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Зɚɧяɬɢɟ 5.   Аɧɚɥɢɡ ɰɟɩɟɣ ɫ ɨɩɟɪɚɰɢɨɧɧɵɦɢ ɭɫɢɥɢɬɟɥяɦɢ 

ɉɥɚɧ 

1. Ɉɛɳɢɟ ɫɜɟɞɟɧɢɹ ɨɛ ɨɩɟɪɚɰɢɨɧɧɵɯ ɭɫɢɥɢɬɟɥɹɯ 

2. Ⱥɧɚɥɢɡ ɰɟɩɟɣ ɫ ɢɞɟɚɥɶɧɵɦɢ ɨɩɟɪɚɰɢɨɧɧɵɦɢ ɭɫɢɥɢɬɟɥɹɦɢ 

3. Ɂɚɞɚɱɢ ɞɥɹ ɫɚɦɨɫɬɨɹɬɟɥɶɧɨɝɨ ɪɟɲɟɧɢɹ 

 

1. Ɉɛɳɢɟ ɫɜɟɞɟɧɢя ɨɛ ɨɩɟɪɚɰɢɨɧɧɵɯ ɭɫɢɥɢɬɟɥяɯ 

Ɉɩɟɪɚɰɢɨɧɧɵɦ ɭɫɢɥɢɬɟɥɟɦ (Ɉɍ) ɧɚɡɵɜɚɸɬ ɭɫɢɥɢɬɟɥɶ,  ɢɦɟɸɳɢɣ  
ɛɨɥɶɲɨɣ ɤɨɷɮɮɢɰɢɟɧɬ ɭɫɢɥɟɧɢɹ, ɜɵɫɨɤɨɟ ɜɯɨɞɧɨɟ ɢ ɦɚɥɨɟ ɜɵɯɨɞɧɨɟ 
ɫɨɩɪɨɬɢɜɥɟɧɢɹ. ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɨɩɟɪɚɰɢɨɧɧɵɟ ɭɫɢɥɢɬɟɥɢ ɜɵɩɭɫɤɚɸɬ ɜ 
ɜɢɞɟ ɢɧɬɟɝɪɚɥɶɧɵɯ ɦɢɤɪɨɫɯɟɦ. ɋɨɜɪɟɦɟɧɧɵɟ ɬɟɯɧɨɥɨɝɢɢ ɩɪɨɢɡɜɨɞɫɬɜɚ ɂɋ 
ɩɨɡɜɨɥɹɸɬ ɢɡɝɨɬɚɜɥɢɜɚɬɶ ɜɵɫɨɤɨɤɚɱɟɫɬɜɟɧɧɵɟ ɧɟɞɨɪɨɝɢɟ ɭɫɢɥɢɬɟɥɢ. 

Ɍɢɩɢɱɧɵɟ ɩɚɪɚɦɟɬɪɵ ɢɧɬɟɝɪɚɥɶɧɨɝɨ Ɉɍ ɫɥɟɞɭɸɳɢɟ: кОмвхR , 

ОмвыхR . ȼ ɥɢɧɟɣɧɨɦ ɪɟɠɢɦɟ ɤɨɷɮɮɢɰɢɟɧɬ ɭɫɢɥɟɧɢɹ ɧɚɩɪɹɠɟɧɢɹ Ɉɍ 
KU = 10

4–10
6
. 

Ȼɥɚɝɨɞɚɪɹ ɫɨɜɟɪɲɟɧɧɵɦ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ ɨɩɟɪɚɰɢɨɧɧɵɯ ɭɫɢɥɢɬɟɥɟɣ 
ɧɚ ɢɯ ɨɫɧɨɜɟ ɜɨɡɦɨɠɧɚ ɪɟɚɥɢɡɚɰɢɹ ɛɨɥɶɲɨɝɨ ɱɢɫɥɚ ɤɚɤ ɥɢɧɟɣɧɵɯ, ɬɚɤ ɢ 
ɧɟɥɢɧɟɣɧɵɯ ɭɫɬɪɨɣɫɬɜ. ȼɫɥɟɞɫɬɜɢɟ  ɫɜɨɟɣ ɧɚɞɟɠɧɨɫɬɢ ɢ ɭɧɢɜɟɪɫɚɥɶɧɨɫɬɢ 
ɨɩɟɪɚɰɢɨɧɧɵɣ ɭɫɢɥɢɬɟɥɶ ɫɬɚɥ ɧɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɨɣ  ɚɧɚɥɨɝɨɜɨɣ 
ɢɧɬɟɝɪɚɥɶɧɨɣ ɦɢɤɪɨɫɯɟɦɨɣ. 

ɍɫɥɨɜɧɨɟ ɨɛɨɡɧɚɱɟɧɢɟ Ɉɍ ɩɪɢɜɟɞɟɧɨ ɧɚ ɪɢɫ. 5.1. ɂɧɬɟɝɪɚɥɶɧɵɣ 
ɨɩɟɪɚɰɢɨɧɧɵɣ ɭɫɢɥɢɬɟɥɶ ɢɦɟɟɬ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɣ ɜɯɨɞ. ɇɟɢɧɜɟɪɬɢɪɭɸɳɢɣ  
ɜɯɨɞ ɨɛɨɡɧɚɱɟɧ ɡɧɚɤɨɦ «+», ɚ ɢɧɜɟɪɬɢɪɭɸɳɢɣ – ɡɧɚɤɨɦ «–». ɇɚɩɪɹɠɟɧɢɹ 
ɨɛɨɢɯ ɜɯɨɞɨɜ ɦɨɝɭɬ ɩɪɢɧɢɦɚɬɶ ɤɚɤ ɩɨɥɨɠɢɬɟɥɶɧɵɟ, ɬɚɤ ɢ ɨɬɪɢɰɚɬɟɥɶɧɵɟ 
ɡɧɚɱɟɧɢɹ.   

 

Ɋɢɫ. 5.1  
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Ɂɚɜɢɫɢɦɨɫɬɶ ɜɵɯɨɞɧɨɝɨ  ɧɚɩɪɹɠɟɧɢɹ  Ɉɍ  ɨɬ  ɜɯɨɞɧɨɝɨ  dUfU вых  

ɧɚɡɵɜɚɸɬ ɩɟɪɟɞɚɬɨɱɧɨɣ хɚɪɚɤɬɟɪɢɫɬɢɤɨɣ. Ɉɧɚ ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫ. 5.2.  

ɉɟɪɟɞɚɬɨɱɧɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɢɦɟɟɬ ɬɪɢ ɨɛɥɚɫɬɢ: ɥɢɧɟɣɧɭɸ ɢ ɞɜɟ 
ɨɛɥɚɫɬɢ ɧɚɫɵɳɟɧɢɹ. ȼ ɥɢɧɟɣɧɨɣ ɨɛɥɚɫɬɢ Ɉɍ ɜɟɞɟɬ ɫɟɛɹ ɤɚɤ ɭɫɢɥɢɬɟɥɶ 
ɧɚɩɪɹɠɟɧɢɹ ɫ ɛɨɥɶɲɢɦ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɭɫɢɥɟɧɢɹ. ɉɨɫɤɨɥɶɤɭ ɧɚɩɪɹɠɟɧɢɟ ɧɚ  
ɜɵɯɨɞɟ Ɉɍ ɧɟ  ɦɨɠɟɬ  ɩɪɟɜɵɲɚɬɶ  ɧɚɩɪɹɠɟɧɢɟ  ɩɢɬɚɧɢɹ, ɜɯɨɞɧɨɟ  
ɧɚɩɪɹɠɟɧɢɟ dU , ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɟ ɥɢɧɟɣɧɨɦɭ ɪɟɠɢɦɭ, ɧɟ ɩɪɟɜɵɲɚɟɬ ɞɨɥɟɣ 
ɦɢɥɥɢɜɨɥɶɬɚ. ɉɨɷɬɨɦɭ  ɨɩɟɪɚɰɢɨɧɧɵɣ ɭɫɢɥɢɬɟɥɶ ɦɨɠɟɬ ɪɚɛɨɬɚɬɶ ɜ ɥɢɧɟɣɧɨɦ 
ɪɟɠɢɦɟ ɬɨɥɶɤɨ ɩɪɢ ɧɚɥɢɱɢɢ ɨɬɪɢɰɚɬɟɥɶɧɨɣ ɨɛɪɚɬɧɨɣ ɫɜɹɡɢ. ɂɧɵɦɢ  ɫɥɨɜɚɦɢ, 
ɞɥɹ ɪɚɛɨɬɵ ɜ ɥɢɧɟɣɧɨɦ ɪɟɠɢɦɟ ɱɚɫɬɶ ɜɵɯɨɞɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɫ ɩɨɦɨɳɶɸ 
ɜɧɟɲɧɟɣ ɰɟɩɢ ɞɨɥɠɧɚ ɩɨɞɚɜɚɬɶɫɹ ɧɚ ɢɧɜɟɪɬɢɪɭɸɳɢɣ ɜɯɨɞ Ɉɍ.  

 

 

Ɋɢɫ. 5.2 

Ɂɚ ɫɱɟɬ ɨɬɪɢɰɚɬɟɥɶɧɨɣ ɨɛɪɚɬɧɨɣ ɫɜɹɡɢ ɜɯɨɞɧɨɟ ɧɚɩɪɹɠɟɧɢɟ dU  

ɫɬɚɧɨɜɢɬɫɹ ɛɥɢɡɤɢɦ ɤ ɧɭɥɸ ɢ ɨɩɟɪɚɰɢɨɧɧɵɣ  ɭɫɢɥɢɬɟɥɶ ɧɚɯɨɞɢɬɫɹ ɜ 
ɥɢɧɟɣɧɨɦ ɪɟɠɢɦɟ. 

 

2. Аɧɚɥɢɡ ɰɟɩɟɣ ɫ ɢɞɟɚɥɶɧɵɦɢ ɨɩɟɪɚɰɢɨɧɧɵɦɢ ɭɫɢɥɢɬɟɥяɦɢ 

Дɥɹ ɭɩɪɨɳɟɧɢɹ ɚɧɚɥɢɡɚ ɰɟɩɟɣ ɫ ɨɩɟɪɚɰɢɨɧɧɵɦɢ ɭɫɢɥɢɬɟɥɹɦɢ ɜɜɨɞɹɬ 
ɩɨɧɹɬɢɟ ɢɞɟɚɥɶɧɨɝɨ Ɉɍ. ɉɪɢ ɪɚɫɱɟɬɚɯ Ɉɍ ɪɚɫɫɦɚɬɪɢɜɚɸɬ ɤɚɤ ɢɞɟɚɥɶɧɵɣ 
ɫɯɟɦɧɵɣ ɷɥɟɦɟɧɬ, ɢɦɟɸɳɢɣ ɫɥɟɞɭɸɳɢɟ ɫɜɨɣɫɬɜɚ: 

1. Ȼɟɫɤɨɧɟɱɧɨ ɛɨɥɶɲɨɣ ɤɨɷɮɮɢɰɢɟɧɬ ɭɫɢɥɟɧɢɹ ɧɚɩɪɹɠɟɧɢɹ: 
U

K ; 

2. ɇɭɥɟɜɵɟ ɜɯɨɞɧɵɟ ɬɨɤɢ ( 0  II ); 

3. ɇɭɥɟɜɨɟ ɜɵɯɨɞɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ( 0выхR ). 

 

мВ 
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ɉɪɢ ɪɚɫɱɟɬɟ ɰɟɩɟɣ ɫ ɢɞɟɚɥɶɧɵɦɢ Ɉɍ, ɪɚɛɨɬɚɸɳɢɦɢ ɜ ɥɢɧɟɣɧɨɦ 
ɪɟɠɢɦɟ, ɭɞɨɛɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɫɥɟɞɭɸɳɢɟ ɩɪɚɜɢɥɚ. 

1. ȼɯɨɞɧɵɟ ɬɨɤɢ Ɉɍ ɪɚɜɧɵ ɧɭɥɸ: 0,0   II . 

2. ɇɚɩɪɹɠɟɧɢɟ  ɧɚ ɜɯɨɞɟ Ɉɍ ɪɚɜɧɨ ɧɭɥɸ: dU  (ɩɪɚɜɢɥɨ ɜɢɪɬɭɚɥɶ-

ɧɨɝɨ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ). 

ɋɮɨɪɦɭɥɢɪɨɜɚɧɧɵɟ ɩɪɚɜɢɥɚ ɡɧɚɱɢɬɟɥɶɧɨ ɭɩɪɨɳɚɸɬ ɪɚɫɱɟɬ ɰɟɩɟɣ ɫ Ɉɍ. 
ɋɥɟɞɭɟɬ ɩɨɦɧɢɬɶ, ɱɬɨ ɩɪɚɜɢɥɨ ɜɢɪɬɭɚɥɶɧɨɝɨ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ 
ɫɩɪɚɜɟɞɥɢɜɨ ɬɨɥɶɤɨ ɜ ɬɨɦ ɫɥɭɱɚɟ, ɟɫɥɢ Ɉɍ ɨɯɜɚɱɟɧ ɨɬɪɢɰɚɬɟɥɶɧɨɣ ɨɛɪɚɬɧɨɣ 
ɫɜɹɡɶɸ ɢ ɟɝɨ ɜɵɯɨɞɧɨɟ  ɧɚɩɪɹɠɟɧɢɟ ɦɟɧɶɲɟ ɧɚɩɪɹɠɟɧɢɹ ɧɚɫɵɳɟɧɢɹ. 

Ɋɚɫɫɦɨɬɪɢɦ ɩɪɢɦɟɪɵ ɪɚɫɱɟɬɚ ɬɢɩɨɜɵɯ ɷɥɟɤɬɪɨɧɧɵɯ ɫɯɟɦ ɫ 
ɨɩɟɪɚɰɢɨɧɧɵɦɢ ɭɫɢɥɢɬɟɥɹɦɢ, ɪɚɛɨɬɚɸɳɢɦɢ ɜ ɥɢɧɟɣɧɨɦ ɪɟɠɢɦɟ. 

 

ɉɪɢɦɟɪɵ 
ɪɚɫɱёɬɚ 

 

 

 

ɉɪɢɦɟɪ 5.1. Ɋɚɫɫɱɢɬɚɬɶ ɜɵɯɨɞɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɜ ɫɯɟɦɟ,  ɩɨɤɚɡɚɧɧɨɣ ɧɚ 
ɪɢɫ. 5.3.  

 

Ɋɢɫ. 5.3 

 

ɉɨɫɤɨɥɶɤɭ Ɉɍ ɨɯɜɚɱɟɧ ɨɬɪɢɰɚɬɟɥɶɧɨɣ ɨɛɪɚɬɧɨɣ ɫɜɹɡɶɸ, ɨɧ ɧɚɯɨɞɢɬɫɹ ɜ 
ɥɢɧɟɣɧɨɦ ɪɟɠɢɦɟ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɩɪɢ ɪɚɫɱɟɬɟ ɦɨɠɧɨ ɜɨɫɩɨɥɶɡɨɜɚɬɶɫɹ 
ɩɪɚɜɢɥɨɦ ɜɢɪɬɭɚɥɶɧɨɝɨ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ.  

Ɂɚɩɢɲɟɦ ɭɪɚɜɧɟɧɢɟ  ɩɨ ɩɟɪɜɨɦɭ  ɡɚɤɨɧɭ Кɢɪɯɝɨɮɚ ɞɥɹ ɭɡɥɚ 1: 

  III .                                         (5.1) 

Ɂɞɟɫɶ I  –  ɬɨɤ ɢɧɜɟɪɬɢɪɭɸɳɟɝɨ ɜɯɨɞɚ ɨɩɟɪɚɰɢɨɧɧɨɝɨ ɭɫɢɥɢɬɟɥɹ. 



79 

ɍɪɚɜɧɟɧɢɟ ɩɨ  ɜɬɨɪɨɦɭ ɡɚɤɨɧɭ Кɢɪɯɝɨɮɚ ɞɥɹ  ɤɨɧɬɭɪɚ,  ɜɤɥɸɱɚɸɳɟɝɨ 
ɢɫɬɨɱɧɢɤ Е ,  ɪɟɡɢɫɬɨɪ R  ɢ ɜɯɨɞ Ɉɍ: 

EUIR d  .                                         (5.2) 

Дɥɹ ɤɨɧɬɭɪɚ, ɜɤɥɸɱɚɸɳɟɝɨ ɜɯɨɞ Ɉɍ, ɪɟɡɢɫɬɨɪ R  ɢ ɜɵɯɨɞ ɫɯɟɦɵ,  ɢɦɟɟɦ 

  выхUIRUd .                                  (5.3) 

Ɋɟɲɚɹ ɷɬɭ   ɫɢɫɬɟɦɭ ɭɪɚɜɧɟɧɢɣ ɫ ɭɱɟɬɨɦ ɩɪɚɜɢɥ 1 ɢ 2, ɩɨɥɭɱɢɦ 

E
R

R
U



вых . 

Ɋɚɫɫɦɨɬɪɟɧɧɚɹ ɫɯɟɦɚ ɹɜɥɹɟɬɫɹ ɢɧɜɟɪɬɢɪɭɸɳɢɦ ɭɫɢɥɢɬɟɥɟɦ 

ɧɚɩɪɹɠɟɧɢɹ, ɩɨɫɤɨɥɶɤɭ ɜɵɯɨɞɧɨɣ ɫɢɝɧɚɥ ɢɦɟɟɬ ɩɨɥɹɪɧɨɫɬɶ, 
ɩɪɨɬɢɜɨɩɨɥɨɠɧɭɸ ɩɨɥɹɪɧɨɫɬɢ ɫɢɝɧɚɥɚ ɧɚ ɜɯɨɞɟ. Кɨɷɮɮɢɰɢɟɧɬ ɭɫɢɥɟɧɢɹ  




R

R

E

U
K вых . 

ɉɪɢɦɟɪ  5.2. Нɟɢɧɜɟɪɬɢɪɭɸɳɢɣ  ɭɫɢɥɢɬɟɥɶ  ɧɚɩɪɹɠɟɧɢɹ  ɩɨɤɚɡɚɧ ɧɚ 
ɪɢɫ. 5.4. Ɉɩɪɟɞɟɥɢɦ ɤɨɷɮɮɢɰɢɟɧɬ  ɭɫɢɥɟɧɢɹ  ɧɚɩɪɹɠɟɧɢɹ EUKU /вых . 

 

Ɋɢɫ. 5.4 

ȼ ɷɬɨɦ ɫɥɭɱɚɟ Ɉɍ ɬɚɤɠɟ ɧɚɯɨɞɢɬɫɹ ɜ ɥɢɧɟɣɧɨɦ ɪɟɠɢɦɟ. Цɟɩɶɸ 
ɨɬɪɢɰɚɬɟɥɶɧɨɣ ɨɛɪɚɬɧɨɣ ɫɜɹɡɢ ɹɜɥɹɟɬɫɹ ɞɟɥɢɬɟɥɶ ɧɚɩɪɹɠɟɧɢɹ R – R . 

Ɂɚɩɢɲɟɦ ɭɪɚɜɧɟɧɢɹ ɩɨ ɡɚɤɨɧɚɦ Кɢɪɯɝɨɮɚ. ɍɪɚɜɧɟɧɢɟ ɩɨ ɩɟɪɜɨɦɭ ɡɚɤɨɧɭ 
Кɢɪɯɝɨɮɚ ɞɥɹ ɭɡɥɚ, ɤ ɤɨɬɨɪɨɦɭ ɩɨɞɤɥɸɱɟɧ ɢɧɜɟɪɬɢɪɭɸɳɢɣ ɜɯɨɞ: 

  III . 
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ɍɪɚɜɧɟɧɢɟ  ɩɨ  ɜɬɨɪɨɦɭ ɡɚɤɨɧɭ Кɢɪɯɝɨɮɚ ɞɥɹ ɤɨɧɬɭɪɚ,  ɜɤɥɸɱɚɸɳɟɝɨ 
ɢɫɬɨɱɧɢɤ ɧɚɩɪɹɠɟɧɢɹ Е, ɜɯɨɞ Ɉɍ ɢ ɪɟɡɢɫɬɨɪ R : 

.11 EIRUd   

Дɥɹ ɤɨɧɬɭɪɚ, ɜɤɥɸɱɚɸɳɟɝɨ ɪɟɡɢɫɬɨɪɵ  RR ,  ɢ ɜɵɯɨɞ ɫɯɟɦɵ, 

.  выхUIRIR  

Ɋɟɲɚɹ ɷɬɭ ɫɢɫɬɟɦɭ ɭɪɚɜɧɟɧɢɣ ɢ ɭɱɢɬɵɜɚɹ, ɱɬɨ   IIUd , , 

ɩɨɥɭɱɚɟɦ 

.вых E
R

RR
U



   

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɪɚɫɫɦɚɬɪɢɜɚɟɦɚɹ ɫɯɟɦɚ ɹɜɥɹɟɬɫɹ ɧɟɢɧɜɟɪɬɢɪɭɸɳɢɦ 
ɭɫɢɥɢɬɟɥɟɦ ɧɚɩɪɹɠɟɧɢɹ, ɤɨɷɮɮɢɰɢɟɧɬ ɭɫɢɥɟɧɢɹ ɤɨɬɨɪɨɝɨ 

.


 
R

RR
KU  

ɉɪɢɦɟɪ 5.3. Ɉɩɪɟɞɟɥɢɬɶ ɧɚɩɪɹɠɟɧɢɟ ɧɚ ɜɵɯɨɞɟ ɰɟɩɢ, ɩɨɤɚɡɚɧɧɨɣ ɧɚ 
ɪɢɫ. 5.5. 

 

Ɋɢɫ. 5.5 

Ɋɟɲɟɧɢɟ. Дɥɹ ɚɧɚɥɢɡɚ ɢɫɩɨɥɶɡɭɟɦ ɦɟɬɨɞ ɧɚɥɨɠɟɧɢɹ. Ɋɚɫɫɦɨɬɪɢɦ ɞɜɟ 
ɱɚɫɬɧɵɯ ɫɯɟɦɵ, ɩɨɤɚɡɚɧɧɵɯ ɧɚ ɪɢɫ. 5.6, ɚ, ɛ. 

ɋɯɟɦɚ ɧɚ ɪɢɫ. 5.6, ɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɢɧɜɟɪɬɢɪɭɸɳɢɣ ɭɫɢɥɢɬɟɥɶ, 
ɧɚɩɪɹɠɟɧɢɟ ɧɚ ɜɵɯɨɞɟ ɤɨɬɨɪɨɝɨ  




 E
R

R
Uвых . 
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ɚ 

 

ɛ 

Ɋɢɫ. 5.6 
 

ɋɯɟɦɚ ɧɚ ɪɢɫ. 5.6, ɛ ɹɜɥɹɟɬɫɹ ɧɟɢɧɜɟɪɬɢɪɭɸɳɢɦ ɭɫɢɥɢɬɟɥɟɦ. ȼɵɯɨɞɧɨɟ 
ɧɚɩɪɹɠɟɧɢɟ  




 
 U

R

RR
Uвых . 

ɇɚɩɪɹɠɟɧɢɟ ɧɚ ɧɟɢɧɜɟɪɬɢɪɭɸɳɟɦ ɜɯɨɞɟ Ɉɍ 





 
 E

RR

R
U . 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɧɚɩɪɹɠɟɧɢɟ ɧɚ ɜɵɯɨɞɟ ɫɯɟɦɵ ɧɚ ɪɢɫ. 5.6, ɛ 

 
  








 E
RRR

RRR
Uвых . 
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ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɩɪɢɧɰɢɩɨɦ ɧɚɥɨɠɟɧɢɹ 













 



 E

R

R
E

RR

R

R

RR
UUU выхвыхвых . 

ɂɬɚɤ, ɧɚɩɪɹɠɟɧɢɟ ɧɚ ɜɵɯɨɞɟ Ɉɍ ɪɚɜɧɨ ɜɡɜɟɲɟɧɧɨɣ ɪɚɡɧɨɫɬɢ ɜɯɨɞɧɵɯ 
ɧɚɩɪɹɠɟɧɢɣ. Ɉɛɵɱɧɨ ɜɵɛɢɪɚɸɬ   RR ,   RR . ɉɪɢ ɷɬɨɦ ɜɵɯɨɞɧɨɟ 
ɧɚɩɪɹɠɟɧɢɟ  

 


  EE
R

R
Uвых . 

ɉɨɥɭɱɟɧɧɨɟ ɜɵɪɚɠɟɧɢɟ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɪɚɫɫɦɨɬɪɟɧɧɚɹ ɰɟɩɶ ɹɜɥɹɟɬɫɹ 
ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɦ (ɪɚɡɧɨɫɬɧɵɦ) ɭɫɢɥɢɬɟɥɟɦ. ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɦɟɬɨɞɚ 
ɧɚɥɨɠɟɧɢɹ ɜ ɪɚɫɫɦɨɬɪɟɧɧɨɦ ɩɪɢɦɟɪɟ ɩɨɡɜɨɥɢɥɨ ɭɩɪɨɫɬɢɬɶ ɪɚɫɱɟɬ ɢ ɫɜɟɫɬɢ 
ɟɝɨ ɤ ɚɧɚɥɢɡɭ ɢɡɜɟɫɬɧɵɯ ɫɯɟɦ. 

 

4. Зɚɞɚɱɢ ɞɥя ɫɚɦɨɫɬɨяɬɟɥɶɧɨɝɨ ɪɟɲɟɧɢя 

Зɚɞɚɱɚ 5.1. ɉɨɤɚɡɚɬɶ, ɱɬɨ ɤɨɷɮɮɢɰɢɟɧɬ ɭɫɢɥɟɧɢɹ ɫɯɟɦɵ ɧɚ ɪɢɫ. 5.7, ɚ, ɛ 

ɪɚɜɟɧ +1 ɢɥɢ –1 ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɩɨɥɨɠɟɧɢɹ ɤɥɸɱɚ. ɉɚɪɚɦɟɬɪɵ ɫɯɟɦɵ:  
  RR ɤɈɦ,  .R  ɤɈɦ. 

          

ɚ ɛ 

Ɋɢɫ. 5.7 

Зɚɞɚɱɚ 5.2.  ɉɨɤɚɡɚɬɶ, ɱɬɨ ɫɯɟɦɚ, ɢɡɨɛɪɚɠɟɧɧɚɹ ɧɚ ɪɢɫ. 5.8, ɹɜɥɹɟɬɫɹ 
ɢɫɬɨɱɧɢɤɨɦ ɧɚɩɪɹɠɟɧɢɹ, ɭɩɪɚɜɥɹɟɦɵɦ ɬɨɤɨɦ (ɂɇɍɌ). Ɉɩɟɪɚɰɢɨɧɧɵɣ 
ɭɫɢɥɢɬɟɥɶ ɫɱɢɬɚɬɶ ɢɞɟɚɥɶɧɵɦ. 

Зɚɞɚɱɚ 5.3. Ɉɩɪɟɞɟɥɢɬɶ  ɧɚɩɪɹɠɟɧɢɟ  ɧɚ  ɜɵɯɨɞɟ ɫɯɟɦɵ,  ɩɨɤɚɡɚɧɧɨɣ ɧɚ 
ɪɢɫ. 5.9, ɟɫɥɢ J  ɦȺ, R  ɤɈɦ. 
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Ɋɢɫ. 5.8               Ɋɢɫ. 5.9  

Зɚɞɚɱɚ 5.4. Ɉɩɪɟɞɟɥɢɬɶ ɧɚɩɪɹɠɟɧɢɟ ɧɚ ɜɵɯɨɞɟ ɰɟɩɢ, ɢɡɨɛɪɚɠɟɧɧɨɣ ɧɚ 
ɪɢɫ. 5.10. Ɂɧɚɱɟɧɢɹ ɷɥɟɦɟɧɬɨɜ: R  ɤɈɦ, R  ɤɈɦ, Е  ȼ,  ,Е  ȼ. 

 

Ɋɢɫ. 5.10 

Зɚɞɚɱɚ 5.5. ɋɯɟɦɭ, ɩɨɤɚɡɚɧɧɭɸ ɧɚ ɪɢɫ. 5.11, ɢɫɩɨɥɶɡɭɸɬ ɞɥɹ 
ɪɟɚɥɢɡɚɰɢɢ  ɢɧɜɟɪɬɢɪɭɸɳɢɯ ɭɫɢɥɢɬɟɥɟɣ ɫ ɛɨɥɶɲɢɦ ɤɨɷɮɮɢɰɢɟɧɬɨɦ 
ɭɫɢɥɟɧɢɹ ɢ ɜɵɫɨɤɢɦ ɜɯɨɞɧɵɦ ɫɨɩɪɨɬɢɜɥɟɧɢɟɦ. ɉɨɤɚɡɚɬɶ, ɱɬɨ ɤɨɷɮɮɢɰɢɟɧɬ 
ɭɫɢɥɟɧɢɹ ɫɯɟɦɵ   























R

R

R

R

R

R

U

U
KU

вх

вых . 
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Ɋɢɫ. 5.11 
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Зɚɞɚɱɚ 5.6. ɇɚ ɪɢɫ. 5.12 ɩɨɤɚɡɚɧɚ ɫɯɟɦɚ ɭɧɢɜɟɪɫɚɥɶɧɨɝɨ ɦɨɞɭɥɹ, 
ɫɨɞɟɪɠɚɳɟɝɨ ɨɩɟɪɚɰɢɨɧɧɵɣ ɭɫɢɥɢɬɟɥɶ ɢ ɩɪɟɰɢɡɢɨɧɧɵɟ ɪɟɡɢɫɬɨɪɵ 
ɫɨɩɪɨɬɢɜɥɟɧɢɟɦ кОм25R . ɉɨɤɚɡɚɬɶ, 
ɱɬɨ ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɭɫɢɥɢɬɟɥɢ ɫ 
ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɭɫɢɥɟɧɢɹ, ɪɚɜɧɵɦ +1, –
1, +2,  ɫɨɟɞɢɧɹɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦ 
ɨɛɪɚɡɨɦ ɜɵɜɨɞɵ A, B, C, D, O. 

ɉɪɟɞɥɨɠɢɬɶ ɦɚɤɫɢɦɚɥɶɧɨɟ ɤɨɥɢɱɟɫɬɜɨ 
ɫɯɟɦ, ɪɟɚɥɢɡɭɸɳɢɯ ɪɚɡɥɢɱɧɵɟ                                  Ɋɢɫ. 5.12 

ɤɨɷɮɮɢɰɢɟɧɬɵ ɭɫɢɥɟɧɢɹ. 
Зɚɞɚɱɚ 5.7. ɇɚ ɪɢɫ. 5.13 ɩɨɤɚɡɚɧɚ ɫɯɟɦɚ, ɩɪɟɨɛɪɚɡɭɸɳɚɹ ɰɢɮɪɨɜɨɣ 

ɫɢɝɧɚɥ ɜ ɚɧɚɥɨɝɨɜɵɣ (ɰɢɮɪɨɚɧɚɥɨɝɨɜɵɣ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ – ЦȺɉ). ɉɨɤɚɡɚɬɶ, 
ɱɬɨ ɜɯɨɞɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɨɬɧɨɫɢɬɟɥɶɧɨ ɡɚɠɢɦɨɜ ɢɫɬɨɱɧɢɤɚ Е  ɜɫɟɝɞɚ 
ɪɚɜɧɨ R, ɚ ɜɵɯɨɞɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɨɩɪɟɞɟɥɹɟɬɫɹ ɜɵɪɚɠɟɧɢɟɦ:  

  






 


 Ebbb
R

R
U n

nn

n
вых . 

Ɂɞɟɫɶ 0ib , ɟɫɥɢ ɤɥɸɱ iS  ɧɚɯɨɞɢɬɫɹ ɜ ɩɨɥɨɠɟɧɢɢ 0, ɢ 1ib , ɟɫɥɢ ɤɥɸɱ 
ɧɚɯɨɞɢɬɫɹ ɜ ɩɨɥɨɠɟɧɢɢ 1. 

 

 

Ɋɢɫ. 5.13 

 

Зɚɞɚɱɚ 5.8. Ɉɩɪɟɞɟɥɢɬɶ ɜɯɨɞɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɰɟɩɢ, ɩɨɤɚɡɚɧɧɨɣ ɧɚ 
ɪɢɫ. 5.15. ɋɱɢɬɚɬɶ, ɱɬɨ Ɉɍ ɪɚɛɨɬɚɟɬ ɜ ɥɢɧɟɣɧɨɦ ɪɟɠɢɦɟ, ɢ RRRR   .  

ɉɨɞɭɦɚɣɬɟ, ɩɨɱɟɦɭ ɷɬɭ ɫɯɟɦɭ ɧɚɡɵɜɚɸɬ ɤɨɧɜɟɪɬɨɪɨɦ ɨɬɪɢɰɚɬɟɥɶɧɨɝɨ 
ɫɨɩɪɨɬɢɜɥɟɧɢɹ? 
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Ɋɢɫ. 5.14 
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