʨʺʰʹ, ʩʰʸʯʭʬʩ-
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ʳʵ˂ʰʲʬʩʻʲ ˈʵʳʵʪʬʴʨʺʰʹ ʫʨ ˂ʰʺʵʶʲʨʮʳʻʸ ʼʸʨʽ˂ʰʬʩʹ ʬʳʨʺʬʩʵʫʨ ʳʨʾʨʲ-

ʱʵʴ˂ʬʴʺʸʰʸʬʩʻʲʰ ʴʫʹ-ʰʹ ˆʹʴʨʸʰ ʰʳʫʨʨʴʪʨʸʰˀʬʩʰʯ, ʸʵʳ ʹʨʩʵʲʵʵ ʱʵʴ˂ʬʴʺʸʨ˂ʰʨ 

ʫʬʺʬʸʪʬʴʺʰʹʨ ʨʹʬʭʬ 5% ʿʵʼʰʲʰʿʵ. 

˂ʰʲʰʹ ʸʨʵʫʬʴʵʩʰʹ ʪʨʴʹʨʮʾʭʸʨ. ʿʭʬʲʨ ˂ʫʰʹʨʯʭʰʹ ˂ʰʲʰʹ ʱʵʴ˂ʬʴʺʸʨ˂ʰʨ 

ʰʹʨʮʾʭʸʬʩʵʫʨ 4 ʶʨʸʨʲʬʲʻʸ ʴʰʳʻˀˀʰ ʳʰʱʸʵʩʰʽʰʴʵʴʰʹ ʳʷʨʭʨʹ ˂ʰʲʰʹ ʪʨʴʳʹʨʮʾʭʸʬʲʰ 

ʺʬʹʺ-ʹʰʹʺʬʳʰʯ(Pierce). 

                                               ʯʨʭʰ 6  

      1-ʪʨʴʮʵʳʰʲʬʩʰʨʴʰ ʴʫʹ-ʬʲʬʽʺʸʵʼʵʸʬʮʰ ʶʵʲʰʨʱʸʰʲʨʳʰʫʰʹ ʪʬʲˀʰ  

                                     (ʮʵʪʨʫʰ ʨʾ˄ʬʸʨ) 

 

ʴʰʳʻˀʬʩʰ, ʸʵʳʲʬʩʰ˂ ˀʬʰ˂ʨʭʫʨ ʮʻʹʺʨʫ 30 ʳʰʱʸʵʪʸʨʳ ˂ʰʲʨʹ ʫʨ ʺʵʲ 

ʳʵ˂ʻʲʵʩʬʩˀʰ ʰʿʵʼʵʫʴʬʴ ʴʫʹ ʪʬʲ-ʬʲʬʽʺʸʵʼʵʸʬʮʻʲʰ ʳʬʯʵʫʰʯ (Solomonia et al., 

1997; 1998; 2003). ʴʫʹ-ʬʲʬʽʺʸʵʼʵʸʬʮʰʹ ˀʬʳʫʬʪ ʭʨˆʵʸ˂ʰʬʲʬʩʫʰʯ ʭʬʹʺʬʸʴ 

ʩʲʵʺʰʴʪʹ ʹʺʨʴʫʨʸʺʻʲʰ ʶʸʵ˂ʬʫʻʸʰʹ ʳʰˆʬʫʭʰʯ. ʩʲʵʺʰʴʪʰʹ ʫʨʳʯʨʭʸʬʩʰʹ ˀʬʳʫʬʪ 

ʫʨʺʨʴʰʹ ʯʨʴʨʩʸʵʩʨ ʪʬʲʮʬ ʫʨ ʪʨʫʨʺʨʴʰʹ ʬʼʬʽʺʻʸʵʩʨ ʴʰʺʸʵ˂ʬʲʻʲʵʮʰʹ 

ʼʰʲʺʸʬʩʮʬ ʳʵ˄ʳʫʬʩʵʫʨ Ponceau S ˆʹʴʨʸʰʯ. ʼʰʲʺʸʰ ˀʬʳʫʬʪ ʰʸʬ˂ˆʬʩʵʫʨ ʱʨʲʰʻʳ-

ʼʵʹʼʨʺʻʸʰ ʩʻʼʬʸʰʯ, ʸʵʳʬʲʰ˂ 0.05% ʺʭʰʴ-20-ʹ ˀʬʰ˂ʨʭʫʨ.  

ʿʭʬʲʨˀʬʳʯˆʭʬʭʨˀʰʼʰʲʺʸʰʹʫʨʻʱʨʭˀʰʸʬʩʬʲʰʹʨʰʺʬʩʰʹʩʲʵʱʰʸʬʩʨʹʭʨˆʵʸ˂ʰʬ

ʲʬʩʫʰʯ 5%-

ʰʨʴʰˆʨʸʰʹˀʸʨʺʰʹʨʲʩʻʳʰʴʰʹˆʹʴʨʸˀʰʰʴʱʻʩʨ˂ʰʰʯʾʨʳʰʹʪʨʴʳʨʭʲʵʩʨˀʰ.ʳʵʴʨ˂ʬʳʬʩʰ 

ʸʵʳʬʲʰʳʬ ˂ʰʲʰʹ ˀʬʹʨʩʨʳʰʹʰ ˆʨʮʰʹ ʵʶʺʰʱʻʸʰ ʹʰʳʱʭʸʰʭʰʹ/ʸʨʵʫʬʴʵʩʰʹ ˀʬʹʨˆʬʩ ʨʸ 

ʱʵʸʬʽʺʰʸʫʬʩʵʫʨ ʨʸ˂ ʩʬʺʨ ʨʽʺʰʴʰʹ ʫʨ ʨʸ˂ ʹˆʭʨ ʸʵʳʬʲʰʳʬ ʳʵʻʸʨʭʰ ˂ʰʲʰʹ 

(housekeeping protein) ˄ʰʴʨʨʾʳʫʬʪ, ʸʨʫʪʨʴ ʨʸ ʨʸʹʬʩʵʩʹ ʨʸʨʴʨʰʸʰ ʪʨʸʨʴʺʰʨ ʸʵʳ ʨʹʬʯʰ 

˂ʰʲʨ ʨʸ ʪʨʴʰ˂ʫʰʹ ˂ʭʲʰʲʬʩʨʹ ʰʳʶʸʰʴʺʰʴʪʰʹ ʶʸʵ˂ʬʹʰʹ ʫʸʵʹ (Dittmer and Dittmer, 

2006; Li and Shen, 2013; Ghosh et al., 2014; Chen andXu, 2015 ). ʨʳʰʹ ʳʨʪʰʭʸʨʫ ˁʭʬʴ 

ʭʨʱʵʴʺʸʵʲʬʩʫʰʯ ˂ʰʲʰʹ ʫʨʺʨʴʨʹ Ponceau S ˆʹʴʨʸʰʹ ʹʨˀʻʨʲʬʩʰʯ, ˀʰʴʨʪʨʴʰ 
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ʹʺʨʴʫʨʸʺʬʩʰʹ ʪʨʳʵʿʬʴʬʩʰʯ ʫʨ ʪʨʳʵˁʬʱʭʰʹ ʹʨˀʻʨʲʵ ʳʨˁʭʬʴʬʩʬʲʮʬ ʪʨʿʵʼʰʯ 

ʱʵʴʱʸʬʺʻʲʰ ˂ʰʲʰʹʨʯʭʰʹ.  

ʼʰʸʬʩʰ ʳʻˀʨʭʫʬʩʵʫʨ ʹʺʨʴʫʨʸʺʻʲʰ ʰʳʻʴʵʽʰʳʰʻʸʰ ʶʸʵ˂ʬʫʻʸʬʩʰʯ, 

ʸʵʳʬʲʰ˂ ʳʵʰ˂ʨʭʫʨ ʼʰʲʺʸʰʹ ʫʨʳʻˀʨʭʬʩʨʹ ʶʰʸʭʬʲʨʫʰ ʨʴʺʰʹˆʬʻʲʬʩʰʯ, ʸʬ˂ˆʭʨʹ, 

ʫʨʳʻˀʨʭʬʩʨʹ ˀʬʹʨʩʨʳʰʹʰ ʶʬʸʵʽʹʰʫʨʮʰʯ ʳʵʴʰˀʴʻʲʰ ʳʬʵʸʨʫʰ ʨʴʺʰʹˆʬʻʲʬʩʰʯ ʫʨ 

ʪʨʳʷʾʨʭʴʬʩʨʹ SuperSignal West Pico ʽʬʳʰʴʵʲʻʳʰʴʬʹ˂ʬʴ˂ʰʻʸʰ ʹʻʩʹʺʸʨʺʰʯ (Pierce). 

ʼʰʲʺʸʬʩʰʯʨʭʹʫʬʩʵʫʨ ʹʨʰʴʺʬʴʹʰʼʰʱʨ˂ʰʵ ʬʱʸʨʴʮʬ ʹʶʬ˂ʰʨʲʻʸ ʼʰʸʬʩʯʨʴ ʬʸʯʨʫ, 

ʸʵʳʲʬʩʰ˂ ˄ʰʴʨʹ˄ʨʸ ʪʨʴʰ˂ʫʰʫʴʬʴ ʳʵʱʲʬʭʨʫʰʨʴ ʫʨʹˆʰʭʬʩʨʹ ʶʨʹʻˆʰʹ ˆʨʮʵʩʸʰʭʵʩʰʹ 

ʳʰʹʨʾ˄ʬʭʨʫ (Amersham). 

ʪʲʻ-ʨ1-ʰʹʫʨʼ-ʪʲʻ-ʨ1-

ʰʹˀʬʳʯˆʭʬʭʨˀʰʰʫʬʴʺʻʸʰʴʰʳʻˀʬʩʰʫʨʰʺʨʴʬʩʵʫʨʵʸʪʬʲʮʬʫʨʪʨʴ˂ʨʲʱʬʭʬʩʻʲʨʫʰʾʬʩʬ

ʩʵʫʴʬʴˀʬʹʨʩʨʳʰʹʰʨʴʺʰʹˆʬʻʲʬʩʰʯ. 

 

                                                ʨʴʺʰʹˆʬʻʲʬʩʰ 

 

ʶʸʵʺʬʵʳʰʱʻʲʰ ʬʽʹʶʬʸʰʳʬʴʺʬʩˀʰ ʰʫʬʴʺʰʼʰ˂ʰʸʬʩʻʲʰ ʱʨʴʫʰʫʨʺʰ ˂ʰʲʵʭʨʴʰ 

ʳʵʲʬʱʻʲʬʩʰʹ ʰʳʶʸʰʴʺʰʴʪˀʰ ʹʶʬ˂ʰʼʰʱʻʸʨʫ ʳʵʴʨ˄ʰʲʬʵʩʰʹ ʭʨʲʰʫʨ˂ʰʰʹʨʯʭʰʹ 

ˀʬʸˁʬʻʲ ʨʴʺʰʹˆʬʻʲʬʩʹ ˄ʨʸʳʵʨʫʪʬʴʫʬʴ:  

1. ʶʵʲʰʱʲʵʴʨʲʻʸʰ ʨʴʺʰʹˆʬʻʲʬʩʰ P-32-ʰʹ ˄ʰʴʨʨʾʳʫʬʪ (AB2991, Millipore); 

2. ʳʵʴʵʱʲʵʴʨʲʻʸʰ ʨʴʺʰʹˆʬʻʲʬʩʰ ʫʰʴʨʳʰʴ-1-ʰʹ ˄ʰʴʨʨʾʳʫʬʪ (ab14448, Abcam);  

3.  ʶʵʲʰʱʲʵʴʨʲʻʸʰ ʨʴʺʰʹˆʬʻʲʬʩʰ ʭʫʨʨ-1/ʶʵʸʰʴʰ-ʹ ˄ʰʴʨʨʾʳʫʬʪ (ab15895, Abcam);  

4.ʳʵʴʵʱʲʵʴʨʲʻʸʰ ʨʴʺʰʹˆʬʻʲʬʩʰ ˈʬʺʬʸʵʪʬʴʻʲʰ ʩʰʸʯʭʻʲʰʸʰʩʵʴʻʱʲʬʵʶʸʵʺʬʰʴ 

A2/B1-ʰʹ ˄ʰʴʨʨʾʳʫʬʪ (ab6102, Abcam); 

5.ʶʵʲʰʱʲʵʴʨʲʻʸʰ ʨʴʺʰʹˆʬʻʲʬʩʰ ʳʺʼ-ʨ-ʹ ˄ʰʴʨʨʾʳʫʬʪ (ab69295, Abcam);  

6. ʶʵʲʰʱʲʵʴʨʲʻʸʰ ʨʴʺʰʹˆʬʻʲʬʩʰ NRF-1-ʰʹ ˄ʰʴʨʨʾʳʫʬʪ (ab86516, Abcam) ʫʨ  

7. ʶʵʲʰʱʲʵʴʨʲʻʸʰ ʨʴʺʰʹˆʬʻʲʬʩʰ PGC-1 alfa+beta ˄ʰʴʨʨʾʳʫʬʪ (ab72230, Abcam).  

ʶʪʱ-1 alfa-ʰʹ ʰʮʵʼʵʸʳʰʹ ʰʫʬʴʺʰʼʰʱʨ˂ʰʰʹʯʭʰʹ ʪʨʳʵʿʬʴʬʩʻʲʰ ʰʽʴʨ ʹʶʬ˂ʰʼʰʱʻʸʰ 

ʶʬʶʺʰʫʰ (ab73600). ʰʳ ˀʬʳʯˆʭʬʭʨˀʰ ʯʻ ʹʨʱʭʲʬʭʰ ˂ʰʲʰʹ ʳʵʲʬʱʻʲʻʸʰ ˄ʵʴʬʩʰ 
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ʹʨʪʸ˃ʴʵʩʲʨʫ ʪʨʴʹˆʭʨʭʫʬʩʵʫʴʬʴ ʬʸʯʳʨʴʬʯʰʹʨʪʨʴ ʳʨˀʰʴ ʴʰʺʸʵ˂ʬʲʻʲʵʮʰʹ ʼʰʲʺʸʰ 

ʰ˅ʸʬʩʵʫʨ ˀʬʹʨʩʨʳʰʹ ʳʵʲʬʱʻʲʻʸʰ ˄ʵʴʰʹ ʳʨˁʭʬʴʬʩʬʲʮʬ ʫʨ ʰʾʬʩʬʩʵʫʨ ʵʸʰ 

ʨʴʺʰʹˆʬʻʲʰʯ ˂ʨʲʱ-˂ʨʲʱʬ. ˄ʰʴʨʨʾʳʫʬʪ ˀʬʳʯˆʭʬʭʨˀʰ ʺʨʸʫʬʩʵʫʨ ˂ʨʲʱʬ 

ʬʲʬʺʸʵʼʵʸʬʮʰ ʫʨ ʩʲʵʺʰʴʪʰ. 

ʱʵʪʴʰʴʰʹ ˄ʰʴʨʨʾʳʫʬʪ ʹʶʬ˂ʰʼʰʱʻʸʰ ʨʴʺʰʹˆʬʻʲʬʩʰ ʪʨʳʵʳʻˀʨʭʬʩʻʲʰ ʰʽʴʨ ʼʰʸʳʨ 

ABBIOTEC-ˀʰ ˁʭʬʴʰ ˀʬʱʭʬʯʰʹ ʯʨʴʨˆʳʨʫ. ʱʵʪʴʰʴʰʹ ʰʫʬʴʺʰʼʰ˂ʰʸʬʩʰʹʯʭʰʹ 

ʪʨʳʵʿʬʴʬʩʻʲʰ ʰʽʴʨ ʹʶʬ˂ʰʼʰʱʻʸʰ ʶʬʶʺʰʫʰ ˀʬʳʫʬʪʰ ʨʳʰʴʵʳʷʨʭʻʸʰ ʯʨʴʨʳʰʳʫʬʭʸʵʩʰʯ 

DDDLEDLETDEETDLEEGDDD (ʰʴʪʲʰʹʻʸʰ ʬʸʯʨʹʵʰʨʴʰ ˀʬʳʵʱʲʬʩʬʩʰ). ʬʹ 

ʨʳʰʴʵʳʷʨʭʻʸʰ ʯʨʴʨʳʰʳʫʬʭʸʵʩʨ ˀʬʰ˂ʨʭʫʨ ʺʬʸʳʰʴʨʲʻʸ ˂ʰʹʺʬʰʴʹ  ʱʨʸʰʬʸʻʲʰ 

˂ʰʲʨʹʯʨʴ ʫʨʹʨʱʨʭˀʰʸʬʩʲʨʫ. ʨʴʺʰʹˆʬʻʲʬʩʰʹ ʪʨʹʻʼʯʨʭʬʩʨ ʳʵˆʫʨ ʨʴʺʰʪʬʴ-ʨʼʰʴʻʸ 

ʹʭʬʺʮʬ. ʨʴʺʰʹˆʬʻʲʬʩʰʹ ʹʶʬ˂ʰʼʰʱʻʸʵʩʨ ʫʨʨʳʵ˄ʳʨ ˀʬʸˁʬʻʲʳʨ ʶʬʶʺʰʫʬʩʳʨ (ʰˆ. ʯʨʭʰ 

„ˀʬʫʬʪʬʩʰ’ , ʹʻʸ. 12 ) . 

ʨʳʶʳʸʬ˂ʬʶʺʵʸʰʹʪʲʻ-ʨ-1 ʹʻʩʬʸʯʬʻʲʰʹʰʫʬʴʺʰʼʰʱʨ˂ʰʰʹʨʯʭʰʹ ʪʨʳʵʰʿʬʴʬʩʵʫʨ 

ʶʵʲʰʱʲʵʴʻʸʰ ʨʴʺʰʹˆʬʻʲʬʩʰ (ʳʰʲʰʶʵʸʰ 1504) ʸʵʳʲʬʩʰ˂ ʨʳʵʰ˂ʴʵʩʬʴ ˇʨʳʻʸ 

ʸʬ˂ʬʶʺʵʸʹ (ʸʵʪʵʸ˂ ʨʸʨʼʵʹʼʵʸʰʲʰʸʬʩʻʲ ʨʹʬʭʬ ʼʵʹʼʵʸʰʲʰʸʬʩʻʲ ʼʵʸʳʨʹ). 

ʹʬʸʰʴʰʹ831ʬʴʨˀʯʮʬʼʵʹʼʵʸʰʲʰʸʬʩʻʲʰʼʵʸʳʰʹʰʫʬʴʺʰʼʰʱʨ˂ʰʰʹʨʯʭʰʹʪʨʳʵʰʿʬʴʬʩʵʫ

ʨ ʳʵʴʵʱʲʵʴʻʸʰ ʨʴʺʰʹˆʬʻʲʬʩʰ (ʳʰʲʰʶʵʸʰ 04-823), ʸʵʳʬʲʰ˂ ʳˆʵʲʵʫ ʨʳ 

ʨʳʰʴʵʳʷʨʭʻʸ ʴʨˀʯʮʬ ʼʵʹʼʵʸʰʲʰʸʬʩʻʲ ʪʲʻ-ʨ1 ʸʬ˂ʬʶʺʵʸʯʨʴ ʻʸʯʰʬʸʯʽʳʬʫʬʩʹ. 

ʱʵʪʴʰʴʰ ʫʨ ˂ʰʲʨP32ˀʬʰʹ˄ʨʭʲʬʩʵʫʨ ʳʬʳʩʸʨʴʻʲ-ʳʰʺʵʽʵʴʫʸʰʻʲ ʫʨ 

˂ʰʺʵʶʲʨʮʳʻʸ ʼʸʨʽ˂ʰʬʩˀʰ. ʫʰʴʨʳʰʴʰ-1, ʭʫʨʨ-1, ˈʬʺʬʸʵʪʬʴʻʲʰ ʩʰʸʯʭʻʲʰ 

ʸʰʩʵʴʻʱʲʬʵʶʸʵʺʬʰʴ A2/B1, ʳʺʼʨ-1 ʳʬʳʩʸʨʴʻʲ ʳʰʺʵʽʵʴʫʸʰʻʲ ʼʸʨʽ˂ʰʬʩˀʰ. NRF-1- 

ʫʨ  ʶʪʱ-1 alfa ʳʯʲʰʨʴ ˈʵʳʵʪʬʴʨʺˀʰ, ˆʵʲʵ ˇʨʳʻʸʰ ʫʨ ʼʵʹʼʵʸʰʲʰʸʬʩʻʲʰ ʪʲʻ-ʨ1 

ʩʰʸʯʭʬʩ ʳʵ˂ʰʲʬʩʻʲ ˈʵʳʵʪʬʴʨʺʬʩˀʰ. 

 

                                 ˂ˆʵʭʬʲʬʩʰʹ ʸʨʵʫʬʴʵʩʨ 

 

ʶʸʵʺʬʵʳʰʱʻʲ ʬʽʹʶʬʸʰʳʬʴʺʬʩˀʰ ʰʫʬʴʺʰʼʰ˂ʰʸʬʩʻʲʰ ʱʨʴʫʰʫʨʺʰ ˂ʰʲʵʭʨʴʰ 

ʳʵʲʬʱʻʲʬʩʰʹ ʰʳʶʸʰʴʺʰʴʪʰʹ ʳʬˆʹʰʬʸʬʩʨˀʰ ʳʵʴʨ˄ʰʲʬʵʩʰʹ ʭʨʲʰʫʨ˂ʰʰʹ 
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ʬʽʹʶʬʸʰʳʬʴʺʬʩˀʰ ʪʨʳʵʿʬʴʬʩʻʲʰ ʰʿʵ 69 ʺʸʬʴʰʸʬʩʻʲʰ ʫʨ 32 ʨʸʨʺʸʬʴʰʸʬʩʻʲʰ 

˄ʰ˄ʰʲʨ (32 ʪʨʳʵˁʬʱʭʨ). 

ʪʲʻ-ʨ1 ʸʬ˂ʬʶʺʵʸʬʩʰʹ ˀʬʹ˄ʨʭʲʰʹʨʯʭʰʹ ʪʨʳʵʿʬʴʬʩʻʲʰ ʰʿʵ 21 ʺʸʬʴʰʸʬʩʻʲʰ 

ʫʨ 9 ʨʸʨʺʸʬʴʰʸʬʩʻʲʰ ˄ʰ˄ʰʲʨ (9 ʪʨʳʵˁʬʱʭʨ). 

ʳʰʺʵʽʵʴʫʸʰʻʲʰ ʫʴʳ-ʰʹ ʸʨʵʫʬʴʵʩʸʰʭʰ ˂ʭʲʰʲʬʩʬʩʰʹ ˀʬʹ˄ʨʭʲʨ ˁʨʺʨʸʫʨ 20 

ʺʸʬʴʰʸʬʩʻʲ ʫʨ 10 ʨʸʨʺʸʬʴʰʸʬʩʻʲ ˄ʰ˄ʰʲʨʮʬ (10 ʪʨʳʵˁʬʱʭʨ). 
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ʵʶʺʰʱʻʸʰ ʹʰʳʱʭʸʰʭʬʬʩʰʹ ʪʨʮʵʳʭʨ ʫʨ ʹʨʱʭʲʬʭʰ ˂ʰʲʵʭʨʴʰ ʳʵʲʬʱʻʲʬʩʰʹ 

ʸʨʵʫʬʴʵʩʬʩʰʹ ʫʨʫʪʬʴʨ. 

 

ʸʨʵʫʬʴʵʩʸʰʭʰ ʨʴʨʲʰʮʰ ˆʵʸ˂ʰʬʲʫʬʩʵʫʨ ʼʰʸʬʩʮʬ ʨʹʨˆʻʲʰ ʿʵʭʬʲʰ 

ʹʨʱʭʲʬʭʰ ˂ʰʲʰʹ ˀʬʹʨʩʨʳʰʹʰ ʲʨʽʬʩʰʹ ʫʰʪʰʺʨʲʰʮʨ˂ʰʰʯ ʫʨ ˀʬʹʨʩʨʳʰʹʰ ʵʶʺʰʱʻʸʰ 

ʹʰʳʱʭʸʰʭʬʬʩʰ ʰʮʵʳʬʩʵʫʨ LabWorks 4.0 (UVP) ʶʸʵʪʸʨʳʰʹ ʪʨʳʵʿʬʴʬʩʰʯ.  

ʿʵʭʬʲʰ ʪʬʲʰ ˀʬʰ˂ʨʭʫʨ ˄ʰ˄ʰʲʬʩʰʹ ʨʸʨʺʸʬʴʰʸʬʩʻʲʰ ˇʪʻʼʰʹ ʰʳʳ-ʰʹ 

ˀʬʹʨʩʨʳʰʹʰ ʹʻʩʻˇʸʬʫʻʲʰ ʼʸʨʽ˂ʰʰʫʨʴ ʨʾʬʩʻʲ ʵʯˆ ʹʺʨʴʫʨʸʺʹ, ʹʨʫʨ˂ ˂ʰʲʰʹ 

ˇʨʳʻʸʰ ʸʨʵʫʬʴʵʩʨ ʰʮʸʫʬʩʵʫʨ 15-ʫʨʴ 60 ʳʱʪ-ʳʫʬ.  

ʸʨʵʫʬʴʵʩʸʰʭʰ ʳʵʴʨ˂ʬʳʬʩʰʹ ʳʰʹʨʾʬʩʨʫ ʿʵʭʬʲʰ ʬʽʹʶʬʸʰʳʬʴʺʻʲʰ ʴʰʳʻˀʰʹ 

ʲʨʽʰʹ ʵʶʺʰʱʻʸʰ ʹʰʳʱʭʸʰʭʬ ʰʿʵʼʵʫʨ ʰʳʨʭʬ ʼʰʸʰʹ ʫʨʱʨʲʰʩʸʬʩʰʹ ʹʺʨʴʫʨʸʺʰʹ 30 ʳʱʪ-

ʰʹ ˀʬʹʨʩʨʳʰʹʰ ʲʨʽʰʹ ʵʶʺʰʱʻʸ ʹʰʳʱʭʸʰʭʬʮʬ (Solomonia et al. 2003). ʨʳ ʪʮʰʯ ʳʰʾʬʩʻʲʰ 

ʳʵʴʨ˂ʬʳʬʩʰ ʪʨʴʰˆʰʲʬʩʨ ʸʵʪʵʸ˂ ʹʨʱʭʲʬʭʰ ˂ʰʲʰʹ (ʳʨʪʨʲʰʯʨʫ, ʪʲʻ-ʨ1-ʰʹ) 

“ʼʨʸʫʵʩʰʯʰ ʸʨʵʫʬʴʵʩʨ”ʫʨʹ˄ʨʭʲʰʫʨʴ 24 ʹʨʨʯʰʹ ˀʬʳʫʬʪ. 

 

 

 

 

 

 



71 

 

 

                                                    ʯʨʭʰ 8 

ʳʰʺʵʽʵʴʫʸʰʻʲʰ ʫʴʳ ʫʨ ʸʬʨʲʻʸʰ ʫʸʵʰʹ ʶʵʲʰʳʬʸʨʮʻʲʰ ˇʨ˅ʭʻʸʰ 

ʸʬʨʽ˂ʰʨ 

 

˄ʰ˄ʰʲʨʹ ʺʭʰʴʰʹ ʽʹʵʭʰʲʰʹ ʳʨʸ˂ˆʬʴʨ ʫʨ ʳʨʸˇʭʬʴʨ ʴʨˆʬʭʨʸʹʼʬʸʵʬʩʰʹ ʰʳʳ-ʫʨʴ ʫʨ 

ʳʨʸ˂ˆʬʴʨ ʫʨ ʳʨʸˇʭʬʴʨ ʶʴʴ-ʰʫʨʴ ʭʨˆʫʬʴʫʰʯ ʳʯʲʰʨʴʰ ʫʴʳ-ʰʹ ʪʨʳʵʿʵʼʨʹ  Dneasy Blood 

and Tissue Kit-ʰʹ ʹʨˀʻʨʲʬʩʰʯ. ʫʴʳ-ʰʹ ʱʵʴ˂ʬʴʺʸʨ˂ʰʬʩʰ ʪʨʰʮʵʳʨ ʴʨʴʵʫʸʵʶʮʬ 280/260 

ʴʳ ʺʨʲʾʰʹ ʹʰʪʸ˃ʬʮʬ. ʳʰʺʵʽʵʴʫʸʰʻʲʰ ʫʴʳ-ʰʹ ʨʹʲʬʩʰʹ ʸʨʵʫʬʴʵʩʰʹ ˀʬʹ˄ʨʭʲʨ 

ʪʨʴˆʵʸ˂ʰʬʲʫʨ ʸʬʨʲʻʸʰ ʫʸʵʰʹ ʶʵʲʰʳʬʸʨʮʻʲʰ ˇʨ˅ʭʻʸʰ ʸʬʨʽ˂ʰʰʹ ʳʬˀʭʬʵʩʰʯ, 

SYRB green ʫʬʺʬʽ˂ʰʰʹ ʳʬʯʵʫʰʯ (Step one Real time PCR system  Applied Biosistems). 

ʨʳʶʲʰʼʰʱʨ˂ʰʨʹ ʪʨʴʰ˂ʫʰʫʨ  ˄ʰ˄ʰʲʨʹ ʳʰʺʵʽʵʴʫʸʰʻʲʰ ʫʴʳ-ʰʹ ʰʹ ʴʨ˄ʰʲʰ ʸʵʳʬʲʰ˂ 

ʼʨʸʨʭʫʨ  ʯʨʴʨʳʰʳʫʬʭʸʵʩʨʹ ʴʨʫH ʫʬˈʰʫʸʵʪʬʴʨʮʨ ʳʬ-5 ʹʻʩʬʸʯʬʻʲʰʹ -ʰʹ 30-ʬ 

ʴʻʱʲʬʵʺʰʫʰʫʨʴ  ˂ʰʺʵʽʸʵʳ ʩ-ʹ 50-ʬ ʴʻʱʲʵʺʰʫʨʳʫʬ (Lopez-andreo et al., 2005). 

ʨʳʶʲʰʱʵʴʰʹ  ʴʵʸʳʨʲʰʮʬʩʨ ˆʫʬʩʵʫʨ  ʩʰʸʯʭʻʲʰ ʫʴʳ-ʰʹ ʩʬʺʨ ʨʽʺʰʴʰʹ ʪʬʴʯʨʴ. 

ʳʰʺʵʽʵʴʫʸʰʻʲʰ ʫʴʳ-ʰʹʯʭʰʹ ʪʨʳʵʿʬʴʬʩʻʲʰ ʶʸʨʰʳʬʸʬʩʰʫʨʴ,  ʼʵʸʭʨʸʫ ʶʸʨʰʳʬʸʰʹ  

ʯʨʴʳʰʳʫʬʭʸʵʩʨ ˀʬʳʫʬʪʰ ʰʿʵ: 

 ʯ-˂-ʪ-˂-˂-˂-ʯ-˂-ʨ-˂-ʨ-ʨ-ʯ-˂-˂-ʯ-ʯ-ʨ-˂-ʨ-ʨ-ʹ, 

 ˆʵʲʵ ʸʬʭʬʸʹ ʶʸʨʰʳʬʸʰʹ ʯʨʴʳʰʳʫʬʭʸʵʩʨ ʰʿʵ,:  

˂-ʯ-ʪ-ʪ-ʪ-ʨ-ʪ-ʪ-ʯ-˂-ʪ-ʨ-ʯ-ʯ-ʨ-ʨ-ʪ-ʪ-ʪ-ʨ-ʪ-ʯ.  

ʩʬʺʨ ʨʽʺʰʴʰʹ ˀʬʳʯˆʭʬʭʨˀʰ, ʼʵʸʭʨʸʫ ʶʸʨʰʳʬʸʰ ʯʨʴʨʳʰʳʫʬʭʸʵʩʨ  ʰʿʵ: 

˂-ʨ-ʪ-ʨ-˂-ʨ-ʯ-˂-ʨ-ʪ-ʪ-ʪ-ʯ-ʪ-ʯ-ʪ-ʨ-ʯ-ʪ-ʪ-ʯ-ʯ-ʪ-ʪ 

 ʸʬʭʬʸʹ ʶʸʨʰʳʬʸʰʹ ʱʰ ˀʬʳʫʬʪʰ : 

 ʪ-ʪ-ʪ-ʯ-ʪ-ʯ-ʯ-ʪ-ʨ-ʨ-ʪ-ʪ-ʯ-˂-ʯ-˂-ʨ-ʨ-ʨ-˂-ʨ-ʯ-ʪ. 

ʴʰʳʻˀʬʩʰʹ ʼʨʸʫʵʩʰʯʰ ʸʨʵʫʬʴʵʩʸʰʭʰ ˀʬʫʨʸʬʩʰʹʯʭʰʹ ʪʨʳʵʿʬʴʬʩʻʲʰ ʰʽʴʨ 

Comperative Ct ʳʬʯʵʫʰ (Livak and Schmittgen., 2001). ʳʰʺʵʽʵʴʫʸʰʻʲʰ ʫʴʳ-ʰʹ 

ʬʸʯʰʫʨʰʪʰʭʬ ʴʰʳʻˀʰ  ʸʵʳʬʲʰ˂ ʪʨʳʵʿʵʼʰʲʰ ʰʿʵ ʨʸʨʺʸʬʴʰʸʬʩʻʲʰ ˄ʰ˄ʰʲʨʹ ʰʳʳ-

ʫʨʴ, ʿʭʬʲʨ ʬʽʹʶʬʸʰʳʬʴʺˀʰ ʪʨʳʵʿʬʴʬʩʻʲʰ ʰʽʴʨ ʫʨʹʨʳʵ˄ʳʬʩʬʲ (ʸʬʼʬʸʬʴʹ) 
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ʴʰʳʻˀʨʫ.ˀʬʳʯˆʭʬʭʰʯ ˀʬʸˁʬʻʲʰ ʴʰʳʻˀʬʩʰʹ ʨʳʶʲʰʱʵʴʬʩʰʹ ʹʬʽʭʬʴʰʸʬʩʨ ʪʨʴˆʵʸ˂ʰʬʲʫʨ 

ʫʨʨʭʨʫʬʩʨʯʨ ʱʵʴʺʸʵʲʰʹ ʪʬʴʵʳʰʹ ˂ʬʴʺʸˀʰ ʫʨ ʫʨʫʨʹʺʻʸʬʩʻʲʰ ʰʽʴʨ ˀʬʸˁʬʻʲʰ 

ʯʨʴʨʳʰʳʫʬʭʸʵʩʰʹ ʨʳʶʲʰʼʰʱʨ˂ʰʨ. 

 

ʳʵʴʨ˂ʬʳʯʨ ˄ʨʸʳʵʫʪʬʴʰʹ ʼʵʸʳʨ ʫʨ ʹʺʨʺʰʹʺʰʱʻʸʰ ʨʴʨʲʰʮʰ 

ʶʸʵʺʬʵʳʰʱʻʲʰ ʬʽʹʶʬʸʰʳʬʴʺʬʩʰ 

 

ʳʵʴʨ˂ʬʳʯʨ ˄ʨʸʫʪʬʴʨ ʶʸʵʺʬʵʳʰʱʻʲ ʬʽʹʶʬʸʰʳʬʴʺʬʩˀʰ ʰʫʬʴʺʰʼʰ˂ʰʸʬʩʻʲʰ 

ʱʨʴʫʰʫʨʺʰ ˂ʰʲʵʭʨʴʰ ʳʵʲʬʱʻʲʬʩʰʹ ʰʳʶʸʰʴʺʰʴʪʰʹ ʳʬˆʹʰʬʸʬʩʨˀʰ ʳʵʴʨ˄ʰʲʬʵʩʰʹ 

ʭʨʲʰʫʨ˂ʰʰʹ ʬʽʹʶʬʸʰʳʬʴʺʬʩˀʰ. 

 

ʨʳ ʺʰʶʰʹ ʬʽʹʶʬʸʰʳʬʴʺʬʩˀʰ ʳʵʴʨ˂ʬʳʬʩʰ ˄ʨʸʳʵʫʪʬʴʰʲʰʨ ʸʵʪʵʸ˂ 

ʹʺʨʴʫʨʸʺʰʮʬʩʻʲʰ ʼʨʸʫʵʩʰʯʰ ʸʨʵʫʬʴʵʩʬʩʰ. ʿʵʭʬʲ ʪʨʳʵˁʬʱʭʨʹ ʻ˂ʰʲʵʩʲʨʫ 

ʨˆʨʹʰʨʯʬʩʹ ʯʨʭʰʹʰ ʭʨʸʰʨ˂ʰʬʩʰ ʨʳʨ ʯʻ ʰʳ ˂ʰʲʰʹ ʸʨʵʫʬʴʵʩʰʹ ʳʰˆʬʫʭʰʯ. ʨʳ 

ʭʨʸʰʨ˂ʰʬʩʰʹ ʯʨʭʰʫʨʴ ʨʹʨ˂ʰʲʬʩʲʨʫ ˂ʰʲʰʹ ʼʨʸʫʵʩʰʯʰ ʸʨʵʫʬʴʵʩʨ (ʰˆ. ʮʬʳʵʯ) 

ʸʵʳʬʲʰʳʬ ʱʵʴʱʸʬʺʻʲ ʴʰʳʻˀˀʰ  ʰʿʵʼʵʫʨ ʨʳ ʪʨʳʵˁʬʱʭʨˀʰ ʪʨʳʵʿʬʴʬʩʻʲʰ ʴʰʳʻˀʬʩˀʰ 

˂ʰʲʰʹ ʹʨˀʻʨʲʵ ʸʨʵʫʬʴʵʩʨʮʬ ʫʨ ʳʰʾʬʩʻʲʰ ʳʵʴʨ˂ʬʳʬʩʰ ʨʾʰʴʰˀʴʬʩʵʫʨ ʸʵʪʵʸ˂ 

˂ʰʲʰʹ „ʹʺʨʴʫʨʸʺʰʮʬʩʻʲʰ ʼʨʸʫʵʩʰʯʰ ʸʨʵʫʬʴʵʩʨ“. 
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                       ʹʺʨʺʰʹʺʰʱʻʸʰ ʨʴʨʲʰʮʰ. 

 

ʶʸʵʺʬʵʳʰʱʻʲ ʬʽʹʶʬʸʰʳʬʴʺʬʩˀʰ ʰʫʬʴʺʰʼʰ˂ʰʸʬʩʻʲʰ ʱʨʴʫʰʫʨʺʰ ˂ʰʲʵʭʨʴʰ 

ʳʵʲʬʱʻʲʬʩʰʹ ʰʳʶʸʰʴʺʰʴʪʰʹ ʳʬˆʹʰʬʸʬʩʨˀʰ ʳʵʴʨ˄ʰʲʬʵʩʰʹ ʭʨʲʰʫʨ˂ʰʰʹ 

ʬʽʹʶʬʸʰʳʬʴʺʬʩˀʰ ʳʰʾʬʩʻʲʰ ʳʵʴʨ˂ʬʳʬʩʰ ʨʴʨʲʰʮʫʬʩʵʫʨ ˂ʨʲʱ-˂ʨʲʱʬ ʰʳʳ-ʰʹʨ ʫʨ ʶʴʴ-

ʰʹʨʯʭʰʹ, ʸʨʫʪʨʴ ʨʳ ʹʺʸʻʽʺʻʸʬʩʹ ʹʸʻʲʰʨʫ ʪʨʴʹˆʭʨʭʬʩʻʲʰ ʸʵʲʰ ʨʱʰʹʸʰʨʯ 

ʰʳʶʸʰʴʺʰʴʪʰʹ ʶʸʵ˂ʬʹˀʰ (ʳʰʳʵˆʰʲʭʰʹʨʯʭʰʹ Solomonia and McCabe 2015). 

ʹʺʨʺʰʹʺʰʱʻʸʰ ʨʴʨʲʰʮʰʹʨʯʭʰʹ ʪʨʳʵʰʿʬʴʬʩʵʫʨ ʶʸʵʪʸʨʳʨ R (R Core Team). ˆʨʮʵʩʸʰʭʰ 
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ˀʬʸʬʻʲʰ ʳʵʫʬʲʰ ʨʪʬʩʻʲʰ ʰʽʴʨ ˂ʰʲʰʹ (ʨʴ ʫʴʳ-ʰʹ) ʹʺʨʴʫʨʸʺʰʮʰʸʬʩʻʲ ʼʨʸʫʵʩʰʯ 

ʸʨʵʫʬʴʵʩʨʮʬ ʳʵʫʬʲʻʸʰ ʶʰʸʵʩʬʩʰʯ ʻʶʰʸʨʺʬʹʵʩʰʹ ʺʬʹʺʹʨ ʫʨ ˈʬʳʰʹʼʬʸʵʮʬ 

ʫʨʳʵʱʰʫʬʩʻʲʬʩʰʯ, ʹʨʫʨ˂ ˀʬʳʯˆʭʬʭʰʯ ʼʨʽʺʵʸʹ ˄ʨʸʳʵʨʫʪʬʴʫʴʬʴ ˄ʰ˄ʰʲʨ ʫʨ 

ʪʨʳʵˁʬʱʭʨ. ʨʳ ʳʵʫʬʲʰʹ ʪʨʳʵʿʬʴʬʩʰʯ  ʭʨˆʵʸ˂ʰʬʲʬʩʫʰʯ ˂ʰʲʰʹ ʨʴ ʫʴʳ-ʰʹ ʸʨʵʫʬʴʵʩʰʹ 

ʹʨʸ˄ʳʻʴʵ ʨʹʵ˂ʰʨ˂ʰʰʹ ʱʭʲʬʭʨʹ ʻʶʰʸʨʺʬʹʵʩʰʹ ʺʬʹʺʰʹ ʳʨˁʭʬʴʬʩʬʲʯʨʴ  ʫʨ ʨʪʸʬʯʭʬ 

ʸʬʪʸʬʹʰʰʹ ʱʵʬʼʰ˂ʰʬʴʺʰʹ ʫʨʫʪʬʴʨʹ. ˁʭʬʴ ʭʹ˄ʨʭʲʵʩʫʰʯ ʸʬʪʸʬʹʰʬʩʹ 

ʪʨʴ˂ʨʲʱʨʭʬʩʻʲʨʫ ʨʪʸʬʯʭʬ ʰʳʳ-ʰʹ ʫʨ ʶʴʴ-ʰʹ ʳʨʸ˂ˆʬʴʨ ʫʨ ʳʨʸˇʭʬʴʨ ˈʬʳʰʹʼʬʸʵʬʩʰʹ 

ʳʰˆʬʫʭʰʯ.  ʬʹ ʪʨʴʶʰʸʵʩʬʩʻʲʰʨ ʰʳʰʯ, ʸʵʳ ʳʨˀʰʴʨ˂ ʱʰ ʸʵʫʬʹʨ˂ ˈʬʳʰʹʼʬʸʵʹ ʼʨʽʺʵʸʰʹ 

ʬʼʬʽʺʰ ʹʨʸ˄ʳʻʴʵ ʨʸ ʨʸʰʹ, ʨʹʰʳʬʺʸʰʨʹ ʳʨʰʴ˂ ʨʽʭʹ ʨʫʪʰʲʰ - ʫʨʹ˄ʨʭʲʰʹʨ ʫʨ 

ʳʬˆʹʰʬʸʬʩʰʹʨʯʭʰʹ ʹʶʬ˂ʰʼʰʱʻʸ ˂ʭʲʰʲʬʩʬʩʹ ʻʼʸʵ ʳʱʭʬʯʸʨʫʪʨʳʵˆʨʺʻʲʰʨ ʳʨʸ˂ˆʬʴʨ 

ʴʨˆʬʭʨʸʹʼʬʸʵʹ ʰʳʳ-ˀʰ.  

˂ʰʲʰʹ ʫʨ ʳʰʺʵʽʵʴʫʸʰʻʲʰ ʫʴʳ-ʰʹ ʹʺʨʴʫʨʸʺʰʮʰʸʬʩʻʲʰ ʼʨʸʫʵʩʰʯʰ 

ʸʨʵʫʬʴʵʩʨ ʨʪʬʩʻʲʰʨ ʻʶʰʸʨʺʬʹʵʩʰʹ ʺʬʹʺʰʹ ʳʨˁʭʬʴʬʩʲʮʬ ʻʳ˂ʰʸʬʹʰ ʱʭʨʫʸʨʺʬʩʰʹ 

ʸʬʪʸʬʹʰʻʲʰ ˆʨʮʰʯ. ˁʭʬʴ ʳʵʭʨˆʫʰʴʬʯ ʨʳ ˆʨʮʰʹ ʰʴʺʬʸʶʵʲʨ˂ʰʨʻʶʰʸʨʺʬʹʵʩʰʹ ʺʬʹʺʰʹ 

ʳʨˁʭʬʴʬʩʬʲʮʬ „50“ ʸʵʳʬʲʰ˂ ˄ʰ˄ʰʲʰʹ ʨʸʨʴʨʰʸʰ ʻʶʰʸʨʺʬʹʵʩʰʹ ʳʨˁʭʬʴʬʩʬʲʰʨ, 

ʳʰʻˆʬʫʨʭʨʫ ʰʳʰʹʨ ʸʵʳ ʺʸʬʴʰʸʬʩʰʹ ʶʸʵ˂ʬʹʰ ʪʨʰʨʸʨ. ʬʹ ʳʨˁʭʬʴʬʩʬʲʰ ʯʨʭʰʹʰʭʬ 

ʹʺʨʴʫʨʸʺʻʲʰ ʪʨʫʨˆʸʰʯ ʴʨˁʭʬʴʬʩʰʨ ʰʪʰʭʬ ʹʻʸʨʯʬʩʮʬ. ʬʹ ˀʬʹʨʩʨʳʰʹʰ ʸʨʵʫʬʴʵʩʨ 

(ʱʭʬʯʨ) ʬʫʨʸʬʩʨ ʨʸʨʺʸʬʴʰʸʬʩʻʲʰ ˄ʰ˄ʰʲʬʩʰʹ ʳʨˁʭʬʴʬʩʬʲʹ ˂ʭʲʨʫʯʨ ʨʴʨʲʰʮʰʯ. ʯʻ 

ʨʸʰʹ ʹʨʸ˄ʳʻʴʵ ʸʬʪʸʬʹʰʨ ʻʶʰʸʨʺʬʹʵʩʰʹ ʺʬʹʺʰʹ ʳʨˁʭʬʴʬʩʬʲʮʬ ʫʨ ʱʭʬʯʨ 

ʻʶʰʸʨʺʬʹʵʩʰʹ ʺʬʹʺʰʹ 50%-ʰʨʴ ʳʨˁʭʬʴʬʩʬʲʮʬ ʨʸʰʹ ʹʺʨʺʰʹʺʰʱʻʸʨʫ ˈʵʳʵʪʬʴʻʸʰ 

ʨʸʨʺʸʬʴʰʸʬʩʻʲʰ ˄ʰ˄ʰʲʬʩʰʹ ʹʨˀʻʨʲʵ ʳʨˁʭʬʴʬʩʬʲʮʬ, ʳʨˀʰʴ ʱʬʯʫʬʩʨ ʫʨʹʱʭʴʨ ʸʵʳ 

ʺʸʬʴʰʸʬʩʰʹ ʫʸʵʹ ʫʨʹ˄ʨʭʲʰʹ ʪʨʸʫʨ ʹˆʭʨ ʪʭʬʸʫʰʯ ʼʨʽʺʵʸʬʩʹ (ʳʨʪʨʲʰʯʨʫ 

ʺʸʬʴʰʸʬʩʰʹ ʹʺʰʳʻʲʰ, ʩʵʸʩʨʲˀʰ ʳʵʯʨʭʹʬʩʨ, ʲʵʱʵʳʵʺʵʸʻʲʰ ʨʽʺʰʭʵʩʨ, ʹʺʸʬʹʰ ʫʨ 

ʹˆʭʨ) ʨʸ ʳʵʻˆʫʬʴʰʨʯ ʹʨʸ˄ʳʻʴʵ ʬʼʬʽʺʰ  ʹʨʱʭʲʬʭʰ ʹʻʩʹʺʨʴ˂ʰʰʹ ʸʨʵʫʬʴʵʩʨʮʬ. 

ʨʳʸʰʪʨʫ ʹʨʸ˄ʳʻʴʵ ʸʬʪʸʬʹʰʨ ʻʶʰʸʨʺʬʹʵʩʰʹ ʺʬʹʺʰʹ ʳʨˁʭʬʴʬʩʲʮʬ ʳʰʻʯʰʯʬʩʹ ʳʰʹ 

ʱʨʭˀʰʸʮʬ ʫʨʹ˄ʨʭʲʰʹ ʶʸʵ˂ʬʹʯʨʴ. 

ʹʨʸ˄ʳʻʴʵ ʸʬʪʸʬʹʰʬʩʰʹʨʯʭʰʹ ʨʸʨʺʸʬʴʰʸʬʩʻʲʰ ˄ʰ˄ʰʲʬʩʰʹ ʹʨˀʻʨʲʵ 

ʳʨˁʭʬʴʬʩʬʲʰ ʨʹʬʭʬ ʬʫʨʸʬʩʵʫʨ ˂ʭʲʨʫʯʨ ʨʴʨʲʰʮʰʹ ʳʰˆʬʫʭʰʯ ʳʨʽʹʰʳʨʲʻʸʰ 
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ʫʨʹ˄ʨʭʲʰʹ (100%)  ʱʭʬʯʰʹ (ʰʴʺʬʸʶʵʲʨ˂ʰʰʹ) ʳʨˁʭʬʴʬʩʬʲʹy ʾʬʸ˃ʮʬ. ʨʳ  ˀʬʫʨʸʬʩʰʯ 

ˁʭʬʴ ʭʨʸʱʭʬʭʫʰʯʨʸʰʹ ʯʻ ʨʸʨ ˃ʲʰʬʸʰ ʫʨʹ˄ʨʭʲʨ  ʹʨʱʳʨʸʰʹʰ ʰʳʰʹʯʭʰʹ ʸʵʳ ʹʨʸ˄ʳʻʴʵʫ 

ˀʬ˂ʭʨʲʵʹ ʹʨʱʭʲʬʭʰ ˂ʰʲʰʹ ʯʻ ʫʴʳ-ʰʹ ʸʨʵʫʬʴʵʩʨ ʹʨʱʵʴʺʸʵʲʵ ʨʸʨʺʸʬʴʰʸʬʩʻʲ 

ʳʨˁʭʬʴʬʩʲʬʩʯʨʴ ˀʬʫʨʸʬʩʰʯ. 

ʹʨʸ˄ʳʻʴʵ ʸʬʪʸʬʹʰʬʩʰʹ ˀʬʳʫʪʵʳʰ ʻʼʸʵ ʾʸʳʨ ʨʴʨʲʰʮʰʹʨʯʭʰʹ  ˂ʭʲʨʫʯʨ 

ʴʨˀʯʬʩʰ  ʯʭʰʯʵʬʻʲʰ ʹʨʸ˄ʳʻʴʵ ʸʬʪʸʬʹʰʰʫʨʴ (ʺʸʬʴʰʸʬʩʻʲʰ ˄ʰ˄ʰʲʬʩʰ) ʬʫʨʸʬʩʵʫʨ 

ʨʸʨʺʸʬʴʰʸʬʩʻʲʰ ˄ʰ˄ʰʲʬʩʰʹ ˂ʭʲʨʫʯʨ ʴʨˀʯʬʩʹ.  ʨʳ ʨʴʨʲʰʮʰʹ ʳʰʮʨʴʰ ʰʿʵ 

ʫʨʪʭʬʫʪʰʴʨ ʯʻ ʸʰʯʰ ʰʿʵ ʪʨʳʵ˄ʭʬʻʲʰ ʳʵ˂ʬʳʻʲʰ ʹʻʩʹʺʨʴ˂ʰʰʹ ʸʨʵʫʬʴʵʩʸʰʭʰ 

˂ʭʲʰʲʬʩʨ - ʶʸʬʫʰʹʶʵʮʰ˂ʰʰʯ ʯʻ ʺʸʬʴʰʸʬʩʰʹ ʶʬʸʰʵʫˀʰ ʳʰʳʫʰʴʨʸʬ ʫʨʹ˄ʨʭʲʰʯ 

(Horn and Johnson 1989; McCabe 2013). ˀʬʹʨ˃ʲʬʩʬʲʰʨ, ʸʵʳ ʹʨʸ˄ʳʻʴʵ ʸʬʪʸʬʹʰʨ 

ʪʨʳʵ˄ʭʬʻʲʰ ʰʿʵʹ ʶʸʬʫʰʹʶʵʮʰ˂ʰʰʯ. ʨʴʻ ʰʹ ˄ʰ˄ʰʲʬʩʰ ʸʵʳʲʬʩʰ˂ ʪʨʳʵˁʬʱʰʲʬʩʰ 

ʰʿʭʴʬʴ ʨʳʨ ʯʻ ʰʳ ʹʻʩʹʺʨʴ˂ʰʰʹ ʳʨʾʨʲʰ ʫʵʴʰʯ (ʨʴ ʫʨʩʨʲʰ ʫʵʴʰʯ ʱʲʬʩʰʹ 

ˀʬʳʯˆʭʬʭʨˀʰ) ˀʬʰ˃ʲʬʩʨ ʻʼʸʵ ʪʨʴ˄ʿʵʩʰʲʬʩʰ ʰʿʭʴʬʴ    ʺʸʬʴʰʸʬʩʰʹ ʫʸʵʹ ʱʨʸʪʰ 

ʫʨʹ˄ʨʭʲʰʹʨʯʭʰʹ. ʯʻ ʬʹ ʨʹʬʨ ʳʨˀʰʴ ʹʨʸ˄ʳʻʴʵ ʸʬʪʸʬʹʰʨ ˀʬʰ˃ʲʬʩʨ ʨʸ  ʰʿʵʹ ˀʬʫʬʪʰ 

ʺʸʬʴʰʸʬʩʰʹʨ, ʨʸʨʳʬʫ ˄ʨʸʳʵʨʫʪʬʴʫʬʹ ʨʸʨʺʸʬʰʴʰʸʬʩʻʲʰ ˄ʰ˄ʰʲʬʩʰʹ ʳ˂ʰʸʬ 

ʶʵʶʻʲʨ˂ʰʨʹ, ʸʵʳʲʬʩʰ˂ ʱʨʸʪʨʫ ʹ˄ʨʭʲʵʩʬʴ ʰʳʰʺʵʳ ʸʵʳ ʪʨʴ˄ʿʵʩʰʲʬʩʰ ʨʸʰʨʴ 

ʨʳʰʹʨʯʭʰʹ ʸʨʫʪʨʴ ʯʨʭʰʫʨʴʭʬ ʪʨʨˁʴʰʨʯ ʨʳʨ ʯʻ ʰʳ ˂ʰʲʰʹ ʳʨʾʨʲʰ ʸʨʵʫʬʴʵʩʨ. ʨʹʬʯ 

ˀʬʳʯˆʭʬʭʨˀʰ ʹʨʸ˄ʳʻʴʵ ʸʬʪʸʬʹʰʨ ʨʹʵ˂ʰʸʬʩʻʲʰ ʻʴʫʨ ʰʿʵʹ ʻʼʸʵ ʴʨʱʲʬʩ ˂ʭʲʨʫʯʨ 

ʴʨˀʯʬʩʯʨʴ, ʭʰʫʸʬ ʨʸʨʺʸʬʴʰʸʬʩʻʲʰ ˄ʰ˄ʰʲʬʩʰʹ ˂ʭʲʨʫʯʨ ʴʨˀʯʬʩʰ, ʸʨʫʪʨʴ ʬʹ 

ʻʱʨʴʨʹʱʴʬʲʰ ˇʪʻʼʰ ˀʬʰ˂ʨʭʹ ˄ʰ˄ʰʲʬʩʹ ʸʵʳʲʬʩʹʨ˂ ʨʳ ʱʵʴʱʸʬʺʻʲʰ ˂ʰʲʰʹ ʸʵʪʵʸ˂ 

ʳʨʾʨʲʰ ʨʹʬʭʬ ʫʨʩʨʲʰ ʳʴʰˀʭʴʬʲʵʩʬʩʰ ʪʨʨˁʴʰʨʯ. ʨʳʰʹ ʹʨ˄ʰʴʨʨʾʳʫʬʪʵʫ ʯʻ 

ʸʬʪʸʬʹʰʻʲʰ ˆʨʮʰʹ ˂ʭʲʨʫʯʨ ʴʨˀʯʬʩʰ ʹʨʸ˄ʳʻʴʵʫ ʻʼʸʵ ʳ˂ʰʸʬ ʨʸ ʨʸʰʹ ʭʰʫʸʬ 

ʨʸʨʺʸʬʴʰʸʬʩʻʲʰ ˄ʰ˄ʰʲʬʩʰʹʨ ʳʨˀʰʴ ʶʸʬʫʰʹʶʵʮʰ˂ʰʰʹ ˈʰʶʵʯʬʮʨ ʨʳ ˀʬʳʯˆʭʬʭʰʹʨʯʭʰʹ 

ʹ˄ʵʸʰ ʨʸ ʨʸʰʹ ʫʨ ʹʨʸ˄ʳʻʴʵ ʸʬʪʸʬʹʰʨ ʻʶʰʸʨʺʬʹʵʩʰʹ ʺʬʹʺʰʹ ʳʨˁʭʬʴʬʩʬʲʮʬ 

ʺʸʬʴʰʸʬʩʰʹ ʶʬʸʰʵʫˀʰ ʫʨʹ˄ʨʭʲʰʹ ˀʬʫʬʪʰʨ.  

ʹʨʩʵʲʵʵʫ ʸʬʪʸʬʹʰʨ ʻʴʫʨ ʪʨʴʰˆʰʲʬʩʵʫʬʹ ʫʨʹ˄ʨʭʲʨʹʯʨʴ ʫʨʱʨʭˀʰʸʬʩʻʲʨʫ 

ʯʻ; 1. ʸʬʪʸʬʹʰʨ ʻʶʰʸʨʺʬʹʵʩʰʹ ʺʬʹʺʮʬ ʹʨʸ˄ʳʻʴʵʨ; 2. ʸʬʪʸʬʹʰʻʲʰ ˄ʸʼʰʹ ʱʭʬʯʨ 

ʻʶʰʸʨʺʬʹʵʩʰʹ ʺʬʹʺʰʹ 50%-ʰʨʴ ʳʨˁʭʬʴʬʩʲʮʬ ʨʸ ʪʨʴʹˆʭʨʭʫʬʩʨ ʹʨʸ˄ʳʻʴʵʫ 
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ʨʸʨʺʸʬʴʰʸʬʩʻʲʰ ˄ʰ˄ʰʲʬʩʰʹ ʳʨˁʭʬʴʬʩʲʰʹʨʪʨʴ; 3. ʸʬʪʸʬʹʰʻʲʰ ˄ʸʼʰʹ ʱʭʬʯʨ 

ʻʶʰʸʨʺʬʹʵʩʰʹ ʺʬʹʺʰʹ ʳʨʽʹʰʳʨʲʻʸ ʳʨˁʭʬʴʬʩʬʲʯʨʴ ʹʨʸ˄ʳʻʴʵʫ ʪʨʴʹˆʭʨʭʫʬʩʨ 

ʨʸʨʺʸʬʴʰʸʬʩʻʲʰ ˄ʰ˄ʰʲʬʩʰʹ ʳʨˁʭʬʴʬʩʬʲʯʨʴ ʫʨ 4. ʸʬʪʸʬʹʰʻʲ ˆʨʮʰʹ ˂ʭʲʨʫʯʨ 

ʴʨˀʯʬʩʰ ʹʨʸ˄ʳʻʴʵʫ ʻʼʸʵ ʳ˂ʰʸʬ ʨʸ ʨʸʰʹ ʭʰʫʸʬ ʨʸʨʺʸʬʴʰʸʬʩʻʲʰ ˄ʰ˄ʰʲʬʩʰʹ 

ˀʬʹʨʩʨʳʰʹʰ ʳʨˁʭʬʴʬʩʲʬʩʰ. 

 

                       ʪʲʻ-ʨ1-ʰʹ ʫʨ ʳʰʹʰ ʼʵʹʼʵʸʰʲʰʸʬʩʻʲʰ ʼʵʸʳʰʹ ˀʬʹ˄ʨʭʲʨ 

 

 

ʳʵʴʨ˂ʬʳʯʨ ˄ʨʸʫʪʬʴʨ.  ˂ʰʲʬʩʰʹ ʼʨʸʫʵʩʰʯʵ ʸʨʵʫʬʴʵʩʰʹ ʫʨʫʪʬʴʰʹ ʳʬʯʵʫʰ 

ˀʰʴʨʪʨʴʰ ʹʺʨʴʫʨʸʺʬʩʰʹ ʪʨʳʵʿʬʴʬʩʰʯ ʮʬʳʵʯ ʨʸʰʹ ʳʵʿʭʨʴʰʲʰ. ʬʽʹʶʬʸʰʳʬʴʺʬʩʰʹ ʨʳ 

ʹʬʸʰʨˀʰ ʪʨʳʵˁʬʱʭʬʩʹ ˀʵʸʰʹ ʪʨʸʫʨʻʭʨʲʰ ʭʨʸʰʨ˂ʰʬʩʰʹ ʯʨʭʰʫʨʴ ʨʹʨ˂ʰʲʬʩʲʨʫ  ʼ-

ʪʲʻ-ʨ1-ʰʹ ʫʨ ˇ-ʪʲʻ-ʨ1 ʫʨ ʳʨʯʰ ʼʨʸʫʵʩʬʩʰʹ ʼʨʸʫʵʩʰʯʰ ʸʨʵʫʬʴʵʩʬʩʰ 

ʪʨʸʫʨʽʳʴʰʲʰ ʰʿʵ ʹʺʨʴʫʨʸʺʰʮʰʸʬʩʻʲ ʼʨʸʫʵʩʰʯ ʸʨʵʫʬʴʵʩʬʩʨʫ ˀʬʳʫʬʪʴʨʰʸʨʫ: 

ʯʭʰʯʵʬʻʲ ʳʵʴʨ˂ʬʳʹ ʨʱʲʫʬʩʵʫʨ ʪʨʳʵˁʬʱʭʰʹ ʹʨˀʻʨʲʵ ʳʨˁʭʬʴʬʩʬʲʰ ʫʨ ʳʰʾʬʩʻʲʰ 

ʹʰʫʰʫʬʬʩʰ ʰʿʵʼʵʫʨ ʪʨʳʵˁʬʱʭʰʹ ʹʺʨʴʫʨʸʺʻʲ ʪʨʫʨˆʸʨʮʬ (Sokal and Rohlf 2012).  

ʸʵʪʵʸ˂ ʮʬʳʵʯ ʨʾʭʴʰˀʴʬʯ ʨʹʬʯʰ ʳʵʴʨ˂ʬʳʬʩʰ ʨʾʰʴʰˀʴʬʩʨ ʸʵʪʵʸ˂   ʼ-ʪʲʻ-ʨ1-ʰʹ, ˇ-

ʪʲʻ-ʨ1-ʰʹ ʫʨ ʳʨʯʰ ʼʨʸʫʵʩʬʩʰʹ ʹʺʨʴʫʨʸʺʰʮʰʸʬʩʻʲʰ ʼʨʸʫʵʩʰʯʰ ʸʨʵʫʬʴʵʩʬʩʰ. 

ʹʺʨʺʰʹʺʰʱʻʸʰ ʨʴʨʲʰʮʰ. ʼ-ʪʲʻ-ʨ1-ʰʹ ʫʨ ˇ-ʪʲʻ-ʨ1-ʰʹ ʹʺʨʴʫʨʸʺʰʮʰʸʬʩʻʲʰ 

ʼʨʸʫʵʩʰʯʰ ʸʨʵʫʬʴʵʩʬʩʰ ʫʨ ʳʨʯʰ ʼʨʸʫʵʩʨʼ/ˇ ʪʨʨʴʨʲʰʮʬʩʻʲʰ ʰʿʵ 

ʪʬʴʬʸʨʲʰʮʬʩʻʲʰ ˆʨʮʵʩʸʰʭʰ ʸʬʪʸʬʹʰʰʹ ʳʵʫʬʲʰʯ, ʹʨʫʨ˂ ʴʨʭʨʸʨʻʫʬʭ ˂ʭʲʨʫʹ 

ʻʶʰʸʨʺʬʹʵʩʰʹ ʺʬʹʺʰʹ ʳʨˁʭʬʴʬʩʬʲʰ ˄ʨʸʳʨʵʫʪʬʴʫʨ. ʳʵʴʨ˂ʬʳʬʩʰ ʰʳʳ-ʰʫʨʴ ʫʨ ʶʴʴ-ʰʫʨʴ 

ʨʴʨʲʰʮʫʬʩʵʫʨ ʪʨʴ˂ʨʲʱʨʭʬʩʻʲʨʫ, ʸʨʫʪʨʴ ʨʳ ʵʸ ʻʩʨʴʹ ʪʨʴʹˆʭʨʭʬʩʻʲʰ ʼʻʴ˂ʰʻʸʰ  

ʸʵʲʰ ʪʨʨˁʴʰʨ ʰʳʶʸʰʴʺʰʴʪʰʹ ʶʸʵ˂ʬʹˀʰ. ʰʳʳ-ˀʰ ʨʫʪʰʲʰ ʨʽʭʹ ʳʯʬʲ ʸʰʪ 

ʫʨʹ˄ʨʭʲʰʹʨʯʭʰʹ ʹʶʬ˂ʰʼʰʱʻʸ ʩʰʵʽʰʳʰʻʸ ˂ʭʲʰʲʬʩʬʩʹ, ʳʨˀʰʴ ʸʵʫʬʹʨ˂ ʶʴʴ-ˀʰ ʨʹʬʯ 

˂ʭʲʰʲʬʩʬʩʹ ʨʫʪʰʲʰ ʨʸ ʨʽʭʹ (ʳʰʳʵˆʰʲʭʰʹʨʯʭʰʹ Solomonia and McCabe 2015). 

ˈʬʳʰʹʼʬʸʵʹ ʼʨʽʺʵʸʰ ˁʨʸʯʻʲʰ ʰʿʵ ʨʳ ʳʵʫʬʲˀʰ ʸʵʪʵʸ˂ ʪʨʴʳʬʵʸʬʩʨʫʰ ʹʨʮʵʳʰ.  

ʰʴʺʬʸʶʵʲʨ˂ʰʨ ʸʬʪʸʬʹʰʻʲʰ ʳʵʫʬʲʰʫʨʴ ʪʨʳʵʰʿʬʴʬʩʵʫʨ  ʯʭʰʯʵʬʻʲʰ 
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ʹʨʮʵʳʰʹʨʯʭʰʹ ʰʳ ʳʴʰˀʭʴʬʲʵʩʰʹ ʫʨʹʨʫʪʬʴʨʫ ʸʵʳʬʲʰ˂ ˀʬʬʹʨʩʨʳʬʩʵʫʨ 50%-ʰʨʴ 

ʻʶʰʸʨʺʬʹʵʩʰʹ ʺʬʹʺʰʹ ʳʨˁʭʬʴʬʩʬʲʹ (ʨʸʨʴʨʰʸʰ ʫʨʹ˄ʨʭʲʨ) ʫʨ 100%-ʰʨʴ ʳʨˁʭʬʴʬʩʬʲʹ 

(˃ʲʰʬʸʰ ʫʨʹ˄ʨʭʲʨ). ʸʬʪʸʬʹʰʻʲʰ ʨʴʨʲʰʮʰʫʨʴ ˂ʭʲʨʫʯʨ ʴʨˀʯʬʩʰ ʬʫʨʸʬʩʵʫʨ 

ʨʸʨʺʸʬʴʰʸʬʩʻʲʰ ˄ʰ˄ʰʲʬʩʰʹ ˂ʭʲʨʫʯʨ ʴʨˀʯʬʩʹ F  ʹʺʨʺʰʹʺʰʱʰʹ ʪʨʳʵʿʬʴʬʩʰʯ (Sokal 

and Rohlf2012) 

 

                                   2.4     ʳʰʾʬʩʻʲʰ ˀʬʫʬʪʬʩʰ 

                   2.4.1    2-ʪʨʴʮʵʳʰʲʬʩʰʨʴʰ ʬʲʬʽʺʸʵʼʵʸʬʮʰ ʫʨ ʳʹ ʨʴʨʲʰʮʰ 

 

 

P2 ʳʬʳʩʸʨʴʻʲ-ʳʰʺʵʽʵʴʫʸʰʻʲʰ  ʵʸʪʨʴʮʵʳʰʲʬʩʰʨʴʰ ʪʬʲ-

ʬʲʬʽʺʸʵʼʵʸʬʮʰʹ ʹʨˀʻʨʲʬʩʰʯ ˀʬʹ˄ʨʭʲʨʳ ʪʨʳʵʨʳʷʾʨʭʴʨ ʹʨʸ˄ʳʻʴʵʫ ʪʨʴʹˆʭʨʭʬʩʻʲʨʫ 

ʬʽʹʶʸʬʹʰʸʬʩʻʲʰ ˂ʰʲʵʭʨʴʰ ˆʨʮʬʩʰ ʱʨʸʪʨʫ ʫʨʳʹ˄ʨʭʲʬʲ, ˂ʻʫʨʫ ʫʨʳʹ˄ʨʭʲʬʲ ʫʨ 

ʨʸʨʺʸʬʴʰʸʬʩʻʲʰ ˄ʰ˄ʰʲʬʩʰʹ ʴʰʳʻˀʬʩʹ ˀʵʸʰʹ (ʹʻʸ.10). ʬʹ ˂ʰʲʵʭʨʴʰ ʳʵʲʬʱʻʲʬʩʰ 

ˀʬʳʫʬʪʰʨ: 

1. ʱʵʪʴʰʴʰ (ʶʸʵʲʰʲ-4-ˈʰʫʸʵʽʹʰʲʨʮʨ/ʶʸʵʺʬʰʴ ʫʰʹʻʲʼʰʫ ʰʮʵʳʬʸʨʮʨ 

(ˆʬʲʳʰʹʨ˄ʭʫʵʳʵʩʰʹ ʴʵʳʬʸʰ AAA49054.2) 

 2. ʨʫʨʳʰʨʴʬʩʰʹ ʹʶʲʨʰʹʰʴʪ ʼʨʽʺʵʸʰʹ SF2-ʰʹP-32- ʹʻʩʬʸʯʬʻʲʰʹ ˄ʰ˄ʰʲʬʩʰʹ 

ˈʵʳʵʲʵʪʰʻʸʰ ˂ʰʲʨ - P-38. (ˆʬʲʳʰʹʨ˄ʭʫʵʳʵʩʰʹ ʴʵʳʬʸʰ XP_415748.2) 

3. ʭʵʲʺʨʷ ʫʨʳʵʱʰʫʬʩʻʲʰ ʨʴʰʵʴʻʸʰ ʨʸˆʰ-1 (ʭʫʨʨ-1), ʨʹʬʭʬ, ˂ʴʵʩʰʲʰ ʸʵʪʵʸ˂ 

ʶʵʸʰʴ-1 (ˆʬʲʳʰʹʨ˄ʭʫʵʳʵʩʰʹ ʴʵʳʬʸʰ NP_001029041.1) 

4.  ʫʰʴʨʳʰʴ-1 -ʰʹ ʳʹʪʨʭʹʰ ˂ʰʲʨ, ʰʮʵʼʵʸʳʨ-1 (ˆʬʲʳʰʹʨ˄ʭʫʵʳʵʩʰʹ ʴʵʳʬʸʰ 

XP_001233250.1) ʫʨ 

5. ˈʬʺʬʸʵʪʬʴʻʲʰ ʩʰʸʯʭʻʲʰ ʸʰʩʵʴʻʱʲʬʵʶʸʵʺʬʰʴ ʨ2/ʩ1 (ˈʩʸʶ ʨ2/ʩ1), 

ˆʬʲʳʰʹʨ˄ʭʫʵʳʵʩʰʹ ʴʵʳʬʸʰ NP_001026156.1 

ʫʨ˄ʭʸʰʲʬʩʰʯʰ ʳʵʴʨ˂ʬʳʬʩʰ ʳʨʹ-ʹʶʬʽʺʸʻʲʰ ʨʴʨʲʰʮʰʹ ˀʬʹʨˆʬʩ ʳʵʿʭʨʴʰʲʰʨ 

ʹʨʫʰʹʬʸʺʨ˂ʰʵ ʴʨˀʸʵʳʰʹ ʩʵʲʵʹ - „ʫʨʳʨʺʬʩʰʯʰ ʳʨʹʨʲʬʩʰ“ 
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ʹʻʸʨʯʰ 10.  ʭʬʸˆʲʰʯ ˀʬʾʬʩʰʲʰ ʳʨʸ˂ˆʬʴʨ ʰʳʳ-ʰʹ P2 ʳʰʺʵʽʵʴʫʸʰʻʲ-ʳʬʳʩʸʨʴʻʲʰ ʼʸʨʽ˂ʰʰʹ 2-ʪʨʴʮʵʳʰʲʬʩʰʨʴʰ 

ʬʲʬʺʸʵʼʵʸʬʮʰʹ ʪʬʲʬʩʰʹ ʺʰʶʻʸʰ ʪʨʳʵʹʨˆʻʲʬʩʬʩʰ. ʰʹʸʬʩʰʯ ʳʰʯʰʯʬʩʻʲʰʨ ˂ʰʲʵʭʨʴʰ ʲʨʽʬʩʰ ʹʨʸ˄ʳʻʴʵʫ  

ˀʬ˂ʭʲʰʲʰ ʬʽʹʶʸʬʹʰʰʯ. 1-ʱʵʪʴʰʴʰ; 2. P-38 ;3. ʭʫʨʨ-1; 4.  ʫʰʴʨʳʰʴ-1 ʫʨ 5.ˈʩʸʶ ʨ2/ʩ1. ʨ-ʱʨʸʪʨʫ ʫʨʳʹ˄ʨʭʲʬʲʰ ˄ʰ˄ʰʲʨ; 

ʩ-˂ʻʫʨʫ ʫʨʳʹ˄ʨʭʲʬʲʰ ˄ʰ˄ʰʲʨ, ʪ- ʨʸʨʺʸʬʴʰʸʬʩʻʲʰ ˄ʰ˄ʰʲʨ.  ʫ-ʭ - ʳʬʳʩʸʨʴʻʲʰ ʱʵʪʴʰʴʰʹ ʶʰʱʬʩʰʹ 

ʹʨʳʪʨʴʮʵʳʰʲʬʩʰʨʴʰ ʪʨʳʵʹʨˆʻʲʬʩʬʩʰ (ʳʰʯʰʯʬʩʻʲʰʨʭʨʸʹʱʲʨʭʰʯ). ʫ-ʱʨʸʪʨʫ ʫʨʳʹ˄ʨʭʲʬʲʰ ˄ʰ˄ʰʲʨ; ʬ- ˂ʻʫʨʫ 

ʫʨʳʹ˄ʨʭʲʬʲʰ ˄ʰ˄ʰʲʨ’ ʭ- ʨʸʨʺʸʬʴʰʸʬʩʻʲʰ ˄ʰ˄ʰʲʨ. 

 

2-ʪʨʴʮʵʳʰʲʬʩʰʨʴʰ ʬʲʬʽʺʸʵʼʵʸʬʮʰʯ ʫʨ ʳʹ-ʰʯ ʳʰʾʬʩʻʲʰ, ʯʻʴʫʨ˂ ʳʨʾʨʲ 

ʹʨʸ˄ʳʻʴʵ ʪʨʴʹˆʭʨʭʬʩʬʩʬʩʰ ˄ʰ˄ʰʲʬʩʹ ʹˆʭʨʫʨʹˆʭʨ ˇʪʻʼʬʩʹ ˀʵʸʰʹ ʨʸ ʳʰʻʯʰʯʬʩʹ 

ʻ˂ʰʲʵʩʲʨʫ ʨʳʨ ʯʻ ʰʳ ˂ʰʲʰʹ ʫʨʹ˄ʨʭʲʨʹʯʨʴ ʫʨʱʨʭˀʰʸʬʩʻʲ ʹʶʬ˂ʰʼʰʱʻʸ 
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˂ʭʲʰʲʬʩʬʩʮʬ. ʨʻ˂ʰʲʬʩʬʲʰʨ ˁʭʬʴʹ ʳʰʬʸ ˁʨʳʵʿʨʲʰʩʬʩʻʲʰ ʱʸʰʺʬʸʰʻʳʬʩʰʯ 

(ʰˆ.“ʹʺʨʺʰʹʺʰʱʻʸʰ ʨʴʨʲʰʮʰ) ʫʨʳʨʺʬʩʰʯʰ ˀʬʹ˄ʨʭʲʬʩʰ ˂ʰʲʵʭʨʴʰ ʳʵʲʬʱʻʲʬʩʰʹ 

ʸʨʵʫʬʴʵʩʸʰʭʰ ˂ʭʲʰʲʬʩʬʩʰʹ ʱʵʸʬʲʨ˂ʰʰʹʨ ʫʨʹ˄ʨʭʲʰʹ ʫʨ ʳʬˆʹʰʬʸʬʩʰʹ 

ʸʨʵʫʬʴʵʩʸʰʭ ʳʨˁʭʬʴʬʩʬʲʯʨʴ - ʻʶʰʸʨʺʬʹʵʩʰʹ ʺʬʹʺʯʨʴ.  ˁʭʬʴ ʬʹ ʨʳʵ˂ʨʴʨ ˀʬʭʨʹʸʻʲʬʯ 

ʭʬʹʺʬʸʴ ʰʳʻʴʵʩʲʵʺʰʴʪʰʹ ʳʬʯʵʫʰʹ ʪʨʳʵʿʬʴʬʩʰʯ. 

 

                      2.4.2.   ʭʬʹʺʬʸʴ ʰʳʻʴʵʩʲʵʺʰʴʪʰʹ ˀʬʫʬʪʬʩʰ 

 

ʱʵʪʴʰʴʰ. ʱʵʪʴʰʴʰʹ ˄ʰʴʨʨʾʳʫʬʪ ˄ʨʸʳʵʽʳʴʰʲʰ ʨʴʺʰʹˆʬʻʲʬʩʰ ʻʸʯʰʬʸʯʽʳʬʫʬʩʬʴ 

55-56 ʱʫʨ-ʹ ˄ʵʴʰʹ ʳʽʵʴʬ ˂ʰʲʵʭʨʴ ʳʵʲʬʱʻʲʨʹʯʨʴ ʸʵʪʵʸ˂ P2 ʨʹʬʭʬ ˂ʰʺʵʶʲʨʮʳʻʸ 

ʼʸʨʽ˂ʰʨˀʰ. ˀʬʹʨʩʨʳʰʹʰ ʶʬʶʺʰʫʰʹ (ʰˆ „ʳʨʹʨʲʬʩʰ ʫʨ ʳʬʯʵʫʬʩʰ)  ˁʨʸʯʭʨ ʹʨʰʴʱʻʩʨ˂ʰʵ 

ʨʸʬˀʰ ʳʯʲʰʨʴʨʫ ʩʲʵʱʨʭʹ ʨʴʺʰʹˆʬʻʲʰʹʨ ʫʨ ˂ʰʲʵʭʨʴʰ ʳʵʲʬʱʻʲʰʹ ʻʸʯʰʬʸʯʵʩʨʹ, 

ʸʨ˂ ʫʨʳʨˇʬʸʬʩʲʨʫ ʳʰʻʯʰʯʬʩʹ ʸʵʳ ˂ʰʲʵʭʨʴʰ ʳʵʲʬʱʻʲʨ 55-56 ʱʫʨ ˄ʵʴʰʯ ʱʵʪʴʰʴʹ 

˄ʨʸʳʵʨʫʪʬʴʹ (ʹʻʸʨʯʰ11). 

ʺʰʶʻʸʰ ʭʬʹʺʬʸʴ ʰʳʻʴʵʩʲʵʺʰʴʪʰʹ ʪʨʳʵʹʨˆʻʲʬʩʬʩʰ ʴʨˁʭʬʴʬʩʰʨ 11-ʬ ʹʻʸʨʯʮʬ. 

ʨʻ˂ʰʲʬʩʲʨʫ ʻʴʫʨ ʨʾʰʴʰˀʴʵʹ ʸʵʳ ʨʸ˂ ʬʹ ʫʨ ʨʸ˂ ˀʬʳʫʬʪˀʰ ʳʵʿʭʨʴʰʲʰ ʺʰʶʻʸʰ 

ʨʻʺʵʸʨʫʰʵʪʸʨʳʨ ʨʸʨ ʨʹʨˆʨʭʹ  ˀʬʳʨˇʨʳʬʩʬʲ ʸʨʵʫʬʴʵʩʸʰʭ ʳʵʴʨ˂ʬʳʬʩʹ, ʸʵʳʲʬʩʰ˂ ʹˆʭʨ 

ʹʻʸʨʯʬʩʮʬʨ ʳʵʿʭʨʴʰʲʰ. 

ʸʵʪʵʸ˂ ʲʰʺʬʸʨʺʻʸʻʲ ʳʰʳʵˆʰʲʭʨˀʰ ʨʸʰʹ ʨʾʴʰˀʴʻʲʰ ʱʵʪʴʰʴʰ ʵʸ 

ʹʻʩʻˇʸʬʫʻʲ ʱʵʳʶʨʸʺʳʬʴʺˀʰ ʪʭˆʫʬʩʨ: ʬʴʫʵʶʲʨʮʳʻʸ ʩʨʫʬˀʰ ʫʨ ʶʲʨʮʳʻʸ-

ʳʬʳʩʸʨʴʻʲ ʼʸʨʽ˂ʰʨˀʰ ʫʨ ʳʨʯ ʪʨʴʹˆʭʨʭʬʩʻʲʰ ʼʻʴʽ˂ʰʬʩʰ ʻʴʫʨ ʪʨʨˁʴʫʬʯ. ʨʳʰʹ 

ʪʨʯʭʨʲʰʹ˄ʰʴʬʩʰʯ  ʱʵʪʴʰʴʰʹ ʸʨʵʫʬʴʵʩʸʰʭʰ ˂ʭʲʰʲʬʩʬʩʰ ˀʬʹ˄ʨʭʲʰʲʰ ʰʽʴʨ 

˂ʰʺʵʶʲʨʮʳʻʸ ʼʸʨʽ˂ʰʨˀʰ, ʸʵʳʬʲʰ˂ ʻʳʯʺʨʭʸʬʹʵʩʨ ʬʴʫʵʶʲʨʮʳʻʸ ʩʨʫʬʹ ˀʬʰ˂ʨʭʹ ʫʨ  

P2 ʼʸʨʽ˂ʰʨˀʰ, ʸʵʳʬʲʰ˂ ʶʲʨʮʳʻʸ ʳʬʳʩʸʨʴʬʩʹ ˀʬʰ˂ʨʭʹ. ʱʵʪʴʰʴʰʹ ʨʳ ʵʸʰ ʼʸʨʽ˂ʰʰʹ  

ʼʸʨʽ˂ʰʬʩʰʹ ʱʵʪʴʰʴʰʹ ʨʾʹʨʴʰˀʴʨʭʨʫ ʭʰˆʳʨʸʯ: ˂-ʱʵʪʴʰʴʰ ʫʨ ʳ-ʱʵʪʴʰʴʰ. 
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ʹʻʸʨʯʰ   11.  ˂ʰʺʵʶʲʨʮʳʻʸʰ ʫʨ P2 ʳʬʩʸʨʴʻʲʰ ʼʸʨʽ˂ʰʰʹ ʱʵʪʴʰʴʰʹ ʨʴʺʰʹˆʬʻʲʬʩʰʯ ˀʬʾʬʩʭʰʹ ʪʨʳʵʹʨˆʻʲʬʩʬʩʰ. ʨ- 

˂ʰʺʵʶʲʨʮʳʻʸʰ (1-3) ʫʨ ʳʬʳʩʸʨʴʻʲ-ʳʰʺʵʽʵʴʫʸʰʻʲʰ (4-6) ʼʸʨʽ˂ʰʬʩʰ. ʫʨʺʨʴʰʲʰʨ ˂ʰʲʨʯʨ ʳʮʨʸʫʰ ʸʨʵʫʬʴʵʩʨ 

15 ʳʱʪ, 30 ʳʱʪ ʫʨ 60 ʳʱʪ. ʰʳʻʴʵˀʬʾʬʩʭʨ ʱʵʪʴʰʴʰʹ ʶʵʲʰʱʲʵʴʻʸʰ ʨʴʺʰʹˆʬʻʲʬʩʰʯ ʨʴʺʰʪʬʴʻʸʰ ʶʬʶʺʰʫʰʹ ʪʨʸʬˀʬ.ʩ-

ʰʪʰʭʬ ˂ʰʲʵʭʨʴʰ ʼʸʨʽ˂ʰʬʩʰ, ʰʪʰʭʬ ʯʨʴʨʳʰʳʫʬʭʸʵʩʬʩʰʯ, ˀʬʾʬʩʭʨ ʱʵʪʴʰʴʰʹ ʨʴʺʰʹˆʬʻʲʬʩʰʯ, ʸʵʳʲʬʩʰ˂ ˀʬʰ˂ʨʭʬʴ 

ʨʴʺʰʪʬʴʻʸʰ ʶʬʶʺʰʫʹ ʱʵʴ˂ʬʴʺʸʨ˂ʰʰʯ 5 ʳʱʪ/ʳʲ-ˀʰ. 1-6 ʱʵʪʴʰʴʰ7-12  ʱʵʪʴʰʴʰ+ʶʬʶʺʰʫʰ 

 

 ʨ

           ʩ 

ʹʻʸʨʯʰ12. ʱʵʪʴʰʴʰʹ ˀʬʾʬʩʭʰʹ ʺʰʶʻʸʰ ʨʻʺʵʸʨʫʰʵʪʸʨʳʨ (ʨ) ʫʨ ˀʰʴʨʪʨʴʰ ʹʺʨʴʫʨʸʺʬʩʰʹ ʨʻʺʵʸʨʫʰʵʪʸʨʳʨ 

(ʳʨʸ˂ˆʴʰʭ) ʫʨ ʹʨʱʨʲʰʩʸʵ ʳʸʻʫʰ (ʳʨʸˇʭʴʰʭ)  ʨʪʬʩʻʲʰ ʻʳ˂ʰʸʬʹ ʱʭʨʫʸʨʺʯʨ  ʸʬʪʸʬʹʰʰʯ. ʨ- ʬʽʹʶʬʸʰʳʬʴʺʻʲʰ 

ʳʫʪʵʳʨʸʬʵʩʬʩʰ: ʱʨʸʪʨʫ ʫʨʳʹ˄ʨʭʲʬʲʰ, ʳʨʸ˂ˆʬʴʨ ʰʳʳ; 2. ʱʨʸʪʨʫ ʫʨʳʹ˄ʨʭʲʬʲʰ, ʳʨʸˇʭʬʴʨ ʰʳʳ; 3. ʱʨʸʪʨʫ 

ʫʨʳʹ˄ʨʭʲʬʲʰ ʳʨʸ˂ˆʬʴʨ ʶʴʴ; 4. ʱʨʸʪʨʫ ʫʨʳʹ˄ʨʭʲʬʲʰ ʳʨʸˇʭʬʴʨ ʶʴʴ; 5. ˂ʻʫʨʫ ʫʨʳʹ˄ʨʭʲʬʲʰ ʳʨʸ˂ˆʬʴʨ ʰʳʳ; 6. ˂ʻʫʨʫ 

ʫʨʳʹ˄ʨʭʲʬʲʰ ʳʨʸˇʭʬʴʨ ʰʳʳ; 7. ˂ʻʫʨʫ ʫʨʳʹ˄ʨʭʲʬʲʰ ʳʨʸ˂ˆʬʴʨ ʶʴʴ; 8. ˂ʻʫʨʫ ʫʨʳʹ˄ʨʭʲʬʲʰ ʳʨʸˇʭʬʴʨ ʶʴʴ; 9. 

ʨʸʨʺʸʬʴʰʸʬʩʻʲʰ ʳʨʸ˂ˆʬʴʨ ʰʳʳ; 10. ʨʸʨʺʸʬʴʰʸʬʩʻʲʰ, ʳʨʸˇʭʬʴʨ ʰʳʳ; 11. ʨʸʨʺʸʬʴʰʸʬʩʻʲʰ ʳʨʸ˂ˆʬʴʨ ʶʴʴ; 12. 

ʨʸʨʺʸʬʴʰʸʬʩʻʲʰ ʳʨʸˇʭʬʴʨ ʶʴʴ. 
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˂-ʱʵʪʴʰʴʰ. ˂- ʱʵʪʴʰʴʰʹ ˀʬʳʯˆʭʬʭʨˀʰ, ʨʸ˂ʬʸʯʰ ˀʬʹ˄ʨʭʲʰʲʰ ʻʩʴʰʹʨʯʭʰʹ ʨʸ ʨʾʳʵˁʴʫʨ 

ʹʨʸ˄ʳʻʴʵ ʱʵʸʬʲʨ˂ʰʨ ʻʶʰʸʨʺʬʹʵʩʰʹ ʺʬʹʺʯʨʴ ʳʰʳʨʸʯʬʩʨˀʰ (ʪʸʨʼʰʱʰ 1 ʨ-ʫ)

ʨ   ʩ 

 

ʪ ʫ 

 

ʪʸʨʼʰʱʰ1. ˂-ʱʵʪʴʰʴʰʹ ʹʺʨʴʫʨʸʺʰʮʰʸʬʩʻʲʰ ʼʨʸʫʵʩʰʯʰ ʸʨʵʫʬʴʵʩʰʹ ʫʨʳʵʱʰʫʬʩʻʲʬʩʨ ʻʶʰʸʨʺʬʹʵʩʰʹ ʺʬʹʺʰʹ 

ʳʨˁʭʬʴʬʩʬʲʮʬ. ʨ- ʳʨʸ˂ˆʬʴʨ ʰʳʳ; ʩ- ʳʨʸˇʭʬʴʨ ʰʳʳ; ʪ- ʳʨʸ˂ˆʬʴʨ ʶʴʴ ʫʨ ʫ-ʳʨʸˇʭʬʴʨ ʶʴʴ. ʯʭʰʯʵʬʻʲʰ ʫʨˆʻʸʻʲʰ ˄ʸʬ 

ʬʸʯʰ ˄ʰ˄ʰʲʰʹ ʳʨˁʭʬʴʬʩʬʲʰʨ. ʯʻ ʸʬʪʸʬʹʰʨ ʹʨʸ˄ʳʻʴʵʨ (P<0.05,ʵʸ-ʳˆʸʰʭʰ ʺʬʹʺʰ), ʳˆʵʲʵʫ ʳʨˀʰʴ ʨʽʭʹ ʨʫʪʰʲʰ 

ʻʳ˂ʰʸʬʹ ʱʭʨʫʸʨʺʯʨ ʸʬʪʸʬʹʰʻʲʰ ˄ʸʼʰʹ ʨʪʬʩʨʹ. ʨʸ˂ʬʸʯ ʳʵ˂ʬʳʻʲʰ ˀʬʳʯˆʭʬʭʨˀʰ ʱʵʸʬʲʨ˂ʰʨ ʹʨʸ˄ʳʻʴʵ ʨʸ ʨʸʰʹ. 

 

ʳ-ʱʵʪʴʰʴʰ. ʳ-ʱʵʪʴʰʴʰʹ ˀʬʳʯˆʭʬʭʨˀʰ, ʳʨʸˇʭʬʴʨ ʫʨ ʳʨʸ˂ˆʬʴʨ ʰʳʳ-ʰʹ ˀʬʫʬʪʬʩʰʹ 

ʪʨʬʸʯʰʨʴʬʩʰʯ ʨʾʳʵˁʴʫʨ ʻʶʰʸʨʺʬʹʵʩʰʹ ʺʬʹʺʰʹ ʹʨʸ˄ʳʻʴʵ ʬʼʬʽʺʰ [F(1,11)=16.05; 
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P=0.0021]. ʨʳʨʭʬ ʫʸʵʹ ʨʸ ʨʾʰʴʰˀʴʬʩʵʫʨ ʹʨʸ˄ʳʻʴʵ ʻʸʯʰʬʸʯʽʳʬʫʬʩʨ ʻʶʰʸʨʺʬʹʵʩʰʹ 

ʺʬʹʺʹʨ ʫʨ ˈʬʳʰʹʼʬʸʵʹ ʼʨʽʺʵʸʬʩʹ ˀʵʸʰʹ. ʬʹ ʳʰʻʯʰʯʬʩʹ ʰʳʨʮʬ ʸʵʳ ʻʶʰʸʨʺʬʹʵʩʰʹ 

ʺʬʹʺʮʬ ʱʵʸʬʲʨ˂ʰʻʸʰ ʳʸʻʫʬʩʰ ʹʨʸ˄ʳʻʴʵʫ ʨʸ ʪʨʴʹˆʭʨʭʫʬʩʵʫʴʬʴ ʬʸʯʳʨʴʬʯʰʹʨʪʨʴ 

ʴʨˆʬʭʨʸʹʼʬʸʵʬʩʹ ˀʵʸʰʹ. ˈʬʳʰʹʼʬʸʵʬʩʰʹ ʳʰˆʬʫʭʰʯ ʪʨʴ˂ʨʲʱʨʭʬʩʻʲʰ ʨʴʨʲʰʮʰʹ 

ˀʬʳʯˆʭʬʭʨˀʰ ʨʫʪʰʲʰ ʨʽʭʹ ʹʨʸ˄ʳʻʴʵ ʸʬʪʸʬʹʰʨʹ ʻʶʰʸʨʺʬʹʵʩʰʹ ʺʬʹʺʰʹ ʳʨˁʭʬʴʬʩʲʮʬ [F 

(1,11)=13.01; P=0.0041]. ʳ-ʱʵʪʴʰʴʰʹʨʯʭʰʹ ʸʬʪʸʬʹʰʰʹ ʫʨˆʸʰʲʵʩʨ ʹʨʸ˄ʳʻʴʵʫ 

ʪʨʴʹˆʭʨʭʬʩʻʲʰ ʰʿʵ ʫʨˆʸʰʲʵʩʰʹʨʯʭʰʹ ˂-ʱʵʪʴʰʴʰʹʨʯʭʰʹ [F(1,11)=10,09; P=0.009]. 

ʸʬʪʸʬʹʰʻʲʰ ˄ʸʼʰʹ ʱʭʬʯʨʻʶʰʸʨʺʬʹʵʩʰʹ ʺʬʹʺʰʹ 50 %-ʰʨʴʰ ʳʨˁʭʬʴʬʩʬʲʯʨʴʹʨʸ˄ʳʻʴʵʫ 

ʨʸ ʪʨʴʹˆʭʨʭʫʬʩʨ  ʨʸʨʺʸʬʴʰʸʬʩʻʲʰ ˄ʰ˄ʰʲʬʩʰʹ ʳʨˁʭʬʴʬʩʲʰʹʪʨʴ. ʬʹ ʳʰʻʯʰʯʬʩʹ ʰʳʨʮʬ, 

ʸʵʳ ʻʶʰʸʨʺʬʹʵʩʰʹ ʺʬʹʺʰʹ ʳʨˁʭʬʳʬʩʬʲʰ ʩʬʭʸʨʫ ʻʼʸʵ ʳʨʾʨʲʰ ʻʴʫʨ ʰʿʵʹ ʭʰʫʸʬ 

„ʨʸʨ-ʻʶʰʸʨʺʬʹʵʩʰʹ“ ʳʨˁʭʬʴʬʩʬʲʰ  50 ʸʵʳ ʪʨʳʵʰ˄ʭʰʵʹ ʳ-ʱʵʪʴʰʴʰʹ ʴʨˁʭʬʴʬʩʰ ʮʸʫʨ.  

ʳʨʸʯʲʨ˂, ʳ-ʱʵʪʴʰʴʰʹ ʸʨʵʫʬʴʵʩʨ ʸʵʳʬʲʰ˂ ˀʬʬʹʨʩʨʳʬʩʨ ʻʶʰʸʨʺʬʹʵʩʰʹ ʺʬʹʺʰʹ 

ʳʨʽʹʰʳʨʲʻʸ ʳʨˁʭʬʴʬʩʬʲʹ (100%) ʹʨʸ˄ʳʻʴʵʫ ʻʼʸʵ ʳʨʾʨʲʰʨ, ʭʰʫʸʬ ʪʨʻ˄ʭʸʯʴʬʲʰ, 

ʹʨʱʵʴʺʸʵʲʵ ˄ʰ˄ʰʲʬʩʰʹ ʹʨˀʻʨʲʵ ʳʨˁʭʬʴʬʩʬʲʰ [F(1,20)=19,81; P=0.0002], ʪʸʨʼʰʱ 2-

ˀʰ.ʪʨ˄ʭʸʯʴʰʲ ˄ʰ˄ʰʲʬʩˀʰ˂ʭʲʨʫʯʨ ʴʨˀʯʬʩʰ  ʻʼʸʵ ʳʨʾʨʲʰ ʰʿʵ, ʭʰʫʸʬ 

ʨʸʨʺʸʬʴʰʸʬʩʻʲʰ ˄ʰ˄ʰʲʬʩʰʹʨ (ʯʻʳ˂ʨ ʨʸʨ-ʹʨʸ˄ʳʻʴʵʫ ʳʨʾʨʲʰ). ʬʹ ʳʨˁʭʬʴʬʩʬʲʰ ʸʵʳ 

ʹʨʸ˄ʳʻʴʵʫ ʻʼʸʵ ʫʨʩʨʲʰ ʿʵʼʰʲʰʿʵ, ʭʰʫʸʬ ʪʨʻ˄ʭʸʯʴʬʲʰ ˄ʰ˄ʰʲʬʩʰʹ ˀʬʹʨʩʨʳʰʹʰ 

ʳʨˁʭʬʴʬʩʬʲʰ, ʳʨˀʰʴ ˀʬʪʭʬ˃ʲʵ ʪʭʬʭʨʸʨʻʫʨ, ʸʵʳ ʫʨʹ˄ʨʭʲʨʳ ʮʬʪʨʭʲʬʴʨ ʨʸ ʳʵˆʫʰʴʨ ʳ-

ʱʵʪʴʰʴʰʹ ʸʨʵʫʬʴʵʩʨʮʬ (Horn and Johnson 1989; McCabe and Horn 1994; McCabe 

2013).ʨʳʸʰʪʨʫ ʬʽʹʶʬʸʰʳʬʴʺʰʹ ʳʰʾʬʩʻʲʰ ˀʬʫʬʪʬʩʰ ʳʰʻʯʰʯʬʩʹ, ʫʨʹ˄ʨʭʲʰʹ ʬʼʬʽʺʰ 

ʺʸʬʰʴʰʴʪʰʹ  ʶʸʵ˂ʬʹʰʹ ʫʸʵʹ ˁʨʳʵʿʨʲʰʩʫʨ. 
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ʨ  ʩ 

 

 ʪ    ʫ 

ʪʸʨʼʰʱʰ 2. ʳ-ʱʵʪʴʰʴʰʹ ʹʺʨʴʫʨʸʺʰʮʰʸʬʩʻʲʰ ʼʨʸʫʵʩʰʯʰ ʸʨʵʫʬʴʵʩʰʹ ʫʨʳʵʱʰʫʬʩʻʲʬʩʨ ʻʶʰʸʨʺʬʹʵʩʰʹ ʺʬʹʺʰʹ 

ʳʨˁʭʬʴʬʩʬʲʮʬ. ʨ- ʳʨʸ˂ˆʬʴʨ ʰʳʳ; ʩ- ʳʨʸˇʭʬʴʨ ʰʳʳ; ʪ- ʳʨʸ˂ˆʬʴʨ ʶʴʴ ʫʨ ʫ-ʳʨʸˇʭʬʴʨ ʶʴʴ. ʯʭʰʯʵʬʻʲʰ ʫʨˆʻʸʻʲʰ ˄ʸʬ 

ʬʸʯʰ ˄ʰ˄ʰʲʰʹ ʳʨˁʭʬʴʬʩʬʲʰʨ. ʯʻ ʸʬʪʸʬʹʰʨ ʹʨʸ˄ʳʻʴʵʨ (P<0.05,ʵʸ-ʳˆʸʰʭʰ ʺʬʹʺʰ) ʳˆʵʲʵʫ ʳʨˀʰʴ ʨʽʭʹ ʨʫʪʰʲʰ 

ʻʳ˂ʰʸʬʹ ʱʭʨʫʸʨʺʯʨ ʸʬʪʸʬʹʰʻʲʰ ˄ʸʼʰʹ ʨʪʬʩʨʹ. ʨʳʰʹ ˀʬʳʫʬʪ ʸʬʪʸʬʹʰʻʲʰ ˄ʸʼʬ ʰʱʭʬʯʬʩʨ ʻʶʰʸʨʺʬʹʵʩʰʹ ʺʬʹʺʰʹ 

50%-ʰʨʴ ʳʨˁʭʬʴʬʩʬʮʬ (ʨʸʨʴʨʰʸʰ ʻʶʰʸʨʺʬʹʵʩʨ-ʨʸʨʴʨʰʸʰ ʫʨʹ˄ʨʭʲʨ, ʳʨʸ˂ˆʬʴʨ ʳˆʨʸʬʹ ˄ʿʭʬʺʰʲʰ ˆʨʮʰ) ʫʨ ˂ʰʲʰʹ 

ˀʬʹʨʩʨʳʰʹʰ ʸʨʵʫʬʴʵʩʨ ʳʰʯʰʯʬʩʻʲʰʨ ʸʵʪʵʸ˂ ʱʭʬʯʨ ʵʸʫʰʴʨʺʯʨ ʾʬʸ˃ʮʬ (ʽʭʬʫʨ ˈʵʸʰʮʵʴʺʨʲʻʸʰ ˄ʿʭʬʺʰʲʰ 

ˆʨʮʰ). ʸʬʪʸʬʹʰʻʲʰ ˄ʸʼʬ ʨʹʬʭʬ ʰʴʺʬʸʶʵʲʰʸʫʬʩʨ ʻʶʰʸʨʺʬʹʵʩʰʹ ʺʬʹʺʰʹ ʳʨʽʹʰʳʨʲʻʸ ʳʨˁʭʬʴʬʩʬʲʮʬ (˃ʲʰʬʸʰ 

ʻʶʰʸʨʺʬʹʵʩʨ-˃ʲʰʬʸʰ ʫʨʹ˄ʨʭʲʨ, ʳʨʸˇʭʬʴʨ ʳˆʨʸʬʹ ʭʬʸʺʰʱʨʲʻʸʰ˄ʿʭʬʺʰʲʰ ˆʨʮʰ) ʫʨ ˂ʰʲʰʹ ˀʬʹʨʩʨʳʰʹʰ ʸʨʵʫʬʴʵʩʨ 

ʳʰʯʰʯʬʩʻʲʰʨ ʵʸʫʰʴʨʺʰʹ ʱʭʬʯʨʮʬ (ʮʬʫʨ ˈʵʸʰʮʵʴʺʨʲʻʸʰ ˄ʿʭʬʺʰʲʰ ˆʨʮʰ). ʫʨˁʸʫʰʲʻʲʰ ʹʭʬʺʬʩʰ 

ʵʸʫʰʴʨʺʯʨ ʾʬʸ˃ʮʬ ʳʰʻʯʰʯʬʩʹ ʯʭʰʯʵʬʻʲʰ ʱʭʬʯʰʹ ʹʺʨʴʫʨʸʺʻʲ ˀʬ˂ʫʵʳʨʹ. ʾʰʨ ˄ʸʬʬʩʰ ʫʨ ˂ʫʵʳʰʲʬʩʰʹ ʹʭʬʺʰ 

ʳʰʻʯʰʯʬʩʹ ʨʸʨʺʸʬʴʰʸʬʩʻʲʰ ˄ʰ˄ʰʲʬʩʰʹ ʹʨˀʻʨʲʵ ʳʴʰˀʭʴʬʲʵʩʨʹ ʫʨ ʨʳ ʹʨˀʻʨʲʵʹ ʹʺʨʴʫʨʸʺʻʲ ˀʬ˂ʫʵʳʨʹ. ʪ ʫʨ 

ʫ ʪʸʨʼʰʱʰʹ ʳʰˆʬʫʭʰʯ, ʹʨʸ˄ʳʻʴʵ ʸʬʪʸʬʹʰʨʹ ʨʫʪʰʲʰ ʨʸ ʨʽʭʹ ʳʨʸ˂ˆʬʴʨ ʫʨ ʳʨʸˇʭʬʴʨ ʶʴʴ-ˀʰ. 
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ʹʨʸ˄ʳʻʴʵ   ʱʵʸʬʲʨ˂ʰʨ ʨʸʰʹ ʳ-ʱʵʪʴʰʴʰʹ ʹʺʨʴʫʨʸʺʨʮʰʸʬʩʻʲʰ ʼʨʸʫʵʩʰʯʰ 

ʸʨʵʫʬʴʵʩʨʹʨ ʫʨ ʻʶʰʸʨʺʬʹʵʩʰʹ ʺʬʹʺʹ ˀʵʸʰʹ ʨʹʬʭʬ ʳʨʸˇʭʬʴʨ ʰʳʳ-ˀʰ ([F(1,10)=6,80; 

P=0.026;], ʪʸʨʼʰʱʰ 2 ʩ . ʰʴʺʬʸʶʵʲʨ˂ʰʰʯ ʳʰʾʬʩʻʲʰ ʻʶʰʸʨʺʬʹʵʩʰʹ ʺʬʹʺʰʹ 50%-ʰʨʴʰ 

ʳʨˁʭʬʴʬʩʬʲʰʹ ˀʬʹʨʩʨʳʰʹʰ ʹʰʫʰʫʬ ʹʨʸ˄ʳʻʴʵʫ ʨʸ ʪʨʴʹˆʭʨʭʫʬʩʵʫʨ ʪʨʻ˄ʭʸʯʴʬʲʰ 

˄ʰ˄ʰʲʬʩʰʹ ʹʨˀʻʨʲʵ ʳʨˁʭʬʴʬʩʲʰʹʪʨʴ. ʯʻʳ˂ʨ, ʪʨʴʹˆʭʨʭʬʩʰʯ ʳʨʸ˂ˆʬʴʨ ʰʳʳ-ʰʹʨʪʨʴ ʨʳ 

ˀʬʳʯˆʭʬʭʨˀʰ, ʻʶʰʸʨʺʬʹʵʩʰʹ ʺʬʹʺʰʹ 100%-ʰʨʴʰ ʳʨˁʭʬʴʬʩʬʲʰʹ ʰʴʺʬʸʶʵʲʨ˂ʰʰʯ 

ʳʰʾʬʩʻʲʰ ˀʬʹʨʩʨʳʰʹʰ ʳʴʰˀʭʴʬʲʵʩʨ ʨʸ ʪʨʴʹˆʭʨʭʫʬʩʵʫʨ ʪʨʻ˄ʭʸʯʴʬʲʰ ˄ʰ˄ʰʲʬʩʰʹ 

ʹʨˀʻʨʲʵ ʳʨˁʭʬʴʬʩʲʰʹʪʨʴ.ʨʳʸʰʪʨʫ ʻʶʰʸʨʺʬʹʵʩʰʹ ʺʬʹʺʰʹ ʳʨʽʹʰʳʨʲʻʸʰ 

ʳʴʰˀʭʴʬʲʵʩʨ˂ ʱʰ ʨʸ ʰʿʵ ʹʨʱʳʨʸʰʹʰ ʳʨʸˇʭʬʴʨ ʰʳʳ-ˀʰ ʰʳʰʹʨʯʭʰʹ, ʸʵʳ ʪʨʳʵʬ˄ʭʰʨ ʳ-

ʱʵʪʴʰʴʰʹ ʹʨʸ˄ʳʻʴʵ ʳʵʳʨʺʬʩʨ ʪʨʻ˄ʭʸʯʴʬʲʰ ˄ʰ˄ʰʲʬʩʰʹ ʹʨˀʻʨʲʵ ʳʨˁʭʬʴʬʩʬʲʯʨʴ 

ˀʬʫʨʸʬʩʰʯ. ʫʨʹʱʭʴʰʹ ʹʨˆʰʯ, ˀʬʰ˃ʲʬʩʨ ʭʯʽʭʨʯ, ʸʵʳ  ʳʨʸˇʭʬʴʨ ʰʳʳ-ˀʰ ʨʾ˄ʬʸʰʲʰ 

˂ʭʲʰʲʬʩʬʩʰ ʨʸ ʨʸʰʹ ʰʳ ʹʰ˃ʲʰʬʸʰʹ ʸʵʳʰʹʰʴʰ ʳʰʭʨʱʻʯʭʴʵʯ ʫʨʹ˄ʨʭʲʨ 

ʫʨʳʵʱʰʫʬʩʻʲ ʹʨʸ˄ʳʻʴʵ ˂ʭʲʰʲʬʩʬʩʹ. ʳʨʸˇʭʬʴʨ ʰʳʳ-ˀʰ  ʺʸʬʴʰʸʬʩʻʲʰ ˄ʰ˄ʰʲʬʩʰʹ 

ʸʬʪʸʬʹʰʰʹ ˂ʭʲʨʫʯʨ ʴʨˀʯʬʩʰ  ʴʨʱʲʬʩʰʨ, ʭʰʫʸʬ ʨʸʨʺʸʬʴʰʸʬʩʻʲ ˄ʰ˄ʰʲʬʩʰʹ 

ʨʴʨʲʵʪʰʻʸʰ ʳʨˁʭʬʴʬʩʲʬʩʰ, ʳʨʪʸʨʳ ʪʨʹˆʭʨʭʬʩʨ ʹʨʸ˄ʳʻʴʵ ʨʸ ʨʸʰʹ. 

ʶʴʴ-ʰʹ  ˀʬʳʯˆʭʬʭʨˀʰ, ʸʵʪʵʸ˂ ʳʨʸ˂ˆʬʴʨ ʨʹʬʭʬ ʳʨʸˇʭʬʴʨ ʴʨˆʬʭʨʸʹʼʬʸʵʹʨʯʭʰʹ ʳ-

ʱʵʪʴʰʴʰʹ ʹʺʨʴʫʨʸʺʰʮʰʸʬʩʻʲʰ ʼʨʸʫʵʩʰʯʰ ʸʨʵʫʬʴʵʩʬʩʰʹʸʬʪʸʬʹʰʨ ʻʶʰʸʨʺʬʹʵʩʰʹ 

ʺʬʹʺʰʹ ʳʨˁʭʬʴʬʩʲʯʨʴ ʨʸ ʰʿʵ ʹʨʸ˄ʳʻʴʵ (ʪʸʨʼʰʱʰ 2 ʪ-ʫ) 

 

                                                         P-32/P-38 

 

ʱʵʳʬʸ˂ʰʻʲʰ ʨʴʺʰʹˆʬʻʲʬʩʰ ʸʵʳʲʬʩʰ˂ ʨʴʵʺʨ˂ʰʰʹ ʳʰˆʬʫʭʰʯ ʳʵʽʳʬʫʬʩʬʴ 

ʨʫʨʳʰʨʴʰʹ, ʯʨʪʭʰʹ ʫʨ ʭʰʸʯʨʪʭʨʹ ˂ʰʲʨ  P-32-ʯʨʴ ˄ʰ˄ʰʲʬʩʰʹ ˀʬʳʯˆʭʬʭʨˀʰ ʳʵʽʳʬʫʬʩʬʴ 

38 ʱʫʨ-ʹ ʳʵʲʬʱʻʲʻʸʰ ˄ʵʴʰʹ ʳʽʵʴʬ ˂ʰʲʨʹʯʨʴ (ʹʻʸʨʯʰ 13). ʨʳ ˂ʰʲʬʩʹ 70%-ʰʨʴʰ 

ˈʵʳʵʲʵʪʰʨ ʪʨʨˁʴʰʨʯ ˄ʰ˄ʰʲʬʩʰʹ ˀʬʹʨʩʨʳʰʹ ˂ʰʲʨʹʯʨʴ ʫʨ 38 ʱʫʨ-ʰʨʴʰ ˂ʰʲʨ 

˄ʨʸʳʵʨʫʪʬʴʹ ʨʫʨʳʰʨʴʰʹ ˀʬʹʨʩʨʳʰʹʰ P-32-ʰʹ ˂ʰʲʰʹ ʨʴʨʲʵʪʹ (Okagaki et al., 2000) ʫʨ 

ˀʬʳʫʪʵʳˀʰ ˁʭʬʴ ʨʳ ˂ʰʲʨʹ P-38-ʨʫ ʨʾʭʴʰˀʴʨʭʯ.  
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ʹʻʸʨʯʰ13. ʭʰʸʯʨʪʭʨʹ ʫʨ ˄ʰ˄ʰʲʨʹ ʯʨʭʰʹ ʺʭʰʴʰʹ ˈʵʳʵʪʬʴʨʺʰʹ ʭʬʹʺʬʸʴ ʰʳʻʴʵʩʲʵʺʰʴʪʰ ʨʱʵʳʬʸ˂ʰʻʲʰ 

ʨʴʺʰʹˆʬʻʲʬʩʰʯ, ʸʵʳʲʬʩʰ˂ ʨʫʨʳʰʨʴʹʨ, ʯʨʪʭʹʨ ʫʨ ʭʰʸʯʨʪʭʨˀʰ 32 ʱʫʨ-ʰʨʴ ˂ʰʲʨʹ ʨʳʵʰ˂ʴʵʩʬʴ. 1- ˄ʰ˄ʰʲʬʩʰʹ ʯʨʭʰʹ 

ʺʭʰʴʰʹ ˈʵʳʵʪʬʴʨʺʰ; 2-ʭʰʸʯʨʪʭʨʹ ʯʨʭʰʹ ʺʭʰʴʰʹ ˈʵʳʵʪʬʴʨʺʰ. 

 

P-32 ʪʭˆʫʬʩʨ ʸʵʪʵʸ˂ ˂ʰʺʵʶʲʨʮʳʨˀʰ ʨʸʰʹ ʨʹʬʭʬ ʳʰʺʵʽʵʴʫʸʰʻʲ 

ʳʨʺʸʰʽʹˀʰ. ˀʬʹʨʩʨʳʰʹʨʫ, P-38-ʰʹ ʸʨʵʫʬʴʵʩʰʹ ʪʨʮʵʳʭʨ ʳʵˆʫʨ ˂ʰʺʵʶʲʨʮʳʨˀʰ ʫʨ P2 

ʳʬʳʩʸʨʴʻʲ ʼʸʨʽ˂ʰʨˀʰ ʫʨ ʰʹʰʴʰ ʨʾʰʴʰˀʴʬʩʰʨʴ ʸʵʪʵʸ˂ ˂-P-38 ʫʨ ʳ-P-38.  

ʺʰʶʻʸʰ ʭʬʹʺʬʸʴ ʰʳʻʴʵʩʲʵʺʰʴʪʰʹ ʪʨʳʵʹʨˆʻʲʬʩʬʩʰ ʴʨˁʭʬʴʬʩʰʨ14-ʬ 

ʹʻʸʨʯʮʬ . ʱʰʫʬʭ ʬʸʯˆʬʲ  ʨʾʭʴʰˀʴʨʭʯ ʸʵʳ ʨʸ˂ ʬʹ ʫʨ ʨʸ˂ ˀʬʳʫʬʪˀʰ ʳʵʿʭʨʴʰʲʰ 

ʺʰʶʻʸʰ ʨʻʺʵʸʨʫʰʵʪʸʨʳʨ ʨʸʨ ʨʹʨˆʨʭʹ  ˀʬʳʨˇʨʳʬʩʬʲ ʸʨʵʫʬʴʵʩʸʰʭ ʳʵʴʨ˂ʬʳʬʩʹ, 

ʸʵʳʲʬʩʰ˂ ʹˆʭʨ ʹʻʸʨʯʬʩʮʬʨ ʳʵʿʭʨʴʰʲʰ. 

 

 

 

 



85 

 

 

 

ʹʻʸʨʯʰ 14.  P-38-ʰʹ ʰʳʻʴʵˀʬʾʬʩʭʰʹ ʺʰʶʻʸʰ ʨʻʺʵʸʨʫʰʵʪʸʨʳʨ (ʨ) ʫʨ ˀʰʴʨʪʨʴʰ ʹʺʨʴʫʨʸʺʬʩʰʹ ʨʻʺʵʸʨʫʰʵʪʸʨʳʨ 

(ʳʨʸ˂ˆʴʰʭ) ʫʨ ʹʨʱʨʲʰʩʸʵ ʳʸʻʫʰ (ʳʨʸˇʭʴʰʭ)  ʨʪʬʩʻʲʰ ʻʳ˂ʰʸʬʹ ʱʭʨʫʸʨʺʯʨ   ʸʬʪʸʬʹʰʰʯ. 1- ʬʽʹʶʬʸʰʳʬʴʺʻʲʰ 

ʳʫʪʵʳʨʸʬʵʩʬʩʰ: ʱʨʸʪʨʫ ʫʨʳʹ˄ʨʭʲʬʲʰ, ʳʨʸ˂ˆʬʴʨ ʰʳʳ; 2. ʱʨʸʪʨʫ ʫʨʳʹ˄ʨʭʲʬʲʰ, ʳʨʸˇʭʬʴʨ ʰʳʳ; 3. ʱʨʸʪʨʫ 

ʫʨʳʹ˄ʨʭʲʬʲʰ ʳʨʸ˂ˆʬʴʨ ʶʴʴ; 4. ʱʨʸʪʨʫ ʫʨʳʹ˄ʨʭʲʬʲʰ ʳʨʸˇʭʬʴʨ ʶʴʴ; 5. ˂ʻʫʨʫ ʫʨʳʹ˄ʨʭʲʬʲʰ ʳʨʸ˂ˆʬʴʨ ʰʳʳ; 6. 

˂ʻʫʨʫ ʫʨʳʹ˄ʨʭʲʬʲʰ ʳʨʸˇʭʬʴʨ ʰʳʳ; 7. ˂ʻʫʨʫ ʫʨʳʹ˄ʨʭʲʬʲʰ ʳʨʸ˂ˆʬʴʨ ʴʶʴ; 8. ˂ʻʫʨʫ ʫʨʳʹ˄ʨʭʲʬʲʰ ʳʨʸˇʭʬʴʨ ʶʴʴ; 

9. ʨʸʨʺʸʬʴʰʸʬʩʻʲʰ ʳʨʸ˂ˆʬʴʨ ʰʳʳ; 10. ʨʸʨʺʸʬʴʰʸʬʩʻʲʰ, ʳʨʸˇʭʬʴʨ ʰʳʳ; 11. ʨʸʨʺʸʬʴʰʸʬʩʻʲʰ ʳʨʸ˂ˆʬʴʨ ʶʴʴ; 12. 

ʨʸʨʺʸʬʴʰʸʬʩʻʲʰ ʳʨʸˇʭʬʴʨ ʶʴʴ. 

 

˂ʰʺʵʶʲʨʮʳʻʸʰ P-38. ʨʳ ʹʻʩʻˇʸʬʫʻʲ ʼʸʨʽ˂ʰʨˀʰ P-38-ʰʹ ʹʺʨʴʫʨʸʺʰʮʰʸʬʩʻʲ 

ʼʨʸʫʵʩʰʯ ʸʨʵʫʬʴʵʩʨʹʨ ʫʨ ʻʶʰʸʨʺʬʹʵʩʰʹ ʺʬʹʺʰʹ ʳʨˁʭʬʴʬʩʬʲʹ ˀʵʸʰʹ ʨʸʨʴʨʰʸʰ 

ʹʨʸ˄ʳʻʴʵ ʸʬʪʸʬʹʰʨ ʨʸ ʰʽʴʨ ʪʨʳʵʭʲʬʴʰʲʰ (ʪʸʨʼʰʱʰ 3). 

 

ʨ         ʩ                                                            
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ʪʸʨʼʰʱʰ 3. ˂ P-38-ʰʹ ʹʺʨʴʫʨʸʺʰʮʰʸʬʩʻʲʰ ʼʨʸʫʵʩʰʯʰ ʸʨʵʫʬʴʵʩʰʹ ʫʨʳʵʱʰʫʬʩʻʲʬʩʨ ʻʶʰʸʨʺʬʹʵʩʰʹ 

ʺʬʹʺʰʹ ʳʨˁʭʬʴʬʩʬʲʮʬ. ʨ- ʳʨʸ˂ˆʬʴʨ ʰʳʳ; ʩ- ʳʨʸˇʭʬʴʨ ʰʳʳ; ʪ- ʳʨʸ˂ˆʬʴʨ ʶʴʴ ʫʨ ʫ-ʳʨʸˇʭʬʴʨ ʶʴʴ. ʯʭʰʯʵʬʻʲʰ 

ʫʨˆʻʸʻʲʰ ˄ʸʬ ʬʸʯʰ ˄ʰ˄ʰʲʰʹ ʳʨˁʭʬʴʬʩʬʲʰʨ. ʯʻ ʸʬʪʸʬʹʰʨ ʹʨʸ˄ʳʻʴʵʨ (P<0.05,ʵʸ-ʳˆʸʰʭʰ ʺʬʹʺʰ), ʳˆʵʲʵʫ 

ʳʨˀʰʴ ʨʽʭʹ ʨʫʪʰʲʰ ʻʳ˂ʰʸʬʹ ʱʭʨʫʸʨʺʯʨ ʸʬʪʸʬʹʰʻʲʰ ˄ʸʼʰʹ ʨʪʬʩʨʹ. ʨʸ˂ʬʸʯ ʳʵ˂ʬʳʻʲʰ ˀʬʳʯˆʭʬʭʨˀʰ 

ʱʵʸʬʲʨ˂ʰʨ ʹʨʸ˄ʳʻʴʵ ʨʸ ʨʸʰʹ. 

ʳP-38. ʳʨʸ˂ˆʬʴʨ ʫʨ ʳʨʸˇʭʬʴʨ ʰʳʳ-ʬʩʰʹ ʳʵʴʨ˂ʬʳʬʩʰʹ ʪʨʬʸʯʰʨʴʬʩʰʯ ʨʾʰʴʰˀʴʬʩʨ 

ʻʶʰʸʨʺʬʹʵʩʰʹ ʺʬʹʺʰʹ ʳʨˁʭʬʴʬʩʲʰʹ ʹʨʸ˄ʳʻʴʵ ʬʼʬʽʺʰ ʨʳ ˂ʰʲʰʹ ʸʨʵʫʬʴʵʩʨʮʬ 

(F1,14=7.55, P=0.016). ʸʬʪʸʬʹʰʻʲʰ ʳʸʻʫʬʩʰ ˈʬʳʰʹʼʬʸʵʹ ʳʰˆʬʫʭʰʯ ʹʨʸ˄ʳʻʴʵʫ ʨʸ 

ʪʨʴʹˆʭʨʭʫʬʩʵʫʴʬʴ ʬʸʯʳʨʴʬʯʰʹʨʪʨʴ. ˈʬʳʰʹʼʬʸʵʬʩʰʹ ʳʰˆʬʫʭʰʯ ʪʨʴ˂ʨʲʱʨʭʬʩʻʲʳʨ 

ʨʴʨʲʰʮʳʨ ʨˁʭʬʴʨ ʸʵʳ ʳʨʸ˂ˆʬʴʨ ʴʨˆʬʭʨʸʹʼʬʸʵʹ ʰʳʳ-ˀʰ ʸʬʪʸʬʹʰʨ ʳ-P-38. 

ʹʺʨʴʫʨʸʺʰʮʰʸʬʩʻʲ ʼʨʸʫʵʩʰʯ ʸʨʵʫʬʴʵʩʨʹʨ ʫʨ ʻʶʰʸʨʺʬʹʵʩʰʹ ʺʬʹʺʰʹ 

ʳʨˁʭʬʴʬʩʬʲʹ ˀʵʸʰʹ ʹʨʸ˄ʳʻʴʵʨ (F1,14=7.85, P=0.014, ʪʸʨʼʰʱʰ 4 ʨ). ʨʸʨʺʸʬʴʰʸʬʩʻʲʰ 

˄ʰ˄ʰʲʬʩʰʹ ʳP-38-ʰʹ ʹʨˀʻʨʲʵ ʸʨʵʫʬʴʵʩʨ ʹʨʸ˄ʳʻʴʵʫ ʨʸ ʪʨʴʹˆʭʨʭʫʬʩʨ ʻʶʰʸʨʺʬʹʵʩʰʹ 

ʺʬʹʺʰʹ 50%-ʰʨʴ ʳʨˁʭʬʴʬʩʬʲʮʬ ʰʴʺʬʸʶʵʲʨʸʰʸʬʩʻʲʰ ʸʨʵʫʬʴʵʩʰʹʨʪʨʴ. ʨʳʨʭʬ ʫʸʵʹ 

ʻʶʰʸʨʺʬʹʵʩʰʹ ʺʬʹʺʰʹ 100%-ʰʨʴ ʳʨˁʭʬʴʬʩʬʲʮʬ ʸʬʪʸʬʹʰʻʲʰ˄ʸʼʰʹ ʰʴʺʬʸʶʵʲʨ˂ʰʰʯ 

ʳʰʾʰʾʬʩʻʲʰ ʹʰʫʰʫʬ ʹʨʸ˄ʳʻʴʵʫ ʨʾʬʳʨʺʬʩʨ ʨʸʨʺʸʬʴʰʸʬʩʻʲʰ ˄ʰ˄ʰʲʬʩʰʹ ʹʨˀʻʨʲʵ 

ʳʨˁʭʬʴʬʩʬʲʹ (F1,23=21.05, P=0.00013, ʪʸʨʼʰʱʰ 4 ʨ). ʨʳ ʳʵʴʨ˂ʬʳʬʩʰʹ ʬʸʯʵʩʲʰʵʩʨ 

ʳʰʻʯʰʯʬʩʹ ʸʵʳ ʳˆʵʲʵʫ ʫʨ ʳˆʵʲʵʫ ʫʨʹ˄ʨʭʲʰʹ ʶʸʵ˂ʬʹʰ ʫʨ ʳʬˆʹʰʬʸʬʩʨ ʫʨ ʨʸʨ 

ʺʸʬʰʴʰʴʪʰʹ ʪʭʬʸʫʰʯʰ ʬʼʬʽʺʬʩʰ ʨʸʰʹ ʶʨʹʻˆʰʹʳʪʬʩʬʲʰ ʳ P-38-ʰʹ ʳʨʺʬʩʨʮʬ ʳʨʸ˂ˆʬʴʨ 

ʰʳʳ-ˀʰ. ˂ʭʲʨʫʯʨ ʴʨˀʯʬʩʰ ʸʬʪʸʬʹʰʻʲʰ ʨʴʨʲʰʮʰʫʨʴ ʻʼʸʵ ʫʰʫʰʨ (ʹˆʭʨʵʩʨ ʨʸ ʨʸʰʹ 
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ʹʨʸ˄ʳʻʴʵ) ʭʰʫʸʬ ˀʬʹʨʩʨʳʰʹʰ ʳʨˁʭʬʴʬʩʬʲʰ ʨʸʨʺʸʬʴʰʸʬʩʻʲ ˄ʰ˄ʰʲʬʩˀʰ. ʬʹ ʼʨʽʺʰ ʸʵʳ 

˂ʭʲʨʫʯʨʴ ʴʨˀʯʬʩʰ ʪʨ˄ʭʸʯʴʰʲʬʩˀʰ ʹʨʸ˄ʳʻʴʵʫ ʻʼʸʵ ʫʨʩʨʲʰ ʨʸ ʨʸʰʹ ʭʰʫʸʬ  

ʪʨʻ˄ʭʸʯʴʬʲʬʩˀʰ ʳʰʻʯʰʯʬʩʹ ʸʵʳ ʳ P-38-ʰʹ ʳʨʺʬʩʨʹ ʨʫʪʰʲʰ ʫʨʹ˄ʨʭʲʰʹ ʶʸʵ˂ʬʹˀʰ ʫʨ  

ʨʸ ʨʸʰʹ ʶʸʬʫʰʹʶʵʮʰ˂ʰʰʹ ˀʬʫʬʪʰ. 

ʸʬʪʸʬʹʰʬʩʰ ʳʨʸˇʭʬʴʨ ʰʳʳ-ˀʰ ʫʨ ʨʸ˂ ʳʨʸ˂ˆʬʴʨ ʨʴ ʳʨʸˇʭʬʴʨ ʶʴʴ-ˀʰ ʹʨʸ˄ʳʻʴʵ 

ʨʸ ʨʸʰʹ(ʪʸʨʼʰʱʰ 4 ʩ-ʫ). 

 ʨ    ʩ 

 

ʪ        ʫ                                                                     
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ʪʸʨʼʰʱʰ 4. ʳ P-38-ʰʹ ʹʺʨʴʫʨʸʺʰʮʰʸʬʩʻʲʰ ʼʨʸʫʵʩʰʯʰ ʸʨʵʫʬʴʵʩʰʹ ʫʨʳʵʱʰʫʬʩʻʲʬʩʨ ʻʶʰʸʨʺʬʹʵʩʰʹ ʺʬʹʺʰʹ 

ʳʨˁʭʬʴʬʩʬʲʮʬ. ʨ- ʳʨʸ˂ˆʬʴʨ ʰʳʳ; ʩ- ʳʨʸˇʭʬʴʨ ʰʳʳ; ʪ- ʳʨʸ˂ˆʬʴʨ ʶʴʴ ʫʨ ʫ-ʳʨʸˇʭʬʴʨ ʶʴʴ. ʯʭʰʯʵʬʻʲʰ ʫʨˆʻʸʻʲʰ ˄ʸʬ 

ʬʸʯʰ ˄ʰ˄ʰʲʰʹ ʳʨˁʭʬʴʬʩʬʲʰʨ. ʯʻ ʸʬʪʸʬʹʰʨ ʹʨʸ˄ʳʻʴʵʨ (P<0.05,ʵʸ-ʳˆʸʰʭʰ ʺʬʹʺʰ) ʳˆʵʲʵʫ ʳʨˀʰʴ ʨʽʭʹ ʨʫʪʰʲʰ 

ʻʳ˂ʰʸʬʹ ʱʭʨʫʸʨʺʯʨ ʸʬʪʸʬʹʰʻʲʰ ˄ʸʼʰʹ ʨʪʬʩʨʹ. ʨʳʰʹ ˀʬʳʫʬʪ ʸʬʪʸʬʹʰʻʲʰ ˄ʸʼʬ ʰʱʭʬʯʬʩʨ ʻʶʰʸʨʺʬʹʵʩʰʹ ʺʬʹʺʰʹ 

50%-ʰʨʴ ʳʨˁʭʬʴʬʩʬʮʬ (ʨʸʨʴʨʰʸʰ ʻʶʰʸʨʺʬʹʵʩʨ-ʨʸʨʴʨʰʸʰ ʫʨʹ˄ʨʭʲʨ, ʳʨʸ˂ˆʬʴʨ ʳˆʨʸʬʹ ˄ʿʭʬʺʰʲʰ ˆʨʮʰ) ʫʨ ˂ʰʲʰʹ 

ˀʬʹʨʩʨʳʰʹʰ ʸʨʵʫʬʴʵʩʨ ʳʰʯʰʯʬʩʻʲʰʨ ʸʵʪʵʸ˂ ʱʭʬʯʨ ʵʸʫʰʴʨʺʯʨ ʾʬʸ˃ʮʬ (ʽʭʬʫʨ ˈʵʸʰʮʵʴʺʨʲʻʸʰ ˄ʿʭʬʺʰʲʰ 

ˆʨʮʰ). ʸʬʪʸʬʹʰʻʲʰ ˄ʸʼʬ ʨʹʬʭʬ ʰʴʺʬʸʶʵʲʰʸʫʬʩʨ ʻʶʰʸʨʺʬʹʵʩʰʹ ʺʬʹʺʰʹ ʳʨʽʹʰʳʨʲʻʸ ʳʨˁʭʬʴʬʩʬʲʮʬ (˃ʲʰʬʸʰ 

ʻʶʰʸʨʺʬʹʵʩʨ-˃ʲʰʬʸʰ ʫʨʹ˄ʨʭʲʨ, ʳʨʸˇʭʬʴʨ ʳˆʨʸʬʹ ʭʬʸʺʰʱʨʲʻʸʰ˄ʿʭʬʺʰʲʰ ˆʨʮʰ) ʫʨ ˂ʰʲʰʹ ˀʬʹʨʩʨʳʰʹʰ 

ʸʨʵʫʬʴʵʩʨ ʳʰʯʰʯʬʩʻʲʰʨ ʵʸʫʰʴʨʺʰʹ ʱʭʬʯʨʮʬ (ʮʬʫʨ ˈʵʸʰʮʵʴʺʨʲʻʸʰ ˄ʿʭʬʺʰʲʰ ˆʨʮʰ). ʫʨˁʸʫʰʲʻʲʰ 

ʹʭʬʺʬʩʰ ʵʸʫʰʴʨʺʯʨ ʾʬʸ˃ʮʬ ʳʰʻʯʰʯʬʩʹ ʯʭʰʯʵʬʻʲʰ ʱʭʬʯʰʹ ʹʺʨʴʫʨʸʺʻʲ ˀʬ˂ʫʵʳʨʹ. ʾʰʨ ˄ʸʬʬʩʰ ʫʨ 

˂ʫʵʳʰʲʬʩʯʰʹ ʹʭʬʺʰ ʳʰʻʯʰʯʬʩʹ ʨʸʨʺʸʬʴʰʸʬʩʻʲʰ ˄ʰ˄ʰʲʬʩʰʹ ʹʨˀʻʨʲʵ ʳʴʰˀʭʴʬʲʵʩʨʹ ʫʨ ʨʳ ʹʨˀʻʨʲʵʹ 

ʹʺʨʴʫʨʸʺʻʲ ˀʬ˂ʫʵʳʨʹ. ʩ,ʪ ʫʨ ʫ ʹʨʸ˄ʳʻʴʵ ʸʬʪʸʬʹʰʨʹ ʨʫʪʰʲʰ ʨʸ ʨʽʭʹ. 

 

                                                      ʫʰʴʨʳʰʴ-1 

 

ʨʴʺʰʹˆʬʻʲʬʩʰ ʫʰʴʨʳʰʴ-1ʰʹ ˄ʰʴʨʨʾʳʫʬʪ ʳʵʽʳʬʫʬʩʬʴ  ʫʨʨˆʲʵʬʩʰʯ 100 ʱʫʨ 

˄ʵʴʰʹ ʳʽʵʴʬ ʵʸ ˂ʰʲʵʭʨʴ ˆʨʮʯʨʴ (ʹʻʸʨʯʰ 15), ʸʵʳʬʲʰ˂ ʫʰʴʨʳʰʴ-1-ʰʹ ʵʸ 

ʰʮʵʼʵʸʳʨʹ ˀʬʬʹʨʩʨʳʬʩʨ. ʰʮʵʳʬʩʵʫʨ ʵʸʰʭʬ ˆʨʮʰʹ ʵʶʺʰʱʻʸʰ ʹʰʳʱʭʸʰʭʬ 

 

 

ʹʻʸʨʯʰ 15.  ʫʰʳʨʴʰʴ-1-ʰʹʰʳʻʴʵˀʬʾʬʩʭʰʹ  ʺʰʶʻʸʰ ʨʻʺʵʸʨʫʰʵʪʸʨʳʨ (ʨ) ʫʨ ˀʰʴʨʪʨʴʰ ʹʺʨʴʫʨʸʺʬʩʰʹ 

ʨʻʺʵʸʨʫʰʵʪʸʨʳʨ (ʳʨʸ˂ˆʴʰʭ) ʫʨ ʹʨʱʨʲʰʩʸʵ ʳʸʻʫʰ (ʳʨʸˇʭʴʰʭ)  ʨʪʬʩʻʲʰ ʻʳ˂ʰʸʬʹ ʱʭʨʫʸʨʺʯʨ   ʸʬʪʸʬʹʰʰʯ. ʨ- 

ʬʽʹʶʬʸʰʳʬʴʺʻʲʰ ʳʫʪʵʳʨʸʬʵʩʬʩʰ: ʱʨʸʪʨʫ ʫʨʳʹ˄ʨʭʲʬʲʰ, ʳʨʸ˂ˆʬʴʨ ʰʳʳ; 2. ʱʨʸʪʨʫ ʫʨʳʹ˄ʨʭʲʬʲʰ, ʳʨʸˇʭʬʴʨ ʰʳʳ; 3. 

ʱʨʸʪʨʫ ʫʨʳʹ˄ʨʭʲʬʲʰ ʳʨʸ˂ˆʬʴʨ ʶʴʴ; 4. ʱʨʸʪʨʫ ʫʨʳʹ˄ʨʭʲʬʲʰ ʳʨʸˇʭʬʴʨ ʶʴʴ; 5. ˂ʻʫʨʫ ʫʨʳʹ˄ʨʭʲʬʲʰ ʳʨʸ˂ˆʬʴʨ ʰʳʳ; 

6. ˂ʻʫʨʫ ʫʨʳʹ˄ʨʭʲʬʲʰ ʳʨʸˇʭʬʴʨ ʰʳʳ; 7. ˂ʻʫʨʫ ʫʨʳʹ˄ʨʭʲʬʲʰ ʳʨʸ˂ˆʬʴʨ ʶʴʴ; 8. ˂ʻʫʨʫ ʫʨʳʹ˄ʨʭʲʬʲʰ ʳʨʸˇʭʬʴʨ 
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ʶʴʴ; 9. ʨʸʨʺʸʬʴʰʸʬʩʻʲʰ ʳʨʸ˂ˆʬʴʨ ʰʳʳ; 10. ʨʸʨʺʸʬʴʰʸʬʩʻʲʰ, ʳʨʸˇʭʬʴʨ ʰʳʳ; 11. ʨʸʨʺʸʬʴʰʸʬʩʻʲʰ ʳʨʸ˂ˆʬʴʨ ʶʴʴ; 12. 

ʨʸʨʺʸʬʴʰʸʬʩʻʲʰ ʳʨʸˇʭʬʴʨ ʶʴʴ. 

 

ʳʨʸ˂ˆʬʴʨ ʫʨ ʳʨʸˇʭʬʴʨ ʰʳʳ-ʰʹ ʳʵʴʨ˂ʬʳʬʩʰʹ ʪʨʬʸʯʰʨʴʬʩʨʳʨˁʭʬʴʨ ˂ʰʲʰʹ 

ʹʺʨʴʫʨʸʺʰʮʰʸʬʩʻʲʰ ʼʨʸʫʵʩʰʯʰ ʸʨʵʫʬʴʵʩʰʹ ʹʨʸ˄ʳʻʴʵ ʫʨ ʫʨʫʬʩʰʯʰ  ʸʬʪʸʬʹʰʨ 

ʻʶʰʸʨʺʬʹʵʩʰʹ ʺʬʹʺʯʨʴ [F(1,11)=22,90; P=0.0006] ʳʰʳʨʸʯʬʩʨˀʰ ʫʨ ʨʹʬʭʬ ʳʴʰˀʭʴʬʲʵʭʨʴʰ 

ʻʸʯʰʬʸʯʽʳʬʫʬʩʨ  ʻʶʰʸʨʺʬʹʵʩʰʹ ʺʬʹʺʹʨ ʫʨ ˈʬʳʰʹʼʬʸʵʹ ʼʨʽʺʵʸʹ ˀʵʸʰʹ [F(1, 20) = 

5.04; P = 0.036]. ˈʬʳʰʹʼʬʸʵʬʩʰʹ ʳʰˆʬʫʭʰʯ ʨʴʨʲʰʮʳʨ ʨˁʭʬʴʨ ʸʵʳ ʸʬʪʸʬʹʰʨ ʫʰʴʨʳʰʴ-1-ʰʹ 

ʹʺʨʴʫʨʸʺʰʮʰʸʬʩʻʲʰ ʼʨʸʫʵʩʰʯ ʸʨʵʫʬʴʵʩʨʹʨ ʫʨ ʻʶʰʸʨʺʬʹʵʩʰʹ ʺʬʹʺʰʹ 

ʳʨˁʭʬʴʬʩʬʲʹ ˀʵʸʰʹ ʹʨʸ˄ʳʻʴʵʨ ʳˆʵʲʵʫ ʳʨʸ˂ˆʬʴʨ ʰʳʳ-ˀʰ  [F(1, 11) = 17.29; P = 0.0016], 

ʪʸʨʼʰʱʰ 5-ʨ.ʳʨʸ˂ˆʬʴʨ ʰʳʳ-ˀʰ ʰʴʺʬʸʶʵʲʰʸʬʩʻʲʰ ˄ʸʼʰʹ 50%-ʰʨʴ ʳʨˁʭʬʴʬʩʬʲʮʬ 

ʱʭʬʯʰʹ ˀʬʹʨʩʨʳʰʹʰ ʳʴʰˀʭʴʬʲʵʩʨ ʻʼʸʵ ʫʨʩʨʲʰ ʰʿʵ ʭʰʫʸʬ ʨʸʨʺʸʬʴʰʸʬʩʻʲʰ 

˄ʰ˄ʰʲʬʩʰʹ ʹʨˀʻʨʲʵ ʳʨˁʭʬʴʬʩʬʲʰ, ʳʨʪʸʨʳ ʪʨʴʹˆʭʨʭʬʩʨ ʹʨʸ˄ʳʻʴʵ ʨʸ ʨʸʰʹ. 

ʰʴʺʬʸʶʵʲʰʸʬʩʻʲʰ ˄ʸʼʰʹ 100%-ʰʨʴ ʳʨˁʭʬʴʬʩʬʲʮʬ ʱʭʬʯʰʹ ʳʴʰˀʭʴʬʲʵʩʨ ʹʨʸ˄ʳʻʴʵʫ 

ʻʼʸʵ ʳʨʾʨʲʰʨ ʭʰʫʸʬ ʨʸʨʺʸʬʴʰʸʬʩʻʲʰ ˄ʰ˄ʰʲʬʩʰʹ ʹʨˀʻʨʲʵ ʳʨˁʭʬʴʬʩʬʲʰ [F(1, 21) = 

7.10; P = 0.015], ʪʸʨʼʰʱʰ 5-ʨ. ʺʸʬʴʰʸʬʩʻʲ ˄ʰ˄ʰʲʬʩˀʰ ˂ʭʲʨʫʯʨ ʴʨˀʯʬʩʰ ʻʼʸʵ 

ʳʨʾʨʲʰʨ ʭʰʫʸʬ ʪʨʻ˄ʭʸʯʴʬʲ ˄ʰ˄ʰʲʬʩˀʰ, ʳʨʪʸʨʳ ʪʨʴʹˆʭʨʭʬʩʨ ʹʨʸ˄ʳʵʴʵ ʨʸ ʨʸʰʹ. 

ʨʳʸʰʪʨʫ ʳʰʾʬʩʻʲʰ ʳʵʴʨ˂ʬʳʬʩʰ ʳʰʻʯʰʯʬʩʹ, ʸʵʳ ʫʨʹ˄ʨʭʲʨ ʫʨ ʨʸʨ ʺʸʬʴʰʸʬʩʰʹ 

ʪʭʬʸʫʰʯʰ ʬʼʬʽʺʬʩʰ ʨʸʰʹ ʶʨʹʻˆʰʳʪʬʩʬʲʰ ʫʰʴʨʳʰʴʰ-1-ʰʹ ʸʨʵʫʬʴʵʩʸʰʭ ʳʨʺʬʩʨʮʬ 

ʳʨʸ˂ˆʬʴʨ ʴʨˆʬʭʨʸʹʼʬʸʵʹ ʰʳʳ-ˀʰ. ʨʸ˂ ʳʨʸ˂ˆʬʴʨ ʫʨ ʨʸ˂ ʳʨʸˇʭʬʴʨ ʴʨˆʬʭʨʸʹʼʬʸʵʹ ʶʴʴ-ˀʰ 

ʸʬʪʸʬʹʰʨ ʫʰʴʨʳʰʴʰ-1-ʰʹ ʹʺʨʴʫʨʸʺʰʮʰʸʬʩʻʲ ʼʨʸʫʵʩʰʯ ʸʨʵʫʬʴʵʩʨʹʨ ʫʨ 

ʻʶʰʸʨʺʬʹʵʩʰʹ ʺʬʹʺʰʹ ʳʨˁʭʴʬʩʬʲʹ ˀʵʸʰʹ ʨʸ ʰʿʵ ʹʨʸ˄ʳʻʴʵ. 
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ʨ                                                                                               ʩ 

 

ʪ                                                                                  ʫ 

ʪʸʨʼʰʱʰ 5. ʫʰʴʨʳʰʴ-1-ʰʹ ʹʺʨʴʫʨʸʺʰʮʰʸʬʩʻʲʰ ʼʨʸʫʵʩʰʯʰ ʸʨʵʫʬʴʵʩʰʹ ʫʨʳʵʱʰʫʬʩʻʲʬʩʨ ʻʶʰʸʨʺʬʹʵʩʰʹ 

ʺʬʹʺʰʹ ʳʨˁʭʬʴʬʩʬʲʮʬ. ʨ- ʳʨʸ˂ˆʬʴʨ ʰʳʳ; ʩ- ʳʨʸˇʭʬʴʨ ʰʳʳ; ʪ- ʳʨʸ˂ˆʬʴʨ ʶʴʴ ʫʨ ʫ-ʳʨʸˇʭʬʴʨ ʶʴʴ. ʯʭʰʯʵʬʻʲʰ 

ʫʨˆʻʸʻʲʰ ˄ʸʬ ʬʸʯʰ ˄ʰ˄ʰʲʰʹ ʳʨˁʭʬʴʬʩʬʲʰʨ. ʯʻ ʸʬʪʸʬʹʰʨ ʹʨʸ˄ʳʻʴʵʨ (P<0.05,ʵʸ-ʳˆʸʰʭʰ ʺʬʹʺʰ) ʳˆʵʲʵʫ ʳʨˀʰʴ 

ʨʽʭʹ ʨʫʪʰʲʰ ʻʳ˂ʰʸʬʹ ʱʭʨʫʸʨʺʯʨ ʸʬʪʸʬʹʰʻʲʰ ˄ʸʼʰʹ ʨʪʬʩʨʹ. ʨʳʰʹ ˀʬʳʫʬʪ ʸʬʪʸʬʹʰʻʲʰ ˄ʸʼʬ ʰʱʭʬʯʬʩʨ 

ʻʶʰʸʨʺʬʹʵʩʰʹ ʺʬʹʺʰʹ 50%-ʰʨʴ ʳʨˁʭʬʴʬʩʬʮʬ (ʨʸʨʴʨʰʸʰ ʻʶʰʸʨʺʬʹʵʩʨ-ʨʸʨʴʨʰʸʰ ʫʨʹ˄ʨʭʲʨ, ʳʨʸ˂ˆʬʴʨ ʳˆʨʸʬʹ 

˄ʿʭʬʺʰʲʰ ˆʨʮʰ) ʫʨ ˂ʰʲʰʹ ˀʬʹʨʩʨʳʰʹʰ ʸʨʵʫʬʴʵʩʨ ʳʰʯʰʯʬʩʻʲʰʨ ʸʵʪʵʸ˂ ʱʭʬʯʨ ʵʸʫʰʴʨʺʯʨ ʾʬʸ˃ʮʬ (ʽʭʬʫʨ 

ˈʵʸʰʮʵʴʺʨʲʻʸʰ ˄ʿʭʬʺʰʲʰ ˆʨʮʰ). ʸʬʪʸʬʹʰʻʲʰ ˄ʸʼʬ ʨʹʬʭʬ ʰʴʺʬʸʶʵʲʰʸʫʬʩʨ ʻʶʰʸʨʺʬʹʵʩʰʹ ʺʬʹʺʰʹ 

ʳʨʽʹʰʳʨʲʻʸ ʳʨˁʭʬʴʬʩʬʲʮʬ (˃ʲʰʬʸʰ ʻʶʰʸʨʺʬʹʵʩʨ-˃ʲʰʬʸʰ ʫʨʹ˄ʨʭʲʨ, ʳʨʸˇʭʬʴʨ ʳˆʨʸʬʹ ʭʬʸʺʰʱʨʲʻʸʰ˄ʿʭʬʺʰʲʰ 

ˆʨʮʰ) ʫʨ ˂ʰʲʰʹ ˀʬʹʨʩʨʳʰʹʰ ʸʨʵʫʬʴʵʩʨ ʳʰʯʰʯʬʩʻʲʰʨ ʵʸʫʰʴʨʺʰʹ ʱʭʬʯʨʮʬ (ʮʬʫʨ ˈʵʸʰʮʵʴʺʨʲʻʸʰ ˄ʿʭʬʺʰʲʰ 
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ˆʨʮʰ). ʫʨˁʸʫʰʲʻʲʰ ʹʭʬʺʬʩʰ ʵʸʫʰʴʨʺʯʨ ʾʬʸ˃ʮʬ ʳʰʻʯʰʯʬʩʹ ʯʭʰʯʵʬʻʲʰ ʱʭʬʯʰʹ ʹʺʨʴʫʨʸʺʻʲ ˀʬ˂ʫʵʳʨʹ. ʾʰʨ 

˄ʸʬʬʩʰ ʫʨ ˂ʫʵʳʰʲʬʩʰʹ ʹʭʬʺʰ ʳʰʻʯʰʯʬʩʹ ʨʸʨʺʸʬʴʰʸʬʩʻʲʰ ˄ʰ˄ʰʲʬʩʰʹ ʹʨˀʻʨʲʵ ʳʴʰˀʭʴʬʲʵʩʨʹ ʫʨ ʨʳ ʹʨˀʻʨʲʵʹ 

ʹʺʨʴʫʨʸʺʻʲ ˀʬ˂ʫʵʳʨʹ. ʪʸʨʼʰʱʰ 5-ʩ,ʪ ʫʨ ʫ-ʹ ʳʰˆʬʫʭʰʯ, ʹʨʸ˄ʳʻʴʵ ʸʬʪʸʬʹʰʨʹ ʨʫʪʰʲʰ ʨʸ ʨʽʭʹ ʫʰʴʨʳʰʴ 1-ʰʹ 

ˀʬʳʯˆʭʬʭʨˀʰ. 

 

                                                    ʭʫʨʨ-1 

 

ʨʴʺʰʹˆʬʻʲʬʩʰ ʭʵʲʺʨʷ ʫʨ˅ʰˀʱʸʻʲʰ ʨʴʰʵʴʻʸʰ ʨʸˆʰʹ ʸʬ˂ʬʶʺʵʸʰ-1-ʰʹ 

(ʭʫʨʨ-1) ˄ʰʴʨʨʾʳʫʬʪ, ʻʸʯʰʬʸʯʽʳʬʫʬʩʬʴ 31 ʱʫʨ ˄ʵʴʰʹ ʳʽʵʴʬ ˂ʰʲʵʭʨʴ ʳʵʲʬʱʻʲʰʹ 

ʫʻʶʲʬʺʯʨʴ (ʹʻʸʨʯʰ 16). ˀʰʴʨʪʨʴʰ ʹʺʨʴʫʨʸʺʬʩʰʹ ʳʮʨʸʫʰ ʸʨʵʫʬʴʵʩʬʩʰʹ ʵʶʺʰʱʻʸʰ 

ʹʰʳʱʭʸʰʭʬʬʩʰ ʳʰʻʯʰʯʬʩʹ, ʸʵʳ ʵʶʺʰʱʻʸʰ ʹʰʳʱʭʸʰʭʬʬʩʰ ʹʨʸ˄ʳʻʴʵ ˆʨʮʵʩʸʰʭ 

ʫʨʳʵʱʰʫʬʩʻʲʬʩʨˀʰʨ ˂ʰʲʰʹ ʸʨʵʫʬʴʵʩʨʹʯʨʴ. 

 

 

ʹʻʸʨʯʰ16. ʭʫʨʨ-1-ʰʹ ʰʳʻʴʵˀʬʾʬʩʭʰʹ  ʺʰʶʻʸʰ ʨʻʺʵʸʨʫʰʵʪʸʨʳʨ (ʨ) ʫʨ ˀʰʴʨʪʨʴʰ ʹʺʨʴʫʨʸʺʬʩʰʹ ʨʻʺʵʸʨʫʰʵʪʸʨʳʨ 

(ʳʨʸ˂ˆʴʰʭ) ʫʨ ʹʨʱʨʲʰʩʸʵ ʳʸʻʫʰ (ʳʨʸˇʭʴʰʭ)  ʨʪʬʩʻʲʰ ʻʳ˂ʰʸʬʹ ʱʭʨʫʸʨʺʯʨ   ʸʬʪʸʬʹʰʰʯ. ʨ- ʬʽʹʶʬʸʰʳʬʴʺʻʲʰ 

ʳʫʪʵʳʨʸʬʵʩʬʩʰ: ʱʨʸʪʨʫ ʫʨʳʹ˄ʨʭʲʬʲʰ, ʳʨʸ˂ˆʬʴʨ ʰʳʳ; 2. ʱʨʸʪʨʫ ʫʨʳʹ˄ʨʭʲʬʲʰ, ʳʨʸˇʭʬʴʨ ʰʳʳ; 3. ʱʨʸʪʨʫ 

ʫʨʳʹ˄ʨʭʲʬʲʰ ʳʨʸ˂ˆʬʴʨ ʶʴʴ; 4. ʱʨʸʪʨʫ ʫʨʳʹ˄ʨʭʲʬʲʰ ʳʨʸˇʭʬʴʨ ʶʴʴ; 5. ˂ʻʫʨʫ ʫʨʳʹ˄ʨʭʲʬʲʰ ʳʨʸ˂ˆʬʴʨ ʰʳʳ; 6. 

˂ʻʫʨʫ ʫʨʳʹ˄ʨʭʲʬʲʰ ʳʨʸˇʭʬʴʨ ʰʳʳ; 7. ˂ʻʫʨʫ ʫʨʳʹ˄ʨʭʲʬʲʰ ʳʨʸ˂ˆʬʴʨ ʶʴʴ; 8. ˂ʻʫʨʫ ʫʨʳʹ˄ʨʭʲʬʲʰ ʳʨʸˇʭʬʴʨ ʶʴʴ; 

9. ʨʸʨʺʸʬʴʰʸʬʩʻʲʰ ʳʨʸ˂ˆʬʴʨ ʰʳʳ; 10. ʨʸʨʺʸʬʴʰʸʬʩʻʲʰ, ʳʨʸˇʭʬʴʨ ʰʳʳ; 11. ʨʸʨʺʸʬʴʰʸʬʩʻʲʰ ʳʨʸ˂ˆʬʴʨ ʶʴʴ; 12. 

ʨʸʨʺʸʬʴʰʸʬʩʻʲʰ ʳʨʸˇʭʬʴʨ ʶʴʴ. 

 

ʭʫʨʨ-1-ʰʹ ˀʬʳʯˆʭʬʭʨˀʰ, ʳʨʸˇʭʬʴʨ ʫʨ ʳʨʸ˂ˆʬʴʨ ʰʳʳ-ʬʩʰʹ ʳʵʴʨ˂ʬʳʬʩʰʹ 

ʪʨʬʸʯʰʨʴʬʩʻʲʳʨ ʹʺʨʺʰʹʺʰʱʻʸʳʨ ʨʴʨʲʰʮʳʨ ʨˁʭʬʴʨ, ʳʴʰˀʭʴʬʲʵʭʨʴʰ ʸʬʪʸʬʹʰʨ 
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ʻʶʰʸʨʺʬʹʵʩʰʹ ʺʬʹʺʯʨʴ ʳʰʳʨʸʯʬʩʨˀʰ [F(1,10)=8,75; P=0.014]. ʨʫʪʰʲʰ ʨʸ ˈʽʵʴʫʨ 

ˈʬʳʰʹʼʬʸʵʹ ʼʨʽʺʵʸʰʹ ʹʨʸ˄ʳʻʴʵ ʬʼʬʽʺʹ. ˁʭʬʴ ˀʬʳʫʬʪ ʹʨʼʬˆʻʸʮʬ ʪʨʴ˂ʨʲʨʱʨʭʬʩʻʲʨʫ 

ʪʨʭʨʨʴʨʲʰʮʬʯ ʳʵʴʨ˂ʬʳʬʩʰ ˈʬʳʰʹʼʬʸʵʹ ʳʰˆʬʫʭʰʯ.  ʳˆʵʲʵʫ ʳʨʸ˂ˆʬʴʨ ʰʳʳ-ʰʹ 

ˀʬʳʯˆʭʬʭʨˀʰ ʰʽʴʨ ʴʨʴʨˆʰ ʹʨʸ˄ʳʻʴʵ ʫʨʫʬʩʰʯʰ ʱʵʸʬʲʨ˂ʰʨ ʫʨʹ˄ʨʭʲʰʹ ʹʰ˃ʲʰʬʸʬʹʨ ʫʨ 

ʻʶʰʸʨʺʬʹʵʩʰʹ ʺʬʹʺʰʹ ʳʨˁʭʬʴʬʩʬʲʹ ˀʵʸʰʹ [F(1,10)=10,51; P=0.0088]. ʳʨʸ˂ˆʬʴʨ ʰʳʳ-ˀʰ 

ʰʴʺʬʸʶʵʲʰʸʬʩʻʲʰ ˄ʸʼʰʹ ʱʭʬʯʰʹ ʹʰʫʰʫʬ ʻʶʰʸʨʺʬʹʵʩʰʹ ʺʬʹʺʰʹ 50%-ʰʨʴ 

ʳʨˁʭʬʴʬʩʬʲʮʬ ʹʨʸ˄ʳʻʴʵʫ ʨʸ ʪʨʴʹˆʭʨʭʫʬʩʨ ʪʨʻ˄ʭʸʯʴʬʲʰ ˄ʰ˄ʰʲʬʩʰʹ ʹʨˀʻʨʲʵ 

ʳʨˁʭʬʴʬʩʲʰʹʨʪʨʴ, ʸʵʫʬʹʨ˂ ʱʭʬʯʰʹ ʹʰʫʰʫʬ  100%-ʰʨʴʰ ʻʶʰʸʨʺʬʹʵʩʰʹ ʺʬʹʺʰʹ 

ʳʨˁʭʬʴʬʩʬʲʮʬ ʹʨʸ˄ʳʻʴʵʫ ʻʼʸʵ ʳʨʾʨʲʰʨ ʨʸʨʺʸʬʴʰʸʬʩʻʲʰ ˄ʰ˄ʰʲʬʩʰʹ ʹʨˀʻʨʲʵ 

ʳʨˁʭʬʴʬʩʬʲʯʨʴ [F(1,20) = 13.19; P = 0.0017], ʪʸʨʼʰʱʰ 6-ʨ. ʸʬʪʸʬʹʰʰʹ ˂ʭʲʨʫʯʨ ʴʨˀʯʬʩʰ 

ʻʼʸʵ ʳʨʾʨʲʰʨ ʭʰʫʸʬ ʨʸʨʺʸʬʴʰʸʬʩʻʲʰ ˄ʰ˄ʰʲʬʩʰʹ ˀʬʹʨʩʨʳʰʹʰ ʳʨˁʭʬʴʬʩʬʲʰ, ʳʨʪʸʨʳ 

ʹˆʭʨʵʩʨ ʹʨʸ˄ʳʻʴʵ ʨʸ ʨʸʰʹ. ʿʵʭʬʲʰʭʬ ʬʹ ˀʬʫʬʪʬʩʰ ʳʰʻʯʰʯʬʩʹ, ʸʵʳ ʺʸʬʴʰʸʬʩʰʹ 

ʫʸʵʹ ʳʰʳʫʰʴʨʸʬ ʫʨʹ˄ʨʭʲʨ ʨʸʰʹ ʶʨʹʻˆʰʹʳʪʬʩʬʲʰ ʭʫʨʨ-1-ʰʹ ʸʨʵʫʬʴʵʩʸʰʭ ʳʨʺʬʩʨʮʬ 

ʳʨʸ˂ˆʬʴʨ ʰʳʳ-ˀʰ. ʺʭʰʴʰʹ ʨʸ˂ʬʸʯ ʹˆʭʨ ʻʩʨʴˀʰ ʨʾʰʸʰ˂ˆʬʩʵʫʨ ʹʨʸ˄ʳʻʴʵ ˂ʭʲʰʲʬʩʬʩʰ 

(ʪʸʨʼʰʱʰ 6 ʩ-ʫ). 
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ʨ                ʩ

  ʪ                                       ʫ                                  

 

 

ʪʸʨʼʰʱʰ 6. ʭʫʨʨ-1-ʰʹ ʹʺʨʴʫʨʸʺʰʮʰʸʬʩʻʲʰ ʼʨʸʫʵʩʰʯʰ ʸʨʵʫʬʴʵʩʰʹ ʫʨʳʵʱʰʫʬʩʻʲʬʩʨ ʻʶʰʸʨʺʬʹʵʩʰʹ ʺʬʹʺʰʹ 

ʳʨˁʭʬʴʬʩʬʲʮʬ. ʨ- ʳʨʸ˂ˆʬʴʨ ʰʳʳ; ʩ- ʳʨʸˇʭʬʴʨ ʰʳʳ; ʪ- ʳʨʸ˂ˆʬʴʨ ʶʴʴ ʫʨ ʫ-ʳʨʸˇʭʬʴʨ ʶʴʴ. ʯʭʰʯʵʬʻʲʰ ʫʨˆʻʸʻʲʰ ˄ʸʬ 

ʬʸʯʰ ˄ʰ˄ʰʲʰʹ ʳʨˁʭʬʴʬʩʬʲʰʨ. ʯʻ ʸʬʪʸʬʹʰʨ ʹʨʸ˄ʳʻʴʵʨ (P<0.05,ʵʸ-ʳˆʸʰʭʰ ʺʬʹʺʰ) ʳˆʵʲʵʫ ʳʨˀʰʴ ʨʽʭʹ ʨʫʪʰʲʰ 

ʻʳ˂ʰʸʬʹ ʱʭʨʫʸʨʺʯʨ ʸʬʪʸʬʹʰʻʲʰ ˄ʸʼʰʹ ʨʪʬʩʨʹ. ʨʳʰʹ ˀʬʳʫʬʪ ʸʬʪʸʬʹʰʻʲʰ ˄ʸʼʬ ʰʱʭʬʯʬʩʨ ʻʶʰʸʨʺʬʹʵʩʰʹ ʺʬʹʺʰʹ 

50%-ʰʨʴ ʳʨˁʭʬʴʬʩʬʮʬ (ʨʸʨʴʨʰʸʰ ʻʶʰʸʨʺʬʹʵʩʨ-ʨʸʨʴʨʰʸʰ ʫʨʹ˄ʨʭʲʨ, ʳʨʸ˂ˆʬʴʨ ʳˆʨʸʬʹ ˄ʿʭʬʺʰʲʰ ˆʨʮʰ) ʫʨ ˂ʰʲʰʹ 

ˀʬʹʨʩʨʳʰʹʰ ʸʨʵʫʬʴʵʩʨ ʳʰʯʰʯʬʩʻʲʰʨ ʸʵʪʵʸ˂ ʱʭʬʯʨ ʵʸʫʰʴʨʺʯʨ ʾʬʸ˃ʮʬ (ʽʭʬʫʨ ˈʵʸʰʮʵʴʺʨʲʻʸʰ ˄ʿʭʬʺʰʲʰ 

ˆʨʮʰ). ʸʬʪʸʬʹʰʻʲʰ ˄ʸʼʬ ʨʹʬʭʬ ʰʴʺʬʸʶʵʲʰʸʫʬʩʨ ʻʶʰʸʨʺʬʹʵʩʰʹ ʺʬʹʺʰʹ ʳʨʽʹʰʳʨʲʻʸ ʳʨˁʭʬʴʬʩʬʲʮʬ (˃ʲʰʬʸʰ 

ʻʶʰʸʨʺʬʹʵʩʨ-˃ʲʰʬʸʰ ʫʨʹ˄ʨʭʲʨ, ʳʨʸˇʭʬʴʨ ʳˆʨʸʬʹ ʭʬʸʺʰʱʨʲʻʸʰ˄ʿʭʬʺʰʲʰ ˆʨʮʰ) ʫʨ ˂ʰʲʰʹ ˀʬʹʨʩʨʳʰʹʰ ʸʨʵʫʬʴʵʩʨ 

ʳʰʯʰʯʬʩʻʲʰʨ ʵʸʫʰʴʨʺʰʹ ʱʭʬʯʨʮʬ (ʮʬʫʨ ˈʵʸʰʮʵʴʺʨʲʻʸʰ ˄ʿʭʬʺʰʲʰ ˆʨʮʰ). ʫʨˁʸʫʰʲʻʲʰ ʹʭʬʺʬʩʰ 

ʵʸʫʰʴʨʺʯʨ ʾʬʸ˃ʮʬ ʳʰʻʯʰʯʬʩʹ ʯʭʰʯʵʬʻʲʰ ʱʭʬʯʰʹ ʹʺʨʴʫʨʸʺʻʲ ˀʬ˂ʫʵʳʨʹ. ʾʰʨ ˄ʸʬʬʩʰ ʫʨ ˂ʫʵʳʰʲʬʩʰʹ ʹʭʬʺʰ 

ʳʰʻʯʰʯʬʩʹ ʨʸʨʺʸʬʴʰʸʬʩʻʲʰ ˄ʰ˄ʰʲʬʩʰʹ ʹʨˀʻʨʲʵ ʳʴʰˀʭʴʬʲʵʩʨʹ ʫʨ ʨʳ ʹʨˀʻʨʲʵʹ ʹʺʨʴʫʨʸʺʻʲ ˀʬ˂ʫʵʳʨʹ. 6-ʩ,ʪ 

ʫʨ ʫ ʪʸʨʼʰʱʰʹ ˀʬʳʯˆʭʬʭʨˀʰ ʹʨʸ˄ʳʻʴʵ ʸʬʪʸʬʹʰʨʹ ʨʫʪʰʲʰ ʨʸ ʨʽʭʹ. 
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                                                   ˈʩʸʶ ʨ2/ʩ1 

 

ʨʴʺʰʹˆʬʻʲʬʩʰ ˈʬʺʬʸʵʪʬʴʻʲʰ ʩʰʸʯʭʻʲʰ ʸʰʩʵʴʻʱʲʬʵʶʸʵʺʬʰʴʰʹ ʨ2/ʩ1-ʰʹ 

˄ʰʴʨʨʾʳʫʬʪ,  ʳʵʽʳʬʫʬʩʬʴ 37 ʱʫʨ ˄ʵʴʰʹ ʳʽʵʴʬ ˂ʰʲʵʭʨʴ ʳʵʲʬʱʻʲʨʹʯʨʴ, ʸʵʳʬʲʰ˂ 

ʳʵʲʬʱʻʲʻʸʰ ˄ʵʴʰʹ ʳʰˆʬʫʭʰʯ ˄ʨʸʳʵʨʫʪʬʴʹ ʮʻʹʺʨʫ ʨʳ ˂ʰʲʵʭʨʴ ʳʵʲʬʱʻʲʨʹ. 

ˀʰʴʨʪʨʴʰ ʹʺʨʴʫʨʸʺʬʩʰʹ ʳʮʨʸʫʰ ʸʨʵʫʬʴʵʩʬʩʰʹ ʵʶʺʰʱʻʸʰ ʹʰʳʱʭʸʰʭʬʬʩʰ ʳʰʻʯʰʯʬʩʹ, 

ʸʵʳ ʵʶʺʰʱʻʸʰ ʹʰʳʱʭʸʰʭʬʬʩʰ ʹʨʸ˄ʳʻʴʵ ˆʨʮʵʩʸʰʭ ʫʨʳʵʱʰʫʬʩʻʲʬʩʨˀʰʨ ˂ʰʲʰʹ 

ʸʨʵʫʬʴʵʩʨʹʯʨʴ (ʹʻʸʨʯʰ 17). 

 

 

ˈʩʸʶ ʨ2/ʩ1, ˀʰʴʨʪʨʴʰ ʹʺʫʨʴʫʨʸʺʰ 

 

ʹʻʸʨʯʰ 17. ˈʩʸʶ ʨ2/ʩ1-ʰʹ ʰʳʻʴʵˀʬʾʬʩʭʰʹ  ʺʰʶʻʸʰ ʨʻʺʵʸʨʫʰʵʪʸʨʳʨ (ʨ) ʫʨ ˀʰʴʨʪʨʴʰ ʹʺʨʴʫʨʸʺʬʩʰʹ 

ʨʻʺʵʸʨʫʰʵʪʸʨʳʨ (ʳʨʸ˂ˆʴʰʭ) ʫʨ ʹʨʱʨʲʰʩʸʵ ʳʸʻʫʰ (ʳʨʸˇʭʴʰʭ)  ʨʪʬʩʻʲʰ ʻʳ˂ʰʸʬʹ ʱʭʨʫʸʨʺʯʨ   ʸʬʪʸʬʹʰʰʯ. ʨ- 

ʬʽʹʶʬʸʰʳʬʴʺʻʲʰ ʳʫʪʵʳʨʸʬʵʩʬʩʰ: ʱʨʸʪʨʫ ʫʨʳʹ˄ʨʭʲʬʲʰ, ʳʨʸ˂ˆʬʴʨ ʰʳʳ; 2. ʱʨʸʪʨʫ ʫʨʳʹ˄ʨʭʲʬʲʰ, ʳʨʸˇʭʬʴʨ ʰʳʳ; 3. 

ʱʨʸʪʨʫ ʫʨʳʹ˄ʨʭʲʬʲʰ ʳʨʸ˂ˆʬʴʨ ʶʴʴ; 4. ʱʨʸʪʨʫ ʫʨʳʹ˄ʨʭʲʬʲʰ ʳʨʸˇʭʬʴʨ ʶʴʴ; 5. ˂ʻʫʨʫ ʫʨʳʹ˄ʨʭʲʬʲʰ ʳʨʸ˂ˆʬʴʨ ʰʳʳ; 

6. ˂ʻʫʨʫ ʫʨʳʹ˄ʨʭʲʬʲʰ ʳʨʸˇʭʬʴʨ ʰʳʳ; 7. ˂ʻʫʨʫ ʫʨʳʹ˄ʨʭʲʬʲʰ ʳʨʸ˂ˆʬʴʨ ʶʴʴ; 8. ˂ʻʫʨʫ ʫʨʳʹ˄ʨʭʲʬʲʰ ʳʨʸˇʭʬʴʨ 

ʶʴʴ; 9. ʨʸʨʺʸʬʴʰʸʬʩʻʲʰ ʳʨʸ˂ˆʬʴʨ ʰʳʳ; 10. ʨʸʨʺʸʬʴʰʸʬʩʻʲʰ, ʳʨʸˇʭʬʴʨ ʰʳʳ; 11. ʨʸʨʺʸʬʴʰʸʬʩʻʲʰ ʳʨʸ˂ˆʬʴʨ ʶʴʴ; 12. 

ʨʸʨʺʸʬʴʰʸʬʩʻʲʰ ʳʨʸˇʭʬʴʨ ʶʴʴ. 

 

ˈʩʸʶ ʨ2/ʩ1-ʰʹ ˀʬʳʯˆʭʬʭʨˀʰ, ʳʨʸ˂ˆʬʴʨ ʫʨ ʳʨʸˇʭʬʴʨ ʰʳʳ-ʰʹ ˀʬʫʬʪʬʩʰʹ 

ʪʨʬʸʯʰʨʴʬʩʻʲʳʨ ʨʴʨʲʰʮʳʨ ʨˁʭʬʴʨ ʳʴʰˀʭʴʬʲʵʭʨʴʰ ʸʬʪʸʬʹʰʨ ʻʶʰʸʨʺʬʹʵʩʰʹ ʺʬʹʺʯʨʴ 

ʳʰʳʨʸʯʬʩʨˀʰ ([F(1,11)=28,02; P=0.016].  ʨʳʨʭʬ ʫʸʵʹ ʨʸ ˈʽʵʴʫʨ ʨʫʪʰʲʰ ʹʨʸ˄ʳʻʴʵ 
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ʻʸʯʰʬʸʯʽʳʬʫʬʩʨʹ ˈʬʳʰʹʼʬʸʵʹ ʫʨ ʻʶʰʸʨʺʬʹʵʩʰʹ ʺʬʹʺʰʹ ʳʨˁʭʬʴʬʩʲʹ ˀʵʸʰʹ. 

ˈʬʳʰʹʼʬʸʵʬʩʰʹ ʳʰˆʬʫʭʰʯ ʪʨʴ˂ʨʲʱʨʭʬʩʻʲʳʨ ʨʴʨʲʰʮʳʨ ʪʨʳʵʨʭʲʰʴʨ ʹʨʸ˄ʳʻʴʵ 

ʫʨʫʬʩʰʯʰ ʱʵʸʬʲʨ˂ʰʨ ˂ʰʲʰʹ ʹʺʨʴʫʨʸʺʰʮʰʸʬʩʻʲ ʼʨʸʫʵʩʰʯ ʸʨʵʫʬʴʵʩʨʹʨ ʫʨ 

ʻʶʰʸʨʺʬʹʵʩʰʹ ʺʬʹʺʰʹ ʳʨˁʭʬʴʬʩʬʲʹ ˀʵʸʰʹ ʳʨʸ˂ˆʬʴʨ ʰʳʳ-ˀʰ[F(1, 11) = 6.70; P = 0.025] ʫʨ 

ʨʹʬʭʬ ʳʨʸˇʭʬʴʨ ʰʳʳ-ˀʰ ([F(1, 11) = 5.54; P = 0.038], ʪʸʨʼʰʱʰ 7 ʨ-ʩ. ʵʸʰʭʬ ˈʬʳʰʹʼʬʸʵʹ 

ˀʬʳʯˆʭʬʭʨˀʰ ʸʬʪʸʬʹʰʰʹ ˆʨʮʰʹ ʰʴʺʬʸʶʵʲʰʸʬʩʰʹ ʱʭʬʯʰʹ ʹʰʫʰʫʬ ʻʶʰʸʨʺʬʹʵʩʰʹ 

ʺʬʹʺʰʹ 50%-ʰʨʴ ʳʨˁʭʬʴʬʩʬʲʯʨʴ ʹʨʸ˄ʳʻʴʵʫ ʨʸ ʪʨʴʹˆʭʨʭʫʬʩʨ ʨʸʨʺʸʬʴʰʸʬʩʻʲʰʳ 

˄ʰ˄ʰʲʬʩʰʹ ʹʨˀʻʨʲʵ ʳʨˁʭʬʴʬʩʲʰʹʨʪʨʴ (ʪʸʼʰʱʰ 7 ʨ-ʩ). ʨʳʨʭʬ ʫʸʵʹ ʳˆʵʲʵʹ ʳʨʸ˂ˆʬʴʨ 

ʫʨ ʨʸʨ ʳʨʸˇʭʬʴʨ ʰʳʳ-ʰʹʨʯʭʰʹ ʸʬʪʸʬʹʰʰʹ ˄ʸʼʰʹ ʰʴʺʬʸʶʵʲʰʸʬʩʰʹ ʱʭʬʯʰʹ ʹʰʫʰʫʬ 

100%-ʰʨʴʳʨˁʭʬʴʬʩʬʲʯʨʴ ʹʨʸ˄ʳʻʴʵ ʨʾʬʳʨʺʬʩʨ ʨʸʨʺʸʬʴʰʸʬʩʻʲʰ ˄ʰ˄ʰʲʬʩʰʹ ʹʨˀʻʨʲʵ 

ʳʨˁʭʬʴʬʩʬʲʹ [F(1, 21) = 8.01; P = 0.010].  ʵʸʰʭʬ ʴʨˆʬʭʨʸʹʼʬʸʵʹʨʯʭʰʹ ˂ʭʲʨʫʯʨ ʴʨˀʯʬʩʰ 

ʻʼʸʵ ʳʬʺʰʨ ʭʰʫʸʬ ʨʸʨʺʸʬʴʰʸʬʩʻʲʰ ˄ʰ˄ʰʲʬʩʰʹ ˀʬʹʨʩʨʳʰʹʰ ʳʨˁʭʬʴʬʩʲʬʩʰ, ʯʻʳ˂ʨ ʬʹ 

ʹˆʭʨʵʩʨ ʹʨʸ˄ʳʻʴʵ ʨʸ ʨʸʰʹ.ʬʹ ˀʬʫʬʪʬʩʰ ʳʰʻʯʰʯʬʩʹ, ʸʵʳ ʳʨʸ˂ˆʬʴʨ ʰʳʳ-ˀʰ ʫʨ ʨʸʨ 

ʳʨʸˇʭʬʴʨ ʰʳʳ-ˀʰˈʩʸʶ ʨ2/ʩ1-ʰʹ ʸʨʵʫʬʴʵʩʨ ʰʮʸʫʬʩʨ ʫʨʹ˄ʨʭʲʰʹʨʯʭʰʹ ʹʶʬ˂ʰʼʰʱʻʸʨʫ. 

ʨʸ˂ ʳʨʸ˂ˆʬʴʨ ʫʨ ʨʸ˂ ʳʨʸˇʭʬʴʨ ʴʨˆʬʭʨʸʹʼʬʸʵʹ ʶʴʴ-ˀʰ ʨʽʭʹ ʨʫʪʰʲʰ ˂ʰʲʰʹ 

ʸʨʵʫʬʴʵʩʰʹ ʹʨʸ˄ʳʻʴʵ ʸʬʪʸʬʹʰʨʹ ʻʶʰʸʨʺʬʹʵʩʰʹ ʺʬʹʺʰʹ ʳʨˁʭʬʴʬʩʬʲʮʬ (ʪʸʨʼʰʱʰ 7  ʪ-

ʫ). 

ʨ ʩ 
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         ʪ     ʫ                                              

 

 

ʪʸʨʼʰʱʰ 7. ˈʩʸʶ ʨ2/ʩ1-ʰʹ ʹʺʨʴʫʨʸʺʰʮʰʸʬʩʻʲʰ ʼʨʸʫʵʩʰʯʰ ʸʨʵʫʬʴʵʩʰʹ ʫʨʳʵʱʰʫʬʩʻʲʬʩʨ ʻʶʰʸʨʺʬʹʵʩʰʹ 

ʺʬʹʺʰʹ ʳʨˁʭʬʴʬʩʬʲʮʬ. ʨ- ʳʨʸ˂ˆʬʴʨ ʰʳʳ; ʩ- ʳʨʸˇʭʬʴʨ ʰʳʳ; ʪ- ʳʨʸ˂ˆʬʴʨ ʶʴʴ ʫʨ ʫ-ʳʨʸˇʭʬʴʨ ʶʴʴ. ʯʭʰʯʵʬʻʲʰ 

ʫʨˆʻʸʻʲʰ ˄ʸʬ ʬʸʯʰ ˄ʰ˄ʰʲʰʹ ʳʨˁʭʬʴʬʩʬʲʰʨ. ʯʻ ʸʬʪʸʬʹʰʨ ʹʨʸ˄ʳʻʴʵʨ (P<0.05,ʵʸ-ʳˆʸʰʭʰ ʺʬʹʺʰ) ʳˆʵʲʵʫ ʳʨˀʰʴ 

ʨʽʭʹ ʨʫʪʰʲʰ ʻʳ˂ʰʸʬʹ ʱʭʨʫʸʨʺʯʨ ʸʬʪʸʬʹʰʻʲʰ ˄ʸʼʰʹ ʨʪʬʩʨʹ. ʨʳʰʹ ˀʬʳʫʬʪ ʸʬʪʸʬʹʰʻʲʰ ˄ʸʼʬ ʰʱʭʬʯʬʩʨ 

ʻʶʰʸʨʺʬʹʵʩʰʹ ʺʬʹʺʰʹ 50%-ʰʨʴ ʳʨˁʭʬʴʬʩʬʮʬ (ʨʸʨʴʨʰʸʰ ʻʶʰʸʨʺʬʹʵʩʨ-ʨʸʨʴʨʰʸʰ ʫʨʹ˄ʨʭʲʨ, ʳʨʸ˂ˆʬʴʨ ʳˆʨʸʬʹ 

˄ʿʭʬʺʰʲʰ ˆʨʮʰ) ʫʨ ˂ʰʲʰʹ ˀʬʹʨʩʨʳʰʹʰ ʸʨʵʫʬʴʵʩʨ ʳʰʯʰʯʬʩʻʲʰʨ ʸʵʪʵʸ˂ ʱʭʬʯʨ ʵʸʫʰʴʨʺʯʨ ʾʬʸ˃ʮʬ (ʽʭʬʫʨ 

ˈʵʸʰʮʵʴʺʨʲʻʸʰ ˄ʿʭʬʺʰʲʰ ˆʨʮʰ).ʸʬʪʸʬʹʰʻʲʰ ˄ʸʼʬ ʨʹʬʭʬ ʰʴʺʬʸʶʵʲʰʸʫʬʩʨ ʻʶʰʸʨʺʬʹʵʩʰʹ ʺʬʹʺʰʹ 

ʳʨʽʹʰʳʨʲʻʸ ʳʨˁʭʬʴʬʩʬʲʮʬ (˃ʲʰʬʸʰ ʻʶʰʸʨʺʬʹʵʩʨ-˃ʲʰʬʸʰ ʫʨʹ˄ʨʭʲʨ, ʳʨʸˇʭʬʴʨ ʳˆʨʸʬʹ ʭʬʸʺʰʱʨʲʻʸʰ˄ʿʭʬʺʰʲʰ 

ˆʨʮʰ) ʫʨ ˂ʰʲʰʹ ˀʬʹʨʩʨʳʰʹʰ ʸʨʵʫʬʴʵʩʨ ʳʰʯʰʯʬʩʻʲʰʨ ʵʸʫʰʴʨʺʰʹ ʱʭʬʯʨʮʬ (ʮʬʫʨ ˈʵʸʰʮʵʴʺʨʲʻʸʰ ˄ʿʭʬʺʰʲʰ 

ˆʨʮʰ). ʫʨˁʸʫʰʲʻʲʰ ʹʭʬʺʬʩʰ ʵʸʫʰʴʨʺʯʨ ʾʬʸ˃ʮʬ ʳʰʻʯʰʯʬʩʹ ʯʭʰʯʵʬʻʲʰ ʱʭʬʯʰʹ ʹʺʨʴʫʨʸʺʻʲ ˀʬ˂ʫʵʳʨʹ. ʾʰʨ 

˄ʸʬʬʩʰ ʫʨ ˂ʫʵʳʰʲʬʩʰʹ ʹʭʬʺʰ ʳʰʻʯʰʯʬʩʹ ʨʸʨʺʸʬʴʰʸʬʩʻʲʰ ˄ʰ˄ʰʲʬʩʰʹ ʹʨˀʻʨʲʵ ʳʴʰˀʭʴʬʲʵʩʨʹ ʫʨ ʨʳ ʹʨˀʻʨʲʵʹ 

ʹʺʨʴʫʨʸʺʻʲ ˀʬ˂ʫʵʳʨʹ.ʪʨʸʼʰʱʰ 7-ʰʹ ʪ ʫʨ ʫ -ʹ ʳʰˆʬʫʭʰʯ ʹʨʸ˄ʳʻʴʵ ʸʬʪʸʬʹʰʨʹ ʨʫʪʰʲʰ ʨʸ ʨʽʭʹ. 

 

 

                                 ʳʰʺʵʽʵʴʫʸʰʻʲʰ ʩʰʵʪʬʴʬʮʰ ʫʨ ʰʳʶʸʰʴʺʰʴʪʰ 

 

ˁʭʬʴʰ ʲʨʩʵʸʨʺʵʸʰʰʹ ˄ʰʴʨ ʱʭʲʬʭʬʩˀʰ ʴʨˁʭʬʴʬʩʰ ʰʽʴʨ, ʸʵʳ ʫʨʹ˄ʨʭʲʰʫʨʴ 24 

ʹʨʨʯʰʹ ˀʬʳʫʬʪ ʨʫʪʰʲʰ ʨʽʭʹ ˂ʰʺʵʽʸʵʳ C ʵʽʹʰʫʨʮʻʸʰ ʱʵʳʶʲʬʽʹʰʹ I ʫʨ  II 

ʹʻʩʬʸʯʬʻʲʬʩʰʹ ʹʶʬ˂ʰʼʰʱʻʸ ʳʨʺʬʩʨʹ ʳʨʸ˂ˆʬʴʨ ʫʨ ʳʨʸˇʭʬʴʨ ʰʳʳ-ˀʰ (Solomonia et al., 

2011). ʬʹ ʵʸʰʭʬ ʹʻʩʬʸʯʬʻʲʰ ʳʰʺʵʽʵʴʫʸʰʻʲʰ ʪʬʴʵʳʰʯ ʱʵʫʰʸʫʬʩʨ. ʮʬʳʵʯ 
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ʳʵʿʭʨʴʰʲʰ ˀʬʫʬʪʬʩʰʫʨʴ, ʫʨʳʨˇʬʸʬʩʲʨʫ ˁʨʴʹ ʸʵʳ ʨʫʪʰʲʰ ʨʽʭʹ ʨʪʸʬʯʭʬ 

ʳʰʺʵʽʵʴʫʸʰʻʲʰ ˂ʰʲʬʩʰʹ P-38-ʰʹ ʫʨ ʭʫʨʨ-1-ʰʹ ʫʨʹ˄ʨʭʲʰʹʨʯʭʰʹ ʹʶʬ˂ʰʼʰʱʻʸ 

ʳʨʺʬʩʨʹ. ʲʵʪʰʱʻʸʨʫ ˁʴʫʬʩʨ ˀʬʱʰʯˆʭʨ- ʨʸʰʹ ʯʻ ʨʸʨ ʬʹ ˂ʭʲʰʲʬʩʬʩʰ ʪʨʴʶʰʸʵʩʬʩʻʲʰ 

ʳʰʺʵʽʵʴʫʸʰʬʩʰʹ ʸʰ˂ˆʭʰʹ ʳʨʺʬʩʰʯ? ʨʴʻ ʰʮʸʫʬʩʨ ʯʻ ʨʸʨ ʳʰʺʵʽʵʴʫʸʰʻʲʰ 

ʩʰʵʪʬʴʬʮʰ? ˁʭʬʴ ʬʹ ʹʨʱʰʯˆʰ ˀʬʭʰʹ˄ʨʭʲʬʯ ʳʰʺʵʽʵʴʫʸʰʻʲʰ ʫʴʳ-ʰʹ ʨʹʲʬʩʰʹ  

ʸʨʵʫʬʴʵʩʸʰʭʰ ˂ʭʲʰʲʬʩʬʩʰʯ ʫʨ ʳʰʺʵʽʵʴʫʸʰʻʲ ʩʰʵʪʬʴʬʮˀʰ ʳʵʴʨ˄ʰʲʬ 

ʺʸʨʴʹʱʸʰʼ˂ʰʻʲʰ ʼʨʽʺʵʸʬʩʰʹ ʸʨʵʫʬʴʵʩʸʰʭʰ ˂ʭʲʰʲʬʩʬʩʰʯ. 

 

                                          ʳʰʺʵʽʵʴʫʸʰʻʲʰ ʫʴʳ 

 

ʳʰʺʵʽʵʴʫʸʰʻʲʰ ʫʴʳ-ʰʹ ʸʨʵʫʬʴʵʩʨʹʨ ʫʨ ʻʶʰʸʨʺʬʹʵʩʰʹ ʺʬʹʺʹ ˀʵʸʰʹ ʨʸ 

ʰʽʴʨ ʴʨʴʨˆʰ ʳʴʰˀʭʴʬʲʵʭʨʴʰ ʸʬʪʸʬʹʰʨ ʺʭʰʴʰʹ ʸʵʳʬʲʰʳʬ ʹʶʬ˂ʰʼʰʻʸ ʨʴ ʹʨʱʵʴʺʸʵʲʵ 

ʻʩʨʴˀʰ (ʪʸʨʼʰʱʰ 8). 

ʨ ʩ  
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ʪ ʫ  

ʪʸʨʼʰʱʰ 8. ʳʰʺʵʽʵʴʫʸʰʻʲʰ ʫʴʳ-ʰʹ ʹʺʨʴʫʨʸʺʰʮʰʸʬʩʻʲʰ ʼʨʸʫʵʩʰʯʰ ʸʨʵʫʬʴʵʩʰʹ ʫʨʳʵʱʰʫʬʩʻʲʬʩʨ 

ʻʶʰʸʨʺʬʹʵʩʰʹ ʺʬʹʺʰʹ ʳʨˁʭʬʴʬʩʬʲʮʬ. ʨ-ʳʨʸ˂ˆʬʴʨ ʰʳʳ; ʩ-ʳʨʸ˂ˆʬʴʨ ʶʴʴ; ʪ-ʳʨʸˇʭʬʴʨ ʰʳʳ; ʫ-ʳʨʸˇʭʬʴʨ ʶʴʴ.ʯʭʰʯʵʬʻʲʰ 

ʫʨˆʻʸʻʲʰ ˄ʸʬ ʬʸʯʰ ˄ʰ˄ʰʲʰʹ ʳʨˁʭʬʴʬʩʬʲʰʨ. ʯʻ ʸʬʪʸʬʹʰʨ ʹʨʸ˄ʳʻʴʵʨ (P<0.05,ʵʸ-ʳˆʸʰʭʰ ʺʬʹʺʰ) ʳˆʵʲʵʫ ʳʨˀʰʴ 

ʨʽʭʹ ʨʫʪʰʲʰ ʻʳ˂ʰʸʬʹ ʱʭʨʫʸʨʺʯʨ ʸʬʪʸʬʹʰʻʲʰ ˄ʸʼʰʹ ʨʪʬʩʨʹ. ʨʸ˂ʬʸʯ ˀʬʳʯˆʭʬʭʨˀʰ ʹʨʸ˄ʳʻʴʵ ʸʬʪʸʬʹʰʨʹ ʨʫʪʰʲʰ 

ʨʸ ʨʽʭʹ. 

 

                                                                  ʳʺʼʨ 

 

ʳʰʺʵʽʵʴʫʸʰʰʹ ʺʸʨʴʹʱʸʰʶ˂ʰʻʲʰ ʼʨʽʺʵʸʰʹ ˄ʰʴʨʨʾʳʫʬʪ ʪʨʳʵʳʻˀʨʭʬʩʻʲʰ 

ʱʵʳʬʸ˂ʰʻʲʰ  ʨʴʺʰʹˆʬʻʲʬʩʰ ʳʵʽʳʬʫʬʩʬʴ 29 ʱʫʨ ˄ʵʴʰʹ ʳʽʵʴʬ ˂ʰʲʵʭʨʴ 

ʳʵʲʬʱʻʲʨʹʯʨʴ. ʰʹʬʭʬ ʸʵʪʵʸ˂ ʿʭʬʲʨ ˄ʰʴʨ ˀʬʳʯˆʭʬʭʨˀʰ ˀʰʴʨʪʨʴʰ ʹʺʨʴʫʨʸʺʬʩʰʹ 

ʳʮʨʸʫʰ ʸʨʵʫʬʴʵʩʬʩʰʹ ʵʶʺʰʱʻʸʰ ʹʰʳʱʭʸʰʭʬʬʩʰ ʳʰʻʯʰʯʬʩʹ, ʸʵʳ ʵʶʺʰʱʻʸʰ 

ʹʰʳʱʭʸʰʭʬʬʩʰ ʹʨʸ˄ʳʻʴʵ ˆʨʮʵʩʸʰʭ ʫʨʳʵʱʰʫʬʩʻʲʬʩʨˀʰʨ ˂ʰʲʰʹ ʸʨʵʫʬʴʵʩʨʹʯʨʴ 

(ʹʻʸʨʯʰ18). 
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ʹʻʸʨʯʰ 18.  ʳʺʼʨ-ʹ ʰʳʻʴʵˀʬʾʬʩʭʰʹ  ʺʰʶʻʸʰ ʨʻʺʵʸʨʫʰʵʪʸʨʳʨ (ʨ) ʫʨ ˀʰʴʨʪʨʴʰ ʹʺʨʴʫʨʸʺʬʩʰʹ ʨʻʺʵʸʨʫʰʵʪʸʨʳʨ 

(ʳʨʸ˂ˆʴʰʭ) ʫʨ ʹʨʱʨʲʰʩʸʵ ʳʸʻʫʰ (ʳʨʸˇʭʴʰʭ)  ʨʪʬʩʻʲʰ ʻʳ˂ʰʸʬʹ ʱʭʨʫʸʨʺʯʨ   ʸʬʪʸʬʹʰʰʯ. ʨ- ʬʽʹʶʬʸʰʳʬʴʺʻʲʰ 

ʳʫʪʵʳʨʸʬʵʩʬʩʰ: ʱʨʸʪʨʫ ʫʨʳʹ˄ʨʭʲʬʲʰ, ʳʨʸ˂ˆʬʴʨ ʰʳʳ; 2. ʱʨʸʪʨʫ ʫʨʳʹ˄ʨʭʲʬʲʰ, ʳʨʸˇʭʬʴʨ ʰʳʳ; 3. ʱʨʸʪʨʫ 

ʫʨʳʹ˄ʨʭʲʬʲʰ ʳʨʸ˂ˆʬʴʨ ʶʴʴ; 4. ʱʨʸʪʨʫ ʫʨʳʹ˄ʨʭʲʬʲʰ ʳʨʸˇʭʬʴʨ ʶʴʴ; 5. ˂ʻʫʨʫ ʫʨʳʹ˄ʨʭʲʬʲʰ ʳʨʸ˂ˆʬʴʨ ʰʳʳ; 6. 

˂ʻʫʨʫ ʫʨʳʹ˄ʨʭʲʬʲʰ ʳʨʸˇʭʬʴʨ ʰʳʳ; 7. ˂ʻʫʨʫ ʫʨʳʹ˄ʨʭʲʬʲʰ ʳʨʸ˂ˆʬʴʨ ʶʴʴ; 8. ˂ʻʫʨʫ ʫʨʳʹ˄ʨʭʲʬʲʰ ʳʨʸˇʭʬʴʨ ʶʴʴ; 

9. ʨʸʨʺʸʬʴʰʸʬʩʻʲʰ ʳʨʸ˂ˆʬʴʨ ʰʳʳ; 10. ʨʸʨʺʸʬʴʰʸʬʩʻʲʰ, ʳʨʸˇʭʬʴʨ ʰʳʳ; 11. ʨʸʨʺʸʬʴʰʸʬʩʻʲʰ ʳʨʸ˂ˆʬʴʨ ʶʴʴ; 12. 

ʨʸʨʺʸʬʴʰʸʬʩʻʲʰ ʳʨʸˇʭʬʴʨ ʶʴʴ. 

 

ʳʺʼʨ-ʰʹ ʳʨʸ˂ˆʬʴʨ ʫʨ ʳʨʸˇʭʬʴʨ ʰʳʳ-ʰʹ ˀʬʫʬʪʬʩʰʹ ʪʨʬʸʯʰʨʴʬʩʻʲʰ ʨʴʨʲʰʮʰʯ, 

ʨʸ ʰʽʴʨ ʴʨʴʨˆʰ ʳʴʰˀʭʴʬʲʵʭʨʴʰ ʸʬʪʸʬʹʰʨ ʫʨʹ˄ʨʭʲʰʹ ʹʰ˃ʲʰʬʸʬʹʨ ʫʨ ˂ʰʲʰʹ 

ʸʨʵʫʬʴʵʩʸʰʭ ˂ʭʲʰʲʬʩʬʩʹ ˀʵʸʰʹʫʨ ʨʸ ʰʽʴʨ ʨʪʸʬʯʭʬ ʴʨʴʨˆʰ ʹʨʸ˄ʳʻʴʵ 

ʻʸʯʰʬʸʯʽʳʬʫʬʩʨ ʻʶʰʸʨʺʬʹʵʩʰʹ ʺʬʹʺʰʹ ʳʨˁʭʬʴʬʩʬʲʹʨ ʫʨ ˈʬʳʰʹʼʬʸʵʹ ˀʵʸʰʹ. 

ˈʬʳʰʹʼʬʸʵʬʩʰʹ ʳʰˆʬʫʭʰʯ ʪʨʴ˂ʨʲʱʨʭʬʩʻʲʰ ʨʴʨʲʰʮʰʹ ˀʬʳʯˆʭʬʭʨˀʰ ʳʨʸʪʰʴʨʲʻʸʰ 

ʹʨʸ˄ʳʻʴʵ ʸʬʪʸʬʹʰʨ ʴʨʴʨˆʰ ʰʽʴʨ ʳʨʸ˂ˆʬʴʨ ʴʨˆʬʭʨʸʹʼʬʸʵʹ ʰʳʳ-ˀʰ F(1, 11) = 5.00;P = 0.047; 

ʪʸʨʼʰʱʰ 9 ʨ]. ʳʨʸˇʭʬʴʨ ʴʨˆʬʭʨʸʹʼʬʸʵˀʰ ʨʹʬʯʰ ʬʼʬʽʺʰ ʨʸ ˀʬʰʳˁʴʬʵʫʨ. ʳʺʼʨ-ʹ 

ʸʨʵʫʬʴʵʩʨ  ʸʬʪʸʬʹʰʰʹ ˄ʸʼʰʹ ʰʴʺʬʸʶʵʲʰʸʬʩʰʹ ʱʭʬʯʰʹ ʹʰʫʰʫʰʹ 100%-ʰʨʴ 

ʳʨˁʭʬʴʬʩʲʯʨʴ ʹʨʸ˄ʳʻʴʵ ʨʾʬʳʨʺʬʩʨ ʨʸʨ ʺʸʬʴʰʸʬʩʻʲʰ ˄ʰ˄ʰʲʬʩʰʹ ʹʨˀʻʨʲʵ 

ʳʨˁʭʬʴʬʩʬʲʹ ʳʨʸ˂ˆʬʴʨ ʰʳʳ-ˀʰ[F(1, 20) = 6.97;P = 0.016] ʫʨ ʰʳʨʭʬ ʴʨˆʬʭʨʸʹʼʬʸʵʹ ʰʳʳ-ˀʰ 

ʱʭʬʯʰʹ ʹʰʫʰʫʬ ʻʶʰʸʨʺʬʹʵʩʰʹ ʺʬʹʺʰʹ 50%-ʰʨʴ ʳʨˁʭʬʴʬʩʬʲʯʨʴ ʹʨʸ˄ʳʻʴʵʫ ʨʸ 

ʪʨʴʹˆʭʨʭʫʬʩʨ ʨʸʨʺʸʬʴʰʸʬʩʻʲʰ ˄ʰ˄ʰʲʬʩʰʹ ʹʨˀʻʨʲʵ ʳʨˁʭʬʴʬʩʲʰʹʨʪʨʴ. ˂ʭʲʨʫʯʨ 

ʴʨˀʯʬʩʰ ʸʬʪʸʬʹʰʻʲʰ ˄ʸʼʰʫʨʴ ʻʼʸʵ ʳʨʾʨʲʰ ʰʿʵ ʭʰʫʸʬ ʨʸʨʺʸʬʴʰʸʬʩʻʲ 

˄ʰ˄ʰʲʬʩˀʰ, ʸʨ˂ ʳʰʻʯʰʯʬʩʹ ʰʳʨʮʬ, ʸʵʳ ʳʺʼʨ-ʹ ʸʨʵʫʬʴʵʩʰʹ ʳʨʺʬʩʨ ʻʶʰʸʨʺʬʹʵʩʰʹ 

ʺʬʹʺʰʹ ʳʨˁʭʬʴʬʩʲʺʨʴ ʬʸʯʨʫ ʪʨʳʵ˄ʭʬʻʲʰʨ ʺʸʬʴʰʸʬʩʰʹ ʶʸʵ˂ʬʹˀʰ ʳʰʳʫʰʴʨʸʬ 



100 

 

ʫʨʹ˄ʨʭʲʰʯ. ʯʻʳ˂ʨ ʯʻ ʳʰʭʰʾʬʩʯ ʳˆʬʫʭʬʲʵʩʨˀʰ ʹʺʨʺʰʹʺʰʱʰʹ ʳʨʸʪʰʴʨʲʻʸ 

ʹʨʸ˄ʳʻʴʵʬʩʨʹ ʬʹ ʫʨʹʱʭʨ ʻʼʸʵ ʹʨʭʨʸʨʻʫʵ ʫʨʹʱʭʴʨʫ ʻʴʫʨ ʰʿʵʹ ʪʨʴˆʰʲʻʲʰ. ʨʸ˂ʬʸʯ 

ʹˆʭʨ ʺʭʰʴʰʹ ʻʩʨʴˀʰ ʨʸ ʰʿʵ ʸʬʪʸʬʹʰʨ ʹʨʸ˄ʳʻʴʵ  

 

 

                                                                     ʨ                                                                     ʩ 

 

 

 

                                                                      ʪ                                                                            ʫ 

ʪʸʨʼʰʱʰ 9. ʳʺʼʨ-ʰʹ ʹʺʨʴʫʨʸʺʰʮʰʸʬʩʻʲʰ ʼʨʸʫʵʩʰʯʰ ʸʨʵʫʬʴʵʩʰʹ ʫʨʳʵʱʰʫʬʩʻʲʬʩʨ ʻʶʰʸʨʺʬʹʵʩʰʹ ʺʬʹʺʰʹ 

ʳʨˁʭʬʴʬʩʬʲʮʬ. ʨ- ʳʨʸ˂ˆʬʴʨ ʰʳʳ; ʩ- ʳʨʸˇʭʬʴʨ ʰʳʳ; ʪ- ʳʨʸ˂ˆʬʴʨ ʶʴʴ ʫʨ ʫ-ʳʨʸˇʭʬʴʨ ʶʴʴ. ʯʭʰʯʵʬʻʲʰ ʫʨˆʻʸʻʲʰ ˄ʸʬ 

ʬʸʯʰ ˄ʰ˄ʰʲʰʹ ʳʨˁʭʬʴʬʩʬʲʰʨ. ʯʻ ʸʬʪʸʬʹʰʨ ʹʨʸ˄ʳʻʴʵʨ (P<0.05,ʵʸ-ʳˆʸʰʭʰ ʺʬʹʺʰ) ʳˆʵʲʵʫ ʳʨˀʰʴ ʨʽʭʹ ʨʫʪʰʲʰ 

ʻʳ˂ʰʸʬʹ ʱʭʨʫʸʨʺʯʨ ʸʬʪʸʬʹʰʻʲʰ ˄ʸʼʰʹ ʨʪʬʩʨʹ. ʨʳʰʹ ˀʬʳʫʬʪ ʸʬʪʸʬʹʰʻʲʰ ˄ʸʼʬ ʰʱʭʬʯʬʩʨ ʻʶʰʸʨʺʬʹʵʩʰʹ ʺʬʹʺʰʹ 

50%-ʰʨʴ ʳʨˁʭʬʴʬʩʬʮʬ (ʨʸʨʴʨʰʸʰ ʻʶʰʸʨʺʬʹʵʩʨ-ʨʸʨʴʨʰʸʰ ʫʨʹ˄ʨʭʲʨ, ʳʨʸ˂ˆʬʴʨ ʳˆʨʸʬʹ ˄ʿʭʬʺʰʲʰ ˆʨʮʰ) ʫʨ ˂ʰʲʰʹ 

ˀʬʹʨʩʨʳʰʹʰ ʸʨʵʫʬʴʵʩʨ ʳʰʯʰʯʬʩʻʲʰʨ ʸʵʪʵʸ˂ ʱʭʬʯʨ ʵʸʫʰʴʨʺʯʨ ʾʬʸ˃ʮʬ (ʽʭʬʫʨ ˈʵʸʰʮʵʴʺʨʲʻʸʰ ˄ʿʭʬʺʰʲʰ 
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ˆʨʮʰ). ʸʬʪʸʬʹʰʻʲʰ ˄ʸʼʬ ʨʹʬʭʬ ʰʴʺʬʸʶʵʲʰʸʫʬʩʨ ʻʶʰʸʨʺʬʹʵʩʰʹ ʺʬʹʺʰʹ ʳʨʽʹʰʳʨʲʻʸ ʳʨˁʭʬʴʬʩʬʲʮʬ (˃ʲʰʬʸʰ 

ʻʶʰʸʨʺʬʹʵʩʨ-˃ʲʰʬʸʰ ʫʨʹ˄ʨʭʲʨ, ʳʨʸˇʭʬʴʨ ʳˆʨʸʬʹ ʭʬʸʺʰʱʨʲʻʸʰ˄ʿʭʬʺʰʲʰ ˆʨʮʰ) ʫʨ ˂ʰʲʰʹ ˀʬʹʨʩʨʳʰʹʰ ʸʨʵʫʬʴʵʩʨ 

ʳʰʯʰʯʬʩʻʲʰʨ ʵʸʫʰʴʨʺʰʹ ʱʭʬʯʨʮʬ (ʮʬʫʨ ˈʵʸʰʮʵʴʺʨʲʻʸʰ ˄ʿʭʬʺʰʲʰ ˆʨʮʰ). ʫʨˁʸʫʰʲʻʲʰ ʹʭʬʺʬʩʰ 

ʵʸʫʰʴʨʺʯʨ ʾʬʸ˃ʮʬ ʳʰʻʯʰʯʬʩʹ ʯʭʰʯʵʬʻʲʰ ʱʭʬʯʰʹ ʹʺʨʴʫʨʸʺʻʲ ˀʬ˂ʫʵʳʨʹ. ʾʰʨ ˄ʸʬʬʩʰ ʫʨ ˂ʫʵʳʰʲʬʩʰʹ ʹʭʬʺʰ 

ʳʰʻʯʰʯʬʩʹ ʨʸʨʺʸʬʴʰʸʬʩʻʲʰ ˄ʰ˄ʰʲʬʩʰʹ ʹʨˀʻʨʲʵ ʳʴʰˀʭʴʬʲʵʩʨʹ ʫʨ ʨʳ ʹʨˀʻʨʲʵʹ ʹʺʨʴʫʨʸʺʻʲ ˀʬ˂ʫʵʳʨʹ. ʩ, ʪ 

ʫʨ ʫ  ˀʬʳʯˆʭʬʭʨˀʰ, ʹʨʸ˄ʳʻʴʵ ʸʬʪʸʬʹʰʨʹ ʨʫʪʰʲʰ ʨʸ ʨʽʭʹ. 

 

                             ʩʸʼ-1 (ʩʰʸʯʭʻʲʰ ʸʬʹʶʰʸʨʺʵʸʻʲʰ ʼʨʽʺʵʸʰ-1) 

 

ʩʰʸʯʭʰʹ ʸʬʹʶʰʸʨʺʵʸʻʲʰ ʼʨʽʺʵʸʰʹ˄ʰʴʨʨʾʳʫʬʪ ʱʵʳʬʸ˂ʰʻʲʰ  ʨʴʺʰʹˆʬʻʲʬʩʰ 

ʻʸʯʰʬʸʯʽʳʬʫʬʩʬʴ 54 ʱʫʨ-ʰʹ  ʳʽʵʴʬ ˂ʰʲʨʹʯʨʴ, ʸʨ˂ ʻʴʫʨ ˄ʨʸʳʵʨʫʪʬʴʫʬʹ ʮʻʹʺʨʫ ʨʳ 

˂ʰʲʵʭʨʴ ʳʵʲʬʱʻʲʨʹ.  

 

 

                                                                       ʩʸʼ-1, ˀʰʴʨʪʨʴʰ ʹʺʨʴʫʨʸʺʰ 

 

ʹʻʸʨʯʰ 19. ʩʸʼ-1-ʰʹ ʰʳʻʴʵˀʬʾʬʩʭʰʹ  ʺʰʶʻʸʰ ʨʻʺʵʸʨʫʰʵʪʸʨʳʨ (ʨ) ʫʨ ˀʰʴʨʪʨʴʰ ʹʺʨʴʫʨʸʺʬʩʰʹ ʨʻʺʵʸʨʫʰʵʪʸʨʳʨ 

(ʳʨʸ˂ˆʴʰʭ) ʫʨ ʹʨʱʨʲʰʩʸʵ ʳʸʻʫʰ (ʳʨʸˇʭʴʰʭ)  ʨʪʬʩʻʲʰ ʻʳ˂ʰʸʬʹ ʱʭʨʫʸʨʺʯʨ   ʸʬʪʸʬʹʰʰʯ. ʨ- ʬʽʹʶʬʸʰʳʬʴʺʻʲʰ 

ʳʫʪʵʳʨʸʬʵʩʬʩʰ: ʱʨʸʪʨʫ ʫʨʳʹ˄ʨʭʲʬʲʰ, ʳʨʸ˂ˆʬʴʨ ʰʳʳ; 2. ʱʨʸʪʨʫ ʫʨʳʹ˄ʨʭʲʬʲʰ, ʳʨʸˇʭʬʴʨ ʰʳʳ; 3. ʱʨʸʪʨʫ 
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ʫʨʳʹ˄ʨʭʲʬʲʰ ʳʨʸ˂ˆʬʴʨ ʶʴʴ; 4. ʱʨʸʪʨʫ ʫʨʳʹ˄ʨʭʲʬʲʰ ʳʨʸˇʭʬʴʨ ʶʴʴ; 5. ˂ʻʫʨʫ ʫʨʳʹ˄ʨʭʲʬʲʰ ʳʨʸ˂ˆʬʴʨ ʰʳʳ; 6. 

˂ʻʫʨʫ ʫʨʳʹ˄ʨʭʲʬʲʰ ʳʨʸˇʭʬʴʨ ʰʳʳ; 7. ˂ʻʫʨʫ ʫʨʳʹ˄ʨʭʲʬʲʰ ʳʨʸ˂ˆʬʴʨ ʶʴʴ; 8. ˂ʻʫʨʫ ʫʨʳʹ˄ʨʭʲʬʲʰ ʳʨʸˇʭʬʴʨ ʶʴʴ; 

9. ʨʸʨʺʸʬʴʰʸʬʩʻʲʰ ʳʨʸ˂ˆʬʴʨ ʰʳʳ; 10. ʨʸʨʺʸʬʴʰʸʬʩʻʲʰ, ʳʨʸˇʭʬʴʨ ʰʳʳ; 11. ʨʸʨʺʸʬʴʰʸʬʩʻʲʰ ʳʨʸ˂ˆʬʴʨ ʶʴʴ; 12. 

ʨʸʨʺʸʬʴʰʸʬʩʻʲʰ ʳʨʸˇʭʬʴʨ ʶʴʴ. 

 

ʩʸʼ-1-ʰʹ ʳʨʸ˂ˆʬʴʨ ʫʨ ʳʨʸˇʭʬʴʨ ʰʳʳ-ʰʹ ʳʵʴʨ˂ʬʳʬʩʰʹ ʪʨʬʸʯʰʨʴʬʩʻʲʳʨ  

ʹʺʨʺʰʹʺʰʱʻʸʳʨ ʨʴʨʲʰʮʳʨ ʨˁʭʬʴʨ, ʹʨʸ˄ʳʻʴʵ ʸʬʪʸʬʹʰʨ ʻʶʰʸʨʺʬʹʵʩʰʹ ʺʬʹʺʯʨʴ 

ʳʰʳʨʸʯʬʩʨˀʰ [F(1,10)=6,08; P=0.033]. ʨʳʨʭʬ ʫʸʵʹ ʨʸ ʨʾʰʸʰ˂ˆʬʩʵʫʨ ʹʨʸ˄ʳʻʴʵ 

ʻʸʰʬʸʯʵʩʨ ˈʬʳʰʹʼʬʸʵʹʨ ʫʨ ʻʶʰʸʨʺʬʹʵʩʰʹ ʺʬʹʺʰʹ ʳʨˁʭʬʴʬʩʲʬʩʲʹ ˀʵʸʰʹ. 

ˈʬʳʰʹʼʬʸʵʬʩʰʹ ʳʰˆʬʫʭʰʯ ʪʨʴ˂ʨʲʱʨʭʬʩʻʲʳʨ ʨʴʨʲʰʮʳʨ ʨˁʭʬʴʨ ʫʨʫʬʩʰʯʰ ʫʨ 

ʹʨʸ˄ʳʻʴʵ ʱʵʸʬʲʨ˂ʰʨ ʩʸʼ-1-ʰʹ ʸʨʵʫʬʴʵʩʨʹʨ ʫʨ ʻʶʰʸʨʺʬʹʵʩʰʹ ʺʬʹʺʰʹ ʳʨˁʭʬʴʬʩʲʹ 

ˀʵʸʰʹ ʳʨʸ˂ˆʬʴʨ ʴʨˆʬʭʨʸʹʼʬʸʵʹ ʰʳʳ-ˀʰ [F(1, 10) = 5.71;P = 0.038; ʪʸʨʼʰʱʰ 10 (ʨ). 

ʸʬʪʸʬʹʰʻʲʰ ˄ʸʼʰʹ ʰʴʺʬʸʶʵʲʰʸʬʩʻʲʰ ʱʭʬʯʰʹ ʳʨˁʭʬʴʬʩʬʲʰ 50%-ʰʨʴ ʻʶʰʸʨʺʬʹʵʩʰʹ 

ʺʬʹʺʰʹ ʳʨˁʭʬʴʬʩʬʲʯʨʴ ʨʸ ʰʿʵ ʹʨʸ˄ʳʻʴʵʫ ʪʨʴʹˆʭʨʭʬʩʻʲʰ -  ʨʸʨʺʸʬʴʰʸʬʩʻʲʰ 

˄ʰ˄ʰʲʬʩʰʹ ʹʨˀʻʨʲʵ ʳʴʰˀʭʴʬʲʵʩʰʹʨʪʨʴ. ʨʳʨʭʬ ʫʸʵʹ ʩʸʼ-1-ʰʹ ʸʨʵʫʬʴʵʩʨ   ʸʬʪʸʬʹʰʰʹ 

˄ʸʼʰʹ ʰʴʺʬʸʶʵʲʰʸʬʩʰʹ ʱʭʬʯʰʹ ʹʰʫʰʫʰʹ 100%-ʰʨʴ ʳʨˁʭʬʴʬʩʲʯʨʴ ʹʨʸ˄ʳʻʴʵ 

ʨʾʬʳʨʺʬʩʨ ʨʸʨ ʺʸʬʴʰʸʬʩʻʲʰ ˄ʰ˄ʰʲʬʩʰʹ ʹʨˀʻʨʲʵ ʳʨˁʭʬʴʬʩʬʲʹ [F(1, 19) = 5.15;P = 

0.035]. ʴʨˀʯʯʨ ˂ʭʲʨʫʬʩʰ ʸʬʪʸʬʹʰʻʲʰ ˄ʸʼʰʫʨʴ ʻʼʸʵ ʳʨʾʨʲʰ ʰʿʵ ʭʰʫʸʬ 

ʨʸʨʺʸʬʴʰʸʬʩʻʲ ˄ʰ˄ʰʲʬʩˀʰ. ʿʭʬʲʨʼʬʸʰ ʬʹ ˇʨʳˀʰ ʳʰʻʯʰʯʬʩʹ ʰʳʨʮʬ ʸʵʳ ʩʸʼ-1-ʰʹ 

ʳʨʺʬʩʨ ʻʶʰʸʨʺʬʹʵʩʰʹ ʺʬʹʺʰʹ ʳʨˁʭʬʴʬʩʲʯʨʴ ʬʸʯʨʫ ʫʨʹ˄ʨʭʲʰʯ ʨʸʰʹ ʪʨʳʵ˄ʭʬʻʲʰ.  

ʨʸ˂ ʳʨʸˇʭʬʴʨ ʴʨˆʬʭʨʸʹʼʬʸʵʹ ʰʳʳ-ˀʰ ʫʨ ʨʸ˂ ʳʨʸ˂ˆʬʴʨ ʨʴ ʨʳ ʳʨʸˇʭʬʴʨ ʶʴʴ-ˀʰ ʰʿʵ 

ʸʬʪʸʬʹʰʨ ʹʨʸ˄ʳʻʴʵ (ʪʸʨʼʰʱʰ 10 ʩ-ʪ-ʫ). 
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ʨ   ʩ                                                                     

ʪ ʫ 

 

ʪʸʨʼʰʱʰ 10. ʩʸʼ-1-ʰʹ ʹʺʨʴʫʨʸʺʰʮʰʸʬʩʻʲʰ ʼʨʸʫʵʩʰʯʰ ʸʨʵʫʬʴʵʩʰʹ ʫʨʳʵʱʰʫʬʩʻʲʬʩʨ ʻʶʰʸʨʺʬʹʵʩʰʹ ʺʬʹʺʰʹ 

ʳʨˁʭʬʴʬʩʬʲʮʬ. ʨ- ʳʨʸ˂ˆʬʴʨ ʰʳʳ; ʩ- ʳʨʸˇʭʬʴʨ ʰʳʳ; ʪ- ʳʨʸ˂ˆʬʴʨ ʶʴʴ ʫʨ ʫ-ʳʨʸˇʭʬʴʨ ʶʴʴ. ʯʭʰʯʵʬʻʲʰ ʫʨˆʻʸʻʲʰ ˄ʸʬ 

ʬʸʯʰ ˄ʰ˄ʰʲʰʹ ʳʨˁʭʬʴʬʩʬʲʰʨ.ʯʻ ʸʬʪʸʬʹʰʨ ʹʨʸ˄ʳʻʴʵʨ (P<0.05,ʵʸ-ʳˆʸʰʭʰ ʺʬʹʺʰ) ʳˆʵʲʵʫ ʳʨˀʰʴ ʨʽʭʹ ʨʫʪʰʲʰ 

ʻʳ˂ʰʸʬʹ ʱʭʨʫʸʨʺʯʨ ʸʬʪʸʬʹʰʻʲʰ ˄ʸʼʰʹ ʨʪʬʩʨʹ. ʨʳʰʹ ˀʬʳʫʬʪ ʸʬʪʸʬʹʰʻʲʰ ˄ʸʼʬ ʰʱʭʬʯʬʩʨ ʻʶʰʸʨʺʬʹʵʩʰʹ ʺʬʹʺʰʹ 

50%-ʰʨʴ ʳʨˁʭʬʴʬʩʬʮʬ (ʨʸʨʴʨʰʸʰ ʻʶʰʸʨʺʬʹʵʩʨ-ʨʸʨʴʨʰʸʰ ʫʨʹ˄ʨʭʲʨ, ʳʨʸ˂ˆʬʴʨ ʳˆʨʸʬʹ ˄ʿʭʬʺʰʲʰ ˆʨʮʰ) ʫʨ ˂ʰʲʰʹ 

ˀʬʹʨʩʨʳʰʹʰ ʸʨʵʫʬʴʵʩʨ ʳʰʯʰʯʬʩʻʲʰʨ ʸʵʪʵʸ˂ ʱʭʬʯʨ ʵʸʫʰʴʨʺʯʨ ʾʬʸ˃ʮʬ (ʽʭʬʫʨ ˈʵʸʰʮʵʴʺʨʲʻʸʰ ˄ʿʭʬʺʰʲʰ 

ˆʨʮʰ). ʸʬʪʸʬʹʰʻʲʰ ˄ʸʼʬ ʨʹʬʭʬ ʰʴʺʬʸʶʵʲʰʸʫʬʩʨ ʻʶʰʸʨʺʬʹʵʩʰʹ ʺʬʹʺʰʹ ʳʨʽʹʰʳʨʲʻʸ ʳʨˁʭʬʴʬʩʬʲʮʬ (˃ʲʰʬʸʰ 

ʻʶʰʸʨʺʬʹʵʩʨ-˃ʲʰʬʸʰ ʫʨʹ˄ʨʭʲʨ, ʳʨʸˇʭʬʴʨ ʳˆʨʸʬʹ ʭʬʸʺʰʱʨʲʻʸʰ˄ʿʭʬʺʰʲʰ ˆʨʮʰ) ʫʨ ˂ʰʲʰʹ ˀʬʹʨʩʨʳʰʹʰ 

ʸʨʵʫʬʴʵʩʨ ʳʰʯʰʯʬʩʻʲʰʨ ʵʸʫʰʴʨʺʰʹ ʱʭʬʯʨʮʬ (ʮʬʫʨ ˈʵʸʰʮʵʴʺʨʲʻʸʰ ˄ʿʭʬʺʰʲʰ ˆʨʮʰ). ʫʨˁʸʫʰʲʻʲʰ 

ʹʭʬʺʬʩʰ ʵʸʫʰʴʨʺʯʨ ʾʬʸ˃ʮʬ ʳʰʻʯʰʯʬʩʹ ʯʭʰʯʵʬʻʲʰ ʱʭʬʯʰʹ ʹʺʨʴʫʨʸʺʻʲ ˀʬ˂ʫʵʳʨʹ. ʾʰʨ ˄ʸʬʬʩʰ ʫʨ 

˂ʫʵʳʰʲʬʩʰʹ ʹʭʬʺʰ ʳʰʻʯʰʯʬʩʹ ʨʸʨʺʸʬʴʰʸʬʩʻʲʰ ˄ʰ˄ʰʲʬʩʰʹ ʹʨˀʻʨʲʵ ʳʴʰˀʭʴʬʲʵʩʨʹ ʫʨ ʨʳ ʹʨˀʻʨʲʵʹ 

ʹʺʨʴʫʨʸʺʻʲ ˀʬ˂ʫʵʳʨʹ.  ʪʸʨʼʰʱʰ 10 ʩ, ʪ ʫʨ ʫ-ʹ ʳʰˆʬʫʭʰʯ- ʹʨʸ˄ʳʻʴʵ ʸʬʪʸʬʹʰʨʹ ʨʫʪʰʲʰ ʨʸ ʨʽʭʹ. 
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ʶʪʱ 1-ʨʲʼʨ (ʶʬʸʵʽʹʰʳ ʶʸʵʲʰʼʬʸʨʺʵʸʰʯ ʨʽʺʰʭʰʸʬʩʻʲʰ ʸʬ˂ʬʶʺʵʸʰʹ ʪʨʳʨ 

ʱʵʨʽʺʰʭʨʺʵʸʰ 1 ʨʲʼʨ) 

 

ʶʪʱ-1 ʨʲʼʨ-ʹ ˄ʰʴʨʨʾʳʫʬʪ, ʨʴʺʰʹˆʬʻʲʬʩʰ ʻʸʯʰʬʸʯʽʳʬʫʬʩʬʴ 105 ʱʫʨ-ʮʬ 

(ʹʻʸʨʯʰ23). ʹʶʬ˂ʰʼʰʱʻʸʰ ʩʲʵʱʨʺʵʸʰ ʶʬʶʺʰʫʰʹ ʹʨˀʻʨʲʬʩʰʰʯ ʬʹ ˂ʰʲʵʭʨʴʰ 

ʳʵʲʬʱʻʲʨ ʰʫʬʴʺʰʼʰ˂ʰʸʬʩʻʲʰ ʰʽʴʨ ʸʵʪʵʸ˂ ʶʪʱ-1 ʨʲʼʨ (ʹʻʸʨʯʰ20). ʭʬʹʺʬʸʴ 

ʩʲʵʺʰʹ ʺʰʶʻʸʰ ˀʬʾʬʩʭʰʹ ʹʻʸʨʯʬʩʰʳʵ˂ʬʳʻʲʰʨ ʽʭʬʳʵʯ (ʹʻʸʨʯʰ 21). 

 

 

ʹʻʸʨʯʰ 20. ʶʪʱ 1 ʨʲʼʨʹ ˀʬʾʬʩʭʨ ʨʴʺʰʹˆʬʻʲʬʩʰʯ+ʶʬʶʺʰʫʰ 

 

 

 

 

ʹʻʸʨʯʰ 21.ʶʪʱ-1 ʨʲʼʨ-ʹ ˀʬʾʬʩʭʰʹ ʺʰʶʻʸʰ ʨʻʺʵʸʨʫʰʵʪʸʨʳʨ (ʨ) ʫʨ ˀʰʴʨʪʨʴʰ ʹʺʨʴʫʨʸʺʬʩʰʹ ʨʻʺʵʸʨʫʰʵʪʸʨʳʨ 

(ʳʨʸ˂ˆʴʰʭ) ʫʨ ʹʨʱʨʲʰʩʸʵ ʳʸʻʫʰ (ʳʨʸˇʭʴʰʭ)  ʨʪʬʩʻʲʰ ʻʳ˂ʰʸʬʹ ʱʭʨʫʸʨʺʯʨ  ʸʬʪʸʬʹʰʰʯ. ʨ- ʬʽʹʶʬʸʰʳʬʴʺʻʲʰ 

ʳʫʪʵʳʨʸʬʵʩʬʩʰ: ʱʨʸʪʨʫ ʫʨʳʹ˄ʨʭʲʬʲʰ, ʳʨʸ˂ˆʬʴʨ ʰʳʳ; 2. ʱʨʸʪʨʫ ʫʨʳʹ˄ʨʭʲʬʲʰ, ʳʨʸˇʭʬʴʨ ʰʳʳ; 3. ʱʨʸʪʨʫ 

ʫʨʳʹ˄ʨʭʲʬʲʰ ʳʨʸ˂ˆʬʴʨ ʶʴʴ; 4. ʱʨʸʪʨʫ ʫʨʳʹ˄ʨʭʲʬʲʰ ʳʨʸˇʭʬʴʨ ʶʴʴ; 5. ˂ʻʫʨʫ ʫʨʳʹ˄ʨʭʲʬʲʰ ʳʨʸ˂ˆʬʴʨ ʰʳʳ; 6. 

˂ʻʫʨʫ ʫʨʳʹ˄ʨʭʲʬʲʰ ʳʨʸˇʭʬʴʨ ʰʳʳ; 7. ˂ʻʫʨʫ ʫʨʳʹ˄ʨʭʲʬʲʰ ʳʨʸ˂ˆʬʴʨ ʶʴʴ; 8. ˂ʻʫʨʫ ʫʨʳʹ˄ʨʭʲʬʲʰ ʳʨʸˇʭʬʴʨ ʶʴʴ; 
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9. ʨʸʨʺʸʬʴʰʸʬʩʻʲʰ ʳʨʸ˂ˆʬʴʨ ʰʳʳ; 10. ʨʸʨʺʸʬʴʰʸʬʩʻʲʰ, ʳʨʸˇʭʬʴʨ ʰʳʳ; 11. ʨʸʨʺʸʬʴʰʸʬʩʻʲʰ ʳʨʸ˂ˆʬʴʨ ʶʴʴ; 12. 

ʨʸʨʺʸʬʴʰʸʬʩʻʲʰ ʳʨʸˇʭʬʴʨ ʶʴʴ. 

 

ʬʽʹʶʬʸʰʳʬʴʺʬʩʰʹ ˀʬʫʬʪʬʩʰʹ ʳʰˆʬʫʭʰʯ, ʨʸ ʰʽʴʨ ʴʨʶʵʭʴʰ ʶʪʱ 1 ʨʲʼʨʹ ʸʨʳʬ 

ʹʨˆʰʹ ʹʨʸ˄ʳʻʴʵ ˂ʭʲʰʲʬʩʨ ʺʭʰʴʰʹ ʹʶʬ˂ʰʼʰʱʻʸ ʨʴ ʹʨʱʵʴʺʸʵʲʵ ʻʩʴʬʩˀʰ 

ʻʶʰʸʨʺʬʹʵʩʰʹ ʺʬʹʺʯʨʴ ʳʰʳʨʸʯʬʩʨˀʰ (ʪʸʨʼʰʱʰ 11 ʨ-ʩ-ʪ-ʫ). 

ʨ              ʩ                                                                          

 

ʪ        ʫ                                                                                        

 

ʪʸʨʼʰʱʰ 11. ʶʪʱ-1 ʨʲʼʨ-ʰʹ ʹʺʨʴʫʨʸʺʰʮʰʸʬʩʻʲʰ ʼʨʸʫʵʩʰʯʰ ʸʨʵʫʬʴʵʩʰʹ ʫʨʳʵʱʰʫʬʩʻʲʬʩʨ ʻʶʰʸʨʺʬʹʵʩʰʹ 

ʺʬʹʺʰʹ ʳʨˁʭʬʴʬʩʬʲʮʬ. ʨ- ʳʨʸ˂ˆʬʴʨ ʰʳʳ; ʩ- ʳʨʸˇʭʬʴʨ ʰʳʳ; ʪ- ʳʨʸ˂ˆʬʴʨ ʶʴʴ ʫʨ ʫ-ʳʨʸˇʭʬʴʨ ʶʴʴ. ʯʭʰʯʵʬʻʲʰ 

ʫʨˆʻʸʻʲʰ ˄ʸʬ ʬʸʯʰ ˄ʰ˄ʰʲʰʹ ʳʨˁʭʬʴʬʩʬʲʰʨ. ʯʻ ʸʬʪʸʬʹʰʨ ʹʨʸ˄ʳʻʴʵʨ (P<0.05,ʵʸ-ʳˆʸʰʭʰ ʺʬʹʺʰ) ʳˆʵʲʵʫ ʳʨˀʰʴ 

ʨʽʭʹ ʨʫʪʰʲʰ ʻʳ˂ʰʸʬʹ ʱʭʨʫʸʨʺʯʨ ʸʬʪʸʬʹʰʻʲʰ ˄ʸʼʰʹ ʨʪʬʩʨʹ. ʾʰʨ ˄ʸʬʬʩʰ ʫʨ ˂ʫʵʳʰʲʬʩʰʹ ʹʭʬʺʰ ʳʰʻʯʰʯʬʩʹ 
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ʨʸʨʺʸʬʴʰʸʬʩʻʲʰ ˄ʰ˄ʰʲʬʩʰʹ ʹʨˀʻʨʲʵ ʳʴʰˀʭʴʬʲʵʩʨʹ ʫʨ ʨʳ ʹʨˀʻʨʲʵʹ ʹʺʨʴʫʨʸʺʻʲ ˀʬ˂ʫʵʳʨʹ.  ʨʸ˂ʬʸʯ 

ˀʬʳʯˆʭʬʭʨˀʰ  ʹʨʸ˄ʳʻʴʵ ʸʬʪʸʬʹʰʨʹ ʨʫʪʰʲʰ ʨʸ ʨʽʭʹ. 

 

                                                 ʪʲʻʸ ʨ-1 

 

30 ˄ʻʯʰʨʴʰ ʺʸʬʰʴʰʴʪʰʹ ʶʰʸʵʩʬʩˀʰ, ʫʨʹ˄ʨʭʲʰʫʨʴ ʬʸʯʰ ʹʨʨʯʰʹ ˀʬʳʫʬʪ, ʰʳʳ-ˀʰ 

ʨʫʪʰʲʰ ʨʽʭʹ 831-ʬ ʹʬʸʰʴʰʹ ʴʨˀʯʮʬ ʼʵʹʼʵʸʰʲʰʸʬʩʻʲʰ ʪʲʻ-ʨ1 ʹʻʩʬʸʯʬʻʲʬʩʰʹ 

ʫʨʹ˄ʨʭʲʰʹʨʯʭʰʹ ʹʶʬ˂ʰʼʰʱʻʸ ʳʨʺʬʩʨʹ. ʬʹ ʳʨʺʬʩʨ ʨʸ ʨʸʰʹ ʪʨʳʵ˄ʭʬʻʲʰ ʹʻʩʬʸʯʬʻʲʰʹ 

ʸʨʵʫʬʴʵʩʰʹ ˇʨʳʻʸʰ ʳʨʺʬʩʰʯ, ʨʸʨʳʬʫ ʪʨʴʶʰʸʵʩʬʩʻʲʰʨ ʼʵʹʼʵʸʰʲʰʸʬʩʻʲʰ 

ʳʵʲʬʱʻʲʬʩʰʹ ˄ʰʲʰʹ ʳʵʳʨʺʬʩʰʯ.  ʪʲʻ-ʨ1-ʰʹ 831-ʬ ʹʬʸʰʴʰʹ ʴʨˀʯʮʬ ʼʵʹʼʵʸʰʲʰʸʬʩʨ 

ʫʨ ʨʳ ʸʬʨʽ˂ʰʰʯ ʪʨʳʵ˄ʭʬʻʲʰ ˂ʭʲʰʲʬʩʬʩʰ ʫʨʹ˄ʨʭʲʰʹʨ ʫʨ ʳʬˆʹʰʬʸʬʩʰʹ ʬʸʯ-ʬʸʯ 

ʨʫʸʬʻʲ ʶʸʵ˂ʬʹʹ ʻʴʫʨ ˄ʨʸʳʵʨʫʪʬʴʫʬʹ (ʴ. ʱʻʴʬʲʨʻʸʰʹ ʹʨʫʵʽʺʵʸʵ ʴʨˀʸʵʳʰ). ˁʭʬʴ 

ʫʨʭʰʴʺʬʸʬʹʫʰʯ, ʰʿʵ ʯʻ ʨʸʨ ʬʹ ʳʵʳʨʺʬʩʻʲʰ ʼʵʹʼʵʸʰʲʰʸʬʩʨ ˀʬʴʨʸˁʻʴʬʩʻʲʰ 

ʫʨʹ˄ʨʭʲʰʫʨʴ 24 ʹʨʨʯʰʹ ˀʬʳʫʬʪ. 

 

                                         ʰʳʻʴʵˀʬʾʬʩʭʨ 

 

ʨʴʹʺʰʹˆʬʻʲʬʩʰ ʪʲʻʸ-ʨ 1-ʹʨ ʫʨ ʳʰʹ ʼʵʹʼʵʸʰʲʰʸʬʩʻʲ ʼʵʸʳʨʹʯʨʴ 

ʻʸʯʰʬʸʯʽʳʬʫʬʩʬʴ 103 ʱʫʨ-ʰʹ ʳʽʵʴʬ ˂ʰʲʵʭʨʴ ʳʵʲʬʱʻʲʨʹʯʨʴ (ʹʻʸʨʯʰ 24). 

 

ʨ 

 

ʩ 
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 ʪ ʫ 

ʹʻʸʨʯʰ 23.ʼ-ʪʲʻʸ ʨ-1-ʰʹ (ʨ) ʫʨ ˇʨʳʻʸʰ ʪʲʻʸ ʨ-1-ʰʹ (ʩ)   ˀʬʾʬʩʭʰʹ ʺʰʶʻʸʰ ʨʻʺʵʸʨʫʰʵʪʸʨʳʬʩʰ.  ʹʨʱʨʲʰʩʸʵ 

ʳʸʻʫʰ  ʨʪʬʩʻʲʰ ʻʳ˂ʰʸʬʹ ʱʭʨʫʸʨʺʯʨ  ʸʬʪʸʬʹʰʰʯ: ʼ-ʪʲʻʸ ʨ-1-ʰʹ (ʪ) ʫʨ ˇʨʳʻʸʰ ʪʲʻʸ ʨ-1-ʰʹ (ʫ). 

ʬʽʹʶʬʸʰʳʬʴʺʻʲʰ ʳʫʪʵʳʨʸʬʵʩʬʩʰ: 1. ʱʨʸʪʨʫ ʫʨʳʹ˄ʨʭʲʬʲʰ, ʳʨʸ˂ˆʬʴʨ ʰʳʳ; 2. ʱʨʸʪʨʫ ʫʨʳʹ˄ʨʭʲʬʲʰ, ʳʨʸˇʭʬʴʨ ʰʳʳ; 3. 

ʱʨʸʪʨʫ ʫʨʳʹ˄ʨʭʲʬʲʰ ʳʨʸ˂ˆʬʴʨ ʶʴʴ; 4. ʱʨʸʪʨʫ ʫʨʳʹ˄ʨʭʲʬʲʰ ʳʨʸˇʭʬʴʨ ʶʴʴ; 5.  ʹʨˀʻʨʲʵʫ ʫʨʳʹ˄ʨʭʲʬʲʰ ʳʨʸ˂ˆʬʴʨ 

ʰʳʳ 6. ʹʨˀʻʨʲʵʫ ʫʨʳʹ˄ʨʭʲʬʲʰ ʳʨʸˇʭʬʴʨ ʰʳʳ; 7. ʹʨˀʻʨʲʵʫ ʫʨʳʹ˄ʨʭʲʬʲʰ ʳʨʸ˂ˆʬʴʨ ʶʴʴ: 8. ʹʨˀʻʨʲʵʫ 

ʫʨʳʹ˄ʨʭʲʬʲʰ  ʳʨʸˇʭʬʴʨ ʶʴʴ; 9. ˂ʻʫʨʫ ʫʨʳʹ˄ʨʭʲʬʲʰ ʳʨʸ˂ˆʬʴʨ ʰʳʳ; 10. ˂ʻʫʨʫ ʫʨʳʹ˄ʨʭʲʬʲʰ ʳʨʸˇʭʬʴʨ ʰʳʳ; 11. 

˂ʻʫʨʫ ʫʨʳʹ˄ʨʭʲʬʲʰ ʳʨʸ˂ˆʬʴʨ ʶʴʴ; 12. ˂ʻʫʨʫ ʫʨʳʹ˄ʨʭʲʬʲʰ ʳʨʸˇʭʬʴʨ ʶʴʴ; 13. ʨʸʨʺʸʬʴʰʸʬʩʻʲʰ ʳʨʸ˂ˆʬʴʨ ʰʳʳ; 14. 

ʨʸʨʺʸʬʴʰʸʬʩʻʲʰ, ʳʨʸˇʭʬʴʨ ʰʳʳ; 15. ʨʸʨʺʸʬʴʰʸʬʩʻʲʰ ʳʨʸ˂ˆʬʴʨ ʶʴʴ; 16. ʨʸʨʺʸʬʴʰʸʬʩʻʲʰ ʳʨʸˇʭʬʴʨ ʶʴʴ; 17. 15 ʳʱʪ 

ˀʰʴʨʪʨʴʰ ʹʺʨʴʫʨʸʺʰ; 18. 30 ʳʱʪ ˀʰʴʨʪʨʴʰ ʹʺʨʴʫʨʸʺʰ; 19. 45 ʳʱʪ ˀʰʴʨʪʨʴʰ ʹʺʨʴʫʨʸʺʰ; 20. 60 ʳʱʪ ˀʰʴʨʪʨʴʰ 

ʹʺʨʴʫʨʸʺʰ. 

 

                          ʹʺʨʴʫʨʸʺʰʮʰʸʬʩʻʲʰ ʼ/ˇ ʪʲʻʸ ʨ-1 

 

ʪʬʴʬʸʨʲʰʮʬʩʻʲʰ ˆʨʮʵʩʸʰʭʰ ʸʬʪʸʬʹʰʰʹ ʳʵʫʬʲʳʨ ʨˁʭʬʴʨ ʳʴʰˀʭʴʬʲʵʭʨʴʰ 

ʻʸʯʰʬʸʯʽʳʬʫʬʩʨ ʻʶʰʸʨʺʬʹʵʩʰʹ ʺʬʹʺʰʹ ʳʨˁʭʬʴʬʩʲʹ ʫʨ ʺʭʰʴʰʹ ʻʩʨʴʹ ˀʵʸʰʹ 

(F[1,51]=4,84, P=0.032),  ʸʨ˂ ˄ʨʸʳʵʨʫʪʬʴʫʨ ʫʨʳʨʺʬʩʰʯ ʹʨʼʻ˃ʭʬʲʹ ʰʳʳ-ʰʹ ʶʴʴ-ʰʹ 

ʻʩʴʬʩʰʹ ʪʨʴ˂ʨʲʱʨʭʬʩʻʲʰ ʨʴʨʲʰʮʰʹʨ.  

ʸʵʫʬʹʨ˂ ʭʨˆʵʸ˂ʰʬʲʬʩʫʰʯ ʳʨʸ˂ˆʬʴʨ ʫʨ ʳʨʸˇʭʬʴʨ ʰʳʳ-ʬʩʰʹ ʳʵʴʨ˂ʬʳʬʩʰʹ 

ʪʨʬʸʯʰʨʴʬʩʨʹ ʱʵʸʬʲʨ˂ʰʨ ʹʺʨʴʫʨʸʺʰʮʰʸʬʩʻʲʰ   ʼ/ˇ ʪʲʻʸ ʨ-1-ʰʹ ʸʨʵʫʬʴʵʩʨʹʨ ʫʨ 

ʻʶʰʸʨʺʬʹʵʩʰʹ ʺʬʹʺʰʹ ʳʨˁʭʬʴʬʩʬʲʹ ˀʵʸʰʹ ʨʸ ʰʿʵ ʹʨʸ˄ʳʻʴʵ (r = 0.37, 17 df, P = 0.12). 
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ʹʺʨʴʫʨʸʺʰʮʰʸʬʩʻʲʰ  ʼ/ˇ ʪʲʻʸ ʨ-1 ʸʨʵʫʬʴʵʩʨ ʳʨʸ˂ˆʬʴʨ ʰʳʳ-ˀʰ ʨʸ 

ʨʳʷʾʨʭʴʬʩʫʨ ʹʨʸ˄ʳʻʴʵ ʱʵʸʬʲʨ˂ʰʨʹ ʻʶʰʸʨʺʬʹʵʩʰʹ ʺʬʹʺʰʹ ʳʨˁʬʴʬʩʲʮʬ (ʰˆ. ˂ˆʸʰʲʰ-

1). ʨʳʨʭʬ ʫʸʵʹ ʹˆʭʨ ʺʰʶʰʹ ʨʴʨʲʰʮʬʩʰ ʪʨʸʱʭʬʻʲʨʫˀʬʰ˃ʲʬʩʨ ʻʯʰʯʬʩʫʬʹ ʨʳ  

ʶʨʸʨʳʬʺʸʰʹ ʱʨʭˀʰʸʹʫʨʹ˄ʨʭʲʨʹʯʨʴ, ʱʬʸ˃ʵʫ; ʸʬʪʸʬʹʰʰʹ ʰʴʺʬʸʶʵʲʰʸʬʩʻʲʰ ˄ʸʼʰʹ 

ʱʭʬʯʰʯ ʻʶʰʸʨʺʬʹʵʩʰʹ ʺʬʹʺʰʹ 100%-ʰʨʴ ʳʨˁʭʬʴʬʩʬʲʮʬ ʳʰʾʬʩʻʲʰ ʳʨˁʭʬʴʬʩʬʲʰ 

ʹʨʸ˄ʳʻʴʵʫ ʻʼʸʵ ʳʨʾʨʲʰʨ ʭʰʫʸʬ ʨʸʨʺʸʬʴʰʸʬʩʻʲʰ ˄ʰ˄ʰʲʬʩʰʹ ʹʨˀʻʨʲʵ 

ʳʨˁʭʬʴʬʩʬʲʰ  (P = 0.046), ʨʹʬʭʬ ʸʬʪʸʬʹʰʰʹ ʰʴʺʬʸʶʵʲʰʸʬʩʻʲʰ ˄ʸʼʰʹ ʱʭʬʯʰʹ ʹʰʫʰʫʬ  

ʻʶʰʸʨʺʬʹʵʩʰʹ ʺʬʹʺʰʹ 50%-ʰʨʴ ʳʨˁʭʬʴʬʩʬʲʮʬ ʹʨʸ˄ʳʻʴʵʫ ʨʸ ʪʨʴʹˆʭʨʭʫʬʩʨ 

ʨʸʨʺʸʬʴʰʸʬʩʻʲʰ ˄ʰ˄ʰʲʬʩʰʹ ʹʨˀʻʨʲʵ ʳʨˁʭʬʴʬʩʲʰʹʨʪʨʴ (˂ˆʸʰʲʰ-1). 

ʳʨʸˇʭʬʴʨ ʰʳʳ-ˀʰ ʨʸ ʰʿʵ ʹʨʸ˄ʳʻʴʵ ʱʵʸʬʲʨ˂ʰʨ ʹʺʨʴʫʨʸʺʰʮʰʸʬʩʻʲ ʼ/ˇ ʪʲʻʸ 

ʨ-1 ʸʨʵʫʬʴʵʩʨʹʨ ʫʨ ʻʶʰʸʨʺʬʹʵʩʰʹ ʺʬʹʺʰʹ ʳʨˁʭʬʴʬʩʬʲʹ ˀʵʸʰʹ. ʨʹʬʭʬ ʸʬʪʸʬʹʰʰʹ 

ʰʴʺʬʸʶʵʲʰʸʬʩʻʲʰ ˄ʸʼʰʹ ʱʭʬʯʰʯ ʻʶʰʸʨʺʬʹʵʩʰʹ ʺʬʹʺʰʹ 100%-ʰʨʴ ʳʨˁʭʬʴʬʩʬʲʮʬ 

ʳʰʾʬʩʻʲʰ ʳʨˁʭʬʴʬʩʬʲʰ  ʨʸ ʰʿʵ ʹʨ˄ʳʻʴʵʫ ʻʼʸʵ ʳʨʾʨʲʰ ʭʰʫʸʬ ʨʸʨʺʸʬʴʰʸʬʩʻʲʰ 

˄ʰ˄ʰʲʬʩʰʹ ʹʨˀʻʨʲʵ ʳʨˁʭʬʴʬʩʬʲʰ. ʰʪʰʭʬ ʰʯʽʳʰʹ ʹʰʫʰʫʬʮʬ, ʸʵʳʬʲʰ˂ ʳʰʰʾʬʩʨ 

ʸʬʪʸʬʹʰʰʹ ʰʴʺʬʸʶʵʲʰʸʬʩʻʲʰ ˄ʸʼʰʹ ʱʭʬʯʰʯ ʻʶʰʸʨʺʬʹʵʩʰʹ ʺʬʹʺʰʹ 50%-ʰʨʴ 

ʳʨˁʭʬʴʬʩʬʲʮʬ. 

ʨʸ˂ ʳʨʸ˂ˆʬʴʨ ˈʬʳʰʹʼʬʸʵʹ ʫʨ ʨʸ˂ ʳʨʸˇʭʬʴʨ ˈʬʳʰʹʼʬʸʵʹ ʰʳʳ-ʬʩʰʹʨʯʭʰʹ ʴʨˀʯʯʨ 

˂ʭʲʨʫʬʩʰ, ʸʵʳʲʬʩʰ˂ ʳʰʰʾʬʩʵʫʨ ʹʺʨʴʫʨʸʺʰʮʰʸʬʩʻʲʰ ʼ/ˇ ʪʲʻʸ ʨ-1 ʸʨʵʫʬʴʵʩʰʹ 

ʸʬʪʸʬʹʰʻʲʰ ʳʸʻʫʰʹʨʪʨʴ- ʻʶʰʸʨʺʬʹʵʩʰʹ ʺʬʹʺʰʹ ʳʨˁʭʬʴʬʩʲʮʬ  ʨʸ ʪʨʴʹˆʭʨʭʫʬʩʵʫʨ 

ʹʨʸ˄ʳʻʴʵʫ ˂ʭʲʨʫʬʩʰʹʨʪʨʴ ʨʸʨʺʸʬʴʰʸʬʩʻʲʰ ˄ʰ˄ʰʲʬʩʰʹ ˇʪʻʼˀʰ (P > 0.86). 

 

 

 

 

 

                               ʼʵʹʼʵʸʰʲʰʸʬʩʻʲʰ ʪʲʻʸ ʨ-1 
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ʳʨʸˇʭʬʴʨ ʫʨ ʳʨʸ˂ˆʬʴʨ ʰʳʳ-ʰʹ ʳʵʴʨ˂ʬʳʬʩʰʹ ʪʨʬʸʯʰʨʴʬʩʰʯ ˁʨʺʨʸʬʩʻʲʳʨ  

ʨʴʨʲʰʮʳʨ ʨʸ ʨˁʭʬʴʨ ʳʴʰˀʭʴʬʲʵʭʨʴʰ ʱʵʸʬʲʨ˂ʰʨ ʻʶʰʸʨʺʬʹʵʩʰʹ ʺʬʹʺʰʹ ʳʨˁʭʬʴʬʩʬʲʹʨ 

ʫʨ ˂ʰʲʰʹ ʸʨʵʫʬʴʵʩʨʹ ˀʵʸʰʹ  (r=0.35, 17 df, P=0.13). 

ʳʨʸ˂ˆʬʴʨ ʰʳʳ-ʰʹʨʯʭʰʹ ʼʵʹʼʵʸʰʲʰʸʬʩʻʲʰ ʪʲʻʸ-ʨ 1-ʰʹ ʸʨʵʫʬʴʵʩʰʹ 

ʱʵʸʬʲʨ˂ʰʨ ʻʶʰʸʨʺʬʹʵʩʰʹ ʺʬʹʺʰʹ ʳʨˁʭʬʴʬʩʬʲʮʬ ʹʨʸ˄ʳʻʴʵʨ ʳˆʵʲʵʫ ˂ʨʲʳˆʸʰʭ 

ʺʬʹʺʮʬ (P=0.080). ʨʳʨʭʬ ʫʸʵʹ ʼʵʹʼʵʸʰʲʰʸʬʩʻʲʰ ʪʲʻʸʨ-1-ʰʹ ʸʬʪʸʬʹʰʻʲʰ ˄ʸʼʰʹ 

ʳʨˁʭʬʴʬʩʲʬʩʰ ʸʵʳʲʬʩʰ˂ ʳʰʰʾʬʩʨ ˄ʸʼʰʹ ʰʴʺʬʸʶʵʲʰʸʬʩʰʯ 50 ʫʨ 100%-ʰʨʴ 

ʳʨˁʭʬʴʬʩʬʲʮʬ ʨʸ ʪʨʴʹˆʭʨʭʫʬʩʨ ʹʨʸ˄ʳʻʴʵʫ ʨʸʨʺʸʬʴʰʸʬʩʻʲʰ ˄ʰ˄ʰʲʬʩʰʹ ʹʨˀʻʨʲʵ 

ʳʨˁʭʬʴʬʩʲʰʹʨʪʨʴ. ʨʸ ʰʽʴʨ ʴʨʴʨˆʰ ʳʴʰˀʭʴʬʲʵʭʨʴʰ ʱʵʸʬʲʨ˂ʰʨ ʳʨʸˇʭʬʴʨ ʰʳʳ-ʰ˂, ʪʲʻʸ-ʨ 

1-ʰʹ ʼʵʹʼʵʸʰʲʰʸʬʩʻʲ ʸʨʵʫʬʴʵʩʨʹʨ  ʫʨ ʻʶʰʸʨʺʬʹʵʩʰʹ ʺʬʹʺʹ ˀʵʸʰʹ. 

 

                       ʪʲʻʸ ʨ-1-ʰʹ ˇʨʳʻʸʰ ʸʨʵʫʬʴʵʩʨ 

 

ˇʨʳʻʸʰ ʪʲʻʸ ʨ-1-ʰʹ ʸʨʵʫʬʴʵʩʨʹʨ ʫʨ ʻʶʰʸʨʺʬʹʵʩʰʹ ʺʬʹʺʰʹ ʳʨˁʭʬʴʬʩʬʲʹ 

ˀʵʸʰʹ ʨʸ ʰʽʴʨ ʴʨʴʨˆʰ ʹʨʸ˄ʳʻʴʵ ʱʵʸʬʲʨ˂ʰʨ ʨʸ˂ ʳʨʸˇʭʬʴʨ ʫʨ ʳʨʸ˂ˆʬʴʨ ʰʳʳ-ʬʩʰʹ 

ʪʨʬʸʯʰʨʴʬʩʻʲʰ ʳʵʴʨ˂ʬʳʬʩʰʹʨʯʭʰʹ (r = −0.056, 17 df, P = 0.82) ʫʨ ʨʸ˂ ʴʨˆʬʭʨʸʹʼʬʸʵʬʩʰʹ 

ʳʵʴʨ˂ʬʳʬʩʰʹ ʪʨʴ˂ʨʲʱʨʭʬʩʻʲʰ ʨʴʨʲʰʮʰʹʨʯʭʰʹ (˂ˆʸʰʲʰ-1). ʨʸ˂ʬʸʯʰ ʴʨˆʬʭʨʸʹʼʬʸʵʹ 

ˀʬʳʯˆʭʬʭʨˀʰ ʸʬʪʸʬʹʰʰʹ ˄ʸʼʰʹ ʰʴʺʬʸʶʵʲʨ˂ʰʰʯ ʱʭʬʯʰʹ ʹʰʫʰʫʬʬʩʰ ʻʶʰʸʨʺʬʹʵʩʰʹ 

ʺʬʹʺʰʹ 50%-ʰʨʴ ʫʨ 100 ʳʨˁʭʬʴʬʩʲʬʩʮʬ ʨʸ ʪʨʴʹˆʭʨʭʫʬʩʨ ʹʨʸ˄ʳʻʴʵʫ ʨʸʨʺʸʬʴʰʸʬʩʻʲʰ 

˄ʰ˄ʰʲʬʩʰʹ ʹʨˀʻʨʲʵ ʳʨˁʭʬʴʬʩʲʰʹʨʪʨʴ. 

 

 

 

 

 

 

                                   ʶʴʴ - 24 ʹʨʨʯʰ ʺʸʬʴʰʸʬʩʰʹ ˀʬʳʫʬʪ 
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                                    ʹʺʨʴʫʨʸʺʰʮʰʸʬʩʻʲʰ ʼ/ˇ ʪʲʻʸ ʨ-1 

 

ʸʨʵʫʬʴʵʩʨʹʨ ʫʨ ʻʶʰʸʨʺʬʹʵʩʰʹ ʺʬʹʺʰʹ ʳʨˁʭʬʴʬʩʬʲʹ ˀʵʸʰʹ ʨʸ ʰʽʴʨ ʴʨʴʨˆʰ ʹʨʸ˄ʳʻʴʵ 

ʱʵʸʬʲʨ˂ʰʨ ʨʸ˂ ʳʨʸˇʭʬʴʨ ʫʨ ʳʨʸ˂ˆʬʴʨ ʰʳʳ-ʬʩʰʹ ʪʨʬʸʯʰʨʴʬʩʻʲʰ ʳʵʴʨ˂ʬʳʬʩʰʹʨʯʭʰʹ(r = 

−0.25, 16 df, P = 0.33)ʫʨ ʨʸ˂ ˂ʨʲʱʬʻʲʰ ˈʬʳʰʹʼʬʸʵʹ ʳʵʴʨ˂ʬʳʬʩʰʹʨʯʭʰʹ (˂ˆʸʰʲʰ-1). 

ʨʹʬʭʬ ʸʬʪʸʬʹʰʻʲʰ ˄ʸʼʰʹ ʰʴʺʬʸʶʵʲʨ˂ʰʰʯ ʳʰʾʬʩʻʲʰ ʹʰʫʰʫʬʬʩʰ ʻʶʰʸʨʺʬʹʵʩʰʹ 

ʺʬʹʺʰʹ 50%-ʰʨʴʰ ʫʨ 100%-ʰʨʴʰ ʳʨˁʭʬʴʬʩʲʰʹʨʯʭʰʹ ʨʸ ʪʨʴʹˆʭʨʭʫʬʩʰʨʴ ʹʨʸ˄ʳʻʴʵʫ 

ʨʸʨʺʸʬʴʰʸʬʩʻʲʰ ˄ʰ˄ʰʲʬʩʰʹ ʹʨˀʻʨʲʵ ʳʨˁʭʬʴʬʩʲʰʹʨʪʨʴ ʨʸ˂ ʳʨʸ˂ˆʬʴʨ ʫʨ ʨʸ˂ 

ʳʨʸˇʭʬʴʨ ʴʨˆʬʭʨʸʹʼʬʸʵʹ ʴʶʴ-ʰʹʨʯʭʰʹ. 

 

                                                  ʼ-ʪʲʻʸ ʨ-1 

 

ʶʴʴ-ʰʹ ʨʸ˂ ˈʬʳʰʹʼʬʸʵʯʨ ʪʨʬʸʯʰʨʴʬʩʻʲʰ ʳʵʴʨ˂ʬʳʬʩʰʹʨʯʭʰʹ ʫʨ ʨʸ˂ 

ʴʨˆʬʭʨʸʹʼʬʸʵʬʩʰʹʨʯʭʰʹ ʪʨʴ˂ʨʲʱʨʭʬʩʻʲʨʫ ʨʸ ʨʾʰʴʰˀʴʬʩʵʫʨ ʹʨʸ˄ʳʻʴʵ ʱʵʸʬʲʨ˂ʰʨ 

˂ʰʲʰʹ ʸʨʵʫʬʴʵʩʨʹʨ ʫʨ ʻʶʰʸʨʺʬʹʵʩʰʹ ʺʬʹʺʰʹ ʳʨˁʭʬʴʬʩʬʲʹ ˀʵʸʰʹ (ʪʨʬʸʯʰʨʴʬʩʻʲʰ 

ʳʵʴʨ˂ʬʳʬʩʰʹʯʭʰʹ r = 0.22,17 df, P = 0.37). ʰʹ ʹʰʫʰʫʬʬʩʰ, ʸʵʳʲʬʩʰ˂ ʳʰʰʾʬʩʨ 

ʸʬʪʸʬʹʰʻʲʰ ˄ʸʼʰʹ ʰʴʺʬʸʶʵʲʨ˂ʰʰʯ ʻʶʰʸʨʺʬʹʵʩʰʹ ʺʬʹʺʰʹ 50%ʰʨʴʰ ʫʨ 100 %-ʰʨʴ 

ʳʨˁʭʬʴʬʩʲʬʩʮʬ ʹʨʸ˄ʳʻʴʵʫ ʨʸ ʪʨʴʹˆʭʨʭʫʬʩʨ ʨʸ˂ ʳʨʸ˂ˆʬʴʨ ʫʨ ʨʸ˂ ʳʨʸˇʭʬʴʨ ʴʶʴ-

ʰʹʨʯʭʰʹ ʨʸʨʺʸʬʴʰʸʬʩʻʲʰ ˄ʰ˄ʰʲʬʩʰʹ ʹʨˀʻʨʲʵ ʳʨˁʭʬʴʬʩʲʬʩʲʬʩʰʹʨʪʨʴ. 

 

                                       ˇ-ʪʲʻʸ-1 

 

ʨʸ˂ ʳʨʸˇʭʬʴʨ ʫʨ ʳʨʸ˂ˆʬʴʨ ʴʨˆʬʭʨʸʹʼʬʸʵʬʩʰʹ ʴʶʴ-ʬʩʰʹ ʪʨʬʸʯʰʨʴʬʩʻʲʰ 

ʳʵʴʨ˂ʬʳʬʩʰʹʨʯʭʰʹ ʰʿʵ ʹʨʸ˄ʳʻʴʵ ʱʵʸʬʲʨ˂ʰʨ ˂ʰʲʰʹ ʸʨʵʫʬʴʵʩʨʹʨ ʫʨ ʻʶʰʸʨʺʬʹʵʩʰʹ 

ʺʬʹʺʰʹ ʳʨˁʭʬʴʬʩʲʹ ˀʵʸʰʹ ((r = 0.25, P = 0.32) ʫʨ ʨʸ˂ ʪʨʴ˂ʨʲʱʨʭʬʩʻʲʰ ʨʴʨʲʰʮʰʹ 

ˀʬʳʯˆʭʬʭʨˀʰ ʴʨˆʬʭʨʸʹʼʬʸʵʬʩʰʹ ʳʰˆʬʫʭʰʯ (ʰˆ. ˂ˆʸʰʲʰ -1).  ʸʬʪʸʬʹʰʻʲʰ ˄ʸʼʰʹ 

ʰʴʺʬʸʶʵʲʨ˂ʰʰʯ ʳʰʾʬʩʻʲʰ ʹʰʫʰʫʬʬʩʰ ʻʶʰʸʨʺʬʹʵʩʰʹ ʺʬʹʺʰʹ 50 ʫʨ 100%-ʰʨʴ 

ʳʨˁʭʬʴʬʩʲʬʩʮʬ ʸʵʪʵʸ˂ ʳʨʸ˂ˆʬʴʨ ʨʹʬʭʬ ʳʨʸˇʭʬʴʨ ʴʨˆʬʭʨʸʹʼʬʸʵʹʨʯʭʰʹ ʨʸ 
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(ʰˆ. ˂ˆʸʰʲʰ-1). 
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˂ˆʸʰʲʰ -1. ʹʺʨʴʫʨʸʺʰʮʰʸʬʩʻʲʰ ʼ/ˇ ʪʲʻʸ ʨ-1-ʰʹ, ʼ-ʪʲʻʸ ʨ-1-ʰʹ ʫʨ ˇ-ʪʲʻʸ ʨ-1-ʰʹ ʳʵʴʨ˂ʬʳʬʩʰ ʺʭʰʴʰʹ ʻʩʴʰʹʨ 

ʫʨ ˈʬʳʰʹʼʬʸʵʹ ʳʰˆʬʫʭʰʯ. ʨʸʨ ʺʸʬʴʰʸʬʩʻʲʰ ˄ʰ˄ʰʲʬʩʰʹ ʹʨˀʻʨʲʵ ʳʴʰˀʭʴʬʲʵʩʬʩʰ, ʹʨˀʻʨʲʵʹ ʹʺʨʴʫʨʸʺʻʲʰ 

˂ʫʵʳʰʲʬʩʨ ʫʨ ˄ʰ˄ʰʲʬʩʰʹ ʸʰ˂ˆʭʰ (n) ʨʸʰʹ ʳʵ˂ʬʳʻʲʰ. ʺʸʬʴʰʸʬʩʻʲʰ ˄ʰ˄ʰʲʬʩʰʹʨʯʭʰʹ  ʹʭʬʺʰ „ʱʭʬʯʨ“ ʪʭʨ˃ʲʬʭʹ 

ʪʭʨ˃ʲʬʭʹ ʳʴʰˀʭʴʬʲʵʩʬʩʹ ʸʵʳʲʬʩʰ˂ ʳʰʰʾʬʩʨ ʸʬʪʸʬʹʰʻʲʰ ʨʴʨʲʰʮʰʹ ʱʭʬʯʰʯ ʻʶʰʸʨʺʬʹʵʩʰʹ ʺʬʹʺʰʹ 50%--ʰʨʴ 

(ʨʸʨʴʨʰʸʰ ʫʨʹ˄ʨʭʲʨ) ʫʨ 100-ʰʨʴ (˃ʲʰʬʸʰ ʫʨʹ˄ʨʭʲʨ) ʳʨˁʭʬʴʬʩʲʬʩʮʬ. ʱʭʬʯʰʹ ʹʺʨʴʫʨʸʺʻʲʰ ˂ʫʵʳʰʲʬʩʬʩʰ ʨʹʬʭʬ 

ʨʸʰʹ ʳʵ˂ʬʳʻʲʰ. ʯʭʰʯʵʬʻʲʰ ʱʭʬʯʨ ʹʺʻʫʬʴʺʰʹ t  ʺʬʹʺʰʯ ʨʸʰʹ ˀʬʫʨʸʬʩʻʲʰ ˀʬʹʨʩʨʳʰʹʰ ʨʸʨʺʸʬʴʰʸʬʩʻʲʰ 

˄ʰ˄ʰʲʬʩʰʹ ʹʨˀʻʨʲʵ ʳʨˁʭʬʴʬʩʬʲʯʨʴ. ʿʵʭʬʲʰ ˀʬʫʨʸʬʩʰʹʨʯʭʰʹ ʳʵ˂ʬʳʻʲʰʨ t ʫʨ P ʳʵʴʨ˂ʬʳʬʩʰ. ʨʹʬʭʬ ʳʵ˂ʬʳʻʲʰʨ 

ʱʵʸʬʲʨ˂ʰʰʹ ʱʵʬʼʰ˂ʰʬʴʺʬʩʰ r, ʸʵʳʬʲʰ˂ ʨʹʨˆʨʭʹ ʩʰʵʽʰʳʰʻʸʰ ʳʨˆʨʹʰʨʯʬʩʲʰʹ ʨʹʵ˂ʰʨ˂ʰʰʹ ʹʰ˃ʲʰʬʸʬʹ  

ʺʸʬʴʰʸʬʩʻʲʰ ˄ʰ˄ʰʲʬʩʰʹ ʻʶʰʸʨʺʬʹʵʩʰʹ ʺʬʹʺʰʹ ʳʨˁʭʬʴʬʩʬʲʯʨʴ. ʪʨʳʻʽʬʩʻʲʰʨ ʹʨʸ˄ʳʻʴʵ ʳʵʴʨ˂ʬʳʬʩʰ * P < 0.05, ** P 

< 0.01 
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                                    2.5.   ʫʰʹʱʻʹʰʨ 

                        ʳʰʾʬʩʻʲʰ ˀʬʫʬʪʬʩʰʹ ʪʨʴˆʰʲʭʨ 

                              ʶʸʵʺʬʵʳʰʱʻʲʰ ˀʬʹ˄ʨʭʲʬʩʰ 

 

ʳʨʸ˂ˆʬʴʨ ʰʳʳ-ˀʰ ʳʯʬʲʰ ʸʰʪʰ ˂ʰʲʬʩʰʹʨʯʭʰʹ ʨʸʰʹ ʴʨˁʭʬʴʬʩʰ ʫʨʹ˄ʨʭʲʰʹʨʯʭʰʹ 

ʹʶʬ˂ʰʼʰʱʻʸʰ ˂ʭʲʰʲʬʩʬʩʰ  ʺʸʬʰʴʰʴʪʰʫʨʴ 1 ʫʨ 24 ʹʨʨʯʰʹ ˀʬʳʫʬʪ ( ʳʰʳʵˆʰʲʭʰʹʨʯʭʰʹ 

McCabe eta al., 2013; Solomonia and McCabe 2015). ˁʭʬʴʹ ʳʰʬʸ ʳʰʾʬʩʻʲʰ ˀʬʫʬʪʬʩʰ 

˄ʨʸʳʵʨʫʪʬʴʹ ʨˆʨʲ ʰʴʼʵʸʳʨ˂ʰʨʹ ʰʳʳ-ˀʰ ʳʰʳʫʰʴʨʸʬ ʳʵʲʬʱʻʲʻʸʰ ˂ʭʲʰʲʬʩʬʩʰʹ 

ˀʬʹʨˆʬʩ, ʳʰʻʯʰʯʬʩʹ  ʪʨʸʱʭʬʻʲʰ ʳʬʳʩʸʨʴʻʲʰ ʫʨ ʳʰʺʵʽʵʴʫʸʰʻʲʰ ˂ʰʲʬʩʰʹ 

ʳʵʴʨ˄ʰʲʬʵʩʨʮʬ ʫʨʹ˄ʨʭʲʰʹʨ ʫʨ ʳʬˆʹʰʬʸʬʩʰʹ ʶʸʵ˂ʬʹʬʩˀʰ ʫʨ ʨʹʬʭʬ ʱʰʫʬ˂ ʬʸʯˆʬʲ 

ʨˁʭʬʴʬʩʹ ˈʬʳʰʹʼʬʸʻʲ ʨʹʰʳʬʺʸʰʨʹ ʰʳʳ-ˀʰ. 

 ʸʵʪʵʸ˂ ʮʬʳʵʯ ʻʱʭʬ ʳʸʨʭʨʲˇʬʸ ʰʿʵ ʴʨˆʹʬʴʬʩʰ, ˄ʰ˄ʰʲʨʹ ʺʭʰʴʰʹ ʰʳʳ ʫʨ ʳʰʹʰ 

ʨˆʲʵʳʫʬʩʨʸʬ ʳʬʮʵʶʨʲʻʸʰ ʸʬʪʰʵʴʰ ʯʨʳʨˀʵʩʹ ʳʴʰˀʭʴʬʲʵʭʨʴ ʸʵʲʹ ʼʸʰʴʭʬʲʬʩʰʹ 

ʸʨʳʫʬʴʰʳʬ ʺʰʶʰʹ ʳʬˆʹʰʬʸʬʩʨˀʰ.ʱʬʸ˃ʵʫ, ʰʳʳ ˁʨʸʯʻʲʰʨ ʫʨʹ˄ʨʭʲʰʹ ʶʨʹʰʻʸ 

ʪʨʴʸʰʫʬʩʨˀʰ (Rose eta al., 2000; Gibbs and Sommers., 2002); ʳʬʮʵʶʨʲʰʻʳʰʹ ˄ʰʴʨ 

ʳʬʫʰʨʲʻʸʰ ʴʨ˄ʰʲʰ ˁʨʸʯʻʲʰʨ ˀʰʴʨʻʸʰ ˄ʰ˄ʰʲʨʹ ʨʻʫʰʺʵʸʻʲ ʳʬˆʹʰʬʸʬʩʨˀʰ 

(Bredenkotter and Braun., 1997) ʫʨ ʳʵʳʾʬʸʨʲʰ ˁʰʺʬʩʰʹ ʳʬʮʵʶʨʲʰʻʳʰʹ ˀʻʨ ʱʨʻʫʨʲʻʸʰ 

ʻʩʨʴʰ ʳʵʴʨ˄ʰʲʬʵʩʹ ʫʨʹ˄ʨʭʲʰʲʰ ʹʰʳʾʬʸʰʹ ˀʬʹʨˆʬʩ ʰʴʼʵʸʳʨ˂ʰʰʹ ˀʬʴʨˆʭʨˀʰ (Bolhuis 

and Gahr.,2006; Gobes at al., 2010). 

ˁʭʬʴʹ ʳʰʬʸ ˁʨʳʵʿʨʲʰʩʬʩʻʲʰʨ ʰʹ ʱʸʰʺʬʸʰʻʳʬʩʰ, ʸʵʳʲʬʩʹʨ˂ ʻʴʫʨ 

ʨʱʳʨʿʵʼʰʲʬʩʫʬʹ  ˂ʭʲʰʲʬʩʬʩʰ ˂ʰʲʵʭʨʴʰ ʨʴ ʹˆʭʨ ʳʵʲʬʱʻʲʬʩʰʹ ʫʵʴʬʬʩˀʰ, ʸʵʳ ʰʹʰʴʰ 

ʫʨʹ˄ʨʭʲʰʹʨ ʫʨ ʳʬˆʹʰʬʸʬʩʰʹʨʯʭʰʹ ʹʶʬ˂ʰʼʰʱʻʸ ˂ʭʲʰʲʬʩʬʩʹ ʪʨʴʬʱʻʯʭʴʵʴ.   

ʨʳ ʱʸʰʺʬʸʰʻʳʬʩʰʹ ʪʨʯʭʨʲʰʹ˄ʰʴʬʩʰʯ, ʳʯʬʲʰ ʸʰʪʰ ʩʰʵʽʰʳʰʻʸʰ ʶʸʵ˂ʬʹʬʩʰʹʨʯʭʰʹ 

ʴʨˁʭʬʴʬʩʰ ʰʽʴʨ,  ʸʵʳ ʫʨʹ˄ʨʭʲʨ-ʫʨʳʵʱʰʫʬʩʻʲʰ ˂ʭʲʰʲʬʩʬʩʹ ʺʸʬʰʴʰʴʪʰʫʨʴ 24 ʹʨʨʯʰʹ 

ˀʬʳʫʬʪ, ʶʸʬʫʵʳʰʴʨʴʺʻʸʨʫ  ʳʨʸ˂ˆʬʴʨ ʰʳʳ-ˀʰ ʨʽʭʹ ʨʫʪʰʲʰ (ʳʰʳʵˆʰʲʭʰʹʨʯʭʰʹ Horn, 

2004; McCabe, 2013; Solomonia and McCabe, 2015). ʫʨʹ˄ʨʭʲʨ ʫʨʳʵʱʰʫʬʩʻʲ ˂ʭʲʰʲʬʩʬʩʹ 

ʨʫʪʰʲʰ ʨʽʭʹ ʨʪʸʬʯʭʬ ʳʨʸˇʭʬʴʨ ʴʨˆʬʭʨʸʹʼʬʸʵʹ ʰʳʳ-ˀʰ˂ ʯʻʳ˂ʨ ʳʨʸ˂ˆʬʴʨʹʯʨʴ 

ˀʬʫʨʸʬʩʰʯ ʰʹʰʴʰ ʴʨʱʲʬʩʨʫ ʳʱʨʼʰʵʫ ʨʸʰʨʴ ʪʨʳʵˆʨʺʻʲʬʩʰ. ˁʭʬʴʹ ˄ʨʸʳʵʫʪʬʴʰʲ 
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ʴʨˀʸʵʳˀʰ  ʫʨʹ˄ʨʭʲʨʮʬ ʫʨʳʵʱʰʫʬʩʻʲʰ ˂ʭʲʰʲʬʩʬʩʰ ʴʨʶʵʭʴʰʨ ʳ-ʱʵʪʴʰʴˀʰ, ʳ P-38-ˀʰ, 

ʫʰʴʨʳʰʴ-1-ˀʰ,  ʭʫʨʨ-1-ˀʰ, ˈʩʸʶ-ʨ2/ʩ1-ˀʰ, ʳʺʼʨ-ˀʰ, ʩʸʼ-1-ˀʰ ʫʨ ʨʳ ˂ʭʲʰʲʬʩʬʩʰʫʨʴ 

ʳˆʵʲʵʫ  ʫʰʴʨʳʰʴ-1-ʰʹʨʯʭʰʹ  ʴʨʴʨˆʰʨ ʹʨʸ˄ʳʻʴʵ ʻʸʯʰʬʸʯʽʳʬʫʬʩʨ ʻʶʰʸʨʺʬʹʵʩʰʹ 

ʺʬʹʺʰʹ ʳʨˁʭʬʴʬʩʬʲʹʨ ʫʨ  ʫʨʳʵʱʰʫʬʩʻʲʬʩʨ- ʫʨʹ˄ʨʭʲʰʹ ʹʰ˃ʲʰʬʸʬʹʨ ʫʨ 

ʻʶʰʸʨʺʬʹʵʩʰʹ ʺʬʹʺʹ ˀʵʸʰʹ, ʨʴʻ ʹʨʸ˄ʳʻʴʵ ʪʨʴʹˆʭʨʭʬʩʨ ˈʬʳʰʹʼʬʸʵʬʩʰʹ ʳʰˆʬʫʭʰʯ 

ʸʬʪʸʬʹʰʻʲ ʳʸʻʫʬʩʹ ˀʵʸʰʹ ʫʨ ʨ.ˀ. ˈʬʳʰʹʼʬʸʵʬʩʰʹ ʪʨʴ˂ʨʲʱʨʭʬʩʻʲʰ  ʨʴʨʲʰʮʰʯ 

ʴʨʴʨˆʰʨ, ʸʵʳ ʳʨʸ˂ˆʬʴʨ ʰʳʳ-ˀʰ ˆʫʬʩʨ ʫʨʹ˄ʨʭʲʨʮʬ ʫʨʳʵʱʰʫʬʩʻʲʰ ˂ʰʲʵʭʨʴʰ 

ʳʵʲʬʱʻʲʬʩʰʹ ʸʨʵʫʬʴʵʩʸʰʭʰ ˂ʭʲʰʲʬʩʬʩʰ. ʹʨʸ˄ʳʻʴʵʸʬʪʸʬʹʰʨ ʰʽʴʨ ʴʨʴʨˆʰ ʳ-

ʱʵʪʴʰʴʰʹ ʫʨ ˈʩʸʶ-ʨ2/ʩ1-ʰʹ ˀʬʳʯˆʭʬʭʨˀʰ ʳʨʸˇʭʬʴʨ ʰʳʳ-ˀʰ˂, ʳʨʪʸʨʳ ʨʳ ˂ʰʲʬʩʰʹ 

ʰʴʺʬʸʶʵʲʰʸʬʩʻʲʰ ʸʨʵʫʬʴʵʩʨ  ʻʶʰʸʨʺʬʹʵʩʰʹ ʺʬʹʺʰʹ ʳʨʽʹʰʳʨʲʻʸ ʳʨˁʭʬʴʬʩʬʲʮʬ 

ʳʴʰˀʭʴʬʲʵʭʴʨʫ ʨʸ ʪʨʴʹˆʭʨʭʫʬʩʵʫʨ ʨʸʨʺʸʬʴʰʸʬʩʻʲʰ ˄ʰ˄ʰʲʬʩʰʹ ʹʨˀʻʨʲʵ 

ʳʴʰˀʭʴʬʲʵʩʰʹʪʨʴ.  ʨʳʨʭʬ ʫʸʵʹ, ʳʨʸ˂ˆʬʴʨ ʰʳʳ-ʰʹʨʯʭʰʹ ʬʹ ʳʨˁʭʬʴʬʩʬʲʰ ʹʨʸ˄ʳʻʴʵʫ 

ʻʼʸʵ ʳʨʾʨʲʰ ʰʿʵ ʨʸʨʺʬʸʴʰʸʬʩʻʲʰ ˄ʰ˄ʰʲʬʩʰʹ ʹʨˀʻʨʲʵ ʳʨˁʭʬʴʬʩʬʲʯʨʴ. ʨʳʸʰʪʨʫ 

ʫʨʹ˄ʨʭʲʨ ʫʨʳʵʱʰʫʬʩʻʲʰ ˂ʭʲʰʲʬʩʬʩʰ ʻʼʸʵ ʳʱʭʬʯʸʨʫ ʰʿʵ ʪʨʳʵˆʨʺʻʲʰ ʳʨʸ˂ˆʬʴʨ 

ʰʳʳ-ˀʰ. 

ʫʰʫʰ ˆʨʴʰʨ ʻʱʭʬ ˂ʴʵʩʰʲʰʨ, ʸʵʳ ʰʳʳ ʨʳʷʾʨʭʴʬʩʹ ʼʻʴʽ˂ʰʻʸ ʨʹʰʳʬʺʸʰʨʹ  

ʰʳʶʸʰʴʺʰʴʪʰʹ ʫʸʵʹ  (Horn et al., 1985) ʫʨ ʨʪʸʬʯʭʬ ʶʨʹʰʻʸʰ ʪʨʴʸʰʫʬʩʰʹ ʫʨʹ˄ʨʭʲʰʹ 

ʫʸʵʹ (Rose et al., 2000). ʶʵʹʺʹʰʴʨʼʹʻʸʰ ʹʰʳʱʭʸʰʭʰʹ ʮʸʫʨ ʨʽʹʵʹʶʰʴʨʲʻʸ ʹʰʴʨʶʹʬʩʮʬ 

ʰʳʶʸʰʴʺʰʴʪʰʹ ˀʬʳʫʪʵʳ ˀʬʰʳˁʴʬʭʨʳˆʵʲʵʫ ʳʨʸ˂ˆʬʴʨ ʰʳʳ-ˀʰ (Bredly et al., 1981; Horn et 

al., 1985), ʰʹʬʭʬ, ʸʵʪʵʸ˂ ʴʳʫʨ ʸʬ˂ʬʶʺʵʸʬʩʰʹ ʸʰ˂ˆʭʰʹ  ʫʨʹ˄ʨʭʲʨ-

ʫʨʳʵʱʰʫʬʩʻʲʰʮʸʫʨ (McCabe and Horn, 1988; Johnston et al., 1995; Johnston and Rogers., 

1996; 1998). ʺʭʰʴʰʹ ʫʨʮʰʨʴʬʩʰʯʰ ˀʬʹ˄ʨʭʲʬʩʰ ʳʰʻʯʰʯʬʩʹ, ʸʵʳ ʰʳʳ-ʰʹ ʵʸʰʭʬ ʴʨ˄ʰʲʹ 

ˀʬʻ˃ʲʰʨ ʹʨʰʳʶʸʰʴʺʰʴʪʵ ʫʨʹ˄ʨʭʲʰʹ ˀʬʳʫʪʵʳ ʳʰʾʬʩʻʲʰ ʰʴʼʵʸʳʨ˂ʰʰʹ ʳʰʾʬʩʨ ʫʨ 

ˀʬʴʨˆʭʨ (McCabe et al., 1981, 1982; Horn et al., 1983), ʯʻʳ˂ʨ-ʪʨʴʹˆʭʨʭʬʩʻʲʨʫ: ʳʨʸˇʭʬʴʨ 

ʰʳʳ ʨʻ˂ʰʲʬʩʬʲʰʨ ʳʬˆʹʰʬʸʬʩʰʹS’ʸʬʪʰʵʴʰʹʯʭʰʹ“, ʸʵʳʬʲʰ˂ ʰʳʳ-ʹ ʪʨʸʬʯ ʳʫʬʩʨʸʬʵʩʹ. 

ʳʬʺʰ˂, ʯʻ ʺʸʬʰʴʰʴʪʰʫʨʴ 3 ʹʨʨʯʰʹ ˀʬʳʫʪʵʳ ʳʵˆʫʬʩʨ ʳʨʸˇʭʬʴʨ ʰʳʳ-ʰʹ ʫʨʮʰʨʴʬʩʨ, 

ʰʴʼʵʸʳʨ˂ʰʰʹ ˀʬʴʨˆʭʨ, ʳʨʸ˂ˆʬʴʨ ʰʳʳ-ʮʬ ˆʫʬʩʨ ʫʨʳʵʱʰʫʬʩʻʲʰ (Cipolla-Neto et al., 1982). 

ʳʨʸ˂ˆʬʴʨ ʰʳʳ ʪʨʳʵʰʸˁʬʭʨ   ˃ʲʰʬʸʰ ʱʵʸʬʲʨ˂ʰʰʯ ˂ʰʺʵʽʸʵʳ c ʵʽʹʰʫʨʮʨʹ ʶʰʸʭʬʲ ʫʨ 
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ʳʬʵʸʬ ʹʻʩʬʸʯʬʻʲʬʩʹ ˀʵʸʰʹ. ʬʹ ˂ʰʲʨ, ʱʸʰʺʰʱʻʲʨʫ ʳʴʰˀʭʴʬʲʵʭʨʴʰʨ ʵʽʹʰʫʨ˂ʰʻʸʰ 

ʼʵʹʼʵʸʰʲʰʸʬʩʰʹʯʭʰʹ; ʳʨʸˇʭʬʴʨ ʰʳʳ-ˀʰ, ʨʹʬʯʰ ˃ʲʰʬʸʰ ʱʵʸʬʲʨ˂ʰʨ  ʨʸ ʨʸʰʹ 

ʴʨˁʭʬʴʬʩʰ (Solomonia et al., 2011). ˀʬʳʵʯʨʭʨʮʬʩʻʲʰʨ ʳʵʹʨʮʸʬʩʨ, ʸʵʳ ʳʨʸ˂ˆʬʴʨ ʰʳʳ 

ʹʶʬ˂ʰʨʲʰʮʰʸʬʩʻʲʰʨ ʰʳʸʰʴʺʰʴʪʰʹ ʹʬʴʹʰʺʰʻʸʰ ʶʬʸʰʵʫʰʹ ʫʨʹʨ˄ʿʰʹʯʨʴ, 

ʹʨʭʨʸʨʻʫʵʫ  ˄ʰʴʳʹ˄ʸʬʩʰ ʪʨʴʭʰʯʨʸʬʩʰʯ, ʸʵʳʬʲʰ˂ ʨ˃ʲʬʭʹ ʳʨʹ ʹʨˀʻʨʲʬʩʨʹ 

ʬʼʬʽʺʻʸʨʫ ʨʰʯʭʰʹʵʹ ʫʨ ʪʨʫʨʨʳʻˀʨʵʹ  ʰʳʶʸʰʴʺʰʴʪʰʹ ʫʸʵʹ ʳʰʾʬʩʻʲʰ ʰʴʼʵʸʳʨ˂ʰʨ. 

ˁʭʬʴʰʴʨˀʸʵʳʰ ʳʻʯʰʯʬʩʹ, ʸʵʳ  ʳʨʸ˂ˆʬʴʨ ʰʳʳ-ʰʹ ˄ʭʲʰʲʰ ʰʳʶʸʰʴʺʰʴʪ-ʳʬˆʹʰʬʸʬʩʰʹ 

ˁʨʳʵʿʨʲʰʩʬʩʨˀʰ ʨʹʵ˂ʰʸʬʩʻʲʰ ʪʨʸʱʭʬʻʲʰ ʹʶʬ˂ʰʼʰʱʻʸʰ ˂ʰʲʬʩʰ ʻʼʸʵ ʳʨʾʨʲʰ 

ʬʽʹʶʸʬʹʰʰʯ ˆʨʹʰʨʯʫʬʩʨ ʳʨʸˇʭʬʴʨ ʰʳʳ-ʯʨʴ ʫʨ ʹˆʭʨ ʹʨʱʵʴʺʸʵʲʵ ʻʩʴʬʩʯʨʴ 

ˀʬʫʨʸʬʩʰʯ.  

 

                                        ʱʵʪʴʰʴʰ 

 

˂ʰʲʨ ʱʵʪʴʰʴʰ, ʹʨ˄ʿʰʹ ʬʺʨʶʮʬ ʰʫʬʴʺʰʼʰ˂ʰʸʬʩʻʲʰ ʰʽʴʨ, ʸʵʪʵʸ˂ ˄ʰ˄ʰʲʨʹ 

ʯʭʨʲʰʹ ʩʨʫʻʸʰʹ ʹʶʬ˂ʰʼʰʻʸʰ ʨʫˈʬʮʰʻʸʰ ʳʵʲʬʱʻʲʨ (Hausman and Moscona, 1976). 

ʱʵʪʴʰʴʹ, ʸʵʳ ʶʸʵʺʬʰʴ ʫʰʹʻʲʼʰʫ ʰʮʵʳʬʸʨʮʻʲʰ ʨʽʺʰʭʵʩʨ ʨˆʨʹʰʨʯʬʩʹ ʫʨ ʨʳ 

ʼʬʸʳʬʴʺʹ ˄ʨʸʳʵʨʫʪʬʴʹ  (ʶʫʰ), ʴʨʴʨˆʰ ʰʽʴʨ ˀʬʳʫʪʵʳ ˄ʲʬʩˀʰ (Pariser et al., 2000).ʶʫʰ-ʰʹ 

ʨʽʭʹ ˀʬʹʨ˃ʲʬʩʲʵʩʨ ˁʨʸʯʻʲʰ ʰʿʵʹ ʳʵʴʨ˄ʰʲʬʵʩʫʬʹ ˂ʰʲʬʩʰʹ ʹ˄ʵʸʨʫ ʫʨˆʭʬʭʨˀʰ ʫʨ 

ʨʹʬʭʬ ʨʸʨʹ˄ʵʸʨʫ ʫʨˆʭʬʻʲʰ ˂ʰʲʬʩʰʹ ʸʬʴʨʺʻʸʨ˂ʰʨˀʰ (Hatahet and Ruddock, 2009; 

Kozlov et al., 2010). ʨʸʹʬʩʻʲʰ ʳʵʴʨ˂ʬʳʬʩʰ ʳʰʻʯʰʯʬʩʹ ʶʫʰ-ʰʹ ʫʰʫ ʳʴʰˀʭʴʬʲʵʩʨʮʬ 

ʴʬʰʸʵʴʬʩʰʹ ʴʵʸʳʨʲʻʸʰ ʼʻʴʽ˂ʰʵʴʰʸʬʩʰʹʨʯʭʰʹ: ʶʫʰ-ʰʹ ˀʬ˂ʭʲʰʲʰ ʨʽʺʰʭʵʩʬʩʰ  

ʫʨʱʨʭˀʰʸʬʩʻʲʰʨ ʰʹʬʯ ʫʨʨʭʨʫʬʩʬʩʯʨʴ, ʸʵʪʵʸʬʩʰ˂ʨʨ: ʨʲ˂ˈʨʰʳʬʸʰ, ʶʨʸʱʰʴʹʵʴʰ, 

ˈʨʴʺʰʴʪʺʵʴʰ ʫʨ ʨʳʰʵʺʸʵʼʻʲʰ ʲʨʺʬʸʨʲʻʸʰ ʹʱʲʬʸʵʮʰ (Andreu et al., 2012). ʶʫʰ 

˄ʨʸʳʵʨʫʪʬʴʹ ˂ʰʱʲʵʶʬʴʺʬʴʵʴ ʶʸʵʹʺʨʪʲʨʴʫʰʴʰʹ ʹʨʳʰʮʴʬʹ (Liu et al., 2015).ʬʹ ʳʨʾʨʲ 

ʸʬʨʽʺʰʻʲʰ ʳʵʲʬʱʻʲʬʩʰ ʨʸʰʨʴ ˂ʰʱʲʵʵʽʹʰʪʬʴʨʮʨ 2-ʰʹ  ʫʨʾʳʨʭʨʲʰ ʪʮʰʹ 

ʳʬʫʰʨʺʵʸʬʩʰ  ʺʭʰʴʰʹ ʰˀʬʳʰʻʸʰ ʫʨʮʰʨʴʬʩʰʹ ʫʸʵʹ ʫʨ ʶʫʰ-ʰʹ ʫʰʫʰ ʸʨʵʫʬʴʵʩʰʯ 

ʬʽʹʶʸʬʹʰʨ ʨʸʰʹ ʫʨʳ˂ʨʭʰ ʹʨˀʻʨʲʬʩʨ ʺʭʰʴʰʹ ʨʹʬʯʰ ʫʨʮʰʨʴʬʩʰʹ ʫʸʵʹ (Tanaka et al., 2000; 

Liu et al., 2015). 
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ʱʵʪʴʰʴʰ ʴʨʴʨˆʰʨ ʵʸ ʹʻʩʻˇʸʬʫʻʲ ʱʵʳʶʨʸʺʳʬʴʺˀʰ: ʬʴʫʵʶʲʨʮʳʻʸ 

ʸʬʺʰʱʻʲʻʳˀʰ ʫʨ ʶʲʨʮʳʻʸ ʳʬʳʩʸʨʴʨˀʰ ʫʨ ˀʬʹʨʩʨʳʰʹʨʫ ˁʭʬʴ ʳʵʭʨˆʫʰʴʬʯ 

ˀʬʹ˄ʨʭʲʰʲʰ ʺʭʰʴʰʹ ʽʹʵʭʰʲʬʩʰʹ ʼʸʨʽ˂ʰʵʴʰʸʬʩʨ 2 ʼʸʨʽ˂ʰʨʫ: ˂ʰʺʵʶʲʨʮʳʻʸʰ 

ʼʸʨʽ˂ʰʨ (ʪʨʳʫʰʫʸʬʩʻʲʰʨ ʬʴʫʵʶʲʨʮʳʻʸʰ ʩʨʫʰʯ) ʫʨ P2 ʳʰʺʵʽʵʴʫʸʰʻʲ-

ʶʲʨʮʳʻʸʳʬʳʩʸʨʴʻʲʰ ʼʸʨʽ˂ʰʨ. ˁʭʬʴʰ ʪʨʳʵʱʭʲʬʭʬʩʰʯ ʴʨʴʨˆʰʨ, ʫʨʹ˄ʨʭʲʨʮʬ 

ʫʨʳʵʱʰʫʬʩʻʲʰ ˂ʭʲʰʲʬʩʬʩʰ ʳʰʺʵʽʵʴʫʸʰʻʲ-ʳʬʳʩʸʨʴʻʲʰ ʼʸʨʽ˂ʰʰʹ  ʱʵʪʴʰʴˀʰ ʫʨ 

ʨʸʨ ˂ʰʺʵʶʲʨʮʳʻʸ ʱʵʪʴʰʴˀʰ. ʳʨʸ˂ˆʬʴʨ ʰʳʳ-ˀʰ ʸʬʪʸʬʹʰʰʹ ʳʸʻʫʰ ʳʴʰˀʭʴʬʲʵʭʴʨʫ 

ʪʨʴʹˆʭʨʭʬʩʻʲʰʨ ʳ-ʱʵʪʴʰʴʹʨ  ʫʨ ˂-ʱʵʪʴʰʴʹ ˀʵʸʰʹ. ʵʸʰ ˈʰʶʵʯʬʮʰʯ, ʸʵʳʲʬʩʰ˂ 

ʬʸʯʳʨʴʬʯʹ ʨʸ ʪʨʳʵʸʰ˂ˆʨʭʬʴ ˀʬʹʨ˃ʲʬʩʬʲʰʨ ʨʳ  ʬʼʬʽʺʰʹ ʨˆʹʴʨ: 

1. ʱʵʪʴʰʴʰʹ ʸʨʵʫʬʴʵʩʰʹ ʮʸʫʨʹʨʫʪʰʲʰ ʨʽʭʹ ʳʬʳʩʸʨʴʻʲ-ʳʰʺʵʽʵʴʫʸʰʻʲʰ 

ʼʸʨʽ˂ʰʨˀʰ ʨʸʹʬʩʻʲ  ʬʴʫʵʶʲʨʮʳʻʸ ʸʬʺʰʱʻʲʻʳˀʰ. 

2. ʬʴʫʵʶʲʨʮʳʻʸʰ ʸʬʺʰʱʻʲʻʳʰʹ  ʱʵʪʴʰʴʰʹ ʺʸʨʴʹʲʵʱʨ˂ʰʨ  ʶʲʨʮʳʻʸ ʳʬʳʩʸʨʴʨʮʬ, 

ʹʨʫʨ˂ ʰʹ ˀʬʰ˃ʲʬʩʨ ʳʵʴʨ˄ʰʲʬʵʩʫʬʹ ʰʳʸʰʴʺʰʴʪʰʹ ʶʸʵ˂ʬʹˀʰ,  ʳʰʻʯʰʯʬʩʹ ʰʳ ʼʨʽʺʮʬ, 

ʸʵʳ ʰʹ ˁʨʸʯʻʲʰ ʻʴʫʨ ʰʿʵʹ ʻˇʸʬʫʻʲ ʨʫˈʬʮʰʨʹʨ ʫʨ ʻʴʫʨ ʪʨʴʨʶʰʸʵʩʬʩʫʬʹ 

ʳʬʳʩʸʨʴʻʲʰ ˂ʰʲʬʩʰʹ ʹʺʨʩʰʲʰʮʨ˂ʰʨʹ. 

ˁʭʬʴʰ ʲʨʩʵʸʨʺʵʸʰʰʹ ˄ʰʴʨ ˀʸʵʳʬʩˀʰ ʴʨˁʭʬʴʬʩʰ ʰʿʵ ʴʬʰʸʵʴʻʲʰ ʻˇʸʬʫʰʹ ʨʫˈʬʮʰʻʸʰ 

ʳʵʲʬʱʻʲʬʩʰʹ ʫʨʹ˄ʨʭʲʨ ʹʶʬ˂ʰʼʰʱʻʸʰ ʳʨʺʬʩʨ ʰʳʳ-ˀʰ ʨʹʬʭʬ ʫʨʹ˄ʨʭʲʰʫʨʴ 24 ʹʨʨʯʰʹ 

ˀʬʳʫʬʪ(Solomonia et al., 1998). ˀʬʹʨ˃ʲʬʩʬʲʰʨ, ʸʵʳ ʳ-ʱʵʪʴʰʴʰʹ ʳʨʺʬʩʨ ʳʰʺʵʽʵʴʫʸʰʻʲ-

ʳʬʳʩʸʨʴʻʲ ʼʸʨʽ˂ʰʨˀʰ ʨʹʬʭʬ ʫʨʱʨʭˀʰʸʬʩʻʲʰ ʰʿʵʹ  ʳʬˆʹʰʬʸʬʩʰʹ ʶʸʵ˂ʬʹˀʰ ʳʵʴʨ˄ʰʲʬ 

ʴʬʰʸʵʴʬʩʹ ˀʵʸʰʹ ʨʫˈʬʮʰʰʹ ʳʨʺʬʩʨʹʯʨʴ. 

ʳ-ʱʵʪʴʰʴʰʹ ʹʨʸ˄ʳʻʴʵ ʸʬʪʸʬʹʰʨ ʻʶʰʸʨʺʬʹʵʩʰʹ ʺʬʹʺʯʨʴ ʳʰʳʨʸʯʬʩʨˀʰ ʴʨˁʭʬʴʬʩʰ 

ʰʿʵ ʨʪʸʬʯʭʬ ʳʨʸˇʭʬʴʨ  ʰʳʳ-ˀʰ, ʺʸʬʰʴʰʴʪʰʫʨʴ 24 ʹʨʨʯʰʹ ˀʬʳʫʬʪ. ʳʰʻˆʬʫʨʭʨʫ ʨʳ 

ʹʨʸ˄ʳʻʴʵʸʬʪʸʬʹʰʰʹʨ, ʻʶʰʸʨʺʬʹʵʩʰʹ ʺʬʹʺʰʹ 100 %-ʰʨʴʰ ʳʨˁʭʬʴʬʩʬʲʮʬ 

ʰʴʺʬʸʶʵʲʨʸʰʸʬʩʻʲʰ ʹʰʫʰʫʬ ʹʨʸ˄ʳʻʴʵʫ ʨʸ ʪʨʴʹˆʭʨʭʫʬʩʵʫʨ ʨʸʨʺʸʬʴʰʸʬʩʻʲʰ 

˄ʰ˄ʰʲʬʩʰʹ ʹʨˀʻʨʲʵ ʳʨˁʭʬʴʬʩʲʰʹʪʨʴ. ˀʬʹʨ˃ʲʵʨ, ʸʵʳ ʳʰʳʫʰʴʨʸʬʵʩʫʬʹ ʬʸʯʫʸʵʻʲʨʫ 

ʵʸʰ ʶʨʸʨʲʬʲʻʸʰ ʶʸʵ˂ʬʹʰ: ʬʸʯʰʶʸʵ˂ʬʹʰ ʫʨʱʨʭˀʰʸʬʩʻʲʰ ʻʴʫʨ ʰʿʵʹ ʳʬˆʹʰʬʸʬʩʰʹ 

ˀʬʴʨˆʭʨʹʯʨʴ ʫʨ ʳʬʵʸʬ- ʳʬˆʹʰʬʸʬʩʰʹ „S” ʸʬʪʰʵʴʰʹ ˁʨʳʵʿʨʲʰʩʬʩʨʹʯʨʴ, ʸʵʳʬʲʰ˂ 
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ʴʨ˄ʰʲʵʩʸʰʭ ʴʰʾʩʨʭʹ ʳʬˆʹʰʬʸʬʩʰʹʨʯʭʰʹ ʹʶʬ˂ʰʱʻʸ ʳ-ʱʵʪʴʰʴʰʹ ʳʨʺʬʩʨʹ ʳʨʸˇʭʬʴʨ ʰʳʳ-

ˀʰ. 

ʸʵʪʵʸ˂ ˁʭʬʴʯʭʰʹ ˂ʴʵʩʰʲʰʨ, ˁʭʬʴʰ ʳʰʾʬʩʻʲʰ ˀʬʫʬʪʬʩʰ ʶʰʸʭʬʲʨʫ 

ʳʰʻʯʰʯʬʩʹ, ʳʬˆʹʰʬʸʬʩʰʹ ʶʸʵ˂ʬʹʬʩˀʰ ˂ʰʲʨ ʱʵʪʴʰʴʰʹ ʹʶʬ˂ʰʼʰʱʻʸ ʳʵʴʨ˄ʰʲʬʵʩʨʮʬ. 

 

                                                      P-38  

 

ʰʳʳ-ˀʰ ˂ʰʲʨ P-38-ʰʹ ʸʵʫʬʴʵʩʰʹ ʮʸʫʨ ʫʨʹ˄ʨʭʲʨʮʬ ʫʨʳʵʱʰʫʬʩʻʲ ʶʸʵ˂ʬʹʹ 

˄ʨʸʳʵʨʫʪʬʴʹʫʨ ʨʸ ˀʬʰʳˁʴʬʭʨ ʹˆʭʨ ʻʩʨʴˀʰ. ʨʸ˂ʬʸʯ ˀʬʹ˄ʨʭʲʰʲ ʻʩʨʴˀʰ ʰʽʴʨ 

ʪʨʳʵʭʲʬʴʰʲʰ ʫʨʹ˄ʨʭʲʨʹʯʨʴ ʫʨʱʨʭˀʰʸʬʩʻʲʰ ˂ʭʲʰʲʬʩʬʩʰ ˂ʰʺʵʶʲʨʮʳʻʸʰ P-38-

ʰʹʨʯʭʰʹ.ʳʰʺʵʽʵʴʫʸʰʨʲʻʸʰ ʳʨʺʸʰʽʹʰ ʬʸʯ-ʬʸʯʰ ʻˇʸʬʫʻʲʰ ʹʨʰʺʰʨ ʹʨʫʨ˂ P-38 

ʨʸʰʹ ʲʵʱʨʲʰʮʬʩʻʲʰ(Muta et al., 1997). ʳʰʺʵʽʵʴʫʸʰʻʲ P-38-ʰʹʨʯʭʰʹʹˆʭʨʫʨʹˆʭʨ  

ʻˇʸʬʫʻʲʰ ʼʻʴʽ˂ʰʬʩʰ ʰʽʴʨ ʴʨʭʨʸʨʻʫʬʭʰ.ʨʳ ˂ʰʲʵʭʨʴ ʳʵʲʬʱʻʲʨʹ ˀʬʻ˃ʲʰʨ 

ʫʨʨʸʬʪʻʲʰʸʵʹ ʳʰʺʵʽʵʴʫʸʰʰʹ ʳʵʸʼʵʲʵʪʰʨ  ʫʨ ʫʰʴʨʳʰʱʨ  ʨʻʺʵʼʨʪʰʰʹ ʪʮʰʯ- 

˂ʰʲʨ ʶʨʸʱʰʴʰʹ ʫʬʪʸʨʫʨ˂ʰʰʯ (Li et al., 2011). ʰʹ ʴʬʰʸʵʴʻʲʰ ʶʸʵ˂ʬʹʬʩʰ, ʸʵʳʲʬʩʰ˂ 

ˁʨʸʯʻʲʰʨ ʫʨʹ˄ʨʭʲʨʹʨ ʫʨ ʳʬˆʹʰʬʸʬʩʨˀʰ ʫʨ ʸʵʳʲʬʩʰ˂  ˂ˆʨʫʨʫ ʨʸʰʹ ʪʨʳʵʹʨˆʻʲʰ 

ʰʳʳ-ˀʰ, ˀʬʹʨ˃ʲʵʨ ʳʵʰʯˆʵʭʫʬʹ ʪʨ˃ʲʰʬʸʬʩʻʲ ʷʨʴʪʭʰʯ ʳʬʺʨʩʵʲʰʮʳʹ(Gibbs et al., 

2006).P-32 ˁʨʸʯʻʲʰʨ ʳʰʺʵʽʵʴʫʸʰʰʹ ʺʸʨʴʹʲʨ˂ʰʰʹ ʶʸʵ˂ʬʹʬʩˀʰ (Uchiumi and Kang, 

2012).˂ʰʲʨ P-32 ʰʹ-ʰʹ ʴʵʱʫʨʻʴʫʰ ʨʫʨʳʰʨʴʰʹ ʱʰʩʵʹ ʻˇʸʬʫʬʩˀʰ ʨʰʴˈʰʩʰʸʬʩʹ 

ʳʰʺʵʽʵʴʫʸʰʻʲʰ ʫʴʳ-ʰʯ ʱʵʫʰʸʬʩʨʫʰ ˂ʰʺʵʽʸʵʳ c ʵʽʹʰʫʨʮʨʹ ʶʰʸʭʬʲʰ ʫʨ ʳʬʵʸʬ 

ʹʻʩʬʸʯʬʻʲʬʩʰʹ ʹʰʴʯʬʮʹ(Fogal et al., 2010).˂ʰʺʵʽʸʵʳ c ʵʽʹʰʫʨʮʨʹ ʶʰʸʭʬʲʰ ʫʨ ʳʬʵʸʬ 

ʹʻʩʬʸʯʬʻʲʬʩʰʹ  ʸʨʵʫʬʴʵʩʨ ʰʮʸʫʬʩʨ ʫʨʹ˄ʨʭʲʨʮʬ ʫʨʳʵʱʰʫʬʩʻʲʰ ʪʮʰʯ ʳʨʸ˂ˆʬʴʨ 

ʰʳʳ-ˀʰ ʺʸʬʰʴʰʴʪʰʫʨʴ 24 ʹʨʨʯʰʹ ˀʬʳʫʬʪ (Solomonia et al., 2011) ʫʨ ʬʹ ˂ʭʲʰʲʬʩʬʩʰ 

ˀʬʰ˃ʲʬʩʨ ʪʨʴʶʰʸʵʩʬʩʻʲʰ ʰʿʵʹ ʳʬʳʩʸʨʴʻʲP-38 -ʰʹ ʮʸʫʨʹʯʨʴ.  

ˁʭʬʴʰ ʳʰʾʬʩʻʲʰ ˀʬʫʬʪʬʩʰ, ʶʰʸʭʬʲʨʫ ʳʰʻʯʰʯʬʩʹ ʰʳʨʮʬ, ʸʵʳ ʳʬʳʩʸʨʴʻʲʰP-38 

ʳʵʴʨ˄ʰʲʬʵʩʹ ʫʨʹ˄ʨʭʲʰʹ ʫʨ ʳʬˆʹʰʬʸʬʩʰʹ ʶʸʵ˂ʬʹʬʩˀʰ.  
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ʫʰʴʨʳʰʴ-1-ʰʹ  ʫʨʹ˄ʨʭʲʨʮʬ ʫʨʳʵʱʰʫʬʩʻʲʰ ʸʨʵʫʬʴʵʩʸʰʭʰ ʮʸʫʨ ʴʨʴʨˆʰ ʰʽʴʨ 

ʪʨ˄ʭʸʯʴʰʲʰ ˄ʰ˄ʰʲʬʩʰʹ ʳʨʸ˂ˆʬʴʨ ʰʳʳ-ˀʰ, ʳʨʪʸʨʳ ʨʸʨ-ʺʭʰʴʰʹ ʹˆʭʨ ʸʬʪʰʵʴˀʰ. ʬʹ 

˂ʰʲʵʭʨʴʰ ʳʵʲʬʱʻʲʨ˄ʨʸʳʵʨʫʪʬʴʹ ʪʺʼ-ʨʮʨʹ ʫʨ  ʳʵʴʨ˄ʰʲʬʵʩʹ ʹʰʴʨʼʹʻʸʰ 

ʭʬʮʰʱʻʲʬʩʰʹ ʸʬ˂ʰʱʲʰʸʬʩʰʹ ʶʸʵ˂ʬʹˀʰ, ʳʬʳʩʸʨʴʬʩʰʹ ʪʨ˄ʿʭʬʺʰʹ ʫʨ ʱʲʨʺʸʰʴʻʲʰ 

ʱʵʳʶʲʬʽʹʰʹ ʫʨˀʲʰʹ ʪʮʰʯ (Saheki and De Camilli, 2012). ˂ʰʲʨ ʫʰʴʨʳʰʴʰʹ 

ʳʨʱʵʫʰʸʫʬʩʬʲʰ ʪʬʴʬʩʰ ʨʱʵʫʰʸʬʩʹ ʫʰʴʨʳʰʴʰʹ 3 ʰʮʵʼʵʸʳʨʹ-ʫʰʴʨʳʰʴ-1, ʫʰʴʨʳʰʴ-2, 

ʫʰʴʨʳʰʴ-3. ʫʰʴʨʳʰʴ-1 ʫʨ ʫʰʴʨʳʰʴ-3 ʰʴʺʬʴʹʰʻʸʨʫ ʬʽʹʶʸʬʹʰʸʫʬʩʨ ʴʬʰʸʵʴʬʩˀʰ, ʯʻʳ˂ʨ 

ʫʰʴʨʳʰʴʰʹ ʹʨʳʰ ʼʵʸʳʰʫʨʴ, ʫʰʴʨʳʰʴ-1 ʿʭʬʲʨʮʬ ʫʰʫʰ ʸʨʵʫʬʴʵʩʰʯ ʬʽʹʶʸʬʹʰʸʫʬʩʨ 

ʴʬʰʸʵʴʬʩˀʰ (Cao et al., 1998; Gray et al., 2003; Ferguson et al., 2007). ʫʰʴʨʳʰʴ 2 

ʬʽʹʶʸʬʹʰʸʫʬʩʨ ʿʭʬʲʨ ʽʹʵʭʰʲˀʰ(Cao et al., 1998; Ferguson et al., 2007). 

ˀʬʳʵʯʨʭʨʮʬʩʻʲʰʨ ʳʵʹʨʮʸʬʩʨ, ʸʵʳʲʰʹ ʳʰˆʬʫʭʰʯʨ˂, ʫʰʴʨʳʰʴ-1 ˀʬʸˁʬʭʰʯʨʫ ʨʸʰʹ 

ˁʨʸʯʻʲʰ ʹʰʴʨʼʹʻʸʰ ʭʬʮʰʱʻʲʬʩʰʹ ʪʨʳʵʯʨʭʰʹʻʼʲʬʩʨˀʰ. ʫʰʴʨʳʰʴ 3 ʳʵʴʨ˄ʰʲʬʵʩʹ 

ʫʬʴʫʸʰʺʻʲ ʽʨ˂ʭʬʩʮʬ ʬʴʫʵ˂ʰʺʵʮˀʰ ʫʨ ʨʳʨʪʮʴʬʩʬʲʰ ʴʬʰʸʵʺʸʨʴʹʳʰʺʬʸʬʩʰʹ 

ʸʬ˂ʬʶʺʵʸʬʩʰʹ ʺʸʬʼʰʱʰʴʪˀʰ. ʫʰʴʨʳʰʴ-2-ʹ ʱʰ ʳʸʨʭʨʲʰ ʼʻʴʽ˂ʰʨ ʨʽʭʹ (Gray et al., 2003; 

Lu et al., 2007). 

ˁʭʬʴʹ ʨʫʸʰʴʫʬʲ ʱʭʲʬʭʬʩˀʰ, ʳʨʸ˂ˆʬʴʨ ʰʳʳ-ˀʰ ʴʨʴʨˆʰʨ ʱʲʨʺʸʰʴʰʹ ʳ˃ʰʳʬ 

ˇʨ˅ʭʬʩʰʹ ʫʨʹ˄ʨʭʲʨʮʬ-ʫʨʳʵʱʰʫʬʩʻʲʰ ʮʸʫʨ ʺʸʬʰʴʰʴʪʰʫʨʴ 24 ʹʨʨʯʰʹ ˀʬʳʫʬʪ, ʳʨʪʸʨʳ 

ʨʸʨ, ʫʨʹ˄ʨʭʲʰʫʨʴ-9 ʹʨʨʯʰʹ ˀʬʳʫʬʪ(Solomonia et al., 1997).  ʨʳ ʳʵʴʨ˂ʬʳʬʩʰʹ ʳʰˆʬʫʭʰʯ, 

ˀʬʪʭʰ˃ʲʰʨ ʭʰʭʨʸʨʻʫʵʯ, ʸʵʳ ʹʰʴʨʼʹʻʸʰ ʭʬʮʰʱʻʲʬʩʰʹ ʸʨʵʫʬʴʵʩʨ ʨʽʹʵʴʻʸ 

ʺʬʸʳʰʴʨʲʬʩʮʬ ʫʨ ʴʬʰʸʵʺʸʨʴʹʳʰʺʬʸʬʩʰʹ ʪʨʳʵʯʨʭʰʹʻʼʲʬʩʨ ʳʨʸ˂ˆʬʴʨ ʰʳʳ-ˀʰ 

ʰʮʸʫʬʩʨ ʺʸʬʰʴʰʴʪʰʫʨʴ 24 ʹʨʨʨʯʰʹ ˀʬʳʫʬʪ (Solomonia et al., 1997, Solomonia and 

McCabe, 2015). ʫʰʴʨʳʰʴ-1-ʰʹ ʳʵʴʨ˄ʰʲʬʵʩʨʮʬ ʹʰʴʨʼʹʻʸʰ ʭʬʮʰʱʻʲʬʩʰʹ 

ʪʨʳʵʯʨʭʰʹʻʼʲʬʩʨˀʰ, ʳʰʻʯʰʯʬʩʹ ˁʭʬʴʰ ʳʰʾʬʩʻʲʰ ˀʬʫʬʪʰ, ʸʵʳ ʱʲʨʺʸʰʴʰʹ ʳ˃ʰʳʬ 

ˇʨ˅ʭʬʩʰ ʫʨ ʫʰʴʨʳʰʴ-1  ʳʵʴʨ˄ʰʲʬʵʩʹ ʳʬˆʹʰʬʸʬʩʰʹ ʼʵʸʳʰʸʬʩʨˀʰ 

ʴʬʰʸʵʺʸʨʴʹʳʰʺʬʸʬʩʰʹ ʪʨʳʵʯʨʭʰʹʻʼʲʬʩʰʹ ʶʸʬʹʰʴʨʼʹʻʸʰ ʳʵʫʻʲʨ˂ʰʰʯ. 
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ʿʭʬʲʨ ʬʻʱʨʸʰʵʺʻʲʰ ʻˇʸʬʫʰʹ ʳʰʺʵʽʵʴʫʸʰʨ ˀʬʰ˂ʨʭʹ ʳʰʺʵʽʵʴʫʸʰʰʹ ʪʨʳʺʨʸ 

ʨʸˆʬʩʹ, ʸʵʳʲʬʩʰ˂ ʼʵʸʳʰʸʫʬʩʨ ʹʨʳʰ ˂ʰʲʰʯ: ʭʫʨʨ, ʨʫʬʴʰʴ ʴʻʱʲʬʵʺʰʫ 

ʺʸʨʴʹʶʵʸʺʬʸʰ ʫʨ ˂ʰʱʲʵʼʰʲʰʴ D. ʨʶʵʶʺʵʮʰʹ ʪʨʸʫʨ, ʳʰʺʵʽʵʴʫʸʰʰʹ ʪʨʳʺʨʸʰ 

ʨʸˆʬʩʰ ʫʨ ʳʨʯʰ ʱʵʳʶʵʴʬʴʺʬʩʰ ˁʨʸʯʻʲʰ ʨʸʰʹ ʳʰʺʵʽʵʵʴʫʸʰʬʩʰʹ ʳʰʬʸ ʹʰʴʨʶʹʻʸʰ 

ʱʨʲ˂ʰʻʳʰʹ ʩʻʼʬʸʰʸʬʩʨˀʰ, ʹʰʴʨʶʹʻʸ ʶʲʨʹʺʰʻʸʵʩʨʹʨ ʫʨ ʫʨʹ˄ʨʭʲʨˀʰ ʯʨʪʭʬʩˀʰ 

(Weeber et al., 2002; Levy et al., 2003). ʭʫʨʨ-1 ʫʬʼʰ˂ʰʺʻʸ ʯʨʪʭʬʩʹ ʨʾʬʴʰˀʴʬʩʵʫʨʯ ˀʰˀʰʹ 

ʱʵʴʫʰ˂ʰʸʬʩʰʹ ʫʨ ʹʰʭʸ˂ʻʲʰ ʫʨʹ˄ʨʭʲʰʹ ʫʨʸʾʭʬʭʨ (Weeber et al., 2002). 

ˁʭʬʴʰ ʵʸʪʨʴʮʵʳʰʲʬʩʰʨʴʰ ʬʽʹʶʬʸʰʳʬʴʺʬʩʰʹ ˀʬʫʬʪʨʫ ʭʫʨʨ-1 ʰʫʬʴʺʰʼʰ˂ʰʸʬʩʻʲʰ 

ʰʽʴʨ, ʸʵʪʵʸ˂ ʫʨʹ˄ʨʭʲʰʹ ˀʬʫʬʪʨʫ ʳʵʳʨʺʬʩʻʲʰ ˂ʰʲʵʭʨʴʰ ʳʵʲʬʱʻʲʨ ʳʨʸ˂ˆʬʴʨ ʰʳʳ-

ˀʰ. ˀʬʳʫʪʵʳˀʰ ˁʭʬʴ ʭʨˁʭʬʴʬʯ ʳʰʹʰ ʸʨʵʫʬʴʵʩʰʹ ʫʨʫʬʩʰʯʰ ʹʨʸ˄ʳʻʴʵ ʱʵʸʬʲʨ˂ʰʨ 

ʻʶʰʸʨʺʬʹʵʩʰʹ ʺʬʹʺʰʹ ʳʨˁʭʬʴʬʩʬʲʯʨʴ ʳʰʳʨʸʯʬʩʨˀʰ.   ʭʫʨʨ-1-ʰʹ ʸʨʵʫʬʴʵʩʸʰʭʰ 

˂ʭʲʰʲʬʩʬʩʰ, ʶ 38-ʯʨʴ ʬʸʯʨʫ ʫʨʨʹʬʭʬ ˄ʰʴʨ ʴʨˀʸʵʳʬʩˀʰ ʴʨˁʭʬʴʬʩ  ˂ʰʺʵʽʸʵʳ c 

ʵʽʹʰʫʨʮʨʹ ʶʰʸʭʬʲʰ ʫʨ ʳʬʵʸʬ ʹʻʩʬʸʯʬʻʲʬʩʰʹ ʫʨʹ˄ʨʭʲʨ ʫʨʳʵʱʰʫʬʩʻʲ 

˂ʭʲʰʲʬʩʬʩʯʨʴ ʬʸʯʨʫ  (Solomonia et al., 2011) ʻʴʫʨ ʳʰʻʯʰʯʬʩʫʬʹ  ʳʨʸ˂ˆʬʴʨ ʰʳʳ-ʰʹ 

ʳʰʺʵʽʵʴʫʸʰʻʲʰ ʶʸʵʺʬʵʳʰʹ ʳʴʰˀʭʴʬʲʵʭʨʴ ʸʵʲʮʬ ʰʳʶʸʰʴʺʰʴʪʰʹ ʹʺʰʳʻʲʰʹ 

ʳʬˆʹʰʬʸʬʩʰʹ ʱʭʨʲʰʹ ˀʬʴʨˆʭʨˀʰ. 

 

                                                   ˈʩʸʶ ʨ2/ʩ1 

 

ˈʩʸʶ ʨ2/ʩ1-ʰʹ ʫʨʹ˄ʨʭʲʨʮʬ ʫʨʳʵʱʰʫʬʩʻʲʰ ʸʨʵʫʬʴʵʩʸʰʭʰ ˂ʭʲʰʲʬʩʬʩʰ ʴʨʴʨˆʰʨ 

ʳʨʸ˂ˆʬʴʨ ʰʳʳ-ˀʰ. ʳʨʸˇʭʬʴʨ ʰʳʳ-ˀʰ ˈʩʸʶ ʨ2/ʩʹ-ʰʹ ʸʬʪʸʬʹʰʨ ʻʶʰʸʨʺʬʹʵʩʰʹ ʺʬʹʺʰʹ 

ʳʨˁʭʬʴʬʩʲʯʨʴ ʳʰʳʨʸʯʬʩʨˀʰ ʹʨʸ˄ʳʻʴʵʨ, ʯʻʳ˂ʨ, ʻʶʰʸʨʺʬʹʵʩʰʹ ʺʬʹʺʰʹ 100 %-ʰʨʴʰ 

ʳʨˁʭʬʴʬʩʬʲʰʹ ˀʬʹʨʩʨʳʰʹʰ ʹʰʫʰʫʬʹʨʸ˄ʳʻʴʵʫ  ʨʸ ʪʨʴʹˆʭʨʭʫʬʩʵʫʨ ʨʸʨʺʸʬʴʰʸʬʩʻʲʰ 

˄ʰ˄ʰʲʬʩʰʹ ʹʨˀʻʨʲʵ ʳʴʰˀʭʴʬʲʵʩʰʹʪʨʴ. ʨʳʸʰʪʨʫ, ʳʰʻˆʬʫʨʭʨʫ ʳʴʰˀʭʴʬʲʵʭʨʴʰ 

ʸʬʪʸʬʹʰʰʹʨ, ʻʶʰʸʨʺʬʹʵʩʰʹ ʺʬʹʺʰʹ ʳʨʽʹʰʳʨʲʻʸʰʳʨˁʭʬʴʬʩʬʲʰ, ʨʸ ʰʿʵ ʹʨʱʳʨʸʰʹʨʫ 

ʨʬʳʨʾʲʬʩʰʴʨ ʹʨʸ˄ʳʻʴʵʫ ˈʩʸʶ ʨ2/ʩ1-ʰʹ  ʫʵʴʬ ʨʸʨʺʸʬʴʰʸʬʩʻʲ ˄ʰ˄ʰʲʬʩʯʨʴ 
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ˀʬʫʨʸʬʩʰʯ.ʹʰʴʨʼʹʻʸʰ ʶʲʨʹʺʰʻʸʵʩʨ ʹʨ˅ʰʸʵʬʩʹ  ʫʬʴʫʸʰʺʻʲʰ ʳʬʹʬʴˇʬʸʻʲʰ ʸʴʳ-

ʰʹ   ʨʽʺʰʭʵʩʨ ʫʨʳʵʱʰʫʬʩʻʲ ʺʸʨʴʹʶʵʸʺʹ ʫʨ ʺʸʨʴʹʲʰʨ˂ʰʨʹ, (Sutton and Schuman, 

2006). ʬʹ ʶʸʵ˂ʬʹʬʩʰ ˀʬʰ˃ʲʬʩʨ ʨʹʬʭʬ ʳʴʰˀʭʴʬʲʵʭʨʴʰ ʰʿʵʹ ʰʳʶʸʰʴʺʰʴʪ ʹʺʰʳʻʲʰʹ 

ʰʴʼʵʸʳʨ˂ʰʰʹ ˀʬʴʨˆʭʰʹʨʯʭʰʹ. 

ˈʩʸʶ ʨ2/ʩ1 ʨʸʰʹ ʸʴʳ-ʫʨʳʨʱʨʭˀʰʸʬʩʬʲʰ ˂ʰʲʨ, ʸʵʳʬʲʰ˂ ˁʨʸʯʻʲʰʨ 

ʳʬʹʬʴˇʬʸʻʲʰ ʸʴʳ-ʰʹ ʺʸʬʼʰʱʰʴʪˀʰ. ʴʬʰʸʵʴʻʲʰ ʨʽʺʰʭʵʩʨ ʰ˄ʭʬʭʹ ˈʩʸʶ ʨ2/ʩ1-ʰʹ 

ʹʰʴʨʼʹʨʳʫʬ ʪʨʫʨʺʨʴʨʹ ʺʭʰʴʰʹ ˄ʨʸʳʵʬʩʻʲʰ ʴʬʰʸʵʺʸʵʼʻʲʰ ʼʨʽʺʵʸʮʬ  

ʫʨʳʵʱʰʫʬʩʻʲʰ ʳʬʽʨʴʰʮʳʰʯ  ˈʰʶʵʱʨʳʶʨʲʻʸʰ ʴʬʰʸʵʴʬʩʰʹ ʱʻʲʺʻʸʨˀʰ (Leal et al., 

2014). ˈʩʸʶ ʨ2/ʩ1 ʨʳʵʰ˂ʴʵʩʹ ʳʰʬʲʰʴʰʹ ʩʨʮʰʹʻʸ ˂ʰʲʨʮʬ ʨʸʹʬʩʻʲʰ ʳʬʹʬʴˇʬʸʻʲʰ  

ʸʴʳ-ʰʹ ˂ʰʹ-ʨʽʺʰʭʰʸʬʩʨʫ ʬʲʬʳʬʴʺʹ. ʨʳ ʬʲʬʳʬʴʺʰʹ ʹʨˀʻʨʲʬʩʰʯ  ˈʩʸʶ ʨ2/ʩ1 ʨʳʵʰ˂ʴʵʩʹ 

ʫʨ ʫʬʴʫʸʰʺʬʩˀʰ ʪʨʫʨʰʺʨʴʹ ʸʰʪ ʳʬʹʬʴˇʬʸʻʲ ʸʴʳ-ʬʩʹ ʫʨ ʳʨʯ ˀʵʸʰʹ  ʨʲʼʨ ʱʨʲ˂ʰʻʳ 

ʱʨʲʳʵʫʻʲʰʴ ʫʨʱʨʭˀʰʸʬʩʻʲʰ ʶʸʵʺʬʰʴ ʱʰʴʨʮʨ II-ʹ (Ainger et al., 1997; Munro et al., 

1999; Gao et al., 2008). ʱʨʳʱII-ʰʹ  ʫʨʹ˄ʨʭʲʨʮʬ ʫʨʳʵʱʰʫʬʩʻʲʰ ʳʨʺʬʩʨ ˀʬʰʴʰˀʴʬʩʨ 

ʺʸʬʰʴʰʴʪʰʫʨʴ 1 ʹʨʨʯʰʹ ˀʬʳʫʬʪ, ʳʨʪʸʨʳ ʨʸʨ-24 ʹʨʨʯʰʹ ˀʬʳʫʬʪ(Solomonia et al., 

2005).ʳʰʻˆʬʫʨʭʨʫ ʨʳʰʹʨ ʻʴʫʨ ʨʾʰʴʰˀʴʵʹ, ʸʵʳ ˈʩʸʶ ʨ2/ʩ1 ʪʨʭʲʬʴʨʹ ʨˆʫʬʴʹ ʨʳ 

ʳʴʰˀʭʴʬʲʵʭʨʴʰ ʬʴʮʰʳʰʹ ʫʬʴʫʸʰʺʻʲ ʲʵʱʨʲʰʮʨ˂ʰʨʮʬ ʫʨ ˀʬʹʨʩʨʳʰʹʰ ʳʬʹʬʴˇʬʸʻʲʰ 

ʸʴʳ-ʰʹ ʺʸʨʴʹʲʰʨ˂ʰʨʮʬ ʫʨ ʬʹ ʶʸʵ˂ʬʹʰ ˀʬʰ˃ʲʬʩʨ ʳʵʴʨ˄ʰʲʬʵʩʫʬʹ   ʫʨʹ˄ʨʭʲʰʹʨ ʫʨ 

ʳʬˆʹʰʬʸʬʩʰʹ ʶʸʵ˂ʬʹʬʩˀʰ. 

ˈʩʸʶ ʨ2/ʩ1-ʰʹ ʫʬʼʬʽʺʰ ʰ˄ʭʬʭʹ ʴʬʰʸʵʶʨʯʵʲʵʪʰʬʩʹ.ʬʹ ˂ʰʲʨ ˀʬʰ˂ʨʭʹ ʶʸʰʵʴʰʹ 

ʳʹʪʨʭʹ ʫʵʳʬʴʹ, ʸʵʳʲʰʹ ʳʻʺʨ˂ʰʨ ʰ˄ʭʬʭʹ ʨʳʰʵʺʸʵʼʻʲ ʲʨʺʬʸʨʲʻʸ ʹʱʲʬʸʵʮʹ ʫʨ 

ʹˆʭʨ ʳʻʲʺʰʹʰʹʺʬʳʻʸ ʫʨʨʭʨʫʬʩʬʩʹ (Kim et al., 2013). ʶʸʰʵʴʰʹ ʳʹʪʨʭʹʰ ʫʵʳʬʴʰ ʰ˄ʭʬʭʹ 

ʫʰʫ ʰʴʺʬʸʬʹʹ, ʰʳʰʺʵʳ ʸʵʳ ˂ʰʺʵʶʲʨʮʳʻʸʰ ʶʵʲʰʨʫʬʴʰʲʰʸʬʩʰʹ ʬʲʬʳʬʴʺʯʨʴ 

ʫʨʳʨʱʨʭˀʰʸʬʩʬʲʰ ˂ʰʲʨ 3-ʰʹ  ʶʸʰʵʴʰʹ ʳʹʪʨʭʹʰ ʨʪʸʬʪʨ˂ʰʨ ˂ʰʲʨ ˁʨʸʯʻʲʰʨ ʯʨʪʭʬʩʰʹ 

ʹʰʴʨʶʹʻʸ ʶʲʨʹʺʰʻʸʵʩʨʹʨ ʫʨ ʳʬˆʹʰʬʸʬʩʨˀʰ (Fioriti et al., 2015). 
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                            ʳʰʺʵʽʵʴʫʸʰʻʲʰ ʩʰʵʪʬʴʬʮʰ 

 

ˁʭʬʴʹ ʳʰʬʸ ˄ʨʸʳʵʫʪʬʴʰʲ ʱʭʲʬʭʨˀʰ ʳʵ˂ʬʳʻʲʰ ˀʬʫʬʪʬʩʰʹ ʳʰˆʬʫʭʰʯ, ʨʫʪʰʲʰ 

ʨʽʭʹ  ʳʰʺʵʽʵʴʫʸʰʻʲʰ ˂ʰʲʬʩʰʹ: ʳʬʳʩʸʨʴʻʲʰ ʶ 38-ʰʹ ʫʨ ʭʫʨʨ-1-ʰʹ ʫʨʹ˄ʨʭʲʨʹʯʨʴ 

ʫʨʱʨʭˀʰʸʬʩʻʲʰ ʸʨʵʫʬʴʵʩʰʹ ʮʸʫʨʹ ʳʨʸ˂ˆʬʴʨ ʰʳʳ-ˀʰ. ˁʭʬʴʰ ʲʨʩʵʸʨʺʵʸʰʰʹ 

ʨʫʸʰʴʫʬʲ ʱʭʲʬʭʬʩˀʰ ʱʰ ʴʨʴʨˆʰʨ (Solomonia et al., 2011) ˂ʰʺʵʽʸʵʳ c ʵʽʹʰʫʨʮʨʹ 

ʶʰʸʭʬʲʰ ʫʨ ʳʬʵʸʬ ʹʻʩʬʸʯʬʻʲʬʩʰʹ ʫʨʹ˄ʨʭʲʨʮʬ ʫʨʳʵʱʰʫʬʩʻʲʰ ʮʸʫʨ ʳʨʸ˂ˆʬʴʨ 

ʰʳʳ-ˀʰ ʺʸʬʰʴʰʴʪʰʫʨʴ 24 ʹʨʨʯʰʹ ˀʬʳʫʬʪ. ˂ʰʺʵʽʸʵʳ c ʵʽʹʰʫʨʮʨʹ 13 ʹʻʩʬʸʯʬʻʲʰ ʨʽʭʹ, 

ʹʨʳʰ ʳʨʯʪʨʴʰ, ʶʰʸʭʬʲʰ ʫʨ ʳʬʵʸʬ ʹʻʩʬʸʯʬʻʲʬʩʰʹ ˁʨʯʭʲʰʯ ʱʵʫʰʸʫʬʩʨ 

ʳʰʺʵʽʵʴʫʸʰʻʲʰ ʪʬʴʵʳʰʯ ʫʨ ˄ʨʸʳʵʨʫʪʬʴʹʩʰʪʬʴʵʳʰʯ ʱʵʫʰʸʬʩʨʫʰ ˂ʰʲʬʩʰʹ ʰˀʭʰʨʯ 

ʳʨʪʨʲʰʯʹ.ʨʹʬʯʰ ʳʻʲʺʰʹʻʩʬʸʯʬʻʲʵʭʨʴʰ, ʳʻʲʺʵʽʸʵʳʵʹʵʳʻʲʰ, ʩʰʪʬʴʵʳʻʸʰ 

ʼʬʸʳʬʴʺʰʹ ʱʵʵʸʫʰʴʰʸʬʩʻʲʰ ʸʬʪʻʲʨ˂ʰʨ ʫʰʫʨʫ ʳʴʰˀʭʴʬʲʵʭʨʴʰʨ ʴʬʰʸʵʴʬʩʰʹʨʯʭʰʹ, 

ʹʨʫʨ˂ ʳʰʺʵʽʵʴʫʸʰʬʩʰ ʼʨʸʯʵʫ ʨʸʰʹ ʪʨʴʨ˄ʰʲʬʩʻʲʰ ʫʬʴʫʸʰʺʬʩˀʰ ʫʨ ʨʽʹʵʴʬʩˀʰ 

(ʳʰʳʵˆʰʲʭʰʹʨʯʭʰʹ  Wong-Riley, 2012).  

ʩʰʵʽʰʳʰʻʸʰ ʳʬʯʵʫʬʩʰʹ ʪʨʳʵʿʬʴʬʩʰʯ, ˀʬʭʬ˂ʨʫʬʯ ʪʨʳʵʪʭʬʱʭʲʰʨʨʫʪʰʲʰ ʨʽʭʹ 

ʯʻ ʨʸʨ ʳʰʺʵʽʵʴʫʸʰʻʲʰ ʫʨ ʩʰʸʯʭʻʲʰ ʪʬʴʵʳʰʯ ʱʵʫʰʸʬʩʻʲʰ ˂ʰʲʬʩʰʹ 

˂ʭʲʰʲʬʩʬʩʰʹ ʶʨʸʨʲʬʲʻʸʨʫʳʰʺʵʽʵʴʫʸʰʻʲʰ ʫʴʳ-ʰʹ ʨʹʲʬʩʰʹ ˂ʭʲʰʲʬʩʨʹ.   

ʳʰʻˆʬʫʨʭʨʫ ʳʰʺʵʽʵʴʫʸʰʻʲʰ ˂ʰʲʬʩʰʹ ʸʨʵʫʬʴʵʩʸʰʭʰ ˂ʭʲʰʲʬʩʬʩʰʹʨ (ʳʨʺʬʩʰʹʨ) , 

ʨʸ ʰʽʴʨ ʴʨʴʨˆʰ ʳʰʺʵʽʵʴʫʸʰʻʲʰ ʫʴʳ-ʰʹ ʸʰ˂ˆʭʰʹ  ʫʨʹ˄ʨʭʲʨʮʬ ʫʨʳʵʱʰʫʬʩʻʲʰ 

ʳʨʺʬʩʨ. ʬʽʹʶʬʸʰʳʬʴʺʰʹ ʳʰʾʬʩʻʲʰ ˀʬʫʬʪʬʩʰ ʨʸ ʪʨʳʵʸʰ˂ˆʨʭʹ ʳʰʺʵʽʵʴʫʸʰʰʹ 

ˀʬʸ˄ʿʳʰʹˀʬʹʨ˃ʲʵʩʨʹ, ʸʨʫʪʨʴʨ˂ ˂ʴʵʩʰʲʰʨ ʸʵʳ,  ʳʰʺʵʽʵʴʫʸʰʬʩʰʹ ˀʬʸ˄ʿʳʨ ʴʨʯˆʬʳˀʰ 

ʴʬʰʸʵʫʬʪʬʴʬʸʨ˂ʰʰʹ ʹʨ˄ʰʴʨʨʾʳʫʬʪʵ ʶʸʵ˂ʬʹʰʨ (Chen et al., 2007, 2010).  ʸʨʫʪʨʴʨ˂ ˁʭʬʴʹ 

ʬʽʹʶʬʸʰʳʬʴʺʬʩˀʰ, ʨʸ ʰʽʴʨ ʴʨʴʨˆʰ ʳʰʺʵʽʵʴʫʸʰʻʲʰ ʫʴʳ-ʰʹ ʳʴʰˀʭʴʬʲʵʭʨʴʰ 

˂ʭʲʰʲʬʩʬʩʰ, ʳʰʻˆʬʫʨʭʨʫ ʰʳʰʹʨ, ʸʵʳ ʨˀʱʨʸʨ ʰʿʵ ʳʰʺʵʽʵʴʫʸʰʻʲʰ ˂ʰʲʬʩʰʹ 

ʫʨʹ˄ʨʭʲʨʮʬ ʫʨʳʵʱʰʫʬʩʻʲʰ ʳʨʺʬʩʨ  ʰʳʳ-ˀʰ ˁʭʬʴʰ ʭʭʨʸʨʻʫʵʩʯ, ˂ʰʲʬʩʰʹ 

ʸʨʵʫʬʴʵʩʸʰʭʰ ˂ʭʲʰʲʬʩʬʩʰ ʨʹʨˆʨʭʹ ʳʰʺʵʽʵʴʫʸʰʻʲʰ ʫʴʳ-ʰʹ ʺʸʨʴʹʱʸʰʶ˂ʰʰʹ 

ʶʸʵ˂ʬʹʹ. 
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ˁʭʬʴ ʨʹʬʭʬ ˀʬʭʰʹ˄ʨʭʲʬʯ ʳʰʺʵʽʵʴʫʸʰʻʲ ʩʰʵʪʬʴʬʮˀʰ ʳʵʴʨ˄ʰʲʬ 

ʺʸʨʴʹʱʸʰʶ˂ʰʻʲʰ ʼʨʽʺʵʸʬʩʰʹ ʸʨʵʫʬʴʵʩʸʰʭʰ ˂ʭʲʰʲʬʩʬʩʰ. ʨʽʬʫʨʴʭʬ ʻʴʫʨ 

ʨʾʭʴʰˀʴʵʯ, ʸʵʳ ʨʸ˂ʬʸʯʰ ʳʨʯʪʨʴʰʹ ʬʸʯʨʫʬʸʯ ʼʻʴʽ˂ʰʨʹ ʨʸ ˄ʨʸʳʵʨʫʪʬʴʹ 

ʳʰʺʵʽʵʴʫʸʰʻʲʰ ʩʰʵʪʬʴʬʮʰ.  

ʳʺʼ-ʨ-ʹʨʯʭʰʹ  ʫʨʹ˄ʨʭʲʨʮʬ ʫʨʳʵʱʰʫʬʩʻʲʰ ˂ʭʲʰʲʬʩʬʩʰ ʴʨʴʨˆʰʨ ʳˆʵʲʵʫ 

ʺʸʬʴʰʸʬʩʻʲʰ ˄ʰ˄ʰʲʬʩʰʹ ʳʨʸ˂ˆʬʴʨ ʰʳʳ-ˀʰ. ʳʺʼ-ʨ ʨʸʰʹ ʺʸʨʴʹʱʸʰʶ˂ʰʰʹ ʼʨʽʺʵʸʰ, 

ʸʵʳʬʲʰ˂ ˂ʰʺʵʶʲʨʮʳʰʫʨʴ ʳʰʺʵʽʵʴʫʸʰʨˀʰ ʺʸʨʴʹʶʵʸʺʰʸʫʬʩʨ.  ʳʰʺʵʽʵʴʫʸʰʨˀʰ 

ʳʺʼ-ʨ ʨʱʵʴʺʸʵʲʬʩʹ ʳʰʺʵʽʵʴʫʸʰʻʲʰ ʫʴʳ-ʰʹ ʳʨʱʵʫʰʸʬʩʬʲʰ ʪʬʴʬʩʰʹ ʬʽʹʶʸʬʹʰʨʹ ʫʨ 

ʳʰʺʵʽʵʴʫʸʰʻʲʰ ʫʴʳ-ʰʹ ʸʬʶʲʰʱʨ˂ʰʨʹ(Fisher and Clayton, 1988; Ekstrand et al., 2004; 

Scarpulla, 2006, 2008; Shadel, 2008).ʳʰʺʵʽʵʴʫʸʰʻʲʰ ʫʴʳ-ʰʹ ʺʸʨʴʹʱʸʰʶ˂ʰʨ ʫʸʵʹʨ ʫʨ 

ʹʰʭʸ˂ʬˀʰ ʬʳʯˆʭʬʭʨ ʸʬʶʲʰʱʨ˂ʰʰʹ ʶʸʵ˂ʬʹʹ(Pomerantz and O’Donnell, 2010; Agaronyan et 

al., 2015).ʨʳʸʰʪʨʫ ʨʳ ʵʸʰ ʶʸʵ˂ʬʹʰʹ ʱʵʲʰʮʰʨ ʪʨʸʫʨʻʭʨʲʰʨ ʫʨ  ʳʺʼ-ʨ-ʹ ʫʵʴʰʹ 

ʫʨʹ˄ʨʭʲʨʮʬ ʫʨʳʵʱʰʫʬʩʻʲʰ ʮʸʫʨ, ʫʨʱʨʭˀʰʸʬʩʻʲʰ ʻʴʫʨ ʰʿʵʹ ʨʴ ʳʰʺʵʽʵʴʫʸʰʻʲʰ 

ʫʴʳ-ʰʹ ʸʬʶʲʰʱʨ˂ʰʨʹʯʨʴ ʨʴ   ʺʸʨʴʹʱʸʰʶ˂ʰʰʹ ʮʸʫʨʹʯʨʴ. ʳʰʺʵʽʵʴʫʸʰʻʲʰ ʫʴʳ-ʰʹ 

ʨʹʲʬʩʰʹ ʸʰ˂ˆʭʰ ʨʸ ʰʮʸʫʬʩʨ ʫʨʹ˄ʨʭʲʰʹ ʫʸʵʹ, ʯʻʳ˂ʨ ʰʮʸʫʬʩʨ ʳʰʺʵʽʵʴʫʸʰʻʲʰ 

˂ʰʲʬʩʰʹ ʸʨʵʫʬʴʵʩʨ(Solomonia et al., 2011 ʫʨ ʫʰʹʬʸʺʨ˂ʰʰʹ ʳʵʴʨ˂ʬʳʬʩʰ). ʨʳʰʹ ʪʨʳʵ 

ˁʭʬʴʰ ʭʭʨʸʨʻʫʵʩʯ, ʸʵʳ ʳʺʼ-ʨʹ ʸʨʵʫʬʴʵʩʰʹ ʮʸʫʨ ʶʰʸʫʨʶʰʸ ʱʨʭˀʰʸˀʰʨ 

ʳʰʺʵʽʵʴʫʸʰʰʹ ʺʸʨʴʹʱʸʰʶ˂ʰʰʹ ʪʨʮʸʫʨʹʯʨʴ ʳʨʸ˂ˆʬʴʨ ʰʳʳ-ˀʰ, ʰʳʶʸʰʴʺʰʴʪʰʹ ʫʸʵʹ.  

ʫʨʹ˄ʨʭʲʨʮʬ ʫʨʳʵʱʰʫʬʩʻʲʰ ˂ʭʲʰʲʬʩʬʩʰ, ʴʨʴʨˆʰʨ ʨʹʬʭʬ ʩʰʸʯʭʰʹ 

ʸʬʹʶʰʸʨʺʵʸʻʲʰ ʼʨʽʺʵʸʰʹ ˀʬʳʯˆʭʬʭʨˀʰ (ʩʸʼ-1). ʺʸʨʴʹʱʸʰʶ˂ʰʰʹ  ʬʹ ʼʨʽʺʵʸʰ ʴʨʴʨˆʰ 

ʰʽʴʨ, ʸʵʪʵʸ˂ ʹʵʳʨʺʻʸʰ ˂ʰʺʵʽʸʵʳ c-ʹ ʸʬʪʻʲʨʺʵʸʰ - ˂ʰʺʵʽʸʵʳ c ʵʽʹʰʫʨʮʨʹ 

ʹʻʩʹʺʸʨʺʰʹʯʭʰʹ (Wong-Riley, 2012). ʩʸʼ-1-ʰʹ  ˀʬʹʨʩʨʳʰʹʰ ʳʬʹʬʴˇʬʸʻʲʰ ʸʴʳ-ʰʹ ʫʨ 

˂ʰʲʵʭʨʴʰ ʳʵʲʬʱʻʲʰʹ ʸʨʵʫʬʴʵʩʰʹ ˂ʭʲʰʲʬʩʨ ˆʫʬʩʨ ʴʬʰʸʵʴʻʲʰ ʨʽʺʰʭʵʩʰʹ 

ʹʨʶʨʹʻˆʵʫ. ʴʨˁʭʬʴʬʩʰʨ, ʸʵʳ ʩʸʼ-1 ʶʰʸʫʨʶʰʸ ʨʸʬʪʻʲʰʸʬʩʹ ˂ʰʺʵʽʸʵʳ c ʵʽʹʰʫʨʮʨʹ   

ʩʰʸʯʭʰʯ ʱʵʫʰʸʬʩʨʫ 10 ʹʻʩʬʸʯʬʻʲʹ ʫʨ ʨʸʨʶʰʸʫʨʶʰʸʰ ʪʮʰʯ ʳʰʺʵʽʵʴʫʸʰʻʲʰ 

ʪʬʴʵʳʰʯ ʱʵʫʰʸʬʩʻʲ 3 ʹʻʩʬʸʯʬʻʲʹ. ʨʳ ʨʸʨʶʰʸʫʨʶʰʸ ʸʬʪʻʲʨ˂ʰʨˀʰ   ʩʸʼ-1 

ʳʵʽʳʬʫʬʩʹ ʳʺʼ-ʨ ʹʯʨʴ ʬʸʯʨʫ (Wong-Riley, 2012). ʨʳʸʰʪʨʫ, ʩʸʼ-1-ʰʹ ʳʵʽʳʬʫʬʩʰʹ 

ʹʨʳʰʮʴʬʬʩʰ ʱʨʭˀʰʸˀʰ  ʻʴʫʨ ʰʿʵʹ ˂ʰʺʵʽʸʵʳ c ʵʽʹʰʫʨʮʨʹ ʶʰʸʭʬʲʰ ʫʨ ʳʬʵʸʬ 
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ʹʻʩʬʸʯʬʻʲʬʩʰʹ ʸʨʵʫʬʴʵʩʸʰʭ ʮʸʫʨʹʯʨʴ ʳʨʸ˂ˆʬʴʨ ʰʳʳ-ˀʰ  (Solomonia et al., 2011). 

ʩʸʼ-1 , ʨʹʬʭʬ ʨʸʬʪʻʲʰʸʬʩʹ ʴʳʫʨ-ʹ ʸʬ˂ʬʶʺʵʸʰʹ ʹʻʩʬʸʯʬʻʲʬʩʰʹ ʬʽʹʶʸʬʹʰʨʹ(Priya et 

al., 2013) ʫʨ ʴʨʺʸʰʻʳ ʱʨʲʰʻʳ ʨʺʼ-ʨʮʬʩʰʹ ʸʬ˂ʬʶʺʵʸʬʩʰʹ ʹʻʩʬʸʯʬʻʲʬʩʰʹ ʬʽʹʶʸʬʹʰʨʹ 

(Johar et al., 2012). ʬʹ ʳʵʴʨ˂ʬʳʬʩʰ  ʳʰʻʯʰʯʬʩʹ ʰʳ ʼʨʽʺʮʬ, ʸʵʳ ʩʸʼ-1 ʳʵʴʨ˄ʰʲʬʵʩʹ 

ʴʬʰʸʵʴʻʲʰ ʨʽʺʰʭʵʩʰʹ, ʬʴʬʸʪʰʰʹ ˄ʨʸʳʵʽʳʴʰʹ ʫʨ ʬʴʬʸʪʰʰʹ ʳʵˆʳʨʸʬʩʰʹ ˀʬʻʾʲʬʩʨˀʰ 

(Johar et al., 2012; Priya et al., 2013;Wong-Riley, 2012). 

ʶʬʸʵʽʹʰʹʵʳʻʲʰ ʶʸʵʲʰʼʬʸʨʺʵʸʰʯ ʨʽʺʰʭʰʸʬʩʨʫʰ ʸʬ˂ʬʶʺʵʸʰʹ ʪʨʳʨ 

ʱʵʨʽʺʰʭʨʺʵʸ-1 ʨʲʼʨ (ʶʪʱ 1 ʨʲʼʨ) -ʹ ˀʬʳʯˆʭʬʭʨˀʰ, ʨʸ ʰʽʴʨ ʴʨʶʵʭʴʰ ʫʨʹ˄ʨʭʲʨʮʬ 

ʫʨʳʵʱʰʫʬʩʻʲʰ ʸʨʵʫʬʴʵʩʸʰʭʰ ˂ʭʲʰʲʬʩʬʩʰ. ʺʸʨʴʹʱʸʰʶ˂ʰʰʹ ʬʹ ʱʵʽʺʰʭʨʺʵʸʰ 

ʶʰʸʫʨʶʰʸ ʨʸ ʨʸʰʹ ʫʨʱʨʭˀʰʸʬʩʻʲʰ ʫʴʳ-ʯʨʴ, ʳʨʪʸʨʳ ʨˆʨʹʰʨʯʬʩʹ ʹʰʪʴʨʲʮʬ ʽʹʵʭʰʲ-

ʹʶʬ˂ʰʼʰʱʻʸʰ ʯʭʰʹʵʩʰʯʰ ʶʨʹʻˆʰ ʫʨ ʻʸʯʰʬʸʯʽʳʬʫʬʩʹ  ʩʰʸʯʭʻʲ ʸʬ˂ʬʶʺʵʸʬʩʯʨʴ 

ʫʨ ʺʸʨʴʹʱʸʰʶ˂ʰʻʲ ʼʨʽʺʵʸʬʩʯʨʴʰʳ ʪʬʴʯʨʹ ʨʽʺʰʭʨ˂ʰʰʹʨʯʭʰʹ, ʸʵʳʲʬʩʰ˂ 

ˁʨʸʯʻʲʬʩʰ ʨʸʰʨʴ  ʬʴʬʸʪʰʰʹ ʳʬʺʨʩʵʲʰʮʳʹʨ ʫʨ ʹʨʱʭʬʩʰʹˈʵʳʬʵʹʺʨʮˀʰ. ʶʪʱ 1 ʨʲʼʨ, 

ʨʹʬʭʬ ʳʵʴʨ˄ʰʲʬʵʩʹ ʳʰʺʵʽʵʴʫʸʰʻʲ ʩʰʵʪʬʴʬʮˀʰ ʫʨ ʻʸʯʰʬʸʯʽʳʬʫʬʩʹ ʩʸʼ-1-ʯʨʴ 

(Puigserver et al., 1998; Lehman et al., 2000; reviewed in Wong-Riley, 2012). 

ʨʳ ʳʵʴʨ˂ʬʳʬʩʮʬ ʫʨʿʸʫʴʵʩʰʯ, ˁʭʬʴ ʭʭʨʸʨʻʫʵʩʯ ʸʵʳ ʳʰʺʵʽʵʴʫʸʰʻʲʰ ˀʬʸ˄ʿʳʨ-

ʫʨʿʵʼʰʹ ʶʸʵ˂ʬʹʬʩʰ ʨʸ ʻʴʫʨ ʰʿʵʹ ʪʨʫʨˆʸʰʲʰ ʳʰʺʵʽʵʴʫʸʰʻʲʰ ʸʰ˂ˆʭʰʹ 

ʳʨʺʬʩʰʹʨʱʬʴ ʳʨʸ˂ˆʬʴʨ ʰʳʳ-ˀʰ ʫʨʹ˄ʨʭʲʰʫʨʴ 24 ʹʨʨʯʰʹ ˀʬʳʫʬʪ. 

 

                                                   ʪʲʻʸ ʨ-1 

 

ˁʭʬʴʹ ʲʨʩʵʸʨʺʵʸʰʨˀʰ ʴʨˁʭʬʴʬʩʰ ʰʽʴʨ, ʸʵʳ ʫʨʹ˄ʨʭʲʰʫʨʴ 1 ʹʨʨʯʰʹ ˀʬʳʫʬʪ 

ʨʫʪʰʲʰ ʨʽʭʹ ʪʲʻʸ-ʨ-1-ʰʹ ʹʬʸʰʴʰʹ 838-ʬ ʴʨˀʯʮʬ ʼʵʹʼʵʸʰʲʰʸʬʩʰʹ ʳʨʺʬʩʨʹ ʫʨʹ˄ʨʭʲʨ 

ʫʨʳʵʱʰʫʬʩʻʲʰ ʪʮʰʯ.  ˁʭʬʴʰ ʬʽʹʶʬʸʰʳʬʴʺʬʩʰʹ ʳʰʮʨʴʹ ˀʬʨʫʪʬʴʫʨ ʫʨʪʭʬʫʪʰʴʨ, 

ʴʨʸˁʻʴʫʬʩʨ ʯʻ ʨʸʨ ʬʹ ʳʵʳʨʺʬʩʻʲʰ ʼʵʹʼʵʸʰʲʰʸʬʩʨ ˀʬʳʫʬʪʰ 24 ʹʨʨʯʰʹ 

ʪʨʴʳʨʭʲʵʩʨˀʰ. ʫʨʹ˄ʨʭʲʰʫʨʴ 24 ʹʨʨʯʰʹ ˀʬʳʫʬʪ ʳʨʸ˂ˆʬʴʨ ʰʳʳ-ˀʰ, ʴʨʴʨˆʰ ʰʽʴʨ ʹʨʸ˄ʳʻʴʵ 

ʪʨʴʹˆʭʨʭʬʩʨ ʪʲʻʸ-ʨ-1-ʰʹ ʹʺʨʴʫʨʸʺʰʮʬʩʻʲʰ ʼʵʹʼʵʸʰʲʰʸʬʩʻʲʰ ʫʨˇʨʳʻʸʰ 

ʸʨʵʫʬʴʵʩʰʹ ʼʨʸʫʵʩʬʩʹ ˀʵʸʰʹ ʻʶʰʸʨʺʬʹʵʩʰʹ ʺʬʹʺʰʹ ʰʴʺʬʸʶʵʲʰʸʬʩʻʲ 100 %-ʰʨʴ 
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ʳʨˁʭʬʴʬʩʬʲʹʨ ʫʨ ʨʸʨʺʸʬʴʰʸʬʩʻʲʰ ˄ʰ˄ʰʲʬʩʰʹ ʹʨˀʻʨʲʵ ʹʰʫʰʫʬʹ ˀʵʸʰʹ. ʨʳʨʭʬ ʫʸʵʹ 

ʱʵʸʬʲ˂ʰʨ ʨʳ ʹʰʫʰʫʬʹʨ ʫʨ ʻʶʰʸʨʺʬʹʵʩʰʹ ʺʬʹʺʰʹ ʳʨˁʭʬʴʬʩʬʲʹ ˀʵʸʰʹ ʨʸ ʰʿʵ 

ʹʨʸ˄ʳʻʴʵ. ʨʹʬʭʬ ʨʸ ʰʿʵ ʹʨʸ˄ʳʻʴʵ ʪʨʴʹˆʭʨʭʬʩʨ ʳʨʸ˂ˆʬʴʨ ʰʳʳ-ˀʰ 100%-ʰʨʴ ʫʨ 50%-ʰʨʴ 

ʰʴʺʬʸʶʵʲʨʸʰʸʬʩʻʲ ʳʨˁʭʬʴʬʩʲʬʩʹ ˀʵʸʰʹ. ʰʳ ʱʸʰʺʬʸʰʻʳʬʩʰʹ ʳʰˆʬʫʭʰʯ, ʸʵʳʲʬʩʰ˂ 

ˁʭʬʴʹ ʳʰʬʸ ʨʸʰʹ ˁʨʳʵʿʨʲʰʩʬʩʻʲʰ ʫʨʹ˄ʨʭʲʨ-ʫʨʱʨʭˀʰʸʬʩʻʲʰ ˂ʭʲʰʲʬʩʬʩʰʹ ʳʰʳʨʸʯ 

ʬʹ ʩʰʵʽʰʳʰʻʸʰ ˂ʭʲʰʲʬʩʨ ʨʸ ʪʨʴʰˆʰʲʬʩʨ ʰʳʶʸʰʴʺʰʴʪʰʹʨʯʭʰʹ ʹʶʬ˂ʰʼʰʱʻʸʨʫ. 

ʼʵʹʼʵʸʰʲʰʸʬʩʻʲʰ ʫʨ ˇʨʳʻʸʰ ʸʨʵʫʬʴʵʩʰʹ ʼʨʸʫʵʩʬʩʰʹ ˀʵʸʰʹ ʨʸ˂ʬʸʯ ʹˆʭʨ 

ʻʩʨʴˀʰ ʹʨʸ˄ʳʻʴʵ ʪʨʴʹˆʭʨʭʬʩʨ ʨʸ ˀʬʰʳˁʴʬʭʨ.  ʨʹʬʭʬ ʨʸ˂ ʪʲʻʨʸ-1-ʰʹ ˇʨʳʻʸʰ 

ʸʨʵʫʬʴʵʩʰʹ ʫʨ ʨʸ˂ ˇʨʳʻʸʰ ʼʵʹʼʵʸʰʲʰʸʬʩʰʹ ʳʰˆʬʫʭʰʯ ʺʭʰʴʰʹ ʨʸ˂ʬʸʯ ʻʩʨʴˀʰ 

ʹʨʸ˄ʳʻʴʵ ˂ʭʲʰʲʬʩʬʩʰ ʨʸ ʨʾʰʸʰ˂ˆʬʩʨ.   

ʨʳʸʰʪʨʫ ʳʰʾʬʩʻʲʰ ˀʬʫʬʪʬʩʰ ʳʰʻʯʰʯʬʩʹ ʰʳʨʮʬ, ʸʵʳ  ʪʲʻʸ-ʨ-1-ʰʹ 

ʼʵʹʼʵʸʰʲʰʸʬʩʰʹ ˂ʭʲʰʲʬʩʬʩʰ ʰʳʶʸʰʴʺʰʴʪʰʹ ʫʸʵʹ ʫʸʵʮʬ ʫʨʳʵʱʰʫʬʩʻʲ ˆʨʹʰʨʯʹ 

ʨʺʨʸʬʩʹ ʫʨ ʨʸʨ ʨʸʰʹ ʫʨʳʨˆʨʹʰʨʯʬʩʬʲʰ ʳʬˆʹʰʸʬʩʰʹ ʳʵʪʭʰʨʴʵ ʶʬʸʰʵʫʰʹʨʯʭʰʹ. 
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                                   2.6.         ʫʨʹʱʭʴʬʩʰ 

 

1. ˄ʰ˄ʰʲʬʩʰʹ ʯʨʭʰʹ ʺʭʰʴʰʹ ʶʸʵʺʬʵʳʰʱʻʲʰ ˀʬʹ˄ʨʭʲʬʩʰʯ ʫʨ ˀʬʳʫʪʵʳʰ 

ʭʨʲʰʫʨ˂ʰʰʹ ʬʽʹʶʬʸʰʳʬʴʺʬʩʰʯ,  ʰʫʬʴʺʰʼʰ˂ʰʸʬʩʻʲʰ ʰʽʴʨ ʸʰʪʰ ˂ʰʲʬʩʰ 

ʳʰʺʵʽʵʴʫʸʰʻʲ-ʳʬʳʩʸʨʴʻʲ ʼʸʨʽ˂ʰʨˀʰ ʸʵʳʲʬʩʰ˂ ʨʳʷʾʨʭʴʬʩʬʴ ʫʨʹ˄ʨʭʲʰʹʨ ʫʨ 

ʳʬˆʹʰʬʸʬʩʰʹʨʯʭʰʹ ʹʶʬ˂ʰʼʰʱʻʸ ˂ʭʲʰʲʬʩʬʩʹ ʻʳʯʨʭʸʬʹʨʫ ʳʨʸ˂ˆʬʴʨ ʰʳʳ-ˀʰ. 

2. ʰʫʬʴʺʰʼʰ˂ʰʸʬʩʻʲʰ ˂ʰʲʵʭʨʴʰ ʳʵʲʬʱʻʲʬʩʰ (ʱʵʪʴʰʴʰ, P-38, ʭʫʨʨ-1, ʫʰʴʨʳʰʴʰ-
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ʫʨʹ˄ʨʭʲʰʹ ʫʨ ʳʬˆʹʰʬʸʬʩʰʹ ʫʸʵʹ. 

3. ʳʰʺʵʽʵʴʫʸʰʻʲʰ ˂ʰʲʬʩʰʹ ʫʨʹ˄ʨʭʲʨʮʬ ʫʨʳʵʱʰʫʬʩʻʲʰ-ʹʶʬ˂ʰʼʰʱʻʸʰ 
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4. ʪʲʻ ʸ-1 ʹʬʸʰʴʰʹ 831-ʬ ʴʨˀʯʮʬ ʼʵʹʼʵʸʰʲʰʸʬʩʰʹ ʫʨʹ˄ʨʭʲʨ ʹʶʬ˂ʰʼʰʱʻʸʰ 

ʳʨʺʬʩʨ ʨʸ ˀʬʰʳˁʴʬʭʨ ʺʸʬʴʰʸʬʩʰʫʨʴ 24 ʹʨʨʯʰʹ ˀʬʳʫʬʪ ʫʨ ʨʳʸʰʪʨʫ ʹʶʬ˂ʰʼʰʱʻʸʰ ʻʴʫʨ 

ʰʿʵʹ ʳˆʵʲʵʫ ʫʨʹ˄ʨʭʲʰʹ ʫʨ ʳʬˆʹʰʬʸʬʩʰʹ ʨʫʸʬʻʲʰ ʹʺʨʫʰʬʩʰʹʨʯʭʰʹ. 
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