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ɍȾɄ 531 

ɉɪɚɤɬɢɱɟɫɤɢɟ ɡɚɧɹɬɢɹ ɩɨ ɮɢɡɢɤɟ. ɑɚɫɬɶ 2. Эɥɟɤɬɪɨɦɚɝɧɟɬɢɡɦ: ɭɱɟɛ. ɩɨɫɨ-
ɛɢɟ  / Ɍ.Ƚ. Ⱥɜɚɱёɜɚ, Ɇ.Ⱥ. Ȼɭɪɨɛɢɧ; Ɋɹɡɚɧ. ɝɨɫ. ɪɚɞɢɨɬɟɯɧ. ɭɧ-ɬ. Ɋɹɡɚɧɶ, 2011. 48 ɫ. 

ɉɪɢɜɨɞɹɬɫɹ ɨɫɧɨɜɧɵɟ ɮɢɡɢɱɟɫɤɢɟ ɡɚɤɨɧɵ, ɩɪɢɦɟɪɵ ɪɟɲɟɧɢɹ ɡɚɞɚɱ ɢ ɡɚɞɚɱɢ 
ɞɥɹ ɫɚɦɨɫɬɨɹɬɟɥɶɧɨɣ ɪɚɛɨɬɵ ɩɨ ɪɚɡɞɟɥɚɦ ɤɭɪɫɚ ɮɢɡɢɤɢ: ɷɥɟɤɬɪɨɫɬɚɬɢɤɚ, ɩɨɫɬɨ-
ɹɧɧɵɣ ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɬɨɤ, ɦɚɝɧɢɬɧɨɟ ɩɨɥɟ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ, ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɚɹ 
ɢɧɞɭɤɰɢɹ. 

ɉɪɟɞɧɚɡɧɚɱɟɧɨ ɞɥɹ ɫɬɭɞɟɧɬɨɜ ɜɫɟɯ ɫɩɟɰɢɚɥɶɧɨɫɬɟɣ, ɢɡɭɱɚɸɳɢɯ ɞɢɫɰɢ-
ɩɥɢɧɭ «Ɏɢɡɢɤɚ». 

Ɍɚɛɥ. 5. ɂɥ. 22. Ȼɢɛɥɢɨɝɪ.: 3 ɧɚɡɜ. 
 

Эɥɟɤɬɪɢɱɟɫɤɨɟ ɩɨɥɟ, ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɞɢɩɨɥɶ, ɞɢɷɥɟɤɬɪɢɤ, ɷɥɟɤɬɪɨɟɦ-
ɤɨɫɬɶ, ɤɨɧɞɟɧɫаɬɨɪ, ɷɧɟɪɝɢя ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥя, ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɬɨɤ, ɡаɤɨɧ 
Оɦа, ɦаɝɧɢɬɧɨɟ ɩɨɥɟ, ɡаɤɨɧ Ȼɢɨ – ɋаɜаɪа – Ʌаɩɥаɫа, ɡаɤɨɧ ɩɨɥɧɨɝɨ ɬɨɤа, ɫɢɥа 
Ʌɨɪɟɧɰа, ɫɢɥа Ⱥɦɩɟɪа, ɷɥɟɤɬɪɨɦаɝɧɢɬɧая ɢɧɞɭɤɰɢя, ЭȾɋ ɢɧɞɭɤɰɢɢ, ɷɧɟɪɝɢя 
ɦаɝɧɢɬɧɨɝɨ ɩɨɥя. 

 
ɉɟɱɚɬɚɟɬɫɹ ɩɨ ɪɟɲɟɧɢɸ ɪɟɞɚɤɰɢɨɧɧɨ-ɢɡɞɚɬɟɥɶɫɤɨɝɨ ɫɨɜɟɬɚ Ɋɹɡɚɧɫɤɨɝɨ 

ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ ɪɚɞɢɨɬɟɯɧɢɱɟɫɤɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬɚ. 
 

Ɋɟɰɟɧɡɟɧɬ: ɤɚɮɟɞɪɚ ɨɛɳɟɣ ɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɮɢɡɢɤɢ ɊȽɊɌɍ  
(ɡɚɜɟɞɭɸɳɢɣ ɤɚɮɟɞɪɨɣ ɩɪɨɮ. Ȼ.ɂ. Ʉɨɥɨɬɢɥɢɧ) 
 

 

 

 

Ⱥ ɜ ɚ ɱ ё ɜ ɚ   Ɍɚɬɶɹɧɚ Ƚɟɧɧɚɞɢɟɜɧɚ 

Ȼ ɭ ɪ ɨ ɛ ɢ ɧ   Ɇɢɯɚɢɥ Ⱥɧɚɬɨɥɶɟɜɢɱ 

 

ɉɪɚɤɬɢɱɟɫɤɢɟ ɡɚɧɹɬɢɹ ɩɨ ɮɢɡɢɤɟ 

ɑɚɫɬɶ 2  
Эɥɟɤɬɪɨɦɚɝɧɟɬɢɡɦ 

 

 

Ɋɟɞɚɤɬɨɪ  Ɋ.Ʉ. Ɇɚɧɝɭɬɨɜɚ 

Ʉɨɪɪɟɤɬɨɪ ɋ.ȼ. Ɇɚɤɭɲɢɧɚ 

ɉɨɞɩɢɫɚɧɨ ɜ ɩɟɱɚɬɶ 30.06.11. Ɏɨɪɦɚɬ ɛɭɦɚɝɢ 60  84 1/16. 

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

Ɍɢɪɚɠ 200 ɷɤɡ. Ɂɚɤɚɡ 

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

Ɋɟɞɚɤɰɢɨɧɧɨ-ɢɡɞɚɬɟɥɶɫɤɢɣ ɰɟɧɬɪ ɊȽɊɌɍ. 

 ©  Ɋɹɡɚɧɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ 

ɪɚɞɢɨɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ, 2011



 

ȼɜɟɞɟɧɢɟ 

ɉɪɢ ɪɟɲɟɧɢɢ ɡɚɞɚɱ ɧɟɨɛɯɨɞɢɦɨ ɪɭɤɨɜɨɞɫɬɜɨɜɚɬɶɫɹ ɨɛɳɢɦɢ ɪɟɤɨ-

ɦɟɧɞɚɰɢɹɦɢ ɢ ɡɞɪɚɜɵɦ ɫɦɵɫɥɨɦ. ɉɪɟɠɞɟ ɜɫɟɝɨ, ɩɪɢɫɬɭɩɚɹ ɤ ɪɟɲɟɧɢɸ ɡɚ-

ɞɚɱɢ, ɧɭɠɧɨ ɜɧɢɤɧɭɬɶ ɜ ɟɟ ɫɦɵɫɥ, ɩɨɧɹɬɶ, ɤɚɤɢɦɢ ɡɚɤɨɧɚɦɢ ɨɩɢɫɵɜɚɸɬɫɹ 

ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɟ ɹɜɥɟɧɢɹ, ɱɬɨ ɞɚɧɨ, ɚ ɱɬɨ ɧɭɠɧɨ ɧɚɣɬɢ. ɇɟɞɨɫɬɚɸɳɢɟ 

ɤɨɧɫɬɚɧɬɵ ɦɨɠɧɨ ɧɚɣɬɢ ɜ ɫɩɪɚɜɨɱɧɵɯ ɬɚɛɥɢɰɚɯ. Ⱦɥɹ ɛɨɥɟɟ ɱɟɬɤɨɝɨ ɩɨɧɢ-

ɦɚɧɢɹ ɫɦɵɫɥɚ ɡɚɞɚɱɢ ɢ ɩɨɢɫɤɚ ɜɟɪɧɵɯ ɩɭɬɟɣ ɟɟ ɪɟɲɟɧɢɹ ɪɟɤɨɦɟɧɞɭɟɬɫɹ 

ɫɨɩɪɨɜɨɠɞɚɬɶ ɪɟɲɟɧɢɟ ɝɪɚɮɢɱɟɫɤɢɦɢ ɢɥɥɸɫɬɪɚɰɢɹɦɢ (ɷɥɟɤɬɪɢɱɟɫɤɢɦɢ 

ɫɯɟɦɚɦɢ, ɜɟɤɬɨɪɧɵɦɢ ɞɢɚɝɪɚɦɦɚɦɢ ɢ ɞɪ.). 

Ɋɟɤɨɦɟɧɞɭɟɬɫɹ ɤɚɠɞɭɸ ɡɚɞɚɱɭ ɪɟɲɚɬɶ ɜ ɨɛɳɟɦ ɜɢɞɟ, ɬɚɤ ɱɬɨɛɵ ɢɫ-

ɤɨɦɚɹ ɜɟɥɢɱɢɧɚ ɛɵɥɚ ɜɵɪɚɠɟɧɚ ɱɟɪɟɡ ɢɫɯɨɞɧɵɟ ɞɚɧɧɵɟ. Ɋɟɲɟɧɢɟ ɜ ɨɛɳɟɦ 

ɜɢɞɟ ɩɨɡɜɨɥɹɟɬ ɭɫɬɚɧɨɜɢɬɶ ɨɩɪɟɞɟɥɟɧɧɭɸ ɮɢɡɢɱɟɫɤɭɸ ɡɚɤɨɧɨɦɟɪɧɨɫɬɶ, ɚ 

ɬɚɤɠɟ ɥɟɝɤɨ ɩɪɨɜɟɪɢɬɶ ɩɪɚɜɢɥɶɧɨɫɬɶ ɨɬɜɟɬɚ. 

ɉɨɫɥɟ ɩɨɥɭɱɟɧɢɹ ɢɬɨɝɨɜɨɣ ɮɨɪɦɭɥɵ ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɩɪɨɜɟɪɢɬɶ ɪɚɡ-

ɦɟɪɧɨɫɬɶ ɩɨɥɭɱɟɧɧɨɣ ɜɟɥɢɱɢɧɵ. ɇɟɜɟɪɧɚɹ ɪɚɡɦɟɪɧɨɫɬɶ – ɹɜɧɵɣ ɩɪɢɡɧɚɤ 

ɨɲɢɛɨɱɧɨɫɬɢ ɪɟɲɟɧɢɹ. ɉɪɢ ɜɵɩɨɥɧɟɧɢɢ ɪɚɫɱɟɬɨɜ ɨɱɟɧɶ ɱɚɫɬɨ ɢɫɤɨɦɚɹ ɜɟ-

ɥɢɱɢɧɚ ɹɜɥɹɟɬɫɹ ɞɟɣɫɬɜɢɬɟɥɶɧɵɦ ɱɢɫɥɨɦ, ɬɪɟɛɭɸɳɢɦ ɨɤɪɭɝɥɟɧɢɹ. ɉɨɷɬɨ-

ɦɭ ɩɪɢ ɪɚɫɱɟɬɚɯ ɧɭɠɧɨ ɪɭɤɨɜɨɞɫɬɜɨɜɚɬɶɫɹ ɩɪɚɜɢɥɚɦɢ ɞɟɣɫɬɜɢɣ ɫ ɩɪɢɛɥɢ-

ɠɟɧɧɵɦɢ ɱɢɫɥɚɦɢ. ɉɨɥɭɱɢɜ ɱɢɫɥɨɜɨɣ ɨɬɜɟɬ, ɨɰɟɧɢɬɟ ɟɝɨ ɩɪɚɜɞɨɩɨɞɨɛ-

ɧɨɫɬɶ. ɉɪɢ ɷɬɨɦ ɜɚɠɧɨ ɡɧɚɬɶ, ɤɚɤɨɝɨ ɩɨɪɹɞɤɚ ɜɟɥɢɱɢɧɵ ɜɨɡɦɨɠɧɵ ɜ ɩɪɢɧ-

ɰɢɩɟ. ɇɚɩɪɢɦɟɪ, ɞɢɷɥɟɤɬɪɢɱɟɫɤɚɹ ɩɪɨɧɢɰɚɟɦɨɫɬɶ ɜɟɳɟɫɬɜɚ ɧɟ ɦɨɠɟɬ ɛɵɬɶ 

ɦɟɧɶɲɟ ɟɞɢɧɢɰɵ ɢ, ɬɟɦ ɛɨɥɟɟ, ɨɬɪɢɰɚɬɟɥɶɧɨɣ. 

Ⱥɜɬɨɪɵ 
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Ɍɟɦɚ № 1. ɇɚɩɪяɠɟɧɧɨɫɬɶ ɢ ɩɨɬɟɧɰɢɚɥ 

ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɩɨɥя 

Ɉɫɧɨɜɧɵɟ ɮɢɡɢɱɟɫɤɢɟ ɡɚɤɨɧɵ ɢ ɮɨɪɦɭɥɵ 

• ɇɚɩɪɹɠɟɧɧɨɫɬɶ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ 

 
0/E F q , 

ɝɞɟ F  – ɫɢɥɚ, ɞɟɣɫɬɜɭɸɳɚɹ ɧɚ ɩɨɥɨɠɢɬɟɥɶɧɵɣ ɬɨɱɟɱɧɵɣ ɡɚɪɹɞ q0, ɩɨɦɟ-

ɳɟɧɧɵɣ ɜ ɞɚɧɧɭɸ ɬɨɱɤɭ ɩɨɥɹ. 

• ɉɪɢɧɰɢɩ ɫɭɩɟɪɩɨɡɢɰɢɢ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɩɨɥɟɣ 

 
1 2 ... NE E E E    , 

ɝɞɟ 
iE  – ɧɚɩɪɹɠɟɧɧɨɫɬɶ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ, ɫɨɡɞɚɧɧɨɝɨ i-ɦ ɷɥɟɤɬɪɢɱɟ-

ɫɤɢɦ ɡɚɪɹɞɨɦ, ɜɯɨɞɹɳɢɦ ɜ ɫɢɫɬɟɦɭ ɢɡ N ɡɚɪɹɞɨɜ, ɜ ɨɬɞɟɥɶɧɨɫɬɢ. 

• ɉɨɬɨɤ ɜɟɤɬɨɪɚ ɧɚɩɪɹɠɟɧɧɨɫɬɢ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ ɱɟɪɟɡ ɩɨɜɟɪɯ-

ɧɨɫɬɶ ɩɥɨɳɚɞɶɸ S 

 
E n

S S

EdS E dS    , 

ɝɞɟ cos
n

E E   – ɩɪɨɟɤɰɢɹ ɜɟɤɬɨɪɚ E  ɧɚ ɧɨɪɦɚɥɶ n  ɤ ɷɥɟɦɟɧɬɭ ɩɨɜɟɪɯɧɨ-

ɫɬɢ ɩɥɨɳɚɞɶɸ dS , α – ɭɝɨɥ ɦɟɠɞɭ ɜɟɤɬɨɪɚɦɢ E  ɢ n . 

ȿɫɥɢ ɜ ɤɚɠɞɨɣ ɬɨɱɤɟ ɩɨɜɟɪɯɧɨɫɬɢ S ɧɚɩɪɹɠɟɧɧɨɫɬɶ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ 

ɩɨɥɹ ɨɞɢɧɚɤɨɜɚ (ɧɚɩɪɢɦɟɪ, ɟɫɥɢ ɩɨɥɟ ɨɞɧɨɪɨɞɧɨɟ), ɬɨ ɩɨɬɨɤ ɜɟɤɬɨɪɚ E  

ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɤɚɤ 

 cos
E

ES   . 

• Ɍɟɨɪɟɦɚ Ƚɚɭɫɫɚ ɞɥɹ ɜɟɤɬɨɪɚ E  

 
10

1 N

i

iS

EdS q



  , 

ɝɞɟ S – ɩɥɨɳɚɞɶ ɡɚɦɤɧɭɬɨɣ ɩɨɜɟɪɯɧɨɫɬɢ, ɨɯɜɚɬɵɜɚɸɳɟɣ ɡɚɪɹɞɵ 

1 2, ,...,
N

q q q ; ε0=8,85·10-12 Ɏ/ɦ – ɷɥɟɤɬɪɢɱɟɫɤɚɹ ɩɨɫɬɨɹɧɧɚɹ, ε – ɨɬɧɨɫɢɬɟɥɶ-

ɧɚɹ ɞɢɷɥɟɤɬɪɢɱɟɫɤɚɹ ɩɪɨɧɢɰɚɟɦɨɫɬɶ ɫɪɟɞɵ (ɜ ɜɚɤɭɭɦɟ ε = 1). 

ɇɚ ɨɫɧɨɜɚɧɢɢ ɬɟɨɪɟɦɵ Ƚɚɭɫɫɚ ɦɨɠɧɨ ɪɚɫɫɱɢɬɚɬɶ ɧɚɩɪɹɠɟɧɧɨɫɬɶ 

ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ ɥɸɛɨɣ ɫɢɫɬɟɦɵ ɡɚɪɹɞɨɜ, ɩɪɢɱɟɦ ɡɚɪɹɞɵ ɦɨɝɭɬ ɛɵɬɶ 
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ɤɚɤ ɞɢɫɤɪɟɬɧɵɦɢ, ɬɚɤ ɢ ɪɚɫɩɪɟɞɟɥɟɧɧɵɦɢ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ ɫ ɢɡɜɟɫɬɧɨɣ 

ɩɥɨɬɧɨɫɬɶɸ. ɉɪɢɜɟɞɟɦ ɧɟɫɤɨɥɶɤɨ ɱɚɫɬɧɵɯ ɫɥɭɱɚɟɜ. 

1. ɇɚɩɪɹɠɟɧɧɨɫɬɶ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ ɬɨɱɟɱɧɨɝɨ ɡɚɪɹɞɚ q 

 
2

0

1

4

q
E

r



, 

ɝɞɟ r – ɪɚɫɫɬɨɹɧɢɟ ɨɬ ɡɚɪɹɞɚ ɞɨ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɬɨɱɤɢ ɩɪɨɫɬɪɚɧɫɬɜɚ. 

2. ɇɚɩɪɹɠɟɧɧɨɫɬɶ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ ɛɟɫɤɨɧɟɱɧɨ ɞɥɢɧɧɨɣ ɡɚɪɹ-

ɠɟɧɧɨɣ ɧɢɬɢ (ɬɨɧɤɨɝɨ ɰɢɥɢɧɞɪɚ) 

 
0

1 2

4
E

r





, 

ɝɞɟ Ĳ – ɥɢɧɟɣɧɚɹ ɩɥɨɬɧɨɫɬɶ ɡɚɪɹɞɚ, r – ɪɚɫɫɬɨɹɧɢɟ ɨɬ ɧɢɬɢ (ɨɫɢ ɰɢɥɢɧɞɪɚ) 

ɞɨ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɬɨɱɤɢ ɩɪɨɫɬɪɚɧɫɬɜɚ. 

3. ɇɚɩɪɹɠɟɧɧɨɫɬɶ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ ɡɚɪɹɠɟɧɧɨɣ ɩɪɨɜɨɞɹɳɟɣ 

ɫɮɟɪɵ ɪɚɞɢɭɫɨɦ R 

 
2

0

0, ,

1
, ,

4

E r R

q
E r R

r

 

 


 

ɝɞɟ q – ɜɟɥɢɱɢɧɚ ɡɚɪɹɞɚ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɫɮɟɪɵ, r – ɪɚɫɫɬɨɹɧɢɟ ɨɬ ɰɟɧɬɪɚ 

ɫɮɟɪɵ ɞɨ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɬɨɱɤɢ ɩɪɨɫɬɪɚɧɫɬɜɚ. 

4. ɇɚɩɪɹɠɟɧɧɨɫɬɶ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ ɛɟɫɤɨɧɟɱɧɨɣ ɡɚɪɹɠɟɧɧɨɣ 

ɩɥɨɫɤɨɫɬɢ 

 
02

E





, 

ɝɞɟ ı  – ɩɨɜɟɪɯɧɨɫɬɧɚɹ ɩɥɨɬɧɨɫɬɶ ɡɚɪɹɞɚ. 

• ȼɟɤɬɨɪ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɫɦɟɳɟɧɢɹ D  ɫɜɹɡɚɧ ɫ ɜɟɤɬɨɪɨɦ ɧɚɩɪɹɠɟɧɧɨ-

ɫɬɢ E  ɫɨɨɬɧɨɲɟɧɢɟɦ 

 0D E  . 

• Ɍɟɨɪɟɦɚ Ƚɚɭɫɫɚ ɞɥɹ ɜɟɤɬɨɪɚ D  

 
1

N

i

iS

DdS q


 . 
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• ɉɨɬɟɧɰɢɚɥ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ ɬɨɱɟɱɧɨɝɨ ɩɨɥɨɠɢɬɟɥɶɧɨɝɨ ɡɚɪɹɞɚ 

q0 

 
0/W q , 

ɝɞɟ W – ɩɨɬɟɧɰɢɚɥɶɧɚɹ ɷɧɟɪɝɢɹ ɡɚɪɹɞɚ q0, ɩɨɦɟɳɟɧɧɨɝɨ ɜ ɪɚɫɫɦɚɬɪɢɜɚɟ-

ɦɭɸ ɬɨɱɤɭ ɩɪɨɫɬɪɚɧɫɬɜɚ.  

• Ɋɚɛɨɬɚ ɫɢɥ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ ɩɨ ɩɟɪɟɦɟɳɟɧɢɸ ɡɚɪɹɞɚ q ɢɡ ɬɨɱɤɢ ɫ 

ɩɨɬɟɧɰɢɚɥɨɦ φ1 ɜ ɬɨɱɤɭ ɫ ɩɨɬɟɧɰɢɚɥɨɦ φ2 

  1 2 1 2A q W W     . 

• ɉɨɬɟɧɰɢɚɥ ɩɨɥɹ, ɫɨɡɞɚɧɧɨɝɨ ɫɢɫɬɟɦɨɣ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɡɚɪɹɞɨɜ, 

 
1 2 ... N    , 

ɝɞɟ φi – ɩɨɬɟɧɰɢɚɥ ɩɨɥɹ ɤɚɠɞɨɝɨ ɡɚɪɹɞɚ ɜ ɨɬɞɟɥɶɧɨɫɬɢ. 

• ɉɨɬɟɧɰɢɚɥ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ ɬɨɱɟɱɧɨɝɨ ɡɚɪɹɞɚ 

 
0

1

4

q

r
 


, 

ɝɞɟ r – ɪɚɫɫɬɨɹɧɢɟ ɨɬ ɡɚɪɹɞɚ ɞɨ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɬɨɱɤɢ ɩɪɨɫɬɪɚɧɫɬɜɚ. 

• ɉɨɬɟɧɰɢɚɥ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ, ɫɨɡɞɚɜɚɟɦɨɝɨ ɡɚɪɹɠɟɧɧɨɣ ɩɪɨɜɨ-

ɞɹɳɟɣ ɫɮɟɪɨɣ ɪɚɞɢɭɫɨɦ R: 

 
0

0

1
, ,

4

1
, ,

4

q
E r R

R

q
E r R

r

 


 


 

ɝɞɟ q – ɜɟɥɢɱɢɧɚ ɡɚɪɹɞɚ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɫɮɟɪɵ, r – ɪɚɫɫɬɨɹɧɢɟ ɨɬ ɰɟɧɬɪɚ 

ɫɮɟɪɵ ɞɨ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɬɨɱɤɢ ɩɪɨɫɬɪɚɧɫɬɜɚ. 

• ȼɟɤɬɨɪ ɧɚɩɪɹɠɟɧɧɨɫɬɢ E  ɢ ɡɧɚɱɟɧɢɟ ɩɨɬɟɧɰɢɚɥɚ φ ɜ ɪɚɫɫɦɚɬɪɢɜɚɟ-

ɦɨɣ ɬɨɱɤɟ ɫɜɹɡɚɧɵ ɫɨɨɬɧɨɲɟɧɢɟɦ 

 gradE    , 

ɝɞɟ grad  – ɝɪɚɞɢɟɧɬ ɩɨɬɟɧɰɢɚɥɚ. 

ȼ ɞɟɤɚɪɬɨɜɨɣ ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ ɩɨɫɥɟɞɧɟɟ ɜɵɪɚɠɟɧɢɟ ɢɦɟɟɬ ɜɢɞ 

 E i j k
x y z

   
       

. 

Ɍɨɝɞɚ ɦɨɞɭɥɶ ɜɟɤɬɨɪɚ E  ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɤɚɤ 
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22 2

E
x y z

                  
. 

Ⱦɥɹ ɫɮɟɪɢɱɟɫɤɢ-ɫɢɦɦɟɬɪɢɱɧɨɝɨ ɩɨɥɹ (ɩɨɥɟ ɬɨɱɟɱɧɨɝɨ ɡɚɪɹɞɚ, ɡɚɪɹ-

ɠɟɧɧɨɣ ɫɮɟɪɵ) ɫɜɹɡɶ ɦɟɠɞɭ E ɢ φ ɜɵɝɥɹɞɢɬ ɤɚɤ 

 
d

E
dr


  . 

ɉɪɢɦɟɪɵ ɪɟɲɟɧɢя ɡɚɞɚɱ 

ɉɪɢɦɟɪ 1. Ⱦɜɚ ɬɨɱɟɱɧɵɯ ɡɚɪɹɞɚ +1 ɧɄɥ ɢ –2 ɧɄɥ ɧɚɯɨɞɹɬɫɹ ɧɚ ɪɚɫ-

ɫɬɨɹɧɢɢ 4 ɫɦ ɞɪɭɝ ɨɬ ɞɪɭɝɚ. ɇɚɣɬɢ ɧɚɩɪɹɠɟɧɧɨɫɬɶ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ ɜ 

ɬɨɱɤɟ, ɭɞɚɥɟɧɧɨɣ ɧɚ ɪɚɫɫɬɨɹɧɢɟ 3 ɫɦ ɨɬ ɩɟɪɜɨɝɨ ɡɚɪɹɞɚ ɢ 5 ɫɦ ɨɬ ɜɬɨɪɨɝɨ. 

Ɋɟɲɟɧɢɟ. Ɋɟɡɭɥɶɬɢɪɭɸɳɭɸ ɧɚɩɪɹɠɟɧɧɨɫɬɶ ɩɨɥɹ ɜ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ 
ɬɨɱɤɟ ɨɩɪɟɞɟɥɢɦ ɩɨ ɩɪɢɧɰɢɩɭ ɫɭɩɟɪɩɨɡɢɰɢɢ: 

1 2E E E  . ɂɡɨɛɪɚɡɢɦ ɝɪɚɮɢɱɟɫɤɢ ɪɚɫɩɨɥɨɠɟɧɢɟ 

ɷɬɢɯ ɜɟɤɬɨɪɨɜ ɞɥɹ ɫɢɫɬɟɦɵ ɞɜɭɯ ɪɚɡɧɨɢɦɟɧɧɵɯ ɡɚ-
ɪɹɞɨɜ (ɪɢɫ. 1). Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɦɨɞɭɥɹ ɜɟɤɬɨɪɚ E  

ɢɫɩɨɥɶɡɭɟɦ ɬɟɨɪɟɦɭ ɤɨɫɢɧɭɫɨɜ: 
2 2

1 2 1 22 cosE E E E E    . 

ɂɡ ɪɢɫ. 1 ɜɢɞɧɨ, ɱɬɨ ɭɝɨɥ α ɹɜɥɹɟɬɫɹ ɫɦɟɠɧɵɦ ɫ ɭɝɥɨɦ β, ɤɨɬɨɪɵɣ, ɜ 

ɫɜɨɸ ɨɱɟɪɟɞɶ, ɦɨɠɟɬ ɛɵɬɶ ɨɩɪɟɞɟɥɟɧ ɢɡ ɬɪɟɭɝɨɥɶɧɢɤɚ ɫɨ ɫɬɨɪɨɧɚɦɢ 

1 2, ,r r d : 

 
2 2 2

1 2

1 2

cos 0,6
2

d r r

r r

 
    . 

ɂɫɩɨɥɶɡɭɹ ɬɪɢɝɨɧɨɦɟɬɪɢɱɟɫɤɨɟ ɫɨɨɬɧɨɲɟɧɢɟ cos  cos    

cos  , ɚ ɬɚɤɠɟ ɢɡɜɟɫɬɧɵɟ ɜɵɪɚɠɟɧɢɹ ɞɥɹ ɧɚɩɪɹɠɟɧɧɨɫɬɢ ɩɨɥɹ ɬɨɱɟɱɧɨɝɨ 
ɡɚɪɹɞɚ, ɩɨɥɭɱɚɟɦ ɪɚɫɱɟɬɧɭɸ ɮɨɪɦɭɥɭ 

 

2 2

1 21 2

2 2 2 2

0 1 2 1 2

1
2 cos

4

q qq q
E

r r r r

   
          

. 

ɉɨɞɫɬɚɧɨɜɤɚ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ɜ ɪɚɫɱɟɬɧɭɸ ɮɨɪɦɭɥɭ ɞɚɟɬ ɨɬɜɟɬ E = 8 

ɤȼ/ɦ. 

Оɬɜɟɬ: 8 ɤȼ/ɦ. 

 

Ɋɢɫ. 1 
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ɉɪɢɦɟɪ 2. Ɉɩɪɟɞɟɥɢɬɶ ɪɚɡɧɨɫɬɶ ɩɨɬɟɧɰɢɚɥɨɜ ɞɜɭɯ ɬɨɱɟɤ, ɧɚɯɨɞɹ-

ɳɢɯɫɹ ɧɚ ɪɚɫɫɬɨɹɧɢɹɯ 3 ɫɦ ɢ 6 ɫɦ ɨɬ ɡɚɪɹɠɟɧɧɨɣ ɩɪɨɜɨɞɹɳɟɣ ɫɮɟɪɵ ɪɚɞɢ-

ɭɫɨɦ 5 ɫɦ. Ɂɚɪɹɞ ɫɮɟɪɵ 5 ɧɄɥ. 

Ɋɟɲɟɧɢɟ 

ɋɩɨɫɨɛ I. ɂɫɩɨɥɶɡɭɹ ɜɵɪɚɠɟɧɢɹ ɞɥɹ ɩɨɬɟɧ-

ɰɢɚɥɚ ɡɚɪɹɠɟɧɧɨɣ ɫɮɟɪɵ, ɨɩɪɟɞɟɥɹɟɦ ɪɚɡɧɨɫɬɶ ɩɨ-

ɬɟɧɰɢɚɥɨɜ ɜ ɡɚɞɚɧɧɵɯ ɬɨɱɤɚɯ (ɪɢɫ. 2): 

 
2 1

0 2 1 0 2

1 1 1 1

4 4

q q

r r r R

   
              

. 

ȼ ɩɨɫɥɟɞɧɟɦ ɜɵɪɚɠɟɧɢɢ ɪɚɫɫɬɨɹɧɢɟ r1 ɡɚɦɟɧɟɧɨ ɧɚ R (R – ɪɚɞɢɭɫ 

ɫɮɟɪɵ), ɬ.ɤ. ɩɟɪɜɚɹ ɬɨɱɤɚ ɧɚɯɨɞɢɬɫɹ ɜɧɭɬɪɢ ɩɪɨɜɨɞɹɳɟɣ ɫɮɟɪɵ ɢ ɩɨɬɟɧɰɢ-

ɚɥ ɜ ɧɟɣ ɪɚɜɟɧ ɩɨɬɟɧɰɢɚɥɭ ɩɨɜɟɪɯɧɨɫɬɢ. 

ɋɩɨɫɨɛ II. Ɋɚɡɧɨɫɬɶ ɩɨɬɟɧɰɢɚɥɨɜ ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ, ɢɫɩɨɥɶɡɭɹ ɫɜɹɡɶ 

ɧɚɩɪɹɠɟɧɧɨɫɬɢ ɩɨɥɹ ɡɚɪɹɠɟɧɧɨɣ ɫɮɟɪɵ ɢ ɩɨɬɟɧɰɢɚɥɚ: /E d dr   . Ɉɬɤɭ-

ɞɚ 

 
2 2

1 1

2

0 0 2 1 0 2

1 1 1 1

4 4 4

r r

r r

q dr q q
Edr

r r r r R

   
                

  . 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɪɚɡɧɨɫɬɶ ɩɨɬɟɧɰɢɚɥɨɜ ɪɚɜɧɚ Δφ= –16,7 ȼ. 

Оɬɜɟɬ: –16,7 ȼ. 

ɉɪɢɦɟɪ 3. Эɥɟɤɬɪɢɱɟɫɤɨɟ ɩɨɥɟ ɫɨɡɞɚɧɨ ɞɜɭɦɹ ɛɟɫɤɨɧɟɱɧɵɦɢ ɩɚɪɚɥ-

ɥɟɥɶɧɵɦɢ ɩɥɚɫɬɢɧɚɦɢ, ɧɟɫɭɳɢɦɢ ɪɚɜɧɨɦɟɪɧɨ ɪɚɫɩɪɟɞɟɥɟɧɧɵɣ ɩɨ ɩɥɨɳɚ-

ɞɢ ɡɚɪɹɞ ɫ ɩɨɜɟɪɯɧɨɫɬɧɵɦɢ ɩɥɨɬɧɨɫɬɹɦɢ 1 = 1 ɧɄɥ/ɦ2 ɢ 2 = 2 ɧɄɥ/ɦ2. 

Ɉɩɪɟɞɟɥɢɬɶ ɧɚɩɪɹɠɟɧɧɨɫɬɶ ȿ ɩɨɥɹ ɦɟɠɞɭ ɩɥɚɫɬɢɧɚɦɢ. 

Ɋɟɲɟɧɢɟ. Эɥɟɤɬɪɢɱɟɫɤɨɟ ɩɨɥɟ ɤɚɠɞɨɣ ɡɚɪɹɠɟɧɧɨɣ ɩɥɚɫɬɢɧɵ ɹɜɥɹɟɬ-

ɫɹ ɨɞɧɨɪɨɞɧɵɦ, ɚ ɟɝɨ ɧɚɩɪɹɠɟɧɧɨɫɬɶ ɜ ɜɚɤɭɭɦɟ ɨɩɪɟɞɟ-

ɥɹɟɬɫɹ ɮɨɪɦɭɥɨɣ 
0/ 2E   . ɇɚɩɪɹɠɟɧɧɨɫɬɶ ɪɟɡɭɥɶɬɢ-

ɪɭɸɳɟɝɨ ɩɨɥɹ ɨɩɪɟɞɟɥɢɦ ɩɨ ɩɪɢɧɰɢɩɭ ɫɭɩɟɪɩɨɡɢɰɢɢ: 

1 2E E E  . ɉɨɫɤɨɥɶɤɭ ɜ ɩɪɨɦɟɠɭɬɤɟ ɦɟɠɞɭ ɩɥɚɫɬɢɧɚɦɢ 

ɜɟɤɬɨɪɵ 1E  ɢ 2E  ɧɚɩɪɚɜɥɟɧɵ ɜɞɨɥɶ ɨɞɧɨɣ ɩɪɹɦɨɣ ɜ ɩɪɨ-

 

Ɋɢɫ. 2 

 

Ɋɢɫ. 3 
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ɬɢɜɨɩɨɥɨɠɧɵɟ ɫɬɨɪɨɧɵ (ɪɢɫ. 3), ɬɨ ɦɨɞɭɥɶ ɢɯ ɪɟɡɭɥɶɬɢɪɭɸɳɟɝɨ ɜɟɤɬɨɪɚ 

ɛɭɞɟɬ ɪɚɜɟɧ 

 1 2 1 2

0

1

2
E E E    


. 

ɉɨɞɫɬɚɧɨɜɤɚ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ɜ ɪɚɫɱɟɬɧɭɸ ɮɨɪɦɭɥɭ ɞɚɟɬ ɨɬɜɟɬ: E  

= 56,5 ȼ/ɦ. 

Оɬɜɟɬ: 56,5 ȼ/ɦ. 

ɉɪɢɦɟɪ 4. Ʉɟɪɚɦɢɱɟɫɤɢɣ ɲɚɪ (ε = 4) ɪɚɞɢɭɫɨɦ R = 12 ɫɦ ɡɚɪɹɠɟɧ 

ɪɚɜɧɨɦɟɪɧɨ ɫ ɨɛɴɟɦɧɨɣ ɩɥɨɬɧɨɫɬɶɸ ρ = 10 ɧɄɥ/ɦ3. Ɉɩɪɟɞɟɥɢɬɶ ɧɚɩɪɹɠɟɧ-

ɧɨɫɬɶ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ ɧɚ ɪɚɫɫɬɨɹɧɢɹɯ r1 = 3 ɫɦ ɢ r2 = 15 ɫɦ ɨɬ ɰɟɧɬɪɚ 

ɲɚɪɚ. 

Ɋɟɲɟɧɢɟ. Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɧɚɩɪɹɠɟɧɧɨɫɬɢ ɩɨɥɹ ɜ ɩɪɨɢɡɜɨɥɶɧɨɣ 

ɬɨɱɤɟ ɜɨɫɩɨɥɶɡɭɟɦɫɹ ɬɟɨɪɟɦɨɣ Ƚɚɭɫɫɚ ɜ ɜɢɞɟ: 

 
S

DdS q , 

ɝɞɟ 
0D E  , ɚ S – ɩɥɨɳɚɞɶ ɩɨɜɟɪɯɧɨɫɬɢ, ɨɯɜɚɬɵɜɚɸɳɟɣ ɡɚɪɹɞ q. 

ȼ ɤɚɱɟɫɬɜɟ ɡɚɦɤɧɭɬɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɜɵɛɟɪɟɦ 

ɫɮɟɪɭ S1 ɪɚɞɢɭɫɨɦ r1, ɤɨɧɰɟɧɬɪɢɱɟɫɤɭɸ ɫ ɲɚɪɨɦ 

(ɪɢɫ. 4). ɉɨɫɤɨɥɶɤɭ ɷɥɟɤɬɪɢɱɟɫɤɨɟ ɩɨɥɟ ɡɚɪɹɠɟɧ-

ɧɨɝɨ ɲɚɪɚ ɨɛɥɚɞɚɟɬ ɫɮɟɪɢɱɟɫɤɨɣ ɫɢɦɦɟɬɪɢɟɣ, ɟɝɨ 

ɧɚɩɪɹɠɟɧɧɨɫɬɶ ɜ ɤɚɠɞɨɣ ɬɨɱɤɟ ɫɮɟɪɵ ɛɭɞɟɬ ɨɞɢ-

ɧɚɤɨɜɚ. Ɍɨɝɞɚ ɬɟɨɪɟɦɭ Ƚɚɭɫɫɚ ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ ɜ 

ɜɢɞɟ 
1

0

S

E dS q  . ɋ ɭɱɟɬɨɦ ɬɨɝɨ, ɱɬɨ 

1

2

14
S

dS r  , ɩɨɥɭɱɚɟɦ: 1 2

0 14

q
E

r



. ȼɟɥɢɱɢɧɭ ɡɚɪɹɞɚ q, ɨɯɜɚɬɵɜɚɟɦɨɝɨ 

ɩɨɜɟɪɯɧɨɫɬɶɸ S1, ɨɩɪɟɞɟɥɢɦ ɱɟɪɟɡ ɨɛɴɟɦɧɭɸ ɩɥɨɬɧɨɫɬɶ ρ ɡɚɪɹɞɚ: q V  , 

ɝɞɟ V – ɨɛɴɟɦ ɩɪɨɫɬɪɚɧɫɬɜɚ ɜɧɭɬɪɢ ɫɮɟɪɵ: 3

14 / 3V r  . ȼ ɢɬɨɝɟ ɧɚɩɪɹɠɟɧ-

ɧɨɫɬɶ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ ɜ ɩɟɪɜɨɣ ɬɨɱɤɟ ɨɩɪɟɞɟɥɢɦ ɤɚɤ 

 

Ɋɢɫ. 4 
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 3 1
1 12

0 1 0

1 4

4 3 3

r
E r

r


  

 
. 

 ɉɨɞɫɬɚɜɥɹɹ ɜ ɷɬɨ ɜɵɪɚɠɟɧɢɟ ɢɫɯɨɞɧɵɟ ɞɚɧɧɵɟ, ɩɨɥɭɱɚɟɦ E1 = 2,8 

ȼ/ɦ. 

ȼɵɱɢɫɥɟɧɢɟ ɧɚɩɪɹɠɟɧɧɨɫɬɢ ɩɨɥɹ ɜɨ ɜɬɨɪɨɣ ɬɨɱɤɟ ɩɪɨɢɡɜɨɞɢɬɫɹ ɚɧɚ-

ɥɨɝɢɱɧɨ, ɧɨ ɫ ɭɱɟɬɨɦ ɫɥɟɞɭɸɳɢɯ ɡɚɦɟɱɚɧɢɣ. ȼɨ-ɩɟɪɜɵɯ, ɜɬɨɪɚɹ ɬɨɱɤɚ ɥɟ-

ɠɢɬ ɡɚ ɩɪɟɞɟɥɚɦɢ ɲɚɪɚ, ɬɨɝɞɚ 34 / 3q R  . ȼɨ-ɜɬɨɪɵɯ, ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɞɢ-

ɷɥɟɤɬɪɢɱɟɫɤɚɹ ɩɪɨɧɢɰɚɟɦɨɫɬɶ ɫɪɟɞɵ ɜɧɟ ɲɚɪɚ ɪɚɜɧɚ 1. Ɍɨɝɞɚ 

 
3

3

2 2 2

0 2 0 2

1 4

4 3 3

R
E R

r r


  

 
. 

ɉɨɞɫɬɚɜɥɹɹ ɜ ɷɬɨ ɜɵɪɚɠɟɧɢɟ ɢɫɯɨɞɧɵɟ ɞɚɧɧɵɟ, ɩɨɥɭɱɚɟɦ E2 

= 28,9 ȼ/ɦ. 

Оɬɜɟɬ: 2,8 ȼ/ɦ ɢ 28,9 ȼ/ɦ. 

ɉɪɢɦɟɪ 5. ɉɨɬɟɧɰɢɚɥ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ, ɫɨɡɞɚɜɚɟɦɨɝɨ ɫɢɫɬɟɦɨɣ 

ɡɚɪɹɞɨɜ, ɢɦɟɟɬ ɜɢɞ  4 2 22a y y x   , ɝɞɟ а = 1 ȼ/ɦ4. ɇɚɣɬɢ ɦɨɞɭɥɶ ɧɚɩɪɹ-

ɠɟɧɧɨɫɬɢ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ ɜ ɬɨɱɤɟ ɫ ɤɨɨɪɞɢɧɚɬɚɦɢ x = 1 ɦ, y = 1 ɦ. 

Ɉɬɜɟɬ ɩɪɢɜɟɫɬɢ ɜ ɫɢɫɬɟɦɟ ɋɂ ɢ ɨɤɪɭɝɥɢɬɶ ɫ ɬɨɱɧɨɫɬɶɸ ɞɨ ɞɜɭɯ ɰɢɮɪ ɩɨɫɥɟ 

ɡɚɩɹɬɨɣ. 

Ɋɟɲɟɧɢɟ. Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɦɨɞɭɥɹ ɧɚɩɪɹɠɟɧɧɨɫɬɢ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ 

ɩɨɥɹ ɢɫɩɨɥɶɡɭɟɦ ɫɜɹɡɶ ɦɟɠɞɭ E ɢ φ: 

 

22

E
x y

           
.  

ȼ ɧɚɲɟɦ ɫɥɭɱɚɟ 
24ay x

x





,  3 24a y yx

y


 


. Ɍɨɝɞɚ 

    2 2
2 3 24E a y x y yx   . 

ɉɨɞɫɬɚɜɥɹɹ ɜ ɩɨɫɥɟɞɧɟɟ ɜɵɪɚɠɟɧɢɟ ɡɧɚɱɟɧɢɹ ɤɨɨɪɞɢɧɚɬ x ɢ y ɬɨɱɤɢ, 

ɩɨɥɭɱɚɟɦ E = 8,9 ȼ/ɦ. 

Оɬɜɟɬ: 8,9 ȼ/ɦ. 
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ɉɪɢɦɟɪ 6. Ɍɨɱɟɱɧɵɣ ɡɚɪɹɞ, ɧɚɯɨɞɹɳɢɣɫɹ ɜɧɭɬɪɢ ɫɮɟɪɵ ɪɚɞɢɭɫɨɦ 

R = 10 ɫɦ, ɫɨɡɞɚɟɬ ɧɚ ɟɟ ɩɨɜɟɪɯɧɨɫɬɢ ɧɚɩɪɹɠɟɧɧɨɫɬɶ ɩɨɥɹ E = 125 ȼ/ɦ. 

ɇɚɣɬɢ ɩɨɬɨɤ ɜɟɤɬɨɪɚ ɧɚɩɪɹɠɟɧɧɨɫɬɢ ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɩɨɥɹ ɱɟɪɟɡ ɩɨ-

ɜɟɪɯɧɨɫɬɶ ɫɮɟɪɵ. 

Ɋɟɲɟɧɢɟ. ɉɨɬɨɤ ɜɟɤɬɨɪɚ ɧɚɩɪɹɠɟɧɧɨɫɬɢ ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɩɨɥɹ 

ɨɩɪɟɞɟɥɢɦ ɩɨ ɬɟɨɪɟɦɟ Ƚɚɭɫɫɚ 

 
0S

q
EdS  

 . 

Ɇɨɞɭɥɶ ɧɚɩɪɹɠɟɧɧɨɫɬɢ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ ɬɨɱɟɱɧɨɝɨ ɡɚɪɹɞɚ ɨɩɪɟ-

ɞɟɥɢɦ ɩɨ ɮɨɪɦɭɥɟ 
2

0

1

4

q
E

R



. Ɉɬɤɭɞɚ 2

04q R E  . Ɍɨɝɞɚ ɩɨɬɨɤ ɜɟɤɬɨɪɚ 

E  ɛɭɞɟɬ ɜɵɱɢɫɥɹɬɶɫɹ ɩɨ ɮɨɪɦɭɥɟ 

 
24 R E   . 

ɉɨɞɫɬɚɜɥɹɹ ɜ ɩɨɫɥɟɞɧɟɟ ɜɵɪɚɠɟɧɢɟ ɢɫɯɨɞɧɵɟ ɞɚɧɧɵɟ, ɩɨɥɭɱɚɟɦ 

Φ=15,7 ȼ·ɦ. 

Оɬɜɟɬ: 15,7 ȼ·ɦ. 

 

Ɂɚɞɚɱɢ ɞɥя ɫɚɦɨɫɬɨяɬɟɥɶɧɨɝɨ ɪɟɲɟɧɢя 

1. Ɋɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɡɚɪɹɞɚɦɢ +5 ɧɄɥ ɢ –5 ɧɄɥ ɪɚɜɧɨ 10 ɫɦ. Ɉɩɪɟ-

ɞɟɥɢɬɶ ɧɚɩɪɹɠɟɧɧɨɫɬɶ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ, ɫɨɡɞɚɧɧɨɝɨ ɷɬɢɦɢ ɡɚɪɹɞɚɦɢ ɜ 

ɬɨɱɤɟ, ɧɚɯɨɞɹɳɟɣɫɹ ɧɚ ɪɚɫɫɬɨɹɧɢɢ 5 ɫɦ ɨɬ ɩɟɪɜɨɝɨ ɢ 10 ɫɦ ɨɬ ɜɬɨɪɨɝɨ ɡɚ-

ɪɹɞɚ. 

2. ɋɮɟɪɚ ɧɟɫɟɬ ɧɚ ɫɟɛɟ ɪɚɜɧɨɦɟɪɧɨ ɪɚɫɩɪɟɞɟɥɟɧɧɵɣ ɡɚɪɹɞ. Ɉɩɪɟɞɟ-

ɥɢɬɶ ɪɚɞɢɭɫ ɫɮɟɪɵ, ɟɫɥɢ ɩɨɬɟɧɰɢɚɥ ɜ ɟɟ ɰɟɧɬɪɟ ɪɚɜɟɧ φ1 = 100 ȼ, ɚ ɜ ɬɨɱɤɟ, 

ɥɟɠɚɳɟɣ ɨɬ ɰɟɧɬɪɚ ɧɚ ɪɚɫɫɬɨɹɧɢɢ r = 10 ɫɦ, φ2 = 10 B. 

3. Эɥɟɤɬɪɢɱɟɫɤɨɟ ɩɨɥɟ ɫɨɡɞɚɧɨ ɞɜɭɦɹ ɛɟɫɤɨɧɟɱɧɵɦɢ ɩɚɪɚɥɥɟɥɶɧɵɦɢ 

ɩɥɚɫɬɢɧɚɦɢ, ɧɟɫɭɳɢɦɢ ɪɚɜɧɨɦɟɪɧɨ ɪɚɫɩɪɟɞɟɥɟɧɧɵɣ ɩɨ ɩɥɨɳɚɞɢ ɡɚɪɹɞ ɫ 

ɩɨɜɟɪɯɧɨɫɬɧɵɦɢ ɩɥɨɬɧɨɫɬɹɦɢ 1 = 1 ɧɄɥ/ɦ2 ɢ 2 = –1 ɧɄɥ/ɦ2. Ɉɩɪɟɞɟɥɢɬɶ 

ɧɚɩɪɹɠɟɧɧɨɫɬɶ ȿ ɩɨɥɹ ɜɧɟ ɩɥɚɫɬɢɧ. 
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4. Эɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɨɟ ɩɨɥɟ ɫɨɡɞɚɟɬɫɹ ɪɚɜɧɨɦɟɪɧɨ ɡɚɪɹɠɟɧɧɵɦ ɲɚ-

ɪɨɦ ɪɚɞɢɭɫɨɦ R = 0,5 ɦ ɫ ɨɛɳɢɦ ɡɚɪɹɞɨɦ q = 10 ɧɄɥ. Ɉɩɪɟɞɟɥɢɬɶ ɪɚɡɧɨɫɬɶ 

ɩɨɬɟɧɰɢɚɥɨɜ ɬɨɱɟɤ, ɥɟɠɚɳɢɯ ɨɬ ɰɟɧɬɪɚ ɲɚɪɚ ɧɚ ɪɚɫɫɬɨɹɧɢɹɯ r1 = 0,1 ɦ ɢ 

r2 = 0,2 ɦ. 

5. ɉɨɬɟɧɰɢɚɥ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ, ɫɨɡɞɚɜɚɟɦɨɝɨ ɫɢɫɬɟɦɨɣ ɡɚɪɹɞɨɜ, 

ɢɦɟɟɬ ɜɢɞ  3 2 210 2a x xy x y    , ɝɞɟ а = 1 ȼ/ɦ3. ɇɚɣɬɢ ɦɨɞɭɥɶ ɧɚɩɪɹ-

ɠɟɧɧɨɫɬɢ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ ɜ ɬɨɱɤɟ ɫ ɤɨɨɪɞɢɧɚɬɚɦɢ x = 0,5 ɦ, y = 0,5 ɦ. 

Ɉɬɜɟɬ ɩɪɢɜɟɫɬɢ ɜ ɫɢɫɬɟɦɟ ɋɂ ɢ ɨɤɪɭɝɥɢɬɶ ɫ ɬɨɱɧɨɫɬɶɸ ɞɨ ɞɜɭɯ ɰɢɮɪ ɩɨɫɥɟ 

ɡɚɩɹɬɨɣ. 

Ɍɟɦɚ № 2. Эɥɟɤɬɪɢɱɟɫɤɢɣ ɞɢɩɨɥɶ. 
Эɥɟɤɬɪɢɱɟɫɤɨɟ ɩɨɥɟ ɜ ɞɢɷɥɟɤɬɪɢɤɚɯ 

Ɉɫɧɨɜɧɵɟ ɮɢɡɢɱɟɫɤɢɟ ɡɚɤɨɧɵ ɢ ɮɨɪɦɭɥɵ 

• Эɥɟɤɬɪɢɱɟɫɤɢɣ ɦɨɦɟɧɬ ɞɢɩɨɥɹ 

 p q l , 

ɝɞɟ q – ɡɚɪɹɞ ɞɢɩɨɥɹ, l  – ɜɟɤɬɨɪ, ɩɪɨɜɟɞɟɧɧɵɣ ɨɬ ɨɬɪɢ-

ɰɚɬɟɥɶɧɨɝɨ ɡɚɪɹɞɚ ɤ ɩɨɥɨɠɢɬɟɥɶɧɨɦɭ (ɪɢɫ. 5). 

• ɇɚɩɪɹɠɟɧɧɨɫɬɶ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ ɬɨɱɟɱɧɨɝɨ 

(r>>l) ɞɢɩɨɥɹ 

 
2

3

0

1 3cos
4

p
E

r
  


, 

ɝɞɟ α – ɭɝɨɥ ɦɟɠɞɭ ɜɟɤɬɨɪɚɦɢ l  ɢ r . 

• ɉɨɬɟɧɰɢɚɥ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ ɬɨɱɟɱɧɨɝɨ ɞɢɩɨɥɹ 

 
2

0

cos
4

p

r
  


. 

ɉɪɢ ɜɵɱɢɫɥɟɧɢɢ E ɢ φ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɭɝɥɚɯ α ɜɨɡɦɨɠɧɵ ɱɚɫɬɧɵɟ ɫɥɭɱɚɢ: 

α = 0, π 3

02

p
E

r



 

2

04

p

r
  


 

α = π/2 3

04

p
E

r



 0   
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• ɉɨɬɟɧɰɢɚɥɶɧɚɹ ɷɧɟɪɝɢɹ ɞɢɩɨɥɹ ɜɨ ɜɧɟɲɧɟɦ ɷɥɟɤɬɪɢɱɟɫɤɨɦ ɩɨɥɟ 

 cospE    , 

ɝɞɟ α – ɭɝɨɥ ɦɟɠɞɭ ɜɟɤɬɨɪɚɦɢ p  ɢ E . 

• Ɇɟɯɚɧɢɱɟɫɤɢɣ ɦɨɦɟɧɬ, ɞɟɣɫɬɜɭɸɳɢɣ ɧɚ ɞɢɩɨɥɶ ɫɨ ɫɬɨɪɨɧɵ ɨɞɧɨ-

ɪɨɞɧɨɝɨ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ 

 sinM pE  . 

• ɉɪɨɟɤɰɢɹ ɫɢɥɵ ɧɚ ɨɫɶ OX, ɞɟɣɫɬɜɭɸɳɟɣ ɧɚ ɞɢɩɨɥɶ ɫɨ ɫɬɨɪɨɧɵ ɧɟ-

ɨɞɧɨɪɨɞɧɨɝɨ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ, ɢɡɦɟɧɹɸɳɟɝɨɫɹ ɜɞɨɥɶ ɨɫɢ OX, 

 cos
x

E
F p

x


 


. 

• ɉɨɥɹɪɢɡɨɜɚɧɧɨɫɬɶ ɨɞɧɨɪɨɞɧɨɝɨ ɞɢɷɥɟɤɬɪɢɤɚ 

 
1

i

i

P p
V


  , 

ɝɞɟ ΔV – ɮɢɡɢɱɟɫɤɢ ɛɟɫɤɨɧɟɱɧɨ ɦɚɥɵɣ ɨɛɴɟɦ ɞɢɷɥɟɤɬɪɢɤɚ, 
ip – ɞɢɩɨɥɶɧɵɣ 

ɦɨɦɟɧɬ i-ɣ ɦɨɥɟɤɭɥɵ. 

• ɇɚɩɪɹɠɟɧɧɨɫɬɶ ɫɪɟɞɧɟɝɨ ɦɚɤɪɨɫɤɨɩɢɱɟɫɤɨɝɨ ɩɨɥɹ ɜ ɞɢɷɥɟɤɬɪɢɤɟ 

 0E
E 


, 

ɝɞɟ E0 – ɧɚɩɪɹɠɟɧɧɨɫɬɶ ɜɧɟɲɧɟɝɨ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ, ε – ɨɬɧɨɫɢɬɟɥɶɧɚɹ 

ɞɢɷɥɟɤɬɪɢɱɟɫɤɚɹ ɩɪɨɧɢɰɚɟɦɨɫɬɶ ɫɪɟɞɵ. 

• ɋɜɹɡɶ ɩɨɥɹɪɢɡɨɜɚɧɧɨɫɬɢ ɢ ɧɚɩɪɹɠɟɧɧɨɫɬɢ ɫɪɟɞɧɟɝɨ ɦɚɤɪɨɫɤɨɩɢɱɟ-

ɫɤɨɝɨ ɩɨɥɹ 

 
0P E , 

ɝɞɟ χ – ɞɢɷɥɟɤɬɪɢɱɟɫɤɚɹ ɜɨɫɩɪɢɢɦɱɢɜɨɫɬɶ ɫɪɟɞɵ. 

• ɋɜɹɡɶ ɞɢɷɥɟɤɬɪɢɱɟɫɤɨɣ ɩɪɨɧɢɰɚɟɦɨɫɬɢ ɢ ɞɢɷɥɟɤɬɪɢɱɟɫɤɨɣ ɜɨɫɩɪɢ-

ɢɦɱɢɜɨɫɬɢ 

 1    . 
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ɉɪɢɦɟɪɵ ɪɟɲɟɧɢя ɡɚɞɚɱ 

ɉɪɢɦɟɪ 1. Ⱦɢɩɨɥɶ ɫ ɷɥɟɤɬɪɢɱɟɫɤɢɦ ɦɨɦɟɧɬɨɦ ɪ 

= 0,2 ɧɄɥ·ɦ ɨɛɪɚɡɨɜɚɧ ɞɜɭɦɹ ɬɨɱɟɱɧɵɦɢ ɡɚɪɹɞɚɦɢ q = 1 

ɧɄɥ. ɇɚɣɬɢ ɧɚɩɪɹɠɟɧɧɨɫɬɶ ȿ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ ɜ ɬɨɱɤɟ 

Ⱥ (ɫɦ. ɪɢɫ. 6), ɧɚɯɨɞɹɳɟɣɫɹ ɧɚ ɪɚɫɫɬɨɹɧɢɢ a = 6 ɫɦ ɨɬ ɩɨ-

ɥɨɠɢɬɟɥɶɧɨɝɨ ɡɚɪɹɞɚ. 

Ɋɟɲɟɧɢɟ. Ɉɩɪɟɞɟɥɢɦ ɧɚɩɪɹɠɟɧɧɨɫɬɶ ɷɥɟɤɬɪɢɱɟɫɤɨ-

ɝɨ ɩɨɥɹ ɤɚɤ  

 
2

3

0

1 3cos
4

p
E

r
  


. 

Ɋɚɫɫɬɨɹɧɢɟ r ɨɬ ɰɟɧɬɪɚ ɞɢɩɨɥɹ ɞɨ ɬɨɱɤɢ A ɨɩɪɟɞɟɥɢɦ ɩɨ ɬɟɨɪɟɦɟ 

ɉɢɮɚɝɨɪɚ:  22 / 2r a l  , ɝɞɟ /l p q  – ɩɥɟɱɨ ɞɢɩɨɥɹ. Ʉɨɫɢɧɭɫ ɭɝɥɚ α 

ɦɟɠɞɭ ɜɟɤɬɨɪɚɦɢ p  ɢ r  ɛɭɞɟɬ ɪɚɜɟɧ:  cos / 2l r  . ȼɵɩɨɥɧɢɦ ɩɪɟɞɜɚɪɢ-

ɬɟɥɶɧɵɟ ɪɚɫɱɟɬɵ: l = 0,2 ɦ, r = 0,117 ɦ, cos= 0, 857. ɉɨɞɫɬɚɧɨɜɤɚ ɢɫɯɨɞ-

ɧɵɯ ɞɚɧɧɵɯ ɜ ɪɚɫɱɟɬɧɭɸ ɮɨɪɦɭɥɭ ɞɚɟɬ ɨɬɜɟɬ E = 2 ɤȼ/ɦ. 

Ⱥɧɚɥɨɝɢɱɧɵɣ ɪɟɡɭɥɶɬɚɬ ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ, ɪɚɫɫɦɨɬɪɟɜ ɞɚɧɧɵɣ ɞɢɩɨɥɶ 

ɤɚɤ ɫɢɫɬɟɦɭ ɞɜɭɯ ɪɚɡɧɨɢɦɟɧɧɵɯ ɬɨɱɟɱɧɵɯ ɡɚɪɹɞɨɜ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɧɚɩɪɹ-

ɠɟɧɧɨɫɬɶ E ɩɨɥɹ ɬɚɤɨɣ ɫɢɫɬɟɦɵ ɜ ɬɨɱɤɟ A ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ ɫɭɩɟɪɩɨɡɢɰɢɹ 

ɩɨɥɟɣ, ɫɨɡɞɚɜɚɟɦɵɯ ɤɚɠɞɵɦ ɡɚɪɹɞɨɦ ɜ ɨɬɞɟɥɶɧɨɫɬɢ (ɫɦ. ɬɟɦɭ 1). 

Оɬɜɟɬ: 2 ɤȼ/ɦ. 

ɉɪɢɦɟɪ 2. Ɉɩɪɟɞɟɥɢɬɶ ɩɨɬɟɧɰɢɚɥ φ ɩɨɥɹ, ɫɨɡɞɚɧɧɨ-

ɝɨ ɞɢɩɨɥɟɦ ɜ ɬɨɱɤɟ Ⱥ. ȿɝɨ ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɦɨɦɟɧɬ ɪ 

=1 ɩɄɥ·ɦ, ɚ ɪɚɫɫɬɨɹɧɢɟ ɨɬ ɬɨɱɤɢ Ⱥ ɞɨ ɰɟɧɬɪɚ ɞɢɩɨɥɹ ɪɚɜɧɨ 

20 ɫɦ (ɫɦ. ɪɢɫ. 7). 

Ɋɟɲɟɧɢɟ. ɉɨɬɟɧɰɢɚɥ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ ɜ ɬɨɱɤɟ A 

ɨɩɪɟɞɟɥɢɦ ɩɨ ɮɨɪɦɭɥɟ 

 
2

0

cos
4

p

r
  


. 

 

Ɋɢɫ. 6 

 

Ɋɢɫ. 7 
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ɉɨɫɤɨɥɶɤɭ ɭɝɨɥ α ɦɟɠɞɭ ɜɟɤɬɨɪɚɦɢ p  ɢ r  ɪɚɜɟɧ π/2, ɬɨ ɩɨɬɟɧɰɢɚɥ ɜ ɢɫɤɨ-

ɦɨɣ ɬɨɱɤɟ ɛɭɞɟɬ ɪɚɜɟɧ ɧɭɥɸ. 

Оɬɜɟɬ: 0. 

ɉɪɢɦɟɪ 3. Ⱦɢɩɨɥɶ ɫ ɷɥɟɤɬɪɢɱɟɫɤɢɦ ɦɨɦɟɧɬɨɦ ɪ=100 ɩɄɥ·ɦ ɫɜɨɛɨɞ-

ɧɨ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɜ ɨɞɧɨɪɨɞɧɨɦ ɷɥɟɤɬɪɢɱɟɫɤɨɦ ɩɨɥɟ ɧɚɩɪɹɠɟɧɧɨɫɬɶɸ 

ȿ=150 ɤȼ/ɦ. ȼɵɱɢɫɥɢɬɶ ɪɚɛɨɬɭ Ⱥ, ɧɟɨɛɯɨɞɢɦɭɸ ɞɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɩɨɜɟɪ-

ɧɭɬɶ ɞɢɩɨɥɶ ɧɚ ɭɝɨɥ α=180º. 

Ɋɟɲɟɧɢɟ. Ɋɚɛɨɬɚ ɜɧɟɲɧɢɯ ɫɢɥ ɱɢɫɥɟɧɧɨ ɪɚɜɧɚ ɢɡɦɟɧɟɧɢɸ ɩɨɬɟɧɰɢ-

ɚɥɶɧɨɣ ɷɧɟɪɝɢɢ Δɉ: 

 
2 1A  , 

ɝɞɟ ɉ1 ɢ ɉ2 – ɩɨɬɟɧɰɢɚɥɶɧɵɟ ɷɧɟɪɝɢɢ ɫɢɫɬɟɦɵ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɜ ɧɚɱɚɥɶɧɨɦ 

ɢ ɤɨɧɟɱɧɨɦ ɫɨɫɬɨɹɧɢɹɯ. 

ɉɨɬɟɧɰɢɚɥɶɧɚɹ ɷɧɟɪɝɢɹ ɞɢɩɨɥɹ ɜ ɷɥɟɤɬɪɢɱɟɫɤɨɦ ɩɨɥɟ ɜɵɪɚɠɚɟɬɫɹ 

ɮɨɪɦɭɥɨɣ cospE    . Ɍɨɝɞɚ 

    2 1 1 2cos cos cos cosA pE pE pE          . 

 ɍɝɨɥ α1 ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɧɚɱɚɥɶɧɨɦɭ ɪɚɫɩɨɥɨɠɟɧɢɸ ɞɢɩɨɥɹ ɜ ɷɥɟɤ-

ɬɪɢɱɟɫɤɨɦ ɩɨɥɟ, ɚ ɭɝɨɥ α2 – ɤɨɧɟɱɧɨɦɭ. ɋɜɨɛɨɞɧɵɣ ɞɢɩɨɥɶ ɪɚɫɩɨɥɚɝɚɟɬɫɹ 

ɜɨ ɜɧɟɲɧɟɦ ɷɥɟɤɬɪɢɱɟɫɤɨɦ ɩɨɥɟ ɬɚɤ, ɱɬɨ ɟɝɨ ɩɨɬɟɧɰɢɚɥɶɧɚɹ ɷɧɟɪɝɢɹ ɦɢ-

ɧɢɦɚɥɶɧɚ: 
min pE  . Ɍɨɝɞɚ 

1 0  . ɉɨ ɭɫɥɨɜɢɸ ɡɚɞɚɱɢ 
2 180  . ȼ ɢɬɨɝɟ 

ɩɨɥɭɱɚɟɦ 

 
2cosA pE   . 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɪɚɛɨɬɚ ɪɚɜɧɚ: A = 15 ɦɤȾɠ. 

Оɬɜɟɬ: 15 ɦɤȾɠ. 

ɉɪɢɦɟɪ 4. Ɉɩɪɟɞɟɥɢɬɶ ɩɨɥɹɪɢɡɨɜɚɧɧɨɫɬɶ P ɫɬɟɤɥɚ (ε = 7), ɩɨɦɟɳɟɧ-

ɧɨɝɨ ɜɨ ɜɧɟɲɧɟɟ ɷɥɟɤɬɪɢɱɟɫɤɨɟ ɩɨɥɟ ɧɚɩɪɹɠɟɧɧɨɫɬɶɸ ȿ0 = 4 MB/ɦ. 

Ɋɟɲɟɧɢɟ. ɉɨɥɹɪɢɡɨɜɚɧɧɨɫɬɶ P ɞɢɷɥɟɤɬɪɢɤɚ ɫɜɹɡɚɧɚ ɫ ɧɚɩɪɹɠɟɧɧɨ-

ɫɬɶɸ    E ɫɪɟɞɧɟɝɨ ɦɚɤɪɨɫɤɨɩɢɱɟɫɤɨɝɨ ɩɨɥɹ ɜ ɧɟɦ ɫɨɨɬɧɨɲɟɧɢɟɦ 

 
0P E . 
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Ⱦɢɷɥɟɤɬɪɢɱɟɫɤɭɸ ɜɨɫɩɪɢɢɦɱɢɜɨɫɬɶ χ ɨɩɪɟɞɟɥɢɦ ɤɚɤ 1    . ɍɱɢ-

ɬɵɜɚɹ, ɱɬɨ ɧɚɩɪɹɠɟɧɧɨɫɬɶ ɫɪɟɞɧɟɝɨ ɦɚɤɪɨɫɤɨɩɢɱɟɫɤɨɝɨ ɩɨɥɹ E ɢ ɧɚɩɪɹ-

ɠɟɧɧɨɫɬɶ ɜɧɟɲɧɟɝɨ ɩɨɥɹ E0 ɫɜɹɡɚɧɵ ɫɨɨɬɧɨɲɟɧɢɟɦ 
0 /E E ,  ɩɨɥɭɱɚɟɦ 

 
0 0

1
P E

 
 


. 

ɉɨɞɫɬɚɜɥɹɹ ɢɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɜ ɩɨɫɥɟɞɧɸɸ ɮɨɪɦɭɥɭ, ɩɨɥɭɱɚɟɦ P = 30,3 

ɦɤɄɥ/ɦ2. 

Оɬɜɟɬ: 30,3 ɦɤɄɥ/ɦ2. 

ɉɪɢɦɟɪ 5. ȼ ɧɟɤɨɬɨɪɨɣ ɬɨɱɤɟ ɢɡɨɬɪɨɩɧɨɝɨ ɞɢɷɥɟɤɬɪɢɤɚ ɫɦɟɳɟɧɢɟ 

ɢɦɟɟɬ ɡɧɚɱɟɧɢɟ D = 6 ɦɤKɥ/ɦ2, ɚ ɩɨɥɹɪɢɡɨɜɚɧɧɨɫɬɶ P = 4,5 ɦɤKɥ/ɦ2. ɑɟɦɭ 

ɪɚɜɧɚ ɞɢɷɥɟɤɬɪɢɱɟɫɤɚɹ ɜɨɫɩɪɢɢɦɱɢɜɨɫɬɶ χ ɞɢɷɥɟɤɬɪɢɤɚ? 

Ɋɟɲɟɧɢɟ. ɇɚɩɪɹɠɟɧɧɨɫɬɶ E ɫɪɟɞɧɟɝɨ ɦɚɤɪɨɫɤɨɩɢɱɟɫɤɨɝɨ ɩɨɥɹ ɢ 

ɷɥɟɤɬɪɢɱɟɫɤɨɟ ɫɦɟɲɟɧɢɟ D ɫɜɹɡɚɧɵ ɫɨɨɬɧɨɲɟɧɢɟɦ  0 01D E E     . 

ɍɱɢɬɵɜɚɹ ɬɚɤɠɟ, ɱɬɨ 
0P E , ɩɨɥɭɱɚɟɦ 1D

P

 



.  Ɉɬɤɭɞɚ 

 
P

D P
 


. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɞɢɷɥɟɤɬɪɢɱɟɫɤɚɹ ɜɨɫɩɪɢɢɦɱɢɜɨɫɬɶ ɪɚɜɧɚ χ = 3. 

Оɬɜɟɬ: 3. 

ɉɪɢɦɟɪ 6. Ɉɩɪɟɞɟɥɢɬɶ, ɩɪɢ ɤɚɤɨɣ ɧɚɩɪɹɠɟɧɧɨɫɬɢ ȿ ɫɪɟɞɧɟɝɨ ɦɚɤ-

ɪɨɫɤɨɩɢɱɟɫɤɨɝɨ ɩɨɥɹ ɜ ɞɢɷɥɟɤɬɪɢɤɟ (ε = 2) ɩɨɥɹɪɢɡɨɜɚɧɧɨɫɬɶ Ɋ ɞɨɫɬɢɝɧɟɬ 

ɡɧɚɱɟɧɢɹ, ɪɚɜɧɨɝɨ 220 ɧKɥ/ɦ2. 

Ɋɟɲɟɧɢɟ. ɇɚɩɪɹɠɟɧɧɨɫɬɶ E ɫɪɟɞɧɟɝɨ ɦɚɤɪɨɫɤɨɩɢɱɟɫɤɨɝɨ ɩɨɥɹ ɜ ɞɢ-

ɷɥɟɤɬɪɢɤɟ ɢ ɩɨɥɹɪɢɡɨɜɚɧɧɨɫɬɶ P ɫɜɹɡɚɧɵ ɫɨɨɬɧɨɲɟɧɢɟɦ  

 
0P E . 

ɍɱɢɬɵɜɚɹ, ɱɬɨ ɞɢɷɥɟɤɬɪɢɱɟɫɤɚɹ ɜɨɫɩɪɢɢɦɱɢɜɨɫɬɶ ɢ ɞɢɷɥɟɤɬɪɢɱɟɫɤɚɹ 

ɩɪɨɧɢɰɚɟɦɨɫɬɶ ɫɜɹɡɚɧɵ ɮɨɪɦɭɥɨɣ 1    , ɩɨɥɭɱɚɟɦ  

 
  01

P
E 

  
. 
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ɉɨɞɫɬɚɜɥɹɹ ɢɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɜ ɩɨɫɥɟɞɧɸɸ ɮɨɪɦɭɥɭ, ɩɨɥɭɱɚɟɦ E 

=2,5·104 ȼ/ɦ. 

Оɬɜɟɬ: 2,5·104 ȼ/ɦ. 

Ɂɚɞɚɱɢ ɞɥя ɫɚɦɨɫɬɨяɬɟɥɶɧɨɝɨ ɪɟɲɟɧɢя 

1. Ɉɩɪɟɞɟɥɢɬɶ ɧɚɩɪɹɠɟɧɧɨɫɬɶ ȿ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨ-

ɥɹ, ɫɨɡɞɚɧɧɨɝɨ ɞɢɩɨɥɟɦ ɜ ɬɨɱɤɟ Ⱥ (ɫɦ. ɪɢɫ. 8), ɟɫɥɢ 

ɟɝɨ ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɦɨɦɟɧɬ ɪ=1,5 ɩɄɥ·ɦ, ɚ ɪɚɫɫɬɨɹ-

ɧɢɟ r ɨɬ ɬɨɱɤɢ Ⱥ ɞɨ ɰɟɧɬɪɚ ɞɢɩɨɥɹ ɪɚɜɧɨ 12 ɫɦ. 

2.  Ɋɚɫɫɬɨɹɧɢɟ l ɦɟɠɞɭ ɡɚɪɹɞɚɦɢ q= 2 ɧɄɥ ɞɢɩɨɥɹ ɪɚɜɧɨ 10 ɫɦ. ɇɚɣɬɢ ɩɨ-

ɬɟɧɰɢɚɥ φ ɩɨɥɹ, ɫɨɡɞɚɧɧɨɝɨ ɞɢɩɨɥɟɦ, ɜ ɬɨɱɤɟ, ɭɞɚɥɟɧɧɨɣ ɧɚ  5 ɫɦ ɨɬ ɩɟɪɜɨ-

ɝɨ ɢ ɧɚ 7 ɫɦ ɨɬ ɜɬɨɪɨɝɨ ɡɚɪɹɞɚ. 

3. Ⱦɢɩɨɥɶ ɫ ɷɥɟɤɬɪɢɱɟɫɤɢɦ ɦɨɦɟɧɬɨɦ ɪ = 50 ɩɄɥ·ɦ ɫɜɨɛɨɞɧɨ ɭɫɬɚɧɨɜɢɥɫɹ 

ɜ ɨɞɧɨɪɨɞɧɨɦ ɷɥɟɤɬɪɢɱɟɫɤɨɦ ɩɨɥɟ ɧɚɩɪɹɠɟɧɧɨɫɬɶɸ ȿ = 10 ɤȼ/ɦ. Ɉɩɪɟɞɟ-

ɥɢɬɶ ɢɡɦɟɧɟɧɢɟ ɩɨɬɟɧɰɢɚɥɶɧɨɣ ɷɧɟɪɝɢɢ Δɉ ɞɢɩɨɥɹ ɩɪɢ ɩɨɜɨɪɨɬɟ ɟɝɨ ɧɚ 

ɭɝɨɥ α = 40º. 

4. Ȼɟɫɤɨɧɟɱɧɚɹ ɩɥɨɫɤɨɩɚɪɚɥɥɟɥɶɧɚɹ ɩɥɚɫɬɢɧɚ ɢɡ ɨɞɧɨɪɨɞɧɨɝɨ ɢ ɢɡɨɬɪɨɩ-

ɧɨɝɨ ɞɢɷɥɟɤɬɪɢɤɚ  ɫ ɞɢɷɥɟɤɬɪɢɱɟɫɤɨɣ ɩɪɨɧɢɰɚɟɦɨɫɬɶɸ ε=3 ɩɨɦɟɳɟɧɚ ɜ 

ɨɞɧɨɪɨɞɧɨɟ ɷɥɟɤɬɪɢɱɟɫɤɨɟ ɩɨɥɟ ɫ ɧɚɩɪɹɠɟɧɧɨɫɬɶɸ E0=100 ȼ/ɦ. Ɉɩɪɟɞɟ-

ɥɢɬɶ ɩɨɥɹɪɢɡɨɜɚɧɧɨɫɬɶ ɞɢɷɥɟɤɬɪɢɤɚ P. 

5. ȼ ɧɟɤɨɬɨɪɨɣ ɬɨɱɤɟ ɢɡɨɬɪɨɩɧɨɝɨ ɞɢɷɥɟɤɬɪɢɤɚ ɷɥɟɤɬɪɢɱɟɫɤɨɟ ɫɦɟɳɟɧɢɟ D 

ɪɚɜɧɨ 3 ɦɤKɥ/ɦ2, ɚ ɩɨɥɹɪɢɡɨɜɚɧɧɨɫɬɶ P=2,5 ɦɤKɥ/ɦ2. ɑɟɦɭ ɪɚɜɧɚ ɞɢɷɥɟɤ-

ɬɪɢɱɟɫɤɚɹ ɜɨɫɩɪɢɢɦɱɢɜɨɫɬɶ ɞɢɷɥɟɤɬɪɢɤɚ? 

Ɍɟɦɚ № 3. Эɥɟɤɬɪɨɟɦɤɨɫɬɶ. Ʉɨɧɞɟɧɫɚɬɨɪɵ. 
Эɧɟɪɝɢя ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥя 

Ɉɫɧɨɜɧɵɟ ɮɢɡɢɱɟɫɤɢɟ ɡɚɤɨɧɵ ɢ ɮɨɪɦɭɥɵ 

• Эɥɟɤɬɪɨɟɦɤɨɫɬɶ ɤɨɧɞɟɧɫɚɬɨɪɚ 

 
q

C
U

 , 

ɝɞɟ q – ɦɨɞɭɥɶ ɡɚɪɹɞɚ ɧɚ ɨɛɤɥɚɞɤɟ ɤɨɧɞɟɧɫɚɬɨɪɚ, U – ɪɚɡɧɨɫɬɶ ɩɨɬɟɧɰɢɚ-

ɥɨɜ (ɧɚɩɪɹɠɟɧɢɟ) ɦɟɠɞɭ ɨɛɤɥɚɞɤɚɦɢ. 
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• Эɥɟɤɬɪɨɟɦɤɨɫɬɶ ɤɨɧɞɟɧɫɚɬɨɪɨɜ ɫ ɪɚɡɥɢɱɧɵɦɢ ɮɨɪɦɚɦɢ ɨɛɤɥɚɞɨɤ. 

1. ɉɥɨɫɤɢɣ ɤɨɧɞɟɧɫɚɬɨɪ: 

 0Sɋ
d


 , 

ɝɞɟ ε – ɞɢɷɥɟɤɬɪɢɱɟɫɤɚɹ ɩɪɨɧɢɰɚɟɦɨɫɬɶ ɫɪɟɞɵ ɦɟɠɞɭ ɨɛɤɥɚɞɤɚɦɢ, S – 

ɩɥɨɳɚɞɶ ɨɞɧɨɣ ɨɛɤɥɚɞɤɢ, d – ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɨɛɤɥɚɞɤɚɦɢ.  

2. ɐɢɥɢɧɞɪɢɱɟɫɤɢɣ ɤɨɧɞɟɧɫɚɬɨɪ: 

 
 

0

2 1

2

ln /

l
C

R R


 , 

ɝɞɟ l – ɞɥɢɧɚ ɰɢɥɢɧɞɪɢɱɟɫɤɢɯ ɨɛɤɥɚɞɨɤ, R1, R2  – ɪɚɞɢɭɫ ɜɧɭɬɪɟɧɧɟɣ ɢ 

ɧɚɪɭɠɧɨɣ ɨɛɤɥɚɞɤɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

3. ɋɮɟɪɢɱɟɫɤɢɣ ɤɨɧɞɟɧɫɚɬɨɪ: 

 0 1 2

2 1

4 R R
C

R R





. 

• Эɥɟɤɬɪɨɟɦɤɨɫɬɶ ɛɚɬɚɪɟɢ, ɫɨɫɬɨɹɳɟɣ ɢɡ n ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɫɨɟɞɢɧɟɧ-

ɧɵɯ ɤɨɧɞɟɧɫɚɬɨɪɨɜ: 

 
1 2

1 1 1 1
...

nɋ ɋ ɋ ɋ
    . 

ȿɫɥɢ ɛɚɬɚɪɟɹ ɨɛɪɚɡɨɜɚɧɚ ɤɨɧɞɟɧɫɚɬɨɪɚɦɢ ɨɞɢɧɚɤɨɜɨɣ ɟɦɤɨɫɬɢ C1, ɬɨ 

ɟɦɤɨɫɬɶ ɛɚɬɚɪɟɢ ɪɚɜɧɚ 
1 /C C n . 

• Эɥɟɤɬɪɨɟɦɤɨɫɬɶ ɛɚɬɚɪɟɢ, ɫɨɫɬɨɹɳɟɣ ɢɡ n ɩɚɪɚɥɥɟɥɶɧɨ ɫɨɟɞɢɧɟɧɧɵɯ 

ɤɨɧɞɟɧɫɚɬɨɪɨɜ: 

 
1 2 ...

n
C ɋ ɋ ɋ    . 

ȿɫɥɢ ɛɚɬɚɪɟɹ ɨɛɪɚɡɨɜɚɧɚ ɤɨɧɞɟɧɫɚɬɨɪɚɦɢ ɨɞɢɧɚɤɨɜɨɣ ɟɦɤɨɫɬɢ C1, ɬɨ 

ɟɦɤɨɫɬɶ ɛɚɬɚɪɟɢ ɪɚɜɧɚ 
1C nC . 

• Эɧɟɪɝɢɹ ɧɟɨɞɧɨɪɨɞɧɨɝɨ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ, ɡɚɤɥɸɱɟɧɧɨɝɨ ɜ ɨɛɴɟ-

ɦɟ ɩɪɨɫɬɪɚɧɫɬɜɚ V: 

 
V

W dV  , 

ɝɞɟ – ɨɛɴɟɦɧɚɹ ɩɥɨɬɧɨɫɬɶ ɷɧɟɪɝɢɢ: 
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2

0

2 2

E DE
   . 

• Эɧɟɪɝɢɹ ɡɚɪɹɠɟɧɧɨɝɨ ɤɨɧɞɟɧɫɚɬɨɪɚ 

 
2 2

2 2 2

qU CU q
W

C
   . 

ɉɪɢɦɟɪɵ ɪɟɲɟɧɢя ɡɚɞɚɱ 

ɉɪɢɦɟɪ 1. ɇɚ ɫɤɨɥɶɤɨ ɢɡɦɟɧɢɬɫɹ ɟɦɤɨɫɬɶ ɩɥɨɫɤɨɝɨ ɜɨɡɞɭɲɧɨɝɨ 

ɤɨɧɞɟɧɫɚɬɨɪɚ ɫ ɩɥɨɳɚɞɶɸ ɨɛɤɥɚɞɨɤ S = 8 ɫɦ2, ɟɫɥɢ ɭɜɟɥɢɱɢɬɶ ɪɚɫɫɬɨɹɧɢɟ 

ɦɟɠɞɭ ɨɛɤɥɚɞɤɚɦɢ ɨɬ d1 = 1,2 ɦɦ  ɞɨ d2 = 1,6 ɦɦ? 

Ɋɟɲɟɧɢɟ. Эɥɟɤɬɪɨɟɦɤɨɫɬɶ ɩɥɨɫɤɨɝɨ ɤɨɧɞɟɧɫɚɬɨɪɚ ɨɩɪɟɞɟɥɢɦ ɩɨ 

ɮɨɪɦɭɥɟ 0Sɋ
d


 . Ⱦɥɹ ɜɨɡɞɭɲɧɨɝɨ ɤɨɧɞɟɧɫɚɬɨɪɚ 1  . ɉɪɢ ɢɡɦɟɧɟɧɢɢ 

ɪɚɫɫɬɨɹɧɢɹ ɦɟɠɞɭ ɨɛɤɥɚɞɤɚɦɢ ɷɥɟɤɬɪɨɟɦɤɨɫɬɶ ɢɡɦɟɧɢɬɫɹ ɧɚ ɜɟɥɢɱɢɧɭ 

 
0

1 2

1 1
C S

d d

 
    

 
. 

ɉɨɞɫɬɚɜɥɹɹ ɢɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɜ ɩɨɫɥɟɞɧɸɸ ɮɨɪɦɭɥɭ, ɩɨɥɭɱɚɟɦ ΔC 

= 1,5 ɦɤɎ. 

Оɬɜɟɬ: 1,5 ɦɤɎ. 

ɉɪɢɦɟɪ 2. ɇɚ ɧɢɠɧɸɸ ɨɛɤɥɚɞɤɭ ɜɟɪɬɢɤɚɥɶɧɨ ɪɚɫɩɨɥɨɠɟɧɧɨɝɨ 

ɩɥɨɫɤɨɝɨ ɜɨɡɞɭɲɧɨɝɨ ɤɨɧɞɟɧɫɚɬɨɪɚ ɷɥɟɤɬɪɨɟɦɤɨɫɬɶɸ C=3 ɦɤɎ ɩɨɥɨɠɢɥɢ 

ɫɬɟɤɥɹɧɧɭɸ (ε=7) ɩɥɚɫɬɢɧɤɭ ɬɨɥɳɢɧɨɣ h=1 ɦɦ, ɩɥɨɳɚɞɶ ɤɨɬɨɪɨɣ ɪɚɜɧɚ 

ɩɥɨɳɚɞɢ ɨɛɤɥɚɞɤɢ. Ʉɚɤɨɣ ɫɬɚɥɚ ɷɥɟɤɬɪɨɟɦɤɨɫɬɶ ɤɨɧɞɟɧɫɚɬɨɪɚ, ɟɫɥɢ ɪɚɫ-

ɫɬɨɹɧɢɟ  d ɦɟɠɞɭ ɟɝɨ ɨɛɤɥɚɞɤɚɦɢ 1,5 ɦɦ? 

Ɋɟɲɟɧɢɟ. Ɋɚɫɫɦɨɬɪɢɦ ɞɜɚ ɩɨɫɥɟɞɨɜɚ-

ɬɟɥɶɧɨ ɫɨɟɞɢɧɟɧɧɵɯ ɤɨɧɞɟɧɫɚɬɨɪɚ C1 ɢ C2. 

Ʉɨɧɞɟɧɫɚɬɨɪ C1 ɨɛɪɚɡɨɜɚɧ ɜɨɡɞɭɲɧɨɣ ɩɪɨ-

ɫɥɨɣɤɨɣ ɬɨɥɳɢɧɨɣ d h  ɧɚɞ ɩɨɜɟɪɯɧɨɫɬɶɸ 

ɫɬɟɤɥɹɧɧɨɣ ɩɥɚɫɬɢɧɤɢ (ɫɦ. ɪɢɫ. 9). Ʉɨɧɞɟɧɫɚɬɨɪ C2 ɨɛɪɚɡɨɜɚɧ ɩɨɜɟɪɯɧɨ-

ɫɬɹɦɢ ɫɬɟɤɥɹɧɧɨɣ ɩɥɚɫɬɢɧɤɢ ɬɨɥɳɢɧɨɣ h. Эɥɟɤɬɪɨɟɦɤɨɫɬɶ C  ɩɨɥɭɱɢɜ-

ɲɟɣɫɹ ɛɚɬɚɪɟɢ ɤɨɧɞɟɧɫɚɬɨɪɨɜ ɨɩɪɟɞɟɥɢɦ ɢɡ ɫɨɨɬɧɨɲɟɧɢɹ: 
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1 2 0 0

1 1 1 d h h

ɋ C C S S


   
  

. 

 Ɂɧɚɹ ɷɥɟɤɬɪɨɟɦɤɨɫɬɶ ɢɫɯɨɞɧɨɝɨ ɤɨɧɞɟɧɫɚɬɨɪɚ, ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ ɪɚ-

ɜɟɧɫɬɜɨ: 
0S Cd  . ȼ ɢɬɨɝɟ ɩɨɥɭɱɚɟɦ 

 
 

d
C C

d h h

 
  

. 

ɉɨɞɫɬɚɜɥɹɹ ɢɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɜ ɢɬɨɝɨɜɭɸ ɮɨɪɦɭɥɭ, ɩɨɥɭɱɚɟɦ C  

= 7 ɦɤɎ. 

Оɬɜɟɬ: 7 ɦɤɎ. 

ɉɪɢɦɟɪ 3. Ʉɨɧɞɟɧɫɚɬɨɪɵ ɫ ɷɥɟɤɬɪɨɟɦɤɨɫɬɹɦɢ ɋ1 = 1 ɦɤɎ, ɋ2 = 2 

ɦɤɎ, ɋ3 = 3 ɦɤɎ ɜɤɥɸɱɟɧɵ ɜ ɰɟɩɶ ɫ ɧɚɩɪɹɠɟɧɢɟɦ U = 900 ȼ. Ɉɩɪɟɞɟɥɢɬɶ 

ɷɧɟɪɝɢɸ ɬɪɟɬɶɟɝɨ ɤɨɧɞɟɧɫɚɬɨɪɚ ɩɪɢ ɢɯ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɦ ɜɤɥɸɱɟɧɢɢ. 

Ɋɟɲɟɧɢɟ. Эɧɟɪɝɢɸ ɬɪɟɬɶɟɝɨ ɤɨɧɞɟɧɫɚɬɨɪɚ ɨɩɪɟɞɟɥɢɦ ɩɨ ɮɨɪɦɭɥɟ 

 
2

3

32

q
W

C
 . 

Ɂɚɪɹɞ ɨɛɤɥɚɞɨɤ ɪɚɜɟɧ  q UC , ɝɞɟ 1 2 3

2 3 1 3 1 2

C C C
C

C C C C C C
 

 
 – ɷɥɟɤɬɪɨɟɦ-

ɤɨɫɬɶ ɛɚɬɚɪɟɢ ɤɨɧɞɟɧɫɚɬɨɪɨɜ. ȼ ɢɬɨɝɟ ɩɨɥɭɱɚɟɦ 

 

2
2

3 1 2
3

2 3 1 3 1 22

C U C C
W

C C C C C C

 
    

. 

ɉɨɞɫɬɚɜɥɹɹ ɢɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɜ ɢɬɨɝɨɜɭɸ ɮɨɪɦɭɥɭ, ɩɨɥɭɱɚɟɦ W3  

=0,36 Ⱦɠ. 

Оɬɜɟɬ: 0,36 Ⱦɠ. 

ɉɪɢɦɟɪ 4. ɉɥɨɫɤɢɣ ɜɨɡɞɭɲɧɵɣ ɤɨɧɞɟɧɫɚɬɨɪ ɷɥɟɤɬɪɨɟɦɤɨɫɬɶɸ 

C = 1 ɧɎ ɡɚɪɹɠɟɧ ɞɨ ɪɚɡɧɨɫɬɢ ɩɨɬɟɧɰɢɚɥɨɜ U = 250 ȼ. ɉɨɫɥɟ ɨɬɤɥɸɱɟɧɢɹ 

ɨɬ ɢɫɬɨɱɧɢɤɚ ɬɨɤɚ ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɨɛɤɥɚɞɤɚɦɢ ɤɨɧɞɟɧɫɚɬɨɪɚ ɛɵɥɨ ɭɜɟ-

ɥɢɱɟɧɨ ɜ 3 ɪɚɡɚ. Ɉɩɪɟɞɟɥɢɬɶ ɪɚɛɨɬɭ A  ɜɧɟɲɧɢɯ ɫɢɥ ɩɨ ɪɚɡɞɜɢɠɟɧɢɸ ɨɛ-

ɤɥɚɞɨɤ. 
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Ɋɟɲɟɧɢɟ. Ɋɚɛɨɬɚ A ɜɧɟɲɧɢɯ ɫɢɥ ɩɨ ɪɚɡɞɜɢɠɟɧɢɸ ɨɛɤɥɚɞɨɤ ɤɨɧɞɟɧ-

ɫɚɬɨɪɚ ɦɨɠɟɬ ɛɵɬɶ ɨɩɪɟɞɟɥɟɧɚ ɤɚɤ 

 
2 1A W W W   , 

ɝɞɟ W1, W2 – ɷɧɟɪɝɢɹ ɤɨɧɞɟɧɫɚɬɨɪɚ ɜ ɧɚɱɚɥɶɧɨɦ ɢ ɤɨɧɟɱɧɨɦ ɫɨɫɬɨɹɧɢɹɯ 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

ɉɨɫɤɨɥɶɤɭ ɪɚɡɞɜɢɠɟɧɢɟ ɨɛɤɥɚɞɨɤ ɩɪɨɢɡɜɨɞɢɥɨɫɶ ɩɨɫɥɟ ɨɬɤɥɸɱɟɧɢɹ 

ɤɨɧɞɟɧɫɚɬɨɪɚ ɨɬ ɢɫɬɨɱɧɢɤɚ ɬɨɤɚ, ɡɚɪɹɞ ɧɚ ɨɛɤɥɚɞɤɚɯ ɨɫɬɚɜɚɥɫɹ ɧɟɢɡɦɟɧ-

ɧɵɦ ɢ ɪɚɜɧɵɦ q CU . Ɍɨɝɞɚ, ɜɵɪɚɡɢɜ ɷɧɟɪɝɢɸ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ ɤɨɧ-

ɞɟɧɫɚɬɨɪɚ ɤɚɤ  2 / 2W q C , ɪɚɛɨɬɭ ɜɧɟɲɧɢɯ ɫɢɥ ɧɚɣɞɟɦ ɩɨ ɮɨɪɦɭɥɟ 

 
 22 2

1

2 1 2 1

1 1

2 2 2

CUq q
A

C C C C

 
    

 
, 

ɝɞɟ C1 ɢ C2 – ɷɥɟɤɬɪɨɟɦɤɨɫɬɢ ɤɨɧɞɟɧɫɚɬɨɪɚ ɞɨ ɢ ɩɨɫɥɟ ɪɚɡɞɜɢɠɟɧɢɹ ɟɝɨ 

ɨɛɤɥɚɞɨɤ. 

Эɥɟɤɬɪɨɟɦɤɨɫɬɶ ɩɥɨɫɤɨɝɨ ɤɨɧɞɟɧɫɚɬɨɪɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ 

0 /ɋ S d . ɉɪɢ ɭɜɟɥɢɱɟɧɢɢ ɪɚɫɫɬɨɹɧɢɹ ɦɟɠɞɭ ɨɛɤɥɚɞɤɚɦɢ ɜ 3 ɪɚɡɚ 

ɷɥɟɤɬɪɨɟɦɤɨɫɬɶ ɭɦɟɧɶɲɚɟɬɫɹ ɬɨɠɟ ɜ 3 ɪɚɡɚ. Ɍɨɝɞɚ ɫɩɪɚɜɟɞɥɢɜɨ ɫɨɨɬɧɨɲɟ-

ɧɢɟ 
1 2/ 3ɋ ɋ  , ɢ ɪɚɛɨɬɚ ɜɧɟɲɧɢɯ ɫɢɥ ɛɭɞɟɬ ɪɚɜɧɚ  

 
 2

21

1

1 1

3 1

2

CU
A ɋU

C C

 
   

 
. 

ɉɨɞɫɬɚɜɥɹɹ ɢɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɜ ɪɚɫɱɟɬɧɭɸ ɮɨɪɦɭɥɭ, ɩɨɥɭɱɚɟɦ A  

=16 ɦȾɠ. 

Оɬɜɟɬ: 16 ɦȾɠ. 

ɉɪɢɦɟɪ 5. Ʉɚɤɨɟ ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ Q ɜɵɞɟɥɢɬɫɹ ɩɪɢ ɪɚɡɪɹɞɟ 

ɩɥɨɫɤɨɝɨ ɤɨɧɞɟɧɫɚɬɨɪɚ, ɟɫɥɢ ɪɚɡɧɨɫɬɶ ɩɨɬɟɧɰɢɚɥɨɜ U ɦɟɠɞɭ ɩɥɚɫɬɢɧɚɦɢ 

ɪɚɜɧɚ 12 ɤȼ, ɪɚɫɫɬɨɹɧɢɟ d = 1,5 ɦɦ, ɞɢɷɥɟɤɬɪɢɤ – ɮɚɪɮɨɪ ( = 5) ɢ ɩɥɨɳɚɞɶ 

S ɤɚɠɞɨɣ ɩɥɚɫɬɢɧɵ ɪɚɜɧɚ 170 ɫɦ2? 
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Ɋɟɲɟɧɢɟ. ɉɨ ɡɚɤɨɧɭ ɫɨɯɪɚɧɟɧɢɹ ɷɧɟɪɝɢɢ ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ, ɤɨɬɨ-

ɪɨɟ ɜɵɞɟɥɢɬɫɹ ɩɪɢ ɪɚɡɪɹɞɤɟ ɤɨɧɞɟɧɫɚɬɨɪɚ, ɪɚɜɧɨ ɡɚɩɚɫɟɧɧɨɣ ɜ ɧɟɦ ɷɧɟɪ-

ɝɢɢ: 

 
2

2

CU
Q W  . 

ȿɦɤɨɫɬɶ ɩɥɨɫɤɨɝɨ ɤɨɧɞɟɧɫɚɬɨɪɚ ɜɵɱɢɫɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 

0 /C S d . ȼ ɢɬɨɝɟ ɩɨɥɭɱɚɟɦ 

 20SQ U
d


 . 

ɉɨɞɫɬɚɜɥɹɹ ɢɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɜ ɪɚɫɱɟɬɧɭɸ ɮɨɪɦɭɥɭ, ɩɨɥɭɱɚɟɦ Q 

=0,07 Ⱦɠ. 

Оɬɜɟɬ: 0,07 Ⱦɠ. 

ɉɪɢɦɟɪ 6. ɋɩɥɨɲɧɨɣ ɩɚɪɚɮɢɧɨɜɵɣ ɲɚɪ (ε = 2) ɪɚɞɢɭɫɨɦ 5 ɫɦ ɡɚɪɹ-

ɠɟɧ ɪɚɜɧɨɦɟɪɧɨ ɩɨ ɨɛɴɟɦɭ ɫ ɨɛɴɟɦɧɨɣ ɩɥɨɬɧɨɫɬɶɸ 0,5 ɦɤɄɥ/ɦ3. Ɉɩɪɟɞɟ-

ɥɢɬɶ ɷɧɟɪɝɢɸ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ, ɫɨɫɪɟɞɨɬɨɱɟɧɧɭɸ ɜɧɭɬɪɢ ɫɮɟɪɵ ɪɚɞɢ-

ɭɫɨɦ 8 ɫɦ. 

Ɋɟɲɟɧɢɟ. Эɧɟɪɝɢɸ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ ɨɩɪɟɞɟɥɢɦ ɩɨ ɮɨɪɦɭɥɟ 

 
V

W dV  , 

ɝɞɟ V – ɨɛɴɟɦ, ɡɚɤɥɸɱɟɧɧɵɣ ɜɧɭɬɪɢ ɫɮɟɪɵ ɫ ɡɚɞɚɧɧɵɦ ɪɚɞɢɭɫɨɦ r1.  

ȼ ɤɚɱɟɫɬɜɟ dV ɜɵɛɟɪɟɦ ɨɛɴɟɦ ɲɚɪɨɜɨɝɨ ɫɥɨɹ 

ɪɚɞɢɭɫɨɦ r, ɬɨɥɳɢɧɨɣ ɛɟɫɤɨɧɟɱɧɨ ɦɚɥɨɣ dr: 

24dV r dr   (ɫɦ. ɪɢɫ. 10). Ɉɛɴɟɦɧɚɹ ɩɥɨɬɧɨɫɬɶ 

ɷɧɟɪɝɢɢ   ɦɨɠɟɬ ɛɵɬɶ ɧɚɣɞɟɧɚ ɤɚɤ 2

0 / 2E  . 

ɇɚɩɪɹɠɟɧɧɨɫɬɶ E ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ ɜ ɤɚɠɞɨɣ 

ɬɨɱɤɟ ɜɧɭɬɪɢ ɡɚɪɹɠɟɧɧɨɣ ɫɮɟɪɵ ɨɩɪɟɞɟɥɢɦ ɩɨ 

ɮɨɪɦɭɥɟ 
2

0

1

4

q
E

r



, ɝɞɟ q – ɡɚɪɹɞ, ɨɯɜɚɬɵɜɚɟ-

ɦɵɣ ɫɮɟɪɨɣ ɪɚɞɢɭɫɨɦ r. Ɂɧɚɹ ɨɛɴɟɦɧɭɸ ɩɥɨɬɧɨɫɬɶ ɡɚɪɹɞɚ ρ, ɧɚɩɪɹɠɟɧ-
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ɧɨɫɬɶ ɦɨɠɧɨ ɪɚɫɫɱɢɬɚɬɶ ɩɨ ɮɨɪɦɭɥɟ 
03

r
E





 (ɫɦ. ɬɟɦɭ 1, ɩɪɢɦɟɪ 5). ȼ 

ɢɬɨɝɟ ɜɵɪɚɠɟɧɢɟ ɞɥɹ ɷɧɟɪɝɢɢ ɩɪɢɧɢɦɚɟɬ ɜɢɞ 

 
1 1 1

2
2 2

2 2 4 50
1

0 0 00 0 0

2 2
4 4

2 3 9 45

r r r
r

W r dr r dr r dr r
    

          
   . 

ɉɨɞɫɬɚɜɥɹɹ ɜ ɷɬɭ ɮɨɪɦɭɥɭ ɢɫɯɨɞɧɵɟ ɞɚɧɧɵɟ, ɩɨɥɭɱɚɟɦ W= 6,5 ɧȾɠ. 

Оɬɜɟɬ: 6,5 ɧȾɠ. 

 

Ɂɚɞɚɱɢ ɞɥя ɫɚɦɨɫɬɨяɬɟɥɶɧɨɝɨ ɪɟɲɟɧɢя 

1. Ɉɩɪɟɞɟɥɢɬɶ ɷɥɟɤɬɪɨɟɦɤɨɫɬɶ ɫɮɟɪɢɱɟɫɤɨɝɨ ɤɨɧɞɟɧɫɚɬɨɪɚ, ɩɪɨɫɬɪɚɧɫɬɜɨ 

ɦɟɠɞɭ ɨɛɤɥɚɞɤɚɦɢ ɤɨɬɨɪɨɝɨ ɡɚɩɨɥɧɟɧɨ ɩɚɪɚɮɢɧɨɦ (ε=2). Ɋɚɞɢɭɫɵ ɨɛɤɥɚ-

ɞɨɤ R1 = 2 ɫɦ, R2 = 2,5 ɫɦ. 

2. Ɉɩɪɟɞɟɥɢɬɶ ɟɦɤɨɫɬɶ ɛɚɬɚɪɟɢ ɤɨɧɞɟɧɫɚɬɨɪɨɜ, ɫɯɟɦɚ 

ɤɨɬɨɪɨɣ ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫ. 11, ɝɞɟ ɋ1 = 1 ɩɎ, ɋ2 = 1 ɩɎ, 

ɋ3 = 2 ɩɎ, ɋ4 = 4 ɩɎ. 

3. Ʉɨɧɞɟɧɫɚɬɨɪɵ ɷɥɟɤɬɪɨɟɦɤɨɫɬɹɦɢ ɋ1=1 ɦɤɎ, ɋ2=3 

ɦɤɎ, ɋ3=5 ɦɤɎ ɜɤɥɸɱɟɧɵ ɜ ɰɟɩɶ. Ɉɩɪɟɞɟɥɢɬɶ ɷɧɟɪɝɢɸ 

ɩɟɪɜɨɝɨ ɤɨɧɞɟɧɫɚɬɨɪɚ ɩɪɢ ɢɯ ɩɚɪɚɥɥɟɥɶɧɨɦ ɜɤɥɸɱɟɧɢɢ, ɟɫɥɢ ɫɭɦɦɚɪɧɵɣ 

ɡɚɪɹɞ ɞɜɭɯ ɞɪɭɝɢɯ 2 ɦɄɥ. 

4. ɉɥɨɫɤɢɣ ɜɨɡɞɭɲɧɵɣ ɤɨɧɞɟɧɫɚɬɨɪ ɷɥɟɤɬɪɨɟɦɤɨɫɬɶɸ C = 100 ɩɎ ɡɚɪɹɠɟɧ 

ɞɨ ɪɚɡɧɨɫɬɢ ɩɨɬɟɧɰɢɚɥɨɜ U = 220 ȼ. ɉɨɫɥɟ ɨɬɤɥɸɱɟɧɢɹ ɨɬ ɢɫɬɨɱɧɢɤɚ ɬɨɤɚ 

ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɨɛɤɥɚɞɤɚɦɢ ɤɨɧɞɟɧɫɚɬɨɪɚ ɛɵɥɨ ɭɜɟɥɢɱɟɧɨ ɜ n ɪɚɡ. Ɋɚ-

ɛɨɬɚ A ɜɧɟɲɧɢɯ ɫɢɥ ɩɨ ɪɚɡɞɜɢɠɟɧɢɸ ɨɛɤɥɚɞɨɤ 0,25 ɦȾɠ. Ɉɩɪɟɞɟɥɢɬɶ n. 

5. Ⱦɢɷɥɟɤɬɪɢɱɟɫɤɢɣ ɲɚɪ (ε=3) ɪɚɜɧɨɦɟɪɧɨ ɡɚɪɹɠɟɧ ɩɨ ɨɛɴɟɦɭ. ȼɨ ɫɤɨɥɶɤɨ 

ɪɚɡ ɷɧɟɪɝɢɹ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ, ɪɚɫɩɪɟɞɟɥɟɧɧɚɹ ɜ ɨɤɪɭɠɚɸɳɟɦ ɲɚɪ ɩɪɨ-

ɫɬɪɚɧɫɬɜɟ, ɩɪɟɜɨɫɯɨɞɢɬ ɷɧɟɪɝɢɸ, ɫɨɫɪɟɞɨɬɨɱɟɧɧɭɸ ɜɧɭɬɪɢ ɲɚɪɚ? 
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Ɍɟɦɚ № 4. ɉɨɫɬɨяɧɧɵɣ ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɬɨɤ 

Ɉɫɧɨɜɧɵɟ ɮɢɡɢɱɟɫɤɢɟ ɡɚɤɨɧɵ ɢ ɮɨɪɦɭɥɵ 

• ɋɢɥɚ ɬɨɤɚ 

 
dq

I
dt

 , 

ɝɞɟ dq – ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɡɚɪɹɞ, ɩɟɪɟɧɨɫɢɦɵɣ ɱɟɪɟɡ ɩɨɩɟɪɟɱɧɨɟ ɫɟɱɟɧɢɟ 

ɩɪɨɜɨɞɧɢɤɚ ɡɚ ɜɪɟɦɹ dt. 

ȼ ɫɥɭɱɚɟ ɩɨɫɬɨɹɧɧɨɝɨ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɬɨɤɚ  ɫɢɥɚ ɬɨɤɚ ɦɨɠɟɬ ɛɵɬɶ 

ɨɩɪɟɞɟɥɟɧɚ ɤɚɤ 

 
q

I
t

 . 

• ɉɥɨɬɧɨɫɬɶ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ 

 
I

j k
S

 , 

ɝɞɟ S – ɩɥɨɳɚɞɶ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɩɪɨɜɨɞɧɢɤɚ,  k  – ɟɞɢɧɢɱɧɵɣ ɜɟɤɬɨɪ, 

ɭɤɚɡɵɜɚɸɳɢɣ ɧɚɩɪɚɜɥɟɧɢɟ ɞɜɢɠɟɧɢɹ ɩɨɥɨɠɢɬɟɥɶɧɵɯ ɡɚɪɹɞɨɜ ɜ ɩɪɨɜɨɞɧɢ-

ɤɟ.  

• Эɥɟɤɬɪɢɱɟɫɤɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɨɞɧɨɪɨɞɧɨɝɨ ɩɪɨɜɨɞɧɢɤɚ 

 
l

R
S

  , 

ɝɞɟ ρ – ɭɞɟɥɶɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɦɚɬɟɪɢɚɥɚ ɩɪɨɜɨɞɧɢɤɚ, l – ɟɝɨ ɞɥɢɧɚ.  

• Ɂɚɜɢɫɢɦɨɫɬɶ ɭɞɟɥɶɧɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ 

  0 1 t   , 

ɝɞɟ ρ0 – ɭɞɟɥɶɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 0 ºɋ; α – ɬɟɦɩɟɪɚɬɭɪɧɵɣ 

ɤɨɷɮɮɢɰɢɟɧɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ; t – ɬɟɦɩɟɪɚɬɭɪɚ ɩɪɨɜɨɞɧɢɤɚ ɜ ɝɪɚɞɭɫɚɯ 

ɐɟɥɶɫɢɹ. 

• ɋɨɩɪɨɬɢɜɥɟɧɢɟ n ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɫɨɟɞɢɧɟɧɧɵɯ ɩɪɨɜɨɞɧɢɤɨɜ 

 
1 2 ...

n
R R R R    . 
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ȿɫɥɢ ɜɫɟ ɩɪɨɜɨɞɧɢɤɢ ɢɦɟɸɬ ɨɞɢɧɚɤɨɜɵɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ R1, ɬɨ ɪɟ-

ɡɭɥɶɬɢɪɭɸɳɟɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɪɚɜɧɨ 
1R nR . 

• ɋɨɩɪɨɬɢɜɥɟɧɢɟ n ɩɚɪɚɥɥɟɥɶɧɨ ɫɨɟɞɢɧɟɧɧɵɯ ɩɪɨɜɨɞɧɢɤɨɜ 

 
1 2

1 1 1 1
...

nR R R R
    . 

ȿɫɥɢ ɜɫɟ ɩɪɨɜɨɞɧɢɤɢ ɢɦɟɸɬ ɨɞɢɧɚɤɨɜɵɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ R1, ɬɨ ɪɟ-

ɡɭɥɶɬɢɪɭɸɳɟɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɪɚɜɧɨ 
1 /R R n . 

• Ɂɚɤɨɧ Ɉɦɚ ɞɥɹ ɭɱɚɫɬɤɚ ɰɟɩɢ 

 1 2 U
I

R R

 
  , 

ɝɞɟ 
1 2U    – ɪɚɡɧɨɫɬɶ ɩɨɬɟɧɰɢɚɥɨɜ ɧɚ ɤɨɧɰɚɯ ɭɱɚɫɬɤɚ ɰɟɩɢ. 

•  Ɂɚɤɨɧ Ɉɦɚ ɞɥɹ ɧɟɨɞɧɨɪɨɞɧɨɝɨ ɭɱɚɫɬɤɚ ɰɟɩɢ 

 
 1 2I

R r

   



, 

ɝɞɟ ε – ЭȾɋ ɢɫɬɨɱɧɢɤɚ ɬɨɤɚ, r – ɜɧɭɬɪɟɧɧɟɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɢɫɬɨɱɧɢɤɚ ɬɨ-

ɤɚ. 

Ɂɧɚɤ «+» ɫɬɚɜɢɬɫɹ ɬɨɝɞɚ, ɤɨɝɞɚ ɢɫɬɨɱɧɢɤ ЭȾɋ ɫɩɨɫɨɛɫɬɜɭɟɬ ɩɪɨɬɟɤɚ-

ɧɢɸ ɬɨɤɚ ɜ ɰɟɩɢ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɪɚɡɧɨɫɬɢ ɩɨɬɟɧɰɢɚɥɨɜ 
1 2  , ɡɧɚɤ «–» – ɜ 

ɩɪɨɬɢɜɧɨɦ ɫɥɭɱɚɟ. 

• Ɂɚɤɨɧ Ɉɦɚ ɞɥɹ ɡɚɦɤɧɭɬɨɣ ɰɟɩɢ 

 I
R r





. 

• ɉɪɚɜɢɥɚ Ʉɢɪɯɝɨɮɚ ɞɥɹ ɪɚɡɜɟɬɜɥɟɧɧɨɣ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɰɟɩɢ. 

ɉɟɪɜɨɟ ɩɪɚɜɢɥɨ: ɚɥɝɟɛɪɚɢɱɟɫɤɚɹ ɫɭɦɦɚ ɬɨɤɨɜ, ɫɯɨɞɹɳɢɯɫɹ ɜ ɭɡɥɟ, 

ɪɚɜɧɚ ɧɭɥɸ, ɬ.ɟ. 

 
1

0
n

i

i

I


 , 

ɝɞɟ n – ɤɨɥɢɱɟɫɬɜɨ ɬɨɤɨɜ. 
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 ȼɬɨɪɨɟ ɩɪɚɜɢɥɨ: ɚɥɝɟɛɪɚɢɱɟɫɤɚɹ ɫɭɦɦɚ ɧɚɩɪɹɠɟɧɢɣ ɧɚ ɜɫɟɯ ɭɱɚɫɬ-

ɤɚɯ ɡɚɦɤɧɭɬɨɣ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɰɟɩɢ ɪɚɜɧɚ ɚɥɝɟɛɪɚɢɱɟɫɤɨɣ ɫɭɦɦɟ ЭȾɋ, ɞɟɣ-

ɫɬɜɭɸɳɢɯ ɜ ɷɬɨɣ ɰɟɩɢ, ɬ.ɟ. 

 
1 1

n m

i i k

i k

I R
 

   , 

ɝɞɟ m – ɤɨɥɢɱɟɫɬɜɨ ɢɫɬɨɱɧɢɤɨɜ ɬɨɤɚ. 

• Ɇɨɳɧɨɫɬɶ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ 

 
2

2dA U
P UI I R

dt R
    , 

ɝɞɟ dA – ɪɚɛɨɬɚ ɫɢɥ ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɩɨɥɹ ɢ ɫɬɨɪɨɧɧɢɯ ɫɢɥ ɜ ɩɪɨɜɨɞ-

ɧɢɤɟ ɩɪɢ ɩɪɨɬɟɤɚɧɢɢ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ ɡɚ ɜɪɟɦɹ dt. 

• Ɂɚɤɨɧ Ⱦɠɨɭɥɹ – Ʌɟɧɰɚ 

 2
dQ I Rdt , 

ɝɞɟ dQ – ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ, ɜɵɞɟɥɹɸɳɟɟɫɹ ɜ ɩɪɨɜɨɞɧɢɤɟ ɫɨɩɪɨɬɢɜɥɟɧɢ-

ɟɦ R, ɩɪɢ ɩɪɨɬɟɤɚɧɢɢ ɩɨ ɧɟɦɭ ɬɨɤɚ ɫɢɥɨɣ I ɡɚ ɜɪɟɦɹ dt. 

• Ɂɚɤɨɧ Ɉɦɚ ɜ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɣ ɮɨɪɦɟ 

 j E  , 

ɝɞɟ ı – ɭɞɟɥɶɧɚɹ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶ ɩɪɨɜɨɞɧɢɤɚ: 1
 


; E  – ɜɟɤɬɨɪ 

ɧɚɩɪɹɠɟɧɧɨɫɬɢ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ ɜ ɩɪɨɜɨɞɧɢɤɟ. 

• Ɂɚɤɨɧ Ⱦɠɨɭɥɹ – Ʌɟɧɰɚ ɜ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɣ ɮɨɪɦɟ 

 
2 2

E j  , 

ɝɞɟ   – ɨɛɴɟɦɧɚɹ ɩɥɨɬɧɨɫɬɶ ɬɟɩɥɨɜɨɣ ɦɨɳɧɨɫɬɢ. 

 

ɉɪɢɦɟɪɵ ɪɟɲɟɧɢя ɡɚɞɚɱ 

ɉɪɢɦɟɪ 1.  ɋɢɥɚ ɬɨɤɚ ɜ ɩɪɨɜɨɞɧɢɤɟ ɢɡɦɟɧɹɟɬɫɹ ɫɨ ɜɪɟɦɟɧɟɦ ɩɨ ɡɚ-

ɤɨɧɭ 2( )I t kt , ɝɞɟ k = 1,5 Ⱥ/ɫ2. ɇɚɣɬɢ ɡɚɪɹɞ q, ɩɪɨɬɟɤɚɸɳɢɣ ɱɟɪɟɡ ɩɨɩɟ-

ɪɟɱɧɨɟ ɫɟɱɟɧɢɟ ɩɪɨɜɨɞɧɢɤɚ ɡɚ ɜɪɟɦɹ Ĳ = 1 ɫ. 
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Ɋɟɲɟɧɢɟ. Ɂɚɪɹɞ, ɩɟɪɟɧɨɫɢɦɵɣ ɷɥɟɤɬɪɢɱɟɫɤɢɦ ɬɨɤɨɦ ɱɟɪɟɡ ɩɨɩɟɪɟɱ-

ɧɨɟ ɫɟɱɟɧɢɟ ɩɪɨɜɨɞɧɢɤɚ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 

  
2

1

t

t

q I t dt  . 

ɍɱɢɬɵɜɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɫɢɥɵ ɬɨɤɚ ɨɬ ɜɪɟɦɟɧɢ, ɩɨɥɭɱɚɟɦ 

 2 3

0

1

3
q kt dt k



  . 

ɉɨɞɫɬɚɜɥɹɹ ɜ ɞɚɧɧɭɸ ɮɨɪɦɭɥɭ ɢɫɯɨɞɧɵɟ ɞɚɧɧɵɟ, ɩɨɥɭɱɚɟɦ q= 0,5 

Ʉɥ. 

Оɬɜɟɬ: 0,5 Ʉɥ. 

ɉɪɢɦɟɪ 2. ɐɟɩɶ ɫɨɫɬɨɢɬ ɢɡ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɫɨɟɞɢɧɟɧɧɵɯ ɫɨɩɪɨ-

ɬɢɜɥɟɧɢɣ R1 = 3 Ɉɦ, R2 = 2 Ɉɦ, R3 = 1 Ɉɦ. ɇɚɣɬɢ ɩɚɞɟɧɢɟ ɧɚɩɪɹɠɟɧɢɹ ɧɚ 

ɫɨɩɪɨɬɢɜɥɟɧɢɢ R2, ɟɫɥɢ ɤ ɰɟɩɢ ɩɪɢɥɨɠɟɧɨ ɧɚɩɪɹɠɟɧɢɟ 9 ȼ. 

Ɋɟɲɟɧɢɟ. ɋɨɝɥɚɫɧɨ ɡɚɤɨɧɭ Ɉɦɚ ɞɥɹ ɭɱɚɫɬɤɚ ɰɟɩɢ ɫɢɥɚ ɬɨɤɚ ɜ ɞɚɧɧɨɣ 

ɰɟɩɢ ɛɭɞɟɬ ɪɚɜɧɚ 

 
1 2 3

U U
I

R R R R
 

 
. 

ɂɡ ɬɨɝɨ ɠɟ ɡɚɤɨɧɚ ɫɥɟɞɭɟɬ, ɱɬɨ ɧɚɩɪɹɠɟɧɢɟ ɧɚ ɫɨɩɪɨɬɢɜɥɟɧɢɢ R2 ɦɨɠɧɨ 

ɨɩɪɟɞɟɥɢɬɶ ɤɚɤ 
2 2U IR . ȼ ɢɬɨɝɟ ɩɨɥɭɱɚɟɦ 

 2
2

1 2 3

R
U U

R R R


 
. 

ɉɨɞɫɬɚɧɨɜɤɚ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ɜ ɷɬɭ ɮɨɪɦɭɥɭ ɞɚɟɬ ɨɬɜɟɬ: U2= 3 ȼ. 

Оɬɜɟɬ: 3 ȼ. 

ɉɪɢɦɟɪ 3. Ⱦɜɚ ɢɫɬɨɱɧɢɤɚ ɬɨɤɚ (ε1= 2 ȼ, r1=1 Ɉɦ; 

ε2= 12 ȼ, r2=2 Ɉɦ) ɢ ɪɟɨɫɬɚɬ (R=10 Ɉɦ) ɫɨɟɞɢɧɟɧɵ, ɤɚɤ 

ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫ. 12. ȼɵɱɢɫɥɢɬɶ ɫɢɥɭ ɬɨɤɚ I, ɬɟɤɭɳɟɝɨ ɱɟ-

ɪɟɡ ɪɟɨɫɬɚɬ.  

Ɋɢɫ. 12 
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Ɋɟɲɟɧɢɟ. ɂɡɨɛɪɚɡɢɦ ɷɥɟɤɬɪɢɱɟɫɤɭɸ ɫɯɟɦɭ ɛɨɥɟɟ 

ɩɨɞɪɨɛɧɨ (ɪɢɫ. 13). ȼɵɛɟɪɟɦ ɩɪɨɢɡɜɨɥɶɧɨ ɧɚɩɪɚɜɥɟɧɢɹ 

ɬɨɤɨɜ ɧɚ ɤɚɠɞɨɦ ɭɱɚɫɬɤɟ ɰɟɩɢ. ɂɫɩɨɥɶɡɭɹ ɜɬɨɪɨɟ ɩɪɚ-

ɜɢɥɨ Ʉɢɪɯɝɨɮɚ, ɡɚɩɢɲɟɦ ɫɥɟɞɭɸɳɢɟ ɭɪɚɜɧɟɧɢɹ:  

 
1 1 2 2 1 2

2 2 2

,

.

I r I r

IR I r

    
  

 

ɋɨɝɥɚɫɧɨ ɩɟɪɜɨɦɭ ɩɪɚɜɢɥɭ Ʉɢɪɯɝɨɮɚ ɞɥɹ ɥɸɛɨɝɨ ɢɡ ɞɜɭɯ ɭɡɥɨɜ ɞɚɧ-

ɧɨɣ ɰɟɩɢ ɛɭɞɟɬ ɫɩɪɚɜɟɞɥɢɜɨ ɪɚɜɟɧɫɬɜɨ 

 
1 2 0I I I   . 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɨɥɭɱɚɟɦ ɫɢɫɬɟɦɭ ɬɪɟɯ ɥɢɧɟɣɧɵɯ ɭɪɚɜɧɟɧɢɣ. ɉɨɞ-

ɫɬɚɜɢɜ ɜ ɧɟɟ ɡɧɚɱɟɧɢɹ ЭȾɋ ɢ ɫɨɩɪɨɬɢɜɥɟɧɢɣ, ɩɨɥɭɱɢɦ 

 

1 2

2

1 2

2 14,

10 2 12,

0.

I I

I I

I I I

 
  
   

 

Ɋɟɲɢɜ ɞɚɧɧɭɸ ɫɢɫɬɟɦɭ, ɩɨɥɭɱɢɦ I= 0,25 Ⱥ. 

Оɬɜɟɬ: 0,25 Ⱥ. 

ɉɪɢɦɟɪ 4. ɋɢɥɚ ɬɨɤɚ ɜ ɩɪɨɜɨɞɧɢɤɟ ɢɡɦɟɧɹɟɬɫɹ ɩɨ ɡɚɤɨɧɭ 3
I kt  ɜ 

ɬɟɱɟɧɢɟ ɜɪɟɦɟɧɢ  = 7 ɫ, ɞɨɫɬɢɝɧɭɜ ɜɟɥɢɱɢɧɵ Im=5 Ⱥ. Ʉɚɤɨɟ ɤɨɥɢɱɟɫɬɜɨ 

ɬɟɩɥɨɬɵ ɜɵɞɟɥɢɥɨɫɶ ɜ ɩɪɨɜɨɞɧɢɤɟ, ɟɫɥɢ ɟɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɟ R = 2 Ɉɦ? 

Ɋɟɲɟɧɢɟ. ɉɨɫɤɨɥɶɤɭ ɫɢɥɚ ɬɨɤɚ ɜ ɩɪɨɜɨɞɧɢɤɟ ɢɡɦɟɧɹɟɬɫɹ ɧɟɪɚɜɧɨ-

ɦɟɪɧɨ ɜɨ ɜɪɟɦɟɧɢ, ɤɨɥɢɱɟɫɬɜɨ ɜɵɞɟɥɢɜɲɟɣɫɹ ɬɟɩɥɨɬɵ ɨɩɪɟɞɟɥɢɦ ɤɚɤ 

  
2

1

2
2 3 2 6

0 0

t

t

Q I Rdt kt Rdt Rk t dt    
 

. 

 Ʉɨɷɮɮɢɰɢɟɧɬ k ɧɚɣɞɟɦ ɢɡ ɭɫɥɨɜɢɹ: ɩɪɢ 3

mt I I k     . Ɉɬɤɭɞɚ 

3

m
I

k 


. Ɍɨɝɞɚ ɢɫɤɨɦɨɟ ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ ɛɭɞɟɬ ɪɚɜɧɨ 

 

2 2 7
6 2

3 3

0

1

7 7

m m
m

I I
Q R t dt R RI

               . 

ɉɨɞɫɬɚɜɥɹɹ ɢɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɜ ɩɨɫɥɟɞɧɸɸ ɮɨɪɦɭɥɭ, ɩɨɥɭɱɚɟɦ Q 

 

Ɋɢɫ. 13 
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=50 Ⱦɠ. 

Оɬɜɟɬ: 50 Ⱦɠ. 

ɉɪɢɦɟɪ 5.  Ʉ ɛɚɬɚɪɟɟ ɚɤɤɭɦɭɥɹɬɨɪɨɜ, ЭȾɋ ɤɨɬɨɪɨɣ ε = 4 ȼ ɢ ɜɧɭɬ-

ɪɟɧɧɟɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ r=0,5 Ɉɦ, ɩɪɢɫɨɟɞɢɧɟɧ ɩɪɨɜɨɞɧɢɤ. ɇɚɣɬɢ ɦɨɳɧɨɫɬɶ 

P, ɤɨɬɨɪɚɹ ɜɵɞɟɥɹɟɬɫɹ ɜɨ ɜɧɟɲɧɟɣ ɰɟɩɢ, ɟɫɥɢ ɩɚɞɟɧɢɟ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɩɪɨ-

ɜɨɞɧɢɤɟ U = 2 ȼ. 

Ɋɟɲɟɧɢɟ. Ɇɨɳɧɨɫɬɶ, ɜɵɞɟɥɹɟɦɭɸ ɧɚ ɫɨɩɪɨɬɢɜɥɟɧɢɢ R ɩɪɢ ɩɪɨɬɟɤɚ-

ɧɢɢ ɬɨɤɚ I, ɨɩɪɟɞɟɥɢɦ ɩɨ ɮɨɪɦɭɥɟ 

 P IU . 

Ɉɩɪɟɞɟɥɢɦ ɫɢɥɭ ɬɨɤɚ ɩɨ ɡɚɤɨɧɭ Ɉɦɚ: Ir U     /I U r   . ȼ 

ɢɬɨɝɟ ɩɨɥɭɱɚɟɦ 

 
U

P U
r

 
 . 

ɉɨɞɫɬɚɜɥɹɹ ɢɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɜ ɷɬɭ ɮɨɪɦɭɥɭ, ɩɨɥɭɱɚɟɦ P = 8 ȼɬ. 

Оɬɜɟɬ: 8 ȼɬ. 

ɉɪɢɦɟɪ 6.  Ɉɩɪɟɞɟɥɢɬɶ ɫɢɥɭ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɬɨɤɚ ɜ ɚɥɸɦɢɧɢɟɜɨɦ 

ɩɪɨɜɨɞɧɢɤɟ ɞɢɚɦɟɬɪɨɦ 2 ɦɦ, ɟɫɥɢ ɭɞɟɥɶɧɚɹ ɬɟɩɥɨɜɚɹ ɦɨɳɧɨɫɬɶ ɬɨɤɚ ɪɚɜɧɚ 

600 ȼɬ/ɦ3. ɍɞɟɥɶɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɚɥɸɦɢɧɢɹ 15 ɧɈɦ·ɦ. 

Ɋɟɲɟɧɢɟ. Ɂɚɩɢɲɟɦ ɡɚɤɨɧ Ⱦɠɨɭɥɹ – Ʌɟɧɰɚ ɜ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɣ 

ɮɨɪɦɟ: 

 
2

j  . 

ɍɱɢɬɵɜɚɹ ɫɜɹɡɶ ɫɢɥɵ ɬɨɤɚ ɫ ɩɥɨɬɧɨɫɬɶɸ ɬɨɤɚ 
2

4I I
j

S d
 


, ɩɨɥɭɱɚɟɦ ɮɨɪ-

ɦɭɥɭ ɞɥɹ ɪɚɫɱɟɬɚ ɫɢɥɵ ɬɨɤɚ: 

 2 21 1

4 4
I d j d


   


. 

ɉɨɞɫɬɚɜɥɹɹ ɢɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɜ ɷɬɭ ɮɨɪɦɭɥɭ, ɩɨɥɭɱɚɟɦ I= 0,63 Ⱥ. 

Оɬɜɟɬ: 0,63 Ⱥ. 
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Ɂɚɞɚɱɢ ɞɥя ɫɚɦɨɫɬɨяɬɟɥɶɧɨɝɨ ɪɟɲɟɧɢя 

1. ɋɢɥɚ ɬɨɤɚ ɜ ɩɪɨɜɨɞɧɢɤɟ ɢɡɦɟɧɹɟɬɫɹ ɫɨ ɜɪɟɦɟɧɟɦ ɩɨ ɡɚɤɨɧɭ 3( )I t kt , ɝɞɟ 

k = 1,5 Ⱥ/ɫ2. ɇɚɣɬɢ ɡɚɪɹɞ q, ɩɪɨɬɟɤɚɸɳɢɣ ɱɟɪɟɡ ɩɨɩɟɪɟɱɧɨɟ ɫɟɱɟɧɢɟ ɩɪɨ-

ɜɨɞɧɢɤɚ ɡɚ ɜɪɟɦɹ Ĳ = 1 ɫ. 

2. ɐɟɩɶ ɫɨɫɬɨɢɬ ɢɡ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɫɨɟɞɢɧɟɧɧɵɯ ɫɨɩɪɨɬɢɜɥɟɧɢɣ R1 = 2 

Ɉɦ ɢ R2 = 3 Ɉɦ. ɇɚɣɬɢ ɪɚɡɧɨɫɬɶ ɩɨɬɟɧɰɢɚɥɨɜ ɧɚ ɤɨɧɰɚɯ ɰɟɩɢ, ɟɫɥɢ ɩɚɞɟ-

ɧɢɟ ɧɚɩɪɹɠɟɧɢɹ U2 ɧɚ ɫɨɩɪɨɬɢɜɥɟɧɢɢ R2 ɪɚɜɧɨ 4 ȼ. 

3. ȼ ɫɯɟɦɟ, ɢɡɨɛɪɚɠɟɧɧɨɣ ɧɚ ɪɢɫ. 14, ε = 5 ȼ, R1=4 Ɉɦ, 

R2=6 Ɉɦ. ȼɧɭɬɪɟɧɧɟɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɢɫɬɨɱɧɢɤɚ ɬɨɤɚ 

r=0,1 Ɉɦ. ɇɚɣɬɢ ɫɢɥɭ ɬɨɤɚ ɱɟɪɟɡ ɫɨɩɪɨɬɢɜɥɟɧɢɟ R1. 

4. ɉɪɢ ɫɢɥɟ ɬɨɤɚ I1 = 3 Ⱥ ɜɨ ɜɧɟɲɧɟɣ ɰɟɩɢ ɚɤɤɭɦɭɥɹɬɨɪɚ 

ɜɵɞɟɥɹɟɬɫɹ ɦɨɳɧɨɫɬɶ  Ɋ1 = 18 ȼɬ, ɩɪɢ ɫɢɥɟ ɬɨɤɚ I2 = 1 Ⱥ – 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ Ɋ2 = 10 ȼɬ. Ɉɩɪɟɞɟɥɢɬɶ ɜɧɭɬɪɟɧɧɟɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ r ɛɚɬɚ-

ɪɟɢ. 

5. Ɉɩɪɟɞɟɥɢɬɶ ɧɚɩɪɹɠɟɧɧɨɫɬɶ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ ɜ ɩɪɨɜɨɞɧɢɤɟ, ɟɫɥɢ 

ɨɛɴɟɦɧɚɹ ɩɥɨɬɧɨɫɬɶ ɬɟɩɥɨɜɨɣ ɦɨɳɧɨɫɬɢ ɪɚɜɧɚ 7 ɤȼɬ/ɦ3, ɚ ɩɥɨɬɧɨɫɬɶ ɬɨɤɚ 

3 Ⱥ/ɦɦ2.  

Ɍɟɦɚ № 5. Ɇɚɝɧɢɬɧɨɟ ɩɨɥɟ ɩɨɫɬɨяɧɧɨɝɨ ɬɨɤɚ 

Ɉɫɧɨɜɧɵɟ ɮɢɡɢɱɟɫɤɢɟ ɡɚɤɨɧɵ ɢ ɮɨɪɦɭɥɵ 

• Ɂɚɤɨɧ Ȼɢɨ – ɋɚɜɚɪɚ – Ʌɚɩɥɚɫɚ ɜ ɫɤɚɥɹɪɧɨɦ ɜɢɞɟ 

 0

2

sin

4

I
dB dl

r

 



, 

ɝɞɟ dB – ɦɨɞɭɥɶ ɜɟɤɬɨɪɚ ɢɧɞɭɤɰɢɢ dB  ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ, ɫɨɡɞɚɜɚɟɦɨɝɨ 

ɷɥɟɦɟɧɬɨɦ dl ɩɪɨɜɨɞɧɢɤɚ ɫ ɬɨɤɨɦ I ɧɚ ɪɚɫɫɬɨɹɧɢɢ r; μ – ɦɚɝɧɢɬɧɚɹ ɩɪɨɧɢ-

ɰɚɟɦɨɫɬɶ ɫɪɟɞɵ; 7

0 4 10    Ƚɧ/ɦ – ɦɚɝɧɢɬɧɚɹ ɩɨɫɬɨɹɧɧɚɹ; α – ɭɝɨɥ ɦɟɠ-

ɞɭ ɜɟɤɬɨɪɚɦɢ dl  ɢ r . 

• ɋɜɹɡɶ ɦɟɠɞɭ ɜɟɤɬɨɪɨɦ ɢɧɞɭɤɰɢɢ B  ɢ ɜɟɤɬɨɪɨɦ ɧɚɩɪɹɠɟɧɧɨɫɬɢ H  

ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ 

 0B H .  
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ɂɧɞɭɤɰɢɹ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɜ ɰɟɧɬɪɟ ɤɪɭɝɨɜɨɝɨ ɜɢɬɤɚ ɫ ɬɨɤɨɦ 

 0

2

I
B

R


 , 

ɝɞɟ R – ɪɚɞɢɭɫ ɜɢɬɤɚ. 

• ɂɧɞɭɤɰɢɹ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ, ɫɨɡɞɚɜɚɟɦɨɝɨ ɛɟɫɤɨɧɟɱɧɨ ɞɥɢɧɧɵɦ ɩɪɨ-

ɜɨɞɧɢɤɨɦ ɫ ɬɨɤɨɦ, 

 0

02

I
B

r





, 

ɝɞɟ r0 – ɪɚɫɫɬɨɹɧɢɟ ɨɬ ɨɫɢ ɩɪɨɜɨɞɧɢɤɚ ɞɨ ɬɨɱɤɢ ɜ ɩɪɨ-

ɫɬɪɚɧɫɬɜɟ. 

• ɂɧɞɭɤɰɢɹ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ, ɫɨɡɞɚɜɚɟɦɨɝɨ ɨɬɪɟɡ-

ɤɨɦ ɩɪɨɜɨɞɧɢɤɚ ɫ ɬɨɤɨɦ (ɫɦ. ɪɢɫ. 15), 

  0
1 2

0

cos cos
4

I
B

r


   


. 

• ɂɧɞɭɤɰɢɹ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɧɚ ɨɫɢ ɞɥɢɧɧɨɝɨ1 ɫɨɥɟɧɨɢɞɚ 

 
0B In , 

ɝɞɟ n – ɱɢɫɥɨ ɜɢɬɤɨɜ ɩɪɨɜɨɞɚ, ɩɪɢɯɨɞɹɳɟɟɫɹ ɧɚ ɟɞɢɧɢɰɭ ɞɥɢɧɵ ɫɨɥɟɧɨɢɞɚ. 

• ɉɪɢɧɰɢɩ ɫɭɩɟɪɩɨɡɢɰɢɢ ɦɚɝɧɢɬɧɵɯ ɩɨɥɟɣ 

 
1 2 ... NB B B B    , 

ɝɞɟ 
iB  – ɢɧɞɭɤɰɢɹ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ, ɫɨɡɞɚɧɧɨɝɨ i-ɦ ɬɨɤɨɦ, ɜɯɨɞɹɳɢɦ ɜ ɫɢ-

ɫɬɟɦɭ ɢɡ N ɬɨɤɨɜ, ɜ ɨɬɞɟɥɶɧɨɫɬɢ. 

• Ɍɟɨɪɟɦɚ ɨ ɰɢɪɤɭɥɹɰɢɢ ɜɟɤɬɨɪɚ ɢɧɞɭɤɰɢɢ B  ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɜ ɜɚɤɭ-

ɭɦɟ 

 0

1

N

i

i

Bdl I


   , 

ɝɞɟ Γ – ɩɪɨɢɡɜɨɥɶɧɵɣ ɡɚɦɤɧɭɬɵɣ ɤɨɧɬɭɪ, ɨɯɜɚɬɵɜɚɸɳɢɣ ɬɨɤɢ Ii; dl – ɷɥɟ-

ɦɟɧɬ ɤɨɧɬɭɪɚ Γ. 

                                         
1 ɋɨɥɟɧɨɢɞ ɫɱɢɬɚɟɬɫɹ ɞɥɢɧɧɵɦ, ɟɫɥɢ ɟɝɨ ɞɥɢɧɚ ɦɧɨɝɨ ɛɨɥɶɲɟ ɩɨɩɟɪɟɱɧɨɝɨ ɪɚɡɦɟɪɚ 

ɫɟɪɞɟɱɧɢɤɚ. 
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ɉɪɢ ɫɭɦɦɢɪɨɜɚɧɢɢ ɬɨɤ ɫɱɢɬɚɟɬɫɹ ɩɨɥɨɠɢɬɟɥɶɧɵɦ, ɟɫɥɢ ɟɝɨ ɧɚɩɪɚɜ-

ɥɟɧɢɟ ɨɛɪɚɡɭɟɬ ɫ ɧɚɩɪɚɜɥɟɧɢɟɦ ɨɛɯɨɞɚ ɤɨɧɬɭɪɚ ɩɪɚɜɨɜɢɧɬɨɜɭɸ ɫɢɫɬɟɦɭ.  

•  Ɍɟɨɪɟɦɚ ɨ ɰɢɪɤɭɥɹɰɢɢ ɜɟɤɬɨɪɚ ɧɚɩɪɹɠɟɧɧɨɫɬɢ H  ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ 

ɜ ɩɪɨɢɡɜɨɥɶɧɨɣ ɫɪɟɞɟ 

 
1

N

i

i

Hdl I


 . 

ɉɪɢɦɟɪɵ ɪɟɲɟɧɢя ɡɚɞɚɱ 

ɉɪɢɦɟɪ 1. ɉɨ ɩɪɹɦɨɦɭ ɛɟɫɤɨɧɟɱɧɨ ɞɥɢɧɧɨɦɭ ɩɪɨɜɨɞɧɢɤɭ ɬɟɱɟɬ ɬɨɤ 

10 Ⱥ. ɇɚ ɤɚɤɨɦ ɪɚɫɫɬɨɹɧɢɢ ɨɬ ɧɟɝɨ ɧɚɩɪɹɠɟɧɧɨɫɬɶ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɪɚɜɧɚ 

5 Ⱥ/ɦ? 

Ɋɟɲɟɧɢɟ. ɂɧɞɭɤɰɢɹ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɧɚ ɪɚɫɫɬɨɹɧɢɢ r0 ɨɬ ɨɫɢ ɛɟɫɤɨ-

ɧɟɱɧɨ ɞɥɢɧɧɨɝɨ ɩɪɨɜɨɞɧɢɤɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ 

 0

02

I
B

r





. 

ȼɵɪɚɡɢɦ ɨɬɫɸɞɚ r0, ɭɱɢɬɵɜɚɹ, ɱɬɨ ɢɧɞɭɤɰɢɹ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɜ ɜɚ-

ɤɭɭɦɟ ( 1  ) ɢ ɧɚɩɪɹɠɟɧɧɨɫɬɶ ɫɜɹɡɚɧɵ ɫɨɨɬɧɨɲɟɧɢɟɦ 
0B H : 

 0
0

2 2

I I
r

B H


 

 
. 

ɉɨɞɫɬɚɜɥɹɹ ɢɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɜ ɪɚɫɱɟɬɧɭɸ ɮɨɪɦɭɥɭ, ɩɨɥɭɱɚɟɦ r0 

=0,32 ɦ. 

Оɬɜɟɬ: 0,32 ɦ. 

ɉɪɢɦɟɪ 2. ɉɨ ɞɜɭɦ ɛɟɫɤɨɧɟɱɧɨ ɞɥɢɧɧɵɦ ɩɪɹɦɵɦ ɩɚɪɚɥɥɟɥɶɧɵɦ 

ɩɪɨɜɨɞɚɦ ɬɟɤɭɬ ɬɨɤɢ I1 = 5 Ⱥ ɢ I2 = 10 Ⱥ ɜ ɨɞɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ. Ɋɚɫɫɬɨɹɧɢɟ 

d ɦɟɠɞɭ ɩɪɨɜɨɞɚɦɢ ɪɚɜɧɨ 10 ɫɦ. Ɉɩɪɟɞɟɥɢɬɶ ɦɚɝɧɢɬɧɭɸ ɢɧɞɭɤɰɢɸ ɜ ɬɨɱ-

ɤɟ, ɭɞɚɥɟɧɧɨɣ ɧɚ r1 = 10 ɫɦ ɨɬ ɩɟɪɜɨɝɨ ɢ ɧɚ r2 = 8 ɫɦ ɨɬ ɜɬɨɪɨɝɨ ɩɪɨɜɨɞɚ. 
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Ɋɟɲɟɧɢɟ. ɂɧɞɭɤɰɢɸ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɜ 

ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɬɨɱɤɟ ɨɩɪɟɞɟɥɢɦ ɩɨ ɩɪɢɧɰɢɩɭ 

ɫɭɩɟɪɩɨɡɢɰɢɢ ɩɨɥɟɣ, ɫɨɡɞɚɜɚɟɦɵɯ ɩɟɪɜɵɦ ɢ ɜɬɨ-

ɪɵɦ ɩɪɨɜɨɞɧɢɤɨɦ ɜ ɨɬɞɟɥɶɧɨɫɬɢ: 
1 2B B B  . 

ɂɡɨɛɪɚɡɢɦ ɝɪɚɮɢɱɟɫɤɢ ɪɚɫɩɨɥɨɠɟɧɢɟ ɷɬɢɯ ɜɟɤɬɨ-

ɪɨɜ (ɪɢɫ. 16). Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɦɨɞɭɥɹ ɜɟɤɬɨɪɚ B  

ɢɫɩɨɥɶɡɭɟɦ ɬɟɨɪɟɦɭ ɤɨɫɢɧɭɫɨɜ: 2 2

1 2 1 22 cosB B B B B    . ɂɧɞɭɤɰɢɸ 

ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ, ɫɨɡɞɚɜɚɟɦɨɝɨ ɬɨɤɚɦɢ I1 ɢ I2, ɨɩɪɟɞɟɥɢɦ ɤɚɤ 1,20
1,2

1,22

I
B

r





. 

Ʉɨɫɢɧɭɫ ɭɝɥɚ α ɨɩɪɟɞɟɥɢɦ ɢɡ ɬɪɟɭɝɨɥɶɧɢɤɚ ɫɨ ɫɬɨɪɨɧɚɦɢ  r1r2d: 

 
2 2 2

1 2

1 2

cos 0,4
2

d r r

r r

 
    . 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɪɚɫɱɟɬɧɚɹ ɮɨɪɦɭɥɚ ɩɪɢɦɟɬ ɜɢɞ 

 

2 2

0 1 2 1 2

1 2 1 2

2 cos
2

I I I I
B

r r rr

   
          

. 

ɉɨɞɫɬɚɧɨɜɤɚ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ɜ ɷɬɭ ɮɨɪɦɭɥɭ ɞɚɟɬ ɨɬɜɟɬ B = 3·10-5 

Ɍɥ. 

Оɬɜɟɬ: 3·10-5 Ɍɥ. 

ɉɪɢɦɟɪ 3.  Ⱦɥɢɧɧɵɣ ɩɪɨɜɨɞɧɢɤ ɢɡɨɝɧɭɬ ɜ 

ɮɨɪɦɟ ɩɥɨɫɤɨɣ ɩɟɬɥɢ (ɫɦ. ɪɢɫ. 17). ɉɨ ɩɪɨɜɨɞɧɢɤɭ 

ɬɟɱɟɬ ɬɨɤ 10 Ⱥ. ɇɚɣɬɢ ɦɚɝɧɢɬɧɭɸ ɢɧɞɭɤɰɢɸ ɜ ɬɨɱ-

ɤɟ О, ɟɫɥɢ R = 1 ɫɦ. 

Ɋɟɲɟɧɢɟ. Ɋɚɫɫɦɨɬɪɢɦ ɦɚɝɧɢɬɧɨɟ ɩɨɥɟ ɜ ɬɨɱɤɟ O ɤɚɤ ɫɭɩɟɪɩɨɡɢɰɢɸ  

ɩɨɥɟɣ ɞɥɢɧɧɨɝɨ ɩɪɨɜɨɞɧɢɤɚ ɢ ɤɪɭɝɨɜɨɝɨ ɩɪɨɜɨɞɧɢɤɚ ɪɚɞɢɭɫɨɦ R: 

 1 2B B B  . 

ɉɨɫɤɨɥɶɤɭ ɜɟɤɬɨɪɵ 1B  ɢ 2B  ɩɚɪɚɥɥɟɥɶɧɵ, ɬɨ ɦɚɝɧɢɬɧɭɸ ɢɧɞɭɤɰɢɸ B 

ɪɟɡɭɥɶɬɢɪɭɸɳɟɝɨ ɩɨɥɹ ɨɩɪɟɞɟɥɢɦ ɤɚɤ ɚɥɝɟɛɪɚɢɱɟɫɤɭɸ ɫɭɦɦɭ 
1 2B B B  . 

ɂɧɞɭɤɰɢɸ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɛɟɫɤɨɧɟɱɧɨ ɞɥɢɧɧɨɝɨ ɩɪɨɜɨɞɧɢɤɚ ɫ ɬɨɤɨɦ B1 

 

Ɋɢɫ. 16 
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ɨɩɪɟɞɟɥɢɦ ɩɨ ɮɨɪɦɭɥɟ 0
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2
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, ɚ ɢɧɞɭɤɰɢɸ ɩɨɥɹ ɜ ɰɟɧɬɪɟ ɤɪɭɝɨɜɨɝɨ 

ɩɪɨɜɨɞɧɢɤɚ – ɩɨ ɮɨɪɦɭɥɟ  0
2

2

I
B

R


 . Ɍɨɝɞɚ ɢɬɨɝɨɜɚɹ ɮɨɪɦɭɥɚ ɩɪɢɦɟɬ ɜɢɞ: 

 0 1
1

2

I
B

R

     
. 

ɉɨɞɫɬɚɧɨɜɤɚ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ɜ ɪɚɫɱɟɬɧɭɸ ɮɨɪɦɭɥɭ ɞɚɟɬ ɨɬɜɟɬ B 

= 82,8 ɦɌɥ. 

Оɬɜɟɬ: 82,8 ɦɌɥ. 

ɉɪɢɦɟɪ 4.  ɋɤɨɥɶɤɨ ɜɢɬɤɨɜ ɧɚ ɟɞɢɧɢɰɭ ɞɥɢɧɵ ɫɨɞɟɪɠɢɬ ɞɥɢɧɧɵɣ 

ɫɨɥɟɧɨɢɞ ɩɪɢ ɫɢɥɟ ɬɨɤɚ I = 1 Ⱥ, ɟɫɥɢ ɧɚɩɪɹɠɟɧɧɨɫɬɶ ɩɨɥɹ ɧɚ ɨɫɢ ɫɨɥɟɧɨɢ-

ɞɚ H = 1000 Ⱥ/ɦ? 

Ɋɟɲɟɧɢɟ. ɂɧɞɭɤɰɢɸ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɧɚ ɨɫɢ ɞɥɢɧɧɨɝɨ ɫɨɥɟɧɨɢɞɚ 

ɧɚɣɞɟɦ ɩɨ ɮɨɪɦɭɥɟ 

 
0B In . 

 ȼ ɧɚɲɟɦ ɫɥɭɱɚɟ ɫɟɪɞɟɱɧɢɤ ɫɨɥɟɧɨɢɞɚ ɧɟɦɚɝɧɢɬɧɵɣ, ɩɨɷɬɨɦɭ 1  . 

ȼɵɪɚɡɢɜ ɢɡ ɞɚɧɧɨɣ ɮɨɪɦɭɥɵ ɱɢɫɥɨ ɜɢɬɤɨɜ n ɧɚ ɟɞɢɧɢɰɭ ɞɥɢɧɵ ɫɨɥɟɧɨɢɞɚ, 

ɭɱɢɬɵɜɚɹ, ɱɬɨ ɜ ɧɟɦɚɝɧɢɬɧɨɣ ɫɪɟɞɟ 
0B H , ɩɨɥɭɱɚɟɦ 

 
0

B H
n

I I
 


. 

ɉɨɞɫɬɚɜɥɹɹ ɢɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɜ ɪɚɫɱɟɬɧɭɸ ɮɨɪɦɭɥɭ, ɩɨɥɭɱɚɟɦ n 

= 1000 ɦ-1. 

Оɬɜɟɬ: 1000 ɦ-1. 

ɉɪɢɦɟɪ 5. ȼɵɱɢɫɥɢɬɶ ɰɢɪɤɭɥɹɰɢɸ ɜɟɤɬɨɪɚ ɢɧɞɭɤɰɢɢ ɜɞɨɥɶ ɤɨɧɬɭ-

ɪɚ, ɨɯɜɚɬɵɜɚɸɳɟɝɨ ɬɨɤɢ I1 = 1 Ⱥ, I2 = 5 Ⱥ, ɬɟɤɭɳɢɟ ɜ ɨɞɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ, ɢ 

ɬɨɤ I3 = 2 Ⱥ, ɬɟɤɭɳɢɣ ɜ ɩɪɨɬɢɜɨɩɨɥɨɠɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ. 

Ɋɟɲɟɧɢɟ. Ɂɚɩɢɲɟɦ ɬɟɨɪɟɦɭ ɨ ɰɢɪɤɭɥɹɰɢɢ ɜɟɤɬɨɪɚ ɢɧɞɭɤɰɢɢ ɦɚɝɧɢɬ-

ɧɨɝɨ ɩɨɥɹ: 
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N

i

i
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   . 
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ɋɨɝɥɚɫɧɨ ɞɚɧɧɨɣ ɬɟɨɪɟɦɟ ɰɢɪɤɭɥɹɰɢɹ ɜɟɤɬɨɪɚ B  ɨɩɪɟɞɟɥɹɟɬɫɹ ɚɥ-

ɝɟɛɪɚɢɱɟɫɤɨɣ ɫɭɦɦɨɣ ɬɨɤɨɜ, ɨɯɜɚɬɵɜɚɟɦɵɯ ɤɨɧɬɭɪɨɦ Γ. ɉɪɢɦɟɧɢɬɟɥɶɧɨ ɤ 

ɧɚɲɟɣ ɡɚɞɚɱɟ ɬɟɨɪɟɦɚ ɩɪɢɧɢɦɚɟɬ ɜɢɞ 

  0 1 2 3Bdl I I I


   . 

ɉɨɞɫɬɚɜɥɹɹ ɡɧɚɱɟɧɢɹ ɫɢɥ ɬɨɤɨɜ ɜ ɩɪɚɜɭɸ ɱɚɫɬɶ ɪɚɫɱɟɬɧɨɣ ɮɨɪɦɭɥɵ, 

ɩɨɥɭɱɚɟɦ Bdl


 5 ɦɤɌɥ·ɦ. 

Оɬɜɟɬ: 5 ɦɤɌɥ·ɦ. 

 

Ɂɚɞɚɱɢ ɞɥя ɫɚɦɨɫɬɨяɬɟɥɶɧɨɝɨ ɪɟɲɟɧɢя 

1. ɑɟɦɭ ɪɚɜɟɧ ɪɚɞɢɭɫ ɬɨɧɤɨɝɨ ɤɨɥɶɰɚ, ɩɨ ɤɨɬɨɪɨɦɭ ɬɟɱɟɬ ɬɨɤ 15 Ⱥ, 

ɟɫɥɢ ɧɚɩɪɹɠɟɧɧɨɫɬɶ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɜ ɰɟɧɬɪɟ ɤɨɥɶɰɚ ɪɚɜɧɚ 3 Ⱥ/ɦ? 

2. ɉɨ ɞɜɭɦ ɛɟɫɤɨɧɟɱɧɨ ɞɥɢɧɧɵɦ ɩɪɹɦɵɦ ɩɚɪɚɥɥɟɥɶɧɵɦ ɩɪɨɜɨɞɚɦ 

ɬɟɤɭɬ ɬɨɤɢ I1 = 5 Ⱥ ɢ I2 = 10 Ⱥ ɜ ɨɞɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ. Ɋɚɫɫɬɨɹɧɢɟ d ɦɟɠɞɭ 

ɩɪɨɜɨɞɚɦɢ ɪɚɜɧɨ 10 ɫɦ. ȼɵɱɢɫɥɢɬɶ ɦɚɝɧɢɬɧɭɸ ɢɧɞɭɤɰɢɸ ȼ ɜ ɬɨɱɤɟ, ɭɞɚ-

ɥɟɧɧɨɣ ɨɬ ɨɛɨɢɯ ɩɪɨɜɨɞɨɜ ɧɚ ɨɞɢɧɚɤɨɜɨɟ ɪɚɫ-

ɫɬɨɹɧɢɟ r = 15 ɫɦ. 

3. Ⱦɥɢɧɧɵɣ ɩɪɨɜɨɞɧɢɤ ɢɡɨɝɧɭɬ ɜ ɮɨɪɦɟ 

ɩɥɨɫɤɨɣ ɩɟɬɥɢ (ɫɦ. ɪɢɫ. 18). ɉɨ ɩɪɨɜɨɞɧɢɤɭ ɬɟ-

ɱɟɬ ɬɨɤ 5 Ⱥ. ɇɚɣɬɢ ɦɚɝɧɢɬɧɭɸ ɢɧɞɭɤɰɢɸ ɜ ɬɨɱ-

ɤɟ О, ɟɫɥɢ R = 5 ɫɦ. 

4. Ɉɩɪɟɞɟɥɢɬɶ ɫɢɥɭ ɬɨɤɚ, ɩɪɨɬɟɤɚɸɳɟɝɨ ɩɨ ɞɥɢɧɧɨɦɭ ɫɨɥɟɧɨɢɞɭ, ɫɨ-

ɞɟɪɠɚɳɟɦɭ n = 25 ɜɢɬɤɨɜ ɧɚ ɫɚɧɬɢɦɟɬɪ ɞɥɢɧɵ, ɟɫɥɢ ɧɚɩɪɹɠɟɧɧɨɫɬɶ ɦɚɝ-

ɧɢɬɧɨɝɨ ɩɨɥɹ ɧɚ ɟɝɨ ɨɫɢ ɪɚɜɧɚ H = 600 Ⱥ/ɦ. 

5. ɉɨ ɬɨɧɤɨɣ ɬɨɪɨɢɞɚɥɶɧɨɣ ɤɚɬɭɲɤɟ cɨ ɫɪɟɞɧɢɦ ɪɚɞɢɭɫɨɦ R = 5 ɫɦ, 

ɫɨɞɟɪɠɚɳɟɣ N = 1500 ɜɢɬɤɨɜ, ɩɪɨɬɟɤɚɟɬ ɬɨɤ I = 5 Ⱥ. ɉɨɥɶɡɭɹɫɶ ɬɟɨɪɟɦɨɣ ɨ 

ɰɢɪɤɭɥɹɰɢɢ ɜɟɤɬɨɪɚ ɦɚɝɧɢɬɧɨɣ ɢɧɞɭɤɰɢɢ B , ɨɩɪɟɞɟɥɢɬɶ ɢɧɞɭɤɰɢɸ ɦɚɝ-

ɧɢɬɧɨɝɨ ɩɨɥɹ ɧɚ ɨɫɢ ɤɚɬɭɲɤɢ. 
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Ɍɟɦɚ № 6. ɋɢɥɵ ɜ ɦɚɝɧɢɬɧɨɦ ɩɨɥɟ 

Ɉɫɧɨɜɧɵɟ ɮɢɡɢɱɟɫɤɢɟ ɡɚɤɨɧɵ ɢ ɮɨɪɦɭɥɵ 

• Ɇɨɞɭɥɶ ɫɢɥɵ, ɞɟɣɫɬɜɭɸɳɟɣ ɧɚ ɡɚɪɹɠɟɧɧɭɸ ɱɚɫɬɢɰɭ, ɞɜɢɠɭɳɭɸɫɹ 

ɫɨ ɫɤɨɪɨɫɬɶɸ v ɜ ɦɚɝɧɢɬɧɨɦ ɩɨɥɟ ɫ ɢɧɞɭɤɰɢɟɣ B (ɦɚɝɧɢɬɧɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ 

ɫɢɥɵ Ʌɨɪɟɧɰɚ), 

 sinɅF qvB  , 

ɝɞɟ q – ɡɚɪɹɞ ɱɚɫɬɢɰɵ, α – ɭɝɨɥ ɦɟɠɞɭ ɜɟɤɬɨɪɚɦɢ v  ɢ B . 

• Ɇɨɞɭɥɶ ɫɢɥɵ (ɫɢɥɵ Ⱥɦɩɟɪɚ), ɞɟɣɫɬɜɭɸɳɟɣ ɧɚ ɷɥɟɦɟɧɬ dl ɩɪɨɜɨɞɧɢ-

ɤɚ ɫ ɬɨɤɨɦ I ɫɨ ɫɬɨɪɨɧɵ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɫ ɢɧɞɭɤɰɢɟɣ B, 

 sinȺdF IBdl  , 

ɝɞɟ α – ɭɝɨɥ ɦɟɠɞɭ ɜɟɤɬɨɪɚɦɢ dl  ɢ B . 

• ȼ ɫɥɭɱɚɟ ɨɞɧɨɪɨɞɧɨɝɨ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɢ ɩɪɹɦɨɥɢɧɟɣɧɨɝɨ ɨɬɪɟɡɤɚ 

ɩɪɨɜɨɞɧɢɤɚ 

 sinȺF IBl  . 

Ɇɚɝɧɢɬɧɵɣ ɦɨɦɟɧɬ ɤɨɧɬɭɪɚ ɫ ɬɨɤɨɦ 

 
m

p IS , 

ɝɞɟ S – ɩɥɨɳɚɞɶ ɤɨɧɬɭɪɚ. 

• Ɇɨɞɭɥɶ ɦɟɯɚɧɢɱɟɫɤɨɝɨ ɦɨɦɟɧɬɚ, ɞɟɣɫɬɜɭɸɳɟɝɨ ɧɚ ɤɨɧɬɭɪ ɫ ɬɨɤɨɦ, 

ɧɚɯɨɞɹɳɢɣɫɹ ɜ ɦɚɝɧɢɬɧɨɦ ɩɨɥɟ, 

 sin
m

M p B  , 

ɝɞɟ α – ɭɝɨɥ ɦɟɠɞɭ ɜɟɤɬɨɪɚɦɢ 
mp  ɢ B . 

• ɉɨɬɟɧɰɢɚɥɶɧɚɹ ɷɧɟɪɝɢɹ ɦɚɝɧɢɬɧɨɝɨ ɞɢɩɨɥɹ ɜɨ ɜɧɟɲɧɟɦ ɦɚɝɧɢɬɧɨɦ 

ɩɨɥɟ 

 cos
m

p B  . 

• ɋɢɥɚ, ɞɟɣɫɬɜɭɸɳɚɹ ɧɚ ɦɚɝɧɢɬɧɵɣ ɞɢɩɨɥɶ ɫɨ ɫɬɨɪɨɧɵ ɧɟɨɞɧɨɪɨɞɧɨɝɨ 

ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ, ɢɡɦɟɧɹɸɳɟɝɨɫɹ ɜɞɨɥɶ ɨɫɢ OX, 

 cos
x m

B
F p

x


 


. 



 35 

ɉɪɢɦɟɪɵ ɪɟɲɟɧɢя ɡɚɞɚɱ 

ɉɪɢɦɟɪ 1. ɉɪɨɬɨɧ ɞɜɢɠɟɬɫɹ ɜ ɨɞɧɨɪɨɞɧɨɦ ɦɚɝɧɢɬɧɨɦ ɩɨɥɟ ɫ ɢɧɞɭɤ-

ɰɢɟɣ B = 0,02 Ɍɥ ɩɨ ɨɤɪɭɠɧɨɫɬɢ ɪɚɞɢɭɫɨɦ R = 20 ɫɦ. Ɉɩɪɟɞɟɥɢɬɶ ɢɦɩɭɥɶɫ 

ɪ ɩɪɨɬɨɧɚ. 

Ɋɟɲɟɧɢɟ. ɋɨɝɥɚɫɧɨ ɜɬɨɪɨɦɭ ɡɚɤɨɧɚ ɇɶɸɬɨɧɚ 

ɞɜɢɠɟɧɢɟ ɩɪɨɬɨɧɚ ɩɨ ɨɤɪɭɠɧɨɫɬɢ ɜ ɨɞɧɨɪɨɞɧɨɦ ɦɚɝ-

ɧɢɬɧɨɦ ɩɨɥɟ ɨɩɢɫɵɜɚɟɬɫɹ ɭɪɚɜɧɟɧɢɟɦ (ɪɢɫ. 19) 

 ɰ Ʌma F . 

ȼ ɩɪɨɟɤɰɢɢ ɧɚ ɪɚɞɢɭɫ-ɜɟɤɬɨɪ ɩɪɨɬɨɧɚ ɜ ɤɚɠɞɵɣ 

ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ ɞɚɧɧɨɟ ɭɪɚɜɧɟɧɢɟ ɩɪɢɧɢɦɚɟɬ ɜɢɞ 

 
2

sin
v

m qvB
R
  . 

ɍɱɢɬɵɜɚɹ, ɱɬɨ ɜ ɥɸɛɨɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ ɜɟɤɬɨɪɵ v  ɢ B  ɩɟɪɩɟɧɞɢ-

ɤɭɥɹɪɧɵ (sin 1  ), ɚ ɬɚɤɠɟ, ɱɬɨ ɡɚɪɹɞ ɩɪɨɬɨɧɚ q ɪɚɜɟɧ ɩɨ ɷɥɟɦɟɧɬɚɪɧɨɦɭ 

ɡɚɪɹɞɭ e, ɢɦɩɭɥɶɫ ɩɪɨɬɨɧɚ ɛɭɞɟɬ ɨɩɪɟɞɟɥɹɬɶɫɹ ɤɚɤ 

 p mv eBR  . 

 ɉɨɞɫɬɚɜɥɹɹ ɢɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɜ ɩɨɥɭɱɟɧɧɭɸ ɮɨɪɦɭɥɭ, ɩɨɥɭɱɚɟɦ p 

= 6,4·10-22 ɤɝ·ɦ/ɫ. 

Оɬɜɟɬ: 6,4·10-22 ɤɝ·ɦ/ɫ. 

ɉɪɢɦɟɪ 2. Ⱦɜɭɯɩɪɨɜɨɞɧɚɹ ɥɢɧɢɹ ɫɨɫɬɨɢɬ ɢɡ ɞɥɢɧɧɵɯ ɩɚɪɚɥɥɟɥɶɧɵɯ 

ɩɪɹɦɵɯ ɩɪɨɜɨɞɨɜ, ɧɚɯɨɞɹɳɢɯɫɹ ɧɚ ɪɚɫɫɬɨɹɧɢɢ d = 5 ɦɦ ɞɪɭɝ ɨɬ ɞɪɭɝɚ. ɉɨ 

ɩɪɨɜɨɞɚɦ ɬɟɤɭɬ ɨɞɢɧɚɤɨɜɵɟ ɬɨɤɢ I = 10 Ⱥ. Ɉɩɪɟɞɟɥɢɬɶ ɫɢɥɭ ɜɡɚɢɦɨɞɟɣ-

ɫɬɜɢɹ ɬɨɤɨɜ, ɩɪɢɯɨɞɹɳɭɸɫɹ ɧɚ ɟɞɢɧɢɰɭ ɞɥɢɧɵ ɩɪɨɜɨɞɚ. 

Ɋɟɲɟɧɢɟ. Ɉɩɪɟɞɟɥɢɦ ɫɢɥɭ, ɞɟɣɫɬɜɭɸɳɭɸ ɧɚ ɨɞɢɧ ɢɡ ɩɪɨɜɨɞɧɢɤɨɜ ɫɨ 

ɫɬɨɪɨɧɵ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɞɪɭɝɨɝɨ ɩɪɨɜɨɞɧɢɤɚ, ɤɚɤ  

 sinF IBl  . 

ɉɨɫɤɨɥɶɤɭ ɩɪɨɜɨɞɧɢɤɢ ɥɟɠɚɬ ɜ ɨɞɧɨɣ ɩɥɨɫɤɨɫɬɢ ɩɚɪɚɥɥɟɥɶɧɨ ɞɪɭɝ ɞɪɭɝɭ, 

ɬɨ ɭɝɨɥ α ɦɟɠɞɭ ɜɟɤɬɨɪɚɦɢ l  ɢ B  ɪɚɜɟɧ π/2. ɂɧɞɭɤɰɢɸ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ, 

ɫɨɡɞɚɜɚɟɦɨɝɨ ɨɞɧɢɦ ɢɡ ɩɪɨɜɨɞɧɢɤɨɜ ɜ ɬɨɱɤɟ ɪɚɫɩɨɥɨɠɟɧɢɹ ɞɪɭɝɨɝɨ, 
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ɧɚɣɞɟɦ ɩɨ ɮɨɪɦɭɥɟ  0 / 2B I d  . Ɍɨɝɞɚ ɫɢɥɚ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɩɪɨɜɨɞɧɢ-

ɤɨɜ ɛɭɞɟɬ ɪɚɜɧɚ  2

0 / 2F I l d  . Ⱥ ɧɚ ɟɞɢɧɢɰɭ ɞɥɢɧɵ ɩɪɨɜɨɞɚ ɛɭɞɟɬ ɞɟɣ-

ɫɬɜɨɜɚɬɶ ɫɢɥɚ 

 
2

0

2

F I

l d





. 

 ɉɨɞɫɬɚɜɥɹɹ ɢɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɜ ɷɬɭ ɮɨɪɦɭɥɭ, ɩɨɥɭɱɚɟɦ F/l= 4 ɦɇ/ɦ. 

Оɬɜɟɬ: 4 ɦɇ/ɦ. 

ɉɪɢɦɟɪ 3. Ʉɨɪɨɬɤɚɹ ɤɚɬɭɲɤɚ ɪɚɞɢɭɫɨɦ R = 1 ɫɦ ɫɨɞɟɪɠɢɬ N = 150 

ɜɢɬɤɨɜ ɩɪɨɜɨɞɚ, ɩɨ ɤɨɬɨɪɨɦɭ ɬɟɱɟɬ ɬɨɤ I = 2 Ⱥ. Ʉɚɬɭɲɤɚ ɩɨɦɟɳɟɧɚ ɜ ɨɞɧɨ-

ɪɨɞɧɨɟ ɦɚɝɧɢɬɧɨɟ ɩɨɥɟ ɫ ɢɧɞɭɤɰɢɟɣ B = 0,1 Ɍɥ. Ɉɩɪɟɞɟɥɢɬɶ ɜɪɚɳɚɸɳɢɣ 

ɦɨɦɟɧɬ Ɇ, ɞɟɣɫɬɜɭɸɳɢɣ ɧɚ ɧɟɟ ɫɨ ɫɬɨɪɨɧɵ ɩɨɥɹ, ɟɫɥɢ ɨɫɶ ɤɚɬɭɲɤɢ ɫɨ-

ɫɬɚɜɥɹɟɬ ɭɝɨɥ α = 30° ɫ ɥɢɧɢɹɦɢ ɢɧɞɭɤɰɢɢ. 

Ɋɟɲɟɧɢɟ. ȼɪɚɳɚɸɳɢɣ ɦɨɦɟɧɬ Ɇ, ɞɟɣɫɬɜɭɸɳɢɣ ɧɚ ɤɨɧɬɭɪ ɫ ɬɨɤɨɦ  

ɫɨ ɫɬɨɪɨɧɵ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ, ɨɩɪɟɞɟɥɢɦ ɩɨ ɮɨɪɦɭɥɟ 

 sin
m

M p B  . 

ȼɟɥɢɱɢɧɭ ɦɚɝɧɢɬɧɨɝɨ ɦɨɦɟɧɬɚ pm ɤɨɪɨɬɤɨɣ ɤɚɬɭɲɤɢ, ɫɨɞɟɪɠɚɳɟɣ N 

ɜɢɬɤɨɜ ɩɪɨɜɨɞɚ, ɜɵɱɢɫɥɢɦ ɤɚɤ 
mp NIS . ɉɥɨɳɚɞɶ ɫɟɱɟɧɢɹ ɨɞɧɨɝɨ ɜɢɬɤɚ 

ɪɚɜɧɚ 2
S R  . ȼ ɢɬɨɝɟ ɩɨɥɭɱɚɟɦ ɨɤɨɧɱɚɬɟɥɶɧɨɟ ɜɵɪɚɠɟɧɢɟ ɞɥɹ ɜɪɚɳɚɸ-

ɳɟɝɨ ɦɨɦɟɧɬɚ 

 
2 sinM NI R B   . 

ɉɨɞɫɬɚɜɥɹɹ ɢɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɜ ɢɬɨɝɨɜɭɸ ɮɨɪɦɭɥɭ, ɩɨɥɭɱɚɟɦ M 

= 4,7 ɦɇ·ɦ. 

Оɬɜɟɬ: 4,7 ɦɇ·ɦ. 

ɉɪɢɦɟɪ 4. Ⱦɜɚ ɬɨɱɟɱɧɵɯ ɦɚɝɧɢɬɧɵɯ ɞɢ-

ɩɨɥɹ (ɫɦ. ɪɢɫ. 20) ɫ ɦɚɝɧɢɬɧɵɦɢ ɦɨɦɟɧɬɚɦɢ 

pm1 = 1 ɦȺ·ɦ ɢ pm2 = 2 ɦȺ·ɦ ɪɚɫɩɨɥɨɠɟɧɵ ɧɚ 

ɪɚɫɫɬɨɹɧɢɢ r = 1 ɦ ɞɪɭɝ ɨɬ ɞɪɭɝɚ. Ɉɩɪɟɞɟɥɢɬɶ 

ɩɨɬɟɧɰɢɚɥɶɧɭɸ ɷɧɟɪɝɢɸ Π ɢɯ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ. 
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Ɋɟɲɟɧɢɟ. ɉɨɬɟɧɰɢɚɥɶɧɚɹ ɷɧɟɪɝɢɹ ɦɚɝɧɢɬɧɨɝɨ ɞɢɩɨɥɹ ɜɨ ɜɧɟɲɧɟɦ 

ɦɚɝɧɢɬɧɨɦ ɩɨɥɟ ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ 

 cos
m

p B  . 

ȼɵɛɟɪɟɦ ɜ ɤɚɱɟɫɬɜɟ ɢɫɬɨɱɧɢɤɚ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɞɢɩɨɥɶ ɫ ɦɚɝɧɢɬ-

ɧɵɦ ɦɨɦɟɧɬɨɦ pm1. Ɋɚɫɫɦɚɬɪɢɜɚɹ ɦɚɝɧɢɬɧɵɣ ɞɢɩɨɥɶ ɤɚɤ ɤɪɭɝɨɜɨɣ ɩɪɨɜɨɞ-

ɧɢɤ ɪɚɞɢɭɫɨɦ R ɫ ɬɨɤɨɦ I, ɢɧɞɭɤɰɢɸ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɧɚ ɟɝɨ ɨɫɢ, ɧɚ ɪɚɫ-

ɫɬɨɹɧɢɢ r ɨɬ ɰɟɧɬɪɚ, ɨɩɪɟɞɟɥɢɦ ɩɨ ɮɨɪɦɭɥɟ 
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. ɍɱɢɬɵɜɚɹ, 

ɱɬɨ 2

1mp IS I R   , ɢ ɩɪɟɧɟɛɪɟɝɚɹ R2 ɜ ɡɧɚɦɟɧɚɬɟɥɟ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ r2, ɩɨ-

ɥɭɱɚɟɦ 

 0 1

32

m
p

B
r





. 

ɋ ɭɱɟɬɨɦ ɬɨɝɨ, ɱɬɨ ɩɪɢ ɡɚɞɚɧɧɨɦ ɪɚɫɩɨɥɨɠɟɧɢɢ ɦɚɝɧɢɬɧɵɯ ɞɢɩɨɥɟɣ 

ɭɝɨɥ α ɦɟɠɞɭ ɜɟɤɬɨɪɚɦɢ 
2mp  ɢ B  ɪɚɜɟɧ ɧɭɥɸ, ɩɨɬɟɧɰɢɚɥɶɧɚɹ ɷɧɟɪɝɢɹ ɜɬɨ-

ɪɨɝɨ ɦɚɝɧɢɬɧɨɝɨ ɞɢɩɨɥɹ ɛɭɞɟɬ ɪɚɜɧɚ 
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ɉɨɞɫɬɚɜɥɹɹ ɜ ɷɬɭ ɮɨɪɦɭɥɭ ɢɫɯɨɞɧɵɟ ɞɚɧɧɵɟ, ɩɨɥɭɱɚɟɦ Π = –4·10-13 

Ⱦɠ. 

Оɬɜɟɬ: –4·10-13 Ⱦɠ. 

ɉɪɢɦɟɪ 5. Эɥɟɤɬɪɨɧ ɜɥɟɬɚɟɬ ɜ ɨɞɧɨɪɨɞɧɨɟ ɦɚɝɧɢɬɧɨɟ ɩɨɥɟ ɫ ɢɧɞɭɤ-

ɰɢɟɣ B = 0,1 Ɍɥ ɫɨ ɫɤɨɪɨɫɬɶɸ v = 10 Ɇɦ/ɫ. ȼɟɤɬɨɪ ɫɤɨɪɨɫɬɢ ɫɨɫɬɚɜɥɹɟɬ 

ɭɝɨɥ  = 45° ɫ ɧɚɩɪɚɜɥɟɧɢɟɦ ɥɢɧɢɣ ɢɧɞɭɤɰɢɢ. Ɉɩɪɟɞɟɥɢɬɶ ɲɚɝ h ɜɢɧɬɨɜɨɣ 

ɥɢɧɢɢ, ɩɨ ɤɨɬɨɪɨɣ ɛɭɞɟɬ ɞɜɢɝɚɬɶɫɹ ɷɥɟɤɬɪɨɧ ɜ ɦɚɝɧɢɬɧɨɦ ɩɨɥɟ. 

Ɋɟɲɟɧɢɟ. ɒɚɝ ɜɢɧɬɨɜɨɣ ɥɢɧɢɢ – ɷɬɨ ɪɚɫɫɬɨɹɧɢɟ, ɩɪɨɥɟɬɚɟɦɨɟ ɱɚɫɬɢ-

ɰɟɣ ɜ ɧɚɩɪɚɜɥɟɧɢɢ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɡɚ ɜɪɟɦɹ ɨɞɧɨɝɨ ɨɛɨɪɨɬɚ ɩɨ ɨɤɪɭɠɧɨ-

ɫɬɢ (ɪɢɫ. 21). ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɲɚɝ ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɤɚɤ 

 h v T , 
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ɝɞɟ v  – ɫɨɫɬɚɜɥɹɸɳɚɹ ɜɟɤɬɨɪɚ ɫɤɨɪɨɫɬɢ, ɧɚɩɪɚɜɥɟɧɧɚɹ ɜɞɨɥɶ ɜɟɤɬɨɪɚ B ; 

T – ɩɟɪɢɨɞ ɨɛɪɚɳɟɧɢɹ ɱɚɫɬɢɰɵ ɩɨ ɨɤɪɭɠɧɨɫɬɢ. 

 

Ɋɢɫ. 21 

Ⱦɥɹ ɜɵɱɢɫɥɟɧɢɹ ɩɟɪɢɨɞɚ T ɪɚɫɫɦɨɬɪɢɦ ɞɜɢɠɟɧɢɟ ɷɥɟɤɬɪɨɧɚ ɩɨ 

ɨɤɪɭɠɧɨɫɬɢ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɫɢɥɵ Ʌɨɪɟɧɰɚ. ɍɪɚɜɧɟɧɢɟ ɞɜɢɠɟɧɢɹ ɦɨɠɧɨ 

ɩɪɟɞɫɬɚɜɢɬɶ ɜ ɜɢɞɟ 
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 , 

ɝɞɟ v  – ɫɨɫɬɚɜɥɹɸɳɚɹ ɜɟɤɬɨɪɚ ɫɤɨɪɨɫɬɢ, ɧɚɩɪɚɜɥɟɧɧɚɹ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ 

ɤ ɜɟɤɬɨɪɭ B . 

ɉɟɪɢɨɞ ɨɛɪɚɳɟɧɢɹ T ɷɥɟɤɬɪɨɧɚ ɩɨ ɨɤɪɭɠɧɨɫɬɢ ɨɩɪɟɞɟɥɢɦ ɤɚɤ 
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ȼ ɢɬɨɝɟ ɩɨɥɭɱɚɟɦ ɪɚɫɱɟɬɧɭɸ ɮɨɪɦɭɥɭ ɞɥɹ ɲɚɝɚ ɜɢɧɬɨɜɨɣ ɥɢɧɢɢ: 

 
2 2 cosm mv

h v
e B e B

  
  . 

ɉɨɞɫɬɚɜɥɹɹ ɜ ɩɨɫɥɟɞɧɸɸ ɮɨɪɦɭɥɭ ɢɫɯɨɞɧɵɟ ɞɚɧɧɵɟ, ɩɨɥɭɱɚɟɦ h 

= 2,5 ɦɦ. 

Оɬɜɟɬ: 2,5 ɦɦ. 

ɉɪɢɦɟɪ 6. ɉɟɪɩɟɧɞɢɤɭɥɹɪɧɨ ɤ ɦɚɝɧɢɬɧɨɦɭ ɩɨɥɸ ɫ ɢɧɞɭɤɰɢɟɣ 

ȼ = 0,5 Ɍɥ ɜɨɡɛɭɠɞɟɧɨ ɷɥɟɤɬɪɢɱɟɫɤɨɟ ɩɨɥɟ ɧɚɩɪɹɠɟɧɧɨɫɬɶɸ ȿ = 80 ɤȼ/ɦ. 
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ɉɟɪɩɟɧɞɢɤɭɥɹɪɧɨ ɤ ɨɛɨɢɦ ɩɨɥɹɦ ɞɜɢɠɟɬɫɹ, ɧɟ ɨɬɤɥɨɧɹɹɫɶ ɨɬ ɩɪɹɦɨɥɢɧɟɣ-

ɧɨɣ ɬɪɚɟɤɬɨɪɢɢ, ɡɚɪɹɠɟɧɧɚɹ ɱɚɫɬɢɰɚ. ȼɵɱɢɫɥɢɬɶ ɫɤɨɪɨɫɬɶ v ɱɚɫɬɢɰɵ. 

Ɋɟɲɟɧɢɟ. ɋɨɝɥɚɫɧɨ ɜɬɨɪɨɦɭ ɡɚɤɨɧɭ ɇɶɸɬɨɧɚ ɭɫɥɨɜɢɟɦ ɩɪɹɦɨɥɢɧɟɣ-

ɧɨɝɨ ɪɚɜɧɨɦɟɪɧɨɝɨ ɞɜɢɠɟɧɢɹ ɬɟɥɚ ɹɜɥɹɟɬɫɹ ɪɚɜɟɧɫɬɜɨ ɧɭɥɸ ɪɚɜɧɨɞɟɣ-

ɫɬɜɭɸɳɟɣ ɫɢɥɵ. ȼ ɧɚɲɟɦ ɫɥɭɱɚɟ ɧɚ ɡɚɪɹɠɟɧɧɭɸ ɱɚɫɬɢɰɭ ɞɟɣɫɬɜɭɸɬ ɫɢɥɚ 

ЭF qE  ɫɨ ɫɬɨɪɨɧɵ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ ɢ ɫɢɥɚ sinMF qvB   ɫɨ ɫɬɨɪɨɧɵ 

ɦɚɝɧɢɬɧɨɝɨ. Ɍɨɝɞɚ 

 sinqE qvB  . 

Ɉɬɤɭɞɚ 
sin

E
v

B



. ɉɨ ɭɫɥɨɜɢɸ ɡɚɞɚɱɢ α=π/2, ɬɨɝɞɚ 

 
E

v
B

 . 

ɉɨɞɫɬɚɜɥɹɹ ɜ ɩɨɫɥɟɞɧɸɸ ɮɨɪɦɭɥɭ ɢɫɯɨɞɧɵɟ ɞɚɧɧɵɟ, ɩɨɥɭɱɚɟɦ v 

= 1,6·105 ɦ/ɫ. 

Оɬɜɟɬ: 1,6·105 ɦ/ɫ. 

Ɂɚɞɚɱɢ ɞɥя ɫɚɦɨɫɬɨяɬɟɥɶɧɨɝɨ ɪɟɲɟɧɢя 

1. ɉɪɹɦɨɣ ɩɪɨɜɨɞ, ɩɨ ɤɨɬɨɪɨɦɭ ɬɟɱɟɬ ɬɨɤ, ɪɚɫɩɨɥɨɠɟɧ ɜ ɨɞɧɨɪɨɞ-

ɧɨɦ ɦɚɝɧɢɬɧɨɦ ɩɨɥɟ ɫ ɢɧɞɭɤɰɢɟɣ B = 0,5 Ɍɥ ɩɨɞ ɭɝɥɨɦ 30° ɤ ɥɢɧɢɹɦ 

ɦɚɝɧɢɬɧɨɣ ɢɧɞɭɤɰɢɢ. ɇɚɣɬɢ ɫɢɥɭ ɬɨɤɚ ɜ ɩɪɨɜɨɞɧɢɤɟ, ɟɫɥɢ ɧɚ ɨɬɪɟɡɨɤ 

ɩɪɨɜɨɞɧɢɤɚ ɞɥɢɧɨɣ l = 1 ɦ ɞɟɣɫɬɜɭɟɬ ɫɢɥɚ F = 0,5 ɇ. 

2. Эɥɟɤɬɪɨɧ ɞɜɢɠɟɬɫɹ ɜ ɨɞɧɨɪɨɞɧɨɦ ɦɚɝɧɢɬɧɨɦ ɩɨɥɟ ɫɨ ɫɤɨɪɨɫɬɶɸ 

v = 5 Ɇɦ/ɫ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ ɤ ɥɢɧɢɹɦ ɦɚɝɧɢɬɧɨɣ ɢɧɞɭɤɰɢɢ. ɇɚɣɬɢ ɭɫɤɨ-

ɪɟɧɢɟ ɷɥɟɤɬɪɨɧɚ, ɟɫɥɢ ɦɚɝɧɢɬɧɚɹ ɢɧɞɭɤɰɢɹ B ɪɚɜɧɚ 10 ɦɌɥ. 

3. ɇɚɩɪɹɠɟɧɧɨɫɬɶ H ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɜ ɰɟɧɬɪɟ ɤɪɭɝɨɜɨɝɨ ɜɢɬɤɚ ɪɚɜ-

ɧɚ 100 Ⱥ/ɦ. Ɇɚɝɧɢɬɧɵɣ ɦɨɦɟɧɬ ɪɬ ɜɢɬɤɚ ɪɚɜɟɧ 5 Ⱥ·ɦ2. ȼɵɱɢɫɥɢɬɶ ɫɢɥɭ ɬɨ-

ɤɚ I ɜ ɜɢɬɤɟ. 

4. Ⱦɜɚ ɬɨɱɟɱɧɵɯ ɦɚɝɧɢɬɧɵɯ ɞɢɩɨɥɹ (ɪɢɫ. 

22) ɫ ɦɚɝɧɢɬɧɵɦɢ ɦɨɦɟɧɬɚɦɢ pm1 = 1 ɦȺ·ɦ ɢ pm2 

= 2 ɦȺ·ɦ ɪɚɫɩɨɥɨɠɟɧɵ ɧɚ ɪɚɫɫɬɨɹɧɢɢ r = 1 ɦ 

ɞɪɭɝ ɨɬ ɞɪɭɝɚ. Ɉɩɪɟɞɟɥɢɬɶ ɫɢɥɭ ɢɯ ɜɡɚɢɦɨɞɟɣ-

 

Ɋɢɫ. 22 
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ɫɬɜɢɹ. 

5. ɉɪɨɬɨɧ ɜɥɟɬɚɟɬ ɜ ɨɞɧɨɪɨɞɧɨɟ ɦɚɝɧɢɬɧɨɟ ɩɨɥɟ ɫ ɢɧɞɭɤɰɢɟɣ B = 0,5 

Ɍɥ ɫɨ ɫɤɨɪɨɫɬɶɸ v = 5 Ɇɦ/ɫ. ȼɟɤɬɨɪ ɫɤɨɪɨɫɬɢ ɫɨɫɬɚɜɥɹɟɬ ɭɝɨɥ  = 60° ɫ 

ɧɚɩɪɚɜɥɟɧɢɟɦ ɥɢɧɢɣ ɢɧɞɭɤɰɢɢ. Ɉɩɪɟɞɟɥɢɬɶ ɪɚɞɢɭɫ R ɜɢɧɬɨɜɨɣ ɥɢɧɢɢ, ɩɨ 

ɤɨɬɨɪɨɣ ɛɭɞɟɬ ɞɜɢɝɚɬɶɫɹ ɩɪɨɬɨɧ ɜ ɦɚɝɧɢɬɧɨɦ ɩɨɥɟ. 

 

Ɍɟɦɚ № 7. Эɥɟɤɬɪɨɦɚɝɧɢɬɧɚя ɢɧɞɭɤɰɢя 

Ɉɫɧɨɜɧɵɟ ɮɢɡɢɱɟɫɤɢɟ ɡɚɤɨɧɵ ɢ ɮɨɪɦɭɥɵ 

• Ɇɚɝɧɢɬɧɵɣ ɩɨɬɨɤ ɢɧɞɭɤɰɢɢ ɧɟɨɞɧɨɪɨɞɧɨɝɨ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɱɟɪɟɡ 

ɩɥɨɫɤɢɣ ɤɨɧɬɭɪ ɩɥɨɳɚɞɶɸ S 

 
S

BdS   . 

• Ɇɚɝɧɢɬɧɵɣ ɩɨɬɨɤ ɢɧɞɭɤɰɢɢ ɨɞɧɨɪɨɞɧɨɝɨ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɱɟɪɟɡ 

ɩɥɨɫɤɢɣ ɤɨɧɬɭɪ 

 cosBS  , 

ɝɞɟ α – ɭɝɨɥ ɦɟɠɞɭ ɜɟɤɬɨɪɨɦ B  ɢ ɜɟɤɬɨɪɨɦ ɧɨɪɦɚɥɢ n  ɤ ɩɨɜɟɪɯɧɨɫɬɢ ɤɨɧ-

ɬɭɪɚ. 

• ɉɨɥɧɵɣ ɦɚɝɧɢɬɧɵɣ ɩɨɬɨɤ (ɩɨɬɨɤɨɫɰɟɩɥɟɧɢɟ) ɱɟɪɟɡ ɩɨɩɟɪɟɱɧɨɟ ɫɟ-

ɱɟɧɢɟ ɤɚɬɭɲɤɢ 

 N LI    , 

ɝɞɟ N – ɱɢɫɥɨ ɜɢɬɤɨɜ, L – ɢɧɞɭɤɬɢɜɧɨɫɬɶ ɤɚɬɭɲɤɢ. 

• ɂɧɞɭɤɬɢɜɧɨɫɬɶ ɞɥɢɧɧɨɝɨ ɫɨɥɟɧɨɢɞɚ 

 
2

0L n V , 

ɝɞɟ μ – ɦɚɝɧɢɬɧɚɹ ɩɪɨɧɢɰɚɟɦɨɫɬɶ ɫɟɪɞɟɱɧɢɤɚ, n – ɤɨɥɢɱɟɫɬɜɨ ɜɢɬɤɨɜ ɧɚ 

ɟɞɢɧɢɰɭ ɞɥɢɧɵ, V – ɨɛɴɟɦ ɫɟɪɞɟɱɧɢɤɚ. 
• Ɋɚɛɨɬɚ ɫɢɥɵ Ⱥɦɩɟɪɚ, ɫɨɜɟɪɲɚɟɦɚɹ ɩɨ ɩɟɪɟɦɟɳɟɧɢɸ ɤɨɧɬɭɪɚ ɫ ɬɨɤɨɦ 

I ɜ ɦɚɝɧɢɬɧɨɦ ɩɨɥɟ ɢɡ ɩɨɥɨɠɟɧɢɹ 1 ɜ ɩɨɥɨɠɟɧɢɟ 2, 

  2 1A I   . 

• Ɂɚɤɨɧ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɣ ɢɧɞɭɤɰɢɢ 
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i

d d
N

dt dt

 
     , 

ɝɞɟ εi – ЭȾɋ ɢɧɞɭɤɰɢɢ, ɜɨɡɧɢɤɚɸɳɚɹ ɜ ɡɚɦɤɧɭɬɨɦ ɤɨɧɬɭɪɟ ɩɪɢ ɢɡɦɟɧɟɧɢɢ 

ɦɚɝɧɢɬɧɨɝɨ ɩɨɬɨɤɚ ɱɟɪɟɡ ɟɝɨ ɩɨɩɟɪɟɱɧɨɟ ɫɟɱɟɧɢɟ. 

• ЭȾɋ ɫɚɦɨɢɧɞɭɤɰɢɢ 

 
si

dI
L

dt
   , 

ɝɞɟ dI/dt – ɫɤɨɪɨɫɬɶ ɢɡɦɟɧɟɧɢɹ ɫɢɥɵ ɬɨɤɚ ɜ ɤɨɧɬɭɪɟ. 

Ɂɚɤɨɧ ɢɡɦɟɧɟɧɢɹ ɫɢɥɵ ɬɨɤɚ ɜ ɰɟɩɢ, ɫɨɞɟɪɠɚɳɟɣ ɢɧɞɭɤɬɢɜɧɨɫɬɶ: 

ɚ) ɩɨɫɥɟ ɡɚɦɵɤɚɧɢɹ ɰɟɩɢ: 

 1
R

t
LI e

R

 
  

 
, 

ɝɞɟ ε – ЭȾɋ ɢɫɬɨɱɧɢɤɚ ɬɨɤɚ, R – ɚɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɰɟɩɢ; 

ɛ) ɩɨɫɥɟ ɪɚɡɦɵɤɚɧɢɹ ɰɟɩɢ: 

 0

R
t

LI I e


 , 

ɝɞɟ I0 – ɡɧɚɱɟɧɢɟ ɫɢɥɵ ɬɨɤɚ ɩɪɢ t=0 (ɜ ɦɨɦɟɧɬ ɪɚɡɦɵɤɚɧɢɹ ɰɟɩɢ). 

• Эɧɟɪɝɢɹ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ 

 
2

2

LI
W  . 

• Ɉɛɴɟɦɧɚɹ ɩɥɨɬɧɨɫɬɶ ɷɧɟɪɝɢɢ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ 

 
2 2

0

02 2

B H
  


. 

ɉɪɢɦɟɪɵ ɪɟɲɟɧɢя ɡɚɞɚɱ 

ɉɪɢɦɟɪ 1. ɐɟɩɶ ɫɨɫɬɨɢɬ ɢɡ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɫɨɟɞɢɧɟɧɧɵɯ ɫɨɩɪɨ-

ɬɢɜɥɟɧɢɹ R = 1 Ɉɦ, ɤɚɬɭɲɤɢ ɢɧɞɭɤɬɢɜɧɨɫɬɢ L = 0,3 Ƚɧ, ɢɫɬɨɱɧɢɤɚ ɬɨɤɚ ɢ 

ɤɥɸɱɚ. Ʉɥɸɱ ɪɚɡɨɦɤɧɭɬ. ɑɟɪɟɡ ɤɚɤɨɟ ɜɪɟɦɹ ɩɨɫɥɟ ɡɚɦɵɤɚɧɢɹ ɤɥɸɱɚ ɫɢɥɚ 

ɬɨɤɚ ɜ ɰɟɩɢ ɞɨɫɬɢɝɧɟɬ ɭɪɨɜɧɹ 0,7 ɨɬ ɦɚɤɫɢɦɚɥɶɧɨɝɨ? 

Ɋɟɲɟɧɢɟ. Ɂɚɜɢɫɢɦɨɫɬɶ ɫɢɥɵ ɬɨɤɚ ɨɬ ɜɪɟɦɟɧɢ ɩɨɫɥɟ ɡɚɦɵɤɚɧɢɹ ɰɟɩɢ 

ɢɦɟɟɬ ɜɢɞ 
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 1
R

t
LI e

R

 
  

 
. 

ȼ ɞɚɧɧɨɣ ɮɨɪɦɭɥɟ ɨɬɧɨɲɟɧɢɟ 
max/ R I   – ɭɫɬɚɧɨɜɢɜɲɟɟɫɹ (ɦɚɤɫɢ-

ɦɚɥɶɧɨɟ) ɡɧɚɱɟɧɢɟ ɫɢɥɵ ɬɨɤɚ ɜ ɰɟɩɢ. ɉɨ ɭɫɥɨɜɢɸ ɡɚɞɚɱɢ 
max/ 0,7I I  . ȼɵ-

ɪɚɡɢɦ ɜɪɟɦɹ t ɢɡ ɢɫɯɨɞɧɨɣ ɮɨɪɦɭɥɵ. Ⱦɥɹ ɷɬɨɝɨ ɜɧɚɱɚɥɟ ɩɪɟɨɛɪɚɡɭɟɦ ɟɟ ɤ 

ɜɢɞɭ  

 
max

1
R

t
L

I
e

I


  . 

ɉɪɨɥɨɝɚɪɢɮɦɢɪɭɟɦ ɨɛɟ ɱɚɫɬɢ ɩɨɫɥɟɞɧɟɝɨ ɜɵɪɚɠɟɧɢɹ: 

 
max

ln 1
I R

t
I L

 
   

 
. 

Ɉɬɤɭɞɚ 

 
max

ln 1
L I

t
R I

 
   

 
. 

ɉɨɞɫɬɚɜɥɹɹ ɜ ɷɬɭ ɮɨɪɦɭɥɭ ɢɫɯɨɞɧɵɟ ɞɚɧɧɵɟ, ɩɨɥɭɱɚɟɦ t = 0,36 c. 

Оɬɜɟɬ: 0,36 c. 

ɉɪɢɦɟɪ 2. Ɉɩɪɟɞɟɥɢɬɶ ɢɧɞɭɤɬɢɜɧɨɫɬɶ ɫɨɥɟɧɨɢɞɚ ɛɟɡ ɫɟɪɞɟɱɧɢɤɚ, 

ɫɨɞɟɪɠɚɳɟɝɨ N = 1000 ɜɢɬɤɨɜ ɩɪɨɜɨɞɚ, ɧɚɦɨɬɚɧɧɨɝɨ ɜ ɨɞɢɧ ɫɥɨɣ ɧɚ ɰɢ-

ɥɢɧɞɪɢɱɟɫɤɢɣ ɤɚɪɤɚɫ ɞɥɢɧɨɣ l = 10 ɫɦ, ɞɢɚɦɟɬɪɨɦ d = 2 ɫɦ. 

Ɋɟɲɟɧɢɟ. ɂɧɞɭɤɬɢɜɧɨɫɬɶ ɫɨɥɟɧɨɢɞɚ ɨɩɪɟɞɟɥɢɦ ɩɨ ɮɨɪɦɭɥɟ 

 
2

0L n V . 

ȼ ɧɚɲɟɦ ɫɥɭɱɚɟ ɫɟɪɞɟɱɧɢɤ ɨɬɫɭɬɫɬɜɭɟɬ, ɚ ɡɧɚɱɢɬ, µ=1. Ʉɨɥɢɱɟɫɬɜɨ 

ɜɢɬɤɨɜ ɩɪɨɜɨɞɚ ɧɚ ɟɞɢɧɢɰɭ ɞɥɢɧɵ ɨɩɪɟɞɟɥɢɦ ɤɚɤ /n N l . Ɉɛɴɟɦ V ɤɚɪ-

ɤɚɫɚ ɫɨɥɟɧɨɢɞɚ ɪɚɫɫɱɢɬɚɟɦ ɤɚɤ ɨɛɴɟɦ ɰɢɥɢɧɞɪɚ: 21

4
V d l  . ȼ ɢɬɨɝɟ ɩɨɥɭ-

ɱɚɟɦ ɪɚɫɱɟɬɧɭɸ ɮɨɪɦɭɥɭ ɞɥɹ ɢɧɞɭɤɬɢɜɧɨɫɬɢ ɫɨɥɟɧɨɢɞɚ: 

 

2 2 2
2 0

0

1

4 4

N N d
L d l

l l

      
 

. 
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ɉɨɞɫɬɚɜɥɹɹ ɜ ɢɬɨɝɨɜɭɸ ɮɨɪɦɭɥɭ ɢɫɯɨɞɧɵɟ ɞɚɧɧɵɟ, ɩɨɥɭɱɚɟɦ L = 4 

ɦȽɧ. 

Оɬɜɟɬ: 4 ɦȽɧ. 

ɉɪɢɦɟɪ 3. ɋɨɥɟɧɨɢɞ ɛɟɡ ɫɟɪɞɟɱɧɢɤɚ ɫɨɞɟɪɠɢɬ N = 600 ɜɢɬɤɨɜ ɩɪɨ-

ɜɨɞɚ. Ɉɩɪɟɞɟɥɢɬɶ ɷɧɟɪɝɢɸ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɩɪɢ ɫɢɥɟ ɬɨɤɚ I = 2 Ⱥ, ɟɫɥɢ 

ɞɥɢɧɚ ɫɨɥɟɧɨɢɞɚ l = 5 ɫɦ, ɞɢɚɦɟɬɪ d = 1,5 ɫɦ. 

Ɋɟɲɟɧɢɟ. Эɧɟɪɝɢɸ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɨɩɪɟɞɟɥɢɦ ɩɨ ɮɨɪɦɭɥɟ 

 
2

2

LI
W  . 

ȼ ɩɪɟɞɵɞɭɳɟɦ ɩɪɢɦɟɪɟ ɩɨɥɭɱɟɧɨ ɜɵɪɚɠɟɧɢɟ ɞɥɹ ɪɚɫɱɟɬɚ ɢɧɞɭɤɬɢɜ-

ɧɨɫɬɢ ɫɨɥɟɧɨɢɞɚ: 
2 2

0

4

N d
L

l

 
 . Ɍɨɝɞɚ ɪɚɫɱɟɬɧɚɹ ɮɨɪɦɭɥɚ ɩɪɢɧɢɦɚɟɬ ɜɢɞ: 

 
2 2 2

0

8

N d I
W

l

 
 . 

ɉɨɞɫɬɚɜɥɹɹ ɜ ɩɨɫɥɟɞɧɸɸ ɮɨɪɦɭɥɭ ɢɫɯɨɞɧɵɟ ɞɚɧɧɵɟ, ɩɨɥɭɱɚɟɦ W 

= 1,7 ɦɤȾɠ. 

Оɬɜɟɬ: 1,7 ɦɤȾɠ. 

ɉɪɢɦɟɪ 4. Ɉɛɦɨɬɤɚ ɫɨɥɟɧɨɢɞɚ ɫ ɧɟɦɚɝɧɢɬɧɵɦ ɫɟɪɞɟɱɧɢɤɨɦ ɫɨɞɟɪ-

ɠɢɬ n = 25 ɜɢɬɤɨɜ ɧɚ ɫɚɧɬɢɦɟɬɪ ɞɥɢɧɵ. Ɉɩɪɟɞɟɥɢɬɶ ɨɛɴɟɦɧɭɸ ɩɥɨɬɧɨɫɬɶ 

ɷɧɟɪɝɢɢ ɩɨɥɹ, ɟɫɥɢ ɩɨ ɨɛɦɨɬɤɟ ɬɟɱɟɬ ɬɨɤ I = 5 Ⱥ. 

Ɋɟɲɟɧɢɟ. Ɉɛɴɟɦɧɭɸ ɩɥɨɬɧɨɫɬɶ ɷɧɟɪɝɢɢ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɨɩɪɟɞɟɥɢɦ 

ɩɨ ɮɨɪɦɭɥɟ 

 
2

0

2

H
  . 

ɉɨɫɤɨɥɶɤɭ ɫɟɪɞɟɱɧɢɤ ɧɟɦɚɝɧɢɬɧɵɣ 1  , ɧɚɩɪɹɠɟɧɧɨɫɬɶ ɦɚɝɧɢɬɧɨ-

ɝɨ ɩɨɥɹ ɧɚ ɨɫɢ ɞɥɢɧɧɨɝɨ ɫɨɥɟɧɨɢɞɚ ɧɚɣɞɟɦ ɩɨ ɮɨɪɦɭɥɟ H In . ȼ ɢɬɨɝɟ 

ɪɚɫɱɟɬɧɚɹ ɮɨɪɦɭɥɚ ɩɪɢɧɢɦɚɟɬ ɜɢɞ: 

 
 2

0

2

In
  . 

ɉɨɞɫɬɚɜɥɹɹ ɜ ɢɬɨɝɨɜɭɸ ɮɨɪɦɭɥɭ ɢɫɯɨɞɧɵɟ ɞɚɧɧɵɟ, ɩɨɥɭɱɚɟɦ   

= 98 Ⱦɠ/ɦ3. 
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Оɬɜɟɬ: 98 Ⱦɠ/ɦ3. 

ɉɪɢɦɟɪ 5. ȼ ɨɞɧɨɪɨɞɧɨɦ ɦɚɝɧɢɬɧɨɦ ɩɨɥɟ ɫ ɢɧɞɭɤɰɢɟɣ B=1 Ɍɥ ɪɚɜ-

ɧɨɦɟɪɧɨ ɫ ɱɚɫɬɨɬɨɣ n=10 ɫ-1 ɜɪɚɳɚɟɬɫɹ ɬɨɧɤɚɹ ɤɚɬɭɲɤɚ, ɫɨɞɟɪɠɚɳɚɹ 

N=200 ɜɢɬɤɨɜ ɩɪɨɜɨɞɚ ɩɥɨɳɚɞɶɸ S = 20 ɫɦ2. Ɉɫɶ ɜɪɚɳɟɧɢɹ ɥɟɠɢɬ ɜ ɩɥɨɫ-

ɤɨɫɬɢ ɤɚɬɭɲɤɢ. Ɉɩɪɟɞɟɥɢɬɶ ɦɚɤɫɢɦɚɥɶɧɭɸ ɫɢɥɭ ɢɧɞɭɤɰɢɨɧɧɨɝɨ ɬɨɤɚ Imax, 

ɜɨɡɧɢɤɚɸɳɟɝɨ ɜ ɤɚɬɭɲɤɟ, ɟɫɥɢ ɟɟ ɚɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ R=0,5 Ɉɦ. 

Ɋɟɲɟɧɢɟ. ɉɪɢ ɪɚɜɧɨɦɟɪɧɨɦ ɜɪɚɳɟɧɢɢ ɤɚɬɭɲɤɢ ɦɚɝɧɢɬɧɵɣ ɩɨɬɨɤ 

ɱɟɪɟɡ ɟɟ ɫɟɱɟɧɢɟ ɛɭɞɟɬ ɢɡɦɟɧɹɬɶɫɹ ɫɨ ɜɪɟɦɟɧɟɦ ɩɨ ɡɚɤɨɧɭ 

     cost NSB t   . 

Ɂɚɜɢɫɢɦɨɫɬɶ ɭɝɥɚ α ɨɬ ɜɪɟɦɟɧɢ ɡɚɩɢɲɟɦ ɜ ɜɢɞɟ 

  0 0 2t t nt      . ȼ ɤɚɬɭɲɤɟ, ɩɪɢ ɟɟ ɜɪɚɳɟɧɢɢ, ɜɨɡɧɢɤɚɟɬ ЭȾɋ 

ɢɧɞɭɤɰɢɢ  02 sin 2i

d
nNSB nt

dt


       . Ɇɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ЭȾɋ 

ɢɧɞɭɤɰɢɢ ɛɭɞɟɬ ɪɚɜɧɨ 
max 2 nNSB   . Ɇɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɫɢɥɵ ɬɨɤɚ 

ɨɩɪɟɞɟɥɢɦ ɩɨ ɡɚɤɨɧɭ Ɉɦɚ: 

 max
max

2 nNSB
I

R R

 
  . 

ɉɨɞɫɬɚɜɥɹɹ ɜ ɷɬɭ ɮɨɪɦɭɥɭ ɢɫɯɨɞɧɵɟ ɞɚɧɧɵɟ, ɩɨɥɭɱɚɟɦ Imax=5 Ⱥ. 

Оɬɜɟɬ: 5 Ⱥ. 

ɉɪɢɦɟɪ 6. ȼ ɨɞɧɨɪɨɞɧɨɦ ɦɚɝɧɢɬɧɨɦ ɩɨɥɟ ɫ ɢɧɞɭɤɰɢɟɣ B=0,1 Ɍɥ 

ɧɚɯɨɞɢɬɫɹ ɩɪɹɦɨɣ ɩɪɨɜɨɞɧɢɤ ɞɥɢɧɨɣ l=10 ɫɦ, ɪɚɫɩɨɥɨɠɟɧɧɵɣ ɩɟɪɩɟɧɞɢ-

ɤɭɥɹɪɧɨ ɤ ɥɢɧɢɹɦ ɢɧɞɭɤɰɢɢ. ɉɨ ɩɪɨɜɨɞɧɢɤɭ ɬɟɱɟɬ ɬɨɤ I=1 Ⱥ. ɉɨɞ ɞɟɣ-

ɫɬɜɢɟɦ ɫɢɥɵ Ⱥɦɩɟɪɚ ɩɪɨɜɨɞɧɢɤ ɫɦɟɳɚɟɬɫɹ ɧɚ s=2 ɫɦ. ɇɚɣɬɢ ɪɚɛɨɬɭ A ɫɢ-

ɥɵ Ⱥɦɩɟɪɚ. 

Ɋɟɲɟɧɢɟ. ɉɨɫɤɨɥɶɤɭ ɦɚɝɧɢɬɧɨɟ ɩɨɥɟ ɨɞɧɨɪɨɞɧɨɟ, ɪɚɛɨɬɭ A ɫɢɥɵ 

Ⱥɦɩɟɪɚ ɩɨ ɩɟɪɟɦɟɳɟɧɢɸ ɩɪɨɜɨɞɧɢɤɚ ɧɚ ɪɚɫɫɬɨɹɧɢɟ s ɨɩɪɟɞɟɥɢɦ ɩɨ ɮɨɪ-

ɦɭɥɟ 

 cosȺA F s  , 
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ɝɞɟ α – ɭɝɨɥ ɦɟɠɞɭ ɜɟɤɬɨɪɨɦ ȺF  ɢ ɧɚɩɪɚɜɥɟɧɢɟɦ ɩɟɪɟɦɟɳɟɧɢɹ (ɜ ɧɚɲɟɦ 

ɫɥɭɱɚɟ 0  ). 

ɍɱɢɬɵɜɚɹ, ɱɬɨ ɩɪɨɜɨɞɧɢɤ ɪɚɫɩɨɥɨɠɟɧ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ ɤ ɜɟɤɬɨɪɭ 

B , ɫɢɥɭ Ⱥɦɩɟɪɚ ɪɚɫɫɱɢɬɚɟɦ ɤɚɤ ȺF IBl . Ɍɨɝɞɚ ɪɚɛɨɬɚ ɛɭɞɟɬ ɪɚɜɧɚ 

 A IBls . 

ɉɨɞɫɬɚɧɨɜɤɚ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ɜ ɷɬɭ ɮɨɪɦɭɥɭ ɞɚɟɬ ɨɬɜɟɬ: A= 0,2 

ɦȾɠ. 

Оɬɜɟɬ: 0,2 ɦȾɠ. 

Ɂɚɞɚɱɢ ɞɥя ɫɚɦɨɫɬɨяɬɟɥɶɧɨɝɨ ɪɟɲɟɧɢя 

1. ɐɟɩɶ ɫɨɫɬɨɢɬ ɢɡ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɫɨɟɞɢɧɟɧɧɵɯ ɫɨɩɪɨɬɢɜɥɟɧɢɹ, 

ɤɚɬɭɲɤɢ ɢɧɞɭɤɬɢɜɧɨɫɬɢ, ɢɫɬɨɱɧɢɤɚ ɬɨɤɚ ɢ ɤɥɸɱɚ. Ʉɥɸɱ ɡɚɦɤɧɭɬ. ȼɨ 

ɫɤɨɥɶɤɨ ɪɚɡ ɭɦɟɧɶɲɢɬɫɹ ɫɢɥɚ ɬɨɤɚ ɜ ɰɟɩɢ ɱɟɪɟɡ t = 0,5 ɫ ɩɨɫɥɟ ɪɚɡɦɵɤɚɧɢɹ 

ɤɥɸɱɚ, ɟɫɥɢ ɫɨɩɪɨɬɢɜɥɟɧɢɟ R =1 Ɉɦ, ɢɧɞɭɤɬɢɜɧɨɫɬɶ L = 2 Ƚɧ? 

2. Ɉɩɪɟɞɟɥɢɬɶ ɢɧɞɭɤɬɢɜɧɨɫɬɶ ɤɚɬɭɲɤɢ ɛɟɡ ɫɟɪɞɟɱɧɢɤɚ, ɫɨɞɟɪɠɚɳɟɣ 

N = 1000 ɜɢɬɤɨɜ ɩɪɨɜɨɞɚ, ɧɚɦɨɬɚɧɧɨɝɨ ɜ ɨɞɢɧ ɫɥɨɣ ɧɚ ɤɚɪɤɚɫ ɜ ɮɨɪɦɟ ɬɨ-

ɪɨɢɞɚ ɤɪɭɝɥɨɝɨ ɫɟɱɟɧɢɹ ɞɢɚɦɟɬɪɨɦ d = 0,5 ɫɦ. Ⱦɢɚɦɟɬɪ ɬɨɪɨɢɞɚ ɩɨ ɫɪɟɞ-

ɧɟɣ ɥɢɧɢɢ D = 10 ɫɦ. 

3. Ɉɛɦɨɬɤɚ ɫɨɥɟɧɨɢɞɚ ɫ ɧɟɦɚɝɧɢɬɧɵɦ ɫɟɪɞɟɱɧɢɤɨɦ ɫɨɞɟɪɠɢɬ n = 10 

ɜɢɬɤɨɜ ɧɚ ɫɚɧɬɢɦɟɬɪ ɞɥɢɧɵ. Ɉɩɪɟɞɟɥɢɬɶ ɨɛɴɟɦɧɭɸ ɩɥɨɬɧɨɫɬɶ ɷɧɟɪɝɢɢ ɩɨ-

ɥɹ, ɟɫɥɢ ɩɨ ɨɛɦɨɬɤɟ ɬɟɱɟɬ ɬɨɤ I = 10 Ⱥ. 

4. Ƚɟɧɟɪɚɬɨɪ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɤɚɬɭɲɤɭ ɞɢɚɦɟɬɪɨɦ 2 ɫɦ, ɫɨɞɟɪɠɚ-

ɳɭɸ 500 ɜɢɬɤɨɜ ɢ ɜɪɚɳɚɸɳɭɸɫɹ ɜ ɨɞɧɨɪɨɞɧɨɦ ɦɚɝɧɢɬɧɨɦ ɩɨɥɟ ɫ ɢɧɞɭɤ-

ɰɢɟɣ 0,01 Ɍɥ. ɋ ɤɚɤɨɣ ɱɚɫɬɨɬɨɣ ɧɚɞɨ ɜɪɚɳɚɬɶ ɤɚɬɭɲɤɭ, ɱɬɨɛɵ ɫɧɢɦɚɬɶ ɫ ɟɟ 

ɤɨɧɰɨɜ ɧɚɩɪɹɠɟɧɢɟ ɚɦɩɥɢɬɭɞɨɣ 2,5 ȼ? 

5. ɉɥɨɫɤɚɹ ɡɚɦɤɧɭɬɚɹ ɪɚɦɤɚ ɢɡ ɨɞɧɨɝɨ ɜɢɬɤɚ ɩɪɨɜɨɞɚ, ɨɯɜɚɬɵɜɚɸɳɚɹ 

ɩɪɹɦɨɭɝɨɥɶɧɢɤ ɩɥɨɳɚɞɶɸ S = 0,01 ɦ2, ɥɟɠɢɬ ɧɚ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɩɥɨɫɤɨɫɬɢ 

ɜ ɨɞɧɨɪɨɞɧɨɦ ɜɟɪɬɢɤɚɥɶɧɨɦ ɦɚɝɧɢɬɧɨɦ ɩɨɥɟ ɫ ɢɧɞɭɤɰɢɟɣ ȼ = 2 Ɍɥ. Ʉɚɤɨɣ 

ɡɚɪɹɞ ɩɪɨɬɟɱɟɬ ɩɨ ɪɚɦɤɟ, ɟɫɥɢ ɟɟ ɩɨɜɟɪɧɭɬɶ ɧɚ 180° ɜɨɤɪɭɝ ɨɞɧɨɣ ɢɡ ɟɟ 

ɫɬɨɪɨɧ? ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɪɚɦɤɢ ɪɚɜɧɨ R = 0,1 Ɉɦ. 
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ɋɩɪɚɜɨɱɧɵɟ ɬɚɛɥɢɰɵ 

 

Ɍɚɛɥɢɰɚ 1. ɉɪɢɫɬɚɜɤɢ ɢ ɦɧɨɠɢɬɟɥɢ ɜ ɧɚɢɦɟɧɨɜɚɧɢɹɯ ɤɪɚɬɧɵɯ ɢ ɞɨɥɶɧɵɯ 

ɟɞɢɧɢɰ ɢɡɦɟɪɟɧɢɹ ɫɢɫɬɟɦɵ ɋɂ 

   

ɇɚɢɦɟɧɨɜɚɧɢɟ 
Ɉɛɨɡɧɚ-

ɱɟɧɢɟ 

Ɇɧɨɠɢ- 

ɬɟɥɶ 
ɇɚɢɦɟɧɨɜɚɧɢɟ 

Ɉɛɨɡɧɚ-

ɱɟɧɢɟ 

Ɇɧɨɠɢ- 

ɬɟɥɶ 

Ⱥɬɬɨ ɚ 1810  Ⱦɟɤɚ ɞɚ 110  

Ɏɟɦɬɨ ɮ 1510  Ƚɟɤɬɨ ɝ 210  

ɉɢɤɨ ɩ 1210  Ʉɢɥɨ ɤ 310  

ɇɚɧɨ ɧ 910  Ɇɟɝɚ Ɇ 610  

Ɇɢɤɪɨ ɦɤ 610  Ƚɢɝɚ Ƚ 910  

Ɇɢɥɥɢ ɦ 310
 Ɍɟɪɚ Ɍ 1210  

ɋɚɧɬɢ ɫɦ 210
 ɉɟɬɚ ɉ 1510  

Ⱦɟɰɢ ɞɦ 110  Эɤɫɚ Э 1810  

 

 

Ɍɚɛɥɢɰɚ 2. ɉɪɨɢɡɜɨɞɧɵɟ ɢ ɢɧɬɟɝɪɚɥɵ ɧɟɤɨɬɨɪɵɯ ɮɭɧɤɰɢɣ 

ɉɪɨɢɡɜɨɞɧɵɟ ɂɧɬɟɝɪɚɥɵ 
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Ɍɚɛɥɢɰɚ 3. Ⱦɢɷɥɟɤɬɪɢɱɟɫɤɚɹ ɩɪɨɧɢɰɚɟɦɨɫɬɶ ɜɟɳɟɫɬɜɚ 

ȼɟɳɟɫɬɜɨ 
Ⱦɢɷɥɟɤɬɪɢɱɟɫɤɚɹ 

ɩɪɨɧɢɰɚɟɦɨɫɬɶ ε 

ȼɨɡɞɭɯ 1  

ȼɨɞɚ 81 

ɉɚɪɚɮɢɧ 2 

Эɛɨɧɢɬ 3 

Ɏɚɪɮɨɪ 5 

ɋɬɟɤɥɨ, ɫɥɸɞɚ 7 

 

 

Ɍɚɛɥɢɰɚ 4. ɍɞɟɥɶɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɩɪɨɜɨɞɧɢɤɨɜ 

ȼɟɳɟɫɬɜɨ 
ɍɞɟɥɶɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ρ 

(ɩɪɢ 20 ºC), ɧɈɦ·ɦ 

Ɇɟɞɶ 17 

Ⱥɥɸɦɢɧɢɣ 26 

ɀɟɥɟɡɨ 98 

Ƚɪɚɮɢɬ 3,9·103 

 

 

Ɍɚɛɥɢɰɚ 5. Ɉɫɧɨɜɧɵɟ ɮɢɡɢɱɟɫɤɢɟ ɩɨɫɬɨɹɧɧɵɟ 

Эɥɟɦɟɧɬɚɪɧɵɣ ɡɚɪɹɞ   e = 1,6·10-19 Ʉɥ 

Ɇɚɫɫɚ ɷɥɟɤɬɪɨɧɚ    me = 9,1·10-31 ɤɝ 

Ɇɚɫɫɚ ɩɪɨɬɨɧɚ    mp = 1,67·10-27 ɤɝ 

Эɥɟɤɬɪɢɱɟɫɤɚɹ ɩɨɫɬɨɹɧɧɚɹ  ε0 = 8,85·10-12 Ɏ/ɦ 

Ɇɚɝɧɢɬɧɚɹ ɩɨɫɬɨɹɧɧɚɹ   μ0 = 4π·10-7 Ƚɧ/ɦ 
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