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Ⱦɟɜɹɬɵɣ ɤɥɚɫɫ 

Ɂɚɞɚɱɚ 9-1 

ɇɚɜɟɫɤɭ ɧɟɢɡɜɟɫɬɧɨɝɨ ɦɢɧɟɪɚɥɚ ɏ ɦɚɫɫɨɣ 1,00 ɝ ɫɦɟɲɚɥɢ ɫ ɢɡɛɵɬɤɨɦ 

ɤɚɪɛɨɧɚɬɚ ɧɚɬɪɢɹ ɢ ɫɩɥɚɜɢɥɢ ɧɚ ɜɨɡɞɭɯɟ (ɪɟɚɤɰɢɹ 1). ɉɨɥɭɱɟɧɧɭɸ ɫɦɟɫɶ ɜɧɟɫɥɢ 

ɜ ɝɨɪɹɱɭɸ ɜɨɞɭ (ɪɟɚɤɰɢɢ β ɢ γ). ɉɪɢ ɷɬɨɦ ɨɛɪɚɡɨɜɚɥɫɹ ɛɭɪɵɣ ɨɫɚɞɨɤ Ⱥ, ɤɨɬɨɪɵɣ 

ɨɬɮɢɥɶɬɪɨɜɚɥɢ ɢ ɩɪɨɤɚɥɢɥɢ ɩɪɢ 500 °C (ɪɟɚɤɰɢɹ 4). Ɇɚɫɫɚ ɩɨɥɭɱɟɧɧɨɝɨ 

ɤɪɚɫɧɨɝɨ ɩɨɪɨɲɤɚ Ȼ ɫɨɫɬɚɜɢɥɚ 0,46 ɝ. ɑɟɪɟɡ ɮɢɥɶɬɪɚɬ ɩɪɨɩɭɫɬɢɥɢ ɬɨɤ 

ɭɝɥɟɤɢɫɥɨɝɨ ɝɚɡɚ (ɪɟɚɤɰɢɹ 5), ɜɵɞɟɥɢɜɲɢɣɫɹ ɩɪɢ ɷɬɨɦ ɛɟɥɵɣ ɨɫɚɞɨɤ Ƚ ɨɬɞɟɥɢɥɢ 

ɢ ɬɨɠɟ ɩɪɨɤɚɥɢɥɢ (ɪɟɚɤɰɢɹ 6). Ɇɚɫɫɚ ɨɛɪɚɡɨɜɚɜɲɟɝɨɫɹ ɨɫɬɚɬɤɚ Ⱦ ɫɨɫɬɚɜɢɥɚ 

0,59 ɝ.  

 1. Ɉɩɪɟɞɟɥɢɬɟ ɮɨɪɦɭɥɭ ɦɢɧɟɪɚɥɚ ɏ. ɉɪɢ ɫɢɥɶɧɨɦ ɧɚɝɪɟɜɚɧɢɢ ɫɦɟɫɢ Ȼ ɢ Ⱦ 

ɦɨɠɟɬ ɛɵɬɶ ɩɨɥɭɱɟɧ ɢɫɯɨɞɧɵɣ ɦɢɧɟɪɚɥ ɏ (ɪɟɚɤɰɢɹ 7). 

 2. ɇɚɩɢɲɢɬɟ ɭɪɚɜɧɟɧɢɹ ɩɪɨɜɟɞɟɧɧɵɯ ɪɟɚɤɰɢɣ (7 ɭɪɚɜɧɟɧɢɣ), ɚ ɬɚɤ ɠɟ 

ɪɟɚɤɰɢɸ ɤɢɫɥɨɬɧɨɝɨ ɜɫɤɪɵɬɢɹ ɦɢɧɟɪɚɥɚ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɨɣ ɚɡɨɬɧɨɣ ɤɢɫɥɨɬɨɣ 

(ɪɟɚɤɰɢɹ 8). 

 

Ɂɚɞɚɱɚ 9-2 

ɋɥɨɠɧɵɟ ɜɟɳɟɫɬɜɚ A, ȼ, ɋ ɨɛɪɚɡɭɸɬɫɹ ɩɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɞɜɭɯ ɩɪɨɫɬɵɯ 

ɜɟɳɟɫɬɜ X ɢ Z. ȼɟɳɟɫɬɜɨ D, ɩɨɦɢɦɨ X ɢ Z, ɫɨɞɟɪɠɢɬ ɤɢɫɥɨɪɨɞ. Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ 

ɭɤɚɡɚɧɧɵɯ ɜɟɳɟɫɬɜ ɢɫɩɨɥɶɡɨɜɚɥɢ ɪɚɜɧɵɟ ɧɚɜɟɫɤɢ ɏ.
 

 Ɉɠɢɞɚɟɦɵɟ ɩɨ 

ɡɚɜɟɪɲɟɧɢɢ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɦɚɫɫɵ ɨɛɪɚɡɭɸɳɢɯɫɹ ɩɪɨɞɭɤɬɨɜ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ 

ɬɚɛɥɢɰɟ. 

ȼɟɳɟɫɬɜɨ A B C D 

ɫɜɨɣɫɬɜɚ  ɛɰ. ɠɢɞɤɨɫɬɶ ɠɟɥɬ. ɤɪɢɫɬ. ɨɪɚɧɠ.-ɤɪɚɫɧ. ɤɪɢɫɬ. ɛɰ. ɠɢɞɤɨɫɬɶ 

m(ɩɪɨɞɭɤɬɚ), ɝ 1,7484 2,7806 3,8129 1,8516 

ɂɡɜɟɫɬɧɨ, ɱɬɨ ɷɤɫɩɟɪɢɦɟɧɬɚɬɨɪɵ ɩɥɚɧɢɪɨɜɚɥɢ ɩɨɥɭɱɢɬɶ D ɩɭɬɟɦ 

ɨɤɢɫɥɟɧɢɹ Ⱥ ɤɢɫɥɨɪɨɞɨɦ. 

1. Ɉɩɪɟɞɟɥɢɬɟ ɮɨɪɦɭɥɵ ɜɟɳɟɫɬɜ ɏ, Z, Ⱥ–D, ɚɪɝɭɦɟɧɬɢɪɭɣɬɟ ɫɜɨɣ ɜɵɛɨɪ 

ɱɢɫɥɟɧɧɵɦ ɪɚɫɱɟɬɨɦ.  
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2. ȼɵɫɤɚɠɢɬɟ ɚɪɝɭɦɟɧɬɢɪɨɜɚɧɧɨɟ ɩɪɟɞɩɨɥɨɠɟɧɢɟ ɨ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɦ 

ɫɬɪɨɟɧɢɢ ɱɚɫɬɢɰ, ɫɨɫɬɚɜɥɹɸɳɢɯ B ɢ C, ɡɧɚɹ, ɱɬɨ ɷɥɟɦɟɧɬ ɏ ɜ ɧɢɯ 

ɱɟɬɵɪɟɯɜɚɥɟɧɬɟɧ. 

3. Ɉɩɪɟɞɟɥɢɬɟ ɢɫɯɨɞɧɭɸ ɧɚɜɟɫɤɭ ɩɪɨɫɬɨɝɨ ɜɟɳɟɫɬɜɚ ɏ. ȼɵɱɢɫɥɢɬɟ ɨɛɴɟɦɵ 

0,2 Ɇ KOH (ɦɥ), ɧɟɨɛɯɨɞɢɦɵɟ ɞɥɹ ɩɨɥɧɨɣ ɧɟɣɬɪɚɥɢɡɚɰɢɢ ɩɪɨɞɭɤɬɨɜ 

ɪɚɫɬɜɨɪɟɧɢɹ ɜ ɜɨɞɟ 1/10 ɭɤɚɡɚɧɧɵɯ ɧɚɜɟɫɨɤ ɞɥɹ ɤɚɠɞɨɝɨ ɢɡ ɜɟɳɟɫɬɜ Ⱥ–D. 

ɋɨɫɬɚɜɶɬɟ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɭɪɚɜɧɟɧɢɹ ɪɟɚɤɰɢɣ (ɝɢɞɪɨɥɢɡɚ ɢ ɧɟɣɬɪɚɥɢɡɚɰɢɢ). 

 

Ɂɚɞɚɱɚ 9-3 

ɇɚɜɟɫɤɭ ɦɚɫɫɨɣ 1,00 ɝ ɫɜɟɬɥɨ-ɠɟɥɬɨɝɨ ɜɟɳɟɫɬɜɚ (ɏ), ɩɨɥɭɱɟɧɧɨɝɨ 

ɜɡɚɢɦɨɞɟɣɫɬɜɢɟɦ ɞɜɭɯ ɩɪɨɫɬɵɯ ɜɟɳɟɫɬɜ, ɪɚɫɬɜɨɪɢɥɢ ɜ 10 ɦɥ 5 Ɇ ɪɚɫɬɜɨɪɚ 

ɚɡɨɬɧɨɣ ɤɢɫɥɨɬɵ (ɪɚɫɬɜɨɪ 1). ȿɫɥɢ ɤ ɩɨɥɭɱɟɧɧɨɦɭ ɪɚɫɬɜɨɪɭ 1 ɞɨɛɚɜɢɬɶ ɪɚɫɬɜɨɪ 

ɩɟɪɦɚɧɝɚɧɚɬɚ ɤɚɥɢɹ, ɬɨ ɩɪɨɢɫɯɨɞɢɬ ɟɝɨ ɨɛɟɫɰɜɟɱɢɜɚɧɢɟ ɢ ɜɵɞɟɥɹɟɬɫɹ ɝɚɡ 

ɨɛɴɟɦɨɦ β87 ɦɥ (ɧ. ɭ.). Эɬɨɬ ɠɟ ɝɚɡ ɜɵɞɟɥɹɟɬɫɹ ɩɪɢ ɞɨɛɚɜɥɟɧɢɢ 0,1 ɝ ɞɢɨɤɫɢɞɚ 

ɦɚɪɝɚɧɰɚ (IV) ɤ ɪɚɫɬɜɨɪɭ 1, ɧɨ ɨɛɴɟɦ ɜɵɞɟɥɢɜɲɟɝɨɫɹ ɝɚɡɚ ɜɞɜɨɟ ɦɟɧɶɲɟ. ɉɪɢ 

ɷɬɨɦ ɬɟɦɩɟɪɚɬɭɪɚ ɪɚɫɬɜɨɪɚ ɩɨɜɵɲɚɟɬɫɹ ɧɚ β7,γ ɝɪɚɞɭɫɚ. ȿɫɥɢ ɤ ɪɚɫɬɜɨɪɭ 1 

ɩɪɢɥɢɬɶ ɢɡɛɵɬɨɤ ɪɚɫɬɜɨɪɚ ɢɨɞɢɞɚ ɤɚɥɢɹ ɩɨɹɜɥɹɟɬɫɹ ɤɨɪɢɱɧɟɜɨɟ ɨɤɪɚɲɢɜɚɧɢɟ, 

ɤɨɬɨɪɨɟ ɢɫɱɟɡɚɟɬ ɩɪɢ ɞɨɛɚɜɥɟɧɢɢ β5,6 ɦɥ 1 Ɇ ɪɚɫɬɜɨɪɚ ɬɢɨɫɭɥɶɮɚɬɚ ɧɚɬɪɢɹ.  

1. Ɉɩɪɟɞɟɥɢɬɟ ɫɨɫɬɚɜ ɜɟɳɟɫɬɜɚ ɏ. 

2. ɇɚɩɢɲɢɬɟ ɭɪɚɜɧɟɧɢɹ ɪɟɚɤɰɢɣ. 

Ɋɚɫɫɱɢɬɚɣɬɟ ɬɟɩɥɨɬɭ ɨɛɪɚɡɨɜɚɧɢɹ (ɤȾɠ/ɦɨɥɶ) ɜɟɳɟɫɬɜɚ, ɨɛɪɚɡɭɸɳɟɝɨɫɹ ɜ 

ɪɚɫɬɜɨɪɟ 1.  ɋɱɢɬɚɣɬɟ ɩɥɨɬɧɨɫɬɢ ɪɚɫɬɜɨɪɨɜ 1 ɝ/ɦɥ. Ɍɟɩɥɨɟɦɤɨɫɬɶ ɪɚɫɬɜɨɪɨɜ 

ɪɚɜɧɵɦɢ ɬɟɩɥɨɟɦɤɨɫɬɢ ɜɨɞɵ: 4,18 Ⱦɠ/ɝɪɚɞ/ɝ, ɚ ɬɟɩɥɨɬɚ ɨɛɪɚɡɨɜɚɧɢɹ ɠɢɞɤɨɣ 

ɜɨɞɵ ɫɨɫɬɚɜɥɹɟɬ β85,8 ɤȾɠ/ɦɨɥɶ. 
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Ɂɚɞɚɱɚ 9-4 

ɇɟɢɡɜɟɫɬɧɵɣ ɛɟɥɵɣ ɩɨɪɨɲɨɤ, ɫɨɞɟɪɠɚɳɢɣ ɞɜɚ ɦɟɬɚɥɥɚ ɨɞɧɨɣ ɝɪɭɩɩɵ, 

ɭɫɬɨɣɱɢɜ ɤ ɧɚɝɪɟɜɚɧɢɸ ɞɨ 500 °ɋ, ɚ ɩɪɢ ɫɢɥɶɧɨɦ ɩɪɨɤɚɥɢɜɚɧɢɢ ɨɤɪɚɲɢɜɚɟɬ 

ɩɥɚɦɹ ɜ ɤɢɪɩɢɱɧɨ-ɤɪɚɫɧɵɣ ɰɜɟɬ. ɉɪɢ ɨɛɪɚɛɨɬɤɟ 8,92 ɝ ɩɨɪɨɲɤɚ ɪɚɡɛɚɜɥɟɧɧɨɣ 

ɫɨɥɹɧɨɣ ɤɢɫɥɨɬɨɣ ɧɚɛɥɸɞɚɟɬɫɹ ɜɵɞɟɥɟɧɢɟ ɝɚɡɚ Ⱥ. Ɉɛɳɢɣ ɨɛɴɟɦ ɜɵɞɟɥɢɜɲɟɝɨɫɹ 

ɝɚɡɚ Ⱥ ɫɨɫɬɚɜɢɥ 1 ɥ (ɧ. ɭ.). ɉɪɢ ɞɟɣɫɬɜɢɢ ɧɚ ɨɛɪɚɡɨɜɚɜɲɢɣɫɹ ɪɚɫɬɜɨɪ ɢɡɛɵɬɤɨɦ 

ɬɜɟɪɞɨɝɨ ɝɢɞɪɨɤɫɢɞɚ ɧɚɬɪɢɹ ɜɵɞɟɥɢɥɫɹ ɝɚɡ Ȼ ɨɛɴɟɦɨɦ 2 ɥ (ɧ. ɭ.). ɋɨɛɪɚɧɧɵɟ 

ɝɚɡɵ Ⱥ ɢ Ȼ ɤɨɥɢɱɟɫɬɜɟɧɧɨ ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɬ ɞɪɭɝ ɫ ɞɪɭɝɨɦ (ɩɪɢ 150 °C ɢ 

ɩɨɜɵɲɟɧɧɨɦ ɞɚɜɥɟɧɢɢ) ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ  ɛɟɥɨɝɨ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɝɨ ɜɟɳɟɫɬɜɚ Ƚ, 

ɢɫɩɨɥɶɡɭɟɦɨɝɨ ɜ ɤɚɱɟɫɬɜɟ ɭɞɨɛɪɟɧɢɹ. 

1. ɍɫɬɚɧɨɜɢɬɟ ɫɨɫɬɚɜ ɛɟɥɨɝɨ ɩɨɪɨɲɤɚ ɢ ɨɩɪɟɞɟɥɢɬɟ ɜɫɟ ɧɟɢɡɜɟɫɬɧɵɟ 

ɜɟɳɟɫɬɜɚ. 

2. ɇɚɩɢɲɢɬɟ ɭɪɚɜɧɟɧɢɹ ɪɟɚɤɰɢɣ.  

ɑɬɨ ɩɪɨɢɫɯɨɞɢɬ ɩɪɢ ɨɛɪɚɛɨɬɤɟ ɢɫɯɨɞɧɨɝɨ ɩɨɪɨɲɤɚ ɜɨɞɨɣ? Ʉɚɤɨɟ ɜɟɳɟɫɬɜɨ 

ɨɛɪɚɡɭɟɬɫɹ ɩɪɢ ɪɚɫɬɜɨɪɟɧɢɢ Ƚ ɜ ɜɨɞɟ? 

 

Ɂɚɞɚɱɚ 9-5 

Ɏɨɪɦɭɥɚ Ɇɟɧɞɟɥɟɟɜɚ 

Ɉɞɧɚ ɢɡ ɫɚɦɵɯ ɨɫɬɪɵɯ ɩɪɨɛɥɟɦ, ɫɬɨɹɳɢɯ ɩɟɪɟɞ ɦɢɪɨɜɵɦ ɫɨɨɛɳɟɫɬɜɨɦ ɜ 

XXI ɜɟɤɟ – ɨɛɟɫɩɟɱɟɧɧɨɫɬɶ ɷɧɟɪɝɟɬɢɱɟɫɤɢɦɢ ɪɟɫɭɪɫɚɦɢ, ɝɥɚɜɧɵɦ ɢɡ ɤɨɬɨɪɵɯ ɩɨ 

ɫɟɣ ɞɟɧɶ ɨɫɬɚёɬɫɹ ɢɫɤɨɩɚɟɦɨɟ ɫɵɪɶё: ɭɝɨɥɶ, ɧɟɮɬɶ ɢ ɝɚɡ. 

ȿɳё ɜ ɤɨɧɰɟ XIX ɜɟɤɚ Ⱦ. ɂ. Ɇɟɧɞɟɥɟɟɜ ɜɵɜɟɥ ɭɪɚɜɧɟɧɢɟ ɞɥɹ ɪɚɫɱёɬɚ 

ɭɞɟɥɶɧɨɣ ɬɟɩɥɨɬɵ ɫɝɨɪɚɧɢɹ ɬɨɩɥɢɜɚ ɩɨ ɦɚɫɫɨɜɨɦɭ ɫɨɞɟɪɠɚɧɢɸ (%) ɷɥɟɦɟɧɬɨɜ ɜ 

ɟɝɨ ɫɨɫɬɚɜɟ: 

Q(ɤȾɠ/ɤɝ) = 339,γ·ɋ + 1β56·H − 109·(O − S) – 25,β·(9·H + W). 

ɉɟɪɟɦɟɧɧɵɦɢ ɜɟɥɢɱɢɧɚɦɢ ɜ ɭɪɚɜɧɟɧɢɢ ɹɜɥɹɸɬɫɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ 

ɦɚɫɫɨɜɵɟ ɞɨɥɢ (ɜ %) ɷɥɟɦɟɧɬɨɜ (ɋ, H, O ɢ S) ɢ ɜɨɞɵ (W). 

1. ɂɫɩɨɥɶɡɭɹ ɮɨɪɦɭɥɭ Ɇɟɧɞɟɥɟɟɜɚ, ɪɚɫɫɱɢɬɚɣɬɟ ɦɨɥɶɧɵɟ ɬɟɩɥɨɬɵ ɫɝɨɪɚɧɢɹ 

(ɜ ɤȾɠ/ɦɨɥɶ) ɩɪɨɫɬɵɯ ɜɟɳɟɫɬɜ – ɭɝɥɟɪɨɞɚ, ɜɨɞɨɪɨɞɚ, ɫɟɪɵ. Ɂɚɩɢɲɢɬɟ ɭɪɚɜɧɟɧɢɹ 

ɫɝɨɪɚɧɢɹ. 
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2. ȼɵɪɚɡɢɬɟ ɨɛɴёɦ ɤɢɫɥɨɪɨɞɚ V (ɥ, ɧ. ɭ.), ɧɟɨɛɯɨɞɢɦɵɣ ɞɥɹ ɩɨɥɧɨɝɨ 

ɫɠɢɝɚɧɢɹ 1 ɤɝ ɬɨɩɥɢɜɚ, ɱɟɪɟɡ ɦɚɫɫɨɜɵɟ ɞɨɥɢ (ɜ %) ɷɥɟɦɟɧɬɨɜ ɋ, H, O ɢ S. 

3. Ʉɚɤɨɦɭ ɩɪɨɰɟɫɫɭ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɩɨɫɥɟɞɧɟɟ ɫɥɚɝɚɟɦɨɟ ɜ ɮɨɪɦɭɥɟ 

Ɇɟɧɞɟɥɟɟɜɚ? Ɂɚɩɢɲɢɬɟ ɟɝɨ ɭɪɚɜɧɟɧɢɟ ɢ ɪɚɫɫɱɢɬɚɣɬɟ ɬɟɩɥɨɬɭ Q (ɜ ɤȾɠ/ɦɨɥɶ). 

4. ɂɫɩɨɥɶɡɭɹ ɮɨɪɦɭɥɭ Ɇɟɧɞɟɥɟɟɜɚ, ɨɩɪɟɞɟɥɢɬɟ ɜɟɳɟɫɬɜɨ, ɨɛɥɚɞɚɸɳɟɟ 

ɧɚɢɜɵɫɲɟɣ ɭɞɟɥɶɧɨɣ ɬɟɩɥɨɬɨɣ ɫɝɨɪɚɧɢɹ. Ɉɛɴɹɫɧɢɬɟ ɫɜɨɣ ɜɵɛɨɪ. 

5. Ʉɚɤɨɣ ɢɡ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɨɛɥɚɞɚɟɬ ɧɚɢɜɵɫɲɟɣ ɭɞɟɥɶɧɨɣ ɬɟɩɥɨɬɨɣ 

ɫɝɨɪɚɧɢɹ? Ɉɛɴɹɫɧɢɬɟ. 

6. ȼ ɬɚɛɥɢɰɟ ɩɪɢɜɟɞɟɧɵ ɫɨɫɬɚɜ ɢ ɰɟɧɚ 1 ɤɝ ɬɨɩɥɢɜɚ (ɜ ɭɫɥɨɜɧɵɯ ɟɞɢɧɢɰɚɯ). 

ɋɨɫɬɚɜ, 

% 
ɋ H O S W ɐɟɧɚ 

ɧɟɮɬɶ 83 10.4 0.7 2.8 3 18.6 

ɭɝɨɥɶ 55.2 3.8 5.8 3.2 8 4.5 

ɉɪɢɪɨɞɧɵɣ ɝɚɡ ɫɨɫɬɨɢɬ ɜ ɨɫɧɨɜɧɨɦ ɢɡ ɦɟɬɚɧɚ, ɟɝɨ ɰɟɧɚ 5.6 ɭ. ɟ./ɤɝ. 

ɉɪɨɜɟɞɹ ɧɟɨɛɯɨɞɢɦɵɟ ɪɚɫɱɟɬɵ, ɨɩɪɟɞɟɥɢɬɟ, ɜ ɜɢɞɟ ɤɚɤɨɝɨ ɢɡ 

ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɜɢɞɨɜ ɬɨɩɥɢɜɚ ɷɧɟɪɝɢɹ ɞɟɲɟɜɥɟ ɜɫɟɝɨ. 
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Ⱦɟɫɹɬɵɣ ɤɥɚɫɫ 

Ɂɚɞɚɱɚ 10-1 

ɇɚ ɫɯɟɦɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɯɢɦɢɱɟɫɤɢɟ ɩɪɟɜɪɚɳɟɧɢɹ ɜɟɳɟɫɬɜ, ɢɦɟɸɳɢɯ ɜ 

ɫɜɨɟɦ ɫɨɫɬɚɜɟ ɷɥɟɦɟɧɬ ɏ.  

 

Ⱦɨɩɨɥɧɢɬɟɥɶɧɚɹ ɢɧɮɨɪɦɚɰɢɹ: 

ȼɟɳɟɫɬɜɚ ɏ9 ɢ ɏ10 ɩɪɢ ɧɨɪɦɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ ɛɟɫɰɜɟɬɧɵɟ ɝɚɡɵ, ɢɯ 

ɩɥɨɬɧɨɫɬɢ ɩɪɢ ɧɨɪɦɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ ɪɚɜɧɵ 1,βγ5γ ɝ/ɥ ɢ γ,0β70 ɝ/ɥ, 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ.  

ȼɟɳɟɫɬɜɨ ɏ5 ɫɭɳɟɫɬɜɭɟɬ ɬɨɥɶɤɨ ɜ ɪɚɫɬɜɨɪɟ ɢ ɹɜɥɹɟɬɫɹ ɫɢɥɶɧɨɣ ɤɢɫɥɨɬɨɣ.  

ɏ1 – ɛɟɥɨɟ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɟ ɜɟɳɟɫɬɜɨ, ɜɯɨɞɢɬ ɜ ɫɨɫɬɚɜ ɦɢɧɟɪɚɥɚ. Эɬɚ 

ɧɚɬɪɢɟɜɚɹ ɫɨɥɶ ɢɫɩɨɥɶɡɭɟɬɫɹ ɜ ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɯɢɦɢɢ ɜ ɤɚɱɟɫɬɜɟ ɩɟɪɜɢɱɧɨɝɨ 

ɫɬɚɧɞɚɪɬɚ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɤɨɧɰɟɧɬɪɚɰɢɢ ɪɚɫɬɜɨɪɨɜ ɤɢɫɥɨɬ. 

ɉɪɢ ɬɟɪɦɢɱɟɫɤɨɦ ɪɚɡɥɨɠɟɧɢɢ ɜɟɳɟɫɬɜɚ  ɏ1 (ɪɟɚɤɰɢɹ 1), ɩɨɬɟɪɹ ɦɚɫɫɵ 

ɫɨɫɬɚɜɥɹɟɬ 47,β4 %. Ɇɚɫɫɨɜɚɹ ɞɨɥɹ ɷɥɟɦɟɧɬɚ X ɜ ɏ2 ɢ ɏ5 ɫɨɫɬɚɜɥɹɟɬ β1,49 % ɢ 

12,31 %, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɏ7 – ɩɪɨɫɬɨɟ ɜɟɳɟɫɬɜɨ, ɩɪɢ ɜɨɫɫɬɚɧɨɜɥɟɧɢɢ ɦɚɝɧɢɟɦ 

ɨɧɨ ɨɛɪɚɡɭɟɬɫɹ ɜ ɚɦɨɪɮɧɨɦ ɫɨɫɬɨɹɧɢɢ. ɉɪɢ ɫɝɨɪɚɧɢɢ ɜɟɳɟɫɬɜɚ ɏ3 (ɪɟɚɤɰɢɹ 5) 

ɩɥɚɦɹ ɨɤɪɚɲɢɜɚɟɬɫɹ ɜ ɡɟɥɟɧɵɣ ɰɜɟɬ. 

ȼɨɩɪɨɫɵ: 

ɇɚɩɢɲɢɬɟ ɭɪɚɜɧɟɧɢɹ ɪɟɚɤɰɢɣ ɜɫɟɯ ɭɤɚɡɚɧɧɵɯ ɩɪɟɜɪɚɳɟɧɢɣ. ɋɨɫɬɚɜ 

ɜɟɳɟɫɬɜ ɏ1, ɏ2, ɏ5, ɏ9 ɢ ɏ10 ɩɨɞɬɜɟɪɞɢɬɟ ɪɚɫɱɟɬɨɦ. 

ɉɪɢɜɟɞɢɬɟ ɬɪɢɜɢɚɥɶɧɨɟ ɧɚɡɜɚɧɢɟ ɜɟɳɟɫɬɜɚ ɏ1, ɫɨɜɩɚɞɚɸɳɟɟ ɫ ɧɚɡɜɚɧɢɟɦ 

ɦɢɧɟɪɚɥɚ.  
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Ɂɚɞɚɱɚ 10-2 

ɂɫɯɨɞɧɵɦɢ ɪɟɚɝɟɧɬɚɦɢ ɞɥɹ ɩɪɢɝɨɬɨɜɥɟɧɢɹ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɧɚ ɨɫɧɨɜɟ 

ɦɟɬɚɥɥɢɱɟɫɤɨɣ ɩɥɚɬɢɧɵ ɱɚɳɟ ɜɫɟɝɨ ɫɥɭɠɚɬ ɤɨɦɩɥɟɤɫɧɵɟ ɫɨɟɞɢɧɟɧɢɹ ɷɬɨɝɨ 

ɦɟɬɚɥɥɚ. ɇɚɢɛɨɥɶɲɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɩɨɥɭɱɢɥɚ ɩɥɚɬɢɧɚɯɥɨɪɢɫɬɨɜɨɞɨɪɨɞɧɚɹ 

ɤɢɫɥɨɬɚ H2[PtCl6Ж. Ɍɟɦ ɧɟ ɦɟɧɟɟ, ɜ ɫɥɭɱɚɹɯ, ɝɞɟ ɧɟɨɛɯɨɞɢɦɵ ɤɚɬɢɨɧɧɵɟ 

ɤɨɦɩɥɟɤɫɵ ɩɥɚɬɢɧɵ, ɚ ɩɪɢɫɭɬɫɬɜɢɟ ɯɥɨɪɚ ɧɟɠɟɥɚɬɟɥɶɧɨ (ɨɧ ɫɩɨɫɨɛɟɧ ɨɬɪɚɜɥɹɬɶ 

ɤɚɬɚɥɢɡɚɬɨɪ), ɱɚɫɬɨ ɩɪɢɦɟɧɹɸɬ ɯɨɪɨɲɨ ɪɚɫɬɜɨɪɢɦɵɣ ɧɢɬɪɚɬ 

ɬɟɬɪɚɚɦɦɢɧɩɥɚɬɢɧɵ(II) [Pt(NH3)4](NO3)2. ȿɝɨ ɨɛɵɱɧɨ ɩɨɥɭɱɚɸɬ ɩɨ ɫɯɟɦɟ 1: 
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AgNO)(NHNHClHN

624 )](NO)[Pt(NH][PtCl)(NH 333262     ȼȻȺ ɤɨɧɰ
 

ɋɧɚɱɚɥɚ ɚɦɦɨɧɢɣɧɭɸ ɫɨɥɶ ɩɥɚɬɢɧɚɯɥɨɪɢɫɬɨɜɨɞɨɪɨɞɧɨɣ ɤɢɫɥɨɬɵ 

ɜɨɫɫɬɚɧɚɜɥɢɜɚɸɬ ɯɥɨɪɢɞɨɦ ɝɢɞɪɚɡɢɧɢɹ (II) ɢ ɜɵɞɟɥɹɸɬ ɤɨɦɩɥɟɤɫɧɭɸ ɫɨɥɶ Ⱥ 
(52,30 % Pt), ɜ ɤɨɬɨɪɨɣ ɚɬɨɦɵ ɩɥɚɬɢɧɵ ɨɤɪɭɠɟɧɵ ɱɟɬɵɪɶɦɹ ɚɬɨɦɚɦɢ ɯɥɨɪɚ ɩɨ 

ɤɜɚɞɪɚɬɭ. Ɂɚɬɟɦ ɪɚɫɬɜɨɪ ɷɬɨɣ ɫɨɥɢ ɨɛɪɚɛɚɬɵɜɚɸɬ ɚɦɦɢɚɤɨɦ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɱɟɝɨ 

ɜɵɩɚɞɚɟɬ ɡɟɥɟɧɚɹ ɫɨɥɶ Ɇɚɝɧɭɫɚ Ȼ (65,02 % Pt), ɫɨɫɬɨɹɳɚɹ ɢɡ ɤɨɦɩɥɟɤɫɧɵɯ 

ɤɚɬɢɨɧɨɜ ɢ ɤɨɦɩɥɟɤɫɧɵɯ ɚɧɢɨɧɨɜ. ȼ ɞɚɥɶɧɟɣɲɟɦ ɟё ɨɛɪɚɛɚɬɵɜɚɸɬ 

ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɵɦ ɪɚɫɬɜɨɪɨɦ ɚɦɦɢɚɤɚ ɢ ɜɵɞɟɥɹɸɬ ɫɨɥɶ ȼ (58,39 % Pt), ɢɡ 

ɤɨɬɨɪɨɣ ɨɛɪɚɛɨɬɤɨɣ ɷɤɜɢɜɚɥɟɧɬɧɵɦ ɤɨɥɢɱɟɫɬɜɨɦ ɧɢɬɪɚɬɚ ɫɟɪɟɛɪɚ ɩɨɥɭɱɚɸɬ 

ɢɫɤɨɦɨɟ ɫɨɟɞɢɧɟɧɢɟ. 

Ɉɞɧɚɤɨ ɞɥɹ ɥɚɛɨɪɚɬɨɪɧɵɯ ɧɭɠɞ ɫɭɳɟɫɬɜɭɟɬ ɞɪɭɝɨɣ, ɛɨɥɟɟ ɭɞɨɛɧɵɣ ɢ 

ɷɮɮɟɤɬɢɜɧɵɣ ɫɩɨɫɨɛ ɩɨɥɭɱɟɧɢɹ ɢɫɤɨɦɨɣ ɫɨɥɢ (ɫɯɟɦɚ β): 
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2)(2)(

624 )]()([][)( 34332 NONHPtȾȽPtClNH
NONHɤɨɧɰNHNHɢɡɛNaNO     

 

ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɚɦɦɨɧɢɣɧɭɸ ɫɨɥɶ ɤɢɩɹɬɹɬ ɜ ɪɚɫɬɜɨɪɟ ɧɢɬɪɢɬɚ ɧɚɬɪɢɹ, 

ɜɡɹɬɨɦ ɜ ɢɡɛɵɬɤɟ. ɉɨɫɥɟɞɧɢɣ ɜɵɩɨɥɧɹɟɬ ɫɪɚɡɭ ɱɟɬɵɪɟ ɮɭɧɤɰɢɢ: ɭɞɚɥɹɟɬ ɢɨɧ 

ɚɦɦɨɧɢɹ, ɜɨɫɫɬɚɧɚɜɥɢɜɚɟɬ Pt (IV) ɞɨ Pt (II), ɡɚɦɟɳɚɟɬ ɥɢɝɚɧɞɵ Cl
−
 ɧɚ NO2

−
 ɢ 

ɧɟɣɬɪɚɥɢɡɭɟɬ ɨɛɪɚɡɭɸɳɢɟɫɹ H+
.  

ȼ ɩɨɥɭɱɟɧɧɵɣ ɪɚɫɬɜɨɪ ɤɨɦɩɥɟɤɫɧɨɣ ɫɨɥɢ Ƚ  ɞɨɛɚɜɥɹɸɬ ɚɦɦɢɚɤ, ɜ 

ɪɟɡɭɥɶɬɚɬɟ ɱɟɝɨ ɢɡ ɪɚɫɬɜɨɪɚ ɜɵɩɚɞɚɟɬ ɨɫɚɞɨɤ ɫɨɟɞɢɧɟɧɢɹ Ⱦ. ȿɝɨ ɨɬɞɟɥɹɸɬ, 

ɡɚɥɢɜɚɸɬ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɵɦ ɪɚɫɬɜɨɪɨɦ ɚɦɦɢɚɤɚ, ɞɨɛɚɜɥɹɸɬ ɧɢɬɪɚɬ ɚɦɦɨɧɢɹ ɢ 

ɧɚɝɪɟɜɚɸɬ ɩɨɥɭɱɟɧɧɭɸ ɫɦɟɫɶ ɩɪɢ ɩɨɜɵɲɟɧɧɨɦ ɞɚɜɥɟɧɢɢ (ɜ ɚɜɬɨɤɥɚɜɟ). ȼ 

ɪɟɡɭɥɶɬɚɬɟ ɩɨɥɭɱɚɸɬ ɪɚɫɬɜɨɪ ɰɟɥɟɜɨɝɨ ɤɨɦɩɥɟɤɫɚ ɜ ɚɦɦɢɚɤɟ. 

Ɂɚɞɚɧɢɹ: 
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1. ɉɪɢɜɟɞɢɬɟ ɧɚɡɜɚɧɢɹ ɩɪɨɦɵɲɥɟɧɧɵɯ ɩɪɨɰɟɫɫɨɜ, ɜ ɤɨɬɨɪɵɯ 

ɩɪɢɦɟɧɹɸɬɫɹ ɤɚɬɚɥɢɡɚɬɨɪɵ, ɫɨɞɟɪɠɚɳɢɟ ɦɟɬɚɥɥɢɱɟɫɤɭɸ ɩɥɚɬɢɧɭ (ɞɨɫɬɚɬɨɱɧɨ 

ɞɜɭɯ ɩɪɢɦɟɪɨɜ). 

2. ɍɫɬɚɧɨɜɢɬɟ ɮɨɪɦɭɥɵ ɜɟɳɟɫɬɜ Ⱥ–ȼ ɢ ɧɚɩɢɲɢɬɟ ɭɪɚɜɧɟɧɢɹ ɪɟɚɤɰɢɣ, 

ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɧɚ ɫɯɟɦɟ 1 (4 ɭɪɚɜɧɟɧɢɹ). 

3. ɉɪɨɢɥɥɸɫɬɪɢɪɭɣɬɟ ɮɭɧɤɰɢɢ ɧɢɬɪɢɬɚ ɧɚɬɪɢɹ ɜ ɩɪɨɰɟɫɫɟ ɩɨɥɭɱɟɧɢɹ 

ɪɚɫɬɜɨɪɚ Ƚ (ɫɯɟɦɚ β) ɫ ɩɨɦɨɳɶɸ ɭɪɚɜɧɟɧɢɣ ɪɟɚɤɰɢɣ ɜ ɢɨɧɧɨɦ ɜɢɞɟ (4 

ɭɪɚɜɧɟɧɢɹ). ȼ ɪɟɚɤɰɢɢ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ (ɜɬɨɪɚɹ ɮɭɧɤɰɢɹ) ɩɥɚɬɢɧɭ ɦɨɠɧɨ 

ɫɯɟɦɚɬɢɱɧɨ ɩɪɟɞɫɬɚɜɢɬɶ ɜ ɜɢɞɟ ɨɞɧɨɚɬɨɦɧɵɯ ɤɚɬɢɨɧɨɜ. 

4. ɍɫɬɚɧɨɜɢɬɟ ɮɨɪɦɭɥɵ ɫɨɟɞɢɧɟɧɢɣ Ƚ ɢ Ⱦ. ɇɚɩɢɲɢɬɟ ɭɪɚɜɧɟɧɢɟ ɪɟɚɤɰɢɢ 

ɩɪɟɜɪɚɳɟɧɢɹ Ƚ ɜ Ⱦ, ɩɪɢɜɟɞɟɧɧɨɣ ɧɚ ɫɯɟɦɟ β. 

5. Ⱦɥɹ ɤɨɦɩɥɟɤɫɚ Ⱦ ɜɨɡɦɨɠɧɨ ɫɭɳɟɫɬɜɨɜɚɧɢɟ ɧɟɫɤɨɥɶɤɢɯ ɢɡɨɦɟɪɨɜ, ɬ. ɟ. 

ɫɨɟɞɢɧɟɧɢɣ, ɚɧɚɥɨɝɢɱɧɵɯ ɩɨ ɫɨɫɬɚɜɭ, ɧɨ ɨɬɥɢɱɚɸɳɢɯɫɹ ɩɨ ɫɬɪɨɟɧɢɸ (ɩɨ 

ɜɡɚɢɦɧɨɦɭ ɪɚɫɩɨɥɨɠɟɧɢɸ ɥɢɝɚɧɞɨɜ ɢɥɢ ɚɬɨɦɨɜ ɜ ɥɢɝɚɧɞɟ). Эɬɨ ɪɚɡɥɢɱɢɟ 

ɨɬɪɚɠɚɟɬɫɹ ɢ ɜ ɧɚɡɜɚɧɢɹɯ ɞɚɧɧɵɯ ɢɡɨɦɟɪɨɜ. ɂɡɨɛɪɚɡɢɬɟ ɫɬɪɭɤɬɭɪɧɵɟ ɮɨɪɦɭɥɵ 

ɱɟɬɵɪɟɯ ɬɚɤɢɯ ɢɡɨɦɟɪɨɜ ɩɨ ɢɯ ɧɚɡɜɚɧɢɹɦ: 

a. ɬɪɚɧɫ-ɞɢɧɢɬɪɨɞɢɚɦɦɢɧɩɥɚɬɢɧɚ(II);  

b.  ɰɢɫ-ɞɢɧɢɬɪɨɞɢɚɦɦɢɧɩɥɚɬɢɧɚ(II); 

c.  ɬɪɚɧɫ-ɞɢɧɢɬɪɢɬɨɞɢɚɦɦɢɧɩɥɚɬɢɧɚ(II); 

d.  ɰɢɫ-ɞɢɧɢɬɪɢɬɨɞɢɚɦɦɢɧɩɥɚɬɢɧɚ(II).  

ɂɡɜɟɫɬɧɨ, ɱɬɨ ɤɨɦɩɥɟɤɫɧɵɟ ɢɨɧɵ Pt(II) ɢɦɟɸɬ ɩɥɨɫɤɨɟ ɫɬɪɨɟɧɢɟ. Ʉɚɤɨɣ ɢɡ ɧɢɯ 

ɹɜɥɹɟɬɫɹ ɤɨɦɩɥɟɤɫɨɦ Ⱦ?  

6. ɇɚɩɢɲɢɬɟ ɭɪɚɜɧɟɧɢɟ ɪɟɚɤɰɢɢ ɩɪɟɜɪɚɳɟɧɢɹ Ⱦ ɜ ДPt(NH3)4](NO3)2. 

7. ɇɚɝɪɟɜɚɧɢɟ ɤɨɦɩɥɟɤɫɧɨɣ ɫɨɥɢ ДPt(NH3)4](NO3)2 ɩɪɢɜɨɞɢɬ ɤ ɟɟ 

ɪɚɡɥɨɠɟɧɢɸ, ɫɨɩɪɨɜɨɠɞɚɸɳɟɦɭɫɹ ɨɛɪɚɡɨɜɚɧɢɟɦ ɦɟɬɚɥɥɢɱɟɫɤɨɣ ɩɥɚɬɢɧɵ. 

ɇɚɩɢɲɢɬɟ ɭɪɚɜɧɟɧɢɟ ɷɬɨɣ ɪɟɚɤɰɢɢ. 

 

Ɂɚɞɚɱɚ 10-3 

Ⱦɜɚ ɛɢɧɚɪɧɵɯ ɬɜɟɪɞɵɯ ɫɨɟɞɢɧɟɧɢɹ X ɢ Y, ɢɦɟɸɳɢɯ ɜ ɫɜɨɟɦ ɫɨɫɬɚɜɟ ɨɞɢɧ 

ɢ ɬɨɬ ɠɟ ɷɥɟɦɟɧɬ Z, ɩɨ ɨɬɞɟɥɶɧɨɫɬɢ ɪɚɫɬɜɨɪɢɥɢ ɜ ɜɨɞɟ (ɜɵɞɟɥɟɧɢɟ ɝɚɡɨɜ ɢ 

ɨɛɪɚɡɨɜɚɧɢɟ ɨɫɚɞɤɚ ɧɟ ɧɚɛɥɸɞɚɥɨɫɶ). Ɂɚɬɟɦ ɤ ɪɚɫɬɜɨɪɭ Y ɩɨɫɬɟɩɟɧɧɨ ɩɪɢɥɢɥɢ 
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ɪɚɫɬɜɨɪ X ɞɨ ɩɨɹɜɥɟɧɢɹ ɡɟɥɟɧɨɣ ɨɤɪɚɫɤɢ. ɉɪɢ ɨɯɥɚɠɞɟɧɢɢ ɢɡ ɪɚɫɬɜɨɪɚ ɜɵɩɚɥɢ 

ɡɟɥɟɧɵɟ ɤɪɢɫɬɚɥɥɵ ɤɨɦɩɥɟɤɫɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ N. ȼɨɞɧɵɣ ɪɚɫɬɜɨɪ N ɩɪɢ 

ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɪɟɚɝɢɪɭɟɬ ɫ ɦɚɝɧɢɟɦ ɫ ɜɵɞɟɥɟɧɢɟɦ ɝɚɡɚ M ɢ 

ɨɛɪɚɡɨɜɚɧɢɟɦ ɫɨɥɢ O, ɫɨɞɟɪɠɚɳɟɣ ɬɚɤɨɣ ɠɟ ɚɧɢɨɧ, ɱɬɨ ɢ N. Ⱦɨɩɨɥɧɢɬɟɥɶɧɨ 

ɢɡɜɟɫɬɧɨ, ɱɬɨ ɩɨɞɤɢɫɥɟɧɧɵɣ ɫɟɪɧɨɣ ɤɢɫɥɨɬɨɣ ɪɚɫɬɜɨɪ ɫɨɥɢ O ɨɛɟɫɰɜɟɱɢɜɚɟɬ 

ɛɪɨɦɧɭɸ ɜɨɞɭ. 

ȼɟɳɟɫɬɜɨ X Y O N 

Ɉɤɪɚɫɤɚ ɤɪɚɫɧɚɹ ɛɟɥɚɹ ɡɟɥɟɧɚɹ ɡɟɥɟɧɚɹ 

ω(Z), % 48,00 43,64 43,90 59,55 

ω(Mg), % – – 10,98 – 

ȼɨɩɪɨɫɵ: 
1. Ɉɩɪɟɞɟɥɢɬɟ ɧɟɢɡɜɟɫɬɧɵɟ ɫɨɟɞɢɧɟɧɢɹ, ɩɨɞɬɜɟɪɞɢɬɟ ɪɚɫɱɟɬɨɦ. 

2. ɇɚɩɢɲɢɬɟ ɭɪɚɜɧɟɧɢɹ ɩɪɨɜɟɞɟɧɧɵɯ ɪɟɚɤɰɢɣ ɢ ɪɟɚɤɰɢɸ ɫɨɥɢ O ɫ 

ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɨɣ ɚɡɨɬɧɨɣ ɤɢɫɥɨɬɨɣ.  

 

Ɂɚɞɚɱɚ 10-4 
ȼ β010 ɝ. ɇɨɛɟɥɟɜɫɤɚɹ ɩɪɟɦɢɹ ɩɨ ɯɢɦɢɢ ɛɵɥɚ ɩɪɢɫɭɠɞɟɧɚ Ɋɢɱɚɪɞɭ ɏɟɤɭ, 

Ⱥɤɢɪɟ ɋɭɡɭɤɢ ɢ ȿɢɱɢ ɇɟɝɢɲɢ ɡɚ ɪɚɛɨɬɵ, ɩɨɫɜɹɳёɧɧɵɟ ɪɚɡɪɚɛɨɬɤɟ ɪɟɚɤɰɢɣ 

ɤɪɨɫɫ-ɫɨɱɟɬɚɧɢɹ (ɨɛɪɚɡɨɜɚɧɢɹ ɫɜɹɡɢ ɋ–ɋ ɫ ɭɱɚɫɬɢɟɦ ɚɪɢɥ- ɢɥɢ 

ɚɥɤɟɧɢɥɝɚɥɨɝɟɧɢɞɨɜ, ɧɟ ɫɤɥɨɧɧɵɯ ɜɫɬɭɩɚɬɶ ɜ ɪɟɚɤɰɢɢ ɡɚɦɟɳɟɧɢɹ ɝɚɥɨɝɟɧɚ ɜ 

ɨɛɵɱɧɵɯ ɭɫɥɨɜɢɹɯ, ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɤɚɬɚɥɢɡɚɬɨɪɚ). ȼ ɪɟɚɤɰɢɢ ɏɟɤɚ ɷɬɢ 

ɝɚɥɨɝɟɧɢɞɵ ɪɟɚɝɢɪɭɸɬ ɫ ɚɥɤɟɧɚɦɢ (RX + CH2=CHR  (ȿ)-RCH=CHR), ɜ 

ɪɟɚɤɰɢɢ ɋɭɡɭɤɢ – ɫ ɚɪɢɥ- ɢɥɢ ɚɥɤɟɧɢɥɛɨɪɨɧɚɬɚɦɢ (RX + R’B(OR)2  R-R), ɜ 

ɪɟɚɤɰɢɢ ɇɟɝɢɲɢ – ɫ ɰɢɧɤ-ɨɪɝɚɧɢɱɟɫɤɢɦɢ ɫɨɟɞɢɧɟɧɢɹɦɢ (RX + RZnX  R-R). 
Ɉɞɧɢɦ ɢɡ ɤɚɬɚɥɢɡɚɬɨɪɨɜ, ɢɫɩɨɥɶɡɨɜɚɜɲɢɯɫɹ ɜɨ ɜɫɟɯ ɷɬɢɯ ɪɟɚɤɰɢɹɯ, ɹɜɥɹɟɬɫɹ 

ɫɨɥɶ ɏ, ɫɨɞɟɪɠɚɳɚɹ 47,4 % ɦɟɬɚɥɥɚ ɢ ɤɚɪɛɨɤɫɢɥɚɬ-ɚɧɢɨɧ, ɤɨɬɨɪɚɹ ɦɨɠɟɬ 

ɫɭɳɟɫɬɜɨɜɚɬɶ ɜ ɜɢɞɟ ɬɪɢɦɟɪɚ. ɇɚɩɪɢɦɟɪ, ɏ ɤɚɬɚɥɢɡɢɪɭɟɬ ɪɟɚɤɰɢɸ 

ɬɟɬɪɚɛɪɨɦɢɞɚ Ⱥ (ωBr = 61,5 %), ɹɜɥɹɸɳɟɝɨɫɹ ɩɪɨɢɡɜɨɞɧɵɦ ɧɟɨɛɵɱɧɨɝɨ 

ɭɝɥɟɜɨɞɨɪɨɞɚ ɤɥɚɫɫɚ ɰɢɤɥɨɮɚɧɨɜ, ɫɨ ɫɬɢɪɨɥɨɦ. ɇɚɝɪɟɜɚɧɢɟ ɩɪɨɞɭɤɬɚ ȼ ɫ ɫɟɪɨɣ 

ɩɪɢɜɨɞɢɬ ɤ ɭɝɥɟɜɨɞɨɪɨɞɭ ɋ.  
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Ɋɟɚɝɢɪɭɹ ɫ ɫɨɥɹɧɨɣ ɤɢɫɥɨɬɨɣ, ɏ ɞɚɟɬ ɞɪɭɝɭɸ ɫɨɥɶ, Y, ɫɨɞɟɪɠɚɳɭɸ 60,0 % 

ɦɟɬɚɥɥɚ, ɜɨɞɧɵɣ ɪɚɫɬɜɨɪ ɤɨɬɨɪɨɣ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɤɚɱɟɫɬɜɟɧɧɨɝɨ ɨɩɪɟɞɟɥɟɧɢɹ 

ɨɤɢɫɢ ɭɝɥɟɪɨɞɚ. 

1. Ɉɩɪɟɞɟɥɢɬɟ ɫɨɥɢ X ɢ Y.  

2. ɉɪɢɜɟɞɢɬɟ ɭɪɚɜɧɟɧɢɟ ɪɟɚɤɰɢɢ Y ɫ ɨɤɢɫɶɸ ɭɝɥɟɪɨɞɚ.  

3. ɉɪɢɜɟɞɢɬɟ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɟ ɫɬɪɨɟɧɢɟ ɬɪɢɦɟɪɚ ɏ. 

ɋɨɟɞɢɧɟɧɢɟ Ⱥ ɫɨɞɟɪɠɢɬ ɬɨɥɶɤɨ ɨɞɢɧ ɬɢɩ ɚɬɨɦɨɜ ɜɨɞɨɪɨɞɚ (ɜ ɫɩɟɤɬɪɟ əɆɊ 
1ɇ ɩɪɢɫɭɬɫɬɜɭɟɬ ɬɨɥɶɤɨ ɨɞɢɧ ɫɢɝɧɚɥ) ɢ ɬɪɢ ɬɢɩɚ ɚɬɨɦɨɜ ɭɝɥɟɪɨɞɚ ɜ ɫɨɨɬɧɨɲɟɧɢɢ 

β:1:1. ɋɨɟɞɢɧɟɧɢɟ ɋ, ɫɨɞɟɪɠɚɳɟɟ 5 ɬɢɩɨɜ ɚɬɨɦɨɜ ɜɨɞɨɪɨɞɚ, ɜ ɪɟɚɤɰɢɢ ɫ ɛɪɨɦɨɦ 

ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɛɪɨɦɢɞɚ ɠɟɥɟɡɚ (III), ɜ ɨɬɥɢɱɢɟ ɨɬ Ⱥ ɢ ȼ, ɨɛɪɚɡɭɟɬ ɬɨɥɶɤɨ 

ɩɪɨɞɭɤɬɵ ɡɚɦɟɳɟɧɢɹ, ɧɨ ɧɟ ɩɪɢɫɨɟɞɢɧɟɧɢɹ. Ɉɤɢɫɥɟɧɢɟ Ⱥ ɢɡɛɵɬɤɨɦ ɪɚɫɬɜɨɪɚ 

ɩɟɪɦɚɧɝɚɧɚɬɚ ɤɚɥɢɹ ɜ ɫɟɪɧɨɣ ɤɢɫɥɨɬɟ ɩɪɢ ɧɚɝɪɟɜɚɧɢɢ ɩɪɢɜɨɞɢɬ ɤ 

ɟɞɢɧɫɬɜɟɧɧɨɦɭ ɩɪɨɞɭɤɬɭ D, ɫɨɞɟɪɠɚɳɟɦɭ ɞɜɚ ɬɢɩɚ ɚɬɨɦɨɜ ɜɨɞɨɪɨɞɚ ɜ 

ɫɨɨɬɧɨɲɟɧɢɢ β:1. ɇɚ ɧɟɣɬɪɚɥɢɡɚɰɢɸ 1,γβ8 ɝ ɫɨɟɞɢɧɟɧɢɹ D ɬɪɟɛɭɟɬɫɹ 17,15 ɦɥ 

5 % ɪɚɫɬɜɨɪɚ KOH (ɩɥɨɬɧɨɫɬɶɸ 1,045 ɝ/ɦɥ). 

4. Ɉɩɪɟɞɟɥɢɬɟ ɦɨɥɟɤɭɥɹɪɧɭɸ ɮɨɪɦɭɥɭ Ⱥ. 

5. ɇɚɩɢɲɢɬɟ ɫɬɪɭɤɬɭɪɧɵɟ ɮɨɪɦɭɥɵ ɜɟɳɟɫɬɜ A-D. 

 

Ɂɚɞɚɱɚ 10-5 

ɉɨɝɥɨɳɟɧɢɟ ɜɨɞɨɪɨɞɚ ɩɚɥɥɚɞɢɟɦ 

Ƚɚɡɨɨɛɪɚɡɧɵɣ ɜɨɞɨɪɨɞ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɯɨɪɨɲɨ ɪɚɫɬɜɨɪɢɦ ɜ 

ɧɟɤɨɬɨɪɵɯ ɦɟɬɚɥɥɚɯ, ɧɚɩɪɢɦɟɪ ɩɚɥɥɚɞɢɢ. 

Эɥɟɦɟɧɬɚɪɧɚɹ ɹɱɟɣɤɚ ɩɚɥɥɚɞɢɹ ɢɦɟɟɬ ɮɨɪɦɭ ɤɭɛɚ, ɨɧɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ 

ɪɢɫɭɧɤɟ. ɐɟɧɬɪɵ ɚɬɨɦɨɜ ɩɚɥɥɚɞɢɹ ɧɚɯɨɞɹɬɫɹ ɜ ɜɟɪɲɢɧɚɯ ɢ ɜ ɰɟɧɬɪɚɯ ɝɪɚɧɟɣ 

ɤɭɛɚ (ɚɬɨɦɵ ɫɱɢɬɚɸɬɫɹ ɠɟɫɬɤɢɦɢ ɲɚɪɚɦɢ). ɉɥɨɬɧɨɫɬɶ ɩɚɥɥɚɞɢɹ ɪɚɜɧɚ 

12,02 ɝ/ɫɦ3, ɦɨɥɹɪɧɚɹ ɦɚɫɫɚ ɫɨɫɬɚɜɥɹɟɬ 106,4 ɝ/ɦɨɥɶ. 
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1. Ɋɚɫɫɱɢɬɚɣɬɟ ɱɢɫɥɨ ɚɬɨɦɨɜ ɩɚɥɥɚɞɢɹ ɜ ɷɥɟɦɟɧɬɚɪɧɨɣ ɹɱɟɣɤɟ, ɞɥɢɧɭ ɪɟɛɪɚ 

ɹɱɟɣɤɢ (a) ɢ ɪɚɞɢɭɫ ɚɬɨɦɚ ɩɚɥɥɚɞɢɹ (r) ɜ ɩɦ (1 ɩɦ = 10
−12

 ɦ). 

2. ɋɱɢɬɚɹ ɚɬɨɦɵ ɠёɫɬɤɢɦɢ ɲɚɪɚɦɢ, ɪɚɫɫɱɢɬɚɣɬɟ ɦɚɤɫɢɦɚɥɶɧɵɣ ɪɚɞɢɭɫ 

ɚɬɨɦɚ, ɤɨɬɨɪɵɣ ɦɨɠɟɬ ɩɨɦɟɫɬɢɬɶɫɹ ɜ ɩɭɫɬɨɬɵ ɦɟɠɞɭ ɚɬɨɦɚɦɢ ɩɚɥɥɚɞɢɹ ɜ 

ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɪɟɲёɬɤɟ.  

3. Ɇɟɠɴɹɞɟɪɧɨɟ ɪɚɫɫɬɨɹɧɢɟ ɜ ɦɨɥɟɤɭɥɟ H2 ɪɚɜɧɨ 74 ɩɦ, ɚ ɪɚɞɢɭɫ ɚɬɨɦɚ H 

ɪɚɜɟɧ 5γ ɩɦ. ȼ ɤɚɤɨɦ ɜɢɞɟ – ɚɬɨɦɚɪɧɨɦ, ɦɨɥɟɤɭɥɹɪɧɨɦ ɢɥɢ ɨɛɨɢɯ – ɜɨɞɨɪɨɞ 

ɧɚɯɨɞɢɬɫɹ ɜ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɪɟɲёɬɤɟ ɩɚɥɥɚɞɢɹ? Ɉɛɴɹɫɧɢɬɟ, ɩɨɱɟɦɭ. 

4. Ʉɚɤɨɟ ɦɚɤɫɢɦɚɥɶɧɨɟ ɱɢɫɥɨ ɚɬɨɦɨɜ ɜɨɞɨɪɨɞɚ ɦɨɠɟɬ ɩɨɦɟɫɬɢɬɶɫɹ ɜ 

ɷɥɟɦɟɧɬɚɪɧɨɣ ɤɭɛɢɱɟɫɤɨɣ ɹɱɟɣɤɟ ɩɚɥɥɚɞɢɹ? 

5. ɋɤɨɥɶɤɨ ɨɛɴёɦɨɜ ɝɚɡɨɨɛɪɚɡɧɨɝɨ ɜɨɞɨɪɨɞɚ (ɜ ɪɚɫɱёɬɟ ɧɚ 1 ɚɬɦ ɢ β5 °C) 

ɬɟɨɪɟɬɢɱɟɫɤɢ ɦɨɠɟɬ ɦɚɤɫɢɦɚɥɶɧɨ ɪɚɫɬɜɨɪɢɬɶɫɹ ɜ ɨɞɧɨɦ ɨɛɴёɦɟ ɬɜёɪɞɨɝɨ 

ɩɚɥɥɚɞɢɹ? 

6. ɋɱɢɬɚɹ, ɱɬɨ ɦɟɠɞɭ ɝɚɡɨɨɛɪɚɡɧɵɦ ɜɨɞɨɪɨɞɨɦ ɢ ɜɨɞɨɪɨɞɨɦ, ɪɚɫɬɜɨɪёɧɧɵɦ 

ɜ ɩɚɥɥɚɞɢɢ, ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɪɚɜɧɨɜɟɫɢɟ, ɜɵɜɟɞɢɬɟ ɭɪɚɜɧɟɧɢɟ ɡɚɜɢɫɢɦɨɫɬɢ 

ɤɨɧɰɟɧɬɪɚɰɢɢ ɚɬɨɦɨɜ ɜɨɞɨɪɨɞɚ ɜ ɩɚɥɥɚɞɢɢ ɨɬ ɞɚɜɥɟɧɢɹ ɝɚɡɨɨɛɪɚɡɧɨɝɨ ɜɨɞɨɪɨɞɚ 

ɧɚɞ ɬɜёɪɞɵɦ ɩɚɥɥɚɞɢɟɦ ɩɪɢ ɩɨɫɬɨɹɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ.  
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Ɉɞɢɧɧɚɞɰɚɬɵɣ ɤɥɚɫɫ 

Ɂɚɞɚɱɚ 11-1 

ȼ ɥɚɛɨɪɚɬɨɪɢɢ ɟɫɬɶ ɫɦɟɫɶ ɬɪɟɯ ɢɧɞɢɜɢɞɭɚɥɶɧɵɯ ɛɟɡɜɨɞɧɵɯ ɫɨɥɟɣ, 

ɹɜɥɹɸɳɢɯɫɹ ɤɚɪɛɨɧɚɬɚɦɢ ɢ/ɢɥɢ ɝɢɞɪɨɤɚɪɛɨɧɚɬɚɦɢ ɦɟɬɚɥɥɨɜ, ɨɞɢɧ ɢɡ ɤɨɬɨɪɵɯ 

ɳɟɥɨɱɧɨɡɟɦɟɥɶɧɵɣ. ɇɚɜɟɫɤɭ ɷɬɨɣ ɫɦɟɫɢ ɦɚɫɫɨɣ 0,1 ɝ ɪɚɫɬɜɨɪɢɥɢ ɜ ɜɨɞɟ, ɚ 

ɧɟɪɚɫɬɜɨɪɢɜɲɢɣɫɹ ɨɫɬɚɬɨɤ ɨɬɮɢɥɶɬɪɨɜɚɥɢ. ɇɚ ɬɢɬɪɨɜɚɧɢɟ ɩɨɥɭɱɟɧɧɨɝɨ 

ɮɢɥɶɬɪɚɬɚ (ɪɚɫɬɜɨɪ № 1) ɫ ɦɟɬɢɥɨɜɵɦ ɨɪɚɧɠɟɜɵɦ ɜ ɤɚɱɟɫɬɜɟ ɢɧɞɢɤɚɬɨɪɚ 

(ɬɢɬɪɨɜɚɧɢɟ ɫ ɷɬɢɦ ɢɧɞɢɤɚɬɨɪɨɦ ɩɪɨɢɫɯɨɞɢɬ ɞɨ ɭɝɨɥɶɧɨɣ ɤɢɫɥɨɬɵ) ɩɨɲɥɨ 1γ,0 

ɦɥ 0,10 Ɇ HCl. 

ɋɦɟɫɶ ɫɨɥɟɣ ɩɪɨɤɚɥɢɥɢ ɩɪɢ β00 °ɋ. ɇɚɜɟɫɤɭ ɩɨɥɭɱɟɧɧɨɣ ɬɚɤɢɦ ɨɛɪɚɡɨɦ 

ɫɦɟɫɢ ɦɚɫɫɨɣ 0,1 ɝ ɬɚɤɠɟ ɪɚɫɬɜɨɪɢɥɢ ɜ ɜɨɞɟ, ɚ ɧɟ ɪɚɫɬɜɨɪɢɜɲɢɣɫɹ ɨɫɬɚɬɨɤ 

ɨɬɮɢɥɶɬɪɨɜɚɥɢ. ɇɚ ɬɢɬɪɨɜɚɧɢɟ ɮɢɥɶɬɪɚɬɚ (ɪɚɫɬɜɨɪ № β) ɫ ɦɟɬɢɥɨɜɵɦ 

ɨɪɚɧɠɟɜɵɦ ɡɚɬɪɚɬɢɥɢ 14,7 ɦɥ 0,10 Ɇ HCl. 

ȿɫɥɢ ɢɫɯɨɞɧɭɸ ɫɦɟɫɶ ɩɪɨɤɚɥɢɬɶ ɩɪɢ 1400 °ɋ, ɬɨ ɧɚ ɬɢɬɪɨɜɚɧɢɟ ɪɚɫɬɜɨɪɚ 

0,1 ɝ ɩɨɥɭɱɟɧɧɨɣ ɫɦɟɫɢ ɩɨɫɥɟ ɮɢɥɶɬɪɨɜɚɧɢɹ (ɪɚɫɬɜɨɪ № γ) ɢɞɟɬ 15,4 ɦɥ 0,10 Ɇ 

HCl. 

 

ȼɨɩɪɨɫɵ: 

1. ɇɚɣɞɢɬɟ ɦɨɥɶɧɵɟ ɞɨɥɢ ɤɨɦɩɨɧɟɧɬɨɜ ɢɫɯɨɞɧɨɣ ɫɦɟɫɢ. 

2. Ʉɚɤɨɣ ɨɛɴɟɦ ɬɢɬɪɚɧɬɚ ɩɨɲɟɥ ɛɵ ɧɚ ɬɢɬɪɨɜɚɧɢɟ ɩɪɨɮɢɥɶɬɪɨɜɚɧɧɨɝɨ 

ɪɚɫɬɜɨɪɚ ɧɚɜɟɫɤɢ ɢɫɯɨɞɧɨɣ ɫɦɟɫɢ ɦɚɫɫɨɣ 0,1 ɝ ɩɨɫɥɟ ɟɟ ɩɪɨɤɚɥɢɜɚɧɢɹ ɩɪɢ 

200 °ɋ (ɪɚɫɬɜɨɪ № 4)? ɉɪɢ 1400 °ɋ (ɪɚɫɬɜɨɪ № 5)? 

3. ɍɩɨɪɹɞɨɱɶɬɟ ɩɨ ɜɨɡɪɚɫɬɚɧɢɸ ɪɇ ɜɫɟ ɩɪɨɧɭɦɟɪɨɜɚɧɧɵɟ ɪɚɫɬɜɨɪɵ (№ 1–

№ 5), ɫɱɢɬɚɹ, ɱɬɨ ɫɦɟɫɢ ɛɵɥɢ ɪɚɫɬɜɨɪɟɧɵ ɜ ɪɚɜɧɵɯ ɨɛɴɟɦɚɯ 10 ɦɥ. 
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Ɉɬɜɟɬ ɩɪɟɞɫɬɚɜɶɬɟ ɜ ɜɢɞɟ ɬɚɛɥɢɰɵ: 

№ 

ɜɨɩɪɨɫɚ 
 Ɉɬɜɟɬɵ 

1 
Ɇɨɥɶɧɵɟ ɞɨɥɢ 
ɤɨɦɩɨɧɟɧɬɨɜ, 

%: 

   

2 Ɉɛɴɟɦɵ 
ɬɢɬɪɚɧɬɨɜ, ɦɥ: 

Ɋɚɫɬɜɨɪ № 4 (β00 °ɋ): Ɋɚɫɬɜɨɪ № 5 (1400 °ɋ): 

3 
Ɋɹɞ ɪɚɫɬɜɨɪɨɜ 

ɩɨ ɜɨɡɪɚɫɬɚɧɢɸ 
ɪɇ: 

 

 

Ɂɚɞɚɱɚ 11-2 

ɉɪɨɫɬɨɟ ɜɟɳɟɫɬɜɨ ɷɥɟɦɟɧɬɚ ɏ ɛɵɥɨ ɩɨɥɭɱɟɧɨ β6 ɢɸɧɹ 1886 ɝɨɞɚ ɜ ɉɚɪɢɠɟ. 

Ⱥɜɬɨɪɭ ɨɬɤɪɵɬɢɹ ɛɵɥɚ ɩɪɢɫɭɠɞɟɧɚ ɇɨɛɟɥɟɜɫɤɚɹ ɩɪɟɦɢɹ ɩɨ ɯɢɦɢɢ 1906 ɝɨɞɚ. 

ɇɚɡɜɚɧɢɟ ɷɥɟɦɟɧɬɚ ɏ ɜ ɩɟɪɟɜɨɞɟ ɫ ɥɚɬɢɧɫɤɨɝɨ ɨɡɧɚɱɚɟɬ «ɬɟɤɭɱɢɣ». ɉɨ 

ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɨɫɬɢ ɜ ɡɟɦɧɨɣ ɤɨɪɟ ɏ ɫɬɨɢɬ ɧɚ 1γ ɦɟɫɬɟ ɫɪɟɞɢ ɜɫɟɯ ɷɥɟɦɟɧɬɨɜ. ȼ 

ɩɪɢɪɨɞɟ ɏ ɧɚɢɛɨɥɟɟ ɱɚɫɬɨ ɜɫɬɪɟɱɚɟɬɫɹ ɜ ɮɨɪɦɟ ɬɪɟɯ ɦɢɧɟɪɚɥɨɜ, ɢɡ ɤɨɬɨɪɵɯ 

ɫɬɨɢɬ ɨɫɨɛɨ ɨɬɦɟɬɢɬɶ ɦɢɧɟɪɚɥ Ⱥ, ɩɪɟɞɫɬɚɜɥɹɸɳɢɣ ɫɨɛɨɣ ɨɞɧɨ ɢɡ ɛɢɧɚɪɧɵɯ 

ɫɨɟɞɢɧɟɧɢɣ ɏ. Ʉɪɨɦɟ ɬɪɟɯ ɨɫɧɨɜɧɵɯ ɦɢɧɟɪɚɥɨɜ ɏ ɫɨɞɟɪɠɢɬɫɹ ɜ ɬɨɩɚɡɟ, 

ɫɟɥɥɚɢɬɟ. 

1. Ɋɟɚɤɰɢɹ Ⱥ ɫ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɨɣ ɫɟɪɧɨɣ ɤɢɫɥɨɬɨɣ ɩɪɢɜɨɞɢɬ ɤ 

ɨɛɪɚɡɨɜɚɧɢɸ ɝɚɡɚ ȼ (ɩɪɨɦɵɲɥɟɧɧɨɟ ɩɨɥɭɱɟɧɢɟ ȼ), ɫɨɞɟɪɠɚɳɟɝɨ ɷɥɟɦɟɧɬ ɏ. 

ɇɚɜɟɫɤɭ Ⱥ ɦɚɫɫɨɣ 0,57γγ ɝ ɨɛɪɚɛɨɬɚɥɢ ɢɡɛɵɬɤɨɦ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɨɣ ɫɟɪɧɨɣ 

ɤɢɫɥɨɬɵ ɩɪɢ ɧɚɝɪɟɜɚɧɢɢ. ȼɟɫɶ ɜɵɞɟɥɢɜɲɢɣɫɹ ɝɚɡ ɩɨɝɥɨɬɢɥɢ 1 ɥ ɜɨɞɵ, ɩɪɨɛɭ 

ɩɨɥɭɱɢɜɲɟɝɨɫɹ ɪɚɫɬɜɨɪɚ ɪɚɡɛɚɜɢɥɢ ɜ 10 ɪɚɡ, ɜ ɩɨɥɭɱɟɧɧɨɣ ɩɪɨɛɟ ɪɇ = 3. 

Ʉɨɧɫɬɚɧɬɚ ɞɢɫɫɨɰɢɚɰɢɢ ȼ ɜ ɜɨɞɧɨɦ ɪɚɫɬɜɨɪɟ ɫɨɫɬɚɜɥɹɟɬ 6,8∙10−4
. 

Ɉɩɪɟɞɟɥɢɬɟ ɷɥɟɦɟɧɬ ɏ. ɇɚɩɢɲɢɬɟ ɮɨɪɦɭɥɭ ɩɪɨɫɬɨɝɨ ɜɟɳɟɫɬɜɚ ɷɥɟɦɟɧɬɚ ɏ. 

Ɉɩɪɟɞɟɥɢɬɟ ɫɨɫɬɚɜ ɦɢɧɟɪɚɥɚ Ⱥ ɢ ɫɨɟɞɢɧɟɧɢɹ ȼ. Ɉɬɜɟɬ ɨɛɨɫɧɭɣɬɟ. 

ɇɚɩɢɲɢɬɟ ɭɪɚɜɧɟɧɢɟ ɪɟɚɤɰɢɢ ɩɨɥɭɱɟɧɢɹ ȼ. 

ɉɨɱɟɦɭ ɧɟɨɛɯɨɞɢɦɨ ɬɳɚɬɟɥɶɧɨ ɨɱɢɳɚɬɶ ɢɫɯɨɞɧɵɟ ɪɟɚɝɟɧɬɵ ɨɬ SiO2? 

ɇɚɩɢɲɢɬɟ ɩɨɛɨɱɧɵɟ ɪɟɚɤɰɢɢ, ɩɪɨɢɫɯɨɞɹɳɢɟ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɨɤɫɢɞɚ ɤɪɟɦɧɢɹ 

(IV) ɜ ɪɟɚɤɰɢɨɧɧɨɣ ɫɦɟɫɢ. 
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2. ɋɨɟɞɢɧɟɧɢɹ ɷɥɟɦɟɧɬɚ ɏ ɢɫɩɨɥɶɡɭɸɬɫɹ ɜ ɚɬɨɦɧɨɣ ɷɧɟɪɝɟɬɢɤɟ ɢ ɜ ɛɵɬɭ. 

ɉɪɢɜɟɞɢɬɟ ɩɨ ɨɞɧɨɦɭ ɩɪɢɦɟɪɭ ɫɨɟɞɢɧɟɧɢɣ ɏ, ɢɫɩɨɥɶɡɭɟɦɵɯ ɜ ɚɬɨɦɧɨɣ 

ɷɧɟɪɝɟɬɢɤɟ ɢ ɜ ɛɵɬɭ. ɍɤɚɠɢɬɟ, ɤɚɤɢɟ ɫɜɨɣɫɬɜɚ ɜɟɳɟɫɬɜ ɨɩɪɟɞɟɥɹɸɬ ɢɯ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟ. 

3. ɉɪɨɫɬɨɟ ɜɟɳɟɫɬɜɨ ɷɥɟɦɟɧɬɚ ɏ ɫ ɤɨɧɰɚ XIX ɜɟɤɚ ɩɨɥɭɱɚɥɢ ɬɨɥɶɤɨ 

ɷɥɟɤɬɪɨɥɢɡɨɦ. Ɍɨɥɶɤɨ ɜ 1986 ɝɨɞɭ Ʉ. Ʉɪɢɫɬɟ ɩɪɨɜɟɥ ɯɢɦɢɱɟɫɤɢɣ ɫɢɧɬɟɡ 

ɩɪɨɫɬɨɝɨ ɜɟɳɟɫɬɜɚ. Ʉɪɢɫɬɟ ɢɫɩɨɥɶɡɨɜɚɥ ɫɨɟɞɢɧɟɧɢɹ Y1 ɢ Y2, ɦɚɫɫɨɜɚɹ ɞɨɥɹ 

ɷɥɟɦɟɧɬɚ ɏ ɜ ɤɨɬɨɪɵɯ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɪɚɜɧɚ 46,15 % ɢ 4γ,77 %. Ɉɞɧɢɦ ɢɡ 

ɩɪɨɞɭɤɬɨɜ ɪɟɚɤɰɢɢ ɹɜɥɹɟɬɫɹ ɫɨɟɞɢɧɟɧɢɟ Y3, ɤɨɬɨɪɨɟ ɩɨɦɢɦɨ ɏ ɫɨɞɟɪɠɢɬ ɬɨɬ ɠɟ 

ɷɥɟɦɟɧɬ, ɱɬɨ ɢ Y1, ɚ ɦɚɫɫɨɜɚɹ ɞɨɥɹ ɏ ɜ ɧɟɦ ɫɨɫɬɚɜɥɹɟɬ 50,89 %. Y2 ɢ Y3 – 

ɛɢɧɚɪɧɵɟ ɫɨɟɞɢɧɟɧɢɹ. 

ɇɚɩɢɲɢɬɟ ɪɟɚɤɰɢɸ ɩɨɥɭɱɟɧɢɹ ɩɪɨɫɬɨɝɨ ɜɟɳɟɫɬɜɚ ɷɥɟɦɟɧɬɚ ɏ, ɤɨɬɨɪɭɸ 

ɢɫɩɨɥɶɡɨɜɚɥ Ʉɪɢɫɬɟ ɢ ɧɚɡɨɜɢɬɟ Y1, Y2 ɢ Y3.  

Ɏɨɪɦɭɥɚ ɞɥɹ ɪɚɫɱɟɬɚ pH: 

ɪɇ = 0,5 pKɞ – 0.5 lg C 

pKɞ = −lg Kɞ 

 

Ɂɚɞɚɱɚ 11-3 

ȼ 1985 ɝ. ɚɦɟɪɢɤɚɧɫɤɢɟ ɭɱɟɧɵɟ ɨɩɢɫɚɥɢ ɜɵɫɨɤɨɫɢɦɦɟɬɪɢɱɧɨɟ ɫɨɟɞɢɧɟɧɢɟ 

ɏ, ɢɦɟɸɳɟɟ ɜɫɟɝɨ ɞɜɚ ɬɢɩɚ ɚɬɨɦɨɜ ɭɝɥɟɪɨɞɚ ɢ ɬɪɢ ɬɢɩɚ ɚɬɨɦɨɜ ɜɨɞɨɪɨɞɚ. Эɬɨ 

ɫɨɟɞɢɧɟɧɢɟ ɫɢɧɬɟɡɢɪɨɜɚɥɢ ɫɨɝɥɚɫɧɨ ɩɪɢɜɟɞёɧɧɨɣ ɧɢɠɟ ɫɯɟɦɟ. Ɉɫɧɨɜɧɨɣ ɢɡɨɦɟɪ 

ɩɪɨɞɭɤɬɚ ɪɟɚɤɰɢɢ Ⱦɢɥɶɫɚ–Ⱥɥɶɞɟɪɚ ɩɪɟɜɪɚɳɚɥɢ ɜ ɫɨɟɞɢɧɟɧɢɟ G ɪɟɚɤɰɢɟɣ ɫ 

ɦɟɬɚɧɨɥɨɦ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɤɢɫɥɨɬɧɨɝɨ ɤɚɬɚɥɢɡɚɬɨɪɚ. Ɉɡɨɧɢɪɨɜɚɧɢɟ G, ɩɨ 

ɭɬɜɟɪɠɞɟɧɢɸ ɚɜɬɨɪɨɜ, ɞɚɜɚɥɨ ɩɨɫɥɟ ɨɛɪɚɛɨɬɤɢ ɨɡɨɧɢɞɚ ɛɨɪɝɢɞɪɢɞɨɦ ɧɚɬɪɢɹ 

ɫɨɟɞɢɧɟɧɢɟ H, ɤɨɬɨɪɨɟ ɞɚɥɟɟ ɩɪɟɜɪɚɳɚɥɢ ɜ F, ɚ ɢɡ ɧɟɝɨ ɩɨɥɭɱɚɥɢ ɰɟɥɟɜɨɣ 

ɩɪɨɞɭɤɬ ɏ. ɉɨɫɤɨɥɶɤɭ ɜ ɷɬɨɣ ɪɚɛɨɬɟ ɧɟ ɛɵɥɨ ɩɪɢɜɟɞɟɧɨ ɧɢɤɚɤɢɯ ɮɢɡɢɤɨ-

ɯɢɦɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ F-H ɢ ɏ, ɜ β01γ ɝ. ɮɪɚɧɰɭɡɫɤɢɟ ɭɱɟɧɵɟ ɢɡɭɱɢɥɢ ɷɬɨɬ 

ɫɢɧɬɟɡ ɛɨɥɟɟ ɬɳɚɬɟɥɶɧɨ ɢ ɧɚɲɥɢ, ɱɬɨ ɜ ɨɩɢɫɚɧɧɵɯ ɭɫɥɨɜɢɹɯ ɜɦɟɫɬɨ ɇ 

ɩɨɥɭɱɚɟɬɫɹ ɬɪɢɰɢɤɥɢɱɟɫɤɨɟ ɫɨɟɞɢɧɟɧɢɟ (I, ɋ17ɇ18Ɉ5), ɤɨɬɨɪɨɟ, ɜɩɪɨɱɟɦ, ɩɪɢ 

ɜɨɫɫɬɚɧɨɜɥɟɧɢɢ ɚɥɸɦɨɝɢɞɪɢɞɨɦ ɥɢɬɢɹ (ɢ ɩɨɫɥɟɞɭɸɳɟɣ ɧɟɣɬɪɚɥɢɡɚɰɢɢ) ɞɚɟɬ ɬɨ 
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ɠɟ ɫɨɟɞɢɧɟɧɢɟ F, ɤɨɬɨɪɨɟ ɜ ɨɩɢɫɚɧɧɵɯ ɪɚɧɟɟ ɭɫɥɨɜɢɹɯ ɩɪɟɜɪɚɳɚɟɬɫɹ ɜ ɏ. 

Ɏɪɚɧɰɭɡɫɤɢɟ ɭɱɟɧɵɟ ɩɪɟɞɥɨɠɢɥɢ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɭɸ ɫɯɟɦɭ ɫɢɧɬɟɡɚ ɏ, 

ɫɨɝɥɚɫɧɨ ɤɨɬɨɪɨɣ ȼ ɫɩɟɪɜɚ ɜɨɫɫɬɚɧɚɜɥɢɜɚɸɬ ɚɥɸɦɨɝɢɞɪɢɞɨɦ ɥɢɬɢɹ ɞɨ 

ɫɨɟɞɢɧɟɧɢɹ ɋ. ɉɨɫɥɟɞɭɸɳɢɟ ɫɬɚɞɢɢ ɩɪɢɜɟɞɟɧɵ ɧɚ ɫɯɟɦɟ ɧɢɠɟ. 

 

ɂɡɨɛɪɚɡɢɬɟ ɫɬɪɭɤɬɭɪɧɵɟ ɮɨɪɦɭɥɵ ɫɨɟɞɢɧɟɧɢɣ Ⱥ–I ɢ ɏ. 

 

Ɂɚɞɚɱɚ 11-4 

ȼ β005 ɝ. ɇɨɛɟɥɟɜɫɤɨɣ ɩɪɟɦɢɢ ɩɨ ɯɢɦɢɢ ɛɵɥɢ ɭɞɨɫɬɨɟɧɵ ɂɜ ɒɨɜɟɧ, 

Ɋɨɛɟɪɬ Ƚɪɚɛɛɫ ɢ Ɋɢɱɚɪɞ ɒɪɨɤ ɡɚ ɢɫɫɥɟɞɨɜɚɧɢɹ ɪɟɚɤɰɢɢ ɦɟɬɚɬɟɡɢɫɚ ɚɥɤɟɧɨɜ, ɜ 

ɬɨɦ ɱɢɫɥɟ ɪɚɡɪɚɛɨɬɤɭ ɜɵɫɨɤɨɷɮɮɟɤɬɢɜɧɵɯ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɧɚ ɨɫɧɨɜɟ ɤɚɪɛɟɧɨɜɵɯ 

ɤɨɦɩɥɟɤɫɨɜ ɦɨɥɢɛɞɟɧɚ ɢ ɪɭɬɟɧɢɹ (ɤɚɬɚɥɢɡɚɬɨɪɵ ɒɪɨɤɚ ɢ Ƚɪɚɛɛɫɚ, 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ). Ɋɟɡɭɥɶɬɚɬɨɦ ɷɬɨɣ ɪɟɚɤɰɢɢ ɹɜɥɹɟɬɫɹ ɩɟɪɟɪɚɫɩɪɟɞɟɥɟɧɢɟ 

ɡɚɦɟɫɬɢɬɟɥɟɣ ɩɪɢ C=C-ɫɜɹɡɹɯ ɚɥɤɟɧɨɜ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫɨ ɫɯɟɦɨɣ: 

 

Ɋɟɚɤɰɢɹ ɦɟɬɚɬɟɡɢɫɚ ɚɥɤɟɧɨɜ ɹɜɥɹɟɬɫɹ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢ ɨɛɪɚɬɢɦɨɣ. 

1. Ɉɩɪɟɞɟɥɢɬɟ ɫɨɫɬɚɜ ɪɚɜɧɨɜɟɫɧɨɣ ɫɦɟɫɢ ɞɥɹ ɪɟɚɤɰɢɢ ɦɟɬɚɬɟɡɢɫɚ ɩɪɨɩɟɧɚ 

ɩɪɢ β98 K, ɢɫɩɨɥɶɡɭɹ ɩɪɢɜɟɞёɧɧɵɟ ɜ ɬɚɛɥɢɰɟ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɟ ɞɚɧɧɵɟ ɢ 

ɭɪɚɜɧɟɧɢɟ rG° = RTln Kp. ɋɱɢɬɚɣɬɟ, ɱɬɨ ɜ ɪɟɚɤɰɢɢ ɨɛɪɚɡɭɟɬɫɹ ɬɨɥɶɤɨ ɬɪɚɧɫ-

ɢɡɨɦɟɪ ɛɭɬɟɧɚ-2. 
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ȼɟɳɟɫɬɜɨ Эɬɟɧ ɉɪɨɩɟɧ 
Ɍɪɚɧɫ-

ɛɭɬɟɧ-2 fG°298, ɤȾɠ/ɦɨɥɶ 68,14 62,70 62,94 

ȼ ɫɢɧɬɟɡɟ ɥɟɤɚɪɫɬɜɟɧɧɵɯ ɩɪɟɩɚɪɚɬɨɜ ɢ ɩɪɢɪɨɞɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɨɫɨɛɭɸ 

ɪɨɥɶ ɢɝɪɚɟɬ ɪɟɚɤɰɢɹ ɦɟɬɚɬɟɡɢɫɚ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɰɢɤɥɚ (Ring Closing Metathesis, 

RCM), ɩɨɡɜɨɥɹɸɳɚɹ ɷɮɮɟɤɬɢɜɧɨ ɩɨɥɭɱɚɬɶ ɰɢɤɥɵ ɫɚɦɵɯ ɪɚɡɧɵɯ ɪɚɡɦɟɪɨɜ, ɜ ɬɨɦ 

ɱɢɫɥɟ ɦɚɤɪɨɰɢɤɥɵ. ɇɢɠɟ ɩɪɢɜɟɞɟɧɚ ɫɯɟɦɚ RCM-ɪɟɚɤɰɢɢ ɧɚ ɩɪɢɦɟɪɟ 

ɞɨɞɟɤɚɞɢɟɧɚ-1,11: 

 
2. Ɉɛɴɹɫɧɢɬɟ, ɩɨɱɟɦɭ ɜ ɷɬɨɣ ɪɟɚɤɰɢɢ ɭɞɚёɬɫɹ ɞɨɫɬɢɱɶ ɜɵɫɨɤɨɣ 

ɫɟɥɟɤɬɢɜɧɨɫɬɢ ɨɛɪɚɡɨɜɚɧɢɹ ɰɟɥɟɜɨɝɨ ɩɪɨɞɭɤɬɚ, ɧɟɫɦɨɬɪɹ ɧɚ ɜɨɡɦɨɠɧɨɫɬɶ 

ɩɪɨɬɟɤɚɧɢɹ ɨɛɪɚɬɧɨɣ ɪɟɚɤɰɢɢ. 

ȼ β004 ɝ. ɤɨɪɟɣɫɤɢɟ ɭɱёɧɵɟ ɢɫɩɨɥɶɡɨɜɚɥɢ ɪɟɚɤɰɢɸ ɦɟɬɚɬɟɡɢɫɚ ɫ 

ɨɛɪɚɡɨɜɚɧɢɟɦ ɰɢɤɥɚ ɞɥɹ ɫɬɟɪɟɨɫɟɥɟɤɬɢɜɧɨɝɨ ɫɢɧɬɟɡɚ ɚɥɤɚɥɨɢɞɚ (+)-

ɚɥɥɨɫɟɞɚɦɢɧɚ (X).  

 

3. ɉɪɢɜɟɞɢɬɟ ɫɬɪɭɤɬɭɪɧɵɟ ɮɨɪɦɭɥɵ ɫɨɟɞɢɧɟɧɢɣ A, B1, B2, C1, C2, D–G. 

ɍɱɬɢɬɟ, ɱɬɨ B1/B2 ɢ C1/C2 – ɩɚɪɵ ɞɢɚɫɬɟɪɟɨɦɟɪɨɜ, ɩɪɢ ɷɬɨɦ ɜ ɦɨɥɟɤɭɥɚɯ B1 ɢ C1 

ɨɞɢɧ ɯɢɪɚɥɶɧɵɣ ɰɟɧɬɪ ɢɦɟɟɬ R-ɤɨɧɮɢɝɭɪɚɰɢɸ, ɚ ɞɪɭɝɨɣ – S-ɤɨɧɮɢɝɭɪɚɰɢɸ. 

ȼɧɢɦɚɧɢɟ! ɉɨɥɧɵɣ ɛɚɥɥ ɫɬɚɜɢɬɫɹ ɡɚ ɫɬɪɭɤɬɭɪɵ ɫ ɩɪɚɜɢɥɶɧɨ ɭɤɚɡɚɧɧɨɣ 

ɫɬɟɪɟɨɯɢɦɢɟɣ. ȿɫɥɢ ɫɬɟɪɟɨɯɢɦɢɹ ɨɬɫɭɬɫɬɜɭɟɬ ɢɥɢ ɩɪɢɜɟɞɟɧɚ ɧɟɩɪɚɜɢɥɶɧɨ, 

ɫɬɪɭɤɬɭɪɚ ɨɰɟɧɢɜɚɟɬɫɹ ɧɟɩɨɥɧɵɦ ɛɚɥɥɨɦ. 
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Ɂɚɞɚɱɚ 11-5 

Кɢɧɟɬɢɤɚ ɢ ɬɟɪɦɨɞɢɧɚɦɢɤɚ ɞɟɝɢɞɪɢɪɨɜɚɧɢɹ ɷɬɚɧɚ 

Ɉɞɧɢɦ ɢɡ ɜɚɠɧɟɣɲɢɯ ɩɪɨɞɭɤɬɨɜ ɩɪɨɦɵɲɥɟɧɧɨɝɨ ɨɪɝɚɧɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ 

ɹɜɥɹɟɬɫɹ ɭɝɥɟɜɨɞɨɪɨɞ ɷɬɢɥɟɧ, ɦɢɪɨɜɨɟ ɩɪɨɢɡɜɨɞɫɬɜɨ ɤɨɬɨɪɨɝɨ ɫɨɫɬɚɜɥɹɟɬ ɨɤɨɥɨ 

150 ɦɥɧ ɬɨɧɧ ɜ ɝɨɞ. ȼ ɪɹɞɟ ɫɬɪɚɧ ɨɫɧɨɜɧɵɦ ɩɪɨɦɵɲɥɟɧɧɵɦ ɫɩɨɫɨɛɨɦ 

ɩɨɥɭɱɟɧɢɹ ɷɬɨɝɨ ɜɟɳɟɫɬɜɚ ɫɥɭɠɢɬ ɪɟɚɤɰɢɹ ɞɟɝɢɞɪɢɪɨɜɚɧɢɹ ɷɬɚɧɚ: 

C2H6 = C2H4 + H2. 

Ɋɟɚɤɰɢɸ ɨɛɵɱɧɨ ɩɪɨɜɨɞɹɬ ɧɚ ɤɚɬɚɥɢɡɚɬɨɪɟ Ni/Cr2O3 ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 550–

650 °C ɢ ɞɚɜɥɟɧɢɢ 0.05 Ɇɉɚ; ɤ ɷɬɚɧɭ, ɤɚɤ ɩɪɚɜɢɥɨ, ɞɨɛɚɜɥɹɸɬ ɝɚɡɨɨɛɪɚɡɧɵɣ 

ɚɡɨɬ. ȼɵɯɨɞ ɷɬɢɥɟɧɚ ɜ ɷɬɢɯ ɭɫɥɨɜɢɹɯ ɫɨɫɬɚɜɥɹɟɬ ɨɤɨɥɨ γ0 %. 

Ɍɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɷɬɨɝɨ ɩɪɨɰɟɫɫɚ, ɢɡɦɟɪɟɧɧɵɟ ɩɪɢ 

ɬɟɦɩɟɪɚɬɭɪɟ 600 °C, ɫɨɫɬɚɜɥɹɸɬ ΔrH° = 148.γ ɤȾɠ/ɦɨɥɶ, ΔrS° = 141.7 

Ⱦɠ/(ɦɨɥɶ·K). 

1. ɂɫɩɨɥɶɡɭɹ ɩɪɢɜɟɞёɧɧɵɟ ɜɵɲɟ ɞɚɧɧɵɟ, ɨɛɴɹɫɧɢɬɟ (ɤɚɱɟɫɬɜɟɧɧɨ, ɬ. ɟ. ɧɟ 

ɩɪɨɜɨɞɹ ɪɚɫɱёɬɨɜ), ɤɚɤ ɩɨɜɥɢɹɟɬ ɧɚ ɜɵɯɨɞ ɷɬɢɥɟɧɚ: ɚ) ɭɦɟɧɶɲɟɧɢɟ ɞɚɜɥɟɧɢɹ; 

ɛ) ɭɦɟɧɶɲɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ. 

Ɋɟɚɤɰɢɹ ɞɟɝɢɞɪɢɪɨɜɚɧɢɹ ɷɬɚɧɚ ɦɨɠɟɬ ɩɪɨɬɟɤɚɬɶ ɢ ɜ ɨɬɫɭɬɫɬɜɢɟ 

ɤɚɬɚɥɢɡɚɬɨɪɚ, ɯɨɬɹ, ɤɨɧɟɱɧɨ, ɬɚɤɨɣ ɫɩɨɫɨɛ ɩɪɨɜɟɞɟɧɢɹ ɪɟɚɤɰɢɢ ɧɟ ɢɫɩɨɥɶɡɭɟɬɫɹ 

ɜ ɯɢɦɢɱɟɫɤɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ. Ⱦɥɹ ɧɟɤɚɬɚɥɢɬɢɱɟɫɤɨɝɨ ɞɟɝɢɞɪɢɪɨɜɚɧɢɹ ɷɬɚɧɚ ɜ 

19γ9 ɝɨɞɭ ɛɵɥ ɩɪɟɞɥɨɠɟɧ ɫɥɟɞɭɸɳɢɣ ɰɟɩɧɨɣ ɦɟɯɚɧɢɡɦ: 

M2CHHCM1) 362   , 

  524623 HCCHHCCH2) , 

4252 HCHHC3)   , 

  52262 HCHHCH4) , 

1045252 HCHCHC5)   , 

ɝɞɟ Ɇ – ɥɸɛɚɹ ɢɡ ɱɚɫɬɢɰ, ɩɪɢɫɭɬɫɬɜɭɸɳɢɯ ɜ ɝɚɡɨɜɨɣ ɫɦɟɫɢ. 

2. ȼ ɧɟɪɚɡɜɟɬɜɥёɧɧɵɯ ɰɟɩɧɵɯ ɪɚɞɢɤɚɥɶɧɵɯ ɩɪɨɰɟɫɫɚɯ ɷɥɟɦɟɧɬɚɪɧɵɟ 

ɪɟɚɤɰɢɢ ɩɨɞɪɚɡɞɟɥɹɸɬ ɧɚ ɫɬɚɞɢɢ ɢɧɢɰɢɢɪɨɜɚɧɢɹ, ɩɪɨɞɨɥɠɟɧɢɹ ɢ ɨɛɪɵɜɚ ɰɟɩɢ. 

ɍɤɚɠɢɬɟ, ɤ ɤɚɤɨɦɭ ɬɢɩɭ ɨɬɧɨɫɢɬɫɹ ɤɚɠɞɚɹ ɢɡ ɫɬɚɞɢɣ 1–5. 
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3. Ʉɚɤɚɹ ɢɡ ɫɬɚɞɢɣ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɧɚɢɛɨɥɶɲɟɣ, ɚ ɤɚɤɚɹ – ɧɚɢɦɟɧɶɲɟɣ 

ɷɧɟɪɝɢɟɣ ɚɤɬɢɜɚɰɢɢ? Ɉɛɴɹɫɧɢɬɟ. 

Ɍɟɨɪɟɬɢɱɟɫɤɢɣ ɚɧɚɥɢɡ ɷɬɨɝɨ ɦɟɯɚɧɢɡɦɚ ɩɨɡɜɨɥɢɥ ɩɨɥɭɱɢɬɶ ɫɥɟɞɭɸɳɟɟ 

ɜɵɪɚɠɟɧɢɟ ɞɥɹ ɫɤɨɪɨɫɬɢ ɨɛɪɚɡɨɜɚɧɢɹ ɷɬɢɥɟɧɚ: 

]M][HC[
]HC[

62ɷɮɮ
42 k

dt

d
W  . 

Эɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɛɵɥɨ ɨɩɪɟɞɟɥɟɧɨ, ɱɬɨ kɷɮɮ = 5.5410
−4

 ɫ−1
 ɩɪɢ 600 °C. 

4. Ɉɩɪɟɞɟɥɢɬɟ ɩɨɪɹɞɨɤ ɪɟɚɤɰɢɢ ɩɨ ɷɬɚɧɭ: ɚ) ɩɪɢ ɦɚɥɵɯ ɫɬɟɩɟɧɹɯ 

ɩɪɟɜɪɚɳɟɧɢɹ ɷɬɚɧɚ; ɛ) ɩɪɢ ɛɨɥɶɲɢɯ ɫɬɟɩɟɧɹɯ ɩɪɟɜɪɚɳɟɧɢɹ ɢɥɢ ɩɪɢ ɫɢɥɶɧɨɦ 

ɪɚɡɛɚɜɥɟɧɢɢ ɚɡɨɬɨɦ. 

ɉɪɟɞɜɚɪɢɬɟɥɶɧɨ ɜɚɤɭɭɦɢɪɨɜɚɧɧɵɣ ɪɟɚɤɬɨɪ ɨɛɴёɦɨɦ β50 ɦɥ ɡɚɩɨɥɧɢɥɢ 

ɝɚɡɨɨɛɪɚɡɧɵɦ ɷɬɚɧɨɦ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ, ɩɨɫɥɟ ɱɟɝɨ ɪɟɚɤɬɨɪ ɛɵɫɬɪɨ 

ɧɚɝɪɟɥɢ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ 600 °C. ɇɚɱɚɥɶɧɨɟ ɞɚɜɥɟɧɢɟ ɷɬɚɧɚ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 

600 °C ɫɨɫɬɚɜɥɹɥɨ 0.γ61 ɛɚɪ. 

5. Ɋɚɫɫɱɢɬɚɣɬɟ ɩɚɪɰɢɚɥɶɧɵɟ ɞɚɜɥɟɧɢɹ (ɜ ɛɚɪɚɯ) ɷɬɚɧɚ, ɷɬɢɥɟɧɚ ɢ ɜɨɞɨɪɨɞɚ: 

ɚ) ɱɟɪɟɡ β ɦɢɧɭɬɵ ɩɨɫɥɟ ɧɚɱɚɥɚ ɪɟɚɤɰɢɢ; ɛ) ɩɨɫɥɟ ɞɨɫɬɢɠɟɧɢɹ ɪɚɜɧɨɜɟɫɢɹ. 

6. ɋɪɚɜɧɢɦ ɤɚɬɚɥɢɬɢɱɟɫɤɨɟ ɢ ɧɟɤɚɬɚɥɢɬɢɱɟɫɤɨɟ ɞɟɝɢɞɪɢɪɨɜɚɧɢɟ ɷɬɚɧɚ. ȼ 

ɬɚɛɥɢɰɟ ɩɪɢɜɟɞɟɧɵ ɧɟɤɨɬɨɪɵɟ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɪɟɚɤɰɢɢ. ɉɨɞ 

ɤɚɠɞɵɦ ɩɚɪɚɦɟɬɪɨɦ ɩɨɫɬɚɜɶɬɟ ɨɞɢɧ ɢɡ ɡɧɚɤɨɜ: ɩɥɸɫ, ɟɫɥɢ ɤɚɬɚɥɢɡɚɬɨɪ ɜɥɢɹɟɬ 

ɧɚ ɷɬɨɬ ɩɚɪɚɦɟɬɪ (ɩɪɢ ɩɪɨɱɢɯ ɪɚɜɧɵɯ ɭɫɥɨɜɢɹɯ), ɦɢɧɭɫ, ɟɫɥɢ ɧɟ ɜɥɢɹɟɬ, ɢ ɡɧɚɤ 

ɜɨɩɪɨɫɚ, ɟɫɥɢ ɜ ɡɚɞɚɱɟ ɧɟ ɯɜɚɬɚɟɬ ɞɚɧɧɵɯ ɞɥɹ ɨɞɧɨɡɧɚɱɧɨɝɨ ɨɬɜɟɬɚ. 

ΔrH
o
 Kp 

Ʉɢɧɟɬɢɱɟɫɤɢɣ 
ɩɨɪɹɞɨɤ 

ɩɨ ɷɬɚɧɭ 

Ʉɨɧɫɬɚɧɬɚ 
ɫɤɨɪɨɫɬɢ 

Ɋɚɜɧɨɜɟɫɧɵɣ 
ɜɵɯɨɞ 

ɷɬɢɥɟɧɚ 

ȼɵɯɨɞ 
ɷɬɢɥɟɧɚ 
ɱɟɪɟɡ β 

ɦɢɧ 

      

ɋɩɪɚɜɨɱɧɚɹ ɢɧɮɨɪɦɚɰɢɹ: 

1) ɍɪɚɜɧɟɧɢɟ ɤɢɧɟɬɢɱɟɫɤɨɣ ɤɪɢɜɨɣ ɞɥɹ ɪɟɚɤɰɢɢ ɩɟɪɜɨɝɨ ɩɨɪɹɞɤɚ: ДA] = 

[A]0·exp(−kt). 

2) ΔrG° = ΔrH° − TΔrS°. 

γ) ɋɜɹɡɶ ɷɧɟɪɝɢɢ Ƚɢɛɛɫɚ ɢ ɤɨɧɫɬɚɧɬɵ ɪɚɜɧɨɜɟɫɢɹ ɪɟɚɤɰɢɢ: ΔrG° = −RT·lnKp. 

4) ɍɧɢɜɟɪɫɚɥɶɧɚɹ ɝɚɡɨɜɚɹ ɩɨɫɬɨɹɧɧɚɹ R = 8.γ14 Ⱦɠ/(ɦɨɥɶ·Ʉ).  
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ȼɬɨɪɨɝɨ ɬɟɨɪɟɬɢɱɟɫɤɨɝɨ ɬɭɪɚ 
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ɇɟɨɪɝɚɧɢɱɟɫɤɚɹ ɯɢɦɢɹ 

Ɂɚɞɚɱɚ 1 

ɇɟɨɛɭɡɞɚɧɧɵɣ ɧɪɚɜ ɛɟɪɬɨɥɟɬɨɜɨɣ ɫɨɥɢ. 

Ɂɧɚɦɟɧɢɬɵɣ ɩɨɪɨɯ Ȼɟɪɬɨɥɥɟ ɛɵɥ ɪɚɡɪɚɛɨɬɚɧ Ⱥɧɬɭɚɧɨɦ Ʌɚɜɭɚɡɶɟ ɢ Ʉɥɨɞɨɦ 

Ȼɟɪɬɨɥɥɟ ɜ 1786 ɝɨɞɭ ɧɚ ɨɫɧɨɜɟ ɞɵɦɧɨɝɨ ɩɨɪɨɯɚ ɜ ɪɟɡɭɥɶɬɚɬɟ ɡɚɦɟɧɵ ɫɟɥɢɬɪɵ 

ɯɥɨɪɚɬɨɦ ɤɚɥɢɹ. ɇɨɜɵɣ ɩɨɪɨɯ ɧɚ ɬɨɬ ɦɨɦɟɧɬ ɢɦɟɥ ɧɚɢɛɨɥɶɲɭɸ ɫɢɥɭ ɜɡɪɵɜɚ ɢ 

ɫɬɚɥ ɚɤɬɢɜɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɧɚ ɩɪɨɢɡɜɨɞɫɬɜɟ. 

ɇɨ 1β ɦɚɹ 1899 ɝɨɞɚ ɜ ɝɨɪɨɞɤɟ ɋɟɧɬ-Ƚɚɥɟɩɫɨ ɜɨɡɥɟ Ʌɢɜɟɪɩɭɥɹ ɫɥɭɱɢɥɚɫɶ 

ɧɟɩɪɟɞɜɢɞɟɧɧɚɹ ɤɚɬɚɫɬɪɨɮɚ. ɇɟɢɡɜɟɫɬɧɨ ɤɚɤɢɦ ɨɛɪɚɡɨɦ ɢɫɤɪɚ ɨɬ ɛɨɱɤɢ, 

ɤɨɬɨɪɭɸ ɡɚɤɚɬɵɜɚɥɢ ɜ ɰɟɯ, ɩɨɩɚɥɚ ɧɚ ɩɪɨɩɢɬɚɧɧɭɸ ɛɟɪɬɨɥɟɬɨɜɨɣ ɫɨɥɶɸ 

ɞɟɪɟɜɹɧɧɭɸ ɪɚɦɭ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ. Ɉɝɨɧɶ ɜɫɩɵɯɧɭɥ ɦɝɧɨɜɟɧɧɨ ɜɵɫɨɬɨɣ ɜɵɲɟ 

200 ɦ ɢ ɨɯɜɚɬɢɥ ɜɟɫɶ ɡɚɜɨɞ. 156 ɬɨɧɧ ɩɪɨɞɭɤɬɚ ɡɚ ɤɨɪɨɬɤɨɟ ɜɪɟɦɹ ɩɪɟɜɪɚɬɢɥɢɫɶ ɜ 

ɪɚɫɤɚɥɟɧɧɵɣ ɩɨɬɨɤ, ɤɨɬɨɪɵɣ ɫɠɢɝɚɥ ɜɫɟ ɧɚ ɫɜɨɟɦ ɩɭɬɢ. ɂ ɜɞɪɭɝ ɪɚɡɞɚɥɫɹ 

ɫɬɪɚɲɧɵɣ ɜɡɪɵɜ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɤɨɬɨɪɨɝɨ ɛɵɥɢ ɩɨɥɧɨɫɬɶɸ ɪɚɡɪɭɲɟɧɵ ɡɚɜɨɞ, 

ɛɥɢɡɥɟɠɚɳɢɟ ɩɨɫɬɪɨɣɤɢ, ɢ ɫɨɫɟɞɧɟɟ ɝɚɡɨɯɪɚɧɢɥɢɳɟ. ȼ ɞɨɜɟɪɲɟɧɢɢ ɤɨ ɜɫɟɦɭ, ɜ 

ɬɨɬ ɦɨɦɟɧɬ ɩɪɨɯɨɞɹɳɢɣ ɦɢɦɨ ɩɨɟɡɞ ɫɨɲɟɥ ɫ ɪɟɥɶɫɨɜ. 

ȼ ɫɜɹɡɢ ɫ ɷɬɨɣ ɤɚɬɚɫɬɪɨɮɨɣ ɢɡ-ɡɚ ɩɨɜɵɲɟɧɧɨɣ ɫɤɥɨɧɧɨɫɬɢ ɤ ɞɟɬɨɧɚɰɢɢ 

ɞɚɥɶɧɟɣɲɟɟ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɩɨɪɨɯɚ Ȼɟɪɬɨɥɥɟ ɛɵɥɨ ɨɝɪɚɧɢɱɟɧɨ. ɋɚɦɚ ɫɨɥɶ ɫɬɚɥɚ 

ɫɢɦɜɨɥɨɦ ɩɢɪɨɬɟɯɧɢɤɢ, ɚ ɮɚɧɚɬɨɜ ɷɬɨɣ ɧɚɭɤɢ ɢɧɨɝɞɚ ɧɚɡɵɜɚɸɬ «ɛɟɪɬɨɥɟɬɚɦɢ». 

1. ɉɨɪɨɯ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɞɜɭɦɹ ɜɚɠɧɟɣɲɢɦɢ ɩɨɤɚɡɚɬɟɥɹɦɢ: ɬɟɩɥɨɬɨɣ 

ɝɨɪɟɧɢɹ Q (ɤɤɚɥ/ɤɝ), ɬɨ ɟɫɬɶ ɬɟɩɥɨɬɨɣ, ɜɵɞɟɥɹɟɦɨɣ ɩɪɢ ɩɨɥɧɨɦ ɫɝɨɪɚɧɢɢ1
 1 ɤɝ 

ɩɨɪɨɯɚ (1 ɤɚɥ ɪɚɜɧɚ 4,18 Ⱦɠ), ɢ ɨɛɴɟɦɨɦ ɝɚɡɨɨɛɪɚɡɧɵɯ ɩɪɨɞɭɤɬɨɜ V(ɥ/ɤɝ), 

ɜɵɞɟɥɢɜɲɢɯɫɹ ɩɪɢ ɫɝɨɪɚɧɢɢ 1 ɤɝ ɩɨɪɨɯɚ ɩɪɢ ɩɪɢɜɟɞɟɧɢɢ ɩɚɪɚɦɟɬɪɨɜ ɤ ɧ. ɭ. ɇɚ 

ɨɫɧɨɜɚɧɢɢ ɬɟɪɦɨɯɢɦɢɱɟɫɤɢɯ ɞɚɧɧɵɯ ɪɚɫɫɱɢɬɚɣɬɟ ɬɟɩɥɨɬɭ ɫɝɨɪɚɧɢɹ ɢ ɨɛɴɟɦ 

ɝɚɡɨɨɛɪɚɡɧɵɯ ɩɪɨɞɭɤɬɨɜ ɞɥɹ ɞɵɦɧɨɝɨ ɩɨɪɨɯɚ ɫɨɫɬɚɜɚ: KNO3 - 74,9 %; 

C - 13,3 %; S - 11,8 % (ɩɨ ɦɚɫɫɟ).  

ȼɟɳɟɫɬɜɨ KCl KClO3 KClO4 K2S KNO3 SO2 CO2 

Qɨɛɪ. ɤȾɠ/ɦɨɥɶ 435,9 391,2 430,1 428,4 493,2 296,9 393,5 

                                                           
1 Ɂɞɟɫɶ ɢ ɞɚɥɟɟ ɩɨɞ ɫɝɨɪɚɧɢɟɦ ɩɨɞɪɚɡɭɦɟɜɚɟɬɫɹ ɝɨɪɟɧɢɟ ɜ ɡɚɤɪɵɬɨɦ ɨɛɴɟɦɟ ɛɟɡ ɩɪɢɬɨɤɚ ɨɤɢɫɥɢɬɟɥɹ ɢɡɜɧɟ. 
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2. ʻ̌п̛̛̹те у̬̦̌̏е̛̦́ ̬е̌к̶̛̜, п̬о̵̛̭од̵̛̺́ п̛̬ ̐о̬е̛̛̦ ̵ло̬̌т̦о̐о 

по̬о̵̌. ˀ̸̛̭̭̌т̜̌те теплоту ̐о̬е̛̦́ по̬о̵̌ ̛ о̻̍е̥ ̐̌̚оо̵̬̦̼̍̌̚ п̬одукто̏ 

п̛̬ ̛̛̥̦̥̌л̦̽о̥ ;Ϭ %Ϳ ̭оде̛̛̬̙̦̌ ̌Ϳ ̭е̬̼, ̍Ϳ у̐ле̬од̌. 

3. ʻ̌п̛̛̹те у̬̦̌̏е̛̦́ ̬е̌к̶̛̜, п̬о̵̛̭од̵̛̺́ п̛̬ ̐о̬е̛̛̦ по̬о̵̌ ̭ 

̛̭пол̽̚о̛̦̏̌е̥ пе̵̬ло̬̌т̌ к̌л̛́. ˀ̸̛̭̭̌т̜̌те теплоту е̐о ̐о̬е̛̦́ ̛ о̻̍е̥ 

̐̌̚оо̵̬̦̼̍̌̚ п̬одукто̏ п̛̬ ̛̛̥̦̥̌л̦̽о̥ ;Ϭ %Ϳ ̭оде̛̛̬̙̦̌ ̏ ̦е̥ ̌Ϳ ̭е̬̼, ̍Ϳ 

у̐ле̬од̌.  

4. ʻ̌п̛̛̹те по д̏е ̬е̌к̶̛̛ полу̸е̛̦́ ̵ло̬̌т̌ ̛ пе̵̬ло̬̌т̌ к̌л̛́. 

 

Ɂɚɞɚɱɚ 2 

ɂɧɫɬɢɬɭɬ ɧɟɨɪɝɚɧɢɱɟɫɤɨɣ ɯɢɦɢɢ ɢɦ. 

Ⱥ. ȼ. ɇɢɤɨɥɚɟɜɚ ɋɈ ɊȺɇ ɹɜɥɹɟɬɫɹ ɩɪɢɡɧɚɧɧɵɦ 

ɦɢɪɨɜɵɦ ɥɢɞɟɪɨɦ ɩɨ ɫɜɨɣɫɬɜɚɦ ɩɨɥɭɱɚɟɦɵɯ 

ɫɰɢɧɬɢɥɥɹɰɢɨɧɧɵɯ ɤɪɢɫɬɚɥɥɨɜ. Ɍɚɤ, ɜ β01β ɝ. ɜ ɂɇɏ 

ɋɈ ɊȺɇ ɩɨ ɦɟɬɨɞɭ ɑɨɯɪɚɥɶɫɤɨɝɨ ɛɵɥ ɩɨɥɭɱɟɧ 

ɦɨɧɨɤɪɢɫɬɚɥɥ AȻɈ4, ɨɛɥɚɞɚɸɳɢɣ ɧɟɩɪɟɜɡɨɣɞɟɧɧɨɣ 

ɫɩɨɫɨɛɧɨɫɬɶɸ ɤ ɪɚɡɞɟɥɟɧɢɸ ɫɢɝɧɚɥɨɜ ɨɬ α, ȕ ɢ Ȗ-

ɢɡɥɭɱɟɧɢɣ ɩɪɢ ɨɱɟɧɶ ɧɢɡɤɨɣ ɬɟɦɩɟɪɚɬɭɪɟ (β0–30 ɦɄ). Ɍɚɤɨɟ ɫɜɨɣɫɬɜɨ ɩɨɡɜɨɥɹɟɬ 

ɫɱɢɬɚɬɶ ɦɨɧɨɤɪɢɫɬɚɥɥɵ ȺȻɈ4 ɜɟɫɶɦɚ ɩɟɪɫɩɟɤɬɢɜɧɨɣ ɫɢɫɬɟɦɨɣ ɞɥɹ ɩɨɩɵɬɨɤ 

ɞɟɬɟɤɬɢɪɨɜɚɧɢɹ ɞɜɨɣɧɨɝɨ ɛɟɡɧɟɣɬɪɢɧɧɨɝɨ ȕ-ɪɚɫɩɚɞɚ. Ⱦɟɥɨ ɜ ɬɨɦ, ɱɬɨ ɫɬɨɥɶ 

ɧɢɡɤɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɤɨɥɢɱɟɫɬɜɟɧɧɨɝɨ ɢɡɦɟɪɟɧɢɹ ɪɚɡɧɢɰɵ 

ɬɟɩɥɨɜɵɯ ɷɮɮɟɤɬɨɜ ɩɪɢ ɨɛɵɱɧɨɦ ɢ ɛɟɡɧɟɣɬɪɢɧɧɨɦ ɪɚɫɩɚɞɚɯ, ɱɬɨ ɜ ɫɜɨɸ 

ɨɱɟɪɟɞɶ ɩɨɡɜɨɥɢɬ ɨɩɪɟɞɟɥɢɬɶ ɬɨɱɧɭɸ ɦɚɫɫɭ ɧɟɣɬɪɢɧɨ. 

ɇɚɜɟɫɤɚ ɦɟɬɚɥɥɚ Ȼ ɦɚɫɫɨɣ 19β ɦɝ ɪɟɚɝɢɪɭɟɬ ɩɪɢ ɧɚɝɪɟɜɚɧɢɢ ɫ γ0 % ɚɡɨɬɧɨɣ 

ɤɢɫɥɨɬɨɣ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɝɢɞɪɚɬɢɪɨɜɚɧɧɨɝɨ ɨɤɫɢɞɚ ȻɈx·H2O ɢ 89,6 ɦɥ 

ɛɟɫɰɜɟɬɧɨɝɨ ɝɚɡɚ (ɢɡɦɟɪɟɧɨ ɩɪɢ ɧ. ɭ.), ɦɝɧɨɜɟɧɧɨ ɩɪɢɨɛɪɟɬɚɸɳɟɝɨ ɧɚ ɜɨɡɞɭɯɟ 

ɛɭɪɵɣ ɰɜɟɬ. ɇɚɜɟɫɤɚ ɜɵɫɭɲɟɧɧɨɝɨ ɞɨ ɩɨɫɬɨɹɧɧɨɣ ɦɚɫɫɵ ɨɤɫɢɞɚ ȻɈx ɦɚɫɫɨɣ 

0,β88 ɝ ɩɪɢ 650 °ɋ ɜɨɫɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɜɨɞɨɪɨɞɨɦ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ 0,β56 ɝ ɨɤɫɢɞɚ 
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ȻɈx−1.  

1. Ɂɚɩɢɲɢɬɟ ɜ ɨɛɳɟɦ ɜɢɞɟ ɭɪɚɜɧɟɧɢɹ ɪɟɚɤɰɢɣ 

ɦɟɬɚɥɥɚ Ȼ ɫ ɚɡɨɬɧɨɣ ɤɢɫɥɨɬɨɣ ɢ ɨɤɫɢɞɚ ȻɈx ɫ 

ɜɨɞɨɪɨɞɨɦ. ɍɫɬɚɧɨɜɢɬɟ ɦɟɬɚɥɥ Ȼ.  

ɋɚɦɵɦ ɩɪɨɫɬɵɦ ɫɩɨɫɨɛɨɦ ɨɩɪɟɞɟɥɟɧɢɹ ɫɨɫɬɚɜɚ 

ɪɚɞɢɨɚɤɬɢɜɧɨɝɨ ɢɡɥɭɱɟɧɢɹ ɹɜɥɹɟɬɫɹ ɧɚɛɥɸɞɟɧɢɟ 

ɨɬɤɥɨɧɟɧɢɹ ɬɪɚɟɤɬɨɪɢɣ ɤɨɦɩɨɧɟɧɬɨɜ ɢɡɥɭɱɟɧɢɹ ɜ 

ɩɨɫɬɨɹɧɧɨɦ ɦɚɝɧɢɬɧɨɦ ɩɨɥɟ. 

2. ɋɨɩɨɫɬɚɜɶɬɟ ɩɪɢɜɟɞɟɧɧɵɟ ɧɚ ɪɢɫɭɧɤɟ 

ɬɪɚɟɤɬɨɪɢɢ 1–γ ɫ α, ȕ ɢ Ȗ-ɢɡɥɭɱɟɧɢɹɦɢ.  

Ⱥ – ɛɟɥɵɣ ɫ ɝɨɥɭɛɨɜɚɬɵɦ ɨɬɬɟɧɤɨɦ, ɦɹɝɤɢɣ ɢ ɥɟɝɤɨɩɥɚɜɤɢɣ ɦɟɬɚɥɥ, ɥɟɝɤɨ 

ɪɚɫɬɜɨɪɹɸɳɢɣɫɹ ɜ ɫɨɥɹɧɨɣ ɤɢɫɥɨɬɟ, ɧɚɬɪɢɟɜɨɣ ɳɟɥɨɱɢ ɢ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɨɦ 

ɪɚɫɬɜɨɪɟ ɚɦɦɢɚɤɚ.  

3. ɍɫɬɚɧɨɜɢɬɟ ɦɟɬɚɥɥ Ⱥ, ɧɚɩɢɲɢɬɟ ɭɪɚɜɧɟɧɢɹ ɪɟɚɤɰɢɣ. Ⱦɨɩɨɥɧɢɬɟɥɶɧɨ 

ɢɡɜɟɫɬɧɨ, ɱɬɨ ɜ 1 ɦɨɥɟ ȺȻɈ4 ɫɨɞɟɪɠɢɬɫɹ 6,β6·1025 ɷɥɟɤɬɪɨɧɨɜ.  

ɇɚ ɩɪɢɜɟɞɟɧɧɨɣ ɫɯɟɦɟ ɡɚɲɢɮɪɨɜɚɧɵ ɩɪɟɜɪɚɳɟɧɢɹ ɦɟɬɚɥɥɚ Ȼ ɢ ɟɝɨ 

ɫɨɟɞɢɧɟɧɢɣ.  

1) Ȼ + Cl2  Ⱦ; 

2) Ȼ + ɋɈɋl2  ɀ; 

3) Ⱦ + ɋɈ + Al  ȼ; 

4) ȼ + I2  ȿ; 

5) Ⱦ + H2S  Ƚ; 

6) Ƚ + Ɉ2  ȻɈn; 

7) ȻɈn + NaOH ĺ Ɂ. 

ˁоед̛̦е̛̦́ ʧ–Ж – ̛̦̬̦̼̍̌ ;̭о̭то́т ̛̚ ̌то̥о̏ д̏у̵ ̾ле̥е̦то̏Ϳ. ʦе̺е̭т̏о ʪ 

̏ т̏е̬до̜ ̴̌̚е о̬̍̌̚о̦̏̌о ̦е̜т̬̌л̛̦̼̥̽ д̛̥е̛̬̦̼̥ ̥олекул̛̥̌, 

п̬ед̭т̌̏л̛̛̺̥́̀ ̭о̍о̜ д̏̌ окт̌̾д̬̌ ̭ о̛̺̥̍ ̬е̬̍о̥, ̏ ̶е̦т̬е кото̵̬̼ 

̵̦̌од́т̭́ ̌то̥̼ ʥ. ˁоед̛̦е̛̦е Ж ̛̥еет ̛о̦̦ое ̭т̬ое̛̦е, п̸̛̬е̥ е̐о к̌т̛о̦ 
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п̬ед̭т̌̏л́ет ̭о̍о̜ ̸ет̼̬е̵̬̌́̚д̦̼̜ окт̌̾д̸̛̬е̭к̛̜ кл̭̌те̬, ̏ ̏е̵̛̬̹̦̌ 

кото̬о̐о ̬̭̌поло̙е̦̼ ̌то̥̼ ̥ет̌лл̌ ʥ. ʻ̌д ̶е̦т̬о̥ к̙̌до̜ ̛̚ ̬̦̐̌е̜ 

окт̌̾д̬̌ ̵̦̌од̛т̭́ по од̦о̥у ̌то̥у ̵ло̬̌, ̭̦̦̏́̌̚о̥у ̭ к̙̌д̼̥ ̛̚ ̌то̥о̏ ʥ, 

̬̭̌поло̙е̵̦̦̼ ̦̌ ̾то̜ ̛̬̦̐̌. ʺолекул̌ ʦ ̭оде̛̬̙т од̛̦ ̌то̥ ̥ет̌лл̌ ʥ ̏ 

̦уле̏о̜ ̭тепе̛̦ ок̛̭ле̛̦́ ̛ под̸̛̦́ет̭́ п̛̬̌̏лу ϭϴ ̾лект̬о̦о̏, ̥̭̭̌о̏̌́ 

дол́ ʥ ̏ ̏е̺е̭т̏е ʫ ̭о̭т̌̏л́ет ϮϬ,ϭϯ %. ˁоед̛̦е̛̦е ʧ ̭̏т̬е̸̌ет̭́ ̏ п̛̬̬оде ̏ 

̛̏де ̛̥̦е̬̌л̌ ̥ол̛̍де̛̦т̌, ̛̙̬̦о̐о ̦̌ о̺уп̽ ̛ о̭т̌̏л̺́̀е̐о ̭лед̼ ̦̌ 

̍у̥̌̐е, ̸то ̭̦̏́̌̚о ̭ е̐о ̭ло̛̭т̼̥ ̭т̬ое̛̦е̥.  

4. Ɋɚɫɲɢɮɪɭɣɬɟ ɫɯɟɦɭ ɩɪɟɜɪɚɳɟɧɢɣ (ɭɫɬɚɧɨɜɢɬɟ ɮɨɪɦɭɥɵ ɫɨɟɞɢɧɟɧɢɣ ȼ–Ɂ), 

ɧɚɩɢɲɢɬɟ ɭɪɚɜɧɟɧɢɹ ɪɟɚɤɰɢɣ 1–7.  

5. Ʉɚɤɨɟ ɨɬɧɨɲɟɧɢɟ ɢɦɟɟɬ ɷɬɚ ɫɯɟɦɚ ɤ ɜɫɟɪɨɫɫɢɣɫɤɨɣ ɨɥɢɦɩɢɚɞɟ 

ɲɤɨɥɶɧɢɤɨɜ ɩɨ ɯɢɦɢɢ β015 ɝ?  

 

Ɂɚɞɚɱɚ 3 
Ƚɪɚɜɢɦɟɬɪɢɹ – ɨɞɢɧ ɢɡ ɫɚɦɵɯ ɞɪɟɜɧɢɯ ɦɟɬɨɞɨɜ ɯɢɦɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ. ɋɭɬɶ 

ɟɝɨ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɜɵɞɟɥɟɧɢɢ ɜɟɳɟɫɬɜɚ (ɢɥɢ ɫɦɟɫɢ ɜɟɳɟɫɬɜ) ɢɡ ɪɚɫɬɜɨɪɚ ɢ 

ɭɫɬɚɧɨɜɥɟɧɢɢ ɟɝɨ ɦɚɫɫɵ ɩɭɬɟɦ ɜɡɜɟɲɢɜɚɧɢɹ. ɉɪɢ ɷɬɨɦ ɨɩɪɟɞɟɥɹɟɦɵɣ 

ɤɨɦɩɨɧɟɧɬ, ɤɚɤ ɩɪɚɜɢɥɨ, ɨɫɚɠɞɚɸɬ ɜ ɜɢɞɟ ɧɟɪɚɫɬɜɨɪɢɦɨɝɨ ɫɨɟɞɢɧɟɧɢɹ 

(ɨɫɚɠɞɚɟɦɨɣ ɮɨɪɦɵ), ɤɨɬɨɪɨɟ ɜ ɞɚɥɶɧɟɣɲɟɦ ɨɬɞɟɥɹɸɬ ɮɢɥɶɬɪɨɜɚɧɢɟɦ, 

ɜɵɫɭɲɢɜɚɸɬ ɢ ɩɪɨɤɚɥɢɜɚɸɬ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɫɨɟɞɢɧɟɧɢɹ ɢɡɜɟɫɬɧɨɣ 

ɫɬɟɯɢɨɦɟɬɪɢɢ (ɝɪɚɜɢɦɟɬɪɢɱɟɫɤɨɣ ɮɨɪɦɵ), ɤɨɬɨɪɨɟ ɦɨɠɟɬ ɫɭɳɟɫɬɜɟɧɧɨ 

ɨɬɥɢɱɚɬɶɫɹ ɩɨ ɫɨɫɬɚɜɭ ɨɬ ɨɫɚɠɞɚɟɦɨɣ ɮɨɪɦɵ. Ƚɪɚɜɢɦɟɬɪɢɱɟɫɤɭɸ ɮɨɪɦɭ 

ɜɡɜɟɲɢɜɚɸɬ ɢ ɪɚɫɫɱɢɬɵɜɚɸɬ ɦɚɫɫɭ ɨɩɪɟɞɟɥɹɟɦɨɝɨ ɤɨɦɩɨɧɟɧɬɚ. ɂɧɨɝɞɚ 

ɝɪɚɜɢɦɟɬɪɢɱɟɫɤɨɣ ɮɨɪɦɨɣ ɹɜɥɹɟɬɫɹ ɝɚɡ, ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɟɝɨ ɦɚɫɫɭ ɧɚɯɨɞɹɬ ɩɨ 

ɪɚɡɧɨɫɬɢ ɦɚɫɫ ɨɫɚɞɤɚ ɞɨ ɢ ɩɨɫɥɟ ɩɪɨɤɚɥɢɜɚɧɢɹ. 

ɉɪɟɞɫɬɚɜɶɬɟ, ɱɬɨ ȼɵ ɩɟɪɟɧɟɫɥɢɫɶ ɧɚ ɦɧɨɝɨ ɥɟɬ ɧɚɡɚɞ ɢ ɨɤɚɡɚɥɢɫɶ ɜ 

ɯɢɦɢɱɟɫɤɨɣ ɥɚɛɨɪɚɬɨɪɢɢ. ȼ ɧɟɣ ɪɚɛɨɬɚɟɬ ɯɢɦɢɤ Ʉɨɥɛɨɱɤɢɧ. ȼ ɪɚɫɩɨɪɹɠɟɧɢɢ 

Ʉɨɥɛɨɱɤɢɧɚ ɜɫɟɝɨ γ ɪɟɚɤɬɢɜɚ: Na2CO3 (ɜɨɞɧɵɣ ɪɚɫɬɜɨɪ), H2SO4 (ɤɨɧɰ.) ɢ HCl 

(ɤɨɧɰ.). ȼ ɥɚɛɨɪɚɬɨɪɢɢ ɟɫɬɶ ɦɟɪɧɵɣ ɰɢɥɢɧɞɪ, ɜɨɪɨɧɤɚ ɞɥɹ ɮɢɥɶɬɪɨɜɚɧɢɹ ɢ 
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ɛɭɦɚɠɧɵɟ ɮɢɥɶɬɪɵ, ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɚɹ ɜɨɞɚ, ɚ ɬɚɤɠɟ ɩɟɱɶ ɞɥɹ ɩɪɨɤɚɥɢɜɚɧɢɹ. 

ɉɟɪɟɞ Ʉɨɥɛɨɱɤɢɧɵɦ ɛɵɥɚ ɩɨɫɬɚɜɥɟɧɚ ɡɚɞɚɱɚ ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɬɶ ɩɪɢɪɨɞɧɭɸ 

ɦɢɧɟɪɚɥɶɧɭɸ ɜɨɞɭ, ɫɨɞɟɪɠɚɳɭɸ ɢɨɧɵ HCO3
−
, Cl

−
, SO4

β−
, Na

+
, Ca

2+
, Mg

2+. ȼ 

ɪɚɫɩɨɪɹɠɟɧɢɢ ɯɢɦɢɤɚ ɨɤɚɡɚɥɫɹ 1 ɥ ɦɢɧɟɪɚɥɶɧɨɣ ɜɨɞɵ. 

ɑɬɨɛɵ ɜɵɹɫɧɢɬɶ ɫɨɫɬɚɜ ɜɨɞɵ, Ʉɨɥɛɨɱɤɢɧ ɩɪɨɞɟɥɚɥ ɫɥɟɞɭɸɳɢɟ 

ɷɤɫɩɟɪɢɦɟɧɬɵ: 

1. ɍɩɚɪɢɥ ɜɟɫɶ ɨɛɴɟɦ ɜɨɞɵ ɞɨ ɫɭɯɢɯ ɫɨɥɟɣ ɢ ɩɪɨɤɚɥɢɥ ɬɜɟɪɞɵɣ ɨɫɬɚɬɨɤ, 

ɬɚɤ ɱɬɨɛɵ ɩɪɨɢɡɨɲɥɨ ɪɚɡɥɨɠɟɧɢɟ ɝɢɞɪɨɤɚɪɛɨɧɚɬɨɜ ɢ ɤɪɢɫɬɚɥɥɨɝɢɞɪɚɬɨɜ, ɧɨ ɧɟ 

ɤɚɪɛɨɧɚɬɨɜ ɤɚɥɶɰɢɹ ɢ ɦɚɝɧɢɹ. Ɂɚɬɟɦ ɨɧ ɜɡɜɟɫɢɥ ɨɫɬɚɬɨɤ ɩɨɫɥɟ ɩɪɨɤɚɥɢɜɚɧɢɹ; 

ɟɝɨ ɦɚɫɫɚ ɨɤɚɡɚɥɚɫɶ ɪɚɜɧɨɣ m1 = 3,88 ɝ 

2. ɉɪɢɛɚɜɢɥ ɤ ɷɬɨɦɭ ɨɫɬɚɬɤɭ ɧɟɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɧɟɤɨɬɨɪɨɝɨ ɪɟɚɤɬɢɜɚ 

ɢɡ ɢɦɟɸɳɢɯɫɹ (ɧɚɡɨɜɟɦ ɟɝɨ «ɪɟɚɤɬɢɜ 1») – ɩɪɢ ɷɬɨɦ ɱɚɫɬɶ ɨɫɬɚɬɤɚ ɪɚɫɬɜɨɪɢɥɚɫɶ. 

ɋɧɨɜɚ ɭɩɚɪɢɥ ɫɦɟɫɶ ɢ ɩɪɨɤɚɥɢɥ ɜ ɚɬɦɨɫɮɟɪɟ ɯɥɨɪɢɫɬɨɝɨ ɜɨɞɨɪɨɞɚ ɞɨ ɛɟɡɜɨɞɧɵɯ 

ɫɨɥɟɣ. Ɇɚɫɫɚ ɧɨɜɨɝɨ ɨɫɬɚɬɤɚ ɫɨɫɬɚɜɢɥɚ m2 = 4,06 ɝ. 

3. Ʉ ɩɨɥɭɱɟɧɧɨɦɭ ɬɚɤɢɦ ɨɛɪɚɡɨɦ ɨɫɬɚɬɤɭ ɩɪɢɛɚɜɢɥ ɢɡɛɵɬɨɤ ɞɪɭɝɨɝɨ 

ɪɟɚɤɬɢɜɚ (ɧɚɡɨɜɟɦ ɟɝɨ «ɪɟɚɤɬɢɜ β») – ɱɚɫɬɶ ɨɫɬɚɬɤɚ ɬɚɤɠɟ ɪɚɫɬɜɨɪɢɥɚɫɶ. ɍɩɚɪɢɥ 

ɩɨɥɭɱɟɧɧɭɸ ɫɦɟɫɶ ɢ ɫɧɨɜɚ ɩɪɨɤɚɥɢɥ ɞɨ ɛɟɡɜɨɞɧɵɯ ɫɨɥɟɣ. Ɇɚɫɫɚ ɷɬɨɝɨ ɨɫɬɚɬɤɚ 

ɫɨɫɬɚɜɢɥɚ m3 = 4,65 ɝ. 

4. Ⱦɨɛɚɜɢɥ ɤ ɩɨɥɭɱɟɧɧɨɦɭ ɨɫɬɚɬɤɭ ɜɨɞɭ ɢ ɬɳɚɬɟɥɶɧɨ ɩɟɪɟɦɟɲɚɥ. 

Ɉɬɮɢɥɶɬɪɨɜɚɥ ɢ ɩɪɨɤɚɥɢɥ ɧɟɪɚɫɬɜɨɪɢɜɲɢɣɫɹ ɨɫɚɞɨɤ ɞɨ ɩɨɥɧɨɝɨ 

ɨɛɟɡɜɨɠɢɜɚɧɢɹ. ȼɡɜɟɫɢɥ ɟɝɨ: m4 = 1,γ6 ɝ. 

5. Ʉ ɩɪɨɡɪɚɱɧɨɦɭ ɮɢɥɶɬɪɚɬɭ ɩɪɢɛɚɜɢɥ ɢɡɛɵɬɨɤ ɟɳɟ ɨɞɧɨɝɨ ɪɟɚɤɬɢɜɚ ɢɡ 

ɢɦɟɸɳɢɯɫɹ («ɪɟɚɤɬɢɜ γ»). Ɉɬɮɢɥɶɬɪɨɜɚɥ ɜɵɩɚɜɲɢɣ ɨɫɚɞɨɤ ɢ ɩɪɨɤɚɥɢɥ. 

ȼɡɜɟɫɢɜ ɫɭɯɨɣ ɨɫɬɚɬɨɤ, ɩɪɟɞɫɬɚɜɥɹɸɳɢɣ ɫɨɛɨɣ ɨɤɫɢɞ, ɧɚɲɟɥ, ɱɬɨ ɟɝɨ ɦɚɫɫɚ 

ɫɨɫɬɚɜɥɹɟɬ m5 = 0,17 ɝ. 

ȼɵɩɨɥɧɢɬɟ ɫɥɟɞɭɸɳɢɟ ɡɚɞɚɧɢɹ: 

1) ɍɫɬɚɧɨɜɢɬɟ, ɤɚɤɢɟ ɪɟɚɤɬɢɜɵ ɡɚɲɢɮɪɨɜɚɧɵ ɩɨɞ ɧɚɡɜɚɧɢɹɦɢ «ɪɟɚɤɬɢɜ 1», 

«ɪɟɚɤɬɢɜ β» ɢ «ɪɟɚɤɬɢɜ γ». 
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2) Ɉɬɜɟɬɶɬɟ ɧɚ ɜɨɩɪɨɫ: ɩɨɱɟɦɭ ɧɚ β-ɨɣ ɫɬɚɞɢɢ ɚɧɚɥɢɡɚ Ʉɨɥɛɨɱɤɢɧ 

ɨɫɭɳɟɫɬɜɥɹɥ ɩɪɨɤɚɥɢɜɚɧɢɟ ɜ ɚɬɦɨɫɮɟɪɟ ɯɥɨɪɢɫɬɨɝɨ ɜɨɞɨɪɨɞɚ? Ɉɬɜɟɬ 

ɩɨɞɬɜɟɪɞɢɬɟ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦ ɭɪɚɜɧɟɧɢɟɦ ɪɟɚɤɰɢɢ. 

3) ɉɨ ɢɦɟɸɳɢɦɫɹ ɞɚɧɧɵɦ ɨɩɪɟɞɟɥɢɬɟ ɦɚɫɫɨɜɨɟ ɫɨɞɟɪɠɚɧɢɟ (ɝ/ɥ) ɤɚɠɞɨɝɨ 

ɭɤɚɡɚɧɧɨɝɨ ɢɨɧɚ ɜ ɦɢɧɟɪɚɥɶɧɨɣ ɜɨɞɟ ɢ ɟɟ ɨɛɳɭɸ ɦɢɧɟɪɚɥɢɡɚɰɢɸ (ɫɭɦɦɭ 

ɦɚɫɫɨɜɵɯ ɤɨɧɰɟɧɬɪɚɰɢɣ ɜɫɟɯ ɢɨɧɨɜ). ɉɪɢ ɪɚɫɱɟɬɟ ɢɫɩɨɥɶɡɭɣɬɟ ɫɥɟɞɭɸɳɢɟ 

ɡɧɚɱɟɧɢɹ ɨɬɧɨɫɢɬɟɥɶɧɵɯ ɚɬɨɦɧɵɯ ɦɚɫɫ ɷɥɟɦɟɧɬɨɜ: H – 1, C – 12, O – 16, Cl – 

35,5, S – 32, Na – 23, Ca – 40, Mg – 24. 

4) ɉɨɩɵɬɚɣɬɟɫɶ ɫɮɨɪɦɭɥɢɪɨɜɚɬɶ ɨɛɳɢɟ ɨɫɧɨɜɧɵɟ ɬɪɟɛɨɜɚɧɢɹ ɤ 

ɨɫɚɠɞɚɟɦɨɣ ɢ ɝɪɚɜɢɦɟɬɪɢɱɟɫɤɨɣ ɮɨɪɦɚɦ. 

5) ȼ ɝɪɚɜɢɦɟɬɪɢɢ ɜɜɨɞɢɬɫɹ ɩɨɧɹɬɢɟ ɝɪɚɜɢɦɟɬɪɢɱɟɫɤɨɝɨ ɮɚɤɬɨɪɚ. Эɬɨ 

ɤɨɷɮɮɢɰɢɟɧɬ, ɩɪɢ ɭɦɧɨɠɟɧɢɢ ɧɚ ɤɨɬɨɪɵɣ ɦɚɫɫɵ ɝɪɚɜɢɦɟɬɪɢɱɟɫɤɨɣ ɮɨɪɦɵ, 

ɨɩɪɟɞɟɥɹɟɦɨɣ ɜɡɜɟɲɢɜɚɧɢɟɦ, ɦɵ ɩɨɥɭɱɚɟɦ ɦɚɫɫɭ ɨɩɪɟɞɟɥɹɟɦɨɝɨ ɤɨɦɩɨɧɟɧɬɚ 

(ɷɥɟɦɟɧɬɚ, ɢɨɧɚ, ɫɨɟɞɢɧɟɧɢɹ ɢ ɞɪ.). Ɋɚɫɫɱɢɬɚɣɬɟ ɝɪɚɜɢɦɟɬɪɢɱɟɫɤɢɣ ɮɚɤɬɨɪ ɩɪɢ 

ɨɩɪɟɞɟɥɟɧɢɢ ɯɥɨɪɢɞ-ɢɨɧɨɜ, ɟɫɥɢ ɝɪɚɜɢɦɟɬɪɢɱɟɫɤɨɣ ɮɨɪɦɨɣ ɹɜɥɹɟɬɫɹ AgCl 

(M(Ag) = 107,9 ɝ/ɦɨɥɶ, M(Cl) = 35,5 ɝ/ɦɨɥɶ) ɢ ɝɪɚɜɢɦɟɬɪɢɱɟɫɤɢɣ ɮɚɤɬɨɪ ɩɪɢ 

ɨɩɪɟɞɟɥɟɧɢɢ ɠɟɥɟɡɚ, ɟɫɥɢ ɝɪɚɜɢɦɟɬɪɢɱɟɫɤɨɣ ɮɨɪɦɨɣ ɹɜɥɹɟɬɫɹ Fe2O3 

(M(Fe) = 55,8 ɝ/ɦɨɥɶ, Ɇ(O) = 16,0 ɝ/ɦɨɥɶ). ȼɵɜɟɞɢɬɟ ɮɨɪɦɭɥɭ ɞɥɹ ɪɚɫɱɟɬɚ 

ɝɪɚɜɢɦɟɬɪɢɱɟɫɤɨɝɨ ɮɚɤɬɨɪɚ ɩɪɢ ɨɩɪɟɞɟɥɟɧɢɢ n-ɜɚɥɟɧɬɧɨɝɨ ɷɥɟɦɟɧɬɚ ɦɨɥɹɪɧɨɣ 

ɦɚɫɫɨɣ m ɜ ɜɢɞɟ ɟɝɨ ɨɤɫɢɞɚ. 

 

Ɂɚɞɚɱɚ 4 

Ʉɜɚɧɬɨɜɚɹ ɬɨɱɤɚ – ɷɬɨ ɧɚɧɨɱɚɫɬɢɰɚ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɨɝɨ ɜɟɳɟɫɬɜɚ, 

ɨɛɥɚɞɚɸɳɚɹ ɧɨɜɵɦɢ ɤɜɚɧɬɨɜɵɦɢ ɫɜɨɣɫɬɜɚɦɢ ɛɥɚɝɨɞɚɪɹ ɫɜɨɟɦɭ ɦɚɥɨɦɭ ɪɚɡɦɟɪɭ 

ɢ ɹɜɥɹɸɳɚɹɫɹ ɷɮɮɟɤɬɢɜɧɵɦ ɢɫɬɨɱɧɢɤɨɦ ɫɜɟɬɚ. Ʉɜɚɧɬɨɜɵɟ ɬɨɱɤɢ ɜɟɳɟɫɬɜ Ⱥ, Ȼ ɢ 

ȼ ɮɥɭɨɪɟɫɰɢɪɭɸɬ ɜ ɍɎ-ɨɛɥɚɫɬɢ, Ƚ ɜ ɜɢɞɢɦɨɣ, ɚ Ⱦ ɢ ȿ ɜ ɛɥɢɠɧɟɣ ɂɄ-ɨɛɥɚɫɬɢ. 

ɉɨɥɭɱɚɸɬ ɤɜɚɧɬɨɜɵɟ ɬɨɱɤɢ, ɤɚɤ ɩɪɚɜɢɥɨ, ɯɢɦɢɱɟɫɤɢɦ ɨɫɚɠɞɟɧɢɟɦ ɢɡ 

ɩɟɪɟɫɵɳɟɧɧɨɝɨ ɪɚɫɬɜɨɪɚ. Ɂɚɪɨɠɞɟɧɢɟ ɢ ɪɨɫɬ ɡɚɪɨɞɵɲɟɣ ɜ ɪɚɫɬɜɨɪɟ ɩɪɢɜɨɞɢɬ ɤ 

ɮɨɪɦɟ ɧɚɧɨɤɪɢɫɬɚɥɥɨɜ, ɛɥɢɡɤɨɣ ɤ ɫɮɟɪɢɱɟɫɤɨɣ. Ⱦɥɹ ɫɢɧɬɟɡɚ ɧɚɧɨɱɚɫɬɢɰ 

ɜɟɳɟɫɬɜɚ Ƚ ɧɚ ɩɟɪɜɨɣ ɫɬɚɞɢɢ ɩɪɨɜɨɞɹɬ ɨɛɦɟɧɧɭɸ ɪɟɚɤɰɢɸ (ɪɟɚɤɰɢɹ 1), 
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ɫɦɟɲɢɜɚɹ ɚɰɟɬɚɬ ɦɟɬɚɥɥɚ ɀ ɫ ɨɥɟɢɧɨɜɨɣ ɤɢɫɥɨɬɨɣ. ɉɨɥɭɱɟɧɧɵɣ ɩɪɟɤɭɪɫɨɪ 

ɪɚɫɬɜɨɪɹɸɬ ɜ ɜɵɫɨɤɨɤɢɩɹɳɟɦ ɧɟɩɨɥɹɪɧɨɦ ɪɚɫɬɜɨɪɢɬɟɥɟ ɨɤɬɚɞɟɰɟɧɟ-1, 

ɧɚɝɪɟɜɚɸɬ ɞɨ β60 °C, ɚ ɡɚɬɟɦ ɜ ɫɢɫɬɟɦɭ ɜɩɪɵɫɤɢɜɚɸɬ ɪɚɫɬɜɨɪ (C8H15)3Pɂ, ɜ 

ɪɟɡɭɥɶɬɚɬɟ ɱɟɝɨ (ɪɟɚɤɰɢɹ β) ɩɨɥɭɱɚɸɬ «ɪɚɫɬɜɨɪ» (ɧɚ ɫɚɦɨɦ ɞɟɥɟ ɜɡɜɟɫɶ 

ɧɚɧɨɱɚɫɬɢɰ) ɤɜɚɧɬɨɜɵɯ ɬɨɱɟɤ. 

Ⱦɥɹ ɭɫɬɚɧɨɜɥɟɧɢɹ ɫɨɫɬɚɜɚ ɜɟɳɟɫɬɜɚ Ⱥ «ɪɚɫɬɜɨɪ», ɫɨɞɟɪɠɚɳɢɣ β00,0 ɦɝ 

ɧɚɧɨɱɚɫɬɢɰ Ⱥ, ɧɚɝɪɟɥɢ ɫ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɨɣ ɚɡɨɬɧɨɣ ɤɢɫɥɨɬɨɣ (ɪɟɚɤɰɢɹ γ). 

ɉɨɥɭɱɟɧɧɵɣ ɪɚɫɬɜɨɪ ɪɚɡɞɟɥɢɥɢ ɧɚ ɞɜɟ ɪɚɜɧɵɟ ɱɚɫɬɢ. ɉɟɪɜɭɸ ɩɨɥɨɜɢɧɭ 

ɪɚɫɬɜɨɪɚ ɧɟɣɬɪɚɥɢɡɨɜɚɥɢ, ɚ ɡɚɬɟɦ ɞɨɛɚɜɢɥɢ ɪɚɫɬɜɨɪ ɝɢɞɪɨɨɪɬɨɮɨɫɮɚɬɚ 

ɚɦɦɨɧɢɹ, ɱɬɨ ɩɪɢɜɟɥɨ ɤ ɜɵɩɚɞɟɧɢɸ ɛɟɥɨɝɨ ɨɫɚɞɤɚ (ɪɟɚɤɰɢɹ 4), ɫɨɞɟɪɠɚɳɟɝɨ 

35,87 % ɤɢɫɥɨɪɨɞɚ ɩɨ ɦɚɫɫɟ. Ɉɫɚɞɨɤ ɨɬɮɢɥɶɬɪɨɜɚɥɢ ɢ ɩɪɨɤɚɥɢɥɢ (ɪɟɚɤɰɢɹ 5). 

Ɇɚɫɫɚ ɨɫɬɚɬɤɚ ɫɨɫɬɚɜɢɥɚ 156,γ ɦɝ, ɚ ɦɚɫɫɨɜɚɹ ɞɨɥɹ ɦɟɬɚɥɥɚ ɜ ɧɟɦ 4β,9β %. Ʉ 

ɞɪɭɝɨɣ ɱɚɫɬɢ ɪɚɫɬɜɨɪɚ ɞɨɛɚɜɢɥɢ ɧɟɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɪɚɫɬɜɨɪɚ ɚɦɦɢɚɤɚ, ɜ 

ɪɟɡɭɥɶɬɚɬɟ ɱɟɝɨ ɜɵɩɚɥ ɛɟɥɵɣ ɨɫɚɞɨɤ (ɪɟɚɤɰɢɹ 6), ɤɨɬɨɪɵɣ ɪɚɫɬɜɨɪɢɥɫɹ ɜ 

ɢɡɛɵɬɤɟ ɪɟɚɝɟɧɬɚ (ɪɟɚɤɰɢɹ 7). 

Ʉ ɞɪɭɝɨɦɭ «ɪɚɫɬɜɨɪɭ», ɫɨɞɟɪɠɚɳɟɦɭ 400,0 ɦɝ ɧɚɧɨɱɚɫɬɢɰ Ⱦ, ɞɨɛɚɜɢɥɢ 

ɩɟɪɨɤɫɢɞ ɜɨɞɨɪɨɞɚ, ɱɬɨ ɩɪɢɜɟɥɨ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɛɟɥɨɝɨ ɨɫɚɞɤɚ (ɪɟɚɤɰɢɹ 8, 

ɪɚɧɶɲɟ ɩɪɢɦɟɧɹɥɚɫɶ ɜ ɪɟɫɬɚɜɪɚɰɢɢ ɫɬɚɪɵɯ ɩɨɱɟɪɧɟɜɲɢɯ ɤɚɪɬɢɧ), ɫɩɨɫɨɛɧɨɝɨ 

ɪɚɫɬɜɨɪɹɬɶɫɹ ɜ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɵɯ ɪɚɫɬɜɨɪɚɯ ɳɟɥɨɱɟɣ (ɪɟɚɤɰɢɹ 9) ɫ 

ɨɛɪɚɡɨɜɚɧɢɟɦ ɤɨɦɩɥɟɤɫɧɵɯ ɫɨɟɞɢɧɟɧɢɣ. Ɉɫɚɞɨɤ ɜɵɞɟɥɢɥɢ ɢ ɜɵɫɭɲɢɥɢ. Ɇɚɫɫɚ 

ɨɫɚɞɤɚ ɫɨɫɬɚɜɢɥɚ 506,9 ɦɝ, ɚ ɦɚɫɫɨɜɚɹ ɞɨɥɹ ɦɟɬɚɥɥɚ ɜ ɧɟɦ 68,γβ %. 

Ʉ ɟɳɟ ɨɞɧɨɦɭ ɬɚɤɨɦɭ «ɪɚɫɬɜɨɪɭ» (γ00,0 ɦɝ ɧɚɧɨɱɚɫɬɢɰ Ȼ) ɩɪɢɥɢɥɢ 

ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɭɸ ɫɨɥɹɧɭɸ ɤɢɫɥɨɬɭ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɱɟɝɨ (ɪɟɚɤɰɢɹ 10) 

ɨɛɪɚɡɨɜɚɥɫɹ ɛɟɫɰɜɟɬɧɵɣ ɪɚɫɬɜɨɪ ɢ ɜɵɞɟɥɢɥɫɹ ɝɚɡ ɫ ɡɚɩɚɯɨɦ ɬɭɯɥɵɯ ɹɢɰ. ɉɪɢ 

ɞɨɛɚɜɥɟɧɢɢ ɤ ɩɨɥɭɱɟɧɧɨɦɭ ɪɚɫɬɜɨɪɭ ɪɚɡɛɚɜɥɟɧɧɨɝɨ ɪɚɫɬɜɨɪɚ ɝɢɞɪɨɤɫɢɞɚ ɧɚɬɪɢɹ 

ɜɵɩɚɥ ɛɟɥɵɣ ɨɫɚɞɨɤ (ɪɟɚɤɰɢɹ 11). Ɉɫɚɞɨɤ ɩɪɨɤɚɥɢɥɢ (ɪɟɚɤɰɢɹ 1β) ɢ ɜɡɜɟɫɢɥɢ, 

ɟɝɨ ɦɚɫɫɚ ɫɨɫɬɚɜɢɥɚ β66,6 ɦɝ. 

ɂɡɜɟɫɬɧɨ, ɱɬɨ ɫɨɟɞɢɧɟɧɢɹ Ⱥ – ȿ ɛɢɧɚɪɧɵɟ (ɞɜɭɯɷɥɟɦɟɧɬɧɵɟ), ɩɪɢɱɟɦ 

ɜɟɳɟɫɬɜɚ Ⱥ, Ȼ ɢ Ⱦ ɢɦɟɸɬ ɨɛɳɢɣ ɧɟɦɟɬɚɥɥ Ɂ, ɚ ɜɟɳɟɫɬɜɚ ȼ, Ƚ ɢ ȿ – ɨɛɳɢɣ 

ɧɟɦɟɬɚɥɥ ɂ. Ⱦɨɩɨɥɧɢɬɟɥɶɧɨ ɢɡɜɟɫɬɧɨ, ɱɬɨ ɜɟɳɟɫɬɜɚ Ⱥ ɢ ȼ, Ȼ ɢ Ƚ, Ⱦ ɢ ȿ 
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ɩɨɩɚɪɧɨ ɫɨɞɟɪɠɚɬ ɩɨ ɨɞɧɨɦɭ ɨɛɳɟɦɭ ɦɟɬɚɥɥɭ. Ɇɨɥɹɪɧɵɟ ɦɚɫɫɵ Ɂ ɢ ɂ 

ɨɬɥɢɱɚɸɬɫɹ ɜ β,46 ɪɚɡɚ, ɚ ɦɚɫɫɨɜɵɟ ɞɨɥɢ ɧɟɦɟɬɚɥɥɚ ɂ ɜ ɫɨɟɞɢɧɟɧɢɹɯ ȼ, Ƚ ɢ ȿ 

ɫɨɫɬɚɜɥɹɸɬ 54,7, 41,γ ɢ β7,6 % ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ.  

1. ɍɫɬɚɧɨɜɢɬɟ ɧɟɦɟɬɚɥɥɵ ɀ ɢ ɂ, ɚ ɬɚɤɠɟ ɮɨɪɦɭɥɵ ɜɟɳɟɫɬɜ Ⱥ – ȿ.  

2. ɇɚɩɢɲɢɬɟ ɭɪɚɜɧɟɧɢɹ ɨɩɢɫɚɧɧɵɯ ɜ ɡɚɞɚɱɟ ɪɟɚɤɰɢɣ (1–1β). Ɇɚɫɫɨɜɚɹ ɞɨɥɹ 

ɭɝɥɟɪɨɞɚ ɜ ɨɥɟɢɧɨɜɨɣ ɤɢɫɥɨɬɟ (CxH2ɯ−1COOH) ɫɨɫɬɚɜɥɹɟɬ 76,6 %. 

ɂɧɬɟɪɟɫɧɨɣ ɨɫɨɛɟɧɧɨɫɬɶɸ ɤɜɚɧɬɨɜɵɯ ɬɨɱɟɤ 

ɹɜɥɹɟɬɫɹ ɬɚɤ ɧɚɡɵɜɚɟɦɵɣ «ɫɢɧɢɣ ɫɞɜɢɝ». ȿɝɨ ɫɭɬɶ 

ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ ɰɜɟɬ ɮɥɭɨɪɟɫɰɟɧɰɢɢ 

ɤɜɚɧɬɨɜɵɯ ɬɨɱɟɤ ɜ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ ɡɚɜɢɫɢɬ ɨɬ 

ɪɚɡɦɟɪɚ ɧɚɧɨɱɚɫɬɢɰɵ. ɉɨɷɬɨɦɭ, ɩɨɞɛɢɪɚɹ ɪɚɡɦɟɪ 

ɧɚɧɨɱɚɫɬɢɰ, ɦɨɠɧɨ ɪɟɝɭɥɢɪɨɜɚɬɶ ɢɡɥɭɱɚɟɦɵɣ ɰɜɟɬ. 

3. Ⱦɥɹ ɢɡɥɭɱɟɧɢɹ ɫɜɟɬɚ ɤɪɚɫɧɨɝɨ ɞɢɚɩɚɡɨɧɚ ɧɟɨɛɯɨɞɢɦɨ ɜɡɹɬɶ ɧɚɧɨɱɚɫɬɢɰɵ 

ɜɟɳɟɫɬɜɚ Ƚ ɫ ɞɢɚɦɟɬɪɨɦ γ,1 ɧɦ (1 ɧɦ = 10
−9

 ɦ). ɇɚɣɞɢɬɟ ɤɨɥɢɱɟɫɬɜɨ 

ɮɨɪɦɭɥɶɧɵɯ ɟɞɢɧɢɰ Ƚ ɜ ɬɚɤɨɣ ɤɜɚɧɬɨɜɨɣ ɬɨɱɤɟ, ɟɫɥɢ Ƚ ɢɦɟɟɬ ɩɥɨɬɧɨɫɬɶ 5,8β 

ɝ/ɫɦ3
. 

ɇɚɧɨɱɚɫɬɢɰɵ Ƚ ɢɦɟɸɬ ɧɢɡɤɢɣ ɤɜɚɧɬɨɜɵɣ ɜɵɯɨɞ ɮɥɭɨɪɟɫɰɟɧɰɢɢ (ɧɟ ɛɨɥɟɟ 

5 %). Ⱦɥɹ ɩɨɜɵɲɟɧɢɹ ɮɨɬɨɫɬɚɛɢɥɶɧɨɫɬɢ ɢɯ ɩɨɤɪɵɜɚɸɬ ɫɥɨɟɦ ɛɨɥɟɟ 

ɲɢɪɨɤɨɡɨɧɧɨɝɨ ɩɨɥɭɩɪɨɜɨɞɧɢɤɚ ɫɨ ɫɯɨɠɢɦɢ ɫɬɪɭɤɬɭɪɨɣ ɢ ɫɨɫɬɚɜɨɦ, ɤɨɬɨɪɵɣ 

ɡɧɚɱɢɬɟɥɶɧɨ ɩɨɜɵɲɚɟɬ ɹɪɤɨɫɬɶ ɮɥɭɨɪɟɫɰɟɧɰɢɢ. 

4. Ɋɚɫɫɱɢɬɚɣɬɟ ɦɚɫɫɨɜɭɸ ɞɨɥɸ ɦɟɬɚɥɥɚ ɀ ɜ ɫɨɫɬɚɜɟ ɬɚɤɨɣ ɱɚɫɬɢɰɵ Ƚ, 

ɩɨɤɪɵɬɨɣ ɬɨɧɤɢɦ ɫɥɨɟɦ ɜɟɳɟɫɬɜɚ Ⱥ. ɉɥɨɬɧɨɫɬɶ Ⱥ ɩɪɢɦɢɬɟ ɪɚɜɧɨɣ 4,09 ɝ/ɫɦ3
. 

Ⱦɢɚɦɟɬɪ ɜɧɭɬɪɟɧɧɟɣ ɫɮɟɪɵ (ɱɢɫɬɨɟ ɜɟɳɟɫɬɜɨ Ƚ) ɫɨɫɬɚɜɥɹɟɬ γ,5 ɧɦ, ɜɧɟɲɧɟɣ 

(ɜɦɟɫɬɟ ɫ ɧɚɧɟɫɟɧɧɵɦ ɩɨɤɪɵɬɢɟɦ) 4,5 ɧɦ.  

 

Ɂɚɞɚɱɚ 5 

ȼɚɠɧɟɣɲɢɣ ɛɢɨɝɟɧɧɵɣ ɷɥɟɦɟɧɬ ɏ ɨɬɧɨɫɢɬɫɹ ɤ ɪɟɞɤɢɦ ɢ ɱɪɟɡɜɵɱɚɣɧɨ 

ɪɚɫɫɟɹɧɧɵɦ ɷɥɟɦɟɧɬɚɦ. ȿɝɨ ɫɨɞɟɪɠɚɧɢɟ ɜ ɦɨɪɫɤɨɣ ɜɨɞɟ ɫɨɫɬɚɜɥɹɟɬ ɜɫɟɝɨ β0–

30 ɦɝ ɧɚ ɬɨɧɧɭ, ɨɞɧɚɤɨ ɧɟɤɨɬɨɪɵɟ ɨɪɝɚɧɢɡɦɵ ɨɛɥɚɞɚɸɬ ɭɞɢɜɢɬɟɥɶɧɨɣ 

ɫɩɨɫɨɛɧɨɫɬɶɸ ɟɝɨ ɧɚɤɚɩɥɢɜɚɬɶ. Ɉɫɨɛɟɧɧɨ ɦɧɨɝɨ ɷɥɟɦɟɧɬɚ X ɫɨɞɟɪɠɢɬɫɹ ɜ 
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ɜɨɞɨɪɨɫɥɹɯ (з5 ɝ ɧɚ ɬɨɧɧɭ ɥɚɦɢɧɚɪɢɢ, ɬ. ɟ. ɦɨɪɫɤɨɣ ɤɚɩɭɫɬɵ). ɍ ɠɢɜɨɬɧɵɯ ɢ 

ɱɟɥɨɜɟɤɚ ɷɬɨɬ ɷɥɟɦɟɧɬ ɜɯɨɞɢɬ ɜ ɫɨɫɬɚɜ ɬɚɤ ɧɚɡɵɜɚɟɦɵɯ ɬɢɪɟɨɢɞɧɵɯ ɝɨɪɦɨɧɨɜ, 

ɜɵɪɚɛɚɬɵɜɚɟɦɵɯ ɳɢɬɨɜɢɞɧɨɣ ɠɟɥɟɡɨɣ ɢ ɨɤɚɡɵɜɚɸɳɢɯ ɦɧɨɝɨɫɬɨɪɨɧɧɟɟ 

ɜɨɡɞɟɣɫɬɜɢɟ ɧɚ ɪɨɫɬ, ɪɚɡɜɢɬɢɟ ɢ ɨɛɦɟɧ ɜɟɳɟɫɬɜ. Ⱦɥɹ ɧɨɪɦɚɥɶɧɨɝɨ ɦɟɬɚɛɨɥɢɡɦɚ 

ɫɪɟɞɧɟɦɭ ɱɟɥɨɜɟɤɭ ɬɪɟɛɭɟɬɫɹ ɩɨɥɭɱɚɬɶ ɫ ɩɢɳɟɣ ɜɫɟɝɨ 0,β ɦɝ ɷɥɟɦɟɧɬɚ ɏ ɜ ɫɭɬɤɢ, 

ɨɞɧɚɤɨ ɟɝɨ ɧɟɞɨɫɬɚɬɨɤ ɜ ɩɪɨɞɭɤɬɚɯ ɩɢɬɚɧɢɹ ɜɵɡɵɜɚɟɬ ɬɹɠёɥɵɟ ɡɚɛɨɥɟɜɚɧɢɹ. 

ɑɬɨɛɵ ɜɨɫɩɨɥɧɢɬɶ ɞɟɮɢɰɢɬ ɷɥɟɦɟɧɬɚ ɏ ɜ ɨɪɝɚɧɢɡɦɟ ɱɟɥɨɜɟɤɚ, ɜ ɧɚɫɬɨɹɳɟɟ 

ɜɪɟɦɹ ɢɫɩɨɥɶɡɭɟɬɫɹ ɢɡɹɳɧɵɣ ɫɩɨɫɨɛ ɟɝɨ ɞɨɫɬɚɜɤɢ ɧɚ ɤɚɠɞɵɣ ɨɛɟɞɟɧɧɵɣ ɫɬɨɥ. 

1. ɍɫɬɚɧɨɜɢɬɟ ɷɥɟɦɟɧɬ ɏ. ȼɵɱɢɫɥɢɬɟ ɦɚɫɫɭ ɦɨɪɫɤɨɣ ɤɚɩɭɫɬɵ, ɤɨɬɨɪɚɹ 

ɦɨɠɟɬ ɭɞɨɜɥɟɬɜɨɪɢɬɶ ɟɠɟɞɧɟɜɧɭɸ ɩɨɬɪɟɛɧɨɫɬɶ ɱɟɥɨɜɟɤɚ ɜ ɷɬɨɦ ɷɥɟɦɟɧɬɟ. 

2. ȼ ɤɚɤɨɣ ɩɪɨɞɭɤɬ ɞɨɛɚɜɥɹɸɬ ɫɨɟɞɢɧɟɧɢɹ ɷɥɟɦɟɧɬɚ X, ɱɬɨɛɵ ɨɛɟɫɩɟɱɢɬɶ 

ɟɝɨ ɩɨɩɚɞɚɧɢɟ ɧɚ «ɤɚɠɞɵɣ ɨɛɟɞɟɧɧɵɣ ɫɬɨɥ»? ɉɪɢɜɟɞɢɬɟ ɞɜɚ ɩɪɢɦɟɪɚ (ɮɨɪɦɭɥɵ 

ɢ ɧɚɡɜɚɧɢɹ) ɢɫɩɨɥɶɡɭɟɦɵɯ ɞɥɹ ɷɬɨɣ ɰɟɥɢ ɫɨɟɞɢɧɟɧɢɣ ɷɥɟɦɟɧɬɚ X ɫ ɪɚɡɧɵɦɢ 

ɫɬɟɩɟɧɹɦɢ ɨɤɢɫɥɟɧɢɹ. Ʉɚɤɚɹ ɢɡ ɷɬɢɯ ɞɨɛɚɜɨɤ ɹɜɥɹɟɬɫɹ ɩɪɟɞɩɨɱɬɢɬɟɥɶɧɨɣ ɢ 

ɩɨɱɟɦɭ? 

ɂɡɜɟɫɬɧɵ γ7 ɢɡɨɬɨɩɨɜ ɷɥɟɦɟɧɬɚ ɏ, ɨɞɧɚɤɨ ɫɬɚɛɢɥɟɧ ɬɨɥɶɤɨ ɨɞɢɧ ɢɡ ɧɢɯ, Nɏ, 

ɩɪɢɪɨɞɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɤɨɬɨɪɨɝɨ ɛɥɢɡɤɨ ɤ 100 %. ɂɡ ɪɚɞɢɨɚɤɬɢɜɧɵɯ ɢɡɨɬɨɩɨɜ 

ɧɚɢɛɨɥɶɲɟɟ ɩɪɚɤɬɢɱɟɫɤɨɟ ɡɧɚɱɟɧɢɟ ɢɦɟɟɬ ɢɡɨɬɨɩ N+4ɏ, ɤɨɬɨɪɵɣ ɹɜɥɹɟɬɫɹ 

ɜɟɫɨɦɵɦ ɩɪɨɞɭɤɬɨɦ ɞɟɥɟɧɢɹ ɭɪɚɧɚ, ɩɥɭɬɨɧɢɹ ɢ, ɤɨɫɜɟɧɧɨ, ɬɨɪɢɹ, ɫɨɫɬɚɜɥɹɹ, 

ɧɚɩɪɢɦɟɪ, ɞɨ γ % ɩɪɨɞɭɤɬɨɜ ɞɟɥɟɧɢɹ 235
U Дɪɟɚɤɰɢɹ 1]. ɋɩɨɫɨɛɧɨɫɬɶ ɷɥɟɦɟɧɬɚ X 

ɢɡɛɢɪɚɬɟɥɶɧɨ ɧɚɤɚɩɥɢɜɚɬɶɫɹ ɳɢɬɨɜɢɞɧɨɣ ɠɟɥɟɡɨɣ (ɤɨɧɰɟɧɬɪɚɰɢɹ ɜ γ0 ɪɚɡ 

ɛɨɥɶɲɟ ɱɟɦ ɜ ɨɫɬɚɥɶɧɵɯ ɭɱɚɫɬɤɚɯ ɨɪɝɚɧɢɡɦɚ) ɢɫɩɨɥɶɡɭɟɬɫɹ ɫɨɜɪɟɦɟɧɧɨɣ 

ɦɟɞɢɰɢɧɨɣ ɞɥɹ ɪɚɞɢɨɬɟɪɚɩɢɢ ɬɚɤɨɝɨ ɫɟɪɶɟɡɧɨɝɨ ɟɟ ɡɚɛɨɥɟɜɚɧɢɹ ɤɚɤ ɤɚɪɰɢɧɨɦɚ 

(ɪɚɤɨɜɚɹ ɨɩɭɯɨɥɶ). ɉɨɫɥɟ ɯɢɪɭɪɝɢɱɟɫɤɨɝɨ ɜɦɟɲɚɬɟɥɶɫɬɜɚ ɜ ɬɤɚɧɹɯ ɠɟɥɟɡɵ 

ɨɫɬɚɸɬɫɹ ɨɱɚɝɢ ɨɩɭɯɨɥɟɜɵɯ ɤɥɟɬɨɤ (ɦɟɬɚɫɬɚɡɵ), ɞɥɹ ɪɚɡɪɭɲɟɧɢɹ ɤɨɬɨɪɵɯ 

ɩɚɰɢɟɧɬɭ ɩɪɨɩɢɫɵɜɚɸɬ ɩɪɢɟɦ ɩɪɟɩɚɪɚɬɚ ɢɡɨɬɨɩɚ N+4ɏ. ȿɝɨ ɥɟɱɟɛɧɨɟ ɞɟɣɫɬɜɢɟ 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɦɨɳɧɵɦ ɥɨɤɚɥɶɧɵɦ ȕ-ɢɡɥɭɱɟɧɢɟɦ Дɪɟɚɤɰɢɹ 2], ɷɮɮɟɤɬ ɤɨɬɨɪɨɝɨ 

ɪɚɫɩɪɨɫɬɪɚɧɹɟɬɫɹ ɥɢɲɶ ɧɚ ɧɟɫɤɨɥɶɤɨ ɦɢɥɥɢɦɟɬɪɨɜ ɨɬ «ɡɚɯɜɚɬɢɜɲɢɯ» ɩɪɟɩɚɪɚɬ 

ɤɥɟɬɨɤ. ɋɪɚɜɧɢɜɚɹ ɷɬɨɬ ɦɟɬɨɞ ɫ ɞɢɫɬɚɧɰɢɨɧɧɨɣ ɥɭɱɟɜɨɣ ɬɟɪɚɩɢɟɣ, ɫɥɟɞɭɟɬ 

ɨɬɦɟɬɢɬɶ, ɱɬɨ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɧɚ ɬɤɚɧɢ, ɨɤɪɭɠɚɸɳɢɟ ɳɢɬɨɜɢɞɧɭɸ ɠɟɥɟɡɭ, 

http://ru.wikipedia.org/wiki/%D0%9F%D0%BB%D1%83%D1%82%D0%BE%D0%BD%D0%B8%D0%B9
http://ru.wikipedia.org/wiki/%D0%A2%D0%BE%D1%80%D0%B8%D0%B9
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ɨɤɚɡɵɜɚɟɬɫɹ ɩɪɢɦɟɪɧɨ ɜ 50 ɪɚɡ ɦɟɧɶɲɢɣ ɥɭɱɟɜɨɣ ɷɮɮɟɤɬ. Эɬɨ ɫɭɳɟɫɬɜɟɧɧɨ 

ɫɧɢɠɚɟɬ ɜɟɪɨɹɬɧɨɫɬɶ ɩɨɪɚɠɟɧɢɹ ɡɞɨɪɨɜɵɯ ɬɤɚɧɟɣ ɢ ɩɨɫɥɟɞɭɸɳɢɯ ɨɫɥɨɠɧɟɧɢɣ. 

3. ɍɫɬɚɧɨɜɢɬɟ ɡɧɚɱɟɧɢɟ ɱɢɫɥɚ N, ɧɚɩɢɲɢɬɟ ɭɪɚɜɧɟɧɢɹ ɹɞɟɪɧɵɯ ɪɟɚɤɰɢɣ Д1] 

ɢ Д2Ж. ȼ ɪɟɚɤɰɢɢ Д1Ж, ɤɪɨɦɟ ɢɡɨɬɨɩɚ N+4ɏ, ɩɨɥɭɱɚɟɬɫɹ ɧɟɫɤɨɥɶɤɨ ɧɟɣɬɪɨɧɨɜ (ɞɥɹ 

ɧɚɲɟɣ ɪɟɚɤɰɢɢ ɩɪɢɦɟɦ, ɱɬɨ ɢɯ β) ɢ ɟɳɟ ɨɞɧɨ ɧɟɫɬɚɛɢɥɶɧɨɟ ɹɞɪɨ. 

4. ɉɨɦɢɦɨ ȕ-
-ɢɡɥɭɱɟɧɢɹ ɜ ɩɪɨɰɟɫɫɟ ɪɚɫɩɚɞɚ ɢɡɨɬɨɩɚ N+4ɏ ɢɫɩɭɫɤɚɟɬɫɹ Ȗ-

ɢɡɥɭɱɟɧɢɟ. ɋ ɤɚɤɨɣ ɰɟɥɶɸ ɦɟɞɢɤɚɦ ɦɨɠɟɬ ɩɨɬɪɟɛɨɜɚɬɶɫɹ ɪɟɝɢɫɬɪɚɰɢɹ ɷɬɨɝɨ 

ɜɬɨɪɨɝɨ ɜɢɞɚ ɢɡɥɭɱɟɧɢɹ ɢ ɩɨɱɟɦɭ ɞɥɹ ɷɬɨɣ ɰɟɥɢ Ȗ-ɢɡɥɭɱɟɧɢɟ ɨɤɚɡɵɜɚɟɬɫɹ ɛɨɥɟɟ 

ɩɪɟɞɩɨɱɬɢɬɟɥɶɧɵɦ, ɱɟɦ ȕ-
? 

Ɉɫɧɨɜɧɵɦ ɫɩɨɫɨɛɨɦ ɩɨɥɭɱɟɧɢɹ ɢɡɨɬɨɩɚ N+4ɏ ɞɥɹ ɦɟɞɢɰɢɧɫɤɢɯ ɰɟɥɟɣ 

ɹɜɥɹɟɬɫɹ ɩɪɨɰɟɫɫ ɚɤɬɢɜɚɰɢɢ ɹɞɟɪ ɷɥɟɦɟɧɬɚ Y ɬɟɩɥɨɜɵɦɢ ɧɟɣɬɪɨɧɚɦɢ Дɪɟɚɤɰɢɹ 

3] ɫ ɩɨɫɥɟɞɭɸɳɢɦ ȕ-
-ɪɚɫɩɚɞɨɦ ɨɛɪɚɡɭɸɳɟɝɨɫɹ ɞɨɱɟɪɧɟɝɨ ɹɞɪɚ Дɪɟɚɤɰɢɹ 4]. 

Ɉɛɥɭɱɟɧɢɟ ɩɪɢɪɨɞɧɨɝɨ Y ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɢɬɶ ɩɨɱɬɢ ɱɢɫɬɵɣ N+4ɏ ɤɚɤ 

ɟɞɢɧɫɬɜɟɧɧɵɣ ɫɪɟɞɢ ɩɪɨɞɭɤɬɨɜ ɪɟɚɤɰɢɢ ɢɡɨɬɨɩ ɫ ɩɟɪɢɨɞɨɦ ɩɨɥɭɪɚɫɩɚɞɚ ɛɨɥɟɟ 

ɧɟɫɤɨɥɶɤɢɯ ɱɚɫɨɜ. 

Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɩɪɨɞɚɠɧɨɣ ɮɨɪɦɵ ɪɚɞɢɨɩɪɟɩɚɪɚɬɚ ɩɪɨɫɬɨɟ ɜɟɳɟɫɬɜɨ 

ɷɥɟɦɟɧɬɚ ɏ ɜɵɞɟɥɹɸɬ ɢɡ ɪɟɚɤɰɢɨɧɧɨɣ ɫɦɟɫɢ ɩɟɪɟɝɨɧɤɨɣ ɢ ɪɚɫɬɜɨɪɹɸɬ ɜ 

ɪɚɫɬɜɨɪɟ ɝɢɞɪɨɤɫɢɞɚ ɤɚɥɢɹ Дɪɟɚɤɰɢɹ 5Ж. Ʉ ɨɛɪɚɡɭɸɳɟɦɭɫɹ ɫɥɚɛɨɳɟɥɨɱɧɨɦɭ 

ɪɚɫɬɜɨɪɭ ɞɨɛɚɜɥɹɸɬ ɧɟɛɨɥɶɲɨɣ ɢɡɛɵɬɨɤ ɞɢɫɭɥɶɮɢɬɚ ɤɚɥɢɹ Дɪɟɚɤɰɢɹ 6Ж ɢ 

ɩɨɥɭɱɚɸɬ ɝɨɬɨɜɵɣ ɪɚɫɬɜɨɪ ɩɪɟɩɚɪɚɬɚ.  

5. ɇɚɩɢɲɢɬɟ ɭɪɚɜɧɟɧɢɹ ɪɟɚɤɰɢɣ Д3–6Ж. Ⱦɥɹ ɪɟɚɤɰɢɢ Д3Ж ɜɨɡɶɦɢɬɟ 

ɛɥɢɠɚɣɲɢɣ ɤ N+4ɏ ɩɪɢɪɨɞɧɵɣ ɢɡɨɬɨɩ N+3
Y. 

Ⱦɨɡɚ ɩɪɟɩɚɪɚɬɚ ɫɨɫɬɚɜɥɹɟɬ з 100 ɦɝ (ɞɜɚ ɪɚɡɚ ɜ ɞɟɧɶ ɩɨ 50 ɦɝ) ɜ ɪɚɫɱɟɬɟ ɧɚ 

ɢɡɨɬɨɩ N+4ɏ. ȼɪɟɦɹ ɩɨɥɭɜɵɜɟɞɟɧɢɹ ɩɪɟɩɚɪɚɬɚ ɢɡ ɨɪɝɚɧɢɡɦɚ ɫɨɫɬɚɜɥɹɟɬ з1β0 ɫɭɬ. 

ɉɟɪɢɨɞ ɩɨɥɭɪɚɫɩɚɞɚ ɫɚɦɨɝɨ ɢɡɨɬɨɩɚ N+4ɏ ɨɤɨɥɨ 8 ɫɭɬɨɤ. ɂɡɜɟɫɬɧɨ, ɱɬɨ ɞɥɹ 

ɪɟɚɤɰɢɢ ɩɟɪɜɨɝɨ ɩɨɪɹɞɤɚ (ɜ ɬɨɦ ɱɢɫɥɟ ɢ ɪɚɞɢɨɚɤɬɢɜɧɵɣ ɪɚɫɩɚɞ) ɜɪɟɦɹ 

ɩɨɥɭɩɪɟɜɪɚɳɟɧɢɹ t0,5 = ln 2 / k, ɝɞɟ k – ɤɨɧɫɬɚɧɬɚ ɫɤɨɪɨɫɬɢ ɪɟɚɤɰɢɢ; 

ɤɨɧɰɟɧɬɪɚɰɢɹ ɜɟɳɟɫɬɜɚ ɡɚɜɢɫɢɬ ɨɬ ɜɪɟɦɟɧɢ ɫɨɝɥɚɫɧɨ ɭɪɚɜɧɟɧɢɸ C = C0·e−kt
. 

6. ɋɱɢɬɚɹ, ɱɬɨ ɜɵɜɟɞɟɧɢɟ ɢɡ ɨɪɝɚɧɢɡɦɚ ɹɜɥɹɟɬɫɹ ɪɟɚɤɰɢɟɣ ɩɟɪɜɨɝɨ ɩɨɪɹɞɤɚ, 

ɨɰɟɧɢɬɟ ɫɭɦɦɚɪɧɨɟ (ɷɮɮɟɤɬɢɜɧɨɟ) ɜɪɟɦɹ ɩɨɥɭɠɢɡɧɢ ɩɪɟɩɚɪɚɬɚ ɜ ɨɪɝɚɧɢɡɦɟ (ɫ 
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ɬɨɱɧɨɫɬɶɸ ɞɨ ɞɟɫɹɬɵɯ ɞɨɥɟɣ ɫɭɬɨɤ) ɫ ɭɱɟɬɨɦ ɟɳё ɢ ɪɚɞɢɨɚɤɬɢɜɧɨɝɨ ɪɚɫɩɚɞɚ.  

7. ɉɚɰɢɟɧɬ ɩɪɢɧɹɥ ɩɟɪɜɭɸ ɩɢɥɸɥɸ ɜ 9:00 ɭɬɪɚ, ɜɬɨɪɭɸ – ɜ 19:00 ɬɨɝɨ ɠɟ 

ɞɧɹ. ɑɟɪɟɡ ɤɚɤɨɟ ɜɪɟɦɹ ɩɨɫɥɟ ɩɪɢɟɦɚ ɜɬɨɪɨɣ ɩɢɥɸɥɢ ɤɨɥɢɱɟɫɬɜɨ 

ɪɚɞɢɨɚɤɬɢɜɧɨɝɨ ɏ ɜ ɟɝɨ ɨɪɝɚɧɢɡɦɟ ɫɨɫɬɚɜɢɬ ɦɟɧɟɟ 10 % (ɩɪɚɤɬɢɱɟɫɤɢ 

ɩɨɥɧɨɫɬɶɸ ɛɟɡɨɩɚɫɧɵɣ ɭɪɨɜɟɧɶ) ɨɬ ɩɨɥɧɨɣ ɞɨɡɵ 100 ɦɝ. 

Ɂɚɞɚɱɚ 6 
Ɏɢɨɥɟɬɨɜɚɹ ɧɟɪɚɫɬɜɨɪɢɦɚɹ ɜ ɜɨɞɟ ɫɨɥɶ Ⱥ ɦɚɫɫɨɣ 0,595 ɝ, ɫɨɞɟɪɠɚɳɚɹ 

ɩɟɪɟɯɨɞɧɵɣ ɦɟɬɚɥɥ M, ɩɨɥɧɨɫɬɶɸ ɪɚɫɬɜɨɪɹɟɬɫɹ ɜ ɢɡɛɵɬɤɟ ɫɨɥɹɧɨɣ ɤɢɫɥɨɬɵ 

(ɪɟɚɤɰɢɹ 1) ɫ ɜɵɞɟɥɟɧɢɟɦ 11β ɦɥ (ɧ.ɭ.) ɝɚɡɚ B ɫ ɩɥɨɬɧɨɫɬɶɸ 1,964 ɝ/ɥ. ɉɪɢ 

ɭɩɚɪɢɜɚɧɢɢ ɩɨɥɭɱɟɧɧɨɝɨ ɪɚɫɬɜɨɪɚ ɜɵɩɚɞɚɸɬ ɪɨɡɨɜɵɟ ɤɪɢɫɬɚɥɥɵ ɫɨɟɞɢɧɟɧɢɹ C, 

ɞɥɢɬɟɥɶɧɨɟ ɜɵɫɭɲɢɜɚɧɢɟ ɤɨɬɨɪɨɝɨ (ɪɟɚɤɰɢɹ 2) ɩɪɢ 140˚ɋ ɩɪɢɜɨɞɢɬ ɤ 

ɫɨɟɞɢɧɟɧɢɸ D ɝɨɥɭɛɨɝɨ ɰɜɟɬɚ. 

Ɍɚɤɨɟ ɠɟ ɤɨɥɢɱɟɫɬɜɨ ɫɨɥɢ Ⱥ ɜɡɚɢɦɨɞɟɣɫɬɜɭɟɬ ɫ 1,46 ɝ ɤɢɫɥɨɬɵ Y ɜ 4 ɦɥ 

ɜɨɞɵ ɩɪɢ 70˚ɋ (ɪɟɚɤɰɢɹ 3). ɉɨ ɨɤɨɧɱɚɧɢɢ ɜɵɞɟɥɟɧɢɹ ɝɚɡɚ B ɜ ɪɟɚɤɰɢɨɧɧɭɸ 

ɫɦɟɫɶ ɤɪɚɫɧɨ-ɮɢɨɥɟɬɨɜɨɝɨ ɰɜɟɬɚ ɞɨɛɚɜɥɹɸɬ ɩɨ ɤɚɩɥɹɦ 1,5 ɦɥ γ0%-ɧɨɝɨ 

ɪɚɫɬɜɨɪɚ H2O2 (ɪɟɚɤɰɢɹ 4). ɉɪɢ ɷɬɨɦ ɪɚɫɬɜɨɪ ɫɬɚɧɨɜɢɬɫɹ ɬɟɦɧɨ-ɮɢɨɥɟɬɨɜɵɦ. 

ɉɨɫɥɟ ɧɟɩɪɨɞɨɥɠɢɬɟɥɶɧɨɝɨ ɧɚɝɪɟɜɚɧɢɹ ɪɚɫɬɜɨɪ ɨɯɥɚɠɞɚɸɬ ɢ ɦɟɞɥɟɧɧɨ 

ɞɨɛɚɜɥɹɸɬ ɤ ɧɟɦɭ β,8 ɝ 10%-ɧɨɝɨ ɪɚɫɬɜɨɪɚ KOH (ɪɟɚɤɰɢɹ 5). ɂɡ ɩɨɥɭɱɟɧɧɨɝɨ 

ɪɚɫɬɜɨɪɚ ɩɪɢ ɫɬɨɹɧɢɢ ɜɵɩɚɞɚɸɬ ɬɟɦɧɨ-ɮɢɨɥɟɬɨɜɵɟ, ɩɨɱɬɢ ɱɟɪɧɵɟ ɤɪɢɫɬɚɥɥɵ 

ɫɨɟɞɢɧɟɧɢɹ Z1. 

Z1 ɭɫɬɨɣɱɢɜɨ ɤ ɞɟɣɫɬɜɢɸ ɪɚɡɛɚɜɥɟɧɧɵɯ ɪɚɫɬɜɨɪɨɜ ɳɟɥɨɱɟɣ, ɨɞɧɚɤɨ ɩɪɢ 

ɤɢɩɹɱɟɧɢɢ ɫ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɨɣ ɳɟɥɨɱɶɸ ɢɡ ɪɚɫɬɜɨɪɚ Z1 ɜɵɩɚɞɚɟɬ ɤɨɪɢɱɧɟɜɵɣ 

ɨɫɚɞɨɤ E, ɚ ɪɚɫɬɜɨɪ ɨɛɟɫɰɜɟɱɢɜɚɟɬɫɹ (ɪɟɚɤɰɢɹ 6). ɉɪɢ ɩɨɞɤɢɫɥɟɧɢɢ ɯɥɨɪɧɨɣ, 

ɚɡɨɬɧɨɣ ɢɥɢ ɫɟɪɧɨɣ ɤɢɫɥɨɬɚɦɢ Z1 ɩɟɪɟɯɨɞɢɬ ɜ Z2, ɧɟ ɫɨɞɟɪɠɚɳɟɟ ɤɚɥɢɹ (ɪɟɚɤɰɢɹ 

7). Ⱦɨɛɚɜɥɟɧɢɟ ɤ Z2 ɢɡɛɵɬɤɚ ɪɚɡɛɚɜɥɟɧɧɨɝɨ ɪɚɫɬɜɨɪɚ KOH ɩɪɢɜɨɞɢɬ ɤ 

ɨɛɪɚɡɨɜɚɧɢɸ Z1. ɋɨɟɞɢɧɟɧɢɟ Z2 ɩɪɢɦɟɪɧɨ ɜ 100 ɪɚɡ ɯɭɠɟ ɪɚɫɬɜɨɪɢɦɨ ɜ ɜɨɞɟ, 

ɱɟɦ Z1. ɉɪɢ ɧɚɝɪɟɜɚɧɢɢ ɢ Z1, ɢ Z2 ɜɵɞɟɥɹɸɬ ɨɞɧɨ ɢ ɬɨ ɠɟ ɧɢɡɤɨɦɨɥɟɤɭɥɹɪɧɨɟ 

ɜɟɳɟɫɬɜɨ F, ɨɞɧɚɤɨ ɞɥɹ Z1 ɩɪɨɰɟɫɫ ɡɚɜɟɪɲɚɟɬɫɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 105˚ɋ, ɚ ɞɥɹ Z2 

– ɬɨɥɶɤɨ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 145˚ɋ. ɉɪɢ ɷɬɨɦ Z1 ɬɟɪɹɟɬ 4,46%, ɚ Z2 – 4,9β% ɩɨ 

ɦɚɫɫɟ. 
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ɂɡɜɟɫɬɧɨ, ɱɬɨ Y – ɱɟɬɵɪɟɯɨɫɧɨɜɧɚɹ ɤɢɫɥɨɬɚ ɫ ɦɨɥɟɤɭɥɹɪɧɨɣ ɦɚɫɫɨɣ 

ɦɟɧɶɲɟ γ00 ɝ/ɦɨɥɶ, ɫɨɞɟɪɠɚɳɚɹ 41,09; 5,48; 9,59 ɢ 4γ,84% ɭɝɥɟɪɨɞɚ, ɜɨɞɨɪɨɞɚ, 

ɚɡɨɬɚ ɢ ɤɢɫɥɨɪɨɞɚ ɩɨ ɦɚɫɫɟ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. Ɇɨɥɟɤɭɥɚ Y ɫɨɞɟɪɠɢɬ γ ɬɢɩɚ 

ɚɬɨɦɨɜ ɜɨɞɨɪɨɞɚ ɢ ɧɟ ɫɨɞɟɪɠɢɬ ɫɜɹɡɢ N-N. Ⱦɢɧɚɬɪɢɟɜɚɹ ɫɨɥɶ ɤɢɫɥɨɬɵ Y 

(ɫɨɟɞɢɧɟɧɢɟ G) ɹɜɥɹɟɬɫɹ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɦ ɪɟɚɝɟɧɬɨɦ ɜ ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɯɢɦɢɢ. 

ȼɟɳɟɫɬɜɨ C D E Z1 Z2 

Ɇɚɫɫɨɜɚɹ 

ɞɨɥɹ M, % 
24,77 45,39 64,10 14,575 16,09 

ɐɜɟɬ Ɋɨɡɨɜɵɣ Ƚɨɥɭɛɨɣ Ʉɨɪɢɱɧɟɜɵɣ 
Ɍɟɦɧɨ-

ɮɢɨɥɟɬɨɜɵɣ 

Ɍɟɦɧɨ-

ɮɢɨɥɟɬɨɜɵɣ 

 

Ɂɚɞɚɧɢɹ. 

1. ɇɚɩɢɲɢɬɟ ɭɪɚɜɧɟɧɢɹ ɪɟɚɤɰɢɣ 1 ɢ 2. ɇɚ ɨɫɧɨɜɚɧɢɢ ɪɚɫɱɟɬɨɜ ɨɛɨɫɧɭɣɬɟ 

ɜɵɛɨɪ ɦɟɬɚɥɥɚ M. ɋɨɫɬɚɜ A – D ɬɚɤɠɟ ɩɨɞɬɜɟɪɞɢɬɟ ɪɚɫɱɟɬɚɦɢ. 

2. ɇɚɩɢɲɢɬɟ ɭɪɚɜɧɟɧɢɹ ɪɟɚɤɰɢɣ 3 – 7. ɋɨɫɬɚɜ Z1, Z2, Y, E ɢ F ɩɨɞɬɜɟɪɞɢɬɟ 

ɪɚɫɱɟɬɚɦɢ. Ⱦɥɹ Y, Z1 ɢ Z2 ɢɡɨɛɪɚɡɢɬɟ ɫɬɪɭɤɬɭɪɧɵɟ ɮɨɪɦɭɥɵ. ɉɪɢɜɟɞɢɬɟ 

ɮɨɪɦɭɥɭ ɜɟɳɟɫɬɜɚ G. Ʉɚɤɨɜɨ ɩɪɢɦɟɧɟɧɢɟ G ɜ ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɯɢɦɢɢ? 

3. Ɉɛɴɹɫɧɢɬɟ ɪɚɡɥɢɱɢɟ ɜ ɪɚɫɬɜɨɪɢɦɨɫɬɢ Z1 ɢ Z2 ɜ ɜɨɞɟ. 

4. ɉɨɱɟɦɭ ɩɨɞɤɢɫɥɹɬɶ ɪɚɫɬɜɨɪ Z1 ɫ ɰɟɥɶɸ ɩɨɥɭɱɟɧɢɹ Z2 ɦɨɠɧɨ ɫɟɪɧɨɣ, 

ɚɡɨɬɧɨɣ ɢɥɢ ɯɥɨɪɧɨɣ ɤɢɫɥɨɬɚɦɢ? ɑɬɨ ɦɨɠɟɬ ɩɨɥɭɱɢɬɶɫɹ, ɟɫɥɢ ɞɥɹ ɩɨɞɤɢɫɥɟɧɢɹ 

ɢɫɩɨɥɶɡɨɜɚɬɶ ɫɨɥɹɧɭɸ ɤɢɫɥɨɬɭ? ɉɪɢɜɟɞɢɬɟ ɫɬɪɭɤɬɭɪɧɭɸ ɮɨɪɦɭɥɭ ɜɨɡɦɨɠɧɨɝɨ 

ɩɪɨɞɭɤɬɚ. 

5. ɉɨɱɟɦɭ ɨɬɳɟɩɥɟɧɢɟ «ɧɢɡɤɨɦɨɥɟɤɭɥɹɪɧɨɝɨ ɜɟɳɟɫɬɜɚ» ɨɬ Z2 ɬɪɟɛɭɟɬ 

ɛɨɥɶɲɟɣ ɬɟɦɩɟɪɚɬɭɪɵ, ɱɟɦ ɬɨɬ ɠɟ ɩɪɨɰɟɫɫ ɞɥɹ Z1? 
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Ɉɪɝɚɧɢɱɟɫɤɚɹ ɯɢɦɢɹ 

Ɂɚɞɚɱɚ 1 

ȼ ɷɮɢɪɧɵɯ ɦɚɫɥɚɯ ɤɚɪɞɚɦɨɧɚ ɢ ɦɚɣɨɪɚɧɚ ɫɨɞɟɪɠɢɬɫɹ ɨɞɧɨɚɬɨɦɧɵɣ ɫɩɢɪɬ 

X (tɤɢɩ = 219 °ɋ,  = 0.94γ ɝ/ɦɥ), ɨɛɥɚɞɚɸɳɢɣ ɡɚɩɚɯɨɦ ɫɢɪɟɧɢ ɢ ɩɪɢɦɟɧɹɸɳɢɣɫɹ 

ɞɥɹ ɩɪɢɝɨɬɨɜɥɟɧɢɹ ɞɭɲɢɫɬɵɯ ɢ ɩɢɳɟɜɵɯ ɷɫɫɟɧɰɢɣ. ɂɡɜɟɫɬɧɨ, ɱɬɨ ɩɪɢ 

ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ 4.9 ɦɥ X ɫ ɢɡɛɵɬɤɨɦ ɦɟɬɚɥɥɢɱɟɫɤɨɝɨ ɧɚɬɪɢɹ ɩɪɢ 40 °ɋ 

ɜɵɞɟɥɹɟɬɫɹ γ85 ɦɥ H2. 

1. Ɋɚɫɫɱɢɬɚɣɬɟ ɦɨɥɟɤɭɥɹɪɧɭɸ ɮɨɪɦɭɥɭ X. 

ɋɬɪɨɟɧɢɟ ɏ ɜɩɟɪɜɵɟ ɭɫɬɚɧɨɜɢɥ ɪɭɫɫɤɢɣ ɯɢɦɢɤ-ɨɪɝɚɧɢɤ ȿ. ȿ. ȼɚɝɧɟɪ, 

ɤɨɬɨɪɵɣ ɢɫɩɨɥɶɡɨɜɚɥ ɞɥɹ ɷɬɨɝɨ ɪɟɚɤɰɢɢ ɨɤɢɫɥɟɧɢɹ. ɉɪɢ ɨɛɪɚɛɨɬɤɟ X 

ɩɨɞɤɢɫɥɟɧɧɵɦ ɪɚɫɬɜɨɪɨɦ KMnO4 ɩɪɢ ɧɚɝɪɟɜɚɧɢɢ ɨɛɪɚɡɭɟɬɫɹ ɜ ɨɫɧɨɜɧɨɦ 

ɷɤɜɢɦɨɥɹɪɧɚɹ ɫɦɟɫɶ ɭɤɫɭɫɧɨɣ ɤɢɫɥɨɬɵ ɢ ɤɢɫɥɨɬɵ Y. ɋɬɪɭɤɬɭɪɚ ɩɨɫɥɟɞɧɟɣ ɛɵɥɚ 

ɩɨɞɬɜɟɪɠɞɟɧɚ ɟɟ ɜɫɬɪɟɱɧɵɦ ɫɢɧɬɟɡɨɦ: 

 

2. ɇɚɩɢɲɢɬɟ ɫɬɪɭɤɬɭɪɧɵɟ ɮɨɪɦɭɥɵ ɫɨɟɞɢɧɟɧɢɣ A–E, Y. 

3. ɍɫɬɚɧɨɜɢɬɟ ɫɬɪɨɟɧɢɟ ɏ, ɟɫɥɢ ɟɝɨ ɩɪɟɜɪɚɳɟɧɢɟ ɜ Y ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ 

ɨɛɪɚɡɨɜɚɧɢɟ ɤɟɬɨɧɚ, ɤɨɬɨɪɵɣ ɨɤɢɫɥɹɟɬɫɹ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ E. ɍɱɬɢɬɟ, ɱɬɨ 

ɨɤɢɫɥɟɧɢɟ ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ ɤɟɬɨɧɨɜ ɢɞɟɬ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɫɨ ɫɬɨɪɨɧɵ ɦɟɧɟɟ 

ɝɢɞɪɨɝɟɧɢɡɢɪɨɜɚɧɧɨɝɨ ɚɬɨɦɚ ɭɝɥɟɪɨɞɚ. 

Ɉɞɢɧ ɢɡ ɩɟɪɜɵɯ ɫɢɧɬɟɡɨɜ X ɛɵɥ ɨɫɭɳɟɫɬɜɥɟɧ ɫɨɝɥɚɫɧɨ ɫɥɟɞɭɸɳɟɣ ɫɯɟɦɟ: 

 

4. ɇɚɩɢɲɢɬɟ ɫɬɪɭɤɬɭɪɧɵɟ ɮɨɪɦɭɥɵ ɫɨɟɞɢɧɟɧɢɣ F – L. 

ȼ ɤɢɫɥɨɣ ɫɪɟɞɟ ɏ ɢɡɨɦɟɪɢɡɭɟɬɫɹ ɜ ɛɢɰɢɤɥɢɱɟɫɤɨɟ ɫɨɟɞɢɧɟɧɢɟ Z, ɦɨɥɟɤɭɥɚ 

ɤɨɬɨɪɨɝɨ ɫɨɞɟɪɠɢɬ ɩɥɨɫɤɨɫɬɶ ɫɢɦɦɟɬɪɢɢ. ȼ ɜɢɞɟ ɩɪɟɩɚɪɚɬɚ ɩɨɞ ɧɚɡɜɚɧɢɟɦ 

«Эɜɤɚɥɢɩɬɨɥ» ɷɬɨ ɫɨɟɞɢɧɟɧɢɟ, ɨɛɥɚɞɚɸɳɟɟ ɩɪɨɬɢɜɨɦɢɤɪɨɛɧɵɦɢ ɢ 
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ɩɪɨɬɢɜɨɜɨɫɩɚɥɢɬɟɥɶɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ, ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɦɟɫɬɧɨɝɨ ɩɪɢɦɟɧɟɧɢɹ ɜ 

ɅɈɊ-ɩɪɚɤɬɢɤɟ. 

5. ɇɚɩɢɲɢɬɟ ɫɬɪɭɤɬɭɪɧɭɸ ɮɨɪɦɭɥɭ ɫɨɟɞɢɧɟɧɢɹ Z. 

 

Ɂɚɞɚɱɚ 2 

Ⱥɤɬɢɜɚɬɨɪɵ ɤɚɥɢɟɜɵɯ ɤɚɧɚɥɨɜ 

ȺɌɎ-ɱɭɜɫɬɜɢɬɟɥɶɧɵɟ ɤɚɥɢɟɜɵɟ ɤɚɧɚɥɵ ɩɪɢɫɭɬɫɬɜɭɸɬ ɜ ɷɧɞɨɤɪɢɧɧɵɯ 

ɤɥɟɬɤɚɯ, ɤɥɟɬɤɚɯ ɝɥɚɞɤɨɣ ɦɭɫɤɭɥɚɬɭɪɵ ɢ ɫɤɟɥɟɬɧɨɣ ɦɵɲɟɱɧɨɣ ɬɤɚɧɢ ɢ ɞɪ. Эɬɢ 

ɤɚɧɚɥɵ ɭɱɚɫɬɜɭɸɬ ɜ ɜɚɠɧɵɯ ɮɢɡɢɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɚɯ: ɫɟɤɪɟɰɢɢ ɝɨɪɦɨɧɨɜ, 

ɫɨɤɪɚɳɟɧɢɢ ɝɥɚɞɤɢɯ ɦɵɲɰ, ɜɵɞɟɥɟɧɢɢ ɧɟɣɪɨɦɟɞɢɚɬɨɪɨɜ. Ɋɚɛɨɬɭ ɤɚɥɢɟɜɵɯ 

ɤɚɧɚɥɨɜ ɦɨɠɧɨ ɪɟɝɭɥɢɪɨɜɚɬɶ ɫ ɩɨɦɨɳɶɸ ɫɩɟɰɢɚɥɶɧɵɯ ɜɟɳɟɫɬɜ – ɚɤɬɢɜɚɬɨɪɨɜ. 

Ɍɚɤɢɟ ɜɟɳɟɫɬɜɚ ɚɤɬɢɜɧɨ ɢɫɩɨɥɶɡɭɸɬɫɹ ɜ ɦɟɞɢɰɢɧɟ ɞɥɹ ɥɟɱɟɧɢɹ ɝɢɩɟɪɬɨɧɢɢ ɢ 

ɫɬɟɧɨɤɚɪɞɢɢ, ɚ ɬɚɤɠɟ ɜ ɤɚɱɟɫɬɜɟ ɛɪɨɧɯɨɥɢɬɢɤɨɜ. 

Ɉɞɧɢɦ ɢɡ ɧɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧёɧɧɵɯ ɚɤɬɢɜɚɬɨɪɨɜ ɤɚɥɢɟɜɵɯ ɤɚɧɚɥɨɜ 

ɹɜɥɹɟɬɫɹ ɤɪɨɦɚɤɚɥɢɦ (X). Эɬɨ ɫɨɟɞɢɧɟɧɢɟ ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɩɨ ɫɥɟɞɭɸɳɟɣ ɫɯɟɦɟ 

ɢɡ ɫɨɟɞɢɧɟɧɢɹ A. 

 

1. ɉɪɢɜɟɞɢɬɟ ɫɬɪɭɤɬɭɪɧɵɟ ɮɨɪɦɭɥɵ ɫɨɟɞɢɧɟɧɢɣ A–B. 

2. ɉɨɱɟɦɭ ɧɚ ɩɟɪɜɨɣ ɫɬɚɞɢɢ ɫɢɧɬɟɡɚ ɢɫɩɨɥɶɡɭɟɬɫɹ ɢɦɟɧɧɨ ɯɢɪɚɥɶɧɵɣ 

ɤɨɦɩɥɟɤɫ? 

ɋ ɰɟɥɶɸ ɩɨɥɭɱɟɧɢɹ ɩɪɟɩɚɪɚɬɚ, ɩɨɧɢɠɚɸɳɟɝɨ ɫɟɤɪɟɰɢɸ ɢɧɫɭɥɢɧɚ ɜ ȕ-

ɤɥɟɬɤɚɯ ɩɨɞɠɟɥɭɞɨɱɧɨɣ ɠɟɥɟɡɵ, ɧɨ ɩɪɢ ɷɬɨɦ ɦɢɧɢɦɚɥɶɧɨ ɜɨɡɞɟɣɫɬɜɭɸɳɟɝɨ ɧɚ 

ɤɥɟɬɤɢ ɝɥɚɞɤɨɣ ɦɭɫɤɭɥɚɬɭɪɵ, ɜ β006 ɝɨɞɭ ɛɟɥɶɝɢɣɫɤɢɦɢ ɭɱёɧɵɦɢ ɛɵɥ 

ɫɢɧɬɟɡɢɪɨɜɚɧ ɪɹɞ ɜɟɳɟɫɬɜ ɫɯɨɞɧɨɣ ɫɬɪɭɤɬɭɪɵ, ɤɨɬɨɪɵɟ, ɤɚɤ ɢ ɤɪɨɦɚɤɚɥɢɦ, 

ɫɨɞɟɪɠɚɬ ɯɪɨɦɚɧɨɜɭɸ (ɞɢɝɢɞɪɨɛɟɧɡɨɩɢɪɚɧɨɜɭɸ) ɝɟɬɟɪɨɰɢɤɥɢɱɟɫɤɭɸ ɫɢɫɬɟɦɭ. 

ɇɚɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɵɦ ɢ ɫɟɥɟɤɬɢɜɧɵɦ ɨɤɚɡɚɥɨɫɶ ɫɨɟɞɢɧɟɧɢɟ Y, ɫɯɟɦɚ ɫɢɧɬɟɡɚ 
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ɤɨɬɨɪɨɝɨ ɩɪɢɜɟɞɟɧɚ ɧɢɠɟ. 

 

3. ɉɪɢɜɟɞɢɬɟ ɫɬɪɭɤɬɭɪɧɵɟ ɮɨɪɦɭɥɵ ɫɨɟɞɢɧɟɧɢɣ C-G ɢ Y, ɭɱɢɬɵɜɚɹ, ɱɬɨ: 

 ʦ ̬̌о̥̌т̸̛е̭ко̜ о̍л̭̌т̛ ̭пект̬̌ ˔ʺˀ 1р ̭оед̛̦е̛̦́ D ̭оде̛̬̙т̭́ ̦̌ 

од̛̦ ̛̭̦̐̌л ̍ол̹̽е, ̸е̥ дл́ ̭оед̛̦е̛̦́ C; 

 ʦ ̌л̴̛̌т̸̛е̭ко̜ о̍л̭̌т̛ ̭пект̬̌ ˔ʺˀ 1р ̭оед̛̦е̛̦́ E п̛̬̭ут̭т̏у̀т 

тол̽ко д̏̌ ̛̭̦̐̌л̌ ̭ ̭оот̦о̹е̛̦е̥ ̛̦те̛̦̭̦̏о̭те̜ ϯ:ϭ. 

ȼ β004 ɝɨɞɭ ɬɚɣɜɚɧɶɫɤɢɟ ɭɱёɧɵɟ ɨɫɭɳɟɫɬɜɢɥɢ ɫɢɧɬɟɡ ɜɟɳɟɫɬɜɚ Z, 

ɫɬɪɭɤɬɭɪɚ ɤɨɬɨɪɨɝɨ ɬɚɤɠɟ ɞɨɫɬɚɬɨɱɧɨ ɩɨɯɨɠɚ ɧɚ ɫɬɪɭɤɬɭɪɭ ɤɪɨɦɚɤɚɥɢɦɚ, ɯɨɬɹ Z 

ɢ ɧɟ ɫɨɞɟɪɠɢɬ ɯɪɨɦɚɧɨɜɭɸ ɫɢɫɬɟɦɭ. 

 

4. ɉɪɢɜɟɞɢɬɟ ɫɬɪɭɤɬɭɪɧɵɟ ɮɨɪɦɭɥɵ ɫɨɟɞɢɧɟɧɢɣ H-N ɢ Z. ɍɱɬɢɬɟ, ɱɬɨ 

ɫɨɟɞɢɧɟɧɢɟ Z ɫɨɞɟɪɠɢɬ ɞɜɚ ɲɟɫɬɢɱɥɟɧɧɵɯ ɰɢɤɥɚ. 

 

Ɂɚɞɚɱɚ 3 
ɂɧɝɢɛɢɬɨɪɵ ɮɟɪɦɟɧɬɚ ɚɪɨɦɚɬɚɡɚ, ɢɝɪɚɸɳɟɝɨ ɜɚɠɧɭɸ ɪɨɥɶ ɜ ɫɢɧɬɟɡɟ 

ɷɫɬɪɨɝɟɧɚ, ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɥɹ ɥɟɱɟɧɢɹ ɪɹɞɚ ɡɚɛɨɥɟɜɚɧɢɣ, ɜ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ, - 

ɪɚɤɚ ɦɨɥɨɱɧɨɣ ɠɟɥɟɡɵ. Ɉɞɧɚɤɨ ɷɬɢ ɫɨɟɞɢɧɟɧɢɹ ɦɨɝɭɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɜɨɜɫɟ ɧɟ 

ɞɥɹ ɛɥɚɝɢɯ ɰɟɥɟɣ. ɇɟɱɟɫɬɧɵɟ ɫɩɨɪɬɫɦɟɧɵ ɩɪɢɦɟɧɹɸɬ ɢɯ ɜ ɤɚɱɟɫɬɜɟ ɞɨɩɢɧɝɚ, 

ɩɨɫɤɨɥɶɤɭ ɨɧɢ ɩɨɜɵɲɚɸɬ ɭɪɨɜɟɧɶ ɬɟɫɬɨɫɬɟɪɨɧɚ. Ɉɞɧɢɦ ɢɡ ɩɪɨɬɢɜɨɪɚɤɨɜɵɯ 

ɩɪɟɩɚɪɚɬɨɜ ɷɬɨɝɨ ɬɢɩɚ, ɢɫɩɨɥɶɡɨɜɚɜɲɢɯɫɹ ɥɸɛɢɬɟɥɹɦɢ ɞɨɩɢɧɝɚ, ɛɵɥ ɮɚɞɪɨɡɨɥ 

(X), ɞɜɚ ɦɟɬɨɞɚ ɫɢɧɬɟɡɚ ɤɨɬɨɪɨɝɨ ɩɪɢɜɟɞɟɧɵ ɧɚ ɫɯɟɦɟ.  
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ɇɟɱɟɫɬɧɵɟ ɫɩɨɪɬɫɦɟɧɵ ɬɚɤɠɟ ɩɪɢɧɢɦɚɸɬ ɮɭɪɨɫɟɦɢɞ (Y), ɤɨɬɨɪɵɣ ɫɚɦ ɩɨ ɫɟɛɟ 

ɪɟɡɭɥɶɬɚɬɵ ɭɥɭɱɲɢɬɶ ɧɟ ɦɨɠɟɬ, ɧɨ, ɛɭɞɭɱɢ ɦɨɱɟɝɨɧɧɵɦ ɫɪɟɞɫɬɜɨɦ, ɩɨɦɨɝɚɟɬ 

ɫɤɪɵɜɚɬɶ ɭɩɨɬɪɟɛɥɟɧɢɟ ɞɨɩɢɧɝɚ. ɋɢɧɬɟɡ ɮɭɪɨɫɟɦɢɞɚ ɩɪɟɞɫɬɚɜɥɟɧ ɧɢɠɟ. 

 

Ɋɚɫɲɢɮɪɭɣɬɟ ɷɬɢ ɫɯɟɦɵ. ɇɚɩɢɲɢɬɟ ɫɬɪɭɤɬɭɪɧɵɟ ɮɨɪɦɭɥɵ ɫɨɟɞɢɧɟɧɢɣ Ⱥ–

P ɢ Y. ɍɱɬɢɬɟ, ɱɬɨ: ɚ) A – ɧɟɫɬɚɛɢɥɶɧɵɣ ɢɧɬɟɪɦɟɞɢɚɬ, ɦɟɞɥɟɧɧɨ ɪɚɡɥɚɝɚɸɳɢɣɫɹ 

ɩɪɢ ɩɨɧɢɠɟɧɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɢ ɛɵɫɬɪɨ ɩɪɢ ɧɚɝɪɟɜɚɧɢɢ; ɛ) ɜ ɚɪɨɦɚɬɢɱɟɫɤɨɣ 

ɨɛɥɚɫɬɢ ɫɩɟɤɬɪɚ əɆɊ 1ɇ ɫɨɟɞɢɧɟɧɢɹ ȼ, ɫɧɹɬɨɦ ɧɚ ɩɪɢɛɨɪɟ ɫ ɧɟ ɨɱɟɧɶ ɜɵɫɨɤɢɦ 

ɪɚɡɪɟɲɟɧɢɟɦ, ɩɪɢɫɭɬɫɬɜɭɟɬ 6 ɫɢɝɧɚɥɨɜ: ɞɜɚ ɞɭɛɥɟɬɚ, ɞɜɚ ɭɲɢɪɟɧɧɵɯ ɞɭɛɥɟɬɚ ɢ 

ɞɜɚ ɦɭɥɶɬɢɩɥɟɬɚ ɫ ɫɨɨɬɧɨɲɟɧɢɟɦ ɢɧɬɟɝɪɚɥɶɧɵɯ ɢɧɬɟɧɫɢɜɧɨɫɬɟɣ 

2 : 2 : 1 : 1 : 1 : 1; ɜ) ɜ ɨɬɫɭɬɫɬɜɢɟ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɧɚɞɤɢɫɥɨɬɵ ɧɟ ɫɩɨɫɨɛɧɵ 

ɨɤɢɫɥɢɬɶ ɚɪɨɦɚɬɢɱɟɫɤɢɣ ɰɢɤɥ;  ɝ) ɞɚɧɧɵɟ ɂɄ-ɫɩɟɤɬɪɨɫɤɨɩɢɢ ɩɨɤɚɡɵɜɚɸɬ 

ɧɚɥɢɱɢɟ ɜ Y ɩɪɨɱɧɨɣ ɜɧɭɬɪɢɦɨɥɟɤɭɥɹɪɧɨɣ ɜɨɞɨɪɨɞɧɨɣ ɫɜɹɡɢ. 
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ɏɢɦɢɹ ɢ ɀɢɡɧɶ 

Ɂɚɞɚɱɚ 1 

ɂɦɦɨɛɢɥɢɡɚɰɢɹ ɧɚ ɯɢɬɨɡɚɧɟ 

Ɏɟɪɦɟɧɬɵ, ɛɢɨɥɨɝɢɱɟɫɤɢɟ ɛɟɥɤɨɜɵɟ ɤɚɬɚɥɢɡɚɬɨɪɵ, ɨɛɥɚɞɚɸɬ ɤɚɤ ɪɹɞɨɦ 

ɩɪɟɢɦɭɳɟɫɬɜ (ɜɵɫɨɤɢɟ ɫɤɨɪɨɫɬɢ ɩɪɨɰɟɫɫɨɜ ɢ ɫɟɥɟɤɬɢɜɧɨɫɬɶ), ɬɚɤ ɢ ɧɟɤɨɬɨɪɵɦɢ 

ɧɟɞɨɫɬɚɬɤɚɦɢ, ɧɚɩɪɢɦɟɪ ɧɟɜɵɫɨɤɚɹ ɫɬɚɛɢɥɶɧɨɫɬɶ ɛɟɥɤɨɜ ɩɪɢ ɩɨɜɵɲɟɧɧɵɯ 

ɬɟɦɩɟɪɚɬɭɪɚɯ ɢɥɢ ɞɨɛɚɜɥɟɧɢɢ ɧɟɤɨɬɨɪɵɯ ɜɟɳɟɫɬɜ, ɫɥɨɠɧɨɫɬɶ ɨɬɞɟɥɟɧɢɹ ɨɬ 

ɩɪɨɞɭɤɬɨɜ ɪɟɚɤɰɢɢ ɢ ɞɪ. Ⱦɥɹ ɩɪɚɤɬɢɱɟɫɤɨɝɨ ɩɪɢɦɟɧɟɧɢɹ ɩɟɪɫɩɟɤɬɢɜɧɵɦɢ 

ɨɤɚɡɚɥɢɫɶ ɢɦɦɨɛɢɥɢɡɨɜɚɧɧɵɟ ɮɟɪɦɟɧɬɵ, ɬɨ ɟɫɬɶ ɡɚɤɪɟɩɥɟɧɧɵɟ ɧɚ ɧɨɫɢɬɟɥɟ. ȼ 

ɤɚɱɟɫɬɜɟ ɧɨɫɢɬɟɥɟɣ ɞɥɹ ɢɦɦɨɛɢɥɢɡɚɰɢɢ ɩɪɢɦɟɧɹɸɬɫɹ ɪɚɡɥɢɱɧɵɟ ɨɪɝɚɧɢɱɟɫɤɢɟ 

ɢ ɧɟɨɪɝɚɧɢɱɟɫɤɢɟ ɦɚɬɪɢɰɵ. Ʉɚɤ ɩɪɢɦɟɪ ɛɢɨɫɨɜɦɟɫɬɢɦɨɝɨ ɢ ɧɟɬɨɤɫɢɱɧɨɝɨ 

ɧɨɫɢɬɟɥɹ ɢɫɩɨɥɶɡɭɸɬ ɯɢɬɢɧ ɢ ɟɝɨ ɩɪɨɢɡɜɨɞɧɨɟ ɯɢɬɨɡɚɧ. ɏɢɬɢɧ – ɷɬɨ 

ɩɨɥɢɫɚɯɚɪɢɞ ɫ ɦɨɥɟɤɭɥɹɪɧɨɣ ɦɚɫɫɨɣ γɯ104 ɢ ɛɨɥɟɟ, ɦɨɧɨɦɟɪɧɵɦ ɡɜɟɧɨɦ ɯɢɬɢɧɚ 

ɹɜɥɹɟɬɫɹ N-ɚɰɟɬɢɥ-D-ɝɥɸɤɨɡɚɦɢɧ:  

 

ɇɚ ɪɢɫɭɧɤɟ ɢɡɨɛɪɚɠɟɧɚ ɫɬɪɭɤɬɭɪɧɚɹ ɮɨɪɦɭɥɚ N-ɚɰɟɬɢɥ-D-ɝɥɸɤɨɡɚɦɢɧɚ ɜ 

ɩɪɨɟɤɰɢɢ ɏɟɭɨɪɫɚ     

1. ɂɡɨɛɪɚɡɢɬɟ N-ɚɰɟɬɢɥ-D-ɝɥɸɤɨɡɚɦɢɧ ɜ ɥɢɧɟɣɧɨɣ ɮɨɪɦɟ ɜ ɩɪɨɟɤɰɢɢ 

Ɏɢɲɟɪɚ, ɟɫɥɢ ɝɥɸɤɨɡɚ – ɷɬɨ ɚɥɶɞɨɝɟɤɫɨɡɚ.  

ɏɢɬɨɡɚɧ ɩɨɥɭɱɚɸɬ ɢɡ ɯɢɬɢɧɚ ɩɭɬɟɦ ɞɟɚɰɟɬɢɥɢɪɨɜɚɧɢɹ. Ɋɟɚɤɰɢɹ ɩɪɨɬɟɤɚɟɬ ɜ 

ɠɟɫɬɤɢɯ ɭɫɥɨɜɢɹɯ – ɩɪɢ ɨɛɪɚɛɨɬɤɟ 40–49 %-ɧɵɦ ɜɨɞɧɵɦ ɪɚɫɬɜɨɪɨɦ NКOH ɩɪɢ 

ɬɟɦɩɟɪɚɬɭɪɟ 110–140 °ɋ ɜ ɬɟɱɟɧɢɟ 4–6 ɱɚɫɨɜ. Ɉɞɧɚɤɨ ɢ ɜ ɷɬɢɯ ɭɫɥɨɜɢɹɯ ɫɬɟɩɟɧɶ 

ɞɟɚɰɟɬɢɥɢɪɨɜɚɧɢɹ (ɞɨɥɹ ɚɦɢɞɧɵɯ ɝɪɭɩɩ ɜ ɪɚɫɱɟɬɟ ɧɚ ɨɞɧɨ ɷɥɟɦɟɧɬɚɪɧɨɟ ɡɜɟɧɨ) 

ɧɟ ɞɨɫɬɢɝɚɟɬ ɟɞɢɧɢɰɵ, ɫɨɫɬɚɜɥɹɹ ɨɛɵɱɧɨ 0,8–0,9.  

2. ɇɚɩɢɲɢɬɟ ɭɪɚɜɧɟɧɢɟ ɩɪɨɬɟɤɚɸɳɟɣ ɪɟɚɤɰɢɢ.  

Ⱦɥɹ ɤɨɜɚɥɟɧɬɧɨɣ ɢɦɦɨɛɢɥɢɡɚɰɢɢ (ɡɚɤɪɟɩɥɟɧɢɹ) ɮɟɪɦɟɧɬɨɜ ɧɚ ɧɨɫɢɬɟɥɹɯ 

ɢɫɩɨɥɶɡɭɸɬ ɬɚɤ ɧɚɡɵɜɚɟɦɵɟ ɛɢɮɭɧɤɰɢɨɧɚɥɶɧɵɟ ɫɲɢɜɚɸɳɢɟ ɪɟɚɝɟɧɬɵ. Ɋɟɚɤɰɢɢ 
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ɩɪɨɜɨɞɹɬ ɜ ɪɚɡɛɚɜɥɟɧɧɵɯ ɜɨɞɧɵɯ ɛɭɮɟɪɧɵɯ ɪɚɫɬɜɨɪɚɯ, ɞɢɚɩɚɡɨɧ ɢɫɩɨɥɶɡɭɟɦɵɯ 

ɡɧɚɱɟɧɢɣ ɪɇ 5–9.  

3. ɋɪɟɞɢ ɩɟɪɟɱɢɫɥɟɧɧɵɯ ɜ ɬɚɛɥɢɰɟ ɪɟɚɝɟɧɬɨɜ ɜɵɛɟɪɢɬɟ ɬɟ, ɤɨɬɨɪɵɟ 

ɩɨɞɯɨɞɹɬ ɞɥɹ ɤɨɜɚɥɟɧɬɧɨɣ ɢɦɦɨɛɢɥɢɡɚɰɢɢ ɮɟɪɦɟɧɬɨɜ ɧɚ ɯɢɬɨɡɚɧɟ, ɩɪɢɧɢɦɚɹ ɜɨ 

ɜɧɢɦɚɧɢɟ, ɱɬɨ ɨɛɵɱɧɵɟ ɛɟɥɤɢ ɨɛɥɚɞɚɸɬ ɫɥɟɞɭɸɳɢɦɢ ɮɭɧɤɰɢɨɧɚɥɶɧɵɦɢ 

ɝɪɭɩɩɚɦɢ: –COOH, –NH2, –C6H5, –OH, –CONH2. ɉɨɫɤɨɥɶɤɭ ɞɚɠɟ ɜ ɬɚɤɢɯ ɦɹɝɤɢɯ 

ɭɫɥɨɜɢɹɯ ɜɨɡɦɨɠɧɨ ɩɪɨɬɟɤɚɧɢɟ ɧɟɠɟɥɚɬɟɥɶɧɵɯ ɩɪɨɰɟɫɫɨɜ, ɬɨ ɞɥɹ ɤɚɠɞɨɝɨ 

ɜɵɛɪɚɧɧɨɝɨ ɪɟɚɝɟɧɬɚ ɩɪɢɜɟɞɢɬɟ ɫɯɟɦɵ ɨɞɧɨɣ ɰɟɥɟɜɨɣ (ɧɟ ɦɟɧɟɟ ɞɜɭɯ ɩɪɨɞɭɤɬɨɜ, 

ɝɞɟ ɷɬɨ ɜɨɡɦɨɠɧɨ) ɢ ɨɞɧɨɣ ɩɨɛɨɱɧɨɣ ɪɟɚɤɰɢɢ. Ʉɚɤɨɣ ɪɟɚɝɟɧɬ ɛɭɞɟɬ 

ɨɛɪɚɡɨɜɵɜɚɬɶ ɫɨɟɞɢɧɟɧɢɹ, ɧɟɫɬɚɛɢɥɶɧɵɟ ɜ ɜɨɞɧɨɣ ɫɪɟɞɟ? Ɏɟɪɦɟɧɬ ɦɨɠɧɨ 

ɨɛɨɡɧɚɱɢɬɶ ɛɭɤɜɨɣ ȿ ɫ ɮɭɧɤɰɢɨɧɚɥɶɧɨɣ ɝɪɭɩɩɨɣ, ɧɚɩɪɢɦɟɪ E-OH ɢɥɢ E-C6H5. 

Эɩɢɯɥɨɪɝɢɞɪɢɧ 
 

Ⱦɢɰɢɤɥɨɝɟɤɫɢɥɤɚɪɛɨɞɢɢɦɢɞ 

 

Ɇɚɥɨɧɨɜɚɹ 

ɤɢɫɥɨɬɚ  

Ƚɥɭɬɚɪɨɜɵɣ ɚɥɶɞɟɝɢɞ 

 

Ⱦɢɜɢɧɢɥɫɭɥɶɮɨɧ 

 

N-ɝɢɞɪɨɤɫɢɫɭɤɰɢɧɢɦɢɞ 

 

ɋɨɞɟɪɠɚɧɢɟ ɮɟɪɦɟɧɬɚ (ɧɚɝɪɭɡɤɭ) ɜ ɩɨɥɭɱɟɧɧɨɦ ɩɪɟɩɚɪɚɬɟ ɦɨɠɧɨ ɨɰɟɧɢɬɶ 

ɪɚɡɥɢɱɧɵɦɢ ɫɩɨɫɨɛɚɦɢ, ɜ ɬɨɦ ɱɢɫɥɟ ɩɨ ɞɚɧɧɵɦ ɚɦɢɧɨɤɢɫɥɨɬɧɨɝɨ ɚɧɚɥɢɡɚ. Эɬɨɬ 

ɦɟɬɨɞ ɞɚɟɬ ɢɧɮɨɪɦɚɰɢɸ ɨ ɤɨɥɢɱɟɫɬɜɟ ɤɚɠɞɨɣ ɢɡ β0 ɚɦɢɧɨɤɢɫɥɨɬ ɜ 

ɚɧɚɥɢɡɢɪɭɟɦɨɦ ɨɛɪɚɡɰɟ. Ɂɧɚɹ ɚɦɢɧɨɤɢɫɥɨɬɧɵɣ ɫɨɫɬɚɜ ɛɟɥɤɚ (ɫɤɨɥɶɤɨ ɨɫɬɚɬɤɨɜ 

ɤɚɠɞɨɣ ɚɦɢɧɨɤɢɫɥɨɬɵ ɜ ɛɟɥɤɟ), ɟɝɨ ɦɨɥɟɤɭɥɹɪɧɭɸ ɦɚɫɫɭ, ɚ ɬɚɤɠɟ ɦɚɫɫɭ ɨɛɪɚɡɰɚ, 

ɨɬɞɚɧɧɨɝɨ ɧɚ ɚɧɚɥɢɡ, ɦɨɠɧɨ ɪɚɫɫɱɢɬɚɬɶ ɧɚɝɪɭɡɤɭ. ɇɚɩɪɢɦɟɪ, ɟɫɥɢ ɜ ɛɟɥɤɟ ɞɜɚ 

ɨɫɬɚɬɤɚ ɚɥɚɧɢɧɚ, ɚ ɩɨ ɞɚɧɧɵɦ ɚɦɢɧɨɤɢɫɥɨɬɧɨɝɨ ɚɧɚɥɢɡɚ ɨɩɪɟɞɟɥɢɥɢ β ɧɦɨɥɶ 

ɚɥɚɧɢɧɚ ɜ ɨɛɪɚɡɰɟ ɦɚɫɫɨɣ 1 ɝɪɚɦɦ, ɬɨ ɷɬɨ ɨɡɧɚɱɚɟɬ, ɱɬɨ ɧɚɝɪɭɡɤɚ ɫɨɫɬɚɜɥɹɟɬ 1 

ɧɦɨɥɶ ɛɟɥɤɚ ɧɚ ɝɪɚɦɦ ɢɦɦɨɛɢɥɢɡɨɜɚɧɧɨɝɨ ɩɪɟɩɚɪɚɬɚ.  

4. Ɉɩɪɟɞɟɥɢɬɟ ɧɚɝɪɭɡɤɭ ɛɟɥɤɚ (ɜ ɦɝ/ɝ) ɩɨ ɞɚɧɧɵɦ ɚɦɢɧɨɤɢɫɥɨɬɧɨɝɨ 

ɚɧɚɥɢɡɚ, ɩɪɢɜɟɞɟɧɧɵɦ ɜ ɬɚɛɥɢɰɟ. ɂɡɜɟɫɬɧɨ, ɱɬɨ ɧɚ ɚɧɚɥɢɡ ɨɬɞɚɥɢ 0,β5 ɦɝ 

ɨɛɪɚɡɰɚ ɬɪɢɩɫɢɧɚ, ɢɦɦɨɛɢɥɢɡɨɜɚɧɧɨɝɨ ɧɚ ɯɢɬɨɡɚɧɟ. Ɇɨɥɟɤɭɥɹɪɧɚɹ ɦɚɫɫɚ 

ɬɪɢɩɫɢɧɚ βγ800. 
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Ⱥɦɢɧɨɤɢɫɥɨɬɚ 

ɱɢɫɥɨ ɨɫɬɚɬɤɨɜ 
ɚɦɢɧɨɤɢɫɥɨɬɵ 

ɜ ɬɪɢɩɫɢɧɟ 

ɤɨɥɢɱɟɫɬɜɨ ɚɦɢɧɨɤɢɫɥɨɬɵ, 
ɧɚɣɞɟɧɧɨɟ ɜ ɨɛɪɚɡɰɟ, 

ɧɦɨɥɶ 

ɚɫɩɚɪɚɝɢɧɨɜɚɹ ɤɢɫɥɨɬɚ (Asp) 

ɬɪɟɨɧɢɧ (Thr) 

ɝɥɢɰɢɧ (Gly) 

ɩɪɨɥɢɧ (Pro) 

ɥɟɣɰɢɧ (Leu) 

ɚɪɝɢɧɢɧ (Arg) 

28 

19 

35 

9 

16 

4 

4,983 

2,995 

7,314 

1,471 

2,814 

0,735 

ɋɤɨɪɨɫɬɶ ɮɟɪɦɟɧɬɚɬɢɜɧɨɣ ɪɟɚɤɰɢɢ ɨɩɢɫɵɜɚɟɬɫɹ ɭɪɚɜɧɟɧɢɟɦ Ɇɢɯɚɷɥɢɫɚ–

Ɇɟɧɬɟɧ: 

 
]S[

]S[

M

max


K

V
V , 

ɝɞɟ Vmax – ɦɚɤɫɢɦɚɥɶɧɚɹ ɫɤɨɪɨɫɬɶ ɪɟɚɤɰɢɢ ɩɪɢ ɞɚɧɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ ɮɟɪɦɟɧɬɚ, 

KM – ɤɨɧɫɬɚɧɬɚ Ɇɢɯɚɷɥɢɫɚ, ɨɩɢɫɵɜɚɸɳɚɹ ɫɪɨɞɫɬɜɨ ɮɟɪɦɟɧɬɚ ɤ ɫɭɛɫɬɪɚɬɭ ɢ 

ɪɚɜɧɚɹ ɬɚɤɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ ɫɭɛɫɬɪɚɬɚ, ɩɪɢ ɤɨɬɨɪɨɣ ɞɨɫɬɢɝɚɟɬɫɹ ɫɤɨɪɨɫɬɶ, 

ɪɚɜɧɚɹ ɩɨɥɨɜɢɧɟ ɦɚɤɫɢɦɚɥɶɧɨɣ. ɑɟɦ ɦɟɧɶɲɟ ɤɨɧɫɬɚɧɬɚ Ɇɢɯɚɷɥɢɫɚ, ɬɟɦ ɜɵɲɟ 

ɫɪɨɞɫɬɜɨ ɮɟɪɦɟɧɬɚ ɤ ɫɭɛɫɬɪɚɬɭ. ɉɪɢ ɢɦɦɨɛɢɥɢɡɚɰɢɢ ɜɫɥɟɞɫɬɜɢɟ ɞɢɮɮɭɡɢɨɧɧɵɯ 

ɡɚɬɪɭɞɧɟɧɢɣ ɞɨɫɬɭɩ ɫɭɛɫɬɪɚɬɚ ɤ ɮɟɪɦɟɧɬɭ ɡɚɬɪɭɞɧɟɧ, ɢ ɤɚɠɭɳɟɟɫɹ ɤɨɧɫɬɚɧɬɚ 

ɫɜɹɡɵɜɚɧɢɹ ɮɟɪɦɟɧɬɚ ɫ ɫɭɛɫɬɪɚɬɨɦ ɭɯɭɞɲɚɟɬɫɹ. Ɍɪɢɩɫɢɧ – ɩɪɨɬɟɚɡɚ 

ɩɨɞɠɟɥɭɞɨɱɧɨɣ ɠɟɥɟɡɵ, ɮɟɪɦɟɧɬ, ɫɩɨɫɨɛɧɵɣ ɤɚɬɚɥɢɡɢɪɨɜɚɬɶ ɝɢɞɪɨɥɢɡ ɚɦɢɞɧɵɯ 

ɫɜɹɡɟɣ. Ⱦɥɹ ɟɝɨ ɢɡɭɱɟɧɢɹ ɢɫɩɨɥɶɡɭɸɬɫɹ ɤɚɤ ɧɟɛɨɥɶɲɢɟ ɫɭɛɫɬɪɚɬɵ, ɧɚɩɪɢɦɟɪ 

C6H5-CO-Arg-NH-C6H4-NO2 (Bz-Arg-pNA), ɬɚɤ ɢ ɛɟɥɤɢ, ɧɚɩɪɢɦɟɪ ɤɚɡɟɢɧ.  

5. ɇɚ ɝɪɚɮɢɤɟ ɩɪɢɜɟɞɟɧɚ ɤɢɧɟɬɢɱɟɫɤɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɫɤɨɪɨɫɬɢ ɝɢɞɪɨɥɢɡɚ 

Bz-Arg-pNA ɧɟɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɦ ɬɪɢɩɫɢɧɨɦ ɜ ɪɚɫɬɜɨɪɟ (ɤɪɢɜɚɹ 1) ɜ 

ɤɨɨɪɞɢɧɚɬɚɯ Ʌɚɣɧɭɢɜɟɪɚ–Ȼɟɪɤɚ (1/V ɨɬ 1/ДSЖ). Ⱦɪɭɝɢɟ ɞɜɟ ɤɪɢɜɵɟ ɫɨɨɬɜɟɬɫɬɜɭɸɬ 

ɡɚɜɢɫɢɦɨɫɬɢ ɝɢɞɪɨɥɢɡɚ ɤɚɡɟɢɧɚ ɢ Bz-Arg-pNA ɬɪɢɩɫɢɧɨɦ, ɢɦɦɨɛɢɥɢɡɨɜɚɧɧɵɦ 

ɧɚ ɯɢɬɨɡɚɧɟ. Ɉɩɪɟɞɟɥɢɬɟ, ɤɚɤɚɹ ɤɪɢɜɚɹ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɝɢɞɪɨɥɢɡɭ ɛɟɥɤɚ ɤɚɡɟɢɧɚ, ɚ 

ɤɚɤɚɹ – ɝɢɞɪɨɥɢɡɭ Bz-Arg-pNA. Ɉɬɜɟɬ ɨɛɨɫɧɭɣɬɟ. 
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Ɂɚɞɚɱɚ 2 

Ȼɢɨɧɟɨɪɝɚɧɢɱɟɫɤɚɹ ɯɢɦɢɹ ɩɥɚɬɢɧɵ 

Ɉɞɧɨɣ ɢɡ ɜɚɠɧɟɣɲɢɯ ɨɛɥɚɫɬɟɣ ɩɪɢɦɟɧɟɧɢɹ 

ɩɥɚɬɢɧɵ ɹɜɥɹɟɬɫɹ ɫɨɡɞɚɧɢɟ ɩɪɨɬɢɜɨɨɩɭɯɨɥɟɜɵɯ 

ɩɪɟɩɚɪɚɬɨɜ ɧɚ ɨɫɧɨɜɟ ɫɨɟɞɢɧɟɧɢɣ ɷɬɨɝɨ ɦɟɬɚɥɥɚ. ȼ 

ɇɨɜɨɫɢɛɢɪɫɤɨɦ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɦ ɭɧɢɜɟɪɫɢɬɟɬɟ ɛɵɥɚ 

ɨɫɧɨɜɚɧɚ ɢɡɜɟɫɬɧɚɹ ɲɤɨɥɚ ɯɢɦɢɤɨɜ, 

ɫɩɟɰɢɚɥɢɡɢɪɭɸɳɢɯɫɹ ɧɚ ɫɢɧɬɟɡɟ ɢ ɢɫɫɥɟɞɨɜɚɧɢɢ 

ɤɨɨɪɞɢɧɚɰɢɨɧɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɩɥɚɬɢɧɵ ɫ ɛɢɨɨɪɝɚɧɢɱɟɫɤɢɦɢ ɥɢɝɚɧɞɚɦɢ. 

Ɂɧɚɱɢɬɟɥɶɧɵɣ ɜɤɥɚɞ ɜ ɪɚɡɜɢɬɢɟ ɷɬɢɯ ɧɚɭɱɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɜɧɟɫɥɚ 

Ɂɚɫɥɭɠɟɧɧɵɣ ɩɪɨɮɟɫɫɨɪ Ɋɨɫɫɢɢ Ʌɸɞɦɢɥɚ Ɏёɞɨɪɨɜɧɚ Ʉɪɵɥɨɜɚ, ɩɚɦɹɬɢ ɤɨɬɨɪɨɣ 

ɩɨɫɜɹɳɚɟɬɫɹ ɷɬɚ ɡɚɞɚɱɚ. 

ɇɚɭɱɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ Ʌɸɞɦɢɥɵ Ɏёɞɨɪɨɜɧɵ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɛɵɥɢ 

ɩɨɫɜɹɳɟɧɵ ɢɡɭɱɟɧɢɸ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɤɨɦɩɥɟɤɫɨɜ ɩɥɚɬɢɧɵ (II) ɫ 

ɚɦɢɧɨɤɢɫɥɨɬɚɦɢ. ȼ ɤɚɱɟɫɬɜɟ ɢɫɯɨɞɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɛɵɥɢ ɢɫɩɨɥɶɡɨɜɚɧɵ 

ɬɟɬɪɚɯɥɨɪɨɩɥɚɬɢɧɚɬ (II) ɤɚɥɢɹ ɢ ɢɡɨɦɟɪɧɵɟ ɞɢɯɥɨɪɨɞɢɚɦɦɢɧɨɤɨɦɩɥɟɤɫɵ 

ɩɥɚɬɢɧɵ (II). ɉɟɪɜɨɟ ɢɡ ɷɬɢɯ ɢɫɯɨɞɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɢɡ 

ɦɟɬɚɥɥɢɱɟɫɤɨɣ ɩɥɚɬɢɧɵ ɩɨ ɫɥɟɞɭɸɳɟɣ ɫɯɟɦɟ: 
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. 

1. ɇɚɩɢɲɢɬɟ ɭɪɚɜɧɟɧɢɹ ɪɟɚɤɰɢɣ 1–3, ɡɚɦɟɧɢɜ ɡɧɚɤɢ ɜɨɩɪɨɫɚ (?) 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦɢ ɪɟɚɝɟɧɬɚɦɢ ɢ ɭɫɥɨɜɢɹɦɢ ɩɪɨɜɟɞɟɧɢɹ. 

ɂɡɨɦɟɪɧɵɟ ɞɢɯɥɨɪɨɞɢɚɦɦɢɧɨɤɨɦɩɥɟɤɫɵ ɩɥɚɬɢɧɵ(II) ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ 

ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ. ɐɢɫ-ɞɢɯɥɨɪɨɞɢɚɦɦɢɧɩɥɚɬɢɧɚ ɨɛɪɚɡɭɟɬɫɹ ɩɪɢ ɧɚɝɪɟɜɚɧɢɢ 

K2[PtCl4Ж ɫ ɜɨɞɧɵɦ ɪɚɫɬɜɨɪɨɦ ɚɰɟɬɚɬɚ ɚɦɦɨɧɢɹ Дɪɟɚɤɰɢɹ 4]. 

Ⱦɥɹ ɫɢɧɬɟɡɚ ɬɪɚɧɫ-ɢɡɨɦɟɪɚ ɬɟɬɪɚɯɥɨɪɨɩɥɚɬɢɧɚɬ(II) ɤɚɥɢɹ ɫɧɚɱɚɥɚ 

ɨɛɪɚɛɚɬɵɜɚɸɬ ɢɡɛɵɬɤɨɦ ɜɨɞɧɨɝɨ ɪɚɫɬɜɨɪɚ ɚɦɦɢɚɤɚ Дɪɟɚɤɰɢɹ 5], ɜ ɪɟɡɭɥɶɬɚɬɟ 

ɱɟɝɨ ɨɛɪɚɡɭɟɬɫɹ ɫɨɟɞɢɧɟɧɢɟ X (ɫɨɞɟɪɠɚɧɢɟ, ɦɚɫɫ. %: Pt – 55,40; N – 15,91; Cl –

 20,14; H – 4,01). ɉɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɫɨɟɞɢɧɟɧɢɹ X ɫ ɪɚɡɛɚɜɥɟɧɧɵɦ ɪɚɫɬɜɨɪɨɦ 

HCl ɩɨɥɭɱɚɟɬɫɹ ɬɪɚɧɫ-ɞɢɯɥɨɪɨɞɢɚɦɦɢɧɩɥɚɬɢɧɚ Дɪɟɚɤɰɢɹ 6]. Ɉɬɦɟɬɢɦ, ɱɬɨ 

ɪɟɚɤɰɢɹ 6 ɞɟɦɨɧɫɬɪɢɪɭɟɬ, ɱɬɨ ɷɮɮɟɤɬ ɬɪɚɧɫ-ɜɥɢɹɧɢɹ ɯɥɨɪɢɞ-ɢɨɧɨɜ ɜɵɲɟ, ɱɟɦ 

ɦɨɥɟɤɭɥ ɚɦɦɢɚɤɚ. Эɬɚ ɪɟɚɤɰɢɹ ɢɞёɬ ɜ ɩɨɥɧɨɦ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɩɪɚɜɢɥɨɦ 

ɬɪɚɧɫ-ɜɥɢɹɧɢɹ (ɩɪɚɜɢɥɨɦ ɑɟɪɧɹɟɜɚ), ɫɭɬɶ ɤɨɬɨɪɨɝɨ ɫɨɫɬɨɢɬ ɜ ɬɨɦ, ɱɬɨ ɥɢɝɚɧɞɵ, 

ɪɚɫɩɨɥɨɠɟɧɧɵɟ ɜ ɬɪɚɧɫ-ɩɨɥɨɠɟɧɢɢ ɤ ɤɨɨɪɞɢɧɢɪɨɜɚɧɧɵɦ ɚɧɢɨɧɚɦ, ɡɚɦɟɳɚɸɬɫɹ 

ɡɧɚɱɢɬɟɥɶɧɨ ɥɟɝɱɟ, ɱɟɦ ɥɢɝɚɧɞɵ, ɪɚɫɩɨɥɨɠɟɧɧɵɟ ɜ ɬɪɚɧɫ-ɩɨɥɨɠɟɧɢɢ ɤ 

ɧɟɣɬɪɚɥɶɧɵɦ ɦɨɥɟɤɭɥɚɦ. 

 

2. ɉɪɢɜɟɞɢɬɟ ɫɬɪɭɤɬɭɪɧɵɟ ɮɨɪɦɭɥɵ ɢɡɨɦɟɪɧɵɯ 

ɞɢɯɥɨɪɨɞɢɚɦɦɢɧɨɤɨɦɩɥɟɤɫɨɜ ɩɥɚɬɢɧɵ (ɭɤɚɠɢɬɟ, ɤɚɤɨɣ ɢɡ ɧɢɯ ɰɢɫ-, ɚ ɤɚɤɨɣ 

ɬɪɚɧɫ-ɢɡɨɦɟɪ). 

3. ɍɫɬɚɧɨɜɢɬɟ ɫɨɫɬɚɜ ɫɨɟɞɢɧɟɧɢɹ ɏ. ɇɚɩɢɲɢɬɟ ɟɝɨ ɤɨɨɪɞɢɧɚɰɢɨɧɧɭɸ 

ɮɨɪɦɭɥɭ, ɡɚɤɥɸɱɢɜ ɜɧɭɬɪɟɧɧɸɸ ɫɮɟɪɭ ɜ ɤɜɚɞɪɚɬɧɵɟ ɫɤɨɛɤɢ. 

4. ɇɚɩɢɲɢɬɟ ɭɪɚɜɧɟɧɢɹ ɪɟɚɤɰɢɣ 4–6. 

5. ɋɨɟɞɢɧɟɧɢɟ ɏ, ɚ ɬɚɤɠɟ ɭɩɨɦɹɧɭɬɵɟ ɰɢɫ- ɢ 

ɬɪɚɧɫ-ɞɢɯɥɨɪɨɞɢɚɦɦɢɧɨɤɨɦɩɥɟɤɫɵ ɢɦɟɸɬ ɫɨɛɫɬɜɟɧɧɵɟ ɢɫɬɨɪɢɱɟɫɤɢɟ 

(«ɢɦɟɧɧɵɟ») ɧɚɡɜɚɧɢɹ. ɉɪɢɜɟɞɢɬɟ ɢɯ. 

6. ɐɢɫ-ɞɢɯɥɨɪɨɞɢɚɦɦɢɧɩɥɚɬɢɧɚ – ɩɟɪɜɨɟ ɫɨɟɞɢɧɟɧɢɟ ɩɥɚɬɢɧɵ, ɞɥɹ 

Pt
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47 

ɤɨɬɨɪɨɝɨ ɛɵɥɚ ɨɛɧɚɪɭɠɟɧɚ ɩɪɨɬɢɜɨɨɩɭɯɨɥɟɜɚɹ ɚɤɬɢɜɧɨɫɬɶ. ɇɟɫɦɨɬɪɹ ɧɚ ɬɨ, ɱɬɨ 

ɫ ɷɬɨɝɨ ɦɨɦɟɧɬɚ ɩɪɨɲɥɨ ɭɠɟ ɛɨɥɟɟ 40 ɥɟɬ, ɨɧɨ ɞɨ ɫɢɯ ɩɨɪ ɢɫɩɨɥɶɡɭɟɬɫɹ ɜ 

ɦɟɞɢɰɢɧɫɤɨɣ ɩɪɚɤɬɢɤɟ (ɬɨɪɝɨɜɵɣ ɩɪɟɩɚɪɚɬ «ɰɢɫɩɥɚɬɢɧ»). ɉɨɩɪɨɛɭɣɬɟ ɤɪɚɬɤɨ 

(2–γ ɩɪɟɞɥɨɠɟɧɢɹ) ɨɛɴɹɫɧɢɬɶ ɦɟɯɚɧɢɡɦ ɛɢɨɥɨɝɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɢ ɷɬɨɝɨ 

ɫɨɟɞɢɧɟɧɢɹ. ȿɫɥɢ ȼɵ ɫɪɚɡɭ ɧɟ ɫɦɨɠɟɬɟ ɨɬɜɟɬɢɬɶ ɧɚ ɷɬɨɬ ɜɨɩɪɨɫ, ɩɨɫɦɨɬɪɢɬɟ 

ɜɧɢɦɚɬɟɥɶɧɨ ɧɚ ɪɢɫɭɧɨɤ ɜ ɧɚɱɚɥɟ ɷɬɨɣ ɡɚɞɚɱɢ. 

ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ ɤɨɦɩɥɟɤɫɨɜ ɩɥɚɬɢɧɵ (II) ɫ ɦɟɬɢɨɧɢɧɨɦ 

Ɋɚɫɫɦɨɬɪɢɦ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɤɨɦɩɥɟɤɫɨɜ 

ɩɥɚɬɢɧɵ(II) ɫ ɩɪɟɞɫɬɚɜɢɬɟɥɟɦ ɚɦɢɧɨɤɢɫɥɨɬ – 

ɦɟɬɢɨɧɢɧɨɦ. Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɨɫɚɞɤɚ ɫɨɟɞɢɧɟɧɢɹ 1 

ɜɨɞɧɵɣ ɪɚɫɬɜɨɪ ɦɟɬɢɨɧɢɧɚ ɧɚɝɪɟɜɚɸɬ ɧɚ ɜɨɞɹɧɨɣ 

ɛɚɧɟ ɫ K2[PtCl4Ж ɜ ɦɨɥɶɧɨɦ ɫɨɨɬɧɨɲɟɧɢɢ 1 : 1. ȿɫɥɢ 

ɤ ɨɫɚɞɤɭ 1 ɞɨɛɚɜɢɬɶ ɟɳё ɪɚɫɬɜɨɪ 1 ɦɨɥɶ 

ɦɟɬɢɨɧɢɧɚ, ɨɛɪɚɡɭɟɬɫɹ ɫɨɟɞɢɧɟɧɢɟ 2. 

ȼ ɜɨɞɧɨɦ ɪɚɫɬɜɨɪɟ ɫɨɟɞɢɧɟɧɢɹ 1 ɢ 2 ɩɪɨɹɜɥɹɸɬ ɫɜɨɣɫɬɜɚ ɫɢɥɶɧɵɯ ɤɢɫɥɨɬ. 

ɉɪɢ ɨɛɪɚɛɨɬɤɟ ɜɟɳɟɫɬɜɚ 1 ɪɚɫɬɜɨɪɨɦ KOH ɨɧɨ ɪɚɫɬɜɨɪɹɟɬɫɹ, ɚ ɡɚɬɟɦ ɢɡ 

ɪɟɚɤɰɢɨɧɧɨɝɨ ɪɚɫɬɜɨɪɚ ɦɟɞɥɟɧɧɨ ɜɵɩɚɞɚɟɬ ɨɫɚɞɨɤ ɫɨɟɞɢɧɟɧɢɹ 3, ɤɨɬɨɪɨɟ 

ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɧɟɡɚɪɹɠɟɧɧɵɣ ɤɨɦɩɥɟɤɫ, ɧɟ ɫɨɞɟɪɠɚɳɢɣ ɝɢɞɪɨɤɫɢɞ-ɢɨɧɨɜ ɢ 

ɢɦɟɸɳɢɣ ɩɨɥɢɦɟɪɧɨɟ ɫɬɪɨɟɧɢɟ. ɉɨɥɧɚɹ ɧɟɣɬɪɚɥɢɡɚɰɢɹ ɪɚɫɬɜɨɪɚ ɫɨɟɞɢɧɟɧɢɹ 2 

ɳёɥɨɱɶɸ ɩɪɢɜɨɞɢɬ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɫɨɟɞɢɧɟɧɢɹ 4, ɤɨɬɨɪɨɟ ɜ ɜɨɞɧɨɦ ɪɚɫɬɜɨɪɟ 

ɹɜɥɹɟɬɫɹ ɧɟɷɥɟɤɬɪɨɥɢɬɨɦ ɢ ɬɚɤɠɟ ɧɟ ɫɨɞɟɪɠɢɬ ɝɢɞɪɨɤɫɢɞ-ɢɨɧɨɜ ɜ ɫɜɨɟɦ 

ɫɨɫɬɚɜɟ. 

ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ ɦɟɬɢɨɧɢɧɚ ɫ ɢɡɨɦɟɪɧɵɦɢ ɞɢɯɥɨɪɨɞɢɚɦɦɢɧɨɤɨɦɩɥɟɤɫɚɦɢ 

ɩɥɚɬɢɧɵ(II) ɩɪɨɬɟɤɚɟɬ ɩɨ-ɪɚɡɧɨɦɭ. Ɍɚɤ, ɩɪɢ ɪɟɚɤɰɢɢ ɬɪɚɧɫ-ɢɡɨɦɟɪɚ ɫ 

ɦɟɬɢɨɧɢɧɨɦ ɜ ɦɨɥɶɧɨɦ ɫɨɨɬɧɨɲɟɧɢɢ 1 : β ɨɛɪɚɡɭɟɬɫɹ ɫɨɟɞɢɧɟɧɢɟ 5, ɫɨɞɟɪɠɚɳɟɟ 

ɞɜɟ ɦɨɥɟɤɭɥɵ ɤɨɨɪɞɢɧɢɪɨɜɚɧɧɨɝɨ ɚɦɦɢɚɤɚ. ȿɫɥɢ ɜ ɪɟɚɤɰɢɢ ɫ ɬɟɦ ɠɟ ɫɚɦɵɦ 

ɤɨɥɢɱɟɫɬɜɨɦ ɦɟɬɢɨɧɢɧɚ (ɜ ɫɨɨɬɧɨɲɟɧɢɢ 1 : β) ɭɱɚɫɬɜɭɟɬ ɰɢɫ-ɢɡɨɦɟɪ, ɩɨɥɭɱɚɟɬɫɹ 

ɫɨɟɞɢɧɟɧɢɟ 6, ɜɨ ɜɧɭɬɪɟɧɧɟɣ ɫɮɟɪɟ ɤɨɬɨɪɨɝɨ ɨɫɬɚёɬɫɹ ɥɢɲɶ ɨɞɧɚ ɦɨɥɟɤɭɥɚ 

ɚɦɦɢɚɤɚ. 

ɇɚ ɨɫɧɨɜɚɧɢɢ ɩɪɨɜɟɞɟɧɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɛɵɥɨ ɭɫɬɚɧɨɜɥɟɧɨ: 

H3C

S

CH2

CH2

CH

NH2

COOH

ɦетиɨɧиɧ

ç ïöëÜ¡öÜëÖ▲ê âÜë½Ü¿íê 1-6
½Ü¢ÖÜ ÜöÜßëí¢íöá ç çóÑñ:

S

COOH

NH2S

COOH

NH2
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 ɜ ɫɨɟɞɢɧɟɧɢɹɯ 1–6 ɰɟɧɬɪɚɥɶɧɵɣ ɚɬɨɦ Pt ɩɟɪɜɨɧɚɱɚɥɶɧɨ ɫɜɹɡɵɜɚɟɬɫɹ 

ɩɨɫɪɟɞɫɬɜɨɦ ɚɬɨɦɚ S; 

 ɷɮɮɟɤɬ ɬɪɚɧɫ-ɜɥɢɹɧɢɹ ɚɬɨɦɚ ɫɟɪɵ ɜ ɦɨɥɟɤɭɥɟ ɦɟɬɢɨɧɢɧɚ ɡɧɚɱɢɬɟɥɶɧɨ 

ɜɵɲɟ, ɱɟɦ ɚɬɨɦɚ ɚɡɨɬɚ ɚɦɢɧɨɝɪɭɩɩɵ; 

 ɤɚɪɛɨɤɫɢɥɶɧɵɟ ɝɪɭɩɩɵ ɦɨɥɟɤɭɥɵ ɦɟɬɢɨɧɢɧɚ ɜ ɨɩɢɫɚɧɧɵɯ ɪɟɚɤɰɢɹɯ 

ɭɱɚɫɬɜɭɸɬ ɜ ɤɨɦɩɥɟɤɫɨɨɛɪɚɡɨɜɚɧɢɢ ɬɨɥɶɤɨ ɜ ɫɥɭɱɚɟ ɫɨɟɞɢɧɟɧɢɹ 3; 

 ɡɚ ɢɫɤɥɸɱɟɧɢɟɦ ɫɨɟɞɢɧɟɧɢɹ 5, ɜɫɟ ɨɫɬɚɥɶɧɵɟ (1, 2, 3, 4 ɢ 6) ɫɨɞɟɪɠɚɬ ɜ 

ɫɜɨɟɦ ɫɨɫɬɚɜɟ ɧɟ ɦɟɧɟɟ ɨɞɧɨɝɨ ɰɢɤɥɢɱɟɫɤɨɝɨ ɮɪɚɝɦɟɧɬɚ. 

7. ɉɪɢɜɟɞɢɬɟ ɫɬɪɭɤɬɭɪɧɵɟ ɮɨɪɦɭɥɵ ɫɨɟɞɢɧɟɧɢɣ 1–6 (ɧɟ ɡɚɛɭɞɶɬɟ ɭɤɚɡɚɬɶ 

ɜɧɟɲɧɟɫɮɟɪɧɵɟ ɢɨɧɵ). ȼɫɟ ɫɬɪɭɤɬɭɪɧɵɟ ɮɨɪɦɭɥɵ ɞɨɥɠɧɵ ɩɨɥɧɨɫɬɶɸ ɨɬɪɚɠɚɬɶ 

ɩɨɪɹɞɨɤ ɫɜɹɡɟɣ ɫ ɰɟɧɬɪɚɥɶɧɵɦ ɚɬɨɦɨɦ Pt (II) ɜ ɤɨɦɩɥɟɤɫɧɨɦ ɫɨɟɞɢɧɟɧɢɢ. 

Ⱦɥɹ ɩɨɥɢɦɟɪɚ 3 ɩɪɢɜɟɞɢɬɟ ɫɬɪɭɤɬɭɪɧɭɸ ɮɨɪɦɭɥɭ ɦɨɧɨɦɟɪɧɨɝɨ ɮɪɚɝɦɟɧɬɚ, 

ɫɨɞɟɪɠɚɳɟɝɨ ɞɜɚ ɚɬɨɦɚ ɩɥɚɬɢɧɵ. 

Ɂɚɞɚɱɚ 3 

Ɉɞɧɚɠɞɵ ɩɪɟɫɬɭɩɧɢɤ, ɯɨɪɨɲɨ ɡɧɚɸɳɢɣ ɯɢɦɢɸ, ɪɟɲɢɥ ɨɛɦɚɧɭɬɶ 

ɩɪɚɜɨɫɭɞɢɟ ɢ ɩɨɞɛɪɨɫɢɬɶ ɫɥɟɞɫɬɜɢɸ ɥɢɩɨɜɵɟ ɭɥɢɤɢ, ɚ ɢɦɟɧɧɨ – ɨɬɩɟɱɚɬɤɢ 

ɩɚɥɶɰɟɜ. ɏɢɦɢɤ ɡɧɚɥ, ɱɬɨ ɨɧɢ ɨɫɬɚɸɬɫɹ ɢɡ-ɡɚ ɤɨɠɧɵɯ ɜɵɞɟɥɟɧɢɣ, ɫɨɞɟɪɠɚɳɢɯɫɹ 

ɧɚ ɩɨɜɟɪɯɧɨɫɬɹɯ ɩɚɥɶɰɟɜ. ɋɚɦɢ ɩɨ ɫɟɛɟ ɷɬɢ ɜɵɞɟɥɟɧɢɹ ɫɨɫɬɨɹɬ ɧɚ 99 % ɢɡ ɜɨɞɵ, 

ɨɫɬɚɥɶɧɚɹ ɱɚɫɬɶ – ɯɥɨɪɢɞ ɧɚɬɪɢɹ ɢ ɨɪɝɚɧɢɱɟɫɤɢɟ ɫɨɟɞɢɧɟɧɢɹ, ɫɪɟɞɢ ɤɨɬɨɪɵɯ – 

ɫɦɟɫɶ ɪɚɡɥɢɱɧɵɯ ɚɦɢɧɨɤɢɫɥɨɬ. Ɂɧɚɹ, ɱɬɨ ɢɦɟɧɧɨ ɩɨ ɧɢɦ ɨɬɩɟɱɚɬɤɢ ɩɚɥɶɰɟɜ ɢ 

ɩɪɨɹɜɥɹɸɬ, ɩɪɟɫɬɭɩɧɢɤ ɪɟɲɢɥ ɡɚɧɹɬɶɫɹ ɫɢɧɬɟɡɨɦ. 
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1. Ɋɚɫɲɢɮɪɭɣɬɟ ɫɯɟɦɵ ɫɢɧɬɟɡɨɜ. B ɨɱɟɧɶ ɪɟɚɤɰɢɨɧɧɨɫɩɨɫɨɛɧɨɟ ɜɟɳɟɫɬɜɨ, 

ɥɟɝɤɨ ɨɛɪɚɡɭɟɬ ɦɟɬɚɥɥɨɩɪɨɢɡɜɨɞɧɵɟ. ɉɪɟɞɩɨɥɨɠɢɬɟ, ɤɚɤɨɣ ɢɡ ɩɭɬɟɣ ɫɢɧɬɟɡɚ 

ɧɚɢɛɨɥɟɟ ɭɞɨɛɟɧ ɜ ɢɫɩɨɥɧɟɧɢɢ. ɋɜɨɣ ɨɬɜɟɬ ɨɛɨɫɧɭɣɬɟ. 

ɏɢɦɢɤ-ɩɪɟɫɬɭɩɧɢɤ ɩɪɨɜɟɥ ɧɟɨɛɯɨɞɢɦɵɣ ɫɢɧɬɟɡ, ɢɫɩɨɥɶɡɭɹ ɪɟɚɤɬɢɜ, 

ɤɭɩɥɟɧɧɵɣ ɧɚ «ɱɟɪɧɨɦ» ɪɵɧɤɟ ɢ ɢɦɢɬɢɪɨɜɚɥ «ɩɨɬ», ɩɪɢ ɩɨɦɨɳɢ ɤɨɬɨɪɨɝɨ 

ɨɫɬɚɜɢɥ ɩɨɞɥɨɠɧɵɟ ɨɬɩɟɱɚɬɤɢ ɩɚɥɶɰɟɜ. ɇɨ ɧɟ ɬɭɬ-ɬɨ ɛɵɥɨ. ɋɪɟɞɢ ɷɤɫɩɟɪɬɨɜ-

ɤɪɢɦɢɧɚɥɢɫɬɨɜ, ɩɪɢɛɵɜɲɢɯ ɡɚ ɭɥɢɤɚɦɢ, ɬɚɤɠɟ ɛɵɥ ɨɩɵɬɧɵɣ ɯɢɦɢɤ. ɉɪɨɹɜɢɜ 

ɩɨɞɥɨɠɧɵɟ ɨɬɩɟɱɚɬɤɢ ɧɢɧɝɢɞɪɢɧɨɦ (ɫɯɟɦɚ ɩɨɥɭɱɟɧɢɹ ɤɨɬɨɪɨɝɨ ɢ ɪɟɚɤɰɢɹ ɫ 

ɚɦɢɧɨɤɢɫɥɨɬɨɣ ɩɪɢɜɟɞɟɧɵ ɧɢɠɟ), 

 

 

ɯɢɦɢɤ-ɤɪɢɦɢɧɚɥɢɫɬ ɡɚɩɨɞɨɡɪɢɥ ɧɟɥɚɞɧɨɟ, ɜɵɞɟɥɢɥ ɩɨɥɭɱɢɜɲɢɣɫɹ ɚɥɶɞɟɝɢɞ ɢ 

ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɥ ɟɝɨ ɩɨ ɫɥɟɞɭɸɳɟɣ ɫɯɟɦɟ: 

 

2. Ɋɚɫɲɢɮɪɭɣɬɟ ɩɪɢɜɟɞɟɧɧɭɸ ɫɯɟɦɭ ɫɢɧɬɟɡɚ ɧɢɧɝɢɞɪɢɧɚ ɢ ɭɤɚɠɢɬɟ 

ɩɪɨɞɭɤɬ ɟɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫ ɚɦɢɧɨɤɢɫɥɨɬɨɣ. ɉɪɟɜɪɚɳɟɧɢɟ M ɜ N – ɷɬɨ 

ɢɡɜɟɫɬɧɵɣ ɩɪɨɦɵɲɥɟɧɧɵɣ ɩɪɨɰɟɫɫ, ɪɚɡɪɚɛɨɬɚɧɧɵɣ ɋ. ȼ. Ʌɟɛɟɞɟɜɵɦ. 

ɇɚɩɢɲɢɬɟ, ɧɚ ɱɬɨ ɧɚɞɟɹɥɫɹ ɤɪɢɦɢɧɚɥɢɫɬ, ɤɨɝɞɚ ɞɨɛɚɜɢɥ ɫɦɟɫɶ ɚɡɨɬɧɨɣ ɢ ɫɟɪɧɨɣ 

ɤɢɫɥɨɬɨɣ. Ɉɛɴɹɫɧɢɬɟ, ɧɚ ɱɬɨ ɭɤɚɡɵɜɚɟɬ ɡɧɚɱɟɧɢɟ pH ɢ ɨɬɫɭɬɫɬɜɢɟ 

ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫ SOCl2? 

O2 / V2O5

    toC

EtOH, H2SO4

        toC
OEt

O

1) EtONa / EtOH / 
         2) NH4Cl / H2O

H3O+ 1) NBS / DMSO

O

O
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ɧɟ ɧɚɛɥɸɞɚɟɬɫɹɢɡɦɟɧɟɧɢɣ 

ɧɟ ɧɚɛɥɸɞɚɟɬɫɹ
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Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɬɨɝɨ, ɤɚɤɚɹ ɚɦɢɧɨɤɢɫɥɨɬɚ (ɚ ɦɨɠɟɬ ɢ ɫɦɟɫɶ?..) ɛɵɥɚ ɜ 

ɫɨɫɬɚɜɟ ɧɚɣɞɟɧɧɵɯ ɨɬɩɟɱɚɬɤɨɜ, ɤɪɢɦɢɧɚɥɢɫɬ ɨɫɭɳɟɫɬɜɢɥ ɨɛɪɚɬɧɵɣ ɫɢɧɬɟɡ 

ɚɦɢɧɨɤɢɫɥɨɬɵ ɢɡ ɚɥɶɞɟɝɢɞɚ ɢ ɩɪɨɜɟɥ ɪɟɚɤɰɢɸ Эɞɦɚɧɚ: 

 

ɉɨɥɭɱɟɧɧɵɣ ɬɢɨɝɢɞɚɧɬɨɢɧ ɨɩɪɟɞɟɥɹɥɢ ɦɟɬɨɞɨɦ ɜɵɫɨɤɨɷɮɮɟɤɬɢɜɧɨɣ 

ɠɢɞɤɨɫɬɧɨɣ ɯɪɨɦɚɬɨɝɪɚɮɢɢ. ɋɧɚɱɚɥɚ ɩɪɢɛɨɪ ɤɚɥɢɛɪɭɸɬ ɫ ɩɨɦɨɳɶɸ 

ɫɬɚɧɞɚɪɬɧɨɣ ɫɦɟɫɢ ɚɦɢɧɨɤɢɫɥɨɬ, 

 

ɚ ɡɚɬɟɦ ɚɧɚɥɢɡɢɪɭɸɬ ɧɟɢɡɜɟɫɬɧɵɣ ɨɛɪɚɡɟɰ. ɏɪɨɦɚɬɨɝɪɚɦɦɚ ɧɟɢɡɜɟɫɬɧɨɝɨ 

ɜɟɳɟɫɬɜɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ ɧɢɠɟ: 
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3. ɍɤɚɠɢɬɟ, ɤɚɤɚɹ ɚɦɢɧɨɤɢɫɥɨɬɚ ɛɵɥɚ ɞɟɬɟɤɬɢɪɨɜɚɧɚ. ɋɱɢɬɚɣɬɟ, ɱɬɨ 

ɚɦɢɧɨɤɢɫɥɨɬɵ ɩɪɨɯɨɞɹɬ ɩɨ ɤɨɥɨɧɤɟ ɡɚ ɨɞɢɧɚɤɨɜɨɟ ɜɪɟɦɹ ɜɨ ɜɫɟɯ 

ɷɤɫɩɟɪɢɦɟɧɬɚɯ. ȼɟɪɯɧɹɹ ɯɪɨɦɚɬɨɝɪɚɦɦɚ – ɤɚɥɢɛɪɨɜɨɱɧɚɹ. 

ɇɨ ɢ ɷɬɨ ɟɳɟ ɧɟ ɜɫɟ. ɉɨ ɪɟɚɤɬɢɜɭ, ɤɨɬɨɪɵɣ ɛɵɥ ɤɭɩɥɟɧ ɧɚ ɱɟɪɧɨɦ ɪɵɧɤɟ, 

ɛɵɥ ɭɫɬɚɧɨɜɥɟɧ ɯɢɦɢɤ-ɩɪɟɫɬɭɩɧɢɤ (ɩɨɦɧɢɬɟ ɨ ɬɨɦ, ɱɬɨ ɜɨɞɧɵɣ ɪɚɫɬɜɨɪ ɞɚɧɧɨɝɨ 

ɫɨɟɞɢɧɟɧɢɹ ɩɚɯɧɟɬ ɦɢɧɞɚɥɟɦ, ɚ ɧɟɣɬɪɚɥɢɡɨɜɚɬɶ ɟɝɨ ɞɟɣɫɬɜɢɟ ɩɨɫɥɟ ɩɨɩɚɞɚɧɢɹ 

ɜɧɭɬɪɶ ɦɨɠɧɨ ɩɪɢ ɩɨɦɨɳɢ ɨɛɵɱɧɨɝɨ ɫɚɯɚɪɚ). 

4. ɍɤɚɠɢɬɟ, ɤɚɤɨɣ ɪɟɚɝɟɧɬ ɛɵɥ ɤɭɩɥɟɧ ɯɢɦɢɤɨɦ-ɩɪɟɫɬɭɩɧɢɤɨɦ. 
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Ɏɢɡɢɱɟɫɤɚɹ ɯɢɦɢɹ 

Ɂɚɞɚɱɚ 1 

ɉɨɤɚɡɚɬɟɥɶ ɩɪɟɥɨɦɥɟɧɢɹ ɜ ɨɪɝɚɧɢɱɟɫɤɨɣ ɯɢɦɢɢ 

Ⱦɥɹ ɤɚɱɟɫɬɜɟɧɧɨɣ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɢ ɨɩɪɟɞɟɥɟɧɢɹ 

ɫɬɟɩɟɧɢ ɱɢɫɬɨɬɵ ɜɟɳɟɫɬɜ ɭɠɟ ɛɨɥɟɟ ɜɟɤɚ ɲɢɪɨɤɨ 

ɢɫɩɨɥɶɡɭɟɬɫɹ ɩɨɤɚɡɚɬɟɥɶ ɩɪɟɥɨɦɥɟɧɢɹ n, ɤɨɬɨɪɵɣ 

ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɢɡɦɟɧɟɧɢɟ ɭɝɥɚ ɧɚɤɥɨɧɚ ɥɭɱɚ ɫɜɟɬɚ ɤ 

ɝɪɚɧɢɰɟ ɪɚɡɞɟɥɚ ɮɚɡ ɩɪɢ ɩɪɨɯɨɠɞɟɧɢɢ ɱɟɪɟɡ ɧɟё 

ɫɨɝɥɚɫɧɨ ɡɚɤɨɧɭ: 2211 sinsin  nn , ɝɞɟ n1 ɢ n2 – 

ɩɨɤɚɡɚɬɟɥɢ ɩɪɟɥɨɦɥɟɧɢɹ ɫɪɟɞ 1 ɢ β, ɚ 1  ɢ 2  – ɭɝɥɵ ɩɚɞɟɧɢɹ ɢ ɩɪɟɥɨɦɥɟɧɢɹ (ɫɦ. 

ɪɢɫɭɧɨɤ). ȼɫɟ ɩɨɤɚɡɚɬɟɥɢ ɩɪɟɥɨɦɥɟɧɢɹ ɢɡɦɟɪɹɸɬɫɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ β0 °C, 

ɚɬɦɨɫɮɟɪɧɨɦ ɞɚɜɥɟɧɢɢ ɢ ɞɥɢɧɟ ɜɨɥɧɵ ɫɜɟɬɚ 589 ɧɦ. ɉɨɤɚɡɚɬɟɥɶ ɩɪɟɥɨɦɥɟɧɢɹ 

ɜɨɡɞɭɯɚ ɩɪɚɤɬɢɱɟɫɤɢ ɪɚɜɟɧ 1. 

1. ɑɟɦɭ ɪɚɜɟɧ ɩɨɤɚɡɚɬɟɥɶ ɩɪɟɥɨɦɥɟɧɢɹ ɜɨɞɵ, ɟɫɥɢ ɥɭɱ ɢɡ ɚɬɦɨɫɮɟɪɵ, 

ɩɚɞɚɸɳɢɣ ɩɨɞ ɭɝɥɨɦ 60.0 °, ɩɪɟɥɨɦɥɹɟɬɫɹ ɜ ɜɨɞɟ ɩɨɞ ɭɝɥɨɦ 40.5 °? 

Ⱦɥɹ ɢɡɦɟɪɟɧɢɹ ɩɨɤɚɡɚɬɟɥɹ ɩɪɟɥɨɦɥɟɧɢɹ ɢɫɩɨɥɶɡɭɸɬ ɪɟɮɪɚɤɬɨɦɟɬɪɵ. 

ɉɪɢɧɰɢɩ ɪɚɛɨɬɵ ɧɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧёɧɧɨɝɨ ɬɢɩɚ ɬɚɤɢɯ ɩɪɢɛɨɪɨɜ ɫɨɫɬɨɢɬ ɜ 

ɬɨɦ, ɱɬɨ ɥɭɱ ɫɜɟɬɚ ɩɪɨɯɨɞɢɬ ɱɟɪɟɡ ɢɡɭɱɚɟɦɭɸ ɠɢɞɤɨɫɬɶ ɢɥɢ ɬɜёɪɞɨɟ ɜɟɳɟɫɬɜɨ ɢ 

ɩɨɩɚɞɚɟɬ ɧɚ ɝɪɚɧɢɰɭ ɪɚɡɞɟɥɚ ɫ ɜɨɡɞɭɯɨɦ. ɂɡɦɟɧɹɹ ɭɝɨɥ ɩɚɞɟɧɢɹ, ɨɩɪɟɞɟɥɹɸɬ 

ɦɢɧɢɦɚɥɶɧɨɟ ɟɝɨ ɡɧɚɱɟɧɢɟ, ɩɪɢ ɤɨɬɨɪɨɦ ɥɭɱ ɧɟ ɦɨɠɟɬ ɩɪɨɣɬɢ ɱɟɪɟɡ ɝɪɚɧɢɰɭ 

ɪɚɡɞɟɥɚ ɮɚɡ. 

2. ɑɟɦɭ ɪɚɜɟɧ ɩɨɤɚɡɚɬɟɥɶ ɩɪɟɥɨɦɥɟɧɢɹ ɧ-ɩɟɧɬɚɧɚ (ɩɥɨɬɧɨɫɬɶ 0.626 ɝ·ɫɦ−3
), 

ɟɫɥɢ ɷɬɨ ɦɢɧɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɞɥɹ ɧɟɝɨ ɫɨɫɬɚɜɥɹɟɬ 47.5 °? 

Ɂɧɚɱɟɧɢɟ ɩɨɤɚɡɚɬɟɥɹ ɩɪɟɥɨɦɥɟɧɢɹ ɦɨɠɧɨ ɩɪɢɛɥɢɠёɧɧɨ ɨɰɟɧɢɬɶ, ɢɫɩɨɥɶɡɭɹ 

ɬɚɤ ɧɚɡɵɜɚɟɦɭɸ ɦɨɥɹɪɧɭɸ ɪɟɮɪɚɤɰɢɸ, 
2

1
2

2




n

nM
R , ɝɞɟ M – ɦɨɥɹɪɧɚɹ ɦɚɫɫɚ 

ɜɟɳɟɫɬɜɚ, ρ – ɟɝɨ ɩɥɨɬɧɨɫɬɶ. 

3. ɑɟɦɭ ɪɚɜɟɧ ɩɨɤɚɡɚɬɟɥɶ ɩɪɟɥɨɦɥɟɧɢɹ ɷɬɚɧɨɥɚ, ɟɫɥɢ ɟɝɨ ɦɨɥɹɪɧɚɹ 

ɪɟɮɪɚɤɰɢɹ ɫɨɫɬɚɜɥɹɟɬ 1β.9β ɫɦ3·ɦɨɥɶ−1? ɉɥɨɬɧɨɫɬɶ ɷɬɚɧɨɥɚ ɪɚɜɧɚ 0.789 ɝ·ɫɦ−3
. 

Ɉɤɚɡɵɜɚɟɬɫɹ, ɱɬɨ ɦɨɥɹɪɧɚɹ ɪɟɮɪɚɤɰɢɹ ɥɸɛɨɝɨ ɫɨɟɞɢɧɟɧɢɹ ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ 
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ɪɚɜɧɚ ɫɭɦɦɟ ɚɬɨɦɧɵɯ ɪɟɮɪɚɤɰɢɣ ɜɫɟɯ ɜɯɨɞɹɳɢɯ ɜ ɧɟё ɚɬɨɦɨɜ. Ⱦɥɹ ɚɬɨɦɚ 

ɤɚɠɞɨɝɨ ɷɥɟɦɟɧɬɚ ɚɬɨɦɧɚɹ ɪɟɮɪɚɤɰɢɹ ɢɦɟɟɬ ɨɩɪɟɞɟɥёɧɧɨɟ ɡɧɚɱɟɧɢɟ. 

4. ɑɟɦɭ ɪɚɜɟɧ ɩɨɤɚɡɚɬɟɥɶ ɩɪɟɥɨɦɥɟɧɢɹ ɝɥɢɰɟɪɢɧɚ (ɩɥɨɬɧɨɫɬɶ 

1.261 ɝ·ɫɦ−3
)? 

ɉɪɟɞɫɬɚɜɥɟɧɢɟ ɨ ɦɨɥɹɪɧɵɯ ɪɟɮɪɚɤɰɢɹɯ ɢɧɨɝɞɚ ɩɪɢɦɟɧɹɥɨɫɶ ɞɥɹ 

ɭɫɬɚɧɨɜɥɟɧɢɹ ɷɥɟɦɟɧɬɧɨɝɨ ɫɨɫɬɚɜɚ ɨɪɝɚɧɢɱɟɫɤɢɯ ɜɟɳɟɫɬɜ. 

5. ɉɪɢ ɫɠɢɝɚɧɢɢ ɚɰɢɤɥɢɱɟɫɤɨɝɨ ɫɨɟɞɢɧɟɧɢɹ X ɫ ɩɨɤɚɡɚɬɟɥɟɦ ɩɪɟɥɨɦɥɟɧɢɹ 

1.γ9γ ɢ ɩɥɨɬɧɨɫɬɶɸ 0.919 ɝ·ɫɦ−3
 ɨɛɪɚɡɭɸɬɫɹ ɬɨɥɶɤɨ ɜɨɞɚ ɢ ɭɝɥɟɤɢɫɥɵɣ ɝɚɡ. 

Ɋɚɫɬɜɨɪ, ɩɨɥɭɱɟɧɧɵɣ ɩɪɢ ɞɥɢɬɟɥɶɧɨɦ ɤɢɩɹɱɟɧɢɢ X ɫ ɜɨɞɨɣ ɜ ɡɚɤɪɵɬɨɦ ɫɨɫɭɞɟ, 

ɫɨɞɟɪɠɢɬ ɩɨɦɢɦɨ ɜɨɞɵ ɜ ɡɚɦɟɬɧɨɦ ɤɨɥɢɱɟɫɬɜɟ ɬɨɥɶɤɨ ɨɞɧɨ ɜɟɳɟɫɬɜɨ. Ɇɨɥɹɪɧɚɹ 

ɦɚɫɫɚ X ɫɨɫɬɚɜɥɹɟɬ 19β ɝ·ɦɨɥɶ−1. ɍɫɬɚɧɨɜɢɬɟ ɛɪɭɬɬɨ-ɮɨɪɦɭɥɭ ɢ ɫɬɪɭɤɬɭɪɧɭɸ 

ɮɨɪɦɭɥɭ ɜɟɳɟɫɬɜɚ X. 

 

Ɂɚɞɚɱɚ 2 

Ɂɚɝɚɞɨɱɧɨɟ ɜɟɳɟɫɬɜɨ 

Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɜɟɳɟɫɬɜɚ X ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɫɥɟɞɭɸɳɢɣ ɦɟɬɨɞ. γ0 %-ɧɵɣ 

ɜɨɞɧɵɣ ɪɚɫɬɜɨɪ ɝɢɞɪɨɤɫɢɞɚ ɤɚɥɢɹ ɫ ɞɨɛɚɜɥɟɧɢɟɦ ɤɚɪɛɨɧɚɬɚ ɤɚɥɢɹ ɩɨɞɜɟɪɝɚɸɬ 

ɷɥɟɤɬɪɨɥɢɡɭ ɜ ɹɱɟɣɤɟ ɫɨ ɫɬɚɥɶɧɵɦ ɤɚɬɨɞɨɦ ɢ ɧɢɤɟɥɟɜɵɦ ɚɧɨɞɨɦ ɩɪɢ 70 °C. Ƚɚɡɵ 

ɢ ɩɚɪɵ, ɜɵɞɟɥɹɸɳɢɟɫɹ ɜ ɚɧɨɞɧɨɦ ɢ ɤɚɬɨɞɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ, ɩɪɨɩɭɫɤɚɸɬ ɱɟɪɟɡ 

ɯɨɥɨɞɢɥɶɧɢɤ. ɉɨɥɭɱɟɧɧɵɣ ɤɨɧɞɟɧɫɚɬ ɩɨɫɬɭɩɚɟɬ ɜ ɫɥɟɞɭɸɳɭɸ 

ɷɥɟɤɬɪɨɥɢɬɢɱɟɫɤɭɸ ɹɱɟɣɤɭ, ɤɨɬɨɪɚɹ ɭɫɬɪɨɟɧɚ ɬɨɱɧɨ ɬɚɤɢɦ ɠɟ ɨɛɪɚɡɨɦ ɢ 

ɫɨɟɞɢɧɟɧɚ ɫɨ ɫɥɟɞɭɸɳɢɦ ɯɨɥɨɞɢɥɶɧɢɤɨɦ. Ʉɨɧɞɟɧɫɚɬ ɢɡ ɷɬɨɝɨ ɯɨɥɨɞɢɥɶɧɢɤɚ 

ɩɨɫɬɭɩɚɟɬ ɜ ɫɥɟɞɭɸɳɭɸ ɹɱɟɣɤɭ, ɢ ɬɚɤ ɞɚɥɟɟ. Ɉɛɳɟɟ ɤɨɥɢɱɟɫɬɜɨ ɹɱɟɟɤ 

ɫɨɫɬɚɜɥɹɟɬ 1γ. ɇɚ ɜɵɯɨɞɟ ɢɡ ɩɨɫɥɟɞɧɟɝɨ ɯɨɥɨɞɢɥɶɧɢɤɚ ɫɨɞɟɪɠɚɧɢɟ ɜɟɳɟɫɬɜɚ X ɜ 

ɤɨɧɞɟɧɫɚɬɟ ɫɨɫɬɚɜɥɹɟɬ 60–70 % ɩɨ ɦɚɫɫɟ. ȿɫɥɢ ɤ 1.000 ɝ ɷɬɨɝɨ ɤɨɧɞɟɧɫɚɬɚ 

ɞɨɛɚɜɢɬɶ ɧɟɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɬɜёɪɞɨɝɨ ɮɬɨɪɢɞɚ ɤɚɥɢɹ ɢ ɩɨɞɜɟɪɝɧɭɬɶ 

ɢɫɱɟɪɩɵɜɚɸɳɟɦɭ ɷɥɟɤɬɪɨɥɢɡɭ, ɬɨ ɜɵɞɟɥɢɬɫɹ 1.750 ɥ (ɧ. ɭ.) ɝɚɡɚ. 

1. ɇɚɩɢɲɢɬɟ ɮɨɪɦɭɥɭ ɜɟɳɟɫɬɜɚ X. 

2. Ɂɚɩɢɲɢɬɟ ɭɪɚɜɧɟɧɢɹ ɩɪɨɰɟɫɫɨɜ, ɩɪɨɬɟɤɚɸɳɢɯ ɧɚ ɷɥɟɤɬɪɨɞɚɯ. 

3. Ɉɩɪɟɞɟɥɢɬɟ ɬɨɱɧɨɟ ɫɨɞɟɪɠɚɧɢɟ X ɜ ɤɨɧɞɟɧɫɚɬɟ. Ʉɚɤɢɟ ɱɚɫɬɢɰɵ ɢ ɜ ɤɚɤɨɦ 
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ɤɨɥɢɱɟɫɬɜɟ ɩɪɢɫɭɬɫɬɜɭɸɬ ɜ ɧёɦ? 

4. Ɇɨɠɧɨ ɥɢ ɩɨɜɵɫɢɬɶ ɫɨɞɟɪɠɚɧɢɟ X ɜ ɤɨɧɞɟɧɫɚɬɟ ɞɨ 95 %, ɭɜɟɥɢɱɢɜ ɱɢɫɥɨ 

ɷɥɟɤɬɪɨɥɢɬɢɱɟɫɤɢɯ ɹɱɟɟɤ? 

5. ȼɚɠɧɵɦ ɩɪɨɰɟɫɫɨɦ, ɭɦɟɧɶɲɚɸɳɢɦ ɜɵɯɨɞ ɜɟɳɟɫɬɜɚ X, ɹɜɥɹɟɬɫɹ ɟɝɨ ɪɟɚɤɰɢɹ 

ɫ ɜɵɞɟɥɹɸɳɢɦɫɹ ɩɪɢ ɷɥɟɤɬɪɨɥɢɡɟ ɜɨɞɨɪɨɞɨɦ. Ɂɚɩɢɲɢɬɟ ɭɪɚɜɧɟɧɢɟ ɷɬɨɣ 

ɪɟɚɤɰɢɢ. 

 

Ɂɚɞɚɱɚ 3 

ɋɢɧɬɟɬɢɱɟɫɤɢɟ ɦɟɬɚɥɥɵ ɢ ɩɨɥɭɩɪɨɜɨɞɧɢɤɢ 

ȼɨ ɜɬɨɪɨɣ ɩɨɥɨɜɢɧɟ ɏɏ ɜɟɤɚ ɛɵɥɨ ɨɛɧɚɪɭɠɟɧɨ, ɱɬɨ ɩɨɥɢɦɟɪɧɵɟ 

ɫɨɟɞɢɧɟɧɢɹ ɫ ɫɨɩɪɹɠɟɧɧɵɦɢ ɫɜɹɡɹɦɢ ɦɨɝɭɬ ɨɛɥɚɞɚɬɶ ɷɥɟɤɬɪɨɩɪɨɜɨɞɹɳɢɦɢ 

ɫɜɨɣɫɬɜɚɦɢ, ɜ ɧɟɤɨɬɨɪɵɯ ɫɥɭɱɚɹɯ ɛɥɢɡɤɢɦɢ ɤ ɦɟɬɚɥɥɚɦ. ȼ β000 ɝɨɞɭ 

ɇɨɛɟɥɟɜɫɤɚɹ ɩɪɟɦɢɹ ɩɨ ɯɢɦɢɢ ɛɵɥɚ ɩɪɢɫɭɠɞɟɧɚ ɡɚ ɨɬɤɪɵɬɢɟ ɢ ɪɚɡɜɢɬɢɟ 

ɷɥɟɤɬɪɨɩɪɨɜɨɞɹɳɢɯ ɩɨɥɢɦɟɪɨɜ. ɋɟɝɨɞɧɹ ɨɧɢ ɧɚɲɥɢ ɲɢɪɨɤɨɟ ɩɪɢɦɟɧɟɧɢɟ ɜ 

ɦɢɤɪɨɷɥɟɤɬɪɨɧɢɤɟ ɤɚɤ ɩɨɥɢɦɟɪɧɵɟ ɬɪɚɧɡɢɫɬɨɪɵ, ɫɜɟɬɨɞɢɨɞɵ (ɈLED) ɢ ɬ. ɞ. 

Ɉɞɧɢɦ ɢɡ ɩɟɪɜɵɯ ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɯ ɷɥɟɤɬɪɨɩɪɨɜɨɞɹɳɢɯ ɩɨɥɢɦɟɪɨɜ ɫɬɚɥ 

ɩɨɥɢɫɭɥɶɮɨɧɢɬɪɢɞ (SN)n. Ɉɧ ɨɛɥɚɞɚɟɬ ɫɨɛɫɬɜɟɧɧɨɣ ɦɟɬɚɥɥɢɱɟɫɤɨɣ 

ɩɪɨɜɨɞɢɦɨɫɬɶɸ (ɭɞɟɥɶɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɩɪɢ β98 K ρ298 = γ.γγ·10−4
 Ɉɦɫɦ) ɢ 

ɩɟɪɟɯɨɞɢɬ ɜ ɫɜɟɪɯɩɪɨɜɨɞɹɳɟɟ ɫɨɫɬɨɹɧɢɟ ɩɪɢ ɧɢɡɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ. 

1. ʦ̸̛̼̭л̛те, п̛̬ к̌ко̜ те̥пе̬̌ту̬е пол̛̭ул̴̽о̛̦т̛̬д пе̬е̵од̛т ̏ 

̭̏е̵̬п̬о̏од̺́ее ̭о̭то̛̦́е. ˄дел̦̽ое ̭оп̬от̛̏ле̛̦е ;ρͿ пол̛̥е̬̌ л̛̦е̜̦о 

̛̛̭̌̏̚т от те̥пе̬̌ту̬̼ ̛ ̼̬̙̏̌̌ет̭́ ̴о̬̥уло̜ ρ = ρ0[1 + α;Т − Т0Ϳ], ̐де α –

 те̥пе̬̌ту̬̦̼̜ ко̴̴̶̛̛̾е̦т ̭оп̬от̛̏ле̛̦́ ;ы−1Ϳ. ˄дел̦̽ое ̭оп̬от̛̏ле̛̦е 

п̛̬ ϯϵϴ ы ̭о̭т̌̏л́ет ϰ.ϰϱ·ϭϬ−4
 О̥̭̥. 

2. ɂɡɨɛɪɚɡɢɬɟ ɬɪɢ ɪɟɡɨɧɚɧɫɧɵɟ ɫɬɪɭɤɬɭɪɵ ɩɨɥɢɫɭɥɶɮɨɧɢɬɪɢɞɚ. 

ɋɚɦɵɦ ɩɪɨɫɬɵɦ ɩɨɥɢɦɟɪɨɦ ɫ ɫɨɩɪɹɠɟɧɧɵɦɢ ɫɜɹɡɹɦɢ ɹɜɥɹɟɬɫɹ 

ɩɨɥɢɚɰɟɬɢɥɟɧ (ɋɇ)n. ȼ ɨɛɵɱɧɨɦ ɫɨɫɬɨɹɧɢɢ ɨɧ ɧɟ ɹɜɥɹɟɬɫɹ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɦ, 

ɨɞɧɚɤɨ ɩɪɢ ɨɩɪɟɞɟɥɟɧɧɵɯ ɭɫɥɨɜɢɹɯ (ɭɞɥɢɧɟɧɢɟ ɰɟɩɢ, ɞɨɩɢɪɨɜɚɧɢɟ ɝɚɥɨɝɟɧɚɦɢ, 

ɪɚɞɢɚɰɢɨɧɧɚɹ ɨɛɪɚɛɨɬɤɚ) ɭ ɩɨɥɢɚɰɟɬɢɥɟɧɚ ɧɚɛɥɸɞɚɸɬɫɹ ɩɪɨɜɨɞɹɳɢɟ ɫɜɨɣɫɬɜɚ. 
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Ⱦɥɹ ɩɨɥɢɚɰɟɬɢɥɟɧɚ ɡɚɜɢɫɢɦɨɫɬɶ ɭɞɟɥɶɧɨɣ ɩɪɨɜɨɞɢɦɨɫɬɢ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ 

ɜɵɪɚɠɚɟɬɫɹ ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɵɦ ɡɚɤɨɧɨɦ Ⱥɪɪɟɧɢɭɫɚ: σ(T) = σ0∙exp(−EA/RT). 

ɂɦɟɸɬɫɹ ɞɚɧɧɵɟ ɩɪɢ ɞɜɭɯ ɬɟɦɩɟɪɚɬɭɪɚɯ: 

T, K 293 693 

σ, Ɉɦ−1ɫɦ−1
 β.γ8·10−6 7.15·10−4

 

3. Ɋɚɫɫɱɢɬɚɣɬɟ ɷɧɟɪɝɢɸ ɚɤɬɢɜɚɰɢɢ ɩɪɨɜɨɞɢɦɨɫɬɢ ɢ ɦɢɧɢɦɚɥɶɧɨɟ ɱɢɫɥɨ 

ɚɬɨɦɨɜ ɭɝɥɟɪɨɞɚ (N), ɩɪɢ ɤɨɬɨɪɨɦ ɩɨɥɢɚɰɟɬɢɥɟɧ ɩɪɨɹɜɥɹɟɬ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɵɟ 

ɫɜɨɣɫɬɜɚ. Ⱦɥɹ ɪɚɫɱɟɬɚ ɢɫɩɨɥɶɡɭɣɬɟ ɦɨɞɟɥɶ ɨɞɧɨɦɟɪɧɨɝɨ ɹɳɢɤɚ ɫ ɷɥɟɤɬɪɨɧɚɦɢ, 

ɫɨɝɥɚɫɧɨ ɤɨɬɨɪɨɣ ɷɧɟɪɝɢɹ ɷɥɟɤɬɪɨɧɚ ɧɚ n-ɨɦ ɭɪɨɜɧɟ ɪɚɜɧɚ 2

22

8mL

hnȿn  , ɝɞɟ h – 

ɩɨɫɬɨɹɧɧɚɹ ɉɥɚɧɤɚ, m – ɦɚɫɫɚ ɷɥɟɤɬɪɨɧɚ, L – ɞɥɢɧɚ ɹɳɢɤɚ, ɪɚɜɧɚɹ ɫɭɦɦɟ ɞɥɢɧ 

ɫɜɹɡɟɣ. ɋɪɟɞɧɸɸ ɞɥɢɧɭ ɫɜɹɡɢ ɭɝɥɟɪɨɞ – ɭɝɥɟɪɨɞ ɩɪɢɦɢɬɟ ɪɚɜɧɨɣ l = 0.142 ɧɦ. 

ȼɟɥɢɱɢɧɚ ɷɧɟɪɝɢɢ ɚɤɬɢɜɚɰɢɢ ɩɪɨɜɨɞɢɦɨɫɬɢ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɷɧɟɪɝɢɢ ɩɟɪɟɯɨɞɚ ɫ 

ɜɵɫɲɟɝɨ ɡɚɩɨɥɧɟɧɧɨɝɨ ɭɪɨɜɧɹ n = N/β ɧɚ ɧɢɡɲɢɣ ɫɜɨɛɨɞɧɵɣ ɭɪɨɜɟɧɶ 

n = (N/2) + 1.  

4. Ɉɰɟɧɢɬɟ, ɫɤɨɥɶɤɨ π-ɷɥɟɤɬɪɨɧɨɜ ɫɨɞɟɪɠɢɬɫɹ ɜ 1 ɝ ɬɚɤɨɝɨ ɩɨɥɢɚɰɟɬɢɥɟɧɚ. 

ɑɢɫɥɨ ɞɟɥɨɤɚɥɢɡɨɜɚɧɧɵɯ ɷɥɟɤɬɪɨɧɨɜ ɜ ɩɨɥɢɚɰɟɬɢɥɟɧɟ ɪɚɜɧɨ ɱɢɫɥɭ ɚɬɨɦɨɜ 

ɭɝɥɟɪɨɞɚ. 

ɉɪɢ ɞɨɩɢɪɨɜɚɧɢɢ ɩɨɥɢɚɰɟɬɢɥɟɧɚ ɢɨɞɨɦ ɩɨ ɪɟɚɤɰɢɢ (ɋɇ)n + 3I2 = (ɋɇ)n
2+

 + 

2I3
−
 ɩɪɨɢɫɯɨɞɢɬ ɭɜɟɥɢɱɟɧɢɟ ɭɞɟɥɶɧɨɣ ɩɪɨɜɨɞɢɦɨɫɬɢ ɞɨ 7.49·104

 Ɉɦ−1ɫɦ−1
.  

5. Ʉɚɤɭɸ ɞɥɢɧɭ ɛɭɞɟɬ ɢɦɟɬɶ ɦɟɞɧɚɹ ɩɪɨɜɨɥɨɤɚ ɪɚɞɢɭɫɨɦ 0.5 ɦɦ ɫ 

ɭɞɟɥɶɧɵɦ ɫɨɩɪɨɬɢɜɥɟɧɢɟɦ 1.75·10−6
 Ɉɦɫɦ, ɢɦɟɸɳɚɹ ɬɚɤɨɟ ɠɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ, 

ɤɚɤ ɞɨɩɢɪɨɜɚɧɧɵɣ ɩɨɥɢɚɰɟɬɢɥɟɧ ɞɥɢɧɨɣ 10 ɧɦ? 

ɋɩɪɚɜɨɱɧɵɟ ɜɟɥɢɱɢɧɵ: ɩɨɫɬɨɹɧɧɚɹ ɉɥɚɧɤɚ h = 6.6γ·10−34
 Ⱦɠɫ, ɩɨɫɬɨɹɧɧɚɹ 

Ⱥɜɨɝɚɞɪɨ NA = 6.0β·1023
 ɦɨɥɶ−1, ɝɚɡɨɜɚɹ ɩɨɫɬɨɹɧɧɚɹ R = 8.314 Ⱦɠ/ɦɨɥɶ/Ʉ, ɦɚɫɫɚ 

ɷɥɟɤɬɪɨɧɚ m = 9.11·10−31ɤɝ. 

ɍɞɟɥɶɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɩɪɨɜɨɞɧɢɤɚ ɞɥɢɧɨɣ l ɢ ɩɥɨɳɚɞɶɸ ɩɨɩɟɪɟɱɧɨɝɨ 

ɫɟɱɟɧɢɹ S:  , ɝɞɟ R – ɫɨɩɪɨɬɢɜɥɟɧɢɟ.  
R S

l

 
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Ɂɚɞɚɱɚ 4 

ɋɪɟɞɧɢɟ ɜɟɥɢɱɢɧɵ 

ɉɪɢɪɨɞɧɵɣ ɝɚɡ, ɫɨɫɬɨɹɳɢɣ ɢɡ ɱɟɬɵɪёɯ ɧɢɡɲɢɯ ɚɥɤɚɧɨɜ, ɢɦɟɟɬ ɩɥɨɬɧɨɫɬɶ 

0.940 ɝ/ɥ ɩɪɢ ɧɨɪɦɚɥɶɧɨɦ ɚɬɦɨɫɮɟɪɧɨɦ ɞɚɜɥɟɧɢɢ ɢ ɬɟɦɩɟɪɚɬɭɪɟ β5 °C.  

1. Ʉɚɤɢɟ ɢɡ ɩɟɪɟɱɢɫɥɟɧɧɵɯ ɧɢɠɟ ɜɟɥɢɱɢɧ ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɞɥɹ ɷɬɨɝɨ ɝɚɡɚ 

ɨɞɧɨɡɧɚɱɧɨ? Ɋɚɫɫɱɢɬɚɣɬɟ ɷɬɢ ɜɟɥɢɱɢɧɵ. 

 ɚ) ɋɪɟɞɧɹɹ ɦɨɥɹɪɧɚɹ ɦɚɫɫɚ; 

 ɛ) ɩɥɨɬɧɨɫɬɶ ɩɪɢ ɧɨɪɦɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ; 

 ɜ) ɩɥɨɬɧɨɫɬɶ ɫɠɢɠɟɧɧɨɝɨ ɝɚɡɚ; 

 ɝ) ɦɨɥɶɧɵɟ ɞɨɥɢ ɚɥɤɚɧɨɜ; 

 ɞ) ɦɚɫɫɨɜɚɹ ɞɨɥɹ ɭɝɥɟɪɨɞɚ ɜ ɫɦɟɫɢ; 

 ɟ) ɨɛɴёɦ ɤɢɫɥɨɪɨɞɚ, ɧɟɨɛɯɨɞɢɦɵɣ ɞɥɹ ɩɨɥɧɨɝɨ ɫɠɢɝɚɧɢɹ 1 ɥ ɫɦɟɫɢ; 

 ɠ) ɬɟɩɥɨɬɚ ɨɛɪɚɡɨɜɚɧɢɹ 1 ɦɨɥɶ ɫɦɟɫɢ ɢɡ ɝɪɚɮɢɬɚ ɢ ɜɨɞɨɪɨɞɚ; 

 ɡ) ɬɟɩɥɨɬɚ ɫɝɨɪɚɧɢɹ 1 ɦɨɥɶ ɫɦɟɫɢ. 

Ɉɛɴɹɫɧɢɬɟ ɤɪɚɬɤɨ, ɩɨɱɟɦɭ ɧɟɥɶɡɹ ɧɚɣɬɢ ɨɫɬɚɥɶɧɵɟ ɜɟɥɢɱɢɧɵ. 

2. Ɉɩɪɟɞɟɥɢɬɟ ɦɢɧɢɦɚɥɶɧɨ ɜɨɡɦɨɠɧɨɟ ɢ ɦɚɤɫɢɦɚɥɶɧɨ ɜɨɡɦɨɠɧɨɟ 

ɫɨɞɟɪɠɚɧɢɟ ɦɟɬɚɧɚ ɜ ɞɚɧɧɨɦ ɩɪɢɪɨɞɧɨɦ ɝɚɡɟ (ɜ ɦɨɥɶɧɵɯ %). 

ɋɩɪɚɜɨɱɧɵɟ ɞɚɧɧɵɟ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɩɨɧɚɞɨɛɢɬɶɫɹ. 

Ɍɟɩɥɨɬɚ ɢɫɩɚɪɟɧɢɹ ɝɪɚɮɢɬɚ: Qɢɫɩ = −705 ɤȾɠ/ɦɨɥɶ. 

ɋɪɟɞɧɢɟ ɷɧɟɪɝɢɢ ɫɜɹɡɟɣ: E(H–H) = 436 ɤȾɠ/ɦɨɥɶ, E(C–C) = 334 ɤȾɠ/ɦɨɥɶ,  

E(C–H) = 41β ɤȾɠ/ɦɨɥɶ. 

Ɍɟɩɥɨɬɵ ɨɛɪɚɡɨɜɚɧɢɹ: Qɨɛɪ(CO2) = γ94 ɤȾɠ/ɦɨɥɶ, Qɨɛɪ(H2O) = 242 

ɤȾɠ/ɦɨɥɶ. 
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Ⱦɟɜɹɬɵɣ ɤɥɚɫɫ 

Ɍɟɨɪɟɬɢɱɟɫɤɢɟ ɜɨɩɪɨɫɵ  
ɋɪɟɞɢ ɛɨɥɶɲɨɝɨ ɪɚɡɧɨɨɛɪɚɡɢɹ ɧɟɨɪɝɚɧɢɱɟɫɤɢɯ ɜɟɳɟɫɬɜ ɟɫɬɶ ɤɥɚɫɫ 

ɫɨɟɞɢɧɟɧɢɣ, ɫɨɞɟɪɠɚɳɢɯ ɜ ɫɜɨɟɦ ɫɨɫɬɚɜɟ ɩɟɪɨɤɫɨɝɪɭɩɩɭ (ɈɈ). ɉɪɨɫɬɟɣɲɢɦ 

ɩɪɢɦɟɪɨɦ ɷɬɨɝɨ ɤɥɚɫɫɚ ɜɟɳɟɫɬɜ ɹɜɥɹɟɬɫɹ ɩɟɪɨɤɫɢɞ ɜɨɞɨɪɨɞɚ – ɛɟɫɰɜɟɬɧɚɹ 

ɠɢɞɤɨɫɬɶ, ɢɦɟɸɳɚɹ ɲɢɪɨɤɨɟ ɩɪɢɦɟɧɟɧɢɟ ɜ ɥɚɛɨɪɚɬɨɪɧɨɣ ɩɪɚɤɬɢɤɟ ɢ ɛɵɬɭ. 

ɂɧɬɟɪɟɫɧɨ, ɱɬɨ ɜ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɜɵɩɭɫɤɚɟɬɫɹ ɞɚɠɟ «ɬɜёɪɞɚɹ» ɮɨɪɦɚ ɷɬɨɝɨ 

ɜɟɳɟɫɬɜɚ ɩɨɞ ɧɚɡɜɚɧɢɟɦ «ɝɢɞɪɨɩɟɪɢɬ», ɩɪɟɞɫɬɚɜɥɹɸɳɚɹ ɫɨɛɨɣ ɬɚɛɥɟɬɤɢ 

ɤɥɚɬɪɚɬɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ H2O2. 

1. Ʉɚɤɭɸ ɤɨɧɰɟɧɬɪɚɰɢɸ H2O2 ɢɦɟɟɬ ɪɚɫɬɜɨɪ, ɤɨɬɨɪɵɣ ɨɛɵɱɧɨ ɢɫɩɨɥɶɡɭɟɬɫɹ 

ɜ ɥɚɛɨɪɚɬɨɪɢɹɯ ɜ ɤɚɱɟɫɬɜɟ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɨɝɨ ɪɟɚɤɬɢɜɚ ɩɟɪɨɤɫɢɞɚ ɜɨɞɨɪɨɞɚ 

(ɢɦɟɧɭɟɦɨɝɨ «ɩɟɪɝɢɞɪɨɥɶ»)? 

 3 %  30 %  60 %  90 % 

2. Ʉɚɤɭɸ ɤɨɧɰɟɧɬɪɚɰɢɸ H2O2 ɢɦɟɟɬ ɪɚɫɬɜɨɪ, ɤɨɬɨɪɵɣ ɨɛɵɱɧɨ ɢɫɩɨɥɶɡɭɟɬɫɹ 

ɜ ɦɟɞɢɰɢɧɟ ɜ ɤɚɱɟɫɬɜɟ ɤɪɨɜɟɨɫɬɚɧɚɜɥɢɜɚɸɳɟɝɨ ɢ ɚɧɬɢɫɟɩɬɢɱɟɫɤɨɝɨ ɫɪɟɞɫɬɜɚ? 

 3 %  30 %  60 %  90 % 

3. Ʉɚɤ ɢ ɜ ɥɸɛɨɦ ɤɥɚɬɪɚɬɧɨɦ ɫɨɟɞɢɧɟɧɢɢ, ɜ «ɝɢɞɪɨɩɟɪɢɬɟ» ɟɫɬɶ ɦɨɥɟɤɭɥɵ 

«ɝɨɫɬɹ» (ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ – ɷɬɨ ɦɨɥɟɤɭɥɵ H2O2), ɚ ɬɚɤɠɟ ɦɨɥɟɤɭɥɵ «ɯɨɡɹɢɧɚ» 

(ɜɟɳɟɫɬɜɨ, ɜ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɫɬɪɭɤɬɭɪɟ ɤɨɬɨɪɨɝɨ «ɪɚɡɦɟɳɚɸɬɫɹ» ɦɨɥɟɤɭɥɵ 

«ɝɨɫɬɹ»). ɑɬɨ ɫɨɫɬɚɜɥɹɟɬ ɨɫɧɨɜɭ ɬɚɛɥɟɬɨɤ «ɝɢɞɪɨɩɟɪɢɬɚ» (ɱɬɨ ɹɜɥɹɟɬɫɹ 

ɦɨɥɟɤɭɥɚɦɢ «ɯɨɡɹɢɧɚ» ɜ ɷɬɨɦ ɤɥɚɬɪɚɬɧɨɦ ɫɨɟɞɢɧɟɧɢɢ)? 

 ɯɥɨɪɢɞ ɤɚɥɶɰɢɹ  ɦɨɱɟɜɢɧɚ (ɤɚɪɛɚɦɢɞ) 

 ɞɢɨɤɫɢɞ ɬɢɬɚɧɚ  ɞɢɨɤɫɢɞ ɤɪɟɦɧɢɹ 

ȼ ɜɨɞɧɨɦ ɪɚɫɬɜɨɪɟ ɩɟɪɨɤɫɢɞ ɜɨɞɨɪɨɞɚ ɩɪɨɹɜɥɹɟɬ ɫɜɨɣɫɬɜɚ ɨɱɟɧɶ ɫɥɚɛɨɣ 

ɤɢɫɥɨɬɵ: 

ɇ2Ɉ2 + ɇ2Ɉ ⇄ ɇ3Ɉ+
 +ɇɈ2


 Ka1 =1,5  10

12
. 

ɉɨɦɢɦɨ ɩɟɪɨɤɫɢɞɚ ɜɨɞɨɪɨɞɚ, ɢɡɜɟɫɬɧɵ ɬɚɤɠɟ ɩɟɪɨɤɫɢɞɵ ɳɟɥɨɱɧɵɯ ɢ 

ɳɟɥɨɱɧɨɡɟɦɟɥɶɧɵɯ ɷɥɟɦɟɧɬɨɜ, ɤɨɬɨɪɵɟ ɨɛɵɱɧɨ ɩɨɥɭɱɚɸɬ ɧɟ ɢɡ ɪɚɫɬɜɨɪɨɜ. 

4. ɉɪɢ ɫɝɨɪɚɧɢɢ ɜ ɤɢɫɥɨɪɨɞɟ ɤɚɤɨɝɨ ɢɡ ɳɟɥɨɱɧɵɯ ɦɟɬɚɥɥɨɜ ɜ ɤɚɱɟɫɬɜɟ 
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ɩɪɨɞɭɤɬɚ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɨɛɪɚɡɭɟɬɫɹ ɟɝɨ ɩɟɪɨɤɫɢɞ? 

 ɥɢɬɢɣ  ɤɚɥɢɣ 

 ɧɚɬɪɢɣ  ɪɭɛɢɞɢɣ 

5. Ʉɚɤɢɟ ɬɢɩɵ ɯɢɦɢɱɟɫɤɢɯ ɫɜɹɡɟɣ ɪɟɚɥɢɡɭɸɬɫɹ ɜ ɬɜɟɪɞɵɯ ɩɟɪɨɤɫɢɞɚɯ 

ɳɟɥɨɱɧɵɯ ɦɟɬɚɥɥɨɜ? 

 ɤɨɜɚɥɟɧɬɧɵɟ ɧɟɩɨɥɹɪɧɵɟ  ɢɨɧɧɵɟ 

 ɤɨɜɚɥɟɧɬɧɵɟ ɩɨɥɹɪɧɵɟ  ɦɟɬɚɥɥɢɱɟɫɤɢɟ 

ɇɟɫɦɨɬɪɹ ɧɚ ɬɨ, ɱɬɨ ɛɨɥɶɲɢɧɫɬɜɨ ɩɟɪɨɤɫɢɞɨɜ ɳɟɥɨɱɧɵɯ ɢ 

ɳɟɥɨɱɧɨɡɟɦɟɥɶɧɵɯ ɷɥɟɦɟɧɬɨɜ ɜ ɜɨɞɟ ɩɨɥɧɨɫɬɶɸ ɝɢɞɪɨɥɢɡɭɸɬɫɹ, ɧɟɤɨɬɨɪɵɟ ɢɡ 

ɧɢɯ ɦɨɝɭɬ ɛɵɬɶ ɩɨɥɭɱɟɧɵ ɢɡ ɜɨɞɧɵɯ ɪɚɫɬɜɨɪɨɜ ɜɜɢɞɭ ɢɯ ɧɢɡɤɨɣ ɪɚɫɬɜɨɪɢɦɨɫɬɢ. 

Ɉɞɧɢɦ ɢɡ ɬɚɤɢɯ ɩɟɪɨɤɫɢɞɨɜ ɹɜɥɹɟɬɫɹ ɩɟɪɨɤɫɢɞ ɛɚɪɢɹ, ɤɨɬɨɪɵɣ ɫɟɝɨɞɧɹ ȼɚɦ ɢ 

ɩɪɟɞɫɬɨɢɬ ɩɨɥɭɱɢɬɶ. 

ɉɨɥɭɱɟɧɢɟ BКO2  2H2O2 

ɏɢɦɢɱɟɫɤɢɣ ɫɬɚɤɚɧ, ɧɚɯɨɞɹɳɢɣɫɹ ɧɚ ȼɚɲɟɦ ɫɬɨɥɟ, ɫɨɞɟɪɠɢɬ 15 ɦɥ 1 Ɇ 

ɪɚɫɬɜɨɪɚ ɯɥɨɪɢɞɚ ɛɚɪɢɹ. Ⱥɤɤɭɪɚɬɧɨ ɩɨ ɩɚɥɨɱɤɟ ɞɨɛɚɜɶɬɟ ɤ ɫɨɞɟɪɠɢɦɨɦɭ 

ɫɬɚɤɚɧɚ 10 ɦɥ ɩɟɪɝɢɞɪɨɥɹ ( = 1,1 ɝ/ɫɦ3), ɨɬɦɟɪɟɧɧɨɝɨ ɫ ɩɨɦɨɳɶɸ ɦɟɪɧɨɝɨ 

ɰɢɥɢɧɞɪɚ. Ɂɚɬɟɦ ɨɬɦɟɪɶɬɟ ɷɬɢɦ ɠɟ ɦɟɪɧɵɦ ɰɢɥɢɧɞɪɨɦ 10 ɦɥ 

ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɨɝɨ ɪɚɫɬɜɨɪɚ ɚɦɦɢɚɤɚ ((NH3) = 25 %,  = 0,9 ɝ/ɫɦ3) ɢ ɩɪɢ 

ɩɨɫɬɨɹɧɧɨɦ ɩɟɪɟɦɟɲɢɜɚɧɢɢ ɫɬɟɤɥɹɧɧɨɣ ɩɚɥɨɱɤɨɣ ɞɨɛɚɜɥɹɣɬɟ ɟɝɨ ɧɟɛɨɥɶɲɢɦɢ 

ɩɨɪɰɢɹɦɢ ɤ ɪɟɚɤɰɢɨɧɧɨɣ ɫɦɟɫɢ ɜ ɫɬɚɤɚɧɟ. 

Ɉɛɪɚɡɨɜɚɜɲɢɣɫɹ ɛɟɥɵɣ ɨɫɚɞɨɤ ɨɬɮɢɥɶɬɪɭɣɬɟ ɧɚ ɫɬɟɤɥɹɧɧɨɦ ɩɨɪɢɫɬɨɦ 

ɮɢɥɶɬɪɟ, ɫɬɚɪɚɹɫɶ ɩɪɢ ɷɬɨɦ ɦɚɤɫɢɦɚɥɶɧɨ ɩɟɪɟɧɟɫɬɢ ɩɪɨɞɭɤɬ ɢɡ ɫɬɚɤɚɧɚ ɧɚ 

ɮɢɥɶɬɪ. Ⱦɥɹ ɷɬɨɝɨ ɚɤɤɭɪɚɬɧɨ ɩɨ ɩɚɥɨɱɤɟ ɩɟɪɟɧɟɫɢɬɟ ɜɡɦɭɱɟɧɧɵɣ ɨɫɚɞɨɤ ɢ 

ɦɚɬɨɱɧɵɣ ɪɚɫɬɜɨɪ ɢɡ ɫɬɚɤɚɧɚ ɧɚ ɮɢɥɶɬɪ. ȼɤɥɸɱɢɬɟ ɜɨɞɨɫɬɪɭɣɧɵɣ ɧɚɫɨɫ ɢ 

ɩɪɢɫɨɟɞɢɧɢɬɟ ɟɝɨ ɤ ɤɨɥɛɟ Ȼɭɧɡɟɧɚ (ɤɨɥɛɚ Ȼɭɧɡɟɧɚ ɩɪɢ ɷɬɨɦ ɞɨɥɠɧɚ ɛɵɬɶ ɱɢɫɬɨɣ 

ɢ ɨɩɨɥɨɫɧɭɬɨɣ ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɨɣ ɜɨɞɨɣ). ȿɫɥɢ ɜɟɫɶ ɦɚɬɨɱɧɵɣ ɪɚɫɬɜɨɪ ɫ 

ɨɫɚɞɤɨɦ ɩɟɪɟɧɟɫɬɢ ɧɚ ɮɢɥɶɬɪ ɩɨɥɧɨɫɬɶɸ ɡɚ ɨɞɢɧ ɪɚɡ ɧɟ ɭɞɚɥɨɫɶ, ɫɨɞɟɪɠɢɦɨɟ 

ɫɬɚɤɚɧɚ ɩɨɫɬɟɩɟɧɧɨ ɞɨɥɢɜɚɸɬ ɩɨ ɩɚɥɨɱɤɟ ɧɚ ɮɢɥɶɬɪ ɩɨ ɦɟɪɟ ɭɦɟɧɶɲɟɧɢɹ ɟɝɨ 

ɫɨɞɟɪɠɢɦɨɝɨ. ɉɨɫɥɟ ɬɨɝɨ, ɤɚɤ ɜɟɫɶ ɦɚɬɨɱɧɵɣ ɪɚɫɬɜɨɪ ɨɬɞɟɥɟɧ ɨɬ ɨɫɚɞɤɚ ɢ ɜ 

ɤɨɥɛɭ Ȼɭɧɡɟɧɚ ɩɟɪɟɫɬɚɥɢ ɩɨɫɬɭɩɚɬɶ ɤɚɩɥɢ ɮɢɥɶɬɪɚɬɚ, ɨɬɫɨɟɞɢɧɢɬɟ ɧɚɫɨɫ ɨɬ 
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ɤɨɥɛɵ Ȼɭɧɡɟɧɚ (ɧɢ ɜ ɤɨɟɦ ɫɥɭɱɚɟ ɧɟ ɡɚɤɪɵɜɚɹ ɤɪɚɧ ɜɨɞɨɫɬɪɭɣɧɨɝɨ ɧɚɫɨɫɚ!). 

ɇɚɥɟɣɬɟ ɧɚ ɮɢɥɶɬɪ ɫ ɨɫɚɞɤɨɦ з5 ɦɥ ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɨɣ ɜɨɞɵ, ɩɟɪɟɦɟɲɚɣɬɟ 

ɩɨɥɭɱɟɧɧɭɸ ɫɭɫɩɟɧɡɢɸ ɢ ɜɧɨɜɶ ɩɨɞɤɥɸɱɢɬɟ ɧɚɫɨɫ ɤ ɤɨɥɛɟ Ȼɭɧɡɟɧɚ. ɉɨɫɥɟ ɬɨɝɨ, 

ɤɚɤ ɜ ɤɨɥɛɭ Ȼɭɧɡɟɧɚ ɩɟɪɟɫɬɚɧɭɬ ɩɨɫɬɭɩɚɬɶ ɤɚɩɥɢ ɜɨɞɵ, ɩɨɜɬɨɪɢɬɟ ɩɪɨɰɟɞɭɪɭ 

ɩɪɨɦɵɜɤɢ ɨɫɚɞɤɚ. Ɉɫɚɞɨɤ ɧɚ ɮɢɥɶɬɪɟ ɨɫɬɚɜɶɬɟ ɫɭɲɢɬɶɫɹ ɜ ɬɨɤɟ ɜɨɡɞɭɯɚ ɜ 

ɬɟɱɟɧɢɟ 1–2 ɦɢɧ. (ɧɟ ɨɬɤɥɸɱɚɹ ɩɪɢ ɷɬɨɦ ɧɚɫɨɫ ɨɬ ɤɨɥɛɵ Ȼɭɧɡɟɧɚ). Ɂɚɬɟɦ 

ɨɬɫɨɟɞɢɧɢɬɟ ɧɚɫɨɫ ɨɬ ɤɨɥɛɵ Ȼɭɧɡɟɧɚ ɢ ɜɵɤɥɸɱɢɬɟ ɤɪɚɧ ɜɨɞɨɫɬɪɭɣɧɨɝɨ ɧɚɫɨɫɚ. 

6. ɉɪɢɜɟɞɢɬɟ ɭɪɚɜɧɟɧɢɟ ɪɟɚɤɰɢɢ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɜɟɞɟɧɢɹ ɤɨɬɨɪɨɣ ȼɵ 

ɩɨɥɭɱɢɥɢ ɩɟɪɨɤɫɢɞ ɛɚɪɢɹ. 

7. Ʉɪɚɬɤɨ (1–2 ɩɪɟɞɥɨɠɟɧɢɹ) ɨɛɴɹɫɧɢɬɟ, ɫ ɤɚɤɨɣ ɰɟɥɶɸ ɜ ɩɪɨɰɟɫɫɟ ɫɢɧɬɟɡɚ 

ɜ ɪɟɚɤɰɢɨɧɧɭɸ ɫɦɟɫɶ ɞɨɛɚɜɥɹɥɢ ɪɚɫɬɜɨɪ ɚɦɦɢɚɤɚ. 

8. Ɋɚɫɫɱɢɬɚɣɬɟ ɦɚɤɫɢɦɚɥɶɧɭɸ ɦɚɫɫɭ BaO2  2H2O2, ɤɨɬɨɪɭɸ ɬɟɨɪɟɬɢɱɟɫɤɢ 

ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɜ ɩɪɨɜɟɞɟɧɧɨɦ ȼɚɦɢ ɫɢɧɬɟɡɟ. ɉɪɢɜɟɞɢɬɟ ɩɨɞɪɨɛɧɵɣ ɪɚɫɱɟɬ, 

ɨɬɦɟɬɢɜ ɤɚɤɢɟ ɜɟɳɟɫɬɜɚ ɜɡɹɬɵ ɜ ɢɡɛɵɬɤɟ, ɚ ɤɚɤɢɟ ɜ ɧɟɞɨɫɬɚɬɤɟ. 

Ɉɩɪɟɞɟɥɟɧɢɟ ɜɵɯɨɞɚ BКO2  2H2O2 

ɉɨɥɭɱɟɧɧɵɣ ɨɫɚɞɨɤ ɧɚ ɮɢɥɶɬɪɟ ɫ ɩɨɦɨɳɶɸ ɩɥɚɫɬɢɤɨɜɨɝɨ ɲɩɚɬɟɥɹ 

ɚɤɤɭɪɚɬɧɨ ɩɟɪɟɧɟɫɢɬɟ ɜ ɯɢɦɢɱɟɫɤɢɣ ɫɬɚɤɚɧ. Ʉ ɷɬɨɦɭ ɨɫɚɞɤɭ ɜ ɫɬɚɤɚɧɟ ɞɨɛɚɜɶɬɟ 

ɧɟɛɨɥɶɲɢɦɢ ɩɨɪɰɢɹɦɢ (ɩɨ γ–4 ɦɥ) β5 ɦɥ 1 Ɇ ɪɚɫɬɜɨɪɚ ɫɨɥɹɧɨɣ ɤɢɫɥɨɬɵ, 

ɨɬɦɟɪɟɧɧɨɝɨ ɦɟɪɧɵɦ ɰɢɥɢɧɞɪɨɦ (ɞɥɹ ɩɟɪɟɦɟɲɢɜɚɧɢɹ ɢɫɩɨɥɶɡɭɣɬɟ ɩɥɚɫɬɢɤɨɜɵɣ 

ɲɩɚɬɟɥɶ). Ɉɫɬɚɬɤɢ ɩɪɨɞɭɤɬɚ ɧɚ ɮɢɥɶɬɪɟ ɬɚɤɠɟ ɪɚɫɬɜɨɪɢɬɟ ɜ 10 ɦɥ 1 Ɇ ɪɚɫɬɜɨɪɚ 

ɫɨɥɹɧɨɣ ɤɢɫɥɨɬɵ. ɉɨɥɭɱɟɧɧɵɣ ɪɚɫɬɜɨɪ ɩɟɪɟɧɟɫɢɬɟ ɜ ɦɟɪɧɭɸ ɤɨɥɛɭ 

ɨɛɴɟɦɨɦ 250,00 ɦɥ ɢ ɞɨɜɟɞɢɬɟ ɞɨ ɦɟɬɤɢ 1 Ɇ ɪɚɫɬɜɨɪɨɦ ɫɨɥɹɧɨɣ ɤɢɫɥɨɬɵ. 

Ȼɸɪɟɬɤɭ ɡɚɩɨɥɧɢɬɟ 0,04 Ɇ ɪɚɫɬɜɨɪɨɦ ɩɟɪɦɚɧɝɚɧɚɬɚ ɤɚɥɢɹ. ɋ ɩɨɦɨɳɶɸ 

ɩɢɩɟɬɤɢ Ɇɨɪɚ ɨɛɴɟɦɨɦ 10,00 ɦɥ ɨɬɛɟɪɢɬɟ ɚɥɢɤɜɨɬɭ ɩɪɢɝɨɬɨɜɥɟɧɧɨɝɨ ȼɚɦɢ 

ɪɚɧɟɟ ɫɨɥɹɧɨɤɢɫɥɨɝɨ ɪɚɫɬɜɨɪɚ ɩɟɪɨɤɫɢɞɚ ɢ ɩɟɪɟɧɟɫɢɬɟ ɟɟ ɜ ɤɨɧɢɱɟɫɤɭɸ ɤɨɥɛɭ 

ɞɥɹ ɬɢɬɪɨɜɚɧɢɹ. Ⱥɥɢɤɜɨɬɭ ɨɬɬɢɬɪɭɣɬɟ ɫɬɚɧɞɚɪɬɧɵɦ ɪɚɫɬɜɨɪɨɦ ɩɟɪɦɚɧɝɚɧɚɬɚ 

ɤɚɥɢɹ ɞɨ ɩɨɹɜɥɟɧɢɹ ɛɥɟɞɧɨ-ɪɨɡɨɜɨɣ ɨɤɪɚɫɤɢ, ɭɫɬɨɣɱɢɜɨɣ ɜ ɬɟɱɟɧɢɟ β0 ɫɟɤɭɧɞ. 

ɍɱɬɢɬɟ, ɱɬɨ ɜɧɚɱɚɥɟ ɪɟɚɤɰɢɹ ɢɞёɬ ɦɟɞɥɟɧɧɨ ɢ ɧɚ ɨɛɟɫɰɜɟɱɢɜɚɧɢɟ ɩɟɪɜɵɯ ɤɚɩɟɥɶ 

ɬɢɬɪɚɧɬɚ ɦɨɠɟɬ ɭɣɬɢ ɧɟɤɨɬɨɪɨɟ ɜɪɟɦɹ. Ɍɢɬɪɨɜɚɧɢɟ ɩɨɜɬɨɪɢɬɟ ɞɨ ɩɨɥɭɱɟɧɢɹ γ–4 
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ɫɯɨɞɹɳɢɯɫɹ ɪɟɡɭɥɶɬɚɬɨɜ. 

9. ɉɪɢɜɟɞɢɬɟ ɭɪɚɜɧɟɧɢɹ ɪɟɚɤɰɢɣ, ɤɨɬɨɪɵɟ ȼɵ ɩɪɨɜɨɞɢɥɢ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ 

ɜɵɯɨɞɚ ɩɨɥɭɱɟɧɧɨɝɨ ɩɪɨɞɭɤɬɚ (ɪɚɫɬɜɨɪɟɧɢɟ BaO2  2H2O2 ɜ ɪɚɡɛɚɜɥɟɧɧɨɦ 

ɪɚɫɬɜɨɪɟ ɫɨɥɹɧɨɣ ɤɢɫɥɨɬɵ ɢ ɩɟɪɦɚɧɝɚɧɚɬɨɦɟɬɪɢɱɟɫɤɨɟ ɬɢɬɪɨɜɚɧɢɟ). 

10. ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɬɢɬɪɨɜɚɧɢɹ ɪɚɫɫɱɢɬɚɣɬɟ ɦɚɫɫɭ BaO2  2H2O2, ɤɨɬɨɪɭɸ 

ȼɵ ɩɨɥɭɱɢɥɢ, ɚ ɬɚɤɠɟ ɪɚɫɫɱɢɬɚɣɬɟ ɜɵɯɨɞ ɩɪɨɞɭɤɬɚ. ɉɪɢɜɟɞɢɬɟ ɩɨɞɪɨɛɧɵɣ 

ɪɚɫɱɟɬ. 
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Ⱦɟɫɹɬɵɣ ɤɥɚɫɫ 

ȼ ɷɬɨɦ ɝɨɞɭ ɢɫɩɨɥɧɹɟɬɫɹ ɡɧɚɦɟɧɚɬɟɥɶɧɚɹ ɞɚɬɚ – β00 ɥɟɬ ɧɚɡɚɞ ɀɨɡɟɮ Ʌɭɢ 

Ƚɟɣ-Ʌɸɫɫɚɤ ɩɪɟɞɥɨɠɢɥ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɤɚɤ ɯɢɦɢɱɟɫɤɢɣ ɷɥɟɦɟɧɬ ɢɨɞ, ɨɬɤɪɵɬɵɣ 

Ȼɟɪɧɚɪɞɨɦ Ʉɭɪɬɭɚ ɢ, ɤɚɤ ɝɨɜɨɪɹɬ, ɟɝɨ ɤɨɲɤɨɣ, ɱɟɬɵɪɶɦɹ ɝɨɞɚɦɢ ɪɚɧɟɟ. ȼ ɞɚɧɧɨɣ 

ɪɚɛɨɬɟ ȼɚɦ ɩɪɟɞɥɚɝɚɟɬɫɹ ɫɢɧɬɟɡɢɪɨɜɚɬɶ ɨɞɧɨ ɢɡ ɧɟɨɪɝɚɧɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ 

ɢɨɞɚ – ɢɨɞɚɬ ɤɚɥɢɹ, ɚ ɬɚɤɠɟ ɢɡɭɱɢɬɶ ɡɚɜɢɫɢɦɨɫɬɶ ɫɤɨɪɨɫɬɢ ɪɟɚɤɰɢɢ Ʌɚɧɞɨɥɶɬɚ 

(ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɢɨɞɚɬ-ɢɨɧɚ ɫɭɥɶɮɢɬ-ɢɨɧɨɦ ɜ ɤɢɫɥɨɣ ɫɪɟɞɟ) ɨɬ ɤɨɧɰɟɧɬɪɚɰɢɣ 

ɪɟɚɝɢɪɭɸɳɢɯ ɜɟɳɟɫɬɜ. 

Чɚɫɬɶ 1. ɉɨɥɭɱɟɧɢɟ ɢɨɞɚɬɚ ɤɚɥɢɹ 

ȼ ɤɨɧɢɱɟɫɤɭɸ ɤɨɥɛɭ, ɧɚɯɨɞɹɳɭɸɫɹ ɧɚ ȼɚɲɟɦ ɫɬɨɥɟ ɢ ɫɨɞɟɪɠɚɳɭɸ ɧɚɜɟɫɤɭ 

1,5 ɝ ɩɟɪɦɚɧɝɚɧɚɬɚ ɤɚɥɢɹ, ɧɚɥɟɣɬɟ 40 ɦɥ ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɨɣ ɜɨɞɵ, ɨɬɦɟɪɟɧɧɨɣ 

ɫ ɩɨɦɨɳɶɸ ɦɟɪɧɨɝɨ ɰɢɥɢɧɞɪɚ. Ʉɨɥɛɭ ɧɚɤɪɨɣɬɟ ɱɚɫɨɜɵɦ ɫɬɟɤɥɨɦ ɢ ɧɚɝɪɟɣɬɟ ɟɟ 

ɫɨɞɟɪɠɢɦɨɟ ɧɚ ɷɥɟɤɬɪɨɩɥɢɬɤɟ, ɧɟ ɞɨɩɭɫɤɚɹ ɜɫɤɢɩɚɧɢɹ. Ɂɚɬɟɦ ɞɨɛɚɜɶɬɟ ɧɚɜɟɫɤɭ 

0,75 ɝ ɢɨɞɢɞɚ ɤɚɥɢɹ, ɜɵɞɚɧɧɭɸ ȼɚɦ ɜ ɦɢɤɪɨɩɪɨɛɢɪɤɟ (ɨɫɬɚɬɤɢ KI ɦɨɠɧɨ 

ɩɟɪɟɧɟɫɬɢ ɜ ɤɨɥɛɭ, ɨɩɨɥɨɫɧɭɜ ɦɢɤɪɨɩɪɨɛɢɪɤɭ ɧɟɛɨɥɶɲɢɦ ɤɨɥɢɱɟɫɬɜɨɦ 

ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɨɣ ɜɨɞɵ). ȼɧɨɜɶ ɧɚɤɪɨɣɬɟ ɤɨɥɛɭ ɱɚɫɨɜɵɦ ɫɬɟɤɥɨɦ ɢ ɧɚɝɪɟɜɚɣɬɟ 

ɪɟɚɤɰɢɨɧɧɭɸ ɫɦɟɫɶ ɜ ɬɟɱɟɧɢɟ зγ0 ɦɢɧ. 

ɉɨ ɨɤɨɧɱɚɧɢɢ ɧɚɝɪɟɜɚɧɢɹ ɨɫɬɨɪɨɠɧɨ ɫɧɢɦɢɬɟ ɤɨɥɛɭ ɫ ɷɥɟɤɬɪɨɩɥɢɬɤɢ ɢ 

ɨɫɬɚɜɶɬɟ ɨɯɥɚɠɞɚɬɶɫɹ ɜ ɬɟɱɟɧɢɟ з5 ɦɢɧ. ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ. Ɂɚɬɟɦ ɟɳɟ 

ɤ ɬɟɩɥɨɦɭ ɪɚɫɬɜɨɪɭ ɜ ɤɨɥɛɟ ɞɨɛɚɜɶɬɟ ɩɪɢ ɩɟɪɟɦɟɲɢɜɚɧɢɢ ɫɬɟɤɥɹɧɧɨɣ ɩɚɥɨɱɤɨɣ 

3 ɦɥ ɷɬɢɥɨɜɨɝɨ ɫɩɢɪɬɚ. Ɉɬɮɢɥɶɬɪɭɣɬɟ ɨɛɪɚɡɨɜɚɜɲɢɣɫɹ ɛɭɪɵɣ ɨɫɚɞɨɤ ɧɚ ɜɨɪɨɧɤɟ 

Ȼɸɯɧɟɪɚ. Ⱦɥɹ ɷɬɨɝɨ ɚɤɤɭɪɚɬɧɨ ɩɨ ɩɚɥɨɱɤɟ ɩɟɪɟɧɟɫɢɬɟ ɜɡɦɭɱɟɧɧɵɣ ɨɫɚɞɨɤ ɢ 

ɦɚɬɨɱɧɵɣ ɪɚɫɬɜɨɪ ɢɡ ɤɨɥɛɵ ɧɚ ɮɢɥɶɬɪ. ȼɤɥɸɱɢɬɟ ɜɨɞɨɫɬɪɭɣɧɵɣ ɧɚɫɨɫ ɢ 

ɩɪɢɫɨɟɞɢɧɢɬɟ ɟɝɨ ɤ ɤɨɥɛɟ Ȼɭɧɡɟɧɚ (ɤɨɥɛɚ Ȼɭɧɡɟɧɚ ɩɪɢ ɷɬɨɦ ɞɨɥɠɧɚ ɛɵɬɶ ɱɢɫɬɨɣ 

ɢ ɨɩɨɥɨɫɧɭɬɨɣ ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɨɣ ɜɨɞɨɣ). ȿɫɥɢ ɜɟɫɶ ɦɚɬɨɱɧɵɣ ɪɚɫɬɜɨɪ 

ɫ ɨɫɚɞɤɨɦ ɩɟɪɟɧɟɫɬɢ ɧɚ ɜɨɪɨɧɤɭ Ȼɸɯɧɟɪɚ ɩɨɥɧɨɫɬɶɸ ɡɚ ɨɞɢɧ ɪɚɡ ɧɟ ɭɞɚɥɨɫɶ, 

ɫɨɞɟɪɠɢɦɨɟ ɤɨɥɛɵ ɩɨɫɬɟɩɟɧɧɨ ɞɨɥɢɜɚɸɬ ɩɨ ɩɚɥɨɱɤɟ ɧɚ ɮɢɥɶɬɪ ɩɨ ɦɟɪɟ 

ɭɦɟɧɶɲɟɧɢɹ ɟɝɨ ɫɨɞɟɪɠɢɦɨɝɨ. ɉɨɫɥɟ ɬɨɝɨ, ɤɚɤ ɜɟɫɶ ɦɚɬɨɱɧɵɣ ɪɚɫɬɜɨɪ ɨɬɞɟɥɟɧ 

ɨɬ ɨɫɚɞɤɚ ɢ ɜ ɤɨɥɛɭ Ȼɭɧɡɟɧɚ ɩɟɪɟɫɬɚɥɢ ɩɨɫɬɭɩɚɬɶ ɤɚɩɥɢ ɮɢɥɶɬɪɚɬɚ, ɨɬɫɨɟɞɢɧɢɬɟ 
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ɧɚɫɨɫ ɨɬ ɤɨɥɛɵ Ȼɭɧɡɟɧɚ (ɧɢ ɜ ɤɨɟɦ ɫɥɭɱɚɟ ɧɟ ɡɚɤɪɵɜɚɹ ɤɪɚɧ ɜɨɞɨɫɬɪɭɣɧɨɝɨ 

ɧɚɫɨɫɚ!). ɉɨɫɥɟ ɨɬɫɨɟɞɢɧɟɧɢɹ ɧɚɫɨɫɚ ɨɬ ɤɨɥɛɵ ɡɚɤɪɨɣɬɟ ɤɪɚɧ. 

ɉɨɥɭɱɟɧɧɵɣ ɮɢɥɶɬɪɚɬ ɚɤɤɭɪɚɬɧɨ ɩɟɪɟɥɟɣɬɟ ɢɡ ɤɨɥɛɵ Ȼɭɧɡɟɧɚ ɜ ɫɬɚɤɚɧ 

ɨɛɴɟɦɨɦ 100 ɦɥ. ɋ ɩɨɦɨɳɶɸ ɫɬɟɤɥɹɧɧɨɣ ɩɚɥɨɱɤɢ ɩɟɪɟɧɟɫɢɬɟ ɤɚɩɥɸ ɮɢɥɶɬɪɚɬɚ 

ɧɚ ɩɨɥɨɫɤɭ ɭɧɢɜɟɪɫɚɥɶɧɨɣ ɢɧɞɢɤɚɬɨɪɧɨɣ ɛɭɦɚɝɢ ɢ ɨɰɟɧɢɬɟ ɟɝɨ ɪɇ. Ⱦɨɛɚɜɶɬɟ ɩɨ 

ɤɚɩɥɹɦ ɩɪɢ ɩɟɪɟɦɟɲɢɜɚɧɢɢ ɫɬɟɤɥɹɧɧɨɣ ɩɚɥɨɱɤɨɣ ɥɟɞɹɧɭɸ ɭɤɫɭɫɧɭɸ ɤɢɫɥɨɬɭ 

(~1 ɦɥ) ɞɨ ɪɇ ~ 7 (ɤɨɧɬɪɨɥɶ ɩɨ ɭɧɢɜɟɪɫɚɥɶɧɨɣ ɢɧɞɢɤɚɬɨɪɧɨɣ ɛɭɦɚɝɟ). Ɂɚɬɟɦ ɤ 

ɧɟɣɬɪɚɥɢɡɨɜɚɧɧɨɦɭ ɪɚɫɬɜɨɪɭ ɩɪɢɥɟɣɬɟ γ5 ɦɥ ɷɬɢɥɨɜɨɝɨ ɫɩɢɪɬɚ ɩɪɢ 

ɩɟɪɟɦɟɲɢɜɚɧɢɢ ɫɬɟɤɥɹɧɧɨɣ ɩɚɥɨɱɤɨɣ. ɉɨɥɭɱɟɧɧɵɣ ɨɫɚɞɨɤ ɢɨɞɚɬɚ ɤɚɥɢɹ 

ɨɬɮɢɥɶɬɪɭɣɬɟ ɧɚ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɜɡɜɟɲɟɧɧɨɦ ɫɬɟɤɥɹɧɧɨɦ ɩɨɪɢɫɬɨɦ ɮɢɥɶɬɪɟ 

(ɩɪɨɰɟɞɭɪɚ ɮɢɥɶɬɪɨɜɚɧɢɹ ɧɚ ɜɨɞɨɫɬɪɭɣɧɨɦ ɧɚɫɨɫɟ ɛɵɥɚ ɨɩɢɫɚɧɚ ɜɵɲɟ). ɉɨɫɥɟ 

ɬɨɝɨ, ɤɚɤ ɜ ɤɨɥɛɭ Ȼɭɧɡɟɧɚ ɩɟɪɟɫɬɚɥɢ ɩɨɫɬɭɩɚɬɶ ɤɚɩɥɢ ɮɢɥɶɬɪɚɬɚ, ɨɬɫɨɟɞɢɧɢɬɟ 

ɧɚɫɨɫ ɨɬ ɤɨɥɛɵ (ɧɢ ɜ ɤɨɟɦ ɫɥɭɱɚɟ ɧɟ ɡɚɤɪɵɜɚɹ ɤɪɚɧ ɜɨɞɨɫɬɪɭɣɧɨɝɨ ɧɚɫɨɫɚ!). 

ɇɚɥɟɣɬɟ ɧɚ ɮɢɥɶɬɪ ɫ ɨɫɚɞɤɨɦ з5 ɦɥ ɷɬɢɥɨɜɨɝɨ ɫɩɢɪɬɚ, ɩɟɪɟɦɟɲɚɣɬɟ 

ɩɨɥɭɱɟɧɧɭɸ ɫɭɫɩɟɧɡɢɸ ɢ ɜɧɨɜɶ ɩɨɞɤɥɸɱɢɬɟ ɧɚɫɨɫ ɤ ɤɨɥɛɟ Ȼɭɧɡɟɧɚ. Ɉɫɚɞɨɤ ɧɚ 

ɮɢɥɶɬɪɟ ɨɫɬɚɜɶɬɟ ɫɭɲɢɬɶɫɹ ɜ ɬɨɤɟ ɜɨɡɞɭɯɚ ɜ ɬɟɱɟɧɢɟ з1 ɦɢɧ. (ɧɟ ɨɬɤɥɸɱɚɹ ɩɪɢ 

ɷɬɨɦ ɧɚɫɨɫ ɨɬ ɤɨɥɛɵ Ȼɭɧɡɟɧɚ), ɡɚɬɟɦ ɨɬɫɨɟɞɢɧɢɬɟ ɧɚɫɨɫ ɨɬ ɤɨɥɛɵ Ȼɭɧɡɟɧɚ ɢ 

ɜɵɤɥɸɱɢɬɟ ɤɪɚɧ ɜɨɞɨɫɬɪɭɣɧɨɝɨ ɧɚɫɨɫɚ. Ɏɢɥɶɬɪ ɫ ɨɫɚɞɤɨɦ ɜɵɫɭɲɢɬɟ ɜ ɬɟɱɟɧɢɟ 

~20 ɦɢɧ. ɜ ɫɭɲɢɥɶɧɨɦ ɲɤɚɮɭ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ з60 °ɋ. 

ɉɨɫɥɟ ɨɯɥɚɠɞɟɧɢɹ ɮɢɥɶɬɪɚ ɞɨ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɜɡɜɟɫɶɬɟ ɟɝɨ ɢ 

ɜɵɱɢɫɥɢɬɟ ɦɚɫɫɭ ɩɨɥɭɱɟɧɧɨɝɨ ɩɪɨɞɭɤɬɚ. 

Ɍɟɨɪɟɬɢɱɟɫɤɢɟ ɜɨɩɪɨɫɵ 

1. ɇɚɩɢɲɢɬɟ ɭɪɚɜɧɟɧɢɟ ɪɟɚɤɰɢɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɢɨɞɢɞɚ ɤɚɥɢɹ ɢ 

ɩɟɪɦɚɧɝɚɧɚɬɚ ɤɚɥɢɹ ɜ ɜɨɞɧɨɦ ɪɚɫɬɜɨɪɟ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɜɟɞɟɧɢɹ ɤɨɬɨɪɨɣ ȼɵ 

ɩɨɥɭɱɢɥɢ ɢɨɞɚɬ ɤɚɥɢɹ. 

2. Ɋɚɫɫɱɢɬɚɣɬɟ ɦɚɤɫɢɦɚɥɶɧɭɸ ɦɚɫɫɭ ɢɨɞɚɬɚ ɤɚɥɢɹ, ɤɨɬɨɪɭɸ ɬɟɨɪɟɬɢɱɟɫɤɢ 

ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɜ ɩɪɨɜɟɞɟɧɧɨɦ ȼɚɦɢ ɫɢɧɬɟɡɟ, ɚ ɬɚɤɠɟ ɨɩɪɟɞɟɥɢɬɟ 

ɩɪɚɤɬɢɱɟɫɤɢɣ ɜɵɯɨɞ ɩɪɨɞɭɤɬɚ. ɉɪɢɜɟɞɢɬɟ ɩɨɞɪɨɛɧɵɣ ɪɚɫɱɟɬ. 

3. Ʉɚɤ ȼɵ ɞɭɦɚɟɬɟ, ɫ ɤɚɤɨɣ ɰɟɥɶɸ ɤ ɟɳɟ ɬɟɩɥɨɦɭ ɪɚɫɬɜɨɪɭ, ɩɨɥɭɱɟɧɧɨɦɭ 

ɩɨɫɥɟ ɧɚɝɪɟɜɚɧɢɹ KI ɫ KMnO4, ɞɨɛɚɜɥɹɥɢ ɧɟɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɷɬɢɥɨɜɨɝɨ 
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ɫɩɢɪɬɚ? Ɉɬɜɟɬ ɩɨɞɬɜɟɪɞɢɬɟ ɭɪɚɜɧɟɧɢɟɦ ɪɟɚɤɰɢɢ. 

4. ɇɚɩɢɲɢɬɟ ɭɪɚɜɧɟɧɢɹ ɩɪɢɜɟɞɟɧɧɵɯ ɧɢɠɟ ɪɟɚɤɰɢɣ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɯ 

ɫɜɨɣɫɬɜɚ ɩɨɥɭɱɟɧɧɨɝɨ ɢɨɞɚɬɚ ɤɚɥɢɹ: 

ɚ) ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɢɨɞɚɬɚ ɤɚɥɢɹ ɫ ɫɟɪɧɨɤɢɫɥɵɦ ɪɚɫɬɜɨɪɨɦ ɢɨɞɢɞɚ ɤɚɥɢɹ; 

ɛ) ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɬɜɟɪɞɨɝɨ ɢɨɞɚɬɚ ɤɚɥɢɹ ɫ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɨɣ ɫɨɥɹɧɨɣ 

ɤɢɫɥɨɬɨɣ ɩɪɢ ɩɨɧɢɠɟɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ; 

ɜ) ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɬɜɟɪɞɨɝɨ ɢɨɞɚɬɚ ɤɚɥɢɹ ɫ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɨɣ ɫɨɥɹɧɨɣ 

ɤɢɫɥɨɬɨɣ ɩɪɢ ɧɚɝɪɟɜɚɧɢɢ; 

ɝ) ɧɚɝɪɟɜɚɧɢɟ ɬɜɟɪɞɨɝɨ ɢɨɞɚɬɚ ɤɚɥɢɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɜɵɲɟ 560 ɋ. 

Чɚɫɬɶ 2. ɂɫɫɥɟɞɨɜɚɧɢɟ ɡɚɜɢɫɢɦɨɫɬɢ ɫɤɨɪɨɫɬɢ ɪɟɚɤɰɢɢ Ʌɚɧɞɨɥɶɬɚ 

ɨɬ ɤɨɧɰɟɧɬɪɚɰɢɢ ɢɨɞɚɬɚ ɤɚɥɢɹ 

Ɋɟɚɤɰɢɹ Ʌɚɧɞɨɥɶɬɚ – ɜɨɫɫɬɚɧɨɜɥɟɧɢɟ ɢɨɞɚɬ-ɢɨɧɚ ɫɭɥɶɮɢɬ-ɢɨɧɨɦ ɜ ɤɢɫɥɨɣ 

ɫɪɟɞɟ – ɨɬɧɨɫɢɬɫɹ ɤ ɚɜɬɨɤɚɬɚɥɢɬɢɱɟɫɤɢɦ ɪɟɚɤɰɢɹɦ. Ɍɚɤɢɟ ɪɟɚɤɰɢɢ ɜɧɚɱɚɥɟ 

ɩɪɨɬɟɤɚɸɬ ɦɟɞɥɟɧɧɨ, ɨɞɧɚɤɨ, ɩɨ ɦɟɪɟ ɧɚɤɨɩɥɟɧɢɹ ɤɚɬɚɥɢɬɢɱɟɫɤɢ ɚɤɬɢɜɧɨɝɨ 

ɜɟɳɟɫɬɜɚ, ɪɟɚɤɰɢɹ ɭɫɤɨɪɹɟɬɫɹ. ȼ ɫɥɭɱɚɟ ɪɟɚɤɰɢɢ Ʌɚɧɞɨɥɶɬɚ ɷɬɢɦ ɜɟɳɟɫɬɜɨɦ 

ɹɜɥɹɟɬɫɹ ɦɨɥɟɤɭɥɹɪɧɵɣ ɢɨɞ, ɤɨɬɨɪɵɣ ɩɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɫ ɤɪɚɯɦɚɥɨɦ ɨɛɪɚɡɭɟɬ 

ɤɥɚɬɪɚɬɧɨɟ ɫɨɟɞɢɧɟɧɢɟ ɬɟɦɧɨ-ɫɢɧɟɝɨ ɰɜɟɬɚ. ȼɪɟɦɹ, ɜ ɬɟɱɟɧɢɟ ɤɨɬɨɪɨɝɨ ɪɟɚɤɰɢɹ 

ɩɪɨɬɟɤɚɟɬ ɦɟɞɥɟɧɧɨ, ɚ ɜ ɪɟɚɤɰɢɨɧɧɨɣ ɫɦɟɫɢ ɧɚɤɚɩɥɢɜɚɟɬɫɹ ɤɚɬɚɥɢɡɚɬɨɪ, 

ɧɚɡɵɜɚɸɬ ɜɪɟɦɟɧɟɦ ɢɧɞɭɤɰɢɢ. ɂɡɦɟɪɹɹ ɡɚɜɢɫɢɦɨɫɬɶ ɜɪɟɦɟɧɢ ɢɧɞɭɤɰɢɢ ɨɬ 

ɤɨɧɰɟɧɬɪɚɰɢɢ ɪɟɚɝɢɪɭɸɳɢɯ ɜɟɳɟɫɬɜ, ɦɨɠɧɨ ɭɫɬɚɧɨɜɢɬɶ ɩɨɪɹɞɤɢ ɪɟɚɤɰɢɢ ɩɨ 

ɪɟɚɝɟɧɬɚɦ. 

Ɇɟɬɨɞɢɤɚ ɩɪɨɜɟɞɟɧɢɹ ɤɢɧɟɬɢɱɟɫɤɢɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ 

ȼɡɜɟɫɶɬɟ з0,β ɝ (ɡɚɩɢɲɢɬɟ ɬɨɱɧɭɸ (ɞɨ ɫɨɬɵɯ ɝɪɚɦɦɚ) ɦɚɫɫɭ ɧɚɜɟɫɤɢ) 

ɩɨɥɭɱɟɧɧɨɝɨ ȼɚɦɢ ɢɨɞɚɬɚ ɤɚɥɢɹ ɢ ɚɤɤɭɪɚɬɧɨ ɩɟɪɟɧɟɫɢɬɟ ɧɚɜɟɫɤɭ ɜ ɦɟɪɧɭɸ 

ɤɨɥɛɭ ɨɛɴɟɦɨɦ β50 ɦɥ. ɇɚɥɟɣɬɟ ɜ ɤɨɥɛɭ зβ0 ɦɥ ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɨɣ ɜɨɞɵ ɢ 10 ɦɥ 

1 Ɇ ɪɚɫɬɜɨɪɚ ɫɟɪɧɨɣ ɤɢɫɥɨɬɵ, ɨɬɦɟɪɟɧɧɵɟ ɫ ɩɨɦɨɳɶɸ ɦɟɪɧɨɝɨ ɰɢɥɢɧɞɪɚ. 

Ⱦɨɠɞɢɬɟɫɶ ɩɨɥɧɨɝɨ ɪɚɫɬɜɨɪɟɧɢɹ ɬɜɟɪɞɨɝɨ ɜɟɳɟɫɬɜɚ, ɚ ɡɚɬɟɦ ɞɨɜɟɞɢɬɟ ɨɛɴɟɦ 

ɪɚɫɬɜɨɪɚ ɜ ɤɨɥɛɟ ɞɨ ɦɟɬɤɢ ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɨɣ ɜɨɞɨɣ. 

ȼɚɦ ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɜɟɫɬɢ ɬɪɢ ɤɢɧɟɬɢɱɟɫɤɢɯ ɷɤɫɩɟɪɢɦɟɧɬɚ, ɜ ɤɨɬɨɪɵɯ 
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ɜɚɪɶɢɪɭɟɬɫɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɢɨɞɚɬɚ ɤɚɥɢɹ. Ⱦɥɹ ɩɪɨɜɟɞɟɧɢɹ ɷɬɢɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ 

ɪɭɤɨɜɨɞɫɬɜɭɣɬɟɫɶ ɨɛɴɟɦɚɦɢ ɪɚɫɬɜɨɪɨɜ ɢ ɜɨɞɵ, ɭɤɚɡɚɧɧɵɦɢ ɜ ɫɥɟɞɭɸɳɟɣ 

ɬɚɛɥɢɰɟ. 

№
 

ɨɩ
ɵ

ɬɚ
 

ȼ ɫɬɚɤɚɧ ɨɛɴɟɦɨɦ 

100 ɦɥ 

ȼ ɫɬɚɤɚɧ 
ɨɛɴɟɦɨɦ 

50 ɦɥ 

Ʉɨɧɟɱɧɵɟ 
ɤɨɧɰɟɧɬɪɚɰɢɢ 

(ɩɨɫɥɟ ɫɦɟɲɟɧɢɹ 
ɪɚɫɬɜɨɪɨɜ) 

ȼɪɟɦɹ 
ɢɧɞɭɤɰɢɢ 

 (),  
ɫɟɤɭɧɞɵ 

V(KIO3), ɦɥ 
V(H2O), 

ɦɥ 

V(Na2SO3), 

ɦɥ 

C(KIO3), 

Ɇ 

C(Na2SO3), 

Ɇ 

1 
40 

(4 ɚɥɢɤɜɨɬɵ) 
0 10    

2 
30 

(3 ɚɥɢɤɜɨɬɵ) 
10 10    

3 
20 

(2 ɚɥɢɤɜɨɬɵ) 
20 10    

ȼɚɦ ɜɵɞɚɧɵ ɞɜɚ ɫɬɚɤɚɧɚ (ɨɛɴɟɦɚɦɢ 50 ɢ 100 ɦɥ). ɉɨɫɥɟ ɩɪɨɜɟɞɟɧɢɹ 

ɤɚɠɞɨɝɨ ɨɩɵɬɚ ɧɟɨɛɯɨɞɢɦɨ ɷɬɢ ɫɬɚɤɚɧɵ ɜɵɦɵɬɶ, ɨɩɨɥɨɫɧɭɬɶ ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɨɣ 

ɜɨɞɨɣ ɢ ɭɞɚɥɢɬɶ ɤɚɩɥɢ ɜɨɞɵ ɫ ɩɨɦɨɳɶɸ ɮɢɥɶɬɪɨɜɚɥɶɧɨɣ ɛɭɦɚɝɢ. Ɉɛɳɚɹ 

ɦɟɬɨɞɢɤɚ ɩɪɨɜɟɞɟɧɢɹ ɤɢɧɟɬɢɱɟɫɤɢɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɩɪɢɜɟɞɟɧɚ ɧɢɠɟ. 

ȼ ɫɭɯɨɣ ɫɬɚɤɚɧ ɨɛɴɟɦɨɦ 100 ɦɥ ɨɬɛɟɪɢɬɟ ɧɟɨɛɯɨɞɢɦɨɟ ɱɢɫɥɨ ɚɥɢɤɜɨɬ 

(ɫɦ. ɬɚɛɥɢɰɭ) ɩɪɢɝɨɬɨɜɥɟɧɧɨɝɨ ɩɨɞɤɢɫɥɟɧɧɨɝɨ ɪɚɫɬɜɨɪɚ ɢɨɞɚɬɚ ɤɚɥɢɹ (ɫ 

ɩɨɦɨɳɶɸ ɩɢɩɟɬɤɢ Ɇɨɪɚ ɨɛɴɟɦɨɦ 10 ɦɥ). Ʉ ɷɬɨɦɭ ɪɚɫɬɜɨɪɭ ɜ ɫɬɚɤɚɧɟ ɞɨɛɚɜɶɬɟ ɫ 

ɩɨɦɨɳɶɸ ɛɸɪɟɬɤɢ ɧɟɨɛɯɨɞɢɦɵɣ ɨɛɴɟɦ (ɫɦ. ɬɚɛɥɢɰɭ) ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɨɣ ɜɨɞɵ. 

ȼ ɞɪɭɝɨɣ ɫɭɯɨɣ ɫɬɚɤɚɧ (ɨɛɴɟɦɨɦ 50 ɦɥ) ɞɪɭɝɨɣ ɩɢɩɟɬɤɨɣ Ɇɨɪɚ ɧɚ 10 ɦɥ 

ɨɬɛɟɪɢɬɟ ɚɥɢɤɜɨɬɭ ɜɵɞɚɧɧɨɝɨ ɤɪɚɯɦɚɥɶɧɨɝɨ ɪɚɫɬɜɨɪɚ ɫɭɥɶɮɢɬɚ ɧɚɬɪɢɹ ɫ ɬɨɱɧɨɣ 

ɤɨɧɰɟɧɬɪɚɰɢɟɣ Na2SO3. 

Ɇɚɤɫɢɦɚɥɶɧɨ ɛɵɫɬɪɨ ɩɪɢɥɟɣɬɟ ɪɚɫɬɜɨɪ Na2SO3 ɢɡ ɫɬɚɤɚɧɚ ɨɛɴɟɦɨɦ 50 ɦɥ 

ɤ ɫɨɞɟɪɠɢɦɨɦɭ ɫɬɚɤɚɧɚ ɨɛɴɟɦɨɦ 100 ɦɥ ɢ ɬɨɬɱɚɫ ɜɤɥɸɱɢɬɟ ɫɟɤɭɧɞɨɦɟɪ. 

ɉɟɪɟɦɟɲɢɜɚɣɬɟ ɪɟɚɤɰɢɨɧɧɵɣ ɪɚɫɬɜɨɪ ɫ ɩɨɦɨɳɶɸ ɫɬɟɤɥɹɧɧɨɣ ɩɚɥɨɱɤɢ. 

Ɂɚɦɟɬɶɬɟ ɩɨ ɫɟɤɭɧɞɨɦɟɪɭ, ɱɟɪɟɡ ɤɚɤɨɣ ɩɪɨɦɟɠɭɬɨɤ ɜɪɟɦɟɧɢ ɩɪɨɢɡɨɣɞɟɬ ɪɟɡɤɨɟ 

ɢɡɦɟɧɟɧɢɟ ɨɤɪɚɫɤɢ. 
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ȼɨɩɪɨɫɵ ɢ ɡɚɞɚɧɢɹ 

5. ɇɚɩɢɲɢɬɟ ɭɪɚɜɧɟɧɢɟ ɪɟɚɤɰɢɢ Ʌɚɧɞɨɥɶɬɚ ɜ ɢɨɧɧɨɦ ɜɢɞɟ. 

6. əɜɥɹɟɬɫɹ ɥɢ ɪɟɚɤɰɢɹ Ʌɚɧɞɨɥɶɬɚ ɷɥɟɦɟɧɬɚɪɧɨɣ ɯɢɦɢɱɟɫɤɨɣ ɪɟɚɤɰɢɟɣ ɢɥɢ 

ɩɪɨɬɟɤɚɟɬ ɩɨ ɫɥɨɠɧɨɦɭ ɦɟɯɚɧɢɡɦɭ ɜ ɧɟɫɤɨɥɶɤɨ ɫɬɚɞɢɣ? Ʉɪɚɬɤɨ (1–

2 ɩɪɟɞɥɨɠɟɧɢɹ) ɩɨɹɫɧɢɬɟ ɫɜɨɣ ɨɬɜɟɬ. 

7. Ɂɚɩɨɥɧɢɬɟ ɩɪɨɩɭɫɤɢ ɜ ɩɪɢɜɟɞɟɧɧɨɣ ɜɵɲɟ ɬɚɛɥɢɰɟ ɍɤɚɡɚɧɢɟ: 

ɤɨɧɰɟɧɬɪɚɰɢɢ ɢ ɜɪɟɦɟɧɚ ɢɧɞɭɤɰɢɢ ɞɨɥɠɧɵ ɛɵɬɶ ɭɤɚɡɚɧɵ ɫ ɬɨɱɧɨɫɬɶɸ ɞɨ 

ɞɟɫɹɬɵɯ ɞɨɥɟɣ ɟɞɢɧɢɰ. 

8. ɇɚ ɨɫɧɨɜɚɧɢɢ ɩɪɨɜɟɞɟɧɧɵɯ ȼɚɦɢ ɤɢɧɟɬɢɱɟɫɤɢɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɨɬɦɟɬɶɬɟ 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɬɨɱɤɢ ɜ ɩɪɢɜɟɞɟɧɧɵɯ ɧɢɠɟ ɤɨɨɪɞɢɧɚɬɚɯ (ɡɚɜɢɫɢɦɨɫɬɶ lg[1/] 
ɨɬ lg[C(KIO3)]). 

 

ɑɟɪɟɡ ɨɬɦɟɱɟɧɧɵɟ ȼɚɦɢ ɬɨɱɤɢ ɩɪɨɜɟɞɢɬɟ ɩɪɹɦɭɸ. Ɍɚɧɝɟɧɫ ɭɝɥɚ ɧɚɤɥɨɧɚ 

ɷɬɨɣ ɩɪɹɦɨɣ ɪɚɜɟɧ ɩɨɪɹɞɤɭ ɪɟɚɤɰɢɢ ɩɨ ɢɨɞɚɬ-ɢɨɧɭ. ɋ ɰɟɥɶɸ ɭɦɟɧɶɲɟɧɢɹ 

ɩɨɝɪɟɲɧɨɫɬɢ ɪɚɫɱɟɬɚ ɬɚɧɝɟɧɫɚ ɢɫɩɨɥɶɡɭɣɬɟ ɬɨɱɤɢ ɩɪɹɦɨɣ, ɦɚɤɫɢɦɚɥɶɧɨ 

ɭɞɚɥɟɧɧɵɟ ɞɪɭɝ ɨɬ ɞɪɭɝɚ ɧɚ ɝɪɚɮɢɤɟ. Ɍɚɧɝɟɧɫ ɭɝɥɚ ɧɚɤɥɨɧɚ ɪɚɜɟɧ ɨɬɧɨɲɟɧɢɸ 

ɪɚɡɧɨɫɬɢ ɩɨɥɨɠɟɧɢɹ ɷɬɢɯ ɬɨɱɟɤ ɧɚ ɨɫɢ ɨɪɞɢɧɚɬ (lg[1/Ж) ɤ ɪɚɡɧɨɫɬɢ ɢɯ 

ɩɨɥɨɠɟɧɢɹ ɧɚ ɨɫɢ ɚɛɫɰɢɫɫ (lg[C(KIO3)Ж). Ɋɚɫɫɱɢɬɚɣɬɟ ɩɨɪɹɞɨɤ ɪɟɚɤɰɢɢ ɩɨ 

ɢɨɞɚɬ-ɢɨɧɭ ɫ ɬɨɱɧɨɫɬɶɸ ɞɨ ɞɟɫɹɬɵɯ ɞɨɥɟɣ ɟɞɢɧɢɰɵ. 
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Ɉɞɢɧɧɚɞɰɚɬɵɣ ɤɥɚɫɫ 

"ȼ ɨɪɝɚɧɢɱɟɫɤɨɦ ɫɢɧɬɟɡɟ ɦɨɠɧɨ ɧɚɣɬɢ 

ɢ ɜɵɡɨɜ, ɢ ɞɟɪɡɚɧɢɟ ɩɪɢɤɥɸɱɟɧɢɹ, 

ɢ ɨɡɚɪɟɧɢɟ, ɢ ɜɞɨɯɧɨɜɟɧɢɟ ɢɫɤɭɫɫɬɜɚ. 

Ʌɟɝɤɨ ɩɪɟɞɫɬɚɜɢɬɶ ɫɟɛɟ, ɧɚɫɤɨɥɶɤɨ ɛɨɥɟɟ 

ɫɤɭɱɧɵɦ ɫɬɚɥɨ ɛɵ ɡɚɧɹɬɢɟ ɨɪɝɚɧɢɱɟɫɤɨɣ 

ɯɢɦɢɟɣ, 

ɟɫɥɢ ɛɵ ɷɬɢ ɫɬɢɦɭɥɵ ɭɬɪɚɬɢɥɢ ɫɜɨɟ 

ɡɧɚɱɟɧɢɟ…" 

Ʌɚɭɪɟɚɬ ɇɨɛɟɥɟɜɫɤɨɣ ɩɪɟɦɢɢ ɩɨ ɯɢɦɢɢ 

1965 ɝɨɞɚ 

Ɋɨɛɟɪɬ Ȼɟɪɧɫ ȼɭɞɜɨɪɞ 

Ⱥɪɨɦɚɬɢɱɟɫɤɢɟ ɫɨɥɢ ɞɢɚɡɨɧɢɹ (ДArNN]
+
 X

, ɝɞɟ Ar – ɚɪɨɦɚɬɢɱɟɫɤɢɣ 

ɪɚɞɢɤɚɥ, X – ɱɚɳɟ ɜɫɟɝɨ ɝɚɥɨɝɟɧɢɞ-ɢɨɧ) ɜɩɟɪɜɵɟ ɛɵɥɢ ɨɩɢɫɚɧɵ ɛɨɥɟɟ 150 ɥɟɬ 

ɧɚɡɚɞ ɂɨɝɚɧɧɨɦ ɉɟɬɟɪɨɦ Ƚɪɢɫɫɨɦ. ɋɨɥɢ ɞɢɚɡɨɧɢɹ – ɧɟɭɫɬɨɣɱɢɜɵɟ ɫɨɟɞɢɧɟɧɢɹ, 

ɤɨɬɨɪɵɟ ɩɨɥɭɱɚɸɬ ɩɪɢ ɩɨɧɢɠɟɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɢ ɨɛɵɱɧɨ ɧɟ ɜɵɞɟɥɹɸɬ ɜ 

ɢɧɞɢɜɢɞɭɚɥɶɧɨɦ ɫɨɫɬɨɹɧɢɢ, ɚ ɫɪɚɡɭ ɢɫɩɨɥɶɡɭɸɬ ɜ ɞɚɥɶɧɟɣɲɢɯ ɩɪɟɜɪɚɳɟɧɢɹɯ. 

Эɬɢ ɜɟɳɟɫɬɜɚ ɩɪɢɦɟɧɹɸɬɫɹ ɞɥɹ ɫɢɧɬɟɡɚ ɛɨɥɶɲɨɝɨ ɱɢɫɥɚ ɤɥɚɫɫɨɜ ɨɪɝɚɧɢɱɟɫɤɢɯ 

ɫɨɟɞɢɧɟɧɢɣ, ɤɨɬɨɪɵɟ ɢɧɨɝɞɚ ɫɥɨɠɧɨ ɩɨɥɭɱɢɬɶ ɞɪɭɝɢɦɢ ɦɟɬɨɞɚɦɢ. Ɉɞɧɨɣ ɢɡ 

ɧɚɢɛɨɥɟɟ ɜɚɠɧɵɯ ɪɟɚɤɰɢɣ ɫɨɥɟɣ ɞɢɚɡɨɧɢɹ ɹɜɥɹɟɬɫɹ ɢɯ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɫ 

ɚɪɨɦɚɬɢɱɟɫɤɢɦɢ ɫɨɟɞɢɧɟɧɢɹɦɢ, ɧɟɫɭɳɢɦɢ ɷɥɟɤɬɪɨɧɞɨɧɨɪɧɵɟ ɡɚɦɟɫɬɢɬɟɥɢ 

(ɪɟɚɤɰɢɹ ɚɡɨɫɨɱɟɬɚɧɢɹ). Ɉɛɪɚɡɭɸɳɢɟɫɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɷɬɨɣ ɪɟɚɤɰɢɢ 

ɚɡɨɫɨɟɞɢɧɟɧɢɹ (ArNNAr') ɦɨɝɭɬ ɛɵɬɶ ɜɨɫɫɬɚɧɨɜɥɟɧɵ ɞɨ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ 

ɚɦɢɧɨɜ. 

ɋɟɝɨɞɧɹ ȼɚɦ ɩɪɟɞɫɬɨɢɬ ɜɵɩɨɥɧɢɬɶ ɫɢɧɬɟɡ, ɫɨɫɬɨɹɳɢɣ ɢɡ ɬɪɟɯ ɫɬɚɞɢɣ: 

 ɩɨɥɭɱɟɧɢɟ ɫɨɥɢ ɞɢɚɡɨɧɢɹ ɢɡ ɩ-

ɚɦɢɧɨɛɟɧɡɨɥɫɭɥɶɮɨɤɢɫɥɨɬɵ (ɫɭɥɶɮɚɧɢɥɨɜɨɣ ɤɢɫɥɨɬɵ); 

 ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɩɨɥɭɱɟɧɧɨɣ ɫɨɥɢ ɞɢɚɡɨɧɢɹ ɫ ɮɟɧɨɥɨɦ ɧɟɢɡɜɟɫɬɧɨɝɨ 

ɫɬɪɨɟɧɢɹ; 
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 ɜɨɫɫɬɚɧɨɜɥɟɧɢɟ ɩɨɥɭɱɟɧɧɨɝɨ ɚɡɨɫɨɟɞɢɧɟɧɢɹ ɞɨ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ 

ɚɦɢɧɨɮɟɧɨɥɚ. 

ɉɟɪɜɚɹ ɫɬɚɞɢɹ ɫɢɧɬɟɡɚ ɛɭɞɟɬ ɜɵɩɨɥɧɹɬɶɫɹ ɛɟɡ ɜɵɞɟɥɟɧɢɹ ɫɨɥɢ ɞɢɚɡɨɧɢɹ. 

ɋɪɟɞɢ ɮɟɧɨɥɨɜ ɧɟɢɡɜɟɫɬɧɨɝɨ ɫɬɪɨɟɧɢɹ, ɤɨɬɨɪɵɟ ɢɫɩɨɥɶɡɨɜɚɧɵ ɧɚ ɜɬɨɪɨɣ 

ɫɬɚɞɢɢ, ɦɨɝɭɬ ɛɵɬɶ ɫɥɟɞɭɸɳɢɟ (ɨɞɢɧ ɢɡ ɬɪɟɯ ɩɪɟɞɥɨɠɟɧɧɵɯ): 

1-ɧɚɮɬɨɥ (-ɧɚɮɬɨɥ),   β-ɧɚɮɬɨɥ (-ɧɚɮɬɨɥ)   ɢɥɢ   β,4-ɞɢɧɢɬɪɨɮɟɧɨɥ. 

1. ɉɪɢɜɟɞɢɬɟ ɫɬɪɭɤɬɭɪɧɵɟ ɮɨɪɦɭɥɵ ɜɫɟɯ ɭɩɨɦɹɧɭɬɵɯ ɜɵɲɟ ɮɟɧɨɥɨɜ. 

ɇɚ ɬɪɟɬɶɟɣ ɫɬɚɞɢɢ ȼɵ ɩɨɥɭɱɢɬɟ ɚɦɢɧɨɮɟɧɨɥ, ɫɬɪɨɟɧɢɟ ɤɨɬɨɪɨɝɨ ȼɚɦ 

ɩɨɦɨɠɟɬ ɨɩɪɟɞɟɥɢɬɶ ɦɟɬɨɞ ɂɄ-ɫɩɟɤɬɪɨɫɤɨɩɢɢ. 

Чɚɫɬɶ 1. ɉɨɥɭɱɟɧɢɟ ɫɨɥɢ ɞɢɚɡɨɧɢɹ 

ɋɬɚɤɚɧ ɨɛɴɟɦɨɦ 25 ɦɥ, ɧɚɯɨɞɹɳɢɣɫɹ ɧɚ ȼɚɲɟɦ ɫɬɨɥɟ, ɫɨɞɟɪɠɢɬ ɧɚɜɟɫɤɭ 

0,6 ɝ ɩ-ɚɦɢɧɨɛɟɧɡɨɥɫɭɥɶɮɨɤɢɫɥɨɬɵ (ɫɭɥɶɮɚɧɢɥɨɜɨɣ ɤɢɫɥɨɬɵ). Ⱦɨɛɚɜɶɬɟ ɤ 

ɧɚɜɟɫɤɟ γ ɦɥ β Ɇ ɪɚɫɬɜɨɪɚ ɝɢɞɪɨɤɫɢɞɚ ɧɚɬɪɢɹ, ɨɬɦɟɪɟɧɧɨɝɨ ɦɟɪɧɨɣ ɩɢɩɟɬɤɨɣ, ɢ 

ɩɟɪɟɦɟɲɚɣɬɟ ɫɦɟɫɶ ɫɬɟɤɥɹɧɧɨɣ ɩɚɥɨɱɤɨɣ ɞɨ ɩɨɥɧɨɝɨ ɪɚɫɬɜɨɪɟɧɢɹ 

ɫɭɥɶɮɚɧɢɥɨɜɨɣ ɤɢɫɥɨɬɵ. ɋ ɩɨɦɨɳɶɸ ɫɬɟɤɥɹɧɧɨɣ ɩɚɥɨɱɤɢ ɩɟɪɟɧɟɫɢɬɟ ɤɚɩɥɸ 

ɩɨɥɭɱɟɧɧɨɝɨ ɪɚɫɬɜɨɪɚ ɧɚ ɩɨɥɨɫɤɭ ɭɧɢɜɟɪɫɚɥɶɧɨɣ ɢɧɞɢɤɚɬɨɪɧɨɣ ɛɭɦɚɝɢ ɢ 

ɭɛɟɞɢɬɟɫɶ, ɱɬɨ ɪɚɫɬɜɨɪ ɢɦɟɟɬ ɪɇ  8. Ɂɚɬɟɦ ɤ ɩɪɢɝɨɬɨɜɥɟɧɧɨɦɭ ȼɚɦɢ ɪɚɫɬɜɨɪɭ 

ɧɚɬɪɢɟɜɨɣ ɫɨɥɢ ɫɭɥɶɮɚɧɢɥɨɜɨɣ ɤɢɫɥɨɬɵ ɩɪɢ ɩɟɪɟɦɟɲɢɜɚɧɢɢ ɞɨɛɚɜɶɬɟ β ɦɥ β Ɇ 

ɪɚɫɬɜɨɪɚ ɧɢɬɪɢɬɚ ɧɚɬɪɢɹ, ɨɬɦɟɪɟɧɧɨɝɨ ɦɟɪɧɨɣ ɩɢɩɟɬɤɨɣ. 

ȼɨɡɶɦɢɬɟ ɞɪɭɝɨɣ ɫɬɚɤɚɧ ɨɛɴɟɦɨɦ 50 ɦɥ ɢ ɧɚɩɢɲɢɬɟ ɧɚ ɧɟɦ ɫ ɩɨɦɨɳɶɸ 

ɦɚɪɤɟɪɚ ɫɜɨɸ ɮɚɦɢɥɢɸ. ɇɚɥɟɣɬɟ ɜ ɷɬɨɬ ɫɬɚɤɚɧ γ ɦɥ 4 Ɇ ɪɚɫɬɜɨɪɚ ɫɨɥɹɧɨɣ 

ɤɢɫɥɨɬɵ, ɨɬɦɟɪɟɧɧɨɝɨ ɦɟɪɧɨɣ ɩɢɩɟɬɤɨɣ, ɢ ɨɯɥɚɞɢɬɟ ɟɝɨ ɜ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɟ ɫɨ 

ɥɶɞɨɦ ɜ ɬɟɱɟɧɢɟ з5 ɦɢɧ. 

ɇɟ ɢɡɜɥɟɤɚɹ ɫɬɚɤɚɧ ɢɡ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ, ɩɪɢ ɩɨɫɬɨɹɧɧɨɦ ɩɟɪɟɦɟɲɢɜɚɧɢɢ 

ɫɬɟɤɥɹɧɧɨɣ ɩɚɥɨɱɤɨɣ, ɫ ɩɨɦɨɳɶɸ ɩɢɩɟɬɤɢ ɦɟɞɥɟɧɧɨ (ɜ ɬɟɱɟɧɢɟ з5 ɦɢɧ.) ɩɨ 

ɤɚɩɥɹɦ ɞɨɛɚɜɥɹɣɬɟ ɪɚɧɟɟ ɩɪɢɝɨɬɨɜɥɟɧɧɵɣ ȼɚɦɢ ɪɚɫɬɜɨɪ, ɫɨɞɟɪɠɚɳɢɣ 

ɧɚɬɪɢɟɜɭɸ ɫɨɥɶ ɫɭɥɶɮɚɧɢɥɨɜɨɣ ɤɢɫɥɨɬɵ ɢ ɧɢɬɪɢɬ ɧɚɬɪɢɹ. ɉɨ ɨɤɨɧɱɚɧɢɢ 

ɞɨɛɚɜɥɟɧɢɹ ɨɫɬɚɜɶɬɟ ɨɛɪɚɡɨɜɚɜɲɢɣɫɹ ɛɟɥɵɣ ɨɫɚɞɨɤ ɫɨɥɢ ɞɢɚɡɨɧɢɹ ɜ ɥɟɞɹɧɨɣ 

ɛɚɧɟ ɟɳɟ ɩɪɢɦɟɪɧɨ ɧɚ 5 ɦɢɧ., ɩɟɪɢɨɞɢɱɟɫɤɢ ɩɟɪɟɦɟɲɢɜɚɹ ɫɨɞɟɪɠɢɦɨɟ ɫɬɚɤɚɧɚ 
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ɫɬɟɤɥɹɧɧɨɣ ɩɚɥɨɱɤɨɣ. 

2. ɇɚɩɢɲɢɬɟ ɭɪɚɜɧɟɧɢɟ ɪɟɚɤɰɢɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫɭɥɶɮɚɧɢɥɨɜɨɣ ɤɢɫɥɨɬɵ ɫ 

ɝɢɞɪɨɤɫɢɞɨɦ ɧɚɬɪɢɹ, ɚ ɬɚɤɠɟ ɭɪɚɜɧɟɧɢɟ ɪɟɚɤɰɢɢ ɩɨɥɭɱɟɧɢɹ ɫɨɥɢ ɞɢɚɡɨɧɢɹ, 

ɤɨɬɨɪɭɸ ȼɵ ɩɪɨɜɟɥɢ. Ⱦɥɹ ɨɪɝɚɧɢɱɟɫɤɢɯ ɜɟɳɟɫɬɜ ɢɫɩɨɥɶɡɭɣɬɟ ɫɬɪɭɤɬɭɪɧɵɟ 

ɮɨɪɦɭɥɵ. 

Чɚɫɬɶ 2. ɉɨɥɭɱɟɧɢɟ ɚɡɨɫɨɟɞɢɧɟɧɢɹ 

Ʉ ɩɨɥɭɱɟɧɧɨɣ ɫɨɥɢ ɞɢɚɡɨɧɢɹ ɜ ɫɬɚɤɚɧɟ ɩɪɢ ɩɨɫɬɨɹɧɧɨɦ ɩɟɪɟɦɟɲɢɜɚɧɢɢ 

ɫɬɟɤɥɹɧɧɨɣ ɩɚɥɨɱɤɨɣ ɢ ɨɯɥɚɠɞɟɧɢɢ ɜ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɟ ɫɨ ɥɶɞɨɦ ɦɚɤɫɢɦɚɥɶɧɨ 

ɛɵɫɬɪɨ (ɜ ɨɞɢɧ ɩɪɢɟɦ) ɩɪɢɥɟɣɬɟ ɜɵɞɚɧɧɵɣ ȼɚɦ ɳɟɥɨɱɧɨɣ ɪɚɫɬɜɨɪ 

ɧɟɢɡɜɟɫɬɧɨɝɨ ɮɟɧɨɥɹɬɚ (ɷɬɨɬ ɪɚɫɬɜɨɪ ɫɨɞɟɪɠɢɬ γ,5  10
3

 ɦɨɥɶ ɮɟɧɨɥɚ 

ɧɟɢɡɜɟɫɬɧɨɝɨ ɫɬɪɨɟɧɢɹ, ɪɚɫɬɜɨɪɟɧɧɨɝɨ ɜ 6 ɦɥ β Ɇ ɪɚɫɬɜɨɪɚ ɝɢɞɪɨɤɫɢɞɚ ɧɚɬɪɢɹ). 

Ⱦɥɹ ɩɨɥɧɨɝɨ ɨɫɚɠɞɟɧɢɹ ɨɛɪɚɡɨɜɚɜɲɟɝɨɫɹ ɚɡɨɫɨɟɞɢɧɟɧɢɹ ɤ ɪɟɚɤɰɢɨɧɧɨɣ 

ɫɦɟɫɢ ɩɪɢ ɩɟɪɟɦɟɲɢɜɚɧɢɢ ɫɬɟɤɥɹɧɧɨɣ ɩɚɥɨɱɤɨɣ ɞɨɛɚɜɶɬɟ ɜɵɞɚɧɧɭɸ ȼɚɦ ɜɡɜɟɫɶ 

5 ɝ ɯɥɨɪɢɞɚ ɧɚɬɪɢɹ ɜ 5 ɦɥ ɜɨɞɵ (ɩɟɪɟɞ ɞɨɛɚɜɥɟɧɢɟɦ ɜɡɜɟɫɢ ɚɤɤɭɪɚɬɧɨ 

ɜɡɛɨɥɬɚɣɬɟ ɟɟ). Ɉɫɬɚɜɶɬɟ ɪɟɚɤɰɢɨɧɧɭɸ ɫɦɟɫɶ ɜ ɥɟɞɹɧɨɣ ɛɚɧɟ ɟɳɟ 

ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ ɧɚ 10 ɦɢɧ., ɩɟɪɢɨɞɢɱɟɫɤɢ ɩɟɪɟɦɟɲɢɜɚɹ ɫɨɞɟɪɠɢɦɨɟ ɫɬɚɤɚɧɚ 

ɫɬɟɤɥɹɧɧɨɣ ɩɚɥɨɱɤɨɣ. 

Ɉɬɮɢɥɶɬɪɭɣɬɟ ɨɛɪɚɡɨɜɚɜɲɢɣɫɹ ɨɫɚɞɨɤ ɧɚ ɜɨɪɨɧɤɟ Ȼɸɯɧɟɪɚ. Ⱦɥɹ ɷɬɨɝɨ 

ɚɤɤɭɪɚɬɧɨ ɩɨ ɩɚɥɨɱɤɟ ɩɟɪɟɧɟɫɢɬɟ ɜɡɦɭɱɟɧɧɵɣ ɨɫɚɞɨɤ ɢ ɦɚɬɨɱɧɵɣ ɪɚɫɬɜɨɪ ɢɡ 

ɫɬɚɤɚɧɚ ɧɚ ɮɢɥɶɬɪ. ȼɤɥɸɱɢɬɟ ɜɨɞɨɫɬɪɭɣɧɵɣ ɧɚɫɨɫ ɢ ɩɪɢɫɨɟɞɢɧɢɬɟ ɟɝɨ ɤ ɤɨɥɛɟ 

Ȼɭɧɡɟɧɚ (ɤɨɥɛɚ Ȼɭɧɡɟɧɚ ɩɪɢ ɷɬɨɦ ɞɨɥɠɧɚ ɛɵɬɶ ɱɢɫɬɨɣ ɢ ɨɩɨɥɨɫɧɭɬɨɣ 

ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɨɣ ɜɨɞɨɣ). ȿɫɥɢ ɜɟɫɶ ɦɚɬɨɱɧɵɣ ɪɚɫɬɜɨɪ ɫ ɨɫɚɞɤɨɦ ɩɟɪɟɧɟɫɬɢ ɧɚ 

ɜɨɪɨɧɤɭ Ȼɸɯɧɟɪɚ ɩɨɥɧɨɫɬɶɸ ɡɚ ɨɞɢɧ ɪɚɡ ɧɟ ɭɞɚɥɨɫɶ, ɫɨɞɟɪɠɢɦɨɟ ɤɨɥɛɵ 

ɩɨɫɬɟɩɟɧɧɨ ɞɨɥɢɜɚɸɬ ɩɨ ɩɚɥɨɱɤɟ ɧɚ ɮɢɥɶɬɪ ɩɨ ɦɟɪɟ ɭɦɟɧɶɲɟɧɢɹ ɟɝɨ 

ɫɨɞɟɪɠɢɦɨɝɨ. ɉɨɫɥɟ ɬɨɝɨ, ɤɚɤ ɜɟɫɶ ɦɚɬɨɱɧɵɣ ɪɚɫɬɜɨɪ ɨɬɞɟɥɟɧ ɨɬ ɨɫɚɞɤɚ ɢ ɜ 

ɤɨɥɛɭ Ȼɭɧɡɟɧɚ ɩɟɪɟɫɬɚɥɢ ɩɨɫɬɭɩɚɬɶ ɤɚɩɥɢ ɮɢɥɶɬɪɚɬɚ, ɨɫɬɚɜɶɬɟ ɫɭɲɢɬɶɫɹ ɨɫɚɞɨɤ 

ɟɳɟ ɜ ɬɟɱɟɧɢɟ з5 ɦɢɧ. ɩɪɢ ɜɤɥɸɱɟɧɧɨɦ ɜɨɞɨɫɬɪɭɣɧɨɦ ɧɚɫɨɫɟ. Ɂɚɬɟɦ 

ɨɬɫɨɟɞɢɧɢɬɟ ɧɚɫɨɫ ɨɬ ɤɨɥɛɵ Ȼɭɧɡɟɧɚ (ɧɢ ɜ ɤɨɟɦ ɫɥɭɱɚɟ ɧɟ ɡɚɤɪɵɜɚɹ ɤɪɚɧ 

ɜɨɞɨɫɬɪɭɣɧɨɝɨ ɧɚɫɨɫɚ!), ɜɵɥɟɣɬɟ ɮɢɥɶɬɪɚɬ ɢɡ ɤɨɥɛɵ Ȼɭɧɡɟɧɚ ɜ ɪɚɤɨɜɢɧɭ, 
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ɜɵɤɥɸɱɢɬɟ ɧɚɫɨɫ ɢ ɩɨɦɨɣɬɟ ɡɚ ɫɨɛɨɣ ɤɨɥɛɭ. 

Ɉɫɚɞɨɤ ɜɦɟɫɬɟ ɫ ɛɭɦɚɠɧɵɦ ɮɢɥɶɬɪɨɦ ɩɪɢ ɩɨɦɨɳɢ ɲɩɚɬɟɥɹ ɨɫɬɨɪɨɠɧɨ 

ɩɟɪɟɧɟɫɢɬɟ ɜ ɫɬɚɤɚɧ ɨɛɴɟɦɨɦ β50 ɦɥ. Ⱦɨɛɚɜɶɬɟ ɤ ɨɫɚɞɤɭ ɜ ɫɬɚɤɚɧɟ з80 ɦɥ 

ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɨɣ ɜɨɞɵ (ɨɪɢɟɧɬɢɪɭɣɬɟɫɶ ɩɨ ɦɟɬɤɚɦ ɨɪɢɟɧɬɢɪɨɜɨɱɧɨɝɨ ɨɛɴɟɦɚ, 

ɧɚɧɟɫɟɧɧɵɦ ɧɚ ɫɬɟɧɤɭ ɫɬɚɤɚɧɚ) ɢ ɩɪɢ ɩɟɪɟɦɟɲɢɜɚɧɢɢ ɫɬɟɤɥɹɧɧɨɣ ɩɚɥɨɱɤɨɣ 

ɪɚɫɬɜɨɪɢɬɟ ɜɟɫɶ ɨɫɚɞɨɤ. ȿɫɥɢ ɜɟɫɶ ɨɫɚɞɨɤ ɧɟ ɪɚɫɬɜɨɪɢɥɫɹ ɜ ɷɬɨɦ ɨɛɴɟɦɟ ɜɨɞɵ, 

ɞɨɛɚɜɶɬɟ ɟɳɟ з10-20 ɦɥ. Ɂɚɬɟɦ ɜɡɜɟɫɶ ɨɫɬɚɬɤɨɜ ɮɢɥɶɬɪɨɜɚɥɶɧɨɣ ɛɭɦɚɝɢ ɜ 

ɪɚɫɬɜɨɪɟ ɚɡɨɫɨɟɞɢɧɟɧɢɹ ɩɪɨɮɢɥɶɬɪɭɣɬɟ ɧɚ ɜɨɪɨɧɤɟ Ȼɸɯɧɟɪɚ (ɞɥɹ ɭɞɚɥɟɧɢɹ 

ɨɫɬɚɬɤɨɜ ɛɭɦɚɠɧɨɝɨ ɮɢɥɶɬɪɚ). ɉɨɦɨɣɬɟ ɨɫɜɨɛɨɞɢɜɲɢɣɫɹ ɩɨɫɥɟ ɮɢɥɶɬɪɨɜɚɧɢɹ 

ɫɬɚɤɚɧ (ɨɛɴɟɦɨɦ β50 ɦɥ) ɢ ɩɟɪɟɥɟɣɬɟ ɜ ɧɟɝɨ ɮɢɥɶɬɪɚɬ ɢɡ ɤɨɥɛɵ Ȼɭɧɡɟɧɚ. 

ɉɨɦɨɣɬɟ ɡɚ ɫɨɛɨɣ ɤɨɥɛɭ Ȼɭɧɡɟɧɚ. 

3. Ʉɚɤɨɣ ɢɡ ɭɩɨɦɹɧɭɬɵɯ ɮɟɧɨɥɨɜ (1-ɧɚɮɬɨɥ (-ɧɚɮɬɨɥ), β-ɧɚɮɬɨɥ 

(-ɧɚɮɬɨɥ) ɢɥɢ β,4-ɞɢɧɢɬɪɨɮɟɧɨɥ) ɧɟ ɦɨɝ ɭɱɚɫɬɜɨɜɚɬɶ ɜ ɩɪɨɜɟɞɟɧɧɨɣ ȼɚɦɢ 

ɪɟɚɤɰɢɢ ɚɡɨɫɨɱɟɬɚɧɢɹ? Ʉɪɚɬɤɨ (1-2 ɩɪɟɞɥɨɠɟɧɢɹ) ɩɨɹɫɧɢɬɟ ɫɜɨɣ ɨɬɜɟɬ. 

4. Ⱦɥɹ ɞɜɭɯ ɨɫɬɚɜɲɢɯɫɹ ɮɟɧɨɥɨɜ (ɤɨɬɨɪɵɟ ȼɵ ɧɟ ɜɵɛɪɚɥɢ ɩɪɢ ɨɬɜɟɬɟ ɧɚ 

ɜɨɩɪɨɫ 3) ɩɪɢɜɟɞɢɬɟ ɫɬɪɭɤɬɭɪɧɵɟ ɮɨɪɦɭɥɵ ɩɪɨɞɭɤɬɨɜ ɪɟɚɤɰɢɢ ɚɡɨɫɨɱɟɬɚɧɢɹ ɫ 

ɫɨɥɶɸ ɞɢɚɡɨɧɢɹ, ɤɨɬɨɪɭɸ ȼɵ ɩɨɥɭɱɢɥɢ ɜ ɱɚɫɬɢ 1. 

Чɚɫɬɶ 3. ȼɨɫɫɬɚɧɨɜɥɟɧɢɟ ɩɨɥɭɱɟɧɧɨɝɨ ɚɡɨɫɨɟɞɢɧɟɧɢɹ 

Ʉ ɩɨɥɭɱɟɧɧɨɦɭ ɜɨɞɧɨɦɭ ɪɚɫɬɜɨɪɭ ɚɡɨɫɨɟɞɢɧɟɧɢɹ ɜ ɫɬɚɤɚɧɟ ɩɪɢ 

ɢɧɬɟɧɫɢɜɧɨɦ ɩɟɪɟɦɟɲɢɜɚɧɢɢ ɫɬɟɤɥɹɧɧɨɣ ɩɚɥɨɱɤɨɣ ɞɨɛɚɜɥɹɣɬɟ ɫ ɩɨɦɨɳɶɸ 

ɫɭɯɨɝɨ ɲɩɚɬɟɥɹ ɧɟɛɨɥɶɲɢɦɢ ɩɨɪɰɢɹɦɢ ɜɵɞɚɧɧɭɸ ɧɚɜɟɫɤɭ (4 ɝ) ɞɢɬɢɨɧɢɬɚ 

ɧɚɬɪɢɹ. ɉɨ ɨɤɨɧɱɚɧɢɢ ɞɨɛɚɜɥɟɧɢɹ ɞɢɬɢɨɧɢɬɚ ɧɚɬɪɢɹ ɪɟɚɤɰɢɨɧɧɭɸ ɫɦɟɫɶ 

ɩɟɪɟɦɟɲɢɜɚɣɬɟ ɟɳɟ ɜ ɬɟɱɟɧɢɟ з5 ɦɢɧ. 

ɉɨɥɭɱɟɧɧɵɣ ɨɫɚɞɨɤ ɨɬɮɢɥɶɬɪɭɣɬɟ ɧɚ ɫɬɟɤɥɹɧɧɨɦ ɩɨɪɢɫɬɨɦ ɮɢɥɶɬɪɟ 

(ɩɪɨɰɟɞɭɪɚ ɮɢɥɶɬɪɨɜɚɧɢɹ ɧɚ ɜɨɞɨɫɬɪɭɣɧɨɦ ɧɚɫɨɫɟ ɛɵɥɚ ɨɩɢɫɚɧɚ ɜɵɲɟ). ɉɨɫɥɟ 

ɬɨɝɨ, ɤɚɤ ɜ ɤɨɥɛɭ Ȼɭɧɡɟɧɚ ɩɟɪɟɫɬɚɥɢ ɩɨɫɬɭɩɚɬɶ ɤɚɩɥɢ ɮɢɥɶɬɪɚɬɚ, ɨɬɫɨɟɞɢɧɢɬɟ 

ɧɚɫɨɫ ɨɬ ɤɨɥɛɵ (ɧɢ ɜ ɤɨɟɦ ɫɥɭɱɚɟ ɧɟ ɡɚɤɪɵɜɚɹ ɤɪɚɧ ɜɨɞɨɫɬɪɭɣɧɨɝɨ ɧɚɫɨɫɚ!). 

ɇɚɥɟɣɬɟ ɧɚ ɮɢɥɶɬɪ ɫ ɨɫɚɞɤɨɦ з10 ɦɥ ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɨɣ ɜɨɞɵ, ɚɤɤɭɪɚɬɧɨ 

ɩɟɪɟɦɟɲɚɣɬɟ ɩɨɥɭɱɟɧɧɭɸ ɫɭɫɩɟɧɡɢɸ ɫɬɟɤɥɹɧɧɨɣ ɩɚɥɨɱɤɨɣ ɢ ɜɧɨɜɶ ɩɨɞɤɥɸɱɢɬɟ 
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ɧɚɫɨɫ ɤ ɤɨɥɛɟ Ȼɭɧɡɟɧɚ. Ɉɫɚɞɨɤ ɧɚ ɮɢɥɶɬɪɟ ɨɫɬɚɜɶɬɟ ɫɭɲɢɬɶɫɹ ɜ ɬɨɤɟ ɜɨɡɞɭɯɚ ɜ 

ɬɟɱɟɧɢɟ з5 ɦɢɧ. (ɧɟ ɨɬɤɥɸɱɚɹ ɩɪɢ ɷɬɨɦ ɧɚɫɨɫ ɨɬ ɤɨɥɛɵ Ȼɭɧɡɟɧɚ). Ɂɚɬɟɦ 

ɨɬɫɨɟɞɢɧɢɬɟ ɧɚɫɨɫ ɨɬ ɤɨɥɛɵ Ȼɭɧɡɟɧɚ, ɧɚɥɟɣɬɟ ɧɚ ɮɢɥɶɬɪ ɫ ɨɫɚɞɤɨɦ з5 ɦɥ 

ɯɥɨɪɨɮɨɪɦɚ, ɚɤɤɭɪɚɬɧɨ ɩɟɪɟɦɟɲɚɣɬɟ ɩɨɥɭɱɟɧɧɭɸ ɫɭɫɩɟɧɡɢɸ ɫɭɯɨɣ ɫɬɟɤɥɹɧɧɨɣ 

ɩɚɥɨɱɤɨɣ ɢ ɜɧɨɜɶ ɩɨɞɤɥɸɱɢɬɟ ɧɚɫɨɫ ɤ ɤɨɥɛɟ Ȼɭɧɡɟɧɚ. Ɉɫɚɞɨɤ ɧɚ ɮɢɥɶɬɪɟ 

ɨɫɬɚɜɶɬɟ ɫɭɲɢɬɶɫɹ ɜ ɬɨɤɟ ɜɨɡɞɭɯɚ ɜ ɬɟɱɟɧɢɟ з5 ɦɢɧ. (ɧɟ ɨɬɤɥɸɱɚɹ ɩɪɢ ɷɬɨɦ 

ɧɚɫɨɫ ɨɬ ɤɨɥɛɵ Ȼɭɧɡɟɧɚ). Ɉɫɚɞɨɤ ɩɪɢ ɷɬɨɦ ɞɨɥɠɟɧ ɫɬɚɬɶ ɪɚɫɫɵɩɱɚɬɵɦ ɢ ɧɟ 

ɩɪɢɥɢɩɚɬɶ ɤ ɫɭɯɨɣ ɫɬɟɤɥɹɧɧɨɣ ɩɚɥɨɱɤɟ. 

ɉɨɥɭɱɟɧɧɵɣ ɩɪɨɞɭɤɬ ɩɟɪɟɧɟɫɢɬɟ ɜɨ ɜɡɜɟɲɟɧɧɭɸ ɱɚɲɤɭ ɉɟɬɪɢ ɢ 

ɨɩɪɟɞɟɥɢɬɟ ɟɝɨ ɦɚɫɫɭ. Ɂɚɬɟɦ ɧɟɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɩɪɨɞɭɤɬɚ (ɧɚ ɤɨɧɱɢɤɟ ɫɭɯɨɝɨ 

ɲɩɚɬɟɥɹ) ɩɨɦɟɫɬɢɬɟ ɜ ɜɵɞɚɧɧɭɸ ɩɥɚɫɬɢɤɨɜɭɸ ɦɢɤɪɨɩɪɨɛɢɪɤɭ ɢ ɨɬɞɚɣɬɟ ɞɥɹ 

ɪɟɝɢɫɬɪɚɰɢɢ ɂɄ-ɫɩɟɤɬɪɚ. 

5. ɇɚɩɨɦɧɢɦ, ɱɬɨ ɜ ɩɪɨɜɟɞɟɧɧɨɦ ȼɚɦɢ ɬɪɟɯɫɬɚɞɢɣɧɨɦ ɫɢɧɬɟɡɟ ȼɵ 

ɢɫɩɨɥɶɡɨɜɚɥɢ: 0,6 ɝ ɫɭɥɶɮɚɧɢɥɨɜɨɣ ɤɢɫɥɨɬɵ ɢ γ,5  10
3

 ɦɨɥɶ ɧɚɮɬɨɥɚ 

ɧɟɢɡɜɟɫɬɧɨɝɨ ɫɬɪɨɟɧɢɹ. 

ȼɫɟ ɧɟɨɪɝɚɧɢɱɟɫɤɢɟ ɪɟɚɝɟɧɬɵ, ɢɫɩɨɥɶɡɭɟɦɵɟ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɪɟɚɤɰɢɣ, 

ɛɵɥɢ ɜɡɹɬɵ ɜ ɢɡɛɵɬɤɟ. 

Ɋɚɫɫɱɢɬɚɣɬɟ ɦɚɤɫɢɦɚɥɶɧɭɸ ɦɚɫɫɭ ɚɦɢɧɨɧɚɮɬɨɥɚ (M = 159 ɝ/ɦɨɥɶ), ɤɨɬɨɪɭɸ 

ɬɟɨɪɟɬɢɱɟɫɤɢ ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɜ ɩɪɨɜɟɞɟɧɧɨɦ ȼɚɦɢ ɬɪɟɯɫɬɚɞɢɣɧɨɦ ɫɢɧɬɟɡɟ. 

ɉɪɢɜɟɞɢɬɟ ɩɨɞɪɨɛɧɵɣ ɪɚɫɱɟɬ. 

6. Ɉɩɪɟɞɟɥɢɬɟ ɩɪɚɤɬɢɱɟɫɤɢɣ ɜɵɯɨɞ ɩɨɥɭɱɟɧɧɨɝɨ ɚɦɢɧɨɧɚɮɬɨɥɚ. 

7. ɋɪɚɜɧɢɬɟ ɂɄ-ɫɩɟɤɬɪ ɩɨɥɭɱɟɧɧɨɝɨ ȼɚɦɢ ɚɦɢɧɨɧɚɮɬɨɥɚ ɫɨ ɫɩɟɤɬɪɚɦɢ 

ɷɬɚɥɨɧɧɵɯ ɚɦɢɧɨɧɚɮɬɨɥɨɜ. ɋɞɟɥɚɣɬɟ ɜɵɜɨɞ ɨ ɬɨɦ, ɤɚɤɨɣ ɢɦɟɧɧɨ ɧɚɮɬɨɥ 

ɧɟɢɡɜɟɫɬɧɨɝɨ ɫɬɪɨɟɧɢɹ ɛɵɥ ɜɵɞɚɧ ȼɚɦ, ɢ ɤɚɤɨɣ ɚɦɢɧɨɧɚɮɬɨɥ ȼɵ ɩɨɥɭɱɢɥɢ ɩɪɢ 

ɜɨɫɫɬɚɧɨɜɥɟɧɢɢ ɚɡɨɫɨɟɞɢɧɟɧɢɹ. Ɉɬɜɟɬ ɩɪɟɞɫɬɚɜɶɬɟ ɜ ɜɢɞɟ ɫɬɪɭɤɬɭɪɧɨɣ ɮɨɪɦɭɥɵ 

ɚɦɢɧɨɧɚɮɬɨɥɚ. 
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ɗɬɚɥɨɧɧɵɟ ɂɄ-ɫɩɟɤɬɪɵ ɚɦɢɧɨɧɚɮɬɨɥɨɜ 

5-ɚɦɢɧɨ-1-ɧɚɮɬɨɥ 

 

4-ɚɦɢɧɨ-1-ɧɚɮɬɨɥ 
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1-ɚɦɢɧɨ-2-ɧɚɮɬɨɥ 

 

3-ɚɦɢɧɨ-2-ɧɚɮɬɨɥ 
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Ⱦɟɜɹɬɵɣ ɤɥɚɫɫ 

Ɋɟɲɟɧɢɟ ɡɚɞɚɱɢ 9-1 (Ⱥ.Ⱥ. Ⱦɪɨɡɞɨɜ, Ɇ.ɇ. Ⱥɧɞɪɟɟɜ) 
ȼɟɳɟɫɬɜɚ Ȼ ɢ Ⱦ, ɨɛɪɚɡɭɸɳɢɟɫɹ ɩɪɢ ɩɪɨɤɚɥɢɜɚɧɢɢ ɫɭɞɹ ɩɨ ɰɜɟɬɭ (ɤɪɚɫɧɵɣ 

ɢ ɛɟɥɵɣ) ɢ ɩɨɥɭɱɟɧɢɸ ɩɪɢ ɩɪɨɤɚɥɢɜɚɧɢɢ, ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɨɤɫɢɞɵ, ɚ 

ɩɪɟɞɲɟɫɬɜɭɸɳɢɟ ɢɦ ɨɫɚɞɤɢ (Ⱥ ɢ Ƚ) – ɝɢɞɪɨɤɫɢɞɵ. Ȼɭɪɵɣ ɨɫɚɞɨɤ, 

ɨɛɪɚɡɨɜɚɜɲɢɣɫɹ ɩɪɢ ɝɢɞɪɨɥɢɡɟ ɩɪɨɞɭɤɬɚ ɨɤɢɫɥɢɬɟɥɶɧɨɝɨ ɫɩɥɚɜɥɟɧɢɹ ɦɨɠɟɬ 

ɛɵɬɶ ɝɢɞɪɨɨɤɫɢɞɨɦ ɠɟɥɟɡɚ (III), ɤɨɬɨɪɵɣ ɩɪɢ ɧɚɝɪɟɜɚɧɢɢ ɨɛɪɚɡɭɟɬ ɤɪɚɫɧɵɣ 

ɨɤɫɢɞ ɠɟɥɟɡɚ (III). ȼ ɬɚɤɨɦ ɫɥɭɱɚɟ, ɬɚɤ ɤɚɤ ɦɢɧɟɪɚɥ ɏ ɨɛɪɚɡɭɟɬɫɹ ɩɪɢ 

ɧɚɝɪɟɜɚɧɢɢ ɫɦɟɫɢ ɞɜɭɯ ɨɤɫɢɞɨɜ, ɬɨ ɨɧ ɫɨɞɟɪɠɢɬ ɬɨɥɶɤɨ ɬɪɢ ɷɥɟɦɟɧɬɚ, ɨɞɢɧ ɢɡ 

ɤɨɬɨɪɵɯ – ɠɟɥɟɡɨ, ɚ ɞɪɭɝɨɣ – ɤɢɫɥɨɪɨɞ. Ɇɚɫɫɚ ɫɭɦɦɵ ɨɤɫɢɞɨɜ 0,46 + 0,59 = 1,05 

ɝ ɛɨɥɶɲɟ ɦɚɫɫɵ ɧɚɜɟɫɤɢ ɦɢɧɟɪɚɥɚ. Эɬɨ ɦɨɠɧɨ ɨɛɴɹɫɧɢɬɶ ɬɟɦ, ɱɬɨ ɩɪɨɤɚɥɢɜɚɧɢɟ 

ɜɟɥɨɫɶ ɧɚ ɜɨɡɞɭɯɟ, ɚ ɜ ɦɢɧɟɪɚɥɟ ɫɨɞɟɪɠɚɥɨɫɶ ɠɟɥɟɡɨ (II), ɤɨɬɨɪɨɟ ɩɪɢ ɷɬɨɦ 

ɨɤɢɫɥɢɥɨɫɶ ɞɨ ɠɟɥɟɡɚ (III). ɉɪɨɜɟɪɢɦ, ɧɚɲɟ ɩɪɟɞɩɨɥɨɠɟɧɢɟ, ɪɚɫɫɱɢɬɚɜ 

ɤɨɥɢɱɟɫɬɜɨ FeO ɷɤɜɢɜɚɥɟɧɬɧɨɟ 0,46 ɝ Fe2O3. Ɉɧɨ ɪɚɜɧɨ (0,46/160)·β·7β = 0,41 ɝ. 

ɋɭɦɦɚ 0,41 + 0,59 = 1,0 ɝ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɦɚɫɫɟ ɢɫɯɨɞɧɨɝɨ ɦɢɧɟɪɚɥɚ. Ɍɚɤɢɦ 

ɨɛɪɚɡɨɦ, ɨɧ ɫɨɞɟɪɠɢɬ 0,00575 ɦɨɥɶ ɠɟɥɟɡɚ, ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɦɨɥɹɪɧɨɣ ɦɚɫɫɟ 

174 ɧɚ ɨɞɢɧ ɦɨɥɶ ɠɟɥɟɡɚ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɨɥɹɪɧɚɹ ɦɚɫɫɚ ɜɬɨɪɨɝɨ ɨɤɫɢɞɚ ɪɚɜɧɚ 

174 – 72 = 102 ɝ/ɦɨɥɶ, ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɨɤɫɢɞɭ ɚɥɸɦɢɧɢɹ Al2O3 ɢ ɦɢɧɟɪɚɥɭ 

FeAl2O4 . 

1. 4FeAl2O4 + 6Na2CO3 + O2 = 8NaAlO2 + 4NaFeO2 + 6CO2 

2. NaFeO2 + 2H2O = NaOH + Fe(OH)3 (ɢɥɢ FeOOH ɢɥɢ Fe2O3·nH2O ) 

3. NaAlO2 + 2H2O = Na[Al(OH)4] (ɢɥɢ Na3[Al(OH)6]) 

4. 2Fe(OH)3 = Fe2O3 + 3H2O  

5. Na[Al(OH)4] + CO2 = NaHCO3 + Al(OH)3 (ɢɥɢ Al2O3·nH2O) 

6. 2Al(OH)3 = Al2O3 + 3H2O 

7. 2Fe2O3 + 4Al2O3 = 4FeAl2O4 + O2 

8. FeAl2O4 + 10HNO3 = 2Al(NO3)3 + Fe(NO3)3 + NO2 + 5H2O 

Ɇɢɧɟɪɚɥ ɏ – FeAl2O4 (ɝɟɪɰɢɧɢɬ),  

Ⱥ – Fe(OH)3, Ȼ – Fe2O3, Ƚ – Al(OH)3, Ⱦ – Al2O3. 
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ɋɢɫɬɟɦɚ ɨɰɟɧɢɜɚɧɢɹ: 

ȼɵɜɨɞ ɨ ɬɨɦ, ɱɬɨ ɦɢɧɟɪɚɥ ɫɨɞɟɪɠɢɬ ɷɥɟɦɟɧɬ ɠɟɥɟɡɨ β ɛɚɥɥɚ 

ȼɵɜɨɞ ɨ ɬɨɦ, ɱɬɨ ɦɢɧɟɪɚɥ ɫɨɞɟɪɠɢɬ ɚɥɸɦɢɧɢɣ β ɛɚɥɥɚ 

Ɏɨɪɦɭɥɚ ɦɢɧɟɪɚɥɚ 1 ɛɚɥɥ 

ɍɪɚɜɧɟɧɢɹ ɪɟɚɤɰɢɣ ɚɧɚɥɢɡɚ ɦɢɧɟɪɚɥɚ 7(1–6, 8) ɲɬɭɤ ɩɨ β ɛɚɥɥɚ 14 ɛɚɥɥɨɜ 

Ɋɟɚɤɰɢɹ (№7) ɨɛɪɚɡɨɜɚɧɢɹ ɦɢɧɟɪɚɥɚ ɩɪɢ ɫɩɟɤɚɧɢɢ ɨɤɫɢɞɨɜ 1 ɛɚɥɥ 

ɂɌɈȽɈ:  β0 ɛɚɥɥɨɜ 

Ɋɟɲɟɧɢɟ ɡɚɞɚɱɢ 9-2 (ɋ.Ⱥ. ɋɟɪɹɤɨɜ) 
1. Ɏɢɡɢɱɟɫɤɢɦ ɫɜɨɣɫɬɜɚ ɜɟɳɟɫɬɜ A ɢ D ɭɤɚɡɵɜɚɸɬ ɧɚ ɢɯ ɦɨɥɟɤɭɥɹɪɧɨɟ 

ɫɬɪɨɟɧɢɟ. ɋɭɞɹ ɩɨ ɫɩɨɫɨɛɭ ɩɨɥɭɱɟɧɢɹ D ɨɤɢɫɥɟɧɢɟɦ A (ɨɩɢɫɚɧɧɨɦɭ ɜ ɭɫɥɨɜɢɢ) 

ɦɨɥɟɤɭɥɵ ɜɟɳɟɫɬɜɚ D ɨɬɥɢɱɚɟɬɫɹ ɨɬ A ɬɨɥɶɤɨ ɬɟɦ, ɱɬɨ ɫɨɞɟɪɠɚɬ ɧɚ ɨɞɢɧ ɢɥɢ 

ɧɟɫɤɨɥɶɤɨ ɚɬɨɦɨɜ ɤɢɫɥɨɪɨɞɚ ɛɨɥɶɲɟ. ȼɨɡɦɨɠɧɨɫɬɶ ɩɪɨɬɟɤɚɧɢɹ ɪɟɚɤɰɢɢ 

ɨɤɢɫɥɟɧɢɹ ɤɚɤ ɪɟɚɤɰɢɢ ɫɨɟɞɢɧɟɧɢɹ ɞɨɩɭɫɤɚɟɬɫɹ ɛɨɥɶɲɟɣ ɦɚɫɫɨɣ D, ɩɨ 

ɫɪɚɜɧɟɧɢɸ ɫ Ⱥ. Ɍɚɤɨɟ ɩɪɟɞɩɨɥɨɠɟɧɢɟ ɩɨɡɜɨɥɹɟɬ ɨɰɟɧɢɬɶ ɤɨɥɢɱɟɫɬɜɨ ɤɚɠɞɨɝɨ ɢɡ 

ɜɟɳɟɫɬɜ (n), ɩɨɫɤɨɥɶɤɭ ɞɥɹ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɛɵɥɢ ɢɫɩɨɥɶɡɨɜɚɧɵ ɨɞɢɧɚɤɨɜɵɟ 

ɧɚɜɟɫɤɢ ɏ. 

ɦɨɥɶ
kkk

AmDm
n

00645,0

16

7484,18516,1

16

)()(  , ɝɞɟ k – ɱɢɫɥɨ ɚɬɨɦɨɜ 

ɤɢɫɥɨɪɨɞɚ ɜ D. Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɚɬɨɦɧɨɣ ɦɚɫɫɵ ɷɥɟɦɟɧɬɚ Z, ɜɵɱɢɫɥɢɦ ɪɚɡɧɨɫɬɢ 

ɦɚɫɫ ɧɚɜɟɫɨɤ Ⱥ ɢ ȼ ɢ ɩɨɞɟɥɢɦ ɩɨɥɭɱɟɧɧɭɸ ɪɚɡɧɨɫɬɶ ɧɚ ɤɨɥɢɱɟɫɬɜɨ n (ɫɦ. 

ɜɵɲɟ). ȿɫɥɢ ɫɨɞɟɪɠɚɧɢɟ ɷɥɟɦɟɧɬɚ ɜ ɨɩɢɫɵɜɚɟɦɵɯ ɜɟɳɟɫɬɜɚɯ Z ɰɟɥɨɱɢɫɥɟɧɧɨɟ, 

ɬɨ ɩɨɥɭɱɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɛɭɞɟɬ ɤɪɚɬɧɨ ɚɬɨɦɧɨɣ ɦɚɫɫɟ ɷɥɟɦɟɧɬɚ Z. Ⱥɧɚɥɨɝɢɱɧɨ 

ɦɨɠɧɨ ɩɨɫɬɭɩɢɬɶ ɫ ɪɚɡɧɨɫɬɶɸ ɦɚɫɫ ɧɚɜɟɫɨɤ ɋ ɢ ȼ (ɋ ɢ Ⱥ): 

ɜɟɳɟɫɬɜɚ m(C) − m(B) m(C) − m(A) m(B) − m(A) 

Δm, ɝ 1,0323 2,0645 1,0322 

M(Г), ɝ/ɦɨɥɶ 160k 320k 160k 

ɋɪɟɞɢ ɦɨɥɹɪɧɵɯ ɦɚɫɫ ɷɥɟɦɟɧɬɨɜ, ɰɟɥɨɱɢɫɥɟɧɧɵɦɢ ɞɟɥɢɬɟɥɹɦɢ ɩɨɥɭɱɟɧɧɵɯ 

ɡɧɚɱɟɧɢɣ ɹɜɥɹɸɬɫɹ ɤɢɫɥɨɪɨɞ (16), ɫɟɪɚ (γβ), ɦɟɞɶ (64), ɤɚɥɶɰɢɣ (40) ɢ ɛɪɨɦ (80). 

ɋɭɞɹ ɩɨ ɫɜɨɣɫɬɜɚɦ ɨɩɢɫɵɜɚɟɦɵɯ ɫɨɟɞɢɧɟɧɢɣ, ɯɚɪɚɤɬɟɪɧɵɦ ɞɥɹ ɜɟɳɟɫɬɜ 

ɦɨɥɟɤɭɥɹɪɧɨɝɨ ɫɬɪɨɟɧɢɹ, ɦɟɞɶ ɢ ɤɚɥɶɰɢɣ ɫɥɟɞɭɟɬ ɢɫɤɥɸɱɢɬɶ ɢɡ ɪɚɫɫɦɨɬɪɟɧɢɹ. ȼ 
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ɭɫɥɨɜɢɢ ɬɚɤɠɟ ɢɦɟɟɬɫɹ ɩɪɹɦɨɟ ɭɤɚɡɚɧɢɟ ɧɚ ɬɨ, ɱɬɨ ɏ ɥɢɛɨ Z ɧɟ ɹɜɥɹɸɬɫɹ 

ɤɢɫɥɨɪɨɞɨɦ.  

ȼɵɛɨɪ ɫɟɪɵ ɜ ɤɚɱɟɫɬɜɟ ɷɥɟɦɟɧɬɚ Z ɧɚɫɬɨɪɚɠɢɜɚɟɬ ɫɜɨɟɣ ɫɬɟɯɢɨɦɟɬɪɢɟɣ: 

ɜɵɯɨɞɢɬ, ɱɬɨ ɜɟɳɟɫɬɜɨ Ⱥ (ɭɠɟ ɫɟɪɨɫɨɞɟɪɠɚɳɟɟ) ɢɦɟɟɬ ɧɚ 10 ɚɬɨɦɨɜ ɫɟɪɵ 

ɦɟɧɶɲɟ, ɱɟɦ ɋ, ɡɧɚɱɢɬ Ⱥ ɫɩɨɫɨɛɧɨ ɩɪɢɫɨɟɞɢɧɢɬɶ ɟɳɟ 10 ɚɬɨɦɨɜ ɫɟɪɵ (ɥɢɛɨ 

ɷɤɜɢɜɚɥɟɧɬɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɞɪɭɝɨɝɨ ɨɤɢɫɥɢɬɟɥɹ)! ɉɪɢ ɷɬɨɦ ɷɤɫɩɟɪɢɦɟɧɬɚɬɨɪɵ 

ɪɚɫɫɱɢɬɵɜɚɥɢ ɩɨɥɭɱɢɬɶ D ɨɤɢɫɥɟɧɢɟɦ Ⱥ ɤɢɫɥɨɪɨɞɨɦ, ɬɨɝɞɚ k = 10 ɢ ɦɨɥɹɪɧɵɟ 

ɦɚɫɫɵ ɜ ɪɚɫɱɟɬɚɯ ɫɬɚɧɨɜɹɬɫɹ «ɚɫɬɪɨɧɨɦɢɱɟɫɤɢɦɢ». ɋɟɪɭ ɢɫɤɥɸɱɢɦ ɢɡ 

ɪɚɫɫɦɨɬɪɟɧɢɹ. 

Ɉɫɬɚɧɨɜɢɦ ɜɵɛɨɪ ɧɚ ɛɪɨɦɟ (Z = Br2). ȼɵɱɢɫɥɢɦ ɦɨɥɹɪɧɭɸ ɦɚɫɫɭ Ⱥ, ɢ 

ɨɩɪɟɞɟɥɢɦ ɜɨɡɦɨɠɧɨɟ ɡɧɚɱɟɧɢɟ ɦɨɥɹɪɧɨɣ ɦɚɫɫɵ ɏ (ɢɥɢ ɜɟɥɢɱɢɧɭ ɟɣ ɤɪɚɬɧɭɸ). 

k
k

n

Am
AM 271

00645,0

7484,1)(
)(   ɝ/ɦɨɥɶ. ȼ ɬɚɤɨɦ ɫɥɭɱɚɟ ɦɨɥɹɪɧɚɹ ɦɚɫɫɚ M(X) = 

271k – 80d: 

(k = 1) d = 1 d = 2 d = 3 d = 4 

M(X), ɝ/ɦɨɥɶ 191 111 31 < 0 

ɉɪɢ k > 1 ɡɧɚɱɟɧɢɹ ɦɨɥɹɪɧɵɯ ɦɚɫɫ ɫɥɢɲɤɨɦ ɜɵɫɨɤɢ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, X = P (ɢɥɢ 

P4) ɜɟɳɟɫɬɜɨɦ Ⱥ ɹɜɥɹɟɬɫɹ PBr3; ɢɫɩɨɥɶɡɭɹ ɡɧɚɱɟɧɢɹ, ɩɨɥɭɱɟɧɧɵɟ ɜ ɩɪɟɞɵɞɭɳɟɣ 

ɬɚɛɥɢɰɟ, ɧɚɯɨɞɢɦ, ɱɬɨ ɜɟɳɟɫɬɜɚ ȼ ɢ ɋ ɫɨɞɟɪɠɚɬ ɧɚ β ɢ 4 ɚɬɨɦɚ ɛɪɨɦɚ ɛɨɥɶɲɟ, 

ɱɟɦ Ⱥ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɚ ɜɟɳɟɫɬɜɨ D ɫɨɞɟɪɠɢɬ ɛɨɥɶɲɟ ɧɚ ɨɞɢɧ ɚɬɨɦ ɤɢɫɥɨɪɨɞɚ 

ɱɟɦ Ⱥ. Ɉɬɤɭɞɚ ȼ = PBr5, C = PBr7, D = POBr3. 

2. ȼɟɳɟɫɬɜɨ ȼ ɫɨɫɬɨɢɬ ɢɡ ɢɨɧɨɜ: ɤɚɬɢɨɧ PBr4
+
 ɢɦɟɟɬ ɬɟɬɪɚɷɞɪɢɱɟɫɤɨɟ ɫɬɪɨɟɧɢɟ 

(ɚɬɨɦɵ ɛɪɨɦɚ ɜ ɜɟɪɲɢɧɚɯ ɬɟɬɪɚɷɞɪɚ, ɚɬɨɦ ɮɨɫɮɨɪɚ ɜ ɰɟɧɬɪɟ), ɚɧɢɨɧ Br
−
 (ɚɧɢɨɧ 

PBr6
−
 ɧɟ ɫɭɳɟɫɬɜɭɟɬ, ɜ ɨɬɥɢɱɢɟ ɨɬ PCl6

−). ȼɟɳɟɫɬɜɨ C ɫɨɫɬɨɢɬ ɢɡ ɢɨɧɨɜ: ɤɚɬɢɨɧ 

PBr4
+, ɚɧɢɨɧ Br3

− ɢɦɟɟɬ ɥɢɧɟɣɧɨɟ ɫɬɪɨɟɧɢɟ. 

3. ɂɫɯɨɞɧɚɹ ɧɚɜɟɫɤɚ ɮɨɫɮɨɪɚ: m = M∙n = γ1∙0,00645 = 0,β ɝ.  

ɍɪɚɜɧɟɧɢɹ ɪɟɚɤɰɢɣ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫ ɜɨɞɨɣ: 

PBr3 + 3H2O ĺ γHBr + H3PO3   PBr5 + 4H2O ĺ 5HBr + H3PO4  

PBr7 + 4H2O ĺ 5HBr + H3PO4 + Br2 (Br2 + H2O ļ HBr + HOBr) 

POBr3 + 3H2O ĺ γHBr + H3PO4 
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ɍɪɚɜɧɟɧɢɹ ɪɟɚɤɰɢɣ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫɨ ɳɟɥɨɱɶɸ ɨɛɪɚɡɭɸɳɢɯɫɹ ɫɦɟɫɟɣ: 

H3PO3 + βKOH ĺ K2HPO3 + 2H2O  H3PO4 + γKOH ĺ K3PO4 + 3H2O  

KOH + HBr ĺ KBr + H2O   KOH + HOBr ĺ KOBr + H2O 

(Br2 + βKOH ĺ KBr +KOBr + H2O) 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɞɥɹ ɧɟɣɬɪɚɥɢɡɚɰɢɢ 1 ɦɨɥɶ ɤɚɠɞɨɝɨ ɢɡ ɜɟɳɟɫɬɜ ɩɨɬɪɟɛɭɟɬɫɹ 

ɤɨɥɢɱɟɫɬɜɨ KOH (a ɦɨɥɶ): Ⱥ – 5 ɦɨɥɶ, ȼ – 8 ɦɨɥɶ, ɋ – 10 ɦɨɥɶ, D – 6 ɦɨɥɶ. 

ȼɵɱɢɫɥɢɦ ɧɟɨɛɯɨɞɢɦɵɟ ɨɛɴɟɦɵ:  

a
a

c

an
V  225,3

2,0

000645,010001,01000

 
ɦɥ, ɨɬɤɭɞɚ 

V(A) = γ,ββ5∙5 = 16,1 ɦɥ;   V(B) = γ,ββ5∙8 = β5,8 ɦɥ;  

V(C) = γ,ββ5∙10 = γβ,γ ɦɥ;   V(D) = γ,ββ5∙6 = 19,4ɦɥ. 

 

ɋɢɫɬɟɦɚ ɨɰɟɧɢɜɚɧɢɹ: 

1. ȼɟɪɧɨɟ ɢ ɚɪɝɭɦɟɧɬɢɪɨɜɚɧɧɨɟ ɨɩɪɟɞɟɥɟɧɢɟ ɜɟɳɟɫɬɜ X, Z, A–D 

ɩɨ 1 ɛɚɥɥɭ 

6 ɛɚɥɥɨɜ 

2. ȼɟɪɧɨɟ ɨɩɢɫɚɧɢɟ ɫɬɪɭɤɬɭɪ ɤɚɬɢɨɧɚ ɢ ɚɧɢɨɧɚ ɜ B ɢ C  

ɩɨ1 ɛɚɥɥɭ 

β ɛɚɥɥɚ 

3. Ɋɚɫɱɟɬ ɧɚɜɟɫɤɢ ɏ γ ɛɚɥɥɚ 

ȼɟɪɧɚɹ ɡɚɩɢɫɶ 8 ɭɪɚɜɧɟɧɢɣ ɩɨ 0,75 ɛɚɥɥɚ ɡɚ ɤɚɠɞɨɟ 6 ɛɚɥɥɨɜ 

ȼɟɪɧɨɟ ɜɵɱɢɫɥɟɧɢɟ ɨɛɴɟɦɚ ɄɈɇ ɞɥɹ ɤɚɠɞɨɝɨ ɢɡ ɜɟɳɟɫɬɜ Ⱥ–D, 

ɩɨ 0,75 ɛɚɥɥɚ 

γ ɛɚɥɥɚ 

ɂɌɈȽɈ: β0 ɛɚɥɥɨɜ 

 

 

Ɋɟɲɟɧɢɟ ɡɚɞɚɱɢ 9-3 (Ⱥ.ɂ. ɀɢɪɨɜ) 
1. ȼɟɳɟɫɬɜɨ, ɫɨɞɟɪɠɚɳɟɟɫɹ ɜ ɪɚɫɬɜɨɪɟ 1, ɨɛɥɚɞɚɟɬ ɤɚɤ 

ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɵɦɢ (ɜ ɪɟɚɤɰɢɢ ɫ ɩɟɪɦɚɧɝɚɧɚɬɨɦ ɤɚɥɢɹ), ɬɚɤ ɢ ɨɤɢɫɥɢɬɟɥɶɧɵɦɢ 

ɫɜɨɣɫɬɜɚɦɢ (ɜ ɪɟɚɤɰɢɢ ɫ ɢɨɞɢɞɨɦ ɤɚɥɢɹ). ɉɪɢ ɞɨɛɚɜɥɟɧɢɢ ɤɚɬɚɥɢɬɢɱɟɫɤɢɯ 

ɤɨɥɢɱɟɫɬɜ ɞɢɨɤɫɢɞɚ ɦɚɪɝɚɧɰɚ (IV) ɩɪɨɢɫɯɨɞɢɬ ɞɢɫɩɪɨɩɨɪɰɢɨɧɢɪɨɜɚɧɢɟ  

ɩɪɨɞɭɤɬɨɜ ɝɢɞɪɨɥɢɡɚ ɜɟɳɟɫɬɜɚ ɏ ɫ ɜɵɞɟɥɟɧɢɟɦ ɝɚɡɚ. Ɇɨɠɧɨ ɩɨɥɚɝɚɬɶ, ɱɬɨ ɝɚɡ – 

ɩɪɨɫɬɨɟ ɜɟɳɟɫɬɜɨ, ɤɨɬɨɪɨɟ ɨɛɪɚɡɭɟɬɫɹ ɢ ɩɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɫ ɪɚɫɬɜɨɪɨɦ 
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ɩɟɪɦɚɧɝɚɧɚɬɚ ɤɚɥɢɹ. Ʉɨɥɢɱɟɫɬɜɨ ɝɚɡɨɨɛɪɚɡɧɨɝɨ ɩɪɨɞɭɤɬɚ ɫɨɫɬɚɜɥɹɟɬ 

287 : (ββ,4·1000) = 0,0128 ɦɨɥɶ. Ʉɨɥɢɱɟɫɬɜɨ ɷɥɟɤɬɪɨɧɨɜ, ɩɪɢɯɨɞɹɳɢɯɫɹ ɧɚ 

ɩɪɨɰɟɫɫ ɨɤɢɫɥɟɧɢɹ ɢɨɞɢɞ-ɢɨɧɨɜ ɫɨɫɬɚɜɥɹɟɬ β5,6 : 1000 = 0,0256 ɦɨɥɶ. Эɬɨ 

ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɨɞɧɨɷɥɟɤɬɪɨɧɧɨɦɭ ɩɪɨɰɟɫɫɭ ɨɤɢɫɥɟɧɢɹ ɢɨɞɢɞ-ɢɨɧɨɜ, 

ɩɪɟɞɩɨɥɚɝɚɹ ɞɜɭɯɚɬɨɦɧɨɫɬɶ ɝɚɡɨɨɛɪɚɡɧɨɝɨ ɩɪɨɞɭɤɬɚ. Ɍɨɝɞɚ ɏ – ɢɨɧɧɵɣ 

ɩɟɪɨɤɫɢɞ, ɝɚɡ – ɤɢɫɥɨɪɨɞ, ɩɪɨɞɭɤɬ ɝɢɞɪɨɥɢɡɚ – ɩɟɪɨɤɫɢɞ ɜɨɞɨɪɨɞɚ. Ɉɩɪɟɞɟɥɢɦ 

ɜɬɨɪɨɣ ɤɨɦɩɨɧɟɧɬ ɏ. Ɇɨɥɹɪɧɚɹ ɦɚɫɫɚ ɏ ɪɚɜɧɚ 1 : 0,0128 = 78 (ɝ/ɦɨɥɶ). Ɇɚɫɫɚ, 

ɩɪɢɯɨɞɹɳɚɹɫɹ ɧɚ ɨɞɧɨɡɚɪɹɞɧɵɣ ɤɚɬɢɨɧ, ɫɨɫɬɚɜɥɹɟɬ 78 – γβ = 46. ɱɬɨ 

ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɭɞɜɨɟɧɧɨɣ ɚɬɨɦɧɨɣ ɦɚɫɫɟ ɧɚɬɪɢɹ (46 : β = βγ). Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɏ – 

ɩɟɪɨɤɫɢɞ ɧɚɬɪɢɹ, ɤɨɬɨɪɵɣ ɩɪɢ ɝɢɞɪɨɥɢɡɟ ɞɚɟɬ ɩɟɪɨɤɫɢɞ ɜɨɞɨɪɨɞɚ. 

2.  ɉɨɥɭɱɟɧɢɟ ɏ: 

2Na + O2 = Na2O2 

Ɋɟɚɤɰɢɹ ɨɛɪɚɡɨɜɚɧɢɹ ɪɚɫɬɜɨɪɚ 1: 

Na2O2 + 2HNO3 = 2NaNO3 + H2O2 

ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ ɫ ɪɚɫɬɜɨɪɨɦ ɩɟɪɦɚɧɝɚɧɚɬɚ ɤɚɥɢɹ: 

5H2O2 + 2KMnO4 + 6HNO3 = 5O2 + 2KNO3 + 2Mn(NO3)2 + 8H2O 

Ʉɚɬɚɥɢɬɢɱɟɫɤɨɟ ɪɚɡɥɨɠɟɧɢɟ ɩɟɪɨɤɫɢɞɚ ɜɨɞɨɪɨɞɚ: 

2H2O2 = 2H2O + O2 

ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ ɩɟɪɨɤɫɢɞɚ ɜɨɞɨɪɨɞɚ ɫ ɢɨɞɢɞɨɦ ɤɚɥɢɹ ɜ ɤɢɫɥɨɣ ɫɪɟɞɟ: 

H2O2 + 3KI + 2HNO3 = KI3 + 2KNO3 + 3H2O 

«Ɉɛɟɫɰɜɟɱɢɜɚɧɢɟ» ɢɨɞɚ (ɩɨɥɢɢɨɞɢɞɚ ) ɬɢɨɫɭɥɶɮɚɬɨɦ: 

KI3 + 2Na2S2O3 = KI  + 2NaI + Na2S4O6 

3. Ɍɟɩɥɨɬɚ ɨɛɪɚɡɨɜɚɧɢɹ  ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɬɟɩɥɨɜɨɦɭ ɷɮɮɟɤɬɭ ɨɛɪɚɡɨɜɚɧɢɹ 

ɦɨɥɶ ɞɚɧɧɨɝɨ ɜɟɳɟɫɬɜɚ ɢɡ ɩɪɨɫɬɵɯ ɜɟɳɟɫɬɜ: 

H2 + O2 = H2O2   + Q1 

H2 + 1/2 O2 = H2O + Q2 

H2O2 = H2O + 1/2O2 +Q3 

Ɍɟɩɥɨɜɨɣ ɷɮɮɟɤɬ Q1 = Q2 – Q3. 

Q3 = β7,γ·11·4,18 : 0,01β8 = 98071(Ⱦɠ/ɦɨɥɶ), ɢɥɢ 98 ɤȾɠ/ɦɨɥɶ 

Ɍɨɝɞɚ ɬɟɩɥɨɬɚ ɨɛɪɚɡɨɜɚɧɢɹ H2O2 ɫɨɫɬɚɜɥɹɟɬ β85,8 – 98 = 187,8 (ɤȾɠ/ɦɨɥɶ) 
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ɋɢɫɬɟɦɚ ɨɰɟɧɢɜɚɧɢɹ: 

ɜɵɜɨɞ ɨ ɧɚɥɢɱɢɢ ɜ ɏ ɤɢɫɥɨɪɨɞɚ – β ɛɚɥɥɚ 

ɨɩɪɟɞɟɥɟɧɢɟ ɧɚɬɪɢɹ – 1 ɛɚɥɥ 

ɮɨɪɦɭɥɚ ɜɟɳɟɫɬɜɚ X – β ɛɚɥɥɚ 

5 ɛɚɥɥɨɜ 

ɭɪɚɜɧɟɧɢɹ ɪɟɚɤɰɢɣ ɩɨ β ɛɚɥɥɚ ɡɚ ɤɚɠɞɨɟ  1β ɛɚɥɥɨɜ 

ɪɚɫɱɟɬ ɬɟɩɥɨɬɵ ɨɛɪɚɡɨɜɚɧɢɹ γ ɛɚɥɥɚ 

ɂɌɈȽɈ: 20 ɛɚɥɥɨɜ 

 

Ɋɟɲɟɧɢɟ ɡɚɞɚɱɢ 9-4 (Ⱥ.Ⱥ. Ⱦɪɨɡɞɨɜ, Ɇ.ɇ. Ⱥɧɞɪɟɟɜ) 
1. ȼɟɳɟɫɬɜɨ Ƚ, ɩɨɥɭɱɟɧɧɨɟ ɩɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɝɚɡɨɜ Ⱥ ɢ Ȼ ɢɫɩɨɥɶɡɭɟɬɫɹ ɜ 

ɤɚɱɟɫɬɜɟ ɭɞɨɛɪɟɧɢɹ, ɬɨ ɟɫɬɶ ɫɨɞɟɪɠɢɬ ɯɨɬɹ ɛɵ ɨɞɢɧ ɢɡ ɦɚɤɪɨɷɥɟɦɟɧɬɨɜ (N, P, K). 

ɂɡ ɫɨɟɞɢɧɟɧɢɣ ɷɬɢɯ ɷɥɟɦɟɧɬɨɜ, ɢɫɩɨɥɶɡɭɟɦɵɯ ɜ ɤɚɱɟɫɬɜɟ ɫɨɫɬɚɜɥɹɸɳɢɯ 

ɭɞɨɛɪɟɧɢɣ, ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɳɟɥɨɱɢ ɦɨɠɟɬ ɛɵɬɶ ɩɨɥɭɱɟɧ ɬɨɥɶɤɨ ɚɦɦɢɚɤ. Ɍɚɤɢɦ 

ɨɛɪɚɡɨɦ, Ȼ – ɚɦɦɢɚɤ. Ƚɚɡ Ⱥ – ɭɝɥɟɤɢɫɥɵɣ ɝɚɡ, ɬɚɤ ɤɚɤ ɢɧɵɟ ɝɚɡɵ, ɜɵɞɟɥɹɟɦɵɟ 

ɩɪɢ ɞɟɣɫɬɜɢɢ ɤɢɫɥɨɬ (H2S, SO2) ɧɟ ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɭɞɨɛɪɟɧɢɣ. 

ɉɨɥɭɱɟɧɧɵɟ ɝɚɡɵ ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɬ ɞɪɭɝ ɫ ɞɪɭɝɨɦ ɜ ɦɨɥɶɧɨɦ ɫɨɨɬɧɨɲɟɧɢɢ 1 : 2, 

ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɨɛɪɚɡɨɜɚɧɢɸ ɦɨɱɟɜɢɧɵ (Ƚ): 

2NH3 + CO2 = (NH2)2CO + H2O  (1) 

ȼ ɫɨɫɬɚɜ ɢɫɯɨɞɧɨɝɨ ɩɨɪɨɲɤɚ ɜɯɨɞɢɬ ɜɟɳɟɫɬɜɨ, ɜɵɞɟɥɹɸɳɟɟ ɩɨɞ ɞɟɣɫɬɜɢɟɦ 

ɫɨɥɹɧɨɣ ɤɢɫɥɨɬɵ ɭɝɥɟɤɢɫɥɵɣ ɝɚɡ. ɉɨ-ɜɢɞɢɦɨɦɭ, ɷɬɨ ɤɚɪɛɨɧɚɬ ɞɜɭɯɡɚɪɹɞɧɨɝɨ 

ɤɚɬɢɨɧɚ. ɉɨ ɨɤɪɚɫɤɟ ɩɥɚɦɟɧɢ ɦɨɠɧɨ ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ ɷɬɨ ɤɚɬɢɨɧ ɤɚɥɶɰɢɹ. 

Ʉɨɥɢɱɟɫɬɜɨ ɜɟɳɟɫɬɜɚ ɭɝɥɟɤɢɫɥɨɝɨ ɝɚɡɚ ɪɚɜɧɨ ɤɨɥɢɱɟɫɬɜɭ ɜɟɳɟɫɬɜɚ ɤɚɪɛɨɧɚɬɚ. 

n(CO2) = n(CaCO3) = 0,0446 ɦɨɥɶ 

m(CaCO3) = 0,0446·100 = 4,46 ɝ. 

Ɍɨɝɞɚ ɜɬɨɪɨɟ ɜɟɳɟɫɬɜɨ ɩɪɢɫɭɬɫɬɜɭɟɬ ɜ ɫɦɟɫɢ, ɟɝɨ ɦɚɫɫɚ ɪɚɜɧɚ 8,9β – 4,46 = 4,46 

ɝ. Ʉɨɥɢɱɟɫɬɜɨ ɷɬɨ ɜɟɳɟɫɬɜɚ ɷɤɜɢɜɚɥɟɧɬɧɨ ɞɜɭɯɤɪɚɬɧɨɦɭ ɤɨɥɢɱɟɫɬɜɭ ɭɝɥɟɤɢɫɥɨɝɨ 

ɝɚɡɚ: n(NH3) = 2n(CO2) = V/Vm = 0,089β ɦɨɥɶ. ɉɪɟɞɩɨɥɚɝɚɹ, ɱɬɨ ɜ ɫɨɫɬɚɜ ɷɬɨɝɨ 

ɜɟɳɟɫɬɜɚ ɜɯɨɞɢɬ 1 ɚɬɨɦ ɚɡɨɬɚ, ɟɝɨ Ɇ = 50 ɝ/ɦɨɥɶ. Ɍɚɤɨɝɨ ɫɨɟɞɢɧɟɧɢɹ ɚɡɨɬɚ ɧɟɬ. 

ȿɫɥɢ ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ ɜ ɫɨɫɬɚɜ ɷɬɨɝɨ ɜɟɳɟɫɬɜɚ ɜɯɨɞɢɬ β ɚɬɨɦɚ ɚɡɨɬɚ, ɬɨ 

ɟɫɬɶ n(ɜ-ɜɚ) = 0,0446 ɦɨɥɶ ɢ Ɇ = 100 ɝ/ɦɨɥɶ, ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɧɢɬɪɢɞɭ 



 

81 

ɦɚɝɧɢɹ Mg3N2. 

ɋɦɟɫɶ ɫɨɞɟɪɠɢɬ ɷɤɜɢɦɨɥɹɪɧɵɟ ɤɨɥɢɱɟɫɬɜɚ ɤɚɪɛɨɧɚɬɚ ɤɚɥɶɰɢɹ ɢ ɧɢɬɪɢɞɚ 

ɦɚɝɧɢɹ. 

Ⱥ – ɋɈ2, Ȼ – NH3, ɚ Ƚ – (NH2)2CO – ɦɨɱɟɜɢɧɚ. 

2. CaCO3 + 2HCl = CaCl2 + CO2 + H2O (2) 

Mg3N2 + 8HCl = 3MgCl2 + 2NH4Cl  (3) 

NH4Cl + NaOH = NH3 + NaCl + H2O  (4) 

3. Mg3N2 + 6H2O= 3Mg(OH)2 + 2NH3  (5) 

(NH2)2CO + 2H2O = (NH4)2CO3   (6) 

Ɍɚɤ ɠɟ ɭɫɥɨɜɢɸ ɡɚɞɚɱɢ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɫɦɟɫɶ 0,0446 ɦɨɥɶ ɰɢɚɧɚɦɢɞɚ 

ɤɚɥɶɰɢɹ ɫ ɭɫɬɨɣɱɢɜɵɦ ɤ ɧɚɝɪɟɜɚɧɢɸ ɞɨ 500 ɋ ɜɟɳɟɫɬɜɨɦ, ɢɝɪɚɸɳɟɦ ɪɨɥɶ 

ɛɚɥɥɚɫɬɚ (ɧɚɩɪɢɦɟɪ CaSO4) 

ȼ ɬɚɤɨɦ ɫɥɭɱɚɟ ɭɪɚɜɧɟɧɢɹ ɪɟɚɤɰɢɣ ɝɢɞɪɨɥɢɡɚ ɢ ɫ ɫɨɥɹɧɨɣ ɤɢɫɥɨɬɨɣ ɛɭɞɭɬ 

ɢɦɟɬɶ ɜɢɞ: 

CaCN2 + 3H2O = CaCO3 + 2NH3 

CaCN2 + 4HCl + 2H2O = CaCl2 + CO2 + 2NH4Cl 

 

ɋɢɫɬɟɦɚ ɨɰɟɧɢɜɚɧɢɹ: 

Ɉɩɪɟɞɟɥɟɧɢɟ ɝɚɡɨɜ Ⱥ ɢ Ȼ ɩɨ β ɛɚɥɥɚ 4 ɛɚɥɥɚ 

Ɉɩɪɟɞɟɥɟɧɢɟ ɫɨɫɬɚɜɚ ɛɟɥɨɝɨ ɩɨɪɨɲɤɚ 4 ɛɚɥɥɚ  

6 ɭɪɚɜɧɟɧɢɣ ɪɟɚɤɰɢɣ ɩɨ β ɛɚɥɥɚ 1β ɛɚɥɥɨɜ 

ɂɌɈȽɈ: 20 ɛɚɥɥɨɜ 
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Ɋɟɲɟɧɢɟ ɡɚɞɚɱɢ 9-5 (ɋ.Ⱥ. ɋɟɪɹɤɨɜ) 
1. ɍɪɚɜɧɟɧɢɹ ɪɟɚɤɰɢɣ ɩɨɥɧɨɝɨ ɫɝɨɪɚɧɢɹ: 

C + O2 = CO2 

H2 + 1/2 O2 = H2O 

S + O2 = SO2 

Ɍɟɩɥɨɬɚ ɫɝɨɪɚɧɢɹ 1 ɤɝ ɭɝɥɟɪɨɞɚ ɦɨɠɟɬ ɛɵɬɶ ɩɨɥɭɱɟɧɚ ɩɪɢ ɋ = 100 %: 

Qɫɝɨɪ(C) = γγ9,γ∙100 = γγ9γ0 ɤȾɠ/ɤɝ. 

1 ɤɝ ɭɝɥɟɪɨɞɚ ɫɨɨɬɜɟɬɫɬɜɭɟɬ n(ɋ) = 1000/1β = 8γ,γ ɦɨɥɶ, ɨɬɤɭɞɚ  

Qɫɝɨɪ(C) = γγ9γ0 / 8γ,γ = 407 ɤȾɠ/ɦɨɥɶ. 

ɉɪɢ ɨɩɪɟɞɟɥɟɧɢɢ ɬɟɩɥɨɬɵ ɫɝɨɪɚɧɢɹ 1 ɤɝ ɜɨɞɨɪɨɞɚ ɫɥɟɞɭɟɬ ɩɪɢɧɹɬɶ H = 100 %: 

Qɫɝɨɪ(H2) = 1β56∙100 – β5,β∙9∙100 = 10β9β0 ɤȾɠ/ɤɝ. 

1 ɤɝ ɜɨɞɨɪɨɞɚ ɫɨɨɬɜɟɬɫɬɜɭɟɬ n(H2) = 1000/β = 500 ɦɨɥɶ, ɨɬɤɭɞɚ  

Qɫɝɨɪ(H2) = 10β9β0 / 500 = β06 ɤȾɠ/ɦɨɥɶ. 

ɉɪɢ ɨɩɪɟɞɟɥɟɧɢɢ ɬɟɩɥɨɬɵ ɫɝɨɪɚɧɢɹ 1 ɤɝ ɫɟɪɵ ɫɥɟɞɭɟɬ ɩɪɢɧɹɬɶ S = 100 %: 

Qɫɝɨɪ(S) = 109∙100 = 10900 ɤȾɠ/ɤɝ. 

1 ɤɝ ɫɟɪɵ ɫɨɨɬɜɟɬɫɬɜɭɟɬ n(S) = 1000/γβ = γ1.β5 ɦɨɥɶ, ɨɬɤɭɞɚ  

Qɫɝɨɪ(S) = 10900 / γ1,β5 = γ49 ɤȾɠ/ɦɨɥɶ. 

2. ȼ ɩɟɪɟɫɱɟɬɟ ɧɚ ɩɪɨɫɬɵɟ ɜɟɳɟɫɬɜɚ ɬɨɩɥɢɜɨ ɦɚɫɫɨɣ 1000 ɝ ɫɨɞɟɪɠɢɬ (ɋ/1.2) 

ɦɨɥɶ ɋ, (5H) ɦɨɥɶ H2, (S/γ,β) ɦɨɥɶ S ɢ (O/γ,β) ɦɨɥɶ O2. ɋɨɝɥɚɫɧɨ ɭɪɚɜɧɟɧɢɹɦ 

ɫɝɨɪɚɧɢɹ ɭɝɥɟɪɨɞɚ, ɜɨɞɨɪɨɞɚ ɢ ɫɟɪɵ, ɞɥɹ ɫɠɢɝɚɧɢɹ ɬɚɤɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɩɪɨɫɬɵɯ 

ɜɟɳɟɫɬɜ ɬɪɟɛɭɟɬɫɹ: 

n(O2) = (ɋ/1,2) + 0,5(5H) + (S/3,2) ɦɨɥɶ ɤɢɫɥɨɪɨɞɚ, 

ɧɨ (O/γ.β) ɦɨɥɶ O2 ɭɠɟ ɫɨɞɟɪɠɢɬɫɹ ɜ ɬɨɩɥɢɜɟ (ɜ ɜɢɞɟ ɚɬɨɦɨɜ), ɩɨɷɬɨɦɭ ɨɛɴɟɦ 

ɤɢɫɥɨɪɨɞɚ, ɧɟɨɛɯɨɞɢɦɨɝɨ ɞɥɹ ɩɨɥɧɨɝɨ ɫɠɢɝɚɧɢɹ ɬɨɩɥɢɜɚ, ɪɚɜɟɧ: 

V(O2,ɥ) = 22,4  ((ɋ/1.2) + 0,5(5H) + (S/3,2) – (O/γ,β)) =∙ 

=18,7ɋ + 56H + 7(S – O) 

3. ɉɨɫɥɟɞɧɟɟ ɫɥɚɝɚɟɦɨɟ ɜ ɮɨɪɦɭɥɟ Ɇɟɧɞɟɥɟɟɜɚ ɨɬɜɟɱɚɟɬ ɡɚ ɩɪɨɰɟɫɫ ɫ ɭɱɚɫɬɢɟɦ 

ɜɨɞɵ, ɩɨɫɤɨɥɶɤɭ ɟɝɨ ɜɟɥɢɱɢɧɚ ɡɚɜɢɫɢɬ ɨɬ ɦɚɫɫɨɜɨɣ ɞɨɥɢ ɜɨɞɵ – ɤɚɤ 

ɫɨɞɟɪɠɚɳɟɣɫɹ ɜ ɬɨɩɥɢɜɟ (W), ɬɚɤ ɢ ɨɛɪɚɡɭɸɳɟɣɫɹ ɩɪɢ ɟɝɨ ɫɠɢɝɚɧɢɢ (9H). 

ɉɨɫɤɨɥɶɤɭ ɫɚɦɚ ɜɨɞɚ ɫɝɨɪɚɬɶ ɧɟ ɦɨɠɟɬ, ɚ ɫɥɚɝɚɟɦɨɟ ɜɯɨɞɢɬ ɜ ɜɵɪɚɠɟɧɢɟ ɫ 
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ɨɬɪɢɰɚɬɟɥɶɧɵɦ ɡɧɚɤɨɦ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɨɧɨ ɨɬɜɟɱɚɟɬ ɩɪɨɰɟɫɫɭ ɢɫɩɚɪɟɧɢɹ ɜɨɞɵ: 

H2O(ɠ) = H2O(ɝ). 

ɉɪɢ ɨɩɪɟɞɟɥɟɧɢɢ ɬɟɩɥɨɬɵ ɢɫɩɚɪɟɧɢɹ 1 ɤɝ ɜɨɞɵ ɫɥɟɞɭɟɬ ɩɪɢɧɹɬɶ W = 100 %: 

Qɢɫɩ(H2O) = −β5,β∙100 = −β5β0 ɤȾɠ/ɤɝ. 

1 ɤɝ ɜɨɞɵ ɫɨɨɬɜɟɬɫɬɜɭɟɬ n(H2O) = 1000/18 = 55,6 ɦɨɥɶ, ɨɬɤɭɞɚ  

Qɫɝɨɪ(H2O) = −β5β0 / 55,6 = −45,γ ɤȾɠ/ɦɨɥɶ. 

4. ɇɚɢɛɨɥɶɲɢɣ ɤɨɷɮɮɢɰɢɟɧɬ ɜ ɮɨɪɦɭɥɟ Ɇɟɧɞɟɥɟɟɜɚ – ɭ ɦɚɫɫɨɜɨɣ ɞɨɥɢ 

ɜɨɞɨɪɨɞɚ, ɩɨɷɬɨɦɭ ɧɚɢɜɵɫɲɟɣ ɬɟɩɥɨɬɨɣ ɫɝɨɪɚɧɢɹ ɛɭɞɟɬ ɨɛɥɚɞɚɬɶ ɬɨɩɥɢɜɨ, 

ɫɨɞɟɪɠɚɳɟɟ 100 % ɜɨɞɨɪɨɞɚ, ɬ. ɟ. H2. 

5. ɇɚɢɜɵɫɲɭɸ ɬɟɩɥɨɬɭ ɫɝɨɪɚɧɢɹ ɛɭɞɟɬ ɢɦɟɬɶ ɭɝɥɟɜɨɞɨɪɨɞ, ɜ ɤɨɬɨɪɨɦ ɦɚɫɫɨɜɚɹ 

ɞɨɥɹ ɜɨɞɨɪɨɞɚ – ɧɚɢɛɨɥɶɲɚɹ, ɬ. ɟ. ɦɟɬɚɧ CH4 (75 % C, 25 % H). 

6. Ɋɚɫɫɱɢɬɚɟɦ ɭɞɟɥɶɧɵɟ ɬɟɩɥɨɬɵ ɫɝɨɪɚɧɢɹ ɬɨɩɥɢɜ: 

Qɫɝɨɪ(ɝɚɡ) = γγ9,γ∙75 + (1β56 – 25,29)β5 = 51β00 ɤȾɠ/ɤɝ = 51,β ɆȾɠ/ɤɝ. 

Qɫɝɨɪ(ɧɟɮɬɶ) = γγ9,γ·8γ + 1β56·10,4 − 109·(0,7 – β,8) − β5.β·(9·10,4 + γ) = 

39018 ɤȾɠ/ɤɝ ≈ ≈γ9 ɆȾɠ/ɤɝ 

Qɫɝɨɪ(ɭɝɨɥɶ) = γγ9,γ·55,β + 1β56·γ,8 − 109·(5,8 – γ,β) − β5.β·(9·γ,8 + 8) = ββ155 

ɤȾɠ/ɤɝ ≈ ≈ββ.β ɆȾɠ/ɤɝ. 

 ȼɵɱɢɫɥɢɦ ɨɬɧɨɲɟɧɢɹ  ɰɟɧɚ / Qɫɝɨɪ : 

ɝɚɡ = 0,11 ɭ. ɟ./ɆȾɠ ɧɟɮɬɶ = 0,48 ɭ. ɟ./ɆȾɠ  ɭɝɨɥɶ = 0,β0 ɭ. ɟ./ɆȾɠ 

ɇɚɢɛɨɥɟɟ ɞɟɲɟɜɵɦ ɬɨɩɥɢɜɨɦ (ɩɨ ɫɬɨɢɦɨɫɬɢ ɩɨɥɭɱɚɟɦɨɣ ɬɟɩɥɨɬɵ) 

ɹɜɥɹɟɬɫɹ ɩɪɢɪɨɞɧɵɣ ɝɚɡ. Ɉɫɧɨɜɧɨɣ ɧɟɞɨɫɬɚɬɨɤ ɟɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ – 

ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɨɛɟɫɩɟɱɟɧɢɹ ɛɟɡɨɩɚɫɧɨɫɬɢ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɫɩɟɰɢɚɥɶɧɨɣ 

ɢɧɮɪɚɫɬɪɭɤɬɭɪɵ. ɇɟɮɬɶ ɹɜɥɹɟɬɫɹ ɜɚɠɧɟɣɲɢɦ ɫɵɪɶёɦ ɯɢɦɢɱɟɫɤɨɣ 

ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ, ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɩɪɨɞɭɤɬɨɜ ɟё ɩɟɪɟɪɚɛɨɬɤɢ ɜ ɤɚɱɟɫɬɜɟ ɬɨɩɥɢɜɚ 

ɨɛɭɫɥɨɜɥɟɧɨ ɫɩɟɰɢɮɢɤɨɣ ɪɚɛɨɬɵ ɞɜɢɝɚɬɟɥɟɣ ɜɧɭɬɪɟɧɧɟɝɨ ɫɝɨɪɚɧɢɹ. ɍɝɨɥɶ 

ɫɭɳɟɫɬɜɟɧɧɨ ɭɫɬɭɩɚɟɬ ɝɚɡɭ ɩɨ ɷɤɨɥɨɝɢɱɧɨɫɬɢ: ɞɨ γ0 % ɭɝɥɹ ɧɟ ɫɝɨɪɚɟɬ ɜ ɩɟɱɢ 

(ɡɨɥɚ), ɚ ɜ ɩɪɨɰɟɫɫɟ ɟɝɨ ɫɝɨɪɚɧɢɹ ɨɛɪɚɡɭɸɬɫɹ ɜɡɜɟɫɢ ɬɹɠɟɥɵɯ ɦɟɬɚɥɥɨɜ ɢ 

ɜɵɞɟɥɹɸɬɫɹ ɞɪɭɝɢɟ ɬɨɤɫɢɱɧɵɟ ɜɟɳɟɫɬɜɚ. 
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ɋɢɫɬɟɦɚ ɨɰɟɧɢɜɚɧɢɹ 

ϭ. ʿо Ϯ ̍̌лл̌ ̌̚ ̏е̺е̭т̏о ;ϭ у̬̦̌̏е̛̦е + ϭ ̸̬̭̌ет Q)  

;е̭л̛ теплот̌ ̸̛̬̭̭̌т̦̌̌ ̦е ̦̌ ̥ол̽, ̌ ̦̌ к̐, то ̭т̛̌̏т̭́ 

поло̛̦̏̌ ̍̌лло̏Ϳ 

6 ɛɚɥɥɨɜ 

β. ɉɨ 1 ɛɚɥɥɭ ɡɚ ɜɟɪɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɩɟɪɟɞ ɋ, ɇ, S, O 4 ɛɚɥɥɚ 

γ. ɉɪɨɰɟɫɫ 1 ɛɚɥɥ + ɪɚɫɱɟɬ Q – β ɛɚɥɥɚ γ ɛɚɥɥɚ 

4. ȼɵɜɨɞ ɨ ɜɨɞɨɪɨɞɟ 1 ɛɚɥɥ 

5. ȼɵɜɨɞ ɨ ɦɟɬɚɧɟ 1,5 ɛɚɥɥɚ 

6. ɜɵɱɢɫɥɟɧɢɟ ɬɟɩɥɨɬɵ ɫɝɨɪɚɧɢɹ ɤɚɠɞɨɝɨ ɬɨɩɥɢɜɚ ɩɨ 1 ɛɚɥɥɭ  

ɜɵɱɢɫɥɟɧɢɟ ɫɬɨɢɦɨɫɬɢ ɩɨ 0,5 ɛɚɥɥɚ 

4,5 ɛɚɥɥɚ 

ɂɌɈȽɈ: 20 ɛɚɥɥɨɜ 
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Ⱦɟɫɹɬɵɣ ɤɥɚɫɫ 

Ɋɟɲɟɧɢɟ ɡɚɞɚɱɢ 10-1 (ȼ.Ⱦ. Ⱦɨɥɠɟɧɤɨ) 
ɂɡ ɩɥɨɬɧɨɫɬɢ ɝɚɡɚ ɏ9 ɩɪɢ ɧ. ɭ. ɜɵɱɢɫɥɹɟɦ ɟɝɨ ɦɨɥɹɪɧɭɸ ɦɚɫɫɭ: 

M = ·VM = 1,βγ5γ·ββ,4 = 27,67 ɝ/ɦɨɥɶ. ɇɟɛɨɥɶɲɚɹ ɜɟɥɢɱɢɧɚ ɦɨɥɹɪɧɨɣ ɦɚɫɫɵ, 

ɡɚɦɟɬɧɨɟ ɨɬɥɢɱɢɟ ɨɬ ɰɟɥɨɝɨ ɡɧɚɱɟɧɢɹ ɢ ɬɨɬ ɮɚɤɬ, ɱɬɨ ɫɨɟɞɢɧɟɧɢɟ ɷɬɨɝɨ ɷɥɟɦɟɧɬɚ 

ɨɤɪɚɲɢɜɚɟɬ ɩɥɚɦɹ ɜ ɡɟɥɟɧɵɣ ɰɜɟɬ (ɪɟɚɤɰɢɹ 5), ɩɨɡɜɨɥɹɟɬ ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ ɝɚɡ 

ɏ9 – ɷɬɨ B2H6, ɚ ɷɥɟɦɟɧɬ ɏ – Ȼɨɪ. 

ɉɪɢ ɫɝɨɪɚɧɢɢ ɞɢɛɨɪɚɧɚ ɨɛɪɚɡɭɟɬɫɹ ɨɤɫɢɞ ɛɨɪɚ B2O3 (X6) (ɪɟɚɤɰɢɹ 10), ɚ 

ɩɪɢ ɜɨɫɫɬɚɧɨɜɥɟɧɢɢ ɨɤɫɢɞɚ ɦɚɝɧɢɟɦ ɩɨ ɭɫɥɨɜɢɸ ɨɛɪɚɡɭɟɬɫɹ ɚɦɨɪɮɧɵɣ ɛɨɪ (X7) 

(ɪɟɚɤɰɢɹ 7).  

Ɉɤɫɢɞ ɛɨɪɚ ɨɛɪɚɡɭɟɬɫɹ ɬɚɤɠɟ ɩɪɢ ɪɚɡɥɨɠɟɧɢɢ X4 (ɪɟɚɤɰɢɹ 6), ɤɨɬɨɪɨɟ ɜ 

ɫɜɨɸ ɨɱɟɪɟɞɶ ɨɛɪɚɡɭɟɬɫɹ ɢɡ X1 ɩɪɢ ɩɨɞɤɢɫɥɟɧɢɢ (ɪɟɚɤɰɢɹ β). Эɬɨ ɩɨɡɜɨɥɹɟɬ 

ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ X4 – ɷɬɨ ɛɨɪɧɚɹ ɤɢɫɥɨɬɚ H3BO3. ɉɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ H3BO3 

ɫ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɵɦ ɪɚɫɬɜɨɪɨɦ ɩɥɚɜɢɤɨɜɨɣ ɤɢɫɥɨɬɵ ɨɛɪɚɡɭɟɬɫɹ HBF4 (ɏ5) 

(ɪɟɚɤɰɢɹ 4), ɱɬɨ ɫɨɝɥɚɫɭɟɬɫɹ ɫ ɪɚɫɱɟɬɨɦ ɦɨɥɹɪɧɨɣ ɦɚɫɫɵ:  

M(X5) = M(B) / (B) = 10,811 / 0,1231 = 87,82 ɝ/ɦɨɥɶ. 

ɏ5 ɹɜɥɹɟɬɫɹ ɫɢɥɶɧɨɣ ɤɢɫɥɨɬɨɣ ɢ ɩɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɫ ɫɨɞɨɣ ɨɛɪɚɡɭɟɬ 

ɧɚɬɪɢɟɜɭɸ ɫɨɥɶ NaBF4 (X8) (ɪɟɚɤɰɢɹ 8), ɤɨɬɨɪɚɹ ɩɪɢ ɧɚɝɪɟɜɚɧɢɢ ɫ ɨɤɫɢɞɨɦ ɛɨɪɚ 

ɢ ɫɟɪɧɨɣ ɤɢɫɥɨɬɨɣ ɞɚɟɬ ɮɬɨɪɢɞ ɛɨɪɚ BF3 (ɏ10) (ɪɟɚɤɰɢɹ 9), 

M(ɏ10) = ·VM = γ,0β70·ββ,4 = 67,805 ɝ/ɦɨɥɶ. ɉɪɢ ɜɨɫɫɬɚɧɨɜɥɟɧɢɢ ɷɬɨɝɨ 

ɫɨɟɞɢɧɟɧɢɹ ɝɢɞɪɢɞɨɦ ɥɢɬɢɹ ɜ ɞɢɷɬɢɥɨɜɨɦ ɷɮɢɪɟ ɨɛɪɚɡɭɟɬɫɹ ɞɢɛɨɪɚɧ B2H6 

(ɪɟɚɤɰɢɹ 11). 

ɉɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɛɨɪɧɨɣ ɤɢɫɥɨɬɵ ɫ ɦɟɬɢɥɨɜɵɦ ɫɩɢɪɬɨɦ (ɪɟɚɤɰɢɹ 3) 

ɩɨɱɬɢ ɤɨɥɢɱɟɫɬɜɟɧɧɨ ɨɛɪɚɡɭɟɬɫɹ ɷɮɢɪ ɛɨɪɧɨɣ ɤɢɫɥɨɬɵ B(OCH3)3 (X3).  

ȼɟɳɟɫɬɜɨ ɏ1 – ɷɬɨ ɛɭɪɚ. ɉɪɢ ɪɚɡɥɨɠɟɧɢɢ ɛɭɪɵ ɩɪɨɢɫɯɨɞɢɬ ɨɬɳɟɩɥɟɧɢɟ 

ɜɫɟɯ ɦɨɥɟɤɭɥ ɜɨɞɵ (ɪɟɚɤɰɢɹ 1), ɚ ɦɚɫɫɨɜɚɹ ɞɨɥɹ ɛɨɪɚ ɜ ɷɬɨɦ ɫɨɟɞɢɧɟɧɢɢ 

ɩɨɡɜɨɥɹɟɬ ɭɫɬɚɧɨɜɢɬɶ ɟɝɨ ɫɨɫɬɚɜ: 

M(X2) = n·M(B) / (B) = n·50,γ07 ɝ/ɦɨɥɶ, ɝɞɟ n – ɱɢɫɥɨ ɚɬɨɦɨɜ ɛɨɪɚ ɜ 

ɮɨɪɦɭɥɶɧɨɣ ɟɞɢɧɢɰɟ. ɉɪɢ  n = 4   M(X2) = 201,23 ɝ/ɦɨɥɶ, ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ 
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Na2B4O7 (ɏ2). ɉɨɬɟɪɹ ɦɚɫɫɵ ɫɨɫɬɚɜɥɹɟɬ M(X2)· / (1–) = 180 ɝ/ɦɨɥɶ, ɱɬɨ 

ɫɨɨɬɜɟɬɫɬɜɭɟɬ 10 ɦɨɥɟɤɭɥɚɦ ɜɨɞɵ ɧɚ ɮɨɪɦɭɥɶɧɭɸ ɟɞɢɧɢɰɭ: Na2B4O7·10ɇ2Ɉ 

(ɏ1). 

ɂɬɚɤ: 

ɏ1 ɏ2 ɏ3 ɏ4 ɏ5 ɏ6 ɏ7 ɏ8 ɏ9 ɏ10 

Na2B4O7·10ɇ2Ɉ Na2B4O7 B(OCH3)3 H3BO3 HBF4 B2O3 ȼ NaBF4 B2H6 BF3 

 

ɍɪɚɜɧɟɧɢɹ ɪɟɚɤɰɢɣ: 

1) Na2B4O7·10ɇ2Ɉ => NК2B4O7 + 10H2O 

2) Na2B4O7·10ɇ2Ɉ  + 2HCl => 4H3BO3Ļ + βNКCХ + 5H2O 

3) H3BO3 + 3CH3OH => B(OCH3)3 + 3H2O 

4) H3BO3 + 4HF => HBF4 + 3H2O  

5) 2B(OCH3)3 + 9O2 => B2O3 + 6CO2 + 9H2O 

6) 2 H3BO3=> B2O3 + 3 H2O  

7) B2O3 + 3Mg => 2B + 3MgO 

8) 2HBF4 + Na2CO3 + => 2NaBF4 + CO2 + H2O  

9) 6NaBF4  + B2O3 + 6H2SO4 => 8BF3 + 6NaHSO4 + 3H2O 

10) B2H6 + 3 O2 => B2O3 + 3H2O 

11) 2BF3 + 6LiH => 6LiF + B2H6 
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С̛̭те̥̌ о̶е̛̛̦̦̏̌я: 

ɍɪɚɜɧɟɧɢɹ ɪɟɚɤɰɢɣ 1–11 ɩɨ 1,5 ɛɚɥɥɚ, 16,5 ɛɚɥɥɚ 

Ɋɚɫɱɟɬ ɦɨɥɹɪɧɨɣ ɦɚɫɫɵ (ɏ1, ɏ2, ɏ5, ɏ9 ɢ ɏ10) ɩɨ 0,5 ɛɚɥɥɚ β,5 ɛɚɥɥɚ 

ɇɚɡɜɚɧɢɟ ɦɢɧɟɪɚɥɚ 1 ɛɚɥɥ 

ɂɌɈȽɈ β0 ɛɚɥɥɨɜ 

 

Ɋɟɲɟɧɢɟ ɡɚɞɚɱɢ 10-2 (Ⱥ.ȼ. Ɂɚɞɟɫɟɧɟɰ) 
1. Ɉɤɢɫɥɟɧɢɟ ɚɦɦɢɚɤɚ, ɤɚɬɚɥɢɬɢɱɟɫɤɢɣ ɞɨɠɢɝ ɜɵɯɥɨɩɧɵɯ ɝɚɡɨɜ, 

ɤɚɬɚɥɢɬɢɱɟɫɤɢɣ ɪɢɮɨɪɦɢɧɝ, ɨɪɝɚɧɢɱɟɫɤɢɣ ɫɢɧɬɟɡ 

(ɝɢɞɪɢɪɨɜɚɧɢɟ/ɞɟɝɢɞɪɢɪɨɜɚɧɢɟ, ɢɡɨɦɟɪɢɡɚɰɢɹ, ɨɤɢɫɥɟɧɢɟ) ɢ ɞɪ. 

2. ɋɨɞɟɪɠɚɧɢɟ ɩɥɚɬɢɧɵ ɜ ɫɨɥɢ Ⱥ ɫɨɫɬɚɜɥɹɟɬ 5β,γ0 %. Ɉɬɫɸɞɚ ɦɨɠɧɨ 

ɜɵɱɢɫɥɢɬɶ ɦɨɥɹɪɧɭɸ ɦɚɫɫɭ ɫɨɥɢ Ⱥ: ɆȺ = 195,1/0,5βγ = γ7γ,0 ɝ/ɦɨɥɶ. Ɂɚ ɜɵɱɟɬɨɦ 

ɦɚɫɫɵ ɩɥɚɬɢɧɵ ɢ ɱɟɬɵɪɟɯ ɚɬɨɦɨɜ ɯɥɨɪɚ ɨɫɬɚɟɬɫɹ γ7γ − 195,1 − 4 · 35,45 = 36,1, 

ɱɬɨ ɫ ɯɨɪɨɲɟɣ ɬɨɱɧɨɫɬɶɸ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɞɜɭɦ ɢɨɧɚɦ ɚɦɦɨɧɢɹ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, Ⱥ 

– (NH4)2[PtCl4]. 

Ⱦɥɹ ɡɟɥɟɧɨɣ ɫɨɥɢ Ɇɚɝɧɭɫɚ Ȼ (65,02% Pt) ɩɨɥɭɱɚɟɦ ɆȻ = 195,1 / 0,6502 = 

γ00,1 ɝ/ɦɨɥɶ. Ɂɚ ɜɵɱɟɬɨɦ ɦɚɫɫɵ ɩɥɚɬɢɧɵ ɨɫɬɚɟɬɫɹ γ00,1 − 195,1 = 105. 

ɉɨɫɤɨɥɶɤɭ ɢɡ ɭɫɥɨɜɢɹ ɜɢɞɧɨ, ɱɬɨ ɤɨɨɪɞɢɧɚɰɢɨɧɧɨɟ ɱɢɫɥɨ ɩɥɚɬɢɧɵ (II) ɪɚɜɧɨ 

ɱɟɬɵɪɟɦ, ɧɟɫɥɨɠɧɵɣ ɩɟɪɟɛɨɪ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɧɚ ɨɞɢɧ ɚɬɨɦ ɩɥɚɬɢɧɵ ɜ 

ɤɨɦɩɥɟɤɫɟ ɩɪɢɯɨɞɢɬɫɹ ɞɜɚ ɚɬɨɦɚ ɯɥɨɪɚ ɢ ɞɜɟ ɦɨɥɟɤɭɥɵ ɤɨɨɪɞɢɧɢɪɨɜɚɧɧɨɝɨ 

ɚɦɦɢɚɤɚ. Ɉɞɧɚɤɨ, ɤɨɦɩɥɟɤɫ ДPt(NH3)2Cl2Ж ɹɜɥɹɟɬɫɹ ɧɟ ɡɚɪɹɠɟɧɧɵɦ, ɚ ɜ ɭɫɥɨɜɢɢ 

ɫɤɚɡɚɧɨ, ɱɬɨ ɫɨɥɶ ɫɨɫɬɨɢɬ ɢɡ ɤɨɦɩɥɟɤɫɧɵɯ ɤɚɬɢɨɧɨɜ ɢ ɤɨɦɩɥɟɤɫɧɵɯ ɚɧɢɨɧɨɜ. 

ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɧɟɨɛɯɨɞɢɦɨ ɭɞɜɨɢɬɶ ɩɪɨɫɬɟɣɲɭɸ ɮɨɪɦɭɥɭ, ɨɛɴɟɞɢɧɢɜ 

ɧɟɣɬɪɚɥɶɧɵɟ ɢ ɨɬɪɢɰɚɬɟɥɶɧɨ ɡɚɪɹɠɟɧɧɵɟ ɥɢɝɚɧɞɵ ɜɨɤɪɭɝ ɪɚɡɧɵɯ ɚɬɨɦɨɜ 

ɩɥɚɬɢɧɵ. Ɍɨɝɞɚ ɮɨɪɦɭɥɚ Ȼ – [Pt(NH3)4][PtCl4]. 

ɂɡ ɫɩɨɫɨɛɚ ɩɨɥɭɱɟɧɢɹ ɢ ɩɨɫɥɟɞɭɸɳɟɝɨ ɩɪɟɜɪɚɳɟɧɢɹ ɫɨɥɢ ȼ ɜ 

[Pt(NH3)4](NO3)2 ɨɛɪɚɛɨɬɤɨɣ ɧɢɬɪɚɬɨɦ ɫɟɪɟɛɪɚ ɫɥɟɞɭɟɬ, ɱɬɨ ȼ – [Pt(NH3)4]Cl2. 

ɉɪɨɜɟɪɤɚ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɧɚɲɟ ɩɪɟɞɩɨɥɨɠɟɧɢɟ ɜɟɪɧɨ: 195,1/γγ4,1 = 0,5840. 

ɂɬɚɤ, Ⱥ – (NH4)2[PtCl4], Ȼ – [Pt(NH3)4][PtCl4], ȼ – [Pt(NH3)4]Cl2. 
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ɍɪɚɜɧɟɧɢɹ ɪɟɚɤɰɢɣ: 

2(NH4)2[PtCl6] + N2H6Cl2 ĺ β(NH4)2[PtCl4] + N2 + 6HCl; 

2(NH4)2[PtCl4] + 4NH3 ĺ ДPt(NH3)4][PtCl4] + 4NH4Cl; 

[Pt(NH3)4][PtCl4] + 4NH3 ĺ βДPt(NH3)4]Cl2; 

[Pt(NH3)4]Cl2 + 2AgNO3 ĺ ДPt(NH3)4](NO3)2 + 2AgCl. 

3.  

1) NH4
+
 + NO2

−
 ĺ N2 + 2H2O. 

β) Ⱦɨɩɭɫɬɢɦɵ ɬɪɢ ɜɚɪɢɚɧɬɚ ɩɪɟɞɫɬɚɜɥɟɧɢɹ: 

ɩɨɥɧɵɣ: 3[PtCl6]
β−

 + 6NO2
−
 + 2H2O ĺ γДPtCХ4]

β−
 + 6Cl

−
 + 4NO3

−
 + 2NO + 4H

+
. 

ɭɩɪɨɳɟɧɧɵɣ: Pt
4+

 + NO2
−
 + H2O ĺ Pt2+

 + NO3
−
 + 2H

+
. 

ɩɨɫɬɚɞɢɣɧɵɣ: Pt
4+

 + 2NO2
−
 ĺ Pt2+

 + 2NO2,  3NO2 + H2O ĺ βNO3
−
 + NO + 2H

+
. 

3) [PtCl4]
β−

+ 4NO2
−
 ĺ ДPt(NO2)4]

β−
 + 4Cl

−
. 

4) 2H
+
 + 3NO2

−
 ĺ βNO + NO3

−
 + H2O ɢɥɢ ɩɨɫɬɚɞɢɣɧɨ 

H
+
 + NO2

−
 ĺ HNO2, ɚ ɡɚɬɟɦ 3HNO2 ĺ βNO + H+

 + NO3
−
 + H2O. 

4. Ƚ – Na2[Pt(NO2)4] Ⱦ – [Pt(NH3)2(NO2)2]  

Na2[Pt(NO2)4] + 2NH3 ĺ ДPt(NH3)2(NO2)2] + 2NaNO2 

5. 

 

 ɚ ɛ = Ⱦ ɜ ɝ  

ɇɢɬɪɢɬ-ɢɨɧ ɦɨɠɟɬ ɤɨɨɪɞɢɧɢɪɨɜɚɬɶɫɹ ɤ ɢɨɧɚɦ ɩɟɪɟɯɨɞɧɵɯ ɦɟɬɚɥɥɨɜ ɤɚɤ 

ɚɬɨɦɨɦ ɚɡɨɬɚ (ɧɢɬɪɨɤɨɦɩɥɟɤɫɵ), ɬɚɤ ɢ ɚɬɨɦɨɦ ɤɢɫɥɨɪɨɞɚ (ɧɢɬɪɢɬɨɤɨɦɩɥɟɤɫɵ). 

ȼɬɨɪɨɣ ɜɚɪɢɚɧɬ ɪɟɚɥɢɡɭɟɬɫɹ ɝɨɪɚɡɞɨ ɪɟɠɟ, ɩɪɢɱɟɦ ɷɬɨ ɜɨɡɦɨɠɧɨ ɬɨɥɶɤɨ ɜ 

ɤɢɫɥɨɣ ɫɪɟɞɟ. ɉɨɷɬɨɦɭ ɜɚɪɢɚɧɬɵ ɜ) ɢ ɝ) ɦɨɠɧɨ ɨɬɛɪɨɫɢɬɶ.  

ɉɨɫɤɨɥɶɤɭ ɤɨɨɪɞɢɧɢɪɨɜɚɧɧɵɣ ɧɢɬɪɢɬ-ɢɨɧ ɨɛɥɚɞɚɟɬ ɡɧɚɱɢɬɟɥɶɧɨ ɛɨɥɟɟ 

ɫɢɥɶɧɵɦ ɬɪɚɧɫɜɥɢɹɧɢɟɦ, ɱɟɦ ɦɨɥɟɤɭɥɚ ɤɨɨɪɞɢɧɢɪɨɜɚɧɧɨɝɨ ɚɦɦɢɚɤɚ, ɧɚ ɷɬɨɦ 

ɩɭɬɢ ɩɨɥɭɱɚɟɬɫɹ ɰɢɫ-ɢɡɨɦɟɪ, ɬ. ɟ. ɤɨɦɩɥɟɤɫ ɛ). 

6. [Pt(NH3)2(NO2)2] + 2NH4NO3 +2NH3 ĺ ДPt(NH3)4](NO3)2 + 2N2 + 4H2O 

7. [Pt(NH3)4](NO3)2 ĺ Pt + γN2 + 6H2O  
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ɋɢɫɬɟɦɚ ɨɰɟɧɢɜɚɧɢɹ: 

1. β ɩɪɢɦɟɪɚ ɢ ɛɨɥɟɟ 1 ɛɚɥɥ 

1 ɩɪɢɦɟɪ – 0,5 ɛɚɥɥɚ 

1 ɛɚɥɥ 

2. Ɏɨɪɦɭɥɵ ɫɨɟɞɢɧɟɧɢɣ Ⱥ–ȼ ɩɨ 1 ɛɚɥɥɭ 

ɍɪɚɜɧɟɧɢɹ ɫɯɟɦɵ 1 (4 ɲɬ) ɩɨ 1 ɛɚɥɥɭ 

7 ɛɚɥɥɨɜ 

3. ɍɪɚɜɧɟɧɢɹ, ɢɥɥɸɫɬɪɢɪɭɸɳɢɟ ɮɭɧɤɰɢɢ ɧɢɬɪɢɬɚ ɧɚɬɪɢɹ 

(4 ɲɬ) ɩɨ 1 ɛɚɥɥɭ 

4 ɛɚɥɥɚ 

4. Ɏɨɪɦɭɥɵ ɫɨɟɞɢɧɟɧɢɣ Ƚ ɢ Ⱦ ɩɨ 1 ɛɚɥɥɭ 

ɍɪɚɜɧɟɧɢɟ ɪɟɚɤɰɢɢ Ƚ ĺ Ⱦ – 1 ɛɚɥɥ 

γ ɛɚɥɥɚ 

5. ɋɬɪɭɤɬɭɪɧɵɟ ɮɨɪɦɭɥɵ ɚ) – ɝ) ɩɨ 0,5 ɛɚɥɥɨɜ 

ɍɤɚɡɚɧɢɟ ɧɚ ɫɬɪɭɤɬɭɪɭ ɛ) – 1 ɛɚɥɥ 

γ ɛɚɥɥɚ 

6. ɍɪɚɜɧɟɧɢɟ ɪɟɚɤɰɢɢ Ⱦ ĺ [Pt(NH3)4](NO3)2 1 ɛɚɥɥ 

7. ɍɪɚɜɧɟɧɢɟ ɪɟɚɤɰɢɢ ɪɚɡɥɨɠɟɧɢɹ ДPt(NH3)4](NO3)2 1 ɛɚɥɥ 

 ɂɌɈȽɈ: 20 ɛɚɥɥɨɜ 

 

Ɋɟɲɟɧɢɟ ɡɚɞɚɱɢ 10-3 (Ⱥ.Ⱥ. Ⱦɪɨɡɞɨɜ, Ɇ.ɇ. Ⱥɧɞɪɟɟɜ) 
Ɍɜɟɪɞɵɟ ɛɢɧɚɪɧɵɟ ɫɨɟɞɢɧɟɧɢɹ ɩɪɨɪɟɚɝɢɪɨɜɚɥɢ ɫ ɜɨɞɨɣ ɛɟɡ ɜɵɞɟɥɟɧɢɹ ɝɚɡɚ. 

Ʌɨɝɢɱɧɨ ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ ɷɬɨ ɨɤɫɢɞɵ ɢɥɢ ɝɚɥɨɝɟɧɢɞɵ, ɬɚɤ ɤɚɤ ɫɨɞɟɪɠɚɬ ɜ 

ɫɜɨɟɦ ɫɨɫɬɚɜɟ ɨɞɢɧ ɢ ɬɨɬ ɠɟ ɷɥɟɦɟɧɬ Z. Ɉɫɬɚɧɨɜɢɦɫɹ ɧɚ ɨɤɫɢɞɚɯ. 

ɉɭɫɬɶ ɢɯ ɮɨɪɦɭɥɵ A
a+

Oa/2 ɢ B
b+

Ob/2 ɬɨɝɞɚ ɢɡ ɡɚɤɨɧɚ ɤɪɚɬɧɵɯ ɨɬɧɨɲɟɧɢɣ 

ɧɚɣɞɟɦ:  

52/A : 48/16 = 1 : a/β ɢɥɢ A = 8,67a ɢ 56,γ6/B : 43,64/16 = 1 : b/β ɢɥɢ B = 10,γγb 

a A  ɰɜɟɬ b B  ɰɜɟɬ 

1 8,67 Be ?  1 10,33 B ?  

2 17,33 -  2 20,66 Ne ?  

3 26,00 -  3 31,00 P ! ɛɟɥɵɣ 

4 34,67 Cl ?  4 41,33 -  

5 43,33 -  5 51,66 Cr ?  

6 52,00 Cr ! ɤɪɚɫɧɵɣ 6 61,99 -  

7 60,67 -  7 72,32 Ge ?  
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Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɩɨɥɭɱɢɦ, ɱɬɨ X – ɷɬɨ ɨɤɫɢɞ ɯɪɨɦɚ (VI), Y – ɷɬɨ ɨɤɫɢɞ 

ɮɨɫɮɨɪɚ (III), 

Z – ɤɢɫɥɨɪɨɞ. 

ɉɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɷɬɢɯ ɜɟɳɟɫɬɜ ɫ ɜɨɞɨɣ ɨɛɪɚɡɭɸɬɫɹ ɤɢɫɥɨɬɵ: ɯɪɨɦɨɜɚɹ 

(H2CrO4) ɢ ɮɨɫɮɨɪɢɫɬɚɹ (H3PO3 – ɞɜɭɯɨɫɧɨɜɧɚɹ ɤɢɫɥɨɬɚ). ɉɪɢ ɩɪɢɥɢɜɚɧɢɢ 

ɪɚɫɬɜɨɪɚ ɯɪɨɦɨɜɨɣ ɤɢɫɥɨɬɵ ɤ ɮɨɫɮɨɪɢɫɬɨɣ ɤɢɫɥɨɬɟ ɨɛɪɚɡɭɟɬɫɹ ɤɨɦɩɥɟɤɫɧɚɹ 

ɤɢɫɥɨɬɚ. Ɏɨɪɦɭɥɭ ɟɟ ɚɧɢɨɧɚ ɦɨɠɧɨ ɭɫɬɚɧɨɜɢɬɶ ɢɡ ɪɚɫɱɟɬɚ ɦɚɝɧɢɟɜɨɣ ɫɨɥɢ. 

Ɏɨɪɦɭɥɭ ɤɨɦɩɥɟɤɫɧɨɣ ɫɨɥɢ ɮɨɪɦɚɥɶɧɨ ɦɨɠɧɨ ɩɪɟɞɫɬɚɜɢɬɶ ɜ ɜɢɞɟ ɤɨɦɛɢɧɚɰɢɣ 

ɨɤɫɢɞɨɜ, ɤɚɤ ɷɬɨ ɩɪɢɧɹɬɨ ɜ ɯɢɦɢɱɟɫɤɨɣ ɬɟɯɧɨɥɨɝɢɢ: MgO·Cr2O3·P2O3·H2O  

ν(Mg) : ν(O) = 10,98/24 : 43,90/16 = 0,4575 : 2,7438 = 1 : 6, ɚ ɫɨɨɬɧɨɲɟɧɢɟ 

ν(P) : ν(O) = 1 : γ (ɢɡ ɮɨɫɮɨɪɢɫɬɨɣ ɤɢɫɥɨɬɵ). 

ɂɫɩɨɥɶɡɭɹ ɦɚɫɫɨɜɵɟ ɞɨɥɢ ɤɢɫɥɨɪɨɞɚ ɢ ɦɚɝɧɢɹ ɧɚɣɞɟɦ ɫɨɨɬɧɨɲɟɧɢɟ 

ν(Mg) : ν(Cr) : ν(P) : ν(H) = 3 : 2 : 6 : 6,  ɢɥɢ γMgO·Cr2O3·γP2O3·γH2O, ɱɬɨ 

ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɢɫɤɨɦɨɣ ɤɨɦɩɥɟɤɫɧɨɣ ɫɨɥɢ Mg3[Cr(HPO3)3]2.  

ɂɫɯɨɞɧɨɟ ɩɪɞɟɩɨɥɨɠɟɧɢɟ ɨ ɬɨɦ, ɱɬɨ ɬɜɟɪɞɵɟ ɛɢɧɚɪɧɵɟ ɫɨɟɞɢɧɟɧɢɹ 

ɹɜɥɹɥɢɫɶ ɧɟ ɨɤɫɢɞɚɦɢ, ɚ ɝɚɥɨɝɟɧɢɞɚɦɢ, ɧɟ ɧɚɯɨɞɢɬ ɩɨɞɬɜɟɪɠɞɟɧɢɹ ɜ ɪɚɫɱɟɬɚɯ. 

1)CrO3 + H2O = H2CrO4 

2)P2O3 + 3H2O = 2H3PO3 

3)2H2CrO4+9H3PO3 + H2O = 2H3[Cr(HPO3)3]·6H2O +3H3PO4 

4)2H3[Cr(HPO3)3]+3Mg = 3H2 + Mg3[Cr(HPO3)3]2 

5)Mg3[Cr(HPO3)3]2 + 6H2O + 6Br2 = 3MgBr2 + 2CrBr3 + 6H3PO4 

6)Mg3[Cr(HPO3)3]2 + 18HNO3(ɤɨɧɰ) = 3Mg(NO3)2 + 2Cr(NO3)3 + 6H3PO4 + 

6NO2 

ɋɢɫɬɟɦɚ ɨɰɟɧɢɜɚɧɢɹ: 

Ɉɛɨɫɧɨɜɚɧɢɟ ɷɥɟɦɟɧɬɚ Z 1 ɛɚɥɥ 

Ɉɩɪɟɞɟɥɟɧɢɟ X ɢ Y ɩɨ β ɛɚɥɥɚ 4 ɛɚɥɥɨɜ 

Ɉɩɪɟɞɟɥɟɧɢɟ M, N, O ɩɨ β ɛɚɥɥɚ 6 ɛɚɥɥɨɜ 

6 ɭɪɚɜɧɟɧɢɣ ɪɟɚɤɰɢɣ ɩɨ 1,5 ɛɚɥɥɚ 9 ɛɚɥɥɨɜ 

ɂɌɈȽɈ: 20 ɛɚɥɥɨɜ 
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Ɋɟɲɟɧɢɟ ɡɚɞɚɱɢ 10-4 (ɏ.Ȼ. Ɍɭɯɬɚɟɜ): 
1. Ɇɨɠɧɨ ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɏ ɫ ɫɨɥɹɧɨɣ ɤɢɫɥɨɬɨɣ 

ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɪɟɚɤɰɢɸ ɨɛɦɟɧɚ, ɬɨ ɟɫɬɶ Y – ɯɥɨɪɢɞ ɦɟɬɚɥɥɚ. Ɍɨɝɞɚ ɟɫɥɢ 

ɦɟɬɚɥɥ ɨɞɧɨɜɚɥɟɧɬɧɵɣ, ɬɨ ɦɨɥɟɤɭɥɹɪɧɚɹ ɦɚɫɫɚ ɯɥɨɪɢɞɚ ɞɨɥɠɧɚ ɛɵɬɶ ɪɚɜɧɚ 

γ5.5/0.40 = 88.75, ɚ ɚɬɨɦɧɚɹ ɦɚɫɫɚ ɦɟɬɚɥɥɚ 5γ.β5. Ⱦɥɹ ɫɨɥɢ ɫɨɫɬɚɜɚ MCl2 ɚɬɨɦɧɚɹ 

ɦɚɫɫɚ ɦɟɬɚɥɥɚ ɪɚɜɧɚ 106.5, ɞɥɹ MCl3 – 159.75, ɞɥɹ MCl4 – β1γ. ȼɢɞɧɨ, ɱɬɨ 

ɟɞɢɧɫɬɜɟɧɧɵɦ ɜɨɡɦɨɠɧɵɦ ɪɟɲɟɧɢɟɦ ɹɜɥɹɟɬɫɹ ɩɚɥɥɚɞɢɣ (ɚɬɨɦɧɚɹ ɦɚɫɫɚ 106.4), 

ɬɨ ɟɫɬɶ Y – PdCl2. Эɬɨ ɫɨɝɥɚɫɭɟɬɫɹ ɫ ɬɟɦ, ɱɬɨ ɫɨɥɶ ɏ ɹɜɥɹɟɬɫɹ ɤɚɬɚɥɢɡɚɬɨɪɨɦ 

ɪɟɚɤɰɢɣ ɤɪɨɫɫ-ɫɨɱɟɬɚɧɢɹ, ɩɨɫɤɨɥɶɤɭ ɷɬɢ ɪɟɚɤɰɢɢ ɤɚɬɚɥɢɡɢɪɭɸɬɫɹ 

ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɤɨɦɩɥɟɤɫɚɦɢ ɦɟɬɚɥɥɨɜ ɩɥɚɬɢɧɨɜɨɣ ɝɪɭɩɩɵ, ɜ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ 

ɩɚɥɥɚɞɢɹ. Ɍɨɝɞɚ ɦɨɥɟɤɭɥɹɪɧɚɹ ɦɚɫɫɚ ɫɨɥɢ ɏ ɪɚɜɧɚ 106.4/0.474 = ββ4.47  224.4. 

ɉɨɫɤɨɥɶɤɭ ɦɵ ɩɨɥɚɝɚɟɦ, ɱɬɨ ɩɪɨɢɡɨɲɥɚ ɪɟɚɤɰɢɹ ɨɛɦɟɧɚ, ɬɨ ɫɨɥɶ ɏ ɢɦɟɟɬ 

ɮɨɪɦɭɥɭ Pd(RCO2)2. Ɍɨɝɞɚ ɧɚ ɨɞɢɧ ɚɧɢɨɧ RCO2
-
 ɩɪɢɯɨɞɢɬɫɹ 59 ɚ. ɟ. ɦ. Ʌɟɝɤɨ 

ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ, ɱɬɨ ɷɬɨ – ɚɰɟɬɚɬ-ɢɨɧ, ɬɨ ɟɫɬɶ ɏ – Pd(OAc)2. 

2. Ɉɩɪɟɞɟɥɟɧɢɟ ɨɤɢɫɢ ɭɝɥɟɪɨɞɚ ɨɫɧɨɜɚɧɨ, ɨɱɟɜɢɞɧɨ, ɧɚ ɜɨɫɫɬɚɧɨɜɥɟɧɢɢ 

ɩɚɥɥɚɞɢɹ ɢɡ ɟɝɨ ɯɥɨɪɢɞɚ ɞɟɣɫɬɜɢɟɦ ɋɈ. Ɍɨɝɞɚ ɦɵ ɦɨɠɟɦ ɧɚɩɢɫɚɬɶ: 

PdCl2 + CO + H2O = Pd  + CO2 + 2 HCl 

3. Ʉɨɨɪɞɢɧɚɰɢɨɧɧɨɟ ɱɢɫɥɨ ɩɚɥɥɚɞɢɹ ɪɚɜɧɨ 4. ɂɨɧ ɩɚɥɥɚɞɢɹ ɜ ɚɰɟɬɚɬɟ 

ɢɦɟɟɬ ɤɜɚɞɪɚɬɧɨ-ɩɥɚɧɚɪɧɨɟ ɨɤɪɭɠɟɧɢɟ. ɍɱɢɬɵɜɚɹ ɜɫё ɷɬɨ, ɫɬɪɭɤɬɭɪɭ Pd3(OAc)6 

ɦɨɠɧɨ ɧɚɪɢɫɨɜɚɬɶ ɬɚɤ: 

, ɝɞɟ , ɚ  

4. ɉɨ ɫɨɞɟɪɠɚɧɢɸ ɛɪɨɦɚ ɜ ɬɟɬɪɚɛɪɨɦɢɞɟ Ⱥ ɪɚɫɫɱɢɬɵɜɚɟɦ ɟɝɨ 

ɦɨɥɟɤɭɥɹɪɧɭɸ ɦɚɫɫɭ. 804/0.615 = 5β0. Ɍɨ ɟɫɬɶ ɧɚ ɋ ɢ ɇ (Ⱥ – ɩɪɨɢɡɜɨɞɧɨɟ 

ɭɝɥɟɜɨɞɨɪɨɞɚ) ɨɫɬɚёɬɫɹ (5β0 – 320) = 200 ɚ. ɟ. ɦ. Ʉɨɥɢɱɟɫɬɜɨ ɚɬɨɦɨɜ ɭɝɥɟɪɨɞɚ ɜ 

Ⱥ ɤɪɚɬɧɨ ɱɟɬɵɪёɦ. Ɍɨ ɟɫɬɶ ɧɚ ɭɝɥɟɪɨɞ ɩɪɢɯɨɞɢɬɫɹ (48n) ɚ. ɟ. ɦ. ȿɞɢɧɫɬɜɟɧɧɨ 
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ɜɨɡɦɨɠɧɚɹ ɦɨɥɟɤɭɥɹɪɧɚɹ ɮɨɪɦɭɥɚ ɞɥɹ Ⱥ: ɋ16ɇ8Br4. 

5. ɋɨɟɞɢɧɟɧɢɟ Ⱥ – ɩɪɨɢɡɜɨɞɧɨɟ ɭɝɥɟɜɨɞɨɪɨɞɚ ɤɥɚɫɫɚ ɰɢɤɥɨɮɚɧɨɜ. ɇɨ ɞɚɠɟ 

ɟɫɥɢ ɦɵ ɧɟ ɡɧɚɟɦ, ɱɬɨ ɬɚɤɨɟ ɰɢɤɥɨɮɚɧɵ, ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɫɬɪɭɤɬɭɪɭ Ⱥ ɢɡ 

ɢɦɟɸɳɢɯɫɹ ɞɚɧɧɵɯ. ȼɨ-ɩɟɪɜɵɯ, ɜɵɫɨɤɚɹ ɫɬɟɩɟɧɶ ɧɟɧɚɫɵɳɟɧɧɨɫɬɢ Ⱥ ɩɨɡɜɨɥɹɟɬ 

ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ ɷɬɨ ɫɨɟɞɢɧɟɧɢɟ ɫɨɞɟɪɠɢɬ ɞɜɚ ɛɟɧɡɨɥɶɧɵɯ ɰɢɤɥɚ. ɉɨɫɤɨɥɶɤɭ 

ɜ Ⱥ ɥɢɲɶ ɨɞɢɧ ɬɢɩ ɚɬɨɦɨɜ ɜɨɞɨɪɨɞɚ, ɬɨ ɟɫɬɶ ɜɫɟ 8 ɚɬɨɦɨɜ ɜɨɞɨɪɨɞɚ ɨɞɢɧɚɤɨɜɵ, 

ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ ɨɛɚ ɛɟɧɡɨɥɶɧɵɯ ɰɢɤɥɚ ɢɦɟɸɬ ɩɚɪɚ-ɡɚɦɟɳɟɧɢɟ, 

ɩɪɢɱɟɦ ɷɬɢ ɡɚɦɟɫɬɢɬɟɥɢ ɨɞɢɧɚɤɨɜɵ (ɢɧɚɱɟ ɚɬɨɦɵ ɜɨɞɨɪɨɞɚ ɨɞɧɨɝɨ ɰɢɤɥɚ ɛɭɞɭɬ 

ɨɬɥɢɱɚɬɶɫɹ ɨɬ ɚɬɨɦɨɜ ɜɨɞɨɪɨɞɚ ɞɪɭɝɨɝɨ ɰɢɤɥɚ). ɇɨ ɬɨɝɞɚ ɧɚ ɜɫɟ 4 ɡɚɦɟɫɬɢɬɟɥɹ 

ɩɪɢɯɨɞɢɬɫɹ 4 ɚɬɨɦɚ ɭɝɥɟɪɨɞɚ ɢ 4 ɚɬɨɦɚ ɛɪɨɦɚ. Эɬɨ ɜɨɡɦɨɠɧɨ ɬɨɥɶɤɨ ɜ ɨɞɧɨɦ 

ɫɥɭɱɚɟ: ɤɚɠɞɨɟ ɢɡ ɩɚɪɚ-ɩɨɥɨɠɟɧɢɣ ɨɞɧɨɝɨ ɛɟɧɡɨɥɶɧɨɝɨ ɰɢɤɥɚ ɫɜɹɡɚɧɨ ɫ 

ɮɪɚɝɦɟɧɬɨɦ ɋBr, ɫɨɟɞɢɧёɧɧɵɣ ɞɜɨɣɧɨɣ ɫɜɹɡɶɸ ɫ ɞɪɭɝɢɦ ɮɪɚɝɦɟɧɬɨɦ ɋBr ɢɡ 

ɞɪɭɝɨɝɨ ɰɢɤɥɚ. Ⱦɟɣɫɬɜɢɬɟɥɶɧɨ, ɜ ɬɚɤɨɣ ɦɨɥɟɤɭɥɟ 4 ɡɚɦɟɳɟɧɧɵɯ ɚɬɨɦɚ ɭɝɥɟɪɨɞɚ 

ɛɟɧɡɨɥɶɧɵɯ ɰɢɤɥɨɜ ɷɤɜɢɜɚɥɟɧɬɵ (ɩɟɪɜɵɣ ɬɢɩ ɚɬɨɦɨɜ ɭɝɥɟɪɨɞɚ), 4 ɚɬɨɦɚ 

ɭɝɥɟɪɨɞɚ ɮɪɚɝɦɟɧɬɨɜ BrC=CBr ɷɤɜɢɜɚɥɟɧɬɧɵ (ɜɬɨɪɨɣ ɬɢɩ ɚɬɨɦɨɜ ɭɝɥɟɪɨɞɚ) ɢ 8 

ɧɟɡɚɦɟɳёɧɧɵɯ ɚɬɨɦɨɜ ɭɝɥɟɪɨɞɚ ɞɜɭɯ ɛɟɧɡɨɥɶɧɵɯ ɰɢɤɥɨɜ ɬɨɠɟ ɷɤɜɢɜɚɥɟɧɬɧɵ 

(ɬɪɟɬɢɣ ɬɢɩ ɚɬɨɦɨɜ ɭɝɥɟɪɨɞɚ). Ɉɤɢɫɥɟɧɢɟ ɨɞɧɨɣ ɦɨɥɟɤɭɥɵ ɬɚɤɨɝɨ ɫɨɟɞɢɧɟɧɢɹ 

ɞɨɥɠɧɨ ɩɪɢɜɨɞɢɬɶ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɞɜɭɯ ɦɨɥɟɤɭɥ ɬɟɪɟɮɬɚɥɟɜɨɣ (ɛɟɧɡɨɥ-1,4-

ɞɢɤɚɪɛɨɧɨɜɨɣ) ɤɢɫɥɨɬɵ, ɤɨɬɨɪɚɹ ɞɟɣɫɬɜɢɬɟɥɶɧɨ ɫɨɞɟɪɠɢɬ ɞɜɚ ɬɢɩɚ ɚɬɨɦɨɜ 

ɜɨɞɨɪɨɞɚ ɜ ɫɨɨɬɧɨɲɟɧɢɢ β:1. ɇɚ ɧɟɣɬɪɚɥɢɡɚɰɢɸ 0.008 ɦɨɥɶ (1.γβ8/166) 

ɬɟɪɟɮɬɚɥɟɜɨɣ ɤɢɫɥɨɬɵ ɬɪɟɛɭɟɬɫɹ 0.016 ɦɨɥɶ KOH. Ɋɚɫɱёɬ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɛɵɥɨ 

ɢɫɩɨɥɶɡɨɜɚɧɨ ɢɦɟɧɧɨ 17.15·1.045·0.05/56 = 0.016 ɦɨɥɶ KOH.  

ɂɡ ɭɫɥɨɜɢɹ ɡɚɞɚɱɢ ɩɨɧɹɬɧɨ, ɱɬɨ ɚɰɟɬɚɬ ɩɚɥɥɚɞɢɹ ɤɚɬɚɥɢɡɢɪɭɟɬ 

ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɦɟɠɞɭ Ⱥ ɢ ɫɬɢɪɨɥɨɦ ɩɨ ɪɟɚɤɰɢɢ ɏɟɤɚ. Эɬɨ ɩɨɡɜɨɥɹɟɬ ɧɚɩɢɫɚɬɶ 

ɫɬɪɭɤɬɭɪɧɭɸ ɮɨɪɦɭɥɭ ȼ. ɉɪɢ ɧɚɝɪɟɜɚɧɢɢ ȼ ɫ ɫɟɪɨɣ ɨɛɪɚɡɭɟɬɫɹ ɫɨɟɞɢɧɟɧɢɟ ɋ, 

ɤɨɬɨɪɨɟ ɧɟ ɞɚɟɬ ɩɪɨɞɭɤɬɨɜ ɩɪɢɫɨɟɞɢɧɟɧɢɹ ɩɪɢ ɪɟɚɤɰɢɢ ɫ ɛɪɨɦɨɦ, ɚ ɞɚɟɬ 

ɢɫɤɥɸɱɢɬɟɥɶɧɨ ɩɪɨɞɭɤɬɵ ɡɚɦɟɳɟɧɢɹ. Эɬɨ ɩɨɡɜɨɥɹɟɬ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ 

ɝɟɤɫɚɬɪɢɟɧɨɜɵɣ ɮɪɚɝɦɟɧɬ ɜ ɋ ɩɪɟɜɪɚɬɢɥɫɹ ɜ ɟɳɟ ɨɞɢɧ ɛɟɧɡɨɥɶɧɵɣ ɰɢɤɥ 

(ɪɟɚɤɰɢɹ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɨɬɳɟɩɥɟɧɢɟɦ ɜɨɞɨɪɨɞɚ, ɞɥɹ ɱɟɝɨ ɤ ȼ ɢ ɞɨɛɚɜɥɹɥɢ 

ɫɟɪɭ). Ɍɟɩɟɪɶ ɦɨɠɧɨ ɧɚɩɢɫɚɬɶ ɜɫɟ ɫɨɟɞɢɧɟɧɢɹ A–D. 
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ɋɢɫɬɟɦɚ ɨɰɟɧɢɜɚɧɢɹ: 

ɋɨɥɢ ɏ ɢ Y – ɩɨ β ɛɚɥɥɚ 4 ɛɚɥɥɚ 

ɍɪɚɜɧɟɧɢɟ ɪɟɚɤɰɢɢ β ɛɚɥɥɚ 

ɉɪɨɫɬɪɚɧɫɬɜɟɧɧɨɟ ɫɬɪɨɟɧɢɟ ɬɪɢɦɟɪɚ ɏ γ ɛɚɥɥɚ 

Ɋɚɫɱёɬ ɦɨɥɟɤɭɥɹɪɧɨɣ ɮɨɪɦɭɥɵ Ⱥ β ɛɚɥɥɚ 

ɋɬɪɭɤɬɭɪɧɵɟ ɮɨɪɦɭɥɵ A, B, D – ɩɨ β ɛɚɥɥɚ 

ɫɬɪɭɤɬɭɪɧɚɹ ɮɨɪɦɭɥɚ C – γ ɛɚɥɥɚ 

9 ɛɚɥɥɨɜ 

ɂɌɈȽɈ: 20 ɛɚɥɥɨɜ 

 

Ɋɟɲɟɧɢɟ ɡɚɞɚɱɢ 10-5 (ɋ.ɂ. Ʉɚɪɝɨɜ) 
1. Ɉɛɴёɦ ɨɞɧɨɝɨ ɦɨɥɹ ɩɚɥɥɚɞɢɹ ɪɚɜɟɧ 


02.12

4.106
Pd

M
V  8.852 ɫɦ3/ɦɨɥɶ. 

 

ɂɡ ɪɢɫɭɧɤɚ ɜɢɞɧɨ, ɱɬɨ ɨɛɳɟɟ ɱɢɫɥɨ ɚɬɨɦɨɜ ɩɚɥɥɚɞɢɹ ɜ ɷɥɟɦɟɧɬɚɪɧɨɣ ɹɱɟɣɤɟ 

ɪɚɜɧɨ 
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2

1
6   (ɧɚ ɝɪɚɧɹɯ ɤɭɛɚ) + 

8

1
8   (ɜ ɜɟɪɲɢɧɚɯ ɤɭɛɚ) = 4. 

Ɍɨɝɞɚ ɨɛɴёɦ ɷɥɟɦɟɧɬɚɪɧɨɣ ɹɱɟɣɤɢ ɪɚɜɟɧ 

 5.88·10−23
 ɫɦ3

. 

ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɞɥɢɧɚ ɪɟɛɪɚ ɷɥɟɦɟɧɬɚɪɧɨɣ ɹɱɟɣɤɢ ɪɚɜɧɚ 

 3
ɹɱVa  γ.89·10−8

 ɫɦ = γ89 ɩɦ. 

ɂɡ ɪɢɫɭɧɤɚ ɜɢɞɧɨ, ɱɬɨ ɞɢɚɝɨɧɚɥɶ ɝɪɚɧɢ ɤɭɛɚ b = 4r. ɉɨ ɬɟɨɪɟɦɟ ɉɢɮɚɝɨɪɚ 

222 aab  , 

ɢɥɢ 

22 216 ar  , 

ɨɬɤɭɞɚ 


22

a
r  138 ɩɦ. 

 

2. ɋɚɦɵɟ ɛɨɥɶɲɢɟ ɩɭɫɬɨɬɵ ɜ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɪɟɲёɬɤɟ ɩɚɥɥɚɞɢɹ ɪɚɫɩɨɥɨɠɟɧɵ 

ɜ ɰɟɧɬɪɟ ɤɭɛɚ ɢ ɜ ɫɟɪɟɞɢɧɚɯ ɟɝɨ ɪёɛɟɪ. (Ʉɚɠɞɚɹ ɢɡ ɷɬɢɯ ɩɭɫɬɨɬ ɨɤɪɭɠɟɧɚ 

ɲɟɫɬɶɸ ɚɬɨɦɚɦɢ ɩɚɥɥɚɞɢɹ, ɡɚɧɢɦɚɸɳɢɦɢ ɦɟɫɬɚ ɜ ɜɟɪɲɢɧɚɯ ɩɪɚɜɢɥɶɧɨɝɨ 

ɨɤɬɚɷɞɪɚ, ɩɨɷɬɨɦɭ ɨɧɢ ɧɚɡɵɜɚɸɬɫɹ ɨɤɬɚɷɞɪɢɱɟɫɤɢɦɢ ɩɭɫɬɨɬɚɦɢ). 

 

ɂɡ ɪɢɫɭɧɤɚ ɜɢɞɧɨ, ɱɬɨ ɦɚɤɫɢɦɚɥɶɧɵɣ ɪɚɞɢɭɫ ɚɬɨɦɚ, ɤɨɬɨɪɵɣ ɦɨɠɟɬ ɩɨɦɟɫɬɢɬɶɫɹ 

ɜ ɷɬɢ ɩɭɫɬɨɬɵ, ɪɚɜɟɧ 


2

1382389

2

2ra
rm  57 ɩɦ. 

 

Pd
ɹɱ 23

A

8.852
4 4

6.02 10

V
V

N
    
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3. ɂɫɯɨɞɹ ɢɡ ɪɚɡɦɟɪɚ ɩɭɫɬɨɬ, ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ ɜɨɞɨɪɨɞ ɧɚɯɨɞɢɬɫɹ ɜ 

ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɪɟɲёɬɤɟ ɩɚɥɥɚɞɢɹ ɜ ɜɢɞɟ ɚɬɨɦɨɜ, ɩɨɫɤɨɥɶɤɭ ɦɨɥɟɤɭɥɹɪɧɵɣ 

ɜɨɞɨɪɨɞ ɜ ɩɭɫɬɨɬɚɯ ɭɦɟɫɬɢɬɶɫɹ ɧɟ ɦɨɠɟɬ. 

4. Ɉɛɳɟɟ ɱɢɫɥɨ ɨɤɬɚɷɞɪɢɱɟɫɤɢɯ ɩɭɫɬɨɬ ɜ ɷɥɟɦɟɧɬɚɪɧɨɣ ɹɱɟɣɤɟ ɩɚɥɥɚɞɢɹ ɪɚɜɧɨ 

1 (ɜ ɰɟɧɬɪɟ ɤɭɛɚ) + 
4

1
12   (ɜ ɫɟɪɟɞɢɧɚɯ ɪёɛɟɪ) = 4. 

ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɦɚɤɫɢɦɚɥɶɧɨɟ ɱɢɫɥɨ ɚɬɨɦɨɜ ɜɨɞɨɪɨɞɚ, ɤɨɬɨɪɨɟ ɦɨɠɟɬ 

ɩɨɦɟɫɬɢɬɶɫɹ ɜ ɷɥɟɦɟɧɬɚɪɧɨɣ ɤɭɛɢɱɟɫɤɨɣ ɹɱɟɣɤɟ ɩɚɥɥɚɞɢɹ, ɪɚɜɧɨ 4. 

5. ɂɡ ɩɭɧɤɬɨɜ 1 ɢ 4 ɫɥɟɞɭɟɬ, ɱɬɨ ɜ 1 ɦɨɥɶ ɬɜёɪɞɨɝɨ ɩɚɥɥɚɞɢɹ ɬɟɨɪɟɬɢɱɟɫɤɢ ɦɨɠɟɬ 

ɦɚɤɫɢɦɚɥɶɧɨ ɪɚɫɬɜɨɪɢɬɶɫɹ 1 ɦɨɥɶ ɚɬɨɦɚɪɧɨɝɨ ɜɨɞɨɪɨɞɚ, ɢɥɢ 0.5 ɦɨɥɶ 

ɦɨɥɟɤɭɥɹɪɧɨɝɨ ɜɨɞɨɪɨɞɚ. Эɬɨ ɤɨɥɢɱɟɫɬɜɨ ɜɨɞɨɪɨɞɚ ɩɪɢ ɞɚɜɥɟɧɢɢ 1 ɚɬɦ ɢ 

ɬɟɦɩɟɪɚɬɭɪɟ β5 °C ɡɚɧɢɦɚɟɬ ɨɛɴёɦ 


3.101

298314.85.0
2H

p

nRT
V  12.23 ɥ = 1ββγ0 ɫɦ3

. 

Ɍɨɝɞɚ 


8.852

12230

Pd

H2

V

V
1380. 

ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɜ ɨɞɧɨɦ ɨɛɴёɦɟ ɬɜёɪɞɨɝɨ ɩɚɥɥɚɞɢɹ ɬɟɨɪɟɬɢɱɟɫɤɢ ɦɨɠɟɬ 

ɦɚɤɫɢɦɚɥɶɧɨ ɪɚɫɬɜɨɪɢɬɶɫɹ 1γ80 ɨɛɴёɦɨɜ ɝɚɡɨɨɛɪɚɡɧɨɝɨ ɜɨɞɨɪɨɞɚ. 

6. Ɇɟɠɞɭ ɝɚɡɨɨɛɪɚɡɧɵɦ ɜɨɞɨɪɨɞɨɦ ɢ ɜɨɞɨɪɨɞɨɦ, ɪɚɫɬɜɨɪёɧɧɵɦ ɜ ɩɚɥɥɚɞɢɢ, 

ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɪɚɜɧɨɜɟɫɢɟ 

H2 ⇄ 2H (ɪɚɫɬɜɨɪ ɜ Pd). 

Ʉɨɧɫɬɚɧɬɚ ɪɚɜɧɨɜɟɫɢɹ ɷɬɨɣ ɪɟɚɤɰɢɢ 

2H

2
H

p

C
K  , 

ɝɞɟ HC  – ɤɨɧɰɟɧɬɪɚɰɢɹ ɚɬɨɦɚɪɧɨɝɨ ɜɨɞɨɪɨɞɚ ɜ ɦɟɬɚɥɥɟ, 
2Hp  – ɞɚɜɥɟɧɢɟ 

ɝɚɡɨɨɛɪɚɡɧɨɝɨ ɜɨɞɨɪɨɞɚ. Ɍɨɝɞɚ 

2H
2
H pKC  , 

ɨɬɤɭɞɚ 

22 HHH const ppKC  .
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ɋɢɫɬɟɦɚ ɨɰɟɧɢɜɚɧɢɹ: 

1. ɉɨ β ɛɚɥɥɚ ɡɚ ɱɢɫɥɨ ɚɬɨɦɨɜ, ɞɥɢɧɭ ɪɟɛɪɚ ɢ ɪɚɞɢɭɫ ɚɬɨɦɚ 6 ɛɚɥɥɨɜ 

2. Ɋɚɫɱɟɬ ɪɚɡɦɟɪɚ ɩɨɥɨɫɬɢ. Ɂɚ ɜɟɪɧɵɣ ɪɚɫɱёɬ ɫ ɧɟɜɟɪɧɨ ɧɚɣɞɟɧɧɵɦɢ 

ɡɧɚɱɟɧɢɹɦɢ ɢɡ ɩ. 1 – ɩɨɥɧɵɣ ɛɚɥɥ. 

2 ɛɚɥɥɚ 

3. ȼɟɪɧɵɣ ɨɬɜɟɬ – 1 ɛɚɥɥ, ɨɛɴɹɫɧɟɧɢɟ ɚɬɨɦɢɡɚɰɢɢ ɜɨɞɨɪɨɞɚ – 1ɛɚɥɥ 2 ɛɚɥɥɚ 

4. Ɋɚɫɱɟɬ ɱɢɫɥɚ ɚɬɨɦɨɜ ɜɨɞɨɪɨɞɚ  4 ɛɚɥɥɚ 

5. Ɋɚɫɱɟɬ ɦɨɥɶɧɨɝɨ ɨɬɧɨɲɟɧɢɹ – 1ɛɚɥɥ, 

ɪɚɫɱɟɬ ɨɛɴɟɦɚ ɜɨɞɨɪɨɞɚ – 1 ɛɚɥɥ 

Ɂɚ ɜɟɪɧɵɣ ɪɚɫɱёɬ ɫ ɧɟɜɟɪɧɨ ɧɚɣɞɟɧɧɵɦɢ ɡɧɚɱɟɧɢɹɦɢ ɢɡ ɩɩ. 1 ɢ 

4 – ɩɨɥɧɵɣ ɛɚɥɥ 

2 ɛɚɥɥɚ 

6. ȼɵɜɨɞ ɭɪɚɜɧɟɧɢɹ ɡɚɜɢɫɢɦɨɫɬɢ ɤɨɧɰɟɧɬɪɚɰɢɢ ɜɨɞɨɪɨɞɚ ɜ PН 4 ɛɚɥɥɚ 

ɂɌɈȽɈ: 20 ɛɚɥɥɨɜ 
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Ɉɞɢɧɧɚɞɰɚɬɵɣ ɤɥɚɫɫ 

Ɋɟɲɟɧɢɟ ɡɚɞɚɱɢ 11-1 (ȼ. ȼ. Ⱥɩɹɪɢ) 
1) ɂɡ ɭɫɥɨɜɢɣ ɡɚɞɚɱɢ ɹɫɧɨ, ɱɬɨ ɪɚɫɫɦɚɬɪɢɜɚɟɦɚɹ ɫɦɟɫɶ ɫɨɞɟɪɠɢɬ 

ɪɚɫɬɜɨɪɢɦɵɟ ɢ ɧɟɪɚɫɬɜɨɪɢɦɵɟ ɫɨɥɢ ɭɝɨɥɶɧɨɣ ɤɢɫɥɨɬɵ. ȼ ɱɢɫɥɨ ɪɚɫɬɜɨɪɢɦɵɯ 

ɫɨɥɟɣ ɜɯɨɞɹɬ ɤɚɪɛɨɧɚɬɵ ɢ ɝɢɞɪɨɤɚɪɛɨɧɚɬɵ ɳɟɥɨɱɧɵɯ ɦɟɬɚɥɥɨɜ, 

ɝɢɞɪɨɤɚɪɛɨɧɚɬɵ ɦɟɬɚɥɥɨɜ ɢɧɵɯ ɝɪɭɩɩ ɧɟɭɫɬɨɣɱɢɜɵ ɜ ɬɜɟɪɞɨɦ ɜɢɞɟ, ɚ ɢɯ 

ɤɚɪɛɨɧɚɬɵ ɟɫɥɢ ɢ ɫɭɳɟɫɬɜɭɸɬ, ɬɨ ɧɟɪɚɫɬɜɨɪɢɦɵ. Ɉɛɨɡɧɚɱɢɦ ɡɚ x, y ɢ z, 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɤɨɥɢɱɟɫɬɜɚ ɜɟɳɟɫɬɜ, ɨɬɧɨɫɹɳɢɯɫɹ ɤ ɬɪɟɦ ɬɢɩɚɦ – 

ɝɢɞɪɨɤɚɪɛɨɧɚɬɵ, ɪɚɫɬɜɨɪɢɦɵɟ ɤɚɪɛɨɧɚɬɵ, ɧɟɪɚɫɬɜɨɪɢɦɵɟ ɤɚɪɛɨɧɚɬɵ – ɢ 

ɫɨɞɟɪɠɚɳɢɯɫɹ ɜ 0,1 ɝ ɢɫɯɨɞɧɨɣ ɫɦɟɫɢ. 

ɉɪɢ ɬɢɬɪɨɜɚɧɢɢ ɫ ɫɨɥɹɧɨɣ ɤɢɫɥɨɬɨɣ ɪɟɚɝɢɪɭɸɬ ɬɨɥɶɤɨ ɪɚɫɬɜɨɪɢɦɵɟ 

ɫɨɟɞɢɧɟɧɢɹ (ɧɟɪɚɫɬɜɨɪɢɦɵɟ ɤɨɦɩɨɧɟɧɬɵ ɨɬɮɢɥɶɬɪɨɜɵɜɚɸɬ). ɉɪɢ ɷɬɨɦ, 

ɩɨɫɤɨɥɶɤɭ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɦɟɬɢɥɨɜɨɝɨ ɨɪɚɧɠɟɜɨɝɨ ɬɢɬɪɨɜɚɧɢɟ ɩɪɨɬɟɤɚɟɬ ɞɨ 

ɭɝɨɥɶɧɨɣ ɤɢɫɥɨɬɵ, ɝɢɞɪɨɤɚɪɛɨɧɚɬɵ ɪɟɚɝɢɪɭɸɬ ɫ HCl ɜ ɫɨɨɬɧɨɲɟɧɢɢ 1 : 1, ɚ 

ɤɚɪɛɨɧɚɬɵ – 1 : β. ɉɨɷɬɨɦɭ ɤɨɥɢɱɟɫɬɜɨ ɡɚɬɪɚɱɟɧɧɨɣ ɧɚ ɬɢɬɪɨɜɚɧɢɟ HCl ɦɨɠɟɬ 

ɛɵɬɶ ɩɪɟɞɫɬɚɜɥɟɧɨ ɤɚɤ: 12 TTVcyx  , ɝɞɟ ɫɌ – ɤɨɧɰɟɧɬɪɚɰɢɹ ɪɚɫɬɜɨɪɚ ɬɢɬɪɚɧɬɚ, 

VT1 – ɟɝɨ ɨɛɴɟɦ. 

ɉɪɨɤɚɥɢɜɚɧɢɟ ɩɪɢ β00 °ɋ ɩɪɢɜɨɞɢɬ ɤ ɪɚɡɥɨɠɟɧɢɸ ɝɢɞɪɨɤɚɪɛɨɧɚɬɨɜ ɜ 

ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɭɪɚɜɧɟɧɢɟɦ: HCO3
−
 ĺ 1/βCO3

β−
 + 1/2CO2Ĺ + 1/βH2OĹ. 

ȼɫɥɟɞɫɬɜɢɟ ɷɬɨɝɨ ɩɪɨɢɫɯɨɞɢɬ ɭɦɟɧɶɲɟɧɢɟ ɦɚɫɫɵ ɫɦɟɫɢ. ɂɡ ɤɚɠɞɵɯ 0,1 ɝ 

ɢɫɯɨɞɧɨɣ ɫɦɟɫɢ ɩɨɥɭɱɚɟɬɫɹ Д
2

))()((1,0 22

x
COMOHM  Ж ɝɪɚɦɦ ɧɨɜɨɣ. ɇɚ 

ɬɢɬɪɨɜɚɧɢɟ ɧɨɜɨɣ ɫɦɟɫɢ ɬɚɤɨɣ ɦɚɫɫɵ ɩɨɣɞɟɬ y
x

22
2

  ɦɨɥɶ HCl. ɇɨ ɩɨ ɭɫɥɨɜɢɸ 

ɞɥɹ ɬɢɬɪɨɜɚɧɢɹ ɛɟɪɭɬ 0,1 ɝ ɧɟ ɢɫɯɨɞɧɨɣ, ɚ ɧɨɜɨɣ (ɩɨɥɭɱɟɧɧɨɣ ɩɨɫɥɟ 

ɩɪɨɤɚɥɢɜɚɧɢɹ) ɫɦɟɫɢ, ɩɨɷɬɨɦɭ ɤɨɥɢɱɟɫɬɜɨ ɬɢɬɪɚɧɬɚ ɛɭɞɟɬ ɪɚɜɧɨ: 

2
))()((1,0

1,0
)2(

22

2 x
COMOHM

yxVc TT  . ɉɨɞɫɬɚɜɢɜ ɜɦɟɫɬɨ yx 2  ɩɪɨɢɡɜɟɞɟɧɢɟ 

1TTVc , ɩɨɥɭɱɢɦ ɭɪɚɜɧɟɧɢɟ ɫ ɨɞɧɨɣ ɩɟɪɟɦɟɧɧɨɣ, ɨɬɤɭɞɚ x = 0,γ7γ ɦɦɨɥɶ. Ɂɧɚɱɟɧɢɟ 
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y ɧɚɣɞɟɦ ɢɡ ɩɟɪɜɨɝɨ ɭɪɚɜɧɟɧɢɹ: 4635,0
2
1  xVc

y TT
 ɦɦɨɥɶ. 

Ɇɵ ɜɢɞɢɦ, ɱɬɨ ɝɢɞɪɨɤɚɪɛɨɧɚɬɵ ɢ ɪɚɫɬɜɨɪɢɦɵɟ ɤɚɪɛɨɧɚɬɵ ɩɪɢɫɭɬɫɬɜɭɸɬ ɜ 

ɫɦɟɫɢ ɜ ɫɪɚɜɧɢɦɵɯ ɤɨɥɢɱɟɫɬɜɚɯ. Ʉɪɨɦɟ ɬɨɝɨ, ɜ ɧɟɣ ɩɪɢɫɭɬɫɬɜɭɟɬ 

ɧɟɪɚɫɬɜɨɪɢɦɵɣ ɤɨɦɩɨɧɟɧɬ. ɉɨɫɤɨɥɶɤɭ ɢɡɜɟɫɬɧɨ, ɱɬɨ ɜ ɫɦɟɫɢ ɪɨɜɧɨ ɬɪɢ 

ɢɧɞɢɜɢɞɭɚɥɶɧɵɯ ɫɨɟɞɢɧɟɧɢɹ, ɬɨ ɩɪɢɯɨɞɢɦ ɤ ɜɵɜɨɞɭ, ɱɬɨ ɤɚɠɞɨɟ ɢɡ ɧɢɯ 

ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɫɜɨɟɦɭ ɬɢɩɭ ɢɡ ɭɤɚɡɚɧɧɵɯ ɜɵɲɟ, ɢɧɵɦɢ ɫɥɨɜɚɦɢ, ɫɦɟɫɶ ɫɨɞɟɪɠɢɬ 

ɨɞɢɧ ɝɢɞɪɨɤɚɪɛɨɧɚɬ, ɨɞɢɧ ɪɚɫɬɜɨɪɢɦɵɣ ɤɚɪɛɨɧɚɬ ɢ ɨɞɢɧ ɧɟɪɚɫɬɜɨɪɢɦɵɣ 

ɤɚɪɛɨɧɚɬ. Ɋɚɫɬɜɨɪɢɦɵɟ ɫɨɟɞɢɧɟɧɢɹ – ɷɬɨ ɫɨɥɢ ɳɟɥɨɱɧɵɯ ɦɟɬɚɥɥɨɜ. ɉɨɫɤɨɥɶɤɭ 

ɢɡɜɟɫɬɧɨ, ɱɬɨ ɨɞɢɧ ɢɡ ɦɟɬɚɥɥɨɜ, ɜɯɨɞɹɳɢɯ ɜ ɫɨɫɬɚɜ ɫɨɥɟɣ, ɳɟɥɨɱɧɨɡɟɦɟɥɶɧɵɣ, 

ɬɨ ɢɦɟɧɧɨ ɟɦɭ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɧɟɪɚɫɬɜɨɪɢɦɵɣ ɤɚɪɛɨɧɚɬ. 

ɉɪɨɤɚɥɢɜɚɧɢɟ ɩɪɢ 1400 °ɋ ɞɨɥɠɧɨ ɩɪɢɜɨɞɢɬɶ ɤ ɪɚɡɥɨɠɟɧɢɸ ɧɟ ɬɨɥɶɤɨ 

ɝɢɞɪɨɤɚɪɛɨɧɚɬɚ, ɧɨ ɢ ɤɚɪɛɨɧɚɬɚ ɳɟɥɨɱɧɨɡɟɦɟɥɶɧɨɝɨ ɦɟɬɚɥɥɚ ɞɨ 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɨɤɫɢɞɚ: MeCO3 ĺ MeO + CO2Ĺ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɢɡ ɤɚɠɞɵɯ 

0,1 ɝ ɢɫɯɨɞɧɨɣ ɫɦɟɫɢ ɛɭɞɟɬ ɨɛɪɚɡɨɜɵɜɚɬɶɫɹ 

[ zCOMzCOM
x

COMOHM  )(0884,0)(
2

))()((1,0 2222 Ж ɝɪɚɦɦ ɧɨɜɨɣ. 

Ɋɭɤɨɜɨɞɫɬɜɭɹɫɶ ɬɟɦɢ ɠɟ ɫɨɨɛɪɚɠɟɧɢɹɦɢ, ɱɬɨ ɢ ɪɚɧɶɲɟ, ɩɪɢɯɨɞɢɦ ɤ ɭɪɚɜɧɟɧɢɸ 

zCOM
yxVc TT 

)(0884,0

1,0
)2(

2

3 , ɨɬɤɭɞɚ z = 0,0906 ɦɦɨɥɶ. 

Ⱦɥɹ ɜɵɱɢɫɥɟɧɢɹ ɦɨɥɶɧɵɯ ɞɨɥɟɣ ɤɨɦɩɨɧɟɧɬɨɜ ɧɚɣɞɟɦ ɨɛɳɟɟ ɱɢɫɥɨ ɦɦɨɥɶ: 

 = x + y + z = 0,9β7 ɦɦɨɥɶ. Ɍɨɝɞɚ ɦɨɥɶɧɵɟ ɞɨɥɢ ɤɨɦɩɨɧɟɧɬɨɜ ɫɨɫɬɚɜɹɬ: 40 %; 

50 % ɢ 10 % ɞɥɹ ɝɢɞɪɨɤɚɪɛɨɧɚɬɚ ɳɟɥɨɱɧɨɝɨ ɦɟɬɚɥɥɚ, ɤɚɪɛɨɧɚɬɚ ɳɟɥɨɱɧɨɝɨ 

ɦɟɬɚɥɥɚ ɢ ɤɚɪɛɨɧɚɬɚ ɳɟɥɨɱɧɨɡɟɦɟɥɶɧɨɝɨ ɦɟɬɚɥɥɚ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

2) Ʉɚɤ ɦɵ ɜɢɞɟɥɢ ɜ ɩɪɨɰɟɫɫɟ ɪɟɲɟɧɢɹ ɡɚɞɚɧɢɹ 1, ɩɪɢ ɩɪɨɤɚɥɢɜɚɧɢɢ 

ɧɚɜɟɫɤɢ 0,1 ɝ ɤɚɤ ɩɪɢ β00 °ɋ, ɬɚɤ ɢ ɩɪɢ 1400 °ɋ ɨɛɳɟɟ ɱɢɫɥɨ ɦɨɥɟɣ ɤɢɫɥɨɬɵ, 

ɡɚɬɪɚɱɟɧɧɨɣ ɧɚ ɬɢɬɪɨɜɚɧɢɟ ɨɫɬɚɟɬɫɹ ɪɚɜɧɵɦ yx 2 . ɉɨɷɬɨɦɭ ɧɚ ɬɢɬɪɨɜɚɧɢɟ 

ɪɚɫɬɜɨɪɚ № 4 ɢ № 5 ɩɨɣɞɟɬ ɬɚɤɨɣ ɠɟ ɨɛɴɟɦ ɬɢɬɪɚɧɬɚ, ɱɬɨ ɢ ɧɚ ɬɢɬɪɨɜɚɧɢɟ 

ɪɚɫɬɜɨɪɚ № 1, ɬɨ ɟɫɬɶ 1γ,0 ɦɥ. 

Ɍɚɤɨɣ ɨɬɜɟɬ ɦɨɠɧɨ ɨɛɨɫɧɨɜɚɬɶ ɢ ɩɨ-ɞɪɭɝɨɦɭ. ɉɪɢ ɩɪɨɤɚɥɢɜɚɧɢɢ ɧɚɜɟɫɤɢ 

ɩɪɢ β00 °ɋ ɢɡ ɫɢɫɬɟɦɵ ɭɞɚɥɹɟɬɫɹ CO2 ɢ H2O, ɬɨ ɟɫɬɶ, ɩɨ ɫɭɬɢ, ɭɝɨɥɶɧɚɹ ɤɢɫɥɨɬɚ, 
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ɤɨɬɨɪɚɹ ɹɜɥɹɟɬɫɹ ɬɚɤɠɟ ɩɪɨɞɭɤɬɨɦ ɬɢɬɪɨɜɚɧɢɹ ɤɚɪɛɨɧɚɬɨɜ ɢ ɝɢɞɪɨɤɚɪɛɨɧɚɬɨɜ 

HCl. ɉɨɫɤɨɥɶɤɭ ɩɪɨɞɭɤɬ ɬɢɬɪɨɜɚɧɢɹ ɧɟ ɞɨɥɠɟɧ ɨɤɚɡɵɜɚɬɶ ɜɥɢɹɧɢɹ ɧɚ ɨɛɴɟɦ 

ɡɚɬɪɚɱɟɧɧɨɝɨ ɬɢɬɪɚɧɬɚ, ɩɨɬɟɪɹ ɭɝɨɥɶɧɨɣ ɤɢɫɥɨɬɵ ɧɟ ɢɡɦɟɧɢɬ ɡɚɬɪɚɱɟɧɧɨɝɨ 

ɨɛɴɟɦɚ HCl, ɢɧɵɦɢ ɫɥɨɜɚɦɢ, ɱɢɫɥɨ ɦɨɥɶ-ɷɤɜɢɜɚɥɟɧɬɨɜ ɩɪɢɫɭɬɫɬɜɭɸɳɢɯ ɜ 

ɫɢɫɬɟɦɟ ɨɫɧɨɜɚɧɢɣ ɨɫɬɚɟɬɫɹ ɬɟɦ ɠɟ. ȼ ɫɥɭɱɚɟ ɩɪɨɤɚɥɢɜɚɧɢɹ ɩɪɢ 1400 °ɋ ɬɚɤɠɟ 

ɧɟ ɭɞɚɥɹɟɬɫɹ ɧɢɱɟɝɨ, ɤɪɨɦɟ CO2 ɢ H2O, ɚ ɩɪɢ ɪɚɫɬɜɨɪɟɧɢɢ ɜ ɜɨɞɟ ɜ ɨɫɚɞɨɤ 

ɜɵɩɚɞɚɟɬ ɜɫɟ ɬɨɬ ɠɟ ɤɚɪɛɨɧɚɬ ɳɟɥɨɱɧɨɡɟɦɟɥɶɧɨɝɨ ɦɟɬɚɥɥɚ (ɨɤɫɢɞ ɦɟɬɚɥɥɚ 

ɪɟɚɝɢɪɭɟɬ ɫ ɜɨɞɨɣ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɝɢɞɪɨɤɫɢɞɚ, ɤɨɬɨɪɵɣ, ɜɡɚɢɦɨɞɟɣɫɬɜɭɹ ɫ 

ɢɡɛɵɬɤɨɦ ɤɚɪɛɨɧɚɬ-ɢɨɧɨɜ, ɞɚɟɬ ɤɚɪɛɨɧɚɬ, ɩɪɢ ɷɬɨɦ ɜɵɞɟɥɹɟɬɫɹ ɷɤɜɢɜɚɥɟɧɬɧɨɟ 

ɤɨɥɢɱɟɫɬɜɨ ɝɢɞɪɨɤɫɢɞ-ɢɨɧɨɜ). Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɨɛɳɟɟ ɱɢɫɥɨ ɦɨɥɶ-

ɷɤɜɢɜɚɥɟɧɬɨɜ ɩɪɢɫɭɬɫɬɜɭɸɳɢɯ ɜ ɫɢɫɬɟɦɟ ɨɫɧɨɜɚɧɢɣ ɨɫɬɚɧɟɬɫɹ ɬɟɦ ɠɟ ɢ ɨɛɴɟɦ 

ɡɚɬɪɚɱɟɧɧɨɝɨ ɬɢɬɪɚɧɬɚ ɬɚɤɠɟ ɫɨɫɬɚɜɢɬ 1γ,0 ɦɥ. 

3) ɉɪɢ ɩɪɨɤɚɥɢɜɚɧɢɢ 0,1 ɝ ɫɦɟɫɢ ɝɢɞɪɨɤɚɪɛɨɧɚɬɚ ɢ ɤɚɪɛɨɧɚɬɨɜ ɩɪɢ β00 °ɋ 

ɩɪɨɢɫɯɨɞɢɬ ɭɞɚɥɟɧɢɟ ɢɡ ɫɢɫɬɟɦɵ ɫɨɩɪɹɠɟɧɧɨɣ ɤɢɫɥɨɬɵ, ɜ ɪɚɫɬɜɨɪɟ ɨɫɬɚɟɬɫɹ 

ɬɨɥɶɤɨ ɨɫɧɨɜɚɧɢɟ (ɤɚɪɛɨɧɚɬ-ɢɨɧ), ɩɨɷɬɨɦɭ ɪɇ ɬɚɤɨɝɨ ɪɚɫɬɜɨɪɚ (№ 4) ɛɭɞɟɬ 

ɛɨɥɶɲɟ. ɉɪɢ ɩɪɨɤɚɥɢɜɚɧɢɢ ɬɚɤɨɣ ɠɟ ɧɚɜɟɫɤɢ ɩɪɢ 1400 °ɋ ɢ ɟɟ ɩɨɫɥɟɞɭɸɳɟɦ 

ɪɚɫɬɜɨɪɟɧɢɢ ɜ ɜɨɞɟ, ɩɨɦɢɦɨ ɤɚɪɛɨɧɚɬɨɜ, ɜ ɪɚɫɬɜɨɪɟ ɛɭɞɟɬ ɩɪɢɫɭɬɫɬɜɨɜɚɬɶ 

ɝɢɞɪɨɤɫɢɞ ɳɟɥɨɱɧɨɡɟɦɟɥɶɧɨɝɨ ɦɟɬɚɥɥɚ, ɤɨɬɨɪɵɣ, ɩɪɨɪɟɚɝɢɪɨɜɚɜ ɫ ɢɯ ɱɚɫɬɶɸ, 

ɜɵɫɜɨɛɨɞɢɬ ɜ ɞɜɚ ɪɚɡɚ ɛɨɥɶɲɟɟ ɤɨɥɢɱɟɫɬɜɨ ɝɢɞɪɨɤɫɢɞ-ɢɨɧɨɜ. Ƚɢɞɪɨɤɫɢɞ-ɢɨɧ – 

ɫɢɥɶɧɨɟ ɨɫɧɨɜɚɧɢɟ, ɩɨɷɬɨɦɭ ɪɇ ɬɚɤɨɝɨ ɪɚɫɬɜɨɪɚ (№ 5) ɛɭɞɟɬ ɟɳɟ ɜɵɲɟ. 

Ɋɚɫɬɜɨɪɵ № β ɢ № γ ɨɬɥɢɱɚɸɬɫɹ ɨɬ ɪɚɫɬɜɨɪɨɜ № 4 ɢ № 5, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɥɢɲɶ 

ɬɟɦ, ɱɬɨ ɜ ɜɨɞɟ ɪɚɫɬɜɨɪɹɸɬ ɧɟɫɤɨɥɶɤɨ ɛɨɥɶɲɟɟ ɤɨɥɢɱɟɫɬɜɨ ɫɦɟɫɢ, ɩɨɷɬɨɦɭ ɪɇ 

ɪɚɫɬɜɨɪɚ № β ɧɟɫɤɨɥɶɤɨ ɛɨɥɶɲɟ ɪɇ ɪɚɫɬɜɨɪɚ №4, ɚ ɪɇ ɪɚɫɬɜɨɪɚ № γ ɧɟɫɤɨɥɶɤɨ 

ɛɨɥɶɲɟ ɪɇ ɪɚɫɬɜɨɪɚ № 5. ɂɬɨɝɨ, ɢɦɟɟɦ ɫɥɟɞɭɸɳɢɣ ɪɹɞ ɩɨ ɜɨɡɪɚɫɬɚɧɢɸ ɪɇ: 

№ 1 < № 4 <≈ № β < № 5 <≈ № γ 
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Ɂɚɩɨɥɧɢɦ ɬɚɛɥɢɰɭ ɨɬɜɟɬɨɜ: 

№ ɜɨɩɪɨɫɚ  Ɉɬɜɟɬɵ 

1 Ɇɨɥɶɧɵɟ ɞɨɥɢ ɤɨɦɩɨɧɟɧɬɨɜ, %: 40 50 10 

2 Ɉɛɴɟɦɵ ɬɢɬɪɚɧɬɨɜ, ɦɥ: Ɋɚɫɬɜɨɪ № 4  
(200 °ɋ): 

13,0 

Ɋɚɫɬɜɨɪ № 5  
(1400 °ɋ): 

13,0 

3 Ɋɹɞ ɪɚɫɬɜɨɪɨɜ ɩɨ ɜɨɡɪɚɫɬɚɧɢɸ ɪɇ: № 1 < № 4 <≈ № 2 < № 5 <≈ № 3 

 

ɋɢɫɬɟɦɚ ɨɰɟɧɢɜɚɧɢɹ 

1. ɉɨ γ ɛɚɥɥɚ ɡɚ ɤɚɠɞɨɟ ɡɧɚɱɟɧɢɟ ɦɚɫɫɨɜɨɣ ɞɨɥɢ 9 ɛɚɥɥɨɜ 

2. ɉɨ β,5 ɛɚɥɥɚ ɡɚ ɤɚɠɞɨɟ ɡɧɚɱɟɧɢɟ ɨɛɴɟɦɚ ɬɢɬɪɚɧɬɚ 5 ɛɚɥɥɨɜ 

3. ɉɨ 1,5 ɛɚɥɥɭ ɡɚ ɤɚɠɞɭɸ ɩɪɚɜɢɥɶɧɨ ɭɩɨɪɹɞɨɱɟɧɧɭɸ ɩɚɪɭ  

ɫɨɫɟɞɧɢɯ ɱɥɟɧɨɜ ɪɹɞɚ 

6 ɛɚɥɥɨɜ 

 ɂɌɈȽɈ: 20 ɛɚɥɥɨɜ 

 

Ɋɟɲɟɧɢɟ ɡɚɞɚɱɢ 11-2 (ȼ. ȼ. Ⱦɪɨɛɨɬ) 
1. ȼ ɪɟɚɤɰɢɢ ɛɢɧɚɪɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ Ⱥ ɫ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɨɣ ɫɟɪɧɨɣ 

ɤɢɫɥɨɬɨɣ ɨɛɪɚɡɭɟɬɫɹ ɝɚɡ ȼ, ɫɨɞɟɪɠɚɳɢɣ ɷɥɟɦɟɧɬ ɏ. ȼɨɞɧɵɣ ɪɚɫɬɜɨɪ ɝɚɡɚ ȼ 

ɩɪɨɹɜɥɹɟɬ ɫɥɚɛɵɟ ɤɢɫɥɨɬɧɵɟ ɫɜɨɣɫɬɜɚ (Kɞ = 6.8∙10-4). Ɂɧɚɱɢɬ, ɷɥɟɦɟɧɬ ɏ – 

ɧɟɦɟɬɚɥɥ. ɉɪɢ ɞɟɣɫɬɜɢɢ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɨɣ ɫɟɪɧɨɣ ɤɢɫɥɨɬɵ ɧɚ ɬɜɟɪɞɵɟ 

ɝɚɥɨɝɟɧɢɞɵ ɢ ɫɭɥɶɮɢɞɵ ɦɟɬɚɥɥɨɜ ɜɵɞɟɥɹɸɬɫɹ ɝɚɡɨɨɛɪɚɡɧɵɟ ɜɟɳɟɫɬɜɚ, ɜɨɞɧɵɟ 

ɪɚɫɬɜɨɪɵ ɤɨɬɨɪɵɯ ɩɪɨɹɜɥɹɸɬ ɤɢɫɥɨɬɧɵɟ ɫɜɨɣɫɬɜɚ. ɋɥɚɛɵɦɢ ɤɢɫɥɨɬɚɦɢ 

ɹɜɥɹɸɬɫɹ ɪɚɫɬɜɨɪɵ ɫɟɪɨɜɨɞɨɪɨɞɚ ɢ ɮɬɨɪɨɜɨɞɨɪɨɞɚ. ɉɨ ɫɩɨɫɨɛɭ ɩɨɥɭɱɟɧɢɹ 

ɩɪɨɫɬɨɝɨ ɜɟɳɟɫɬɜɚ ɷɥɟɦɟɧɬɚ ɏ ɷɥɟɤɬɪɨɥɢɡɨɦ, ɦɨɠɧɨ ɡɚɤɥɸɱɢɬɶ, ɱɬɨ ɏ – ɮɬɨɪ. 

ɉɪɨɫɬɨɟ ɜɟɳɟɫɬɜɨ – F2, ɜɟɳɟɫɬɜɨ ȼ – ɮɬɨɪɨɜɨɞɨɪɨɞ HF. 

ɂɡ ɬɪɟɯ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɯ ɮɬɨɪɨɫɨɞɟɪɠɚɳɢɯ ɦɢɧɟɪɚɥɨɜ (ɩɥɚɜɢɤɨɜɵɣ 

ɲɩɚɬ, ɮɬɨɪɚɩɚɬɢɬ, ɤɪɢɨɥɢɬ) ɬɨɥɶɤɨ ɩɥɚɜɢɤɨɜɵɣ ɲɩɚɬ ɹɜɥɹɟɬɫɹ ɛɢɧɚɪɧɵɦ 

ɫɨɟɞɢɧɟɧɢɟɦ. Ɇɢɧɟɪɚɥ Ⱥ – ɩɥɚɜɢɤɨɜɵɣ ɲɩɚɬ, CaF2 

Ʉ ɷɬɨɦɭ ɪɟɡɭɥɶɬɚɬɭ ɦɨɠɧɨ ɩɪɢɣɬɢ ɢ ɢɫɩɨɥɶɡɭɹ ɞɚɧɧɵɟ ɡɚɞɚɱɢ. 

ɍɪɚɜɧɟɧɢɟ ɪɟɚɤɰɢɢ Ⱥ ɫ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɨɣ ɫɟɪɧɨɣ ɤɢɫɥɨɬɨɣ 

HF)Э(HSOSOHЭF 442n nn n   
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Ʉɨɧɟɱɧɭɸ ɤɨɧɰɟɧɬɪɚɰɢɸ ɩɥɚɜɢɤɨɜɨɣ ɤɢɫɥɨɬɵ ɪɚɫɫɱɢɬɚɟɦ ɩɨ ɩɪɢɜɟɞɟɧɧɨɣ 

ɜ ɭɫɥɨɜɢɢ ɮɨɪɦɭɥɟ 

M1047.110 35.0

5.0   pHpK

C . 

Ɍɚɤ ɤɚɤ ɜɵɞɟɥɢɜɲɢɣɫɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɪɟɚɤɰɢɢ ɝɚɡ ɩɨɝɥɨɬɢɥɢ 1 ɥ ɜɨɞɵ ɢ ɡɚɬɟɦ 

ɪɚɡɛɚɜɢɥɢ ɩɨɥɭɱɟɧɧɵɣ ɪɚɫɬɜɨɪ ɜ 10 ɪɚɡ, ɬɨ ɤɨɥɢɱɟɫɬɜɨ ɜɵɞɟɥɢɜɲɟɝɨɫɹ 

ɮɬɨɪɨɜɨɞɨɪɨɞɚ ɫɨɫɬɚɜɥɹɟɬ 1.47∙10−2
 ɦɨɥɶ. 

Ɇɨɥɹɪɧɭɸ ɦɚɫɫɭ ЭFn ɜɵɪɚɡɢɦ ɫ ɭɱɟɬɨɦ, ɱɬɨ  

n

HFЭ )(
)F( n

   

n
n

HF

nmmЭM 39
0147.0

5733.0

)(
)F( n    

ɉɪɢ n = β ɦɨɥɹɪɧɚɹ ɦɚɫɫɚ ɫɨɥɢ M(ЭFn) = 78 ɝ/ɦɨɥɶ ɢ Э ɷɬɨ ɤɚɥɶɰɢɣ. 

Ɇɢɧɟɪɚɥ Ⱥ – ɩɥɚɜɢɤɨɜɵɣ ɲɩɚɬ, CaF2 

ɍɪɚɜɧɟɧɢɟ ɪɟɚɤɰɢɢ ɩɨɥɭɱɟɧɢɹ ȼ 

CaF2 + H2SO4 = Ca(HSO4)2 + 2HF   (1) 

Ɉɤɫɢɞ ɤɪɟɦɧɢɹ (IV) ɫɢɥɶɧɨ ɦɟɲɚɟɬ ɩɨɥɭɱɟɧɢɸ ɤɢɫɥɨɬɵ, ɬ. ɤ. ɩɪɨɬɟɤɚɸɬ 

ɪɟɚɤɰɢɢ 

4HF + SiO2 = 2H2O + SiF4   (2) 

SiF4 + 2HF = H2[SiF6]    (3) 

2. ȼ ɚɬɨɦɧɨɣ ɷɧɟɪɝɟɬɢɤɟ ɩɪɨɢɡɜɨɞɧɵɟ ɮɬɨɪɚ ɢɫɩɨɥɶɡɭɸɬ ɞɥɹ ɨɛɨɝɚɳɟɧɢɹ 

ɭɪɚɧɚ. ȼ ɛɵɬɭ ɮɬɨɪɨɩɪɨɢɡɜɨɞɧɵɟ ɩɪɢɦɟɧɹɸɬ ɜ ɯɨɥɨɞɢɥɶɧɵɯ ɭɫɬɚɧɨɜɤɚɯ 

(ɮɪɟɨɧɵ), ɜ ɤɚɱɟɫɬɜɟ ɧɟɩɪɢɝɨɪɚɟɦɵɯ ɩɨɤɪɵɬɢɣ (ɬɟɮɥɨɧ), ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɸɬ 

ɡɭɛɧɭɸ ɩɚɫɬɭ ɫ ɞɨɛɚɜɤɚɦɢ ɮɬɨɪɢɞɨɜ. 

3. ɉɨ ɭɫɥɨɜɢɸ Yβ ɛɢɧɚɪɧɨɟ ɫɨɟɞɢɧɟɧɢɟ ɢ ɫɨɞɟɪɠɚɧɢɟ ɮɬɨɪɚ ɜ ɧɟɦ 

ɫɨɫɬɚɜɥɹɟɬ 4γ.77 %. ɉɪɟɞɫɬɚɜɢɦ Yβ ɤɚɤ ЭFn. Ɍɨɝɞɚ ɦɨɥɹɪɧɚɹ ɦɚɫɫɚ Э ɦɨɠɟɬ 

ɛɵɬɶ ɪɚɫɫɱɢɬɚɧɚ ɢɡ ɫɨɨɬɧɨɲɟɧɢɹ 

n
ЭM 99.18

77.43

)(

23.56   

ɉɟɪɟɛɨɪɨɦ n ɧɚɯɨɞɢɦ, ɱɬɨ ɩɪɢ n = 5 Ɇ(Э) ≈ 122 ɝ/ɦɨɥɶ. Э – Sb. Y2 = SbF5. 

Ⱥɧɚɥɨɝɢɱɧɨ ɧɚɣɞɟɦ ɮɨɪɦɭɥɭ ɛɢɧɚɪɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ Y3. 
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n
ЭM 99.18

89.50

)(

11.49   

ɉɟɪɟɛɨɪɨɦ n ɧɚɯɨɞɢɦ, ɱɬɨ ɩɪɢ n = 3 Ɇ(Э) ≈ 54.9 ɝ/ɦɨɥɶ. Э – Mn. Y3 = 

MnF3. 

Ɂɧɚɱɢɬ, Y1 ɜ ɫɜɨɟɦ ɫɨɫɬɚɜɟ ɩɨɦɢɦɨ ɮɬɨɪɚ, ɫɨɞɟɪɠɢɬ ɦɚɪɝɚɧɟɰ. ɉɪɟɞɫɬɚɜɢɦ 

ɫɨɟɞɢɧɟɧɢɟ Y1 ɤɚɤ ЭmMnFn 

ɇɚɣɞɟɦ ɦɨɥɹɪɧɭɸ ɦɚɫɫɭ Y1 ɩɨ ɫɨɞɟɪɠɚɧɢɸ ɮɬɨɪɚ 

n
n

F

nFM
YM 17.41

4615.0

99.18

)(

)(
)1(    

ȼɵɪɚɡɢɦ ɦɚɫɫɭ ɨɫɬɚɬɤɚ (Эm): 

mM(Э) = M(Y1) – M(Mn) – nM(F) = 41.17n – Ɇ(MЧ) – nM(F) = 22.17n-54.9 

ɉɟɪɟɛɨɪɨɦ n ɧɚɯɨɞɢɦ, ɱɬɨ ɩɪɢ n = 6 ɦɚɫɫɚ ɨɫɬɚɬɤɚ mɆ(Э) ≈ 78ɝ.  

ɉɪɢ m = β ɩɨɥɭɱɚɟɦ Э – K. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, Y1 = K2MnF6. 

ɍɪɚɜɧɟɧɢɟ ɪɟɚɤɰɢɢ 

K2MnF6 + 2SbF5 = 2KSbF6 + [MnF4] = 2KSbF6 + MnF3 + 0.5F2 (4) 

K2MnF6 – ɝɟɤɫɚɮɬɨɪɨɦɚɧɝɚɧɚɬ (IV) ɤɚɥɢɹ 

SbF5 – ɩɟɧɬɚɮɬɨɪɢɞ ɫɭɪɶɦɵ 

MnF3 – ɬɪɢɮɬɨɪɢɞ ɦɚɪɝɚɧɰɚ 

ɋɢɫɬɟɦɚ ɨɰɟɧɢɜɚɧɢɹ: 

ɍɫɬɚɧɨɜɥɟɧɢɟ ɷɥɟɦɟɧɬɚ β ɛɚɥɥɚ 

Ɏɨɪɦɭɥɚ ɩɪɨɫɬɨɝɨ ɜɟɳɟɫɬɜɚ 1 ɛɚɥɥ 

ɋɨɫɬɚɜ ɦɢɧɟɪɚɥɚ Ⱥ ɢ ɩɪɨɫɬɨɝɨ ɜɟɳɟɫɬɜɚ ȼ ɩɨ β ɛɚɥɥɚ 4 ɛɚɥɥɚ 

ɍɪɚɜɧɟɧɢɟ ɪɟɚɤɰɢɢ 1 β ɛɚɥɥɚ 

Ɋɟɚɤɰɢɢ β ɢ γ ɩɨ 1 ɛɚɥɥɭ β ɛɚɥɥɚ 

ɉɪɢɦɟɪɵ ɢɫɩɨɥɶɡɨɜɚɧɢɹ: β ɩɪɢɦɟɪɚ ɩɨ 1 ɛɚɥɥɭ      β ɛɚɥɥɚ 

ɋɨɫɬɚɜ Y1,Y2,Yγ ɩɨ 1.5 ɛɚɥɥɚ 4.5 ɛɚɥɥɚ 

ɇɚɡɜɚɧɢɟ Y1,Y2,Yγ ɩɨ 0.5 ɛɚɥɥɚ 1.5 ɛɚɥɥɚ 

ɍɪɚɜɧɟɧɢɟ ɪɟɚɤɰɢɢ 4 1 ɛɚɥɥ 

ɂɌɈȽɈ: 20 ɛɚɥɥɨɜ 
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Ɋɟɲɟɧɢɟ ɡɚɞɚɱɢ 11-3 (ɂ. ȼ. Ɍɪɭɲɤɨɜ): 
ɉɟɪɜɚɹ ɫɬɚɞɢɹ – ɪɟɚɤɰɢɹ Ⱦɢɥɶɫɚ–Ⱥɥɶɞɟɪɚ. ȼ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɦɨɠɧɨ 

ɧɚɩɢɫɚɬɶ 4 ɢɡɨɦɟɪɚ ɩɪɨɞɭɤɬɚ: ɛɟɧɡɢɥɨɤɫɢɦɟɬɢɥɶɧɵɣ ɮɪɚɝɦɟɧɬ ɧɚɩɪɚɜɥɟɧ ɜ 

ɫɬɨɪɨɧɭ ɩɨɞɯɨɞɹɳɟɝɨ ɦɚɥɟɢɧɨɜɨɝɨ ɚɧɝɢɞɪɢɞɚ (ɫɢɧ-) ɢɥɢ ɜ ɩɪɨɬɢɜɨɩɨɥɨɠɧɭɸ 

ɫɬɨɪɨɧɭ (ɚɧɬɢ-); ɮɪɚɝɦɟɧɬ ɦɚɥɟɢɧɨɜɨɝɨ ɚɧɝɢɞɪɢɞɚ ɢɦɟɟɬ ɷɤɡɨ- ɢɥɢ ɷɧɞɨ-

ɨɪɢɟɧɬɚɰɢɸ. ȼɵɛɨɪ ɨɫɧɨɜɧɨɝɨ ɢɡɨɦɟɪɚ ɦɨɠɟɬ ɛɵɬɶ ɫɞɟɥɚɧ ɥɢɛɨ ɧɚ ɡɧɚɧɢɢ 

ɩɪɚɜɢɥ ɪɟɚɤɰɢɢ Ⱦɢɥɶɫɚ–Ⱥɥɶɞɟɪɚ, ɥɢɛɨ ɧɚ ɨɫɧɨɜɚɧɢɢ ɫɢɦɦɟɬɪɢɢ ɩɪɨɞɭɤɬɚ ɏ 

(ɫɦ. ɞɚɥɟɟ). ɂɡɜɟɫɬɧɨ, ɱɬɨ ɪɟɚɤɰɢɹ ɩɪɨɢɡɜɨɞɧɵɯ ɰɢɤɥɨɩɟɧɬɚɞɢɟɧɚ ɫ ɬɢɩɢɱɧɵɦɢ 

ɞɢɟɧɨɮɢɥɚɦɢ ɞɚɟɬ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɷɧɞɨ-ɚɞɞɭɤɬ. Ⱦɚɠɟ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɥɨɝɢɤɢ 

ɦɨɠɧɨ ɞɨɝɚɞɚɬɶɫɹ, ɱɬɨ ɩɪɢ ɨɛɪɚɡɨɜɚɧɢɢ ɩɪɨɞɭɤɬɚ ɞɢɟɧɨɮɢɥ ɩɨɞɯɨɞɢɬ ɬɚɤ, 

ɱɬɨɛɵ ɨɛɴɟɦɧɵɣ ɛɟɧɡɢɥɨɤɫɢɦɟɬɢɥɶɧɵɣ ɡɚɦɟɫɬɢɬɟɥɶ ɛɵɥ ɧɚɩɪɚɜɥɟɧ ɜ 

ɩɪɨɬɢɜɨɩɨɥɨɠɧɭɸ ɫɬɨɪɨɧɭ (ɚɧɬɢ). Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɨɫɧɨɜɧɨɣ ɩɪɨɞɭɤɬ ȼ – ɷɧɞɨ-

ɚɧɬɢ. Ɇɢɧɨɪɧɵɣ ɩɪɨɞɭɤɬ Ⱥ: ɷɤɡɨ-ɚɧɬɢ, ɧɨ ɡɚ ɩɪɚɜɢɥɶɧɵɣ ɨɬɜɟɬ ɩɪɢɧɢɦɚɟɬɫɹ ɢ 

ɷɧɞɨ-ɫɢɧ (Ⱥ’). 

 

Ɇɨɥɟɤɭɥɹɪɧɚɹ ɮɨɪɦɭɥɚ ȼ – ɋ17ɇ16O4, ɚ ɭ ɫɨɟɞɢɧɟɧɢɹ G – C19H22O5. 

ɋɪɚɜɧɢɜɚɹ ɷɬɢ ɮɨɪɦɭɥɵ ɢ ɭɱɢɬɵɜɚɹ, ɱɬɨ G ɨɛɪɚɡɭɟɬɫɹ ɜ ɪɟɚɤɰɢɢ ȼ ɫ ɦɟɬɚɧɨɥɨɦ, 

ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ G – ɞɢɦɟɬɢɥɨɜɵɣ ɷɮɢɪ, ɨɛɪɚɡɭɸɳɢɣɫɹ ɢɡ ɚɧɝɢɞɪɢɞɚ 

ȼ. Ⱥɦɟɪɢɤɚɧɫɤɢɟ ɭɱɟɧɵɟ ɩɪɟɞɩɨɥɚɝɚɥɢ, ɱɬɨ ɩɨɫɥɟ ɨɡɨɧɢɪɨɜɚɧɢɹ ɢ 

ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɨɡɨɧɢɞɚ ɛɨɪɝɢɞɪɢɞɨɦ ɧɚɬɪɢɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɨɩɢɫɚɧɢɟɦ 

ɚɧɚɥɨɝɢɱɧɵɯ ɪɟɚɤɰɢɣ ɜ ɭɱɟɛɧɢɤɚɯ ɞɨɥɠɟɧ ɨɛɪɚɡɨɜɚɬɶɫɹ ɞɢɨɥ. Ɉɞɧɚɤɨ, ɤɚɤ 

ɜɵɹɫɧɢɥɢ ɮɪɚɧɰɭɡɵ, ɜɦɟɫɬɨ ɷɬɨɝɨ ɨɛɪɚɡɨɜɚɥɨɫɶ ɬɪɢɰɢɤɥɢɱɟɫɤɨɟ ɫɨɟɞɢɧɟɧɢɟ, 

ɢɦɟɸɳɟɟ ɦɟɧɶɲɟ ɧɚ β ɚɬɨɦɚ ɋ, 8 ɚɬɨɦɨɜ ɇ ɢ β ɚɬɨɦɚ Ɉ. ȿɞɢɧɫɬɜɟɧɧɨɟ 

ɜɨɡɦɨɠɧɨɟ ɨɛɴɹɫɧɟɧɢɟ – ɞɜɚ ɨɛɪɚɡɭɸɳɢɯɫɹ ɩɪɢ ɜɨɫɫɬɚɧɨɜɥɟɧɢɢ ɨɡɨɧɢɞɚ 

ɚɥɤɨɝɨɥɹɬɚ ɜɧɭɬɪɢɦɨɥɟɤɭɥɹɪɧɨ ɚɬɚɤɭɸɬ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɫɥɨɠɧɨɷɮɢɪɧɵɟ 

ɮɪɚɝɦɟɧɬɵ, ɫ ɨɬɳɟɩɥɟɧɢɟɦ ɞɜɭɯ ɦɨɥɟɤɭɥ ɦɟɬɚɧɨɥɚ. Ɉɞɧɚɤɨ ɢ ɇ, ɢ I ɩɪɢ 

ɜɨɫɫɬɚɧɨɜɥɟɧɢɢ ɚɥɸɦɨɝɢɞɪɢɞɨɦ ɥɢɬɢɹ ɞɚɸɬ ɨɞɧɨ ɢ ɬɨ ɠɟ ɫɨɟɞɢɧɟɧɢɟ F. Ⱦɥɹ 
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ɬɟɯ, ɤɬɨ ɧɟ ɡɧɚɟɬ, ɱɬɨ ɨɛɪɚɡɭɟɬɫɹ ɩɪɢ ɞɟɣɫɬɜɢɢ ɚɥɸɦɨɝɢɞɪɢɞɚ ɥɢɬɢɹ, ɞɚɧɚ 

ɩɨɞɫɤɚɡɤɚ ɩɪɢ ɩɪɟɜɪɚɳɟɧɢɢ B ɜ ɋ: ɩɨ ɛɪɭɬɬɨ-ɮɨɪɦɭɥɟ ɋ, ɦɨɠɧɨ ɩɨɧɹɬɶ, ɱɬɨ 

ɮɪɚɝɦɟɧɬ ɚɧɝɢɞɪɢɞɚ ɩɪɟɜɪɚɳɚɟɬɫɹ ɜ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɞɢɨɥ. Ɍɨ ɟɫɬɶ 

ɜɨɫɫɬɚɧɨɜɥɟɧɢɟ ɇ ɢ I ɬɚɤɠɟ ɩɪɢɜɟɞёɬ ɤ ɚɧɚɥɨɝɢɱɧɨɦɭ ɞɢɨɥɭ. Ƚɢɞɪɨɝɟɧɨɥɢɡ F 

ɩɪɢɜɨɞɢɬ ɤ ɰɟɥɟɜɨɦɭ ɜɵɫɨɤɨɫɢɦɦɟɬɪɢɱɧɨɦɭ ɫɨɟɞɢɧɟɧɢɸ ɏ (ɩɪɨɫɬɟɣɲɚɹ 

ɮɨɪɦɭɥɚ ɤɨɬɨɪɨɝɨ, ɤɚɤ ɫɥɟɞɭɟɬ ɢɡ ɫɨɞɟɪɠɚɧɢɹ ɋ ɢ ɇ – ɋ2ɇ4Ɉ). ȼ ɩɪɢɧɰɢɩɟ, 

ɮɨɪɦɭɥɭ ɏ  ɦɨɠɧɨ ɧɚɩɢɫɚɬɶ ɫɪɚɡɭ, ɬ. ɤ. ɩɨɧɹɬɧɨ, ɱɬɨ ɰɟɧɬɪɚɥɶɧɵɣ ɮɪɚɝɦɟɧɬ ɏ – 

ɰɢɤɥɨɩɟɧɬɚɧ, ɩɪɢɱɟɦ ɤɚɠɞɵɣ ɚɬɨɦ ɭɝɥɟɪɨɞɚ ɜ ɰɢɤɥɟ ɫɨɟɞɢɧɟɧ ɫ ɨɞɧɢɦ ɢ ɬɟɦ ɠɟ 

ɡɚɦɟɫɬɢɬɟɥɟɦ (ɫɨɞɟɪɠɚɳɢɦ ɨɞɢɧ ɚɬɨɦ ɭɝɥɟɪɨɞɚ, ɬɪɢ ɜɨɞɨɪɨɞɚ ɢ ɨɞɢɧ ɚɬɨɦ 

ɤɢɫɥɨɪɨɞɚ). ɉɨɫɤɨɥɶɤɭ ɜɨɫɫɬɚɧɨɜɥɟɧɢɟ ɫɥɨɠɧɨɷɮɢɪɧɨɣ ɝɪɭɩɩɵ ɞɚɟɬ ɮɪɚɝɦɟɧɬ 

ɋɇ2Ɉɇ, ɷɬɨɬ ɡɚɦɟɫɬɢɬɟɥɶ – ɋɇ2Ɉɇ. ɑɬɨɛɵ ɦɨɥɟɤɭɥɚ ɏ ɫɨɞɟɪɠɚɥɚ ɬɨɥɶɤɨ ɞɜɚ 

ɬɢɩɚ ɚɬɨɦɨɜ ɭɝɥɟɪɨɞɚ ɢ ɬɪɢ ɬɢɩɚ ɚɬɨɦɨɜ ɜɨɞɨɪɨɞɚ, ɜɫɟ ɡɚɦɟɫɬɢɬɟɥɢ ɞɨɥɠɧɵ 

ɛɵɬɶ ɜ ɰɢɫ-ɩɨɥɨɠɟɧɢɢ ɞɪɭɝ ɤ ɞɪɭɝɭ. Ɍɚɤɚɹ ɦɨɥɟɤɭɥɚ ɧɟɦɧɨɝɨ ɧɚɩɨɦɢɧɚɟɬ ɤɨɥɩɚɤ 

ɲɭɬɚ ɫ ɩɹɬɶɸ «ɪɨɝɚɦɢ», ɩɪɢɱɟɦ Ɉɇ-ɝɪɭɩɩɵ ɜɵɫɬɭɩɚɸɬ ɜ ɪɨɥɢ «ɛɭɛɟɧɱɢɤɨɜ».  

 

ȼ «ɢɫɩɪɚɜɥɟɧɧɨɣ» ɜɟɪɫɢɢ ɮɪɚɧɰɭɡɫɤɢɟ ɭɱɟɧɵɟ ɜɨɫɫɬɚɧɨɜɢɥɢ ɚɧɝɢɞɪɢɞ ȼ ɜ 

ɞɢɨɥ ɋ. ɉɪɟɜɪɚɳɟɧɢɟ ɋ ɜ D – ɜɜɟɞɟɧɢɟ ɜ ɦɨɥɟɤɭɥɭ γ ɚɬɨɦɨɜ ɋ ɢ 4 ɚɬɨɦɨɜ ɇ. Эɬɨ 

– ɨɛɪɚɡɨɜɚɧɢɟ ɤɟɬɚɥɹ (ɡɚɦɟɳɟɧɢɟ ɜ Me2C(OMe)2 ɞɜɭɯ ɦɟɬɨɤɫɢ-ɝɪɭɩɩ ɧɚ 

ɫɩɢɪɬɨɜɵɟ ɮɪɚɝɦɟɧɬɵ ɋ). Ⱦɚɥɟɟ ɢɞɟɬ ɨɡɨɧɢɪɨɜɚɧɢɟ ɢ ɜɨɫɫɬɚɧɨɜɥɟɧɢɟ ɨɡɨɧɢɞɚ 

NaBH4. ɉɨɫɤɨɥɶɤɭ ɜ D ɧɟɬ ɮɭɧɤɰɢɣ, ɤɨɬɨɪɵɟ ɦɨɝɥɢ ɛɵ ɩɪɨɪɟɚɝɢɪɨɜɚɬɶ ɫ 

ɨɛɪɚɡɭɸɳɢɦɢɫɹ ɜ ɯɨɞɟ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɚɥɤɨɝɨɥɹɬɚɦɢ, ɪɚɫɳɟɩɥɟɧɢɟ ɫɜɹɡɢ ɋ=ɋ 
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ɞɚɟɬ, ɨɱɟɜɢɞɧɨ, ɞɜɚ ɮɪɚɝɦɟɧɬɚ ɋɇ2Ɉɇ. Ƚɢɞɪɨɥɢɡ ɤɟɬɚɥɹ ɩɪɢɜɨɞɢɬ ɤ ɭɠɟ 

ɢɡɜɟɫɬɧɨɦɭ ɧɚɦ ɫɨɟɞɢɧɟɧɢɸ F. 

 

ɋɢɫɬɟɦɚ ɨɰɟɧɢɜɚɧɢɹ: 

10 ɫɬɪɭɤɬɭɪɧɵɯ ɮɨɪɦɭɥ ɩɨ β ɛɚɥɥɚ. ȼɫɟɝɨ β0 ɛɚɥɥɨɜ. ȼ ɫɥɭɱɚɟ, ɟɫɥɢ 

ɮɨɪɦɭɥɵ ɋ–ɇ ɧɚɩɢɫɚɧɵ ɫ ɧɟɩɪɚɜɢɥɶɧɨɣ ɫɬɟɪɟɨɯɢɦɢɟɣ ɢɥɢ ɛɟɡ ɭɤɚɡɚɧɢɹ 

ɫɬɟɪɟɨɯɢɦɢɢ (ɧɨ ɩɪɚɜɢɥɶɧɨ ɜɨ ɜɫɟɦ ɨɫɬɚɥɶɧɨɦ), ɬɨ ɡɚ ɧɢɯ ɫɬɚɜɢɬɫɹ ɧɟɩɨɥɧɵɣ 

ɛɚɥɥ.  

 

Ɋɟɲɟɧɢɟ ɡɚɞɚɱɢ 11-4 (Ɉ. Ƚ. ɋɚɥɶɧɢɤɨɜ) 
1. Ɋɟɚɤɰɢɹ ɦɟɬɚɬɟɡɢɫɚ ɩɪɨɩɟɧɚ ɩɪɨɬɟɤɚɟɬ ɩɨ ɫɥɟɞɭɸɳɟɦɭ ɭɪɚɜɧɟɧɢɸ: 

2C3H6(ɝ.) = C2H4(ɝ.) + C4H8(ɝ.) 

Ⱦɥɹ ɞɚɧɧɨɣ ɪɟɚɤɰɢɢ rG°298 = 62.94 + 68.14 − β·6β.70 = 5.68 ɤȾɠ/ɦɨɥɶ. 

Ɍɨɝɞɚ ɤɨɧɫɬɚɧɬɚ ɪɚɜɧɨɜɟɫɢɹ 







 

298314.8

5680
expexp

RT

G
K r

p


 0.101. 

Ʉɨɥɢɱɟɫɬɜɨ ɦɨɥɟɤɭɥ ɜ ɝɚɡɨɜɨɣ ɮɚɡɟ ɜ ɯɨɞɟ ɪɟɚɤɰɢɢ ɧɟ ɦɟɧɹɟɬɫɹ. Ɉɛɨɡɧɚɱɢɜ 

ɦɨɥɶɧɭɸ ɞɨɥɸ ɷɬɟɧɚ ɜ ɪɚɜɧɨɜɟɫɧɨɣ ɫɦɟɫɢ ɱɟɪɟɡ X, ɩɨɥɭɱɚɟɦ 
2

2

)21( X

X
K p

 0.101. Ɍɨɝɞɚ  X

X

21
 0.318, X = 0.194. Ɍɨ ɟɫɬɶ ɜ ɪɚɜɧɨɜɟɫɧɨɣ ɫɦɟɫɢ ɛɭɞɟɬ 

ɫɨɞɟɪɠɚɬɶɫɹ 61.β % ɩɪɨɩɟɧɚ, 19.4 % ɷɬɟɧɚ ɢ 19.4 % ɬɪɚɧɫ-ɛɭɬɟɧɚ-2. 

2. ȼ ɞɚɧɧɨɣ ɪɟɚɤɰɢɢ ɨɞɧɢɦ ɢɡ ɩɪɨɞɭɤɬɨɜ ɹɜɥɹɟɬɫɹ ɷɬɢɥɟɧ, ɤɨɬɨɪɵɣ 

O
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F
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ɩɟɪɟɯɨɞɢɬ ɜ ɝɚɡɨɜɭɸ ɮɚɡɭ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɪɚɜɧɨɜɟɫɢɟ ɜ ɠɢɞɤɨɣ ɮɚɡɟ ɩɨɫɬɨɹɧɧɨ 

ɫɦɟɳɚɟɬɫɹ ɜ ɫɬɨɪɨɧɭ ɩɪɨɞɭɤɬɨɜ. 

3. ɇɚ ɩɟɪɜɨɣ ɫɬɚɞɢɢ ɦɨɥɟɤɭɥɹɪɧɚɹ ɮɨɪɦɭɥɚ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɧɚ β ɚɬɨɦɚ 

ɭɝɥɟɪɨɞɚ ɢ 4 ɚɬɨɦɚ ɜɨɞɨɪɨɞɚ. ɍɱɢɬɵɜɚɹ ɪɟɚɝɟɧɬɵ, ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ ɷɬɨ 

– ɪɟɚɤɰɢɹ ɧɭɤɥɟɨɮɢɥɶɧɨɝɨ ɪɚɫɤɪɵɬɢɹ ɷɩɨɤɫɢɞɚ ɦɟɞɶɨɪɝɚɧɢɱɟɫɤɢɦ 

ɫɨɟɞɢɧɟɧɢɟɦ, ɨɛɪɚɡɭɸɳɢɦɫɹ ɢɡ ɜɢɧɢɥɨɥɨɜɚ ɢ ɰɢɚɧɢɞɚ ɦɟɞɢ (I). ɂɡ ɫɬɪɭɤɬɭɪɵ 

(+)-ɚɥɥɨɫɟɞɚɦɢɧɚ ɫɥɟɞɭɟɬ, ɱɬɨ ɚɬɚɤɚ ɧɭɤɥɟɨɮɢɥɚ ɢɞёɬ ɩɨ CH2 ɝɪɭɩɩɟ ɷɩɨɤɫɢɞɚ, 

ɬɨ ɟɫɬɶ ɩɨ ɫɬɟɪɢɱɟɫɤɢ ɦɟɧɟɟ ɡɚɬɪɭɞɧёɧɧɨɦɭ ɚɬɨɦɭ ɭɝɥɟɪɨɞɚ, ɱɬɨ ɫɨɝɥɚɫɭɟɬɫɹ ɫ 

SN2-ɦɟɯɚɧɢɡɦɨɦ. Ɉɛɪɚɡɭɸɳɢɣɫɹ ɝɢɞɪɨɤɫɢɚɥɤɟɧ A ɩɨɞɜɟɪɝɚɟɬɫɹ 

ɷɩɨɤɫɢɞɢɪɨɜɚɧɢɸ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɦɟɬɚ-ɯɥɨɪɧɚɞɛɟɧɡɨɣɧɨɣ ɤɢɫɥɨɬɵ (ɪɟɚɤɰɢɹ 

ɉɪɢɥɟɠɚɟɜɚ). ɉɨɫɤɨɥɶɤɭ ɷɩɨɤɫɢɞɢɪɨɜɚɧɢɟ ɩɪɢɜɨɞɢɬ ɤ ɜɨɡɧɢɤɧɨɜɟɧɢɸ ɜɬɨɪɨɝɨ 

ɯɢɪɚɥɶɧɨɝɨ ɰɟɧɬɪɚ, ɨɛɪɚɡɭɟɬɫɹ ɫɦɟɫɶ ɞɢɚɫɬɟɪɟɨɦɟɪɨɜ B1 ɢ B2. Ⱦɚɥɟɟ ɝɢɞɪɨɤɫɢ-

ɝɪɭɩɩɚ ɚɥɤɢɥɢɪɭɟɬɫɹ ɦɟɬɨɤɫɢɦɟɬɢɥɯɥɨɪɢɞɨɦ. ɂɡ ɨɛɪɚɡɭɸɳɟɣɫɹ ɫɦɟɫɢ 

ɞɢɚɫɬɟɪɟɨɦɟɪɨɜ ɜɵɞɟɥɹɸɬ ɰɟɥɟɜɨɣ ɢɡɨɦɟɪ C1, ɜ ɤɨɬɨɪɨɦ ɨɞɢɧ ɯɢɪɚɥɶɧɵɣ ɰɟɧɬɪ 

ɢɦɟɟɬ R-, ɚ ɞɪɭɝɨɣ – S-ɤɨɧɮɢɝɭɪɚɰɢɸ. ȼɨ ɜɬɨɪɨɦ ɢɡɨɦɟɪɟ (ɋ2) ɨɛɚ ɯɢɪɚɥɶɧɵɯ 

ɰɟɧɬɪɚ ɢɦɟɸɬ S-ɤɨɧɮɢɝɭɪɚɰɢɸ. Ɂɚɬɟɦ ɜɧɨɜɶ ɩɪɨɢɫɯɨɞɢɬ ɪɚɫɤɪɵɬɢɟ ɷɩɨɤɫɢɞɚ 

ɦɟɞɶɨɪɝɚɧɢɱɟɫɤɢɦ ɪɟɚɝɟɧɬɨɦ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɫɩɢɪɬɚ D. 

 

Ⱦɟɣɫɬɜɢɟɦ ɦɟɡɢɥɯɥɨɪɢɞɚ D ɩɪɟɜɪɚɳɚɸɬ ɜ ɦɟɬɚɧɫɭɥɶɮɨɧɚɬ, ɹɜɥɹɸɳɢɣɫɹ 

ɯɨɪɨɲɟɣ ɭɯɨɞɹɳɟɣ ɝɪɭɩɩɨɣ. ɇɭɤɥɟɨɮɢɥɶɧɨɟ ɡɚɦɟɳɟɧɢɟ ɦɟɡɢɥɚɬɚ ɧɚ ɮɪɚɝɦɟɧɬ –

NHCH3 ɩɪɨɢɫɯɨɞɢɬ ɫ ɨɛɪɚɳɟɧɢɟɦ ɤɨɧɮɢɝɭɪɚɰɢɢ ɯɢɪɚɥɶɧɨɝɨ ɰɟɧɬɪɚ (SN2 

ɪɟɚɤɰɢɹ). ɉɨɥɭɱɟɧɧɵɣ ɜɬɨɪɢɱɧɵɣ ɚɦɢɧ E ɚɥɤɢɥɢɪɭɸɬ ɚɥɥɢɥɛɪɨɦɢɞɨɦ. 

ɉɪɨɞɭɤɬ  F ɜɫɬɭɩɚɟɬ ɜ ɪɟɚɤɰɢɸ ɦɟɬɚɬɟɡɢɫɚ. ɋɢɧɬɟɡ ɡɚɜɟɪɲɚɸɬ ɝɢɞɪɢɪɨɜɚɧɢɟ 
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ɞɜɨɣɧɨɣ ɫɜɹɡɢ ɜ ɨɛɪɚɡɨɜɚɜɲɟɦɫɹ ɲɟɫɬɢɱɥɟɧɧɨɦ ɰɢɤɥɟ ɢ ɫɧɹɬɢɟ ɡɚɳɢɬɵ ɫ 

ɝɢɞɪɨɤɫɢ-ɝɪɭɩɩɵ (ɪɚɫɳɟɩɥɟɧɢɟ ɚɰɟɬɚɥɹ) ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɨɣ 

HCl. 

ɋɢɫɬɟɦɚ ɨɰɟɧɢɜɚɧɢɹ: 

1. Ɋɚɫɱёɬ ɫɬɟɩɟɧɢ ɩɪɟɜɪɚɳɟɧɢɹ β ɛɚɥɥɚ 

2. Ɉɛɴɹɫɧɟɧɢɟ ɜɵɫɨɤɨɣ ɫɟɥɟɤɬɢɜɧɨɫɬɢ ɜ ɭɤɚɡɚɧɧɨɣ ɪɟɚɤɰɢɢ β ɛɚɥɥɚ 

3. ɋɬɪɭɤɬɭɪɧɵɟ ɮɨɪɦɭɥɵ A, B1, C1, D–G – ɩɨ β ɛɚɥɥɚ 

ɫɬɪɭɤɬɭɪɧɵɟ ɮɨɪɦɭɥɵ B2, C2 – ɩɨ 1 ɛɚɥɥɭ 

16 ɛɚɥɥɨɜ 

 ɂɌɈȽɈ: 20 ɛɚɥɥɨɜ 
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Ɋɟɲɟɧɢɟ ɡɚɞɚɱɢ 11-5 (Ɉ. Ƚ. ɋɚɥɶɧɢɤɨɜ, ȼ. Ⱥ. ȿɦɟɥɶɹɧɨɜ). 
1. ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɩɪɢɧɰɢɩɨɦ Ʌɟ ɒɚɬɟɥɶɟ: ɚ) ɭɦɟɧɶɲɟɧɢɟ ɞɚɜɥɟɧɢɹ 

ɩɪɢɜɟɞёɬ ɤ ɫɦɟɳɟɧɢɸ ɪɚɜɧɨɜɟɫɢɹ ɜɩɪɚɜɨ, ɬ. ɟ. ɤ ɭɜɟɥɢɱɟɧɢɸ ɜɵɯɨɞɚ ɷɬɢɥɟɧɚ, 

ɬ. ɤ. ɜ ɯɨɞɟ ɩɪɨɰɟɫɫɚ ɱɢɫɥɨ ɦɨɥɟɤɭɥ ɜ ɝɚɡɨɜɨɣ ɮɚɡɟ ɭɜɟɥɢɱɢɜɚɟɬɫɹ; 

ɛ) ɭɦɟɧɶɲɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɩɪɢɜɟɞёɬ ɤ ɫɦɟɳɟɧɢɸ ɪɚɜɧɨɜɟɫɢɹ ɜɥɟɜɨ, ɬ. ɟ. ɤ 

ɭɦɟɧɶɲɟɧɢɸ ɜɵɯɨɞɚ ɷɬɢɥɟɧɚ, ɬɚɤ ɤɚɤ ɪɟɚɤɰɢɹ – ɷɧɞɨɬɟɪɦɢɱɟɫɤɚɹ (ΔrH° > 0). 

2. ɋɬɚɞɢɢ ɢɧɢɰɢɢɪɨɜɚɧɢɹ ɰɟɩɢ – 1 ɢ β (ɩɪɢɜɨɞɹɬ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɪɚɞɢɤɚɥɨɜ 

C2H5
, ɹɜɥɹɸɳɢɯɫɹ ɩɟɪɟɧɨɫɱɢɤɚɦɢ ɰɟɩɢ; ɪɚɞɢɤɚɥɵ ɋɇ3


 ɩɟɪɟɧɨɫɱɢɤɚɦɢ ɰɟɩɢ ɧɟ 

ɹɜɥɹɸɬɫɹ); ɫɬɚɞɢɢ ɩɪɨɞɨɥɠɟɧɢɹ ɰɟɩɢ – γ ɢ 4 (ɡɚ ɫɱёɬ ɪɚɞɢɤɚɥɨɜ C2H5

 ɢ H

 ɰɟɩɶ 

ɪɚɫɬёɬ); ɫɬɚɞɢɹ ɨɛɪɵɜɚ ɰɟɩɢ – 5 (ɪɚɞɢɤɚɥɵ C2H5

 ɪɟɤɨɦɛɢɧɢɪɭɸɬ). 

3. ɇɚɢɛɨɥɶɲɟɣ ɷɧɟɪɝɢɟɣ ɚɤɬɢɜɚɰɢɢ ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɪɟɚɤɰɢɢ ɪɚɡɪɵɜɚ 

ɫɜɹɡɟɣ ɫ ɭɱɚɫɬɢɟɦ ɭɫɬɨɣɱɢɜɵɯ, ɜɚɥɟɧɬɧɨ-ɧɚɫɵɳɟɧɧɵɯ ɦɨɥɟɤɭɥ. ȼ ɞɚɧɧɨɦ 

ɫɥɭɱɚɟ ɷɬɨ – ɪɟɚɤɰɢɹ 1 (ɪɟɚɤɰɢɹ γ ɡɚɫɱɢɬɵɜɚɟɬɫɹ ɤɚɤ ɱɚɫɬɢɱɧɨ ɩɪɚɜɢɥɶɧɵɣ 

ɨɬɜɟɬ). ɇɚɢɦɟɧɶɲɚɹ ɷɧɟɪɝɢɹ ɚɤɬɢɜɚɰɢɢ – ɭ ɪɟɚɤɰɢɣ ɦɟɠɞɭ ɫɜɨɛɨɞɧɵɦɢ 

ɪɚɞɢɤɚɥɚɦɢ (ɪɟɚɤɰɢɹ 5). 

4. ɉɪɢ ɦɚɥɵɯ ɫɬɟɩɟɧɹɯ ɩɪɟɜɪɚɳɟɧɢɹ ɜ ɱɢɫɬɨɦ ɷɬɚɧɟ ɜ ɧɚɢɛɨɥɶɲɟɣ 

ɤɨɧɰɟɧɬɪɚɰɢɢ ɧɚɯɨɞɢɬɫɹ ɷɬɚɧ, ɩɨɷɬɨɦɭ ɢɦɟɧɧɨ ɨɧ ɛɭɞɟɬ ɜɵɫɬɭɩɚɬɶ ɜ ɤɚɱɟɫɬɜɟ 

ɱɚɫɬɢɰɵ Ɇ, ɭɱɚɫɬɜɭɸɳɟɣ ɜ ɢɧɢɰɢɢɪɨɜɚɧɢɢ ɰɟɩɢ. Ɍɨɝɞɚ ДM] = [C2H6Ж, ɢ ɪɟɚɤɰɢɹ 

ɢɦɟɟɬ ɩɟɪɜɵɣ ɩɨɪɹɞɨɤ ɩɨ ɷɬɚɧɭ. ȼ ɫɥɭɱɚɟ ɠɟ ɜɵɫɨɤɨɣ ɫɬɟɩɟɧɢ ɩɪɟɜɪɚɳɟɧɢɹ ɢɥɢ 

ɩɪɢ ɫɢɥɶɧɨɦ ɪɚɡɛɚɜɥɟɧɢɢ ɚɡɨɬɨɦ ɜ ɤɚɱɟɫɬɜɟ Ɇ ɛɭɞɭɬ ɜɵɫɬɭɩɚɬɶ ɩɪɨɞɭɤɬɵ 

ɪɟɚɤɰɢɢ ɢɥɢ ɦɨɥɟɤɭɥɵ ɚɡɨɬɚ, ɱɬɨ ɩɪɢɜɟɞёɬ ɤ ɫɧɢɠɟɧɢɸ ɩɨɪɹɞɤɚ ɪɟɚɤɰɢɢ ɩɨ 

ɷɬɚɧɭ ɞɨ ½. 

5. ɚ) Ⱦɥɹ ɪɚɫɱёɬɚ ɫɨɫɬɚɜɚ ɫɦɟɫɢ ɱɟɪɟɡ β ɦɢɧ ɧɟɨɛɯɨɞɢɦɨ ɜɨɫɩɨɥɶɡɨɜɚɬɶɫɹ 

ɭɪɚɜɧɟɧɢɟɦ ɤɢɧɟɬɢɱɟɫɤɨɣ ɤɪɢɜɨɣ ɞɥɹ ɪɟɚɤɰɢɢ ɩɟɪɜɨɝɨ ɩɨɪɹɞɤɚ, ɧɟ ɡɚɛɵɜ 

ɩɟɪɟɜɟɫɬɢ ɦɢɧɭɬɵ ɜ ɫɟɤɭɧɞɵ: 

ɛɚɪ339,0361,0 12041054,5
62HC  ep , 

ɛɚɪ022,0339,0361,0
242 HHC  pp . 

 ɛ) Ⱦɥɹ ɪɚɫɱёɬɚ ɫɨɫɬɚɜɚ ɪɚɜɧɨɜɟɫɧɨɣ ɫɦɟɫɢ ɧɟɨɛɯɨɞɢɦɨ ɢɫɩɨɥɶɡɨɜɚɬɶ 

ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɟ ɞɚɧɧɵɟ. ȼɧɚɱɚɥɟ ɪɚɫɫɱɢɬɚɟɦ ΔrG°: 
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 7.141873148300rrr
 STHG  24600 Ⱦɠ/ɦɨɥɶ. 

Ɉɬɫɸɞɚ ɦɨɠɧɨ ɪɚɫɫɱɢɬɚɬɶ ɤɨɧɫɬɚɧɬɭ ɪɚɜɧɨɜɟɫɢɹ: 

pr KRTG ln 
, 

0337,0
873314,8

24600r  
eeK RT

G

p



. 

ɉɪɟɞɩɨɥɨɠɢɦ, ɱɬɨ ɜ ɪɟɡɭɥɶɬɚɬɟ ɪɟɚɤɰɢɢ ɩɪɨɪɟɚɝɢɪɨɜɚɥɨ x ɛɚɪ ɷɬɚɧɚ. Ɍɨɝɞɚ 

62

242

HC

HHC

p

pp
K p

 , 

x

x


361,0

0337,0
2

, 

ɨɬɤɭɞɚ x = 0,095. Ɋɚɜɧɨɜɟɫɧɵɟ ɞɚɜɥɟɧɢɹ ɤɨɦɩɨɧɟɧɬɨɜ ɪɟɚɤɰɢɨɧɧɨɣ ɫɦɟɫɢ: 

p(C2H4) = p(H2) = 0.095 ɛɚɪ, p(C2H6) = 0,361 – 0,095 = 0,β66 ɛɚɪ. 

6. Ʉɚɬɚɥɢɡɚɬɨɪ ɜɥɢɹɟɬ ɧɚ ɤɢɧɟɬɢɱɟɫɤɢɟ ɢ ɧɟ ɜɥɢɹɟɬ ɧɚ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɟ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɪɟɚɤɰɢɢ. Ɉ ɩɨɪɹɞɤɟ ɩɨ ɷɬɚɧɭ ɫɤɚɡɚɬɶ ɧɢɱɟɝɨ ɧɟɥɶɡɹ, ɬɚɤ ɤɚɤ 

ɦɟɯɚɧɢɡɦ ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ ɪɟɚɤɰɢɢ ɜ ɭɫɥɨɜɢɢ ɧɟ ɩɪɢɜɟɞёɧ. 

ΔrH° Kp 

Ʉɢɧɟɬɢɱɟɫɤɢɣ 
ɩɨɪɹɞɨɤ ɩɨ ɷɬɚɧɭ 

Ʉɨɧɫɬɚɧɬɚ 
ɫɤɨɪɨɫɬɢ 

Ɋɚɜɧɨɜɟɫɧɵɣ 
ɜɵɯɨɞ ɷɬɢɥɟɧɚ 

ȼɵɯɨɞ 
ɷɬɢɥɟɧɚ ɱɟɪɟɡ 

β ɦɢɧ 

– – ? + – + 
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ɋɢɫɬɟɦɚ ɨɰɟɧɢɜɚɧɢɹ: 

1. ȼɟɪɧɵɟ ɨɬɜɟɬɵ ɫ ɩɨɹɫɧɟɧɢɟɦ ɩɨ 1 ɛɚɥɥɭ, ɛɟɡ ɩɨɹɫɧɟɧɢɹ – 

ɧɨɥɶ 

β ɛɚɥɥɚ 

2. Ɉɬɧɟɫɟɧɢɟ ɤɚɠɞɨɣ ɫɬɚɞɢɢ ɤ ɜɟɪɧɨɦɭ ɬɢɩɭ ɩɨ 0,5 ɛɚɥɥɚ 2,5 ɛɚɥɥɚ 

3. Ɂɚ ɤɚɠɞɭɸ ɩɪɚɜɢɥɶɧɭɸ ɪɟɚɤɰɢɸ – ɩɨ 1 ɛɚɥɥɭ β ɛɚɥɥɚ 

4. Ɉɛɴɹɫɧɟɧɢɟ ɩɨɪɹɞɤɚ ɪɟɚɤɰɢɢ ɩɨ ɷɬɚɧɭ – β ɩɨ 1 ɛɚɥɥɭ β ɛɚɥɥɚ 

5. ɚ) Ɋɚɫɱёɬ ɫɨɫɬɚɜɚ ɫɦɟɫɢ ɱɟɪɟɡ β ɦɢɧ – γ ɛɚɥɥɚ 

ɛ) Ɋɚɫɱёɬ ΔrG° 1ɛɚɥɥ,  

    ɪɚɫɱёɬ Kp 1 ɛɚɥɥ,  

    ɪɚɫɱёɬ ɪɚɜɧɨɜɟɫɧɨɝɨ ɫɨɫɬɚɜɚ – γ ɛɚɥɥɚ 

8 ɛɚɥɥɨɜ 

6. ɤɚɠɞɵɣ ɩɪɚɜɢɥɶɧɵɣ ɩɥɸɫ ɢɥɢ ɦɢɧɭɫ – ɩɨ 0,5 ɛɚɥɥɚ, ɡɧɚɤ 

ɜɨɩɪɨɫɚ – 1 ɛɚɥɥ 

3,5 ɛɚɥɥɚ 

 ɂɌɈȽɈ:  β0 ɛɚɥɥɨɜ 

 

 

 

  



 

111 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Ɋɟɲɟɧɢɹ ɢ ɫɢɫɬɟɦɚ ɨɰɟɧɢɜɚɧɢɹ 

ɜɬɨɪɨɝɨ ɬɟɨɪɟɬɢɱɟɫɤɨɝɨ ɬɭɪɚ 
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ɇɟɨɪɝɚɧɢɱɟɫɤɚɹ ɯɢɦɢɹ 

Ɋɟɲɟɧɢɟ ɡɚɞɚɱɢ 1 (Ⱥ. ɂ. ɀɢɪɨɜ) 
1. Ɋɚɫɫɱɢɬɚɟɦ ɦɨɥɶɧɵɟ ɫɨɨɬɧɨɲɟɧɢɹ ɤɨɦɩɨɧɟɧɬɨɜ ɜ ɧɢɬɪɚɬɧɨɦ 

ɩɨɪɨɯɟ. 

ɤɨɦɩɨɧɟɧɬ ω, % M, ɝ/ɦɨɥɶ ω/M ɤɨɷɮɮɢɰɢɟɧɬ 

KNO3 74,9 101 0,7416 0,7416/0,369 = 2,01 

C 13,3 12 1,1083 1,1083/0,369 = 3,004 

S 11,8 32 0,369 0,369/0,369 = 1,00 

Ɍɨɝɞɚ ɭɪɚɜɧɟɧɢɟ ɝɨɪɟɧɢɹ ɩɨɪɨɯɚ ɛɭɞɟɬ ɢɦɟɬɶ ɫɥɟɞɭɸɳɢɣ ɜɢɞ: 

2KNO3 + 3C + S = K2S + 3CO2 + N2 

Ɍɟɩɥɨɬɚ ɝɨɪɟɧɢɹ ɬɚɤɨɝɨ ɩɨɪɨɯɚ ɛɭɞɟɬ ɪɚɜɧɚ: 

Qɝɨɪ
 
= Qɨɛɪ(K2S) + 3Qɨɛɪ(CO2) − βQɨɛɪ(KNO3) = 4β8,4 + 1180,5 − 986,4 = 6ββ,5 

(ɤȾɠ). 

Ɇɚɫɫɚ ɩɨɪɨɯɚ ɪɚɜɧɚ ɫɭɦɦɟ ɦɨɥɹɪɧɵɯ ɦɚɫɫ, ɭɦɧɨɠɟɧɧɵɯ ɧɚ 

ɫɬɟɯɢɨɦɟɬɪɢɱɟɫɤɢɟ ɤɨɷɮɮɢɰɢɟɧɬɵ ɜ ɭɪɚɜɧɟɧɢɢ ɪɟɚɤɰɢɢ, ɢ ɫɨɫɬɚɜɥɹɟɬ: β0β + γ6 

+ γβ = β70 (ɝ) 

ɇɚ 1 ɤɝ ɫɨɠɠɟɧɧɨɝɨ ɩɨɪɨɯɚ ɜɵɞɟɥɢɬɫɹ  6ββ,5 : β70 ·1000 : 4,18 =  551,6 

(ɤɤɚɥ/ɤɝ). 

Ɉɛɴɟɦ ɜɵɞɟɥɢɜɲɢɯɫɹ ɝɚɡɨɜ ɧɚ 1 ɤɝ ɩɨɪɨɯɚ ɫɨɫɬɚɜɢɬ ββ,4 · 4 ·1000 : β70 = 

γγβ (ɥ/ɤɝ). 

2. ɍɪɚɜɧɟɧɢɹ ɪɟɚɤɰɢɣ, ɩɪɨɢɫɯɨɞɹɳɢɯ ɩɪɢ ɝɨɪɟɧɢɢ ɯɥɨɪɚɬɧɨɝɨ ɩɨɪɨɯɚ: 

2KClO3 + 3C = 2KCl + 3CO2 

2KClO3 + 3S = 2KCl + 3SO2 

ɚ) Ɍɟɩɥɨɜɨɣ ɷɮɮɟɤɬ ɫɝɨɪɚɧɢɹ ɩɨɪɨɯɚ ɫ ɦɢɧɢɦɚɥɶɧɵɦ ɫɨɞɟɪɠɚɧɢɟɦ ɫɟɪɵ 

(0%) ɫɨɫɬɚɜɥɹɟɬ: 

Qɪ-ɰɢɢ 
 
= 2Qɨɛɪ(KCl) + 3Qɨɛɪ(CO2) – 2Qɨɛɪ(KClO3) = 871,8 + 1180,5 – 782,4 = 

1β69,9 (ɤȾɠ), ɚ ɦɚɫɫɚ ɩɨɪɨɯɚ ɪɚɜɧɚ β×1ββ,5 + γ×1β = β81 (ɝ).  Ɍɨɝɞɚ ɧɚ 1ɤɝ ɫɦɟɫɢ 

ɜɵɞɟɥɢɬɫɹ ɬɟɩɥɨɬɵ: 

1β69,9·1000 : 281 : 4,18 =  1081,β (ɤɤɚɥ/ɤɝ) 

Ɉɛɴɟɦ ɝɚɡɨɜ ɪɚɜɟɧ: ββ,4·γ : β81·1000 =  βγ9 (ɥ/ɤɝ) 
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ɛ) Ⱦɥɹ ɜɬɨɪɨɝɨ ɫɨɫɬɚɜɚ  (0 % ɭɝɥɟɪɨɞɚ) ɜɵɞɟɥɟɧɢɟ ɬɟɩɥɨɬɵ  ɫɨɫɬɚɜɢɬ: 

871,8 + 890,7 – 78β,4 = 980,1 (ɜɵɞɟɥɢɬɫɹ ɤȾɠ ɬɟɩɥɨɬɵ ɧɚ  γ41 ɝ ɫɦɟɫɢ). 

Ɍɨɝɞɚ ɧɚ 1 ɤɝ ɫɦɟɫɢ ɬɟɩɥɨɜɵɞɟɥɟɧɢɟ ɫɨɫɬɚɜɢɬ 980,1·1000 : 341 : 4,18 = 687,6 

(ɤɤɚɥ/ɤɝ), ɱɬɨ ɜ 1,6 ɪɚɡɚ ɦɟɧɶɲɟ, ɱɟɦ ɜ ɫɦɟɫɢ ɫ ɭɝɥɟɪɨɞɨɦ. 

Ƚɚɡɨɜɵɞɟɥɟɧɢɟ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɫɨɫɬɚɜɢɬ: ββ,4·γ : γ41·1000 = 197 (ɥ/ɤɝ). 

3. Ɋɟɚɤɰɢɢ ɫ ɩɟɪɯɥɨɪɚɬɨɦ ɤɚɥɢɹ: 

KClO4 + 2C = KCl + 2CO2 

KClO4 + 2S = KCl + 2SO2 

ɚ) Ⱦɥɹ ɩɟɪɜɨɣ ɪɟɚɤɰɢɢ ɢɡɦɟɧɟɧɢɟ ɷɧɬɚɥɶɩɢɢ ɫɨɫɬɚɜɥɹɟɬ: 

Qɪ-ɰɢɢ 1
 
= Qɨɛɪ(KCl) + 2Qɨɛɪ(CO2) – Qɨɛɪ(KClO4) = 435,9 +787 – 430,1 = 792,8 

(ɤȾɠ).  

Ⱥ ɦɚɫɫɚ ɫɦɟɫɢ ɫɨɫɬɚɜɢɬ: 1γ8,5 + 24 = 162,5 ɝ. ɇɚ 1 ɤɝ ɫɦɟɫɢ ɜɵɞɟɥɢɬɫɹ 

79β,8×1000 : 16β,45 :4,18 = 1168 (ɤɤɚɥ/ɤɝ). Ƚɚɡɨɜɵɞɟɥɟɧɢɟ ɫɨɫɬɚɜɢɬ ββ,4×β : 

16β,45×1000 = β76 (ɥ/ɤɝ). 

ɛ) Ⱦɥɹ ɜɬɨɪɨɣ ɪɟɚɤɰɢɢ 

Qɪ-ɰɢɢ β = Qɨɛɪ(KCl) + 2Qɨɛɪ(SO2) – Qɨɛɪ(KClO4) = 435,9 + 593,8 – 430,1 = 

599,6 (ɤȾɠ). 

ɇɚ 1 ɤɝ ɢɫɯɨɞɧɨɣ ɫɦɟɫɢ ɜɵɞɟɥɢɬɫɹ 

599,6·1000 : 202,45 : 4,18 = 709 (ɤɤɚɥ/ɤɝ). Ƚɚɡɨɜɵɞɟɥɟɧɢɟ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɫɨɫɬɚɜɢɬ 

ββ,4·β : β0β,45·1000 = ββ1 (ɥ/ɤɝ). 

4. ɏɥɨɪɚɬ ɤɚɥɢɹ ɦɨɠɟɬ ɛɵɬɶ ɩɨɥɭɱɟɧ ɞɢɫɩɪɨɩɨɪɰɢɨɧɢɪɨɜɚɧɢɟɦ ɯɥɨɪɚ 

ɜ ɳɟɥɨɱɧɨɣ ɫɪɟɞɟ; 

6KOH + 3Cl2 = KClO3 + 5KCl + 3H2O 

ɂɥɢ ɩɪɢ ɛɟɡɞɢɚɮɪɚɝɦɟɧɧɨɦ ɷɥɟɤɬɪɨɥɢɡɟ  ɪɚɫɬɜɨɪɚ KCl: 

KCl + 3H2O = 3H2 + KClO3 

ɉɟɪɯɥɨɪɚɬ ɤɚɥɢɹ ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɩɪɢ ɬɟɪɦɢɱɟɫɤɨɦ 

ɞɢɫɩɪɨɩɨɪɰɢɨɧɢɪɨɜɚɧɢɢ ɯɥɨɪɚɬɚ ɤɚɥɢɹ:               

4KClO3 = KCl + 3KClO4 

ɢɥɢ ɩɪɢ ɷɥɟɤɬɪɨɥɢɡɟ ɪɚɫɬɜɨɪɚ ɯɥɨɪɚɬɚ: 

KClO3 + H2O = KClO4 + H2 
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ɋɢɫɬɟɦɚ ɨɰɟɧɢɜɚɧɢɹ: 

1. Ɋɚɫɱɟɬ ɬɟɩɥɨɬɵ ɫɝɨɪɚɧɢɹ ɢ ɨɛɴɟɦɚ ɝɚɡɨɨɛɪɚɡɧɵɯ ɩɪɨɞɭɤɬɨɜ  

 ɩɨ 1,5 ɛɚɥɥɚ 

3 ɛɚɥɥɚ 

2. ɍɪɚɜɧɟɧɢɹ ɪɟɚɤɰɢɣ (βɲɬ) ɩɨ 1 ɛɚɥɥɭ, ɪɚɫɱɟɬ ɬɟɩɥɨɬ ɫɝɨɪɚɧɢɹ 

(ɩɨ 1,5 ɛɚɥɥɚ) ɢ ɨɛɴɟɦɨɜ ɝɚɡɨɨɛɪɚɡɧɵɯ ɩɪɨɞɭɤɬɨɜ 

(ɩɨ 1,5 ɛɚɥɥɚ) ɜ ɤɚɠɞɨɦ ɢɡ ɫɥɭɱɚɟɜ 

8 ɛɚɥɥɨɜ 

3. ɍɪɚɜɧɟɧɢɹ ɪɟɚɤɰɢɣ (βɲɬ) ɩɨ 1 ɛɚɥɥɭ, ɪɚɫɱɟɬ ɬɟɩɥɨɬ ɫɝɨɪɚɧɢɹ 

(ɩɨ 1,5 ɛɚɥɥɚ) ɢ ɨɛɴɟɦɨɜ ɝɚɡɨɨɛɪɚɡɧɵɯ ɩɪɨɞɭɤɬɨɜ 

(ɩɨ 1,5 ɛɚɥɥɚ) ɜ ɤɚɠɞɨɦ ɢɡ ɫɥɭɱɚɟɜ 

8 ɛɚɥɥɨɜ 

4. ɍɪɚɜɧɟɧɢɹ ɪɟɚɤɰɢɣ (4ɲɬ) – ɩɨ 1,5 ɛɚɥɥɚ 6 ɛɚɥɥɨɜ 

 ɂɌɈȽɈ: 25 ɛɚɥɥɨɜ 

 

Ɋɟɲɟɧɢɟ ɡɚɞɚɱɢ 2 (Ⱦ. Ƚ. ɋɵɪɥɵɛɚɟɜɚ, ȼ. Ⱥ. ȿɦɟɥɶɹɧɨɜ) 
1. Ȼɟɫɰɜɟɬɧɵɣ ɝɚɡ, ɜɵɞɟɥɹɸɳɢɣɫɹ ɜ ɪɟɚɤɰɢɢ ɫ ɚɡɨɬɧɨɣ ɤɢɫɥɨɬɨɣ ɢ 

ɦɝɧɨɜɟɧɧɨ ɩɪɢɨɛɪɟɬɚɸɳɢɣ ɧɚ ɜɨɡɞɭɯɟ ɛɭɪɵɣ ɰɜɟɬ, – ɷɬɨ NO, ɤɨɬɨɪɵɣ 

ɦɝɧɨɜɟɧɧɨ ɨɤɢɫɥɹɟɬɫɹ ɞɨ ɛɭɪɨɝɨ ɝɚɡɚ NO2. Ɂɚɩɢɲɟɦ ɭɪɚɜɧɟɧɢɹ ɪɟɚɤɰɢɣ 

ɨɤɢɫɥɟɧɢɹ ɦɟɬɚɥɥɚ Ȼ ɚɡɨɬɧɨɣ ɤɢɫɥɨɬɨɣ ɢ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɟɝɨ ɨɤɫɢɞɚ ɜ ɨɛɳɟɦ 

ɜɢɞɟ: 

3Ȼ + 2xɇNO3  t  3ȻɈɯ·H2OĻ + βxNOĹ + (x − 3)H2O (ɞɥɹ x ≥ γ);  

3Ȼ + 2xɇNO3 + (3 − x)H2O  t  3ȻɈɯ·H2OĻ + βxNOĹ (ɞɥɹ x  3);  

(Ɂɚɫɱɢɬɵɜɚɟɬɫɹ ɥɸɛɨɟ ɢɡ ɷɬɢɯ ɞɜɭɯ ɭɪɚɜɧɟɧɢɣ, ɬɚɤ ɠɟ ɤɚɤ ɢ ɭɪɚɜɧɟɧɢɟ, ɜ 

ɤɨɬɨɪɨɦ ɩɨɥɭɱɚɟɬɫɹ ɛɟɡɜɨɞɧɵɣ ȻɈɯ). 

ȻɈɯ + H2   C 750 
 ȻɈɯ-1 + H2O.  

Ʉɨɥɢɱɟɫɬɜɨ ɜɵɞɟɥɢɜɲɟɝɨɫɹ NO ɫɨɫɬɚɜɥɹɟɬ 89,6·10−3
 / 22,4 = 4·10−3

 ɦɨɥɶ. 

ɋɨɫɬɚɜɢɦ ɩɪɨɩɨɪɰɢɸ: 

ɂɡ (γ·ɆȻ) ɝ Ȼ ɩɨɥɭɱɚɟɬɫɹ βx ɦɨɥɶ NO; 

ɂɡ 19β·10−3
 ɝ Ȼ – 4·10−3

 ɦɨɥɶ NO. 

Ɉɬɫɸɞɚ γMȻ · 4 · 10
−3

 = 2x · 19β·10−3, ɢɥɢ MȻ = 32x. ɉɨɫɥɟ ɧɟɫɥɨɠɧɨɝɨ 

ɩɟɪɟɛɨɪɚ ɩɨɥɭɱɚɟɬɫɹ, ɱɬɨ x = γ, ɚ Ȼ = Mo, ɧɨ ɷɬɨɬ ɠɟ ɨɬɜɟɬ ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɢ 
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ɛɨɥɟɟ ɫɬɪɨɝɨ.  

ȼ ɯɨɞɟ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɨɤɫɢɞɚ ɜɨɞɨɪɨɞɨɦ ɟɝɨ ɦɚɫɫɚ ɭɦɟɧɶɲɢɥɚɫɶ ɧɚ 

0,288 − 0,256 = 0,032 ɝ, ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ 0,0γβ / 16 = 2 · 10
−3

 ɦɨɥɶ ɚɬɨɦɨɜ Ɉ. ɂɡ 

ɫɬɟɯɢɨɦɟɬɪɢɢ ɪɟɚɤɰɢɢ ɫɥɟɞɭɟɬ, ɱɬɨ ɤɨɥɢɱɟɫɬɜɨ ɨɤɫɢɞɚ ȻɈɯ ɬɨɠɟ ɛɵɥɨ ɪɚɜɧɨ 

β·10−3
 ɦɨɥɶ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, Ɇ(ȻɈɯ) = 0,288 / (β·10−3

) = 144 ɝ/ɦɨɥɶ. Ɉɬɫɸɞɚ 

ɆȻ = 144 − 16x. Ɉɩɹɬɶ ɠɟ, ɡɞɟɫɶ ɥɟɝɤɨ ɩɨɞɛɢɪɚɸɬɫɹ x = γ, ɚ Ȼ = Mo, ɧɨ ɦɵ 

ɦɨɠɟɦ ɢ ɫɬɪɨɝɨ ɪɟɲɢɬɶ ɫɢɫɬɟɦɭ ɢɡ ɞɜɭɯ ɭɪɚɜɧɟɧɢɣ ɫ ɞɜɭɦɹ ɧɟɢɡɜɟɫɬɧɵɦɢ: 

MȻ = 32x, MȻ = 144 − 16x, ɨɬɤɭɞɚ γβx = 144 − 16x ɢɥɢ x = 3, MȻ = 96. 

ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ȻɈɯ – MoO3, ɚ ɦɟɬɚɥɥ Ȼ – ɦɨɥɢɛɞɟɧ.  

2. Ƚɚɦɦɚ-ɥɭɱɢ ɧɟ ɫɨɞɟɪɠɚɬ ɡɚɪɹɠɟɧɧɵɯ ɱɚɫɬɢɰ, ɩɨɷɬɨɦɭ ɧɟ ɨɬɤɥɨɧɹɸɬɫɹ ɜ 

ɦɚɝɧɢɬɧɨɦ ɩɨɥɟ ɨɬ ɩɟɪɜɨɧɚɱɚɥɶɧɨɣ ɬɪɚɟɤɬɨɪɢɢ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, β – Ȗ-ɢɡɥɭɱɟɧɢɟ. 

α-ɱɚɫɬɢɰɵ ɜɫɥɟɞɫɬɜɢɟ ɡɧɚɱɢɬɟɥɶɧɨ ɛɨɥɶɲɟɣ ɦɚɫɫɵ (6,645·10−27
 ɤɝ) ɩɨ 

ɫɪɚɜɧɟɧɢɸ ɫ ȕ-ɱɚɫɬɢɰɚɦɢ (ɦɚɫɫɚ 9,1·10−31
 ɤɝ) ɨɬɤɥɨɧɹɸɬɫɹ ɜ ɦɚɝɧɢɬɧɨɦ ɩɨɥɟ 

ɦɟɧɶɲɟ, ɩɨɷɬɨɦɭ 1 – α-ɢɡɥɭɱɟɧɢɟ, γ – ȕ-ɢɡɥɭɱɟɧɢɟ.  

3. Ɉɩɪɟɞɟɥɢɦ, ɫɤɨɥɶɤɨ ɷɥɟɤɬɪɨɧɨɜ ɫɨɞɟɪɠɢɬɫɹ ɜ ɫɬɪɭɤɬɭɪɧɨɣ ɟɞɢɧɢɰɟ 

ȺȻɈ4: 6,β6·1025
 / 6,0β·1023

 = 104 ɷɥɟɤɬɪɨɧɚ. Ɉɛɨɡɧɚɱɢɦ ɱɢɫɥɨ ɷɥɟɤɬɪɨɧɨɜ 

ɦɟɬɚɥɥɚ Ⱥ ɱɟɪɟɡ y, ɬɨɝɞɚ y + 42 + 8 · 4 = 104. Ɉɬɫɸɞɚ y = γ0, ɦɟɬɚɥɥ Ⱥ – Zn. 

ɍɪɚɜɧɟɧɢɹ ɪɟɚɤɰɢɣ: 

Zn + 2HCl = ZnCl2 + H2Ĺ, Zn + 2NaOH + 2H2O = Na2[Zn(OH)4] + H2Ĺ,  

Zn + 4NH3 + 2H2O = [Zn(NH3)4](OH)2 + H2Ĺ. 

4. ȼɟɳɟɫɬɜɨ Ⱦ ɩɨɥɭɱɚɟɬɫɹ ɜ ɪɟɚɤɰɢɢ ɦɨɥɢɛɞɟɧɚ ɫ ɯɥɨɪɨɦ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, 

ɷɬɨ ɟɝɨ ɯɥɨɪɢɞ. ɉɨ ɭɫɥɨɜɢɸ, ɤɚɠɞɵɣ ɢɡ ɞɜɭɯ ɚɬɨɦɨɜ ɦɨɥɢɛɞɟɧɚ ɧɚɯɨɞɢɬɫɹ ɜ 

ɨɤɪɭɠɟɧɢɢ ɲɟɫɬɢ ɚɬɨɦɨɜ ɯɥɨɪɚ (ɨɤɬɚɷɞɪ), ɩɪɢɱɟɦ ɞɜɚ ɚɬɨɦɚ ɯɥɨɪɚ (ɪɟɛɪɨ 

ɨɤɬɚɷɞɪɚ) ɨɛɳɢɟ, ɬ. ɟ. ɩɪɢɧɚɞɥɟɠɚɬ ɫɪɚɡɭ ɞɜɭɦ ɚɬɨɦɚɦ ɦɨɥɢɛɞɟɧɚ. 

ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɮɨɪɦɭɥɚ ɜɟɳɟɫɬɜɚ Ⱦ – Mo2Cl10 ɢɥɢ «MoCl5».  

ɉɨ ɭɫɥɨɜɢɸ, ɤɚɬɢɨɧ ɫɨɟɞɢɧɟɧɢɹ ɀ ɢɦɟɟɬ ɡɚɪɹɞ +4 ɢ ɫɨɞɟɪɠɢɬ 6 ɚɬɨɦɨɜ 

ɦɨɥɢɛɞɟɧɚ (ɜɟɪɲɢɧɵ ɨɤɬɚɷɞɪɚ), ɚ ɬɚɤɠɟ 8 ɚɬɨɦɨɜ ɯɥɨɪɚ (ɧɚɞ ɰɟɧɬɪɨɦ ɤɚɠɞɨɣ ɢɡ 

ɝɪɚɧɟɣ). ɉɨɫɤɨɥɶɤɭ ɫɨɟɞɢɧɟɧɢɟ ɛɢɧɚɪɧɨɟ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɜ ɟɝɨ ɫɨɫɬɚɜ ɜɯɨɞɹɬ 

ɟɳɟ 4 ɯɥɨɪɢɞ-ɚɧɢɨɧɚ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɮɨɪɦɭɥɚ ɀ – [Mo6Cl8]Cl4 ɢɥɢ «MoCl2». 

Ɇɨɥɟɤɭɥɚ ȼ ɫɨɞɟɪɠɢɬ ɦɨɥɢɛɞɟɧ ɜ ɧɭɥɟɜɨɣ ɫɬɟɩɟɧɢ ɨɤɢɫɥɟɧɢɹ. ȼ ɷɬɨɣ 
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ɫɢɫɬɟɦɟ ɷɬɨ ɦɨɠɟɬ ɛɵɬɶ ɬɨɥɶɤɨ ɤɚɪɛɨɧɢɥ ɦɨɥɢɛɞɟɧɚ. Ɍɚɤ ɤɚɤ ɨɧ ɩɨɞɱɢɧɹɟɬɫɹ 

ɩɪɚɜɢɥɭ 18 ɷɥɟɤɬɪɨɧɨɜ, ɬɨ ɤɨɥɢɱɟɫɬɜɨ ɤɚɪɛɨɧɢɥɶɧɵɯ ɝɪɭɩɩ = (18 − 6) / β = 6. Ɍɨ 

ɟɫɬɶ, ɮɨɪɦɭɥɚ ɜɟɳɟɫɬɜɚ ȼ – Mo(CO)6. 

Ȼɢɧɚɪɧɨɟ ɫɨɟɞɢɧɟɧɢɟ ȿ, ɩɨɥɭɱɚɸɳɟɟɫɹ ɜ ɪɟɚɤɰɢɢ ɤɚɪɛɨɧɢɥɚ ɦɨɥɢɛɞɟɧɚ ɫ 

ɢɨɞɨɦ, ɫɤɨɪɟɟ ɜɫɟɝɨ, ɟɝɨ ɢɨɞɢɞ MoIn. ɉɪɨɜɟɪɢɦ: ɦɚɫɫɨɜɚɹ ɞɨɥɹ Mo ɜ ɜɟɳɟɫɬɜɟ ȿ 

ɫɨɫɬɚɜɥɹɟɬ β0,1γ %, ɨɬɤɭɞɚ 96 / (96 + 127n) = 0,β01γ. Ɋɟɲɢɜ ɭɪɚɜɧɟɧɢɟ, ɩɨɥɭɱɚɟɦ 

n = γ,0. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɮɨɪɦɭɥɚ ȿ – MoI3.  

ɋɥɨɢɫɬɵɣ ɦɢɧɟɪɚɥ ɦɨɥɢɛɞɟɧɢɬ, ɠɢɪɧɵɣ ɧɚ ɨɳɭɩɶ ɢ ɨɫɬɚɜɥɹɸɳɢɣ ɫɥɟɞɵ 

ɧɚ ɛɭɦɚɝɟ, ɷɬɨ ɞɢɫɭɥɶɮɢɞ ɦɨɥɢɛɞɟɧɚ. Ɏɨɪɦɭɥɚ Ƚ – MoS2. 

ȼɟɳɟɫɬɜɨ Ɂ, ɨɛɪɚɡɭɸɳɟɟɫɹ ɩɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɤɢɫɥɨɬɧɨɝɨ ɨɤɫɢɞɚ MoO3 

ɫɨ ɳɟɥɨɱɶɸ, ɷɬɨ ɦɨɥɢɛɞɚɬ ɧɚɬɪɢɹ. Ɏɨɪɦɭɥɚ Ɂ – Na2MoO4. 

ɍɪɚɜɧɟɧɢɹ ɪɟɚɤɰɢɣ: 

1) 2Mo + 5Cl2   C 100   Mo2Cl10; 

2) 6Mo + 6ɋɈɋl2   C 750 
 [Mo6Cl8]Cl4 + 6CO; 

3) 3Mo2Cl10 + 36ɋɈ + 10Al   p C, 100 
 6Mo(CO)6 + 10AlCl3; 

4) 2Mo(CO)6 + 3I2   C 105   2MoI3 + 12CO; 

5) Mo2Cl10 + 5H2S   C 500   2MoS2 + S + 10HCl; 

6) 2MoS2 + 7Ɉ2    C 600400 
 2MoO3 + 4SO2; 

7) MoO3 + βNКOH ĺ NК2MoO4 + H2O. 

5. ɇɚ ɫɯɟɦɟ ɢɡɨɛɪɚɠɟɧɨ ɫɬɢɥɢɡɨɜɚɧɧɨɟ ɱɢɫɥɨ 51. ȼɫɟɪɨɫɫɢɣɫɤɚɹ ɨɥɢɦɩɢɚɞɚ 

ɲɤɨɥɶɧɢɤɨɜ ɩɨ ɯɢɦɢɢ ɜ β014 ɝ ɨɬɦɟɬɢɥɚ ɩɨɥɭɜɟɤɨɜɨɣ ɸɛɢɥɟɣ (ɫ ɭɱɟɬɨɦ 

ȼɫɟɫɨɸɡɧɵɯ ɨɥɢɦɩɢɚɞ), ɚ ɧɚɲɚ ɨɥɢɦɩɢɚɞɚ β015 ɝ ɢɦɟɟɬ 51-ɣ ɩɨɪɹɞɤɨɜɵɣ 

ɧɨɦɟɪ. 
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ɋɢɫɬɟɦɚ ɨɰɟɧɢɜɚɧɢɹ:  

1) ɍɪɚɜɧɟɧɢɹ ɪɟɚɤɰɢɣ ɩɨ 1 ɛɚɥɥɭ, ɦɟɬɚɥɥ ɦɨɥɢɛɞɟɧ β ɛɚɥɥɚ 4 ɛɚɥɥɚ 

2) ɉɨɥɧɨɫɬɶɸ ɜɟɪɧɨɟ ɫɨɨɬɜɟɬɫɬɜɢɟ β ɛɚɥɥɚ, ɨɞɧɨ ɫɨɜɩɚɞɟɧɢɟ 1 

ɛɚɥɥ 

2 ɛɚɥɥɚ 

3) ɍɪɚɜɧɟɧɢɹ ɪɟɚɤɰɢɣ ɩɨ 1 ɛɚɥɥɭ, ɦɟɬɚɥɥ ɰɢɧɤ β ɛɚɥɥɚ 5 ɛɚɥɥɨɜ 

4) Ɏɨɪɦɭɥɵ ɫɨɟɞɢɧɟɧɢɣ ȼ–Ɂ ɩɨ 1 ɛɚɥɥɭ, ɭɪɚɜɧɟɧɢɹ ɪɟɚɤɰɢɣ ɩɨ 1 

ɛɚɥɥɭ 

13 ɛɚɥɥɨɜ 

5) 51-ɹ ɜɫɟɪɨɫɫɢɣɫɤɚɹ ɨɥɢɦɩɢɚɞɚ ɲɤɨɥɶɧɢɤɨɜ ɩɨ ɯɢɦɢɢ 1 ɛɚɥɥ 1 ɛɚɥɥ 

ɂɬɨɝɨ 25 ɛɚɥɥɨɜ 

 

Ɋɟɲɟɧɢɟ ɡɚɞɚɱɢ 3 (ȼ. ȼ. Ⱥɩɹɪɢ) 
ɉɪɢɜɟɞɟɧ ɨɞɢɧ ɢɡ ɜɨɡɦɨɠɧɵɯ ɜɚɪɢɚɧɬɨɜ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ. 

1) К̌к ̭ледует ̛̚ пу̦кто̏ Ϯ ̛ ϯ ̾к̭пе̛̬̥е̦т̌ Кол̍о̸к̛̦̌ ̏ п̛̬̭ут̭т̛̛̏ 

к̌к «̬е̌кт̛̏̌ ϭ», т̌к ̛ «̬е̌кт̛̏̌ Ϯ» п̬о̵̛̭од̛т ̸̭̌т̸̛̦ое ̬̭̌т̏о̬е̛̦е 

о̬̍̌̍̌т̼̏̌е̵̥̼ ̛̛̥ о̭̌дко̏, ̌ «̬е̌кт̛̏ ϯ» ̦̌о̍о̬от ̼̼̏̏̌̚ет ̼̏п̌де̛̦е 

о̭̌дк̌ ̛̚ п̬о̸̬̦̌̚о̐о ̴̛л̽т̬̌т̌. Это ̏о̥̚о̙̦о тол̽ко ̏ то̥ ̭лу̸̌е, е̭л̛ 

«̬е̌кт̛̏ ϭ» ̛ «̬е̌кт̛̏ Ϯ» – к̛̭лот̼, ̌ «̬е̌кт̛̏ ϯ», ̭оот̏ет̭т̏е̦̦о, ̬̭̌т̏о̬ 

к̬̌̍о̦̌т̌ ̦̌т̛̬́. 

ʫ̭л̛ ̼̍ «̬е̌кт̛̏ ϭ» п̬ед̭т̌̏л́л ̭о̍о̜ ̭е̬̦у̀ к̛̭лоту, то полу̸е̦̦̼̜ 

о̭т̌ток ̭оде̬̙̌л ̼̍ ̭̥е̭̽ ̭ул̴̽̌то̏ ̛ по̭леду̺̀̌́ о̬̍̌̍отк̌ ;̭т̌д̛́ ϯͿ 

̭ол̦́о̜ к̛̭лото̜ ̦е п̛̬̏ел̌ ̼̍ к ̛̥̚е̦ѐ̛̦ е̐о ̭о̭т̌̏̌ ̛, ̭оот̏ет̭т̏е̦̦о, 

̥̭̭̼̌ о̭т̌тк̌. ʦ де̜̭т̛̏тел̦̽о̭т̛ ̙е ̥̭̭̌̌ о̭т̌тк̌ ϯ ок̌̌̚л̭̌̽ ̍ол̹̽е. 

ʿо̾то̥у дел̌е̥ ̼̏̏од, ̸то «̬е̌кт̛̏ ϭ» п̬ед̭т̌̏л́ет ̭о̍о̜ ̭ол̦́у̀ к̛̭лоту, ̌ 

«̬е̌кт̛̏ Ϯ» – ̭е̬̦у̀. 

2) ʿ̬ок̌л̛̛̦̏̌е ̏ ̌т̥о̴̭е̬е HCl ̦ео̵̍од̛̥о ̼̍ло ̭̏лед̭т̛̏е 

̛̐д̬ол̛т̸̛е̭ко̜ ̦е̭т̛̌̍л̦̽о̭т̛ ̵ло̛̬д̌ ̛̥̦̌̐́, кото̬̼̜ ̛̐д̬ол̛̚ует̭́ по 

к̌т̛о̦у: 

MgCl2·xH2O ĺ Mg(OH)Cl + HClĹ + (x − 1)H2OĹ 



 

118 

ɉɪɢɫɭɬɫɬɜɢɟ ɜ ɝɚɡɨɜɨɣ ɮɚɡɟ ɢɡɛɵɬɤɚ HCl ɩɪɟɩɹɬɫɬɜɭɟɬ ɩɪɨɬɟɤɚɧɢɸ ɷɬɨɣ 

ɪɟɚɤɰɢɢ. 

γ) Ɉɛɨɡɧɚɱɢɦ ɤɨɥɢɱɟɫɬɜɚ ɢɨɧɨɜ, ɫɨɞɟɪɠɚɳɢɯɫɹ ɜ ɨɛɴɟɦɟ 1 ɥ, x, y, z, t, p, q 

ɞɥɹ HCO3
−
, Cl

−
, SO4

β−
, Na

+
, Ca

2+
 ɢ Mg

2+
 ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

1. ɉɪɢ ɩɪɨɤɚɥɢɜɚɧɢɢ ɧɚ ɩɟɪɜɨɣ ɫɬɚɞɢɢ ɚɧɚɥɢɡɚ ɝɢɞɪɨɤɚɪɛɨɧɚɬɵ 

ɪɚɡɥɚɝɚɸɬɫɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɭɪɚɜɧɟɧɢɟɦ: 

 

ɉɪɢ ɷɬɨɦ ɢɡ x ɦɨɥɶ ɝɢɞɪɨɤɚɪɛɨɧɚɬ-ɢɨɧɨɜ ɜ ɬɜɟɪɞɨɦ ɨɫɬɚɬɤɟ ɨɫɬɚɟɬɫɹ x/2 

ɦɨɥɶ ɤɚɪɛɨɧɚɬ-ɢɨɧɨɜ.  

β. ɉɪɢ ɨɛɪɚɛɨɬɤɟ HCl ɢ ɩɨɫɥɟɞɭɸɳɟɦ ɭɩɚɪɢɜɚɧɢɢ ɜɫɟ ɤɚɪɛɨɧɚɬɵ 

ɩɟɪɟɯɨɞɹɬ ɜ ɯɥɨɪɢɞɵ: 

 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, x/β ɦɨɥɶ ɤɚɪɛɨɧɚɬ-ɢɨɧɨɜ ɞɚɸɬ x ɦɨɥɶ ɯɥɨɪɢɞ-ɢɨɧɨɜ. Ɍɨɝɞɚ 

x
x

x
x

COMxClMmm 5,5
2

605,35
2

)()( 2

312   , 

ɨɬɤɭɞɚ ɦɚɫɫɨɜɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɝɢɞɪɨɤɚɪɛɨɧɚɬ-ɢɨɧɨɜ ɦɨɠɟɬ ɛɵɬɶ ɜɵɪɚɠɟɧɚ 

ɤɚɤ: 

ɥɝ
V

mm

V

xHCOM

V

m
HCOc /0,2

5,5

)(61)(
)( 123

3  
 

γ. Ʉɨɝɞɚ ɤ ɩɨɥɭɱɟɧɧɨɦɭ ɬɚɤɢɦ ɨɛɪɚɡɨɦ ɨɫɬɚɬɤɭ Ʉɨɥɛɨɱɤɢɧ ɩɪɢɛɚɜɢɥ 

ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɭɸ ɫɟɪɧɭɸ ɤɢɫɥɨɬɭ, ɭɩɚɪɢɥ ɪɚɫɬɜɨɪ ɢ ɫɧɨɜɚ ɩɪɨɤɚɥɢɥ ɫɭɯɢɟ 

ɫɨɥɢ, ɯɥɨɪɢɞɵ ɩɟɪɟɲɥɢ ɜ ɫɭɥɶɮɚɬɵ: 

 

Ɇɚɫɫɚ ɫɭɥɶɮɚɬɨɜ m3 ɢɡɜɟɫɬɧɚ. ȿɫɥɢ ɭɱɟɫɬɶ, ɱɬɨ ɩɨɫɥɟ ɩɪɟɞɵɞɭɳɟɣ 

ɨɛɪɚɛɨɬɤɢ ɫɨɥɹɧɨɣ ɤɢɫɥɨɬɨɣ ɨɛɳɟɟ ɤɨɥɢɱɟɫɬɜɨ ɯɥɨɪɢɞɨɜ ɛɵɥɨ (y + x) ɦɨɥɶ ɢ 

ɱɬɨ ɤɚɠɞɵɟ β ɦɨɥɶ ɯɥɨɪɢɞɚ ɩɟɪɟɯɨɞɹɬ ɜ 1 ɦɨɥɶ ɫɭɥɶɮɚɬɚ, ɬɨ: 

ɥɝmmmm

V
Clc

mmmm
x

mm
y

yxyx
yx

yxClM
yx

SOMmm

/5,0)
5,55,12
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4. ɉɪɢ ɞɨɛɚɜɥɟɧɢɢ ɤ ɨɫɬɚɬɤɭ ɜɨɞɵ ɜ ɪɚɫɬɜɨɪ ɩɟɪɟɣɞɭɬ ɜɫɟ ɫɭɥɶɮɚɬɵ, ɤɪɨɦɟ 

ɫɭɥɶɮɚɬɚ ɤɚɥɶɰɢɹ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ: 

ɥɝ
V

m

V

p
CacppCaSOMCaSOmm /4,0

136

4040
)(136)()( 42

444    

5. Ʉɨɝɞɚ ɤ ɩɪɨɡɪɚɱɧɨɦɭ ɮɢɥɶɬɪɚɬɭ Ʉɨɥɛɨɱɤɢɧ ɩɪɢɛɚɜɢɥ ɢɡɛɵɬɨɤ ɪɚɫɬɜɨɪɚ 

Na2CO3, ɜ ɨɫɚɞɨɤ ɜɵɩɚɥɢ ɨɫɧɨɜɧɵɟ ɤɚɪɛɨɧɚɬɵ ɦɚɝɧɢɹ, ɤɨɬɨɪɵɟ ɩɪɢ 

ɩɨɫɥɟɞɭɸɳɟɦ ɩɪɨɤɚɥɢɜɚɧɢɢ ɪɚɡɥɨɠɢɥɢɫɶ ɞɨ ɨɤɫɢɞɚ ɦɚɝɧɢɹ. ɉɨɷɬɨɦɭ  

ɥɝ
V

m

V

q
MgcqqMgOMMgOmm /1,0

40

2424
)(40)()( 52

5    

Ɇɚɫɫɭ ɫɭɥɶɮɚɬɚ ɧɚɬɪɢɹ ɜ ɫɦɟɫɢ ɫɭɥɶɮɚɬɨɜ, ɩɨɥɭɱɟɧɧɨɣ ɧɚ ɫɬɚɞɢɢ № γ, 

ɦɨɠɧɨ ɧɚɣɬɢ ɩɨ ɪɚɡɧɨɫɬɢ: 

54344342
40

120
)()()( mmmMgSOmCaSOmmSONam   

ɋ ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ 
2

142
2

)()( 4242

tt
SONaMSONam   

Ɉɬɤɭɞɚ 

ɥɝmmm
VV

t
Nacmmmt /9,0)

40

120
(

71

2323
)()

40

120
(

142

2
543543    

Ʉɨɥɢɱɟɫɬɜɨ ɫɭɥɶɮɚɬ-ɢɨɧɨɜ ɜ ɦɢɧɟɪɚɥɶɧɨɣ ɜɨɞɟ ɦɨɠɧɨ ɧɚɣɬɢ, ɢɫɩɨɥɶɡɭɹ 

ɭɪɚɜɧɟɧɢɟ ɷɥɟɤɬɪɨɧɟɣɬɪɚɥɶɧɨɫɬɢ (ɡɚɪɹɞɨɜɵɣ ɛɚɥɚɧɫ): 

qptzyx 222  : 

ɥɝyxqpt
V

SOcyxqptz /0,1)22(
2

96
)()22(

2

1 2

4    

Ɉɛɳɚɹ ɦɢɧɟɪɚɥɢɡɚɰɢɹ ɜɨɞɵ ɫɨɫɬɚɜɥɹɟɬ: 

ɥɝɫ /9,40,19,01,04,05,00,2   

(Эɬɨ ɡɧɚɱɟɧɢɟ ɦɨɠɧɨ ɛɵɥɨ ɛɵ ɧɚɣɬɢ ɢ ɩɨ-ɞɪɭɝɨɦɭ. Ⱦɥɹ ɷɬɨɝɨ ɧɭɠɧɨ ɤ 

ɦɚɫɫɟ ɫɦɟɫɢ m1 ɩɪɢɛɚɜɢɬɶ ɦɚɫɫɭ ɩɨɬɟɪɹɧɧɵɯ ɩɪɢ ɪɚɡɥɨɠɟɧɢɢ ɝɢɞɪɨɤɚɪɛɨɧɚɬɨɜ 

ɭɝɥɟɤɢɫɥɨɝɨ ɝɚɡɚ ɢ ɜɨɞɵ: 

ɥɝ
V

xCOOHMm
c /9,42

)( 221  ) 

4) Ɉɛɳɢɟ ɨɫɧɨɜɧɵɟ ɬɪɟɛɨɜɚɧɢɹ ɤ ɨɫɚɠɞɚɟɦɨɣ ɮɨɪɦɟ: 

 Ɉɫɚɞɨɤ ɞɨɥɠɟɧ ɛɵɬɶ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟɪɚɫɬɜɨɪɢɦɵɦ. 



 

120 

 Ɉɫɚɞɨɤ ɞɨɥɠɟɧ ɛɵɬɶ ɱɢɫɬɵɦ, ɬɨ ɟɫɬɶ ɧɟ ɞɨɥɠɟɧ ɫɨɞɟɪɠɚɬɶ ɩɨɫɬɨɪɨɧɧɢɟ 

ɩɪɢɦɟɫɢ. 

Ɉɛɳɢɟ ɬɪɟɛɨɜɚɧɢɹ ɤ ɝɪɚɜɢɦɟɬɪɢɱɟɫɤɨɣ ɮɨɪɦɟ: 

 Ƚɪɚɜɢɦɟɬɪɢɱɟɫɤɚɹ ɮɨɪɦɚ ɞɨɥɠɧɚ ɛɵɬɶ ɫɬɟɯɢɨɦɟɬɪɢɱɟɫɤɢɦ ɫɨɟɞɢɧɟɧɢɟɦ 

ɢɡɜɟɫɬɧɨɝɨ ɫɨɫɬɚɜɚ. 

 Ɉɧɚ ɞɨɥɠɧɚ ɛɵɬɶ ɞɨɫɬɚɬɨɱɧɨ ɭɫɬɨɣɱɢɜɚ, ɱɬɨɛɵ ɟɟ ɦɨɠɧɨ ɛɵɥɨ ɜɡɜɟɫɢɬɶ. 

5) 

nm

m

nm

m

OX

X

OXM

XM

OXm

Xm
OXXF

OFe

Fe

OFeM

FeM

OFem

Fem
OFeFeF

AgCl

Cl

AgClM

ClM

AgClm

Clm
AgClClF

nnn

n
81

2

162)(

)(

)(

)(

)(

)(
)/(

699,0
1

2

31628,55

8,55

)(

)(

)(

)(

)(

)(
)/(

248,0
1

1

5,359,107

5,35

)(

)(

)(

)(

)(

)(
)/(

222

2

323232

32




 









 

ɋɢɫɬɟɦɚ ɨɰɟɧɢɜɚɧɢɹ:  

1. Ɉɛɨɫɧɨɜɚɧɧɨɟ ɭɫɬɚɧɨɜɥɟɧɢɟ ɤɚɠɞɨɝɨ ɪɟɚɤɬɢɜɚ – ɩɨ 1 ɛɚɥɥɭ 3 ɛɚɥɥɚ 

2 Ɉɛɴɹɫɧɟɧɢɟ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɩɪɨɤɚɥɢɜɚɧɢɹ ɜ ɚɬɦɨɫɮɟɪɟ HCl – 1 

ɛɚɥɥ 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɟ ɭɪɚɜɧɟɧɢɟ ɪɟɚɤɰɢɢ – 1 ɛɚɥɥ 

2 ɛɚɥɥɚ 

3. Ɉɩɪɟɞɟɥɟɧɢɟ ɫɨɞɟɪɠɚɧɢɹ ɤɚɠɞɨɝɨ ɢɡ 6-ɬɢ ɢɨɧɨɜ – ɩɨ β ɛɚɥɥɚ, 

Ɉɩɪɟɞɟɥɟɧɢɟ ɨɛɳɟɣ ɦɢɧɟɪɚɥɢɡɚɰɢɢ – β ɛɚɥɥɚ 

14 ɛɚɥɥɨɜ 

4. Ɉɫɧɨɜɧɵɟ ɬɪɟɛɨɜɚɧɢɹ ɤ ɨɫɚɠɞɚɟɦɨɣ ɮɨɪɦɟ – 1 ɛɚɥɥ, 

Ɉɫɧɨɜɧɵɟ ɬɪɟɛɨɜɚɧɢɹ ɤ ɝɪɚɜɢɦɟɬɪɢɱɟɫɤɨɣ ɮɨɪɦɟ – 1 ɛɚɥɥ 

2 ɛɚɥɥɚ 

5. Ɋɚɫɱɟɬ ɝɪɚɜɢɦɟɬɪɢɱɟɫɤɨɝɨ ɮɚɤɬɨɪɚ ɩɪɢ ɨɩɪɟɞɟɥɟɧɢɢ ɯɥɨɪɢɞ-

ɢɨɧɨɜ 

ɢ ɠɟɥɟɡɚ – ɩɨ 1 ɛɚɥɥɭ, 

ɜɵɜɨɞ ɮɨɪɦɭɥɵ – β ɛɚɥɥɚ, 

4 ɛɚɥɥɚ 

 ɂɌɈȽɈ:  25 ɛɚɥɥɨɜ 
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Ɋɟɲɟɧɢɟ ɡɚɞɚɱɢ 4 (Ⱥ. Ɇ. Ɂɢɦɚ) 
1. Ɉɩɪɟɞɟɥɢɦ ɫɨɫɬɚɜ ɜɟɳɟɫɬɜɚ Ⱥ. ɉɨɫɤɨɥɶɤɭ ɜɟɳɟɫɬɜɚ Ⱥ, Ȼ ɢ Ⱦ ɫɨɞɟɪɠɚɬ 

ɨɛɳɢɣ ɧɟɦɟɬɚɥɥ Ɂ, ɚ ɩɪɢ ɪɚɫɬɜɨɪɟɧɢɢ Ȼ ɜ ɫɨɥɹɧɨɣ ɤɢɫɥɨɬɟ ɜɵɞɟɥɹɟɬɫɹ ɝɚɡ ɜ 

ɡɚɩɚɯɨɦ ɬɭɯɥɵɯ ɹɢɰ, ɦɨɠɧɨ ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ Ⱥ, Ȼ ɢ Ⱦ ɹɜɥɹɸɬɫɹ ɫɭɥɶɮɢɞɚɦɢ 

(Ɂ = S). ɉɪɨɜɟɪɢɦ ɧɚɲɭ ɞɨɝɚɞɤɭ. ɉɭɫɬɶ ɜɟɳɟɫɬɜɨ Ⱥ ɢɦɟɟɬ ɫɨɫɬɚɜ MSx/2. 

Ʉɨɥɢɱɟɫɬɜɨ ɜɟɳɟɫɬɜɚ ɦɟɬɚɥɥɚ ɜ β00 ɦɝ ɫɨɟɞɢɧɟɧɢɹ Ⱥ ɫɨɫɬɚɜɥɹɟɬ 

n(MSx/2) = 0,2/(Mr(M) + x·16). ɋ ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ, ɜ ɨɫɚɞɤɟ n(M
x+

) = 

0,156γ·0,4β9β/Mr(M), ɩɪɢɱɟɦ ɬɚɦ ɭ ɧɚɫ ɨɤɚɡɚɥɚɫɶ ɩɨɥɨɜɢɧɚ ɦɟɬɚɥɥɚ. 

ɉɪɢɪɚɜɧɢɜɚɟɦ ɜɵɪɚɠɟɧɢɹ n(MSx/2) = β·n(M
x+) ɢ ɩɨɥɭɱɚɟɦ, ɱɬɨ Mr(M) = γβ,6γ·x. 

ȿɞɢɧɫɬɜɟɧɧɨɟ ɪɚɡɭɦɧɨɟ ɪɟɲɟɧɢɟ ɩɨɥɭɱɚɟɦ ɩɪɢ x = 2: Mr(M) = 65,β6 ɝ/ɦɨɥɶ, ɱɬɨ 

ɫɨɨɬɜɟɬɫɬɜɭɟɬ M = Zn ɢ Ⱥ = ZnS.  

Ⱦɥɹ ɜɟɳɟɫɬɜɚ Ⱦ ɚɧɚɥɨɝɢɱɧɨ ɩɨɥɭɱɚɟɦ n(MSx/2) = 0,4/(Mr(M) + x·16), 

n(M
x+

) = 0,5069·0,68γβ/Mr(M). n(MSx/2) = n(M
x+), ɨɬɤɭɞɚ Mr(M) = 10γ,β·x. ɉɪɢ 

x = 2 Mr(M) = 206,4 ɝ/ɦɨɥɶ, ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ M = Pb ɢ Ⱦ = PbS.  

Ⱦɥɹ ɜɟɳɟɫɬɜɚ Ȼ ɩɨɥɭɱɚɟɦ, ɱɬɨ n(MSx/2) = 0,3/(Mr(M) + x·16). Ⱦɨɛɚɜɥɟɧɢɟ ɤ 

ɪɚɫɬɜɨɪɭ ɝɢɞɪɨɤɫɢɞɚ ɧɚɬɪɢɹ ɢ ɩɨɫɥɟɞɭɸɳɟɟ ɩɪɨɤɚɥɢɜɚɧɢɟ ɩɪɢɜɨɞɢɬ ɤ 

ɩɨɥɭɱɟɧɢɸ ɨɤɫɢɞɚ MOx/2. Ɍɨɝɞɚ n(MOx/2) = 0,2666/(Mr(M) + x·8). ɉɪɢɪɚɜɧɢɜɚɟɦ 

ɜɵɪɚɠɟɧɢɹ (n(MSx/2) = n(MOx/2)) ɢ ɩɨɥɭɱɚɟɦ, ɱɬɨ Mr(M) = 55,86·x. ɉɪɢ ɯ = 2 

Mr(M) = 111,7 ɝ/ɦɨɥɶ, ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ M = Cd ɢ Ȼ = CdS. 

Ɉɩɪɟɞɟɥɢɦ ɷɥɟɦɟɧɬ ɂ.  

ɉɨ ɭɫɥɨɜɢɸ ɡɚɞɚɱɢ Mr(ɂ) = Mr(Ɂ) / 2,46 = 32 / β,46 = 1γ ɝ/ɦɨɥɶ ɢɥɢ Mr(ɂ) = 

Mr(Ɂ)·β,46 = γβ·β,46 = 78,7 ɝ/ɦɨɥɶ, ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɫɟɥɟɧɭ (ɂ = Se).  

Ɍɨɝɞɚ ɞɥɹ ɜɟɳɟɫɬɜɚ ȼ (MSex/2) ɩɨɥɭɱɚɟɦ Mr(M) = 45,γ·78,7·x / (β·54,7) = 

γβ,6·x, ɱɬɨ ɩɪɢ x = β ɫɨɨɬɜɟɬɫɬɜɭɟɬ Zn, ȼ = ZnSe.  

Ⱦɥɹ Ƚ – Mr(M) = 58,γ·78,7·x / (β·41,7) = 55,0·x, Ƚ = CdSe.  

Ⱦɥɹ ȿ – Mr(M) = 7β,4·78,7·x / (β·β7,6) = 10γ·x, ȿ = PbSe.  

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɨɩɢɫɚɧɧɵɟ ɜ ɡɚɞɚɱɟ ɜɟɳɟɫɬɜɚ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ 

ɫɭɥɶɮɢɞɵ (Ɂ = S) ɢ ɫɟɥɟɧɢɞɵ (ɂ = Se): Ⱥ ɢ ȼ – ɰɢɧɤɚ, Ȼ ɢ Ƚ – ɤɚɞɦɢɹ (ɀ = Cd), 

ɚ Ⱦ ɢ ȿ – ɫɜɢɧɰɚ. 

2. ɍɫɬɚɧɨɜɢɦ ɮɨɪɦɭɥɭ ɨɥɟɢɧɨɜɨɣ ɤɢɫɥɨɬɵ (CxH2x−1COOH).  
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ω(C) = 12 · (x + 1) / (12x + 2ɯ − 1 + 45) = 0,766, ɨɬɤɭɞɚ 1,β76x = 21,704, x = 17. 

ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɨɥɟɢɧɨɜɚɹ ɤɢɫɥɨɬɚ ɢɦɟɟɬ ɮɨɪɦɭɥɭ C17H33COOH. 

ɍɪɚɜɧɟɧɢɹ ɪɟɚɤɰɢɣ: 

[1] Cd(CH3COO)2 + 2C17H33COOH = Cd(C17H33COO)2Ļ + βCH3COOH, 

[2] Cd(C17H33COO)2 + (C8H15)3PSО = CНSОĻ + (C8H15)3P(C17H33COO)2. 

ɇɚɣɞɟɦ ɫɨɫɬɚɜ ɨɫɚɞɤɚ, ɩɨɥɭɱɟɧɧɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟɦ ɪɚɫɬɜɨɪɚ ɫɨɥɢ ɰɢɧɤɚ 

ɢ ɝɢɞɪɨɨɪɬɨɮɨɫɮɚɬɚ ɚɦɦɨɧɢɹ. Ɇɨɥɹɪɧɚɹ ɦɚɫɫɚ ɜ ɪɚɫɱɟɬɟ ɧɚ x ɚɬɨɦɨɜ ɤɢɫɥɨɪɨɞɚ 

ɫɨɫɬɚɜɥɹɟɬ M = 16·x/0,γ587 = 44,61·x ɝ/ɦɨɥɶ. ɉɪɢ x = 4 ɩɨɥɭɱɚɟɦ 178,4 ɝ/ɦɨɥɶ, 

ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɮɨɪɦɭɥɟ NH4ZnPO4.  

Ɍɨɝɞɚ ɞɥɹ ɜɟɫɨɜɨɣ ɮɨɪɦɵ ɩɨɥɭɱɚɟɦ M = 65,γ9·x/0,4β9β = 15β,4·x ɝ/ɦɨɥɶ, 

ɩɪɢ ɤɨɥɢɱɟɫɬɜɟ ɚɬɨɦɨɜ ɰɢɧɤɚ x = β ɨɫɚɞɨɤ ɛɭɞɟɬ ɢɦɟɬɶ ɫɨɫɬɚɜ Zn2P2O7 (M = 

γ04,7 ɝ/ɦɨɥɶ). 

[3] ZnS + 8HNO3(ɤɨɧɰ.)  ZnSO4 + 4H2O + 8NO2Ĺ (NO2 – ɛɭɪɵɣ ɝɚɡ), 

[4] ZnSO4 + (NH4)2HPO4 = NH4ZnPO4Ļ + NH4HSO4, 

[5] 2NH4ZnPO4  Zn2P2O7 + 2NH3Ĺ + H2OĹ, 

[6] ZnSO4 + 2NH3 + 2H2O = Zn(OH)2Ļ + (NH4)2SO4, 

[7] Zn(OH)2 + 4NH3 = [Zn(NH3)4](OH)2. 

Ɇɨɥɹɪɧɚɹ ɦɚɫɫɚ ɨɫɚɞɤɚ, ɩɨɥɭɱɟɧɧɨɝɨ ɞɟɣɫɬɜɢɟɦ ɩɟɪɟɤɢɫɢ ɜɨɞɨɪɨɞɚ ɧɚ 

ɫɭɥɶɮɢɞ ɫɜɢɧɰɚ (ɜ ɪɚɫɱɟɬɟ ɧɚ ɨɞɢɧ ɚɬɨɦ Pb) ɪɚɜɧɚ M = β07,β·x/0,68γβ = γ0γ,γ·x 

ɝ/ɦɨɥɶ, ɱɬɨ ɩɪɢ x = 1 ɫɨɨɬɜɟɬɫɬɜɭɟɬ PbSO4. 

[8] PbS + 4H2O2 = PbSO4Ļ + 4H2O, 

[9] PbSO4 + 4NaOH = Na2[Pb(OH)4] + Na2SO4, 

[10] CdS + 2HCl = CdCl2 + H2SĹ (H2S ɢɦɟɟɬ ɡɚɩɚɯ ɬɭɯɥɵɯ ɹɢɰ), 

[11] CdCl2 + 2NaOH = Cd(OH)2Ļ + βNКCХ, 

[12] Cd(OH)2  CdO + H2OĹ. 

3. Ʉɨɥɢɱɟɫɬɜɨ ɦɨɥɟɤɭɥ Ƚ (N) ɜ ɤɜɚɧɬɨɜɨɣ ɬɨɱɤɟ ɫɮɟɪɢɱɟɫɤɨɣ ɮɨɪɦɵ ɪɚɜɧɨ  

N = nNA = mNA/Mr = VρNA/Mr = πd
3ρNA/(6Mr).  

Ɍɨɝɞɚ N = γ,14·(γ,1·10−7
)

3·5,8β·6,0β·1023/(6·191) = β85,6 ≈ β86. 

4. Ɉɛɴёɦ ɫɮɟɪɢɱɟɫɤɨɣ ɱɚɫɬɢɰɵ ɫɨɫɬɚɜɥɹɟɬ V = πd
3/6, ɪɚɫɱёɬ ɞɥɹ ɛɨɥɶɲɟɝɨ 
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ɞɢɚɦɟɬɪɚ ɩɪɢɜɨɞɢɬ ɤ Vɜɧɟɲ = γ,14·(4,5·10−7
)

3/6 = 4,77·10−20
 ɫɦ3, ɚ ɞɥɹ ɦɟɧɶɲɟɝɨ 

ɞɢɚɦɟɬɪɚ ɤ Vɜɧɭɬ = γ,14·(γ,5·10−7
)

3/6 = β,β4·10−20
 ɫɦ3

.  

ȼ ɬɚɤɨɦ ɫɥɭɱɚɟ Vɜɧɭɬ = VCdSe, ɚ VZnS = Vɜɧɟɲ – Vɜɧɭɬ = β,5γ·10−20
 ɫɦ3

.  

Ɇɚɫɫɚ mCdSe = ρCdSe·VCdSe = β,β4·10−20·5,8β = 1,γ0·10−19
 ɝ. 

Ɇɚɫɫɚ mZnS = ρZnS·VZnS = β,5γ·10−20·4,09 = 1,04·10−19
 ɝ.  

Ɇɚɫɫɚ ɤɚɞɦɢɹ ɜ ɧɚɧɨɱɚɫɬɢɰɟ ɫɨɫɬɚɜɥɹɟɬ  

mCd = Mr(Cd)·mCdSe/Mr(CdSe) = 11β,4·1,γ0·10−19/191,4 = 7,6γ·10−20
 ɝ.  

Ɍɨɝɞɚ ɦɚɫɫɨɜɚɹ ɞɨɥɹ ɤɚɞɦɢɹ ɪɚɜɧɚ  

ω = mCd/(mZnS + mCdSe) = 100·7,6γ·10−20/(1,04·10−19
 + 1,γ0·10−19

) = 32,7 %. 

 

ɋɢɫɬɟɦɚ ɨɰɟɧɢɜɚɧɢɹ:  

1) β ɧɟɦɟɬɚɥɥɚ Ɂ ɢ ɂ, 6 ɮɨɪɦɭɥ ɜɟɳɟɫɬɜ Ⱥ – ȿ ɩɨ 1 ɛɚɥɥɭ 8 ɛɚɥɥɨɜ 

2) 1β ɭɪɚɜɧɟɧɢɣ ɪɟɚɤɰɢɣ ɩɨ 1 ɛɚɥɥɭ 12 ɛɚɥɥɨɜ 

3) Ɋɚɫɱɟɬ ɤɨɥɢɱɟɫɬɜɚ ɦɨɥɟɤɭɥ β ɛɚɥɥɚ 2 ɛɚɥɥɚ 

4) Ɋɚɫɱɟɬ ɦɚɫɫɨɜɨɣ ɞɨɥɢ ɤɚɞɦɢɹ γ ɛɚɥɥɚ 3 ɛɚɥɥɚ 

   

ɂɌɈȽɈ: 25 ɛɚɥɥɨɜ 

 

Ɋɟɲɟɧɢɟ ɡɚɞɚɱɢ 5 (Чɭɛɚɪɨɜ Ⱥ.ɋ., ȿɦɟɥɶɹɧɨɜ ȼ.Ⱥ.) 
1. Ȼɢɨɝɟɧɧɵɣ ɪɚɫɫɟɹɧɧɵɣ ɷɥɟɦɟɧɬ ɏ, ɫɨɞɟɪɠɚɳɢɣɫɹ ɜ ɜɨɞɨɪɨɫɥɹɯ ɢ 

ɜɯɨɞɹɳɢɣ ɜ ɫɨɫɬɚɜ ɬɢɪɟɨɢɞɧɵɯ ɝɨɪɦɨɧɨɜ, ɜɵɪɚɛɚɬɵɜɚɟɦɵɯ ɳɢɬɨɜɢɞɧɨɣ 

ɠɟɥɟɡɨɣ, ɷɬɨ ɢɨɞ.  

ɉɨɫɤɨɥɶɤɭ 5*103
 ɦɝ ɢɨɞɚ ɫɨɞɟɪɠɢɬɫɹ ɜ 106

 ɝ ɦɨɪɫɤɨɣ ɤɚɩɭɫɬɵ, ɬɨ 0,β ɦɝ ɟɝɨ 

ɛɭɞɟɬ ɫɨɞɟɪɠɚɬɶɫɹ ɜ 0,β*106
/(5*10

3) = 40 ɝ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɨɬɪɟɛɧɨɫɬɶ 

ɱɟɥɨɜɟɤɚ ɜ ɢɨɞɟ ɦɨɠɟɬ ɭɞɨɜɥɟɬɜɨɪɢɬɶ ɟɠɟɞɧɟɜɧɨɟ ɭɩɨɬɪɟɛɥɟɧɢɟ 40 ɝ ɦɨɪɫɤɨɣ 

ɤɚɩɭɫɬɵ. 

2. Ⱦɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɨɛɟɫɩɟɱɢɬɶ ɩɨɩɚɞɚɧɢɟ ɢɨɞɚ ɧɚ «ɤɚɠɞɵɣ ɨɛɟɞɟɧɧɵɣ 

ɫɬɨɥ», ɟɝɨ ɫɨɟɞɢɧɟɧɢɹ ɞɨɛɚɜɥɹɸɬ ɜ ɩɨɜɚɪɟɧɧɭɸ ɫɨɥɶ, ɤɨɬɨɪɭɸ ɢɫɩɨɥɶɡɭɸɬ ɜ 

ɩɪɨɰɟɫɫɟ ɩɪɢɝɨɬɨɜɥɟɧɢɹ ɩɪɚɤɬɢɱɟɫɤɢ ɤɚɠɞɨɝɨ ɛɥɸɞɚ.  

ɉɪɨɫɬɨɟ ɜɟɳɟɫɬɜɨ I2 ɥɟɝɤɨ ɢɫɩɚɪɹɟɬɫɹ, ɚ, ɤɪɨɦɟ ɬɨɝɨ, ɹɜɥɹɟɬɫɹ ɞɨɫɬɚɬɨɱɧɨ 
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ɫɢɥɶɧɵɦ ɨɤɢɫɥɢɬɟɥɟɦ, ɱɬɨ ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ ɨɠɨɝɭ ɫɥɢɡɢɫɬɨɣ ɨɛɨɥɨɱɤɢ. 

ɉɨɷɬɨɦɭ ɞɥɹ ɢɨɞɢɪɨɜɚɧɢɹ ɫɨɥɢ ɢɫɩɨɥɶɡɭɸɬ ɢɨɧɧɵɟ ɫɨɟɞɢɧɟɧɢɹ ɢɨɞɚ: ɨɛɵɱɧɨ 

ɢɨɞɢɞ ɢɥɢ ɢɨɞɚɬ ɤɚɥɢɹ (KI ɢ KIO3), ɪɟɠɟ – ɬɚɤɢɟ ɠɟ ɫɨɥɢ ɧɚɬɪɢɹ.  

ɉɪɢ ɤɨɧɬɚɤɬɟ ɫ ɜɨɡɞɭɯɨɦ ɢɨɞɢɞ ɤɚɥɢɹ ɩɨɫɬɟɩɟɧɧɨ ɨɤɢɫɥɹɟɬɫɹ ɞɨ 

ɦɨɥɟɤɭɥɹɪɧɨɝɨ ɢɨɞɚ: 

4KI + O2 + 4CO2 + 2H2O = 4KHCO3 + 2I2 

ɉɪɨɰɟɫɫ ɡɧɚɱɢɬɟɥɶɧɨ ɭɫɤɨɪɹɟɬɫɹ ɩɪɢ ɨɫɜɟɳɟɧɢɢ, ɭɜɟɥɢɱɟɧɢɢ ɜɥɚɠɧɨɫɬɢ 

ɢɥɢ ɬɟɪɦɨɨɛɪɚɛɨɬɤɟ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɩɨɬɟɪɟ ɢɨɞɚ ɢ ɩɨɹɜɥɟɧɢɸ ɭ ɟɞɵ 

ɫɩɟɰɢɮɢɱɟɫɤɨɝɨ ɜɤɭɫɚ ɢ ɡɚɩɚɯɚ. Ɍɚɤɚɹ ɫɨɥɶ ɧɟ ɩɪɢɝɨɞɧɚ ɞɥɹ ɞɥɢɬɟɥɶɧɨɝɨ 

ɯɪɚɧɟɧɢɹ. ɂɨɞɚɬ ɤɚɥɢɹ ɡɧɚɱɢɬɟɥɶɧɨ ɛɨɥɟɟ ɭɫɬɨɣɱɢɜ ɧɚ ɨɬɤɪɵɬɨɦ ɜɨɡɞɭɯɟ, ɢ ɩɨ 

ɷɬɨɣ ɩɪɢɱɢɧɟ ɟɝɨ ɞɨɛɚɜɤɚ ɤ ɩɨɜɚɪɟɧɧɨɣ ɫɨɥɢ ɩɪɟɞɩɨɱɬɢɬɟɥɶɧɟɟ, ɱɟɦ ɞɨɛɚɜɤɚ 

ɢɨɞɢɞɚ ɤɚɥɢɹ.  

3. ɉɨɫɤɨɥɶɤɭ ɩɪɢɪɨɞɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɢɡɨɬɨɩɚ N
I ɛɥɢɡɤɨ ɤ 100 %, ɡɧɚɱɟɧɢɟ 

ɟɝɨ ɦɚɫɫɨɜɨɝɨ ɱɢɫɥɚ N ɞɨɥɠɧɨ ɛɵɬɶ ɛɥɢɡɤɨ ɤ ɚɬɨɦɧɨɣ ɦɚɫɫɟ ɜ ɚ.ɟ.ɦ., 

ɩɪɢɜɟɞɟɧɧɨɣ ɜ ɉɋ, ɬ.ɟ. 1β6,9. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, N = 127. 

ɍɪɚɜɧɟɧɢɹ ɹɞɟɪɧɵɯ ɪɟɚɤɰɢɣ Д1Ж ɢ Д2]:                 + 2     +        [1];                  +       [2]. 

4. ȼ ɨɬɥɢɱɢɟ ɨɬ ȕ—ɢɡɥɭɱɟɧɢɹ, Ȗ-ɢɡɥɭɱɟɧɢɟ ɫɜɨɛɨɞɧɨ ɩɪɨɧɢɤɚɟɬ ɫɤɜɨɡɶ 

ɬɤɚɧɢ ɱɟɥɨɜɟɱɟɫɤɨɝɨ ɬɟɥɚ, ɢ ɦɨɠɟɬ ɛɵɬɶ ɥɟɝɤɨ ɡɚɪɟɝɢɫɬɪɢɪɨɜɚɧɨ ɫ ɩɨɦɨɳɶɸ 

ɫɩɟɰɢɚɥɶɧɵɯ ɞɟɬɟɤɬɨɪɨɜ. Ⱦɚɧɧɵɣ ɜɢɞ ɢɡɥɭɱɟɧɢɹ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɨɛɧɚɪɭɠɟɧɢɹ 

ɬɟɯ ɦɟɫɬ, ɝɞɟ ɩɪɨɢɡɨɲɥɨ ɧɚɤɨɩɥɟɧɢɟ ɪɚɞɢɨɚɤɬɢɜɧɨɝɨ ɣɨɞɚ. ɉɨ ɨɱɚɝɚɦ 

«ɫɜɟɱɟɧɢɹ» ɩɨɫɥɟ ɬɟɪɚɩɢɢ ɪɚɞɢɨɚɤɬɢɜɧɵɦ ɣɨɞɨɦ ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ ɨ 

ɥɨɤɚɥɢɡɚɰɢɢ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɨɱɚɝɨɜ ɨɩɭɯɨɥɢ (ɦɟɬɚɫɬɚɡɨɜ) ɜ ɨɪɝɚɧɢɡɦɟ 

ɛɨɥɶɧɨɝɨ. 

5. ɍɪɚɜɧɟɧɢɹ ɪɟɚɤɰɢɣ Д3-6]:          +             [3];                  +       [4]; 3I2 + 6KOH = 5KI + KIO3 + 

3H2O [5];  

2KIO3 + 3K2S2O5 + 6KOH = 2KI + 6K2SO4 + 3H2O [6]. 

Ⱦɨɡɚ ɩɪɟɩɚɪɚɬɚ ɫɨɫɬɚɜɥɹɟɬ з 100 ɦɝ (ɞɜɚ ɪɚɡɚ ɜ ɞɟɧɶ ɩɨ 50 ɦɝ) ɜ ɪɚɫɱɟɬɟ ɧɚ 

ɢɡɨɬɨɩ N+4ɏ. ȼɪɟɦɹ ɩɨɥɭɜɵɜɟɞɟɧɢɹ ɩɪɟɩɚɪɚɬɚ ɢɡ ɨɪɝɚɧɢɡɦɚ ɫɨɫɬɚɜɥɹɟɬ з 1β0 
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ɫɭɬ. ɉɟɪɢɨɞ ɩɨɥɭɪɚɫɩɚɞɚ ɫɚɦɨɝɨ ɢɡɨɬɨɩɚ N+4ɏ ɨɤɨɥɨ 8 ɫɭɬɨɤ. ɂɡɜɟɫɬɧɨ, ɱɬɨ ɞɥɹ 

ɪɟɚɤɰɢɢ ɩɟɪɜɨɝɨ ɩɨɪɹɞɤɚ (ɜ ɬɨɦ ɱɢɫɥɟ ɢ ɪɚɞɢɨɚɤɬɢɜɧɵɣ ɪɚɫɩɚɞ) ɜɪɟɦɹ 

ɩɨɥɭɩɪɟɜɪɚɳɟɧɢɹ t0,5 = ln2/k, ɝɞɟ k – ɤɨɧɫɬɚɧɬɚ ɫɤɨɪɨɫɬɢ ɪɟɚɤɰɢɢ; ɤɨɧɰɟɧɬɪɚɰɢɹ 

ɜɟɳɟɫɬɜɚ ɡɚɜɢɫɢɬ ɨɬ ɜɪɟɦɟɧɢ ɫɨɝɥɚɫɧɨ ɭɪɚɜɧɟɧɢɸ C = C
o×e

-kt
. 

6. Ɉɛɳɚɹ ɫɤɨɪɨɫɬɶ ɪɟɚɤɰɢɢ ɛɭɞɟɬ ɫɤɥɚɞɵɜɚɬɶɫɹ ɢɡ ɫɤɨɪɨɫɬɢ ɪɚɫɩɚɞɚ ɢɨɞɚ ɢ 

ɟɝɨ ɜɵɜɟɞɟɧɢɹ ɢɡ ɨɪɝɚɧɢɡɦɚ W = W1 + W2 = k1C+k2C = (k1+k2)C, ɬɨɝɞɚ  

t0,5 = ln2/(k1+k2) = ln2/(ln2/T1+ln2/T2) = T1T2/(T1+T2) = 1β0×8/(1β0+8) = 7,5 

ɫɭɬɨɤ. 

7. ɇɟɨɛɯɨɞɢɦɨ ɨɩɪɟɞɟɥɢɬɶ ɜɪɟɦɹ, ɩɨɫɥɟ ɤɨɬɨɪɨɝɨ ɜ ɨɪɝɚɧɢɡɦɟ ɨɫɬɚɧɟɬɫɹ 10 

ɦɝ ɣɨɞɚ. 

C = C
o×О-(k1+k2)t

, ln(C
o
/C) = (k1+k2)t ɢɥɢ t = ХЧ(Co

/C)/(k1+k2) 

1/(k1+k2) = 7,5/lnβ = 10,8 ɫɭɬ. 

ɑɟɪɟɡ 10 ɱɚɫɨɜ ɩɨɫɥɟ ɜɜɟɞɟɧɢɹ 50 ɦɝ ɜ ɨɪɝɚɧɢɡɦɟ ɨɫɬɚɧɟɬɫɹ: 

ln(50/m) = 10/(β4×10,8) = 0,0γ9; 50/m = 1,04; m = 48 ɦɝ. 

ɇɨɜɚɹ ɧɚɱɚɥɶɧɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɫɬɚɧɟɬ 98 ɦɝ. 

t = ln(C
o
/C)/(k1+k2)  = ln(98/10)×10,8 = β,β8×10,8 = β4,6 ɫɭɬɨɤ ɩɨɫɥɟ ɩɪɢɟɦɚ 

2-ɣ ɬɚɛɥɟɬɤɢ. 

ɋɢɫɬɟɦɚ ɨɰɟɧɢɜɚɧɢɹ:  

1) Эɥɟɦɟɧɬ ɣɨɞ β ɛ, ɪɚɫɱɟɬ ɦɚɫɫɵ ɦɨɪɫɤɨɣ ɤɚɩɭɫɬɵ 1 ɛ 3 ɛɚɥɥɚ 

2) ɉɨɜɚɪɟɧɧɚɹ ɫɨɥɶ 1 ɛ, β ɮɨɪɦɭɥɵ ɩɨ 0,5 ɛ ɢ 

  β ɧɚɡɜɚɧɢɹ ɩɨ 0,5 ɛ, ɭɪɚɜɧɟɧɢɟ ɪɟɚɤɰɢɢ 1 ɛ,  

ɭɥɟɬɭɱɢɜɚɧɢɟ ɢɨɞɚ ɢɡ ɢɨɞɢɞɚ 1 ɛ 

5 ɛɚɥɥɨɜ 

3) Ɂɧɚɱɟɧɢɟ N 1 ɛ, β ɭɪɚɜɧɟɧɢɹ ɪɟɚɤɰɢɣ ɩɨ 1 ɛ 3 ɛɚɥɥɚ 

4) Ʌɨɤɚɥɢɡɚɰɢɹ ɨɱɚɝɨɜ ɨɩɭɯɨɥɢ (ɦɟɫɬ ɧɚɤɨɩɥɟɧɢɹ ɣɨɞɚ) 1 ɛ,  

ɛɨɥɶɲɚɹ ɝɥɭɛɢɧɚ ɩɪɨɧɢɤɧɨɜɟɧɢɹ Ȗ-ɢɡɥɭɱɟɧɢɹ 1 ɛ 

2 ɛɚɥɥɚ 

5) 4 ɭɪɚɜɧɟɧɢɹ ɪɟɚɤɰɢɣ ɩɨ 1,5 ɛ 6 ɛɚɥɥɨɜ 

6) Ɋɚɫɱɟɬ ɜɪɟɦɟɧɢ ɩɨɥɭɜɵɜɟɞɟɧɢɹ ɩɪɟɩɚɪɚɬɚ γ ɛ 3 ɛɚɥɥɚ 

7) Ɋɚɫɱɟɬ ɜɪɟɦɟɧɢ ɞɨ ɛɟɡɨɩɚɫɧɨɝɨ ɭɪɨɜɧɹ γ ɛ   

(ɛɟɡ ɭɱɟɬɚ ɩɟɪɜɵɯ 10 ɱɚɫɨɜ, ɬ.ɟ. ɨɬɜɟɬ β4,9 ɫɭɬɨɤ β ɛ) 

3 ɛɚɥɥɚ 

ɂɌɈȽɈ: 25 ɛɚɥɥɨɜ 
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Ɋɟɲɟɧɢɟ ɡɚɞɚɱɢ 6 (Ȼɟɡɡɭɛɨɜ ɋ.ɂ.) 
1. ˀ̸̭̌ет ̥олекул̬̦́о̜ ̥̭̭̼̌ ̐̌̌̚ B. Mr(BͿ = ϮϮ,ϰ л/̥ол̽ · ϭ,ϵϲϰ ̐/̥ол̽ = 

ϰϰ ̐/̥ол̽ – ̾то д̛ок̛̭д у̐ле̬од̌. Cол̽ A – ̭̬ед̛̦̜, о̭̦о̦̼̜̏ ̛л̛ к̛̭л̼̜ 

к̬̌̍о̦̌т ̥ет̌лл̌ M. ˀ̸̛̭̭̌т̌е̥ кол̸̛е̭т̏о ̏е̺е̭т̏̌ CO2: ν(CO2Ϳ = Ϭ,ϭϭϮ л 

/ϮϮ,ϰ л/̥ол̽ = Ϭ,ϬϬϱ ;̥ол̽Ϳ. 

Ɋɚɫɱɟɬ ɦɨɥɹɪɧɨɣ ɦɚɫɫɵ ɦɟɬɚɥɥɚ. Ⱦɥɹ ɫɪɟɞɧɟɝɨ ɤɚɪɛɨɧɚɬɚ ɭɪɚɜɧɟɧɢɟ 

ɪɟɚɤɰɢɢ ɫ ɤɢɫɥɨɬɨɣ ɢɦɟɟɬ ɫɥɟɞɭɸɳɢɣ ɜɢɞ, ɝɞɟ n – ɜɚɥɟɧɬɧɨɫɬɶ ɦɟɬɚɥɥɚ:                              

ɉɭɫɬɶ ɦɨɥɹɪɧɚɹ ɦɚɫɫɚ ɦɟɬɚɥɥɚ x ɝ/ɦɨɥɶ, ɬɨɝɞɚ ɫɨɨɬɧɨɲɟɧɢɟ ɞɥɹ ɤɨɥɢɱɟɫɬɜ 

ɜɟɳɟɫɬɜɚ ɤɚɪɛɨɧɚɬɚ ɷɬɨɝɨ ɦɟɬɚɥɥɚ ɢ CO2:                                                          

Ɉɬɤɭɞɚ           

n = 1, ɬɨɝɞɚ x = β9,5 ɝ/ɦɨɥɶ, 

n = β, ɬɨɝɞɚ x = 59 ɝ/ɦɨɥɶ (ɤɨɛɚɥɶɬ ɢɥɢ ɧɢɤɟɥɶ), 

n = γ, ɬɨɝɞɚ x = 88,5 ɝ/ɦɨɥɶ, 

n = 4, ɬɨɝɞɚ x = 118 ɝ/ɦɨɥɶ. 

Ⱦɥɹ ɨɫɧɨɜɧɨɝɨ ɤɚɪɛɨɧɚɬɚ ɦɟɬɚɥɥɚ Ɇ ɭɪɚɜɧɟɧɢɟ ɪɟɚɤɰɢɢ ɫ ɤɢɫɥɨɬɨɣ:                                         

                                                                      

Ɉɬɤɭɞɚ x = 29,5n – 46,5k 

ɉɪɢ k = 1: 

n = β, ɬɨɝɞɚ x = 1β,5 ɝ/ɦɨɥɶ, 

n = γ, ɬɨɝɞɚ x = 4β ɝ/ɦɨɥɶ, 

n = 4, ɬɨɝɞɚ x = 71,5 ɝ/ɦɨɥɶ. 

ɉɪɢ k = 2: 

n = 4, ɬɨɝɞɚ x = β5 ɝ/ɦɨɥɶ. 
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Ⱦɥɹ ɤɢɫɥɨɝɨ ɤɚɪɛɨɧɚɬɚ ɦɟɬɚɥɥɚ Ɇ ɭɪɚɜɧɟɧɢɟ ɪɟɚɤɰɢɢ ɫ ɤɢɫɥɨɬɨɣ:                                                                          

Ɉɬɤɭɞɚ         

n = 1, ɬɨɝɞɚ x = 58 ɝ/ɦɨɥɶ, 

n = β, ɬɨɝɞɚ x = 116 ɝ/ɦɨɥɶ, 

n = γ, ɬɨɝɞɚ x = 174 ɝ/ɦɨɥɶ, 

n = 4, ɬɨɝɞɚ x = βγβ ɝ/ɦɨɥɶ – ɬɨɪɢɣ. 

ɉɪɢ ɪɚɫɬɜɨɪɟɧɢɢ ɤɚɪɛɨɧɚɬɚ ɢɥɢ ɝɢɞɪɨɤɚɪɛɨɧɚɬɚ ɦɟɬɚɥɥɚ ɜ ɫɨɥɹɧɨɣ ɤɢɫɥɨɬɟ 

ɨɛɪɚɡɭɟɬɫɹ ɯɥɨɪɢɞ. Ɋɚɫɬɜɨɪ ɯɥɨɪɢɞɚ ɧɢɤɟɥɹ ɢɦɟɟɬ ɡɟɥɟɧɭɸ ɨɤɪɚɫɤɭ, ɚ ɬɨɪɢɹ – 

ɛɟɫɰɜɟɬɧɵɣ, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɜɨɞɧɵɣ ɪɚɫɬɜɨɪ ɯɥɨɪɢɞɚ ɤɨɛɚɥɶɬɚ ɢɦɟɟɬ ɪɨɡɨɜɭɸ 

ɨɤɪɚɫɤɭ.                                  ,                                  . 

ɉɨɥɭɱɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɝɟɤɫɚɝɢɞɪɚɬɭ ɯɥɨɪɢɞɚ ɤɨɛɚɥɶɬɚ 

CoCl2·6H2O (ɜɟɳɟɫɬɜɨ ɋ) ɢ ɛɟɡɜɨɞɧɨɦɭ ɯɥɨɪɢɞɭ ɤɨɛɚɥɶɬɚ CoCl2  (ɜɟɳɟɫɬɜɨ D). 

Ɉɩɢɫɚɧɧɵɟ ɩɪɟɜɪɚɳɟɧɢɹ ɪɨɡɨɜɨɝɨ C ɜ ɝɨɥɭɛɨɟ D ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɞɟɝɢɞɪɚɬɚɰɢɢ 

CoCl2·6H2O ɫ ɨɛɪɚɡɨɜɚɧɢɟ ɛɟɡɜɨɞɧɨɝɨ CoCl2.  

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɧɟɢɡɜɟɫɬɧɵɣ ɦɟɬɚɥɥ Ɇ – ɷɬɨ ɤɨɛɚɥɶɬ, ɚ ɫɨɥɶ A – ɷɬɨ 

ɫɪɟɞɧɢɣ ɤɚɪɛɨɧɚɬ ɤɨɛɚɥɶɬɚ(II) CoCO3. ɍɪɚɜɧɟɧɢɹ ɪɟɚɤɰɢɣ 1 ɢ β ɢɦɟɟɬ 

ɫɥɟɞɭɸɳɢɣ ɜɢɞ: 

Ɋ-ɰɢɹ 1.                          

Ɋ-ɰɢɹ 2.                          

2. ˀ̸̭̌ет ̭оот̦о̹е̛̦́ ̌то̥о̏ ̏ к̛̭лоте Y. ʿу̭т̽ ̥̭̭̌̌ к̛̭лот̼ ϭϬϬ ̐, 

то̐д̌ ̥̭̭̼̌ ̌то̥о̏ ̍удут ̬̦̼̌̏ ̵̛ ̥̭̭̌о̼̥̏ дол̥́ ̏ п̬о̶е̦т̵̌. Кол̸̛е̭т̏̌ 

C, р, N ̛ O ̍удут, ̭оот̏ет̭т̏е̦̦о: ϯ,ϰϮ; ϱ,ϰϴ; Ϭ,ϲϴϱ ̛ Ϯ,ϳϰ ̥ол̽. ˀ̌̚дел̛̥ 

к̙̌дое ̛̚ ̾т̵̛ ̸ет̼̬е̵ ̸̛̭ел ̦̌ ̛̦̥̌е̦̹̽ее ̸̛̭ло ;Ϭ,ϲϴϱ ̥ол̽Ϳ. ʿолу̸̛̥ 

̭оот̦о̹е̛̦е ̥е̙ду кол̸̛е̭т̛̥̏̌ ̌то̥о̏ ̏ ̥олекуле Y: (C5H8N1O4)m.  



 

128 

Эле̥е̦т ̥̭̭̌̌ Кол-̏о ̏-̏̌ Кол-̏о ̌то̥о̏ 

ˁ 41,09 3,42 5 

H 5,48 5,48 8 

N 9,59 0,685 1 

O 43,84 2,74 4 

Чет̼̬е̵о̭̦о̦̏̌́ к̛̭лот̌ дол̙̦̌ ̭оде̬̙̌т̽ ̦е ̥е̦ее ϴ ̌то̥о̏ 

к̛̭ло̬од̌ ̦̌ ̴о̬̥ул̦̽у̀ ед̶̛̛̦у, ̸то до̭т̛̐̌ет̭́ п̛̬ m = 2. Mr(Y) = 292,26 

̐/̥ол̽, ̾то удо̏лет̏о̬́ет у̭ло̛̏̀ ̌̚д̸̛̌ ;Mr(YͿ < ϯϬϬͿ. ˀ̸̛̭̭̌т̌е̥ кол̸̛е̭т̏о 

̏е̺е̭т̏̌ Y: ν(Y) = ϭ,ϰϲ ̐ / 292,26 ̐/̥ол̽ = Ϭ,ϬϬϱ ;̥ол̽Ϳ, т.е. к̬̌̍о̦̌т ко̍̌л̽т̌ ̛ 

к̛̭лот̌ Y ̬е̛̬̌̐у̀т ϭ:ϭ. ˁо̐л̭̦̌о 

у̭ло̛̏̀ ̥олекул̌ Y – C6H12N2(COOH)4 

̭оде̛̬̙т ϯ т̛п̌ ̌то̥о̏ ̏одо̬од̌ ̛ ̦е 

̭оде̛̬̙т ̛̭̏́̚ N-N, ̾т̛̥ у̭ло̛̥̏́ 

от̏е̸̌ет ̾т̛ле̦д̛̛̥̦̌тет̬̌ук̭у̭̦̌́ 

к̛̭лот̌ ;Эʪ˃ʤͿ ;̛̬̭. ϭͿ, о̬̍̌̚у̺̀̌́ ̭о 

̥̦о̛̛̥̐ ̥ет̌лл̛̥̌ п̬о̸̦̼е ̵ел̌т̦̼е 

ко̥плек̭̼ ̭о̭т̌̏̌ ϭ:ϭ. ʫе д̛̦̌т̛̬е̏̌́ ̭ол̽ G: Na2C6H12N2(COO)2(COOH)2·ϮH2O 

;˃̛̬ло̦ ʥͿ – ̛̹̬око ̛̭пол̽̚ует̭́ ̏ ̦̌̌л̛т̸̛е̭ко̜ ̵̛̛̛̥ п̛̬ 

ко̥плек̭о̦о̥ет̸̛̬е̭ко̥ т̛т̬о̛̛̦̏̌ ̬̌̚л̸̵̛̦̼ ̥ет̌лло̏, ̏ ̸̭̌т̦о̭т̛, п̛̬ 

оп̬еделе̛̛̦ ̙е̭тко̭т̛ ̏од̼ ;т̛т̬о̛̦̏̌е ̛о̦о̏ Ca
2+

 ̛ Mg
2+

). 

ʿ̛̬ ̬е̌к̶̛̛ CoCO3 ̭ Эʪ˃ʤ о̬̍̌̚ует̭́ к̬̭̦̌о-̴̛олето̼̜̏ 

̾т̛ле̦д̛̛̥̦̌тет̶̬̌̌ет̌т ко̍̌л̽т̌;IIͿ, кото̬̼̜ ̌̚те̥ ок̛̭л́̀т ̛̼̍̚тко̥ ϯϬ%-

̦о̐о ̬̭̌т̏о̬̌ H2O2 ̭ по̭леду̛̺̥̀ под̺ел̸̛̛̦̌̏̌е̥ ̾к̛̥̏ол̦̼̥̽ 

кол̸̛е̭т̏о̥ KOH (ν(KOHͿ = Ϯ,ϴ ̐·Ϭ,ϭ/ ϱϲ ̐/̥ол̽ = Ϭ,ϬϬϱ ̥ол̽Ϳ ̭ о̬̍̌̚о̛̦̏̌е̥ 

те̥̦о-̴̛олето̏о̐о ко̥плек̭̌ ко̍̌л̽т̌;III). 

Ɋɚɫɱɟɬ ɦɨɥɹɪɧɵɯ ɦɚɫɫ Z1 ɢ Z2. ɉɨɫɤɨɥɶɤɭ ɤɨɦɩɥɟɤɫɵ ɩɨ ɫɨɫɬɚɜɭ Co:ЭȾɌȺ 

1:1, ɬɨ                                  ,                                  . 

Ɋ-ɰɢɹ 3.                                               

Ɋ-ɰɢɹ 4.                                                       

Ɋ-ɰɢɹ 5.                                                   

 
Ɋɢɫ. 1. Эɬɢɥɟɧɞɢɚɦɢɧɬɟɬɪɚɭɤɫɭɫɧɚɹ 

ɤɢɫɥɨɬɚ (Y). 
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ɉɪɢ ɤɢɩɹɱɟɧɢɢ ɫ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɨɣ ɳɟɥɨɱɶɸ ɤɨɦɩɥɟɤɫ Z1 ɪɚɡɥɚɝɚɟɬɫɹ ɫ 

ɜɵɞɟɥɟɧɢɟɦ ɤɨɪɢɱɧɟɜɨɝɨ ɝɢɞɪɨɤɫɢɞɚ ɤɨɛɚɥɶɬɚ(III) (ɜɟɳɟɫɬɜɨ E). ɋɨɫɬɚɜ E 

ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɡɚɹɜɥɟɧɧɨɣ ɦɚɫɫɨɜɨɣ ɞɨɥɟ ω(CШ)= 
                          =0.6410. 

Ɋ-ɰɢɹ 6.                                                     

ɇɚɣɞɟɦ ɦɨɥɹɪɧɭɸ ɦɚɫɫɭ F.                                           . 

ɇɢɡɤɨɦɨɥɟɤɭɥɹɪɧɨɟ ɜɟɳɟɫɬɜɨ F – ɷɬɨ ɜɨɞɚ, ɡɧɚɱɢɬ, ɫɨɟɞɢɧɟɧɢɟ Z1 – 

ɤɪɢɫɬɚɥɥɨɝɢɞɪɚɬ, ɜɵɞɟɥɹɸɳɢɣ ɜɨɞɭ ɩɪɢ 105˚ɋ. ɉɨ ɩɨɬɟɪɟ ɦɚɫɫɵ ɩɪɢ 

ɧɚɝɪɟɜɚɧɢɢ ɩɨɞɬɜɟɪɠɞɚɟɦ ɦɚɫɫɨɜɭɸ ɞɨɥɸ ɜɨɞɵ: 

Mr(Z1) = 404,γβ (ɝ/ɦɨɥɶ)                                

Z1 –                         . 

ɉɪɢ ɩɨɞɤɢɫɥɟɧɢɢ Z1 ɚɬɨɦ ɤɢɫɥɨɪɨɞɚ ɨɞɧɨɣ ɢɡ ɤɨɨɪɞɢɧɢɪɨɜɚɧɧɵɯ 

ɤɚɪɛɨɤɫɢɥɶɧɵɯ ɝɪɭɩɩ ɩɪɨɬɨɧɢɪɭɟɬɫɹ, ɩɨɷɬɨɦɭ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɰɢɤɥ 

ɪɚɡɦɵɤɚɟɬɫɹ, ɢ ɲɟɫɬɭɸ ɩɨɡɢɰɢɸ ɜ ɤɨɨɪɞɢɧɚɰɢɨɧɧɨɣ ɫɮɟɪɟ ɢɨɧɚ ɤɨɛɚɥɶɬɚ 

ɡɚɧɢɦɚɟɬ ɦɨɥɟɤɭɥɚ ɜɨɞɵ – ɨɛɪɚɡɭɟɬɫɹ ɧɟɣɬɪɚɥɶɧɵɣ ɤɨɦɩɥɟɤɫ Z2 (ɪɢɫ. β). 

ˀ-ция 7.                                                 

Z2 ɧɟ ɫɨɞɟɪɠɢɬ ɤɪɢɫɬɚɥɥɢɡɚɰɢɨɧɧɨɣ ɜɨɞɵ, ɬɚɤ ɤɚɤ ɩɨɬɟɪɹ ɦɚɫɫɵ ɩɪɢ 

ɧɚɝɪɟɜɚɧɢɢ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɨɬɳɟɩɥɟɧɢɸ ɤɨɨɪɞɢɧɢɪɨɜɚɧɧɨɣ ɦɨɥɟɤɭɥɵ ɜɨɞɵ: 

Mr(Z2) = γ66,β5 (ɝ/ɦɨɥɶ)              ɝ ɦɨɥɶ       ɝ ɦɨɥɶ
           . 

Z2 –                         . 

 

 
Ɋɢɫ. β. ɋɬɪɭɤɬɭɪɧɵɟ ɮɨɪɦɭɥɵ Z1 (ɤɪɢɫɬɚɥɥɢɡɚɰɢɨɧɧɚɹ ɦɨɥɟɤɭɥɚ ɜɨɞɵ ɧɟ ɩɨɤɚɡɚɧɚ) ɢ Z2. 
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3. ˁол̽ Z1 о̬̍̌̚о̦̏̌̌ к̬уп̦̼̥ ̛̦̌о̦о̥ ̛ от̦о̛̭тел̦̽о ̥̌л̼̥ по 

̬̥̌̚е̬у к̌т̛о̦о̥, ̸то о̍е̭пе̸̛̏̌ет ̼̭̏оку̀ ̬̭̌т̏о̛̬̥о̭т̽ ̏ ̏оде. 

ʻе̜т̬̌л̦̼̜̽ ко̥плек̭ Z2 л̛̹̽ ̸̭̌т̸̛̦о д̛̭̭о̶̛̛̬ует ̏ ̏од̦о̥ ̬̭̌т̏о̬е ̛ 

по̾то̥у ̛̥̏̌̚оде̜̭т̏ует ̭ пол̬̦̼̥́ 

̬̭̌т̏о̛̬теле̥ ;̏одо̜Ϳ ̭л̌̍ее, ̸е̥ Z1. От̭̀д̌ 

̬̭̌т̏о̛̬̥о̭т̽ Z1 ̍ол̹̽е, ̸е̥ Z2. 

4. ʪл́ подк̛̭ле̛̦́ ̬̭̌т̏о̬̌ ко̥плек̭̌ 

Z1 ̭ ̶ел̽̀ полу̸е̛̦́ Z2 ̥о̙̦о ̛̭пол̽̚о̏̌т̽ 

̛̭л̦̼̽е ̛̥̦е̬̌л̦̼̽е к̛̭лот̼ ̭ 

̦екоо̬д̛̛̦̬у̛̛̺̥̀ ̛̦̌о̛̦̥̌: H2SO4, 

HClO4, HNO3. ʿ̛̬̥е̦е̛̦е дл́ ̾то̜ ̶ел̛ 

̭ол̦́о̜ к̛̭лот̼ ̥о̙ет п̛̬̏е̭т̛ к 

о̬̍̌̚о̛̦̏̌̀ ко̥плек̭̌, ̐де 

коо̬д̶̛̛̦̌о̦̦у̀ ̴̭е̬у ко̍̌л̽т̌ ̦̭̼̺̌̌ет 

̦е ̥олекул̌ ̏од̼, ̌ ̭по̭о̦̼̜̍ к 

коо̬д̶̛̛̛̦̌ ̛̦̌о̦ Cl
-
 ;̛̬̭. ϯͿ. 

5. К̛̬̭т̌лл̶̛̛̌̚о̦̦̌́ ̥олекул̌ ̏од̼ ко̥плек̭̌ Z1 уде̛̬̙̏̌ет̭́ ̏ 

к̛̬̭т̌лл̸̛е̭ко̜ ̭т̬укту̬е ̌̚ ̸̭ет ̏одо̬од̵̦̼ ̭̏́̚е̜, ̌ пото̥у ле̐ко 

уд̌л́ет̭́ п̛̬ ̦̬̌̐е̛̛̦̏̌ ̸ут̽ ̼̹̏е ϭϬϬ˚ˁ. ʦ к̛̬̭т̌лле Z2 ̥олекул̌ ̏од̼ 

к̬о̥е то̐о, ̸то у̸̭̌т̏ует ̏ о̬̍̌̚о̛̛̦̏̌ ̏одо̬од̵̦̼ ̭̏́̚е̜, т̌к̙е 

коо̬д̛̛̦̬о̦̏̌̌ к ̶е̦т̬̌л̦̽о̥у ̌то̥у ко̍̌л̽т̌, ̸то ̭о̚д̌ет допол̛̦тел̦̼̽е 

т̬уд̦о̭т̛ п̛̬ ее уд̌ле̛̛̦. ʿо̾то̥у те̥пе̬̌ту̬̌ о̍е̏̚о̛̛̙̦̏̌́ ко̥плек̭̌ Z2 

̦̌ ϰϬ ̬̐̌ду̭о̏ ̼̹̏е, ̸е̥ т̌ко̏̌́ дл́ Z1. 

  

 
Ɋɢɫ. γ. ɋɬɪɭɤɬɭɪɧɚɹ ɮɨɪɦɭɥɚ 
ɜɨɡɦɨɠɧɨɝɨ ɩɨɛɨɱɧɨɝɨ 
ɩɪɨɞɭɤɬɚ (ɤɪɨɦɟ Z2) ɩɪɢ 
ɩɨɞɤɢɫɥɟɧɢɢ Z1 ɫɨɥɹɧɨɣ 
ɤɢɫɥɨɬɨɣ. 
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С̛̭те̥̌ о̶е̛̛̦̦̏̌я: 

1. у̬̦̌̏е̛̦́ реакц̛̜ 1 ̛ 2 по ϭ ̍̌ллу 

о̍о̭̦о̦̦̼̜̏̌ ̦̌ о̭̦о̛̛̦̏̌ ̸̬̭̌ето̏ ̼̏̍о̬ ̥ет̌лл̌ M – 

3 ̍̌лл̌ 

подт̏е̬̙де̦̦̼̜ ̦̌ о̭̦о̛̛̦̏̌ ̸̬̭̌ето̏ ̭о̭т̌̏ A – D по 

1 ̍̌ллу 

9 ̍̌лло̏ 

2.  у̬̦̌̏е̛̦́ реакц̛̜ 3 – 7 по ϭ ̍̌ллу 

подт̏е̬̙де̦̦̼̜ ̦̌ о̭̦о̛̛̦̏̌ ̸̬̭̌ето̏ ̭о̭т̌̏ Z1, Z2, Y, E ̛ F 

по ϭ ̍̌ллу 

̭т̬укту̬̦̼е ̴о̬̥ул̼ Z1 ̛ Z2 по ϭ ̍̌ллу 

̴о̬̥ул̌ G – Ϭ,ϱ ̍̌лл̌ 

ук̛̦̌̌̚е п̛̬̥е̦е̛̦́ G ̏ ̦̌̌л̛т̸̛е̭ко̜ ̵̛̛̛̥ – Ϭ,ϱ ̍̌лл̌ 

ϭϯ ̍̌лло̏ 

3.  о̻̭̦̍́е̛̦е ̬̌̚л̸̛̛̜ ̏ ̬̭̌т̏о̛̬̥о̭т̛ Z1 ̛ Z2 ̏ ̏оде ϭ ̍̌лл 

4. ̼̏̍о̬̌ к̛̭лот дл́ полу̸е̛̦́ Z2 – Ϭ,ϱ ̍̌лл̌ 

̭т̬укту̬̦̌́ ̴о̬̥ул̌ ̏о̥̚о̙̦о̐о по̍о̸̦о̐о п̬одукт̌ – 

0,5 ̍̌лл̌ 

ϭ ̍̌лл 

5. о̻̭̦̍́е̛̦е ̬̌̚л̸̛̛̜ ̏ те̥пе̬̌ту̬е де̛̐д̬̌т̶̛̛̌ Z1 ̛ Z2 ϭ ̍̌лл 

ИТОʧО : Ϯ5 ̍̌лло̏ 

 



 

132 

Ɉɪɝɚɧɢɱɟɫɤɚɹ ɯɢɦɢɹ 

Ɋɟɲɟɧɢɟ ɡɚɞɚɱɢ 1 (ɋ. Ƚ. Ȼɚɯɬɢɧ) 
1. Ⱦɥɹ ɧɚɯɨɠɞɟɧɢɹ ν(H2) ɫɥɟɞɭɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶ ɭɪɚɜɧɟɧɢɟ Ɇɟɧɞɟɥɟɟɜɚ–

Ʉɥɚɩɟɣɪɨɧɚ. 015.0
313314.8

385.0325.101
)( 2 


RT

pV
H  ɦɨɥɶ. Ɂɧɚɱɢɬ, ɤɨɥɢɱɟɫɬɜɨ 

ɨɞɧɨɚɬɨɦɧɨɝɨ ɫɩɢɪɬɚ X ɪɚɜɧɨ 0.0γ ɦɨɥɶ, ɬ. ɤ. ɞɥɹ ɨɛɪɚɡɨɜɚɧɢɹ 1 ɦɨɥɶ ɇ2 

ɬɪɟɛɭɟɬɫɹ β ɦɨɥɹ ɫɩɢɪɬɚ: 

2 CnHmOH + 2 Na ĺ β CnHmONa + H2Ĺ 

Ɍɨɝɞɚ M(X) = 154
03.0

943.090.4 
Vdm ɝ/ɦɨɥɶ => 1βn + m = 154 – 17 = 137. 

Эɬɨɦɭ ɡɧɚɱɟɧɢɸ ɭɞɨɜɥɟɬɜɨɪɹɸɬ ɮɨɪɦɭɥɵ C10H17OH ɢ ɋ11ɇ5Ɉɇ, ɨɞɧɚɤɨ 

ɩɨɫɥɟɞɧɹɹ ɤɚɠɟɬɫɹ ɤɪɚɣɧɟ ɦɚɥɨɜɟɪɨɹɬɧɨɣ. Ɂɧɚɱɢɬ, ɦɨɥɟɤɭɥɹɪɧɚɹ ɮɨɪɦɭɥɚ 

ɫɩɢɪɬɚ ɏ – C10H17OH.  

2. ɋɨɟɞɢɧɟɧɢɟ Ⱥ ɫɨɞɟɪɠɢɬ 14 ɚɬɨɦɨɜ ɭɝɥɟɪɨɞɚ. Ɂɧɚɱɢɬ, ɢɦɟɥɨ ɦɟɫɬɨ 

ɞɜɨɣɧɨɟ ɚɥɤɢɥɢɪɨɜɚɧɢɟ ɚɰɟɬɨɭɤɫɭɫɧɨɝɨ ɷɮɢɪɚ (6 ɚɬɨɦɨɜ ɋ) ɞɜɭɦɹ ɦɨɥɟɤɭɥɚɦɢ 

ɷɬɢɥɨɜɨɝɨ ɷɮɢɪɚ ɯɥɨɪɭɤɫɭɫɧɨɣ ɤɢɫɥɨɬɵ (4 ɚɬɨɦɚ ɋ). ȼ ɯɨɞɟ ɩɪɟɜɪɚɳɟɧɢɹ A ɜ B 

ɩɪɨɢɡɨɲɥɚ ɩɨɬɟɪɹ 7 ɚɬɨɦɨɜ ɋ, 1β ɚɬɨɦɨɜ ɇ ɢ β ɚɬɨɦɨɜ O. Ɇɨɠɧɨ ɩɪɟɞɩɨɥɨɠɢɬɶ, 

ɱɬɨ ɩɪɨɢɫɯɨɞɢɬ ɝɢɞɪɨɥɢɡ ɬɪɟɯ ɫɥɨɠɧɨɷɮɢɪɧɵɯ ɝɪɭɩɩ (γ ɋɈ2ɋ2ɇ5  γ ɋɈ2ɇ), ɚ 

ɟɳɟ ɨɞɢɧ ɚɬɨɦ ɋ ɨɬɳɟɩɥɹɟɬɫɹ ɜ ɜɢɞɟ CO2 ɢɡ ɩɪɨɦɟɠɭɬɨɱɧɨ ɨɛɪɚɡɭɸɳɟɣɫɹ ȕ-

ɤɟɬɨɤɢɫɥɨɬɵ. ɋɥɟɞɭɸɳɢɟ ɞɜɟ ɫɬɚɞɢɢ – ɨɛɪɚɡɨɜɚɧɢɟ ɫɥɨɠɧɨɝɨ ɷɮɢɪɚ ɋ ɢ ɟɝɨ 

ɪɟɚɤɰɢɹ ɫ ɪɟɚɤɬɢɜɨɦ Ƚɪɢɧɶɹɪɚ. ɂɡ ɦɨɥɟɤɭɥɹɪɧɨɣ ɮɨɪɦɭɥɵ D ɦɨɠɧɨ ɫɞɟɥɚɬɶ 

ɜɵɜɨɞ, ɱɬɨ ɧɚ ɩɟɪɜɨɣ ɢɡ ɷɬɢɯ ɫɬɚɞɢɣ ɞɜɟ ɤɢɫɥɨɬɧɵɟ ɝɪɭɩɩɵ ɩɪɟɜɪɚɬɢɥɢɫɶ ɜ 

ɫɥɨɠɧɨɷɮɢɪɧɵɟ, ɚ ɧɚ ɜɬɨɪɨɣ ɨɞɢɧ ɷɤɜɢɜɚɥɟɧɬ CH3MgI ɩɪɢɫɨɟɞɢɧɢɥɫɹ ɩɨ 

ɤɟɬɨɝɪɭɩɩɟ (ɋɇ3ɋ(Ɉ)R), ɤɨɬɨɪɚɹ ɛɨɥɟɟ ɚɤɬɢɜɧɚ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɚɬɚɤɟ 

ɧɭɤɥɟɨɮɢɥɨɜ, ɱɟɦ ɫɥɨɠɧɨɷɮɢɪɧɵɟ ɝɪɭɩɩɵ. Ⱦɚɥɟɟ ɜɧɨɜɶ ɩɪɨɢɫɯɨɞɢɬ ɝɢɞɪɨɥɢɡ 

ɫɥɨɠɧɨɷɮɢɪɧɵɯ ɝɪɭɩɩ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɝɢɞɪɨɤɫɢɞɢɤɢɫɥɨɬɵ E, ɧɚɝɪɟɜɚɧɢɟ 

ɤɨɬɨɪɨɣ ɩɪɢɜɨɞɢɬ ɤ ɨɬɳɟɩɥɟɧɢɸ ɜɨɞɵ ɢ ɨɛɪɚɡɨɜɚɧɢɸ ɥɚɤɬɨɧɚ Y. 

Ⱥɥɶɬɟɪɧɚɬɢɜɧɚɹ ɜɨɡɦɨɠɧɨɫɬɶ ɨɬɳɟɩɥɟɧɢɹ ɜɨɞɵ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɫɜɹɡɢ ɋ=ɋ ɧɟ 

ɝɨɞɢɬɫɹ, ɩɨɫɤɨɥɶɤɭ Y ɨɛɪɚɡɭɟɬɫɹ ɢɡ ɏ ɩɪɢ ɞɟɣɫɬɜɢɢ KMnO4/H
+
. 
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3. ȼ ɪɟɡɭɥɶɬɚɬɟ ɨɤɢɫɥɟɧɢɹ ɤɟɬɨɧɚ ɨɛɪɚɡɭɸɬɫɹ ɤɚɪɛɨɤɫɢɥɶɧɵɟ ɝɪɭɩɩɵ ɧɚ 

ɦɟɫɬɟ ɤɚɪɛɨɧɢɥɶɧɨɝɨ ɢ ɫɨɫɟɞɧɟɝɨ ɫ ɧɢɦ ɚɬɨɦɨɜ ɭɝɥɟɪɨɞɚ; ɩɪɢ ɷɬɨɦ ɨɛɪɚɡɭɸɬɫɹ 

ɭɤɫɭɫɧɚɹ ɤɢɫɥɨɬɚ ɢ ɤɢɫɥɨɬɚ ȿ ɜ ɫɨɨɬɧɨɲɟɧɢɢ 1:1. ɋɬɪɭɤɬɭɪɚ ȿ ɛɵɥɚ ɨɩɪɟɞɟɥɟɧɚ 

ɜ ɨɬɜɟɬɟ ɧɚ ɜɨɩɪɨɫ β. Ɍɨɝɞɚ ɦɨɠɧɨ ɧɚɩɢɫɚɬɶ ɫɬɪɭɤɬɭɪɭ ɤɟɬɨɧɚ: 

 

Ɇɨɥɟɤɭɥɹɪɧɚɹ ɮɨɪɦɭɥɚ ɏ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɷɬɨɬ ɫɩɢɪɬ ɢɦɟɟɬ ɞɜɟ ɫɬɟɩɟɧɢ 

ɧɟɧɚɫɵɳɟɧɧɨɫɬɢ. Ɉɛɪɚɡɨɜɚɧɢɟ ɤɟɬɨɤɢɫɥɨɬɵ ɩɨɡɜɨɥɹɟɬ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ ɷɬɨ ɏ 

ɹɜɥɹɟɬɫɹ ɩɪɨɢɡɜɨɞɧɵɦ ɰɢɤɥɨɚɥɤɟɧɚ, ɜ ɤɨɬɨɪɨɦ ɫ ɨɞɧɢɦ ɚɬɨɦɨɦ 

ɷɧɞɨɰɢɤɥɢɱɟɫɤɨɣ ɞɜɨɣɧɨɣ ɫɜɹɡɢ ɫɨɟɞɢɧɟɧɚ ɦɟɬɢɥɶɧɚɹ ɝɪɭɩɩɚ (ɨɛɪɚɡɭɟɬɫɹ 

ɦɟɬɢɥɤɟɬɨɧ), ɚ ɫ ɞɪɭɝɢɦ – ɚɬɨɦ ɜɨɞɨɪɨɞɚ (ɨɛɪɚɡɭɟɬɫɹ ɤɢɫɥɨɬɚ). Эɬɨ ɪɚɫɫɭɠɞɟɧɢɟ 

ɩɨɡɜɨɥɹɟɬ ɧɚɩɢɫɚɬɶ ɫɬɪɭɤɬɭɪɧɭɸ ɮɨɪɦɭɥɭ ɏ.  

 

4. ɂɡ ɚɧɚɥɢɡɚ ɫɯɟɦɵ ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ ɫɨɟɞɢɧɟɧɢɟ F – ɩɪɨɢɡɜɨɞɧɨɟ 

ɛɟɧɡɨɥɚ. Ɋɚɫɩɨɥɨɠɟɧɢɟ ɡɚɦɟɫɬɢɬɟɥɟɣ ɜ ɫɨɟɞɢɧɟɧɢɢ X ɩɨɡɜɨɥɹɟɬ ɩɪɟɞɩɨɥɨɠɢɬɶ, 

ɱɬɨ F ɫɨɞɟɪɠɢɬ ɩɚɪɚ-ɡɚɦɟɳɟɧɧɭɸ ɚɪɨɦɚɬɢɱɟɫɤɭɸ ɫɢɫɬɟɦɭ, ɩɪɢɱёɦ, ɭɱɢɬɵɜɚɹ 
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ɦɨɥɟɤɭɥɹɪɧɭɸ ɮɨɪɦɭɥɭ F, ɧɚɢɛɨɥɟɟ ɜɟɪɨɹɬɧɵɦ ɫɭɛɫɬɪɚɬɨɦ ɹɜɥɹɟɬɫɹ 4-

ɦɟɬɢɥɛɟɧɡɨɣɧɚɹ (ɩ-ɬɨɥɭɢɥɨɜɚɹ) ɤɢɫɥɨɬɚ. ȼ ɩɨɥɶɡɭ ɷɬɨɝɨ ɜɵɜɨɞɚ ɝɨɜɨɪɢɬ ɬɚɤɠɟ 

ɬɨ, ɱɬɨ ɧɚ ɩɨɫɥɟɞɧɟɣ ɫɬɚɞɢɢ ɦɟɬɢɥɦɚɝɧɢɣɢɨɞɢɞ ɪɟɚɝɢɪɭɟɬ ɥɢɛɨ ɫ 4-ɚɰɟɬɢɥ-1-

ɦɟɬɢɥɰɢɤɥɨɝɟɤɫɟɧɨɦ, ɥɢɛɨ ɫ ɷɮɢɪɨɦ (4-ɦɟɬɢɥɰɢɤɥɨɝɟɤɫ-3-ɟɧ-1-ɢɥ)ɤɚɪɛɨɧɨɜɨɣ 

ɤɢɫɥɨɬɵ. ɂɬɚɤ, F ɩɨɞɜɟɪɝɚɸɬ ɪɟɝɢɨɫɟɥɟɤɬɢɜɧɨɦɭ ɫɭɥɶɮɢɪɨɜɚɧɢɸ (ɨɪɬɨ-ɤ 

ɞɨɧɨɪɧɨɣ ɦɟɬɢɥɶɧɨɣ ɝɪɭɩɩɟ, ɦɟɬɚ- ɤ ɚɤɰɟɩɬɨɪɧɨɣ ɤɢɫɥɨɬɧɨɣ ɝɪɭɩɩɟ) ɫ 

ɩɨɫɥɟɞɭɸɳɢɦ ɳɟɥɨɱɧɵɦ ɩɥɚɜɥɟɧɢɟɦ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɨɛɪɚɡɭɟɬɫɹ 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɮɟɧɨɥ ɇ. ɇɚ ɫɥɟɞɭɸɳɟɣ ɫɬɚɞɢɢ ɩɪɨɢɫɯɨɞɢɬ ɩɪɢɫɨɟɞɢɧɟɧɢɟ 6 

ɚɬɨɦɨɜ ɜɨɞɨɪɨɞɚ. Эɬɨ ɦɨɠɧɨ ɨɛɴɹɫɧɢɬɶ ɝɢɞɪɢɪɨɜɚɧɢɟɦ ɛɟɧɡɨɥɶɧɨɝɨ ɰɢɤɥɚ ɫ 

ɨɛɪɚɡɨɜɚɧɢɟɦ ɩɪɨɢɡɜɨɞɧɨɝɨ ɰɢɤɥɨɝɟɤɫɚɧɚ, ɱɬɨ ɫɨɝɥɚɫɭɟɬɫɹ ɫ ɧɚɥɢɱɢɟɦ 

ɮɪɚɝɦɟɧɬɚ ɰɢɤɥɨɝɟɤɫɟɧɚ ɜ ɦɨɥɟɤɭɥɟ ɏ. ɉɪɟɜɪɚɳɟɧɢɟ K ɜ L – ɨɛɪɚɡɨɜɚɧɢɟ 

ɫɥɨɠɧɨɝɨ ɷɮɢɪɚ ɢɡ ɤɢɫɥɨɬɵ, ɚ L ɜ X – ɨɛɪɚɡɨɜɚɧɢɟ ɬɪɟɬɢɱɧɨɝɨ ɫɩɢɪɬɚ ɢɡ 

ɫɥɨɠɧɨɝɨ ɷɮɢɪɚ. Ɍɨ ɟɫɬɶ K – 4-ɦɟɬɢɥɰɢɤɥɨɝɟɤɫ-3-ɟɧ-ɤɚɪɛɨɧɨɜɚɹ ɤɢɫɥɨɬɚ. Ɍɨ 

ɟɫɬɶ ɩɪɟɜɪɚɳɟɧɢɟ I ɜ К ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɞɜɭɯɫɬɚɞɢɣɧɭɸ ɞɟɝɢɞɪɚɬɚɰɢɸ. 

Ʌɨɝɢɱɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ J – ɛɪɨɦɢɞ, ɨɛɪɚɡɭɸɳɢɣɫɹ ɢɡ ɫɩɢɪɬɚ, ɤɨɬɨɪɵɣ ɩɪɢ 

ɞɟɣɫɬɜɢɢ ɚɧɢɥɢɧɚ ɨɬɳɟɩɥɹɟɬ HBr. 

 

5. Ɍ.ɤ. Z – ɢɡɨɦɟɪ ɏ ɢ ɩɨɫɤɨɥɶɤɭ  
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ɋɢɫɬɟɦɚ ɨɰɟɧɢɜɚɧɢɹ: 

1. Ɋɚɫɱɟɬ ɦɨɥɟɤɭɥɹɪɧɨɣ ɮɨɪɦɭɥɵ ɏ 2 ɛɚɥɥɚ 

2. ɋɬɪɭɤɬɭɪɧɵɟ ɮɨɪɦɭɥɵ ɫɨɟɞɢɧɟɧɢɣ Ⱥ–ȿ, Y – ɩɨ β ɛɚɥɥɚ 12 ɛɚɥɥɨɜ 

3. ɋɬɪɭɤɬɭɪɧɚɹ ɮɨɪɦɭɥɚ ɫɨɟɞɢɧɟɧɢɹ ɏ 2 ɛɚɥɥɚ 

4. ɋɬɪɭɤɬɭɪɧɵɟ ɮɨɪɦɭɥɵ ɫɨɟɞɢɧɟɧɢɣ F–L – ɩɨ 1 ɛɚɥɥɭ 7 ɛɚɥɥɨɜ 

5. ɋɬɪɭɤɬɭɪɧɚɹ ɮɨɪɦɭɥɚ ɫɨɟɞɢɧɟɧɢɹ Z 2 ɛɚɥɥɚ 

 ɂɌɈȽɈ: 25 ɛɚɥɥɨɜ 

 

Ɋɟɲɟɧɢɟ ɡɚɞɚɱɢ 2 (Ɉ. Ƚ. ɋɚɥɶɧɢɤɨɜ): 
1. Ɉɬɦɟɬɢɦ, ɱɬɨ ɛɪɭɬɬɨ-ɮɨɪɦɭɥɵ ɫɨɟɞɢɧɟɧɢɣ A ɢ X ɨɬɥɢɱɚɸɬɫɹ ɧɚ 

C4H7NO2. Эɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɨɞɧɨɣ ɦɨɥɟɤɭɥɟ ɩɢɪɪɨɥɢɞɨɧɚ (ɪɟɚɝɟɧɬɚ ɧɚ ɜɬɨɪɨɣ 

ɫɬɚɞɢɢ ɫɢɧɬɟɡɚ) ɢ ɟɳё ɨɞɧɨɦɭ ɚɬɨɦɭ ɤɢɫɥɨɪɨɞɚ. Ɇɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ ɷɬɨɬ 

ɞɨɩɨɥɧɢɬɟɥɶɧɵɣ ɚɬɨɦ ɤɢɫɥɨɪɨɞɚ ɩɨɹɜɥɹɟɬɫɹ ɧɚ ɩɟɪɜɨɣ ɫɬɚɞɢɢ ɢɡ H2O2 ɢ 

ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɤɢɫɥɨɪɨɞɭ OH-ɝɪɭɩɩɵ ɜ ɫɨɟɞɢɧɟɧɢɢ X. Ɍɨɝɞɚ, A – ɷɬɨ ɚɥɤɟɧ, ɚ B – 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɷɩɨɤɫɢɞ, ɤɨɬɨɪɵɣ ɜɫɬɭɩɚɟɬ ɜ SN2-ɪɟɚɤɰɢɸ ɫ ɩɢɪɪɨɥɢɞɨɧɨɦ, 

ɩɪɟɜɪɚɳɚɹɫɶ ɜ ɫɨɟɞɢɧɟɧɢɟ X: 

 

2. ɏɢɪɚɥɶɧɵɣ ɤɨɦɩɥɟɤɫ ɹɜɥɹɟɬɫɹ ɤɚɬɚɥɢɡɚɬɨɪɨɦ ɚɫɢɦɦɟɬɪɢɱɟɫɤɨɝɨ 

ɷɩɨɤɫɢɞɢɪɨɜɚɧɢɹ, ɩɪɢɜɨɞɹɳɢɦ ɤ ɫɟɥɟɤɬɢɜɧɨɦɭ ɩɨɥɭɱɟɧɢɸ ɧɟɨɛɯɨɞɢɦɨɝɨ 

ɷɧɚɧɬɢɨɦɟɪɚ ɫɨɟɞɢɧɟɧɢɹ B. 

3. Ⱥɰɢɥɢɪɨɜɚɧɢɟ ɩɚɪɚ-ɮɬɨɪɮɟɧɨɥɚ ɭɤɫɭɫɧɵɦ ɚɧɝɢɞɪɢɞɨɦ ɩɪɨɬɟɤɚɟɬ ɩɨ 

ɚɬɨɦɭ ɤɢɫɥɨɪɨɞɚ. Ɉɛɪɚɡɭɸɳɟɟɫɹ ɩɪɢ ɷɬɨɦ ɫɨɟɞɢɧɟɧɢɟ C (ɫɨɞɟɪɠɚɳɟɟ ɞɜɚ ɬɢɩɚ 

ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɩɪɨɬɨɧɨɜ, ɬ. ɟ. β ɫɢɝɧɚɥɚ ɜ ɚɪɨɦɚɬɢɱɟɫɤɨɣ ɨɛɥɚɫɬɢ ɫɩɟɤɬɪɚ əɆɊ 
1
H) ɧɚɝɪɟɜɚɸɬ ɞɨ 160 °C ɫ ɯɥɨɪɢɞɨɦ ɚɥɸɦɢɧɢɹ. ɉɨɫɤɨɥɶɤɭ ɜ D ɜ ɚɪɨɦɚɬɢɱɟɫɤɨɣ 

ɨɛɥɚɫɬɢ ɫɬɚɥɨ γ ɫɢɝɧɚɥɚ, ɦɨɠɧɨ ɩɪɟɞɩɨɥɨɠɢɬɶ ɩɪɨɬɟɤɚɧɢɟ ɩɟɪɟɝɪɭɩɩɢɪɨɜɤɢ ɫ 

ɩɟɪɟɧɨɫɨɦ ɚɰɢɥɶɧɨɣ ɝɪɭɩɩɵ ɫ ɚɬɨɦɚ ɤɢɫɥɨɪɨɞɚ ɧɚ ɚɬɨɦ ɭɝɥɟɪɨɞɚ ɛɟɧɡɨɥɶɧɨɝɨ 

ɰɢɤɥɚ (ɬɚɤ ɧɚɡɵɜɚɟɦɚɹ ɩɟɪɟɝɪɭɩɩɢɪɨɜɤɚ Ɏɪɢɫɚ). ɋɨɟɞɢɧɟɧɢɟ D ɢɦɟɟɬ ɛɪɭɬɬɨ-
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ɮɨɪɦɭɥɭ C8H7O2F, ɚ ɫɨɟɞɢɧɟɧɢɟ E C11H11O2F. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɟɜɪɚɳɟɧɢɟ D ĺ 

E ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɩɪɢɫɨɟɞɢɧɟɧɢɸ ɚɰɟɬɨɧɚ C3H6O ɫ ɨɬɳɟɩɥɟɧɢɟɦ ɦɨɥɟɤɭɥɵ ɜɨɞɵ. 

ɇɚɢɛɨɥɟɟ ɧɚɩɪɚɲɢɜɚɸɳɢɣɫɹ ɜɚɪɢɚɧɬ – ɤɪɨɬɨɧɨɜɚɹ ɤɨɧɞɟɧɫɚɰɢɹ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ 

ɫɨɟɞɢɧɟɧɢɹ E’. Ɉɞɧɚɤɨ ɜ ɚɥɢɮɚɬɢɱɟɫɤɨɣ ɨɛɥɚɫɬɢ 1
H əɆɊ ɫɩɟɤɬɪɚ E’ ɛɭɞɭɬ 

ɩɪɢɫɭɬɫɬɜɨɜɚɬɶ ɞɜɚ ɫɢɝɧɚɥɚ ɫ ɫɨɨɬɧɨɲɟɧɢɟɦ ɢɧɬɟɧɫɢɜɧɨɫɬɟɣ 

1:1, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɧɟɷɤɜɢɜɚɥɟɧɬɧɵɦ ɦɟɬɢɥɶɧɵɦ ɝɪɭɩɩɚɦ, 

ɱɬɨ ɩɪɨɬɢɜɨɪɟɱɢɬ ɭɫɥɨɜɢɸ. Ɍɪɟɛɭɟɦɨɟ ɫɨɨɬɧɨɲɟɧɢɟ 

ɢɧɬɟɧɫɢɜɧɨɫɬɟɣ γ:1 ɜɵɩɨɥɧɹɟɬɫɹ ɞɥɹ ɫɨɟɞɢɧɟɧɢɹ, 

ɨɛɪɚɡɭɸɳɟɝɨɫɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɜɧɭɬɪɢɦɨɥɟɤɭɥɹɪɧɨɣ ɰɢɤɥɢɡɚɰɢɢ E’. Ȼɨɥɟɟ ɬɨɝɨ, 

ɩɪɢ ɷɬɨɦ ɨɛɪɚɡɭɟɬɫɹ ɝɟɬɟɪɨɰɢɤɥɢɱɟɫɤɚɹ ɯɪɨɦɚɧɨɜɚɹ ɫɢɫɬɟɦɚ, ɤɨɬɨɪɚɹ ɩɨ 

ɭɫɥɨɜɢɸ ɞɨɥɠɧɚ ɩɪɢɫɭɬɫɬɜɨɜɚɬɶ ɜ ɤɨɧɟɱɧɨɦ ɩɪɨɞɭɤɬɟ Y. Ⱦɚɥɟɟ ɩɪɨɢɫɯɨɞɢɬ 

ɜɨɫɫɬɚɧɨɜɥɟɧɢɟ ɤɚɪɛɨɧɢɥɶɧɨɣ ɝɪɭɩɩɵ ɛɨɪɝɢɞɪɢɞɨɦ ɧɚɬɪɢɹ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ 

ɫɩɢɪɬɚ F, ɢɦɟɸɳɟɝɨ ɛɪɭɬɬɨ-ɮɨɪɦɭɥɭ C11H13O2F. ɋɪɚɜɧɟɧɢɟ ɫ ɛɪɭɬɬɨ-ɮɨɪɦɭɥɨɣ 

G ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɧɚ ɷɬɨɣ ɫɬɚɞɢɢ ɩɪɨɢɫɯɨɞɢɬ ɭɞɚɥɟɧɢɟ ɚɬɨɦɚ ɤɢɫɥɨɪɨɞɚ ɢ 

ɩɨɹɜɥɟɧɢɟ ɚɬɨɦɚ ɚɡɨɬɚ ɢ ɚɬɨɦɚ ɜɨɞɨɪɨɞɚ. Ɇɨɠɧɨ ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ OH-ɝɪɭɩɩɚ 

ɫɩɢɪɬɚ F ɡɚɦɟɧɹɟɬɫɹ ɧɚ ɚɦɢɧɨ-ɝɪɭɩɩɭ. Ɇɟɯɚɧɢɡɦ ɷɬɨɝɨ ɩɪɟɜɪɚɳɟɧɢɹ, 

ɧɚɡɵɜɚɟɦɨɝɨ ɪɟɚɤɰɢɟɣ Ɋɢɬɬɟɪɚ, ɩɪɢɜɟɞёɧ ɧɚ ɫɯɟɦɟ. ɇɚ ɩɨɫɥɟɞɧɟɣ ɫɬɚɞɢɢ 

ɚɦɢɧ G ɜɵɫɬɭɩɚɟɬ ɜ ɤɚɱɟɫɬɜɟ ɧɭɤɥɟɨɮɢɥɚ, ɜɡɚɢɦɨɞɟɣɫɬɜɭɹ ɫ γ-

ɯɥɨɪɮɟɧɢɥɢɡɨɰɢɚɧɚɬɨɦ. Ⱥɬɚɤɚ ɩɨ ɷɥɟɤɬɪɨɮɢɥɶɧɨɦɭ ɚɬɨɦɭ ɭɝɥɟɪɨɞɚ ɮɪɚɝɦɟɧɬɚ 

NCO ɩɪɢɜɨɞɢɬ ɤ ɰɟɥɟɜɨɦɭ ɩɪɨɞɭɤɬɭ Y. 
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4. ɂɡ ɛɪɭɬɬɨ-ɮɨɪɦɭɥɵ J ɜɢɞɧɨ, ɱɬɨ J ɫɨɞɟɪɠɢɬ ɜɫɟ ɭɝɥɟɪɨɞɵ ɢɫɯɨɞɧɨɝɨ 

ɛɪɨɦɛɟɧɡɨɧɢɬɪɢɥɚ ɢ ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ ɪɟɚɝɟɧɬɨɜ. Ɉɞɧɚ ɢɡ ɡɚɞɚɱ 1 ɬɭɪɚ 

ɧɚɩɨɦɢɧɚɟɬ, ɱɬɨ ɫɨɟɞɢɧɟɧɢɹ ɩɚɥɥɚɞɢɹ ɱɚɫɬɨ ɩɪɢɦɟɧɹɸɬɫɹ ɜ ɤɚɱɟɫɬɜɟ 

ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɪɟɚɤɰɢɣ ɤɪɨɫɫ-ɫɨɱɟɬɚɧɢɹ. ȼ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɢɞɟɬ ɪɟɚɤɰɢɹ ɦɟɠɞɭ 

ɚɪɢɥɛɪɨɦɢɞɨɦ ɢ ɚɰɟɬɢɥɟɧɨɦ (ɪɟɚɤɰɢɹ ɋɨɧɨɝɚɲɢɪɚ). Ƚɢɞɪɢɪɨɜɚɧɢɟ 

ɨɛɪɚɡɭɸɳɟɝɨɫɹ ɩɪɢ ɷɬɨɦ ɫɨɟɞɢɧɟɧɢɹ H ɧɚ ɤɚɬɚɥɢɡɚɬɨɪɟ Ʌɢɧɞɥɚɪɚ ɩɪɢɜɨɞɢɬ ɤ 

ɨɛɪɚɡɨɜɚɧɢɸ ɰɢɫ-ɚɥɤɟɧɚ I, ɤɨɬɨɪɵɣ ɩɨɞɜɟɪɝɚɟɬɫɹ ɦɟɬɢɥɢɪɨɜɚɧɢɸ. Ȼɪɭɬɬɨ-

ɮɨɪɦɭɥɚ J ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɩɪɨɫɬɨɦɭ ɡɚɦɟɳɟɧɢɸ ɨɞɧɨɝɨ ɚɬɨɦɚ ɜɨɞɨɪɨɞɚ ɧɚ 

ɦɟɬɢɥɶɧɭɸ ɝɪɭɩɩɭ. Ɇɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ ɷɬɨ – ɦɟɬɢɥɢɪɨɜɚɧɢɟ OH-ɝɪɭɩɩɵ. 

Ⱦɚɥɟɟ ɫɨɟɞɢɧɟɧɢɟ J ɷɩɨɤɫɢɞɢɪɭɸɬ ɧɚɞɤɢɫɥɨɬɨɣ (ɪɟɚɤɰɢɹ ɉɪɢɥɟɠɚɟɜɚ). 

ɇɭɤɥɟɨɮɢɥɶɧɚɹ ɚɬɚɤɚ ɚɥɥɢɥɚɦɢɧɚ ɧɚ ɷɩɨɤɫɢɞ K ɩɪɢɜɨɞɢɬ ɤ ɪɚɫɤɪɵɬɢɸ 

ɬɪɟɯɱɥɟɧɧɨɝɨ ɰɢɤɥɚ, ɨɞɧɚɤɨ ɬɚɤɚɹ ɚɬɚɤɚ ɮɨɪɦɚɥɶɧɨ ɦɨɠɟɬ ɩɪɨɬɟɤɚɬɶ ɩɨ 

ɤɚɠɞɨɦɭ ɢɡ ɞɜɭɯ ɚɬɨɦɨɜ ɭɝɥɟɪɨɞɚ ɷɩɨɤɫɢɞɚ. Ⱦɥɹ ɩɪɚɜɢɥɶɧɨɝɨ ɜɵɛɨɪɚ ɦɟɫɬɚ 

ɚɬɚɤɢ ɧɚɞɨ ɨɛɪɚɬɢɬɶ ɜɧɢɦɚɧɢɟ ɧɚ ɢɧɮɨɪɦɚɰɢɸ ɨ ɫɬɪɭɤɬɭɪɧɨɦ ɫɯɨɞɫɬɜɟ 

ɤɨɧɟɱɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ Z ɢ ɤɪɨɦɚɤɚɥɢɦɚ X. ȼ ɫɨɟɞɢɧɟɧɢɢ X, ɨɛɪɚɡɨɜɚɧɧɨɦ 

ɬɚɤɠɟ ɜ ɪɟɡɭɥɶɬɚɬɟ ɚɬɚɤɢ ɚɡɨɬɧɨɝɨ ɧɭɤɥɟɨɮɢɥɚ ɧɚ ɷɩɨɤɫɢɞ, ɚɡɨɬ ɫɜɹɡɚɧ ɫ 

ɛɟɧɡɢɥɶɧɵɦ ɚɬɨɦɨɦ ɭɝɥɟɪɨɞɚ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɩɪɢ ɪɚɫɤɪɵɬɢɢ ɷɩɨɤɫɢɞɚ K 

ɧɭɤɥɟɨɮɢɥɶɧɵɣ ɚɬɨɦ ɚɡɨɬɚ ɬɚɤɠɟ ɛɭɞɟɬ ɚɬɚɤɨɜɚɬɶ ɛɟɧɡɢɥɶɧɵɣ ɚɬɨɦ ɭɝɥɟɪɨɞɚ. 

Ⱦɟɣɫɬɜɢɬɟɥɶɧɨ, ɜ SNβ ɪɟɚɤɰɢɹɯ ɛɟɧɡɢɥɶɧɵɟ ɩɪɨɢɡɜɨɞɧɵɟ ɛɨɥɟɟ ɚɤɬɢɜɧɵ, ɱɟɦ 
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ɚɧɚɥɨɝɢɱɧɵɟ ɚɥɤɢɥɶɧɵɟ. ɋɥɟɞɭɸɳɚɹ ɫɬɚɞɢɹ ɬɚɤɠɟ ɧɟ ɫɨɜɫɟɦ ɨɱɟɜɢɞɧɚ, ɬɚɤ ɤɚɤ 

ɫ ɚɧɝɢɞɪɢɞɨɦ ɦɨɠɟɬ ɪɟɚɝɢɪɨɜɚɬɶ ɤɚɤ ɚɦɢɧɨ-, ɬɚɤ ɢ ɝɢɞɪɨɤɫɢ-ɝɪɭɩɩɚ ɫɨɟɞɢɧɟɧɢɹ 

L. Ɉɞɧɚɤɨ ɚɦɢɧɨɝɪɭɩɩɚ ɨɛɥɚɞɚɟɬ ɛɨɥɟɟ ɫɢɥɶɧɵɦɢ ɧɭɤɥɟɨɮɢɥɶɧɵɦɢ 

ɫɜɨɣɫɬɜɚɦɢ, ɩɨɷɬɨɦɭ ɜ ɪɟɚɤɰɢɸ ɜ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ ɛɭɞɟɬ ɜɫɬɭɩɚɬɶ ɢɦɟɧɧɨ ɨɧɚ. 

Ȼɨɥɟɟ ɬɨɝɨ, ɩɪɨɞɭɤɬ ɚɰɢɥɢɪɨɜɚɧɢɹ ɩɨ ɚɬɨɦɭ ɤɢɫɥɨɪɨɞɚ ɧɟ ɫɩɨɫɨɛɟɧ ɛɭɞɟɬ ɞɚɬɶ 

ɫɨɟɞɢɧɟɧɢɟ ɫ ɞɜɭɦɹ ɲɟɫɬɢɱɥɟɧɧɵɦɢ ɰɢɤɥɚɦɢ ɜ ɭɤɚɡɚɧɧɵɯ ɭɫɥɨɜɢɹɯ ɩɪɨɜɟɞɟɧɢɹ 

ɩɨɫɥɟɞɧɟɣ ɫɬɚɞɢɢ. Ɉɛɪɚɡɭɸɳɟɟɫɹ ɫɨɟɞɢɧɟɧɢɟ M ɨɡɨɧɢɪɭɸɬ ɫ 

ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɨɣ ɨɛɪɚɛɨɬɤɨɣ ɨɡɨɧɢɞɚ ɛɨɪɝɢɞɪɢɞɨɦ ɧɚɬɪɢɹ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ 

ɩɨɥɭɱɟɧɢɸ ɫɩɢɪɬɚ N, ɢɦɟɸɳɟɦɭ ɛɪɭɬɬɨ-ɮɨɪɦɭɥɭ C20H30N2O5. ɋɪɚɜɧɟɧɢɟ 

ɛɪɭɬɬɨ-ɮɨɪɦɭɥ N ɢ Z ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɧɚ ɫɥɟɞɭɸɳɟɣ ɫɬɚɞɢɢ ɩɪɨɢɫɯɨɞɢɬ 

ɨɬɳɟɩɥɟɧɢɟ ɦɨɥɟɤɭɥɵ ɜɨɞɵ. ȿɞɢɧɫɬɜɟɧɧɵɣ ɜɨɡɦɨɠɧɵɣ ɜɚɪɢɚɧɬ, ɩɪɢɜɨɞɹɳɢɣ ɤ 

ɨɛɪɚɡɨɜɚɧɢɸ ɧɟɨɛɯɨɞɢɦɨɝɨ ɩɨ ɭɫɥɨɜɢɸ ɜɬɨɪɨɝɨ ɲɟɫɬɢɱɥɟɧɧɨɝɨ ɰɢɤɥɚ, – 

ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɞɜɭɯ OH-ɝɪɭɩɩ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɰɢɤɥɢɱɟɫɤɨɝɨ ɩɪɨɫɬɨɝɨ ɷɮɢɪɚ. 

Ⱦɥɹ ɨɬɜɟɬɚ ɧɚ ɷɬɨɬ ɜɨɩɪɨɫ ɧɟ ɧɭɠɧɨ ɡɧɚɬɶ, ɤɚɤ ɢɦɟɧɧɨ ɩɨɬɟɤɚɟɬ ɞɚɧɧɵɣ ɩɪɨɰɟɫɫ 

(ɪɟɚɤɰɢɹ Ɇɢɰɭɧɨɛɭ). 
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ɋɢɫɬɟɦɚ ɨɰɟɧɢɜɚɧɢɹ: 

1. ɋɬɪɭɤɬɭɪɧɵɟ ɮɨɪɦɭɥɵ A ɢ B – ɩɨ 1.5 ɛɚɥɥɚ 3 ɛɚɥɥɚ 

2. Ɉɛɴɹɫɧɟɧɢɟ ɩɪɢɦɟɧɟɧɢɹ ɯɢɪɚɥɶɧɨɝɨ ɤɨɦɩɥɟɤɫɚ 1 ɛɚɥɥ 

3. ɋɬɪɭɤɬɭɪɧɵɟ ɮɨɪɦɭɥɵ C–G ɢ Y – ɩɨ 1.5 ɛɚɥɥɚ 9 ɛɚɥɥɨɜ 

4. ɋɬɪɭɤɬɭɪɧɵɟ ɮɨɪɦɭɥɵ H–N ɢ Z – ɩɨ 1.5 ɛɚɥɥɚ 12 ɛɚɥɥɨɜ 

ɂɌɈȽɈ: 25 ɛɚɥɥɨɜ 

 

Ɋɟɲɟɧɢɟ ɡɚɞɚɱɢ 3 (ɂ. ȼ. Ɍɪɭɲɤɨɜ): 
ɉɪɢ ɨɛɪɚɛɨɬɤɟ ɚɧɢɥɢɧɨɜ ɧɢɬɪɢɬɨɦ ɧɚɬɪɢɹ ɜ ɤɢɫɥɨɣ ɫɪɟɞɟ ɩɪɨɢɫɯɨɞɢɬ 

ɨɛɪɚɡɨɜɚɧɢɟ ɫɨɥɢ ɞɢɚɡɨɧɢɹ ArN2
+, ɤɨɬɨɪɚɹ ɚɬɚɤɭɟɬ ɦɨɥɟɤɭɥɭ ɩɢɪɢɞɢɧɚ. Эɬɨ ɧɟ 

ɪɟɚɤɰɢɹ ɚɡɨɫɨɱɟɬɚɧɢɹ, ɩɨɫɤɨɥɶɤɭ ɜ ȼ ɫɨɞɟɪɠɢɬɫɹ ɬɨɥɶɤɨ ɨɞɢɧ ɚɬɨɦ ɚɡɨɬɚ. 

Ȼɪɭɬɬɨ-ɮɨɪɦɭɥɚ ȼ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɩɪɨɞɭɤɬɭ, ɨɛɪɚɡɭɸɳɟɦɭɫɹ ɩɪɢ ɡɚɦɟɳɟɧɢɢ ɜ 

ɩɢɪɢɞɢɧɟ ɚɬɨɦɚ ɜɨɞɨɪɨɞɚ ɧɚ ɚɪɨɦɚɬɢɱɟɫɤɢɣ ɮɪɚɝɦɟɧɬ ɫ ɩɨɬɟɪɟɣ ɦɨɥɟɤɭɥɵ 

ɚɡɨɬɚ. Эɬɨ ɜɵɡɜɚɧɨ ɬɟɦ, ɱɬɨ ɫɨɥɢ ɨɞɧɨɜɚɥɟɧɬɧɨɣ ɜɨɫɫɬɚɧɚɜɥɢɜɚɸɬ ɫɨɥɶ 

ɞɢɚɡɨɧɢɹ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɪɚɞɢɤɚɥɚ ArN2, ɤɨɬɨɪɵɣ ɨɬɳɟɩɥɹɟɬ 

N2, ɚ ɨɛɪɚɡɨɜɚɜɲɢɣɫɹ ɚɪɢɥɶɧɵɣ ɪɚɞɢɤɚɥ ɚɬɚɤɭɟɬ ɩɢɪɢɞɢɧ. ȼ ɩɪɢɧɰɢɩɟ, ɜ 

ɪɟɡɭɥɶɬɚɬɟ ɷɬɨɣ ɚɬɚɤɢ ɨɛɪɚɡɭɸɬɫɹ ɜɫɟ ɬɪɢ ɢɡɨɦɟɪɚ ɚɪɢɥɩɢɪɢɞɢɧɚ. ɇɨ ɜ ɡɚɞɚɱɟ 

ɪɟɱɶ ɢɞёɬ ɬɨɥɶɤɨ ɨɛ ɨɫɧɨɜɧɨɦ. ɑɬɨɛɵ ɨɩɪɟɞɟɥɢɬɶ ɟɝɨ ɫɬɪɭɤɬɭɪɭ, ɪɚɫɫɦɨɬɪɢɦ 

ɞɚɧɧɵɟ ɨ ɫɩɟɤɬɪɟ əɆɊ. Ⱦɜɚ ɞɭɛɥɟɬɚ ɫ ɢɧɬɟɧɫɢɜɧɨɫɬɶɸ β ɫɨɨɬɜɟɬɫɬɜɭɸɬ, 

ɨɱɟɜɢɞɧɨ, ɩɪɨɬɨɧɚɦ ɢɡ ɮɪɚɝɦɟɧɬɚ 4-ɷɬɨɤɫɢɤɚɪɛɨɧɢɥɮɟɧɢɥɚ (ɞɜɚ ɨɪɬɨ- ɢ ɞɜɚ 

ɦɟɬɚ-). ȿɫɥɢ ɛɵ ɚɬɚɤɚ ɷɬɢɦ ɪɚɞɢɤɚɥɨɦ ɩɨɲɥɚ ɩɨ ɚɬɨɦɭ ɋ-4) ɩɢɪɢɞɢɧɚ, ɬɨ 

ɡɚɦɟɳёɧɧɵɣ ɩɢɪɢɞɢɧɨɜɵɣ ɮɪɚɝɦɟɧɬ ɬɚɤɠɟ ɫɨɞɟɪɠɚɥ ɛɵ ɞɜɟ ɩɚɪɵ ɨɞɢɧɚɤɨɜɵɯ 

ɚɬɨɦɨɜ ɜɨɞɨɪɨɞɚ, ɱɬɨ ɧɟ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɨɩɢɫɚɧɢɸ. ɉɪɨɞɭɤɬ ɚɬɚɤɢ ɩɨ ɚɬɨɦɭ ɋ-3 

ɫɨɞɟɪɠɢɬ 4 ɪɚɡɧɵɯ ɚɬɨɦɚ ɜɨɞɨɪɨɞɚ ɜ ɡɚɦɟɳɟɧɧɨɦ ɩɢɪɢɞɢɧɨɜɨɦ ɰɢɤɥɟ, ɧɨ ɞɥɹ 

ɨɞɧɨɝɨ ɢɡ ɧɢɯ ɜ ɫɨɫɟɞɧɢɯ ɩɨɥɨɠɟɧɢɹɯ ɧɟɬ ɚɬɨɦɨɜ ɜɨɞɨɪɨɞɚ, ɬɨ ɟɫɬɶ ɨɧ ɦɨɠɟɬ 

ɩɪɨɹɜɢɬɶɫɹ ɬɨɥɶɤɨ ɜ ɜɢɞɟ ɫɢɧɝɥɟɬɚ (ɭɲɢɪɟɧɧɨɝɨ ɛɥɚɝɨɞɚɪɹ ɫɩɢɧ-ɫɩɢɧɨɜɨɦɭ 

ɜɡɚɢɦɨɞɟɣɫɬɜɢɸ ɫ ɦɟɬɚ-ɜɨɞɨɪɨɞɚɦɢ), ɞɜɚ ɚɬɨɦɚ (ɩɪɢ ɋ-4) ɢ ɋ-6)) ɛɭɞɭɬ ɢɦɟɬɶ ɜ 

ɫɨɫɟɞɧɟɦ ɩɨɥɨɠɟɧɢɢ ɩɨ ɨɞɧɨɦɭ ɩɪɨɬɨɧɭ, ɬ. ɟ. ɞɨɥɠɧɵ ɩɪɨɹɜɢɬɶɫɹ ɜ ɜɢɞɟ 

ɭɲɢɪɟɧɧɵɯ (ɛɥɚɝɨɞɚɪɹ ɜɡɚɢɦɨɞɟɣɫɬɜɢɸ ɦɟɠɞɭ ɫɨɛɨɣ) ɞɭɛɥɟɬɨɜ, ɢ ɨɞɢɧ ɚɬɨɦ 

(ɩɪɢ ɋ-5) – ɜ ɜɢɞɟ ɞɭɛɥɟɬɚ ɞɭɛɥɟɬɨɜ. Эɬɨ ɬɨɠɟ ɧɟ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɨɩɢɫɚɧɢɸ. 
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Ɂɧɚɱɢɬ, ȼ – ɩɪɨɞɭɤɬ ɡɚɦɟɳɟɧɢɹ ɜɨɞɨɪɨɞɚ ɩɪɢ ɚɬɨɦɟ ɋ-β. ȼ ɩɨɥɶɡɭ ɷɬɨɝɨ ɜɵɜɨɞɚ 

ɝɨɜɨɪɢɬ ɢ ɫɬɪɭɤɬɭɪɚ ɮɚɞɪɨɡɨɥɚ, ɜ ɤɨɬɨɪɨɣ ɩɪɢɫɭɬɫɬɜɭɟɬ ɚɪɨɦɚɬɢɱɟɫɤɢɣ 

ɮɪɚɝɦɟɧɬ ɜ ɨɪɬɨ-ɩɨɥɨɠɟɧɢɢ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɚɬɨɦɭ ɚɡɨɬɚ ɲɟɫɬɢɱɥɟɧɧɨɝɨ 

ɰɢɤɥɚ. 

 

ɋɪɚɜɧɟɧɢɟ ɫɬɪɭɤɬɭɪɵ ȼ ɫɨ ɫɬɪɭɤɬɭɪɨɣ ɮɚɞɪɨɡɨɥɚ ɩɨɡɜɨɥɹɟɬ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, 

ɱɬɨ ɧɚ ɩɨɫɥɟɞɭɸɳɢɯ ɫɬɚɞɢɹɯ ɫɢɧɬɟɡɚ ɫɥɨɠɧɨɷɮɢɪɧɚɹ ɝɪɭɩɩɚ ɩɪɟɜɪɚɳɚɟɬɫɹ ɜ 

ɧɢɬɪɢɥɶɧɭɸ, ɩɢɪɢɞɢɧɨɜɵɣ ɰɢɤɥ ɜɨɫɫɬɚɧɚɜɥɢɜɚɟɬɫɹ, ɚ ɩɨ ɫɜɹɡɢ N-C(6) ɤ ɧɟɦɭ 

ɧɚɪɚɳɢɜɚɟɬɫɹ ɮɪɚɝɦɟɧɬ ɢɦɢɞɚɡɨɥɚ. ɂɬɚɤ, ɪɟɚɤɰɢɹ ȼ ɫ ɧɚɞɭɤɫɭɫɧɨɣ ɤɢɫɥɨɬɨɣ ɧɟ 

ɜɟɞɟɬ ɤ ɨɤɢɫɥɟɧɢɸ ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɰɢɤɥɨɜ, ɧɨ ɩɪɨɞɭɤɬ ɋ ɫɨɞɟɪɠɢɬ ɧɚ ɨɞɢɧ ɚɬɨɦ 

ɤɢɫɥɨɪɨɞɚ ɛɨɥɶɲɟ. Ɉɫɬɚёɬɫɹ ɞɜɚ ɧɚɩɪɚɜɥɟɧɢɹ ɪɟɚɤɰɢɢ: ɨɤɢɫɥɟɧɢɟ 

ɫɥɨɠɧɨɷɮɢɪɧɨɣ ɝɪɭɩɩɵ ɢ ɨɤɢɫɥɟɧɢɟ ɚɬɨɦɚ ɚɡɨɬɚ ɩɢɪɢɞɢɧɨɜɨɝɨ ɰɢɤɥɚ ɫ 

ɨɛɪɚɡɨɜɚɧɢɟɦ N-ɨɤɫɢɞɚ (ɚɪɨɦɚɬɢɱɟɫɤɢɣ ɰɢɤɥ ɩɪɢ ɷɬɨɦ ɧɟ ɡɚɬɪɚɝɢɜɚɟɬɫɹ). 

ɉɟɪɜɨɟ ɧɚɩɪɚɜɥɟɧɢɟ ɤɚɠɟɬɫɹ ɧɟɪɟɚɥɶɧɵɦ, ɚ ɝɥɚɜɧɨɟ, – ɧɟ ɩɨɡɜɨɥɹɟɬ 

ɨɫɭɳɟɫɬɜɢɬɶ ɩɨɫɥɟɞɭɸɳɢɟ ɩɪɟɜɪɚɳɟɧɢɹ. ɉɨɷɬɨɦɭ ɋ – N-ɨɤɫɢɞ, ɤɨɬɨɪɵɣ ɦɨɠɟɬ 

ɛɵɬɶ ɩɪɨɦɟɬɢɥɢɪɨɜɚɧ ɩɨ ɚɬɨɦɭ ɤɢɫɥɨɪɨɞɚ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ N-

ɦɟɬɨɤɫɢɩɢɪɢɞɢɧɢɟɜɨɣ ɫɨɥɢ D. ɂɡ ɮɨɪɦɭɥɵ ȿ ɫɥɟɞɭɟɬ, ɱɬɨ ɩɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ 

ɷɬɨɣ ɫɨɥɢ ɫ KCN ɩɪɨɢɫɯɨɞɢɬ ɨɬɳɟɩɥɟɧɢɟ ɦɟɬɚɧɨɥɚ, ɚ ɜ ɦɨɥɟɤɭɥɭ ɜɜɨɞɢɬɫɹ 

ɰɢɚɧɨ-ɝɪɭɩɩɚ. ɋɪɚɜɧɟɧɢɟ ɫɨ ɫɬɪɭɤɬɭɪɨɣ ɮɚɞɪɨɡɨɥɚ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɰɢɚɧɨɝɪɭɩɩɚ 

ɞɨɥɠɧɚ ɨɛɪɚɡɨɜɚɬɶ ɫɜɹɡɶ ɫ ɚɬɨɦɨɦ ɋ-6 ɩɢɪɢɞɢɧɚ (ɜ ɮɚɞɪɨɡɨɥɟ ɡɚɦɟɳɟɧ ɬɨɥɶɤɨ 

ɷɬɨɬ ɚɬɨɦ, ɩɪɢɱɟɦ ɨɧ ɫɜɹɡɚɧ ɫ ɮɪɚɝɦɟɧɬɨɦ =ɋ-N). Ƚɢɞɪɢɪɨɜɚɧɢɟ ȿ ɩɪɢɜɨɞɢɬ ɤ 

ɜɜɟɞɟɧɢɸ ɜ ɦɨɥɟɤɭɥɭ 4 ɚɬɨɦɨɜ ɜɨɞɨɪɨɞɚ. Эɬɨ ɦɨɠɟɬ ɛɵɬɶ ɬɨɥɶɤɨ 

ɜɨɫɫɬɚɧɨɜɥɟɧɢɟ ɰɢɚɧɨ-ɝɪɭɩɩɵ ɞɨ ɚɦɢɧɨɦɟɬɢɥɶɧɨɣ. 
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ɉɪɟɜɪɚɳɟɧɢɟ F ɜ ɇ ɩɪɢɜɨɞɢɬ ɤ ɜɜɟɞɟɧɢɸ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɚɬɨɦɚ ɭɝɥɟɪɨɞɚ 

ɢ ɨɬɳɟɩɥɟɧɢɸ ɞɜɭɯ ɚɬɨɦɨɜ ɜɨɞɨɪɨɞɚ. ɍɱɢɬɵɜɚɹ ɫɬɪɭɤɬɭɪɭ ɮɚɞɪɨɡɨɥɚ, ɧɟɫɥɨɠɧɨ 

ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ ɷɬɨ – ɫɬɚɞɢɢ ɨɛɪɚɡɨɜɚɧɢɹ ɢɦɢɞɚɡɨɥɶɧɨɝɨ ɰɢɤɥɚ, 

ɚɧɧɟɥɢɪɨɜɚɧɧɨɝɨ ɤ ɩɢɪɢɞɢɧɭ. ɉɪɢ ɷɬɨɦ G – ɚɦɢɞ, ɨɛɪɚɡɨɭɸɳɢɣɫɹ ɩɪɢ 

ɧɚɝɪɟɜɚɧɢɢ ɚɦɢɧɚ F ɫ ɦɭɪɚɜɶɢɧɨɣ ɤɢɫɥɨɬɨɣ, ɚ H – ɪɟɡɭɥɶɬɚɬ ɰɢɤɥɢɡɚɰɢɢ ɚɦɢɞɚ 

ɩɨ ɚɬɨɦɭ ɚɡɨɬɚ ɩɢɪɢɞɢɧɚ, ɩɪɨɬɟɤɚɸɳɟɣ ɜ ɩɪɢɫɭɬɫɬɜɢɢ POCl3 (ɚɧɚɥɨɝ ɪɟɚɤɰɢɢ 

Ȼɢɲɥɟɪɚ-ɇɚɩɢɪɚɥɶɫɤɨɝɨ). Ɉɫɬɚɜɲɢɟɫɹ ɫɬɚɞɢɢ ɭɠɟ ɧɟ ɜɵɡɵɜɚɸɬ ɫɟɪɶёɡɧɵɯ 

ɜɨɩɪɨɫɨɜ, ɩɨɫɤɨɥɶɤɭ ɡɞɟɫɶ ɧɟɨɛɯɨɞɢɦɨ ɜɨɫɫɬɚɧɨɜɢɬɶ ɩɢɪɢɞɢɧɨɜɵɣ ɰɢɤɥ ɢ 

ɩɪɟɜɪɚɬɢɬɶ ɫɥɨɠɧɵɣ ɷɮɢɪ ɜ ɧɢɬɪɢɥ (ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɛɵɥ ɢɫɩɨɥɶɡɨɜɚɧ ɝɢɞɪɨɥɢɡ 

ɞɨ ɤɢɫɥɨɬɵ, ɨɛɪɚɡɨɜɚɧɢɟ ɯɥɨɪɚɧɝɢɞɪɢɞɚ, ɚ ɢɡ ɧɟɝɨ – ɚɦɢɞɚ ɫ ɩɨɫɥɟɞɭɸɳɟɣ 

ɞɟɝɢɞɪɚɬɚɰɢɟɣ). 

 

ȼɬɨɪɨɣ ɫɩɨɫɨɛ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɡɚɦɟɳɟɧɢɟ ɢɨɞɚ ɜ 4-ɢɨɞɨɬɨɥɭɨɥɟ ɧɚ ɰɢɚɧɢɞ 

ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɰɢɚɧɢɞɚ ɦɟɞɢ (ɪɟɚɤɰɢɹ ɧɟ ɢɞёɬ ɫ ɰɢɚɧɢɞɚɦɢ ɳɟɥɨɱɧɵɯ 

ɦɟɬɚɥɥɨɜ!) ɢ ɛɪɨɦɢɪɨɜɚɧɢɟ ɩɪɨɞɭɤɬɚ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ 

ɛɟɧɡɢɥɛɪɨɦɢɞɚ, ɤɨɬɨɪɵɣ ɚɥɤɢɥɢɪɭɟɬ ɢɦɢɞɚɡɨɥ ɩɨ ɧɟɡɚɦɟɳёɧɧɨɦɭ ɚɬɨɦɭ ɚɡɨɬɚ. 

ɂɡ ɛɪɭɬɬɨ-ɮɨɪɦɭɥɵ ɫɨɟɞɢɧɟɧɢɹ M ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ ɩɪɢ ɩɨɫɥɟɞɭɸɳɟɣ 
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ɨɛɪɚɛɨɬɤɟ ɚɦɦɢɚɤɨɦ ɢ ɫɨɥɹɧɨɣ ɤɢɫɥɨɬɨɣ ɭɞɚɥɹɸɬɫɹ ɤɚɤ ɤɚɪɛɚɦɚɬɧɚɹ ɝɪɭɩɩɚ ɩɪɢ 

ɚɬɨɦɟ ɚɡɨɬɚ, ɬɚɤ ɢ ɬɪɢɦɟɬɢɥɫɢɥɢɥɶɧɚɹ ɡɚɳɢɬɚ ɚɬɨɦɚ ɤɢɫɥɨɪɨɞɚ. Ⱦɚɥɟɟ 

ɩɪɨɢɫɯɨɞɢɬ ɩɪɟɜɪɚɳɟɧɢɟ ɫɩɢɪɬɚ ɫ ɚɥɤɢɥɯɥɨɪɢɞ ɢ ɜɧɭɬɪɢɦɨɥɟɤɭɥɹɪɧɨɟ 

ɚɥɤɢɥɢɪɨɜɚɧɢɟ ɛɟɧɡɢɥɶɧɨɝɨ ɚɬɨɦɚ ɭɝɥɟɪɨɞɚ, ɤɨɬɨɪɵɣ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ 

ɞɟɩɪɨɬɨɧɢɪɭɸɬ ɞɟɣɫɬɜɢɟɦ ɫɢɥɶɧɨɝɨ ɨɫɧɨɜɚɧɢɹ. Ⱦɟɩɪɨɬɨɧɢɪɨɜɚɧɢɟ ɨɛɥɟɝɱɚɟɬɫɹ 

ɧɚɥɢɱɢɟɦ ɜ ɩɚɪɚ-ɩɨɥɨɠɟɧɢɢ ɷɥɟɤɬɪɨɧɨɚɤɰɟɩɬɨɪɧɨɣ ɧɢɬɪɢɥɶɧɨɣ ɝɪɭɩɩɵ. 

 

ɋɢɧɬɟɡ ɮɭɪɨɫɟɦɢɞɚ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɫɭɥɶɮɨɯɥɨɪɢɪɨɜɚɧɢɟ β,4-

ɞɢɯɥɨɪɛɟɧɡɨɣɧɨɣ ɤɢɫɥɨɬɵ. Ɋɟɚɤɰɢɹ ɚɪɨɦɚɬɢɱɟɫɤɨɝɨ ɷɥɟɤɬɪɨɮɢɥɶɧɨɝɨ 

ɡɚɦɟɳɟɧɢɹ ɢɞёɬ ɜ ɨɪɬɨ-/ɩɚɪɚ-ɩɨɥɨɠɟɧɢɟ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɚɬɨɦɚɦ ɯɥɨɪɚ ɢ ɜ 

ɦɟɬɚ-ɩɨɥɨɠɟɧɢɟ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɤɚɪɛɨɤɫɢɥɶɧɨɣ ɝɪɭɩɩɟ. ɉɨɫɤɨɥɶɤɭ ɞɨɫɬɭɩ ɤ 

ɚɬɨɦɭ ɋ-γ ɫɬɟɪɢɱɟɫɤɢ ɛɨɥɟɟ ɡɚɬɪɭɞɧёɧ, ɪɟɚɤɰɢɹ ɢɞёɬ ɩɨ ɚɬɨɦɭ ɋ-5. Ⱦɚɥɟɟ, 

ɨɱɟɜɢɞɧɨ, ɚɦɦɢɚɤ ɞɨɥɠɟɧ ɪɟɚɝɢɪɨɜɚɬɶ ɫ ɫɭɥɶɮɨɯɥɨɪɢɞɨɦ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ 

ɫɭɥɶɮɚɦɢɞɚ. ɇɚ ɩɨɫɥɟɞɧɟɹ ɫɬɚɞɢɢ ɮɭɪɮɭɪɢɥɚɦɢɧ ɡɚɦɟɳɚɟɬ ɨɞɢɧ ɢɡ ɚɬɨɦɨɜ 

ɯɥɨɪɚ (ɱɬɨ ɫɥɟɞɭɟɬ ɢɡ ɮɨɪɦɭɥɵ Y). ȼ ɩɪɨɞɭɤɬɟ ɡɚɦɟɳɟɧɢɹ ɚɬɨɦɚ ɯɥɨɪɚ ɜ ɨɪɬɨ-

ɩɨɥɨɠɟɧɢɢ ɤ ɫɭɥɶɮɚɦɢɞɭ ɜɨɡɦɨɠɧɚ ɬɨɥɶɤɨ ɨɱɟɧɶ ɫɥɚɛɚɹ ɜɨɞɨɪɨɞɧɚɹ ɫɜɹɡɶ 

ɦɟɠɞɭ ɚɦɢɧɨɝɪɭɩɩɨɣ ɤɚɤ ɞɨɧɨɪɨɦ ɜɨɞɨɪɨɞɚ ɢ ɚɬɨɦɚɦɢ ɤɢɫɥɨɪɨɞɚ ɫɭɥɶɮɚɦɢɞɚ 

ɤɚɤ ɚɤɰɟɩɬɨɪɚɦɢ. ɇɚɩɪɨɬɢɜ, ɡɚɦɟɳɟɧɢɟ ɚɬɨɦɚ ɯɥɨɪɚ ɜ ɨɪɬɨ-ɩɨɥɨɠɟɧɢɢ ɩɨ 

ɨɬɧɨɲɟɧɢɸ ɤ ɤɚɪɛɨɤɫɢɥɶɧɨɣ ɝɪɭɩɩɟ ɞɚёɬ ɫɨɟɞɢɧɟɧɢɟ ɫ ɩɪɨɱɧɨɣ 

ɜɧɭɬɪɢɦɨɥɟɤɭɥɹɪɧɨɣ ɜɨɞɨɪɨɞɧɨɣ ɫɜɹɡɶɸ ɦɟɠɞɭ ɚɦɢɧɨɝɪɭɩɩɨɣ ɢ ɤɚɪɛɨɤɫɢɥɶɧɨɣ 

ɝɪɭɩɩɨɣ.  
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ɋɢɫɬɟɦɚ ɨɰɟɧɢɜɚɧɢɹ: 

ɋɬɪɭɤɬɭɪɧɚɹ ɮɨɪɦɭɥɚ ɢɧɬɟɪɦɟɞɢɚɬɚ Ⱥ 1 ɛɚɥɥ 

ɋɬɪɭɤɬɭɪɧɵɟ ɮɨɪɦɭɥɵ ɫɨɟɞɢɧɟɧɢɣ ȼ–P ɢ Y – ɩɨ 1.5 ɛɚɥɥɚ 24 ɛɚɥɥɚ 

ɂɌɈȽɈ: 25 ɛɚɥɥɨɜ 
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ɏɢɦɢɹ ɢ ɠɢɡɧɶ 

Ɋɟɲɟɧɢɟ ɡɚɞɚɱɢ 1 (Ⱥ. ȼ. Ȼɚɱɟɜɚ) 
1. ɂɫɯɨɞɹ ɢɡ ɬɨɝɨ, ɱɬɨ ɝɥɸɤɨɡɚ – ɷɬɨ ɚɥɶɞɨɝɟɤɫɨɡɚ, ɞɥɹ ɢɡɨɛɪɚɠɟɧɢɹ N-

ɚɰɟɬɢɥ-D-ɝɥɸɤɨɡɚɦɢɧɚ ɜ ɩɪɨɟɤɰɢɢ Ɏɢɲɟɪɚ ɧɚɞɨ ɧɚɪɢɫɨɜɚɬɶ ɫɜɟɪɯɭ 

ɚɥɶɞɟɝɢɞɧɭɸ ɝɪɭɩɩɭ, ɡɚɬɟɦ ɜɧɢɡ ɨɫɬɚɜɲɢɟɫɹ ɩɹɬɶ ɚɬɨɦɨɜ ɭɝɥɟɪɨɞɚ, ɩɪɢɱɟɦ ɭ 

ɩɨɫɥɟɞɧɟɝɨ ɭɝɥɟɪɨɞɚ ɟɫɬɶ ɫɩɢɪɬɨɜɚɹ ɝɪɭɩɩɚ. ɍ D-ɢɡɨɦɟɪɚ ɜ ɩɪɨɟɤɰɢɢ Ɏɢɲɟɪɚ 

ɮɭɧɤɰɢɨɧɚɥɶɧɚɹ ɝɪɭɩɩɚ ɭ ɩɹɬɨɝɨ ɚɬɨɦɚ ɭɝɥɟɪɨɞɚ ɪɚɫɩɨɥɚɝɚɟɬɫɹ ɫɩɪɚɜɚ. Ⱦɥɹ 

ɪɚɫɩɨɥɨɠɟɧɢɹ ɨɫɬɚɥɶɧɵɯ ɝɪɭɩɩ ɧɭɠɧɨ ɩɨɦɧɢɬɶ, ɱɬɨ ɟɫɥɢ ɩɨɦɟɧɹɬɶ ɦɟɫɬɚɦɢ ɞɜɚ 

ɡɚɦɟɫɬɢɬɟɥɹ, ɬɨ ɤɨɧɮɢɝɭɪɚɰɢɹ ɦɟɧɹɟɬɫɹ ɧɚ ɩɪɨɬɢɜɨɩɨɥɨɠɧɭɸ, ɚ ɟɫɥɢ ɷɬɭ 

ɩɪɨɰɟɞɭɪɭ ɩɪɨɜɟɫɬɢ ɞɜɚɠɞɵ, ɬɨ ɤɨɧɮɢɝɭɪɚɰɢɹ ɜɨɡɜɪɚɳɚɟɬɫɹ ɤ ɢɫɯɨɞɧɨɣ, 

ɩɨɷɬɨɦɭ ɜɫɟ ɨɫɬɚɥɶɧɵɟ ɝɪɭɩɩɵ ɪɚɫɩɨɥɚɝɚɸɬɫɹ ɨɞɧɨɡɧɚɱɧɨ: 

 

        ɥɢɧɟɣɧɚɹ ɮɨɪɦɚ, ɩɪɨɟɤɰɢɹ 

Ɏɢɲɟɪɚ 

2. Ʉɚɤ ɭɤɚɡɚɧɨ ɜ ɭɫɥɨɜɢɢ, ɪɟɚɤɰɢɹ ɞɟɚɰɟɬɢɥɢɪɨɜɚɧɢɹ ɩɪɨɬɟɤɚɟɬ ɧɟ 

ɩɨɥɧɨɫɬɶɸ ɢ ɱɚɫɬɶ ɡɜɟɧɶɟɜ ɩɨɥɢɦɟɪɚ ɨɫɬɚɸɬɫɹ ɚɰɟɬɢɥɢɪɨɜɚɧɧɵɦɢ, ɩɨɷɬɨɦɭ 

ɭɪɚɜɧɟɧɢɟ ɪɟɚɤɰɢɢ ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ ɫɥɟɞɭɸɳɢɦ ɫɩɨɫɨɛɨɦ: 

, 

ɝɞɟ m + k = n, ɢ m/k ≈ 8 ÷ 9. 

Ʉɨɥɢɱɟɫɬɜɨ ɞɟɚɰɟɬɢɥɢɪɨɜɚɧɧɵɯ ɡɜɟɧɶɟɜ ɪɚɜɧɨ ɤɨɥɢɱɟɫɬɜɭ ɜɵɞɟɥɢɜɲɟɣɫɹ 

ɭɤɫɭɫɧɨɣ ɤɢɫɥɨɬɵ.  

3. ɂɡ ɩɟɪɟɱɢɫɥɟɧɧɵɯ ɪɟɚɝɟɧɬɨɜ ɜ ɜɨɞɧɵɯ ɫɪɟɞɚɯ ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɬɪɢ: 

ɷɩɢɯɥɨɪɝɢɞɪɢɧ, ɞɢɜɢɧɢɥɫɭɥɶɮɨɧ ɢ ɝɥɭɬɚɪɨɜɵɣ ɚɥɶɞɟɝɢɞ. 
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Ⱦɢɰɢɤɥɨɝɟɤɫɢɥɤɚɪɛɨɞɢɢɦɢɞ ɛɭɞɟɬ ɩɥɨɯɨ ɪɚɫɬɜɨɪɹɬɶɫɹ ɢ ɛɵɫɬɪɨ 

ɝɢɞɪɨɥɢɡɨɜɚɬɶɫɹ; N-ɝɢɞɪɨɤɫɢɫɭɤɰɢɧɢɦɢɞ ɦɨɠɟɬ ɪɟɚɝɢɪɨɜɚɬɶ ɬɨɥɶɤɨ ɫ ɨɞɧɨɣ 

ɝɪɭɩɩɨɣ, ɦɨɞɢɮɢɰɢɪɭɹ ɛɟɥɨɤ ɢɥɢ ɯɢɬɨɡɚɧ, ɧɨ ɧɟ ɫɨɟɞɢɧɹɹ ɢɯ; ɦɚɥɨɧɨɜɚɹ 

ɤɢɫɥɨɬɚ ɪɟɚɝɢɪɨɜɚɬɶ ɧɟ ɛɭɞɟɬ. Ʉɚɤ ɭ ɛɟɥɤɚ, ɬɚɤ ɢ ɭ ɯɢɬɨɡɚɧɚ ɪɟɚɝɢɪɭɸɳɢɟ 

ɝɪɭɩɩɵ ɨɞɢɧɚɤɨɜɵ, – ɷɬɨ ɩɟɪɜɢɱɧɵɟ ɫɩɢɪɬɨɜɵɟ ɢ ɚɦɢɧɨɝɪɭɩɩɵ. Ɂɚɩɢɲɟɦ ɫɯɟɦɵ 

ɩɪɨɬɟɤɚɸɳɢɯ ɪɟɚɤɰɢɣ: 

Ⱥ) ɫ ɷɩɢɯɥɨɪɝɢɞɪɢɧɨɦ, ɰɟɥɟɜɚɹ ɪɟɚɤɰɢɹ ɛɭɞɟɬ ɞɚɜɚɬɶ ɱɟɬɵɪɟ ɜɨɡɦɨɠɧɵɯ 

ɩɪɨɞɭɤɬɚ, ɢɡ ɤɨɬɨɪɵɯ ɧɚɢɛɨɥɟɟ ɜɟɪɨɹɬɧɨ ɨɛɪɚɡɨɜɚɧɢɟ ɫɜɹɡɢ ɱɟɪɟɡ 

ɝɢɞɪɨɤɫɢɥɶɧɵɟ ɝɪɭɩɩɵ. 

 

ɉɨɛɨɱɧɚɹ ɪɟɚɤɰɢɹ – ɩɨɩɟɪɟɱɧɚɹ ɫɲɢɜɤɚ ɩɨɥɢɦɟɪɧɵɯ ɰɟɩɟɣ. 

 

Ȼ) Ɋɟɚɤɰɢɹ ɫ ɞɢɜɢɧɢɥɫɭɥɶɮɨɧɨɦ ɛɭɞɟɬ ɩɪɨɬɟɤɚɬɶ ɚɧɚɥɨɝɢɱɧɵɦ ɨɛɪɚɡɨɦ, 

ɞɚɜɚɹ ɱɟɬɵɪɟ ɜɚɪɢɚɧɬɚ ɰɟɥɟɜɵɯ ɩɪɨɞɭɤɬɨɜ: 
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ɉɨɛɨɱɧɚɹ ɪɟɚɤɰɢɹ ɯɢɬɨɡɚɧɚ ɫ ɞɢɜɢɧɢɥɫɭɥɶɮɨɧɨɦ ɬɚɤɠɟ ɩɪɢɜɨɞɢɬ ɤ 

ɩɨɩɟɪɟɱɧɨɣ ɫɲɢɜɤɟ ɩɨɥɢɫɚɯɚɪɢɞɧɵɯ ɰɟɩɟɣ: 

 

ȼ) ɪɟɚɤɰɢɢ ɫ ɝɥɭɬɚɪɨɜɵɦ ɚɥɶɞɟɝɢɞɨɦ ɩɪɨɬɟɤɚɸɬ ɜ ɨɫɧɨɜɧɨɦ ɩɨ 

ɚɦɢɧɨɝɪɭɩɩɟ, ɩɨɫɤɨɥɶɤɭ ɩɨ ɭɫɥɨɜɢɸ ɪɟɚɤɰɢɢ ɩɪɨɜɨɞɹɬɫɹ ɜ ɧɟɣɬɪɚɥɶɧɵɯ ɢɥɢ 

ɩɨɱɬɢ ɧɟɣɬɪɚɥɶɧɵɯ ɫɪɟɞɚɯ, ɚ ɞɥɹ ɩɪɨɬɟɤɚɧɢɹ ɪɟɚɤɰɢɢ ɩɨ ɝɢɞɪɨɤɫɢɥɶɧɨɣ ɝɪɭɩɩɟ 

ɧɭɠɧɚ ɤɢɫɥɚɹ ɫɪɟɞɚ: 

 

Ɉɛɪɚɡɭɸɳɟɟɫɹ ɨɫɧɨɜɚɧɢɟ ɒɢɮɮɚ ɧɟɭɫɬɨɣɱɢɜɨ ɜ ɜɨɞɧɵɯ ɫɪɟɞɚɯ, ɞɥɹ 

ɩɨɥɭɱɟɧɢɹ ɛɨɥɟɟ ɭɫɬɨɣɱɢɜɨɝɨ ɫɨɟɞɢɧɟɧɢɹ ɨɛɵɱɧɨ ɢɫɩɨɥɶɡɭɸɬ ɜɨɫɫɬɚɧɨɜɥɟɧɢɟ 
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ɚɥɶɞɢɦɢɧɧɨɣ ɫɜɹɡɢ ɛɨɪɝɢɞɪɢɞɨɦ ɧɚɬɪɢɹ. 

ɉɨɛɨɱɧɚɹ ɪɟɚɤɰɢɹ ɩɪɢɜɨɞɢɬ ɤ ɫɲɢɜɤɟ ɫɨɫɟɞɧɢɯ ɧɢɬɟɣ ɯɢɬɨɡɚɧɚ 

 

4. Ⱦɥɹ ɪɚɫɱɟɬɚ ɧɚɝɪɭɡɤɢ ɧɟɨɛɯɨɞɢɦɨ ɜɵɩɨɥɧɢɬɶ ɫɥɟɞɭɸɳɢɟ ɞɟɣɫɬɜɢɹ: 

ɉɨɫɱɢɬɚɬɶ, ɫɤɨɥɶɤɨ ɧɦɨɥɶ ɛɟɥɤɚ ɜ 0,β5 ɦɝ ɨɛɪɚɡɰɚ. Ⱦɥɹ ɷɬɨɝɨ ɜɨɡɶɦɟɦ, 

ɧɚɩɪɢɦɟɪ, ɚɫɩɚɪɚɝɢɧɨɜɭɸ ɤɢɫɥɨɬɭ: ɟɟ ɨɩɪɟɞɟɥɟɧɨ 4,98γ ɧɦɨɥɶ/β8 ɨɫɬɚɬɤɨɜ 

Asp/ɦɨɥɟɤɭɥɭ ɛɟɥɤɚ = 0,178 ɧɦɨɥɶ ɛɟɥɤɚ. Ɋɚɫɫɱɢɬɚɟɦ ɚɧɚɥɨɝɢɱɧɵɦ ɨɛɪɚɡɨɦ ɞɥɹ 

ɜɫɟɯ ɨɫɬɚɥɶɧɵɯ ɚɦɢɧɨɤɢɫɥɨɬ: 

Ⱥɦɢɧɨɤɢɫɥɨɬɚ ɱɢɫɥɨ ɨɫɬɚɬɤɨɜ 

ɚɦɢɧɨɤɢɫɥɨɬɵ ɜ 

ɬɪɢɩɫɢɧɟ 

ɤɨɥɢɱɟɫɬɜɨ 

ɚɦɢɧɨɤɢɫɥɨɬɵ ɜ 

ɨɛɪɚɡɰɟ, ɧɦɨɥɶ 

Ʉɨɥɢɱɟɫɬɜɨ 

ɚɦɢɧɨɤɢɫɥɨɬɵ/ɱɢɫɥɨ 

ɨɫɬɚɬɤɨɜ 

ɚɫɩɚɪɚɝɢɧɨɜɚɹ 

ɤɢɫɥɨɬɚ (Asp) 

ɬɪɟɨɧɢɧ (Thr) 

ɝɥɢɰɢɧ (Gly) 

ɩɪɨɥɢɧ (Pro) 

ɥɟɣɰɢɧ (Leu) 

ɚɪɝɢɧɢɧ (Arg) 

28 

19 

35 

9 

16 

4 

4,983 

2,995 

8,316 

1,471 

2,814 

0,735 

0,178 

0,158 

0,238 

0,163 

0,176 

0,183 

ɂɡ ɩɨɥɭɱɟɧɧɵɯ ɞɚɧɧɵɯ ɜɢɞɧɨ, ɱɬɨ ɤɨɥɢɱɟɫɬɜɨ ɝɥɢɰɢɧɚ ɫɢɥɶɧɨ ɨɬɥɢɱɚɟɬɫɹ 

ɨɬ ɫɪɟɞɧɟɝɨ, ɢ ɟɝɨ ɜ ɞɚɥɶɧɟɣɲɢɯ ɪɚɫɱɟɬɚɯ ɭɱɢɬɵɜɚɬɶ ɧɟ ɛɭɞɟɦ. Ɉɫɬɚɥɶɧɵɟ 

ɰɢɮɪɵ ɦɨɠɧɨ ɭɫɪɟɞɧɢɬɶ, ɢ ɩɨɥɭɱɢɦ 0,17β ɧɦɨɥɶ ɛɟɥɤɚ ɜ ɧɚɜɟɫɤɟ ɨɛɪɚɡɰɚ. 

Ɉɬɫɸɞɚ ɜ 1 ɝɪɚɦɦɟ ɨɛɪɚɡɰɚ ɛɭɞɟɬ 0,17β·1000/0,β5 = 688 ɧɦɨɥɶ, ɱɬɨ ɫ ɭɱɟɬɨɦ 

ɦɨɥɟɤɭɥɹɪɧɨɣ ɦɚɫɫɵ ɬɪɢɩɫɢɧɚ ɫɨɫɬɚɜɥɹɟɬ ɩɪɢɦɟɪɧɨ 16,4 ɦɝ/ɝ ɩɪɟɩɚɪɚɬɚ. 

5. Ⱦɥɹ ɢɦɦɨɛɢɥɢɡɨɜɚɧɧɵɯ ɮɟɪɦɟɧɬɨɜ ɜɥɢɹɧɢɟ ɞɢɮɮɭɡɢɢ ɧɚ ɤɢɧɟɬɢɱɟɫɤɢɟ 
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ɩɚɪɚɦɟɬɪɵ ɛɭɞɟɬ ɫɢɥɶɧɟɟ ɜ ɫɥɭɱɚɟ ɛɨɥɶɲɢɯ, ɜɵɫɨɤɨɦɨɥɟɤɭɥɹɪɧɵɯ ɫɭɛɫɬɪɚɬɨɜ. 

Ɍɨ ɟɫɬɶ ɤɨɧɫɬɚɧɬɚ Ɇɢɯɚɷɥɢɫɚ ɞɥɹ ɝɢɞɪɨɥɢɡɚ ɤɚɡɟɢɧɚ ɛɭɞɟɬ ɜɵɲɟ, ɱɟɦ ɞɥɹ 

ɝɢɞɪɨɥɢɡɚ Bz-Arg-pNA, ɚ ɦɚɤɫɢɦɚɥɶɧɚɹ ɫɤɨɪɨɫɬɶ – ɧɢɠɟ. ɑɬɨɛɵ ɩɨɧɹɬɶ, ɤɚɤ ɷɬɨ 

ɜɵɝɥɹɞɢɬ ɧɚ ɩɪɢɜɟɞɟɧɧɨɦ ɝɪɚɮɢɤɟ, ɧɭɠɧɨ ɡɚɩɢɫɚɬɶ ɭɪɚɜɧɟɧɢɟ Ɇɢɯɚɷɥɢɫɚ–

Ɇɟɧɬɟɧ ɜ ɜɢɞɟ ɡɚɜɢɫɢɦɨɫɬɢ 1/V (1/[S]): 

 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɵ ɩɨɥɭɱɚɟɦ ɭɪɚɜɧɟɧɢɟ 

ɩɪɹɦɨɣ ɜɢɞɚ y = ax + b, ɝɞɟ ɨɬɪɟɡɨɤ, ɨɬɫɟɤɚɟɦɵɣ 

ɧɚ ɨɫɢ ɨɪɞɢɧɚɬ ɪɚɜɟɧ 1/Vmax, ɚ ɨɬɪɟɡɨɤ, 

ɨɬɫɟɤɚɟɦɵɣ ɧɚ ɨɫɢ ɚɛɫɰɢɫɫ, ɪɚɜɟɧ −1/KM.  

Ɉɬɫɸɞɚ ɫɥɟɞɭɟɬ, ɱɬɨ ɱɟɦ ɞɚɥɶɲɟ ɨɬ ɧɚɱɚɥɚ ɤɨɨɪɞɢɧɚɬ ɩɪɹɦɚɹ ɩɟɪɟɫɟɤɚɟɬ 

ɨɫɶ ɚɛɫɰɢɫɫ, ɬɟɦ ɛɨɥɶɲɟ 1/KM ɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɬɟɦ ɦɟɧɶɲɟ KM. Ɉɬɫɸɞɚ 

ɫɥɟɞɭɟɬ, ɱɬɨ ɞɥɹ ɩɪɹɦɨɣ (β) KM ɦɟɧɶɲɟ, ɱɟɦ ɞɥɹ ɩɪɹɦɨɣ (γ). ɉɨɷɬɨɦɭ ɩɪɹɦɚɹ (β) 

ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɝɢɞɪɨɥɢɡɭ Bz-Arg-pNA, ɚ ɩɪɹɦɚɹ (γ) – ɝɢɞɪɨɥɢɡɭ ɤɚɡɟɢɧɚ.  

ɋɢɫɬɟɦɚ ɨɰɟɧɢɜɚɧɢɹ 

1. Ʌɢɧɟɣɧɚɹ ɮɨɪɦɚ ɜ ɩɪɨɟɤɰɢɢ Ɏɢɲɟɪɚ 2 ɛɚɥɥɚ 

2. ɫɯɟɦɚ ɪɟɚɤɰɢɢ – 1,5 ɛɚɥɥɚ 

ɫɨɨɬɜɟɬɫɬɜɢɟ ɤɨɥɢɱɟɫɬɜɚ ɞɟɚɰɟɬɢɥɢɪɨɜɚɧɧɵɯ ɡɜɟɧɶɟɜ 

ɤɨɥɢɱɟɫɬɜɭ ɜɵɞɟɥɢɜɲɟɣɫɹ ɭɤɫɭɫɧɨɣ ɤɢɫɥɨɬɵ – 0,5 ɛɚɥɥɚ 

2 ɛɚɥɥɚ 

3. ɤɚɠɞɵɣ ɩɪɚɜɢɥɶɧɨ ɜɵɛɪɚɧɧɵɣ ɪɟɚɝɟɧɬ ɩɨ 1 ɛɚɥɥɭ 

ɤɚɠɞɚɹ ɨɫɧɨɜɧɚɹ ɢ ɩɨɛɨɱɧɚɹ ɪɟɚɤɰɢɢ ɫ ɷɬɢɦ ɪɟɚɝɟɧɬɨɦ ɩɨ β 

ɛɚɥɥɚ  

ɇɟɫɬɚɛɢɥɶɧɨɫɬɶ ɨɫɧɨɜɚɧɢɹ ɒɢɮɮɚ – 1 ɛɚɥɥ 

16 ɛɚɥɥɨɜ 

4. Ɋɚɫɱɟɬ ɧɚɝɪɭɡɤɢ 3 ɛɚɥɥɚ 

5. ɋɨɨɬɜɟɬɫɬɜɢɟ ɤɢɧɟɬɢɱɟɫɤɢɯ ɤɪɢɜɵɯ 2 ɛɚɥɥɚ 

 ɂɌɈȽɈ: 25 ɛɚɥɥɨɜ 
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Ɋɟɲɟɧɢɟ ɡɚɞɚɱɢ 2 (Ɇ. Ⱥ. ɂɥɶɢɧ) 
1. Ⱦɥɹ ɩɟɪɟɜɟɞɟɧɢɹ ɦɟɬɚɥɥɢɱɟɫɤɨɣ ɩɥɚɬɢɧɵ ɜ ɪɚɫɬɜɨɪɢɦɭɸ ɮɨɪɦɭ ɨɛɵɱɧɨ 

ɢɫɩɨɥɶɡɭɸɬ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɫ «ɰɚɪɫɤɨɣ ɜɨɞɤɨɣ»: 

[ɪɟɚɤɰɢɹ 1] Pt + 4HNO3 + 6HCl  t  H2[PtCl6] + 4NO2 + 4H2O. 

Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ K2[PtCl6Ж ɢɡ ɤɨɦɩɥɟɤɫɧɨɣ ɤɢɫɥɨɬɵ H2[PtCl6Ж ɢɫɩɨɥɶɡɭɸɬ 

ɩɪɨɰɟɞɭɪɭ «ɜɵɫɚɥɢɜɚɧɢɹ» – ɞɨɛɚɜɥɹɸɬ ɧɚɫɵɳɟɧɧɵɣ ɪɚɫɬɜɨɪ KCl, ɜ ɪɟɡɭɥɶɬɚɬɟ 

ɱɟɝɨ ɨɛɪɚɡɭɟɬɫɹ ɦɟɧɟɟ ɪɚɫɬɜɨɪɢɦɚɹ (ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɫɚɦɨɣ ɤɢɫɥɨɬɨɣ) ɤɚɥɢɟɜɚɹ 

ɫɨɥɶ: 

Дɪɟɚɤɰɢɹ 2] H2[PtCl6] + 2KCl  K2[PtCl6] + 2HCl. 

ɂɫɩɨɥɶɡɨɜɚɬɶ ɞɥɹ ɷɬɨɣ ɰɟɥɢ ɪɚɫɬɜɨɪɵ KOH ɢɥɢ ɚɦɦɢɚɤɚ ɧɟ ɪɟɤɨɦɟɧɞɭɟɬɫɹ, 

ɩɨɫɤɨɥɶɤɭ ɜɟɫɶɦɚ ɜɟɪɨɹɬɟɧ ɝɢɞɪɨɥɢɡ H2[PtCl6Ж ɢ ɡɚɦɟɳɟɧɢɟ ɯɥɨɪɢɞ-ɢɨɧɨɜ ɜɨ 

ɜɧɭɬɪɟɧɧɟɣ ɫɮɟɪɟ ɢɫɯɨɞɧɨɝɨ ɯɥɨɪɨɤɨɦɩɥɟɤɫɚ. 

ȼ ɫɥɟɞɭɸɳɟɣ ɪɟɚɤɰɢɢ ɬɪɟɛɭɟɬɫɹ ɩɟɪɟɜɟɫɬɢ Pt(IV) ɜ ɫɨɫɬɚɜɟ 

ɯɥɨɪɨɤɨɦɩɥɟɤɫɚ ɜ Pt(II), ɞɥɹ ɱɟɝɨ ɧɟɨɛɯɨɞɢɦɨ ɞɨɛɚɜɢɬɶ ɜɨɫɫɬɚɧɨɜɢɬɟɥɶ. ɍɞɨɛɧɟɟ 

ɜɫɟɝɨ ɞɥɹ ɷɬɨɣ ɰɟɥɢ ɢɫɩɨɥɶɡɨɜɚɬɶ ɫɨɥɢ ɝɢɞɪɚɡɢɧɢɹ, ɤɨɬɨɪɵɟ ɞɨɛɚɜɥɹɸɬ ɛɟɡ 

ɢɡɛɵɬɤɚ: 

[ɪɟɚɤɰɢɹ 3] 2K2[PtCl6] + N2H6Cl2  t  2K2[PtCl4] + N2 + 6HCl. 

2. ɋɬɪɭɤɬɭɪɧɵɟ ɮɨɪɦɭɥɵ ɢɡɨɦɟɪɧɵɯ ɞɢɯɥɨɪɨɞɢɚɦɦɢɧɨɤɨɦɩɥɟɤɫɨɜ 

ɩɥɚɬɢɧɵ: 

. 

3. Ɂɚɦɟɬɢɦ, ɱɬɨ ɜ ɫɨɫɬɚɜɟ ɫɨɟɞɢɧɟɧɢɹ ɏ ɫɭɦɦɚ ɜɫɟɯ ɩɪɢɜɟɞɟɧɧɵɯ ɜ ɭɫɥɨɜɢɢ 

ɦɚɫɫ. % ɨɬɥɢɱɧɚ ɨɬ 100. ɍɱɢɬɵɜɚɹ, ɱɬɨ ɏ ɨɛɪɚɡɭɟɬɫɹ ɩɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ 

K2[PtCl4Ж ɫ ɢɡɛɵɬɤɨɦ ɜɨɞɧɨɝɨ ɪɚɫɬɜɨɪɚ ɚɦɦɢɚɤɚ, ɦɨɠɧɨ ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ 

ɩɨɦɢɦɨ Pt, N, Cl ɢ H, ɜ ɟɝɨ ɫɨɫɬɚɜ ɜɯɨɞɢɬ ɤɢɫɥɨɪɨɞ. Ɋɚɫɫɱɢɬɚɟɦ ɛɪɭɬɬɨ-

ɫɨɫɬɚɜ ɏ: 

O.HClPtNɬ.е.1,:14:2:4:1
16,00

4,54
:

1,01

4,01
:

35,45

20,14
:

14,01

15,91
:

195,08

55,40
O:H:Cl:N:Pt 1424  

ȼɟɪɨɹɬɧɟɟ ɜɫɟɝɨ, ɏ – ɷɬɨ ɚɦɦɢɧɨɤɨɦɩɥɟɤɫ, ɤɨɨɪɞɢɧɚɰɢɨɧɧɨɟ ɱɢɫɥɨ Pt(II) ɜ 

Pt

Cl NH3

ClH3N

Pt

Cl NH3

NH3Cl

цɢɫ-ó£Ü½ñë ɬɪаɧɫ-ó£Ü½ñë



 

150 

ɤɨɬɨɪɨɦ ɪɚɜɧɨ 4. Ɍɨɝɞɚ ɟɝɨ ɤɨɨɪɞɢɧɚɰɢɨɧɧɚɹ ɮɨɪɦɭɥɚ – [Pt(NH3)4]Cl2  H2O. 

4. ɍɪɚɜɧɟɧɢɹ ɪɟɚɤɰɢɣ 4–6: 

Дɪɟɚɤɰɢɹ 4] K2[PtCl4] + 2CH3COO(NH4)  t  ɰɢɫ-[Pt(NH3)2Cl2] + 2KCl 

+ 2CH3COOH; 

Дɪɟɚɤɰɢɹ 5] K2[PtCl4] + 4NH3 + H2O  [Pt(NH3)4]Cl2  H2O + 2KCl; 

Дɪɟɚɤɰɢɹ 6] [Pt(NH3)4]Cl2  H2O + 2HCl  ɬɪɚɧɫ-[Pt(NH3)2Cl2] + 2NH4Cl 

+ H2O. 

5. ɂɫɬɨɪɢɱɟɫɤɢɟ («ɢɦɟɧɧɵɟ») ɧɚɡɜɚɧɢɹ: 

[Pt(NH3)4]Cl2  H2O – ɯɥɨɪɢɞ ɩɟɪɜɨɝɨ ɨɫɧɨɜɚɧɢɹ Ɋɟɣɡɟ; 

ɰɢɫ-[Pt(NH3)2Cl2] – ɫɨɥɶ ɉɟɣɪɨɧɟ; 

ɬɪɚɧɫ-[Pt(NH3)2Cl2] – ɯɥɨɪɢɞ ɜɬɨɪɨɝɨ ɨɫɧɨɜɚɧɢɹ Ɋɟɣɡɟ. 

6. Ɇɨɥɟɤɭɥɚ ɰɢɫ-[Pt(NH3)2Cl2Ж ɫɜɹɡɵɜɚɟɬɫɹ ɫ ɦɨɥɟɤɭɥɨɣ ȾɇɄ ɤɥɟɬɨɤ (ɡɚ 

ɫɱɟɬ ɡɚɦɟɳɟɧɢɹ ɯɥɨɪɢɞ-ɢɨɧɨɜ ɜɨ ɜɧɭɬɪɟɧɧɟɣ ɫɮɟɪɟ ɧɚ ɚɬɨɦɵ ɚɡɨɬɚ 

ɝɟɬɟɪɨɰɢɤɥɢɱɟɫɤɢɯ ɨɫɧɨɜɚɧɢɣ ȾɇɄ) ɢ ɨɛɪɚɡɭɸɬɫɹ ɭɫɬɨɣɱɢɜɵɟ ɯɟɥɚɬɧɵɟ 

ɤɨɦɩɥɟɤɫɵ. ȼ ɪɟɡɭɥɶɬɚɬɟ, ɩɪɨɰɟɫɫɵ ɪɟɩɥɢɤɚɰɢɢ (ɤɨɩɢɪɨɜɚɧɢɹ ȾɇɄ) ɢ 

ɬɪɚɧɫɤɪɢɩɰɢɢ (ɫɢɧɬɟɡɚ ɊɇɄ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ȾɇɄ ɜ ɤɚɱɟɫɬɜɟ ɦɚɬɪɢɰɵ) 

ɫɬɚɧɨɜɹɬɫɹ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟɜɨɡɦɨɠɧɵɦɢ ɢ ɪɨɫɬ ɧɨɜɵɯ ɪɚɤɨɜɵɯ ɤɥɟɬɨɤ 

ɩɪɟɤɪɚɳɚɟɬɫɹ. 

ɉɪɢɦɟɱɚɧɢɟ: ɨɬ ɭɱɚɫɬɧɢɤɚ Ɉɥɢɦɩɢɚɞɵ ɞɨɫɬɚɬɨɱɧɨ ɛɭɞɟɬ ɭɩɨɦɢɧɚɧɢɹ ɨɛ 

ɨɛɪɚɡɨɜɚɧɢɢ ɭɫɬɨɣɱɢɜɵɯ ɤɨɦɩɥɟɤɫɨɜ ɦɟɠɞɭ ȾɇɄ ɢ ɮɪɚɝɦɟɧɬɨɦ ɰɢɫ-Pt(NH3)2, ɚ 

ɬɚɤɠɟ ɜɵɜɨɞ ɨ ɩɪɟɤɪɚɳɟɧɢɢ ɞɟɥɟɧɢɹ ɪɚɤɨɜɵɯ ɤɥɟɬɨɤ. 

7. ɋɨɟɞɢɧɟɧɢɹ 1 ɢ 2 ɨɛɪɚɡɭɸɬɫɹ ɩɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ K2[PtCl4Ж ɫ 

ɦɟɬɢɨɧɢɧɨɦ, ɜɡɹɬɵɯ ɜ ɪɚɡɥɢɱɧɵɯ ɦɨɥɶɧɵɯ ɫɨɨɬɧɨɲɟɧɢɹɯ (1 : 1 ɢ 1 : 2, 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ). ɂɡɜɟɫɬɧɨ, ɱɬɨ ɨɛɚ ɷɬɢɯ ɫɨɟɞɢɧɟɧɢɹ ɫɨɞɟɪɠɚɬ ɜ ɫɜɨɟɦ ɫɨɫɬɚɜɟ 

ɰɢɤɥɢɱɟɫɤɢɣ ɮɪɚɝɦɟɧɬ, ɚ ɤɚɪɛɨɤɫɢɥɶɧɵɟ ɝɪɭɩɩɵ ɦɨɥɟɤɭɥɵ ɦɟɬɢɨɧɢɧɚ ɧɟ 

ɭɱɚɫɬɜɭɸɬ ɜ ɤɨɦɩɥɟɤɫɨɨɛɪɚɡɨɜɚɧɢɢ (ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɦɨɥɟɤɭɥɵ ɦɟɬɢɨɧɢɧɚ 

ɫɜɹɡɵɜɚɸɬɫɹ ɫ ɰɟɧɬɪɚɥɶɧɵɦ ɚɬɨɦɨɦ Pt(II) ɩɨɫɪɟɞɫɬɜɨɦ ɚɬɨɦɚ ɚɡɨɬɚ 

ɚɦɢɧɨɝɪɭɩɩɵ ɢ ɚɬɨɦɚ ɫɟɪɵ). Ɉɬɦɟɬɢɦ, ɱɬɨ ɜ ɫɨɟɞɢɧɟɧɢɢ 2 ɚɬɨɦɵ ɫɟɪɵ 

ɪɚɫɩɨɥɚɝɚɸɬɫɹ ɜ ɬɪɚɧɫ-ɩɨɥɨɠɟɧɢɢ ɞɪɭɝ ɤ ɞɪɭɝɭ (ɷɮɮɟɤɬ ɬɪɚɧɫ-ɜɥɢɹɧɢɹ ɚɬɨɦɚ 

ɫɟɪɵ ɜ ɦɨɥɟɤɭɥɟ ɦɟɬɢɨɧɢɧɚ ɡɧɚɱɢɬɟɥɶɧɨ ɜɵɲɟ, ɱɟɦ ɚɬɨɦɚ ɚɡɨɬɚ ɚɦɢɧɨɝɪɭɩɩɵ). 
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Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɫɬɪɭɤɬɭɪɧɵɟ ɮɨɪɦɭɥɵ ɫɨɟɞɢɧɟɧɢɣ 1 ɢ 2: 

 . 

ɋɨɟɞɢɧɟɧɢɹ 3 ɢ 4 ɨɛɪɚɡɭɸɬɫɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ 1 ɢ 2 ɫ 

ɪɚɫɬɜɨɪɨɦ ɳɟɥɨɱɢ, ɩɪɢ ɷɬɨɦ ɤɚɪɛɨɤɫɢɥɶɧɵɟ ɝɪɭɩɩɵ, ɜɯɨɞɹɳɢɟ ɜ ɫɨɫɬɚɜ 

ɤɨɨɪɞɢɧɢɪɨɜɚɧɧɵɯ ɦɨɥɟɤɭɥ ɦɟɬɢɨɧɢɧɚ ɞɟɩɪɨɬɨɧɢɪɭɸɬɫɹ. ɂɡɜɟɫɬɧɨ, ɱɬɨ 

ɫɨɟɞɢɧɟɧɢɟ 3 ɢɦɟɟɬ ɩɨɥɢɦɟɪɧɨɟ ɫɬɪɨɟɧɢɟ ɢ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɧɟɡɚɪɹɠɟɧɧɵɣ 

ɤɨɦɩɥɟɤɫ, ɜ ɤɨɬɨɪɨɦ ɨɬɫɭɬɫɬɜɭɸɬ ɝɢɞɪɨɤɫɢɞ-ɢɨɧɵ, ɚ ɤɚɪɛɨɤɫɢɥɶɧɵɟ ɝɪɭɩɩɵ 

ɦɨɥɟɤɭɥɵ ɦɟɬɢɨɧɢɧɚ ɭɱɚɫɬɜɭɸɬ ɜ ɤɨɦɩɥɟɤɫɨɨɛɪɚɡɨɜɚɧɢɢ. ɋɨɟɞɢɧɟɧɢɟ 4 

(ɨɛɪɚɡɭɸɳɟɟɫɹ ɩɪɢ ɩɨɥɧɨɣ ɧɟɣɬɪɚɥɢɡɚɰɢɢ 2), ɬɚɤɠɟ ɧɟ ɫɨɞɟɪɠɢɬ ɜ ɫɜɨɟɦ 

ɫɨɫɬɚɜɟ ɝɢɞɪɨɤɫɢɞ-ɢɨɧɨɜ, ɩɪɢ ɷɬɨɦ ɨɧɨ ɜ ɜɨɞɧɨɦ ɪɚɫɬɜɨɪɟ ɹɜɥɹɟɬɫɹ 

ɧɟɷɥɟɤɬɪɨɥɢɬɨɦ (ɬ. ɟ., ɜ ɰɟɥɨɦ, ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɧɟɣɬɪɚɥɶɧɵɣ ɤɨɦɩɥɟɤɫ). 

ɍɱɢɬɵɜɚɹ ɷɬɢ ɫɜɟɞɟɧɢɹ, ɧɚɢɛɨɥɟɟ ɜɟɪɨɹɬɧɵɟ ɫɬɪɭɤɬɭɪɧɵɟ ɮɨɪɦɭɥɵ 

ɫɨɟɞɢɧɟɧɢɣ 3 ɢ 4 ɦɨɠɧɨ ɩɪɟɞɫɬɚɜɢɬɶ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 

 

. 

ɉɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɬɪɚɧɫ-[Pt(NH3)2Cl2Ж ɫ ɦɟɬɢɨɧɢɧɨɦ (ɜ ɦɨɥɶɧɨɦ 

ɫɨɨɬɧɨɲɟɧɢɢ 1 : β) ɨɛɪɚɡɭɟɬɫɹ ɫɨɟɞɢɧɟɧɢɟ 5, ɫɨɞɟɪɠɚɳɟɟ ɞɜɟ ɦɨɥɟɤɭɥɵ 

ɤɨɨɪɞɢɧɢɪɨɜɚɧɧɨɝɨ ɚɦɦɢɚɤɚ ɢ ɧɟ ɫɨɞɟɪɠɚɳɟɟ ɜ ɫɜɨɟɦ ɫɨɫɬɚɜɟ ɰɢɤɥɢɱɟɫɤɢɯ 

ɮɪɚɝɦɟɧɬɨɜ. ȼɟɪɨɹɬɧɟɟ ɜɫɟɝɨ, ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɩɪɨɢɫɯɨɞɢɬ ɡɚɦɟɳɟɧɢɟ ɞɜɭɯ 

ɯɥɨɪɢɞ-ɢɨɧɨɜ ɧɚ ɨɫɬɚɬɤɢ ɦɟɬɢɨɧɢɧɚ (ɤɨɨɪɞɢɧɚɰɢɹ ɩɪɨɢɫɯɨɞɢɬ ɱɟɪɟɡ ɚɬɨɦ S). ȼ 

ɫɬɪɭɤɬɭɪɟ ɫɨɟɞɢɧɟɧɢɹ 6, ɨɛɪɚɡɭɸɳɟɝɨɫɹ ɩɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɰɢɫ-[Pt(NH3)2Cl2] 
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ɫ ɦɟɬɢɨɧɢɧɨɦ (ɜ ɫɨɨɬɧɨɲɟɧɢɢ 1 : β), ɫɨɞɟɪɠɢɬɫɹ ɰɢɤɥɢɱɟɫɤɢɣ ɮɪɚɝɦɟɧɬ ɢ 

ɨɫɬɚёɬɫɹ ɥɢɲɶ ɨɞɧɚ ɦɨɥɟɤɭɥɚ ɤɨɨɪɞɢɧɢɪɨɜɚɧɧɨɝɨ ɚɦɦɢɚɤɚ. Ⱥɬɨɦɵ ɫɟɪɵ ɞɜɭɯ 

ɤɨɨɪɞɢɧɢɪɨɜɚɧɧɵɯ ɦɨɥɟɤɭɥ ɦɟɬɢɨɧɢɧɚ ɞɨɥɠɧɵ ɪɚɫɩɨɥɚɝɚɬɶɫɹ ɜ 

ɬɪɚɧɫ-ɩɨɥɨɠɟɧɢɢ ɞɪɭɝ ɤ ɞɪɭɝɭ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɫɬɪɭɤɬɭɪɧɵɟ ɮɨɪɦɭɥɵ 

ɫɨɟɞɢɧɟɧɢɣ 5 ɢ 6: 

 

. 

ɋɢɫɬɟɦɚ ɨɰɟɧɢɜɚɧɢɹ: 

1. ɍɪɚɜɧɟɧɢɹ ɪɟɚɤɰɢɣ 1–γ ɩɨ 1 ɛɚɥɥɭ 3 ɛɚɥɥɚ 

2. ɋɬɪɭɤɬɭɪɧɵɟ ɮɨɪɦɭɥɵ ɰɢɫ- ɢ ɬɪɚɧɫ ɢɡɨɦɟɪɨɜ ɩɨ 1 ɛɚɥɥɭ 2 ɛɚɥɥɚ 

3. ɋɨɫɬɚɜ ɢ ɤɨɨɪɞɢɧɚɰɢɨɧɧɚɹ ɮɨɪɦɭɥɚ ɏ (ɫ ɪɚɫɱɟɬɚɦɢ) 1 ɛɚɥɥ 

4. ɍɪɚɜɧɟɧɢɹ ɪɟɚɤɰɢɣ 4–6 ɩɨ 1 ɛɚɥɥɭ 3 ɛɚɥɥɚ 

5. ɂɫɬɨɪɢɱɟɫɤɢɟ ɧɚɡɜɚɧɢɹ ɩɨ 1 ɛɚɥɥɭ 3 ɛɚɥɥɚ 

6. Ɇɟɯɚɧɢɡɦ ɛɢɨɥɨɝɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɢ 1 ɛɚɥɥ 

7. ɋɬɪɭɤɬɭɪɧɵɟ ɮɨɪɦɭɥɵ ɫɨɟɞɢɧɟɧɢɣ 1–6 12 ɛɚɥɥɨɜ 

 ɂɌɈȽɈ: 25 ɛɚɥɥɨɜ 
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Ɋɟɲɟɧɢɟ ɡɚɞɚɱɢ 3 (ɘ. ɘ. Ⱦɢɯɬɹɪ, Ⱥ. ȼ. Ȼɚɱɟɜɚ). 
1. Ɋɚɫɲɢɮɪɨɜɚɧɧɵɟ ɫɯɟɦɵ ɫɢɧɬɟɡɨɜ ɩɪɢɜɟɞɟɧɵ ɧɢɠɟ: 

 

ȼ ɩɟɪɜɨɣ ɰɟɩɨɱɤɟ ɩɪɨɜɨɞɹɬ ɛɪɨɦɢɪɨɜɚɧɢɟ ɤɚɪɛɨɧɨɜɨɣ ɤɢɫɥɨɬɵ ɜ α-

ɩɨɥɨɠɟɧɢɟ. Ⱦɚɥɟɟ, ɩɪɨɜɨɞɢɬɫɹ ɪɟɚɤɰɢɹ Ƚɨɮɮɦɚɧɚ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɪɚɰɟɦɢɱɟɫɤɨɣ 

ɫɦɟɫɢ ɚɦɢɧɨɤɢɫɥɨɬ. 

ȼɬɨɪɚɹ ɫɯɟɦɚ ɫɢɧɬɟɡɚ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɞɨɜɨɥɶɧɨ ɬɪɭɞɧɨ ɩɪɨɜɨɞɢɦɭɸ 

ɫɬɚɞɢɸ ɧɢɬɪɨɜɚɧɢɹ ɦɚɥɨɧɨɜɨɝɨ ɷɮɢɪɚ, ɩɨɫɥɟɞɭɸɳɟɟ ɜɨɫɫɬɚɧɨɜɥɟɧɢɟ 

ɧɢɬɪɨɝɪɭɩɩɵ, ɡɚɳɢɬɭ ɨɛɪɚɡɨɜɚɜɲɟɣɫɹ ɚɦɢɧɨɝɪɭɩɩɵ, ɩɪɢɫɨɟɞɢɧɟɧɢɟ ɪɚɞɢɤɚɥɚ 

ɚɦɢɧɨɤɢɫɥɨɬɵ ɢ ɨɛɪɚɡɨɜɚɧɢɟ ɤɨɧɟɱɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ. 

Ɍɪɟɬɶɹ ɫɯɟɦɚ ɫɢɧɬɟɡɚ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɪɟɚɤɰɢɸ ɚɥɶɞɟɝɢɞɚ ɫ ɰɢɚɧɢɞ-

ɚɧɢɨɧɨɦ, ɩɪɢɫɨɟɞɢɧɟɧɢɟ ɚɦɢɧɨɝɪɭɩɩɵ ɢ ɤɨɧɟɱɧɵɣ ɝɢɞɪɨɥɢɡ. 

ɋɚɦɵɦ ɰɟɥɟɫɨɨɛɪɚɡɧɵɦ ɢ ɭɞɨɛɧɵɦ ɦɟɬɨɞɨɦ ɹɜɥɹɟɬɫɹ ɫɢɧɬɟɡ ɩɨɞ ɧɨɦɟɪɨɦ 

γ. Ɉɧ ɩɨɡɜɨɥɹɟɬ ɜ ɞɜɟ ɫɬɚɞɢɢ ɩɨɥɭɱɢɬɶ ɬɪɟɛɭɟɦɨɟ ɫɨɟɞɢɧɟɧɢɟ, ɞɚ ɢ ɫɚɦ ɫɢɧɬɟɡ 

ɩɪɨɜɨɞɢɬɫɹ ɫ ɧɚɢɦɟɧɶɲɢɦ ɩɪɢɜɥɟɱɟɧɢɟɦ ɨɛɨɪɭɞɨɜɚɧɢɹ. ɉɪɢɟɦɥɟɦɵɦ ɨɬɜɟɬɨɦ 

ɹɜɥɹɟɬɫɹ ɬɚɤɠɟ ɢ ɫɢɧɬɟɡ 1, ɯɨɬɹ ɨɧ ɦɟɧɟɟ ɭɞɨɛɟɧ. 
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2. ɋɯɟɦɚ ɩɨɥɭɱɟɧɢɹ ɧɢɧɝɢɞɪɢɧɚ ɩɪɢɜɟɞɟɧɚ ɧɢɠɟ: 

 

ɇɚ ɩɟɪɜɨɣ ɫɬɚɞɢɢ ɫɢɧɬɟɡɚ ɩɪɨɢɫɯɨɞɢɬ ɨɤɢɫɥɟɧɢɟ ɧɚɮɬɚɥɢɧɚ H ɬɨ 

ɮɬɚɥɟɜɨɝɨ ɚɧɝɢɞɪɢɞɚ I ɧɚ ɜɚɧɚɞɢɟɜɨɦ ɤɚɬɚɥɢɡɚɬɨɪɟ. Ⱦɚɥɟɟ, ɞɚɧɧɵɣ ɚɧɝɢɞɪɢɞ 

ɩɪɟɜɪɚɳɚɟɬɫɹ ɜ ɞɢɷɬɢɥɮɬɚɥɚɬ J ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɷɬɢɥɨɜɨɝɨ ɫɩɢɪɬɚ ɩɪɢ 

ɧɚɝɪɟɜɚɧɢɢ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɧɟɛɨɥɶɲɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɫɟɪɧɨɣ ɤɢɫɥɨɬɵ. Ɂɚɬɟɦ 

ɩɪɨɜɨɞɢɬɫɹ ɫɥɨɠɧɨɷɮɢɪɧɚɹ ɤɨɧɞɟɧɫɚɰɢɹ. ɉɨɫɥɟ ɨɛɪɚɛɨɬɤɢ ɜɨɞɧɨɣ ɤɢɫɥɨɬɨɣ 

ɩɨɥɭɱɚɟɬɫɹ ɩɪɨɞɭɤɬ L, ɤɨɬɨɪɵɣ ɚɥɶɬɟɪɧɚɬɢɜɧɨ ɫɢɧɬɟɡɢɪɭɸɬ ɢɡ ɛɭɬɚɞɢɟɧɚ N 

ɪɟɚɤɰɢɟɣ Ⱦɢɥɶɫɚ–Ⱥɥɶɞɟɪɚ. Ȼɭɬɚɞɢɟɧ ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ 

ɤɚɬɚɥɢɬɢɱɟɫɤɢɦ ɩɢɪɨɥɢɡɨɦ ɷɬɚɧɨɥɚ M (ɫɩɨɫɨɛ, ɪɚɡɪɚɛɨɬɚɧɧɵɣ 

ɋ. ȼ. Ʌɟɛɟɞɟɜɵɦ). ɉɨɥɭɱɟɧɧɵɣ ɢɧɬɟɪɦɟɞɢɚɬ ɩɨɞɜɟɪɝɚɸɬ ɞɟɣɫɬɜɢɸ N-

ɛɪɨɦɫɭɤɰɢɧɢɦɢɞɚ ɜ DMSO, ɢ ɡɚɬɟɦ ɜɨɞɵ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɨɛɪɚɡɨɜɚɧɢɸ 

ɧɢɧɝɢɞɪɢɧɚ. 

Ɋɟɚɤɰɢɹ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɧɢɧɝɢɞɪɢɧɚ ɫ ɚɦɢɧɨɤɢɫɥɨɬɨɣ ɩɪɢɜɨɞɢɬ ɤ 

ɨɛɪɚɡɨɜɚɧɢɸ ɩɪɨɞɭɤɬɚ ɮɢɨɥɟɬɨɜɨɝɨ ɰɜɟɬɚ (ɮɢɨɥɟɬɨɜɵɣ Ɋɭɷɦɚɧɧɚ)  

 

Ʉɨɝɞɚ ɤɪɢɦɢɧɚɥɢɫɬ ɞɨɛɚɜɥɹɥ ɫɦɟɫɶ ɚɡɨɬɧɨɣ ɢ ɫɟɪɧɨɣ ɤɢɫɥɨɬ ɤ ɨɛɪɚɡɨɜɚɜɲɟɣɫɹ 

ɤɢɫɥɨɬɟ, ɬɨ ɨɧ ɨɠɢɞɚɥ ɭɜɢɞɟɬɶ ɯɚɪɚɤɬɟɪɧɨɟ ɨɤɪɚɲɢɜɚɧɢɟ, ɜɵɡɜɚɧɧɨɟ 
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ɧɢɬɪɨɜɚɧɢɟɦ ɚɪɨɦɚɬɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ. ɇɨ ɷɬɨɝɨ ɧɟ ɩɪɨɢɡɨɲɥɨ, ɡɧɚɱɢɬ, 

ɚɦɢɧɨɤɢɫɥɨɬɚ ɛɵɥɚ ɧɟ ɚɪɨɦɚɬɢɱɟɫɤɨɣ. Ɉɬɫɭɬɫɬɜɢɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫ 

ɬɢɨɧɢɥɯɥɨɪɢɞɨɦ ɝɨɜɨɪɢɬ ɨ ɬɨɦ, ɱɬɨ ɜ ɪɚɞɢɤɚɥɟ ɚɦɢɧɨɤɢɫɥɨɬɵ ɧɟɬ 

ɤɚɪɛɨɤɫɢɥɶɧɵɯ ɝɪɭɩɩ. 

3. ɉɨɫɥɟ ɪɟɚɤɰɢɢ Эɞɦɚɧɚ ɩɨɥɭɱɟɧɧɵɣ ɬɢɨɝɢɞɚɧɬɨɢɧ ɨɩɪɟɞɟɥɹɥɢ ɦɟɬɨɞɨɦ 

ȼЭɀɏ. ȼɢɞɧɨ, ɱɬɨ ɧɚ ɯɪɨɦɚɬɨɝɪɚɦɦɟ ɧɟɢɡɜɟɫɬɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ ɟɫɬɶ ɬɨɥɶɤɨ 

ɨɞɧɚ ɚɦɢɧɨɤɢɫɥɨɬɚ, ɢ ɜɪɟɦɹ ɟɟ ɭɞɟɪɠɢɜɚɧɢɹ ɫɨɫɬɚɜɥɹɟɬ β6 ɦɢɧ. ɇɚ ɫɬɚɧɞɚɪɬɧɨɣ 

ɯɪɨɦɚɬɨɝɪɚɦɦɟ ɷɬɨɦɭ ɜɪɟɦɟɧɢ ɭɞɟɪɠɢɜɚɧɢɹ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɜɚɥɢɧ. ɉɨɥɭɱɚɟɬɫɹ, 

ɱɬɨ ɫɢɧɬɟɡɢɪɨɜɚɧɧɚɹ ɚɦɢɧɨɤɢɫɥɨɬɚ – ɜɚɥɢɧ. 

4. Ɋɟɚɝɟɧɬ, ɤɨɬɨɪɵɣ ɤɭɩɢɥ ɯɢɦɢɤ – ɰɢɚɧɢɫɬɵɣ ɤɚɥɢɣ (ɢɥɢ ɧɚɬɪɢɣ). 

ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɯɢɦɢɤ-ɩɪɟɫɬɭɩɧɢɤ ɫɥɟɞɨɜɚɥ ɢɦɟɧɧɨ ɬɪɟɬɶɟɦɭ ɩɭɬɢ ɫɢɧɬɟɡɚ. 

ɋɢɫɬɟɦɚ ɨɰɟɧɢɜɚɧɢɹ: 

1. Ɋɚɫɲɢɮɪɨɜɚɧɧɵɟ ɮɨɪɦɭɥɵ ɫɨɟɞɢɧɟɧɢɣ A – G  ɩɨ 1 ɛɚɥɥɭ  

ɭɤɚɡɚɧɢɟ ɬɪɟɬɶɟɝɨ ɦɟɬɨɞɚ ɫɢɧɬɟɡɚ ɤɚɤ ɧɚɢɛɨɥɟɟ 

ɪɚɰɢɨɧɚɥɶɧɨɝɨ -1 ɛɚɥɥ 

ɍɤɚɡɚɧɢɟ ɩɟɪɜɨɝɨ ɦɟɬɨɞɚ ɫɢɧɬɟɡɚ – 1 ɛɚɥɥ 

9 ɛɚɥɥɨɜ 

2. Ɋɚɫɲɢɮɪɨɜɚɧɧɵɟ ɮɨɪɦɭɥɵ ɫɨɟɞɢɧɟɧɢɣ H – N  ɩɨ 1 ɛɚɥɥɭ 

ɫɨɟɞɢɧɟɧɢɟ O – β ɛɚɥɥɚ 

ɨɛɴɹɫɧɟɧɢɟ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɫɦɟɫɢ ɚɡɨɬɧɨɣ ɢ ɫɟɪɧɨɣ ɤɢɫɥɨɬ – 

1 ɛɚɥɥ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɬɢɨɧɢɥɯɥɨɪɢɞɚ – 2 ɛɚɥɥɚ 

12 ɛɚɥɥɨɜ 

3. ɍɤɚɡɚɧɢɟ ɜɚɥɢɧɚ  3 ɛɚɥɥɚ 

4. ɍɤɚɡɚɧɢɟ ɪɟɚɝɟɧɬɚ 1 ɛɚɥɥ 

 ɂɌɈȽɈ: 25 ɛɚɥɥɨɜ 
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Ɏɢɡɢɱɟɫɤɚɹ ɯɢɦɢɹ 

Ɋɟɲɟɧɢɟ ɡɚɞɚɱɢ 1 (ɂ. Ⱥ. ɋɟɞɨɜ) 
1. 1·sin 60° = n·sin 40.5°; n = 1.333. 

2. ɋɨɝɥɚɫɧɨ ɡɚɤɨɧɭ ɩɪɟɥɨɦɥɟɧɢɹ, ɟɫɥɢ ɭɝɨɥ ɩɪɟɥɨɦɥɟɧɢɹ ɨɤɚɡɵɜɚɟɬɫɹ ɛɨɥɶɲɟ 

90 °, ɬɨ ɩɪɟɥɨɦɥɟɧɢɹ ɩɪɨɢɫɯɨɞɢɬɶ ɧɟ ɛɭɞɟɬ, ɚ ɜɟɫɶ ɫɜɟɬ ɛɭɞɟɬ ɨɬɪɚɠɚɬɶɫɹ ɨɬ 

ɝɪɚɧɢɰɵ ɪɚɡɞɟɥɚ ɮɚɡ. Ɂɧɚɱɢɬ, 1·sin 90° = n·sin 47.5°, ɨɬɤɭɞɚ n = 1.356. 

3. 222.0
46

789.092.12

2

1
2

2 


M

R

n

n
, ɨɬɤɭɞɚ 362.1

222.01

222.021 
n . 

4. ɇɚɦ ɢɡɜɟɫɬɧɚ ɦɨɥɹɪɧɚɹ ɪɟɮɪɚɤɰɢɹ ɷɬɚɧɨɥɚ C2H6O, ɬɚɤɠɟ ɦɵ ɦɨɠɟɦ 

ɪɚɫɫɱɢɬɚɬɶ ɦɨɥɹɪɧɵɟ ɪɟɮɪɚɤɰɢɢ ɜɨɞɵ H2O ɢ ɩɟɧɬɚɧɚ C5H12: 

70.3
2333.1

1333.1

1

18
)OH(

2

2

2 
R , 

13.25
2356.1

1356.1

626.0

72
)HC(

2

2

125 
R . 

Ɍɨɝɞɚ ɞɥɹ ɚɬɨɦɧɵɯ ɪɟɮɪɚɤɰɢɣ (ɨɛɨɡɧɚɱɢɜ ɢɯ ɩɪɨɫɬɨ C, H ɢ O) ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ 

ɫɥɟɞɭɸɳɭɸ ɫɢɫɬɟɦɭ ɭɪɚɜɧɟɧɢɣ: 

                                     
Ɋɟɲɟɧɢɟ ɷɬɨɣ ɫɢɫɬɟɦɵ ɞɚёɬ C = 2.53, H = 1.04, O = 1.6β. Ɍɟɩɟɪɶ ɦɨɠɧɨ 

ɪɚɫɫɱɢɬɚɬɶ ɦɨɥɹɪɧɭɸ ɪɟɮɪɚɤɰɢɸ ɝɥɢɰɟɪɢɧɚ: 

77.2062.1304.1853.23)OHC( 383 R . 

Ⱥɧɚɥɨɝɢɱɧɨ ɩ. γ,  

285.0
92

261.177.20

2

1
2

2 


M

R

n

n
, ɨɬɤɭɞɚ 482.1

285.01

285.021 
n . 

(Эɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɪɚɜɧɨ 1.47γ). 

5. Ɇɨɥɹɪɧɚɹ ɪɟɮɪɚɤɰɢɹ ɜɟɳɟɫɬɜɚ X ɫɨɫɬɚɜɥɹɟɬ 86.49
2393.1

1393.1

919.0

192
)X(

2

2 
R . 

Ɇɨɥɹɪɧɨɣ ɦɚɫɫɟ 19β ɦɨɠɟɬ ɨɬɜɟɱɚɬɶ ɧɟɫɤɨɥɶɤɨ ɪɚɡɥɢɱɧɵɯ ɛɪɭɬɬɨ-ɮɨɪɦɭɥ 

CxHyOz, ɩɪɢ ɷɬɨɦ ɜɨɡɦɨɠɧɨɫɬɶ ɝɢɞɪɨɥɢɡɚ ɭɤɚɡɵɜɚɟɬ ɧɚ ɬɨ, ɱɬɨ z > 0. ɉɪɟɞɫɬɚɜɢɜ 

ɦɨɥɹɪɧɭɸ ɪɟɮɪɚɤɰɢɸ ɤɚɤ ɫɭɦɦɭ ɚɬɨɦɧɵɯ ɪɟɮɪɚɤɰɢɣ ɚɧɚɥɨɝɢɱɧɨ ɩɪɟɞɵɞɭɳɟɦɭ 
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ɩɭɧɤɬɭ, ɩɨɥɭɱɢɦ ɫɢɫɬɟɦɭ ɭɪɚɜɧɟɧɢɣ:                                                           
ɂɡɛɚɜɥɹɹɫɶ ɨɬ y, ɩɨɥɭɱɚɟɦ 9.95x + 15.02z = 149.8β. ɇɚɣɞёɦ ɡɧɚɱɟɧɢɹ x ɩɪɢ 

ɪɚɡɥɢɱɧɵɯ z: 

z 1 2 3 4 5 6 7 8 9 

x 13.55 12.04 10.53 9.02 7.51 6.00 4.49 2.98 1.47 

Ɏɨɪɦɭɥɚ – C12H16O2 – C9H20O4 – C6H24O6 – C3H28O8 – 

ɉɪɢ z > 9 ɩɨɥɭɱɚɸɬɫɹ ɨɬɪɢɰɚɬɟɥɶɧɵɟ ɡɧɚɱɟɧɢɹ x, ɩɪɢ ɧɟɱёɬɧɵɯ z – ɧɟɰɟɥɵɟ. 

ɉɪɢ z = 6 ɢ 8 ɩɨɥɭɱɚɟɦ ɛɪɭɬɬɨ-ɮɨɪɦɭɥɵ ɫɨɟɞɢɧɟɧɢɣ, ɤɨɬɨɪɵɟ ɧɟ ɦɨɝɭɬ 

ɫɭɳɟɫɬɜɨɜɚɬɶ (ɚɬɨɦɨɜ ɜɨɞɨɪɨɞɚ ɫɥɢɲɤɨɦ ɦɧɨɝɨ). ɂɡ ɨɫɬɚɜɲɢɯɫɹ ɞɜɭɯ 

ɜɨɡɦɨɠɧɵɯ ɮɨɪɦɭɥ ɮɨɪɦɭɥɚ C9H20O4 ɨɬɜɟɱɚɟɬ ɧɚɫɵɳɟɧɧɨɦɭ ɫɨɟɞɢɧɟɧɢɸ, ɧɟ 

ɫɨɞɟɪɠɚɳɟɦɭ ɞɜɨɣɧɵɯ ɫɜɹɡɟɣ ɢ ɰɢɤɥɨɜ. ɉɨɫɤɨɥɶɤɭ ɩɪɨɫɬɵɟ ɷɮɢɪɵ ɩɪɢ 

ɤɢɩɹɱɟɧɢɢ ɫ ɜɨɞɨɣ ɧɟ ɝɢɞɪɨɥɢɡɭɸɬɫɹ, ɷɬɨ ɞɨɥɠɧɨ ɛɵɬɶ ɫɨɟɞɢɧɟɧɢɟ, ɜ ɤɨɬɨɪɨɦ ɭ 

ɨɞɧɨɝɨ ɚɬɨɦɚ ɭɝɥɟɪɨɞɚ ɤɨɬɨɪɨɝɨ ɪɚɫɩɨɥɨɠɟɧɨ ɛɨɥɟɟ ɨɞɧɨɝɨ ɚɬɨɦɚ ɤɢɫɥɨɪɨɞɚ, ɬɨ 

ɟɫɬɶ ɚɰɟɬɚɥɶ, ɤɟɬɚɥɶ ɢɥɢ ɨɪɬɨɷɮɢɪ. Ɉɞɧɚɤɨ ɩɪɢ ɝɢɞɪɨɥɢɡɟ ɥɸɛɨɝɨ ɚɰɟɬɚɥɹ ɢɥɢ 

ɤɟɬɚɥɹ, ɚ ɬɚɤɠɟ ɨɪɬɨɷɮɢɪɨɜ ɤɚɪɛɨɧɨɜɵɯ ɤɢɫɥɨɬ ɛɭɞɭɬ ɨɛɪɚɡɨɜɵɜɚɬɶɫɹ 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɚɥɶɞɟɝɢɞ, ɤɟɬɨɧ, ɢɥɢ ɫɜɨɛɨɞɧɚɹ ɤɢɫɥɨɬɚ, ɚ ɬɚɤɠɟ ɫɩɢɪɬ. ɉɨɷɬɨɦɭ 

ɩɨɫɥɟ ɤɢɩɹɱɟɧɢɹ ɜ ɡɚɤɪɵɬɨɦ ɫɨɫɭɞɟ ɜ ɪɚɫɬɜɨɪɟ ɛɭɞɟɬ ɩɪɢɫɭɬɫɬɜɨɜɚɬɶ ɛɨɥɟɟ 

ɨɞɧɨɝɨ ɨɪɝɚɧɢɱɟɫɤɨɝɨ ɜɟɳɟɫɬɜɚ. ȿɞɢɧɫɬɜɟɧɧɵɣ ɭɞɨɜɥɟɬɜɨɪɹɸɳɢɣ ɭɫɥɨɜɢɹɦ 

ɜɚɪɢɚɧɬ – ɷɬɨ ɬɟɬɪɚɷɬɢɥɨɪɬɨɤɚɪɛɨɧɚɬ C(OC2H5)4, ɨɛɪɚɡɭɸɳɢɣ ɩɪɢ ɝɢɞɪɨɥɢɡɟ 

ɷɬɚɧɨɥ ɢ ɭɝɥɟɤɢɫɥɵɣ ɝɚɡ. Ⱥɰɢɤɥɢɱɟɫɤɢɟ ɫɨɟɞɢɧɟɧɢɹ ɫ ɮɨɪɦɭɥɨɣ C12H16O2 ɩɪɢ 

ɝɢɞɪɨɥɢɡɟ ɞɚɸɬ ɛɨɥɟɟ ɨɞɧɨɝɨ ɩɪɨɞɭɤɬɚ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, X – C(OC2H5)4. 
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ɋɢɫɬɟɦɚ ɨɰɟɧɢɜɚɧɢɹ 

1 ȼɟɪɧɵɣ ɨɬɜɟɬ 2 ɛɚɥɥɚ 

2 ȼɟɪɧɵɣ ɨɬɜɟɬ 5 ɛɚɥɥɨɜ 

3 ȼɟɪɧɵɣ ɨɬɜɟɬ 3 ɛɚɥɥɚ 

4 Ɂɧɚɱɟɧɢɹ ɪɟɮɪɚɤɰɢɣ ɩɨ 1.5 ɛɚɥɥɚ, ɜɟɪɧɨ ɫɨɫɬɚɜɥɟɧɧɚɹ 

ɫɢɫɬɟɦɚ ɭɪɚɜɧɟɧɢɣ 1 ɛɚɥɥ, ɜɟɪɧɵɣ ɨɬɜɟɬ γ ɛɚɥɥɚ 

7 ɛɚɥɥɨɜ 

5 ɡɧɚɱɟɧɢɟ ɪɟɮɪɚɤɰɢɢ 1 ɛɚɥɥ, ɜɟɪɧɚɹ ɛɪɭɬɬɨ-ɮɨɪɦɭɥɚ β ɛɚɥɥɚ,  

ɜɟɪɧɚɹ ɫɬɪɭɤɬɭɪɧɚɹ ɮɨɪɦɭɥɚ 5 ɛɚɥɥɨɜ 

8 ɛɚɥɥɨɜ 

 ɂɌɈȽɈ: 25 ɛɚɥɥɨɜ 

 

Ɋɟɲɟɧɢɟ ɡɚɞɚɱɢ 2 (ɂ. Ⱥ. ɋɟɞɨɜ) 
1. ɉɪɢ ɷɥɟɤɬɪɨɥɢɡɟ ɪɚɫɬɜɨɪɚ ɝɢɞɪɨɤɫɢɞɚ ɤɚɥɢɹ ɜɵɞɟɥɹɸɬɫɹ ɜɨɞɨɪɨɞ ɢ ɤɢɫɥɨɪɨɞ. 

Ʉɚɪɛɨɧɚɬ-ɢɨɧɵ ɬɚɤɠɟ ɧɟ ɛɭɞɭɬ ɩɨɞɜɟɪɝɚɬɶɫɹ ɷɥɟɤɬɪɨɥɢɡɭ. Ʉɚɠɟɬɫɹ ɨɱɟɜɢɞɧɵɦ, 

ɱɬɨ ɜ ɤɨɧɞɟɧɫɚɬɟ ɦɨɠɟɬ ɩɪɢɫɭɬɫɬɜɨɜɚɬɶ ɬɨɥɶɤɨ ɜɨɞɚ (ɭɱɢɬɵɜɚɹ ɬɨɬ ɮɚɤɬ, ɱɬɨ 

70 °C – ɞɨɫɬɚɬɨɱɧɨ ɜɵɫɨɤɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɞɥɹ ɫɭɳɟɫɬɜɟɧɧɨɝɨ ɟё ɢɫɩɚɪɟɧɢɹ). 

ȼ ɥɸɛɨɦ ɫɥɭɱɚɟ, ɤɨɧɞɟɧɫɚɬ ɩɨɦɢɦɨ ɜɟɳɟɫɬɜɚ X ɫɨɞɟɪɠɢɬ ɧɟ ɦɟɧɟɟ 

100 % − 70 % = 30 % ɜɨɞɵ. ɉɪɢ ɷɥɟɤɬɪɨɥɢɡɟ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɢɧɟɪɬɧɨɝɨ 

ɷɥɟɤɬɪɨɥɢɬɚ – ɮɬɨɪɢɞɚ ɤɚɥɢɹ – ɨɧɚ ɛɭɞɟɬ ɪɚɡɥɚɝɚɬɶɫɹ ɞɨ ɤɢɫɥɨɪɨɞɚ ɢ ɜɨɞɨɪɨɞɚ: 

2H2O = 2H2 + O2. Ɂɚɦɟɬɢɦ, ɱɬɨ ɢɡ 1.000 ɝ ɜɨɞɵ ɨɛɪɚɡɭɟɬɫɹ 


101300

15.273314.81000

2

3

015.18

000.1 1.867 ɥ ɝɚɡɨɜ, ɱɬɨ ɥɢɲɶ ɧɚ 7 % ɛɨɥɶɲɟ, ɱɟɦ 

ɧɚɛɥɸɞɚɟɦɨɟ ɤɨɥɢɱɟɫɬɜɨ. Эɬɨ ɧɚɜɨɞɢɬ ɧɚ ɦɵɫɥɶ, ɱɬɨ ɪɟɱɶ ɢɞёɬ ɨ ɫɩɨɫɨɛɟ 

ɩɨɥɭɱɟɧɢɹ ɬɹɠёɥɨɣ ɜɨɞɵ D2O, ɤɨɬɨɪɚɹ ɢɦɟɟɬ ɦɨɥɹɪɧɭɸ ɦɚɫɫɭ ɨɤɨɥɨ β0 ɝ/ɦɨɥɶ ɢ 

ɩɪɢ ɷɥɟɤɬɪɨɥɢɡɟ ɛɭɞɟɬ ɞɚɜɚɬɶ ɩɪɢɦɟɪɧɨ ɧɚ 10 % ɦɟɧɶɲɢɣ ɨɛɴёɦ ɝɚɡɨɜ, ɱɟɦ 

ɨɛɵɱɧɚɹ. 

Ⱦɚɧɧɵɣ ɦɟɬɨɞ ɨɫɧɨɜɚɧ ɧɚ ɬɨɦ, ɱɬɨ ɷɥɟɤɬɪɨɥɢɬɢɱɟɫɤɨɟ ɪɚɡɥɨɠɟɧɢɟ ɬɹɠёɥɨɣ 

ɜɨɞɵ ɩɪɨɬɟɤɚɟɬ ɱɭɬɶ ɬɪɭɞɧɟɟ, ɱɟɦ ɨɛɵɱɧɨɣ, ɢ ɩɪɢ ɷɥɟɤɬɪɨɥɢɡɟ ɞɟɣɬɟɪɢɣ 

ɧɚɤɚɩɥɢɜɚɟɬɫɹ ɜ ɪɚɫɬɜɨɪɟ, ɚ ɩɪɨɬɢɣ ɜɵɞɟɥɹɟɬɫɹ ɜ ɜɢɞɟ ɝɚɡɨɨɛɪɚɡɧɨɝɨ ɜɨɞɨɪɨɞɚ. 

ȼ ɬɨ ɠɟ ɜɪɟɦɹ ɞɚɜɥɟɧɢɹ ɧɚɫɵɳɟɧɧɵɯ ɩɚɪɨɜ ɨɛɵɱɧɨɣ ɢ ɬɹɠёɥɨɣ ɜɨɞɵ ɩɨɱɬɢ ɧɟ 

ɨɬɥɢɱɚɸɬɫɹ, ɢ ɢɫɩɚɪɹɸɳɚɹɫɹ ɜɨɞɚ ɛɭɞɟɬ ɢɦɟɬɶ ɬɨɬ ɠɟ ɢɡɨɬɨɩɧɵɣ ɫɨɫɬɚɜ, ɱɬɨ ɢ 
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ɷɥɟɤɬɪɨɥɢɬ, ɬɨ ɟɫɬɶ ɛɭɞɟɬ ɨɛɨɝɚɳɟɧɚ ɞɟɣɬɟɪɢɟɦ. ȼ ɤɚɠɞɨɣ ɩɨɫɥɟɞɭɸɳɟɣ ɹɱɟɣɤɟ 

ɤɨɧɰɟɧɬɪɚɰɢɹ ɞɟɣɬɟɪɢɹ ɜ ɜɨɞɟ ɡɧɚɱɢɬɟɥɶɧɨ ɜɵɲɟ, ɱɟɦ ɜ ɩɪɟɞɵɞɭɳɟɣ. 

ɉɨɫɤɨɥɶɤɭ ɢɡɧɚɱɚɥɶɧɨ ɜɨɞɚ ɫɨɞɟɪɠɢɬ ɥɢɲɶ ɨɤɨɥɨ 0.01 % ɞɟɣɬɟɪɢɹ, ɹɱɟɟɤ ɧɭɠɧɨ 

ɞɨɫɬɚɬɨɱɧɨ ɦɧɨɝɨ. 

2. ɍɪɚɜɧɟɧɢɹ ɩɪɨɰɟɫɫɨɜ, ɩɪɨɬɟɤɚɸɳɢɯ ɧɚ ɷɥɟɤɬɪɨɞɚɯ: 

4OH
−
 − 4e

−
 = O2 + 2H2O 

2H2O + 2e
−
 = H2 + 2OH

−
 

ɉɪɢ ɞɨɫɬɢɠɟɧɢɢ ɜɵɫɨɤɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ ɬɹɠёɥɨɣ ɜɨɞɵ ɡɧɚɱɢɬɟɥɶɧɚɹ ɟё ɱɚɫɬɶ 

ɬɚɤɠɟ ɩɨɞɜɟɪɝɚɟɬɫɹ ɷɥɟɤɬɪɨɥɢɡɭ: 

4OD
−
 − 4e

−
 = O2 + 2D2O 

2D2O + 2e
−
 = D2 + 2OD

−
 

3. ɉɪɢ ɢɫɱɟɪɩɵɜɚɸɳɟɦ ɷɥɟɤɬɪɨɥɢɡɟ ɜɫɹ ɨɛɵɱɧɚɹ ɜɨɞɚ ɢ ɬɹɠёɥɚɹ ɜɨɞɚ 

ɪɚɡɥɨɠɚɬɫɹ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɜɨɞɨɪɨɞɚ ɢ ɤɢɫɥɨɪɨɞɚ: 

2H2O = 2H2 + O2, 

2D2O = 2D2 + O2. 

Ɉɛɳɟɟ ɤɨɥɢɱɟɫɬɜɨ ɥёɝɤɨɣ ɢ ɬɹɠёɥɨɣ ɜɨɞɵ ɜ 1.000 ɝ ɤɨɧɞɟɧɫɚɬɚ ɫɨɫɬɚɜɥɹɟɬ 




15.273314.81000

750.1101300

3

2
0.05204 ɦɨɥɶ, ɬɨɝɞɚ ɫɪɟɞɧɹɹ ɦɨɥɹɪɧɚɹ ɦɚɫɫɚ ɜɨɞɵ ɪɚɜɧɚ 


05204.0

000.1
19.22 ɝ/ɦɨɥɶ. Эɬɨ ɨɡɧɚɱɚɟɬ, ɱɬɨ ɦɨɥɶɧɚɹ ɞɨɥɹ ɬɹɠёɥɨɣ ɜɨɞɵ ɜ 

ɤɨɧɞɟɧɫɚɬɟ ɪɚɜɧɚ 60.0
2

015.1822.19 
, ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ % 62% 100

22.19

2060.0 
 

ɩɨ ɦɚɫɫɟ. 

Ɍɹɠёɥɚɹ ɜɨɞɚ ɦɨɠɟɬ ɫɜɨɛɨɞɧɨ ɨɛɦɟɧɢɜɚɬɶɫɹ ɩɪɨɬɨɧɚɦɢ ɫ ɥёɝɤɨɣ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ 

HDO, ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɩɪɨɬɢɹ ɢ ɞɟɣɬɟɪɢɹ ɩɨ ɦɨɥɟɤɭɥɚɦ ɦɨɠɧɨ ɫɱɢɬɚɬɶ ɫɬɪɨɝɨ 

ɫɥɭɱɚɣɧɵɦ. ɉɨɷɬɨɦɭ ɦɨɥɶɧɚɹ ɞɨɥɹ D2O ɜ ɤɨɧɞɟɧɫɚɬɟ ɛɭɞɟɬ ɪɚɜɧɚ 0.62
 = 0.36, 

ɢɥɢ γ6 % ɦɨɥɟɤɭɥ D2O, 0.4
2
 = 0.16, ɢɥɢ 16 % ɦɨɥɟɤɭɥ H2O ɢ 

100 % − 36 % − 16 % = 48 % ɦɨɥɟɤɭɥ HDO. 

4. Ⱦɚ, ɧɢɤɚɤɢɯ ɩɪɢɧɰɢɩɢɚɥɶɧɵɯ ɨɝɪɚɧɢɱɟɧɢɣ ɤɨɧɰɟɧɬɪɚɰɢɢ ɬɹɠёɥɨɣ ɜɨɞɵ ɧɟɬ. 

5. D2O + H2 = HDO + HD ɢɥɢ HDO + H2 = H2O + HD 
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ɋɢɫɬɟɦɚ ɨɰɟɧɢɜɚɧɢɹ 

1 ȼɟɪɧɵɣ ɨɬɜɟɬ 7,5 ɛɚɥɥɨɜ 

2 β ɭɪɚɜɧɟɧɢɹ ɩɨ 1.5 ɛɚɥɥɚ, ɡɚ ɭɪɚɜɧɟɧɢɹ ɫ ɞɟɣɬɟɪɢɟɦ ɩɨ 0.5 

ɛɚɥɥɚ 

4 ɛɚɥɥɚ 

3 Ɂɚ ɜɟɪɧɨɟ ɡɧɚɱɟɧɢɟ γ ɛɚɥɥɚ, ɡɚ ɜɟɪɧɨɟ ɭɤɚɡɚɧɢɟ ɜɢɞɨɜ ɦɨɥɟɤɭɥ 

β ɛɚɥɥɚ, ɡɚ ɜɟɪɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɤɚɠɞɨɝɨ ɬɢɩɚ ɦɨɥɟɤɭɥ ɩɨ 1.5 

ɛɚɥɥɚ 

9,5 ɛɚɥɥɚ 

4 ȼɟɪɧɵɣ ɨɬɜɟɬ 2 ɛɚɥɥɚ 

5 ɍɪɚɜɧɟɧɢɟ ɪɟɚɤɰɢɢ 2 ɛɚɥɥɚ 

 ɂɌɈȽɈ: 25 ɛɚɥɥɨɜ 

 

Ɋɟɲɟɧɢɟ ɡɚɞɚɱɢ 3 (Ⱦ. Ƚ. ɋɵɪɥɵɛɚɟɜɚ) 
1. ɇɚɣɞɟɦ ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ 

    13

4

44

00

0 Ʉ1036.3
2983981033.3

1033.31045.4 
 




ɌɌ
. 

ɉɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɩɟɪɟɯɨɞɚ ɜ ɫɜɟɪɯɩɪɨɜɨɞɹɳɟɟ ɫɨɫɬɨɹɧɢɟ ɭɞɟɥɶɧɨɟ 

ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɫɬɚɧɨɜɢɬɫɹ ɪɚɜɧɵɦ ɧɭɥɸ: 

   02981036.311033.3 34  
ɫɌ , 

ɨɬɤɭɞɚ Ɍɫ = 0.38 K. ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɩɨɝɪɟɲɧɨɫɬɢ ɨɤɪɭɝɥɟɧɢɹ ɡɧɚɱɟɧɢɟ Tc 

ɦɨɠɟɬ ɞɨɫɬɢɝɚɬɶ 0.6 – 0.8 K, ɜɫɟ ɷɬɢ ɡɧɚɱɟɧɢɹ ɩɪɢɧɢɦɚɸɬɫɹ ɤɚɤ ɩɪɚɜɢɥɶɧɵɟ. 

2. Ɋɟɡɨɧɚɧɫɧɵɟ ɫɬɪɭɤɬɭɪɵ ɩɨɥɢɫɭɥɶɮɨɧɢɬɪɢɞɚ: 

 

3. ɉɪɨɥɨɝɚɪɢɮɦɢɪɨɜɚɜ ɜɵɪɚɠɟɧɢɟ RT

ȿɚ

ɟ
 

0

  ɢ ɡɚɩɢɫɚɜ ɪɚɡɧɨɫɬɶ ХЧ  ɩɪɢ ɞɜɭɯ 

ɬɟɦɩɟɪɚɬɭɪɚɯ, ɩɨɥɭɱɚɟɦ 


 


21

A

1

2 11
ln

TTR

E , ɨɬɤɭɞɚ ɩɪɢ β9γ ɢ 69γ K  










 


400

293693314.8
1038.2

1015.7
ln

6

4

Aȿ β4.1 ɤȾɠ/ɦɨɥɶ.
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ȼɟɥɢɱɢɧɚ ɷɧɟɪɝɢɢ ɚɤɬɢɜɚɰɢɢ ɩɪɨɜɨɞɢɦɨɫɬɢ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɷɧɟɪɝɢɢ ɩɟɪɟɯɨɞɚ ɫ 

n = N/β ɧɚ ɭɪɨɜɟɧɶ ɷɧɟɪɝɢɢ ɫ n = (N/2) + 1. Ɍɨɝɞɚ 

    22

222

22

2

18

1

2
1

218 




 





 

Nml

NhNN

Nml

hȿ , 

ɝɞɟ L = l·(N − 1). Ⱦɥɹ ɪɚɫɱёɬɚ ɩɟɪɟɜɨɞɢɦ ɡɧɚɱɟɧɢɟ ɷɧɟɪɝɢɢ ɚɤɬɢɜɚɰɢɢ ɢɡ 

ɤȾɠ/ɦɨɥɶ ɜ Ⱦɠ: β4.1∙103 
/
 6.0β∙1023

 = 4.00∙10−20
 Ⱦɠ. ɉɨɞɫɬɚɜɥɹɟɦ ɱɢɫɥɨɜɵɟ 

ɡɧɚɱɟɧɢɹ ɜ ɭɪɚɜɧɟɧɢɟ: 

 

Ɋɟɲɚɹ ɤɜɚɞɪɚɬɧɨɟ ɭɪɚɜɧɟɧɢɟ, ɧɚɯɨɞɢɦ: N  78. 

4. Ɇɨɥɹɪɧɚɹ ɦɚɫɫɚ ɩɨɥɢɦɟɪɚ ɫ N = 78 ɪɚɜɧɚ 1014 ɝ/ɦɨɥɶ. ȼ 1 ɝɪɚɦɦɟ ɫɨɞɟɪɠɢɬɫɹ 

(1·78/1014) · 6.0β·1023
 ≈ 4.6γ·1022

 π-ɷɥɟɤɬɪɨɧɨɜ. 

(ȼ ɩɪɢɧɹɬɨɣ ɦɨɞɟɥɢ ɱɢɫɥɨ π-ɷɥɟɤɬɪɨɧɨɜ ɧɟ ɡɚɜɢɫɢɬ ɨɬ ɫɬɟɩɟɧɢ ɩɨɥɢɦɟɪɢɡɚɰɢɢ, 

ɟɫɥɢ ɩɨɫɥɟɞɧɹɹ ɞɨɫɬɚɬɨɱɧɨ ɜɟɥɢɤɚ). 

5. ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɩɨɥɢɦɟɪɚ Rɩɨɥɢɦ = (1/7.49·104) / (10·10−7)= 1γ.γ5 Ɉɦ. 

ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɦɟɞɧɨɣ ɩɪɨɜɨɥɨɤɢ , ɨɬɤɭɞɚ 
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ɋɢɫɬɟɦɚ ɨɰɟɧɢɜɚɧɢɹ 

1. Ɉɩɪɟɞɟɥɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɫɨɩɪɨɬɢɜɥɟɧɢɹ 

– γ ɛɚɥɥɚ 

Ɋɚɫɱёɬ ɬɟɦɩɟɪɚɬɭɪɵ ɩɟɪɟɯɨɞɚ ɜ ɫɜɟɪɯɩɪɨɜɨɞɹɳɟɟ ɫɨɫɬɨɹɧɢɟ 

– β ɛɚɥɥɚ 

5 ɛɚɥɥɨɜ 

2. Ʉɚɠɞɚɹ ɪɟɡɨɧɚɧɫɧɚɹ ɫɬɪɭɤɬɭɪɚ ɩɨ β ɛɚɥɥɚ 6 ɛɚɥɥɨɜ 

3. ȼɵɜɨɞ ɮɨɪɦɭɥɵ ɞɥɹ ɪɚɫɱёɬɚ ɷɧɟɪɝɢɢ ɚɤɬɢɜɚɰɢɢ – β ɛɚɥɥɚ 

ɑɢɫɥɨɜɨɟ ɡɧɚɱɟɧɢɟ ɷɧɟɪɝɢɢ ɚɤɬɢɜɚɰɢɢ – 1 ɛɚɥɥ 

ȼɵɜɨɞ ɜɵɪɚɠɟɧɢɹ ɡɚɜɢɫɢɦɨɫɬɢ ɷɧɟɪɝɢɢ ɚɤɬɢɜɚɰɢɢ 

ɩɪɨɜɨɞɢɦɨɫɬɢ ɨɬ ɱɢɫɥɚ ɚɬɨɦɨɜ ɭɝɥɟɪɨɞɚ – γ ɛɚɥɥɚ 

ɑɢɫɥɨɜɨɟ ɡɧɚɱɟɧɢɟ N – β ɛɚɥɥɚ 

8 ɛɚɥɥɨɜ 

4. Ɋɚɫɱɟɬ ɤɨɥɢɱɟɫɬɜɚ π-ɷɥɟɤɬɪɨɧɨɜ – β ɛɚɥɥɚ 2 ɛɚɥɥɚ 

5. Ɋɚɫɱɟɬ ɜɟɥɢɱɢɧɵ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɩɨɥɢɦɟɪɚ – 1 ɛɚɥɥ 

Ɉɩɪɟɞɟɥɟɧɢɟ ɞɥɢɧɵ ɦɟɞɧɨɣ ɩɪɨɜɨɥɨɤɢ – 3 ɛɚɥɥɚ 

4 ɛɚɥɥɚ 

 ɂɌɈȽɈ: 25 ɛɚɥɥɨɜ 

 

Ɋɟɲɟɧɢɟ ɡɚɞɚɱɢ 4 (ȼ. ȼ. ȿɪёɦɢɧ) 
ɂɞɟɹ ɡɚɞɚɱɢ ɫɨɫɬɨɢɬ ɜ ɬɨɦ, ɱɬɨ ɥɸɛɭɸ ɫɦɟɫɶ ɝɚɡɨɨɛɪɚɡɧɵɯ ɚɥɤɚɧɨɜ, 

ɧɟɡɚɜɢɫɢɦɨ ɨɬ ɟё ɤɨɧɤɪɟɬɧɨɝɨ ɫɨɫɬɚɜɚ, ɦɨɠɧɨ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɤɚɤ 

ɢɧɞɢɜɢɞɭɚɥɶɧɵɣ ɚɥɤɚɧ ɫɨ ɫɪɟɞɧɟɣ ɮɨɪɦɭɥɨɣ CxH2x+2 (x – ɫɪɟɞɧɟɟ ɱɢɫɥɨ ɚɬɨɦɨɜ 

ɭɝɥɟɪɨɞɚ ɜ ɦɨɥɟɤɭɥɟ, ɪɚɫɫɱɢɬɚɧɧɨɟ ɫ ɭɱёɬɨɦ ɦɨɥɶɧɵɯ ɞɨɥɟɣ ɝɚɡɨɜ; ɨɧɨ ɦɨɠɟɬ 

ɛɵɬɶ ɧɟɰɟɥɵɦ). ɇɚɩɪɢɦɟɪ, ɫɦɟɫɶ ɪɚɜɧɵɯ ɨɛɴёɦɨɜ CH4 ɢ C2H6 ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ 

ɫɪɟɞɧɟɣ ɮɨɪɦɭɥɨɣ C1.5H5. 

Ⱦɥɹ ɬɚɤɨɝɨ «ɭɫɪɟɞɧёɧɧɨɝɨ» ɚɥɤɚɧɚ ɦɨɠɧɨ ɪɚɫɫɱɢɬɚɬɶ ɜɫɟ ɜɟɥɢɱɢɧɵ, ɤɪɨɦɟ 

(ɜ) ɢ (ɝ). ɉɟɪɜɭɸ ɧɟɥɶɡɹ ɨɩɪɟɞɟɥɢɬɶ, ɩɨɬɨɦɭ ɱɬɨ ɧɟɢɡɜɟɫɬɧɵ ɩɥɨɬɧɨɫɬɢ ɠɢɞɤɢɯ 

ɚɥɤɚɧɨɜ, ɚ ɜɬɨɪɭɸ – ɩɨɬɨɦɭ, ɱɬɨ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɬɨɱɧɨɝɨ ɫɨɫɬɚɜɚ ɫɦɟɫɢ 4 

ɜɟɳɟɫɬɜ ɧɟ ɯɜɚɬɚɟɬ ɞɚɧɧɵɯ. 

1. ɚ)  ɝ/ɦɨɥɶ.  

ɉɨ ɦɨɥɹɪɧɨɣ ɦɚɫɫɟ ɧɚɣɞёɦ ɫɪɟɞɧɸɸ ɮɨɪɦɭɥɭ ɫɦɟɫɢ CxH2x+2, ɷɬɨ 

ɩɨɬɪɟɛɭɟɬɫɹ ɞɥɹ ɞɚɥɶɧɟɣɲɢɯ ɪɚɫɱёɬɨɜ. 

ɫɪ
0.940 8.314 298

 =  =  = 23
101.3

RT
M

p

  
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14x + β = βγ, ɨɬɤɭɞɚ x = 1.5. ɋɪɟɞɧɹɹ ɮɨɪɦɭɥɚ ɫɦɟɫɢ – C1.5H5. 

 ɛ) ɉɪɢ ɧɨɪɦɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ ɜɫɟ ɧɢɡɲɢɟ ɚɥɤɚɧɵ – ɟɳё ɝɚɡɵ, ɩɨɷɬɨɦɭ 

   ɝ/ɥ. 

 ɜ) – 

 ɝ) – 

 ɞ) Ɇɚɫɫɨɜɭɸ ɞɨɥɸ ɭɝɥɟɪɨɞɚ ɦɨɠɧɨ ɧɚɣɬɢ ɩɨ ɫɪɟɞɧɟɣ ɮɨɪɦɭɥɟ: 

   = 78.3 %. 

Эɬɨ ɠɟ ɡɧɚɱɟɧɢɟ ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɢ ɫɬɚɧɞɚɪɬɧɵɦ ɫɩɨɫɨɛɨɦ, ɧɟ ɢɫɩɨɥɶɡɭɹ 

ɩɨɧɹɬɢɟ ɫɪɟɞɧɟɣ ɮɨɪɦɭɥɵ. ȼɨɡɶɦёɦ 1 ɦɨɥɶ ɫɦɟɫɢ, ɩɭɫɬɶ ɨɧ ɫɨɞɟɪɠɢɬ a ɦɨɥɶ 

CH4, b ɦɨɥɶ C2H6, c ɦɨɥɶ C3H8 ɢ (1 − a − b − c) ɦɨɥɶ C4H10. Ɂɚɩɢɲɟɦ ɫɪɟɞɧɸɸ 

ɦɨɥɹɪɧɭɸ ɦɚɫɫɭ ɫɦɟɫɢ: 

  23 = 16a + 30b + 44c + 58(1 − a − b − c), 

ɨɬɤɭɞɚ 

  3a + 2b + c = 2.5. 

Ɇɚɫɫɨɜɚɹ ɞɨɥɹ ɭɝɥɟɪɨɞɚ ɜ ɫɦɟɫɢ: 

. 

Ⱥɧɚɥɨɝɢɱɧɵɟ ɪɚɫɱёɬɵ ɦɨɠɧɨ ɜɵɩɨɥɧɢɬɶ ɢ ɞɥɹ ɜɟɥɢɱɢɧ ɜ ɩɭɧɤɬɚɯ (ɟ) – (ɡ), 

ɟɫɥɢ ɧɚɣɬɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɜɟɥɢɱɢɧɵ ɞɥɹ ɤɚɠɞɨɝɨ ɚɥɤɚɧɚ ɩɨ ɨɬɞɟɥɶɧɨɫɬɢ. 

Ⱦɚɥɶɲɟ ɦɵ ɛɭɞɟɦ ɩɨɥɶɡɨɜɚɬɶɫɹ ɬɨɥɶɤɨ ɩɨɧɹɬɢɟɦ ɫɪɟɞɧɟɣ ɮɨɪɦɭɥɵ. 

 ɟ) ɍɪɚɜɧɟɧɢɟ ɩɨɥɧɨɝɨ ɫɝɨɪɚɧɢɹ ɚɥɤɚɧɨɜ: 

  CxH2x+2 + (3x + 1)/2 O2 = xCO2 + (x + 1)H2O 

V(O2) = (3x + 1)/2 V(CxH2x+2), 

V(CxH2x+2) = 1 ɥ, x = 1.5, 

V(O2) = β.75 ɥ 

 ɠ) ɇɚɣɞёɦ ɬɟɩɥɨɬɭ ɨɛɪɚɡɨɜɚɧɢɹ ɢɧɞɢɜɢɞɭɚɥɶɧɨɝɨ ɚɥɤɚɧɚ, ɫɨɞɟɪɠɚɳɟɝɨ 

x ɚɬɨɦɨɜ ɭɝɥɟɪɨɞɚ, ɢɡ ɩɪɨɫɬɵɯ ɜɟɳɟɫɬɜ: 

  xC(ɝɪ) + (x + 1)H2 = CxH2x+2 + Qɨɛɪ 

Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ 1 ɦɨɥɹ ɚɥɤɚɧɚ ɧɚɞɨ ɢɫɩɚɪɢɬɶ x ɦɨɥɟɣ ɝɪɚɮɢɬɚ, ɪɚɡɨɪɜɚɬɶ 

m
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(x + 1) ɦɨɥɟɣ ɫɜɹɡɟɣ H–H, ɚ ɡɚɬɟɦ ɨɛɪɚɡɨɜɚɬɶ (x − 1) ɦɨɥɟɣ ɫɜɹɡɟɣ CC ɢ (βx + 2) 

ɦɨɥɟɣ ɫɜɹɡɟɣ CH. ɉɨ ɡɚɤɨɧɭ Ƚɟɫɫɚ, 

 Qɨɛɪ(CxH2x+2) = (−705)x − (x + 1)436 + (x − 1)334 + (2x + 2)412 = 17x + 54 

(ɤȾɠ/ɦɨɥɶ) 

ɩɪɢ x = 1.5 

  Qɨɛɪ(ɫɦɟɫɢ) = 171.5 + 54 = 79.5 ɤȾɠ/ɦɨɥɶ. 

 ɡ) ɉɨ ɭɪɚɜɧɟɧɢɸ ɪɟɚɤɰɢɢ ɫɝɨɪɚɧɢɹ ɢɡ ɩ. (ɟ), 

  Qɫɝɨɪ(CxH2x+2) = xQɨɛɪ(CO2) + (x + 1)Qɨɛɪ(H2O) − Qɨɛɪ(CxH2x+2) =  

  = 394x + 242 (x + 1) − (17x + 54) = 619x + 188 (ɤȾɠ/ɦɨɥɶ) 

ɩɪɢ x = 1.5 Qɫɝɨɪ(ɫɦɟɫɢ) = 6191.5 + 188 = 1116.5 ɤȾɠ/ɦɨɥɶ. 

2. Ɇɚɤɫɢɦɚɥɶɧɨ ɜɨɡɦɨɠɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɦɟɬɚɧɚ ɜ ɫɦɟɫɢ ɛɭɞɟɬ ɜ ɫɥɭɱɚɟ, 

ɤɨɝɞɚ ɨɫɬɚɥɶɧɚɹ ɱɚɫɬɶ ɫɦɟɫɢ ɛɭɞɟɬ ɩɪɟɞɫɬɚɜɥɟɧɚ ɬɨɥɶɤɨ ɫɚɦɵɦ ɬɹɠёɥɵɦ ɝɚɡɨɦ – 

ɛɭɬɚɧɨɦ, ɚ ɷɬɚɧɚ ɢ ɩɪɨɩɚɧɚ ɛɭɞɟɬ ɩɪɟɧɟɛɪɟɠɢɦɨ ɦɚɥɨ. Ɉɛɨɡɧɚɱɢɦ ɦɨɥɶɧɭɸ 

ɞɨɥɸ ɦɟɬɚɧɚ ɜ ɬɚɤɨɣ ɫɦɟɫɢ xmax ɢ ɜɵɪɚɡɢɦ ɱɟɪɟɡ ɧɟё ɫɪɟɞɧɸɸ ɦɨɥɹɪɧɭɸ ɦɚɫɫɭ: 

  16xmax + 58(1 − xmax) = 23, 

xmax = 0.833 = 83.3 % 

 Ɇɢɧɢɦɚɥɶɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɦɟɬɚɧɚ ɜ ɫɦɟɫɢ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɫɥɭɱɚɸ, ɤɨɝɞɚ 

ɨɫɬɚɥɶɧɚɹ ɱɚɫɬɶ ɫɦɟɫɢ ɫɨɞɟɪɠɢɬ ɬɨɥɶɤɨ ɫɚɦɵɣ ɥёɝɤɢɣ ɝɚɡ – ɷɬɚɧ.  

  16xmin + 30(1 − xmin) = 23, 

xmin = 0.5 = 50 % 

Ɉɬɜɟɬɵ. 

1. ɚ) Mɫɪ = βγ ɝ/ɦɨɥɶ. 

 ɛ)  = 1.0γ ɝ/ɥ. 

 ɜ) Ɉɞɧɨɡɧɚɱɧɨ ɨɩɪɟɞɟɥɢɬɶ ɧɟɥɶɡɹ. 

 ɝ) Ɉɞɧɨɡɧɚɱɧɨ ɨɩɪɟɞɟɥɢɬɶ ɧɟɥɶɡɹ. 

 ɞ) (C) = 78.3 %. 

 ɟ) V(O2) = β.75 ɥ. 

 ɠ) Qɨɛɪ(ɫɦɟɫɢ) = 79.5 ɤȾɠ/ɦɨɥɶ. 

 ɡ) Qɫɝɨɪ(ɫɦɟɫɢ) = 1116.5 ɤȾɠ/ɦɨɥɶ. 

2. ɋɨɞɟɪɠɚɧɢɟ ɦɟɬɚɧɚ – ɨɬ 50 ɞɨ 8γ.γ ɦɨɥ. %. 
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ɋɢɫɬɟɦɚ ɨɰɟɧɢɜɚɧɢɹ: 

1. ɚ), ɛ) – ɩɨ β ɛɚɥɥɚ 

ɜ, ɝ) – ɩɨ 1 ɛɚɥɥɭ, ɟɫɥɢ ɟɫɬɶ ɯɨɬɹ ɛɵ ɤɪɚɬɤɨɟ ɨɛɴɹɫɧɟɧɢɟ, ɩɨɱɟɦɭ 

ɷɬɢ ɜɟɥɢɱɢɧɵ ɧɟɥɶɡɹ ɨɩɪɟɞɟɥɢɬɶ ɨɞɧɨɡɧɚɱɧɨ 

ɞ) γ ɛɚɥɥɚ 

ɟ) γ ɛɚɥɥɚ. 

ɠ) 5 ɛɚɥɥɨɜ, ɢɡ ɧɢɯ 4 ɛɚɥɥɚ – ɡɚ ɩɪɚɜɢɥɶɧɵɣ ɪɚɫɱёɬ ɬɟɩɥɨɬ 

ɨɛɪɚɡɨɜɚɧɢɹ ɚɥɤɚɧɨɜ ɢɧɞɢɜɢɞɭɚɥɶɧɵɯ ɢɥɢ ɜ ɨɛɳɟɦ ɜɢɞɟ, 1 – ɡɚ 

ɩɪɚɜɢɥɶɧɵɣ ɨɬɜɟɬ ɞɥɹ ɫɦɟɫɢ. 

ɡ) γ ɛɚɥɥɚ, ɢɡ ɧɢɯ β ɛɚɥɥɚ – ɡɚ ɩɪɚɜɢɥɶɧɵɣ ɪɚɫɱёɬ ɬɟɩɥɨɬ 

ɫɝɨɪɚɧɢɹ ɚɥɤɚɧɨɜ ɢɧɞɢɜɢɞɭɚɥɶɧɵɯ ɢɥɢ ɜ ɨɛɳɟɦ ɜɢɞɟ, 1 – ɡɚ 

ɩɪɚɜɢɥɶɧɵɣ ɨɬɜɟɬ ɞɥɹ ɫɦɟɫɢ. 

20 ɛɚɥɥɨɜ 

2. Ɂɚ ɤɚɠɞɭɸ ɞɨɥɸ – ɩɨ β.5 ɛɚɥɥɚ 5 ɛɚɥɥɨɜ 

 ɂɌɈȽɈ: 25 ɛɚɥɥɨɜ 
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Ⱦɟɜɹɬɵɣ ɤɥɚɫɫ 

 (Ⱥɜɬɨɪɵ: Ɇ.Ⱥ. ɂɥɶɢɧ, ȼ.Ⱥ. ȼɨɪɨɛɶёɜ, Ɉ.Ƚ. ɋɚɥɶɧɢɤɨɜ) 

1. Ʉɚɤɭɸ ɤɨɧɰɟɧɬɪɚɰɢɸ H2O2 ɢɦɟɟɬ ɪɚɫɬɜɨɪ, ɤɨɬɨɪɵɣ ɨɛɵɱɧɨ ɢɫɩɨɥɶɡɭɟɬɫɹ 

ɜ ɥɚɛɨɪɚɬɨɪɢɹɯ ɜ ɤɚɱɟɫɬɜɟ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɨɝɨ ɪɟɚɤɬɢɜɚ ɩɟɪɨɤɫɢɞɚ ɜɨɞɨɪɨɞɚ 

(ɢɦɟɧɭɟɦɨɝɨ "ɩɟɪɝɢɞɪɨɥɶ")? 

(ɉɪɚɜɢɥɶɧɵɣ ɨɬɜɟɬ ɡɞɟɫɶ ɢ ɞɚɥɟɟ ɨɬɦɟɱɟɧ ɜ ɜɢɞɟ ) 

 3 %  30 %  60 %  90 % 

2. Ʉɚɤɭɸ ɤɨɧɰɟɧɬɪɚɰɢɸ H2O2 ɢɦɟɟɬ ɪɚɫɬɜɨɪ, ɤɨɬɨɪɵɣ ɨɛɵɱɧɨ ɢɫɩɨɥɶɡɭɟɬɫɹ 

ɜ ɦɟɞɢɰɢɧɟ ɜ ɤɚɱɟɫɬɜɟ ɤɪɨɜɟɨɫɬɚɧɚɜɥɢɜɚɸɳɟɝɨ ɢ ɚɧɬɢɫɟɩɬɢɱɟɫɤɨɝɨ ɫɪɟɞɫɬɜɚ? 

 3 %  30 %  60 %  90 % 

3. Ʉɚɤ ɢ ɜ ɥɸɛɨɦ ɤɥɚɬɪɚɬɧɨɦ ɫɨɟɞɢɧɟɧɢɢ, ɜ "ɝɢɞɪɨɩɟɪɢɬɟ" ɟɫɬɶ ɦɨɥɟɤɭɥɵ 

"ɝɨɫɬɹ" (ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ – ɷɬɨ ɦɨɥɟɤɭɥɵ H2O2), ɚ ɬɚɤɠɟ ɦɨɥɟɤɭɥɵ "ɯɨɡɹɢɧɚ" 

(ɜɟɳɟɫɬɜɨ, ɜ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɫɬɪɭɤɬɭɪɟ ɤɨɬɨɪɨɝɨ "ɪɚɡɦɟɳɚɸɬɫɹ" ɦɨɥɟɤɭɥɵ 

"ɝɨɫɬɹ"). ɑɬɨ ɫɨɫɬɚɜɥɹɟɬ ɨɫɧɨɜɭ ɬɚɛɥɟɬɨɤ "ɝɢɞɪɨɩɟɪɢɬɚ" (ɱɬɨ ɹɜɥɹɟɬɫɹ 

ɦɨɥɟɤɭɥɚɦɢ "ɯɨɡɹɢɧɚ" ɜ ɷɬɨɦ ɤɥɚɬɪɚɬɧɨɦ ɫɨɟɞɢɧɟɧɢɢ)? 

 ɯɥɨɪɢɞ ɤɚɥɶɰɢɹ  ɦɨɱɟɜɢɧɚ (ɤɚɪɛɚɦɢɞ) 

 ɞɢɨɤɫɢɞ ɬɢɬɚɧɚ  ɞɢɨɤɫɢɞ ɤɪɟɦɧɢɹ 

ȼ ɜɨɞɧɨɦ ɪɚɫɬɜɨɪɟ ɩɟɪɨɤɫɢɞ ɜɨɞɨɪɨɞɚ ɩɪɨɹɜɥɹɟɬ ɫɜɨɣɫɬɜɚ ɨɱɟɧɶ ɫɥɚɛɨɣ 

ɤɢɫɥɨɬɵ: 

ɇ2Ɉ2 + ɇ2Ɉ  ɇ3Ɉ+
 +ɇɈ2


 Ʉa1 =1,5  10

12
. 

ɉɨɦɢɦɨ ɩɟɪɨɤɫɢɞɚ ɜɨɞɨɪɨɞɚ, ɢɡɜɟɫɬɧɵ ɬɚɤɠɟ ɩɟɪɨɤɫɢɞɵ ɳɟɥɨɱɧɵɯ ɢ 

ɳɟɥɨɱɧɨɡɟɦɟɥɶɧɵɯ ɷɥɟɦɟɧɬɨɜ, ɤɨɬɨɪɵɟ ɨɛɵɱɧɨ ɩɨɥɭɱɚɸɬ ɧɟ ɢɡ ɪɚɫɬɜɨɪɨɜ. 

4. ɉɪɢ ɫɝɨɪɚɧɢɢ ɜ ɤɢɫɥɨɪɨɞɟ ɤɚɤɨɝɨ ɢɡ ɳɟɥɨɱɧɵɯ ɦɟɬɚɥɥɨɜ ɜ ɤɚɱɟɫɬɜɟ 

ɩɪɨɞɭɤɬɚ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɨɛɪɚɡɭɟɬɫɹ ɟɝɨ ɩɟɪɨɤɫɢɞ? 

 ɥɢɬɢɣ  ɤɚɥɢɣ 

 ɧɚɬɪɢɣ  ɪɭɛɢɞɢɣ 

5. Ʉɚɤɢɟ ɬɢɩɵ ɯɢɦɢɱɟɫɤɢɯ ɫɜɹɡɟɣ ɪɟɚɥɢɡɭɸɬɫɹ ɜ ɬɜɟɪɞɵɯ ɩɟɪɨɤɫɢɞɚɯ 

ɳɟɥɨɱɧɵɯ ɦɟɬɚɥɥɨɜ? 

 ɤɨɜɚɥɟɧɬɧɵɟ ɧɟɩɨɥɹɪɧɵɟ  ɢɨɧɧɵɟ 
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 ɤɨɜɚɥɟɧɬɧɵɟ ɩɨɥɹɪɧɵɟ  ɦɟɬɚɥɥɢɱɟɫɤɢɟ 

6. ɉɪɢɜɟɞɢɬɟ ɭɪɚɜɧɟɧɢɟ ɪɟɚɤɰɢɢ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɜɟɞɟɧɢɹ ɤɨɬɨɪɨɣ ȼɵ 

ɩɨɥɭɱɢɥɢ ɩɟɪɨɤɫɢɞ ɛɚɪɢɹ. 

Ɉɬɜɟɬ: BaCl2 + 3H2O2 + 2NH3  BaO2  2H2O2 + 2NH4Cl 

(ɢɥɢ: BКCХ2 + H2O2 + 2NH3  BaO2 + 2NH4Cl). 

7. Ʉɪɚɬɤɨ (1-2 ɩɪɟɞɥɨɠɟɧɢɹ) ɨɛɴɹɫɧɢɬɟ, ɫ ɤɚɤɨɣ ɰɟɥɶɸ ɜ ɩɪɨɰɟɫɫɟ ɫɢɧɬɟɡɚ ɜ 

ɪɟɚɤɰɢɨɧɧɭɸ ɫɦɟɫɶ ɞɨɛɚɜɥɹɥɢ ɪɚɫɬɜɨɪ ɚɦɦɢɚɤɚ. 

Ɉɬɜɟɬ: ȿɫɥɢ ɧɟ ɞɨɛɚɜɥɹɬɶ ɚɦɦɢɚɤ, ɬɨ ɜ ɪɟɚɤɰɢɢ Ba
2+

 + H2O2 = BaO2 + 2H
+
 

ɫɪɟɞɚ ɞɨɥɠɧɚ ɩɨɞɤɢɫɥɹɬɶɫɹ, ɱɬɨ ɩɪɟɩɹɬɫɬɜɭɟɬ ɨɛɪɚɡɨɜɚɧɢɸ ɮɚɡɵ BaO2. 

Ⱦɨɛɚɜɥɟɧɧɵɣ ɚɦɦɢɚɤ ɫɜɹɡɵɜɚɟɬ ɤɢɫɥɨɬɭ ɢ ɫɩɨɫɨɛɫɬɜɭɟɬ ɫɦɟɳɟɧɢɸ ɪɚɜɧɨɜɟɫɢɹ 

ɜ ɧɭɠɧɭɸ ɫɬɨɪɨɧɭ. 

8. Ɋɚɫɫɱɢɬɚɣɬɟ ɦɚɤɫɢɦɚɥɶɧɭɸ ɦɚɫɫɭ BaO2  2H2O2, ɤɨɬɨɪɭɸ ɬɟɨɪɟɬɢɱɟɫɤɢ 

ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɜ ɩɪɨɜɟɞɟɧɧɨɦ ȼɚɦɢ ɫɢɧɬɟɡɟ. ɉɪɢɜɟɞɢɬɟ ɩɨɞɪɨɛɧɵɣ ɪɚɫɱɟɬ, 

ɨɬɦɟɬɢɜ ɤɚɤɢɟ ɜɟɳɟɫɬɜɚ ɜɡɹɬɵ ɜ ɢɡɛɵɬɤɟ, ɚ ɤɚɤɢɟ ɜ ɧɟɞɨɫɬɚɬɤɟ. 

Ɉɬɜɟɬ: Ɋɚɫɫɱɢɬɚɟɦ ɜɡɹɬɵɟ ɞɥɹ ɫɢɧɬɟɡɚ ɤɨɥɢɱɟɫɬɜɚ ɜɟɳɟɫɬɜ: 

(BaCl2) = V(ɪ-ɪɚ BaCl2)  C(ɪ-ɪɚ BaCl2) = 0,015  1 = 0,015 ɦɨɥɶ; 

(H2O2) = V(ɪ-ɪɚ H2O2)  ρ(ɪ-ɪɚ H2O2)  ω(H2O2) / M(H2O2) = 10  1,1  0,3 / 34,01 = 

0,097 ɦɨɥɶ; 

(NH3) = V(ɪ-ɪɚ NH3)  ρ(ɪ-ɪɚ NH3)  ω(NH3) / M(NH3) = 10  0,9  0,25 / 17,03 = 

0,1γβ ɦɨɥɶ. 

ɍɱɢɬɵɜɚɹ ɫɬɟɯɢɨɦɟɬɪɢɱɟɫɤɢɟ ɫɨɨɬɧɨɲɟɧɢɹ ɪɟɚɝɟɧɬɨɜ ɜ ɭɪɚɜɧɟɧɢɢ ɪɟɚɤɰɢɢ 

ɩɨɥɭɱɟɧɢɹ BaO2  2H2O2, ɦɨɠɧɨ ɡɚɤɥɸɱɢɬɶ, ɱɬɨ ɜ ɧɟɞɨɫɬɚɬɤɟ ɧɚɯɨɞɢɬɫɹ BaCl2, ɚ 

ɨɫɬɚɥɶɧɵɟ ɪɟɚɝɟɧɬɵ – ɜ ɢɡɛɵɬɤɟ. 

Ʉɨɥɢɱɟɫɬɜɨ ɩɨɥɭɱɟɧɧɨɝɨ BaO2  2H2O2 ɫɨɫɬɚɜɥɹɟɬ 0,015 ɦɨɥɶ, ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ 

0,015  237 = 3,56 ɝ. 

9. ɉɪɢɜɟɞɢɬɟ ɭɪɚɜɧɟɧɢɹ ɪɟɚɤɰɢɣ, ɤɨɬɨɪɵɟ ȼɵ ɩɪɨɜɨɞɢɥɢ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ 

ɜɵɯɨɞɚ ɩɨɥɭɱɟɧɧɨɝɨ ɩɪɨɞɭɤɬɚ (ɪɚɫɬɜɨɪɟɧɢɟ BaO2  2H2O2 ɜ ɪɚɡɛɚɜɥɟɧɧɨɦ 

ɪɚɫɬɜɨɪɟ ɫɨɥɹɧɨɣ ɤɢɫɥɨɬɵ ɢ ɩɟɪɦɚɧɝɚɧɚɬɨɦɟɬɪɢɱɟɫɤɨɟ ɬɢɬɪɨɜɚɧɢɟ). 

Ɉɬɜɟɬ: BaO2  2H2O2 + 2HCl  BaCl2 + 3H2O2, 
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5H2O2 + 2KMnO4 + 6HCl  2KCl + 2MnCl2 + 5O2 + 8H2O. 

10. ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɬɢɬɪɨɜɚɧɢɹ ɪɚɫɫɱɢɬɚɣɬɟ ɦɚɫɫɭ BaO2  2H2O2, ɤɨɬɨɪɭɸ 

ȼɵ ɩɨɥɭɱɢɥɢ, ɚ ɬɚɤɠɟ ɪɚɫɫɱɢɬɚɣɬɟ ɜɵɯɨɞ ɩɪɨɞɭɤɬɚ. ɉɪɢɜɟɞɢɬɟ ɩɨɞɪɨɛɧɵɣ 

ɪɚɫɱɟɬ. 

Ɉɬɜɟɬ: ɋɨɝɥɚɫɧɨ ɭɪɚɜɧɟɧɢɸ ɪɟɚɤɰɢɢ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ 

ɩɟɪɦɚɧɝɚɧɚɬɨɦɟɬɪɢɱɟɫɤɨɦɭ ɬɢɬɪɨɜɚɧɢɸ, H2O2 ɪɟɚɝɢɪɭɟɬ ɫ KMnO4 ɜ ɨɬɧɨɲɟɧɢɢ 

5 : β. Ʉɨɥɢɱɟɫɬɜɨ H2O2, ɫɨɞɟɪɠɚɳɟɟɫɹ ɜ ɚɥɢɤɜɨɬɟ (10,0 ɦɥ): 

ɜ ɚɥɢɤɜɨɬɟ(H2O2) = 5/2  (KMnO4) = 5/2  Vɫɪ.(KMnO4)  ɫ(KMnO4), 

ɝɞɟ Vɫɪ.(KMnO4) – ɫɪɟɞɧɢɣ ɨɛɴɟɦ ɪɚɫɬɜɨɪɚ KMnO4, ɩɨɲɟɞɲɢɣ ɧɚ ɬɢɬɪɨɜɚɧɢɟ 

ɚɥɢɤɜɨɬɵ H2O2 (ɜ ɥɢɬɪɚɯ), 

ɫ(KMnO4) – ɬɨɱɧɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ KMnO4 (0,04 Ɇ). 

Ɉɛɳɟɟ ɤɨɥɢɱɟɫɬɜɨ H2O2, ɫɨɞɟɪɠɚɳɟɟɫɹ ɜ ɦɟɪɧɨɣ ɤɨɥɛɟ: 

ɨɛɳ.(H2O2) = ɚɥɢɤɜɨɬɚ(H2O2)  Vɤɨɥɛɵ / Vɚɥɢɤɜɨɬɵ = ɚɥɢɤɜɨɬɚ(H2O2)  0,25 / 0,01 = 

ɚɥɢɤɜɨɬɚ(H2O2)  25. 

ɍɱɢɬɵɜɚɹ, ɱɬɨ ɩɨɥɭɱɟɧɧɵɣ ɜ ɫɢɧɬɟɡɟ ɩɪɨɞɭɤɬ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɫɬɟɯɢɨɦɟɬɪɢɢ 

BaO2  2H2O2, ɟɝɨ ɤɨɥɢɱɟɫɬɜɨ ɛɭɞɟɬ ɜ γ ɪɚɡɚ ɦɟɧɶɲɟ ɨɛɳɟɝɨ ɤɨɥɢɱɟɫɬɜɚ H2O2, 

ɪɚɫɫɱɢɬɚɧɧɨɝɨ ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ ɬɢɬɪɨɜɚɧɢɹ: 

(BaO2  2H2O2) = ɨɛɳ.(H2O2) / 3. 

ȼɵɯɨɞ ɩɨɥɭɱɟɧɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ: 

%.100
3,56

237,3)O2Hν(BaO
%100

m

)O2HM(BaO)O2Hν(BaO
)O2H(BaO 222

ɬеɨɪ.

222222
222   
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ɋɢɫɬɟɦɚ ɨɰɟɧɢɜɚɧɢɹ: 

1-4. ɉɪɚɜɢɥɶɧɵɟ ɨɬɜɟɬɵ   1 ɛ.  4 = 

4 ɛɚɥɥɚ 

5. ɉɪɚɜɢɥɶɧɨɟ ɭɤɚɡɚɧɢɟ ɬɢɩɨɜ ɯɢɦɢɱɟɫɤɢɯ ɫɜɹɡɟɣ   1 ɛ.  2 = 

2 ɛɚɥɥɚ 

(ɟɫɥɢ ɫɪɟɞɢ ɩɪɚɜɢɥɶɧɵɯ ɨɬɜɟɬɨɜ ɨɬɦɟɱɟɧɵ ɧɟɜɟɪɧɵɟ, ɡɚ 
ɤɚɠɞɵɣ ɜɟɪɧɵɣ ɨɬɜɟɬ ɫɬɚɜɢɬɫɹ 1 ɛɚɥɥ, ɚ ɡɚ ɤɚɠɞɵɣ 
ɧɟɩɪɚɜɢɥɶɧɵɣ ɨɬɜɟɬ ɨɬɧɢɦɚɟɬɫɹ 1 ɛɚɥɥ (ɧɨ ɜ ɫɭɦɦɟ ɡɚ ɷɬɨɬ 
ɩɭɧɤɬ ɧɟ ɦɟɧɟɟ 0 ɛɚɥɥɨɜ)) 

6. ɍɪɚɜɧɟɧɢɟ ɪɟɚɤɰɢɢ ɩɨɥɭɱɟɧɢɹ BaO2 ɢɥɢ BaO2  2H2O2   2 ɛɚɥɥɚ 

7. Ɉɛɴɹɫɧɟɧɢɟ ɞɨɛɚɜɥɟɧɢɹ ɚɦɦɢɚɤɚ   1 ɛɚɥɥ 

8. Ɋɚɫɱɟɬ ɬɟɨɪɟɬɢɱɟɫɤɨɣ ɦɚɫɫɵ ɩɪɨɞɭɤɬɚ   3 ɛɚɥɥɚ 

9. ɍɪɚɜɧɟɧɢɹ ɪɟɚɤɰɢɣ   2 ɛ.  2 = 

4 ɛɚɥɥɚ 

10. Ɋɚɫɱɟɬ ɩɨɥɭɱɟɧɧɨɣ ɦɚɫɫɵ ɢ ɜɵɯɨɞɚ ɩɪɨɞɭɤɬɚ   9 ɛɚɥɥɨɜ 

Ɍɟɯɧɢɤɚ ɷɤɫɩɟɪɢɦɟɧɬɚ   5 ɛɚɥɥɨɜ 

ȼɵɯɨɞ BaO2  2H2O2 (ɪɟɡɭɥɶɬɚɬ ɷɤɫɩɟɪɢɦɟɧɬɚ)   20 ɛɚɥɥɨɜ 

(ɛɨɥɟɟ 90 % – 20 ɛɚɥɥɨɜ; ɛɚɥɥɵ ɡɚ ɜɵɯɨɞ ɦɟɧɟɟ 90 % ɜɵɫɬɚɜɥɹɸɬɫɹ ɢɡ ɪɚɫɱɟɬɚ 

ɜɵɯɨɞ (ɜ %) / 4,5 ɢ ɨɤɪɭɝɥɟɧɧɵɣ ɞɨ ɩɨɥɭɰɟɥɨɝɨ ɡɧɚɱɟɧɢɹ, 
ɧɨ ɜ ɰɟɥɨɦ ɡɚ ɷɬɨɬ ɪɚɡɞɟɥ – ɧɟ ɦɟɧɟɟ 7 ɛɚɥɥɨɜ) 

ȼɫɟɝɨ   50 ɛɚɥɥɨɜ 
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Ⱦɟɫɹɬɵɣ ɤɥɚɫɫ 

(Ⱥɜɬɨɪɵ: Ʉ.Ⱥ. Ʉɨɜɚɥɟɧɤɨ, Ɇ.Ⱥ. ɂɥɶɢɧ) 
1. ɍɪɚɜɧɟɧɢɟ ɪɟɚɤɰɢɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ KI ɢ KMnO4 ɜ ɜɨɞɧɨɦ ɪɚɫɬɜɨɪɟ: 

KI + 2KMnO4 + H2O  t  KIO3 + 2MnO2 + 2KOH. 

2. Ɋɚɫɫɱɢɬɚɟɦ ɤɨɥɢɱɟɫɬɜɚ ɜɟɳɟɫɬɜ-ɪɟɚɝɟɧɬɨɜ, ɜɡɹɬɵɯ ɞɥɹ ɫɢɧɬɟɡɚ: 
(KI) = 0,75 / 166 = 4,5  10

3
 ɦɨɥɶ; 

(KMnO4) = 1,5 / 158 = 9,5  10
3

 ɦɨɥɶ. 
ɍɱɢɬɵɜɚɹ ɫɬɟɯɢɨɦɟɬɪɢɱɟɫɤɢɟ ɫɨɨɬɧɨɲɟɧɢɹ ɪɟɚɝɟɧɬɨɜ ɜ ɭɪɚɜɧɟɧɢɢ ɪɟɚɤɰɢɢ 

ɩɨɥɭɱɟɧɢɹ KIO3, ɦɨɠɧɨ ɡɚɤɥɸɱɢɬɶ, ɱɬɨ ɜ ɧɟɞɨɫɬɚɬɤɟ ɧɚɯɨɞɢɬɫɹ KI, ɚ KMnO4 

ɜɡɹɬ ɜ ɢɡɛɵɬɤɟ. Ɇɚɤɫɢɦɚɥɶɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɩɨɥɭɱɚɟɦɨɝɨ KIO3 ɫɨɫɬɚɜɥɹɟɬ 
4,5  10

3
 ɦɨɥɶ, ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ 4,5  10

3
  214 = 1,0 ɝ. 

ȼɵɯɨɞ ɩɨɥɭɱɟɧɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 

%.100
1,0

m
%100

m

m
)(KIO

аяɩɪаɤɬичеɫɤ

ɤаяɬеɨɪеɬичеɫ

аяɩɪаɤɬичеɫɤ
3   

3. Эɬɢɥɨɜɵɣ ɫɩɢɪɬ ɜ ɤɨɧɰɟ ɫɢɧɬɟɡɚ ɞɨɛɚɜɥɹɥɢ ɞɥɹ ɬɨɝɨ, ɱɬɨɛɵ 
ɜɨɫɫɬɚɧɨɜɢɬɶ ɢɡɛɵɬɨɱɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɩɟɪɦɚɧɝɚɧɚɬ-ɢɨɧɨɜ (ɢɥɢ ɦɚɧɝɚɧɚɬ-ɢɨɧɨɜ, 
ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɬɚɤɠɟ ɨɛɪɚɡɨɜɚɬɶɫɹ ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ ɪɟɚɤɰɢɢ) ɢ ɨɫɚɞɢɬɶ ɜɟɫɶ 
ɦɚɪɝɚɧɟɰ ɢɡ ɪɚɫɬɜɨɪɚ ɜ ɜɢɞɟ MnO2: 

4KMnO4 + 3C2H5OH  4MnO2 + 3CH3COOK + KOH + 4H2O 

(ɢɥɢ βK2MnO4 + C2H5OH  2MnO2 + CH3COOK + 3KOH). 

4. ɍɪɚɜɧɟɧɢɹ ɩɪɢɜɟɞɟɧɧɵɯ ɪɟɚɤɰɢɣ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɯ ɫɜɨɣɫɬɜɚ 
ɩɨɥɭɱɟɧɧɨɝɨ ɢɨɞɚɬɚ ɤɚɥɢɹ: 

ɚ) KIO3 + 5KI + 3H2SO4  3I2 + 3K2SO4 + 3H2O; 

ɛ) KIO3 ɬɜ. + 6HClɤɨɧɰ.  K[ICl4] + Cl2 + 3H2O; 

ɜ) 2KIO3 + 12HClɤɨɧɰ.  t  I2 + 5Cl2 + 2KCl + 6H2O; 

ɝ) 2KIO3 ɬɜ.  t  2KI + 3O2. 

5. ɍɪɚɜɧɟɧɢɟ ɪɟɚɤɰɢɢ Ʌɚɧɞɨɥɶɬɚ ɜ ɢɨɧɧɨɦ ɜɢɞɟ: 
2IO3

−
 + 5SO3

β−
 + 2H

+
  I2 + 5SO4

β−
 + H2O. 

Ʉɚɬɚɥɢɡɚɬɨɪɨɦ ɷɬɨɣ ɪɟɚɤɰɢɢ, ɤɚɤ ɛɵɥɨ ɨɬɦɟɱɟɧɨ ɜ ɡɚɞɚɧɢɢ, ɹɜɥɹɟɬɫɹ ɢɨɞ, 
ɤɨɬɨɪɵɣ ɨɤɢɫɥɹɟɬ ɫɭɥɶɮɢɬ-ɢɨɧ: 

I2 + SO3
β−

 + H2O = 2I
−
 + SO4

β−
 + 2H

+
, 

ɚ ɢɨɞɢɞ-ɢɨɧ, ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɜɨɫɫɬɚɧɚɜɥɢɜɚɟɬ ɢɨɞɚɬ-ɢɨɧ: 
IO3

−
 + 5I

−
 + 6H

+
 = 3I2 + 3H2O. 

6. Ɋɟɚɤɰɢɹ Ʌɚɧɞɨɥɶɬɚ ɧɟ ɦɨɠɟɬ ɹɜɥɹɬɶɫɹ ɷɥɟɦɟɧɬɚɪɧɨɣ ɪɟɚɤɰɢɟɣ, 
ɩɨɫɤɨɥɶɤɭ ɫɬɟɯɢɨɦɟɬɪɢɱɟɫɤɨɟ ɨɬɧɨɲɟɧɢɟ ɢɨɞɚɬɚ ɤ ɫɭɥɶɮɢɬɭ β : 5, ɚ 
ɦɨɥɟɤɭɥɹɪɧɨɫɬɶ ɪɟɚɤɰɢɢ (ɬ.ɟ. ɩɨɪɹɞɨɤ ɷɥɟɦɟɧɬɚɪɧɨɝɨ ɚɤɬɚ ɯɢɦɢɱɟɫɤɨɝɨ 
ɩɪɟɜɪɚɳɟɧɢɹ) ɧɟ ɦɨɠɟɬ ɩɪɟɜɵɲɚɬɶ γ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɪɟɚɤɰɢɹ ɩɪɨɬɟɤɚɟɬ ɩɨ 
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ɫɥɨɠɧɨɦɭ ɦɟɯɚɧɢɡɦɭ ɜ ɧɟɫɤɨɥɶɤɨ ɫɬɚɞɢɣ. 
7. Ɉɠɢɞɚɟɦɵɟ ɜɪɟɦɟɧɚ ɩɨɹɜɥɟɧɢɹ ɨɤɪɚɫɤɢ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ 

ɪɟɤɨɦɟɧɞɭɟɦɵɯ ɪɚɫɬɜɨɪɨɜ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ: 

№
 

ɨɩ
ɵ

ɬɚ
 ȼ ɫɬɚɤɚɧ ɨɛɴɟɦɨɦ 

100 ɦɥ 

ȼ ɫɬɚɤɚɧ 
ɨɛɴɟɦɨɦ 

50 ɦɥ 

Ʉɨɧɟɱɧɵɟ 
ɤɨɧɰɟɧɬɪɚɰɢɢ 

(ɩɨɫɥɟ ɫɦɟɲɟɧɢɹ 
ɪɚɫɬɜɨɪɨɜ) 

ȼɪɟɦɹ 
ɢɧɞɭɤɰɢɢ 

(), 
ɫɟɤɭɧɞɵ 

V(KIO3), ɦɥ 
V(H2O), 

ɦɥ 

V(Na2SO3), 

ɦɥ 

C(KIO3), 

Ɇ 

C(Na2SO3), 

Ɇ 

1 
40 

(4 ɚɥɢɤɜɨɬɵ) 0 10 3,0  103
 1,0  103

 17,7 

2 
30 

(3 ɚɥɢɤɜɨɬɵ) 10 10 2,2  103
 1,0  103

 32,9 

3 
20 

(2 ɚɥɢɤɜɨɬɵ) 20 10 1,5  103
 1,0  103

 70,8 

8. ɋɨɝɥɚɫɧɨ ɡɚɤɨɧɭ ɞɟɣɫɬɜɢɹ ɦɚɫɫ, ɫɤɨɪɨɫɬɶ ɪɟɚɤɰɢɢ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚ 
ɤɨɧɰɟɧɬɪɚɰɢɹɦ ɪɟɚɝɢɪɭɸɳɢɯ ɜɟɳɟɫɬɜ, ɜɡɹɬɵɯ ɜ ɫɬɟɩɟɧɶ ɩɨɪɹɞɤɚ ɩɨ ɷɬɨɦɭ 
ɤɨɦɩɨɧɟɧɬɭ: 

),SO()IO( 2

33

  ba CCkv  

ɝɞɟ k – ɤɨɧɫɬɚɧɬɚ ɫɤɨɪɨɫɬɢ ɯɢɦɢɱɟɫɤɨɣ ɪɟɚɤɰɢɢ, 
a – ɩɨɪɹɞɨɤ ɪɟɚɤɰɢɢ ɩɨ ɢɨɞɚɬ-ɢɨɧɭ, 
b – ɩɨɪɹɞɨɤ ɪɟɚɤɰɢɢ ɩɨ ɫɭɥɶɮɢɬ-ɢɨɧɭ. 

ɉɨɫɤɨɥɶɤɭ ɤɨɧɰɟɧɬɪɚɰɢɹ ɫɭɥɶɮɢɬɚ ɧɟ ɢɡɦɟɧɹɥɚɫɶ ɜ ɯɨɞɟ ɷɤɫɩɟɪɢɦɟɧɬɨɜ, 
ɩɪɢ ɥɨɝɚɪɢɮɦɢɪɨɜɚɧɢɢ ɞɚɧɧɨɝɨ ɭɪɚɜɧɟɧɢɹ ɩɨɥɭɱɚɟɦ: 

axconstyCaCkv b   ))IO(lg())SO(lg()/1lg(~lg 3

2

3 . 

ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɬɚɧɝɟɧɫ ɭɝɥɚ ɧɚɤɥɨɧɚ ɩɪɹɦɨɣ ɪɚɜɟɧ ɩɨɪɹɞɤɭ a ɩɨ ɢɨɞɚɬ-ɢɨɧɭ. 
Ɂɚɜɢɫɢɦɨɫɬɶ lg[1/Ж ɨɬ lg[C(KIO3)Ж, ɩɨɥɭɱɟɧɧɚɹ ɞɥɹ ɭɤɚɡɚɧɧɵɯ ɜ ɩɭɧɤɬɟ 7 

ɡɧɚɱɟɧɢɣ, ɩɪɢɜɟɞɟɧɚ ɧɢɠɟ. 
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Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɨɪɹɞɨɤ ɪɟɚɤɰɢɢ ɩɨ ɢɨɞɚɬ-ɢɨɧɭ ɪɚɜɟɧ β,0. 
 

ɋɢɫɬɟɦɚ ɨɰɟɧɢɜɚɧɢɹ: 
1. ɍɪɚɜɧɟɧɢɟ ɪɟɚɤɰɢɢ ɩɨɥɭɱɟɧɢɹ KIO3  1 ɛɚɥɥ 

2. Ɋɚɫɱɟɬ ɬɟɨɪɟɬɢɱɟɫɤɨɣ ɦɚɫɫɵ ɢ ɜɵɯɨɞɚ ɩɪɨɞɭɤɬɚ   3 ɛɚɥɥɚ 

3. Ɉɛɴɹɫɧɟɧɢɟ ɞɨɛɚɜɥɟɧɢɹ ɷɬɚɧɨɥɚ ɫ ɭɪɚɜɧɟɧɢɟɦ ɪɟɚɤɰɢɢ   1 + 1 = 2 

ɛɚɥɥɚ 

4. ɍɪɚɜɧɟɧɢɹ ɪɟɚɤɰɢɣ   1 ɛ.  4 = 4 

ɛɚɥɥɚ 

ȼɵɯɨɞ KIO3 (ɪɟɡɭɥɶɬɚɬ ɷɤɫɩɟɪɢɦɟɧɬɚ ɜ ɱɚɫɬɢ 1)   20 ɛɚɥɥɨɜ 

(ɛɨɥɟɟ 50 % – 20 ɛɚɥɥɨɜ; ɛɚɥɥɵ ɡɚ ɜɵɯɨɞ ɦɟɧɟɟ 50 % ɜɵɫɬɚɜɥɹɸɬɫɹ ɢɡ ɪɚɫɱɟɬɚ 

ɨɰɟɧɤɚ = ɜɵɯɨɞ (ɜ %) / 2,5, ɨɤɪɭɝɥɟɧɧɚɹ ɞɨ ɩɨɥɭɰɟɥɨɝɨ ɡɧɚɱɟɧɢɹ, 
ɧɨ ɜ ɰɟɥɨɦ ɡɚ ɷɬɨɬ ɪɚɡɞɟɥ – ɧɟ ɦɟɧɟɟ 5 ɛɚɥɥɨɜ) 

5. ɍɪɚɜɧɟɧɢɟ ɪɟɚɤɰɢɢ Ʌɚɧɞɨɥɶɬɚ   1 ɛɚɥɥ 

6. Ɉɛɴɹɫɧɟɧɢɟ "ɧɟɷɥɟɦɟɧɬɚɪɧɨɫɬɢ" ɪɟɚɤɰɢɢ   1 ɛɚɥɥ 

7. Ɂɚɩɨɥɧɟɧɢɟ ɩɪɨɩɭɫɤɨɜ ɜ ɬɚɛɥɢɰɟ   0,5 ɛ.  9 = 

4,5 ɛɚɥɥɚ 

8. ɉɨɫɬɪɨɟɧɢɟ ɝɪɚɮɢɤɚ ɩɨ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦ ɬɨɱɤɚɦ   2 ɛɚɥɥɚ 

Ɋɚɫɱɟɬ ɩɨɪɹɞɤɚ ɩɨ ɤɨɦɩɨɧɟɧɬɭ   1,5 ɛɚɥɥɚ 

Ɂɧɚɱɟɧɢɟ ɩɨɪɹɞɤɚ (ɪɟɡɭɥɶɬɚɬ ɷɤɫɩɟɪɢɦɟɧɬɚ ɜ ɱɚɫɬɢ 2)   10 ɛɚɥɥɨɜ 

(ɨɬɥɢɱɢɟ ɧɟ ɛɨɥɟɟ 5 % (ɢɧɬɟɪɜɚɥ 1,9-2,1) – 10 ɛɚɥɥɨɜ; 
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ɨɬɥɢɱɢɟ ɧɟ ɛɨɥɟɟ 10 % (ɢɧɬɟɪɜɚɥ 1,8-2,2) – 9 ɛɚɥɥɨɜ; 
ɨɬɥɢɱɢɟ ɧɟ ɛɨɥɟɟ 15 % (ɢɧɬɟɪɜɚɥ 1,7-2,3) – 8 ɛɚɥɥɨɜ; 
ɨɬɥɢɱɢɟ ɧɟ ɛɨɥɟɟ 20 % (ɢɧɬɟɪɜɚɥ 1,6-2,4) – 7 ɛɚɥɥɨɜ; 
ɨɬɥɢɱɢɟ ɧɟ ɛɨɥɟɟ 25 % (ɢɧɬɟɪɜɚɥ 1,5-2,5) – 6 ɛɚɥɥɨɜ); 
ɨɬɥɢɱɢɟ ɛɨɥɟɟ 25 % (ɧɟ ɭɤɥɚɞɵɜɚɟɬɫɹ ɜ ɢɧɬɟɪɜɚɥ 1,5-2,5) – 5 ɛɚɥɥɨɜ. 

ȼɫɟɝɨ   50 ɛɚɥɥɨɜ 
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Ɉɞɢɧɧɚɞɰɚɬɵɣ ɤɥɚɫɫ 

 (Ⱥɜɬɨɪɵ: ȼ.ɇ. Ʉɨɧɟɜ, Ɇ.Ⱥ. ɂɥɶɢɧ, Ⱦ.Ⱥ. Ɇɨɪɨɡɨɜ) 
1. ɋɬɪɭɤɬɭɪɧɵɟ ɮɨɪɦɭɥɵ ɭɩɨɦɹɧɭɬɵɯ ɮɟɧɨɥɨɜ: 

OH
OH

OH

NO2

NO21-ɧɚɮɬɨɥ 2-ɧɚɮɬɨɥ
2,4-ɞɢɧɢɬɪɨɮɟɧɨɥ . 

2. ɍɪɚɜɧɟɧɢɹ ɪɟɚɤɰɢɣ: 

H
2
N SO3H + NaOH H

2
N SO3 Na + H2O

, 

 

NH2

Na O3S

+ NaNO2 + 2HCl + NaCl + 2H2O

N2 Cl

Na O3S . 

3. ɋɪɟɞɢ ɭɩɨɦɹɧɭɬɵɯ ɮɟɧɨɥɨɜ (1-ɧɚɮɬɨɥ, β-ɧɚɮɬɨɥ ɢɥɢ β,4-ɞɢɧɢɬɪɨɮɟɧɨɥ) 
ɧɟ ɜɫɬɭɩɚɟɬ ɜ ɪɟɚɤɰɢɸ ɚɡɨɫɨɱɟɬɚɧɢɹ β,4-ɞɢɧɢɬɪɨɮɟɧɨɥ. Эɬɨ ɫɜɹɡɚɧɨ ɫ ɬɟɦ, ɱɬɨ 
ɫɨɥɢ ɞɢɚɡɨɧɢɹ ɹɜɥɹɸɬɫɹ ɫɥɚɛɵɦɢ ɷɥɟɤɬɪɨɮɢɥɚɦɢ ɢ ɪɟɚɝɢɪɭɸɬ ɬɨɥɶɤɨ ɫ 
ɫɨɟɞɢɧɟɧɢɹɦɢ, ɢɦɟɸɳɢɦɢ ɜ ɛɟɧɡɨɥɶɧɨɦ ɤɨɥɶɰɟ ɞɨɧɨɪɧɵɟ ɝɪɭɩɩɵ. Ɇɨɥɟɤɭɥɚ 
2,4-ɞɢɧɢɬɪɨɮɟɧɨɥɚ ɫɢɥɶɧɨ ɞɟɡɚɤɬɢɜɢɪɨɜɚɧɚ ɞɜɭɦɹ ɧɢɬɪɨ-ɝɪɭɩɩɚɦɢ, 
ɨɛɥɚɞɚɸɳɢɦɢ ɫɢɥɶɧɵɦɢ Ɇ ɢ I (ɨɬɪɢɰɚɬɟɥɶɧɵɟ ɦɟɡɨɦɟɪɧɵɣ ɢ ɢɧɞɭɤɬɢɜɧɵɣ 
ɷɮɮɟɤɬɵ). 

4. ɋɬɪɭɤɬɭɪɧɵɟ ɮɨɪɦɭɥɵ ɩɪɨɞɭɤɬɨɜ ɪɟɚɤɰɢɢ ɚɡɨɫɨɱɟɬɚɧɢɹ ɞɥɹ - ɢ 
-ɧɚɮɬɨɥɨɜ: 

HO NN

SO3 Na

NN

SO3 Na

OH

 
5. Ɋɚɫɫɱɢɬɚɟɦ ɤɨɥɢɱɟɫɬɜɚ ɫɭɥɶɮɚɧɢɥɨɜɨɣ ɤɢɫɥɨɬɵ, ɜɡɹɬɨɣ ɞɥɹ ɫɢɧɬɟɡɚ: 

(ɋ6H7NSO3) = 0,6 / 173 = 3,5  10
3

 ɦɨɥɶ. 
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Ʉɨɥɢɱɟɫɬɜɨ ɧɚɮɬɨɥɚ ɫɨɫɬɚɜɥɹɟɬ γ,5  10
3

 ɦɨɥɶ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɜ ɪɟɡɭɥɶɬɚɬɟ 
ɪɟɚɤɰɢɢ ɚɡɨɫɨɱɟɬɚɧɢɹ ɦɵ ɞɨɥɠɧɵ ɩɨɥɭɱɢɬɶ γ,5  10

3
 ɦɨɥɶ ɚɡɨɤɪɚɫɢɬɟɥɹ. Ɍɨɝɞɚ 

ɦɚɤɫɢɦɚɥɶɧɚɹ ɦɚɫɫɚ ɚɦɢɧɨɧɚɮɬɨɥɚ, ɤɨɬɨɪɭɸ ɬɟɨɪɟɬɢɱɟɫɤɢ ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɜ 
ɩɪɨɜɟɞɟɧɧɨɦ ɫɢɧɬɟɡɟ, ɫɨɫɬɚɜɥɹɟɬ γ,5  10

3
  159 = 0,6 ɝ. 

6. ȼɵɯɨɞ ɩɨɥɭɱɟɧɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 

%.100
0,6

m
%100

m

m
ɨɥа)(аɦиɧɨɧафɬ аяɩɪаɤɬичеɫɤ

ɤаяɬеɨɪеɬичеɫ

аяɩɪаɤɬичеɫɤ   

7. ɇɚ ɨɫɧɨɜɚɧɢɢ ɞɚɧɧɵɯ ɂɄ-ɫɩɟɤɬɪɨɫɤɨɩɢɢ ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ ɨ ɬɨɦ, 
ɱɬɨ ɛɵɥ ɜɵɞɚɧ β-ɧɚɮɬɨɥ, ɚ ɜ ɤɚɱɟɫɬɜɟ ɩɪɨɞɭɤɬɚ ɫɢɧɬɟɡɚ ɩɨɥɭɱɟɧ 
1-ɚɦɢɧɨ-2-ɧɚɮɬɨɥ: 

OH

NH2

. 

 

 

ɋɢɫɬɟɦɚ ɨɰɟɧɢɜɚɧɢɹ: 
1. ɋɬɪɭɤɬɭɪɧɵɟ ɮɨɪɦɭɥɵ ɮɟɧɨɥɨɜ   1 ɛ.  3 = 3 

ɛɚɥɥɚ 

2. ɍɪɚɜɧɟɧɢɹ ɪɟɚɤɰɢɣ   2 ɛ.  2 = 4 

ɛɚɥɥɚ 

3. ȼɵɛɨɪ ɮɟɧɨɥɚ, ɧɟ ɜɫɬɭɩɚɸɳɟɝɨ ɜ ɚɡɨɫɨɱɟɬɚɧɢɟ (ɫ ɨɛɨɫɧɨɜɚɧɢɟɦ)   2 ɛɚɥɥɚ 

4. ɋɬɪɭɤɬɭɪɧɵɟ ɮɨɪɦɭɥɵ ɞɜɭɯ ɚɡɨɫɨɟɞɢɧɟɧɢɣ   1 ɛ.  2 = 2 

ɛɚɥɥɚ 

5. Ɋɚɫɱɟɬ ɬɟɨɪɟɬɢɱɟɫɤɨɣ ɦɚɫɫɵ ɩɪɨɞɭɤɬɚ   2 ɛɚɥɥɚ 

6. Ɋɚɫɱɟɬ ɜɵɯɨɞɚ ɩɪɨɞɭɤɬɚ   1 ɛɚɥɥ 

ȼɵɯɨɞ ɚɦɢɧɨɧɚɮɬɨɥɚ (ɪɟɡɭɥɶɬɚɬ ɷɤɫɩɟɪɢɦɟɧɬɚ ɜ ɱɚɫɬɢ 3)   30 ɛɚɥɥɨɜ 

(ɛɨɥɟɟ 60 % – 30 ɛɚɥɥɨɜ; ɛɚɥɥɵ ɡɚ ɜɵɯɨɞ ɦɟɧɟɟ 60 % ɜɵɫɬɚɜɥɹɸɬɫɹ ɢɡ ɪɚɫɱɟɬɚ 

ɜɵɯɨɞ (ɜ %) / 2 ɢ ɨɤɪɭɝɥɹɸɬɫɹ ɞɨ ɩɨɥɭɰɟɥɨɝɨ ɡɧɚɱɟɧɢɹ, 
ɧɨ ɜ ɰɟɥɨɦ ɡɚ ɷɬɨɬ ɪɚɡɞɟɥ – ɧɟ ɦɟɧɟɟ 5 ɛɚɥɥɨɜ) 
ȿɫɥɢ ɂɄ-ɫɩɟɤɬɪ ɩɪɨɞɭɤɬɚ ɫɨɜɫɟɦ ɧɟ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɷɬɚɥɨɧɧɨɦɭ ɫɩɟɤɬɪɭ 

(ɬ.ɟ. ɩɨɥɭɱɟɧɨ ɞɪɭɝɨɟ ɜɟɳɟɫɬɜɨ) ɛɚɥɥɵ ɡɚ ɜɵɯɨɞ ɞɟɥɹɬɫɹ ɧɚ 5. 

7. ɋɪɚɜɧɟɧɢɟ ɂɄ-ɫɩɟɤɬɪɚ ɩɪɨɞɭɤɬɚ ɢ ɜɟɪɧɵɣ ɜɵɛɨɪ ɚɦɢɧɨɮɟɧɨɥɚ   1 ɛɚɥɥ 

ɋɬɪɭɤɬɭɪɧɚɹ ɮɨɪɦɭɥɚ ɩɪɨɞɭɤɬɚ   1 ɛɚɥɥ 

ɑɢɫɬɨɬɚ ɩɨɥɭɱɟɧɧɨɝɨ ɚɦɢɧɨɮɟɧɨɥɚ ɩɨ ɞɚɧɧɵɦ ɂɄ-ɫɩɟɤɬɪɨɫɤɨɩɢɢ   2 ɛɚɥɥɚ 

(ɩɨɥɧɨɟ ɫɨɨɬɜɟɬɫɬɜɢɟ ɫɩɟɤɬɪɚ ɷɬɚɥɨɧɭ – 2 ɛɚɥɥɚ; 
ɧɚɥɢɱɢɟ ɥɢɲɧɢɯ 1-2 ɩɨɥɨɫ – 1 ɛɚɥɥ) 

8. Ɍɟɯɧɢɤɚ ɷɤɫɩɟɪɢɦɟɧɬɚ   2 ɛɚɥɥɚ 

ȼɫɟɝɨ   50 ɛɚɥɥɨɜ 


