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9 ɤɥɚɫɫ 

Зɚɞɚɱɚ 1. ɉɨɫɬɨɹɧɧɚɹ ɩɥɚɧɤɚ 
 ɉɪɢ ɤɚɤɢɯ ɡɧɚɱɟɧɢɹɯ ɦɚɫɫɵ M ɜɨɡɦɨɠɧɨ ɪɚɜɧɨɜɟɫɢɟ ɝɪɭɡɨɜ ɧɚ ɦɚɫɫɢɜɧɨɣ 

ɨɞɧɨɪɨɞɧɨɣ ɩɥɚɧɤɟ (ɪɢɫ.  1)? ɇɢɬɢ ɢ ɛɥɨɤɢ ɧɟɜɟɫɨɦɵ. Ɍɪɟɧɢɹ ɧɟɬ. Ɇɚɫɫɚ m ɢɡɜɟɫɬɧɚ. 

 
ɪɢɫ.  1 

 
 

ɪɢɫ.  2 

Зɚɞɚɱɚ 2. Кɚɪɥɫɨɧ ɭɠɟ ɧɟ ɬɨɬ 
Ɉɞɧɚɠɞɵ ɭ Кɚɪɥɫɨɧɚ ɡɚɝɥɨɯ ɦɨɬɨɪɱɢɤ, ɢ ɨɧ ɫɬɚɥ ɩɚɞɚɬɶ ɜɟɪɬɢɤɚɥɶɧɨ ɜɧɢɡ ɫ ɩɨɫɬɨɹɧɧɨɣ 

ɫɤɨɪɨɫɬɶɸ υ1 = 6 ɦ/ɫ. ɉɨɫɥɟ ɪɟɦɨɧɬɚ ɦɨɬɨɪ ɫɬɚɥ ɪɚɡɜɢɜɚɬɶ ɩɨɫɬɨɹɧɧɭɸ ɫɢɥɭ ɬɹɝɢ. ɂɡ-ɡɚ 
ɷɬɨɝɨ, ɩɪɢ ɜɟɪɬɢɤɚɥɶɧɨɦ ɩɨɞɴɟɦɟ Кɚɪɥɫɨɧ ɜɵɯɨɞɢɥ ɧɚ ɫɤɨɪɨɫɬɶ υ2 = 3 ɦ/ɫ. ɋ ɤɚɤɨɣ 
ɩɨɫɬɨɹɧɧɨɣ ɫɤɨɪɨɫɬɶɸ ɨɧ ɞɜɢɝɚɥɫɹ ɜ ɝɨɪɢɡɨɧɬɚɥɶɧɨɦ ɩɨɥɟɬɟ? ɋɱɢɬɚɬɶ ɫɢɥɭ 
ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɜɨɡɞɭɯɚ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨɣ ɤɜɚɞɪɚɬɭ ɫɤɨɪɨɫɬɢ. Кɚɪɥɫɨɧ, ɛɭɞɭɱɢ ɜ ɦɟɪɭ 
ɭɩɢɬɚɧɧɵɦ, ɨɞɢɧɚɤɨɜɨ ɨɛɬɟɤɚɟɦ ɜɨ ɜɫɟɯ ɧɚɩɪɚɜɥɟɧɢɹɯ. 

Зɚɞɚɱɚ 3. Аɦɩɟɪɦɟɬɪɵ 
ɂɡ ɱɟɬɵɪёɯ ɨɞɢɧɚɤɨɜɵɯ ɚɦɩɟɪɦɟɬɪɨɜ ɫɨɛɪɚɥɢ ɰɟɩɶ ( 

ɪɢɫ.  2), ɤɨɬɨɪɭɸ ɩɨɞɤɥɸɱɢɥɢ ɤ ɢɫɬɨɱɧɢɤɭ ɫ ɧɟɛɨɥɶɲɢɦ ɧɚɩɪɹɠɟɧɢɟɦ. Ɉɩɪɟɞɟɥɢɬɟ ɫɢɥɭ 
ɬɨɤɚ, ɬɟɤɭɳɟɝɨ ɱɟɪɟɡ ɩɟɪɟɦɵɱɤɭ Ⱥȼ (ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɩɟɪɟɦɵɱɤɢ ɢ ɫɨɟɞɢɧɢɬɟɥɶɧɵɯ 
ɩɪɨɜɨɞɨɜ ɦɧɨɝɨ ɦɟɧɶɲɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɚɦɩɟɪɦɟɬɪɚ), ɟɫɥɢ ɫɭɦɦɚ ɩɨɤɚɡɚɧɢɣ ɜɫɟɯ 
ɚɦɩɟɪɦɟɬɪɨɜ 0 49I  ɦȺ. 

Зɚɞɚɱɚ 4. ɉɨɥёɬ 
ɋɤɨɪɨɫɬɶ ɤɚɦɧɹ, ɛɪɨɲɟɧɧɨɝɨ ɫ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɩɥɨɫɤɨɫɬɢ ɩɨɞ ɭɝɥɨɦ ɤ ɝɨɪɢɡɨɧɬɭ, ɱɟɪɟɡ 

ɜɪɟɦɹ 0,5  ɫ ɩɨɫɥɟ ɛɪɨɫɤɚ ɫɨɫɬɚɜɥɹɥɚ 80%  ɨɬ ɧɚɱɚɥɶɧɨɣ ɫɤɨɪɨɫɬɢ, ɚ ɟɳё ɱɟɪɟɡ  
ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ 70% . 

ɇɚɣɞɢɬɟ ɩɨɥɧɨɟ ɜɪɟɦɹ ɩɨɥёɬɚ ɤɚɦɧɹ. 
ɇɚ ɤɚɤɨɦ ɪɚɫɫɬɨɹɧɢɢ ɨɬ ɦɟɫɬɚ ɛɪɨɫɤɚ ɭɩɚɥ ɤɚɦɟɧɶ? 
ɍɫɤɨɪɟɧɢɟ ɫɜɨɛɨɞɧɨɝɨ ɩɚɞɟɧɢɹ 29,8 ɦ ɫg , ɫɨɩɪɨɬɢɜɥɟɧɢɟɦ ɜɨɡɞɭɯɚ ɩɪɟɧɟɛɪɟɱɶ. 

Зɚɞɚɱɚ 5. ɉɨɥɨɠɟɧɢɟ ɋɨɥɧɰɚ 
ɇɚ ɥɢɫɬɟ ɫ ɩɪɢɜɟɞёɧɧɨɣ ɮɨɬɨɝɪɚɮɢɟɣ (ɪɢɫ. 3) ɜɨɫɫɬɚɧɨɜɢɬɟ ɩɨɥɨɠɟɧɢɟ ɋɨɥɧɰɚ ɢ 

ɜɟɪɯɧɟɝɨ ɤɪɚɹ ɡɚɛɨɪɚ. ȼɫɟ ɩɨɫɬɪɨɟɧɢɹ ɩɪɨɜɨɞɢɬɟ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɧɚ ɜɵɞɚɧɧɨɦ ɥɢɫɬɟ ɫ 
ɮɨɬɨɝɪɚɮɢɟɣ ɢ ɩɨ ɨɤɨɧɱɚɧɢɸ ɬɭɪɚ ɫɞɚɣɬɟ ɟɝɨ ɜɦɟɫɬɟ ɫ ɪɚɛɨɬɨɣ. ȼ ɫɜɨɟɣ ɬɟɬɪɚɞɢ 
ɩɪɢɜɟɞɢɬɟ ɧɟɨɛɯɨɞɢɦɵɟ ɩɨɹɫɧɟɧɢɹ. 
  



Ɋɟɝɢɨɧɚɥɶɧɚɹ ɨɥɢɦɩɢɚɞɚ ɲɤɨɥɶɧɢɤɨɜ ɩɨ ɮɢɡɢɤɟ. 17.01.2015 
 

 

ɪɢɫ. 3 

  



Ɋɟɝɢɨɧɚɥɶɧɚɹ ɨɥɢɦɩɢɚɞɚ ɲɤɨɥɶɧɢɤɨɜ ɩɨ ɮɢɡɢɤɟ. 17.01.2015 
 

10 ɤɥɚɫɫ 

Зɚɞɚɱɚ 1. əɳɢɤ ɫ ɩɪɭɠɢɧɚɦɢ 
ȼɧɭɬɪɢ ɱɟɪɧɨɝɨ ɹɳɢɤɚ ɧɚɯɨɞɹɬɫɹ ɞɜɟ ɥɟɝɤɢɟ ɩɪɭɠɢɧɵ ɫ ɠɟɫɬɤɨɫɬɹɦɢ k  ɢ 2k , 

ɫɜɹɡɚɧɧɵɟ ɥɟɝɤɨɣ ɧɟɪɚɫɬɹɠɢɦɨɣ ɧɢɬɶɸ, ɢ ɥɟɝɤɢɣ ɩɨɞɜɢɠɧɵɣ ɛɥɨɤ (ɪɢɫ. 4). ȼ ɧɚɱɚɥɶɧɨɦ 
ɫɨɫɬɨɹɧɢɢ, ɜɧɟɲɧɹɹ ɫɢɥɚ 6F  ɇ, ɩɪɢɥɨɠɟɧɧɚɹ ɤ ɫɜɨɛɨɞɧɨɦɭ ɤɨɧɰɭ ɧɢɬɢ, ɨɛɟɫɩɟɱɢɜɚɟɬ 
ɞɟɮɨɪɦɚɰɢɸ ɧɢɠɧɟɣ ɩɪɭɠɢɧɵ 1x  ɫɦ. Кɚɤɭɸ ɦɢɧɢɦɚɥɶɧɭɸ ɪɚɛɨɬɭ A  ɞɨɥɠɧɚ 
ɫɨɜɟɪɲɢɬɶ ɜɧɟɲɧɹɹ ɫɢɥɚ, ɱɬɨɛɵ ɫɦɟɫɬɢɬɶ ɜɧɢɡ ɫɜɨɛɨɞɧɵɣ ɤɨɧɟɰ ɧɢɬɢ ɟɳё ɧɚ x ? 

 
ɪɢɫ. 4  

ɪɢɫ. 5 

 

 Зɚɞɚɱɚ 2. Дɜɚ ɜ ɨɞɧɨɦ 
ɇɚ pV-ɞɢɚɝɪɚɦɦɟ (ɪɢɫ. 5) ɢɡɨɛɪɚɠɟɧɵ ɬɪɢ ɡɚɦɤɧɭɬɵɯ ɩɪɨɰɟɫɫɚ, ɩɪɨɢɫɯɨɞɹɳɢɯ ɫ 

ɢɞɟɚɥɶɧɵɦ ɝɚɡɨɦ: 1-2-4-1, 2-3-4-2 ɢ 1-2-3-4-1. ɇɚ ɭɱɚɫɬɤɚɯ 1-2 ɢ 3-4 ɬɟɦɩɟɪɚɬɭɪɚ ɝɚɡɚ 
ɩɨɫɬɨɹɧɧɚ, ɚ ɧɚ ɭɱɚɫɬɤɚɯ 2-3 ɢ 4-1 ɝɚɡ ɬɟɩɥɨɢɡɨɥɢɪɨɜɚɧ. ɂɡɜɟɫɬɧɨ, ɱɬɨ ɜ ɩɪɨɰɟɫɫɟ 1-2-4-1 
ɫɨɜɟɪɲɚɟɬɫɹ ɪɚɛɨɬɚ 1 5A Ⱦɠ, ɚ ɜ ɩɪɨɰɟɫɫɟ 2-3-4-2 — 2 4A Ⱦɠ. ɇɚɣɞɢɬɟ ɤɨɷɮɮɢɰɢɟɧɬ 
ɩɨɥɟɡɧɨɝɨ ɞɟɣɫɬɜɢɹ ɩɪɨɰɟɫɫɚ 1-2-3-4-1, ɟɫɥɢ ɤɨɷɮɮɢɰɢɟɧɬɵ ɩɨɥɟɡɧɨɝɨ ɞɟɣɫɬɜɢɹ ɩɪɨɰɟɫɫɨɜ 
1-2-4-1 ɢ 2-3-4-2 ɪɚɜɧɵ. 

Зɚɞɚɱɚ 3. ɉɪɢɤɥɸɱɟɧɢɹ ɩɪɨɛɢɪɤɢ 
ɉɪɨɛɢɪɤɚ ɞɥɢɧɨɣ l = 35 ɫɦ, ɫɨɞɟɪɠɚɳɚɹ ɜɨɡɞɭɯ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ T0 = 300 K, ɩɨɥɧɨɫɬɶɸ 

ɩɨɝɪɭɠɟɧɚ ɜ ɪɬɭɬɶ ɩɥɨɬɧɨɫɬɶɸ ρ = 13 600 ɤɝ/ɦ3 ɬɚɤ, ɱɬɨ ɞɧɨ ɩɪɨɛɢɪɤɢ ɤɚɫɚɟɬɫɹ 
ɩɨɜɟɪɯɧɨɫɬɢ ɠɢɞɤɨɫɬɢ ɢ ɩɪɨɛɢɪɤɚ ɜɟɪɬɢɤɚɥɶɧɚ. ɉɪɢ ɷɬɨɦ ɠɢɞɤɨɫɬɶɸ ɡɚɩɨɥɧɟɧɚ ɱɚɫɬɶ 
ɩɪɨɛɢɪɤɢ ɞɥɢɧɨɣ h = 10 ɫɦ. ɉɪɨɛɢɪɤɭ ɩɨɞɧɢɦɚɸɬ ɜɜɟɪɯ ɞɨ ɬɟɯ ɩɨɪ, ɩɨɤɚ ɟё ɧɢɠɧɢɣ ɤɪɚɣ 
ɧɟ ɞɨɫɬɢɝɧɟɬ ɩɨɜɟɪɯɧɨɫɬɢ ɪɬɭɬɢ (ɩɪɨɛɢɪɤɭ ɢɡ ɪɬɭɬɢ ɧɟ ɜɵɧɢɦɚɸɬ). ɋɱɢɬɚɣɬɟ, ɱɬɨ ɜ 
ɩɪɨɰɟɫɫɟ ɩɨɞɴɟɦɚ ɬɟɦɩɟɪɚɬɭɪɚ ɜɨɡɞɭɯɚ ɜ ɩɪɨɛɢɪɤɟ ɧɟ ɦɟɧɹɥɚɫɶ. Ɂɚɬɟɦ ɬɟɦɩɟɪɚɬɭɪɭ 
ɜɨɡɞɭɯɚ ɜ ɩɪɨɛɢɪɤɟ ɢɡɦɟɧɢɥɢ, ɢ ɪɬɭɬɶ ɫɧɨɜɚ ɡɚɩɨɥɧɢɥɚ ɱɚɫɬɶ ɩɪɨɛɢɪɤɢ ɞɥɢɧɨɣ h. ɇɚɣɬɢ 
ɤɨɧɟɱɧɭɸ ɬɟɦɩɟɪɚɬɭɪɭ ɜɨɡɞɭɯɚ ɜ ɩɪɨɛɢɪɤɟ T. Ⱥɬɦɨɫɮɟɪɧɨɟ ɞɚɜɥɟɧɢɟ p0 = 105 ɉɚ. 
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Зɚɞɚɱɚ 4. ɋɥɨɠɧɵɣ ɫɩɥɚɜ 
ɂɡ ɫɩɥɚɜɚ ɫ ɥɢɧɟɣɧɨ ɢɡɦɟɧɹɸɳɢɦɫɹ ɨɬ ɪɚɫɫɬɨɹɧɢɹ ɭɞɟɥɶɧɵɦ ɫɨɩɪɨɬɢɜɥɟɧɢɟɦ 

ɢɡɝɨɬɨɜɥɟɧɵ ɞɜɚ ɬɨɧɤɢɯ ɩɪɨɜɨɞɧɢɤɚ ɨɞɢɧɚɤɨɜɨɣ ɞɥɢɧɵ ɫ ɜɞɜɨɟ ɨɬɥɢɱɚɸɳɟɣɫɹ ɩɥɨɳɚɞɶɸ 
ɫɟɱɟɧɢɹ. ɍɞɟɥɶɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɫ ɨɞɧɨɝɨ ɤɨɧɰɚ ɤɚɠɞɨɝɨ ɢɡ ɩɪɨɜɨɞɧɢɤɨɜ ɪɚɜɧɨ 1 , ɚ ɫ 
ɞɪɭɝɨɝɨ 2 . ɉɪɨɜɨɞɧɢɤɢ ɫɨɟɞɢɧɢɥɢ ɩɚɪɚɥɥɟɥɶɧɨ ɢ ɩɨɞɤɥɸɱɢɥɢ ɤ ɢɞɟɚɥɶɧɨɦɭ ɢɫɬɨɱɧɢɤɭ ɫ 
ɧɚɩɪɹɠɟɧɢɟɦ U, ɚ ɤ ɢɯ ɫɟɪɟɞɢɧɚɦ (ɬɨɱɤɢ a ɢ b) ɩɨɞɤɥɸɱɢɥɢ ɢɞɟɚɥɶɧɵɣ ɜɨɥɶɬɦɟɬɪ (ɪɢɫ. 6). 
ɇɚɣɞɢɬɟ ɩɨɤɚɡɚɧɢɟ ɜɨɥɶɬɦɟɬɪɚ V . 

 

ɪɢɫ. 6 

Зɚɞɚɱɚ 5. Дɜɟ ɲɚɣɛɵ 
ɇɚ ɝɥɚɞɤɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɧɚɯɨɞɹɬɫɹ ɞɜɟ ɨɞɢɧɚɤɨɜɵɯ ɝɥɚɞɤɢɯ ɲɚɣɛɵ ɪɚɞɢɭɫɚ R . Ɉɞɧɨɣ 

ɢɡ ɲɚɣɛ ɫɨɨɛɳɚɸɬ ɫɤɨɪɨɫɬɶ 0  ɜɞɨɥɶ ɨɫɢ x (ɪɢɫ. 7). ɋɩɭɫɬɹ ɧɟɤɨɬɨɪɨɟ ɜɪɟɦɹ ɩɪɨɢɡɨɲёɥ 
ɚɛɫɨɥɸɬɧɨ ɭɩɪɭɝɢɣ ɭɞɚɪ. ɉɪɢ ɤɚɤɨɦ ɡɧɚɱɟɧɢɢ ɩɪɢɰɟɥɶɧɨɝɨ ɩɚɪɚɦɟɬɪɚ d ɩɪɨɟɤɰɢɹ 
ɫɤɨɪɨɫɬɢ ɜɬɨɪɨɣ ɲɚɣɛɵ ɧɚ ɨɫɶ y ɦɚɤɫɢɦɚɥɶɧɚ? 
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11 ɤɥɚɫɫ 

Зɚɞɚɱɚ 1. Мɚɬɟɦɚɬɢɱɟɫɤɢɣ ɦɚɹɬɧɢɤ 
Ɇɚɥɟɧɶɤɢɣ ɲɚɪɢɤ ɤɨɥɟɛɥɟɬɫɹ ɧɚ ɥёɝɤɨɣ ɧɟɪɚɫɬɹɠɢɦɨɣ ɧɢɬɢ ɜ ɩɨɥɟ ɬɹɠɟɫɬɢ g  ɫ 

ɛɨɥɶɲɨɣ ɭɝɥɨɜɨɣ ɚɦɩɥɢɬɭɞɨɣ . ɇɚɣɞɢɬɟ ɭɫɤɨɪɟɧɢɟ, ɫ ɤɨɬɨɪɵɦ ɞɜɢɠɟɬɫɹ ɲɚɪɢɤ ɜ 
ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ, ɤɨɝɞɚ ɧɚɬɹɠɟɧɢɟ ɧɢɬɢ ɜ 4 ɪɚɡɚ ɩɪɟɜɵɲɚɟɬ ɦɢɧɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ. 
ɇɚɣɞɢɬɟ ɧɚɢɦɟɧɶɲɭɸ ɚɦɩɥɢɬɭɞɭ ɤɨɥɟɛɚɧɢɣ min  ɩɪɢ ɤɨɬɨɪɨɣ ɜɨɡɦɨɠɧɚ ɬɚɤɚɹ ɫɢɬɭɚɰɢɹ. 

Зɚɞɚɱɚ 2. ɉɟɪɟɡɚɪɹɞɤɚ ɤɨɧɞɟɧɫɚɬɨɪɨɜ 
Ɍɪɢ ɨɞɢɧɚɤɨɜɵɯ ɤɨɧɞɟɧɫɚɬɨɪɚ ёɦɤɨɫɬɶɸ C, ɪɟɡɢɫɬɨɪ ɫɨɩɪɨɬɢɜɥɟɧɢɟɦ R ɢ ɞɢɨɞ 

ɜɤɥɸɱɟɧɵ ɜ ɫɯɟɦɭ, ɩɪɟɞɫɬɚɜɥɟɧɧɭɸ ɧɚ ɪɢɫ. 8. ȼɨɥɶɬɚɦɩɟɪɧɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɞɢɨɞɚ 
ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫ. 9. ɉɟɪɜɨɧɚɱɚɥɶɧɨ ɥɟɜɵɣ (ɧɚ ɪɢɫɭɧɤɟ) ɤɨɧɞɟɧɫɚɬɨɪ ɡɚɪɹɠɟɧ ɞɨ 
ɧɚɩɪɹɠɟɧɢɹ U0, ɩɪɢ ɷɬɨɦ ɡɚɪɹɞ ɜɟɪɯɧɟɣ ɩɥɚɫɬɢɧɵ — ɩɨɥɨɠɢɬɟɥɶɧɵɣ. Ⱦɜɚ ɞɪɭɝɢɯ 
ɤɨɧɞɟɧɫɚɬɨɪɚ ɧɟ ɡɚɪɹɠɟɧɵ, ɤɥɸɱ ɪɚɡɨɦɤɧɭɬ. Ɂɚɬɟɦ ɤɥɸɱ ɡɚɦɵɤɚɸɬ. 

Ɉɩɪɟɞɟɥɢɬɟ: 

1. ɧɚɩɪɹɠɟɧɢɟ ɧɚ ɤɨɧɞɟɧɫɚɬɨɪɚɯ ɱɟɪɟɡ ɛɨɥɶɲɨɣ ɩɪɨɦɟɠɭɬɨɤ ɜɪɟɦɟɧɢ ɩɨɫɥɟ 
ɡɚɦɵɤɚɧɢɹ ɤɥɸɱɚ; 

2. ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ, ɤɨɬɨɪɨɟ ɜɵɞɟɥɢɬɫɹ ɜ ɫɯɟɦɟ ɤ ɷɬɨɦɭ ɦɨɦɟɧɬɭ ɜɪɟɦɟɧɢ; 
3. ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ, ɜɵɞɟɥɢɜɲɟɣɫɹ ɤ ɷɬɨɦɭ ɦɨɦɟɧɬɭ ɧɚ ɞɢɨɞɟ; 
4. ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ, ɜɵɞɟɥɢɜɲɟɣɫɹ ɤ ɷɬɨɦɭ ɦɨɦɟɧɬɭ ɧɚ ɪɟɡɢɫɬɨɪɟ. 
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Зɚɞɚɱɚ 3. Уɫɤɨɪɟɧɢɟ ɞɨɫɤɢ 
ɇɚ ɝɥɚɞɤɨɣ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɥɟɠɢɬ ɞɨɫɤɚ ɞɥɢɧɨɣ L ɢ ɦɚɫɫɨɣ M. ɇɚ ɤɪɚɸ 

ɞɨɫɤɢ ɩɨɤɨɢɬɫɹ ɧɟɛɨɥɶɲɨɣ ɛɪɭɫɨɤ. ɇɚ ɛɪɭɫɨɤ ɧɚɱɢɧɚɟɬ ɞɟɣɫɬɜɨɜɚɬɶ ɩɨɫɬɨɹɧɧɚɹ 
ɝɨɪɢɡɨɧɬɚɥɶɧɚɹ ɫɢɥɚ, ɬɚɤ ɱɬɨ ɨɧ ɞɜɢɠɟɬɫɹ ɜɞɨɥɶ ɞɨɫɤɢ ɫ ɭɫɤɨɪɟɧɢɟɦ, ɤɨɬɨɪɨɟ ɛɨɥɶɲɟ 
ɭɫɤɨɪɟɧɢɹ ɞɨɫɤɢ. ɇɚɣɞɢɬɟ ɭɫɤɨɪɟɧɢɟ ɫ ɤɨɬɨɪɵɦ ɞɜɢɝɚɥɚɫɶ ɞɨɫɤɚ, ɟɫɥɢ ɡɚ ɜɪɟɦɹ ɞɜɢɠɟɧɢɹ 
ɩɨ ɧɟɣ ɛɪɭɫɤɚ ɜɵɞɟɥɢɥɨɫɶ ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ Q. 

Зɚɞɚɱɚ 4. Цɢɤɥɢɱɟɫɤɢɣ ɩɪɨɰɟɫɫ 
ɇɚ ɪɢɫ. 10 ɩɪɟɞɫɬɚɜɥɟɧ ɝɪɚɮɢɤ ɰɢɤɥɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ, ɫɨɜɟɪɲёɧɧɨɝɨ ɧɚɞ ɢɞɟɚɥɶɧɵɦ 

ɦɧɨɝɨɚɬɨɦɧɵɦ ɝɚɡɨɦ. ɇɚɣɞɢɬɟ КɉȾ ɷɬɨɝɨ ɩɪɨɰɟɫɫɚ. 

Приɦечаɧие: ɩɪɨɰɟɫɫ ɫ ɩɨɫɬɨɹɧɧɨɣ ɬɟɩɥɨёɦɤɨɫɬɶɸ C ɧɚɡɵɜɚɟɬɫɹ ɩɨɥɢɬɪɨɩɢɱɟɫɤɢɦ ɢ 
ɞɥɹ ɢɞɟɚɥɶɧɨɝɨ ɝɚɡɚ ɡɚɞɚёɬɫɹ ɭɪɚɜɧɟɧɢɟɦ 

 const,
p

V

C C

C CpV   

ɝɞɟ pC  — ɬɟɩɥɨёɦɤɨɫɬɶ ɝɚɡɚ ɩɪɢ ɩɨɫɬɨɹɧɧɨɦ ɞɚɜɥɟɧɢɢ, ɚ VC  — ɬɟɩɥɨёɦɤɨɫɬɶ ɝɚɡɚ ɩɪɢ 
ɩɨɫɬɨɹɧɧɨɦ ɨɛɴёɦɟ. 
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Зɚɞɚɱɚ 5. ɉɪɨɜɢɫɥɚ-ɧɚɬɹɧɭɥɚɫɶ 
ɇɚ ɝɥɚɞɤɨɣ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɩɥɨɫɤɨɫɬɢ ɧɚɯɨɞɹɬɫɹ ɬɪɢ ɛɪɭɫɤɚ, ɦɚɫɫɵ ɤɨɬɨɪɵɯ ɪɚɜɧɵ 1m , 

2m  ɢ 3m . ɇɚ ɪɢɫ. 11 ɩɪɢɜɟɞёɧ ɜɢɞ ɫɜɟɪɯɭ. ɍɩɪɭɝɚɹ ɥёɝɤɚɹ ɪɟɡɢɧɤɚ ɫɜɹɡɵɜɚɟɬ ɛɪɭɫɤɢ 1 ɢ 2 
ɢ ɩɪɨɯɨɞɢɬ ɱɟɪɟɡ ɛɥɨɤ, ɩɪɢɤɪɟɩɥёɧɧɵɣ ɤ ɛɪɭɫɤɭ 3. Ɍɪɟɧɢɹ ɜ ɫɢɫɬɟɦɟ ɧɟɬ. ɂɫɯɨɞɧɨ ɛɪɭɫɤɢ 
ɧɟɩɨɞɜɢɠɧɵ, ɚ ɪɟɡɢɧɤɚ ɱɭɬɶ ɩɪɨɜɢɫɚɟɬ. Ȼɪɭɫɤɭ 3 ɭɞɚɪɨɦ (ɦɝɧɨɜɟɧɧɨ) ɫɨɨɛɳɚɸɬ 
ɫɤɨɪɨɫɬɶ V. 

1. ɇɚɣɞɢɬɟ ɫɤɨɪɨɫɬɢ ɛɪɭɫɤɨɜ ɜ ɦɨɦɟɧɬ, ɤɨɝɞɚ ɪɚɫɬɹɠɟɧɢɟ ɪɟɡɢɧɤɢ ɧɚɢɛɨɥɶɲɟɟ. 
2. Кɚɤɢɦɢ ɛɭɞɭɬ ɫɤɨɪɨɫɬɢ ɛɪɭɫɤɨɜ, ɤɨɝɞɚ ɪɟɡɢɧɤɚ ɫɧɨɜɚ ɩɪɨɜɢɫɧɟɬ? 
3. ȼ ɫɥɭɱɚɟ, ɤɨɝɞɚ V = 1 ɦ/ɫ, 1m  = 1 ɤɝ, 2m  = 2 ɤɝ, 3m  = 3 ɤɝ ɧɚɣɞɢɬɟ ɫɤɨɪɨɫɬɶ 3v  

ɬɪɟɬɶɟɝɨ ɛɪɭɫɤɚ, ɤɨɝɞɚ ɪɚɫɬɹɠɟɧɢɟ ɪɟɡɢɧɤɢ ɧɚɢɛɨɥɶɲɟɟ. 
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Вɨɡɦɨɠɧɵɟ ɪɟɲɟɧɢɹ 
9 ɤɥɚɫɫ 

Зɚɞɚɱɚ 1. ɉɨɫɬɨɹɧɧɚɹ ɩɥɚɧɤɚ 
Ɋɚɜɧɨɜɟɫɢɟ ɜɨɡɦɨɠɧɨ, ɟɫɥɢ ɫɭɳɟɫɬɜɭɸɬ ɨɬɥɢɱɧɵɟ ɨɬ ɧɭɥɹ ɫɢɥɵ ɪɟɚɤɰɢɢ ɝɪɭɡɨɜ ɢ 

ɩɥɚɧɤɢ ɢ ɫɢɥɵ ɧɚɬɹɠɟɧɢɹ ɧɢɬɟɣ. Ⱦɥɹ ɧɚɯɨɠɞɟɧɢɹ ɫɢɥ ɧɚɬɹɠɟɧɢɹ ɪɚɫɫɦɨɬɪɢɦ ɬɨɥɶɤɨ 
ɜɧɟɲɧɢɟ ɫɢɥɵ, ɞɟɣɫɬɜɭɸɳɢɟ ɧɚ ɫɢɫɬɟɦɭ ɝɪɭɡɵ+ɛɥɨɤɢ+ɩɥɚɧɤɚ. ɉɪɚɜɢɥɚ ɦɨɦɟɧɬɨɜ 
ɨɬɧɨɫɢɬɟɥɶɧɨ ɬɨɱɟɤ 1O  ɢ 2O , ɥɟɠɚɳɢɯ ɧɚ ɥɢɧɢɹɯ ɞɟɣɫɬɜɢɹ ɫɢɥ ɧɚɬɹɠɟɧɢɹ ɜɟɪɯɧɢɯ ɧɢɬɟɣ 
(ɪɢɫ.  12), ɢɦɟɸɬ ɜɢɞ: 

 2

1

1

2

2 6 2 3 7 (ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɨɥɸɫɚ ),
2 6 2 3 7 (ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɨɥɸɫɚ ).

Mgx T x mg x mg x O

mgx T x mg x Mg x O
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Ɉɬɤɭɞɚ 1 2

5 7 13
,

12 12

m M m M
T g T g . 

ȼɢɞɧɨ, ɱɬɨ ɥɟɜɚɹ ɧɢɬɶ ɧɟ ɩɪɨɜɢɫɚɟɬ ɩɪɢ ɥɸɛɵɯ ɦɚɫɫɚɯ M, ɚ ɩɪɚɜɚɹ ɧɚɬɹɧɭɬɚ ɩɪɢ 
13M m. Ɂɚɩɢɲɟɦ ɭɫɥɨɜɢɹ ɪɚɜɧɨɜɟɫɢɹ ɞɥɹ ɤɚɠɞɨɝɨ ɢɡ ɝɪɭɡɨɜ ɜ ɨɬɞɟɥɶɧɨɫɬɢ: 

 1 1

2 2

,

.

Mg T N

mg T N
  

Ɉɬɤɭɞɚ ɫ ɭɱɟɬɨɦ ɜɵɪɚɠɟɧɢɣ ɞɥɹ ɫɢɥ ɧɚɬɹɠɟɧɢɹ ɫɢɥɵ ɪɟɚɤɰɢɢ ɪɚɜɧɵ: 
1 5( ) /12N M m g  ɢ 2 ( ) /12N M m g . ɉɨɥɨɠɢɬɟɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɫɢɥ ɪɟɚɤɰɢɢ ɛɭɞɭɬ 

ɬɨɥɶɤɨ ɩɪɢ M m . 

Ɉɤɨɧɱɚɬɟɥɶɧɨ, ɪɚɜɧɨɜɟɫɢɟ ɫɢɫɬɟɦɵ ɜɨɡɦɨɠɧɨ ɞɥɹ 13m M m . 
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Зɚɞɚɱɚ 2. Кɚɪɥɫɨɧ ɭɠɟ ɧɟ ɬɨɬ 
ɉɨ ɭɫɥɨɜɢɸ ɫɢɥɚ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚ ɤɜɚɞɪɚɬɭ ɫɤɨɪɨɫɬɢ, ɬɨ ɟɫɬɶ ɡɚɞɚёɬɫɹ 

ɮɨɪɦɭɥɨɣ 2k . ɉɪɢ ɫɜɨɛɨɞɧɨɦ ɩɚɞɟɧɢɢ ɫɢɥɚ ɬɹɠɟɫɬɢ ɪɚɜɧɚ ɫɢɥɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ: 

 2
1 2

1

, ɨɬɤɭɞɚ .mg
mg k k  

Ɉɛɨɡɧɚɱɢɦ ɫɢɥɭ ɬɹɝɢ ɦɨɬɨɪɱɢɤɚ ɩɨɫɥɟ ɪɟɦɨɧɬɚ ɌF . ɉɪɢ ɜɟɪɬɢɤɚɥɶɧɨɦ ɜɡɥёɬɟ ɫɢɥɚ ɬɹɝɢ 
ɪɚɜɧɚ ɫɭɦɦɟ ɫɢɥɵ ɬɹɠɟɫɬɢ ɢ ɫɢɥɵ ɫɨɩɪɨɬɢɜɥɟɧɢɹ: 

 
2

2 2
2

1
Ɍ 1 .F mg k mg  

ɉɪɢ ɝɨɪɢɡɨɧɬɚɥɶɧɨɦ ɩɨɥёɬɟ ɫɢɥɚ ɬɹɝɢ ɤɨɦɩɟɧɫɢɪɭɟɬ ɫɢɥɭ ɬɹɠɟɫɬɢ, ɧɚɩɪɚɜɥɟɧɧɭɸ 
ɜɟɪɬɢɤɚɥɶɧɨ ɢ ɫɢɥɭ ɫɨɩɪɨɬɢɜɥɟɧɢɹ, ɧɚɩɪɚɜɥɟɧɧɭɸ ɝɨɪɢɡɨɧɬɚɥɶɧɨ: 

 
22 22 2

1

4

3
Ɍ 3 1 .F mg k mg   

ɂɡ ɩɪɢɜɟɞёɧɧɨɣ ɜɵɲɟ ɫɢɫɬɟɦɵ ɭɪɚɜɧɟɧɢɣ ɧɚɣɞёɦ 3 : 

 2 2 2
3 2 2 1

4 2 ≈ 5,2 ɦ/ɫ. 

 

Зɚɞɚɱɚ 3. Аɦɩɟɪɦɟɬɪɵ 
ɉɪɨɧɭɦɟɪɭɟɦ ɚɦɩɟɪɦɟɬɪɵ ɫɥɟɜɚ ɧɚɩɪɚɜɨ ( 

ɪɢɫ.  13) ɢ ɢɡɨɛɪɚɡɢɦ ɷɤɜɢɜɚɥɟɧɬɧɭɸ ɫɯɟɦɭ (ɪɢɫ.  14). ɉɨɫɤɨɥɶɤɭ ɜɫɟ ɚɦɩɟɪɦɟɬɪɵ 
ɨɞɢɧɚɤɨɜɵɟ, ɨɞɢɧɚɤɨɜɵ ɢ ɢɯ ɜɧɭɬɪɟɧɧɢɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ. Ɂɧɚɱɢɬ, 1 4I I I , 

3 1 4 2I I I I . Ɉɛɨɡɧɚɱɢɦ ɜɧɭɬɪɟɧɧɟɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɚɦɩɟɪɦɟɬɪɚ r, ɬɨɝɞɚ ɧɚɩɪɹɠɟɧɢɟ 
ɢɫɬɨɱɧɢɤɚ ɪɚɜɧɨ 

 1 3 2 23 , ɨɬɤɭɞɚ 3 .U I r I r Ir I r I I   

 
 

ɪɢɫ.  13 
 

ɪɢɫ.  14 

 

ɉɨ ɭɫɥɨɜɢɸ 0 1 2 3 4 7I II II I , ɨɬɤɭɞɚ 0 7 7I I  ɦȺ. ɂɫɤɨɦɚɹ ɫɢɥɚ ɬɨɤɚ ɱɟɪɟɡ 
ɩɟɪɟɦɵɱɤɭ AB 1 2 4 28ABI I I I  ɦȺ. 



Ɋɟɝɢɨɧɚɥɶɧɚɹ ɨɥɢɦɩɢɚɞɚ ɲɤɨɥɶɧɢɤɨɜ ɩɨ ɮɢɡɢɤɟ. 17.01.2015 
 

Зɚɞɚɱɚ 4. 
ɉɭɫɬɶ 0x  — ɩɪɨɟɤɰɢɹ ɫɤɨɪɨɫɬɢ ɬɟɥɚ ɜ ɧɚɱɚɥɶɧɵɣ ɦɨɦɟɧɬ ɧɚ ɝɨɪɢɡɨɧɬɚɥɶɧɭɸ ɨɫɶ, ɚ 0y

 — ɧɚ ɜɟɪɬɢɤɚɥɶɧɭɸ. ȿɫɥɢ ɩɪɟɧɟɛɪɟɱɶ ɫɨɩɪɨɬɢɜɥɟɧɢɟɦ ɜɨɡɞɭɯɚ, ɬɨ ɩɪɨɟɤɰɢɹ ɫɤɨɪɨɫɬɢ 
ɬɟɥɚ ɧɚ ɝɨɪɢɡɨɧɬɚɥɶɧɭɸ ɨɫɶ ɫɨɯɪɚɧɹɟɬɫɹ, ɚ ɩɪɨɟɤɰɢɹ ɧɚ ɜɟɪɬɢɤɚɥɶɧɭɸ ɨɫɶ ɛɭɞɟɬ 
ɢɡɦɟɧɹɬɶɫɹ ɩɨ ɡɚɤɨɧɭ 

 0( ) .y yt gt   

ȼɟɥɢɱɢɧɚ ɫɤɨɪɨɫɬɢ ɬɟɥɚ ɜ ɥɸɛɨɣ ɦɨɦɟɧɬ ɦɨɠɟɬ ɛɵɬɶ ɧɚɣɞɟɧɚ ɩɨ ɮɨɪɦɭɥɟ 
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0 0( ) .x y x yt gt  

ɉɨ ɭɫɥɨɜɢɸ 

 

22 2 2
0 0 0 0

22 2 2
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( ) ,

( 22 ) .

x y x y

x y x y

g

g

 (1) 

Ɋɟɲɚɹ ɷɬɭ ɫɢɫɬɟɦɭ, ɧɚɣɞёɦ 0 10,53 ɦ ɫx , 0 10,85ɦ ɫy . ȼɪɟɦɹ ɩɨɥёɬɚ 

0ɩ 2 2,21ɫyt g , ɪɚɫɫɬɨɹɧɢɟ ɨɬ ɦɟɫɬɚ ɛɪɨɫɤɚ ɞɨ ɦɟɫɬɚ ɩɚɞɟɧɢɹ ɩ0 23,3xl t  ɦ. 

Зɚɞɚɱɚ 5. 
ɋɜɟɬɨɜɵɟ ɥɭɱɢ ɪɚɫɩɪɨɫɬɪɚɧɹɸɬɫɹ ɩɪɹɦɨɥɢɧɟɣɧɨ. ɋɥɟɜɚ ɧɚ ɮɨɬɨɝɪɚɮɢɢ ɡɚɩɟɱɚɬɥɟɧɵ 

ɧɟɫɤɨɥɶɤɨ ɥɸɞɟɣ ɜɦɟɫɬɟ ɫ ɨɬɛɪɚɫɵɜɚɟɦɵɦɢ ɢɦɢ ɬɟɧɹɦɢ. ɉɨɥɧɨɫɬɶɸ ɜɢɞɧɚ ɬɟɧɶ ɞɟɜɭɲɤɢ ɜ 
ɱёɪɧɨɦ ɩɥɚɳɟ. Чɟɪɟɡ ɜɟɪɲɢɧɵ ɟё ɝɨɥɨɜɵ ɢ ɬɟɧɢ ɩɪɨɜɟɞёɦ ɩɪɹɦɭɸ 1, ɧɚ ɤɨɬɨɪɨɣ ɛɭɞɟɬ 
ɥɟɠɚɬɶ ɢɡɨɛɪɚɠɟɧɢɟ ɋɨɥɧɰɚ (ɪɢɫ. 15). Ɍɨɠɟ ɫɩɪɚɜɟɞɥɢɜɨ, ɧɚɩɪɢɦɟɪ, ɞɥɹ ɪɟɛёɧɤɚ ɜ ɤɨɥɹɫɤɟ 
ɢ ɟɝɨ ɬɟɧɢ. ȿɫɥɢ ɧɚ ɮɨɬɨɝɪɚɮɢɢ ɬɟɧɶ ɨɬ ɤɚɤɨɝɨ-ɧɢɛɭɞɶ ɩɪɭɬɚ ɡɚɛɨɪɚ ɢ ɩɪɭɬ ɥɟɠɚɬ ɧɚ ɨɞɧɨɣ 
ɩɪɹɦɨɣ, ɬɨ ɧɚ ɷɬɨɣ ɠɟ ɩɪɹɦɨɣ ɧɚɯɨɞɢɬɫɹ ɢɡɨɛɪɚɠɟɧɢɟ ɋɨɥɧɰɚ. ɇɚɣɞёɦ ɧɚ ɮɨɬɨɝɪɚɮɢɢ 
ɧɚɢɛɨɥɟɟ ɩɨɞɯɨɞɹɳɢɣ ɩɪɭɬ ɢ ɩɪɨɜɟɞёɦ ɱɟɪɟɡ ɧɟɝɨ ɥɢɧɢɸ 2. ɇɚ ɩɟɪɟɫɟɱɟɧɢɢ ɥɢɧɢɣ 1 ɢ 2 
ɥɟɠɢɬ ɢɡɨɛɪɚɠɟɧɢɟ ɋɨɥɧɰɚ. Ɉɛɨɡɧɚɱɢɦ ɷɬɭ ɬɨɱɤɭ S. Ɂɧɚɹ ɩɨɥɨɠɟɧɢɟ ɋɨɥɧɰɚ, ɦɨɠɧɨ 
ɜɨɫɫɬɚɧɨɜɢɬɶ ɩɨɥɨɠɟɧɢɟ ɜɟɪɯɧɟɝɨ ɤɪɚɹ ɡɚɛɨɪɚ. ɉɪɨɜɟɞёɦ ɩɪɹɦɭɸ ɱɟɪɟɡ ɜɟɪɯɭɲɤɭ ɬɟɧɢ, 
ɨɬɛɪɚɫɵɜɚɟɦɨɣ ɨɞɧɢɦ ɢ ɫɬɨɥɛɨɜ, ɢ ɬɨɱɤɭ S. ɉɪɨɜɟɞёɦ ɬɚɤɠɟ ɩɪɹɦɭɸ, ɹɜɥɹɸɳɭɸɫɹ 
ɩɪɨɞɨɥɠɟɧɢɟɦ ɷɬɨɝɨ ɫɬɨɥɛɚ. ɇɚ ɩɟɪɟɫɟɱɟɧɢɢ ɞɜɭɯ ɷɬɢɯ ɩɪɹɦɵɯ ɥɟɠɢɬ ɜɟɪɲɢɧɚ ɫɬɨɥɛɚ 
(ɬɨɱɤɚ A). Ⱥɧɚɥɨɝɢɱɧɵɦ ɨɛɪɚɡɨɦ ɦɨɠɧɨ ɧɚɣɬɢ ɜɟɪɲɢɧɭ ɞɪɭɝɨɝɨ ɫɬɨɥɛɚ (ɬɨɱɤɚ B) ɢ ɱɟɪɟɡ 
ɞɜɟ ɷɬɢɯ ɬɨɱɤɢ ɩɪɨɜɟɫɬɢ ɩɪɹɦɭɸ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɭɸ ɜɟɪɯɧɟɦɭ ɤɪɚɸ ɫɬɨɥɛɚ. Эɬɚ ɩɪɹɦɚɹ 
ɞɨɥɠɧɚ ɬɚɤɠɟ ɩɪɨɯɨɞɢɬɶ ɱɟɪɟɡ ɬɨɱɤɭ C — ɩɟɪɟɫɟɱɟɧɢɟ ɩɪɹɦɵɯ, ɹɜɥɹɸɳɢɯɫɹ 
ɩɪɨɞɨɥɠɟɧɢɹɦɢ ɬɟɧɢ ɜɟɪɯɧɟɝɨ ɤɪɚɹ ɡɚɛɨɪɚ ɢ ɧɢɠɧɟɝɨ ɤɪɚɹ ɡɚɛɨɪɚ. Эɬɚ ɬɨɱɤɚ ɬɚɤɠɟ ɦɨɠɟɬ 
ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɚ ɞɥɹ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɜɟɪɯɧɟɝɨ ɤɪɚɹ ɡɚɛɨɪɚ. 
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10 ɤɥɚɫɫ 

Зɚɞɚɱɚ 1. əɳɢɤ ɫ ɩɪɭɠɢɧɚɦɢ 
ɂɡ-ɡɚ ɛɥɨɤɚ ɫɢɥɚ, ɪɚɫɬɹɝɢɜɚɸɳɚɹ ɜɟɪɯɧɸɸ ɩɪɭɠɢɧɭ ɜɞɜɨɟ ɛɨɥɶɲɟ. Ɍɨɝɞɚ, ɩɨ ɡɚɤɨɧɭ 

Ƚɭɤɚ, ɞɟɮɨɪɦɚɰɢɢ ɜɟɪɯɧɟɣ ɢ ɧɢɠɧɟɣ ɩɪɭɠɢɧ ɨɞɢɧɚɤɨɜɵ: F kx , 2 2F kx . ɉɭɫɬɶ ɩɪɢ 
ɫɦɟɳɟɧɢɢ ɫɜɨɛɨɞɧɨɝɨ ɤɨɧɰɚ ɧɚ x ɜɧɢɡ ɪɚɫɬɹɠɟɧɢɟ ɜɟɪɯɧɟɣ ɩɪɭɠɢɧɵ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɧɚ y. 
ɉɪɢ ɷɬɨɦ ɛɥɨɤ ɨɩɭɫɬɢɬɫɹ ɜɧɢɡ ɧɚ y. Кɚɤ ɛɵɥɨ ɩɨɤɚɡɚɧɨ, ɪɚɫɬɹɠɟɧɢɟ ɧɢɠɧɟɣ ɩɪɭɠɢɧɵ 
ɬɚɤɠɟ ɪɚɜɧɨ y. ɉɨɫɤɨɥɶɤɭ ɧɢɬɶ ɧɟɪɚɫɬɹɠɢɦɚ   3x y .  

ȼɧɟɲɧɹɹ ɫɢɥɚ ɫɧɚɱɚɥɚ ɪɚɜɧɚ F kx , ɜ ɤɨɧɰɟ 1 ( ) (4 / 3) (4 / 3)F k x y kx F  ɢ ɥɢɧɟɣɧɨ 
ɡɚɜɢɫɢɬ ɨɬ x. Ɋɚɛɨɬɭ ɷɬɨɣ ɫɢɥɵ ɧɚɣɞёɦ ɤɚɤ ɩɥɨɳɚɞɶ ɩɨɞ ɝɪɚɮɢɤɨɦ F(y): 

 1 7
.

2 6

F F
A x Fx    

Зɚɞɚɱɚ 2. Дɜɚ ɜ ɨɞɧɨɦ 
ȼ ɩɪɨɰɟɫɫɟ 1-2-4 ɧɚ ɭɱɚɫɬɤɟ 1-2 ɤ ɝɚɡɭ ɩɨɞɜɨɞɹɬ ɬɟɩɥɨ 1Q , ɚ ɧɚ ɭɱɚɫɬɤɟ 2-4 ɝɚɡ ɨɬɞɚёɬ 

ɬɟɩɥɨ Q . ȼ ɩɪɨɰɟɫɫɟ 2-3-4 ɧɚ ɭɱɚɫɬɤɟ 4-2 ɤ ɝɚɡɭ ɩɨɞɜɨɞɹɬ ɬɟɩɥɨ Q , ɚ ɧɚ ɭɱɚɫɬɤɟ 3-4 ɝɚɡ 
ɨɬɞɚёɬ ɬɟɩɥɨ 2Q . ȼ ɩɪɨɰɟɫɫɟ 1-2-3-4 ɧɚ ɭɱɚɫɬɤɟ 1-2 ɤ ɝɚɡɭ ɩɨɞɜɨɞɹɬ ɬɟɩɥɨ 1Q , ɚ ɧɚ ɭɱɚɫɬɤɟ 
3-4 ɝɚɡ ɨɬɞɚёɬ ɬɟɩɥɨ 2Q . ȼ ɩɪɨɰɟɫɫɚɯ 1-2-4 ɢ 2-3-4 ɩɪɨɯɨɞɢɬɫɹ ɨɞɢɧ ɢ ɬɨɬ ɠɟ ɭɱɚɫɬɨɤ 2-4, 

ɧɨ ɜ ɪɚɡɧɵɯ ɧɚɩɪɚɜɥɟɧɢɹɯ, ɩɨɷɬɨɦɭ ɜ ɨɞɧɨɦ ɰɢɤɥɟ ɧɚ ɷɬɨɦ ɭɱɚɫɬɤɟ ɫɨɜɟɪɲɚɟɬɫɹ 
ɩɨɥɨɠɢɬɟɥɶɧɚɹ, ɚ ɜ ɞɪɭɝɨɦ ɬɚɤɚɹ ɠɟ ɩɨ ɜɟɥɢɱɢɧɟ, ɧɨ ɨɬɪɢɰɚɬɟɥɶɧɚɹ ɪɚɛɨɬɚ. Ɉɬɫɸɞɚ 
ɫɥɟɞɭɟɬ, ɱɬɨ 1 2A A A . 

ɉɨ ɨɩɪɟɞɟɥɟɧɢɸ ɤɨɷɮɮɢɰɢɟɧɬɚ ɩɨɥɟɡɧɨɝɨ ɞɟɣɫɬɜɢɹ 

 1 2
1 2

1

, .
A A

Q Q
 

ɉɨɫɤɨɥɶɤɭ 1 2 , ɬɨ 2 1 1.Q A A Q  ɉɨ ɡɚɤɨɧɭ ɫɨɯɪɚɧɟɧɢɹ ɷɧɟɪɝɢɢ ɞɥɹ ɰɢɤɥɚ 1-2-4 

1 1A Q Q . Ɉɬɤɭɞɚ 
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Ɂɧɚɹ ɪɚɛɨɬɭ A ɢ ɬɟɩɥɨ 1Q , ɦɨɠɧɨ ɧɚɣɬɢ ɢɫɤɨɦɵɣ КɉȾ 
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Зɚɞɚɱɚ 3. ɉɪɢɤɥɸɱɟɧɢɹ ɩɪɨɛɢɪɤɢ 
ɉɪɨɜɟɪɢɦ, ɧɟ ɜɵɯɨɞɢɬ ɥɢ ɱɚɫɬɶ ɜɨɡɞɭɯɚ ɢɡ ɩɪɨɛɢɪɤɢ. ȼ ɤɨɧɟɱɧɨɦ ɫɨɫɬɨɹɧɢɢ ɨɛɴɟɦ 

ɜɨɡɞɭɯɚ ɧɟ ɦɨɠɟɬ ɩɪɟɜɵɲɚɬɶ ɨɛɴɟɦɚ ɩɪɨɛɢɪɤɢ (ɢɧɚɱɟ ɱɚɫɬɶ ɜɨɡɞɭɯɚ ɜɵɣɞɟɬ), ɚ ɞɚɜɥɟɧɢɟ 
ɧɟ ɦɨɠɟɬ ɩɪɟɜɵɲɚɬɶ ɚɬɦɨɫɮɟɪɧɨɝɨ (ɞɚɜɥɟɧɢɟ ɪɚɜɧɨ ɚɬɦɨɫɮɟɪɧɨɦɭ, ɟɫɥɢ ɨɧɚ ɛɭɞɟɬ 
ɡɚɩɨɥɧɟɧɚ ɜ ɤɨɧɟɱɧɨɦ ɩɨɥɨɠɟɧɢɢ ɰɟɥɢɤɨɦ ɢ ɦɟɧɶɲɟ ɚɬɦɨɫɮɟɪɧɨɝɨ, ɟɫɥɢ ɜ ɧɟɣ ɟɫɬɶ 
ɠɢɞɤɨɫɬɶ). Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɨ ɡɚɤɨɧɭ Ȼɨɣɥɹ-Ɇɚɪɢɨɬɬɚ ɩɨɥɭɱɚɟɦ ɭɫɥɨɜɢɟ: 

ɧɚɱ ɧɚɱ ɤɨɧ ɤɨɧ 0 ɩɪɨɛɢɪɤɢp V p V p V , ɬ.ɟ. ɧɚɱ ɧɚɱ 0 ɩɪɨɛɢɪɤɢp V p V ɨɬɤɭɞɚ 0 0( ( ))( ) 0p g l h l h p l  
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Эɬɨ ɭɫɥɨɜɢɟ ɧɟ ɜɵɩɨɥɧɹɟɬɫɹ, ɩɨɷɬɨɦɭ ɦɵ ɩɪɢɯɨɞɢɦ ɤ ɜɵɜɨɞɭ, ɱɬɨ ɡɚ ɜɪɟɦɹ ɩɨɞɴёɦɚ 

ɱɚɫɬɶ ɜɨɡɞɭɯɚ ɢɡ ɩɪɨɛɢɪɤɢ ɜɵɯɨɞɢɬ, ɢ ɤ ɟɝɨ ɨɤɨɧɱɚɧɢɸ ɩɪɨɛɢɪɤɚ ɛɭɞɟɬ ɰɟɥɢɤɨɦ 
ɡɚɩɨɥɧɟɧɚ ɜɨɡɞɭɯɨɦ ɩɪɢ ɚɬɦɨɫɮɟɪɧɨɦ ɞɚɜɥɟɧɢɢ. Ɂɚɩɢɲɟɦ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɭɪɚɜɧɟɧɢɟ 
ɫɨɫɬɨɹɧɢɹ ɞɥɹ ɜɨɡɞɭɯɚ: 

 ɩɪɨɛɢɪ0 0ɤɢ .p V RT  

ɉɨɫɥɟ ɢɡɦɟɧɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɭɪɚɜɧɟɧɢɟ ɫɨɫɬɨɹɧɢɹ ɩɪɢɦɟɬ ɜɢɞ: 

 ɤɨɧ ɤɨɧ ɩɪɨɛɢ ɤ0 ɪ ɢ, ɝɞ .ɟ l h
p V Vh V

l
g RT   

ɋɨɤɪɚɳɚɹ ɜ ɷɬɢɯ ɭɪɚɜɧɟɧɢɹɯ ɤɨɥɢɱɟɫɬɜɨ ɜɨɡɞɭɯɚ , ɧɚɯɨɞɢɦ ɢɫɤɨɦɭɸ ɬɟɦɩɟɪɚɬɭɪɭ:  

0
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ȿɫɥɢ ɧɟ ɭɱɟɫɬɶ ɜɵɯɨɞ ɜɨɡɞɭɯɚ, ɬɨ ɩɨɥɭɱɚɟɬɫɹ ɧɟɩɪɚɜɢɥɶɧɵɣ «ɨɬɜɟɬ» 
0

0
0
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Зɚɞɚɱɚ 4. ɋɥɨɠɧɵɣ ɫɩɥɚɜ 
ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɩɪɨɜɨɞɧɢɤɚ ɞɥɢɧɨɣ L  ɢ ɩɥɨɳɚɞɶɸ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ S , ɭɞɟɥɶɧɨɟ 

ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɤɨɬɨɪɨɝɨ ɥɢɧɟɣɧɨ ɦɟɧɹɟɬɫɹ ɫ ɪɚɫɫɬɨɹɧɢɟɦ ɨɬ l  ɞɨ r  ɦɨɠɧɨ ɧɚɣɬɢ ɩɨ 
ɮɨɪɦɭɥɟ: 

 .
2

l r l
R

S
  (2) 

 Ⱦɥɹ ɧɚɯɨɠɞɟɧɢɹ ɩɨɤɚɡɚɧɢɹ ɜɨɥɶɬɦɟɬɪɚ ɦɵɫɥɟɧɧɨ ɪɚɡɨɛɶёɦ ɤɚɠɞɵɣ ɩɪɨɜɨɞɧɢɤ 
ɩɨɫɟɪɟɞɢɧɟ ɧɚ ɞɜɚ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɫɨɟɞɢɧёɧɧɵɯ (ɪɢɫ.  16). ɉɪɢɦɟɧɢɦ ɞɥɹ ɧɢɯ 
ɮɨɪɦɭɥɭ (2): 

 1 2 1 2 1 2

2 1 1 2 1 2

) /(
.

( 3

2 3

) / 2

R

R
  

ɉɨɫɤɨɥɶɤɭ ɩɪɢ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɦ ɫɨɟɞɢɧɟɧɢɢ ɩɪɨɜɨɞɧɢɤɨɜ ɧɚɩɪɹɠɟɧɢɟ ɧɚ ɧɢɯ ɩɚɞɚɟɬ 
ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ ɫɨɩɪɨɬɢɜɥɟɧɢɸ, ɩɚɞɟɧɢɟ ɧɚɩɪɹɠɟɧɢɟ ɧɚ ɪɟɡɢɫɬɨɪɟ 2R : 

 2
2

2 1 2

2 1

1

3
,

4

R
V U

R
U

R
  

ɚɧɚɥɨɝɢɱɧɨ 

 1 2
4

1 2

4

3 4

.
3

4

R
V U U

RR
  

ɉɚɞɟɧɢɟ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɪɟɡɢɫɬɨɪɟ 2R  ɪɚɜɧɨ ɫɭɦɦɟ ɩɚɞɟɧɢɣ ɧɚɩɪɹɠɟɧɢɣ ɧɚ 
ɪɟɡɢɫɬɨɪɟ 4R  ɢ ɜɨɥɶɬɦɟɬɪɟ: 

 1 2
2 4 2 4

1 2

, ɨɬɤɭɞɚ .
2

U
V V V V V V   
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Зɚɞɚɱɚ 5. 
ɉɨɫɤɨɥɶɤɭ ɲɚɣɛɵ ɝɥɚɞɤɢɟ, ɩɪɢ ɫɬɨɥɤɧɨɜɟɧɢɢ ɞɟɣɫɬɜɭɸɳɢɟ ɦɟɠɞɭ ɧɢɦɢ ɫɢɥɵ ɛɭɞɭɬ 

ɧɚɩɪɚɜɥɟɧɧɵ ɜɞɨɥɶ ɩɪɹɦɨɣ, ɫɨɟɞɢɧɹɸɳɟɣ ɰɟɧɬɪɵ ɲɚɣɛ (ɪɢɫ. 17). Ɉɛɨɡɧɚɱɢɦ ɫɤɨɪɨɫɬɶ 
ɜɬɨɪɨɣ ɲɚɣɛɵ ɩɨɫɥɟ ɫɬɨɥɤɧɨɜɟɧɢɹ ɡɚ . ɉɨɫɤɨɥɶɤɭ ɲɚɣɛɵ ɨɞɢɧɚɤɨɜɵ, ɢɯ ɦɚɫɫɵ ɪɚɜɧɵ. 
ɉɨ ɡɚɤɨɧɭ ɫɨɯɪɚɧɟɧɢɹ ɢɦɩɭɥɶɫɚ ɫɤɨɪɨɫɬɶ ɩɟɪɜɨɣ ɲɚɣɛɵ ɩɨɫɥɟ ɭɞɚɪɚ ɛɭɞɟɬ 0 . 

ɉɨɫɤɨɥɶɤɭ ɭɞɚɪ ɚɛɫɨɥɸɬɧɨ ɭɩɪɭɝɢɣ, ɤɢɧɟɬɢɱɟɫɤɚɹ ɷɧɟɪɝɢɹ ɫɨɯɪɚɧɹɟɬɫɹ: 

 2 2 2 2 2
0 0 0 0 0( 2 cos , ɨɬɤɭɞɚ М .o) 2 s  

ɉɪɨɟɤɰɢɹ ɫɤɨɪɨɫɬɢ ɜɬɨɪɨɣ ɲɚɣɛɵ ɧɚ ɨɫɶ y ɟɫɬɶ 0 0

1
sin sin 2 .

2
sin cos

ɉɪɨɟɤɰɢɹ ɦɚɤɫɢɦɚɥɶɧɚ ɩɪɢ 45 , ɜ ɷɬɨɦ ɫɥɭɱɚɟ 2d r . 
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11 ɤɥɚɫɫ 

Зɚɞɚɱɚ 1. 
Ɉɛɨɡɧɚɱɢɦ ɦɚɫɫɭ ɲɚɪɢɤɚ m, ɚ ɞɥɢɧɭ ɧɢɬɢ l ɢ ɪɚɫɫɦɨɬɪɢɦ ɦɨɦɟɧɬ, ɤɨɝɞɚ ɧɢɬɶ 

ɫɨɫɬɚɜɥɹɟɬ ɭɝɨɥ  ɫ ɜɟɪɬɢɤɚɥɶɸ. Ɂɚɩɢɲɟɦ ɜɬɨɪɨɣ ɡɚɤɨɧ ɇɶɸɬɨɧɚ ɞɥɹ ɲɚɪɢɤɚ ɜ ɩɪɨɟɤɰɢɢ 
ɧɚ ɨɫɶ, ɩɚɪɚɥɥɟɥɶɧɭɸ ɧɢɬɢ: 

 
2

cos .m T mg
l

  (3) 

ɂɡ ɡɚɤɨɧɚ ɫɨɯɪɚɧɟɧɢɹ ɷɧɟɪɝɢɢ ɧɚɣɞёɦ ɤɜɚɞɪɚɬ ɫɤɨɪɨɫɬɢ ɲɚɪɢɤɚ: 

 
2

2(cos cos ), ɨɬɤɭɞɚ 2 (Мos Мos ).
2

m mgl m gl   (4) 

ɉɨɞɫɬɚɜɢɜ (4) ɜ (3), ɩɨɥɭɱɢɦ 

 (3cos 2cos ).T mg     

ȼɢɞɧɨ, ɱɬɨ ɫɢɥɚ ɧɚɬɹɠɟɧɢɹ ɧɢɬɢ ɦɢɧɢɦɚɥɶɧɚ ɩɪɢ  ɢ ɪɚɜɧɚ min cosT mg . ɉɪɢ  

ɬɚɤɨɦ, ɱɬɨ 2c s oso c , min4 2 cosT T mg . ȼ ɷɬɨɬ ɦɨɦɟɧɬ ɧɨɪɦɚɥɶɧɨɟ ɭɫɤɨɪɟɧɢɟ 
ɲɚɪɢɤɚ ɪɚɜɧɨ 

 
cos

cos ,n

T mg
a g

m
   

ɚ ɬɚɧɝɟɧɰɢɚɥɶɧɨɟ ɭɫɤɨɪɟɧɢɟ ɲɚɪɢɤɚ ɪɚɜɧɨ 

 sin .a g   

ɉɨɥɧɨɟ ɭɫɤɨɪɟɧɢɟ ɲɚɪɢɤɚ 2 2cos sina g g . 

ɋɢɬɭɚɰɢɹ, ɤɨɝɞɚ ɫɢɥɚ ɧɚɬɹɠɟɧɢɹ ɧɢɬɢ ɜ 4 ɪɚɡɚ ɩɪɟɜɵɲɚɟɬ ɦɢɧɢɦɚɥɶɧɭɸ, ɜɨɡɦɨɠɧɚ, 
ɟɫɥɢ ɫɭɳɟɫɬɜɭɟɬ ɬɚɤɨɣ ɭɝɨɥ , ɱɬɨ cos 2cos , ɬɨ ɟɫɬɶ 

 min1, ɨɬɤɭ2co 6ɚs 0 .ɞ   

 

Зɚɞɚɱɚ 2. ɉɟɪɟɡɚɪɹɞɤɚ ɤɨɧɞɟɧɫɚɬɨɪɨɜ 

ɇɭɠɧɨ ɪɚɫɫɦɨɬɪɟɬɶ ɞɜɚ ɫɥɭɱɚɹ: ɦɚɥɵɯ ɧɚɩɪɹɠɟɧɢɣ U0, ɤɨɝɞɚ ɩɪɚɜɵɣ ɤɨɧɞɟɧɫɚɬɨɪ 
ɜɨɨɛɳɟ ɧɟ ɛɭɞɟɬ ɡɚɪɹɠɚɬɶɫɹ, ɬɚɤ ɤɚɤ ɧɚɩɪɹɠɟɧɢɟ ɧɚ ɫɪɟɞɧɟɦ ɤɨɧɞɟɧɫɚɬɨɪɟ ɧɟ ɩɪɟɜɡɨɣɞёɬ 
ɧɚɩɪɹɠɟɧɢɟ ɨɬɤɪɵɬɢɹ ɞɢɨɞɚ UD, ɢ ɫɥɭɱɚɹ, ɤɨɝɞɚ ɡɚɪɹɠɚɟɬɫɹ ɢ ɩɪɚɜɵɣ ɤɨɧɞɟɧɫɚɬɨɪ. ȿɫɥɢ 
ɞɢɨɞ ɧɟ ɨɬɤɪɵɜɚɟɬɫɹ, ɬɨ ɩɟɪɜɨɧɚɱɚɥɶɧɵɣ ɡɚɪɹɞ ɥɟɜɨɝɨ ɤɨɧɞɟɧɫɚɬɨɪɚ ɞɟɥɢɬɫɹ ɩɨɪɨɜɧɭ 
ɦɟɠɞɭ ɞɜɭɦɹ ɤɨɧɞɟɧɫɚɬɨɪɚɦɢ. ɇɚɩɪɹɠɟɧɢɹ ɧɚ ɤɨɧɞɟɧɫɚɬɨɪɚɯ ɱɟɪɟɡ ɛɨɥɶɲɨɣ ɩɪɨɦɟɠɭɬɨɤ 
ɜɪɟɦɟɧɢ ɩɨɫɥɟ ɡɚɦɵɤɚɧɢɹ ɤɥɸɱɚ: 

 0 0
1 2 3, , 0 (ɤɨɧɞɟɧɫɚɬɨɪɵ ɩɪɨɧɭɦɟɪɨɜɚɧɧɵ ɫɥɟɜɚ ɧɚɩɪɚɜɨ).

2 2

U U
U U U  

ȼɢɞɧɨ, ɱɬɨ ɷɬɨɬ ɫɥɭɱɚɣ ɪɟɚɥɢɡɭɟɬɫɹ ɩɪɢ 0 / 2DU U . ȼɵɞɟɥɢɜɲɭɸɫɹ ɜ ɰɟɩɢ ɬɟɩɥɨɬɭ Q 

ɧɚɣɞёɦ ɢɡ ɡɚɤɨɧɚ ɫɨɯɪɚɧɟɧɢɹ ɷɧɟɪɝɢɢ: 
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2 2 2
0 0 0( / 2)

2 .
2 2 4

CU C U CU
Q  

ɉɨɫɤɨɥɶɤɭ ɬɨɤ ɱɟɪɟɡ ɞɢɨɞ ɧɟ ɬёɤ, ɜɫё ɬɟɩɥɨ ɜɵɞɟɥɢɥɨɫɶ ɧɚ ɪɟɡɢɫɬɨɪɟ. 

Ɍɟɩɟɪɶ ɪɚɫɫɦɨɬɪɢɦ ɫɥɭɱɚɣ 0 / 2DU U . ɉɪɢ ɡɚɪɹɞɤɟ ɩɪɚɜɨɝɨ ɤɨɧɞɟɧɫɚɬɨɪɚ ɧɚɩɪɹɠɟɧɢɟ 
ɧɚ ɧёɦ U3 ɛɭɞɟɬ ɦɟɧɶɲɟ, ɱɟɦ ɧɚɩɪɹɠɟɧɢɟ ɧɚ ɫɪɟɞɧɟɦ U2 ɧɚ ɜɟɥɢɱɢɧɭ UD. ɇɚɩɪɹɠɟɧɢɹ ɧɚ 
ɥɟɜɨɦ ɢ ɫɪɟɞɧɟɦ ɤɨɧɞɟɧɫɚɬɨɪɚɯ U1 ɢ U2 ɤ ɨɤɨɧɱɚɧɢɸ ɩɟɪɟɡɚɪɹɞɤɢ ɛɭɞɭɬ ɪɚɜɧɵɦɢ: 

1 2U U U . ɍɫɥɨɜɢɟ ɫɨɯɪɚɧɟɧɢɟ ɡɚɪɹɞɚ: 

 0
0 2 ( ), ɨɬɤɭɞɚ .

3
D

D

U U
CU CU C U U U  

Ɉɛɳɟɟ ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ, ɜɵɞɟɥɢɜɲɟɟɫɹ ɤ ɤɨɧɰɭ ɩɪɨɰɟɫɫɚ ɜ ɫɯɟɦɟ ɛɭɞɟɬ ɪɚɜɧɨ 
ɪɚɡɧɨɫɬɢ ɧɚɱɚɥɶɧɨɣ ɢ ɤɨɧɟɱɧɨɣ ɷɧɟɪɝɢɣ ɤɨɧɞɟɧɫɚɬɨɪɨɜ: 

 
2 2 222
0 0( )( )

2 .
2 2 2 3

DDCU C U UC U UCU
Q    

Ɍɟɩɥɨ, ɜɵɞɟɥɢɜɲɟɟɫɹ ɧɚ ɞɢɨɞɟ 

 ,D D DQ q U  

ɝɞɟ 3Dq CU  — ɡɚɪɹɞ ɩɪɚɜɨɝɨ ɤɨɧɞɟɧɫɚɬɨɪɚ ɤ ɤɨɧɰɭ ɩɪɨɰɟɫɫɚ ɩɟɪɟɡɚɪɹɞɤɢ. Ɍɚɤɢɦ 
ɨɛɪɚɡɨɦ 

 
2

0 2
.

3
D D

D

C U U U
Q   

Ɉɫɬɚɥɶɧɨɟ ɬɟɩɥɨ ɜɵɞɟɥɢɬɫɹ ɧɚ ɪɟɡɢɫɬɨɪɟ: 

 
2 2
0 0( )

.
3

D D
R D

C U U U U
Q Q Q   

 

Зɚɞɚɱɚ 3. Уɫɤɨɪɟɧɢɟ ɞɨɫɤɢ 
ɉɭɫɬɶ m — ɦɚɫɫɚ ɛɪɭɫɤɚ, a — ɢɫɤɨɦɨɟ ɭɫɤɨɪɟɧɢɟ ɞɨɫɤɢ, ka — ɭɫɤɨɪɟɧɢɟ ɛɪɭɫɤɚ ( 1k ), 

F — ɩɨɫɬɨɹɧɧɚɹ ɫɢɥɚ, ɞɟɣɫɬɜɭɸɳɚɹ ɧɚ ɛɪɭɫɨɤ, ɬɪF  — ɫɢɥɚ ɬɪɟɧɢɹ ɦɟɠɞɭ ɞɨɫɤɨɣ ɢ 
ɛɪɭɫɤɨɦ. Ɂɚɩɢɲɟɦ ɜɬɨɪɵɟ ɡɚɤɨɧɵ ɇɶɸɬɨɧɚ ɞɥɹ ɛɪɭɫɤɚ ɢ ɞɨɫɤɢ ɜ ɩɪɨɟɤɰɢɢ ɧɚ 
ɝɨɪɢɡɨɧɬɚɥɶɧɭɸ ɨɫɶ: 

 
ɬɪ

ɬɪ

,

.

F F mka

F Ma
  

ȿɫɥɢ ɡɚ t ɨɛɨɡɧɚɱɢɬɶ ɜɪɟɦɹ ɞɜɢɠɟɧɢɹ ɛɪɭɫɤɚ ɨɬ ɨɞɧɨɝɨ ɤɪɚɹ ɞɨɫɤɢ ɞɨ ɞɪɭɝɨɝɨ, ɬɨ ɜ 
ɥɚɛɨɪɚɬɨɪɧɨɣ ɫɢɫɬɟɦɟ ɨɬɫɱёɬɚ ɩɭɬɶ, ɩɪɨɣɞɟɧɧɵɣ ɛɪɭɫɤɨɦ, ɪɚɜɟɧ 2 / 2mL kat , ɚ ɩɭɬɶ, 
ɩɪɨɣɞɟɧɧɵɣ ɞɨɫɤɨɣ, ɪɚɜɟɧ 2 / 2ML at . Ɋɚɡɧɨɫɬɶ ɷɬɢɯ ɩɭɬɟɣ ɟɫɬɶ ɞɥɢɧɚ ɞɨɫɤɢ:   

.m ML L L  

Ɋɚɛɨɬɚ ɫɢɥɵ, ɩɪɢɥɨɠɟɧɧɨɣ ɤ ɛɪɭɫɤɭ, ɪɚɜɧɚ 

 ( ) .m mA F L mka Ma L   (5) 
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Ɂɚɩɢɲɟɦ ɡɚɤɨɧ ɫɨɯɪɚɧɟɧɢɹ ɷɧɟɪɝɢɢ ɞɥɹ ɫɢɫɬɟɦɵ «ɛɪɭɫɨɤ+ɞɨɫɤɚ»: 

2 2( ) ( ) .
2 2 m M

m M
A kat at Q mkaL MaL Q  

ɋ ɭɱёɬɨɦ ɜɵɪɚɠɟɧɢɹ ɞɥɹ ɪɚɛɨɬɵ (5) ɩɨɫɥɟ ɫɨɤɪɚɳɟɧɢɹ ɩɨɥɭɱɢɦ: 

 ( ) , ɨɬɤɭɞɚ .m M

Q
Q Ma L L MaL a

ML
  

 

Зɚɞɚɱɚ 4. Цɢɤɥɢɱɟɫɤɢɣ ɩɪɨɰɟɫɫ 
Ƚɪɚɮɢɤ ɩɪɨɰɟɫɫɚ ɫɨɫɬɨɢɬ ɢɡ ɱɟɬɵɪёɯ ɩɪɹɦɵɯ, ɤɚɠɞɭɸ ɢɡ ɤɨɬɨɪɵɯ ɦɨɠɧɨ ɡɚɞɚɬɶ 

ɭɪɚɜɧɟɧɢɟɦ ɜɢɞɚ 

 ,y nx c   (6)  

ɝɞɟ 0ln( / )y p p , 0ln( / )x V V , ɚ c  — ɧɟɤɨɬɨɪɚɹ ɤɨɧɫɬɚɧɬɚ. Ⱦɥɹ ɭɱɚɫɬɤɨɜ AB ɢ CD 1n , 

ɚ ɞɥɹ ɭɱɚɫɬɤɨɜ BC ɢ AD 4 / 3n . ɉɪɨɢɡɜɟɞɹ ɩɨɬɟɧɰɢɪɨɜɚɧɢɟ ɜɵɪɚɠɟɧɢɹ (6), ɩɨɥɭɱɢɦ 

 1
1 1 0 0, ɝɞɟ .cn npV c c p V e    

ɍɱɚɫɬɤɢ AB ɢ CD ɨɩɢɫɵɜɚɸɬɫɹ ɭɪɚɜɧɟɧɢɟɦ constpV , ɬɨ ɟɫɬɶ ɹɜɥɹɸɬɫɹ ɢɡɨɬɟɪɦɚɦɢ, 
ɚ ɭɱɚɫɬɤɢ BC ɢ AD ɨɩɢɫɵɜɚɸɬɫɹ ɭɪɚɜɧɟɧɢɟɦ 4/3 constpV , ɬɨ ɟɫɬɶ ɹɜɥɹɸɬɫɹ ɚɞɢɚɛɚɬɚɦɢ 
(ɝɚɡ ɦɧɨɝɨɚɬɨɦɧɵɣ). Ɂɧɚɱɢɬ, ɢɫɫɥɟɞɭɟɦɵɣ ɩɪɨɰɟɫɫ ɟɫɬɶ ɰɢɤɥ Кɚɪɧɨ, ɟɝɨ КɉȾ 

 2

1

1 ,
T

T
  

ɝɞɟ 1T  — ɬɟɦɩɟɪɚɬɭɪɚ ɧɚ ɜɟɪɯɧɟɣ ɢɡɨɬɟɪɦɟ, ɚ 2T  — ɧɚ ɧɢɠɧɟɣ. ɂɡ ɭɪɚɜɧɟɧɢɹ ɫɨɫɬɨɹɧɢɹ 
ɢɞɟɚɥɶɧɨɝɨ ɝɚɡɚ ɫɥɟɞɭɟɬ, ɱɬɨ 

 0,22

1

0,82.D D D

B B B

T p V p
e

T p V p
  

Ɉɬɤɭɞɚ 

 18%.   

 

Зɚɞɚɱɚ 5. ɉɪɨɜɢɫɥɚ-ɧɚɬɹɧɭɥɚɫɶ 
1. ɉɭɫɬɶ T — ɫɢɥɚ ɧɚɬɹɠɟɧɢɹ ɪɟɡɢɧɤɢ, ɬɨɝɞɚ ɫɢɥɚ, ɞɟɣɫɬɜɭɸɳɚɹ ɫɨ ɫɬɨɪɨɧɵ ɛɥɨɤɚ ɧɚ 

ɛɪɭɫɨɤ 3 ɪɚɜɧɚ 2T. ɍɫɤɨɪɟɧɢɹ ɛɪɭɫɤɨɜ ɨɛɨɡɧɚɱɢɦ 1a , 2a  ɢ 3a  ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. ɉɨ ɜɬɨɪɨɦɭ 

ɡɚɤɨɧɭ ɇɶɸɬɨɧɚ 

 1 1 2 2 3 3; ;  2 .m a T m a T m a T   

Ɍɨɝɞɚ ɬɨɠɟ ɨɬɧɨɲɟɧɢɟ ɫɩɪɚɜɟɞɥɢɜɨ ɞɥɹ ɢɡɦɟɧɟɧɢɹ ɢɦɩɭɥɶɫɨɜ (ɫ ɭɱёɬɨɦ ɧɚɩɪɚɜɥɟɧɢɣ) 

 1 1 2 2 3 3 2 – .m m m V   

ɋɤɨɪɨɫɬɶ ɢɡɦɟɧɟɧɢɹ ɞɥɢɧɵ ɧɢɬɢ 3 1 2/  2 – ( ) dL dt v  ɩɪɢ ɧɚɢɛɨɥɶɲɟɦ ɪɚɫɬɹɠɟɧɢɢ 
ɨɛɪɚɳɚɟɬɫɹ ɜ ɧɨɥɶ, ɬɨ ɟɫɬɶ 1 2 3 2 . 



Ɋɟɝɢɨɧɚɥɶɧɚɹ ɨɥɢɦɩɢɚɞɚ ɲɤɨɥɶɧɢɤɨɜ ɩɨ ɮɢɡɢɤɟ. 17.01.2015 
 
Ɉɬɤɭɞɚ  

 
3 3 1 2 1 2 1 3 3 2

1 3 2 1 2 1 3 3 2

2 3 1 1 2 1 3 3 2

/ ;

 2 / ;

 2 )/ ( .

m m m V m m m m m m

m m V m m m m m m

m mV m m m m m m

  

2. Ɉɫɬɚёɬɫɹ ɜ ɫɢɥɟ ɫɥɟɞɫɬɜɢɟ ɜɬɨɪɨɝɨ ɡɚɤɨɧɚ ɇɶɸɬɨɧɚ 

 1 1 2 2 3 3 ( – ).2m m v m V   

ɉɪɢ ɜɨɡɜɪɚɳɟɧɢɢ ɪɟɡɢɧɤɢ ɫɧɨɜɚ ɜ ɧɟɧɚɬɹɧɭɬɨɟ ɫɨɫɬɨɹɧɢɟ, ɩɨ ɡɚɤɨɧɭ ɫɨɯɪɚɧɟɧɢɹ 
ɷɧɟɪɝɢɢ:  

 
22 2 2

31 2
1 2 3 32 2

.
2 2

V
m m m m  

 Ɉɬɤɭɞɚ 

 
3 1 3 3 2 1 2 1 2 1 3 3 2

1 3 2 1 2 1 3 3 2

2 3 1 1 2 1 3 3 2

 4  4 – /  4  4 ;
 4 /  4  4 ;

 4 /  4  4 .( )

m m m m m m V m m m m m m

m m V m m m m m m

m mV m m m m m m

 

3. ɉɨɞɫɬɚɜɥɹɸ ɜ ɩɨɥɭɱɟɧɧɭɸ ɜ ɩɟɪɜɨɦ ɩɭɧɤɬɟ ɮɨɪɦɭɥɭ ɱɢɫɥɨɜɵɟ ɡɧɚɱɟɧɢɹ, ɧɚɯɨɞɢɦ 

 3

9 ɦ ɫ.
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