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ʇʦʷʩʥʠʪʝʣʴʥʘʷ ʟʘʧʠʩʢʘ 

ʈʝʛʠʦʥʘʣʴʥʳʡ ʵʪʘʧ ʆʣʠʤʧʠʘʜʳ ʧʦ ʭʠʤʠʠ ʧʨʦʚʦʜʠʪʩʷ ʚ 2 ʪʫʨʘ. ɼʣʷ ʪʨʝʭ 

ʚʦʟʨʘʩʪʥʳʭ ʧʘʨʘʣʣʝʣʝʡ: 9-ʭ, 10-ʭ ʠ 11-ʭ ʢʣʘʩʩʦʚ ʧʦʜʛʦʪʦʚʣʝʥʳ ʦʪʜʝʣʴʥʳʝ 

ʢʦʤʧʣʝʢʪʳ ʟʘʜʘʥʠʡ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʠ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʪʫʨʦʚ. ɺ ʢʦʤʧʣʝʢʪ ʟʘʜʘʥʠʡ 

ʢʘʞʜʦʡ ʚʦʟʨʘʩʪʥʦʡ ʧʘʨʘʣʣʝʣʠ ʜʣʷ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʪʫʨʘ ʚʭʦʜʠʪ 5 ʟʘʜʘʯ ʠʟ 

ʨʘʟʣʠʯʥʳʭ ʨʘʟʜʝʣʦʚ ʭʠʤʠʠ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʘʪʠʢʠ ʟʘʜʘʯ ʚ ʧʝʨʚʦʤ ʪʫʨʝ ʧʦ 

ʢʣʘʩʩʘʤ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʪʘʙʣʠʮʝ: 

ʂʣʘʩʩ

ɿʘʜʘʯʘ 
1 2 3 4 5 

9 ʅʝʦʨʛʘʥʠʯʝʩʢʘʷ ʭʠʤʠʷ ʌʠʟʠʯʝʩʢʘʷ ʭʠʤʠʷ 

10 ʅʝʦʨʛʘʥʠʯʝʩʢʘʷ ʭʠʤʠʷ 
ʆʨʛ.  

ʭʠʤʠʷ 
ʌʠʟʠʯʝʩʢʘʷ ʭʠʤʠʷ 

11 ʅʝʦʨʛ. ʭʠʤʠʷ 
ʆʨʛʘʥʠʯʝʩʢʘʷ  

ʭʠʤʠʷ 
ʌʠʟʠʯʝʩʢʘʷ ʭʠʤʠʷ 

 

ʇʨʠ ʧʦʜʩʯʝʪʝ ʨʝʡʪʠʥʛʘ ʫʯʘʩʪʥʠʢʦʚ ʚ ʩʫʤʤʘʨʥʦʤ ʙʘʣʣʝ ʟʘ ʪʝʦʨʝʪʠʯʝʩʢʠʡ 

ʪʫʨ ʫʯʠʪʳʚʘʶʪʩʷ ʙʘʣʣʳ ʚʩʝʭ ʟʘʜʘʯ. ʄʘʢʩʠʤʘʣʴʥʳʡ ʙʘʣʣ ʟʘ ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʪʫʨ 

ʩʦʩʪʘʚʣʷʝʪ 100 ʙʘʣʣʦʚ 

ɼʣʠʪʝʣʴʥʦʩʪʴ ʪʫʨʘ ʩʦʩʪʘʚʣʷʝʪ 5 (ʧʷʪʴ) ʘʩʪʨʦʥʦʤʠʯʝʩʢʠʭ ʯʘʩʦʚ. 
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É ʎʇʄʂ ɺʩʆʐ ʧʦ ʭʠʤʠʠ 

ɼʝʚʷʪʳʡ ʢʣʘʩʩ 

ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ 9-1 (ʘʚʪʦʨ: ʇʪʠʮʳʥ ɸ.ɼ.) 

1. ɺʝʱʝʩʪʚʦ ʍ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʝʪʘʣʣ, ʙʦʣʝʝ ʘʢʪʠʚʥʳʡ, ʯʝʤ ʩʝʨʝʙʨʦ, 

ʪ. ʢ. ʚʳʪʝʩʥʷʝʪ ʝʛʦ ʠʟ ʥʠʪʨʘʪʘ. ʀʦʥʳ ʙʦʣʴʰʠʥʩʪʚʘ ʪʘʢʠʭ ʤʝʪʘʣʣʦʚ ʠʤʝʶʪ ʚ 

ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ +2 ʠʣʠ +3 (ʱʝʣʦʯʥʳʝ ʤʝʪʘʣʣʳ ʨʝʘʛʠʨʫʶʪ ʩ 

ʚʦʜʦʡ).  

ɿʘʧʠʰʝʤ ʫʨʘʚʥʝʥʠʝ ʨʝʘʢʮʠʠ ʤʝʪʘʣʣʘ ʩ ʨʘʩʪʚʦʨʦʤ ʥʠʪʨʘʪʘ ʩʝʨʝʙʨʘ: 

X + nAgNO3 = X(NO3)n + nAg, ʛʜʝ n = 2 ʠʣʠ 3. 

ʊʘʢ ʢʘʢ ʨʝʘʢʮʠʷ ʧʨʦʰʣʘ ʧʦʣʥʦʩʪʴʶ, ʪʦ ʚʩʝ ʩʝʨʝʙʨʦ ʠʟʨʘʩʭʦʜʦʚʘʣʦʩʴ. 

n(Ag) = 17 / 169.87 å 0.100 ʤʦʣʴ. ʄʘʩʩʘ ʩʝʨʝʙʨʘ, ʚʳʜʝʣʠʚʰʝʛʦʩʷ ʥʘ ʧʣʘʩʪʠʥʢʝ, 

ʨʘʚʥʘ 10.80 ʛ, ʘ ʤʘʩʩʘ ʤʝʪʘʣʣʘ X, ʧʝʨʝʰʝʜʰʝʛʦ ʚ ʨʘʩʪʚʦʨ, ʨʘʚʥʘ ʭ.  

mʠʩʭ + mAg ï mX = 30 + 10.80 ï ʭ = 30.44,        

ʦʪʢʫʜʘ ʭ = 10.36 ʛ. 

ʇʨʠ ʦʩʘʞʜʝʥʠʠ 1 ʤʦʣʴ ʩʝʨʝʙʨʘ ʨʘʩʪʚʦʨʷʝʪʩʷ 1/n ʤʦʣʴ ʍ, ʟʥʘʯʠʪ  

n(X) = 
n

▪
=

ἦ
 

10.36
ʄ 103.6

( ) 0.1

m

Ag

Ö Ö
= = =ʍ

n n
n

ɜ
 

ʇʨʠ n = 2, ʄX = 207.20 ʛ/ʤʦʣʴ, ʪ. ʝ. ʍ ï ʵʪʦ ʩʚʠʥʝʮ, ʘ ʚʝʱʝʩʪʚʦ ʍ1 ï ʥʠʪʨʘʪ 

ʩʚʠʥʮʘ Pb(NO3)2. ʇʨʠ ʜʝʡʩʪʚʠʠ ʥʘ ʥʝʛʦ ʩʝʨʦʚʦʜʦʨʦʜʦʤ ʚʳʧʘʜʘʝʪ ʯʝʨʥʳʡ ʦʩʘʜʦʢ 

ʩʫʣʴʬʠʜʘ ʩʚʠʥʮʘ ʍ2 ï PbS.  

ɺʳʷʩʥʠʤ ʬʦʨʤʫʣʫ ʧʨʦʜʫʢʪʘ, ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʧʨʠ ʧʨʦʢʘʣʠʚʘʥʠʠ ʝʛʦ ʥʘ 

ʚʦʟʜʫʭʝ. ʇʨʦʜʫʢʪʘʤʠ ʧʨʦʢʘʣʠʚʘʥʠʷ ʩʫʣʴʬʠʜʦʚ ʥʘ ʚʦʟʜʫʭʝ ʷʚʣʷʶʪʩʷ 

ʢʠʩʣʦʨʦʜʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʤʝʪʘʣʣʦʚ. ʃʠʰʴ ʚ ʩʣʫʯʘʝ ʤʝʪʘʣʣʦʚ, ʫʩʪʦʡʯʠʚʳʭ ʢ 

ʦʢʠʩʣʝʥʠʶ ʢʠʩʣʦʨʦʜʦʤ, ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʧʨʦʩʪʳʝ ʚʝʱʝʩʪʚʘ. ʀʪʘʢ, ʠʟ 1 ʢʛ 

PbS ʦʙʨʘʟʫʝʪʩʷ 955 ʛ ʦʢʩʠʜʘ ʍ3. ɿʘʧʠʰʝʤ ʫʨʘʚʥʝʥʠʝ ʨʝʘʢʮʠʠ ʚ ʦʙʱʝʤ ʚʠʜʝ: 

PbS + (1 + 0.5x) O2 = PbOx + SO2 

ʀʟ 1 ʢʛ (1000 ʛ/239.266 ʛ/ʤʦʣʴ = 4.179 ʤʦʣʴ) PbS ʧʦʣʫʯʠʣʠ ʵʢʚʠʤʦʣʷʨʥʦʝ 
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ʢʦʣʠʯʝʩʪʚʦ PbOx, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʝʛʦ ʤʦʣʷʨʥʦʡ ʤʘʩʩʝ ʛ
ʤʦʣʴ

995
228.52

4.179
= , 

ʭ = (228.52 ï 207.20)/15.999 å 1.333 å 4/3, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʍ3 ï PbO1.33, ʠʣʠ Pb3O4, 

ʩʚʠʥʮʦʚʳʡ ʩʫʨʠʢ. 

ɺ ʦʢʩʠʜʝ Pb3O4 ʩʚʠʥʝʮ ʯʘʩʪʠʯʥʦ ʥʘʭʦʜʠʪʩʷ ʚ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ +4, ʪ. ʝ. 

ʧʨʦʷʚʣʷʝʪ ʦʢʠʩʣʠʪʝʣʴʥʳʝ ʩʚʦʡʩʪʚʘ. ʇʨʠ ʜʝʡʩʪʚʠʠ ʥʘ ʥʝʛʦ ʢʠʩʣʦʪʦʡ Y 

ʥʘʙʣʶʜʘʝʪʩʷ ʚʳʜʝʣʝʥʠʝ ʬʠʦʣʝʪʦʚʳʭ ʧʘʨʦʚ ʧʨʦʩʪʦʛʦ ʚʝʱʝʩʪʚʘ, ʠʦʜʘ. ʕʪʦ 

ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ Y ï ʠʦʜʦʚʦʜʦʨʦʜʥʘʷ ʢʠʩʣʦʪʘ HI, ʘ ʚʳʜʝʣʷʶʱʠʡʩʷ 

ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʦʩʘʜʦʢ ï ʠʦʜʠʜ ʩʚʠʥʮʘ PbI2 (ʚʝʱʝʩʪʚʦ ʍ4), ʢʦʪʦʨʳʡ ʠʟʚʝʩʪʝʥ 

ʢʘʢ çʟʦʣʦʪʦʡ ʜʦʞʜʴè.  

2. ʋʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʡ: 

1) Pb(NO3)2 + H2S = PbS + 2HNO3 

2) 3PbS + 5O2 = Pb3O4 + 3SO2  

3) Pb3O4 + 8HI = 3PbI2 + I2 + 4H2O 

4) PbI2 + 4HNO3 = Pb(NO3)2 + I2 + 2NO2 + 2H2O. 

5) Pb + 2AgNO3 = Pb(NO3)2 + 2Ag 

3. ʉʫʨʠʢ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʩʪʝʢʣʦʚʘʨʝʥʠʠ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʚʠʥʮʦʚʦʛʦ 

ʭʨʫʩʪʘʣʷ. 

ʍ ʍ1 ʍ2 ʍ3 ʍ4 Y 

Pb Pb(NO3)2 PbS Pb3O4 PbI2 HI 

ʉʠʩʪʝʤʘ ʦʮʝʥʠʚʘʥʠʷ: 

1. ʈʘʩʯʝʪ ʤʦʣʷʨʥʦʡ ʤʘʩʩʳ ʵʣʝʤʝʥʪʘ ʍ ï 2 ʙʘʣʣʘ 

ʌʦʨʤʫʣʳ ʚʝʱʝʩʪʚ ʍ1, ʍ2, ʍ3, ʍ4, Y ï ʧʦ 1 ʙʘʣʣʫ 

ʈʘʩʯʝʪ ʩʦʩʪʘʚʘ ʚʝʱʝʩʪʚʘ ʍ3 ï 2 ʙʘʣʣʘ 

9 ʙʘʣʣʦʚ 

2. ʋʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʡ (1ï5) ʧʦ 2 ʙʘʣʣʘ 10 ʙʘʣʣʦʚ 

3. ʇʨʠʤʝʥʝʥʠʝ ʩʫʨʠʢʘ (ʦʮʝʥʠʚʘʝʪʩʷ ʪʦʣʴʢʦ ʧʨʠʤʝʨ 

ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ) 

1 ʙʘʣʣ 

ʀʊʆɻʆ: 20 ʙʘʣʣʦʚ 
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ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ 9-2 (ʘʚʪʦʨ: ʇʪʠʮʳʥ ɸ.ɼ.) 

ʀʟ ʦʧʠʩʘʥʠʷ ʩʚʦʡʩʪʚ ʨʘʩʪʚʦʨʦʚ 1 ʠ 2 ʩʣʝʜʫʝʪ, ʯʪʦ ʦʙʘ ʦʥʠ ʩʦʜʝʨʞʘʪ ʠʦʥʳ 

ʢʘʣʠʷ (ʬʠʦʣʝʪʦʚʘʷ ʦʢʨʘʩʢʘ ʧʣʘʤʝʥʠ). ʈʘʩʪʚʦʨ 2 ʠʤʝʝʪ ʱʝʣʦʯʥʫʶ ʩʨʝʜʫ, ʪ. ʢ. 

ʚʳʪʝʩʥʷʝʪ ʘʤʤʠʘʢ ʠʟ ʨʘʩʪʚʦʨʘ ʩʫʣʴʬʘʪʘ ʘʤʤʦʥʠʷ. ʇʨʠ ʧʦʜʢʠʩʣʝʥʠʠ ʵʪʦʛʦ 

ʨʘʩʪʚʦʨʘ ʦʥ ʦʙʝʩʮʚʝʯʠʚʘʝʪʩʷ. ʀʟ ʵʪʦʛʦ ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʨʘʩʪʚʦʨ 2 ï ʵʪʦ 

ʱʝʣʦʯʥʦʡ ʨʘʩʪʚʦʨ ʬʝʥʦʣʬʪʘʣʝʠʥʘ (ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʳʡ ʠʥʜʠʢʘʪʦʨ). 

ʀʟ ʨʘʩʪʚʦʨʘ 1 ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʩʦʣʠ ʘʤʤʦʥʠʷ ʚʳʜʝʣʷʝʪʩʷ ʢʦʨʠʯʥʝʚʳʡ 

ʦʩʘʜʦʢ ʠ ʛʘʟ ʙʝʟ ʟʘʧʘʭʘ, ʩʢʦʨʝʝ ʚʩʝʛʦ ʘʟʦʪ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʝʱʝʩʪʚʦ ʚ 

ʨʘʩʪʚʦʨʝ 1 ʧʨʦʷʚʣʷʝʪ ʦʢʠʩʣʠʪʝʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʠ ʧʨʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʦʙʨʘʟʫʝʪ 

ʢʦʨʠʯʥʝʚʳʡ ʦʩʘʜʦʢ. ʇʦʜ ʵʪʦ ʦʧʠʩʘʥʠʝ ʭʦʨʦʰʦ ʧʦʜʭʦʜʠʪ ʧʝʨʤʘʥʛʘʥʘʪ. 

ʈʘʩʪʚʦʨ 1 ï ʵʪʦ ʨʘʩʪʚʦʨ ʧʝʨʤʘʥʛʘʥʘʪʘ ʢʘʣʠʷ, ʘ ʨʘʩʪʚʦʨ 2 ï ʨʘʩʪʚʦʨ 

ʛʠʜʨʦʢʩʠʜʘ ʢʘʣʠʷ, ʩ ʜʦʙʘʚʣʝʥʥʳʤ ʚ ʥʝʛʦ ʬʝʥʦʣʬʪʘʣʝʠʥʦʤ.  

2. ʋʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʡ: 

a) 2KMnO4 + 10KI + 8H2SO4 = 2MnSO4 + 6K2SO4 + 5I2 + 8H2O, 

b) 2 KMnO4 + 5 SO2 + 2 H2O = K2SO4 + 2 MnSO4 + 2 H2SO4, 

c) 2KMnO4 + 2NH3 = 2MnO2 + N2 + 2KOH + 2H2O, 

3. ɺ ʨʘʩʪʚʦʨʝ 2 ʩ ʘʣʶʤʠʥʠʝʤ ʤʦʞʝʪ ʨʝʘʛʠʨʦʚʘʪʴ ʪʦʣʴʢʦ ʛʠʜʨʦʢʩʠʜ ʢʘʣʠʷ: 

2Al + 2KOH + 6H2O = 2K[Al(OH)4] + 3H2 

ʠʣʠ 2Al + 6KOH + 6H2O = 2K3[Al(OH) 6] + 3H2 

4. ʇʨʠ ʩʤʝʰʝʥʠʠ ʨʘʩʪʚʦʨʦʚ 1 ʠ 2 ʧʝʨʤʘʥʛʘʥʘʪ-ʠʦʥ ʧʦʩʪʝʧʝʥʥʦ 

ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʛʠʜʨʦʢʩʠʜ-ʠʦʥʘʤʠ ʜʦ ʤʘʥʛʘʥʘʪʘ (VI). ʆʢʨʘʩʢʘ ʨʘʩʪʚʦʨʘ 

ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʝʝ ʪʝʤʥʦʡ (ʩʤʝʩʴ ʨʦʟʦʚʦʛʦ ʠ ʟʝʣʝʥʦʛʦ, ʧʨʠ ʧʦʣʥʦʤ ʧʨʝʚʨʘʱʝʥʠʠ 

ʦʢʨʘʩʢʘ ʩʪʘʥʝʪ ʟʝʣʝʥʦʡ: 

4KMnO4 + 4KOH = 4K2MnO4 + O2ŷ + 2H2O 

ʉʦ ʚʨʝʤʝʥʝʤ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦ ʜʠʩʧʨʦʧʦʨʮʠʦʥʠʨʦʚʘʥʠʝ ʤʘʥʛʘʥʘʪʘ (VI) ʠ 

ʚʳʧʘʜʝʥʠʝ ʙʫʨʦʛʦ ʦʩʘʜʢʘ ʦʢʩʠʜʘ ʤʘʨʛʘʥʮʘ (IV): 

3K2MnO4 + 2H2O = MnO2Ź + 2KMnO4 + 4KOH 

5. ʇʝʨʤʘʥʛʘʥʘʪ ʢʘʣʠʷ ʠʩʧʦʣʴʟʫʶʪ ʢʘʢ ʦʢʠʩʣʠʪʝʣʴ, ʜʝʟʠʥʬʠʮʠʨʫʶʱʝʝ 

ʩʨʝʜʩʪʚʦ. ʌʝʥʦʣʬʪʘʣʝʠʥ ʠʩʧʦʣʴʟʫʶʪ ʢʘʢ ʠʥʜʠʢʘʪʦʨ, ʨʘʥʝʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʢʘʢ 
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É ʎʇʄʂ ɺʩʆʐ ʧʦ ʭʠʤʠʠ 

ʩʣʘʙʠʪʝʣʴʥʦʝ ʩʨʝʜʩʪʚʦ ʧʦʜ ʥʘʟʚʘʥʠʝʤ çʇʫʨʛʝʥè (ʩ 2002 ʛʦʜʘ ʚ ʈʦʩʩʠʠ ʝʛʦ ʥʝ 

ʚʳʧʫʩʢʘʶʪ ʠʟ-ʟʘ ʧʦʙʦʯʥʳʭ ʵʬʬʝʢʪʦʚ ʠ ʦʧʘʩʥʦʩʪʠ ʧʝʨʝʜʦʟʠʨʦʚʢʠ). 

ʉʠʩʪʝʤʘ ʦʮʝʥʠʚʘʥʠʷ: 

1 ʆʧʨʝʜʝʣʝʥʠʝ ʩʦʩʪʘʚʘ ʨʘʩʪʚʦʨʦʚ 1 ʠ 2 ï ʧʦ 4 ʙʘʣʣʘ 8 ʙʘʣʣʦʚ 

2. ʋʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʡ (aïc) ʧʦ 2 ʙʘʣʣʘ 6 ʙʘʣʣʦʚ 

3. ʋʨʘʚʥʝʥʠʝ ʨʝʘʢʮʠʠ ʩ ʘʣʶʤʠʥʠʝʤ 2 ʙʘʣʣʘ 

4. ʈʝʘʢʮʠ ̫ʨʘʟʣʦʞʝʥʠʷ ʧʝʨʤʘʥʛʘʥʘʪʘ ʚ ʱʝʣʦʯʥʦʡ ʩʨʝʜʝ  

ʈʝʘʢʮʠʷ ʨʘʟʣʦʞʝʥʠʷ ʤʘʥʛʘʥʘʪʘ(VI) ʥʝ ʦʮʝʥʠʚʘʝʪʩʷ. 

2 ʙʘʣʣʘ 

5. ʇʨʠʤʝʥʝʥʠʝ ʚʝʱʝʩʪʚ ʧʦ 1 ʙʘʣʣʫ 2 ʙʘʣʣʘ 

ʀʊʆɻʆ: 20 ʙʘʣʣʦʚ 

 

ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ 9-3 (ʘʚʪʦʨ: ʂʫʨʘʤʰʠʥ ɹ.ʂ.)  

1. ʄʦʣʝʢʫʣʘ ɹ, ʠʤʝʶʱʘʷ ʬʦʨʤʫ ʪʨʠʛʦʥʘʣʴʥʦʡ ʙʠʧʠʨʘʤʠʜʳ, ʜʦʣʞʥʘ 

ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʬʦʨʤʫʣʝ PM 5, ʛʜʝ ʄ ï ʥʝʠʟʚʝʩʪʥʳʡ ʵʣʝʤʝʥʪ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ 

ʙʳʪʴ ʪʦʣʴʢʦ ʛʘʣʦʛʝʥʦʤ. ʊʦʛʜʘ ɸ ï ʛʘʟʦʦʙʨʘʟʥʳʡ ʛʘʣʦʛʝʥ, ʠʤʝʶʱʠʡ ʬʦʨʤʫʣʫ ʄ2. 

ʇʣʦʪʥʦʩʪʠ ʛʘʟʦʚ ʦʪʥʦʩʷʪʩʷ ʜʨʫʛ ʢ ʜʨʫʛʫ ʢʘʢ ʠʭ ʤʦʣʷʨʥʳʝ ʤʘʩʩʳ: 

”0-υ
”Ἑ

ὓ0-υ
ὓἙ

σπȢωχυ-Ἑ

ς-Ἑ
ςȢωτ 

ʀʟ ʵʪʦʛʦ ʫʨʘʚʥʝʥʠʷ ʧʦʣʫʯʘʝʤ ʄ(ʄ) = 35.2 ʛ/ʤʦʣʴ. ɿʥʘʯʠʪ, ʄ ï ʭʣʦʨ, 

ɸ -- Cl2, ɹ ï PCl5. 

ʋ ʬʦʩʬʦʨʘ ʠʟʚʝʩʪʥʦ ʪʦʣʴʢʦ ʜʚʘ ʫʩʪʦʡʯʠʚʳʭ ʭʣʦʨʠʜʘ PCl5 ʠ PCl3. ʇʦʵʪʦʤʫ 

ʧʨʠ ʨʘʟʣʦʞʝʥʠʠ PCl5 ʦʙʨʘʟʫʶʪʩʷ ʭʣʦʨ ʠ PCl3 (ʚʝʱʝʩʪʚʦ ɺ). 

ʋʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʡ: 

1. 2P + 5Cl2 Ÿ 2PCl5 

2. PCl5 Ÿ PCl3 + Cl2 

2. ʀ ʢʘʪʠʦʥ, ʠ ʘʥʠʦʥ ʩʦʩʪʦʷʪ ʠʟ ʜʚʫʭ ʵʣʝʤʝʥʪʦʚ, ʪʦ ʝʩʪʴ ʩʦʜʝʨʞʘʪ ʠ ʬʦʩʬʦʨ, 

ʠ ʭʣʦʨ. ʆʙʘ ʠʦʥʘ ʦʜʥʦʟʘʨʷʜʥʳʝ, ʪʦʛʜʘ, ʩ ʫʯʝʪʦʤ ʩʪʝʧʝʥʝʡ ʦʢʠʩʣʝʥʠʷ ʬʦʩʬʦʨʘ ʠ 

ʭʣʦʨʘ, ʍ+ ï ʵʪʦ PCl4
+, ʘ Yī ï PCl6

ī.  

3. ɺ ʨʝʘʢʮʠʠ ʨʘʟʣʦʞʝʥʠʷ ʦʙʨʘʟʫʶʪʩʷ ʨʘʚʥʳʝ ʢʦʣʠʯʝʩʪʚʘ ʭʣʦʨʘ ʠ 

ʪʨʠʭʣʦʨʠʜʘ ʬʦʩʬʦʨʘ. ʇʫʩʪʴ ʠʭ ʤʦʣʴʥʳʝ ʜʦʣʠ ʚ ʩʤʝʩʠ ʨʘʚʥʳ ʭ. ʊʦʛʜʘ ʤʦʣʴʥʘʷ 

ʜʦʣʷ ʧʝʥʪʘʭʣʦʨʠʜʘ ʬʦʩʬʦʨʘ ʨʘʚʥʘ 1 ī 2ʭ. ɺʳʨʘʟʠʤ ʩʨʝʜʥʶʶ ʤʦʣʷʨʥʫʶ ʤʘʩʩʫ 
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É ʎʇʄʂ ɺʩʆʐ ʧʦ ʭʠʤʠʠ 

ʩʤʝʩʠ ʯʝʨʝʟ ʤʦʣʴʥʳʝ ʜʦʣʠ ʢʦʤʧʦʥʝʥʪʦʚ ʠ, ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʯʝʨʝʟ ʧʣʦʪʥʦʩʪʴ 

ʧʦ ʭʣʦʨʫ: 

70.90Ŀʭ + 137.32Ŀʭ + 208.22Ŀ(1 ī 2ʭ) = 70.90Ŀ1.65 

208.22ʭ = 91.235 

ʭ = 0.438 = 43.8% = ʭ(Cl2) = x(PCl3) 

1 ī 2ʭ = 0.124 = 12.4% = x(PCl5) 

ɿʥʘʯʠʪ, 1 ʤʦʣʴ ʩʤʝʩʠ ʩʦʜʝʨʞʠʪ ʧʦ 0.438 ʤʦʣʴ Cl2 ʠ PCl3 ʠ 0.124 ʤʦʣʴ PCl5. 

ʊʘʢʘʷ ʩʤʝʩʴ ʦʙʨʘʟʫʝʪʩʷ ʧʨʠ ʨʘʟʣʦʞʝʥʠʠ 0.124 + 0.438 = 0.562 ʤʦʣʴ PCl5. ɿʥʘʯʠʪ, 

ʢʦʣʠʯʝʩʪʚʦ ʨʘʟʣʦʞʠʚʰʝʛʦʩʷ ʧʝʥʪʘʭʣʦʨʠʜʘ ʬʦʩʬʦʨʘ ʨʘʚʥʦ 0.438 ʤʦʣʴ, ʘ ʦʙʱʝʝ 

ʢʦʣʠʯʝʩʪʚʦ ʜʦ ʨʘʟʣʦʞʝʥʠʷ ï 0.562 ʤʦʣʴ. ʊʦʛʜʘ ʩʪʝʧʝʥʴ ʨʘʟʣʦʞʝʥʠʷ ʨʘʚʥʘ 0.438 : 

0.562 = 0.779 = 77.9%  78%. 

4. ʉʠʣʴʥʘʷ ʢʠʩʣʦʪʘ, ʦʙʨʘʟʫʶʱʘʷʩʷ ʧʨʠ ʛʠʜʨʦʣʠʟʝ ʦʙʦʠʭ ʭʣʦʨʠʜʦʚ ʬʦʩʬʦʨʘ 

ï ʵʪʦ ʩʦʣʷʥʘʷ ʢʠʩʣʦʪʘ, ʪʦ ʝʩʪʴ ɻ ï HCl. ʇʨʠ ʧʦʣʥʦʤ ʛʠʜʨʦʣʠʟʝ ʛʘʣʦʛʝʥʠʜʦʚ 

ʥʝʤʝʪʘʣʣʦʚ ʦʙʨʘʟʫʶʪʩʷ ʠʭ ʦʢʩʦʢʠʩʣʦʪʳ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʪʝʧʝʥʷʭ 

ʦʢʠʩʣʝʥʠʷ. ʊʦʛʜʘ ɼ ï H3PO4, ɽ ï H3PO3.  

ʇʨʠ ʥʝʧʦʣʥʦʤ ʛʠʜʨʦʣʠʟʝ PCl5 ʤʦʛʫʪ ʦʙʨʘʟʦʚʘʪʴʩʷ ʦʢʩʦʭʣʦʨʠʜʳ 

ʬʦʩʬʦʨʘ (V). ʄʦʣʝʢʫʣʳ ɾ ʠʤʝʶʪ ʪʝʪʨʘʵʜʨʠʯʝʩʢʫʶ ʬʦʨʤʫ, ʪʦʛʜʘ, ʩ ʫʯʝʪʦʤ 

ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ ʬʦʩʬʦʨʘ +5, ʧʦʜʭʦʜʠʪ ʪʦʣʴʢʦ POCl3. ʇʨʦʩʪʦʝ ʚʝʱʝʩʪʚʦ ɿ, 

ʢʦʪʦʨʦʝ ʨʝʘʛʠʨʫʝʪ ʩ PCl3 ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ POCl3 ï ʵʪʦ ʢʠʩʣʦʨʦʜ, O2. 

ʋʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʡ: 

3. PCl5 + 4H2O Ÿ H3PO4 + 5HCl 

4. PCl3 + 3H2O Ÿ H3PO3 + 3HCl 

5. Cl2 + H3PO3 + H2O Ÿ H3PO4 + 2HCl 

6. PCl5 + H2O Ÿ POCl3 + 2HCl 

7. 2PCl3 + O2 Ÿ 2POCl3 

5. ɽʜʠʥʩʪʚʝʥʥʳʡ ʘʥʠʦʥ, ʢʦʪʦʨʳʡ ʥʝ ʩʦʜʝʨʞʠʪ ʵʣʝʤʝʥʪʦʚ, ʢʨʦʤʝ ʭʣʦʨʘ 

ʠ ʬʦʩʬʦʨʘ, ʠ ʦʙʨʘʟʫʝʪʩʷ ʧʨʠ ʛʠʜʨʦʣʠʟʝ PCl5 ï ʵʪʦ ʭʣʦʨʠʜ-ʠʦʥ. ɿʥʘʯʠʪ, Zī ï 

ʵʪʦ Clī.  
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É ʎʇʄʂ ɺʩʆʐ ʧʦ ʭʠʤʠʠ 

ɽʩʣʠ ʢʦʣʠʯʝʩʪʚʘ ʘʥʠʦʥʦʚ ʨʘʚʥʳ, ʪʦ ʬʦʨʤʫʣʘ PCl5, ʩ ʫʯʝʪʦʤ 

ʵʣʝʢʪʨʦʥʝʡʪʨʘʣʴʥʦʩʪʠ, ʚʳʛʣʷʜʠʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ɹ'  ï ʵʪʦ 

(PCl4
+)2(PCl6

ī)(ʉlī). ɺ ʵʪʦʡ ʬʦʨʤʫʣʝ ʦʮʝʥʠʚʘʝʪʩʷ ʪʦʣʴʢʦ ʩʦʦʪʥʦʰʝʥʠʝ ʠʦʥʦʚ 

2:1:1, ʩʯʠʪʘʝʪʩʷ ʚʝʨʥʦʡ ʣʶʙʘʷ ʬʦʨʤʘ ʟʘʧʠʩʠ. 

ʉʠʩʪʝʤʘ ʦʮʝʥʠʚʘʥʠʷ: 

1. ʌʦʨʤʫʣʳ ɸ, ɹ, ɺ ï ʧʦ 1 ʙʘʣʣʫ 

ʋʨʘʚʝʥʠʷ ʨʝʘʢʮʠʡ 1 ʠ 2 ï ʧʦ 0.5 ʙʘʣʣʘ 
4 ʙʘʣʣʘ 

2. ʌʦʨʤʫʣʳ ʠʦʥʦʚ X+, Yī ï ʧʦ 1 ʙʘʣʣʫ 2 ʙʘʣʣʘ 

3. ʄʦʣʴʥʳʝ ʜʦʣʠ ɸ, ɹ, ɺ ʚ ʩʤʝʩʠ ï ʧʦ 0.5 ʙʘʣʣʘ 

ʉʪʝʧʝʥʴ ʨʘʟʣʦʞʝʥʠʷ ï 2 ʙʘʣʣʘ 
3.5 ʙʘʣʣʘ 

4. ʌʦʨʤʫʣʳ ɻ, ɼ, ɽ, ɾ, ɿ ï ʧʦ 1 ʙʘʣʣʫ 

ʋʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʡ 3 - 7 ï ʧʦ 0.5 ʙʘʣʣʘ 
7.5 ʙʘʣʣʘ 

5. ʌʦʨʤʫʣʘ Zī ï 1 ʙʘʣʣ 

ʉʦʦʪʥʦʰʝʥʠʝ ʢʦʣʠʯʝʩʪʚ ʠʦʥʦʚ ʚ ʬʦʨʤʫʣʝ ɹô ï 2 ʙʘʣʣʘ 
3 ʙʘʣʣʘ 

ʀʊʆɻʆ: 20 ʙʘʣʣʦʚ 

 

ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ 9-4 (ʘʚʪʦʨ: ʉʝʨʷʢʦʚ ʉ.ɸ.) 

1. ʂʘʢ ʠʟʚʝʩʪʥʦ, ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ KOH ʨʝʘʛʠʨʫʝʪ ʩ ʭʣʦʨʦʤ ʧʦ ʫʨʘʚʥʝʥʠʶ: 

1) 6KOH + 3Cl2 = 5KCl + KClO3 + 3H2O 

ɺ ʫʩʣʦʚʠʠ ʩʢʘʟʘʥʦ, ʯʪʦ ʩʦʣʴ ʍ ʩʦʜʝʨʞʠʪ ʢʠʩʣʦʨʦʜ, ʦʪʢʫʜʘ ʩʣʝʜʫʝʪ ʍ = 

KClO3, ʠʣʠ ʙʝʨʪʦʣʝʪʦʚʘ ʩʦʣʴ. ʉʦʩʪʘʚʠʤ ʨʝʘʢʮʠʠ, ʦʧʠʩʘʥʥʳʝ ʚ ʦʧʳʪʘʭ: 

ɸ. ɹʝʨʪʦʣʝʪʦʚʘ ʩʦʣʴ ʷʚʣʷʝʪʩʷ ʩʠʣʴʥʳʤ ʦʢʠʩʣʠʪʝʣʝʤ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʧʝʨʝʚʦʜʫ MnO2 ʚ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʩʪʝʧʝʥʴ ʦʢʠʩʣʝʥʠʷ, ʩʪʘʙʠʣʠʟʘʮʠʠ ʢʦʪʦʨʦʡ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʱʝʣʦʯʴ, ʦʙʨʘʟʫʶʱʘʷ ʤʘʥʛʘʥʘʪ: 

2) KClO3 + 3MnO2 + 6KOH = 3K2MnO4 + KCl + 3H2O 

ɺ ʨʘʩʪʚʦʨʝ ʤʘʥʛʘʥʘʪ ʜʠʩʧʨʦʧʦʨʮʠʦʥʠʨʫʝʪ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʝʨʤʘʥʛʘʥʘʪʘ ʠ 

ʜʠʦʢʩʠʜʘ ʤʘʨʛʘʥʮʘ: 

3) 3K2MnO4 + 2H2O = 4KOH + MnO2 + 2KMnO4 

ɹ. ɺ ʦʪʩʫʪʩʪʚʠʝ ʱʝʣʦʯʠ, ʤʘʨʛʘʥʝʮ ʥʝ ʩʪʘʙʠʣʠʟʠʨʫʝʪʩʷ ʚ ʙʦʣʝʝ ʚʳʩʦʢʠʭ 

ʩʪʝʧʝʥʷʭ ʦʢʠʩʣʝʥʠʷ, ʧʦʵʪʦʤʫ MnO2 ʚʳʩʪʫʧʘʝʪ ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʘ 

ʨʘʟʣʦʞʝʥʠʷ ʭʣʦʨʘʪʘ, ʧʦʥʠʞʘʷ ʪʝʤʧʝʨʘʪʫʨʫ ʧʨʦʮʝʩʩʘ ʩ 400 Áʉ ʜʦ 200ï250 Áʉ: 

4) 2KClO3 = 2KCl + 3O2 

ʆʩʪʘʪʦʢ ʩʦʜʝʨʞʠʪ MnO2 ʠ KCl, ʩʝʨʥʘʷ ʢʠʩʣʦʪʘ ʩʦʟʜʘʝʪ ʩʨʝʜʫ ʜʣʷ 
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ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʠ ʤʝʞʜʫ ʥʠʤʠ: 

5) MnO2 + 2KCl + 2H2SO4 = MnSO4 + Cl2ŷ + K2SO4 + 2H2O 

ɾʝʣʪʳʡ ʛʘʟ ï ʵʪʦ ʭʣʦʨ. 

ɺ. ɺ H2SO4 ʭʣʦʨʘʪ ʜʠʩʧʨʦʧʦʨʮʠʦʥʠʨʫʝʪ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʝʨʭʣʦʨʘʪʘ ʠ ClO2 

(ʜʨʫʛʦʡ ʞʝʣʪʳʡ ʛʘʟ): 

6) 3KClO3 + 2H2SO4 = KClO4 + 2KHSO4 + 2ClO2ŷ + H2O 

ʋʨʘʚʥʝʥʠʷ ʩ ʧʨʦʜʫʢʪʘʤʠ K2SO4, HClO4 ʩʯʠʪʘʪʴ ʧʦʣʥʦʩʪʴʶ ʚʝʨʥʳʤʠ. 

ʇʨʦʧʫʩʢʘʥʠʝ ʜʠʦʢʩʠʜʘ ʭʣʦʨʘ ʚ ʛʦʨʷʯʠʡ ʨʘʩʪʚʦʨ ʱʝʣʦʯʠ ʧʨʠʚʦʜʠʪ ʢ ʪʝʤ ʞʝ 

ʧʨʦʜʫʢʪʘʤ, ʯʪʦ ʠ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʍ: 

7) 6KOH + 6ClO2 = KCl + 5KClO3 + 3H2O 

ɻ. ʂʨʘʩʥʳʡ ʬʦʩʬʦʨ ʷʚʣʷʝʪʩʷ ʪʠʧʠʯʥʳʤ ʚʦʩʩʪʘʥʦʚʠʪʝʣʝʤ ï ʦʢʠʩʣʷʝʪʩʷ ʜʦ 

ʈ2ʆ5, ʢʦʪʦʨʳʡ ʠʩʧʘʨʷʝʪʩʷ ʚ ʫʩʣʦʚʠʷʭ ʧʨʦʪʝʢʘʥʠʷ ʵʢʟʦʪʝʨʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ: 

8) 6P + 5KClO3 = 3P2O5ŷ + 5KCl 

2. ʈʘʩʪʚʦʨ ʚ ʨ-ʮʠʠ 3 ʧʨʠʦʙʨʝʪʘʝʪ ʤʘʣʠʥʦʚʫʶ ʦʢʨʘʩʢʫ ʧʝʨʤʘʥʛʘʥʘʪ-ʠʦʥʘ.  

ʈ-ʮʠʷ 8 ʧʨʦʪʝʢʘʝʪ ʧʨʠ ʯʠʨʢʘʥʴʠ ʩʧʠʯʢʠ ʦ ʢʦʨʦʙʦʢ. 

3. ʆʧʨʝʜʝʣʠʤ ʤʘʩʩʫ ʚʦʜʳ ʜʣʷ ʨʘʩʪʚʦʨʝʥʠʷ 15 ʛ ʩʦʣʠ ʧʦ ʧʨʦʧʦʨʮʠʠ: 

15 ʛ ʩʦʣʠ  ï m1 ʛ ʚʦʜʳ 

56.2 ʛ ʩʦʣʠ ï 100 ʛ ʚʦʜʳ, ʦʪʢʫʜʘ m1 = 100Ŀ(15/56.2) = 26.7 ʛ. 

ʇʫʩʪʴ m ï ʤʘʩʩʘ ʚʦʜʳ, ʘ mc1 ï ʤʘʩʩʘ ʩʦʣʠ ʚ 58 ʛ ʛʦʨʷʯʝʛʦ ʨʘʩʪʚʦʨʘ, ʚ ʪʘʢʦʤ 

ʩʣʫʯʘʝ: mc1 + m = 58 ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʧʦ ʧʨʦʧʦʨʮʠʠ mc1 = 56.2Ŀ(m/100) = 0.562m, 

ʦʪʢʫʜʘ 0.562m + m = 58, m = 37.13 ʛ 

 ɺ ʧʨʦʮʝʩʩʝ ʚʳʧʘʜʝʥʠʷ ʙʝʟʚʦʜʥʦʡ ʩʦʣʠ ʤʘʩʩʘ ʚʦʜʳ ʦʩʪʘʥʝʪʩʷ ʥʝʠʟʤʝʥʥʦʡ. 

ʉʦʩʪʘʚʠʤ ʧʨʦʧʦʨʮʠʶ 

 m ʛ ʚʦʜʳ ï ʚʳʧʘʜʝʪ m2 ʩʦʣʠ 

100 ʛ ʚʦʜʳ ï ʚʳʧʘʜʝʪ (56.2 ī 3.3) ʛ ʩʦʣʠ,  

ʦʪʢʫʜʘ m2 = 52.9Ŀ(37.13/100) = 19.6 ʛ. 

4. ʉʦʩʪʘʚʠʤ ʫʨʘʚʥʝʥʠʝ ʨʝʘʢʮʠʠ ʱʝʣʦʯʠ ɸ = YOH ʩ ʛʘʣʦʛʝʥʦʤ ɺ = Z2. 

ʈʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ, çʪʦʯʥʦ ʪʘʢ ʞʝè, ʢʘʢ ʨʝʘʢʮʠʷ ʤʝʞʜʫ ʂʆʅ ʠ 

ʭʣʦʨʦʤ: 

6YOH + 3Z2 = 5YZ + YZO3 + 3H2O  
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ʇʫʩʪʴ ʦʙʨʘʟʦʚʘʣʦʩʴ ʭ ʤʦʣʴ YZO3, ʟʥʘʯʠʪ ʝʛʦ ʤʘʩʩʘ 

m(YZO3) = x(48 + M(YZ)), ʩʦʛʣʘʩʥʦ ʫʨʘʚʥʝʥʠʶ ʨʝʘʢʮʠʠ ʩʦʣʠ YZ ʦʙʨʘʟʦʚʘʣʦʩʴ 

5ʭ ʤʦʣʴ, ʠ ʝʸ ʤʘʩʩʘ m(YZ) = 5xĿM(YZ). ʄʘʩʩʘ ʙʝʩʢʠʩʣʦʨʦʜʥʦʡ ʩʦʣʠ ʙʦʣʴʰʝ, ʘ 

ʧʦʩʢʦʣʴʢʫ ʦʙʝ ʩʦʣʠ ʚʭʦʜʷʪ ʚ ʩʦʩʪʘʚ ʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ, ʦʪʥʦʰʝʥʠʝ ʠʭ ʤʘʩʩʦʚʳʭ 

ʜʦʣʝʡ ʚ ʪʦʯʥʦʩʪʠ ʨʘʚʥʦ ʦʪʥʦʰʝʥʠʶ ʠʭ ʤʘʩʩ: 

m(YZ)/ m(YZO3) = 5M(YZ)/(48 + M(YZ)) = 26.31 % / 8.165 % = 3.222, ʦʪʢʫʜʘ 

M(YZ) = 87.0 ʛ/ʤʦʣʴ. 

ʇʝʨʝʙʦʨʦʤ ʩʫʤʤ ʘʪʦʤʥʳʭ ʤʘʩʩ ʱʝʣʦʯʥʦʛʦ ʤʝʪʘʣʣʘ ʠ ʛʘʣʦʛʝʥʘ ʥʘʭʦʜʠʤ, ʯʪʦ 

Y = Li , Z = Br. 

9) 6LiOH + 3Br2 = 5LiBr  + LiBrO3 + 3H2O 

A = LiOH, B = Br2.ʆʧʨʝʜʝʣʠʤ ʢʦʣʠʯʝʩʪʚʦ ʠ ʤʘʩʩʫ ʱʝʣʦʯʠ ʚ ʠʩʭʦʜʥʦʤ 

ʨʘʩʪʚʦʨʝ. 

ʄʘʩʩʘ ʢʦʥʝʯʥʦʛʦ ʨʘʩʪʚʦʨʘ ʨʘʚʥʘ ʤʘʩʩʝ ʨʘʩʪʚʦʨʘ ʱʝʣʦʯʠ ʠ ʧʨʠʙʘʚʣʝʥʥʦʛʦ 

ʙʨʦʤʘ: m = (70.4 + 160Ŀ3x), ʚʳʭʦʜʠʪ ʯʪʦ ʢʦʣʠʯʝʩʪʚʦ ʙʨʦʤʘʪʘ ʣʠʪʠʷ ʭ = 

0.08165Ŀ(70.4 + 480ʭ)/135, ʦʪʢʫʜʘ ʭ = 0.06 ʤʦʣʴ. ʇʦ ʫʨʘʚʥʝʥʠʶ ʨʝʘʢʮʠʠ n(LiOH) 

= 6x = 0.36 ʤʦʣʴ, ʝʛʦ ʤʘʩʩʘ m(LiOH) = 0.36Ŀ24 = 8.64 ʛ. 

ʆʪʩʜʁʘ ʤʘʩʩʦʚʘʷ ʜʦʣʷ ɤ(LiOH) = 8.64/70.4 = 0.123, ʠʣʠ 12.3 % . 

ʉʠʩʪʝʤʘ ʦʮʝʥʠʚʘʥʠʷ: 

1 9 ʫʨʘʚʥʝʥʠʡ ʨʝʘʢʮʠʡ ʧʦ 1 ʙʘʣʣʫ ï 9 ʙʘʣʣʦʚ 

ʊʨʠʚʠʘʣʴʥʦʝ ʥʘʟʚʘʥʠʝ çʙʝʨʪʦʣʝʪʦʚʘ ʩʦʣʴè ʜʣʷ KClO3 ï 1 ʙʘʣʣ 

10 ʙʘʣʣʦʚ 

2 ʋʢʘʟʘʥʠʝ ʥʘ ʤʘʣʠʥʦʚʫʶ ʦʢʨʘʩʢʫ ʨʘʩʪʚʦʨʘ ʨʝʘʢʮʠʠ 3 ï 1 ʙʘʣʣ 

ʇʨʠʤʝʥʝʥʠʝ ʨʝʘʢʮʠʠ 8 ʚ ʙʳʪʫ ï 1 ʙʘʣʣ 

2 ʙʘʣʣʘ 

3 ʆʧʨʝʜʝʣʝʥʠʝ ʤʘʩʩʳ ʚʦʜʳ m1 ï 2 ʙʘʣʣʘ 

ʆʧʨʝʜʝʣʝʥʠʝ ʤʘʩʩʘ m2 ï 2 ʙʘʣʣʘ 

4 ʙʘʣʣʘ 

4 ʆʧʨʝʜʝʣʝʥʠʝ ʚʝʱʝʩʪʚ ɸ ʠ ɺ ʧʦ 1 ʙʘʣʣʫ 

ʆʧʨʝʜʝʣʝʥʠʝ ʤʘʩʩʦʚʦʡ ʜʦʣʠ LiOH ï 2 ʙʘʣʣ 

4 ʙʘʣʣʘ 

 ʀʪʦʛʦ: 20 ʙʘʣʣʦʚ 

ɽʩʣʠ ʭʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʤʘʩʩʦʚʦʡ ʜʦʣʠ ʚʝʨʝʥ, ʥʦ ʥʝ ʫʯʪʝʥʦ ʠʟʤʝʥʝʥʠʝ ʤʘʩʩʳ 

ʨʘʩʪʚʦʨʘ ʧʨʠ ʧʦʛʣʦʱʝʥʠʠ ʙʨʦʤʘ ʚʳʩʪʘʚʣʷʪʴ ʟʘ ʧʦʩʣʝʜʥʠʝ ʜʚʘ ʧʫʥʢʪʘ 1 ʙʘʣʣ. 

ʆʪʚʝʪ ʧʨʠ ʪʘʢʦʤ ʨʝʰʝʥʠʠ ʩʦʩʪʘʚʠʪ 8.7 %. 
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ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ 9-5 (ʘʚʪʦʨ: ɹʦʣʤʘʪʝʥʢʦʚ ɼ. ʅ.) 

1. ɺʦʟʴʤʸʤ 1 ʤʦʣʴ ʚʦʟʜʫʭʘ. ʆʙʲʸʤʥʘʷ ʜʦʣʷ ʜʣʷ ʛʘʟʦʚ ʩʦʚʧʘʜʘʝʪ ʩ ʤʦʣʴʥʦʡ, 

ʧʦʵʪʦʤʫ ʚ ʵʪʦʤ ʢʦʣʠʯʝʩʪʚʝ ʙʫʜʝʪ ʩʦʜʝʨʞʘʪʴʩʷ 5Ā10ī7 ʤʦʣʴ X. ʉ ʫʯʸʪʦʤ ʪʦʛʦ, ʯʪʦ 

ʤʦʣʷʨʥʘʷ ʤʘʩʩʘ ʚʦʟʜʫʭʘ ʨʘʚʥʘ 29 ʛ/ʤʦʣʴ, 1 ʤʦʣʴ ʚʦʟʜʫʭʘ ʙʫʜʝʪ ʠʤʝʪʴ ʤʘʩʩʫ 29 ʛ. 

ʊʦʛʜʘ ʤʘʩʩʘ X ʚ ʚʦʟʜʫʭʝ ʩʦʩʪʘʚʠʪ 29Ā3.5Ā10ī8 = 101.5Ā10ī8 ʛ. ʄʦʣʷʨʥʘʷ ʤʘʩʩʘ X 

ʨʘʚʥʘ 101.5Ā10ī8/(5Ā10ï7) = 2.03 å 2 ʛ/ʤʦʣʴ, ʯʪʦ ʤʦʞʝʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʪʦʣʴʢʦ 

ʚʦʜʦʨʦʜʫ. X ï H2. 

ʇʦʚʪʦʨʠʤ ʘʥʘʣʦʛʠʯʥʳʝ ʨʘʩʩʫʞʜʝʥʠʷ ʜʣʷ Y. ɺ 1 ʤʦʣʴ ʚʦʟʜʫʭʘ ʩʦʜʝʨʞʠʪʩʷ 

3Ā10ī7 ʤʦʣʴ ʠ 29Ā5Ā10ī7 = 145Ā10ī7 ʛ Y. ʄʦʣʷʨʥʘʷ ʤʘʩʩʘ ʩʦʩʪʘʚʣʷʝʪ 

145/3 = 48.33 å 48 ʛ/ʤʦʣʴ. ʀʟ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚʦʟʜʫʭʘ ʵʪʦ ʤʦʞʝʪ 

ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʦʟʦʥʫ. Y ï O3. 

2. ʆʟʦʥ ʦʙʨʘʟʫʝʪʩʷ ʧʨʠ ʜʝʡʩʪʚʠʠ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠʣʠ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʨʘʟʨʷʜʘ ʥʘ ʢʠʩʣʦʨʦʜ O2, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʚʦʟʜʫʭʘ, ʠ ʤʦʣʝʢʫʣʘ ʢʦʪʦʨʦʛʦ ʩʦʜʝʨʞʠʪ 2 ʘʪʦʤʘ. ʇʦʩʢʦʣʴʢʫ 

ʩʪʘʥʜʘʨʪʥʘʷ ʵʥʪʘʣʴʧʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʢʠʩʣʦʨʦʜʘ ʨʘʚʥʘ ʥʫʣʶ, ʪʝʧʣʦʪʘ ʨʝʘʢʮʠʠ 

ʚʳʨʘʞʘʝʪʩʷ ʪʦʣʴʢʦ ʯʝʨʝʟ ʪʝʧʣʦʪʫ ʦʙʨʘʟʦʚʘʥʠʷ ʦʟʦʥʘ: 

3O2 (ʛ.) = 2O3 (ʛ.) ï 284 ʢɼʞ 

ʠʣʠ  

1.5O2 (ʛ.) = O3 (ʛ.) ï 142 ʢɼʞ 

ʇʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʢʠʩʣʦʨʦʜʘ ʩ ʚʦʜʦʨʦʜʦʤ ʦʙʨʘʟʫʝʪʩʷ ʚʦʜʘ (ʧʘʨʳ ʚʦʜʳ 

ʷʚʣʷʶʪʩʷ ʢʦʤʧʦʥʝʥʪʦʤ ʘʪʤʦʩʬʝʨʳ). ʕʪʘ ʨʝʘʢʮʠʷ ï ʨʝʘʢʮʠʷ ʩʛʦʨʘʥʠʷ ʚʦʜʦʨʦʜʘ, 

ʧʦʵʪʦʤʫ ʪʝʧʣʦʪʘ ʨʝʘʢʮʠʠ ʨʘʚʥʘ ʪʝʧʣʦʪʝ ʩʛʦʨʘʥʠʷ H2. ɺ ʪʘʙʣʠʮʝ ʫʢʘʟʘʥʦ, ʯʪʦ 

ʧʨʠ ʩʛʦʨʘʥʠʠ ʦʙʨʘʟʫʶʪʩʷ ʛʘʟʦʦʙʨʘʟʥʳʝ ʧʨʦʜʫʢʪʳ: 

2H2 (ʛ.) + O2 (ʛ.) = 2H2O (ʛ.) + 484 ʢɼʞ 

ʠʣʠ 

H2 (ʛ.) + 0.5O2 (ʛ.) = H2O (ʛ.) + 242 ʢɼʞ 

3. ʇʨʝʜʩʪʘʚʠʤ ʨʝʘʢʮʠʶ ʦʙʨʘʟʦʚʘʥʠʷ ʦʜʥʦʛʦ ʤʦʣʷ ʦʟʦʥʘ  

1.5O2 (ʛ.) = O3 (ʛ.) ï 142 ʢɼʞ 
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ʚ ʚʠʜʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʧʨʝʚʨʘʱʝʥʠʡ: 

1.5O2 (ʛ.) = 3O (ʛ.)  Q1 = ï1.5ĀE(O=O) 

3O (ʛ.) = O3 (ʛ.)   Q2 = 605 ʢɼʞ 

ï142 = ï1.5ĀE(O=O) + 605 

E (O=O) = 498 ʢɼʞ/ʤʦʣʴ. 

4. ɺʳʨʘʟʠʤ ʪʝʧʣʦʪʫ ʨʝʘʢʮʠʠ 

H2 (ʛ.) + 0.5O2 (ʛ.) = H2O (ʛ.) + 242 ʢɼʞ 

ʯʝʨʝʟ ʵʥʝʨʛʠʠ ʩʚʷʟʝʡ: 

242 = äE(ʦʙʨ.ʩʚʷʟʝʡ) ï äE(ʨʘʟʨ.ʩʚʷʟʝʡ) = 2E(OïH) ï 0.5E(O=O) ï E(HïH) =  

= 2E(OïH) ï 0.5Ö498 ï 436 

E(OïH) = 463.5 ʢɼʞ/ʤʦʣʴ. 

5. ʉʦʝʜʠʥʝʥʠʝ M  ï ʧʝʨʦʢʩʠʜ ʚʦʜʦʨʦʜʘ, ʢʦʪʦʨʳʡ ʨʘʟʣʘʛʘʝʪʩʷ ʧʦ ʫʨʘʚʥʝʥʠʶ: 

2H2O2 = 2H2O + O2 

6. ʆʟʦʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʫʛʣʦʚʫʶ ʤʦʣʝʢʫʣʫ ʩ ʜʝʣʦʢʘʣʠʟʦʚʘʥʥʦʡ ʜʚʦʡʥʦʡ 

ʩʚʷʟʴʶ. ɺʪʦʨʘʷ ʚʦʟʤʦʞʥʘʷ ʬʦʨʤʘ ï ʮʠʢʣʠʯʝʩʢʠʡ ʠʟʦʤʝʨ, ʢʦʪʦʨʳʡ ʤʝʥʝʝ 

ʩʪʘʙʠʣʝʥ1: 

O
O

OO
O

O

Y

O

O
O

Y*  

  

 

1 Plass R. et al. Cyclic ozone identified in magnesium oxide (111) surface 

reconstructions. Physical review letters 1998, 81(22), 4891 
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ʉʠʩʪʝʤʘ ʦʮʝʥʠʚʘʥʠʷ: 

1. ʇʦ 2 ʙʘʣʣʘ ʟʘ ʨʘʩʯʸʪ ʠ ʧʦ 1 ʙʘʣʣʫ ʟʘ ʬʦʨʤʫʣʳ X ʠ Y. 6 ʙʘʣʣʦʚ 

2. ʇʦ 2 ʙʘʣʣʘ ʟʘ ʢʘʞʜʦʝ ʪʝʨʤʦʭʠʤʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ.  

ʇʨʠ ʦʪʩʫʪʩʪʚʠʠ ʪʝʧʣʦʚʦʛʦ ʵʬʬʝʢʪʘ ʩʪʘʚʠʪʩʷ 1 ʙʘʣʣ 

ʟʘ ʢʘʞʜʦʝ ʫʨʘʚʥʝʥʠʝ; ʦʪʩʫʪʩʪʚʠʝ ʘʛʨʝʛʘʪʥʳʭ 

ʩʦʩʪʦʷʥʠʡ ʰʪʨʘʬʫʝʪʩʷ 0.5 ʙʘʣʣʘʤʠ ʟʘ ʢʘʞʜʦʝ 

ʫʨʘʚʥʝʥʠʝ. ʈʘʟʤʝʨʥʦʩʪʴ çʢɼʞ/ʤʦʣʴè ʚ 

ʪʝʨʤʦʭʠʤʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʷʭ ʧʨʠʥʠʤʘʝʪʩʷ. 

4 ʙʘʣʣʘ 

3. 2 ʙʘʣʣʘ ʟʘ ʧʨʘʚʠʣʴʥʦʝ ʟʥʘʯʝʥʠʝ,  

1 ʙʘʣʣ ʟʘ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʨʝʘʢʮʠʠ ʚ ʚʠʜʝ ʩʫʤʤʳ ʜʨʫʛʠʭ 

ʨʝʘʢʮʠʡ ʠʣʠ ʟʘ ʟʘʧʠʩʴ ʪʝʧʣʦʪʳ ʯʝʨʝʟ ʵʥʝʨʛʠʠ ʩʚʷʟʠ.  

ʇʨʠʥʠʤʘʝʪʩʷ ʣʶʙʦʡ ʨʘʟʫʤʥʳʡ ʩʧʦʩʦʙ ʨʘʩʯʝʪʘ, ʜʘʞʝ 

ʦʪʣʠʯʥʳʡ ʦʪ ʪʦʛʦ, ʢʦʪʦʨʳʡ ʧʨʠʚʝʜʝʥ ʚ ʨʝʰʝʥʠʠ. 

3 ʙʘʣʣʘ 

4. 2 ʙʘʣʣʘ ʟʘ ʧʨʘʚʠʣʴʥʦʝ ʟʥʘʯʝʥʠʝ,  

1 ʙʘʣʣ ʟʘ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʨʝʘʢʮʠʠ ʚ ʚʠʜʝ ʩʫʤʤʳ ʜʨʫʛʠʭ 

ʨʝʘʢʮʠʡ ʠʣʠ ʟʘ ʟʘʧʠʩʴ ʪʝʧʣʦʪʳ ʯʝʨʝʟ ʵʥʝʨʛʠʠ ʩʚʷʟʠ.  

ʇʨʠʥʠʤʘʝʪʩʷ ʣʶʙʦʡ ʨʘʟʫʤʥʳʡ ʩʧʦʩʦʙ ʨʘʩʯʸʪʘ, ʜʘʞʝ 

ʦʪʣʠʯʥʳʡ ʦʪ ʪʦʛʦ, ʢʦʪʦʨʳʡ ʧʨʠʚʝʜʝʥ ʚ ʨʝʰʝʥʠʠ. 

3 ʙʘʣʣʘ 

5. 2 ʙʘʣʣʘ ʟʘ ʫʨʘʚʥʝʥʠʝ (ʩʭʝʤʘ ï 1 ʙʘʣʣ). 2 ʙʘʣʣʘ 

6. ʇʦ 1 ʙʘʣʣʫ ʟʘ ʩʪʨʫʢʪʫʨʳ Y ʠ Y* ;  

ʜʣʷ Y ʟʘʩʯʠʪʳʚʘʝʪʩʷ ʣʶʙʘʷ ʠʟ ʩʪʨʫʢʪʫʨ, ʜʘʞʝ ʙʝʟ 

ʫʢʘʟʘʥʠʷ ʟʘʨʷʜʦʚ. 

2 ʙʘʣʣʘ 

ʀʊʆɻʆ: 20 ʙʘʣʣʦʚ 
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ɼʝʩʷʪʳʡ ʢʣʘʩʩ 

ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ 10-1 (ʘʚʪʦʨ: ɹʝʟʟʫʙʦʚ ʉ.ʀ.) 

1. ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʫʧʘʢʦʚʢʘ ʚ ʦʙʦʠʭ ʚʝʱʝʩʪʚʘʭ ʦʙʨʘʟʫʝʪʩʷ ʟʘ ʩʯʝʪ 

ʩʠʣʴʥʳʭ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ. ɿʥʘʯʠʪ, ɸ ʠ ɹ ï ʵʪʦ ʚʦʜʦʨʦʜʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʩʠʣʴʥʦ 

ʵʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ. ʌʪʦʨʦʚʦʜʦʨʦʜ ï ʝʜʠʥʩʪʚʝʥʥʦʝ ʚʦʜʦʨʦʜʥʦʝ 

ʩʦʝʜʠʥʝʥʠʝ ʬʪʦʨʘ, ʢʠʩʣʦʨʦʜ ʦʙʨʘʟʫʝʪ ʜʚʘ ʪʘʢʠʭ ʩʦʝʜʠʥʝʥʠʷ: H2O ʠ H2O2, ʘ ʘʟʦʪ 

ʪʨʠ: NH3, N2H4 ʠ HN3, ʜʨʫʛʠʝ ʩʦʝʜʠʥʝʥʠʷ ʢʨʘʡʥʝ ʥʝʫʩʪʦʡʯʠʚʳ. ɸʤʤʠʘʢ ʠ 

ʬʪʦʨʦʚʦʜʦʨʦʜ ʧʨʠ 25 ʉ ʛʘʟʦʦʙʨʘʟʥʳʝ, ʧʦʵʪʦʤʫ ʥʝ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʫʩʣʦʚʠʶ 

ʟʘʜʘʯʠ. 

ʄʦʣʝʢʫʣʳ H2O, HN3 ʫʛʣʦʚʳʝ ʠ ʭʠʨʘʣʴʥʳʤʠ ʙʳʪʴ ʥʝ ʤʦʛʫʪ, ʪ. ʢ. ʝʩʣʠ 

ʟʝʨʢʘʣʦ ʨʘʩʧʦʣʦʞʠʪʴ ʚ ʧʣʦʩʢʦʩʪʠ ʤʦʣʝʢʫʣʳ, ʪʦ ʦʪʨʘʞʝʥʠʝ ʩʦʚʧʘʜʝʪ ʩ 

ʦʨʠʛʠʥʘʣʦʤ.  

ʄʦʣʝʢʫʣʘ H2O2, ʝʩʣʠ ʦʥʘ ʧʣʦʩʢʘʷ, ʪʘʢʞʝ ʥʝ ʭʠʨʘʣʴʥʘ, ʥʦ ʝʩʣʠ ʚʩʝ 4 ʘʪʦʤʘ 

ʥʝ ʥʘʭʦʜʷʪʩʷ ʚ ʦʜʥʦʡ ʧʣʦʩʢʦʩʪʠ, ʪʦ ʤʦʣʝʢʫʣʘ ʭʠʨʘʣʴʥʘ, ʦʪʨʘʞʝʥʠʝ ʤʦʞʥʦ 

ʧʦʚʝʨʥʫʪʴ ʠ ʩʦʚʤʝʩʪʠʪʴ 3 ʘʪʦʤʘ, ʥʦ ʩʦʚʤʝʩʪʠʪʴ ʚʩʝ 4 ʥʝ ʧʦʣʫʯʠʪʩʷ: 

 

ʄʦʣʝʢʫʣʘ N2H4 ʚ ʢʦʥʬʠʛʫʨʘʮʠʠ, ʢʦʛʜʘ ʵʣʝʢʪʨʦʥʥʳʝ ʧʘʨʳ ʘʪʦʤʘ ʘʟʦʪʘ 

ʥʘʧʨʘʚʣʝʥʳ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʝ ʩʪʦʨʦʥʳ ʥʝ ʭʠʨʘʣʴʥʘ, ʪ. ʢ. ʧʦʚʦʨʦʪ ʚʦʢʨʫʛ 

ʩʚʷʟʠ NïN ʧʝʨʝʚʦʜʠʪ ʤʦʣʝʢʫʣʫ ʚ ʦʨʠʛʠʥʘʣ: 
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ʆʜʥʘʢʦ ʥʝʙʦʣʴʰʦʡ ʨʘʟʚʦʨʦʪ ʬʨʘʛʤʝʥʪʦʚ NH2 ʚʦʢʨʫʛ ʩʚʷʟʠ NïN ʩʜʝʣʘʝʪ 

ʤʦʣʝʢʫʣʫ ʭʠʨʘʣʴʥʦʡ. 

ʋʩʣʦʚʠʶ ʭʠʨʘʣʴʥʦʩʪʠ ʚ ʪʚʝʨʜʦʤ ʚʠʜʝ ʤʦʛʫʪ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʧʘʨʳ H2O2 ʠ 

H2O, ʘ ʪʘʢʞʝ NH3 ʠ N2H4. ʆʜʥʘʢʦ ʛʠʜʨʘʟʠʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʩʥʦʚʘʥʠʝ, ʘ 

HN3 ï ʵʪʦ ʢʠʩʣʦʪʘ, ʧʨʠ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʦʙʨʘʟʫʝʪʩʷ ʩʦʣʴ N2H5N3, ʯʪʦ 

ʧʨʦʪʠʚʦʨʝʯʠʪ ʫʢʘʟʘʥʥʦʡ ʚ ʫʩʣʦʚʠʠ ʥʝʦʛʨʘʥʠʯʝʥʥʦʡ ʚʟʘʠʤʥʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʠ. 

ɸʥʘʣʦʛʠʯʥʦ ʥʝʚʦʟʤʦʞʝʥ ʨʘʩʪʚʦʨ ɺʘ(ʆʅ)2 ʚ HN3 ï ʪ. ʢ. ʦʥʠ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ 

ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ɺʘ(N3)2. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ɸ ï ʵʪʦ H2O; ɹ ï ʵʪʦ ʅ2ʆ2. 

ʇʨʠ ʩʭʝʤʘʪʠʯʥʦʤ ʠʟʦʙʨʘʞʝʥʠʠ ʚʘʞʥʦ 

ʫʢʘʟʘʪʴ, ʯʪʦ ʚʘʣʝʥʪʥʳʡ ʫʛʦʣ ʅïʆïʆ < 180Á, ʪ. ʝ. 

ʤʦʣʝʢʫʣʘ ʥʝ ʷʚʣʷʝʪʩʷ ʣʠʥʝʡʥʦʡ, ʦʙʘ ʫʛʣʘ ʅïʆïʆ 

ʦʜʠʥʘʢʦʚʳ. ʂʠʩʣʦʨʦʜ sp3-ʛʠʙʨʠʜʠʟʦʚʘʥ, ʘ ʟʥʘʯʠʪ ʫʛʦʣ ʅïʆïʆ > 90Á. ʊʘʢ ʢʘʢ ʧʦ 

ʫʩʣʦʚʠʶ ʟʘʜʘʯʠ ʤʦʣʝʢʫʣʘ ʭʠʨʘʣʴʥʘ, ʪʦʨʩʠʦʥʥʳʡ ʫʛʦʣ ʤʝʞʜʫ ʧʣʦʩʢʦʩʪʷʤʠ ʅʆʆ 

ʠ ʆʆʅ ʜʦʣʞʝʥ ʙʳʪʴ < 180Á. 

ɺ ʞʠʜʢʦʤ ʩʦʩʪʦʷʥʠʠ ʠʣʠ ʨʘʩʪʚʦʨʝ ʚ ʤʦʣʝʢʫʣʝ ʧʝʨʦʢʩʠʜʘ ʚʦʜʦʨʦʜʘ ʤʦʞʝʪ 

ʠʤʝʪʴ ʤʝʩʪʦ ʚʨʘʝɦʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʚʷʟʠ HOïOH, ʪʘʢ ʯʪʦ ʭʠʨʘʣʴʥʦʩʪʴ 

ʧʨʦʧʘʜʘʝʪ. ʂʨʠʩʪʘʣʣ ʦʙʨʘʟʦʚʘʥ ʟʘ ʩʯʝʪ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ, ʢʦʪʦʨʳʝ ʥʝ ʜʘʶʪ 

ʤʦʣʝʢʫʣʝ ʩʚʦʙʦʜʥʦ ʚʨʘʱʘʪʴʩʷ. 

2. ʇʝʨʦʢʩʠʜ ʚʦʜʦʨʦʜʘ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʛʜʘ 

ʩʦʜʝʨʞʠʪ ʚʦʜʫ, ʢʦʪʦʨʘʷ ʦʙʨʘʟʫʝʪʩʷ ʧʨʠ ʝʛʦ 

ʜʠʩʧʨʦʧʦʨʮʠʦʥʠʨʦʚʘʥʠʠ: 

H2O2 = H2O + 1/2O2      ʠʣʠ      

2 H2O2 = 2 H2O + O2 

3. ʏʠʩʣʦ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ (ʅ-ʩʚʷʟʝʡ) 

ʟʘʚʠʩʠʪ ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ ʘʪʦʤʦʚ ʚʦʜʦʨʦʜʘ ʠ 

ʥʝʧʦʜʝʣʝʥʥʳʭ ʧʘʨ ʵʣʝʢʪʨʦʥʦʚ ʥʘ ʢʠʩʣʦʨʦʜʝ. ɺ 

ʤʦʣʝʢʫʣʝ ʚʦʜʳ ʜʚʘ ʘʪʦʤʘ ʚʦʜʦʨʦʜʘ ʠ ʜʚʝ ʧʘʨʳ 

 

ʉʪʨʦʝʥʠʝ ʤʦʣʝʢʫʣʳ H2O2 

ʅ2ʆ2 

ʚ ʢʨʠʩʪʘʣʣʝ 

 
ɺʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ, ʢʦʪʦʨʳʝ 

ʤʦʞʝʪ ʦʙʨʘʟʦʚʘʪʴ ʤʦʣʝʢʫʣʘ 

ʚʦʜʳ 
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ʵʣʝʢʪʨʦʥʦʚ ʫ ʘʪʦʤʘ ʢʠʩʣʦʨʦʜʘ, ʧʦʵʪʦʤʫ ʤʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʅ-ʩʚʷʟʝʡ 

ʨʘʚʥʦ ʯʝʪʳʨʝʤ. ʇʦʩʢʦʣʴʢʫ ʚ ʚʦʜʝ ʯʠʩʣʦ ʵʣʝʢʪʨʦʥʥʳʭ ʧʘʨ ʠ ʘʪʦʤʦʚ ʚʦʜʦʨʦʜʘ 

ʩʦʚʧʘʜʘʝʪ, ʚ ʯʠʩʪʦʡ ʚʦʜʝ (ʣʴʜʫ) ʚʦʟʤʦʞʥʦ ʦʙʨʘʟʦʚʘʥʠʝ ʯʝʪʳʨʝʭ ʅ-ʩʚʷʟʝʡ. ɺ 

ʤʦʣʝʢʫʣʝ ʧʝʨʦʢʩʠʜʘ ʚʦʜʦʨʦʜʘ ʜʚʘ ʘʪʦʤʘ ʚʦʜʦʨʦʜʘ ʠ ʯʝʪʳʨʝ ʧʘʨʳ ʵʣʝʢʪʨʦʥʦʚ ʫ 

ʜʚʫʭ ʘʪʦʤʦʚ ʢʠʩʣʦʨʦʜʘ, ʧʦʵʪʦʤʫ ʤʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʅ-ʩʚʷʟʝʡ ʨʘʚʥʦ 

ʰʝʩʪʠ. ʆʜʥʘʢʦ ʚ ʯʠʩʪʦʤ ʧʝʨʦʢʩʠʜʝ ʚʦʜʦʨʦʜʘ ʤʦʞʝʪ ʤʘʢʩʠʤʘʣʴʥʦ ʨʝʘʣʠʟʦʚʘʪʴʩʷ 

ʪʦʣʴʢʦ ʯʝʪʳʨʝ ʅ-ʩʚʷʟʠ, ʧʦʩʢʦʣʴʢʫ ʜʣʷ ʜʚʫʭ ʠʟ ʯʝʪʳʨʝʭ ʵʣʝʢʪʨʦʥʥʳʭ ʧʘʨ ʥʝʪ 

ʘʪʦʤʦʚ ʚʦʜʦʨʦʜʘ.  

4. ʇʝʨʦʢʩʠʜ ʚʦʜʦʨʦʜʘ ï ʯʫʪʴ ʙʦʣʝʝ ʩʠʣʴʥʘʷ ʢʠʩʣʦʪʘ, ʯʝʤ ʚʦʜʘ (pKa å 12), 

ʧʦʩʢʦʣʴʢʫ ʩ ʢʠʩʣʦʨʦʜʦʤ ʚ H2O2 ʚʤʝʩʪʦ ʦʜʥʦʛʦ ʧʨʦʪʦʥʘ (ʢʘʢ ʚ ʚʦʜʝ) ʩʚʷʟʘʥʘ 

ʙʦʣʝʝ ʵʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʘʷ ʆʅ-ʛʨʫʧʧʘ. ɼʦʢʘʟʘʪʝʣʴʩʪʚʦʤ ʵʪʦʤʫ ʤʦʞʝʪ ʩʣʫʞʠʪʴ 

ʦʙʨʘʟʦʚʘʥʠʝ ʧʝʨʦʢʩʠʜʘ ʙʘʨʠʷ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʧʝʨʦʢʩʠʜʘ ʚʦʜʦʨʦʜʘ: 

H2O2 + Ba(OH)2 + 6H2O = BaO2Ā8H2O 

ʇʝʨʦʢʩʠʜ ʚʦʜʦʨʦʜʘ ï ʙʦʣʝʝ ʩʠʣʴʥʳʡ ʦʢʠʩʣʠʪʝʣʴ, ʯʝʤ ʚʦʜʘ. ʅʘʧʨʠʤʝʨ, ʦʥʘ 

ʚʳʜʝʣʷʝʪ ʠʦʜ ʠʟ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʠʦʜʠʜʘ ʢʘʣʠʷ: 

2KI  + H2O2 (3%) = I2 + 2KOH. 

ʇʝʨʦʢʩʠʜ ʚʦʜʦʨʦʜʘ ï ʪʘʢʞʝ ʙʦʣʝʝ ʩʠʣʴʥʳʡ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴ, ʪ. ʢ. 

ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪ ʧʝʨʤʘʥʛʘʥʘʪ ʢʘʣʠʷ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ: 

5H2O2 + 2KMnO4 + 3H2SO4 = 2MnSO4 + K2SO4 + 5O2 + 8H2O 

5. ʇʨʠ ʨʘʟʣʦʞʝʥʠʠ ʦʩʘʜʢʘ ʨʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʩʪʫʧʝʥʯʘʪʦ, ʵʪʦ ʭʘʨʘʢʪʝʨʥʦ 

ʜʣʷ ʢʨʠʩʪʘʣʣʦʛʠʜʨʘʪʦʚ. ɿʘʧʠʰʝʤ ʩʦʩʪʘʚ ʦʩʘʜʢʘ ʢʘʢ BaO2ĀnH2O. ʇʨʠ ʧʦʣʥʦʤ 

ʨʘʟʣʦʞʝʥʠʠ ʦʙʨʘʟʫʝʪʩʷ ʦʢʩʠʜ ʙʘʨʠʷ: 

BaO2ĀnH2O = BaO + nH2O + İ O2 

1
2 2 2

2 2

( ) ( ) 18.015 15.999
0.51

( ) 169.328 18.015

n M H O M O n
ʧʦʪʝʨʷʤʘʩʩʳ

M BaO nH O n

Ö + Ö +
= = =

Ö + Ö
 

ʆʪʩʜʁʘ n å 8. ʉʦʩʪʘʚ ʦʩʘʜʢʘ BaO2Ā8H2O:  

BaO2Ā8H2O = BaO + 8H2O + İ O2 
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ʉʠʩʪʝʤʘ ʦʮʝʥʠʚʘʥʠʷ: 

1 ʆʧʨʝʜʝʣʝʥʠʝ ɸ ʠ ɹ ï ʧʦ 1 ʙʘʣʣʫ, ʚ ʩʫʤʤʝ 2 ʙʘʣʣʘ. 

ʉʭʝʤʘ ʩʪʨʦʝʥʠʷ ʤʦʣʝʢʫʣʳ H2O2 ï 1 ʙʘʣʣ 

ʆʛʨʘʥʠʯʝʥʠʷ ʚʘʣʝʥʪʥʦʛʦ ʠ ʪʦʨʩʠʦʥʥʦʛʦ ʫʛʣʦʚ ʧʦ 0.5 ʙʘʣʣʘ 

ʋʢʘʟʘʥʠʝ ʥʘ ʚʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ ʢʘʢ ʧʨʠʯʠʥʫ ʭʠʨʘʣʴʥʦʩʪʠ  

H2O2 ʚ ʢʨʠʩʪʘʣʣʝ ï 0.5 ʙʘʣʣʘ. 

ʆʙʲʷʩʥʝʥʠʝ ʦʪʩʫʪʩʪʚʠʷ ʭʠʨʘʣʴʥʦʩʪʠ ʚ ʞʠʜʢʦʤ  

ʩʦʩʪʦʷʥʠʠ ï 0.5 ʙʘʣʣʘ. 

6 ʙʘʣʣʦʚ 

2 ʋʢʘʟʘʥʠʝ ʥʘ ʚʦʜʫ ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʩʠ ʚ H2O2 ï 1 ʙʘʣʣ. 

ʋʨʘʚʥʝʥʠʝ ʨʝʘʢʮʠʠ ʨʘʟʣʦʞʝʥʠʷ ʧʝʨʝʢʠʩʠ ï 1 ʙʘʣʣ. 
2 ʙʘʣʣʘ 

3 ʄʘʢʩʠʤʘʣʴʥʦʝ ʯʠʩʣʦ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ  

ʦʙʨʘʟʦʚʘʪʴ H2O ʠ H2O2 ʧʦ 1 ʙʘʣʣʫ, ʚ ʩʫʤʤʝ 2; 

ʏʠʩʣʦ ʩʚʷʟʝʡ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ H2O ʠ H2O2 ʧʦ 1 ʙʘʣʣʫ, ʚ ʩʫʤʤʝ 2; 

4 ʙʘʣʣʘ 

4 ʉʨʘʚʥʝʥʠʝ ʩʚʦʡʩʪʚ ï ʧʦ 1 ʙʘʣʣʫ, ʚ ʩʫʤʤʝ 3 ʙʘʣʣʘ 

ʋʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʡ ï ʧʦ 1 ʙʘʣʣʫ, ʚ ʩʫʤʤʝ 3 ʙʘʣʣʘ 
6 ʙʘʣʣʦʚ 

5 ʈʘʩʯʝʪ ʩʦʩʪʘʚʘ ɺ ï 1 ʙʘʣʣ, ʫʨʘʚʥʝʥʠʝ ʨʝʘʢʮʠʠ ï 1 ʙʘʣʣ 2 ʙʘʣʣʘ 

ʀʪʦʛʦ 20 ʙʘʣʣʦʚ 

 

ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ 10-2 (ʘʚʪʦʨ: ʐʚʝʜ ɸ.ʄ.) 

1. ɺʩʝ ʪʨʠ ʛʘʟʘ ʠʤʝʶʪ ʦʜʠʥʘʢʦʚʳʝ ʧʣʦʪʥʦʩʪʠ, ʟʥʘʯʠʪ ʨʘʚʥʳ ʠʭ ʤʦʣʷʨʥʳʝ 

ʤʘʩʩʳ. 

ʂʦʥʚʝʨʩʠʷ ʩ ʚʦʜʷʥʳʤ ʧʘʨʦʤ ï ʵʪʦ ʧʨʦʮʝʩʩ ʧʦʣʫʯʝʥʠʷ ʚʦʜʦʨʦʜʘ ʠʟ ʣʸʛʢʠʭ 

ʫʛʣʝʚʦʜʦʨʦʜʦʚ. ɺʳʜʝʣʷʶʱʠʡʩʷ ʧʨʠ ʵʪʦʤ ʷʜʦʚʠʪʳʡ ʛʘʟ ɽ ï ʫʛʘʨʥʳʡ ʛʘʟ (CO), 

ʪ. ʢ. CO2, ʢʦʪʦʨʳʡ ʪʘʢʞʝ ʤʦʛ ʙʳ ʦʙʨʘʟʦʚʘʪʴʩʷ ʚ ʜʘʥʥʦʡ ʨʝʘʢʮʠʠ, ʥʝ ʷʜʦʚʠʪ. 

ʊʦʛʜʘ ʨʝʘʢʮʠʶ ʢʦʥʚʝʨʩʠʶ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ: 

CxHy + xH2O = xCO + ( )2
y

x+ H2 

ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ ʩʤʝʩʠ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ ʧʦ ʚʦʜʦʨʦʜʫ ʨʘʚʥʘ 

4.90, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, 24.90 ( ) 4.90 2 9.8 ( / )ʩʤM M ʅ ʛ ʤʦʣʴ= Ö = Ö = , ʯʪʦ ʚ ʪʦ ʞʝ 

ʚʨʝʤʷ ʤʦʞʥʦ ʚʳʨʘʟʠʪʴ ʯʝʨʝʟ ʤʦʣʷʨʥʳʝ ʤʘʩʩʳ ʠ ʦʙʲʸʤʥʳʝ ʜʦʣʠ CO ʠ H2: 
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ɽʜʠʥʩʪʚʝʥʥʳʡ ʧʦʜʭʦʜʷʱʠʡ ʚʘʨʠʘʥʪ ï ʧʨʦʧʘʥ (ʉ3H8) ï ʛʘʟ ɸ, ʠʤʝʶʱʠʡ 

ʤʦʣʷʨʥʫʶ ʤʘʩʩʫ 44 ʛ/ʤʦʣʴ, ʪ. ʝ. ʪʘʢʫʶ ʞʝ, ʢʘʢ ʛʘʟʳ B ʠ ʉ. ʊʘʢʫʶ ʤʦʣʷʨʥʫʶ 

ʤʘʩʩʫ ʠʤʝʶʪ ʪʘʢʞʝ ʪʘʢʠʝ ʛʘʟʳ, ʢʘʢ, ʥʘʧʨʠʤʝʨ, N2O ʠ CO2. 

ɽʩʣʠ ʧʣʦʪʥʦʩʪʴ ʣʶʙʦʡ ʩʤʝʩʠ ʛʘʟʦʚ D ʠ ɽ, ʛʜʝ E ï CO, ʥʝ ʟʘʚʠʩʠʪ 

ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ, ʪʦ ʠ ʤʦʣʷʨʥʘʷ ʤʘʩʩʘ ʩʤʝʩʠ ʪʘʢʞʝ ʥʝ ʟʘʚʠʩʠʪ 

ʦʪ ʦʙʲʸʤʥʳʭ ʜʦʣʝʡ ʛʘʟʦʚ. ʕʪʦ ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʪʦʛʜʘ, ʢʦʛʜʘ ʤʦʣʷʨʥʳʝ ʤʘʩʩʳ 

ʛʘʟʦʚ D ʠ E ʦʜʠʥʘʢʦʚʳ, ʪ. ʝ. ʩʦʩʪʘʚʣʷʶʪ 28 ʛ/ʤʦʣʴ. ʇʨʦʩʪʳʤ ʛʘʟʦʦʙʨʘʟʥʳʤ 

ʚʝʱʝʩʪʚʦʤ D, ʠʤʝʶʱʠʤ ʪʘʢʫʶ ʤʦʣʷʨʥʫʶ ʤʘʩʩʫ, ʷʚʣʷʝʪʩʷ ʘʟʦʪ, ʪ. ʝ. D ï N2. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʨʝʘʢʮʠʠ C3H8 ʩ ʛʘʟʦʤ B ʦʙʨʘʟʫʝʪʩʷ ʛʘʟ C, N2 ʠ H2O, 

ʪʦʛʜʘ ʦʜʥʦʟʥʘʯʥʦ ʤʦʞʥʦ ʫʩʪʘʥʦʚʠʪʴ, ʯʪʦ ʠʤʝʥʥʦ B ï N2O, ʘ ʉ ï CO2. 

ʅʘʢʦʥʝʮ, ʜʦʙʘʚʣʝʥʠʝ ʛʘʟʘ F ʢ ʣʶʙʦʡ ʩʤʝʩʠ N2 ʠ CO ʪʘʢʞʝ ʥʝ ʧʨʠʚʦʜʠʪ 

ʢ ʠʟʤʝʥʝʥʠʶ ʧʣʦʪʥʦʩʪʠ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʦʣʷʨʥʦʡ ʤʘʩʩ r ʩʤʝʩʠ. ʊʘʢʦʝ 

ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʪʦʛʜʘ, ʢʦʛʜʘ ʠ F ʠʤʝʝʪ ʪʫ ʞʝ ʤʦʣʷʨʥʫʶ ʤʘʩʩʫ, ʯʪʦ ʠ D, ʠ E, ʪ. ʝ. 

28 ʛ/ʤʦʣʴ. ʊʘʢ ʢʘʢ ʚʝʱʝʩʪʚʦ F ʦʙʨʘʟʫʝʪʩʷ ʧʨʠ ʢʨʝʢʠʥʛʝ (ʪʝʨʤʠʯʝʩʢʦʤ 

ʨʘʟʣʦʞʝʥʠʠ) ʧʨʦʧʘʥʘ C3H8, ʪʦ ʦʥʦ ʤʦʞʝʪ ʩʦʜʝʨʞʘʪʴ ʪʦʣʴʢʦ ʫʛʣʝʨʦʜ ʠ ʚʦʜʦʨʦʜ. 

ʇʦʜʙʦʨʦʤ ʧʦʣʫʯʘʝʤ, ʯʪʦ F ï ʵʪʠʣʝʥ, ʠʤʝʶʱʠʡ ʬʦʨʤʫʣʫ C2H4. ʊʦʛʜʘ ʧʨʦʩʪʳʤ 

çʚʳʯʠʪʘʥʠʝʤè ʬʦʨʤʫʣʳ ʵʪʠʣʝʥʘ ʠʟ ʧʨʦʧʘʥʘ ʧʦʣʫʯʘʝʤ CH4, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʬʦʨʤʫʣʝ ʤʝʪʘʥʘ. ʇʦʜʪʚʝʨʜʠʪʴ ʵʪʦ ʤʦʞʥʦ ʨʘʩʯʸʪʦʤ ʧʣʦʪʥʦʩʪʠ ʩʤʝʩʠ ʧʨʦʜʫʢʪʦʚ 

ʢʨʝʢʠʥʛʘ ʧʨʦʧʘʥʘ: 

C3H8 = C2H4 + CH4 

2 4 2 4 4 4( ) ( ) ( ) ( )

28 0.5 16 0.5 22 ( / )

ʩʤ

ʩʤ

M M C H C H M CH CH

M ʛ ʤʦʣʴ

j j= Ö + Ö

= Ö + Ö =
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100 22 /
0.888 ( / )

8.314 298
ʩʤ

PM ʢʇʘ ʛ ʤʦʣʴ
ʛ ʣ

ɼʞRT
ʂ

ʤʦʣʴ ʂ

r
Ö

= = =

Ö
Ö

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʢʦʤʳʝ ʚʝʱʝʩʪʚʘ: 

A ï C3H8, B ï N2O, ʉ ï CO2, D ï N2, E ï CO, F ï C2H4. 

2. ʋʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʡ: 

1) ʉ3H8 + 10N2O t½½­ 3CO2 + 10N2 + 4H2O 

2) C3H8 + 3H2O ,t Ni½½½­  3CO + 7H2 

3) C3H8 , .t ʢʘʪ½½½­  C2H4 + CH4 

3. ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʣʦʪʥʦʩʪʴ ʩʤʝʩʠ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ ʙʳʣʘ ʨʘʚʥʘ 

ʧʣʦʪʥʦʩʪʠ ʩʤʝʩʠ ʨʝʘʛʠʨʫʶʱʠʭ ʚʝʱʝʩʪʚ, ʥʫʞʥʦ ʧʦʜʦʙʨʘʪʴ ʪʘʢʫʶ ʧʘʨʫ ʚʝʱʝʩʪʚ, 

ʢʦʪʦʨʘʷ ʧʨʠ ʨʝʘʢʮʠʠ ʜʘʸʪ ʧʨʦʜʫʢʪʳ ʩ ʪʦʡ ʞʝ ʩʫʤʤʦʡ ʢʦʵʬʬʠʮʠʝʥʪʦʚ, ʯʪʦ ʠ ʜʦ 

ʨʝʘʢʮʠʠ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʝʩʣʠ ʚ ʨʝʘʢʮʠʠ ʢʦʣʠʯʝʩʪʚʦ ʛʘʟʦʦʙʨʘʟʥʳʭ ʚʝʱʝʩʪʚ ʥʝ 

ʤʝʥʷʝʪʩʷ, ʪʦ, ʩʦʛʣʘʩʥʦ ʟʘʢʦʥʫ ʩʦʭʨʘʥʝʥʠʷ ʤʘʩʩʳ, ʤʦʣʷʨʥʘʷ ʤʘʩʩʘ ʩʤʝʩʠ 

ʧʨʦʜʫʢʪʦʚ ʪʘʢʞʝ ʥʝ ʧʦʤʝʥʷʝʪʩʷ. 

ʅʘʡʜʝʥʥʳʝ ʨʘʥʝʝ ʚʝʱʝʩʪʚʘ ʠʤʝʶʪ ʤʦʣʷʨʥʫʶ ʤʘʩʩʫ ʣʠʙʦ 28 ʛ/ʤʦʣʴ (N2, CO, 

C2H4), ʣʠʙʦ 44 ʛ/ʤʦʣʴ (C3H8, N2O, CO2). ɿʥʘʯʠʪ ʚ ʩʘʤʦʤ ʧʨʦʩʪʦʤ ʚʘʨʠʘʥʪʝ 

1 ʤʦʣʴ CO ʨʝʘʛʠʨʫʝʪ ʩ 1 ʤʦʣʴ ʛʘʟʘ ʩ ʤʦʣʷʨʥʦʡ ʤʘʩʩʦʡ 44 ʛ/ʤʦʣʴ ʠ ʦʙʨʘʟʫʝʪʩʷ ʧʦ 

1 ʤʦʣʴ ʛʘʟʦʚ ʩ ʪʝʤʠ ʞʝ ʤʦʣʷʨʥʳʤʠ ʤʘʩʩʘʤʠ. ʀʟ ʧʦʜʭʦʜʷʱʠʭ ʚʘʨʠʘʥʪʦʚ ʪʦʣʴʢʦ 

ʨʝʘʢʮʠʷ ʫʛʘʨʥʦʛʦ ʛʘʟʘ ʩ ʦʢʩʠʜʦʤ ʘʟʦʪʘ (I): 

4) CO + N2O = CO2 + N2 

4. ɻʘʟʳ D, E ʠ F ʠʤʝʶʪ ʤʦʣʷʨʥʫʶ ʤʘʩʩʫ 28 ʛ/ʤʦʣʴ, ʟʥʘʯʠʪ ʤʦʣʷʨʥʘʷ ʤʘʩʩʘ G 

ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ ( ) 428· 1 0.0 42 27.- =  ʜʦ ( ) 628· 1 0.0 52 28.+ =  ʛ/ʤʦʣʴ. ʀʟ 

ʵʣʝʤʝʥʪʦʚ ʩ ʥʝʮʝʣʦʡ ʘʪʦʤʥʦʡ ʤʘʩʩʦʡ ʜʦ ʚʝʨʭʥʝʛʦ ʟʥʘʯʝʥʠʷ 28.56 ʛ/ʤʦʣʴ ʤʦʞʥʦ 

ʚr ʜʝʣʠʪʴ Li (6.94), B (10.81), Ne (20.18), Mg (24.31). ɻʘʟʦʦʙʨʘʟʥʳʝ ʩʦʝʜʠʥʝʥʠʷ 

ʦʙʨʘʟʫʶʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʝʤʝʪʘʣʣʘʤʠ, ʘ ʥʝʦʥ ʥʝ ʦʙʨʘʟʫʝʪ ʩʪʘʙʠʣʴʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ, ʧʦʵʪʦʤʫ ʩʢʦʨʝʝ ʚʩʝʛʦ G ʩʦʜʝʨʞʠʪ ʙʦʨ. ɹʣʠʟʢʫʶ ʢ 28 ʛ/ʤʦʣʴ 

ʤʦʣʷʨʥʫʶ ʤʘʩʩʫ ʠʤʝʝʪ ʜʠʙʦʨʘʥ (B2H6), ʢʦʪʦʨʳʡ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʷʚʣʷʝʪʩʷ 
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ʙʝʩʮʚʝʪʥʳʤ ʷʜʦʚʠʪʳʤ ʛʘʟʦʤ, ʩʘʤʦʚʦʩʧʣʘʤʝʥʷʝʪʩʷ ʥʘ ʚʦʟʜʫʭʝ ʠ, ʢʘʢ ʠ ʜʨʫʛʠʝ 

ʩʦʝʜʠʥʝʥʠʷ ʙʦʨʘ, ʛʦʨʠʪ ʟʝʣʸʥʳʤ ʧʣʘʤʝʥʝʤ. 

ɼʠʙʦʨʘʥ ï ʜʠʤʝʨ ʵʣʝʢʪʨʦʥʥʦ-ʥʝʥʘʩʳʱʝʥʥʦʡ ʯʘʩʪʠʮʳ BH3. ɺ ʩʚʦʝʡ 

ʩʪʨʫʢʪʫʨʝ ʦʥ ʩʦʜʝʨʞʠʪ ʜʚʫʭʵʣʝʢʪʨʦʥʥʳʝ ʪʨʸʭʮʝʥʪʨʦʚʳʝ ʩʚʷʟʠ BïHïB. 

ʉʪʨʫʢʪʫʨʘ ʜʠʙʦʨʘʥʘ G: 

 ʠʣʠ  

BH3 ʠʤʝʝʪ ʩʚʦʙʦʜʥʫʶ ʦʨʙʠʪʘʣʴ ʥʘ ʘʪʦʤʝ ʙʦʨʘ ʠ ʧʦʪʦʤʫ ʧʨʦʷʚʣʷʝʪ ʩʚʦʡʩʪʚʘ 

ʢʠʩʣʦʪʳ ʃʴʶʠʩʘ, ʷʚʣʷʷʩʴ ʘʢʮʝʧʪʦʨʦʤ ʵʣʝʢʪʨʦʥʥʦʡ ʧʘʨʳ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʦʥʘ 

ʩʧʦʩʦʙʥʘ ʦʙʨʘʟʦʚʳʚʘʪʴ ʘʜʜʫʢʪʳ (ʢʦʤʧʣʝʢʩʳ) ʩ ʦʩʥʦʚʘʥʠʷʤʠ ʃʴʶʠʩʘ, ʪ.ʝ. 

ʜʦʥʦʨʘʤʠ ʵʣʝʢʪʨʦʥʥʳʭ ʧʘʨ. ʉʨʝʜʠ ʥʠʭ ʠ ʛʘʟ E ï CO, ʥʘ ʘʪʦʤʝ ʫʛʣʝʨʦʜʘ ʢʦʪʦʨʦʛʦ 

ʥʘʭʦʜʠʪʩʷ ʯʘʩʪʠʯʥʳʡ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʟʘʨʷʜ ʠ ʠʤʝʝʪʩʷ ʥʝʧʦʜʝʣʸʥʥʘʷ 

ʵʣʝʢʪʨʦʥʥʘʷ ʧʘʨʘ. ʉ ʙʦʨʘʥʦʤ ʦʥ ʦʙʨʘʟʫʝʪ ʢʘʨʙʦʥʠʣʙʦʨʘʥ H, ʠʤʝʶʱʠʡ 

ʩʣʝʜʫʶʱʝʝ ʩʪʨʦʝʥʠʝ: 

 ʠʣʠ  

ʂʘʨʙʦʥʠʣʙʦʨʘʥ ʨʘʩʪʚʦʨʷʝʪʩʷ ʚ ʱʝʣʦʯʘʭ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʘʥʠʦʥʘ I. ʄʦʞʥʦ 

ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʵʪʦ ʧʨʦʠʩʭʦʜʠʪ ʚʩʣʝʜʩʪʚʠʝ ʘʪʘʢʠ ʛʠʜʨʦʢʩʠʜ-ʠʦʥʘ ʧʦ 

ʢʘʨʙʦʥʠʣʴʥʦʤʫ ʘʪʦʤʫ ʫʛʣʝʨʦʜʘ, ʣʠʙʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʘʥʥʳʝ ʦ ʤʘʩʩʦʚʦʡ ʜʦʣʝ. 

ʊʘʢ, ʝʩʣʠ ʤʘʩʩʦʚʘʷ ʜʦʣʷ ʢʠʩʣʦʨʦʜʘ ʩʦʩʪʘʚʣʷʝʪ 55.32 %, ʪʦ ʤʦʣʷʨʥʘʷ ʤʘʩʩʘ 

ʘʥʠʦʥʘ ʨʘʚʥʘ 
16.00

28.92 ( / )
0.5532

a
a ʛ ʤʦʣʴ

Ö
= Ö , ʛʜʝ a ï ʯʠʩʣʦ ʘʪʦʤʦʚ ʢʠʩʣʦʨʦʜʘ ʚ I. ɿʥʘʷ 

ʩʪʨʫʢʪʫʨʫ H, ʧʦʣʫʯʘʝʤ, ʯʪʦ ʧʨʠ a = 2 ʤʦʣʷʨʥʘʷ ʤʘʩʩʘ ʘʥʠʦʥʘ ʨʘʚʥʘ 

57.84 ʛ/ʤʦʣʴ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʘʥʠʦʥʫ [H3BïCOO]2ī, ʠʤʝʶʱʝʤʫ ʩʪʨʫʢʪʫʨʫ: 

 ʠʣʠ  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʢʦʤʳʝ ʚʝʱʝʩʪʚʘ (ʩʪʨʫʢʪʫʨʥʳʝ ʬʦʨʤʫʣʳ ʚʳʰʝ): 

G ï B2H6, H ï H3BïCO, I  ï [H3BïCOO]2ī 
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5. ʋʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʡ: 

5) B2H6 + 6N2O t½½­ B2O3 + 6N2 + 3H2O 

6) B2H6 + 6C2H4 = 2B(C2H5)3 

7) B2H6 + 2CO = 2H3BïCO 

8) H3BïCO + 2OHī = [H3BïCOO]2ī + H2O 

9) TcO4
ī + 3[H3BïCOO]2ī + 13H2O = [Tc(CO)3(H2O)3]

+ + 3[B(OH)4]
ī + 6H2 + 5OHī 

ʠʣʠ TcO4
ī + 3[H3BïCOO]2ī + 8H+ + 5H2O = [Tc(CO)3(H2O)3]

+ + 3H3BO3 + 6H2 

ɿʘʰʠʬʨʦʚʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ: 

A B C D E F 

C3H8 N2O CO2 N2 CO C2H4 

 

G H I  

ʠʣʠ  
 ʠʣʠ 

 

 ʠʣʠ 

 

ʉʠʩʪʝʤʘ ʦʮʝʥʠʚʘʥʠʷ: 

1. ʌʦʨʤʫʣʳ ʚʝʱʝʩʪʚ A ï F ʧʦ 1.5 ʙʘʣʣʘ 9 ʙʘʣʣʦʚ 

2. ʋʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʡ 1 ï 3 ʧʦ 1 ʙʘʣʣʫ 3 ʙʘʣʣʘ 

3. ʋʨʘʚʥʝʥʠʝ ʨʝʘʢʮʠʠ 4 

ʙʝʟ ʦʙʦʩʥʦʚʘʥʠʷ ï 0 ʙʘʣʣʦʚ 

1 ʙʘʣʣ 

4. ʉʪʨʫʢʪʫʨʥʳʝ ʬʦʨʤʫʣʳ ʚʝʱʝʩʪʚ G ï I  ʧʦ 1 ʙʘʣʣʫ 3 ʙʘʣʣʘ 

5. ʋʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʡ 5 ï 8 ʧʦ 0.75 ʙʘʣʣʘ 

ʋʨʘʚʥʝʥʠʝ ʨʝʘʢʮʠʠ 9 ï 1 ʙʘʣʣ 

4 ʙʘʣʣʘ 

 ʀʊʆɻʆ: 20 ʙʘʣʣʦʚ 
 

 

ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ 10-3 (ʘʚʪʦʨ: ʂʫʨʘʤʰʠʥ ɹ.ʂ.) 

1. ʆʜʥʦ ʠʟ ʧʨʦʩʪʳʭ ʚʝʱʝʩʪʚ, ʚʳʧʘʜʘʶʱʠʭ ʚ ʦʩʘʜʦʢ ï ʵʪʦ ʠʦʜ, 

ʧʦʣʫʯʘʶʱʠʡʩʷ ʧʨʠ ʦʢʠʩʣʝʥʠʠ ʠʦʜʠʜʘ ʢʘʣʠʷ. ɺʪʦʨʳʤ ʧʨʦʩʪʳʤ ʚʝʱʝʩʪʚʦʤ 

ʤʦʞʝʪ ʙʳʪʴ ʪʦʣʴʢʦ ʩʝʣʝʥ, ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʠʡʩʷ ʦʪ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ +4 ʜʦ 0. 

ʈ-ʮʠʷ 2 ï ʩʪʘʥʜʘʨʪʥʘʷ ʨʝʘʢʮʠʷ ʚ ʠʦʜʦʤʝʪʨʠʯʝʩʢʦʤ ʪʠʪʨʦʚʘʥʠʠ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʢʮʠʠ ʩ ʪʠʦʩʫʣʴʬʘʪʦʤ, ʦʙʨʘʟʫʝʪʩʷ ʪʝʪʨʘʪʠʦʥʘʪ ʥʘʪʨʠʷ. 
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ʈ-ʮʠʷ 1: H2SeO3 + 4KI  + 4HCl Ÿ SeŹ + 2I2Ź + 4KCl + 3H2O 

ʈ-ʮʠʷ 2: I2 + 2Na2S2O3 Ÿ 2NaI + Na2S4O6 

ʉʦʣʴ ɸ ï Na2S4O6. 

2. ʉʦʛʣʘʩʥʦ ʫʨʘʚʥʝʥʠʷʤ ʨʝʘʢʮʠʡ, ʢʦʣʠʯʝʩʪʚʦ ʪʠʦʩʫʣʴʬʘʪʘ ʥʘʪʨʠʷ ʚ 4 ʨʘʟʘ 

ʚʳʰʝ ʢʦʣʠʯʝʩʪʚʘ ʠʩʭʦʜʥʦʡ ʩʝʣʝʥʠʩʪʦʡ ʢʠʩʣʦʪʳ. 

n(Na2S2O3) = c Ŀ V = 0.1310 Ŀ 10.05 Ŀ 10ī3 = 1.3166Ŀ10ī3 ʤʦʣʴ 

n(H2SeO3) = 
4

)OS(Na 322n
= 3.291Ŀ10ī4 ʤʦʣʴ. 

3. ʆʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʪʠʦʩʫʣʴʬʘʪʘ, ʜʦʙʘʚʣʝʥʥʦʛʦ ʢ ʨʘʩʪʚʦʨʫ 1, ʨʘʚʥʦ: 

n(Na2S2O3) = c Ŀ V = 0.1310 Ŀ 15.00 Ŀ 10ī3 = 1.965Ŀ10ī3 ʤʦʣʴ 

ʂʦʣʠʯʝʩʪʚʦ ʪʠʦʩʫʣʴʬʘʪʘ, ʚʩʪʫʧʠʚʰʝʛʦ ʚ ʨʝʘʢʮʠʶ ʩ ʠʦʜʦʤ ʥʘ ʚʪʦʨʦʡ ʩʪʘʜʠʠ 

ʤʝʪʦʜʠʢʠ, ʨʘʚʥʦ: 

n2(Na2S2O3) = 2n(I2) = 2 Ŀ c(I2) Ŀ V(I2) = 2 Ŀ 0.03623 Ŀ 8.95 Ŀ 10ī3 = 6.485Ŀ10ī4 ʤʦʣʴ. 

ʊʦʛʜʘ ʥʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʩ ʩʝʣʝʥʠʩʪʦʡ ʢʠʩʣʦʪʦʡ ʧʨʦʨʝʘʛʠʨʦʚʘʣʦ: 

n1(Na2S2O3) = n(Na2S2O3) ī n2(Na2S2O3) = 1.317Ŀ10
ī3 ʤʦʣʴ. 

ʂʦʣʠʯʝʩʪʚʦ ʩʝʣʝʥʠʩʪʦʡ ʢʠʩʣʦʪʳ ʚ 10 ʤʣ ʨʘʚʥʦ 3.291Ŀ10ī4 ʤʦʣʴ, ʪʦʛʜʘ 

ʩʦʦʪʥʦʰʝʥʠʝ Na2S2O3 : H2SeO3 ʚ ʨ-ʮʠʠ 3 ʨʘʚʥʦ 4 : 1, ʚ ʨʝʘʢʮʠʶ ʩ 1 ʤʦʣʴ 

ʢʠʩʣʦʪʳ ʚʩʪʫʧʘʝʪ 4 ʤʦʣʴ ʪʠʦʩʫʣʴʬʘʪʘ. 

4. ɸʥʠʦʥ ɹ ʪʘʢ ʞʝ, ʢʘʢ ʠ ʪʝʪʨʘʪʠʦʥʘʪ-ʠʦʥ, ʩʦʜʝʨʞʠʪ 4 ʘʪʦʤʘ ʩʝʨʳ 

ʠ 6 ʘʪʦʤʦʚ ʢʠʩʣʦʨʦʜʘ, ʪʦ ʝʩʪʴ ʠʤʝʝʪ ʬʦʨʤʫʣʫ SexS4O6
nī. ʂʨʦʤʝ ʪʦʛʦ, ɹ ʠ ɸ 

ʦʙʨʘʟʫʶʪʩʷ ʚ ʨʘʚʥʳʭ ʢʦʣʠʯʝʩʪʚʘʭ ʚ ʨʝʘʢʮʠʠ 3. ʊʦʛʜʘ ʤʦʞʥʦ ʨʝʘʢʮʠʶ 3 

ʚ ʠʦʥʥʦʤ ʦʙʱʝʤ ʚʠʜʝ: 

H2SeO3 + 4S2O3
2ī + (28 ī 24ʘ)ʅ+ Ÿ aSexS4O6

nī + aS4O6
2ī + (15 ï 12a)H2O 

ʀʟ ʙʘʣʘʥʩʘ ʧʦ ʩʝʨʝ: a = 1, ʠʟ ʙʘʣʘʥʩʘ ʧʦ ʩʝʣʝʥʫ: ax = 1, ʭ = 1. ʀʟ ʟʘʨʷʜʦʚʦʛʦ 

ʙʘʣʘʥʩʘ: 

ī8 + 28 ī 24ʘ = īan ī 2ʘ 

ʇʨʠ a = 1 ʧʦʣʫʯʘʝʤ n = 2. ʊʦʛʜʘ ɹ ï Na2SeS4O6
1. 

 

1 çɸʥʘʣʠʪʠʯʝʩʢʘʷ ʭʠʤʠʷ ʩʝʣʝʥʘ ʠ ʪʝʣʣʫʨʘè, ʅʘʟʘʨʝʥʢʦ ʀ.ʀ., ɽʨʤʘʢʦʚ ɸ.ʅ., 

ʄ., çʅʘʫʢʘè - 1971. 
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5. ʈʝʘʢʮʠʷ 3 ʫʞʝ, ʬʘʢʪʠʯʝʩʢʠ, ʟʘʧʠʩʘʥʘ ʚʳʰʝ ʚ ʦʙʱʝʤ ʚʠʜʝ. ʈʝʘʢʮʠʷ 4 ï 

ʨʘʟʣʦʞʝʥʠʝ ʪʠʦʩʫʣʴʬʘʪʘ ʥʘʪʨʠʷ, ʩʢʦʨʦʩʪʴ ʢʦʪʦʨʦʛʦ ʨʘʩʪʝʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʢʠʩʣʦʪʥʦʩʪʠ ʨʘʩʪʚʦʨʘ. 

ʈʝʘʢʮʠʷ 3: H2SeO3 + 4Na2S2O3 + 4ʅCl Ÿ Na2SeS4O6 + Na2S4O6 + 3H2O 

ʈʝʘʢʮʠʷ 4:  Na2S2O3 + 2HCl Ÿ S + SO2 + 2NaCl + H2O 

6. ʉʪʨʫʢʪʫʨʳ ʘʥʠʦʥʦʚ ʫʩʣʦʚʠʝʤ ʟʘʜʘʯʠ ʟʘʜʘʶʪʩʷ ʦʜʥʦʟʥʘʯʥʦ. ɼʣʷ SeSO3
2ī 

ʩʯʠʪʘʝʪʩʷ ʚʝʨʥʦʡ ʢʘʢ ʙʦʣʝʝ çʧʨʠʚʳʯʥʘʷè ʩʪʨʫʢʪʫʨʘ ʩ ʟʘʨʷʜʘʤʠ ʥʘ ʘʪʦʤʘʭ 

ʢʠʩʣʦʨʦʜʘ, ʪʘʢ ʠ ʩ ʘʥʠʦʥʦʤ ʥʘ ʘʪʦʤʝ ʩʝʣʝʥʘ. ɺʩʝ ʘʥʠʦʥʳ ʩʪʨʫʢʪʫʨʥʦ ʧʦʜʦʙʥʳ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʩʝʨʥʳʤ ʘʥʘʣʦʛʘʤ: 

Se

S

O
ïO

O
ï

ʠʣʠ

Se
ï

S

O
O

O
ï

ʠʣʠ

Se
2ï

S 

O
2ï O

 O

2-

 

S

Se

S

O

O
O
ï

O

O
O
ï

S 

Se

 S

O
2ï

O
2ï

O
2ï

O
2ï

O
2ï

 O

2-

ʠʣʠ

 

S
Se

Se
S

O

O

O
ï

O

O

O
ï S 

Se

Se
S 

O
2ï

O
2ï

O
2ï

O
2ï

O
2ï

 O

2-

ʠʣʠ

 

S
S

Se
S

O

O

O
ï

O

O

O
ï S 

S

Se
S 

O
2ï

O
2ï

O
2ï

O
2ï

O
2ï

 O

2-

ʠʣʠ

 

S

S

Se

S

S

O

O
O
ï

O

O
O
ï

S 

S

Se

S

 S

O
2ï

O
2ï

 O

O
2ï

O
2ï

O
2ï

2-

ʠʣʠ

 

ɺ ʩʪʨʫʢʪʫʨʥʳʭ ʬʦʨʤʫʣʘʭ ʧʨʠ ʥʘʣʠʯʠʠ ʢʨʘʪʥʳʭ ʩʚʷʟʝʡ ʚʘʞʥʦ 

ʠʭ ʢʦʣʠʯʝʩʪʚʦ, ʘ ʥʝ ʨʘʩʧʦʣʦʞʝʥʠʝ. ɺʝʨʥʳʤʠ ʩʣʝʜʫʝʪ ʩʯʠʪʘʪʴ ʪʘʢʞʝ ʩʪʨʫʢʪʫʨʳ 



ʈʝʰʝʥʠʷ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʪʫʨʘ ɺʩʆʐ ʧʦ ʭʠʤʠʠ 

 

25 

É ʎʇʄʂ ɺʩʆʐ ʧʦ ʭʠʤʠʠ 

ʩ çʧʦʣʫʪʦʨʥʳʤʠè ʩʚʷʟʷʤʠ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʙʣʠʟʢʠʤʠ ʢ ʨʝʘʣʴʥʦʩʪʠ. 

ʅʠʞʝ ʧʨʠʚʝʜʝʥʳ ʤʝʞʘʪʦʤʥʳʝ ʨʘʩʩʪʦʷʥʠʷ ʚ ʘʥʠʦʥʘʭ [SeSO3]
2ī ʠ [SeS3O6]

2ī, 

ʦʧʨʝʜʝʣʝʥʥʳʝ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ 

[N(CH3)4]2SeSO3Ā4H2O ʠ K2SeS3O6ĀH2O: 

S
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[2] 

ʅʘ ʨʠʩʫʥʢʝ ʠʟʦʙʨʘʞʝʥ ʘʥʠʦʥ [SeS3O6]
2ī ʚ ʦʢʨʫʞʝʥʠʠ ʢʘʪʠʦʥʦʚ ʢʘʣʠʷ, 

ʘ ʧʫʥʢʪʠʨʥʳʤʠ ʣʠʥʠʷʤʠ ʧʦʢʘʟʘʥʳ ʠʦʥʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ [2]: 

 

ʉʠʩʪʝʤʘ ʦʮʝʥʠʚʘʥʠʷ: 

1. ʋʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʡ 1, 2 ï ʧʦ 1.5 ʙʘʣʣʘ 

ʌʦʨʤʫʣʘ ʩʦʣʠ ɸ ï 1.5 ʙʘʣʣʘ 
4.5 ʙʘʣʣʘ 

2. ʂʦʣʠʯʝʩʪʚʦ ʩʝʣʝʥʠʩʪʦʡ ʢʠʩʣʦʪʳ ï 1 ʙʘʣʣ 1 ʙʘʣʣ 

3. ʂʦʣʠʯʝʩʪʚʦ ʪʠʦʩʫʣʴʬʘʪʘ ʚ ʨʘʩʯʝʪʝ ʥʘ 1 ʤʦʣʴ ʩʝʣʝʥʠʩʪʦʡ 

ʢʠʩʣʦʪʳ ï 1.5 ʙʘʣʣʘ 
1.5 ʙʘʣʣʘ 

4. ʌʦʨʤʫʣʘ ɹ ï 1.5 ʙʘʣʣʘ 1.5 ʙʘʣʣʘ 

5. ʋʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʡ 3 ʠ 4 ï ʧʦ 1.5 ʙʘʣʣʘ 3 ʙʘʣʣʘ 

6. ʉʪʨʫʢʪʫʨʥʳʝ ʬʦʨʤʫʣʳ 5 ʘʥʠʦʥʦʚ ï ʧʦ 1.5 ʙʘʣʣʘ 7.5 ʙʘʣʣʦʚ 

ʀʊʆɻʆ: 20 ʙʘʣʣʦʚ  

[1] Alexander J. Blake, Victoria Consterdine, Michael F. A. Dove, Scott Lammas and 

Linda H. Thompson, Synthesis and characterisation of tetramethylammonium 

selenosulfate(VI) tetrahydrate, (NMe4)2SeSO3Ā4H2O // J. Chem. Soc., Dalton 

Trans., 1998, pp.3-4, DOI: 10.1039/A707328C; 



ʈʝʰʝʥʠʷ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʪʫʨʘ ɺʩʆʐ ʧʦ ʭʠʤʠʠ 

 

26 

É ʎʇʄʂ ɺʩʆʐ ʧʦ ʭʠʤʠʠ 

[2] A. S. Foust, V. Janickis, and K. Maroy, The selenotetrathionate dianion: 

preparation and x-ray structures of K2SeS3O6ĀH2O and [Co(en)2Cl2]2SeS3O6 // 

Inorganic Chemistry 1980 V.19 (4), pp.1040-1043, DOI: 10.1021/ic50206a050. 

 

ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ 10-4 (ʘʚʪʦʨ: ʊʨʦʬʠʤʦʚ ʀ.ɸ.) 

1. ʉʫʜʷ ʧʦ ʚʳʜʝʣʝʥʠʶ ʚʦʜʦʨʦʜʘ ʚ ʨʝʘʢʮʠʠ 1, ʚʝʱʝʩʪʚʦ I  ʩʦʜʝʨʞʠʪ ʘʪʦʤʳ H, 

ʩʧʦʩʦʙʥʳʝ ʦʪʱʝʧʣʷʪʴʩʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʢʘʣʠʷ. ʇʦʩʢʦʣʴʢʫ I  

ʥʘʭʦʜʠʪʩʷ ʚ ʥʝʜʦʩʪʘʪʢʝ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʢʘʣʠʶ, ʧʦ ʦʙʱʝʤʫ ʫʨʘʚʥʝʥʠʶ ʨʝʘʢʮʠʠ 

ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʤʦʣʷʨʥʫʶ ʤʘʩʩʫ I  (n-ʦʩʥʦʚʥʦʡ ʢʠʩʣʦʪʳ ʩ ʢʠʩʣʦʪʥʳʤ 

ʦʩʪʘʪʢʦʤ A): 

2HnA + 2nK = 2KnA + nH2ŷ 

-ἓ
Íἓ
ɜἓ

ɟ
ἓ
6ἓ

ɜ

ὲɟ
ἓ
6ἓ6

ς6

ςȢψρτ ʤʣϽπȢχψψχ
ʛ

ʤʣ
ϽςςȢτ

ʣ

ʤʦʣʴ
Ͻὲ

ςϽπȢσσφ ʣ
χσȢωψὲ ʛȾʤʦʣʴ

χτὲ ʛȾʤʦʣʴȢ 

ʇʦʩʢʦʣʴʢʫ ʧʣʦʪʥʦʩʪʴ ʧʘʨʦʚ I  ʥʝ ʧʨʝʚʳʰʘʝʪ ʧʣʦʪʥʦʩʪʴ ʢʨʠʧʪʦʥʘ, 

M I < 83.8 ʛ/ʤʦʣʴ. ʆʪʩʶʜʘ n = 1, ʤʦʣʷʨʥʘʷ ʤʘʩʩʘ I  ï 74 ʛ/ʤʦʣʴ. ɺʝʱʝʩʪʚʦ II  ï 

ʢʘʣʠʝʚʘʷ ʩʦʣʴ I, ʢʦʪʦʨʘʷ ʨʝʘʛʠʨʫʝʪ ʩ ʚʦʜʦʡ. ʕʪʦ ʟʥʘʯʠʪ, ʯʪʦ ʩʦʝʜʠʥʝʥʠʝ 

I  ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʩʣʘʙʦʡ ʢʠʩʣʦʪʦʡ, ʯʝʤ ʚʦʜʘ, ʯʪʦ ʦʪʤʝʪʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ 

ʵʪʦ ʢʘʨʙʦʥʦʚʘʷ ʢʠʩʣʦʪʘ (ʚʩʝ ʦʥʠ ʩʠʣʴʥʝʝ ʚʦʜʳ). ʃʦʛʠʯʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ 

I  ʷʚʣʷʝʪʩʷ ʩʧʠʨʪʦʤ. ɽʩʣʠ ʚʳʯʝʩʪʴ ʠʟ 74 ʛ/ʤʦʣʴ ʤʘʩʩʫ ʛʠʜʨʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʳ, 

ʪʦ ʦʩʪʘʥʝʪʩʷ 57 ʛ/ʤʦʣʴ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʘʣʢʠʣʴʥʦʡ ʛʨʫʧʧʝ C4H9. ʇʦʩʢʦʣʴʢʫ 

ʩʧʠʨʪ I  ʫʩʪʦʡʯʠʚ ʢ ʦʢʠʩʣʝʥʠʶ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʵʪʦ ʪʨʝʪ-ʙʫʪʘʥʦʣ (ʚʩʝ 

ʧʨʦʯʠʝ ʙʫʪʘʥʦʣʳ ʧʦʜʚʝʨʞʝʥʳ ʦʢʠʩʣʝʥʠʶ ʜʦ ʢʝʪʦʥʦʚ ʠʣʠ ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ). 

ʊʘʢʞʝ ʤʦʞʥʦ ʙʳʣʦ ʙʳ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ I  ʷʚʣʷʝʪʩʷ ʘʤʠʥʦʤ, ʥʦ ʪʘʢʦʡ ʚʘʨʠʘʥʪ 

ʥʝ ʧʦʜʭʦʜʠʪ ʧʦ ʤʦʣʷʨʥʦʡ ʤʘʩʩʝ (ʤʘʩʩʝ 74 ʛ/ʤʦʣʴ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʬʦʨʤʫʣʘ 

C4H9NH3, ʘ ʯʘʩʪʠʮʘ ʩ ʪʘʢʦʡ ʬʦʨʤʫʣʦʡ ʜʦʣʞʥʘ ʙʳʪʴ ʢʘʪʠʦʥʦʤ ʠ ʩʘʤʘ ʧʦ ʩʝʙʝ 

ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʨʘʩʪʚʦʨʠʪʝʣʝʤ). ʂ ʪʦʤʫ ʞʝ, ʥʝʷʩʥʦ, ʢʘʢʦʡ ʛʘʟ ʙʫʜʝʪ ʚʳʜʝʣʷʪʴʩʷ 

ʧʨʠ ʨʝʘʢʮʠʠ ʘʤʠʥʘ ʩ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʩʝʨʥʦʡ ʢʠʩʣʦʪʦʡ (ʩʤ. ʧʫʥʢʪ 3). ʀʪʘʢ, 

I  ï (CH3)3COH, II  ï (CH3)3COïK+. 
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2. ʋʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʡ 1 ʠ 2: 

1. 2(CH3)3COH + 2K = 2(CH3)3COK + H2ŷ; 

2. (CH3)3COK + H2O = (CH3)3COH + KOH. 

3. ɺʳʜʝʣʝʥʠʝ ʛʘʟʘ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʩʤʝʩʠ ʪʨʝʪ-ʙʫʪʘʥʦʣʘ ʩ ʩʝʨʥʦʡ ʢʠʩʣʦʪʦʡ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʨʦʪʝʢʘʥʠʝ ʜʝʛʠʜʨʘʪʘʮʠʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʠʟʦʙʫʪʠʣʝʥʘ III . 

ʇʦʧʨʦʙʫʝʤ ʩʦʩʪʘʚʠʪʴ ʤʝʭʘʥʠʟʤ ʨʝʘʢʮʠʠ ʘʣʢʠʣʠʨʦʚʘʥʠʷ ʠʟʦʙʫʪʠʣʝʥʘ ʚ 

ʫʩʣʦʚʠʷʭ ʨʝʘʢʮʠʠ ʜʝʛʠʜʨʘʪʘʮʠʠ: 

 

ɺʠʜʥʦ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʤʦʞʝʪ ʦʙʨʘʟʦʚʘʪʴʩʷ ʜʚʘ ʠʟʦʤʝʨʥʳʭ ʘʣʢʝʥʘ. ʊʘʢ ʢʘʢ 

ʧʨʠ ʦʢʠʩʣʝʥʠʠ V ʦʙʨʘʟʫʝʪʩʷ ʫʛʣʝʢʠʩʣʳʡ ʛʘʟ, ʪʦ ʵʪʦ ʪʝʨʤʠʥʘʣʴʥʳʡ ʘʣʢʝʥ ʚʠʜʘ 

RRᾳC=CH2. ɿʥʘʯʠʪ, V ï 2,4,4-ʪʨʠʤʝʪʠʣʧʝʥʪ-1-ʝʥ. ʊʦʛʜʘ IV  ï 2,4,4-ʪʨʠʤʝʪʠʣʧʝʥʪ-

2-ʝʥ. ʇʨʦʜʫʢʪ ʠʭ ʛʠʜʨʠʨʦʚʘʥʠʷ ï ʠʟʦʦʢʪʘʥ IX . 

ʉʪʨʦʝʥʠʝ ʚʝʱʝʩʪʚ IV  ʠ V ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʠ ʙʝʟ ʤʝʭʘʥʠʟʤʘ ʩ ʧʦʤʦʱʴʶ 

ʜʘʥʥʳʭ ʦʙ ʦʢʠʩʣʝʥʠʠ IV. ɺʝʱʝʩʪʚʦ VI  (ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʡ ʨʘʩʪʚʦʨʠʪʝʣʴ ʩ 

ʬʦʨʤʫʣʦʡ C3H6O) ï ʵʪʦ ʘʮʝʪʦʥ. ʊʝʧʝʨʴ ʦʧʨʝʜʝʣʠʤ ʬʦʨʤʫʣʫ ʢʠʩʣʦʪʳ VII : 

ɜἤἓἓ
6̏ ̂̚

6́ ̌̉̋̃
Ͻɜ υϽ# Ͻ6 υϽπȢσ ʄϽπȢπρωφ ʣ

ςȢωτϽρπ ʤʦʣʴ 

-ἤἓἓ
Íἤἓἓ
ɜἤἓἓ

σȢππ ʛ

ςȢωτϽρπ ʤʦʣʴ
ρπς ʛȾʤʦʣʴ 

ɽʩʣʠ ʠʟ ʵʪʦʡ ʤʘʩʩʳ ʚʳʯʝʩʪʴ ʤʘʩʩʫ ʢʘʨʙʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʳ, ʤʘʩʩʘ ʦʩʪʘʪʢʘ 

ʩʦʩʪʘʚʠʪ 57 ʛ/ʤʦʣʴ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʬʨʘʛʤʝʥʪʫ C4H9. ʇʦ-ʚʠʜʠʤʦʤʫ, ʵʪʦ ʪʨʝʪ-

ʙʫʪʠʣʴʥʘʷ ʛʨʫʧʧʘ, ʪʘʢ ʢʘʢ ʵʪʦʪ ʩʪʨʫʢʪʫʨʥʳʡ ʬʨʘʛʤʝʥʪ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʤʦʣʝʢʫʣʝ 
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ʠʟʦʙʫʪʠʣʝʥʘ. ɿʥʘʯʠʪ, VII  ï ʧʠʚʘʣʝʚʘʷ ʢʠʩʣʦʪʘ (CH3)3CCOOH. ʀʟ ʩʪʨʫʢʪʫʨ VI  ʠ 

VII  ʥʝʩʣʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʩʪʨʫʢʪʫʨʫ ʠʩʭʦʜʥʦʛʦ ʘʣʢʝʥʘ IV  ʠ ʝʛʦ ʠʟʦʤʝʨʘ V. 

ʉʦʝʜʠʥʝʥʠʝ VIII  ï 4,4-ʜʠʤʝʪʠʣʧʝʥʪʘʥʦʥ-2. 

 

ʅʘ ʧʝʨʚʳʡ ʚʟʛʣʷʜ, ʜʣʷ ʠʟʦʦʢʪʘʥʘ IX  ʚʦʟʤʦʞʥʦ ʯʝʪʳʨʝ 

ʤʦʥʦʭʣʦʨʧʨʦʠʟʚʦʜʥʳʭ, ʦʜʥʘʢʦ ʜʚʘ ʠʟ ʥʠʭ ʤʦʛʫʪ ʩʫʱʝʩʪʚʦʚʘʪʴ ʚ ʚʠʜʝ ʜʚʫʭ 

ʦʧʪʠʯʝʩʢʠʭ ʠʟʦʤʝʨʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʘʝʪʩʷ ʰʝʩʪʴ ʤʦʥʦʭʣʦʨʧʨʦʠʟʚʦʜʥʳʭ 

(ʠʭ ʩʪʨʫʢʪʫʨʳ ʧʨʠʚʦʜʠʪʴ ʥʝ ʦʙʷʟʘʪʝʣʴʥʦ): 

 

4. ʋʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʡ 3ï5: 

 

ʉʠʩʪʝʤʘ ʦʮʝʥʠʚʘʥʠʷ: 

1. ʉʪʨʫʢʪʫʨʥʳʝ ʬʦʨʤʫʣʳ I  ʠ II  ï ʧʦ 1.5 ʙʘʣʣʘ 

ʙʝʟ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʨʘʩʯʝʪʘʤʠ ï 0 ʙʘʣʣʦʚ 

3 ʙʘʣʣʘ 

2. ʋʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʡ 1 ʠ 2 ï ʧʦ 1 ʙʘʣʣʫ 2 ʙʘʣʣʘ 

3. ʉʪʨʫʢʪʫʨʥʳʝ ʬʦʨʤʫʣʳ III  ï IX  ï ʧʦ 1.5 ʙʘʣʣʘ 

ʊʨʠʚʠʘʣʴʥʦʝ ʥʘʟʚʘʥʠʝ IX  ï 0.5 ʙʘʣʣʘ 

ʐʝʩʪʴ ʤʦʥʦʭʣʦʨʧʨʦʠʟʚʦʜʥʳʭ IX  ï 1 ʙʘʣʣ.  

ɽʩʣʠ ʥʝ ʫʯʪʝʥʘ ʩʪʝʨʝʦʠʟʦʤʝʨʠʷ (ʪ.ʝ. ʜʘʥ ʦʪʚʝʪ çʯʝʪʳʨʝ 

ʤʦʥʦʭʣʦʨʧʨʦʠʟʚʦʜʥʳʭè) ï 0.5 ʙʘʣʣʘ 

12 ʙʘʣʣʦʚ 

4. ʋʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʡ 3 ï 5 ï ʧʦ 1 ʙʘʣʣʫ 3 ʙʘʣʣʘ 

 ʀʊʆɻʆ: 20 ʙʘʣʣʦʚ 
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ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ 10-5 (ʘʚʪʦʨ: ɿʘʨʦʯʠʥʮʝʚ ɸ.ɸ.) 

1. ʈʘʟʥʠʮʘ ʚ ʢʠʩʣʦʪʥʳʭ ʩʚʦʡʩʪʚʘʭ ʦʙʫʩʣʦʚʣʝʥʘ ʙʦʣʴʰʝʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ 

ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʟʘʨʷʜʘ ʥʘ ʘʪʦʤʝ ʩʝʨʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʘʪʦʤʦʤ ʢʠʩʣʦʨʦʜʘ, 

ʯʪʦ ʩʪʘʙʠʣʠʟʠʨʫʝʪ ʦʙʨʘʟʫʶʱʠʡʩʷ ʘʥʠʦʥ. 

2. ʀʟ ʧʨʠʥʮʠʧʦʚ ʤʘʪʝʨʠʘʣʴʥʦʛʦ ʠ ʟʘʨʷʜʦʚʦʛʦ ʙʘʣʘʥʩʘ ʩʣʝʜʫʝʪ 

(Ac = CH3CO): 

C(AcOH) = [AcOī] + [AcOH] 

C(AcSH) = [AcSī] + [AcSH] 

[H+] = [AcOī] + [AcSī] 

ɿʘʧʠʰʝʤ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʢʦʥʩʪʘʥʪ ʢʠʩʣʦʪʥʦʩʪʠ: 

4.76 5[H ] [AcO ]
(AcOH) 10 1.74 10

[AcOH]
aK

+ -
- -Ö

= = = Ö 

3.33 4[H ] [AcS ]
(AcSH) 10 4.68 10

[AcSH]
aK

+ -
- -Ö

= = = Ö 

ʂʨʦʤʝ ʪʦʛʦ, ʠʟʚʝʩʪʥʳ ʦʙʱʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʠʩʣʦʪ ʠ pH: 

Cʦʙʱ. = C(AcOH) + C(AcSH) = 0.02 ʄ 

[H+] = 10ï3 ʄ 

ʉ ʫʯʸʪʦʤ ʤʘʪʝʨʠʘʣʴʥʦʛʦ ʠ ʟʘʨʷʜʦʚʦʛʦ ʙʘʣʘʥʩʘ ʤʦʞʥʦ ʧʦʜʩʪʘʚʠʪʴ 

ʚ ʧʦʣʫʯʝʥʥʫʶ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ ʟʥʘʯʝʥʠʝ [H+], ʘ ʜʚʝ ʣʶʙʳʝ ʦʩʪʘʚʰʠʝʩʷ 

ʧʝʨʝʤʝʥʥʳʝ ʚʳʨʘʟʠʪʴ ʯʝʨʝʟ ʜʚʝ ʜʨʫʛʠʝ. ɺʦʪ ʦʜʠʥ ʠʟ ʚʘʨʠʘʥʪʦʚ ʠʪʦʛʦʚʦʡ 

ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ: 

4 3

3
5 3

[AcS ]
4.68 10 10

[AcSH]

10 [AcS ]
1.74 10 10

0.02 [AcSH] 0.001

-
- -

- -
- -

ë
Ö = Öî

î
ì

-î
Ö = Ö

î - -í
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ʈʝʰʝʥʠʝ ʩʠʩʪʝʤʳ ʜʘʝʪ ʩʣʝʜʫʶʱʠʝ ʟʥʘʯʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʡ: 

C(CH3COSH) = 0.0022 ʄ;   [CH3COSH] = 1.49Ŀ10
ī3 ʄ;  

 [CH3COSī] = 7.0Ŀ10ī4 ʄ. 

C(CH3COOH) = 0.0178 ʄ;   [CH3COOH] = 0.0175 ʄ;  

 [CH3COOī] = 3.0Ŀ10ī4 ʄ. 

3. ʘ) ʀʟ ʬʦʨʤʫʣʠʨʦʚʢʠ çʢʠʩʣʘʷ ʩʦʣʴè ʠ ʟʘʤʝʥʳ ʘʪʦʤʘ ʭʣʦʨʘ ʥʘ ʪʠʦʣʴʥʳʡ 

ʬʨʘʛʤʝʥʪ ʦʯʝʚʠʜʥʦ, ʯʪʦ ɸ ï ʛʠʜʨʦʩʫʣʴʬʠʜ, ʘ ʢʘʪʠʦʥ ʤʦʞʥʦ ʥʘʡʪʠ ʠʟ ʤʘʩʩʦʚʦʡ 

ʜʦʣʠ: 

ʛ/ʤʦʣʴ 3933
83.45

100
33 =-Ö . 

39 ï ʤʦʣʷʨʥʘʷ ʤʘʩʩʘ ʢʘʣʠʷ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ɸ ï ʛʠʜʨʦʩʫʣʴʬʠʜ ʢʘʣʠʷ KHS. 

ʂʘʨʙʦʥʦʚʳʝ ʢʠʩʣʦʪʳ ʧʦʣʫʯʘʶʪ ʠʟ ʨʝʘʢʪʠʚʦʚ ɻʨʠʥʴʷʨʘ ʩ ʧʦʤʦʱʴʶ 

ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ. ʈʝʘʛʝʥʪ B ʞʝ ʧʨʝʚʨʘʱʘʝʪ ʨʝʘʢʪʠʚʳ ɻʨʠʥʴʷʨʘ ʚ ʪʠʦʢʘʨʙʦʥʦʚʳʝ 

ʢʠʩʣʦʪʳ, ʯʪʦ ʥʘʚʦʜʠʪ ʥʘ ʩʦʝʜʠʥʝʥʠʝ ʘʥʘʣʦʛʠʯʥʦʛʦ ʩʪʨʦʝʥʠʷ, ʥʦ ʩʦʩʪʦʷʱʝʝ 

ʠʟ ʪʨʸʭ ʵʣʝʤʝʥʪʦʚ. B ï ʩʫʣʴʬʦʢʩʠʜ ʫʛʣʝʨʦʜʘ, ʠʣʠ ʢʘʨʙʦʥʠʣʩʫʣʴʬʠʜ COS. 

ʇʦ ʩʚʦʝʤʫ ʩʪʨʦʝʥʠʶ ʦʥ ʘʥʘʣʦʛʠʯʝʥ CO2: O=C=S. 

ʉʦʝʜʠʥʝʥʠʝ ʉ ʟʘʤʝʥʷʝʪ ʘʪʦʤ ʢʠʩʣʦʨʦʜʘ ʚ ʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʝ ʥʘ ʘʪʦʤ 

ʩʝʨʳ, ʧʨʠ ʵʪʦʤ ʠʟʚʝʩʪʥʦ, ʯʪʦ 1 ʤʦʣʴ ʉ ʟʘʤʝʥʷʝʪ ʘʪʦʤ ʢʠʩʣʦʨʦʜʘ ʚ 2 ʤʦʣʴ 

ʢʠʩʣʦʪʳ, ʧʦʵʪʦʤʫ ʣʦʛʠʯʥʳʤ ʙʫʜʝʪ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ ʚ ʉ ʝʩʪʴ ʜʚʘ ʘʪʦʤʘ 

ʩʝʨʳ. ʊʦʛʜʘ ʠʟ ʤʘʩʩʦʚʦʡ ʜʦʣʠ ʩʝʨʳ ʤʦʞʥʦ ʥʘʡʪʠ ʦʙʱʫʶ ʤʦʣʷʨʥʫʶ ʤʘʩʩʫ 

ʦʩʪʘʚʰʠʭʩʷ ʘʪʦʤʦʚ: 

ʛ/ʤʦʣʴ 25264
25.20

100
64 =-Ö  

ʅʘʧʨʘʰʠʚʘʝʪʩʷ ʙʨʫʪʪʦ-ʬʦʨʤʫʣʘ ɸS2ɹ4, ʥʦ ʧʦʜʙʠʨʘʝʤʳʝ ʚʘʨʠʘʥʪʳ (SiS2Fe4, 

OS2Co4, TiS2V4 ʠ ʪ. ʜ.) ʥʝ ʧʦʜʭʦʜʷʪ ʥʠ ʧʦ ʩʪʝʧʝʥʷʤ ʦʢʠʩʣʝʥʠʷ, 

ʥʠ ʧʦ ʩʦʦʙʨʘʞʝʥʠʷʤ ʟʜʨʘʚʦʛʦ ʩʤʳʩʣʘ. 

ʊʘʢʞʝ ʚʦʟʤʦʞʥʘ ʙʨʫʪʪʦ-ʬʦʨʤʫʣʘ S2ɸ4ɹ8. ɽʩʣʠ M(4ɸ + 8ɹ) = 252, 

ʪʦ M(ɸ + 2ɹ) = 53. ʇʦʜ ʵʪʫ ʤʦʣʷʨʥʫʶ ʤʘʩʩʫ ʧʦʜʭʦʜʠʪ ʘʪʦʤ ʬʦʩʬʦʨʘ ʠ ʜʚʘ ʘʪʦʤʘ 
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ʢʠʩʣʦʨʦʜʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʉ ï ʜʠʩʫʣʴʬʠʜ-ʦʢʪʘʦʢʩʠʜ ʪʝʪʨʘʬʦʩʬʦʨʘ P4O8S2.  

ʙ) ʉʫʱʝʩʪʚʫʶʪ ʩʣʝʜʫʶʱʠʝ ʩʧʦʩʦʙʳ ʧʦʣʫʯʝʥʠʷ COS (ʧʨʠʥʠʤʘʝʪʩʷ ʣʶʙʦʡ 

ʠʟ ʥʠʭ). 

1) ʂʠʩʣʦʪʥʳʡ ʛʠʜʨʦʣʠʟ ʪʠʦʮʠʘʥʘʪʦʚ (ʫʩʣʦʚʠʷ: ʢʠʧʷʯʝʥʠʝ): 

KSCN + 2 H2SO4 + H2O Ÿ KHSO4 + NH4HSO4 + COS 

ɼʦʧʫʩʪʠʤʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʨʫʛʠʭ ʨʘʩʪʚʦʨʠʤʳʭ ʪʠʦʮʠʘʥʘʪʦʚ ʠ ʜʨʫʛʠʭ 

ʩʠʣʴʥʳʭ ʢʠʩʣʦʪ-ʥʝʦʢʠʩʣʠʪʝʣʝʡ; ʜʦʧʫʩʪʠʤʳ ʩʨʝʜʥʠʝ ʩʦʣʠ ʢʘʢ ʧʨʦʜʫʢʪʳ 

ʚ ʫʨʘʚʥʝʥʠʠ ʨʝʘʢʮʠʠ. 

2) ʂʠʩʣʦʪʥʳʡ ʛʠʜʨʦʣʠʟ ʦʨʛʘʥʠʯʝʩʢʠʭ ʠʟʦʪʠʦʮʠʘʥʘʪʦʚ (ʫʩʣʦʚʠʷ: ʢʠʩʣʘʷ 

ʩʨʝʜʘ, ʢʠʧʷʯʝʥʠʝ): 

RNCS + H2O Ÿ COS + RNH2 

3) ʈʝʘʢʮʠʷ ʩʝʨʳ ʩ ʫʛʘʨʥʳʤ ʛʘʟʦʤ (ʫʩʣʦʚʠʷ: ʥʘʛʨʝʚʘʥʠʝ, ʩʝʨʘ ʞʠʜʢʘʷ 

ʠʣʠ ʛʘʟʦʦʙʨʘʟʥʘʷ): 

CO + S Ÿ COS 

ʚ) ɺʚʝʜʝʥʠʝ ʚ ʨʝʘʢʮʠʶ ʠʟʙʳʪʢʘ C ʥʝʞʝʣʘʪʝʣʴʥʦ ʠʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ʉ ʙʫʜʝʪ 

ʠ ʜʘʣʴʰʝ ʟʘʤʝʱʘʪʴ ʘʪʦʤʳ ʢʠʩʣʦʨʦʜʘ, ʯʪʦ ʧʨʠʚʝʜʸʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʜʠʪʠʦʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ: 

O

SH

P4O8S2 P4O10

S

SH

+ +2 2

 

(ʇʨʠʥʠʤʘʝʪʩʷ ʨʝʘʢʮʠʷ ʩ ʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʦʡ ʚʤʝʩʪʦ ʪʠʦʙʝʥʟʦʡʥʦʡ). 

ʇʨʠʤʝʯʘʥʠʝ: ʧʨʠʚʦʜʠʪʴ ʥʘʟʚʘʥʠʷ ɸ, B ʠ C ʥʝ ʥʫʞʥʦ: ʜʦʩʪʘʪʦʯʥʦ 

ʠʭ ʬʦʨʤʫʣ. 

4. ʘ) ʌʦʨʤʘ, ʠʟʦʙʨʘʞʸʥʥʘʷ ʩʣʝʚʘ, ʥʘʟʳʚʘʝʪʩʷ ʪʠʦʥʦʚʦʡ, ʘ ʠʟʦʙʨʘʞʸʥʥʘʷ 

ʩʧʨʘʚʘ ï ʪʠʦʣʴʥʦʡ. 

R

S

OH R

O

SH  
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ʙ) ʇʨʠ ʨʘʟʨʳʚʝ ʭʠʤʠʯʝʩʢʠʭ ʩʚʷʟʝʡ ʵʥʝʨʛʠʷ ʪʨʘʪʠʪʩʷ, ʘ ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ï 

ʚʳʜʝʣʷʝʪʩʷ. ʇʦʵʪʦʤʫ ʵʥʪʘʣʴʧʠʶ ʨʝʘʢʮʠʠ ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʯʝʨʝʟ ʵʥʝʨʛʠʠ 

ʩʚʷʟʝʡ: 

(ʩʚʷʟʝʡ ʨʝʘʛʝʥʪʦʚ) (ʩʚʷʟʝʡ ʧʨʦʜʫʢʪʦʚ)H E ED = -ä ä  

ʆʜʥʘʢʦ, ʥʝʦʙʭʦʜʠʤʦ ʪʘʢʞʝ ʫʯʝʩʪʴ ʜʝʣʦʢʘʣʠʟʘʮʠʶ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ 

ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʪʠʦʢʘʨʙʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʳ, ʠ ʠʪʦʛʦʚʘʷ ʬʦʨʤʫʣʘ ʚʳʛʣʷʜʠʪ ʪʘʢ: 

(ʩʚʷʟʝʡ ʨʝʘʛʝʥʪʦʚ) (ʩʚʷʟʝʡ ʧʨʦʜʫʢʪʦʚ) (ʜʝʣʦʢʘʣʠʟʘʮʠʠ)H E E ED = - -Dä ä  

ʇʦʜʩʪʘʚʠʤ ʚ ʬʦʨʤʫʣʫ ʟʥʘʯʝʥʠʷ, ʧʨʠʚʝʜʸʥʥʳʝ ʚ ʪʘʙʣʠʮʝ: 

æH = E(C=S) + E(CïO) + E(OïH) ī E(C=O) ī E(CïS) ī E(SïH) ī 

æE(ʜʝʣʦʢʘʣʠʟʘʮʠʠ) = 

= 573 + 358 + 459 ï 799 ï 273 ï 363 ï (ï22) = ï23 ʢɼʞ/ʤʦʣʴ 

ʂʦʥʩʪʘʥʪʫ ʨʘʚʥʦʚʝʩʠʷ ʨʘʩʩʯʠʪʳʚʘʶʪ ʧʦ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʝ: 

RT

G

eK

aD-

= , ʛʜʝ æGÁ = æHÁ ī TæSÁ. 

ʇʦʩʢʦʣʴʢʫ ʧʦ ʫʩʣʦʚʠʶ æSÁ å 0, ʪʦ æGÁ å æHÁ. ʊʦʛʜʘ:  

23000

298 8.314 10800K e Öº º . 

ɿʘʧʠʰʝʤ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʢʦʥʩʪʘʥʪʳ ʨʘʚʥʦʚʝʩʠʷ ʜʘʥʥʦʡ ʨʝʘʢʮʠʠ: 

[ʪʠʦʣʴʥʘʷ  ʬʦʨʤʘ]

[ʪʠʦʥʦʚʘʷ  ʬʦʨʤʘ]
K =  

ʂʦʥʩʪʘʥʪʘ ʨʘʚʥʦʚʝʩʠʷ ï ʵʪʦ ʠ ʝʩʪʴ ʩʦʦʪʥʦʰʝʥʠʝ ʪʘʫʪʦʤʝʨʥʳʭ ʬʦʨʤ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʪʠʦʣʴʥʘʷ ʬʦʨʤʘ ʦʪʥʦʩʠʪʩʷ ʢ ʪʠʦʥʦʚʦʡ ʧʨʠʤʝʨʥʦ ʢʘʢ 10800 : 1. 
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ʉʠʩʪʝʤʘ ʦʮʝʥʠʚʘʥʠʷ: 

1 ʃʶʙʦʝ ʨʘʟʫʤʥʦʝ ʦʙʲʷʩʥʝʥʠʝ  1.5 ʙʘʣʣʘ 

2 ʆʙʠɦʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʪʠʦʫʢʩʫʩʥʦʡ ʠ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪ ï ʧʦ 

1 ʙʘʣʣʫ. 

ʈʘʚʥʦʚʝʩʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʠʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʠ 

ʥʝʜʠʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʬʦʨʤ ï ʧʦ 0.75 ʙʘʣʣʘ ʟʘ ʢʘʞʜʫʶ ʠʟ 

ʯʝʪʳʨʸʭ ʢʦʥʮʝʥʪʨʘʮʠʡ. 

4 ʙʘʣʣʘ 

3 ʘ) ʌʦʨʤʫʣʘ ɸ ï 1 ʙʘʣʣ, 

ʬʦʨʤʫʣʘ B ï 1 ʙʘʣʣ, ʩʪʨʫʢʪʫʨʥʘʷ ʬʦʨʤʫʣʘ ï 0.5 ʙʘʣʣʘ, 

ʬʦʨʤʫʣʘ C ï 2 ʙʘʣʣʘ  

ʩʪʨʫʢʪʫʨʘ ʠ ʥʘʟʚʘʥʠʝ ʉ ʥʝ ʪʨʝʙʫʶʪʩʷ, ʬʦʨʤʫʣʘ P2O4S ʚʤʝʩʪʦ 

ʧʨʘʚʠʣʴʥʦʡ ï 1 ʙʘʣʣ. 

ʙ) ʣʶʙʦʡ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ï 1 ʙʘʣʣ ʟʘ ʫʨʘʚʥʝʥʠʝ ʨʝʘʢʮʠʠ, 

0.5 ʙʘʣʣʘ ʟʘ ʫʩʣʦʚʠʷ ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʠ. 

ʚ) ʈʝʘʢʮʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʜʠʪʠʦʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ ï 1 ʙʘʣʣ 

7 ʙʘʣʣʦʚ 

4 ʘ) ʆʧʨʝʜʝʣʝʥʠʝ ʪʠʦʣʴʥʦʡ ʠ ʪʠʦʥʦʚʦʡ ʬʦʨʤ ï 1 ʙʘʣʣ. 

ʙ) ʆʧʨʝʜʝʣʝʥʠʝ ʵʥʪʘʣʴʧʠʠ ʪʘʫʪʦʤʝʨʠʟʘʮʠʠ ï 4 ʙʘʣʣʘ  

ʝʩʣʠ ʧʦʣʫʯʝʥ ʥʝʧʨʘʚʠʣʴʥʳʡ ʦʪʚʝʪ, ʥʦ ʫʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʨʘʟʨʳʚʝ 

ʭʠʤʠʯʝʩʢʠʭ ʩʚʷʟʝʡ ʵʥʝʨʛʠʷ ʪʨʘʪʠʪʩʷ, ʘ ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ 

ʚʳʜʝʣʷʝʪʩʷ ï 1 ʙʘʣʣ. 

ʚ) ʆʮʝʥʢʘ ʢʦʥʩʪʘʥʪʳ ʨʘʚʥʦʚʝʩʠʷ ʪʘʫʪʦʤʝʨʠʟʘʮʠʠ ï 2 ʙʘʣʣʘ,  

ʩʦʦʪʥʦʰʝʥʠʝ ʪʘʫʪʦʤʝʨʥʳʭ ʬʦʨʤ ï 0.5 ʙʘʣʣʘ 

ʝʩʣʠ ʚ ʨʘʩʯʝʪʝ ʢʦʥʩʪʘʥʪʳ ʠʩʧʦʣʴʟʦʚʘʥʘ ʥʝʚʝʨʥʘʷ ʵʥʪʘʣʴʧʠʷ, 

ʧʦʣʫʯʝʥʥʘʷ ʚ ʧ. ʙ), ʥʦ ʨʘʩʯʝʪ ʩ ʥʝʡ ʧʨʦʚʝʜʝʥ ʚʝʨʥʦ, ʟʘ ʵʪʦʪ 

ʧʫʥʢʪ ʩʪʘʚʠʪʩʷ ʧʦʣʥʳʡ ʙʘʣʣ 

7.5 ʙʘʣʣʦʚ 

 ʀʊʆɻʆ: 20 ʙʘʣʣʦʚ 
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ʆʜʠʥʥʘʜʮʘʪʳʡ ʢʣʘʩʩ 

ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ 11-1 (ʘʚʪʦʨ: ɼʦʣʞʝʥʢʦ ɺ.ɼ.) 

1. ʄʝʪʘʣʣʳ ʧʨʠ ʩʧʣʘʚʣʝʥʠʠ ʩʦ ʱʝʣʦʯʴʶ ʚ ʧʨʠʩʫʪʩʪʚʠʠ KClO3 

ʦʢʠʩʣʷʶʪʩʷ, ʦʙʨʘʟʫʶʱʠʝʩʷ ʚʝʱʝʩʪʚʘ ʨʘʩʪʚʦʨʠʤʳ ʚ ʚʦʜʝ, ʧʨʠ ʧʦʜʢʠʩʣʝʥʠʠ 

ʚʳʧʘʜʘʶʪ ʦʩʘʜʢʠ, ʚʝʨʦʷʪʥʦ ʚʳʧʘʜʘʶʪ ʛʠʜʨʘʪʠʨʦʚʘʥʥʳʝ ʦʢʩʠʜʳ (B ʠ C), 

ʦʙʣʘʜʘʶʱʠʝ ʢʠʩʣʦʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʪ. ʢ. ʨʘʩʪʚʦʨʷʶʪʩʷ ʚ ʱʝʣʦʯʠ, ʠ ʩʦʣʴ (A). 

ʆ ʪʦʤ, ʯʪʦ A ï ʵʪʦ ʩʦʣʴ, ʤʦʞʥʦ ʜʦʛʘʜʘʪʴʩʷ ʧʦ ʦʢʨʘʩʢʝ ʧʣʘʤʝʥʠ, ʭʘʨʘʢʪʝʨʥʦʡ ʜʣʷ 

ʠʦʥʦʚ ʢʘʣʠʷ, ʢʨʦʤʝ ʪʦʛʦ, ʠʟ ʵʪʦʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ ʘʪʦʤʳ ʤʝʪʘʣʣʘ ʍ ʥʘʭʦʜʷʪʩʷ 

ʚ ʘʥʠʦʥʝ. ʆʨʘʥʞʝʚʘʷ ʦʢʨʘʩʢʘ, ʝʸ ʠʟʤʝʥʝʥʠʝ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʱʝʣʦʯʠ, ʘ ʪʘʢʞʝ 

ʟʝʣʝʥʘʷ ʦʢʨʘʩʢʘ ʨʘʩʪʚʦʨʘ ʭʣʦʨʠʜʘ E, ʧʦʟʚʦʣʷʶʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʚ ʟʘʜʘʯʝ 

ʨʝʯʴ ʠʜʝʪ ʦ ʧʦʜʛʨʫʧʧʝ ʭʨʦʤʘ, ʪ. ʝ. ʤʝʪʘʣʣʳ ï ʵʪʦ Cr, Mo ʠ W, ʧʨʠʯʝʤ X = Cr, A = 

K2Cr2O7, D = CrCl3. ʊʦʪ ʬʘʢʪ, ʯʪʦ ʚʦʣʴʬʨʘʤʦʚʘʷ ʢʠʩʣʦʪʘ (B=H2WO4) ʠʤʝʝʪ 

ʞʝʣʪʫʶ ʦʢʨʘʩʢʫ, ʚʦʟʤʦʞʥʦ, ʥʝ ʦʙʱʝʠʟʚʝʩʪʝʥ, ʧʦʵʪʦʤʫ ʚʦʧʨʦʩ ʦ Y ʠ Z ʦʩʪʘʚʠʤ 

ʧʦʢʘ ʦʪʢʨʳʪʳʤ. 

ɼʣʷ ʚʝʱʝʩʪʚʘ E ʜʘʥʘ ʤʘʩʩʦʚʘʷ ʜʦʣʷ ʤʝʪʘʣʣʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʝʨʠʪʴ 

ʚʳʩʢʘʟʘʥʥʦʝ ʨʘʥʝʝ ʧʨʝʜʧʦʣʦʞʝʥʠʝ. ʉʣʦʞʥʦʩʪʴ ʩʚʷʟʘʥʘ ʩ ʪʝʤ, ʯʪʦ ʠʟ ʚʦʜʥʳʭ 

ʨʘʩʪʚʦʨʦʚ, ʢʘʢ ʧʨʘʚʠʣʦ, ʚʳʜʝʣʷʶʪʩʷ ʢʨʠʩʪʘʣʣʦʛʠʜʨʘʪʳ ʩʦʣʝʡ ʧʝʨʝʭʦʜʥʳʭ 

ʤʝʪʘʣʣʦʚ. ʇʦʵʪʦʤʫ ʩʦʩʪʘʚ ɽ ʜʦʣʞʝʥ ʚʳʨʘʞʘʪʴʩʷ ʬʦʨʤʫʣʦʡ CrCl3ĀnH2O, 

ʤʘʩʩʦʚʘʷ ʜʦʣʷ ʭʨʦʤʘ ʤʦʞʝʪ ʙʳʪʴ ʚʳʨʘʞʝʥʘ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ:  

‫ὅὶ υςρυψȢυ ▪Ͻρψϳ πȢρωυ, ʦʪʢʫʜʘ  

▪ υςπȢρωυϳ ρυψȢυȾρψ φ 

ʂ ʘʥʘʣʦʛʠʯʥʦʤʫ ʨʝʟʫʣʴʪʘʪʫ ʤʦʞʥʦ ʧʨʠʡʪʠ, ʥʝ ʠʩʧʦʣʴʟʫʷ ʢʘʯʝʩʪʚʝʥʥʳʝ 

ʜʘʥʥʳʝ ʧʨʠʚʝʜʝʥʥʳʝ ʚ ʫʩʣʦʚʠʠ ʟʘʜʘʯʠ, ʝʩʣʠ ʩʦʩʪʘʚ E ʚʳʨʘʟʠʪʴ ʚ ʚʠʜʝ 

XClmĀnH2O, ʛʜʝ m ï ʟʘʨʷʜ ʢʘʪʠʦʥʘ ʤʝʪʘʣʣʘ, ʪʦʛʜʘ ʟʘʜʘʯʘ ʧʦʠʩʢʘ ʍ ʤʦʞʝʪ ʙʳʪʴ 

ʨʝʰʝʥʘ ʧʝʨʝʙʦʨʦʤ ʧʦ n ʠ m: 

ὓἦ ‫ὢϽ□ϽσυȢυ ▪ϽρψȾρ ‫ὢ  
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m 

n 

1 2 3 4 5 6 7 8 9 

1 13.0 17.3 21.7 26.0 30.4 34.8 39.1(K ) 43.5 47.8 

2 21.6 25.9 30.3 34.6 39.0 43.4 47.7 52.1(Cr ) 56.4 

3 30.2 34.5 38.9 43.2 47.6(Ti ) 52.0(Cr ) 56.3 60.7 65.0 

ʂʘʣʠʡ ʠ ʪʠʪʘʥ ʥʝ ʧʦʜʭʦʜʷʪ, ʪʘʢ ʢʘʢ ʧʝʨʚʳʡ ʠ ʚʪʦʨʦʡ ʚ ʚʳʩʰʝʡ ʩʪʝʧʝʥʠ 

ʦʢʠʩʣʝʥʠʷ ʥʝ ʷʚʣʷʶʪʩʷ ʠʩʪʦʯʥʠʢʦʤ ʦʢʨʘʩʢʠ, ʯʪʦ ʧʨʦʪʠʚʦʨʝʯʠʪ ʦʧʳʪʫ 

ʩ ʱʝʣʦʯʥʳʤ ʦʢʠʩʣʝʥʠʝʤ. ʉʪʝʧʝʥʴ ʦʢʠʩʣʝʥʠʷ ʭʨʦʤʘ +3 ʤʦʞʝʪ ʙʳʪʴ ʚʳʙʨʘʥʘ 

ʥʘ ʦʩʥʦʚʘʥʠʠ ʦʢʨʘʩʢʠ ʨʘʩʪʚʦʨʘ ʠʣʠ ʠʟ ʩʦʦʙʨʘʞʝʥʠʷ, ʯʪʦ Cr+2 ʥʝ ʤʦʞʝʪ ʙʳʪʴ 

ʧʦʣʫʯʝʥ ʦʢʠʩʣʝʥʠʝʤ ʭʣʦʨʦʤ, ʪʘʢ ʢʘʢ ʩʦʝʜʠʥʝʥʠʷ Cr+2 ʩʠʣʴʥʳʝ ʚʦʩʩʪʘʥʦʚʠʪʝʣʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, E = CrCl3Ā6H2O. 

ʇʨʠ ʭʣʦʨʠʨʦʚʘʥʠʠ Y ʤʝʪʘʣʣ ʦʢʠʩʣʷʝʪʩʷ ʜʦ ʚʳʩʰʝʡ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ, 

ʦ ʯʝʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙʨʘʟʦʚʘʥʠʝ B ʧʨʠ ʛʠʜʨʦʣʠʟʝ. ʉʫʜʷ ʧʦ ʚʩʝʤʫ, 

ʧʨʠ ʭʣʦʨʠʨʦʚʘʥʠʠ Z ʩʪʝʧʝʥʴ ʦʢʠʩʣʝʥʠʷ ʦʢʘʟʳʚʘʝʪʩʷ ʥʠʞʝ, ʪ.ʢ. ʩʦʝʜʠʥʝʥʠʝ H 

ʦʙʨʘʟʫʝʪʩʷ ʠʟ C ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ NH4I. ʀʟʚʝʩʪʥʦ, ʯʪʦ 

ʧʨʠ ʜʚʠʞʝʥʠʠ ʚʥʠʟ ʧʦ ʛʨʫʧʧʝ ʫʩʪʦʡʯʠʚʦʩʪʴ ʚʳʩʰʠʭ ʩʪʝʧʝʥʝʡ ʦʢʠʩʣʝʥʠʷ 

ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʚʦʟʨʘʩʪʘʝʪ ʠʟ ʵʪʦʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ Z = Mo, ʘ Y = W. 

ʂ ʪʦʤʫ ʞʝ ʚʳʚʦʜʫ ʤʦʞʥʦ ʧʨʠʡʪʠ, ʘʥʘʣʠʟʠʨʫʷ ʤʘʩʩʦʚʳʝ ʜʦʣʠ ʘʟʦʪʘ ʠ Z ʚ ʅ. 

ɺ ʨʘʩʯʝʪʝ ʥʘ ʦʜʠʥ ʘʪʦʤ ʘʟʦʪʘ, ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ ʤʦʣʷʨʥʘʷ ʤʘʩʩʘ H ʨʘʚʥʘ: 

 N 
Z 

Mo W 

M(H), ʛ/ʤʦʣʴ 14.007/0.0861=162.68 95.96/0.295=325.22 183.84/0.295=623.19 

ɸʪʦʤʦʚ 

ʘʟʦʪʘ ʥʘ 1 

ʘʪʦʤ Z 

1 2 3.83 

ʎʝʣʦʯʠʩʣʝʥʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ N : Z ʧʦʣʫʯʘʝʪʩʷ ʪʦʣʴʢʦ ʚ ʩʣʫʯʘʝ Z = Mo. 

ʈʘʩʩʤʦʪʨʠʤ ʩʦʝʜʠʥʝʥʠʝ H, ʧʨʦ ʢʦʪʦʨʦʝ ʥʘʤ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʝʛʦ ʧʦʣʫʯʘʶʪ ʠʟ 

C ʚ ʩʦʣʷʥʦʢʠʩʣʦʡ ʩʨʝʜʝ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ, ʧʨʠʯʝʤ ʚ ʝʛʦ ʩʦʩʪʘʚ 

ʚʭʦʜʠʪ ʢʘʪʠʦʥ NH4
+. ʀ ʢʘʢ ʧʦʢʘʟʘʥʦ ʚʳʰʝ ʥʘ 1 ʘʪʦʤ ʤʦʣʠʙʜʝʥʘ ʧʨʠʭʦʜʠʪʩʷ 

2 ʘʪʦʤʘ ʘʟʦʪʘ. ʉʦʛʣʘʩʥʦ ʫʩʣʦʚʠʷʤ ʧʦʣʫʯʝʥʠʷ (ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʘʷ ʩʦʣʷʥʘʷ 

ʢʠʩʣʦʪʘ) ʤʦʞʥʦ ʦʞʠʜʘʪʴ, ʯʪʦ ʚ ʩʦʩʪʘʚ ʚʭʦʜʠʪ ʪʘʢʞʝ ʭʣʦʨ, ʪ.ʝ. H å (NH4)2MoCln. 
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ʀʩʭʦʜʷ ʠʟ ʚʳʯʠʩʣʝʥʥʦʡ ʤʦʣʷʨʥʦʡ ʤʘʩʩʳ ʚ ʨʘʩʯʝʪʝ ʥʘ ʦʜʠʥ ʘʪʦʤ ʤʦʣʠʙʜʝʥʘ  

▪ σςυȢςςωυȢωτςϽρψȢπσωȾσυȢτυσυȢτυ 

ʕʪʦ ʟʥʘʯʠʪ, ʯʪʦ ʚ ʩʦʩʪʘʚ H ʚʭʦʜʠʪ ʝʱʝ ʢʘʢʦʡ-ʪʦ ʘʪʦʤ Q: (NH4)2[MoCl5-pQq]. 

ʈʘʩʩʤʦʪʨʠʤ ʩʘʤʳʡ ʧʨʦʩʪʦʡ ʚʘʨʠʘʥʪ (ʨ = 0, q = 1):  

M(Q) = 325.22 ï 95.94 ï 2Ā18.039 ï 5Ā35.453= 15.9,  

ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ Q = O, ʟʥʘʯʠʪ H = (NH4)2[MoOCl5], ʘ ʚʝʱʝʩʪʚʦ, 

ʦʙʨʘʟʫʶʱʝʝʩʷ ʧʨʠ ʭʣʦʨʠʨʦʚʘʥʠʠ ʤʝʪʘʣʣʘ ï ʵʪʦ MoCl5. 

ʇʨʠ ʥʘʛʨʝʚʘʥʠʠ F ʥʘ ʚʦʟʜʫʭʝ ʩʢʦʨʝʝ ʚʩʝʛʦ ʦʪʱʝʧʣʷʶʪʩʷ ʤʦʣʝʢʫʣʳ ʚʦʜʳ 

(ʚʝʱʝʩʪʚʦ F ʚʳʜʝʣʝʥʦ ʠʟ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ), ʠ ʧʦʪʝʨʷ ʤʘʩʩʳ 13.09 % ʩʚʷʟʘʥʘ 

ʩ ʵʪʠʤ. ɺ ʧʨʦʜʫʢʪʝ ʧʨʦʢʘʣʠʚʘʥʠʷ ʩʦʜʝʨʞʘʪʩʷ 70.94 % ʚʦʣʴʬʨʘʤʘ, ʥʘʪʨʠʡ 

ʠ ʢʠʩʣʦʨʦʜ. ɺʦʣʴʬʨʘʤ ʥʘʭʦʜʠʪʩʷ ʚ ʚʳʩʰʝʡ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ. ʀʩʧʦʣʴʟʫʝʤ 

ʨʘʥʝʝ ʧʨʠʤʝʥʝʥʥʳʡ ʧʦʜʭʦʜ ʠ ʚʳʯʠʩʣʠʤ ʤʦʣʷʨʥʫʶ ʤʘʩʩʫ ʚ ʨʘʩʯʝʪʝ ʥʘ ʦʜʥʫ 

ʤʦʣʝʢʫʣʫ ʚʦʜʳ ʠ ʥʘ ʦʜʠʥ ʘʪʦʤ ʚʦʣʴʬʨʘʤʘ. ʆʜʥʘʢʦ ʥʝʦʙʭʦʜʠʤʦ ʫʯʝʩʪʴ, ʯʪʦ 

ʧʨʠ ʧʨʦʩʪʦʤ ʜʝʣʝʥʠʠ ʤʦʣʷʨʥʦʡ ʤʘʩʩʳ ʚʦʜʳ ʥʘ ʧʦʪʝʨʶ ʤʘʩʩʳ ʤʳ ʧʦʣʫʯʠʤ 

ʤʦʣʷʨʥʫʶ ʤʘʩʩʫ ʛʠʜʨʘʪʘ, ʘ ʧʨʠ ʜʝʣʝʥʠʠ ʘʪʦʤʥʦʡ ʤʘʩʩʳ ʚʦʣʴʬʨʘʤʘ ʥʘ ʝʛʦ ʜʦʣʶ 

ʧʦʣʫʯʠʤ ʤʦʣʷʨʥʫʶ ʤʘʩʩʫ ʫʞʝ ʚʳʩʫʰʝʥʥʦʡ ʩʦʣʠ. ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʤʦʞʥʦ ʙʳʣʦ 

ʩʨʘʚʥʠʚʘʪʴ ʵʪʠ ʯʠʩʣʘ, ʚʳʯʪʝʤ ʤʘʩʩʫ ʚʦʜʳ ʠʟ ʤʘʩʩʳ ʛʠʜʨʘʪʘ: 

M1 = (18.015/0.1309) ï 18.015 = 119.61 ʠ M2 = 183.84/0.7094 = 259.15 

M2/M1 = 2.1666 = ς  , ʪ. ʝ. ʯʠʩʣʦ ʤʦʣʝʢʫʣ ʚʦʜʳ ʦʪʥʦʩʠʪʩʷ ʢ ʯʠʩʣʫ 

ʘʪʦʤʦʚ ʚʦʣʴʬʨʘʤʘ ʢʘʢ 13 ʢ 6, ʟʥʘʯʠʪ M(F) = 13Ā18.015 / 0.1309 = 1789.1 ʛ/ʤʦʣʴ, 

ʘ ʤʦʣʷʨʥʘʷ ʤʘʩʩʘ ʚʳʩʫʰʝʥʥʦʛʦ ʚʝʱʝʩʪʚʘ Mʙ/ʚ = 6Ā259.15 = 1554.9 ʛ/ʤʦʣʴ, 

ʚ ʩʦʩʪʘʚ ʢʦʪʦʨʦʛʦ ʚʭʦʜʷʪ ʚʦʣʴʬʨʘʤ, ʥʘʪʨʠʡ ʠ ʢʠʩʣʦʨʦʜ NanW6Om. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ,  

1554.9  = nĀ22.99 + 183.84Ā6 + mĀ15.999 

451.86 = nĀ22.99 + mĀ15.999 

m  = (451.86 - nĀ22.99 )/15.999 

ɼʣʷ ʚʳʙʦʨʘ ʧʨʘʚʠʣʴʥʦʛʦ ʦʪʚʝʪʘ ʥʝʦʙʭʦʜʠʤʦ ʨʫʢʦʚʦʜʩʪʚʦʚʘʪʴʩʷ 

ʩʦʦʙʨʘʞʝʥʠʷʤʠ ʵʣʝʢʪʨʦʥʝʡʪʨʘʣʴʥʦʩʪʠ, ʪ. ʝ. ʩʫʤʤʘʨʥʳʡ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʟʘʨʷʜ 

ʜʦʣʞʝʥ ʙʳʪʴ ʨʘʚʝʥ ʩʫʤʤʘʨʥʦʤʫ ʦʪʨʠʮʘʪʝʣʴʥʦʤʫ: q = n + 6Ā6 ī 2Ām = 0. 
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ʉʪʨʫʢʪʫʨʘ ʘʥʠʦʥʘ 

[H2W12O42]
10-. ɸʪʦʤʳ ʚʦʣʴʬʨʘ-

ʤʘ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʮʝʥʪʨʘʭ 

ʠʟʦʙʨʘʞʝʥʥʳʭ ʢʠʩʣʦʨʦʜʥʳʭ 

ʦʢʪʘʵʜʨʦʚ, ʘ ʘʪʦʤʳ ʚʦʜʦʨʦʜʘ 

ʨʘʩʧʦʣʘʛʘʁ ʪʩʷ ʚʦ ʚʥʫʪʨʝʥʥʝʡ 

ʧʦʣʦʩʪʠ. 

ʇʝʨʝʙʠʨʘʷ n, ʚʳʯʠʩʣʠʤ m ʠ q ʧʦ ʧʨʠʚʝʜʝʥʥʳʤ ʚʳʰʝ ʬʦʨʤʫʣʘʤ: 

n 1 2 3 4 5 6 7 8 9 

m 26.81 25.37 23.93 22.50 21.06 19.62 18.18 16.75 15.31 

q ī16.6 ī12.7 ī8.9 ī5.0 ī1.1 2.8 6.6 10.5 14.4 

ɹʣʠʞʝ ʚʩʝʛʦ ʢ q = 0 ʚʘʨʠʘʥʪ n = 5 

ʠ m = 21, ʥʦ ʚ ʵʪʦʤ ʩʦʩʪʘʚʝ ʥʝ ʭʚʘʪʘʝʪ 

ʦʜʥʦʟʘʨʷʜʥʦʛʦ ʢʘʪʠʦʥʘ. ʊʘʢʠʤ ʢʘʪʠʦʥʦʤ 

ʚ ʩʦʩʪʘʚʝ ʩʦʝʜʠʥʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʪʦʥ, 

ʠʤʝʶʱʠʡ ʤʠʥʠʤʘʣʴʥʫʶ ʤʘʩʩʫ ʠ ʟʘʨʷʜ +1. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, F = Na5[HW6O21]Ā13H2O. 

ɼʘʥʥʘʷ ʬʦʨʤʫʣʘ ʥʝ ʩʦʚʩʝʤ ʪʦʯʥʦ ʦʪʨʘʞʘʝʪ 

ʩʪʨʦʝʥʠʝ ʩʦʝʜʠʥʝʥʠʷ ʠ ʪʨʝʙʫʝʪ ʫʜʚʦʝʥʠʷ 

ʠʥʜʝʢʩʦʚ1, Na10[H2W12O42]Ā26H2O.  

ʇʨʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʚʦʜʦʨʦʜʦʤ 

ʩʦʦʪʥʦʰʝʥʠʝ ʥʘʪʨʠʷ ʠ ʚʦʣʴʬʨʘʤʘ ʩʦʭʨʘʥʷʝʪʩʷ, ʘ ʢʦʣʠʯʝʩʪʚʦ ʢʠʩʣʦʨʦʜʘ ʤʦʞʥʦ 

ʚʳʯʠʩʣʠʪʴ ʠʩʧʦʣʴʟʫʷ ʪʦ, ʯʪʦ ʠʟ 1 ʛ Na10[H2W12O42]Ā26H2O ʦʙʨʘʟʫʝʪʩʷ 0.8417 ʛ G.  

M(F) = 3578.34 ʛ/ʤʦʣʴ, M(G) = M(F)Ā0.8417 = 3011.89 ʛ/ʤʦʣʴ. 

ʉʦʩʪʘʚ G ʤʦʞʝʪ ʙʳʪʴ ʚʳʨʘʞʝʥ ʬʦʨʤʫʣʦʡ Na10W12On. ʉʣʝʜʦʚʘʪʝʣʴʥʦ,  

M(G) = 22.99Ā10 + 183.84Ā12 + nĀ15.999, ʦʪʢʫʜʘ n = 36. 

G = Na10W12O36 ʠʣʠ Na5W6O18 ʠʣʠ Na0.833WO3, ʣʶʙʦʡ ʠʟ ʧʨʠʚʝʜʝʥʥʳʭ 

ʚʘʨʠʘʥʪʦʚ ʦʪʚʝʪʘ ʷʚʣʷʝʪʩʷ ʚʝʨʥʳʤ. 

ʍ Y Z A B C D 

Cr W Mo K2Cr2O7 H2WO4 

WO3ĀH2O 

H2MoO4 

MoO3ĀH2O 

CrCl3 

 

E F G H 

CrCl3Ā6H2O 
Na5[HW6O21]Ā13H2O 

Na10[H2W12O42]Ā26H2O 

Na10W12O36 

Na5W6O18 

Na0.833WO3 

(NH4)2[MoOCl5] 

 

1 ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʫʜʚʦʝʥʠʷ ʠʥʜʝʢʩʦʚ ʥʝ ʩʣʝʜʫʝʪ ʠʟ ʫʩʣʦʚʠʡ ʟʘʜʘʯʠ. ʆʙʘ ʚʘʨʠʘʥʪʘ 

ʩʦʩʪʘʚʘ F ʦʮʝʥʠʚʘʶʪʩʷ ʤʘʢʩʠʤʘʣʴʥʳʤ ʙʘʣʣʦʤ 
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2. ʋʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʡ: 

1) Cr + 2KOH + KClO3 = K2CrO4 + KCl+H2O 

2) 2K2CrO4 + H2SO4 = K2Cr2O7 + K2SO4 + H2O 

3) K2WO4 + H2SO4 = H2WO4Ź + K2SO4 

4) K2MoO4 + H2SO4 = H2MoO4 + K2SO4 

5) H2WO4 + 2NaOH = Na2WO4 + 2H2O 

6) H2MoO4 + 2NaOH = Na2MoO4 + 2H2O 

7) K2Cr2O7 + 2NaOH = Na2CrO4 + K2CrO4 + H2O 

8) 2Cr + 3Cl2 = 2CrCl3 

9) WCl6 + 4H2O = H2WO4 + 6HCl 

10) Na10[H2W12O42]Ā26H2O + 5H2 = 2Na5W6O18 + 32H2O 

11) 2H2MoO4 + 10HCl + 4NH4I = 2(NH4)2[MoOCl5] + I2 + 6H2O + 2HI 

3. ʆʢʨʘʩʢʘ ʩʦʝʜʠʥʝʥʠʡ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ, ʢʘʢ ʧʨʘʚʠʣʦ, ʟʘʚʠʩʠʪ 

ʦʪ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ ʠ ʙʣʠʞʥʝʛʦ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʦʢʨʫʞʝʥʠʷ. 

ʇʨʠ ʨʘʩʪʚʦʨʝʥʠʠ D ʚ ʚʦʜʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʭʣʦʨʠʜʘ ʦʣʦʚʘ (II), ʚʳʩʪʫʧʘʶʱʝʛʦ 

ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʘ ʨʘʟʨʫʰʝʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ, ʩʪʝʧʝʥʴ 

ʦʢʠʩʣʝʥʠʷ ʥʝ ʠʟʤʝʥʷʝʪʩʷ, ʟʥʘʯʠʪ ʠʟʤʝʥʝʥʠʷ ʩʚʷʟʥʳ ʩ ʠʟʤʝʥʝʥʠʝʤ ʙʣʠʞʥʝʛʦ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʦʢʨʫʞʝʥʠʷ, ʪʦ ʞʝ ʚʝʨʥʦ ʠ ʧʨʦ ʠʟʤʝʥʝʥʠʝ ʦʢʨʘʩʢʠ 

ʧʨʠ ʭʨʘʥʝʥʠʠ. 

ɺ ʪʚʝʨʜʦʤ ʭʣʦʨʠʜʝ ʭʨʦʤ ʥʘʭʦʜʠʪʩʷ ʚ ʦʢʨʫʞʝʥʠʠ ʘʪʦʤʦʚ ʭʣʦʨʘ. 

ʇʨʠ ʨʘʩʪʚʦʨʝʥʠʠ ʚ ʚʦʜʝ ʯʘʩʪʴ ʭʣʦʨʠʜ ʠʦʥʦʚ ʟʘʤʝʱʘʶʪʩʷ ʥʘ ʤʦʣʝʢʫʣʳ ʚʦʜʳ 

ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʘʪʠʦʥʦʚ ʩʦʩʪʘʚʘ [CrCl2(H2O)4]
+ ʠʣʠ [CrCl(H2O)5]

2+, ʠʤʝʶʱʠʭ 

ʟʝʣʝʥʫʶ ʦʢʨʘʩʢʫ, ʘ ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ ʭʨʘʥʝʥʠʠ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʧʨʦʠʩʭʦʜʠʪ 

ʧʦʣʥʦʝ ʟʘʤʝʱʝʥʠʝ ʠʦʥʦʚ ʭʣʦʨʘ ʥʘ ʚʦʜʫ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʘʪʠʦʥʘ [Cr(H2O)6]
3+, 

ʧʨʠʜʘʶʱʝʛʦ ʨʘʩʪʚʦʨʫ ʬʠʦʣʝʪʦʚʫʶ ʦʢʨʘʩʢʫ. ɺ ʨʘʟʙʘʚʣʝʥʥʳʭ ʨʘʩʪʚʦʨʘʭ, ʤʦʞʝʪ 

ʧʨʦʪʝʢʘʪʴ ʛʠʜʨʦʣʠʟ ʧʦ ʢʘʪʠʦʥʫ ʠ ʦʙʨʘʟʫʝʪʩʷ ʢʘʪʠʦʥ [Cr(OH)(H2O)5]
2+ ʠʣʠ 

ʧʨʦʜʫʢʪʳ ʦʣʠʛʦʤʝʨʠʟʘʮʠʠ. 
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ʉʠʩʪʝʤʘ ʦʮʝʥʠʚʘʥʠʷ: 

1. ʆʧʨʝʜʝʣʝʥʠʝ X, Y ʠ Z ʧʦ 0.5 ʙʘʣʣʘ ʟʘ ʵʣʝʤʝʥʪ, 

ʆʧʨʝʜʝʣʝʥʠʝ ʚʝʱʝʩʪʚ A ï H ʧʦ 0.5 ʙʘʣʣʘ ʟʘ ʚʝʱʝʩʪʚʦ, 

ʨʘʩʯʝʪ ʩʦʩʪʘʚʦʚ E, F, G ʠ H ʧʦ 0.5 ʙʘʣʣʘ 

7.5 ʙʘʣʣʘ 

2. ʋʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʡ (1 ï 11) ʧʦ 1 ʙʘʣʣʫ 11 ʙʘʣʣʦʚ 

3. ʋʢʘʟʘʥʠʝ ʥʘ ʠʟʤʝʥʝʥʠʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʦʢʨʫʞʝʥʠʷ 

ʠʦʥʘ ʭʨʦʤʘ ï 0.5 ʙʘʣʣʘ 

ɿʘ ʣʶʙʦʡ ʠʟ ʠʦʥʦʚ [Cr(H2O)5Cl]2+ ʠʣʠ [Cr(H2O)4Cl2]
2+ ʚ 

ʟʝʣʝʥʦʤ ʨʘʩʪʚʦʨʝ ï 0.5 ʙʘʣʣʘ 

ʋʢʘʟʘʥʠʝ ʥʘ ʠʦʥ [Cr(H2O)6]
3+ ʢʘʢ ʠʩʪʦʯʥʠʢ ʦʢʨʘʩʢʠ ʚ 

ʨʘʩʪʚʦʨʝ ʧʦʩʣʝ ʜʣʠʪʝʣʴʥʦʛʦ ʭʨʘʥʝʥʠ ̫ï 0.5 ʙʘʣʣʘ 

1.5 ʙʘʣʣʘ 

ʀʊʆɻʆ: 20 ʙʘʣʣʦʚ 

 

ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ 11-2 (ʘʚʪʦʨ: ʊʨʦʬʠʤʦʚ ʀ.ɸ.) 

1. ʀʟ ʦʧʠʩʘʥʠʷ ʤʝʪʘʣʣʘ Y ʤʦʞʥʦ ʫʩʪʘʥʦʚʠʪʴ, ʯʪʦ ʵʪʦ ʘʣʶʤʠʥʠʡ, ʪʘʢ ʢʘʢ 

ʵʪʦ ʝʜʠʥʩʪʚʝʥʥʳʡ ʜʦʩʪʘʪʦʯʥʦ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʡ ʚ ʟʝʤʥʦʡ ʢʦʨʝ ʤʝʪʘʣʣ, 

ʢʦʪʦʨʳʡ ʨʘʩʪʚʦʨʷʝʪʩʷ ʚ ʱʝʣʦʯʘʭ.  

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʥʘʡʪʠ X, ʧʨʦʘʥʘʣʠʟʠʨʫʝʤ ʮʝʧʦʯʢʫ ʧʨʝʚʨʘʱʝʥʠʡ. ʉʦʣʴ B ï 

ʧʨʦʜʫʢʪ ʨʘʩʪʚʦʨʝʥʠʷ ʤʝʪʘʣʣʘ X ʚ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʝ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʝʛʦ ʭʣʦʨʠʜ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʠʟ ʝʸ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʩʦʣʴ E, ʵʪʦ ʧʦʟʚʦʣʷʝʪ 

ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ E ï ʢʨʠʩʪʘʣʣʦʛʠʜʨʘʪ ʭʣʦʨʠʜʘ X. ʊʘʢ ʢʘʢ ʠʟʚʝʩʪʥʦ, ʯʪʦ X ʠ Y 

ʧʨʠʥʘʜʣʝʞʘʪ ʢ 13-ʦʡ ʛʨʫʧʧʝ, ʩʦʩʪʘʚ ɽ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ XCl3ĿnH2O. 

ʅʘ 1 ʤʦʣʴ ɽ ʠʟ ʨʘʩʪʚʦʨʘ ʦʩʘʞʜʘʝʪʩʷ 3 ʤʦʣʴ ʭʣʦʨʠʜʘ ʩʝʨʝʙʨʘ: 

ʍCl3 + 3AgNO3 Ÿ ʍ(NO3)3 + 3AgClŹ 

41
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n 1 2 3 4 5 

M(X), ʛ/ʤʦʣʴ 168.8 (Tm) 150.8 (Sm) 132.8 (Cs) 114.8 (In ) 96.7 (ï) 

 n 6 7 8 9 10 

M(X), ʛ/ʤʦʣʴ 78.7 (Se) 60.7 (ï) 42.7 (ï) 24.7 (Mg) 6.7 (Li) 

ʀʟ ʚʩʝʭ ʧʦʣʫʯʝʥʥʳʭ ʨʘʩʯʸʪʦʤ ʵʣʝʤʝʥʪʦʚ ʚ ʦʜʥʦʡ ʛʨʫʧʧʝ ʩ ʘʣʶʤʠʥʠʝʤ 

ʥʘʭʦʜʠʪʩʷ ʣʠʰʴ ʠʥʜʠʡ.  

ɺ ʫʩʣʦʚʠʠ ʧʨʠʚʝʜʝʥʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ 

ʩʪʨʫʢʪʫʨʘ ʠʥʪʝʨʤʝʪʘʣʣʠʜʘ ʍ ʩ ʟʦʣʦʪʦʤ. ɺ 

ʩʪʨʫʢʪʫʨʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʤʘʣʝʥʴʢʠʝ ʰʘʨʠʢʠ 

ʯʝʨʥʦʛʦ (ʏ) ʠ ʙʦʣʴʰʠʝ - ʙʝʣʦʛʦ (ɹ) ʮʚʝʪʦʚ. 

ɺʥʫʪʨʠ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʥʘʭʦʜʷʪʩʷ 8 ʯʝʨʥʳʭ 

ʰʘʨʦʚ. 8 ʙʝʣʳʭ ʰʘʨʦʚ ʥʘʭʦʜʷʪʩʷ ʚ ʚʝʨʰʠʥʘʭ, ʪ. ʝ. 

ʧʨʠʥʘʜʣʝʞʘʪ ʜʘʥʥʦʡ ʷʯʝʡʢʝ ʥʘ 1/8. 6 ʙʝʣʳʭ ʰʘʨʦʚ 

ʣʝʞʘʪ ʚ ʮʝʥʪʨʘʭ ʛʨʘʥʝʡ, ʪ. ʝ. ʢʘʞʜʳʡ ʘʪʦʤ 

ʧʨʠʥʘʜʣʝʞʠʪ ʜʘʥʥʦʡ ʷʯʝʡʢʝ ʥʘ 1/2. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʚ ʷʯʝʡʢʝ 8 ʯʝʨʥʳʭ ʘʪʦʤʦʚ ʠ 

8Ā1/8 + 6Ā
1/2 = 4 ʙʝʣʳʭ ʘʪʦʤʘ. ʊʦʛʜʘ ʬʦʨʤʫʣʘ ʠʥʪʝʨʤʝʪʘʣʣʠʜʘ ɹʏ2.  

ɿʥʘʷ ʧʣʦʪʥʦʩʪʴ ʠʥʪʝʨʤʝʪʘʣʣʠʜʘ ʠ ʧʘʨʘʤʝʪʨ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʤʦʞʥʦ 

ʨʘʩʩʯʠʪʘʪʴ ʝʛʦ ʤʦʣʷʨʥʫʶ ʤʘʩʩʫ. 

3
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ʛʜʝ ʄ ï ʤʦʣʷʨʥʘʷ ʤʘʩʩʘ ɹʏ2, Z ï ʯʠʩʣʦ ʬʦʨʤʫʣʴʥʳʭ ʝʜʠʥʠʮ ɹʏ2 ʚ ʷʯʝʡʢʝ 

(Z = 4), a ï ʧʘʨʘʤʝʪʨ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ, VM ï ʤʦʣʷʨʥʳʡ ʦʙʲʸʤ, NA ï ʯʠʩʣʦ 

ɸʚʦʛʘʜʨʦ. 
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ɹʏ2 ï ʵʪʦ Au2X ʠʣʠ AuX2, ʪʦʛʜʘ 2M( ) M( ) 2 196.97 32.5 ʛ
ʤʦʣʴ

- Ö =X ɹ ʏ=  ʠʣʠ 

2M( ) (M( ) 196.97) / 2 114.8ʛ
ʤʦʣʴ

= - =X ɹ ʏ  

ɿʥʘʯʠʪ, ʤʝʪʘʣʣ X ï ʠʥʜʠʡ In, ʘ ʠʥʪʝʨʤʝʪʘʣʣʠʜ çʩʠʥʝʝ ʟʦʣʦʪʦè ï AuIn2. 

 
         a = 6.506¡ 

ʉʪʨʫʢʪʫʨʘ ʠʥʪʝʨʤʝʪʘʣʣʠʜʘ 

X c ʟʦʣʦʪʦʤ, ɟ = 10.29 ʛ/ʩʤ3 
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2. ʀʥʜʠʡ, ʢʘʢ ʠ ʝʛʦ ʵʣʝʢʪʨʦʥʥʳʡ ʘʥʘʣʦʛ ʘʣʶʤʠʥʠʡ, ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ 

ʩʫʱʝʩʪʚʫʝʪ ʚ ʬʦʨʤʝ ʘʢʚʘʪʠʨʦʚʘʥʥʳʭ ʠʦʥʦʚ In3+. ʉ ʢʠʩʣʦʪʘʤʠ ʦʥ ʜʘʸʪ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʩʦʣʠ B ï InCl3 ʠ C ï In(NO3)3. ʊʘʢʞʝ ʦʥ ʦʙʨʘʟʫʝʪ ʛʠʜʨʦʢʩʠʜ 

D ï In(OH)3 ʠ ʦʢʩʠʜ A ï In2O3.  

ʊʘʢ ʢʘʢ F ʜʘʸʪ ʦʩʘʜʦʢ ʚ ʫʩʣʦʚʠʷʭ ʨʝʘʢʮʠʠ ʩ ʩʦʣʷʤʠ ʠʥʜʠʷ, ʥʦ ʥʝ ʩ ʩʦʣʷʤʠ 

ʘʣʶʤʠʥʠʷ, ʤʦʞʥʦ ʧʦʥʷʪʴ, ʯʪʦ ʚ ʩʦʩʪʘʚ ʦʩʘʜʢʘ ʚʭʦʜʠʪ ʠʥʜʠʡ. ɹʠʥʘʨʥʳʡ ʦʩʘʜʦʢ 

ʤʦʛ ʙʳ ʦʙʨʘʟʦʚʘʪʴʩʷ ʪʦʣʴʢʦ ʟʘ ʩʯʸʪ ʨʝʘʢʮʠʠ ʠʦʥʦʚ In3+ ʩ ʩʫʣʴʬʠʜ-ʠʦʥʘʤʠ S2ī, ʘ 

ʟʥʘʯʠʪ, F ï In2S3. 

ʀʪʦʛʦ: 

ʐʠʬʨ A B C D E F 

ɺʝʱʝʩʪʚʦ In2O3 InCl3 In(NO3)3 In(OH)3 InCl3Ŀ4H2O In2S3 

3. ʋʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʡ: 

1) 4In + 3O2 
t¯½½­ 2In2O3; 

2) 2In + 6HCl Ÿ 2InCl3 + 3H2ŷ; 

3) In + 6HNO3 Ÿ In(NO3)3 + 3NO2ŷ + 3H2O; 

4) In(NO3)3 + 3NH3ĿH2O Ÿ In(OH)3Ź + 3NH4NO3; 

5) InCl3 + 3AgNO3 Ÿ In(NO3)3 + 3AgClŹ 

6) 2Al + 2NaOH + 10H2O Ÿ 2Na[Al(OH)4(H2O)2] + 3H2ŷ; 

7) 2Al + 6NaOH 
t¯½½­ 2Na3AlO3 + 3H2ŷ  

  ʠʣʠ 2Al + 6NaOH 
t¯½½­ NaAlO2 + Na5AlO4 + 3H2ŷ; 

8) 2InCl3 + 3H2S + 6NaCH3COO Ÿ In2S3Ź + 6NaCl + 6CH3COOH. 

ɺ ʨʝʘʢʮʠʠ 8 ʘʮʝʪʘʪ ʥʘʪʨʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʩʥʠʞʝʥʠʷ ʢʠʩʣʦʪʥʦʩʪʠ ʩʨʝʜʳ 

(ʧʦʚʳʰʝʥʠʷ ʨʅ): 

CH3COOī + H2O ᵮ CH3COOH + HOī 

ʠʣʠ H+ + CH3COOī ᵮ CH3COOH 

ʠʣʠ H3O
+ + CH3COOī ᵮ CH3COOH + H2O 

ʇʦʤʫʪʥʝʥʠʝ ʨʘʩʪʚʦʨʘ ʭʣʦʨʠʜʘ ʘʣʶʤʠʥʠʷ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʘʮʝʪʘʪʘ ʥʘʪʨʠʷ 

ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʸʪ ʛʠʜʨʦʣʠʟʘ ʢʘʪʠʦʥʘ [Al(H2O)6]
3+ ʠ ʦʙʨʘʟʦʚʘʥʠʷ 

ʤʝʣʢʦʜʠʩʧʝʨʩʥʦʛʦ ʦʩʘʜʢʘ ʛʠʜʨʦʢʩʠʜʘ, ʧʨʠʯʝʤ ʥʘʣʠʯʠʝ ʘʮʝʪʘʪ-ʠʦʥʘ ʩʤʝʱʘʝʪ 



ʈʝʰʝʥʠʷ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʪʫʨʘ ɺʩʆʐ ʧʦ ʭʠʤʠʠ 

 

42 

É ʎʇʄʂ ɺʩʆʐ ʧʦ ʭʠʤʠʠ 

ʨʘʚʥʦʚʝʩʠʝ ʠʟ-ʟʘ ʩʚʷʟʳʚʘʥʠʷ ʠʦʥʦʚ-ʛʠʜʨʦʢʩʦʥʠʷ (ʧʨʦʪʦʥʦʚ), ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʠ 

ʛʠʜʨʦʣʠʟʝ: 

[Al(H 2O)6]
3+ + H2O ᵮ [Al(H 2O)5(OH)]2+ + H3O

+ 

[Al(H 2O)5(OH)]2+ + H2O ᵮ [Al(H 2O)4(OH)2]
+ + H3O

+ 

ʉʪʘʜʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʦʩʘʜʢʘ ʧʨʝʜʰʝʩʪʚʫʝʪ ʦʙʨʘʟʦʚʘʥʠʝ ʧʦʣʠʷʜʝʨʥʳʭ ʘʢʚʘ-

ʛʠʜʨʦʢʩʦʢʦʤʧʣʝʢʩʦʚ ʘʣʶʤʠʥʠʷ:  

2[Al (H2O)5(OH)]2+ ᵮ [(H2O)4Al(ɛ-OH)2Al(H2O)4]
4+ + 2H2O; 

2[Al (H2O)4(OH)2]
 + ᵮ [(HO)(H2O)3Al(ɛ-OH)2Al(H2O)3(OH)]2+ + 2H2O; 

[Al(H 2O)4(OH)2]
 + ᵮ Al(OH)3Ź + H3O

+ + 2H2O; 

ɺ ʩʣʫʯʘʝ ʩʦʣʝʡ ʠʥʜʠʷ ʠʟ-ʟʘ ʙʦʣʴʰʝʛʦ ʨʘʜʠʫʩʘ ʢʘʪʠʦʥʘ In3+ ʛʠʜʨʦʣʠʟ 

ʧʨʦʪʝʢʘʝʪ ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ; In(OH)3 ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʩʠʣʴʥʳʤ ʦʩʥʦʚʘʥʠʝʤ, ʯʝʤ 

Al(OH)3.  

ʉʠʩʪʝʤʘ ʦʮʝʥʠʚʘʥʠʷ: 

1. ʄʝʪʘʣʣʳ X ʠ Y ï ʧʦ 1 ʙʘʣʣʫ 

ʉʦʩʪʘʚ ʠʥʪʝʨʤʝʪʘʣʣʠʜʘ ï 1ʙʘʣʣ 

(ʚ ʪʦʤ ʯʠʩʣʝ ʩʦʦʪʥʦʰʝʥʠʝ ʘʪʦʤʦʚ 1:2 ï 0.5 ʙʘʣʣʘ, 

ʨʘʩʯʝʪ ʩʦʩʪʘʚʘ ʧʦ ʧʣʦʪʥʦʩʪʠ ï 0.5 ʙʘʣʣʘ) 

3 ʙʘʣʣʘ 

 

2. ɺʝʱʝʩʪʚʘ A ï F ï ʧʦ 1 ʙʘʣʣʫ 

ʇʦʜʪʚʝʨʞʜʝʥʠʝ ʩʦʩʪʘʚʘ E ʨʘʩʯʸʪʦʤ ï1 ʙʘʣʣ 

7 ʙʘʣʣʦʚ 

 

3. ʋʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʡ 1 ï 8 ï ʧʦ 1 ʙʘʣʣʫ 

ʋʢʘʟʘʥʠʝ ʨʦʣʠ ʘʮʝʪʘʪʘ ʥʘʪʨʠʷ ʚ ʩʠʥʪʝʟʝ In2S3 ï 1 ʙʘʣʣ 

9 ʙʘʣʣʦʚ 

4. ʆʮʝʥʠʚʘʝʪʩʷ ʣʶʙʦʝ ʫʨʘʚʥʝʥʠʝ ʨʝʘʢʮʠʠ ʛʠʜʨʦʣʠʟʘ 

ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʦʩʘʜʢʘ Al(OH)3  

1 ʙʘʣʣ 

ʀʊʆɻʆ: 20 ʙʘʣʣʦʚ 

 

ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ 11-3 (ʘʚʪʦʨ: ɹʦʣʤʘʪʝʥʢʦʚ ɼ.ʅ.) 

1. ʇʨʠ ʩʛʦʨʘʥʠʠ 1.00 ʛ X ʦʙʨʘʟʫʝʪʩʷ 1.00Ā1/18 = 0.0556 ʤʦʣʴ ʚʦʜʳ, ʯʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ 0.111 ʤʦʣʴ ʘʪʦʤʦʚ ʚʦʜʦʨʦʜʘ. ʂʦʣʠʯʝʩʪʚʦ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʤʦʞʥʦ 

ʥʘʡʪʠ ʧʦ ʫʨʘʚʥʝʥʠʶ ʩʦʩʪʦʷʥʠʷ ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ: 

n(CO2) = 101.325Ā1.21/(8.31Ā299) = 0.0493 ʤʦʣʴ, ʯʪʦ ʜʘʸʪ ʪʘʢʦʝ ʞʝ ʢʦʣʠʯʝʩʪʚʦ 

ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ. ʇʦʩʢʦʣʴʢʫ ʧʨʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ X ʦʙʨʘʟʫʶʪʩʷ ʩʧʠʨʪʳ, 
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ʩʦʝʜʠʥʝʥʠʝ ʜʦʣʞʥʦ ʩʦʜʝʨʞʘʪʴ ʢʠʩʣʦʨʦʜ:  

m(O) = 1.00 ï 1.01Ā0.111 ï 12Ā0.0493 = 0.296 ʛ. n(O) = 0.296/16 = 0.0185 ʤʦʣʴ. 

ʋʩʪʘʥʦʚʠʤ ʬʦʨʤʫʣʫ ʩʦʝʜʠʥʝʥʠʷ:  

n(C) : n(H) : n(O) = 0.0493 : 0.111 : 0.0185 = 2.66 : 6 : 1 = 8 : 18 : 3, 

ʦʪʢʫʜʘ ʧʦʣʫʯʘʝʤ ʧʨʦʩʪʝʡʰʫʶ ʬʦʨʤʫʣʫ X C8H18O3. ɼʘʥʥʘʷ ʬʦʨʤʫʣʘ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʠʩʪʠʥʥʦʡ, ʫʜʚʦʝʥʠʝ ʜʘʥʥʦʡ ʬʦʨʤʫʣʴʥʦʡ ʝʜʠʥʠʮʳ ʥʝʚʦʟʤʦʞʥʦ 

ʚʚʠʜʫ ʧʦʣʥʦʡ ʥʘʩʳʱʝʥʥʦʩʪʠ ʧʦ ʚʦʜʦʨʦʜʫ.  

2. ɼʣʷ ʥʘʯʘʣʘ ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʩʦʦʪʥʦʰʝʥʠʝ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ ʠ 

ʚʦʜʦʨʦʜʘ ʚ X ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚ ʩʦʝʜʠʥʝʥʠʠ ʥʝʪ ʢʨʘʪʥʳʭ ʩʚʷʟʝʡ ʠ ʮʠʢʣʦʚ. 

ɿʥʘʯʠʪ, ʚ X ʤʦʛʫʪ ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ ʪʦʣʴʢʦ ʩʚʷʟʠ CïH, CïC, CïO, OïH ʠ OïO. ʊʘʢ 

ʢʘʢ ʧʨʠ ʜʝʡʩʪʚʠʠ ʨʘʟʙʘʚʣʝʥʥʦʡ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ ʠ ʘʣʶʤʦʛʠʜʨʠʜʘ ʣʠʪʠʷ ʩʚʷʟʠ 

CïC ʥʝ ʜʦʣʞʥʳ ʨʘʩʱʝʧʣʷʪʴʩʷ, ʪʦ, ʯʪʦʙʳ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʸʥʥʳʭ ʨʝʘʢʮʠʡ 

ʦʙʨʘʟʦʚʘʣʠʩʴ ʪʦʣʴʢʦ ʪʨʠ ʦʜʥʦʘʪʦʤʥʳʭ ʩʧʠʨʪʘ, ʥʝ ʩʦʜʝʨʞʘʱʠʝ ʠʥʳʭ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ, ʚʩʝ ʘʪʦʤʳ ʢʠʩʣʦʨʦʜʘ ʜʦʣʞʥʳ ʙʳʪʴ ʩʦʝʜʠʥʝʥʳ ʩ ʦʜʥʠʤ 

ʘʪʦʤʦʤ ʫʛʣʝʨʦʜʘ (ʪʦ ʝʩʪʴ ʩʦʝʜʠʥʝʥʠʝ X ʜʦʣʞʥʦ ʦʪʥʦʩʠʪʴʩʷ ʢ ʢʣʘʩʩʫ 

ʦʨʪʦʵʬʠʨʦʚ). ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʧʨʠ ʜʝʡʩʪʚʠʠ ʨʘʟʙʘʚʣʝʥʥʦʡ ʩʝʨʥʦʡ 

ʢʠʩʣʦʪʳ ʦʨʪʦʵʬʠʨ ʛʠʜʨʦʣʠʟʫʝʪʩʷ ʜʦ ʩʧʠʨʪʦʚ ʠ ʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ, ʢʦʪʦʨʘʷ 

ʟʘʪʝʤ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʘʣʶʤʦʛʠʜʨʠʜʦʤ ʣʠʪʠʷ ʜʦ ʝʱʸ ʦʜʥʦʛʦ ʩʧʠʨʪʘ (ʚ 

ʧʨʠʚʝʜʸʥʥʦʡ ʥʠʞʝ ʩʭʝʤʝ ʣʠʙʦ R3 = R4, ʣʠʙʦ R1CH2 = R4). 

 

ʆʜʥʘʢʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʠ ʜʝʡʩʪʚʠʠ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ ʥʘ X ʦʙʨʘʟʫʝʪʩʷ ʪʦʣʴʢʦ 

ʦʜʠʥ ʧʨʦʜʫʢʪ, ʢʨʦʤʝ ʩʧʠʨʪʦʚ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʦ ʫʩʣʦʚʠʶ ʪʘʢʠʭ ʧʨʦʜʫʢʪʦʚ 

ʜʦʣʞʥʦ ʙʳʪʴ ʜʚʘ (E ʠ F). ɿʥʘʯʠʪ, ʧʨʠ ʜʝʡʩʪʚʠʠ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ ʧʨʦʠʩʭʦʜʠʪ 

ʯʘʩʪʠʯʥʳʡ ʛʠʜʨʦʣʠʟ ʦʨʪʦʵʬʠʨʘ ʜʦ ʩʤʝʩʠ ʜʚʫʭ ʩʣʦʞʥʳʭ ʵʬʠʨʦʚ ʠ ʜʚʫʭ ʩʧʠʨʪʦʚ 

(ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʚ ʨʝʘʢʮʠʠ ʩ ʩʝʨʥʦʡ ʢʠʩʣʦʪʦʡ ʦʙʨʘʟʦʚʳʚʘʣʦʩʴ ʪʦʣʴʢʦ ʜʚʘ 

ʩʧʠʨʪʘ, ʜʦʣʞʥʦ ʚʳʧʦʣʥʷʪʴʩʷ ʫʩʣʦʚʠʝ R3 = R4). ɼʘʣʴʥʝʡʰʝʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ 

ʘʣʶʤʦʛʠʜʨʠʜʦʤ ʣʠʪʠʷ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʤʝʩʠ ʪʨʸʭ ʩʧʠʨʪʦʚ. 
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ɽʩʣʠ ʞʝ ʩʨʘʟʫ ʧʦʜʝʡʩʪʚʦʚʘʪʴ ʥʘ ʦʨʪʦʵʬʠʨ ʘʣʶʤʦʛʠʜʨʠʜʦʤ ʣʠʪʠʷ, ʪʦ ʪʦʣʴʢʦ 

ʦʜʥʘ ʠʟ ʩʧʠʨʪʦʚʳʭ ʛʨʫʧʧ ʙʫʜʝʪ ʟʘʤʝʱʘʪʴʩʷ ʥʘ ʘʪʦʤ ʚʦʜʦʨʦʜʘ. ʆʙʨʘʟʫʶʱʠʡʩʷ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʘʮʝʪʘʣʴ ʙʫʜʝʪ ʛʠʜʨʦʣʠʟʦʚʘʪʴʩʷ ʨʘʟʙʘʚʣʝʥʥʦʡ ʩʝʨʥʦʡ ʢʠʩʣʦʪʦʡ ʜʦ 

ʜʚʫʭ ʩʧʠʨʪʦʚ ʠ ʘʣʴʜʝʛʠʜʘ D. 

 

ʉʤʝʩʴ ʩʣʦʞʥʳʭ ʵʬʠʨʦʚ E ʠ F ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʩ ʚʦʜʥʳʤ ʨʘʩʪʚʦʨʦʤ 

ʛʠʜʨʦʢʩʠʜʘ ʥʘʪʨʠʷ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʜʦʙʘʚʣʝʥʠʝʤ ʨʘʟʙʘʚʣʝʥʥʦʡ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ 

ʜʘʸʪ ʜʚʘ ʩʧʠʨʪʘ ʠ ʢʘʨʙʦʥʦʚʫʶ ʢʠʩʣʦʪʫ G. ʉʘʤ ʞʝ ʦʨʪʦʵʬʠʨ X ʧʨʠ ʜʝʡʩʪʚʠʠ 

ʱʸʣʦʯʠ ʛʠʜʨʦʣʠʟʦʚʘʪʴʩʷ ʥʝ ʙʫʜʝʪ. 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʨʪʦʵʬʠʨ ʧʦʜʭʦʜʠʪ ʧʦʜ ʚʩʝ ʧʨʠʚʝʜʸʥʥʳʝ ʚ ʫʩʣʦʚʠʠ 

ʜʘʥʥʳʝ. ʊʝʧʝʨʴ ʫʩʪʘʥʦʚʠʤ ʚʦʟʤʦʞʥʳʝ ʚʘʨʠʘʥʪʳ ʨʘʜʠʢʘʣʦʚ R1ïR3. ʉʧʠʨʪʳ AïC 

ʷʚʣʷʶʪʩʷ ʧʦʣʥʦʩʪʴʶ ʥʘʩʳʱʝʥʥʳʤʠ, ʧʦʩʢʦʣʴʢʫ X ʥʝ ʩʦʜʝʨʞʠʪ ʢʨʘʪʥʳʭ ʩʚʷʟʝʡ 

ʮʠʢʣʦʚ. ʇʫʩʪʴ ʚ ʤʦʣʝʢʫʣʘʭ ʵʪʠʭ ʩʧʠʨʪʦʚ ʩʦʜʝʨʞʠʪʩʷ x, y ʠ z ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʊʦʛʜʘ ʜʦʣʞʥʦ ʚʳʧʦʣʥʷʪʴʩʷ ʨʘʚʝʥʩʪʚʦ x + y + 2z = 8, ʧʦʩʢʦʣʴʢʫ 

ʙʨʫʪʪʦ-ʬʦʨʤʫʣʘ X ï C8H18O3, ʘ ʩʧʠʨʪʳ A ï C ʦʙʨʘʟʫʶʪʩʷ ʚ ʩʦʦʪʥʦʰʝʥʠʠ 1 : 1 : 

2. ʉ ʫʯʸʪʦʤ ʪʦʛʦ, ʯʪʦ ʠʟʦʤʝʨʥʳʝ ʩʧʠʨʪʳ ʤʦʛʫʪ ʩʫʱʝʩʪʚʦʚʘʪʴ ʪʦʣʴʢʦ ʥʘʯʠʥʘʷ ʩ 

ʪʨʸʭʫʛʣʝʨʦʜʥʳʭ, ʧʦʣʫʯʘʝʤ ʚʘʨʠʘʥʪʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʪʘʙʣʠʮʝ: 

x 2 4 3 1 3 

y 4 2 3 3 1 

z 1 1 1 2 2 
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ʇʨʠ ʵʪʦʤ ʪʨʝʪʠʡ ʚʘʨʠʘʥʪ ʥʝ ʧʦʜʭʦʜʠʪ, ʧʦʩʢʦʣʴʢʫ ʠʟʦʤʝʨʥʳʝ 

ʪʨʸʭʫʛʣʝʨʦʜʥʳʝ ʩʧʠʨʪʳ ïʧʨʦʧʘʥʦʣ-1 ʠ ʧʨʦʧʘʥʦʣ-2, ʘ ʧʦ ʫʩʣʦʚʠʶ ʚʩʝ ʪʨʠ ʩʧʠʨʪʘ 

A ï C ʷʚʣʷʶʪʩʷ ʧʝʨʚʠʯʥʳʤʠ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʧʝʨʚʠʯʥʳʡ ʯʝʪʳʨʸʭʫʛʣʝʨʦʜʥʳʡ 

ʩʧʠʨʪ ʤʦʞʝʪ ʙʳʪʴ ʢʘʢ ʙʫʪʘʥʦʣʦʤ-1, ʪʘʢ ʠ 2-ʤʝʪʠʣʧʨʦʧʘʥʦʣʦʤ-1. ʇʝʨʝʙʦʨ 

ʢʦʤʙʠʥʘʮʠʡ ʩ ʫʯʸʪʦʤ ʨʘʟʣʠʯʥʦʛʦ ʧʦʣʦʞʝʥʠʝ ʨʘʜʠʢʘʣʦʚ ʠ ʠʟʦʤʝʨʠʠ 

ʯʝʪʳʨʸʭʫʛʣʝʨʦʜʥʦʛʦ ʨʘʜʠʢʘʣʘ ʜʘʸʪ ʰʝʩʪʴ ʚʘʨʠʘʥʪʦʚ, ʧʨʠʚʝʜʸʥʥʳʭ ʥʠʞʝ. 

 

3. ʂʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʚ ʧʫʥʢʪʝ 1, ʩʦʝʜʠʥʝʥʠʝ D ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʘʣʴʜʝʛʠʜ ʚʠʜʘ R1CHO. ɺ ʧʨʠʩʫʪʩʪʚʠʠ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ ʘʣʴʜʝʛʠʜʳ ʤʦʛʫʪ 

ʚʩʪʫʧʘʪʴ ʚ ʨʝʘʢʮʠʶ ʢʨʦʪʦʥʦʚʦʡ ʢʦʥʜʝʥʩʘʮʠʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ Ŭ,ɓ-

ʥʝʥʘʩʳʱʝʥʥʳʭ ʢʘʨʙʦʥʠʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʫʜʚʦʝʥʥʳʤ ʯʠʩʣʦʤ ʘʪʦʤʦʚ 

ʫʛʣʝʨʦʜʘ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʝʩʣʠ ʧʨʦʜʫʢʪ ʢʦʥʜʝʥʩʘʮʠʠ H ʧʨʠ ʛʠʜʨʠʨʦʚʘʥʠʠ ʜʘʸʪ 

ʩʧʠʨʪ B, ʪʦ ʚ ʥʸʤ ʜʦʣʞʥʦ ʙʳʪʴ ʥʝ ʙʦʣʝʝ ʯʝʪʳʨʸʭ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ. 

ʌʦʨʤʘʣʴʜʝʛʠʜ ʥʝ ʚʩʪʫʧʘʝʪ ʚ ʨʝʘʢʮʠʶ ʘʣʴʜʦʣʴʥʦ-ʢʨʦʪʦʥʦʚʦʡ ʢʦʥʜʝʥʩʘʮʠʠ, 

ʧʦʵʪʦʤʫ D ʤʦʞʝʪ ʙʳʪʴ ʪʦʣʴʢʦ ʘʮʝʪʘʣʴʜʝʛʠʜʦʤ. ʊʦʛʜʘ A ï ʵʪʘʥʦʣ, B ï ʙʫʪʘʥʦʣ-1, 

C ï ʤʝʪʘʥʦʣ, H ï ʢʨʦʪʦʥʦʚʳʡ ʘʣʴʜʝʛʠʜ. ʆʨʪʦʵʬʠʨ ʙʳʣ ʦʙʨʘʟʦʚʘʥ ʫʢʩʫʩʥʦʡ 

ʢʠʩʣʦʪʦʡ, ʪʦʛʜʘ ʩʦʝʜʠʥʝʥʠʷ E ʠ F ï ʤʝʪʠʣʘʮʝʪʘʪ ʠ ʙʫʪʠʣʘʮʝʪʘʪ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʘ G ï ʩʘʤʘ ʫʢʩʫʩʥʘʷ ʢʠʩʣʦʪʘ. ɺʝʱʝʩʪʚʦ X ï ʙʫʪʠʣʜʠʤʝʪʠʣʦʨʪʦʘʮʝʪʘʪ. 

 

4. ʄʝʪʘʥʦʣ ʧʨʠ ʜʝʡʩʪʚʠʠ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ ʦʙʨʘʟʫʝʪ ʜʠʤʝʪʠʣʦʚʳʡ ʵʬʠʨ, 

ʤʝʪʠʣʩʫʣʴʬʘʪ ʠ ʜʠʤʝʪʠʣʩʫʣʴʬʘʪ. 
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ʉʠʩʪʝʤʘ ʦʮʝʥʠʚʘʥʠʷ: 

1. ɹʨʫʪʪʦ-ʬʦʨʤʫʣʘ X  2 ʙʘʣʣʘ 

2. ʂʦʣʠʯʝʩʪʚʦ ʠʟʦʤʝʨʥʳʭ ʩʪʨʫʢʪʫʨ X ʩ ʘʨʛʫʤʝʥʪʘʮʠʝʡ ï 2 ʙʘʣʣʘ 

ʚʝʨʥʘʷ ʘʨʛʫʤʝʥʪʘʮʠʷ, ʦʪʣʠʯʘʶʱʘʷʩʷ ʦʪ ʧʨʠʚʝʜʸʥʥʦʡ ʚ 

ʨʝʰʝʥʠʠ, ʦʮʝʥʠʚʘʝʪʩʷ ʧʦʣʥʳʤ ʙʘʣʣʦʤ; ʚʝʨʥʳʡ ʦʪʚʝʪ ʧʨʠ 

ʦʪʩʫʪʩʪʚʠʠ ʣʠʙʦ ʦʰʠʙʦʯʥʦʩʪʠ ʘʨʛʫʤʝʥʪʘʮʠʠ ï 1 ʙʘʣʣ 

ʃʶʙʘʷ ʠʟ ʠʟʦʤʝʨʥʳʭ ʩʪʨʫʢʪʫʨ X ï 1 ʙʘʣʣ 

3 ʙʘʣʣʘ 

3. ʉʪʨʫʢʪʫʨʥʳʝ ʬʦʨʤʫʣʳ ʩʦʝʜʠʥʝʥʠʡ A ï H ʠ X ï ʧʦ 1.5 ʙʘʣʣʘ 13.5 ʙʘʣʣʦʚ 

4. ʉʪʨʫʢʪʫʨʳ ʧʨʦʜʫʢʪʦʚ ï ʧʦ 0.5 ʙʘʣʣʘ 1.5 ʙʘʣʣʘ 

 ʀʊʆɻʆ: 20 ʙʘʣʣʦʚ 

 

ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ 11-4 (ʘʚʪʦʨ: ʇʣʦʜʫʭʠʥ ɸ.ʖ.) 

1. ʆʧʠʩʘʥʥʳʝ ʚ ʟʘʜʘʯʝ ʩʧʦʩʦʙʳ ʧʨʠʤʝʥʝʥʠʷ X, ʘ ʪʘʢʞʝ ʨʘʩʪʚʦʨʝʥʠʝ X 

ʚ ʮʘʨʩʢʦʡ ʚʦʜʢʝ, ʫʢʘʟʳʚʘʶʪ ʥʘ ʪʦ, ʯʪʦ ʵʪʦ ʟʦʣʦʪʦ. ʅʘ ʵʪʫ ʤʳʩʣʴ ʥʘʚʦʜʠʪ ʪʘʢʞʝ 

ʪʦʪ ʬʘʢʪ, ʯʪʦ ʧʨʠ ʜʝʡʩʪʚʠʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ ʥʘ ʝʛʦ ʩʦʝʜʠʥʝʥʠʷ ʥʘʙʣʶʜʘʝʪʩʷ 

ʬʠʦʣʝʪʦʚʦʝ ʦʢʨʘʰʠʚʘʥʠʝ, ʢʦʪʦʨʦʝ ʠʤʝʶʪ ʥʘʥʦʯʘʩʪʠʮʳ ʟʦʣʦʪʘ.  

ʆʢʠʩʣʝʥʠʝ ʙʝʥʟʦʣʘ ʢʠʩʣʦʨʦʜʦʤ ʥʘ V2O5 ʷʚʣʷʝʪʩʷ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʳʤ 

ʩʧʦʩʦʙʦʤ ʧʦʣʫʯʝʥʠʷ ʤʘʣʝʠʥʦʚʦʛʦ ʘʥʛʠʜʨʠʜʘ A. ɼʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʧʦʜʩʢʘʟʢʘʤʠ 

ʷʚʣʷʶʪʩʷ ʘʣʴʪʝʨʥʘʪʠʚʥʳʡ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ A ʦʢʠʩʣʝʥʠʝʤ ʥ-ʙʫʪʘʥʘ, ʥʘʣʠʯʠʝ 

ʚ ʝʛʦ ʩʪʨʫʢʪʫʨʝ ʦʜʥʦʛʦ ʮʠʢʣʘ, ʘ ʪʘʢʞʝ ʤʘʩʩʦʚʦʝ ʩʦʜʝʨʞʘʥʠʝ ʢʠʩʣʦʨʦʜʘ. 

 

ʇʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʫʢʩʫʩʥʦʛʦ ʘʥʛʠʜʨʠʜʘ ʩ ʩʝʨʦʚʦʜʦʨʦʜʦʤ ʦʙʨʘʟʫʶʪʩʷ 

ʫʢʩʫʩʥʘʷ ʢʠʩʣʦʪʘ C (ʥʝ ʩʦʜʝʨʞʘʱʘʷ ʩʝʨʳ) ʠ ʪʠʦʫʢʩʫʩʥʘʷ ʢʠʩʣʦʪʘ B 

(ʧʦ ʘʥʘʣʦʛʠʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʫʢʩʫʩʥʦʛʦ 

ʘʥʛʠʜʨʠʜʘ ʩ ʚʦʜʦʡ). ʉʚʷʟʴ C=C ʚ ʤʘʣʝʠʥʦʚʦʤ ʘʥʛʠʜʨʠʜʝ ʥʘʭʦʜʠʪʩʷ 

ʚ ʩʦʧʨʷʞʝʥʠʠ ʩ ʜʚʫʤʷ ʩʚʷʟʷʤʠ C=O, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʩʪʘʥʦʚʠʪʩʷ ʚʦʟʤʦʞʥʦʡ ʝʸ 

ʘʪʘʢʘ ʥʫʢʣʝʦʬʠʣʴʥʳʤʠ ʨʝʘʛʝʥʪʘʤʠ. ʊʘʢ, ʪʠʦʫʢʩʫʩʥʘʷ ʢʠʩʣʦʪʘ ʧʨʠʩʦʝʜʠʥʷʝʪʩʷ 

ʧʦ ʩʚʷʟʠ C=C ʤʘʣʝʠʥʦʚʦʛʦ ʘʥʛʠʜʨʠʜʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʦʝʜʠʥʝʥʠʷ D. 
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ɸʣʴʪʝʨʥʘʪʠʚʥʳʡ ʚʘʨʠʘʥʪ ʥʫʢʣʝʦʬʠʣʴʥʦʡ ʘʪʘʢʠ ʪʠʦʣʴʥʦʡ ʛʨʫʧʧʳ ʧʦ ʩʚʷʟʠ C=O 

ʜʦʣʞʝʥ ʧʨʠʚʦʜʠʪʴ ʢ ʨʘʩʢʨʳʪʠʶ ʮʠʢʣʘ, ʯʪʦ ʧʨʦʪʠʚʦʨʝʯʠʪ ʫʩʣʦʚʠʶ. ʊʘʢʞʝ ʵʪʦʪ 

ʚʘʨʠʘʥʪ ʥʝ ʧʦʜʭʦʜʠʪ ʧʦ ʣʦʛʠʢʝ ʩʠʥʪʝʟʘ, ʪʘʢ ʢʘʢ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʥʘ ʩʣʝʜʫʶʱʝʡ 

ʩʪʘʜʠʠ ʜʦʣʞʝʥ ʧʨʦʠʟʦʡʪʠ ʛʠʜʨʦʣʠʟ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʤʘʣʝʠʥʦʚʦʡ ʢʠʩʣʦʪʳ. 

ɺ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ ʞʝ ʱʝʣʦʯʥʦʡ ʛʠʜʨʦʣʠʟ ʩʦʝʜʠʥʝʥʠʷ D ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʧʦʜʢʠʩʣʝʥʠʝʤ ʧʨʠʚʦʜʠʪ ʢ ʨʘʩʱʝʧʣʝʥʠʶ ʘʥʛʠʜʨʠʜʥʦʡ ʠ ʪʠʦʵʬʠʨʥʦʡ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 2-ʤʝʨʢʘʧʪʦʷʥʪʘʨʥʦʡ (ʪʠʦʷʙʣʦʯʥʦʡ) 

ʢʠʩʣʦʪʳ E, ʯʪʦ ʪʘʢʞʝ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʤʘʩʩʦʚʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʩʝʨʳ. ʄʦʣʷʨʥʘʷ 

ʤʘʩʩʘ ʚʝʱʝʩʪʚʘ F ʚ ʨʘʩʯʸʪʝ ʥʘ ʦʜʠʥ ʘʪʦʤ ʟʦʣʦʪʘ M(F) = 197/0.608 = 324 ʛ/ʤʦʣʴ. 

ʅʘ ʦʩʪʘʣʴʥʳʝ ʵʣʝʤʝʥʪʳ, ʢʨʦʤʝ ʟʦʣʦʪʘ, ʧʨʠʭʦʜʠʪʩʷ 324 ï 197 = 127 ʛ/ʤʦʣʴ, 

ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʠʦʜʫ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, F ï AuI. ʋʯʠʪʳʚʘʷ ʩʢʣʦʥʥʦʩʪʴ ʪʷʞʸʣʳʭ 

ʤʝʪʘʣʣʦʚ ʢ ʩʚʷʟʳʚʘʥʠʶ ʩ ʩʝʨʦʡ (ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʧʨʠʥʮʠʧʦʤ ʞʸʩʪʢʠʭ ʠ ʤʷʛʢʠʭ 

ʢʠʩʣʦʪ ʠ ʦʩʥʦʚʘʥʠʡ ʇʠʨʩʦʥʘ), ʣʦʛʠʯʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ 

E ʩ AuI ʦʙʨʘʟʫʝʪʩʷ ʘʫʨʦʪʠʦʤʘʣʘʪ ʥʘʪʨʠ ̫Y, ʯʪʦ ʪʘʢʞʝ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʤʘʩʩʦʚʳʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʟʦʣʦʪʘ. 

 

ʇʦʣʫʯʝʥʠʝ AuI ʦʧʠʩʳʚʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤʠ ʫʨʘʚʥʝʥʠʷʤʠ ʨʝʘʢʮʠʡ: 

Au + HNO3 + 4HCl = H[AuCl4] + NO + 2H2O 

H[AuCl4] + 3KI = AuI + I2 + 3KCl + HCl 

2Au + I2 = 2AuI 

2. ɺ ʧʨʝʜʳʜʫʱʝʤ ʧʫʥʢʪʝ ʤʳ ʫʞʝ ʫʩʪʘʥʦʚʠʣʠ, ʯʪʦ ʧʨʦʜʫʢʪʦʤ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʟʦʣʦʪʘ ʩ ʮʘʨʩʢʦʡ ʚʦʜʢʦʡ ʷʚʣʷʝʪʩʷ H[AuCl4]. ʊʝʧʝʨʴ ʧʦ ʤʘʩʩʦʚʦʡ 

ʜʦʣʝ ʟʦʣʦʪʘ ʦʧʨʝʜʝʣʠʤ K : M(K ) = 197Ŀn/0.562 = 350.5Ŀn ʛ/ʤʦʣʴ, ʛʜʝ n ï 

ʢʦʣʠʯʝʩʪʚʦ ʘʪʦʤʦʚ ʟʦʣʦʪʘ ʚ ʩʦʝʜʠʥʝʥʠʠ K. ʇʨʠ n = 1 M(K ) = 350.5. ɺʳʯʠʪʘʷ 

ʠʟ ʧʦʣʫʯʝʥʥʦʛʦ ʯʠʩʣʘ ʤʘʩʩʫ ʟʦʣʦʪʘ ʠ ʪʨʠʵʪʠʣʬʦʩʬʠʥʘ, ʧʦʣʫʯʘʝʤ  

350.5 ï 197 ï 118 = 35.5, ʯʪʦ ʤʦʞʝʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʦʜʥʦʤʫ ʘʪʦʤʫ ʭʣʦʨʘ. ʊʦʛʜʘ 
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ʬʦʨʤʫʣʘ K  ï (C2H5)3PAuCl. 

ʇʝʨʝʡʜʝʤ ʢ ʨʘʩʰʠʬʨʦʚʢʝ ʩʭʝʤʳ. ʇʨʠ ʥʘʛʨʝʚʘʥʠʠ ɓ-D-ʛʣʶʢʦʧʠʨʘʥʦʟʳ 

(ʦʜʥʦʡ ʠʟ ʮʠʢʣʠʯʝʩʢʠʭ ʬʦʨʤ D-ʛʣʶʢʦʟʳ) ʩ ʠʟʙʳʪʢʦʤ ʫʢʩʫʩʥʦʛʦ ʘʥʛʠʜʨʠʜʘ 

ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʘʮʝʪʘʪʘ ʥʘʪʨʠʷ ʧʨʦʠʩʭʦʜʠʪ ʘʮʝʪʠʣʠʨʦʚʘʥʠʝ ʚʩʝʭ ʛʠʜʨʦʢʩʠʣʴʥʳʭ 

ʛʨʫʧʧ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʦʝʜʠʥʝʥʠʷ G. ɼʘʣʝʝ ʧʨʠ ʜʝʡʩʪʚʠʠ HBr ʚ ʣʝʜʷʥʦʡ 

ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʝ ʪʦʣʴʢʦ ʦʜʥʘ ʘʮʝʪʘʪʥʘʷ ʛʨʫʧʧʘ, ʥʘʭʦʜʷʱʘʷʩʷ ʫ ʘʪʦʤʘ ʫʛʣʝʨʦʜʘ 

C1, ʟʘʤʝʱʘʝʪʩʷ ʥʘ ʙʨʦʤ. ʅʘʣʠʯʠʝ ʦʜʥʦʛʦ ʘʪʦʤʘ ʙʨʦʤʘ ʚ ʩʦʝʜʠʥʝʥʠʠ H 

ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʝʛʦ ʤʘʩʩʦʚʳʤ ʩʦʜʝʨʞʘʥʠʝʤ. ʇʨʦʪʝʢʘʥʠʝ ʜʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ 

ʦʙʫʩʣʦʚʣʝʥʦ ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʤʝʟʦʤʝʨʥʳʤ ʵʬʬʝʢʪʦʤ ʘʪʦʤʘ ʢʠʩʣʦʨʦʜʘ ʚ ʮʠʢʣʝ, 

ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʪʘʙʠʣʠʟʘʮʠʠ ʢʘʨʙʦʢʘʪʠʦʥʥʦʛʦ ʠʥʪʝʨʤʝʜʠʘʪʘ. ɺ ʩʣʫʯʘʝ 

ʦʩʪʘʣʴʥʳʭ ʘʮʝʪʘʪʥʳʭ ʛʨʫʧʧ ʪʘʢʘʷ ʩʪʘʙʠʣʠʟʘʮʠʷ ʥʝʚʦʟʤʦʞʥʘ, ʧʦʵʪʦʤʫ 

ʠʭ ʟʘʤʝʱʝʥʠʝ ʥʝ ʧʨʦʠʩʭʦʜʠʪ (ʦ ʯʸʤ ʪʘʢʞʝ ʤʦʞʥʦ ʜʦʛʘʜʘʪʴʩʷ ʧʦ ʥʘʣʠʯʠʶ 

ʘʮʝʪʘʪʥʳʭ ʛʨʫʧʧ ʚ ʢʦʥʝʯʥʦʤ ʧʨʦʜʫʢʪʝ Z). ɸʪʦʤ ʙʨʦʤʘ ʚ ʧʦʣʫʯʝʥʥʦʤ 

ʩʦʝʜʠʥʝʥʠʠ ʙʫʜʝʪ ʟʘʥʠʤʘʪʴ ʘʢʩʠʘʣʴʥʫʶ ʧʦʟʠʮʠʶ ʠʟ-ʟʘ ʘʥʦʤʝʨʥʦʛʦ ʵʬʬʝʢʪʘ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʥʬʠʛʫʨʘʮʠʠ ʫ C1 ʟʥʘʪʴ ʦʙ ʘʥʦʤʝʨʥʦʤ ʵʬʬʝʢʪʝ 

ʥʝʦʙʷʟʘʪʝʣʴʥʦ, ʧʦʩʢʦʣʴʢʫ ʢʦʥʬʠʛʫʨʘʮʠʷ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʠʟ ʧʦʩʣʝʜʫʶʱʠʭ 

ʩʪʘʜʠʡ ʩʠʥʪʝʟʘ ʠ ʢʦʥʬʠʛʫʨʘʮʠʠ ʵʪʦʛʦ ʭʠʨʘʣʴʥʦʛʦ ʮʝʥʪʨʘ ʚ ʢʦʥʝʯʥʦʤ ʧʨʦʜʫʢʪʝ 

Z. 

 

ɼʘʣʝʝ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʪʠʦʘʮʝʪʘʪ-ʘʥʠʦʥʘ ʧʨʦʠʩʭʦʜʠʪ ʥʫʢʣʝʦʬʠʣʴʥʦʝ 

ʟʘʤʝʱʝʥʠʝ ʙʨʦʤʘ ʧʦ SN2-ʤʝʭʘʥʠʟʤʫ ʩ ʦʙʨʘʱʝʥʠʝʤ ʢʦʥʬʠʛʫʨʘʮʠʠ ʭʠʨʘʣʴʥʦʛʦ 

ʮʝʥʪʨʘ. ʅʘ ʩʣʝʜʫʶʱʝʡ ʩʪʘʜʠʠ ʧʨʠ ʜʝʡʩʪʚʠʠ ʪʠʦʤʝʪʦʢʩʠʜʘ ʥʘʪʨʠʷ ʙʫʜʝʪ 
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ʧʨʦʠʩʭʦʜʠʪʴ ʨʘʩʱʝʧʣʝʥʠʝ ʪʦʣʴʢʦ ʪʠʦʵʬʠʨʥʦʡ ʛʨʫʧʧʳ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʪʠʦʣʘ, 

ʧʨʠ ʵʪʦʤ ʩʣʦʞʥʦʵʬʠʨʥʳʝ ʛʨʫʧʧʳ ʦʩʪʘʥʫʪʩʷ ʥʝ ʟʘʪʨʦʥʫʪʳʤʠ, ʦ ʯʸʤ ʤʦʞʥʦ 

ʜʦʛʘʜʘʪʴʩʷ ʧʦ ʩʪʨʫʢʪʫʨʝ Z, ʣʠʙʦ ʠʩʭʦʜʷ ʠʟ ʪʦʛʦ ʬʘʢʪʘ, ʯʪʦ ʪʠʦʣʷʪ-ʠʦʥ ʷʚʣʷʝʪʩʷ 

ʙʦʣʝʝ ʭʦʨʦʰʝʡ ʫʭʦʜʷʱʝʡ ʛʨʫʧʧʦʡ, ʯʝʤ ʘʣʢʦʛʦʣʷʪ-ʠʦʥ. ʊʘʢʞʝ ʩʪʨʫʢʪʫʨʘ J 

ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʧʨʠʚʝʜʸʥʥʳʤ ʚ ʫʩʣʦʚʠʠ ʤʘʩʩʦʚʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʩʝʨʳ. 

ʅʘ ʧʦʩʣʝʜʥʝʡ ʩʪʘʜʠʠ ʦʙʨʘʙʦʪʢʘ ʧʦʣʫʯʝʥʥʦʛʦ ʪʠʦʣʘ J (C2H5)3PAuCl ʧʨʠʚʦʜʠʪ 

ʢ ʧʦʣʫʯʝʥʠʶ ʘʫʨʘʥʦʬʠʥʘ Z. 

 

ʉʠʩʪʝʤʘ ʦʮʝʥʠʚʘʥʠʷ: 

1. ʕʣʝʤʝʥʪ X ï 1 ʙʘʣʣ 

ʉʪʨʫʢʪʫʨʥʳʝ ʬʦʨʤʫʣʳ A ï E ʠ Y ï ʧʦ 1.5 ʙʘʣʣʘ 

ʌʦʨʤʫʣʘ F ï 1 ʙʘʣʣ 

ʋʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʡ (3 ʰʪ) ï ʧʦ 0.5 ʙʘʣʣʘ 

12.5 ʙʘʣʣʦʚ 

2. ʉʪʨʫʢʪʫʨʥʳʝ ʬʦʨʤʫʣʳ G ï K  ï ʧʦ 1.5 ʙʘʣʣʘ 

ʝʩʣʠ ʢʦʥʬʠʛʫʨʘʮʠʷ ʭʠʨʘʣʴʥʳʭ ʮʝʥʪʨʦʚ ʫʢʘʟʘʥʘ ʥʝʚʝʨʥʦ ʠʣʠ 

ʦʪʩʫʪʩʪʚʫʝʪ ï ʧʦ 1 ʙʘʣʣʫ 

7.5 ʙʘʣʣʦʚ 

ʀʊʆɻʆ: 20 ʙʘʣʣʦʚ 

 

ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ 11-5 (ʘʚʪʦʨ: ʂʫʨʘʤʰʠʥ ɹ.ʂ.) 

1. ʈʝʘʢʮʠʷ ʜʝʛʠʜʨʘʪʘʮʠʠ ʠʜʝʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʯʘʩʪʠʮ ʚ ʨʘʩʪʚʦʨʝ, 

ʪʦ ʝʩʪʴ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʵʥʪʨʦʧʠʠ. ɽʝ ʧʨʦʪʝʢʘʥʠʝ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 

ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʵʥʪʨʦʧʠʡʥʳʤ ʬʘʢʪʦʨʦʤ. 

2. ʇʨʠ ʜʘʚʣʝʥʠʠ ʨ1 = 1 ʘʪʤ ʪʝʤʧʝʨʘʪʫʨʘ ʢʠʧʝʥʠʷ ʚʦʜʳ ʨʘʚʥʘ ʊ1 = 373 K. 
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ɺʦʩʧʦʣʴʟʫʝʤʩʷ ʫʨʘʚʥʝʥʠʝʤ ʂʣʘʫʟʠʫʩʘïʂʣʘʧʝʡʨʦʥʘ ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ ʜʘʚʣʝʥʠʷ ʨ2 

ʥʘʩʳʱʝʥʥʦʛʦ ʧʘʨʘ ʚʦʜʳ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʥʝʦʙʭʦʜʠʤʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 

ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʊ2 = 543 K. 

ὰὲ
ὴ

ὴ

ῳὌ

Ὑ
ẗ
ρ

Ὕ

ρ

Ὕ
ᵼ ὴ ὴẗὩ

ẗ
 

ὴ ρẗὩȢ
ẗ

φπȢφʘʪʤ. 

3. ɸʥʘʣʦʛʠʯʥʦ, ʧʦ ʫʨʘʚʥʝʥʠʶ ʂʣʘʫʟʠʫʩʘïʂʣʘʧʝʡʨʦʥʘ ʥʘʡʜʝʤ ʪʝʤʧʝʨʘʪʫʨʫ 

ʊ2, ʧʨʠ ʢʦʪʦʨʦʡ ʜʘʚʣʝʥʠʝ ʥʘʩʳʱʝʥʥʦʛʦ ʧʘʨʘ ʩʦʩʪʘʚʣʷʝʪ ʨ2 = 50 ʘʪʤ, ʠʩʭʦʜʷ ʠʟ 

ʪʦʛʦ, ʯʪʦ ʧʨʠ ʜʘʚʣʝʥʠʠ ʨ1 = 1 ʘʪʤ ʪʝʤʧʝʨʘʪʫʨʘ ʢʠʧʝʥʠʷ ʚʦʜʳ ʨʘʚʥʘ ʊ1 = 373 K. 
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ẗὰὲ
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Ὕ ẗὰὲ
Ȣ
ẗὰὲ υσςK. 

4. ʇʦʩʢʦʣʴʢʫ ʦʙʱʘʷ ʚʳʩʦʪʘ ʘʤʧʫʣʳ ʨʘʚʥʘ 11 ʩʤ, ʘ ʚʳʩʦʪʘ ʩʪʦʣʙʘ ʨʘʩʪʚʦʨʘ 

ʧʦʩʣʝ ʥʘʛʨʝʚʘʥʠʷ ï 7.8 ʩʤ, ʪʦ ʠʩʧʘʨʠʚʰʘʷʩʷ ʚʦʜʘ ʟʘʥʠʤʘʝʪ ʯʘʩʪʴ ʘʤʧʫʣʳ 

ʚʳʩʦʪʦʡ h = 3.2 ʩʤ. ɿʥʘʷ ʚʥʫʪʨʝʥʥʠʡ ʨʘʜʠʫʩ ʘʤʧʫʣʳ (1 ʤʤ = 0.1 ʩʤ), ʥʘʡʜʝʤ 

ʦʙʲʝʤ ʠ ʤʘʩʩʫ ʧʘʨʦʚ ʚʦʜʳ. 

ὠ “ὶ  

ὴὠ
ά

ὓ
ὙὝᵼ ά

ὴὓ“ὶ

ὙὝ
 

ά
ẗ ẗ ẗȢ ẗȢẗ ẗȢẗ

Ȣ ẗ
ρȢψẗρπ ʛ = 1.8 ʤʛ 

ʅʘʡʜʝʤ ʢʦʥʮʝʥʪʨʘʮʠʶ ʩʧʠʨʪʘ ʠʟ ʚʳʩʦʪʳ ʩʪʦʣʙʘ ʚʦʜʳ ʜʦ ʥʘʛʨʝʚʘ h1 = 6 ʩʤ, 

ʚʳʩʦʪʳ ʧʦʩʣʝ ʥʘʛʨʝʚʘ h2 = 7.8 ʩʤ ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʮʠʢʣʦʛʝʢʩʘʥʦʣʘ ʚ ʨʘʩʪʚʦʨʝ ʜʦ 

ʥʘʛʨʝʚʘ c1 = 0.20 ʄ. 

ʩȟ
ὲ

ὠȟ

ὲ

“ὶ ȟ
 

ʩ

ʩ
ᵼ ὧ

Ȣ ẗ

Ȣ
πȢρυτʄ 

5. ʀʟʚʝʩʪʥʦ, ʯʪʦ ὃ ψȢςτὃÐ. ʊʦʛʜʘ ʠʟ ʩʪʝʭʠʦʤʝʪʨʠʠ ʨʝʘʢʮʠʠ A Ө B, 

ὄÐ ὃ ὃÐ χȢςτὃÐ. 
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ʇʨʠ ʜʦʩʪʠʞʝʥʠʠ ʨʘʚʥʦʚʝʩʠʷ ʩʢʦʨʦʩʪʴ ʧʨʷʤʦʡ ʠ ʦʙʨʘʪʥʦʡ ʨʝʘʢʮʠʠ 

ʩʦʚʧʘʜʘʶʪ. ʀʟ ʵʪʦʛʦ ʫʩʣʦʚʠʷ ʥʘʡʜʝʤ ʦʪʥʦʰʝʥʠʝ ʢʦʥʩʪʘʥʪ ʩʢʦʨʦʩʪʠ ʧʨʷʤʦʡ ʠ 

ʦʙʨʘʪʥʦʡ ʨʝʘʢʮʠʠ. 

Ὧ ὃÐ Ὧ ὄÐ 

Ὧ

Ὧ

ὄÐ
ὃÐ

χȢςτ 

Ὧ
Ὧ

χȢςτ

πȢρχς

χȢςτ
πȢπςσψʯ  

ɺʳʨʘʟʠʤ ʠʟ ʜʘʥʥʦʛʦ ʚ ʫʩʣʦʚʠʠ ʟʘʜʘʯʠ ʨʝʰʝʥʠʷ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʟʘʢʦʥʘ ʚʨʝʤʷ 

ʧʦʣʫʧʨʝʚʨʘʱʝʥʠʷ ʩʧʠʨʪʘ. 

ὃ ὃÐ ὃ ὃÐ ẗὩ Ⱦ πȢυὃ  

ὃÐ ψȢςτὃÐ ὃÐ ẗὩ Ⱦ πȢυẗψȢςτὃÐ 

χȢςτẗὩ Ⱦ σȢρς 

ὸȾ
ὰὲ

Ȣ

Ȣ

Ὧ Ὧ

ὰὲ
Ȣ

Ȣ

πȢρχςπȢπςσψ
τȢσπʯ 

ʉʠʩʪʝʤʘ ʦʮʝʥʠʚʘʥʠʷ. 

1. ɺʳʙʦʨ ʵʥʪʨʦʧʠʡʥʦʛʦ ʬʘʢʪʦʨʘ ï 2 ʙʘʣʣʘ. 2 ʙʘʣʣʘ 

2. ʈʘʩʯʝʪ ʜʘʚʣʝʥʠʷ ï 3 ʙʘʣʣʘ. 3 ʙʘʣʣʘ 

3. ʈʘʩʯʝʪ ʤʘʢʩʠʤʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ï 3 ʙʘʣʣʘ. 3 ʙʘʣʣʘ 

4. 
ʈʘʩʯʝʪ ʤʘʩʩʳ ʠʩʧʘʨʠʚʰʝʡʩʷ ʚʦʜʳ ï 3 ʙʘʣʣʘ. 

ʈʘʩʯʝʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʧʠʨʪʘ ʚ ʥʘʛʨʝʪʦʤ ʨʘʩʪʚʦʨʝ ï 3 ʙʘʣʣʘ 
6 ʙʘʣʣʦʚ 

5. ʈʘʩʯʝʪ ʢʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʠ ʦʙʨʘʪʥʦʡ ʨʝʘʢʮʠʠ ï 3 ʙʘʣʣʘ 

ʈʘʩʯʝʪ ʚʨʝʤʝʥʠ ï 3 ʙʘʣʣʘ 

(ɺʝʨʥʦʝ ʨʝʰʝʥʠʝ ʙʝʟ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ 

ʚʳʯʠʩʣʝʥʠʷ kī1 ï 6 ʙʘʣʣʦʚ) 

6 ʙʘʣʣʦʚ 

 ʀʪʦʛʦ: 20 ʙʘʣʣʦʚ 

 


