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А  
 

ϖ Ͼ ϴ  Ͼ϶ϴϿϼ ϼϾϴ ϼ ϴ  ϴϵ ϴ  Ϲ Ϲ «ϖϿϼ ϼϹ ϴ ϼϽ ϴ 

ϴϸϼϼ ϴϻ϶ ϴ ϼ϶ϴ ϼ  Ͼϴ ϵ Ͼ ϼϴ Ϸϼϸ ϴϻ  ϕ: Ϲ ϸ ϶ Ϲ ё  Ϻϼϻ ϼ 

ϵ ϶Ϲ Ͻ Ͽ Ϲ Ϲ ϼϼ ϵϹϿϾϴ» ϸϹ Ϻϼ  47 ϴ ϼ  ϹϾ ϶ Ϸ  

ϸ Ͼ Ϲ ϴ, 14 ϼ Ͼ ϶, 9 Ͽ, 3 ϴϵϿϼ , 48 ϼ Ͽ ϻ ϶ϴ  ϼ ϼϾ ϶. 

ϦϤϜϣϦϢϨϔϡϢϖϔϳ ϨϟϧϢϤϙϥϪϙϡϪϜϳ, ϞϔϤϕϢϞϥϜϔϡϗϜϘϤϔϛϔ ϕ, 

ϖϤϙϠϳ ϚϜϛϡϜ ϨϟϧϢϤϙϥϪϙϡϪϜϜ; ϖϤϙϠϳ-ϤϔϛϤϙϬϙϡϡϔϳ 

ϥϣϙϞϦϤϢϥϞϢϣϜϳ; ϤϔϖϡϢϖϙϥϡϔϳ ϘϙϡϔϦϧϤϔϪϜϳ, ϞϤϜϖϔϳ 

ϣϙϤϙϩϢϘϔ, ϥϙϤϙϘϜϡϔ ϣϙϤϙϩϢϘϔ  

ϪϹϿ  ϴϵ : Ϲ Ͼϴ ϶Ͽϼ ϼ  ϴ ϼϽ ( ϸϼ  ϼ ϸ϶ Ͻ  ϻϴ Ϲ ), 

϶϶Ϲϸё  ϶ ϸϹϿ Ϲ ϿϹ Ϲ  Ͼ  Ͼϴ ϵ Ͼ ϼϴ Ϸϼϸ ϴϻ  ϕ, ϴ  

ϴϻ϶ ϴ ϼ϶ϴ ϼ  Ϸ  ϵϹϿϾϴ   Ϲ ϸϴ ϶ Ϲ - ϴϻ Ϲ Ϲ Ͻ 

ϹϾ Ͼ ϼϼ. 

Ϣ ϹϸϹϿϹ ϼϹ ϴϸϼϽ ϶ ϴ ϼ϶ϴ ϼ / ϴϻ϶ ϴ ϼ϶ϴ ϼ  ϵϹϿϾ ϶  

ϴϾ ϿϹϾ Ͽ, ϴϵϼϿ ϼ ϵ ϴϻ ϼ  ϼ Ϲ Ϲϸϼϴ ϶, Ͽ ϶ϼϽ 

ϼϻ Ϲ Ϲ ϼ  ϼ ϶ ϴ ϼ϶ϴ ϼ  ϵϹϿϾ ϶ ϶Ͽ Ϲ  ϴϾ ϴϿ Ͻ ϵϿϹ Ͻ 

϶ Ϲ Ϲ Ͻ ϵϼ ϼϻϼϾϼ. ϖ ϸϴ Ͻ ϴϵ Ϲ ϹϸϿϴϷϴϹ  Ϲ ϸ ϶ Ϲ -

ϴϻ Ϲ Ϲ Ͻ ϹϾ Ͼ ϼϼ ϸϿ  Ϲ Ͼϼ ϶Ͽϼ ϼ  ϴ ϼϽ ϴ ϼ 

ϴϻ϶ ϴ ϼ϶ϴ ϼ  ϵϹϿϾϴ. 

ϖ ϴϵ Ϲ ϴ ϴϿϼϻϼ ϶ϴ  Ͼ ϼ϶ Ϲ Ϲ Ϲ ϸϴ Ͽ Ϲ Ϲ  

ϴ ϴ Ϲ ϴ  I320/I360, τ1 ϼ τ2 ϼ ϴ϶ ϶Ϲ Ͻ ϸϹ ϴ ϴ ϼϼ Ϲ϶ϼ Ͻ 

Ͼϴ ϵ Ͼ ϼϴ Ϸϼϸ ϴϻ  ϵ Ͼϴ. Ϣ ϹϸϹϿϹ  Ϲ Ϲϸϼ  Ϲ Ϲ ϸϴ ϹϺϸ  ϴϻϿϼ ϼ 

ϼ ϼ ϵϹϿϾϴ  Ͼ ϼ϶  Ϲ Ϲ ϸϴ  I320/I360, τ1 ϼ τ2. ϣ ϴ ϴϿϼϻϼ ϶ϴ ϴ 

ϻϴ϶ϼ ϼ  ϴ ϴϾ Ϲ ϴ ϴ ϼϽ, ϴϵϿ ϸϴϹ  Ϲ Ϲ ϸ ϶ ϼ 

ϿϹϸ ϶ϴ ϹϿ  ϴϻ϶ ϴ ϼ϶ϴ ϼ  ϿϹ Ϲ ϶ ϶ ϼ Ͻ Ͼ  ϖϥϔ. 

ϣ ϶ϹϸϹ ϴ Ϲ Ͼϴ ϶Ͽϼ ϼ  ϴ ϶ ϼ ϹϿ  ϴ ϶ Ϲ  Ϻϼϻ ϼ Ͽ Ϲ Ϲ ϼϼ 

ϼ ϴ ϴ. ϣ Ͼϴϻϴ ,  Ͼ ϼ϶ Ϲ Ϲ Ϲ ϸϴ Ϸ  Ϲ ϼ ϼ ϴ ϼ   

ϿϹϸ ϶ϴ ϹϿ ϼ ϴϻ϶ ϴ ϼ϶ϴ ϼ  Ͼ  ϿϹ Ϲ ϶ ϵϹϿϾϴ.  
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Ϣ ϹϸϹϿϹ ϼϹ ϴϸϼϽ ϶ ϴ ϼ϶ϴ ϼ / ϴϻ϶ ϴ ϼ϶ϴ ϼ  ϵϹϿϾ ϶  

ϴϾ ϿϹϾ Ͽ, ϴϵϼϿ ϼ ϵ ϴϻ ϼ  ϼ Ϲ Ϲϸϼϴ ϶, Ͽ ϶ϼϽ 

ϼϻ Ϲ Ϲ ϼ  ϼ ϶ ϴ ϼ϶ϴ ϼ  ϵϹϿϾ ϶ ϶Ͽ Ϲ  ϴϾ ϴϿ Ͻ ϵϿϹ Ͻ 

϶ Ϲ Ϲ Ͻ ϵϼ ϼϻϼϾϼ. ϖ ϴ ϹϹ ϶ Ϲ  Ϲ Ϲ ϶ Ϲ  ϼ϶Ϲ ϴϿ  

Ϲ ϸ ϶, ϵ  Ϲϸ Ͼϴϻϴ  ϵϹ ϼ ϼ ϶ ϴ ϼ϶ϴ ϼ  ϵϹϿϾϴ, 

ϼ ϴ  Ͽ Ͼ  ϴ ϹϷ  ϴ ϶Ϲ  Ͼ . ϠϹϺϸ  Ϲ , ϵ Ͻ ϶ 

Ϲ Ϲ ϾϿϴϸϾϼ ϵϹϿϾ ϶ Ͻ ϴϾ ϿϹϾ Ͽ  ϺϹ  ϴ  ϼ ϼ Ͻ 

ϴ Ͽ Ϸϼ Ϲ Ͼϼ  ϼϽ Ϻϼ϶  Ϸϴ ϼϻ ϶.  

ϥ ϴϵϼϿ  ϵϹϿϾϴ ϵ Ͽ ϶Ͽϼ϶ϴ  ϴϾϼϹ ϴ ϴ Ϲ  ϾϴϾ ϼ ϼ Ϲ ϾϼϽ 

ϴ϶ ϴ ϶ ϴ, ϡ, Ϲ Ϲ ϴ ϴ ϼ Ͽ ϵ Ϲ ϼϻ Ϲ Ϲ ϼϹ ϼ  ϴ ϴ Ϲ ϶ ϶Ͽϼ Ϲ  

ϴ ϴϵϼϿ  ϶ ϻϹϽ ϼ Ͼ  ϿϹϾ Ͽ  ϵϹϿϾϴ ϶ ϹϿ . ϥ ϵ ϶Ϲ ϴ  

Ͽ Ϲ Ϲ ϼ  ϵϹϿϾ ϶ Ͻ ϷϿ ϵ Ͽ  ϶Ͽ Ϲ  ϶ ϶ϼ ϹϿ  ϴ ϴ Ϲ  Ͼ 

Ͽ ϵ  Ͼ ϴ ϼ  ϼϻ Ϲ Ϲ ϼ  ϶ Ͼ Ϲ [1, 2]. 

ϣϹ ϹϾ ϼ϶  Ϲ ϸ  ϹϷϼ ϴ ϼϼ ϼ  ϵϹϿϾ ϶  ϿϹϾ Ͽ 

϶Ͽ Ϲ  Ϲ ϸ Ͽ Ϲ Ϲ Ͻ ϹϾ Ͼ ϼϼ  ϶ Ϲ Ϲ  ϴϻ Ϲ Ϲ ϼϹ , 

Ͽϼ ϴ ϼϽ  ϶ Ͼ Ͻ ϶ ϶ϼ ϹϿ  Ͼ ϼϻ Ϲ Ϲ ϼ  Ͼ  

ϴϾ ϿϹϾ Ͽ. ϥ ϹϾ ϴϿ Ϲ ϴ ϴϾ Ϲ ϼ ϼϾϼ Ͽ ϶ ( ϹϾ  

ϷϿ Ϲ ϼ  ϼ Ͽ Ϲ Ϲ ϼϼ, ϶ Ϲ  Ϻϼϻ ϼ Ͽ Ϲ Ϲ ϼϼ, Ͼ϶ϴ ϶ Ͻ 

϶ ϸ) ϸϴ  ϼ ϴ ϼ   ϶ϻϴϼ ϸϹϽ ϶ϼ  Ͽ ϴ  Ͼ ϺϹ ϼϹ , ϴ 

ϴϾϺϹ ϼ ϴ ϼ   ϼϻϼϾϹ ϼ Ϲ  ϶ ϹϿ  [3, 4].  

ϪϹϿ  ϴ ϹϽ ϴϵ  ϶Ͽ Ϲ  Ϲ Ͼϴ ϶Ͽϼ ϼ  ϴ ϼϽ ( ϸϼ  

ϼ ϸ϶ Ͻ  ϻϴ Ϲ ), ϶϶Ϲϸё  ϶ ϸϹϿ Ϲ ϿϹ Ϲ  Ͼ  

Ͼϴ ϵ Ͼ ϼϴ Ϸϼϸ ϴϻ  ϕ, ϴ  ϴϻ϶ ϴ ϼ϶ϴ ϼ  Ϸ  ϵϹϿϾϴ   Ϲ ϸϴ 

϶ Ϲ - ϴϻ Ϲ Ϲ Ͻ ϹϾ Ͼ ϼϼ. 

ϘϿ  ϸ ϼϺϹ ϼ  ϹϿϼ ϵ Ͽϼ ϴ϶ϿϹ  ϿϹϸ ϼϹ ϻϴϸϴ ϼ: 

1. ϴ ϴϿϼϻϼ ϶ϴ  Ϲ Ϲϸϼ  Ϲ Ϲ ϸϴ, Ͽ Ϲ Ϲ  ϹϾ ϴ  

ϴ ϼ ϴ Ͻ ϼ ϶ Ϲ - ϴϻ Ϲ Ϲ Ͻ Ͽ Ϲ Ϲ ϼϼ; 
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2. ϶Ϲ ϼ ϴ϶ ϼ ϹϿ Ͻ ϴ ϴϿϼϻ Ͼ ϼ϶  Ϲ Ϲ ϸϴ, Ͽ Ϲ   

ϹϾ ϴ  ϶ Ϲ - ϴϻ Ϲ Ϲ Ͻ Ͽ Ϲ Ϲ ϼϼ; 

3. ϴ ϴϿϼϻϼ ϶ϴ  ϻϴ϶ϼ ϼ  ϴ ϴϾ Ϲ ϴ ϴ ϼϽ, ϴϵϿ ϸϴϹ  

Ϲ Ϲ ϸ ϶ ϼ ϿϹϸ ϶ϴ ϹϿ  ϴϻ϶ ϴ ϼ϶ϴ ϼ  ϿϹ Ϲ ϶ ϶ ϼ Ͻ 

Ͼ  ϖϥϔ; 

4. Ϲ ϼ  ϶Ͽϼ ϼϹ ϴ ϶ ϼ ϹϿ  ϴ ϶ Ϲ  Ϻϼϻ ϼ Ͽ Ϲ Ϲ ϼϼ 

ϼ ϴ ϴ. 
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1.   

 

1.1. я- я я. я  
 

ϨϿ Ϲ Ϲ ϴ  ϹϾ Ͼ ϼ   ϶ Ϲ Ϲ  ϴϻ Ϲ Ϲ ϼϹ  ϿϹϺϼ϶ϴϹ  

ϵ ϼ , ϼ ϸ ϼϹ ϶ Ϲ Ϲ ϼϹ ϶ Ϲ Ϲ ϼ Ϻϼϻ ϼ ϶ ϻϵ ϺϸϹ Ϸ  ϼ ϷϿϹ Ϸ  

ϼ . ϱ ϴ ϶ Ϲ Ϲ ϴ  ϾϴϿϴ ϶ϴ ϼ Ϲ   Ϲ Ͼ Ͽ Ͼϼ  ϼϾ ϹϾ ϸ ϸ  

Ϲ  ϴ ϹϾ ϸ. ϥ ϶Ϲ ϶ ϼϹ ϵϼ Ͽ Ϸϼ Ϲ ϾϼϹ ϵ ϼ , Ͼ Ϲ 

ϼ ϸ  ϶ Ͻ ϶ Ϲ Ϲ Ͻ ϵϿϴ ϼ, ϶ϾϿ ϴ  ϶ ϴ Ϲ ϼϹ ϹϿ  ϵϹϿϾ ϶, 

ϹϷ Ϲ ϶ Ͽϼ Ϲ ϼϸ  Ϲ ϹϽ ϼ ϸϹϿ  ϵ Ͼ ϶  Ϲ ϹϽ ϴ ϼ Ͼϼ Ͽ . 

Ϟ Ϲ Ϸ , ϶ ϻϵ ϺϸϹ Ͻ  ϺϹ  ϶ϻϴϼ ϸϹϽ ϶ ϶ϴ   ϿϹϾ Ͽϴ ϼ 

ϴ ϶ ϼ ϹϿ  ϼϿϼ Ϲϸ ϼ ϼ ϴ ϼ Ͼϼ Ͽ ϼ ϴ Ͼϴ ϼ. 

ϡϹϾ Ϲ Ͽ  ϸϹ ϼ  Ͼϼ Ϲ ϼϾ  

Ͼ Ϲ ϼϴϿ Ϸ  ϴ ϴϸϴ, Ͼ Ϸϸϴ ϼ ϴ ϶ Ϲ  ϶ 

Ϲ϶ϻϴϼ ϸϹϽ ϶ ϼ  ϴ ϶ ϼ ϹϿ : 

 

I(t) = I0·exp(–t/τ),   (1) 

 

ϷϸϹ  I0 – ϼ Ϲ ϼ϶  ϶ Ϲ  ϶ Ϲ Ϲ ϼ t = 0;  

τ – ϶ Ϲ  ϻϴ ϴ ϼ . 

ϖ Ͽ ϴϹ ϵϼ ϿϹϾ Ͽ ϴ Ϲ ϶ Ϲ ϴϹ  Ͽ ϼ Ͼ Ϲ ϼϴϿ ϴ  

Ͼϼ Ϲ ϼϾϴ, Ͼ ϴ  ϼ ϶ϴϹ  ϴ϶ Ϲ ϼϹ : 

 

I(t) = ∑ α𝑖𝑖 ·exp(–t/τi),   (2) 

 

ϷϸϹ  𝛼𝑖 – ϴ Ͽϼ ϸ Ͻ Ͼ ϼ ϼϹ  i-Ͼ Ϲ ;  

τi – ϶ Ϲ  ϻϴ ϴ ϼ . 
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ϥ Ϲ  Ͽ ϶ ϺϹ  ϶Ͽ  Ϸ Ͼ Ϲ ϼϴϿ Ͻ ϴϸ 

Ͽ Ϲ Ϲ ϼϼ  ϼ Ͽ  Ͼ ϴ  τi, ϴ϶  Ͼ Ͽϼ Ϲ ϶  Ͼ Ϲ ϶ ϶ Ϲ ϼ. 

ϖ  Ͼ ϹϾ Ϲ ϸϼ   ϶ ϴϻ  ϼϾ Ͼ ϺϹ ϼ  ϺϹ  

ϴ ϴ ϼ϶ϴ  ϾϴϾ Ϲ  Ͽ ϶. ϦϴϾϼ  ϵ ϴϻ , Ϻ  ϵ Ͽ  ϵ  

Ϲ ϼ ϸ϶Ϲ Ͼ ϴ  τi, ϵ ϴ ϺϹ Ϲ ϶ ϵϹϿϾϹ, ϸϹ Ϻϴ Ϲ  ϸ϶ϴ ϼ ϴ ϴ, 

Ͼ ϴ Ͼϴ  ϼ ϸϼ϶ϼϸ ϴϿ  ϼ ϴ ϶. ϔ ϴϿ Ϸϼ , Ϲ Ͽϼ ϵϹϿ Ͼ ϼ ϹϹ  

Ͽ Ͼ  ϸϼ  ϴ Ͼ ϼ ϴ ϴ,  Ϲ ϶ Ϲ  ϶ ϸ϶  Ͼ ϴ ϼ , 

ϵϼ Ͼ Ϲ ϼϴϿ ϴ  Ͼϼ Ϲ ϼϾϴ ϴϸϴ Ͽ Ϲ Ϲ ϼϼ ϺϹ  ϴϺϴ  ϼ ϸ϶ϴ 

ϼ  ϵϹϿϾϴ ϼ ϺϹ  ϼ Ͽ ϻ ϶ϴ  ϸϿ  ϼ ϿϹϸ ϶ϴ ϼ  ϼ  

϶ϻϴϼ Ϲ϶ ϴ Ϲ ϼ .  

Ϝϻ϶Ϲ ,  ϶ϼ Ϲ -ϼ  ϼ ϴ ϴ ϶ ϴ ϶ Ϲ ϸϹ ϼ Ϲ  

ϵϼ Ͼ Ϲ ϼϴϿ Ͻ ϴϸ Ͽ Ϲ Ϲ ϼϼ, ϼ ϸ ϴ ϼϻ ϼ Ϲ Ϲ ϴ ϼϽ Ϸ  

ϴϾ ϴ ϻϴϾϿ ϴϹ  ϶ ,  ϼ ϴ  Ϲ ϶ Ϲ  ϶ ϼϾ ϷϹ Ϲ ϷϹ  

( ϴ Ϲ ) ϴ . Ϡ Ϸ - ϼϿϼ Ϲ Ͼ Ϲ ϼϴϿ Ͻ ϴ ϴϾ Ϲ  ϴϸϴ ϺϹ  

ϴϾϺϹ ϶ ϻ ϼϾ  ϸϿ  ϼ Ϸ  (Ϸ ϷϹ Ϸ ) Ͽ ϴ, ϴ ϶ ϹϷ  ϶ 

ϹϴϾ ϼ  ϶ ϶ ϻϵ ϺϸϹ  ϼϼ. Ϟ ϼ   ϴϾϼϹ Ϲ , ϾϴϾ 

ϵ ϴϻ ϶ϴ ϼϹ Ͼ ϼ ϿϹϾ ϴ, ϹϿϴϾ ϴ ϼ  ϴ ϶ ϼ ϹϿ  ϶ ϶ ϻϵ ϺϸϹ  ϼϼ, 

ϼϻ Ϲ Ϲ ϼ  Ͼ ϼϷ ϴ ϼϼ ( ϴ ϼ Ϲ , ϼ - ϴ  ϼϻ Ϲ ϼϻϴ ϼ ), Ϲ Ϲ  

ϴ ϶ ϶ ϻϵ ϺϸϹ  ϼϼ ϼ Ϲ Ϲ  Ϲ Ϸϼϼ, ϼ ϷϼϹ ϸ ϷϼϹ [5].  

ϖ Ϲ  Ϻϼϻ ϼ Ͽ Ϲ Ϲ ϼϼ (϶ Ϲ  ϻϴ ϴ ϼ ) ϶Ͽ Ϲ  Ϲϸ ϼ  

ϹϺ Ͼ  ϶ Ϲ Ϲ ϼ, ϶ Ϲ Ϲ ϼϹ Ͼ Ϸ  ϿϹϾ Ͽϴ Ͽ ϴ ϴ ϸϼ  ϶ 

϶ ϻϵ ϺϸϹ  ϼϼ ϹϺϸϹ, Ϲ  ϶Ϲ  ϶ ϶ Ϲ. ϖϹϿϼ ϼ ϴ 

϶ Ϲ Ϲ ϼ Ϻϼϻ ϼ ϺϹ  ϶ϴ ϼ ϶ϴ ,   ϶ ϻ϶ ϴ Ϲ ϼϹ ϶ ϻϵ ϺϸϹ Ϸ  

Ͽ ϴ ϶ ϶ Ϲ ϼϹ ϺϹ  ϼ ϸϼ  ϴϻϿϼ ϼ 

ϴ ϴϿϿϹϿ ϼ ϼ [6, 7]. 
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ϖ Ϲ  Ϻϼϻ ϼ Ͽ Ϲ Ϲ ϼϼ Ͽ ϴ, ϼ ϶ϴϹ Ϸ  ϸϼϴϷ ϴ Ͻ 

ϳϵϿ Ͼ Ϸ  ( ϼ Ͼ 1), ϹϸϹϿ Ϲ  ϿϹϸ ϼ  ϵ ϴϻ :  

 

τ-1 = kr + knr,   (3) 

 

ϷϸϹ  kr – Ͼ ϴ ϴ Ͼ ϼ ϼϻϿ ϴ ϹϿ Ϸ  Ϲ Ϲ ϸϴ ϶ ϶ Ϲ ϼϹ; 

knr – Ͼ ϴ ϴ Ͼ ϼ ϶ Ϲ  ϵϹϻ ϻϿ ϴ ϹϿ  Ϲ ϶. 

 

 
 

Ϥϼ Ͼ 1 – ϘϼϴϷ ϴ ϴ ϳϵϿ Ͼ Ϸ  [3, 8] 

ϗ ϼϻ ϴϿ Ϲ Ͽϼ ϼϼ — Ϲ ϷϹ ϼ Ϲ ϾϼϹ ϶ ϼ ϿϹϾ ϶: S0— ϶ Ϲ, 

Ϲ϶ ϻϵ ϺϸϹ Ϲ ϼϹ; S1 — ϼ ϷϿϹ Ϲ ϶ ϻϵ ϺϸϹ Ϲ ϼϹ; 0 — 3 — 

Ͼ϶ϴ ϶ϴ Ϲ ϸ ϶ ϼ; Ϧ1, Ϧ2 — Ͼ϶ϴ ϶ϴ Ϲ ϶ ϼ ϼ ϿϹ Ϸ  ϶ ϻϵ ϺϸϹ Ϸ  

ϼ . ϥ ϹϿϾϴ ϼ Ͼϴϻϴ  Ϲ Ϲ ϸ  ϿϹϾ ϶ ϶ ϴϻ Ϲ Ϲ ϷϹ ϼ Ϲ ϾϼϹ ϼ   

 

1.2. я я  

ϥ ϵ ϶Ϲ ϴ  Ͽ Ϲ Ϲ ϼ  ϵϹϿϾ ϶ – Ϲϻ϶ ϴϽ  ϶ ϶ϼ ϹϿ ϴ  

ϴ ϴϾ Ϲ ϼ ϼϾϴ  Ϲ ϼ  Ͼ Ͼ ϴ ϼ  ϼϻ Ϲ Ϲ ϼ  ϼ  
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ϿϹϾ Ͽ. Ϣ ϶ ϼ ϴ ϼ Ͼϼ Ͽ ϼ ϴ Ͼϴ ϼ, ϵ Ͽϴ϶Ͽϼ϶ϴ ϼ ϼ 

ϵ ϶Ϲ  Ͽ Ϲ Ϲ ϼ  ϵϹϿϾ ϶, ϶Ͽ  ϴ Ͼϼ ϼ ϴ ϴ (Trp), 

ϼ ϻϼ ϴ (Tyr) ϼ Ϲ ϼϿϴϿϴ ϼ ϴ (Phe) ( ϼ Ͼ 2) [9, 10].  

 

Ϧ ϼ ϴ  Ϧϼ ϻϼ  ϨϹ ϼϿϴϿϴ ϼ  

   

 

Ϥϼ Ͼ 2 – ϩϼ ϼ Ϲ Ͼϴ  Ͼ ϴ ϴ ϴ ϼ Ϲ Ͼϼ  ϴ ϼ Ͼϼ Ͽ  ϴ Ͼ ϶  

϶ ϴ϶Ϲ ϵϹϿϾ ϶ [10, 11] 

 

ϥ ϹϾ ϴϿ Ϲ ϶ Ͻ ϶ϴ ϸϴ  ϴ ϼ Ͼϼ Ͽ  Ϲϸ ϴ϶ϿϹ  ϶ ϴϵϿϼ Ϲ 1, 

ϷϸϹ λ – ϴϾ ϼ  ϸϿϼ ϶ Ͽ ϶ Ͻ Ͽ  ϷϿ Ϲ ϼ , λem – ϴϾ ϼ  

Ͽ Ϲ Ϲ ϼϼ, ε – Ͼ ϼ ϼϹ  Ͼ ϼ Ͼ ϼϼ, φ – Ͼ϶ϴ ϶ Ͻ ϶ ϸ, τ – ϶ Ϲ  

Ϻϼϻ ϼ Ͽ Ϲ Ϲ ϼϼ [8, 12]. 

 

ϦϴϵϿϼ ϴ 1 – ϥ ϹϾ ϴϿ -Ͽ ϼ Ϲ Ϲ Ϲ ϴ ϴϾ Ϲ ϼ ϼϾϼ Ͽ ϶ 

ϵϹϿϾ ϶ ϶ ϶ ϸϹ  

ϨϿ  λ,  ε, Ϡ-1 -1 λem,  φ τ,  

Ϧ ϼ ϴ  280 5600 348 0,20 3,0 

Ϧϼ ϻϼ  274 1400 303 0,14 3,6 

ϨϹ ϼϿϴϿϴ ϼ  257 200 282 0,04 6,4 

 

ϣ ϼ ϶ ϻϵ ϺϸϹ ϼϼ ϵϹϿϾ ϶ ϼϻϿ Ϲ ϼϹ   ϸϿϼ Ͻ ϶ Ͽ   295 ϸ  305  

Ͽ Ϲ ϼ  Ϲϼ Ϲ ϶Ϲ  ϴ Ͼϼ ϼ ϴ ϴ, ϴϾ ϾϴϾ ϹϾ  

ϷϿ Ϲ ϼ  ϼ ϻϼ ϴ ϼ Ϲ ϼϿϴϿϴ ϼ ϴ ϿϹϺϴ  ϶ ϵ ϿϹϹ Ͼ Ͼ ϶ Ͽ ϶ Ͻ ϵϿϴ ϼ 

[12]. Ϝϻ-ϻϴ Ϲ Ϲ ϴ ϹϸϹϿϹ ϼ  ϿϹϾ Ͻ Ͽ ϼ ϶ ϴ ϼ Ϲ ϼ  

ϼ ϸ Ͽ  Ͼ Ͽ Ϲ ϼ ϴ  ϶Ͽ Ϲ  ϵ ϿϹϹ ϶ ϶ϼ ϹϿ  Ͼ ϼϻ Ϲ Ϲ ϼ  

ϼϾ Ͼ ϺϹ ϼ  ϶ Ͽϼ ϼϹ  ϼ ϻϼ ϴ ϼ Ϲ ϼϿϴϿϴ ϼ ϴ. Ϝ Ϲ   ϶ 

ϼ ϿϹϸ ϶ϴ ϼ  ϵ ϶Ϲ Ͻ Ͽ Ϲ Ϲ ϼϼ ϵϹϿϾ ϶ Ϲ  ϼϸϹ  ϼ Ϲ   
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ϹϾ ϴϿ  ϴ ϴϾ Ϲ ϼ ϼϾϴ  ϼ ϴ ϶  ϴ Ͼ ϶ ϶ ϴ϶Ϲ ϼ  

ϴϾ ϿϹϾ Ͽ [13, 14]. 

 

1.2.1. .   

ϠϴϾ ϼ  ϹϾ ϴ Ͽ Ϲ Ϲ ϼϼ ϼ ϴ ϶  ϴ Ͼ ϶ ϶ ϵϹϿϾϴ  

ϿϹϺϼ  ϶ ϸϼϴ ϴϻ Ϲ  307 ϸ  353 . ϣ Ͽ  ϴ ϶ ϼ ϹϿ , ϴ ϴϾϺϹ 

Ϲ ϼ ϼ Ϲ ϾϼϹ ϶ϻϴϼ ϸϹϽ ϶ϼ  ϹϺϸ  ϴ ϶ ϼ ϹϿϹ  ϼ ϼ ϸ Ͽ  Ͼ Ͽ  

϶Ͽϼ  ϴ ϹϾ  Ͽ Ϲ Ϲ ϼϼ ϼ ϴ ϴ.  

Ϝϻ Ϲ ϼϹ ϹϾ ϶ ϴ ϼ ϴ Ͻ Ͽ Ϲ Ϲ ϼϼ Ϸ ϼ ϿϹ  

ϵϹϿϾ ϶, Ͼ Ϲ ϵϿϴϸϴ  ϴϻϿϼ Ͻ Ͼ Ͻ, ϼ϶ϹϿ  Ͼ ϾϿϴ ϼ ϼϾϴ ϼϼ 

϶ ϻ Ϻ  ϼϽ ϼ ϴ ϶  ϴ Ͼ ϶ ϶ ϵϹϿϾ ϶ Ͻ ϷϿ ϵ ϿϹ. ϖ ϶ ϹϽ 

ϴϵ Ϲ ϙ. ϔ. ϕ ϹϽ   ϴ϶ ϴ ϼ Ͽϼ ϶ϴϿ ϸϹϿ  ϸϼ Ͼ Ϲ  

ϼϽ ϼ ϴ ϶  ϴ Ͼ ϶ ϶ ϵϹϿϾϴ , Ͼ ϴ  ϶Ϲ ϺϸϴϹ ,  

Ϲ ϶ Ϲ   ϴϼϵ ϿϹϹ ϶Ϲ  ϹϾ ϴϿ   ϴ Ͼ ϶ 

ϼ ϴ ϴ: A, S, I, II, III ( ϼ Ͼ 3) [3, 15]. 

 

 

 

Ϥϼ Ͼ 3 – ϡ ϼ ϶ϴ Ϲ ϹϾ  Ͽ Ϲ Ϲ ϼϼ ϴ Ͼ ϶ ϼ ϴ ϴ ϹϾ ϴϿ  

ϾϿϴ ϶ A (1), S (2), I (3), II (4), III (5) [3] 
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ϥ ϹϾ ϴϿ ϴ  ϴ ϾϿϴ ϴ ϔ ϶Ϲ ϶ Ϲ  ϼϻϿ Ϲ ϼ  

Ϲ϶ ϻ Ϲ Ϸ  ϼ ϸ Ͽ Ϸ  ϴ ϶ ϹϽ ϴϿ  Ϸϼϸ ϵ  

Ͼ ϺϹ ϼϼ ϶ ϼ ϵϹϿϾ ϶ Ͻ ϷϿ ϵ Ͽ . ϦϴϾϼϹ ϴ Ͼϼ Ϲ ϵ ϴϻ  Ͼ ϼ ϿϹϾ  

 ϴ ϶ ϼ ϹϿϹ  ϼϿϼ Ϲϸ ϼ ϼ ϴ ϼ Ͼϼ Ͽ ϼ Ϸ ϴ ϼ ϵϹϿϾϴ. ϠϴϾ ϼ  

ϹϾ ϴ ϼϻϿ Ϲ ϼ  ϿϹϺϼ  ϶ ϴϽ Ϲ 308 . 

ϥ ϹϾ ϴϿ ϴ  ϴ ϾϿϴ ϴ S –  ϼ ϴ ϶ Ϲ ϴ Ͼϼ, Ͼ Ϲ 

ϴ ϸ  ϶ ϼ ϿϹϾ Ͽ ,  ϶ ϵ ϿϹϹ ϸ϶ϼϺ Ͻ ϼ Ͽ Ͻ ϼϾ ϹϸϹ, 

Ϲ  ϾϿϴ  ϔ. ϦϴϾϼϹ ϴ Ͼϼ Ϸ  ϵ ϴϻ ϶ ϶ϴ  Ͼ ϼ ϿϹϾ  1:1  ϵϿϼϺϴϽ ϹϽ 

Ͽ Ͻ ϵϹϿϾ ϶ Ͻ Ϸ Ͻ. ϡ   ϵϹϿϾϴ ϼϾ Ϸϸϴ Ϲ ϵ ϶ϴϹ  ϼ Ϸ  ϹϾ ϴ 

ϾϿϴ ϴ S, ϴϾ ϾϴϾ ϶ Ϲ  ϶ ϹϷϸϴ ϵ ϸϹ  ϼ ϶ ϶ϴ  ϶ϾϿϴϸ ϹϾ ϴ ϾϿϴ ϴ I. 

ϠϴϾ ϼ  ϹϾ ϴ Ͽ Ϲ Ϲ ϼϼ ϿϹϺϼ  ϶ ϴϽ Ϲ 321 – 325  [3]. 

Ϟ ϾϿϴ  I  ϼ ϴ ϶ Ϲ ϴ Ͼϼ, ϴ ϸ ϼϹ  ϶ ϼ 

ϵϹϿϾ ϶ Ͻ ϿϹϾ Ͽ  ϼ ϵ Ϲ ϵ ϴϻ ϶ ϶ϴ  Ͼ ϼ ϿϹϾ  2:1  ϵϿϼϺϴϽ ϼ ϼ 

Ͽ ϼ Ϸ ϴ ϼ ϵϹϿϾϴ. ϠϴϾ ϼ  ϹϾ ϴ ϼϻϿ Ϲ ϼ  – 330 – 333 . 

Ϣ ϴ Ͼϼ ϼ ϴ ϴ, Ͽ ϾϴϿϼϻ ϶ϴ Ϲ ϴ ϶Ϲ ϼ ϵϹϿϾϴ,  

Ͼ ϾϿϴ ϴ  II ϼ III.  

Ϣ ϴ Ͼϼ ϾϿϴ ϴ II Ͼ ϴϾ ϼ   ϿϹϾ Ͽϴ ϼ ϶ ϻϴ Ͻ ϶ ϸ . 

Ϡ ϿϹϾ Ͽ  ϶ ϻϴ Ͻ ϶ ϸ   ϴ϶ Ϲ ϼ   ϿϹϾ Ͽϴ ϼ ϶ ϵ ϸ Ͻ ϶ ϸ  ϼ Ϲ  

ϵ ϿϹϹ ϼϻϾϼϹ Ͼϴϻϴ ϹϿϼ ϸ϶ϼϺ ϼ. ϥ ϹϾ ϴϿ Ͻ ϾϿϴ  II ϸϹ Ϻϼ  ϶  

Ϸϼ  ϵϹϿϾϴ . Ϣ  ϴ ϴϾ Ϲ ϼϻ Ϲ  ϴϾ ϼ  Ͽ Ϲ Ϲ ϼϼ 341 – 344 .  

Ϣ ϴ Ͼϼ ϼ ϴ ϴ ϹϾ ϴϿ Ϸ  ϾϿϴ ϴ III Ͼ ϴϾ ϼ   

ϿϹϾ Ͽϴ ϼ ϶ ϵ ϸ  ϹϿϴϾ ϼ ϹϽ ϶ ϸ . ϥ ϹϾ  ϴϾϼ  ϴ Ͼ ϶ 

ϴϾ ϼ Ϲ Ͼϼ ϶ ϴϸϴϹ   ϹϾ  ϼϻϿ Ϲ ϼ  ϶ ϵ ϸ Ϸ  ϼ ϴ ϴ ϶ ϶ ϸϹ. 

Ϣ ϴ Ͼϼ ϼ ϴ ϴ ϹϾ ϴϿ Ϸ  ϾϿϴ ϴ III ϴϼϵ ϿϹϹ ϴ  ϶ Ϲ ϴ  ϶ 

ϴϻ϶Ϲ  ϵϹϿϾϴ  ϼ Ͽϼ  ϼ Ϸϸϴ – ϶ ϴ ϼ϶ . ϠϴϾ ϼ  ϹϾ ϴ 

Ͽ Ϲ Ϲ ϼϼ ϿϹϺϼ  ϶ ϴϽ Ϲ 346 – 350 . ϦϴϾ ϾϴϾ ϴ Ͼϼ ϾϿϴ ϴ III 

Ͽ ϾϴϿϼϻ ϶ϴ  ϴ ϶Ϲ ϼ ϵϹϿϾϴ, ϼ ϿϹϷϾ  ϸ  ϴ ϶ ϼ ϹϿ , ϼ ϴ  

ϼ ϿϹϾ Ͽϴ  ϶ Ϲ ϼ  ϼ ϹϿϹϽ. ϖ  ϶ Ϲ  ϾϴϾ ϴ Ͼϼ ϾϿϴ ϶ A, S ϼ I 

Ͽ ϾϴϿϼϻ ϶ϴ  ϶ ϼ ϵϹϿϾ ϶ Ͻ Ͼ  ϼ Ͽ  ϸ  ϶ ϸϹ, ϼ ϴ  ϼ 

ϿϹϾ Ͽϴ  ϶ Ϲ ϼ  ϼ ϹϿϹϽ [3, 13, 16].  
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ϥ ϹϾ ϴϿ Ϲ ϶ Ͻ ϶ϴ ϵϹϿϾϴ Ͼϴ ϵ Ͼ ϼϴ Ϸϼϸ ϴϻ  ϕ ϹϸϹϿ  

Ϲ  ϼ ϴ ϶ ϼ ϴ Ͼϴ ϼ ϼϻ ё  ϶ ϻ Ϻ  ϹϾ ϴϿ  ϾϿϴ ϶: 

- Trp15, Trp96, Trp207 – ϾϿϴ  S, 

- Trp190 – ϾϿϴ  I, 

- Trp4, Trp243 - Ϸ  ϵ  Ϲ Ϲ  ϾϴϾ Ͼ ϾϿϴ  I, ϴϾ ϼ ϾϿϴ  II, 

- Trp122 – ϹϺϸ  I ϼ S ϾϿϴ ϴ ϼ [17]. 

 

1.2.1.1.       

ϛϴ ϴ ϼϹ Ͽ Ϲ Ϲ ϼϼ L- ϼ ϴ ϴ ϶ ϶ ϸϹ ϼ ϸϼ   ϸ϶  

϶ Ϲ Ϲ ϴ ϼ Ͽ Ϲ Ϲ ϼϼ: 0,4 ϼ 2,8 . ϖ ϴ ϿϹ ϴϵϿ ϸϴϹ  ϼ ϶ Ϲ Ϲ ϼ 

Ϻϼϻ ϼ Ͽ Ϲ Ϲ ϼϼ – Ͼ Ͽ  0,2, 1,8 ϼ 4,8 . Ϧ ϼ ϴ  ϷϿ ϴϹ  ϴ ϸϿϼ Ϲ 

϶ Ͽ  280  (ε280 = 5600 Ϡ-1· -1) ϼ 220  (ε220 = 36000 Ϡ-1· -1)  ϸ϶  

Ϲ Ϲ ϸϴ ϼ S0 → 1Lϴ ϼ S0 → 1Lb ( ϼ Ͼ 4) [18-20].  

 

 

 
Ϥϼ Ͼ 4 – ϥ ϹϾ  ϷϿ Ϲ ϼ  (1) ϼ Ͽ Ϲ Ϲ ϼϼ (2) ϼ ϴ ϴ ϶ ϶ ϸ  

ϴ ϶ Ϲ ϼ ϹϽ ϴϿ  ϡ ϼ Ͼ ϴ Ͻ Ϲ Ϲ ϴ Ϲ [3] 

Ϣϵϴ Ϲ Ϲ ϸϴ Ϸ  ϶ ϻ ϶ϴ  ϶ ϻϵ ϺϸϹ ϼϹ ϼ ϴ ϴ, ϼ ϶ Ϲ  Ϻϼϻ ϼ 

Ͽ Ϲ Ϲ ϼϼ ϺϹ  ϼ ϸϼ   ϵ Ͼ  ϼ ϴ ϴ, ϷϹ Ϲ ϼ Ϲ  ϶ 

϶ ϻϵ ϺϸϹ  ϼϼ. ϣ ϼ Ϲ  Ͼ ϵϼ ϴ ϼ  ϵ ϼ  Ϲ Ϲ ϸ  ϼϽ 
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ϼ ϸ ϼ Ϲ  ϶ ϻϵ ϺϸϹ Ϲ ϼϹ ϼ ϴ ϴ ϼ Ϲ Ϸϴ ϼϻϴ ϼ  

Ͽ ϴ ϶ ϸ϶Ϲ ϶ϻϴϼ ϶ ϻϴ Ϲ Ͼ . ϥϿϹϸ ϶ϴ ϹϿ , ϹϿ ϻ  

ϼ ϾϿ ϴ  ϶ ϻ Ϻ  Ϸ ,  ϶ Ϲ Ϲ ϴ Ϻϼϻ ϼ Ͽ Ϲ Ϲ ϼϼ Ϲ ϶ ϻϴ  

ϴ  ϼ  ϸ ϼ  ϼϻ ϸ϶  Ϲ Ϲ ϸ ϶. Ϟ Ϲ Ϸ ,  ϺϹ   

ϻ ϴ ϴ ,  ϶ ϻϵ ϺϸϹ ϼϹ ϿϹϾ Ͽ ϼ ϴ ϴ ϶ ϴ ϶ Ϲ ϼ϶ ϸϼ  Ͼ 

϶ ϻϵ ϺϸϹ  ϼ , ϶ Ͼ  ϿϹϾ Ͽ  Ͽ ϴ ϴ  ϸ϶Ϲ 

ϼϿϼ ϼ Ͼ ϴ ϼϼ, Ͽϼ Ϲ  ϴϵϿ ϸϴϹ  ϶ ϶  ϼϼ [6, 

21]. 

Ϣ Ϲ Ͼϴ Ϲϸ ϹϷ  ϴ ϼ  ϹϺϸ  Cε3 ϴ  ϼ ϸ Ͽ Ϸ  Ͼ Ͽ ϴ ϼ ϥ 

ϴ  ϶ Ͻ Ϲ ϼ ( ϼ Ͼ 5) ϸϿ  ϸϴ ϸ ϼ ϴ ϶  ϵϹϿϾ ϶ 

ϻ϶ ϿϼϿ  Ϲ ϼ ϹϷϼ ϼ Ϲ Ϲ ϶ Ϲ Ϲ ϴ Ϻϼϻ ϼ Ͽ Ϲ Ϲ ϼϼ ϼ 

Ϲ Ϲ ϾϿϴ Ϲ  ϼ ϴ ϴ. ϥ ϷϿϴ  Ϲ  ϸϴ , Ͽ Ϲ  

϶ Ϲϻ Ͽ ϴ Ϲ ϴ϶ Ϲ ϼ  ϵϼ ϿϹϾ Ͽ Ͻ Ͼ ϴ  Ϲ ϼ  ϴϾ ϼϿϴ ϼϸ  ϼ 

ϼ ϹϿ Ͻ ϸ ϼ ϴ ϶ ϼ ϹϿ  ϵ Ͼ ϶ Ͻ Ϲ ϼ ϼ ϴ ϴ ϶  

ϼϾ ϼϼ, ϵ Ͽ  Ͽ Ϲ ,  Ͼ Ͼ Ϲ ϶ Ϲ  Ϻϼϻ ϼ (1,00 – 1,75 ) 

϶Ϲ ϶ Ϲ  ϵϿϼϻϾ  ϴ ϼ   Cε3 ϸ  C=O, Ϲϸ ϿϴϷϴ  Ϲ ϴ ϼϻ  

Ϲ Ϲ ϴ ϿϹϾ ϶ [22]. 

 

 
 

Ϥϼ Ͼ 5 - ϩϼ ϼ Ϲ Ͼϴ  Ͼ ϴ ϿϹϾ Ͽ  ϼ ϴ ϴ  

1.2.1.2.      

ϖ Ϲ  Ϻϼϻ ϼ ϼ ϴ ϴ ϶ ϵϹϿϾϴ  ϶ϴ ϼ Ϲ   Ϲ Ͼ Ͽ Ͼϼ  Ϲ  

ϼϾ ϹϾ ϸ ϸ  9 . Ϙ϶  ϴ ϴ Ϲ ϼ ϼ ϹϿ ϼ Ͽ Ϲ Ϲ ϼϼ 



14 

 

ϼ ϴ ϴ ϶Ͽ  ϿϹϾ Ͽ  ϶ ϸ  ϼ ϵϹϿϾ ϶ Ϲ Ϸ . ϡϴ ϶ϴ ϼϼ 

ϼ ϿϹϸ ϶ϴ ϼϽ ϵϼ ϿϹϾ Ͽ Ϸ  Ϲ ϼ  ϶ ϶ ϸ  ϴ ϶ Ϲ ϴ Ͼϼ Ͽϼϻϼ ϴ, 

ϷϿ ϴ ϼ ϴ, ϴ ϴ ϴϷϼ ϴ ϼ ϹϽ ϴϿ Ϸ  Ϸϼ ϼϸϼ ϴ ϸ ϿϺ  ϵ  ϼ ϹϿ  

Ͽϴϵ ϼ ϼ ϹϿ ϼ; ϹϽ ϴϿ Ϲ ϷϿ ϴ ϼ ϶ϴ  ϼ ϴ ϴ ϴϷϼ ϶ϴ  Ͼϼ Ͽ  

ϸ ϿϺ  ϵ  Ϲ Ϲ ϼ ϼ ϹϿ ϼ; ϴ ϼ ϻϼ , ϼ Ϲϼ , Ͽ Ϻϼ ϹϿ  

ϻϴ ϺϹ Ͻ Ϸϼ ϼϸϼ  ϼ ϼ ϼ  ϸ ϿϺ  ϵ  ϼϿ ϼ ϼ ϹϿ ϼ ϵϹϿϾ ϶. 

ϕϿϼϻ  ϼ ϸ Ͽ Ϸ  Ͼ Ͽ ϴ Ͼ ϼ  ϴ ϼ  ϵ Ͼ ϶  Ϸ ϴ  ϵ ϸϹ  ϶Ͽϼ  

ϴ ϶ Ϲ  Ϻϼϻ ϼ Ͽ Ϲ Ϲ ϼϼ. Ϣ ϵ Ϲ ϶ ϼ ϴ ϼϹ ϼ  ϸϹϿ  

ϷϿ ϴ ϼ ϶ Ͻ ϼ ϴ ϴ ϴϷϼ ϶ Ͻ Ͼϼ Ͽ ϴ  ϼ Ϸϼ ϼϸϼ . Ϝ ϼϻϼ ϶ϴ Ϲ 

ϼϹ ϼ  ϵ Ͼ ϶  Ϲ ϹϽ Ͼϴϻ ϶ϴϹ  ϼϿ Ϲ ϶Ͽϼ ϼϹ ϴ ϵ  Ͼ 

Ϲ ϼ , ϼ ϼ ϴ Ͼϼ ϴ  ϼ Ϲ  ϴ ϴϿ Ϲ ϻ ϴ Ϲ ϼ  pKa ϶ ϵϹϿϾϴ . 

ϖ ϵϹϿϾϴ  ϴ ϼϹ, Ϲ ϼ ϼ Ϲ Ͼϴ  ϷϹ Ϲ ϼ  ϼϿϼ Ͽ ϾϴϿ ϴ  

Ͽ  Ϸ  ϸ Ͽ ϼ ϹϿ  ϼϿϼ϶ϴ  ϵ  ϼ  ϵ Ͼ ϶  

Ϸ  ϴ ϼ Ͼϼ Ͽ , ϴ ϼ Ϲ , ϼ ϴ ϹϿ  ϻϴ ϺϹ  ϷϿ ϴ ϼ ϶ Ͻ ϼ 

ϴ ϴ ϴϷϼ ϶ Ͻ Ͼϼ Ͽ , Ϲ ϼ ϴ, Ϲ ϼ ϴ, Ϲ ϼ ϼ ϴ ϼ ϴ Ϸϼ ϼ ϴ. Ϥϴ ϼϹ 

ϼ ϼϹ ϴ ϼ , Ϲ Ϲ , ϵ  ϼϿϼ  ϼϿϼ ϸϴ϶ϼ  Ͼ Ͼ Ϲ Ϲ 

Ϲ ϴ ϼϻ  Ϲ ϼ . ϖϻϴϼ ϸϹϽ ϶ϼ  ϶ ϶  ϼϼ Ϸ  ϴ  ϵ ϿϹϹ 

ϻ ϴ ϼ ϼ ϶ ϶Ϲ  ϵϹϿϾϴ , ϷϸϹ Ͼ ϼ ϴϿ Ϲ Ϸ  ϴ ϼ Ͼϼ Ͽ  

Ͼ Ϻϴ  ϼ ϸ Ͽ Ϲ Ͼ Ͽ . 

Ϣϵ Ϲ  ϴ ϼ ϶ ϶ ϻϵ ϺϸϹ  ϼϼ, ϶Ϲ , ϼ ϹϹ  ϸ ϶ Ͽ  

ϷϼϹ ϷϹ Ϲ ϼ Ϲ ϾϼϹ Ϲϵ ϶ϴ ϼ . ϔ ϼ Ϲ , ϸ  ϶ ϸ ϿϺϹ  

Ͼ ϴϾ ϼ ϶ϴ   ϷϿϹ ϸϴ ϼ ϥ2, C4 ϼϿϼ C7 ϼ ϸ Ͽ Ϸ  Ͼ Ͽ ϴ ϶ ϴ϶ϼϿ Ͻ 

ϼϹ ϴ ϼϼ, ϵ  Ͼϴ ϴϿϼϻϼ ϶ϴ  ϵ Ϲ . ϣ Ͼϴ Ϲϼϻ϶Ϲ , Ϸ  Ͽϼ ϵ Ͼ ϶ Ϲ 

Ϲ ϼ Ͽϼϻϼ ϴ ϼ ϼ ϻϼ ϴ ϼ  Ͽ Ϲ Ϲ ϼ  ϼ ϴ ϴ ϶ Ϲ ϼϸϴ  ϼ 

ϵϹϿϾϴ  Ϲ  Ϸ  ϵ Ϲ ϴ. ϥ ϸ Ϸ Ͻ , Ϲ Ϲ  ϿϹϾ ϶ ϶ 

϶ ϻϵ ϺϸϹ  ϼϼ Ϲϸ ϶Ͽ Ϲ  Ϲ ϹϹ ϷϼϹ Ͼ Ϲ Ϲϵ ϶ϴ ϼ  

ϼ, ϿϹϸ ϶ϴ ϹϿ , ϶Ϲ , ϶Ͽ Ϲ  ϶  Ϲ ϴ ϼϻ  Ϲ ϼ  

Ϲ ϼϸ ϶ ϼ ϵϹϿϾ ϶. ϣϹ Ϲ  ϿϹϾ ϶ ϺϹ  ϼ ϸϼ  Ϲ Ϲϻ 

ϴ ϶  ϼϿϼ Ϲ Ϲϻ ϺϹ Ϲ ϶ ϻϼ ϴ ϴ ϼ  ϸ  10 Å. ϩ  ϶ 

Ͼ Ϲ ϼ Ϲ ϴ   ϵϼ ϿϹϾ Ͽ  Ϲ ϼϹ , ϾϴϾ ϴ϶ϼϿ , ϸ ϼ ϼ Ϲ  ϸϼ  
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Ϲ ϴ ϼϻ  Ϲ ϼ  ϵ Ͼ ϶ ϼ Ϲ ϼ, ϿϹϸ Ϲ  ϼ ,  ϶ ϵϹϿϾϴ  

ϼ ϴ  ϵ ϸϹ  ϶ ϶ϿϹ ё  ϶  ϺϹ ϶Ϲ Ϲ ϶ϻϴϼ ϸϹϽ ϶ϼ , ϼ϶ ϸ ϼϹ Ͼ 

Ϲ ϼ  [14, 23]. 

Ϝ ϿϹϸ ϶ϴ ϼϹ Ͼϴ ϵ Ͼ ϼϴ Ϸϼϸ ϴϻ  ϹϿ ϶ϹϾϴ  ϻϴ Ϲ Ͻ ϾϴϺϸ Ϸ  ϼϻ Ϲ ϼ 

ϼ ϴ ϶  ϴ Ͼ ϶ ϴ ϸ ϷϼϹ ϴ ϼ Ͼϼ Ͽ  ϾϴϻϴϿ ,  ϶ ϴ ϼ϶  

ϼϼ ϶ ϵϹϿϾϹ ϼ ϶  Ϲ  Ϲ ϼ  Ͽ Ϲ Ϲ ϼϼ 

ϼ ϴ ϴ ϼ ϵϹϻ ϻϿ ϴ ϹϿ Ͻ Ϲ Ϲ  Ϲ Ϸϼϼ ϹϺϸ  Ϸ ϴ ϼ 

ϴ ϼ Ͼϼ Ͽ  ϴ Ͼ ϶. ϱ  ϼ϶ ϸϼ  Ͼ ,  Ͽ Ϲ Ϲ ϼ  ϵϹϿϾϴ ϶ 

ϴ ϼ϶  ϼϼ ϵ Ͽ ϶ϿϹ ϴ ϶ ϹϷ  Ͽϼ  ϸ϶  ϼ ϴ ϶ ϼ 

ϴ Ͼϴ ϼ – ϶ Ͽ ϺϹ ϼϼ 97 ϼ 245 [24]. 

Ϝϻ϶Ϲ ,  ϸϿ  ϼ ϴ ϶  ϴ Ͼ ϶, Ͼ Ϲ ϴ ϸ  ϷϿ ϵ Ͼ  

϶ ϼ ϵϹϿϾ ϶ Ͻ ϿϹϾ Ͽ , ϴϿ ϶Ϲ  Ϲ  Ϲ ϼ  ϴ ϶ ϼ ϹϿϹ . 

ϨϿ Ϲ Ϲ ϼ  ϶ Ϲ ϼ  ϼ ϴ ϶ Ͽϴϵ  ϻϴ϶ϼ ϼ   Ϲ Ϲ ϴ ,  

ϷϿϴ Ϲ   Ϲ ϼϹ  Ϲ ϼϸ ϼ ϶ ϻ ϼ. ϡϴϿϼ ϼϹ Ϲ Ͼ Ͽ Ͼϼ  ϶ Ϲ Ϲ  

Ϻϼϻ ϼ Ͽ Ϲ Ϲ ϼϼ  ϶ Ϲ ϹϷ  ϼ ϴ ϴ Ϸ  ϵ  ϵ Ϲ  

ϴϻϿϼ ϼ ϼϾ Ͼ ϴ ϼ ϼ ϼ ϼ ϼ ϸ Ͽ Ϸ  Ͼ Ͽ ϴ  

Ϲ ϼ  Ͼ Ϲϸ ϼ  Ϲ ϼϸ  ϼ ϴ ϼϸ  Ϸ ϴ  ϴ [23]. 

ϖ ϶ ϹϽ ϴϵ Ϲ Y. Chen ϼ M.D. Barkley ϾϴϻϴϿϼ,  N-ϴ Ϲ ϼϿ Ϲ 

ϼϻ϶ ϸ Ϲ ϷϿϼ ϼ ϴ, ϴϿϴ ϼ ϴ, ϶ϴϿϼ ϴ, ϿϹϽ ϼ ϴ, Ϲ ϼϿϴϿϴ ϼ ϴ, Ͽϼ ϴ, 

Ϸϼϸ Ͼ ϼ Ͽϼ ϴ, Ϲ ϼ ϴ, Ϲ ϼ ϴ, Ϲ ϼ ϼ ϴ ϼ ϴ Ϸϼ ϼ ϴ ϼ ϹϽ ϴϿ  

pH Ϲ ϴ  Ͽ Ϲ Ϲ ϼ  3- Ϲ ϼϿϼ ϸ Ͽϴ [14]. ϡϴ ϼ϶, ϼ ϡ 5-6 ϶ Ϲ 

ϴ ϼ Ͼϼ Ͽ , ϼ ϾϿ ϴ  Ϲ ϼϿϴϿϴ ϼ  ϼ ϿϹϽ ϼ , ϴ  ϼ ϴ ϶  

Ͽ Ϲ Ϲ ϼ  ϻϴ Ϲ  Ϲ Ϲ ϴ ϿϹϾ ϴ ϶ ϶ ϻϵ ϺϸϹ  ϼϼ. ϘϿ  

϶ ϵ ϸ  ϴ ϼ Ͼϼ Ͽ  Ϲ ϼϹ ϹϸϹϿ Ϲ  Ϲ Ϲ  ϴ ϶ 

϶ ϻϵ ϺϸϹ  ϼϼ, Ͼϴ ϴϿϼϻϼ Ϲ  ϼ ϶ϴ Ͻ α-ϴ ϼ -

Ϸ Ͻ,  ϴ ϴϿ Ϸϼϼ  ϷϿϼ ϼ . ϱ  Ϲ ϼϹ Ϲ ϹϸϹϿ Ϲ  ϵ Ͼ ϶ ϼ 

Ϲ ϼ ϼϿϼ Ͼϴ ϵ Ͼ ϼϿϴ  [3, 14].  
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1.3.       

ϡϴ ϼ϶ ϴ  Ͼ ϴ ϵϹϿϾϴ –  Ͼ ϼ ϴϿ  ϴϾ ϼ϶ ϴ  Ͼ ϴ ϼ  

ϿϹϾ Ͽ , ϼ Ϲ ϴ  ϶ ϼ ϿϹϾ Ͽ ϼ ϶ϻϴϼ ϸϹϽ ϶ϼ ϼ. 

ϦϹ Ϲ ϴ ϴ, ϡ, ϼ  ϴ ϶ ϼ ϹϿ  ϶Ͽ  ϴ ϴ Ϲ ϴ ϼ, ϼϻ Ϲ Ϲ ϼϹ 

Ͼ  ϼ϶ ϸϼ  Ͼ ϴ Ϲ ϼ  ϶ Ϲ ϼ  ϶ ϻϹϽ ϶ ϵϹϿϾϹ ϼ, ϾϴϾ ϿϹϸ ϶ϼϹ, Ͼ 

ϸϹ ϴ ϴ ϼϼ. 

ϘϹ ϴ ϴ ϼ  ϵϹϿϾ ϶ ϶Ͽ Ϲ  Ͼ Ϲ ϴ ϼ϶  Ϲ Ϲ ϸ   

ϸ ϶ Ϲ Ϲ  ϼ ϹϻϾϼ  S- ϵ ϴϻ  ϼϻ Ϲ Ϲ ϼϹ  Ϸϼ  ϴ ϴϾ Ϲ ϼ ϼϾ 

ϿϹϾ Ͽ . S- ϵ ϴϻ  ϴϺϴϹ  Ϲ Ϲ ϸ ϶Ϲ ϶ ϼ  ϴ ϴϾ Ϲ ϼ ϼϾ 

ϿϹϾ Ͽ   Ϲ ,  ϴ ϴϾ Ϲ  ϸϿ  ϴ ϼ϶ Ϸ  ϼ , ϶ Ϲ,  

϶Ϲ ϶  ϸϹ ϴ ϼ ϶ϴ . ϫϹ  ϺϹ S- ϵ ϴϻ ϴ  Ͼ ϼ϶ϴ , Ϲ  ϵ ϿϹϹ 

Ͼ Ϲ ϴ ϼ϶ Ͻ Ϲ Ϲ ϸ ϴ ϼ ϶ϴϹ ,  Ϲ  ϸϴ Ͻ Ϲ Ϲ ϸ ϶ϴ ϶ϴϹ  

ϴϻ  Ϸ  ϴ ϼ Ͼϼ Ͽ  ϴ Ͼ ϶ [4]. 

ϦϹ Ͽ ϶ϴ  ϸϹ ϴ ϴ ϼ  ϸ ϼϷϴϹ  ϶ Ϲ ϼϹ  ( ϼϺϹ ϼϹ ) 

Ϲ Ϲ ϴ  ϵϹϿϾϴ ϸ  Ͼϼ Ͽϴ϶ϿϹ ϼ . ϣ Ϲϸ ϿϴϷϴϹ ,  ϹϾ  

Ϸϼϸ ϴ ϴ ϼϼ ϼϷ ϴ  ϶  Ͽ  ϶ Ϲ Ͽ ϶  ϴϻ϶ ϴ ϼ϶ϴ ϼϼ. Ϣϵ Ϲ ϼ , 

 Ϲ ϼ Ϲ Ͼ Ϲ ϴϻ϶ ϴ ϼ϶ϴ ϼϹ ϼ ϸϼ  ϷϿϴ϶  ϵ ϴϻ  ϼϻ-ϻϴ Ϸ ,  

ϼ ϶ϹϿϼ Ϲ ϼϼ Ϲ Ϲ ϴ  Ϲ ϹϹ Ͼ Ͽϼ Ϲ ϶  ϿϹϾ Ͽ ϶ ϸ  ϶ ϻϴ  ϶ 

ϵϿϴ  ϸ Ϲ Ͻ ϶ ϸ  ϶ Ͼ Ϸ Ϲ Ͽ  ϵ Ͼ ϶  Ϲ ϹϽ [25]. 

ϥ ϼ ϴϹ ,  ϼϻ Ϲ Ϲ ϼϹ pH ϴ ϶ ϼ ϹϿ  ϼ϶ ϸϼ  Ͼ ϸϹ ϴ ϴ ϼϼ 

ϵϹϿϾϴ  ϸ Ͻ ϶ Ͻ ϼ ϼ Ϲ – ϴϿϾϼ϶ϴ ϼ  ϹϺϸ  ϸ ϼ Ϲ  

ϻϴ ϺϹ ϼ Ϸ ϴ ϼ ϵϹϿϾϴ ϼϻ-ϻϴ ϼϻ Ϲ Ϲ ϼ  Ͼ Ϲ ϴ ϼϼ ϡ+ ϶ ϹϸϹ ϶ 

ϵ Ͽ  ϼϿϼ Ϲ  . ϣ ϼ ϼϻϾϼ  ϻ ϴ Ϲ ϼ  ϡ ϴϾϼϹ 

ϴ ϼ Ͼϼ Ͽ , ϾϴϾ ϴ ϴ ϴϷϼ ϶ϴ  ϼ ϷϿ ϴ ϴ ϶ϴ  Ͼϼ Ͽ  ϴ ϶  

ϼ ϶ϴ ϼ. ϣ ϼ ϶ Ͼϼ  ϻ ϴ Ϲ ϼ  ϡ Ͽϼϻϼ , ϼ ϻϼ  ϼ ϴ Ϸϼ ϼ  

ϴ ϶  ϼ ϴ ϹϿ  ϻϴ ϺϹ ϼ. ϖ ϵ ϼ  Ͽ ϴ  ϼ ϸϼ  

ϿϹϾ ϴ ϼ Ϲ Ͼ Ϲ ϴϿϾϼ϶ϴ ϼϹ, Ͼ Ϲ ϼ ϼ϶ ϸϼ  Ͼ ϸϹ ϴϵϼϿϼϻϴ ϼϼ, ϴ 

ϻϴ Ϲ  ϼ ϸϹ ϴ ϴ ϼϼ ϵϹϿϾϴ [27, 28].  
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ϘϿ  ϼ ϼ Ϲ Ͼ Ͻ ϸϹ ϴ ϴ ϼϼ Ϲ϶ϼ Ͻ Ϲ ϶ Ϲ  ϼ ϼ  ϸ϶ϴ 

Ϲϸ Ͽ ϺϹ ϼ   Ϲ ϴ ϼϻ Ϲ Ϸ  Ϲ ϴ. Ϡ Ϲ϶ϼ ϴ ϴ ϶ Ϲ  ϶ ϶ ϸϹ ϶ 

ϵ Ͽ ϼ  Ͼ Ͽϼ Ϲ ϶ϴ  ϼ  ϶ ϴϼ϶ϴϹ  ϶ ϶ ϸ ϸ Ϲ ϶ ϻϼ ϶ ϸ . ϦϴϾϺϹ 

ϴ ϶Ͽ Ϲ  ϴϾ Ϲ  ϼ ϸ  ϶ ϸ ϸ  ϶ ϻϹϽ ϼ ϼ ϹϹ  ϵ Ͽ Ϲ 

ϴ Ͼ ϶ ϸϿ  ϸϼ Ϲ ϼ Ϸ  ϶ϻϴϼ ϸϹϽ ϶ϼ , Ϲ  ϶ ϸϴ. Ϟ Ϲ Ϸ , ϴ 

 ϶ϻϴϼ ϸϹϽ ϶ Ϲ   ϵ Ͼ ϶ ϼ Ϲ ϼ ϵϹϿϾ ϶ ϼ  ϴϾϴ Ͽϼ϶ϴϹ  

϶ ϼ  Ͼ ϺϹ ϼϼ. Ϣϸ  ϼϻ Ϲϸ Ͽ ϺϹ ϼϽ  Ϲ ϴ ϼϻ Ϲ ϸϹ ϴ ϴ ϼϼ Ϲ϶ϼ Ͻ 

–  ,  Ϲ϶ϼ ϴ ϶ ϻ ϶ϴϹ  ϸϹ ϴϵϼϿϼϻϴ ϼ  ϵϹϿϾϴ Ϲ  ϼϻ Ϲ Ϲ ϼ  

Ͼ  ϶ ϸ . ϡ  ϵ Ͽ ϼ ϶  Ϲ  ϾϿ  Ͼ Ϲ ϼ ,  Ϲ϶ϼ ϴ 

϶ Ϲ- ϴϾϼ ϶ ϻ ϶ϴϹ  ϸϹ ϴ ϴ ϼ  ϼ Ϲ  ϼϻ-ϻϴ Ͽ ϾϴϿ  ϶ϻϴϼ ϸϹϽ ϶ϼϽ. 

ϩϼ ϼ Ϲ Ͼϼ ϴ Ϻϴ ϴ Ϲ ϼϸ Ͻ ϾϹϿϹ , ϴ  ϺϹ  Ͼ Ͼ ϼ ϶ϴ  

ϻϴ ϶ ϸ ϸ Ϲ ϶ ϻϼ, Ͼ Ϲ ϴϵϼϿϼϻϼ  ϶ ϼ  Ͼ  ϵϹϿϾϴ (α-

ϼ ϴϿϼ ϼ β-Ͽϼ ), ϴ ϴϾϺϹ ϺϹ  ϶ϻϴϼ ϸϹϽ ϶ ϶ϴ   ϴϻϿϼ ϼ 

ϵ Ͼ ϶ ϼ Ϸ ϴ ϼ ϴ ϼ Ͼϼ Ͽ . ϖ ϸ ϸ Ϲ ϶ ϻϼ Ϲ϶ϼ   ϵϹϿϾ  

϶Ͽ  ϶ϴϺ  ϶ϻϴϼ ϸϹϽ ϶ϼϹ  ϶ Ϲ Ϲ ϸϹ ϴ ϴ ϼϼ,  ϶ Ϲ ϺϹ Ϸ  

Ϲϸ ϴ , ϵ  Ͽ  ϵ ϼ  ϸϹ ϴϵϼϿϼϻϴ ϼ  ϵϹϿϾ ϶ ϶ 

ϼ ϶ϼϼ Ϲ϶ϼ  [29]. 

ϗ ϴ ϼϸϼ  Ͽ ϼϸ – ϴϾϺϹ ϼϻ϶Ϲ Ϲ ϼ ϼ Ϲ Ͼ Ϲ Ϲϸϼ Ϲ ϼϹ, 

϶ ϻ ϶ϴ ϹϹ ϸϹ ϴ ϴ ϼ  ϵϹϿϾ ϶. Ϡ ϿϹϾ Ͽϴ ϸϴ Ϸ  ϶Ϲ Ϲ ϶ϴ ϶Ͽ Ϲ  

ϻϴ ϺϹ Ͻ. ϠϹ ϴ ϼϻ  ϸϹ ϴ ϼ ϹϷ  ϹϾ ϴ Ϸ ϴ ϼϸϼ  Ͽ ϼϸϴ 

Ϲϸ ϿϴϷϴ  ϶ ,  Ϸ ϴ ϼϸϼ  ϴϻ ϴϹ  ϹϾ ϶ϴϿϹ Ϲ ϶ ϻϼ ϶ 

Ͽϼ Ϲ ϼϸ Ͻ Ϲ ϼ ϵϹϿϾϴ ϼ ϼ ϹϹ  Ϲ ϹϹ ϶Ͽϼ ϼϹ ϴ Ϲϻϴ ϺϹ Ϲ ϴ Ͼϼ 

ϵϹϿϾϴ [27]. 

 

 

1.4.  

Ϟϴ ϵ Ͼ ϼϴ Ϸϼϸ ϴϻϴ (ϥϔ) – Ϲ Ϲ , Ͼϴ ϴϿϼϻϼ ϼϽ ϵ ϴ ϼ  

ϹϴϾ ϼ  Ϸϼϸ ϴ ϴ ϼϼ/ϸϹϷϼϸ ϴ ϴ ϼϼ ϷϿϹϾϼ Ͽ Ϸ  Ϸϴϻϴ:  
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CO + H O ↔  HCO− + H+ .  (4) 

 
Ϙϴ Ͻ Ϲ Ϲ  ϵ Ͽ ϵ ϴ ϺϹ  ϴϾ ϼ Ϲ Ͼϼ ϶  ϶ Ϲ  Ϻϼ϶  

Ϸϴ ϼϻ ϴ . ϡϴ ϹϷ ϸ ϼϽ ϸϹ   ϿϹϾ ϼ ϴ ϼ  ϼϸϹ ϼ ϼ ϼ ϶ϴ  16 

ϴϻϿϼ  ϼϻ Ϲ Ϲ ϶ ϥϔ. ϖ ϹϿ  ϶ Ϲ ϹϽ ϶Ϲ ϷϹ ϶ Ͼϴ ϵ Ͼ ϼϴ Ϸϼϸ ϴϻ  

Ϲ  ϼ ϴϻϿϼ Ϲ Ϸ  ϼϻ ϻϼ ϶: 

- ϼ Ͽϴϻ ϴ ϼ Ϲ ϾϼϹ – ϶ϾϿ ϴ  ϶ Ϲϵ  ϥϔ I, II, III, V, VII ϼ XIII; 

ϸϴ Ϲ ϼϻ ϻϼ  ϵ ϴ ϺϹ  ϶ ϼ Ͽϴϻ Ϲ ϴϻϿϼ  Ͼϴ ϹϽ, ϻϴ 

ϼ ϾϿ Ϲ ϼϹ  Ϸ ϴ ϼ Ϲ Ϸ  ϼ ϸ ϼ ϼ ϥϔ V; 

- Ϲ ϵ ϴ ϶ ϻϴ Ϲ – ϼ  ϼϻ CA IV, IX, XII, XIV ϼ XV; ϼ 

ϼϻ ϻϼ  ϶ ϻϴ   Ͽϴϻ ϴ ϼ Ϲ Ͼϼ ϼ Ϲ ϵ ϴ ϴ ϼ Ϸϼ  ϼ ϶ Ͼϴ ϹϽ; 

- ϿϹϸ  Ϸ ϴ ϸϹ Ϻϼ  Ϲ Ͼ Ͽ Ͼ  Ϲ  ϼ ϼϷ ϼ  

ϼϻ ϻϼ ϶, CA VIII, X ϼ XI, Ͼ Ϲ ϴϻ ϶ϴ  ϵϹϿϾϴ ϼ, ϶ ϻϴ ϼ  CA; 

ϼ ϼϻ ϻϼ  ϴ ϼϿϼ ϾϿϴ ϼ Ϲ Ͼ  ϴϾ ϼ϶  ϥϔ – Ϸϼϸ ϴ ϴ ϼ  / 

ϸϹϷϼϸ ϴ ϴ ϼ  ϥϢ2 – ϼ Ϲ ϼ Ϲ  ϼϻ϶Ϲ Ͻ ϼϻϼ Ͽ Ϸϼ Ϲ Ͼ Ͻ Ͼ ϼϼ; Ϲ  Ϲ 

Ϲ ϹϹ, ϼ  ϶ Ͼ  Ͼ Ϲ ϶ϴ ϼ϶ ϴ  ϼ ϸϴ Ϲϸ ϿϴϷϴϹ  Ϲ  ϶ϴϺ  Ͽ   

ϻ϶  [30, 31]. 

ϤϴϻϿϼ Ϲ ϼϻ Ϲ Ϲ  CA ϵ ϴ Ϻϼ϶ϴ  ϶  Ϸϼ  ϴϻϿϼ  

Ͼϴ  ϼ ϴ ϶  ϶ ϸϹ ϴϻϿϼ  ϼϻϼ Ͽ Ϸϼ Ϲ Ͼϼ  Ϲ ϶, ϶ϾϿ ϴ  

Ϲϻ ϵ ϼ  Ͼ ϼ, ϾϴϿ ϼ ϼϾϴ ϼ , ϼ Ͻ ϴ , Ͼϼ Ͽ - ϹϿ Ͻ 

ϴ  ϼ ϸ ϴϻϿϼ  Ϲ ϴϵ Ͽϼ Ϲ Ͼϼ  Ϲ ϶. Ϣϸ ϴϾ  ϸ ϴ ϼϻ 

ϴϼϵ ϿϹϹ ϶ϴϺ  ϼ  ϼϻ Ϲ  ϿϹϽ ϥϔ ϶ ϻϴ ϴ  ϸ϶ϼϺϹ ϼϹ  

ϸ ϴ ϹϿ  Ϸϴϻ ϶ ϶ Ϸϴ ϼϻ Ϲ.  

Ϣϸ  ϼϻ ϴϼϵ ϿϹϹ ϶ϴϺ  ϿϹϽ ϼϷ ϴ  ϥϔ ϶ Ͼ ϴ  Ͼ ϶  

ϹϿ ϴ , ϷϸϹ Ϲ Ϲ  ϵ Ͽ ϶ Ϲ ϶ Ϲ ϵ ϴ ϺϹ  [32]. ϖ ϼ ϼ ϴ  CA ϶Ͽ Ϲ  

Ϸ  ϼ Ͽϴϻ ϴ ϼ Ϲ Ͼϼ  ϼ ϶ ϶  ϴ ϶ Ϲ  ϶ Ϲ Ϲ ϴ ϴ ϼ 

϶ ϸϹϿϹ ϼ  CO2. ϣ Ϲ  Ϲ Ϲ ϴ ϥϢ2 ϴ ϼ ϴϹ   ϸϼ ϻϼϼ ϿϹϾ Ͽ Ϸ  

ϥϢ2 ϼϻ Ͼϴ ϹϽ ϶ Ͼ ϶ Ͼ, ϴ ϻϴ Ϲ  ϶ Ͼ ϴ Ϲ Ͼ ϶ Ϲ ϹϿ ϴ ϶ϸ Ͽ  Ϸ ϴϸϼϹ ϴ 

ϴ ϼϴϿ Ϸ  ϸϴ϶ϿϹ ϼ . ϖ Ͼ ϴ  Ͼ ϶  ϹϿ ϴ  ϥϢ2 Ϸϼϸ ϴ ϼ Ϲ  ϸ  

ϵϼϾϴ ϵ ϴ  ϼ ; ϸϴ Ϲ Ϲ  ϶Ͽ Ϲ  Ͼϴ ϴϿϼϻϼ Ϲ  
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Ͼϴ ϵ Ͼ ϼϴ Ϸϼϸ ϴϻ Ͻ. ϛϴ Ϲ  ϵϴ Ͼ Ϲ  ϸ Ͼ ϴ Ϸϼϸ ϴ ϴ ϼϼ CO2 ϸϴϿ  

ϼϻ ϼ ϼ ϶, ϻ϶ Ͽ  ϴϾ ϼ ϴϿ  Ͼ Ͽϼ Ϲ ϶  CO2 ϵ  ϻϴϷ ϺϹ  

϶ Ͼ ϶ . ϡϴ ϸ ϴ ϹϿ Ͻ ϶Ϲ ϼ (Ϻϴϵ , ϿϹϷϾϼϹ ϼ/ϼϿϼ Ͼ Ϻϴ) ϼ ϹϴϾ ϼϼ 

ϻϴ Ͼϴ  ϶ ϵ ϴ  ϴ ϴ϶ϿϹ ϼϼ, ϼ CO2 ϶ ϶ ϸϼ  ϼϻ Ϸϴ ϼϻ ϴ  

Ϸ ϴϸϼϹ  ϴ ϼϴϿ Ϸ  ϸϴ϶ϿϹ ϼ  [33, 34].  

 

1.4.1.   

Ϟϴ ϵ Ͼ ϼϴ Ϸϼϸ ϴϻϴ ϵ Ͼϴ (BCA II) ϼ  ϼϻ ϸ Ͻ Ͽϼ Ϲ ϼϸ Ͻ Ϲ ϼ 

ϼϻ 259 ϴ ϼ Ͼϼ Ͽ  ϴ Ͼ ϶. Ϣϵ ϴ  ϴ ϶Ϲ Ͻ ϿϹϾ Ͽ  ϵϿϼϻϾϴ Ͼ 

Ϲ ϼ Ϲ Ͼ Ͻ [35]. Ϡ ϿϹϾ Ͽ ϴ  ϴ ϴ ϵϹϿϾϴ ϴ϶Ͽ Ϲ  29 ϾϘϴ [36, 37]. 

ϖ ϼ ϴ  Ͼ ϴ BCA II Ϲϸ ϴ϶ϿϹ ϴ Ϲ  Ͼ ϼ 

ϿϹ Ϲ ϴ ϼ ( ϼ Ͼ 6): ϸ϶Ϲ β- ϼϿ Ͼϼ (41 – 84 ϼ 187 – 212 ϴ. .), αβ- ϼϿ Ͼϴ 

(151 – 184 ϴ. .) ϼ β-Ͽϼ , ϼϽ ϼϻ Ϲ  β- Ϲ ϸ ϶ (85 – 155 ϴ. .).  

ϥ-Ͼ Ϲ  ϼ N-Ͼ Ϲ  Ϲ ϼ ϸϹ Ϻϴ  Ϲ Ͼ ϼ ϶ϴ Ϲ ϴ Ͼϼ 1 – 40  

ϼ 213 – 259 ϴ. . [38].  

 

 
Ϥϼ Ͼ 6 – Ϧ Ϲ Ϲ ϴ  Ͼ ϴ Ͼϴ ϵ Ͼ ϼϴ Ϸϼϸ ϴϻ  ϵ Ͼϴ.  

Ϫ϶Ϲ ϴ ϼ ϵ ϻ ϴ Ϲ : β- ϼϿ Ͼϴ (ϺϹϿ Ͻ), αβ- ϼϿ Ͼϴ (Ͼ ϴ Ͻ), β-Ͽϼ  ( ϼ ϼϽ), 

Ϲ Ͼ ϼ ϶ϴ Ϲ ϴ Ͼϼ ( Ϲ Ͻ) 



20 

 

 

ϪϹ ϴϿ ϴ  ϾϿϴϸϾϴ ϵϹϿϾϴ ϼ  ϼϻ 12 Ϲ ϹϽ ϴ ϴϿϿϹϿ  ϼϿϼ 

ϴ ϼ ϴ ϴϿϿϹϿ  β-Ͽϼ ϶, ϵ ϴϻ  Ͼ  ϸ ϴ  Ͼ Ϻϴ ϼ ϼ β-Ͽϼ  

Ϲ  α- ϼ ϴϿ ϼ [35]. ϔϾ ϼ϶ Ͻ Ϲ  BCAII ϵ ϴϻ Ϲ  ϶ Ͼ ϵ ϴϻ Ͻ 

Ͼϴ ϴϿ  ϶ Ϲ ϼ  ϸϼϴ Ϲ  13 Å, Ͼ Ͻ ϼ ϴϹ   ϿϹϾ Ͽ Ͻ 

϶Ϲ ϼ ϸ  Ϲ ϴ, ϴ ϼ  ϼ Ͼϴ ϴ Ͽ ϺϹ  ϶ ϼϺ ϹϽ ϴ ϼ Ͼϴ ϴϿϴ ϴ 

ϷϿ ϵϼ Ϲ 10 Å  ϶Ϲ ϼ [39]. Ϧ ϼ Ϲ ϶ϼ  ϿϼϷϴ ϸϴ ϵϹϿϾϴ (His93, His95, 

His118) ϼ ϿϹϾ Ͽ  ϶ ϸ , ϴ Ͽ ϺϹ Ϲ ϶ Ϲ Ϲ β-Ͽϼ ϴ, Ͼ ϸϼ ϼ  

 ϼ  Zn2+ ϶ Ϲ ϴ ϸ ϼ Ϲ Ͼ Ͻ ϷϹ Ϲ ϼϼ. ϖ ϼ Ϲ ϿϼϷϴ ϸ  (Gln91, 

Glu116, Thr197, Asn242) ϼϿϼ϶ϴ  ϶  Ϲ ϶ϼ  Ϸϼ ϼϸϼ ϶  

ϿϼϷϴ ϸ ϶, ϴ ϴϾϺϹ Ϸϴ  ϼ  ϴ Ͽ ϺϹ ϼ  ϸϿ  ϼ ϴϿ Ͻ Ͼ ϸϼ ϴ ϼϼ 

ϼ ϴ Ϲ ϴϿϿϴ [40]. 

ϔ ϴ ϼ Ϲ ϾϼϹ ϴ Ͼϼ Phe92, Phe94 ϼ Trp96 ϵ ϴϻ  ϵ Ͽ Ͻ 

Ϸϼϸ ϵ Ͻ ϾϿϴ Ϲ , Ͼ Ͻ ϻϴϾ Ϲ Ͽ Ϲ  β- Ϲ , ϸϹ Ϻϴ  His93 ϼ His95, 

϶ Ϸϼϸ ϵ  ϸ Ϲ Ϲ Ϲ ϴ, ϼ ϴϵϼϿϼϻϼ  Ͼ ϴ ϼ  

Ͼϴ ϵ Ͼ ϼϴ Ϸϼϸ ϴϻ . ϪϹ  ϶ ϻ ϶ϴ ϼ  ϵ ϴ ϶, ϴ Ͽ ϺϹ Ͻ ϴ 

ϴ ϼϼ 3,4 Å  ϼ Ͼϴ, ϵ ϴϻ ϶ϴ  ϵ Ͼ ϶ ϼ Ϲ ϼ ϴ ϼ Ͼϼ Ͽ  

ϴ Ͼ ϶ Val120, Val142, Leu196 ϼ Trp207 [35]. ϥ-Ͼ Ϲ϶ϴ  ϵϿϴ  BCAII, ϾϴϾ 

ϼ ϵϿϴ  HCAII, ϴ ϴϾ Ϲ ϼϻ Ϲ  ϼϾϴϿ  ϥ-Ͼ Ϲ϶  ϻϿ , ϶ Ͼ  

Ͽϼ Ϲ ϼϸ ϴ  Ϲ  Ϲ Ϲ ϹϾϴϹ  Ϲϵ  ϴϾϼ  ϵ ϴϻ ,  ϸϼ  ϹϷ Ϲ  Ϲ ϼ 

ϸϼ  ϼϺϹ Ͽϼϵ  ϺϹ ϶ Ϲ ϸ Ϸ Ϸ  ϹϷ Ϲ ϴ. Ϧ Ͽ Ϸϼ  « ϻϿϴ» BCA II 

ϵ ϿϹϹ ϺϹ Ͼϴ  ϼ ϵ ϿϹϹ ϴϵϼϿ ϴ , Ϲ   HCA II [39]. 

Ϟϴ ϵ Ͼ ϼϴ Ϸϼϸ ϴϻϴ ϕ ϼ ϹϹ  Ϲ  ϼ ϴ ϶  ϴ Ͼ ϶, Ͼ Ϲ 

ϵ Ͽϴ϶Ͽϼ϶ϴ  Ͽ ϼ Ϲ Ϲ Ϲ ϶ Ͻ ϶ϴ ϵϹϿϾϴ. Ϧ ϼ ϴ  ϴ϶ Ϲ  

ϴ ϹϸϹϿϹ  ϶ϸ Ͽ  Ϲ ϼ BCA II ϴ ϿϹϸ ϼ  Ͼ  ϿϹ Ϲ ϴ : 

– Ϲ Ͼ ϼ ϶ϴ Ͻ ϴ Ͼ 1 (Trp4, Trp15),  

– β-Ͽϼ  (Trp96, Trp122),  

– β- ϼϿ Ͼϴ 2 (Trp190, Trp207),  

– Ϲ Ͼ ϼ ϶ϴ Ͻ ϴ Ͼ 2 (Trp243). 
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Ϟϼ Ϲ ϼϾϴ Ϲ Ͽϸϼ Ϸϴ Ͼϴ ϵ Ͼ ϼϴ Ϸϼϸ ϴϻ  ϵ Ͼϴ ϵ Ͽϴ ϼϻ Ϲ ϴ 

ϴϻϿϼ ϼ Ϲ ϸϴ ϼ ϶ ϼ Ͼ  ϶ Ϲ Ϲ  ϸϼϴ ϴϻ Ϲ  ϼϿϿϼ ϹϾ ϸ ϸ  

ϴ ϶. ϕ Ͽ  Ͼϴϻϴ ,  Ϲ Ͽϸϼ Ϸ ϸϴ Ϸ  ϵϹϿϾϴ ϹϾϴϹ  ϶ ϼ ϴ ϴ. ϡϴ 

Ϲ ϶  ϴ Ϲ ϶ ϴ ϼ϶ϴ ϼ  ϵ ϴϻ  Ϸϼϸ ϵ Ϲ ϾϿϴ Ϲ , ϼϹ 

Ϲ ϼ ϴ ϶ϼ  ϵ ϿϹϹ Ͼ ϴϾ . ϡϴ ϶  ϴ Ϲ Ϸϼϸ ϵ Ϲ ϾϿϴ Ϲ  

ϸϹ Ͽ ϶ϴ ϼ  ϼ ϵ ϴϻ Ϲ  ϺϹ Ͼ Ϲ Ϸϼϸ ϵ Ϲ ϸ  ϸ ϵ Ϲ ϴ ϼ϶  

ϼ  ϵϹϿϾϴ. Ϧ Ϲ ϼϽ ϴ  ϶ ϺϸϴϹ  ϵ ϴϻ ϶ϴ ϼϹ  ϴϾ ϼ϶ Ϸ  ϵϹϿϾϴ 

 ϴ ϼ϶ Ͻ Ͼ Ͻ [41, 42].   
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2.    

 
2.1.  я   

ϖ ϴϵ Ϲ ϵ Ͽ ϼ Ͽ ϻ ϶ϴ  Ͽϼ ϼϿϼϻϼ ϶ϴ Ͻ Ϲ ϴ ϴ  ϵϹϿϾϴ 

Ͼϴ ϵ Ͼ ϼϴ Ϸϼϸ ϴϻ  ϵ Ͼϴ (BCA II), Ϲϸ ϴ϶ϿϹ Ͻ Ϝ ϼ  ϵϹϿϾϴ Ϥϔϡ 

(Ϸ. ϣ ϼ ), ϸϼϾ Ϸ  ϼ ϴ ϼ  ϶϶ϹϸϹ ϼ ϴ ϼ ϼ [43]. ϖϼϸ  ϻϴ Ϲ  

ϴ ϼ Ͼϼ Ͽ  ϴ Ͼ ϶ ϴ ϸϹϿ  Ͼ  ϿϹ Ϲ ϴ  ϵϹϿϾϴ 

Ϲϸ ϴ϶ϿϹ  ϶ ϴϵϿϼ Ϲ 2. 

 

ϦϴϵϿϼ ϴ 2 – ϖϼϸ  ϻϴ Ϲ  ϴ ϼ Ͼϼ Ͽ  ϴ Ͼ ϶ ϴ ϸϹϿ  Ͼ  

ϿϹ Ϲ ϴ  ϖϥϔ II  

ϥ Ͼ Ͻ ϿϹ Ϲ / ϸϼϴ ϴϻ  
Ϲ ϶ ϴ. . 

Ϡ ϴ ϼ  

Ϣϸϼ ϴ  Ϙ϶ Ͻ ϴ  

β- ϼϿ Ͼϴ 1 /41-84 L78A A53C/A76C 

β-Ͽϼ  /85-155 L139A T86C/T124C 

αβ- ϼϿ Ͼϴ /151-181  A154C/S181C 

β- ϼϿ Ͼϴ 2 /187-212 I208A D188C/K211C 

 

ϘϿ  ϹϷϼ ϴ ϼϼ ϼ Ϲ Ͼϼ  ϴ ϴϾ Ϲ ϼ ϼϾ ϼ Ͽ ϻ ϶ϴϿϼ 

ϹϾ Ϲ  Cary 5000 (Agilent Technologies, Australia) ϼ 

ϹϾ Ͽ ϼ Ϲ  Fluorolog-3 (Horiba, Jobin Yvon, Ϩ ϴ ϼ ). ϘϿ  

ϹϷϼ ϴ ϼϼ ϴ ϼ ϴ  ϹϾ ϶ Ͽ Ϲ Ϲ ϼϼ ϼ Ͽ ϻ ϶ϴϿϼ 

Ͼ Ϲ ϶  Ͽϴ . Ϥϴϻ Ϲ Ϲ Ϲ ϶  ϶ Ϲ Ϲ ϼ ϴϸ  Ͽ Ϲ Ϲ ϼϼ 

ϹϷϼ ϼ ϶ϴϿϼ ϼ ϶ ϻϵ ϺϸϹ ϼϼ ϼ Ͽ  ϸϼ ϸ  NanoLED  

ϴϾ ϼ  ϸϿϼ  ϶ Ͽ  ϼϻϿ Ϲ ϼ  296  ϼ ϸϿϼ ϹϿ  ϼ Ͽ ϴ 1.2 

. 

ϘϿ  ϶ϹϸϹ ϼ  Ͼ Ϲ ϼ Ϲ ϶ ϵ Ͽϼ ϼ Ͽ ϻ ϶ϴ  Ͼ϶ϴ Ϲ϶ Ϲ Ͼ ϶Ϲ  

Ϲ Ϲ ϼϹ  10 10  ϵ Ϲ  4 Ͽ.  
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2.2.  я 

Ϥϴ ϶  ϵϹϿϾ ϶ ϼ ϿϹϸ ϶ϴϿϼ ϶ Tris-HCl ϵ Ϲ Ϲ (20 Ϡ, ϡ 8,2). 

Ϟ Ϲ ϴ ϼ  ϵϹϿϾϴ ϶ Ͼ ϶Ϲ Ϲ ϴ϶Ͽ Ͽϴ Ͼ Ͽ  0,18 Ϸ/ Ͽ. 

ϖ Ͼϴ Ϲ ϶Ϲ ϸϹ ϴ ϼ ϹϷ  ϴϷϹ ϴ ϼ Ͽ ϻ ϶ϴϿϼ Ϲ϶ϼ  (Panreac). 

ϕϹϿϾϼ ϼ Ͼ ϵϼ ϶ϴϿϼ ϶ ϴ ϶ ϴ   Ͼ Ϲ ϴ ϼϹϽ 0 – 8,5 Ϡ ϼ Ͼ ϴ Ͻ 

Ϲ Ϲ ϴ Ϲ ϶ Ϲ Ϲ ϼϹ Ϲ Ϲ ϹϹ 18 ϴ ϶.  

Ϟ Ϲ ϴ ϼ  BCA II ϹϸϹϿ Ͽϼ ϹϾ Ϲ ϼ Ϲ Ͼϼ  

ϼ Ͽ ϻ ϶ϴ ϼϹ  ϻ ϴ Ϲ ϼ  Ͼ ϼ ϼϹ ϴ Ͼ ϼ Ͼ ϼϼ ϴ ϸϿϼ Ϲ ϶ Ͽ  280 : 

ε280 = 56000 Ϡ-1· -1.  

Ϟ Ϲ ϴ ϼϼ Ϲ϶ϼ  ϶ ϴ ϶ Ϲ ϹϸϹϿ Ͽϼ   

Ϲ ϴϾ Ϲ ϴ ϜϤϨ-454ϕ2Ϡ (ϞϢϠϛ, Ϥ ϼ ).  

ϥ ϹϾ  Ͽ Ϲ Ϲ ϼϼ ϼ ϴ ϼ ϴ  ϶ ϻϵ ϺϸϹ ϼϼ ϼ ϸϿϼ Ϲ 

϶ Ͽ  295  ϼϻ Ϲ Ͽϼ ϶ ϸϼϴ ϴϻ Ϲ 300 – 450 . ϥ ϹϾ ϴϿ ϴ  ϼ ϼ ϴ ϹϿϹϽ 

ϴ϶Ͽ Ͽϴ 2 . ϥ ϹϾ  ϵ Ͽϼ Ͼ ϹϾ ϼ ϶ϴ   Ϲ  ϹϾ ϴ 

϶ Ϲ ϹϷ  ϼϿ ϴ ϼ ϴ ϴ ϶ ϼ ϹϿ  [8]. 

ϥ ϹϾ  ϷϿ Ϲ ϼ  ϹϷϼ ϼ ϶ϴϿϼ ϶ ϸϼϴ ϴϻ Ϲ 200 – 600 . 

Ϥϴϻ Ϲ Ϲ Ϲ ϶  ϶ Ϲ Ϲ ϼ ϹϾ  Ͽ Ϲ Ϲ ϼϼ ϼ ϴϿϼ ϶ ϸϼϴ ϴϻ Ϲ 

305 – 417   ϴϷ  4 , ϴϻ Ϲ Ϲ ϼϹ ϴ϶Ͽ Ͽ  27 /Ͼϴ ϴϿ. ϘϿ  

϶ ϴ ϶ϿϹ ϼ   ϶ ϻϵ Ϻϸϴ ϹϷ  ϼϷ ϴϿϴ ϼ Ͽ ϻ ϶ϴϿϼ 

϶ Ͼ Ͼ Ͽ ϼϸ Ϲ ϶Ϲ Ϲ ϶  Ludox. ϖ Ϲ Ϲ ϴ Ϻϼϻ ϼ Ͽ Ϲ Ϲ ϼϼ ϶ ϸϹϿ Ͽϼ 

  Ϲ ϸϴ ϸϹϾ ϶ Ͽ ϼϼ [44]. ϡϴϵ  Ͼ ϼ϶  ϴϸϴ Ͽ Ϲ Ϲ ϼϼ 

ϵ Ͽϼ ϴ ϴϿϼϻϼ ϶ϴ  Ϲ ϸϴ ϼ ϷϿ ϵϴϿ Ϸ  ϴ ϴϿϼϻϴ, ϼ Ͼ  

ϼ ϸϼ  ϸ ϶ Ϲ Ϲ Ϲ ϼ ϴ ϼϹ ϶ ϹϽ ϶ Ͼ ϼ ϴϸ ϶ 

Ͽ Ϲ Ϲ ϼϼ ϴ ϴϻ  ϸϿϼ ϴ  ϶ Ͽ   ϸϵ  ϶ Ϲ Ϲ  Ϻϼϻ ϼ, ϴ ϴϾϺϹ ϼ  

϶ϾϿϴϸ ϶ ϴ ϶Ϲ ϶ ϹϽ ϸϿϼ Ϲ ϶ Ͽ  [45]. 

ϥ ϴϸ ϼ Ϲ ϼ϶ ϼ Ͽ Ϲ Ϲ ϼϼ ϶  ϶ Ϲ Ϲ ϼ ϵ Ͽ ϼ ϴ , ϾϴϾ ϴ 

Ͼ Ϲ  ϷϿϴ  ϿϹ 1.  
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ϖϾϿϴϸ ϶ Ϲ Ϲ Ͻ Ͼ Ϲ  ϶ ϵ ϹϹ ϶ Ϲ  Ϻϼϻ ϼ Ͽ Ϲ Ϲ ϼϼ 

ϹϸϹϿ Ͽϼ ϾϴϾ:  

 f𝑖  = α𝑖τ𝑖∑ α𝑖τ𝑖. (5) 

 

ϷϸϹ  τ𝑖– ϶ Ϲ  Ϻϼϻ ϼ; 

 α𝑖 – ϴ Ͽϼ ϸ Ͻ Ͼ ϼ ϼϹ  i- Ͻ Ͼ Ϲ . 

ϥ ϹϾ , ϴ ϼϼ ϶ϴ Ϲ  Ͼ Ͼ Ϲ  ϶ Ϲ Ϲ Ϲ  Ϻϼϻ ϼ 

Ͽ Ϲ Ϲ ϼϼ, ϴ ϼ ϶ϴϿϼ  ϿϹ:  

 

I(,τ𝑖)=Iss()f𝑖  , (6) 

 

ϷϸϹ  Iss() – ϴ ϼ ϴ Ͻ ϹϾ  Ͽ Ϲ Ϲ ϼϼ; 

 f𝑖   – ϶ϾϿϴϸ i- Ͻ Ͼ Ϲ  ϶ Ϲ Ϲ ϼ Ϻϼϻ ϼ ϴ ϸϿϼ Ϲ ϶ Ͽ   [46].  

Ϝϻ Ϲ Ϲ ϼϹ Ͽ ϺϹ ϼ  ϼ  ϹϾ ϴ Ͽ Ϲ Ϲ ϼϼ ϖϥϔ II ϼ 

ϴ ϼ ϴ  ϶ ϻϵ ϺϸϹ ϼϼ ϴ ϴϿϼϻϼ ϶ϴϿϼ  ϻ ϴ Ϲ ϼ  Ϲ ϴ ϺϹ ϼ, 

϶ ϼ ϿϹ   ϿϹ: 

 

 < 𝜆 > =  ∑ λ𝑖∙ I𝑖𝑖∑ Ι𝑖𝑖 ,  (7)  

 

ϷϸϹ i - ϼ Ϲ ϼ϶  Ͽ Ϲ Ϲ ϼϼ ϼ ϸϿϼ Ϲ ϶ Ͽ  λi. 
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Ϣϵ ϴϵ Ͼϴ ϸϴ  ϼ ϴ ϴϿϼϻ Ϲϻ Ͽ ϴ ϶ ϶ ϸϼϿϼ   

Ϸ ϴ  Microsoft Excel ϼ Microcal Origin Pro 8.1. S- ϵ ϴϻ Ϲ ϻϴ϶ϼ ϼ ϼ 

ϴ ϴϾ Ϲ ϼ ϼϾ Ͽ Ϲ Ϲ ϼϼ ϵϹϿϾϴ  Ͼ Ϲ ϴ ϼϼ Ϲ϶ϼ  ϶ ϵϿϴ ϼ 

Ϲ Ϲ ϸϴ ϴ Ͼ ϼ ϼ ϶ϴϿϼ, ϼ Ͽ ϻ  Ͼ ϼ  ϕ Ͽ ϴ ϴ: 

 

 𝑦 = 𝐴 + 𝐴 −𝐴+exp 𝑥−𝑥𝑑𝑥 ,  (8)  

 

ϷϸϹ  x  Ͼ Ϲ ϴ ϼ  Ϲ϶ϼ ,  

  y  ϻ ϴ Ϲ ϼϹ ϴ ϴ Ϲ ϴ Ͽ Ϲ Ϲ ϼϼ ( Ϲ  ϺϹ ϼ ϹϾ ϴ, ϶ Ϲ  

Ϻϼϻ ϼ ϼ . .). 

ϣ  Ϲϻ Ͽ ϴ ϴ  ϴ Ͼ ϼ ϴ ϼϼ ϴ ϴϿϼϻϼ ϶ϴϿϼ Ϲ Ϲϸϼ  Ϲ Ϲ ϸϴ (x0) ϼ 

ϼ ϼ  Ϲ Ϲ ϸϴ (dx). Ϣ ϼ ϹϿ  ϼ ϼ  Ϲ Ϲ ϸϴ ϾϴϺϸ Ϸ  ϵϹϿϾϴ RW 

ϴ ϸϼϿϼ ϸϹϿϹ ϼϹ  dx ϴ ϴ ϴϾ Ϲ ϼ ϼϾ , ϹϸϹϿϹ  ϸϿ  ϸϼϾ Ϸ  ϼ ϴ. 

 

  



26 

 

3.    

 
3.1.   ,    

  я-    

ϕ Ͽϼ Ͽ Ϲ  ϿϹϸ ϼϹ ϴ ϴϾ Ϲ ϼ ϼϾϼ Ͽ Ϲ Ϲ ϼϼ BCA 

(ϸϼϾ Ϸ  ϼ ϴ ϼ ϴ  ) ϼ ϴϻϿϼ  Ͼ Ϲ ϴ ϼ  Ϲ϶ϼ : 

- ϹϾ  Ͽ Ϲ Ϲ ϼϼ ϼ Ϲ Ϲ ϶  ϶ ϻϵ ϺϸϹ ϼϼ, Ͼ Ϲ 

ϴ ϴϾ Ϲ ϼϻ ϶ϴϿϼ Ϲ ϼϹ  I320/I360 ϼ Ͽ ϺϹ ϼϹ  Ϲ ϴ ϺϹ ϼ GC; 

- ϴϸ  Ͽ Ϲ Ϲ ϼϼ ϼ ϼ Ͽ  ϶ ϻϵ ϺϸϹ ϼϼ, Ͼ Ϲ 

ϴ ϴϾ Ϲ ϼϻ ϶ϴϿϼ ϶ Ϲ Ϲ ϴ ϼ Ϻϼϻ ϼ τ1 ϼ τ2. 

ϣ  ϻϴ϶ϼ ϼ  ϴ ϴϾ Ϲ ϼ ϼϾ Ͽ Ϲ Ϲ ϼϼ  Ͼ Ϲ ϴ ϼϼ 

Ϲ϶ϼ  ϵ Ͽϼ Ͽ Ϲ  Ͼ ϼ϶ Ϲ Ϲ Ϲ ϸϴ ϸϿ  ϸϼϾ Ϸ  ϼ ϴ ϖϥϔ (ϖϥϔWT) ϼ 

ϴ   ϵϹϿϾϴ. Ϣ ϼ ϴ ϼϹ Ͼ ϼ϶  Ϲ Ϲ ϸϴ Ͼ ϼϹϽ ϕ Ͽ ϴ ϴ 

ϻ϶ ϿϼϿ  ϹϸϹϿϼ  Ϲ Ϲϸϼ  Ϲ Ϲ ϸ ϶, ϻ ϴ Ϲ ϼ  Ͼ  Ϲϸ ϴ϶ϿϹ  ϶ 

ϴϵϿϼ Ϲ 3. 

 

ϦϴϵϿϼ ϴ 3 – ϩϴ ϴϾ Ϲ ϼ ϼϾϼ Ϲ Ϲ ϸ ϶ ϖϥϔ (ϸϼϾϼϽ ϼ  ϼ ϴ Ϲ ) 

ϼ ϸϹ ϴ ϴ ϼϼ Ϲ϶ϼ Ͻ, ϹϸϹϿё Ϲ  ϴϻϿϼ  ϹϾ ϴϿ  

ϴ ϴ Ϲ ϴ : Ϲ Ϲϸϼ ϴ Ϲ Ϲ ϸϴ Cm ϼ ϼ ϹϿ ϴ  ϼ ϼ ϴ RW 

 

  

Ϝϻ ϴ 1 ϴϵϿϼ ϴ 
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ϥϹ Ϲϸϼ  Ϲ Ϲ ϸϴ, ϶ ϼ ϿϹ Ϲ  ϴ ϴ Ϲ ϴ  ϴ ϼ ϴ Ͻ 

Ͽ Ϲ Ϲ ϼϼ, Ͼϴϻ ϶ϴ  ϴ ϴϻ ϿϹ ϼϹ ϵϹϿϾ ϶ Ͻ ϷϿ ϵ Ͽ  ϿϹ ϶϶ϹϸϹ ϼ  

϶ Ϲ  ϸϼ  ϴ ϼϽ. ϫ  Ͼϴ ϴϹ  ϸ϶ Ͻ  ϴ ϼϽ,  ϴϵϿ ϸϴϹ  

Ϲ ϸ ϻ ϴ ϴ  Ͼϴ ϼ ϴ: ϶ ϸ ϼ  Ͽ ϴ  ϴϻ ϿϹ ϼϹ (ϸϿ  ϵϹϿϾ ϶ c ϻϴ Ϲ ϴ ϼ 

T86C/T124C ϼ D188ϥ/K211ϥ), ϶ ϸ Ϸϼ    ϴϵϼϿϼϻϴ ϼ  Ͼ  (ϸϿ  ϵϹϿϾ ϶ 

 ϴ ϼϹϽ ϔ53ϥ/ϔ76ϥ ϼ A154ϥ/S181ϥ).  

ϙ Ͽϼ ϻ ϴ Ϲ ϼϹ Ϲ Ϲϸϼ  Ϲ Ϲ ϸϴ Ϸ ϶ ϼ   ϴϵϼϿ ϼ ϵϹϿϾϴ,   

Ͼ Ϲ ϴ ϼ϶ ϼ Ϲ Ϲ ϸϴ Ϻ  ϸϼ   ϴϾ  ϴ ϴ Ϲ  ϾϴϾ ϼ ϼ ϴ 

Ϲ Ϲ ϸϴ. Ϣ ϼ ϹϿ ϴ  ϼ ϼ ϴ Ϲ Ϲ ϸϴ ϼ ϿϹϸ Ϲ  ϵϹϿϾ ϶ (  

ϴ϶ Ϲ ϼ   Ϲ Ϲ ϸ  ϸϼϾ Ϸ  ϼ ϴ) ϴϾϺϹ Ϲϸ ϴ϶ϿϹ ϴ ϶ ϴϵϿϼ Ϲ 3. 

ϥ ϴ϶ ϼ ϹϿ Ͻ ϴ ϴϿϼϻ ϼ ϹϿ Ͻ ϼ ϼ  Ϲ Ϲ ϸϴ ϖϥϔ ϸϼϾ Ϸ  

ϼ ϴ ϼ ϵϹϿϾ ϶  ϶϶ϹϸϹ ϼ ϴ ϼ ϼ ϸϴϹ  ϸ Ͽ ϼ ϹϿ  ϼ ϴ ϼ   

ϴϵϼϿ ϼ ϵϹϿϾϴ. ϦϴϾ, ϴ ϼ Ϲ , Ϻ  Ϸ ϶ ϼ  Ϲ Ͽ Ͼ   

ϸϹ ϴϵϼϿϼϻϼ Ϲ  ϶ϻϴϼ ϸϹϽ ϶ϼϼ ϵϹϿϾ ϶ Ͻ Ͼ  ϼ 

ϸϹ ϴ ϼ ϹϷ  ϴϷϹ ϴ,  ϼ  « ϸ ϿϺϼ ϹϿ ϼ» ϴϻ϶ ϴ ϼ϶ϴ ϼ  

ϵϹϿϾ ϶ Ͻ ϿϹϾ Ͽ  ϼ ϹϿ  Ͼ Ϲ ϴ ϼϼ ϸϹ ϴ ϼ ϹϷ  ϴϷϹ ϴ. 

ϫϹ  ϵ Ͽ Ϲ ϻ ϴ Ϲ ϼϹ RW, Ϲ  Ϲ ϹϹ Ͼ Ϲ ϴ ϼ϶ Ͻ Ϲ Ϲ ϸ 

ϴϵϿ ϸϴϹ   ϵϹϿϾϴ, ϼ Ϲ  ϵ ϿϹϹ ϻϴ  Ϲ Ϲ ϸ  Ͽ  Ϲ϶ϼ . Ϧ  Ϲ  

 Ͼϼ Ͼ Ϲ ϴ ϼϼ ϸϹ ϴ ϼ ϹϷ  ϴϷϹ ϴ, ϶ Ͼ Ͻ ϴ ϼ ϴϹ  

Ϲ Ϲ ϸ, ϸ  Ͼϼ – ϶ Ͼ Ͻ ϻϴϾϴ ϼ϶ϴϹ , Ϲ ϵ ϸϼ  ϵ Ͽ ϹϹ Ͼ Ͽϼ Ϲ ϶  

ϿϹϽ ϸϿ  ϸ ϼϺϹ ϼ  ϸϹ ϴ ϼ ϶ϴ Ϸ  ϼ . 

Ϥϴϻ Ϲ Ϲ ϴ  ϶  ϶ Ϲ Ϲ ϼ Ͽ Ϲ Ϲ ϼ  ϻ϶ Ͽ Ϲ  ϹϸϹϿϼ  ϸ϶ϴ 

϶ Ϲ Ϲ ϼ Ϻϼϻ ϼ  τ1 (1,5 – 2 ) ϼ τ2 (4,8 – 5,7 ), ϼ ϸ϶ϴ Ϲ Ϲ ϸϴ BCA, 

϶Ϲ ϶Ϲ . ϢϾϴϻϴϿ ,  Ϲ Ϲϸϼ  Ϲ Ϲ ϸ ϶, ϴϽϸϹ Ϲ  ϶ Ϲ Ϲ ϴ  

Ϻϼϻ ϼ Ͽ Ϲ Ϲ ϼϼ ϸϿ  ϖϥϔWT, ϴ ϸ  ϶ Ϲ  ϶Ϲ ϶ϼϼ  

Ϲ Ϲ ϸϴ ϼ, ϹϸϹϿϹ ϼ Ͼϼ Ϲ ϼ Ϲ Ͼϼ ϼ Ϲ ϸϴ ϼ [17].  
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ϥ ϷϿϴ  Ϲϸ ϸ ϼ  ϼ ϿϹϸ ϶ϴ ϼ , ϶ ϴ ϼ϶ϴ ϼϹ/ ϴϻ϶ ϴ ϼ϶ϴ ϼϹ 

BCA II ϼ ϸϼ  Ϲ Ϲϻ ϸ ϹϺ  ϼϽ ϼ ϼ ϶ϴϹ  

Ϲ Ͻ [47]: 

 

N׳  I  MG  U   (9) 

 

ϷϸϹ  N׳ – ϴ ϼ϶ Ϲ ϼϹ ϵϹϻ ϼ ϴ Zn+; 

  I – ϼ Ϲ Ϲϸϼϴ ; 

  MG – ϴ Ͽϴ϶ϿϹ ϴ  ϷϿ ϵ Ͽϴ; 

  U – ϸϹ ϴ ϼ ϶ϴ Ϲ ϼϹ. 

ϥ ϷϿϴ  [47] Ϲ Ϲ ϸ N׳  I ϼ ϹϹ  Ϲ Ϲϸϼ  ϼ 6,2 Ϡ Ϲ϶ϼ , ϴ 

Ϲ Ϲ ϸ I  MG – ϼ 5,7 Ϡ. ϣ  ϴϵϿϼ Ϲ 3 ϶ϼϸ ,  ϸϿ  ϵϹϿϾϴ ϸϼϾ Ϸ  ϼ ϴ 

Ϲ Ϲ ϸ  ϶ Ϲ Ϲ ϼ Ϻϼϻ ϼ τ1  ϶Ϲ ϶ Ϲ  I  MG, ϴ  τ2 – N׳  I.  

ϥ ϴ϶ϿϹ ϼϹ Ϲ Ϲ ϸ ϶ Ͼϴ ϵ Ͼ ϼϴ Ϸϼϸ ϴϻ  ϵ Ͼϴ ϸϼϾ Ϸ  ϼ ϴ, 

Ͽ Ϲ   ϼϻ Ϲ Ϲ ϼ  ϹϾ ϴ Ͼ Ϸ ϶ Ϸ  ϸϼ ϼϻ ϴ [48] ϼ ϶ Ϲ Ϲ ϼ Ϻϼϻ ϼ 

τ1, Ϲϸ ϴ϶ϿϹ  ϴ ϼ ϾϹ 7.  

 

 

 

 

 

 

 

 

 

 

Ϥϼ Ͼ 7 – ϥ ϴ϶ϿϹ ϼϹ ϻϴ϶ϼ ϼ ϹϽ ϼϷ ϴϿϴ Ͼ Ϸ ϶ Ϸ  ϸϼ ϼϻ ϴ (220) ϼ 

϶ Ϲ Ϲ ϼ Ϻϼϻ ϼ Ͽ Ϲ Ϲ ϼϼ τ1  Ͼ Ϲ ϴ ϼϼ Ϲ϶ϼ  ϸϿ  ϖϥϔWT [48] 

Ϝϻ  1 ϼ Ͼ 
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ϥ ϶ ϴϸϹ ϼϹ ϼ  Ϲ Ϲ ϸ ϶ ϻ϶ Ͽ Ϲ  ϻϴϾϿ ϼ ,  ϼϻ Ϲ Ϲ ϼϹ 

϶ Ϲ Ϲ ϼ Ϻϼϻ ϼ Ͽ Ϲ Ϲ ϼϼ τ1 ϼ ϸϼ  ϸ ϶ Ϲ Ϲ   ϴϻ Ϲ ϼϹ  

϶ ϼ Ͻ Ͼ  (- Ͼ ) ϵϹϿϾϴ. 

Ϣ ϼ ϹϿ Ϲ Ͽ ϺϹ ϼϹ Ϲ Ϲϸϼ  Ϲ Ϲ ϸ ϶ Ͼϴ ϵ Ͼ ϼϴ Ϸϼϸ ϴϻ  ϵ Ͼϴ 

ϸϼϾ Ϸ  ϼ ϴ ϼ  ϶϶ϹϸϹ ϼ ϴ ϼ ϼ, Ͽ Ϲ  ϼ ϴ ϴϿϼϻϹ ϴϾϼ  

ϴ ϴ Ϲ ϶ ϾϴϾ I320/I360, τ1 ϼ τ2, Ϲϸ ϴ϶ϿϹ  ϴ ϼ ϾϹ 8. 

 

 

Ϥϼ Ͼ 8  ϥϹ Ϲϸϼ  Ϲ Ϲ ϸ ϶ ϸϿ  ϼ ϿϹϸ ϶ϴ  ϵϹϿϾ ϶ ϼ ϸϹ ϴ ϴ ϼϼ Ϲ϶ϼ Ͻ. 

Ϭ ϼ ϶ Ͻ Ͽϼ ϼϹϽ Ϲ Ϲ  Ͽ ϺϹ ϼϹ Ϲ Ϲ ϸϴ ϸϿ  ϸϼϾ Ϸ  ϼ ϴ. 

 

ϥ ϴ϶ ϼ ϹϿ Ͻ ϴ ϴϿϼϻ Ϲ Ϲϸϼ  Ϲ Ϲ ϸϴ  ϴ ϴ Ϲ  I320/I360 

Ͼϴϻ ϶ϴϹ  ϴ ϸϹ ϴϵϼϿϼϻϴ ϼ  ϵϹϿϾ ϶  ϴ ϼ ϼ L139A ϼ I208A, ϶  ϶ Ϲ  

ϾϴϾ ϸϼ ϴ  ϻϴ Ϲ ϴ ϿϹϽ ϼ ϴ ϴ ϴϿϴ ϼ  ϶ Ͽ ϺϹ ϼϼ 78 (ϖϥϔL78A) 

ϴϾ ϼ Ϲ Ͼϼ Ϲ ϶Ͽϼ Ϲ  ϴ ϴϵϼϿϼϻϴ ϼ  ϵϹϿϾϴ. ϕϹϿϾϼ  ϸ϶ Ͻ ϼ ϴ ϼ ϼ 

T86C/T124C ϼ D188ϥ/K211ϥ ϼ Ϲ  Ϲϻ ϴ ϼ ϹϿ  ϸ϶ϼ Ϲ Ϲ Ϲϸϼ  

Ϲ Ϲ ϸ ϶ ϶  Ϲ ϹϽ Ͼ Ϲ ϴ ϼϼ Ϲ϶ϼ . ϖ ϶  Ϲ Ϲϸ , 

ϴ ϼϼ ϔ53ϥ/ϔ76ϥ ϼ A154ϥ/S181ϥ ϼ Ϲ  ϶ Ͻ ϴϵϼϿϼϻϼ ϼϽ ϹϾ  

ϴ Ͼ  ϵϹϿϾϴ.  

3.5 4 4.5 5 5.5 6 6.5 7 7.5 8

Ϟ Ϲ ϴ ϼ  Ϲ϶ϼ , Ϡ 

ϔ53ϥ/ϔ76ϥ

T86C/T124C

D188ϥ/K211ϥ

A154ϥ/S181ϥ

WT

 L78A

 L139A

I208A

I320/I360

τ
1

τ
2
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Ϟ ϼ϶ Ϲ Ϲ Ϲ ϸϴ, Ϲ Ϲ  ϶ Ϲ Ϲ ϴ  Ϻϼϻ ϼ Ͽ Ϲ Ϲ ϼϼ τ1 ϼ 

τ2, Ͼϴϻ ϶ϴ  ϵ ϿϹϹ ϸϹ ϴϿ  Ͼϴ ϼ  ϼ ϹϿ  ϶Ͽϼ ϼ  ϴ ϼϽ ϴ 

ϴϵϼϿ  ϵϹϿϾϴ. ϧ ϵϹϿϾ ϶  ϶϶ϹϸϹ Ͻ ϸϼ Ͻ ϴ ϼϹϽ ϶ Ͽ ϺϹ ϼϼ 

139 ϼ 208 ϼ ϸϼ  ϻ ϴ ϼ ϹϿ ϴ  ϸϹ ϴϵϼϿϼϻϴ ϼ  ϼ Ϲ Ϲϸϼϴ ϴ I (Ͼ ϼ϶ϴ  

Ϲ Ϲ ϸϴ  τ1) ϼ ϶Ϲ ϶Ϲ  ϶ ϼ Ͻ Ͼ  ϿϹϾ Ͽ . ϦϴϾ Ͻ ϺϹ 

ϹϾ  ϴϵϿ ϸϴϹ   ϴ ϶ ϖϥϔT86C/T124C ϼ ϖϥϔD188ϥ/K211ϥ. ϫ  Ͼϴ ϴϹ  

ϴ ϶ ϖϥϔϔ53ϥ/ϔ76ϥ ϼ ϖϥϔA154ϥ/S181ϥ,  Ͼ ϼ϶ Ϲ Ϲ Ϲ ϸϴ, Ϲ Ϲ  

τ1, ϴ ϸ  ϶ Ϲ  ϶Ϲ ϶ϼϼ  Ϲ Ϲ ϸϴ ϼ, ϶ϼϸϼ ϼ  ϴ ϴ Ϲ  

ϴ ϼ ϴ Ͻ Ͽ Ϲ Ϲ ϼϼ I320/I360. ϡϴϿ ϺϹ ϼ  Ͼ ϼ϶  Ϲ Ϲ ϸ ϶ 

Ϲϸ ϴ϶ϿϹ  ϴ ϼ ϾϹ 9.  

  
ϔ 

 

ϕ 

 

Ϥϼ Ͼ 9  ϥ ϴ϶ϿϹ ϼϹ ϻϴ϶ϼ ϼ ϹϽ I320/I360 ϼ τ1  Ͼ Ϲ ϴ ϼϼ Ϲ϶ϼ  

ϸϿ  ϖϥϔϔ53ϥ/ϔ76ϥ (ϔ) ϼ ϖϥϔA154ϥ/S181ϥ (ϕ) 
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ϥ ϶ ϴϸϹ ϼϹ ϸϴ  Ͼ ϼ϶  Ϸ ϶ ϼ   ,  Ͽϼϵ  Ͼ Ϲ ϴ  

϶ Ϲ Ϲ Ϲ  Ϻϼϻ ϼ τ1 ϼ ϹϹ  ϸϴ϶Ͽ ϼϽ ϹϾ ϴϿ Ͻ ϶ϾϿϴϸ ϶ Ͽ Ϲ Ϲ ϼ  

ϼ  ϵϹϿϾ ϶, Ͽϼϵ  ϵϴ Ϲ Ϲ ϸϴ ϵϹϿϾϴ, ϶ϼϸ Ϲ  ϶ Ϲ Ϲ ϴ  Ϻϼϻ ϼ, ϼ ϸ  

϶ Ϲ ϴϻϿϼ ϼ  ϵϿϼϻϾ  ϸϼϴ ϴϻ Ϲ Ͼ Ϲ ϴ ϼϽ Ϲ϶ϼ . 

Ϟ ϼ϶ϴ  Ϲ Ϲ ϸϴ  τ2 ϴϺϴϹ  Ϲ Ϲ ϸ ϵϹϿϾϴ ϼϻ ϴ ϼ϶ Ϸ  ϼ  

(N׳) ϶ ϼ Ϲ Ϲϸϼϴ  I. ϖ ϵ Ϲ, ϼ ϴϹ ,  Ͽ ϵ Ϲ ϻϴ Ϲ  ϶ ϴ ϼ Ͼϼ Ͽ Ͻ 

ϿϹϸ ϶ϴ ϹϿ ϼ ϵϹϿϾϴ ϵ ϸ  ϶Ͽϼ  ϴ ϴϵϼϿ  ϴ ϼ϶ Ϸ  ϼ , 

ϴϾ ϾϴϾ Ϲ  ϴϻϿϼ Ϲ ϴ ϴϾ Ϲ ϼ ϼϾϼ ϶ ϼ ϿϹϾ Ͽ : Ͽ , 

Ͽ  ϴϾ ϶Ͼϼ, ϸ  ϴ ϶ ϼ ϹϿ  [7]. ϣ  Ͽ Ϲ  ϴ ϼ 

ϸϴ  Ϻ  ϶Ϲ Ϻϸϴ ,  ϴ ϼϼ L139A, I208A ϼ D188C/K211C 

ϻ ϴ ϼ ϹϿ  ϶Ͽϼ  ϴ ϴϵϼϿ  ϵϹϿϾϴ ϺϹ ϶ ϴ ϼ϶  ϼϼ, ϶  

϶ Ϲ  ϾϴϾ ϴ ϼϼ L78A ϼ T86C/T124C ϸϹ ϴϵϼϿϼϻϼ  ϿϹϾ Ͽ  

Ϲϻ ϴ ϼ ϹϿ . Ϝ Ϲ Ϲ Ϲ   ϴϾ ,  ϼ ϴϵϿ ϸϴϹ  Ϲϻ ϴ ϼ ϹϿ  

ϴϻ ϿϹ ϼϼ ϴ ϼ϶ Ϸ  ϼ  ϶϶ϹϸϹ ϼϹ  ϸ϶ Ͻ Ͻ ϴ ϼϼ ϴ β-Ͽϼ Ϲ 

(T86C/T124C) ϼ ϸϼ  ϶ ϴ  ϸϹ ϴϵϼϿϼϻϴ ϼ  ϼ Ϲ Ϲϸϼϴ ϴ I. ϖ  ϺϹ 

϶ Ϲ , ϴϻ ϿϹ ϼϹ β- ϼϿ Ͼϼ 1 ϸϼ Ͻ ϴ ϼϹϽ L78A, Ͽϼ  

Ϲϻ ϴ ϼ ϹϿ   ϸ϶ϼϷϴϹ  Ϲ Ϲϸϼ  Ϲ Ϲ ϸϴ  τ1 ϶  Ϲ ϹϽ 

Ͼ Ϲ ϴ ϼϼ Ϲ϶ϼ . ϥ ϴϵϼϿϼϻϴ ϼ  ϴ ϼ϶ Ϸ  ϼ  ϼ϶ ϸϼ  Ͼ 

Ϲ Ϲ ϸ  I  MG ϼ ϵ Ͽ ϹϽ Ͼ Ϲ ϴ ϼϼ Ϲ϶ϼ  ϼ, ϾϴϾ ϿϹϸ ϶ϼϹ, Ͼ 

ϵ ϹϽ ϴϵϼϿϼϻϴ ϼϼ Ͼ  ϿϹϾ Ͽ  ϵϹϿϾϴ.  

 

3.2. А   ,    я-

  

 
3.2.1.  L78A  A53C/A76C 

Ϡ ϴ ϼϼ L78A ϼ A53C/A76C ϵ Ͽϼ ϼϻ϶ϹϸϹ  ϴ β- ϼϿ ϾϹ 1 ϵϹϿϾϴ 

( ϴϵϿϼ ϴ 2). Ϟ ϼ϶ Ϲ Ϲ Ϲ ϸϴ, Ϲ Ϲ  ϶ Ϲ Ϲ ϴ  Ϻϼϻ ϼ, ϸϿ  BCAWT, 

ϖϥϔL78A ϼ ϖϥϔϔ53ϥ/ϔ76ϥ Ϲϸ ϴ϶ϿϹ  ϴ ϼ ϾϹ 10.  

ϟϹϽ ϼ  ϶Ͽ Ϲ  ϸ ϶ Ͽ  ϵ Ϲ  ϴ ϼ Ͼϼ Ͽ  ϴ Ͼ   

ϴ϶ Ϲ ϼ   ϴϿϴ ϼ ,  ϺϹ  ϵ  ϸϹ ϴϵϼϿϼϻϴ ϼ  ϴ ϼ϶ Ϸ  
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ϼ  ϖϥϔ ϼ ϴϾ Ͻ ϻϴ Ϲ Ϲ ϴ ϼ Ͼϼ Ͽ . ϣ  ϼ Ͼ  10  ϶ϼϸϼ ,   

ϸϹ ϴ ϴ ϼ  ϖϥϔL78A  ϴ ϼ ϴϹ  ϼ Ϲ ϹϽ Ͼ Ϲ ϴ ϼϼ Ϲ϶ϼ   

ϴ϶ Ϲ ϼ   ϸϼϾϼ  ϼ , ϾϴϾ  τ1, ϴϾ ϼ  τ2. 

 

 

Ϝϻ  1 ϼ Ͼ 

 

 

 

 

 

 

Ϥϼ Ͼ 10 – ϥ ϴ϶ϿϹ ϼϹ ϻϴ϶ϼ ϼ ϹϽ τ1 (ϔ) ϼ τ2 (ϕ)  Ͼ Ϲ ϴ ϼϼ Ϲ϶ϼ   

ϸϿ  ϖϥϔWT, ϖϥϔL78A ϼ ϖϥϔϔ53ϥ/ϔ76ϥ  

 

ϣ ϼ ϸϹ ϴϵϼϿϼϻϴ ϼϼ Ͼ  ϿϹϾ Ͽ  ϵϹϿϾϴ ϴϵϿ ϸϴϹ  Ϲ ϹϹ 

Ͼ Ϲ ϴ ϼ϶ Ͻ Ϲ Ϲ ϸ ϼϻ ϴ ϼ϶ Ϸ  ϼ  ϶ ϸϹ ϴ ϼ ϶ϴ Ϲ (RWWT < 

RWL78A), ϾϴϾ  τ1, ϴϾ ϼ  τ2. ϣ ϼ Ϲ Ϲ ϸϹ N׳  I ϼϺϹ ϼϹ Ͼ Ϲ ϴ ϼϼ 

ϵϹϿϾϴ ϶ ϼϼ N׳ ϴ ϼ ϴϹ  ϼ Ϲ ϹϽ Ͼ Ϲ ϴ ϼϼ Ϲ϶ϼ   

ϴ϶ Ϲ ϼ   ϖϥϔWT,  ϺϹ  ϵ  Ϲ ϹϹ Ͽ Ͻ ϴϾ ϶Ͼ Ͻ 

Ͼ  ϵϹϿϾϴ ϶ ϶ ϻϼ  ϶϶ϹϸϹ ϼϹ  ϴ ϼϼ L78A. Ϝ Ϲϻ ϶Ϲ ϼϹ ϼ  

N׳ ϼ Ϲϵ Ͽ ϼ  Ͼ Ϲ ϴ ϼ  Ϲ϶ϼ  ϶ϿϹ Ϲ  ϻϴ ϵ Ͻ ϴϾϺϹ 

ϸϹ ϴϵϼϿϼϻϴ ϼ  ϼ  I. 

ϣ ϼ ϶϶ϹϸϹ ϼϼ ϸ϶ Ͻ Ͻ ϴ ϼϼ ϴ ϼ Ͼϼ Ͽ Ϲ ϴ Ͼϼ ϴϿϴ ϼ ϴ ϶ 

Ͽ ϺϹ ϼ  53 ϼ 76 ϵ Ͽϼ ϻϴ Ϲ Ϲ  ϴ ϼ Ϲϼ . ϖ Ϲϻ Ͽ ϴ Ϲ, ϼ  

Ϲ϶ϼϸ Ϸ  ϻϴϾ Ϲ ϿϹ ϼ  β- ϼϿ Ͼϼ ϸ Ͽ ϼ ϹϿ  ϼ Ϲϼ ϶  ϼϾ ,  

Ϻ  Ϲϸ Ͽ Ϻϼ ,  ϻϴ Ϲ ϴ ϴϿϴ ϼ ϴ ϴ ϴ ϼ Ͼϼ Ͽ , ϻϴ ϼ ϴ  
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ϵ Ͽ ϼϽ ϵ Ϲ , ϶ϿϹ Ϲ  ϻϴ ϵ Ͻ ϵ ϿϹϹ Ͽ  ϴϾ ϶Ͼ  ϿϹϾ Ͽ  ϵϹϿϾϴ, Ϲ  

ϴ  ϻϸϴ϶ϴ  Ͽ Ϻ ϼ ϸϿ  ϶ϻϴϼ ϸϹϽ ϶ϼ   ϴ ϶ ϼ ϹϿϹ  ϶ Ϲ ϼ  

϶ ϻϹϽ ϵϹϿϾϴ. ϖ ϻ Ϻ , ϼ Ϲ   ϹϾ  ϻ϶ Ͽ Ϲ  Ϲ Ϲ ϸ  N׳  I 

( Ϲϸ Ͽ Ϻϼ ϹϿ  ϴϵϿ ϸϴϹ   ϼϻ Ϲ Ϲ ϼ  τ2) ϻϴϾϴ ϼ϶ϴ  ϼ 

ϵ Ͽ ϹϽ Ͼ Ϲ ϴ ϼϼ ϸϹ ϴ ϼ ϹϷ  ϴϷϹ ϴ, ϴ ϼϹ I ϴ ϶ϼ  

ϵ ϿϹϹ ϴϵϼϿ .  

 

3.2.2.  L139A  T86C/T124C 

Ϟ ϼ϶ Ϲ Ϲ Ϲ ϸϴ, Ϲ Ϲ  ϶ Ϲ Ϲ ϴ  Ϻϼϻ ϼ, ϸϿ  ϖϥϔWT, 

ϖϥϔL139A ϼ ϖϥϔϦ86ϥ/Ϧ124ϥ Ϲϸ ϴ϶ϿϹ  ϴ ϼ ϾϹ 11.  

Ϣϸϼ ϴ  ϴ ϼ   ϻϴ Ϲ Ͻ ϿϹϽ ϼ ϴ ϴ ϴϿϴ ϼ  ϶ Ͽ ϺϹ ϼϼ 139 

϶ ϼ  ϸϹ ϴϵϼϿϼϻϼ ϼϽ ϹϾ , ϸ  ϾϴϾ  τ1, ϴϾ ϼ  τ2. ϞϴϾ ϼ ϼ 

ϴ ϼϼ L78A Ϻ  Ϲϸ Ͽ Ϻϼ  ϴϻ ϿϹ ϼϹ ϵϹϿϾ ϶ Ͻ Ͼ  ϼ, ϾϴϾ 

ϿϹϸ ϶ϼϹ, ϴ ϴϿ  Ϲ Ϲ ϸϴ ϼ Ϲ ϼ  Ͼ Ϲ ϴ ϼ  Ϲ϶ϼ . ϥ ϸ   

ϼ ϼ Ϲ Ϲ Ϲ ϸϴ, Ϲ Ϲ ϸ I  MG ϼ ϸϴ Ͻ ϴ ϼϼ ϶Ͽ Ϲ  ϵ ϿϹϹ 

Ͼ Ϲ ϴ ϼ϶ , Ϲ  Ϲ Ϲ ϸ N׳  I. 

 

 

 

 

 

Ϝϻ  1 ϼ Ͼ 

 

 

 

 

 

 

 

Ϥϼ Ͼ 11 - ϥ ϴ϶ϿϹ ϼϹ ϻϴ϶ϼ ϼ ϹϽ τ1 (ϔ) ϼ τ2 (ϕ)  Ͼ Ϲ ϴ ϼϼ Ϲ϶ϼ   

ϸϿ  ϖϥϔWT, ϖϥϔL139A ϼ ϖϥϔT86C/T124C  
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ϣ Ͽ Ϲ ,  ϴ ϼ  T86C/T124C ϴϾϺϹ ϸϹϿϴϹ  ϵϹϿ Ͼ Ϲ ϹϹ 

ϴϵϼϿ . Ϧ Ϲ ϼ  ϶Ͽ Ϲ  Ͽ Ͻ ϴ ϼ Ͼϼ Ͽ Ͻ, ϼ Ϲϼ  ϴ ϼ϶ – 

Ϲ Ͽ Ͻ. ϖϹ , ϴϾϴ  ϻϴ Ϲ ϴ ϴ β-Ͽϼ Ϲ ϼ϶ ϸϼ  Ͼ Ͽ ϾϴϿ  

ϼϻ Ϲ Ϲ ϼ  Ͽ ϼ ϶ Ͼ Ϲ ϵϹϿϾϴ,  ϼ϶ ϸϼ  Ͼ ϸϹ ϴϵϼϿϼϻϴ ϼϼ 

ϴ ϼ϶ Ϸ  ϼ .  

ϖ ϵϹϿϾϹ  ϴ ϼϹϽ Ϧ86ϥ/Ϧ124ϥ Ϲ Ϲ ϸ I  MG ϴ ϼ ϴϹ  ϼ 

Ͼ Ϲ ϴ ϼϼ Ϲ϶ϼ  Ͼ Ͽ  3 Ϡ, ϼ N׳  I  Ͼ Ͽ  4,5 Ϡ. ϦϴϾ Ͻ ϹϾ  

« Ϲ ϿϹϸ ϶ϴ ϹϿ Ϸ » ϴϻ϶ ϴ ϼ϶ϴ ϼ  ϵϹϿϾϴ Ϻ  ϵ ϼ  ϼϿ  

ϴϻ ϿϹ ϼϹ  Ͼ  β-Ͽϼ ϴ ϶ ϶ ϻϼ  ϼϻ Ϲ Ϲ ϼϹ  Ͽ ϼ ϴ ϸϴ  

ϿϹ Ϲ Ϲ. 

3.2.3.  I208A  D188C/K211C 

Ϣϸϼ ϴ  ϴ ϼ  I208A ϵ Ͽϴ ϶϶ϹϸϹ ϴ ϴ β- ϼϿ ϾϹ 2 ϖϥϔ ( ϴϵϿϼ ϴ 

2). Ϝϻ ϿϹϽ ϼ  ϴϾϺϹ ϾϴϾ ϼ ϴϿϴ ϼ  ϶Ͽ Ϲ  Ϲ Ͽ Ͻ ϴ ϼ Ͼϼ Ͽ Ͻ,  

ϼ ϹϹ  ϴϸϼϾϴϿ Ͼ ϹϹ, Ϲ   ϴϿϴ ϼ ϴ. ϤϴϻϿϼ ϼϹ ϶ ϴϻ Ϲ ϴ  ϴ ϼ Ͼϼ Ͽ , 

϶ ϻ Ϻ , ϼ϶ ϸϼ  Ͼ ϴϻ ϿϹ ϼ  Ͼ . ϡϴ ϼ ϾϹ 12 ϼϻ ϵ ϴϺϹ  

Ͼ ϼ϶ Ϲ Ϲ Ϲ ϸϴ ϸϿ  ϖϥϔ  τ1 ϼ τ2.  

 

 

 

 

 

 

Ϝϻ  1 ϼ Ͼ 

 

 

 

 

 

Ϥϼ Ͼ 12 - ϥ ϴ϶ϿϹ ϼϹ ϻϴ϶ϼ ϼ ϹϽ τ1 (ϔ) ϼ τ2 (ϕ)  Ͼ Ϲ ϴ ϼϼ Ϲ϶ϼ   

ϸϿ  ϖϥϔWT, ϖϥϔI208A ϼ ϖϥϔD188C/K211C  
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ϛ ϴ Ϲ ϼ  ϼ ϹϿ Ͻ ϼ ϼ  Ϲ Ϲ ϸϴ, Ϲϸ ϴ϶ϿϹ Ϲ ϶ ϴϵϿϼ Ϲ 

3, Ͼϴϻ ϶ϴ  ϴ Ϲ Ͼ Ϲ ϴ ϼ϶ Ͻ Ϲ Ϲ ϸ ϵϹϿϾϴ  τ1 ϼ Ϲ ϹϹ 

Ͼ Ϲ ϴ ϼ϶ Ͻ, Ϲ   ϖϥϔWT  τ2. Ϣϸϼ ϴ  ϴ ϼ  ϶ ϼ  ϶  

ϸϹ ϴϵϼϿϼϻϴ ϼ  ϶ ϵϹϿϾ ϶  Ͼ ,  ϼ϶ ϸϼ  Ͼ ϴ ϴϿ  ϸϹ ϴ ϴ ϼϼ ϴ 

Ϲϵ Ͽ ϼ  Ͼ Ϲ ϴ ϼ  Ϲ϶ϼ  (2 – 3 Ϡ).  

Ϙ϶ Ͻ ϴ  ϻϴ Ϲ ϴ ϶ Ͽ ϺϹ ϼ  188 ϼ 211 ϴ β- ϼϿ ϾϹ 2 ϵϹϿϾϴ ϴϾϺϹ 

ϼ϶ ϸϼ  Ͼ ϸϹ ϴϵϼϿϼϻϴ ϼϼ Ͼ  Ͼϴ ϵ Ͼ ϼϴ Ϸϼϸ ϴϻ . Ϡ Ϻ  

Ϲϸ Ͽ Ϻϼ ,  ϼ ϼ Ͻ  ϶Ͽ Ϲ  Ϲ Ͽ Ͼ  ϻϴ Ϲ ϴ Ͽ  

ϴ ϼ Ͼϼ Ͽ  (ϴ ϴ ϴϷϼ ϶ϴ  Ͼϼ Ͽ ϴ, Ͽϼϻϼ ) ϴ Ϲ Ͽ Ϲ ( ϼ Ϲϼ ),  Ϲ  

ϼϻ Ϲ Ϲ ϼϹ Ͽ ϾϴϿ Ͻ Ͽ ϼ ϶ Ͼ Ϲ,  ϴϾ ϺϹ ϼ ϴϻϿϼ ϼϹ ϴϻ Ϲ ϶ 

϶ϻϴϼ ϻϴ Ϲ Ϲ  ϴ ϼ Ͼϼ Ͽ . Ϫϼ Ϲϼ  ϵϿϴϸϴϹ  ϴϸϼϾϴϿ  Ϲϵ Ͽ ϼ  

ϴϻ Ϲ ϶, ϶ Ͽϼ ϼϹ  Ͽϼϻϼ ϴ ϼ ϴ ϴ ϴϷϼ ϶ Ͻ Ͼϼ Ͽ . 

Ϙ϶ Ͻ ϴ  ϴ ϼ  ϶ ϵ Ͽ ϹϽ Ϲ Ϲ ϼ ϶Ͽϼ Ϲ  ϴ ϼϹ I ϵϹϿϾϴ, 

ϸ϶ϼϷϴ  ϴ ϴϿ  ϸϹ ϴ ϴ ϼϼ ϴ 2,5 Ϡ Ϲ϶ϼ  ϼ ϼϻ Ϲ  ϴ ϴϾ Ϲ  Ϲ Ϲ ϸϴ 

ϴ Ϲ ϹϹ Ͼ Ϲ ϴ ϼ϶ Ͻ  ϴ϶ Ϲ ϼ   ϸϼϾϼ  ϼ .  

 

3.2.4. : A53C/A76C, T86C/T124C, A154C/S181C, 

D188C/K211C 

ϡϴ αβ- ϼϿ ϾϹ Ͼϴ ϵ Ͼ ϼϴ Ϸϼϸ ϴϻ  ϵ Ͽϴ ϼϻ϶ϹϸϹ ϴ ϸ϶ Ͻ ϴ  ϻϴ Ϲ ϴ 

ϴ ϼ Ͼϼ Ͽ  ϴ Ͼ ϶ ϶ Ͽ ϺϹ ϼ  154 ϼ 181, Ͼ ϴ  ϼ϶ϹϿϴ Ͼ 

϶ϹϿϼ Ϲ ϼ  ϴϵϼϿ ϼ ϵϹϿϾϴ  ϴ϶ Ϲ ϼ   ϸϼϾϼ  ϼ . Ϟ ϼ϶ Ϲ 

Ϲ Ϲ ϸϴ ϵϹϿϾ ϶ Ϲϸ ϴ϶ϿϹ  ϴ ϼ ϾϹ 13. 

ϖ Ͽ ϺϹ ϼϼ 154 ϴ Ͼ ϴϿϴ ϼ ϴ ϵ Ͽ ϻϴ Ϲ Ϲ  ϴ ϴ Ͼ ϼ Ϲϼ ϴ,  

Ϲ  Ϲ Ͽ ϴ  ϴ ϼ Ͼϼ Ͽ ϴ  Ϲϵ Ͽ ϼ  ϴϻ Ϲ  ϴϸϼϾϴϿϴ, ϵ Ͽϴ 

ϻϴ Ϲ Ϲ ϴ ϴ Ϲ Ͽ  ϴ ϼ Ͼϼ Ͽ   ϴϸϼϾϴϿ  ϵ Ͽ ϹϷ  ϴϻ Ϲ ϴ. ϖ 

Ͽ ϺϹ ϼϼ 181 Ϲ ϼ  ϵ Ͽ ϻϴ Ϲ Ϲ  ϴ ϼ Ϲϼ . ϥϹ ϼ  ϶Ͽ Ϲ  Ͽ Ͻ 

ϴ ϼ Ͼϼ Ͽ Ͻ.  
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Ϡ Ϻ  Ϲϸ Ͽ Ϻϼ ,  ϴ ϼϼ, Ͼ Ϲ ϶ϿϹϾ  ϻϴ ϵ Ͻ ϼϻ Ϲ Ϲ ϼϽ 

Ͽ ϼ (T86C/T124C, D188C/K211C) ϼ ϴϻ Ϲ ϶ ϴϸϼϾϴϿ ϶ 

ϴ ϼ Ͼϼ Ͽ  ϴ Ͼ ϶ (D188C/K211C) ϼ϶ ϸ  Ͼ ϸϹ ϴϵϼϿϼϻϴ ϼϼ 

Ͼ  ϿϹϾ Ͽ  ϵϹϿϾϴ ϶ ϹϿ , ϸϴϺϹ, Ϲ  ϴ ϵ ϴϻ ϶ϴ ϼϹ 

ϼ Ϲϼ ϶  ϼϾ ϶. ϡϹϻ ϴ ϼ ϹϿ Ϲ ϼϻ Ϲ Ϲ ϼϹ ϴϻ Ϲ ϶ ϴϸϼϾϴϿ ϶ 

ϴ ϼ Ͼϼ Ͽ  ϴ Ͼ ϶ (A53C/A76C, A154C/S181C) Ͼ Ϲ ϼ Ϲ  

ϵ ϴϻ ϶ϴ ϼϹ  ϼ Ϲϼ ϶  ϼϾ ϶ ϶ Ͼ  ϿϹ Ϲ Ϲ ϿϹϾ Ͽ  ϼ 

ϼ϶ ϸϼ  Ͼ ϴϵϼϿϼϻϴ ϼϼ ϵϹϿϾϴ.  

 

 

 

 

 

 

 

 

Ϝϻ  1 ϼ Ͼ 

 

 

 

 

 

 

 

 

 

 

 
Ϥϼ Ͼ 13 - ϥ ϴ϶ϿϹ ϼϹ ϻϴ϶ϼ ϼ ϹϽ τ1 (ϔ) ϼ τ2 (ϕ)  Ͼ Ϲ ϴ ϼϼ Ϲ϶ϼ   

ϸϿ  ϖϥϔWT ϼ ϵϹϿϾϴ  ϶϶ϹϸϹ ϼ ϸ϶ Ͻ ϼ ϴ ϼ ϼ 
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3.3.  я   

 А     

ϡϹ ϸ ϻ ϴ Ϲ ϶Ͽϼ ϼϹ ϶϶ϹϸϹ  ϸ϶ Ͻ  ϴ ϼϽ ϴ ϴϵϼϿ  

Ͼ  ϖϥϔ, ϴ ϴϾϺϹ ϴϻ ϿϹ ϼϹ Ͼ  ϸϼ ϼ ϴ ϼ ϼ 

ϻ϶ Ͽ Ϲ  ϶ Ͼϴϻϴ  Ϲϸ Ͽ ϺϹ ϼ   ϿϹϸ ϶ϴ ϹϿ ϼ ϴϻ϶ ϴ ϼ϶ϴ ϼ  

Ͼ  ϿϹ Ϲ ϶ ϵϹϿϾϴ. 

ϔ ϴϿϼϻϼ  ϻ ϴ Ϲ ϼ  Ϲ Ϲϸϼ  Ϲ Ϲ ϸϴ, ϼ ϹϿ Ͻ ϼ ϼ  

Ϲ Ϲ ϸϴ, ϴ ϴϾϺϹ Ͼ Ϲ ϴ ϼϼ Ϲ϶ϼ , ϼ Ͼ Ͻ ϴ ϼ ϴϹ  Ϲ Ϲ ϸ, 

Ϻ  ϸϹϿϴ  ϶ ϶ ϸ ,  ϴ ϼϼ, ϶϶ϹϸϹ Ϲ ϶ ϵϹϿϾ ϶  ϷϿ ϵ Ͽ  ϼ Ϲ  

ϴϼ Ϲ ϹϹ ϶Ͽϼ ϼϹ ϴ Ϲ Ͼ Ϲ ϿϹ Ϲ  ϵϹϿϾϴ, Ͼ Ϲ 

ϴϻ϶ ϴ ϼ϶ϴ  ϶ Ϲ ϶  Ϲ Ϲϸ . Ϧ  Ϲ  ϴϻ ϿϹ ϼϹ ϷϿ ϵ Ͽ  ϼ϶ ϸϼ  

Ͽϼ  Ͼ ϸ϶ϼϷ  ϴ ϴϿϴ Ϲ Ϲ ϸϴ ϶  Ϲ ϹϽ Ͼ Ϲ ϴ ϼϼ Ϲ϶ϼ . 

ϡϴ ϼ϶, Ϲ Ͽϼ ϴ ϼ  Ͼϴ ϴϹ  Ϲ  ϿϹ Ϲ ϶, Ͼ Ϲ ϼ ϸϹ ϴ ϴ ϼϼ 

ϴϻ϶ ϴ ϼ϶ϴ  ϶ ϿϹϸ  Ϲ Ϲϸ ,  ϼ ϸϼ  ϸϹ ϴϵϼϿϼϻϴ ϼ  

Ͼ  ϵϹϿϾϴ ϼ, ϾϴϾ ϿϹϸ ϶ϼϹ, ϼϻ Ϲ Ϲ ϼϹ ϼ ϴϻ϶ ϴ ϼ϶ϴ ϼ . 

ϖ ϴ Ϲ  Ͽ ϴϹ Ϻ  Ϲϸ Ͽ Ϻϼ ,  ϴ Ͼϼ Ϲ ϼ 53-76 ϼ 154-181 

ϴϻ϶ ϴ ϼ϶ϴ  ϴ Ϲ ϶  ϴϸϼ  ϸϹ ϴ ϴ ϼϼ,  Ϲ  ϸϴ Ͻ Ϲ Ϲ ϸ 

ϻϴ ϴϷϼ϶ϴϹ  ϴϾϼϹ Ͼ Ϲ ϿϹ Ϲ  ϵϹϿϾϴ ϾϴϾ β- ϼϿ Ͼϴ 1 ϼ αβ- ϼϿ Ͼϴ. 

ϧ ϴ Ͼϼ 86-124 ϼ 188-211 ϴϻ϶ ϴ ϼ϶ϴ  ϶ ϿϹϸ  Ϲ Ϲϸ  (β-Ͽϼ  ϼ β-

ϼϿ Ͼϴ 2) ϼ Ϲ   ϶϶ϹϸϹ ϼϹ ϴ ϼϽ ϴ ϸϴ  ϴ Ͼϴ  Ϲ ϼ ϺϹ  

ϼ϶Ϲ ϼ Ͼ ϵ ϿϹϹ ϶ ϴϺϹ Ͻ ϸϹ ϴϵϼϿϼϻϴ ϼϼ Ͼ  ϵϹϿϾϴ, Ϲ  ϴ ϸ Ϸϼ  

[43]. 

 

3.4. я     я   
 

ϕ Ͽϼ ϼϻ Ϲ Ϲ  ϶ Ϲ Ϲ ϴ Ϻϼϻ ϼ Ͽ Ϲ Ϲ ϼϼ ϼ ϴ ϴ ϶ ϴ ϶ ϴ  

Ϲ϶ϼ   Ͼ Ϲ ϴ ϼϹϽ 0 – 8,5 Ϡ.  

Ϝϻ Ϲ Ϲ ϼϹ ϶ Ϲ Ϲ ϼ τ1 ϸϿ  ϼ ϴ ϴ ϿϹϺϼ  ϶ ϸϼϴ ϴϻ Ϲ  2,77  ϸ  

3,3 . ϛ ϴ Ϲ ϼϹ ϶ Ϲ Ϲ  Ϻϼϻ ϼ ϶ ϵ Ϲ  ϴ ϶ Ϲ (϶ ϶ϼϹ Ϲ϶ϼ ) 
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ϷϿϴ Ϲ   Ͽϼ Ϲ ϴ ϼ ϸϴ ϼ ϸϿ  ϼ ϴ ϴ ϶ ϶ ϸ  ϴ ϶ Ϲ (τ1 

= 2,8 ) [18-20].  

ϥ ϴ϶ϿϹ ϼϹ ϻϴ϶ϼ ϼ ϹϽ ϶ Ϲ Ϲ ϼ Ϻϼϻ ϼ Ͽ Ϲ Ϲ ϼϼ τ1 ϼ τ2 

ϵϹϿϾ ϶ ϼ ϼ ϴ ϴ ϶ ϴ ϶ Ϲ  Ͼ Ϲ ϴ ϼϼ Ϲ϶ϼ  Ϲϸ ϴ϶ϿϹ  ϴ 

ϼ ϾϹ 14.  

 

ϔ 

 

ϕ 

 

Ϥϼ Ͼ 14 - ϥ ϴ϶ϿϹ ϼϹ ϻϴ϶ϼ ϼ ϹϽ ϶ Ϲ Ϲ ϼ Ϻϼϻ ϼ Ͽ Ϲ Ϲ ϼϼ τ1 (ϔ) ϼ τ2 (ϕ) 

ϵϹϿϾ ϶ ϼ ϼ ϴ ϴ ϶ ϴ ϶ Ϲ  Ͼ Ϲ ϴ ϼϼ Ϲ϶ϼ  
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ϥ ϴ϶Ͽ  Ͼ ϼ϶ Ϲ ϶ Ϲ Ϲ ϼ Ϻϼϻ ϼ Ͽ Ϲ Ϲ ϼϼ ϵϹϿϾ ϶ ϼ ϼ ϴ ϴ 

Ϻ  ϸϹϿϴ  ϶ ϶ ϸ,  ϼ Ͼ Ϲ ϴ ϼϼ Ϲ϶ϼ   0 ϸ  4 Ϡ ϶ Ϲ  

Ϻϼϻ ϼ τ1 ϼ ϹϹ  Ϲ ϸϹ ϼ  Ͽϼ ϹϽ Ϸ  ϴ ϸ ϶Ͽϼ ϼϹ , ϶ ϵ Ͽ ϹϽ Ϲ Ϲ ϼ, 

Ͼ Ϲ ϴ ϼϼ Ϲ϶ϼ . ϔ ϴϿ Ϸϼ ϴ  Ͼϴ ϼ ϴ ϴϵϿ ϸϴϹ  ϼ ϴ Ͼ ϼ϶ Ͻ 

϶ Ϲ Ϲ ϼ Ϻϼϻ ϼ Ͽ Ϲ Ϲ ϼϼ τ2 ϵϹϿϾ ϶ ϼ Ͼ Ϲ ϴ ϼϼ Ϲ϶ϼ  ϵ ϿϹϹ 8 

Ϡ, Ͼ Ϸϸϴ ϶ Ϲ Ͼ Ϲ Ϲ Ϲ ϸ  ϵϹϿϾ ϶ ϺϹ ϻϴϾ Ϲ . ϥ ϼ  Ϲ ϼ , 

 ϶Ͽϼ ϼϹ ϴ ϶ ϼ ϹϿ  ϴ ϼ ϴ ϶  Ͽ Ϲ Ϲ ϼ  Ϲϻ ϴ ϼ ϹϿ  

 ϴ϶ Ϲ ϼ   ϶Ͽϼ ϼϹ  ϵϹϿϾ ϶ Ϸ  Ͼ ϺϹ ϼ . 
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А  

 

Ϝ ϿϹϸ ϶ϴ ϼϹ ϵ Ͽ  ϴ ϴ϶ϿϹ  ϴ ϹϸϹϿϹ ϼϹ ϴϸϼϽ ϴϻ϶ ϴ ϼ϶ϴ ϼ  

ϵϹϿϾ ϶  ϴϾ ϿϹϾ Ͽ   ϶ Ϲ - ϴϻ Ϲ Ϲ Ͻ ϹϾ Ͼ ϼϼ. 

ϔ ϴϿϼϻ Ͼ ϼ϶  Ϲ Ϲ ϸϴ ϻ϶ Ͽ Ϲ  ϹϸϹϿϼ  ϴ ϴϾ Ϲ  ϶Ͽϼ ϼ  ϶϶ϹϸϹ  

ϴ ϼϽ ϴ ϴϵϼϿ  Ͼ  ϵϹϿϾϴ. 

ϕ Ͽϼ ϼϻ Ϲ  ϶ Ϲ - ϴϻ Ϲ Ϲ Ϲ ϴ ϴϾ Ϲ ϼ ϼϾϼ Ͼϴ ϵ Ͼϼ ϴ Ϸϼϸ ϴϻ  

ϵ Ͼϴ ϸϼϾ Ϸ  ϼ ϴ ϼ  ϶϶ϹϸϹ ϼ ϴ ϼ ϼ ϶ Ͽ ϶ϼ  ϴ϶ ϶Ϲ Ͻ 

ϸϹ ϴ ϴ ϼϼ. Ϣ ϹϸϹϿϹ  ϶ Ϲ Ϲ ϴ Ϻϼϻ ϼ Ͽ Ϲ Ϲ ϼϼ, Ϲ  Ͼ ϼ϶ Ϲ 

Ϲ Ϲ ϸϴ ϼ ϴ ϴϿϼϻϼ ϶ϴ  ϼ  ϼϻ Ϲ Ϲ ϼ  ϶ ϻϴ϶ϼ ϼ ϼ  ϶϶ϹϸϹ Ͻ 

ϴ ϼϼ ϶ Ͼ Ϲ ϵϹϿϾϴ.  

ϡϴ ϶ϴ ϼϼ Ͽ Ϲ  ϶ ϴϵ Ϲ Ϲϻ Ͽ ϴ ϶ ϵ Ͽϼ ϸϹϿϴ  

ϿϹϸ ϼϹ ϶ ϶ ϸ : 

1. ϼϻ Ϲ Ϲ ϼϹ ϶ Ϲ Ϲ ϼ τ1 ϴ ϴϾ Ϲ ϼϻ Ϲ  Ͼ ϴ ϼ Ϲ ϼϻ Ϲ Ϲ ϼ , 

϶ Ϻϸϴ ϼϹ  Ϲ ϹϽ ϶ ϼ Ͻ Ͼ  BCA, ϴ ϼϻ Ϲ Ϲ ϼϹ τ2 – 

Ϲ Ϲ ϸ N׳  I; 

2. ϴ϶ ϼ ϹϿ Ͻ ϴ ϴϿϼϻ ϴ ϴϾ Ϲ ϼ ϼϾ Ϲ Ϲ ϸϴ ϻ϶ Ͽ Ϲ  

ϹϸϹϿϼ  ϿϹϸ ϶ϴ ϹϿ  ϴϻ϶ ϴ ϼ϶ϴ ϼ  ϴ Ͼ ϶ Ϲ ϼ ϖϥϔ: β-

ϼϿ Ͼϴ 1 ϼ αβ- ϼϿ Ͼϴ, ϶Ϲ , ϴϻ϶ ϴ ϼ϶ϴ  ϴ ϴ ϴϿ  ϴϸϼ  

ϸϹ ϴ ϴ ϼϼ, ϶  ϶ Ϲ  ϾϴϾ β-Ͽϼ  ϼ β- ϼϿ Ͼϴ 2 ϴϻ϶ ϴ ϼ϶ϴ  ϶ 

ϿϹϸ  Ϲ Ϲϸ ; 

3. ϶ϹϿϼ Ϲ ϼϹ Ͼ Ϲ ϴ ϼϼ Ϲ϶ϼ  ϼ϶ ϸϼ  Ͼ  ϶ Ϲ Ϲ ϼ 

Ϻϼϻ ϼ ϼ ϴ ϴ ϶ ϴ ϶ Ϲ, , ϶Ϲ , ϴϺϴϹ  ϴ ϼϻ Ϲ Ϲ ϼϼ τ1 BCA 

ϼ Ͼ Ϲ ϴ ϼϼ Ϲ϶ϼ   0  4 Ϡ, ϼ τ2 ϼ Ͼ Ϲ ϴ ϼϼ > 8 Ϡ. 
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 АЩ  

 

ϥϔ – Ͼϴ ϵ Ͼ ϼϴ Ϸϼϸ ϴϻϴ 

BCA II – Ͼϴ ϵ Ͼ ϼϴ Ϸϼϸ ϴϻϴ ϵ Ͼϴ 

ϖϥϔWT – ϸϼϾϼϽ ϼ  Ͼϴ ϵ Ͼ ϼϴ Ϸϼϸ ϴϻ  ϕ 

ϖϥϔL78A – Ͼϴ ϵ Ͼ ϼϴ Ϸϼϸ ϴϻϴ ϕ  ϻϴ Ϲ Ͻ  ϶ Ͽ ϺϹ ϼϼ 78 ϿϹϽ ϼ ϴ ϴ ϴϿϴ ϼ   

ϖϥϔL139A – Ͼϴ ϵ Ͼ ϼϴ Ϸϼϸ ϴϻϴ ϕ  ϻϴ Ϲ Ͻ ϶ Ͽ ϺϹ ϼϼ 139 ϿϹϽ ϼ ϴ ϴ ϴϿϴ ϼ  

ϖϥϔI208A – Ͼϴ ϵ Ͼ ϼϴ Ϸϼϸ ϴϻϴ ϕ  ϻϴ Ϲ Ͻ ϶ Ͽ ϺϹ ϼϼ 208 ϼϻ ϿϹϽ ϼ ϴ ϴ 

ϴϿϴ ϼ  

ϖϥϔϔ53ϥ/ϔ76ϥ – Ͼϴ ϵ Ͼ ϼϴ Ϸϼϸ ϴϻϴ ϕ  ϻϴ Ϲ Ͻ ϶ Ͽ ϺϹ ϼ  53 ϼ 76 ϴϿϴ ϼ ϴ 

ϴ ϼ Ϲϼ  

ϖϥϔϦ86ϥ/Ϧ124ϥ – Ͼϴ ϵ Ͼ ϼϴ Ϸϼϸ ϴϻϴ ϕ  ϻϴ Ϲ Ͻ ϶ Ͽ ϺϹ ϼ  86 ϼ 124 Ϲ ϼ ϴ 

ϴ ϼ Ϲϼ  

ϖϥϔϔ154ϥ/S181ϥ – Ͼϴ ϵ Ͼ ϼϴ Ϸϼϸ ϴϻϴ ϕ  ϻϴ Ϲ Ͻ ϶ Ͽ ϺϹ ϼϼ 154 ϴϿϴ ϼ ϴ ϴ 

ϼ Ϲϼ  ϼ ϶ Ͽ ϺϹ ϼϼ 181 Ϲ ϼ ϴ ϴ ϼ Ϲϼ  

ϖϥϔD188ϥ/K211ϥ – Ͼϴ ϵ Ͼ ϼϴ Ϸϼϸ ϴϻϴ ϕ  ϻϴ Ϲ Ͻ ϶ Ͽ ϺϹ ϼϼ 188 

ϴ ϴ ϴϷϼ ϶ Ͻ Ͼϼ Ͽ  ϴ ϼ Ϲϼ  ϼ ϶ Ͽ ϺϹ ϼϼ 211 Ͽϼϻϼ ϴ ϴ ϼ Ϲϼ  

I320/I360 – Ϲ ϼϹ ϼ Ϲ ϼ϶ ϼ ϹϾ ϴ ϼϻϿ Ϲ ϼ  ϴ ϸϿϼ Ϲ ϶ Ͽ  320  

Ͼ 360  

τ – ϶ Ϲ  Ϻϼϻ ϼ Ͽ Ϲ Ϲ ϼϼ,  

ϥm – Ϲ Ϲϸϼ ϴ Ϲ Ϲ ϸϴ 

RW – ϼ ϹϿ ϴ  ϼ ϼ ϴ Ϲ Ϲ ϸϴ 
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