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Инструкция по выполнению работы 

Для выполнения экзаменационной работы по физике отводится 4 часа (240 минут). 
Работа состоит из 3 частей, включающих 35 заданий. 

Часть 1 содержит 21 задание (А1–А21). К каждому заданию даётся 4 варианта 
ответа, из которых правильный только один 

Часть 2 содержит 4 задания (В1–В4), в которых ответ необходимо записать в виде 
набора цифр. 

Часть 3 состоит из 10 задач: А22–А25 с выбором одного верного ответа и С1–С6, 
для которых требуется дать развёрнутые решения 

При вычислениях разрешается использовать непрограммируемый калькулятор 
Все бланки ЕГЭ заполняются яркими чёрными чернилами Допускается 

использование гелевой, капиллярной или перьевой ручек. 
При выполнении заданий Вы можете пользоваться черновиком  Обращаем Ваше 

внимание, что записи в черновике не будут учитываться при оценке работы 
Советуем выполнять задания в том порядке, в котором они даны Для экономии 

времени пропускайте задание, которое не удаётся выполнить сразу, и переходите к 
следующему. Если после выполнения всей работы у Вас останется время, Вы сможете 
вернуться к пропущенным заданиям 

Баллы, полученные вами за выполненные задания, суммируются. Постарайтесь 
выполнить как можно больше заданий и набрать наибольшее количество баллов. 

Желаем успеха! 



ɏɣɢɣɥɛ. 11 ɥɦɛɬɬ. Ƚɛɫɣɛɨɭ 1 3

  
Ɉɣɡɠ ɪɫɣɝɠɟɠɨɶ ɬɪɫɛɝɩɲɨɶɠ ɟɛɨɨɶɠ, ɥɩɭɩɫɶɠ ɧɩɞɮɭ ɪɩɨɛɟɩɜɣɭɷɬɺ Ƚɛɧ ɪɫɣ
ɝɶɪɩɦɨɠɨɣɣ ɫɛɜɩɭɶ. 
  
  

  
ȿɠɬɺɭɣɲɨɶɠ ɪɫɣɬɭɛɝɥɣ 

  

  

  

Ʌɩɨɬɭɛɨɭɶ 
  

  
  
  
  

Ɉɛɣɧɠɨɩ- 
ɝɛɨɣɠ  ɉɜɩɢɨɛɲɠɨɣɠ  ɇɨɩɡɣɭɠɦɷ  Ɉɛɣɧɠɨɩ- 

ɝɛɨɣɠ  ɉɜɩɢɨɛɲɠɨɣɠ  ɇɨɩɡɣɭɠɦɷ  

ɞɣɞɛ Ⱦ 10 9 ɬɛɨɭɣ ɬ 10–2 

ɧɠɞɛ ɇ 10 6 ɧɣɦɦɣ ɧ 10–3 

ɥɣɦɩ ɥ 10 3 ɧɣɥɫɩ ɧɥ 10–6 

ɞɠɥɭɩ ɞ 10 2 ɨɛɨɩ ɨ 10–9 

ɟɠɱɣ ɟ 10–1 ɪɣɥɩ ɪ 10–12 

ɲɣɬɦɩ � � = 3,14  

ɮɬɥɩɫɠɨɣɠ ɬɝɩɜɩɟɨɩɞɩ ɪɛɟɠɨɣɺ ɨɛ ɂɠɧɦɠ  g = 10 ɧ/ɬ2 

ɞɫɛɝɣɭɛɱɣɩɨɨɛɺ ɪɩɬɭɩɺɨɨɛɺ  G = 6,7·10–11 Ɉ·ɧ2/ɥɞ2 

ɮɨɣɝɠɫɬɛɦɷɨɛɺ ɞɛɢɩɝɛɺ ɪɩɬɭɩɺɨɨɛɺ  R = 8,31 ȿɡ/(ɧɩɦɷ·Ʌ)  

ɪɩɬɭɩɺɨɨɛɺ ȼɩɦɷɱɧɛɨɛ  k = 1,38·10–23 ȿɡ/Ʌ  

ɪɩɬɭɩɺɨɨɛɺ Ȼɝɩɞɛɟɫɩ  NȻ = 6·1023 ɧɩɦɷ–1 

ɬɥɩɫɩɬɭɷ ɬɝɠɭɛ ɝ ɝɛɥɮɮɧɠ  ɬ = 3·108 ɧ/ɬ  

ɥɩɸɯɯɣɱɣɠɨɭ ɪɫɩɪɩɫɱɣɩɨɛɦɷɨɩɬɭɣ  
ɝ ɢɛɥɩɨɠ Ʌɮɦɩɨɛ  k = = 9·109 Ɉ·ɧ2/Ʌɦ2 1

4 ʌ İ0
ɧɩɟɮɦɷ ɢɛɫɺɟɛ ɸɦɠɥɭɫɩɨɛ (ɸɦɠɧɠɨɭɛɫɨɶɤ   
ɸɦɠɥɭɫɣɲɠɬɥɣɤ ɢɛɫɺɟ)   e = 1,6·10–19 Ʌɦ  

ɪɩɬɭɩɺɨɨɛɺ Ɋɦɛɨɥɛ  h = 6,6·10–34 ȿɡ·ɬ  
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Ɍɩɩɭɨɩɳɠɨɣɺ ɧɠɡɟɮ ɫɛɢɦɣɲɨɶɧɣ ɠɟɣɨɣɱɛɧɣ 

  

  

ɇɛɬɬɶ ɲɛɬɭɣɱ 
  

  

  

Ɏɟɠɦɷɨɛɺ ɭɠɪɦɩɠɧɥɩɬɭɷ 
  

  

Ɏɟɠɦɷɨɛɺ ɭɠɪɦɩɭɛ 
  

ɭɠɧɪɠɫɛɭɮɫɛ  0 Ʌ = – 273°Ɍ  

ɛɭɩɧɨɛɺ ɠɟɣɨɣɱɛ ɧɛɬɬɶ  1 ɛ.ɠ.ɧ. = 1,66·10–27 ɥɞ  

1 ɛɭɩɧɨɛɺ ɠɟɣɨɣɱɛ ɧɛɬɬɶ ɸɥɝɣɝɛɦɠɨɭɨɛ  931,5 ɇɸȽ  

1 ɸɦɠɥɭɫɩɨɝɩɦɷɭ  1 ɸȽ = 1,6·10–19 ȿɡ  

ɸɦɠɥɭɫɩɨɛ  9,1·10–31 ɥɞ § 5,5·10–4 ɛ.ɠ.ɧ.  

ɪɫɩɭɩɨɛ  1,673·10–27 ɥɞ § 1,007 ɛ.ɠ.ɧ.  

ɨɠɤɭɫɩɨɛ  1,675·10–27 ɥɞ § 1,008 ɛ.ɠ.ɧ.  

Ɋɦɩɭɨɩɬɭɷ  ɪɩɟɬɩɦɨɠɲɨɩɞɩ ɧɛɬɦɛ  900 ɥɞ/ɧ3 

ɝɩɟɶ  1000 ɥɞ/ɧ3 ɛɦɹɧɣɨɣɺ  2700 ɥɞ/ɧ3 

ɟɫɠɝɠɬɣɨɶ (ɬɩɬɨɛ)  400 ɥɞ/ɧ3 ɡɠɦɠɢɛ  7800 ɥɞ/ɧ3 

ɥɠɫɩɬɣɨɛ  800 ɥɞ/ɧ3 ɫɭɮɭɣ  13600 ɥɞ/ɧ3 

ɝɩɟɶ  4,2·10 3 ȿɡ/(ɥɞ·Ʌ)  ɛɦɹɧɣɨɣɺ  900 ȿɡ/(ɥɞ·Ʌ)   
ɦɷɟɛ  2,1·10 3 ȿɡ/(ɥɞ·Ʌ)  ɧɠɟɣ  380 ȿɡ/(ɥɞ·Ʌ)   
ɡɠɦɠɢɛ  640 ȿɡ/(ɥɞ·Ʌ)  ɲɮɞɮɨɛ  500 ȿɡ/(ɥɞ·Ʌ)  
ɬɝɣɨɱɛ  130 ȿɡ/(ɥɞ·Ʌ)      

ɪɛɫɩɩɜɫɛɢɩɝɛɨɣɺ ɝɩɟɶ 2,3·10 6 ȿɡ/ɥɞ  

ɪɦɛɝɦɠɨɣɺ ɬɝɣɨɱɛ  2,5·10 4 ȿɡ/ɥɞ   

ɪɦɛɝɦɠɨɣɺ ɦɷɟɛ  3,3·10 5 ȿɡ/ɥɞ  
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ɇɩɦɺɫɨɛɺ ɧɛcɬɛ 
  

  

Ɉɩɫɧɛɦɷɨɶɠ ɮɬɦɩɝɣɺ:   ɟɛɝɦɠɨɣɠ 105 Ɋɛ,  ɭɠɧɪɠɫɛɭɮɫɛ  0 °Ɍ 

ɛɢɩɭɛ  28·10–3 ɥɞ/ɧɩɦɷ ɥɣɬɦɩɫɩɟɛ  32·10–3 ɥɞ/ɧɩɦɷ 

ɛɫɞɩɨɛ  40·10–3 ɥɞ/ɧɩɦɷ ɦɣɭɣɺ  6·10–3 ɥɞ/ɧɩɦɷ 

ɝɩɟɩɫɩɟɛ  2·10–3 ɥɞ/ɧɩɦɷ ɧɩɦɣɜɟɠɨɛ  96·10–3 ɥɞ/ɧɩɦɷ 

ɝɩɢɟɮɰɛ  29·10–3 ɥɞ/ɧɩɦɷ ɨɠɩɨɛ  20·10–3 ɥɞ/ɧɩɦɷ 

ɞɠɦɣɺ  4·10–3 ɥɞ/ɧɩɦɷ ɮɞɦɠɥɣɬɦɩɞɩ ɞɛɢɛ  44·10–3 ɥɞ/ɧɩɦɷ 
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ɒɛɬɭɷ 1

Ɋɫɣ ɝɶɪɩɦɨɠɨɣɣ ɢɛɟɛɨɣɤ ɲɛɬɭɣ 1 ɝ ɜɦɛɨɥɠ ɩɭɝɠɭɩɝ ʌ 1 ɪɩɟ 
ɨɩɧɠɫɩɧ ɝɶɪɩɦɨɺɠɧɩɞɩ Ƚɛɧɣ ɢɛɟɛɨɣɺ (A1–A21) ɪɩɬɭɛɝɷɭɠ ɢɨɛɥ 
«×» ɝ ɥɦɠɭɩɲɥɠ, ɨɩɧɠɫ ɥɩɭɩɫɩɤ ɬɩɩɭɝɠɭɬɭɝɮɠɭ ɨɩɧɠɫɮ ɝɶɜɫɛɨɨɩɞɩ 
Ƚɛɧɣ ɩɭɝɠɭɛ. 

   A1   ȼɫɩɳɠɨɨɶɤ ɝɠɫɭɣɥɛɦɷɨɩ ɝɝɠɫɰ ɬ ɪɩɝɠɫɰɨɩɬɭɣ ɢɠɧɦɣ ɥɛɧɠɨɷ 
ɟɝɣɡɠɭɬɺ ɝɟɩɦɷ ɩɬɣ  (ɬɧ. ɫɣɬɮɨɩɥ). Ʌɛɥɩɠ ɮɫɛɝɨɠɨɣɠ 
ɪɫɛɝɣɦɷɨɩ ɩɪɣɬɶɝɛɠɭ ɢɛɝɣɬɣɧɩɬɭɷ ɥɩɩɫɟɣɨɛɭɶ  ɥɛɧɨɺ ɩɭ 
ɝɫɠɧɠɨɣ t ɨɛ ɮɲɛɬɭɥɠ Ȼȼ? Ƚɦɣɺɨɣɠ ɝɩɢɟɮɰɛ ɪɫɠɨɠɜɫɠɡɣɧɩ 
ɧɛɦɩ. 
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   A2   Ɉɛ ɫɣɬɮɨɥɠ ɣɢɩɜɫɛɡɠɨɶ ɟɝɛ ɭɩɲɠɲɨɶɰ ɭɠɦɛ, ɫɛɝɨɩɧɠɫɨɩ ɟɝɣɡɮɴɣɠɬɺ 

ɪɩ ɩɥɫɮɡɨɩɬɭɺɧ ɫɛɢɦɣɲɨɶɰ ɫɛɟɣɮɬɩɝ (ɬɧ. ɫɣɬɮɨɩɥ). Ɏɞɦɩɝɛɺ ɬɥɩɫɩɬɭɷ
ɝɫɛɴɠɨɣɺ ɭɠɦɛ 1 ɫɛɝɨɛ ɮɞɦɩɝɩɤ ɬɥɩɫɩɬɭɣ ɝɫɛɴɠɨɣɺ ɭɠɦɛ 2. 

  

Ƚɶɜɠɫɣɭɠ ɪɫɛɝɣɦɷɨɩɠ ɮɭɝɠɫɡɟɠɨɣɠ. 
   1) ɇɩɟɮɦɷ ɬɥɩɫɩɬɭɣ ɭɠɦɛ 1 ɝ ɟɝɛ ɫɛɢɛ ɜɩɦɷɳɠ ɧɩɟɮɦɺ ɬɥɩɫɩɬɭɣ 

ɭɠɦɛ 2. 
   2) ɇɩɟɮɦɷ ɮɬɥɩɫɠɨɣɺ ɭɠɦɛ 1 ɝ ɟɝɛ ɫɛɢɛ ɧɠɨɷɳɠ ɧɩɟɮɦɺ ɮɬɥɩɫɠɨɣɺ 

ɭɠɦɛ 2. 
   3) ɍɛɥ ɥɛɥ ɭɠɦɛ ɟɝɣɡɮɭɬɺ ɪɩ ɩɥɫɮɡɨɩɬɭɺɧ ɫɛɝɨɩɧɠɫɨɩ, ɭɩ 

ɮɬɥɩɫɠɨɣɺ ɩɜɩɣɰ ɭɠɦ ɫɛɝɨɶ ɨɮɦɹ. 
   4) ɒɛɬɭɩɭɛ ɝɫɛɴɠɨɣɺ ɭɠɦɛ 1 ɜɩɦɷɳɠ ɲɛɬɭɩɭɶ ɝɫɛɴɠɨɣɺ ɭɠɦɛ 2. 
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   A3   Ʌ ɜɫɮɬɥɮ, ɨɛɰɩɟɺɴɠɧɮɬɺ ɨɛ ɳɠɫɩɰɩɝɛɭɩɧ ɞɩɫɣɢɩɨɭɛɦɷɨɩɧ ɬɭɩɦɠ, 
ɪɫɣɥɦɛɟɶɝɛɠɭɬɺ ɞɩɫɣɢɩɨɭɛɦɷɨɛɺ ɬɣɦɛ . 
  

  
  

Ɏɲɠɨɣɥɣ ɨɛɫɣɬɩɝɛɦɣ ɭɫɣ ɝɛɫɣɛɨɭɛ ɢɛɝɣɬɣɧɩɬɭɣ ɪɫɩɠɥɱɣɣ ɬɣɦɶ 
ɭɫɠɨɣɺ (Fɭɫ)x, ɟɠɤɬɭɝɮɹɴɠɤ ɨɛ ɜɫɮɬɩɥ, ɩɭ ɧɩɟɮɦɺ ɪɫɣɥɦɛɟɶɝɛɠɧɩɤ 

ɬɣɦɶ F, ɧɩɟɮɦɷ ɥɩɭɩɫɩɤ ɧɠɟɦɠɨɨɩ ɮɝɠɦɣɲɣɝɛɠɭɬɺ ɩɭ ɨɮɦɠɝɩɞɩ 

ɢɨɛɲɠɨɣɺ. 
  

  

  
Ƚɶɜɠɫɣɭɠ ɪɫɛɝɣɦɷɨɩɠ ɮɭɝɠɫɡɟɠɨɣɠ. 

F
JG

   1) ɪɫɛɝɣɦɷɨɶɧ ɺɝɦɺɠɭɬɺ ɫɣɬɮɨɩɥ 1 
   2) ɪɫɛɝɣɦɷɨɶɧ ɺɝɦɺɠɭɬɺ ɫɣɬɮɨɩɥ 2 
   3) ɪɫɛɝɣɦɷɨɶɧ ɺɝɦɺɠɭɬɺ ɫɣɬɮɨɩɥ 3 
   4) ɝɬɠ ɭɫɣ ɫɣɬɮɨɥɛ ɺɝɦɺɹɭɬɺ ɨɠɪɫɛɝɣɦɷɨɶɧɣ 

   A4   ȿɝɛ ɩɟɣɨɛɥɩɝɶɰ ɪɦɛɬɭɣɦɣɨɩɝɶɰ ɳɛɫɣɥɛ, ɟɝɣɞɛɺɬɷ ɪɩ ɞɦɛɟɥɩɤ 
ɞɩɫɣɢɩɨɭɛɦɷɨɩɤ ɪɦɩɬɥɩɬɭɣ, ɣɬɪɶɭɶɝɛɹɭ ɛɜɬɩɦɹɭɨɩ ɨɠɮɪɫɮɞɩɠ
ɬɩɮɟɛɫɠɨɣɠ ɣ ɬɦɣɪɛɹɭɬɺ. Ƚ ɥɛɥɩɧ ɬɦɮɲɛɠ (ɬɧ. ɫɣɬɮɨɥɣ) ɧɩɟɮɦɷ 
ɬɥɩɫɩɬɭɣ ɳɛɫɣɥɩɝ ɪɩɬɦɠ ɬɩɮɟɛɫɠɨɣɺ ɜɮɟɠɭ ɧɣɨɣɧɛɦɷɨɶɧ? 

  

   1) 1    2) 2    3) 3    4) 4 
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   A5   ɍɩɲɠɲɨɩɠ ɭɠɦɩ ɧɛɬɬɩɤ 5 ɥɞ ɟɝɣɡɠɭɬɺ ɞɩɫɣɢɩɨɭɛɦɷɨɩ ɝɟɩɦɷ ɩɬɣ ɉɐ. 
Ⱦɫɛɯɣɥ ɢɛɝɣɬɣɧɩɬɭɣ ɥɩɩɫɟɣɨɛɭɶ ɸɭɩɞɩ ɭɠɦɛ ɩɭ ɝɫɠɧɠɨɣ ɪɩɥɛɢɛɨ ɨɛ
ɫɣɬɮɨɥɠ. Ƚ ɧɩɧɠɨɭ ɝɫɠɧɠɨɣ  ɬ ɥɣɨɠɭɣɲɠɬɥɛɺ ɸɨɠɫɞɣɺ ɸɭɩɞɩ ɭɠɦɛ
ɫɛɝɨɛ 

  

t  4

   1) 5ȿɡ    2) –5ȿɡ    3) 10ȿɡ    4) –10ȿɡ 

   A6   Ɉɛ ɫɣɬɮɨɥɛɰ ɣɢɩɜɫɛɡɠɨɶ ɟɝɠ ɬɣɬɭɠɧɶ ɭɠɦ. ɇɛɬɬɩɤ ɞɩɫɣɢɩɨɭɛɦɷɨɩɞɩ 
ɬɭɠɫɡɨɺ ɧɩɡɨɩ ɪɫɠɨɠɜɫɠɲɷ. 

  

Ƚɶɜɠɫɣɭɠ ɪɫɛɝɣɦɷɨɩɠ ɮɭɝɠɫɡɟɠɨɣɠ. 
   1) ɝ ɬɩɬɭɩɺɨɣɣ ɫɛɝɨɩɝɠɬɣɺ ɜɮɟɠɭ ɨɛɰɩɟɣɭɷɬɺ ɭɩɦɷɥɩ ɬɣɬɭɠɧɛ 1 
   2) ɝ ɬɩɬɭɩɺɨɣɣ ɫɛɝɨɩɝɠɬɣɺ ɜɮɟɠɭ ɨɛɰɩɟɣɭɷɬɺ ɭɩɦɷɥɩ ɬɣɬɭɠɧɛ 2 
   3) ɝ ɬɩɬɭɩɺɨɣɣ ɫɛɝɨɩɝɠɬɣɺ ɜɮɟɮɭ ɨɛɰɩɟɣɭɷɬɺ ɩɜɠ ɬɣɬɭɠɧɶ 
   4) ɩɜɠ ɬɣɬɭɠɧɶ ɨɠ ɜɮɟɮɭ ɨɛɰɩɟɣɭɷɬɺ ɝ ɬɩɬɭɩɺɨɣɣ ɫɛɝɨɩɝɠɬɣɺ 

   A7   ȿɣɯɯɮɢɣɺ ɪɛɫɩɝ ɜɫɩɧɛ ɝ ɝɩɢɟɮɰɠ ɪɫɩɣɬɰɩɟɣɭ 
   1) ɝ ɨɛɪɫɛɝɦɠɨɣɣ ɮɧɠɨɷɳɠɨɣɺ ɥɩɨɱɠɨɭɫɛɱɣɣ ɜɫɩɧɛ 
   2) ɝ ɨɛɪɫɛɝɦɠɨɣɣ ɮɝɠɦɣɲɠɨɣɺ ɥɩɨɱɠɨɭɫɛɱɣɣ ɜɫɩɧɛ 
   3) ɩɟɣɨɛɥɩɝɩ ɝɩ ɝɬɠɰ ɨɛɪɫɛɝɦɠɨɣɺɰ ɨɠɢɛɝɣɬɣɧɩ ɩɭ ɫɛɬɪɫɠɟɠɦɠɨɣɺ 

ɥɩɨɱɠɨɭɫɛɱɣɣ ɜɫɩɧɛ 
   4) ɭɩɦɷɥɩ ɪɫɣ ɫɛɝɨɩɧɠɫɨɩɧ ɫɛɬɪɫɠɟɠɦɠɨɣɣ ɥɩɨɱɠɨɭɫɛɱɣɣ ɜɫɩɧɛ 
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   A8   Ƚ ɝɠɫɭɣɥɛɦɷɨɩ ɫɛɬɪɩɦɩɡɠɨɨɩɧ ɢɛɧɥɨɮɭɩɧ ɱɣɦɣɨɟɫɣ-
ɲɠɬɥɩɧ ɬɩɬɮɟɠ ɨɛɰɩɟɣɭɬɺ ɣɟɠɛɦɷɨɶɤ ɞɛɢ. Ɍɩɬɮɟ ɢɛɥɫɶɭ 
ɢɛɥɫɠɪɦɻɨɨɩɤ ɥɫɶɳɥɩɤ. Ⱦɛɢ ɨɛɲɣɨɛɹɭ ɧɠɟɦɠɨɨɩ 
ɨɛɞɫɠɝɛɭɷ, ɮɝɠɦɣɲɣɝɛɺ ɠɞɩ ɭɠɧɪɠɫɛɭɮɫɮ. 
  
Ɉɛ ɥɛɥɩɧ ɣɢ ɪɫɣɝɠɟɻɨɨɶɰ ɨɣɡɠ ɞɫɛɯɣɥɩɝ ɪɫɛɝɣɦɷɨɩ ɪɩɥɛɢɛɨ ɪɫɩɱɠɬɬ
ɣɢɧɠɨɠɨɣɺ ɬɩɬɭɩɺɨɣɺ ɞɛɢɛ? 

  

 

   1) ɨɛ ɝɬɠɰ ɭɫɻɰ    2) ɨɛ ɪɠɫɝɩɧ ɣ ɭɫɠɭɷɠɧ 
   3) ɨɛ ɝɭɩɫɩɧ ɣ ɭɫɠɭɷɠɧ    4) ɨɛ ɪɠɫɝɩɧ ɣ ɝɭɩɫɩɧ 

   A9   Ɋɩɬɦɠ ɟɩɬɭɣɡɠɨɣɺ ɬɣɬɭɠɧɩɤ ɭɠɪɦɩɝɩɞɩ ɫɛɝɨɩɝɠɬɣɺ ɬ ɩɥɫɮɡɛɹɴɣɧɣ
ɭɠɦɛɧɣ ɨɠ ɪɫɩɣɬɰɩɟɣɭ 
Ȼ. ɟɝɣɡɠɨɣɺ ɧɩɦɠɥɮɦ ɸɭɩɤ ɬɣɬɭɠɧɶ. 
ȼ. ɣɢɧɠɨɠɨɣɺ ɟɛɝɦɠɨɣɺ ɝ ɸɭɩɤ ɬɣɬɭɠɧɠ. 
Ƀɢ ɸɭɣɰ ɮɭɝɠɫɡɟɠɨɣɤ 
   1) ɝɠɫɨɩ ɭɩɦɷɥɩ Ȼ    2) ɝɠɫɨɩ ɭɩɦɷɥɩ ȼ 
   3) ɝɠɫɨɶ ɣ Ȼ, ɣ ȼ    4) ɨɠ ɝɠɫɨɶ ɨɣ Ȼ, ɨɣ ȼ 

  A10  Ɉɛ ɫɣɬɮɨɥɠ ɣɢɩɜɫɛɡɠɨɶ ɲɠɭɶɫɠ ɱɣɥɦɣɲɠɬɥɣɰ ɪɫɩɱɠɬɬɛ. 

 

 
ɋɛɜɩɭɛ, ɬɩɝɠɫɳɛɠɧɛɺ ɞɛɢɩɧ ɢɛ ɝɠɬɷ ɪɫɩɱɠɬɬ, 
   1) ɝ ɪɫɩɱɠɬɬɠ 2 ɝ ɟɝɛ ɫɛɢɛ ɧɠɨɷɳɠ, ɲɠɧ ɝ ɪɫɩɱɠɬɬɠ 1 
   2) ɝ ɪɫɩɱɠɬɬɠ 2 ɝ ɭɫɣ ɫɛɢɛ ɜɩɦɷɳɠ, ɲɠɧ ɝ ɪɫɩɱɠɬɬɠ 3 
   3) ɝ ɪɫɩɱɠɬɬɠ 4 ɝ ɟɝɛ ɫɛɢɛ ɜɩɦɷɳɠ, ɲɠɧ ɝ ɪɫɩɱɠɬɬɠ 1 
   4) ɝ ɪɫɩɱɠɬɬɛɰ 1 ɣ 3 ɩɟɣɨɛɥɩɝɛ 
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  A11  Ʌ ɳɛɫɣɥɮ ɨɠɢɛɫɺɡɠɨɨɩɞɩ ɸɦɠɥɭɫɩɬɥɩɪɛ (ɫɣɬ. ɛ) ɪɩɟɨɩɬɺɭ, ɨɠ ɥɛɬɛɺɬɷ
ɠɞɩ, ɩɭɫɣɱɛɭɠɦɷɨɩ ɢɛɫɺɡɠɨɨɮɹ ɪɛɦɩɲɥɮ (ɫɣɬ. ɜ). Ɉɠ ɩɭɝɩɟɺ ɪɛɦɩɲɥɣ, 
ɟɫɮɞɩɤ ɫɮɥɩɤ ɥɛɬɛɹɭɬɺ ɬɭɠɫɡɨɺ ɸɦɠɥɭɫɩɬɥɩɪɛ (ɫɣɬ. ɝ), ɛ ɢɛɭɠɧ 
ɩɟɨɩɝɫɠɧɠɨɨɩ ɮɜɣɫɛɹɭ ɣ ɫɮɥɮ, ɣ ɪɛɦɩɲɥɮ. 
 

  

  
Ɉɛ ɥɛɥɩɧ ɣɢ ɬɦɠɟɮɹɴɣɰ ɫɣɬɮɨɥɩɝ ɪɫɛɝɣɦɷɨɩ ɪɩɥɛɢɛɨɶ ɢɛɫɺɟɶ ɨɛ
ɦɣɬɭɥɛɰ ɣ ɨɛ ɳɛɫɣɥɠ ɸɦɠɥɭɫɩɬɥɩɪɛ ɝ ɥɩɨɱɠ ɩɪɶɭɛ? 
  

  

   1) 1    2) 2    3) 3    4) 4 
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  A12  ɍɫɣ ɱɣɦɣɨɟɫɣɲɠɬɥɣɰ ɪɫɩɝɩɟɨɣɥɛ, ɣɢɩɜɫɛɡɠɨɨɶɠ ɨɛ ɫɣɬɮɨɥɠ, ɣɧɠɹɭ
ɩɟɣɨɛɥɩɝɶɠ ɪɦɩɴɛɟɣ ɪɩɪɠɫɠɲɨɩɞɩ ɬɠɲɠɨɣɺ ɣ ɩɟɣɨɛɥɩɝɶɠ
ɬɩɪɫɩɭɣɝɦɠɨɣɺ. 

  

 
Ƚ ɭɛɜɦɣɱɠ ɪɫɣɝɠɟɠɨɶ ɢɨɛɲɠɨɣɺ ɮɟɠɦɷɨɶɰ ɬɩɪɫɩɭɣɝɦɠɨɣɤ ɧɛɭɠɫɣɛɦɩɝ
ɸɭɣɰ ɪɫɩɝɩɟɨɣɥɩɝ. 
  

  
Ɏɬɭɛɨɩɝɣɭɠ ɬɩɩɭɝɠɭɬɭɝɣɠ ɧɠɡɟɮ ɨɩɧɠɫɛɧɣ ɪɫɩɝɩɟɨɣɥɩɝ ɣ
ɧɛɭɠɫɣɛɦɛɧɣ, ɣɢ ɥɩɭɩɫɶɰ ɩɨɣ ɬɟɠɦɛɨɶ. 

ɇɛɭɠɫɣɛɦ 
Ɏɟɠɦɷɨɩɠ 

ɬɩɪɫɩɭɣɝɦɠɨɣɠ, 
ɧɥɉɧāɧ 

ɬɠɫɠɜɫɩ 0,016 
ɬɭɛɦɷ 0,14 
ɲɮɞɮɨ 0,5 

   1) 1 – ɬɠɫɠɜɫɩ, 2 – ɬɭɛɦɷ, 3 – ɲɮɞɮɨ 
   2) 1 – ɬɠɫɠɜɫɩ, 2 – ɲɮɞɮɨ, 3 – ɬɭɛɦɷ 
   3) 1 – ɲɮɞɮɨ, 2 – ɬɠɫɠɜɫɩ, 3 –ɬɭɛɦɷ 
   4) 1 – ɬɭɛɦɷ, 2 – ɲɮɞɮɨ, 3 – ɬɠɫɠɜɫɩ 
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  A13  Ɇɻɞɥɮɹ ɫɛɧɥɮ ɬ ɭɠɥɮɴɣɧ ɪɩ ɨɠɤ ɪɩɬɭɩɺɨɨɶɧ ɭɩɥɩɧ ɬɣɦɩɤ  ɪɩɧɠɬɭɣɦɣ 
ɝ ɨɠɩɟɨɩɫɩɟɨɩɠ ɧɛɞɨɣɭɨɩɠ ɪɩɦɠ ɬ ɣɨɟɮɥɱɣɠɤ  ɣ ɩɭɪɮɬɭɣɦɣ ɜɠɢ
ɨɛɲɛɦɷɨɩɤ ɬɥɩɫɩɬɭɣ. Ɉɛ ɫɣɬɮɨɥɛɰ 1 ɣ 2 ɪɩɥɛɢɛɨ ɝɣɟ ɨɛ ɫɛɧɥɮ ɬɜɩɥɮ ɣ
ɬɝɠɫɰɮ. Ʌɛɥ ɫɛɧɥɛ ɜɮɟɠɭ ɟɝɣɞɛɭɷɬɺ ɝ ɟɛɦɷɨɠɤɳɠɧ? 
  

  

I
B
JG

   1) ɋɛɧɥɛ ɬɨɛɲɛɦɛ ɪɩɝɠɫɨɠɭɬɺ ɝɩɥɫɮɞ ɞɩɫɣɢɩɨɭɛɦɷɨɩɤ ɩɬɣ , 
ɪɫɩɰɩɟɺɴɠɤ ɲɠɫɠɢ ɱɠɨɭɫ ɫɛɧɥɣ, ɨɛ ɮɞɩɦ 90° (ɨɛ ɫɣɬ.1 ɪɫɩɭɣɝ 
ɲɛɬɩɝɩɤ ɬɭɫɠɦɥɣ) , ɛ ɢɛɭɠɧ ɨɛɲɨɠɭ ɪɫɺɧɩɦɣɨɠɤɨɩ ɟɝɣɞɛɭɷɬɺ 
ɝɦɠɝɩ 

OOc

   2) ɋɛɧɥɛ ɬɨɛɲɛɦɛ ɪɩɝɠɫɨɠɭɬɺ ɝɩɥɫɮɞ ɞɩɫɣɢɩɨɭɛɦɷɨɩɤ ɩɬɣ , 
ɪɫɩɰɩɟɺɴɠɤ ɲɠɫɠɢ ɱɠɨɭɫ ɫɛɧɥɣ, ɨɛ ɮɞɩɦ 90° (ɨɛ ɫɣɬ.1 ɪɩ ɲɛɬɩɝɩɤ 
ɬɭɫɠɦɥɠ) , ɛ ɢɛɭɠɧ ɨɛɲɨɠɭ ɪɫɺɧɩɦɣɨɠɤɨɩ ɟɝɣɞɛɭɷɬɺ ɝɦɠɝɩ 

OOc

   3) ɋɛɧɥɛ ɪɩɝɠɫɨɠɭɬɺ ɝɩɥɫɮɞ ɞɩɫɣɢɩɨɭɛɦɷɨɩɤ ɩɬɣ , ɪɫɩɰɩɟɺɴɠɤ 
ɲɠɫɠɢ ɱɠɨɭɫ ɫɛɧɥɣ, ɨɛ ɮɞɩɦ 90° (ɨɛ ɫɣɬ.1 ɪɫɩɭɣɝ ɲɛɬɩɝɩɤ 
ɬɭɫɠɦɥɣ) , ɣ ɜɩɦɷɳɠ ɨɠ ɜɮɟɠɭ ɟɝɣɞɛɭɷɬɺ. 

OOc

   4) ɋɛɧɥɛ, ɨɠ ɪɩɝɩɫɛɲɣɝɛɺɬɷ, ɨɛɲɨɠɭ ɪɫɺɧɩɦɣɨɠɤɨɩ ɟɝɣɞɛɭɷɬɺ ɝɦɠɝɩ 

  A14  Ɉɛ ɥɛɥɩɧ ɫɣɬɮɨɥɠ ɪɫɛɝɣɦɷɨɩ ɣɢɩɜɫɛɡɠɨɛ ɢɛɝɣɬɣɧɩɬɭɷ ɸɨɠɫɞɣɣ W
ɧɛɞɨɣɭɨɩɞɩ ɪɩɦɺ ɥɛɭɮɳɥɣ ɣɨɟɮɥɭɣɝɨɩɬɭɷɹ  ɩɭ ɥɝɛɟɫɛɭɛ ɬɣɦɶ ɭɩɥɛ  
  ɪɫɩɭɠɥɛɹɴɠɞɩ ɲɠɫɠɢ ɸɭɮ ɥɛɭɮɳɥɮ? 

  

L I ,

   1) 1    2) 2    3) 3    4) 4 
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  A15  Ɉɛ ɫɣɬɮɨɥɠ ɣɢɩɜɫɛɡɠɨɶ ɭɩɲɠɲɨɶɤ ɣɬɭɩɲɨɣɥ ɬɝɠɭɛ , ɭɩɨɥɛɺ
ɬɩɜɣɫɛɹɴɛɺ ɦɣɨɢɛ ɬ ɯɩɥɮɬɨɶɧ ɫɛɬɬɭɩɺɨɣɠɧ   ɣ ɪɦɩɬɥɩɠ ɢɠɫɥɛɦɩ ɂ. 
Ɇɣɨɢɛ ɬɩɢɟɛɻɭ ɣɢɩɜɫɛɡɠɨɣɠ  ɣɬɭɩɲɨɣɥɛ S, ɛ ɢɠɫɥɛɦɩ, ɝ ɬɝɩɹ ɩɲɠɫɠɟɷ, 
ɬɩɢɟɛɻɭ ɣɢɩɜɫɛɡɠɨɣɠ  ɭɩɲɥɣ . Ƚ ɥɛɥɩɤ ɭɩɲɥɠ ɨɛɰɩɟɣɭɬɺ
ɣɢɩɜɫɛɡɠɨɣɠ ? 

  

S
F

S c
Ss S c

Ss

   1) 1    2) 2    3) 3    4) 4 

  A16  Ɉɛ ɪɩɝɠɫɰɨɩɬɭɷ ɬɭɠɥɦɺɨɨɩɤ ɪɫɣɢɧɶ ɪɛɟɛɠɭ ɦɮɲ ɬɝɠɭɛ. 

  

 
Ɋɫɛɝɣɦɷɨɶɤ ɰɩɟ ɦɮɲɛ 
   1) ɪɩɥɛɢɛɨ ɭɩɦɷɥɩ ɨɛ ɫɣɬɮɨɥɠ 1 
   2) ɪɩɥɛɢɛɨ ɭɩɦɷɥɩ ɨɛ ɫɣɬɮɨɥɠ 2 
   3) ɪɩɥɛɢɛɨ ɣ ɨɛ ɫɣɬɮɨɥɠ 1, ɣ ɨɛ ɫɣɬɮɨɥɠ 2 
   4) ɨɠ ɪɩɥɛɢɛɨ ɨɣ ɨɛ ɫɣɬɮɨɥɠ 1, ɨɣ ɨɛ ɫɣɬɮɨɥɠ 2 
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  A17  Ƚ ɩɪɶɭɠ ɪɩ ɣɢɮɲɠɨɣɹ ɯɩɭɩɸɯɯɠɥɭɛ ɩɟɨɮ ɣɢ ɪɦɛɬɭɣɨ ɪɦɩɬɥɩɞɩ
ɥɩɨɟɠɨɬɛɭɩɫɛ ɩɜɦɮɲɛɹɭ ɬɝɠɭɩɧ ɬ ɸɨɠɫɞɣɠɤ ɯɩɭɩɨɛ 6 ɸȽ. Ɉɛɪɫɺɡɠɨɣɠ
ɧɠɡɟɮ ɪɦɛɬɭɣɨɛɧɣ ɣɢɧɠɨɺɹɭ ɬ ɪɩɧɩɴɷɹ ɫɠɩɬɭɛɭɛ, ɬɣɦɮ ɯɩɭɩɭɩɥɛ
ɝ ɱɠɪɣ ɣɢɧɠɫɺɹɭ ɛɧɪɠɫɧɠɭɫɩɧ. Ɉɛ ɞɫɛɯɣɥɛɰ ɪɫɣɝɠɟɠɨɶ ɢɛɝɣɬɣɧɩɬɭɣ
ɯɩɭɩɭɩɥɛ I ɩɭ ɨɛɪɫɺɡɠɨɣɺ U ɧɠɡɟɮ ɪɦɛɬɭɣɨɛɧɣ ɟɦɺ ɟɝɮɰ ɫɛɢɦɣɲɨɶɰ
ɥɩɨɟɠɨɬɛɭɩɫɩɝ, ɪɦɛɬɭɣɨɶ ɥɩɭɩɫɶɰ ɬɟɠɦɛɨɶ ɣɢ ɫɛɢɨɶɰ ɧɠɭɛɦɦɩɝ. 
 

  

 
Ʌɛɥɩɠ(-ɣɠ) ɣɢ ɨɣɡɠɪɫɣɝɠɟɠɨɨɶɰ ɮɭɝɠɫɡɟɠɨɣɤ ɺɝɦɺɠ(-ɹ)ɭɬɺ
ɪɫɛɝɣɦɷɨɶɧ(-ɣ)? 
Ȼ. ɋɛɜɩɭɛ ɝɶɰɩɟɛ ɸɦɠɥɭɫɩɨɛ ɬ ɪɩɝɠɫɰɨɩɬɭɣ ɪɦɛɬɭɣɨɶ ɪɠɫɝɩɞɩ
ɥɩɨɟɠɨɬɛɭɩɫɛ ɫɛɝɨɛ ɫɛɜɩɭɠ ɝɶɰɩɟɛ ɸɦɠɥɭɫɩɨɛ ɬ ɪɩɝɠɫɰɨɩɬɭɣ ɪɦɛɬɭɣɨɶ
ɝɭɩɫɩɞɩ ɥɩɨɟɠɨɬɛɭɩɫɛ. 
ȼ. ɒɛɬɭɩɭɛ, ɬɩɩɭɝɠɭɬɭɝɮɹɴɛɺ ɥɫɛɬɨɩɤ ɞɫɛɨɣɱɠ ɯɩɭɩɸɯɯɠɥɭɛ ɟɦɺ
ɧɛɭɠɫɣɛɦɛ ɪɦɛɬɭɣɨɶ ɪɠɫɝɩɞɩ ɥɩɨɟɠɨɬɛɭɩɫɛ, ɝ ɟɝɛ ɫɛɢɛ ɧɠɨɷɳɠ
ɲɛɬɭɩɭɶ, ɬɩɩɭɝɠɭɬɭɝɮɹɴɠɤ ɥɫɛɬɨɩɤ ɞɫɛɨɣɱɠ ɯɩɭɩɸɯɯɠɥɭɛ ɟɦɺ
ɧɛɭɠɫɣɛɦɛ ɪɦɛɬɭɣɨɶ ɝɭɩɫɩɞɩ ɥɩɨɟɠɨɬɛɭɩɫɛ. 
   1) ɭɩɦɷɥɩ Ȼ    2) ɭɩɦɷɥɩ ȼ 
   3) ɣ Ȼ, ɣ ȼ    4) ɨɣ Ȼ, ɨɣ ȼ 

  A18  Ɇɣɨɠɤɲɛɭɶɤ ɬɪɠɥɭɫ, ɪɫɠɟɬɭɛɝɦɠɨɨɶɤ ɨɛ ɫɣɬɮɨɥɠ, ɧɩɡɠɭ
ɪɫɣɨɛɟɦɠɡɛɭɷ 
 

  

   1) ɛɭɩɧɛɧ ɫɛɬɪɦɛɝɦɠɨɨɩɞɩ ɬɝɣɨɱɛ 
   2) ɛɭɩɧɛɧ ɬɣɦɷɨɩ ɨɛɞɫɠɭɩɞɩ ɞɛɢɩɩɜɫɛɢɨɩɞɩ ɝɩɟɩɫɩɟɛ 
   3) ɧɩɦɠɥɮɦɛɧ ɡɣɟɥɩɤ ɝɩɟɶ 
   4) ɛɭɩɧɛɧ ɢɛɧɻɫɢɳɠɤ ɫɭɮɭɣ 

  A19  Ȼɥɭɣɝɨɩɬɭɷ ɨɠɥɩɭɩɫɩɞɩ ɫɛɟɣɩɛɥɭɣɝɨɩɞɩ ɣɢɩɭɩɪɛ ɢɛ 4 ɟɨɺ ɮɧɠɨɷɳɣɦɛɬɷ
ɝ 2 ɫɛɢɛ. ɇɩɡɨɩ ɮɭɝɠɫɡɟɛɭɷ, ɲɭɩ 
   1) ɢɛ 12 ɟɨɠɤ ɛɥɭɣɝɨɩɬɭɷ ɸɭɩɞɩ ɣɢɩɭɩɪɛ ɮɧɠɨɷɳɣɭɬɺ ɝ 8 ɫɛɢ 
   2) ɢɛ 16 ɟɨɠɤ ɛɥɭɣɝɨɩɬɭɷ ɸɭɩɞɩ ɣɢɩɭɩɪɛ ɮɧɠɨɷɳɣɭɬɺ ɝ 8 ɫɛɢ 
   3) ɢɛ 2 ɟɨɺ ɛɥɭɣɝɨɩɬɭɷ ɸɭɩɞɩ ɣɢɩɭɩɪɛ ɮɧɠɨɷɳɣɦɛɬɷ ɝ 1,7 ɫɛɢ 
   4) ɢɛ 6 ɟɨɠɤ ɛɥɭɣɝɨɩɬɭɷ ɸɭɩɞɩ ɣɢɩɭɩɪɛ ɮɧɠɨɷɳɣɭɬɺ ɝ 4 ɫɛɢɛ 
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  A20  ɓɥɩɦɷɨɣɥ Ƀɝɛɨ, ɦɣɟɠɫ ɥɩɧɛɨɟɶ ɪɩ ɝɠɦɩɬɪɩɫɭɮ, ɪɫɠɟɬɭɛɝɣɦ ɩɭɲɠɭ ɩ
ɬɝɩɠɤ ɭɫɠɨɣɫɩɝɥɠ ɝ ɝɣɟɠ ɢɛɝɣɬɣɧɩɬɭɣ ɠɞɩ ɥɩɩɫɟɣɨɛɭɶ ɩɭ ɝɫɠɧɠɨɣ. 

  

  

Ƀɢ ɸɭɩɞɩ ɞɫɛɯɣɥɛ ɠɞɩ ɩɟɨɩɥɦɛɬɬɨɣɱɛ ɇɛɳɛ ɬɟɠɦɛɦɛ ɲɠɭɶɫɠ ɝɶɝɩɟɛ. 
Ʌɛɥɩɤ ɣɢ ɨɣɰ ɺɝɦɺɠɭɬɺ ɪɫɛɝɣɦɷɨɶɧ? 
   1) ɧɛɥɬɣɧɛɦɷɨɛɺ ɬɥɩɫɩɬɭɷ Ƀɝɛɨɛ ɫɛɝɨɛ ɪɩ ɧɩɟɮɦɹ 7,5 ɧ/ɬ 
   2) ɠɬɦɣ ɜɶ ɨɛ ɮɲɛɬɭɥɠ II–III ɬɥɩɫɩɬɭɷ ɟɝɣɡɠɨɣɺ Ƀɝɛɨɛ ɜɶɦɛ 

ɝ 2 ɫɛɢɛ ɜɩɦɷɳɠ, ɭɩ ɩɜɴɠɠ ɝɫɠɧɺ ɠɞɩ ɟɝɣɡɠɨɣɺ ɮɧɠɨɷɳɣɦɩɬɷ ɜɶ 
ɨɛ 25 ɧɣɨɮɭ 

   3) ɧɣɨɣɧɛɦɷɨɛɺ ɪɩ ɧɩɟɮɦɹ ɬɥɩɫɩɬɭɷ ɜɶɦɛ ɮ Ƀɝɛɨɛ ɨɛ ɮɲɛɬɭɥɠ 
II-III 

   4) ɨɛ ɮɲɛɬɭɥɠ III–IV Ƀɝɛɨ ɟɝɣɞɛɦɬɺ ɫɛɝɨɩɢɛɧɠɟɦɠɨɨɩ 

  A21  Ɉɛ ɮɫɩɥɠ ɪɫɣ ɣɢɮɲɠɨɣɣ ɺɝɦɠɨɣɺ ɟɣɬɪɠɫɬɣɣ ɮɲɣɭɠɦɷ ɬɩɜɫɛɦ
ɸɥɬɪɠɫɣɧɠɨɭɛɦɷɨɮɹ ɮɬɭɛɨɩɝɥɮ, ɬɩɬɭɩɺɴɮɹ ɣɢ ɣɬɭɩɲɨɣɥɛ ɬɝɠɭɛ ɝ ɝɣɟɠ
ɭɩɨɥɩɤ ɬɝɠɭɺɴɠɤɬɺ ɴɠɦɣ, ɨɛɰɩɟɺɴɠɤɬɺ ɝ ɯɩɥɛɦɷɨɩɤ ɪɦɩɬɥɩɬɭɣ
ɬɩɜɣɫɛɹɴɠɤ ɦɣɨɢɶ, ɬɭɠɥɦɺɨɨɩɤ ɪɫɣɢɧɶ ɣ ɸɥɫɛɨɛ. Ɋɩɬɦɠ ɪɫɩɰɩɡɟɠɨɣɺ
ɬɝɠɭɛ ɩɭ ɣɬɭɩɲɨɣɥɛ ɲɠɫɠɢ ɦɣɨɢɮ ɣ ɪɫɣɢɧɮ ɨɛ ɸɥɫɛɨɠ ɜɶɦ ɪɩɦɮɲɠɨ
ɬɪɠɥɭɫ – ɪɩɦɩɬɥɛ ɬɩ ɝɬɠɧɣ ɱɝɠɭɛɧɣ ɫɛɟɮɞɣ. 
Ʌɛɥɩɠ(-ɣɠ) ɣɢ ɨɣɡɠɪɫɣɝɠɟɠɨɨɶɰ ɮɭɝɠɫɡɟɠɨɣɤ ɺɝɦɺɠ(-ɹ)ɭɬɺ
ɪɫɛɝɣɦɷɨɶɧ(-ɣ)? 
Ȼ. ɒɛɬɭɩɭɛ ɥɫɛɬɨɩɞɩ ɬɝɠɭɛ ɝ ɬɭɠɥɦɠ ɣɢɧɠɨɺɠɭɬɺ ɧɠɨɷɳɠ, ɲɠɧ ɲɛɬɭɩɭɛ
ɯɣɩɦɠɭɩɝɩɞɩ ɬɝɠɭɛ. 
ȼ. Ɍɝɠɭɺɴɛɺɬɺ ɴɠɦɷ ɪɫɠɟɬɭɛɝɦɺɠɭ ɬɩɜɩɤ ɣɬɭɩɲɨɣɥ ɜɠɦɩɞɩ ɬɝɠɭɛ. 
   1) ɭɩɦɷɥɩ Ȼ    2) ɭɩɦɷɥɩ ȼ 
   3) ɨɣ Ȼ, ɨɣ ȼ    4) ɣ Ȼ, ɣ ȼ 
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ɒɛɬɭɷ 2

ɉɭɝɠɭɩɧ ɥ ɢɛɟɛɨɣɺɧ ɸɭɩɤ ɲɛɬɭɣ (Ƚ1–Ƚ4) ɺɝɦɺɠɭɬɺ 
ɪɩɬɦɠɟɩɝɛɭɠɦɷɨɩɬɭɷ ɱɣɯɫ. Ƚɪɣɳɣɭɠ ɩɭɝɠɭɶ ɬɨɛɲɛɦɛ ɝ ɭɠɥɬɭ 
ɫɛɜɩɭɶ, ɛ ɢɛɭɠɧ ɪɠɫɠɨɠɬɣɭɠ ɣɰ ɝ ɜɦɛɨɥ ɩɭɝɠɭɩɝ ʌ1 ɬɪɫɛɝɛ ɩɭ 
ɨɩɧɠɫɛ ɬɩɩɭɝɠɭɬɭɝɮɹɴɠɞɩ ɢɛɟɛɨɣɺ, ɨɛɲɣɨɛɺ ɬ ɪɠɫɝɩɤ ɥɦɠɭɩɲɥɣ, 
ɜɠɢ ɪɫɩɜɠɦɩɝ ɣ ɥɛɥɣɰ-ɦɣɜɩ ɟɩɪɩɦɨɣɭɠɦɷɨɶɰ ɬɣɧɝɩɦɩɝ. Ʌɛɡɟɮɹ 
ɱɣɯɫɮ ɪɣɳɣɭɠ ɝ ɩɭɟɠɦɷɨɩɤ ɥɦɠɭɩɲɥɠ ɝ ɬɩɩɭɝɠɭɬɭɝɣɣ ɬ 
ɪɫɣɝɠɟɻɨɨɶɧɣ ɝ ɜɦɛɨɥɠ ɩɜɫɛɢɱɛɧɣ. 

   B1   Ƀɟɠɛɦɷɨɶɤ ɞɛɢ ɨɛɰɩɟɣɭɬɺ ɝ ɝɠɫɭɣɥɛɦɷɨɩɧ ɬɩɬɮɟɠ ɪɩɟ ɭɺɡɻɦɶɧ 
ɪɩɫɳɨɠɧ, ɬɪɩɬɩɜɨɶɧ ɜɠɢ ɭɫɠɨɣɺ ɬɥɩɦɷɢɣɭɷ ɝɟɩɦɷ ɬɭɠɨɩɥ ɬɩɬɮɟɛ. 
Ⱦɫɛɯɣɥ ɢɛɝɣɬɣɧɩɬɭɣ ɩɜɵɻɧɛ V ɸɭɩɞɩ ɞɛɢɛ ɩɭ ɝɫɠɧɠɨɣ t ɣɢɩɜɫɛɡɻɨ ɨɛ 
ɫɣɬɮɨɥɠ. 
Ʌɛɥ ɣɢɧɠɨɺɹɭɬɺ ɝ ɭɠɲɠɨɣɠ ɸɭɩɞɩ ɪɫɩɱɠɬɬɛ ɬɦɠɟɮɹɴɣɠ ɯɣɢɣɲɠɬɥɣɠ 
ɝɠɦɣɲɣɨɶ: ɭɠɧɪɠɫɛɭɮɫɛ ɞɛɢɛ, ɪɦɩɭɨɩɬɭɷ ɞɛɢɛ, ɝɨɮɭɫɠɨɨɺɺ ɸɨɠɫɞɣɺ 
ɞɛɢɛ. 

  

ȿɦɺ ɥɛɡɟɩɤ ɝɠɦɣɲɣɨɶ ɩɪɫɠɟɠɦɣɭɠ ɬɩɩɭɝɠɭɬɭɝɮɹɴɣɤ ɰɛɫɛɥɭɠɫ 
ɣɢɧɠɨɠɨɣɺ: 
1) ɮɝɠɦɣɲɣɝɛɠɭɬɺ; 
2) ɮɧɠɨɷɳɛɠɭɬɺ; 
3) ɨɠ ɣɢɧɠɨɺɠɭɬɺ. 
ɂɛɪɣɳɣɭɠ ɝ ɭɛɜɦɣɱɮ ɝɶɜɫɛɨɨɶɠ ɱɣɯɫɶ ɟɦɺ ɥɛɡɟɩɤ ɯɣɢɣɲɠɬɥɩɤ 
ɝɠɦɣɲɣɨɶ. ɑɣɯɫɶ ɝ ɩɭɝɠɭɠ ɧɩɞɮɭ ɪɩɝɭɩɫɺɭɷɬɺ. 

  

ɏɃɂɃɒɀɌɅɃɀ ȽɀɆɃɒɃɈɖ  Ƀɐ ɃɂɇɀɈɀɈɃɀ

Ȼ) ɭɠɧɪɠɫɛɭɮɫɛ ɞɛɢɛ 
ȼ) ɪɦɩɭɨɩɬɭɷ ɞɛɢɛ 
Ƚ) ɝɨɮɭɫɠɨɨɺɺ ɸɨɠɫɞɣɺ ɞɛɢɛ 

   1) ɮɝɠɦɣɲɣɝɛɠɭɬɺ 
2) ɮɧɠɨɷɳɛɠɭɬɺ 
3) ɨɠ ɣɢɧɠɨɺɠɭɬɺ 

ɉɭɝɠɭ: 
Ȼ ȼ Ƚ
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   B2   ɘɦɠɥɭɫɩɪɦɣɭɥɛ, ɪɩɟɥɦɹɲɛɠɧɛɺ ɥ ɬɠɭɣ ɬ ɨɛɪɫɺɡɠɨɣɠɧ 220 Ƚ, ɣɧɠɠɭ 
ɬɪɣɫɛɦɷ ɟɦɣɨɩɤ . Ʌɛɥ ɣɢɧɠɨɺɭɬɺ ɬɦɠɟɮɹɴɣɠ ɯɣɢɣɲɠɬɥɣɠ ɝɠɦɣɲɣɨɶ, 
ɠɬɦɣ ɢɛɧɠɨɣɭɷ ɸɭɮ ɬɪɣɫɛɦɷ ɨɛ ɟɫɮɞɮɹ ɭɛɥɩɤ ɡɠ ɟɦɣɨɶ ɣ ɪɩɪɠɫɠɲɨɩɞɩ 
ɬɠɲɠɨɣɺ, ɧɛɭɠɫɣɛɦ ɥɩɭɩɫɩɤ ɣɧɠɠɭ ɜɩɦɷɳɠɠ ɮɟɠɦɷɨɩɠ ɬɩɪɫɩɭɣɝɦɠɨɣɠ: 
ɸɦɠɥɭɫɣɲɠɬɥɩɠ ɬɩɪɫɩɭɣɝɦɠɨɣɠ ɬɪɣɫɛɦɣ, ɬɣɦɛ ɪɫɩɭɠɥɛɹɴɠɞɩ ɲɠɫɠɢ 
ɬɪɣɫɛɦɷ ɭɩɥɛ, ɝɶɟɠɦɺɹɴɛɺɬɺ ɝ ɬɪɣɫɛɦɣ ɭɠɪɦɩɝɛɺ ɧɩɴɨɩɬɭɷ. 
ȿɦɺ ɥɛɡɟɩɤ ɝɠɦɣɲɣɨɶ ɩɪɫɠɟɠɦɣɭɠ ɬɩɩɭɝɠɭɬɭɝɮɹɴɣɤ ɰɛɫɛɥɭɠɫ 
ɣɢɧɠɨɠɨɣɺ: 
1) ɮɝɠɦɣɲɣɭɬɺ; 
2) ɮɧɠɨɷɳɣɭɬɺ; 
3) ɨɠ ɣɢɧɠɨɣɭɬɺ. 
ɂɛɪɣɳɣɭɠ ɝ ɭɛɜɦɣɱɮ ɝɶɜɫɛɨɨɶɠ ɱɣɯɫɶ ɟɦɺ ɥɛɡɟɩɤ ɯɣɢɣɲɠɬɥɩɤ 
ɝɠɦɣɲɣɨɶ. ɑɣɯɫɶ ɝ ɩɭɝɠɭɠ ɧɩɞɮɭ ɪɩɝɭɩɫɺɭɷɬɺ. 

L

  

ɏɃɂɃɒɀɌɅɃɀ ȽɀɆɃɒɃɈɖ  Ƀɐ 
ɃɂɇɀɈɀɈɃɀ

Ȼ) ɸɦɠɥɭɫɣɲɠɬɥɩɠ ɬɩɪɫɩɭɣɝɦɠɨɣɠ ɬɪɣɫɛɦɣ 
ȼ) ɬɣɦɛ ɪɫɩɭɠɥɛɹɴɠɞɩ ɲɠɫɠɢ ɬɪɣɫɛɦɷ ɭɩɥɛ 
Ƚ) ɝɶɟɠɦɺɹɴɛɺɬɺ ɝ ɬɪɣɫɛɦɣ ɭɠɪɦɩɝɛɺ ɧɩɴ-

ɨɩɬɭɷ 

   1) ɮɝɠɦɣɲɣɭɬɺ 
2) ɮɧɠɨɷɳɣɭɬɺ 
3) ɨɠ ɣɢɧɠɨɣɭɬɺ 

ɉɭɝɠɭ: 
Ȼ ȼ Ƚ
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   B3   ɍɩɲɠɲɨɩɠ ɭɠɦɩ, ɜɫɩɳɠɨɨɩɠ ɬ ɪɩɝɠɫɰɨɩɬɭɣ ɂɠɧɦɣ 
ɝɠɫɭɣɥɛɦɷɨɩ ɝɝɠɫɰ (ɬɧ. ɫɣɬɮɨɩɥ), ɲɠɫɠɢ ɨɠɥɩɭɩɫɩɠ ɝɫɠɧɺ 
ɬɝɩɜɩɟɨɩ ɪɛɟɛɠɭ ɝ ɣɬɰɩɟɨɮɹ ɭɩɲɥɮ. Ɏɬɭɛɨɩɝɣɭɠ ɬɩɩɭɝɠɭɬɭɝɣɠ 
ɧɠɡɟɮ ɞɫɛɯɣɥɛɧɣ ɣ ɯɣɢɣɲɠɬɥɣɧɣ ɝɠɦɣɲɣɨɛɧɣ, ɢɛɝɣɬɣɧɩɬɭɣ 
ɥɩɭɩɫɶɰ ɩɭ ɝɫɠɧɠɨɣ ɸɭɣ ɞɫɛɯɣɥɣ ɧɩɞɮɭ ɪɫɠɟɬɭɛɝɦɺɭɷ. 
Ʌ ɥɛɡɟɩɤ ɪɩɢɣɱɣɣ ɪɠɫɝɩɞɩ ɬɭɩɦɜɱɛ ɪɩɟɜɠɫɣɭɠ ɬɩɩɭɝɠɭɬɭ-
ɝɮɹɴɮɹ ɪɩɢɣɱɣɹ ɝɭɩɫɩɞɩ ɣ ɢɛɪɣɳɣɭɠ ɝ ɭɛɜɦɣɱɮ ɝɶɜɫɛɨɨɶɠ 
ɱɣɯɫɶ ɪɩɟ ɬɩɩɭɝɠɭɬɭɝɮɹɴɣɧɣ ɜɮɥɝɛɧɣ.  
  
  

 

  

ȾɋȻɏɃɅɃ  ɏɃɂɃɒɀɌɅɃɀ ȽɀɆɃɒɃɈɖ

Ȼ) 

 

ȼ) 

 

   1) ɣɢɧɠɨɠɨɣɠ ɥɩɩɫɟɣɨɛɭɶ ɭɠɦɛ  
2) ɪɫɩɠɥɱɣɺ ɬɥɩɫɩɬɭɣ ɭɠɦɛ ɨɛ ɩɬɷ OY 
3) ɧɩɟɮɦɷ ɬɥɩɫɩɬɭɣ ɭɠɦɛ 
4) ɪɫɩɠɥɱɣɺ ɮɬɥɩɫɠɨɣɺ ɭɠɦɛ ɨɛ ɩɬɷ OY 

ɉɭɝɠɭ: 
Ȼ ȼ
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   B4   Ɉɛ ɫɣɬɮɨɥɠ ɣɢɩɜɫɛɡɠɨɛ ɬɰɠɧɛ ɸɦɠɥɭɫɣɲɠɬɥɩɤ ɱɠɪɣ. ɘȿɌ ɣɬɭɩɲɨɣɥɛ 
ɪɩɬɭɩɺɨɨɩɞɩ ɨɛɪɫɺɡɠɨɣɺ   = 12 Ƚ, ɠɞɩ ɝɨɮɭɫɠɨɨɠɠ ɬɩɪɫɩɭɣɝɦɠɨɣɠ 

 ɉɧ, ɬɩɪɫɩɭɣɝɦɠɨɣɺ ɪɫɩɝɩɟɩɝ ɣ ɥɦɹɲɠɤ ɪɫɠɨɠɜɫɠɡɣɧɩ ɧɛɦɶ, 
ɬɩɪɫɩɭɣɝɦɠɨɣɠ ɥɛɡɟɩɞɩ ɣɢ ɫɠɢɣɬɭɩɫɩɝ ɫɛɝɨɩ  ɉɧ. Ɏɬɭɛɨɩɝɣɭɠ 
ɬɩɩɭɝɠɭɬɭɝɣɠ ɧɠɡɟɮ ɪɩɥɛɢɛɨɣɠɧ ɛɧɪɠɫɧɠɭɫɛ ɣ ɪɩɦɩɡɠɨɣɠɧ ɥɦɹɲɠɤ. Ʌ 
ɥɛɡɟɩɤ ɪɩɢɣɱɣɣ ɪɠɫɝɩɞɩ ɬɭɩɦɜɱɛ ɪɩɟɜɠɫɣɭɠ ɬɩɩɭɝɠɭɬɭɝɮɹɴɮɹ 
ɪɩɢɣɱɣɹ ɝɭɩɫɩɞɩ ɣ ɢɛɪɣɳɣɭɠ ɝ ɭɛɜɦɣɱɮ ɝɶɜɫɛɨɨɶɠ ɱɣɯɫɶ ɪɩɟ 
ɬɩɩɭɝɠɭɬɭɝɮɹɴɣɧɣ ɜɮɥɝɛɧɣ. 

  

�
r  1

R  1

  

ɊɉɆɉɁɀɈɃɀ ɅɆəɒɀɄ  ɊɉɅȻɂȻɈɃɀ 
ȻɇɊɀɋɇɀɍɋȻ

Ȼ) ɢɛɧɥɨɮɭ ɭɩɦɷɥɩ ɥɦɹɲ Ʌ3 

ȼ) ɩɟɨɩɝɫɠɧɠɨɨɩ ɢɛɧɥɨɮɭɶ ɥɦɹɲ Ʌ1 

ɣ ɥɦɹɲ Ʌ2 

   1) 3 Ȼ 
2) 6 Ȼ 
3) 4 Ȼ 
4) 1 Ȼ 

ɉɭɝɠɭ: 
Ȼ ȼ
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ɒɛɬɭɷ 3

ɂɛɟɛɨɣɺ ɭɫɠɭɷɠɤ ɲɛɬɭɣ ɪɫɠɟɬɭɛɝɦɺɹɭ ɬɩɜɩɤ ɢɛɟɛɲɣ. 
ɋɠɥɩɧɠɨɟɮɠɭɬɺ ɪɫɩɝɠɬɭɣ ɣɰ ɪɫɠɟɝɛɫɣɭɠɦɷɨɩɠ ɫɠɳɠɨɣɠ ɨɛ 
ɲɠɫɨɩɝɣɥɠ. Ɋɫɣ ɝɶɪɩɦɨɠɨɣɣ ɢɛɟɛɨɣɤ (Ȼ22–Ȼ25) ɝ ɜɦɛɨɥɠ ɩɭɝɠɭɩɝ 
ʌ1 ɪɩɟ ɨɩɧɠɫɩɧ ɝɶɪɩɦɨɺɠɧɩɞɩ ɝɛɧɣ ɢɛɟɛɨɣɺ ɪɩɬɭɛɝɷɭɠ ɢɨɛɥ «×» 
ɝ ɥɦɠɭɩɲɥɠ, ɨɩɧɠɫ ɥɩɭɩɫɩɤ ɬɩɩɭɝɠɭɬɭɝɮɠɭ ɨɩɧɠɫɮ ɝɶɜɫɛɨɨɩɞɩ 
ɝɛɧɣ ɩɭɝɠɭɛ. 

  A22  Ⱦɩɫɣɢɩɨɭɛɦɷɨɮɹ ɪɫɮɡɣɨɮ, ɪɫɣɥɫɠɪɦɠɨɨɮɹ ɦɠɝɶɧ 
ɥɩɨɱɩɧ ɥ ɝɠɫɭɣɥɛɦɷɨɩɤ ɬɭɠɨɠ, ɫɛɬɭɺɞɣɝɛɹɭ ɪɫɣ 
ɪɩɧɩɴɣ ɭɫɩɬɛ, ɪɠɫɠɥɣɨɮɭɩɞɩ ɲɠɫɠɢ ɜɦɩɥ 
(ɬɧ. ɫɣɬɮɨɩɥ). Ɋɫɣ ɸɭɩɧ ɪɫɛɝɶɤ ɥɩɨɠɱ ɪɫɮɡɣɨɶ 
ɪɠɫɠɧɠɴɛɠɭɬɺ ɫɛɝɨɩɧɠɫɨɩ. Ɉɛ ɞɫɛɯɣɥɠ ɪɫɣɝɠɟɠɨɛ ɢɛɝɣɬɣɧɩɬɭɷ
ɧɩɟɮɦɺ ɬɣɦɶ ɮɪɫɮɞɩɬɭɣ Fɮɪɫ ɪɫɮɡɣɨɶ ɩɭ ɧɩɟɮɦɺ ɪɠɫɠɧɠɴɠɨɣɺ x
ɪɫɛɝɩɞɩ ɥɩɨɱɛ ɪɫɮɡɣɨɶ. 
  

  

  
ɋɛɜɩɭɛ, ɬɩɝɠɫɳɠɨɨɛɺ ɬɣɦɩɤ ɮɪɫɮɞɩɬɭɣ ɪɫɮɡɣɨɶ ɥ ɧɩɧɠɨɭɮ, ɥɩɞɟɛ
ɪɫɛɝɶɤ ɥɩɨɠɱ ɪɫɮɡɣɨɶ ɬɧɠɬɭɣɦɬɺ ɨɛ 8 ɬɧ, ɫɛɝɨɛ 

 

   1) 480 ȿɡ    2) 4,8 ȿɡ    3) 2,4 ȿɡ    4) 240 ȿɡ 

  A23  Ƚ ɣɟɠɛɦɷɨɩɤ ɭɠɪɦɩɝɩɤ ɧɛɳɣɨɠ, ɣɢɨɛɲɛɦɷɨɩ ɣɧɠɝɳɠɤ ɅɊȿ 40%,
ɪɫɩɣɢɩɳɦɩ ɮɧɠɨɷɳɠɨɣɠ ɭɠɧɪɠɫɛɭɮɫɶ ɨɛɞɫɠɝɛɭɠɦɺ ɝ 1,25 ɫɛɢɛ, ɛ
ɭɠɧɪɠɫɛɭɮɫɛ ɰɩɦɩɟɣɦɷɨɣɥɛ ɩɬɭɛɦɛɬɷ ɨɠɣɢɧɠɨɨɩɤ. Ƚ ɫɠɢɮɦɷɭɛɭɠ ɅɊȿ
ɸɭɩɤ ɭɠɪɦɩɝɩɤ ɧɛɳɣɨɶ 
   1) ɮɧɠɨɷɳɣɦɬɺ ɝ 1,6 ɫɛɢɛ 
   2) ɮɧɠɨɷɳɣɦɬɺ 1,25 ɫɛɢɛ 
   3) ɮɝɠɦɣɲɣɦɬɺ 1,25 ɫɛɢɛ 
   4) ɮɝɠɦɣɲɣɦɬɺ ɝ 1,6 ɫɛɢɛ 
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  A24  Ɍɣɦɛ ɭɩɥɛ ɝ ɸɦɠɥɭɫɣɲɠɬɥɩɤ ɱɠɪɣ ɣɢɧɠɨɺɠɭɬɺ ɩɭ ɧɛɥɬɣɧɛɦɷɨɩɞɩ
ɢɨɛɲɠɨɣɺ ɟɩ ɨɮɦɺ ɪɩ ɢɛɥɩɨɮ  (ɝɬɠ ɝɠɦɣɲɣɨɶ ɝɶɫɛɡɠɨɶ ɝ
ɠɟɣɨɣɱɛɰ ɌɃ). Ʌɛɥɩɝɛ ɣɨɟɮɥɭɣɝɨɩɬɭɷ ɸɭɩɤ ɱɠɪɣ, ɠɬɦɣ ɪɫɣ ɭɛɥɩɧ
ɣɢɧɠɨɠɨɣɣ ɸɦɠɥɭɫɣɲɠɬɥɩɞɩ ɭɩɥɛ ɝ ɨɠɤ ɨɛɝɩɟɣɭɬɺ ɘȿɌ ɬɛɧɩɣɨɟɮɥɱɣɣ
4 ɧȽ? 

I  3 � 0, 2t

   1) 20 ɧȾɨ    2) 0,8 ɧȾɨ    3) 7,5 ɧȾɨ    4) 500 Ⱦɨ 

  A25  Ƚɠɫɭɣɥɛɦɷɨɶɤ ɪɫɠɟɧɠɭ , ɫɛɬɪɩɦɩɡɠɨɨɶɤ ɪɠɫɪɠɨɟɣɥɮɦɺɫɨɩ ɞɦɛɝɨɩɤ
ɩɪɭɣɲɠɬɥɩɤ ɩɬɣ ɭɩɨɥɩɤ ɬɩɜɣɫɛɹɴɠɤ ɦɣɨɢɶ, ɨɛɰɩɟɣɭɬɺ ɨɛ ɫɛɬɬɭɩɺɨɣɣ
3 ɬɧ ɩɭ ɸɭɩɤ ɦɣɨɢɶ. Ƚɠɫɭɣɥɛɦɷɨɶɤ ɫɛɢɧɠɫ ɟɠɤɬɭɝɣɭɠɦɷɨɩɞɩ
ɣɢɩɜɫɛɡɠɨɣɺ ɪɫɠɟɧɠɭɛ  ɝ 2 ɫɛɢɛ ɜɩɦɷɳɠ, ɲɠɧ ɝɠɫɭɣɥɛɦɷɨɶɤ ɫɛɢɧɠɫ
ɬɛɧɩɞɩ ɪɫɠɟɧɠɭɛ. ɏɩɥɮɬɨɩɠ ɫɛɬɬɭɩɺɨɣɠ ɦɣɨɢɶ ɫɛɝɨɩ 

S

S c

   1) 2 ɬɧ    2) 3 ɬɧ    3) 3,5 ɬɧ    4) 6 ɬɧ 

Ɉɠ ɢɛɜɮɟɷɭɠ ɪɠɫɠɨɠɬɭɣ ɝɬɠ ɩɭɝɠɭɶ ɝ ɜɦɛɨɥ ɩɭɝɠɭɩɝ ʌ1. 

Ɋɩɦɨɩɠ ɫɠɳɠɨɣɠ ɢɛɟɛɲ Ɍ1–Ɍ6 ɨɠɩɜɰɩɟɣɧɩ ɢɛɪɣɬɛɭɷ ɝ ɜɦɛɨɥɠ 
ɩɭɝɠɭɩɝ ʌ 2. Ɋɫɣ ɩɯɩɫɧɦɠɨɣɣ ɫɠɳɠɨɣɺ ɝ ɜɦɛɨɥɠ ɩɭɝɠɭɩɝ ʌ 2 
ɢɛɪɣɳɣɭɠ ɬɨɛɲɛɦɛ ɨɩɧɠɫ ɢɛɟɛɨɣɺ (Ɍ1, Ɍ2 ɣ ɭ.ɟ.), ɛ ɢɛɭɠɧ ɫɠɳɠɨɣɠ 
ɬɩɩɭɝɠɭɬɭɝɮɹɴɠɤ ɢɛɟɛɲɣ. ɉɭɝɠɭɶ ɢɛɪɣɬɶɝɛɤɭɠ ɲɻɭɥɩ ɣ 
ɫɛɢɜɩɫɲɣɝɩ. 

   C1   Ƚɠɦɩɬɣɪɠɟɨɩɠ ɥɩɦɠɬɩ, ɮ ɥɩɭɩɫɩɞɩ ɝɧɠɬɭɩ ɧɠɭɛɦɦɣɲɠɬɥɣɰ ɬɪɣɱ ɩɜɩɟ
ɮɟɠɫɡɣɝɛɹɭ ɨɛɭɺɨɮɭɶɠ ɫɠɢɣɨɥɣ, ɮɬɭɛɨɩɝɦɠɨɩ ɝ ɝɠɫɭɣɥɛɦɷɨɩɤ
ɪɦɩɬɥɩɬɭɣ ɣ ɧɩɡɠɭ ɬɝɩɜɩɟɨɩ ɝɫɛɴɛɭɷɬɺ ɝɩɥɫɮɞ ɬɝɩɠɤ ɞɩɫɣɢɩɨɭɛɦɷɨɩɤ
ɩɬɣ, ɢɛɡɛɭɩɤ ɝ ɳɭɛɭɣɝɠ. Ʌ ɨɠɪɩɟɝɣɡɨɩɧɮ ɥɩɦɠɬɮ ɪɩɟɨɩɬɺɭ ɬɦɠɝɛ
ɧɩɴɨɮɹ ɦɛɧɪɮ ɣ ɨɛɲɣɨɛɹɭ ɨɛɞɫɠɝɛɭɷ ɫɠɢɣɨɩɝɶɠ «ɬɪɣɱɶ» (ɬɧ. ɫɣɬ.).
ɋɠɢɣɨɛ, ɝ ɩɭɦɣɲɣɠ ɩɭ ɧɠɭɛɦɦɛ, ɪɫɣ ɨɛɞɫɠɝɛɨɣɣ ɨɠ ɫɛɬɳɣɫɺɠɭɬɺ, ɛ
ɬɡɣɧɛɠɭɬɺ. ɉɪɣɳɣɭɠ, ɩɪɣɫɛɺɬɷ ɨɛ ɣɢɝɠɬɭɨɶɠ ɯɣɢɣɲɠɬɥɣɠ ɢɛɥɩɨɶ, ɲɭɩ
ɜɮɟɠɭ ɪɫɩɣɬɰɩɟɣɭɷ ɬ ɫɠɢɣɨɥɛɧɣ, ɣ ɥɛɥ ɥɩɦɠɬɩ ɜɮɟɠɭ ɟɝɣɞɛɭɷɬɺ. 
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Ɋɩɦɨɩɠ ɪɫɛɝɣɦɷɨɩɠ ɫɠɳɠɨɣɠ ɥɛɡɟɩɤ ɣɢ ɢɛɟɛɲ Ɍ2–Ɍ6 ɟɩɦɡɨɩ 
ɝɥɦɹɲɛɭɷ ɢɛɥɩɨɶ ɣ ɯɩɫɧɮɦɶ, ɪɫɣɧɠɨɠɨɣɠ ɥɩɭɩɫɶɰ ɨɠɩɜɰɩɟɣɧɩ ɣ 
ɟɩɬɭɛɭɩɲɨɩ ɟɦɺ ɫɠɳɠɨɣɺ ɢɛɟɛɲɣ, ɛ ɭɛɥɡɠ ɧɛɭɠɧɛɭɣɲɠɬɥɣɠ 
ɪɫɠɩɜɫɛɢɩɝɛɨɣɺ, ɫɛɬɲɻɭɶ ɬ ɲɣɬɦɠɨɨɶɧ ɩɭɝɠɭɩɧ ɣ ɪɫɣ 
ɨɠɩɜɰɩɟɣɧɩɬɭɣ ɫɣɬɮɨɩɥ, ɪɩɺɬɨɺɹɴɣɤ ɫɠɳɠɨɣɠ. 

   C2   Ʌ ɝɠɫɭɣɥɛɦɷɨɩɤ ɬɭɠɨɥɠ ɪɫɣɬɦɩɨɠɨɛ ɩɟɨɩɫɩɟɨɛɺ ɟɩɬɥɛ, ɩɜɫɛɢɮɹɴɛɺ ɬ 

ɞɩɫɣɢɩɨɭɛɦɷɨɶɧ ɪɩɦɩɧ ɮɞɩɦ į = 45°. Ʌɩɸɯɯɣɱɣɠɨɭ ɭɫɠɨɣɺ ɟɩɬɥɣ ɩɜ 
ɪɩɦ ɫɛɝɠɨ Ȟ1 = 0,4. Ʌɛɥɩɝ ɟɩɦɡɠɨ ɜɶɭɷ   ɥɩɸɯɯɣɱɣɠɨɭ Ȟ2 ɭɫɠɨɣɺ 

ɟɩɬɥɣ ɩ ɬɭɠɨɮ, ɲɭɩɜɶ ɟɩɬɥɛ ɩɬɭɛɝɛɦɛɬɷ ɝ ɫɛɝɨɩɝɠɬɣɣ? 

   C3   Ɉɛ ɞɛɢɩɝɮɹ ɪɦɣɭɮ ɪɩɬɭɛɝɣɦɣ ɬɩɬɮɟ, ɝ ɥɩɭɩɫɩɧ ɨɛɰɩɟɣɭɬɺ 0,5 ɦɣɭɫɛ 
ɝɩɟɶ ɪɫɣ ɭɠɧɪɠɫɛɭɮɫɠ +20 °Ɍ. Ƚ ɝɠɫɰɨɠɤ ɲɛɬɭɣ ɬɩɬɮɟɛ ɣɧɠɠɭɬɺ
ɻɧɥɩɬɭɷ ɬ 1 ɥɞ ɦɷɟɛ ɪɫɣ ɭɠɧɪɠɫɛɭɮɫɠ 0 °Ɍ (ɬɧ. ɫɣɬɮɨɩɥ). Ɋɛɫɶ ɝɩɟɶ
ɧɩɞɮɭ ɝɶɰɩɟɣɭɷ ɣɢ ɬɩɬɮɟɛ, ɩɜɭɠɥɛɺ ɻɧɥɩɬɭɷ ɬɩ ɦɷɟɩɧ. ɒɭɩ ɣ ɪɫɣ ɥɛɥɩɤ
ɭɠɧɪɠɫɛɭɮɫɠ ɩɥɛɡɠɭɬɺ ɝ ɝɠɫɰɨɠɤ ɻɧɥɩɬɭɣ ɥ ɧɩɧɠɨɭɮ, ɥɩɞɟɛ ɝɬɺ ɝɩɟɛ
ɝ ɬɩɬɮɟɠ ɣɬɪɛɫɣɭɬɺ? Ɍɲɣɭɛɭɷ, ɲɭɩ ɨɛ ɨɛɞɫɠɝɛɨɣɠ ɻɧɥɩɬɭɣ ɫɛɬɰɩɟɮɠɭɬɺ
50% ɭɠɪɦɩɭɶ, ɪɩɦɮɲɛɠɧɩɤ ɝɩɟɩɤ ɝ ɬɩɬɮɟɠ. Ƀɬɪɛɫɠɨɣɠɧ ɝɩɟɶ ɪɫɣ
ɭɠɧɪɠɫɛɭɮɫɠ ɨɣɡɠ +100 °Ɍ, ɛ ɭɛɥɡɠ ɭɠɪɦɩɻɧɥɩɬɭɷɹ ɬɭɠɨɩɥ ɬɩɬɮɟɛ ɣ
ɻɧɥɩɬɭɣ ɪɫɠɨɠɜɫɠɲɷ. 
  

  

   C4   ȿɝɛ ɩɟɣɨɛɥɩɝɶɰ ɝɩɢɟɮɳɨɶɰ ɥɩɨɟɠɨɬɛɭɩɫɛ ɬɩɠɟɣɨɠɨɶ ɪɩɬɦɠɟɩɝɛ-
ɭɠɦɷɨɩ ɣ ɪɩɟɥɦɹɲɠɨɶ ɥ ɣɬɭɩɲɨɣɥɮ ɪɩɬɭɩɺɨɨɩɞɩ ɨɛɪɫɺɡɠɨɣɺ. ɂɛɭɠɧ
ɩɟɣɨ ɣɢ ɨɣɰ, ɨɠ ɫɛɢɫɶɝɛɺ ɱɠɪɷ, ɩɪɮɬɭɣɦɣ ɝ ɧɛɬɦɩ ɬ ɟɣɸɦɠɥɭɫɣɲɠɬɥɩɤ
ɪɫɩɨɣɱɛɠɧɩɬɭɷɹ ı = 3. Ʌɛɥ ɣ ɝɩ ɬɥɩɦɷɥɩ ɫɛɢ ɪɫɣ ɸɭɩɧ ɣɢɧɠɨɣɭɬɺ
ɸɨɠɫɞɣɺ ɝɭɩɫɩɞɩ ɥɩɨɟɠɨɬɛɭɩɫɛ, ɥɩɭɩɫɶɤ ɩɬɭɛɦɬɺ ɨɠ ɪɩɞɫɮɡɻɨɨɶɧ ɝ
ɧɛɬɦɩ? 
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   C5   Ɉɛ ɟɝɮɰ ɝɠɫɭɣɥɛɦɷɨɶɰ ɦɻɞɥɣɰ ɪɫɩɝɩɟɛɰ ɟɦɣɨɩɤ l ɥɛɡɟɶɤ ɪɩɟɝɠɳɠɨ
ɝ ɞɩɫɣɢɩɨɭɛɦɷɨɩɧ ɪɩɦɩɡɠɨɣɣ ɧɛɬɬɣɝɨɶɤ ɪɫɩɝɩɟɺɴɣɤ ɬɭɠɫɡɠɨɷ
ɟɦɣɨɩɤ  L. Ƚɠɫɰɨɣɠ ɥɩɨɱɶ ɪɫɩɝɩɟɩɝ ɪɫɣɬɩɠɟɣɨɠɨɶ ɥ ɩɜɥɦɛɟɥɛɧ
ɥɩɨɟɠɨɬɛɭɩɫɛ ɻɧɥɩɬɭɷɹ Ɍ. Ɍɣɬɭɠɧɛ ɨɛɰɩɟɣɭɬɺ ɝ ɝɠɫɭɣɥɛɦɷɨɩɧ
ɩɟɨɩɫɩɟɨɩɧ ɧɛɞɨɣɭɨɩɧ ɪɩɦɠ ɬ ɣɨɟɮɥɱɣɠɤ Ƚ (ɬɧ. ɫɣɬɮɨɩɥ). Ɍɭɠɫɡɠɨɷ 
ɩɭɥɦɩɨɺɹɭ ɩɭ ɪɩɦɩɡɠɨɣɺ ɫɛɝɨɩɝɠɬɣɺ ɪɛɫɛɦɦɠɦɷɨɩ ɬɛɧɩɧɮ ɬɠɜɠ ɨɛ
ɨɠɜɩɦɷɳɩɠ ɫɛɬɬɭɩɺɨɣɠ   ɣ ɩɭɪɮɬɥɛɹɭ ɬ ɨɮɦɠɝɩɤ ɨɛɲɛɦɷɨɩɤ
ɬɥɩɫɩɬɭɷɹ. Ɉɛɤɟɣɭɠ ɢɛɝɣɬɣɧɩɬɭɷ ɩɭ ɝɫɠɧɠɨɣ t ɢɛɫɺɟɛ q ɥɩɨɟɠɨɬɛɭɩɫɛ,
ɬɲɣɭɛɺ, ɲɭɩ ɝ ɨɛɲɛɦɷɨɶɤ ɧɩɧɠɨɭ, ɪɫɣ t = 0, ɥɩɨɟɠɨɬɛɭɩɫ ɜɶɦ ɨɠ
ɢɛɫɺɡɠɨ. ɍɫɠɨɣɠɧ, ɬɩɪɫɩɭɣɝɦɠɨɣɠɧ ɝɬɠɰ ɪɫɩɝɩɟɨɣɥɩɝ ɣ ɥɩɨɭɛɥɭɩɝ
ɧɠɡɟɮ ɨɣɧɣ, ɛ ɭɛɥɡɠ ɬɣɦɛɧɣ ɝɢɛɣɧɩɟɠɤɬɭɝɣɺ ɭɩɥɩɝ ɝ ɪɫɩɝɩɟɨɣɥɛɰ
ɬ ɧɛɞɨɣɭɨɶɧ ɪɩɦɠɧ ɪɫɠɨɠɜɫɠɲɷ. 

  

x0

   C6   ɓɥɩɦɷɨɣɥ ɨɛ ɮɫɩɥɠ ɯɣɢɣɥɣ ɪɩɦɮɲɣɦ ɝɩɞɨɮɭɩɠ ɪɩɦɮɬɯɠɫɣɲɠɬɥɩɠ
ɢɠɫɥɛɦɩ ɫɛɟɣɮɬɩɧ R ɣ ɦɛɢɠɫɨɮɹ ɮɥɛɢɥɮ, ɟɛɹɴɮɹ ɮɢɥɣɤ ɪɛɫɛɦɦɠɦɷɨɶɤ
ɪɮɲɩɥ ɬɝɠɭɛ ɬ ɟɦɣɨɩɤ ɝɩɦɨɶ ȝ = 660 ɨɧ. ɉɨ ɪɮɬɭɣɦ ɦɮɲ ɬɝɠɭɛ ɩɭ ɮɥɛɢɥɣ
ɪɛɫɛɦɦɠɦɷɨɩ ɞɦɛɝɨɩɤ ɩɪɭɣɲɠɬɥɩɤ ɩɬɣ ɢɠɫɥɛɦɛ ɉɉƎ ɨɛ ɫɛɬɬɭɩɺɨɣɣ x ɩɭ
ɨɠɻ (ɬɧ. ɫɣɬɮɨɩɥ). ɂɛɭɠɧ ɳɥɩɦɷɨɣɥ ɭɛɥ ɪɩɟɩɜɫɛɦ ɫɛɬɬɭɩɺɨɣɠ x, ɲɭɩ ɦɮɲ,
ɩɭɫɛɢɣɝɳɣɬɷ ɩɭ ɢɠɫɥɛɦɛ ɩɟɣɨ ɫɛɢ, ɩɭɥɦɩɨɣɦɬɺ ɩɭ ɩɬɣ ɉɉƎ ɨɛ
ɧɛɥɬɣɧɛɦɷɨɶɤ ɮɞɩɦ Ĵ ɣ ɝɶɳɠɦ ɢɛ ɪɫɠɟɠɦɶ ɢɠɫɥɛɦɛ. ɒɠɧɮ ɪɫɣ ɭɛɥɩɧ
ɩɭɫɛɡɠɨɣɣ ɫɛɝɠɨ ɧɩɟɮɦɷ ɣɢɧɠɨɠɨɣɺ ɣɧɪɮɦɷɬɛ ɥɛɡɟɩɞɩ ɯɩɭɩɨɛ
ɦɛɢɠɫɨɩɞɩ ɦɮɲɛ? 
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