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ɍȾɄ 531 

ɉɪɚɤɬɢɱɟɫɤɢɟ ɡɚɧɹɬɢɹ ɩɨ ɮɢɡɢɤɟ. ɑɚɫɬɶ 3. Ʉɨɥɟɛɚɧɢɹ ɢ ɜɨɥɧɵ. Ɉɩɬɢɤɚ. 
Ʉɜɚɧɬɨɜɚɹ ɮɢɡɢɤɚ: ɭɱɟɛ. ɩɨɫɨɛɢɟ  / Ɍ.Ƚ. Ⱥɜɚɱёɜɚ, Ɇ.Ⱥ. Ȼɭɪɨɛɢɧ, Ⱥ.ɉ. Ⱥɜɚɱёɜ; 

Ɋɹɡɚɧ. ɝɨɫ. ɪɚɞɢɨɬɟɯɧ. ɭɧ-ɬ. Ɋɹɡɚɧɶ, 2013. 48 ɫ. 
ɉɪɢɜɨɞɹɬɫɹ ɨɫɧɨɜɧɵɟ ɮɢɡɢɱɟɫɤɢɟ ɡɚɤɨɧɵ, ɩɪɢɦɟɪɵ ɪɟɲɟɧɢɹ ɡɚɞɚɱ ɢ ɡɚɞɚɱɢ 

ɞɥɹ ɫɚɦɨɫɬɨɹɬɟɥɶɧɨɣ ɪɚɛɨɬɵ ɩɨ ɪɚɡɞɟɥɚɦ ɤɭɪɫɚ ɮɢɡɢɤɢ: ɤɨɥɟɛɚɧɢɹ ɢ ɜɨɥɧɵ,  
ɜɨɥɧɨɜɚɹ ɨɩɬɢɤɚ, ɤɜɚɧɬɨɜɚɹ ɩɪɢɪɨɞɚ ɢɡɥɭɱɟɧɢɹ, ɮɢɡɢɤɚ ɚɬɨɦɚ, ɮɢɡɢɤɚ ɬɜɟɪɞɨɝɨ 
ɬɟɥɚ, ɹɞɟɪɧɚɹ ɮɢɡɢɤɚ. 

ɉɪɟɞɧɚɡɧɚɱɟɧɨ ɞɥɹ ɫɬɭɞɟɧɬɨɜ ɜɫɟɯ ɧɚɩɪɚɜɥɟɧɢɣ ɩɨɞɝɨɬɨɜɤɢ ɛɚɤɚɥɚɜɪɨɜ ɢ 
ɫɩɟɰɢɚɥɶɧɨɫɬɟɣ, ɢɡɭɱɚɸɳɢɯ ɞɢɫɰɢɩɥɢɧɭ «Ɏɢɡɢɤɚ». 

Ɍɚɛɥ. 6. ɂɥ. 9. Ȼɢɛɥɢɨɝɪ.: 5 ɧɚɡɜ. 
 

Кɨɥɟɛɚɧɢɹ, ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɟ ɜɨɥɧɵ, ɢɧɬɟɪɮɟɪɟɧɰɢɹ, ɞɢɮɪɚɤɰɢɹ, ɩɨɥɹ-
ɪɢɡɚɰɢɹ, ɬɟɩɥɨɜɨɟ ɢɡɥɭɱɟɧɢɟ, ɮɨɬɨɧ, ɮɨɬɨɷɮɮɟɤɬ, ɜɨɥɧɚ ɞɟ Ȼɪɨɣɥɹ, ɜɨɥɧɨɜɚɹ 
ɮɭɧɤɰɢɹ, ɩɨɬɟɧɰɢɚɥɶɧɚɹ ɹɦɚ, ɫɩɟɤɬɪ ɢɡɥɭɱɟɧɢɹ, ɬɟɦɩɟɪɚɬɭɪɚ Ⱦɟɛɚɹ, ɷɧɟɪɝɢɹ 
Фɟɪɦɢ, ɚɬɨɦɧɨɟ ɹɞɪɨ, ɷɧɟɪɝɢɹ ɫɜɹɡɢ, ɹɞɟɪɧɚɹ ɪɟɚɤɰɢɹ, ɪɚɞɢɨɚɤɬɢɜɧɵɣ ɪɚɫɩɚɞ 

 

ɉɟɱɚɬɚɟɬɫɹ ɩɨ ɪɟɲɟɧɢɸ ɪɟɞɚɤɰɢɨɧɧɨ-ɢɡɞɚɬɟɥɶɫɤɨɝɨ ɫɨɜɟɬɚ Ɋɹɡɚɧɫɤɨɝɨ 
ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ ɪɚɞɢɨɬɟɯɧɢɱɟɫɤɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬɚ. 

 

Ɋɟɰɟɧɡɟɧɬ: ɤɚɮɟɞɪɚ ɨɛɳɟɣ ɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɮɢɡɢɤɢ ɊȽɊɌɍ  
(ɡɚɜ. ɤɚɮɟɞɪɨɣ ɞɨɰ. Ɇ.ȼ. Ⱦɭɛɤɨɜ) 

 

 

 

 Ⱥ ɜ ɚ ɱ ё ɜ ɚ  Ɍɚɬɶɹɧɚ Ƚɟɧɧɚɞɢɟɜɧɚ 

 Ȼ ɭ ɪ ɨ ɛ ɢ ɧ  Ɇɢɯɚɢɥ Ⱥɧɚɬɨɥɶɟɜɢɱ 

 Ⱥ ɜ ɚ ɱ ё ɜ  Ⱥɥɟɤɫɟɣ ɉɟɬɪɨɜɢɱ 

 

ɉɪɚɤɬɢɱɟɫɤɢɟ ɡɚɧɹɬɢɹ ɩɨ ɮɢɡɢɤɟ. 

ɑɚɫɬɶ 3.  

Ʉɨɥɟɛɚɧɢɹ ɢ ɜɨɥɧɵ. Ɉɩɬɢɤɚ. 
Ʉɜɚɧɬɨɜɚɹ ɮɢɡɢɤɚ 

 

Ɋɟɞɚɤɬɨɪ Ɋ.Ʉ. Ɇɚɧɝɭɬɨɜɚ 

Ʉɨɪɪɟɤɬɨɪ ɋ.ȼ. Ɇɚɤɭɲɢɧɚ 

ɉɨɞɩɢɫɚɧɨ ɜ ɩɟɱɚɬɶ 20.12.13. Ɏɨɪɦɚɬ ɛɭɦɚɝɢ 60  84 1/16. 

Ȼɭɦɚɝɚ ɝɚɡɟɬɧɚɹ. ɉɟɱɚɬɶ ɬɪɚɮɚɪɟɬɧɚɹ. ɍɫɥ. ɩɟɱ. ɥ. 3,0. 

Ɍɢɪɚɠ 100 ɷɤɡ. Ɂɚɤɚɡ 

Ɋɹɡɚɧɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɪɚɞɢɨɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ. 
390005, Ɋɹɡɚɧɶ, ɭɥ. Ƚɚɝɚɪɢɧɚ, 59/1. 

Ɋɟɞɚɤɰɢɨɧɧɨ-ɢɡɞɚɬɟɥɶɫɤɢɣ ɰɟɧɬɪ ɊȽɊɌɍ. 

 ©  Ɋɹɡɚɧɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ 

ɪɚɞɢɨɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ, 2013 



 

ȼɜɟɞɟɧɢɟ 

Ɏɢɡɢɤɚ – ɜɚɠɧɟɣɲɢɣ ɩɪɟɞɦɟɬ, ɛɟɡ ɡɧɚɧɢɹ ɤɨɬɨɪɨɝɨ ɧɟɜɨɡɦɨɠɟɧ 
ɧɚɭɱɧɨ-ɬɟɯɧɢɱɟɫɤɢɣ ɩɪɨɝɪɟɫɫ. Ɂɚɤɨɧɵ ɮɢɡɢɤɢ ɥɟɠɚɬ ɜ ɨɫɧɨɜɟ ɜɫɟɯ ɫɩɟɰɢ-
ɚɥɶɧɵɯ ɩɪɟɞɦɟɬɨɜ, ɢɡɭɱɚɟɦɵɯ ɜ ɬɟɯɧɢɱɟɫɤɢɯ ɜɭɡɚɯ, – ɛɟɡ ɢɯ ɩɨɧɢɦɚɧɢɹ ɢ 
ɭɦɟɧɢɹ ɩɪɢɦɟɧɹɬɶ ɧɚ ɩɪɚɤɬɢɤɟ ɧɟ ɦɨɠɟɬ ɫɨɫɬɨɹɬɶɫɹ ɝɪɚɦɨɬɧɵɣ ɫɩɟɰɢɚ-
ɥɢɫɬ. 

Ⱦɚɧɧɨɟ ɭɱɟɛɧɨɟ ɩɨɫɨɛɢɟ ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɫɬɭɞɟɧɬɚɦ ɬɟɯɧɢɱɟɫɤɢɯ 
ɧɚɩɪɚɜɥɟɧɢɣ ɜɭɡɚ ɞɥɹ ɩɨɞɝɨɬɨɜɤɢ ɤ ɩɪɚɤɬɢɱɟɫɤɢɦ ɡɚɧɹɬɢɹɦ, ɚ ɬɚɤɠɟ ɛɭɞɟɬ 
ɩɨɥɟɡɧɵɦ ɞɨɩɨɥɧɟɧɢɟɦ ɤ ɥɟɤɰɢɨɧɧɨɦɭ ɦɚɬɟɪɢɚɥɭ. ɗɬɨ ɢɡɞɚɧɢɟ ɹɜɥɹɟɬɫɹ 
ɩɪɨɞɨɥɠɟɧɢɟɦ ɜɵɲɟɞɲɢɯ ɪɚɧɟɟ ɭɱɟɛɧɵɯ ɩɨɫɨɛɢɣ «ɉɪɚɤɬɢɱɟɫɤɢɟ ɡɚɧɹɬɢɹ 
ɩɨ ɮɢɡɢɤɟ. ɑɚɫɬɶ 1. Ɏɢɡɢɱɟɫɤɢɟ ɨɫɧɨɜɵ ɦɟɯɚɧɢɤɢ ɢ ɨɫɧɨɜɵ ɦɨɥɟɤɭɥɹɪɧɨɣ 
ɮɢɡɢɤɢ ɢ ɬɟɪɦɨɞɢɧɚɦɢɤɢ» ɢ «ɉɪɚɤɬɢɱɟɫɤɢɟ ɡɚɧɹɬɢɹ ɩɨ ɮɢɡɢɤɟ. ɑɚɫɬɶ 2. 
ɗɥɟɤɬɪɨɦɚɝɧɟɬɢɡɦ». ȼɟɫɶ ɬɟɨɪɟɬɢɱɟɫɤɢɣ ɢ ɩɪɚɤɬɢɱɟɫɤɢɣ ɦɚɬɟɪɢɚɥ ɜ ɧɟɦ 
ɪɚɡɛɢɬ ɧɚ ɜɨɫɟɦɶ ɬɟɦ, ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɭɱɟɛɧɵɦ ɝɪɚɮɢɤɚɦ ɊȽɊɌɍ. ɉɨ 
ɤɚɠɞɨɣ ɬɟɦɟ ɩɪɢɜɟɞɟɧɵ ɨɫɧɨɜɧɵɟ ɡɚɤɨɧɵ ɢ ɪɚɫɱɟɬɧɵɟ ɮɨɪɦɭɥɵ, ɩɪɢɦɟɪɵ 
ɪɟɲɟɧɢɹ ɬɢɩɨɜɵɯ ɡɚɞɚɱ, ɡɚɞɚɱɢ ɞɥɹ ɫɚɦɨɫɬɨɹɬɟɥɶɧɨɣ ɪɚɛɨɬɵ. ɋɩɪɚɜɨɱɧɵɟ 
ɞɚɧɧɵɟ, ɧɟɨɛɯɨɞɢɦɵɟ ɞɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱ, ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɚɯ ɩɪɢɥɨɠɟ-
ɧɢɹ. 

ȼ ɭɱɟɛɧɨɦ ɩɨɫɨɛɢɢ ɢɫɩɨɥɶɡɨɜɚɧɵ ɦɚɬɟɪɢɚɥɵ ɫɛɨɪɧɢɤɨɜ ɡɚɞɚɱ ɩɨ 
ɮɢɡɢɤɟ ɚɜɬɨɪɨɜ Ⱥ.Ƚ. ɑɟɪɬɨɜɚ, Ⱥ.Ⱥ. ȼɨɪɨɛɶɟɜɚ ɢ ɂ.ȿ. ɂɪɨɞɨɜɚ. 

 

Ⱥɜɬɨɪɵ 
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Ɍɟɦɚ № 1. ɗɥɟɤɬɪɨɦɚɝɧɢɬɧɵɟ ɤɨɥɟɛɚɧɢя ɢ ɜɨɥɧɵ 

Ɉɫɧɨɜɧɵɟ ɮɢɡɢɱɟɫɤɢɟ ɡɚɤɨɧɵ ɢ ɮɨɪɦɭɥɵ 

1. Ɂɚɬɭɯɚɸɳɢɟ ɤɨɥɟɛɚɧɢɹ 

Ⱦɢɮɮɟɪɟɧɰɢɚɥɶɧɨɟ ɭɪɚɜɧɟɧɢɟ ɡɚɬɭɯɚɸɳɢɯ ɤɨɥɟɛɚɧɢɣ: 
 2

02 0x x x    .  

Ɋɟɲɟɧɢɟ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɝɨ ɭɪɚɜɧɟɧɢɹ ɡɚɬɭɯɚɸɳɢɯ ɤɨɥɟɛɚɧɢɣ: 
    0 cost

x t A e t
   , 

ɝɞɟ 
0A – ɚɦɩɥɢɬɭɞɚ ɡɚɬɭɯɚɸɳɢɯ ɤɨɥɟɛɚɧɢɣ ɩɪɢ 0t  ; ȕ – ɤɨɷɮɮɢɰɢɟɧɬ ɡɚ-

ɬɭɯɚɧɢɹ; 
2 2

0    – ɱɚɫɬɨɬɚ ɡɚɬɭɯɚɸɳɢɯ ɤɨɥɟɛɚɧɢɣ; Ȧ0 – ɫɨɛɫɬɜɟɧɧɚɹ 

ɱɚɫɬɨɬɚ ɤɨɥɟɛɚɬɟɥɶɧɨɝɨ ɤɨɧɬɭɪɚ; α – ɧɚɱɚɥɶɧɚɹ ɮɚɡɚ. 
Ⱦɥɹ ɤɨɥɟɛɚɬɟɥɶɧɨɝɨ ɤɨɧɬɭɪɚ, ɫɨɫɬɨɹɳɟɝɨ ɢɡ ɤɚɬɭɲɤɢ ɢɧɞɭɤɬɢɜɧɨɫɬɢ 

L, ɤɨɧɞɟɧɫɚɬɨɪɚ ɟɦɤɨɫɬɶɸ C ɢ ɫɨɩɪɨɬɢɜɥɟɧɢɹ R, ɤɨɷɮɮɢɰɢɟɧɬ ɡɚɬɭɯɚɧɢɹ ɢ 
ɫɨɛɫɬɜɟɧɧɚɹ ɱɚɫɬɨɬɚ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɪɚɜɧɵ 

 / 2R L  ,   
0 1/ LC  . 

Ʌɨɝɚɪɢɮɦɢɱɟɫɤɢɣ ɞɟɤɪɟɦɟɧɬ ɡɚɬɭɯɚɧɢɹ: 

 
( ) 1

ln
( )

e

A t
T

A t T N

 
     

 , 

ɝɞɟ   0

t
A t A e

 ; T – ɩɟɪɢɨɞ ɤɨɥɟɛɚɧɢɣ ( 2 /T   ); Ne – ɱɢɫɥɨ ɤɨɥɟɛɚɧɢɣ, 

ɫɨɜɟɪɲɚɟɦɵɯ ɜ ɤɨɥɟɛɚɬɟɥɶɧɨɦ ɤɨɧɬɭɪɟ, ɡɚ ɤɨɬɨɪɨɟ ɚɦɩɥɢɬɭɞɚ ɤɨɥɟɛɚɧɢɣ 
ɭɦɟɧɶɲɚɟɬɫɹ ɜ e ɪɚɡ ( 2,72e   – ɨɫɧɨɜɚɧɢɟ ɧɚɬɭɪɚɥɶɧɨɝɨ ɥɨɝɚɪɢɮɦɚ). 

Ⱦɨɛɪɨɬɧɨɫɬɶ ɤɨɥɟɛɚɬɟɥɶɧɨɝɨ ɤɨɧɬɭɪɚ: 

 
( ) 1

2
( )

W t L
Q

W t T R C


   

  
, 

ɝɞɟ  W t   – ɷɧɟɪɝɢɹ, ɧɚɤɨɩɥɟɧɧɚɹ ɜ ɤɨɥɟɛɚɬɟɥɶɧɨɦ ɤɨɧɬɭɪɟ ɜ ɦɨɦɟɧɬ ɜɪɟ-

ɦɟɧɢ t,  W t T   – ɩɨɬɟɪɹ ɷɧɟɪɝɢɢ ɡɚ ɨɞɢɧ ɩɟɪɢɨɞ ɤɨɥɟɛɚɧɢɣ.   

2. ɉɟɪɟɦɟɧɧɵɣ ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɬɨɤ 

Ɂɚɤɨɧ Ɉɦɚ ɞɥɹ ɰɟɩɢ ɩɟɪɟɦɟɧɧɨɝɨ ɬɨɤɚ (R-L-C-ɰɟɩɢ): 

 0
0 2 2

U
I

R X



, 
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ɝɞɟ I0 – ɚɦɩɥɢɬɭɞɚ ɫɢɥɵ ɬɨɤɚ; U0  ɚɦɩɥɢɬɭɞɚ ɧɚɩɪɹɠɟɧɢɹ; R – ɚɤɬɢɜɧɨɟ ɫɨ-
ɩɪɨɬɢɜɥɟɧɢɟ ɰɟɩɢ; 1/

L C
X X X L C      – ɪɟɚɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ 

ɰɟɩɢ. 
ɋɞɜɢɝ ɮɚɡɵ φ ɦɟɠɞɭ ɩɪɢɥɨɠɟɧɧɵɦ ɧɚɩɪɹɠɟɧɢɟɦ ɢ ɫɢɥɨɣ ɬɨɤɚ ɜ ɰɟ-

ɩɢ ɧɚɯɨɞɹɬ ɢɡ ɫɨɨɬɧɨɲɟɧɢɹ 

 /tg X R  . 

ɋɪɟɞɧɹɹ ɦɨɳɧɨɫɬɶ, ɜɵɞɟɥɹɟɦɚɹ ɜ ɰɟɩɢ ɩɟɪɟɦɟɧɧɨɝɨ ɬɨɤɚ: 
 cosP UI , 

ɝɞɟ 
0 / 2U U  ɢ 

0 / 2I I – ɞɟɣɫɬɜɭɸɳɢɟ ɡɧɚɱɟɧɢɹ ɧɚɩɪɹɠɟɧɢɹ ɢ ɫɢɥɵ 

ɬɨɤɚ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ; cos  – ɤɨɷɮɮɢɰɢɟɧɬ ɦɨɳɧɨɫɬɢ. 
3. Эɥɟɤɬɪɨɦɚɝɧɢɬɧɵɟ ɜɨɥɧɵ 

ɍɪɚɜɧɟɧɢɹ Ɇɚɤɫɜɟɥɥɚ ɜ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɣ ɮɨɪɦɟ: 

ɫɦ

0 0

; ;

; 0;

; ,

B
E H j j

t

D B

D E B H


     


      

   
 

ɝɞɟ ɫɦ
D

j
t





 – ɩɥɨɬɧɨɫɬɶ ɬɨɤɚ ɫɦɟɳɟɧɢɹ; j  – ɩɥɨɬɧɨɫɬɶ ɬɨɤɚ ɩɪɨɜɨɞɢɦɨ-

ɫɬɢ;   – ɨɛɴɟɦɧɚɹ ɩɥɨɬɧɨɫɬɶ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɡɚɪɹɞɚ. 
ȼɨɥɧɨɜɵɟ ɭɪɚɜɧɟɧɢɹ ɩɥɨɫɤɨɣ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɣ ɜɨɥɧɵ, ɪɚɫɩɪɨɫɬɪɚ-

ɧɹɸɳɟɣɫɹ ɜɞɨɥɶ ɨɫɢ x: 

 
2 2

2 2 2

1E E

x v t

 


 
 ,    

2 2

2 2 2

1H H

x v t

 


 
, 

ɝɞɟ E  ɢ H  – ɧɚɩɪɹɠɟɧɧɨɫɬɢ ɩɟɪɟɦɟɧɧɨɝɨ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɢ ɦɚɝɧɢɬɧɨɝɨ 

ɩɨɥɟɣ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ; 
0 0

1 1 c
v  

   
 – ɮɚɡɨɜɚɹ ɫɤɨɪɨɫɬɶ ɷɥɟɤɬɪɨ-

ɦɚɝɧɢɬɧɨɣ ɜɨɥɧɵ; ɫ – ɫɤɨɪɨɫɬɶ ɫɜɟɬɚ ɜ ɜɚɤɭɭɦɟ;   ɢ   – ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ 
ɞɢɷɥɟɤɬɪɢɱɟɫɤɚɹ ɢ ɦɚɝɧɢɬɧɚɹ ɩɪɨɧɢɰɚɟɦɨɫɬɶ ɫɪɟɞɵ. 

Ɋɟɲɟɧɢɹ ɜɨɥɧɨɜɵɯ ɭɪɚɜɧɟɧɢɣ ɩɥɨɫɤɨɣ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɣ ɜɨɥɧɵ: 

 
   
   

0 1

0 2

, cos ,

, cos ,

E x t E t kx

H x t H t kx

    

    
  

ɝɞɟ /k v  – ɜɨɥɧɨɜɨɟ ɱɢɫɥɨ. 
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ɋɜɹɡɶ ɦɟɠɞɭ ɦɨɞɭɥɹɦɢ ɚɦɩɥɢɬɭɞ E0 ɢ H0: 

 0 0 0 0E H   . 

Ɉɛɴɟɦɧɚɹ ɩɥɨɬɧɨɫɬɶ ɷɧɟɪɝɢɢ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɣ ɜɨɥɧɵ 

 
2 2

0 0

2 2

E H 
   .  

ɉɥɨɬɧɨɫɬɶ ɩɨɬɨɤɚ ɷɧɟɪɝɢɢ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɣ ɜɨɥɧɵ 

 
0 0

1

2
I S E H  , 

ɝɞɟ S  – ɫɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ ɦɨɞɭɥɹ ɜɟɤɬɨɪɚ ɉɨɣɧɬɢɧɝɚ ( S E H  ). 

 

ɉɪɢɦɟɪɵ ɪɟɲɟɧɢя ɡɚɞɚɱ 

ɉɪɢɦɟɪ 1. Ʉɨɥɟɛɚɬɟɥɶɧɵɣ ɤɨɧɬɭɪ ɫɨɫɬɨɢɬ ɢɡ ɤɨɧɞɟɧɫɚɬɨɪɚ ɟɦɤɨ-
ɫɬɶɸ ɋ = 50 ɧɎ, ɤɚɬɭɲɤɢ ɫ ɢɧɞɭɤɬɢɜɧɨɫɬɶɸ L = 1 ɦȽɧ ɢ ɫɨɩɪɨɬɢɜɥɟɧɢɹ 
R = 10 Ɉɦ. ɇɚɣɬɢ ɥɨɝɚɪɢɮɦɢɱɟɫɤɢɣ ɞɟɤɪɟɦɟɧɬ ɡɚɬɭɯɚɧɢɹ.   

Ɋɟɲɟɧɢɟ. Ʌɨɝɚɪɢɮɦɢɱɟɫɤɢɣ ɞɟɤɪɟɦɟɧɬ ɡɚɬɭɯɚɧɢɹ ɨɩɪɟɞɟɥɢɦ ɩɨ 

ɮɨɪɦɭɥɟ T  , ɝɞɟ 2 2

02 / 2 /T       . 

ɍɱɢɬɵɜɚɹ, ɱɬɨ 
0 1/ LC  , ɚ / 2R L  , ɩɨɥɭɱɚɟɦ 

 
2

2

4 / 1L CR


 


 . 

ɉɨɞɫɬɚɧɨɜɤɚ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ɜ ɪɚɫɱɟɬɧɭɸ ɮɨɪɦɭɥɭ ɞɚɟɬ ɨɬɜɟɬ   

= 0,22. 

Ɉɬɜɟɬ: 0,22. 

ɉɪɢɦɟɪ 2. ɗɥɟɤɬɪɢɱɟɫɤɚɹ ɰɟɩɶ ɫɨɫɬɨɢɬ ɢɡ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɫɨɟɞɢ-
ɧɟɧɧɵɯ ɪɟɡɢɫɬɨɪɚ ɫɨɩɪɨɬɢɜɥɟɧɢɟɦ R = 10 Ɉɦ ɢ ɤɚɬɭɲɤɢ ɢɧɞɭɤɬɢɜɧɨɫɬɶɸ 
L = 25 ɦȽɧ. Ʉ ɰɟɩɢ ɩɪɢɥɨɠɟɧɨ ɩɟɪɟɦɟɧɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɱɚɫɬɨɬɨɣ ν = 50 Ƚɰ 
ɢ ɚɦɩɥɢɬɭɞɨɣ U0 = 220 ȼ. ɇɚɣɬɢ ɚɦɩɥɢɬɭɞɭ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɪɟɡɢɫɬɨɪɟ. 

Ɋɟɲɟɧɢɟ. Ⱥɦɩɥɢɬɭɞɭ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɪɟɡɢɫɬɨɪɟ ɨɩɪɟɞɟɥɢɦ ɩɨ ɡɚɤɨɧɭ 
Ɉɦɚ: 

0R
U I R . Ⱦɥɹ ɰɟɩɢ, ɨɛɥɚɞɚɸɳɟɣ ɢɧɞɭɤɬɢɜɧɨɫɬɶɸ L ɢ ɫɨɩɪɨɬɢɜɥɟ-

ɧɢɟɦ R ɚɦɩɥɢɬɭɞɚ ɫɢɥɵ ɬɨɤɚ ɪɚɜɧɚ 

 

   
0 0

0 2 22 2 2

U U
I

R L R L

 
   

. 

Ɍɨɝɞɚ 



 5 

 

 
0

22 2
R

U R
U

R L


 

. 

ɉɨɞɫɬɚɧɨɜɤɚ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ɜ ɪɚɫɱɟɬɧɭɸ ɮɨɪɦɭɥɭ ɞɚɟɬ ɨɬɜɟɬ U 

= 173 ȼ. 
Ɉɬɜɟɬ: 173 ȼ. 

ɉɪɢɦɟɪ 3. ȼ ɩɪɹɦɨɦ ɫɨɥɟɧɨɢɞɟ, ɫɨɞɟɪɠɚɳɟɦ n = 2000 ɜɢɬɤɨɜ ɧɚ 
ɦɟɬɪ, ɫɢɥɚ ɬɨɤɚ ɪɚɜɧɨɦɟɪɧɨ ɜɨɡɪɨɫɥɚ ɨɬ 0 ɞɨ Im = 5 Ⱥ ɡɚ ɜɪɟɦɹ Ĳ = 0,25 ɫ. 

ɇɚɣɬɢ ɩɪɨɟɤɰɢɸ ɪɨɬɨɪɚ ɧɚɩɪɹɠɟɧɧɨɫɬɢ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ ɜ ɫɨɥɟɧɨɢɞɟ 
ɧɚ ɧɚɩɪɚɜɥɟɧɢɟ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ. 

Ɋɟɲɟɧɢɟ. ɇɚɩɪɹɠɟɧɧɨɫɬɶ ɩɟɪɟɦɟɧɧɨɝɨ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ ɢ ɢɧ-
ɞɭɤɰɢɹ ɩɟɪɟɦɟɧɧɨɝɨ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɫɜɹɡɚɧɵ ɦɟɠɞɭ ɫɨɛɨɣ ɨɞɧɢɦ ɢɡ 
ɭɪɚɜɧɟɧɢɣ Ɇɚɤɫɜɟɥɥɚ: 

 
B

E
t


  


. 

ɂɧɞɭɤɰɢɹ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɧɚ ɨɫɢ ɞɥɢɧɧɨɝɨ ɫɨɥɟɧɨɢɞɚ (ɛɟɡ ɫɟɪɞɟɱ-
ɧɢɤɚ) ɨɩɪɟɞɟɥɹɟɬɫɹ ɜɵɪɚɠɟɧɢɟɦ 

0B In . ȿɫɥɢ ɫɢɥɚ ɬɨɤɚ ɪɚɜɧɨɦɟɪɧɨ ɜɨɡ-

ɪɚɫɬɚɟɬ ɨɬ ɧɭɥɹ ɞɨ ɡɧɚɱɟɧɢɹ Im ɡɚ ɜɪɟɦɹ Ĳ, ɬɨ ɡɚɜɢɫɢɦɨɫɬɶ ɫɢɥɵ ɬɨɤɚ ɨɬ 
ɜɪɟɦɟɧɢ ɢɦɟɟɬ ɜɢɞ:   /

m
I t I t  . Ɍɨɝɞɚ 

0 /mB I nt   ɢ 

 0 0m m
B I n I n

t
t t

          
. 

ɉɨɫɤɨɥɶɤɭ ɜɟɤɬɨɪ ɢɧɞɭɤɰɢɢ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɜ ɰɟɧɬɪɟ ɞɥɢɧɧɨɝɨ ɫɨ-
ɥɟɧɨɢɞɚ ɧɚɩɪɚɜɥɟɧ ɜɞɨɥɶ ɟɝɨ ɨɫɢ z, ɬɨ ɩɪɨɟɤɰɢɹ ɜɟɤɬɨɪɚ ɪɨɬɨɪɚ ɧɚɩɪɹɠɟɧ-
ɧɨɫɬɢ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ ɧɚ ɷɬɭ ɨɫɶ ɛɭɞɟɬ ɪɚɜɧɚ 

   0z m

z

B I n
E

t

 
    

 
. 

ɉɨɞɫɬɚɧɨɜɤɚ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ɜ ɪɚɫɱɟɬɧɭɸ ɮɨɪɦɭɥɭ ɞɚɟɬ ɨɬɜɟɬ 

 
z

E = –0,05 ȼ/ɦ2. 

Ɉɬɜɟɬ: –0,05 ȼ/ɦ2. 

ɉɪɢɦɟɪ 4. ȼ ɧɟɦɚɝɧɢɬɧɨɣ ɞɢɷɥɟɤɬɪɢɱɟɫɤɨɣ ɫɪɟɞɟ ɪɚɫɩɪɨɫɬɪɚɧɹɟɬɫɹ 
ɩɥɨɫɤɚɹ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɚɹ ɜɨɥɧɚ ɫ ɚɦɩɥɢɬɭɞɚɦɢ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɫɨɫɬɚɜɥɹ-
ɸɳɟɣ ȿ0 = 4 ȼ/ɦ ɢ ɦɚɝɧɢɬɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɇ0 = 15 ɦȺ/ɦ. ɇɚɣɬɢ ɞɢɷɥɟɤ-
ɬɪɢɱɟɫɤɭɸ ɩɪɨɧɢɰɚɟɦɨɫɬɶ ɫɪɟɞɵ. 
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Ɋɟɲɟɧɢɟ. Ⱦɥɹ ɪɟɲɟɧɢɹ ɞɚɧɧɨɣ ɡɚɞɚɱɢ ɜɨɫɩɨɥɶɡɭɟɦɫɹ ɫɨɨɬɧɨɲɟɧɢɟɦ 

 0 0 0 0E H   . 

ȼ ɧɟɦɚɝɧɢɬɧɨɣ ɫɪɟɞɟ 1  . Ɍɨɝɞɚ 

 

2

0 0

0 0

H

E

 
     

. 

ɉɨɞɫɬɚɧɨɜɤɚ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ɜ ɪɚɫɱɟɬɧɭɸ ɮɨɪɦɭɥɭ ɞɚɟɬ ɨɬɜɟɬ ε = 2. 

Ɉɬɜɟɬ: 2. 

ɉɪɢɦɟɪ 5. ȼ ɜɚɤɭɭɦɟ ɪɚɫɩɪɨɫɬɪɚɧɹɟɬɫɹ ɩɥɨɫɤɚɹ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɚɹ 
ɜɨɥɧɚ ɫ ɚɦɩɥɢɬɭɞɨɣ ɦɚɝɧɢɬɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɇ0 = 36 ɦȺ/ɦ. ɇɚɣɬɢ ɢɧɬɟɧ-
ɫɢɜɧɨɫɬɶ ɜɨɥɧɵ. 

Ɋɟɲɟɧɢɟ. ɂɧɬɟɧɫɢɜɧɨɫɬɶ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɣ ɜɨɥɧɵ – ɷɬɨ ɷɧɟɪɝɢɹ, ɩɟ-
ɪɟɧɨɫɢɦɚɹ ɜɨɥɧɨɣ ɱɟɪɟɡ ɟɞɢɧɢɰɭ ɩɥɨɳɚɞɢ ɩɨɜɟɪɯɧɨɫɬɢ ɜ ɟɞɢɧɢɰɭ ɜɪɟɦɟ-
ɧɢ. Ⱦɪɭɝɢɦɢ ɫɥɨɜɚɦɢ, ɢɧɬɟɧɫɢɜɧɨɫɬɶ – ɷɬɨ ɩɥɨɬɧɨɫɬɶ ɩɨɬɨɤɚ ɷɧɟɪɝɢɢ, ɤɨ-
ɬɨɪɭɸ ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɩɨ ɮɨɪɦɭɥɟ 

 
0 0

1

2
I S E H  . 

ɋ ɭɱɟɬɨɦ ɫɜɹɡɢ ɦɟɠɞɭ ɚɦɩɥɢɬɭɞɚɦɢ E0 ɢ H0, ɚ ɬɚɤɠɟ ɬɨɝɨ, ɱɬɨ ɜ ɜɚɤɭɭɦɟ 
1   ɢ 1  , ɞɚɧɧɚɹ ɮɨɪɦɭɥɚ ɩɪɢɧɢɦɚɟɬ ɜɢɞ 

 
2 0
0

0

1

2
I H





. 

ɉɨɞɫɬɚɧɨɜɤɚ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ɜ ɪɚɫɱɟɬɧɭɸ ɮɨɪɦɭɥɭ ɞɚɟɬ ɨɬɜɟɬ I = 

1,72 ɦɤȼɬ/ɦ2. 

Ɉɬɜɟɬ: 1,72 ɦɤȼɬ/ɦ2. 

 

Ɂɚɞɚɱɢ ɞɥя ɫɚɦɨɫɬɨяɬɟɥɶɧɨɝɨ ɪɟɲɟɧɢя 

1. ɇɚɣɬɢ ɩɟɪɢɨɞ ɤɨɥɟɛɚɧɢɣ ɜ ɤɨɥɟɛɚɬɟɥɶɧɨɦ ɤɨɧɬɭɪɟ ɫ ɞɨɛɪɨɬɧɨ-
ɫɬɶɸ Q = 500, ɟɫɥɢ ɡɚ ɜɪɟɦɹ t = 0,1 ɫ ɷɧɟɪɝɢɹ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɯ ɤɨɥɟɛɚɧɢɣ 

ɭɦɟɧɶɲɚɟɬɫɹ ɜ n = 4 ɪɚɡɚ. Ɉɬɜɟɬ: 0,6 ɦɫ. 
2. ɗɥɟɤɬɪɢɱɟɫɤɚɹ ɰɟɩɶ ɫɨɫɬɨɢɬ ɢɡ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɫɨɟɞɢɧɟɧɧɵɯ ɪɟ-

ɡɢɫɬɨɪɚ ɫɨɩɪɨɬɢɜɥɟɧɢɟɦ R = 35 Ɉɦ ɢ ɤɚɬɭɲɤɢ ɢɧɞɭɤɬɢɜɧɨɫɬɶɸ L = 40 

ɦȽɧ. ɉɨ ɰɟɩɢ ɬɟɱɟɬ ɬɨɤ ɱɚɫɬɨɬɨɣ ν = 60 Ƚɰ. ɇɚɣɬɢ ɫɞɜɢɝ ɮɚɡɵ ɦɟɠɞɭ ɬɨɤɨɦ 
ɢ ɧɚɩɪɹɠɟɧɢɟɦ, ɩɪɢɥɨɠɟɧɧɵɦ ɤ ɰɟɩɢ. Ɉɬɜɟɬ: 19,75°. 
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3. ɉɨ ɛɟɫɤɨɧɟɱɧɨ ɞɥɢɧɧɨɦɭ ɩɪɹɦɨɦɭ ɩɪɨɜɨɞɭ ɬɟɱɟɬ ɩɟɪɟɦɟɧɧɵɣ ɫɢ-
ɧɭɫɨɢɞɚɥɶɧɵɣ ɬɨɤ ɱɚɫɬɨɬɨɣ Ȟ = 0,5 ɤȽɰ ɢ ɚɦɩɥɢɬɭɞɨɣ I0 = 1 Ⱥ. ɇɚɣɬɢ ɚɦ-
ɩɥɢɬɭɞɧɨɟ ɡɧɚɱɟɧɢɟ ɦɨɞɭɥɹ ɪɨɬɨɪɚ ɧɚɩɪɹɠɟɧɧɨɫɬɢ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ 
ɧɚ ɪɚɫɫɬɨɹɧɢɢ R = 3 ɫɦ ɨɬ ɩɪɨɜɨɞɚ. Ɉɬɜɟɬ: 0,02 ȼ/ɦ2. 

4. ȼ ɧɟɦɚɝɧɢɬɧɨɣ ɞɢɷɥɟɤɬɪɢɱɟɫɤɨɣ ɫɪɟɞɟ ɪɚɫɩɪɨɫɬɪɚɧɹɟɬɫɹ ɩɥɨɫɤɚɹ 
ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɚɹ ɜɨɥɧɚ ɫ ɚɦɩɥɢɬɭɞɨɣ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ȿ0 = 2 

ȼ/ɦ ɢ ɚɦɩɥɢɬɭɞɨɣ ɦɚɝɧɢɬɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɇ0 = 15 ɦȺ/ɦ. ɇɚɣɬɢ ɮɚɡɨɜɭɸ 
ɫɤɨɪɨɫɬɶ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɣ ɜɨɥɧɵ. Ɉɬɜɟɬ: 1,1·108 ɦ/ɫ. 

5. ȼ ɜɚɤɭɭɦɟ ɪɚɫɩɪɨɫɬɪɚɧɹɟɬɫɹ ɩɥɨɫɤɚɹ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɚɹ ɜɨɥɧɚ ɫ 
ɢɧɬɟɧɫɢɜɧɨɫɬɶɸ I = 5 ɦȼɬ/ɦ2. ɇɚɣɬɢ ɚɦɩɥɢɬɭɞɭ ɧɚɩɪɹɠɟɧɧɨɫɬɢ ɷɥɟɤɬɪɢ-
ɱɟɫɤɨɝɨ ɩɨɥɹ. Ɉɬɜɟɬ: 1,94 ȼ/ɦ. 

 

Ɍɟɦɚ № 2. ȼɨɥɧɨɜɚя ɨɩɬɢɤɚ 

Ɉɫɧɨɜɧɵɟ ɮɢɡɢɱɟɫɤɢɟ ɡɚɤɨɧɵ ɢ ɮɨɪɦɭɥɵ 

1. ɂɧɬɟɪɮɟɪɟɧɰɢɹ ɫɜɟɬɚ 

Ɉɩɬɢɱɟɫɤɚɹ ɪɚɡɧɨɫɬɶ ɯɨɞɚ ɞɜɭɯ ɤɨɝɟɪɟɧɬɧɵɯ ɜɨɥɧ, ɪɚɫɩɪɨɫɬɪɚɧɹɸ-
ɳɢɯɫɹ ɜ ɩɪɨɡɪɚɱɧɨɣ ɨɞɧɨɪɨɞɧɨɣ ɫɪɟɞɟ: 
  1 2n l l   , 

ɝɞɟ l1 ɢ l2 – ɝɟɨɦɟɬɪɢɱɟɫɤɢɟ ɞɥɢɧɵ ɩɭɬɟɣ ɩɟɪɜɨɣ ɢ ɜɬɨɪɨɣ ɜɨɥɧɵ ɫɨɨɬɜɟɬ-
ɫɬɜɟɧɧɨ; n – ɚɛɫɨɥɸɬɧɵɣ ɩɨɤɚɡɚɬɟɥɶ ɩɪɟɥɨɦɥɟɧɢɹ ɫɪɟɞɵ. 

ɍɫɥɨɜɢɹ ɦɚɤɫɢɦɭɦɚ ɢɧɬɟɪɮɟɪɟɧɰɢɢ: 

  2 0,1,2,...
2

k k


    , 

ɝɞɟ Ȝ – ɞɥɢɧɚ ɫɜɟɬɨɜɨɣ ɜɨɥɧɵ. 

ɍɫɥɨɜɢɹ ɦɢɧɢɦɭɦɚ ɢɧɬɟɪɮɟɪɟɧɰɢɢ: 

  2 1
2

k


    . 

ɒɢɪɢɧɚ Δx ɢɧɬɟɪɮɟɪɟɧɰɢɨɧɧɨɣ ɩɨɥɨɫɵ ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ ɪɚɫɫɬɨɹ-
ɧɢɟ ɦɟɠɞɭ ɫɨɫɟɞɧɢɦɢ ɦɚɤɫɢɦɭɦɚɦɢ ɢɥɢ ɦɢɧɢ-
ɦɭɦɚɦɢ ɢɧɬɟɪɮɟɪɟɧɰɢɨɧɧɨɣ ɤɚɪɬɢɧɵ (ɪɢɫ. 1).  

Ɏɨɪɦɭɥɵ ɞɥɹ ɜɵɱɢɫɥɟɧɢɹ ɲɢɪɢɧɵ ɢɧɬɟɪ-
ɮɟɪɟɧɰɢɨɧɧɨɣ ɩɨɥɨɫɵ ɜ ɪɚɡɥɢɱɧɵɯ ɢɧɬɟɪɮɟ-
ɪɟɧɰɢɨɧɧɵɯ ɫɯɟɦɚɯ ɩɪɢɜɟɞɟɧɵ ɧɚ ɪɢɫ. 2. 

 

Ɋɢɫ. 1 
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Ɋɢɫ. 2 

ɂɧɬɟɪɮɟɪɟɧɰɢɨɧɧɭɸ ɤɚɪɬɢɧɭ ɦɨɠɧɨ 

ɬɚɤɠɟ ɧɚɛɥɸɞɚɬɶ ɥɢɛɨ ɩɪɢ ɨɬɪɚɠɟɧɢɢ ɫɜɟɬɚ 
ɨɬ ɬɨɧɤɢɯ ɩɥɟɧɨɤ (ɪɢɫ. 3, ɚ), ɥɢɛɨ ɩɪɢ ɩɪɨ-
ɯɨɠɞɟɧɢɢ ɫɜɟɬɚ ɱɟɪɟɡ ɧɢɯ (ɪɢɫ. 3, ɛ). 

Ɉɩɬɢɱɟɫɤɚɹ ɪɚɡɧɨɫɬɶ ɯɨɞɚ ɜɨɥɧ 1  ɢ 
2: 

 2 22 sin
2

d n


     . 

Ɉɩɬɢɱɟɫɤɚɹ ɪɚɡɧɨɫɬɶ ɯɨɞɚ ɜɨɥɧ 1  ɢ 2 : 

 2 22 sind n    .  

 
ɚ ɛ 

Ɋɢɫ. 3 
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ɂɧɬɟɪɮɟɪɟɧɰɢɨɧɧɚɹ ɤɚɪɬɢɧɚ ɧɚɛɥɸɞɚɟɬɫɹ ɢ 

ɩɪɢ ɧɨɪɦɚɥɶɧɨɦ ɩɚɞɟɧɢɢ ɫɜɟɬɚ ɧɚ ɩɥɨɫɤɭɸ ɩɨ-
ɜɟɪɯɧɨɫɬɶ ɩɥɨɫɤɨɜɵɩɭɤɥɨɣ ɥɢɧɡɵ (ɪɢɫ. 4), ɤɨɬɨ-
ɪɚɹ ɜɵɩɭɤɥɨɣ ɫɬɨɪɨɧɨɣ ɫɨɩɪɢɤɚɫɚɟɬɫɹ ɫ ɩɥɨɫɤɨ-
ɩɚɪɚɥɥɟɥɶɧɨɣ ɩɥɚɫɬɢɧɨɣ. ɂɧɬɟɪɮɟɪɟɧɰɢɨɧɧɵɟ 
ɩɨɥɨɫɵ ɛɭɞɭɬ ɜɢɞɧɵ ɜ ɜɢɞɟ ɤɨɧɰɟɧɬɪɢɱɟɫɤɢɯ ɤɨ-
ɥɟɰ –  ɤɨɥɟɰ ɇɶɸɬɨɧɚ.  

Ɋɚɞɢɭɫ k-ɝɨ ɬɟɦɧɨɝɨ ɤɨɥɶɰɚ ɜ ɨɬɪɚɠɟɧɧɨɦ 
(ɢɥɢ ɫɜɟɬɥɨɝɨ ɜ ɩɪɨɯɨɞɹɳɟɦ) ɫɜɟɬɟ: 
 /

k
r kR n  , 

ɝɞɟ n – ɨɬɧɨɫɢɬɟɥɶɧɵɣ ɩɨɤɚɡɚɬɟɥɶ ɩɪɟɥɨɦɥɟɧɢɹ ɫɪɟɞɵ ɦɟɠɞɭ ɥɢɧɡɨɣ ɢ 
ɩɥɚɫɬɢɧɨɣ. 

Ɋɚɞɢɭɫ m-ɝɨ ɫɜɟɬɥɨɝɨ ɤɨɥɶɰɚ ɜ ɨɬɪɚɠɟɧɧɨɦ (ɢɥɢ ɬɟɦɧɨɝɨ ɜ ɩɪɨɯɨɞɹ-
ɳɟɦ) ɫɜɟɬɟ: 

 (2 1) / 2
m

r m R n   . 

2. Ⱦɢɮɪɚɤɰɢɹ ɫɜɟɬɚ 

Ⱥ. Ⱦɢɮɪɚɤɰɢɹ Ɏɪɟɧɟɥɹ ɧɚ ɨɬɜɟɪɫɬɢɢ ɩɪɢ ɧɨɪɦɚɥɶɧɨɦ ɩɚɞɟɧɢɢ ɫɜɟɬɚ. 
Ɋɚɞɢɭɫ k-ɣ ɡɨɧɵ Ɏɪɟɧɟɥɹ ɞɥɹ ɫɮɟɪɢɱɟɫɤɨɣ ɜɨɥɧɵ: 

 k

ab
k

a b
  


, 

ɝɞɟ a – ɪɚɫɫɬɨɹɧɢɟ ɨɬ ɞɢɚɮɪɚɝɦɵ ɫ ɨɬɜɟɪɫɬɢɟɦ ɞɨ ɬɨɱɟɱɧɨɝɨ ɢɫɬɨɱɧɢɤɚ 
ɫɜɟɬɚ, b – ɪɚɫɫɬɨɹɧɢɟ ɨɬ ɞɢɚɮɪɚɝɦɵ ɞɨ ɷɤɪɚɧɚ. 

Ɋɚɞɢɭɫ k-ɣ ɡɨɧɵ Ɏɪɟɧɟɥɹ ɞɥɹ ɩɥɨɫɤɨɣ ɜɨɥɧɵ: 

 
k

bk   . 

Ȼ. Ⱦɢɮɪɚɤɰɢɹ ɧɚ ɨɞɧɨɣ ɳɟɥɢ ɩɪɢ ɧɨɪɦɚɥɶɧɨɦ ɩɚɞɟɧɢɢ ɫɜɟɬɚ. 

ɍɫɥɨɜɢɟ ɦɢɧɢɦɭɦɚ ɢɧɬɟɧɫɢɜɧɨɫɬɢ: 

  sin 0,1,2,...a k k    , 

ɝɞɟ a – ɲɢɪɢɧɚ ɳɟɥɢ,  – ɭɝɨɥ ɞɢɮɪɚɤɰɢɢ. 

ɍɫɥɨɜɢɟ ɦɚɤɫɢɦɭɦɚ ɢɧɬɟɧɫɢɜɧɨɫɬɢ: 

    sin 2 1 1,2,3,...
2

a k k
     , 

ɝɞɟ   – ɩɪɢɛɥɢɠɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɭɝɥɚ ɞɢɮɪɚɤɰɢɢ. 

ȼ. Ⱦɢɮɪɚɤɰɢɹ Ɏɪɚɭɧɝɨɮɟɪɚ ɧɚ ɞɢɮɪɚɤɰɢɨɧɧɨɣ ɪɟɲɟɬɤɟ.   

 

Ɋɢɫ. 4 
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ɍɫɥɨɜɢɟ ɝɥɚɜɧɵɯ ɦɚɤɫɢɦɭɦɨɜ: 
  sin 0,1,2,...d k k    , 

ɝɞɟ d – ɩɟɪɢɨɞ ɪɟɲɟɬɤɢ,  – ɭɝɨɥ ɞɢɮɪɚɤɰɢɢ. 

Ɋɚɡɪɟɲɚɸɳɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɞɢɮɪɚɤɰɢɨɧɧɨɣ ɪɟɲɟɬɤɢ: 

 R kN


 


, 

ɝɞɟ   – ɦɢɧɢɦɚɥɶɧɚɹ ɪɚɡɧɨɫɬɶ ɞɥɢɧ ɜɨɥɧ ɞɜɭɯ ɫɨɫɟɞɧɢɯ ɫɩɟɤɬɪɚɥɶɧɵɯ 
ɥɢɧɢɣ (Ȝ ɢ Ȝ+ ), ɩɪɢ ɤɨɬɨɪɨɣ ɷɬɢ ɥɢɧɢɢ ɜɨɫɩɪɢɧɢɦɚɸɬɫɹ ɪɚɡɞɟɥɶɧɨ; N – 

ɱɢɫɥɨ ɲɬɪɢɯɨɜ ɪɟɲɟɬɤɢ; k – ɩɨɪɹɞɨɤ ɫɩɟɤɬɪɚ. 

ɍɝɥɨɜɚɹ ɞɢɫɩɟɪɫɢɹ ɞɢɮɪɚɤɰɢɨɧɧɨɣ ɪɟɲɟɬɤɢ:  

 
cos

k
D

d



 
 

, 

ɝɞɟ   – ɭɝɥɨɜɨɟ ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ 
ɫɩɟɤɬɪɚɥɶɧɵɦɢ ɥɢɧɢɹɦɢ, ɨɬɥɢɱɚɸɳɢ-
ɦɢɫɹ ɩɨ ɞɥɢɧɚɦ ɜɨɥɧ ɧɚ   (ɪɢɫ. 5). 

Ʌɢɧɟɣɧɚɹ ɞɢɫɩɟɪɫɢɹ ɞɢɮɪɚɤɰɢ-
ɨɧɧɨɣ ɪɟɲɟɬɤɢ: 

 l

l k
D fD f

d



  


, 

ɝɞɟ l  – ɥɢɧɟɣɧɨɟ ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ 
ɫɩɟɤɬɪɚɥɶɧɵɦɢ ɥɢɧɢɹɦɢ ɧɚ ɷɤɪɚɧɟ, ɨɬ-
ɥɢɱɚɸɳɢɦɢɫɹ ɩɨ ɞɥɢɧɚɦ ɜɨɥɧ ɧɚ  (ɪɢɫ. 4);  f – ɮɨɤɭɫɧɨɟ ɪɚɫɫɬɨɹɧɢɟ ɫɨ-
ɛɢɪɚɸɳɟɣ ɥɢɧɡɵ. 

3. ɉɨɥɹɪɢɡɚɰɢɹ 

Ɂɚɤɨɧ Ȼɪɸɫɬɟɪɚ: 
 

21tg Ȼ n  , 

ɝɞɟ αȻ – ɭɝɨɥ Ȼɪɸɫɬɟɪɚ – ɭɝɨɥ ɩɚɞɟɧɢɹ, ɩɪɢ ɤɨɬɨɪɨɦ ɨɬɪɚɠɟɧɧɚɹ ɫɜɟɬɨɜɚɹ 
ɜɨɥɧɚ ɩɨɥɧɨɫɬɶɸ ɩɨɥɹɪɢɡɨɜɚɧɚ; n21 – ɨɬɧɨɫɢɬɟɥɶɧɵɣ ɩɨɤɚɡɚɬɟɥɶ ɩɪɟɥɨɦ-

ɥɟɧɢɹ. 
Ɂɚɤɨɧ Ɇɚɥɸɫɚ: 

 
0 cosI I  , 

 

Ɋɢɫ. 5 
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ɝɞɟ I0  – ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɩɥɨɫɤɨ ɩɨɥɹɪɢɡɨɜɚɧɧɨɝɨ ɫɜɟɬɚ ɧɚ ɜɯɨɞɟ ɜ ɚɧɚɥɢɡɚ-
ɬɨɪ; I – ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɫɜɟɬɚ, ɩɪɨɲɟɞɲɟɝɨ ɚɧɚɥɢɡɚɬɨɪ;  – ɭɝɨɥ ɦɟɠɞɭ 
ɩɥɨɫɤɨɫɬɹɦɢ ɩɪɨɩɭɫɤɚɧɢɹ ɩɨɥɹɪɢɡɚɬɨɪɚ ɢ ɚɧɚɥɢɡɚɬɨɪɚ (ɪɢɫ. 6). 

 

Ɋɢɫ. 6 

 

ɉɪɢ ɩɚɞɟɧɢɢ ɧɚ ɩɨɥɹɪɢɡɚɬɨɪ ɟɫɬɟɫɬɜɟɧɧɨɝɨ ɫɜɟɬɚ ɢɧɬɟɧɫɢɜɧɨɫɬɶɸ Ie 

 
0 e

1

2
I I . 

ɋɬɟɩɟɧɶ ɩɨɥɹɪɢɡɚɰɢɢ ɫɜɟɬɚ ɱɚɫɬɢɱɧɨ ɩɨɥɹɪɢɡɨɜɚɧɧɨɝɨ ɫɜɟɬɚ: 

 ɩ max min

ɨɛɳ max min

I I I
P

I I I


 


, 

ɝɞɟ Iɩ – ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɩɨɥɹɪɢɡɨɜɚɧɧɨɣ ɤɨɦɩɨɧɟɧɬɵ, Iɨɛɳ – ɨɛɳɚɹ ɢɧɬɟɧ-
ɫɢɜɧɨɫɬɶ ɫɜɟɬɨɜɨɝɨ ɩɨɬɨɤɚ; Imax ɢ Imin – ɦɚɤɫɢɦɚɥɶɧɚɹ ɢ ɦɢɧɢɦɚɥɶɧɚɹ ɢɧ-
ɬɟɧɫɢɜɧɨɫɬɢ ɱɚɫɬɢɱɧɨ ɩɨɥɹɪɢɡɨɜɚɧɧɨɝɨ ɫɜɟɬɚ, ɩɪɨɩɭɫɤɚɟɦɨɝɨ ɚɧɚɥɢɡɚɬɨ-
ɪɨɦ. 

 

ɉɪɢɦɟɪɵ ɪɟɲɟɧɢя ɡɚɞɚɱ 

ɉɪɢɦɟɪ 1. ɇɚ ɞɢɚɮɪɚɝɦɭ ɫ ɞɜɭɦɹ ɭɡɤɢɦɢ ɳɟɥɹɦɢ, ɧɚɯɨɞɹɳɢɦɢɫɹ 
ɞɪɭɝ ɨɬ ɞɪɭɝɚ ɧɚ ɪɚɫɫɬɨɹɧɢɢ d = 2,5 ɦɦ, ɩɚɞɚɟɬ ɧɨɪɦɚɥɶɧɨ ɦɨɧɨɯɪɨɦɚɬɢɱɟ-
ɫɤɢɣ ɫɜɟɬ. ɇɚ ɷɤɪɚɧɟ, ɧɚɯɨɞɹɳɟɦɫɹ ɧɚ ɪɚɫɫɬɨɹɧɢɢ l = 1 ɦ, ɧɚɛɥɸɞɚɟɬɫɹ ɢɧ-
ɬɟɪɮɟɪɟɧɰɢɨɧɧɚɹ ɤɚɪɬɢɧɚ. ɇɚ ɤɚɤɨɟ ɪɚɫɫɬɨɹɧɢɟ ɫɦɟɫɬɹɬɫɹ ɢɧɬɟɪɮɟɪɟɧɰɢ-
ɨɧɧɵɟ ɩɨɥɨɫɵ, ɟɫɥɢ ɨɞɧɭ ɢɡ ɳɟɥɟɣ ɡɚɤɪɵɬɶ ɩɪɨɡɪɚɱɧɨɣ ɩɥɚɫɬɢɧɤɨɣ ɬɨɥ-
ɳɢɧɨɣ b = 10 ɦɤɦ ɫ ɩɨɤɚɡɚɬɟɥɟɦ ɩɪɟɥɨɦɥɟɧɢɹ n = 1,5? 
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Ɋɟɲɟɧɢɟ. ɋɦɟɳɟɧɢɟ ɢɧɬɟɪɮɟɪɟɧɰɢɨɧɧɨɣ ɤɚɪɬɢɧɵ ɩɪɨɢɡɨɣɞɟɬ ɜ ɪɟ-
ɡɭɥɶɬɚɬɟ ɢɡɦɟɧɟɧɢɹ ɨɩɬɢɱɟɫɤɨɣ ɪɚɡɧɨɫɬɢ ɯɨɞɚ ɜɨɥɧ, ɢɞɭɳɢɯ ɨɬ ɳɟɥɟɣ. 
ȼɨɥɧɚ, ɩɪɨɲɟɞɲɚɹ ɱɟɪɟɡ ɩɥɚɫɬɢɧɤɭ, ɜɧɟɫɟɬ ɞɨɩɨɥɧɢɬɟɥɶɧɭɸ ɪɚɡɧɨɫɬɶ ɯɨɞɚ 

 1b n   . ȼ ɨɩɵɬɟ ɘɧɝɚ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɩɪɢ ɜɵɩɨɥɧɟɧɢɢ ɭɫɥɨɜɢɹ l d  

ɨɩɬɢɱɟɫɤɚɹ ɪɚɡɧɨɫɬɶ ɯɨɞɚ ɞɜɭɯ ɜɨɥɧ, ɩɪɢɲɟɞɲɢɯ ɜ ɨɞɧɭ ɢ ɬɭ ɠɟ ɬɨɱɤɭ P 

ɷɤɪɚɧɚ, ɛɭɞɟɬ ɪɚɜɧɚ 

 
xd

l
  , 

ɝɞɟ x – ɪɚɫɫɬɨɹɧɢɟ ɨɬ ɰɟɧɬɪɚ ɷɤɪɚɧɚ ɞɨ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɬɨɱɤɢ P. 

Ɍɨɝɞɚ ɫɦɟɳɟɧɢɟ ɢɧɬɟɪɮɟɪɟɧɰɢɨɧɧɨɣ ɤɚɪɬɢɧɵ ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɤɚɤ 

 
 1lb nl

x
d d


   . 

ɉɨɞɫɬɚɧɨɜɤɚ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ɜ ɪɚɫɱɟɬɧɭɸ ɮɨɪɦɭɥɭ ɞɚɟɬ ɨɬɜɟɬ 
x = 2 ɦɦ. 

Ɉɬɜɟɬ: 2 ɦɦ. 
ɉɪɢɦɟɪ 2. ɍɝɨɥ ɦɟɠɞɭ ɡɟɪɤɚɥɚɦɢ Ɏɪɟɧɟɥɹ ɪɚɜɟɧ   = 3·10-3 ɪɚɞ. ɇɚ 

ɧɢɯ ɩɚɞɚɟɬ ɫɜɟɬ ɫ ɞɥɢɧɨɣ ɜɨɥɧɵ Ȝ = 550 ɧɦ ɨɬ ɳɟɥɢ, ɧɚɯɨɞɹɳɟɣɫɹ ɧɚ ɪɚɫ-
ɫɬɨɹɧɢɢ a = 8 ɫɦ ɨɬ ɥɢɧɢɢ ɩɟɪɟɫɟɱɟɧɢɹ ɡɟɪɤɚɥ. ɂɧɬɟɪɮɟɪɟɧɰɢɨɧɧɚɹ ɤɚɪɬɢ-
ɧɚ ɧɚɛɥɸɞɚɟɬɫɹ ɧɚ ɪɚɫɫɬɨɹɧɢɢ b = 2,5 ɦ ɨɬ ɥɢɧɢɢ ɩɟɪɟɫɟɱɟɧɢɹ ɡɟɪɤɚɥ. 
ɇɚɣɬɢ ɦɚɤɫɢɦɚɥɶɧɨɟ ɱɢɫɥɨ ɢɧɬɟɪɮɟɪɟɧɰɢɨɧɧɵɯ ɩɨɥɨɫ ɧɚ ɷɤɪɚɧɟ. 

Ɋɟɲɟɧɢɟ. ɉɪɢ ɧɚɛɥɸɞɟɧɢɢ ɢɧɬɟɪɮɟɪɟɧɰɢɢ ɫ ɩɨɦɨɳɶɸ ɡɟɪɤɚɥ Ɏɪɟ-
ɧɟɥɹ ɲɢɪɢɧɚ ɢɧɬɟɪɮɟɪɟɧɰɢɨɧɧɨɣ ɩɨɥɨɫɵ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 

 
 
2

a b
x

a

 
 


. 

Ɇɚɤɫɢɦɚɥɶɧɨɟ ɱɢɫɥɨ ɢɧɬɟɪɮɟɪɟɧɰɢɨɧɧɵɯ ɩɨɥɨɫ ɧɚ ɷɤɪɚɧɟ ɦɨɠɧɨ 
ɨɩɪɟɞɟɥɢɬɶ ɩɨ ɮɨɪɦɭɥɟ 

 max

x
N

x



,  

ɝɞɟ x – ɲɢɪɢɧɚ ɡɨɧɵ ɢɧɬɟɪɮɟɪɟɧɰɢɢ ɧɚ ɷɤɪɚɧɟ. 

ɒɢɪɢɧɚ x ɡɨɧɵ ɢɧɬɟɪɮɟɪɟɧɰɢɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡ ɪɚɜɧɨɛɟɞɪɟɧɧɨɝɨ 
ɬɪɟɭɝɨɥɶɧɢɤɚ ɜɵɫɨɬɨɣ b ɫ ɭɝɥɨɦ ɩɪɢ ɜɟɪɲɢɧɟ 2 . ȼɜɢɞɭ ɦɚɥɨɫɬɢ ɭɝɥɚ   

ɜɟɥɢɱɢɧɚ x ɛɭɞɟɬ ɪɚɜɧɚ 2 sin 2x b b   . 

ȼ ɢɬɨɝɟ ɩɨɥɭɱɚɟɦ 
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2

max

4ab
N

a b



 

. 

ɉɨɞɫɬɚɧɨɜɤɚ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ɜ ɪɚɫɱɟɬɧɭɸ ɮɨɪɦɭɥɭ ɞɚɟɬ ɨɬɜɟɬ 
Nmax= 5. 

Ɉɬɜɟɬ: 5. 

ɉɪɢɦɟɪ 3. ɇɚ ɬɨɧɤɭɸ ɩɥɟɧɤɭ (n = 1,5), ɧɚɯɨɞɹɳɭɸɫɹ ɜ ɜɨɡɞɭɯɟ, ɩɚ-
ɞɚɟɬ ɧɨɪɦɚɥɶɧɨ ɩɭɱɨɤ ɥɭɱɟɣ ɛɟɥɨɝɨ ɫɜɟɬɚ. ɉɪɢ ɤɚɤɨɣ ɧɚɢɦɟɧɶɲɟɣ ɬɨɥ-
ɳɢɧɟ d ɩɥɟɧɤɢ ɨɬɪɚɠɟɧɧɵɣ ɫɜɟɬ ɫ ɞɥɢɧɨɣ ɜɨɥɧɵ  = 0,6 ɦɤɦ ɨɤɚɠɟɬɫɹ 
ɦɚɤɫɢɦɚɥɶɧɨ ɭɫɢɥɟɧɧɵɦ ɜ ɪɟɡɭɥɶɬɚɬɟ ɢɧɬɟɪɮɟɪɟɧɰɢɢ? 

Ɋɟɲɟɧɢɟ. Ɉɬɪɚɠɟɧɧɵɣ ɨɬ ɬɨɧɤɨɣ ɩɥɟɧɤɢ ɫɜɟɬ ɛɭɞɟɬ ɦɚɤɫɢɦɚɥɶɧɨ 
ɭɫɢɥɟɧɧɵɦ ɩɪɢ ɜɵɩɨɥɧɟɧɢɢ ɭɫɥɨɜɢɹ 

  2 1,2,...
2

k k


   , 

ɝɞɟ 2
2

dn


    – ɨɩɬɢɱɟɫɤɚɹ ɪɚɡɧɨɫɬɶ ɯɨɞɚ ɜɨɥɧ, ɨɬɪɚɠɟɧɧɵɯ ɨɬ ɜɟɪɯɧɟɣ 

ɢ ɧɢɠɧɟɣ ɩɨɜɟɪɯɧɨɫɬɟɣ ɩɥɟɧɤɢ ɩɪɢ ɧɨɪɦɚɥɶɧɨɦ ɩɚɞɟɧɢɢ ɫɜɟɬɚ. 
ɂɡ ɷɬɢɯ ɮɨɪɦɭɥ ɬɨɥɳɢɧɚ ɩɥɟɧɤɢ ɪɚɜɧɚ 

 
1

2 2
d k

n

    
 

 . 

Ɇɢɧɢɦɚɥɶɧɚɹ ɬɨɥɳɢɧɚ ɩɥɟɧɤɢ, ɩɪɢ ɤɨɬɨɪɨɣ ɜɨɡɦɨɠɧɚ ɢɧɬɟɪɮɟɪɟɧ-
ɰɢɹ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɪɢ ɭɫɥɨɜɢɢ 1k  , ɬɨɝɞɚ 

 
min

4
d

n


 . 

ɉɨɞɫɬɚɧɨɜɤɚ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ɜ ɪɚɫɱɟɬɧɭɸ ɮɨɪɦɭɥɭ ɞɚɟɬ ɨɬɜɟɬ 
dmax= 0,1 ɦɤɦ. 

Ɉɬɜɟɬ: 0,1 ɦɤɦ. 
ɉɪɢɦɟɪ 4. ɇɚ ɪɚɫɫɬɨɹɧɢɢ a = 3 ɦ ɩɟɪɟɞ ɞɢɚɮɪɚɝɦɨɣ ɫ ɨɬɜɟɪɫɬɢɟɦ 

ɞɢɚɦɟɬɪɨɦ d = 2 ɦɦ ɧɚɯɨɞɢɬɫɹ ɬɨɱɟɱɧɵɣ ɢɫɬɨɱɧɢɤ ɦɨɧɨɯɪɨɦɚɬɢɱɟɫɤɨɝɨ 
ɫɜɟɬɚ ɫ ɞɥɢɧɨɣ ɜɨɥɧɵ Ȝ = 600 ɧɦ. ɇɚ ɤɚɤɨɦ ɪɚɫɫɬɨɹɧɢɢ ɨɬ ɞɢɚɮɪɚɝɦɵ 
ɧɭɠɧɨ ɩɨɦɟɫɬɢɬɶ ɷɤɪɚɧ, ɱɬɨɛɵ ɜ ɰɟɧɬɪɟ ɷɤɪɚɧɚ ɧɚɛɥɸɞɚɥɨɫɶ ɧɚɢɛɨɥɟɟ 
ɫɜɟɬɥɨɟ ɩɹɬɧɨ?   

Ɋɟɲɟɧɢɟ. ȼ ɰɟɧɬɪɟ ɷɤɪɚɧɚ ɛɭɞɟɬ ɧɚɛɥɸɞɚɬɶɫɹ ɞɢɮɪɚɤɰɢɨɧɧɵɣ ɦɚɤ-
ɫɢɦɭɦ, ɟɫɥɢ ɨɬɜɟɪɫɬɢɟ ɛɭɞɟɬ ɨɬɤɪɵɜɚɬɶ ɧɟɱɟɬɧɨɟ ɱɢɫɥɨ ɡɨɧ Ɏɪɟɧɟɥɹ. Ⱦɪɭ-
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ɝɢɦɢ ɫɥɨɜɚɦɢ, ɞɢɚɦɟɬɪ d ɨɬɜɟɪɫɬɢɹ ɞɨɥɠɟɧ ɪɚɜɧɹɬɶɫɹ ɞɢɚɦɟɬɪɭ k-ɣ (k – 

ɧɟɱɟɬɧɨɟ ɱɢɫɥɨ) ɡɨɧɵ Ɏɪɟɧɟɥɹ: 
 2

k
d   , 

ɝɞɟ k

ab
k

a b
  


 – ɪɚɞɢɭɫ k-ɣ ɡɨɧɵ Ɏɪɟɧɟɥɹ ɞɥɹ ɫɮɟɪɢɱɟɫɤɨɣ ɜɨɥɧɵ. 

ȼ ɩɨɫɥɟɞɧɟɣ ɮɨɪɦɭɥɟ b – ɢɫɤɨɦɨɟ ɪɚɫɫɬɨɹɧɢɟ. ɉɹɬɧɨ ɜ ɰɟɧɬɪɟ ɷɤɪɚ-
ɧɚ ɛɭɞɟɬ ɧɚɢɛɨɥɟɟ ɹɪɤɢɦ, ɤɨɝɞɚ ɨɬɜɟɪɫɬɢɟ ɨɬɤɪɵɜɚɟɬ ɬɨɥɶɤɨ ɩɟɪɜɭɸ ɡɨɧɭ 
Ɏɪɟɧɟɥɹ, ɬ. ɟ. ɩɪɢ k=1. Ɍɨɝɞɚ 

 
2

24

ad
b

a d


 
. 

ɉɨɞɫɬɚɧɨɜɤɚ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ɜ ɪɚɫɱɟɬɧɭɸ ɮɨɪɦɭɥɭ ɞɚɟɬ ɨɬɜɟɬ b 

= 3,75 ɦ. 
Ɉɬɜɟɬ: 3,75 ɦ. 
ɉɪɢɦɟɪ 5. ɇɚ ɳɟɥɶ ɲɢɪɢɧɨɣ ɚ=0,1 ɦɦ ɩɚɞɚɟɬ ɧɨɪɦɚɥɶɧɨ ɦɨɧɨɯɪɨ-

ɦɚɬɢɱɟɫɤɢɣ ɫɜɟɬ (Ȝ = 0,6 ɦɤɦ). Ɂɚ ɳɟɥɶɸ ɩɨɦɟɳɟɧɚ ɫɨɛɢɪɚɸɳɚɹ ɥɢɧɡɚ, ɜ 
ɮɨɤɚɥɶɧɨɣ ɩɥɨɫɤɨɫɬɢ ɤɨɬɨɪɨɣ ɧɚɯɨɞɢɬɫɹ ɷɤɪɚɧ. ɇɚɣɬɢ ɲɢɪɢɧɭ ɢɡɨɛɪɚɠɟ-
ɧɢɹ ɜɬɨɪɨɝɨ ɦɚɤɫɢɦɭɦɚ ɧɚ ɷɤɪɚɧɟ, ɭɞɚɥɟɧɧɨɦ ɨɬ ɳɟɥɢ ɧɚ L = 1 ɦ.  

Ɋɟɲɟɧɢɟ. ɒɢɪɢɧɭ ɢɡɨɛɪɚɠɟɧɢɹ  ɜɬɨɪɨɝɨ ɞɢɮɪɚɤɰɢɨɧɧɨɝɨ ɦɚɤɫɢɦɭ-
ɦɚ ɧɚ ɷɤɪɚɧɟ ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɤɚɤ (ɪɢɫ. 7) 

 
2 1

x x  , 

ɝɞɟ x1 ɢ x2 – ɪɚɫɫɬɨɹɧɢɹ ɨɬ ɰɟɧɬɪɚ ɞɢɮɪɚɤɰɢɨɧɧɨɣ ɤɚɪɬɢɧɵ ɞɨ 1-ɝɨ ɢ 2-ɝɨ 
ɞɢɮɪɚɤɰɢɨɧɧɨɝɨ ɦɢɧɢɦɭɦɚ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

ɉɨɥɨɠɟɧɢɟ ɞɢɮɪɚɤɰɢɨɧɧɵɯ ɦɢɧɢɦɭɦɨɜ 
ɧɚ ɷɤɪɚɧɟ ɨɩɪɟɞɟɥɹɟɬɫɹ ɭɫɥɨɜɢɟɦ 

  sin 0,1,2,...
k

a k k     . 

Ɋɚɫɫɬɨɹɧɢɹ x1 ɢ x2 ɹɜɥɹɸɬɫɹ ɤɚɬɟɬɚɦɢ 
ɩɪɹɦɨɭɝɨɥɶɧɵɯ ɬɪɟɭɝɨɥɶɧɢɤɨɜ ɫ ɨɛɳɟɣ ɫɬɨɪɨ-
ɧɨɣ L ɢ ɭɝɥɚɦɢ ɩɪɢ ɜɟɪɲɢɧɚɯ 

1
  ɢ 

2
  (ɫɦ. ɪɢɫ. 

7). Ɍɨɝɞɚ  
 

2 1 2 1
tg tgx x L L      . 

ɂɡ-ɡɚ ɦɚɥɨɫɬɢ ɭɝɥɨɜ ɞɢɮɪɚɤɰɢɢ 
tg sin   . ɋɢɧɭɫɵ ɭɝɥɨɜ 

1
  ɢ 

2
 ɜɵɪɚɡɢɦ ɢɡ 

ɭɫɥɨɜɢɹ ɞɢɮɪɚɤɰɢɨɧɧɵɯ ɦɢɧɢɦɭɦɨɜ: 
 

Ɋɢɫ. 7 
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1 2

2
sin , sin

a a

 
     . 

ȼ ɢɬɨɝɟ ɩɨɥɭɱɚɟɦ 

 
2 L

L
a a a

       
 

. 

ɉɨɞɫɬɚɧɨɜɤɚ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ɜ ɪɚɫɱɟɬɧɭɸ ɮɨɪɦɭɥɭ ɞɚɟɬ ɨɬɜɟɬ 
 = 6 ɦɦ. 

Ɉɬɜɟɬ: 6 ɦɦ. 
ɉɪɢɦɟɪ 6. ɉɨɫɬɨɹɧɧɚɹ d ɞɢɮɪɚɤɰɢɨɧɧɨɣ ɪɟɲɟɬɤɢ ɞɥɢɧɨɣ l = 2,5 ɫɦ 

ɪɚɜɧɚ 5 ɦɤɦ ɞɥɹ ɫɜɟɬɚ ɫ ɞɥɢɧɨɣ ɜɨɥɧɵ Ȝ = 0,5 ɦɤɦ ɜ ɫɩɟɤɬɪɟ ɜɬɨɪɨɝɨ ɩɨ-
ɪɹɞɤɚ. Ɉɩɪɟɞɟɥɢɬɶ ɪɚɡɧɨɫɬɶ ɞɥɢɧ ɜɨɥɧ, ɪɚɡɪɟɲɚɟɦɭɸ ɷɬɨɣ ɪɟɲɟɬɤɨɣ. 

Ɋɟɲɟɧɢɟ. Ɋɚɡɧɨɫɬɶ ɞɥɢɧ ɜɨɥɧ  , ɪɚɡɪɟɲɚɟɦɭɸ ɞɢɮɪɚɤɰɢɨɧɧɨɣ ɪɟ-
ɲɟɬɤɨɣ, ɨɩɪɟɞɟɥɢɦ ɢɡ ɮɨɪɦɭɥɵ ɞɥɹ ɪɚɡɪɟɲɚɸɳɟɣ ɫɩɨɫɨɛɧɨɫɬɢ: 

 R





. 

ɋ ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ, ɪɚɡɪɟɲɚɸɳɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɪɟɲɟɬɤɢ R kN , ɝɞɟ k 

– ɩɨɪɹɞɨɤ ɫɩɟɤɬɪɚ, N – ɱɢɫɥɨ ɲɬɪɢɯɨɜ ɪɟɲɟɬɤɢ. Ɍɨɝɞɚ 

 
R kN

 
   . 

ɑɢɫɥɨ ɲɬɪɢɯɨɜ ɞɢɮɪɚɤɰɢɨɧɧɨɣ ɪɟɲɟɬɤɢ ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɤɚɤ 
/N l d . ȼ ɢɬɨɝɟ 

 
d

kl


  . 

ɉɨɞɫɬɚɧɨɜɤɚ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ɜ ɪɚɫɱɟɬɧɭɸ ɮɨɪɦɭɥɭ ɞɚɟɬ ɨɬɜɟɬ 
= 50 ɩɦ. 

Ɉɬɜɟɬ: 50 ɩɦ. 
ɉɪɢɦɟɪ 7. Ɉɩɪɟɞɟɥɢɬɶ ɩɨɤɚɡɚɬɟɥɶ ɩɪɟɥɨɦɥɟɧɢɹ n ɝɪɚɧɚɬɚ, ɟɫɥɢ ɩɪɢ 

ɨɬɪɚɠɟɧɢɢ ɨɬ ɧɟɝɨ ɫɜɟɬɚ ɨɬɪɚɠɟɧɧɵɣ ɥɭɱ ɩɨɥɧɨɫɬɶɸ ɩɨɥɹɪɢɡɨɜɚɧ ɩɪɢ ɭɝɥɟ 
ɩɪɟɥɨɦɥɟɧɢɹ 30°. 

Ɋɟɲɟɧɢɟ. Ɉɬɪɚɠɟɧɧɵɣ ɨɬ ɩɨɜɟɪɯɧɨɫɬɢ ɥɭɱ ɛɭɞɟɬ ɩɨɥɧɨɫɬɶɸ ɩɨɥɹɪɢ-
ɡɨɜɚɧ, ɟɫɥɢ ɭɝɨɥ α ɩɚɞɟɧɢɹ ɥɭɱɚ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɡɚɤɨɧɭ Ȼɪɸɫɬɟɪɚ: 
 tg n  . 

ɇɚ ɝɪɚɧɢɰɟ ɪɚɡɞɟɥɚ ɞɜɭɯ ɩɪɨɡɪɚɱɧɵɯ ɫɪɟɞ ɛɭɞɟɬ ɜɵɩɨɥɧɹɬɶɫɹ ɡɚɤɨɧ ɩɪɟ-
ɥɨɦɥɟɧɢɹ: 
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sin

sin
n





. 

ɉɨ ɭɫɥɨɜɢɸ ɡɚɞɚɱɢ ɭɝɨɥ ɩɪɟɥɨɦɥɟɧɢɹ ȕ= 30°. Ⱦɥɹ ɧɚɯɨɠɞɟɧɢɹ n ɩɟ-
ɪɟɩɢɲɟɦ ɡɚɤɨɧ Ȼɪɸɫɬɟɪɚ ɜ ɜɢɞɟ 

 
sin

cos
n





, 

ɨɬɤɭɞɚ sin cosn   . ɋ ɭɱɟɬɨɦ ɞɚɧɧɨɝɨ ɪɚɜɟɧɫɬɜɚ ɡɚɤɨɧ ɩɪɟɥɨɦɥɟɧɢɹ 
ɩɪɢɧɢɦɚɟɬ ɜɢɞ 

 
cos

sin

n
n





, 

ɨɬɤɭɞɚ cos sin 0,5    , ɫɥɟɞɨɜɚɬɟɥɶɧɨ O60  . ȼ ɢɬɨɝɟ  

 Otg60 1,73n   . 

Ɉɬɜɟɬ: 1,73. 

ɉɪɢɦɟɪ 8. ɋɬɟɩɟɧɶ ɩɨɥɹɪɢɡɚɰɢɢ ɱɚɫɬɢɱɧɨ ɩɨɥɹɪɢɡɨɜɚɧɧɨɝɨ ɫɜɟɬɚ  
P = 0,25. ɇɚɣɬɢ ɨɬɧɨɲɟɧɢɟ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɟɫɬɟɫɬɜɟɧɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ 
ɷɬɨɝɨ ɫɜɟɬɚ ɤ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɩɨɥɹɪɢɡɨɜɚɧɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ. 

Ɋɟɲɟɧɢɟ. ɂɧɬɟɧɫɢɜɧɨɫɬɶ ɱɚɫɬɢɱɧɨ ɩɨɥɹɪɢɡɨɜɚɧɧɨɝɨ ɫɜɟɬɚ ɦɨɠɧɨ 
ɨɩɪɟɞɟɥɢɬɶ ɤɚɤ ɫɭɦɦɭ ɢɧɬɟɧɫɢɜɧɨɫɬɢ Ie ɟɫɬɟɫɬɜɟɧɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɢ ɢɧ-
ɬɟɧɫɢɜɧɨɫɬɢ Iɩ ɩɨɥɹɪɢɡɨɜɚɧɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ:  
 ɟ ɩI I I  . 

ɋɬɟɩɟɧɶ ɩɨɥɹɪɢɡɚɰɢɢ ɫɜɟɬɚ ɪɚɜɧɚ 

 ɩ ɩ

e ɩ

I I
P

I I I
 


. 

ȼɵɪɚɡɢɦ ɢɡ ɷɬɨɝɨ ɫɨɨɬɧɨɲɟɧɢɹ ɟ ɩ/I I : 

 

ɟ

ɩ

ɟ

ɩ

1 1,

1
.

I
P

I

I P

I P

 
  

 



  

ɉɨɞɫɬɚɧɨɜɤɚ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ɜ ɪɚɫɱɟɬɧɭɸ ɮɨɪɦɭɥɭ ɞɚɟɬ ɨɬɜɟɬ 

ɟ ɩ/I I = 3. 

Ɉɬɜɟɬ: 3. 
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Ɂɚɞɚɱɢ ɞɥя ɫɚɦɨɫɬɨяɬɟɥɶɧɨɝɨ ɪɟɲɟɧɢя 

1. ɉɪɢ ɭɜɟɥɢɱɟɧɢɢ ɞɥɢɧɵ ɜɨɥɧɵ, ɢɫɩɭɫɤɚɟɦɨɣ ɢɫɬɨɱɧɢɤɨɦ ɦɨɧɨ-
ɯɪɨɦɚɬɢɱɟɫɤɨɝɨ ɫɜɟɬɚ, ɧɚ ΔȜ = 0,15 ɦɤɦ ɜ ɨɩɵɬɟ ɘɧɝɚ ɲɢɪɢɧɚ ɢɧɬɟɪɮɟ-
ɪɟɧɰɢɨɧɧɵɯ ɩɨɥɨɫ ɧɚ ɷɤɪɚɧɟ ɭɜɟɥɢɱɢɥɚɫɶ ɧɚ Δb = 0,1 ɦɦ. Ɉɩɪɟɞɟɥɢɬɶ ɪɚɫ-
ɫɬɨɹɧɢɟ d ɦɟɠɞɭ ɞɜɭɦɹ ɳɟɥɹɦɢ, ɟɫɥɢ ɪɚɫɫɬɨɹɧɢɟ l ɨɬ ɳɟɥɟɣ ɞɨ ɷɤɪɚɧɚ 2 ɦ. 
Ɉɬɜɟɬ: 3 ɦɦ. 

2. ɂɫɬɨɱɧɢɤ ɫɜɟɬɚ ɫ ɞɥɢɧɨɣ ɜɨɥɧɵ Ȝ=600 ɧɦ ɧɚɯɨɞɢɬɫɹ ɧɚ ɪɚɫɫɬɨɹ-
ɧɢɢ  a=20 ɫɦ ɨɬ ɫɬɟɤɥɹɧɧɨɣ ɛɢɩɪɢɡɦɵ (n=1,5) ɫ ɩɪɟɥɨɦɥɹɸɳɢɦ ɭɝɥɨɦ 
=0,018 ɪɚɞ. ɇɚɣɬɢ ɲɢɪɢɧɭ ɢɧɬɟɪɮɟɪɟɧɰɢɨɧɧɨɣ ɩɨɥɨɫɵ ɧɚ ɷɤɪɚɧɟ, ɧɚɯɨ-
ɞɹɳɟɦɫɹ ɧɚ ɪɚɫɫɬɨɹɧɢɢ b=120 ɫɦ ɨɬ ɛɢɩɪɢɡɦɵ. Ɉɬɜɟɬ: 0,2 ɦɦ. 

3. ɉɨɜɟɪɯɧɨɫɬɢ ɫɬɟɤɥɹɧɧɨɝɨ ɤɥɢɧɚ (n = 1,5) ɨɛɪɚɡɭɸɬ ɦɟɠɞɭ ɫɨɛɨɣ 
ɭɝɨɥ  = 0,02°. ɇɚ ɤɥɢɧ ɧɨɪɦɚɥɶɧɨ ɤ ɟɝɨ ɩɨɜɟɪɯɧɨɫɬɢ ɩɚɞɚɟɬ ɩɭɱɨɤ ɥɭɱɟɣ 
ɦɨɧɨɯɪɨɦɚɬɢɱɟɫɤɨɝɨ ɫɜɟɬɚ. Ɉɩɪɟɞɟɥɢɬɶ ɞɨɥɢɧɭ ɜɨɥɧɵ  ɫɜɟɬɚ, ɟɫɥɢ ɲɢɪɢ-
ɧɚ b ɢɧɬɟɪɮɟɪɟɧɰɢɨɧɧɨɣ ɩɨɥɨɫɵ 0,65 ɦɦ. Ɉɬɜɟɬ: 0,68 ɦɤɦ. 

4. Ⱦɢɮɪɚɤɰɢɨɧɧɚɹ ɤɚɪɬɢɧɚ ɧɚɛɥɸɞɚɟɬɫɹ ɧɚ ɪɚɫɫɬɨɹɧɢɢ l ɨɬ ɬɨɱɟɱɧɨ-
ɝɨ ɢɫɬɨɱɧɢɤɚ ɦɨɧɨɯɪɨɦɚɬɢɱɟɫɤɨɝɨ ɫɜɟɬɚ ɫ  = 550 ɧɦ. ɇɚ ɪɚɫɫɬɨɹɧɢɢ 
ɚ = 0,5l ɨɬ ɢɫɬɨɱɧɢɤɚ ɩɨɦɟɳɟɧɚ ɧɟɩɪɨɡɪɚɱɧɚɹ ɩɪɟɝɪɚɞɚ ɞɢɚɦɟɬɪɨɦ 
d = 2 ɦɦ. ɇɚɣɬɢ ɪɚɫɫɬɨɹɧɢɟ l, ɟɫɥɢ ɩɪɟɝɪɚɞɚ ɡɚɤɪɵɜɚɟɬ ɰɟɧɬɪɚɥɶɧɭɸ ɡɨɧɭ 
Ɏɪɟɧɟɥɹ. Ɉɬɜɟɬ: 7,27 ɦ. 

5. ɇɚ ɳɟɥɶ ɲɢɪɢɧɨɣ ɚ = 0,05 ɦɦ ɩɚɞɚɟɬ ɧɨɪɦɚɥɶɧɨ ɦɨɧɨɯɪɨɦɚɬɢɱɟ-
ɫɤɢɣ ɫɜɟɬ. ɍɝɨɥ φ ɦɟɠɞɭ ɩɟɪɜɨɧɚɱɚɥɶɧɵɦ ɧɚɩɪɚɜɥɟɧɢɟɦ ɩɭɱɤɚ ɫɜɟɬɚ ɢ 
ɧɚɩɪɚɜɥɟɧɢɟɦ ɧɚ ɱɟɬɜɟɪɬɭɸ ɬɟɦɧɭɸ ɞɢɮɪɚɤɰɢɨɧɧɭɸ ɩɨɥɨɫɭ 2,75°. Ɉɩɪɟ-
ɞɟɥɢɬɶ ɞɥɢɧɭ ɜɨɥɧɵ ɩɚɞɚɸɳɟɝɨ ɫɜɟɬɚ. Ɉɬɜɟɬ: 600 ɧɦ. 

6. ɇɚ ɞɢɮɪɚɤɰɢɨɧɧɭɸ ɪɟɲɟɬɤɭ, ɫɨɞɟɪɠɚɳɭɸ n = 500 ɲɬɪɢɯɨɜ ɧɚ 
1 ɦɦ, ɩɚɞɚɟɬ ɧɨɪɦɚɥɶɧɨ ɦɨɧɨɯɪɨɦɚɬɢɱɟɫɤɢɣ ɫɜɟɬ (Ȝ = 0,55 ɦɤɦ). ɇɚɣɬɢ 
ɨɛɳɟɟ ɱɢɫɥɨ ɞɢɮɪɚɤɰɢɨɧɧɵɯ ɦɚɤɫɢɦɭɦɨɜ, ɤɨɬɨɪɵɟ ɞɚɟɬ ɷɬɚ ɪɟɲɟɬɤɚ. Ɉɬ-
ɜɟɬ: 8. 

7. Ɉɩɪɟɞɟɥɢɬɶ ɩɨɤɚɡɚɬɟɥɶ ɩɪɟɥɨɦɥɟɧɢɹ ɬɨɩɚɡɚ, ɟɫɥɢ ɩɪɢ ɨɬɪɚɠɟɧɢɢ 
ɨɬ ɧɟɝɨ ɥɭɱ ɫɜɟɬɚ  ɨɬɤɥɨɧɢɥɫɹ ɨɬ ɩɟɪɜɨɧɚɱɚɥɶɧɨɝɨ ɧɚɩɪɚɜɥɟɧɢɹ ɧɚ ɭɝɨɥ θ 
= 63°. Ɉɬɪɚɠɟɧɧɵɣ ɫɜɟɬ ɩɨɥɧɨɫɬɶɸ ɩɨɥɹɪɢɡɨɜɚɧ. Ɉɬɜɟɬ: 1,63. 

8. ɉɭɱɨɤ ɟɫɬɟɫɬɜɟɧɧɨɝɨ ɫɜɟɬɚ ɩɚɞɚɟɬ ɧɚ ɫɢɫɬɟɦɭ ɢɡ 5 ɩɨɥɹɪɢɡɚɬɨɪɨɜ, 
ɩɥɨɫɤɨɫɬɶ ɩɪɨɩɭɫɤɚɧɢɹ ɤɚɠɞɨɝɨ ɢɡ ɤɨɬɨɪɵɯ ɩɨɜɟɪɧɭɬɚ ɧɚ ɭɝɨɥ 45° ɨɬɧɨɫɢ-
ɬɟɥɶɧɨ ɩɥɨɫɤɨɫɬɢ ɩɪɨɩɭɫɤɚɧɢɹ ɩɪɟɞɵɞɭɳɟɝɨ ɩɨɥɹɪɢɡɚɬɨɪɚ. Ʉɚɤɚɹ ɱɚɫɬɶ 
ɫɜɟɬɨɜɨɝɨ ɩɨɬɨɤɚ ɩɪɨɯɨɞɢɬ ɱɟɪɟɡ ɷɬɭ ɫɢɫɬɟɦɭ? Ɉɬɜɟɬ: 0,03. 
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Ɍɟɦɚ № 3. Ʉɜɚɧɬɨɜɵɟ ɫɜɨɣɫɬɜɚ 

ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɢɡɥɭɱɟɧɢя 

Ɉɫɧɨɜɧɵɟ ɮɢɡɢɱɟɫɤɢɟ ɡɚɤɨɧɵ ɢ ɮɨɪɦɭɥɵ 

1. Ɍɟɩɥɨɜɨɟ ɢɡɥɭɱɟɧɢɟ 

Ɂɚɤɨɧ ɋɬɟɮɚɧɚ – Ȼɨɥɶɰɦɚɧɚ: 
 

4
R T  , 

ɝɞɟ R – ɷɧɟɪɝɟɬɢɱɟɫɤɚɹ ɫɜɟɬɢɦɨɫɬɶ ɬɟɥɚ,   – ɩɨɝɥɨɳɚɬɟɥɶɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ 

ɬɟɥɚ,  ı = 5,67·10-8 ȼɬ/(ɦ2·Ʉ4) – ɩɨɫɬɨɹɧɧɚɹ ɋɬɟɮɚɧɚ – Ȼɨɥɶɰɦɚɧɚ, T – ɚɛɫɨ-
ɥɸɬɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ. 

Ɂɚɤɨɧ ɫɦɟɳɟɧɢɹ ȼɢ́ɧɚ: 
 

m
T b  , 

ɝɞɟ 
m

  – ɞɥɢɧɚ ɜɨɥɧɵ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ 

ɦɚɤɫɢɦɚɥɶɧɨɦɭ ɡɧɚɱɟɧɢɸ ɫɩɟɤɬɪɚɥɶɧɨɣ 
ɩɥɨɬɧɨɫɬɢ ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɫɜɟɬɢɦɨɫɬɢ 
ɬɟɥɚ (ɪɢɫ. 8); b = 2,9·10-3 ɦ-1·Ʉ-1. 

Ɂɚɜɢɫɢɦɨɫɬɶ ɦɚɤɫɢɦɚɥɶɧɨɣ ɫɩɟɤ-
ɬɪɚɥɶɧɨɣ ɩɥɨɬɧɨɫɬɢ ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɫɜɟ-
ɬɢɦɨɫɬɢ ɚɛɫɨɥɸɬɧɨ ɱɟɪɧɨɝɨ ɬɟɥɚ ɨɬ ɬɟɦ-
ɩɟɪɚɬɭɪɵ:  

  * 5

,T m
r CT  , 

ɝɞɟ ɋ = 1,3·10-5 ȼɬ/(ɦ3·K5). 

Ɏɨɪɦɭɥɚ ɉɥɚɧɤɚ: 

 
2

*

, 5 /

2 1

1
T hc kT

hc
r

e
 




 
, 

ɝɞɟ k – ɩɨɫɬɨɹɧɧɚɹ Ȼɨɥɶɰɦɚɧɚ, h = 6,63·10-34 Ⱦɠ·ɫ – ɩɨɫɬɨɹɧɧɚɹ ɉɥɚɧɤɚ, ɫ – 

ɫɤɨɪɨɫɬɶ ɫɜɟɬɚ ɜ ɜɚɤɭɭɦɟ. 

2. Фɨɬɨɷɮɮɟɤɬ 

ɗɧɟɪɝɢɹ ɢ ɢɦɩɭɥɶɫ ɮɨɬɨɧɚ: 

 
hc

h   


, 
h

p
c


 


, 

ɝɞɟ Ȟ – ɱɚɫɬɨɬɚ ɫɜɟɬɚ, Ȝ – ɞɥɢɧɚ ɜɨɥɧɵ. 
ɍɪɚɜɧɟɧɢɟ ɗɣɧɲɬɟɣɧɚ ɞɥɹ ɮɨɬɨɷɮɮɟɤɬɚ: 

 

Ɋɢɫ. 8 
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2

max

2

mv
h A   , 

ɝɞɟ h  – ɷɧɟɪɝɢɹ ɮɨɬɨɧɚ, ɩɨɝɥɨɳɟɧɧɨɝɨ ɮɨɬɨɤɚɬɨɞɨɦ; A – ɪɚɛɨɬɚ ɜɵɯɨɞɚ 
ɦɚɬɟɪɢɚɥɚ ɮɨɬɨɤɚɬɨɞɚ, 

max
v – ɦɚɤɫɢɦɚɥɶɧɚɹ ɫɤɨɪɨɫɬɶ ɮɨɬɨɷɥɟɤɬɪɨɧɚ, m – 

ɦɚɫɫɚ ɷɥɟɤɬɪɨɧɚ. 

Ʉɪɚɫɧɚɹ ɝɪɚɧɢɰɚ ɮɨɬɨɷɮɮɟɤɬɚ: 

 
0

hc

A
  . 

3. Ⱦɚɜɥɟɧɢɟ ɫɜɟɬɚ 

Ⱦɚɜɥɟɧɢɟ ɫɜɟɬɚ ɧɚ ɩɨɜɟɪɯɧɨɫɬɶ ɩɪɢ ɟɝɨ ɧɨɪɦɚɥɶɧɨɦ ɩɚɞɟɧɢɢ: 

    1 1e
E

P
c

    ,  

ɝɞɟ 
e

E  – ɩɨɜɟɪɯɧɨɫɬɧɚɹ ɩɥɨɬɧɨɫɬɶ ɩɨɬɨɤɚ ɢɡɥɭɱɟɧɢɹ,   – ɨɛɴɟɦɧɚɹ ɩɥɨɬ-

ɧɨɫɬɶ ɷɧɟɪɝɢɢ, ρ – ɤɨɷɮɮɢɰɢɟɧɬ ɨɬɪɚɠɟɧɢɹ ɩɨɜɟɪɯɧɨɫɬɢ ( 0 1   ). 

4. Эɮɮɟɤɬ Кɨɦɩɬɨɧɚ 

Ʉɨɦɩɬɨɧɨɜɫɤɨɟ ɫɦɟɳɟɧɢɟ ɞɥɢɧɵ ɜɨɥɧɵ ɮɨɬɨɧɚ ɩɪɢ ɪɚɫɫɟɹɧɢɢ ɟɝɨ ɧɚ 
ɫɜɨɛɨɞɧɨɣ ɱɚɫɬɢɰɟ: 

  
0

1 cos
h

m c
        ,  

ɝɞɟ   – ɞɥɢɧɚ ɜɨɥɧɵ ɮɨɬɨɧɚ ɞɨ ɪɚɫɫɟɹɧɢɹ,   – ɞɥɢɧɚ ɜɨɥɧɵ ɮɨɬɨɧɚ ɩɨɫɥɟ 
ɪɚɫɫɟɹɧɢɹ, θ – ɭɝɨɥ ɪɚɫɫɟɹɧɢɹ, m0 – ɦɚɫɫɚ ɱɚɫɬɢɰɵ. 

Ʉɨɦɩɬɨɧɨɜɫɤɚɹ ɞɥɢɧɚ ɜɨɥɧɵ: 

 
0

C

h

m c
 . 

ɉɪɢɦɟɪɵ ɪɟɲɟɧɢя ɡɚɞɚɱ 

ɉɪɢɦɟɪ 1. ɉɪɢ ɭɜɟɥɢɱɟɧɢɢ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɣ ɬɟɦɩɟɪɚɬɭɪɵ 
Ɍ1= 300 Ʉ ɚɛɫɨɥɸɬɧɨ ɱɟɪɧɨɝɨ ɬɟɥɚ ɞɥɢɧɚ ɜɨɥɧɵ Ȝm, ɧɚ ɤɨɬɨɪɭɸ ɩɪɢɯɨɞɢɬɫɹ 
ɦɚɤɫɢɦɭɦ ɫɩɟɤɬɪɚɥɶɧɨɣ ɩɥɨɬɧɨɫɬɢ ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɫɜɟɬɢɦɨɫɬɢ, ɭɦɟɧɶɲɢ-
ɥɚɫɶ ɧɚ ∆Ȝ = 400 ɧɦ. Ɉɩɪɟɞɟɥɢɬɶ ɤɨɧɟɱɧɭɸ ɬɟɦɩɟɪɚɬɭɪɭ T2. 

Ɋɟɲɟɧɢɟ. ɋɨɝɥɚɫɧɨ ɡɚɤɨɧɭ ɫɦɟɳɟɧɢɹ ȼɢ́ɧɚ ɞɥɢɧɚ ɜɨɥɧɵ Ȝm, ɧɚ ɤɨɬɨ-
ɪɭɸ ɩɪɢɯɨɞɢɬɫɹ ɦɚɤɫɢɦɭɦ ɫɩɟɤɬɪɚɥɶɧɨɣ ɩɥɨɬɧɨɫɬɢ ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɫɜɟ-
ɬɢɦɨɫɬɢ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ T1, ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ 
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1

1

m

b

T
  . 

ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ T2 : 2 2/m b T  . Ɍɨɝɞɚ ɩɪɢ ɢɡɜɟɫɬɧɨɦ ɢɡ-

ɦɟɧɟɧɢɢ ɞɥɢɧɵ ɜɨɥɧɵ 
1 2m m

    ɬɟɦɩɟɪɚɬɭɪɚ T2 ɦɨɠɟɬ ɛɵɬɶ ɨɩɪɟɞɟ-

ɥɟɧɚ ɩɨ ɮɨɪɦɭɥɟ 

 
2

1/

b
T

b T


 
. 

ɉɨɞɫɬɚɧɨɜɤɚ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ɜ ɪɚɫɱɟɬɧɭɸ ɮɨɪɦɭɥɭ ɞɚɟɬ ɨɬɜɟɬ T2 

= 313 Ʉ. 
Ɉɬɜɟɬ: 313 Ʉ. 
ɉɪɢɦɟɪ 2. Ɍɟɦɩɟɪɚɬɭɪɚ ɜɧɭɬɪɟɧɧɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɦɭɮɟɥɶɧɨɣ ɩɟɱɢ 

ɦɨɳɧɨɫɬɶɸ P = 1,3 ɤȼɬ ɩɪɢ ɨɬɤɪɵɬɨɦ ɨɬɜɟɪɫɬɢɢ ɩɥɨɳɚɞɶɸ S = 20 ɫɦ2 ɪɚɜ-
ɧɚ T = 1000 Ʉ. ɋɱɢɬɚɹ, ɱɬɨ ɨɬɜɟɪɫɬɢɟ ɩɟɱɢ ɢɡɥɭɱɚɟɬ ɤɚɤ ɚɛɫɨɥɸɬɧɨ ɱɟɪɧɨɟ 
ɬɟɥɨ, ɨɩɪɟɞɟɥɢɬɶ ɦɨɳɧɨɫɬɶ, ɪɚɫɫɟɢɜɚɟɦɭɸ ɫɬɟɧɤɚɦɢ. 

Ɋɟɲɟɧɢɟ. Ɇɨɳɧɨɫɬɶ Pɢɡɥ, ɢɡɥɭɱɚɟɦɭɸ ɨɬɤɪɵɬɵɦ ɨɬɜɟɪɫɬɢɟɦ ɩɟɱɢ, 
ɨɩɪɟɞɟɥɢɦ ɧɚ ɨɫɧɨɜɚɧɢɢ ɡɚɤɨɧɚ ɋɬɟɮɚɧɚ – Ȼɨɥɶɰɦɚɧɚ: 
 4

ɢɡɥP T S . 

Ɍɨɝɞɚ ɦɨɳɧɨɫɬɶ Pɪɚɫ, ɪɚɫɫɟɢɜɚɟɦɚɹ ɫɬɟɧɤɚɦɢ ɩɟɱɢ, ɛɭɞɟɬ ɪɚɜɧɚ 

 
4

ɪɚɫ ɢɡɥP P P P T S    . 

 ɉɨɞɫɬɚɧɨɜɤɚ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ɜ ɪɚɫɱɟɬɧɭɸ ɮɨɪɦɭɥɭ ɞɚɟɬ ɨɬɜɟɬ Pɪɚɫ 

= 1,19 ɤȼɬ. 
Ɉɬɜɟɬ: 1,19 ɤȼɬ. 
ɉɪɢɦɟɪ 3. ɗɧɟɪɝɢɹ ɮɨɬɨɧɚ, ɩɚɞɚɸɳɟɝɨ ɧɚ ɮɨɬɨɤɚɬɨɞ, ɪɚɜɧɚ 2,5 ɷȼ. 

Ʉɚɤɚɹ ɞɨɥɹ ɟɝɨ ɷɧɟɪɝɢɢ ɢɡɪɚɫɯɨɞɨɜɚɧɚ ɧɚ ɪɚɛɨɬɭ ɜɵɪɵɜɚɧɢɹ ɮɨɬɨɷɥɟɤɬɪɨ-
ɧɚ, ɟɫɥɢ ɦɚɤɫɢɦɚɥɶɧɚɹ ɤɢɧɟɬɢɱɟɫɤɚɹ ɷɧɟɪɝɢɹ ɮɨɬɨɷɥɟɤɬɪɨɧɚ ɪɚɜɧɚ 1,5 ɷȼ? 

Ɋɟɲɟɧɢɟ. ɋɨɝɥɚɫɧɨ ɮɨɪɦɭɥɟ ɗɣɧɲɬɟɣɧɚ ɞɥɹ ɮɨɬɨɷɮɮɟɤɬɚ, ɷɧɟɪɝɢɹ 
h  ɩɚɞɚɸɳɟɝɨ ɧɚ ɩɨɜɟɪɯɧɨɫɬɶ ɜɟɳɟɫɬɜɚ ɮɨɬɨɧɚ ɪɚɫɩɪɟɞɟɥɹɟɬɫɹ ɦɟɠɞɭ ɪɚ-
ɛɨɬɨɣ A ɩɨ ɜɵɪɵɜɚɧɢɸ ɮɨɬɨɷɥɟɤɬɪɨɧɚ (ɪɚɛɨɬɨɣ ɜɵɯɨɞɚ) ɢ ɟɝɨ ɦɚɤɫɢɦɚɥɶ-
ɧɨɣ ɤɢɧɟɬɢɱɟɫɤɨɣ ɷɧɟɪɝɢɟɣ Tmax: 

 
maxh A T   . 

Ɍɨɝɞɚ ɞɨɥɹ   ɟɝɨ ɷɧɟɪɝɢɢ, ɢɡɪɚɫɯɨɞɨɜɚɧɧɨɣ ɧɚ ɪɚɛɨɬɭ ɜɵɯɨɞɚ, ɛɭɞɟɬ ɪɚɜɧɚ 

 max max1
A h T T

h h h

 
    

  
. 
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ɉɨɞɫɬɚɧɨɜɤɚ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ɜ ɪɚɫɱɟɬɧɭɸ ɮɨɪɦɭɥɭ ɞɚɟɬ ɨɬɜɟɬ   

= 0,4. 

Ɉɬɜɟɬ: 0,4. 

ɉɪɢɦɟɪ 4. ɇɚ ɢɞɟɚɥɶɧɭɸ ɨɬɪɚɠɚɸɳɭɸ ɩɥɨɫɤɭɸ ɩɨɜɟɪɯɧɨɫɬɶ ɧɨɪ-
ɦɚɥɶɧɨ ɩɚɞɚɟɬ ɦɨɧɨɯɪɨɦɚɬɢɱɟɫɤɢɣ ɫɜɟɬ, ɩɨɬɨɤ ɢɡɥɭɱɟɧɢɹ ɤɨɬɨɪɨɝɨ 
Φe = 0,3 ȼɬ. Ɉɩɪɟɞɟɥɢɬɶ ɫɢɥɭ ɞɚɜɥɟɧɢɹ, ɢɫɩɵɬɵɜɚɟɦɭɸ ɷɬɨɣ ɩɨɜɟɪɯɧɨ-
ɫɬɶɸ. 

Ɋɟɲɟɧɢɟ. ɋɢɥɚ ɧɨɪɦɚɥɶɧɨɝɨ ɞɚɜɥɟɧɢɹ ɧɚ ɩɨɜɟɪɯɧɨɫɬɶ ɨɩɪɟɞɟɥɹɟɬɫɹ 
ɤɚɤ F PS , ɝɞɟ P – ɞɚɜɥɟɧɢɟ, S – ɩɥɨɳɚɞɶ ɩɨɜɟɪɯɧɨɫɬɢ. ɋɜɟɬɨɜɨɟ ɞɚɜɥɟ-
ɧɢɟ ɧɚ ɩɨɜɟɪɯɧɨɫɬɶ ɨɩɪɟɞɟɥɢɦ ɩɨ ɮɨɪɦɭɥɟ: 

  1e
E

P
c

  . 

ȼ ɞɚɧɧɨɣ ɮɨɪɦɭɥɟ ɩɨɜɟɪɯɧɨɫɬɧɚɹ ɩɥɨɬɧɨɫɬɶ ɫɜɟɬɨɜɨɝɨ ɩɨɬɨɤɚ Ee 

ɪɚɜɧɚ 

 e
e

E
S


 . 

 ȼ ɫɥɭɱɚɟ ɢɞɟɚɥɶɧɨɣ ɨɬɪɚɠɚɸɳɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɤɨɷɮɮɢɰɢɟɧɬ ɨɬɪɚ-
ɠɟɧɢɹ 1  . ȼ ɢɬɨɝɟ ɩɨɥɭɱɚɟɦ 

 
2 2 2

e e e
E

F S S
c cS c

 
   .  

ɉɨɞɫɬɚɧɨɜɤɚ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ɜ ɪɚɫɱɟɬɧɭɸ ɮɨɪɦɭɥɭ ɞɚɟɬ ɨɬɜɟɬ F 

= 2 ɧɇ. 
Ɉɬɜɟɬ: 2 ɧɇ. 

ɉɪɢɦɟɪ 5. Ɉɩɪɟɞɟɥɢɬɶ ɦɚɤɫɢɦɚɥɶɧɨɟ ɢɡɦɟɧɟɧɢɟ ɞɥɢɧɵ ɜɨɥɧɵ 
max  

ɩɪɢ ɤɨɦɩɬɨɧɨɜɫɤɨɦ  ɪɚɫɫɟɹɧɢɢ ɧɚ ɫɜɨɛɨɞɧɵɯ ɩɪɨɬɨɧɚɯ. 
Ɋɟɲɟɧɢɟ. ɂɡɦɟɧɟɧɢɟ ɞɥɢɧɵ ɜɨɥɧɵ   ɩɪɢ ɤɨɦɩɬɨɧɨɜɫɤɨɦ  ɪɚɫɫɟɹ-

ɧɢɢ ɧɚ ɫɜɨɛɨɞɧɨɦ ɩɪɨɬɨɧɟ ɨɩɪɟɞɟɥɢɦ ɩɨ ɮɨɪɦɭɥɟ: 

  
0

1 cos
h

m c
    , 

ɝɞɟ m0 – ɦɚɫɫɚ ɩɨɤɨɹ ɩɪɨɬɨɧɚ (m0=1,67·10-27 ɦ). 
Ɇɚɤɫɢɦɚɥɶɧɨɟ ɢɡɦɟɧɟɧɢɟ ɞɥɢɧɵ ɜɨɥɧɵ ɩɪɨɢɡɨɣɞɟɬ ɩɪɢ ɭɝɥɟ ɪɚɫɫɟɹ-

ɧɢɹ θ, ɪɚɜɧɨɦ ɧɭɥɸ. Ɍɨɝɞɚ  

 
max

0

2h

m c
  . 
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ɉɨɞɫɬɚɧɨɜɤɚ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ɜ ɪɚɫɱɟɬɧɭɸ ɮɨɪɦɭɥɭ ɞɚɟɬ ɨɬɜɟɬ 

max  = 2,64 ɮɦ. 

Ɉɬɜɟɬ: 2,64 ɮɦ. 

 

Ɂɚɞɚɱɢ ɞɥя ɫɚɦɨɫɬɨяɬɟɥɶɧɨɝɨ ɪɟɲɟɧɢя 

1. ȼɫɥɟɞɫɬɜɢɟ ɢɡɦɟɧɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɱɟɪɧɨɝɨ ɬɟɥɚ ɦɚɤɫɢɦɭɦ ɫɩɟɤ-
ɬɪɚɥɶɧɨɣ ɩɥɨɬɧɨɫɬɢ (rȜ,T)max ɫɦɟɫɬɢɥɫɹ ɫ Ȝ1 = 2 ɦɤɦ ɧɚ Ȝ2 = 1,5 ɦɤɦ. ȼɨ 
ɫɤɨɥɶɤɨ ɪɚɡ ɭɜɟɥɢɱɢɥɚɫɶ ɦɚɤɫɢɦɚɥɶɧɚɹ ɫɩɟɤɬɪɚɥɶɧɚɹ ɩɥɨɬɧɨɫɬɶ ɷɧɟɪɝɟ-

ɬɢɱɟɫɤɨɣ ɫɜɟɬɢɦɨɫɬɢ? Ɉɬɜɟɬ: 4,2. 

2. Ɉɩɪɟɞɟɥɢɬɶ ɫɢɥɭ ɬɨɤɚ, ɩɪɨɬɟɤɚɸɳɟɝɨ ɩɨ ɜɨɥɶɮɪɚɦɨɜɨɣ ɩɪɨɜɨɥɨɤɟ 
ɞɢɚɦɟɬɪɨɦ d = 0,8 ɦɦ, ɬɟɦɩɟɪɚɬɭɪɚ ɤɨɬɨɪɨɣ ɜ ɜɚɤɭɭɦɟ ɩɨɞɞɟɪɠɢɜɚɟɬɫɹ 
ɪɚɜɧɨɣ T = 2800 °ɋ. ɉɨɜɟɪɯɧɨɫɬɶ ɩɪɨɜɨɥɨɤɢ ɩɪɢɧɹɬɶ ɫɟɪɨɣ ɫ ɩɨɝɥɨɳɚ-
ɬɟɥɶɧɨɣ ɫɩɨɫɨɛɧɨɫɬɶɸ =0,343. ɍɞɟɥɶɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɩɪɨɜɨɥɨɤɢ 
ρ = 0,92 ɦɤɈɦ·ɦ.  Ɉɬɜɟɬ: 24,2 Ⱥ. 

3. Ɉɩɪɟɞɟɥɢɬɶ ɞɥɢɧɭ ɜɨɥɧɵ ɫɜɟɬɚ, ɨɛɥɭɱɚɸɳɟɝɨ ɮɨɬɨɤɚɬɨɞ ɫ ɪɚɛɨ-
ɬɨɣ ɜɵɯɨɞɚ A = 2,2 ɷȼ, ɟɫɥɢ ɷɦɢɫɫɢɹ ɮɨɬɨɷɥɟɤɬɪɨɧɨɜ ɩɪɟɤɪɚɳɚɟɬɫɹ ɩɪɢ 
ɩɪɢɥɨɠɟɧɢɢ ɡɚɞɟɪɠɢɜɚɸɳɟɣ ɪɚɡɧɨɫɬɢ ɩɨɬɟɧɰɢɚɥɨɜ U = 2,5 ȼ. Ɉɬɜɟɬ: 264 

ɧɦ. 
4. ɇɚ ɩɥɨɫɤɭɸ ɩɨɜɟɪɯɧɨɫɬɶ ɧɨɪɦɚɥɶɧɨ ɩɚɞɚɟɬ ɦɨɧɨɯɪɨɦɚɬɢɱɟɫɤɢɣ 

ɫɜɟɬ ɫ ɞɥɢɧɨɣ ɜɨɥɧɵ  = 500 ɧɦ. ɉɨɬɨɤ ɩɚɞɚɸɳɟɝɨ ɢɡɥɭɱɟɧɢɹ Φe = 0,5 ȼɬ. 
Ɉɩɪɟɞɟɥɢɬɶ ɱɢɫɥɨ ɮɨɬɨɧɨɜ, ɩɚɞɚɸɳɢɯ ɧɚ ɩɨɜɟɪɯɧɨɫɬɶ ɡɚ ɜɪɟɦɹ t = 4 ɫ. 
Ɉɬɜɟɬ: 5·1018. 

5. Ɉɩɪɟɞɟɥɢɬɶ ɭɝɨɥ θ ɪɚɫɫɟɹɧɢɹ ɮɨɬɨɧɚ, ɢɫɩɵɬɚɜɲɟɝɨ ɫɨɭɞɚɪɟɧɢɟ ɫɨ 
ɫɜɨɛɨɞɧɵɦ ɷɥɟɤɬɪɨɧɨɦ, ɟɫɥɢ ɢɡɦɟɧɟɧɢɟ ɞɥɢɧɵ ɜɨɥɧɵ ∆Ȝ ɩɪɢ ɪɚɫɫɟɹɧɢɢ 
ɪɚɜɧɨ 3,5 ɩɦ. Ɉɬɜɟɬ: 90°. 

 

Ɍɟɦɚ № 4. ȼɨɥɧɨɜɵɟ ɫɜɨɣɫɬɜɚ ɦɢɤɪɨɱɚɫɬɢɰ 

Ɉɫɧɨɜɧɵɟ ɮɢɡɢɱɟɫɤɢɟ ɡɚɤɨɧɵ ɢ ɮɨɪɦɭɥɵ 

1. ȼɨɥɧɵ ɞɟ Ȼɪɨɣɥɹ 

Ⱦɥɢɧɚ ɜɨɥɧɵ ɞɟ Ȼɪɨɣɥɹ ɩɪɢ , ɝɞɟ v – ɫɤɨɪɨɫɬɶ ɦɢɤɪɨɱɚɫɬɢɰɵ: 

 
h h

p mv
   , 

ɝɞɟ p – ɢɦɩɭɥɶɫ ɱɚɫɬɢɰɵ. 
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Ⱦɥɢɧɚ ɜɨɥɧɵ ɞɟ Ȼɪɨɣɥɹ ɩɪɢ v c  (ɪɟɥɹɬɢɜɢɫɬɫɤɢɣ ɫɥɭɱɚɣ): 

  2

0

1 /
h

v c
m v

   , 

ɝɞɟ m0 – ɦɚɫɫɚ ɩɨɤɨɹ ɱɚɫɬɢɰɵ. 
ɋɜɹɡɶ ɞɥɢɧɵ ɜɨɥɧɵ ɞɟ Ȼɪɨɣɥɹ ɫ ɤɢɧɟɬɢɱɟɫɤɨɣ ɷɧɟɪɝɢɟɣ Ɍ ɱɚɫɬɢɰɵ: 

– ɩɪɢv c : 

2

h

mT
  . 

– ɩɪɢ v c : 
 2

0
2

hc

T T m c
 


. 

2. ɋɨɨɬɧɨɲɟɧɢɹ ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɟɣ Ƚɟɣɡɟɧɛɟɪɝɚ 

ɋɨɨɬɧɨɲɟɧɢɟ ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɟɣ ɞɥɹ ɤɨɨɪɞɢɧɚɬɵ ɢ ɢɦɩɭɥɶɫɚ ɱɚ-
ɫɬɢɰɵ: 
 

x
p x   , 

ɝɞɟ 
x

p  – ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɶ ɩɪɨɟɤɰɢɢ ɢɦɩɭɥɶɫɚ ɱɚɫɬɢɰɵ ɧɚ ɨɫɶ ɯ; x – ɧɟ-

ɨɩɪɟɞɟɥɟɧɧɨɫɬɶ ɤɨɨɪɞɢɧɚɬɵ ɱɚɫɬɢɰɵ; / 2h  . 

ɋɨɨɬɧɨɲɟɧɢɟ ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɟɣ ɞɥɹ ɷɧɟɪɝɢɢ ɢ ɜɪɟɦɟɧɢ: 
 E t   , 

ɝɞɟ E – ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɶ ɷɧɟɪɝɢɢ ɞɚɧɧɨɝɨ ɤɜɚɧɬɨɜɨɝɨ ɫɨɫɬɨɹɧɢɹ; t – 

ɜɪɟɦɹ ɩɪɟɛɵɜɚɧɢɹ ɫɢɫɬɟɦɵ ɜ ɷɬɨɦ ɫɨɫɬɨɹɧɢɢ. 
3. Ⱦɢɮɪɚɤɰɢɹ ɦɢɤɪɨɱɚɫɬɢɰ ɧɚ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɪɟɲɟɬɤɟ 

Ɏɨɪɦɭɥɚ ȼɭɥɶɮɚ – Ȼɪɷɝɝɨɜ: 
  2 sin 0,1,2,...d k k    , 

ɝɞɟ d – ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɚɬɨɦɧɵɦɢ ɩɥɨɫɤɨɫɬɹɦɢ ɤɪɢɫɬɚɥɥɚ;   – ɭɝɨɥ 
ɫɤɨɥɶɠɟɧɢɹ (ɭɝɨɥ ɦɟɠɞɭ ɧɚɩɪɚɜɥɟɧɢɟɦ ɩɭɱɤɚ ɦɢɤɪɨɱɚɫɬɢɰ ɢ ɝɪɚɧɶɸ ɤɪɢ-
ɫɬɚɥɥɚ), Ȝ – ɞɟɛɪɨɣɥɟɜɫɤɚɹ ɞɥɢɧɚ ɜɨɥɧɵ ɦɢɤɪɨɱɚɫɬɢɰɵ. 
 

ɉɪɢɦɟɪɵ ɪɟɲɟɧɢя ɡɚɞɚɱ 

ɉɪɢɦɟɪ 1. Ɂɚɪɹɠɟɧɧɚɹ ɱɚɫɬɢɰɚ, ɭɫɤɨɪɟɧɧɚɹ ɪɚɡɧɨɫɬɶɸ ɩɨɬɟɧɰɢɚɥɨɜ 
200 ȼ, ɢɦɟɟɬ ɞɥɢɧɭ ɜɨɥɧɵ ɞɟ Ȼɪɨɣɥɹ 22,7 ɩɦ. ɇɚɣɞɢɬɟ ɦɚɫɫɭ ɱɚɫɬɢɰɵ, ɟɫɥɢ 
ɟɟ ɡɚɪɹɞ ɩɨ ɦɨɞɭɥɸ ɪɚɜɟɧ ɡɚɪɹɞɭ ɷɥɟɤɬɪɨɧɚ. 

Ɋɟɲɟɧɢɟ. ɍɫɤɨɪɹɸɳɚɹ ɪɚɡɧɨɫɬɶ ɩɨɬɟɧɰɢɚɥɨɜ U ɫɨɨɛɳɚɟɬ ɡɚɪɹɠɟɧ-
ɧɨɣ ɱɚɫɬɢɰɟ ɤɢɧɟɬɢɱɟɫɤɭɸ ɷɧɟɪɝɢɸ, ɪɚɜɧɭɸ T qU . ȼ ɧɚɲɟɦ ɫɥɭɱɚɟ 
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q e . ȼ ɞɚɧɧɨɣ ɡɚɞɚɱɟ ɪɟɱɶ ɢɞɟɬ ɨ ɤɥɚɫɫɢɱɟɫɤɨɣ ɱɚɫɬɢɰɟ ( v c ), ɬɨɝɞɚ 

ɞɥɢɧɚ ɜɨɥɧɵ ɞɟ Ȼɪɨɣɥɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ 

 
2

h

mT
  , 

ɨɬɤɭɞɚ ɦɚɫɫɚ m ɱɚɫɬɢɰɵ ɪɚɜɧɚ 

 
2

22

h
m

eU



. 

ɉɨɞɫɬɚɧɨɜɤɚ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ɜ ɪɚɫɱɟɬɧɭɸ ɮɨɪɦɭɥɭ ɞɚɟɬ ɨɬɜɟɬ m 

= 6,7·10-27 ɤɝ. 

Ɉɬɜɟɬ: 6,7·10-27 ɤɝ. 

ɉɪɢɦɟɪ 2. ɋ ɤɚɤɨɣ ɫɤɨɪɨɫɬɶɸ ɞɜɢɠɟɬɫɹ ɩɪɨɬɨɧ, ɟɫɥɢ ɞɥɢɧɚ ɜɨɥɧɵ 
ɞɟ Ȼɪɨɣɥɹ Ȝ ɩɪɨɬɨɧɚ ɪɚɜɧɚ 1,5 ɮɦ? 

Ɋɟɲɟɧɢɟ. Ⱦɥɹ ɜɵɱɢɫɥɟɧɢɹ ɫɤɨɪɨɫɬɢ ɩɪɨɬɨɧɚ ɢɫɩɨɥɶɡɭɟɦ ɪɟɥɹɬɢɜɢɫɬ-
ɫɤɭɸ ɮɨɪɦɭɥɭ ɞɥɢɧɵ ɜɨɥɧɵ ɞɟ Ȼɪɨɣɥɹ: 

  2

0

1 /
h

v c
m v

   , 

ɨɬɤɭɞɚ ɫɤɨɪɨɫɬɶ ɩɪɨɬɨɧɚ ɪɚɜɧɚ 

 

 2 2

0

hc
v

m c h


 

. 

ɉɨɞɫɬɚɧɨɜɤɚ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ɜ ɪɚɫɱɟɬɧɭɸ ɮɨɪɦɭɥɭ ɞɚɟɬ ɨɬɜɟɬ v 

= 2·108 ɦ/c. 

Ɉɬɜɟɬ: 2·108 ɦ/ɫ. 
ɉɪɢɦɟɪ 3. Ɉɰɟɧɢɬɶ ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɶ Δv ɫɤɨɪɨɫɬɢ ɩɪɨɬɨɧɚ,  ɥɨɤɚ-

ɥɢɡɨɜɚɧɧɨɝɨ ɜ ɨɛɥɚɫɬɢ ɪɚɡɦɟɪɨɦ l = 10-14 ɦ. 
Ɋɟɲɟɧɢɟ. Ⱦɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɜɨɫɩɨɥɶɡɭɟɦɫɹ ɫɨɨɬɧɨɲɟɧɢɟɦ ɧɟɨɩɪɟ-

ɞɟɥɟɧɧɨɫɬɟɣ ɜ ɜɢɞɟ 
x

p x   . ȼ ɧɚɲɟɦ ɫɥɭɱɚɟ ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɶ ɤɨɨɪɞɢ-

ɧɚɬɵ ɩɪɨɬɨɧɚ x l  , ɚ ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɶ ɢɦɩɭɥɶɫɚ 
xp m v   . ȼ ɢɬɨɝɟ ɧɟ-

ɨɩɪɟɞɟɥɟɧɧɨɫɬɶ Δv ɫɤɨɪɨɫɬɢ ɩɪɨɬɨɧɚ ɪɚɜɧɚ 

 v
ml

  . 

ɉɨɞɫɬɚɧɨɜɤɚ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ɜ ɪɚɫɱɟɬɧɭɸ ɮɨɪɦɭɥɭ ɞɚɟɬ ɨɬɜɟɬ 
Δv = 6,3·106 ɦ/ɫ. 

Ɉɬɜɟɬ: 6,3·106 ɦ/ɫ. 
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ɉɪɢɦɟɪ 4. ȼɨ ɫɤɨɥɶɤɨ ɪɚɡ ɞɟɛɪɨɣɥɟɜɫɤɚɹ ɞɥɢɧɚ ɜɨɥɧɵ Ȝ ɱɚɫɬɢɰɵ 
ɦɟɧɶɲɟ ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɢ Δx ɟɟ ɤɨɨɪɞɢɧɚɬɵ, ɤɨɬɨɪɚɹ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɨɬɧɨ-
ɫɢɬɟɥɶɧɨɣ ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɢ ɢɦɩɭɥɶɫɚ  Δp/p = 0,03? 

Ɋɟɲɟɧɢɟ. ɂɡ ɫɨɨɬɧɨɲɟɧɢɹ ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɟɣ 
x

p x   , ɫ ɭɱɟɬɨɦ 

ɜɵɪɚɠɟɧɢɹ 2

p


  , ɨɬɧɨɲɟɧɢɟ Δp/p ɩɪɢɦɟɬ ɜɢɞ 

 
2 2

p

p x x

  
 

  
. 

Ɉɬɫɸɞɚ ɜɵɪɚɠɚɟɦ ɢɫɤɨɦɨɟ ɨɬɧɨɲɟɧɢɟ  

 
1

5,3
2 2 0,03

x p

p


  

  
. 

Ɉɬɜɟɬ: 5,3. 

ɉɪɢɦɟɪ 5. ɍɡɤɢɣ ɩɭɱɨɤ ɦɨɧɨɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɷɥɟɤɬɪɨɧɨɜ ɩɚɞɚɟɬ ɧɚ 
ɩɨɜɟɪɯɧɨɫɬɶ ɦɨɧɨɤɪɢɫɬɚɥɥɚ ɦɟɞɢ, ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɚɬɨɦɧɵɦɢ ɩɥɨɫɤɨ-
ɫɬɹɦɢ ɤɨɬɨɪɨɝɨ  d = 0,19 ɧɦ. ȼ ɧɚɩɪɚɜɥɟɧɢɢ, ɫɨɫɬɚɜɥɹɸɳɟɦ ɭɝɨɥ   = 28º ɫ 
ɧɚɩɪɚɜɥɟɧɢɟɦ ɩɚɞɚɸɳɢɯ ɷɥɟɤɬɪɨɧɨɜ, ɧɚɛɥɸɞɚɟɬɫɹ ɦɚɤɫɢɦɭɦ ɨɬɪɚɠɟɧɢɹ 
ɬɪɟɬɶɟɝɨ ɩɨɪɹɞɤɚ. ȼɵɱɢɫɥɢɬɶ ɤɢɧɟɬɢɱɟɫɤɭɸ ɷɧɟɪɝɢɸ ɷɥɟɤɬɪɨɧɨɜ. 

Ɋɟɲɟɧɢɟ. Ⱦɥɹ ɜɵɱɢɫɥɟɧɢɹ ɤɢɧɟɬɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɷɥɟɤɬɪɨɧɨɜ ɨɩɪɟ-
ɞɟɥɢɦ ɢɯ ɞɟɛɪɨɣɥɟɜɫɤɭɸ ɞɥɢɧɭ ɜɨɥɧɵ ɢɡ ɮɨɪɦɭɥɵ ȼɭɥɶɮɚ-Ȼɪɷɝɝɨɜ: 

 
2 sind

k


  . 

ɉɨ ɭɫɥɨɜɢɸ ɡɚɞɚɱɢ k=3. Ʉɢɧɟɬɢɱɟɫɤɚɹ ɷɧɟɪɝɢɹ ɦɢɤɪɨɱɚɫɬɢɰɵ ɫɜɹɡɚ-
ɧɚ ɫ ɞɥɢɧɨɣ ɜɨɥɧɵ ɞɟ Ȼɪɨɣɥɹ ɫɨɨɬɧɨɲɟɧɢɟɦ 

 
2

h

mT
  . 

ɉɪɢɪɚɜɧɢɜɚɹ ɩɪɚɜɵɟ ɱɚɫɬɢ ɨɛɨɢɯ ɜɵɪɚɠɟɧɢɣ, ɩɨɥɭɱɚɟɦ 

 
 

2

1

2 2 cos / 2

hk
T

m d

 
  

 
. 

ɉɨɞɫɬɚɧɨɜɤɚ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ɜ ɪɚɫɱɟɬɧɭɸ ɮɨɪɦɭɥɭ ɞɚɟɬ ɨɬɜɟɬ T 

= 1,6·10-17 Ⱦɠ = 100 ɷȼ. 
Ɉɬɜɟɬ: 100 ɷȼ. 
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Ɂɚɞɚɱɢ ɞɥя ɫɚɦɨɫɬɨяɬɟɥɶɧɨɝɨ ɪɟɲɟɧɢя 

1. Ʉɚɤɭɸ ɦɢɧɢɦɚɥɶɧɭɸ ɞɥɢɧɭ ɜɨɥɧɵ ɞɟ Ȼɪɨɣɥɹ ɢɦɟɟɬ ɷɥɟɤɬɪɨɧ, ɜɵ-
ɛɢɬɵɣ ɜ ɪɟɡɭɥɶɬɚɬɟ ɮɨɬɨɷɮɮɟɤɬɚ ɫ ɩɨɜɟɪɯɧɨɫɬɢ ɦɟɬɚɥɥɚ ɮɨɬɨɧɨɦ, ɢɦɟɜ-
ɲɢɦ ɷɧɟɪɝɢɸ 1 ɤɷȼ? Ɉɬɜɟɬ: 38,9 ɩɦ. 

2. ɉɪɢ ɤɚɤɨɦ ɡɧɚɱɟɧɢɢ ɤɢɧɟɬɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɞɥɢɧɚ ɜɨɥɧɵ ɞɟ Ȼɪɨɣ-
ɥɹ Ȝ ɷɥɟɤɬɪɨɧɚ ɪɚɜɧɚ 15 ɩɦ? Ɉɬɜɟɬ: 400 ɤɷȼ. 

3. ɂɫɩɨɥɶɡɭɹ ɫɨɨɬɧɨɲɟɧɢɟ ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɟɣ E t   , ɨɰɟɧɢɬɶ 
ɜɪɟɦɹ Ĳ ɠɢɡɧɢ ɜ ɜɨɡɛɭɠɞɟɧɧɨɦ ɫɨɫɬɨɹɧɢɢ, ɟɫɥɢ ɲɢɪɢɧɚ Ƚ ɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ 
ɭɪɨɜɧɹ ɪɚɜɧɚ 6·10-8 ɷȼ. Ɉɬɜɟɬ: 11 ɧɫ. 

4. Ɉɰɟɧɢɬɶ ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɶ ɤɨɨɪɞɢɧɚɬɵ Δx ɷɥɟɤɬɪɨɧɚ, ɟɫɥɢ ɟɝɨ 
ɤɢɧɟɬɢɱɟɫɤɚɹ ɷɧɟɪɝɢɹ E = 2 ɷȼ. Ɉɬɜɟɬ: 13,8 ɧɦ. 

5. Ɇɨɧɨɷɧɟɪɝɟɬɢɱɟɫɤɢɣ ɩɭɱɨɤ ɧɟɣɬɪɨɧɨɜ ɩɚɞɚɟɬ ɧɚ ɤɪɢɫɬɚɥɥ ɫ ɩɟɪɢ-
ɨɞɨɦ d = 0,15 ɧɦ. Ɉɩɪɟɞɟɥɢɬɶ ɫɤɨɪɨɫɬɶ ɧɟɣɬɪɨɧɨɜ, ɟɫɥɢ ɛɪɷɝɝɨɜɫɤɨɟ ɨɬɪɚ-
ɠɟɧɢɟ ɩɟɪɜɨɝɨ ɩɨɪɹɞɤɚ ɧɚɛɥɸɞɚɟɬɫɹ, ɤɨɝɞɚ ɭɝɨɥ ɫɤɨɥɶɠɟɧɢɹ 
 = 45º. Ɉɬɜɟɬ: 1,9 ɤɦ/ɫ. 

 

Ɍɟɦɚ № 5. ɍɪɚɜɧɟɧɢɟ ɒɪɟɞɢɧɝɟɪɚ 

Ɉɫɧɨɜɧɵɟ ɮɢɡɢɱɟɫɤɢɟ ɡɚɤɨɧɵ ɢ ɮɨɪɦɭɥɵ 

Ɉɞɧɨɦɟɪɧɨɟ ɫɬɚɰɢɨɧɚɪɧɨɟ ɭɪɚɜɧɟɧɢɟ ɒɪɟɞɢɧɝɟɪɚ: 

  
2

2 2

2
0

d m
E U

dx


    , 

ɝɞɟ ȿ – ɩɨɥɧɚɹ ɷɧɟɪɝɢɹ ɱɚɫɬɢɰɵ; U – ɩɨɬɟɧɰɢɚɥɶɧɚɹ ɷɧɟɪɝɢɹ;  x  –  ɱɚɫɬɶ 

ɜɨɥɧɨɜɨɣ ɮɭɧɤɰɢɢ, ɡɚɜɢɫɹɳɚɹ ɬɨɥɶɤɨ ɨɬ ɤɨɨɪɞɢɧɚɬɵ x. 

ɋɨɛɫɬɜɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ȥ-ɮɭɧɤɰɢɢ ɞɥɹ ɨɞɧɨɦɟɪɧɨɣ ɩɨɬɟɧɰɢɚɥɶɧɨɣ 
ɹɦɵ ɲɢɪɢɧɨɣ l ɫ ɛɟɫɤɨɧɟɱɧɨ ɜɵɫɨɤɢɦɢ ɫɬɟɧɤɚɦɢ: 

  2
( ) sin 1,2,...

n

n
x x n

l l

    
 

. 

ɋɨɛɫɬɜɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɷɧɟɪɝɢɢ ɱɚɫɬɢɰɵ, ɧɚɯɨɞɹɳɟɣɫɹ ɧɚ n-ɦ ɷɧɟɪɝɟ-
ɬɢɱɟɫɤɨɦ ɭɪɨɜɧɟ ɜ ɛɟɫɤɨɧɟɱɧɨ ɝɥɭɛɨɤɨɣ ɨɞɧɨɦɟɪɧɨɣ ɩɨɬɟɧɰɢɚɥɶɧɨɣ ɹɦɟ 
ɲɢɪɢɧɨɣ l:   

 
2 2

2

22
n

E n
ml


 . 

ȼɟɪɨɹɬɧɨɫɬɶ ɨɛɧɚɪɭɠɢɬɶ ɱɚɫɬɢɰɭ ɜ ɢɧɬɟɪɜɚɥɟ (x1, x2): 
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2

1

x

x

W dx  , 

ɝɞɟ   2

x   – ɩɥɨɬɧɨɫɬɶ ɜɟɪɨɹɬɧɨɫɬɢ. 

ɍɫɥɨɜɢɟ ɧɨɪɦɢɪɨɜɤɢ ȥ-ɮɭɧɤɰɢɢ: 

 1dx





  . 

Ʉɨɷɮɮɢɰɢɟɧɬ ɩɪɟɥɨɦɥɟɧɢɹ ɜɨɥɧ ɞɟ Ȼɪɨɣɥɹ ɧɚ 
ɝɪɚɧɢɰɟ ɩɨɬɟɧɰɢɚɥɶɧɨɝɨ ɛɚɪɶɟɪɚ:  

 1 2

2 1

k
n

k


 


, 

ɝɞɟ Ȝ1, Ȝ2 ɢ k1, k2 – ɞɥɢɧɵ ɜɨɥɧ ɢ ɜɨɥɧɨɜɵɟ ɱɢɫɥɚ ɜ ɨɛ-
ɥɚɫɬɢ 1 ɢ 2 ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ (ɪɢɫ. 9).  

Ʉɨɷɮɮɢɰɢɟɧɬ ɨɬɪɚɠɟɧɢɹ ɜɨɥɧ ɞɟ Ȼɪɨɣɥɹ ɨɬ ɩɨɬɟɧɰɢɚɥɶɧɨɝɨ ɛɚɪɶɟɪɚ:  

 

2

1 2

1 2

k k

k k


 


. 

Ʉɨɷɮɮɢɰɢɟɧɬ ɩɪɨɯɨɠɞɟɧɢɹ ɜɨɥɧɚɦɢ ɞɟ Ȼɪɨɣɥɹ ɩɨɬɟɧɰɢɚɥɶɧɨɝɨ ɛɚ-
ɪɶɟɪɚ:  

 
 

1 2

2

1 2

4k k

k k
 


. 

Ʉɨɷɮɮɢɰɢɟɧɬ ɩɪɨɡɪɚɱɧɨɫɬɢ ɩɨɬɟɧɰɢɚɥɶɧɨɝɨ ɛɚɪɶɟɪɚ ɲɢɪɢɧɨɣ d, ɜɵ-
ɫɨɬɨɣ U0: 

  0

2
exp 2D m U E d

    
 

. 

 

ɉɪɢɦɟɪɵ ɪɟɲɟɧɢя ɡɚɞɚɱ 

ɉɪɢɦɟɪ 1. ȼ ɨɞɧɨɦɟɪɧɨɦ «ɩɨɬɟɧɰɢɚɥɶɧɨɦ ɹɳɢɤɟ» ɲɢɪɢɧɨɣ l ɧɚɯɨ-
ɞɢɬɫɹ ɷɥɟɤɬɪɨɧ. ȼɵɱɢɫɥɢɬɶ ɜɟɪɨɹɬɧɨɫɬɶ ɧɚɯɨɠɞɟɧɢɹ ɷɥɟɤɬɪɨɧɚ ɧɚ ɧɢɡɲɟɦ 
ɜɨɡɛɭɠɞɟɧɧɨɦ ɷɧɟɪɝɟɬɢɱɟɫɤɨɦ ɭɪɨɜɧɟ ɜ ɢɧɬɟɪɜɚɥɟ ¼l, ɪɚɜɧɨɭɞɚɥɟɧɧɨɦ ɨɬ 
ɫɬɟɧɨɤ «ɹɳɢɤɚ». 

Ɋɟɲɟɧɢɟ. ɋɨɛɫɬɜɟɧɧɚɹ ɮɭɧɤɰɢɹ ɷɥɟɤɬɪɨɧɚ, ɧɚɯɨɞɹɳɟɝɨɫɹ ɜ ɨɫɧɨɜ-
ɧɨɦ ɫɨɫɬɨɹɧɢɢ ɜ ɨɞɧɨɦɟɪɧɨɣ ɩɨɬɟɧɰɢɚɥɶɧɨɣ ɹɦɟ ɲɢɪɢɧɨɣ l ɫ ɛɟɫɤɨɧɟɱɧɨ 
ɜɵɫɨɤɢɦɢ ɫɬɟɧɤɚɦɢ, ɢɦɟɟɬ ɜɢɞ 

 

Ɋɢɫ. 9 
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2

( ) sinx x
l l

    
 

. 

ɂɧɬɟɪɜɚɥ ¼l, ɪɚɜɧɨɭɞɚɥɟɧɧɵɣ ɨɬ ɫɬɟɧɨɤ ɩɨɬɟɧɰɢɚɥɶɧɨɣ ɹɦɵ, ɡɚɞɚɟɬ-

ɫɹ ɫɥɟɞɭɸɳɢɦ ɞɢɚɩɚɡɨɧɨɦ ɡɧɚɱɟɧɢɣ x: 
3 5

,
8 8

l l
 
  

. Ɍɨɝɞɚ ɜɟɪɨɹɬɧɨɫɬɶ ɨɛɧɚ-

ɪɭɠɢɬɶ ɷɥɟɤɬɪɨɧ ɜ ɡɚɞɚɧɧɨɦ ɢɧɬɟɪɜɚɥɟ: 

 
2

1

5

8
2 2

3

8

2
sin

l
x

x
l

W dx x dx
l l

     
   . 

ȼɵɱɢɫɥɟɧɢɟ ɢɧɬɟɝɪɚɥɚ ɞɚɟɬ ɪɟɡɭɥɶɬɚɬ: W = 0,475. 

Ɉɬɜɟɬ: 0,475. 

ɉɪɢɦɟɪ 2. ɗɥɟɤɬɪɨɧ ɧɚɯɨɞɢɬɫɹ ɜ ɩɨɬɟɧɰɢɚɥɶɧɨɦ ɹɳɢɤɟ ɲɢɪɢɧɨɣ l 

= 1 ɧɦ. Ɉɩɪɟɞɟɥɢɬɶ ɧɚɢɦɟɧɶɲɭɸ ɪɚɡɧɨɫɬɶ ΔE ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɭɪɨɜɧɟɣ 
ɷɥɟɤɬɪɨɧɚ. 

Ɋɟɲɟɧɢɟ. Ɋɚɡɧɨɫɬɶ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɭɪɨɜɧɟɣ ɨɩɪɟɞɟɥɢɦ ɢɡ ɫɨɛɫɬɜɟɧ-
ɧɵɯ ɷɧɟɪɝɢɣ ɱɚɫɬɢɰɵ, ɧɚɯɨɞɹɳɟɣɫɹ ɜ ɨɞɧɨɦɟɪɧɨɣ ɩɨɬɟɧɰɢɚɥɶɧɨɣ ɹɦɟ ɲɢ-
ɪɢɧɨɣ l ɫ ɛɟɫɤɨɧɟɱɧɨ ɜɵɫɨɤɢɦɢ ɫɬɟɧɤɚɦɢ: 

 
2 2

2

22
n

E n
ml


 . 

ɂɡ-ɡɚ ɤɜɚɞɪɚɬɢɱɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɦɟɠɞɭ En  ɢ n ɧɚɢɦɟɧɶɲɚɹ ɪɚɡɧɨɫɬɶ 
ΔE ɛɭɞɟɬ ɦɟɠɞɭ ɩɟɪɜɵɦ ɢ ɜɬɨɪɵɦ ɷɧɟɪɝɟɬɢɱɟɫɤɢɦɢ ɭɪɨɜɧɹɦɢ: 

  
2 2 2 2

2 2

2 12 2
3

2 2
E n n

ml ml

 
    . 

ɉɨɞɫɬɚɧɨɜɤɚ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ɜ ɪɚɫɱɟɬɧɭɸ ɮɨɪɦɭɥɭ ɞɚɟɬ ɨɬɜɟɬ 
ΔE = 9·10-20 Ⱦɠ = 0,56 ɷȼ. 

Ɉɬɜɟɬ: 0,56 ɷȼ. 
ɉɪɢɦɟɪ 3.  ɑɚɫɬɢɰɚ ɜ ɩɨɬɟɧɰɢɚɥɶɧɨɦ ɹɳɢɤɟ ɲɢɪɢɧɨɣ l ɧɚɯɨɞɢɬɫɹ ɜ 

ɜɨɡɛɭɠɞɟɧɧɨɦ ɫɨɫɬɨɹɧɢɢ (n = 2). Ɉɩɪɟɞɟɥɢɬɶ, ɜ ɤɚɤɢɯ ɬɨɱɤɚɯ ɢɧɬɟɪɜɚɥɚ 
(0<x<l) ɩɥɨɬɧɨɫɬɶ ɜɟɪɨɹɬɧɨɫɬɢ Ȧ ɧɚɯɨɠɞɟɧɢɹ ɱɚɫɬɢɰɵ ɦɚɤɫɢɦɚɥɶɧɚ. 

Ɋɟɲɟɧɢɟ. ɉɥɨɬɧɨɫɬɶ ɜɟɪɨɹɬɧɨɫɬɢ ɞɥɹ ɱɚɫɬɢɰɵ, ɧɚɯɨɞɹɳɟɣɫɹ ɜ ɨɞɧɨ-
ɦɟɪɧɨɣ ɩɨɬɟɧɰɢɚɥɶɧɨɣ ɹɦɟ ɲɢɪɢɧɨɣ l ɫ ɛɟɫɤɨɧɟɱɧɨ ɜɵɫɨɤɢɦɢ ɫɬɟɧɤɚɦɢ, 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ 
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2 22

sin
n

x
l l

      
 

. 

Ɏɭɧɤɰɢɹ 2sin  ɩɪɢɧɢɦɚɟɬ ɦɚɤɫɢɦɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɜ ɬɨɱɤɚɯ, ɜ ɤɨɬɨ-

ɪɵɯ 
2

n
x m

l

 
 , ɝɞɟ 1,3,5,...m   Ɉɬɫɸɞɚ 

 
2

l
x m

n
 . 

ȼ ɧɚɲɟɦ ɫɥɭɱɚɟ n = 2, ɬɨɝɞɚ 3 5
, , ,...

4 4 4 4

l l l l
x m  . Ɂɧɚɱɟɧɢɟ x = 5l/4 

ɜɵɯɨɞɢɬ ɡɚ ɩɪɟɞɟɥɵ ɩɨɬɟɧɰɢɚɥɶɧɨɣ ɹɦɵ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɥɨɬɧɨɫɬɶ ɜɟɪɨ-
ɹɬɧɨɫɬɢ Ȧ ɧɚɯɨɠɞɟɧɢɹ ɱɚɫɬɢɰɵ ɦɚɤɫɢɦɚɥɶɧɚ ɩɪɢ x1 = l/4 ɢ x2 = 3l/4. 

Ɉɬɜɟɬ: l/4, 3l/4. 

ɉɪɢɦɟɪ 4.  Ʉɨɷɮɮɢɰɢɟɧɬ ɩɪɟɥɨɦɥɟɧɢɹ n ɜɨɥɧ ɞɟ Ȼɪɨɣɥɹ ɞɥɹ ɩɪɨɬɨ-
ɧɨɜ ɧɚ ɝɪɚɧɢɰɟ ɛɚɪɶɟɪɚ ɪɚɜɟɧ 0,375. Ɉɩɪɟɞɟɥɢɬɶ ɤɨɷɮɮɢɰɢɟɧɬ ɩɪɨɯɨɠɞɟ-
ɧɢɹ Ĳ. 

Ɋɟɲɟɧɢɟ. Ʉɨɷɮɮɢɰɢɟɧɬ ɩɪɟɥɨɦɥɟɧɢɹ ɜɨɥɧ ɞɟ Ȼɪɨɣɥɹ ɧɚ ɝɪɚɧɢɰɟ ɩɨ-
ɬɟɧɰɢɚɥɶɧɨɝɨ ɛɚɪɶɟɪɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 

2 1/n k k , ɚ ɤɨɷɮɮɢɰɢɟɧɬ 

ɩɪɨɯɨɠɞɟɧɢɹ ɩɨɬɟɧɰɢɚɥɶɧɨɝɨ ɛɚɪɶɟɪɚ ɜɵɱɢɫɥɹɟɬɫɹ ɤɚɤ 

 
 

1 2

2

1 2

4k k

k k
 


. 

ȼɵɪɚɡɢɦ ɜɨɥɧɨɜɨɟ ɱɢɫɥɨ k2 ɢɡ ɩɟɪɜɨɣ ɮɨɪɦɭɥɵ ɢ ɩɨɞɫɬɚɜɢɦ ɟɝɨ ɜ 
ɜɵɪɚɠɟɧɢɟ ɞɥɹ Ĳ: 

 
     

2

1 1 1

2 2 22

1 1 1

4 4 4

1 1

k nk nk n

k nk k n n
   

  
. 

ɉɨɞɫɬɚɜɥɹɹ ɡɧɚɱɟɧɢɟ n = 0,375 ɜ ɞɚɧɧɭɸ ɮɨɪɦɭɥɭ, ɩɨɥɭɱɚɟɦ Ĳ = 0,8. 
Ɉɬɜɟɬ: 0,8. 

ɉɪɢɦɟɪ 5.  Ʉɢɧɟɬɢɱɟɫɤɚɹ ɷɧɟɪɝɢɹ E ɷɥɟɤɬɪɨɧɚ ɜ ɬɪɢ ɪɚɡɚ ɩɪɟɜɵɲɚɟɬ 
ɜɵɫɨɬɭ U ɩɨɬɟɧɰɢɚɥɶɧɨɝɨ ɛɚɪɶɟɪɚ. Ɉɩɪɟɞɟɥɢɬɶ ɤɨɷɮɮɢɰɢɟɧɬ ɨɬɪɚɠɟɧɢɹ ρ 
ɷɥɟɤɬɪɨɧɨɜ ɧɚ ɝɪɚɧɢɰɟ ɛɚɪɶɟɪɚ. 

Ɋɟɲɟɧɢɟ. Ʉɨɷɮɮɢɰɢɟɧɬ ɨɬɪɚɠɟɧɢɹ ɜɨɥɧ ɞɟ Ȼɪɨɣɥɹ ɨɬ ɩɨɬɟɧɰɢɚɥɶɧɨ-
ɝɨ ɛɚɪɶɟɪɚ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɤɚɤ:= 

 

2

1 2

1 2

k k

k k


 


. 
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ȼ ɫɥɭɱɚɟ ɧɢɡɤɨɝɨ ɩɨɬɟɧɰɢɚɥɶɧɨɝɨ ɛɚɪɶɟɪɚ ɜɨɥɧɨɜɵɟ ɱɢɫɥɚ k1 ɢ k2 

ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ ɮɨɪɦɭɥɚɦ: 

 
 

1 2

22
,

m E UmE
k k


  . 

ɉɨɫɥɟ ɩɨɞɫɬɚɧɨɜɤɢ ɷɬɢɯ ɜɵɪɚɠɟɧɢɣ ɜ ɢɫɯɨɞɧɭɸ ɮɨɪɦɭɥɭ ɢ ɫɨɤɪɚ-
ɳɟɧɢɣ ɫɨɨɬɧɨɲɟɧɢɟ ɞɥɹ ɪɚɫɱɟɬɚ ɤɨɷɮɮɢɰɢɟɧɬɚ ɨɬɪɚɠɟɧɢɹ ρ ɩɪɢɧɢɦɚɟɬ 
ɜɢɞ 

 

2

E E U

E E U

 
 

 
. 

ɉɨ ɭɫɥɨɜɢɸ ɡɚɞɚɱɢ 3E U . Ɍɨɝɞɚ  

 

2 2

3 3 3 2
0,01

3 3 3 2

U U U

U U U

  
   

  
. 

Ɉɬɜɟɬ: 0,01. 

 

Ɂɚɞɚɱɢ ɞɥя ɫɚɦɨɫɬɨяɬɟɥɶɧɨɝɨ ɪɟɲɟɧɢя 

1. ɑɚɫɬɢɰɚ ɜ ɨɞɧɨɦɟɪɧɨɣ ɩɪɹɦɨɭɝɨɥɶɧɨɣ ɩɨɬɟɧɰɢɚɥɶɧɨɣ ɹɦɟ ɲɢɪɢ-
ɧɨɣ l ɫ ɛɟɫɤɨɧɟɱɧɨ ɜɵɫɨɤɢɦɢ ɫɬɟɧɤɚɦɢ ɧɚɯɨɞɢɬɫɹ ɜ ɨɫɧɨɜɧɨɦ ɫɨɫɬɨɹɧɢɢ. 
Ɉɩɪɟɞɟɥɢɬɶ ɜɟɪɨɹɬɧɨɫɬɶ ɨɛɧɚɪɭɠɟɧɢɹ ɱɚɫɬɢɰɵ ɜ ɥɟɜɨɣ ɩɨɥɨɜɢɧɟ ɹɦɵ. 
Ɉɬɜɟɬ: 0,5. 

2. ɗɥɟɤɬɪɨɧ ɧɚɯɨɞɢɬɫɹ ɜ ɩɨɬɟɧɰɢɚɥɶɧɨɦ ɹɳɢɤɟ ɲɢɪɢɧɨɣ l = 0,6 ɧɦ. 
Ɉɩɪɟɞɟɥɢɬɶ ɪɚɡɧɨɫɬɶ E3,2 ɦɟɠɞɭ ɬɪɟɬɶɢɦ ɢ ɜɬɨɪɵɦ ɷɧɟɪɝɟɬɢɱɟɫɤɢɦɢ  
ɭɪɨɜɧɹɦɢ ɷɥɟɤɬɪɨɧɚ. Ɉɬɜɟɬ: 5,19 ɷȼ. 

3. ɗɥɟɤɬɪɨɧ ɧɚɯɨɞɢɬɫɹ ɜ ɩɨɬɟɧɰɢɚɥɶɧɨɦ ɹɳɢɤɟ ɲɢɪɢɧɨɣ l = 1,5 ɧɦ ɜ 
ɜɨɡɛɭɠɞɟɧɧɨɦ ɫɨɫɬɨɹɧɢɢ (n = 3). ȼɵɱɢɫɥɢɬɶ ɩɥɨɬɧɨɫɬɶ ɜɟɪɨɹɬɧɨɫɬɢ Ȧ ɜ 
ɬɨɱɤɟ x = l/4. Ɉɬɜɟɬ: 6,7·108 ɦ-1. 

4. ɉɪɢ ɤɚɤɨɣ ɲɢɪɢɧɟ d ɩɪɹɦɨɭɝɨɥɶɧɨɝɨ ɩɨɬɟɧɰɢɚɥɶɧɨɝɨ ɛɚɪɶɟɪɚ ɤɨ-
ɷɮɮɢɰɢɟɧɬ ɩɪɨɡɪɚɱɧɨɫɬɢ D ɞɥɹ ɷɥɟɤɬɪɨɧɨɜ ɪɚɜɟɧ 0,01? Ɋɚɡɧɨɫɬɶ ɷɧɟɪɝɢɣ 
U – ȿ = 2 ɷȼ. Ɉɬɜɟɬ: 31,7 ɧɦ. 

5. ȼɵɱɢɫɥɢɬɶ ɤɨɷɮɮɢɰɢɟɧɬ ɩɪɨɯɨɠɞɟɧɢɹ  ɷɥɟɤɬɪɨɧɚ ɫ ɷɧɟɪɝɢɟɣ 
E = 50 ɷȼ ɱɟɪɟɡ ɩɨɬɟɧɰɢɚɥɶɧɵɣ ɛɚɪɶɟɪ ɜɵɫɨɬɨɣ U = 49,6 ɷȼ. Ɉɬɜɟɬ: 0,15. 
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Ɍɟɦɚ № 6. ɋɬɪɨɟɧɢɟ ɚɬɨɦɚ 

Ɉɫɧɨɜɧɵɟ ɮɢɡɢɱɟɫɤɢɟ ɡɚɤɨɧɵ ɢ ɮɨɪɦɭɥɵ 

ɋɨɛɫɬɜɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɷɧɟɪɝɢɢ ɷɥɟɤɬɪɨɧɚ ɜ ɜɨɞɨɪɨɞɨɩɨɞɨɛɧɨɦ ɚɬɨ-
ɦɟ: 

 
4

2 2 2 2

032
n

Zme
E

n
 

 
, 

ɝɞɟ Z – ɡɚɪɹɞɨɜɨɟ ɱɢɫɥɨ ɢɨɧɚ, m – ɦɚɫɫɚ ɷɥɟɤɬɪɨɧɚ. 
ɗɧɟɪɝɢɹ ɢɨɧɢɡɚɰɢɢ ɚɬɨɦɚ: 

 
4

1 2 2 2

032
i

Zme
E E  

 
. 

Ɇɨɦɟɧɬ ɢɦɩɭɥɶɫɚ ɷɥɟɤɬɪɨɧɚ ɧɚ ɫɬɚɰɢɨɧɚɪɧɵɯ ɨɪɛɢɬɚɯ (ɩɪɚɜɢɥɨ 
ɤɜɚɧɬɨɜɚɧɢɹ ɷɥɟɤɬɪɨɧɧɵɯ ɨɪɛɢɬ): 
   1,2,3,L mvr n n    , 

ɝɞɟ L – ɦɨɦɟɧɬ ɢɦɩɭɥɶɫɚ ɷɥɟɤɬɪɨɧɚ, v – ɫɤɨɪɨɫɬɶ ɷɥɟɤɬɪɨɧɚ, r – ɪɚɞɢɭɫ ɨɪ-
ɛɢɬɵ ɷɥɟɤɬɪɨɧɚ. 
 

ɋɨɛɫɬɜɟɧɧɚɹ ɮɭɧɤɰɢɹ ɷɥɟɤɬɪɨɧɚ ɜ ɚɬɨɦɟ ɜɨɞɨɪɨɞɚ, ɧɚɯɨɞɹɳɟɦɫɹ ɜ s-

ɫɨɫɬɨɹɧɢɢ: 

   /

100 3

1 r a
r e

a

 


, 

ɝɞɟ a – ɩɟɪɜɵɣ ɛɨɪɨɜɫɤɢɣ ɪɚɞɢɭɫ (a = 52,9 ɩɦ). 
ɍɫɥɨɜɢɟ ɧɨɪɦɢɪɨɜɤɢ ȥ-ɮɭɧɤɰɢɢ: 

   2 2

0

4 1r r dr



   . 

Ɉɪɛɢɬɚɥɶɧɵɣ ɦɨɦɟɧɬ ɢɦɩɭɥɶɫɚ ɢ ɦɚɝɧɢɬɧɵɣ ɦɨɦɟɧɬ ɷɥɟɤɬɪɨɧɚ: 

 ( 1), ( 1)
l B

L l l L l l     , 

ɝɞɟ l – ɨɪɛɢɬɚɥɶɧɨɟ ɤɜɚɧɬɨɜɨɟ ɱɢɫɥɨ ( 0,1,2,..., 1l n  ), ȝB – ɦɚɝɧɟɬɨɧ Ȼɨɪɚ: 

230,927 10 Ⱦɠ/Ɍɥ
2

B

e

m

    . 

ɉɪɨɟɤɰɢɢ ɨɪɛɢɬɚɥɶɧɨɝɨ ɦɨɦɟɧɬɚ ɢɦɩɭɥɶɫɚ ɢ ɦɚɝɧɢɬɧɨɝɨ ɦɨɦɟɧɬɚ ɧɚ 
ɨɫɶ z (ɧɚɩɪɚɜɥɟɧɢɟ ɜɧɟɲɧɟɝɨ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ): 
 ,

lz l z B l
L m L m  , 
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ɝɞɟ ml – ɦɚɝɧɢɬɧɨɟ ɤɜɚɧɬɨɜɨɟ ɱɢɫɥɨ ( 0, 1, 2,...,lm l    ). 

Ɏɨɪɦɭɥɚ Ȼɚɥɶɦɟɪɚ ɞɥɹ ɜɨɞɨɪɨɞɨɩɨɞɨɛɧɨɝɨ ɚɬɨɦɚ: 

 
2

2 2

1 1
Z R

m n

    
 

, 

ɝɞɟ     – ɱɚɫɬɨɬɚ ɫɜɟɬɚ, ɢɡɥɭɱɚɟɦɨɝɨ (ɢɥɢ ɩɨɝɥɨɳɚɟɦɨɝɨ) ɚɬɨɦɨɦ ɩɪɢ ɩɟ-
ɪɟɯɨɞɟ ɢɡ ɨɞɧɨɝɨ ɫɬɚɰɢɨɧɚɪɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɜ ɞɪɭɝɨɟ; R – ɩɨɫɬɨɹɧɧɚɹ Ɋɢɞ-
ɛɟɪɝɚ: R = 3,29·1015 c-1. 

ȼ ɞɚɧɧɨɣ ɮɨɪɦɭɥɟ ɢɧɞɟɤɫ m – ɧɨɦɟɪ ɫɩɟɤɬɪɚɥɶɧɨɣ ɫɟɪɢɢ: 

m = 1 – ɫɟɪɢɹ Ʌɚɣɦɚɧɚ, 
m = 2 – ɫɟɪɢɹ Ȼɚɥɶɦɟɪɚ, 
m = 3 – ɫɟɪɢɹ ɉɚɲɟɧɚ, 
… 

ɂɧɞɟɤɫ n ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 

     ( 1,2,...)n m k k   , 

ɝɞɟ k – ɧɨɦɟɪ ɫɩɟɤɬɪɚɥɶɧɨɣ ɥɢɧɢɢ ɜ m-ɣ ɫɟɪɢɢ. 
Ɂɚɤɨɧ Ɇɨɡɥɢ ɞɥɹ ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɨɝɨ ɪɟɧɬɝɟɧɨɜɫɤɨɝɨ ɢɡɥɭɱɟɧɢɹ: 

  2

2 2

1 2

1 1
Z R

n n

 
    

 
, 

ɝɞɟ ı – ɩɨɫɬɨɹɧɧɚɹ ɷɤɪɚɧɢɪɨɜɚɧɢɹ; n1, n2 – ɧɨɦɟɪɚ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɭɪɨɜɧɟɣ 
(ɞɥɹ Kα-ɥɢɧɢɢ: n1 = 1, n2 = 2). 

Ʉɨɪɨɬɤɨɜɨɥɧɨɜɚɹ ɝɪɚɧɢɰɚ ɫɩɥɨɲɧɨɝɨ ɪɟɧɬɝɟɧɨɜɫɤɨɝɨ ɫɩɟɤɬɪɚ: 

 min

ch

eU
  , 

ɝɞɟ U – ɪɚɡɧɨɫɬɶ ɩɨɬɟɧɰɢɚɥɨɜ, ɩɪɢɥɨɠɟɧɧɚɹ ɤ ɪɟɧɬɝɟɧɨɜɫɤɨɣ ɬɪɭɛɤɟ. 
 

ɉɪɢɦɟɪɵ ɪɟɲɟɧɢя ɡɚɞɚɱ 

ɉɪɢɦɟɪ 1. Ɇɨɦɟɧɬ ɢɦɩɭɥɶɫɚ ɷɥɟɤɬɪɨɧɚ ɜ ɢɨɧɟ ɝɟɥɢɹ He+  L 

= 2,11·10-34 Ⱦɠ·ɫ. ɇɚɣɬɢ ɪɚɞɢɭɫ ɨɪɛɢɬɵ, ɧɚ ɤɨɬɨɪɨɣ ɧɚɯɨɞɢɬɫɹ ɷɥɟɤɬɪɨɧ. 
Ɋɟɲɟɧɢɟ. ɋɨɝɥɚɫɧɨ II ɡɚɤɨɧɭ ɇɶɸɬɨɧɚ ɞɜɢɠɟɧɢɟ ɷɥɟɤɬɪɨɧɚ ɜ ɩɨɥɟ 

ɫɢɥɵ ɩɪɢɬɹɠɟɧɢɹ ɚɬɨɦɧɨɝɨ ɹɞɪɚ ɨɩɢɫɵɜɚɟɬɫɹ ɭɪɚɜɧɟɧɢɟɦ 

 
2 2

2

0

1

4

mv Ze

r r



, 
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ɝɞɟ m – ɦɚɫɫɚ ɷɥɟɤɬɪɨɧɚ, v – ɟɝɨ ɫɤɨɪɨɫɬɶ, r – ɪɚɞɢɭɫ ɨɪɛɢɬɵ, Z – ɡɚɪɹɞɨɜɨɟ 
ɱɢɫɥɨ ɢɨɧɚ. 

ȼɵɪɚɡɢɜ ɢɡ ɷɬɨɣ ɮɨɪɦɭɥɵ ɫɤɨɪɨɫɬɶ ɷɥɟɤɬɪɨɧɚ, ɦɨɦɟɧɬ ɢɦɩɭɥɶɫɚ 
ɨɩɪɟɞɟɥɢɦ ɤɚɤ 

 
2

04

Ze mr
L mvr 


, 

ɨɬɤɭɞɚ ɪɚɞɢɭɫ ɨɪɛɢɬɵ ɷɥɟɤɬɪɨɧɚ 

 
2

0

2

4 L
r

Ze m


 . 

ɉɨɞɫɬɚɧɨɜɤɚ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ɜ ɪɚɫɱɟɬɧɭɸ ɮɨɪɦɭɥɭ ɞɚɟɬ ɨɬɜɟɬ r 

= 1,1·10-10 ɦ. 
Ɉɬɜɟɬ: 1,1·10-10 ɦ. 
ɉɪɢɦɟɪ 2. ȼɵɱɢɫɥɢɬɶ ɦɚɝɧɢɬɧɵɣ ɦɨɦɟɧɬ L  ɷɥɟɤɬɪɨɧɚ, ɧɚɯɨɞɹɳɟ-

ɝɨɫɹ ɜ 3d-ɫɨɫɬɨɹɧɢɢ ɜ ɚɬɨɦɟ ɜɨɞɨɪɨɞɚ. 
Ɋɟɲɟɧɢɟ. Ɇɚɝɧɢɬɧɵɣ ɦɨɦɟɧɬ ɷɥɟɤɬɪɨɧɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 

 ( 1)
B

L l l    . 

ȼ ɧɚɲɟɦ ɫɥɭɱɚɟ ɦɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɨɪɛɢɬɚɥɶɧɨɝɨ ɤɜɚɧɬɨɜɨɝɨ ɱɢɫɥɚ 
1 2l n   . Ɍɨɝɞɚ 

 
23( 1) 6 2,27 10

B B
L l l


         Ⱦɠ·ɫ. 

Ɉɬɜɟɬ: 2,27·10-23 Ⱦɠ·ɫ. 
ɉɪɢɦɟɪ 3. Ɉɩɪɟɞɟɥɢɬɶ ɞɥɢɧɭ ɜɨɥɧɵ Ȝ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɭɸ ɬɪɟɬɶɟɣ 

ɫɩɟɤɬɪɚɥɶɧɨɣ ɥɢɧɢɢ ɜ ɫɟɪɢɢ Ȼɚɥɶɦɟɪɚ ɜɨɞɨɪɨɞɨɩɨɞɨɛɧɨɝɨ ɢɨɧɚ Li++. 

Ɋɟɲɟɧɢɟ. Ⱦɥɢɧɭ ɜɨɥɧɵ ɫɩɟɤɬɪɚɥɶɧɨɣ ɥɢɧɢɢ ɨɩɪɟɞɟɥɢɦ ɩɨ ɮɨɪɦɭɥɟ: 
/c   , ɝɞɟ ɱɚɫɬɨɬɚ   ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ Ȼɚɥɶɦɟɪɚ: 

 
2

2 2

1 1
Z R

m n

    
 

, 

ɝɞɟ Z = 3 – ɡɚɪɹɞɨɜɨɟ ɱɢɫɥɨ ɢɨɧɚ Li++. 

Ⱦɥɹ ɬɪɟɬɶɟɣ ɫɩɟɤɬɪɚɥɶɧɨɣ ɥɢɧɢɢ ɜ ɫɟɪɢɢ Ȼɚɥɶɦɟɪɚ 2m  , 

3 5n m   . ȼ ɢɬɨɝɟ ɱɚɫɬɨɬɚ ɫɩɟɤɬɪɚɥɶɧɨɣ ɥɢɧɢɢ ɛɭɞɟɬ ɨɩɪɟɞɟɥɹɬɶɫɹ ɤɚɤ 

 48
1,89

c

R
    ɧɦ. 

Ɉɬɜɟɬ: 48 ɧɦ. 



 34 

ɉɪɢɦɟɪ 4. Ɉɩɪɟɞɟɥɢɬɶ ɞɥɢɧɭ ɜɨɥɧɵ Kα-ɥɢɧɢɢ ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɨɝɨ 
ɪɟɧɬɝɟɧɨɜɫɤɨɝɨ ɫɩɟɤɬɪɚ, ɟɫɥɢ ɚɧɨɞ ɪɟɧɬɝɟɧɨɜɫɤɨɣ ɬɪɭɛɤɢ ɢɡɝɨɬɨɜɥɟɧ ɢɡ 
ɜɨɥɶɮɪɚɦɚ (Z = 74). ɉɨɫɬɨɹɧɧɭɸ ɷɤɪɚɧɢɪɨɜɚɧɢɹ ı ɩɪɢɧɹɬɶ ɪɚɜɧɨɣ ɟɞɢɧɢ-
ɰɟ. 

Ɋɟɲɟɧɢɟ. Ʉɚɤ ɢ ɜ ɩɪɟɞɵɞɭɳɟɣ ɡɚɞɚɱɟ, ɞɥɢɧɭ ɜɨɥɧɵ ɫɩɟɤɬɪɚɥɶɧɨɣ 
ɥɢɧɢɢ ɨɩɪɟɞɟɥɢɦ ɩɨ ɮɨɪɦɭɥɟ /c   , ɝɞɟ ɱɚɫɬɨɬɚ   ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ 
ɡɚɤɨɧɭ Ɇɨɡɥɢ: 

  2

2 2

1 2

1 1
Z R

n n

 
    

 
. 

Ⱦɥɹ ɪɚɫɱɟɬɚ ɱɚɫɬɨɬɵ Kα-ɥɢɧɢɢ ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɨɝɨ ɪɟɧɬɝɟɧɨɜɫɤɨɝɨ 
ɫɩɟɤɬɪɚ ɩɪɢɦɟɦ n1 = 1, n2 = 2. ɋ ɭɱɟɬɨɦ ɬɨɝɨ, ɱɬɨ ɩɨ ɭɫɥɨɜɢɸ ɡɚɞɚɱɢ 1  , 

ɞɥɢɧɚ ɜɨɥɧɵ ɛɭɞɟɬ ɪɚɜɧɚ  

 

 2
22,8

3
1

4

c

Z R

  


 ɩɦ. 

Ɉɬɜɟɬ: 22,8 ɩɦ. 
ɉɪɢɦɟɪ 5. ɇɚɩɪɹɠɟɧɢɟ, ɩɪɢɥɨɠɟɧɧɨɟ ɤ ɪɟɧɬɝɟɧɨɜɫɤɨɣ ɬɪɭɛɤɟ, U 

= 35 ɤȼ. ȼɨ ɫɤɨɥɶɤɨ ɪɚɡ ɧɭɠɧɨ ɭɜɟɥɢɱɢɬɶ ɧɚɩɪɹɠɟɧɢɟ, ɱɬɨɛɵ ɤɨɪɨɬɤɨɜɨɥ-
ɧɨɜɚɹ ɝɪɚɧɢɰɚ ɫɩɟɤɬɪɚ ɫɦɟɫɬɢɥɚɫɶ ɧɚ ΔȜ = 15 ɩɦ? 

Ɋɟɲɟɧɢɟ. Ⱦɥɢɧɭ ɜɨɥɧɵ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɤɨɪɨɬɤɨɜɨɥɧɨɜɨɣ ɝɪɚɧɢɰɟ 
ɪɟɧɬɝɟɧɨɜɫɤɨɝɨ ɫɩɟɤɬɪɚ, ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɩɨ ɮɨɪɦɭɥɟ 

 min

ch

eU
  . 

Ɍɨɝɞɚ ɫɦɟɳɟɧɢɟ ɝɪɚɧɢɰɵ ɫɩɟɤɬɪɚ ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɧɚɩɪɹɠɟɧɢɹ ɛɭɞɟɬ ɪɚɜɧɨ  

 
1 2

1 1ch

e U U

 
   

 
 . 

ɍɜɟɥɢɱɢɜ ɧɚɩɪɹɠɟɧɢɟ ɧɚ ɪɟɧɬɝɟɧɨɜɫɤɨɣ ɬɪɭɛɤɟ ɜ n ɪɚɡ, ɫɦɟɳɟɧɢɟ 
ɫɩɟɤɬɪɚ ɞɨɫɬɢɝɧɟɬ ɜɟɥɢɱɢɧɵ 

 
1 1 1

1 1 1ch ch n

e U nU eU n

  
    

 
 . 

ȼɵɪɚɡɢɦ ɢɡ ɷɬɨɣ ɮɨɪɦɭɥɵ n: 

 
1

1

1

n
eU

ch




. 
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ɉɨɞɫɬɚɧɨɜɤɚ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ɜ ɪɚɫɱɟɬɧɭɸ ɮɨɪɦɭɥɭ ɞɚɟɬ ɨɬɜɟɬ n 

= 1,73. 

Ɉɬɜɟɬ: 1,73. 

 

Ɂɚɞɚɱɢ ɞɥя ɫɚɦɨɫɬɨяɬɟɥɶɧɨɝɨ ɪɟɲɟɧɢя 

1. Ɉɩɪɟɞɟɥɢɬɶ ɩɟɪɢɨɞ ɨɛɪɚɳɟɧɢɹ ɷɥɟɤɬɪɨɧɚ ɧɚ ɜɬɨɪɨɦ ɛɨɪɨɜɫɤɨɦ 
ɭɪɨɜɧɟ ɜ ɚɬɨɦɟ ɜɨɞɨɪɨɞɚ. Ɉɬɜɟɬ: 1,2·10-15 ɫ. 

2. ȼɵɱɢɫɥɢɬɶ ɦɚɝɧɢɬɧɵɣ ɦɨɦɟɧɬ ȝl ɷɥɟɤɬɪɨɧɚ, ɧɚɯɨɞɹɳɟɝɨɫɹ ɜ f-

ɫɨɫɬɨɹɧɢɢ ɜ ɚɬɨɦɟ ɜɨɞɨɪɨɞɚ. Ɉɬɜɟɬ: 3,21·10-23Ⱦɠ/Ɍɥ. 

3. ȼɵɱɢɫɥɢɬɶ ɱɚɫɬɨɬɭ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɣ ɜɨɥɧɵ, ɤɨɬɨɪɭɸ ɢɫɩɭɫɤɚɟɬ 
ɢɨɧ ɝɟɥɢɹ ɇɟ+ ɩɪɢ ɩɟɪɟɯɨɞɟ ɫɨ ɜɬɨɪɨɝɨ ɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ ɭɪɨɜɧɹ ɧɚ ɩɟɪɜɵɣ. 
Ɉɬɜɟɬ: 9,9·1015 Ƚɰ. 

4. Ɉɩɪɟɞɟɥɢɬɶ ɩɨɪɹɞɤɨɜɵɣ ɧɨɦɟɪ ɷɥɟɦɟɧɬɚ ɜ ɉɟɪɢɨɞɢɱɟɫɤɨɣ ɫɢɫɬɟ-
ɦɟ ɷɥɟɦɟɧɬɨɜ Ⱦ.ɂ. Ɇɟɧɞɟɥɟɟɜɚ, ɟɫɥɢ ɞɥɢɧɚ ɜɨɥɧɵ Ȝ ɥɢɧɢɢ Kα ɯɚɪɚɤɬɟɪɢ-
ɫɬɢɱɟɫɤɨɝɨ ɪɟɧɬɝɟɧɨɜɫɤɨɝɨ ɢɡɥɭɱɟɧɢɹ ɫɨɫɬɚɜɥɹɟɬ 72 ɩɦ. ɉɨɫɬɨɹɧɧɭɸ 
ɷɤɪɚɧɢɪɨɜɚɧɢɹ ı ɩɪɢɧɹɬɶ ɪɚɜɧɨɣ ɟɞɢɧɢɰɟ. Ɉɬɜɟɬ: 42. 

5. Ɉɩɪɟɞɟɥɢɬɶ ɧɚɩɪɹɠɟɧɢɟ, ɩɪɢɥɨɠɟɧɧɨɟ ɤ ɪɟɧɬɝɟɧɨɜɫɤɨɣ ɬɪɭɛɤɟ, 
ɟɫɥɢ ɧɚɢɦɟɧɶɲɚɹ ɞɥɢɧɚ ɜɨɥɧɵ ɪɟɧɬɝɟɧɨɜɫɤɨɝɨ ɢɡɥɭɱɟɧɢɹ ɪɚɜɧɚ 16,5 ɩɦ. 
Ɉɬɜɟɬ: 75,3 ɤȼ. 

 

Ɍɟɦɚ № 7. Ʉɜɚɧɬɨɜɚя ɬɟɨɪɢя ɬɟɩɥɨɟɦɤɨɫɬɢ 

ɢ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ 

Ɉɫɧɨɜɧɵɟ ɮɢɡɢɱɟɫɤɢɟ ɡɚɤɨɧɵ ɢ ɮɨɪɦɭɥɵ 

1. Ɍɟɩɥɨɟɦɤɨɫɬɶ ɬɜɟɪɞɨɝɨ ɬɟɥɚ 

Ɂɚɤɨɧ Ⱦɸɥɨɧɝɚ ɢ ɉɬɢ. Ɇɨɥɹɪɧɚɹ ɬɟɩɥɨɟɦɤɨɫɬɶ ɯɢɦɢɱɟɫɤɢ ɩɪɨɫɬɵɯ 
ɬɟɥ: 
 3ɆC R , 

ɝɞɟ R – ɭɧɢɜɟɪɫɚɥɶɧɚɹ ɝɚɡɨɜɚɹ ɩɨɫɬɨɹɧɧɚɹ. 
Ɂɚɤɨɧ ɇɟɣɦɚɧɚ – Ʉɨɩɩɚ. Ɇɨɥɹɪɧɚɹ ɬɟɩɥɨɟɦɤɨɫɬɶ ɯɢɦɢɱɟɫɤɢ ɫɥɨɠ-

ɧɵɯ ɬɟɥ: 
 3ɆC n R , 

ɝɞɟ n – ɨɛɳɟɟ ɱɢɫɥɨ ɱɚɫɬɢɰ ɜ ɯɢɦɢɱɟɫɤɨɣ ɮɨɪɦɭɥɟ. 
Ɇɨɥɹɪɧɚɹ ɜɧɭɬɪɟɧɧɹɹ ɷɧɟɪɝɢɹ ɤɪɢɫɬɚɥɥɚ ɩɨ Ⱦɟɛɚɸ: 
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Ɇ Ɇ x
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T x dx
U U RT

e

 
      

 ,  

ɝɞɟ 
0 9 / 8Ɇ DU R   – ɦɨɥɹɪɧɚɹ ɧɭɥɟɜɚɹ ɷɧɟɪɝɢɹ, /

D
k     – ɯɚɪɚɤɬɟɪɢ-

ɫɬɢɱɟɫɤɚɹ ɬɟɦɩɟɪɚɬɭɪɚ Ⱦɟɛɚɹ, k – ɩɨɫɬɨɹɧɧɚɹ Ȼɨɥɶɰɦɚɧɚ. 

ɉɪɢ 
DT      

1 3

0

0,225
1x

x dx

e


 ;   ɩɪɢ 0,5 DT        

2 3

0

0,18
1x

x dx

e


 . 

Ɇɨɥɹɪɧɚɹ ɬɟɩɥɨɟɦɤɨɫɬɶ ɤɪɢɫɬɚɥɥɚ ɩɨ Ⱦɟɛɚɸ: 

 
 3 / 3

/

0

3 /
3 12

e 1 1

D

D

T

DM
Ɇ Tx

D

TdU T x dx
C R

dT e





  
         

 . 

ȼ ɨɛɥɚɫɬɢ ɧɢɡɤɢɯ ɬɟɦɩɟɪɚɬɭɪ ( / 0,1DT   ): 

 

3
412

5
Ɇ

D

T
C R

 
   

. 

2. Эɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶ ɬɜɟɪɞɨɝɨ ɬɟɥɚ 

Ɋɚɫɩɪɟɞɟɥɟɧɢɟ Ɏɟɪɦɢ ɩɨ ɷɧɟɪɝɢɹɦ ɞɥɹ ɫɜɨɛɨɞɧɵɯ ɷɥɟɤɬɪɨɧɨɜ ɜ ɦɟ-
ɬɚɥɥɟ ɩɪɢ T = 0 Ʉ ɢ 

F
    ( F  – ɷɧɟɪɝɢɹ Ɏɟɪɦɢ): 

 

3/2

1/2

2 2

1 2
( )

2

m
dn d

       
, 

ɝɞɟ  dn   – ɤɨɧɰɟɧɬɪɚɰɢɹ ɫɜɨɛɨɞɧɵɯ ɷɥɟɤɬɪɨɧɨɜ ɫ ɷɧɟɪɝɢɹɦɢ ɜ ɞɢɚɩɚɡɨɧɟ 

 , d    . 

ɗɧɟɪɝɢɹ Ɏɟɪɦɢ ɜ ɦɟɬɚɥɥɟ ɩɪɢ T = 0 Ʉ: 

  
2

2/3
23

2
F

n
m

   , 

ɝɞɟ n – ɤɨɧɰɟɧɬɪɚɰɢɹ ɫɜɨɛɨɞɧɵɯ ɷɥɟɤɬɪɨɧɨɜ. 
Ɍɟɦɩɟɪɚɬɭɪɚ ɜɵɪɨɠɞɟɧɢɹ: 

 
2

2/32
ɤɪT n

km


 . 

ɏɨɥɥɨɜɫɤɚɹ ɪɚɡɧɨɫɬɶ ɩɨɬɟɧɰɢɚɥɨɜ: 
 

H HU R Bjl , 
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ɝɞɟ 1
H

R
en

  – ɩɨɫɬɨɹɧɧɚɹ ɏɨɥɥɚ,  n – ɤɨɧɰɟɧɬɪɚɰɢɹ ɧɨɫɢɬɟɥɟɣ ɡɚɪɹɞɚ, B – 

ɢɧɞɭɤɰɢɹ ɜɧɟɲɧɟɝɨ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ, j – ɩɥɨɬɧɨɫɬɶ ɬɨɤɚ, l – ɩɨɩɟɪɟɱɧɵɣ 
ɪɚɡɦɟɪ ɩɨɥɭɩɪɨɜɨɞɧɢɤɚ. 

ɋɪɟɞɧɹɹ ɞɪɟɣɮɨɜɚɹ ɫɤɨɪɨɫɬɶ ɧɨɫɢɬɟɥɟɣ ɡɚɪɹɞɚ: 

 H

j
v Eu jR

en
   , 

ɝɞɟ E – ɧɚɩɪɹɠёɧɧɨɫɬɶ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ, u – ɩɨɞɜɢɠɧɨɫɬɶ ɧɨɫɢɬɟɥɟɣ 
ɡɚɪɹɞɚ. 

ɍɞɟɥɶɧɚɹ ɩɪɨɜɨɞɢɦɨɫɬɶ ɫɨɛɫɬɜɟɧɧɨɝɨ ɩɨɥɭɩɪɨɜɨɞɧɢɤɚ: 

  n pen u u   , 

ɝɞɟ n – ɤɨɧɰɟɧɬɪɚɰɢɹ ɧɨɫɢɬɟɥɟɣ ɡɚɪɹɞɚ (ɷɥɟɤɬɪɨɧɨɜ ɢ ɞɵɪɨɤ); 
nu  ɢ 

p
u  –

ɩɨɞɜɢɠɧɨɫɬɢ ɷɥɟɤɬɪɨɧɨɜ ɢ ɞɵɪɨɤ. 
Ɍɟɦɩɟɪɚɬɭɪɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɭɞɟɥɶɧɨɣ ɩɪɨɜɨɞɢɦɨɫɬɢ ɫɨɛɫɬɜɟɧɧɨɝɨ 

ɩɨɥɭɩɪɨɜɨɞɧɢɤɚ: 

 2

E

kTe



 . 

ɝɞɟ E  – ɲɢɪɢɧɚ ɡɚɩɪɟɳɟɧɧɨɣ ɡɨɧɵ. 
 

ɉɪɢɦɟɪɵ ɪɟɲɟɧɢя ɡɚɞɚɱ 

ɉɪɢɦɟɪ 1. ȼɵɱɢɫɥɢɬɶ ɭɞɟɥɶɧɭɸ ɬɟɩɥɨɟɦɤɨɫɬɶ ɤɪɢɫɬɚɥɥɚ Al2O3 ɩɨ 
ɤɥɚɫɫɢɱɟɫɤɨɣ ɬɟɨɪɢɢ ɬɟɩɥɨɟɦɤɨɫɬɢ. 

Ɋɟɲɟɧɢɟ. Ⱦɥɹ ɜɵɱɢɫɥɟɧɢɹ ɦɨɥɹɪɧɨɣ ɬɟɩɥɨɟɦɤɨɫɬɢ ɢɫɩɨɥɶɡɭɟɦ ɡɚɤɨɧ 
ɇɟɣɦɚɧɚ – Ʉɨɩɩɚ: 3MC n R . ȼ ɧɚɲɟɦ ɫɥɭɱɚɟ n=5. ɍɞɟɥɶɧɚɹ ɬɟɩɥɨɟɦɤɨɫɬɶ 

c ɫɜɹɡɚɧɚ ɫ ɦɨɥɹɪɧɨɣ ɬɟɩɥɨɟɦɤɨɫɬɶɸ ɫɨɨɬɧɨɲɟɧɢɟɦ 

 M
C

c 


, 

ɝɞɟ   – ɦɨɥɹɪɧɚɹ ɦɚɫɫɚ. 
Ɇɨɥɹɪɧɚɹ ɦɚɫɫɚ ɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ    102 ɝ/ɦɨɥɶ. ȼ ɢɬɨɝɟ ɩɨɥɭɱɚɟɦ 

 
3n R

c 


. 

ɉɨɞɫɬɚɧɨɜɤɚ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ɜ ɪɚɫɱɟɬɧɭɸ ɮɨɪɦɭɥɭ ɞɚɟɬ ɨɬɜɟɬ ɫ 

= 1,22 ɤȾɠ/ɤɝ. 
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Ɉɬɜɟɬ: 1,22 ɤȾɠ/ɤɝ. 
ɉɪɢɦɟɪ 2.  Ʉɚɤɨɟ ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ ɩɨɬɪɟɛɭɟɬɫɹ, ɱɬɨɛɵ ɧɚɝɪɟɬɶ 1 

ɦɨɥɶ ɯɪɨɦɚ ɨɬ T1 = 20 Ʉ ɞɨ T2 = 40 Ʉ? Ɍɟɦɩɟɪɚɬɭɪɚ Ⱦɟɛɚɹ ɞɥɹ ɯɪɨɦɚ 
D   

460 Ʉ. 
Ɋɟɲɟɧɢɟ. Ʉɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ Q , ɧɟɨɛɯɨɞɢɦɨɟ ɞɥɹ ɧɚɝɪɟɜɚ ɬɜɟɪɞɨ-

ɝɨ ɬɟɥɚ (ɛɟɡ ɭɱɟɬɚ ɟɝɨ ɪɚɫɲɢɪɟɧɢɹ) ɧɚ dT, ɨɩɪɟɞɟɥɢɦ ɤɚɤ 

 
M

Q C dT   , 

ɝɞɟ CM  – ɦɨɥɹɪɧɚɹ ɬɟɩɥɨɟɦɤɨɫɬɶ,   – ɤɨɥɢɱɟɫɬɜɨ ɜɟɳɟɫɬɜɚ. 
ɉɨɫɤɨɥɶɤɭ ɦɚɤɫɢɦɚɥɶɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɧɚɝɪɟɜɚ (T2 = 40 Ʉ) ɫɨɨɬɜɟɬ-

ɫɬɜɭɟɬ ɭɫɥɨɜɢɸ / 0,1DT   , ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɦɨɥɹɪɧɨɣ ɬɟɩɥɨɟɦɤɨɫɬɢ 

ɜɨɫɩɨɥɶɡɭɟɦɫɹ ɭɩɪɨɳɟɧɧɨɣ ɮɨɪɦɭɥɨɣ 

 

3
412

5
Ɇ

D

T
C R

 
   

. 

Ⱦɥɹ ɧɚɝɪɟɜɚ ɯɪɨɦɚ T1  ɞɨ T2  ɩɨɬɪɟɛɭɟɬɫɹ ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ 

  
2 2

1 1

4 4
3 4 4

2 13 3

12 3

5 5

T T

M

D DT T

R R
Q C dT T dT T T

   
    

   . 

ɉɨɞɫɬɚɧɨɜɤɚ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ɜ ɪɚɫɱɟɬɧɭɸ ɮɨɪɦɭɥɭ ɞɚɟɬ ɨɬɜɟɬ Q 

= 12 Ⱦɠ. 
Ɉɬɜɟɬ: 12 Ⱦɠ. 
ɉɪɢɦɟɪ 3.  ɗɥɟɤɬɪɨɧɵ ɜ ɦɟɬɚɥɥɟ ɧɚɯɨɞɹɬɫɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ Ɍ = 0 Ʉ. 

ɇɚɣɬɢ ɨɬɧɨɫɢɬɟɥɶɧɨɟ ɱɢɫɥɨ ΔN/N ɫɜɨɛɨɞɧɵɯ ɷɥɟɤɬɪɨɧɨɜ, ɤɢɧɟɬɢɱɟɫɤɚɹ 
ɷɧɟɪɝɢɹ ɤɨɬɨɪɵɯ ɨɬɥɢɱɚɟɬɫɹ ɨɬ ɷɧɟɪɝɢɢ Ɏɟɪɦɢ ɧɟ ɛɨɥɟɟ ɱɟɦ ɧɚ 1,5 %. 

Ɋɟɲɟɧɢɟ. ɑɢɫɥɨ ɫɜɨɛɨɞɧɵɯ ɷɥɟɤɬɪɨɧɨɜ N ɜ ɞɢɚɩɚɡɨɧɟ ɷɧɟɪɝɢɣ ɨɬ 
1  

ɞɨ 
2  ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ ɢɯ ɤɨɧɰɟɧɬɪɚɰɢɢ n, ɤɨɬɨɪɭɸ ɦɨɠɧɨ ɜɵɱɢɫɥɢɬɶ ɩɨ 

ɪɚɫɩɪɟɞɟɥɟɧɢɸ Ɏɟɪɦɢ ɩɪɢ Ɍ = 0 Ʉ: 

 
2

1

3/2

1/2

2 2

1 2

2

m
n d





       . 

Ⱦɢɚɩɚɡɨɧ ɷɧɟɪɝɢɣ, ɜ ɤɨɬɨɪɨɦ ɤɢɧɟɬɢɱɟɫɤɚɹ ɷɧɟɪɝɢɹ ɷɥɟɤɬɪɨɧɨɜ ɨɬ-
ɥɢɱɚɟɬɫɹ ɨɬ ɷɧɟɪɝɢɢ Ɏɟɪɦɢ ɧɟ ɛɨɥɟɟ ɱɟɦ ɧɚ 1,5 %, ɛɭɞɟɬ ɬɚɤɢɦ: 

,
2 2

F F

       
, ɝɞɟ    0,015. Ɍɨɝɞɚ ɨɬɧɨɲɟɧɢɟ ΔN/N ɩɪɢɦɟɬ ɜɢɞ: 
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. 

ɉɨɞɫɬɚɧɨɜɤɚ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ɜ ɪɚɫɱɟɬɧɭɸ ɮɨɪɦɭɥɭ ɞɚɟɬ ɨɬɜɟɬ 
ΔN/N = 0,022. 

Ɉɬɜɟɬ: 0,022. 

ɉɪɢɦɟɪ 4.  ɋɨɛɫɬɜɟɧɧɵɣ ɩɨɥɭɩɪɨɜɨɞɧɢɤ c ɲɢɪɢɧɨɣ ɡɚɩɪɟɳɟɧɧɨɣ 
ɡɨɧɵ ΔE = 0,52 ɷȼ ɧɚɝɪɟɥɢ ɨɬ T1 = 273 Ʉ ɞɨ T2 = 393 K. ȼɨ ɫɤɨɥɶɤɨ ɪɚɡ ɭɜɟ-
ɥɢɱɢɥɚɫɶ ɩɪɢ ɷɬɨɦ ɭɞɟɥɶɧɚɹ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶ ɩɨɥɭɩɪɨɜɨɞɧɢɤɚ? 

Ɋɟɲɟɧɢɟ. ɍɞɟɥɶɧɚɹ ɩɪɨɜɨɞɢɦɨɫɬɶ ı ɫɨɛɫɬɜɟɧɧɨɝɨ ɩɪɨɜɨɞɧɢɤɚ ɩɪɢ 

ɡɚɞɚɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ T ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚ exp
2

E

kT

  
 

. Ɍɨɝɞɚ ɩɪɢ ɧɚɝɪɟ-

ɜɚɧɢɢ ɩɨɥɭɩɪɨɜɨɞɧɢɤɚ ɨɬ T1 ɞɨ T2 ɟɝɨ ɩɪɨɜɨɞɢɦɨɫɬɶ ɭɜɟɥɢɱɢɬɫɹ ɜ n ɪɚɡ: 

 2 2 1

1 2

1

exp
2

exp
2

exp
2

E

kT E T T
n

k TTE

kT

             
 

 . 

ɉɨɞɫɬɚɧɨɜɤɚ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ɜ ɪɚɫɱɟɬɧɭɸ ɮɨɪɦɭɥɭ ɞɚɟɬ ɨɬɜɟɬ n 

= 2,13. 

Ɉɬɜɟɬ: 2,13. 

ɉɪɢɦɟɪ 5.  Ɉɩɪɟɞɟɥɢɬɶ ɫɪɟɞɧɸɸ ɞɪɟɣɮɨɜɭɸ ɫɤɨɪɨɫɬɶ ɧɨɫɢɬɟɥɟɣ ɡɚ-
ɪɹɞɚ ɜ ɩɨɥɭɩɪɨɜɨɞɧɢɤɟ ɩɪɢ ɩɪɨɬɟɤɚɧɢɢ ɬɨɤɚ ɩɥɨɬɧɨɫɬɶɸ j = 2,5 Ⱥ/ɦ2. ɉɨ-
ɫɬɨɹɧɧɚɹ ɏɨɥɥɚ RH = 10-3 ɦ3/Ʉɥ. 

Ɋɟɲɟɧɢɟ. ɋɪɟɞɧɹɹ ɞɪɟɣɮɨɜɚɹ ɫɤɨɪɨɫɬɶ ɧɚɯɨɞɢɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 

 
H

v jR . 

ɉɨɞɫɬɚɧɨɜɤɚ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ɜ ɪɚɫɱɟɬɧɭɸ ɮɨɪɦɭɥɭ ɞɚɟɬ ɨɬɜɟɬ 
v = 2,5·10-3 ɦ/ɫ. 

Ɉɬɜɟɬ: 2,5·10-3 ɦ/ɫ. 
 

Ɂɚɞɚɱɢ ɞɥя ɫɚɦɨɫɬɨяɬɟɥɶɧɨɝɨ ɪɟɲɟɧɢя 

1. ȼɵɱɢɫɥɢɬɶ ɭɞɟɥɶɧɭɸ ɬɟɩɥɨɟɦɤɨɫɬɶ ɤɪɢɫɬɚɥɥɚ ɡɨɥɨɬɚ ɩɨ ɤɥɚɫɫɢɱɟ-
ɫɤɨɣ ɬɟɨɪɢɢ ɬɟɩɥɨɟɦɤɨɫɬɢ. Ɉɬɜɟɬ: 126,9 Ⱦɠ/(ɤɝ·Ʉ). 
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2. Ʉɚɤɨɟ ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ ɩɨɬɪɟɛɭɟɬɫɹ ɞɥɹ ɧɚɝɪɟɜɚɧɢɹ 1 ɦɨɥɹ 
ɫɜɢɧɰɚ ɨɬ 0 Ʉ ɞɨ 0,1ΘD? Ɍɟɦɩɟɪɚɬɭɪɚ Ⱦɟɛɚɹ ɞɥɹ ɩɥɚɬɢɧɵ ɪɚɜɧɚ 94,5 Ʉ. 
Ɉɬɜɟɬ: 4,6 Ⱦɠ. 

3. Ɇɟɬɚɥɥ ɧɚɯɨɞɢɬɫɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ Ɍ = 0 Ʉ. Ɉɩɪɟɞɟɥɢɬɶ, ɜɨ 
ɫɤɨɥɶɤɨ ɪɚɡ ɱɢɫɥɨ ɷɥɟɤɬɪɨɧɨɜ ɫɨ ɫɤɨɪɨɫɬɹɦɢ ɨɬ vmax/2 ɞɨ vmax ɛɨɥɶɲɟ ɱɢɫɥɚ 
ɷɥɟɤɬɪɨɧɨɜ ɫɨ ɫɤɨɪɨɫɬɹɦɢ ɨɬ 0 ɞɨ vmax/2. Ɉɬɜɟɬ: 7. 

4. ɋɨɛɫɬɜɟɧɧɵɣ ɩɨɥɭɩɪɨɜɨɞɧɢɤ c ɲɢɪɢɧɨɣ ɡɚɩɪɟɳɟɧɧɨɣ ɡɨɧɵ ΔE 

= 0,3 ɷȼ ɧɚɝɪɟɥɢ ɨɬ T1 = 280 Ʉ ɞɨ T2 = 300 K. ȼɨ ɫɤɨɥɶɤɨ ɪɚɡ ɭɦɟɧɶɲɢɥɨɫɶ 
ɩɪɢ ɷɬɨɦ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɩɨɥɭɩɪɨɜɨɞɧɢɤɚ? Ɉɬɜɟɬ: 1,5. 

5. Ɉɩɪɟɞɟɥɢɬɶ ɤɨɧɰɟɧɬɪɚɰɢɸ ɧɨɫɢɬɟɥɟɣ ɡɚɪɹɞɚ ɜ ɦɟɬɚɥɥɢɱɟɫɤɨɦ ɨɛ-
ɪɚɡɰɟ, ɟɫɥɢ ɩɨɫɬɨɹɧɧɚɹ ɏɨɥɥɚ RH = 0,013 ɦ3/Ʉɥ. Ɉɬɜɟɬ: 4,8·1020 ɦ-3. 

 

Ɍɟɦɚ № 8. ɋɬɪɨɟɧɢɟ ɚɬɨɦɧɨɝɨ яɞɪɚ. Ɋɚɞɢɨɚɤɬɢɜɧɵɣ ɪɚɫɩɚɞ 

Ɉɫɧɨɜɧɵɟ ɮɢɡɢɱɟɫɤɢɟ ɡɚɤɨɧɵ ɢ ɮɨɪɦɭɥɵ 

1. Ⱦɟɮɟɤɬ ɦɚɫɫɵ ɢ ɷɧɟɪɝɢɹ ɫɜɹɡɢ ɚɬɨɦɧɨɝɨ ɹɞɪɚ 

Ⱦɟɮɟɤɬ ɦɚɫɫɵ ɚɬɨɦɧɨɝɨ ɹɞɪɚ: 
   ɹp n

m Zm A Z m m     , 

ɝɞɟ Z – ɡɚɪɹɞɨɜɨɟ ɱɢɫɥɨ, A – ɦɚɫɫɨɜɨɟ ɱɢɫɥɨ, mp – ɦɚɫɫɚ ɩɪɨɬɨɧɚ, mn – ɦɚɫ-
ɫɚ ɧɟɣɬɪɨɧɚ, mɹ – ɦɚɫɫɚ ɚɬɨɦɧɨɝɨ ɹɞɪɚ ɤɚɤ ɟɞɢɧɨɝɨ ɰɟɥɨɝɨ. 

ɗɧɟɪɝɢɹ ɫɜɹɡɢ ɚɬɨɦɧɨɝɨ ɹɞɪɚ: 
 2

ɫɜE mc  , 

ɝɞɟ c – ɫɤɨɪɨɫɬɶ ɫɜɟɬɚ ɜ ɜɚɤɭɭɦɟ. 
Ⱦɥɹ ɜɵɪɚɠɟɧɢɹ ɷɧɟɪɝɢɢ ɜ ɦɟɝɚɷɥɟɤɬɪɨɧɜɨɥɶɬɚɯ (Ɇɷȼ) ɭɞɨɛɧɨ ɢɫ-

ɩɨɥɶɡɨɜɚɬɶ ɫɨɨɬɧɨɲɟɧɢɟ: 

    Ɇɷȼ 931,4 ɚ.ɟ.ɦ.E m  . 

ɍɞɟɥɶɧɚɹ ɷɧɟɪɝɢɹ ɫɜɹɡɢ: 

 ɫɜ
ɭɞ

E
E

A
 . 

2. əɞɟɪɧɵɟ ɪɟɚɤɰɢɢ 

ɗɧɟɪɝɢɹ ɹɞɟɪɧɨɣ ɪɟɚɤɰɢɢ: 

    2

1 2 3 4Q c m m m m      , 

ɝɞɟ m1 ɢ m2 – ɦɚɫɫɵ ɩɨɤɨɹ ɹɞɪɚ-ɦɢɲɟɧɢ ɢ ɛɨɦɛɚɪɞɢɪɭɸɳɟɣ ɱɚɫɬɢɰɵ; m3 ɢ 
m4 – ɫɭɦɦɚ ɦɚɫɫ ɩɨɤɨɹ ɹɞɟɪ ɩɪɨɞɭɤɬɨɜ ɪɟɚɤɰɢɢ. 
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3. Ɋɚɞɢɨɚɤɬɢɜɧɵɣ ɪɚɫɩɚɞ 

Ɂɚɤɨɧ ɪɚɞɢɨɚɤɬɢɜɧɨɝɨ ɪɚɫɩɚɞɚ: 
 

0

t
N N e

 , 

ɝɞɟ N – ɱɢɫɥɨ ɧɟɪɚɫɩɚɜɲɢɯɫɹ ɹɞɟɪ ɜ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ t, N0 – ɢɫɯɨɞɧɨɟ ɱɢɫ-
ɥɨ ɪɚɞɢɨɚɤɬɢɜɧɵɯ ɹɞɟɪ, Ȝ – ɩɨɫɬɨɹɧɧɚɹ ɪɚɫɩɚɞɚ. 

ɉɟɪɢɨɞ ɩɨɥɭɪɚɫɩɚɞɚ: 

 1/2

ln2
T 


. 

ȼɟɪɨɹɬɧɨɫɬɶ ɪɚɫɩɚɞɚ ɜ ɛɥɢɠɚɣɲɭɸ ɫɟɤɭɧɞɭ: 

 
N N t

W
N N

  
    . 

Ⱥɤɬɢɜɧɨɫɬɶ ɢɡɨɬɨɩɚ: 

 0

tdN
A N A e

dt

     , 

ɝɞɟ 
0 0A N  – ɚɤɬɢɜɧɨɫɬɶ ɜ ɧɚɱɚɥɶɧɵɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ. 

4. Ⱦɨɡɢɦɟɬɪɢɹ 

Ɉɫɥɚɛɥɟɧɢɟ ɢɧɬɟɧɫɢɜɧɨɫɬɢ Ȗ-ɢɡɥɭɱɟɧɢɹ ɜ ɜɟɳɟɫɬɜɟ: 
 

0

x
I I e

 , 

ɝɞɟ I – ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɢɡɥɭɱɟɧɢɹ ɜ ɜɟɳɟɫɬɜɟ ɧɚ ɝɥɭɛɢɧɟ ɯ, I0 – ɢɧɬɟɧɫɢɜ-
ɧɨɫɬɶ ɢɡɥɭɱɟɧɢɹ, ɩɚɞɚɸɳɟɝɨ ɧɚ ɩɨɜɟɪɯɧɨɫɬɶ ɜɟɳɟɫɬɜɚ, ȝ – ɤɨɷɮɮɢɰɢɟɧɬ 
ɩɨɝɥɨɳɟɧɢɹ ɜɟɳɟɫɬɜɚ. 

ɉɨɝɥɨɳɟɧɧɚɹ ɞɨɡɚ ɢɡɥɭɱɟɧɢɹ:  

 
W

D
m





, 

ɝɞɟ ∆W – ɷɧɟɪɝɢɹ ɢɨɧɢɡɢɪɭɸɳɟɝɨ ɢɡɥɭɱɟɧɢɹ, ɩɟɪɟɞɚɧɧɚɹ ɷɥɟɦɟɧɬɭ ɨɛɥɭ-
ɱɚɟɦɨɝɨ ɜɟɳɟɫɬɜɚ, ∆m – ɦɚɫɫɚ ɷɬɨɝɨ ɷɥɟɦɟɧɬɚ. 

ɗɤɫɩɨɡɢɰɢɨɧɧɚɹ ɞɨɡɚ Ȗ- ɢ ɪɟɧɬɝɟɧɨɜɫɤɨɝɨ ɢɡɥɭɱɟɧɢɹ: 

 
Q

X
m





, 

ɝɞɟ ∆Q – ɫɭɦɦɚ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɡɚɪɹɞɨɜ ɜɫɟɯ ɢɨɧɨɜ ɨɞɧɨɝɨ ɡɧɚɤɚ, ɫɨɡɞɚɧ-
ɧɵɯ ɷɥɟɤɬɪɨɧɚɦɢ, ɨɫɜɨɛɨɠɞɟɧɧɵɦɢ ɜ ɨɛɥɭɱɟɧɧɨɦ ɜɨɡɞɭɯɟ ɩɪɢ ɭɫɥɨɜɢɢ 
100%-ɣ ɢɨɧɢɡɚɰɢɢ. 
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ɉɪɢɦɟɪɵ ɪɟɲɟɧɢя ɡɚɞɚɱ 

ɉɪɢɦɟɪ 1.  ȼɵɱɢɫɥɢɬɶ ɞɟɮɟɤɬ ɦɚɫɫɵ Δm ɹɞɪɚ 22

11 Na . 

Ɋɟɲɟɧɢɟ. Ⱦɟɮɟɤɬ ɦɚɫɫɵ ɚɬɨɦɧɨɝɨ ɹɞɪɚ ɜɵɱɢɫɥɢɦ ɤɚɤ 

   ɹp n
m Zm A Z m m     . 

ȼ ɧɚɲɟɦ ɫɥɭɱɚɟ Z=11, A=22, mɹ= 21,99444 ɚ.ɟ.ɦ. ɂɫɩɨɥɶɡɭɹ ɬɚɛɥɢɱ-
ɧɵɟ ɡɧɚɱɟɧɢɹ ɦɚɫɫɵ ɩɪɨɬɨɧɚ mp ɢ ɦɚɫɫɵ ɧɟɣɬɪɨɧɚ mn, ɩɨɥɭɱɚɟɦ 

  11 1,00728 22 11 1,00867 21,99444m         0,18 ɚ.ɟ.ɦ. 

Ɉɬɜɟɬ: 0,18 ɚ.ɟ.ɦ. 
ɉɪɢɦɟɪ 2. əɞɟɪɧɚɹ ɪɟɚɤɰɢɹ ɢɦɟɟɬ ɜɢɞ 6 7 2?Li Be H   . Ɉɩɪɟɞɟ-

ɥɢɬɶ ɧɟɞɨɫɬɚɸɳɢɣ ɷɥɟɦɟɧɬ ɢ ɪɚɫɫɱɢɬɚɬɶ ɷɧɟɪɝɢɸ ɹɞɟɪɧɨɣ ɪɟɚɤɰɢɢ. 
Ɋɟɲɟɧɢɟ. ɇɟɞɨɫɬɚɸɳɢɣ ɷɥɟɦɟɧɬ ɹɞɟɪɧɨɣ ɪɟɚɤɰɢɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡ 

ɡɚɤɨɧɨɜ ɫɨɯɪɚɧɟɧɢɹ ɛɚɪɢɨɧɧɨɝɨ ɢ ɥɟɩɬɨɧɧɨɝɨ ɡɚɪɹɞɨɜ, ɤɨɬɨɪɵɦ ɫɨɨɬɜɟɬ-
ɫɬɜɭɟɬ ɢɡɨɬɨɩ 3

He . ɂɫɩɨɥɶɡɭɹ ɬɚɛɥɢɱɧɵɟ ɡɧɚɱɟɧɢɹ ɦɚɫɫ ɢɡɨɬɨɩɨɜ, ɷɧɟɪ-
ɝɢɸ ɹɞɟɪɧɨɣ ɪɟɚɤɰɢɢ ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ 

 
   
   

2

1 2 3 4

931,4 6,01513 3,01603 7,01693 2,01410 0,12 Ɇɷȼ.

Q c m m m m      
      

 

 Ɉɬɜɟɬ: 3
He , 0,12 Ɇɷȼ. 

ɉɪɢɦɟɪ 3. Ʉɚɤɚɹ ɱɚɫɬɶ ɧɚɱɚɥɶɧɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɚɬɨɦɨɜ ɪɚɞɢɨɚɤɬɢɜ-
ɧɨɝɨ ɧɚɬɪɢɹ 22Na ɨɫɬɚɧɟɬɫɹ ɱɟɪɟɡ 0,5 ɝɨɞɚ? ɉɟɪɢɨɞ ɩɨɥɭɪɚɫɩɚɞɚ 2,6 ɝɨɞɚ. 

Ɋɟɲɟɧɢɟ. Ʉɨɥɢɱɟɫɬɜɨ N ɧɟɪɚɫɩɚɜɲɢɯɫɹ ɹɞɟɪ ɚɬɨɦɨɜ ɨɩɪɟɞɟɥɢɦ ɢɡ 
ɡɚɤɨɧɚ ɪɚɞɢɨɚɤɬɢɜɧɨɝɨ ɪɚɫɩɚɞɚ: 
 

0

t
N N e

 . 

ɉɨɫɬɨɹɧɧɚɹ ɪɚɫɩɚɞɚ    ɫɜɹɡɚɧɚ ɫ ɩɟɪɢɨɞɨɦ ɩɨɥɭɪɚɫɩɚɞɚ T1/2 ɫɨɨɬɧɨɲɟɧɢɟɦ 

1/2ln2 / T  . Ɍɨɝɞɚ ɞɨɥɹ ɧɟɪɚɫɩɚɜɲɢɯɫɹ ɹɞɟɪ ɪɚɜɧɚ 

 1/2 1/2

ln 2

0

2

t
t

T TN
e

N

 

  . 

ɉɨɞɫɬɚɧɨɜɤɚ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ɜ ɪɚɫɱɟɬɧɭɸ ɮɨɪɦɭɥɭ ɞɚɟɬ ɨɬɜɟɬ 

0/N N   0,88. 

Ɉɬɜɟɬ: 0,88. 

ɉɪɢɦɟɪ 4.  Ɉɩɪɟɞɟɥɢɬɶ ɚɤɬɢɜɧɨɫɬɶ A ɪɚɞɢɹ  219Ra ɦɚɫɫɨɣ m = 5 ɦɝ. 
ɉɟɪɢɨɞ ɩɨɥɭɪɚɫɩɚɞɚ 1620 ɥɟɬ. 

Ɋɟɲɟɧɢɟ. Ⱥɤɬɢɜɧɨɫɬɶ ɪɚɞɢɹ ɨɩɪɟɞɟɥɢɦ ɩɨ ɮɨɪɦɭɥɟ 
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dN

A N
dt

    . 

ɉɨɫɬɨɹɧɧɭɸ ɪɚɫɩɚɞɚ, ɤɚɤ ɢ ɜ ɩɪɟɞɵɞɭɳɟɣ ɡɚɞɚɱɟ, ɧɚɯɨɞɢɦ ɩɨ ɮɨɪ-
ɦɭɥɟ 

1/2ln2 / T  . Ʉɨɥɢɱɟɫɬɜɨ ɪɚɞɢɨɚɤɬɢɜɧɵɯ ɹɞɟɪ ɧɚɣɞɟɦ ɢɡ ɡɚɤɨɧɚ Ⱥɜɨ-

ɝɚɞɪɨ: 

 A A

m
N N N  


, 

ɝɞɟ = 0,219 ɤɝ/ɦɨɥɶ – ɦɨɥɹɪɧɚɹ ɦɚɫɫɚ ɪɚɞɢɹ, NA – ɩɨɫɬɨɹɧɧɚɹ Ⱥɜɨɝɚɞɪɨ. 
ȼ ɢɬɨɝɟ 

 
1/2

ln 2
A

m
A N

T



. 

ɉɨɞɫɬɚɧɨɜɤɚ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ɜ ɪɚɫɱɟɬɧɭɸ ɮɨɪɦɭɥɭ ɞɚɟɬ ɨɬɜɟɬ A 

= 1,9·108 Ȼɤ. 
Ɉɬɜɟɬ: 1,9·108 Ȼɤ. 

ɉɪɢɦɟɪ 5.  ȼɨɡɞɭɯ ɜ ɧɨɪɦɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ ɨɛɥɭɱɚɟɬɫɹ Ȗ-

ɢɡɥɭɱɟɧɢɟɦ. Ɉɩɪɟɞɟɥɢɬɶ ɞɨɡɭ ɢɡɥɭɱɟɧɢɹ, ɟɫɥɢ ɷɤɫɩɨɡɢɰɢɨɧɧɚɹ ɞɨɡɚ ɢɡɥɭ-
ɱɟɧɢɹ ɫɨɫɬɚɜɢɥɚ 35 ɦɊ. ɇɚ ɨɛɪɚɡɨɜɚɧɢɟ ɨɞɧɨɣ ɩɚɪɵ ɢɨɧɨɜ ɜ ɜɨɡɞɭɯɟ ɧɟɨɛ-
ɯɨɞɢɦɚ ɷɧɟɪɝɢɹ 34 ɷȼ. 

Ɋɟɲɟɧɢɟ. ɉɨɝɥɨɳɟɧɧɚɹ ɞɨɡɚ ɢɡɥɭɱɟɧɢɹ ɫɜɹɡɚɧɚ ɫ ɷɧɟɪɝɢɟɣ ɢɨɧɢɡɢ-
ɪɭɸɳɟɝɨ ɢɡɥɭɱɟɧɢɹ ɮɨɪɦɭɥɨɣ 

 
W

D
m





. 

ɋ ɭɱɟɬɨɦ, ɱɬɨ ɡɚɞɚɧɚ ɷɤɫɩɨɡɢɰɢɨɧɧɚɹ ɞɨɡɚ ɢɡɥɭɱɟɧɢɹ X,  ɦɚɫɫɚ ∆m ɷɥɟɦɟɧ-
ɬɚ ɨɛɥɭɱɚɟɦɨɝɨ ɜɟɳɟɫɬɜɚ ɦɨɠɟɬ ɛɵɬɶ ɨɩɪɟɞɟɥɟɧɚ ɤɚɤ 

 
Q

m
X


  . 

ɋɭɦɦɚɪɧɵɣ ɡɚɪɹɞ ∆Q ɨɛɪɚɡɨɜɚɜɲɢɯɫɹ ɢɨɧɨɜ ɨɞɧɨɝɨ ɡɧɚɤɚ ɪɚɜɟɧ 
Q Ne  , ɝɞɟ N – ɱɢɫɥɨ ɩɚɪ ɢɨɧɨɜ, e – ɷɥɟɦɟɧɬɚɪɧɵɣ ɡɚɪɹɞ. ɗɧɟɪɝɢɹ, ɧɟ-

ɨɛɯɨɞɢɦɚɹ ɞɥɹ ɨɛɪɚɡɨɜɚɧɢɹ N ɩɚɪ ɢɨɧɨɜ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɢɨɧɢɡɢɪɭɸɳɟɝɨ 
ɢɡɥɭɱɟɧɢɹ, ɛɭɞɟɬ ɪɚɜɧɚ N W , ɝɞɟ W  – ɷɧɟɪɝɢɹ, ɧɟɨɛɯɨɞɢɦɚɹ ɞɥɹ  ɨɛɪɚ-
ɡɨɜɚɧɢɹ ɨɞɧɨɣ ɩɚɪɵ ɢɨɧɨɜ ɜ ɜɨɡɞɭɯɟ. 

ȼ ɢɬɨɝɟ ɩɨɝɥɨɳɟɧɧɭɸ ɞɨɡɭ ɢɡɥɭɱɟɧɢɹ ɨɩɪɟɞɟɥɢɦ ɩɨ ɮɨɪɦɭɥɟ 

 
N W X W

D X
Ne e

 
  .  
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ɋ ɭɱɟɬɨɦ ɬɨɝɨ, ɱɬɨ 1 Ɋ = 2,58·10-4 Ʉɥ/ɤɝ, ɷɤɫɩɨɡɢɰɢɨɧɧɚɹ ɞɨɡɚ 
X=35 ɦɊ ɫɨɨɬɜɟɬɫɬɜɭɟɬ X=9·10-6 Ʉɥ/ɤɝ. ɉɨɞɫɬɚɧɨɜɤɚ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ɜ 
ɪɚɫɱɟɬɧɭɸ ɮɨɪɦɭɥɭ ɞɚɟɬ ɨɬɜɟɬ D = 0,3 ɦȽɪ (1 Ƚɪ = 1 Ⱦɠ/ɤɝ). 

Ɉɬɜɟɬ: 0,3 ɦȽɪ. 

 

Ɂɚɞɚɱɢ ɞɥя ɫɚɦɨɫɬɨяɬɟɥɶɧɨɝɨ ɪɟɲɟɧɢя 

1. ȼɵɱɢɫɥɢɬɶ ɷɧɟɪɝɢɸ ɫɜɹɡɢ Eɫɜ ɹɞɪɚ 12

6C . Ɉɬɜɟɬ: 92,21 Ɇɷȼ. 

2. əɞɟɪɧɚɹ ɪɟɚɤɰɢɹ ɢɦɟɟɬ ɜɢɞ 17 6 4?O Li He   . Ɉɩɪɟɞɟɥɢɬɶ ɧɟɞɨ-
ɫɬɚɸɳɢɣ ɷɥɟɦɟɧɬ ɢ ɪɚɫɫɱɢɬɚɬɶ ɷɧɟɪɝɢɸ ɹɞɟɪɧɨɣ ɪɟɚɤɰɢɢ. Ɉɬɜɟɬ: 19

F , 

12,4 Ɇɷȼ. 
3. Ʉɚɤɚɹ ɱɚɫɬɶ ɧɚɱɚɥɶɧɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɪɚɞɢɨɚɤɬɢɜɧɨɝɨ ɧɭɤɥɢɞɚ ɪɚɫ-

ɩɚɞɚɟɬɫɹ ɡɚ ɜɪɟɦɹ t, ɪɚɜɧɨɟ ɱɟɬɜɟɪɬɢ ɩɟɪɢɨɞɚ ɩɨɥɭɪɚɫɩɚɞɚ? Ɉɬɜɟɬ: 0,16. 

4. ɇɚɣɞɢɬɟ ɩɟɪɢɨɞ ɩɨɥɭɪɚɫɩɚɞɚ ɪɚɞɢɨɚɤɬɢɜɧɨɝɨ ɢɡɨɬɨɩɚ, ɟɫɥɢ ɟɝɨ 
ɚɤɬɢɜɧɨɫɬɶ ɡɚ 10 ɫɭɬɨɤ ɭɦɟɧɶɲɢɥɚɫɶ ɧɚ 20 % ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɩɟɪɜɨɧɚ-
ɱɚɥɶɧɨɣ. Ɉɬɜɟɬ: 31 ɫɭɬ. 

5. ȼɨɡɞɭɯ ɜ ɧɨɪɦɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ ɨɛɥɭɱɚɟɬɫɹ Ȗ-ɢɡɥɭɱɟɧɢɟɦ. Ɉɩɪɟɞɟ-
ɥɢɬɶ ɦɨɳɧɨɫɬɶ ɞɨɡɵ ɢɡɥɭɱɟɧɢɹ, ɟɫɥɢ ɦɨɳɧɨɫɬɶ ɷɤɫɩɨɡɢɰɢɨɧɧɨɣ ɞɨɡɵ ɢɡ-
ɥɭɱɟɧɢɹ ɫɨɫɬɚɜɥɹɟɬ 50 ɦɤɊ/ɱ. ɇɚ ɨɛɪɚɡɨɜɚɧɢɟ ɨɞɧɨɣ ɩɚɪɵ ɢɨɧɨɜ ɜ ɜɨɡɞɭɯɟ 
ɧɟɨɛɯɨɞɢɦɚ ɷɧɟɪɝɢɹ 34 ɷȼ. Ɉɬɜɟɬ: 0,47 Ƚɪ/ɫ. 

 

Ȼɢɛɥɢɨɝɪɚɮɢɱɟɫɤɢɣ ɫɩɢɫɨɤ 

1. Ⱦɟɬɥɚɮ Ⱥ.Ⱥ., əɜɨɪɫɤɢɣ Ȼ.Ɇ. Ʉɭɪɫ ɮɢɡɢɤɢ: ɭɱɟɛ. ɩɨɫɨɛɢɟ ɞɥɹ ɜɭ-
ɡɨɜ.– Ɇ.: Ⱥɤɚɞɟɦɢɹ, 2009. 

2. ɋɚɜɟɥɶɟɜ ɂ.ȼ. Ʉɭɪɫ ɮɢɡɢɤɢ: ɭɱɟɛɧɢɤ. Ɍɨɦ 2: ɗɥɟɤɬɪɢɱɟɫɬɜɨ. Ʉɨ-
ɥɟɛɚɧɢɹ ɢ ɜɨɥɧɵ. ȼɨɥɧɨɜɚɹ ɨɩɬɢɤɚ.  – 3-ɟ ɢɡɞ., ɫɬɟɪɟɨɬɢɩ. – Ɇ.: Ʌɚɧɶ, 2005. 

– 480 ɫ. 
3. ɋɚɜɟɥɶɟɜ ɂ.ȼ. Ʉɭɪɫ ɮɢɡɢɤɢ: ɭɱɟɛɧɢɤ. Ɍɨɦ 3: Ʉɜɚɧɬɨɜɚɹ ɨɩɬɢɤɚ. 

Ⱥɬɨɦɧɚɹ ɮɢɡɢɤɚ. Ɏɢɡɢɤɚ ɬɜɟɪɞɨɝɨ ɬɟɥɚ. Ɏɢɡɢɤɚ ɚɬɨɦɧɨɝɨ ɹɞɪɚ ɢ ɷɥɟɦɟɧ-
ɬɚɪɧɵɯ ɱɚɫɬɢɰ. – 3-ɟ ɢɡɞ.,  ɫɬɟɪɟɨɬɢɩ. – Ɇ.: Ʌɚɧɶ, 2008. – 406 ɫ. 

4. ɑɟɪɬɨɜ Ⱥ.Ƚ., ȼɨɪɨɛɶɟɜ Ⱥ.Ⱥ. Ɂɚɞɚɱɧɢɤ ɩɨ ɮɢɡɢɤɟ. – 8-ɟ ɢɡɞ., ɩɟɪɟ-
ɪɚɛ. ɢ ɞɨɩ. – Ɇ.: ɎɂɁɆȺɌɅɂɌ, 2009. – 640 ɫ. 

5. ɂɪɨɞɨɜ ɂ.ȿ. Ɂɚɞɚɱɢ ɩɨ ɨɛɳɟɣ ɮɢɡɢɤɟ. – 8-ɟ ɢɡɞ. – Ɇ.: Ȼɢɧɨɦ. Ʌɚ-
ɛɨɪɚɬɨɪɢɹ ɡɧɚɧɢɣ, 2007. – 432 ɫ. 
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ɉɪɢɥɨɠɟɧɢɟ 

Ɍɚɛɥɢɰɚ ɉ1. ɉɨɤɚɡɚɬɟɥɢ ɩɪɟɥɨɦɥɟɧɢɹ ɫɪɟɞ 

ȼɟɳɟɫɬɜɨ n 

ȼɨɞɚ  1,33 

ɋɬɟɤɥɨ  1,50 

Ⱥɥɦɚɡ 2,42 

 

Ɍɚɛɥɢɰɚ ɉ2. Ɋɚɛɨɬɚ ɜɵɯɨɞɚ ɷɥɟɤɬɪɨɧɨɜ ɢɡ ɦɟɬɚɥɥɚ 

Ɇɟɬɚɥɥ Ⱥ, ɷȼ 

Ʉɚɥɢɣ 2,2 

Ʌɢɬɢɣ 2,3 

ɇɚɬɪɢɣ 2,5 

ɉɥɚɬɢɧɚ 6,3 

ɋɟɪɟɛɪɨ 4,7 

ɐɢɧɤ 4,0 

 

Ɍɚɛɥɢɰɚ ɉ3. Ɇɚɫɫɚ ɧɟɣɬɪɚɥɶɧɵɯ ɚɬɨɦɨɜ 

ɗɥɟɦɟɧɬ 
ɉɨɪɹɞɤɨɜɵɣ 

ɧɨɦɟɪ 
ɂɡɨɬɨɩ Ɇɚɫɫɚ, ɚ.ɟ.ɦ. 

ȼɨɞɨɪɨɞ 1 1H 

2H 

3H 

1,00783 

2,01410 

3,01605 

Ƚɟɥɢɣ 2 3ɇɟ 

4ɇɟ 

3,01603 

4,00260 

Ʌɢɬɢɣ 3 6Li 

7Li 

6,01513 

7,01601 

Ȼɟɪɢɥɥɢɣ 4 7ȼɟ 

9Be 

10Be 

7,01693 

9,01219 

10,01354 

Ȼɨɪ 5 9ȼ 

10ȼ 

11ȼ 

9,01333 

10,01294 

11,00931 
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Ɍɚɛɥɢɰɚ ɉ3 (ɨɤɨɧɱɚɧɢɟ) 

ɍɝɥɟɪɨɞ 6 10ɋ 

12ɋ 

13C 

14ɋ 

10,00168 

12,00000 

13,00335 

14,00324 

Ⱥɡɨɬ 7 13N 

14N 

15N 

13,00574 

14,00307 

15,00011 

Ʉɢɫɥɨɪɨɞ 8 16O 

17O 

18O 

15,99491 

16,99913 

17,99916 

Ɏɬɨɪ 9 19F 18,99840 

ɇɚɬɪɢɣ 11 22Na 

23Na 

21,99444 

22,98977 

Ɇɚɝɧɢɣ 12 23Mg 22,99414 

Ⱥɥɸɦɢɧɢɣ 13 30Al 29,99817 

Ʉɪɟɦɧɢɣ 14 31Si 30,97535 

Ɏɨɫɮɨɪ 15 31P 30,97376 

Ʉɚɥɢɣ 19 31K 40,96184 

Ʉɚɥɶɰɢɣ 20 44Ca 43,95549 

ɋɜɢɧɟɰ 82 206Pb 205,97446 

ɉɨɥɨɧɢɣ 84 210Po 209,98297 

 

Ɍɚɛɥɢɰɚ ɉ4. Ɇɚɫɫɚ ɩɨɤɨɹ ɧɟɤɨɬɨɪɵɯ ɷɥɟɦɟɧɬɚɪɧɵɯ ɱɚɫɬɢɰ ɢ ɥɟɝɤɢɯ ɹɞɟɪ 

ɑɚɫɬɢɰɚ 
Ɇɚɫɫɚ 

m0, ɤɝ m0, ɚ.ɟ.ɦ. 
ɗɥɟɤɬɪɨɧ 9,11·10-31 0,00055 

ɇɟɣɬɪɚɥɶɧɵɣ ɦɟɡɨɧ 2,41·10-28 0,145261 

ɉɪɨɬɨɧ 1,67·10-27 1,00728 

ɇɟɣɬɪɨɧ 1,68·10-27 1,00867 

Ⱦɟɣɬɨɧ 3,35·10-27 2,01355 

-ɱɚɫɬɢɰɚ 6,64·10-27 4,00149 
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Ɍɚɛɥɢɰɚ ɉ5. ɉɟɪɢɨɞ ɩɨɥɭɪɚɫɩɚɞɚ ɪɚɞɢɨɚɤɬɢɜɧɵɯ ɢɡɨɬɨɩɨɜ 

ɂɡɨɬɨɩ 
ɋɢɦɜɨɥ 

ɢɡɨɬɨɩɚ 

Ɍɢɩ 

ɪɚɫɩɚɞɚ 
ɉɟɪɢɨɞ ɩɨɥɭɪɚɫɩɚɞɚ 

Ⱥɤɬɢɧɢɣ 225

89 Ac   10 ɫɭɬ 

Ƀɨɞ 131

53 I  -,  8 ɫɭɬ 

ɂɪɢɞɢɣ 192

77 Ir  -,  75 ɫɭɬ 

Ʉɨɛɚɥɶɬ 60

27Co  -,  5,3 ɝɨɞɚ 

Ɇɚɝɧɢɣ 27

12 Mg  - 10 ɦɢɧ 

Ɋɚɞɢɣ 219

88 Ra   10-3 ɫ 

Ɋɚɞɢɣ 226

88 Ra  ,  1,62·103 ɥɟɬ 

Ɋɚɞɨɧ 222

86 Rn   3,8 ɫɭɬ 

ɋɬɪɨɧɰɢɣ 90

38 Sr  - 28 ɥɟɬ 

Ɍɨɪɢɣ 229

90Th  ,  7·103 ɥɟɬ 

ɍɪɚɧ 238

92U  ,  4,5·109 ɥɟɬ 

Ɏɨɫɮɨɪ 32

15 P  - 14,3 ɫɭɬ 

ɇɚɬɪɢɣ 22

11 Na   2,6 ɝɨɞɚ 

 

Ɍɚɛɥɢɰɚ ɉ6. Ɉɫɧɨɜɧɵɟ ɮɢɡɢɱɟɫɤɢɟ ɩɨɫɬɨɹɧɧɵɟ 

ɗɥɟɦɟɧɬɚɪɧɵɣ ɡɚɪɹɞ ɟ = 1,6·10-19 Ʉɥ 

Ɇɚɫɫɚ ɷɥɟɤɬɪɨɧɚ me =9,11·10-31 ɤɝ 

ɍɞɟɥɶɧɵɣ ɡɚɪɹɞ ɷɥɟɤɬɪɨɧɚ ɟ/m = 1,76·1011 Ʉɥ/ɤɝ 

ɋɤɨɪɨɫɬɶ ɫɜɟɬɚ ɜ ɜɚɤɭɭɦɟ ɫ = 3·108 ɦ/ɫ 

ɉɨɫɬɨɹɧɧɚɹ ɋɬɟɮɚɧɚ – Ȼɨɥɶɰɦɚɧɚ  = 5,67·10-8 ȼɬ/(ɦ2·Ʉ4) 

ɉɨɫɬɨɹɧɧɚɹ ɡɚɤɨɧɚ ɫɦɟɳɟɧɢɹ ȼɢɧɚ b = 2,9·10-3 ɦ·Ʉ   

ɉɨɫɬɨɹɧɧɚɹ ɉɥɚɧɤɚ 
h = 6,63·10-34 Ⱦɠ·ɫ 

ћ = h/(2) = 1,05·10-34 Ⱦɠ·ɫ 

ɉɨɫɬɨɹɧɧɚɹ Ɋɢɞɛɟɪɝɚ R = 3,29·1015 ɫ-1 

Ɋɚɞɢɭɫ ɩɟɪɜɨɣ ɛɨɪɨɜɫɤɨɣ ɨɪɛɢɬɵ a = 5,29·10-11 ɦ 

Ʉɨɦɩɬɨɧɨɜɫɤɚɹ ɞɥɢɧɚ 

ɜɨɥɧɵ ɷɥɟɤɬɪɨɧɚ 
C = 2,43·10-12 ɦ 

Ɇɚɝɧɟɬɨɧ Ȼɨɪɚ ȝB = 9,27·10-24 Ⱦɠ/Ɍɥ 

ɗɧɟɪɝɢɹ ɢɨɧɢɡɚɰɢɢ ɚɬɨɦɚ ɜɨɞɨɪɨɞɚ   Ei = 2,16·10-18 Ⱦɠ 

Ⱥɬɨɦɧɚɹ ɟɞɢɧɢɰɚ ɦɚɫɫɵ 1 ɚ.ɟ.ɦ. = 1,66·10-27 ɤɝ 
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