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Мɨɩɞɩɪɫɩɯɣɦɷɨɛя ɩɦɣɧɪɣɛɟɛ ɳɥɩɦɷɨɣɥɩɝ ɎɫɏɎ 2018, 2 ɸɭɛɪ 

Зɚɞɚɱɚ 1. Уɩɪɭɝɚя ɨɛɨɥɨɱɤɚ (15 ɛɚɥɥɨɜ) 
ȼɧɭɬɪɢ ɭɩɪɭɝɨɣ ɨɛɨɥɨɱɤɢ ɧɚɯɨɞɢɬɫɹ ɨɞɢɧ ɦɨɥɶ ɢɞɟɚɥɶɧɨɝɨ ɨɞɧɨɚɬɨɦɧɨɝɨ ɝɚɡɚ. 
Ⱦɚɜɥɟɧɢɟ ɝɚɡɚ ɡɚɜɢɫɢɬ ɨɬ ɨɛɴɟɦɚ ɨɛɨɥɨɱɤɢ ɩɨ ɡɚɤɨɧɭ p=p0+kV, ɝɞɟ p0 ɢ k – ɢɡɜɟɫɬɧɵɟ 
ɩɨɫɬɨɹɧɧɵɟ. ɉɨɫɥɟ ɬɨɝɨ, ɤɚɤ ɝɚɡɭ ɫɨɨɛɳɢɥɢ ɧɟɤɨɬɨɪɨɟ ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ Q, ɟɝɨ 
ɨɛɴɟɦ ɭɜɟɥɢɱɢɥɫɹ ɧɚ ɜɟɥɢɱɢɧɭ ΔV. ɇɚɣɞɢɬɟ ɩɟɪɜɨɧɚɱɚɥɶɧɵɣ ɨɛɴɟɦ ɝɚɡɚ V1. 

Ɋɟɲɟɧɢɟ: 
ɋɨɝɥɚɫɧɨ ɩɟɪɜɨɦɭ ɧɚɱɚɥɭ ɬɟɪɦɨɞɢɧɚɦɢɤɢ:       , 
ɝɞɟ ΔU – ɢɡɦɟɧɟɧɢɟ ɜɧɭɬɪɟɧɧɟɣ ɷɧɟɪɝɢɢ ɝɚɡɚ, А – ɪɚɛɨɬɚ, ɫɨɜɟɪɲɟɧɧɚɹ ɝɚɡɨɦ ɧɚɞ 
ɜɧɟɲɧɢɦɢ ɬɟɥɚɦɢ (ɨɛɨɥɨɱɤɨɣ) 
Ⱦɥɹ ɢɞɟɚɥɶɧɨɝɨ ɨɞɧɨɚɬɨɦɧɨɝɨ ɝɚɡɚ ɩɨɥɭɱɢɦ:          , 

ɝɞɟ ΔT – ɢɡɦɟɧɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɝɚɡɚ. 
Ɋɚɛɨɬɭ ɝɚɡɚ ɩɨ ɪɚɫɲɢɪɟɧɢɸ ɨɛɨɥɨɱɤɢ ɜɵɱɢɫɥɢɦ ɤɚɤ 
ɩɥɨɳɚɞɶ ɩɨɞ ɤɪɢɜɨɣ ɩɪɨɰɟɫɫɚ ɜ ɤɨɨɪɞɢɧɚɬɚɯ    :                                           , 
ɝɞɟ V2 – ɤɨɧɟɱɧɵɣ ɨɛɴɟɦ ɝɚɡɚ. 
ɉɪɟɨɛɪɚɡɨɜɵɜɚɹ ɜɵɪɚɠɟɧɢɟ ɞɥɹ ɪɚɛɨɬɵ, ɩɨɥɭɱɚɟɦ:                    , 
ɨɬɫɸɞɚ                   . 

Ɂɚɩɢɲɟɦ ɭɪɚɜɧɟɧɢɟ Ɇɟɧɞɟɥɟɟɜɚ-Кɥɚɩɟɣɪɨɧɚ ɞɥɹ ɧɚɱɚɥɶɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɝɚɡɚ:                              
Ⱦɥɹ ɤɨɧɟɱɧɨɝɨ:                                                        
ɂɡ ɞɜɭɯ ɭɪɚɜɧɟɧɢɣ ɫɨɫɬɨɹɧɢɹ ɫɥɟɞɭɟɬ:                      
ɋɨɩɨɫɬɚɜɢɦ ɪɟɡɭɥɶɬɚɬ ɫ ɩɟɪɜɵɦ ɧɚɱɚɥɨɦ ɬɟɪɦɨɞɢɧɚɦɢɤɢ:                                                                                    . 

Кɪɢɬɟɪɢɣ ɨɰɟɧɢɜɚɧɢя Зɧɚɱɟɧɢɟ Бɚɥɥ 

ȼ ɪɟɲɟɧɢɢ ɢɫɩɨɥɶɡɨɜɚɧɨ ɩɟɪɜɨɟ ɧɚɱɚɥɨ ɬɟɪɦɨɞɢɧɚɦɢɤɢ ɢ 
ɞɜɚ ɭɪɚɜɧɟɧɢɹ Ɇɟɧɞɟɥɟɟɜɚ-Кɥɚɩɟɣɪɨɧɚ (ɞɥɹ ɧɚɱɚɥɶɧɨɝɨ ɢ 
ɤɨɧɟɱɧɨɝɨ ɫɨɫɬɨɹɧɢɣ ɝɚɡɚ) 

 5 

ɇɚɣɞɟɧɚ ɪɚɛɨɬɚ, ɫɨɜɟɪɲɟɧɧɚɹ ɝɚɡɨɦ ɩɨ ɪɚɫɲɢɪɟɧɢɸ 
ɨɛɨɥɨɱɤɢ 

 5 

Ɂɚɩɢɫɚɧ ɩɪɚɜɢɥɶɧɵɣ ɨɬɜɟɬ  5 
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Мɨɩɞɩɪɫɩɯɣɦɷɨɛя ɩɦɣɧɪɣɛɟɛ ɳɥɩɦɷɨɣɥɩɝ ɎɫɏɎ 2018, 2 ɸɭɛɪ 

Зɚɞɚɱɚ 2. ɋɢɥɚ ɚɪɯɢɦɟɞɚ (25 ɛɚɥɥɨɜ) 
ɒɤɨɥɶɧɢɤ Ⱥɧɞɪɟɣ ɷɤɫɩɟɪɢɦɟɧɬɢɪɭɟɬ ɫ ɦɨɞɟɥɶɸ ɪɟɱɧɨɝɨ ɛɭɣɤɚ, ɤɨɬɨɪɚɹ ɩɪɟɞɫɬɚɜɥɹɟɬ 
ɫɨɛɨɣ ɩɥɚɫɬɢɤɨɜɵɣ ɲɚɪ ɫ ɩɪɢɤɪɟɩɥёɧɧɵɦ ɤ ɧɟɦɭ ɧɚ ɧɢɬɢ ɧɟɛɨɥɶɲɢɦ ɝɪɭɡɨɦ 
ɨɞɢɧɚɤɨɜɨɣ ɫ ɲɚɪɨɦ ɦɚɫɫɵ ɜ ɤɚɱɟɫɬɜɟ ɹɤɨɪɹ. Ⱥɧɞɪɟɣ ɩɨɝɪɭɠɚɟɬ ɫɜɨɸ ɦɨɞɟɥɶ ɜ ɫɨɫɭɞ ɫ 
ɩɥɨɳɚɞɶɸ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ 100 ɫɦ2, ɢ ɲɚɪ ɩɨɝɪɭɠɚɟɬɫɹ ɧɚ 2/3 ɫɜɨɟɣ ɜɵɫɨɬɵ. 
Ⱥɧɞɪɟɣ ɩɟɪɟɪɟɡɚɟɬ ɧɢɬɶ, ɫɨɟɞɢɧɹɸɳɭɸ ɲɚɪ ɢ ɝɪɭɡ, ɢ ɲɚɪ ɜɫɩɥɵɜɚɟɬ. ɍɪɨɜɟɧɶ ɜɨɞɵ ɜ 
ɫɨɫɭɞɟ ɩɨɫɥɟ ɩɟɪɟɪɟɡɚɧɢɹ ɧɢɬɢ ɢɡɦɟɧɢɥɫɹ ɧɚ 1 ɫɦ. Ɉɩɪɟɞɟɥɢɬɟ ɩɥɨɬɧɨɫɬɶ ɫɟɤɪɟɬɧɨɝɨ 
ɦɚɬɟɪɢɚɥɚ, ɢɡ ɤɨɬɨɪɨɝɨ ɫɞɟɥɚɧ ɝɪɭɡ ɛɭɹ ɢ ɟɝɨ ɨɛɴёɦ. ɂɡɜɟɫɬɧɨ, ɱɬɨ ɩɥɨɬɧɨɫɬɶ ɝɪɭɡɚ ɜ 
12 ɪɚɡ ɛɨɥɶɲɟ ɫɪɟɞɧɟɣ ɩɥɨɬɧɨɫɬɢ ɲɚɪɚ. 

Ɋɟɲɟɧɢɟ 

Ɂɧɚɱɟɧɢɹ ɩɟɪɟɦɟɧɧɵɯ ɩɨɫɥɟ 
ɩɟɪɟɪɟɡɚɧɢɹ ɧɢɬɢ ɛɭɞɟɦ ɨɛɨɡɧɚɱɚɬɶ 
ɲɬɪɢɯɨɦ. 
Ⱦɥɹ ɨɛɳɟɝɨ ɨɛɴёɦɚ ɫɢɫɬɟɦɵ (ɜɨɞɚ 
– ɩɨɝɪɭɠёɧɧɚɹ ɱɚɫɬɶ ɲɚɪɚ – ɝɪɭɡ) 
ɢɦɟɟɦ:             ,  (1)              ,  (2) 

ɨɬɤɭɞɚ, ɜɵɱɢɬɚɹ ɜɬɨɪɨɟ ɢɡ ɩɟɪɜɨɝɨ, 
ɢɦɟɟɦ:               .  (3) 

Ɇɚɫɫɵ ɲɚɪɚ ɢ ɝɪɭɡɚ ɩɨ ɭɫɥɨɜɢɸ 
ɪɚɜɧɵ        . 

Ɂɚɩɢɲɟɦ ɭɫɥɨɜɢɹ ɩɥɚɜɚɧɢɹ ɞɥɹ ɲɚɪɚ ɞɨ ɢ ɩɨɫɥɟ ɩɟɪɟɪɟɡɚɧɢɹ ɧɢɬɢ: 
          , (4) 

         . (5) 

ɞɥɹ ɩɥɚɜɚɧɢɹ ɝɪɭɡɚ: 
           . (6) 
ȼɵɱɢɬɚɹ ɢɡ (4) (6) ɩɨɥɭɱɚɟɦ:          , ɢ ɜɵɪɚɠɚɹ ɫɢɥɭ Ⱥɪɯɢɦɟɞɚ ɱɟɪɟɡ ɨɛɴёɦ, ɩɨɥɭɱɚɟɦ: 
           . (7) 
ɋ ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ, ɫɤɥɚɞɵɜɚɹ (4) ɢ (6) ɩɨɥɭɱɚɟɦ:           , ɢ ɩɨɥɭɱɚɟɦ:             , ɨɬɤɭɞɚ, ɩɨɞɟɥɢɜ ɨɛɟ ɱɚɫɬɢ ɧɚ   , ɢɦɟɟɦ: 
       ቀ      ቁ. (8) 

ɉɨ ɭɫɥɨɜɢɸ ɞɚɧɨ, ɱɬɨ        , ɨɬɤɭɞɚ, ɩɪɢɧɢɦɚɹ ɜɨ ɜɧɢɦɚɧɢɟ ɪɚɜɟɧɫɬɜɨ ɦɚɫɫ ɲɚɪɚ 
ɢ ɝɪɭɡɚ, ɩɨɥɭɱɚɟɦ: 
         . (9) 

Ɉɫɬɚёɬɫɹ ɧɚɣɬɢ ɫɜɹɡɶ ɨɛɴёɦɚ ɲɚɪɨɜɨɝɨ ɫɟɝɦɟɧɬɚ    ɫ ɨɛɴёɦɨɦ ɲɚɪɚ   . Ɉɛɴёɦ 
ɲɚɪɨɜɨɝɨ ɫɟɝɦɟɧɬɚ ɦɨɠɟɬ ɛɵɬɶ ɜɵɱɢɫɥɟɧ ɢɫɯɨɞɹ ɢɡ 
ɫɥɟɞɭɸɳɢɯ ɫɨɨɛɪɚɠɟɧɢɣ: 
ɉɭɫɬɶ ɪɚɞɢɭɫ ɫɮɟɪɵ R, ɚ ɪɚɞɢɭɫ ɤɪɭɝɚ ɜ ɬɨɥɳɟ 
ɫɟɝɦɟɧɬɚ – r. ȼɵɫɨɬɚ ɫɟɝɦɟɧɬɚ h. 
Ɍɨɝɞɚ ɢɡ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɫɨɨɛɪɚɠɟɧɢɣ ɢɦɟɟɦ ɩɥɨɳɚɞɶ 
ɬɨɧɤɨɝɨ ɫɥɨɹ ɫɟɝɦɟɧɬɚ      , ɚ ɟɝɨ ɨɛɴёɦ       , 
ɝɞɟ dx – ɬɨɥɳɢɧɚ ɫɥɨɹ. ȼɵɪɚɠɚɹ r ɱɟɪɟɡ x ɢ R ɩɨ 
ɬɟɨɪɟɦɟ ɉɢɮɚɝɨɪɚ ɢɡ ɩɪɹɦɨɭɝɨɥɶɧɨɝɨ ɬɪɟɭɝɨɥɶɧɢɤɚ         , ɝɞɟ ɯ – ɪɚɫɫɬɨɹɧɢɟ ɨɬ ɰɟɧɬɪɚ ɫɮɟɪɵ ɞɨ 
ɬɨɧɤɨɝɨ ɫɥɨɹ, ɢɦɟɟɦ              , 
ɩɪɨɢɧɬɟɝɪɢɪɭɟɦ ɩɨ ɜɵɫɨɬɟ ɜ ɩɪɟɞɟɥɚɯ ɨɬ ɜɵɫɨɬɵ 
ɨɫɧɨɜɚɧɢɹ (R-h) ɞɨ ɜɟɪɲɢɧɵ (R) ɲɚɪɨɜɨɝɨ ɫɟɝɦɟɧɬɚ. 
ɉɨɥɭɱɚɟɦ: 



ɏɣɢɣɥɛ  10-11 ɥɦɛɬɬ 

Вɫɠɧя ɝɶɪɩɦɨɠɨɣя ɢɛɟɛɨɣɤ – 240 ɧɣɨɮɭ. Мɛɥɬɣɧɛɦɷɨɩɠ ɥɩɦɣɲɠɬɭɝɩ ɜɛɦɦɩɝ – 100 

Мɨɩɞɩɪɫɩɯɣɦɷɨɛя ɩɦɣɧɪɣɛɟɛ ɳɥɩɦɷɨɣɥɩɝ ɎɫɏɎ 2018, 2 ɸɭɛɪ 

    ∫                   ቀ    ቁ     ɨɬɫɸɞɚ ɡɧɚɹ, ɱɬɨ          , ɩɨɥɭɱɚɟɦ:     ቀ   ቁ ቀ     ቁ     ቀ  ቁ  . Ɂɧɚɹ, ɱɬɨ ɨɛɴёɦ ɲɚɪɚ         , ɩɨɥɭɱɚɟɦ: 

              , ɝɞɟ        . (15) 

ɉɨɞɫɬɚɜɥɹɹ (15) ɢ (9) ɜ (8) ɩɨɥɭɱɚɟɦ:                  ቀ         ቁ        . 

Ⱥ ɩɨɞɫɬɚɜɥɹɹ (15) (3) ɢ (9) ɜ (7) ɧɚɯɨɞɢɦ:                     . 

Кɪɢɬɟɪɢɣ ɨɰɟɧɢɜɚɧɢя Зɧɚɱɟɧɢɟ Бɚɥɥ 

ɉɨɥɭɱɟɧɨ ɭɫɥɨɜɢɟ, ɷɤɜɢɜɚɥɟɧɬɧɨɟ (3)  5 

Ɂɚɩɢɫɚɧɵ ɭɫɥɨɜɢɹ ɩɥɚɜɚɧɢɹ ɲɚɪɚ ɢ ɝɪɭɡɚ  5 

ɇɚɣɞɟɧ ɨɛɴɟɦ ɲɚɪɨɜɨɝɨ ɫɟɝɦɟɧɬɚ (15)  5 

ɉɨɥɭɱɟɧɨ ɜɵɪɚɠɟɧɢɟ ɞɥɹ ɨɛɴёɦɚ ɝɪɭɡɚ            
5 

Ɉɩɪɟɞɟɥɟɧɚ ɩɥɨɬɧɨɫɬɶ ɫɟɤɪɟɬɧɨɝɨ ɦɚɬɟɪɢɚɥɚ           
5 

Зɚɞɚɱɚ 3. Бɚɬɚɪɟɣɤɚ (15 ɛɚɥɥɨɜ) 
ȿɫɥɢ ɛɚɬɚɪɟɸ ɫɨɛɪɚɬɶ ɢɡ ɬɪɟɯ ɨɞɢɧɚɤɨɜɵɯ ɝɚɥɶɜɚɧɢɱɟɫɤɢɯ ɷɥɟɦɟɧɬɨɜ, ɫɨɟɞɢɧɟɧɧɵɯ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɚ ɡɚɬɟɦ ɩɨɞɤɥɸɱɢɬɶ ɤ ɧɚɝɪɭɡɤɟ, ɜ ɰɟɩɢ ɩɨɣɞɟɬ ɬɨɤ 375 ɦȺ. ȿɫɥɢ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɫɨɟɞɢɧɢɬɶ ɲɟɫɬɶ ɬɚɤɢɯ ɠɟ ɷɥɟɦɟɧɬɨɜ, ɢ ɩɨɞɤɥɸɱɢɬɶ ɤ ɬɨɣ ɠɟ 
ɧɚɝɪɭɡɤɟ, ɩɨɥɭɱɢɦ ɬɨɤ 600 ɦȺ. ɇɚɣɞɢɬɟ ɩɪɟɞɟɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɬɨɤɚ ɜ ɰɟɩɢ, ɤɨɬɨɪɵɣ 
ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɩɪɢ ɷɬɨɣ ɧɚɝɪɭɡɤɟ, ɭɜɟɥɢɱɢɜɚɹ ɱɢɫɥɨ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɫɨɟɞɢɧɟɧɧɵɯ 
ɷɥɟɦɟɧɬɨɜ. 

Ɋɟɲɟɧɢɟ 

Ɍɨɤɢ, ɭɤɚɡɚɧɧɵɟ ɜ ɭɫɥɨɜɢɢ, ɪɚɡɥɢɱɚɸɬɫɹ, ɩɨɬɨɦɭ ɱɬɨ ɤɚɠɞɵɣ ɷɥɟɦɟɧɬ ɨɛɥɚɞɚɟɬ 
ɜɧɭɬɪɟɧɧɢɦ ɫɨɩɪɨɬɢɜɥɟɧɢɟɦ. 
Ɍɨɤ ɜ ɧɚɝɪɭɡɤɟ ɩɪɢ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɦ ɫɨɟɞɢɧɟɧɢɢ n ɷɥɟɦɟɧɬɨɜ ɜɵɱɢɫɥɹɟɬɫɹ ɩɨ 
ɮɨɪɦɭɥɟ: 
          , (1) 

ɝɞɟ ε ɢ r – ɷ.ɞ.ɫ. ɢ ɜɧɭɬɪɟɧɧɟɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɤɚɠɞɨɝɨ ɢɡ ɧɢɯ, R – ɫɨɩɪɨɬɢɜɥɟɧɢɟ 
ɧɚɝɪɭɡɤɢ. 
Ɂɚɩɢɲɟɦ ɜɵɪɚɠɟɧɢɟ ɞɥɹ ɬɨɤɚ ɜ ɩɟɪɜɨɣ ɰɟɩɢ (ɬɪɢ ɷɥɟɦɟɧɬɚ): 
          , (2) 

ɋɢɥɚ ɬɨɤɚ ɜ ɰɟɩɢ ɫ ɲɟɫɬɶɸ ɷɥɟɦɟɧɬɚɦɢ: 
          , (3) 

ɉɪɢ ɨɱɟɧɶ ɛɨɥɶɲɢɯ n  ɫɨɝɥɚɫɧɨ (1) ɦɵ ɦɨɠɟɦ ɩɪɟɧɟɛɪɟɱɶ ɡɧɚɱɟɧɢɟɦ R ɜ ɡɧɚɦɟɧɚɬɟɥɟ 
ɩɟɪɜɨɝɨ ɜɵɪɚɠɟɧɢɹ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɬɨɤ ɜ ɰɟɩɢ ɫɬɚɧɨɜɢɬɫɹ ɪɚɜɧɵɦ ɬɨɤɭ ɤɨɪɨɬɤɨɝɨ 
ɡɚɦɵɤɚɧɢɹ:       , 
ɂɡ ɷɬɨɣ ɫɢɫɬɟɦɵ ɭɪɚɜɧɟɧɢɣ (2) ɢ (3) ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ, ɱɬɨ                     , 

Эɬɨ ɢ ɟɫɬɶ ɩɪɟɞɟɥɶɧɵɣ ɬɨɤ, ɩɪɨ ɤɨɬɨɪɵɣ ɫɩɪɚɲɢɜɚɟɬɫɹ ɜ ɡɚɞɚɱɟ. 
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Мɨɩɞɩɪɫɩɯɣɦɷɨɛя ɩɦɣɧɪɣɛɟɛ ɳɥɩɦɷɨɣɥɩɝ ɎɫɏɎ 2018, 2 ɸɭɛɪ 

Кɪɢɬɟɪɢɣ ɨɰɟɧɢɜɚɧɢя Зɧɚɱɟɧɢɟ Бɚɥɥ 

ɉɪɚɜɢɥɶɧɨ ɡɚɩɢɫɚɧɧɚɹ ɮɨɪɦɭɥɚ ɞɥɹ ɩɪɨɢɡɜɨɥɶɧɨɝɨ ɱɢɫɥɚ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɫɨɟɞɢɧɟɧɧɵɯ ɷɥɟɦɟɧɬɨɜ 

 5 

ɍɬɜɟɪɠɞɟɧɢɟ ɨ ɬɨɦ, ɱɬɨ ɜ ɫɥɭɱɚɟ ɛɨɥɶɲɨɝɨ ɱɢɫɥɚ ɷɥɟɦɟɧɬɨɜ 
ɦɨɠɧɨ ɩɪɟɧɟɛɪɟɱɶ ɫɨɩɪɨɬɢɜɥɟɧɢɟɦ ɜɧɟɲɧɟɣ ɧɚɝɪɭɡɤɢ 

 5 

ɇɚɣɞɟɧɨ ɡɧɚɱɟɧɢɟ ɬɨɤɚ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ 1.5 Ⱥ 5 

Зɚɞɚɱɚ 4. Мɨɧɨɯɪɨɦɚɬɨɪ (20 ɛɚɥɥɨɜ) 
ɉɚɪɚɥɥɟɥɶɧɵɣ ɩɭɱɨɤ ɛɟɥɨɝɨ ɫɜɟɬɚ ɩɚɞɚɟɬ ɧɚ 
ɨɩɬɢɱɟɫɤɭɸ ɫɢɫɬɟɦɭ ɩɪɢɡɦɚ - ɫɨɛɢɪɚɸɳɚɹ ɥɢɧɡɚ. ȼ 
ɮɨɤɚɥɶɧɨɣ ɩɥɨɫɤɨɫɬɢ ɥɢɧɡɵ ɧɚ ɷɤɪɚɧɟ ɜɢɞɧɚ ɪɚɞɭɠɧɚɹ 
ɩɨɥɨɫɤɚ. Ɋɚɫɫɬɨɹɧɢɟ ɨɬ ɝɥɚɜɧɨɣ ɨɩɬɢɱɟɫɤɨɣ ɨɫɢ ɞɨ 
ɤɪɚɫɧɨɣ ɡɨɧɵ ɩɨɥɨɫɤɢ ɫ ɞɥɢɧɨɣ 680 ɧɦ – 4 ɦɦ, ɚ ɞɨ 
ɫɢɧɟɣ ɩɨɥɨɫɤɢ ɫ ɞɥɢɧɨɣ ɜɨɥɧɵ 520 ɧɦ – 5 ɦɦ. 
Ɂɚɜɢɫɢɦɨɫɬɶ ɩɨɤɚɡɚɬɟɥɹ ɩɪɟɥɨɦɥɟɧɢɹ ɩɪɢɡɦɵ ɨɬ ɞɥɢɧɵ 
ɜɨɥɧɵ: n=(A+B/λ). ɇɚɣɞɢɬɟ Кɨɷɮɮɢɰɢɟɧɬɵ Ⱥ ɢ ȼ. 
Ɉɩɬɢɱɟɫɤɚɹ ɫɢɥɚ ɥɢɧɡɵ 5 ɞɩɬɪ. ɉɪɟɥɨɦɥɹɸɳɢɣ ɭɝɨɥ ɩɪɢɡɦɵ γ=0.05 ɪɚɞ. 

Ɋɟɲɟɧɢɟ 

Ⱦɥɹ ɤɚɠɞɨɣ ɤɨɧɤɪɟɬɧɨɣ ɞɥɢɧɵ ɜɨɥɧɵ ɩɭɱɨɤ ɛɭɞɟɬ ɨɬɤɥɨɧɹɬɶɫɹ ɩɪɢɡɦɨɣ, ɚ ɩɨɫɥɟ 
ɩɪɨɯɨɠɞɟɧɢɹ ɱɟɪɟɡ ɥɢɧɡɭ ɛɭɞɟɬ 
ɮɨɤɭɫɢɪɨɜɚɬɶɫɹ ɜ ɬɨɱɤɭ ɜ ɮɨɤɚɥɶɧɨɣ 
ɩɥɨɫɤɨɫɬɢ (ɟɫɥɢ ɩɪɟɧɟɛɪɟɱɶ 
ɡɚɜɢɫɢɦɨɫɬɶɸ ɮɨɤɭɫɧɨɝɨ ɪɚɫɫɬɨɹɧɢɹ 
ɥɢɧɡɵ ɨɬ ɞɥɢɧɵ ɜɨɥɧɵ). Ⱦɥɹ 
ɧɚɯɨɠɞɟɧɢɹ ɩɨɥɨɠɟɧɢɹ ɷɬɨɣ ɬɨɱɤɢ 
ɧɟɨɛɯɨɞɢɦɨ ɪɚɫɫɦɨɬɪɟɬɶ ɥɭɱ, 
ɩɪɨɯɨɞɹɳɢɣ ɱɟɪɟɡ ɨɩɬɢɱɟɫɤɢɣ ɰɟɧɬɪ 
ɥɢɧɡɵ. Хɨɞ ɬɚɤɢɯ ɥɭɱɟɣ ɞɥɹ ɤɪɚɫɧɨɝɨ ɢ 
ɫɢɧɟɝɨ ɰɜɟɬɨɜ ɩɨɤɚɡɚɧ ɧɚ ɪɢɫɭɧɤɟ 
Ɉɛɨɡɧɚɱɢɦ ɤɚɤ    ɢ     ɭɝɥɵ, ɤɨɬɨɪɵɟ 
ɛɭɞɭɬ ɫɨɫɬɚɜɥɹɬɶ ɫɢɧɢɣ ɢ ɤɪɚɫɧɵɣ ɥɭɱɢ 
ɫ ɨɩɬɢɱɟɫɤɨɣ ɨɫɶɸ ɥɢɧɡɵ ɩɨɫɥɟ 

ɩɪɨɯɨɠɞɟɧɢɹ ɩɪɢɡɦɵ. Ɍɨɝɞɚ ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ ɡɚɤɨɧɵ ɩɪɟɥɨɦɥɟɧɢɹ ɞɥɹ ɬɚɤɢɯ ɥɭɱɟɣ:                 ,                     
ɉɪɢɧɢɦɚɹ ɜɨ ɜɧɢɦɚɧɢɟ ɦɚɥɨɫɬɶ ɭɝɥɚ  , ɢ, ɤɚɤ ɫɥɟɞɫɬɜɢɟ, ɭɝɥɨɜ    ɢ                   ,                  

Ɋɚɫɫɦɚɬɪɢɜɚɹ ɩɚɞɟɧɢɟ ɥɭɱɟɣ ɧɚ ɷɤɪɚɧ, ɩɨɥɭɱɢɦ                             
Ɍɨɝɞɚ          ; ɚɧɚɥɨɝɢɱɧɨ,            . 

ɉɨ ɭɫɥɨɜɢɸ ɩɨɤɚɡɚɬɟɥɢ ɩɪɟɥɨɦɥɟɧɢɹ ɞɥɹ ɫɢɧɟɝɨ ɢ ɤɪɚɫɧɨɝɨ ɰɜɟɬɚ ɢɦɟɸɬ ɜɢɞ         ,           . 

ȼɵɱɢɫɥɢɜ ɪɚɡɧɢɰɭ ɩɨɤɚɡɚɬɟɥɟɣ ɩɪɟɥɨɦɥɟɧɢɹ, ɩɨɥɭɱɢɦ:  (         )          ,                                                  . 

Кɨɷɮɮɢɰɢɟɧɬ A ɦɨɠɧɨ ɧɚɣɬɢ ɤɚɤ: 



ɏɣɢɣɥɛ  10-11 ɥɦɛɬɬ 

Вɫɠɧя ɝɶɪɩɦɨɠɨɣя ɢɛɟɛɨɣɤ – 240 ɧɣɨɮɭ. Мɛɥɬɣɧɛɦɷɨɩɠ ɥɩɦɣɲɠɬɭɝɩ ɜɛɦɦɩɝ – 100 

Мɨɩɞɩɪɫɩɯɣɦɷɨɛя ɩɦɣɧɪɣɛɟɛ ɳɥɩɦɷɨɣɥɩɝ ɎɫɏɎ 2018, 2 ɸɭɛɪ 

              
ɉɨɫɥɟ ɩɨɞɫɬɚɧɨɜɤɢ ɱɢɫɥɟɧɧɵɯ ɡɧɚɱɟɧɢɣ ɩɨɥɭɱɚɟɦ        ,             . 

Кɪɢɬɟɪɢɣ ɨɰɟɧɢɜɚɧɢя Зɧɚɱɟɧɢɟ Бɚɥɥ 

ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɡɚɤɨɧɚ ɩɪɟɥɨɦɥɟɧɢɹ  4 

ɉɪɢɛɥɢɠɟɧɢɟ ɦɚɥɨɫɬɢ ɭɝɥɨɜ  4 

ɋɢɫɬɟɦɚ ɭɪɚɜɧɟɧɢɣ ɧɚ ɤɨɷɮɮɢɰɢɟɧɬɵ Ⱥ ɢ ȼ  4 

ɂɬɨɝɨɜɵɟ ɜɵɪɚɠɟɧɢɹ                          .               
4 

ɑɢɫɥɟɧɧɵɣ ɨɬɜɟɬ        ,              4 

Зɚɞɚɱɚ 5. Гɪɚɜɢɬɚɰɢɨɧɧыɣ ɦɚɧёɜɪ (25 ɛɚɥɥɨɜ) 
ɉɪɢ ɤɨɫɦɢɱɟɫɤɢɯ ɩɟɪɟɥёɬɚɯ ɞɥɹ ɷɤɨɧɨɦɢɢ 
ɬɨɩɥɢɜɚ ɩɪɢ ɪɚɡɝɨɧɟ ɢɥɢ ɬɨɪɦɨɠɟɧɢɢ 
ɢɫɩɨɥɶɡɭɸɬ ɬɚɤ ɧɚɡɵɜɚɟɦɵɟ 
ɝраɜитаɰиɨɧɧые ɦаɧеɜры, ɤɨɝɞɚ 
ɤɨɫɦɢɱɟɫɤɢɣ ɚɩɩɚɪɚɬ ɢɡɦɟɧɹɟɬ ɫɜɨɸ ɫɤɨɪɨɫɬɶ 
ɡɚ ɫɱёɬ ɝɪɚɜɢɬɚɰɢɢ ɦɚɫɫɢɜɧɨɝɨ ɬɟɥɚ (ɡɜɟɡɞɵ 
ɢɥɢ ɩɥɚɧɟɬɵ). ɉɭɫɬɶ ɤɨɫɦɢɱɟɫɤɢɣ ɤɨɪɚɛɥɶ 
ɩɪɢɛɥɢɠɚɟɬɫɹ ɫɨ ɫɤɨɪɨɫɬɶɸ 5 ɤɦ/ɫ ɤ ɩɥɚɧɟɬɟ, 
ɞɜɢɠɭɳɟɣɫɹ ɩɨ ɫɜɨɟɣ ɨɪɛɢɬɟ ɫɨ ɫɤɨɪɨɫɬɶɸ 20 ɤɦ/ɫ, ɢ ɫɨɜɟɪɲɚɟɬ ɪɚɡɜɨɪɨɬ ɜɨɤɪɭɝ ɧɟё. 
Кɚɤɭɸ ɫɤɨɪɨɫɬɶ ɩɪɢɨɛɪɟɬёɬ ɤɨɪɚɛɥɶ ɩɨɫɥɟ ɦɚɧёɜɪɚ, ɟɫɥɢ ɢɡɧɚɱɚɥɶɧɨ ɭɝɨɥ ɦɟɠɞɭ 
ɫɤɨɪɨɫɬɹɦɢ ɤɨɪɚɛɥɹ ɢ ɩɥɚɧɟɬɵ ɫɨɫɬɚɜɥɹɥ 30° (ɜ ɧɟɩɨɞɜɢɠɧɨɣ ɫɢɫɬɟɦɟ ɨɬɫɱёɬɚ), ɚ ɫ 
ɬɨɱɤɢ ɡɪɟɧɢɹ ɨɛɢɬɚɬɟɥɹ ɩɥɚɧɟɬɵ ɜɟɤɬɨɪ ɫɤɨɪɨɫɬɢ ɤɨɪɚɛɥɹ ɫɨɜɟɪɲɢɥ ɩɨɜɨɪɨɬ ɧɚ 60°. 
ȼɨ ɜɫё ɜɪɟɦɹ ɦɚɧёɜɪɚ ɞɜɢɝɚɬɟɥɶ ɨɫɬɚёɬɫɹ ɜɵɤɥɸɱɟɧɧɵɦ. 

Ɋɟɲɟɧɢɟ 

Ɋɚɫɫɦɨɬɪɢɦ ɦɚɧёɜɪ ɤɨɫɦɢɱɟɫɤɨɝɨ ɤɨɪɚɛɥɹ ɜɨɤɪɭɝ ɩɥɚɧɟɬɵ ɜ ɟё ɫɢɫɬɟɦɟ ɨɬɫɱёɬɚ. ȿɫɥɢ 
ɫɤɨɪɨɫɬɶ ɤɨɪɚɛɥɹ ɛɨɥɶɲɟ ɜɬɨɪɨɣ ɤɨɫɦɢɱɟɫɤɨɣ 
ɞɥɹ ɩɥɚɧɟɬɵ (ɚ ɷɬɨ ɧɟɨɛɯɨɞɢɦɨ ɞɥɹ ɭɞɚɥɟɧɢɹ 
ɤɨɪɚɛɥɹ ɨɬ ɩɥɚɧɟɬɵ ɜɦɟɫɬɨ ɜɵɯɨɞɚ ɧɚ ɨɪɛɢɬɭ), 
ɬɨ ɤɨɪɚɛɥɶ ɛɭɞɟɬ ɞɜɢɝɚɬɶɫɹ ɩɨ ɝɢɩɟɪɛɨɥɢɱɟɫɤɨɣ 
ɬɪɚɟɤɬɨɪɢɢ, ɢ ɜ ɪɟɡɭɥɶɬɚɬɟ ɦɚɧёɜɪɚ (ɩɨɫɥɟ 
ɜɵɯɨɞɚ ɤɨɪɚɛɥɹ ɢɡ ɫɮɟɪɵ ɞɟɣɫɬɜɢɹ ɩɥɚɧɟɬɵ) 
ɢɡɦɟɧɢɬɫɹ ɬɨɥɶɤɨ ɧɚɩɪɚɜɥɟɧɢɟ ɨɬɧɨɫɢɬɟɥɶɧɨɣ 
ɫɤɨɪɨɫɬɢ ɤɨɪɚɛɥɹ, ɧɨ ɧɟ ɟё ɜɟɥɢɱɢɧɚ. Ɉɞɧɚɤɨ ɜ 
ɧɟɩɨɞɜɢɠɧɨɣ ɫɢɫɬɟɦɟ ɨɬɫɱёɬɚ ɦɨɠɟɬ 
ɢɡɦɟɧɢɬɶɫɹ ɢ ɦɨɞɭɥɶ ɫɤɨɪɨɫɬɢ, ɬ. ɤ. ɦɟɧɹɟɬɫɹ 
ɭɝɨɥ ɦɟɠɞɭ ɫɤɨɪɨɫɬɶɸ ɩɥɚɧɟɬɵ ɢ ɧɚɩɪɚɜɥɟɧɢɟɦ 
ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɫɤɨɪɨɫɬɢ. 
Ɉɬɧɨɫɢɬɟɥɶɧɚɹ ɫɤɨɪɨɫɬɶ ɤɨɪɚɛɥɹ   ⃗⃗⃗       ⃗ . 
Ȼɭɞɟɦ ɨɛɨɡɧɚɱɚɬɶ ɢɧɞɟɤɫɨɦ in ɧɚɱɚɥɶɧɵɟ 
ɫɤɨɪɨɫɬɢ, ɢɧɞɟɤɫɨɦ out – ɤɨɧɟɱɧɵɟ. Ɍɨɝɞɚ   ⃗⃗⃗           ⃗ ,   ⃗⃗⃗             ⃗ ,   ⃗⃗⃗       ⃗⃗⃗     . Ɍɨɝɞɚ ɞɚɧɧɵɟ ɜɟɤɬɨɪɚ ɨɛɪɚɡɭɸɬ 

ɤɨɧɮɢɝɭɪɚɰɢɸ, ɩɨɤɚɡɚɧɧɭɸ ɧɚ ɪɢɫɭɧɤɟ. 
ɉɨ ɬɟɨɪɟɦɟ ɤɨɫɢɧɭɫɨɜ ɢɡ ɜɟɪɯɧɟɝɨ ɬɪɟɭɝɨɥɶɧɢɤɚ ɧɚɯɨɞɢɦ     : 
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Мɨɩɞɩɪɫɩɯɣɦɷɨɛя ɩɦɣɧɪɣɛɟɛ ɳɥɩɦɷɨɣɥɩɝ ɎɫɏɎ 2018, 2 ɸɭɛɪ 

     √                  15.87 ɤɦ/ɫ. 
ɉɨ ɬɟɨɪɟɦɟ ɫɢɧɭɫɨɜ ɧɚɯɨɞɢɦ ɭɝɨɥ ɦɟɠɞɭ   ⃗⃗⃗     ɢ  ⃗ : 

sin φ1 / vin = sin α / v'in ; φ1 = 9.06°. 
ȼɵɱɢɬɚɟɦ ɟɝɨ ɢɡ φ, ɧɚɯɨɞɢɦ ɭɝɨɥ ɦɟɠɞɭ   ⃗⃗⃗      ɢ  ⃗ : 

φ2 = 50.94°. 
ɉɨɫɤɨɥɶɤɭ   ⃗⃗⃗       ⃗⃗⃗      ɧɚɯɨɞɢɦ ɢɡ ɧɢɠɧɟɝɨ ɬɪɟɭɝɨɥɶɧɢɤɚ ɩɨ ɬɟɨɪɟɦɟ ɤɨɫɢɧɭɫɨɜ     :      √                               . 
Ɉɬɜɟɬ: ɤɨɧɟɱɧɚɹ ɫɤɨɪɨɫɬɶ ɤɨɪɚɛɥɹ           . 
Кɪɢɬɟɪɢɣ ɨɰɟɧɢɜɚɧɢя Зɧɚɱɟɧɢɟ Бɚɥɥ 

Ⱦɨɝɚɞɤɚ ɨ ɪɚɜɟɧɫɬɜɟ ɦɨɞɭɥɹ ɫɤɨɪɨɫɬɢ ɤɨɪɚɛɥɹ 
ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɥɚɧɟɬɵ ɞɨ ɢ ɩɨɫɥɟ ɦɚɧёɜɪɚ 
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ȼɵɩɨɥɧɟɧɢɟ ɧɟɨɛɯɨɞɢɦɨɝɨ ɩɨɫɬɪɨɟɧɢɹ  5 

Ɉɩɪɟɞɟɥɟɧɢɟ ɤɨɧɟɱɧɨɣ ɫɤɨɪɨɫɬɢ ɤɨɪɚɛɥɹ             10 
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