
ɭɪɨɜɧɟ 4000ɋ. ȼɫɤɨɪɟ ɨɧ ɜɫɩɨɦɧɢɥ, ɱɬɨ ɜ ɋɒȺ ɧɚɩɪɹɠɟɧɢɟ ɜ ɫɟɬɢ ɧɢɠɟ, ɜɫɟɝɨ 110 В. 

Ⱦɨ ɤɚɤɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɝɪɟɟɬɫɹ ɠɚɥɨ, ɤɨɝɞɚ ɩɚɹɥɶɧɢɤ ɜɤɥɸɱɚɬ ɜ ɷɥɟɤɬɪɨɫɟɬɶ ɋɒȺ? 
Ɉɬɜɟɬ, ɨɤɪɭɝɥɢɜ ɞɨ ɰɟɥɵɯ, ɜɵɪɚɡɢɬɟ ɜ ɝɪɚɞɭɫɚɯ ɐɟɥɶɫɢɹ. Ʉɚɤ ɧɢ ɫɬɪɚɧɧɨ, ɩɚɹɥɶɧɢɤ 

ɒɩɭɧɬɢɤɚ ɩɪɢɝɥɚɫɢɥɢ ɧɚ Ʉɨɧɝɪɟɫɫ Эɥɟɤɬɪɨɧɢɤɢ ɢ Ɍɟɯɧɨɥɨɝɢɣ, ɟɠɟɝɨɞɧɨ ɩɪɨɯɨɞɹɳɢɣ ɜ 
ɋɒȺ. ȼ ɱɟɦɨɞɚɧ, ɩɟɪɜɵɦ ɞɟɥɨɦ, ɩɨɥɟɬɟɥ ɥɸɛɢɦɵɣ ɩɚɹɥɶɧɢɤ. ɒɩɭɧɬɢɤ ɩɪɢɜɵɤ ɤ ɬɨɦɭ, 
ɱɬɨ, ɤɨɝɞɚ ɩɚɹɥɶɧɢɤ ɜɤɥɸɱɟɧ ɜ ɫɟɬɶ 220 В, ɬɟɦɩɟɪɚɬɭɪɚ ɠɚɥɚ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɧɚ 

Ɂɚɞɚɱɚ 1. ɉɚɹɥɶɧɢɤ 

9 ɤɥɚɫɫ 



ɒɩɭɧɬɢɤɚ ɧɟ ɢɦɟɟɬ ɬɟɪɦɨɪɟɝɭɥɹɬɨɪɚ, ɧɚɝɪɟɜɚɬɟɥɶ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɩɢɪɚɥɶ, 
ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɤɨɬɨɪɨɣ ɦɨɠɧɨ ɫɱɢɬɚɬɶ ɩɨɫɬɨɹɧɧɨɣ. Ɍɟɩɥɨɨɬɞɚɱɚ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚ 
ɪɚɡɧɨɫɬɢ ɬɟɦɩɟɪɚɬɭɪ. Ɍɟɦɩɟɪɚɬɭɪɭ ɜɨɡɞɭɯɚ ɜ ɤɨɦɧɚɬɟ, ɝɞɟ ɪɚɛɨɬɚɟɬ ɩɚɹɥɶɧɢɤ, ɩɪɢɦɢɬɟ 
ɪɚɜɧɨɣ 200ɋ. 

Ɋɟɲɟɧɢɟ 

Ɇɨɳɧɨɫɬɶ ɩɚɹɥɶɧɢɤɚ ɩɨɫɬɨɹɧɧɚ, ɜ ɭɫɬɚɧɨɜɢɜɲɟɦɫɹ ɪɟɠɢɦɟ ɨɧ ɞɚɟɬ ܲ = ܷଶ/ݎ ɬɟɩɥɚ ɜ 
ɟɞ. ɜɪɟɦɟɧɢ, ɤɨɬɨɪɨɟ ɭɪɚɜɧɨɜɟɲɢɜɚɟɬɫɹ ɬɨɥɶɤɨ ɬɟɩɥɨɩɨɬɟɪɹɦɢ ɜ ɜɢɞɟ ɩɟɪɟɞɚɱɢ ɬɟɩɥɚ 
ɜɨɡɞɭɯɭ. ɉɭɫɬɶ q - ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɟɪɟɞɚɱɢ. Ɍɨɝɞɚ ɬɟɩɥɨɩɨɬɟɪɢ: ܹ = ሺͶͲͲݍ − ʹͲሻ.  

 

Ɉɬɫɸɞɚ ɧɚɯɨɞɢɦ ɨɬɧɨɲɟɧɢɟ: ݍ ⋅ = ݎ  ʹʹͲଶ/͵ͺͲ = ͳʹ͹.͵͹ . 
 

ȼ ɋɒȺ ɧɚɩɪɹɠɟɧɢɟ ɞɪɭɝɨɟ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɦɨɳɧɨɫɬɶ ɭɩɚɞɟɬ. ݍሺܶ − ʹͲሻ = ͳͳͲଶ/ݎ. 

ɋɸɞɚ ɦɨɠɧɨ ɩɨɞɫɬɚɜɢɬɶ ɢɡɜɟɫɬɧɨɟ ɧɚɦ ɨɬɧɨɲɟɧɢɟ: ͳʹ͹.͵͹ ሺܶ − ʹͲሻ = ͳͳͲଶ, ɨɬɤɭɞɚ 
ɬɟɦɩɟɪɚɬɭɪɚ ɪɚɜɧɚ: ܶ =  ʹͲ +  ͳͳͲଶ/ͳʹ͹.͵͹ = ʹͲ + ͻͶ.ͻͻ ≈ ͳͳͷ 𝐶.  
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Ɂɚɞɚɱɚ 2. ɉɪɨɝɭɥɤɚ ɂɧɧɨɤɟɧɬɢɹ 

ɍɱɟɧɵɣ ɫ ɦɢɪɨɜɵɦ ɢɦɟɧɟɦ ɂɧɧɨɤɟɧɬɢɣ ɫɤɨɧɫɬɪɭɢɪɨɜɚɥ ɫɪɟɞɫɬɜɨ ɩɟɪɟɞɜɢɠɟɧɢɹ, 
ɤɨɬɨɪɨɟ, ɪɜɚɧɭɜ ɫ ɦɟɫɬɚ ɢ «ɨɬɦɚɯɚɜ» ɡɚ 12 ɦɢɧɭɬ 96 ɤɢɥɨɦɟɬɪɨɜ, ɜɞɪɭɝ ɡɚɦɢɪɚɟɬ, 
ɩɵɯɬɢɬ, ɬɨɩɱɟɬɫɹ ɧɚ ɨɞɧɨɦ ɦɟɫɬɟ ɢ ɬɨɥɶɤɨ ɱɟɪɟɡ ɱɚɫ ɩɨɫɥɟ ɨɫɬɚɧɨɜɤɢ ɫɧɨɜɚ ɛɪɨɫɚɟɬɫɹ 
ɜ ɩɭɬɶ. Ɂɚɬɟɦ ɜɫё ɩɨɜɬɨɪɹɟɬɫɹ. Ɂɚ ɫɤɨɥɶɤɨ ɱɚɫɨɜ ɭɱɟɧɵɣ ɫ ɦɢɪɨɜɵɦ ɢɦɟɧɟɦ, ɤɚɬɚɹɫɶ 
ɧɚ ɫɜɨɟɦ ɫɪɟɞɫɬɜɟ, ɩɪɨɟɞɟɬ 432 ɤɦ? Ɉɬɜɟɬ ɨɤɪɭɝɥɢɬɟ ɞɨ ɞɟɫɹɬɵɯ. 
ȼɵɱɢɫɥɢ ɫɪɟɞɧɸɸ ɫɤɨɪɨɫɬɶ ɫɪɟɞɫɬɜɚ ɜɨ ɜɪɟɦɹ ɷɬɨɣ ɩɪɨɝɭɥɤɢ ɜ ɤɦ/ɱ ɢ ɨɤɪɭɝɥɢɬɟ ɞɨ 
ɰɟɥɨɝɨ ɱɢɫɥɚ. 

Ɋɟɲɟɧɢɟ: 
Ʉɨɥɢɱɟɫɬɜɨ ɨɬɪɟɡɤɨɜ ɩɨ 96 ɤɦ: 432/96=4.5, 
Ʉɨɥɢɱɟɫɬɜɨ ɨɫɬɚɧɨɜɨɤ: 4 

ȼɪɟɦɹ ɜɨ ɜɪɟɦɹ ɞɜɢɠɟɧɢɹ: 4.5*12/60=0.9 ɱ. 
ȼɪɟɦɹ ɜɨ ɜɪɟɦɹ ɩɪɨɫɬɨɹ: 4 ɱ 

Ɉɛɳɟɟ ɜɪɟɦɹ: 4+0.9=4.9 ɱ. 
ɋɪɟɞɧɹɹ ɩɭɬɟɜɚɹ ɫɤɨɪɨɫɬɶ 432/4.9=88.16ɤɦ/ɱ=88ɤɦ/ɱ 
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Ɉɛɳɟɟ ɜɪɟɦɹ 4.9 ɱ 4.9 10 

ɫɪɟɞɧɹɹ ɩɭɬɟɜɚɹ ɫɤɨɪɨɫɬɶ 88ɤɦ/ɱ 88 10 



Ɂɚɞɚɱɚ 3. ɂɧɬɟɪɟɫɧɵɣ ɤɢɪɩɢɱ 

Ɉɞɧɨɪɨɞɧɵɣ ɪɨɜɧɵɣ ɤɢɪɩɢɱ ɩɨɥɨɠɢɥɢ ɧɚ ɝɨɪɢɡɨɧɬɚɥɶɧɭɸ ɩɨɜɟɪɯɧɨɫɬɶ ɬɪɟɦɹ ɪɚɡɧɵɦɢ 
ɝɪɚɧɹɦɢ ɢ ɢɡɦɟɪɢɥɢ ɨɤɚɡɵɜɚɟɦɨɟ ɢɦ ɞɚɜɥɟɧɢɟ, ɤɨɬɨɪɨɟ ɨɤɚɡɚɥɨɫɶ ɪɚɜɧɨɦ 520 ɉа, 

900 ɉа ɢ 1960 ɉа. ɇɚɣɞɢɬɟ ɫɪɟɞɧɸɸ ɩɥɨɬɧɨɫɬɶ ɦɚɬɟɪɢɚɥɚ ɤɢɪɩɢɱɚ, ɟɫɥɢ ɟɝɨ ɦɚɫɫɚ 
ɫɨɫɬɚɜɥɹɟɬ 1 ɤɝ 300 ɝ. Ɉɬɜɟɬ ɜɵɪɚɡɢɬɟ ɜ ɤɝ/ɦ3  ɢ ɨɤɪɭɝɥɢɬɟ ɞɨ ɰɟɥɨɝɨ. ɍɫɤɨɪɟɧɢɟ 
ɫɜɨɛɨɞɧɨɝɨ ɩɚɞɟɧɢɹ ɩɪɢɦɢɬɟ ɪɚɜɧɵɦ 10 ɦ/ɫ2. 

Ɋɟɲɟɧɢɟ. 
Ʉɢɪɩɢɱ ɩɪɟɞɫɬɚɜɥɹɟɬ ɢɡ ɫɟɛɹ ɩɚɪɚɥɥɟɥɟɩɢɩɟɞ, ɨɛɨɡɧɚɱɢɦ ɞɥɢɧɵ ɟɝɨ ɝɪɚɧɟɣ ɡɚ a, b, c. 

Ɍɨɝɞɚ ɞɚɜɥɟɧɢɹ, ɨɤɚɡɵɜɚɟɦɵɟ ɝɪɚɧɹɦɢ ɤɢɪɩɢɱɚ ɪɚɜɧɵ p1=mg/(ab), p2=mg/(bc), 

p3=mg/(ac), m — ɦɚɫɫɚ ɤɢɪɩɢɱɚ. ɂɫɤɨɦɚɹ ɠɟ ɩɥɨɬɧɨɫɬɶ ɪɚɜɧɚ ρ = m/V = m/(abc), ɝɞɟ V 

— ɨɛɴɟɦ ɩɚɪɚɥɥɟɥɟɩɢɩɟɞɚ. Ɂɚɦɟɬɢɦ, ɱɬɨ ɩɪɨɢɡɜɟɞɟɧɢɟ ɞɚɜɥɟɧɢɣ p1p2 p3 = m3g3/(abc)2 

= ρ2mg3. Ɉɬɫɸɞɚ ɧɚɣɞёɦ ɩɥɨɬɧɨɫɬɶ ρ =√݌ଵ݌ଶ݌ଷ/݉𝑔ଷ  = 840 ɤɝ/ɦ3. 
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ɉɥɨɬɧɨɫɬɶ ɤɢɪɩɢɱɚ: 840 ɤɝ/ɦ3 840 20 

 

Ɂɚɞɚɱɚ 4. Ⱦɜɟ ɥɚɦɩɨɱɤɢ 

 
ɇɚ ɪɢɫɭɧɤɟ ɩɨɤɚɡɚɧɵ ɜɨɥɶɬ-ɚɦɩɟɪɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɞɜɭɯ ɥɚɦɩɨɱɟɤ Ʌ1 ɢ Ʌ2. 
Ʌɚɦɩɨɱɤɢ ɫɨɟɞɢɧɢɥɢ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɢ ɩɨɞɤɥɸɱɢɥɢ ɤ ɢɫɬɨɱɧɢɤɭ ɩɨɫɬɨɹɧɧɨɝɨ 
ɧɚɩɪɹɠɟɧɢɹ 12 В. Ɉɩɪɟɞɟɥɢɬɟ ɫɢɥɭ ɬɨɤɚ, ɬɟɤɭɳɟɝɨ ɱɟɪɟɡ ɥɚɦɩɨɱɤɭ Ʌ1. Ɉɬɜɟɬ ɡɚɩɢɲɢɬɟ 
ɜ ɚɦɩɟɪɚɯ, ɨɤɪɭɝɥɢɜ ɞɨ ɫɨɬɵɯ. 



Ɋɟɲɟɧɢɟ 

 
ɉɨɫɤɨɥɶɤɭ ɥɚɦɩɨɱɤɢ ɫɨɟɞɢɧɟɧɵ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɬɨɤ, ɬɟɤɭɳɢɣ ɱɟɪɟɡ ɧɢɯ, ɛɭɞɟɬ 
ɨɞɢɧɚɤɨɜɵɦ, ɚ ɩɚɞɟɧɢɹ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɧɢɯ ɜ ɫɭɦɦɟ ɞɚɸɬ 12 ȼ: U1 + U2 = 12 ȼ. ɇɚ 
ɝɪɚɮɢɤɟ ɩɪɨɜɟɞёɦ ɝɨɪɢɡɨɧɬɚɥɶɧɭɸ ɩɪɹɦɭɸ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨɛɵ ɫɭɦɦɚ ɩɚɞɟɧɢɣ 
ɧɚɩɪɹɠɟɧɢɣ ɧɚ ɥɚɦɩɨɱɤɚɯ ɛɵɥɚ ɪɚɜɧɚ 12 ȼ. ɋɨɨɬɜɟɬɫɬɜɭɸɳɚɹ ɫɢɥɚ ɬɨɤɚ ɪɚɜɧɚ 0,06 Ⱥ. 
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0,06 Ⱥ. 0,06 20 

 

Ɂɚɞɚɱɚ 5. Ʉɚɩɥɢ ɞɨɠɞɹ 

Ⱥɜɬɨɦɨɛɢɥɢɫɬɚ ɜ ɛɟɡɜɟɬɪɟɧɧɭɸ ɩɨɝɨɞɭ ɩɨ ɞɨɪɨɝɟ ɞɨɦɨɣ ɡɚɫɬɢɝ ɞɨɠɞɶ. Ȼɨɥɶɲɚɹ ɬɭɱɚ 
ɜɢɫɟɥɚ ɧɟɩɨɞɜɢɠɧɨ ɢ ɤɚɩɥɢ ɞɨɠɞɹ ɥɟɬɟɥɢ ɤ ɡɟɦɥɟ ɩɨ ɩɪɹɦɵɦ ɥɢɧɢɹɦ ɫ ɩɨɫɬɨɹɧɧɨɣ 
ɫɤɨɪɨɫɬɶɸ. Ɉɬ ɭɞɢɜɥɟɧɢɹ ɨɧ ɡɚɦɟɞɥɢɥɫɹ ɞɨ 50 ɤɦ/ɱ ɢ ɫɞɟɥɚɥ ɫɧɢɦɨɤ ɜ ɛɨɤɨɜɨɟ ɨɤɧɨ. 
Ⱦɨɦɚ ɨɧ ɨɛɧɚɪɭɠɢɥ, ɱɬɨ ɫɬɪɭɢ ɞɨɠɞɹ ɧɚ ɫɧɢɦɤɟ ɢɦɟɸɬ ɧɚɤɥɨɧ 60° ɨɬ ɜɟɪɬɢɤɚɥɢ. 
ɇɚɣɞɢɬɟ ɫɤɨɪɨɫɬɶ ɭ ɤɚɩɥɢ ɞɨɠɞɹ ɜ ɦ/ɫ ɢ ɨɤɪɭɝɥɢɬɟ ɟё ɞɨ ɰɟɥɨɝɨ ɱɢɫɥɚ. 

Ɋɟɲɟɧɢɟ: 
ɉɪɨɫɬɨɟ ɫɥɨɠɟɧɢɟ ɫɤɨɪɨɫɬɟɣ. Ɇɚɲɢɧɚ ɢɥɢ ɜɟɪɧɟɟ ɝɨɪɢɡɨɧɬɚɥɶɧɚɹ ɫɤɨɪɨɫɬɶ 
ɫɨɫɬɚɜɥɹɟɬ 13.9 ɦɟɬɪɨɜ ɜ ɫɟɤɭɧɞɭ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɜɟɪɬɢɤɚɥɶɧɚɹ ɛɭɞɟɬ 13.9 / tan 60 = 
20 /1.73 = 8.02=8 ɦ/ɫ. 
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