
 

 

 

 

 

ȼɫɟɪɨɫɫɢɣɫɤɚɹ ɧɚɭɱɧɨ-ɩɪɚɤɬɢɱɟɫɤɚɹ ɤɨɧɮɟɪɟɧɰɢɹ ɦɨɥɨɞɵɯ ɭɱɟɧɵɯ, ɚɫɩɢɪɚɧɬɨɜ ɢ ɫɬɭɞɟɧɬɨɜ 
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ɂɡ ɧɚɲɟɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜɵɬɟɤɚɟɬ ɫɥɟɞɭɸɳɢɣ ɜɵɜɨɞ: ɷɦɨɰɢɨɧɚɥɶɧɵɣ ɢɧɬɟɥɥɟɤɬ ɢɝɪɚɟɬ ɜɚɠ-

ɧɭɸ ɪɨɥɶ ɜ ɭɫɩɟɲɧɨɫɬɢ ɩɪɨɮɟɫɫɢɨɧɚɥɶɧɨɣ ɞɟɹɬɟɥɶɧɨɫɬɢ, ɩɨɷɬɨɦɭ ɰɟɥɟɧɚɩɪɚɜɥɟɧɧɨɟ ɮɨɪɦɢɪɨɜɚɧɢɟ 
ɪɚɡɥɢɱɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɷɦɨɰɢɨɧɚɥɶɧɨɝɨ ɢɧɬɟɥɥɟɤɬɚ ɫɬɭɞɟɧɬɨɜ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɜɚɠɧɨɣ ɡɚɞɚɱɟɣ ɩɪɨ-
ɮɟɫɫɢɨɧɚɥɶɧɨɣ ɩɨɞɝɨɬɨɜɤɢ. 
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ɋɨɜɪɟɦɟɧɧɚɹ ɯɢɦɢɹ ɧɚɯɨɞɢɬɫɹ ɜ ɫɚɦɨɦ ɬɟɫɧɨɦ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɫ ɞɪɭɝɢɦɢ ɨɛɥɚɫɬɹɦɢ ɧɚɭɤɢ,  

ɩɪɢɱɺɦ ɫɚɦɵɟ ɜɩɟɱɚɬɥɹɸɳɢɟ ɨɬɤɪɵɬɢɹ ɜ ɧɚɲɢ ɞɧɢ ɩɪɨɢɫɯɨɞɹɬ ɢɦɟɧɧɨ ɧɚ ɫɬɵɤɟ ɪɚɡɥɢɱɧɵɯ ɞɢɫɰɢɩ-

ɥɢɧ – ɯɢɦɢɢ, ɮɢɡɢɤɢ, ɦɚɬɟɦɚɬɢɤɢ, ɛɢɨɥɨɝɢɢ. ɏɢɦɢɹ ɢɫɫɥɟɞɭɟɬ ɜɟɳɟɫɬɜɚ, ɢɯ ɫɜɨɣɫɬɜɚ ɢ ɩɪɟɜɪɚɳɟɧɢɹ. 
Ɇɧɨɝɢɟ ɫɜɨɣɫɬɜɚ ɜɟɳɟɫɬɜ ɜɵɪɚɠɚɸɬɫɹ ɫ ɩɨɦɨɳɶɸ ɱɢɫɟɥ, ɤɨɬɨɪɵɟ ɹɜɥɹɸɬɫɹ ɦɚɬɟɦɚɬɢɱɟɫɤɢɦɢ ɨɛɴɟɤ-
ɬɚɦɢ. Ȼɟɫɫɩɨɪɧɨ, ɯɢɦɢɹ ɧɟɦɵɫɥɢɦɚ ɛɟɡ ɦɚɬɟɦɚɬɢɤɢ, ɤɨɬɨɪɚɹ ɹɜɥɹɟɬɫɹ ɩɨɥɟɡɧɵɦ ɢɧɫɬɪɭɦɟɧɬɨɦ ɞɥɹ 
ɪɟɲɟɧɢɹ ɦɧɨɝɢɯ ɯɢɦɢɱɟɫɤɢɯ ɡɚɞɚɱ. ɉɪɢɥɨɠɟɧɢɹ ɦɚɬɟɦɚɬɢɤɢ ɜ ɯɢɦɢɢ ɨɛɲɢɪɧɵ ɢ ɪɚɡɧɨɨɛɪɚɡɧɵ. 

Ɍɪɭɞɧɨ ɧɚɣɬɢ ɤɚɤɨɣ-ɥɢɛɨ ɪɚɡɞɟɥ ɦɚɬɟɦɚɬɢɤɢ, ɤɨɬɨɪɵɣ ɫɨɜɫɟɦ ɧɟ ɢɫɩɨɥɶɡɭɟɬɫɹ ɜ ɯɢɦɢɢ. ɒɢɪɨɤɨ 
ɩɪɢɦɟɧɹɸɬɫɹ ɧɟɤɨɬɨɪɵɟ ɩɪɢɟɦɵ ɭɫɬɧɨɝɨ ɫɱɟɬɚ ɢ ɨɰɟɧɨɤ, ɪɟɲɟɧɢɟ ɚɥɝɟɛɪɚɢɱɟɫɤɢɯ ɭɪɚɜɧɟɧɢɣ, ɷɥɟ-
ɦɟɧɬɵ ɩɥɚɧɢɦɟɬɪɢɢ ɢ ɫɬɟɪɟɨɦɟɬɪɢɢ, ɩɪɨɫɬɟɣɲɢɟ ɩɨɧɹɬɢɹ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ – ɩɪɨɢɡɜɨɞɧɚɹ ɢ 

ɢɧɬɟɝɪɚɥ, ɢɫɫɥɟɞɨɜɚɧɢɟ ɮɭɧɤɰɢɣ ɢ ɩɨɫɬɪɨɟɧɢɟ ɝɪɚɮɢɤɨɜ, ɧɟɤɨɬɨɪɵɟ ɩɨɧɹɬɢɹ ɤɨɦɛɢɧɚɬɨɪɢɤɢ. ȼ ɞɚɧ-

ɧɨɣ ɫɬɚɬɶɟ ɦɵ ɨɝɪɚɧɢɱɢɦɫɹ ɪɚɫɫɦɨɬɪɟɧɢɟɦ ɨɰɟɧɤɢ ɩɪɢɛɥɢɡɢɬɟɥɶɧɵɯ ɜɟɥɢɱɢɧ, ɤɨɦɛɢɧɚɬɨɪɧɨɝɨ ɚɧɚ-
ɥɢɡɚ ɢ ɝɟɨɦɟɬɪɢɱɟɫɤɢɦɢ ɜɵɱɢɫɥɟɧɢɹɦɢ.  

ɏɢɦɢɱɟɫɤɢɟ ɡɚɞɚɱɢ, ɫɜɹɡɚɧɧɵɟ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɪɚɫɱɟɬɨɜ, ɦɨɠɧɨ ɪɚɡɞɟɥɢɬɶ ɧɚ ɞɜɟ ɝɪɭɩɩɵ: ɫ 
ɬɨɱɧɵɦ ɢ ɩɪɢɛɥɢɠɺɧɧɵɦ ɨɬɜɟɬɨɦ. Ʉ ɩɟɪɜɨɣ ɝɪɭɩɩɟ ɨɬɧɨɫɹɬɫɹ ɡɚɞɚɱɢ, ɫɜɹɡɚɧɧɵɟ ɫ ɩɟɪɟɱɢɫɥɟɧɢɟɦ, 

ɧɚɩɪɢɦɟɪ: «ɋɤɨɥɶɤɨ ɪɚɡɥɢɱɧɵɯ ɫɨɥɟɣ ɦɨɠɟɬ ɛɵɬɶ ɩɨɥɭɱɟɧɨ ɩɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɨɪɬɨɮɨɫɮɨɪɧɨɣ 

ɤɢɫɥɨɬɵ ɢ ɝɢɞɪɨɤɫɢɞɚ ɧɚɬɪɢɹ?». ɉɪɢɛɥɢɠɺɧɧɵɣ ɨɬɜɟɬ ɢɦɟɸɬ ɜɫɟ ɡɚɞɚɱɢ, ɫɜɹɡɚɧɧɵɟ ɫ ɢɡɦɟɪɟɧɢɹɦɢ. 

ɗɬɨ ɫɜɹɡɚɧɨ ɫ ɬɟɦ, ɱɬɨ ɥɸɛɵɟ ɢɡɦɟɪɟɧɢɹ, ɤɨɬɨɪɵɟ ɱɟɥɨɜɟɤ ɩɪɨɜɨɞɢɬ ɜ ɨɤɪɭɠɚɸɳɟɦ ɦɢɪɟ, ɢɦɟɸɬ ɤɨ-
ɧɟɱɧɭɸ ɬɨɱɧɨɫɬɶ, ɜ ɛɨɥɶɲɢɧɫɬɜɟ ɨɛɵɱɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɜɟɫɶɦɚ ɧɟɛɨɥɶɲɭɸ. Ɂɚɞɚɱ ɫ ɩɪɢɛɥɢɠɺɧ-

ɧɵɦ ɨɬɜɟɬɨɦ ɜ ɯɢɦɢɢ ɛɨɥɶɲɢɧɫɬɜɨ. Ʉ ɧɢɦ ɨɬɧɨɫɹɬɫɹ ɜɫɟ ɫɬɟɯɢɨɦɟɬɪɢɱɟɫɤɢɟ ɜɵɱɢɫɥɟɧɢɹ, ɫɜɹɡɚɧɧɵɟ 
ɫ ɦɚɫɫɨɣ ɢɥɢ ɨɛɴɟɦɨɦ ɜɟɳɟɫɬɜɚ, ɬɟɪɦɨɯɢɦɢɱɟɫɤɢɟ ɪɚɫɱɟɬɵ ɬɟɩɥɨɜɵɯ ɷɮɮɟɤɬɨɜ, ɨɩɪɟɞɟɥɟɧɢɟ ɫɤɨɪɨ-
ɫɬɢ ɪɟɚɤɰɢɢ, ɪɚɫɱɟɬ ɷɧɟɪɝɢɣ ɚɤɬɢɜɚɰɢɢ ɢɥɢ ɭɫɥɨɜɢɣ ɩɪɨɜɟɞɟɧɢɹ ɪɟɚɤɰɢɢ. 

ȼɨ ɦɧɨɝɢɯ ɫɥɭɱɚɹɯ ɞɚɠɟ ɩɪɢɛɥɢɠɟɧɧɵɣ ɨɬɜɟɬ ɧɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɩɨɥɭɱɚɬɶ ɫ ɜɵɫɨɤɨɣ ɬɨɱɧɨ-
ɫɬɶɸ, ɞɨɫɬɚɬɨɱɧɨ ɢɦɟɬɶ ɥɢɲɶ ɧɟɤɨɬɨɪɨɟ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɨ ɧɟɦ c ɪɚɡɭɦɧɨɣ ɬɨɱɧɨɫɬɶɸ, ɬ.ɟ. ɨɰɟɧɢɬɶ 
ɩɨɪɹɞɨɤ ɜɟɥɢɱɢɧɵ. Ʉɫɬɚɬɢ, ɜ ɩɨɞɨɛɧɵɯ ɪɚɫɱɺɬɚɯ ɫɨɜɟɪɲɟɧɧɨ ɧɟɨɛɹɡɚɬɟɥɶɧɨ ɩɨɥɶɡɨɜɚɬɶɫɹ ɤɚɥɶɤɭɥɹ-
ɬɨɪɨɦ, ɜɟɞɶ ɬɨɱɧɨɟ ɡɧɚɱɟɧɢɟ ɱɢɫɥɚ ɧɚɫ ɧɟ ɢɧɬɟɪɟɫɭɟɬ, ɩɨɷɬɨɦɭ ɩɪɢ ɨɰɟɧɤɚɯ ɦɨɠɧɨ ɞɟɥɚɬɶ ɞɨɜɨɥɶɧɨ 
ɝɪɭɛɵɟ ɩɪɢɛɥɢɠɟɧɢɹ (ɬɚɛɥɢɰɚ 1). 

Ɍɚɛɥɢɰɚ 1 

ɉɪɢɛɥɢɠɺɧɧɵɟ ɡɧɚɱɟɧɢɹ ɧɟɤɨɬɨɪɵɯ ɱɢɫɟɥ, ɢɫɩɨɥɶɡɭɟɦɵɟ  
ɩɪɢ ɯɢɦɢɱɟɫɤɢɯ ɪɚɫɱɺɬɚɯ 

ɑɢɫɥɨ ʌ ɟ √2 ln 2 ln 3 ln 10 lg 2 

ɉɪɢɛɥɢɠɺɧɧɨɟ ɡɧɚɱɟɧɢɟ 3,14 2,7 1,4 0,7 1,1 2,3 0,3 

 



 

 

 

 

 

 

ɋɟɤɰɢɹ 3: ɉɫɢɯɨɥɨɝɨ-ɩɟɞɚɝɨɝɢɱɟɫɤɢɟ ɚɫɩɟɤɬɵ ɧɟɩɪɟɪɵɜɧɨɝɨ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɨɛɪɚɡɨɜɚɧɢɹ 
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ɉɪɢ ɪɚɫɱɟɬɟ ɨɰɟɧɨɱɧɵɯ ɡɧɚɱɟɧɢɣ ɩɪɢ ɪɟɲɟɧɢɢ ɯɢɦɢɱɟɫɤɢɯ ɡɚɞɚɱ ɡɚɱɚɫɬɭɸ ɧɚɞɨ ɨɱɟɧɶ ɯɨɪɨɲɨ 
ɩɪɟɞɫɬɚɜɥɹɬɶ ɷɥɟɦɟɧɬɚɪɧɵɟ ɫɜɨɣɫɬɜɚ ɮɭɧɤɰɢɢ 10ɯ, ɧɚɩɪɢɦɟɪ 

1) 10ɯ·10ɭ = 10ɯ+ɭ; 2) (10ɯ)ɭ = 10ɯɭ; 3) 10° = 1 

ɢ ɨɛɪɚɬɧɨɣ ɟɣ ɮɭɧɤɰɢɢ – ɞɟɫɹɬɢɱɧɨɝɨ ɥɨɝɚɪɢɮɦɚ, lg(x), ɧɚɩɪɢɦɟɪ 
1) lg(xy)=lg(x) + lg(y); 2) l g 1 = 0 ; 3 ) lg(10ɯ) = ɯ. 
Ⱦɥɹ ɨɰɟɧɤɢ ɱɢɫɥɚ ɚ ɜ ɩɪɟɞɫɬɚɜɥɟɧɢɢ ɚ·10ɯ ɢɫɩɨɥɶɡɭɸɬ ɨɤɪɭɝɥɟɧɢɟ ɞɨ ɛɥɢɠɚɣɲɢɯ ɰɟɥɵɯ ɱɢɫɟɥ. ȼ 

ɩɪɨɢɡɜɟɞɟɧɢɢ ɞɜɭɯ ɱɢɫɟɥ ɨɞɧɨ ɢɡ ɧɢɯ ɨɤɪɭɝɥɹɸɬ ɫ ɭɜɟɥɢɱɟɧɢɟɦ, ɞɪɭɝɨɟ – ɫ ɭɦɟɧɶɲɟɧɢɟɦ, ɧɚɩɪɢɦɟɪ 
292·607≈ 300 · 600 = 1,8 · 105. 

Ʉɪɨɦɟ ɩɪɢɜɟɞɟɧɧɵɯ ɜɵɲɟ ɩɪɢɟɦɨɜ ɞɥɹ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɯ ɨɰɟɧɨɤ ɧɚɞɨ ɩɪɟɞɫɬɚɜɥɹɬɶ ɫɟɛɟ ɩɨ 
ɩɨɪɹɞɤɭ ɜɟɥɢɱɢɧɵ, ɨɛɹɡɚɬɟɥɶɧɨ ɜɦɟɫɬɟ ɫ ɪɚɡɦɟɪɧɨɫɬɶɸ, ɨɫɧɨɜɧɵɟ ɤɨɧɫɬɚɧɬɵ – ɱɢɫɥɨ Ⱥɜɨɝɚɞɪɨ 
(6,02·1023 ɦɨɥɶ -1), ɭɧɢɜɟɪɫɚɥɶɧɭɸ ɝɚɡɨɜɭɸ ɩɨɫɬɨɹɧɧɭɸ (8,314 Ⱦɠ/(ɦɨɥɶ·Ʉ), ɩɨɫɬɨɹɧɧɭɸ Ɏɚɪɚɞɟɹ 
(96 500 Ʉɥ/ɦɨɥɶ). 

ɉɪɢɜɟɞɟɦ ɧɟɤɨɬɨɪɵɟ ɩɪɢɦɟɪɵ ɨɰɟɧɨɤ, ɩɨɥɭɱɟɧɧɵɯ ɛɟɡ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ ɬɟɯɧɢɤɢ. 

ɉɪɢɦɟɪ 1. Ɉɰɟɧɢɬɟ ɨɛɳɟɟ ɱɢɫɥɨ ɦɨɥɟɤɭɥ ɜ ɚɭɞɢɬɨɪɢɢ ɪɚɡɦɟɪɨɦ 6104 ɦ3 ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 
25°ɋ ɢ ɞɚɜɥɟɧɢɢ 750 ɦɦ ɪɬ. cɬ [1]. 

Ɋɟɲɟɧɢɟ. ȼɵɪɚɡɢɦ ɞɚɜɥɟɧɢɟ ɜ ɫɢɫɬɟɦɟ ɟɞɢɧɢɰ ɋɂ: Ɋ = 750/760·101 300 ≈ 105 ɉɚ. Ɋɚɫɫɱɢɬɚɟɦ 

ɤɨɥɢɱɟɫɬɜɨ ɜɟɳɟɫɬɜɚ ɩɨ ɭɪɚɜɧɟɧɢɸ Ɇɟɧɞɟɥɟɟɜɚ-Ʉɥɚɩɟɣɪɨɧɚ:  
n = PV/RT = (105 ɉɚ· 240 ɦ3)/(8,314 Ⱦɠ/(ɦɨɥɶ·Ʉ)·298 Ʉ) ≈ (105·240)/(8·300) = 104 ɦɨɥɶ. 
N = n·NA = 104 ɦɨɥɶ·6,02·1023 ɦɨɥɶ -1 ≈ 6·1027. 

ɉɪɢɦɟɪ 2. Ɉɰɟɧɢɬɟ, ɜɨ ɫɤɨɥɶɤɨ ɪɚɡ ɭɜɟɥɢɱɢɬɫɹ ɩɪɢ 25°ɋ ɫɤɨɪɨɫɬɶ ɪɟɚɤɰɢɢ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɤɚɬɚ-
ɥɢɡɚɬɨɪɚ, ɭɦɟɧɶɲɚɸɳɟɝɨ ɷɧɟɪɝɢɸ ɚɤɬɢɜɚɰɢɢ ɧɚ 20 ɤȾɠ/ɦɨɥɶ [2]. 

Ɋɟɲɟɧɢɟ. ɂɡ ɭɪɚɜɧɟɧɢɹ Ⱥɪɪɟɧɢɭɫɚ ɞɥɹ ɤɨɧɫɬɚɧɬɵ ɫɤɨɪɨɫɬɢ (k = Ae-E/RT) ɫɥɟɞɭɟɬ, ɱɬɨ ɩɪɢ 

ɭɦɟɧɶɲɟɧɢɢ ɷɧɟɪɝɢɢ ɚɤɬɢɜɚɰɢɢ ɧɚ ǻE ɤɨɧɫɬɚɧɬɚ ɫɤɨɪɨɫɬɢ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɜ eǻE/RT ɪɚɡ. Ɉɰɟɧɢɦ ɷɬɨ 
ɱɢɫɥɨ: e20000/8,314·298 ≈ e20000/8·300 ≈ ɟ8 = ɟ· ɟ7 ≈ 2,7· 1000 ≈3000. Ȼɨɥɟɟ ɬɨɱɧɵɣ ɪɚɫɱɟɬ ɧɚ ɤɚɥɶɤɭɥɹɬɨɪɟ ɞɚɟɬ 
ɱɢɫɥɨ 3 205. 

Ɍɟɩɟɪɶ ɩɪɢɦɟɧɢɦ ɦɟɬɨɞɵ ɨɰɟɧɨɤ ɤ ɷɧɟɪɝɟɬɢɱɟɫɤɢɦ ɩɪɨɛɥɟɦɚɦ. ɋɪɚɜɧɢɦ ɷɧɟɪɝɢɸ ɹɞɟɪɧɵɯ ɢ 

ɯɢɦɢɱɟɫɤɢɯ ɪɟɚɤɰɢɣ. 

ɉɪɢɦɟɪ 3. ɋɪɟɞɢ ɜɫɟɯ ɜɢɞɨɜ ɬɨɩɥɢɜɚ ɜɨɞɨɪɨɞ ɇ2 ɨɛɥɚɞɚɟɬ ɧɚɢɛɨɥɶɲɟɣ ɭɞɟɥɶɧɨɣ ɬɟɩɥɨɬɨɣ ɫɝɨ-
ɪɚɧɢɹ. Ɉɰɟɧɢɬɟ, ɜɨ ɫɤɨɥɶɤɨ ɪɚɡ ɬɟɩɥɨɬɚ ɫɝɨɪɚɧɢɹ 1 ɝ ɦɨɥɟɤɭɥɹɪɧɨɝɨ ɜɨɞɨɪɨɞɚ ɦɟɧɶɲɟ ɷɧɟɪɝɢɢ, ɜɵɞɟ-
ɥɹɸɳɟɣɫɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɩɪɟɜɪɚɳɟɧɢɹ 1 ɝ ɹɞɟɪ ɜɨɞɨɪɨɞɚ ɜ ɹɞɪɚ ɝɟɥɢɹ. ɇɟɨɛɯɨɞɢɦɚɹ ɢɧɮɨɪɦɚɰɢɹ: 1) 

ɬɟɩɥɨɬɚ ɨɛɪɚɡɨɜɚɧɢɹ ɠɢɞɤɨɣ ɜɨɞɵ ɪɚɜɧɚ 286 ɤȾɠ/ɦɨɥɶ; 2) ɞɟɮɟɤɬ ɦɚɫɫɵ ɜ ɹɞɟɪɧɨɣ ɪɟɚɤɰɢɢ 4 ɇ ĺ 

ɇɟ + 2e+ ɫɨɫɬɚɜɥɹɟɬ 0,0063 ɚ. ɟ. ɦ. ɜ ɪɚɫɱɟɬɟ ɧɚ ɨɞɧɨ ɹɞɪɨ ɇ [1]. 

Ɋɟɲɟɧɢɟ. ɇɚɣɞɟɦ ɬɟɩɥɨɬɭ ɫɝɨɪɚɧɢɹ ɜɨɞɨɪɨɞɚ. ɂɡ 1 ɦɨɥɶ (2 ɝ) ɜɨɞɨɪɨɞɚ ɜ ɪɟɡɭɥɶɬɚɬɟ ɪɟɚɤɰɢɢ ɇ2 + 

½ Ɉ2ĺ ɇ2Ɉ(ɠ) ɨɛɪɚɡɭɟɬɫɹ 1 ɦɨɥɶ ɠɢɞɤɨɣ ɜɨɞɵ ɢ ɜɵɞɟɥɹɟɬɫɹ 286 ɤȾɠ. ɍɞɟɥɶɧɚɹ ɬɟɩɥɨɬɚ ɫɝɨɪɚɧɢɹ ɇ2 

ɫɨɫɬɚɜɥɹɟɬ 143 ɤȾɠ/ɝ. Ɉɰɟɧɢɦ ɷɧɟɪɝɢɸ ɹɞɟɪɧɨɣ ɪɟɚɤɰɢɢ. ɂɡ ɭɫɥɨɜɢɹ ɫɥɟɞɭɟɬ, ɱɬɨ ɞɟɮɟɤɬ ɦɚɫɫɵ ɜ ɪɚɫ-
ɱɟɬɟ ɧɚ 1 ɝ ɹɞɟɪ ɜɨɞɨɪɨɞɚ ɫɨɫɬɚɜɥɹɟɬ 0,0063 ɝ. Ⱦɥɹ ɪɚɫɱɟɬɚ ɷɧɟɪɝɢɢ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɷɬɨɣ ɦɚɫɫɟ, ɢɫ-
ɩɨɥɶɡɭɟɦ ɮɨɪɦɭɥɭ  ɗɣɧɲɬɟɣɧɚ  ȿ   =   mɫ2.   ȼɫɟ  ɜɟɥɢɱɢɧɵ   ɩɪɟɞɫɬɚɜɢɦ ɜ ɫɢɫɬɟɦɟ ɋɂ. ȿ = 0,0063·10-3 

ɤɝ·(3·108 ɦ/ɫ)2 ≈ 6,3·10-6 ·9·1016  ≈ 60·1010 = 6·1011 Ⱦɠ = 6·108 ɤȾɠ. ɗɬɚ ɷɧɟɪɝɢɹ ɛɨɥɶɲɟ ɭɞɟɥɶɧɨɣ ɷɧɟɪɝɢɢ 

ɫɝɨɪɚɧɢɹ ɦɨɥɟɤɭɥɹɪɧɨɝɨ ɜɨɞɨɪɨɞɚ ɜ 6·108/143  ≈ 600/150·106 = 4·106 ɪɚɡ. ɇɚ ɨɫɧɨɜɟ ɷɬɢɯ ɪɚɫɱɺɬɨɜ ɦɨɠɧɨ 
ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ ɷɧɟɪɝɢɢ ɹɞɟɪɧɵɯ ɢ ɯɢɦɢɱɟɫɤɢɯ ɪɟɚɤɰɢɣ ɨɬɥɢɱɚɸɬɫɹ ɧɚ 6 ɩɨɪɹɞɤɨɜ. 

Ƚɟɨɦɟɬɪɢɱɟɫɤɢɟ ɢɞɟɢ ɢɫɩɨɥɶɡɭɸɬɫɹ ɜ ɯɢɦɢɢ ɩɪɢ ɚɧɚɥɢɡɟ ɪɚɫɩɨɥɨɠɟɧɢɹ ɚɬɨɦɨɜ ɜ ɦɨɥɟɤɭɥɚɯ 
ɢɥɢ ɨɬɞɟɥɶɧɵɯ ɱɚɫɬɢɰ (ɦɨɥɟɤɭɥ, ɚɬɨɦɨɜ ɢ ɢɨɧɨɜ) ɜ ɛɨɥɟɟ ɤɪɭɩɧɵɯ ɚɝɪɟɝɚɬɚɯ – ɤɪɢɫɬɚɥɥɚɯ, ɤɥɚɫɬɟɪɚɯ, 
ɦɢɰɟɥɥɚɯ, ɧɚɧɨɱɚɫɬɢɰɚɯ. Ɇɵ ɧɟ ɛɭɞɟɦ ɩɟɪɟɱɢɫɥɹɬɶ ɜɫɟ ɝɟɨɦɟɬɪɢɱɟɫɤɢɟ ɮɨɪɦɭɥɵ, ɢɫɩɨɥɶɡɭɟɦɵɟ ɜ 
ɯɢɦɢɢ, ɚ ɪɚɫɫɦɨɬɪɢɦ ɧɟɫɤɨɥɶɤɨ ɤɨɧɤɪɟɬɧɵɯ ɩɪɢɦɟɪɨɜ. 

ɉɪɢɦɟɪ 4. Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɫɬɪɭɤɬɭɪɵ ɦɨɥɟɤɭɥ ɜ ɝɚɡɨɜɨɣ ɮɚɡɟ ɢɫɩɨɥɶɡɭɸɬ ɦɟɬɨɞ ɷɥɟɤɬɪɨɧɨ-
ɝɪɚɮɢɢ, ɤɨɬɨɪɵɣ ɩɨɡɜɨɥɹɟɬ ɧɚɣɬɢ ɦɟɠɴɹɞɟɪɧɵɟ ɪɚɫɫɬɨɹɧɢɹ ɜ ɦɨɥɟɤɭɥɟ ɩɨ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɭɩɪɭɝɨɝɨ 
ɪɚɫɫɟɹɧɢɹ ɷɥɟɤɬɪɨɧɨɜ. ɉɨ ɞɚɧɧɵɦ ɨɞɧɨɝɨ ɢɡ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɦɟɠɴɹɞɟɪɧɵɟ ɪɚɫɫɬɨɹɧɢɹ ɜ ɦɨɥɟɤɭɥɟ 
NCl3 ɨɤɚɡɚɥɢɫɶ ɪɚɜɧɵ: r(N-Cl) = 0,176 ɧɦ, r(ɋ1-ɋ1) = 0,283 ɧɦ. ɍɫɬɚɧɨɜɢɬɟ, ɤɚɤɭɸ ɝɟɨɦɟɬɪɢɱɟɫɤɭɸ 

ɮɢɝɭɪɭ ɨɛɪɚɡɭɸɬ ɹɞɪɚ ɚɬɨɦɨɜ ɜ ɷɬɨɣ ɦɨɥɟɤɭɥɟ. Ʉɚɤɨɣ ɬɢɩ ɝɢɛɪɢɞɢɡɚɰɢɢ ɰɟɧɬɪɚɥɶɧɨɝɨ ɚɬɨɦɚ ɩɨɡɜɨ-
ɥɹɟɬ ɨɩɢɫɚɬɶ ɞɚɧɧɨɟ ɫɬɪɨɟɧɢɟ ɦɨɥɟɤɭɥɵ [2]? 

Ɋɟɲɟɧɢɟ. ȼɫɟ ɬɪɢ ɫɜɹɡɢ N-C1 ɜ ɦɨɥɟɤɭɥɟ NCl3 ɨɞɢɧɚɤɨɜɵ. Ɇɨɥɟɤɭɥɚ ɦɨɠɟɬ ɢɦɟɬɶ ɮɨɪɦɭ ɩɪɚ-
ɜɢɥɶɧɨɝɨ ɬɪɟɭɝɨɥɶɧɢɤɚ, ɟɫɥɢ ɚɬɨɦ ɚɡɨɬɚ ɧɚɯɨɞɢɬɫɹ ɜ ɩɥɨɫɤɨɫɬɢ, ɨɛɪɚɡɨɜɚɧɧɨɣ ɬɪɟɦɹ ɚɬɨɦɚɦɢ ɯɥɨɪɚ. 
ȿɫɥɢ ɠɟ ɚɬɨɦ ɚɡɨɬɚ ɥɟɠɢɬ ɜɧɟ ɷɬɨɣ ɩɥɨɫɤɨɫɬɢ, ɬɨ ɦɨɥɟɤɭɥɚ ɢɦɟɟɬ ɮɨɪɦɭ ɬɪɟɭɝɨɥɶɧɨɣ ɩɢɪɚɦɢɞɵ. ȼ 

ɩɟɪɜɨɦ ɫɥɭɱɚɟ ɭɝɨɥ ɦɟɠɞɭ ɫɜɹɡɹɦɢ ɪɚɜɟɧ 120°, ɜɨ ɜɬɨɪɨɦ ɫɥɭɱɚɟ – ɧɟɬ. Ⱦɥɹ ɧɚɯɨɠɞɟɧɢɹ ɷɬɨɝɨ ɭɝɥɚ 
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ɪɚɫɫɦɨɬɪɢɦ ɪɚɜɧɨɛɟɞɪɟɧɧɵɣ ɬɪɟɭɝɨɥɶɧɢɤ ɋ1-N-C1. ɉɨ ɬɟɨɪɟɦɟ ɤɨɫɢɧɭɫɨɜ r(ɋ1-ɋ1)2 = r(N-Cl)2 + r(N-

Cl)2 -2r(N-Cl)2 cos Cl-N-Cl, ɨɬɤɭɞɚ ɩɨɥɭɱɚɟɦ cos Cl-N-Cl = 1 – 0,2832/(2·0,1762) = – 0,293;  Cl-

N-Cl = 107 º. ɗɬɨ ɨɡɧɚɱɚɟɬ, ɱɬɨ ɦɨɥɟɤɭɥɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɬɪɟɭɝɨɥɶɧɭɸ ɩɢɪɚɦɢɞɭ. ɐɟɧɬɪɚɥɶɧɵɣ 

ɚɬɨɦ ɚɡɨɬɚ ɧɚɯɨɞɢɬɫɹ ɜ ɫɨɫɬɨɹɧɢɢ sp3-ɝɢɛɪɢɞɢɡɚɰɢɢ. 

ɉɪɢɦɟɪ 5. ɇɚɧɨɱɚɫɬɢɰɵ ɡɨɥɨɬɚ – ɨɱɟɧɶ ɩɟɪɫɩɟɤɬɢɜɧɵɣ ɨɛɴɟɤɬ ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɣ. ȼɨ-ɩɟɪɜɵɯ, 
ɢɯ ɫɜɨɣɫɬɜɚ ɫɢɥɶɧɨ ɨɬɥɢɱɚɸɬɫɹ ɨɬ ɫɜɨɣɫɬɜ ɨɛɴɟɦɧɵɯ ɨɛɪɚɡɰɨɜ ɦɟɬɚɥɥɚ: ɬɚɤ, ɟɫɥɢ ɨɛɵɱɧɨɟ ɡɨɥɨɬɨ 
ɹɜɥɹɟɬɫɹ ɞɢɚɦɚɝɧɟɬɢɤɨɦ, ɬ. ɟ. ɫɨɜɫɟɦ ɧɟ ɩɪɨɹɜɥɹɟɬ ɦɚɝɧɢɬɧɵɯ ɫɜɨɣɫɬɜ, ɬɨ ɧɚɧɨɱɚɫɬɢɰɵ ɡɨɥɨɬɚ ɜɟɞɭɬ 
ɫɟɛɹ ɤɚɤ ɮɟɪɪɨɦɚɝɧɢɬɧɵɟ ɱɚɫɬɢɰɵ. ȼɨ-ɜɬɨɪɵɯ, ɨɤɚɡɚɥɨɫɶ, ɱɬɨ ɧɚɧɨɱɚɫɬɢɰɵ ɡɨɥɨɬɚ ɦɨɠɧɨ ɢɫɩɨɥɶɡɨ-
ɜɚɬɶ ɞɥɹ ɞɢɚɝɧɨɫɬɢɤɢ ɪɚɤɚ, ɬɚɤ ɤɚɤ ɨɧɢ ɜɨ ɦɧɨɝɨ ɪɚɡ ɥɟɝɱɟ ɫɜɹɡɵɜɚɸɬɫɹ ɫ ɛɨɥɶɧɵɦɢ ɤɥɟɬɤɚɦɢ, ɱɟɦ ɫɨ 
ɡɞɨɪɨɜɵɦɢ. ɋɜɹɡɚɧɧɵɟ ɧɚɧɨɱɚɫɬɢɰɵ ɯɨɪɨɲɨ ɪɚɫɫɟɢɜɚɸɬ ɢ ɨɬɪɚɠɚɸɬ ɫɜɟɬ, ɩɨɷɬɨɦɭ ɦɟɫɬɨ ɥɨɤɚɥɢɡɚ-
ɰɢɢ ɨɩɭɯɨɥɟɜɵɯ ɤɥɟɬɨɤ ɥɟɝɤɨ ɭɜɢɞɟɬɶ ɫ ɩɨɦɨɳɶɸ ɨɛɵɱɧɨɝɨ ɦɢɤɪɨɫɤɨɩɚ. Ɉɰɟɧɢɬɟ ɱɢɫɥɨ ɚɬɨɦɨɜ ɜ 
ɧɚɧɨɱɚɫɬɢɰɟ ɡɨɥɨɬɚ ɞɢɚɦɟɬɪɨɦ 3 ɧɦ. Ɋɚɞɢɭɫ ɚɬɨɦɚ Ⱥu ɫɨɫɬɚɜɥɹɟɬ 0,144 ɧɦ. ɋɜɨɛɨɞɧɵɦ ɨɛɴɟɦɨɦ ɦɟ-
ɠɞɭ ɚɬɨɦɚɦɢ ɦɨɠɧɨ ɩɪɟɧɟɛɪɟɱɶ [2].  

Ɋɟɲɟɧɢɟ. ɉɪɟɞɥɚɝɚɟɦ ɞɚɬɶ ɨɰɟɧɤɭ ɱɢɫɥɚ ɚɬɨɦɨɜ ɩɨ ɩɨɪɹɞɤɭ ɜɟɥɢɱɢɧɵ. Ɉɛɳɟɟ ɱɢɫɥɨ ɚɬɨɦɨɜ 
ɪɚɜɧɨ ɨɬɧɨɲɟɧɢɸ ɨɛɴɟɦɚ ɧɚɧɨɱɚɫɬɢɰɵ ɤ ɨɛɴɟɦɭ ɚɬɨɦɚ. ɉɨ ɭɫɥɨɜɢɸ ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ ɨɛɟ ɱɚɫɬɢɰɵ 

ɢɦɟɸɬ ɮɨɪɦɭ ɲɚɪɚ, ɬɨɝɞɚ N = (4/3 ʌrɧɱ3)/ (4/3 ʌrɚɬ3) = (1,5/0,144)3 ≈ 103.  

Ʉɨɦɛɢɧɚɬɨɪɢɤɚ, ɢɥɢ ɤɨɦɛɢɧɚɬɨɪɧɵɣ ɚɧɚɥɢɡ – ɷɬɨ ɪɚɡɞɟɥ ɦɚɬɟɦɚɬɢɤɢ, ɜ ɤɨɬɨɪɨɦ ɪɚɫɫɦɚɬɪɢɜɚ-
ɸɬɫɹ ɡɚɞɚɱɢ, ɫɜɹɡɚɧɧɵɟ ɫ ɜɵɛɨɪɨɦ ɷɥɟɦɟɧɬɨɜ ɦɧɨɠɟɫɬɜɚ ɩɨ ɨɩɪɟɞɟɥɺɧɧɵɦ ɩɪɚɜɢɥɚɦ. ȼ ɯɢɦɢɢ ɤɨɦ-

ɛɢɧɚɬɨɪɢɤɚ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɨɰɟɧɤɢ ɜɟɪɨɹɬɧɨɫɬɢ ɬɨɣ ɢɥɢ ɢɧɨɣ ɤɨɧɮɢɝɭɪɚɰɢɢ ɱɚɫɬɢɰ, ɱɢɫɥɚ ɢɡɨɦɟ-
ɪɨɜ, ɨɩɪɟɞɟɥɟɧɢɹ ɱɢɫɥɚ ɦɢɤɪɨɫɨɫɬɨɹɧɢɣ ɩɨ ɮɨɪɦɭɥɟ Ȼɨɥɶɰɦɚɧɚ. Ⱦɥɹ ɷɬɨɝɨ ɫɬɭɞɟɧɬ ɞɨɥɠɟɧ ɜɥɚɞɟɬɶ 
ɬɚɤɢɦ ɜɨɩɪɨɫɚɦɢ ɤɨɦɛɢɧɚɬɨɪɢɤɢ, ɤɚɤ ɩɟɪɟɫɬɚɧɨɜɤɢ, ɫɨɱɟɬɚɧɢɹ, ɪɚɡɦɟɳɟɧɢɹ. 

ɉɪɢɦɟɪ 6. ɋɤɨɥɶɤɨ ɫɭɳɟɫɬɜɭɟɬ ɪɚɡɥɢɱɧɵɯ ɝɚɥɨɝɟɧɩɪɨɢɡɜɨɞɧɵɯ ɦɟɬɚɧɚ ɜɢɞɚ ɋH2XY, ɝɞɟ ɏ ɢ Y 

– ɚɬɨɦɵ ɝɚɥɨɝɟɧɨɜ [3]? 

Ɋɟɲɟɧɢɟ. ɉɨɪɹɞɨɤ ɪɚɡɦɟɳɟɧɢɹ ɝɚɥɨɝɟɧɨɜ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɪɨɥɢ ɧɟ ɢɝɪɚɟɬ, ɬ.ɤ. ɭ ɦɨɥɟɤɭɥ ɷɬɨɝɨ 
ɜɢɞɚ ɧɟɬ ɢɡɨɦɟɪɨɜ. ɑɢɫɥɨ ɪɚɡɥɢɱɧɵɯ ɜɟɳɟɫɬɜ ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɨɱɟɬɚɧɢɟɦ ɢɡ ɱɟɬɵɪɺɯ ɝɚɥɨɝɟɧɨɜ (ɮɬɨɪ, 
ɯɥɨɪ, ɛɨɪɦ, ɣɨɞ) ɩɨ ɞɜɚ ɩɨɥɨɠɟɧɢɹ ɜ ɦɨɥɟɤɭɥɟ. ȼ ɤɨɦɛɢɧɚɬɨɪɢɤɟ ɞɨɤɚɡɚɧɨ, ɱɬɨ ɱɢɫɥɨ ɫɨɱɟɬɚɧɢɣ ɢɡ n 

ɩɨ k ɪɚɜɧɨ ɛɢɧɨɦɢɚɥɶɧɨɦɭ ɤɨɷɮɮɢɰɢɟɧɬɭ ɋn
k.  

ɋn
k = n!/(k!(n-k)!) = 4!/(2!2!) = 6, ɬ.ɟ. ɫɭɳɟɫɬɜɭɟɬ ɲɟɫɬɶ ɜɟɳɟɫɬɜ. 

ɉɪɢɦɟɪ 7. ɋɤɨɥɶɤɨ ɬɪɢɩɟɩɬɢɞɨɜ, ɫɨɞɟɪɠɚɳɢɯ ɬɪɢ ɪɚɡɥɢɱɧɵɯ ɚɦɢɧɨɤɢɫɥɨɬɧɵɯ ɨɫɬɚɬɤɚ, ɦɨɠɧɨ 
ɫɨɫɬɚɜɢɬɶ ɢɡ 20 ɚɦɢɧɨɤɢɫɥɨɬ? 

Ɋɟɲɟɧɢɟ. ɉɟɩɬɢɞɵ – ɧɟɫɢɦɦɟɬɪɢɱɧɵɟ ɦɨɥɟɤɭɥɵ, ɞɥɹ ɧɢɯ ɜɚɠɟɧ ɩɨɪɹɞɨɤ ɪɚɫɩɨɥɨɠɟɧɢɹ ɚɦɢɧɨɤɢɫɥɨɬ. 
ɉɨɷɬɨɦɭ ɱɢɫɥɨ ɬɪɢɩɟɩɬɢɞɨɜ ɪɚɜɧɨ ɱɢɫɥɭ ɪɚɡɦɟɳɟɧɢɣ 20 ɚɦɢɧɨɤɢɫɥɨɬ ɩɨ ɬɪɺɦ ɩɨɡɢɰɢɹɦ ɜ ɬɪɢɩɟɩɬɢɞɟ: 

Ⱥ3
20 = 20!/(20-3)! = 20·19·18 = 6 840.  

ɉɪɢɜɟɞɺɧɧɵɟ ɩɪɢɦɟɪɵ ɹɜɥɹɸɬɫɹ ɬɨɥɶɤɨ ɦɚɥɨɣ ɱɚɫɬɶɸ ɢɡ ɨɝɪɨɦɧɨɝɨ ɦɧɨɝɨɨɛɪɚɡɢɹ ɯɢɦɢɱɟ-
ɫɤɢɯ ɡɚɞɚɱ, ɪɟɲɟɧɢɟ ɤɨɬɨɪɵɯ ɧɟɜɨɡɦɨɠɧɨ ɛɟɡ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɦɟɬɨɞɨɜ ɢ ɩɪɢɺɦɨɜ. 
Ɋɚɡɭɦɟɟɬɫɹ, ɢɡɜɟɫɬɧɨ ɦɧɨɝɨ ɯɨɪɨɲɢɯ ɯɢɦɢɤɨɜ, ɤɨɬɨɪɵɟ ɩɪɢɡɧɚɸɬɫɹ ɜ ɬɨɦ, ɱɬɨ ɧɟ ɜ ɥɚɞɚɯ ɫ ɦɚɬɟɦɚɬɢ-

ɤɨɣ. Ɉɞɧɚɤɨ ɬɨɬ, ɤɬɨ ɯɨɪɨɲɨ ɜɥɚɞɟɟɬ ɦɚɬɟɦɚɬɢɱɟɫɤɢɦ ɢɧɫɬɪɭɦɟɧɬɚɪɢɟɦ, ɢɦɟɟɬ ɝɨɪɚɡɞɨ ɛɨɥɶɲɟ ɜɨɡ-
ɦɨɠɧɨɫɬɟɣ ɞɥɹ ɩɨɡɧɚɧɢɹ ɦɢɪɚ ɜɟɳɟɫɬɜ. 
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