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ɉɪɨɝɪɚɦɦɚ Ɇɟɠɞɭɧɚɪɨɞɧɨɣ Ɉɥɢɦɩɢɚɞɵ ɩɨ ɏɢɦɢɢ 
 
ɍɪɨɜɟɧɶ 1: ɷɬɢ ɬɟɦɵ ɜɤɥɸɱɟɧɵ ɜ ɩɨɞɚɜɥɹɸɳɟɟ ɛɨɥɶɲɢɧɫɬɜɨ ɲɤɨɥɶɧɵɯ ɩɪɨɝɪɚɦɦ ɢ ɧɟ ɞɨɥɠɧɵ ɛɵɬɶ 

ɭɤɚɡɚɧɵ ɜ ɬɪɟɧɢɪɨɜɨɱɧɨɦ ɤɨɦɩɥɟɤɬɟ. 
ɍɪɨɜɟɧɶ 2: ɷɬɢ ɬɟɦɵ ɜɤɥɸɱɟɧɵ ɜɨ ɦɧɨɝɢɟ ɲɤɨɥɶɧɵɟ ɩɪɨɝɪɚɦɦɵ ɢ ɦɨɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ ɛɟɡ ɭɤɚ-

ɡɚɧɢɹ ɜ ɬɪɟɧɢɪɨɜɨɱɧɨɦ ɤɨɦɩɥɟɤɬɟ. 
ɍɪɨɜɟɧɶ 3: ɷɬɢ ɬɟɦɵ ɧɟ ɜɤɥɸɱɟɧɵ ɜ ɛɨɥɶɲɢɧɫɬɜɨ ɲɤɨɥɶɧɵɯ ɩɪɨɝɪɚɦɦ ɢ ɦɨɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ 

ɬɨɥɶɤɨ ɩɪɢ ɭɫɥɨɜɢɢ, ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɩɪɢɦɟɪɵ ɩɪɢɜɟɞɟɧɵ ɜ ɬɪɟɧɢɪɨɜɨɱɧɨɦ ɤɨɦɩɥɟɤ-
ɬɟ. 

 

1. ɋɌɊɈȿɇɂȿ ȺɌɈɆȺ 
 
1.1. ȼɜɟɞɟɧɢɟ 

1.1.1 ɉɨɞɫɱɟɬ ɱɢɫɥɚ ɧɭɤɥɨɧɨɜ 1 
1.1.2 ɂɡɨɬɨɩɵ 1 
 
1.2. Ⱥɬɨɦ ɜɨɞɨɪɨɞɚ 

1.2.1 ɉɨɧɹɬɢɟ ɨɛ ɭɪɨɜɧɹɯ ɷɧɟɪɝɢɢ 1 
1.2.2 Ɏɨɪɦɚ s-ɨɪɛɢɬɚɥɟɣ 1 
1.2.3 Ɏɨɪɦɚ ɢ ɨɪɢɟɧɬɚɰɢɹ p-ɨɪɛɢɬɚɥɟɣ 1 
1.2.4 Ɏɨɪɦɚ ɢ ɨɪɢɟɧɬɚɰɢɹ 
 d-ɨɪɛɢɬɚɥɟɣ 3 

1.2.5 ɉɪɨɫɬɟɣɲɟɟ ɭɪɚɜɧɟɧɢɟ 
 ɒɪɟɞɢɧɝɟɪɚ 3 
1.2.6 Ʉɜɚɞɪɚɬ ɦɨɞɭɥɹ ɜɨɥɧɨɜɨɣ 
 ɮɭɧɤɰɢɢ ɢ ɜɟɪɨɹɬɧɨɫɬɶ 3 
1.2.7 Ʉɜɚɧɬɨɜɵɟ ɱɢɫɥɚ n, l, ml 3 
 
1.3. Ɋɚɞɢɨɚɤɬɢɜɧɨɫɬɶ 

1.3.1 Ɍɢɩɵ ɪɚɞɢɨɚɤɬɢɜɧɨɫɬɢ 1 
1.3.2 Ɋɚɞɢɨɚɤɬɢɜɧɵɣ ɪɚɫɩɚɞ 1 
1.3.3 əɞɟɪɧɵɟ ɪɟɚɤɰɢɢ 2 
 

 

2. ɏɂɆɂɑȿɋɄȺə ɋȼəɁɖ 
 
 
2.1. Ɍɟɨɪɢɹ ɈɗɉȼɈ – ɫɬɪɭɤɬɭɪɵ ɫ 

2.1.1 ɱɟɬɵɪɶɦɹ ɢɥɢ ɦɟɧɟɟ ɷɥɟɤɬɪɨɧɧɵɦɢ 
 ɩɚɪɚɦɢ ɰɟɧɬɪɚɥɶɧɨɝɨ ɚɬɨɦɚ 1 
2.1.2 ɰɟɧɬɪɚɥɶɧɵɦ ɚɬɨɦɨɦ, ɧɚɪɭɲɚɸɳɢɦ 
 "ɩɪɚɜɢɥɨ ɨɤɬɟɬɚ" 3 
 
2.2. Ⱦɟɥɨɤɚɥɢɡɚɰɢɹ ɢ ɪɟɡɨɧɚɧɫ 3 

 
2.3. Ɍɟɨɪɢɹ ɝɢɛɪɢɞɢɡɚɰɢɢ ɨɪɛɢɬɚɥɟɣ 3 

 
2.4. Ɍɟɨɪɢɹ ɦɨɥɟɤɭɥɹɪɧɵɯ ɨɪɛɢɬɚɥɟɣ 

2.4.1 Ⱦɢɚɝɪɚɦɦɚ ɦɨɥɟɤɭɥɹɪɧɵɯ 
 ɨɪɛɢɬɚɥɟɣ: ɦɨɥɟɤɭɥɚ H2 3 
2.4.2 Ⱦɢɚɝɪɚɦɦɚ ɦɨɥɟɤɭɥɹɪɧɵɯ 
 ɨɪɛɢɬɚɥɟɣ: ɦɨɥɟɤɭɥɵ N2 ɢ O2  3 
2.4.3 ɉɨɪɹɞɨɤ ɫɜɹɡɢ ɜ O2, O2

+
, O2

-
 3 

2.4.4 ɇɟɫɩɚɪɟɧɧɵɟ ɷɥɟɤɬɪɨɧɵ ɢ 
 ɩɚɪɚɦɚɝɧɟɬɢɡɦ 3 
 

 

3. ɏɂɆɂɑȿɋɄɂȿ ɊȺɋɑȿɌɕ 
 

3.1.1 ɇɚɯɨɠɞɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɨɜ 1 
3.1.2 ɋɬɟɯɢɨɦɟɬɪɢɱɟɫɤɢɟ ɪɚɫɱɟɬɵ 1 
3.1.3 Ɇɚɫɫɨɜɵɟ, ɨɛɴɟɦɧɵɟ ɫɨɨɬɧɨɲɟɧɢɹ 1 

3.1.4 ɗɦɩɢɪɢɱɟɫɤɚɹ ɮɨɪɦɭɥɚ 1 
3.1.5 ɑɢɫɥɨ Ⱥɜɨɝɚɞɪɨ 1 
3.1.6 Ɋɚɫɱɟɬ ɤɨɧɰɟɧɬɪɚɰɢɣ 1 

 
4. ɁȺɄɈɇɈɆȿɊɇɈɋɌɂ ȼ ɉȿɊɂɈȾɂɑȿɋɄɈɃ ɌȺȻɅɂɐȿ 

 
4.1. ɗɥɟɤɬɪɨɧɧɵɟ ɤɨɧɮɢɝɭɪɚɰɢɢ 

4.1.1 ɉɪɢɧɰɢɩ ɡɚɩɪɟɬɚ ɉɚɭɥɢ 1 
4.1.2 ɉɪɚɜɢɥɨ ɏɭɧɞɚ 1 
4.1.3 ɗɥɟɦɟɧɬɵ ɝɥɚɜɧɵɯ ɩɨɞɝɪɭɩɩ 1 
4.1.4 ɉɟɪɟɯɨɞɧɵɟ ɦɟɬɚɥɥɵ 1 
4.1.5 Ʌɚɧɬɚɧɢɞɵ ɢ ɚɤɬɢɧɢɞɵ 3 
 
4.2. ɗɥɟɤɬɪɨɨɬɪɢɰɚɬɟɥɶɧɨɫɬɶ 1 

 
4.3. ɋɪɨɞɫɬɜɨ ɤ ɷɥɟɤɬɪɨɧɭ 2 

 

4.4. ɉɟɪɜɚɹ ɷɧɟɪɝɢɹ ɢɨɧɢɡɚɰɢɢ 1 

 

4.5. Ɋɚɞɢɭɫɵ ɚɬɨɦɨɜ 1 

 

4.6. Ɋɚɞɢɭɫɵ ɢɨɧɨɜ 1 

 

4.7. ȼɵɫɲɚɹ ɫɬɟɩɟɧɶ ɨɤɢɫɥɟɧɢɹ 1 

 

 
5. ɇȿɈɊȽȺɇɂɑȿɋɄȺə ɏɂɆɂə 

 
5.1. ȼɜɟɞɟɧɢɟ 

5.1.1 Ɂɚɤɨɧɨɦɟɪɧɨɫɬɢ ɜ ɮɢɡɢɱɟɫɤɢɯ 
 ɫɜɨɣɫɬɜɚɯ (ɝɥɚɜɧɵɟ ɩɨɞɝɪɭɩɩɵ) 

5.1.1.1 Ɍɟɦɩɟɪɚɬɭɪɚ ɩɥɚɜɥɟɧɢɹ 1 
5.1.1.2 Ɍɟɦɩɟɪɚɬɭɪɚ ɤɢɩɟɧɢɹ 1 
5.1.1.3 Ɇɟɬɚɥɥɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ 1 
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5.1.1.4 Ɇɚɝɧɢɬɧɵɟ ɫɜɨɣɫɬɜɚ 3 
5.1.1.5 ɗɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶ 2 
5.1.2 ɋɬɟɩɟɧɶ ɨɤɢɫɥɟɧɢɹ 1 
5.1.3 ɇɨɦɟɧɤɥɚɬɭɪɚ 
5.1.3.1 ɋɨɟɞɢɧɟɧɢɹ ɝɥɚɜɧɵɯ ɩɨɞɝɪɭɩɩ 1 
5.1.3.2 ɋɨɟɞɢɧɟɧɢɹ ɩɟɪɟɯɨɞɧɵɯ 
 ɦɟɬɚɥɥɨɜ 1 
5.1.3.3 ɉɪɨɫɬɵɟ ɤɨɦɩɥɟɤɫɵ ɦɟɬɚɥɥɨɜ 3 
 
5.2. Ƚɪɭɩɩɵ 1 ɢ 2 

 
5.2.1 Ɍɟɧɞɟɧɰɢɢ ɜ ɪɟɚɤɰɢɨɧɧɨɣ ɫɩɨɫɨɛ- 
 ɧɨɫɬɢ (ɛɨɥɟɟ ɬɹɠɟɥɵɟ ɷɥɟɦɟɧɬɵ 
 ɛɨɥɟɟ ɪɟɚɤɰɢɨɧɧɨɫɩɨɫɨɛɧɵ) 1 
5.2.2 ɉɪɨɞɭɤɬɵ ɪɟɚɤɰɢɣ 
5.2.2.1 c ɜɨɞɨɣ 1 
5.2.2.2 c ɝɚɥɨɝɟɧɚɦɢ 1 
5.2.2.3 c ɤɢɫɥɨɪɨɞɨɦ 2 
5.2.3 Ɉɫɧɨɜɧɨɫɬɶ ɨɤɫɢɞɨɜ 1 
5.2.4 ɋɜɨɣɫɬɜɚ ɝɢɞɪɢɞɨɜ 3 
5.2.5 Ⱦɪɭɝɢɟ ɫɨɟɞɢɧɟɧɢɹ, ɢɯ ɫɜɨɣɫɬɜɚ ɢ 
 ɫɬɟɩɟɧɢ ɨɤɢɫɥɟɧɢɹ 3 
 
5.3. Ƚɪɭɩɩɵ 13-18 ɢ ɜɨɞɨɪɨɞ 

 
5.3.1 Ȼɢɧɚɪɧɵɟ ɦɨɥɟɤɭɥɹɪɧɵɟ ɫɨɟɞɢɧɟɧɢɹ 
 ɜɨɞɨɪɨɞɚ 
5.3.1.1 Ɏɨɪɦɭɥɵ 1 
5.3.1.2 Ʉɢɫɥɨɬɧɨ-ɨɫɧɨɜɧɵɟ ɫɜɨɣɫɬɜɚ 
 CH4, NH3, H2O, H2S 1 
5.3.1.3 Ⱦɪɭɝɢɟ ɫɜɨɣɫɬɜɚ 3 
 
5.3.2 Ƚɪɭɩɩɚ 13 
5.3.2.1 ɋɬɟɩɟɧɶ ɨɤɢɫɥɟɧɢɹ ɛɨɪɚ ɢ 
 ɚɥɸɦɢɧɢɹ ɜ ɨɤɫɢɞɚɯ ɢ ɯɥɨɪɢɞɚɯ 
 ɪɚɜɧɚ +3 1 
5.3.2.2 Ʉɢɫɥɨɬɧɨ-ɨɫɧɨɜɧɵɟ ɫɜɨɣɫɬɜɚ 
 ɨɤɫɢɞɚ ɢ ɝɢɞɪɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ 2 
5.3.2.3 Ɋɟɚɤɰɢɹ ɨɤɫɢɞɚ ɛɨɪɚ(III) ɫ ɜɨɞɨɣ 3 
5.3.2.4 Ɋɟɚɤɰɢɹ ɯɥɨɪɢɞɚ ɛɨɪɚ(III) ɫ ɜɨɞɨɣ 3 
5.3.2.5 Ⱦɪɭɝɢɟ ɫɨɟɞɢɧɟɧɢɹ, ɢɯ ɫɜɨɣɫɬɜɚ 
 ɢ ɫɬɟɩɟɧɢ ɨɤɢɫɥɟɧɢɹ 3 
 
5.3.3 Ƚɪɭɩɩɚ 14 
5.3.3.1 ɋɬɟɩɟɧɶ ɨɤɢɫɥɟɧɢɹ ɤɪɟɦɧɢɹ ɜ ɟɝɨ 
 ɨɤɫɢɞɟ ɢ ɯɥɨɪɢɞɟ ɪɚɜɧɚ +4 1 
5.3.3.2 ɋɬɟɩɟɧɢ ɨɤɢɫɥɟɧɢɹ +2 ɢ +4 ɞɥɹ 
 ɭɝɥɟɪɨɞɚ, ɨɥɨɜɚ ɢ ɫɜɢɧɰɚ, ɤɢɫɥɨɬɧɨ- 
 ɨɫɧɨɜɧɵɟ ɢ ɨɤɢɫɥɢɬɟɥɶɧɨ- 
 ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɵɟ ɫɜɨɣɫɬɜɚ 
 ɨɤɫɢɞɨɜ ɢ ɯɥɨɪɢɞɨɜ 2 
5.3.3.3 Ⱦɪɭɝɢɟ ɫɨɟɞɢɧɟɧɢɹ, ɢɯ ɫɜɨɣɫɬɜɚ 
 ɢ ɫɬɟɩɟɧɢ ɨɤɢɫɥɟɧɢɹ 3 
 
5.3.4 Ƚɪɭɩɩɚ 15 
5.3.4.1 Ɉɤɫɢɞ ɢ ɯɥɨɪɢɞ ɮɨɫɮɨɪɚ(V), ɢɯ 
 ɪɟɚɤɰɢɢ ɫ ɜɨɞɨɣ 2 
5.3.4.2 Ɉɤɫɢɞ ɢ ɯɥɨɪɢɞ ɮɨɫɮɨɪɚ(III), ɢɯ 
 ɪɟɚɤɰɢɢ ɫ ɜɨɞɨɣ 2 
5.3.4.3 Ɉɤɫɢɞɵ ɚɡɨɬɚ 
 ɚ) Ɋɟɚɤɰɢɹ NO ɢ O2 ɫ ɨɛɪɚɡɨɜɚ- 
 ɧɢɟɦ NO2 1 
 ɛ) Ⱦɢɦɟɪɢɡɚɰɢɹ NO2 1 

 ɜ) Ɋɟɚɤɰɢɹ NO2 ɫ ɜɨɞɨɣ 1 
5.3.4.4 Ɉɤɢɫɥɢɬɟɥɶɧɨ-ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɵɟ 
 ɫɜɨɣɫɬɜɚ 
 ɚ) HNO3 ɢ ɧɢɬɪɚɬɨɜ 1 
 ɛ) HNO2 ɢ NH2NH2 3 
5.3.4.5 Bi(+5) ɢ Bi(+3) 3 
5.3.4.6 Ⱦɪɭɝɢɟ ɫɨɟɞɢɧɟɧɢɹ, ɢɯ ɫɜɨɣɫɬɜɚ ɢ 
 ɫɬɟɩɟɧɢ ɨɤɢɫɥɟɧɢɹ 3 
 
5.3.5 Ƚɪɭɩɩɚ 16 
5.3.5.1 ɋɬɟɩɟɧɢ ɨɤɢɫɥɟɧɢɹ ɫɟɪɵ +4 ɢ +6, 
 ɪɟɚɤɰɢɢ ɨɤɫɢɞɨɜ ɫ ɜɨɞɨɣ, 
 ɫɜɨɣɫɬɜɚ ɤɢɫɥɨɬ 1 
5.3.5.2 Ɋɟɚɤɰɢɹ ɬɢɨɫɭɥɶɮɚɬɚ ɫ I2 3 
5.3.5.3 Ⱦɪɭɝɢɟ ɫɨɟɞɢɧɟɧɢɹ, ɢɯ ɫɜɨɣɫɬɜɚ ɢ 
 ɫɬɟɩɟɧɢ ɨɤɢɫɥɟɧɢɹ 3 
 
5.3.6 Ƚɪɭɩɩɚ 17 (ɝɚɥɨɝɟɧɵ) 
5.3.6.1 Ɋɟɚɤɰɢɨɧɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɢ ɫɢɥɚ 
 ɨɤɢɫɥɢɬɟɥɟɣ ɭɛɵɜɚɸɬ ɨɬ F2 ɤ I2 1 
5.3.6.2 Ʉɢɫɥɨɬɧɨ-ɨɫɧɨɜɧɵɟ ɫɜɨɣɫɬɜɚ 
 ɝɚɥɨɝɟɧɨɜɨɞɨɪɨɞɨɜ 1 
5.3.6.3 ɋɬɟɩɟɧɶ ɨɤɢɫɥɟɧɢɹ ɮɬɨɪɚ ɜ ɟɝɨ 
 ɫɨɟɞɢɧɟɧɢɹɯ ɪɚɜɧɚ –1 1 
5.3.6.4 ɋɬɟɩɟɧɢ ɨɤɢɫɥɟɧɢɹ ɯɥɨɪɚ: –1, +1, 
 +3, +5, +7 1 
5.3.6.5 Ɇɨɧɨɹɞɟɪɧɵɟ ɨɤɫɨɚɧɢɨɧɵ ɯɥɨɪɚ 2 
5.3.6.6 Ɋɟɚɤɰɢɢ ɝɚɥɨɝɟɧɨɜ ɫ ɜɨɞɨɣ 3 
5.3.6.7 Ɋɟɚɤɰɢɢ Cl2O ɢ Cl2O7 ɫ ɜɨɞɨɣ 3 
5.3.6.8 Ⱦɪɭɝɢɟ ɫɨɟɞɢɧɟɧɢɹ, ɢɯ ɫɜɨɣɫɬɜɚ ɢ 
 ɫɬɟɩɟɧɢ ɨɤɢɫɥɟɧɢɹ 3 
 
5.3.7 Ƚɪɭɩɩɚ 18 3 
 
5.4. ɉɟɪɟɯɨɞɧɵɟ ɷɥɟɦɟɧɬɵ 

5.4.1 ɏɚɪɚɤɬɟɪɧɵɟ ɫɬɟɩɟɧɢ ɨɤɢɫɥɟɧɢɹ 
 ɩɟɪɟɯɨɞɧɵɯ ɦɟɬɚɥɥɨɜ: Cr(+2), 
 Cr(+3), Mn(+2), Mn(+4), Mn(+7), 
 Ag(+1), Fe(+2), Fe(+3), Co(+2), 
 Zn(+2), Hg(+1), Hg(+2), Cu(+1), 
 Cu(+2), Ni(+2) 1 
5.4.2 ɐɜɟɬɚ ɩɟɪɟɱɢɫɥɟɧɧɵɯ ɢɨɧɨɜ ɜ 
 ɜɨɞɧɵɯ ɪɚɫɬɜɨɪɚɯ 2 
5.4.3 Cr, Mn, Fe, Co, Ni, Zn ɪɚɫɬɜɨɪɹɸɬɫɹ 
 ɜ ɪɚɡɛɚɜɥɟɧɧɨɣ HCl, ɚ Cu, Ag, Hg – 
 ɧɟɬ 2 
5.4.4 ɉɪɨɞɭɤɬɵ ɪɚɫɬɜɨɪɟɧɢɹ – ɤɚɬɢɨɧɵ 
 M

2+
 2 

5.4.5 Cr(ɈH)3 ɢ Zn(ɈH)2 – ɚɦɮɨɬɟɪɧɵɟ, ɚ 
 ɞɪɭɝɢɟ ɨɤɫɢɞɵ ɢ ɝɢɞɪɨɤɫɢɞɵ M

2+
 – 

 ɢɦɟɸɬ ɨɫɧɨɜɧɨɣ ɯɚɪɚɤɬɟɪ 2 
5.4.6 MnO4

–
 ɢ Cr2O7

2–
 – cɢɥɶɧɵɟ 

 ɨɤɢɫɥɢɬɟɥɢ ɜ ɤɢɫɥɨɣ ɫɪɟɞɟ 1 
5.4.7 ɉɪɨɞɭɤɬɵ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ MnO4

–
 ɜ 

 ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ pH 2 
5.4.8 ȼɡɚɢɦɧɵɟ ɩɟɪɟɯɨɞɵ ɦɟɠɞɭ CrO4

2–
 ɢ 

 Cr2O7
2–

) 3 
5.4.9 Ⱦɪɭɝɢɟ ɫɨɟɞɢɧɟɧɢɹ, ɢɯ ɫɜɨɣɫɬɜɚ ɢ 
 ɫɬɟɩɟɧɢ ɨɤɢɫɥɟɧɢɹ 3 
 
5.5. Ʌɚɧɬɚɧɢɞɵ ɢ ɚɤɬɢɧɢɞɵ 3 
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5.6. ɏɢɦɢɹ ɤɨɨɪɞɢɧɚɰɢɨɧɧɵɯ ɫɨɟɞɢɧɟɧɢɣ, 

 ɜɤɥɸɱɚɹ ɫɬɟɪɟɨɯɢɦɢɸ 

5.6.1 Ɉɩɪɟɞɟɥɟɧɢɟ ɤɨɨɪɞɢɧɚɰɢɨɧɧɨɝɨ 
 ɱɢɫɥɚ 1 
5.6.2 ɋɨɫɬɚɜɥɟɧɢɟ ɭɪɚɜɧɟɧɢɣ ɤɨɦɩɥɟɤɫɨ- 
 ɨɛɪɚɡɨɜɚɧɢɹ ɩɨ ɡɚɞɚɧɧɵɦ 
 ɮɨɪɦɭɥɚɦ ɤɨɦɩɥɟɤɫɨɜ 1 
5.6.3 Ɏɨɪɦɭɥɵ ɬɢɩɢɱɧɵɯ ɤɨɦɩɥɟɤɫɧɵɯ 
 ɢɨɧɨɜ 
5.6.3.1 Ag(NH3)2

+
 1 

5.6.3.2 Ag(S2O )3

5.6.3.3 FeSCN
2
2–

 3 
2+

 3 
5.6.3.4 Cu(NH3)4

2+
 1 

5.6.3.5 Ⱦɪɭɝɢɟ ɤɨɦɩɥɟɤɫɧɵɟ ɢɨɧɵ 3 

5.6.4 Ɍɟɨɪɢɹ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɝɨ ɩɨɥɹ 
 (ɬɟɪɦɵ eg ɢ t2g, ɜɵɫɨɤɨ- ɢ ɧɢɡɤɨ- 
 ɫɩɢɧɨɜɵɟ ɤɨɦɩɥɟɤɫɵ) 3 
5.6.5 ɋɬɟɪɟɨɯɢɦɢɹ ɤɨɦɩɥɟɤɫɨɜ 
5.6.5.1 ɰɢɫ ɢ ɬɪɚɧɫ 3 
5.6.5.2 ɷɧɚɧɬɢɨɦɟɪɵ 3 
 
5.7. ɇɟɤɨɬɨɪɵɟ ɩɪɨɦɵɲɥɟɧɧɵɟ ɩɪɨɰɟɫɫɵ 

5.7.1 ɉɨɥɭɱɟɧɢɟ H2SO4 1 
5.7.2 ɉɨɥɭɱɟɧɢɟ NH3 1 
5.7.3 ɉɨɥɭɱɟɧɢɟ Na2CO3 2 
5.7.4 ɉɨɥɭɱɟɧɢɟ Cl2 ɢ NaOH 2 
5.7.5 ɉɨɥɭɱɟɧɢɟ HNO3 2 
 

 
6. ɎɂɁɂɑȿɋɄȺə ɏɂɆɂə 

 
6.1. Ƚɚɡɵ 

6.1.1 ɍɪɚɜɧɟɧɢɟ ɢɞɟɚɥɶɧɨɝɨ ɝɚɡɚ 1 
6.1.2 ɍɪɚɜɧɟɧɢɟ ȼɚɧ-ɞɟɪ-ȼɚɚɥɶɫɚ 3 
6.1.3 Ɉɩɪɟɞɟɥɟɧɢɟ ɩɚɪɰɢɚɥɶɧɨɝɨ 
 ɞɚɜɥɟɧɢɹ 2 
6.1.4 Ɂɚɤɨɧ Ⱦɚɥɶɬɨɧɚ 3 
 
6.2. Ɍɟɪɦɨɞɢɧɚɦɢɤɚ 

6.2.1 ɉɟɪɜɵɣ ɡɚɤɨɧ 
6.2.1.1 ɉɨɧɹɬɢɟ ɫɢɫɬɟɦɵ ɢ ɨɤɪɭɠɚɸɳɟɣ 
 ɫɪɟɞɵ 2 
6.2.1.2 ɗɧɟɪɝɢɹ, ɬɟɩɥɨɬɚ ɢ ɪɚɛɨɬɚ 2 
 
6.2.2 ɗɧɬɚɥɶɩɢɹ 
6.2.2.1 ɋɜɹɡɶ ɦɟɠɞɭ ɜɧɭɬɪɟɧɧɟɣ ɷɧɟɪɝɢɟɣ 
 ɢ ɷɧɬɚɥɶɩɢɟɣ 3 
6.2.2.2 Ɉɩɪɟɞɟɥɟɧɢɟ ɬɟɩɥɨɟɦɤɨɫɬɢ 2 
6.2.2.3 Ɋɚɡɧɨɫɬɶ ɦɟɠɞɭ Cp ɢ CV (ɬɨɥɶɤɨ 
 ɞɥɹ ɢɞɟɚɥɶɧɨɝɨ ɝɚɡɚ) 3 
6.2.2.4 ɗɧɬɚɥɶɩɢɹ – ɮɭɧɤɰɢɹ ɫɨɫɬɨɹɧɢɹ 
 (ɡɚɤɨɧ Ƚɟɫɫɚ) 2 
6.2.2.5 ɐɢɤɥ Ȼɨɪɧɚ-Ƚɚɛɟɪɚ ɞɥɹ ɢɨɧɧɵɯ 
 ɫɨɟɞɢɧɟɧɢɣ 3 
6.2.2.6 ɋɬɚɧɞɚɪɬɧɚɹ ɷɧɬɚɥɶɩɢɹ ɨɛɪɚ- 
 ɡɨɜɚɧɢɹ 2 
6.2.2.7 ɗɧɬɚɥɶɩɢɹ ɪɚɫɬɜɨɪɟɧɢɹ ɢ 
 ɫɨɥɶɜɚɬɚɰɢɢ 3 
6.2.2.8 ɗɧɟɪɝɢɹ ɫɜɹɡɢ (ɨɩɪɟɞɟɥɟɧɢɟ ɢ 
 ɢɫɩɨɥɶɡɨɜɚɧɢɟ) 2 
 
6.2.3 ȼɬɨɪɨɣ ɡɚɤɨɧ (ɷɧɬɪɨɩɢɹ ɢ ɷɧɟɪɝɢɹ 
 Ƚɢɛɛɫɚ) 

6.2.3.1 Ɉɩɪɟɞɟɥɟɧɢɟ ɷɧɬɪɨɩɢɢ (δQ/T) 3 
6.2.3.2 ɗɧɬɪɨɩɢɹ ɢ ɛɟɫɩɨɪɹɞɨɤ 2 
6.2.3.3 ɋɬɚɬɢɫɬɢɱɟɫɤɨɟ ɨɩɪɟɞɟɥɟɧɢɟ 
 ɷɧɬɪɨɩɢɢ (S = k ln W) 3 
6.2.3.4 Ɉɩɪɟɞɟɥɟɧɢɟ ɷɧɟɪɝɢɢ Ƚɢɛɛɫɚ 

 (∆G = ∆H – T∆S) 3 

6.2.3.5 ɂɫɩɨɥɶɡɨɜɚɧɢɟ ∆G ɞɥɹ ɨɩɪɟɞɟ- 
 ɥɟɧɢɹ ɧɚɩɪɚɜɥɟɧɢɹ ɪɟɚɤɰɢɢ 3 

6.2.3.6 ɋɜɹɡɶ ɦɟɠɞɭ ∆G° ɢ ɤɨɧɫɬɚɧɬɨɣ 
 ɪɚɜɧɨɜɟɫɢɹ K 3 
 
6.3. Ɋɚɜɧɨɜɟɫɢɟ 

6.3.1 Ʉɢɫɥɨɬɚ-ɨɫɧɨɜɚɧɢɟ 

6.3.1.1 Ɉɩɪɟɞɟɥɟɧɢɟ ɤɢɫɥɨɬ ɢ ɨɫɧɨɜɚɧɢɣ 
 ɩɨ Ⱥɪɪɟɧɢɭɫɭ 1 
6.3.1.2 Ɉɩɪɟɞɟɥɟɧɢɟ ɤɢɫɥɨɬ ɢ ɨɫɧɨɜɚɧɢɣ 
 ɩɨ Ȼɪɟɧɫɬɟɞɭ-Ʌɨɭɪɢ 1 
6.3.1.3 ɋɨɩɪɹɠɟɧɧɵɟ ɤɢɫɥɨɬɵ ɢ 
 ɨɫɧɨɜɚɧɢɹ 1 
6.3.1.4 Ɉɩɪɟɞɟɥɟɧɢɟ pH 1 
6.3.1.5 ɂɨɧɧɨɟ ɩɪɨɢɡɜɟɞɟɧɢɟ ɜɨɞɵ Kw 1 
6.3.1.6 Ka ɢ Kb – ɦɟɪɵ ɤɢɫɥɨɬɧɨɫɬɢ ɢ 
 ɨɫɧɨɜɧɨɫɬɢ 1 
6.3.1.7 Ʉɢɫɥɨɬɧɨɫɬɶ ɢ ɨɫɧɨɜɧɨɫɬɶ ɢɨɧɨɜ 1 
6.3.1.8 Ɋɚɫɱɟɬ pH ɢɡ Ka (ɞɥɹ ɫɥɚɛɵɯ 
 ɤɢɫɥɨɬ) 1 
6.3.1.9 Ɋɚɫɱɟɬ pH ɩɪɨɫɬɵɯ ɛɭɮɟɪɧɵɯ 
 ɪɚɫɬɜɨɪɨɜ 2 
 
6.3.2 Ƚɚɡɨɜɚɹ ɮɚɡɚ 
6.3.2.1 ȼɵɪɚɠɟɧɢɟ ɤɨɧɫɬɚɧɬɵ ɪɚɜɧɨɜɟɫɢɹ 
 ɱɟɪɟɡ ɩɚɪɰɢɚɥɶɧɵɟ ɞɚɜɥɟɧɢɹ 3 
6.3.2.2 ɋɜɹɡɶ ɦɟɠɞɭ Kp ɢ Kc 3 
 
6.3.3 Ɋɚɫɬɜɨɪɢɦɨɫɬɶ 
6.3.3.1 Ɉɩɪɟɞɟɥɟɧɢɟ ɉɊ 2 
6.3.3.2 Ɋɚɫɱɟɬ ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɜ ɜɨɞɟ ɩɨ 
 ɉɊ 2 
 
6.3.4 Ʉɨɦɩɥɟɤɫɧɵɟ ɪɚɜɧɨɜɟɫɢɹ 
6.3.4.1 Ɉɩɪɟɞɟɥɟɧɢɟ ɤɨɧɫɬɚɧɬɵ 
 ɭɫɬɨɣɱɢɜɨɫɬɢ 3 
6.3.4.2 Ɂɚɞɚɱɢ ɧɚ ɪɚɫɱɟɬ ɤɨɦɩɥɟɤɫɧɵɯ 
 ɪɚɜɧɨɜɟɫɢɣ 3 
6.3.4.3 Ʉɢɫɥɨɬɵ ɢ ɨɫɧɨɜɚɧɢɹ Ʌɶɸɢɫɚ 3 
6.3.4.4 ɀɟɫɬɤɢɟ ɢ ɦɹɝɤɢɟ ɤɢɫɥɨɬɵ ɢ 
 ɨɫɧɨɜɚɧɢɹ Ʌɶɸɢɫɚ 3 
 
6.3.5 Ɏɚɡɨɜɵɟ ɩɟɪɟɯɨɞɵ 
6.3.5.1 Ɍɟɦɩɟɪɚɬɭɪɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ 
 ɞɚɜɥɟɧɢɹ ɩɚɪɚ 3 
6.3.5.2 ɍɪɚɜɧɟɧɢɟ Ʉɥɚɭɡɢɭɫɚ-Ʉɥɚɩɟɣɪɨɧɚ 3 
6.3.5.3 Ɏɚɡɨɜɵɟ ɞɢɚɝɪɚɦɦɵ ɨɞɧɨ- 
 ɤɨɦɩɨɧɟɧɬɧɵɯ ɫɢɫɬɟɦ 
 ɚ) ɬɪɨɣɧɚɹ ɬɨɱɤɚ 3 
 ɛ) ɤɪɢɬɢɱɟɫɤɚɹ ɬɨɱɤɚ 3 
6.3.5.4 Ɋɚɜɧɨɜɟɫɢɟ ɠɢɞɤɨɫɬɶ-ɩɚɪ 
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 ɚ) ɢɞɟɚɥɶɧɵɟ ɢ ɧɟɢɞɟɚɥɶɧɵɟ 
  ɫɢɫɬɟɦɵ 3 
 ɛ) ɮɚɡɨɜɵɟ ɞɢɚɝɪɚɦɦɵ 3 
 ɜ) ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɩɪɢ ɞɪɨɛɧɨɣ 
  ɩɟɪɟɝɨɧɤɟ 3 
6.3.5.5 Ɂɚɤɨɧ Ƚɟɧɪɢ 3 
6.3.5.6 Ɂɚɤɨɧ Ɋɚɭɥɹ 3 
6.3.5.7 Ɉɬɤɥɨɧɟɧɢɹ ɨɬ ɡɚɤɨɧɚ Ɋɚɭɥɹ 3 
6.3.5.8 ɉɨɜɵɲɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ 
 ɤɢɩɟɧɢɹ ɪɚɫɬɜɨɪɨɜ 3 
6.3.5.9 ɉɨɧɢɠɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ 
 ɡɚɦɟɪɡɚɧɢɹ ɪɚɫɬɜɨɪɨɜ 3 
6.3.5.10 Ɉɫɦɨɬɢɱɟɫɤɨɟ ɞɚɜɥɟɧɢɟ 3 
6.3.5.11 Ʉɨɷɮɮɢɰɢɟɧɬ ɪɚɡɞɟɥɟɧɢɹ 3 
6.3.5.12 ɗɤɫɬɪɚɤɰɢɹ ɪɚɫɬɜɨɪɢɬɟɥɟɦ 3 
 
6.3.6 Ɇɧɨɠɟɫɬɜɟɧɧɵɟ ɪɚɜɧɨɜɟɫɢɹ 

6.3.6.1 Ɋɚɫɱɟɬ pH ɞɥɹ ɦɧɨɝɨɨɫɧɨɜɧɵɯ 
 ɤɢɫɥɨɬ 3 
6.3.6.2 Ɋɚɫɱɟɬ pH ɞɥɹ ɫɦɟɫɟɣ ɫɥɚɛɵɯ 
 ɤɢɫɥɨɬ 3 
 
6.4. ɗɥɟɤɬɪɨɯɢɦɢɹ 

6.4.1 ɗɥɟɤɬɪɨɞɜɢɠɭɳɚɹ ɫɢɥɚ 
 (ɨɩɪɟɞɟɥɟɧɢɟ) 1 
6.4.2 ɗɥɟɤɬɪɨɞɵ ɩɟɪɜɨɝɨ ɪɨɞɚ 1 
6.4.3 ɋɬɚɧɞɚɪɬɧɵɣ ɷɥɟɤɬɪɨɞɧɵɣ 
 ɩɨɬɟɧɰɢɚɥ 1 
6.4.4 ɍɪɚɜɧɟɧɢɟ ɇɟɪɧɫɬɚ 3 
6.4.5 ɗɥɟɤɬɪɨɞɵ ɜɬɨɪɨɝɨ ɪɨɞɚ 3 

6.4.6 ɋɨɨɬɧɨɲɟɧɢɟ ɦɟɠɞɭ ∆G ɢ 
 ɷɥɟɤɬɪɨɞɜɢɠɭɳɟɣ ɫɢɥɨɣ 3 
 

 

7. ɏɂɆɂɑȿɋɄȺə ɄɂɇȿɌɂɄȺ (ȽɈɆɈȽȿɇɇɕȿ ɊȿȺɄɐɂɂ) 
 
7.1. ȼɜɟɞɟɧɢɟ 

7.1.1 Ɏɚɤɬɨɪɵ, ɜɥɢɹɸɳɢɟ ɧɚ ɫɤɨɪɨɫɬɶ 
 ɪɟɚɤɰɢɢ 1 
7.1.2 Ʉɨɨɪɞɢɧɚɬɚ ɪɟɚɤɰɢɢ ɢ ɨɫɧɨɜɚɧɢɹ 
 ɢɞɟɹ ɬɟɨɪɢɢ ɚɤɬɢɜɢɪɨɜɚɧɧɨɝɨ 
 ɤɨɦɩɥɟɤɫɚ 1 
 
7.2. Ɂɚɤɨɧ ɞɟɣɫɬɜɭɸɳɢɯ ɦɚɫɫ 

7.2.1 Ʉɢɧɟɬɢɱɟɫɤɨɟ ɭɪɚɜɧɟɧɢɟ ɜ  
 ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɣ ɮɨɪɦɟ 2 
7.2.2 ɉɨɧɹɬɢɟ ɩɨɪɹɞɤɚ ɪɟɚɤɰɢɢ 2 
7.2.3 Ɉɩɪɟɞɟɥɟɧɢɟ ɤɨɧɫɬɚɧɬɵ ɫɤɨɪɨɫɬɢ 2 
 
7.2.4. Ɋɟɚɤɰɢɢ ɩɟɪɜɨɝɨ ɩɨɪɹɞɤɚ 
7.2.4.1 Ɂɚɜɢɫɢɦɨɫɬɶ ɤɨɧɰɟɧɬɪɚɰɢɢ ɨɬ 
 ɜɪɟɦɟɧɢ 3 
7.2.4.2 ɉɨɧɹɬɢɟ ɩɟɪɢɨɞɚ ɩɨɥɭɪɚɫɩɚɞɚ 3 
7.2.4.3 ɋɜɹɡɶ ɦɟɠɞɭ ɩɟɪɢɨɞɨɦ ɩɨɥɭ- 
 ɪɚɫɩɚɞɚ ɢ ɤɨɧɫɬɚɧɬɨɣ ɫɤɨɪɨɫɬɢ 3 
7.2.4.4 Ɋɚɫɱɟɬ ɤɨɧɫɬɚɧɬɵ ɫɤɨɪɨɫɬɢ ɩɟɪɜɨɝɨ 
 ɩɨɪɹɞɤɚ ɢɡ 

 ɚ) ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɝɨ 
     ɤɢɧɟɬɢɱɟɫɤɨɝɨ ɭɪɚɜɧɟɧɢɹ 3 
 ɛ) ɩɪɨɢɧɬɟɝɪɢɪɨɜɚɧɧɨɝɨ 
     ɤɢɧɟɬɢɱɟɫɤɨɝɨ ɭɪɚɜɧɟɧɢɹ 3 
7.2.4.5 Ʉɨɧɫɬɚɧɬɵ ɫɤɨɪɨɫɬɢ ɞɥɹ ɪɟɚɤɰɢɣ 
 ɜɬɨɪɨɝɨ ɢ ɬɪɟɬɶɟɝɨ ɩɨɪɹɞɤɚ 3 
 
7.3. Ɇɟɯɚɧɢɡɦɵ ɪɟɚɤɰɢɣ 

7.3.1 ɉɨɧɹɬɢɟ ɦɨɥɟɤɭɥɹɪɧɨɫɬɢ 3 
7.3.2 Ʌɢɦɢɬɢɪɭɸɳɚɹ ɫɬɚɞɢɹ 3 
7.3.3 Ɉɫɧɨɜɧɵɟ ɩɨɧɹɬɢɹ ɬɟɨɪɢɢ 
 ɫɬɨɥɤɧɨɜɟɧɢɣ 3 
7.3.4 Ɉɛɪɚɬɢɦɵɟ, ɩɚɪɚɥɥɟɥɶɧɵɟ ɢ 
 ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɟ ɪɟɚɤɰɢɢ 3 
 
7.3.5 ɍɪɚɜɧɟɧɢɟ Ⱥɪɪɟɧɢɭɫɚ 
7.3.5.1 Ɉɩɪɟɞɟɥɟɧɢɟ ɷɧɟɪɝɢɢ ɚɤɬɢɜɚɰɢɢ 3 
7.3.5.2 Ɋɚɫɱɟɬ ɷɧɟɪɝɢɢ ɚɤɬɢɜɚɰɢɢ 3 
 

 

8. ɋɉȿɄɌɊɈɋɄɈɉɂə 
 
8.1. ɍɎ/ɜɢɞɢɦɚɹ 

8.1.1 ɂɞɟɧɬɢɮɢɤɚɰɢɹ ɚɪɨɦɚɬɢɱɟɫɤɢɯ 
 ɫɨɟɞɢɧɟɧɢɣ 3 
8.1.2 ɂɞɟɧɬɢɮɢɤɚɰɢɹ ɯɪɨɦɨɮɨɪɨɜ 3 
8.1.3 Ʉɪɚɫɢɬɟɥɢ: ɡɚɜɢɫɢɦɨɫɬɶ ɰɜɟɬɚ 
 ɨɬ ɫɬɪɭɤɬɭɪɵ 3 
8.1.4 Ɂɚɤɨɧ Ʌɚɦɛɟɪɬɚ-Ȼɷɪɚ 3 
 
8.2. ɂɧɮɪɚɤɪɚɫɧɚɹ 
8.2.1 ɂɧɬɟɪɩɪɟɬɚɰɢɹ ɩɨ ɬɚɛɥɢɰɟ 
 ɝɪɭɩɩɨɜɵɯ ɱɚɫɬɨɬ 3 
8.2.2 Ɋɚɫɩɨɡɧɚɜɚɧɢɟ ɜɨɞɨɪɨɞɧɵɯ ɫɜɹɡɟɣ 3 
 
8.3. Ɋɟɧɬɝɟɧɨɜɫɤɨɟ ɢɡɥɭɱɟɧɢɟ 

8.3.1 Ɂɚɤɨɧ Ȼɪɷɝɝɚ 3 
 
8.3.2 Ɉɫɧɨɜɧɵɟ ɩɨɧɹɬɢɹ: 
8.3.2.1 ɤɨɨɪɞɢɧɚɰɢɨɧɧɨɟ ɱɢɫɥɨ 3 

8.3.2 ɷɥɟɦɟɧɬɚɪɧɚɹ ɹɱɟɣɤɚ 3 
 
8.3.3 ɋɬɪɭɤɬɭɪɵ: 
8.3.3.1 NaCl 3 
8.3.3.2 CsCl 3 
8.3.3.3 ɦɟɬɚɥɥɨɜ 3 
 
8.4. əɆɊ 

8.4.1 Ɉɛɳɢɟ ɩɨɧɹɬɢɹ: 
8.4.1.1 ɯɢɦɢɱɟɫɤɢɣ ɫɞɜɢɝ 3 
8.4.1.2 ɫɩɢɧ-ɫɩɢɧɨɜɨɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ 
 ɢ ɤɨɧɫɬɚɧɬɵ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ 3 
8.4.1.3 ɢɧɬɟɝɪɢɪɨɜɚɧɢɟ ɫɩɟɤɬɪɨɜ 
 
8.4.2 ɂɧɬɟɪɩɪɟɬɚɰɢɹ ɩɪɨɫɬɵɯ 1H 
 ɫɩɟɤɬɪɨɜ (ɬɢɩɚ ɷɬɢɥɨɜɨɝɨ ɫɩɢɪɬɚ) 3 
8.4.3 ɂɞɟɧɬɢɮɢɤɚɰɢɹ ɨ- ɢ ɩ-ɡɚɦɟɳɟɧɧɵɯ 
 ɛɟɧɡɨɥɨɜ 3 
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8.4.4 ɂɧɬɟɪɩɪɟɬɚɰɢɹ ɩɪɨɫɬɵɯ ɫɩɟɤɬɪɨɜ 
 əɆɊ 

13
C (ɫ ɩɪɨɬɨɧɧɨɣ ɪɚɡɜɹɡɤɨɣ) 

 ɢ ɞɪɭɝɢɯ ɹɞɟɪ ɫɨ ɫɩɢɧɨɦ 1/2 3 
 
8.5. Ɇɚɫɫ-ɫɩɟɤɬɪɨɦɟɬɪɢɹ 

8.5.1 Ɉɩɪɟɞɟɥɟɧɢɟ ɦɨɥɟɤɭɥɹɪɧɨɝɨ ɢɨɧɚ 3 

8.5.2 Ɉɩɪɟɞɟɥɟɧɢɟ ɮɪɚɝɦɟɧɬɨɜ 
 ɩɨ ɬɚɛɥɢɰɟ 3 
8.5.3 Ɉɩɪɟɞɟɥɟɧɢɟ ɬɢɩɢɱɧɨɝɨ 
 ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɢɡɨɬɨɩɨɜ 3 
 

 
9. ɈɊȽȺɇɂɑȿɋɄȺə ɏɂɆɂə 

 
9.1. ȼɜɟɞɟɧɢɟ 

9.1.1 ɇɨɦɟɧɤɥɚɬɭɪɚ ɚɥɤɚɧɨɜ (ɂɘɉȺɄ) 1 
 
9.1.2.1 Ɂɚɤɨɧɨɦɟɪɧɨɟ ɢɡɦɟɧɟɧɢɟ ɬɟɦɩɟ- 
 ɪɚɬɭɪɵ ɤɢɩɟɧɢɹ ɚɥɤɚɧɨɜ  1 
9.1.2.2 ɋɪɚɜɧɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪ ɤɢɩɟɧɢɹ 
 ɫɩɢɪɬɨɜ ɢ ɩɪɨɫɬɵɯ ɷɮɢɪɨɜ (ɪɨɥɶ 
 ɜɨɞɨɪɨɞɧɵɯ ɫɜɹɡɟɣ) 1 
 
9.1.3 Ƚɟɨɦɟɬɪɢɹ ɦɨɥɟɤɭɥ ɫ ɨɞɢɧɚɪɧɨɣ, 
 ɞɜɨɣɧɨɣ ɢ ɬɪɨɣɧɨɣ ɫɜɹɡɹɦɢ 1 
9.1.4 ɂɞɟɧɬɢɮɢɤɚɰɢɹ ɬɢɩɢɱɧɵɯ 
 ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɝɪɭɩɩ 1 
 
9.1.5 ɂɡɨɦɟɪɢɹ ɚɥɤɟɧɨɜ 
9.1.5.1 ɰɢɫ-ɬɪɚɧɫ 1 
9.1.5.2 E/Z 3 
 
9.1.6 ɗɧɚɧɬɢɨɦɟɪɵ 
9.1.6.1 Ɉɩɬɢɱɟɫɤɚɹ ɚɤɬɢɜɧɨɫɬɶ 2 
9.1.6.2 R/S ɧɨɦɟɧɤɥɚɬɭɪɚ 3 
 
9.2. Ɋɟɚɤɰɢɨɧɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ 

9.2.1 Ⱥɥɤɚɧɵ 
9.2.1.1 Ɋɟɚɤɰɢɹ c ɝɚɥɨɝɟɧɚɦɢ: 
 ɚ) ɩɪɨɞɭɤɬɵ 1 
 ɛ) ɫɜɨɛɨɞɧɨɪɚɞɢɤɚɥɶɧɵɣ 
 ɦɟɯɚɧɢɡɦ (ɡɚɪɨɠɞɟɧɢɟ / ɨɛɪɵɜ) 2 
9.2.1.2 ɐɢɤɥɨɚɥɤɚɧɵ 
 ɚ) ɇɨɦɟɧɤɥɚɬɭɪɚ 2 
 ɛ) ɇɚɩɪɹɠɟɧɢɟ ɜ ɦɚɥɵɯ ɰɢɤɥɚɯ 3 
 ɜ) Ʉɨɧɮɨɪɦɚɰɢɢ ɤɪɟɫɥɨ / ɜɚɧɧɚ 
 ɞɥɹ ɰɢɤɥɨɝɟɤɫɚɧɚ 3 
 
9.2.2 Ⱥɥɤɟɧɵ 
9.2.2.1 ɉɪɨɞɭɤɬɵ ɩɪɢɫɨɟɞɢɧɟɧɢɹ Br2, 
 HBr ɢ H2O/H

+
 1 

9.2.2.2 ɉɪɚɜɢɥɨ Ɇɚɪɤɨɜɧɢɤɨɜɚ 2 
9.2.2.3 Ʉɚɪɛɨɤɚɬɢɨɧɵ ɜ ɪɟɚɤɰɢɹɯ 
 ɩɪɢɫɨɟɞɢɧɟɧɢɹ 3 
9.2.2.4 Ɉɬɧɨɫɢɬɟɥɶɧɚɹ ɭɫɬɨɣɱɢɜɨɫɬɶ 
 ɤɚɪɛɨɤɚɬɢɨɧɨɜ 3 
9.2.2.5 1,4-ɩɪɢɫɨɟɞɢɟɧɢɟ ɤ ɚɥɤɚɞɢɟɧɚɦ 3 
 
9.2.3 Ⱥɥɤɢɧɵ 
9.2.3.1 Ʉɢɫɥɨɬɧɵɟ ɫɜɨɣɫɬɜɚ 3 
9.2.3.2 Ɋɚɡɥɢɱɢɹ ɜ ɯɢɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜɚɯ 
 ɦɟɠɞɭ ɚɥɤɟɧɚɦɢ ɢ ɚɥɤɢɧɚɦɢ 3 
 
9.2.4 Ȼɟɧɡɨɥ 
9.2.4.1 Ɏɨɪɦɭɥɚ 1 
9.2.4.2 ɋɬɚɛɢɥɢɡɚɰɢɹ ɪɟɡɨɧɚɧɫɧɵɯ 
 ɫɬɪɭɤɬɭɪ 1 

9.2.4.3 ɗɥɟɤɬɪɨɮɢɥɶɧɨɟ ɡɚɦɟɳɟɧɢɟ 
 (ɧɢɬɪɨɜɚɧɢɟ, ɝɚɥɨɝɟɧɢɪɨɜɚɧɢɟ) 
 ɚ) ȼɥɢɹɧɢɟ ɩɟɪɜɨɝɨ ɡɚɦɟɫɬɢɬɟɥɹ 
 ɧɚ ɧɚɩɪɚɜɥɟɧɢɟ ɡɚɦɟɳɟɧɢɹ 3 
 ɛ) ȼɥɢɹɧɢɟ ɩɟɪɜɨɝɨ ɡɚɦɟɫɬɢɬɟɥɹ 
 ɧɚ ɪɟɚɤɰɢɨɧɧɭɸ ɫɩɨɫɨɛɧɨɫɬɶ 3 
 ɜ) Ɉɛɴɹɫɧɟɧɢɟ ɷɮɮɟɤɬɨɜ 
 ɡɚɦɟɫɬɢɬɟɥɟɣ 3 
 
9.2.5 Ƚɚɥɨɝɟɧɢɞɵ 

9.2.5.1 ɇɨɦɟɧɤɥɚɬɭɪɚ ɦɨɧɨɝɚɥɨɝɟɧɢɞɨɜ 1 
9.2.5.2 Ɋɟɚɤɰɢɢ ɡɚɦɟɳɟɧɢɹ 
 ɚ) ɩɪɢɜɨɞɹɳɢɟ ɤ ɫɩɢɪɬɚɦ 3 
 ɛ) Ɉɛɦɟɧ ɝɚɥɨɝɟɧɚɦɢ 3 
 ɜ) ɋɪɚɜɧɢɬɟɥɶɧɚɹ ɪɟɚɤɰɢɨɧɧɚɹ 
 ɫɩɨɫɨɛɧɨɫɬɶ: 
 i) ɩɟɪɜɢɱɧɵɯ, ɜɬɨɪɢɱɧɵɯ  
 ɢ ɬɪɟɬɢɱɧɵɯ ɫɨɟɞɢɧɟɧɢɣ 3 
 ii) ɚɥɢɮɚɬɢɱɟɫɤɢɯ ɢ ɚɪɨɦɚɬɢ- 
 ɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ 3 
 ɝ) Ɇɟɯɚɧɢɡɦɵ SN1 ɢ SN2 3 
9.2.5.3 Ɋɟɚɤɰɢɢ ɷɥɢɦɢɧɢɪɨɜɚɧɢɹ 2 
9.2.5.4 Ʉɨɧɤɭɪɟɧɰɢɹ ɪɟɚɤɰɢɣ ɡɚɦɟɳɟɧɢɹ 
 ɢ ɷɥɢɦɢɧɢɪɨɜɚɧɢɹ 2 
 
9.2.6 ɋɩɢɪɬɵ 
9.2.6.1 ɇɨɦɟɧɤɥɚɬɭɪɚ ɨɞɧɨɚɬɨɦɧɵɯ 
 ɫɩɢɪɬɨɜ 1 
9.2.6.2 ɋɪɚɜɧɟɧɢɟ ɤɢɫɥɨɬɧɵɯ ɫɜɨɣɫɬɜ 
 ɫɩɢɪɬɨɜ ɢ ɮɟɧɨɥɨɜ 2 
9.2.6.3 Ⱦɟɝɢɞɪɚɬɚɰɢɹ ɞɨ ɚɥɤɟɧɨɜ 1 
9.2.6.4 ɋɥɨɠɧɵɟ ɷɮɢɪɵ ɫ ɦɢɧɟɪɚɥɶɧɵɦɢ 
 ɤɢɫɥɨɬɚɦɢ 2 
9.2.6.5 Ɋɟɚɤɰɢɢ ɨɤɢɫɥɟɧɢɹ 1 
 
9.2.7 Ⱥɥɶɞɟɝɢɞɵ ɢ ɤɟɬɨɧɵ 
9.2.7.1 ɇɨɦɟɧɤɥɚɬɭɪɚ ɦɨɧɨɮɭɧɤɰɢɨɧɚɥɶ- 
 ɧɵɯ ɫɨɟɞɢɧɟɧɢɣ 1 
9.2.7.2 Ɉɤɢɫɥɟɧɢɟ ɚɥɶɞɟɝɢɞɨɜ 1 
9.2.7.3 ȼɨɫɫɬɚɧɨɜɥɟɧɢɟ ɞɨ ɫɩɢɪɬɨɜ 
 (LiAlH4, LiBH4) 3 
9.2.7.4 Ʉɟɬɨ-ɟɧɨɥɶɧɚɹ ɬɚɭɬɨɦɟɪɢɹ 3 
9.2.7.5 Ɋɟɚɤɰɢɢ ɧɭɤɥɟɨɮɢɥɶɧɨɝɨ 
 ɩɪɢɫɨɟɞɢɧɟɧɢɹ 
 ɚ) HCN 3 
 ɛ) RNH2 (R = ɚɥɤɢɥ, HO, NH2) 3 
 ɜ) ɟɧɨɥɹɬ-ɚɧɢɨɧɨɜ (ɚɥɶɞɨɥɶɧɚɹ 
 ɤɨɧɞɟɧɫɚɰɢɹ 3 
 ɝ) ɫɩɢɪɬɨɜ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ 
 ɚɰɟɬɚɥɟɣ ɢ ɤɟɬɚɥɟɣ 3 
 ɞ) ɪɟɚɤɬɢɜɨɜ Ƚɪɢɧɶɹɪɚ 3 
 
9.2.8 Ʉɚɪɛɨɧɨɜɵɟ ɤɢɫɥɨɬɵ ɢ ɢɯ ɩɪɨɢɡɜɨɞɧɵɟ 
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9.2.8.1 ɇɨɦɟɧɤɥɚɬɭɪɚ ɤɚɪɛɨɧɨɜɵɯ ɤɢɫɥɨɬ 
 ɢ ɢɯ ɩɪɨɢɡɜɨɞɧɵɯ (ɫɥɨɠɧɵɯ 
 ɷɮɢɪɨɜ, ɝɚɥɨɝɟɧɚɧɝɢɞɪɢɞɨɜ, 
 ɚɦɢɞɨɜ 2 
9.2.8.2 ɂɧɞɭɤɬɢɜɧɵɣ ɷɮɮɟɤɬ ɢ ɫɢɥɚ 
 ɤɢɫɥɨɬ 3 
9.2.8.3 ɉɨɥɭɱɟɧɢɟ ɤɚɪɛɨɧɨɜɵɯ ɤɢɫɥɨɬ 
 ɝɢɞɪɨɥɢɡɨɦ: 
 ɚ) ɫɥɨɠɧɵɯ ɷɮɢɪɨɜ (ɠɢɪɨɜ) 1 
 ɛ) ɚɦɢɞɨɜ 2 
 ɜ) ɧɢɬɪɢɥɨɜ 3 
9.2.8.4 Ɋɟɚɤɰɢɢ ɤɚɪɛɨɧɨɜɵɯ ɤɢɫɥɨɬ 
 ɚ) ɫɨ ɫɩɢɪɬɚɦɢ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ 
 ɫɥɨɠɧɵɯ ɷɮɢɪɨɜ 1 
 ɛ) ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ 
 ɯɥɨɪɚɧɝɢɞɪɢɞɨɜ 3 
 ɜ) ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɚɧɝɢɞɪɢɞɨɜ 3 
9.2.8.5 ɉɪɟɜɪɚɳɟɧɢɟ ɯɥɨɪɚɧɝɢɞɪɢɞɨɜ 
 ɜ ɚɦɢɞɵ 3 
9.2.8.6 Ɇɟɯɚɧɢɡɦ ɷɬɟɪɢɮɢɤɚɰɢɢ 3 
9.2.8.7 Ɇɧɨɝɨɮɭɧɤɰɢɨɧɚɥɶɧɵɟ ɤɢɫɥɨɬɵ 
 (ɝɢɞɪɨɤɫɢɤɢɫɥɨɬɵ, ɤɟɬɨɤɢɫɥɨɬɵ) 3 

9.2.8.8 Ɇɧɨɝɨɨɫɧɨɜɧɵɟ ɤɢɫɥɨɬɵ 3 
 
9.2.9 Ⱥɦɢɧɵ 
9.2.9.1 ɇɨɦɟɧɤɥɚɬɭɪɚ 
 ɚ) ɩɪɨɫɬɵɯ ɚɦɢɧɨɜ 1 
 ɛ) ɪɚɫɩɨɡɧɚɜɚɧɢɟ ɩɟɪɜɢɱɧɵɯ, 
 ɜɬɨɪɢɱɧɵɯ ɢ ɬɪɟɬɢɱɧɵɯ ɚɦɢɧɨɜ 1 
9.2.9.2 Ɉɫɧɨɜɧɨɫɬɶ 
 ɚ) ɤɚɤ ɫɜɨɣɫɬɜɨ ɚɦɢɧɨɜ 1 
 ɛ) ɋɪɚɜɧɟɧɢɟ ɨɫɧɨɜɧɨɫɬɢ ɚɥɢɮɚɬɢ- 
 ɱɟɫɤɢɯ ɢ ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɚɦɢɧɨɜ 3 
 ɜ) ɋɪɚɜɧɟɧɢɟ ɨɫɧɨɜɧɨɫɬɢ ɚɦɢɧɨɜ 
 ɢ ɚɦɢɞɨɜ 3 
 ɝ) ɉɨɥɭɱɟɧɢɟ ɚɦɢɧɨɜ 
 i) ɢɡ ɝɚɥɨɝɟɧɢɞɨɜ 3 
 ii) ɢɡ ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɧɢɬɪɨ- 
 ɫɨɟɞɢɧɟɧɢɣ 3 
 iii) ɢɡ ɚɦɢɞɨɜ 3 
9.2.9.3 Ⱦɢɚɡɨɬɢɪɨɜɚɧɢɟ 
 ɚ) ɚɥɢɮɚɬɢɱɟɫɤɢɯ ɚɦɢɧɨɜ 3 
 ɛ) ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɚɦɢɧɨɜ 3 
 

 

10. ɉɈɅɂɆȿɊɕ 
 
10.1. ɋɢɧɬɟɬɢɱɟɫɤɢɟ 

10.1.1 ɉɨɥɢɦɟɪɵ, ɩɨɥɭɱɟɧɧɵɟ ɜ 
 ɪɟɚɤɰɢɢ ɩɨɥɢɦɟɪɢɡɚɰɢɢ 
10.1.1.1 ɉɨɥɢɫɬɢɪɨɥ 2 
10.1.1.2 ɉɨɥɢɷɬɢɥɟɧ 1 
10.1.1.2 ɐɟɩɧɨɣ ɦɟɯɚɧɢɡɦ ɩɨɥɢɦɟɪɢɡɚɰɢɢ 2 
 
10.1.2 ɉɨɥɢɦɟɪɵ, ɩɨɥɭɱɟɧɧɵɟ ɜ 
 ɪɟɚɤɰɢɢ ɩɨɥɢɤɨɧɞɟɧɫɚɰɢɢ 
10.1.2.1 ɉɨɥɢɷɮɢɪɵ 2 

10.1.1.2 ɉɨɥɢɚɦɢɞɵ 2 
 
10.1.3 ɋɢɥɢɤɨɧɵ 3 
10.1.4 ɉɨɧɹɬɢɟ ɫɟɬɱɚɬɨɣ ɫɬɪɭɤɬɭɪɵ ɢ ɟɟ 
 ɜɥɢɹɧɢɟ ɧɚ ɫɜɨɣɫɬɜɚ 3 
 
10.2. ɉɪɢɪɨɞɧɵɟ 

10.2.1 ɋɢɥɢɤɚɬɵ 3 
10.2.2 Ʉɚɭɱɭɤ 3 

 

11. ȻɂɈɏɂɆɂə 
 

11.1. ɍɝɥɟɜɨɞɵ 

11.1.1 Ƚɥɸɤɨɡɚ ɢ ɮɪɭɤɬɨɡɚ 
11.1.1.1 Ʌɢɧɟɣɧɵɟ ɮɨɪɦɭɥɵ 1 
11.1.1.2 ɉɪɨɟɤɰɢɢ Ɏɢɲɟɪɚ 2 
11.1.1.3 Ɏɨɪɦɭɥɵ ɏɟɭɨɪɫɚ 3 
11.1.2 Ɋɚɡɥɢɱɢɟ ɦɟɠɞɭ ɤɪɚɯɦɚɥɨɦ ɢ 
 ɰɟɥɥɸɥɨɡɨɣ 2 
11.1.3 Ɋɚɡɥɢɱɢɟ ɦɟɠɞɭ ɚɥɶɮɚ- ɢ ɛɟɬɚ-D- 
 ɝɥɸɤɨɡɨɣ 2 
 
11.2. ɀɢɪɵ 

11.2.1 ɋɬɪɨɟɧɢɟ ɠɢɪɨɜ ɢ ɟɝɨ ɫɜɹɡɶ ɫɨ 
 ɫɜɨɣɫɬɜɚɦɢ 2 
11.2.2 Ɏɨɪɦɭɥɚ ɝɥɢɰɟɪɢɧɚ 1 
 
11.3. Ⱥɡɨɬɫɨɞɟɪɠɚɳɢɟ ɛɢɨɥɨɝɢɱɟɫɤɢ 

 ɚɤɬɢɜɧɵɟ ɜɟɳɟɫɬɜɚ 

11.3.1 Ⱥɦɢɧɨɤɢɫɥɨɬɵ  
11.3.1.1 ɂɨɧɧɚɹ ɫɬɪɭɤɬɭɪɚ ɚɦɢɧɨɤɢɫɥɨɬ 1 
11.3.1.2 ɂɡɨɷɥɟɤɬɪɢɱɟɫɤɚɹ ɬɨɱɤɚ 3 
11.3.1.3 20 ɚɦɢɧɨɤɢɫɥɨɬ (ɤɥɚɫɫɢɮɢɤɚɰɢɹ 
 ɩɨ ɩɪɢɜɟɞɟɧɧɵɦ ɫɬɪɭɤɬɭɪɚɦ) 2 
11.3.1.4 Ɋɚɡɞɟɥɟɧɢɟ ɷɥɟɤɬɪɨɮɨɪɟɡɨɦ 3 
11.3.1.5 ɉɟɩɬɢɞɧɚɹ ɫɜɹɡɶ 1 

 

11.3.2 Ȼɟɥɤɢ 
11.3.2.1 ɉɟɪɜɢɱɧɚɹ ɫɬɪɭɤɬɭɪɚ ɛɟɥɤɨɜ 1 
11.3.2.2 S-S ɦɨɫɬɢɤɢ 3 
11.3.2.3 ɋɟɤɜɟɧɢɪɨɜɚɧɢɟ 3 
11.3.2.4 ȼɬɨɪɢɱɧɚɹ ɫɬɪɭɤɬɭɪɚ 3 
11.3.2.5 Ⱦɟɬɚɥɢ ɚɥɶɮɚ-ɫɩɢɪɚɥɶɧɨɣ 
 ɫɬɪɭɤɬɭɪɵ 3 
11.3.2.6 Ɍɪɟɬɢɱɧɚɹ ɫɬɪɭɤɬɭɪɚ 3 
11.3.2.7 Ⱦɟɧɚɬɭɪɚɰɢɹ ɩɪɢ ɢɡɦɟɧɟɧɢɢ pH, 
 ɬɟɦɩɟɪɚɬɭɪɵ, ɩɨɞ ɞɟɣɫɬɜɢɟɦ 
 ɦɟɬɚɥɥɨɜ ɢ ɫɩɢɪɬɚ 2 
 
11.3.3 ɇɭɤɥɟɢɧɨɜɵɟ ɤɢɫɥɨɬɵ ɢ ɫɢɧɬɟɡ ɛɟɥɤɨɜ 
11.3.3.1 ɉɢɪɢɦɢɞɢɧ, ɩɭɪɢɧ 3 
11.3.3.2 ɇɭɤɥɟɨɡɢɞɵ ɢ ɧɭɤɥɟɨɬɢɞɵ 3 
11.3.3.3 Ɏɨɪɦɭɥɵ ɜɫɟɯ ɩɢɪɢɦɢɞɢɧɨɜɵɯ ɢ 
 ɩɭɪɢɧɨɜɵɯ ɨɫɧɨɜɚɧɢɣ 3 
11.3.3.4 Ɋɚɡɥɢɱɢɟ ɦɟɠɞɭ ɪɢɛɨɡɨɣ ɢ 
 2-ɞɟɡɨɤɫɢɪɢɛɨɡɨɣ 3 
11.3.3.5 ɉɚɪɵ ɨɫɧɨɜɚɧɢɣ ɐȽ ɢ ȺɌ 
 (ɫɬɪɭɤɬɭɪɚ ɜɨɞɨɪɨɞɧɵɯ ɫɜɹɡɟɣ) 3 
11.3.3.6 Ɋɚɡɥɢɱɢɟ ɦɟɠɞɭ ȾɇɄ ɢ ɊɇɄ 3 
11.3.3.7 Ɋɚɡɥɢɱɢɟ ɦɟɠɞɭ ɦ-ɊɇɄ ɢ ɬ-ɊɇɄ 3 
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11.4. Ɏɟɪɦɟɧɬɵ 

11.4.1.1 Ɉɛɳɢɟ ɫɜɨɣɫɬɜɚ, ɚɤɬɢɜɧɵɟ 
 ɰɟɧɬɪɵ 3 

11.4.1.2 ɇɨɦɟɧɤɥɚɬɭɪɚ, ɤɢɧɟɬɢɤɚ, 
 ɤɨɮɟɪɦɟɧɬɵ, ɮɭɧɤɰɢɹ ȺɌɎ. 3 
 

 
12. ȺɇȺɅɂɌɂɑȿɋɄȺə ɏɂɆɂə 

 
12.1. Ɍɢɬɪɨɜɚɧɢɟ 

12.1.1 Ʉɢɫɥɨɬɧɨ-ɨɫɧɨɜɧɨɟ ɬɢɬɪɨɜɚɧɢɟ 
12.1.1.1 Ʉɪɢɜɚɹ ɬɢɬɪɨɜɚɧɢɟ; pH (ɞɥɹ 
 ɫɢɥɶɧɵɯ ɢ ɫɥɚɛɵɯ ɤɢɫɥɨɬ) 2 
12.1.1.2 ȼɵɛɨɪ ɤɢɫɥɨɬɧɨ-ɨɫɧɨɜɧɵɯ 
 ɢɧɞɢɤɚɬɨɪɨɜ 2 
12.1.2 Ʉɢɫɥɨɬɧɨ-ɨɫɧɨɜɧɨɟ ɬɢɬɪɨɜɚɧɢɟ 
 
12.2. Ʉɚɱɟɫɬɜɟɧɧɵɣ ɚɧɚɥɢɡ 
12.2.1 ɂɨɧɵ (ɧɟɨɪɝɚɧɢɱɟɫɤɢɟ) 
12.2.1.1 ɂɞɟɧɬɢɮɢɤɚɰɢɹ Ag

+
, Ba

2+
, Cl

-
, 

 SO4
2-

 2 
12.2.1.2 ɂɞɟɧɬɢɮɢɤɚɰɢɹ ɞɪɭɝɢɯ ɚɧɢɨɧɨɜ 
 ɢ ɤɚɬɢɨɧɨɜ 3 

 
12.2.2 Ɉɪɝɚɧɢɱɟɫɤɢɟ ɮɭɧɤɰɢɨɧɚɥɶɧɵɟ 
 ɝɪɭɩɩɵ 
12.2.2.1 Ɋɟɚɤɬɢɜ Ʌɭɤɚɫɚ (ɩɟɪɜɢɱɧɵɟ, 
 ɜɬɨɪɢɱɧɵɟ ɢ ɬɪɟɬɢɱɧɵɟ ɫɩɢɪɬɵ) 3 
12.2.2.2 ɂɨɞɨɮɨɪɦɧɚɹ ɪɟɚɤɰɢɹ 3 
12.2.2.3 ɂɞɟɧɬɢɮɢɤɚɰɢɹ ɩɟɪɜɢɱɧɵɯ, 
 ɜɬɨɪɢɱɧɵɯ, ɬɪɟɬɢɱɧɵɯ ɢ 
 ɱɟɬɜɟɪɬɢɱɧɵɯ ɚɦɢɧɨɜ ɜ 
 ɥɚɛɨɪɚɬɨɪɢɢ 3 
 
12.3. ɏɪɨɦɚɬɨɝɪɚɮɢɱɟɫɤɢɟ ɦɟɬɨɞɵ 

 ɪɚɡɞɟɥɟɧɢɹ 3 

 

 

ɉɪɨɝɪɚɦɦɚ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ ɬɭɪɚ 
 
ɍɪɨɜɟɧɶ 1: ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɩɪɨɜɟɪɤɢ ɨɫɧɨɜɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɧɚɜɵɤɨɜ, ɤɨɬɨɪɵɦɢ ɭɱɚɫɬɧɢɤɢ 

ɞɨɥɠɧɵ ɜɥɚɞɟɬɶ ɨɱɟɧɶ ɯɨɪɨɲɨ. 
ɍɪɨɜɟɧɶ 2: ɨɫɧɨɜɚɧ ɧɚ ɩɪɚɤɬɢɱɟɫɤɢɯ ɡɚɞɚɧɢɹɯ, ɢɫɩɨɥɶɡɭɟɦɵɯ ɜ ɲɤɨɥɚɯ ɪɚɡɜɢɬɵɯ ɫɬɪɚɧ. Ɂɚɞɚɧɢɹ ɷɬɨ-

ɝɨ ɭɪɨɜɧɹ ɦɨɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ ɛɟɡ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ ɨɛɴɹɜɥɟɧɢɹ. 
ɍɪɨɜɟɧɶ 3: ɧɟ ɜɯɨɞɢɬ ɜ ɲɤɨɥɶɧɭɸ ɩɪɨɝɪɚɦɦɭ ɛɨɥɶɲɢɧɫɬɜɚ ɫɬɪɚɧ-ɭɱɚɫɬɧɢɤɨɜ. Ⱥɜɬɨɪɵ ɡɚɞɚɧɢɣ ɞɨɥɠ-

ɧɵ ɜɤɥɸɱɚɬɶ ɢɯ ɜ ɬɪɟɧɢɪɨɜɨɱɧɵɣ ɤɨɦɩɥɟɤɬ. 
 
 
1. ɋɢɧɬɟɡ ɧɟɨɪɝɚɧɢɱɟɫɤɢɯ ɢ ɨɪɝɚɧɢɱɟɫɤɢɯ 

ɫɨɟɞɢɧɟɧɢɣ 

1.1 ɇɚɝɪɟɜɚɧɢɟ ɫ ɩɨɦɨɳɶɸ ɝɨɪɟɥɨɤ ɢ 
 ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɩɥɢɬɨɤ 1 
1.2 ɇɚɝɪɟɜɚɧɢɟ ɠɢɞɤɨɫɬɟɣ 1 
1.3 Ɋɚɛɨɬɚ ɫ ɝɨɪɸɱɢɦɢ ɜɟɳɟɫɬɜɚɦɢ ɢ 
 ɦɚɬɟɪɢɚɥɚɦɢ 1 
1.4 ȼɡɜɟɲɢɜɚɧɢɟ (ɚɧɚɥɢɬɢɱɟɫɤɢɟ ɜɟɫɵ) 1 
1.5 ɂɡɦɟɪɟɧɢɟ ɨɛɴɟɦɨɜ ɠɢɞɤɨɫɬɟɣ 
 (ɦɟɪɧɵɣ ɰɢɥɢɧɞɪ, ɩɢɩɟɬɤɚ, ɛɸɪɟɬɤɚ) 1 
1.6 ɉɪɢɝɨɬɨɜɥɟɧɢɟ ɪɚɫɬɜɨɪɚ ɢɡ ɬɜɟɪɞɨɝɨ 
 ɜɟɳɟɫɬɜɚ ɢ ɪɚɫɬɜɨɪɢɬɟɥɹ 1 
1.7 ɋɦɟɲɢɜɚɧɢɟ ɢ ɪɚɡɛɚɜɥɟɧɢɟ 
 ɪɚɫɬɜɨɪɨɜ 1 
1.8 ɋɦɟɲɢɜɚɧɢɟ ɢ ɩɟɪɟɦɟɲɢɜɚɧɢɟ 
 ɠɢɞɤɨɫɬɟɣ 1 
1.9 ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɦɢɤɫɟɪɚ ɢ ɦɚɝɧɢɬɧɨɣ 
 ɦɟɲɚɥɤɢ 2 
1.10 ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɤɚɩɟɥɶɧɨɣ ɜɨɪɨɧɤɢ 1 
1.11 ɋɢɧɬɟɡ ɜ ɩɥɨɫɤɨɞɨɧɧɨɣ ɤɨɥɛɟ – 
 ɨɛɳɢɟ ɩɪɢɧɰɢɩɵ 1 
1.12 ɋɢɧɬɟɡ ɜ ɤɪɭɝɥɨɞɨɧɧɨɣ ɤɨɥɛɟ – 
 ɨɛɳɢɟ ɩɪɢɧɰɢɩɵ 1 
1.13 ɋɢɧɬɟɡ ɜ ɡɚɤɪɵɬɨɦ ɫɨɫɭɞɟ – 
 ɨɛɳɢɟ ɩɪɢɧɰɢɩɵ 1 
1.14 ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɨɛɨɪɭɞɨɜɚɧɢɹ ɞɥɹ 
 ɦɢɤɪɨɫɢɧɬɟɡɚ 3 
1.15 Ⱥɩɩɚɪɚɬɭɪɚ ɞɥɹ ɧɚɝɪɟɜɚɧɢɹ ɪɟɚɤ- 
 ɰɢɨɧɧɨɣ ɫɦɟɫɢ ɫ ɞɟɮɥɟɝɦɚɬɨɪɨɦ 2 

1.16 Ⱥɩɩɚɪɚɬ ɞɥɹ ɩɟɪɟɝɨɧɤɢ ɠɢɞɤɨɫɬɟɣ 
 ɩɪɢ ɧɨɪɦɚɥɶɧɨɦ ɞɚɜɥɟɧɢɢ 2 
1.17 Ⱥɩɩɚɪɚɬ ɞɥɹ ɩɟɪɟɝɨɧɤɢ ɠɢɞɤɨɫɬɟɣ 
 ɩɪɢ ɩɨɧɢɠɟɧɧɨɦ ɞɚɜɥɟɧɢɢ 3 
1.18 Ⱥɩɩɚɪɚɬ ɞɥɹ ɩɟɪɟɝɨɧɤɢ ɫ ɜɨɞɹɧɵɦ 
 ɩɚɪɨɦ 3 
1.19 Ɏɢɥɶɬɪɨɜɚɧɢɟ ɱɟɪɟɡ ɩɥɨɫɤɢɣ 
 ɛɭɦɚɠɧɵɣ ɮɢɥɶɬɪ 1 
1.20 Ɏɢɥɶɬɪɨɜɚɧɢɟ ɱɟɪɟɡ ɫɜɟɪɧɭɬɵɣ 
 ɛɭɦɚɠɧɵɣ ɮɢɥɶɬɪ 1 
1.21 Ɋɚɛɨɬɚ ɫ ɜɨɞɨɫɬɪɭɣɧɵɦ ɧɚɫɨɫɨɦ 1 
1.22 Ɏɢɥɶɬɪɨɜɚɧɢɟ ɱɟɪɟɡ ɜɨɪɨɧɤɭ 
 Ȼɸɯɧɟɪɚ 1 
1.23 ȼɫɚɫɵɜɚɧɢɟ ɱɟɪɟɡ ɫɬɟɤɥɹɧɧɵɣ 
 ɮɢɥɶɬɪ 1 
1.24 ɉɪɨɦɵɜɚɧɢɟ ɨɫɚɞɤɨɜ ɞɟɤɚɧɬɚɰɢɟɣ 1 
1.25 ɉɪɨɦɵɜɚɧɢɟ ɨɫɚɞɤɨɜ ɧɚ ɮɢɥɶɬɪɟ 2 
1.26 ȼɵɫɭɲɢɜɚɧɢɟ ɨɫɚɞɤɨɜ ɧɚ ɮɢɥɶɬɪɟ ɫ 
 ɩɨɞɯɨɞɹɳɢɦɢ ɪɚɫɬɜɨɪɢɬɟɥɹɦɢ 2 
1.27 ɉɟɪɟɤɪɢɫɬɚɥɥɢɡɚɰɢɹ ɜɟɳɟɫɬɜ ɢɡ 
 ɜɨɞɧɵɯ ɪɚɫɬɜɨɪɨɜ 1 
1.28 ɉɟɪɟɤɪɢɫɬɚɥɥɢɡɚɰɢɹ ɜɟɳɟɫɬɜ ɢɡ 
 ɢɡɜɟɫɬɧɨɝɨ ɨɪɝɚɧɢɱɟɫɤɨɝɨ 
 ɪɚɫɬɜɨɪɢɬɟɥɹ 2 
1.29 ɉɪɚɤɬɢɱɟɫɤɢɣ ɜɵɛɨɪ ɩɨɞɯɨɞɹɳɟɝɨ 
 ɪɚɫɬɜɨɪɢɬɟɥɹ ɞɥɹ ɩɟɪɟɤɪɢɫɬɚɥɥɢɡɚ- 
 ɰɢɢ ɜɟɳɟɫɬɜɚ 3 
1.30 ȼɵɫɭɲɢɜɚɧɢɟ ɜɟɳɟɫɬɜ ɜ ɫɭɲɢɥɶɧɨɦ 
 ɲɤɚɮɭ 2 
1.31 ȼɵɫɭɲɢɜɚɧɢɟ ɜɟɳɟɫɬɜ ɜ ɷɤɫɢɤɚɬɨɪɟ 2 
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1.32 ɋɨɟɞɢɧɟɧɢɟ ɢ ɢɫɩɨɥɶɡɨɜɚɧɢɟ 
 ɩɪɨɦɵɜɧɨɣ ɫɤɥɹɧɤɢ 2 
1.33 ɗɤɫɬɪɚɤɰɢɹ ɫ ɧɟɫɦɟɲɢɜɚɸɳɢɦɫɹ 
 ɪɚɫɬɜɨɪɢɬɟɥɟɦ 1 
 
2. ɂɞɟɧɬɢɮɢɤɚɰɢɹ ɧɟɨɪɝɚɧɢɱɟɫɤɢɯ ɢ ɨɪɝɚ-

ɧɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ - ɨɛɳɢɟ ɩɪɢɧɰɢɩɵ 

2.1 Ɋɟɚɤɰɢɢ ɜ ɩɪɨɛɢɪɤɟ 1 
2.2 Ɇɟɬɨɞɢɤɚ ɩɪɨɜɟɞɟɧɢɹ ɪɟɚɤɰɢɣ ɜ 
 ɤɸɜɟɬɟ ɢ ɧɚ ɮɢɥɶɬɪɨɜɚɥɶɧɨɣ ɛɭɦɚɝɟ 1 
2.3 Ƚɪɭɩɩɨɜɵɟ ɪɟɚɤɰɢɢ ɧɟɤɨɬɨɪɵɯ 
 ɤɚɬɢɨɧɨɜ ɢ ɚɧɢɨɧɨɜ ɩɨ ɜɵɛɨɪɭ 
 ɨɪɝɚɧɢɡɚɬɨɪɨɜ 2 
2.4 ɋɟɥɟɤɬɢɜɧɵɟ ɪɟɚɤɰɢɢ ɧɟɤɨɬɨɪɵɯ 
 ɤɚɬɢɨɧɨɜ ɢ ɚɧɢɨɧɨɜ ɩɨ ɜɵɛɨɪɭ 
 ɨɪɝɚɧɢɡɚɬɨɪɨɜ 2 
2.5 ɋɩɟɰɢɮɢɱɟɫɤɢɟ ɪɟɚɤɰɢɢ ɧɟɤɨɬɨɪɵɯ 
 ɤɚɬɢɨɧɨɜ ɢ ɚɧɢɨɧɨɜ ɩɨ ɜɵɛɨɪɭ 
 ɨɪɝɚɧɢɡɚɬɨɪɨɜ 3 
2.6 ɂɞɟɧɬɢɮɢɤɚɰɢɹ ɷɥɟɦɟɧɬɨɜ ɩɨ 
 ɨɤɪɚɲɢɜɚɧɢɸ ɩɥɚɦɟɧɢ (ɫ 
 ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɥɚɬɢɧɨɜɨɣ 
 ɩɪɨɜɨɥɨɤɢ, ɫɬɟɪɠɧɹ MgO, 
 ɤɨɛɚɥɶɬɨɜɨɝɨ ɫɬɟɤɥɚ) 2 
2.7 ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɪɭɱɧɨɝɨ ɢ 
 ɛɭɧɡɟɧɨɜɫɤɨɝɨ ɫɩɟɤɬɪɨɫɤɨɩɚ 3 
2.8 Ɉɩɪɟɞɟɥɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɩɥɚɜɥɟ- 
 ɧɢɹ ɫ ɩɨɦɨɳɶɸ ɚɩɩɚɪɚɬɚ Ʉɨɮɥɟɪɚ 
 (ɢɥɢ ɚɧɚɥɨɝɢɱɧɨɝɨ) 3 
2.9 Ʉɚɱɟɫɬɜɟɧɧɨɟ ɨɩɪɟɞɟɥɟɧɢɟ ɨɫɧɨɜɧɵɯ 
 ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɝɪɭɩɩ ɨɪɝɚɧɢɱɟɫɤɢɯ 
 ɫɨɟɞɢɧɟɧɢɣ ɩɨ ɜɵɛɨɪɭ ɨɪɝɚɧɢɡɚɬɨɪɨɜ 2 
2.10 ɉɪɨɜɟɞɟɧɢɟ ɧɟɤɨɬɨɪɵɯ ɫɩɟɰɢɮɢɱɟ- 
 ɫɤɢɯ ɪɟɚɤɰɢɣ ɞɥɹ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɨɪɝɚ-
 ɧɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ (ɩɨ ɜɵɛɨɪɭ 
 ɨɪɝɚɧɢɡɚɬɨɪɨɜ) 3 
 
3. Ɉɩɪɟɞɟɥɟɧɢɟ ɧɟɤɨɬɨɪɵɯ ɧɟɨɪɝɚɧɢɱɟɫɤɢɯ 

ɢ ɨɪɝɚɧɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ – ɨɛɳɢɟ ɩɪɢɧ-

ɰɢɩɵ 

3.1 Ʉɨɥɢɱɟɫɬɜɟɧɧɨɟ ɨɩɪɟɞɟɥɟɧɢɟ ɫ 
 ɩɨɦɨɳɶɸ ɪɟɚɤɰɢɣ ɨɫɚɠɞɟɧɢɹ 2 
3.2 ɉɪɨɤɚɥɢɜɚɧɢɟ ɨɫɚɞɤɚ ɜ ɬɢɝɥɟ 1 

3.3 Ʉɨɥɢɱɟɫɬɜɟɧɧɵɣ ɜɨɥɸɦɟɬɪɢɱɟɫɤɢɣ 
 ɚɧɚɥɢɡ 1 
3.4 ɉɪɚɜɢɥɚ ɬɢɬɪɨɜɚɧɢɹ 1 
3.5 ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɲɚɪɢɤɚ ɩɢɩɟɬɤɢ 1 
3.6 ɉɪɢɝɨɬɨɜɥɟɧɢɟ ɫɬɚɧɞɚɪɬɧɨɝɨ 
 ɪɚɫɬɜɨɪɚ 2 
3.7 Ⱥɥɤɚɥɢɦɟɬɪɢɱɟɫɤɢɣ ɢ 
 ɚɰɢɞɢɦɟɬɪɢɱɟɫɤɢɣ ɚɧɚɥɢɡ 2 
3.8 ɐɜɟɬɨɜɵɟ ɩɟɪɟɯɨɞɵ ɢɧɞɢɤɚɬɨɪɨɜ ɩɪɢ 
 ɚɥɤɚɥɢɦɟɬɪɢɱɟɫɤɨɦ ɢ 
 ɚɰɢɞɢɦɟɬɪɢɱɟɫɤɨɦ ɚɧɚɥɢɡɟ 2 
3.9 ɉɪɹɦɨɣ ɢ ɧɟɩɪɹɦɨɣ ɚɧɚɥɢɡ  
 (ɨɛɪɚɬɧɨɟ ɬɢɬɪɨɜɚɧɢɟ) 3 
3.10 Ɇɚɧɝɚɧɨɦɟɬɪɢɱɟɫɤɢɣ ɚɧɚɥɢɡ 3 
3.11 ɂɨɞɨɦɟɬɪɢɱɟɫɤɢɣ ɚɧɚɥɢɡ 3 
3.12 Ⱦɪɭɝɢɟ ɬɢɩɵ ɚɧɚɥɢɡɚ ɫ ɢɫɩɨɥɶɡɨɜɚ- 
 ɧɢɟɦ ɨɤɢɫɥɢɬɟɥɶɧɨ-ɜɨɫɫɬɚɧɨɜɢɬɟɥɶ- 
 ɧɵɯ ɪɟɚɤɰɢɣ 3 
3.13 Ʉɨɦɩɥɟɤɫɨɧɨɦɟɬɪɢɱɟɫɤɢɣ ɚɧɚɥɢɡ 3 
3.14 ɐɜɟɬɨɜɵɟ ɩɟɪɟɯɨɞɵ ɢɧɞɢɤɚɬɨɪɨɜ ɩɪɢ 
 ɤɨɦɩɥɟɤɫɨɧɨɦɟɬɪɢɱɟɫɤɨɦ ɚɧɚɥɢɡɟ 3 
3.15 ȼɨɥɸɦɟɬɪɢɱɟɫɤɢɣ ɚɧɚɥɢɡ ɫ 
 ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɪɟɚɤɰɢɣ ɨɫɚɠɞɟɧɢɹ 3 
3.16 Ɍɟɪɦɨɦɟɬɪɢɱɟɫɤɨɟ ɬɢɬɪɨɜɚɧɢɟ 3 
 
4. ɋɩɟɰɢɚɥɶɧɵɟ ɢɡɦɟɪɟɧɢɹ ɢ ɩɪɨɰɟɞɭɪɵ 

4.1 ɂɡɦɟɪɟɧɢɟ ɫ pH-ɦɟɬɪɨɦ 2 
4.2 Ɍɨɧɤɨɫɥɨɣɧɚɹ ɯɪɨɦɚɬɨɝɪɚɮɢɹ 3 
4.3 Ʉɨɥɨɧɨɱɧɚɹ ɯɪɨɦɚɬɨɝɪɚɮɢɹ 3 
4.4 Ɋɚɡɞɟɥɟɧɢɟ ɧɚ ɢɨɧɨɛɦɟɧɧɢɤɟ 3 
4.5 ɂɡɦɟɪɟɧɢɟ ɩɨɝɥɨɳɟɧɢɹ ɜ ɍɎ-ɜɢɞɢ- 
 ɦɨɦ ɫɩɟɤɬɪɟ ɫ ɩɨɦɨɳɶɸ ɫɩɟɤɬɪɨ- 
 ɮɨɬɨɦɟɬɪɚ 3 
4.6 ɂɡɦɟɪɟɧɢɟ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ 3 
 
5. Ɉɰɟɧɤɚ ɪɟɡɭɥɶɬɚɬɨɜ 

5.1 Ɉɰɟɧɤɚ ɩɨɝɪɟɲɧɨɫɬɢ ɷɤɫɩɟɪɢɦɟɧɬɚ 
 (ɡɧɚɱɚɳɢɟ ɰɢɮɪɵ, ɝɪɚɮɢɤɢ) 1 
 
6. ȿɫɥɢ ɨɪɝɚɧɢɡɚɬɨɪɵ ɢɫɩɨɥɶɡɭɸɬ ɦɟɬɨɞɢ-

ɤɭ, ɤɨɬɨɪɚɹ ɧɟ ɭɤɚɡɚɧɚ ɜ ɞɚɧɧɨɣ ɩɪɨɝɪɚɦɦɟ, 

ɷɬɨɣ ɦɟɬɨɞɢɤɟ ɚɜɬɨɦɚɬɢɱɟɫɤɢ ɩɪɢɫɜɚɢɜɚɟɬ-
ɫɹ ɬɪɟɬɢɣ ɭɪɨɜɟɧɶ. 

 



Ɂɚɞɚɧɢɹ ɬɟɨɪɟɬɢɱɟɫɤɨɝɨ ɬɭɪɚ 

36-ɣ Ɇɟɠɞɭɧɚɪɨɞɧɨɣ ɯɢɦɢɱɟɫɤɨɣ ɨɥɢɦɩɢɚɞɵ ɲɤɨɥɶɧɢɤɨɜ 

Ʉɢɥɶ, Ƚɟɪɦɚɧɢɹ, 23 ɢɸɥɹ 2004 

Ɏɢɡɢɱɟɫɤɢɟ ɤɨɧɫɬɚɧɬɵ ɢ ɩɨɥɟɡɧɵɟ ɮɨɪɦɭɥɵ 

ɮ ɩ ɧ µ ɦ ɤ M Ƚ T 

ɮɟɦɬɨ ɩɢɤɨ ɧɚɧɨ ɦɢɤɪɨ ɦɢɥɥɢ ɤɢɥɨ ɦɟɝɚ ɝɢɝɚ ɬɟɪɚ 

10-15 10-12 10-9 10-6 10-3 103 106 109 1012

 

ɍɧɢɜɟɪɫɚɥɶɧɚɹ ɝɚɡɨɜɚɹ ɩɨɫɬɨɹɧɧɚɹ  R = 8.314 Ⱦɠ Ʉ-1 ɦɨɥɶ-1 

ɉɨɫɬɨɹɧɧɚɹ Ɏɚɪɚɞɟɹ     F = 96485 Ʉɥ ɦɨɥɶ -1

ȼ ɤɚɱɟɫɬɜɟ ɫɬɚɧɞɚɪɬɧɨɝɨ ɞɚɜɥɟɧɢɹ ɢɫɩɨɥɶɡɭɣɬɟ  p = 1.013·105 ɉɚ  

ȼ ɤɚɱɟɫɬɜɟ ɫɬɚɧɞɚɪɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɢɫɩɨɥɶɡɭɣɬɟ T = 25°C = 298.15 K 

ɑɢɫɥɨ Ⱥɜɨɝɚɞɪɨ      NA = 6.022·1023 ɦɨɥɶ-1  

ɉɨɫɬɨɹɧɧɚɹ ɉɥɚɧɤɚ     h = 6.626·10-34 Ⱦɠ ɫ 
ɋɤɨɪɨɫɬɶ ɫɜɟɬɚ ɜ ɜɚɤɭɭɦɟ    c = 3.00·108 ɦ ɫ-1 

∆G = ∆H - T∆S ∆G = - nEF  

∆G0 = - RT·lnK ∆G = ∆G0 + RT·lnQ   ɝɞɟ Q = 
)(

)(

ɪɟɚɝɟɧɬɨɜcɢɟɩɪɨɢɡɜɟɞɟɧ
ɩɪɨɞɭɤɬɨɜcɢɟɩɪɨɢɡɜɟɞɟɧ

 

∆H(T1) = ∆H0 + (T1 - 298.15 K)· ∆Cp  (ɟɫɥɢ ∆Cp ɧɟ ɡɚɜɢɫɢɬ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ) 

ɍɪɚɜɧɟɧɢɟ Ⱥɪɪɟɧɢɭɫɚ       k = A · TR

Ea

e ⋅
−

 

Ɂɚɤɨɧ ɢɞɟɚɥɶɧɨɝɨ ɝɚɡɚ     pV = nRT 

ɍɪɚɜɧɟɧɢɟ ɇɟɪɧɫɬɚ      E = E0 + 
red

ox

c

c
ln

nF

RT
⋅  

Ɂɚɤɨɧ Ȼɪɷɝɝɚ       nλ = 2d·sinθ 

Ɂɚɤɨɧ Ȼɷɪɚ       A = log
P

P0 = ε·c·d  

  p = 
S

F
    F = ma   

  V(ɰɢɥɢɧɞɪ) = πr2h   S(ɲɚɪ) = 4πr 2 

  V(ɲɚɪ) = 
3

4 πr 3  

 1 Ⱦɠ = 1 ɇ ɦ  1 ɇ = 1 ɤɝ ɦ ɫ-2  1 ɉɚ = 1 ɇ ɦ-2

 1 ȼɬ = 1 Ⱦɠ ɫ-1  1 Ʉɥ = 1 Ⱥɫ 
 

 1



Ɂɚɞɚɱɚ 1: Ɍɟɪɦɨɞɢɧɚɦɢɤɚ      (24 ɛɚɥɥɚ) 
 

 

Ⱦɥɹ ɜɟɱɟɪɢɧɤɢ, ɩɨɫɜɹɳɟɧɧɨɣ ɫɜɨɟɦɭ 18-ɥɟɬɢɸ, ɉɟɬɹ ɧɚɞɭɦɚɥ ɩɟɪɟɨɛɨɪɭɞɨɜɚɬɶ ɫɚɪɚɣ ɧɚ 

ɪɨɞɢɬɟɥɶɫɤɨɣ ɞɚɱɟ ɜ ɤɪɵɬɵɣ ɛɚɫɫɟɣɧ. Ⱦɥɹ ɬɨɝɨ ɱɬɨɛɵ ɨɰɟɧɢɬɶ ɡɚɬɪɚɬɵ ɧɚ ɨɛɨɝɪɟɜ ɜɨɞɵ ɢ 

ɜɨɡɞɭɯɚ, ɉɟɬɹ ɢɫɩɨɥɶɡɨɜɚɥ ɫɩɪɚɜɨɱɧɵɟ ɞɚɧɧɵɟ ɩɨ ɫɨɫɬɚɜɭ ɩɪɢɪɨɞɧɨɝɨ ɝɚɡɚ ɢ ɟɝɨ ɫɬɨɢɦɨɫɬɢ. 

1.1 Ɂɚɩɢɲɢɬɟ ɭɪɚɜɧɟɧɢɹ ɪɟɚɤɰɢɣ ɩɨɥɧɨɝɨ ɫɝɨɪɚɧɢɹ ɨɫɧɨɜɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɩɪɢ-

ɪɨɞɧɨɝɨ ɝɚɡɚ - ɦɟɬɚɧɚ ɢ ɷɬɚɧɚ. ɋɱɢɬɚɣɬɟ, ɱɬɨ ɚɡɨɬ ɜ ɷɬɢɯ ɭɫɥɨɜɢɹɯ ɢɧɟɪɬɟɧ. 

Ⱦɥɹ ɷɬɢɯ ɪɟɚɤɰɢɣ ɪɚɫɫɱɢɬɚɣɬɟ ɢɡɦɟɧɟɧɢɟ ɷɧɬɚɥɶɩɢɢ, ɷɧɬɪɨɩɢɢ ɢ ɷɧɟɪɝɢɢ 

Ƚɢɛɛɫɚ ɩɪɢ ɫɬɚɧɞɚɪɬɧɵɯ ɭɫɥɨɜɢɹɯ (1.013·105 ɉɚ, 25.0°C), ɫɱɢɬɚɹ, ɱɬɨ ɜɫɟ ɩɪɨ-

ɞɭɤɬɵ ɪɟɚɤɰɢɣ ɧɚɯɨɞɹɬɫɹ ɜ ɝɚɡɨɨɛɪɚɡɧɨɦ ɫɨɫɬɨɹɧɢɢ. 

ɋɨɫɬɚɜ ɩɪɢɪɨɞɧɨɝɨ ɝɚɡɚ ɢ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɜɟɳɟɫɬɜ ɩɪɢɜɟɞɟɧɵ ɜ Ɍɚɛɥɢɰɟ 

1. 

 

1.2 ɉɨ ɞɚɧɧɵɦ ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɤɨɦɩɚɧɢɢ PUC, ɩɥɨɬɧɨɫɬɶ ɩɪɢɪɨɞɧɨɝɨ ɝɚɡɚ ɪɚɜɧɚ 

0.740 ɝ ɥ-1 (ɩɪɢ 1.013·105 ɉɚ, 25.0°C).  

a) Ɋɚɫɫɱɢɬɚɣɬɟ ɤɨɥɢɱɟɫɬɜɚ ɦɟɬɚɧɚ ɢ ɷɬɚɧɚ (ɜ ɦɨɥɹɯ) ɜ 1.00 ɦ3 ɩɪɢɪɨɞɧɨ-

ɝɨ ɝɚɡɚ (ɭɱɬɢɬɟ, ɱɬɨ ɜ ɷɬɢɯ ɭɫɥɨɜɢɹɯ ɩɪɢɪɨɞɧɵɣ ɝɚɡ, ɦɟɬɚɧ ɢ ɷɬɚɧ  

ɧɟɥɶɡɹ ɫɱɢɬɚɬɶ  ɢɞɟɚɥɶɧɵɦɢ ɝɚɡɚɦɢ!). 

b) Ɋɚɫɫɱɢɬɚɣɬɟ ɷɧɟɪɝɢɸ, ɤɨɬɨɪɚɹ ɜɵɞɟɥɹɟɬɫɹ ɩɪɢ ɫɝɨɪɚɧɢɢ 1.00 ɦ3 ɩɪɢ-

ɪɨɞɧɨɝɨ ɝɚɡɚ ɩɪɢ ɫɬɚɧɞɚɪɬɧɵɯ ɭɫɥɨɜɢɹɯ, ɫɱɢɬɚɹ, ɱɬɨ ɜɫɟ ɩɪɨɞɭɤɬɵ 

ɪɟɚɤɰɢɣ ɧɚɯɨɞɹɬɫɹ ɜ ɝɚɡɨɨɛɪɚɡɧɨɦ ɫɨɫɬɨɹɧɢɢ. (ȿɫɥɢ ɜɵ ɧɟ ɫɦɨɝɥɢ ɪɚɫ-

ɫɱɢɬɚɬɶ ɤɨɥɢɱɟɫɬɜɚ ɜ ɩ. 1.2a, ɫɱɢɬɚɣɬɟ, ɱɬɨ 1.00 ɦ3 ɩɪɢɪɨɞɧɨɝɨ ɝɚɡɚ 

ɫɨɞɟɪɠɢɬ 40.00 ɦɨɥɟɣ ɜɟɳɟɫɬɜ.) 

ɉɨ ɞɚɧɧɵɦ PUC, ɷɧɟɪɝɢɹ ɫɝɨɪɚɧɢɹ ɫɨɫɬɚɜɥɹɟɬ 9.981 ɤȼɬ ɱ ɧɚ 1 ɦ3 ɩɪɢɪɨɞɧɨɝɨ 

ɝɚɡɚ, ɟɫɥɢ ɜɫɟ ɩɪɨɞɭɤɬɵ ɫɝɨɪɚɧɢɹ ɧɚɯɨɞɹɬɫɹ ɜ ɝɚɡɨɨɛɪɚɡɧɨɦ ɫɨɫɬɨɹɧɢɢ. Ɋɚɫ-

ɫɱɢɬɚɣɬɟ ɨɬɤɥɨɧɟɧɢɟ (ɜ ɩɪɨɰɟɧɬɚɯ) ɷɬɨɝɨ ɡɧɚɱɟɧɢɹ ɨɬ ɪɟɡɭɥɶɬɚɬɚ, ɩɨɥɭɱɟɧ-

ɧɨɝɨ ɜ ɩ. b). 

 

Ȼɚɫɫɟɣɧ ɜɧɭɬɪɢ ɫɚɪɚɹ ɢɦɟɟɬ ɪɚɡɦɟɪɵ: ɲɢɪɢɧɚ 3.00 ɦ, ɞɥɢɧɚ 5.00 ɦ, ɝɥɭɛɢɧɚ 1.50 ɦ (ɨɬ ɭɪɨɜ-
ɧɹ ɩɨɥɚ). Ɍɟɦɩɟɪɚɬɭɪɚ ɜɨɞɵ ɜ ɛɚɫɫɟɣɧɟ 8.00°C, ɚ ɬɟɦɩɟɪɚɬɭɪɚ ɜɨɡɞɭɯɚ ɜ ɫɚɪɚɟ (ɪɚɡɦɟɪɵ 

ɭɤɚɡɚɧɵ ɧɚ ɪɢɫɭɧɤɟ) 10.0°C. ɉɥɨɬɧɨɫɬɶ ɜɨɞɵ ɩɪɢɦɢɬɟ ɪɚɜɧɨɣ ρ = 1.00 ɤɝ ɥ-1, ɚ ɜɨɡɞɭɯ ɫɱɢɬɚɣ-

ɬɟ ɢɞɟɚɥɶɧɵɦ ɝɚɡɨɦ. 

 

1.3 Ɋɚɫɫɱɢɬɚɣɬɟ ɷɧɟɪɝɢɸ (ɜ ɆȾɠ), ɧɟɨɛɯɨɞɢɦɭɸ, ɱɬɨɛɵ ɧɚɝɪɟɬɶ ɜɨɞɭ ɜ ɛɚɫɫɟɣɧɟ 

ɞɨ 22.0°C, ɢ ɷɧɟɪɝɢɸ, ɤɨɬɨɪɚɹ ɩɨɬɪɟɛɭɟɬɫɹ, ɱɬɨɛɵ ɧɚɝɪɟɬɶ ɢɫɯɨɞɧɨɟ ɤɨɥɢɱɟ-

ɫɬɜɨ ɜɨɡɞɭɯɚ (21.0 ɨɛ. % O2, 79.0 ɨɛ. % N2) ɞɨ 30.0°C ɩɪɢ ɩɨɫɬɨɹɧɧɨɦ ɞɚɜɥɟɧɢɢ 

1.013·105 ɉɚ. 
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ɉɪɢɦɢɬɟ, ɱɬɨ ɫɪɟɞɧɹɹ ɬɟɦɩɟɪɚɬɭɪɚ ɜɨɡɞɭɯɚ ɧɚ ɭɥɢɰɟ 5°C. ɋɬɟɧɵ ɢ ɤɪɵɲɚ ɫɚɪɚɹ ɞɨɜɨɥɶɧɨ 

ɬɨɧɤɢɟ (20.0 ɫɦ), ɩɨɷɬɨɦɭ ɬɟɩɥɨ ɱɟɪɟɡ ɧɢɯ ɭɯɨɞɢɬ ɜ ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ (ɩɨɬɟɪɹɦɢ ɬɟɩɥɚ ɱɟ-

ɪɟɡ ɩɨɥ ɢ ɛɚɫɫɟɣɧ ɩɪɟɧɟɛɪɟɱɶ). Ɍɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɫɬɟɧ ɢ ɤɪɵɲɢ ɪɚɜɧɚ 1.00 ȼɬ Ʉ-1 ɦ-1. 

1.4 Ɋɚɫɫɱɢɬɚɣɬɟ ɷɧɟɪɝɢɸ (ɜ ɆȾɠ), ɤɨɬɨɪɚɹ ɧɟɨɛɯɨɞɢɦɚ ɞɥɹ ɩɨɞɞɟɪɠɚɧɢɹ ɬɟ-

ɦɩɟɪɚɬɭɪɵ 30.0°C ɜɧɭɬɪɢ ɫɚɪɚɹ ɜ ɬɟɱɟɧɢɟ ɜɫɟɣ ɜɟɱɟɪɢɧɤɢ (12 ɱɚɫɨɜ). 

 

ȼ ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɤɨɦɩɚɧɢɢ PUC 1.00 ɦ3 ɩɪɢɪɨɞɧɨɝɨ ɝɚɡɚ ɫɬɨɢɬ 0.40 €, ɚ 1 ɤȼɬ ɱ ɷɥɟɤɬɪɨɷɧɟɪ-

ɝɢɢ - 0.137 €. ɋɬɨɢɦɨɫɬɶ ɚɪɟɧɞɵ ɝɚɡɨɜɨɝɨ ɧɚɝɪɟɜɚɬɟɥɹ ɪɚɜɧɚ 150.00 €, ɚ ɷɥɟɤɬɪɨɧɚɝɪɟɜɚɬɟɥɹ 

- 100.00 €. 

1.5 Ɋɚɫɫɱɢɬɚɣɬɟ ɨɛɳɭɸ ɷɧɟɪɝɢɸ (ɜ ɆȾɠ), ɤɨɬɨɪɚɹ ɩɨɬɪɟɛɭɟɬɫɹ ɉɟɬɟ ɞɥɹ "ɡɢɦ-

ɧɟɝɨ ɛɚɫɫɟɣɧɚ", ɢɫɯɨɞɹ ɢɡ ɪɚɫɱɟɬɨɜ ɜ ɩ. 1.3 ɢ 1.4. Ʉɚɤɨɣ ɨɛɴɟɦ ɩɪɢɪɨɞɧɨɝɨ ɝɚɡɚ 

ɟɦɭ ɩɨɬɪɟɛɭɟɬɫɹ, ɟɫɥɢ ɤɩɞ ɝɚɡɨɜɨɝɨ ɧɚɝɪɟɜɚɬɟɥɹ ɪɚɜɟɧ 90%? 

ɋɪɚɜɧɢɬɟ ɨɛɳɢɟ ɮɢɧɚɧɫɨɜɵɟ ɡɚɬɪɚɬɵ ɧɚ ɧɚɝɪɟɜɚɧɢɟ ɩɪɢɪɨɞɧɵɦ ɝɚɡɨɦ ɫ ɨɛ-

ɳɢɦɢ ɡɚɬɪɚɬɚɦɢ ɧɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɸ. ɂɫɩɨɥɶɡɭɣɬɟ ɩɪɢɜɟɞɟɧɧɵɟ ɜɵɲɟ ɪɚɫ-

ɰɟɧɤɢ PUC. ɋɱɢɬɚɣɬɟ, ɱɬɨ ɤɩɞ ɷɥɟɤɬɪɨɧɚɝɪɟɜɚɬɟɥɹ ɪɚɜɟɧ 100%. 

 

Ɍɚɛɥɢɰɚ 1: ɋɨɫɬɚɜ ɩɪɢɪɨɞɧɨɝɨ ɝɚɡɚ 

 

ȼɟɳɟɫɬɜɨ 
Ɇɨɥɶɧɚɹ ɞɨɥɹ  

x 
ǻfH

0,  
ɤȾɠ ɦɨɥɶ-1

S0,  
Ⱦɠ ɦɨɥɶ-1 K-1

Cp
0,  

Ⱦɠ ɦɨɥɶ-1 K-1

CO2 (ɝ) 0.0024 -393.5  213.8 37.1 

N2 (ɝ) 0.0134 0.0 191.6 29.1 

CH4 (ɝ) 0.9732 -74.6 186.3 35.7 

C2H6 (ɝ) 0.0110 -84.0 229.2 52.5 

H2O (ɠ) - -285.8 70.0 75.3 

H2O (ɝ) - -241.8 188.8 33.6 

O2 (ɝ) - 0.0 205.2 29.4 

Ɏɨɪɦɭɥɚ: 

J = E · (S · ǻt)-1 = Ȝwall · ǻT · d -1 (S - ɩɥɨɳɚɞɶ, ǻt - ɜɪɟɦɹ, ȿ - ɷɧɟɪɝɢɹ) 

J   ɩɨɬɨɤ ɷɧɟɪɝɢɢ ɩɨ ɝɪɚɞɢɟɧɬɭ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚ ɟɞɢɧɢɰɭ ɩɥɨɳɚɞɢ ɜ ɟɞɢɧɢɰɭ ɜɪɟɦɟɧɢ 

d ɬɨɥɳɢɧɚ ɫɬɟɧɵ ɢ ɤɪɵɲɢ 

Ȝwall  ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɫɬɟɧɵ ɢ ɤɪɵɲɢ 

ǻT  ɪɚɡɧɢɰɚ ɬɟɦɩɟɪɚɬɭɪ ɜɧɭɬɪɢ ɢ ɫɧɚɪɭɠɢ ɞɨɦɚ.
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Ɂɚɞɚɱɚ 2: Ʉɢɧɟɬɢɤɚ ɪɟɚɤɰɢɣ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɤɚɬɚɥɢɡɚɬɨɪɨɜ 
           (23 ɛɚɥɥɚ) 
 

ȼ ɜɵɯɥɨɩɧɵɯ ɝɚɡɚɯ ɞɜɢɝɚɬɟɥɹ ɨɫɧɨɜɧɵɦɢ ɡɚɝɪɹɡɧɢɬɟɥɹɦɢ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɹɜɥɹɸɬɫɹ 

ɭɝɚɪɧɵɣ ɝɚɡ, ɨɤɫɢɞ ɚɡɨɬɚ(II) ɢ ɧɟɫɝɨɪɟɜɲɢɟ ɭɝɥɟɜɨɞɨɪɨɞɵ, ɧɚɩɪɢɦɟɪ, ɨɤɬɚɧ. Ⱦɥɹ ɬɨɝɨ ɱɬɨɛɵ 

ɭɦɟɧɶɲɢɬɶ ɜɪɟɞɧɵɟ ɜɵɛɪɨɫɵ, ɷɬɢ ɩɪɨɞɭɤɬɵ ɩɪɟɜɪɚɳɚɸɬ ɜ ɭɝɥɟɤɢɫɥɵɣ ɝɚɡ, ɚɡɨɬ ɢ ɜɨɞɭ ɜ 

ɬɪɟɯɯɨɞɨɜɨɦ ɤɚɬɚɥɢɬɢɱɟɫɤɨɦ ɤɨɧɜɟɪɬɨɪɟ. 

2.1 Ɂɚɩɢɲɢɬɟ ɭɪɚɜɧɟɧɢɹ ɯɢɦɢɱɟɫɤɢɯ ɪɟɚɤɰɢɣ, ɩɪɨɬɟɤɚɸɳɢɯ ɜ ɤɚɬɚɥɢɬɢɱɟɫɤɨɦ 

ɤɨɧɜɟɪɬɨɪɟ ɫ ɭɱɚɫɬɢɟɦ ɷɬɢɯ ɜɟɳɟɫɬɜ. 

 

Ⱦɥɹ ɤɨɧɬɪɨɥɹ ɫɬɟɩɟɧɢ ɨɱɢɫɬɤɢ ɜɵɯɥɨɩɧɵɯ ɝɚɡɨɜ ɢɫɩɨɥɶɡɭɟɬɫɹ λ-ɞɚɬɱɢɤ, ɤɨɬɨɪɵɣ ɪɚɫɩɨɥɨɠɟɧ 

ɜ ɜɵɯɥɨɩɧɨɣ ɬɪɭɛɟ ɦɟɠɞɭ ɞɜɢɝɚɬɟɥɟɦ ɢ ɤɚɬɚɥɢɡɚɬɨɪɨɦ. Ⱦɚɬɱɢɤ ɢɡɦɟɪɹɟɬ ɜɟɥɢɱɢɧɭ λ, ɤɨɬɨ-

ɪɚɹ  ɨɩɪɟɞɟɥɹɟɬɫɹ ɬɚɤ: 

ɫɝɨɪɚɧɢɹ ɩɨɥɧɨɝɨ ɞɥɹ ɟɧɟɨɛɯɨɞɢɦɨ ɜɨɡɞɭɯɚ, ɤɨɥɢɱɟɫɬɜɨ
ɤɨɧɜɟɪɬɨɪ ɜ ɜɯɨɞɟ ɧɚ ɜɨɡɞɭɯɚ ɤɨɥɢɱɟɫɬɜɨ

=λ . 

 

 

 

 

 

 

 

 

w: λ-ɨɤɧɨ 

y: ɫɬɟɩɟɧɶ ɩɪɟɜɪɚɳɟɧɢɹ (%) 

z: ɭɝɥɟɜɨɞɨɪɨɞɵ 

 

 

 

 

2.2 ȼ ɥɢɫɬɟ ɨɬɜɟɬɨɜ ɨɬɦɟɬɶɬɟ ɤɪɟɫɬɢɤɨɦ ɩɪɚɜɢɥɶɧɵɣ ɜɚɪɢɚɧɬ ɞɥɹ ɤɚɠɞɨɝɨ 

ɭɬɜɟɪɠɞɟɧɢɹ. 

 

         ɂɫɬɢɧɚ  Ʌɨɠɶ ɇɟɥɶɡɹ 
           ɨɬɜɟɬɢɬɶ 
ȿɫɥɢ ɡɧɚɱɟɧɢɟ λ ɧɚɯɨɞɢɬɫɹ ɜ λ-ɨɤɧɟ, ɭɝɚɪɧɵɣ ɝɚɡ ɢ 

ɭɝɥɟɜɨɞɨɪɨɞɵ ɦɨɝɭɬ ɛɵɬɶ ɨɤɢɫɥɟɧɵ ɜ ɬɪɟɯɯɨɞɨɜɨɦ ɤɨɧɜɟɪɬɨɪɟ.   ¸      ¸      ¸ 

ɉɪɢ λ > 1 ɭɝɚɪɧɵɣ ɝɚɡ ɢ ɭɝɥɟɜɨɞɨɪɨɞɚ ɦɨɝɭɬ ɛɵɬɶ ɨɤɢɫɥɟɧɵ   

ɜ ɬɪɟɯɯɨɞɨɜɨɦ ɤɨɧɜɟɪɬɟɪɟ.                      ¸      ¸      ¸ 

ɉɪɢ λ < 0.975 ɨɤɫɢɞ ɚɡɨɬɚ (II) ɩɨɱɬɢ ɧɟ ɜɨɫɫɬɚɧɚɜɥɢɜɚɟɬɫɹ         ¸     ¸      ¸ 

 

 

Ⱥɞɫɨɪɛɰɢɹ ɦɨɥɟɤɭɥ ɝɚɡɚ ɧɚ ɬɜɟɪɞɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɦɨɠɟɬ ɛɵɬɶ ɨɩɢɫɚɧɚ ɩɪɨɫɬɨɣ ɦɨɞɟɥɶɸ, 

ɢɫɩɨɥɶɡɭɸɳɟɣ ɭɪɚɜɧɟɧɢɟ ɢɡɨɬɟɪɦɵ Ʌɷɧɝɦɸɪɚ:
pK

pK

⋅+
⋅

=
1

θ , 
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ɝɞɟ θ - ɞɨɥɹ ɚɞɫɨɪɛɰɢɨɧɧɵɯ ɰɟɧɬɪɨɜ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ, ɤɨɬɨɪɵɟ ɡɚɧɹɬɵ ɦɨɥɟɤɭɥɚɦɢ ɝɚɡɚ, p - 

ɞɚɜɥɟɧɢɟ ɝɚɡɚ, K - ɤɨɧɫɬɚɧɬɚ. 

Ⱥɞɫɨɪɛɰɢɹ ɧɟɤɨɬɨɪɨɝɨ ɝɚɡɚ ɩɪɢ 25 °C ɦɨɠɟɬ ɛɵɬɶ ɨɩɢɫɚɧɚ ɭɪɚɜɧɟɧɢɟɦ ɢɡɨɬɟɪɦɵ Ʌɷɧɝɦɸɪɚ ɫ 
K = 0.85 ɤɉɚ-1. 

2.3 a)  Ɋɚɫɫɱɢɬɚɣɬɟ ɞɨɥɸ ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɚɞɫɨɪɛɰɢɨɧɧɵɯ ɰɟɧɬɪɨɜ , ɡɚɧɹɬɵɯ ɦɨ-

ɥɟɤɭɥɚɦɢ, ɩɪɢ ɞɚɜɥɟɧɢɢ ɝɚɡɚ 0.65 ɤɉɚ. 

2.3 b) Ɋɚɫɫɱɢɬɚɣɬɟ ɞɚɜɥɟɧɢɟ ɪ, ɩɪɢ ɤɨɬɨɪɨɦ 15 % ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɚɞɫɨɪɛɰɢɨɧɧɵɯ 

ɰɟɧɬɪɨɜ ɛɭɞɟɬ ɡɚɧɹɬɨ ɦɨɥɟɤɭɥɚɦɢ ɝɚɡɚ. 
2.3 c)  ɋɤɨɪɨɫɬɶ r ɪɚɡɥɨɠɟɧɢɹ ɦɨɥɟɤɭɥ ɝɚɡɚ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɬɜɟɪɞɨɝɨ ɬɟɥɚ ɡɚɜɢɫɢɬ ɨɬ ɞɨɥɢ 

ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɚɞɫɨɪɛɰɢɨɧɧɵɯ ɰɟɧɬɪɨɜ, ɡɚɧɹɬɵɯ ɦɨɥɟɤɭɥɚɦɢ, θ (ɨɛɪɚɬɧɵɣ ɩɪɨɰɟɫɫ 
ɧɟ ɩɪɨɬɟɤɚɟɬ) ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ:  r = k*θ 

 Ʉɚɤɨɣ ɩɨɪɹɞɨɤ ɢɦɟɟɬ ɪɟɚɤɰɢɹ ɪɚɡɥɨɠɟɧɢɹ ɩɪɢ ɧɢɡɤɢɯ ɢ ɜɵɫɨɤɢɯ ɞɚɜɥɟɧɢɹɯ 
ɝɚɡɚ ɜ ɩɪɟɞɩɨɥɨɠɟɧɢɢ ɫɩɪɚɜɟɞɥɢɜɨɫɬɢ ɢɡɨɬɟɪɦɵ Ʌɷɧɝɦɸɪɚ (ɩɪɨɞɭɤɬɵ ɧɟ 
ɩɪɢɧɢɦɚɣɬɟ ɜɨ ɜɧɢɦɚɧɢɟ) ? 

 
2.3 d)  Ɋɟɡɭɥɶɬɚɬɵ ɢɡɦɟɪɟɧɢɹ ɚɞɫɨɪɛɰɢɢ ɞɪɭɝɨɝɨ ɝɚɡɚ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɦɟɬɚɥɥɚ (ɩɪɢ 25°C) 

ɩɪɢɜɟɞɟɧɵ ɧɚ ɪɢɫɭɧɤɟ: 

 3000
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x-ɨɫɶ: p, ɉɚ 

y-ɨɫɶ: p*Va
-1, ɉɚ*ɫɦ-3
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 ɂɫɩɨɥɶɡɭɹ ɭɪɚɜɧɟɧɢɟ ɢɡɨɬɟɪɦɵ Ʌɷɧɝɦɸɪɚ, ɨɩɪɟɞɟɥɢɬɟ ɨɛɴɟɦ ɝɚɡɚ Va,max, ɧɟ-
ɨɛɯɨɞɢɦɵɣ ɞɥɹ ɩɨɥɧɨɝɨ ɡɚɩɨɥɧɟɧɢɹ ɜɫɟɯ ɚɞɫɨɪɛɰɢɨɧɧɵɯ ɰɟɧɬɪɨɜ ɧɚ ɩɨɜɟɪɯ-

ɧɨɫɬɢ ɦɟɬɚɥɥɚ, ɚ ɬɚɤɠɟ ɡɧɚɱɟɧɢɟ ɩɪɨɢɡɜɟɞɟɧɢɹ K*Va,max. ɉɨɞɫɤɚɡɤɚ: ɩɪɢɦɢɬɟ  

= 
max,a

a

V

V
. 

Ⱦɨɩɭɫɬɢɦ, ɱɬɨ ɤɚɬɚɥɢɬɢɱɟɫɤɨɟ ɨɤɢɫɥɟɧɢɟ CO ɧɚ ɨɞɧɨɪɨɞɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ Pd ɩɪɨɬɟɤɚɟɬ ɫɥɟ-
ɞɭɸɳɢɦ ɨɛɪɚɡɨɦ. ɇɚ ɩɟɪɜɨɣ ɫɬɚɞɢɢ ɚɞɫɨɪɛɢɪɨɜɚɧɧɵɟ CO ɢ O2 ɨɛɪɚɡɭɸɬ ɚɞɫɨɪɛɢɪɨɜɚɧɧɵɣ 
CO2 ɜ ɪɟɡɭɥɶɬɚɬɟ ɛɵɫɬɪɨɝɨ ɪɚɜɧɨɜɟɫɧɨɝɨ ɩɪɨɰɟɫɫɚ: 

 
ɇɚ ɜɬɨɪɨɣ, ɦɟɞɥɟɧɧɨɣ ɫɬɚɞɢɢ, CO2 ɧɟɨɛɪɚɬɢɦɨ ɞɟɫɨɪɛɢɪɭɟɬɫɹ ɫ ɩɨɜɟɪɯɧɨɫɬɢ: 

CO2 (ɚɞɫ.)  CO⎯→⎯ 2k
2 (ɝ) 

2.4 ȼɵɜɟɞɢɬɟ ɮɨɪɦɭɥɭ ɞɥɹ ɡɚɜɢɫɢɦɨɫɬɢ ɫɤɨɪɨɫɬɢ ɪɟɚɤɰɢɢ ɨɛɪɚɡɨɜɚɧɢɹ ɝɚɡɨɨɛ-
ɪɚɡɧɨɝɨ CO2 ɨɬ ɩɚɪɰɢɚɥɶɧɵɯ ɞɚɜɥɟɧɢɣ ɜɫɟɯ ɭɱɚɫɬɧɢɤɨɜ ɪɟɚɤɰɢɢ. 

k
1

k

 (ɚɞɫ.)              CO

 -1

CO (ɚɞɫ.) + 0.5 O  (ɚɞɫ.)
2 2

 5



 ɉɨɞɫɤɚɡɤɚ: ɞɥɹ ɤɚɠɞɨɝɨ ɝɚɡɚ ɢɫɩɨɥɶɡɭɣɬɟ ɭɪɚɜɧɟɧɢɟ ɢɡɨɬɟɪɦɵ Ʌɷɧɝɦɸɪɚ ɞɥɹ ɫɦɟɫɢ 
ɝɚɡɨɜ: 

 θ(i) = 
∑ ⋅+

⋅

j

jj

ii

pK

pK

1
  i, j: ɢɧɞɟɤɫɵ ɝɚɡɨɜ.
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Ɂɚɞɚɱɚ 3: ɋɨɟɞɢɧɟɧɢɹ ɨɞɧɨɜɚɥɟɧɬɧɵɯ ɳɟɥɨɱɧɨɡɟɦɟɥɶɧɵɯ ɦɟɬɚɥ-
ɥɨɜ         (21 ɛɚɥɥ) 
 

Ɋɚɧɟɟ ɜ ɥɢɬɟɪɚɬɭɪɟ ɜɫɬɪɟɱɚɥɢɫɶ ɫɨɨɛɳɟɧɢɹ ɨ ɫɨɟɞɢɧɟɧɢɹɯ ɨɞɧɨɜɚɥɟɧɬɧɨɝɨ ɤɚɥɶɰɢɹ. Ⱦɨ 

ɧɟɞɚɜɧɟɝɨ ɜɪɟɦɟɧɢ ɩɪɢɪɨɞɚ ɷɬɢɯ "ɫɨɟɞɢɧɟɧɢɣ" ɛɵɥɚ ɧɟɢɡɜɟɫɬɧɨɣ, ɧɨ ɨɧɢ ɜɫɟ ɠɟ ɩɪɟɞɫɬɚɜ-
ɥɹɸɬ ɡɧɚɱɢɬɟɥɶɧɵɣ ɢɧɬɟɪɟɫ ɞɥɹ ɯɢɦɢɢ ɬɜɟɪɞɨɝɨ ɬɟɥɚ. 

 

ɉɪɟɞɩɪɢɧɢɦɚɥɢɫɶ ɩɨɩɵɬɤɢ ɜɨɫɫɬɚɧɨɜɢɬɶ CaCl2 ɞɨ CaCl ɫ ɩɨɦɨɳɶɸ: 

(a) ɤɚɥɶɰɢɹ    (b) ɜɨɞɨɪɨɞɚ    (c) ɭɝɥɟɪɨɞɚ. 

 

3.1  ɇɚɩɢɲɢɬɟ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɭɪɚɜɧɟɧɢɹ ɪɟɚɤɰɢɣ, ɤɨɬɨɪɵɟ ɦɨɝɥɢ ɛɵ ɩɪɢɜɟɫ-

ɬɢ ɤ ɨɛɪɚɡɨɜɚɧɢɸ CaCl ɜ ɤɚɠɞɨɦ ɢɡ ɷɬɢɯ ɫɥɭɱɚɟɜ. 

 

 

ȿɫɥɢ ɩɨɩɵɬɚɬɶɫɹ ɜɨɫɫɬɚɧɨɜɢɬɶ CaCl2 ɫɬɟɯɢɨɦɟɬɪɢɱɟɫɤɢɦ (ɦɨɥɶɧɨɟ ɫɨɨɬɧɨɲɟɧɢɟ 1:1) ɤɨɥɢ-

ɱɟɫɬɜɨɦ Ca, ɜ ɪɟɡɭɥɶɬɚɬɟ ɩɨɥɭɱɚɟɬɫɹ ɝɟɬɟɪɨɝɟɧɧɵɣ ɫɟɪɵɣ ɩɪɨɞɭɤɬ. ɉɪɢ ɜɧɢɦɚɬɟɥɶɧɨɦ ɪɚɫ-
ɫɦɨɬɪɟɧɢɢ ɷɬɨɝɨ ɩɪɨɞɭɤɬɚ ɩɨɞ ɦɢɤɪɨɫɤɨɩɨɦ ɦɨɠɧɨ ɭɜɢɞɟɬɶ ɫɟɪɟɛɪɢɫɬɵɟ ɦɟɬɚɥɥɢɱɟɫɤɢɟ 

ɱɚɫɬɢɰɵ ɢ ɛɟɫɰɜɟɬɧɵɟ ɤɪɢɫɬɚɥɥɵ.  

3.2 Ʉɚɤɢɦɢ ɜɟɳɟɫɬɜɚɦɢ ɹɜɥɹɸɬɫɹ ɷɬɢ ɦɟɬɚɥɥɢɱɟɫɤɢɟ ɱɚɫɬɢɰɵ ɢ ɛɟɫɰɜɟɬɧɵɟ 

ɤɪɢɫɬɚɥɥɵ? 

 

 

ȿɫɥɢ ɩɨɩɵɬɚɬɶɫɹ ɜɨɫɫɬɚɧɨɜɢɬɶ CaCl2 ɜɨɞɨɪɨɞɨɦ, ɨɛɪɚɡɭɟɬɫɹ ɩɪɨɞɭɤɬ ɛɟɥɨɝɨ ɰɜɟɬɚ. ɉɨ ɪɟ-

ɡɭɥɶɬɚɬɚɦ ɤɨɥɢɱɟɫɬɜɟɧɧɨɝɨ ɚɧɚɥɢɡɚ, ɷɬɨ ɜɟɳɟɫɬɜɨ ɫɨɞɟɪɠɢɬ (ɜ ɦɚɫɫɨɜɵɯ ɞɨɥɹɯ) 52.36 % 

ɤɚɥɶɰɢɹ ɢ 46.32 % ɯɥɨɪɚ. 

3.3 Ɉɩɪɟɞɟɥɢɬɟ ɷɦɩɢɪɢɱɟɫɤɭɸ ɮɨɪɦɭɥɭ ɨɛɪɚɡɨɜɚɜɲɟɝɨɫɹ ɜɟɳɟɫɬɜɚ.  

 

 

ȿɫɥɢ ɩɨɩɵɬɚɬɶɫɹ ɜɨɫɫɬɚɧɨɜɢɬɶ CaCl2 ɭɝɥɟɪɨɞɨɦ, ɨɛɪɚɡɭɟɬɫɹ ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɣ ɩɪɨɞɭɤɬ ɤɪɚɫ-
ɧɨɝɨ ɰɜɟɬɚ. ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɤɨɥɢɱɟɫɬɜɟɧɧɨɝɨ ɚɧɚɥɢɡɚ, ɦɨɥɶɧɨɟ ɫɨɨɬɧɨɲɟɧɢɟ Ca ɢ Cl ɜ ɷɬɨɦ 

ɜɟɳɟɫɬɜɟ ɫɨɫɬɚɜɥɹɟɬ n(Ca):n(Cl) = 1.5 : 1. 

ɉɪɢ ɝɢɞɪɨɥɢɡɟ ɞɚɧɧɨɝɨ ɤɪɚɫɧɨɝɨ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɝɨ ɜɟɳɟɫɬɜɚ ɨɛɪɚɡɭɟɬɫɹ ɬɨɬ ɠɟ ɝɚɡ, ɱɬɨ ɢ 

ɩɪɢ ɝɢɞɪɨɥɢɡɟ Mg2C3.  

3.4 a)  ɂɡɨɛɪɚɡɢɬɟ ɫɬɪɭɤɬɭɪɧɵɟ ɮɨɪɦɭɥɵ ɞɜɭɯ ɧɟɰɢɤɥɢɱɟɫɤɢɯ ɫɬɪɭɤɬɭɪɧɵɯ ɢɡɨ-

ɦɟɪɨɜ ɝɚɡɨɨɛɪɚɡɧɨɝɨ ɜɟɳɟɫɬɜɚ, ɨɛɪɚɡɭɸɳɟɝɨɫɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɝɢɞɪɨɥɢɡɚ.  

      b)  Ʉɚɤɨɟ ɜɟɳɟɫɬɜɨ ɨɛɪɚɡɭɟɬɫɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɪɟɚɤɰɢɢ CaCl2 ɫ ɭɝɥɟɪɨɞɨɦ? 

            (ɋɱɢɬɚɬɶ, ɱɬɨ ɨɞɧɨɜɚɥɟɧɬɧɵɣ ɤɚɥɶɰɢɣ ɧɟ ɫɭɳɟɫɬɜɭɟɬ). 

 

ɉɨɫɤɨɥɶɤɭ ɜɫɟ ɷɬɢ ɩɨɩɵɬɤɢ ɫɢɧɬɟɡɚ ɧɟ ɩɪɢɜɨɞɹɬ ɤ ɨɛɪɚɡɨɜɚɧɢɸ CaCl, ɨɛɫɭɞɢɦ ɝɢɩɨɬɟɬɢɱɟ-

ɫɤɭɸ ɫɬɪɭɤɬɭɪɭ ɷɬɨɝɨ ɜɟɳɟɫɬɜɚ. Ʌɨɝɢɱɧɨ ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ CaCl ɤɪɢɫɬɚɥɥɢɡɭɟɬɫɹ ɜ ɪɟɲɟɬɤɟ 

ɩɪɨɫɬɟɣɲɟɝɨ ɬɢɩɚ.  

Ɉɛɵɱɧɨ ɬɢɩ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɪɟɲɟɬɤɢ ɫɨɟɞɢɧɟɧɢɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɨɬɧɨɲɟɧɢɟɦ ɪɚɞɢɭɫɨɜ ɤɚ-

ɬɢɨɧɚ r(Mm+) ɢ ɚɧɢɨɧɚ r(Xx-), ɤɚɤ ɩɨɤɚɡɚɧɨ ɧɢɠɟ ɜ ɬɚɛɥɢɰɟ ɞɥɹ ɫɨɟɞɢɧɟɧɢɣ ɫɨɫɬɚɜɚ MX. 
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Ʉɨɨɪɞɢɧɚɰɢɨɧɧɨɟ 

ɱɢɫɥɨ ɤɚɬɢɨɧɚ M 

Ɍɢɩ ɨɤɪɭɠɟɧɢɹ 

ɚɧɢɨɧɚ X 

Ɉɬɧɨɲɟɧɢɟ 

ɪɚɞɢɭɫɨɜ 
rM/rX

ɋɬɪɭɤɬɭɪ-

ɧɵɣ ɬɢɩ 

ɪɟɲɟɬɤɢ 

Ɋɚɫɱɟɬɧɚɹ ɜɟɥɢɱɢ-

ɧɚ 

∆LH
0 ɞɥɹ CaCl 

3 ɬɪɟɭɝɨɥɶɧɢɤ 0.155-0.225 BN - 663.8 ɤȾɠ ɦɨɥɶ-1

4 ɬɟɬɪɚɷɞɪ 0.225-0.414 ZnS - 704.8 ɤȾɠ ɦɨɥɶ -1

6 ɨɤɬɚɷɞɪ 0.414-0.732 NaCl - 751.9 ɤȾɠ ɦɨɥɶ -1

8 ɤɭɛ 0.732-1.000 CsCl - 758.4 ɤȾɠ ɦɨɥɶ -1

∆LH
0 (CaCl) — ɢɡɦɟɧɟɧɢɟ ɷɧɬɚɥɶɩɢɢ ɞɥɹ ɪɟɚɤɰɢɢ Ca+(ɝ) + Cl-(ɝ) = CaCl(ɬɜ) 

 

3.5a)  Ɋɟɲɟɬɤɚ ɤɚɤɨɝɨ ɬɢɩɚ ɧɚɢɛɨɥɟɟ ɜɟɪɨɹɬɧɚ ɞɥɹ CaCl?  

 [r(Ca+) ≈ 120 ɩɦ (ɪɚɫɱɟɬɧɚɹ ɜɟɥɢɱɢɧɚ), r(Cl-) ≈167 ɩɦ)] 

 

 

 

ɗɧɟɪɝɢɹ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɪɟɲɟɬɤɢ ∆LH
0 — ɷɬɨ ɬɨɥɶɤɨ ɨɞɢɧ ɢɡ ɮɚɤɬɨɪɨɜ, ɩɨ ɤɨɬɨɪɨɦɭ ɦɨɠɧɨ 

ɫɭɞɢɬɶ ɨ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɣ ɫɬɚɛɢɥɶɧɨɫɬɢ CaCl. Ⱦɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɨɰɟɧɢɬɶ ɭɫɬɨɣɱɢɜɨɫɬɶ 
CaCl ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɪɚɡɥɨɠɟɧɢɸ ɧɚ ɩɪɨɫɬɵɟ ɜɟɳɟɫɬɜɚ, ɬɪɟɛɭɟɬɫɹ ɡɧɚɬɶ ∆fH

0 — ɡɧɚɱɟɧɢɟ 

ɫɬɚɧɞɚɪɬɧɨɣ ɷɧɬɚɥɶɩɢɢ ɨɛɪɚɡɨɜɚɧɢɹ CaCl. 

3.5b)  Ɋɚɫɫɱɢɬɚɣɬɟ ɡɧɚɱɟɧɢɟ ∆fH
0
 (CaCl), ɢɫɩɨɥɶɡɭɹ ɰɢɤɥ Ȼɨɪɧɚ-Ƚɚɛɟɪɚ. 

Ɍɟɩɥɨɬɚ ɩɥɚɜɥɟɧɢɹ ∆fusionH
0(Ca)   9.3 ɤȾɠ ɦɨɥɶ-1

ɗɧɬɚɥɶɩɢɹ ɢɨɧɢɡɚ-

ɰɢɢ 

∆1. IEH(Ca)   Ca ⎯→ Ca+ 589.7 ɤȾɠ ɦɨɥɶ -1

ɗɧɬɚɥɶɩɢɹ ɢɨɧɢɡɚ-

ɰɢɢ 

∆2. IE H(Ca) Ca+ ⎯→ Ca2+ 1145.0 ɤȾɠ ɦɨɥɶ -1

Ɍɟɩɥɨɬɚ ɢɫɩɚɪɟɧɢɹ ∆ vap H
0(Ca)  150.0 ɤȾɠ ɦɨɥɶ -1

ɗɧɟɪɝɢɹ ɞɢɫɫɨɰɢɚ-

ɰɢɢ 

∆dissH(Cl2) Cl2 ⎯→ 2 Cl 240.0 ɤȾɠ ɦɨɥɶ -1

ɗɧɬɚɥɶɩɢɹ ɨɛɪɚɡɨ-

ɜɚɧɢɹ 

∆fH
0(CaCl2)  -796.0 ɤȾɠ ɦɨɥɶ -1

ɋɪɨɞɫɬɜɨ ɤ ɷɥɟɤ-

ɬɪɨɧɭ 

∆EAH(Cl) Cl + e- ⎯→ Cl-  - 349.0 ɤȾɠ ɦɨɥɶ -1   

Ⱦɥɹ ɬɨɝɨ ɱɬɨɛɵ ɨɰɟɧɢɬɶ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɭɸ ɭɫɬɨɣɱɢɜɨɫɬɶ CaCl ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɞɢɫɩɪɨɩɨɪ-

ɰɢɨɧɢɪɨɜɚɧɢɸ ɧɚ Ca ɢ CaCl2, ɧɟɨɛɯɨɞɢɦɨ ɪɚɫɫɱɢɬɚɬɶ ɡɧɚɱɟɧɢɟ ɫɬɚɧɞɚɪɬɧɨɣ ɷɧɬɚɥɶɩɢɢ ɷɬɨɝɨ 

ɩɪɨɰɟɫɫɚ. (ɂɡɦɟɧɟɧɢɟ ɷɧɬɪɨɩɢɢ ∆S ɨɱɟɧɶ ɦɚɥɨ ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ, ɩɨɷɬɨɦɭ ɢɦ ɦɨɠɧɨ ɩɪɟɧɟɛ-

ɪɟɱɶ).  

3.6   ɋ ɬɨɱɤɢ ɡɪɟɧɢɹ ɬɟɪɦɨɞɢɧɚɦɢɤɢ, ɩɪɨɢɫɯɨɞɢɬ ɥɢ ɞɢɫɩɪɨɩɨɪɰɢɨɧɢɪɨɜɚɧɢɟ CaCl? 

ɉɨɞɬɜɟɪɞɢɬɟ ɜɚɲ ɜɵɜɨɞ ɪɚɫɱɟɬɚɦɢ. 
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Ɂɚɞɚɱɚ 4: Ɉɩɪɟɞɟɥɟɧɢɟ ɚɬɨɦɧɵɯ ɦɚɫɫ    (20 ɛɚɥɥɨɜ) 
 

ȼ ɪɟɚɤɰɢɢ ɩɪɨɫɬɨɝɨ ɜɟɳɟɫɬɜɚ, ɨɛɪɚɡɨɜɚɧɧɨɝɨ ɷɥɟɦɟɧɬɨɦ X, ɫ ɜɨɞɨɪɨɞɨɦ ɩɨɥɭɱɚɸɬɫɹ ɫɨɟɞɢ-

ɧɟɧɢɹ, ɩɪɢɧɚɞɥɟɠɚɳɢɟ ɤ ɤɥɚɫɫɭ, ɚɧɚɥɨɝɢɱɧɨɦɭ ɭɝɥɟɜɨɞɨɪɨɞɚɦ. ɉɪɢ ɝɢɞɪɢɪɨɜɚɧɢɢ 5.000 ɝ 
ɜɟɳɟɫɬɜɚ X ɨɛɪɚɡɨɜɚɥɨɫɶ 5.628 ɝ ɫɦɟɫɢ X-ɚɧɚɥɨɝɨɜ ɦɟɬɚɧɚ ɢ ɷɬɚɧɚ ɜ ɦɨɥɶɧɨɦ ɨɬɧɨɲɟɧɢɢ 

2:1. 

4.1  Ɉɩɪɟɞɟɥɢɬɟ ɦɨɥɹɪɧɭɸ ɦɚɫɫɭ X. ɉɪɢɜɟɞɢɬɟ ɯɢɦɢɱɟɫɤɢɣ ɫɢɦɜɨɥ X ɢ ɢɡɨɛɪɚɡɢɬɟ 
ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɟ ɫɬɪɨɟɧɢɟ ɨɛɨɢɯ ɩɪɨɞɭɤɬɨɜ. 

 

 

Ⱦɚɧɧɵɟ, ɩɪɢɜɟɞɟɧɧɵɟ ɧɢɠɟ, ɢɦɟɸɬ ɛɨɥɶɲɨɟ ɢɫɬɨɪɢɱɟɫɤɨɟ ɡɧɚɱɟɧɢɟ. 

Ɇɢɧɟɪɚɥ ɚɪɝɢɪɨɞɢɬ - ɷɬɨ ɫɬɟɯɢɨɦɟɬɪɢɱɟɫɤɨɟ ɫɨɟɞɢɧɟɧɢɟ, ɤɨɬɨɪɨɟ ɫɨɞɟɪɠɢɬ ɫɟɪɟɛɪɨ (ɫɬɟ-

ɩɟɧɶ ɨɤɢɫɥɟɧɢɹ +1), ɫɟɪɭ (ɫɬɟɩɟɧɶ ɨɤɢɫɥɟɧɢɹ -2) ɢ ɧɟɢɡɜɟɫɬɧɵɣ ɷɥɟɦɟɧɬ Y (ɫɬɟɩɟɧɶ ɨɤɢɫɥɟ-

ɧɢɹ +4). Ɇɚɫɫɨɜɨɟ ɫɨɨɬɧɨɲɟɧɢɟ ɫɟɪɟɛɪɚ ɢ ɷɥɟɦɟɧɬɚ Y ɜ ɚɪɝɢɪɨɞɢɬɟ ɪɚɜɧɨ m(Ag) : m(Y) = 

11.88 : 1. ɗɥɟɦɟɧɬ Y ɨɛɪɚɡɭɟɬ ɤɪɚɫɧɨɜɚɬɨ-ɤɨɪɢɱɧɟɜɵɣ ɧɢɡɲɢɣ ɫɭɥɶɮɢɞ (ɝɞɟ Y ɢɦɟɟɬ ɫɬɟɩɟɧɶ 
ɨɤɢɫɥɟɧɢɹ +2) ɢ ɛɟɥɵɣ ɜɵɫɲɢɣ ɫɭɥɶɮɢɞ (ɝɞɟ Y ɢɦɟɟɬ ɫɬɟɩɟɧɶ ɨɤɢɫɥɟɧɢɹ +4). ɇɢɡɲɢɣ ɫɭɥɶ-
ɮɢɞ ɨɛɪɚɡɭɟɬɫɹ ɩɪɢ ɧɚɝɪɟɜɚɧɢɢ ɚɪɝɢɪɨɞɢɬɚ ɜ ɬɨɤɟ ɜɨɞɨɪɨɞɚ. Ⱦɪɭɝɢɟ ɩɪɨɞɭɤɬɵ ɷɬɨɣ ɪɟɚɤɰɢɢ 

- Ag2S ɢ H2S. Ⱦɥɹ ɤɨɥɢɱɟɫɬɜɟɧɧɨɝɨ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ 10.0 ɝ ɚɪɝɢɪɨɞɢɬɚ ɩɨɬɪɟɛɨɜɚɥɨɫɶ 0.295 ɥ 

ɜɨɞɨɪɨɞɚ ɩɪɢ 400 K ɢ 100 ɤɉɚ. 

4.2 ɂɫɩɨɥɶɡɭɹ ɷɬɭ ɢɧɮɨɪɦɚɰɢɸ, ɨɩɪɟɞɟɥɢɬɟ ɦɨɥɹɪɧɭɸ ɦɚɫɫɭ ɷɥɟɦɟɧɬɚ Y. ɉɪɢɜɟ-
ɞɢɬɟ ɯɢɦɢɱɟɫɤɢɣ ɫɢɦɜɨɥ Y ɢ ɷɦɩɢɪɢɱɟɫɤɭɸ ɮɨɪɦɭɥɭ ɚɪɝɢɪɨɞɢɬɚ. 

 

Ⱥɬɨɦɧɵɟ ɦɚɫɫɵ ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɩɨ ɫɩɟɤɬɪɨɫɤɨɩɢɱɟɫɤɢɦ ɞɚɧɧɵɦ. 

Ʉɨɥɟɛɚɬɟɥɶɧɭɸ ɱɚɫɬɨɬɭ ν~  ɜ ɂɄ ɫɩɟɤɬɪɟ ɦɨɠɧɨ ɪɚɫɫɱɢɬɚɬɶ ɩɨ ɡɚɤɨɧɭ Ƚɭɤɚ (ɨɛɪɚɬɢɬɟ ɜɧɢɦɚ-

ɧɢɟ ɧɚ ɫɨɝɥɚɫɨɜɚɧɢɟ ɪɚɡɦɟɪɧɨɫɬɟɣ): 

ν~ = 
µπ
k

c2

1
⋅  

ν~   ɤɨɥɟɛɚɬɟɥɶɧɚɹ ɱɚɫɬɨɬɚ ɫɜɹɡɢ (ɫɦ-1) 
c   ɫɤɨɪɨɫɬɶ ɫɜɟɬɚ  
k   ɫɢɥɨɜɚɹ ɩɨɫɬɨɹɧɧɚɹ ɫɜɹɡɢ (ɇ ɦ-1= ɤɝ ɫ-2) 

µ   ɩɪɢɜɟɞɟɧɧɚɹ ɦɚɫɫɚ, ɤɨɬɨɪɚɹ ɞɥɹ ɦɨɥɟɤɭɥ ɬɢɩɚ AB4 ɞɚɟɬɫɹ ɜɵɪɚɠɟɧɢɟɦ 

  µ = 
)(4)(3

)( )(3

BmAm

BmAm

+
 

m(A), m(B) ɦɚɫɫɵ ɚɬɨɦɨɜ.  
 
Ʉɨɥɟɛɚɬɟɥɶɧɚɹ ɱɚɫɬɨɬɚ ɫɜɹɡɢ C-H ɜ ɦɟɬɚɧɟ ɪɚɜɧɚ 3030.00 ɫɦ-1, ɚ ɤɨɥɟɛɚɬɟɥɶɧɚɹ ɱɚɫɬɨɬɚ ɞɥɹ 
Z-ɚɧɚɥɨɝɚ ɦɟɬɚɧɚ ɫɨɫɬɚɜɥɹɟɬ 2938.45 ɫɦ-1. ɗɧɟɪɝɢɹ ɫɜɹɡɢ C-H ɜ ɦɟɬɚɧɟ ɪɚɜɧɚ 438.4 ɤȾɠ 
ɦɨɥɶ-1, ɚ ɷɧɟɪɝɢɹ ɫɜɹɡɢ Z-H ɜ Z-ɚɧɚɥɨɝɟ ɦɟɬɚɧɚ ɫɨɫɬɚɜɥɹɟɬ 450.2 ɤȾɠ ɦɨɥɶ-1. 

4.3 ɂɫɩɨɥɶɡɭɹ ɡɚɤɨɧ Ƚɭɤɚ, ɨɩɪɟɞɟɥɢɬɟ ɫɢɥɨɜɭɸ ɩɨɫɬɨɹɧɧɭɸ k ɫɜɹɡɢ C-H.  

Ɋɚɫɫɱɢɬɚɣɬɟ ɫɢɥɨɜɭɸ ɩɨɫɬɨɹɧɧɭɸ k ɫɜɹɡɢ Z-H, ɫɱɢɬɚɹ, ɱɬɨ ɫɢɥɨɜɵɟ ɩɨɫɬɨ-
ɹɧɧɵɟ ɩɪɹɦɨ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɵ ɷɧɟɪɝɢɹɦ ɫɜɹɡɢ. 

Ɉɩɪɟɞɟɥɢɬɟ ɦɨɥɹɪɧɭɸ ɦɚɫɫɭ ɷɥɟɦɟɧɬɚ Z. 

ɉɪɢɜɟɞɢɬɟ ɯɢɦɢɱɟɫɤɢɣ ɫɢɦɜɨɥ Z. 
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Ɂɚɞɚɱɚ 5: Ɍɟɪɦɨɞɢɧɚɦɢɤɚ ɜ ɛɢɨɯɢɦɢɢ    (18 ɛɚɥɥɨɜ) 
 

ɋɬɪɭɤɬɭɪɚ ATɎ4 –  

 

N

N
N

N

NH2

O

OHOH

HH

HH

OPO

O-

O

O P

O

O-

-O P

O

O-

 
 

ɋɞɜɢɝ ɯɢɦɢɱɟɫɤɨɝɨ ɪɚɜɧɨɜɟɫɢɹ ɩɪɢ ɩɨɦɨɳɢ ATɎ: 

 

ɀɢɜɨɬɧɵɟ ɢɫɩɨɥɶɡɭɸɬ ɫɜɨɛɨɞɧɭɸ ɷɧɟɪɝɢɸ, ɩɨɥɭɱɚɟɦɭɸ ɜ ɪɟɡɭɥɶɬɚɬɟ ɨɤɢɫɥɟɧɢɹ ɩɢɳɢ, ɞɥɹ 

ɩɨɞɞɟɪɠɚɧɢɹ ɧɟɪɚɜɧɨɜɟɫɧɵɯ ɤɨɧɰɟɧɬɪɚɰɢɣ ATɎ, AȾɎ ɢ ɮɨɫɮɚɬɚ. ɋɥɟɞɭɸɳɢɟ ɡɧɚɱɟɧɢɹ 

ɤɨɧɰɟɧɬɪɚɰɢɣ ɛɵɥɢ ɨɩɪɟɞɟɥɟɧɵ ɜ ɤɪɚɫɧɵɯ ɤɪɨɜɹɧɵɯ ɬɟɥɶɰɚɯ:  
   c(ATɎ4-)  = 2.25 ɦɦɨɥɶ ɥ-1 

   c(AȾɎ3-)  = 0.25 ɦɦɨɥɶ ɥ -1

   c(HPO4
2-)  = 1.65 ɦɦɨɥɶ ɥ -1

 

ɋɜɨɛɨɞɧɚɹ ɷɧɟɪɝɢɹ, ɡɚɩɚɫɟɧɧɚɹ ɜ ȺɌɎ, ɦɨɠɟɬ ɜɵɞɟɥɹɬɶɫɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɫɥɟɞɭɸɳɟɣ ɪɟɚɤɰɢɢ: 

 

ȺɌɎ4- + H2O  ←⎯⎯→
  AȾɎ3- + HPO4

2- + H+    ∆G°’= -30.5 ɤȾɠ ɦɨɥɶ-1       (1) 

 

ɉɨɫɤɨɥɶɤɭ ɜ ɛɨɥɶɲɢɧɫɬɜɟ ɤɥɟɬɨɤ ɡɧɚɱɟɧɢɟ pH ɛɥɢɡɤɨ ɤ 7, ɛɢɨɯɢɦɢɤɢ ɢɫɩɨɥɶɡɭɸɬ ∆G°’ ɜɦɟɫɬɨ 

∆G°. ɉɨ ɨɩɪɟɞɟɥɟɧɢɸ, ɫɬɚɧɞɚɪɬɧɚɹ ∆G°’ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɩɨɫɬɨɹɧɧɨɦɭ ɡɧɚɱɟɧɢɸ ɪɇ, ɪɚɜɧɨɦɭ 
7. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ, ɜ ɭɪɚɜɧɟɧɢɹɯ, ɜɤɥɸɱɚɸɳɢɯ ∆G°’ ɢ K’ ɞɥɹ ɪɟɚɤɰɢɣ ɩɪɢ pH=7, ɤɨɧɰɟɧɬɪɚɰɢɸ 

ɩɪɨɬɨɧɨɜ H+ ɨɩɭɫɤɚɸɬ. 
ɋɬɚɧɞɚɪɬɧɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɪɚɜɧɚ 1 ɦɨɥɶ ɥ-1. 

 

5.1 Ɋɚɫɫɱɢɬɚɣɬɟ ɪɟɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ G’ ɞɥɹ ɪɟɚɤɰɢɢ (1), ɩɪɨɬɟɤɚɸɳɟɣ ɜ ɤɪɚɫɧɵɯ 

ɤɪɨɜɹɧɵɯ ɬɟɥɶɰɚɯ ɩɪɢ 25°C ɢ pH = 7.  

 

ȼ ɤɥɟɬɤɚɯ ɩɪɨɬɟɤɚɸɬ ɦɧɨɝɢɟ ɬɚɤ ɧɚɡɵɜɚɟɦɵɟ “ɚɧɚɛɨɥɢɱɟɫɤɢɟ” ɪɟɚɤɰɢɢ, ɤɨɬɨɪɵɟ, ɧɚ ɩɟɪɜɵɣ 

ɜɡɝɥɹɞ, ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢ ɧɟɜɵɝɨɞɧɵ ɢɡ-ɡɚ ɩɨɥɨɠɢɬɟɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ ∆G. ȼ ɤɚɱɟɫɬɜɟ ɩɪɢ-

ɦɟɪɚ ɦɨɠɧɨ ɩɪɢɜɟɫɬɢ ɮɨɫɮɨɪɢɥɢɪɨɜɚɧɢɟ ɝɥɸɤɨɡɵ: 

 

ɝɥɸɤɨɡɚ + HPO4
2- ←⎯⎯→

 ɝɥɸɤɨɡɨ-6-ɮɨɫɮɚɬ2- + H2O        ∆G°’= +13.8 ɤȾɠ ɦɨɥɶ-1      (2) 

5.2 Ɋɚɫɫɱɢɬɚɣɬɟ ɡɧɚɱɟɧɢɟ ɤɨɧɫɬɚɧɬɵ ɪɚɜɧɨɜɟɫɢɹ K' ɞɥɹ ɪɟɚɤɰɢɢ (2). ɇɚɣɞɢɬɟ ɨɬ-

ɧɨɲɟɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɣ c(ɝɥɸɤɨɡɨ-6-ɮɨɫɮɚɬ) / c(ɝɥɸɤɨɡɚ) ɜ ɤɪɚɫɧɵɯ ɤɪɨɜɹɧɵɯ 

ɬɟɥɶɰɚɯ ɜ ɭɫɥɨɜɢɹɯ ɯɢɦɢɱɟɫɤɨɝɨ ɪɚɜɧɨɜɟɫɢɹ ɩɪɢ 25°C ɢ pH = 7. 
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Ⱦɥɹ ɫɞɜɢɝɚ ɪɚɜɧɨɜɟɫɢɹ ɜ ɫɬɨɪɨɧɭ ɛɨɥɶɲɟɣ ɤɨɧɰɟɧɬɪɚɰɢɢ ɝɥɸɤɨɡɨ-6-ɮɨɫɮɚɬɚ, ɜ ɨɪɝɚɧɢɡɦɟ 

ɪɟɚɤɰɢɹ (2) ɫɨɩɪɹɠɟɧɚ ɫ ɝɢɞɪɨɥɢɡɨɦ ATɎ: 

                                    ɝɟɤɫɨɤɢɧɚɡɚ 
ɝɥɸɤɨɡɚ + ȺɌɎ4-         ←⎯⎯→

         ɝɥɸɤɨɡɨ-6-ɮɨɫɮɚɬ2- + AȾɎ3- + H+               (3) 

 

5.3 Ɋɚɫɫɱɢɬɚɣɬɟ ɡɧɚɱɟɧɢɹ G°’ ɢ K’ ɞɥɹ ɪɟɚɤɰɢɢ (3). ɑɟɦɭ ɪɚɜɧɨ ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ 

ɨɬɧɨɲɟɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɣ c(ɝɥɸɤɨɡɨ-6-ɮɨɫɮɚɬ) / c(ɝɥɸɤɨɡɚ) ɜ ɤɪɚɫɧɵɯ ɤɪɨɜɹ-

ɧɵɯ ɬɟɥɶɰɚɯ ɜ ɭɫɥɨɜɢɹɯ ɯɢɦɢɱɟɫɤɨɝɨ ɪɚɜɧɨɜɟɫɢɹ ɩɪɢ 25°C ɢ pH = 7? 

 

 

ɋɢɧɬɟɡ ATɎ: 

 

ȼɡɪɨɫɥɵɣ ɱɟɥɨɜɟɤ ɩɨɥɭɱɚɟɬ ɢɡ ɩɢɳɢ ɷɧɟɪɝɢɸ (∆G’), ɪɚɜɧɭɸ  8000 ɤȾɠ ɜ ɞɟɧɶ. 

5.4 a) Ʉɚɤɨɜɚ ɦɚɫɫɚ ATɎ, ɩɪɨɢɡɜɨɞɢɦɨɝɨ ɨɪɝɚɧɢɡɦɨɦ ɜ ɞɟɧɶ, ɟɫɥɢ ɞɥɹ ɫɢɧɬɟɡɚ ȺɌɎ  

ɢɫɩɨɥɶɡɭɟɬɫɹ ɩɨɥɨɜɢɧɚ ɷɧɟɪɝɢɢ, ɩɨɥɭɱɚɟɦɨɣ ɢɡ ɩɢɳɢ? ɉɪɢ ɪɚɫɱɟɬɟ ɞɨɩɭɫ-

ɬɢɬɟ, ɱɬɨ G’ ɪɟɚɤɰɢɢ (1) ɪɚɜɧɨ -52 ɤȾɠ ɦɨɥɶ -1, ɚ ɦɨɥɹɪɧɚɹ ɦɚɫɫɚ ȺɌɎ ɪɚɜɧɚ 

503 ɝ ɦɨɥɶ-1 

        b)  Ʉɚɤɨɜɚ ɜ ɫɪɟɞɧɟɦ ɦɚɫɫɚ ȺɌɎ, ɫɨɞɟɪɠɚɳɟɝɨɫɹ ɜ ɨɪɝɚɧɢɡɦɟ ɜ ɥɸɛɨɣ ɦɨɦɟɧɬ 

ɜɪɟɦɟɧɢ, ɟɫɥɢ ɫɪɟɞɧɟɟ ɜɪɟɦɹ ɠɢɡɧɢ ɦɨɥɟɤɭɥɵ ȺɌɎ ɞɨ ɬɨɝɨ, ɤɚɤ ɨɧɚ ɛɭɞɟɬ 

ɝɢɞɪɨɥɢɡɨɜɚɧɚ, ɫɨɫɬɚɜɥɹɟɬ 1 ɦɢɧ? 

       c) ɇɚ ɱɬɨ ɪɚɫɯɨɞɭɟɬɫɹ ɨɫɬɚɥɶɧɚɹ ɫɜɨɛɨɞɧɚɹ ɷɧɟɪɝɢɹ, ɤɨɬɨɪɚɹ ɧɟ ɢɫɩɨɥɶɡɭɟɬɫɹ 

ɞɥɹ ɫɢɧɬɟɡɚ ȺɌɎ? Ɉɬɦɟɬɶɬɟ ɩɪɚɜɢɥɶɧɵɣ ɜɚɪɢɚɧɬ. 

 
ɗɧɟɪɝɢɹ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɩɨɧɢɠɟɧɢɹ ɷɧɬɪɨɩɢɢ ɬɟɥɚ     ¸ 

ɗɧɟɪɝɢɹ ɜɵɞɟɥɹɟɬɫɹ ɢɡ ɨɪɝɚɧɢɡɦɚ ɜ ɜɢɞɟ O-H ɫɜɹɡɟɣ ɦɨɥɟɤɭɥɵ ɜɨɞɵ 
ɢ C=O ɫɜɹɡɟɣ ɦɨɥɟɤɭɥɵ ɞɢɨɤɫɢɞɚ ɭɝɥɟɪɨɞɚ                                                                    ¸ 
ɗɧɟɪɝɢɹ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɪɟɝɟɧɟɪɚɰɢɢ ɩɪɚɜɢɥɶɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɮɟɪɦɟɧɬɨɜ, 
ɤɨɬɨɪɵɟ ɤɚɬɚɥɢɡɢɪɭɸɬ ɨɛɪɚɡɨɜɚɧɢɟ ȺɌɎ                                                                             ¸ 

ɗɧɟɪɝɢɹ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɩɨɞɞɟɪɠɚɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɬɟɥɚ ɱɟɥɨɜɟɤɚ        ¸ 

 

 

ȼ ɠɢɜɨɬɧɵɯ ɤɥɟɬɤɚɯ ɷɧɟɪɝɢɹ, ɩɨɥɭɱɟɧɧɚɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɨɤɢɫɥɟɧɢɹ ɩɢɳɢ, ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ 

ɜɵɤɚɱɢɜɚɧɢɹ ɩɪɨɬɨɧɨɜ ɢɡ ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɵɯ ɦɟɦɛɪɚɧɧɵɯ ɨɪɝɚɧɟɥɥ, ɧɚɡɵɜɚɟɦɵɯ ɦɢɬɨ-

ɯɨɧɞɪɢɹɦɢ. Ɏɟɪɦɟɧɬ ATɎ-ɫɢɧɬɚɡɚ ɨɛɟɫɩɟɱɢɜɚɟɬ ɨɛɪɚɬɧɨɟ ɩɪɨɧɢɤɧɨɜɟɧɢɟ ɩɪɨɬɨɧɨɜ ɜɧɭɬɪɶ 
ɦɢɬɨɯɨɧɞɪɢɣ, ɟɫɥɢ ɨɞɧɨɜɪɟɦɟɧɧɨ ɫ ɷɬɢɦ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫɢɧɬɟɡ ȺɌɎ ɢɡ AȾɎ ɢ ɮɨɫɮɚɬɚ.  

 

5.5 a) Ʉɚɤɨɟ ɱɢɫɥɨ ɩɪɨɬɨɧɨɜ (H+) ɫɨɞɟɪɠɢɬɫɹ ɜɧɭɬɪɢ ɫɮɟɪɢɱɟɫɤɨɣ ɦɢɬɨɯɨɧɞɪɢɢ ɫ 

ɞɢɚɦɟɬɪɨɦ 1 ɦɢɤɪɨɦɟɬɪ ɩɪɢ pH = 7? 

     b) ȼ ɨɞɧɨɣ ɤɥɟɬɤɟ ɩɟɱɟɧɢ ɫɨɞɟɪɠɢɬɫɹ 1000 ɦɢɬɨɯɨɧɞɪɢɣ. Ʉɚɤɨɟ ɱɢɫɥɨ ɩɪɨɬɨɧɨɜ 

ɞɨɥɠɧɨ ɩɪɨɧɢɤɧɭɬɶ ɱɟɪɟɡ ATɎ-ɫɢɧɬɚɡɭ ɜ ɤɚɠɞɭɸ ɦɢɬɨɯɨɧɞɪɢɸ, ɱɬɨɛɵ ɨɛɟɫ-

ɩɟɱɢɬɶ ɫɢɧɬɟɡ 0.2 ɮɟɦɬɨɝɪɚɦɦ ȺɌɎ ɜ ɷɬɨɣ ɤɥɟɬɤɟ ɩɟɱɟɧɢ? ȼ ɪɚɫɱɟɬɚɯ ɩɪɢ-

ɦɢɬɟ, ɱɬɨ ɞɥɹ ɫɢɧɬɟɡɚ 1 ɦɨɥɟɤɭɥɵ ȺɌɎ ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɧɢɤɧɨɜɟɧɢɟ 3 ɩɪɨɬɨ-

ɧɨɜ ɜ ɦɢɬɨɯɨɧɞɪɢɸ. 
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Ɂɚɞɚɱɚ 6: Ɋɟɚɤɰɢɢ Ⱦɢɥɶɫɚ-Ⱥɥɶɞɟɪɚ     (20 ɛɚɥɥɨɜ) 
 

Ɋɟɚɤɰɢɹ Ⱦɢɥɶɫɚ-Ⱥɥɶɞɟɪɚ, ɫɨɝɥɚɫɨɜɚɧɧɨɟ [4+2]-ɰɢɤɥɨɩɪɢɫɨɟɞɢɧɟɧɢɟ ɞɢɟɧɚ ɢ ɨɥɟɮɢɧɚ ɫ ɨɛ-

ɪɚɡɨɜɚɧɢɟɦ ɰɢɤɥɨɝɟɤɫɟɧɚ, ɛɵɥɚ ɨɬɤɪɵɬɚ ɜ 1928 ɜ Ʉɢɥɟ. ɉɪɨɮɟɫɫɨɪ Ɉɬɬɨ Ⱦɢɥɶɫ ɢ ɟɝɨ ɤɨɥɥɟɝɚ 

Ʉɭɪɬ Ⱥɥɶɞɟɪ ɫɦɟɲɚɥɢ ɩ-ɛɟɧɡɨɯɢɧɨɧ ɫ ɢɡɛɵɬɤɨɦ ɰɢɤɥɨɩɟɧɬɚɞɢɟɧɚ ɢ ɩɨɥɭɱɢɥɢ ɫɥɟɞɭɸɳɢɣ 

ɪɟɡɭɥɶɬɚɬ: 
O

O

O

O

+ [ A ]
20 °C

C11H10O2

B

20°C

 

6.1 ɂɡɨɛɪɚɡɢɬɟ ɫɬɪɭɤɬɭɪɧɭɸ ɮɨɪɦɭɥɭ ɫɨɟɞɢɧɟɧɢɹ A (ɛɟɡ ɫɬɟɪɟɨɯɢɦɢɱɟɫɤɨɣ ɢɧ-

ɮɨɪɦɚɰɢɢ). 

 

 

Ɋɟɚɤɰɢɹ Ⱦɢɥɶɫɚ-Ⱥɥɶɞɟɪɚ ɹɜɥɹɟɬɫɹ ɫɨɝɥɚɫɨɜɚɧɧɨɣ, ɨɞɧɨɫɬɚɞɢɣɧɨɣ ɪɟɚɤɰɢɟɣ, ɤɨɬɨɪɚɹ ɩɪɨɬɟ-

ɤɚɟɬ ɫ ɜɵɫɨɤɨɣ ɫɬɟɪɟɨɫɩɟɰɢɮɢɱɧɨɫɬɶɸ. ɇɚɩɪɢɦɟɪ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɫɥɟɞɭɸɳɟɣ ɪɟɚɤɰɢɢ ɨɛɪɚ-

ɡɭɟɬɫɹ ɬɨɥɶɤɨ ɨɞɢɧ ɫɬɟɪɟɨɢɡɨɦɟɪ C 

 

 

CN

CN
CN

CN

H

H
CN

CN

H

H
CN

CN

=+

C  
               ɇɟ ɨɛɪɚɡɭɟɬɫɹ 

 

ȿɫɥɢ ɢɫɩɨɥɶɡɨɜɚɬɶ E-ɢɡɨɦɟɪ ɬɨɝɨ ɠɟ ɨɥɟɮɢɧɚ, ɨɛɪɚɡɭɸɬɫɹ ɞɜɚ ɞɪɭɝɢɯ ɫɬɟɪɟɨɢɡɨɦɟɪɚ D1 ɢ 

D2. 

6.2 ɂɡɨɛɪɚɡɢɬɟ ɫɬɪɭɤɬɭɪɧɵɟ ɮɨɪɦɭɥɵ D1 ɢ D2. 

 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɢɡɧɚɱɚɥɶɧɨɣ ɪɟɚɤɰɢɢ (ɨɛɪɚɡɨɜɚɧɢɟ B ɢɡ ɰɢɤɥɨɩɟɧɬɚɞɢɟɧɚ ɢ ɛɟɧɡɨɯɢɧɨɧɚ) 

Ⱦɢɥɶɫ ɢ Ⱥɥɶɞɟɪ ɨɛɧɚɪɭɠɢɥɢ ɬɨɥɶɤɨ ɨɞɢɧ ɢɡ ɲɟɫɬɢ ɜɨɡɦɨɠɧɵɯ ɫɬɟɪɟɨɢɡɨɦɟɪɨɜ B, ɤɨɬɨɪɵɟ 

ɩɪɢɜɟɞɟɧɵ ɧɢɠɟ (ɫɦɨɬɪɢ ɫɥɟɞɭɸɳɭɸ ɫɬɪɚɧɢɰɭ).  

 

 ɉɨɞɫɤɚɡɤɢ: 

- ɩɨɦɧɢɬɟ ɨ ɫɬɟɪɟɨɫɩɟɰɢɮɢɱɟɫɤɨɦ ɨɛɪɚɡɨɜɚɧɢɢ C 

ɢ 

- ɭɱɬɢɬɟ, ɱɬɨ ɨɛɪɚɡɭɟɬɫɹ ɫɬɟɪɢɱɟɫɤɢ ɦɟɧɟɟ ɡɚɬɪɭɞɧɟɧ-

ɧɵɣ ɢɡɨɦɟɪ.           
CN

CN

C  
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O

O

H

H

H

H

O

O

H

H

H

H

O

O

H

H

H

H

O

O

H

H

H

H

O

O

H

H

H

H

O

O

H

H

H

H

1 2 3

4 5 6
 

6.3 Ʉɚɤɨɣ ɟɞɢɧɫɬɜɟɧɧɵɣ ɢɡɨɦɟɪ ɢɡ ɲɟɫɬɢ ɩɪɢɜɟɞɟɧɧɵɯ ɫɬɟɪɟɨɢɡɨɦɟɪɨɜ 1-6 ɫɨ-

ɟɞɢɧɟɧɢɹ B ɜɵɞɟɥɢɥɢ Ⱦɢɥɶɫ ɢ Ⱥɥɶɞɟɪ?  

 

ɉɨɫɥɟ ɞɥɢɬɟɥɶɧɨɝɨ ɧɚɝɪɟɜɚɧɢɹ (15 ɱ, 120°C) ɢɡɧɚɱɚɥɶɧɨ ɜɵɞɟɥɟɧɧɨɝɨ ɫɬɟɪɟɨɢɡɨɦɟɪɚ B 

(ɬɟɦɩɟɪɚɬɭɪɚ ɩɥɚɜɥɟɧɢɹ 157°C) Ⱦɢɥɶɫ ɢ Ⱥɥɶɞɟɪ ɩɨɥɭɱɢɥɢ ɞɜɚ ɧɨɜɵɯ ɫɬɟɪɟɨɢɡɨɦɟɪɚ E (ɬɟɦ-

ɩɟɪɚɬɭɪɚ ɩɥɚɜɥɟɧɢɹ 153°C) ɢ F (ɬɟɦɩɟɪɚɬɭɪɚ ɩɥɚɜɥɟɧɢɹ 163°C). ȼ ɞɪɭɝɨɦ ɷɤɫɩɟɪɢɦɟɧɬɟ ɩɪɢ 

ɨɛɪɚɛɨɬɤɟ B ɤɚɬɚɥɢɬɢɱɟɫɤɢɦ ɤɨɥɢɱɟɫɬɜɨɦ ɫɢɥɶɧɨɝɨ ɨɫɧɨɜɚɧɢɹ ɩɪɢ 25°C ɢ ɩɨɫɥɟɞɭɸɳɟɦ 

ɞɨɫɬɢɠɟɧɢɢ ɪɚɜɧɨɜɟɫɢɹ ɛɵɥɨ ɭɫɬɚɧɨɜɥɟɧɨ ɨɛɪɚɡɨɜɚɧɢɟ ɟɳɟ ɨɞɧɨɝɨ ɫɬɟɪɟɨɢɡɨɦɟɪɚ G (ɬɟɦ-

ɩɟɪɚɬɭɪɚ ɩɥɚɜɥɟɧɢɹ 184°C). 

 

B E       +       F  
              10%     20%          70% 

 

B G  
60%     40% 

 

6.4 ȼ ɥɢɫɬɟ ɨɬɜɟɬɨɜ ɨɬɦɟɬɶɬɟ ɤɪɟɫɬɢɤɨɦ ɩɪɚɜɢɥɶɧɵɣ ɜɚɪɢɚɧɬ ɞɥɹ ɤɚɠɞɨɝɨ 

ɭɬɜɟɪɠɞɟɧɢɹ. 

 
        ɂɫɬɢɧɚ   Ʌɨɠɶ ɇɟɜɨɡɦɨɠɧɨ   
            ɪɟɲɢɬɶ 
 Ɋɟɚɤɰɢɹ Ⱦɢɥɶɫɚ-Ⱥɥɶɞɟɪɚ ɨɛɪɚɬɢɦɚ      ¸    ¸          ¸ 

Ɉɛɪɚɡɨɜɚɧɢɟ B ɜ ɢɡɧɚɱɚɥɶɧɨɣ ɪɟɚɤɰɢɢ  

ɤɨɧɬɪɨɥɢɪɭɟɬɫɹ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢ      ¸    ¸          ¸ 
 
B ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢ ɛɨɥɟɟ ɫɬɚɛɢɥɶɧɨ, ɱɟɦ E     ¸    ¸          ¸ 

 E ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢ ɦɟɧɟɟ ɫɬɚɛɢɥɶɧɨ, ɱɟɦ F     ¸    ¸          ¸ 

G ɹɜɥɹɟɬɫɹ ɷɧɚɧɬɢɨɦɟɪɨɦ B       ¸    ¸          ¸ 

G ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢ ɛɨɥɟɟ ɫɬɚɛɢɥɶɧɨ, ɱɟɦ F     ¸    ¸          ¸ 

 

ɉɨɞɫɤɚɡɤɚ: Ⱦɥɹ ɨɬɜɟɬɚ ɧɚ ɷɬɢ ɜɨɩɪɨɫɵ ȼɚɦ ɧɟ ɨɛɹɡɚɬɟɥɶɧɨ ɡɧɚɬɶ, ɤɚɤɢɟ ɢɦɟɧɧɨ ɢɡ 
ɲɟɫɬɢ ɫɬɟɪɟɨɢɡɨɦɟɪɨɜ 1 - 6, ɩɪɢɜɟɞɟɧɧɵɯ ɜɵɲɟ, ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɫɨɟɞɢɧɟɧɢɹɦ E, F ɢ G.  

Ɋɟɚɤɰɢɹ Ⱦɢɥɶɫɚ-Ⱥɥɶɞɟɪɚ ɢɝɪɚɟɬ ɬɚɤɠɟ ɜɚɠɧɭɸ ɪɨɥɶ ɜ ɫɥɟɞɭɸɳɟɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɪɟ-

ɚɤɰɢɣ.  
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O CO2Me

CO2MeMeO
+

strong base
I

C12H16O5

K

OMe

OMe

∆
L

- CO2

C11H12O4

- MeOH

∆ OMe

CO2Me

ɫɢɥɶɧɨɟ  
ɨɫɧɨɜɚɧɢɟ strong base

ɫɢɥɶɧɨɟ  
ɨɫɧɨɜɚɧɢɟ 

 
 

6.5 ɂɡɨɛɪɚɡɢɬɟ ɫɬɪɭɤɬɭɪɧɵɟ ɮɨɪɦɭɥɵ I, K ɢ L.  

ɉɨɞɫɤɚɡɤɢ:     - K ɫɨɞɟɪɠɢɬ ɬɨɥɶɤɨ ɨɞɧɭ ɦɟɬɢɥɶɧɭɸ ɝɪɭɩɩɭ.  
- L - Ⱦɢɥɶɫ-Ⱥɥɶɞɟɪɨɜɫɤɢɣ ɚɞɞɭɤɬ ɫɨɟɞɢɧɟɧɢɹ K ɢ ɩɪɢɜɟɞɟɧɧɨɝɨ ɧɚ ɫɯɟɦɟ ɚɥɤɟ-

ɧɚ.  
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Ɂɚɞɚɱɚ 7: ɋɬɟɪɟɨɯɢɦɢɹ      (21 ɛɚɥɥ) 
 

Ⱥɛɫɨɥɸɬɧɭɸ ɤɨɧɮɢɝɭɪɚɰɢɸ ɦɨɥɟɤɭɥ ɨɩɢɫɵɜɚɸɬ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɪɚɜɢɥ Ʉɚɧɚ-ɂɧɝɨɥɶɞɚ-

ɉɪɟɥɨɝɚ. 

7.1  ɂɫɩɨɥɶɡɭɹ ɩɪɚɜɢɥɨ Ʉɚɧɚ-ɂɧɝɨɥɶɞɚ-ɉɪɟɥɨɝɚ, ɫɪɚɜɧɢɬɟ ɫɬɚɪɲɢɧɫɬɜɨ ɡɚɦɟɫɬɢ-

ɬɟɥɟɣ ɜ ɭɤɚɡɚɧɧɵɯ ɧɚ ɥɢɫɬɟ ɨɬɜɟɬɨɜ ɩɚɪɚɯ. 

 

ɉɨɫɬɚɜɶɬɟ ɜ ɪɚɦɤɚɯ ɡɧɚɤɢ < ɢɥɢ >  (A < B ɨɡɧɚɱɚɟɬ: A ɦɥɚɞɲɟ B) :   

 

 

SCH3 P(CH3)2 O

CH3

O

CCl3 CH2Br

 
 

 

ɉɫɟɜɞɨɷɮɟɞɪɢɧ (ɜɟɳɟɫɬɜɨ 1) ɜɯɨɞɢɬ ɜ ɫɨɫɬɚɜ ɦɧɨɝɢɯ ɥɟɤɚɪɫɬɜɟɧɧɵɯ ɩɪɟɩɚɪɚɬɨɜ.  

 

7.2  Ɉɬɦɟɬɶɬɟ ɡɜɟɡɞɨɱɤɨɣ (*) ɜɫɟ ɯɢɪɚɥɶɧɵɟ ɰɟɧɬɪɵ ɜɟɳɟɫɬɜɚ 1. 

Ɂɚɦɟɫɬɢɬɟɥɢ ɭ ɤɚɠɞɨɝɨ ɯɢɪɚɥɶɧɨɝɨ ɰɟɧɬɪɚ ɪɚɫɩɨɥɨɠɢɬɟ ɜ ɬɚɛɥɢɰɟ ɩɨ ɭɛɵ-

ɜɚɧɢɸ ɫɬɚɪɲɢɧɫɬɜɚ.  

ɍɤɚɠɢɬɟ ɧɚ ɮɨɪɦɭɥɟ ɚɛɫɨɥɸɬɧɵɟ ɤɨɧɮɢɝɭɪɚɰɢɢ ɯɢɪɚɥɶɧɵɯ ɰɟɧɬɪɨɜ (R ɢɥɢ S). 

ɫɬɚɪɲɢɧɫɬɜɨ ɭɦɟɧɶɲɚɟɬɫɹ 

      

    

    

    

    

 

7.3 ɂɡɨɛɪɚɡɢɬɟ ɨɞɧɭ ɢɡ ɩɪɨɟɤɰɢɣ ɦɨɥɟɤɭɥɵ ɜɟɳɟɫɬɜɚ 1 – ɇɶɸɦɟɧɚ ɂɅɂ ɩɟɪɫɩɟɤ-
ɬɢɜɧɭɸ. 

ɂɡɨɛɪɚɡɢɬɟ Ɏɢɲɟɪɨɜɫɤɭɸ ɩɪɨɟɤɰɢɸ ɜɟɳɟɫɬɜɚ 1. 
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Ɉɛɪɚɛɨɬɤɚ ɜɟɳɟɫɬɜɚ 1 ɤɢɫɥɵɦ ɪɚɫɬɜɨɪɨɦ ɩɟɪɦɚɧɝɚɧɚɬɚ ɜ ɦɹɝɤɢɯ ɭɫɥɨɜɢɹɯ ɩɪɢɜɨɞɢɬ ɤ ɦɟɬɚ-

ɬɢɨɧɨɧɭ (ɜɟɳɟɫɬɜɨ 2): 

 

 

7.4 ɇɚɪɢɫɭɣɬɟ ɫɬɪɭɤɬɭɪɧɭɸ ɮɨɪɦɭɥɭ ɜɟɳɟɫɬɜɚ 2 c ɩɪɚɜɢɥɶɧɨɣ ɫɬɟɪɟɨɯɢɦɢɟɣ. 

 Ɂɚɩɢɲɢɬɟ ɭɪɚɜɧɟɧɢɟ ɨɤɢɫɥɢɬɟɥɶɧɨ-ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɨɣ ɪɟɚɤɰɢɢ, ɪɚɫɫɬɚɜɢɜ 

ɫɬɟɯɢɨɦɟɬɪɢɱɟɫɤɢɟ ɤɨɷɮɮɢɰɢɟɧɬɵ. ȼ ɭɪɚɜɧɟɧɢɢ ɧɚɞ ɫɢɦɜɨɥɚɦɢ ɜɫɟɯ ɚɬɨɦɨɜ, 

ɭ ɤɨɬɨɪɵɯ ɩɪɢ ɪɟɚɤɰɢɢ ɦɟɧɹɸɬɫɹ ɫɬɟɩɟɧɢ ɨɤɢɫɥɟɧɢɹ, ɩɨɫɬɚɜɶɬɟ ɡɧɚɱɟɧɢɹ 

ɫɬɟɩɟɧɟɣ ɨɤɢɫɥɟɧɢɹ. 
 
 

Ɉɛɪɚɛɨɬɤɚ ɜɟɳɟɫɬɜɚ 2 ɚɥɸɦɨɝɢɞɪɢɞɨɦ ɥɢɬɢɹ LiAlH4 ɩɪɢɜɨɞɢɬ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɟɞɢɧɫɬɜɟɧɧɨɝɨ 

ɩɪɨɞɭɤɬɚ – ɫɨɟɞɢɧɟɧɢɹ 3, ɬɟɦɩɟɪɚɬɭɪɚ ɩɥɚɜɥɟɧɢɹ ɤɨɬɨɪɨɝɨ ɨɬɥɢɱɚɟɬɫɹ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ 

ɩɥɚɜɥɟɧɢɹ ɜɟɳɟɫɬɜɚ 1: 

 
 

7.5 a) ɇɚɪɢɫɭɣɬɟ ɫɬɪɭɤɬɭɪɧɭɸ ɮɨɪɦɭɥɭ ɜɟɳɟɫɬɜɚ 3 c ɩɪɚɜɢɥɶɧɨɣ ɫɬɟɪɟɨɯɢɦɢɟɣ. 

 

7.5 b) Ɉɬɦɟɬɶɬɟ ɩɪɚɜɢɥɶɧɵɟ ɭɬɜɟɪɠɞɟɧɢɹ ɨɛ ɢɡɨɦɟɪɧɵɯ ɜɟɳɟɫɬɜɚɯ 1 ɢ 3. 

 

                ɢɫɬɢɧɚ ɥɨɠɶ 
 1 ɢ  3 – ɫɬɟɪɟɨɢɡɨɦɟɪɵ    ¸    ¸ 

 1 ɢ  3 – ɷɧɚɧɬɢɨɦɟɪɵ    ¸    ¸ 

 1 ɢ  3 – ɞɢɚɫɬɟɪɟɨɦɟɪɵ    ¸    ¸ 

 1 ɢ  3 – ɤɨɧɮɨɪɦɚɰɢɨɧɧɵɟ ɢɡɨɦɟɪɵ  ¸    ¸ 

 

7.5 c)  ɇɚɪɢɫɭɣɬɟ ɫɬɪɭɤɬɭɪɧɭɸ ɦɨɞɟɥɶ, ɨɛɴɹɫɧɹɸɳɭɸ ɬɚɤɨɣ ɯɨɞ ɪɟɚɤɰɢɢ, ɤɨɬɨɪɵɣ 

ɜɟɞɟɬ ɤ ɩɪɟɜɪɚɳɟɧɢɸ ɜɟɳɟɫɬɜɚ 2 ɜ ɟɞɢɧɫɬɜɟɧɧɵɣ ɩɪɨɞɭɤɬ 3 
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Ɂɚɞɚɱɚ 8: Ʉɨɥɥɨɢɞɵ       (22 ɛɚɥɥɚ) 
 

ɋɨɟɞɢɧɹɹ ɜ ɧɚɧɨɱɚɫɬɢɰɚɯ ɧɟɨɪɝɚɧɢɱɟɫɤɢɟ ɢ ɨɪɝɚɧɢɱɟɫɤɢɟ ɤɨɦɩɨɧɟɧɬɵ, ɭɞɚɟɬɫɹ ɩɨɥɭɱɚɬɶ 
ɝɢɛɪɢɞɧɵɟ ɦɚɬɟɪɢɚɥɵ ɫ ɭɧɢɤɚɥɶɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ. 

 

ɂɧɮɨɪɦɚɰɢɹ:  

ɉɪɢ ɨɬɜɟɬɟ ɧɚ ɜɫɟ ɜɨɩɪɨɫɵ ɡɚɞɚɱɢ ɫɱɢɬɚɣɬɟ, ɱɬɨ ɬɟɦɩɟɪɚɬɭɪɚ T = 298,15 K. 

Ɋɚɫɬɜɨɪ A – ɷɬɨ ɜɨɞɧɵɣ ɪɚɫɬɜɨɪ CaCl2 ɫ ɤɨɧɰɟɧɬɪɚɰɢɟɣ 1.780 ɝ ɥ-1. 

Ɋɚɫɬɜɨɪ B – ɷɬɨ ɜɨɞɧɵɣ ɪɚɫɬɜɨɪ Na2CO3 ɫ ɤɨɧɰɟɧɬɪɚɰɢɟɣ 1.700 ɝ ɥ -1. 

pKa1(H2CO3) = 6.37    pKa2(HCO3
-) = 10.33 

 

8.1 Ɋɚɫɫɱɢɬɚɣɬɟ pH ɪɚɫɬɜɨɪɚ B, ɭɤɚɡɚɜ ɢɫɩɨɥɶɡɨɜɚɧɧɵɟ ɩɪɢ ɪɚɫɱɟɬɚɯ ɩɪɢɛɥɢɠɟ-

ɧɢɹ.  

     

ɉɪɢ ɫɦɟɲɢɜɚɧɢɢ 100 ɦɥ ɪɚɫɬɜɨɪɚ A ɢ 100 ɦɥ ɪɚɫɬɜɨɪɚ B ɨɛɪɚɡɭɟɬɫɹ ɪɚɫɬɜɨɪ C. ɪɇ ɪɚɫɬɜɨɪɚ  

C ɞɨɜɨɞɹɬ ɞɨ 10. Ɉɛɪɚɡɭɟɬɫɹ ɨɫɚɞɨɤ.  
ɉɪɨɢɡɜɟɞɟɧɢɹ ɪɚɫɬɜɨɪɢɦɨɫɬɢ: 

Ksp(Ca(OH)2) = 6.46·10-6 ɦɨɥɶ3 ɥ-3  Ksp(CaCO3) = 3.31·10-9 ɦɨɥɶ2 ɥ-2

8.2 Ⱦɥɹ ɤɚɠɞɨɝɨ ɢɡ ɜɟɳɟɫɬɜ Ca(OH)2 ɢ CaCO3 ɭɤɚɠɢɬɟ ɢ ɩɨɞɬɜɟɪɞɢɬɟ ɪɚɫɱɟɬɨɦ, 

ɨɫɚɠɞɚɟɬɫɹ ɥɢ ɨɧɨ ɜ ɭɤɚɡɚɧɧɵɯ ɭɫɥɨɜɢɹɯ. 
   

 

ȼ ɫɯɨɞɧɨɦ ɷɤɫɩɟɪɢɦɟɧɬɟ 100 ɦɥ ɪɚɫɬɜɨɪɚ A ɞɨɩɨɥɧɢɬɟɥɶɧɨ ɫɨɞɟɪɠɚɬ 2 ɝ ɫɨɩɨɥɢɦɟɪɚ. ɗɬɨɬ 
ɫɨɩɨɥɢɦɟɪ ɫɨɫɬɨɢɬ ɢɡ ɞɜɭɯ ɜɨɞɨɪɚɫɬɜɨɪɢɦɵɯ ɛɥɨɤɨɜ: ɛɥɨɤɚ ɩɨɥɢɷɬɢɥɟɧɨɤɫɢɞɚ ɢ ɛɥɨɤɚ ɩɨ-

ɥɢɚɤɪɢɥɨɜɨɣ ɤɢɫɥɨɬɵ  
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ɉɨɥɢɦɟɪ ɧɟ ɩɪɟɬɟɪɩɟɜɚɟɬ ɧɢɤɚɤɢɯ ɯɢɦɢɱɟɫɤɢɯ ɩɪɟɜɪɚɳɟɧɢɣ (ɡɚ ɢɫɤɥɸɱɟɧɢɟɦ ɞɢɫɫɨɰɢɚɰɢɢ 

ɤɢɫɥɨɬɧɵɯ ɝɪɭɩɩ). ɇɟɫɦɨɬɪɹ ɧɚ ɷɬɨ, ɨɧ ɨɤɚɡɵɜɚɟɬ  ɫɢɥɶɧɨɟ ɜɥɢɹɧɢɟ: ɩɪɢ ɫɦɟɲɢɜɚɧɢɢ ɪɚɫ-
ɬɜɨɪɨɜ Ⱥ ɢ ȼ ɨɫɚɞɨɤ ɧɟ ɨɛɪɚɡɭɟɬɫɹ. Ⱦɟɣɫɬɜɢɟ ɫɨɩɨɥɢɦɟɪɚ ɨɫɧɨɜɚɧɨ ɧɚ ɬɨɦ, ɱɬɨ ɤ ɩɨɜɟɪɯɧɨ-

ɫɬɢ ɨɛɪɚɡɭɸɳɢɯɫɹ ɦɚɥɟɧɶɤɢɯ ɱɚɫɬɢɱɟɤ ɤɚɪɛɨɧɚɬɚ ɤɚɥɶɰɢɹ ɩɪɢɫɨɟɞɢɧɹɸɬɫɹ ɰɟɩɢ ɩɨɥɢɦɟɪɚ. 

ɗɬɢ ɰɟɩɢ ɩɪɟɞɨɬɜɪɚɳɚɸɬ ɞɚɥɶɧɟɣɲɢɣ ɪɨɫɬ ɤɪɢɫɬɚɥɥɨɜ ɤɚɪɛɨɧɚɬɚ ɤɚɥɶɰɢɹ, ɢ ɝɢɛɪɢɞɧɵɟ ɧɚ-

ɧɨɱɚɫɬɢɰɵ ɨɫɬɚɸɬɫɹ ɜ ɪɚɫɬɜɨɪɟ. 

 

8.3. Ɉɛɜɟɞɢɬɟ ɤɪɭɠɤɨɦ ɛɥɨɤ ɜ ɮɨɪɦɭɥɟ ɫɨɩɨɥɢɦɟɪɚ, ɤɨɬɨɪɵɣ ɩɪɢɫɨɟɞɢɧɹɟɬɫɹ ɤ 
ɩɨɜɟɪɯɧɨɫɬɢ ɪɚɫɬɭɳɟɝɨ ɤɪɢɫɬɚɥɥɚ ɤɚɪɛɨɧɚɬɚ ɤɚɥɶɰɢɹ. 
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Ⱦɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɜɨɣɫɬɜ ɝɢɛɪɢɞɧɵɯ ɱɚɫɬɢɰ ɢɯ ɜɵɞɟɥɢɥɢ ɢɡ ɪɚɫɬɜɨɪɚ, ɜ ɤɨɬɨɪɨɦ ɩɪɨɯɨɞɢɥ 

ɫɢɧɬɟɡ, ɩɟɪɟɧɟɫɥɢ ɜ 50 ɦɥ ɜɨɞɧɨɝɨ ɪɚɫɬɜɨɪɚ NaOH (c(NaOH) = 0.19 ɦɨɥɶ ɥ-1) ɢ ɞɨɛɚɜɢɥɢ 200 

ɦɥ ɜɨɞɵ. 

ȼ ɩɨɥɭɱɟɧɧɨɦ ɩɨɫɥɟ ɷɬɢɯ ɨɩɟɪɚɰɢɣ ɪɚɫɬɜɨɪɟ ɩɪɢɫɭɬɫɬɜɭɸɬ ɥɢɲɶ ɝɢɛɪɢɞɧɵɟ ɧɚɧɨɱɚɫɬɢɰɵ, ɚ 

ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɢɨɧɨɜ ɤɚɥɶɰɢɹ ɢ ɤɚɪɛɨɧɚɬ-ɢɨɧɨɜ ɧɟɬ. ȼ ɤɢɫɥɨɬɧɨ-ɨɫɧɨɜɧɵɯ ɪɚɜɧɨɜɟɫɢɹɯ 
ɭɱɚɫɬɜɭɸɬ ɜɫɟ ɤɚɪɛɨɤɫɢɥɶɧɵɟ ɝɪɭɩɩɵ ɫɨɩɨɥɢɦɟɪɚ. 

  

• ȼ ɩɨɥɭɱɟɧɧɨɦ ɪɚɫɬɜɨɪɟ ɪɇ = 12.30. 

• ɗɥɟɤɬɪɨɧɧɚɹ ɦɢɤɪɨɫɤɨɩɢɹ ɩɨɡɜɨɥɹɟɬ ɧɚɛɥɸɞɚɬɶ ɥɢɲɶ ɧɟɨɪɝɚɧɢɱɟɫɤɢɟ ɱɚɫɬɢɰɵ, ɧɨ ɧɟ 

ɨɪɝɚɧɨɩɨɥɢɦɟɪ. ɇɚɛɥɸɞɚɥɢ ɫɮɟɪɢɱɟɫɤɢɟ ɱɚɫɬɢɰɵ, ɞɢɚɦɟɬɪ ɤɨɬɨɪɵɯ ɫɨɫɬɚɜɥɹɥ 100 ɧɦ. 

• Ɇɨɥɹɪɧɚɹ ɦɚɫɫɚ ɝɢɛɪɢɞɧɵɯ ɱɚɫɬɢɰ (ɜɤɥɸɱɚɹ ɢ ɧɟɨɪɝɚɧɢɱɟɫɤɭɸ, ɢ ɨɪɝɚɧɢɱɟɫɤɭɸ ɱɚɫɬɢ) 

M = 8.01.108 ɝ ɦɨɥɶ-1 

• Ɂɚɪɹɞ ɤɚɠɞɨɣ ɢɡ ɧɚɧɨɱɚɫɬɢɰ Z = - 800 .  

• (pKa(COOH, ɜ ɫɨɩɨɥɢɦɟɪɟ) = 4.88 ) 

 

8.4 Ɋɚɫɫɱɢɬɚɣɬɟ ɦɚɫɫɭ ɫɨɩɨɥɢɦɟɪɚ, ɩɟɪɟɲɟɞɲɟɝɨ ɢɡ ɟɝɨ ɢɫɯɨɞɧɨɝɨ ɤɨɥɢɱɟɫɬɜɚ (2 

ɝ) ɜ ɫɨɫɬɚɜ ɝɢɛɪɢɞɧɵɯ ɱɚɫɬɢɰ. 

 

 Ɇɨɞɢɮɢɤɚ-

ɰɢɹ 

ɉɥɨɬɧɨɫɬɶ

 Ʉɚɥɶɰɢɬ 2.71 ɝ ɫɦ-3

 ȼɚɬɟɪɢɬ 2.54 ɝ ɫɦ -3

8.5. ɍɫɬɚɧɨɜɢɬɟ ɪɚɫɱɟɬɨɦ, ɤɚɤɚɹ ɢɡ ɜɨɡɦɨɠ-

ɧɵɯ ɦɨɞɢɮɢɤɚɰɢɣ ɤɚɪɛɨɧɚɬɚ ɤɚɥɶɰɢɹ 

ɧɚɯɨɞɢɬɫɹ ɜ ɝɢɛɪɢɞɧɵɯ ɱɚɫɬɢɰɚɯ. 

 

 Ⱥɪɚɝɨɧɢɬ 2.95 ɝ ɫɦ -3
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Ɂɚɞɚɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ ɬɭɪɚ 

36-ɣ Ɇɟɠɞɭɧɚɪɨɞɧɨɣ ɯɢɦɢɱɟɫɤɨɣ ɨɥɢɦɩɢɚɞɵ ɲɤɨɥɶɧɢɤɨɜ 

 
- ɬɟɯɧɢɤɚ ɛɟɡɨɩɚɫɧɨɫɬɢ ɫɥɟɞɭɣɬɟ ɩɪɚɜɢɥɚɦ ɛɟɡɨɩɚɫɧɨɫɬɢ, ɨɩɢɫɚɧɧɵɦ ɜ 

ɩɨɞɝɨɬɨɜɢɬɟɥɶɧɨɦ ɤɨɦɩɥɟɤɬɟ. ȼ ɱɚɫɬɧɨɫɬɢ, ɜ ɬɟɱɟɧɢɟ 
ɜɫɟɝɨ ɜɪɟɦɟɧɢ ɩɪɟɛɵɜɚɧɢɹ ɜ ɥɚɛɨɪɚɬɨɪɢɢ ɜɵ ɞɨɥɠɧɵ 
ɧɨɫɢɬɶ ɡɚɳɢɬɧɵɟ ɨɱɤɢ. ɉɢɬɶ ɢ ɩɪɢɧɢɦɚɬɶ ɩɢɳɭ ɜ ɥɚ-
ɛɨɪɚɬɨɪɢɢ ɡɚɩɪɟɳɟɧɨ. 

- ɧɚɪɭɲɟɧɢɟ ɩɪɚɜɢɥ ɌȻ ɩɨɫɥɟ ɩɟɪɜɨɝɨ ɧɚɪɭɲɟɧɢɹ ɩɪɚɜɢɥ ɜɚɫ ɩɪɟɞɭɩɪɟɞɹɬ, 
ɩɨɫɥɟ ɜɬɨɪɨɝɨ – ɭɞɚɥɹɬ ɢɡ ɥɚɛɨɪɚɬɨɪɢɢ. 

- ɜɪɟɦɹ 5 ɱɚɫɨɜ.  
Ɂɚ 30 ɦɢɧɭɬ ɞɨ ɨɤɨɧɱɚɧɢɹ ɪɚɛɨɬɵ ɜɚɫ ɩɪɟɞɭɩɪɟɞɹɬ. 

- ɩɨɥɶɡɭɣɬɟɫɶ ɬɨɥɶɤɨ ɪɭɱɤɨɣ ɢ ɤɚɥɶɤɭɥɹɬɨɪɨɦ, ɜɵɞɚɧɧɵɦɢ ɨɪɝɚɧɢɡɚɬɨɪɚɦɢ 

- ɪɟɡɭɥɶɬɚɬɵ ɤɨɥɢɱɟɫɬɜɨ ɡɧɚɱɚɳɢɯ ɰɢɮɪ ɜ ɱɢɫɥɨɜɵɯ ɨɬɜɟɬɚɯ 
ɞɨɥɠɧɨ ɫɨɨɬɜɟɬɫɬɜɨɜɚɬɶ ɩɪɚɜɢɥɚɦ ɨɰɟɧɤɢ ɷɤɫɩɟɪɢ-
ɦɟɧɬɚɥɶɧɵɯ ɩɨɝɪɟɲɧɨɫɬɟɣ. ɇɟɜɟɪɧɨɟ ɱɢɫɥɨ ɡɧɚɱɚɳɢɯ 
ɰɢɮɪ – ɞɚɠɟ ɩɪɢ ɛɟɡɭɤɨɪɢɡɧɟɧɧɨɣ ɬɟɯɧɢɤɟ ɷɤɫɩɟɪɢ-
ɦɟɧɬɚ – ɧɚɤɚɡɵɜɚɟɬɫɹ ɲɬɪɚɮɧɵɦɢ ɛɚɥɥɚɦɢ. 

-  ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɪɟɚɤɬɢɜɵ  ɟɫɥɢ ȼɚɦ ɩɨɬɪɟɛɨɜɚɥɢɫɶ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɤɨɥɢɱɟɫɬɜɚ 
ɪɚɫɬɜɨɪɨɜ Na2EDTA, Na2S2O3, ɫɜɟɪɯɩɪɨɜɨɞɧɢɤɚ, 
ɬɜɟɪɞɨɝɨ ɫɜɟɪɯɩɪɨɜɨɞɧɢɤɚ, ɩɨɥɢɤɚɪɛɨɧɚɬɚ ɢɥɢ 
ɛɢɫɮɟɧɨɥɚ Ⱥ, ɨɛɪɚɬɢɬɟɫɶ ɤ ɢɧɫɬɪɭɤɬɨɪɭ. ȼɚɫ 
ɨɲɬɪɚɮɭɸɬ ɧɚ 5 ɛɚɥɥɨɜ ɡɚ ɜɵɞɚɱɭ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ 
ɤɨɥɢɱɟɫɬɜ ɤɚɠɞɨɝɨ ɢɡ ɷɬɢɯ ɪɟɚɤɬɢɜɨɜ. 

- ɜɨɩɪɨɫɵ ɉɨ ɜɨɩɪɨɫɚɦ ɛɟɡɨɩɚɫɧɨɫɬɢ, ɩɪɢɛɨɪɨɜ ɢ ɨɛɨɪɭɞɨɜɚ-
ɧɢɹ, ɪɟɚɤɬɢɜɨɜ, ɨɛɪɚɳɚɣɬɟɫɶ ɤ ɜɚɲɟɦɭ 
ɢɧɫɬɪɭɤɬɨɪɭ. 

- ɨɬɯɨɞɵ ɫɥɢɜɚɣɬɟ ɨɬɯɨɞɵ ɬɨɥɶɤɨ ɜ ɫɩɟɰɢɚɥɶɧɵɟ ɟɦɤɨɫɬɢ 

(ɩɨɞɩɢɫɚɧɵ - inorganic waste, organic waste). 

- ɨɮɢɰɢɚɥɶɧɚɹ ɚɧɝɥɢɣɫɤɚɹ ɜɟɪɫɢɹ ɜɵ ɦɨɠɟɬɟ ɩɨɩɪɨɫɢɬɶ ɟɟ ɭ ɢɧɫɬɪɭɤɬɨɪɚ, ɟɫɥɢ ȼɚɦ ɱɬɨ-
ɬɨ ɧɟɹɫɧɨ ɜ ɪɭɫɫɤɨɦ ɩɟɪɟɜɨɞɟ. 

- ɩɨɫɥɟ ɫɢɝɧɚɥɚ ɋɌɈɉ ɋɥɨɠɢɬɟ ɜɚɲɢ ɥɢɫɬɵ ɨɬɜɟɬɨɜ ɜ ɤɨɧɜɟɪɬ (ɧɟ ɡɚɤɥɟɢ-
ɜɚɣɬɟ) ɢ ɨɬɧɟɫɢɬɟ ɟɝɨ ɜ ɤɨɦɧɚɬɭ ɜɚɲɟɝɨ ɢɧɫɬɪɭɤɬɨɪɚ. 
Ɉɫɬɚɜɶɬɟ ɫɟɛɟ ɛɪɨɲɸɪɭ ɫ ɡɚɞɚɧɢɹɦɢ, ɪɭɱɤɭ ɢ ɤɚɥɶɤɭ-
ɥɹɬɨɪ. 

 ȼɵ ɞɨɥɠɧɵ ɩɪɟɤɪɚɬɢɬɶ ɪɚɛɨɬɭ ɧɟɦɟɞɥɟɧɧɨ ɩɨɫɥɟ ɫɢɝɧɚɥɚ ɋɌɈɉ. Ɂɚɞɟɪɠɤɚ ɜ 5 
ɦɢɧɭɬ ɩɪɢɜɟɞɟɬ ɤ ɧɭɥɟɜɨɣ ɨɰɟɧɤɟ ɡɚ ɬɟɤɭɳɭɸ ɡɚɞɚɱɭ. 
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ɉɪɢɛɨɪɵ ɢ ɨɛɨɪɭɞɨɜɚɧɢɟ 
 
ɉɪɢ ɜɵɩɨɥɧɟɧɢɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɡɚɞɚɧɢɣ ɜɚɦ ɩɪɢɞɟɬɫɹ ɤɨɟ-ɱɬɨ ɢɡ ɫɬɟɤɥɹɧɧɨɣ ɩɨ-
ɫɭɞɵ ɢɫɩɨɥɶɡɨɜɚɬɶ ɧɟɫɤɨɥɶɤɨ ɪɚɡ. Ɍɳɚɬɟɥɶɧɨ ɦɨɣɬɟ ɟɟ ɩɟɪɟɞ ɩɨɜɬɨɪɧɵɦ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ. ȼɵɬɹɠɧɵɟ ɲɤɚɮɵ ɢ ɜɫɟ, ɱɬɨ ɜɧɭɬɪɢ ɧɢɯ, ɪɚɫɫɱɢɬɚɧɵ ɧɚ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɧɟɫɤɨɥɶɤɢɦɢ ɫɬɭɞɟɧɬɚɦɢ. ɇɨɦɟɪ ɜɚɲɟɝɨ ɜɵɬɹɠɧɨɝɨ ɲɤɚɮɚ ɢ ɧɨɦɟɪ 
ɤɨɦɧɚɬɵ ɜɚɲɟɝɨ ɢɧɫɬɪɭɤɬɨɪɚ ɭɤɚɡɚɧɵ ɧɚ ɪɚɛɨɱɟɦ ɦɟɫɬɟ. 

 
ɨɛɨɪɭɞɨɜɚɧɢɟ  ɨɛɨɪɭɞɨɜɚɧɢɟ 

2 ɫɬɚɤɚɧɚ (100 ɦɥ)   1 ɧɚɝɪɟɜɚɬɟɥɶɧɚɹ ɩɥɢɬɤɚ ɫ ɦɚɝɧɢɬɧɨɣ 
ɦɟɲɚɥɤɨɣ  

1 ɫɬɚɤɚɧ  
(ɜɡɜɟɲɟɧɧɵɣ, ɩɨɦɟɱɟɧɧɵɣ “beaker A”)  

 1 ɦɚɝɧɢɬɢɤ ɞɥɹ ɩɟɪɟɦɟɲɢɜɚɧɢɹ 

1 ɫɬɚɤɚɧ  
(ɜɡɜɟɲɟɧɧɵɣ, ɩɨɦɟɱɟɧɧɵɣ “beaker B”)  

 3 ɤɚɩɢɥɥɹɪɚ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɬɟɦɩɟɪɚ-
ɬɭɪɵ ɩɥɚɜɥɟɧɢɹ (ɜ ɩɪɨɛɢɪɨɱɤɟ, ɩɨɦɟ-
ɱɟɧɧɨɣ “tube B”) 

1 ɫɬɚɤɚɧ (400 ɦɥ)  1 ɢɡɦɟɪɢɬɟɥɶɧɚɹ ɛɭɦɚɠɤɚ ɤ ɤɚɩɢɥɥɹɪɚɦ 
ɞɥɹ ɢɡɦɟɪɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɩɥɚɜɥɟɧɢɹ 

1 ɩɚɪɚ ɪɟɡɢɧɨɤ ɞɥɹ ɭɞɟɪɠɢɜɚɧɢɹ ɜ ɪɭɤɚɯ 
ɧɚɝɪɟɬɵɯ ɫɬɚɤɚɧɨɜ  

 1 ɝɪɚɞɭɢɪɨɜɚɧɧɚɹ ɩɥɚɫɬɢɤɨɜɚɹ ɩɢɩɟɬɤɚ 
ɉɚɫɬɟɪɚ ɧɚ 3 ɦɥ  

1 ɩɪɨɦɵɜɚɥɤɚ ɫ ɞɟɦɢɧɟɪɚɥɢɡɨɜɚɧɧɨɣ ɜɨ-
ɞɨɣ (demineralized water) (500 ɦɥ) 

 1 ɪɟɡɢɧɨɜɚɹ ɝɪɭɲɚ ɞɥɹ ɡɚɩɨɥɧɟɧɢɹ ɩɢ-
ɩɟɬɨɤ 

2 ɥɚɩɤɢ ɫ ɡɚɠɢɦɚɦɢ ɞɥɹ ɯɨɥɨɞɢɥɶɧɢɤɚ ɢ 
ɤɨɥɛɵ  

 1 ɩɢɩɟɬɤɚ ɧɚ 25 ɦɥ 

1 ɥɚɩɤɚ ɫ ɡɚɠɢɦɨɦ ɢ ɦɭɮɬɨɣ ɞɥɹ ɛɸɪɟɬɤɢ  1 ɩɥɚɫɬɢɤɨɜɚɹ ɩɪɨɛɤɚ (ɧɚ 29 ɪɚɡɦɟɪ) 
1 ɛɸɪɟɬɤɚ (25 ɦɥ)  1 ɫɬɟɤɥɨɤɟɪɚɦɢɱɟɫɤɚɹ ɩɥɚɫɬɢɧɚ ɧɚ 

ɩɥɢɬɤɟ 
1 ɜɨɪɨɧɤɚ ɞɥɹ ɮɢɥɶɬɪɨɜɚɧɢɹ ɩɨɞ 

ɜɚɤɭɭɦɨɦ (∅ = 90 ɦɦ) 

 1 ɩɚɪɚ ɡɚɳɢɬɧɵɯ ɨɱɤɨɜ (ɟɫɥɢ ɧɟɬ ɫɜɨɢɯ 
ɨɱɤɨɜ) 

1 ɯɨɥɨɞɢɥɶɧɢɤ ɫɨ ɲɥɢɮɨɦ  1 ɪɭɥɨɧɱɢɤ pH-ɢɧɞɢɤɚɬɨɪɧɨɣ ɛɭɦɚɝɢ 
1 ɤɨɥɛɚ ɗɪɥɟɧɦɟɣɟɪɚ (100 ɦɥ)  2 ɩɨɪɢɫɬɵɟ ɤɟɪɚɦɢɱɟɫɤɢɟ ɩɥɚɫɬɢɧɤɢ 2.5 

ɫɦ x 2.5 ɫɦ ("shards") 

4 ɤɨɥɛɵ ɗɪɥɟɧɦɟɣɟɪɚ (300 ɦɥ)  2 ɞɟɪɠɚɬɟɥɹ ɞɥɹ ɥɚɩɨɤ 
1 ɝ ɫɬɟɤɥɨɜɨɥɨɤɧɚ (fibreglass)  1 ɲɩɚɬɟɥɶ  
6 ɛɭɦɚɠɧɵɯ ɮɢɥɶɬɪɨɜ ɞɥɹ ɡɚɞɚɱɢ 1  1 ɦɢɤɪɨɲɩɚɬɟɥɶ  
6 ɛɭɦɚɠɧɵɯ ɮɢɥɶɬɪɨɜ ɞɥɹ ɡɚɞɚɱɢ 2  2 ɲɬɚɬɢɜɚ 
1 ɲɬɚɬɢɜ ɫ ɜɨɪɨɧɤɚɦɢ ɞɥɹ ɮɢɥɶɬɪɨɜɚɧɢɹ  1 ɤɨɥɛɚ ɧɚ 500 ɦɥ ɫ ɤɨɥɶɰɨɦ ɞɥɹ 

ɮɢɥɶɬɪɨɜɚɧɢɹ ɩɨɞ ɜɚɤɭɭɦɨɦ 
2 ɫɤɥɚɞɱɚɬɵɯ ɮɢɥɶɬɪɚ ɞɥɹ ɡɚɞɚɱɢ 1  1 ɬɟɮɥɨɧɨɜɚɹ ɫɨɟɞɢɧɢɬɟɥɶɧɚɹ ɦɭɮɬɚ 

ɧɚ 29 ɪɚɡɦɟɪ 

1 ɜɨɪɨɧɤɚ ɞɥɹ ɚɧɚɥɢɡɚ ∅ = 80 ɦɦ  4 ɩɪɨɛɢɪɤɢ 

1 ɜɨɪɨɧɤɚ ɞɥɹ ɠɢɞɤɨɫɬɟɣ ∅ = 100 ɦɦ  1 ɲɬɚɬɢɜ ɞɥɹ ɩɪɨɛɢɪɨɤ 
1 ɜɨɪɨɧɤɚ ɞɥɹ ɩɨɪɨɲɤɨɜ  ∅ = 80 ɦɦ  1 ɦɟɪɧɚɹ ɤɨɥɛɚ ɧɚ 100 ɦɥ 

1 ɜɨɪɨɧɤɚ ɞɥɹ ɡɚɩɨɥɧɟɧɢɹ ɛɸɪɟɬɤɢ  1 ɦɟɪɧɚɹ ɤɨɥɛɚ ɧɚ 250 ɦɥ 
2 ɫɬɟɤɥɹɧɧɵɯ ɩɚɥɨɱɤɢ (15 cɦ)  75 ɫɦ ɫɬɟɤɥɹɧɧɚɹ ɬɪɭɛɤɚ 
1 ɫɬɟɤɥɹɧɧɚɹ ɩɚɥɨɱɤɚ (21 cɦ)  1 ɩɢɧɰɟɬ 
1 ɦɟɪɧɵɣ ɰɢɥɢɧɞɪ (10 ɦɥ)  1 ɪɟɡɢɧɨɜɚɹ ɥɨɩɚɬɤɚ ɧɚ ɫɬɟɤɥɹɧɧɨɣ ɩɚ-

ɥɨɱɤɟ ɞɥɹ ɪɚɛɨɬɵ ɫ ɨɫɚɞɤɚɦɢ 
1 ɦɟɪɧɵɣ ɰɢɥɢɧɞɪ (100 ɦɥ)  1 ɟɪɲɢɤ ɞɥɹ ɩɪɨɛɢɪɨɤ 
 
Ɋɟɚɤɬɢɜɵ ɢɧɞɢɜɢɞɭɚɥɶɧɨɝɨ ɩɨɥɶɡɨɜɚɧɢɹ,  
ɢɦɟɸɳɢɟɫɹ ɧɚ ɜɚɲɟɦ ɪɚɛɨɱɟɦ ɦɟɫɬɟ 

No Ɋɟɚɤɬɢɜ ɮɨɪɦɭɥɚ ɤɨɧɰ. ɤɨɥ-ɜɨ R-ɤɨɞ S-ɤɨɞ 

1 ɩɨɥɢɤɚɪɛɨɧɚɬ (polycarbonate) - ɬɜ. 2.54 ɝ - - 

2 ɷɬɚɧɨɥ (ethanol) C2H5OH 96 % 150 ɦɥ 11 7-16 

 



 

3 ɫɨɥɹɧɚɹ ɤɢɫɥɨɬɚ  HCl 25 % 60 ɦɥ 36/37/38 26 

4 ɯɥɨɪɚɰɟɬɚɬ ɧɚɬɪɢɹ (sodium 
chloro acetate) 

ClCH2COONa ɬɜ. 5 ɝ 25-38-50 22-37-45-61

5 ɝɢɞɪɨɤɫɢɞ ɧɚɬɪɢɹ (sodium 
hydroxide) 

NaOH ɬɜ. 4 ɝ 35 26-37/39-45

6 ɪɚɫɬɜɨɪ ɝɢɞɪɨɤɫɢɞɚ ɧɚɬɪɢɹ NaOH 10% 100 ɦɥ 35 26-36/37/39
-45 

7 ɪɚɫɬɜɨɪ Na2-EDTA (disodium-

EDTA solution) 

Na2-EDTA 0.1000 
ɦɨɥɶ ɥ-1

100 ɦɥ 22-36/37/38 26-36 

8 ɚɰɟɬɚɬ ɧɚɬɪɢɹ (sodium acetate) CH3COONa ɬɜ. 10 ɝ - - 

9 ɪɚɫɬɜɨɪ ɢɨɞɢɞɚ ɧɚɬɪɢɹ 
(sodium-iodide solution) 

NaI 10 % 80 ɦɥ - 22-24/25 * 

10 ɪɚɫɬɜɨɪ ɬɢɨɫɭɥɶɮɚɬɚ ɧɚɬɪɢɹ 
(sodium-thiosulfate solution) 

Na2S2O3  0.01000 
ɦɨɥɶ ɥ -1

100 ɦɥ - - 

11 ɪɚɫɬɜɨɪ ɤɪɚɯɦɚɥɚ (starch 
solution) 

- - 20 ɦɥ - - 

12 ɫɟɪɧɚɹ ɤɢɫɥɨɬɚ (sulfuric acid) H2SO4 2 
ɦɨɥɶ ɥ-1

50 ɦɥ 35 26-30-45 

13 ɪɚɫɬɜɨɪ ɫɜɟɪɯɩɪɨɜɨɞɧɢɤɚ 
(superconductor solution) 

LaxM(2-x)CuO4 - - 22 
1)

22-24/25 
1)

14 ɫɜɟɪɯɩɪɨɜɨɞɧɢɤ ɬɜɟɪɞɵɣ 
(superconductor solid) 

LaxM(2-x)CuO4 ɬɜ. 250 ɦɝ 22  22-24/25  

15 ɢɧɞɢɤɚɬɨɪ ɤɫɢɥɟɧɨɥɨɜɵɣ 
ɨɪɚɧɠɟɜɵɣ (xylenol orange)  

- ɬɜ. 500 ɦɝ 8 16-41 

27 ɛɢɫɮɟɧɨɥ Ⱥ (bisphenol A)
 2)

C15H16O2 ɬɜ.  36/37/38-43 24-26-37 

28 ɛɢɫɮɟɧɨɥ Ⱥ 
3)

C15H16O2 ɬɜ.  36/37/38-43 24-26-37 
1)

 ɞɥɹ ɬɜɟɪɞɨɝɨ ɫɨɟɞɢɧɟɧɢɹ 
2)  ɛɭɞɟɬ ɜɵɞɚɧ ɢɧɫɬɪɭɤɬɨɪɨɦ ɩɨ ɜɚɲɟɣ ɩɪɨɫɶɛɟ ɜ ɯɨɞɟ ɜɵɩɨɥɧɟɧɢɹ ɡɚɞɚɱɢ 1 
3)

 ɛɭɞɟɬ ɜɵɞɚɧ ɜ ɤɨɦɧɚɬɟ ɜɚɲɟɝɨ ɢɧɫɬɪɭɤɬɨɪɚ ɩɨɫɥɟ ɡɚɜɟɪɲɟɧɢɹ ɩɟɪɜɨɣ ɫɬɚɞɢɢ ɫɢɧɬɟɡɚ ɜ ɡɚ-
ɞɚɱɟ 1  

 
Ɋɟɚɤɬɢɜɵ ɨɛɳɟɝɨ ɩɨɥɶɡɨɜɚɧɢɹ (ɜ ɜɵɬɹɠɧɨɦ ɲɤɚɮɭ) 
No Ɋɟɚɤɬɢɜ Ɏɨɪɦɭɥɚ ɤɨɧɰ.  R-ɤɨɞ S- ɤɨɞ 
16 ɭɤɫɭɫɧɚɹ ɤɢɫɥɨɬɚ (acetic acid) CH3COOH 2 ɦɨɥɶ ɥ-1

 10-35 23.2-26-45

17 ɪɚɫɬɜɨɪ ɚɦɦɢɚɤɚ (ammonia 
solution) 

NH3 (aq) 25 %  34-50 26-36/37/39-
45-61 

18 ɪɚɫɬɜɨɪ ɤɚɪɛɨɧɚɬɚ ɚɦɦɨɧɢɹ 
(ammonium-carbonate solution) 

(NH4)2CO3 2 ɦɨɥɶ ɥ-1
 36/37/38 * 26-37/39 * 

19 ɪɚɫɬɜɨɪ ɨɤɫɚɥɚɬɚ ɚɦɦɨɧɢɹ 
(ammonium-oxalate solution) 

(NH4)2C2O4 0.25  
ɦɨɥɶ ɥ-1

 21/22 * 24/25 * 

20 ɪɚɫɬɜɨɪ ɫɭɥɶɮɚɬɚ ɚɦɦɨɧɢɹ 
(ammonium-sulfate solution) 

(NH4)2SO4 1 ɦɨɥɶ ɥ-1
 - - 

21 Ɋɚɫɬɜɨɪ ɫɭɥɶɮɚɬɚ ɤɚɥɶɰɢɹ 
(calcium-sulfate solution) 

CaSO4 ɧɚɫɵɳ.  - - 

22 ɯɥɨɪɧɚɹ ɤɢɫɥɨɬɚ (perchloric acid) HClO4 10 %  34 23-26-36-45

23 ɪɚɫɬɜɨɪ ɞɢɯɪɨɦɚɬɚ ɤɚɥɢɹ 
(potassium-dichromate solution) 

K2Cr2O7 0.05  
ɦɨɥɶ ɥ-1

 43 24-37-45-60

* ɞɥɹ ɬɜɟɪɞɨɝɨ ɫɨɟɞɢɧɟɧɢɹ 

 
Ɋɟɚɤɬɢɜɵ ɞɥɹ ɜɵɩɨɥɧɟɧɢɹ ɯɨɥɨɫɬɵɯ ɨɩɵɬɨɜ (ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɭ 
ɢɧɫɬɪɭɤɬɨɪɚ): 
No Ɋɟɚɤɬɢɜ Ɏɨɪɦɭɥɚ ɤɨɧɰ.  R-ɤɨɞ S- ɤɨɞ 
24 ɞɢɝɢɞɪɚɬ ɯɥɨɪɢɞɚ ɛɚɪɢɹ 

(barium-chloride dihydrate) 
BaCl2 ⋅ 2 H2O ɬɜ.  20-25 45 

25 ɝɟɤɫɚɝɢɞɪɚɬ ɯɥɨɪɢɞɚ ɤɚɥɶɰɢɹ 
(calcium-chloride hexahydrate) 

CaCl2 ⋅ 6 H2O ɬɜ.  36 22-24 

26 ɝɟɤɫɚɝɢɞɪɚɬ ɯɥɨɪɢɞɚ ɫɬɪɨɧɰɢɹ 
(strontium-chloride hexahydrate) 

SrCl2 ⋅ 6 H2O ɬɜ.  - 22-24/25 

 

 



 

1. Ⱦɜɭɯɫɬɚɞɢɣɧɵɣ ɨɪɝɚɧɢɱɟɫɤɢɣ ɫɢɧɬɟɡ 
 ɛɢɫ(ɤɚɪɛɨɤɫɢɦɟɬɢɥɨɜɨɝɨ) ɩɪɨɫɬɨɝɨ ɷɮɢɪɚ ɛɢɫɮɟɧɨɥɚ Ⱥ 

 

 

ȼɜɟɞɟɧɢɟ 

ɇɚ ɩɟɪɜɨɣ ɫɬɚɞɢɢ ɫɢɧɬɟɡɚ ɩɪɢ ɳɟɥɨɱɧɨɦ ɝɢɞɪɨɥɢɡɟ ɩɨɥɢɤɚɪɛɨɧɚɬɚ ɨɛɪɚɡɭɟɬɫɹ 

ɧɚɬɪɢɟɜɚɹ ɫɨɥɶ ɛɢɫɮɟɧɨɥɚ Ⱥ, ɤɨɬɨɪɚɹ ɩɪɢ ɞɨɛɚɜɥɟɧɢɢ ɤɢɫɥɨɬɵ ɩɪɟɜɪɚɳɚɟɬɫɹ ɜ 

ɫɜɨɛɨɞɧɵɣ 2,2-ɛɢɫ(4-ɝɢɞɪɨɤɫɢɮɟɧɢɥ)ɩɪɨɩɚɧ (ɛɢɫɮɟɧɨɥ A). 
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ɇɚ ɜɬɨɪɨɣ ɫɬɚɞɢɢ ɛɢɫɮɟɧɨɥ A ɪɟɚɝɢɪɭɟɬ ɫ ɯɥɨɪɚɰɟɬɚɬɨɦ ɧɚɬɪɢɹ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ 

ɛɢɫ(ɤɚɪɛɨɤɫɢɦɟɬɢɥɨɜɨɝɨ) ɩɪɨɫɬɨɝɨ ɷɮɢɪɚ ɛɢɫɮɟɧɨɥɚ Ⱥ. 
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• ɇɚ ɤɚɠɞɨɣ ɫɬɚɞɢɢ ȼɵ ɞɨɥɠɧɵ ɜɵɞɟɥɢɬɶ ɩɪɨɞɭɤɬ. 
(ȼɵɫɭɲɢɜɚɧɢɟ ɢ ɜɡɜɟɲɢɜɚɧɢɟ ɩɪɨɞɭɤɬɨɜ ɛɭɞɟɬ ɜɵɩɨɥɧɟɧɨ ɨɪɝɚɧɢɡɚɬɨɪɚɦɢ.) 

• ȼɵ ɞɨɥɠɧɵ ɡɚɩɨɥɧɢɬɶ ɬɪɢ ɤɚɩɢɥɥɹɪɚ ɩɪɨɞɭɤɬɨɦ ɜɬɨɪɨɣ ɫɬɚɞɢɢ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ 

ɟɝɨ ɬɟɦɩɟɪɚɬɭɪɵ ɩɥɚɜɥɟɧɢɹ. 

(Ɉɪɝɚɧɢɡɚɬɨɪɵ ɫɚɦɨɫɬɨɹɬɟɥɶɧɨ ɡɚɩɨɥɧɹɬ ɤɚɩɢɥɥɹɪɵ ɩɪɨɞɭɤɬɨɦ ɩɟɪɜɨɣ ɫɬɚɞɢɢ.) 

(Ɍɟɦɩɟɪɚɬɭɪɵ ɩɥɚɜɥɟɧɢɹ ɛɭɞɭɬ ɨɩɪɟɞɟɥɟɧɵ ɨɪɝɚɧɢɡɚɬɨɪɚɦɢ.) 

• Ʉɚɤ ɬɨɥɶɤɨ ȼɵ ɨɬɞɚɞɢɬɟ ɨɪɝɚɧɢɡɚɬɨɪɚɦ ɫɬɚɤɚɧ A ɫ ɩɪɨɞɭɤɬɨɦ ɩɟɪɜɨɣ ɫɬɚɞɢɢ, ɜɚɦ 

ɜɵɞɚɞɭɬ 2.00 ɝ ɛɢɫɮɟɧɨɥɚ A ɜ ɤɚɱɟɫɬɜɟ ɢɫɯɨɞɧɨɝɨ ɜɟɳɟɫɬɜɚ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɜɬɨɪɨɣ 

ɫɬɚɞɢɢ ɫɢɧɬɟɡɚ. 

• Ɉɬɜɟɬɶɬɟ ɧɚ ɜɫɟ ɜɨɩɪɨɫɵ ɜ ɥɢɫɬɟ ɨɬɜɟɬɨɜ P1. 

• ɇɟ ɫɧɢɦɚɣɬɟ ɫɬɟɤɥɨɤɟɪɚɦɢɱɟɫɤɭɸ ɩɥɚɫɬɢɧɤɭ ɫ ɩɥɢɬɤɢ ɫ ɦɚɝɧɢɬɧɨɣ ɦɟɲɚɥɤɨɣ ɜ 
ɬɟɱɟɧɢɟ ɜɫɟɣ ɪɚɛɨɬɵ. 

 



 

Ɇɟɬɨɞɢɤɚ 

ɋɬɚɞɢɹ 1. ɉɨɥɭɱɟɧɢɟ ɛɢɫɮɟɧɨɥɚ A  

ɉɨɥɭɱɟɧɢɟ: 

• ɉɨɦɟɫɬɢɬɟ ɜɟɫɶ ɩɨɥɢɤɚɪɛɨɧɚɬ (No. 1) (2.54 ɝ, ɜɡɜɟɲɟɧ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ), ɜɟɫɶ 
ɝɢɞɪɨɤɫɢɞ ɧɚɬɪɢɹ (No. 5) (4.0 ɝ, ɜɡɜɟɲɟɧ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ) ɢ 3 ɦɥ 

ɞɟɦɢɧɟɪɚɥɢɡɨɜɚɧɧɨɣ ɜɨɞɵ ɜ 100 ɦɥ ɤɨɥɛɭ ɗɪɥɟɧɦɟɟɪɚ ɫɨ ɲɥɢɮɨɦ.  

• Ɂɚɤɪɨɣɬɟ ɤɨɥɛɭ ɩɥɚɫɬɢɤɨɜɨɣ ɩɪɨɛɤɨɣ ɢ ɩɟɪɟɦɟɲɚɣɬɟ ɫɨɞɟɪɠɢɦɨɟ, ɚɤɤɭɪɚɬɧɨ 

ɜɪɚɳɚɹ ɤɨɥɛɭ ɤɪɭɝɨɜɵɦɢ ɞɜɢɠɟɧɢɹɦɢ ɬɚɤ, ɱɬɨɛɵ ɪɚɫɬɜɨɪ ɧɟ ɤɚɫɚɥɫɹ ɲɥɢɮɚ. 

Ɉɬɤɪɵɜɚɣɬɟ ɤɨɥɛɭ ɜɪɟɦɹ ɨɬ ɜɪɟɦɟɧɢ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɞɨɫɬɭɩɚ ɜɨɡɞɭɯɚ. ɉɪɢ 

ɪɚɫɬɜɨɪɟɧɢɢ ɝɢɞɪɨɤɫɢɞɚ ɧɚɬɪɢɹ ɪɟɚɤɰɢɨɧɧɚɹ ɫɦɟɫɶ ɫɢɥɶɧɨ ɧɚɝɪɟɜɚɟɬɫɹ. 

• ɉɨɫɥɟ ɩɟɪɟɦɟɲɢɜɚɧɢɹ ɜ ɬɟɱɟɧɢɟ ɩɪɢɦɟɪɧɨ 4 ɦɢɧɭɬ ɜɵɧɶɬɟ ɩɥɚɫɬɢɤɨɜɭɸ ɩɪɨɛɤɭ, 
ɩɨɦɟɫɬɢɬɟ ɜɧɭɬɪɶ ɤɨɥɛɵ ɦɚɝɧɢɬɢɤ ɞɥɹ ɩɟɪɟɦɟɲɢɜɚɧɢɹ ɢ ɩɨɫɬɚɜɶɬɟ ɤɨɥɛɭ ɧɚ ɩɥɢɬɤɭ. 
ɋɧɚɛɞɢɬɟ ɤɨɥɛɭ ɨɛɪɚɬɧɵɦ ɯɨɥɨɞɢɥɶɧɢɤɨɦ. Ⱦɥɹ ɫɨɟɞɢɧɟɧɢɹ ɤɨɥɛɵ ɢ ɯɨɥɨɞɢɥɶɧɢɤɚ 

ɢɫɩɨɥɶɡɭɣɬɟ ɬɟɮɥɨɧɨɜɭɸ ɦɭɮɬɭ. ɉɪɨɱɧɨ ɡɚɤɪɟɩɢɬɟ ɩɪɢɛɨɪ ɜ ɲɬɚɬɢɜɟ. 

• Ⱦɨɛɚɜɶɬɟ 20 ɦɥ ɷɬɚɧɨɥɚ (No. 2) ɱɟɪɟɡ ɯɨɥɨɞɢɥɶɧɢɤ, ɧɟ ɩɪɟɤɪɚɳɚɹ ɩɟɪɟɦɟɲɢɜɚɧɢɹ 

ɪɟɚɤɰɢɨɧɧɨɣ ɫɦɟɫɢ ɧɚ ɦɟɲɚɥɤɟ. 

• ɇɚɝɪɟɜɚɣɬɟ ɪɟɚɤɰɢɨɧɧɭɸ ɫɦɟɫɶ ɫ ɨɛɪɚɬɧɵɦ ɯɨɥɨɞɢɥɶɧɢɤɨɦ ɜ ɬɟɱɟɧɢɟ 60 ɦɢɧɭɬ. ȼ 

ɧɚɱɚɥɟ ɭɫɬɚɧɨɜɢɬɟ ɧɚɝɪɟɜ ɩɥɢɬɤɢ ɧɚ ɦɚɤɫɢɦɭɦ. Ʉɨɝɞɚ ɫɦɟɫɶ ɧɚɱɧɟɬ ɡɚɤɢɩɚɬɶ, 
ɚɤɤɭɪɚɬɧɨ ɭɛɚɜɶɬɟ ɧɚɝɪɟɜ ɬɚɤ, ɱɬɨɛɵ ɫɦɟɫɶ ɤɢɩɟɥɚ ɪɚɜɧɨɦɟɪɧɨ ɢ ɧɟ ɫɥɢɲɤɨɦ ɛɭɪɧɨ. 

• ȼ ɩɪɨɰɟɫɫɟ ɧɚɝɪɟɜɚɧɢɹ ɨɛɪɚɡɭɟɬɫɹ ɛɟɥɵɣ ɨɫɚɞɨɤ. 
 

ɇɚɫɬɨɹɬɟɥɶɧɨ ɪɟɤɨɦɟɧɞɭɟɦ ȼɚɦ ɧɚɱɚɬɶ ɜɵɩɨɥɧɟɧɢɟ ɡɚɞɚɱɢ ɩɨ 

ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɯɢɦɢɢ, ɩɨɤɚ ɪɟɚɤɰɢɨɧɧɚɹ ɫɦɟɫɶ ɝɪɟɟɬɫɹ ɜ ɬɟɱɟɧɢɟ 60 ɦɢɧ. 

 

ȼɵɞɟɥɟɧɢɟ: 

• ɑɟɪɟɡ 1 ɱɚɫ ɩɪɟɤɪɚɬɢɬɟ ɧɚɝɪɟɜɚɧɢɟ, ɞɚɣɬɟ ɪɟɚɤɰɢɨɧɧɨɣ ɫɦɟɫɢ ɨɫɬɵɬɶ ɞɨ ɤɨɦɧɚɬɧɨɣ 

ɬɟɦɩɟɪɚɬɭɪɵ, ɨɬɫɨɟɞɢɧɢɬɟ ɯɨɥɨɞɢɥɶɧɢɤ, ɩɪɢɥɟɣɬɟ 25 ɦɥ ɞɟɦɢɧɟɪɚɥɢɡɢɪɨɜɚɧɧɨɣ 

ɜɨɞɵ ɢ ɩɟɪɟɧɟɫɢɬɟ ɪɟɚɤɰɢɨɧɧɭɸ ɫɦɟɫɶ ɜ ɫɬɚɤɚɧ ɧɚ 400 ɦɥ. Ɉɩɨɥɨɫɧɢɬɟ ɤɨɥɛɭ 
ɗɪɥɟɧɦɟɟɪɚ 25 ɦɥ ɞɟɦɢɧɟɪɚɥɢɡɨɜɚɧɧɨɣ ɜɨɞɵ ɢ ɩɟɪɟɥɟɣɬɟ ɟɟ ɜ ɬɨɬ ɠɟ ɫɬɚɤɚɧ ɧɚ 

400 ɦɥ. 

• Ⱦɨɜɟɞɢɬɟ ɨɛɴɟɦ ɫɦɟɫɢ ɜ ɫɬɚɤɚɧɟ ɞɨ 150 ɦɥ ɞɟɦɢɧɟɪɚɥɢɡɨɜɚɧɧɨɣ ɜɨɞɨɣ. 

• ȿɫɥɢ ɪɟɚɤɰɢɨɧɧɚɹ ɫɦɟɫɶ ɧɟ ɩɪɨɡɪɚɱɧɚ, ɟɟ ɧɟɨɛɯɨɞɢɦɨ ɨɬɮɢɥɶɬɪɨɜɚɬɶ ɱɟɪɟɡ 
ɫɬɟɤɥɨɜɨɥɨɤɧɨ (ɩɨɞɩɢɫɚɧɨ fibreglass) ɜ ɤɨɥɛɭ ɗɪɥɟɧɦɟɟɪɚ. 

• Ɇɟɞɥɟɧɧɨ ɞɨɛɚɜɶɬɟ 15 ɦɥ ɫɨɥɹɧɨɣ ɤɢɫɥɨɬɵ (No. 3), ɩɟɪɟɦɟɲɢɜɚɹ ɩɪɢ ɷɬɨɦ ɫɦɟɫɶ 
ɫɬɟɤɥɹɧɧɨɣ ɩɚɥɨɱɤɨɣ. ɉɪɢ ɷɬɨɦ ɜɵɩɚɞɚɟɬ ɦɚɫɥɹɧɢɫɬɵɣ (ɚ ɢɧɨɝɞɚ ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɣ) 

ɨɫɚɞɨɤ.  
• ɉɨɩɪɨɫɢɬɟ ɭ ɢɧɫɬɪɭɤɬɨɪɚ ɧɟɫɤɨɥɶɤɨ ɤɪɢɫɬɚɥɥɢɤɨɜ ɛɢɫɮɟɧɨɥɚ Ⱥ ɜ ɤɚɱɟɫɬɜɟ 

ɡɚɬɪɚɜɤɢ, ɱɬɨɛɵ ɭɫɤɨɪɢɬɶ ɩɪɨɰɟɫɫ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ.  

• Ɍɳɚɬɟɥɶɧɨ ɩɟɪɟɦɟɲɚɣɬɟ ɪɟɚɤɰɢɨɧɧɭɸ ɫɦɟɫɶ ɫɬɟɤɥɹɧɧɨɣ ɩɚɥɨɱɤɨɣ. Ⱦɥɹ 

ɤɨɥɢɱɟɫɬɜɟɧɧɨɣ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɩɨɜɬɨɪɹɣɬɟ ɜɪɟɦɹ ɨɬ ɜɪɟɦɟɧɢ ɩɟɪɟɦɟɲɢɜɚɧɢɟ 

ɫɦɟɫɢ ɞɨ ɬɟɯ ɩɨɪ, ɩɨɤɚ ɠɢɞɤɨɫɬɶ ɧɚɞ ɨɫɚɞɤɨɦ ɧɟ ɫɬɚɧɟɬ ɩɪɚɤɬɢɱɟɫɤɢ ɩɪɨɡɪɚɱɧɨɣ. 

• Ɉɬɞɟɥɢɬɟ ɫɵɪɨɣ ɩɪɨɞɭɤɬ ɮɢɥɶɬɪɨɜɚɧɢɟɦ ɩɨɞ ɜɚɤɭɭɦɨɦ, ɩɪɨɦɨɣɬɟ ɧɚ ɮɢɥɶɬɪɟ 

ɞɜɭɦɹ ɩɨɪɰɢɹɦɢ ɞɟɦɢɧɟɪɚɥɢɡɨɜɚɧɧɨɣ ɜɨɞɵ ɩɨ 10 ɦɥ ɢ ɩɟɪɟɧɟɫɢɬɟ ɩɪɨɞɭɤɬ 
ɤɨɥɢɱɟɫɬɜɟɧɧɨ ɜ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɜɡɜɟɲɟɧɧɵɣ ɫɬɚɤɚɧ, ɩɨɞɩɢɫɚɧɧɵɣ beaker "Ⱥ".  

 



 

• Ɉɬɧɟɫɢɬɟ ɫɬɚɤɚɧ, ɩɨɞɩɢɫɚɧɧɵɣ beaker "Ⱥ", ɫ ɩɪɨɞɭɤɬɨɦ ɜ ɤɨɦɧɚɬɭ ɜɚɲɟɝɨ 

ɢɧɫɬɪɭɤɬɨɪɚ. 

• ɉɨɫɥɟ ɷɬɨɝɨ ȼɚɦ ɜɵɞɚɞɭɬ ɧɟɛɨɥɶɲɭɸ ɛɚɧɨɱɤɭ ɫ 2.00 ɝ ɛɢɫɮɟɧɨɥɚ A (No. 28), 

ɤɨɬɨɪɵɣ ȼɵ ɢɫɩɨɥɶɡɭɟɬɟ ɤɚɤ ɢɫɯɨɞɧɨɟ ɜɟɳɟɫɬɜɨ ɞɥɹ ɜɬɨɪɨɣ ɫɬɚɞɢɢ. 

• ȼɵ ɞɨɥɠɧɵ ɪɚɫɩɢɫɚɬɶɫɹ ɜ ɬɨɦ, ɱɬɨ ɫɞɚɥɢ ɩɪɨɞɭɤɬ ɩɟɪɜɨɣ ɫɬɚɞɢɢ ɢ ɩɨɥɭɱɢɥɢ 

ɢɫɯɨɞɧɨɟ ɜɟɳɟɫɬɜɨ ɞɥɹ ɜɬɨɪɨɣ ɫɬɚɞɢɢ. ȿɫɥɢ ȼɚɦ ɧɟ ɭɞɚɥɨɫɶ ɩɨɥɭɱɢɬɶ ɛɢɫɮɟɧɨɥ Ⱥ 

ɧɚ ɩɟɪɜɨɣ ɫɬɚɞɢɢ, ɩɪɢɧɟɫɢɬɟ ɩɭɫɬɨɣ ɫɬɚɤɚɧ, ɩɨɞɩɢɫɚɧɧɵɣ beaker "Ⱥ", ɜ ɤɨɦɧɚɬɭ 
ɢɧɫɬɪɭɤɬɨɪɚ, ɢ ȼɚɦ ɜɵɞɚɞɭɬ ɢɫɯɨɞɧɨɟ ɜɟɳɟɫɬɜɨ ɞɥɹ ɜɬɨɪɨɣ ɫɬɚɞɢɢ.  

 

 

 

ɋɬɚɞɢɹ 2. Ɋɟɚɤɰɢɹ ɛɢɫɮɟɧɨɥɚ A ɫ ɯɥɨɪɭɤɫɭɫɧɨɣ ɤɢɫɥɨɬɨɣ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ 

ɛɢɫ(ɤɚɪɛɨɤɫɢɦɟɬɢɥɨɜɨɝɨ) ɩɪɨɫɬɨɝɨ ɷɮɢɪɚ ɛɢɫɮɟɧɨɥɚ A 

ɉɨɥɭɱɟɧɢɟ: 

• ɉɟɪɟɧɟɫɢɬɟ ɜɟɫɶ ɩɨɥɭɱɟɧɧɵɣ ɨɬ ɨɪɝɚɧɢɡɚɬɨɪɨɜ ɛɢɫɮɟɧɨɥ A (No. 28) ɜ ɱɢɫɬɭɸ 100 

ɦɥ ɤɨɥɛɭ ɗɪɥɟɧɦɟɟɪɚ ɫɨ ɲɥɢɮɨɦ. 

• Ⱦɨɛɚɜɶɬɟ 10 ɦɥ ɜɨɞɧɨɝɨ ɪɚɫɬɜɨɪɚ ɝɢɞɪɨɤɫɢɞɚ ɧɚɬɪɢɹ (No. 6), 1 ɦɥ 

ɞɟɦɢɧɟɪɚɥɢɡɨɜɚɧɧɨɣ ɜɨɞɵ ɢ ɩɨɦɟɫɬɢɬɟ ɜ ɤɨɥɛɭ ɦɚɝɧɢɬɢɤ ɞɥɹ ɩɟɪɟɦɟɲɢɜɚɧɢɹ.  

• ɉɨɫɬɚɜɶɬɟ ɤɨɥɛɭ ɧɚ ɩɥɢɬɤɭ. ɋɧɚɛɞɢɬɟ ɤɨɥɛɭ ɨɛɪɚɬɧɵɦ ɯɨɥɨɞɢɥɶɧɢɤɨɦ. Ⱦɥɹ 

ɫɨɟɞɢɧɟɧɢɹ ɤɨɥɛɵ ɢ ɯɨɥɨɞɢɥɶɧɢɤɚ ɢɫɩɨɥɶɡɭɣɬɟ ɬɟɮɥɨɧɨɜɭɸ ɦɭɮɬɭ. ɉɪɨɱɧɨ 

ɡɚɤɪɟɩɢɬɟ ɩɪɢɛɨɪ ɜ ɲɬɚɬɢɜɟ.  

• ɇɚɝɪɟɜɚɣɬɟ ɪɟɚɤɰɢɨɧɧɭɸ ɫɦɟɫɶ, ɚɤɤɭɪɚɬɧɨ ɩɟɪɟɦɟɲɢɜɚɹ ɧɚ ɦɟɲɚɥɤɟ, ɞɨ ɩɨɥɧɨɝɨ 

ɩɪɨɫɜɟɬɥɟɧɢɹ ɪɚɫɬɜɨɪɚ. 

• ɍɛɟɪɢɬɟ ɩɥɢɬɤɭ, ɨɬɫɨɟɞɢɧɢɬɟ ɯɨɥɨɞɢɥɶɧɢɤ ɢ ɜɧɟɫɢɬɟ ɜ ɪɟɚɤɰɢɨɧɧɭɸ ɫɦɟɫɶ 5.0 ɝ 
ɧɚɬɪɢɟɜɨɣ ɫɨɥɢ ɯɥɨɪɭɤɫɭɫɧɨɣ ɤɢɫɥɨɬɵ (No. 4).  

• ɋɨɟɞɢɧɢɬɟ ɫɧɨɜɚ ɤɨɥɛɭ ɫ ɨɛɪɚɬɧɵɦ ɯɨɥɨɞɢɥɶɧɢɤɨɦ ɢ ɧɚɝɪɟɜɚɣɬɟ ɫɦɟɫɶ ɩɪɢ 

ɢɧɬɟɧɫɢɜɧɨɦ ɩɟɪɟɦɟɲɢɜɚɧɢɢ ɜ ɬɟɱɟɧɢɟ 30 ɦɢɧ. 

• ɉɪɢ ɧɚɝɪɟɜɚɧɢɢ ɫɧɚɱɚɥɚ ɨɛɪɚɡɭɟɬɫɹ ɩɪɨɡɪɚɱɧɵɣ ɪɚɫɬɜɨɪ. ɂɧɨɝɞɚ ɩɪɢ ɷɬɨɦ 

ɜɵɩɚɞɚɟɬ ɧɟɤɨɬɨɪɨɟ ɤɨɥɢɱɟɫɬɜɨ ɛɟɥɨɝɨ ɨɫɚɞɤɚ. ȿɫɥɢ ɜɫɹ ɪɟɚɤɰɢɨɧɧɚɹ ɫɦɟɫɶ 
ɫɬɚɧɨɜɢɬɫɹ ɬɜɟɪɞɨɣ ɜ ɯɨɞɟ ɪɟɚɤɰɢɢ, ȼɵ ɞɨɥɠɧɵ ɧɟɦɟɞɥɟɧɧɨ ɩɪɟɤɪɚɬɢɬɶ 

ɧɚɝɪɟɜɚɧɢɟ. 

• ɉɨ ɨɤɨɧɱɚɧɢɢ ɧɚɝɪɟɜɚɧɢɹ ɚɤɤɭɪɚɬɧɨ ɜɧɟɫɢɬɟ 50 ɦɥ ɷɬɚɧɨɥɚ (No. 2) ɱɟɪɟɡ ɨɛɪɚɬɧɵɣ 

ɯɨɥɨɞɢɥɶɧɢɤ (ɢɡɛɟɝɚɣɬɟ ɪɟɡɤɨɝɨ ɜɫɤɢɩɚɧɢɹ ɫɦɟɫɢ!). ɇɚɝɪɟɜɚɣɬɟ ɫɦɟɫɶ ɫ ɨɛɪɚɬɧɵɦ 

ɯɨɥɨɞɢɥɶɧɢɤɨɦ ɩɪɢ ɩɟɪɟɦɟɲɢɜɚɧɢɢ ɧɚ ɦɟɲɚɥɤɟ ɜ ɬɟɱɟɧɢɟ 5 ɦɢɧ. ɉɪɢ ɷɬɨɦ 

ɜɵɩɚɞɚɟɬ ɛɟɥɵɣ ɨɫɚɞɨɤ ɢɥɢ ɡɚɤɚɧɱɢɜɚɟɬɫɹ ɩɪɨɰɟɫɫ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ, ɧɚɱɚɜɲɢɣɫɹ 

ɪɚɧɟɟ. 

 

 

 

ȼɵɞɟɥɟɧɢɟ: 

 



 

• Ɉɫɬɚɜɶɬɟ ɪɟɚɤɰɢɨɧɧɭɸ ɫɦɟɫɶ ɧɚ 5 ɦɢɧ ɞɥɹ ɨɯɥɚɠɞɟɧɢɹ. ɉɨɫɥɟ ɷɬɨɝɨ ɜɧɟɫɢɬɟ ɟɳɟ 

ɨɞɧɭ 50 ɦɥ ɩɨɪɰɢɸ ɷɬɚɧɨɥɚ (No. 2) ɢ ɢɧɬɟɧɫɢɜɧɨ ɩɟɪɟɦɟɲɚɣɬɟ ɫɦɟɫɶ ɧɚ ɦɟɲɚɥɤɟ. 

Ɂɚɬɟɦ ɤɨɥɢɱɟɫɬɜɟɧɧɨ ɩɟɪɟɧɟɫɢɬɟ ɪɟɚɤɰɢɨɧɧɭɸ ɫɦɟɫɶ ɜ ɫɬɚɤɚɧ. 

• ɍɛɟɪɢɬɟ ɦɚɝɧɢɬɢɤ ɞɥɹ ɩɟɪɟɦɟɲɢɜɚɧɢɹ ɢɡ ɫɦɟɫɢ ɢ ɨɬɮɢɥɶɬɪɭɣɬɟ ɪɟɚɤɰɢɨɧɧɭɸ 

ɫɦɟɫɶ ɩɨɞ ɜɚɤɭɭɦɨɦ. ɋɦɨɣɬɟ ɫɨ ɫɬɟɧɨɤ ɬɜɟɪɞɵɟ ɨɫɬɚɬɤɢ ɩɪɨɞɭɤɬɚ ɧɚ ɮɢɥɶɬɪ 10 ɦɥ 

ɷɬɚɧɨɥɚ. ɉɪɨɦɨɣɬɟ ɨɫɚɞɨɤ ɧɚ ɮɢɥɶɬɪɟ ɞɜɭɦɹ ɞɪɭɝɢɦɢ 10 ɦɥ ɩɨɪɰɢɹɦɢ ɷɬɚɧɨɥɚ (No. 

2). Ɏɢɥɶɬɪɚɬ, ɤɨɬɨɪɵɣ ɦɨɠɟɬ ɫɨɞɟɪɠɚɬɶ ɬɜɟɪɞɵɟ ɱɚɫɬɢɱɤɢ, ɫɥɟɞɭɟɬ ɜɵɥɢɬɶ ɜ 

ɟɦɤɨɫɬɶ ɞɥɹ ɨɪɝɚɧɢɱɟɫɤɢɯ ɨɬɯɨɞɨɜ. 

• Ʉɨɥɢɱɟɫɬɜɟɧɧɨ ɩɟɪɟɧɟɫɢɬɟ ɨɫɚɞɨɤ ɜ ɫɬɚɤɚɧ, ɩɨɥɨɠɢɬɟ ɜ ɫɬɚɤɚɧ ɦɚɝɧɢɬɢɤ ɞɥɹ 

ɩɟɪɟɦɟɲɢɜɚɧɢɹ ɢ ɪɚɫɬɜɨɪɢɬɟ ɨɫɚɞɨɤ ɜ 150 ɦɥ ɞɟɦɢɧɟɪɚɥɢɡɨɜɚɧɧɨɣ ɜɨɞɵ. ɋɦɟɫɶ 
ɧɚɞɨ ɢɧɬɟɧɫɢɜɧɨ ɩɟɪɟɦɟɲɢɜɚɬɶ. Ȼɨɥɶɲɢɟ ɬɜɟɪɞɵɟ ɱɚɫɬɢɱɤɢ ɫɥɟɞɭɟɬ ɢɡɦɟɥɶɱɢɬɶ 
ɲɩɚɬɟɥɟɦ.  

• ȿɫɥɢ ɩɨɥɭɱɟɧɧɵɣ ɪɚɫɬɜɨɪ ɧɟɩɪɨɡɪɚɱɟɧ, ɟɝɨ ɧɚɞɨ ɨɬɮɢɥɶɬɪɨɜɚɬɶ ɱɟɪɟɡ ɫɤɥɚɞɱɚɬɵɣ 

ɛɭɦɚɠɧɵɣ ɮɢɥɶɬɪ ɜ ɤɨɥɛɭ ɗɪɥɟɧɦɟɟɪɚ.  

• Ɇɟɞɥɟɧɧɨ ɩɪɢɛɚɜɥɹɣɬɟ 5 ɦɥ ɫɨɥɹɧɨɣ ɤɢɫɥɨɬɵ (No. 3) ɤ ɪɟɚɤɰɢɨɧɧɨɣ ɫɦɟɫɢ ɩɪɢ 

ɩɨɫɬɨɹɧɧɨɦ ɩɟɪɟɦɟɲɢɜɚɧɢɢ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɷɬɨɝɨ ɨɛɪɚɡɭɟɬɫɹ ɛɟɥɵɣ ɨɫɚɞɨɤ.  

• Ɉɬɞɟɥɢɬɟ ɫɵɪɨɣ ɩɪɨɞɭɤɬ ɮɢɥɶɬɪɨɜɚɧɢɟɦ ɩɨɞ ɜɚɤɭɭɦɨɦ, ɩɪɨɦɨɣɬɟ ɞɜɭɦɹ 10 ɦɥ 

ɩɨɪɰɢɹɦɢ ɞɟɦɢɧɟɪɚɥɢɡɨɜɚɧɧɨɣ ɜɨɞɵ ɢ ɩɟɪɟɧɟɫɢɬɟ ɤɨɥɢɱɟɫɬɜɟɧɧɨ ɜ 

ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɜɡɜɟɲɟɧɧɵɣ ɫɬɚɤɚɧ, ɩɨɞɩɢɫɚɧɧɵɣ beaker "B".  

• Ɉɬɛɟɪɢɬɟ ɦɢɤɪɨɲɩɚɬɟɥɟɦ ɧɟɦɧɨɝɨ ɩɪɨɞɭɤɬɚ, ɢɡɦɟɥɶɱɢɬɟ ɟɝɨ ɢ ɜɵɫɭɲɢɬɟ ɧɚ 

ɩɨɪɢɫɬɨɣ ɤɟɪɚɦɢɱɟɫɤɨɣ ɩɥɚɫɬɢɧɤɟ (ɥɟɠɢɬ ɜ ɛɚɧɨɱɤɟ, ɩɨɞɩɢɫɚɧɧɨɣ "shard"). 

Ɂɚɩɨɥɧɢɬɟ ɬɪɢ ɤɚɩɢɥɥɹɪɚ ɢɡɦɟɥɶɱɟɧɧɵɦ ɜɵɫɭɲɟɧɧɵɦ ɩɪɨɞɭɤɬɨɦ. ɂɫɩɨɥɶɡɭɣɬɟ 75 

ɫɦ ɫɬɟɤɥɹɧɧɭɸ ɬɪɭɛɤɭ ɢ ɢɡɦɟɪɢɬɟɥɶɧɭɸ ɛɭɦɚɠɧɭɸ ɩɨɥɨɫɤɭ ɞɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɩɥɨɬɧɨ 

ɧɚɛɢɬɶ ɤɚɩɢɥɥɹɪ ɧɚ 5 ɦɦ ɜɵɫɨɬɭ. 

• ɉɨɦɟɫɬɢɬɟ ɜɫɟ ɬɪɢ ɤɚɩɢɥɥɹɪɚ ɜ ɩɪɨɛɢɪɤɭ, ɩɨɞɩɢɫɚɧɧɭɸ test tube "B" ɫ ȼɚɲɢɦ 

ɤɨɞɨɦ, ɢ ɫɞɚɣɬɟ ɟɟ ɢɧɫɬɪɭɤɬɨɪɭ ɜɦɟɫɬɟ ɫɨ ɫɬɚɤɚɧɨɦ, ɩɨɞɩɢɫɚɧɧɵɦ beaker "ȼ". 

ɉɨɫɥɟ ɫɞɚɱɢ ɩɪɨɛɢɪɤɢ ɢ ɫɬɚɤɚɧɚ ɪɚɫɩɢɲɢɬɟɫɶ.  

 
ɅɂɋɌ ɈɌȼȿɌɈȼ 

 

1.1 ɂɦɟɟɬɫɹ 2.54 ɝ ɩɨɥɢɤɚɪɛɨɧɚɬɚ. Ɋɚɫɫɱɢɬɚɣɬɟ ɬɟɨɪɟɬɢɱɟɫɤɢɣ ɜɵɯɨɞ ɛɢɫɮɟɧɨɥɚ A  
ɜ ɝɪɚɦɦɚɯ.  (2 ɛɚɥɥɚ) 

 
 
 
 
 
 Ɍɟɨɪɟɬɢɱɟɫɤɢɣ ɜɵɯɨɞ ɛɢɫɮɟɧɨɥɚ A:  

1.2 Ɋɚɫɫɱɢɬɚɣɬɟ ɬɟɨɪɟɬɢɱɟɫɤɢɣ ɜɵɯɨɞ ɜ ɝɪɚɦɦɚɯ ɛɢɫ(ɤɚɪɛɨɤɫɢɦɟɬɢɥɨɜɨɝɨ) ɩɪɨɫɬɨɝɨ 
ɷɮɢɪɚ ɛɢɫɮɟɧɨɥɚ A, ɩɨɥɭɱɟɧɧɨɝɨ ɢɡ 2.00 ɝ ɛɢɫɮɟɧɨɥɚ A.  (2 ɛɚɥɥɚ)  

 
 
 
 
 Ɍɟɨɪɟɬɢɱɟɫɤɢɣ ɜɵɯɨɞ ɛɢɫ(ɤɚɪɛɨɤɫɢɦɟɬɢɥɨɜɨɝɨ) ɩɪɨɫɬɨɝɨ ɷɮɢɪɚ 

ɛɢɫɮɟɧɨɥɚ A: 

1.3 ȼ ɰɟɥɟɜɨɦ ɩɪɨɞɭɤɬɟ, ɩɨɥɭɱɟɧɧɨɦ ɧɚ ɜɬɨɪɨɣ ɫɬɚɞɢɢ ɫɢɧɬɟɡɚ, ɦɨɝɭɬ 

 
_______________ ɝ 

 
_______________ ɝ 

 



 

ɩɪɢɫɭɬɫɬɜɨɜɚɬɶ ɩɨɛɨɱɧɵɟ ɩɪɨɞɭɤɬɵ. ɇɚɩɢɲɢɬɟ ɫɬɪɭɤɬɭɪɧɵɟ ɮɨɪɦɭɥɵ ɞɜɭɯ 

ɧɚɢɛɨɥɟɟ ɜɟɪɨɹɬɧɵɯ ɩɨɛɨɱɧɵɯ ɩɪɨɞɭɤɬɨɜ. (6 ɛɚɥɥɨɜ) 

 

 

 

 

 

 

 

 

 

 

 

 

 

1.4 ɋɬɚɞɢɹ 1, ɜɵɯɨɞ ɩɪɨɞɭɤɬɚ (ɢɡɦɟɪɹɸɬ ɨɪɝɚɧɢɡɚɬɨɪɵ): (30 ɛɚɥɥɨɜ) 

1.5 ɋɬɚɞɢɹ 1, ɬɟɦɩɟɪɚɬɭɪɚ ɩɥɚɜɥɟɧɢɹ ɩɪɨɞɭɤɬɚ (ɢɡɦɟɪɹɸɬ ɨɪɝɚɧɢɡɚɬɨɪɵ): (10 ɛɚɥɥɨɜ)

1.6 ɋɬɚɞɢɹ 2, ɜɵɯɨɞ ɩɪɨɞɭɤɬɚ (ɢɡɦɟɪɹɸɬ ɨɪɝɚɧɢɡɚɬɨɪɵ): (30 ɛɚɥɥɨɜ) 

1.7 ɋɬɚɞɢɹ 2, ɬɟɦɩɟɪɚɬɭɪɚ ɩɥɚɜɥɟɧɢɹ ɩɪɨɞɭɤɬɚ (ɢɡɦɟɪɹɸɬ ɨɪɝɚɧɢɡɚɬɨɪɵ):(20 ɛɚɥɥɨɜ)

 

 



 

2.  Ʉɚɱɟɫɬɜɟɧɧɵɣ ɢ ɤɨɥɢɱɟɫɬɜɟɧɧɵɣ ɚɧɚɥɢɡ ɫɜɟɪɯɩɪɨɜɨɞɧɢɤɚ  

                 (113 ɛɚɥɥɨɜ) 

ȼɜɟɞɟɧɢɟ 

ɋɜɟɪɯɩɪɨɜɨɞɧɢɤɢ ɧɚ ɨɫɧɨɜɟ ɤɭɩɪɚɬɚ ɥɚɧɬɚɧɚ (La2CuO4) ɢɦɟɸɬ ɫɨɫɬɚɜ 

LaxM(2-x)CuO4 (M = Ca, Sr, Ba).  

 

ɗɬɚ ɡɚɞɚɱɚ ɫɨɫɬɨɢɬ ɢɡ ɞɜɭɯ ɱɚɫɬɟɣ:  

- ɤɚɱɟɫɬɜɟɧɧɨɟ ɨɩɪɟɞɟɥɟɧɢɟ ɳɟɥɨɱɧɨɡɟɦɟɥɶɧɨɝɨ ɦɟɬɚɥɥɚ(ɨɜ)  
- ɤɨɥɢɱɟɫɬɜɟɧɧɨɟ ɨɩɪɟɞɟɥɟɧɢɟ ɥɚɧɬɚɧɚ ɢ ɦɟɞɢ.  

 

ɋɱɢɬɵɜɚɣɬɟ ɩɨɤɚɡɚɧɢɹ ɫ ɛɸɪɟɬɤɢ ɫ ɦɚɤɫɢɦɚɥɶɧɨ ɜɨɡɦɨɠɧɨɣ ɬɨɱɧɨɫɬɶɸ.  

Ɂɚɩɢɫɵɜɚɣɬɟ ɫɜɨɢ ɪɟɡɭɥɶɬɚɬɵ ɧɚ ɥɢɫɬɚɯ ɨɬɜɟɬɨɜ. 
 

Ɉɬɜɟɬɶɬɟ ɧɚ ɜɫɟ ɜɨɩɪɨɫɵ ɤ ɡɚɞɚɱɚɦ. ȼɵɩɨɥɧɢɬɟ ɪɚɫɱɟɬɵ ɢ ɡɚɩɢɲɢɬɟ ɩɨɥɭɱɟɧɧɵɟ 

ɪɟɡɭɥɶɬɚɬɵ ɫ ɧɟɨɛɯɨɞɢɦɨɣ ɬɨɱɧɨɫɬɶɸ. 

 

ȼɵɩɨɥɧɟɧɢɟ ɷɬɨɣ ɡɚɞɚɱɢ ɜɵ ɦɨɠɟɬɟ ɧɚɱɢɧɚɬɶ ɥɢɛɨ ɫ ɤɚɱɟɫɬɜɟɧɧɨɣ, ɥɢɛɨ ɫ ɤɨɥɢɱɟɫɬ-
ɜɟɧɧɨɣ ɱɚɫɬɢ.  

 

Ɇɟɬɨɞɢɤɚ  

2.1 Ʉɚɱɟɫɬɜɟɧɧɨɟ ɨɩɪɟɞɟɥɟɧɢɟ ɳɟɥɨɱɧɨɡɟɦɟɥɶɧɨɝɨ ɦɟɬɚɥɥɚ (ɦɟɬɚɥɥɨɜ). (ȿɫɥɢ 

ɜɵɬɹɠɧɨɣ ɲɤɚɮ ɡɚɧɹɬ, ɧɚɱɢɧɚɣɬɟ ɜɵɩɨɥɧɹɬɶ ɬɢɬɪɨɜɚɧɢɟ, ɤɨɬɨɪɨɟ ɨɩɢɫɚɧɨ ɜ ɩ. 2.2). 

 

ȼ ɷɬɨɣ ɱɚɫɬɢ ɷɤɫɩɟɪɢɦɟɧɬɚ ɜɵ ɞɨɥɠɧɵ ɢɫɩɨɥɶɡɨɜɚɬɶ ɬɜɟɪɞɵɣ ɨɛɪɚɡɟɰ ɫɜɟɪɯɩɪɨɜɨɞ-

ɧɢɤɚ (LaxM(2-x)CuO4; ʋ 14).  

ɋɧɚɱɚɥɚ ɥɚɧɬɚɧ ɧɟɨɛɯɨɞɢɦɨ ɨɬɞɟɥɢɬɶ ɜ ɮɨɪɦɟ ɧɟɪɚɫɬɜɨɪɢɦɨɝɨ ɨɫɚɞɤɚ.  

ȼɫɟ ɷɬɚɩɵ ɷɬɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ ɫɥɟɞɭɟɬ ɜɵɩɨɥɧɹɬɶ ɜ ɜɵɬɹɠɧɨɦ ɲɤɚɮɭ ! 

 

ɉɟɪɟɧɟɫɢɬɟ ɜɟɫɶ ɨɛɪɚɡɟɰ ɜ ɫɬɚɤɚɧ ɢ ɪɚɫɬɜɨɪɢɬɟ ɟɝɨ ɜ ɩɪɢɦɟɪɧɨ 5 ɦɥ ɯɥɨɪɧɨɣ ɤɢɫɥɨɬɵ 

(ʋ 22) ɩɪɢ ɧɚɝɪɟɜɚɧɢɢ. ɉɨɫɥɟ ɩɨɥɧɨɝɨ ɪɚɫɬɜɨɪɟɧɢɹ ɨɛɪɚɡɰɚ ɞɨɛɚɜɶɬɟ 5 ɦɥ ɞɟɦɢɧɟ-

ɪɚɥɢɡɨɜɚɧɧɨɣ ɜɨɞɵ.  

Ɉɯɥɚɞɢɬɟ ɪɚɫɬɜɨɪ ɞɨ ɫɥɟɝɤɚ ɬɟɩɥɨɝɨ ɫɨɫɬɨɹɧɢɹ. 

 

Ⱦɨɛɚɜɶɬɟ ɩɪɢɦɟɪɧɨ 5 ɦɥ ɞɟɦɢɧɟɪɚɥɢɡɨɜɚɧɧɨɣ ɜɨɞɵ, ɚ ɡɚɬɟɦ ɪɚɫɬɜɨɪ ɚɦɦɢɚɤɚ (ʋ. 17) 

ɞɨ ɳɟɥɨɱɧɨɣ ɫɪɟɞɵ ɪɚɫɬɜɨɪɚ. Ʌɚɧɬɚɧ ɨɫɚɠɞɚɟɬɫɹ ɜ ɜɢɞɟ ɝɢɞɪɨɤɫɢɞɚ, ɚ ɦɟɞɶ ɨɛɪɚɡɭɟɬ 
ɢɧɬɟɧɫɢɜɧɨ-ɫɢɧɢɣ ɚɦɦɢɚɱɧɵɣ ɤɨɦɩɥɟɤɫ. Ɉɫɚɞɨɤ ɨɬɮɢɥɶɬɪɭɣɬɟ ɢ ɩɪɨɦɨɣɬɟ ɧɟɛɨɥɶɲɢɦ 

ɤɨɥɢɱɟɫɬɜɨɦ ɞɟɦɢɧɟɪɚɥɢɡɨɜɚɧɧɨɣ ɜɨɞɵ.  

 

Ⱦɨɛɚɜɶɬɟ ɤ ɮɢɥɶɬɪɚɬɭ ɢɡɛɵɬɨɤ ɪɚɫɬɜɨɪɚ ɤɚɪɛɨɧɚɬɚ ɚɦɦɨɧɢɹ (ʋ. 18) ɢ ɩɪɨɤɢɩɹɬɢɬɟ 

ɫɦɟɫɶ ɜ ɬɟɱɟɧɢɟ ɧɟɫɤɨɥɶɤɢɯ ɦɢɧɭɬ. ɓɟɥɨɱɧɨɡɟɦɟɥɶɧɵɣ ɦɟɬɚɥɥ(ɵ) ɨɫɚɠɞɚɟɬɫɹ ɜ ɜɢɞɟ 

ɤɚɪɛɨɧɚɬɚ(ɨɜ). Ɉɫɚɞɨɤ ɨɬɮɢɥɶɬɪɭɣɬɟ ɢ ɩɪɨɦɨɣɬɟ ɩɚɪɭ ɪɚɡ ɧɟɛɨɥɶɲɢɦɢ ɩɨɪɰɢɹɦɢ 

ɞɟɦɢɧɟɪɚɥɢɡɨɜɚɧɧɨɣ ɜɨɞɵ.  

 

Ɂɚɬɟɦ ɨɫɚɞɨɤ ɪɚɫɬɜɨɪɢɬɟ ɜ ɭɤɫɭɫɧɨɣ ɤɢɫɥɨɬɟ (ʋ 16). Ⱦɨɛɚɜɶɬɟ ɚɰɟɬɚɬ ɧɚɬɪɢɹ (ʋ 8) ɢ 

ɢɡɛɵɬɨɤ ɪɚɫɬɜɨɪɚ ɞɢɯɪɨɦɚɬɚ ɤɚɥɢɹ (ʋ 23). ȿɫɥɢ ɜ ɨɛɪɚɡɰɟ ɩɪɢɫɭɬɫɬɜɭɟɬ ɛɚɪɢɣ, ɜɵ-

 



 

ɩɚɞɟɬ ɠɟɥɬɵɣ ɨɫɚɞɨɤ BaCrO4. ɉɪɨɤɢɩɹɬɢɬɟ ɫɦɟɫɶ ɜ ɬɟɱɟɧɢɟ 1 ɦɢɧɭɬɵ, ɚ ɡɚɬɟɦ ɨɬ-
ɮɢɥɶɬɪɭɣɬɟ ɨɫɚɞɨɤ ɯɪɨɦɚɬɚ ɛɚɪɢɹ. 

(ȿɫɥɢ ɨɫɚɞɨɤ ɯɪɨɦɚɬɚ ɛɚɪɢɹ ɧɟ ɨɛɪɚɡɨɜɚɥɫɹ, ɜɫɟ ɪɚɜɧɨ ɩɪɨɞɨɥɠɚɣɬɟ ɪɚɛɨɬɭ ɤɚɤ ɨɩɢ-

ɫɚɧɨ ɞɚɥɟɟ). 

 

Ʉ ɩɪɨɡɪɚɱɧɨɦɭ ɮɢɥɶɬɪɚɬɭ ɞɨɛɚɜɶɬɟ ɪɚɫɬɜɨɪ ɚɦɦɢɚɤɚ (ʋ 17) ɞɨ ɳɟɥɨɱɧɨɣ ɪɟɚɤɰɢɢ 

ɫɪɟɞɵ. Ɂɚɬɟɦ ɞɨɛɚɜɶɬɟ ɢɡɛɵɬɨɤ ɪɚɫɬɜɨɪɚ ɤɚɪɛɨɧɚɬɚ ɚɦɦɨɧɢɹ (ʋ 18) ɢ ɩɪɨɤɢɩɹɬɢɬɟ 

ɪɟɚɤɰɢɨɧɧɭɸ ɫɦɟɫɶ ɜ ɬɟɱɟɧɢɟ ɧɟɫɤɨɥɶɤɢɯ ɦɢɧɭɬ. ȿɫɥɢ ɜ ɨɛɪɚɡɰɟ ɩɪɢɫɭɬɫɬɜɨɜɚɥɢ 

ɫɬɪɨɧɰɢɣ ɢɥɢ ɤɚɥɶɰɢɣ (ɢɥɢ ɨɧɢ ɨɛɚ), ɨɛɪɚɡɭɟɬɫɹ ɨɫɚɞɨɤ ɤɚɪɛɨɧɚɬɚ(ɨɜ).  
 

ȿɫɥɢ ɨɫɚɞɨɤ ɨɛɪɚɡɨɜɚɥɫɹ, ɨɬɮɢɥɶɬɪɭɣɬɟ ɟɝɨ ɢ ɩɪɨɦɨɣɬɟ ɩɚɪɭ ɪɚɡ ɞɟɦɢɧɟɪɚɥɢɡɨɜɚɧɧɨɣ 

ɜɨɞɨɣ, ɚ ɡɚɬɟɦ ɪɚɫɬɜɨɪɢɬɟ ɨɫɚɞɨɤ ɜ ɫɦɟɫɢ, ɫɨɫɬɨɹɳɟɣ ɢɡ ɩɪɢɦɟɪɧɨ 2 ɦɥ 

ɞɟɦɢɧɟɪɚɥɢɡɨɜɚɧɧɨɣ ɜɨɞɵ ɢ ɧɟɫɤɨɥɶɤɢɯ ɤɚɩɟɥɶ ɫɨɥɹɧɨɣ ɤɢɫɥɨɬɵ (ʋ 3). ɉɨɥɭɱɟɧɧɵɣ 

ɪɚɫɬɜɨɪ ɪɚɡɞɟɥɢɬɟ ɩɨɩɨɥɚɦ ɜ ɞɜɟ ɩɪɨɛɢɪɤɢ.  

• ȼ ɩɟɪɜɭɸ ɩɪɨɛɢɪɤɭ ɞɨɛɚɜɶɬɟ ɧɚɫɵɳɟɧɧɵɣ ɪɚɫɬɜɨɪ ɫɭɥɶɮɚɬɚ ɤɚɥɶɰɢɹ (ʋ 21). ȿɫɥɢ 

ɜ ɨɛɪɚɡɰɟ ɩɪɢɫɭɬɫɬɜɨɜɚɥ ɫɬɪɨɧɰɢɣ, ɨɛɪɚɡɭɟɬɫɹ ɧɟɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɛɟɥɨɝɨ 

ɨɫɚɞɤɚ ɫɭɥɶɮɚɬɚ ɫɬɪɨɧɰɢɹ. Ⱦɥɹ ɬɨɝɨ ɱɬɨɛɵ ɭɫɤɨɪɢɬɶ ɨɛɪɚɡɨɜɚɧɢɟ ɨɫɚɞɤɚ, ɜɵ ɦɨ-

ɠɟɬɟ ɩɨɬɟɪɟɬɶ ɜɧɭɬɪɟɧɧɸɸ ɩɨɜɟɪɯɧɨɫɬɶ ɩɪɨɛɢɪɤɢ ɫɬɟɤɥɹɧɧɨɣ ɩɚɥɨɱɤɨɣ.  

• ȼɨ ɜɬɨɪɭɸ ɩɪɨɛɢɪɤɭ ɞɨɛɚɜɶɬɟ ɪɚɫɬɜɨɪ ɫɭɥɶɮɚɬɚ ɚɦɦɨɧɢɹ (ʋ 20). ȿɫɥɢ ɜ ɨɛɪɚɡɰɟ 

ɩɪɢɫɭɬɫɬɜɨɜɚɥ ɫɬɪɨɧɰɢɣ ɢɥɢ ɤɚɥɶɰɢɣ (ɢɥɢ ɨɧɢ ɨɛɚ), ɜɵɩɚɞɚɟɬ ɛɟɥɵɣ ɨɫɚɞɨɤ ɫɭɥɶ-
ɮɚɬɚ(ɨɜ). Ɉɬɮɢɥɶɬɪɭɣɬɟ ɨɫɚɞɨɤ.  
Ⱦɨɛɚɜɶɬɟ ɤ ɮɢɥɶɬɪɚɬɭ 1 ɦɥ ɪɚɫɬɜɨɪɚ ɨɤɫɚɥɚɬɚ ɚɦɦɨɧɢɹ (ʋ 19) . ȿɫɥɢ ɜ ɨɛɪɚɡɰɟ 

ɩɪɢɫɭɬɫɬɜɨɜɚɥ ɤɚɥɶɰɢɣ, ɜɵɩɚɞɚɟɬ ɨɫɚɞɨɤ ɨɤɫɚɥɚɬɚ ɤɚɥɶɰɢɹ. 

 
 
 

2.2 Ʉɨɥɢɱɟɫɬɜɟɧɧɨɟ ɨɩɪɟɞɟɥɟɧɢɟ ɫɭɦɦɚɪɧɨɝɨ ɫɨɞɟɪɠɚɧɢɹ ɥɚɧɬɚɧɚ ɢ ɦɟɞɢ  

 

ɉɪɢɝɨɬɨɜɥɟɧɢɟ ɢɫɯɨɞɧɨɝɨ ɪɚɫɬɜɨɪɚ ɨɛɪɚɡɰɚ ɫɜɟɪɯɩɪɨɜɨɞɧɢɤɚ 

ȼ ɦɟɪɧɨɣ ɤɨɥɛɟ ɧɚɯɨɞɢɬɫɹ ɪɚɫɬɜɨɪ ɨɛɪɚɡɰɚ ɫɜɟɪɯɩɪɨɜɨɞɧɢɤɚ (LaxM(2-x)CuO4, ɪɚɫɬɜɨ-

ɪɟɧɧɵɣ ɜ ɯɥɨɪɧɨɣ ɤɢɫɥɨɬɟ; ʋ 13).  

Ɋɚɡɛɚɜɶɬɟ ɷɬɨɬ ɪɚɫɬɜɨɪ ɞɟɦɢɧɟɪɚɥɢɡɨɜɚɧɧɨɣ ɜɨɞɨɣ ɞɨ ɨɛɴɟɦɚ 250,0 ɦɥ. Ⱦɚɥɟɟ ɷɬɨɬ 
ɪɚɫɬɜɨɪ ɛɭɞɟɬ ɧɚɡɵɜɚɬɶɫɹ "ɢɫɯɨɞɧɵɦ ɪɚɫɬɜɨɪɨɦ". 

 

ɉɟɪɟɧɟɫɢɬɟ 25.00 ɦɥ ɢɫɯɨɞɧɨɝɨ ɪɚɫɬɜɨɪɚ ɜ ɤɨɧɢɱɟɫɤɭɸ ɤɨɥɛɭ ɗɪɥɟɧɦɟɟɪɚ.  

Ⱦɨɛɚɜɶɬɟ ɤ ɷɬɨɦɭ ɪɚɫɬɜɨɪɭ ɩɪɢɦɟɪɧɨ 5-6 ɩɨɥɧɵɯ (ɫ ɝɨɪɤɨɣ) ɲɩɚɬɟɥɟɣ ɚɰɟɬɚɬɚ ɧɚɬɪɢɹ 

(CH3COONa; ʋ 8) ɢ 2 ɦɢɤɪɨɲɩɚɬɟɥɹ ɢɧɞɢɤɚɬɨɪɚ ɤɫɢɥɟɧɨɥɨɜɨɝɨ ɨɪɚɧɠɟɜɨɝɨ (ʋ 15), ɚ 

ɡɚɬɟɦ ɪɚɡɛɚɜɶɬɟ ɞɟɦɢɧɟɪɚɥɢɡɨɜɚɧɧɨɣ ɜɨɞɨɣ ɞɨ ɨɛɴɟɦɚ ɩɪɢɦɟɪɧɨ 75 ɦɥ.  

ɉɟɪɟɞ ɜɵɩɨɥɧɟɧɢɟɦ ɫɥɟɞɭɸɳɟɣ ɨɩɟɪɚɰɢɢ ɡɧɚɱɟɧɢɟ ɪɇ ɩɨɥɭɱɟɧɧɨɝɨ ɪɚɫɬɜɨɪɚ ɞɨɥɠɧɨ 

ɛɵɬɶ ɨɤɨɥɨ 6. ȼ ɩɪɨɬɢɜɧɨɦ ɫɥɭɱɚɟ ɞɨɛɚɜɶɬɟ ɞɨɩɨɥɧɢɬɟɥɶɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɚɰɟɬɚɬɚ 

ɧɚɬɪɢɹ. 

Ɉɬɬɢɬɪɭɣɬɟ ɩɪɢɝɨɬɨɜɥɟɧɧɵɣ ɪɚɫɬɜɨɪ ɪɚɫɬɜɨɪɨɦ Na2-EDTA (ʋ 7). ȼ ɪɟɡɭɥɶɬɚɬɟ 

ɬɢɬɪɨɜɚɧɢɹ ɰɜɟɬ ɪɚɫɬɜɨɪɚ ɞɨɥɠɟɧ ɢɡɦɟɧɢɬɶɫɹ ɫ ɢɫɯɨɞɧɨɝɨ ɫɜɟɬɥɨ-ɮɢɨɥɟɬɨɜɨɝɨ ɧɚ 

 



 

ɹɪɤɢɣ ɫɜɟɬɥɨ-ɡɟɥɟɧɵɣ ɜ ɤɨɧɟɱɧɨɣ ɬɨɱɤɟ. (ȼ ɯɨɞɟ ɬɢɬɪɨɜɚɧɢɹ ɰɜɟɬ ɪɚɫɬɜɨɪɚ ɦɨɠɟɬ 
ɧɟɫɤɨɥɶɤɨ ɪɚɡ ɢɡɦɟɧɹɬɶɫɹ). 

 

ɉɨɜɬɨɪɢɬɟ ɬɢɬɪɨɜɚɧɢɟ ɧɟɨɛɯɨɞɢɦɨɟ ɱɢɫɥɨ ɪɚɡ. 
 
 

2.3 Ʉɨɥɢɱɟɫɬɜɟɧɧɨɟ ɨɩɪɟɞɟɥɟɧɢɟ ɫɨɞɟɪɠɚɧɢɹ ɦɟɞɢ 

ɉɟɪɟɧɟɫɢɬɟ 25.00 ɦɥ ɢɫɯɨɞɧɨɝɨ ɪɚɫɬɜɨɪɚ ɜ ɦɟɪɧɭɸ ɤɨɥɛɭ (ɧɚ 100 ɦɥ) ɢ ɞɨɜɟɞɢɬɟ 

ɞɟɦɢɧɟɪɚɥɢɡɨɜɚɧɧɨɣ ɜɨɞɨɣ ɨɛɴɟɦ ɞɨ 100,0 ɦɥ.  

Ⱦɥɹ ɤɚɠɞɨɝɨ ɬɢɬɪɨɜɚɧɢɹ ɩɟɪɟɧɟɫɢɬɟ 25.00 ɦɥ ɪɚɫɬɜɨɪɚ, ɩɨɥɭɱɟɧɧɨɝɨ ɩɨɫɥɟ ɪɚɡɛɚɜɥɟ-

ɧɢɹ, ɜ ɤɨɧɢɱɟɫɤɭɸ ɤɨɥɛɭ ɗɪɥɟɧɦɟɣɟɪɚ ɢ ɞɨɛɚɜɶɬɟ ɪɚɫɬɜɨɪ ɝɢɞɪɨɤɫɢɞɚ ɧɚɬɪɢɹ (ʋ 6) ɞɨ 

ɳɟɥɨɱɧɨɣ ɪɟɚɤɰɢɢ ɫɪɟɞɵ. ɉɪɢ ɷɬɨɦ ɨɛɪɚɡɭɟɬɫɹ ɝɨɥɭɛɨɣ ɨɫɚɞɨɤ. Ⱦɨɛɚɜɥɹɣɬɟ ɫɟɪɧɭɸ 

ɤɢɫɥɨɬɭ (ʋ 12) ɞɨ ɩɨɥɧɨɝɨ ɪɚɫɬɜɨɪɟɧɢɹ ɝɨɥɭɛɨɝɨ ɨɫɚɞɤɚ. ɉɨɥɭɱɟɧɧɚɹ ɫɦɟɫɶ ɞɨɥɠɧɚ 

ɢɦɟɬɶ ɤɢɫɥɭɸ ɫɪɟɞɭ (pH 1-2) ɢ ɛɭɞɟɬ ɫɨɞɟɪɠɚɬɶ ɧɟɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɛɟɥɨɝɨ ɨɫɚɞɤɚ.  

Ⱦɨɛɚɜɶɬɟ 10 ɦɥ ɪɚɫɬɜɨɪɚ ɢɨɞɢɞɚ ɧɚɬɪɢɹ (ʋ 9) ɢ ɩɟɪɟɦɟɲɢɜɚɣɬɟ ɫɨɞɟɪɠɢɦɨɟ, ɜɪɚɳɚɹ 

ɤɨɥɛɭ ɗɪɥɟɧɦɟɣɟɪɚ, ɜ ɬɟɱɟɧɢɟ ɩɪɢɦɟɪɧɨ 1 ɦɢɧɭɬɵ. Ɉɬɬɢɬɪɭɣɬɟ ɫɨɞɟɪɠɢɦɨɟ ɤɨɥɛɵ 

ɪɚɫɬɜɨɪɨɦ ɬɢɨɫɭɥɶɮɚɬɚ ɧɚɬɪɢɹ (ʋ 10). ɉɟɪɟɞ ɤɨɧɰɨɦ ɬɢɬɪɨɜɚɧɢɹ ɞɨɛɚɜɶɬɟ ɧɟɦɧɨɝɨ 

ɪɚɫɬɜɨɪɚ ɤɪɚɯɦɚɥɚ (ʋ 11) ɜ ɤɚɱɟɫɬɜɟ ɢɧɞɢɤɚɬɨɪɚ. Ɍɢɬɪɭɣɬɟ ɞɨ ɬɟɯ ɩɨɪ, ɩɨɤɚ ɪɚɫɬɜɨɪ ɧɟ 

ɛɭɞɟɬ ɨɫɬɚɜɚɬɶɫɹ ɛɟɫɰɜɟɬɧɵɦ ɩɨ ɦɟɧɶɲɟɣ ɦɟɪɟ ɜ ɬɟɱɟɧɢɟ 60 ɫɟɤɭɧɞ. 

 

ɉɨɜɬɨɪɢɬɟ ɬɢɬɪɨɜɚɧɢɟ ɧɟɨɛɯɨɞɢɦɨɟ ɱɢɫɥɨ ɪɚɡ. 
 

ɅɂɋɌ ɈɌȼȿɌɈȼ 
 

 



 

2.1 Ʉɚɤɨɣ(ɢɟ) ɳɟɥɨɱɧɨ-ɡɟɦɟɥɶɧɵɣ ɦɟɬɚɥɥ(ɵ) ɜɯɨɞɢɬ(ɹɬ) ɜ ɫɨɫɬɚɜ ɫɜɟɪɯɩɪɨɜɨɞɧɢɤɚ? 

Ɉɬɦɟɬɶɬɟ ɬɨɥɶɤɨ ɨɞɢɧ ɜɚɪɢɚɧɬ!  (30 ɛɚɥɥɨɜ) 

 Ca                 � Sr      �    Ba      �  

 Ca ɢ Sr            �  Ca ɢ Ba  � Sr ɢ Ba    � 

 Ca ɢ Sr ɢ Ba       � 

 
Ɂɚɜɟɪɲɢɬɟ ɫɥɟɞɭɸɳɢɟ ɭɪɚɜɧɟɧɢɹ ɪɟɚɤɰɢɣ:     (2 ɛɚɥɥɚ) 

 __ Ca
2+ 

  +  _______                         __ CaC2O4 

 

 __ Sr
2+

   +  __ CO3
2-

                         _________ 
 

      __ Ba
 2+

   +  __ [Cr2O7]
 2-

 +  ______        __ BaCrO4 + _______ 

2.2  Ʉɨɥɢɱɟɫɬɜɟɧɧɨɟ ɨɩɪɟɞɟɥɟɧɢɟ ɫɭɦɦɚɪɧɨɝɨ ɫɨɞɟɪɠɚɧɢɹ ɥɚɧɬɚɧɚ ɢ ɦɟɞɢ.  (35 ɛɚɥɥɨɜ) 

 

Ɍɢɬɪɨɜɚɧɢɟ ʋ Vɢɫɯɨɞɧ (ɦɥ) Vɤɨɧɟɱɧ (ɦɥ) V (ɦɥ) 

1    

2    

3    

...    

...    

...    

 
Ɉɛɴɟɦ 0.1000 ɦɨɥɶ ɥ-1

 ɪɚɫɬɜɨɪɚ ɗȾɌȺ ɧɚ ɨɞɧɨ ɬɢɬɪɨɜɚɧɢɟ  V =                 ɦɥ 

2.3 Ʉɨɥɢɱɟɫɬɜɟɧɧɨɟ ɨɩɪɟɞɟɥɟɧɢɟ ɫɨɞɟɪɠɚɧɢɹ ɦɟɞɢ.    (35 ɛɚɥɥɨɜ) 

 

Ɍɢɬɪɨɜɚɧɢɟ ʋ Vɢɫɯɨɞɧ (ɦɥ) Vɤɨɧɟɱɧ (ɦɥ) V (ɦɥ) 

1    

2    

3    

...    

...    

...    
 
Ɉɛɴɟɦ 0.01000 ɦɨɥɶ ɥ-1

 ɪɚɫɬɜɨɪɚ Na2S2O3 ɧɚ ɨɞɧɨ ɬɢɬɪɨɜɚɧɢɟ V =                 ɦɥ 

 
Ɂɚɜɟɪɲɢɬɟ ɫɥɟɞɭɸɳɢɟ ɭɪɚɜɧɟɧɢɹ ɪɟɚɤɰɢɣ:     (3 ɛɚɥɥɚ) 

  __ Cu
 2+

  +  __ I 
-
     __ I2  + ________ 

  

  __ I2    +  __ S2O3
 2-

     __ I 
-
  + ________  

 

 



 

2.4   Ɇɚɫɫɚ (ɜ ɦɝ) ɦɟɞɢ ɜ ɢɫɯɨɞɧɨɦ ɪɚɫɬɜɨɪɟ, 

        ɦɚɫɫɚ (ɜ ɦɝ) ɥɚɧɬɚɧɚ ɜ ɢɫɯɨɞɧɨɦ ɪɚɫɬɜɨɪɟ.     (3 ɛɚɥɥɚ) 

ɪɚɫɱɟɬɵ: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

     ɦɚɫɫɚ Cu  m(Cu) = ___________ ɦɝ 
 

     ɦɚɫɫɚ La m(La) = ___________ ɦɝ 
 

2.5 ȼ ɧɟɤɨɬɨɪɨɦ ɚɧɚɥɨɝɢɱɧɨɦ ɨɩɵɬɟ ɫ ɬɟɦ ɠɟ ɫɜɟɪɯɩɪɨɜɨɞɧɢɤɨɦ, ɤɨɬɨɪɵɣ ɜɵ 

ɚɧɚɥɢɡɢɪɨɜɚɥɢ, ɧɚ ɬɢɬɪɨɜɚɧɢɟ ɩɨɬɪɟɛɨɜɚɥɨɫɶ 39.90 ɦɥ 0.1000 ɦɨɥɶ ɥ-1
 ɪɚɫɬɜɨɪɚ ɗȾɌȺ 

ɢ  

35.00 ɦɥ 0.01000 ɦɨɥɶ ɥ-1
 ɪɚɫɬɜɨɪɚ Na2S2O3. Ɋɚɫɫɱɢɬɚɣɬɟ ɡɧɚɱɟɧɢɟ x ɜ ɮɨɪɦɭɥɟ  

LaxM(2-x)CuO4 (M = Ca ɢ/ɢɥɢ Sr ɢ/ɢɥɢ Ba) ɢ ɩɪɢɜɟɞɢɬɟ ɬɨɱɧɭɸ ɤɨɧɤɪɟɬɧɭɸ ɮɨɪɦɭɥɭ 

ɫɜɟɪɯɩɪɨɜɨɞɧɢɤɚ   

                                                                                                                                     (5 ɛɚɥɥɨɜ) 

ɪɚɫɱɟɬɵ: 

 

 

 

 

 

 

 

 

 

 

ɡɧɚɱɟɧɢɟ x:    _______                ɮɨɪɦɭɥɚ:  ________________ 
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