
X. Оптика 
1. Ɂɚɤɨɧ ɨɬɪɚɠɟɧɢя   Ʌɭɱ ɩɚɞɚɸɳɢɣ ɢ ɥɭɱ ɨɬɪɚɠɟɧɧɵɣ ɥɟɠɚɬ ɜ ɨɞɧɨɣ ɩɥɨɫɤɨɫɬɢ ɫ ɧɨɪɦɚɥɶɸ, ɩɪɨɜɟɞɟɧɧɨɣ ɤ 

ɨɬɪɚɠɚɸɳɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɜ ɬɨɱɤɟ ɩɚɞɟɧɢɹ ɥɭɱɚ. ɉɪɢ ɷɬɨɦ  ɭɝɨɥ ɩɚɞɟɧɢɹ ɪɚɜɟɧ ɭɝɥɭ ɨɬɪɚɠɟɧɢɹ. 

α β 
  α = β 

ɉɚɞɚɸɳɢɣ 

     ɥɭɱ 

Ɉɬɪɚɠɟɧɧɵɣ 

     ɥɭɱ 

ɍɝɨɥ ɩɚɞɟɧɢɹ ɍɝɨɥ ɨɬɪɚɠɟɧɢɹ 

ɇɨɪɦɚɥɶ (ɩɟɪɩɟɧɞɢɤɭɥɹɪ)  

ɤ ɨɬɪɚɠɚɸɳɟɣ ɩɨɜɟɪɯɧɨɫɬɢ 

       Ƚɥɚɡ  
ɧɚɛɥɸɞɚɬɟɥɹ 

S S′ —

ɉɥɨɫɤɨɟ ɡɟɪɤɚɥɨ

ɢɡɨɛɪɚɠɟɧɢɟ ɫɜɟɬɹɳɟɣɫɹ ɬɨɱɤɢ S ɜ 

ɩɥɨɫɤɨɦ ɡɟɪɤɚɥɟ — ɬɨɱɤɚ ɩɟɪɟɫɟɱɟɧɢɹ 

ɩɪɨɞɨɥɠɟɧɢɣ ɜɫɟɯ ɥɭɱɟɣ, ɨɬɪɚɠɟɧɧɵɯ 

ɨɬ ɡɟɪɤɚɥɚ — ɧɚɛɥɸɞɚɬɟɥɸ ɤɚɠɟɬɫɹ, 

ɱɬɨ ɥɭɱɢ, ɩɨɩɚɞɚɸɳɢɟ ɜ ɟɝɨ ɝɥɚɡ,  
ɩɪɢɯɨɞɹɬ ɢɡ ɬɨɱɤɢ S′     

Иɡɨɛɪɚɠɟɧɢɟ ɬɨɱɤɢ ɜ ɩɥɨɫɤɨɦ ɡɟɪɤɚɥɟ ɥɟɠɢɬ ɧɚ ɩɟɪɩɟɧɞɢɤɭɥɹɪɟ, 
ɩɪɨɜɟɞɟɧɧɨɦ ɤ ɡɟɪɤɚɥɭ ɢɡ ɷɬɨɣ ɬɨɱɤɢ, ɩɪɢɱɟɦ,  

ɪɚɫɫɬɨɹɧɢɹ ɞɨ ɡɟɪɤɚɥɚ ɨɬ ɬɨɱɤɢ ɢ ɨɬ ɟɟ ɢɡɨɛɪɚɠɟɧɢɹ ɨɞɢɧɚɤɨɜɵ. 

А′

А
Иɡɨɛɪɚɠɟɧɢɟ ɩɪɟɞɦɟɬɚ ɫɢɦɦɟɬɪɢчɧɨ ɫɚɦɨɦɭ ɩɪɟɞɦɟɬɭ ɨɬɧɨɫɢɬɟɥьɧɨ ɩɥɨɫɤɨɫɬɢ ɡɟɪɤɚɥɚ 

2. Ɂɚɤɨɧ ɩɪɟɥɨɦɥɟɧɢя
ɉɪɢ ɩɟɪɟɯɨɞɟ ɢɡ ɨɞɧɨɣ ɩɪɨɡɪɚɱɧɨɣ ɫɪɟɞɵ ɜ ɞɪɭɝɭɸ ɫɜɟɬɨɜɨɣ ɥɭɱ ɱɚɫɬɢɱɧɨ ɨɬɪɚɠɚɟɬɫɹ ɨɬ ɝɪɚɧɢɰɵ ɪɚɡɞɟɥɚ ɫɪɟɞ, ɚ ɱɚɫɬɢɱɧɨ ɩɪɨɯɨɞɢɬ ɜ 

ɫɥɟɞɭɸɳɭɸ ɫɪɟɞɭ, ɩɪɢɱɟɦ, ɜ ɧɨɜɨɣ ɫɪɟɞɟ ɧɚɩɪɚɜɥɟɧɢɟ ɥɭɱɚ ɦɨɠɟɬ ɢɡɦɟɧɢɬɶɫɹ. Ɍɚɤɨɣ ɥɭɱ, ɢɡɦɟɧɢɜɲɢɣ ɫɜɨɟ ɧɚɩɪɚɜɥɟɧɢɟ ɩɪɢ ɩɟɪɟɯɨɞɟ ɜ 

ɧɨɜɭɸ ɫɪɟɞɭ, ɧɚɡɵɜɚɟɬɫɹ ɉɊȿɅɈɆɅȿɇɇЫɆ ɥɭɱɨɦ.  
 Ʌɭɱ ɩɚɞɚɸɳɢɣ ɢ ɥɭɱ ɩɪɟɥɨɦɥɟɧɧɵɣ ɥɟɠɚɬ ɜ ɨɞɧɨɣ ɩɥɨɫɤɨɫɬɢ ɫ ɧɨɪɦɚɥɶɸ, 

ɩɪɨɜɟɞɟɧɧɨɣ ɤ ɝɪɚɧɢɰɟ ɪɚɡɞɟɥɚ ɫɪɟɞ ɜ ɬɨɱɤɟ ɩɚɞɟɧɢɹ ɥɭɱɚ. ɉɪɢ ɷɬɨɦ 

ɨɬɧɨɲɟɧɢɟ ɫɢɧɭɫɚ ɭɝɥɚ ɩɚɞɟɧɢɹ ɤ ɫɢɧɭɫɭ ɭɝɥɚ ɩɪɟɥɨɦɥɟɧɢɹ 

ɟɫɬɶ ɜɟɥɢɱɢɧɚ ɩɨɫɬɨɹɧɧɚɹ ɞɥɹ ɞɚɧɧɵɯ ɞɜɭɯ ɫɪɟɞ  

ɩɪɢ ɞɚɧɧɨɣ ɱɚɫɬɨɬɟ ɢɡɥɭɱɟɧɢɹ.  
ɚɛɫɨɥɸɬɧɵɣ ɩɨɤɚɡɚɬɟɥɶ 

ɩɪɟɥɨɦɥɟɧɢɹ ɜɬɨɪɨɣ ɫɪɟɞɵ
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ɉɚɞɚɸɳɢɣ 

     ɥɭɱ 

ɉɪɟɥɨɦɥɟɧɧɵɣ 

     ɥɭɱ 

ɍɝɨɥ ɩɚɞɟɧɢɹ 

ɍɝɨɥ ɩɪɟɥɨɦɥɟɧɢɹ 

ɇɨɪɦɚɥɶ (ɩɟɪɩɟɧɞɢɤɭɥɹɪ) 

ɤ ɝɪɚɧɢɰɟ ɪɚɡɞɟɥɚ ɫɪɟɞ 

α 

Ɉɬɪɚɠɟɧɧɵɣ ɥɭɱ 

(ɪɟɡɭɥɶɬɚɬ 
ɱɚɫɬɢɱɧɨɝɨ 

ɨɬɪɚɠɟɧɢɹ)

Ɉɬɧɨɫɢɬɟɥɶɧɵɣ 

ɩɨɤɚɡɚɬɟɥɶ ɩɪɟɥɨɦɥɟɧɢɹ 
(ɩɨɤɚɡɚɬɟɥɶ ɩɪɟɥɨɦɥɟɧɢɹ 

ɜɬɨɪɨɣ ɫɪɟɞɵ ɨɬɧɨɫɢɬɟɥɶɧɨ 

ɩɟɪɜɨɣ) 

Ɉɬɧɨɲɟɧɢɟ ɫɤɨɪɨɫɬɢ 

ɫɜɟɬɚ ɜ ɩɟɪɜɨɣ ɫɪɟɞɟ ɤ 

ɫɤɨɪɨɫɬɢ ɫɜɟɬɚ ɜɨ ɜɬɨɪɨɣ 

ɚɛɫɨɥɸɬɧɵɣ ɩɨɤɚɡɚɬɟɥɶ 

ɩɪɟɥɨɦɥɟɧɢɹ ɩɟɪɜɨɣ ɫɪɟɞɵ
Аɛɫɨɥɸɬɧɵɣ ɩɨɤɚɡɚɬɟɥɶ 

ɩɪɟɥɨɦɥɟɧɢɹ – ɩɨɤɚɡɚɬɟɥɶ 

ɩɪɟɥɨɦɥɟɧɢɹ ɫɪɟɞɵ ɨɬɧɨɫɢɬɟɥɶɧɨ 

ɜɚɤɭɭɦɚ: 

 
ɫɪɟɞɟ ɜ ɫɜɟɬɚ

ɫɪɟɞɵ
v

ɫ
n =  

ɋɤɨɪɨɫɬɶ ɫɜɟɬɚ ɜ ɜɚɤɭɭɦɟ  ɫ ≈ 3⋅108 ɦ/ɫα 

β 

α 
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 n2 > n1  ;  α > β 

Сɪɟɞɚ 1 

(
       

ɫɬɟɤɥɨ)

      n1

 n2
 

Сɪɟɞɚ  2 

(ɜɨɡɞɭɯ) 

 Сɪɟɞɚ 1 

(
       

ɜɨɡɞɭɯ) 

      n1

 n2
 

Сɪɟɞɚ  2 

  (ɜɨɞɚ) 

ɉɪɢ ɩɟɪɟɯɨɞɟ ɥɭɱɚ ɜ 

ɨɩɬɢɱɟɫɤɢ ɛɨɥɟɟ 
ɩɥɨɬɧɭɸ ɫɪɟɞɭ 

(n2 >  n1)  

ɥɭɱ ɩɪɢɛɥɢɠɚɟɬɫɹ ɤ 

ɧɨɪɦɚɥɢ 

ɉɪɢ ɩɟɪɟɯɨɞɟ ɥɭɱɚ ɜ 

ɨɩɬɢɱɟɫɤɢ ɦɟɧɟɟ 
ɩɥɨɬɧɭɸ ɫɪɟɞɭ 

(n2 <  n1)  

ɥɭɱ ɨɬɞɚɥɹɟɬɫɹ ɨɬ  
ɧɨɪɦɚɥɢ 

vɫɜɟɬɚ ɜ ɜɨɡɞɭɯɟ ≈ ɫ, ɬ. ɟ.   nɜɨɡɞɭɯɚ ≈ 1 

          ɉɪɢ ɩɟɪɟɯɨɞɟ ɥɭɱɚ 
ɜ ɨɩɬɢɱɟɫɤɢ ɦɟɧɟɟ ɩɥɨɬɧɭɸ ɫɪɟɞɭ (n2 < n1) 

ɦɨɠɟɬ ɩɪɨɢɡɨɣɬɢ ɉɈɅɇɈȿ ɈɌɊАɀȿɇИȿ 

ɥɭɱɚ ɨɬ ɝɪɚɧɢɰɵ ɪɚɡɞɟɥɚ ɫɪɟɞ, ɟɫɥɢ ɭɝɨɥ 

ɩɚɞɟɧɢɹ ɫɥɢɲɤɨɦ ɜɟɥɢɤ: α ≥ α0  
α0 − ɭɝɨɥ ɩɨɥɧɨɝɨ ɜɧɭɬɪɟɧɧɟɝɨ ɨɬɪɚɠɟɧɢɹ
      ɩɪɢ ɭɝɥɟ ɩɚɞɟɧɢɹ α = α0  

      ɭɝɨɥ ɩɪɟɥɨɦɥɟɧɢɹ β0 = 90ɨ ⇒     
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ɟɫɥɢ ɥɭɱ ɜɵɯɨɞɢɬ ɜ 

ɜɨɡɞɭɯ ɢɥɢ ɜɚɤɭɭɦ ɢɡ 
ɫɪɟɞɵ ɫ ɩɨɤɚɡɚɬɟɥɟɦ 

ɩɪɟɥɨɦɥɟɧɢɹ n 

 Сɪɟɞɚ 2 (ɜɨɡɞɭɯ)    n2 < n1  ⇒  α < β 

α0

β0 = 90ɨ

 n1       Сɪɟɞɚ 1  (ɜɨɞɚ) 

α > α0

ɉɪɢ ɭɝɥɚɯ ɩɚɞɟɧɢɹ ɦɟɧɶɲɢɯ, ɱɟɦ α0, 

ɥɭɱ ɨɬɪɚɠɚɟɬɫɹ ɨɬ ɝɪɚɧɢɰɵ ɪɚɡɞɟɥɚ 
ɫɪɟɞ ɥɢɲɶ ɱɚɫɬɢɱɧɨ (ɫ ɪɨɫɬɨɦ α ɞɨɥɹ 

ɨɬɪɚɠɟɧɧɨɣ ɷɧɟɪɝɢɢ ɪɚɫɬɟɬ)  

 ɉɪɢ α ≥ α0 ɥɭɱ 

ɩɨɥɧɨɫɬɶɸ ɨɬɪɚɠɚɟɬɫɹ ɨɬ 
ɝɪɚɧɢɰɵ ɪɚɡɞɟɥɚ ɫɪɟɞ ɢ ɧɟ
ɜɵɯɨɞɢɬ ɜɨ ɜɬɨɪɭɸ ɫɪɟɞ

 

ɭ    n1⋅sin α1 = n2⋅sin α2 = … = const 
ɩɪɨɢɡɜɟɞɟɧɢɟ ɩɨɤɚɡɚɬɟɥɹ ɩɪɟɥɨɦɥɟɧɢɹ ɫɪɟɞɵ ɧɚ ɫɢɧɭɫ ɭɝɥɚ ɦɟɠɞɭ ɥɭɱɨɦ ɢ ɧɨɪɦɚɥɶɸ ɜ ɷɬɨɣ ɫɪɟɞɟ 
ɨɫɬɚɟɬɫɹ ɧɟɢɡɦɟɧɧɵɦ ɩɪɢ ɩɟɪɟɯɨɞɟ ɢɡ ɨɞɧɨɣ ɫɪɟɞɵ ɜ ɞɪɭɝɭɸ  

4. Лɢɧɡɚ — ɩɪɨɡɪɚɱɧɨɟ ɬɟɥɨ, ɨɝɪɚɧɢɱɟɧɧɨɟ ɞɜɭɦɹ ɫɮɟɪɢɱɟɫɤɢɦɢ ɩɨɜɟɪɯɧɨɫɬɹɦɢ. 
Ʌɢɧɡɚ ɫɱɢɬɚɟɬɫɹ ɬɨɧɤɨɣ, ɟɫɥɢ ɟɟ ɬɨɥɳɢɧɚ АВ ɦɚɥɚ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɪɚɞɢɭɫɚɦɢ R1 ɢ R2 ɫɮɟɪɢɱɟɫɤɢɯ 

ɩɨɜɟɪɯɧɨɫɬɟɣ, ɨɝɪɚɧɢɱɢɜɚɸɳɢɯ ɥɢɧɡɭ, ɚ ɬɚɤɠɟ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɪɚɫɫɬɨɹɧɢɹɦɢ d ɢ f ɨɬ ɥɢɧɡɵ ɞɨ 

ɩɪɟɞɦɟɬɚ ɢ ɨɬ ɥɢɧɡɵ ɞɨ ɢɡɨɛɪɚɠɟɧɢɹ. 

В Ɉ1А 

R2

Ɉ2

R1
Ƚɥɚɜɧɚɹ ɨɩɬɢɱɟɫɤɚɹ ɨɫɶ ɥɢɧɡɵ – ɩɪɹɦɚɹ, 

ɩɪɨɯɨɞɹɳɚɹ ɱɟɪɟɡ ɰɟɧɬɪɵ Ɉ1 ɢ Ɉ2 ɫɮɟɪɢɱɟɫɤɢɯ 

ɩɨɜɟɪɯɧɨɫɬɟɣ, ɨɝɪɚɧɢɱɢɜɚɸɳɢɯ ɥɢɧɡɭ.  

Ʌɢɧɡɚ ɧɚɡɵɜɚɟɬɫɹ ɫɨɛɢɪɚɸɳɟɣ, ɟɫɥɢ ɥɭɱɢ, ɩɚɞɚɸɳɢɟ ɧɚ ɧɟɟ 
ɩɚɪɚɥɥɟɥɶɧɨ ɞɪɭɝ ɞɪɭɝɭ, ɩɨɫɥɟ ɩɪɟɥɨɦɥɟɧɢɹ ɫɯɨɞɹɬɫɹ. 

Ʌɢɧɡɚ ɧɚɡɵɜɚɟɬɫɹ ɪɚɫɫɟɢɜɚɸɳɟɣ, ɟɫɥɢ ɥɭɱɢ, ɩɚɞɚɸɳɢɟ ɧɚ ɧɟɟ 
ɩɚɪɚɥɥɟɥɶɧɨ ɞɪɭɝ ɞɪɭɝɭ, ɩɨɫɥɟ ɩɪɟɥɨɦɥɟɧɢɹ ɪɚɫɯɨɞɹɬɫɹ. 
 

Ɏɨɤɭɫɨɦ ɥɢɧɡɵ ɧɚɡɵɜɚɟɬɫɹ ɬɨɱɤɚ, ɜ ɤɨɬɨɪɨɣ ɩɨɫɥɟ ɩɪɟɥɨɦɥɟɧɢɹ 

ɩɟɪɟɫɟɤɚɸɬɫɹ ɥɭɱɢ, ɭɩɚɜɲɢɟ ɧɚ ɥɢɧɡɭ ɩɚɪɚɥɥɟɥɶɧɨ ɟɟ ɝɥɚɜɧɨɣ 

ɨɩɬɢɱɟɫɤɨɣ ɨɫɢ (ɢɥɢ ɩɪɨɞɨɥɠɟɧɢɹ ɩɪɟɥɨɦɥɟɧɧɵɯ ɥɭɱɟɣ, ɟɫɥɢ 

ɥɢɧɡɚ ɪɚɫɫɟɢɜɚɸɳɚɹ). 

Ɉɛɨɡɧɚɱɟɧɢɟ ɬɨɧɤɨɣ ɫɨɛɢɪɚ-
ɸɳɟɣ ɥɢɧɡɵ 

F O F O

Ɉɛɨɡɧɚɱɟɧɢɟ ɬɨɧɤɨɣ ɪɚɫɫɟɢɜɚ-
ɸɳɟɣ ɥɢɧɡɵ 

 F > 0       F 

Фɨɤɭɫ ɥɢɧɡɵ 

Фɨɤɭɫɧɨɟ ɪɚɫɫɬɨɹɧɢɟ 
ɥɢɧɡɵ – ɪɚɫɫɬɨɹɧɢɟ ɨɬ 
ɥɢɧɡɵ ɞɨ ɮɨɤɭɫɚ.  
ȼ ɋИ ɢɡɦɟɪɹɟɬɫɹ ɜ ɦɟɬɪɚɯ.

Ɉɩɬɢɱɟɫɤɚɹ ɫɢɥɚ ɥɢɧɡɵ 

ɢɡɦɟɪɹɟɬɫɹ ɜ ɞɢɨɩɬɪɢɹɯ:  

1 ɞɩɬɪ = 1/ɦ = 1ɦ-1
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⎜F ⎜    F < 0

  n2 < n1  ;  α < β 

Ɉ
SɈ = ɈS′ 

S′ S 

В′

В

R2 ɢ R1 ɛɟɪɭɬɫɹ ɫɨ 

ɡɧɚɤɨɦ «+», ɟɫɥɢ 

ɫɮɟɪɚ ɜɵɩɭɤɥɚɹ, 

«−» - ɟɫɥɢ ɜɨɝɧɭɬɚɹ



 5. ɂɡɨɛɪɚɠɟɧɢɟ  ɬɨɱɤɢ S  ɜ ɥɢɧɡɟ – ɷɬɨ ɬɚɤɚɹ ɬɨɱɤɚ S ′, ɜ ɤɨɬɨɪɨɣ ɥɭɱɢ, ɜɵɲɟɞɲɢɟ ɢɡ ɬɨɱɤɢ S, ɩɟɪɟɫɟɤɚɸɬɫɹ ɩɨɫɥɟ ɩɪɟɥɨɦɥɟɧɢɹ ɜ ɥɢɧɡɟ. 

F O 

F 

S 

S′ 

A 

A′ 

ɇ – ɪɚɡɦɟɪ 

       ɢɡɨɛɪɚ-
       ɠɟɧɢɹ 

h 

ɪɚɡɦɟɪ  

ɩɪɟɞɦɟɬɚ 

⎜d ⎜ ⎜f ⎜ 

ɉɟɪɟɞ ɪɚɫɫɬɨɹɧɢɟɦ  ⎜d ⎜ ɨɬ ɥɢɧɡɵ ɞɨ ɩɪɟɞɦɟɬɚ:  «+» — ɟɫɥɢ ɩɪɟɞɦɟɬ ɞɟɣɫɬɜɢɬɟɥɶɧɵɣ, ɬ. ɟ. ɥɭɱɢ ɨɬ ɬɨɱɟɱɧɨɝɨ 

      ɢɫɬɨɱɧɢɤɚ ɩɚɞɚɸɬ ɧɚ ɥɢɧɡɭ ɪɚɫɯɨɞɹɳɢɦɫɹ ɤɨɧɭɫɨɦ: 

          «−» — ɟɫɥɢ ɩɪɟɞɦɟɬ ɦɧɢɦɵɣ, ɬ. ɟ. ɥɭɱɢ ɨɬ ɬɨɱɟɱɧɨɝɨ ɢɫɬɨɱɧɢɤɚ 
                 ɩɚɞɚɸɬ ɧɚ ɥɢɧɡɭ ɫɯɨɞɹɳɢɦɫɹ ɤɨɧɭɫɨɦ (ɷɬɨ ɜɨɡɦɨɠɧɨ, ɧɚɩɪɢɦɟɪ, 

           ɟɫɥɢ ɥɭɱɢ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɩɪɨɲɥɢ ɱɟɪɟɡ ɫɨɛɢɪɚɸɳɭɸ ɥɢɧɡɭ).  
         ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɩɪɟɞɦɟɬɨɦ ɫɱɢɬɚɟɬɫɹ ɬɨɱɤɚ ɩɟɪɟɫɟɱɟɧɢɹ ɩɪɨɞɨɥɠɟɧɢɣ ɥɭɱɟɣ,  

                       ɭɩɚɜɲɢɯ ɧɚ ɥɢɧɡɭ. 

ɪɚɫɫɬɨɹɧɢɟ  
ɨɬ ɥɢɧɡɵ ɞɨ ɩɪɟɞɦɟɬɚ 

ɪɚɫɫɬɨɹɧɢɟ 
ɨɬ ɥɢɧɡɵ ɞɨ ɢɡɨɛɪɚɠɟɧɢɹ 

ɑɬɨɛɵ ɩɨɫɬɪɨɢɬɶ ɢɡɨɛɪɚɠɟɧɢɟ S ′ ɬɨɱɤɢ S, ɧɚɞɨ ɡɧɚɬɶ ɯɨɞ ɞɜɭɯ ɥɭɱɟɣ, 

ɜɵɲɟɞɲɢɯ ɢɡ S ɢ ɩɪɟɥɨɦɥɟɧɧɵɯ ɜ ɥɢɧɡɟ (ɝɞɟ ɩɟɪɟɫɟɤɭɬɫɹ ɷɬɢ ɥɭɱɢ, ɬɚɦ 

ɩɟɪɟɫɟɤɭɬɫɹ ɢ ɜɫɟ ɨɫɬɚɥɶɧɵɟ). ȼɫɟɝɞɚ ɢɡɜɟɫɬɟɧ ɯɨɞ ɫɥɟɞɭɸɳɢɯ ɥɭɱɟɣ: 

• ɥɭɱ, ɩɚɞɚɸɳɢɣ ɧɚ ɥɢɧɡɭ ɩɚɪɚɥɥɟɥɶɧɨ ɝɥɚɜɧɨɣ ɨɩɬɢɱɟɫɤɨɣ ɨɫɢ, 

ɩɪɟɥɨɦɢɜɲɢɫɶ, ɩɪɨɯɨɞɢɬ ɱɟɪɟɡ ɮɨɤɭɫ (ɟɫɥɢ ɥɢɧɡɚ ɫɨɛɢɪɚɸɳɚɹ) ɢɥɢ ɢɞɟɬ 
ɬɚɤ, ɱɬɨ ɟɝɨ ɩɪɨɞɨɥɠɟɧɢɟ ɩɪɨɯɨɞɢɬ ɱɟɪɟɡ ɮɨɤɭɫ (ɟɫɥɢ ɥɢɧɡɚ ɪɚɫɫɟɢɜɚɸɳɚɹ)

• ɥɭɱ, ɩɚɞɚɸɳɢɣ ɧɚ ɫɨɛɢɪɚɸɳɭɸ ɥɢɧɡɭ, ɩɨ ɩɪɹɦɨɣ, ɩɪɨɯɨɞɹɳɟɣ ɱɟɪɟɡ ɮɨɤɭɫ,
 (ɥɭɱ, ɩɚɞɚɸɳɢɣ ɧɚ ɪɚɫɫɟɢɜɚɸɳɭɸ ɥɢɧɡɭ ɜɞɨɥɶ ɩɪɹɦɨɣ, ɩɪɨɯɨɞɹɳɟɣ ɱɟɪɟɡ 
ɮɨɤɭɫ, ɪɚɫɩɨɥɨɠɟɧɧɵɣ ɫ ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ ɥɢɧɡɵ) ɩɪɟɥɨɦɢɜɲɢɫɶ, ɢɞɟɬ 
ɩɚɪɚɥɥɟɥɶɧɨ ɝɥɚɜɧɨɣ ɨɩɬɢɱɟɫɤɨɣ ɨɫɢ 

• ɥɭɱ, ɩɪɨɯɨɞɹɳɢɣ ɱɟɪɟɡ ɨɩɬɢɱɟɫɤɢɣ ɰɟɧɬɪ ɬɨɧɤɨɣ ɥɢɧɡɵ, ɩɨɫɥɟ ɩɪɟɥɨɦɥɟɧɢɹ 

ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɨɬɤɥɨɧɹɟɬɫɹ ɨɬ ɩɪɹɦɨɣ, ɜɞɨɥɶ ɤɨɬɨɪɨɣ ɨɧ ɭɩɚɥ ɧɚ ɥɢɧɡɭ. 

ȿɫɥɢ ɩɨɤɚɡɚɬɟɥɶ ɩɪɟɥɨɦɥɟɧɢɹ ɫɪɟɞɵ ɨɞɢɧɚɤɨɜ ɫ ɨɛɟɢɯ ɫɬɨɪɨɧ ɥɢɧɡɵ, ɬɨ 

ɨɩɬɢɱɟɫɤɢɣ ɰɟɧɬɪ (ɬɨɱɤɚ Ɉ ɧɚ ɪɢɫɭɧɤɟ) – ɩɟɪɟɫɟɱɟɧɢɟ ɝɥɚɜɧɨɣ ɨɩɬɢɱɟɫɤɨɣ 

ɨɫɢ ɫ ɩɥɨɫɤɨɫɬɶɸ ɬɨɧɤɨɣ ɥɢɧɡɵ. 
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Ɏɨɪɦɭɥɚ ɬɨɧɤɨɣ ɥɢɧɡɵ 

 
d

f

h

H
==Γ

Ʌɢɧɟɣɧɨɟ (ɩɨɩɟɪɟɱɧɨɟ) ɭɜɟɥɢɱɟɧɢɟ — ɨɬɧɨɲɟɧɢɟ ɪɚɡɦɟɪɚ ɢɡɨɛɪɚɠɟɧɢɹ (H) ɤ ɪɚɡɦɟɪɭ ɩɪɟɞɦɟɬɚ (h), 

ɤɨɝɞɚ ɩɪɟɞɦɟɬ — ɨɬɪɟɡɨɤ, ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɵɣ ɝɥɚɜɧɨɣ ɨɩɬɢɱɟɫɤɨɣ ɨɫɢ. Рɚɫɫɬɚɧɨɜɤɚ ɡɧɚɤɨɜ ɜ 

ɮɨɪɦɭɥɟ ɬɨɧɤɨɣ ɥɢɧɡɵ: ɉɟɪɟɞ ɮɨɤɭɫɧɵɦ ɪɚɫɫɬɨɹɧɢɟɦ ⎜F ⎜: «+» — ɟɫɥɢ ɥɢɧɡɚ ɫɨɛɢɪɚɸɳɚɹ, «−» — ɟɫɥɢ ɥɢɧɡɚ ɪɚɫɫɟɢɜɚɸɳɚɹ.

ɉɟɪɟɞ ɪɚɫɫɬɨɹɧɢɟɦ ⎜f ⎜ ɨɬ ɥɢɧɡɵ ɞɨ ɢɡɨɛɪɚɠɟɧɢɹ:  «+» — ɟɫɥɢ ɢɡɨɛɪɚɠɟɧɢɟ ɞɟɣɫɬɜɢɬɟɥɶɧɨɟ, ɬ. ɟ. ɥɭɱɢ ɨɬ  
     ɬɨɱɟɱɧɨɝɨ ɢɫɬɨɱɧɢɤɚ ɩɨɫɥɟ ɩɪɟɥɨɦɥɟɧɢɹ ɜ ɥɢɧɡɟ ɫɯɨɞɹɬɫɹ:

«−» — ɟɫɥɢ ɢɡɨɛɪɚɠɟɧɢɟ ɦɧɢɦɨɟ, ɬ. ɟ. ɥɭɱɢ ɨɬ ɬɨɱɟɱɧɨɝɨ ɢɫɬɨɱɧɢɤɚ 
     ɩɨɫɥɟ ɩɪɟɥɨɦɥɟɧɢɹ ɜ ɥɢɧɡɟ ɪɚɫɯɨɞɹɬɫɹ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɢɡɨɛɪɚɠɟɧɢɟɦ 

      ɫɱɢɬɚɟɬɫɹ ɬɨɱɤɚ ɩɟɪɟɫɟɱɟɧɢɹ ɩɪɨɞɨɥɠɟɧɢɣ ɩɪɟɥɨɦɥɟɧɧɵɯ ɥɭɱɟɣ S ′ (ɢɦɟɧɧɨ 

 ɜ ɷɬɨɣ ɬɨɱɤɟ ɜɢɞɢɬɫɹ ɢɫɬɨɱɧɢɤ ɫɜɟɬɚ ɝɥɚɡɭ, ɜ ɤɨɬɨɪɵɣ ɩɨɩɚɞɚɸɬ ɩɪɟɥɨɦɥɟɧɧɵɟ ɥɭɱɢ) 

S
S′

 f > 0

d > 0

S

6. Вɨɡɦɨɠɧыɟ ɫɥɭɱɚɢ ɪɚɫɩɨɥɨɠɟɧɢя ɩɪɟɞɦɟɬɚ:

f < 0 

S ′ S  

6.1. d → ∞ (ɬ. ɟ. d >> ⎜F ⎜) ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɥɭɱɢ ɨɬ ɬɨɱɟɱɧɨɝɨ ɢɫɬɨɱɧɢɤɚ ɢɞɭɬ ɩɪɚɤɬɢɱɟɫɤɢ ɩɚɪɚɥɥɟɥɶɧɨ ɞɪɭɝ ɞɪɭɝɭ.  

       f = F  — ɢɡɨɛɪɚɠɟɧɢɟ ɬɨɱɟɱɧɨɝɨ ɢɫɬɨɱɧɢɤɚ ɧɚɯɨɞɢɬɫɹ ɜ ɮɨɤɚɥɶɧɨɣ ɩɥɨɫɤɨɫɬɢ. 

d → ∞

F

S 

…
f = F

S′
6.2. d ∈ (2F; ∞)   

       f ∈ (F; 2F)   F 2F 

F 2F 

Иɡɨɛɪɚɠɟɧɢɟ:  
ɞɟɣɫɬɜɢɬɟɥɶɧɨɟ (f > 0 ), 

ɩɟɪɟɜɟɪɧɭɬɨɟ, 
ɭɦɟɧɶɲɟɧɧɨɟ (|d| > | f | ⇒ Γ < 1) 

(ɮɨɬɨɝɪɚɮɢɹ) 

6.3. d = 2F ;   f  = 2F  

F 2F 

F2F

6.4. d ∈ (F; 2F)   

       f ∈ (2F; ∞)
F 2F

F 2F 

Иɡɨɛɪɚɠɟɧɢɟ:  
ɞɟɣɫɬɜɢɬɟɥɶɧɨɟ (f > 0 ), 

ɩɟɪɟɜɟɪɧɭɬɨɟ, 
ɭɜɟɥɢɱɟɧɧɨɟ (|d| < | f | ⇒ Γ > 1) 

(ɤɢɧɨ, 

ɞɢɚɮɢɥɶɦ) 

6.5. d = F ;  f  →  ∞  - ɥɭɱɢ ɨɬ ɢɫɬɨɱɧɢɤɚ, 
ɥɟɠɚɳɟɝɨ ɜ ɮɨɤɚɥɶɧɨɣ ɩɥɨɫɤɨɫɬɢ, 

ɩɪɟɥɨɦɢɜɲɢɫɶ, ɢɞɭɬ ɩɚɪɚɥɥɟɥɶɧɨ.  

F

F

S

6.6. d ∈ (0; F)   

       f ∈ (− ∞; 0)

Ɋɚɡɦɟɪ ɢɡɨɛɪɚɠɟɧɢɟ ɪɚɜɟɧ 

ɪɚɡɦɟɪɭ ɩɪɟɞɦɟɬɚ (d = f, Γ = 1) 

F 

F (ɥɭɩɚ) 

Иɡɨɛɪɚɠɟɧɢɟ:  
ɦɧɢɦɨɟ (f < 0 ), 

ɩɪɹɦɨɟ, 
ɭɜɟɥɢɱɟɧɧɨɟ (|d| < | f | ⇒ Γ > 1) 

6.7. Рɚɫɫɟɢɜɚɸɳɚɹ ɥɢɧɡɚ:

F 

Иɡɨɛɪɚɠɟɧɢɟ:  
ɦɧɢɦɨɟ (f < 0 ), 

ɩɪɹɦɨɟ, 
ɭɦɟɧɶɲɟɧɧɨɟ (|d| > | f | ⇒ Γ < 1) 

d < 0 

S 
ɦɧɢɦɵɣ ɩɪɟɞɦɟɬ

ɟɝɨ ɧɟɥɶɡɹ ɩɨɥɭɱɢɬɶ 

ɧɚ ɷɤɪɚɧɟ, ɤɚɤ 

ɞɟɣɫɬɜɢɬɟɥɶɧɨɟ 
ɢɡɨɛɪɚɠɟɧɢɟ 

ɝɥɚɡ ɜɢɞɢɬ ɦɧɢɦɨɟ 
ɢɡɨɛɪɚɠɟɧɢɟ S′

f

Ⱦɥɹ ɫɨɛɢɪɚɸɳɟɣ 

ɥɢɧɡɵ: 

F 2F
d

ɩɟɪɟɜɟɪɧɭɬɨɟ

ɩɪɹɦɨɟ 

F 

2F

8. Дɢɮɪɚɤɰɢя — ɨɬɤɥɨɧɟɧɢɟ ɨɬ ɩɪɹɦɨɥɢɧɟɣɧɨɝɨ 

ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɜɨɥɧ ɩɪɢ ɨɝɢɛɚɧɢɢ ɩɪɟɩɹɬɫɬɜɢɣ (ɩɪɨɯɨɠɞɟɧɢɢ 

ɨɬɜɟɪɫɬɢɣ). ȼ ɪɟɡɭɥɶɬɚɬɟ ɞɢɮɪɚɤɰɢɢ ɫɜɟɬɚ ɜɨɡɧɢɤɚɟɬ ɤɚɪɬɢɧɚ 
ɱɟɪɟɞɨɜɚɧɢɹ ɫɜɟɬɥɵɯ ɢ ɬɟɦɧɵɯ ɩɨɥɨɫ, ɩɪɢɱɟɦ ɫɜɟɬ  ɦɨɠɟɬ 
ɩɨɩɚɫɬɶ ɜ ɡɨɧɭ ɝɟɨɦɟɬɪɢɱɟɫɤɨɣ ɬɟɧɢ.  

7. ɂɧɬɟɪɮɟɪɟɧɰɢя —  ɧɚɥɨɠɟɧɢɟ ɜɨɥɧ, ɩɪɢ ɤɨɬɨɪɨɦ ɷɬɢ ɜɨɥɧɵ ɜ ɨɞɧɢɯ ɬɨɱɤɚɯ ɭɫɢɥɢɜɚɸɬ ɞɪɭɝ ɞɪɭɝɚ,  
ɚ ɜ ɞɪɭɝɢɯ — ɨɫɥɚɛɥɹɸɬ ɞɪɭɝ ɞɪɭɝɚ, ɬɚɤ, ɱɬɨ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɪɟɡɭɥɶɬɢɪɭɸɳɟɣ ɜɨɥɧɵ ɧɟ ɪɚɜɧɚ ɫɭɦɦɟ ɢɧɬɟɧɫɢɜɧɨɫɬɟɣ 

ɫɤɥɚɞɵɜɚɸɳɢɯɫɹ ɜɨɥɧ (I ≠ I1 + I2) ɇɚɛɥɸɞɚɬɶ ɢɧɬɟɪɮɟɪɟɧɰɢɸ ɦɨɠɧɨ ɬɨɥɶɤɨ ɩɪɢ ɧɚɥɨɠɟɧɢɢ ɤɨɝɟɪɟɧɬɧɵɯ ɜɨɥɧ.

Ʉɨɝɟɪɟɧɬɧɵɦɢ ɧɚɡɵɜɚɸɬɫɹ ɜɨɥɧɵ, ɪɚɡɧɨɫɬɶ ɮɚɡ (ϕ2 – ϕ1) ɤɨɬɨɪɵɯ ɜ ɬɨɱɤɟ ɧɚɥɨɠɟɧɢɹ ɧɟ ɦɟɧɹɟɬɫɹ ɫ ɬɟɱɟɧɢɟɦ ɜɪɟɦɟɧɢ. 

Фɚɡɚ ɝɚɪɦɨɧɢɱɟɫɤɨɣ (ɦɨɧɨɯɪɨɦɚɬɢɱɟɫɤɨɣ) ɜɨɥɧɵ:                      .  Ⱦɥɹ ɤɨɝɟɪɟɧɬɧɵɯ ɜɨɥɧ:                 
ɨɩɬ

ɜɚɤ
12

2
∆

λ
π

=ϕ−ϕ  

ɑɬɨɛɵ ɜɨɥɧɵ ɛɵɥɢ ɤɨɝɟɪɟɧɬɧɵ, ɧɟɨɛɯɨɞɢɦɨ: ω1 =  ω2  ɟɫɥɢ ϕ02 = ϕ01

Ⱦɥɢɧɚ ɧɚɤɥɚɞɵɜɚɸɳɢɯɫɹ  

ɫɜɟɬɨɜɵɯ ɜɨɥɧ ɜ ɜɚɤɭɭɦɟ 

ɨɩɬɢɱɟɫɤɚɹ ɪɚɡɧɨɫɬɶ ɯɨɞɚ 
ɜɨɥɧ ɨɬ ɢɫɬɨɱɧɢɤɚ ɞɨ 

ɬɨɱɤɢ ɧɚɥɨɠɟɧɢɹ 
∆ɨɩɬ = r1ɨɩɬ – r2ɨɩɬ

 
0ɨɩɬ

2
ϕ

ɜɚɤ

+
λ

π
−ω=ϕ rt

rɨɩɬ - ɨɩɬɢɱɟɫɤɚɹ ɞɥɢɧɚ  
ɩɭɬɢ ɜɨɥɧɵ ɨɬ ɢɫɬɨɱɧɢɤɚ ɞɨ ɬɨɱɤɢ 

ɧɚɥɨɠɟɧɢɹ ɜɨɥɧ: rɨɩɬ = r1n1 + r2n2 + … 

      ɬɨɱɤɚ ɧɚɥɨɠɟɧɢɹ ɜɨɥɧ ɨɬ 
      ɢɫɬɨɱɧɢɤɨɜ S1 ɢ S2

      Ɋɚɡɧɨɫɬɶ ɯɨɞɚ ɷɬɢɯ ɜɨɥɧ: r1

S2

S1

Ɉ 

r2

L 

∆ = r1 – r2 = d⋅x/L

x 
M 

ɒɢɪɢɧɚ ɢɧɬɟɪɮɟɪɟɧɰɢɨɧɧɨɣ ɩɨɥɨɫɵ:  h = λ⋅L/d 

(ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɫɨɫɟɞɧɢɦɢ ɦɚɤɫɢɦɭɦɚɦɢ) 

ɍɫɥɨɜɢɟ ɦɚɤɫɢɦɭɦɚ: 

∆ɨɩɬ = m⋅λɜɚɤ

ɍɫɥɨɜɢɟ ɦɢɧɢɦɭɦɚ: 

∆ɨɩɬ = 
2

ɜɚɤλ
⋅(2m – 1)

 ɟɫɥɢ ϕ02 = ϕ01

m = 1, 2, 3, … 
ɧɨɦɟɪ (ɩɨɪɹɞɨɤ) 

ɢɧɬɟɪɮɟɪɟɧɰɢɨɧ-

ɧɨɝɨ ɦɢɧɢɦɭɦɚ 
m = 0, 1, 2, 3, … 

ɧɨɦɟɪ (ɩɨɪɹɞɨɤ) ɢɧɬɟɪɮɟɪɟɧɰɢɨɧɧɨɝɨ ɦɚɤɫɢɦɭɦɚ 

Ⱦɢɮɪɚɤɰɢɨɧɧɚɹ ɪɟɲɟɬɤɚ −  
ɩɥɚɫɬɢɧɤɚ ɫ ɱɟɪɟɞɭɸɳɢɦɢɫɹ ɩɪɨɡɪɚɱɧɵɦɢ ɢ ɧɟɩɪɨɡɪɚɱɧɵɦɢ ɩɨɥɨɫɤɚɦɢ (∼ 102 ɧɚ 1 ɦɦ) 

ɦɚɤɫɢɦɭɦɵ  
ɩɟɪɜɨɝɨ ɩɨɪɹɞɤɚ (k = 1) 

α1
α1α2

α2
ɰɟɧɬɪɚɥɶɧɵɣ ɦɚɤɫɢɦɭɦ (k = 0)
ɦɚɤɫɢɦɭɦɵ  
ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ (k = 2) 

 d⋅sin αk = k⋅λ 
ɩɟɪɢɨɞ ɪɟɲɟɬɤɢ

d = (10-3/N) ɦ
ɱɢɫɥɨ ɲɬɪɢɯɨɜ  
ɧɚ 1 ɦɦ

ɥɚɡɟɪ

d 
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