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Заɞаɧиɟ 1.  (ɚɜɬɨɪɵ Еɦеɥɶяɧɨɜ В.А., Кɨɧеɜ В.ɇ.). 
1. ɂɡ ɭɫɥɨɜɢɹ ɡɚɞɚɱɢ, ɷɩɢɝɪɚɮɚ ɢ ɪɢɫɭɧɤɚ ɩɨɧɹɬɧɨ, ɱɬɨ ɪɟɱɶ ɢɞɟɬ ɨ ɫɚɦɨɣ ɨɛɵɱɧɨɣ ɫɨɥɢ, ɮɨɪɦɭɥɚ 
ɤɨɬɨɪɨɣ NaCl, ɚ ɧɚɡɜɚɧɢɹ – ɩɨɜɚɪɟɧɧɚɹ (ɩɢɳɟɜɚɹ) ɫɨɥɶ ɢ ɯɥɨɪɢɞ ɧɚɬɪɢɹ. ɂɡ ɷɬɨɣ ɫɨɥɢ ɜ ɧɚɲɟɦ ɨɪɝɚ-
ɧɢɡɦɟ ɜɵɪɚɛɚɬɵɜɚɟɬɫɹ HCl – ɫɨɥɹɧɚɹ ɤɢɫɥɨɬɚ, ɤɨɬɨɪɚɹ ɩɨ ɯɢɦɢɱɟɫɤɨɣ ɧɨɦɟɧɤɥɚɬɭɪɟ ɧɚɡɵɜɚɟɬɫɹ 
«ɯɥɨɪɨɜɨɞɨɪɨɞɧɚɹ». Ɇɢɧɟɪɚɥ, ɜɬɨɪɨɟ ɧɚɡɜɚɧɢɟ ɤɨɬɨɪɨɝɨ «ɤɚɦɟɧɧɚɹ ɫɨɥɶ», ɧɚɡɵɜɚɟɬɫɹ ɝɚɥɢɬ. 

2. ȿɜɪɨɩɟɟɰ ɜɞɜɨɟɦ ɫ ɞɪɭɝɨɦ ɫɴɟɞɚɟɬ 16,4*1000 = 16400 ɝ ɫɨɥɢ ɡɚ 2*365 = 730 ɞɧɟɣ. Ɍɨ ɟɫɬɶ, ɤɚɠɞɵɣ 
ɢɡ ɧɢɯ ɜ ɞɟɧɶ ɫɴɟɞɚɟɬ 16400*0,5/730 = 11,2 ɝ ɫɨɥɢ, ɱɬɨ ɜ 11,2/2 = 5,6 ɪɚɡɚ ɛɨɥɶɲɟ ɧɨɪɦɵ. Ɇɚɫɫɨɜɚɹ 
ɞɨɥɹ ɷɥɟɦɟɧɬɚ ɧɚɬɪɢɹ ɜ ɫɨɫɬɚɜɟ NaCl 23/(23+35,5) = 0,393, ɷɥɟɦɟɧɬɚ ɯɥɨɪɚ 1-0,393 = 0,607. Ɍɚɤɢɦ ɨɛ-
ɪɚɡɨɦ, ɫɪɟɞɧɢɣ ɟɜɪɨɩɟɟɰ ɜ ɫɨɫɬɚɜɟ ɫɨɥɢ ɟɠɟɞɧɟɜɧɨ ɭɩɨɬɪɟɛɥɹɟɬ 0,393*11,2 = 4,4 ɝ ɷɥɟɦɟɧɬɚ ɧɚɬɪɢɹ ɢ 
0,607*11,2 = 6,8 ɝ ɷɥɟɦɟɧɬɚ ɯɥɨɪɚ. 

3. ȼ 250 ɝ ɢɡɨɬɨɧɢɱɟɫɤɨɝɨ ɪɚɫɬɜɨɪɚ ɫɨɞɟɪɠɢɬɫɹ m = *Ɇ = (0,9/100)*250 = 2,25 ɝ ɫɨɥɢ. Ⱦɥɹ ɩɪɢɝɨ-
ɬɨɜɥɟɧɢɹ ɪɚɫɬɜɨɪɚ ɩɨ ɫɩɨɫɨɛɭ ɚ) ɧɚɞɨ ɜɡɹɬɶ 2,25 ɝ ɫɨɥɢ ɢ 250-2,25 = 247,75 ɝ ɜɨɞɵ. Ⱦɥɹ ɩɪɢɝɨɬɨɜɥɟ-
ɧɢɹ ɪɚɫɬɜɨɪɚ ɩɨ ɫɩɨɫɨɛɭ ɛ) ɩɨɫɱɢɬɚɟɦ, ɤɚɤɚɹ ɦɚɫɫɚ 4,5 % ɪɚɫɬɜɨɪɚ ɫɨɞɟɪɠɢɬ ɧɭɠɧɵɟ ɧɚɦ 2,25 ɝ ɫɨɥɢ: 
Ɇ = m/  = 2,25/0,045 = 50 ɝ. Ɍɨ ɟɫɬɶ, ɧɚɞɨ ɜɡɹɬɶ 50 ɝ 4,5 % ɪɚɫɬɜɨɪɚ ɫɨɥɢ 250-50 = 200 ɝ ɜɨɞɵ. Ⱦɥɹ 
ɩɪɢɝɨɬɨɜɥɟɧɢɹ ɪɚɫɬɜɨɪɚ ɩɨ ɫɩɨɫɨɛɭ ɜ) ɩɪɢɞɟɬɫɹ ɪɟɲɚɬɶ ɭɪɚɜɧɟɧɢɟ. ȿɫɥɢ ɦɵ ɨɛɨɡɧɚɱɢɦ ɡɚ ɯ ɦɚɫɫɭ 1,5 
% ɪɚɫɬɜɨɪɚ, ɬɨɝɞɚ ɦɚɫɫɚ 0,5 % ɪɚɫɬɜɨɪɚ ɫɨɫɬɚɜɢɬ 250-ɯ. Ɉɛɳɚɹ ɦɚɫɫɚ ɫɨɥɢ ɜ ɤɨɧɟɱɧɨɦ ɪɚɫɬɜɨɪɟ ɫɨ-
ɫɬɚɜɥɹɟɬ 2,25 ɝ ɢ ɫɤɥɚɞɵɜɚɟɬɫɹ ɢɡ ɦɚɫɫ ɫɨɥɢ ɜ ɤɚɠɞɨɦ ɢɡ ɪɚɫɬɜɨɪɨɜ. Ɋɟɲɚɹ ɭɪɚɜɧɟɧɢɟ  
0,015ɯ + 0,005(250-ɯ) = 2,25, ɩɨɥɭɱɢɦ ɯ = 100. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɧɚɞɨ ɜɡɹɬɶ 100 ɝ 1,5 % ɪɚɫɬɜɨɪɚ ɫɨɥɢ ɢ 
150 ɝ 0,5 % ɪɚɫɬɜɨɪɚ. 

4. Ⱦɜɚ ɜɟɳɟɫɬɜɚ, ɤɨɬɨɪɵɟ ɩɨɥɭɱɚɸɬ ɢɡ ɫɨɥɢ, ɩɪɹɦɨ ɫɥɟɞɭɸɬ ɢɡ ɟɟ ɫɨɫɬɚɜɚ. Эɬɨ ɧɚɬɪɢɣ (Na) ɢ ɯɥɨɪ 
(Cl2). ɇɚ ɩɨɜɟɪɯɧɨɫɬɢ ɥɟɠɚɬ ɟɳɟ ɞɜɚ ɨɬɜɟɬɚ: ɧɚɬɪɢɟɜɚɹ ɳɟɥɨɱɶ ɢɥɢ ɝɢɞɪɨɤɫɢɞ ɧɚɬɪɢɹ (NaOH) ɢ ɫɨɥɹ-
ɧɚɹ ɤɢɫɥɨɬɚ ɢɥɢ ɯɥɨɪɨɜɨɞɨɪɨɞ (HCl). ɉɨɦɢɦɨ ɷɬɨɝɨ, ɢɡ ɫɨɥɢ ɧɚɩɪɹɦɭɸ ɩɨɥɭɱɚɸɬ ɫɨɞɭ (NaHCO3) ɢ 
ɫɭɥɶɮɚɬ ɧɚɬɪɢɹ (Na2SO4). 

5. ɍɪɚɜɧɟɧɢɹ ɪɟɚɤɰɢɣ. 2Na + Cl2 = 2NaCl; 2Na + 2HCl = 2NaCl + H2 ; Na2O + 2HCl = 2NaCl + H2O; 

NaOH + HCl = NaCl + H2O.  

Сиɫɬеɦɚ ɨцеɧиɜɚɧия: 
1. Ɏɨɪɦɭɥɵ ɢ ɧɚɡɜɚɧɢɹ ɫɨɥɢ ɢ ɤɢɫɥɨɬɵ ɩɨ 0,5 ɛ, ɧɚɡɜɚɧɢɟ ɦɢɧɟɪɚɥɚ 1 ɛ   0,5ɛ*6+1ɛ = 4 ɛ; 
2. Ɋɚɫɱɟɬ ɩɪɟɜɵɲɟɧɢɹ ɧɨɪɦɵ 2 ɛ, ɦɚɫɫɵ ɷɥɟɦɟɧɬɨɜ ɩɨ 1 ɛ    2ɛ+1ɛ*2 = 4 ɛ;  
3. Ɋɚɫɱɟɬ ɚ) 1 ɛ, ɛ) 2 ɛ, ɜ) 3 ɛ  1ɛ+2ɛ+3ɛ = 6 ɛ; 
4. Ɏɨɪɦɭɥɵ ɢ ɥɸɛɵɟ ɜɟɪɧɵɟ ɧɚɡɜɚɧɢɹ ɜɟɳɟɫɬɜ ɩɨ 0,5 ɛ           (0,5ɛ+0,5ɛ)*5 = 5 ɛ;  
5. ɍɪɚɜɧɟɧɢɹ ɪɟɚɤɰɢɣ ɫ ɤɨɷɮɮ. ɩɨ 1 ɛ (ɫ ɨɲɢɛɤɚɦɢ ɞɨ 0,5 ɛ)             1ɛ*4 = 4 ɛ;  
Вɫеɝɨ    24 ɛɚɥɥɚ 

Заɞаɧиɟ 2.  (ɚɜɬɨɪɵ Чɭɛɚɪɨɜ А.С., Еɦеɥɶяɧɨɜ В.А.). 
1. ȼ ɹɞɪɟ ɢɡɨɬɨɩɚ 10

5ȼ 5 ɩɪɨɬɨɧɨɜ ɢ 10-5 = 5 ɧɟɣɬɪɨɧɨɜ, ɜ 4
2α-ɱɚɫɬɢɰɟ 2 ɩɪɨɬɨɧɚ ɢ 4-2 =2 ɧɟɣɬɪɨɧɚ. 

ɍɪɚɜɧɟɧɢɹ ɹɞɟɪɧɵɯ ɪɟɚɤɰɢɣ: 10
5B + 

1
0n = 

11
5B [1] ɢ 11

5B = 
7

3Li + 
4

2α (ɢɥɢ 42He)[2].  

2. Ⱦɥɹ ɨɞɧɨɤɪɚɬɧɨɣ ɬɟɪɚɩɢɢ ɩɚɰɢɟɧɬɚ ɦɚɫɫɨɣ 80 ɤɝ ɩɨɬɪɟɛɭɟɬɫɹ ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ 80*103
*44*10

-6
/4 = 

880*10
-3

 ɝ = 880 ɦɝ ɛɨɪɚ-10. ȼ ɩɪɟɩɚɪɚɬɟ ɨɪɬɨɤɚɪɛɨɪɚɧɟ ɫɨɫɬɚɜɚ C2
10

B10H12 ɦɚɫɫɨɜɚɹ ɞɨɥɹ ɛɨɪɚ-10 ɫɨ-
ɫɬɚɜɥɹɟɬ 10*10/(2*12+10*10+1*12) = 0,735. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɛɨɥɶɧɨɦɭ ɩɟɪɟɞ ɨɛɥɭɱɟɧɢɟɦ ɫɥɟɞɭɟɬ ɜɜɟ-
ɫɬɢ 880/0,735 = 1197 ɦɝ ɢɥɢ ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ 1,2 ɝ ɨɪɬɨɤɚɪɛɨɪɚɧɚ. ɉɪɢ ɷɬɨɦ ɜ ɨɩɭɯɨɥɶ ɦɚɫɫɨɣ 2 ɝ ɩɨ-
ɩɚɞɟɬ 44*10-6

*2 = 88*10
-6

 ɝ ɛɨɪɚ-10, ɤɨɬɨɪɵɟ ɛɭɞɭɬ ɫɨɞɟɪɠɚɬɶ 88*10-6
/10 = 8,8*10

-6
 ɦɨɥɟɣ ɛɨɪɚ ɢɥɢ 

6,02*10
23

*8,8*10
-6

 = 5,3*10
18

 ɚɬɨɦɨɜ. ɍɪɚɜɧɟɧɢɹ ɹɞɟɪɧɵɯ ɪɟɚɤɰɢɣ 1
1H + 

1
0n = 

2
1H (ɢɥɢ D) [3] ɢ  

14
7N + 

1
0n = 

1
1p + 

14
6C [4].  
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3. ɍɪɚɜɧɟɧɢɹ ɪɟɚɤɰɢɣ: 7
3Li + 

1
1p = 

1
0n + 

7
4Be [5], 6Li + N2 = 2Li3N [6], 4Li + O2 = 2Li2O [7],  

2Li + 2H2O = 2LiOH + H2  [8]. 

4. ɍɪɚɜɧɟɧɢɟ ɹɞɟɪɧɨɣ ɪɟɚɤɰɢɢ: 7
4Be + 

0
-1e = 

7
3Li [9]. ɋɧɢɠɟɧɢɟ ɫɨɞɟɪɠɚɧɢɹ ɪɚɞɢɨɚɤɬɢɜɧɵɯ ɹɞɟɪ ɜ 64 

ɪɚɡɚ ɨɡɧɚɱɚɟɬ, ɱɬɨ N0/N = 64 ɢɥɢ N/N0 = 1/64. ɂɡ ɭɪɚɜɧɟɧɢɹ, ɩɪɢɜɟɞɟɧɧɨɝɨ ɜ ɭɫɥɨɜɢɢ ɩɨɥɭɱɚɟɦ, ɱɬɨ  

1/64 = (1/2) 2/1
/ tt

 ɢɥɢ 64 = 2 2/1
/ tt

. ɉɨɫɤɨɥɶɤɭ 64 = 2
6, ɫɥɟɞɨɜɚɬɟɥɶɧɨ t/t1/2 = 6, ɨɬɤɭɞɚ t = 6*54 = 324 

ɞɧɹ. Ɇɨɠɧɨ ɩɨɫɱɢɬɚɬɶ ɢ ɩɨɞɛɨɪɨɦ: ɡɚ 1 ɩɟɪɢɨɞ ɩɨɥɭɪɚɫɩɚɞɚ ɫɨɞɟɪɠɚɧɢɟ ɭɦɟɧɶɲɚɟɬɫɹ ɜ 2 ɪɚɡɚ, ɡɚ 2 – 

ɜ 4, ɡɚ 3 – ɜ 8, ɡɚ 4 – ɜ 16, ɡɚ 5 – ɜ 32, ɡɚ 6 – ɜ 64. 

5. ɉɪɢɦɟɦ ɩɪɢɪɨɞɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɢɡɨɬɨɩɚ 6LТ ɡɚ ɯ, ɬɨɝɞɚ ɫɨɞɟɪɠɚɧɢɟ ɢɡɨɬɨɩɚ 7LТ ɛɭɞɟɬ (1-ɯ). ɋɨɫɬɚ-
ɜɢɦ ɭɪɚɜɧɟɧɢɟ: ɯ*6 + (1-ɯ)*7 = 6,941, ɪɟɲɚɹ ɤɨɬɨɪɨɟ, ɩɨɥɭɱɢɦ ɯ = 0,059 ɢɥɢ ɨɤɨɥɨ 6 %. ɉɨɫɤɨɥɶɤɭ α-

ɱɚɫɬɢɰɚ ɫɨɞɟɪɠɢɬ 2 ɩɪɨɬɨɧɚ, ɚ ɹɞɪɨ ɬɪɢɬɢɹ – 1 ɩɪɨɬɨɧ, ɨɧɢ ɹɜɥɹɸɬɫɹ ɹɞɪɚɦɢ ɚɬɨɦɨɜ ɷɥɟɦɟɧɬɨɜ ɝɟɥɢɹ 
ɢ ɜɨɞɨɪɨɞɚ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. Ɍɚɤ ɤɚɤ ɨɧɢ ɩɨɥɭɱɚɸɬɫɹ ɬɨɥɶɤɨ ɜ ɯɨɞɟ ɨɛɥɭɱɟɧɢɹ ɩɪɢɪɨɞɧɨɝɨ ɥɢɬɢɹ, 
ɡɧɚɱɢɬ, ɨɧɢ ɹɜɥɹɸɬɫɹ ɩɪɨɞɭɤɬɚɦɢ ɪɟɚɤɰɢɢ 6

3Li ɫ ɩɪɨɬɨɧɚɦɢ ɢɥɢ ɜɵɞɟɥɹɸɳɢɦɢɫɹ ɜ ɪɟɚɤɰɢɢ [5] ɧɟɣ-
ɬɪɨɧɚɦɢ. ȼ ɩɟɪɜɨɦ ɫɥɭɱɚɟ ɧɟ ɫɨɛɥɸɞɚɟɬɫɹ ɛɚɥɚɧɫ ɡɚɪɹɞɨɜ, ɚ ɜɨ ɜɬɨɪɨɦ – ɜɫɟ ɫɯɨɞɢɬɫɹ. ɍɪɚɜɧɟɧɢɟ ɪɟ-
ɚɤɰɢɢ: 63Li + 

1
0n = 

3
1Ɍ + 

4
2He  ɢɥɢ 31ɇ + 

4
2α [10]. 

Сиɫɬеɦɚ ɨцеɧиɜɚɧия: 
1. Кɨɥɢɱɟɫɬɜɨ ɪ ɢ n ɜ ɤɚɠɞɨɣ ɱɚɫɬɢɰɟ ɩɨ 0,5 ɛ, ɭɪɚɜɧɟɧɢɹ ɪɟɚɤɰɢɣ ɩɨ1 ɛ            4*0,5ɛ+2*1ɛ = 4 ɛ; 
2. ɍɪɚɜɧɟɧɢɹ ɪɟɚɤɰɢɣ ɩɨ1 ɛ, ɪɚɫɱɟɬɵ ɚ), ɛ), ɜ) ɩɨ 2 ɛ       2*1ɛ+3*2ɛ = 8 ɛ; 
3. ɍɪɚɜɧɟɧɢɹ ɪɟɚɤɰɢɣ ɩɨ1 ɛ    4*1ɛ = 4 ɛ; 
4. ɍɪɚɜɧɟɧɢɟ ɪɟɚɤɰɢɢ 1 ɛ, ɪɚɫɱɟɬ ɜɪɟɦɟɧɢ 2 ɛ                1ɛ+2ɛ = 3 ɛ; 
5. Ɋɚɫɱɟɬ 2 ɛ, ɭɫɬɚɧɨɜɥɟɧɢɟ ɷɥɟɦɟɧɬɨɜ ɩɨ 1 ɛ, ɭɪɚɜɧɟɧɢɟ ɪɟɚɤɰɢɢ 1 ɛ  2ɛ+2*1ɛ+1ɛ = 5 ɛ; 
Вɫеɝɨ    24 ɛɚɥɥɚ 

 

Заɞаɧиɟ 3.  (ɚɜɬɨɪɵ Юɫеɧɤɨ К.В., Еɦеɥɶяɧɨɜ В.А.). 
1. ɇɚɡɨɜɟɦ ɩɟɪɟɱɢɫɥɟɧɧɵɟ ɫɨɟɞɢɧɟɧɢɹ, ɪɚɡɞɟɥɢɜ ɢɯ ɧɚ ɝɪɭɩɩɵ ɢ ɜɵɞɟɥɢɜ ɨɞɧɨɤɨɪɟɧɧɵɟ ɫɥɨɜɚ: 
ɋɈ2 – ɞɢɨɤɫɢɞ уɝлɟɪɨɞа   C – уɝлɟɪɨɞ 

HCl(ɜɨɞɧ. ɪɚɫɬɜɨɪ) – ɫɨɥɹɧɚɹ (ɢɥɢ ɯɥɨɪɨɜɨɞɨɪɨɞɧɚɹ) ɤɢɫɥɨɬɚ  S – ɫɟɪа 
H2SO4 – ɫɟɪɧая ɤɢɫɥɨɬɚ   H2S – ɫɟɪɨɜɨɞɨɪɨɞ 

O2 – ɤɢɫɥɨɪɨɞ   HCl(ɝɚɡ) – ɯɥɨɪɨɜɨɞɨɪɨɞ 

H2O2 – ɩɟɪɟɤɢɫɶ ɜɨɞɨɪɨɞɚ   NaCl – ɯɥɨɪɢɞ ɧɚɬɪɢɹ 

2. Ƚɚɡɨɨɛɪɚɡɧɵɟ ɜɟɳɟɫɬɜɚ ɯɪɚɧɹɬɫɹ ɜ ɛɚɥɥɨɧɚɯ (O2, HCl, H2S, CO2), ɠɢɞɤɨɫɬɢ – ɜ ɛɭɬɵɥɤɚɯ (H2O2, 

H2SO4, HCl (ɜɨɞɧɵɣ ɪɚɫɬɜɨɪ)), ɬɜɟɪɞɵɟ ɜɟɳɟɫɬɜɚ – ɜ ɛɚɧɤɚɯ ɫ ɲɢɪɨɤɢɦ ɝɨɪɥɨɦ (S, NaCl, C). 

3. ȼɨɡɦɨɠɧɵɟ ɪɟɚɤɰɢɢ ɦɟɠɞɭ ɩɚɪɚɦɢ ɜɟɳɟɫɬɜ: 
2ɋ + Ɉ2 = 2ɋɈ, ɋ + Ɉ2 = ɋɈ2 (ɝɨɪɟɧɢɟ ɜ ɧɟɞɨɫɬɚɬɤɟ ɢ ɢɡɛɵɬɤɟ ɤɢɫɥɨɪɨɞɚ); ɋ + ɋɈ2 = 2ɋɈ (з1000 ɨɋ); 
S + Ɉ2 = SɈ2 (ɝɨɪɟɧɢɟ); 2H2S + 3Ɉ2 = 2SɈ2 + 2H2O (ɝɨɪɟɧɢɟ); H2S + H2Ɉ2 = S  + 2H2O (ɧ.ɭ.); 
H2S + 3H2SɈ4(ɤɨɧɰ) = 4SɈ2  + 4H2O (ɧɚɝɪɟɜ); 3H2S + H2SɈ4(ɤɨɧɰ) = 4S  + 4H2O (ɧ.ɭ.); 
S + 2H2SɈ4(ɤɨɧɰ) = 3SɈ2  + 2H2O (ɧɚɝɪɟɜ); ɋ + 2H2SɈ4(ɤɨɧɰ) = ɋɈ2  + 2SɈ2  + 2H2O (ɧɚɝɪɟɜ); 
NaCl + H2SɈ4(ɤɨɧɰ) = HCl  + NaHSO4 ɢɥɢ Na2SO4 (ɧɚɝɪɟɜ); 2HCl + H2O2 = Cl2  + 2H2O (ɧ.ɭ.). 

4. ɉɚɪɵ Хɥɨɪɢɞ ɧɚɬɪɢɹ – NКtrТum CСlorТН, ɞɢɨɤɫɢɞ ɭɝɥɟɪɨɞɚ – KoСlОnНТoбТН ɢ ɭɝɥɟɪɨɞ – Kohlenstoff, 

ɩɟɪɟɤɢɫɶ ɜɨɞɨɪɨɞɚ - Wasserstoff PОroбвН ɭɝɚɞɵɜɚɸɬɫɹ ɫɪɚɡɭ. Ⱦɨɫɬɚɬɨɱɧɨ ɩɪɨɡɪɚɱɟɧ ɢ ɯɥɨɪɨɜɨɞɨɪɨɞ - 
CСlorаКssОrstoПП, ɬɨɝɞɚ ɫɟɪɨɜɨɞɨɪɨɞ – Schwefelwasserstoff. Ɉɬɫɸɞɚ ɫɟɪɚ SМСаОПОl, ɫɟɪɧɚɹ ɤɢɫɥɨɬɚ – 

SМСаОПОlsтurО, ɬɨɝɞɚ ɫɨɥɹɧɚɹ ɤɢɫɥɨɬɚ – SКlгsтurО, ɚ ɤɢɫɥɨɪɨɞ ɛɭɞɟɬ ɩɟɪɟɜɨɞɢɬɶɫɹ ɤɚɤ SКuОrstoПП. 
Natrium Chlorid – ɯɥɨɪɢɞ ɧɚɬɪɢɹ Kohlendioxid – ɞɢɨɤɫɢɞ уɝлɟɪɨɞа 
Kohlenstoff – уɝлɟɪɨɞ Chlorwasserstoff – ɯɥɨɪɨɜɨɞɨɪɨɞ 

Schwefelwasserstoff – ɫɟɪɨɜɨɞɨɪɨɞ Schwefel – ɫɟɪа 
Schwefelsтure – ɫɟɪɧая ɤɢɫɥɨɬɚ Salzsтure – ɫɨɥɹɧɚɹ ɤɢɫɥɨɬɚ 

Wasserstoff Peroxyd – ɩɟɪɟɤɢɫɶ ɜɨɞɨɪɨɞɚ Sauerstoff – ɤɢɫɥɨɪɨɞ 
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5. ɂɡ ɧɚɡɜɚɧɢɣ ɫɟɪɨɜɨɞɨɪɨɞɚ, ɯɥɨɪɨɜɨɞɨɪɨɞɚ ɢ ɩɟɪɟɤɢɫɢ ɜɨɞɨɪɨɞɚ ɥɟɝɤɨ ɜɵɱɥɟɧɹɟɬɫɹ ɫɥɨɜɨ ɜɨɞɨɪɨɞ 
– WКssОrstoПП, ɬɨɝɞɚ ɧɚɡɜɚɧɢɟ ɫɚɦɨɣ ɜɨɞɵ – WКssОr. Ⱦɥɹ ɤɢɫɥɨɬ ɨɛɳɢɣ ɤɨɪɟɧɶ ɬɚɤɠɟ ɩɪɨɫɦɚɬɪɢɜɚɟɬɫɹ 
– sтurО (ɜ ɩɟɪɟɜɨɞɟ – «ɤɢɫɥɨɬɚ»), ɨɬɤɭɞɚ ɭɝɨɥɶɧɚɹ ɤɢɫɥɨɬɚ – KoСlОnsтurО. 

Сиɫɬеɦɚ ɨцеɧиɜɚɧия: 
1. Нɚɡɜɚɧɢɹ ɜɟɳɟɫɬɜ ɧɚ ɪɭɫɫɤɨɦ ɹɡɵɤɟ ɩɨ 0,5 ɛ               10*0,5ɛ = 5 ɛ; 
2. ɉɪɚɜɢɥɶɧɨɟ ɫɨɨɬɧɟɫɟɧɢɟ ɜɟɳɟɫɬɜɚ ɢ ɫɨɫɭɞɚ ɩɨ 0,5 ɛ             10*0,5ɛ = 5 ɛ; 
3. ɍɪɚɜɧɟɧɢɹ ɪɟɚɤɰɢɣ ɩɨ 1 ɛ          6*1ɛ = 6 ɛ; 
4. ɉɪɚɜɢɥɶɧɨɟ ɫɨɨɬɧɟɫɟɧɢɟ ɮɨɪɦɭɥɵ ɫ ɧɟɦɟɰɤɢɦ ɧɚɡɜɚɧɢɟɦ ɩɨ 0,5 ɛ           10*0,5ɛ = 5 ɛ; 
5. Нɚɡɜɚɧɢɹ ɜɟɳɟɫɬɜ ɧɚ ɧɟɦɟɰɤɨɦ ɹɡɵɤɟ ɩɨ 1 ɛ       3*1ɛ = 3 ɛ; 
Вɫеɝɨ    24 ɛɚɥɥɚ 

 

Заɞаɧиɟ 4.  (ɚɜɬɨɪ Пɚɧɨɜ Ɇ.С.). 
1. ȼ 100 ɝ ɫɩɥɚɜɚ ɛɭɞɟɬ ɫɨɞɟɪɠɚɬɶɫɹ 26,68 ɝ Nd, 1 ɝ B ɢ 100-26,68-1 = 72,32 ɝ Fe. Ʉɨɥɢɱɟɫɬɜɨ ɷɥɟɦɟɧ-
ɬɨɜ ɜ ɦɨɥɹɯ ɫɨɫɬɚɜɢɬ 26,68/144,24 = 0,185, 1/10,811 = 0,0925, 72,32/55,847 = 1,295. Ɇɨɥɶɧɨɟ ɫɨɨɬɧɨ-
ɲɟɧɢɟ Nd : B : Fe = 0,185 : 0,0925 : 1,295 = 2 : 1 : 14, ɬ.ɟ. ɫɨɫɬɚɜ ɫɩɥɚɜɚ Nd2BFe14. ɉɪɢ ɫɨɞɟɪɠɚɧɢɢ ɧɟ-
ɨɞɢɦɚ ɜ ɫɩɥɚɜɟ 0,2668 = m/M ɦɚɫɫɚ ɷɬɨɝɨ ɫɩɥɚɜɚ, ɧɟɨɛɯɨɞɢɦɚɹ ɞɥɹ ɢɡɜɥɟɱɟɧɢɹ 1,00 ɤɝ = 1000 ɝ ɧɟ-
ɨɞɢɦɚ, ɫɨɫɬɚɜɢɬ M = 1000/0,2668 = 3748 ɝ. ɇɟɨɞɢɦɚ ɜ ɦɨɥɹɯ ɜ ɷɬɨɣ ɦɚɫɫɟ ɫɩɥɚɜɚ ɛɭɞɟɬ 1000/144,24 = 
6,93 ɦɨɥɶ, ɛɨɪɚ ɜ 2 ɪɚɡɚ ɦɟɧɶɲɟ, ɚ ɠɟɥɟɡɚ ɜ 7 ɪɚɡ ɛɨɥɶɲɟ (ɫɦ. ɫɨɫɬɚɜ ɫɩɥɚɜɚ). Ɉɛɳɟɟ ɤɨɥɢɱɟɫɬɜɨ ɚɬɨ-
ɦɨɜ ɜ ɷɬɨɦ ɫɩɥɚɜɟ ɛɭɞɟɬ ɪɚɜɧɨ 6,02*1023*6,93*(1 + ½ + 7) = 3,55*1025

 ɲɬɭɤ. 

2. ȼ 100 ɝ ɨɤɫɢɞɚ Ⱥ ɫɨɞɟɪɠɢɬɫɹ 38,1 ɝ Ɉ ɢ 100-38,1 = 61,9 ɝ Cr. Ɇɨɥɶɧɨɟ ɫɨɨɬɧɨɲɟɧɢɟ 38,1/16 : 

61,9/52 = 2,38 : 1,19 = 2 : 1, ɨɬɤɭɞɚ ɮɨɪɦɭɥɚ ɨɤɫɢɞɚ A – CrO2. ɉɨ ɭɫɥɨɜɢɸ, ɜ 22,4 ɥ CrO2 ɫɨɞɟɪɠɢɬɫɹ 
з1268 ɦɨɥɶ ɷɬɨɝɨ ɜɟɳɟɫɬɜɚ, ɤɨɬɨɪɵɟ ɜɟɫɹɬ (52+2*16)*1268 = 106512 ɝ. ɉɥɨɬɧɨɫɬɶ CrO2 ɧɚɣɞɟɦ, ɪɚɡ-
ɞɟɥɢɜ ɟɝɨ ɦɚɫɫɭ ɧɚ ɨɛɴɟɦ:  = 106512/22,4 = 4755 ɝ/ɥ ɢɥɢ 4,755 ɝ/ɫɦ3. Ɉɛɴɟɦ ɦɚɝɧɢɬɧɨɝɨ ɫɥɨɹ ɧɚ ɥɟɧ-
ɬɟ ɫɨɫɬɚɜɥɹɟɬ 10*10-6

*3,8*10
-3

*135 = 5,13*10
-6

 ɦ3
 ɢɥɢ 5,13 ɫɦ3. Ɇɚɫɫɚ CrO2 m = 5,13*4,755 = 24,4 ɝ. 

3. ɋɨɫɬɚɜɵ ɨɤɫɢɞɨɜ Ȼ ɢ ȼ ɫɱɢɬɚɟɦ ɬɚɤ ɠɟ, ɤɚɤ ɢ Ⱥ. Ⱦɥɹ Ȼ: Cr : O = 52/52 : 48/16 = 1 : 3, ɨɬɤɭɞɚ Ȼ – 

CrO3. Ⱦɥɹ ȼ: Cr : O = 68,4/52 : 31,6/16 = 1,32 : 1,975 = 1 : 1,5 ɢɥɢ 2 : 3, ɨɬɤɭɞɚ ȼ – Cr2O3.  

ɍɪɚɜɧɟɧɢɟ ɪɟɚɤɰɢɢ [1]: CrO3 + Cr2O3 = 3CrO2.  

4. Ⱦɚɠɟ ɟɫɥɢ ȼɵ ɧɟ ɩɨɫɱɢɬɚɥɢ ɬɨɱɧɵɟ ɫɨɫɬɚɜɵ ɨɤɫɢɞɨɜ, ɬɨ ɞɨɫɬɚɬɨɱɧɨ ɩɨɫɦɨɬɪɟɬɶ ɧɚ ɪɟɚɤɰɢɸ [2]: 

ɨɤɫɢɞ ɫ ɛɨɥɶɲɢɦ ɫɨɞɟɪɠɚɧɢɟɦ Ɉ ɩɪɟɜɪɚɳɚɟɬɫɹ ɜ ɞɪɭɝɨɣ ɨɤɫɢɞ ɫ ɦɟɧɶɲɢɦ ɫɨɞɟɪɠɚɧɢɟɦ Ɉ ɢ ɜɵɞɟɥɹ-
ɟɬɫɹ ɤɚɤɨɣ-ɬɨ ɝɚɡ. Ɉɬɫɸɞɚ ɫɥɟɞɭɟɬ, ɱɬɨ ɝɚɡɨɦ Ⱦ ɹɜɥɹɟɬɫɹ ɤɢɫɥɨɪɨɞ. ɀɟɥɬɨɜɚɬɨ-ɡɟɥɟɧɵɣ ɝɚɡ ȿ ɫ ɪɟɡ-
ɤɢɦ ɡɚɩɚɯɨɦ ɫ ɩɥɨɬɧɨɫɬɶɸ 3,165 ɝ/ɥ ɩɪɢ ɧ.ɭ ɢɦɟɟɬ ɦɨɥɹɪɧɭɸ ɦɚɫɫɭ 3,165*22,4 = 70,9 ɝ/ɦɨɥɶ, ɱɬɨ ɨɞ-
ɧɨɡɧɚɱɧɨ ɭɤɚɡɵɜɚɟɬ ɧɚ ɯɥɨɪ. Ɉɬɫɸɞɚ ɫɥɟɞɭɟɬ, ɱɬɨ ɫɨɟɞɢɧɟɧɢɟ Ƚ ɫɨɞɟɪɠɢɬ ɜ ɫɜɨɟɦ ɫɨɫɬɚɜɟ ɚɬɨɦɵ 
ɯɥɨɪɚ – ɷɬɨ ɢ ɟɫɬɶ ɬɪɟɬɢɣ ɷɥɟɦɟɧɬ. Ɂɧɚɹ ɦɚɫɫɨɜɵɟ ɞɨɥɢ ɜɫɟɯ ɷɥɟɦɟɧɬɨɜ, ɪɚɫɫɱɢɬɚɟɦ ɫɨɫɬɚɜ Ƚ: Cr : O : 

Cl = 33,57/52 : 20,66/16 : (100-33,57-20,66)/35,45 = 0,646 : 1,291 : 1,291 = 1 : 2 : 2, ɨɬɤɭɞɚ Ƚ – CrO2Cl2. 

ɍɪɚɜɧɟɧɢɹ ɪɟɚɤɰɢɣ: 2CrO3 = 2CrO2 + O2 [2], CrO2ɋl2 = CrO2 + ɋl2 [3].  

5. ɍɪɚɜɧɟɧɢɹ ɪɟɚɤɰɢɣ: 2CrO3 + H2Ɉ = H2Cr2O7 [4]; CrO3 + 2KOH = K2CrO4 + H2O [5]; 

2CrO3 + 12HCl(ɤ) = 2CrCl3 + 6H2O + 3Cl2  [6]. 

Сиɫɬеɦɚ ɨцеɧиɜɚɧия: 
1. Ɋɚɫɱɟɬɵ ɫɨɨɬɧɨɲɟɧɢɹ, ɦɚɫɫɵ ɫɩɥɚɜɚ, ɤɨɥɢɱɟɫɬɜɚ ɚɬɨɦɨɜ ɩɨ 2 ɛ              3*2ɛ = 6 ɛ; 
2. Ɏɨɪɦɭɥɚ ɨɤɫɢɞɚ 2 ɛ, ɦɚɫɫɚ ɜɟɳɟɫɬɜɚ 2 ɛ, ɟɝɨ ɩɥɨɬɧɨɫɬɶ 2 ɛ             3*2ɛ = 6 ɛ; 
3. Ɏɨɪɦɭɥɵ ɨɤɫɢɞɨɜ ɩɨ 2 ɛ, ɭɪɚɜɧɟɧɢɟ ɪɟɚɤɰɢɢ 1 ɛ         2*2ɛ+1ɛ = 5 ɛ; 
4. Ɏɨɪɦɭɥɵ ɝɚɡɨɜ ɢ ɜɟɳɟɫɬɜɚ Г ɩɨ 2 ɛ, ɭɪɚɜɧɟɧɢɹ ɪɟɚɤɰɢɣ ɩɨ 1 ɛ      3*2ɛ+2*1ɛ = 8 ɛ; 
5. ɍɪɚɜɧɟɧɢɹ ɪɟɚɤɰɢɣ ɩɨ 1 ɛ         3*1ɛ = 3 ɛ; 
Вɫеɝɨ    28 ɛɚɥɥɨɜ 
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Заɞаɧиɟ 1.  (ɚɜɬɨɪɵ Еɦеɥɶяɧɨɜ В.А., Кɨɧеɜ В.ɇ.). 
1. ɂɡ ɭɫɥɨɜɢɹ ɡɚɞɚɱɢ, ɷɩɢɝɪɚɮɚ ɢ ɪɢɫɭɧɤɚ ɩɨɧɹɬɧɨ, ɱɬɨ ɪɟɱɶ ɢɞɟɬ ɨ ɫɚɦɨɣ ɨɛɵɱɧɨɣ ɫɨɥɢ, ɮɨɪɦɭɥɚ 
ɤɨɬɨɪɨɣ NaCl, ɚ ɧɚɡɜɚɧɢɹ – ɩɨɜɚɪɟɧɧɚɹ (ɩɢɳɟɜɚɹ) ɫɨɥɶ ɢ ɯɥɨɪɢɞ ɧɚɬɪɢɹ. ɂɡ ɷɬɨɣ ɫɨɥɢ ɜ ɧɚɲɟɦ ɨɪɝɚ-
ɧɢɡɦɟ ɜɵɪɚɛɚɬɵɜɚɟɬɫɹ HCl – ɫɨɥɹɧɚɹ ɤɢɫɥɨɬɚ, ɤɨɬɨɪɚɹ ɩɨ ɯɢɦɢɱɟɫɤɨɣ ɧɨɦɟɧɤɥɚɬɭɪɟ ɧɚɡɵɜɚɟɬɫɹ 
«ɯɥɨɪɨɜɨɞɨɪɨɞɧɚɹ». Ɇɢɧɟɪɚɥ, ɜɬɨɪɨɟ ɧɚɡɜɚɧɢɟ ɤɨɬɨɪɨɝɨ «ɤɚɦɟɧɧɚɹ ɫɨɥɶ», ɧɚɡɵɜɚɟɬɫɹ ɝɚɥɢɬ. 

2. ȿɜɪɨɩɟɟɰ ɜɞɜɨɟɦ ɫ ɞɪɭɝɨɦ ɫɴɟɞɚɟɬ 16,4*1000 = 16400 ɝ ɫɨɥɢ ɡɚ 2*365 = 730 ɞɧɟɣ. Ɍɨ ɟɫɬɶ, ɤɚɠɞɵɣ 
ɢɡ ɧɢɯ ɜ ɞɟɧɶ ɫɴɟɞɚɟɬ 16400*0,5/730 = 11,2 ɝ ɫɨɥɢ, ɱɬɨ ɜ 11,2/2 = 5,6 ɪɚɡɚ ɛɨɥɶɲɟ ɧɨɪɦɵ. Ɇɚɫɫɨɜɚɹ 
ɞɨɥɹ ɷɥɟɦɟɧɬɚ ɧɚɬɪɢɹ ɜ ɫɨɫɬɚɜɟ NaCl 23/(23+35,5) = 0,393, ɷɥɟɦɟɧɬɚ ɯɥɨɪɚ 1-0,393 = 0,607. Ɍɚɤɢɦ ɨɛ-
ɪɚɡɨɦ, ɫɪɟɞɧɢɣ ɟɜɪɨɩɟɟɰ ɜ ɫɨɫɬɚɜɟ ɫɨɥɢ ɟɠɟɞɧɟɜɧɨ ɭɩɨɬɪɟɛɥɹɟɬ 0,393*11,2 = 4,4 ɝ ɷɥɟɦɟɧɬɚ ɧɚɬɪɢɹ ɢ 
0,607*11,2 = 6,8 ɝ ɷɥɟɦɟɧɬɚ ɯɥɨɪɚ. 

3. ȼ 250 ɝ ɢɡɨɬɨɧɢɱɟɫɤɨɝɨ ɪɚɫɬɜɨɪɚ ɫɨɞɟɪɠɢɬɫɹ m = *Ɇ = (0,9/100)*250 = 2,25 ɝ ɫɨɥɢ. Ⱦɥɹ ɩɪɢɝɨ-
ɬɨɜɥɟɧɢɹ ɪɚɫɬɜɨɪɚ ɩɨ ɫɩɨɫɨɛɭ ɚ) ɧɚɞɨ ɜɡɹɬɶ 2,25 ɝ ɫɨɥɢ ɢ 250-2,25 = 247,75 ɝ ɜɨɞɵ. Ⱦɥɹ ɩɪɢɝɨɬɨɜɥɟ-
ɧɢɹ ɪɚɫɬɜɨɪɚ ɩɨ ɫɩɨɫɨɛɭ ɛ) ɩɨɫɱɢɬɚɟɦ, ɤɚɤɚɹ ɦɚɫɫɚ 4,5 % ɪɚɫɬɜɨɪɚ ɫɨɞɟɪɠɢɬ ɧɭɠɧɵɟ ɧɚɦ 2,25 ɝ ɫɨɥɢ: 
Ɇ = m/  = 2,25/0,045 = 50 ɝ. Ɍɨ ɟɫɬɶ, ɧɚɞɨ ɜɡɹɬɶ 50 ɝ 4,5 % ɪɚɫɬɜɨɪɚ ɫɨɥɢ 250-50 = 200 ɝ ɜɨɞɵ. Ⱦɥɹ 
ɩɪɢɝɨɬɨɜɥɟɧɢɹ ɪɚɫɬɜɨɪɚ ɩɨ ɫɩɨɫɨɛɭ ɜ) ɩɪɢɞɟɬɫɹ ɪɟɲɚɬɶ ɭɪɚɜɧɟɧɢɟ. ȿɫɥɢ ɦɵ ɨɛɨɡɧɚɱɢɦ ɡɚ ɯ ɦɚɫɫɭ 1,5 
% ɪɚɫɬɜɨɪɚ, ɬɨɝɞɚ ɦɚɫɫɚ 0,5 % ɪɚɫɬɜɨɪɚ ɫɨɫɬɚɜɢɬ 250-ɯ. Ɉɛɳɚɹ ɦɚɫɫɚ ɫɨɥɢ ɜ ɤɨɧɟɱɧɨɦ ɪɚɫɬɜɨɪɟ ɫɨ-
ɫɬɚɜɥɹɟɬ 2,25 ɝ ɢ ɫɤɥɚɞɵɜɚɟɬɫɹ ɢɡ ɦɚɫɫ ɫɨɥɢ ɜ ɤɚɠɞɨɦ ɢɡ ɪɚɫɬɜɨɪɨɜ. Ɋɟɲɚɹ ɭɪɚɜɧɟɧɢɟ  
0,015ɯ + 0,005(250-ɯ) = 2,25, ɩɨɥɭɱɢɦ ɯ = 100. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɧɚɞɨ ɜɡɹɬɶ 100 ɝ 1,5 % ɪɚɫɬɜɨɪɚ ɫɨɥɢ ɢ 
150 ɝ 0,5 % ɪɚɫɬɜɨɪɚ. 

4. Ⱦɜɚ ɜɟɳɟɫɬɜɚ, ɤɨɬɨɪɵɟ ɩɨɥɭɱɚɸɬ ɢɡ ɫɨɥɢ, ɩɪɹɦɨ ɫɥɟɞɭɸɬ ɢɡ ɟɟ ɫɨɫɬɚɜɚ. Эɬɨ ɧɚɬɪɢɣ (Na) ɢ ɯɥɨɪ 
(Cl2). ɇɚ ɩɨɜɟɪɯɧɨɫɬɢ ɥɟɠɚɬ ɟɳɟ ɞɜɚ ɨɬɜɟɬɚ: ɧɚɬɪɢɟɜɚɹ ɳɟɥɨɱɶ ɢɥɢ ɝɢɞɪɨɤɫɢɞ ɧɚɬɪɢɹ (NaOH) ɢ ɫɨɥɹ-
ɧɚɹ ɤɢɫɥɨɬɚ ɢɥɢ ɯɥɨɪɨɜɨɞɨɪɨɞ (HCl). ɉɨɦɢɦɨ ɷɬɨɝɨ, ɢɡ ɫɨɥɢ ɧɚɩɪɹɦɭɸ ɩɨɥɭɱɚɸɬ ɫɨɞɭ (NaHCO3) ɢ 

ɫɭɥɶɮɚɬ ɧɚɬɪɢɹ (Na2SO4). ɍɪɚɜɧɟɧɢɹ ɪɟɚɤɰɢɣ: 2NaCl(ɪɚɫɩɥɚɜ) 
ɷɥɟɤɬɪɨɥɢɡ

 2Na + Cl2  ɢɥɢ 

2NaCl(ɧɚɫ. ɪ-ɪ) 
ɤɚɬɨɞɨɦHgcɷɥɟɤɬɪɨɥɢɡ

 2Na(Hg) + Cl2 ; 2NaCl + H2SO4 
Ct


 2HCl  + Na2SO4; 

2NaCl + 2H2O 
ɷɥɟɤɬɪɨɥɢɡ

 H2  + NaOH + Cl2  ɢ ɡɚɬɟɦ H2 + NaOH + Cl2 = 2HCl; 

NaCl + CO2 + NH3 + H2O = NH4Cl + NaHCO3 . 

Сиɫɬеɦɚ ɨцеɧиɜɚɧия: 
1. Ɉɛɚ ɧɚɡɜɚɧɢя ɫɨɥɢ ɢ ɤɢɫɥɨɬɵ ɩɨ 0,5 ɛ, ɧɚɡɜɚɧɢɟ ɦɢɧɟɪɚɥɚ 0,5 ɛ       0,5ɛ*5 = 2,5 ɛ; 
2. Ɋɚɫɱɟɬ ɩɪɟɜɵɲɟɧɢя ɧɨɪɦɵ 2 ɛ, ɦɚɫɫɵ ɷɥɟɦɟɧɬɨɜ ɩɨ 1 ɛ       2ɛ+1ɛ*2 = 4 ɛ;  
3. Ɋɚɫɱɟɬ ɚ) 1 ɛ, ɛ) 2 ɛ, ɜ) 3 ɛ   1ɛ+2ɛ+3ɛ = 6 ɛ; 
4. ɉяɬɶ ɧɚɡɜɚɧɢɣ ɜɟɳɟɫɬɜ ɩɨ 0,5 ɛ, ɩяɬɶ ɭɪɚɜɧɟɧɢɣ ɪɟɚɤɰɢɣ ɩɨ 1ɛ                    (0,5ɛ+1ɛ)*5 = 7,5 ɛ;  
Вɫеɝɨ    20 ɛɚɥɥɨɜ 

 

Заɞаɧиɟ 2.  (ɚɜɬɨɪɵ Чɭɛɚɪɨɜ А.С., Еɦеɥɶяɧɨɜ В.А.). 
1. ɍɪɚɜɧɟɧɢɹ ɹɞɟɪɧɵɯ ɪɟɚɤɰɢɣ: 10

5B + 
1

0n = 
11

5B Д1Ж ɢ 11
5B = 

7
3Li + 

4
2α (ɢɥɢ 42He)[2].  

2. Ⱦɥɹ ɨɞɧɨɤɪɚɬɧɨɣ ɬɟɪɚɩɢɢ ɩɚɰɢɟɧɬɚ ɦɚɫɫɨɣ 80 ɤɝ ɩɨɬɪɟɛɭɟɬɫɹ ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ 80*103
*44*10

-6
/4 = 

880*10
-3

 ɝ = 880 ɦɝ ɛɨɪɚ-10. ȼ ɩɪɟɩɚɪɚɬɟ ɨɪɬɨɤɚɪɛɨɪɚɧɟ ɫɨɫɬɚɜɚ C2
10

B10H12 ɦɚɫɫɨɜɚɹ ɞɨɥɹ ɛɨɪɚ-10 ɫɨ-
ɫɬɚɜɥɹɟɬ 10*10/(2*12+10*10+1*12) = 0,735. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɛɨɥɶɧɨɦɭ ɩɟɪɟɞ ɨɛɥɭɱɟɧɢɟɦ ɫɥɟɞɭɟɬ ɜɜɟ-
ɫɬɢ 880/0,735 = 1197 ɦɝ ɢɥɢ ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ 1,2 ɝ ɨɪɬɨɤɚɪɛɨɪɚɧɚ. ɉɪɢ ɷɬɨɦ ɜ ɨɩɭɯɨɥɶ ɦɚɫɫɨɣ 2 ɝ ɩɨ-
ɩɚɞɟɬ 44*10-6

*2 = 88*10
-6

 ɝ ɛɨɪɚ-10, ɤɨɬɨɪɵɟ ɛɭɞɭɬ ɫɨɞɟɪɠɚɬɶ 88*10-6
/10 = 8,8*10

-6
 ɦɨɥɟɣ ɛɨɪɚ ɢɥɢ 

 

50-ȭ ВȟȓȟȖȏȖȞȟȘȎȭ ȜȠȘȞȩȠȎȭ ȜșȖȚȝȖȎȒȎ ȦȘȜșȪțȖȘȜȐ  
ЗȎȘșȬȥȖȠȓșȪțȩȗ ȫȠȎȝ 2е11-2е12 ȡȥг ȑȜȒȎ 

РȓȦȓțȖȭ ȝȜ хȖȚȖȖ 

9 ȘșȎȟȟ 
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6,02*10
23

*8,8*10
-6

 = 5,3*10
18

 ɚɬɨɦɨɜ. ɍɪɚɜɧɟɧɢɹ ɹɞɟɪɧɵɯ ɪɟɚɤɰɢɣ 1
1H + 

1
0n = 

2
1H (ɢɥɢ D) Д3Ж ɢ  

14
7N + 

1
0n = 

1
1p + 

14
6C [4].  

3. ɍɪɚɜɧɟɧɢɹ ɪɟɚɤɰɢɣ: 7
3Li + 

1
1p = 

1
0n + 

7
4Be [5], 6Li + N2 = 2Li3N [6], 4Li + O2 = 2Li2O [7],  

2Li + 2H2O = 2LiOH + H2  [8]. 

4. ɍɪɚɜɧɟɧɢɟ ɹɞɟɪɧɨɣ ɪɟɚɤɰɢɢ: 7
4Be + 

0
-1e = 

7
3LТ Д9Ж. ɋɧɢɠɟɧɢɟ ɫɨɞɟɪɠɚɧɢɹ ɪɚɞɢɨɚɤɬɢɜɧɵɯ ɹɞɟɪ ɜ 64 

ɪɚɡɚ ɨɡɧɚɱɚɟɬ, ɱɬɨ N0/N = 64 ɢɥɢ N/N0 = 1/64. ɂɡ ɭɪɚɜɧɟɧɢɹ, ɩɪɢɜɟɞɟɧɧɨɝɨ ɜ ɭɫɥɨɜɢɢ ɩɨɥɭɱɚɟɦ, ɱɬɨ  

1/64 = (1/2) 2/1
/ tt

 ɢɥɢ 64 = 2 2/1
/ tt

. ɉɨɫɤɨɥɶɤɭ 64 = 26, ɫɥɟɞɨɜɚɬɟɥɶɧɨ t/t1/2 = 6, ɨɬɤɭɞɚ t = 6*54 = 324 

ɞɧɹ. Ɇɨɠɧɨ ɩɨɫɱɢɬɚɬɶ ɢ ɩɨɞɛɨɪɨɦ: ɡɚ 1 ɩɟɪɢɨɞ ɩɨɥɭɪɚɫɩɚɞɚ ɫɨɞɟɪɠɚɧɢɟ ɭɦɟɧɶɲɚɟɬɫɹ ɜ 2 ɪɚɡɚ, ɡɚ 2 – 

ɜ 4, ɡɚ 3 – ɜ 8, ɡɚ 4 – ɜ 16, ɡɚ 5 – ɜ 32, ɡɚ 6 – ɜ 64. 

5. ɉɪɢɦɟɦ ɩɪɢɪɨɞɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɢɡɨɬɨɩɚ 6LТ ɡɚ ɯ, ɬɨɝɞɚ ɫɨɞɟɪɠɚɧɢɟ ɢɡɨɬɨɩɚ 7LТ ɛɭɞɟɬ (1-ɯ). ɋɨɫɬɚ-
ɜɢɦ ɭɪɚɜɧɟɧɢɟ: ɯ*6 + (1-ɯ)*7 = 6,941, ɪɟɲɚɹ ɤɨɬɨɪɨɟ, ɩɨɥɭɱɢɦ ɯ = 0,059 ɢɥɢ ɨɤɨɥɨ 6 %. Ɍɚɤ ɤɚɤ α-

ɱɚɫɬɢɰɵ ɢ ɹɞɪɚ ɬɪɢɬɢɹ ɩɨɥɭɱɚɸɬɫɹ ɬɨɥɶɤɨ ɜ ɯɨɞɟ ɨɛɥɭɱɟɧɢɹ ɩɪɢɪɨɞɧɨɝɨ ɥɢɬɢɹ, ɡɧɚɱɢɬ, ɨɧɢ ɹɜɥɹɸɬɫɹ 
ɩɪɨɞɭɤɬɚɦɢ ɪɟɚɤɰɢɢ 6

3Li ɫ ɩɪɨɬɨɧɚɦɢ ɢɥɢ ɜɵɞɟɥɹɸɳɢɦɢɫɹ ɜ ɪɟɚɤɰɢɢ Д5Ж ɧɟɣɬɪɨɧɚɦɢ. ȼ ɩɟɪɜɨɦ ɫɥɭ-
ɱɚɟ ɧɟ ɫɨɛɥɸɞɚɟɬɫɹ ɛɚɥɚɧɫ ɡɚɪɹɞɨɜ, ɚ ɜɨ ɜɬɨɪɨɦ – ɜɫɟ ɫɯɨɞɢɬɫɹ.  
ɍɪɚɜɧɟɧɢɟ ɪɟɚɤɰɢɢ: 63Li + 

1
0n = 

3
1Ɍ + 42He  ɢɥɢ 31ɇ + 42α [10]. 

Сиɫɬеɦɚ ɨцеɧиɜɚɧия: 
1. ɍɪɚɜɧɟɧɢя ɪɟɚɤɰɢɣ ɩɨ1 ɛ                      2*1ɛ = 2 ɛ; 
2. ɍɪɚɜɧɟɧɢя ɪɟɚɤɰɢɣ ɩɨ1 ɛ, ɪɚɫɱɟɬɵ ɚ), ɛ), ɜ) ɩɨ 2 ɛ       2*1ɛ+3*2ɛ = 8 ɛ; 
3. ɍɪɚɜɧɟɧɢя ɪɟɚɤɰɢɣ ɩɨ1 ɛ    4*1ɛ = 4 ɛ; 
4. ɍɪɚɜɧɟɧɢɟ ɪɟɚɤɰɢɢ 1 ɛ, ɪɚɫɱɟɬ ɜɪɟɦɟɧɢ 2 ɛ                1ɛ+2ɛ = 3 ɛ; 
5. Ɋɚɫɱɟɬ 2 ɛ, ɭɪɚɜɧɟɧɢɟ ɪɟɚɤɰɢɢ 1 ɛ                2ɛ+1ɛ = 3 ɛ; 
Вɫеɝɨ    20 ɛɚɥɥɨɜ 

 

Заɞаɧиɟ 3.  (ɚɜɬɨɪɵ ɘɫеɧɤɨ К.В., Еɦеɥɶяɧɨɜ В.А.). 
1. ɇɚɡɨɜɟɦ ɩɟɪɟɱɢɫɥɟɧɧɵɟ ɫɨɟɞɢɧɟɧɢɹ, ɪɚɡɞɟɥɢɜ ɢɯ ɧɚ ɝɪɭɩɩɵ ɢ ɜɵɞɟɥɢɜ ɨɞɧɨɤɨɪɟɧɧɵɟ ɫɥɨɜɚ: 
ɋɈ2 – ɞɢɨɤɫɢɞ уɝлɟɪɨɞа   C – уɝлɟɪɨɞ 

HCl(ɜɨɞɧ. ɪɚɫɬɜɨɪ) – ɫɨɥɹɧɚɹ (ɢɥɢ ɯɥɨɪɨɜɨɞɨɪɨɞɧɚɹ) ɤɢɫɥɨɬɚ  S – ɫɟɪа 
H2SO4 – ɫɟɪɧая ɤɢɫɥɨɬɚ   H2S – ɫɟɪɨɜɨɞɨɪɨɞ 

O2 – ɤɢɫɥɨɪɨɞ   HCl(ɝɚɡ) – ɯɥɨɪɨɜɨɞɨɪɨɞ 

H2O2 – ɩɟɪɟɤɢɫɶ ɜɨɞɨɪɨɞɚ   NaCl – ɯɥɨɪɢɞ ɧɚɬɪɢɹ 

2. Ƚɚɡɨɨɛɪɚɡɧɵɟ ɜɟɳɟɫɬɜɚ ɯɪɚɧɹɬɫɹ ɜ ɛɚɥɥɨɧɚɯ (O2, HCl, H2S, CO2), ɠɢɞɤɨɫɬɢ – ɜ ɛɭɬɵɥɤɚɯ (H2O2, 

H2SO4, HCl (ɜɨɞɧɵɣ ɪɚɫɬɜɨɪ)), ɬɜɟɪɞɵɟ ɜɟɳɟɫɬɜɚ – ɜ ɛɚɧɤɚɯ ɫ ɲɢɪɨɤɢɦ ɝɨɪɥɨɦ (S, NaCl, C). 

3. ȼɨɡɦɨɠɧɵɟ ɪɟɚɤɰɢɢ ɦɟɠɞɭ ɩɚɪɚɦɢ ɜɟɳɟɫɬɜ: 
2ɋ + Ɉ2 = 2ɋɈ, ɋ + Ɉ2 = ɋɈ2 (ɝɨɪɟɧɢɟ ɜ ɧɟɞɨɫɬɚɬɤɟ ɢ ɢɡɛɵɬɤɟ ɤɢɫɥɨɪɨɞɚ); ɋ + ɋɈ2 = 2ɋɈ (з1000 ɨɋ); 
S + Ɉ2 = SɈ2 (ɝɨɪɟɧɢɟ); 2H2S + 3Ɉ2 = 2SɈ2 + 2H2O (ɝɨɪɟɧɢɟ); H2S + H2Ɉ2 = S  + 2H2O (ɧ.ɭ.); 
H2S + 3H2SɈ4(ɤɨɧɰ) = 4SɈ2  + 4H2O (ɧɚɝɪɟɜ); 3H2S + H2SɈ4(ɤɨɧɰ) = 4S  + 4H2O (ɧ.ɭ.); 
S + 2H2SɈ4(ɤɨɧɰ) = 3SɈ2  + 2H2O (ɧɚɝɪɟɜ); ɋ + 2H2SɈ4(ɤɨɧɰ) = ɋɈ2  + 2SɈ2  + 2H2O (ɧɚɝɪɟɜ); 
NaCl + H2SɈ4(ɤɨɧɰ) = HCl  + NaHSO4 ɢɥɢ Na2SO4 (ɧɚɝɪɟɜ); 2HCl + H2O2 = Cl2  + 2H2O (ɧ.ɭ.). 

4. ɉɚɪɵ Хɥɨɪɢɞ ɧɚɬɪɢɹ – NКtrТum CСlorТН, ɞɢɨɤɫɢɞ ɭɝɥɟɪɨɞɚ – KoСlОnНТoбТН ɢ ɭɝɥɟɪɨɞ – Kohlenstoff, 

ɩɟɪɟɤɢɫɶ ɜɨɞɨɪɨɞɚ - Wasserstoff Peroxyd ɭɝɚɞɵɜɚɸɬɫɹ ɫɪɚɡɭ. Ⱦɨɫɬɚɬɨɱɧɨ ɩɪɨɡɪɚɱɟɧ ɢ ɯɥɨɪɨɜɨɞɨɪɨɞ - 
CСlorаКssОrstoПП, ɬɨɝɞɚ ɫɟɪɨɜɨɞɨɪɨɞ – SМСаОПОlаКssОrstoПП. Ɉɬɫɸɞɚ ɫɟɪɚ SМСаОПОl, ɫɟɪɧɚɹ ɤɢɫɥɨɬɚ – 

SМСаОПОlsтurО, ɬɨɝɞɚ ɫɨɥɹɧɚɹ ɤɢɫɥɨɬɚ – SКlгsтurО, ɚ ɤɢɫɥɨɪɨɞ ɛɭɞɟɬ ɩɟɪɟɜɨɞɢɬɶɫɹ ɤɚɤ SКuОrstoПП. 
Natrium Chlorid – ɯɥɨɪɢɞ ɧɚɬɪɢɹ Kohlendioxid – ɞɢɨɤɫɢɞ уɝлɟɪɨɞа 
Kohlenstoff – уɝлɟɪɨɞ Chlorwasserstoff – ɯɥɨɪɨɜɨɞɨɪɨɞ 

Schwefelwasserstoff – ɫɟɪɨɜɨɞɨɪɨɞ Schwefel – ɫɟɪа 
SchwefelsтurО – ɫɟɪɧая ɤɢɫɥɨɬɚ SalzsтurО – ɫɨɥɹɧɚɹ ɤɢɫɥɨɬɚ 

Wasserstoff Peroxyd – ɩɟɪɟɤɢɫɶ ɜɨɞɨɪɨɞɚ Sauerstoff – ɤɢɫɥɨɪɨɞ 
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5. ɂɡ ɧɚɡɜɚɧɢɣ ɫɟɪɨɜɨɞɨɪɨɞɚ, ɯɥɨɪɨɜɨɞɨɪɨɞɚ ɢ ɩɟɪɟɤɢɫɢ ɜɨɞɨɪɨɞɚ ɥɟɝɤɨ ɜɵɱɥɟɧɹɟɬɫɹ ɫɥɨɜɨ ɜɨɞɨɪɨɞ 
– WКssОrstoПП, ɬɨɝɞɚ ɧɚɡɜɚɧɢɟ ɫɚɦɨɣ ɜɨɞɵ – WКssОr. Ⱦɥɹ ɤɢɫɥɨɬ ɨɛɳɢɣ ɤɨɪɟɧɶ ɬɚɤɠɟ ɩɪɨɫɦɚɬɪɢɜɚɟɬɫɹ 
– sтurО (ɜ ɩɟɪɟɜɨɞɟ – «ɤɢɫɥɨɬɚ»), ɨɬɤɭɞɚ ɭɝɨɥɶɧɚɹ ɤɢɫɥɨɬɚ – KoСlОnsтurО. 

Сиɫɬеɦɚ ɨцеɧиɜɚɧия: 
1. ɇɚɡɜɚɧɢя ɜɟɳɟɫɬɜ ɧɚ ɪɭɫɫɤɨɦ яɡɵɤɟ ɩɨ 0,5 ɛ               10*0,5ɛ = 5 ɛ; 
2. ɉɪɚɜɢɥɶɧɨɟ ɫɨɨɬɧɟɫɟɧɢɟ ɜɟɳɟɫɬɜɚ ɢ ɫɨɫɭɞɚ ɩɨ 0,5 ɛ             10*0,5ɛ = 5 ɛ; 
3. ɍɪɚɜɧɟɧɢя ɪɟɚɤɰɢɣ ɩɨ 0,5 ɛ                7*0,5ɛ = 3,5 ɛ; 
4. ɉɪɚɜɢɥɶɧɨɟ ɫɨɨɬɧɟɫɟɧɢɟ ɮɨɪɦɭɥɵ ɫ ɧɟɦɟɰɤɢɦ ɧɚɡɜɚɧɢɟɦ ɩɨ 0,5 ɛ           10*0,5ɛ = 5 ɛ; 
5. ɇɚɡɜɚɧɢя ɜɟɳɟɫɬɜ ɧɚ ɧɟɦɟɰɤɨɦ яɡɵɤɟ ɩɨ 0,5 ɛ            3*0,5ɛ = 1,5 ɛ; 
Вɫеɝɨ    20 ɛɚɥɥɨɜ 

 

Заɞаɧиɟ 4.  (ɚɜɬɨɪ Пɚɧɨɜ Ɇ.С.). 
1. ȼ 100 ɝ ɫɩɥɚɜɚ ɛɭɞɟɬ ɫɨɞɟɪɠɚɬɶɫɹ 26,68 ɝ Nd, 1 ɝ B ɢ 100-26,68-1 = 72,32 ɝ Fe. Ʉɨɥɢɱɟɫɬɜɨ ɷɥɟɦɟɧ-
ɬɨɜ ɜ ɦɨɥɹɯ ɫɨɫɬɚɜɢɬ 26,68/144,24 = 0,185, 1/10,811 = 0,0925, 72,32/55,847 = 1,295. Ɇɨɥɶɧɨɟ ɫɨɨɬɧɨ-
ɲɟɧɢɟ Nd : B : Fe = 0,185 : 0,0925 : 1,295 = 2 : 1 : 14, ɬ.ɟ. ɫɨɫɬɚɜ ɫɩɥɚɜɚ Nd2BFe14. ɉɪɢ ɫɨɞɟɪɠɚɧɢɢ ɧɟ-
ɨɞɢɦɚ ɜ ɫɩɥɚɜɟ 0,2668 = m/M ɦɚɫɫɚ ɷɬɨɝɨ ɫɩɥɚɜɚ, ɧɟɨɛɯɨɞɢɦɚɹ ɞɥɹ ɢɡɜɥɟɱɟɧɢɹ 1,00 ɤɝ = 1000 ɝ ɧɟ-
ɨɞɢɦɚ, ɫɨɫɬɚɜɢɬ M = 1000/0,2668 = 3748 ɝ. ɇɟɨɞɢɦɚ ɜ ɦɨɥɹɯ ɜ ɷɬɨɣ ɦɚɫɫɟ ɫɩɥɚɜɚ ɛɭɞɟɬ 1000/144,24 = 
6,93 ɦɨɥɶ, ɛɨɪɚ ɜ 2 ɪɚɡɚ ɦɟɧɶɲɟ, ɚ ɠɟɥɟɡɚ ɜ 7 ɪɚɡ ɛɨɥɶɲɟ (ɫɦ. ɫɨɫɬɚɜ ɫɩɥɚɜɚ). Ɉɛɳɟɟ ɤɨɥɢɱɟɫɬɜɨ ɚɬɨ-
ɦɨɜ ɜ ɷɬɨɦ ɫɩɥɚɜɟ ɛɭɞɟɬ ɪɚɜɧɨ 6,02*1023*6,93*(1 + ½ + 7) = 3,55*1025

 ɲɬɭɤ. 

2. ȼ 100 ɝ ɨɤɫɢɞɚ Ⱥ ɫɨɞɟɪɠɢɬɫɹ 38,1 ɝ Ɉ ɢ 100-38,1 = 61,9 ɝ Cr. Ɇɨɥɶɧɨɟ ɫɨɨɬɧɨɲɟɧɢɟ 38,1/16 : 
61,9/52 = 2,38 : 1,19 = 2 : 1, ɨɬɤɭɞɚ ɮɨɪɦɭɥɚ ɨɤɫɢɞɚ A – CrO2. ɉɨ ɭɫɥɨɜɢɸ, ɜ 22,4 ɥ CrO2 ɫɨɞɟɪɠɢɬɫɹ 
з1268 ɦɨɥɶ ɷɬɨɝɨ ɜɟɳɟɫɬɜɚ, ɤɨɬɨɪɵɟ ɜɟɫɹɬ (52+2*16)*1268 = 106512 ɝ. ɉɥɨɬɧɨɫɬɶ CrO2 ɧɚɣɞɟɦ, ɪɚɡ-
ɞɟɥɢɜ ɟɝɨ ɦɚɫɫɭ ɧɚ ɨɛɴɟɦ:  = 106512/22,4 = 4755 ɝ/ɥ ɢɥɢ 4,755 ɝ/ɫɦ3. Ɉɛɴɟɦ ɦɚɝɧɢɬɧɨɝɨ ɫɥɨɹ ɧɚ ɥɟɧ-
ɬɟ ɫɨɫɬɚɜɥɹɟɬ 10*10-6

*3,8*10
-3

*135 = 5,13*10
-6

 ɦ3
 ɢɥɢ 5,13 ɫɦ3. Ɇɚɫɫɚ CrO2 m = 5,13*4,755 = 24,4 ɝ. 

3. ɋɨɫɬɚɜɵ ɨɤɫɢɞɨɜ Ȼ ɢ ȼ ɫɱɢɬɚɟɦ ɬɚɤ ɠɟ, ɤɚɤ ɢ Ⱥ. Ⱦɥɹ Ȼ: Cr : O = 52/52 : 48/16 = 1 : 3, ɨɬɤɭɞɚ Ȼ – 

CrO3. Ⱦɥɹ ȼ: Cr : O = 68,4/52 : 31,6/16 = 1,32 : 1,975 = 1 : 1,5 ɢɥɢ 2 : 3, ɨɬɤɭɞɚ ȼ – Cr2O3.  

ɍɪɚɜɧɟɧɢɟ ɪɟɚɤɰɢɢ Д1Ж: CrO3 + Cr2O3 = 3CrO2.  

4. Ⱦɚɠɟ ɟɫɥɢ ȼɵ ɧɟ ɩɨɫɱɢɬɚɥɢ ɬɨɱɧɵɟ ɫɨɫɬɚɜɵ ɨɤɫɢɞɨɜ, ɬɨ ɞɨɫɬɚɬɨɱɧɨ ɩɨɫɦɨɬɪɟɬɶ ɧɚ ɪɟɚɤɰɢɸ Д2Ж: 
ɨɤɫɢɞ ɫ ɛɨɥɶɲɢɦ ɫɨɞɟɪɠɚɧɢɟɦ Ɉ ɩɪɟɜɪɚɳɚɟɬɫɹ ɜ ɞɪɭɝɨɣ ɨɤɫɢɞ ɫ ɦɟɧɶɲɢɦ ɫɨɞɟɪɠɚɧɢɟɦ Ɉ ɢ ɜɵɞɟɥɹ-
ɟɬɫɹ ɤɚɤɨɣ-ɬɨ ɝɚɡ. Ɉɬɫɸɞɚ ɫɥɟɞɭɟɬ, ɱɬɨ ɝɚɡɨɦ Ⱦ ɹɜɥɹɟɬɫɹ ɤɢɫɥɨɪɨɞ. ɀɟɥɬɨɜɚɬɨ-ɡɟɥɟɧɵɣ ɝɚɡ ȿ ɫ ɪɟɡ-
ɤɢɦ ɡɚɩɚɯɨɦ ɫ ɩɥɨɬɧɨɫɬɶɸ 3,165 ɝ/ɥ ɩɪɢ ɧ.ɭ ɢɦɟɟɬ ɦɨɥɹɪɧɭɸ ɦɚɫɫɭ 3,165*22,4 = 70,9 ɝ/ɦɨɥɶ, ɱɬɨ ɨɞ-
ɧɨɡɧɚɱɧɨ ɭɤɚɡɵɜɚɟɬ ɧɚ ɯɥɨɪ. Ɉɬɫɸɞɚ ɫɥɟɞɭɟɬ, ɱɬɨ ɫɨɟɞɢɧɟɧɢɟ Ƚ ɫɨɞɟɪɠɢɬ ɜ ɫɜɨɟɦ ɫɨɫɬɚɜɟ ɚɬɨɦɵ 
ɯɥɨɪɚ – ɷɬɨ ɢ ɟɫɬɶ ɬɪɟɬɢɣ ɷɥɟɦɟɧɬ. Ɂɧɚɹ ɦɚɫɫɨɜɵɟ ɞɨɥɢ ɜɫɟɯ ɷɥɟɦɟɧɬɨɜ, ɪɚɫɫɱɢɬɚɟɦ ɫɨɫɬɚɜ Ƚ: Cr : O : 

Cl = 33,57/52 : 20,66/16 : (100-33,57-20,66)/35,45 = 0,646 : 1,291 : 1,291 = 1 : 2 : 2, ɨɬɤɭɞɚ Ƚ – CrO2Cl2. 

ɍɪɚɜɧɟɧɢɹ ɪɟɚɤɰɢɣ: 2CrO3 = 2CrO2 + O2 [2], CrO2ɋl2 = CrO2 + ɋl2 [3].  

ɋɨɟɞɢɧɟɧɢɟ Ȼ ɹɜɥɹɟɬɫɹ ɞɨɫɬɚɬɨɱɧɨ ɪɟɚɤɰɢɨɧɧɨɫɩɨɫɨɛɧɵɦ ɜɟɳɟɫɬɜɨɦ: ɪɟɚɝɢɪɭɟɬ ɫ ɜɨɞɨɣ ɫ ɨɛɪɚ-
ɡɨɜɚɧɢɟɦ ɫɢɥɶɧɨɣ ɤɢɫɥɨɬɵ Дɪɟɚɤɰɢɹ 4Ж; ɫ ɢɡɛɵɬɤɨɦ ɳɟɥɨɱɢ ɪɟɚɝɢɪɭɟɬ ɫ ɜɵɞɟɥɟɧɢɟɦ ɛɨɥɶɲɨɝɨ ɤɨɥɢ-
ɱɟɫɬɜɚ ɬɟɩɥɚ Д5Ж; ɩɪɢ ɞɟɣɫɬɜɢɢ ɧɚ ɧɟɝɨ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɨɣ ɫɨɥɹɧɨɣ ɤɢɫɥɨɬɵ ɜɵɞɟɥɹɟɬɫɹ ɝɚɡ ȿ ɢ ɩɨ-
ɥɭɱɚɟɬɫɹ ɫɨɥɶ, ɨɛɪɚɡɨɜɚɧɧɚɹ ɨɤɫɢɞɨɦ ȼ [6]. 

5. ɍɪɚɜɧɟɧɢɹ ɪɟɚɤɰɢɣ: 2CrO3 + H2Ɉ = H2Cr2O7 [4]; CrO3 + 2KOH = K2CrO4 + H2O [5]; 

2CrO3 + 12HCl(ɤ) = 2CrCl3 + 6H2O + 3Cl2  [6]. 

Сиɫɬеɦɚ ɨцеɧиɜɚɧия: 
1. Ɋɚɫɱɟɬɵ ɫɨɨɬɧɨɲɟɧɢя, ɦɚɫɫɵ ɫɩɥɚɜɚ, ɤɨɥɢɱɟɫɬɜɚ ɚɬɨɦɨɜ ɩɨ 2 ɛ              3*2ɛ = 6 ɛ; 
2. Ɏɨɪɦɭɥɚ ɨɤɫɢɞɚ 1 ɛ, ɦɚɫɫɚ ɜɟɳɟɫɬɜɚ 2 ɛ, ɟɝɨ ɩɥɨɬɧɨɫɬɶ 2 ɛ       1ɛ+2*2ɛ = 5 ɛ; 
3. Ɏɨɪɦɭɥɵ ɨɤɫɢɞɨɜ ɩɨ 1 ɛ, ɭɪɚɜɧɟɧɢɟ ɪɟɚɤɰɢɢ 1 ɛ         2*1ɛ+1ɛ = 3 ɛ; 
4. Ɏɨɪɦɭɥɵ ɝɚɡɨɜ ɢ ɜɟɳɟɫɬɜɚ Г ɩɨ 1 ɛ, ɭɪɚɜɧɟɧɢя ɪɟɚɤɰɢɣ ɩɨ 1 ɛ      3*1ɛ+2*1ɛ = 5 ɛ; 
5. ɍɪɚɜɧɟɧɢя ɪɟɚɤɰɢɣ ɩɨ 1 ɛ         3*1ɛ = 3 ɛ; 
Вɫеɝɨ    22 ɛɚɥɥɚ 
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Заɞаɧиɟ 5.  (ɚɜɬɨɪ Сɚɩɚɪɛɚеɜ ɗ.С.). 
1. ȼ ɭɫɥɨɜɢɢ ɡɚɞɚɱɢ ɨɩɢɫɚɧ ɩɪɨɰɟɫɫ ɨɬɤɪɵɬɢɹ ɮɨɫɮɨɪɚ (ɷɥɟɦɟɧɬ Х) ɢ ɫɜɨɣɫɬɜɚ ɛɟɥɨɝɨ ɮɨɫɮɨɪɚ P4 

(ɜɟɳɟɫɬɜɨ Ⱥ). ɍɪɚɜɧɟɧɢɹ ɪɟɚɤɰɢɣ (ɞɥɹ ɩɪɨɫɬɨɬɵ ɮɨɪɦɭɥɭ Ⱥ ɛɭɞɟɦ ɡɚɩɢɫɵɜɚɬɶ ɤɚɤ Ɋ): 
A→B: 4P + 5O2 = 2P2O5; A→C: P + 5HNO3 = H3PO4 + 5NO2 + H2O; B→C: P2O5 + 3H2O = 2H3PO4;  

B→G: P2O5 + H2O = 2HPO3; C→D: 2H3PO4 + 3Ca(OH)2 = Ca3(PO4)2 + 6H2O;  

D→C: Ca3(PO4)2 + 6HNO3 = 2H3PO4 + 3Ca(NO3)2; D→E: Ca3(PO4)2 + 8C = 8ɋɈ + Ca3P2;  

D→A: Ca3(PO4)2 + 3SiO2 + 5C = CaSiO3 + 2P + 5CO; A→L: 2P + 5Cl2 = 2PCl5;  

L→C: PCl5 + 4H2O = H3PO4 + 5HCl; F→C: PH3 + 8HNO3 = H3PO4 + 8NO2 + 4H2O;  

E→F: Ca3P2 + 6H2O = 3Ca(OH)2 + 2PH3; E→F: Ca3P2 + 6HCl = 3CaCl2 + 2PH3;  

G→H: HPO3 + NaOH = NaPO3 + H2O; C→J: H3PO4 + 1NH3 + H2O = (NH4)H2PO4 + H2O;  

J→I: (NH4)H2PO4 = NH4PO3 + H2O; I→H: NH4PO3 + NaOH = NaPO3 + NH3 + H2O;  

G→C: HPO3 + H2O = H3PO4. 

2. B – P2O5 (ɨɤɫɢɞ ɮɨɫɮɨɪɚ (V)); C – H3PO4 (ɨɪɬɨɮɨɫɮɨɪɧɚɹ ɤɢɫɥɨɬɚ);  

D – Ca3(PO4)2 (ɨɪɬɨɮɨɫɮɚɬ ɤɚɥɶɰɢɹ); E – Ca3P2 (ɮɨɫɮɢɞ ɤɚɥɶɰɢɹ); F – PH3 (ɮɨɫɮɢɧ);  

G – HPO3 (ɦɟɬɚɮɨɫɮɨɪɧɚɹ ɤɢɫɥɨɬɚ); H – NaPO3 (ɦɟɬɚɮɨɫɮɚɬ ɧɚɬɪɢɹ); 

J – NH4PO4 (ɦɟɬɚɮɨɫɮɚɬ ɚɦɦɨɧɢɹ); I – (NH4)H2PO4 (ɞɢɝɢɞɪɨɨɪɬɨɮɨɫɮɚɬ ɚɦɦɨɧɢɹ); 

L – PCl5 (ɩɟɧɬɚɯɥɨɪɢɞ ɮɨɫɮɨɪɚ). 

3. ɍɪɚɜɧɟɧɢɟ ɪɟɚɤɰɢɢ: 8P + 3Ba(OH)2 + 6H2O = 2PH3  + 3Ba(H2PO2)2 (К - ɝɢɩɨɮɨɫɮɢɬ ɛɚɪɢɹ). 

Сиɫɬеɦɚ ɨцеɧиɜɚɧия: 
1. Эɥɟɦɟɧɬ ɏ, ɜɟɳɟɫɬɜɨ А (ɛɟɥɵɣ ɮɨɫɮɨɪ, ɟɫɥɢ ɩɪɨɫɬɨ ɮɨɫɮɨɪ, ɬɨ 0 ɛ) ɩɨ 1 ɛ           2*1ɛ = 2 ɛ; 
    ɍɪɚɜɧɟɧɢя ɪɟɚɤɰɢɣ ɩɨ 0,5 ɛ          18*0,5ɛ  = 9 ɛ; 
2. ɇɚɡɜɚɧɢя ɜɟɳɟɫɬɜ B-L  ɩɨ 0,5 ɛ            10*0,5ɛ = 5 ɛ; 
3. ɇɚɡɜɚɧɢɟ ɫɨɥɢ 1 ɛ, ɭɪɚɜɧɟɧɢɟ ɪɟɚɤɰɢɢ 1 ɛ               2*1ɛ = 2 ɛ; 
Вɫеɝɨ    18 ɛɚɥɥɨɜ 

 



 

Зɚɞɚɧɢɟ 1.  (ɚɜɬɨɪɵ Ɇɨɪɨɡɨɜ Ⱦ.А., Иɥɶɢɧ Ɇ.А.). 
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ɡ) Ɉɫɭɲɟɧɢɟ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɨɣ ɫɟɪɧɨɣ ɤɢɫɥɨɬɨɣ: ɦɨɠɧɨ ɨɫɭɲɢɬɶ ɬɨɥɶɤɨ CO2 ɢ Cl2. 

8HI + H2SO4 ɤɨɧɰ.  4I2 + H2S + 4H2O; NH3 + H2SO4 ɤɨɧɰ.  NH4HSO4. 

Ɉɫɭɲɟɧɢɟ ɬɜɟɪɞɵɦ ɝɢɞɪɨɤɫɢɞɨɦ ɧɚɬɪɢɹ: ɦɨɠɧɨ ɨɫɭɲɢɬɶ ɬɨɥɶɤɨ NH3. 
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Br

 

к) +
AlCl3

C CH3

CH3

H3C

+  HClCl

C CH3

CH3

H3C

CH
H3C CH3  

ɥ) 2H3C-CH2-OH 
ZnOOAlt

32
,

 H2C=CH-CH=CH2 + 2H2O + H2. 

ɦ) ɋɢɥɶɧɵɟ ɷɥɟɤɬɪɨɥɢɬɵ: ɧɚɩɪɢɦɟɪ, ɜɫɟ ɪɚɫɬɜɨɪɢɦɵɟ ɫɨɥɢ (NaCl, K2SO4, Mg(NO3)2 ɢ ɬ.ɞ.), ɳɟɥɨɱɢ 
(NaOH, Ba(OH)2 ɢ ɬ.ɞ.), ɧɟɤɨɬɨɪɵɟ ɤɢɫɥɨɬɵ (HNO3, HCl, H2SO4 ɢ ɞɪ.). 
ɋɥɚɛɵɟ ɷɥɟɤɬɪɨɥɢɬɵ: ɧɚɩɪɢɦɟɪ, ɛɨɥɶɲɢɧɫɬɜɨ ɨɪɝɚɧɢɱɟɫɤɢɯ ɤɚɪɛɨɧɨɜɵɯ ɤɢɫɥɨɬ (CH3COOH, 

C6H5COOH ɢ ɞɪ.), ɚɦɦɢɚɤ (NH3 ɜɨɞɧ.), ɨɪɝɚɧɢɱɟɫɤɢɟ ɚɦɢɧɵ (CH3NH2, (CH3)2NH ɢ ɞɪ.). 
ɇɟɷɥɟɤɬɪɨɥɢɬɵ: ɧɚɩɪɢɦɟɪ, ɭɝɥɟɜɨɞɵ (ɝɥɸɤɨɡɚ, ɫɚɯɚɪɨɡɚ ɢ ɞɪ.), ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɚɹ ɜɨɞɚ. 

 

50-ȭ ВȟȓȟȖȏȖȞȟȘȎȭ ȜȠȘȞȩȠȎȭ ȜșȖȚȝȖȎȒȎ ȦȘȜșȪțȖȘȜȐ  
ЗȎȘșȬȥȖȠȓșȪțȩȗ ȫȠȎȝ 2е11-2е12 ȡȥг ȑȜȒȎ 

РȓȦȓțȖȭ ȝȜ хȖȚȖȖ 

1е ȘșȎȟȟ 
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ɧ) 
1

2
c

Ka

.
 

Сɢɫɬɟɦɚ ɨцɟɧɢɜɚɧɢя: 
Ɏɚɦɢɥɢɢ ɭɱɟɧɵɯ ɜ ɤɪɨɫɫɜɨɪɞɟ   0,5 ɛ.  10 = 5 ɛɚɥɥɨɜ 

Ɉɬɜɟɬ ɜ ɩɭɧɤɬɟ ɚ (ɮɚɦɢɥɢя + ɢɦя + ɨɬɱɟɫɬɜɨ)   0,5 ɛ.  3 = 1,5 ɛɚɥɥɚ 

ɍɪɚɜɧɟɧɢя ɪɟɚɤɰɢɣ ɜ ɩɭɧɤɬɚɯ ɛ, ɜ, ɝ, ɟ, ɠ, ɢ, ɤ, ɥ (ɫ ɭɤɚɡɚɧɢɟɦ ɜɫɟɯ ɭɫɥɨɜɢɣ)  1 ɛ.  8 = 8 ɛɚɥɥɨɜ 

ɍɪɚɜɧɟɧɢя ɪɟɚɤɰɢɣ ɜ ɩɭɧɤɬɟ ɡ (ɨɛɨɫɧɨɜɚɧɢɟ ɧɟɜɨɡɦɨɠɧɨɫɬɢ ɨɫɭɲɟɧɢя)   1 ɛ.  5 = 5 ɛɚɥɥɨɜ 

Ɉɬɜɟɬɵ ɜ ɩɭɧɤɬɚɯ ɞ, ɧ   0,5 ɛ.  2 = 1 ɛɚɥɥ 

Ɉɬɜɟɬɵ ɜ ɩɭɧɤɬɟ ɦ (ɩɨ ɨɞɧɨɦɭ ɩɪɢɦɟɪɭ ɷɥɟɤɬɪɨɥɢɬɨɜ ɢ ɧɟɷɥɟɤɬɪɨɥɢɬɚ)   0,5 ɛ.  3 = 1,5 ɛɚɥɥɚ 

Вɫɟɝɨ   22 ɛɚɥɥɚ 

 

Зɚɞɚɧɢɟ 2.  (ɚɜɬɨɪɵ Чɭɛɚɪɨɜ А.С., ȿɦɟɥɶяɧɨɜ В.А.). 
1. ɍɪɚɜɧɟɧɢɹ ɹɞɟɪɧɵɯ ɪɟɚɤɰɢɣ: 10

5B + 
1

0n = 
11

5B Д1Ж ɢ 11
5B = 

7
3Li + 

4
2α (ɢɥɢ 42He)[2].  

2. Ⱦɥɹ ɨɞɧɨɤɪɚɬɧɨɣ ɬɟɪɚɩɢɢ ɩɚɰɢɟɧɬɚ ɦɚɫɫɨɣ 80 ɤɝ ɩɨɬɪɟɛɭɟɬɫɹ ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ 80*103
*44*10

-6
/4 = 

880*10
-3

 ɝ = 880 ɦɝ ɛɨɪɚ-10. ȼ ɩɪɟɩɚɪɚɬɟ ɨɪɬɨɤɚɪɛɨɪɚɧɟ ɫɨɫɬɚɜɚ C2
10

B10H12 ɦɚɫɫɨɜɚɹ ɞɨɥɹ ɛɨɪɚ-10 ɫɨ-
ɫɬɚɜɥɹɟɬ 10*10/(2*12+10*10+1*12) = 0,735. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɛɨɥɶɧɨɦɭ ɩɟɪɟɞ ɨɛɥɭɱɟɧɢɟɦ ɫɥɟɞɭɟɬ ɜɜɟ-
ɫɬɢ 880/0,735 = 1197 ɦɝ ɢɥɢ ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ 1,2 ɝ ɨɪɬɨɤɚɪɛɨɪɚɧɚ. ɉɪɢ ɷɬɨɦ ɜ ɨɩɭɯɨɥɶ ɦɚɫɫɨɣ 2 ɝ ɩɨ-
ɩɚɞɟɬ 44*10-6

*2 = 88*10
-6

 ɝ ɛɨɪɚ-10, ɤɨɬɨɪɵɟ ɛɭɞɭɬ ɫɨɞɟɪɠɚɬɶ 88*10-6
/10 = 8,8*10

-6
 ɦɨɥɟɣ ɛɨɪɚ ɢɥɢ 

6,02*10
23

*8,8*10
-6

 = 5,3*10
18

 ɚɬɨɦɨɜ. ɍɪɚɜɧɟɧɢɹ ɹɞɟɪɧɵɯ ɪɟɚɤɰɢɣ 1
1H + 

1
0n = 

2
1H (ɢɥɢ D) Д3Ж ɢ  

14
7N + 

1
0n = 

1
1p + 

14
6C [4].  

3. ɍɪɚɜɧɟɧɢɹ ɪɟɚɤɰɢɣ: 7
3Li + 

1
1p = 

1
0n + 

7
4Be [5], 6Li + N2 = 2Li3N [6], 4Li + O2 = 2Li2O [7],  

2Li + 2H2O = 2LiOH + H2  [8]. 

4. ɍɪɚɜɧɟɧɢɟ ɹɞɟɪɧɨɣ ɪɟɚɤɰɢɢ: 7
4Be + 

0
-1e = 

7
3LТ Д9Ж. ɋɧɢɠɟɧɢɟ ɫɨɞɟɪɠɚɧɢɹ ɪɚɞɢɨɚɤɬɢɜɧɵɯ ɹɞɟɪ ɜ 64 

ɪɚɡɚ ɨɡɧɚɱɚɟɬ, ɱɬɨ N0/N = 64 ɢɥɢ N/N0 = 1/64. ɂɡ ɭɪɚɜɧɟɧɢɹ, ɩɪɢɜɟɞɟɧɧɨɝɨ ɜ ɭɫɥɨɜɢɢ ɩɨɥɭɱɚɟɦ, ɱɬɨ  

1/64 = (1/2) 2/1
/ tt

 ɢɥɢ 64 = 2 2/1
/ tt

. ɉɨɫɤɨɥɶɤɭ 64 = 26, ɫɥɟɞɨɜɚɬɟɥɶɧɨ t/t1/2 = 6, ɨɬɤɭɞɚ t = 6*54 = 324 

ɞɧɹ. Ɇɨɠɧɨ ɩɨɫɱɢɬɚɬɶ ɢ ɩɨɞɛɨɪɨɦ: ɡɚ 1 ɩɟɪɢɨɞ ɩɨɥɭɪɚɫɩɚɞɚ ɫɨɞɟɪɠɚɧɢɟ ɭɦɟɧɶɲɚɟɬɫɹ ɜ 2 ɪɚɡɚ, ɡɚ 2 – 

ɜ 4, ɡɚ 3 – ɜ 8, ɡɚ 4 – ɜ 16, ɡɚ 5 – ɜ 32, ɡɚ 6 – ɜ 64. 

5. ɉɪɢɦɟɦ ɩɪɢɪɨɞɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɢɡɨɬɨɩɚ 6LТ ɡɚ ɯ, ɬɨɝɞɚ ɫɨɞɟɪɠɚɧɢɟ ɢɡɨɬɨɩɚ 7LТ ɛɭɞɟɬ (1-ɯ). ɋɨɫɬɚ-
ɜɢɦ ɭɪɚɜɧɟɧɢɟ: ɯ*6 + (1-ɯ)*7 = 6,941, ɪɟɲɚɹ ɤɨɬɨɪɨɟ, ɩɨɥɭɱɢɦ ɯ = 0,059 ɢɥɢ ɨɤɨɥɨ 6 %. Ɍɚɤ ɤɚɤ α-

ɱɚɫɬɢɰɵ ɢ ɹɞɪɚ ɬɪɢɬɢɹ ɩɨɥɭɱɚɸɬɫɹ ɬɨɥɶɤɨ ɜ ɯɨɞɟ ɨɛɥɭɱɟɧɢɹ ɩɪɢɪɨɞɧɨɝɨ ɥɢɬɢɹ, ɡɧɚɱɢɬ, ɨɧɢ ɹɜɥɹɸɬɫɹ 

ɩɪɨɞɭɤɬɚɦɢ ɪɟɚɤɰɢɢ 6
3Li ɫ ɩɪɨɬɨɧɚɦɢ ɢɥɢ ɜɵɞɟɥɹɸɳɢɦɢɫɹ ɜ ɪɟɚɤɰɢɢ Д5Ж ɧɟɣɬɪɨɧɚɦɢ. ȼ ɩɟɪɜɨɦ ɫɥɭ-

ɱɚɟ ɧɟ ɫɨɛɥɸɞɚɟɬɫɹ ɛɚɥɚɧɫ ɡɚɪɹɞɨɜ, ɚ ɜɨ ɜɬɨɪɨɦ – ɜɫɟ ɫɯɨɞɢɬɫɹ.  
ɍɪɚɜɧɟɧɢɟ ɪɟɚɤɰɢɢ: 63Li + 

1
0n = 

3
1Ɍ + 42He  ɢɥɢ 31ɇ + 42α [10]. 

Сɢɫɬɟɦɚ ɨцɟɧɢɜɚɧɢя: 
1. ɍɪɚɜɧɟɧɢя ɪɟɚɤɰɢɣ ɩɨ1 ɛ                      2*1ɛ = 2 ɛ; 
2. ɍɪɚɜɧɟɧɢя ɪɟɚɤɰɢɣ ɩɨ1 ɛ, ɪɚɫɱɟɬɵ ɚ), ɛ), ɜ) ɩɨ 2 ɛ       2*1ɛ+3*2ɛ = 8 ɛ; 
3. ɍɪɚɜɧɟɧɢя ɪɟɚɤɰɢɣ ɩɨ1 ɛ    4*1ɛ = 4 ɛ; 
4. ɍɪɚɜɧɟɧɢɟ ɪɟɚɤɰɢɢ 1 ɛ, ɪɚɫɱɟɬ ɜɪɟɦɟɧɢ 2 ɛ                1ɛ+2ɛ = 3 ɛ; 
5. Ɋɚɫɱɟɬ 2 ɛ, ɭɪɚɜɧɟɧɢɟ ɪɟɚɤɰɢɢ 1 ɛ                2ɛ+1ɛ = 3 ɛ; 
Вɫɟɝɨ    20 ɛɚɥɥɨɜ 

 

Зɚɞɚɧɢɟ 3.  (ɚɜɬɨɪɵ Кɨɧɟɜ В.ɇ., Иɥɶɢɧ Ɇ.А.). 
1-2. ȼ ɪɟɡɭɥɶɬɚɬɟ ɪɟɚɤɰɢɢ ɷɥɟɤɬɪɨɮɢɥɶɧɨɝɨ ɚɪɨɦɚɬɢɱɟɫɤɨɝɨ ɛɪɨɦɢɪɨɜɚɧɢɹ ɛɟɧɡɨɥɚ (ɜ ɤɨɬɨɪɨɣ ɤɚɬɚ-
ɥɢɡɚɬɨɪɨɦ ɫɥɭɠɢɬ ɬɪɢɛɪɨɦɢɞ ɠɟɥɟɡɚ, ɨɛɪɚɡɭɸɳɢɣɫɹ ɩɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɠɟɥɟɡɚ ɫ ɛɪɨɦɨɦ) ɩɨɥɭɱɚ-
ɟɬɫɹ ɛɪɨɦɛɟɧɡɨɥ 1. Ȼɪɨɦɛɟɧɡɨɥ ɪɟɚɝɢɪɭɟɬ ɫ ɦɚɝɧɢɟɦ ɜ ɚɛɫɨɥɸɬɧɨɦ ɞɢɷɬɢɥɨɜɨɦ ɷɮɢɪɟ, ɱɬɨ ɩɪɢɜɨɞɢɬ 
ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɮɟɧɢɥɦɚɝɧɢɣɛɪɨɦɢɞɚ 2. ɉɪɢ ɞɟɣɫɬɜɢɢ ɮɟɧɢɥɦɚɝɧɢɣɛɪɨɦɢɞɚ ɧɚ ɷɬɢɥɟɧɨɤɫɢɞ ɪɚɫɤɪɵ-
ɜɚɟɬɫɹ ɨɤɫɢɪɚɧɨɜɨɟ ɤɨɥɶɰɨ ɨɤɢɫɢ ɷɬɢɥɟɧɚ ɢ ɩɨɫɥɟ ɝɢɞɪɨɥɢɡɚ ɨɛɪɚɡɭɟɬɫɹ 2-ɮɟɧɢɥɷɬɚɧɨɥ (ɮɟɧɟɬɢɥɨ-
ɜɵɣ ɫɩɢɪɬ) Х. 
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CH2CH2OH

X21

1.

2. H2O
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O
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T
o
C
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MgBrBr

 
ɉɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɛɟɧɡɨɥɚ ɫ ɮɨɪɦɚɥɶɞɟɝɢɞɨɦ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɫɨɥɹɧɨɣ ɤɢɫɥɨɬɵ ɢ ɯɥɨɪɢɞɚ 

ɰɢɧɤɚ ɜ ɤɚɱɟɫɬɜɟ ɤɚɬɚɥɢɡɚɬɨɪɚ ɨɛɪɚɡɭɟɬɫɹ ɛɟɧɡɢɥɯɥɨɪɢɞ 3. Ɋɟɚɤɰɢɹ ɦɟɠɞɭ ɛɟɧɡɢɥɯɥɨɪɢɞɨɦ ɢ ɦɚɝɧɢ-
ɟɦ ɜ ɚɛɫɨɥɸɬɧɨɦ ɞɢɷɬɢɥɨɜɨɦ ɷɮɢɪɟ ɩɪɢɜɨɞɢɬ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɛɟɧɡɢɥɦɚɝɧɢɣɯɥɨɪɢɞɚ 4, ɤɨɬɨɪɵɣ ɩɪɢ-
ɫɨɟɞɢɧɹɟɬ ɭɝɥɟɤɢɫɥɵɣ ɝɚɡ ɢ ɩɨɫɥɟ ɝɢɞɪɨɥɢɡɚ ɩɪɟɜɪɚɳɚɟɬɫɹ ɜ ɮɟɧɢɥɭɤɫɭɫɧɭɸ ɤɢɫɥɨɬɭ 5. ȼɨɫɫɬɚɧɨɜ-
ɥɟɧɢɟ ɮɟɧɢɥɭɤɫɭɫɧɨɣ ɤɢɫɥɨɬɵ ɚɥɸɦɨɝɢɞɪɢɞɨɦ ɥɢɬɢɹ ɩɪɢɜɨɞɢɬ ɤ ɨɛɪɚɡɨɜɚɧɢɸ 2-ɮɟɧɢɥɷɬɚɧɨɥɚ Х. 

HCl, ZnCl2

CH2O

3 4 X5

2. H2O

1. LiAlH41. CO2

2. H2O

Mg, Et2O

CH2Cl CH2MgCl CH2CO2H CH2CH2OH

 
3. ɉɪɢ ɞɟɣɫɬɜɢɢ ɦɟɬɢɥɚɬɚ ɧɚɬɪɢɹ ɧɚ ɯɥɨɪɢɫɬɵɣ ɛɟɧɡɢɥ 3 ɩɪɨɢɫɯɨɞɢɬ ɧɭɤɥɟɨɮɢɥɶɧɨɟ ɡɚɦɟɳɟɧɢɟ ɚɬɨɦɚ 
ɯɥɨɪɚ ɜ ɧɚ ɦɟɬɨɤɫɢ-ɝɪɭɩɩɭ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɨɛɪɚɡɭɟɬɫɹ ɢɡɨɦɟɪ ɫɨɟɞɢɧɟɧɢɹ Х – ɦɟɬɢɥɛɟɧɡɢɥɨɜɵɣ ɷɮɢɪ Ⱥ. 

CH2OCH3CH2Cl

CH3ONa

3 A
 

ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ ɯɥɨɪɢɫɬɨɝɨ ɚɰɟɬɢɥɚ ɫ ɛɟɧɡɨɥɨɦ, ɤɚɬɚɥɢɡɢɪɭɟɦɨɟ ɯɥɨɪɢɞɨɦ ɚɥɸɦɢɧɢɹ, ɩɪɟɞ-
ɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɪɟɚɤɰɢɸ ɚɪɨɦɚɬɢɱɟɫɤɨɝɨ ɷɥɟɤɬɪɨɮɢɥɶɧɨɝɨ ɡɚɦɟɳɟɧɢɹ ɢ ɩɪɢɜɨɞɢɬ ɤ ɨɛɪɚɡɨɜɚɧɢɸ 
ɚɰɟɬɨɮɟɧɨɧɚ 6. Ɉɛɪɚɡɨɜɚɜɲɢɣɫɹ ɚɰɟɬɨɮɟɧɨɧ ɜɨɫɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɬɟɬɪɚɝɢɞɪɢɞɨɛɨɪɚɬɨɦ ɧɚɬɪɢɹ ɢ ɩɨ-
ɥɭɱɚɟɬɫɹ 1-ɮɟɧɢɥɷɬɚɧɨɥ ȼ. 

B6

NaBH4

AlCl3

CH3COCl

O

CH3

OH

CH3

 
ɉɪɢ ɚɥɤɢɥɢɪɨɜɚɧɢɢ ɛɟɧɡɨɥɚ ɢɡɨɩɪɨɩɚɧɨɥɨɦ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɨɣ ɫɟɪɧɨɣ ɤɢɫɥɨɬɵ 

ɩɨɥɭɱɚɟɬɫɹ ɤɭɦɨɥ 7. Ɉɤɢɫɥɟɧɢɟ ɤɭɦɨɥɚ ɤɢɫɥɨɪɨɞɨɦ ɜɨɡɞɭɯɚ ɢ ɩɨɫɥɟɞɭɸɳɟɟ ɪɚɫɳɟɩɥɟɧɢɟ ɨɛɪɚɡɭɸ-
ɳɟɝɨɫɹ ɝɢɞɪɨɩɟɪɨɤɫɢɞɚ ɤɭɦɨɥɚ ɪɚɫɬɜɨɪɨɦ ɫɟɪɧɨɣ ɤɢɫɥɨɬɨɣ ɹɜɥɹɟɬɫɹ ɩɪɨɦɵɲɥɟɧɧɵɦ ɫɩɨɫɨɛɨɦ ɩɨ-
ɥɭɱɟɧɢɹ ɚɪɨɦɚɬɢɱɟɫɤɨɝɨ ɫɨɟɞɢɧɟɧɢɹ 8 – ɮɟɧɨɥɚ (ɢ ɚɰɟɬɨɧɚ ɜ ɤɚɱɟɫɬɜɟ ɧɟɚɪɨɦɚɬɢɱɟɫɤɨɝɨ ɩɪɨɞɭɤɬɚ). 
Ⱥɥɤɢɥɢɪɨɜɚɧɢɟ ɮɟɧɨɥɚ ɛɪɨɦɢɫɬɵɦ ɷɬɢɥɨɦ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɨɫɧɨɜɚɧɢɹ (ɤɚɪɛɨɧɚɬɚ ɤɚɥɢɹ) ɹɜɥɹɟɬɫɹ ɪɟ-
ɚɤɰɢɟɣ ɧɭɤɥɟɨɮɢɥɶɧɨɝɨ ɡɚɦɟɳɟɧɢɹ, ɩɪɢ ɷɬɨɦ ɨɛɪɚɡɭɟɬɫɹ ɮɟɧɟɬɨɥ С. 

ɉɪɢ ɚɥɤɢɥɢɪɨɜɚɧɢɢ ɮɟɧɨɥɚ ɷɬɢɥɟɧɨɦ ɜ ɩɪɢɫɭɬɫɬɜɢɢ H2SO4 ɨɛɪɚɡɭɟɬɫɹ ɫɦɟɫɶ ɨ- ɢ ɩ-

ɷɬɢɥɮɟɧɨɥɨɜ (ɫɨɟɞɢɧɟɧɢɹ D ɢ E). 
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ɉɪɢ ɫɭɥɶɮɢɪɨɜɚɧɢɢ ɬɨɥɭɨɥɚ ɨɛɪɚɡɭɟɬɫɹ ɫɦɟɫɶ ɨ- ɢ ɩ-ɬɨɥɭɨɥɫɭɥɶɮɨɤɢɫɥɨɬ 9 ɢ 12. Ɉɛɪɚɛɨɬɤɚ 
ɷɬɢɯ ɤɢɫɥɨɬ ɜɨɞɧɵɦ ɪɚɫɬɨɪɨɦ ɳɟɥɨɱɢ ɩɪɢɜɨɞɢɬ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɧɚɬɪɢɟɜɵɯ ɫɨ-
ɥɟɣ 10 ɢ 13. ɇɚɝɪɟɜɚɧɢɟ ɷɬɢɯ ɫɨɥɟɣ ɫ ɬɜɟɪɞɨɣ ɳɟɥɨɱɶɸ ɩɪɢɜɨɞɢɬ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɦɟɬɢɥɮɟɧɨ-
ɥɨɜ 11 ɢ 14. ȼ ɪɟɡɭɥɶɬɚɬɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɦɟɬɢɥɮɟɧɨɥɨɜ 11 ɢ 14 ɫ ɢɨɞɢɫɬɵɦ ɦɟɬɢɥɨɦ ɩɨɥɭɱɚɸɬɫɹ 
ɦɟɬɢɥɚɧɢɡɨɥɵ F ɢ G. 
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Сɢɫɬɟɦɚ ɨцɟɧɢɜɚɧɢя: 
1. ɋɬɪɭɤɬɭɪɧɚя ɮɨɪɦɭɥɚ ɢ ɧɚɡɜɚɧɢɟ ɜɟɳɟɫɬɜɚ Х   1 ɛ.  2 = 2 ɛɚɥɥɚ 

2. ɋɬɪɭɤɬɭɪɧɵɟ ɮɨɪɦɭɥɵ ɫɨɟɞɢɧɟɧɢɣ 1-5   1 ɛ.  5 = 5 ɛɚɥɥɨɜ 

3. ɋɬɪɭɤɬɭɪɧɵɟ ɮɨɪɦɭɥɵ ɫɨɟɞɢɧɟɧɢɣ A-G ɢ 6-14   1 ɛ.  16 = 16 ɛɚɥɥɨɜ 

Вɫɟɝɨ   23 ɛɚɥɥɚ 

Зɚɞɚɧɢɟ 4.  (ɚɜɬɨɪ Пɚɧɨɜ Ɇ.С.). 
1. ȼ 100 ɝ ɫɩɥɚɜɚ ɛɭɞɟɬ ɫɨɞɟɪɠɚɬɶɫɹ 26,68 ɝ Nd, 1 ɝ B ɢ 100-26,68-1 = 72,32 ɝ Fe. Ʉɨɥɢɱɟɫɬɜɨ ɷɥɟɦɟɧ-
ɬɨɜ ɜ ɦɨɥɹɯ ɫɨɫɬɚɜɢɬ 26,68/144,24 = 0,185, 1/10,811 = 0,0925, 72,32/55,847 = 1,295. Ɇɨɥɶɧɨɟ ɫɨɨɬɧɨ-
ɲɟɧɢɟ Nd : B : Fe = 0,185 : 0,0925 : 1,295 = 2 : 1 : 14, ɬ.ɟ. ɫɨɫɬɚɜ ɫɩɥɚɜɚ Nd2BFe14. ɉɪɢ ɫɨɞɟɪɠɚɧɢɢ ɧɟ-
ɨɞɢɦɚ ɜ ɫɩɥɚɜɟ 0,2668 = m/M ɦɚɫɫɚ ɷɬɨɝɨ ɫɩɥɚɜɚ, ɧɟɨɛɯɨɞɢɦɚɹ ɞɥɹ ɢɡɜɥɟɱɟɧɢɹ 1,00 ɤɝ = 1000 ɝ ɧɟ-
ɨɞɢɦɚ, ɫɨɫɬɚɜɢɬ M = 1000/0,2668 = 3748 ɝ. ɇɟɨɞɢɦɚ ɜ ɦɨɥɹɯ ɜ ɷɬɨɣ ɦɚɫɫɟ ɫɩɥɚɜɚ ɛɭɞɟɬ 1000/144,24 = 
6,93 ɦɨɥɶ, ɛɨɪɚ ɜ 2 ɪɚɡɚ ɦɟɧɶɲɟ, ɚ ɠɟɥɟɡɚ ɜ 7 ɪɚɡ ɛɨɥɶɲɟ (ɫɦ. ɫɨɫɬɚɜ ɫɩɥɚɜɚ). Ɉɛɳɟɟ ɤɨɥɢɱɟɫɬɜɨ ɚɬɨ-
ɦɨɜ ɜ ɷɬɨɦ ɫɩɥɚɜɟ ɛɭɞɟɬ ɪɚɜɧɨ 6,02*1023*6,93*(1 + ½ + 7) = 3,55*1025

 ɲɬɭɤ. 

2. Ɉɛɳɚɹ ɮɨɪɦɭɥɚ ɨɤɫɢɞɚ Ɇ2Ɉɯ. Ɇɚɫɫɨɜɚɹ ɞɨɥɹ ɤɢɫɥɨɪɨɞɚ  = 16x/(2M+16x) = 0,381. Ɉɬɫɸɞɚ 16ɯ = 
0,381*(2Ɇ+16ɯ) = 0,762Ɇ+6,096ɯ ɢɥɢ 0,762Ɇ = 16ɯ-6,096ɯ. Ɉɬɫɸɞɚ Ɇ = 9,904ɯ/0,762 = 13ɯ. ɋɨɫɬɚ-
ɜɢɦ ɬɚɛɥɢɰɭ, ɩɟɪɟɛɢɪɚɹ ɫɬɟɩɟɧɢ ɨɤɢɫɥɟɧɢɹ:  
 

ɯ +1 +2 +3 +4 +5 +6 +7 +8 

Ɇ, 
ɝ/ɦɨɥɶ 

13(?) 26(?) 39(K?) 52(Cr) 65(Zn?) 78(Se?) 91(Zr?) 104(?) 

ȿɞɢɧɫɬɜɟɧɧɵɣ ɩɨɞɯɨɞɹɳɢɣ ɜɚɪɢɚɧɬ – Cr (ɦɟɬɚɥɥ М), ɮɨɪɦɭɥɚ ɨɤɫɢɞɚ A – CrO2. Ʉ ɬɨɦɭ ɠɟ ɜɵɜɨɞɭ 
ɦɨɠɧɨ ɩɪɢɣɬɢ, ɢɫɩɨɥɶɡɭɹ ɡɚɤɨɧ Ⱦɚɥɶɬɨɧɚ ɞɥɹ ɬɪɟɯ ɨɤɫɢɞɨɜ ɯɪɨɦɚ Ⱥ, Ȼ, ȼ. 

ɉɨ ɭɫɥɨɜɢɸ, ɜ 22,4 ɥ CrO2 ɫɨɞɟɪɠɢɬɫɹ з1268 ɦɨɥɶ ɷɬɨɝɨ ɜɟɳɟɫɬɜɚ, ɤɨɬɨɪɵɟ ɜɟɫɹɬ (52+2*16)*1268 = 
106512 ɝ. ɉɥɨɬɧɨɫɬɶ CrO2 ɧɚɣɞɟɦ, ɪɚɡɞɟɥɢɜ ɟɝɨ ɦɚɫɫɭ ɧɚ ɨɛɴɟɦ:  = 106512/22,4 = 4755 ɝ/ɥ ɢɥɢ 4,755 
ɝ/ɫɦ3. Ɉɛɴɟɦ ɦɚɝɧɢɬɧɨɝɨ ɫɥɨɹ ɧɚ ɥɟɧɬɟ ɫɨɫɬɚɜɥɹɟɬ 10*10-6

*3,8*10
-3

*135 = 5,13*10
-6

 ɦ3
 ɢɥɢ 5,13 ɫɦ3

. 

Ɇɚɫɫɚ CrO2 m = 5,13*4,755 = 24,4 ɝ.ȼ 100 ɝ ɨɤɫɢɞɚ Ⱥ ɫɨɞɟɪɠɢɬɫɹ 38,1 ɝ Ɉ ɢ 100-38,1 = 61,9 ɝ Cr. 

Ɇɨɥɶɧɨɟ ɫɨɨɬɧɨɲɟɧɢɟ 38,1/16 : 61,9/52 = 2,38 : 1,19 = 2 : 1 

3. ɋɨɫɬɚɜɵ ɨɤɫɢɞɨɜ Ȼ ɢ ȼ ɫɱɢɬɚɟɦ, ɡɧɚɹ, ɱɬɨ ɦɟɬɚɥɥ – ɯɪɨɦ. ȼ 100 ɝ Ȼ ɫɨɞɟɪɠɢɬɫɹ 52 ɝ ɯɪɨɦɚ ɢ 48 ɝ 
ɤɢɫɥɨɪɨɞɚ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɢɯ ɦɨɥɶɧɨɟ ɫɨɨɬɧɨɲɟɧɢɟ: Cr : O = 52/52 : 48/16 = 1 : 3, ɨɬɤɭɞɚ Ȼ – CrO3. 

Ⱦɥɹ ȼ: Cr : O = 68,4/52 : 31,6/16 = 1,32 : 1,975 = 1 : 1,5 ɢɥɢ 2 : 3, ɨɬɤɭɞɚ ȼ – Cr2O3.  

ɍɪɚɜɧɟɧɢɟ ɪɟɚɤɰɢɢ Д1Ж: CrO3 + Cr2O3 = 3CrO2.  
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4. Ⱦɚɠɟ ɟɫɥɢ ȼɵ ɧɟ ɩɨɫɱɢɬɚɥɢ ɬɨɱɧɵɟ ɫɨɫɬɚɜɵ ɨɤɫɢɞɨɜ, ɬɨ ɞɨɫɬɚɬɨɱɧɨ ɩɨɫɦɨɬɪɟɬɶ ɧɚ ɪɟɚɤɰɢɸ Д2Ж: 
ɨɤɫɢɞ ɫ ɛɨɥɶɲɢɦ ɫɨɞɟɪɠɚɧɢɟɦ Ɉ ɩɪɟɜɪɚɳɚɟɬɫɹ ɜ ɞɪɭɝɨɣ ɨɤɫɢɞ ɫ ɦɟɧɶɲɢɦ ɫɨɞɟɪɠɚɧɢɟɦ Ɉ ɢ ɜɵɞɟɥɹ-
ɟɬɫɹ ɤɚɤɨɣ-ɬɨ ɝɚɡ. Ɉɬɫɸɞɚ ɫɥɟɞɭɟɬ, ɱɬɨ ɝɚɡɨɦ Ⱦ ɹɜɥɹɟɬɫɹ ɤɢɫɥɨɪɨɞ. ɀɟɥɬɨɜɚɬɨ-ɡɟɥɟɧɵɣ ɝɚɡ ȿ ɫ ɪɟɡ-
ɤɢɦ ɡɚɩɚɯɨɦ ɫ ɩɥɨɬɧɨɫɬɶɸ 3,165 ɝ/ɥ ɩɪɢ ɧ.ɭ ɢɦɟɟɬ ɦɨɥɹɪɧɭɸ ɦɚɫɫɭ 3,165*22,4 = 70,9 ɝ/ɦɨɥɶ, ɱɬɨ ɨɞ-
ɧɨɡɧɚɱɧɨ ɭɤɚɡɵɜɚɟɬ ɧɚ ɯɥɨɪ. Ɉɬɫɸɞɚ ɫɥɟɞɭɟɬ, ɱɬɨ ɫɨɟɞɢɧɟɧɢɟ Ƚ ɫɨɞɟɪɠɢɬ ɜ ɫɜɨɟɦ ɫɨɫɬɚɜɟ ɚɬɨɦɵ 
ɯɥɨɪɚ – ɷɬɨ ɢ ɟɫɬɶ ɬɪɟɬɢɣ ɷɥɟɦɟɧɬ. Ɂɧɚɹ ɦɚɫɫɨɜɵɟ ɞɨɥɢ ɜɫɟɯ ɷɥɟɦɟɧɬɨɜ, ɪɚɫɫɱɢɬɚɟɦ ɫɨɫɬɚɜ Ƚ: Cr : O : 

Cl = 33,57/52 : 20,66/16 : (100-33,57-20,66)/35,45 = 0,646 : 1,291 : 1,291 = 1 : 2 : 2, ɨɬɤɭɞɚ Ƚ – CrO2Cl2. 

ɍɪɚɜɧɟɧɢɹ ɪɟɚɤɰɢɣ: 2CrO3 = 2CrO2 + O2 [2], CrO2ɋl2 = CrO2 + ɋl2 [3].  

5. ɍɪɚɜɧɟɧɢɹ ɪɟɚɤɰɢɣ: 2CrO3 + H2Ɉ = H2Cr2O7 [4]; CrO3 + 2KOH = K2CrO4 + H2O [5]; 

2CrO3 + 12HCl(ɤ) = 2CrCl3 + 6H2O + 3Cl2  [6], 4CrO3 + C2H5OH = 2Cr2O3 + 2CO2 + 3H2O [7]; 

2CrO2ɋl2 + 3H2O = H2Cr2O7 + 4HCl [8]. 

Сɢɫɬɟɦɚ ɨцɟɧɢɜɚɧɢя: 
1. Ɋɚɫɱɟɬɵ ɫɨɨɬɧɨɲɟɧɢя, ɦɚɫɫɵ ɫɩɥɚɜɚ, ɤɨɥɢɱɟɫɬɜɚ ɚɬɨɦɨɜ ɩɨ 2 ɛ              3*2ɛ = 6 ɛ; 
2. ȼɵɯɨɞ ɧɚ ɦɟɬɚɥɥ 2 ɛ, ɮɨɪɦɭɥɚ ɨɤɫɢɞɚ 1 ɛ, ɦɚɫɫɚ ɜɟɳɟɫɬɜɚ 2 ɛ, ɟɝɨ ɩɥɨɬɧɨɫɬɶ 2 ɛ   1ɛ+3*2ɛ = 7 ɛ; 
3. Ɏɨɪɦɭɥɵ ɨɤɫɢɞɨɜ ɩɨ 1 ɛ, ɭɪɚɜɧɟɧɢɟ ɪɟɚɤɰɢɢ 1 ɛ         2*1ɛ+1ɛ = 3 ɛ; 
4. Ɏɨɪɦɭɥɵ ɝɚɡɨɜ ɢ ɜɟɳɟɫɬɜɚ Ƚ ɩɨ 1 ɛ, ɭɪɚɜɧɟɧɢя ɪɟɚɤɰɢɣ ɩɨ 1 ɛ      3*1ɛ+2*1ɛ = 5 ɛ; 
5. ɍɪɚɜɧɟɧɢя ɪɟɚɤɰɢɣ ɩɨ 1 ɛ         5*1ɛ = 5 ɛ; 
Вɫɟɝɨ    26 ɛɚɥɥɨɜ 

Зɚɞɚɧɢɟ 5.  (ɚɜɬɨɪ Сɚɩɚɪɛɚɟɜ Э.С.). 
1. ȼ ɭɫɥɨɜɢɢ ɡɚɞɚɱɢ ɨɩɢɫɚɧ ɩɪɨɰɟɫɫ ɨɬɤɪɵɬɢɹ ɮɨɫɮɨɪɚ (ɷɥɟɦɟɧɬ Х) ɢ ɫɜɨɣɫɬɜɚ ɛɟɥɨɝɨ ɮɨɫɮɨɪɚ P4 

(ɜɟɳɟɫɬɜɨ Ⱥ). ɍɪɚɜɧɟɧɢɹ ɪɟɚɤɰɢɣ (ɞɥɹ ɩɪɨɫɬɨɬɵ ɮɨɪɦɭɥɭ Ⱥ ɛɭɞɟɦ ɡɚɩɢɫɵɜɚɬɶ ɤɚɤ Ɋ): 
A→B: 4P + 5O2 = 2P2O5; A→C: P + 5HNO3 = H3PO4 + 5NO2 + H2O; B→C: P2O5 + 3H2O = 2H3PO4;  

B→G: P2O5 + H2O = 2HPO3; C→D: 2H3PO4 + 3Ca(OH)2 = Ca3(PO4)2 + 6H2O;  

D→C: Ca3(PO4)2 + 6HNO3 = 2H3PO4 + 3Ca(NO3)2; D→E: Ca3(PO4)2 + 8C = 8ɋɈ + Ca3P2;  

D→A: Ca3(PO4)2 + 3SiO2 + 5C = CaSiO3 + 2P + 5CO; A→L: 2P + 5Cl2 = 2PCl5;  

L→C: PCl5 + 4H2O = H3PO4 + 5HCl; F→C: PH3 + 8HNO3 = H3PO4 + 8NO2 + 4H2O;  

E→F: Ca3P2 + 6H2O = 3Ca(OH)2 + 2PH3; E→F: Ca3P2 + 6HCl = 3CaCl2 + 2PH3;  

G→H: HPO3 + NaOH = NaPO3 + H2O; C→J: H3PO4 + 1NH3 + H2O = (NH4)H2PO4 + H2O;  

J→I: (NH4)H2PO4 = NH4PO3 + H2O; I→H: NH4PO3 + NaOH = NaPO3 + NH3 + H2O;  

G→C: HPO3 + H2O = H3PO4. 

2. B – P2O5 (ɨɤɫɢɞ ɮɨɫɮɨɪɚ (V)); C – H3PO4 (ɨɪɬɨɮɨɫɮɨɪɧɚɹ ɤɢɫɥɨɬɚ);  

D – Ca3(PO4)2 (ɨɪɬɨɮɨɫɮɚɬ ɤɚɥɶɰɢɹ); E – Ca3P2 (ɮɨɫɮɢɞ ɤɚɥɶɰɢɹ); F – PH3 (ɮɨɫɮɢɧ);  

G – HPO3 (ɦɟɬɚɮɨɫɮɨɪɧɚɹ ɤɢɫɥɨɬɚ); H – NaPO3 (ɦɟɬɚɮɨɫɮɚɬ ɧɚɬɪɢɹ); 

J – NH4PO4 (ɦɟɬɚɮɨɫɮɚɬ ɚɦɦɨɧɢɹ); I – (NH4)H2PO4 (ɞɢɝɢɞɪɨɨɪɬɨɮɨɫɮɚɬ ɚɦɦɨɧɢɹ); 

L – PCl5 (ɩɟɧɬɚɯɥɨɪɢɞ ɮɨɫɮɨɪɚ). 

3. ɍɪɚɜɧɟɧɢɟ ɪɟɚɤɰɢɢ: 8P + 3Ba(OH)2 + 6H2O = 2PH3  + 3Ba(H2PO2)2 (К - ɝɢɩɨɮɨɫɮɢɬ ɛɚɪɢɹ). 

4. Ɇɨɥɹɪɧɚɹ ɦɚɫɫɚ PCl5 ɫɨɫɬɚɜɥɹɟɬ 208,5 ɝ/ɦɨɥɶ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɞɥɹ ɪɚɫɬɜɨɪɟɧɢɹ ɜɡɹɥɢ 4,17/208,5 = 
0,02 ɦɨɥɹ ɩɟɧɬɚɯɥɨɪɢɞɚ ɮɨɫɮɨɪɚ. ɉɨ ɭɪɚɜɧɟɧɢɸ ɪɟɚɤɰɢɢ L→C ɨɛɪɚɡɭɟɬɫɹ 0,1 ɦɨɥɶ HCl ɢ 0,02 ɦɨɥɹ 
H3PO4. Ʉɨɧɰɟɧɬɪɚɰɢɹ ɇCl 1 ɦɨɥɶ/ɥ, ɤɨɧɰɟɧɬɪɚɰɢɹ H3PO4 0,2 ɦɨɥɶ/ɥ. Ⱦɢɫɫɨɰɢɚɰɢɹ ɮɨɫɮɨɪɧɨɣ ɤɢɫɥɨ-
ɬɵ ɜ ɷɬɢɯ ɭɫɥɨɜɢɹɯ ɢɞɟɬ ɦɟɧɟɟ, ɱɟɦ ɧɚ 0,7 %, ɬ.ɤ. 7*10-3

 = 1*[H2PO4
-
]/[H3PO4Ж, ɩɨɷɬɨɦɭ ɟɟ ɜɤɥɚɞɨɦ ɜ 

ɪɇ ɦɨɠɧɨ ɩɪɟɧɟɛɪɟɱɶ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɜ ɩɨɥɭɱɟɧɧɨɦ ɪɚɫɬɜɨɪɟ ɪɇ = -lg[H
+
]   -lg1 = 0. 

Сɢɫɬɟɦɚ ɨцɟɧɢɜɚɧɢя: 
1. Эɥɟɦɟɧɬ ɏ, ɜɟɳɟɫɬɜɨ А (ɛɟɥɵɣ ɮɨɫɮɨɪ, ɟɫɥɢ ɩɪɨɫɬɨ ɮɨɫɮɨɪ, ɬɨ 0 ɛ) ɩɨ 1 ɛ            2*1ɛ = 2 ɛ; 
    ɍɪɚɜɧɟɧɢя ɪɟɚɤɰɢɣ ɩɨ 0,5 ɛ          18*0,5ɛ  = 9 ɛ; 
2. ɇɚɡɜɚɧɢя ɜɟɳɟɫɬɜ B-L  ɩɨ 0,5 ɛ            10*0,5ɛ = 5 ɛ; 
3. ɇɚɡɜɚɧɢɟ ɫɨɥɢ 1 ɛ, ɭɪɚɜɧɟɧɢɟ ɪɟɚɤɰɢɢ 1 ɛ               2*1ɛ = 2 ɛ; 
4. Ɉɰɟɧɤɚ ɪɇ 3 ɛ                    3 ɛ 

Вɫɟɝɨ    21 ɛɚɥɥ 

 



 

Ɂɚɞɚɧɢɟ 1.  (ɚɜɬɨɪɵ Ɇɨɪɨɡɨɜ Ⱦ.А., Иɥɶɢɧ Ɇ.А.). 
 

          1           

          Ȼ           

    2      ȿ      3     

    Ⱥ      Ɋ      Ʉ     

    Ʌ    4  Ɍ  5    Ɉ     

    ɖ    Ɍ  Ʌ  Ɍ    Ʌ     
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        ɇ    Ʉ         

9 Ⱥ Ɋ Ɋ ȿ ɇ ɂ ɍ ɋ   10 Ɉ ɋ Ɍ ȼ Ⱥ Ʌ ɖ Ⱦ  

ɚ) Ⱦɦɢɬɪɢɣ ɂɜɚɧɨɜɢɱ Ɇɟɧɞɟɥɟɟɜ. 

ɛ) H2C=CH2 + H2O 
H

 H3C-CH2-OH. 

ɜ) C6H12O6 
ферɦеɧты

 2H3C-CH2-OH + 2CO2 . 

+
to

г)

 
ɞ) Ⱦɢɥɶɫ. 

ɟ) COOK2                                 +   2H2O
эɥ. тɨɤ

+   2CO2  +  2NaOH  +  H2  

ɠ) +   2[Ag(NH3)2]OH
to

H3C C

O

H

H3C C

O

O    NH4

+   2Ag  +  3NH3  +  H2O

 
ɡ) Ɉɫɭɲɟɧɢɟ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɨɣ ɫɟɪɧɨɣ ɤɢɫɥɨɬɨɣ: ɦɨɠɧɨ ɨɫɭɲɢɬɶ ɬɨɥɶɤɨ CO2 ɢ Cl2. 

8HI + H2SO4 ɤɨɧɰ.  4I2 + H2S + 4H2O; NH3 + H2SO4 ɤɨɧɰ.  NH4HSO4. 

Ɉɫɭɲɟɧɢɟ ɬɜɟɪɞɵɦ ɝɢɞɪɨɤɫɢɞɨɦ ɧɚɬɪɢɹ: ɦɨɠɧɨ ɨɫɭɲɢɬɶ ɬɨɥɶɤɨ NH3. 

CO2 + NaOH  NaHCO3; HI + NaOH  NaI + H2O; 

3Cl2 + 6NaOH 
t

 5NaCl + NaClO3 + 3H2O   ɢɥɢ   Cl2 + 2NaOH 
C0

 NaCl + NaClO + H2O. 

и) +  Br2
CCl4

COOAg

NO2

+  CO2  +  AgBr

NO2

Br

 

к) +
AlCl3

C CH3

CH3

H3C

+  HClCl

C CH3

CH3

H3C

CH
H3C CH3  

ɥ) 2H3C-CH2-OH 
ZnOOAlt

32
,

 H2C=CH-CH=CH2 + 2H2O + H2. 

ɦ) ɋɢɥɶɧɵɟ ɷɥɟɤɬɪɨɥɢɬɵ: ɧɚɩɪɢɦɟɪ, ɜɫɟ ɪɚɫɬɜɨɪɢɦɵɟ ɫɨɥɢ (NaCl, K2SO4, Mg(NO3)2 ɢ ɬ.ɞ.), ɳɟɥɨɱɢ 
(NaOH, Ba(OH)2 ɢ ɬ.ɞ.), ɧɟɤɨɬɨɪɵɟ ɤɢɫɥɨɬɵ (HNO3, HCl, H2SO4 ɢ ɞɪ.). 
ɋɥɚɛɵɟ ɷɥɟɤɬɪɨɥɢɬɵ: ɧɚɩɪɢɦɟɪ, ɛɨɥɶɲɢɧɫɬɜɨ ɨɪɝɚɧɢɱɟɫɤɢɯ ɤɚɪɛɨɧɨɜɵɯ ɤɢɫɥɨɬ (CH3COOH, 

C6H5COOH ɢ ɞɪ.), ɚɦɦɢɚɤ (NH3 ɜɨɞɧ.), ɨɪɝɚɧɢɱɟɫɤɢɟ ɚɦɢɧɵ (CH3NH2, (CH3)2NH ɢ ɞɪ.). 
ɇɟɷɥɟɤɬɪɨɥɢɬɵ: ɧɚɩɪɢɦɟɪ, ɭɝɥɟɜɨɞɵ (ɝɥɸɤɨɡɚ, ɫɚɯɚɪɨɡɚ ɢ ɞɪ.), ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɚɹ ɜɨɞɚ. 

ɧ) 
1

2
c

Ka

.
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11 ȘșȎȟȟ 

 



11 ɤɥɚɫɫ, ɦɚɤɫɢɦɚɥɶɧɨɟ ɤɨɥ-ɜɨ ɛɚɥɥɨɜ: 117 Ʌɢɫɬ 2 ɢɡ 5 

 

Сɢɫɬɟɦɚ ɨцɟɧɢɜɚɧɢя: 
Ɏɚɦɢɥɢɢ ɭɱɟɧɵɯ ɜ ɤɪɨɫɫɜɨɪɞɟ   0,5 ɛ.  10 = 5 ɛɚɥɥɨɜ 

Ɉɬɜɟɬ ɜ ɩɭɧɤɬɟ ɚ (ɮɚɦɢɥɢя + ɢɦя + ɨɬɱɟɫɬɜɨ)   0,5 ɛ.  3 = 1,5 ɛɚɥɥɚ 

ɍɪɚɜɧɟɧɢя ɪɟɚɤɰɢɣ ɜ ɩɭɧɤɬɚɯ ɛ, ɜ, ɝ, ɟ, ɠ, ɢ, ɤ, ɥ (ɫ ɭɤɚɡɚɧɢɟɦ ɜɫɟɯ ɭɫɥɨɜɢɣ)  1 ɛ.  8 = 8 ɛɚɥɥɨɜ 

ɍɪɚɜɧɟɧɢя ɪɟɚɤɰɢɣ ɜ ɩɭɧɤɬɟ ɡ (ɨɛɨɫɧɨɜɚɧɢɟ ɧɟɜɨɡɦɨɠɧɨɫɬɢ ɨɫɭɲɟɧɢя)   1 ɛ.  5 = 5 ɛɚɥɥɨɜ 

Ɉɬɜɟɬɵ ɜ ɩɭɧɤɬɚɯ ɞ, ɧ   0,5 ɛ.  2 = 1 ɛɚɥɥ 

Ɉɬɜɟɬɵ ɜ ɩɭɧɤɬɟ ɦ (ɩɨ ɨɞɧɨɦɭ ɩɪɢɦɟɪɭ ɷɥɟɤɬɪɨɥɢɬɨɜ ɢ ɧɟɷɥɟɤɬɪɨɥɢɬɚ)   0,5 ɛ.  3 = 1,5 ɛɚɥɥɚ 

Вɫɟɝɨ   22 ɛɚɥɥɚ 
 

Ɂɚɞɚɧɢɟ 2.  (ɚɜɬɨɪɵ Чɭɛɚɪɨɜ А.С., ȿɦɟɥɶяɧɨɜ В.А.). 

1. ɍɪɚɜɧɟɧɢɹ ɹɞɟɪɧɵɯ ɪɟɚɤɰɢɣ: 10
5B + 

1
0n = 

11
5B Д1Ж ɢ 11

5B = 
7

3Li + 
4

2α (ɢɥɢ 42He)[2].  

2. Ⱦɥɹ ɨɞɧɨɤɪɚɬɧɨɣ ɬɟɪɚɩɢɢ ɩɚɰɢɟɧɬɚ ɦɚɫɫɨɣ 80 ɤɝ ɩɨɬɪɟɛɭɟɬɫɹ ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ 80*103
*44*10

-6
/4 = 880*10

-3
 ɝ 

= 880 ɦɝ ɛɨɪɚ-10. ȼ ɩɪɟɩɚɪɚɬɟ ɨɪɬɨɤɚɪɛɨɪɚɧɟ ɫɨɫɬɚɜɚ C2
10

B10H12 ɦɚɫɫɨɜɚɹ ɞɨɥɹ ɛɨɪɚ-10 ɫɨɫɬɚɜɥɹɟɬ 
10*10/(2*12+10*10+1*12) = 0,735. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɛɨɥɶɧɨɦɭ ɩɟɪɟɞ ɨɛɥɭɱɟɧɢɟɦ ɫɥɟɞɭɟɬ ɜɜɟɫɬɢ 880/0,735 = 
1197 ɦɝ ɢɥɢ ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ 1,2 ɝ ɨɪɬɨɤɚɪɛɨɪɚɧɚ. ɉɪɢ ɷɬɨɦ ɜ ɨɩɭɯɨɥɶ ɦɚɫɫɨɣ 2 ɝ ɩɨɩɚɞɟɬ 44*10-6

*2 = 88*10
-6

 ɝ 
ɛɨɪɚ-10, ɤɨɬɨɪɵɟ ɛɭɞɭɬ ɫɨɞɟɪɠɚɬɶ 88*10-6

/10 = 8,8*10
-6

 ɦɨɥɟɣ ɛɨɪɚ ɢɥɢ 6,02*1023
*8,8*10

-6
 = 5,3*10

18
 ɚɬɨɦɨɜ. 

ɍɪɚɜɧɟɧɢɹ ɹɞɟɪɧɵɯ ɪɟɚɤɰɢɣ 1
1H + 

1
0n = 

2
1H (ɢɥɢ D) Д3Ж ɢ  

14
7N + 

1
0n = 

1
1p + 

14
6C [4].  

3. ɍɪɚɜɧɟɧɢɹ ɪɟɚɤɰɢɣ: 7
3Li + 

1
1p = 

1
0n + 

7
4Be [5], 6Li + N2 = 2Li3N [6], 4Li + O2 = 2Li2O [7],  

2Li + 2H2O = 2LiOH + H2  [8]. 

4. ɍɪɚɜɧɟɧɢɟ ɹɞɟɪɧɨɣ ɪɟɚɤɰɢɢ: 
7

4Be + 
0

-1e = 
7

3LТ Д9Ж. Ʉɨɥɢɱɟɫɬɜɨ ɚɬɨɦɨɜ ɜɟɳɟɫɬɜɚ ɡɚɜɢɫɢɬ ɨɬ ɜɪɟɦɟɧɢ ɫɨɝɥɚɫɧɨ 

ɭɪɚɜɧɟɧɢɸ: N = N0×(1/2) 2/1
/ tt

, ɝɞɟ N – ɤɨɥɢɱɟɫɬɜɨ ɚɬɨɦɨɜ ɜ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ t, N0 – ɧɚɱɚɥɶɧɨɟ ɤɨɥɢɱɟɫɬɜɨ 
ɚɬɨɦɨɜ, t – ɜɪɟɦɹ, t1/2 – ɩɟɪɢɨɞ ɩɨɥɭɪɚɫɩɚɞɚ. ɋɧɢɠɟɧɢɟ ɫɨɞɟɪɠɚɧɢɹ ɪɚɞɢɨɚɤɬɢɜɧɵɯ ɹɞɟɪ ɜ 128 ɪɚɡ ɨɡɧɚɱɚɟɬ, 

ɱɬɨ N0/N = 128 ɢɥɢ N/N0 = 1/128. ɂɡ ɭɪɚɜɧɟɧɢɹ ɩɨɥɭɱɚɟɦ, ɱɬɨ 1/128 = (1/2) 2/1
/ tt

 ɢɥɢ 128 = 2 2/1
/ tt

. ɉɨɫɤɨɥɶ-
ɤɭ 128 = 27, ɫɥɟɞɨɜɚɬɟɥɶɧɨ t/t1/2 = 7, ɨɬɤɭɞɚ t = 7*54 = 378 ɞɧɟɣ. Ɇɨɠɧɨ ɩɨɫɱɢɬɚɬɶ ɢ ɩɨɞɛɨɪɨɦ: ɡɚ 1 ɩɟɪɢɨɞ ɩɨ-
ɥɭɪɚɫɩɚɞɚ ɫɨɞɟɪɠɚɧɢɟ ɭɦɟɧɶɲɚɟɬɫɹ ɜ 2 ɪɚɡɚ, ɡɚ 2 – ɜ 4, ɡɚ 3 – ɜ 8, ɡɚ 4 – ɜ 16, ɡɚ 5 – ɜ 32, ɡɚ 6 – ɜ 64, ɡɚ 7 – ɜ 
128. 

5. ɉɪɢɦɟɦ ɩɪɢɪɨɞɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɢɡɨɬɨɩɚ 6LТ ɡɚ ɯ, ɬɨɝɞɚ ɫɨɞɟɪɠɚɧɢɟ ɢɡɨɬɨɩɚ 7LТ ɛɭɞɟɬ (1-ɯ). ɋɨɫɬɚɜɢɦ ɭɪɚɜ-
ɧɟɧɢɟ: ɯ*6 + (1-ɯ)*7 = 6,941, ɪɟɲɚɹ ɤɨɬɨɪɨɟ, ɩɨɥɭɱɢɦ ɯ = 0,059 ɢɥɢ ɨɤɨɥɨ 6 %. Ɍɚɤ ɤɚɤ α-ɱɚɫɬɢɰɵ ɢ ɹɞɪɚ ɬɪɢ-
ɬɢɹ ɩɨɥɭɱɚɸɬɫɹ ɬɨɥɶɤɨ ɜ ɯɨɞɟ ɨɛɥɭɱɟɧɢɹ ɩɪɢɪɨɞɧɨɝɨ ɥɢɬɢɹ, ɡɧɚɱɢɬ, ɨɧɢ ɹɜɥɹɸɬɫɹ ɩɪɨɞɭɤɬɚɦɢ ɪɟɚɤɰɢɢ 6

3Li ɫ 
ɩɪɨɬɨɧɚɦɢ ɢɥɢ ɜɵɞɟɥɹɸɳɢɦɢɫɹ ɜ ɪɟɚɤɰɢɢ Д5Ж ɧɟɣɬɪɨɧɚɦɢ. ȼ ɩɟɪɜɨɦ ɫɥɭɱɚɟ ɧɟ ɫɨɛɥɸɞɚɟɬɫɹ ɛɚɥɚɧɫ ɡɚɪɹɞɨɜ, ɚ 
ɜɨ ɜɬɨɪɨɦ – ɜɫɟ ɫɯɨɞɢɬɫɹ.  
ɍɪɚɜɧɟɧɢɟ ɪɟɚɤɰɢɢ: 63Li + 

1
0n = 

3
1Ɍ + 42He  ɢɥɢ 31ɇ + 42α [10]. 

6. Ƚɥɭɛɢɧɚ ɩɪɨɧɢɤɧɨɜɟɧɢɹ ɱɚɫɬɢɰ ɜ ɨɫɧɨɜɧɨɦ ɡɚɜɢɫɢɬ ɨɬ ɢɯ ɜɢɞɚ, ɚ ɬɚɤɠɟ ɷɧɟɪɝɢɢ. ȿɫɥɢ ɠɟ ɜɡɹɬɶ ɱɚɫɬɢɰɵ, 
ɨɛɪɚɡɭɸɳɢɟɫɹ ɩɪɢ ɹɞɟɪɧɵɯ ɪɟɚɤɰɢɹɯ ɢɡɨɬɨɩɨɜ, ɩɪɢɦɟɧɹɟɦɵɯ ɜ ɦɟɞɢɰɢɧɟ, ɬɨ ɧɚɢɛɨɥɶɲɟɣ ɫɬɟɩɟɧɶɸ ɩɪɨɧɢɤ-
ɧɨɜɟɧɢɹ ɛɭɞɟɬ ɨɛɥɚɞɚɬɶ γ-ɢɡɥɭɱɟɧɢɟ, ɧɚɢɦɟɧɶɲɟɣ α-ɱɚɫɬɢɰɵ (ɦɨɠɧɨ ɜɨɫɩɨɥɶɡɨɜɚɬɶɫɹ ɷɦɩɢɪɢɱɟɫɤɢɦ ɩɪɚɜɢ-
ɥɨɦ: ɱɟɦ ɛɨɥɶɲɟ ɪɚɡɦɟɪ (ɦɚɫɫɚ), ɬɟɦ ɦɟɧɶɲɟ ɫɬɟɩɟɧɶ ɩɪɨɧɢɤɧɨɜɟɧɢɹ). 

Сɢɫɬɟɦɚ ɨцɟɧɢɜɚɧɢя: 
1. ɍɪɚɜɧɟɧɢя ɪɟɚɤɰɢɣ ɩɨ1 ɛ                       2*1ɛ = 2 ɛ; 
2. ɍɪɚɜɧɟɧɢя ɪɟɚɤɰɢɣ ɩɨ1 ɛ, ɪɚɫɱɟɬɵ ɚ), ɛ), ɜ) ɩɨ 2 ɛ        2*1ɛ+3*2ɛ = 8 ɛ; 
3. ɍɪɚɜɧɟɧɢя ɪɟɚɤɰɢɣ ɩɨ1 ɛ    4*1ɛ = 4 ɛ; 
4. ɍɪɚɜɧɟɧɢɟ ɪɟɚɤɰɢɢ 1 ɛ, ɪɚɫɱɟɬ ɜɪɟɦɟɧɢ 2 ɛ                1ɛ+2ɛ = 3 ɛ; 
5. Ɋɚɫɱɟɬ 2 ɛ, ɭɪɚɜɧɟɧɢɟ ɪɟɚɤɰɢɢ 1 ɛ                 2ɛ+1ɛ = 3 ɛ; 
6. Аɪɝɭɦɟɧɬɢɪɨɜɚɧɧɵɣ ɜɵɛɨɪ ɤɚɠɞɨɝɨ ɜɢɞɚ ɢɡɥɭɱɟɧɢя ɩɨ 1 ɛ     2*1ɛ = 2 ɛ; 
Вɫɟɝɨ    22 ɛɚɥɥɚ 

Ɂɚɞɚɧɢɟ 3. (ɚɜɬɨɪɵ Кɨɧɟɜ В.ɇ., Иɥɶɢɧ Ɇ.А.). 

1. ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ ɛɟɧɡɨɥɚ ɫ ɧɢɬɪɭɸɳɟɣ ɫɦɟɫɶɸ (HNO3 ɤɨɧɰ. + H2SO4 ɤɨɧɰ.) ɩɪɢ ɧɚɝɪɟɜɚɧɢɢ ɩɪɢɜɨɞɢɬ ɤ ɨɛɪɚɡɨ-
ɜɚɧɢɸ ɦ-ɞɢɧɢɬɪɨɛɟɧɡɨɥɚ 1. ɉɪɨɞɭɤɬ 2 ɢɦɟɟɬ ɦɨɥɟɤɭɥɹɪɧɭɸ ɮɨɪɦɭɥɭ ɋ6ɇ6N2O2, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɩɪɢ ɨɛɪɚɛɨɬ-
ɤɟ ɦ-ɞɢɧɢɬɪɨɛɟɧɡɨɥɚ ɪɚɫɬɜɨɪɨɦ ɫɭɥɶɮɢɞɚ ɧɚɬɪɢɹ ɩɪɨɢɫɯɨɞɢɬ ɪɟɚɤɰɢɹ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ, ɩɪɢɱɟɦ ɜɨɫɫɬɚɧɚɜɥɢ-
ɜɚɟɬɫɹ ɥɢɲɶ ɨɞɧɚ ɧɢɬɪɨɝɪɭɩɩɚ ɢ ɨɛɪɚɡɭɟɬɫɹ ɦ-ɧɢɬɪɨɚɧɢɥɢɧ 2. ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ ɚɦɢɧɨɝɪɭɩɩɵ ɦ-ɧɢɬɪɨɚɧɢɥɢɧɚ 
ɫ ɚɡɨɬɢɫɬɨɣ ɤɢɫɥɨɬɨɣ (NaNO2 + H2SO4) ɩɪɢɜɨɞɢɬ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɫɨɥɢ ɞɢɚɡɨɧɢɹ 3, ɷɬɚ ɪɟɚɤɰɢɹ ɩɪɨɜɨɞɢɬɫɹ ɩɪɢ 
ɧɢɡɤɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɜɜɢɞɭ ɧɟɭɫɬɨɣɱɢɜɨɫɬɢ ɫɨɥɟɣ ɞɢɚɡɨɧɢɹ. 
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Ʉɢɩɹɱɟɧɢɟ ɜɨɞɧɨɝɨ ɪɚɫɬɜɨɪɚ ɫɨɥɢ ɞɢɚɡɨɧɢɹ 3 ɩɪɢɜɨɞɢɬ ɤ ɨɬɳɟɩɥɟɧɢɸ ɦɨɥɟɤɭɥɹɪɧɨɝɨ ɚɡɨɬɚ ɢ ɨɛɪɚ-

ɡɨɜɚɧɢɸ ɦ-ɧɢɬɪɨɮɟɧɨɥɚ 4. ɉɨɞ ɞɟɣɫɬɜɢɟɦ ɠɟɥɟɡɧɵɯ ɨɩɢɥɨɤ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɫɨɥɹɧɨɣ ɤɢɫɥɨɬɵ (ɜɨɞɨɪɨɞ «ɜ 
ɦɨɦɟɧɬ ɜɵɞɟɥɟɧɢɹ», ɨɞɢɧ ɢɡ ɜɚɪɢɚɧɬɨɜ ɩɪɨɜɟɞɟɧɢɹ ɪɟɚɤɰɢɢ Ɂɢɧɢɧɚ – ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɧɢɬɪɨɩɪɨɢɡɜɨɞɧɵɯ 
ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɞɨ ɚɦɢɧɨɜ) ɨɛɪɚɡɭɟɬɫɹ ɫɨɥɶ (ɯɥɨɪɢɞ) ɦ-ɚɦɢɧɨɮɟɧɨɥɚ. ɗɬɚ ɫɨɥɶ ɩɪɟɜɪɚɳɚ-
ɟɬɫɹ ɜ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɚɦɢɧɨɮɟɧɨɥ 5 ɩɨɫɥɟ ɨɛɪɚɛɨɬɤɢ ɜɨɞɧɵɦ ɪɚɫɬɜɨɪɨɦ ɤɚɪɛɨɧɚɬɚ ɤɚɥɢɹ. 

ȼ ɦɨɥɟɤɭɥɟ ɚɦɢɧɨɮɟɧɨɥɚ 5 ɩɪɢɫɭɬɫɬɜɭɸɬ ɞɜɚ ɧɭɤɥɟɨɮɢɥɶɧɵɯ ɰɟɧɬɪɚ: ɧɚ ɚɬɨɦɟ ɤɢɫɥɨɪɨɞɚ ɮɟɧɨɥɶ-
ɧɨɣ ɝɪɭɩɩɵ ɢ ɧɚ ɚɬɨɦɟ ɚɡɨɬɚ ɚɦɢɧɨɝɪɭɩɩɵ. ɉɨɫɤɨɥɶɤɭ ɜ ɭɫɥɨɜɢɢ ɡɚɞɚɱɢ ɭɤɚɡɚɧɨ, ɱɬɨ ɩɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ 
ɜɟɳɟɫɬɜɚ 6 ɫ ɜɨɞɧɵɦ ɪɚɫɬɜɨɪɨɦ ɯɥɨɪɢɞɚ ɠɟɥɟɡɚ(III) ɩɨɹɜɥɹɟɬɫɹ ɮɢɨɥɟɬɨɜɨɟ ɨɤɪɚɲɢɜɚɧɢɟ (ɤɚɱɟɫɬɜɟɧɧɚɹ 
ɪɟɚɤɰɢɹ ɧɚ ɮɟɧɨɥɵ), ɜ 6 ɩɪɢɫɭɬɫɬɜɭɟɬ ɮɟɧɨɥɶɧɚɹ ɝɪɭɩɩɚ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɧɚ ɫɬɚɞɢɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ 5 ɫ 
ɦɟɬɢɥɯɥɨɪɮɨɪɦɢɚɬɨɦ ɩɪɨɢɫɯɨɞɢɬ ɡɚɦɟɳɟɧɢɟ ɚɬɨɦɚ ɜɨɞɨɪɨɞɚ ɩɪɢ ɚɦɢɧɨɝɪɭɩɩɟ ɜ ɦɨɥɟɤɭɥɟ ɦ-

ɚɦɢɧɨɮɟɧɨɥɚ. 
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ɉɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ 3-ɦɟɬɢɥɛɟɧɡɨɣɧɨɣ ɤɢɫɥɨɬɵ ɫ ɬɢɨɧɢɥɯɥɨɪɢɞɨɦ ɨɛɪɚɡɭɟɬɫɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ 

ɯɥɨɪɚɧɝɢɞɪɢɞ 7, ɤɨɬɨɪɵɣ ɩɨɫɥɟ ɨɛɪɚɛɨɬɤɢ ɚɦɦɢɚɤɨɦ ɩɪɟɜɪɚɳɚɟɬɫɹ ɜ ɚɦɢɞ 8. ɋɥɟɞɭɸɳɚɹ ɪɟɚɤɰɢɹ ɩɪɟɞ-
ɫɬɚɜɥɹɟɬɫɹ ɫɨɛɨɣ ɩɟɪɟɝɪɭɩɩɢɪɨɜɤɭ Ƚɨɮɦɚɧɚ: ɩɪɢ ɞɟɣɫɬɜɢɢ ɧɚ ɚɦɢɞ 8 ɛɪɨɦɨɦ ɜ ɳɟɥɨɱɧɨɣ ɫɪɟɞɟ ɩɪɨɢɫɯɨ-
ɞɢɬ ɨɛɪɚɡɨɜɚɧɢɟ 3-ɦɟɬɢɥɚɧɢɥɢɧɚ 9. Ɋɟɚɤɰɢɹ ɩɟɪɜɢɱɧɵɯ ɚɦɢɧɨɜ ɫ ɮɨɫɝɟɧɨɦ ɹɜɥɹɟɬɫɹ ɩɪɨɦɵɲɥɟɧɧɵɦ ɦɟ-
ɬɨɞɨɦ ɫɢɧɬɟɡɚ ɢɡɨɰɢɚɧɚɬɨɜ – ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ, ɢɡ 3-ɦɟɬɢɥɚɧɢɥɢɧɚ ɨɛɪɚɡɭɟɬɫɹ 3-ɦɟɬɢɥɮɟɧɢɥɢɡɨɰɢɚɧɚɬ 10. 
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ɉɨɫɥɟɞɧɹɹ ɫɬɚɞɢɹ ɫɢɧɬɟɡɚ ɝɟɪɛɢɰɢɞɚ Ⱥ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɡɚɦɟɳɟɧɧɨɝɨ ɮɟɧɨɥɚ 6 

ɫ ɢɡɨɰɢɚɧɚɬɨɦ 10, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɤɚɪɛɚɦɚɬɚ Ⱥ. 
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2. ɇɚ ɩɟɪɜɨɣ ɫɬɚɞɢɢ ɫɢɧɬɟɡɚ ɝɟɪɛɢɰɢɞɚ ȼ ɩɪɨɜɨɞɹɬ ɫɭɥɶɮɢɪɨɜɚɧɢɟ ɮɟɧɨɥɚ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɨɣ ɫɟɪ-

ɧɨɣ ɤɢɫɥɨɬɨɣ. ɉɪɢ ɩɪɨɜɟɞɟɧɢɢ ɷɬɨɣ ɪɟɚɤɰɢɢ ɩɪɢ ɧɢɡɤɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɨɫɧɨɜɧɵɦ ɩɪɨɞɭɤɬɨɦ ɛɭɞɟɬ 
ɨ-ɢɡɨɦɟɪ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɫɭɥɶɮɨɤɫɢɥɨɬɵ, ɩɪɢ ɧɚɝɪɟɜɚɧɢɢ – ɩ-ɢɡɨɦɟɪ. ɇɟ ɡɧɚɹ ɨ ɬɚɤɢɯ «ɬɨɧɤɨɫɬɹɯ» ɷɤɫ-
ɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ ɨɪɝɚɧɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ ɨɛ ɨɛɪɚɡɨɜɚɧɢɢ ɢɦɟɧɧɨ ɩ-ɢɡɨɦɟɪɚ ɦɨɠɧɨ ɞɨɝɚɞɚɬɶɫɹ, ɩɪɢɧɹɜ ɜɨ 
ɜɧɢɦɚɧɢɟ ɭɤɚɡɚɧɢɟ ɜ ɭɫɥɨɜɢɢ ɡɚɞɚɧɢɹ ɨ ɧɟɜɨɡɦɨɠɧɨɫɬɢ ɨɛɪɚɡɨɜɚɧɢɹ ɜɧɭɬɪɢɦɨɥɟɤɭɥяɪɧɵɯ ɜɨɞɨɪɨɞɧɵɯ 
ɫɜɹɡɟɣ ɦɨɥɟɤɭɥɚɦɢ ɫɨɟɞɢɧɟɧɢɹ 11. ɇɚ ɫɥɟɞɭɸɳɟɣ ɫɬɚɞɢɢ ɩɪɨɢɫɯɨɞɢɬ ɚɥɤɢɥɢɪɨɜɚɧɢɟ ɨɛɪɚɡɨɜɚɜɲɟɝɨɫɹ 
ɫɭɥɶɮɨɩɪɨɢɡɜɨɞɧɨɝɨ ɮɟɧɨɥɚ 11. ɋɭɞɹ ɩɨ ɩɪɢɜɟɞɟɧɧɨɣ ɦɨɥɟɤɭɥɹɪɧɨɣ ɮɨɪɦɭɥɟ, ɨɛɪɚɡɨɜɚɥɫɹ ɩɪɨɞɭɤɬ ɦɨ-
ɧɨɚɥɤɢɥɢɪɨɜɚɧɢɹ, ɚ ɭɱɢɬɵɜɚɹ, ɱɬɨ ɮɟɧɨɥɶɧɚɹ ɝɪɭɩɩɚ ɹɜɥɹɟɬɫɹ ɫɢɥɶɧɨ ɚɤɬɢɜɢɪɭɸɳɢɦ ɨɪ-
ɬɨ-ɩɚɪɚ-ɨɪɢɟɧɬɚɧɬɨɦ, ɡɚɦɟɳɟɧɢɟ ɢɞɟɬ ɜ ɨ-ɩɨɥɨɠɟɧɢɟ ɤ ɝɪɭɩɩɟ Ɉɇ (ɩ-ɩɨɥɨɠɟɧɢɟ ɡɚɧɹɬɨ ɫɭɥɶɮɨɝɪɭɩɩɨɣ). 

ɋɥɟɞɭɸɳɚɹ ɫɬɚɞɢɹ – ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɩ-ɫɭɥɶɮɨɩɪɨɢɡɜɨɞɧɨɝɨ 12 ɫ ɞɜɭɦɹ ɷɤɜɢɜɚɥɟɧɬɚɦɢ ɤɨɧɰɟɧɬɪɢ-
ɪɨɜɚɧɧɨɣ ɚɡɨɬɧɨɣ ɤɢɫɥɨɬɵ. Ɋɭɤɨɜɨɞɫɬɜɭɹɫɶ ɦɨɥɟɤɭɥɹɪɧɨɣ ɮɨɪɦɭɥɨɣ ȼ, ɜ ɤɨɬɨɪɨɣ ɧɟ ɫɨɞɟɪɠɢɬɫɹ ɚɬɨɦɨɜ 
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ɫɟɪɵ ɢ ɩɪɢɫɭɬɫɬɜɭɸɬ 2 ɚɬɨɦɚ ɚɡɨɬɚ, ɦɨɠɧɨ ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ ɧɚ ɷɬɨɣ ɫɬɚɞɢɢ ɩɪɨɢɫɯɨɞɢɬ ɡɚɦɟɳɟɧɢɟ 
ɫɭɥɶɮɨɝɪɭɩɩɵ ɧɚ ɧɢɬɪɨɝɪɭɩɩɭ ɢ ɧɢɬɪɨɜɚɧɢɟ (ɜ ɨ-ɩɨɥɨɠɟɧɢɟ ɤ ɮɟɧɨɥɶɧɨɣ ɝɪɭɩɩɟ ɢ, ɨɞɧɨɜɪɟɦɟɧɧɨ, ɜ 
ɦ-ɩɨɥɨɠɟɧɢɟ ɤ ɢɫɯɨɞɧɨɣ ɫɭɥɶɮɨɝɪɭɩɩɟ). Ɍ.ɟ., ɫɨɟɞɢɧɟɧɢɟ 13 ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɩɪɨɞɭɤɬ «ɫɨɝɥɚɫɨɜɚɧɧɨ-
ɝɨ» ɧɢɬɪɨɜɚɧɢɹ – 2-ɢɡɨɩɪɨɩɢɥ-4,6-ɞɢɧɢɬɪɨɮɟɧɨɥ. ɉɪɢ ɞɟɣɫɬɜɢɢ ɧɚ ɫɨɟɞɢɧɟɧɢɟ 13 ɚɰɟɬɢɥɯɥɨɪɢɞɨɦ ɜ 
ɩɪɢɫɭɬɫɬɜɢɢ ɨɫɧɨɜɚɧɢɹ (ɬɪɢɷɬɢɥɚɦɢɧɚ) ɨɛɪɚɡɭɟɬɫɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɫɥɨɠɧɵɣ ɷɮɢɪ ȼ. 
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3. ɉɨɤɚɡɚɬɟɥɶ «ɅȾ50» ɹɜɥɹɟɬɫɹ ɨɞɧɨɣ ɢɡ ɧɚɢɛɨɥɟɟ ɲɢɪɨɤɨ ɩɪɢɦɟɧɹɟɦɵɯ ɤɨɥɢɱɟɫɬɜɟɧɧɵɯ ɨɰɟɧɨɤ ɨɩɚɫɧɨ-
ɫɬɢ ɬɨɤɫɢɱɧɵɯ ɜɟɳɟɫɬɜ. Ⱥɛɛɪɟɜɢɚɬɭɪɚ «ɅȾ» ɨɡɧɚɱɚɟɬ «ɥɟɬɚɥɶɧɚɹ ɞɨɡɚ», ɧɢɠɧɢɣ ɢɧɞɟɤɫ «50» ɨɡɧɚɱɚɟɬ 
ɝɢɛɟɥɶ ɩɨɥɨɜɢɧɵ ɢɫɩɵɬɭɟɦɵɯ ɠɢɜɨɬɧɵɯ (ɨɛɵɱɧɨ ɢɫɩɵɬɚɧɢɹ ɬɨɤɫɢɱɧɨɫɬɢ ɜɟɳɟɫɬɜ ɩɪɨɜɨɞɹɬɫɹ ɧɚ ɥɚɛɨ-
ɪɚɬɨɪɧɵɯ ɤɪɵɫɚɯ). ȿɞɢɧɢɰɵ ɢɡɦɟɪɟɧɢɹ ɷɬɨɣ ɜɟɥɢɱɢɧɵ – «ɦɝ/ɤɝ» – ɩɨɤɚɡɵɜɚɸɬ, ɤɚɤɚɹ ɢɦɟɧɧɨ ɦɚɫɫɚ ɞɚɧ-
ɧɨɝɨ ɜɟɳɟɫɬɜɚ ɞɨɥɠɧɚ ɩɨɫɬɭɩɢɬɶ ɜ ɨɪɝɚɧɢɡɦ ɧɚ ɤɚɠɞɵɣ ɤɝ ɦɚɫɫɵ ɷɬɨɝɨ ɨɪɝɚɧɢɡɦɚ. 
 

Сɢɫɬɟɦɚ ɨцɟɧɢɜɚɧɢя: 
1. ɋɬɪɭɤɬɭɪɧɵɟ ɮɨɪɦɭɥɵ ɝɟɪɛɢɰɢɞɚ А ɢ ɫɨɟɞɢɧɟɧɢɣ 1-10 ɩɨ 1,5 ɛ  1,5 ɛ.  11 = 16,5 ɛ; 
2. ɋɬɪɭɤɬɭɪɧɵɟ ɮɨɪɦɭɥɵ ɝɟɪɛɢɰɢɞɚ В ɢ ɫɨɟɞɢɧɟɧɢɣ 11-13 ɩɨ 1,5 ɛ  1,5 ɛ.  4 = 6 ɛ; 
3. Ɋɚɫɲɢɮɪɨɜɤɚ «ЛȾ50» 0,5 ɛ,  «ɦɝ/ɤɝ» 1 ɛ  0,5 ɛ+1 ɛ = 1,5 ɛ; 

Вɫɟɝɨ   24 ɛɚɥɥɚ 

Ɂɚɞɚɧɢɟ 4.  (ɚɜɬɨɪ Пɚɧɨɜ Ɇ.С.). 
1. ȼ 100 ɝ ɫɩɥɚɜɚ ɛɭɞɟɬ ɫɨɞɟɪɠɚɬɶɫɹ 26,68 ɝ Nd, 1 ɝ B ɢ 100-26,68-1 = 72,32 ɝ Fe. Ʉɨɥɢɱɟɫɬɜɨ ɷɥɟɦɟɧɬɨɜ ɜ 
ɦɨɥɹɯ ɫɨɫɬɚɜɢɬ 26,68/144,24 = 0,185, 1/10,811 = 0,0925, 72,32/55,847 = 1,295. Ɇɨɥɶɧɨɟ ɫɨɨɬɧɨɲɟɧɢɟ Nd : 

B : Fe = 0,185 : 0,0925 : 1,295 = 2 : 1 : 14, ɬ.ɟ. ɫɨɫɬɚɜ ɫɩɥɚɜɚ NН2BFe14. ɉɪɢ ɫɨɞɟɪɠɚɧɢɢ ɧɟɨɞɢɦɚ ɜ ɫɩɥɚɜɟ 
0,2668 = m/M ɦɚɫɫɚ ɷɬɨɝɨ ɫɩɥɚɜɚ, ɧɟɨɛɯɨɞɢɦɚɹ ɞɥɹ ɢɡɜɥɟɱɟɧɢɹ 1,00 ɤɝ = 1000 ɝ ɧɟɨɞɢɦɚ, ɫɨɫɬɚɜɢɬ M = 

1000/0,2668 = 3748 ɝ. ɇɟɨɞɢɦɚ ɜ ɦɨɥɹɯ ɜ ɷɬɨɣ ɦɚɫɫɟ ɫɩɥɚɜɚ ɛɭɞɟɬ 1000/144,24 = 6,93 ɦɨɥɶ, ɛɨɪɚ ɜ 2 ɪɚɡɚ 
ɦɟɧɶɲɟ, ɚ ɠɟɥɟɡɚ ɜ 7 ɪɚɡ ɛɨɥɶɲɟ (ɫɦ. ɫɨɫɬɚɜ ɫɩɥɚɜɚ). Ɉɛɳɟɟ ɤɨɥɢɱɟɫɬɜɨ ɚɬɨɦɨɜ ɜ ɷɬɨɦ ɫɩɥɚɜɟ ɛɭɞɟɬ ɪɚɜɧɨ 
6,02*1023*6,93*(1 + ½ + 7) = 3,55*1025 ɲɬɭɤ. 

2. Ɉɛɳɚɹ ɮɨɪɦɭɥɚ ɨɤɫɢɞɚ Ɇ2Ɉɯ. Ɇɚɫɫɨɜɚɹ ɞɨɥɹ ɤɢɫɥɨɪɨɞɚ  = 16x/(2M+16x) = 0,381. Ɉɬɫɸɞɚ 16ɯ = 
0,381*(2Ɇ+16ɯ) = 0,762Ɇ+6,096ɯ ɢɥɢ 0,762Ɇ = 16ɯ-6,096ɯ. Ɉɬɫɸɞɚ Ɇ = 9,904ɯ/0,762 = 13ɯ. ɋɨɫɬɚɜɢɦ 
ɬɚɛɥɢɰɭ, ɩɟɪɟɛɢɪɚɹ ɫɬɟɩɟɧɢ ɨɤɢɫɥɟɧɢɹ:  
 

ɯ +1 +2 +3 +4 +5 +6 +7 +8 

Ɇ, 
ɝ/ɦɨɥɶ 

13(?) 26(?) 39(K?) 52(Cr) 65(Zn?) 78(Se?) 91(Zr?) 104(?) 

ȿɞɢɧɫɬɜɟɧɧɵɣ ɩɨɞɯɨɞɹɳɢɣ ɜɚɪɢɚɧɬ – Cr (ɦɟɬɚɥɥ М), ɮɨɪɦɭɥɚ ɨɤɫɢɞɚ A – CrO2. Ʉ ɬɨɦɭ ɠɟ ɜɵɜɨɞɭ ɦɨɠɧɨ 
ɩɪɢɣɬɢ, ɢɫɩɨɥɶɡɭɹ ɡɚɤɨɧ Ⱦɚɥɶɬɨɧɚ ɞɥɹ ɬɪɟɯ ɨɤɫɢɞɨɜ ɯɪɨɦɚ Ⱥ, Ȼ, ȼ. 

ɉɨ ɭɫɥɨɜɢɸ, ɜ 22,4 ɥ CrO2 ɫɨɞɟɪɠɢɬɫɹ з1268 ɦɨɥɶ ɷɬɨɝɨ ɜɟɳɟɫɬɜɚ, ɤɨɬɨɪɵɟ ɜɟɫɹɬ (52+2*16)*1268 = 
106512 ɝ. ɉɥɨɬɧɨɫɬɶ CrO2 ɧɚɣɞɟɦ, ɪɚɡɞɟɥɢɜ ɟɝɨ ɦɚɫɫɭ ɧɚ ɨɛɴɟɦ:  = 106512/22,4 = 4755 ɝ/ɥ ɢɥɢ 4,755 
ɝ/ɫɦ3. Ɉɛɴɟɦ ɦɚɝɧɢɬɧɨɝɨ ɫɥɨɹ ɧɚ ɥɟɧɬɟ ɫɨɫɬɚɜɥɹɟɬ 10*10-6*3,8*10-3*135 = 5,13*10-6 ɦ3 ɢɥɢ 5,13 ɫɦ3. Ɇɚɫɫɚ 
CrO2 m = 5,13*4,755 = 24,4 ɝ.ȼ 100 ɝ ɨɤɫɢɞɚ Ⱥ ɫɨɞɟɪɠɢɬɫɹ 38,1 ɝ Ɉ ɢ 100-38,1 = 61,9 ɝ Cr. Ɇɨɥɶɧɨɟ ɫɨɨɬ-
ɧɨɲɟɧɢɟ 38,1/16 : 61,9/52 = 2,38 : 1,19 = 2 : 1 

3. ɋɨɫɬɚɜɵ ɨɤɫɢɞɨɜ Ȼ ɢ ȼ ɫɱɢɬɚɟɦ, ɡɧɚɹ, ɱɬɨ ɦɟɬɚɥɥ – ɯɪɨɦ. ȼ 100 ɝ Ȼ ɫɨɞɟɪɠɢɬɫɹ 52 ɝ ɯɪɨɦɚ ɢ 48 ɝ ɤɢ-
ɫɥɨɪɨɞɚ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɢɯ ɦɨɥɶɧɨɟ ɫɨɨɬɧɨɲɟɧɢɟ: Cr : O = 52/52 : 48/16 = 1 : 3, ɨɬɤɭɞɚ Ȼ – CrO3. Ⱦɥɹ ȼ: 

Cr : O = 68,4/52 : 31,6/16 = 1,32 : 1,975 = 1 : 1,5 ɢɥɢ 2 : 3, ɨɬɤɭɞɚ ȼ – Cr2O3.  

ɍɪɚɜɧɟɧɢɟ ɪɟɚɤɰɢɢ Д1Ж: CrO3 + Cr2O3 = 3CrO2.  

4. Ⱦɚɠɟ ɟɫɥɢ ȼɵ ɧɟ ɩɨɫɱɢɬɚɥɢ ɬɨɱɧɵɟ ɫɨɫɬɚɜɵ ɨɤɫɢɞɨɜ, ɬɨ ɞɨɫɬɚɬɨɱɧɨ ɩɨɫɦɨɬɪɟɬɶ ɧɚ ɪɟɚɤɰɢɸ Д2Ж: ɨɤɫɢɞ 
ɫ ɛɨɥɶɲɢɦ ɫɨɞɟɪɠɚɧɢɟɦ Ɉ ɩɪɟɜɪɚɳɚɟɬɫɹ ɜ ɞɪɭɝɨɣ ɨɤɫɢɞ ɫ ɦɟɧɶɲɢɦ ɫɨɞɟɪɠɚɧɢɟɦ Ɉ ɢ ɜɵɞɟɥɹɟɬɫɹ ɤɚɤɨɣ-



11 ɤɥɚɫɫ, ɦɚɤɫɢɦɚɥɶɧɨɟ ɤɨɥ-ɜɨ ɛɚɥɥɨɜ: 117 Ʌɢɫɬ 5 ɢɡ 5 

 

ɬɨ ɝɚɡ. Ɉɬɫɸɞɚ ɫɥɟɞɭɟɬ, ɱɬɨ ɝɚɡɨɦ Ⱦ ɹɜɥɹɟɬɫɹ ɤɢɫɥɨɪɨɞ. Ƚɚɡ ȿ, ɜɵɞɟɥɹɸɳɢɣɫɹ ɢɡ ɫɨɥɹɧɨɣ ɤɢɫɥɨɬɵ ɩɨɞ 
ɞɟɣɫɬɜɢɟɦ ɨɤɢɫɥɢɬɟɥɹ, ɩɨ-ɜɢɞɢɦɨɦɭ, ɯɥɨɪ. Ɉɬɫɸɞɚ ɫɥɟɞɭɟɬ, ɱɬɨ ɫɨɟɞɢɧɟɧɢɟ Ƚ ɫɨɞɟɪɠɢɬ ɜ ɫɜɨɟɦ ɫɨɫɬɚɜɟ 
ɚɬɨɦɵ ɯɥɨɪɚ – ɷɬɨ ɢ ɟɫɬɶ ɬɪɟɬɢɣ ɷɥɟɦɟɧɬ. ɇɚ ɷɬɨ ɠɟ ɭɤɚɡɵɜɚɟɬ ɢ ɫɩɨɫɨɛ ɩɨɥɭɱɟɧɢɹ Ƚ – ɨɞɢɧ ɢɡ ɪɟɚɝɟɧɬɨɜ 
– ɩɨɜɚɪɟɧɧɚɹ ɫɨɥɶ. Ɂɧɚɹ ɦɚɫɫɨɜɵɟ ɞɨɥɢ ɜɫɟɯ ɷɥɟɦɟɧɬɨɜ, ɪɚɫɫɱɢɬɚɟɦ ɫɨɫɬɚɜ Ƚ: Cr : O : Cl = 33,57/52 : 

20,66/16 : (100-33,57-20,66)/35,45 = 0,646 : 1,291 : 1,291 = 1 : 2 : 2, ɨɬɤɭɞɚ Ƚ – CrO2Cl2. ɀɟɥɬɨ-ɨɪɚɧɠɟɜɚɹ 
ɤɚɥɢɟɜɚɹ ɫɨɥɶ ɀ, ɫɨɞɟɪɠɚɳɚɹ ɜ ɫɜɨɟɦ ɫɨɫɬɚɜɟ ɯɪɨɦ ɢ ɤɢɫɥɨɪɨɞ –ɞɢɯɪɨɦɚɬ ɤɚɥɢɹ, ɤɨɬɨɪɵɣ ɤɚɤ ɪɚɡ ɩɨɞɯɨ-
ɞɢɬ ɩɨ ɦɚɫɫɨɜɨɣ ɞɨɥɟ ɤɢɫɥɨɪɨɞɚ.  

ɍɪɚɜɧɟɧɢɹ ɪɟɚɤɰɢɣ: 2CrO3 = 2CrO2 + O2 [2], CrO2ɋl2 = CrO2 + ɋl2 [3],  

K2Cr2O7 + 4NaCl + 6H2SO4(ɤ) = 2CrO2ɋl2↑ + 2KHSO4 + 4NaHSO4 + 3H2O [4].  

5. ɍɪɚɜɧɟɧɢɹ ɪɟɚɤɰɢɣ: 2CrO3 + H2Ɉ = H2Cr2O7 [5]; CrO3 + 2KOH = K2CrO4 + H2O [6]; 

2CrO3 + 12HCl(ɤ) = 2CrCl3 + 6H2O + 3Cl2  [7], 4CrO3 + C2H5OH = 2Cr2O3 + 2CO2 + 3H2O [8]; 

2CrO2ɋl2 + 3H2O = H2Cr2O7 + 4HCl [9]. 

Сɢɫɬɟɦɚ ɨцɟɧɢɜɚɧɢя: 
1. Ɋɚɫɱɟɬɵ ɫɨɨɬɧɨɲɟɧɢя, ɦɚɫɫɵ ɫɩɥɚɜɚ, ɤɨɥɢɱɟɫɬɜɚ ɚɬɨɦɨɜ ɩɨ 2 ɛ              3*2ɛ = 6 ɛ; 
2. ȼɵɯɨɞ ɧɚ ɦɟɬɚɥɥ 2 ɛ, ɮɨɪɦɭɥɚ ɨɤɫɢɞɚ 1 ɛ, ɦɚɫɫɚ ɜɟɳɟɫɬɜɚ 2 ɛ, ɟɝɨ ɩɥɨɬɧɨɫɬɶ 2 ɛ   1ɛ+3*2ɛ = 7 ɛ; 
3. Ɏɨɪɦɭɥɵ ɨɤɫɢɞɨɜ ɩɨ 1 ɛ, ɭɪɚɜɧɟɧɢɟ ɪɟɚɤɰɢɢ 1 ɛ         2*1ɛ+1ɛ = 3 ɛ; 
4. Ɏɨɪɦɭɥɵ ɝɚɡɨɜ ɢ ɜɟɳɟɫɬɜ Ƚ ɢ Ж ɩɨ 1 ɛ, ɭɪɚɜɧɟɧɢя ɪɟɚɤɰɢɣ ɩɨ 1 ɛ      4*1ɛ+3*1ɛ = 7 ɛ; 
5. ɍɪɚɜɧɟɧɢя ɪɟɚɤɰɢɣ ɩɨ 1 ɛ         5*1ɛ = 5 ɛ; 
Вɫɟɝɨ    28 ɛɚɥɥɨɜ 

 

Ɂɚɞɚɧɢɟ 5.  (ɚɜɬɨɪ Сɚɩɚɪɛɚɟɜ Э.С.). 

1. ȼ ɭɫɥɨɜɢɢ ɡɚɞɚɱɢ ɨɩɢɫɚɧ ɩɪɨɰɟɫɫ ɨɬɤɪɵɬɢɹ ɮɨɫɮɨɪɚ (ɷɥɟɦɟɧɬ Х) ɢ ɫɜɨɣɫɬɜɚ ɛɟɥɨɝɨ ɮɨɫɮɨɪɚ P4 (ɜɟɳɟ-
ɫɬɜɨ Ⱥ). ɍɪɚɜɧɟɧɢɹ ɪɟɚɤɰɢɣ (ɞɥɹ ɩɪɨɫɬɨɬɵ ɮɨɪɦɭɥɭ Ⱥ ɛɭɞɟɦ ɡɚɩɢɫɵɜɚɬɶ ɤɚɤ Ɋ): 
A→B: 4P + 5O2 = 2P2O5; A→C: P + 5HNO3 = H3PO4 + 5NO2 + H2O; B→C: P2O5 + 3H2O = 2H3PO4;  

B→G: P2O5 + H2O = 2HPO3; C→D: 2H3PO4 + 3Ca(OH)2 = Ca3(PO4)2 + 6H2O;  

D→C: Ca3(PO4)2 + 6HNO3 = 2H3PO4 + 3Ca(NO3)2; D→E: Ca3(PO4)2 + 8C = 8ɋɈ + Ca3P2;  

D→A: Ca3(PO4)2 + 3SiO2 + 5C = CaSiO3 + 2P + 5CO; A→L: 2P + 5Cl2 = 2PCl5;  

L→C: PCl5 + 4H2O = H3PO4 + 5HCl; F→C: PH3 + 8HNO3 = H3PO4 + 8NO2 + 4H2O;  

E→F: Ca3P2 + 6H2O = 3Ca(OH)2 + 2PH3; E→F: Ca3P2 + 6HCl = 3CaCl2 + 2PH3;  

G→H: HPO3 + NaOH = NaPO3 + H2O; C→J: H3PO4 + 1NH3 + H2O = (NH4)H2PO4 + H2O;  

J→I: (NH4)H2PO4 = NH4PO3 + H2O; I→H: NH4PO3 + NaOH = NaPO3 + NH3 + H2O;  

G→C: HPO3 + H2O = H3PO4. 

2. B – P2O5 (ɨɤɫɢɞ ɮɨɫɮɨɪɚ (V)); C – H3PO4 (ɨɪɬɨɮɨɫɮɨɪɧɚɹ ɤɢɫɥɨɬɚ);  

D – Ca3(PO4)2 (ɨɪɬɨɮɨɫɮɚɬ ɤɚɥɶɰɢɹ); E – Ca3P2 (ɮɨɫɮɢɞ ɤɚɥɶɰɢɹ); F – PH3 (ɮɨɫɮɢɧ);  

G – HPO3 (ɦɟɬɚɮɨɫɮɨɪɧɚɹ ɤɢɫɥɨɬɚ); H – NaPO3 (ɦɟɬɚɮɨɫɮɚɬ ɧɚɬɪɢɹ); 

J – NH4PO4 (ɦɟɬɚɮɨɫɮɚɬ ɚɦɦɨɧɢɹ); I – (NH4)H2PO4 (ɞɢɝɢɞɪɨɨɪɬɨɮɨɫɮɚɬ ɚɦɦɨɧɢɹ); 

L – PCl5 (ɩɟɧɬɚɯɥɨɪɢɞ ɮɨɫɮɨɪɚ). 

3. ɍɪɚɜɧɟɧɢɟ ɪɟɚɤɰɢɢ: 8P + 3Ba(OH)2 + 6H2O = 2PH3  + 3Ba(H2PO2)2 (К - ɝɢɩɨɮɨɫɮɢɬ ɛɚɪɢɹ). 

4. Ɇɨɥɹɪɧɚɹ ɦɚɫɫɚ PCl5 ɫɨɫɬɚɜɥɹɟɬ 208,5 ɝ/ɦɨɥɶ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɞɥɹ ɪɚɫɬɜɨɪɟɧɢɹ ɜɡɹɥɢ 4,17/208,5 = 0,02 
ɦɨɥɹ ɩɟɧɬɚɯɥɨɪɢɞɚ ɮɨɫɮɨɪɚ. ɉɨ ɭɪɚɜɧɟɧɢɸ ɪɟɚɤɰɢɢ L→C ɨɛɪɚɡɭɟɬɫɹ 0,1 ɦɨɥɶ HCl ɢ 0,02 ɦɨɥɹ H3PO4. 

Ʉɨɧɰɟɧɬɪɚɰɢɹ ɇCl 1 ɦɨɥɶ/ɥ, ɤɨɧɰɟɧɬɪɚɰɢɹ H3PO4 0,2 ɦɨɥɶ/ɥ. Ⱦɢɫɫɨɰɢɚɰɢɹ ɮɨɫɮɨɪɧɨɣ ɤɢɫɥɨɬɵ ɜ ɷɬɢɯ 
ɭɫɥɨɜɢɹɯ ɢɞɟɬ ɦɟɧɟɟ, ɱɟɦ ɧɚ 0,7 %, ɬ.ɤ. 7*10-3 = 1*[H2PO4

-]/[H3PO4Ж, ɩɨɷɬɨɦɭ ɟɟ ɜɤɥɚɞɨɦ ɜ ɪɇ ɦɨɠɧɨ ɩɪɟ-
ɧɟɛɪɟɱɶ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɜ ɩɨɥɭɱɟɧɧɨɦ ɪɚɫɬɜɨɪɟ ɪɇ = -lg[H+]   -lg1 = 0. 

Сɢɫɬɟɦɚ ɨцɟɧɢɜɚɧɢя: 
1. Эɥɟɦɟɧɬ ɏ, ɜɟɳɟɫɬɜɨ А (ɛɟɥɵɣ ɮɨɫɮɨɪ, ɟɫɥɢ ɩɪɨɫɬɨ ɮɨɫɮɨɪ, ɬɨ 0 ɛ) ɩɨ 1 ɛ            2*1ɛ = 2 ɛ; 
    ɍɪɚɜɧɟɧɢя ɪɟɚɤɰɢɣ ɩɨ 0,5 ɛ          18*0,5ɛ  = 9 ɛ; 
2. ɇɚɡɜɚɧɢя ɜɟɳɟɫɬɜ B-L  ɩɨ 0,5 ɛ            10*0,5ɛ = 5 ɛ; 
3. ɇɚɡɜɚɧɢɟ ɫɨɥɢ 1 ɛ, ɭɪɚɜɧɟɧɢɟ ɪɟɚɤɰɢɢ 1 ɛ               2*1ɛ = 2 ɛ; 
4. Ɉɰɟɧɤɚ ɪɇ 3 ɛ                    3 ɛ 

Вɫɟɝɨ    21 ɛɚɥɥ 

 


