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Ƚɫɠɧя ɝɶɪɩɦɨɠɨɣя ɢɛɟɛɨɣɤ – 180 ɧɣɨɮɭ. ɇɛɥɬɣɧɛɦɷɨɩɠ ɥɩɦɣɲɠɬɭɝɩ ɜɛɦɦɩɝ – 100 
 
Зɛɟɛɨɣɠ 1: Дɶɧ ɪɩ ɝɠɭɫɮ (30 ɜɛɦɦɩɝ) 
Ɍɟɩɥɨɜɨɡ ɢ ɫɬɚɪɵɣ ɝɪɭɡɨɜɢɤ ɞɜɢɠɭɬɫɹ ɩɨ ɪɟɥɶɫɚɦ ɢ ɚɜɬɨɦɨɛɢɥɶɧɨɣ 
ɞɨɪɨɝɟ, ɩɟɪɟɫɟɤɚɸɳɢɦɢɫɹ ɩɨɞ ɩɪɹɦɵɦ ɭɝɥɨɦ, ɨɫɬɚɜɥɹɹ ɡɚ ɫɨɛɨɣ 
ɞɵɦɨɜɨɣ ɲɥɟɣɮ, ɤɚɤ ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫɭɧɤɟ (ɜɢɞ ɫɜɟɪɯɭ). ɋɤɨɪɨɫɬɶ 
ɬɟɩɥɨɜɨɡɚ — ν1, ɝɪɭɡɨɜɢɤɚ — ν2. ɇɚɣɞɢɬɟ ɫɤɨɪɨɫɬɶ ɜɟɬɪɚ, ɩɪɢɜɨɞɹɳɟɝɨ 
ɤ ɫɧɨɫɭ ɞɵɦɨɜɵɯ ɲɥɟɣɮɨɜ. Кɚɤɢɦ ɞɨɥɠɧɨ ɛɵɬɶ ɫɨɨɬɧɨɲɟɧɢɟ ɦɟɠɞɭ 
ɫɤɨɪɨɫɬɹɦɢ ɬɟɩɥɨɜɨɡɚ ɢ ɝɪɭɡɨɜɢɤɚ? 

Рɠɳɠɨɣɠ 

Ɉɛɨɡɧɚɱɢɦ ɫɤɨɪɨɫɬɶ ɜɟɬɪɚ ɡɚ u. Ɋɚɫɫɦɨɬɪɢɦ ɦɨɦɟɧɬ, ɤɨɝɞɚ ɝɪɭɡɨɜɢɤ 
ɩɪɨɟɡɠɚɟɬ ɩɟɪɟɟɡɞ, ɞɵɦɨɜɨɣ ɲɥɟɣɮ ɝɪɭɡɨɜɢɤɚ ɜ ɷɬɨɬ ɦɨɦɟɧɬ 
ɫɨɜɩɚɞɚɟɬ ɫ ɥɢɧɢɟɣ ɠɟɥɟɡɧɨɞɨɪɨɠɧɵɯ ɩɭɬɟɣ. ɉɨɥɨɠɟɧɢɟ ɬɨɱɤɢ 
ɩɟɪɟɫɟɱɟɧɢɹ ɲɥɟɣɮɨɜ ɜ ɬɨɬ ɦɨɦɟɧɬ ɫɨɜɩɚɞɚɟɬ ɫ ɩɨɥɨɠɟɧɢɟɦ 
ɬɟɩɥɨɜɨɡɚ (ɨɛɨɡɧɚɱɢɦ ɟɝɨ O). Ɋɚɫɫɦɨɬɪɢɦ ɩɟɪɟɦɟɳɟɧɢɟ 
ɲɥɟɣɮɨɜ ɡɚ ɟɞɢɧɢɱɧɵɣ ɩɪɨɦɟɠɭɬɨɤ ɜɪɟɦɟɧɢ. Ɍɟɩɥɨɜɨɡ 
ɩɟɪɟɦɟɫɬɢɬɫɹ ɜ ɬɨɱɤɭ A, ɲɥɟɣɮ ɨɬ ɝɪɭɡɨɜɢɤɚ ɫɦɟɫɬɢɬɫɹ ɜɩɪɚɜɨ 
ɧɚ v2, ɨɫɬɚɜɚɹɫɶ ɩɚɪɚɥɥɟɥɶɧɵɦ ɠɟɥɟɡɧɨɞɨɪɨɠɧɵɦ ɩɭɬɹɦ, ɚ 
ɬɨɱɤɚ ɩɟɪɟɫɟɱɟɧɢɹ ɲɥɟɣɮɨɜ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɜɟɬɪɚ ɫɦɟɫɬɢɬɫɹ ɢɡ 
O ɜ ɩɨɥɨɠɟɧɢɟ С ɧɚ u (ɫɦ. ɪɢɫɭɧɨɤ). Ⱦɵɦɨɜɵɟ ɲɥɟɣɮɵ ɛɭɞɭɬ 
ɪɚɫɩɨɥɨɠɟɧɵ ɜɞɨɥɶ ɨɬɪɟɡɤɨɜ AC ɢ CB. ɉɨɥɶɡɭɹɫɶ 
ɝɟɨɦɟɬɪɢɱɟɫɤɢɦɢ ɫɨɨɛɪɚɠɟɧɢɹɦɢ, ɧɚɣɞёɦ u. 

В ɬɪɟɭɝɨɥɶɧɢɤɟ ADC ɫɬɨɪɨɧɚ DC ɪɚɜɧɚ   , ɬ. ɤ. ODCB — 
ɩɪɹɦɨɭɝɨɥɶɧɢɤ. ɉɨɫɤɨɥɶɤɭ ɨɞɢɧ ɢɡ ɭɝɥɨɜ ɜ ɩɪɹɦɨɭɝɨɥɶɧɨɦ 
ɬɪɟɭɝɨɥɶɧɢɤɟ ADC ɪɚɜɟɧ 45°, ɷɬɨɬ ɬɪɟɭɝɨɥɶɧɢɤ 
ɪɚɜɧɨɛɟɞɪɟɧɧɵɣ ɢ         . Ɍɨɝɞɚ ɨɬɪɟɡɨɤ OD ɪɚɜɟɧ      . Ɍɟɩɟɪɶ ɩɪɢɦɟɧɢɦ ɬɟɨɪɟɦɭ ɉɢɮɚɝɨɪɚ ɤ 
ɩɪɹɦɨɭɝɨɥɶɧɨɦɭ ɬɪɟɭɝɨɥɶɧɢɤɭ ODC:            ;    ሺ     ሻ     . Ɉɬɫɸɞɚ   √ሺ     ሻ     . Ɉɱɟɜɢɞɧɨ, ɱɬɨɛɵ ɞɚɧɧɨɟ ɩɨɫɬɪɨɟɧɢɟ ɛɵɥɨ 
ɜɨɡɦɨɠɧɵɦ, ɞɨɥɠɧɨ ɜɵɩɨɥɧɹɬɶɫɹ ɭɫɥɨɜɢɟ       

Ɉɬɜɟɬ:   √ሺ     ሻ     ,      . 

 

Кɫɣɭɠɫɣɤ ȼɛɦɦɶ 

Ɋɚɫɫɦɨɬɪɟɧɨ ɩɟɪɟɦɟɳɟɧɢɟ ɬɨɱɤɢ ɩɟɪɟɫɟɱɟɧɢɹ ɲɥɟɣɮɨɜ 10 

ɋɞɟɥɚɧ ɪɢɫɭɧɨɤ, ɩɨɡɜɨɥɹɸɳɢɣ ɧɚɣɬɢ ɫɤɨɪɨɫɬɶ ɜɟɬɪɚ 10 

ɉɨɥɭɱɟɧɨ ɜɵɪɚɠɟɧɢɟ ɞɥɹ ɫɤɨɪɨɫɬɢ ɜɟɬɪɚ 5 

ɉɨɥɭɱɟɧɨ ɫɨɨɬɧɨɲɟɧɢɟ ɫɤɨɪɨɫɬɟɣ 5 
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Зɛɟɛɨɣɠ 2: ɍɫɮɜɛ ɝ ɪɠɲɣ (25 ɜɛɦɦɩɝ) 
Ɉɞɧɨɪɨɞɧɭɸ ɬɪɭɛɭ ɢɡ ɦɟɬɚɥɥɚ ɧɚɝɪɟɜɚɸɬ ɜ ɢɧɞɭɤɰɢɨɧɧɨɣ ɩɟɱɢ ɜ ɜɟɪɬɢɤɚɥɶɧɨɦ ɩɨɥɨɠɟɧɢɢ ɨɬ 
ɬɟɦɩɟɪɚɬɭɪɵ T0 ɞɨ T1. Кɚɤ ɩɨɬɪɚɬɢɬɶ ɦɟɧɶɲɟ ɬɟɩɥɚ - ɩɨɞɜɟɫɢɜ ɟё ɧɚ ɧɟɪɚɫɬɹɠɢɦɨɣ ɧɢɬɢ ɢɥɢ ɩɨɫɬɚɜɢɜ ɧɚ 
ɠɟɫɬɤɢɣ ɩɨɥ ɜ ɩɟɱɢ? Ɍɟɦɩɟɪɚɬɭɪɭ ɜ ɩɟɱɢ ɩɪɢ ɧɚɝɪɟɜɟ ɫɱɢɬɚɬɶ ɨɞɢɧɚɤɨɜɨɣ ɜɨ ɜɫɟɯ ɬɨɱɤɚɯ. 
 
Рɠɳɠɨɣɠ: 
ɉɪɢ ɧɚɝɪɟɜɚɧɢɢ ɬɪɭɛɚ ɪɚɫɲɢɪɹɟɬɫɹ, ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɟɟ ɞɥɢɧɚ. ȿɫɥɢ ɬɪɭɛɚ ɩɨɞɜɟɲɟɧɚ ɧɚ ɧɢɬɢ, ɟɟ ɰɟɧɬɪ 
ɬɹɠɟɫɬɢ ɨɩɭɫɤɚɟɬɫɹ, ɟɫɥɢ ɩɨɫɬɚɜɥɟɧɚ ɧɚ ɩɨɥ – ɩɨɞɧɢɦɚɟɬɫɹ, ɩɨɷɬɨɦɭ ɜ ɩɟɪɜɨɦ ɫɥɭɱɚɟ ɩɨɬɪɟɛɭɟɬɫɹ 
ɦɟɧɶɲɟ ɷɧɟɪɝɢɢ ɧɚ ɧɚɝɪɟɜ. ɉɨɦɢɦɨ ɬɟɩɥɨɜɨɝɨ ɪɚɫɲɢɪɟɧɢɹ ɬɪɭɛɵ, ɜ ɩɪɨɰɟɫɫɟ ɧɚɝɪɟɜɚ ɜɨɡɧɢɤɚɟɬ ɪɹɞ 
ɮɢɡɢɱɟɫɤɢɯ ɹɜɥɟɧɢɣ, ɤɨɬɨɪɵɟ ɜ ɬɨɣ ɢɥɢ ɢɧɨɣ ɫɬɟɩɟɧɢ ɜɥɢɹɸɬ ɧɚ ɨɬɜɟɬ. ɉɨɥ ɜ ɩɟɱɢ ɦɨɠɟɬ 
ɞɟɮɨɪɦɢɪɨɜɚɬɶɫɹ, ɱɬɨ ɫɤɚɠɟɬɫɹ ɢ ɧɚ ɞɜɢɠɟɧɢɢ ɰɟɧɬɪɚ ɬɹɠɟɫɬɢ ɬɪɭɛɵ. Ɇɨɠɟɬ ɢɡɦɟɧɹɬɶɫɹ ɞɥɢɧɚ ɧɢɬɢ, 
ɩɪɢɱɟɦ ɧɟ ɨɛɹɡɚɬɟɥɶɧɨ ɜ ɫɬɨɪɨɧɭ ɭɜɟɥɢɱɟɧɢɹ. Кɨɧɜɟɤɰɢɸ ɜɨɡɞɭɯɚ ɜ ɩɟɱɢ ɫɥɟɞɭɟɬ ɢɫɤɥɸɱɢɬɶ, ɬɚɤ ɤɚɤ ɜ 
ɭɫɥɨɜɢɢ ɭɤɚɡɚɧɨ, ɱɬɨ ɬɟɦɩɟɪɚɬɭɪɚ ɜ ɥɸɛɨɣ ɬɨɱɤɟ ɨɞɢɧɚɤɨɜɚ. В ɥɸɛɨɦ ɫɥɭɱɚɟ ɪɚɡɧɢɰɚ ɜ ɷɧɟɪɝɢɢ ɦɟɠɞɭ 
ɞɜɭɦɹ ɜɚɪɢɚɧɬɚɦɢ ɧɚɝɪɟɜɚ ɨɤɚɡɵɜɚɟɬɫɹ ɧɟɡɧɚɱɢɬɟɥɶɧɨɣ. 
 

Кɫɣɭɠɫɣɤ ȼɛɦɦɶ 

ɍɤɚɡɚɧɵ ɮɢɡɢɱɟɫɤɢɟ ɹɜɥɟɧɢɹ, ɜɥɢɹɸɳɢɟ ɧɚ ɩɪɨɰɟɫɫ ɧɚɝɪɟɜɚ 10 

Ɉɩɪɟɞɟɥɟɧɨ, ɜɟɞɭɬ ɨɧɢ ɤ ɞɨɩɨɥɧɢɬɟɥɶɧɵɦ ɡɚɬɪɚɬɚɦ ɷɧɟɪɝɢɢ, ɢɥɢ ɧɟɬ 10 

ɉɨɤɚɡɚɧɚ ɪɚɡɧɢɰɚ ɦɟɠɞɭ ɞɜɭɦɹ ɫɩɨɫɨɛɚɦɢ ɧɚɝɪɟɜɚ ɬɪɭɛɵ 5 

 
 
Зɛɟɛɨɣɠ 3. Ɉɠɟɠɦɣɧɶɤ ɟɠɦɣɭɠɦɷ (25 ɜɛɦɦɩɝ) 
ɇɚɣɞɢɬɟ ɫɢɥɭ ɬɨɤɚ, ɬɟɤɭɳɟɝɨ ɱɟɪɟɡ 
ɫɨɩɪɨɬɢɜɥɟɧɢɟ R5, ɟɫɥɢ 
R1 = R2 = R3 = R4 = 10 Ом, R5=3 Ом, U = 12 В. 
ɇɚɣɞɢɬɟ ɬɚɤɠɟ ɨɛɳɟɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɰɟɩɢ. 
 
 
 
 
 
Рɠɳɠɨɣɠ 
Ɋɟɲɟɧɢɟ ɡɚɞɚɱɢ ɫɥɟɞɭɟɬ ɧɚɱɚɬɶ ɫ ɫɨɫɬɚɜɥɟɧɢɹ ɷɤɜɢɜɚɥɟɧɬɧɨɣ 
ɫɯɟɦɵ, ɤɨɬɨɪɚɹ ɩɪɢɜɟɞɟɧɚ ɧɚ ɪɢɫɭɧɤɟ ɫɩɪɚɜɚ. 
ɉɨɥɭɱɢɜɲɚɹɫɹ ɷɤɜɢɜɚɥɟɧɬɧɚɹ ɫɯɟɦɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ 
ɦɨɫɬɨɜɭɸ ɫɯɟɦɭ, ɫɨɫɬɨɹɳɭɸ ɢɡ ɨɞɢɧɚɤɨɜɵɯ ɪɟɡɢɫɬɨɪɨɜ ɫ 
ɫɨɩɪɨɬɢɜɥɟɧɢɟɦ R = R1 = R2 = R3 = R4 = 10 Ом. ɉɨɫɤɨɥɶɤɭ ɫɯɟɦɚ 
ɫɢɦɦɟɬɪɢɱɧɚ, ɬɨ ɨɱɟɜɢɞɧɨ, ɱɬɨ ɪɚɡɧɨɫɬɶ ɩɨɬɟɧɰɢɚɥɨɜ ɦɟɠɞɭ 
ɬɨɱɤɚɦɢ 1 ɢ 2 ɛɭɞɟɬ ɪɚɜɧɚ ɧɭɥɸ, ɩɨɷɬɨɦɭ ɬɨɦɭ ɱɟɪɟɡ ɪɟɡɢɫɬɨɪ R5 
ɬɚɤɠɟ ɛɭɞɟɬ ɪɚɜɟɧ ɧɭɥɸ. 
В ɜɢɞɭ ɨɬɫɭɬɫɬɜɢɹ ɩɪɨɬɟɤɚɧɢɹ ɬɨɤɚ ɱɟɪɟɡ ɪɟɡɢɫɬɨɪ R5 ɞɥɹ 
ɨɩɪɟɞɟɥɟɧɢɹ ɩɨɥɧɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɰɟɩɢ ɦɵ ɦɨɠɟɦ 
ɢɫɩɨɥɶɡɨɜɚɬɶ ɮɨɪɦɭɥɭ ɞɥɹ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɞɜɭɯ ɩɚɪɚɥɥɟɥɶɧɵɯ 
ɰɟɩɨɱɟɤ ɪɟɡɢɫɬɨɪɨɜ, ɩɪɢɱɟɦ ɤɚɠɞɚɹ ɰɟɩɨɱɤɚ ɫɨɫɬɨɢɬ ɢɡ ɞɜɭɯ ɨɞɢɧɚɤɨɜɵɯ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ 
ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɪɟɡɢɫɬɨɪɨɜ R. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɛɭɞɟɬ ɪɚɜɧɨ: ОмR
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ɋɨɫɬɚɜɥɟɧɚ ɷɤɜɢɜɚɥɟɧɬɧɚɹ ɫɯɟɦɚ 10 

ɍɫɬɚɧɨɜɥɟɧɚ ɧɭɥɟɜɚɹ ɪɚɡɧɨɫɬɶ ɩɨɬɟɧɰɢɚɥɨɜ 1-2 5 

Ɉɩɪɟɞɟɥɟɧ ɬɨɤ ɱɟɪɟɡ ɪɟɡɢɫɬɨɪ 5 

ɉɨɞɫɱɢɬɚɧɨ ɨɛɳɟɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ 5 

 
Зɛɟɛɨɣɠ 4: Ɉɣɢɥɩɠ ɢɠɫɥɛɦɩ (20 ɜɛɦɦɩɝ) 
Ɉɬɟɰ ɫ ɫɵɧɨɦ ɫɬɨɹɬ ɧɚɩɪɨɬɢɜ ɩɥɨɫɤɨɝɨ ɡɟɪɤɚɥɚ, 
ɡɚɤɪɟɩɥɟɧɧɨɝɨ ɧɚ ɜɟɪɬɢɤɚɥɶɧɨɣ ɫɬɟɧɟ, ɩɪɢɱɟɦ ɧɢɠɧɢɣ 
ɤɪɚɣ ɡɟɪɤɚɥɚ ɧɚɯɨɞɢɬɫɹ ɭ ɩɨɥɚ. Ɋɚɫɫɬɨɹɧɢɟ ɨɬ ɡɟɪɤɚɥɚ ɞɨ 
ɫɵɧɚ l = 3 м, ɚ ɪɚɫɫɬɨɹɧɢɟ ɨɬ ɡɟɪɤɚɥɚ ɞɨ ɟɝɨ ɨɬɰɚ L = 6 м. 
ɇɚ ɤɚɤɨɦ ɦɢɧɢɦɚɥɶɧɨɦ ɪɚɫɫɬɨɹɧɢɢ y ɨɬ ɩɨɥɚ ɞɨɥɠɟɧ 
ɧɚɯɨɞɢɬɶɫɹ ɜɟɪɯɧɢɣ ɤɪɚɣ ɡɟɪɤɚɥɚ, ɱɬɨɛɵ ɫɵɧ ɦɨɝ ɜɢɞɟɬɶ ɜ 
ɡɟɪɤɚɥɟ ɨɬɰɚ ɜ ɩɨɥɧɵɣ ɪɨɫɬ? Ɋɚɫɫɬɨɹɧɢɟ ɨɬ ɩɨɥɚ ɞɨ 
ɭɪɨɜɧɹ ɝɥɚɡ ɫɵɧɚ h = 1.2 м, ɪɨɫɬ ɨɬɰɚ H = 1.8 м. Ɉɬɜɟɬ 
ɩɪɢɜɟɞɢɬɟ ɜ ɦɟɬɪɚɯ, ɨɤɪɭɝɥɢɜ ɞɨ ɨɞɧɨɝɨ ɡɧɚɤɚ ɩɨɫɥɟ 
ɡɚɩɹɬɨɣ. 
 
Рɠɳɠɨɣɠ 
Хɨɞ ɥɭɱɚ ɫɜɟɬɚ, ɢɞɭɳɟɝɨ ɨɬ ɜɟɪɯɧɟɣ ɱɚɫɬɢ ɝɨɥɨɜɵ ɨɬɰɚ ɢ ɩɨɩɚɞɚɸɳɟɝɨ ɜ ɝɥɚɡ ɫɵɧɭ, 
ɩɨɤɚɡɚɧ ɧɚ ɪɢɫɭɧɤɟ ɫɩɪɚɜɚ. 
ɋ ɭɱɟɬɨɦ ɡɚɤɨɧɚ ɨɬɪɚɠɟɧɢɹ, ɢɡ ɩɨɞɨɛɢɹ ɢɡɨɛɪɚɠɟɧɧɵɯ ɧɚ ɪɢɫɭɧɤɟ ɬɪɟɭɝɨɥɶɧɢɤɨɜ 
ɫɥɟɞɭɟɬ ɪɚɜɟɧɫɬɜɨ  

l

x

L

X
 . 

Кɪɨɦɟ ɬɨɝɨ, ɫɩɪɚɜɟɞɥɢɜɵ ɫɨɨɬɧɨɲɟɧɢɹ yxhXH  . Ɋɟɲɚɹ ɡɚɩɢɫɚɧɧɭɸ ɫɢɫɬɟɦɭ ɭɪɚɜɧɟɧɢɣ, 
ɧɚɯɨɞɢɦ  

м.
lL

hLHl
y 41




 . 

Кɫɣɭɠɫɣɤ ȼɛɦɦɶ 

ɩɪɟɞɫɬɚɜɥɟɧ ɜɟɪɧɵɣ ɱɟɪɬёɠ 5 

Ɋɚɫɫɦɨɬɪɟɧɵ ɩɨɞɨɛɧɵɟ ɬɪɟɭɝɨɥɶɧɢɤɢ 5 

ɫɨɫɬɚɜɥɟɧɚ ɫɢɫɬɟɦɚ ɭɪɚɜɧɟɧɢɣ 5 

ɩɨɥɭɱɟɧɨ ɜɟɪɧɨɟ ɱɢɫɥɟɧɧɨɟ ɪɟɲɟɧɢɟ 5 

 

y 

 

h 

L l 

H 
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Ƚɫɠɧя ɝɶɪɩɦɨɠɨɣя ɢɛɟɛɨɣɤ – 180 ɧɣɨɮɭ. Мɛɥɬɣɧɛɦɷɨɩɠ ɥɩɦɣɲɠɬɭɝɩ ɜɛɦɦɩɝ – 100 
 
Зɛɟɛɨɣɠ 1: Дɶɧ ɪɩ ɝɠɭɫɮ (30 ɜɛɦɦɩɝ) 
ɇɚɣɞɢɬɟ ɫɤɨɪɨɫɬɶ ɜɟɬɪɚ ɩɨ ɪɢɫɭɧɤɭ (ɜɢɞ 
ɫɜɟɪɯɭ), ɧɚ ɤɨɬɨɪɨɦ ɩɪɟɞɫɬɚɜɥɟɧɵ ɞɜɚ 
ɞɵɦɨɜɵɯ ɲɥɟɣɮɚ ɨɬ ɜɫɬɪɟɱɧɵɯ 
ɬɟɩɥɨɜɨɡɨɜ, ɞɜɢɠɭɳɢɯɫɹ ɫɨ ɫɤɨɪɨɫɬɹɦɢ 
v1=60 ɤɦ/ɱ ɢ v2=40 ɤɦ/ɱ ɩɨ 
ɩɪɹɦɨɥɢɧɟɣɧɨɦɭ ɭɱɚɫɬɤɭ ɩɭɬɢ ɜ 
ɧɚɩɪɚɜɥɟɧɢɢ, ɭɤɚɡɚɧɧɨɦ ɫɬɪɟɥɤɚɦɢ. 
Ɋɚɫɫɬɨɹɧɢɟɦ ɦɟɠɞɭ ɩɭɬɹɦɢ ɩɪɟɧɟɛɪɟɱɶ. 
 
ɋɠɳɠɨɣɠ 
Ɉɛɨɡɧɚɱɢɦ ɫɤɨɪɨɫɬɶ ɜɟɬɪɚ ɡɚ u. Ɋɚɫɫɦɨɬɪɢɦ ɬɨɱɤɭ 
ɜɫɬɪɟɱɢ ɬɟɩɥɨɜɨɡɨɜ O. Ɂɚ ɜɪɟɦɹ t ɩɟɪɜɵɣ ɢ ɜɬɨɪɨɣ 
ɬɟɩɥɨɜɨɡɵ ɩɟɪɟɦɟɫɬɹɬɫɹ ɜ ɬɨɱɤɢ A ɢ B 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɚ ɬɨɱɤɚ ɩɟɪɟɫɟɱɟɧɢɹ ɲɥɟɣɮɨɜ ɩɨɞ 
ɞɟɣɫɬɜɢɟɦ ɜɟɬɪɚ ɫɦɟɫɬɢɬɫɹ ɜ ɩɨɥɨɠɟɧɢɟ С (ɫɦ. 
ɪɢɫɭɧɨɤ).  Ɉɬɪɟɡɤɢ AO, BO ɢ CO ɪɚɜɧɵ v1t, v2t ɢ ut. 

Ⱦɵɦɨɜɵɟ ɲɥɟɣɮɵ ɛɭɞɭɬ ɩɚɪɚɥɥɟɥɶɧɵ ɨɬɪɟɡɤɚɦ 
AC ɢ CB. ɉɨɥɶɡɭɹɫɶ ɝɟɨɦɟɬɪɢɱɟɫɤɢɦɢ 
ɫɨɨɛɪɚɠɟɧɢɹɦɢ, ɧɚɣɞёɦ ɞɥɢɧɭ ɨɬɪɟɡɤɚ CO. 

ȼ ɩɪɹɦɨɭɝɨɥɶɧɨɦ ɬɪɟɭɝɨɥɶɧɢɤɟ ABC ɧɚɩɪɨɬɢɜ ɭɝɥɚ ɜ 30° ɥɟɠɢɬ ɤɚɬɟɬ CB, ɪɚɜɧɵɣ ɩɨɥɨɜɢɧɟ ɞɥɢɧɟ 
ɝɢɩɨɬɟɧɭɡɵ:      ሺ     ሻ ; ɭɝɨɥ ∠B ɪɚɜɟɧ 60°. ɉɪɨɜɟɞёɦ ɜ ɬɪɟɭɝɨɥɶɧɢɤɟ ABC ɜɵɫɨɬɭ ɋD. ȼ 
ɩɪɹɦɨɭɝɨɥɶɧɨɦ ɬɪɟɭɝɨɥɶɧɢɤɟ CDB ɨɫɬɪɵɟ ɭɝɥɵ ɪɚɜɧɵ 60 ɢ 30°, ɧɚɣɞёɦ ɟɝɨ ɤɚɬɟɬɵ. Ʌɟɠɚɳɢɣ ɩɪɨɬɢɜ ɭɝɥɚ 
ɜ 30° ɤɚɬɟɬ DB ɪɚɜɟɧ ɩɨɥɨɜɢɧɟ ɝɢɩɨɬɟɧɭɡɵ CB, ɬ. ɟ.   ሺ     ሻ ; ɤɚɬɟɬ DC ɧɚɣɞёɦ ɫ ɩɨɦɨɳɶɸ ɬɟɨɪɟɦɵ 
ɉɢɮɚɝɨɪɚ     √        √    ሺ     ሻ   . 

ɇɚɤɨɧɟɰ, ɢɡ ɩɪɹɦɨɭɝɨɥɶɧɨɝɨ ɬɪɟɭɝɨɥɶɧɢɤɚ ODC ɦɨɠɧɨ ɧɚɣɬɢ ɢɫɤɨɦɵɣ ɨɬɪɟɡɨɤ CO:    √       ;                     .       √ቀ         ቁ       ሺ     ሻ      √ሺ        ሻ  . 

ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɫɤɨɪɨɫɬɶ ɜɟɬɪɚ     √ሺ        ሻ       ⁄ . 

 

Кɫɣɭɠɫɣɤ ȼɛɦɦɶ 

Ɋɚɫɫɦɨɬɪɟɧɨ ɩɟɪɟɦɟɳɟɧɢɟ ɬɨɱɤɢ ɩɟɪɟɫɟɱɟɧɢɹ ɲɥɟɣɮɨɜ 10 

ɋɞɟɥɚɧ ɪɢɫɭɧɨɤ, ɩɨɡɜɨɥɹɸɳɢɣ ɧɚɣɬɢ ɫɤɨɪɨɫɬɶ ɜɟɬɪɚ 10 
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ɉɨɥɭɱɟɧɨ ɜɵɪɚɠɟɧɢɟ ɞɥɹ ɫɤɨɪɨɫɬɢ ɜɟɬɪɚ 5 

ɉɨɥɭɱɟɧ ɱɢɫɥɟɧɧɵɣ ɨɬɜɟɬ 5 

 
Зɛɟɛɨɣɠ 2: Кɩɨɥɮɫɬ ɦɠɟяɨɶɰ ɬɥɮɦɷɪɭɮɫ (30 ɜɛɦɦɩɝ) 
Ɇɚɫɬɟɪ ȼɚɫɹ ɫɟɪɶёɡɧɨ ɩɨɞɝɨɬɨɜɢɥɫɹ ɤ ɤɨɧɤɭɪɫɭ ɥɟɞɹɧɵɯ ɫɤɭɥɶɩɬɭɪ: ɜɡɹɥ ɥɟɞɹɧɨɣ 
ɤɭɛ ɫɨ ɫɬɨɪɨɧɨɣ L =1 м ɢ ɜɵɪɟɡɚɥ ɢɡ ɟɝɨ ɭɝɥɚ ɤɭɛ ɫɨ ɜ ɞɜɚ ɪɚɡɚ ɦɟɧɶɲɟɣ ɫɬɨɪɨɧɨɣ. 
ɋ ɜɵɪɟɡɚɧɧɵɦ ɤɭɛɢɤɨɦ ɨɧ ɩɨɜɬɨɪɢɥ ɬɭ ɠɟ ɩɪɨɰɟɞɭɪɭ, ɢ ɬɚɤ ɞɚɥɟɟ. ɋɟɞɶɦɨɣ ɤɭɛɢɤ 
ɩɨɤɚɡɚɥɫɹ ɟɦɭ ɫɥɢɲɤɨɦ ɦɚɥɟɧɶɤɢɦ, ɢ ɨɧ ɟɝɨ ɩɪɨɫɬɨ ɜɵɤɢɧɭɥ. Ⱦɚɥɟɟ ɨɧ ɨɯɥɚɞɢɥ 1-
ɸ, 3-ɸ ɢ 5-ɸ ɞɟɬɚɥɢ ɞɨ T1=−50°C, ɚ 2-ɸ, 4-ɸ ɢ 6-ɸ – ɞɨ T2=−15°C, ɢ ɫɨɛɪɚɥ ɢɡ ɧɢɯ 
ɫɜɨɸ ɫɤɭɥɶɩɬɭɪɭ. Ɉɩɪɟɞɟɥɢɬɟ ɭɫɬɚɧɨɜɢɜɲɭɸɫɹ ɬɟɦɩɟɪɚɬɭɪɭ ȼɚɫɢɧɨɣ ɫɤɭɥɶɩɬɭɪɵ, 
ɤɨɬɨɪɚɹ, ɧɟɫɨɦɧɟɧɧɨ, ɡɚɜɨɸɟɬ ɩɟɪɜɵɣ ɩɪɢɡ. Ɍɟɩɥɨɩɨɬɟɪɹɦɢ ɦɨɠɧɨ ɩɪɟɧɟɛɪɟɱɶ. 
ɋɠɳɠɨɣɠ 
Ⱦɚɧɧɵɯ ɜ ɡɚɞɚɱɟ ɞɨɫɬɚɬɨɱɧɨ ɞɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɧɚɣɬɢ ɨɛɴёɦɵ ɜɫɟɯ ɞɟɬɚɥɟɣ, ɩɨɫɥɟ 
ɱɟɝɨ ɧɚɩɢɫɚɬɶ ɭɪɚɜɧɟɧɢɟ ɬɟɩɥɨɜɨɝɨ ɛɚɥɚɧɫɚ ɢ ɩɨɥɭɱɢɬɶ ɨɬɜɟɬ. Ɉɞɧɚɤɨ, ɷɬɨɝɨ 
ɦɨɠɧɨ ɢ ɧɟ ɞɟɥɚɬɶ, ɭɜɢɞɟɜ ɨɩɪɟɞɟɥёɧɧɵɟ ɡɚɤɨɧɨɦɟɪɧɨɫɬɢ ɜ ɭɫɥɨɜɢɢ ɡɚɞɚɱɢ. 
Ɉɛɨɡɧɚɱɢɦ ɦɚɫɫɭ ɩɟɪɜɨɣ ɞɟɬɚɥɶɤɢ ɡɚ m. Ɂɚɦɟɬɢɦ: ɤɚɠɞɚɹ ɫɥɟɞɭɸɳɚɹ ɞɟɬɚɥɶɤɚ ɢɦɟɟɬ ɨɛɴёɦ ɪɨɜɧɨ ɜ 
ɜɨɫɟɦɶ ɪɚɡ ɦɟɧɶɲɢɣ, ɱɟɦ ɩɪɟɞɵɞɭɳɚɹ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɦɚɫɫɚ ɫɨɫɟɞɧɢɯ ɞɟɬɚɥɟɤ ɬɚɤɠɟ ɨɬɥɢɱɚɟɬɫɹ ɜ 8 
ɪɚɡ; ɜ ɱɚɫɬɧɨɫɬɢ, ɦɚɫɫɚ ɜɬɨɪɨɣ ɞɟɬɚɥɶɤɢ ɪɚɜɧɹɟɬɫɹ m/8. Ɋɚɡɨɛɶёɦ ɬɟɩɟɪɶ ɞɟɬɚɥɶɤɢ ɧɚ ɩɚɪɵ: 1ɹ ɫɨ 2ɣ, 3ɹ 
ɫ 4ɣ, 5ɹ ɫ 6ɣ. ȼ ɤɚɠɞɨɣ ɩɚɪɟ ɛɨɥɶɲɚɹ ɞɟɬɚɥɶɤɚ ɢɦɟɟɬ ɬɟɦɩɟɪɚɬɭɪɭ T1=−50°C, ɚ ɦɟɧɶɲɚɹ - T2=−15°C, ɚ 
ɦɚɫɫɵ ɢɯ ɨɬɥɢɱɚɸɬɫɹ ɜ ɜɨɫɟɦɶ ɪɚɡ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɭɫɬɚɧɨɜɢɜɲɚɹɫɹ ɬɟɦɩɟɪɚɬɭɪɚ ɛɭɞɟɬ ɨɞɧɚ ɢ ɬɚ ɠɟ ɜ 
ɤɚɠɞɨɣ ɬɚɤɨɣ ɩɚɪɟ, ɢ ɛɭɞɟɬ ɪɚɜɧɹɬɶɫɹ ɭɫɬɚɧɨɜɢɜɲɟɣɫɹ ɬɟɦɩɟɪɚɬɭɪɟ ɜɫɟɣ ɫɤɭɥɶɩɬɭɪɵ. ȼɵɪɚɡɢɦ 
ɭɤɚɡɚɧɧɭɸ ɬɟɦɩɟɪɚɬɭɪɭ, ɱɬɨ ɢ ɛɭɞɟɬ ɨɬɜɟɬɨɦ ɡɚɞɚɱɢ: 
Ɂɞɟɫɶ ɦɵ ɫɪɚɡɭ ɫɨɤɪɚɬɢɥɢ ɦɧɨɠɢɬɟɥɶ ɭɞɟɥɶɧɨɣ ɬɟɩɥɨёɦɤɨɫɬɢ ɥɶɞɚ ɜ ɭɪɚɜɧɟɧɢɢ ɬɟɩɥɨɜɨɝɨ ɛɚɥɚɧɫɚ, ɬ.ɤ. 
ɨɧ ɜɫɬɪɟɱɚɟɬɫɹ ɜ ɤɚɠɞɨɦ ɫɥɚɝɚɟɦɨɦ. 
Ɉɬɜɟɬ: ɍɫɬɚɧɨɜɢɜɲɚɹɫɹ ɬɟɦɩɟɪɚɬɭɪɚ ȼɚɫɢɧɨɣ ɫɤɭɥɶɩɬɭɪɵ ɛɭɞɟɬ ɪɚɜɧɹɬɶɫɹ −46°C.  
Кɫɣɭɠɫɣɤ ȼɛɦɦɶ 

Ɋɫɩɬɭɩɤ ɝɛɫɣɛɨɭ  

Ⱦɨɝɚɞɤɚ ɨ ɩɪɢɧɰɢɩɟ ɩɨɩɚɪɧɨɝɨ ɪɚɡɛɢɟɧɢɹ 10 

ɍɪɚɜɧɟɧɢɟ ɩɨɩɚɪɧɨɝɨ ɬɟɩɥɨɜɨɝɨ ɛɚɥɚɧɫɚ 10 

ɉɨɥɭɱɟɧɢɟ ɜɟɪɧɨɝɨ ɱɢɫɥɨɜɨɝɨ ɨɬɜɟɬɚ 10 

Дɦɣɨɨɶɤ ɝɛɫɣɛɨɭ 

ɍɪɚɜɧɟɧɢɟ ɬɟɩɥɨɜɨɝɨ ɛɚɥɚɧɫɚ 10 

ɋɜɹɡɶ ɫɬɨɪɨɧɵ ɫɟɝɦɟɧɬɚ ɫ ɟɝɨ ɨɛɴɟɦɨɦ 5 

ɋɜɹɡɶ ɨɛɴɟɦɚ ɫɟɝɦɟɧɬɚ ɫ ɟɝɨ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɟɣ 5 

ɉɨɥɭɱɟɧɢɟ ɱɢɫɥɨɜɨɝɨ ɨɬɜɟɬɚ 10 

Зɛɟɛɨɣɠ 3: Кɩɦɷɱɩ ɣɢ ɪɫɩɝɩɦɩɥɣ (20 ɜɛɦɦɩɝ) 
ɂɡ ɤɭɫɤɚ ɩɪɨɜɨɥɨɤɢ ɫ ɫɨɩɪɨɬɢɜɥɟɧɢɟɦ 5 Ɉɦ ɢɡɝɨɬɨɜɥɟɧɨ ɤɨɥɶɰɨ. ȼ ɤɚɤɨɦ ɨɬɧɨɲɟɧɢɢ ɩɨ ɞɥɢɧɟ ɞɨɥɠɧɵ 
ɞɟɥɢɬɶ ɨɤɪɭɠɧɨɫɬɶ ɬɨɱɤɢ ɩɨɞɤɥɸɱɟɧɢɹ ɩɪɨɜɨɞɨɜ, ɱɬɨɛɵ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɦɟɠɞɭ ɧɢɦɢ ɨɤɚɡɚɥɨɫɶ ɪɚɜɧɵɦ 1 
Ɉɦ? 
 
ɋɠɳɠɨɣɠ: 
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Ɍɨɱɤɢ ɩɨɞɤɥɸɱɟɧɢɹ ɧɚɡɨɜɟɦ А ɢ ȼ, ɨɧɢ ɞɟɥɹɬ ɨɤɪɭɠɧɨɫɬɶ ɧɚ ɞɜɟ ɱɚɫɬɢ. ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɨɞɧɨɣ ɢɡ ɱɚɫɬɟɣ 
ɨɛɨɡɧɚɱɢɦ R1, ɚ ɞɪɭɝɨɣ – R2. ɉɨ ɮɨɪɦɭɥɟ ɩɚɪɚɥɥɟɥɶɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ: 
                (1) 

ɉɪɢɱɟɦ 
        ,  (2) 

ɝɞɟ R = 5 Ɉɦ. 
ɉɨɞɫɬɚɜɥɹɹ (2) ɜ (1), ɢ ɡɚɦɟɱɚɹ, ɱɬɨ R = 5 Ɉɦ, RАȼ = 1 Ɉɦ, ɩɨɥɭɱɚɟɦ ɭɪɚɜɧɟɧɢɟ: 
              (3) 

ɂɡ (3) ɧɚɯɨɞɢɦ 

        √    (4) 

Ɉɫɬɚɟɬɫɹ ɩɨɥɭɱɢɬɶ ɨɬɜɟɬ: 
 

       √   √        (5) 

 

Кɫɣɭɠɫɣɤ ȼɛɦɦɶ 

Ɂɚɩɢɫɚɧɚ ɮɨɪɦɭɥɚ ɞɥɹ ɩɚɪɚɥɥɟɥɶɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ ɪɟɡɢɫɬɨɪɨɜ 5 

ɉɨɥɭɱɟɧɨ ɤɜɚɞɪɚɬɧɨɟ ɭɪɚɜɧɟɧɢɟ, ɚɧɚɥɨɝɢɱɧɨɟ (3) 10 

ɉɨɥɭɱɟɧ ɜɟɪɧɵɣ ɱɢɫɥɟɧɧɵɣ ɨɬɜɟɬ 5 

 
Зɛɟɛɨɣɠ 4: Кɩɫɩɭɥɣɤ ɦɮɲ (20 ɜɛɦɦɩɝ) 
Ʌɭɱ, ɢɫɯɨɞɹɳɢɣ ɢɡ ɬɨɱɤɢ А, ɨɬɪɚɠɚɟɬɫɹ ɨɬ ɩɥɨɫɤɨɝɨ ɡɟɪɤɚɥɚ ɜ ɬɨɱɤɟ Ʉ ɢ ɩɪɨɯɨɞɢɬ ɜ ɬɨɱɤɭ ȼ. Ⱦɨɤɚɠɢɬɟ, ɱɬɨ 
ɩɭɬɶ АɄȼ ɫɚɦɵɣ ɤɨɪɨɬɤɢɣ ɢɡ ɜɫɟɯ ɜɨɡɦɨɠɧɵɯ ɩɭɬɟɣ ɨɬ А ɤ ɡɟɪɤɚɥɭ ɢ ɨɬɬɭɞɚ ɜ ɬɨɱɤɭ ȼ. 
 
ɋɠɳɠɨɣɠ: 
Ɇɵ ɡɧɚɟɦ, ɱɬɨ ɜ ɨɞɧɨɪɨɞɧɨɣ ɫɪɟɞɟ ɫɜɟɬ ɪɚɫɩɪɨɫɬɪɚɧɹɟɬɫɹ ɩɪɹɦɨɥɢɧɟɣɧɨ, ɬ. ɟ. ɫɤɨɪɟɣɲɢɦ ɩɭɬɟɦ. ɇɨ 
ɫɜɟɬ ɢɡɛɢɪɚɟɬ ɫɤɨɪɟɣɲɢɣ ɩɭɬɶ ɬɚɤɠɟ ɢ ɜ ɬɨɦ ɫɥɭɱɚɟ, ɤɨɝɞɚ ɧɟ ɢɞɟɬ ɨɬ ɨɞɧɨɣ ɬɨɱɤɢ ɤ ɞɪɭɝɨɣ 
ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ, ɚ ɞɨɫɬɢɝɚɟɬ ɟɟ, ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɨɬɪɚɡɢɜɲɢɫɶ ɨɬ ɡɟɪɤɚɥɚ. 
ɉɪɨɫɥɟɞɢɦ ɡɚ ɟɝɨ ɩɭɬɟɦ. ɉɭɫɬɶ ɛɭɤɜɚ A ɧɚ ɪɢɫ. 1 ɨɛɨɡɧɚɱɚɟɬ ɢɫɬɨɱɧɢɤ ɫɜɟɬɚ, ɥɢɧɢɹ MN — ɡɟɪɤɚɥɨ, ɚ 
ɥɢɧɢɹ Аȼɋ — ɩɭɬɶ ɥɭɱɚ ɨɬ ɫɜɟɱɢ ɞɨ ɝɥɚɡɚ C. ɉɪɹɦɚɹ KB ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɚ ɤ MN. 
ɉɨ ɡɚɤɨɧɚɦ ɨɩɬɢɤɢ ɭɝɨɥ ɨɬɪɚɠɟɧɢɹ 2 ɪɚɜɟɧ ɭɝɥɭ ɩɚɞɟɧɢɹ 1. Ɂɧɚɹ ɷɬɨ, ɥɟɝɤɨ ɞɨɤɚɡɚɬɶ, ɱɬɨ ɢɡ ɜɫɟɯ 
ɜɨɡɦɨɠɧɵɯ ɩɭɬɟɣ ɨɬ A ɤ C, ɫ ɩɨɩɭɬɧɵɦ ɞɨɫɬɢɠɟɧɢɟɦ ɡɟɪɤɚɥɚ MN, ɩɭɬɶ Аȼɋ — ɫɚɦɵɣ ɫɤɨɪɵɣ. Ⱦɥɹ ɷɬɨɝɨ 
ɫɪɚɜɧɢɦ ɩɭɬɶ ɥɭɱɚ Аȼɋ ɫ ɤɚɤɢɦ-ɧɢɛɭɞɶ ɞɪɭɝɢɦ, ɧɚɩɪɢɦɟɪ ɫ ADC (ɪɢɫ. 2). Ɉɩɭɫɬɢɦ ɩɟɪɩɟɧɞɢɤɭɥɹɪ Аȿ ɢɡ 
ɬɨɱɤɢ A ɧɚ MN ɢ ɩɪɨɞɨɥɠɢɦ ɟɝɨ ɞɚɥɟɟ ɞɨ ɩɟɪɟɫɟɱɟɧɢɹ ɫ ɩɪɨɞɨɥɠɟɧɢɟɦ ɥɭɱɚ ȼɋ ɜ ɬɨɱɤɟ F. ɋɨɟɞɢɧɢɦ 
ɬɚɤɠɟ ɬɨɱɤɢ F ɢ D. ɍɛɟɞɢɦɫɹ, ɩɪɟɠɞɟ ɜɫɟɝɨ, ɜ ɪɚɜɟɧɫɬɜɟ ɬɪɟɭɝɨɥɶɧɢɤɨɜ ABE ɢ EBF. Ɉɧɢ — 
ɩɪɹɦɨɭɝɨɥɶɧɵɟ, ɢ ɭ ɧɢɯ ɨɛɳɢɣ ɤɚɬɟɬ ȿȼ; ɤɪɨɦɟ ɬɨɝɨ, ɭɝɥɵ EFB ɢ ȿАȼ ɪɚɜɧɵ ɦɟɠɞɭ ɫɨɛɨɣ, ɬɚɤ ɤɚɤ 
ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɪɚɜɧɵ ɭɝɥɚɦ 2 ɢ 1. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, AE = EF. Ɉɬɫɸɞɚ ɜɵɬɟɤɚɟɬ ɪɚɜɟɧɫɬɜɨ ɩɪɹɦɨɭɝɨɥɶɧɵɯ 
ɬɪɟɭɝɨɥɶɧɢɤɨɜ AED ɢ EDF ɩɨ ɞɜɭɦ ɤɚɬɟɬɚɦ ɢ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɪɚɜɟɧɫɬɜɨ AD ɢ DF. 
 
ȼɜɢɞɭ ɷɬɨɝɨ ɦɵ ɦɨɠɟɦ ɩɭɬɶ Аȼɋ ɡɚɦɟɧɢɬɶ ɪɚɜɧɵɦ ɟɦɭ ɩɭɬɟɦ CBF (ɬɚɤ ɤɚɤ AB = FB), a ɩɭɬɶ ADC — ɩɭɬɟɦ 
CDF. ɋɪɚɜɧɢɜɚɹ ɠɟ ɦɟɠɞɭ ɫɨɛɨɣ ɞɥɢɧɵ CBF ɢ CDF, ɜɢɞɢɦ, ɱɬɨ ɩɪɹɦɚɹ ɥɢɧɢɹ CBF ɤɨɪɨɱɟ ɥɨɦɚɧɨɣ CDF. 
Ɉɬɫɸɞɚ ɩɭɬɶ Аȼɋ ɤɨɪɨɱɟ ADC, ɱɬɨ ɢ ɬɪɟɛɨɜɚɥɨɫɶ ɞɨɤɚɡɚɬɶ! 
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Ƚɞɟ ɛɵ ɧɢ ɧɚɯɨɞɢɥɚɫɶ ɬɨɱɤɚ D, 
ɩɭɬɶ Аȼɋ ɜɫɟɝɞɚ ɛɭɞɟɬ ɤɨɪɨɱɟ 
ɩɭɬɢ ADC, ɟɫɥɢ ɬɨɥɶɤɨ ɭɝɨɥ 
ɨɬɪɚɠɟɧɢɹ ɪɚɜɟɧ ɭɝɥɭ ɩɚɞɟɧɢɹ. 
Ɂɧɚɱɢɬ, ɫɜɟɬ ɞɟɣɫɬɜɢɬɟɥɶɧɨ 
ɢɡɛɢɪɚɟɬ ɫɚɦɵɣ ɤɨɪɨɬɤɢɣ ɢ ɫɚɦɵɣ 
ɫɤɨɪɵɣ ɩɭɬɶ ɢɡ ɜɫɟɯ ɜɨɡɦɨɠɧɵɯ 
ɦɟɠɞɭ ɢɫɬɨɱɧɢɤɨɦ, ɡɟɪɤɚɥɨɦ ɢ 
ɝɥɚɡɨɦ. ɇɚ ɷɬɨ ɨɛɫɬɨɹɬɟɥɶɫɬɜɨ 
ɜɩɟɪɜɵɟ ɭɤɚɡɚɥ ɟɳɟ Ƚɟɪɨɧ 
Аɥɟɤɫɚɧɞɪɢɣɫɤɢɣ, ɡɚɦɟɱɚɬɟɥɶɧɵɣ 
ɝɪɟɱɟɫɤɢɣ ɦɟɯɚɧɢɤ ɢ ɦɚɬɟɦɚɬɢɤ II 
ɜɟɤɚ. 
 

Кɫɣɭɠɫɣɤ ȼɛɦɦɶ 

Ɂɚɤɨɧɵ ɨɩɬɢɤɢ ɩɪɹɦɨɥɢɧɟɣɧɨɝɨ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ/ɨɬɪɚɠɟɧɢɹ ɫɜɟɬɚ 5 

ɉɨɫɬɪɨɟɧ ɩɨɹɫɧɹɸɳɢɣ ɪɢɫɭɧɨɤ 5 

Ⱦɨɤɚɡɚɧɨ ɪɚɜɟɧɫɬɜɨ ɧɟɤɨɬɨɪɵɯ ɬɪɟɭɝɨɥɶɧɢɤɨɜ ɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɨɬɪɟɡɤɨɜ 10 
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Ƚɫɠɧя ɝɶɪɩɦɨɠɨɣя ɢɛɟɛɨɣɤ – 180 ɧɣɨɮɭ. ɇɛɥɬɣɧɛɦɷɨɩɠ ɥɩɦɣɲɠɬɭɝɩ ɜɛɦɦɩɝ – 100 
 
Зɛɟɛɨɣɠ 1. Ɋɩɬɦɠɟɨяя ɬɭɮɪɠɨɷ (20 ɜɛɦɦɩɝ) 
ɉɨɫɥɟɞɧɹɹ ɫɬɭɩɟɧɶ ɪɚɤɟɬɵ ɢɦɟɟɬ ɞɜɚ ɦɚɪɲɟɜɵɯ ɞɜɢɝɚɬɟɥɹ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɫɨɨɛɳɚɬɶ ɟɣ ɩɨɫɬɨɹɧɧɵɟ 
ɭɫɤɨɪɟɧɢɹ a1 ɢ a2, ɧɚɩɪɚɜɥɟɧɧɵɟ ɜɟɪɬɢɤɚɥɶɧɨ ɜɜɟɪɯ. ɉɟɪɜɵɣ ɞɜɢɝɚɬɟɥɶ ɪɚɫɫɱɢɬɚɧ ɧɚ ɪɚɛɨɬɭ ɜ ɬɟɱɟɧɢɟ 
ɜɪɟɦɟɧɢ t1, ɜɬɨɪɨɣ – t2, a1 > a2, t1 < t2. Ⱦɜɢɝɚɬɟɥɢ ɦɨɝɭɬ ɜɤɥɸɱɚɬɶɫɹ ɤɚɤ ɨɞɧɨɜɪɟɦɟɧɧɨ, ɬɚɤ ɢ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ. Ʉɚɤɨɣ ɩɨɪɹɞɨɤ ɜɤɥɸɱɟɧɢɹ ɞɜɢɝɚɬɟɥɟɣ ɫɥɟɞɭɟɬ ɜɵɛɪɚɬɶ ɞɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɤ ɦɨɦɟɧɬɭ 
ɨɤɨɧɱɚɧɢɹ ɪɚɛɨɬɵ ɞɜɢɝɚɬɟɥɟɣ ɪɚɤɟɬɚ ɩɨɞɧɹɥɚɫɶ ɧɚ ɦɚɤɫɢɦɚɥɶɧɭɸ ɜɵɫɨɬɭ? 
 
ɋɠɳɠɨɣɠ 
ɉɪɢ ɨɞɧɨɜɪɟɦɟɧɧɨɦ ɜɤɥɸɱɟɧɢɢ ɞɜɢɝɚɬɟɥɟɣ ɫɢɥɵ ɢɯ ɬɹɝɢ ɫɤɥɚɞɵɜɚɸɬɫɹ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɫɧɚɱɚɥɚ ɪɚɤɟɬɚ 
ɛɭɞɟɬ ɞɜɢɝɚɬɶɫɹ ɫ ɭɫɤɨɪɟɧɢɟɦ a1 + a2 ɜ ɬɟɱɟɧɢɟ t1, ɚ ɡɚɬɟɦ ɜ ɬɟɱɟɧɢɟ t2 − t1 ɫ ɭɫɤɨɪɟɧɢɟɦ a2. Ɂɚ ɷɬɨ ɜɪɟɦɹ 
ɪɚɤɟɬɚ ɩɨɞɧɢɦɟɬɫɹ ɧɚ ɜɵɫɨɬɭ      ሺ     ሻ    ሺ     ሻ  ሺ     ሻ      ሺ     ሻ                      . 

Ⱦɚɥɟɟ ɪɚɫɫɦɨɬɪɢɦ ɫɥɭɱɚɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɝɨ ɡɚɩɭɫɤɚ ɞɜɢɝɚɬɟɥɟɣ. Вɵɫɨɬɚ ɩɨɞɴёɦɚ ɪɚɤɟɬɵ ɡɚɜɢɫɢɬ ɨɬ 
ɩɨɪɹɞɤɚ ɜɤɥɸɱɟɧɢɹ ɞɜɢɝɚɬɟɥɟɣ. ȿɫɥɢ ɩɟɪɜɵɦ ɜɤɥɸɱɢɥɢ ɞɜɢɝɚɬɟɥɶ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɣ ɭɫɤɨɪɟɧɢɟ a1, 

ɢɬɨɝɨɜɚɹ ɜɵɫɨɬɚ ɪɚɤɟɬ ɛɭɞɟɬ           ሺ    ሻ         , 

ɜ ɩɪɨɬɢɜɨɩɨɥɨɠɧɨɦ ɫɥɭɱɚɟ           ሺ    ሻ         . 

Ɉɱɟɜɢɞɧɨ, ɢɡ ɬɪёɯ ɩɪɢɜɟɞёɧɧɵɯ ɜɵɫɨɬ ɧɚɢɛɨɥɶɲɟɣ ɛɭɞɟɬ h2, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɞɜɢɝɚɬɟɥɢ ɧɭɠɧɨ ɜɤɥɸɱɚɬɶ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɡɚɩɭɫɬɢɜ ɫɧɚɱɚɥɚ ɞɜɢɝɚɬɟɥɶ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɣ ɛɨɥɶɲɟɟ ɭɫɤɨɪɟɧɢɟ. 

Ʌɫɣɭɠɫɣɤ ȼɛɦɦɶ 

Ɂɚɩɢɫɚɧɚ ɜɵɫɨɬɚ ɪɚɤɟɬɵ ɩɨɫɥɟ ɨɞɧɨɜɪɟɦɟɧɧɨɣ ɪɚɛɨɬɵ ɞɜɢɝɚɬɟɥɟɣ (h1) 5 

ɍɱɟɧ ɩɨɪɹɞɨɤ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɝɨ ɡɚɩɭɫɤɚ ɞɜɢɝɚɬɟɥɟɣ  10 

Ɂɚɩɢɫɚɧɚ ɜɵɫɨɬɚ ɪɚɤɟɬɵ ɩɨɫɥɟ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɣ ɪɚɛɨɬɵ ɞɜɢɝɚɬɟɥɟɣ (h2 ɢɥɢ h3 ) 5 

 
 
Зɛɟɛɨɣɠ 2. Ƚɩɟɩɨɛɞɫɠɝɛɭɠɦɷ (30 ɜɛɦɦɩɝ) 
ɉɪɢ ɜɤɥɸɱɟɧɢɢ ɜ ɫɟɬɶ ɫ ɧɚɩɪɹɠɟɧɢɟɦ U ɧɚɤɨɩɢɬɟɥɶɧɨɝɨ 
ɜɨɞɨɧɚɝɪɟɜɚɬɟɥɹ ɬɟɦɩɟɪɚɬɭɪɚ, ɜɨɞɵ, ɨɬɛɢɪɚɟɦɨɣ ɫ ɫɚɦɨɝɨ ɜɟɪɯɚ 
ɟɝɨ ɛɚɤɚ, ɧɚɱɢɧɚɟɬ ɪɚɫɬɢ ɧɟ ɫɪɚɡɭ, ɚ ɫɩɭɫɬɹ ɧɟɤɨɬɨɪɨɟ ɜɪɟɦɹ t0 
ɩɨɫɥɟ ɦɨɦɟɧɬɚ ɜɤɥɸɱɟɧɢɹ. ɂɫɩɨɥɶɡɭɹ ɝɪɚɮɢɤ, ɨɩɪɟɞɟɥɢɬɟ ɦɚɫɫɭ 
ɜɨɞɵ m ɜ ɛɚɤɟ ɢ ɤɨɧɟɱɧɭɸ ɬɟɦɩɟɪɚɬɭɪɭ TM ɨɬɛɢɪɚɟɦɨɣ ɠɢɞɤɨɫɬɢ 
ɫɩɭɫɬɹ ɧɟɤɨɬɨɪɨɟ ɜɪɟɦɹ ɩɨɫɥɟ ɦɨɦɟɧɬɚ ɜɵɤɥɸɱɟɧɢɹ tE, ɡɚ ɤɨɬɨɪɨɟ 
ɭɫɬɚɧɨɜɢɬɫɹ ɬɟɩɥɨɜɨɟ ɪɚɜɧɨɜɟɫɢɟ. Ɉɛɵɱɧɵɣ ɧɚɤɨɩɢɬɟɥɶɧɵɣ 
ɜɨɞɨɧɚɝɪɟɜɚɬɟɥɶ ɨɫɧɚɳɚɟɬɫɹ ɦɚɫɫɢɜɧɵɦ ɌЭɇ-ɨɦ 
(ɷɥɟɤɬɪɨɜɨɞɨɧɚɝɪɟɜɚɬɟɥɟɦ), ɪɚɫɩɨɥɨɠɟɧɧɵɦ ɧɚ ɞɧɟ ɭɫɬɪɨɣɫɬɜɚ ɢ 
ɢɦɟɸɳɟɦ ɫɨɩɪɨɬɢɜɥɟɧɢɟ R. Вɟɫɶ ɛɚɤ ɫ ɜɨɞɨɣ ɬɟɩɥɨɢɡɨɥɢɪɨɜɚɧ ɢ 
ɝɟɪɦɟɬɢɱɟɧ. Ɍɟɩɥɨёɦɤɨɫɬɶ ɜɨɞɵ ɫɱɢɬɚɬɶ ɢɡɜɟɫɬɧɨɣ. 
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ɋɠɳɠɨɣɠ 
Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɡɚɞɟɪɠɤɚ ɪɨɫɬɚ ɬɟɦɩɟɪɚɬɭɪɵ ɩɨɫɥɟ ɜɤɥɸɱɟɧɢɹ 
ɧɚɝɪɟɜɚɬɟɥɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɬɟɩɥɨёɦɤɨɫɬɶɸ ɧɟɤɨɬɨɪɨɣ ɫɨɜɨɤɭɩɧɨɫɬɢ 
ɷɥɟɦɟɧɬɨɜ – ɫɩɢɪɚɥɢ, ɤɨɪɩɭɫɚ ɌЭɇ-ɚ ɢ ɧɟɤɨɬɨɪɵɦ ɫɥɨɟɦ ɜɨɞɵ, 
ɤɨɬɨɪɵɣ ɭɫɩɟɜɚɟɬ ɧɚɝɪɟɬɶɫɹ ɞɨ ɡɚɩɭɫɤɚ ɩɪɨɰɟɫɫɨɜ ɤɨɧɜɟɤɰɢɢ ɢ 
ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ. 
ȿɞɢɧɫɬɜɟɧɧɵɣ ɜɚɪɢɚɧɬ ɩɪɨɫɬɨɝɨ ɪɟɲɟɧɢɹ ɷɬɨɣ ɡɚɞɚɱɢ – ɷɬɨ 
ɨɰɟɧɢɬɶ, ɫɤɨɥɶɤɨ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ ɭɫɩɟɥɚ ɧɚɤɨɩɢɬɶ ɫɢɫɬɟɦɚ ɌЭɇ-
ɛɚɤ-ɜɨɞɚ ɞɨ ɬɨɝɨ, ɤɚɤ ɧɚɱɚɥɫɹ ɪɨɫɬ ɬɟɦɩɟɪɚɬɭɪɵ. Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɷɬɨ 
ɤɨɥɢɱɟɫɬɜɨ ɦɨɠɟɬ ɛɵɬɶ ɧɚɣɞɟɧɨ ɩɨ ɡɚɤɨɧɭ Ⱦɠɨɭɥɹ-Ʌɟɧɰɚ ɞɥɹ 
ɧɚɝɪɟɜɚɬɟɥɹ, ɤɨɬɨɪɵɣ ɩɨɬɪɟɛɥɹɟɬ ɢɡ ɫɟɬɢ ɷɥɟɤɬɪɢɱɟɫɤɭɸ ɦɨɳɧɨɫɬɶ 

RUIUP
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Чɬɨ ɠɟ ɤɚɫɚɟɬɫɹ ɤɨɧɟɱɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ, ɬɨ ɨɱɟɜɢɞɧɨ, ɱɬɨ ɨɧɚ ɛɭɞɟɬ ɞɨɫɬɢɝɧɭɬɚ ɧɟ ɫɪɚɡɭ ɜ ɦɨɦɟɧɬ 
ɜɵɤɥɸɱɟɧɢɹ ɧɚɝɪɟɜɚɬɟɥɹ, ɚ ɬɨɥɶɤɨ ɫɩɭɫɬɹ ɧɟɤɨɬɨɪɨɟ ɜɪɟɦɹ, ɤɨɬɨɪɨɟ ɩɨɬɪɟɛɭɟɬɫɹ, ɱɬɨɛɵ ɜ ɫɢɫɬɟɦɟ 
ɭɫɬɚɧɨɜɢɥɨɫɶ ɬɟɩɥɨɜɨɟ ɪɚɜɧɨɜɟɫɢɟ. В ɭɫɥɨɜɢɹɯ ɨɬɫɭɬɫɬɜɢɹ ɬɟɩɥɨɩɨɬɟɪɶ ɪɚɜɧɨɜɟɫɢɟ ɭɫɬɚɧɨɜɢɬɫɹ ɬɨɥɶɤɨ 
ɩɨɫɥɟ ɬɨɝɨ, ɤɚɤ ɜɫɹ ɪɚɧɟɟ ɧɚɤɨɩɥɟɧɧɚɹ «ɫɤɪɵɬɚɹ» ɬɟɩɥɨɬɚ, ɤɨɬɨɪɚɹ ɛɵɥɚ ɧɟɨɛɯɨɞɢɦɚ ɞɥɹ ɡɚɩɭɫɤɚ 
ɩɪɨɰɟɫɫɚ ɧɚɝɪɟɜɚ «ɤɚɤ ɩɨɥɨɠɟɧɨ» ɩɟɪɟɣɞёɬ ɜ ɬɟɩɥɨɬɭ ɧɚɝɪɟɜɚ ɜɨɞɵ ɜ ɛɚɤɟ, ɱɬɨ ɢ ɩɪɢɜɟɞёɬ ɤ 
ɜɵɪɚɜɧɢɜɚɧɢɸ ɬɟɦɩɟɪɚɬɭɪ ɜɨ ɜɫɟɯ ɬɨɱɤɚɯ ɫɢɫɬɟɦɵ. Ɍɨɝɞɚ: 
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Ʌɫɣɭɠɫɣɤ ȼɛɦɦɶ 

ɉɪɟɞɩɨɥɨɠɟɧɢɟ ɨ ɧɚɤɨɩɥɟɧɢɢ ɷɧɟɪɝɢɢ ɡɚɦ ɜɪɟɦɹ t0 10 

Ɂɚɩɢɫɚɧ ɡɚɤɨɧ Ⱦɠɨɭɥɹ-Ʌɟɧɰɚ (1) 5 

Вɵɪɚɠɟɧɢɟ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ m 10 

Вɵɪɚɠɟɧɢɟ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ TM 5 
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Зɛɟɛɨɣɠ 3. Ɇɛɧɪɩɲɥɛ ɝ ɦɣɯɭɠ (25 ɜɛɦɦɩɝ) 
В ɤɚɛɢɧɟ ɥɢɮɬɚ ɤ ɩɨɬɨɥɤɭ ɩɨɞɜɟɲɟɧ ɦɚɬɟɦɚɬɢɱɟɫɤɢɣ ɦɚɹɬɧɢɤ (ɧɟɛɨɥɶɲɨɟ ɬɟɥɨ, ɧɚɩɪɢɦɟɪ, ɥɚɦɩɨɱɤɚ 
ɂɥɶɢɱɚ ɧɚ ɧɟɪɚɫɬɹɠɢɦɨɦ ɧɟɜɟɫɨɦɨɦ ɩɪɨɜɨɞɟ). Ɇɚɹɬɧɢɤ ɨɬɤɥɨɧɢɥɢ ɧɚ 90° ɨɬ ɜɟɪɬɢɤɚɥɢ ɢ ɨɬɩɭɫɬɢɥɢ. В 
ɦɨɦɟɧɬ ɩɪɨɯɨɠɞɟɧɢɹ ɥɚɦɩɨɱɤɨɣ ɬɨɱɤɢ ɪɚɜɧɨɜɟɫɢɹ ɥɢɮɬ ɧɚɱɚɥ ɞɜɢɝɚɬɶɫɹ ɜɜɟɪɯ ɫ ɩɨɫɬɨɹɧɧɵɦ 
ɭɫɤɨɪɟɧɢɟɦ a. ɇɚɣɬɢ ɦɚɤɫɢɦɚɥɶɧɵɣ ɭɝɨɥ ɨɬɤɥɨɧɟɧɢɹ ɥɚɦɩɨɱɤɢ ɨɬ ɪɚɜɧɨɜɟɫɢɹ ɜ ɞɜɢɠɭɳɟɦɫɹ ɥɢɮɬɟ. 
 
ɋɠɳɠɨɣɠ 
ɂɡ ɡɚɤɨɧɚ ɫɨɯɪɚɧɟɧɢɹ ɷɧɟɪɝɢɢ ɤɢɧɟɬɢɱɟɫɤɚɹ ɷɧɟɪɝɢɹ ɥɚɦɩɨɱɤɢ ɩɪɢ ɩɪɨɯɨɠɞɟɧɢɢ ɪɚɜɧɨɜɟɫɢɹ ɛɭɞɟɬ ɪɚɜɧɚ 
ɢɡɦɟɧɟɧɢɸ ɟё ɩɨɬɟɧɰɢɚɥɶɧɨɣ ɷɧɟɪɝɢɢ:                
l – ɞɥɢɧɚ ɩɨɞɜɟɫɚ ɥɚɦɩɨɱɤɢ. ɋɤɨɪɨɫɬɶ ɥɚɦɩɨɱɤɢ ɜ ɧɢɠɧɟɣ ɬɨɱɤɟ ɬɪɚɟɤɬɨɪɢɢ   √   . Ⱦɜɢɠɟɧɢɟ ɥɚɦɩɨɱɤɢ ɜ ɭɫɤɨɪɟɧɧɨ ɞɜɢɠɭɳɟɦɫɹ ɥɢɮɬɟ ɷɤɜɢɜɚɥɟɧɬɧɨ 
ɟё ɞɜɢɠɟɧɢɸ ɜ ɩɨɥɟ ɬɹɠɟɫɬɢ ɫ ɭɫɤɨɪɟɧɢɟɦ ɫɜɨɛɨɞɧɨɝɨ ɩɚɞɟɧɢɹ ɪɚɜɧɵɦ g + a ɢ 
ɧɚɩɪɚɜɥɟɧɧɵɦ ɜɧɢɡ. В ɷɬɨɦ ɫɥɭɱɚɟ ɩɨɬɟɧɰɢɚɥɶɧɚɹ ɷɧɟɪɝɢɹ ɥɚɦɩɨɱɤɢ ɛɭɞɟɬ 
ɪɚɜɧɚ ሺ   ሻ . Ɍɨɝɞɚ ɢɡ ɡɚɤɨɧɚ ɫɨɯɪɚɧɟɧɢɹ ɷɧɟɪɝɢɢ ɩɪɢ ɦɚɤɫɢɦɚɥɶɧɨɦ 
ɨɬɤɥɨɧɟɧɢɢ ɥɚɦɩɨɱɤɢ   ሺ   ሻ        . 

ɂɡɦɟɧɟɧɢɟ ɜɵɫɨɬɵ ɥɚɦɩɨɱɤɢ ɩɪɢ ɨɬɤɥɨɧɟɧɢɢ ɧɚ ɭɝɨɥ φ ɪɚɜɧɨ              ሺ      ሻ. 
ɂɦɟɟɦ  ሺ   ሻ ሺ      ሻ     , 
ɨɬɤɭɞɚ          , ɢɥɢ             . 

 

Ʌɫɣɭɠɫɣɤ ȼɛɦɦɶ 

Ɂɚɩɢɫɚɧ ɡɚɤɨɧ ɫɨɯɪɚɧɟɧɢɹ ɷɧɟɪɝɢɢ ɜ ɧɟɩɨɞɜɢɠɧɨɦ ɥɢɮɬɟ 5 

ɉɨɤɚɡɚɧɚ ɷɤɜɢɜɚɥɟɧɬɧɨɫɬɶ ɞɜɢɠɟɧɢɹ ɜ ɭɫɤɨɪɟɧɧɨ ɞɜɢɠɭɳɟɦɫɹ 
ɥɢɮɬɟ ɢ ɜ ɩɨɥɟ ɬɹɠɟɫɬɢ 

10 

Ɂɚɩɢɫɚɧ ɡɚɤɨɧ ɫɨɯɪɚɧɟɧɢɹ ɷɧɟɪɝɢɢ ɜ ɞɜɢɠɭɳɟɦɫɹ ɥɢɮɬɟ 5 

ɉɨɥɭɱɟɧ ɜɟɪɧɵɣ ɨɬɜɟɬ 5 

 
Зɛɟɛɨɣɠ 4. Дɦɣɨɨɛя ɱɠɪɷ (25 ɜɛɦɦɩɝ) 
В ɫɩɟɰ. ɭɫɬɪɨɣɫɬɜɟ ɟɫɬɶ ɪɟɡɢɫɬɨɪɧɵɣ 20-ɬɢ 
ɡɜɟɧɧɵɣ ɞɟɥɢɬɟɥɶ – ɰɟɩɶ, ɫɨɞɟɪɠɚɳɚɹ 20 ɩɚɪ 
ɪɟɡɢɫɬɨɪɨɜ. ɋɨɩɪɨɬɢɜɥɟɧɢɹ ɪɟɡɢɫɬɨɪɨɜ ɜ ɩɚɪɟ 
ɪɚɜɧɵ ɢ ɧɚɪɚɫɬɚɸɬ ɦɟɠɞɭ ɫɨɫɟɞɧɢɦɢ ɩɚɪɚɦɢ 
ɤɚɠɞɵɣ ɪɚɡ ɜ 10 ɪɚɡ ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɪɟɞɵɞɭɳɟɣ 
ɩɚɪɵ. ɇɚɣɞɢɬɟ ɜɯɨɞɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɞɟɥɢɬɟɥɹ 
(ɦɟɠɞɭ ɬɨɱɤɚɦɢ А ɢ В). 
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ɋɠɳɠɨɣɠ 
ɂɡ ɭɫɥɨɜɢɹ ɜɢɞɧɨ, ɱɬɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɡɜɟɧɶɟɜ ɛɵɫɬɪɨ ɜɨɡɪɚɫɬɚɸɬ, ɩɨɷɬɨɦɭ ɞɥɹ ɩɪɢɛɥɢɠёɧɧɨɝɨ 
ɜɵɱɢɫɥɟɧɢɹ ɦɨɠɧɨ ɧɟ ɭɱɢɬɵɜɚɬɶ ɜɤɥɚɞ «ɭɞɚɥёɧɧɵɯ» ɨɬ ɜɯɨɞɚ ɡɜɟɧɶɟɜ. ɉɪɢ ɷɬɨɦ ɨɬɜɟɬ ɩɨɱɬɢ ɧɟ 
ɢɡɦɟɧɢɬɫɹ. ɉɭɫɬɶ ɦɵ ɨɬɛɪɚɫɵɜɚɟɦ ɜɫɟ ɡɜɟɧɶɹ ɤɪɨɦɟ ɩɟɪɜɨɝɨ – ɬɨɝɞɚ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɫɨɫɬɚɜɢɬ R1 = 2 Ом. 
Ⱦɚɥɟɟ ɨɫɬɚɜɥɹɟɦ ɞɜɚ ɩɟɪɜɵɯ ɡɜɟɧɚ – ɩɨɥɭɱɚɟɦ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ-ɩɚɪɚɥɥɟɥɶɧɭɸ ɞɜɭɯɡɜɟɧɧɭɸ ɫɯɟɦɭ, 
ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɤɨɬɨɪɨɣ: 

Ом.R 9521
201

201
1

2





 . 

Ⱦɥɹ ɬɪёɯ ɡɜɟɧɶɟɜ R3 = 1.951 Ом, ɬ.ɟ. ɬɨ ɠɟ ɫ ɬɨɱɧɨɫɬɶɸ ɞɨ 3-ɝɨ ɡɧɚɤɚ. Ɇɨɠɧɨ ɷɬɢɦ ɢ ɨɝɪɚɧɢɱɢɬɶɫɹ, ɧɭ ɚ 
ɦɨɠɧɨ ɜɤɥɸɱɢɬɶ ɟɳё ɧɟɫɤɨɥɶɤɨ ɡɜɟɧɶɟɜ, ɨɞɧɚɤɨ ɨɬɜɟɬ ɛɭɞɟɬ ɦɟɧɹɬɶɫɹ ɜɫё ɦɟɧɶɲɟ ɢ ɦɟɧɶɲɟ ɩɨ ɩɨɪɹɞɤɭ 
ɜɟɥɢɱɢɧɵ. 
Ⱦɪɭɝɨɣ ɫɩɨɫɨɛ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɫɥɟɞɭɸɳɟɦ. ȿɫɥɢ ɦɵ ɩɪɟɞɫɬɚɜɢɦ ɰɟɩɶ ɫ ɛɟɫɤɨɧɟɱɧɵɦ ɱɢɫɥɨɦ ɡɜɟɧɶɟɜ, ɬɨ 
ɜɫɹ ɰɟɩɶ ɫɩɪɚɜɚ ɨɬ 20-ɝɨ ɡɜɟɧɚ ɢɡɦɟɧɢɬ ɢɡɦɟɪɹɟɦɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɨɱɟɧɶ ɦɚɥɨ, ɩɨɷɬɨɦɭ ɦɨɠɧɨ 
ɪɚɫɫɱɢɬɵɜɚɬɶ ɧɚ ɬɨɱɧɨɫɬɶ ɪɟɡɭɥɶɬɚɬɚ. ɉɭɫɬɶ ɂɫɤɨɦɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ Z, ɬɨɝɞɚ ɟɫɥɢ ɦɵ ɨɬɛɪɨɫɢɦ ɩɟɪɜɨɟ 
ɡɜɟɧɨ, ɬɨ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɜɫɟɣ ɨɫɬɚɜɲɟɣɫɹ ɛɟɫɤɨɧɟɱɧɨɣ ɰɟɩɢ ɫ ɯɨɪɨɲɟɣ ɬɨɱɧɨɫɬɶɸ ɛɭɞɟɬ 10Z. ɉɨɫɥɟ 
ɷɬɨɝɨ ɪɚɫɫɦɨɬɪɢɦ ɰɟɩɶ, ɜ ɤɨɬɨɪɨɣ ɟɫɬɶ ɩɟɪɜɨɟ ɡɜɟɧɨ, ɚ ɜɫɹ ɨɫɬɚɥɶɧɚɹ ɰɟɩɶ ɡɚɦɟɧɟɧɚ ɧɚ ɫɨɩɪɨɬɢɜɥɟɧɢɟ 
10Z, ɬɨɝɞɚ: 

Z

Z
Z

101

101
1




 , 

 ɬ.ɟ. ɩɨɥɭɱɚɟɦ ɤɜɚɞɪɚɬɧɨɟ ɭɪɚɜɧɟɧɢɟ 011910
2  ZZ . 

Ɉɬɫɸɞɚ   Ом.Z 95112040119  . 

 

Ʌɫɣɭɠɫɣɤ ȼɛɦɦɶ 

ɇɠɭɩɟ ɪɩɬɦɠɟɩɝɛɭɠɦɷɨɩɞɩ ɪɫɣɜɦɣɡɠɨɣя 

ɋɨɫɬɚɜɥɟɧɢɟ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ-ɩɚɪɚɥɥɟɥɶɧɨɣ ɫɯɟɦɵ 10 

Ɋɚɫɱёɬ ɟё ɫɨɩɪɨɬɢɜɥɟɧɢɹ 5 

ɉɨɤɚɡɚɧɨ, ɱɬɨ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɡɜɟɧɶɟɜ ɨɬɜɟɬ ɩɨɱɬɢ ɧɟ ɦɟɧɹɟɬɫɹ 10 

ɇɠɭɩɟ ɜɠɬɥɩɨɠɲɨɩɤ ɱɠɪɣ 

Ɋɚɫɫɦɨɬɪɟɧɢɟ ɛɟɫɤɨɧɟɱɧɨɣ ɰɟɩɢ 10 

ɋɨɫɬɚɜɥɟɧɢɟ ɤɜɚɞɪɚɬɧɨɝɨ ɭɪɚɜɧɟɧɢɹ 10 

ɇɚɯɨɠɞɟɧɢɟ ɨɬɜɟɬɚ 5 

 



ɏɣɢɣɥɛ   9 ɥɦɛɬɬ 
 

ɇɨɩɞɩɪɫɩɯɣɦɷɨɛя ɩɦɣɧɪɣɛɟɛ ɳɥɩɦɷɨɣɥɩɝ ɎɫɏɎ 2017, 2 ɸɭɛɪ 
 1 

Ƚɫɠɧя ɝɶɪɩɦɨɠɨɣя ɢɛɟɛɨɣɤ – 180 ɧɣɨɮɭ. ɇɛɥɬɣɧɛɦɷɨɩɠ ɥɩɦɣɲɠɬɭɝɩ ɜɛɦɦɩɝ – 100 
 
ɂɛɟɛɨɣɠ 1. Ɉɠɩɡɣɟɛɨɨɶɤ ɪɩɝɩɫɩɭ (30 ɜɛɦɦɩɝ) 
Ⱦɜɚ ɤɨɫɦɢɱɟɫɤɢɯ ɬɟɥɚ ɫ ɦɚɫɫɚɦɢ 7 ɢ 10 т ɜɪɚɳɚɸɬɫɹ ɜɨɤɪɭɝ ɨɛɳɟɝɨ ɰɟɧɬɪɚ ɦɚɫɫ ɜɞɚɥɢ ɨɬ ɞɪɭɝɢɯ ɬɟɥ. В 
ɪɟɡɭɥɶɬɚɬɟ ɤɚɬɚɤɥɢɡɦɚ ɦɚɫɫɚ ɛɨɥɶɲɟɝɨ ɬɟɥɚ ɭɦɟɧɶɲɢɥɚɫɶ ɧɚ 30%. ɇɚ ɫɤɨɥɶɤɨ ɩɪɨɰɟɧɬɨɜ ɢɡɦɟɧɢɥɫɹ 
ɩɟɪɢɨɞ ɨɛɪɚɳɟɧɢɹ? 
 
ɋɠɳɠɨɣɠ: 
ɋɞɟɥɚɟɦ ɞɜɚ ɭɩɪɨɳɚɸɳɢɯ ɪɟɲɟɧɢɟ ɩɪɟɞɩɨɥɨɠɟɧɢɹ: 
1). Ɍɟɥɚ ɞɨ ɢ ɩɨɫɥɟ ɤɚɬɚɤɥɢɡɦɚ ɞɜɢɠɭɬɫɹ ɩɨ ɤɪɭɝɨɜɵɦ ɨɪɛɢɬɚɦ 
2). Ⱦɢɚɦɟɬɪɵ ɨɪɛɢɬ ɨɫɬɚɸɬɫɹ ɧɟɢɡɦɟɧɧɵɦɢ 
В ɫɢɫɬɟɦɟ ɨɬɫɱɟɬɚ, ɫɜɹɡɚɧɧɨɣ ɫ ɰɟɧɬɪɨɦ ɦɚɫɫ, ɦɟɠɞɭ ɬɟɥɚɦɢ ɞɟɣɫɬɜɭɟɬ 
ɫɢɥɚ ɝɪɚɜɢɬɚɰɢɨɧɧɨɝɨ ɩɪɢɬɹɠɟɧɢɹ 
 

                  , (1) 

ɤɨɬɨɪɚɹ ɫɨɨɛɳɚɟɬ ɢɦ ɰɟɧɬɪɨɫɬɪɟɦɢɬɟɥɶɧɨɟ ɭɫɤɨɪɟɧɢɟ. Ɂɚɩɢɲɟɦ ɜɬɨɪɨɣ 
ɡɚɤɨɧ ɇɶɸɬɨɧɚ ɞɥɹ ɤɚɠɞɨɝɨ ɢɡ ɬɟɥ: 
                       (2) 

                     ,  (3) 

ɝɞɟ ω – ɭɝɥɨɜɚɹ ɫɤɨɪɨɫɬɶ ɜɪɚɳɟɧɢɹ ɬɟɥ ɜɨɤɪɭɝ ɰɟɧɬɪɚ ɦɚɫɫ, ɫɜɹɡɚɧɧɚɹ ɫ ɩɟɪɢɨɞɨɦ ɨɛɪɚɳɟɧɢɹ 
ɫɨɨɬɧɨɲɟɧɢɟɦ: 
      .  (4) 

ɋɤɥɚɞɵɜɚɹ (2) ɢ (3), ɩɨɥɭɱɚɟɦ 

                    .  (5) 

ɉɨɞɫɬɚɧɨɜɤɚ (5) ɜ (4) ɞɚɟɬ ɜɵɪɚɠɟɧɢɟ ɞɥɹ ɩɟɪɢɨɞɚ Ɍ 

     √                 .  (6) 

ɋ ɭɱɟɬɨɦ ɩɪɟɞɩɨɥɨɠɟɧɢɣ, ɜɵɞɜɢɧɭɬɵɯ ɜ ɧɚɱɚɥɟ, ɫɨɝɥɚɫɧɨ ɮɨɪɦɭɥɟ (6), ɩɟɪɢɨɞ ɨɛɪɚɳɟɧɢɹ Ɍ ɡɚɜɢɫɢɬ 
ɬɨɥɶɤɨ ɨɬ ɦɚɫɫ ɤɨɫɦɢɱɟɫɤɢɯ ɬɟɥ. ɋɨɨɬɧɨɲɟɧɢɟ ɩɟɪɢɨɞɨɜ ɞɨ ɢ ɩɨɫɥɟ ɤɚɬɚɫɬɪɨɮɵ 

 
     √                    (7) 

Кɫɣɭɠɫɣɤ ȼɛɦɦɶ 

ɋɞɟɥɚɧɵ ɭɩɪɨɳɚɸɳɢɟ ɪɟɲɟɧɢɟ ɩɪɟɞɩɨɥɨɠɟɧɢɹ 10 

Ɂɚɩɢɫɚɧ ɜɬɨɪɨɣ ɡɚɤɨɧ ɇɶɸɬɨɧɚ ɜ ɫɢɫɬɟɦɟ ɨɬɫɱɟɬɚ, ɫɜɹɡɚɧɧɨɣ ɫ ɰɟɧɬɪɨɦ ɦɚɫɫ ɬɟɥ 5 

ɉɨɤɚɡɚɧɨ, ɱɬɨ ɩɟɪɢɨɞ Ɍ ɨɛɪɚɬɧɨ ɩɪɨɩɨɪɰɢɨɧɚɥɟɧ ɤɨɪɧɸ ɢɡ ɫɭɦɦɵ ɦɚɫɫ ɬɟɥ 10 

 
 
ɂɛɟɛɨɣɠ 2. Ƀɧɪɠɫɬɥɣɤ ɥɫɠɤɬɠɫ (25 ɜɛɦɦɩɝ) 
ɋɟɝɨɞɧɹ ɫɭɳɟɫɬɜɭɟɬ ɨɝɪɨɦɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɢɝɪɭɲɟɤ ɫ “ɜɟɱɧɵɦ ɞɜɢɝɚɬɟɥɟɦ”. Ɉɞɧɚ ɢɡ ɧɢɯ – “ɇɚɫɬɨɥɶɧɵɣ 
ɂɦɩɟɪɫɤɢɣ ɡɜɟɡɞɧɵɣ ɤɪɟɣɫɟɪ”. Ɉɧ ɡɚɤɪɟɩɥɟɧ ɧɚ ɩɪɨɞɨɥɶɧɨɦ ɞɟɪɠɚɬɟɥɟ ɬɚɤ, ɱɬɨ ɦɨɠɟɬ ɫɜɨɛɨɞɧɨ 
ɜɪɚɳɚɬɶɫɹ ɜɨɤɪɭɝ ɨɫɢ, ɩɪɨɯɨɞɹɳɟɣ ɱɟɪɟɡ ɬɨɱɤɭ О, ɜɵɩɨɥɧɹɹ ɮɢɝɭɪɭ ɜɵɫɲɟɝɨ ɩɢɥɨɬɚɠɚ ɩɨɞ ɧɚɡɜɚɧɢɟɦ 
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m
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“ɛɨɱɤɚ”. Вɧɭɬɪɢ ɤɪɟɣɫɟɪ ɪɚɡɞɟɥɟɧ ɧɚ 3 ɨɬɫɟɤɚ, ɤɚɤ ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫɭɧɤɟ ɫɩɪɚɜɚ. ɋɪɟɞɧɢɣ ɨɬɫɟɤ 
ɢɡɨɥɢɪɨɜɚɧ ɨɬ ɨɫɬɚɥɶɧɵɯ, ɚ ɜɟɪɯɧɢɣ ɢ ɧɢɠɧɢɣ ɫɨɟɞɢɧɟɧɵ ɬɪɭɛɤɨɣ. В ɧɢɠɧɢɣ ɨɬɫɟɤ ɧɚɥɢɬɨ “ɬɨɩɥɢɜɨ” – 
ɧɟɦɧɨɝɨ ɥɟɬɭɱɟɣ ɠɢɞɤɨɫɬɢ (ɷɮɢɪɚ). Ɋɚɫɤɪɚɲɟɧ 
ɤɪɟɣɫɟɪ ɜ ɱɟɪɧɵɣ ɢ ɛɟɥɵɣ ɰɜɟɬɚ, ɱɬɨɛɵ ɭɫɬɪɚɲɚɬɶ 
ɜɪɚɝɨɜ ɢ ɩɪɨɛɭɠɞɚɬɶ ɥɢɤɨɜɚɧɢɟ ɜ ɞɭɲɚɯ ɫɨɸɡɧɢɤɨɜ. 
ȿɫɥɢ ɢɝɪɭɲɤɭ ɩɨɫɬɚɜɢɬɶ ɧɚ ɫɨɥɧɰɟ, ɤɪɟɣɫɟɪ ɫɬɚɧɟɬ 
ɜɵɩɨɥɧɹɬɶ ɦɚɧɟɜɪɵ: ɩɟɪɟɜɨɪɚɱɢɜɚɬɶɫɹ ɜɜɟɪɯ-ɜɧɢɡ 
ɛɟɡ ɜɫɹɤɨɣ ɜɢɞɢɦɨɣ ɩɪɢɱɢɧɵ. Ɉɛɴɹɫɧɢɬɟ, ɩɨɱɟɦɭ 
ɷɬɨ ɩɪɨɢɫɯɨɞɢɬ. Ɉɬɤɭɞɚ ɨɧ ɛɟɪɟɬ ɷɧɟɪɝɢɸ ɞɥɹ 
ɫɜɨɟɝɨ ɜɪɚɳɟɧɢɹ? 
 
ɋɠɳɠɨɣɠ: 
ɉɪɢɧɰɢɩ ɪɚɛɨɬɵ “ɤɪɟɣɫɟɪɚ” ɨɫɧɨɜɚɧ ɧɚ ɩɪɢɧɰɢɩɟ ɬɟɩɥɨɜɨɝɨ ɧɚɫɨɫɚ. ɉɨɤɚ ɟɫɬɶ ɩɟɪɟɩɚɞ ɬɟɦɩɟɪɚɬɭɪ 
ɦɟɠɞɭ ɜɟɪɯɧɢɦ ɢ ɧɢɠɧɢɦ ɨɬɫɟɤɚɦɢ - ɤɪɟɣɫɟɪ ɫɨɜɟɪɲɚɟɬ ɦɚɧёɜɪɵ. ɉɪɢ ɷɬɨɦ ɬɟɦɩɟɪɚɬɭɪɚ ɧɢɠɧɟɝɨ ɨɬɫɟɤɚ 
ɜɫɟɝɞɚ ɞɨɥɠɧɚ ɛɵɬɶ ɜɵɲɟ ɬɟɦɩɟɪɚɬɭɪɵ ɜɟɪɯɧɟɝɨ – ɷɬɢɦ ɢ ɨɛɴɹɫɧɹɟɬɫɹ ɫɩɟɰɢɮɢɱɟɫɤɢɣ ɨɤɪɚɫ “ɤɪɟɣɫɟɪɚ”. 
Чёɪɧɚɹ ɛɨɤɨɜɚɹ ɩɨɜɟɪɯɧɨɫɬɶ ɯɨɪɨɲɨ ɩɨɝɥɨɳɚɟɬ ɬɟɩɥɨ, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɫɜɟɬɥɚɹ – ɨɬɪɚɠɚɟɬ. Эɬɨ ɜɵɡɵɜɚɟɬ 
ɚɤɬɢɜɧɨɟ ɢɫɩɚɪɟɧɢɟ “ɬɨɩɥɢɜɚ” ɜ ɧɢɠɧɟɦ ɨɬɫɟɤɟ ɢ ɤɨɧɞɟɧɫɚɰɢɸ ɟɝɨ ɜ ɜɟɪɯɧɟɦ, ɱɬɨ ɩɪɢ ɩɟɪɟɬɟɤɚɧɢɢ 
ɛɨɥɶɲɟɝɨ ɤɨɥɢɱɟɫɬɜɚ “ɬɨɩɥɢɜɚ” ɜ ɜɟɪɯɧɢɣ ɨɬɫɟɤ ɫɦɟɳɚɟɬ ɰɟɧɬɪ ɬɹɠɟɫɬɢ “ɤɪɟɣɫɟɪɚ”, ɩɟɪɟɜɨɞɹ ɟɝɨ ɜ 
ɩɨɥɨɠɟɧɢɟ ɧɟɭɫɬɨɣɱɢɜɨɝɨ ɪɚɜɧɨɜɟɫɢɹ, – ɢ ɤɪɟɣɫɟɪ ɫɨɜɟɪɲɚɟɬ ɨɱɟɪɟɞɧɨɣ “ɦɚɧёɜɪ”. Кɪɟɣɫɟɪ ɧɟ ɡɪɹ 
ɩɨɜёɪɧɭɬ ɤ ɫɨɥɧɰɭ ɛɨɤɨɦ – ɜɟɪɯɧɢɣ ɫɨɥɧɟɱɧɵɣ ɛɨɤ ɜɫɟɝɞɚ ɫɜɟɬɥɵɣ, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɧɢɠɧɢɣ – ɜɫɟɝɞɚ 
ɬёɦɧɵɣ. Ɇɚɧёɜɪɵ ɩɪɨɞɨɥɠɚɸɬɫɹ ɩɨɤɚ ɫɜɟɬɢɬ ɫɨɥɧɰɟ, ɬ.ɟ. ɫɭɳɟɫɬɜɭɟɬ ɬɟɩɥɨɜɨɣ ɩɨɬɨɤ ɨɬ ɫɨɥɧɰɚ ɜ ɜɨɡɞɭɯ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɱɟɪɟɡ ɧɢɠɧɢɣ ɢ ɜɟɪɯɧɢɣ ɨɬɫɟɤɢ. 
 

Кɫɣɭɠɫɣɤ ȼɛɦɦɶ 

Ɋɚɫɫɦɨɬɪɟɧɢɟ ɩɨɝɥɨɳɟɧɢɹ ɢ ɨɬɪɚɠɟɧɢɹ ɫɜɟɬɚ 10 

Ɋɚɫɫɦɨɬɪɟɧɢɟ ɢɫɩɚɪɟɧɢɹ ɢ ɤɨɧɞɟɧɫɚɰɢɢ 10 

ɇɚɪɭɲɟɧɢɟ ɪɚɜɧɨɜɟɫɢɹ ɢɡ-ɡɚ ɫɦɟɳɟɧɢɹ ɰɟɧɬɪɚ ɬɹɠɟɫɬɢ 5 

 
 
ɂɛɟɛɨɣɠ 3. Ɍɛɧɩɦёɭɩɜɩяɢɨɷ (20 ɜɛɦɦɩɝ) 
Ɂɚɦɟɱɚɥɢ ɥɢ Вɵ, ɱɬɨ ɟɫɥɢ ɩɪɢɝɧɭɬɶɫɹ ɜ ɬɨɬ ɦɨɦɟɧɬ, ɤɨɝɞɚ ɫɥɵɲɟɧ ɲɭɦ ɩɪɨɥɟɬɚɸɳɟɝɨ ɫɚɦɨɥёɬɚ, ɬɨ ɬɨɧ 
ɡɜɭɤɚ, ɤɨɬɨɪɵɣ ɜɵ ɫɥɵɲɢɬɟ, ɢɡɦɟɧɢɬɫɹ? Кɚɤ ɨɧ ɢɡɦɟɧɢɬɫɹ ɢ ɩɨɱɟɦɭ ɷɬɨ ɩɪɨɢɫɯɨɞɢɬ? 
 
ɋɠɳɠɨɣɠ 
ɋɭɬɶ ɹɜɥɟɧɢɹ ɜ ɢɧɬɟɪɮɟɪɟɧɰɢɢ ɜɨɥɧ – ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ “ɩɪɹɦɨɣ” ɡɜɭɤɨɜɨɣ ɜɨɥɧɵ ɨɬ ɫɚɦɨɥёɬɚ ɢ 
ɨɬɪɚɠɟɧɧɨɣ ɨɬ ɡɟɦɥɢ ɩɪɢɜɨɞɢɬ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɫɬɨɹɱɢɯ ɜɨɥɧ. ɉɪɢ ɷɬɨɦ ɜɨɥɧɵ ɦɟɧɶɲɟɣ ɞɥɢɧɵ ɨɛɪɚɡɭɸɬ 
ɩɭɱɧɨɫɬɢ, ɜ ɤɨɬɨɪɵɯ ɫɥɵɲɟɧ ɦɚɤɫɢɦɚɥɶɧɵɣ ɬɨɧ ɷɬɨɣ ɱɚɫɬɨɬɵ ɧɚ ɦɟɧɶɲɟɦ ɪɚɫɫɬɨɹɧɢɢ ɨɬ ɡɟɦɥɢ, ɱɟɦ 
ɛɨɥɟɟ ɞɥɢɧɧɵɟ ɧɢɡɤɨɱɚɫɬɨɬɧɵɟ ɜɨɥɧɵ. Ɍ.ɟ. ɱɟɦ ɛɥɢɠɟ ɤ ɡɟɦɥɟ, ɬɟɦ ɛɨɥɟɟ ɜɵɫɨɤɨɱɚɫɬɨɬɧɵɣ ɡɜɭɤ ɦɵ 
ɫɥɵɲɢɦ ɤɚɤ ɩɪɟɨɛɥɚɞɚɸɳɢɣ. Кɚɤ ɫɥɟɞɫɬɜɢɟ ɩɪɢ ɧɚɝɢɛɚɧɢɢ ɤ ɡɟɦɥɟ ɦɵ ɧɚɛɥɸɞɚɟɦ ɩɨɜɵɲɟɧɢɟ 
ɫɥɵɲɢɦɨɣ ɱɚɫɬɨɬɵ ɝɭɥɚ ɫɚɦɨɥёɬɚ. 
 

Кɫɣɭɠɫɣɤ ȼɛɦɦɶ 

Ɋɚɫɫɦɨɬɪɟɧɢɟ ɢɧɬɟɪɮɟɪɟɧɰɢɢ ɡɜɭɤɨɜɵɯ ɜɨɥɧ 5 

Вɨɡɧɢɤɧɨɜɟɧɢɟ ɫɬɨɹɱɢɯ ɜɨɥɧ 10 

Ɂɚɜɢɫɢɦɨɫɬɶ ɪɟɡɨɧɢɪɭɸɳɟɣ ɱɚɫɬɨɬɵ ɨɬ ɪɚɫɫɬɨɹɧɢɹ ɞɨ ɡɟɦɥɢ 10 
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ɂɛɟɛɨɣɠ 4: ɋɠɢɣɬɭɣɝɨɛя ɬɩɭɛ (25 ɜɛɦɦɩɝ) 
В ɞɨɫɤɭ ɜ ɜɟɪɲɢɧɚɯ ɩɪɚɜɢɥɶɧɨɝɨ ɲɟɫɬɢɭɝɨɥɶɧɢɤɚ ɜɛɢɬɵ ɲɟɫɬɶ ɝɜɨɡɞɟɣ. Вɫɟ ɝɜɨɡɞɢ ɩɨɩɚɪɧɨ ɫɨɟɞɢɧɟɧɵ 
ɪɟɡɢɫɬɨɪɚɦɢ ɫ ɫɨɩɪɨɬɢɜɥɟɧɢɟɦ R. ɇɚɣɞɢɬɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɦɟɠɞɭ ɞɜɭɦɹ ɫɨɫɟɞɧɢɦɢ ɝɜɨɡɞɹɦɢ. 
 
ɋɠɳɠɨɣɠ 
ɇɚ ɪɢɫɭɧɤɟ ɩɪɟɞɫɬɚɜɥɟɧɚ ɫɯɟɦɚ ɫɨɟɞɢɧɟɧɢɹ, ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɤɚɠɞɨɝɨ ɢɡ ɪɟɡɢɫɬɨɪɨɜ R. ɂɫɤɨɦɨɟ 
ɫɨɩɪɨɬɢɜɥɟɧɢɟ — ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɦɟɠɞɭ ɬɨɱɤɚɦɢ A ɢ B. Ⱦɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɢɫɩɨɥɶɡɭɟɦ ɫɢɦɦɟɬɪɢɸ 
ɫɯɟɦɵ. 

 

Ɍɨɱɤɢ A ɢ B ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɩɨɞɫɨɟɞɢɧɹɸɬɫɹ ɤ ɢɫɬɨɱɧɢɤɭ ɧɚɩɪɹɠɟɧɢɹ. ɉɨɤɚɠɟɦ, ɱɬɨ ɩɨɬɟɧɰɢɚɥ ɬɨɱɟɤ 1, 
2, 3, 4 ɨɞɢɧɚɤɨɜɵ. Ⱦɟɣɫɬɜɢɬɟɥɶɧɨ, ɤɚɠɞɚɹ ɢɡ ɨɫɬɚɥɶɧɵɯ ɜɟɪɲɢɧ ɩɪɢɫɨɟɞɢɧɟɧɚ ɱɟɪɟɡ ɪɟɡɢɫɬɨɪ R ɤ ɬɨɱɤɚɦ 

A ɢ B, ɚ ɬɚɤɠɟ ɤɨ ɜɫɟɦ ɨɫɬɚɜɲɢɦɫɹ ɬɨɱɤɚɦ, ɬɨ ɟɫɬɶ  ɬɨɱɤɢ 1–4 ɧɚɯɨɞɹɬɫɹ ɜ ɪɚɜɧɵɯ ɭɫɥɨɜɢɹɯ ɨɬɧɨɫɢɬɟɥɶɧɨ 
A ɢ B. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɱɟɪɟɡ ɪɟɡɢɫɬɨɪɵ, ɫɨɟɞɢɧɹɸɳɢɟ ɬɨɱɤɢ 1, 2, 3, 4 ɬɨɤ ɬɟɱɶ ɧɟ ɛɭɞɟɬ. Эɤɜɢɜɚɥɟɧɬɧɚɹ 
ɫɯɟɦɚ ɫ ɭɱёɬɨɦ ɫɢɦɦɟɬɪɢɢ ɫɨɟɞɢɧɟɧɢɹ ɩɪɢɜɟɞɟɧɚ ɧɚ ɪɢɫɭɧɤɟ. 

В ɷɤɜɢɜɚɥɟɧɬɧɨɣ ɫɯɟɦɟ ɬɚɤɠɟ ɜɨɡɦɨɠɧɨ ɭɞɚɥɢɬɶ ɫɨɟɞɢɧɟɧɢɹ ɬɨɱɟɤ 1, 2, 3, 4 ɜɫɥɟɞɫɬɜɢɟ ɪɚɜɟɧɫɬɜɚ ɢɯ 
ɩɨɬɟɧɰɢɚɥɨɜ. В ɬɚɤɨɦ ɫɥɭɱɚɟ ɢɦɟɟɦ ɩɚɪɚɥɥɟɥɶɧɨɟ ɫɨɟɞɢɧɟɧɢɟ ɱɟɬɵɪёɯ ɜɟɬɜɟɣ ɫɨɩɪɨɬɢɜɥɟɧɢɟɦ 2R ɢ 
ɨɞɧɨɣ ɜɟɬɜɢ ɫɨɩɪɨɬɢɜɥɟɧɢɟɦ R. Ɉɛɳɟɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɷɬɨɣ ɫɯɟɦɵ               . 

Ɉɬɜɟɬ: ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɦɟɠɞɭ ɞɜɭɦɹ ɫɨɫɟɞɧɢɦɢ ɝɜɨɡɞɹɦɢ ɪɚɜɧɨ R/3. 

Кɫɣɭɠɫɣɤ ȼɛɦɦɶ 

ɋɨɫɬɚɜɥɟɧɚ ɫɯɟɦɚ ɫɨɟɞɢɧɟɧɢɹ 5 

Ɋɚɫɫɦɨɬɪɟɧɚ ɫɢɦɦɟɬɪɢɢ ɫɨɟɞɢɧɟɧɢɹ 10 

ɋɨɫɬɚɜɥɟɧɚ ɷɤɜɢɜɚɥɟɧɬɧɚɹ ɫɯɟɦɚ 5 

ɇɚɣɞɟɧɨ ɨɛɳɟɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɫɯɟɦɵ 5 
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Ƚɫɠɧя ɝɶɪɩɦɨɠɨɣя ɢɛɟɛɨɣɤ – 180 ɧɣɨɮɭ. ɇɛɥɬɣɧɛɦɷɨɩɠ ɥɩɦɣɲɠɬɭɝɩ ɜɛɦɦɩɝ – 100 

 

Зɛɟɛɨɣɠ 1. Ɉɠɝɣɟɣɧɶɠ ɢɝёɢɟɶ (25 ɜɛɦɦɩɝ) 
ɂɡɜɟɫɬɧɵɣ ɛɪɢɬɚɧɫɤɢɣ ɚɫɬɪɨɧɨɦ ɤɨɧɰɚ 18 ɜɟɤɚ, ɩɪɨɜɨɞɢɜɲɢɣ ɬɚɤɠɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜ ɨɛɥɚɫɬɢ ɨɩɬɢɤɢ ɢ 
ɝɪɚɜɢɬɚɰɢɢ, ɫɞɟɥɚɥ ɩɪɟɞɩɨɥɨɠɟɧɢɟ, ɱɬɨ ɜɨ ȼɫɟɥɟɧɧɨɣ ɦɨɠɟɬ ɫɭɳɟɫɬɜɨɜɚɬɶ ɦɧɨɠɟɫɬɜɨ ɡɜёɡɞ, ɫ 
ɪɚɡɦɟɪɚɦɢ ɜ ɫɨɬɧɢ ɪɚɡ ɩɪɟɜɵɲɚɸɳɢɦɢ ɪɚɡɦɟɪɵ ɋɨɥɧɰɚ, ɤɨɬɨɪɵɟ, ɬɟɦ ɧɟ ɦɟɧɟɟ, ɧɟ ɦɨɝɭɬ ɛɵɬɶ ɭɜɢɞɟɧɵ 
ɫ ɛɨɥɶɲɢɯ ɪɚɫɫɬɨɹɧɢɣ. ɋɱɢɬɚɹ ɩɥɨɬɧɨɫɬɶ ɬɚɤɢɯ ɡɜёɡɞ ɪɚɜɧɨɣ ɫɪɟɞɧɟɣ ɩɥɨɬɧɨɫɬɢ ɋɨɥɧɰɚ, ɨɰɟɧɢɬɟ 
ɦɢɧɢɦɚɥɶɧɵɣ ɪɚɞɢɭɫ ɬɚɤɨɣ ɡɜɟɡɞɵ. 
ɋɠɳɠɨɣɠ 
Ɉɰɟɧɢɦ ɪɚɞɢɭɫ ɬɚɤɨɣ ɡɜɟɡɞɵ, ɫɱɢɬɚɹ ɟё ɩɥɨɬɧɨɫɬɶ ɪɚɜɧɨɣ ɫɪɟɞɧɟɣ ɩɥɨɬɧɨɫɬɢ ɜɟɳɟɫɬɜɚ ɋɨɥɧɰɚ (ɜɨ 
ɜɪɟɦɟɧɚ Ɇɢɱɟɥɥɚ ɩɥɨɬɧɨɫɬɢ ɜɫɟɯ ɡɜёɡɞ ɫɱɢɬɚɥɢɫɶ ɪɚɜɧɨɣ ɩɥɨɬɧɨɫɬɢ ɋɨɥɧɰɚ). ȼɨɫɩɨɥɶɡɭɟɦɫɹ ɢɡɜɟɫɬɧɨɣ 
ɮɨɪɦɭɥɨɣ ɜɬɨɪɨɣ ɤɨɫɦɢɱɟɫɤɨɣ ɫɤɨɪɨɫɬɢ     √    , 

ɝɞɟ G – ɝɪɚɜɢɬɚɰɢɨɧɧɚɹ ɩɨɫɬɨɹɧɧɚɹ, M – ɦɚɫɫɚ ɢ R – ɪɚɞɢɭɫ ɡɜɟɡɞɵ, ɢ ɩɪɢɪɚɜɧɹɟɦ ɷɬɭ ɫɤɨɪɨɫɬɶ ɫɤɨɪɨɫɬɢ 
ɫɜɟɬɚ c2 . Ɍɨɝɞɚ ɦɢɧɢɦɚɥɶɧɵɣ ɪɚɞɢɭɫ ɬɚɤɨɣ ɡɜɟɡɞɵ         . 

ɉɨɫɤɨɥɶɤɭ ɩɥɨɬɧɨɫɬɶ ɡɜɟɡɞɵ ɪɚɜɧɚ ɫɨɥɧɟɱɧɨɣ ɩɥɨɬɧɨɫɬɢ, ɨɬɧɨɲɟɧɢɟ ɦɚɫɫɵ ɡɜɟɡɞɵ ɤ ɦɚɫɫɟ ɋɨɥɧɰɚ 
ɛɭɞɟɬ ɪɚɜɧɨ ɨɬɧɨɲɟɧɢɸ ɢɯ ɨɛɴёɦɨɜ               , 
Ƚɞɟ MS VS, RS – ɦɚɫɫɚ, ɨɛɴёɦ ɢ ɪɚɞɢɭɫ ɋɨɥɧɰɚ; ɨɬɫɸɞɚ           . 

ɉɨɞɫɬɚɜɥɹɹ ɩɨɥɭɱɟɧɧɨɟ ɜɵɪɚɠɟɧɢɟ ɜ ɮɨɪɦɭɥɭ ɞɥɹ ɪɚɞɢɭɫɚ ɡɜɟɡɞɵ, ɦɨɠɧɨ ɜɵɪɚɡɢɬɶ ɨɬɧɨɲɟɧɢɟ ɪɚɞɢɭɫɚ 
ɡɜɟɡɞɵ ɤ ɪɚɞɢɭɫɭ ɋɨɥɧɰɚ:     √             . 

Ɍ.ɟ. ɦɢɧɢɦɚɥɶɧɵɣ ɪɚɞɢɭɫ ɬɚɤɨɣ ɡɜɟɡɞɵ ɫɨɫɬɚɜɥɹɟɬ 485 ɪɚɞɢɭɫɨɜ ɋɨɥɧɰɚ. 
ɍɩɨɦɹɧɭɬɵɣ ɚɫɬɪɨɧɨɦ – Ⱦɠɨɧ Ɇɢɱɟɥɥ (1724-1793) – ɢɡɜɟɫɬɟɧ ɫɟɣɱɚɫ ɤɚɤ ɨɞɢɧ ɢɡ ɩɟɪɜɵɯ ɭɱёɧɵɯ, 
ɩɪɟɞɥɨɠɢɜɲɢɯ ɜɨɡɦɨɠɧɨɫɬɶ ɫɭɳɟɫɬɜɨɜɚɧɢɹ ɱёɪɧɵɯ ɞɵɪ. ȼ 1784 ɝɨɞɭ ɜ ɠɭɪɧɚɥɟ Ʌɨɧɞɨɧɫɤɨɝɨ 
Ʉɨɪɨɥɟɜɫɤɨɝɨ ɨɛɳɟɫɬɜɚ ɩɨɹɜɢɥɚɫɶ ɟɝɨ ɫɬɚɬɶɹ, ɜ ɤɨɬɨɪɨɣ ɜɵɫɤɚɡɵɜɚɥɚɫɶ ɝɢɩɨɬɟɡɚ, ɱɬɨ ɫɜɟɬ ɡɜɟɡɞɵ, ɱɟɣ 
ɪɚɞɢɭɫ ɜ 500 ɪɚɡ ɩɪɟɜɵɲɚɟɬ ɪɚɞɢɭɫ ɋɨɥɧɰɚ, ɧɟ ɫɦɨɠɟɬ ɭɞɚɥɢɬɶɫɹ ɨɬ ɬɚɤɨɣ ɡɜɟɡɞɵ ɧɚ ɛɟɫɤɨɧɟɱɧɨ 
ɛɨɥɶɲɨɟ ɪɚɫɫɬɨɹɧɢɟ, ɜɫɥɟɞɫɬɜɢɟ ɬɨɝɨ, ɱɬɨ ɜɬɨɪɚɹ ɤɨɫɦɢɱɟɫɤɚɹ ɫɤɨɪɨɫɬɶ ɬɚɤɨɝɨ ɨɛɴɟɤɬɚ ɛɨɥɶɲɟ ɫɤɨɪɨɫɬɢ 
ɫɜɟɬɚ. 
 

Кɫɣɭɠɫɣɤ ȼɛɦɦɶ 

ɋɞɟɥɚɧ ɜɵɜɨɞ ɨ ɪɟɲɚɸɳɟɣ ɪɨɥɢ ɫɢɥɵ ɝɪɚɜɢɬɚɰɢɢ ɞɥɹ ɤɪɢɬɟɪɢɹ ɜɢɞɢɦɨɫɬɢ ɡɜɟɡɞɵ  10 

Ɂɚɩɢɫɚɧɨ ɭɪɚɜɧɟɧɢɟ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɪɚɞɢɭɫɚ 10 

ɉɨɥɭɱɟɧ ɱɢɫɥɟɧɧɵɣ ɨɬɜɟɬ 5 

https://ru.wikipedia.org/wiki/??????,_????
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Зɛɟɛɨɣɠ 2. ɋɠɞɮɦяɭɩɫ ɞɫɩɧɥɩɬɭɣ (25 ɜɛɦɦɩɝ) 
ɇɚɣɬɢ ɨɬɧɨɫɢɬɟɥɶɧɵɣ ɭɪɨɜɟɧɶ ɜɵɯɨɞɧɨɝɨ ɫɢɝɧɚɥɚ y (ɜ ɞɨɥɹɯ ɨɬ ɜɯɨɞɧɨɝɨ) ɞɥɹ 
ɫɯɟɦɵ ɫ ɩɨɬɟɧɰɢɨɦɟɬɪɨɦ ɨɬ ɩɨɥɨɠɟɧɢɹ ɟɝɨ ɞɜɢɠɤɚ x, ɝɞɟ 10  x . Ʉɚɤɢɟ 
ɡɧɚɱɟɧɢɹ R ɢ P ɧɟɨɛɯɨɞɢɦɨ ɜɵɛɪɚɬɶ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɡɚɜɢɫɢɦɨɫɬɢ ɧɚɢɛɨɥɟɟ 
ɛɥɢɡɤɨɣ ɤ ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɨɣ x

e~y ? ɉɨɞɨɛɧɵɟ ɫɯɟɦɵ ɱɚɫɬɨ ɢɫɩɨɥɶɡɭɸɬɫɹ 
ɞɥɹ “ɟɫɬɟɫɬɜɟɧɧɨɝɨ” ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɭɪɨɜɧɹ ɡɜɭɤɚ. Ⱦɥɹ ɩɪɨɫɬɨɬɵ ɭɞɨɛɧɨ 
ɩɪɢɧɹɬɶ RȼЫХ(x=0) = 0 Ом. 
 
 

ɋɠɳɠɨɣɠ: 
ɉɪɟɞɫɬɚɜɢɦ ɫɯɟɦɭ ɤɚɤ ɫɦɟɲɚɧɧɨɟ ɫɨɟɞɢɧɟɧɢɟ ɪɟɡɢɫɬɨɪɨɜ (ɫɦ. ɪɢɫ.). 
Ɍɨɝɞɚ ɫ ɭɱёɬɨɦ, ɱɬɨ  0

0


xВыхR  ɢ ɩɪɢ ɷɬɨɦ R>0 ɩɨɥɭɱɚɟɦ, ɱɬɨ 

0
0


xABP . Ɍɨɝɞɚ: 

AB

AB
AB

PR

PR
R




 ,  xPPR ACBCBC  1 , 

AC

AB
ACAB

P

P
xxPP  . 

ɉɭɫɬɶ 
AB

AC

AB

AC

Вх

Вых

R

R

IR

IR

U

U
y 




 , ɬɨɝɞɚ: 

         xPRxxR

xR

xR

xPRx
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RRR

R
y

ACAC
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1

1

1
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 xx
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ACACAC 
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ȿɫɥɢ RPAC   ɬɨ ɮɭɧɤɰɢɹ ɥɢɧɟɣɧɚɹ: 
xy   

ȿɫɥɢ RPAC  , ɬɨ ɮɭɧɤɰɢɹ ɢɦɟɟɬ ɜɢɞ ɨɛɪɚɬɧɨɣ ɝɢɩɟɪɛɨɥɵ, ɱɬɨ ɧɟɫɤɨɥɶɤɨ ɛɥɢɠɟ ɤ x
e~y : 

   xP

R

x
R

P
y

ACAC 





1

1

1

1
. 

 

Кɫɣɭɠɫɣɤ ȼɛɦɦɶ 

ɇɚɪɢɫɨɜɚɧɚ ɷɤɜɢɜɚɥɟɧɬɧɚɹ ɫɯɟɦɚ 10 

Ɂɚɩɢɫɚɧɵ ɭɪɚɜɧɟɧɢɹ ɞɥɹ ɭɱɚɫɬɤɨɜ ɰɟɩɢ ɞɨ ɢ ɩɨɫɥɟ ɬɨɱɤɢ ɜɯɨɞɚ ɩɟɪɟɦɟɧɧɨɝɨ ɪɟɡɢɫɬɨɪɚ 5 

ɉɨɥɭɱɟɧ ɨɬɜɟɬ ɞɥɹ ɮɭɧɤɰɢɢ y(x) 5 

ɉɪɨɜɟɞɟɧ ɚɧɚɥɢɡ ɮɭɧɤɰɢɢ ɢ ɩɨɥɭɱɟɧ ɨɬɜɟɬ 5 
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Зɛɟɛɨɣɠ 3. Ɋɩɬɛɟɩɲɨɶɠ ɧɛɨёɝɫɶ (20 ɜɛɦɦɩɝ) 
Ɉɪɛɢɬɚɥɶɧɚɹ ɫɬɚɧɰɢɹ Ares-3 ɫɨ ɫɩɭɫɤɚɟɦɵɦ ɦɨɞɭɥɟɦ ɩɨɞɥɟɬɚɟɬ ɤ Ɇɚɪɫɭ ɩɨ ɩɚɪɚɛɨɥɢɱɟɫɤɨɣ ɬɪɚɟɤɬɨɪɢɢ. 
ȼ ɦɨɦɟɧɬ ɜɵɯɨɞɚ ɧɚ ɤɪɭɝɨɜɭɸ ɨɪɛɢɬɭ ɩɪɨɢɫɯɨɞɢɬ ɡɚɩɭɫɤ ɬɨɪɦɨɡɧɨɝɨ ɞɜɢɝɚɬɟɥɹ, ɪɚɛɨɬɚɸɳɟɝɨ 
ɧɟɩɪɨɞɨɥɠɢɬɟɥɶɧɨɟ ɜɪɟɦɹ, ɩɨɫɥɟ ɱɟɝɨ ɡɚɜɟɪɲɚɟɬɫɹ ɜɵɯɨɞ ɧɚ ɨɪɛɢɬɭ ɪɚɞɢɭɫɚ R0. ȼɵɫɨɬɚ ɨɪɛɢɬɵ ɧɚɞ 
ɩɨɜɟɪɯɧɨɫɬɶɸ ɩɥɚɧɟɬɵ ɫɨɜɩɚɞɚɟɬ ɫ ɜɵɫɨɬɨɣ ɬɨɱɤɢ ɧɚɢɛɨɥɶɲɟɝɨ ɫɛɥɢɠɟɧɢɹ ɩɟɪɜɨɧɚɱɚɥɶɧɨɣ ɬɪɚɟɤɬɨɪɢɢ. 
Ɉɩɪɟɞɟɥɢɬɶ ɧɚɫɤɨɥɶɤɨ ɢɡɦɟɧɢɥɚɫɶ ɫɤɨɪɨɫɬɶ ɤɨɪɚɛɥɹ ɜɨ ɜɪɟɦɹ ɷɬɨɝɨ ɦɚɧёɜɪɚ. Ɇɚɫɫɚ Ɇɚɪɫɚ MM. 
 
ɋɠɳɠɨɣɠ: 
ɉɚɪɚɛɨɥɢɱɟɫɤɚɹ ɬɪɚɟɤɬɨɪɢɹ ɩɨɞɪɚɡɭɦɟɜɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɭɞɚɥɟɧɢɹ ɧɚ ɛɟɫɤɨɧɟɱɧɨ ɛɨɥɶɲɨɟ ɪɚɫɫɬɨɹɧɢɟ, 
ɝɞɟ  ɩɨɥɧɚɹ ɦɟɯɚɧɢɱɟɫɤɚɹ ɷɧɟɪɝɢɹ ɤɨɪɚɛɥɹ ɦɨɠɟɬ ɛɵɬɶ ɩɪɢɧɹɬɚ ɡɚ ɧɨɥɶ, ɬɨɝɞɚ ɜ ɬɨɱɤɟ ɦɚɤɫɢɦɚɥɶɧɨɝɨ 
ɫɛɥɢɠɟɧɢɹ ɡɚɤɨɧ ɫɨɯɪɚɧɟɧɢɹ ɷɧɟɪɝɢɢ ɦɨɠɟɬ ɛɵɬɶ ɡɚɩɢɫɚɧ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 

0
2 0

2

0 
R

mM
G

mv M , ɨɬɤɭɞɚ 
0

0 2
R

M
Gv M . 

Ɋɚɫɫɦɨɬɪɢɦ 
2

0R

M
Gg M

R   -- ɭɫɤɨɪɟɧɢɟ ɫɜɨɛɨɞɧɨɝɨ ɩɚɞɟɧɢɹ ɧɚ ɨɪɛɢɬɟ ɪɚɞɢɭɫɚ R, ɬɨɝɞɚ 00 2 Rgv R . 

ɇɚɣɞɟɦ 1v  -- ɩɟɪɜɭɸ ɤɨɫɦɢɱɟɫɤɭɸ ɫɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ ɩɨ ɤɪɭɝɨɜɨɣ ɨɪɛɢɬɟ ɪɚɞɢɭɫɚ R. Ɉɧɚ ɛɭɞɟɬ 

ɯɚɪɚɤɬɟɪɢɡɨɜɚɬɶɫɹ ɰɟɧɬɪɨɫɬɪɟɦɢɬɟɥɶɧɵɦ ɭɫɤɨɪɟɧɢɟɦ 
0

2

R

v
an  , ɤɨɬɨɪɨɟ ɫɨɨɛɳɚɟɬɫɹ ɫɢɥɨɣ ɬɹɝɨɬɟɧɢɹ 

RmgF  . ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɜɬɨɪɨɣ ɡɚɤɨɧ ɇɶɸɬɨɧɚ ɜ ɩɪɨɟɤɰɢɢ ɧɚ ɪɚɞɢɭɫ ɛɭɞɟɬ ɡɚɩɢɫɚɧ ɬɚɤ: Rmg
R

mv


0

2

1 . 

ɋɥɟɞɨɜɚɬɟɥɶɧɨ ɤɨɧɟɱɧɚɹ ɫɤɨɪɨɫɬɶ ɞɨɥɠɧɚ ɫɨɫɬɚɜɢɬɶ 01 Rgv R , ɚ ɢɡɦɟɧɟɧɢɟ ɫɤɨɪɨɫɬɢ 
)12(0  Rgv R . 
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ɉɪɚɜɢɥɶɧɚɹ ɡɚɩɢɫɶ ɡɚɤɨɧɚ ɫɨɯɪɚɧɟɧɢɹ ɷɧɟɪɝɢɢ 10 

ɇɚɣɞɟɧɚ ɩɟɪɜɚɹ ɤɨɫɦɢɱɟɫɤɚɹ ɫɤɨɪɨɫɬɶ ɧɚ ɨɪɛɢɬɟ ɩɥɚɧɟɬɵ 10 

 

 

Зɛɟɛɨɣɠ 4. Дɶɫяɝɶɤ ɧɠɭɠɩɢɩɨɟ (30 ɜɛɦɦɩɝ) 
Ɇɟɬɟɨɡɨɧɞ ɧɚɩɨɥɧɹɸɬ ɫɦɟɫɶɸ ɝɟɥɢɹ ɢ ɜɨɡɞɭɯɚ ɜ ɪɚɜɧɵɯ ɦɨɥɹɪɧɵɯ ɩɪɨɩɨɪɰɢɹɯ. Ɉɞɧɚɤɨ ɜ ɧɟɦ 
ɨɤɚɡɵɜɚɟɬɫɹ ɧɟɛɨɥɶɲɨɟ ɨɬɜɟɪɫɬɢɟ, ɱɟɪɟɡ ɤɨɬɨɪɨɟ ɫɨɞɟɪɠɢɦɨɟ ɭɫɬɪɟɦɥɹɟɬɫɹ ɧɚɪɭɠɭ. ɇɚɣɞɢɬɟ 
ɦɨɥɟɤɭɥɹɪɧɵɣ ɫɨɫɬɚɜ ɩɭɱɤɚ, ɩɨɤɢɞɚɸɳɟɝɨ ɲɚɪɢɤ ɜ ɧɚɱɚɥɶɧɵɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ. ɋɱɢɬɚɬɶ, ɱɬɨ ɫɪɟɞɧɢɟ 
ɷɧɟɪɝɢɢ ɦɨɥɟɤɭɥ ɡɚɜɢɫɹɬ ɬɨɥɶɤɨ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɜɨɡɞɭɯ ɫɨɫɬɨɢɬ ɢɡ 25% ɤɢɫɥɨɪɨɞɚ ɢ 75% ɚɡɨɬɚ. 
 
ɋɠɳɠɨɣɠ. 
Ɂɚɦɟɬɢɦ, ɱɬɨ ɤɨɥɢɱɟɫɬɜɚ ɦɨɥɟɤɭɥ 

22
::

ONHe   ɫɨɨɬɧɨɫɢɬɫɹ ɤɚɤ 1:3:4 .  

ȼ ɫɢɥɭ ɬɨɝɨ ɱɬɨ, ɫɪɟɞɧɢɟ ɷɧɟɪɝɢɢ ɡɚɜɢɫɹɬ ɬɨɥɶɤɨ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ, ɦɵ ɢɦɟɟɦ ɪɚɜɟɧɫɬɜɨ ɤɢɧɟɬɢɱɟɫɤɢɯ 
ɷɧɟɪɝɢɣ  

222

222

22 ONHe
mvmvmv

 , 

ɨɬɤɭɞɚ ɩɨɥɭɱɚɟɦ, ɤɚɤ ɫɨɨɬɧɨɫɹɬɫɹ ɦɟɠɞɭ ɫɨɛɨɣ ɫɤɨɪɨɫɬɢ: 

22
::

ONHe vvv  ɤɚɤ 1:07.1:83.2 , ɡɚɦɟɬɢɦ, ɱɬɨ ɩɨɥɭɱɟɧɧɨɟ ɫɨɨɬɧɨɲɟɧɢɟ ɧɟ ɡɚɜɢɫɢɬ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ, ɬ.ɤ. 
ɝɚɡɵ ɧɚɯɨɞɹɬɫɹ ɜ ɬɟɩɥɨɜɨɦ ɪɚɜɧɨɜɟɫɢɢ. 
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Ⱦɚɥɟɟ ɧɚɦ ɧɟɨɛɯɨɞɢɦɨ ɪɚɫɫɦɨɬɪɟɬɶ ɩɭɱɨɤ ɦɨɥɟɤɭɥ, ɩɨɤɢɞɚɸɳɢɯ ɦɟɬɟɨɡɨɧɞ. Ɇɨɥɟɤɭɥɵ, ɤɨɬɨɪɵɟ ɟɝɨ 
ɩɨɤɢɞɚɸɬ, ɞɨɥɠɧɵ ɢɦɟɬɶ ɫɤɨɪɨɫɬɶ, ɧɚɩɪɚɜɥɟɧɧɭɸ ɜ ɨɬɜɟɪɫɬɢɟ (ɞɥɹ ɩɪɨɫɬɨɬɵ ɪɚɫɫɭɠɞɟɧɢɣ ɨɬɜɟɪɫɬɢɟ 
ɛɭɞɟɦ ɫɱɢɬɚɬɶ ɬɨɱɟɱɧɵɦ).  
Ɋɚɫɫɦɨɬɪɢɦ ɥɸɛɨɟ ɢɡ ɧɚɩɪɚɜɥɟɧɢɣ ɫɤɨɪɨɫɬɢ. Ɉɛɨɡɧɚɱɢɦ ɩɨɥɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɦɨɥɟɤɭɥ ɫ ɬɚɤɢɦ 
ɧɚɩɪɚɜɥɟɧɢɟɦ ɫɤɨɪɨɫɬɢ, ɩɨɤɢɧɭɜɲɢɯ ɦɟɬɟɨɡɨɧɞ ɡɚ ɞɨɫɬɚɬɨɱɧɨ ɦɚɥɵɣ, ɱɬɨɛɵ ɧɟ ɭɱɢɬɵɜɚɬɶ ɫɨɭɞɚɪɟɧɢɹ, 

ɩɪɨɦɟɠɭɬɨɤ ɜɪɟɦɟɧɢ t  ɤɚɤ N . Ɂɚɦɟɬɢɦ, ɱɬɨ 
22 ONHe NNNN  ,  ɝɞɟ tv

V
N He

He
He 


 

(ɚɧɚɥɨɝɢɱɧɨ ɞɥɹ 2N  ɢ 2O ), ɝɞɟ V – ɨɛɴɟɦ ɦɟɬɟɨɡɨɧɞɚ. 
Ɉɬɫɸɞɚ ɩɨɥɭɱɢɦ ɫɨɨɬɧɨɲɟɧɢɟ ɦɟɠɞɭ ɤɨɥɢɱɟɫɬɜɚɦɢ ɱɚɫɬɢɰ, ɢɦɟɸɳɢɯ ɜɵɛɪɚɧɧɨɟ ɧɚɩɪɚɜɥɟɧɢɟ ɫɤɨɪɨɫɬɢ 

22
:: ONHe NNN  ɤɚɤ      

2222 OONNHeHe v:v:v   ,  ɜ ɱɢɫɥɚɯ 1:21.3:32.11 (ɡɚɦɟɬɢɦ, ɱɬɨ ɩɪɨɦɟɠɭɬɨɤ 
ɜɪɟɦɟɧɢ t , ɜɜɟɞɟɧɧɵɣ ɪɚɧɟɟ, ɜ ɨɬɜɟɬ ɧɟ ɜɯɨɞɢɬ). 
ȼ ɫɢɥɭ ɯɚɨɬɢɱɧɨɫɬɢ ɞɜɢɠɟɧɢɹ ɦɨɥɟɤɭɥ ɜ ɝɚɡɟ, ɜɫɟ ɧɚɩɪɚɜɥɟɧɢɹ ɫɤɨɪɨɫɬɢ ɪɚɜɧɨɜɟɪɨɹɬɧɵ, ɚ 
ɫɥɟɞɨɜɚɬɟɥɶɧɨ ɪɚɜɧɨɡɚɩɨɥɧɟɧɵ ɱɚɫɬɢɰɚɦɢ, ɩɨɷɬɨɦɭ ɩɨɥɭɱɟɧɧɨɟ ɫɨɨɬɧɨɲɟɧɢɟ ɪɚɫɩɪɨɫɬɪɚɧɹɟɬɫɹ ɢ ɧɚ 
ɞɪɭɝɢɟ ɧɚɩɪɚɜɥɟɧɢɹ ɫɤɨɪɨɫɬɢ. Ɋɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɠɟ ɧɚ ɫɥɭɱɚɣ ɧɟɬɨɱɟɱɧɨɝɨ ɨɬɜɟɪɫɬɢɹ ɟɳɟ ɛɨɥɟɟ 
ɬɪɢɜɢɚɥɶɧɨ: ɥɸɛɨɟ ɨɬɜɟɪɫɬɢɟ ɤɨɧɟɱɧɵɯ ɪɚɡɦɟɪɨɜ ɦɨɠɟɬ ɛɵɬɶ ɪɚɫɫɦɨɬɪɟɧɨ ɤɚɤ ɫɨɜɨɤɭɩɧɨɫɬɶ ɬɨɱɟɱɧɵɯ, 
ɩɨɫɤɨɥɶɤɭ ɞɥɹ ɤɚɠɞɨɝɨ ɬɨɱɟɱɧɨɝɨ ɨɬɜɟɪɫɬɢɹ ɢɫɤɨɦɨɟ ɫɨɨɬɧɨɲɟɧɢɟ ɭɫɬɚɧɨɜɥɟɧɨ, ɬɨ ɨɧɨ ɠɟ ɫɨɯɪɚɧɢɬɫɹ ɢ 
ɞɥɹ ɨɬɜɟɪɫɬɢɹ ɤɨɧɟɱɧɨɝɨ ɪɚɡɦɟɪɚ. 
ɂɬɨɝɨɜɵɣ ɨɬɜɟɬ: 1:21.3:32.11 . 
 

Кɫɣɭɠɫɣɤ ȼɛɦɦɶ 

ɇɚɣɞɟɧɨ ɫɨɨɬɧɨɲɟɧɢɟ ɦɟɠɞɭ ɫɤɨɪɨɫɬɹɦɢ 10 

ɇɚɣɞɟɧɨ ɫɨɨɬɧɨɲɟɧɢɟ ɦɟɠɞɭ ɤɨɥɢɱɟɫɬɜɚɦɢ ɱɚɫɬɢɰ, ɢɦɟɸɳɢɯ ɨɞɧɭ ɢ ɬɭ ɠɟ ɫɤɨɪɨɫɬɶ 10 

ɉɨɥɭɱɟɧɧɵɣ ɨɬɜɟɬ ɨɛɨɫɧɨɜɚɧɧɨ ɪɚɫɩɪɨɫɬɪɚɧɟɧ ɧɚ ɜɫɟ ɜɨɡɦɨɠɧɵɟ ɧɚɩɪɚɜɥɟɧɢɹ ɫɤɨɪɨɫɬɢ 10 

 



ɏɣɢɣɥɛ  10 ɥɦɛɬɬ 
 

ɇɨɩɞɩɪɫɩɯɣɦɷɨɛɺ ɩɦɣɧɪɣɛɟɛ ɳɥɩɦɷɨɣɥɩɝ ɎɫɏɎ 2017, 2 ɸɭɛɪ 

 1 

Ƚɫɠɧɺ ɝɶɪɩɦɨɠɨɣɺ ɢɛɟɛɨɣɤ – 180 ɧɣɨɮɭ. ɇɛɥɬɣɧɛɦɷɨɩɠ ɥɩɦɣɲɠɬɭɝɩ ɜɛɦɦɩɝ – 100 

 

Зɛɟɛɨɣɠ 1. ɉɫɜɣɭɛɦɷɨɶɤ ɢɩɨɟ (30 ɜɛɦɦɩɝ) 
Кɨɫɦɢɱɟɫɤɢɣ ɤɨɪɚɛɥɶ ɩɨɞɯɨɞɢɬ ɤ ɧɟɢɫɫɥɟɞɨɜɚɧɧɨɣ ɩɥɚɧɟɬɟ ɩɨ ɩɚɪɚɛɨɥɢɱɟɫɤɨɣ ɬɪɚɟɤɬɨɪɢɢ. В ɦɨɦɟɧɬ 
ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɫɛɥɢɠɟɧɢɹ ɤɪɚɬɤɨɜɪɟɦɟɧɧɨ ɜɤɥɸɱɚɟɬɫɹ ɬɨɪɦɨɡɧɨɣ ɞɜɢɝɚɬɟɥɶ, ɢ ɤɨɪɚɛɥɶ ɜɵɯɨɞɢɬ ɧɚ 
ɤɪɭɝɨɜɭɸ ɨɪɛɢɬɭ, ɜɵɫɨɬɚ ɤɨɬɨɪɨɣ ɧɚɞ ɩɨɜɟɪɯɧɨɫɬɶɸ ɩɥɚɧɟɬɵ ɫɨɜɩɚɞɚɟɬ ɫ ɜɵɫɨɬɨɣ ɬɨɱɤɢ ɧɚɢɛɨɥɶɲɟɝɨ 
ɫɛɥɢɠɟɧɢɹ ɩɟɪɜɨɧɚɱɚɥɶɧɨɣ ɬɪɚɟɤɬɨɪɢɢ. Ɉɩɪɟɞɟɥɢɬɶ ɤɚɤɭɸ ɱɚɫɬɶ ɦɚɫɫɵ ɤɨɪɚɛɥɹ ɞɨɥɠɧɨ ɫɨɫɬɚɜɥɹɬɶ 
ɬɨɩɥɢɜɨ, ɟɫɥɢ ɢɡɜɟɫɬɧɨ, ɱɬɨ ɦɚɫɫɚ ɩɥɚɧɟɬɵ M, ɦɚɫɫɚ ɤɨɪɚɛɥɹ m, ɪɚɞɢɭɫ ɨɪɛɢɬɵ R. 
 
ɋɠɳɠɨɣɠ: 
ɉɚɪɚɛɨɥɢɱɟɫɤɚɹ ɬɪɚɟɤɬɨɪɢɹ ɩɨɞɪɚɡɭɦɟɜɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɭɞɚɥɟɧɢɹ ɧɚ ɛɟɫɤɨɧɟɱɧɨ ɛɨɥɶɲɨɟ ɪɚɫɫɬɨɹɧɢɟ, 
ɝɞɟ  ɩɨɥɧɚɹ ɦɟɯɚɧɢɱɟɫɤɚɹ ɷɧɟɪɝɢɹ ɤɨɪɚɛɥɹ ɦɨɠɟɬ ɛɵɬɶ ɩɪɢɧɹɬɚ ɡɚ ɧɨɥɶ, ɬɨɝɞɚ ɜ ɬɨɱɤɟ ɦɚɤɫɢɦɚɥɶɧɨɝɨ 
ɫɛɥɢɠɟɧɢɹ ɡɚɤɨɧ ɫɨɯɪɚɧɟɧɢɹ ɷɧɟɪɝɢɢ ɦɨɠɟɬ ɛɵɬɶ ɡɚɩɢɫɚɧ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 

0
2

2

0 
R

Mm
G

mv , ɨɬɤɭɞɚ 
R

M
Gv 20  . 

Ɋɚɫɫɦɨɬɪɢɦ 
2R

M
Gg R   -- ɭɫɤɨɪɟɧɢɟ ɫɜɨɛɨɞɧɨɝɨ ɩɚɞɟɧɢɹ ɧɚ ɨɪɛɢɬɟ ɪɚɞɢɭɫɚ R, ɬɨɝɞɚ Rgv R20  . 

ɇɚɣɞɟɦ 1v  -- ɩɟɪɜɭɸ ɤɨɫɦɢɱɟɫɤɭɸ ɫɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ ɩɨ ɤɪɭɝɨɜɨɣ ɨɪɛɢɬɟ ɪɚɞɢɭɫɚ R. Ɉɧɚ ɛɭɞɟɬ 

ɯɚɪɚɤɬɟɪɢɡɨɜɚɬɶɫɹ ɰɟɧɬɪɨɫɬɪɟɦɢɬɟɥɶɧɵɦ ɭɫɤɨɪɟɧɢɟɦ 
R

v
an

2

 , ɤɨɬɨɪɨɟ ɫɨɨɛɳɚɟɬɫɹ ɫɢɥɨɣ ɬɹɝɨɬɟɧɢɹ 

RmgF  . ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɜɬɨɪɨɣ ɡɚɤɨɧ ɇɶɸɬɨɧɚ ɜ ɩɪɨɟɤɰɢɢ ɧɚ ɪɚɞɢɭɫ ɛɭɞɟɬ ɡɚɩɢɫɚɧ ɬɚɤ: Rmg
R

mv


2

1 . 

ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɤɨɧɟɱɧɚɹ ɫɤɨɪɨɫɬɶ ɞɨɥɠɧɚ ɫɨɫɬɚɜɢɬɶ Rgv R1 , ɚ ɢɡɦɟɧɟɧɢɟ ɫɤɨɪɨɫɬɢ  
)12(  Rgv R . 

Ɉɰɟɧɢɦ ɢɡɦɟɧɟɧɢɟ ɦɚɫɫɵ ɤɨɪɚɛɥɹ ɢɡ ɡɚɤɨɧɚ ɫɨɯɪɚɧɟɧɢɹ ɢɦɩɭɥɶɫɚ  

  0mvvmm  , m
vv

v
m




0

. 

Кɫɣɭɠɫɣɤ ȼɛɦɦɶ 

Ɂɚɤɨɧ ɫɨɯɪɚɧɟɧɢɹ ɷɧɟɪɝɢɢ 10 

Вɵɪɚɠɟɧɢɟ ɞɥɹ ɩɟɪɜɨɣ ɤɨɫɦɢɱɟɫɤɨɣ ɫɤɨɪɨɫɬɢ ɧɚ ɨɪɛɢɬɟ ɩɥɚɧɟɬɵ 10 

Вɵɪɚɠɟɧɢɟ ɞɥɹ ɢɡɦɟɧɟɧɢɹ ɦɚɫɫɵ 10 

 
 
 
 
Зɛɟɛɨɣɠ 2. ɀɧɥɩɬɭɨɶɤ ɥɩɦɦɛɪɬ (20 ɜɛɦɦɩɝ) 
Ɉɩɪɟɞɟɥɢɬɶ ɨɛɳɭɸ ёɦɤɨɫɬɶ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɰɟɩɢ ɢɡ 
ɨɞɢɧɚɤɨɜɵɯ ɤɨɧɞɟɧɫɚɬɨɪɨɜ, ɢɡɨɛɪɚɠёɧɧɨɣ ɧɚ ɪɢɫɭɧɤɟ. 
Ёɦɤɨɫɬɶ ɨɞɧɨɝɨ ɷɥɟɦɟɧɬɚ ɫɱɢɬɚɬɶ ɪɚɜɧɨɣ C. 
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ɋɠɳɠɨɣɠ 
ɋɬɨɢɬ ɭɱɟɫɬɶ, ɱɬɨ ɩɨɫɤɨɥɶɤɭ ɩɨɬɟɧɰɢɚɥɵ ɦɟɠɞɭ ɫɪɟɞɧɢɦɢ ɬɨɱɤɚɦɢ ɪɚɜɧɵ ɞɪɭɝ-
ɞɪɭɝɭ, ɤɨɧɞɟɧɫɚɬɨɪɵ ɧɟ ɛɭɞɭɬ ɡɚɪɹɠɚɬɶɫɹ, ɚ ɩɨɷɬɨɦɭ ɢɯ ɜɤɥɚɞ ɜ ɫɭɦɦɚɪɧɭɸ ɟɦɤɨɫɬɶ 
ɨɬɫɭɬɫɬɜɭɟɬ. В ɪɟɡɭɥɶɬɚɬɟ ɨɬɜɟɬɨɦ ɹɜɥɹɟɬɫɹ ɫɭɦɦɚɪɧɚɹ ɟɦɤɨɫɬɶ ɬɪёɯ ɩɚɪɚɥɥɟɥɶɧɵɯ 
ɜɟɬɜɟɣ ɤɨɧɞɟɧɫɚɬɨɪɨɜ ɩɨ ɞɜɚ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɤɨɧɞɟɧɫɚɬɨɪɚ ɜ 
ɤɚɠɞɨɣ. 
ȿɦɤɨɫɬɶ ɤɚɠɞɨɣ ɜɟɬɤɢ:  

22

2 C

C

C
CB  . 

ɋɭɦɦɚɪɧɚɹ ɟɦɤɨɫɬɶ:  

2

3
3

C
CC BAB  . 

Кɫɣɭɠɫɣɤ ȼɛɦɦɶ 

ɋɞɟɥɚɧ ɜɵɜɨɞ ɨ ɬɨɦ, ɱɬɨ ɩɨɬɟɧɰɢɚɥɵ ɜ ɫɪɟɞɧɢɯ ɬɨɱɤɚɯ ɪɚɜɧɵ / ɧɚɪɢɫɨɜɚɧɚ 
ɷɤɜɢɜɚɥɟɧɬɧɚɹ ɫɯɟɦɚ 

10 

ɋɞɟɥɚɧ ɜɵɜɨɞ ɨ ɬɨɦ, ɱɬɨ ɫɪɟɞɧɢɟ ɤɨɧɞɟɧɫɚɬɨɪɵ ɧɟ ɜɧɨɫɹɬ ɜɤɥɚɞ ɜ ɫɭɦɦɚɪɧɭɸ ɟɦɤɨɫɬɶ 5 

ɉɨɥɭɱɟɧɚ ɫɭɦɦɚɪɧɚɹ ɟɦɤɨɫɬɶ 5 

 
 
Зɛɟɛɨɣɠ 3. “Кɩɦɶɜɠɦɷ Ɉɷɹɭɩɨɛ” (20 ɜɛɦɦɩɝ) 
ɇɚɫɬɨɥɶɧɚɹ ɚɧɬɢɫɬɪɟɫɫ-ɢɧɫɬɚɥɥɹɰɢɹ, ɢɡɜɟɫɬɧɚɹ ɤɚɤ “Кɨɥɵɛɟɥɶ 
ɇɶɸɬɨɧɚ” ɱɚɫɬɨ ɜɫɬɪɟɱɚɟɬɫɹ ɜ ɤɚɛɢɧɟɬɚɯ ɮɢɡɢɤɢ. ȿɟ ɢɫɩɨɥɶɡɭɸɬ 
ɞɥɹ ɞɟɦɨɧɫɬɪɚɰɢɢ ɡɚɤɨɧɨɜ ɫɨɯɪɚɧɟɧɢɹ ɷɧɟɪɝɢɢ ɢ ɢɦɩɭɥɶɫɚ. 
Ɉɞɧɚɤɨ ɜ ɪɟɚɥɶɧɵɯ ɮɢɡɢɱɟɫɤɢɯ ɫɢɫɬɟɦɚɯ ɩɨɬɟɪɶ ɷɧɟɪɝɢɢ 
ɢɡɛɟɠɚɬɶ ɧɟɥɶɡɹ, ɢ ɤɨɥɟɛɚɧɢɹ ɪɚɧɨ ɢɥɢ ɩɨɡɞɧɨ ɡɚɬɭɯɚɸɬ. 
ɂɡɜɟɫɬɧɨ, ɱɬɨ, ɟɫɥɢ ɤɪɚɣɧɢɣ ɲɚɪɢɤ ɨɬɤɥɨɧɢɬɶ ɨɬ ɩɨɥɨɠɟɧɢɹ 
ɪɚɜɧɨɜɟɫɢɹ ɧɚ ɭɝɨɥ α, ɬɨ ɲɚɪɢɤ ɫ ɩɪɨɬɢɜɨɩɨɥɨɠɧɨɝɨ ɤɨɧɰɚ 
ɤɨɥɵɛɟɥɢ ɩɨɞɧɢɦɟɬɫɹ ɧɚ ɭɝɨɥ β. ɇɚ ɤɚɤɨɣ ɭɝɨɥ ɨɬɤɥɨɧɢɬɫɹ 
ɩɟɪɜɵɣ ɲɚɪ ɩɨɫɥɟ n-ɝɨ ɰɢɤɥɚ ɫɨɭɞɚɪɟɧɢɣ, ɟɫɥɢ ɫɱɢɬɚɬɶ, ɱɬɨ ɩɪɢ 
ɤɚɠɞɨɦ ɫɨɭɞɚɪɟɧɢɢ ɜ ɬɟɩɥɨ ɩɟɪɟɯɨɞɢɬ ɨɞɧɚ ɢ ɬɚ ɠɟ ɞɨɥɹ 
ɩɨɬɟɧɰɢɚɥɶɧɨɣ ɷɧɟɪɝɢɢ ɞɟɮɨɪɦɚɰɢɢ? 
 
ɋɠɳɠɨɣɠ 
Ɂɚɤɨɧ ɫɨɯɪɚɧɟɧɢɹ ɷɧɟɪɝɢɢ ɞɥɹ ɤɪɚɣɧɢɯ ɜɟɪɯɧɢɯ ɩɨɥɨɠɟɧɢɣ ɞɜɭɯ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɯ ɚɤɬɨɜ ɫɨɭɞɚɪɟɧɢɣ 
ɛɭɞɟɬ ɜɵɝɥɹɞɟɬɶ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 121 Qmghmgh  , ɝɞɟ 1h  ɢ 2h  ɞɜɟ ɜɵɫɨɬɵ ɩɨɞɴɟɦɚ ɲɚɪɢɤɚ, ɚ 

1Q  -- ɬɟɩɥɨ, ɤɨɬɨɪɨɟ ɜɵɞɟɥɹɟɬɫɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɧɟɭɩɪɭɝɨɝɨ ɫɨɭɞɚɪɟɧɢɹ. 
ɇɚɦ ɢɡɜɟɫɬɧɨ, ɱɬɨ ɜ ɤɚɠɞɨɦ ɰɢɤɥɟ ɫɨɭɞɚɪɟɧɢɣ ii mghQ  , ɚ  
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1  
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
 , 

ɫɨɯɪɚɧɹɬɫɹ ɨɬ ɰɢɤɥɚ ɤ ɰɢɤɥɭ, ɬɨ ɟɫɬɶ  

1

21

h

hh 
 . 

Ɉɬɫɸɞɚ ɦɵ ɦɨɠɟɦ ɧɚɣɬɢ ɦɚɤɫɢɦɚɥɶɧɭɸ ɩɨɬɟɧɰɢɚɥɶɧɭɸ ɷɧɟɪɝɢɸ ɩɨɫɥɟ i-ɝɨ ɫɨɭɞɚɪɟɧɢɹ: 
11 )1( mghmgh i

i  , ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɜɵɫɨɬɚ ɩɨɞɴɟɦɚ ɫɨɫɬɚɜɢɬ  

A 

B 
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1

1

21
11 1)1( h

h

hh
hh

i

i

i 






 
  . 

Ɂɚɦɟɬɢɦ, ɱɬɨ ɜ ɬɟɤɫɬɟ ɡɚɞɚɱɢ ɡɚɞɚɧ ɜɨɩɪɨɫ ɩɪɨ ɜɵɫɨɬɭ ɩɨɞɴɟɦɚ 1ɝɨ ɲɚɪɢɤɚ 
ɩɨɫɥɟ n-ɝɨ ɰɢɤɥɚ ɫɨɭɞɚɪɟɧɢɣ, ɡɧɚɱɢɬ, ɜ ɞɚɥɶɧɟɣɲɢɯ ɜɵɤɥɚɞɤɚɯ ɧɟɨɛɯɨɞɢɦɨ 
ɩɪɢɧɹɬɶ ni 2 . 
Ɍɟɩɟɪɶ ɜɵɪɚɡɢɦ ɜɵɫɨɬɵ ɩɨɞɴɟɦɚ ɱɟɪɟɡ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɭɝɥɵ. Ɉɛɨɡɧɚɱɢɦ 
ɞɥɢɧɭ ɩɨɞɜɟɫɚ ɤɚɤ L , ɬɨɝɞɚ Lh )cos1(1  , Lh )cos1(2   ɢ 

Lhi )cos1(  , ɩɨɞɫɬɚɜɢɦ ɜ ɩɨɥɭɱɟɧɧɨɟ ɪɚɧɟɟ ɫɨɨɬɧɨɲɟɧɢɟ: 

L
L

LL
L

n

)cos1(
)cos1(

)cos1()cos1(
1)cos1(

2




 









 . 

ɉɨɫɥɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ: 

)cos1(
)cos1(

)cos1()cos1(
11cos

2




 












n

. 

 

Кɫɣɭɠɫɣɤ ȼɛɦɦɶ 

Ɂɚɩɢɫɶ ɡɚɤɨɧɚ ɫɨɯɪɚɧɟɧɢɹ ɷɧɟɪɝɢɢ 5 

Вɵɪɚɠɟɧɢɟ ɞɥɹ η 5 

Вɵɪɚɠɟɧɢɟ ɞɥɹ hi 5 

ɭɱɬɟɧɨ ɤɨɥɢɱɟɫɬɜɨ ɫɨɭɞɚɪɟɧɢɣ ɢ ɡɚɩɢɫɚɧ ɨɬɜɟɬ 5 

 
 
Зɛɟɛɨɣɠ 4. Ɉɩɝɶɤ ɫɮɬɬɥɣɤ ɪɫɩɱɠɬɬɩɫ (30 ɜɛɦɦɩɝ) 
В ɇɂɂ ɢɦ. ɋɤɭɥɤɨɜɚ ɪɚɡɪɚɛɨɬɚɥɢ ɧɨɜɵɣ ɦɢɤɪɨɩɪɨɰɟɫɫɨɪ. Ɉɧ 
ɩɪɟɞɫɬɚɜɥɹɟɬ ɤɜɚɞɪɚɬɧɵɣ ɱɢɩ ɫɨ ɫɬɨɪɨɧɨɣ 2 см, ɤɨɬɨɪɵɣ ɪɚɡɞɟɥɟɧ ɧɚ 
13 ɪɚɛɨɱɢɯ ɫɟɤɬɨɪɨɜ ɩɨ ɫɥɟɞɭɸɳɟɦɭ ɩɪɚɜɢɥɭ: ɤɚɠɞɵɣ ɧɨɜɵɣ ɫɟɤɬɨɪ 
ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɤɜɚɞɪɚɬ ɫɨ ɜɞɜɨɟ ɦɟɧɶɲɟɣ ɫɬɨɪɨɧɨɣ, ɨɬɞɟɥɟɧɧɵɣ 
ɨɬ ɩɪɟɞɵɞɭɳɟɝɨ ɪɚɡɦɟɬɤɨɣ, ɤɚɤ ɧɚ ɪɢɫɭɧɤɟ ɫɩɪɚɜɚ. Кɚɤ ɬɨɥɶɤɨ ɜ 
ɩɪɨɰɟɫɫɟ ɪɚɛɨɬɵ ɧɚ ɢɫɩɵɬɚɬɟɥɶɧɨɦ ɫɬɟɧɞɟ ɫɟɤɬɨɪɚ ɫ ɧɟɱɟɬɧɵɦɢ 
ɧɨɦɟɪɚɦɢ ɧɚɝɪɟɥɢɫɶ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ Ɍ1 = 50°ɋ, ɚ ɫ ɱɟɬɧɵɦɢ – ɞɨ 
Ɍ2 = 90°ɋ, ɢɫɩɵɬɚɧɢɹ ɨɫɬɚɧɨɜɢɥɢ. Ɉɩɪɟɞɟɥɢɬɟ ɭɫɬɚɧɨɜɢɜɲɭɸɫɹ ɩɨɫɥɟ 
ɨɫɬɚɧɨɜɤɢ ɢɫɩɵɬɚɧɢɣ ɬɟɦɩɟɪɚɬɭɪɭ ɤɪɢɫɬɚɥɥɚ. Ɍɨɥɳɢɧɚ ɢɡɨɛɪɟɬɟɧɢɹ 
ɜɫɟɝɨ 3 мм, ɭɞɟɥɶɧɚɹ ɬɟɩɥɨɟɦɤɨɫɬɶ ɦɚɬɟɪɢɚɥɚ ɤɪɢɫɬɚɥɥɚ 
760 Дж/(кг·К), ɚ ɩɥɨɬɧɨɫɬɶ 2.3 г/см3. Ɍɟɩɥɨɨɛɦɟɧɨɦ ɫ ɨɤɪɭɠɚɸɳɟɣ 
ɫɪɟɞɨɣ ɩɪɟɧɟɛɪɟɱɶ. 
 
ɋɠɳɠɨɣɠ: 
Ⱦɚɧɧɵɯ ɜ ɡɚɞɚɱɟ ɞɨɫɬɚɬɨɱɧɨ ɞɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɧɚɣɬɢ ɨɛɴёɦɵ ɢ ɦɚɫɫɵ ɜɫɟɯ ɫɟɤɬɨɪɨɜ, ɩɨɫɥɟ ɱɟɝɨ ɧɚɩɢɫɚɬɶ 
ɭɪɚɜɧɟɧɢɟ ɬɟɩɥɨɜɨɝɨ ɛɚɥɚɧɫɚ ɢ ɩɨɥɭɱɢɬɶ ɨɬɜɟɬ. Ɉɞɧɚɤɨ, ɷɬɨɝɨ ɦɨɠɧɨ ɢ ɧɟ ɞɟɥɚɬɶ, ɭɜɢɞɟɜ ɨɩɪɟɞɟɥёɧɧɵɟ 
ɡɚɤɨɧɨɦɟɪɧɨɫɬɢ ɜ ɭɫɥɨɜɢɢ ɡɚɞɚɱɢ. 
Ⱦɟɥɨ ɜ ɬɨɦ, ɱɬɨ ɤɚɠɞɵɣ ɫɥɟɞɭɸɳɢɣ ɫɟɤɬɨɪ ɢɦɟɟɬ ɨɛɴёɦ, ɚ, ɡɧɚɱɢɬ, ɢ ɦɚɫɫɭ, ɪɨɜɧɨ ɜ ɱɟɬɵɪɟ ɪɚɡɚ 
ɦɟɧɶɲɭɸ, ɱɟɦ ɩɪɟɞɵɞɭɳɢɣ. ɇɚɩɪɢɦɟɪ, ɟɫɥɢ ɨɛɨɡɧɚɱɢɬɶ ɦɚɫɫɭ ɩɟɪɜɨɝɨ ɫɟɤɬɨɪɚ m, ɬɨ ɦɚɫɫɚ ɜɬɨɪɨɝɨ 
ɫɟɤɬɨɪɚ ɪɚɜɧɹɟɬɫɹ m/4. Ɋɚɡɨɛɶёɦ ɬɟɩɟɪɶ ɫɟɤɬɨɪɚ ɧɚ ɩɚɪɵ: 1-ɣ ɫɨ 2-ɦ, 3-ɣ ɫ 4-ɦ ɢ ɬ.ɞ. В ɤɚɠɞɨɣ ɩɚɪɟ 
ɛɨɥɶɲɢɣ ɫɟɤɬɨɪ ɢɦɟɟɬ ɬɟɦɩɟɪɚɬɭɪɭ T1=50°C, ɚ ɦɟɧɶɲɢɣ - T2=90°C, ɩɪɢɱɟɦ ɢɯ ɦɚɫɫɵ ɨɬɥɢɱɚɸɬɫɹ ɜ 4 

1 

2 

3 
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ɪɚɡɚ. ɍɫɬɚɧɨɜɢɜɲɚɹɫɹ ɬɟɦɩɟɪɚɬɭɪɚ ɛɭɞɟɬ ɨɞɧɚ ɢ ɬɚ ɠɟ ɜ ɤɚɠɞɨɣ ɩɚɪɟ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɷɬɨ ɢ ɛɭɞɟɬ 
ɬɟɦɩɟɪɚɬɭɪɚ, ɭɫɬɚɧɨɜɢɜɲɚɹɫɹ ɜ ɤɪɢɫɬɚɥɥɟ. 
 Ɂɚɩɢɲɟɦ ɭɪɚɜɧɟɧɢɟ ɬɟɩɥɨɜɨɝɨ ɛɚɥɚɧɫɚ ɞɥɹ ɤɚɠɞɨɣ ɩɚɪɵ: 
   ሺ    ሻ     ሺ    ሻ   ,  (1) 

ɝɞɟ Ɍ – ɬɟɦɩɟɪɚɬɭɪɚ, ɭɫɬɚɧɨɜɢɜɲɚɹɫɹ ɜ ɩɚɪɟ ɩɨɫɥɟ ɨɫɬɚɧɨɜɤɢ ɢɫɩɵɬɚɧɢɣ, c – ɭɞɟɥɶɧɚɹ ɬɟɩɥɨɟɦɤɨɫɬɶ 
ɤɪɢɫɬɚɥɥɚ. ɉɨɫɥɟ ɫɨɤɪɚɳɟɧɢɹ ɨɛɳɟɝɨ ɦɧɨɠɢɬɟɥɹ c∙m, ɢɡ (1) ɜɵɪɚɡɢɦ Ɍ: 

               .  (2) 

Ⱦɨ ɫɢɯ ɩɨɪ ɦɵ ɧɢɤɚɤ ɧɟ ɭɱɢɬɵɜɚɥɢ ɬɟɩɥɨɬɭ, ɡɚɤɥɸɱɟɧɧɭɸ ɜ 13-ɦ ɫɟɤɬɨɪɟ, ɜɟɞɶ ɩɚɪɵ ɭ ɧɟɝɨ ɧɟɬ. Ɇɚɫɫɚ 
ɷɬɨɝɨ ɫɟɤɬɨɪɚ ɫɨɫɬɚɜɥɹɟɬ ɜɫɟɝɨ ɥɢɲɶ 10-12 ɨɬ ɨɛɳɟɣ ɦɚɫɫɵ ɤɪɢɫɬɚɥɥɚ, ɚ ɬɟɦɩɟɪɚɬɭɪɚ ɢɦɟɟɬ ɬɨɬ ɠɟ 
ɩɨɪɹɞɨɤ, ɱɬɨ ɢ ɭɫɬɚɧɨɜɢɜɲɚɹɫɹ ɜ ɤɚɠɞɨɣ ɩɚɪɟ. Ɂɧɚɱɢɬ, ɭɱɟɬ ɬɟɩɥɨɬɵ ɷɬɨɝɨ ɫɟɤɬɨɪɚ ɧɟ ɩɪɢɜɟɞɟɬ ɤ ɫɤɨɥɶ-

ɧɢɛɭɞɶ ɜɢɞɢɦɨɦɭ ɢɡɦɟɧɟɧɢɸ ɪɚɜɧɨɜɟɫɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ, ɢ ɢɦ ɦɨɠɧɨ ɩɪɟɧɟɛɪɟɱɶ. 
 

Кɫɣɭɠɫɣɤ ȼɛɦɦɶ 

Ɋɫɩɬɭɩɤ ɝɛɫɣɛɨɭ  

Ⱦɨɝɚɞɤɚ ɨ ɩɪɢɧɰɢɩɟ ɩɨɩɚɪɧɨɝɨ ɪɚɡɛɢɟɧɢɹ 10 

ɍɪɚɜɧɟɧɢɟ ɩɨɩɚɪɧɨɝɨ ɬɟɩɥɨɜɨɝɨ ɛɚɥɚɧɫɚ 10 

ɉɪɟɧɟɛɪɟɠɟɧɢɟ ɬɟɩɥɨɬɨɣ 13-ɝɨ ɫɟɤɬɨɪɚ 5 

ȿɦɣɨɨɶɤ ɝɛɫɣɛɨɭ 

ɍɪɚɜɧɟɧɢɟ ɬɟɩɥɨɜɨɝɨ ɛɚɥɚɧɫɚ 10 

ɋɜɹɡɶ ɩɥɨɳɚɞɢ ɫɟɤɬɨɪɚ ɫ ɟɝɨ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɟɣ 5 

Ɉɛɨɫɧɨɜɚɧɧɨɟ ɩɪɟɧɟɛɪɟɠɟɧɢɟ ɫɟɤɬɨɪɚɦɢ ɦɚɥɨɣ ɩɥɨɳɚɞɢ 5 

ɉɨɥɭɱɟɧɢɟ ɱɢɫɥɟɧɧɨɝɨ ɨɬɜɟɬɚ 5 
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Ƚɫɠɧя ɝɶɪɩɦɨɠɨɣя ɢɛɟɛɨɣɤ – 180 ɧɣɨɮɭ. ɇɛɥɬɣɧɛɦɷɨɩɠ ɥɩɦɣɲɠɬɭɝɩ ɜɛɦɦɩɝ – 100 
 
Зɛɟɛɨɣɠ 1: ɍɠɪɦɩɝɛя ɧɛɳɣɨɛ (30 ɜɛɦɦɩɝ) 
ɇɚ ɪɢɫɭɧɤɟ ɢɡɨɛɪɚɠɟɧɚ ɫɢɫɬɟɦɚ, ɫɨɫɬɨɹɳɚɹ ɢɡ ɬɪɭɛɵ 
ɫɥɨɠɧɨɣ ɮɨɪɦɵ, ɜɵɯɨɞɵ ɢɡ ɤɨɬɨɪɨɣ ɡɚɤɭɩɨɪɟɧɵ ɬɪɟɦɹ 
ɩɨɪɲɧɹɦɢ ɫ ɩɥɨɳɚɞɹɦɢ 3S, 2S ɢ S. ȼɧɭɬɪɢ ɬɪɭɛɵ 
ɧɚɯɨɞɹɬɫɹ ν ɦɨɥɟɣ ɢɞɟɚɥɶɧɨɝɨ ɝɚɡɚ. ɉɪɚɜɵɣ ɩɨɪɲɟɧɶ 
ɫɨɟɞɢɧɟɧ ɫ ɜɟɪɯɧɢɦ ɥɟɜɵɦ ɩɪɭɠɢɧɨɣ ɫ ɠɟɫɬɤɨɫɬɶɸ k, ɚ 
ɫ ɧɢɠɧɢɦ – ɬɨɧɤɨɣ ɧɟɪɚɫɬɹɠɢɦɨɣ ɧɢɬɶɸ ɱɟɪɟɡ ɫɢɫɬɟɦɭ 
ɛɥɨɤɨɜ, ɤɚɤ ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫɭɧɤɟ. ɋɧɚɪɭɠɢ ɫɢɫɬɟɦɵ 
ɧɚɯɨɞɢɬɫɹ ɜɨɡɞɭɯ ɩɪɢ ɧɨɪɦɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ, ɞɚɜɥɟɧɢɟ 
p0, ɬɟɦɩɟɪɚɬɭɪɚ T0. ȼ ɧɚɱɚɥɶɧɵɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ 
ɫɢɫɬɟɦɚ ɧɚɯɨɞɢɬɫɹ ɜ ɪɚɜɧɨɜɟɫɢɢ, ɧɢɬɶ ɢɦɟɟɬ ɧɚɬɹɠɟɧɢɟ F. ɇɚɫɤɨɥɶɤɨ ɫɞɜɢɧɟɬɫɹ ɤɚɠɞɵɣ ɢɡ ɩɨɪɲɧɟɣ, 
ɟɫɥɢ ɩɟɪɟɪɟɡɚɬɶ ɧɢɬɶ? ɋɱɢɬɚɬɶ, ɱɬɨ ɩɪɨɲɥɨ ɞɨɫɬɚɬɨɱɧɨ ɜɪɟɦɟɧɢ, ɱɬɨɛɵ ɫɢɫɬɟɦɚ ɩɪɢɲɥɚ ɜ ɪɚɜɧɨɜɟɫɢɟ. 
Ɍɟɦɩɟɪɚɬɭɪɚ ɝɚɡɚ ɩɨɫɬɨɹɧɧɚ ɢ ɪɚɜɧɚ T0, ɦɚɫɫɚɦɢ ɝɚɡɚ, ɩɪɭɠɢɧɵ ɢ ɧɢɬɢ ɩɪɟɧɟɛɪɟɱɶ. 
Рɠɳɠɨɣɠ: 

  
Ɋɚɫɫɦɨɬɪɢɦ ɧɚɱɚɥɶɧɨɟ ɫɨɫɬɨɹɧɢɟ ɫɢɫɬɟɦɵ ɞɨ ɩɟɪɟɪɟɡɚɧɢɹ ɧɢɬɢ. ȼɜɟɞɟɦ ɨɫɶ Ox, ɤɚɤ ɩɨɤɚɡɚɧɨ ɧɚ 
ɪɢɫɭɧɤɟ, ɜɫɟ ɜɟɥɢɱɢɧɵ ɛɭɞɟɦ ɩɪɨɟɤɬɢɪɨɜɚɬɶ ɧɚ ɷɬɭ ɨɫɶ. ɇɚɣɞɟɦ, ɩɨɞ ɤɚɤɢɦ ɞɚɜɥɟɧɢɟɦ P ɧɚɯɨɞɢɬɫɹ ɝɚɡ ɜ 
ɬɪɭɛɟ ɢ ɤɚɤɨɜɚ ɞɟɮɨɪɦɚɰɢɹ ɩɪɭɠɢɧɵ l . Ⱦɥɹ ɷɬɨɝɨ ɡɚɩɢɲɟɦ ɜɬɨɪɨɣ ɡɚɤɨɧ ɇɶɸɬɨɧɚ ɞɥɹ ɩɨɪɲɧɟɣ S ɢ 2S 
(ɜɫɟ ɫɢɥɵ, ɞɟɣɫɬɜɭɸɳɢɟ ɧɚ ɧɢɯ, ɭɤɚɡɚɧɵ ɧɚ ɪɢɫɭɧɤɟ). Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɩɪɭɠɢɧɚ ɜ ɢɫɯɨɞɧɨɦ ɫɨɫɬɨɹɧɢɢ 
ɫɠɚɬɚ, ɢɛɨ ɚɬɦɨɫɮɟɪɧɨɟ ɞɚɜɥɟɧɢɟ ɛɨɥɶɲɟ, ɱɟɦ ɞɚɜɥɟɧɢɟ ɜɧɭɬɪɢ ɬɪɭɛɵ: 

0
0

 SppSlk , 022
0

 SppSF  

 

ɂɡ ɷɬɨɣ ɫɢɫɬɟɦɵ ɭɪɚɜɧɟɧɢɣ ɫɪɚɡɭ ɧɚɯɨɞɢɦ, ɱɬɨ: SFpp 2
0
 , kFl 2 . 

ɉɭɫɬɶ ɬɟɩɟɪɶ ɧɢɬɶ ɩɟɪɟɪɟɡɚɥɢ. ɂɫɤɨɦɵɟ ɫɦɟɳɟɧɢɹ ɩɨɪɲɧɟɣ S, 2S ɢ 3S ɨɛɨɡɧɚɱɢɦ ɱɟɪɟɡ 
1

x , 
2

x  ɢ 
3

x  ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. ȼ ɡɚɞɚɱɟ ɬɪɢ ɧɟɢɡɜɟɫɬɧɵɯ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɧɭɠɧɨ ɜɵɩɢɫɚɬɶ ɬɪɢ ɭɪɚɜɧɟɧɢɹ. 
ɉɟɪɜɨɟ ɭɪɚɜɧɟɧɢɟ ɞɚɟɬ ɩɪɭɠɢɧɤɚ. Ɂɚɦɟɬɢɦ, ɱɬɨ ɜ ɤɨɧɟɱɧɨɦ ɫɨɫɬɨɹɧɢɢ ɞɚɜɥɟɧɢɟ ɝɚɡɚ ɜ ɬɪɭɛɟ 
ɫɪɚɜɧɢɜɚɟɬɫɹ ɫ ɚɬɦɨɫɮɟɪɧɵɦ. ɉɨɫɥɟ ɬɨɝɨ ɤɚɤ ɜɫɟ ɭɫɬɚɧɨɜɢɬɫɹ, ɧɚ ɩɨɪɲɟɧɶ 2S ɛɭɞɭɬ ɞɟɣɫɬɜɨɜɚɬɶ ɬɨɥɶɤɨ 
ɚɬɦɨɫɮɟɪɚ ɢ ɝɚɡ ɜ ɬɪɭɛɟ, ɚ ɡɧɚɱɢɬ, ɢɯ ɞɚɜɥɟɧɢɹ ɫɨɜɩɚɞɚɸɬ. ɂɫɩɨɥɶɡɭɹ ɷɬɨɬ ɮɚɤɬ, ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, 
ɱɬɨ ɜ ɤɨɧɟɱɧɨɦ ɫɨɫɬɨɹɧɢɢ ɩɪɭɠɢɧɚ ɭɠɟ ɧɟ ɞɟɮɨɪɦɢɪɨɜɚɧɚ. Ⱦɥɹ ɷɬɨɝɨ ɞɨɫɬɚɬɨɱɧɨ ɩɨɫɦɨɬɪɟɬɶ ɧɚ ɩɨɪɲɟɧɶ 
S. ɋɢɥɵ ɞɚɜɥɟɧɢɣ ɚɬɦɨɫɮɟɪɵ ɢ ɝɚɡɚ ɧɚ ɧɟɝɨ ɫɤɨɦɩɟɧɫɢɪɨɜɚɧɵ, ɚ ɡɧɚɱɢɬ ɫɢɥɚ Ƚɭɤɚ ɨɛɪɚɳɚɟɬɫɹ ɜ ɧɨɥɶ ɢ 
ɩɪɭɠɢɧɚ ɧɟ ɫɠɚɬɚ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɩɨɪɲɧɹɦɢ S ɢ 3S ɭɜɟɥɢɱɢɥɨɫɶ ɧɚ l . Эɬɨ ɢ ɞɚɟɬ 
ɩɟɪɜɨɟ ɭɪɚɜɧɟɧɢɟ: lxx 

31
. 

ȼɬɨɪɨɟ ɭɪɚɜɧɟɧɢɟ ɜɵɬɟɤɚɟɬ ɢɡ ɡɚɤɨɧɚ ɫɨɯɪɚɧɟɧɢɹ ɢɦɩɭɥɶɫɚ. ɇɚ ɫɢɫɬɟɦɭ ɧɟ ɞɟɣɫɬɜɭɟɬ ɧɢɤɚɤɢɯ ɜɧɟɲɧɢɯ 
ɫɢɥ, ɚ ɡɧɚɱɢɬ, ɰɟɧɬɪ ɦɚɫɫ ɫɢɫɬɟɦɵ ɧɟ ɫɞɜɢɝɚɟɬɫɹ. Ɇɚɫɫɨɣ ɝɚɡɚ ɦɨɠɧɨ ɩɪɟɧɟɛɪɟɱɶ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɦɚɫɫɨɣ 
ɩɨɪɲɧɟɣ, ɩɨɷɬɨɦɭ ɟɝɨ ɩɟɪɟɦɟɳɟɧɢɟ ɧɟ ɢɡɦɟɧɹɟɬ ɰɟɧɬɪ ɦɚɫɫ ɫɢɫɬɟɦɵ. ȼ ɢɬɨɝɟ ɞɥɹ ɫɦɟɳɟɧɢɹ ɩɨɪɲɧɟɣ 
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ɩɨɥɭɱɚɟɦ ɭɪɚɜɧɟɧɢɟ: 0
321

 mxmxmx , ɝɞɟ m – ɦɚɫɫɚ ɩɨɪɲɧɹ (ɜɫɟ ɩɨɪɲɧɢ ɢɦɟɸɬ ɨɞɢɧɚɤɨɜɭɸ 
ɦɚɫɫɭ). ȼ ɢɬɨɝɟ ɩɨɥɭɱɚɟɦ ɭɪɚɜɧɟɧɢɟ: 0

321
 xxx . 

ɉɨɫɥɟɞɧɟɟ ɭɪɚɜɧɟɧɢɟ ɞɚɟɬɫɹ ɬɟɪɦɨɞɢɧɚɦɢɤɨɣ. ɋɢɫɬɟɦɚ ɩɨɞɞɟɪɠɢɜɚɟɬɫɹ ɩɪɢ ɩɨɫɬɨɹɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ 
T0, ɡɧɚɱɢɬ ɩɪɨɰɟɫɫ ɢɡɨɬɟɪɦɢɱɟɫɤɢɣ. Ƚɚɡ ɜ ɬɪɭɛɟ ɢɞɟɚɥɶɧɵɣ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɞɥɹ ɧɟɝɨ ɜɵɩɨɥɧɹɟɬɫɹ 
ɭɪɚɜɧɟɧɢɟ Кɥɚɩɟɣɪɨɧɚ-Ɇɟɧɞɟɥɟɟɜɚ. ɇɚɣɞɟɦ ɧɚɱɚɥɶɧɵɣ ɨɛɴɟɦ ɝɚɡɚ V0. Ⱦɨ ɩɟɪɟɪɟɡɚɧɢɹ ɧɢɬɢ ɟɝɨ 
ɞɚɜɥɟɧɢɟ ɛɵɥɨ p, ɩɨ ɭɪɚɜɧɟɧɢɸ ɫɨɫɬɨɹɧɢɹ ɢɞɟɚɥɶɧɨɝɨ ɝɚɡɚ ɢɦɟɟɦ: pV0=νRT0. Ɉɬɤɭɞɚ ɩɨɥɭɱɚɟɦ, 
ɱɬɨV0=νRT0/p. ɉɪɢ ɢɡɨɬɟɪɦɢɱɟɫɤɨɦ ɩɪɨɰɟɫɫɟ ɩɪɨɢɡɜɟɞɟɧɢɟ ɨɛɴɟɦɚ ɢɞɟɚɥɶɧɨɝɨ ɝɚɡɚ ɧɚ ɟɝɨ ɞɚɜɥɟɧɢɟ 
ɨɫɬɚɟɬɫɹ ɩɨɫɬɨɹɧɧɵɦ. ɉɭɫɬɶ ΔV – ɢɡɦɟɧɟɧɢɟ ɨɛɴɟɦɚ ɝɚɡɚ. 
ȼɫɩɨɦɢɧɚɹ, ɱɬɨ ɜ ɤɨɧɟɱɧɨɦ ɫɨɫɬɨɹɧɢɢ ɞɚɜɥɟɧɢɟ ɝɚɡɚ ɫɨɜɩɚɞɚɟɬ ɫ ɚɬɦɨɫɮɟɪɧɵɦ, ɢɦɟɟɦ 

pV0=p(V0+ΔV)=νRT0. 
Ɉɫɬɚɥɨɫɶ ɫɜɹɡɚɬɶ ɢɡɦɟɧɟɧɢɟ ɨɛɴɟɦɚ ɝɚɡɚ ΔV ɫɨ ɫɦɟɳɟɧɢɹɦɢ ɩɨɪɲɧɟɣ. əɫɧɨ, ɱɬɨ ɫɦɟɳɟɧɢɟ ɥɟɜɵɯ 
ɩɨɪɲɧɟɣ ɧɚɥɟɜɨ ɩɪɢɜɨɞɢɬ ɤ ɭɜɟɥɢɱɟɧɢɸ ɨɛɴɟɦɚ, ɚ ɫɦɟɳɟɧɢɟ ɩɪɚɜɨɝɨ ɩɨɪɲɧɹ ɜɥɟɜɨ ɩɪɢɜɨɞɢɬ ɤ ɟɝɨ 
ɭɦɟɧɶɲɟɧɢɸ (ɩɪɢ ɧɚɲɟɦ ɜɵɛɨɪɟ ɨɫɢ), ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ΔV =S(Δx1+2Δx2-3Δx3). ȼ ɢɬɨɝɟ ɢɦɟɟɦ ɫɥɟɞɭɸɳɟɟ 
ɭɪɚɜɧɟɧɢɟ: 

 
321
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Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɨɬɜɟɬɚ ɧɟɨɛɯɨɞɢɦɨ ɪɟɲɢɬɶ ɫɢɫɬɟɦɭ ɢɡ ɬɪɟɯ ɭɪɚɜɧɟɧɢɣ. ȼ ɢɬɨɝɟ ɢɦɟɟɦ:  
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Кɫɣɭɠɫɣɤ ȼɛɦɦɶ 

ȼɵɜɨɞ ɨ ɬɨɦ, ɱɬɨ ɩɨɫɥɟ ɩɟɪɟɪɟɡɚɧɢɹ ɧɢɬɢ ɞɚɜɥɟɧɢɟ ɜɧɭɬɪɢ ɛɭɞɟɬ ɪɚɜɧɨ ɚɬɦɨɫɮɟɪɧɨɦɭ 5 

ɋɨɫɬɚɜɥɟɧɢɟ ɭɪɚɜɧɟɧɢɹ ɞɥɹ ɫɦɟɳɟɧɢɣ ɩɨɪɲɧɟɣ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɞɟɮɨɪɦɚɰɢɢ ɩɪɭɠɢɧɵ 5 

ɋɨɫɬɚɜɥɟɧɢɟ ɭɪɚɜɧɟɧɢɹ ɞɥɹ ɫɦɟɳɟɧɢɣ ɩɨɪɲɧɟɣ ɱɟɪɟɡ ɫɦɟɳɟɧɢɟ ɰɟɧɬɪɚ ɦɚɫɫ 5 

ɋɨɫɬɚɜɥɟɧɢɹ ɭɪɚɜɧɟɧɢɹ ɞɥɹ ɫɦɟɳɟɧɢɹ ɩɨɪɲɧɟɣ ɱɟɪɟɡ ɭɪɚɜɧɟɧɢɹ ɞɥɹ ɢɡɨɬɟɪɦɢɱɟɫɤɨɝɨ 
ɩɪɨɰɟɫɫɚ 

5 

ɉɨɥɭɱɟɧɢɟ ɢɬɨɝɨɜɨɝɨ ɨɬɜɟɬɚ 10 

 
Зɛɟɛɨɣɠ 2: Кɩɨɟɠɨɬɛɭɩɫ ɝ ɥɮɜɠ (20 ɜɛɦɦɩɝ) 
ȼ ɩɪɨɰɟɫɫɟ ɩɪɨɢɡɜɨɞɫɬɜɚ ɧɨɜɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɢɡ ɨɞɢɧɚɤɨɜɵɯ 
ɤɨɧɞɟɧɫɚɬɨɪɨɜ ɞɜɚ ɤɨɧɞɟɧɫɚɬɨɪɚ “ɩɪɨɛɢɥɨ”, ɬ.ɟ. ɜ ɞɢɷɥɟɤɬɪɢɤɟ ɩɨɹɜɢɥɫɹ 
ɩɪɨɜɨɞɹɳɢɣ ɦɨɫɬɢɤ. Ɉɩɪɟɞɟɥɢɬɟ ɨɛɳɭɸ ёɦɤɨɫɬɶ ɦɟɠɞɭ ɬɨɱɤɚɦɢ A ɢ B 
ɧɨɜɨɣ ɰɟɩɢ ɫ ɩɪɨɛɢɬɵɦɢ ɤɨɧɞɟɧɫɚɬɨɪɚɦɢ. Ёɦɤɨɫɬɶ ɨɞɧɨɝɨ ɷɥɟɦɟɧɬɚ 
ɫɱɢɬɚɬɶ ɪɚɜɧɨɣ C. “ɉɪɢɛɢɬɵɟ” ɞɢɷɥɟɤɬɪɢɤɢ ɨɛɨɡɧɚɱɟɧɵ ɫɟɪɵɦ ɰɜɟɬɨɦ. 

Рɠɳɠɨɣɠ: 
Ⱦɥɹ ɪɟɲɟɧɢɹ ɞɚɧɧɨɣ ɡɚɞɚɱɢ ɧɚɪɢɫɭɟɦ 
ɷɤɜɢɜɚɥɟɧɬɧɭɸ ɫɯɟɦɭ. 
ɋɬɨɢɬ ɭɱɟɫɬɶ, ɱɬɨ ɩɨɫɤɨɥɶɤɭ ɩɨɬɟɧɰɢɚɥɵ ɦɟɠɞɭ ɫɪɟɞɧɢɦɢ ɬɨɱɤɚɦɢ ɪɚɜɧɵ 
ɞɪɭɝ-ɞɪɭɝɭ, ɝɨɪɢɡɨɧɬɚɥɶɧɨ ɪɚɫɩɨɥɨɠɟɧɧɵɟ ɤɨɧɞɟɧɫɚɬɨɪɵ ɧɟ ɛɭɞɭɬ 
ɡɚɪɹɠɚɬɶɫɹ, ɚ ɩɨɷɬɨɦɭ ɢɯ ɜɤɥɚɞ ɜ ɫɭɦɦɚɪɧɭɸ ɟɦɤɨɫɬɶ ɨɬɫɭɬɫɬɜɭɟɬ. ȼ 
ɪɟɡɭɥɶɬɚɬɟ ɨɬɜɟɬɨɦ ɹɜɥɹɟɬɫɹ ɫɭɦɦɚɪɧɚɹ ɟɦɤɨɫɬɶ ɱɟɬɵɪёɯ ɩɚɪɚɥɥɟɥɶɧɵɯ 
ɜɟɬɜɟɣ ɤɨɧɞɟɧɫɚɬɨɪɨɜ ɩɨ ɞɜɚ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɪɚɫɩɨɥɨɠɟɧɧɵɯ 
ɤɨɧɞɟɧɫɚɬɨɪɚ ɜ ɤɚɠɞɨɣ. ȿɦɤɨɫɬɶ ɤɚɠɞɨɣ ɜɟɬɤɢ:  

A 

B 

A 

B 
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2 C

C

C
CB  . 

ɋɭɦɦɚɪɧɚɹ ɟɦɤɨɫɬɶ: 

СC
CC BAB 2

2

4
4  . 

Кɫɣɭɠɫɣɤ ȼɛɦɦɶ 

ɋɞɟɥɚɧ ɜɵɜɨɞ ɨ ɬɨɦ, ɱɬɨ ɩɨɬɟɧɰɢɚɥɵ ɜ ɫɪɟɞɧɢɯ ɬɨɱɤɚɯ ɪɚɜɧɵ / ɧɚɪɢɫɨɜɚɧɚ 
ɷɤɜɢɜɚɥɟɧɬɧɚɹ ɫɯɟɦɚ 

10 

ɋɞɟɥɚɧ ɜɵɜɨɞ ɨ ɬɨɦ, ɱɬɨ ɫɪɟɞɧɢɟ ɤɨɧɞɟɧɫɚɬɨɪɵ ɧɟ ɞɚɸɬ ɜɤɥɚɞɚ ɜ ɫɭɦɦɚɪɧɭɸ ɟɦɤɨɫɬɶ 5 

ɉɨɥɭɱɟɧ ɨɬɜɟɬ 5 

 
 
Зɛɟɛɨɣɠ 3: Ⱦɩɫяɲɣɤ ɬɝɠɭɩɟɣɩɟ (20 ɜɛɦɦɩɝ) 
ȼ ɛɨɥɶɲɢɧɫɬɜɟ ɫɨɜɪɟɦɟɧɧɵɯ ɫɜɟɬɨɞɢɨɞɨɜ ɜ ɰɟɥɹɯ ɷɤɨɧɨɦɢɢ ɢɫɩɨɥɶɡɭɟɬɫɹ ɤɪɢɫɬɚɥɥ ɫɢɧɟɝɨ ɫɩɟɤɬɪɚ 
ɫɜɟɱɟɧɢɹ, ɧɚ ɤɨɬɨɪɵɣ ɫɜɟɪɯɭ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɧɭɠɧɨɝɨ “ɰɜɟɬɚ ɫɜɟɬɨɞɢɨɞɚ” (ɛɟɥɨɝɨ, ɤɪɚɫɧɨɝɨ, ɠёɥɬɨɝɨ ɢ 
ɬ.ɩ.) ɧɚɧɨɫɢɬɫɹ ɫɩɟɰɢɚɥɶɧɵɣ ɥɸɦɢɧɨɮɨɪ. ɉɭɫɬɶ ɬɚɤɨɣ ɤɪɢɫɬɚɥɥ ɢɡɥɭɱɚɟɬ ɜ ɫɟɤɭɧɞɭ 1x1018 ɮɨɬɨɧɨɜ ɫ 
ɞɥɢɧɨɣ ɜɨɥɧɵ 435 ɧɦ. ɉɪɢ ɷɬɨɦ ɥɸɦɢɧɨɮɨɪ, ɧɚɧɟɫёɧɧɵɣ ɫɜɟɪɯɭ, ɢɫɩɭɫɤɚɟɬ ɩɨ 5x1017 ɮɨɬɨɧɨɜ/ɫɟɤ ɫ 
ɞɥɢɧɚɦɢ ɜɨɥɧ 600 ɢ 555 ɧɦ, ɫɨɡɞɚɜɚɹ “ɨɪɚɧɠɟɜɨɟ” ɫɜɟɱɟɧɢɟ. ɇɚɣɬɢ ɦɚɤɫɢɦɚɥɶɧɭɸ ɦɨɳɧɨɫɬɶ 
ɬɟɩɥɨɨɬɜɨɞɚ, ɬɪɟɛɭɟɦɨɝɨ ɞɥɹ ɨɯɥɚɠɞɟɧɢɹ ɞɚɧɧɨɝɨ ɬɢɩɚ ɥɸɦɢɧɨɮɨɪɚ ɢ ɟɝɨ К.ɉ.Ⱦ. ɋɱɢɬɚɬɶ, ɱɬɨ 
ɥɸɦɢɧɨɮɨɪ ɨɛɟɫɩɟɱɢɜɚɟɬ ɩɨɥɧɨɟ ɩɨɝɥɨɳɟɧɢɟ ɩɟɪɜɢɱɧɨɝɨ ɢɡɥɭɱɟɧɢɹ. 
Рɠɳɠɨɣɠ: 
ɋɨɝɥɚɫɧɨ ɮɨɪɦɭɥɟ ɉɥɚɧɤɚ ɷɧɟɪɝɢɹ ɨɞɧɨɝɨ ɤɜɚɧɬɚ ɫɜɟɬɚ  
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Ɍɨɝɞɚ ɡɚ ɫɟɤɭɧɞɭ ɤɪɢɫɬɚɥɥ ɢɡɥɭɱɚɟɬ ɷɧɟɪɝɢɸ (ɦɨɳɧɨɫɬɶ ɩɨɝɥɨɳɟɧɢɹ ɥɸɦɢɧɨɮɨɪɚ) 
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Ɍɨɝɞɚ ɩɪɢ ɭɫɥɨɜɢɢ, ɱɬɨ ɜɫɹ ɬɟɩɥɨɜɚɹ ɦɨɳɧɨɫɬɶ PВх ɩɨɝɥɨɳɚɟɬɫɹ, ɢ ɩɪɢ ɷɬɨɦ ɢɡɥɭɱɚɟɬɫɹ ɦɨɳɧɨɫɬɶ PВых, 
ɩɨɥɭɱɚɟɦ, ɱɬɨ ɦɚɤɫɢɦɚɥɶɧɵɟ ɩɨɬɟɪɢ ɷɧɟɪɝɢɢ ɧɚ ɧɚɝɪɟɜ: 

ВɬPPQ ВыхВх 1.0 . 

КɉȾ ɨɱɟɜɢɞɧɨ: 

7540.
P

P

Вх

Вых   ɢɥɢ 75%. 

Кɫɣɭɠɫɣɤ ȼɛɦɦɶ 

Ɉɩɪɟɞɟɥɟɧɢɟ ɷɧɟɪɝɢɢ ɤɜɚɧɬɚ ɫɜɟɬɚ 5 

Ɏɨɪɦɭɥɚ ɞɥɹ Q 5 

Ɏɨɪɦɭɥɚ ɞɥɹ КɉȾ 5 

ɉɨɥɭɱɟɧ ɱɢɫɥɟɧɧɵɣ ɨɬɜɟɬ 5 
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Зɛɟɛɨɣɠ 4: Ɉɠɝɣɟɣɧɶɤ ɡɮɲɩɥ (30 ɜɛɦɦɩɝ) 
ɇɚ ɞɧɟ ɩɪɨɡɪɚɱɧɨɝɨ ɩɪɭɞɚ ɥɟɠɢɬ ɬɨɥɫɬɵɣ ɥɢɫɬ ɫɬɟɤɥɚ, ɬɨɥɳɢɧɨɣ h (ɩɨɤɚɡɚɬɟɥɢ ɩɪɟɥɨɦɥɟɧɢɹ nȼ ɢ nɋ 
ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ). ɇɚ ɥɢɫɬɟ ɥɟɠɢɬ ɦɨɧɟɬɚ ɞɢɚɦɟɬɪɨɦ d. ɋɦɨɠɟɬ ɥɢ ɠɭɱɨɤ ɡɚɩɨɥɡɬɢ ɩɨɞ ɫɬɟɤɥɨ ɬɚɤ, ɱɬɨɛɵ 
ɟɝɨ ɧɟ ɛɵɥɨ ɜɢɞɧɨ ɧɢ ɨɞɧɨɣ ɪɵɛɟ, ɩɥɚɜɚɸɳɟɣ ɜ ɩɪɭɞɭ? Кɭɞɚ ɟɦɭ ɧɟɨɛɯɨɞɢɦɨ ɞɜɢɝɚɬɶɫɹ, ɱɬɨɛɵ 
«ɭɦɟɧɶɲɢɬɶ» ɫɜɨɸ ɜɢɞɢɦɨɫɬɶ? ɀɭɱɤɚ ɫɱɢɬɚɬɶ ɨɱɟɧɶ ɦɚɥɟɧɶɤɢɦ ɢ ɫɜɨɛɨɞɧɨ ɩɨɥɡɚɸɳɢɦ ɩɨɞ ɫɬɟɤɥɨɦ. 
 
Рɠɳɠɨɣɠ 
Ɂɚɞɚɱɚ ɧɚ ɡɚɤɨɧ ɩɨɥɧɨɝɨ ɜɧɭɬɪɟɧɧɟɝɨ ɨɬɪɚɠɟɧɢɹ. 
ɉɨɥɟɡɧɨ ɡɧɚɬɶ, ɱɬɨ ɞɥɹ ɜɵɩɨɥɧɟɧɢɹ ɭɫɥɨɜɢɹ ɩɨɥɧɨɝɨ 
ɜɧɭɬɪɟɧɧɟɝɨ ɨɬɪɚɠɟɧɢɹ (ɢ ɤɚɤ ɫɥɟɞɫɬɜɢɟ ɫɨɡɞɚɧɢɹ 
ɜɨɡɦɨɠɧɨɫɬɢ ɠɭɱɤɭ ɨɫɬɚɬɶɫɹ ɧɟɡɚɦɟɱɟɧɧɵɦ) ɞɨɥɠɧɨ 
ɜɵɩɨɥɧɹɬɶɫɹ ɭɫɥɨɜɢɟ nȼ < nɋ. 
ȿɞɢɧɫɬɜɟɧɧɵɣ ɜɚɪɢɚɧɬ ɨɫɬɚɬɶɫɹ ɧɟɡɚɦɟɱɟɧɧɵɦ – ɷɬɨ 
ɞɜɢɝɚɬɶɫɹ ɩɨɞ ɰɟɧɬɪ ɦɨɧɟɬɵ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɥɭɱɢ, 
ɢɫɯɨɞɹɳɢɟ ɨɬ ɠɭɱɤɚ, ɛɭɞɭɬ ɜɵɯɨɞɢɬɶ ɢɡ ɩɨɞ ɤɪɚɹ ɦɨɧɟɬɵ, 
ɬɨɥɶɤɨ ɟɫɥɢ ɭɝɨɥ ɢɯ ɩɚɞɟɧɢɹ α ɧɚ ɝɪɚɧɢɰɭ ɪɚɡɞɟɥɚ 
ɫɬɟɤɥɨ-ɜɨɞɚ ɛɭɞɟɬ ɦɟɧɶɲɟ ɩɪɟɞɟɥɶɧɨɝɨ, ɩɨɤɚɡɚɧɧɨɝɨ ɧɚ ɪɢɫɭɧɤɟ. 
ȿɫɥɢ  
 α= αɩɪ, ɬɨ β=90°. (1) 
Ɂɚɩɢɲɟɦ ɡɚɤɨɧ ɩɪɟɥɨɦɥɟɧɢɹ ɞɥɹ ɝɪɚɧɢɰɵ ɪɚɡɞɟɥɚ ɫɬɟɤɥɨ-ɜɨɞɚ:                , 
Ɍɨɝɞɚ ɞɥɹ ɜɫɟɯ ɥɭɱɟɣ, ɤɨɬɨɪɵɟ ɧɟ ɫɦɨɝɭɬ ɜɵɣɬɢ ɢɡ ɩɨɞ ɫɬɟɤɥɚ ɜ ɦɟɫɬɟ ɡɚ ɝɪɚɧɢɰɟɣ ɦɨɧɟɬɵ:          , 

ɋ ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ        √     , 
Ɍɨɝɞɚ ɩɨɥɭɱɚɟɦ ɧɟɪɚɜɟɧɫɬɜɨ:         ቀ    ቁ , 

ɢɥɢ     √ቀ    ቁ   . 

ȿɫɥɢ ɩɨɤɚɡɚɬɟɥɢ ɩɪɟɥɨɦɥɟɧɢɹ ɫɬɟɤɥɚ ɢ ɜɨɞɵ ɛɭɞɭɬ ɪɚɜɧɵ, ɬɨ ɧɢ ɩɪɢ ɤɚɤɢɯ ɭɫɥɨɜɢɹɯ ɩɨɥɧɚɹ ɧɟɜɢɞɢɦɨɫɬɶ 
ɠɭɱɤɚ ɧɟɜɨɡɦɨɠɧɚ. Ɍ.ɤ. ɧɚɫ ɢɧɬɟɪɟɫɭɸɬ ɜɟɳɟɫɬɜɟɧɧɵɟ ɡɧɚɱɟɧɢɹ r ɢ h, ɬɨ ɞɨɥɠɧɨ ɜɵɩɨɥɧɹɬɶɫɹ ɭɫɥɨɜɢɟ 
nȼ < nɋ, ɱɬɨ ɩɪɢ ɪɟɚɥɶɧɵɯ ɡɧɚɱɟɧɢɹɯ nȼ = 1.33(3) ɢ nɋ = 1.5 ɜɵɩɨɥɧɹɟɬɫɹ. ȼ ɨɫɬɚɥɶɧɨɦ ɜɢɞɧɨ, ɱɬɨ ɫɬɟɤɥɨ 
ɧɟ ɞɨɥɠɧɨ ɛɵɬɶ ɬɨɥɳɟ, ɱɟɦ ɨɩɪɟɞɟɥёɧɧɨɟ ɡɧɚɱɟɧɢɟ, ɡɚɜɢɫɹɳɟɟ ɨɬ ɞɢɚɦɟɬɪɚ ɦɨɧɟɬɵ, ɬ.ɟ. ɱɟɦ ɛɨɥɶɲɟ 
ɦɨɧɟɬɚ, ɬɟɦ ɬɨɥɳɟ ɦɨɠɟɬ ɛɵɬɶ ɫɬɟɤɥɨ. 
Кɫɣɭɠɫɣɤ ȼɛɦɦɶ 

Ɉɩɪɟɞɟɥɟɧɢɟ ɦɟɫɬɚ ɜɨɡɦɨɠɧɨɣ «ɧɟɜɢɞɢɦɨɫɬɢ» 5 

Ɂɚɤɨɧ ɩɪɟɥɨɦɥɟɧɢɹ ɧɚ ɝɪɚɧɢɰɟ ɫɬɟɤɥɨ-ɜɨɞɚ ɢ ɩɪɟɞɟɥɶɧɵɣ ɭɝɨɥ (1) 5 

ɍɫɥɨɜɢɟ ɞɥɹ ɧɟɜɵɯɨɞɚ ɥɭɱɟɣ ɢɡ ɩɨɞ ɫɬɟɤɥɚ (ɧɟɪɚɜɟɧɫɬɜɨ) 5 

ɍɫɥɨɜɢɟ ɧɚ ɫɨɨɬɧɨɲɟɧɢɟ ɩɨɤɚɡɚɬɟɥɟɣ ɩɪɟɥɨɦɥɟɧɢɹ 5 

ɋɨɨɬɧɨɲɟɧɢɟ ɦɟɠɞɭ h ɢ d 10 
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Ƚɫɠɧɺ ɝɶɪɩɦɨɠɨɣɺ ɢɛɟɛɨɣɤ – 180 ɧɣɨɮɭ. Мɛɥɬɣɧɛɦɷɨɩɠ ɥɩɦɣɲɠɬɭɝɩ ɜɛɦɦɩɝ – 100 
 
Зɛɟɛɨɣɠ 1: Мɛɫɬɩɰɩɟ (25 ɜɛɦɦɩɝ) 
ɂɫɫɥɟɞɨɜɚɬɟɥɶɫɤɚɹ ɫɬɚɧɰɢɹ ɜɵɲɥɚ ɧɚ ɤɪɭɝɨɜɭɸ ɨɪɛɢɬɭ Ɇɚɪɫɚ ɪɚɞɢɭɫɨɦ R. ɋ ɤɚɤɨɣ ɫɤɨɪɨɫɬɶɸ ɧɭɠɧɨ 
ɜɵɛɪɨɫɢɬɶ ɫɩɭɫɤɚɟɦɵɣ ɦɨɞɭɥɶ ɫ ɦɚɪɫɨɯɨɞɨɦ ɩɨ ɤɚɫɚɬɟɥɶɧɨɣ ɤ ɬɪɚɟɤɬɨɪɢɢ ɫɬɚɧɰɢɢ, ɱɬɨɛɵ ɨɧ ɫɨɜɟɪɲɢɥ 
ɩɨɫɚɞɤɭ ɫ ɩɪɨɬɢɜɨɩɨɥɨɠɧɨɣ ɫɬɨɪɨɧɵ ɩɥɚɧɟɬɵ ɨɬ ɬɟɤɭɳɟɝɨ ɩɨɥɨɠɟɧɢɹ ɫɬɚɧɰɢɢ, ɡɚɬɪɚɬɢɜ ɧɚ ɷɬɨ 
ɦɢɧɢɦɚɥɶɧɨɟ ɜɪɟɦɹ? Ɉɩɪɟɞɟɥɢɬɟ ɷɬɨ ɜɪɟɦɹ. Ɋɚɞɢɭɫ Ɇɚɪɫɚ RM, ɭɫɤɨɪɟɧɢɟ ɫɜɨɛɨɞɧɨɝɨ ɩɚɞɟɧɢɹ 0,378 g. 
ɍɫɥɨɜɢɟɦ ɩɨɫɚɞɤɢ ɧɚ ɩɨɜɟɪɯɧɨɫɬɶ ɫɱɢɬɚɬɶ ɬɨɥɶɤɨ ɤɚɫɚɧɢɟ ɡɨɧɞɨɦ ɩɨɜɟɪɯɧɨɫɬɢ Ɇɚɪɫɚ, ɫɤɨɪɨɫɬɶ 
ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɨɜɟɪɯɧɨɫɬɢ ɩɥɚɧɟɬɵ ɜ ɬɨɱɤɟ ɤɚɫɚɧɢɹ ɩɨɝɚɫɢɬɫɹ ɡɚ ɫɱɟɬ ɬɪɟɧɢɹ. 
 
Рɠɳɠɨɣɠ 
ɋɩɭɫɤɚɟɦɵɣ ɦɨɞɭɥɶ, ɜɵɛɪɨɲɟɧɧɵɣ ɫɨ ɫɬɚɧɰɢɢ, ɞɨɥɠɟɧ ɞɜɢɝɚɬɶɫɹ ɩɨ ɷɥɥɢɩɬɢɱɟɫɤɨɣ ɨɪɛɢɬɟ, ɤɚɫɚɸɳɟɣɫɹ 
ɩɨɜɟɪɯɧɨɫɬɢ Ɇɚɪɫɚ. Ȼɨɥɶɲɚɹ ɨɫɶ ɷɬɨɣ ɨɪɛɢɬɵ ɪɚɜɧɚ MRR  , ɝɞɟ R  ɢ MR  ɪɚɞɢɭɫ ɨɪɛɢɬɵ ɫɬɚɧɰɢɢ ɢ 
ɪɚɞɢɭɫ Ɇɚɪɫɚ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 
ɉɨɬɟɧɰɢɚɥɶɧɚɹ ɷɧɟɪɝɢɹ ɜ ɬɨɱɤɚɯ A ɢ B (ɚɮɟɥɢɢ ɢ ɩɟɪɢɝɟɥɢɢ ɷɬɨɣ 
ɨɪɛɢɬɵ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ) ɦɨɠɟɬ ɛɵɬɶ ɡɚɩɢɫɚɧɚ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 
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Ɂɚɤɨɧ ɫɨɯɪɚɧɟɧɢɹ ɷɧɟɪɝɢɢ ɛɭɞɟɬ ɜɵɝɥɹɞɟɬɶ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 
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ȼ ɬɨ ɠɟ ɜɪɟɦɹ, ɫɨɝɥɚɫɧɨ ɜɬɨɪɨɦɭ ɡɚɤɨɧɭ Ʉɟɩɥɟɪɚ ɪɚɞɢɭɫ ɜɟɤɬɨɪ ɡɚɦɟɬɚɟɬ ɪɚɜɧɵɟ ɩɥɨɳɚɞɢ ɡɚ 
ɨɞɢɧɚɤɨɜɵɟ ɩɪɨɦɟɠɭɬɤɢ ɜɪɟɦɟɧɢ: 

22

MBA RtvRtv 



 ɢɥɢ MBA RvRv  . 

Ɉɬɫɸɞɚ ɧɚɯɨɞɢɦ 

)RR(R

Rg
Rv

M

MM
MA 

 2
. 

Ɍɟɩɟɪɶ ɧɚɣɞɟɦ 
0

v  – ɫɤɨɪɨɫɬɶ ɫɬɚɧɰɢɢ ɧɚ ɤɪɭɝɨɜɨɣ ɨɪɛɢɬɟ: 
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ɂɬɨɝɨ, ɫɩɭɫɤɚɟɦɵɣ ɦɨɞɭɥɶ ɧɭɠɧɨ ɜɵɛɪɨɫɢɬɶ ɧɚɡɚɞ ɫɨ ɫɤɨɪɨɫɬɶɸ 
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ȼɪɟɦɹ ɫɩɭɫɤɚ ɨɰɟɧɢɦ ɢɡ ɬɪɟɬɶɟɝɨ ɡɚɤɨɧɚ Ʉɟɩɥɟɪɚ: ɤɜɚɞɪɚɬɵ ɩɟɪɢɨɞɨɜ ɨɛɪɚɳɟɧɢɹ ɩɥɚɧɟɬ ɨɬɧɨɫɹɬɫɹ ɤɚɤ 
ɤɭɛɵ ɛɨɥɶɲɢɯ ɩɨɥɭɨɫɟɣ ɢɯ ɨɪɛɢɬ. Ɉɛɨɡɧɚɱɢɦ ɩɟɪɢɨɞ ɨɛɪɚɳɟɧɢɹ ɬɟɥɚ ɩɨ ɤɪɭɝɨɜɨɣ ɨɪɛɢɬɟ ɤɚɤ 

0
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ɢɫɤɨɦɵɣ ɩɟɪɢɨɞ ɤɚɤ T , ɬɨɝɞɚ: 
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ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɢɫɤɨɦɨɟ ɜɪɟɦɹ ɫɨɫɬɚɜɥɹɟɬ 
2

T . 

Крɢтерɢɣ Баллы 

ɉɨɥɭɱɟɧɨ ɫɨɨɬɧɨɲɟɧɢɟ ɦɟɠɞɭ ɫɤɨɪɨɫɬяɦɢ ɫɬɚɧɰɢɢ ɢ ɫɩɭɫɤɚɟɦɨɝɨ ɦɨɞɭɥя 10 

Ɉɩɪɟɞɟɥɟɧɚ ɫɤɨɪɨɫɬɶ ɫɬɚɧɰɢɢ ɧɚ ɨɪɛɢɬɟ 10 

ɇɚɣɞɟɧɨ ɜɪɟɦя ɩɚɞɟɧɢя ɫɩɭɬɧɢɤɚ 10 

 
 
Зɛɟɛɨɣɠ 2: Ƚɬɹɟɮ ɪɩɦɠ (20 ɜɛɦɦɩɝ) 
Ɉɩɪɟɞɟɥɢɬɶ ɨɛɳɭɸ ɢɧɞɭɤɬɢɜɧɨɫɬɶ LAB ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɰɟɩɢ ɢɡ 
ɨɞɢɧɚɤɨɜɵɯ ɤɚɬɭɲɟɤ, ɢɡɨɛɪɚɠёɧɧɨɣ ɧɚ ɪɢɫɭɧɤɟ. ɂɧɞɭɤɬɢɜɧɨɫɬɶ 
ɨɞɧɨɝɨ ɷɥɟɦɟɧɬɚ ɫɱɢɬɚɬɶ ɪɚɜɧɨɣ L. 
 
 
 
Рɠɳɠɨɣɠ: 
Ⱦɥɹ ɪɟɲɟɧɢɹ ɞɚɧɧɨɣ ɡɚɞɚɱɢ ɧɚɪɢɫɭɟɦ ɷɤɜɢɜɚɥɟɧɬɧɭɸ ɫɯɟɦɭ. ɋɬɨɢɬ ɭɱɟɫɬɶ, ɱɬɨ 
ɩɨɫɤɨɥɶɤɭ ɩɨɬɟɧɰɢɚɥɵ ɦɟɠɞɭ ɫɪɟɞɧɢɦɢ ɬɨɱɤɚɦɢ ɪɚɜɧɵ ɞɪɭɝ ɞɪɭɝɭ, ɬɨ 
ɢɧɞɭɤɬɢɜɧɨɫɬɢ, ɫɨɟɞɢɧɹɸɳɢɟ ɷɬɢ ɬɨɱɤɢ, ɧɟ ɛɭɞɭɬ ɭɱɚɫɬɜɨɜɚɬɶ ɜ ɩɪɨɬɟɤɚɧɢɢ ɬɨɤɚ, ɚ 
ɩɨɷɬɨɦɭ ɢɯ ɜɤɥɚɞ ɜ ɫɭɦɦɚɪɧɭɸ ɢɧɞɭɤɬɢɜɧɨɫɬɶ ɨɬɫɭɬɫɬɜɭɟɬ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɨɬɜɟɬɨɦ 
ɹɜɥɹɟɬɫɹ ɫɭɦɦɚɪɧɚɹ ɢɧɞɭɤɬɢɜɧɨɫɬɶ ɬɪёɯ ɩɚɪɚɥɥɟɥɶɧɵɯ ɜɟɬɜɟɣ ɢɧɞɭɤɬɢɜɧɨɫɬɟɣ ɩɨ 
ɞɜɚ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɢɧɞɭɤɬɢɜɧɨɫɬɢ ɜ ɤɚɠɞɨɣ. 
 
ɂɧɞɭɤɬɢɜɧɨɫɬɶ ɤɚɠɞɨɣ ɜɟɬɤɢ: L=L+L=2L. 

ɋɭɦɦɚɪɧɚɹ ɢɧɞɭɤɬɢɜɧɨɫɬɶ: 
LLAB 2

1
3

1  ɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ 
3

2L
LAB  . 

 

Кɫɣɭɠɫɣɤ ȼɛɦɦɶ 

ɋɞɟɥɚɧ ɜɵɜɨɞ ɨ ɬɨɦ, ɱɬɨ ɩɨɬɟɧɰɢɚɥɵ ɜ ɫɪɟɞɧɢɯ ɬɨɱɤɚɯ ɪɚɜɧɵ / ɫɨɫɬɚɜɥɟɧɚ ɷɤɜɢɜɚɥɟɧɬɧɚɹ 
ɫɯɟɦɚ 

10 

ɋɞɟɥɚɧ ɜɵɜɨɞ ɨ ɬɨɦ, ɱɬɨ ɫɪɟɞɧɢɟ ɢɧɞɭɤɬɢɜɧɨɫɬɢ ɧɟ ɜɧɨɫɹɬ ɜɤɥɚɞ ɜ ɫɭɦɦɚɪɧɭɸ ɜɟɥɢɱɢɧɭ  5 

ɉɨɥɭɱɟɧ ɱɢɫɥɟɧɧɵɣ ɨɬɜɟɬ 5 

 
 
 
Зɛɟɛɨɣɠ 3: Ƚɩɦɳɠɜɨɶɤ ɥɛɧɠɨɷ (20 ɜɛɦɦɩɝ) 
ɋɨɝɥɚɫɧɨ ɥɟɝɟɧɞɚɦ ɭ ɜɢɤɢɧɝɨɜ ɛɵɥ ɜɨɥɲɟɛɧɵɣ “ɫɨɥɧɟɱɧɵɣ ɤɚɦɟɧɶ”, ɤɨɬɨɪɵɣ ɩɨɦɨɝɚɥ ɧɚɣɬɢ ɫɨɥɧɰɟ ɜ 
ɨɛɥɚɱɧɭɸ ɩɨɝɨɞɭ, ɥɢɛɨ ɞɚɠɟ ɤɨɝɞɚ ɟɝɨ ɧɟ ɛɵɥɨ ɧɚ ɝɨɪɢɡɨɧɬɟ, ɱɬɨ ɚɤɬɭɚɥɶɧɨ ɜ ɫɟɜɟɪɧɵɯ ɲɢɪɨɬɚɯ. Ʉɚɤ 
ɢɡɜɟɫɬɧɨ ɧɚ ɫɟɜɟɪɟ ɫɨɥɧɰɟ ɦɨɠɟɬ ɞɚɠɟ ɜ ɩɨɥɞɟɧɶ ɧɟ ɩɨɤɚɡɚɬɶɫɹ ɧɚɞ ɝɨɪɢɡɨɧɬɨɦ. 
ɋɟɝɨɞɧɹ ɢɡɜɟɫɬɧɵ ɩɪɢɪɨɞɧɵɟ ɦɢɧɟɪɚɥɵ, ɤɨɬɨɪɵɟ ɦɟɧɹɸɬ ɫɜɨɣ ɰɜɟɬ ɧɚ ɨɫɧɨɜɟ ɹɜɥɟɧɢɹ ɞɢɯɪɨɢɡɦɚ: ɜ ɩɪɢ 
ɩɨɜɨɪɨɬɟ ɩɥɨɫɤɨɫɬɢ ɩɨɥɹɪɢɡɚɰɢɢ ɩɚɞɚɸɳɟɝɨ ɫɜɟɬɚ ɧɚ 90° ɨɧɢ ɦɨɝɭɬ ɦɟɧɹɬɶ ɫɜɨɣ ɨɬɬɟɧɨɤ, ɧɚɩɪɢɦɟɪ, ɫɨ 
ɫɥɟɝɤɚ ɠɟɥɬɨɜɚɬɨɝɨ ɧɚ ɬёɦɧɨ-ɫɢɧɢɣ. Ɇɨɠɧɨ ɥɢ (ɢ ɟɫɥɢ ɞɚ, ɬɨ ɤɚɤ) ɢɫɩɨɥɶɡɨɜɚɬɶ ɬɚɤɨɣ ɤɚɦɟɧɶ ɞɥɹ 
“ɧɚɯɨɠɞɟɧɢɹ” ɫɨɥɧɰɚ? 
 

A B 

A 

B 
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Рɠɳɠɨɣɠ: 
ɉɨɥɹɪɢɡɚɰɢɹ ɫɨɥɧɟɱɧɨɝɨ ɫɜɟɬɚ ɨɛɭɫɥɨɜɥɟɧɚ ɬɟɦɢ ɠɟ ɹɜɥɟɧɢɹɦɢ, ɱɬɨ ɢ ɫɢɧɢɣ ɰɜɟɬ ɧɟɛɚ 
(ɧɟɩɨɥɹɪɢɡɨɜɚɧɧɵɣ ɩɚɞɚɸɳɢɣ ɫɜɟɬ ɜɨɡɛɭɠɞɚɟɬ ɚɬɨɦɵ ɝɚɡɨɜ ɜ ɜɨɡɞɭɯɟ). 
ɉɪɢ ɷɬɨɦ ɫɜɟɬ ɫ ɜɟɪɬɢɤɚɥɶɧɨɣ ɩɨɥɹɪɢɡɚɰɢɟɣ ɦɚɤɫɢɦɚɥɶɧɨ ɢɡɥɭɱɚɟɬɫɹ ɜ ɝɨɪɢɡɨɧɬɚɥɶɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ, ɜ 
ɬɨ ɜɪɟɦɹ ɤɚɤ ɫɜɟɬ ɫ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ – ɪɚɫɩɪɨɫɬɪɚɧɹɟɬɫɹ ɜ ɜɟɪɬɢɤɚɥɶɧɨɦ. Ʉɨɝɞɚ ɫɨɥɧɰɟ ɧɚɯɨɞɢɬɫɹ ɡɚ 
ɝɨɪɢɡɨɧɬɨɦ, ɧɚɩɪɢɦɟɪ, ɧɚ ɡɚɩɚɞɟ – ɦɵ “ɜɢɞɢɦ” ɝɨɪɢɡɨɧɬɚɥɶɧɭɸ ɩɨɥɹɪɢɡɚɰɢɸ ɜ ɩɥɨɫɤɨɫɬɢ, 
ɪɚɫɩɨɥɨɠɟɧɧɨɣ ɧɚ ɥɢɧɢɢ ɫɟɜɟɪ-ɸɝ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, “ɩɪɨɝɪɚɞɭɢɪɨɜɚɜ” ɤɚɦɟɧɶ, ɦɵ ɦɨɠɟɦ ɩɨ ɰɜɟɬɭ 
ɩɪɨɯɨɞɹɳɟɝɨ ɫɤɜɨɡɶ ɧɟɝɨ ɫɜɟɬɚ ɨɩɪɟɞɟɥɹɬɶ ɩɨɥɨɠɟɧɢɟ ɫɨɥɧɰɚ ɞɚɠɟ ɜ ɨɛɥɚɱɧɭɸ ɩɨɝɨɞɭ, ɧɚɩɪɚɜɥɹɹ ɟɝɨ 
ɧɚ ɹɫɧɵɣ ɭɱɚɫɬɨɤ ɧɟɛɚ. 
 

Кɫɣɭɠɫɣɤ ȼɛɦɦɶ 

Ɋɚɫɫɦɨɬɪɟɧɢɟ ɩɨɥɹɪɢɡɚɰɢɢ “ɨɬɪɚɠɟɧɧɨɝɨ” ɫɜɟɬɚ 5 

Ɉɩɪɟɞɟɥɟɧɢɟ ɜɟɪɧɵɯ ɫɜɹɡɟɣ ɩɥɨɫɤɨɫɬɟɣ ɩɨɥɹɪɢɡɚɰɢɢ ɫ ɩɨɥɨɠɟɧɢɟɦ ɫɨɥɧɰɚ 10 

ɉɪɟɞɩɨɥɨɠɟɧɢɟ ɨɛ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɤɚɦɧɹ 10 

 
 
Зɛɟɛɨɣɠ 4: Ƚɩɦɨɩɝɩɟɨɶɤ ɢɛɤɲɣɥ (30 ɜɛɦɦɩɝ) 
Ɋɚɫɫɱɢɬɚɣɬɟ ɦɚɤɫɢɦɚɥɶɧɨ ɜɨɡɦɨɠɧɵɣ 
ɪɚɡɦɟɪ ɹɪɤɨɝɨ ɫɜɟɬɨɜɨɝɨ ɩɹɬɧɚ ɧɚ 
ɷɤɪɚɧɟ, ɪɚɫɩɨɥɨɠɟɧɧɨɦ ɧɚ ɪɚɫɫɬɨɹɧɢɢ 
2d ɨɬ ɰɢɥɢɧɞɪɢɱɟɫɤɨɝɨ ɞɥɢɧɧɨɝɨ 
ɧɟɢɡɨɥɢɪɨɜɚɧɧɨɝɨ ɫɬɟɤɥɹɧɧɨɝɨ 
ɫɜɟɬɨɜɨɞɚ ɞɢɚɦɟɬɪɨɦ d. ɉɨɤɚɡɚɬɟɥɶ 
ɩɪɟɥɨɦɥɟɧɢɹ ɫɬɟɤɥɚ nC. 
 
Рɠɳɠɨɣɠ 
Ƚɥɚɜɧɵɦ ɩɪɟɞɩɨɥɨɠɟɧɢɟɦ ɜɨɡɦɨɠɧɨɫɬɢ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɫɜɟɬɚ 
ɩɨ ɜɨɥɧɨɜɨɞɭ ɞɨɥɠɧɨ ɫɬɚɬɶ ɧɚɥɢɱɢɟ ɩɨɥɧɨɝɨ ɜɧɭɬɪɟɧɧɟɝɨ 
ɨɬɪɚɠɟɧɢɹ ɞɥɹ ɥɭɱɚ ɫɜɟɬɚ, ɫɩɨɫɨɛɧɨɝɨ ɞɜɢɝɚɬɶɫɹ «ɜɞɨɥɶ» 
ɜɨɥɧɨɜɨɞɚ ɩɨɫɬɨɹɧɧɨ ɩɟɪɟɨɬɪɚɠɚɹɫɶ ɨɬ ɟɝɨ ɫɬɟɧɨɤ. Ⱦɥɹ ɷɬɨɝɨ 
ɭɝɨɥ ɩɚɞɟɧɢɹ ɫɜɟɬɚ ɧɚ ɫɬɟɧɤɭ α ɞɨɥɠɟɧ ɛɵɬɶ ɛɨɥɶɲɟ 
ɩɪɟɞɟɥɶɧɨɝɨ. 
ɉɪɢ ɪɚɫɫɦɨɬɪɟɧɢɢ ɜɫɟɯ ɜɨɡɦɨɠɧɵɯ ɥɭɱɟɣ, ɩɚɞɚɸɳɢɯ ɧɚ 
ɬɨɪɰɟɜɭɸ ɫɬɟɧɤɭ ɜɨɥɧɨɜɨɞɚ ɩɟɪɟɞ ɜɵɯɨɞɨɦ ɢɡ ɧɟɝɨ, ɭɛɟɠɞɚɟɦɫɹ 
ɜ ɬɨɦ, ɱɬɨ ɦɚɤɫɢɦɚɥɶɧɵɣ ɪɚɞɢɭɫ ɩɹɬɧɚ ɞɚɫɬ ɥɭɱ, ɩɚɞɚɸɳɢɣ ɧɚ 
ɬɨɪɰɟɜɭɸ ɝɪɚɧɢɰɭ ɜ ɫɚɦɨɣ ɛɥɢɡɢ ɨɬ ɛɨɤɨɜɨɣ ɝɪɚɧɢɰɵ ɢ ɩɪɢ ɷɬɨɦ 
ɪɚɧɟɟ ɩɟɪɟɨɬɪɚɠёɧɧɵɣ ɨɬ ɩɪɨɬɢɜɨɩɨɥɨɠɧɨɣ ɛɨɤɨɜɨɣ ɝɪɚɧɢɰɵ. 
ɇɚɩɪɢɦɟɪ, ɬɚɤɨɣ, ɤɚɤ ɩɨɤɚɡɚɧ ɧɚ ɪɢɫɭɧɤɟ. Ʌɸɛɵɟ ɥɭɱɢ, ɤɨɬɨɪɵɟ ɦɨɝɥɢ ɛɵ ɜɵɣɬɢ ɧɟ ɱɟɪɟɡ ɬɨɪɟɰ, ɚ ɱɟɪɟɡ 
ɛɨɤɨɜɭɸ ɫɬɟɧɤɭ ɧɟ ɪɚɫɫɦɚɬɪɢɜɚɟɦ, ɬ.ɤ. ɨɧɢ ɩɨ ɜɨɥɧɨɜɨɞɭ ɧɟ ɪɚɫɩɪɨɫɬɪɚɧɹɸɬɫɹ, ɚ ɩɨɤɢɞɚɸɬ ɟɝɨ 
(ɧɚɩɪɢɦɟɪ, ɧɚɩɪɚɜɥɟɧɢɟ Х). ɉɪɢ ɷɬɨɦ ɩɨɦɧɢɦ, ɱɬɨ ɬ.ɤ. nC > nB, ɬɨ ɭɝɨɥ ɩɪɟɥɨɦɥɟɧɢɹ ɛɭɞɟɬ ɛɨɥɶɲɟ ɭɝɥɚ 
ɩɚɞɟɧɢɹ Ȗ > ȕ, ɱɬɨ ɜ ɬɨɦ ɱɢɫɥɟ ɢ ɞɚёɬ ɦɚɤɫɢɦɚɥɶɧɵɣ ɪɚɡɦɟɪ ɩɹɬɧɚ. 
Ɂɚɩɢɲɟɦ ɡɚɤɨɧ ɩɨɥɧɨɝɨ ɜɧɭɬɪɟɧɧɟɝɨ ɨɬɪɚɠɟɧɢɹ ɞɥɹ ɬ. Ɉ:         , ɬ.ɤ. nB=1. 

Ⱦɪɭɝɨɟ ɭɫɥɨɜɢɟ ɹɜɥɹɟɬɫɹ ɬɪɟɛɨɜɚɧɢɟɦ ɬɨɝɨ, ɱɬɨɛɵ ɥɭɱɢ ɜɫё ɠɟ ɩɪɢ ɷɬɨɦ ɫɦɨɝɥɢ ɜɵɣɬɢ ɢɡ ɬɨɪɰɚ 
ɜɨɥɧɨɜɨɞɚ, ɩɪɟɥɨɦɢɜɲɢɫɶ ɜ ɬɨɱɤɟ R:             , 

Ɉɬɫɸɞɚ, ɭɱɢɬɵɜɚɹ ɱɬɨ         ɢ       ɩɨɥɭɱɚɟɦ ɜɬɨɪɨɟ ɭɫɥɨɜɢɟ ɧɚ ɭɝɥɵ:          . 
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ȼ ɪɟɡɭɥɶɬɚɬɟ:               , 

Чɬɨ ɞɚёɬ ɧɚɦ ɦɢɧɢɦɚɥɶɧɨ ɜɨɡɦɨɠɧɵɣ ɭɝɨɥ, ɩɪɢ ɤɨɬɨɪɨɦ ɜɨɡɦɨɠɟɧ ɜɵɯɨɞ ɫɜɟɬɚ ɢɡ ɜɨɥɧɨɜɨɞɚ      . 
ȼɨɡɜɨɞɹ ɜɫɟ ɱɚɫɬɢ ɧɟɪɚɜɟɧɫɬɜɚ ɜ ɤɜɚɞɪɚɬ ɢ ɩɪɨɞɟɥɚɜ ɧɟɨɛɯɨɞɢɦɵɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ, ɩɨɥɭɱɚɟɦ, ɱɬɨ:             , ɢɥɢ 

               . 

Ɉɬɫɸɞɚ            , 

ɱɬɨ ɞɚёɬ ɞɥɹ ɩɪɟɞɟɥɶɧɨɝɨ (ɦɚɤɫɢɦɚɥɶɧɨɝɨ) ɭɝɥɚ Ȗmax:               . 

C ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ ɢɡ ɬɪɟɭɝɨɥɶɧɢɤɚ, ɨɛɪɚɡɨɜɚɧɧɨɝɨ ɬɨɱɤɨɣ R, ɥɭɱɨɦ ɢ ɷɤɪɚɧɨɦ:           , 

ɢɥɢ ሺ   ሻ                            
Ɍɨɝɞɚ ɞɥɹ ɩɪɟɞɟɥɶɧɨɝɨ ɭɝɥɚ Ȗmax ɩɨɥɭɱɚɟɦ: ሺ      ሻ               , 

ɢɥɢ       ቆ √             ቇ. 

ȼɢɞɢɦ, ɱɬɨ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɞɟɣɫɬɜɢɬɟɥɶɧɵɯ ɡɧɚɱɟɧɢɣ Rmax ɩɨɤɚɡɚɬɟɥɶ ɩɪɟɥɨɦɥɟɧɢɹ ɜɨɥɧɨɜɨɞɚ ɧɟ ɞɨɥɠɟɧ 
ɛɵɬɶ ɦɟɧɶɲɟ ɱɟɦ √ :     √ , ɱɬɨ ɞɥɹ ɫɬɟɤɥɚ ɫ        ɜɵɩɨɥɧɹɟɬɫɹ. ɉɪɢ    √ ,       ,          ɱɬɨ ɞɥɹ ɪɟɚɥɶɧɨɝɨ ɫɬɟɤɥɚ ɧɟɜɨɡɦɨɠɧɨ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɦɚɤɫɢɦɚɥɶɧɵɣ ɪɚɞɢɭɫ ɩɹɬɧɚ 
ɤɨɧɟɱɟɧ. 
 

Кɫɣɭɠɫɣɤ ȼɛɦɦɶ 

Ɉɩɪɟɞɟɥɟɧɢɟ ɧɚɥɢɱɢɹ ɷɮɮɟɤɬɚ ɩɨɥɧɨɝɨ ɜɧɭɬɪɟɧɧɟɝɨ ɨɬɪɚɠɟɧɢɹ 5 

Ɂɚɤɨɧ ɩɪɟɥɨɦɥɟɧɢɹ ɧɚ ɬɨɪɰɟɜɨɣ ɝɪɚɧɢɰɟ ɫɜɟɬɨɜɨɞɚ 5 

Ɉɩɪɟɞɟɥɟɧɢɟ ɥɭɱɚ, ɞɚɸɳɟɝɨ ɩɹɬɧɨ ɧɚɢɛɨɥɶɲɟɝɨ ɪɚɞɢɭɫɚ 5 

ɍɫɥɨɜɢɟ ɧɚ ɩɨɤɚɡɚɬɟɥɶ ɩɪɟɥɨɦɥɟɧɢɹ ɫɬɟɤɥɚ 5 

Ɉɩɪɟɞɟɥɟɧɢɟ      10 

 


