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ʈʝʰʝʥʠʷ ʟʘʜʘʥʠʡ ʧʝʨʚʦʛʦ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʪʫʨʘ 

ɼʝʚʷʪʳʡ ʢʣʘʩʩ 

ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ 9-1 (ɼʨʦʟʜʦʚ ɸ.ɸ. ʠ ɸʥʜʨʝʝʚ ʄ.ʅ.) 

1. ʇʝʨʚʳʡ ʦʧʳʪ ʩʦʦʙʱʘʝʪ ʥʘʤ, ʯʪʦ ʥʝʠʟʚʝʩʪʥʦʝ ʚʝʱʝʩʪʚʦ ʫʩʪʦʡʯʠʚʦ ʚ 

ʠʥʝʨʪʥʦʡ ʘʪʤʦʩʬʝʨʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʨʘʚʥʦʡ ʠʣʠ ʤʝʥʴʰʝ 300C. 

ɺ ʩʝʜʴʤʦʤ ʦʧʳʪʝ ʠʦʜʠʜ X ʨʘʟʣʘʛʘʝʪʩʷ ʥʘ ʬʠʦʣʝʪʦʚʳʝ ʧʘʨʳ (ʡʦʜ) ʠ 

ʙʣʝʩʪʷʱʠʝ ʢʨʠʩʪʘʣʣʳ (ʤʝʪʘʣʣ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʤʘʩʩʦʚʘʷ ʜʦʣʷ ʡʦʜʘ ʚ X ʨʘʚʥʘ 

88%. ʇʫʩʪʴ ʬʦʨʤʫʣʘ X ï MI n, ʛʜʝ n ï ʚʘʣʝʥʪʥʦʩʪʴ ʤʝʪʘʣʣʘ.  ʉʦʩʪʘʚʠʤ 

ʫʨʘʚʥʝʥʠʝ:  127n/(M+127n) = 0,88.   

ʆʪʩʶʜʘ:    M  = (127 n ï127Ā0,88 n)/0,88=144,32 n ï127 n =17,32 n 

N ʄ ʤʝʪʘʣʣ 

1 17,32 ï 

2 34,64 ï 

3 51,96 Cr 

4 69,98 Ga 

ɺ ʦʧʳʪʘʭ 3 ʠ 6 ʧʨʦʠʩʭʦʜʠʪ  ʯʘʩʪʠʯʥʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʤʝʪʘʣʣʘ. 

(m) = 29,33%. ɺ ʦʧʳʪʝ 7 ï ʧʦʣʥʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʤʝʪʘʣʣʘ. (m) = 88%. 

ʇʦʪʝʨʷ ʤʘʩʩʳ ʨʘʟʣʠʯʘʝʪʩʷ ʨʦʚʥʦ ʚ 3 ʨʘʟʘ: 88/29,33 = 3. ɺʦ ʚʩʝʭ ʩʣʫʯʘʷʭ 

ʚʳʝʣʷʝʪʩʷ ʠʦʜ (ʬʠʦʣʝʪʦʚʳʝ ʧʘʨʳ). ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʩʪʝʧʝʥʴ 

ʦʢʠʩʣʝʥʠʷ ʤʝʪʘʣʣʘ ʨʘʚʥʘ ʊʈɽʄ. 

X ï ʠʦʜʠʜ ʭʨʦʤʘ (III ) CrI 3.  ʄ(CrI3) = 51,996 + 3Ā126,9 = 432,7 ʛ/ʤʦʣʴ. ʇʫʩʪʴ  

ʤʘʩʩʘ ʍ=100 ʛ. ʊʦʛʜʘ n(CrI3) = 100/432,7 = 0,2311 ʤʦʣʴ CrI3 

ɿʝʣʝʥʳʡ ʦʢʩʠʜ ʚ ʦʧʳʪʝ 2 ï  Cr 2O3    ʄ(Cr2O3) = 51,996Ā2 + 3Ā15,999 = 

151,989 ʛ/ʤʦʣʴ 

ɺ ʚʦʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʘʪʤʦʩʬʝʨʝ (ʦʧʳʪ 3) CrI3. ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ CrI 2 (ʢʨʘʩʥʦ-

ʢʦʨʠʯʥʝʚʳʡ ʧʦʨʦʰʦʢ) 

ʆʧʳʪ 4:  ʦʙʨʘʟʫʝʪʩʷ ʬʠʦʣʝʪʦʚʳʡ ʧʦʨʦʰʦʢ CrCl 3 

ʆʧʳʪ 5: CrCl3 ʩʫʙʣʠʤʠʨʫʝʪʩʷ ʠ ʢʦʥʜʝʥʩʠʨʫʝʪʩʷ ʥʘ ʩʪʝʥʢʘʭ ʪʨʫʙʢʠ. 

ʆʧʳʪ 6: ʢʨʘʩʥʦ-ʢʦʨʠʯʥʝʚʳʝ ʢʨʠʩʪʘʣʣʳ ʚ ʣʦʜʦʯʢʝ ï ʵʪʦ CrI 2 
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ˉ ʦʧʳʪʘ ʋʩʣʦʚʠʷ ʦʧʳʪʘ ʅʘʙʣʶʜʝʥʠʷ ʋʨʘʚʥʝʥʠʝ ʨʝʘʢʮʠʠ ʈʘʩʯʝʪ  (m)% 

 

1 Ar, 

300 C 

ʅʠʢʘʢʠʭ ʚʠʜʠʤʳʭ ʠʟʤʝʥʝʥʠʡ ʥʝʪ 0 

 

2 O2, 

300 C 

ɺʳʜʝʣʝʥʠʝ ʬʠʦʣʝʪʦʚʳʭ ʧʘʨʦʚ, 

ʟʝʣʝʥʳʡ ʧʦʨʦʰʦʢ ʚ ʣʦʜʦʯʢʝ 

2CrI3 + 3/2O2 = Cr2O3 + 3I2ŷ ɺ ʣʦʜʦʯʢʝ Cr2O3 

(m) = 100 ï (0,2311Ā151,989/2) = 

= 82,4364ʛ = 82,4377%   

3 H2, 

300 C 

ɺʳʜʝʣʝʥʠʝ ʬʠʦʣʝʪʦʚʳʭ ʧʘʨʦʚ, 

ʢʨʘʩʥʦ-ʢʦʨʠʯʥʝʚʳʡ ʧʦʨʦʰʦʢ ʚ 

ʣʦʜʦʯʢʝ 

2CrI3 + H2 = 2CrI2 + 2HI 

2HI = H2ŷ + I2ŷ   ʠʣʠ 

2CrI3 = 2CrI2 + I2ŷ 

ɺ ʣʦʜʦʯʢʝ CrI2  

(m) = 126,9Ā2Ā0,2311/2 = 29,3266 %  

4 Cl2, 

300 C 

ɺʳʜʝʣʝʥʠʝ ʬʠʦʣʝʪʦʚʳʭ ʧʘʨʦʚ, 

ʬʠʦʣʝʪʦʚʳʡ ʧʦʨʦʰʦʢ ʚ 

ʣʦʜʦʯʢʝ 

2CrI3 + 3Cl2 = 2CrCl3 + 3I2ŷ ɺ ʣʦʜʦʯʢʝ CrCl3 

(m) = 3(126,9 ï 35,453)Ā0,2311 = 63,14ʛ 

= 63,4002% 

5 Cl2, 

1150 C 

ɺʳʜʝʣʝʥʠʝ ʬʠʦʣʝʪʦʚʳʭ ʧʘʨʦʚ, 

ʦʙʨʘʟʦʚʘʥʠʝ ʬʠʦʣʝʪʦʚʳʭ 

ʯʝʰʫʡʯʘʪʳʭ ʢʨʠʩʪʘʣʣʦʚ ʥʘ 

ʩʪʝʥʢʘʭ ʨʝʘʢʪʦʨʘ 

2CrI3 + 3Cl2 = 2CrCl3ŷ + 3I2ŷ ɺ ʣʦʜʦʯʢʝ ʥʠʯʝʛʦ ʥʝ ʦʩʪʘʣʦʩʴ (ʧʘʨʳ 

CrCl3 ʢʦʥʜʝʥʩʠʨʦʚʘʣʠʩʴ ʥʘ ʩʪʝʥʢʘʭ 

ʪʨʫʙʢʠ). 

 (m)% = 100 %  

6 Ar, 

500 C 

ɺʳʜʝʣʝʥʠʝ ʬʠʦʣʝʪʦʚʳʭ ʧʘʨʦʚ, 

ʢʨʘʩʥʦ-ʢʦʨʠʯʥʝʚʳʝ ʢʨʠʩʪʘʣʣʳ 

ʚ ʣʦʜʦʯʢʝ 

2CrI3 = 2CrI2 + I2 ɺ ʣʦʜʦʯʢʝ CrI2  

(m) = 100ï0,2311Ā(51,996+126,9Ā2) = 

 = 29,3305 ʛ = 29,3305% 

7 Ar, 

1100 C 

ɺʳʜʝʣʝʥʠʝ ʬʠʦʣʝʪʦʚʳʭ ʧʘʨʦʚ, 

ʤʝʣʢʠʝ ʙʣʝʩʪʷʱʠʝ ʢʨʠʩʪʘʣʣʳ 

ʚ ʣʦʜʦʯʢʝ 

2CrI3 = 2Cr + 3I2 ɺ ʣʦʜʦʯʢʝ Cr 

(m) = 100 ï 0,2311Ā51,996 = 

100 ï 12 = 88ʛ = 87,9837%      
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2. ʨʝʘʢʮʠʷ 1ï ʛʠʜʨʦʣʠʟ ʩʦʣʝʡ, ʚʟʘʠʤʦʫʩʠʣʠʚʘʶʱʠʭ ʛʠʜʨʦʣʠʟ ʜʨʫʛ ʜʨʫʛʘ: 

CrI3 + 3NaHCO3 = Cr(OH)3 + 3NaI + 3CO2  

ʨʝʘʢʮʠʷ 2 ï ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʘʷ ʨʝʘʢʮʠʷ: ʦʢʠʩʣʠʪʝʣʴ - ʉl
+1

, 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴ - Cr
+3

 

2CrI3 + 27NaClO  + 22NaOH = 2Na2CrO4 + 6Na3H2IO6 + 27NaCl + 5H2O 

ʉʠʩʪʝʤʘ ʦʮʝʥʠʚʘʥʠʷ: 

1 ʆʧʨʝʜʝʣʝʥʠʝ ʚʝʱʝʩʪʚʘ X ï 2 ʙʘʣʣʘ 

ʋʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʡ ʩ ʧʦʜʪʚʝʨʞʜʘʶʱʠʤʠ ʨʘʩʯʝʪʘʤʠ ʚ 6 ʦʧʳʪʘʭ 

ʧʦ 2,5 

17 ʙʘʣʣʘ 

2 ɼʚʘ ʫʨʘʚʥʝʥʠʷ ʧʦ 1,5 ʙʘʣʣʘ 3 ʙʘʣʣʘ 

 ʀʊʆɻʆ: 20 ʙʘʣʣʦʚ 

 

ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ 9-2 (ʉʝʨʷʢʦʚ ʉ.ɸ.) 

1. ʋʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʡ ʩʪʝʘʨʘʪʘ ʥʘʪʨʠʷ ʩ ʩʦʣʷʤʠ ʢʘʨʙʦʥʘʪʥʦʡ ʞʝʩʪʢʦʩʪʠ: 

Mg(HCO3)2 + 2C17H35COONa = (C17H35COO)2MgŹ + 2NaHCO3 

Ca(HCO3)2 + 2C17H35COONa = (C17H35COO)2CaŹ+ 2NaHCO3 

2. ʋʩʪʨʘʥʝʥʠʝ ʚʨʝʤʝʥʥʦʡ ʞʝʩʪʢʦʩʪʠ: 

1) Mg(HCO3)2 
ʥʘʛʨʝʚ MgCO3Ź + H2O + CO2ŷ  

    Ca(HCO3)2 
ʥʘʛʨʝʚ CaCO3Ź + H2O + CO2ŷ 

2) Mg(HCO3)2 + 2Na
+
Ion

-
 = Mg

2+
(Ion

-
)2 + 2NaHCO3 

Ca(HCO3)2 + 2Na
+
Ion

-
 = Ca

2+
(Ion

-
)2 + 2NaHCO3 

3) Mg(HCO3)2 + Na2CO3 = MgCO3Ź + 2NaHCO3 

Ca(HCO3)2 + Na2CO3 = CaCO3Ź + 2NaHCO3 

3. ʂʦʣʠʯʝʩʪʚʦ ʩʪʝʘʨʘʪʘ ʥʘʪʨʠʷ ʚ ʢʫʩʢʝ ʤʳʣʘ n = 200ʛ/306 ʛ/ʤʦʣʴ = 0.6536 ʤʦʣʴ. 

1) ʆʙʦʟʥʘʯʠʤ ʠʩʢʦʤʳʡ ʦʙʲʝʤ ʚʦʜʳ Vɸ. ʇʦ ʫʨʘʚʥʝʥʠʷʤ ʨʝʘʢʮʠʡ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʚ ʧʫʥʢʪʝ 1, ʤʳʣʦ ʯʘʩʪʠʯʥʦ ʨʘʩʭʦʜʫʝʪʩʷ ʥʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ 

ʛʠʜʨʦʢʘʨʙʦʥʘʪʘʤʠ (n1) ʤʦʣʴ, ʦʩʪʘʪʦʢ ʩʦʩʪʘʚʣʷʝʪ (n2) ʤʦʣʴ.  

n1 = {2ʩ(Mg
2+
) + 2ʩ(Ca

2+
)}ĀVA, n2 = ʩ(C17H35COONa)ĀVA 

ʇʦ ʫʩʣʦʚʠʶ n2 = 0,001 ʤʦʣʴ/ʣ. ʊʦʛʜʘ ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʩʦʩʪʘʚʠʪ:  

n = n1 + n2 = {2ʩ(Mg
2+
) + 2ʩ(Ca

2+
) + ʩ(C17H35COONa)}ĀVA; 
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VA = 0.6536/(2Ā0.0025+2Ā0.0025+0.001) = 59.4 ʣ. 

2) ʇʦʩʣʝ ʢʠʧʷʯʝʥʠʷ ʦʩʪʘʪʦʯʥʳʝ ʢʦʣʠʯʝʩʪʚʘ ʠʦʥʦʚ ʤʘʛʥʠʷ ʠ ʢʘʣʴʮʠʷ ʙʫʜʫʪ 

ʩʦʩʪʘʚʣʷʪʴ 20 % ʦʪ ʠʩʭʦʜʥʳʭ, ʪʦ ʝʩʪʴ ʩ(Mg
2+
) = ʩ(Ca

2+
) = 0.2Ā0.0025 = 0.0005 

ʤʦʣʴ/ʣ. ʇʦ ʘʥʘʣʦʛʠʯʥʦʡ ʫʢʘʟʘʥʥʦʡ ʚʳʰʝ ʬʦʨʤʫʣʝ ʥʘʡʜʝʤ ʦʙʲʝʤ ʚʦʜʳ: Vɹ = 

0.6536/(2Ā0.0005 + 2Ā0.0005 + 0.001) = 217.9 ʣ. 

4. ʋʨʘʚʥʝʥʠʝ ʧʦʣʫʯʝʥʠʷ ʤʳʣʘ ʠʟ ʞʠʚʦʪʥʦʛʦ ʞʠʨʘ: 

 

5. ɺ 3 ʣ ʚʦʜʳ ʩʦʜʝʨʞʠʪʩʷ )( 3HCOn = cĀV = 0.0025 ʤʦʣʴ/ʣĀ3ʣ = 0.0075 ʤʦʣʴ 

ʛʠʜʨʦʢʘʨʙʦʥʘʪ-ʠʦʥʦʚ, )())n(Mg(HCO))n(Ca(HCO 32

1
2323 HCOn  ʊ.ʢ. 

ʢʘʣʴʮʠʡ ʠ ʤʘʛʥʠʡ ʩʦʜʝʨʞʘʪʩʷ ʚ ʩʦʦʪʥʦʰʝʥʠʠ 1 : 1 

)())n(Mg(HCO))n(Ca(HCO 32

1

2

1
2323 HCOn . 

223
100

23)Ca(HCO COOHCaCO
C

, ʘʥʘʣʦʛʠʯʥʦ ʨʘʟʣʘʛʘʝʪʩʷ 23)Mg(HCO . 

ʤʦʣʴHCOn ʤʦʣʴ 0015.08.0)()n(MgCO)n(CaCO
4

8.00075.0
34

1
33  

m = m(CaCO3) + m(MgCO3) = nĀ(M(CaCO3) + M(MgCO3)) 

m = 0.0015Ā(100 + 84) = 0.276 ʛ. 

6.  1) ʇʦʜʟʝʤʥʳʝ ʚʦʜʳ ʩʦʜʝʨʞʘʪ ʨʘʩʪʚʦʨʝʥʥʳʡ CO2 ʠ ʥʘʭʦʜʷʪʩʷ ʚ ʢʦʥʪʘʢʪʝ ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʧʦʨʦʜʘʤʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʩ ʠʟʚʝʩʪʥʷʢʦʤ (CaCO3) ʠ ʜʦʣʦʤʠʪʦʤ 

(MgCO3ĀCaCO3). ɺ ʩʝʟʦʥ ʧʦʩʪʫʧʣʝʥʠʷ ʚʦʜʳ ʦʪ ʧʘʚʦʜʢʦʚ ʠ ʜʦʞʜʝʡ ʧʨʦʠʩʭʦʜʠʪ 

ʨʘʩʪʚʦʨʝʥʠʝ ʵʪʠʭ ʧʦʨʦʜ ʧʦ ʫʨʘʚʥʝʥʠʷʤ: 

MgCO3 + H2O + CO2 = Mg(HCO3)2    

CaCO3 + H2O + CO2 = Ca(HCO3)2 

(CaCO3ĀMgCO3 + 2H2O + 2CO2 = Mg(HCO3)2 + Ca(HCO3)2 ) 

2) ʂʘʨʩʪʦʚʳʝ ʧʨʦʚʘʣʳ ʯʘʩʪʦ ʚʦʟʥʠʢʘʶʪ ʚ ʤʝʩʪʥʦʩʪʠ, ʛʜʝ ʟʘʣʝʛʘʥʠʝ 

ʠʟʚʝʩʪʥʷʢʦʚʳʭ (ʠʣʠ ʛʠʧʩʦʚʳʭ) ʛʦʨʠʟʦʥʪʦʚ ʧʨʦʠʩʭʦʜʠʪ ʙʣʠʟʢʦ ʢ ʧʦʚʝʨʭʥʦʩʪʠ 

ʟʝʤʣʠ. ʉʪʨʦʠʪʝʣʴʩʪʚʦ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʤʝʭʘʥʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ 

(ʜʘʚʣʝʥʠʷ) ʥʘ ʧʦʨʦʜʫ. ʉʦʛʣʘʩʥʦ ʧʨʠʥʮʠʧʫ ʃʝ-ʐʘʪʝʣʴʝ, ʩʠʩʪʝʤʘ ʦʪʚʝʪʠʪ ʥʘ 

CH2OOCC17H35

CHOOCC17H35

CH2OOCC17H35

+ 3NaOH = CHOH

CH2OH

CH2OH

+ 3C17H35COONa
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ʚʦʟʨʘʩʪʘʶʱʝʝ ʜʘʚʣʝʥʠʝ ʧʫʪʝʤ ʨʘʩʪʚʦʨʝʥʠʷ ʧʦʨʦʜʳ ʧʦ ʤʝʭʘʥʠʟʤʫ, ʦʧʠʩʘʥʥʦʤʫ 

ʚʳʰʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʯʠʩʣʦ ʧʨʦʚʘʣʦʚ ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʂʘʧʠʪʘʣʴʥʦʝ 

ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʟʘʧʨʝʱʝʥʦ ʥʘ ʪʘʢʠʭ ʪʝʨʨʠʪʦʨʠʷʭ. 

3) ɺʦ ʤʥʦʛʠʭ ʨʝʛʠʦʥʘʭ ʈʦʩʩʠʠ ʚʦʜʘ ʩʦʜʝʨʞʠʪ ʜʦʚʦʣʴʥʦ ʤʥʦʛʦ ʠʦʥʦʚ 

ʞʝʣʝʟʘ. ʇʦʷʚʣʝʥʠʝ ʙʫʨʦʡ ʤʫʪʠ ʧʨʠ ʩʪʦʷʥʠʠ ʧʨʦʟʨʘʯʥʦʡ ʚʦʜʳ ʥʘ ʚʦʟʜʫʭʝ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʚʳʧʘʜʝʥʠʝ ʛʠʜʨʦʢʩʠʜʘ ʞʝʣʝʟʘ (III) ʠʟ ʨʘʩʪʚʦʨʘ, ʩʦʜʝʨʞʘʱʝʛʦ Fe
2+

, 

ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʢʠʩʣʦʨʦʜʘ ʚʦʟʜʫʭʘ: 

4Fe
2+

 + O2 + 2H2O + 8HCO3
- 
= 4Fe(OH)3 Ź + 8CO2  

ɼʚʫʭʚʘʣʝʥʪʥʦʝ ʞʝʣʝʟʦ ʥʝ ʧʨʠʜʘʝʪ ʦʢʨʘʩʢʠ ʨʘʩʪʚʦʨʫ ʠ ʥʝ ʧʦʜʚʝʨʛʘʝʪʩʷ 

ʛʠʜʨʦʣʠʟʫ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʛʠʜʨʦʢʘʨʙʦʥʘʪʦʚ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʪʨʝʭʚʘʣʝʥʪʥʦʛʦ. 

ʉʠʩʪʝʤʘ ʦʮʝʥʠʚʘʥʠʷ 

1. 2 ʫʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʡ ʩʪʝʘʨʘʪʘ ʥʘʪʨʠʷ ʩ ʛʠʜʨʦʢʘʨʙʦʥʘʪʘʤʠ 

ʢʘʣʴʮʠʷ ʠ ʤʘʛʥʠʷ ï ʧʦ 1 ʙʘʣʣʫ 
2 ʙʘʣʣʘ 

2. 6 ʫʨʘʚʥʝʥʠʡ ʨʝʘʢʮʠʡ ʛʠʜʨʦʢʘʨʙʦʥʘʪʦʚ ʢʘʣʴʮʠʷ ʠ ʤʘʛʥʠʷ 

ʧʨʠ ʫʩʪʨʘʥʝʥʠʠ ʞʝʩʪʢʦʩʪʠ ʪʨʝʤʷ ʩʧʦʩʦʙʘʤʠ ï ʧʦ 1 ʙʘʣʣʫ 
6 ʙʘʣʣʦʚ 

3. ʈʘʩʯʝʪ ʦʙʲʝʤʘ ʚʦʜʳ: 2 ʧʫʥʢʪʘ ʧʦ 3 ʙʘʣʣʘ 6 ʙʘʣʣʦʚ 

4. ʋʨʘʚʥʝʥʠʝ ʨʝʘʢʮʠʠ ʧʦʣʫʯʝʥʠʷ ʩʪʝʘʨʘʪʘ ʥʘʪʨʠʷ 1 ʙʘʣʣ 

5. ʈʘʩʯʝʪ ʤʘʩʩʳ ʦʩʘʜʢʘ 2 ʙʘʣʣʘ 

6. ɸʨʛʫʤʝʥʪʠʨʦʚʘʥʥʳʡ ʦʪʚʝʪ: 3 ʧʫʥʢʪʘ ʧʦ 1 ʙʘʣʣʫ 3 ʙʘʣʣʘ 

 ʀʊʆɻʆ:  20 ʙʘʣʣʦʚ 

 

ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ 9-3 (ʂʫʨʘʤʰʠʥ ɹ.ʂ.) 

1. ɸʚʪʦʠʦʥʠʦʥʠʟʘʮʠʷ ICl ʩʭʦʜʥʘ ʩ ʘʚʪʦʧʨʦʪʦʣʠʟʦʤ HF: 

22 IClClIICl3  

ʍʣʦʨʠʜ ʡʦʜʘ ʤʦʞʝʪ ʚʝʩʪʠ ʩʝʙʷ ʢʘʢ ʜʦʥʦʨ ʠ ʢʘʢ ʘʢʮʝʧʪʦʨ ʭʣʦʨʠʜ-ʠʦʥʦʚ. 

ʇʨʠ ʨʝʘʢʮʠʠ ʩ ʭʣʦʨʠʜʦʤ ʢʘʣʠʷ ICl ʷʚʣʷʝʪʩʷ ʘʢʮʝʧʪʦʨʦʤ ʭʣʦʨʠʜ-ʠʦʥʘ, ʪ.ʢ. 

ʢʘʪʠʦʥ ʢʘʣʠʷ ʥʝ ʩʧʦʩʦʙʝʥ ʧʨʠʩʦʝʜʠʥʷʪʴ ʭʣʦʨʠʜ-ʠʦʥʳ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʘʥʠʦʥʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ. ʍʣʦʨʠʜ ʘʣʶʤʠʥʠʷ ʩʧʦʩʦʙʝʥ ʧʨʠʩʦʝʜʠʥʷʪʴ ʭʣʦʨʠʜ-ʠʦʥ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ 4AlCl , ʧʦʵʪʦʤʫ ʧʨʠ ʨʝʘʢʮʠʠ ʩ 3AlCl  ʭʣʦʨʠʜ ʠʦʜʘ ʚʝʜʝʪ ʩʝʙʷ ʢʘʢ 
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ʜʦʥʦʨ ʭʣʦʨʠʜ-ʠʦʥʘ.  

423

2

AlClClIICl2AlCl

IClKIClKCl
 

AlCl 3 ʧʦʚʳʰʘʝʪ ʢʦʥʮʝʥʪʨʘʮʠʶ ʢʘʪʠʦʥʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʯʠʪʘʪʴ ʝʛʦ 

"ʢʠʩʣʦʪʦʡ". 

2. ɽʩʣʠ ʤʘʩʩʦʚʘʷ ʜʦʣʷ ʭʣʦʨʘ ʚ ʭʣʦʨʠʜʝ ʍCln ʨʘʚʥʘ , ʪʦ ʤʦʣʷʨʥʘʷ ʤʘʩʩʘ 

ʪʘʢʦʛʦ ʭʣʦʨʠʜʘ ʨʘʚʥʘ 

n35.453M
ɤ

n35.453
M X  

ʊʦʛʜʘ ʤʦʣʷʨʥʘʷ ʤʘʩʩʘ ʥʝʠʟʚʝʩʪʥʦʛʦ ʵʣʝʤʝʥʪʘ ʨʘʚʥʘ  

n
ɤ

ɤ1
35.453M X  

ʇʦʣʴʟʫʷʩʴ ʪʘʢʠʤ ʧʦʜʭʦʜʦʤ, ʧʦʣʫʯʘʝʤ: 

 ɸ ɹ ɺ 

n 29.72n 6.207n 22.95n 

1 29.72  6.21  22.95 Na 
2 59.44 Ni 12.41 ~C 45.91  

3 89.15 ~Y 18.62 ~F 68.86  

4 118.87 Sn 24.83 ~Mg 91.82 ~Zr 

5 148.59  31.04 P 114.77 In 

6 178.31 Hf 37.24  137.72 ~Ba 

ɼʣʷ ʭʣʦʨʠʜʘ ɸ ʥʘʭʦʜʠʤ ʄʍ = 29.7n. ʇʝʨʝʙʦʨʦʤ ʨʘʟʣʠʯʥʳʭ ʮʝʣʳʭ n 

ʥʘʭʦʜʠʤ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʡ ʚʘʨʠʘʥʪʳ ʧʨʠ n = 6 (HfCl6), n = 4 (SnCl4), n = 3 

(YCl3), ʧʨʠ n = 2 (NiCl2).  

ʇʦ ʧʣʦʪʥʦʩʪʠ ʧʘʨʘ ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʝʛʦ ʤʦʣʷʨʥʫʶ ʤʘʩʩʫ A: 

 
ʤʦʣʴ
ʛ

M 201.622.49Vɟ , ʪ.ʝ. 
ʤʦʣʴ
ʛ

A 201.6M  

Hf ʥʘʭʦʜʠʪʩʷ ʚ 4-ʦʡ ʛʨʫʧʧʝ, ʟʥʘʯʠʪ ʜʣʷ ʥʝʛʦ ʤʘʢʩʠʤʘʣʴʥʘʷ ʩʪʝʧʝʥʴ 

ʦʢʠʩʣʝʥʠʷ +4, ʠ HfCl6 ʥʝ ʩʫʱʝʩʪʚʫʝʪ. 
ʤʦʣʴ
ʛ

NiCl 129.6M
2

, 
ʤʦʣʴ
ʛ

YCl 195.3M
3

, 

ʤʦʣʴ
ʛ

SnCl 260.5M
4

, ʪ.ʝ. ʪʦʣʴʢʦ ʭʣʦʨʠʜ ʦʣʦʚʘ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʫʩʣʦʚʠʶ ʟʘʜʘʯʠ, 

ʟʥʘʯʠʪ ɸ ï SnCl4.  

ɸʥʘʣʦʛʠʯʥʦ, ʜʣʷ ɹ. MgCl4, FCl3 ʠ ʉʉl2 ʩʫʱʝʩʪʚʦʚʘʪʴ ʥʝ ʤʦʛʫʪ, ʦʩʪʘʸʪʩʷ 
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ʝʜʠʥʩʪʚʝʥʥʳʡ ʨʘʟʫʤʥʳʡ ʚʘʨʠʘʥʪ ʧʨʠ n = 5, ʪ.ʝ. ɹ ï PCl5.  

ʈʘʩʩʤʦʪʨʠʤ ʚʘʨʠʘʥʪʳ ʜʣʷ ɺ. InCl3 ʠ BaCl6 ʥʝ ʤʦʛʫʪ ʩʫʱʝʩʪʚʦʚʘʪʴ. ʀʟ ʜʚʫʭ 

ʚʦʟʤʦʞʥʳʭ ʚʘʨʠʘʥʪʦʚ NaCl ʠ ZrCl4 ʭʣʦʨʠʜ ʥʘʪʨʠʷ ʣʫʯʰʝ ʧʦʜʭʦʜʠʪ ʧʦ ʤʦʣʷʨʥʦʡ 

ʤʘʩʩʝ. ɿʥʘʯʠʪ, ɺ ï NaCl. 

ʍʣʦʨʠʜ ʦʣʦʚʘ SnCl4 ʨʝʘʛʠʨʫʝʪ ʩ ʭʣʦʨʠʜʦʤ ʡʦʜʘ ʘʥʘʣʦʛʠʯʥʦ ʭʣʦʨʠʜʫ 

ʘʣʶʤʠʥʠʷ, ʧʦʵʪʦʤʫ ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ ʫʨʘʚʥʝʥʠʝ ʨʝʘʢʮʠʠ ʚ ʩʣʝʜʫʶʱʝʤ 

ʚʠʜʝ: 

n
nnn ][SnClClIICl2SnCl 424  (1) 

ɺ ʩʣʫʯʘʝ ʭʣʦʨʠʜʘ ʥʘʪʨʠʷ ʫʨʘʚʥʝʥʠʝ ʘʥʘʣʦʛʠʯʥʦ ʭʣʦʨʠʜʫ ʢʘʣʠʷ: 

2IClNaIClNaCl    (2) 

ʇʨʠ ʨʘʩʪʚʦʨʝʥʠʠ 0.001 ʤʦʣʴ ʭʣʦʨʠʜʘ ʥʘʪʨʠʷ ʦʙʨʘʟʦʚʘʣʦʩʴ 0.002 ʤʦʣʴ 

ʠʦʥʦʚ. ʇʦ ʫʩʣʦʚʠʶ ʟʘʜʘʯʠ, ʧʨʠ ʨʘʩʪʚʦʨʝʥʠʠ ʭʣʦʨʠʜʘ ʦʣʦʚʘ ʠʭ ʦʙʨʘʟʦʚʘʣʦʩʴ ʚ 

1.5 ʨʘʟʘ ʙʦʣʴʰʝ, ʪʦ ʝʩʪʴ 0.003 ʤʦʣʴ ʠʦʥʦʚ ʠʟ 0.001 ʤʦʣʴ SnCl4. ʕʪʦ ʚʦʟʤʦʞʥʦ 

ʧʨʠ ʫʩʣʦʚʠʠ n = 2 ʚ ʫʨʘʚʥʝʥʠʠ ʨʝʘʢʮʠʠ (1):  

2
624 ][SnClClI2ICl4SnCl   

(3) 

3. PCl5 ʚ ʨʝʘʢʮʠʠ ʩ ICl ʤʦʞʝʪ ʢʘʢ ʦʪʜʘʚʘʪʴ, ʪʘʢ ʠ ʧʨʠʩʦʝʜʠʥʷʪʴ ʭʣʦʨʠʜ-

ʠʦʥʳ. ʊʦ ʝʩʪʴ ʚʦʟʤʦʞʥʳ ʜʚʘ ʚʘʨʠʘʥʪʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ:  

625

245

PClClIICl2PCl

IClPClIClPCl
 

ɺ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʦʙʨʘʟʫʝʪʩʷ ʪʘʢʦʝ ʞʝ ʢʦʣʠʯʝʩʪʚʦ ʠʦʥʦʚ, ʢʘʢ ʚ ʩʣʫʯʘʝ 

ʭʣʦʨʠʜʘ ʥʘʪʨʠʷ (ʧʦ 0.002 ʤʦʣʴ). ʇʦʵʪʦʤʫ ʥʘ ʦʩʥʦʚʘʥʠʠ ʵʪʦʛʦ ʬʘʢʪʘ ʥʘʤ ʩʜʝʣʘʪʴ 

ʚʳʙʦʨ ʚ ʧʦʣʴʟʫ ʦʜʥʦʛʦ ʠʟ ʜʚʫʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʥʝ ʫʜʘʝʪʩʷ.  

ʉʪʨʫʢʪʫʨʥʳʝ ʬʦʨʤʫʣʳ ʠʦʥʦʚ ʚ ʧʨʦʜʫʢʪʘʭ ʚʦʟʤʦʞʥʳʭ ʨʝʘʢʮʠʡ ʤʦʞʥʦ 

ʦʧʨʝʜʝʣʠʪʴ, ʠʩʧʦʣʴʟʫʷ ʤʝʪʦʜ ɻʠʣʣʝʩʧʠ
*
: 

                                           

*
 ʊʝʦʨʠʷ ʦʪʪʘʣʢʠʚʘʥʠʷ ʵʣʝʢʪʨʦʥʥʳʭ ʧʘʨ ʚʘʣʝʥʪʥʦʡ ʦʙʦʣʦʯʢʠ (ʆʕʇɺʆ) 
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4. ʈʘʩʪʚʦʨ ɸ ʩʦʜʝʨʞʠʪ ʠʦʥʳ 
2

6][SnCl  ʠ ClI2 . ʇʦʩʢʦʣʴʢʫ ʧʨʠ ʝʛʦ 

ʩʣʠʚʘʥʠʠ ʩ ʨʘʩʪʚʦʨʦʤ ɹ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʫʤʝʥʴʰʘʝʪʩʷ, ʪʦ ʜʦʣʞʥʘ 

ʧʨʦʠʩʭʦʜʠʪʴ ʨʝʘʢʮʠʷ, ʫʤʝʥʴʰʘʶʱʘʷ ʢʦʣʠʯʝʩʪʚʦ ʜʠʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʠʦʥʦʚ ʚ 

ʨʘʩʪʚʦʨʝ. ʊʘʢʦʡ ʨʝʘʢʮʠʝʡ ʤʦʞʝʪ ʙʳʪʴ ʪʦʣʴʢʦ ʨʝʘʢʮʠʷ ClI2  ʩ 2ICl , ʘʥʘʣʦʛʠʯʥʘʷ 

ʨʝʘʢʮʠʠ ʥʝʡʪʨʘʣʠʟʘʮʠʠ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ: 

ICl3IClClI 22   (4) 

ʕʪʦ ʟʥʘʯʠʪ, ʯʪʦ ʚ ʨʘʩʪʚʦʨʝ ɹ ʩʦʜʝʨʞʘʣʠʩʴ ʠʦʥʳ 2ICl , ʪʦ ʝʩʪʴ ʨʝʘʢʮʠʷ PCl5 ʩ 

ICl ʧʦʰʣʘ ʧʦ ʧʫʪʠ, ʚ ʢʦʪʦʨʦʤ ʭʣʦʨʠʜ ʬʦʩʬʦʨʘ ʙʳʣ ʜʦʥʦʨʦʤ ʭʣʦʨʠʜ-ʠʦʥʘ 

(ʧʝʨʚʘʷ ʨʝʘʢʮʠʷ ʚ ʧ.3). ɿʥʘʯʠʪ, ʧʨʦʠʩʭʦʜʷʱʘʷ ʚ ʨʘʩʪʚʦʨʝ ɹ ʨʝʘʢʮʠʷ: 

245 IClPClIClPCl  

5. ɺ ʨʘʩʪʚʦʨʝ ɹ ʩʦʜʝʨʞʠʪʩʷ 0.001 ʤʦʣʴ ʠʦʥʦʚ 2ICl . ɿʥʘʯʠʪ, ʥʝʦʙʭʦʜʠʤʦ 

ʜʦʙʘʚʠʪʴ 0.001 ʤʦʣʴ ClI2  ʚ ʨʘʩʪʚʦʨʝ ɸ.  

ʆʙʱʘʷ ʤʘʩʩʘ ʨʘʩʪʚʦʨʘ ʨʘʚʥʘ ʩʫʤʤʝ ʤʘʩʩ ʭʣʦʨʠʜʘ ʦʣʦʚʘ ʠ ʭʣʦʨʠʜʘ ʡʦʜʘ:  

m = 0.001Ā260.51 + 100 = 100.26 ʛ. 

ʆʙʲʝʤ ʨʘʩʪʚʦʨʘ ʨʘʚʝʥ:  

V = 100.26 : 3.24 = 30.94 ʤʣ = 3.094Ā10
-2
 ʣ. 

ʆʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ I2Cl
+ 
ʨʘʚʥʦ 0.002 ʤʦʣʴ, ʧʦʵʪʦʤʫ ʥʘʤ ʥʝʦʙʭʦʜʠʤʦ 

ʧʨʠʣʠʪʴ ʨʦʚʥʦ ʧʦʣʦʚʠʥʫ ʨʘʩʪʚʦʨʘ ɸ (ʯʪʦʙʳ ʜʦʙʘʚʠʪʴ 0.001 ʤʦʣʴ):  

Vʜʦʙ = 30.94 : 2 = 15.46 ʤʣ. 

ʆʩʪʘʣʦʩʴ ʦʧʨʝʜʝʣʠʪʴ ʢʦʥʮʝʥʪʨʘʮʠʶ ʢʘʪʠʦʥʘ 4PCl  ʚ ʧʦʣʫʯʝʥʥʦʤ ʨʘʩʪʚʦʨʝ. 

ɽʛʦ ʢʦʣʠʯʝʩʪʚʦ ʥʝ ʠʟʤʝʥʠʣʦʩʴ: ʦʥʦ ʨʘʚʥʦ 0.001 ʤʦʣʴ. ʇʦʩʢʦʣʴʢʫ ʧʣʦʪʥʦʩʪʠ 
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ʠʩʭʦʜʥʳʭ ʠ ʢʦʥʝʯʥʦʛʦ ʨʘʩʪʚʦʨʘ ʩʦʚʧʘʜʘʶʪ, ʪʦ ʦʙʱʠʡ ʦʙʲʝʤ ʨʘʚʝʥ ʩʫʤʤʝ 

ʜʦʙʘʚʣʝʥʥʦʛʦ ʦʙʲʝʤʘ (ʥʘʡʜʝʥ ʚʳʰʝ ï 15.46 ʤʣ) ʠ ʦʙʲʝʤʘ ʨʘʩʪʚʦʨʘ ɹ.  

ʆʙʱʘʷ ʤʘʩʩʘ ʠʩʭʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ɹ ʨʘʚʥʘ ʩʫʤʤʝ ʤʘʩʩ ʭʣʦʨʠʜʦʚ ʬʦʩʬʦʨʘ ʠ 

ʡʦʜʘ: 

m = 0.001Ā208.22 + 100 = 100.21 ʛ 

ʆʙʲʝʤ ʨʘʩʪʚʦʨʘ ɹ ʨʘʚʝʥ: V = 100.21 : 3.24 = 30.93 ʤʣ. 

ʆʙʱʠʡ ʦʙʲʝʤ ʧʦʩʣʝ ʜʦʙʘʚʣʝʥʠʷ ʨʘʩʪʚʦʨʘ ɸ:  

Vʢʦʥ = 30.93 + 15.46 = 46.39 ʤʣ = 0.04639 ʣ. 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʢʘʪʠʦʥʘ 4PCl  ʚ ʧʦʣʫʯʝʥʥʦʤ ʨʘʩʪʚʦʨʝ:  

ʉ = 0.001 : 0.04639 = 0.0216 ʄ. 

ʉʠʩʪʝʤʘ ʦʮʝʥʠʚʘʥʠʷ: 

1. ʋʨʘʚʥʝʥʠʝ ʘʚʪʦʠʦʥʠʟʘʮʠʠ ʠ ʜʠʩʩʦʮʠʘʮʠʷ AlCl 3, KCl ʚ ICl ï ʧʦ 1 

ʙʘʣʣʫ 

ʆʧʨʝʜʝʣʝʥʠʝ ʢʠʩʣʦʪʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ʭʣʦʨʠʜʘ ʘʣʶʤʠʥʠʷ ï 1 ʙʘʣʣ 

4 ʙʘʣʣʘ 

2. ʆʧʨʝʜʝʣʝʥʠʝ ɸ, ɹ, ɺ ï ʧʦ 1 ʙʘʣʣʫ; 

ʨʝʘʢʮʠʠ (ɸ ʠ ɺ ʩ ICl) ï ʧʦ 1 ʙʘʣʣʫ; 

5 ʙʘʣʣʦʚ 

3. 2 ʚʦʟʤʦʞʥʳʭ ʨʝʘʢʮʠʠ ɹ ʩ ICl ï ʧʦ 1 ʙʘʣʣʫ; 

4 ʩʪʨʫʢʪʫʨʥʳʝ ʬʦʨʤʫʣʳ ʠʦʥʦʚ ï ʧʦ 1 ʙʘʣʣʫ; 

6 ʙʘʣʣʘ 

4. ʦʙʦʩʥʦʚʘʥʥʳʡ ʚʳʙʦʨ ʨʝʘʢʮʠʠ PCl5 c ICl ï 2 ʙʘʣʣʘ; 

ʨʝʘʢʮʠʷ, ʧʨʠʚʦʜʷʱʘʷ ʢ ʧʦʥʠʞʝʥʠʶ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ (4) ï 1 

ʙʘʣʣ; 

3 ʙʘʣʣʘ 

5. ʥʝʦʙʭʦʜʠʤʳʡ ʦʙʲʝʤ ʨʘʩʪʚʦʨʘ ɸ ï 1 ʙʘʣʣ; 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʘʪʠʦʥʘ ï 1 ʙʘʣʣ. 

2 ʙʘʣʣʘ 

ʀʊʆɻʆ 20 ʙʘʣʣʦʚ 

 

ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ 9-4 (ʉʘʧʘʨʙʘʝʚ ʕ.ʉ.) 

1. ʉʥʘʯʘʣʘ ʦʧʨʝʜʝʣʠʤ ʚʝʱʝʩʪʚʦ ɸ. ʄʝʪʘʣʣ ʞʝʣʪʦ-ʢʨʘʩʥʦʛʦ ʮʚʝʪʘ ʵʪʦ ʤʝʜʴ. 

ɿʥʘʯʠʪ, ʚʝʱʝʩʪʚʦ ɸ ï ʨʘʩʪʚʦʨʠʤʘʷ ʩʦʣʴ ʤʝʜʠ ʛʦʣʫʙʦʛʦ ʮʚʝʪʘ, ʨʘʟʣʘʛʘʶʱʘʷʩʷ 

ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘ ʙʝʣʫʶ ʩʦʣʴ Y,  ʠ ʧʨʠ ʙʦʣʝʝ 

ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ï ʥʘ Z1,  Z2 ʠ Z3, ʪ.ʝ. ɸ ï ʛʦʣʫʙʦʡ ʧʝʥʪʘʛʠʜʨʘʪ ʩʫʣʴʬʘʪʘ 

ʤʝʜʠ (II), CuSO4Ā5H2O, Y ï ʙʝʣʳʡ  ʩʫʣʴʬʘʪ ʤʝʜʠ (II). ʉʫʜʷ ʧʦ ʦʧʠʩʘʥʠʶ ʚ 

ʫʩʣʦʚʠʠ:  Z1 ï ʯʝʨʥʳʡ ʦʢʩʠʜ ʤʝʜʠ (II),  Z2 ï SO2 ʠ Z3 ï ʢʠʩʣʦʨʦʜ:  
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        4ʘ) CuSO4Ā5H2O = CuSO4 + 5H2O 

 ɸ  Y   
 

        4ʙ) CuSO4 = CuO + SO2 + 0.5 O2 

 Y  Z1  Z2  Z3 
 

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ ʩʦʜʝʨʞʠʤʦʝ ʧʝʨʚʦʡ ʢʦʣʙʳ, ʥʝʦʙʭʦʜʠʤʦ 

ʦʧʨʝʜʝʣʠʪʴ ʚʝʱʝʩʪʚʦ B.  

, ʦʪʩʶʜʘ Mr(B) = 44 ʛ/ʤʦʣʴ. ʕʪʦʡ ʤʦʣʷʨʥʦʡ ʤʘʩʩʝ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʛʘʟʳ N2O ʠ CO2. N2O ʥʝ ʨʝʘʛʠʨʫʝʪ ʩ ʨʘʩʪʚʦʨʘʤʠ ʱʝʣʦʯʝʡ, ʚ ʪʦ 

ʚʨʝʤʷ ʢʘʢ  CO2 ʩ ʠʟʙʳʪʢʦʤ ʱʝʣʦʯʠ ʨʝʘʛʠʨʫʝʪ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʘʨʙʦʥʘʪʘ ʥʘʪʨʠʷ: 

5) 2NaOH + CO2 = Na2CO3 + H2O  

ʉʦʜʝʨʞʠʤʦʝ ʧʝʨʚʦʡ ʢʦʣʙʳ ï ʨʘʩʪʚʦʨ ʢʘʨʙʦʥʘʪʘ ʥʘʪʨʠʷ (Na2CO3). 

ʋʨʘʚʥʝʥʠʝ ʨʝʘʢʮʠʠ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʩʫʣʴʬʘʪʘ ʤʝʜʠ(II): 

1) 2CuSO4 + 2Na2CO3 + H2O = Cu2(OH)2CO3Ź + 2Na2SO4 + CO2ŷ 

ʇʦʤʫʪʥʝʥʠʝ ʠ ʦʩʘʜʦʢ ʚʳʟʚʘʥʳ ʦʙʨʘʟʦʚʘʥʠʝʤ ʥʝʨʘʩʪʚʦʨʠʤʦʛʦ Cu2(OH)2CO3  

ʠʣʠ (CuOH)2CO3. 

ʆʙʦʟʥʘʯʠʚ ʟʘ n ʯʠʩʣʦ ʘʪʦʤʦʚ ʢʠʩʣʦʨʦʜʘ, ʨʘʩʩʯʠʪʘʝʤ ʤʦʣʷʨʥʫʶ ʤʘʩʩʫ D. 

ɹʠʥʘʨʥʦʝ ʚʝʱʝʩʪʚʦ D, ʠʟ ʢʦʪʦʨʦʛʦ ʧʦʣʫʯʘʶʪ ʩʦʜʝʨʞʠʤʦʝ  ʚʪʦʨʦʡ ʢʦʣʙʳ, 

ʩʦʜʝʨʞʠʪ 18,93% ʢʠʩʣʦʨʦʜʘ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʦʣʷʨʥʦʡ ʤʘʩʩʝ 16n.  

100% ʙʫʜʫʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʤʦʣʷʨʥʦʡ ʤʘʩʩʝ ʙʠʥʘʨʥʦʛʦ ʚʝʱʝʩʪʚʘ D. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ    

= 

 ʉʦʩʪʘʚʠʤ ʪʘʙʣʠʮʫ: 

n ʌʦʨʤʫʣʘ ʢʠʩʣʦʨʦʜʥʦʛʦ 

ʩʦʝʜʠʥʝʥʠʷ D (ʕʭʆʫ) 

Mʕ, 

ʛ/ʤʦʣʴ 

ʇʨʠʤʝʯʘʥʠʝ 

1 ʕO 84,5 ï16 = 68,5 ʕʣʝʤʝʥʪʘ ʩ ʪʘʢʦʡ ʄ ʥʝʪ. 

ʕ2O (84,5 ï16Ā)/2 = 34,25 ʕʣʝʤʝʥʪʘ ʩ ʪʘʢʦʡ ʄ ʥʝʪ. 

2 ʕO2 84,5Ā2 ï16Ā2 = 137 ɹʘʨʠʡ 

ʕ2O2 (84,5Ā2 ï16Ā2)/2 = 68.5 ʕʣʝʤʝʥʪʘ ʩ ʪʘʢʦʡ ʄ ʥʝʪ. 

ʀʊɸʂ  D ï ɺʘʆ2  

6) BaO2 + H2SO4 = BaSO4Ź + H2O2 

ʉʦʜʝʨʞʠʤʦʝ ʚʪʦʨʦʡ ʢʦʣʙʳ ï ʨʘʩʪʚʦʨ ʧʝʨʦʢʩʠʜʘ ʚʦʜʦʨʦʜʘ (H2O2) ʠ 

ʘʤʤʠʘʢ (NH3). 
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ʇʨʠ ʜʦʙʘʚʣʝʥʠʠ ʢ ʵʪʦʤʫ ʨʘʩʪʚʦʨʫ ʩʫʣʴʬʘʪʘ ʤʝʜʠ(II) ʦʙʨʘʟʫʝʪʩʷ ʢʦʤʧʣʝʢʩ:  

Cu
2+

 + 4NH3 = [Cu(NH3)4]
2+

, 

ʢʦʪʦʨʳʡ ʢʘʪʘʣʠʟʠʨʫʝʪ ʨʘʟʣʦʞʝʥʠʝ ʧʝʨʝʢʠʩʠ ʚʦʜʦʨʦʜʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ 

ʧʨʦʠʩʭʦʜʠʪ ʙʫʨʥʘʷ ʨʝʘʢʮʠʷ ʩ ʚʳʜʝʣʝʥʠʝʤ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʢʠʩʣʦʨʦʜʘ: 

2) 2H2O2 = 2H2O + O2ŷ 

ʉʦʜʝʨʞʠʤʦʝ ʪʨʝʪʴʝʡ ʢʦʣʙʳ ï ʥʘʩʳʱʝʥʥʳʡ ʨʘʩʪʚʦʨ ʚʝʱʝʩʪʚʘ ʉ, ʢʦʪʦʨʦʝ 

ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʛʦ ʢʫʧʦʨʦʩʥʦʛʦ 

ʤʘʩʣʘ - H2SO4 c NaCl: 

7) NaCl + H2SO4 = NaHSO4 + HClŷ 

ʉʦʜʝʨʞʠʤʳʤ ʪʨʝʪʴʝʡ ʢʦʣʙʳ ʷʚʣʷʝʪʩʷ ʥʘʩʳʱʝʥʥʳʡ ʨʘʩʪʚʦʨ 

ʭʣʦʨʦʚʦʜʦʨʦʜʘ (HCl).  

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʠʟʙʳʪʢʘ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʳ ʩ ʥʝʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ 

ʩʫʣʴʬʘʪʘ ʤʝʜʠ(II) ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʧʨʦʟʨʘʯʥʦʛʦ ʨʘʩʪʚʦʨʘ ʟʝʣʝʥʦʛʦ 

ʮʚʝʪʘ: 

3) CuSO4 + 4HCl + 2H2O =H2[CuCl4(H2O)2]
(*)

 + H2SO4 

2. ʌʠʦʣʝʪʦʚʦ-ʯʝʨʥʳʡ ʧʦʨʦʰʦʢ ɽ, ʧʨʠ ʨʘʩʪʚʦʨʝʥʠʠ ʢʦʪʦʨʦʛʦ ʚ ʚʦʜʝ ʧʦʣʫʯʠʣʠ 

ʬʠʦʣʝʪʦʚʳʡ ʨʘʩʪʚʦʨ, ʵʪʦ ï  KMnO 4.  

ʉʦʜʝʨʞʠʤʦʝ ʧʝʨʚʦʡ ʧʨʦʙʠʨʢʠ  ʫ ɻʘʨʨʠ ʠ ʈʦʥʘ ʘʥʘʣʦʛʠʯʥʦ ʩʦʜʝʨʞʠʤʦʤʫ 

ʚʪʦʨʦʡ ʢʦʣʙʳ ʚ ʦʧʳʪʘʭ ʧʨʦʬʝʩʩʦʨʘ, ʪ.ʝ. ʚ ʥʝʡ ʥʘʭʦʜʠʪʩʷ ʧʝʨʝʢʠʩʴ ʚʦʜʦʨʦʜʘ 

(H2O2). 

ʇʝʨʤʘʥʛʘʥʘʪ ʢʘʣʠʷ ʦʢʠʩʣʷʝʪ ʧʝʨʝʢʠʩʴ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʠʩʣʦʨʦʜʘ: 

8) 2KMnO4 + 3ʅ2ʆ2 = 2MnO2Ź + 2Kʆʅ + 2H2O + 3ʆ2ŷ 

ʆʙʨʘʟʫʶʱʠʡʩʷ ʦʢʩʠʜ ʤʘʨʛʘʥʮʘ(IV) ʢʘʪʘʣʠʟʠʨʫʝʪ ʨʘʟʣʦʞʝʥʠʝ ʧʝʨʝʢʠʩʠ ʩ 

ʙʫʨʥʳʤ ʛʘʟʦʚʳʜʝʣʝʥʠʝʤ: 

9) 2H2O2 = 2H2O + O2 

ʉʦʜʝʨʞʠʤʦʝ ʚʪʦʨʦʡ ʧʨʦʙʠʨʢʠ ʧʦʣʫʯʘʶʪ ʧʨʦʧʫʩʢʘʥʠʝʤ ʩʝʨʥʠʩʪʦʛʦ 

ʘʥʛʠʜʨʠʜʘ ʯʝʨʝʟ ʙʦʣʴʰʦʡ ʠʟʙʳʪʦʢ ʛʠʜʨʦʢʩʠʜʘ ʢʘʣʠʷ: 

                                           

*
 ʀʦʥʳ ʭʣʦʨʘ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʚʝʨʰʠʥʘʭ ʢʚʘʜʨʘʪʘ, ʚʦʜʘ ʥʘ ʙʦʣʴʰʠʭ ʨʘʩʩʪʦʷʥʠʷʭ, ʜʦʧʫʩʪʠʤʦ: 

H2[CuCl4], ʦʜʥʘʢʦ ʪʝʪʨʘʵʜʨʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ ʤʝʜʠ [CuCl4]
2-

 ʠʤʝʝʪ ʦʨʘʥʞʝʚʫʶ ʦʢʨʘʩʢʫ, ʚ 

ʦʪʣʠʯʠʝ ʦʪ ʢʚʘʜʨʘʪʥʦʛʦ. 
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10) SO2 + 2KOH = K2SO3 + H2O 

ʉʦʜʝʨʞʠʤʦʝ ʚʪʦʨʦʡ ʧʨʦʙʠʨʢʠ ï ʵʪʦ ʨʘʩʪʚʦʨ ʩʫʣʴʬʠʪʘ ʢʘʣʠʷ (K 2SO3) ʠ 

ʛʠʜʨʦʢʩʠʜʘ ʢʘʣʠʷ (KOH ) ʚʦʜʝ. 

ʆʙʨʘʟʫʶʱʠʡʩʷ ʚ ʨʝʘʢʮʠʠ 10 ʩʫʣʴʬʠʪ ʢʘʣʠʷ ʚ ʱʝʣʦʯʥʦʡ ʩʨʝʜʝ ʦʢʠʩʣʷʝʪʩʷ 

ʧʝʨʤʘʥʛʘʥʘʪʦʤ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʟʝʣʝʥʦʛʦ ʨʘʩʪʚʦʨʘ ʤʘʥʛʘʥʘʪʘ: 

11) 2KMnO4 + K2SO3 + 2KOH = 2K2MnO4 + K2SO4 + H2O 

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ ʩʦʜʝʨʞʠʤʦʝ ʪʨʝʪʴʝʡ ʧʨʦʙʠʨʢʠ, ʥʝʦʙʭʦʜʠʤʦ 

ʦʧʨʝʜʝʣʠʪʴ ʩʦʩʪʘʚ ʛʘʟʦʚʦʡ ʩʤʝʩʠ, ʧʨʦʧʫʩʢʘʝʤʦʡ ʯʝʨʝʟ ʨʘʩʪʚʦʨ ʛʠʜʨʦʢʩʠʜʘ 

ʢʘʣʠʷ.  

ɿʥʘʷ ʧʣʦʪʥʦʩʪʴ ʛʘʟʦʚʦʡ ʩʤʝʩʠ ʧʦ ʚʦʟʜʫʭʫ, ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʩʨʝʜʥʶʶ 

ʤʦʣʷʨʥʫʶ ʤʘʩʩʫ ʛʘʟʦʚʦʡ ʩʤʝʩʠ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʜʚʫʭ ʦʢʩʠʜʦʚ ʘʟʦʪʘ: 

 

ɿʥʘʷ, ʯʪʦ ʩʤʝʩʴ ʵʢʚʠʤʦʣʷʨʥʘʷ ʧʨʠʭʦʜʠʤ ʢ ʚʳʚʦʜʫ, ʯʪʦ  

M(ʛʘʟʘ 1) + M(ʛʘʟʘ 2) = 76 ʛ/ʤʦʣʴ. 

ɽʩʣʠ ʦʜʥʠʤ ʠʟ ʦʢʩʠʜʦʚ ʷʚʣʷʝʪʩʷ NO2 (46 ʛ/ʤʦʣʴ), ʪʦ ʥʘ ʤʦʣʷʨʥʫʶ ʤʘʩʩʫ 

ʚʪʦʨʦʛʦ ʦʢʩʠʜʘ ʧʨʠʭʦʜʠʪʩʷ 30 ʛ/ʤʦʣʴ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ NO,  

ɺ ʪʨʝʪʴʝʡ ʧʨʦʙʠʨʢʝ ʠʜʝʪ ʨʝʘʢʮʠʷ: 

12) 2KOH + 2 NO2 = KNO2 + KNO3 +H2O  

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʠʟ ʜʚʫʭ ʚʝʱʝʩʪʚ ʚ ʪʨʝʪʴʝʡ  ʧʨʦʙʠʨʢʝ ʪʦʣʴʢʦ  ʥʠʪʨʠʪ 

ʢʘʣʠʷ (KNO 2), ʤʦʞʝʪ ʨʝʘʛʠʨʦʚʘʪʴ ʩ ʧʝʨʤʘʥʛʘʥʘʪʦʤ. ʇʦʩʢʦʣʴʢʫ ʛʘʟʳ 

ʧʨʦʧʫʩʢʘʣʠ ʯʝʨʝʟ ʨʘʩʪʚʦʨ ʱʝʣʦʯʠ ʜʦ ʥʝʡʪʨʘʣʴʥʦʡ ʩʨʝʜʳ, ʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʨʝʘʢʮʠʠ ʦʙʨʘʟʫʝʪʩʷ ʜʠʦʢʩʠʜ ʤʘʨʛʘʥʮʘ ï ʥʝʨʘʩʪʚʦʨʠʤʦʝ ʚʝʱʝʩʪʚʦ ʢʦʨʠʯʥʝʚʦʛʦ 

ʮʚʝʪʘ çʧʦʯʚʘè: 

13) 2KMnO4 + 3KNO2 + H2O = 2MnO2Ź + 2KOH + 3KNO3 
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ʉʠʩʪʝʤʘ ʦʮʝʥʠʚʘʥʠʷ: 

1. ʆʧʨʝʜʝʣʝʥʠʝ ʬʦʨʤʫʣʳ ʚʝʱʝʩʪʚʘ A 2 ʙʘʣʣʘ 

2. ʋʨʘʚʥʝʥʠʝ ʨʝʘʢʮʠʡ 1-8 ʠ 10-13  ʧʦ 1 ʙʘʣʣʫ (ʫʨʘʚʥʝʥʠʷ 2 ʠ 9 

ʩʦʚʧʘʜʘʶʪ) 
12 ʙʘʣʣʦʚ 

3. ʉʦʜʝʨʞʠʤʦʝ ʢʘʞʜʦʡ ʠʟ ʪʨʝʭ ʢʦʣʙ ʠ ʜʚʫʭ ʧʨʦʙʠʨʦʢ ʧʦ 1 ʙʘʣʣʫ 

 1 Ĭ 5 (ʉʦʜʝʨʞʘʥʠʝ 2 ʢʦʣʙʳ ʠ ʧʨʦʙʠʨʢʠ 1 ʩʦʚʧʘʜʘʶʪ) 

(ʝʩʣʠ ʙʝʟ ʨʘʩʯʝʪʦʚ ʪʘʤ, ʛʜʝ ʦʥʠ ʥʝʦʙʭʦʜʠʤʳ, ʧʦ 0.5 ʙʘʣʣʦʚ) 

5 ʙʘʣʣʦʚ 

 ʆʧʨʝʜʝʣʝʥʠʝ ʬʦʨʤʫʣʳ ʚʝʱʝʩʪʚʘ E 1 ʙʘʣʣ 

 ʀʊʆɻʆ: 20 ʙʘʣʣʦʚ 

ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ 9-5 (ʉʘʧʘʨʙʘʝʚ ʕ. ʉ., ʂʘʨʛʦʚ ʉ. ʀ. ʠ ɽʨʝʤʠʥ ɺ. ɺ.) 

1.  

ʈʝʘʢʮʠʷ 1: xʉʅ4ĬyH2O + 2xO2 = xCO2 + (y+2x)H2O 

ʈʝʘʢʮʠʷ 2: Ca(OH)2 + CO2 = CaCO3Ź + H2O 

ʆʩʘʜʦʢ ʤʘʩʩʦʡ 8.37 ʛ ï ʵʪʦ CaCO3. ʂʦʣʠʯʝʩʪʚʦ ʚʳʧʘʚʰʝʛʦ CaCO3 ʨʘʚʥʦ 

ʢʦʣʠʯʝʩʪʚʫ CO2, ʢʦʪʦʨʦʝ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʨʘʚʥʦ ʢʦʣʠʯʝʩʪʚʫ ʤʝʪʘʥʘ ʚ ʠʩʭʦʜʥʦʤ 

ʢʣʘʪʨʘʪʝ: 

n(CaCO3) = n(CO2) = n(CH4). 

n(CaCO3) =
100

37.8

)CaCO(

)CaCO(

3

3

M

m
= 8.37Ā10

ī2 
ʤʦʣʴ. 

m(CH4) = 8.37Ā10
ī2 
ʤʦʣʴ Ĭ 16 ʛ/ʤʦʣʴ = 1.34 ʛ. 

m(H2O) ʚ ʢʣʘʪʨʘʪʝ = 10.00 ī 1.34 = 8.66 ʛ. 

n(H2O) = 0.48 ʤʦʣʴ. 

n(CH4) : n(H2O) = 1 : 5.75. 

ʇʨʦʩʪʝʡʰʘʷ ʬʦʨʤʫʣʘ: ʉʅ4 Ĭ 5.75 H2O. 

M(ʉʅ4 Ĭ 5.75 H2O) = 119.5 ʛ/ʤʦʣʴ. 

ʂʦʵʬʬʠʮʠʝʥʪ, ʧʨʠ ʫʤʥʦʞʝʥʠʠ ʥʘ ʢʦʪʦʨʳʡ ʧʦʣʫʯʠʪʩʷ ʠʩʪʠʥʥʘʷ ʬʦʨʤʫʣʘ: 

956 / 119.5 = 8. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʦʣʝʢʫʣʷʨʥʘʷ ʬʦʨʤʫʣʘ ʢʣʘʪʨʘʪʘ 8 ʉʅ4 Ĭ 46 H2O. 

ɤ(CH4) =
956

168

)OH46CH8(

)CH(8

24

4

M

M
= 0.134 = 13.4 %. 
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2.  

m(ʬʦʨʤʫʣʴʥʦʡ ʝʜʠʥʠʮʳ 8 ʉʅ4 Ĭ 46 H2O) = 
23

A

24

1002.6

956)OH46CH8(

N

M
= 

1.59Ā10
ī21

 ʛ. 

V (ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ) = (1.2Ā10
ī9

 ʤ)
3 
= 1.73Ā10

ī27
 ʤ

3
 = 1.73Ā10

ī21
 ʩʤ

3
. 

21

21

1.5910

1.7310

m ·

V ·
= 0.92 ʛ/ʩʤ

3
. 

m(ʛʠʜʨʘʪʘ) = 0.921000 = 920 ʛ, 

m(CH4) = 9200.134 = 123 ʛ, 

V(CH4) = 
123 8.314 298

188
16 101.3

m RT

M P
 ʣ. 

3.  

ʈʝʘʢʮʠʷ ʩʛʦʨʘʥʠʷ 8 ʉʅ4 Ĭ 46 H2O: 

8 ʉʅ4 Ĭ 46 H2O + 16 O2 = 8 CO2 + 62 H2O. 

Qʨʝʘʢʮʠʠ = 62 Qʦʙʨ(H2O) + 8 Qʦʙʨ(CO2) ī 16 Qʦʙʨ(O2) ī Qʦʙʨ(8 ʉʅ4 Ĭ 46 H2O). 

ʊʦʛʜʘ 

Qʦʙʨ(8 ʉʅ4 Ĭ 46 H2O) = 62 Qʦʙʨ(H2O) + 8 Qʦʙʨ(CO2) ī 16 Qʦʙʨ(O2) ī Qʨʝʘʢʮʠʠ = 

= 62Ā285.8 + 8Ā393.5 ī 16Ā0 ī 6690.4 = 14177.2 ʢɼʞ/ʤʦʣʴ. 

ʈʝʘʢʮʠʷ ʦʙʨʘʟʦʚʘʥʠʷ 8 ʉʅ4 Ĭ 46 H2O ʠʟ ʉʅ4 ʠ H2O: 

8 ʉʅ4 + 46 H2O = 8 ʉʅ4 Ĭ 46 H2O. 

Qʨʝʘʢʮʠʠ = Qʦʙʨ(8 ʉʅ4Ĭ46 H2O) ī 8 Qʦʙʨ(CH4) ï 46 Qʦʙʨ(H2O) = 

= 14177.2 ī 8 Ā 74.8 ī 46 Ā 285.8 = 432 ʢɼʞ/ʤʦʣʴ. 

4.  

ʇʨʠʤʝʤ ʦʙʱʫʶ ʤʘʩʩʫ ʛʠʜʨʘʪʘ ʤʝʪʘʥʘ ʨʘʚʥʦʡ 10
15

 ʪ, ʠʣʠ 10
18

 ʢʛ. 

m(ʉʅ4) = m(8 ʉʅ4 Ĭ 46 H2O) Ĭ ɤ(ʉʅ4) = 1Ā10
18 
Ā 0.134 = 1.34Ā10

17
 ʢʛ. 

m(ʘʪʤ) = 5.110
18

 ʢʛ, M(ʘʪʤ) = 29 ʛ/ʤʦʣʴ. 

ʆʙʲʸʤʥʘʷ ʜʦʣʷ ʛʘʟʘ ʨʘʚʥʘ ʝʛʦ ʤʦʣʴʥʦʡ ʜʦʣʝ: 

29

10.15

16

10.341

16

10.341

)ʘʪʤ()CH(

)CH(
)CH(

1817

17

4

4
4  = 0.045 = 4.5 %. 
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ʉʠʩʪʝʤʘ ʦʮʝʥʠʚʘʥʠʷ: 

1. ɿʘʧʠʩʴ ʫʨʘʚʥʝʥʠʡ ʨʝʘʢʮʠʡ (1), (2) 

ʈʘʩʯʸʪ ʤʦʣʝʢʫʣʷʨʥʦʡ ʬʦʨʤʫʣʳ ʛʠʜʨʘʪʘ ʤʝʪʘʥʘ 

ʈʘʩʯʸʪ ʧʨʦʮʝʥʪʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʤʝʪʘʥʘ 

2 ʙʘʣʣʘ 

3 ʙʘʣʣʘ 

1 ʙʘʣʣ 

2. ʈʘʩʯʸʪ ʧʣʦʪʥʦʩʪʠ 

ʈʘʩʯʸʪ ʦʪʥʦʰʝʥʠʷ ʦʙʲʸʤʦʚ 

4 ʙʘʣʣʘ 

3 ʙʘʣʣʘ 

3. ʊʝʧʣʦʪʘ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʪʝʧʣʦʚʦʡ ʵʬʬʝʢʪ ʨʝʘʢʮʠʠ 4 ʙʘʣʣʘ 

4. ʄʘʩʩʘ ʯʠʩʪʦʛʦ ʤʝʪʘʥʘ 

ʈʘʩʯʸʪ ʦʙʲʸʤʥʦʡ ʜʦʣʠ ʯʝʨʝʟ ʦʙʲʸʤʳ ʠʣʠ ʯʝʨʝʟ ʤʦʣʠ 

(ʨʘʩʯʸʪ ʙʝʟ ʢʦʣʠʯʝʩʪʚʘ ʤʝʪʘʥʘ ʚ ʟʥʘʤʝʥʘʪʝʣʝ ï 1 ʙʘʣʣ ʠʟ 2) 

1 ʙʘʣʣ 

2 ʙʘʣʣʘ 

 

 ɺʩʝʛʦ: 20 ʙʘʣʣʦʚ 
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ɼʝʩʷʪʳʡ ʢʣʘʩʩ 

ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ 10-1 (ʉʝʜʦʚ ʀ.ɸ.) 

1. ɿʝʨʢʘʣʴʥʳʡ ʥʘʣʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ, ʯʪʦ ʍ ï ʤʝʪʘʣʣ, ʧʨʠʯʝʤ 

ʣʝʛʢʦʧʣʘʚʢʠʡ (ʧʣʘʚʠʪʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʥʠʞʝ 600
0
ʉ). ɺ ʵʪʦʡ ʫʩʪʘʥʦʚʢʝ ʤʦʞʥʦ 

ʧʦʣʥʦʩʪʴʶ ʠʩʢʣʶʯʠʪʴ ʢʦʥʪʘʢʪ ʚʝʱʝʩʪʚ ʩ ʚʦʟʜʫʭʦʤ ʠ ʩʤʘʟʢʦʡ ʰʣʠʬʦʚ, ʯʪʦ 

ʥʝʦʙʭʦʜʠʤʦ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʯʠʩʪʳʭ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ (ʛʨʫʧʧʘ 1). ɼʨʫʛʠʝ 

ʤʝʪʘʣʣʳ ʥʝʜʦʩʪʘʪʦʯʥʦ ʣʝʪʫʯʠ, ʠ/ʠʣʠ ʧʨʠʤʝʥʝʥʠʝ ʧʦʜʦʙʥʳʭ ʧʨʝʜʦʩʪʦʨʦʞʥʦʩʪʝʡ 

ʜʣʷ ʥʠʭ ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʦ. 

2. ʆʨʘʥʞʝʚʳʡ ʮʚʝʪ ʠʩʭʦʜʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʠ ʦʙʨʘʟʦʚʘʥʠʝ ʟʝʣʝʥʦʛʦ ʦʢʩʠʜʘ 

ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʢʮʠʠ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʙʳʣ ʚʟʷʪ ʜʠʭʨʦʤʘʪ ʱʝʣʦʯʥʦʛʦ ʤʝʪʘʣʣʘ: 

X2Cr2O7 + (8/n)B = 2X + Cr2O3 + (4/n)B2On 

ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ ʫʨʘʚʥʝʥʠʷ, ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʘʪʦʤʥʳʝ ʤʘʩʩʳ X ʠ B ʧʦ 

ʧʨʠʚʝʜʝʥʥʳʤ ʤʘʩʩʦʚʳʤ ʩʦʦʪʥʦʰʝʥʠʷʤ: 

M(X2Cr2O7) / 2M(X) = 1,81; M(X) = 133 ʛ/ʤʦʣʴ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʮʝʟʠʶ.  

X ï Cs, A ï Cs2Cr2O7. 

M(B)/n = 0,69Ā2M(X)/8 = 22,9 ʛ/ʤʦʣʴ, ʯʪʦ ʧʨʠ n=1 ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʘʪʨʠʶ, 

ʧʨʠ n=3 (68,8 ʛ/ʤʦʣʴ) ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʣʠʟʢʦ ʢ ʛʘʣʣʠʶ (69,7 ʛ/ʤʦʣʴ), ʧʨʠ n=4 (91,7 

ʛ/ʤʦʣʴ) ï ʙʣʠʟʢʦ ʢ ʮʠʨʢʦʥʠʶ (91,2 ʛ/ʤʦʣʴ), ʧʨʠ ʜʨʫʛʠʭ n ʨʘʟʫʤʥʳʭ ʚʘʨʠʘʥʪʦʚ ʩ 

ʫʯʝʪʦʤ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ ʥʝʪ. ʆʜʥʘʢʦ ʥʘʪʨʠʡ ʠ ʛʘʣʣʠʡ ʣʝʛʢʦʧʣʘʚʢʠ ʠ ʧʦʪʦʤʫ 

ʜʘʞʝ ʝʩʣʠ ʙʳ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʧʨʦʪʝʢʘʣʦ, ʚ ʢʚʘʨʮʝʚʦʡ ʪʨʫʙʢʝ ʦʩʪʘʚʘʣʘʩʴ ʙʳ 

ʞʠʜʢʦʩʪʴ, ʯʪʦ ʧʨʦʪʠʚʦʨʝʯʠʪ ʫʩʣʦʚʠʶ. ɿʥʘʯʠʪ, B ï Zr. 

Cs2Cr2O7 + 2Zr = 2Cs + Cr2O3 + 2ZrO2 

3. ʇʨʠ ʪʝʨʤʠʯʝʩʢʦʤ ʨʘʟʣʦʞʝʥʠʠ ʜʠʭʨʦʤʘʪʘ ʮʝʟʠʷ ʚ ʦʪʩʫʪʩʪʚʠʠ ʠʣʠ 

ʥʝʜʦʩʪʘʪʦʯʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ ʚʳʜʝʣʷʝʪʩʷ ʢʠʩʣʦʨʦʜ: 

4Cs2Cr2O7 = 4Cs2CrO4 + 2Cr2O3 + 3O2  (ʨʝʘʢʮʠʷ, ʧʨʦʪʝʢʘʶʱʘʷ ʚ ʢʚʘʨʮʝʚʦʡ 

ʪʨʫʙʢʝ) 

ʂʠʩʣʦʨʦʜ ʨʝʘʛʠʨʫʝʪ ʩ ʮʝʟʠʝʤ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʦʢʩʠʜʦʚ ʠ ʧʝʨʦʢʩʠʜʦʚ: 

Cs + (n/2)O2 = CsOn    (ʨʝʘʢʮʠʷ, ʧʨʦʪʝʢʘʶʱʘʷ ʚ ʧʨʠʝʤʥʠʢʝ) 

ʇʝʨʦʢʩʠʜʳ ʠ ʦʢʩʠʜʳ ʮʝʟʠʷ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʦʙʨʘʪʠʤʦ ʨʘʟʣʘʛʘʶʪʩʷ, ʘ 
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ʧʦʪʦʤʫ ʧʨʠ ʧʝʨʝʛʦʥʢʝ ʟʘʛʨʷʟʥʝʥʥʦʛʦ ʠʤʠ ʮʝʟʠʷ ʚʳʜʝʣʷʝʪʩʷ ʢʠʩʣʦʨʦʜ, ʢʦʪʦʨʳʡ 

ʟʘʛʨʷʟʥʷʝʪ ʪʘʢʞʝ ʠ ʧʝʨʝʛʥʘʥʥʳʡ ʮʝʟʠʡ. 

4. 3Cs + Sb = Cs3Sb 

ʕʪʦ ʩʚʦʡʩʪʚʦ ï ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʬʦʪʦʵʣʝʢʪʨʦʥʥʦʡ ʵʤʠʩʩʠʠ ï ʠʩʧʫʩʢʘʥʠʶ 

ʵʣʝʢʪʨʦʥʦʚ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʚʝʪʘ, ʯʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʬʦʪʦʵʣʝʤʝʥʪʘʭ. 

ʉʠʩʪʝʤʘ ʦʮʝʥʠʚʘʥʠʷ: 

1. ɿʘ ʚʝʨʥʳʡ ʦʪʚʝʪ 2 ʙʘʣʣʘ 

2. ɿʘ ʚʳʚʦʜ ʦ ʜʠʭʨʦʤʘʪʝ ï 2 ʙʘʣʣʘ, 

ʟʘ ʥʘʭʦʞʜʝʥʠʝ B ʠ X ï ʧʦ 4 ʙʘʣʣʘ, 

ʟʘ ʫʨʘʚʥʝʥʠʝ ʨʝʘʢʮʠʠ ï 1 ʙʘʣʣ 
11 ʙʘʣʣʦʚ 

3. ɿʘ ʫʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʡ ï ʜʚʘ ʫʨʘʚʥʝʥʠʷ ï ʧʦ 1,5 ʙʘʣʣʘ, 

ʟʘ ʚʝʨʥʦʝ ʦʙʲʷʩʥʝʥʠʝ ï 1,5 ʙʘʣʣʘ 
4,5 ʙʘʣʣʘ 

4. ɿʘ ʫʨʘʚʥʝʥʠʝ ʨʝʘʢʮʠʠ ï 2 ʙʘʣʣʘ, 

ʟʘ ʧʨʠʤʝʥʝʥʠʝ ï 0,5 ʙʘʣʣʘ 
2,5 ʙʘʣʣʘ 

 ʀʊʆɻʆ:  20 ʙʘʣʣʦʚ 

 

ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ 10-2 (ʂʫʨʘʤʰʠʥ ɹ.ʂ.) 

1. ʆʧʨʝʜʝʣʠʤ ʩʨʝʜʥʶʶ ʤʦʣʷʨʥʫʶ ʤʘʩʩʫ ʩʤʝʩʠ ʛʘʟʦʚ ʧʦʩʣʝ ʨʘʟʣʦʞʝʥʠʷ 

ʩʦʣʠ ɻ. 

 

ʂʦʛʜʘ ʦʜʠʥ ʠʟ ʢʦʤʧʦʥʝʥʪʦʚ (Y) ʧʦʛʣʦʪʠʣʩʷ ʚʦʜʦʡ, ʤʦʣʷʨʥʘʷ ʤʘʩʩʘ ʩʪʘʣʘ 

ʨʘʚʥʘ  

 

ʊʘʢʫʶ ʤʦʣʷʨʥʫʶ ʤʘʩʩʫ ʠʤʝʶʪ ʘʟʦʪ, CO, C2H4 ʠ ʥʝʩʢʦʣʴʢʦ ʭʫʞʝ ʧʦʜʭʦʜʷʪ 

ʜʠʙʦʨʘʥ (B2H6 27,67 ʛ/ʤʦʣʴ). ʀʟ ʫʩʣʦʚʠʷ ʭʠʤʠʯʝʩʢʦʡ ʠʥʝʨʪʥʦʩʪʠ Y ʤʦʞʥʦ 

ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ Y = N2. ʀʩʭʦʜʷ ʠʟ ʤʦʣʷʨʥʦʡ ʤʘʩʩʳ ʚʪʦʨʦʛʦ ʢʦʤʧʦʥʝʥʪʘ, 

ʥʘʡʜʝʤ ʤʦʣʷʨʥʫʶ ʤʘʩʩʫ ɸ. ʉ ʫʯʝʪʦʤ ʪʦʛʦ, ʯʪʦ ʚ ʠʩʭʦʜʥʦʡ ʩʤʝʩʠ ʛʘʟʳ ʩʤʝʰʘʥʳ 

ʚ ʨʘʚʥʳʭ ʢʦʣʠʯʝʩʪʚʘʭ M1 = 0,5M(A) + 0,5M2, ʟʥʘʯʠʪ ʄ(ɸ) = 67,79 ʛ/ʤʦʣʴ. ʀʟ 

ʚʩʝʭ ʛʘʣʦʛʝʥʦʚ ʚ ɸ ʤʦʞʝʪ ʩʦʜʝʨʞʘʪʴʩʷ ʪʦʣʴʢʦ ʬʪʦʨ ʠʣʠ ʭʣʦʨ (ʪʘʢ ʢʘʢ 

ʄ(Br)>67,79). ʆʜʥʘʢʦ ʭʣʦʨʠʜʘ ʩ ʪʘʢʦʡ ʤʦʣʷʨʥʦʡ ʤʘʩʩʦʡ ʥʝ ʩʫʱʝʩʪʚʫʝʪ.  
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ɺʦʟʤʦʞʥʳʝ ʚʘʨʠʘʥʪʳ ʬʪʦʨʠʜʦʚ ʚʠʜʘ ʍFn: 

n MX XFn 

1 48.79 ~TiF 

2 29.79 ~PF2 

3 10.80 BF3 

ʀʟ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʚʘʨʠʘʥʪʦʚ ʤʦʞʝʪ ʩʫʱʝʩʪʚʦʚʘʪʴ ʪʦʣʴʢʦ BF3, ʢʨʦʤʝ ʪʦʛʦ, 

ʦʥ ʣʫʯʰʝ ʚʩʝʛʦ ʧʦʜʭʦʜʠʪ ʧʦ ʤʦʣʷʨʥʦʡ ʤʘʩʩʝ. ɿʥʘʯʠʪ, ʍ = ɺ, ɸ = BF3.  

ɺ ʠʩʭʦʜʥʦʤ ʚʝʱʝʩʪʚʝ ɻ ʥʘʡʜʝʤ ʤʦʣʴʥʦʝ ʦʪʥʦʰʝʥʠʝ ʵʣʝʤʝʥʪʦʚ:  

, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʘʣʠʯʠʶ 

ʬʝʥʠʣʴʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ʚ ʤʦʣʝʢʫʣʝ (ʉ6ʅ5).  

ɽʩʣʠ ʚ ɻ 6 ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ (ʪʦ ʝʩʪʴ ʩʦʜʝʨʞʠʪʩʷ ʦʜʥʘ ʬʝʥʠʣʴʥʘʷ ʛʨʫʧʧʘ), ʪʦ 

ʤʦʣʷʨʥʘʷ ʤʘʩʩʘ ɻ ʨʘʚʥʘ ʄ = 6 Ā 12,01 : 0,3767 = 191,9 ʛ/ʤʦʣʴ. ʊʦ ʝʩʪʴ, ʥʘ 

ʦʩʪʘʪʦʢ, ʥʝ ʩʦʜʝʨʞʘʱʠʡ ʫʛʣʝʨʦʜʘ ʠ ʚʦʜʦʨʦʜʘ, ʧʨʠʭʦʜʠʪʩʷ 191,9 - 6Ā12,01 + 

5Ā1,008= 114,80 ʛ/ʤʦʣʴ.  

ʇʨʠ ʨʘʟʣʦʞʝʥʠʠ ɻ ʦʙʨʘʟʫʝʪʩʷ BF3 ʠ N2 ʚ ʩʦʦʪʥʦʰʝʥʠʠ 1 : 1, ʠʭ ʩʫʤʤʘʨʥʘʷ 

ʤʦʣʷʨʥʘʷ ʤʘʩʩʘ ʩʦʩʪʘʚʣʷʝʪ: 10,811 + 18,998 Ā3 + 14,008Ā2 =95,82 ʛ/ʤʦʣʴ, 114,8-

95,82 = 18,98 ʛ/ʤʦʣʴ. 

ʀʪʘʢ, ɻ ʠʤʝʝʪ ʬʦʨʤʫʣʫ ʉ6ʅ5N2BF4. ʕʪʦ ʩʦʣʴ ʬʝʥʠʣʜʠʘʟʦʥʠʷ: ɻ = 

C6H5N2[BF4]. ɽʩʣʠ ʧʨʦʜʫʢʪʘʤʠ ʝʝ ʨʘʟʣʦʞʝʥʠʷ ʷʚʣʷʶʪʩʷ BF3, N2, ʪʦ ʦʩʪʘʚʰʠʡʩʷ 

ʧʨʦʜʫʢʪ ʨʘʟʣʦʞʝʥʠʷ ɼ ï ʵʪʦ ʉ6ʅ5F. ʈʘʟʣʦʞʝʥʠʝʤ ʵʪʦʡ ʩʦʣʠ ʤʦʞʝʪ ʙʳʪʴ 

ʧʦʣʫʯʝʥ ʯʠʩʪʳʡ BF3 ʚ ʣʘʙʦʨʘʪʦʨʠʠ
*
. 

ɺʪʦʨʦʡ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʬʪʦʨʠʜʘ ʙʦʨʘ ʠʟ ʝʛʦ ʦʢʩʠʜʘ, ʤʠʥʝʨʘʣʘ Z ʠ 

ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ ï ʵʪʦ ʨʝʘʢʮʠʷ B2O3 ʩ CaF2 ʠ H2SO4. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, Z = CaF2. 

ʅʘʟʚʘʥʠʝ ʵʪʦʛʦ ʤʠʥʝʨʘʣʘ ï ʬʣʶʦʨʠʪ (ʠʣʠ ʧʣʘʚʠʢʦʚʳʡ ʰʧʘʪ).  

ɼʘʣʝʝ, ʠʩʭʦʜʷ ʠʟ ʘʛʨʝʛʘʪʥʳʭ ʩʦʩʪʦʷʥʠʡ ɹ (ʛʘʟ) ʠ ɺ (ʞʠʜʢʦʩʪʴ), ʤʦʞʥʦ 

ʧʦʥʷʪʴ, ʯʪʦ ɹ = BCl3 ʠ ɺ = BBr 3.  

  

                                           

*
D.M. Yost, D. DeVault, T.F. Anderson, E.N. Lassettre  // J. Chem. Phys., 1938, V.6., ˉ8 p. 424, 

doi: 10.1063/1.1750286 
 



 É ʎʇʄʂ ɺʩʆʐ ʧʦ ʭʠʤʠʠ 

21 

2. ʋʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʡ:  

1) C6H5N2[BF4] = ʉ6ʅ5F + N2 + BF3 

2) 4BF3 + 3H2O = 3HBF4 + H3BO3 

3) B2O3 + 3CaF2 + 3H2SO4 = 2BF3 + 3CaSO4 + 3H2O 

4) BF3 + AlCl3 = BCl3 + AlF3 

5) BF3 + AlBr3 = BBr3 + AlF3 

6) B2O3 + 3C + 3Cl2 = 2BCl3 + 3CO 

3. ʄʦʣʝʢʫʣʳ ʛʘʣʦʛʝʥʠʜʦʚ ʙʦʨʘ ʩʦʜʝʨʞʘʪ ʚ ʩʝʙʝ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚʘʢʘʥʪʥʫʶ 

ʦʨʙʠʪʘʣʴ ʥʘ ʘʪʦʤʝ ʙʦʨʘ ʠ ʥʝʧʦʜʝʣʝʥʥʳʝ ʵʣʝʢʪʨʦʥʥʳʝ ʧʘʨʳ ʥʘ ʘʪʦʤʘʭ ʛʘʣʦʛʝʥʘ. 

ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʦʙʤʝʥ ʛʘʣʦʛʝʥʘʤʠ ʚʦʟʤʦʞʝʥ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʟʦʚʘʥʠʷ 

ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʘʩʩʦʮʠʘʪʘ ʜʚʫʭ ʤʦʣʝʢʫʣ, ʘʥʘʣʦʛʠʯʥʦʛʦ ʧʦ ʩʪʨʦʝʥʠʶ ʜʠʤʝʨʘʤ 

ʭʣʦʨʠʜʘ ʘʣʶʤʠʥʠʷ. 

 

4. ʏʠʩʪʳʡ ʠʦʜʠʜ ʙʦʨʘ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʨʘʩʪʚʦʨʘ 

ʠʦʜʘ ʩ ʙʦʨʦʛʠʜʨʠʜʦʤ ʥʘʪʨʠʷ, ʢʘʣʠʷ ʠʣʠ ʣʠʪʠʷ. ʋʨʘʚʥʝʥʠʝ ʨʝʘʢʮʠʠ: 

NaBH4 + 4I2 = NaI + BI3 + 4HI 

ʠʣʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʧʨʦʩʪʳʭ ʚʝʱʝʩʪʚ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 900Áʉ: 

2B+ 3I2 = 2BI3 

5. ʅʘʡʜʝʤ ʩʦʩʪʘʚ ɾ ʠʩʭʦʜʷ ʠʟ ʤʘʩʩʦʚʳʭ ʜʦʣʝʡ: 

 

ʉʦʝʜʠʥʝʥʠʝ ʩ ʬʦʨʤʫʣʦʡ B2H5 ʥʝ ʩʫʱʝʩʪʚʫʝʪ (ʧʨʦʩʪʝʡʰʠʡ ʙʦʨʘʥ ï ɺ2ʅ6), 

ʦʜʥʘʢʦ ʩʫʱʝʩʪʚʫʝʪ ɺ4ʅ10. ʀʪʘʢ, ɾ = ɺ4ʅ10. ɿʥʘʯʠʪ, ʚ ɽ ʠ ɿ ʧʦ 4 ʘʪʦʤʘ ʙʦʨʘ. 

ʇʦʩʢʦʣʴʢʫ ʚʩʝʛʦ ʚ ɽ 8 ʘʪʦʤʦʚ, ʪʦ ɽ = B4Cl4.  

ɼʣʷ ɿ ʣʦʛʠʯʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ ʬʦʨʤʫʣʫ ɺ4ʉlx(C4H9)4-x. ʆʜʥʘʢʦ ʠʟ 

ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʡ ʩʠʤʤʝʪʨʠʠ ʩʣʝʜʫʝʪ, ʯʪʦ ʚʩʝ ʟʘʤʝʩʪʠʪʝʣʠ ʚ ʤʦʣʝʢʫʣʝ 

ʦʜʠʥʘʢʦʚʳ, ʘ ʟʥʘʯʠʪ ɿ = B4(C4H9)4.  

ʉʪʨʫʢʪʫʨʘ ɿ ʩʦʜʝʨʞʠʪ ʪʝʪʨʘʵʜʨʠʯʝʩʢʠʡ ʢʣʘʩʪʝʨ ɺ4 ʩ 4 ʦʜʠʥʘʢʦʚʳʤʠ 
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ʟʘʤʝʩʪʠʪʝʣʷʤʠ: 

 

ʉʠʩʪʝʤʘ ʦʮʝʥʠʚʘʥʠʷ: 

1 ʉʦʝʜʠʥʝʥʠʷ ɸ ï ɼ, Y, Z ʧʦ 1 ʙʘʣʣʫ 7 ʙʘʣʣʦʚ 

2 ʈʝʘʢʮʠʠ 1 ï 6 ʧʦ 1 ʙʘʣʣʫ   6 ʙʘʣʣʦʚ 

3 ʉʪʨʫʢʪʫʨʘ ʠʥʪʝʨʤʝʜʠʘʪʘ 1 ʙʘʣʣ 

4 ʈʝʘʛʝʥʪʳ ʠ ʨʝʘʢʮʠʷ 1 ʙʘʣʣ 

5 ʉʦʝʜʠʥʝʥʠʷ ɽ, ɾ, ɿ ï ʧʦ 1 ʙʘʣʣʫ, ʩʪʨʫʢʪʫʨʘ ɿ ï 2 ʙʘʣʣʘ 5 ʙʘʣʣʦʚ 

 ʀʊʆɻʆ: 20 ʙʘʣʣʦʚ 

  

ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ 10-3 (ʉʝʨʷʢʦʚ ʉ.ɸ.) 

1.ʇʦʩʢʦʣʴʢʫ ʩʦʝʜʠʥʝʥʠʷ ɸn ʙʠʥʘʨʥʳʝ, ʩʫʤʤʘ ʤʘʩʩʦʚʳʭ ʜʦʣʝʡ ʵʣʝʤʝʥʪʦʚ ʚ 

ʩʦʩʪʘʚʝ ʢʘʞʜʦʛʦ ʠʟ ʥʠʭ ʨʘʚʥʘ 100%, ʦʪʢʫʜʘ ʦʧʨʝʜʝʣʠʤ ʤʘʩʩʦʚʳʝ ʜʦʣʠ 

ʵʣʝʤʝʥʪʦʚ ʚ ʩʦʩʪʘʚʝ ʢʘʞʜʦʛʦ ʠʟ ʚʝʱʝʩʪʚ: 

ɤ1 = (100% + ȹ ɤ)/2, ɤ2 = (100% ī ȹ ɤ)/2. 

ɺʝʱʝʩʪʚʦ ɸ1, ɸ4  ɸ2 ɸ3 ɸ5 ɸ6 

ɤ1, % 52,6 81,6 59,65 42,5 38,8 

ɤ2, % 47,4 18,4 40,35 57,5 61,2 

ʉʫʜʷ ʧʦ ʫʚʝʣʠʯʝʥʠʶ ʤʘʩʩʦʚʦʡ ʜʦʣʠ (2) ʧʨʠ ʦʟʦʥʠʨʦʚʘʥʠʠ ɸ4, ʵʣʝʤʝʥʪ (2) ï 

ʢʠʩʣʦʨʦʜ. ʆʧʨʝʜʝʣʠʤ ʵʣʝʤʝʥʪ (1). ʇʫʩʪʴ ʝʛʦ ʚʘʣʝʥʪʥʦʩʪʴ ʚ ʩʦʝʜʠʥʝʥʠʠ ɸ6 ʨʘʚʥʘ 

x, ʪʦʛʜʘ ʝʛʦ ʤʦʣʷʨʥʘʷ ʤʘʩʩʘ ʚ ʦʢʩʠʜʝ ʕ2Ox ʩʦʩʪʘʚʠʪ ʚʝʣʠʯʠʥʫ  

M = (ɤ1 / ɤ2)Ā8x = 5,072Āx. 

x =  1 2 3 4 5 6 7 8 

M ʛ/ʤʦʣʴ 5,07 10,14 (B
II
) 15,21 20,3 25,36 30,43 35,5 (Cl) 40,5 

ɾʠʜʢʠʭ ʠ ʛʘʟʦʦʙʨʘʟʥʳʭ ʦʢʩʠʜʦʚ ʙʦʨʘ ʥʝ ʠʟʚʝʩʪʥʦ, ʧʦʵʪʦʤʫ ʵʣʝʤʝʥʪ (1) ï 

ʭʣʦʨ. 
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ʇʨʦʩʪʝʡʰʠʝ ʬʦʨʤʫʣʳ ʚʝʱʝʩʪʚ (ʚʳʯʠʩʣʝʥʳ ʧʦ ʤʘʩʩʦʚʳʤ ʜʦʣʷʤ): 

ɸ1, ɸ4 = ClO2 (ʨʝʘʣʴʥʘʷ ʬʦʨʤʫʣʘ ʪʨʝʙʫʝʪ ʫʪʦʯʥʝʥʠʷ). A2 = Cl2O, A3 = Cl2O3, 

ɸ5 = ClO3 (ʨʝʘʣʴʥʘʷ ʬʦʨʤʫʣʘ ʪʨʝʙʫʝʪ ʫʪʦʯʥʝʥʠʷ). ɸ6 = Cl2O7. 

ʉʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ +4 ʠ +6 ʷʚʣʷʶʪʩʷ ʥʝʭʘʨʘʢʪʝʨʥʳʤʠ ʜʣʷ ʭʣʦʨʘ, ʦʪʚʝʯʘʶʪ 

ʥʘʣʠʯʠʶ ʥʝʩʧʘʨʝʥʥʦʛʦ ʵʣʝʢʪʨʦʥʘ ʚ ʝʛʦ ʘʪʦʤʝ. ɺʦʟʤʦʞʥʳʝ ʧʨʠʯʠʥʳ 

çʥʝʭʘʨʘʢʪʝʨʥʦʡè ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ ï ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʤʦʣʝʢʫʣʳ ʚ ʬʦʨʤʝ 

ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʜʠʢʘʣʘ, ʣʠʙʦ çʫʩʨʝʜʥʝʥʠʝè ʩʦʩʪʘʚʘ ʤʦʣʝʢʫʣʳ (ʩʦʜʝʨʞʘʱʝʡ 

ʘʪʦʤʳ ʵʣʝʤʝʥʪʘ ʚ ʜʚʫʭ ʨʘʟʣʠʯʥʳʭ çʭʘʨʘʢʪʝʨʥʳʭè ʩʪʝʧʝʥʷʭ ʦʢʠʩʣʝʥʠʷ) ʧʨʠ 

ʨʘʩʯʝʪʝ ʧʨʦʩʪʝʡʰʝʡ ʬʦʨʤʫʣʳ. ʋʩʪʦʡʯʠʚʳʡ (ʩʫʜʷ ʧʦ ʛʘʟʦʦʙʨʘʟʥʦʤʫ ʩʦʩʪʦʷʥʠʶ) 

ʨʘʜʠʢʘʣ ɸ4 = ClO2. ɸ1, ʠʩʭʦʜʷ ʠʟ ʩʧʦʩʦʙʘ ʧʦʣʫʯʝʥʠʷ, ʦʪʚʝʯʘʝʪ ʜʚʫʤ ʨʘʟʣʠʯʥʳʤ 

ʩʪʝʧʝʥʷʤ ʦʢʠʩʣʝʥʠʷ ʭʣʦʨʘ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ. ɸ5 ʩʫʱʝʩʪʚʫʝʪ ʚ ʚʠʜʝ ʜʠʤʝʨʘ (ʚ 

ʞʠʜʢʦʤ ʩʦʩʪʦʷʥʠʠ) Cl2O6. 

ɺʝʨʥʝʤʩʷ ʢ ʩʭʝʤʝ ʧʦʣʫʯʝʥʠʷ ʚʝʱʝʩʪʚ. ɺʝʱʝʩʪʚʦ ʍ, ʠʟ ʢʦʪʦʨʦʛʦ ʚ ʦʜʥʫ 

ʩʪʘʜʠʶ ʧʦʣʫʯʘʶʪ ʦʢʩʠʜ ʭʣʦʨʘ(I), ʘ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʩʦʣʷʤʠ ʩʝʨʝʙʨʘ 

ʜʘʶʝɦʝ ʧʨʦʜʫʢʪʳ ʟʘʤʝʱʝʥʠʷ ʤʝʪʘʣʣʘ ʥʘ ʛʘʣʦʛʝʥ ï ʵʪʦ ʭʣʦʨ. ʇʨʠ ʥʘʛʨʝʚʘʥʠʠ 

ʭʣʦʨʘ ʩʦ ʱʝʣʦʯʴʶ ʦʙʨʘʟʫʝʪʩʷ ʭʣʦʨʘʪ ʢʘʣʠʷ (KZ  = KClO3), ʷʚʣʷʶʱʠʡʩʷ 

ʢʣʶʯʝʚʳʤ ʚʝʱʝʩʪʚʦʤ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ ʭʣʦʨʘ. 

ʅʘʛʨʝʚʘʥʠʝ ʧʦʩʣʝʜʥʝʛʦ ʙʝʟ ʢʘʪʘʣʠʟʘʪʦʨʘ ʧʨʠʚʦʜʠʪ ʢ ʧʝʨʭʣʦʨʘʪʫ ʢʘʣʠʷ KClO4
 

(KY), ʘ ʚʳʪʝʩʥʝʥʠʝ ʭʣʦʨʥʦʡ ʢʠʩʣʦʪʳ (HY  = HClO4) ʠʟ ʢʦʪʦʨʦʛʦ ʦʪʢʨʳʚʘʝʪ ʧʫʪʴ 

ʢ ʚʳʩʰʝʤʫ ʦʢʩʠʜʫ ʭʣʦʨʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, AgY = AgClO4, AgZ = AgClO3. 

ʆʪʩʶʜʘ ʩʪʘʥʦʚʠʪʩʷ ʧʦʥʷʪʥʘ ʩʪʨʫʢʪʫʨʘ ʚʝʱʝʩʪʚ ɸ1 ʠ ɸ3  

ʉʪʨʫʢʪʫʨʥʳʝ ʬʦʨʤʫʣʳ ʚʝʱʝʩʪʚ: 

A1 A2 A3 A4 A5 A6
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Cl
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Cl

Cl

Cl
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ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʤʦʣʝʢʫʣʘ ClO2 ʥʝʩʝʪ ʥʝʩʧʘʨʝʥʥʳʡ ʵʣʝʢʪʨʦʥ, ʝʸ ʠʥʪʝʨʝʩʥʦʡ 



 É ʎʇʄʂ ɺʩʆʐ ʧʦ ʭʠʤʠʠ 

24 

ʦʩʦʙʝʥʥʦʩʪʴʶ ʷʚʣʷʝʪʩʷ ʧʦʣʥʦʝ ʦʪʩʫʪʩʪʚʠʝ ʩʢʣʦʥʥʦʩʪʠ ʢ ʜʠʤʝʨʠʟʘʮʠʠ ʜʘʞʝ ʚ 

ʞʠʜʢʦʤ ʠ ʪʚʝʨʜʦʤ ʩʦʩʪʦʷʥʠʷʭ. 

ʆʩʪʘʣʴʥʳʝ ʥʝʠʟʚʝʩʪʥʳʝ ʚʝʱʝʩʪʚʘ: 

X = Cl2, KZ  = KClO3, KY  = KClO4, HY  = HClO4, AgY = AgClO4, AgZ = 

AgClO3. 

ʋʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʡ: 

1) AgClO4 + Cl2 = AgCl + Cl2O4 

2) 2Cl2 + 3HgO = Cl2O + Hg3ʆ2Cl2 

3) AgClO3 + Cl2 = AgCl + Cl2O3 

4) O3H5KClKClO + 6KOH 3Cl 23
C90 

2

0

 

5) 2KClO3 + H2C2O4 + H2SO4 = K2SO4 + 2ClO2 + 2CO2 + 2H2O 

6) 2ClO2 + 2O3 = Cl2O6 + 2O2 

7) KCl3KClO 4KClO 4
C400 

3

0

 

8) 44
Ct 

.424

0

SOH KClO KHSOHClOʢ  

9) 372
Ct 

524 2OP 2HClO
0

HPOOCl  

2. ʇʨʠʤʝʩʠ ʚ ʩʦʩʪʘʚʝ KClO3 ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ ʢʘʪʘʣʠʟʘʪʦʨʘʤʠ ʨʝʘʢʮʠʠ 

ʨʘʟʣʦʞʝʥʠʷ ʩʦʣʠ ʩ ʚʳʜʝʣʝʥʠʝʤ ʢʠʩʣʦʨʦʜʘ, ʥʝ ʧʨʠʚʦʜʷʱʝʡ ʢ ʪʨʝʙʫʝʤʦʤʫ 

ʧʨʦʜʫʢʪʫ: 

2KClO3 = 2KCl + 3O2 

3.ʋʨʘʚʥʝʥʠʝ ʨʝʘʢʮʠʠ ʧʦʣʫʯʝʥʠʷ NaClO2, ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʜʣʷ ʦʪʙʝʣʢʠ 

ʙʫʤʘʞʥʦʡ ʤʘʩʩʳ: 

Na2[Pb(OH)4] + 2ClO2 = PbO2Ź + 2NaClO2 + 2H2O. 
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ʉʠʩʪʝʤʘ ʦʮʝʥʠʚʘʥʠʷ: 

1 ʋʩʪʘʥʦʚʣʝʥʠʝ ʩʦʩʪʘʚʘ ʙʠʥʘʨʥʳʭ ʚʝʱʝʩʪʚ: 

ɺʝʱʝʩʪʚʘ ɸ1 ï ɸ6 ʧʦ 1,5 ʙʘʣʣʘ ʟʘ ʩʪʨʫʢʪʫʨʥʫʶ ʬʦʨʤʫʣʫ  

(ʙʨʫʪʪʦ-ʬʦʨʤʫʣʘ ʙʝʟ ʩʪʨʫʢʪʫʨʥʦʡ ï ʧʦ 1 ʙʘʣʣʫ) 

ʋʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʡ 1 ï 9 ʧʦ 1 ʙʘʣʣʫ 

18 ʙʘʣʣʦʚ 

2 ʋʨʘʚʥʝʥʠʝ ʨʝʘʢʮʠʠ ʨʘʟʣʦʞʝʥʠʷ KClO3 ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʧʨʠʤʝʩʝʡ ï 1 ʙʘʣʣ 

1 ʙʘʣʣ 

3 ʋʨʘʚʥʝʥʠʝ ʨʝʘʢʮʠʠ ʧʦʣʫʯʝʥʠʷ NaClO2 1 ʙʘʣʣ 

 ʀʊʆɻʆ: 20 ʙʘʣʣʦʚ 

 

ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ 10-4 (ɼʝʤʘʢʦʚ ʇ.ɸ) 

1. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʧʝʨʚʳʭ ʪʨʸʭ ʩʪʘʜʠʡ ï ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʳʡ ʩʧʦʩʦʙ 

ʧʦʣʫʯʝʥʠʷ ʘʮʝʪʦʫʢʩʫʩʥʦʛʦ ʵʬʠʨʘ (ʉ, ʉ6ʅ10ʆ3), ʢʦʪʦʨʳʡ ʠʤʝʝʪ ʜʦʩʪʘʪʦʯʥʦ 

ʚʳʩʦʢʫʶ ʢʠʩʣʦʪʥʦʩʪʴ ʠ ʜʝʧʨʦʪʦʥʠʨʫʝʪʩʷ ʦʩʥʦʚʘʥʠʷʤʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʉ-

ʥʫʢʣʝʦʬʠʣʘ. ʇʦʩʣʝ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʢ ʥʝʤʫ ʦʢʠʩʠ ʵʪʠʣʝʥʘ ʧʨʦʠʩʭʦʜʠʪ 

ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʘʷ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʮʠʢʣʠʯʝʩʢʦʛʦ ʩʣʦʞʥʦʛʦ 

ʵʬʠʨʘ D, ʢʦʪʦʨʳʡ ʥʘʟʳʚʘʶʪ ʣʘʢʪʦʥʦʤ ʂʥʫʥʷʥʮʘ. ʂʠʩʣʦʪʥʳʡ ʛʠʜʨʦʣʠʟ ʣʘʢʪʦʥʘ, 

ʩʦʧʨʦʚʦʞʜʘʶʱʠʡʩʷ ʜʝʢʘʨʙʦʢʩʠʣʠʨʦʚʘʥʠʝʤ 1,3-ʢʝʪʦʢʠʩʣʦʪʳ, ʧʨʠʚʦʜʠʪ ʢ 5-

ʛʠʜʨʦʢʩʠʧʝʥʪʘʥ-2-ʦʥʫ (E). ʉʪʨʫʢʪʫʨʫ ʵʪʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʤʦʞʥʦ ʪʘʢʞʝ 

ʦʧʨʝʜʝʣʠʪʴ ʠʟ ʚʪʦʨʦʡ ʮʝʧʦʯʢʠ: ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʠʟʙʳʪʢʘ ʵʪʘʥʦʣʘ ʩ ʣʝʚʫʣʠʥʦʚʦʡ 

ʢʠʩʣʦʪʦʡ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʠʩʣʦʪʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ ʬʨʘʛʤʝʥʪ ʢʝʪʦʥʘ ʜʘʸʪ ʢʝʪʘʣʴ, 

ʘ ʢʘʨʙʦʢʩʠʣʴʥʘʷ ʛʨʫʧʧʘ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʩʣʦʞʥʦʵʬʠʨʥʫʶ. ʇʨʠ ʜʝʡʩʪʚʠʠ ʥʘ 

ʦʙʨʘʟʦʚʘʚʰʝʝʩʷ ʩʦʝʜʠʥʝʥʠʝ J ʘʣʶʤʦʛʠʜʨʠʜʦʤ ʣʠʪʠʷ ʧʨʦʠʩʭʦʜʠʪ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʩʣʦʞʥʦʵʬʠʨʥʦʡ ʛʨʫʧʧʳ ʜʦ ʩʧʠʨʪʘ, ʘ ʧʦʩʣʝʜʫʶʱʠʡ ʛʠʜʨʦʣʠʟ 

ʢʝʪʘʣʷ ʧʨʠʚʦʜʠʪ ʢ 5-ʛʠʜʨʦʢʩʠʧʝʥʪʘʥ-2-ʦʥʫ (E). ɺ ʫʩʣʦʚʠʠ ʩʢʘʟʘʥʦ, ʯʪʦ 

ʧʨʝʚʨʘʱʝʥʠʝ G ʚ H ï ʘʣʴʜʦʣʴʥʦ-ʢʨʦʪʦʥʦʚʘʷ ʢʦʥʜʝʥʩʘʮʠʷ. ɺ ʦʪʩʫʪʩʪʚʠʝ ʜʨʫʛʠʭ 

ʨʝʘʛʝʥʪʦʚ ʵʪʦ ʤʦʞʝʪ ʙʳʪʴ ʪʦʣʴʢʦ ʢʦʥʜʝʥʩʘʮʠʷ ʜʚʫʭ ʦʜʠʥʘʢʦʚʳʭ ʤʦʣʝʢʫʣ. 

ɹʨʫʪʪʦ-ʬʦʨʤʫʣʘ ʦʙʨʘʟʫʶʱʝʛʦʩʷ Ŭ,ɓ-ʥʝʧʨʝʜʝʣʴʥʦʛʦ ʢʝʪʦʥʘ H ï ʉ10ʅ14ʆ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʙʨʫʪʪʦ-ʬʦʨʤʫʣʘ G ï ʉ5ʅ8ʆ. ʕʪʦ ʧʦʤʦʛʘʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ 

ʧʨʝʚʨʘʱʝʥʠʝ ɽ ʚ F ï ʟʘʤʝʥʘ ʆʅ-ʛʨʫʧʧʳ ʥʘ ʘʪʦʤ ʭʣʦʨʘ, ʘ ʧʨʝʚʨʘʱʝʥʠʝ F ʚ G 

ʠʜʸʪ ʩ ʦʪʱʝʧʣʝʥʠʝʤ HCl. ʇʨʠ ʵʪʦʤ ʥʘʣʠʯʠʝ ʚ ʩʠʥʪʠʥʝ ʩʨʘʟʫ ʪʨʸʭ ʬʨʘʛʤʝʥʪʦʚ 
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ʮʠʢʣʦʧʨʦʧʘʥʘ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʵʪʦ ʥʝ 1,2-ʵʣʠʤʠʥʠʨʦʚʘʥʠʝ, 

ʧʨʠʚʦʜʷʱʝʝ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʉ=ʉ ʩʚʷʟʠ, ʘ 1,3-ʵʣʠʤʠʥʠʨʦʚʘʥʠʝ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʬʨʘʛʤʝʥʪʘ ʮʠʢʣʦʧʨʦʧʘʥʘ. ʆʙʨʘʟʦʚʘʥʠʝ ʪʨʝʪʴʝʛʦ ʪʨʸʭʯʣʝʥʥʦʛʦ ʮʠʢʣʘ 

ʧʨʦʠʩʭʦʜʠʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʥʝʥʘʩʳʱʝʥʥʳʤ ʢʝʪʦʥʦʤ ʅ ʛʠʜʨʘʟʠʥʘ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʠʨʘʟʦʣʠʥʘ I, ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʢʦʪʦʨʦʛʦ ʩʦ ʱʸʣʦʯʴʶ ʦʪʱʝʧʣʷʝʪʩʷ 

ʤʦʣʝʢʫʣʘ N2 ʠ ʦʙʨʘʟʫʝʪʩʷ ʩʚʷʟʴ ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʫʛʣʝʨʦʜʘ, ʩʚʷʟʘʥʥʳʤʠ ʩ ʘʪʦʤʘʤʠ 

ʘʟʦʪʘ. 

2. ʆʙʦʟʥʘʯʠʤ ʩʪʘʥʜʘʨʪʥʫʶ ʪʝʧʣʦʪʫ ʦʙʨʘʟʦʚʘʥʠʷ ʪʨʘʥʩ-ʠʟʦʤʝʨʘ ʯʝʨʝʟ ʭ, ʪʦʛʜʘ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʚʝʣʠʯʠʥʘ ʜʣʷ ʮʠʩ-ʠʟʦʤʝʨʘ ʨʘʚʥʘ (ʭ-2.5). ʊʦʛʜʘ 0.44ʭ + 0.56(ʭ-

2.5) = -133.0. ʆʪʩʶʜʘ ʭ = -131.6 ʢɼʞ/ʤʦʣʴ. ɸ ʩʪʘʥʜʘʨʪʥʘʷ ʪʝʧʣʦʪʘ ʦʙʨʘʟʦʚʘʥʠʷ 

ʮʠʩ-ʠʟʦʤʝʨʘ ʨʘʚʥʘ -134.1 ʢɼʞ/ʤʦʣʴ. 

3. ʉ10ʅ16(ʞ) + 14 ʆ2(ʛ) = 10 ʉʆ2(ʛ) + 8 ʅ2ʆ(ʛ) + Q 

Q = 8 241.8 + 10393.5 ï (-133.0) = 6002.4 ʢɼʞ/ʤʦʣʴ. 

ʉ10ʅ16(ʞ) + 14 ʆ2(ʛ) = 10 ʉʆ2(ʛ) + 8 ʅ2ʆ(ʛ) + 6002.4 ʢɼʞ/ʤʦʣʴ 

ʇʨʠ ʩʛʦʨʘʥʠʠ 1 ʢʛ ʩʠʥʪʠʥʘ ʚʳʜʝʣʠʪʩʷ 6002.41000/136 = 44 135 ʢɼʞ/ʤʦʣʴ. 
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ʉʠʩʪʝʤʘ ʦʮʝʥʠʚʘʥʠʷ: 

1. ʉʪʨʫʢʪʫʨʥʳʝ ʬʦʨʤʫʣʳ AïC ʧʦ 1 ʙʘʣʣʫ, ʩʪʨʫʢʪʫʨʥʳʝ 

ʬʦʨʤʫʣʳ DïK ʧʦ 1.5 ʙʘʣʣʘ. 
15 ʙʘʣʣʦʚ 

2. ʊʝʧʣʦʪʘ ʦʙʨʘʟʦʚʘʥʠʷ ʢʘʞʜʦʛʦ ʠʟʦʤʝʨʘ ï ʧʦ 1 ʙʘʣʣʫ 2 ʙʘʣʣʘ 

3. ʋʨʘʚʥʝʥʠʝ ʨʝʘʢʮʠʠ ï 1 ʙʘʣʣ. ʆʧʨʝʜʝʣʝʥʠʝ ʤʦʣʴʥʦʛʦ 

ʪʝʧʣʦʚʦʛʦ ʵʬʬʝʢʪʘ ʩʛʦʨʘʥʠʷ ʩʠʥʪʠʥʘ ï 1 ʙʘʣʣ. ʈʘʩʯʸʪ 

ʢʦʣʠʯʝʩʪʚʘ ʪʝʧʣʦʪʳ, ʚʳʜʝʣʷʶʱʝʡʩʷ ʧʨʠ ʩʛʦʨʘʥʠʠ 1 ʢʛ 

ʩʠʥʪʠʥʘ ï 1 ʙʘʣʣ. 

3 ʙʘʣʣʘ 

 ʀʊʆɻʆ:  20 ʙʘʣʣʦʚ 

ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ 10-5 (ʂʫʨʘʤʰʠʥ ɹ.ʂ.) 

1. ɼʣʷ ʨʝʘʢʮʠʡ ʩ ʠʟʚʝʩʪʥʳʤʠ ʪʝʧʣʦʪʘʤʠ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʩʣʝʜʫʶʱʠʝ 

ʪʝʨʤʦʭʠʤʠʯʝʩʢʠʝ ʮʠʢʣʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʥʝʨʛʠʡ ʩʚʷʟʝʡ:  

 

ʀʟ ʵʪʠʭ ʮʠʢʣʦʚ ʧʦ ʟʘʢʦʥʫ ɻʝʩʩʘ ʩʣʝʜʫʶʪ ʩʦʦʪʥʦʰʝʥʠʷ: 

ïEʩʚ(F2) ï Eʩʚ(ClF) + 3Eʩʚ(ClF3) = Q1 = 108,58 ʢɼʞ/ʤʦʣʴ 

ï2Eʩʚ(F2) ï Eʩʚ(ClF) + 5Eʩʚ(ClF5) = Q2 = 188,20 ʢɼʞ/ʤʦʣʴ 

ʂʨʦʤʝ ʪʦʛʦ, ʠʟʚʝʩʪʥʦ, ʯʪʦ Eʩʚ(ClF3) ʙʦʣʴʰʝ Eʩʚ(ClF5) ʥʘ 14,2 % (ʪʦ ʝʩʪʴ 

Eʩʚ(ClF3) = 1,142 Eʩʚ(ClF5)), ʥʦ ʤʝʥʴʰʝ Eʩʚ(ClF) ʥʘ 31,2% (ʪʦ ʝʩʪʴ Eʩʚ(ClF3) = 

0,688 Eʩʚ(ClF)). ʀʩʧʦʣʴʟʫʷ ʵʪʠ ʩʦʦʪʥʦʰʝʥʠʷ, ʚʳʨʘʟʠʤ ʵʥʝʨʛʠʠ ʩʚʷʟʝʡ ʚ ʨʘʟʥʳʭ 

ʬʪʦʨʠʜʘʭ ʭʣʦʨʘ ʯʝʨʝʟ ʵʥʝʨʛʠʶ ʩʚʷʟʠ ʚ ClF: 

 

 

ʕʪʠ ʩʦʦʪʥʦʰʝʥʠʷ ʧʦʜʩʪʘʚʠʤ ʚ ʫʨʘʚʥʝʥʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʠʟ ʟʘʢʦʥʘ ɻʝʩʩʘ, ʠ 

ʧʦʣʫʯʠʤ ʩʠʩʪʝʤʫ ʠʟ ʜʚʫʭ ʫʨʘʚʥʝʥʠʡ ʩ ʜʚʫʤʷ ʥʝʠʟʚʝʩʪʥʳʤʠ: 
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ʇʦʩʣʝ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ ʧʦʣʫʯʘʝʤ: Eʩʚ(F2) = 158,2 ʢɼʞ/ʤʦʣʴ, Eʩʚ(ClF) = 

250,7 ʢɼʞ/ʤʦʣʴ. 

ʊʦʛʜʘ Eʩʚ(ClF3) = 0,688 Eʩʚ(ClF) = 172,5 ʢɼʞ/ʤʦʣʴ, Eʩʚ(ClF5) = 0,6025 

Eʩʚ(ClF) = 151,1 ʢɼʞ/ʤʦʣʴ. 

ʀʪʦʛʦʚʳʡ ʦʪʚʝʪ: 

Eʩʚ(F2) = 158,2 ʢɼʞ/ʤʦʣʴ, 

Eʩʚ(ClF) = 250,7 ʢɼʞ/ʤʦʣʴ, 

Eʩʚ(ClF3) = 172,5 ʢɼʞ/ʤʦʣʴ, 

Eʩʚ(ClF5) = 151,1 ʢɼʞ/ʤʦʣʴ. 

2. ʀʟʤʝʥʝʥʠʝ ʪʝʧʣʦʪʳ ʚ ʨʝʘʢʮʠʠ ʨʘʚʥʦ ʨʘʟʥʦʩʪʠ ʩʫʤʤʳ ʵʥʝʨʛʠʡ 

ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʩʚʷʟʝʡ ʠ ʩʫʤʤʳ ʵʥʝʨʛʠʡ ʨʘʟʦʨʚʘʥʥʳʭ ʩʚʷʟʝʡ. ʀʥʘʯʝ ʛʦʚʦʨʷ, ʜʣʷ 

ʨʝʘʢʮʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ClF: 

0,5Cl2 + 0,5F2 = ClF, 

Qʦʙʨ(ClF) = Eʩʚ(ClF) ï 0,5Ā(Eʩʚ(F2) + Eʩʚ(Cl2)) 

ʀʩʭʦʜʷ ʠʟ ʫʞʝ ʧʦʣʫʯʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʵʥʝʨʛʠʡ ʩʚʷʟʠ, ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ 

Qʦʙʨ(ClF): 

Qʦʙʨ(ClF) = 250,7 ï 0,5Ā(158,2 + 242,6) = 50,3 ʢɼʞ/ʤʦʣʴ 

ɼʘʣʝʝ ʧʨʦʱʝ ʚʩʝʛʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʠʟʚʝʩʪʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ Q1 ʠ Q2: 

Q1 = Qʦʙʨ(ClF3) ï Qʦʙʨ(ClF), 

ʟʥʘʯʠʪ 

Qʦʙʨ(ClF3) = Q1 + Qʦʙʨ(ClF) = 108,58 + 50,3 = 158,9 ʢɼʞ/ʤʦʣʴ. 

Q2 = Qʦʙʨ(ClF5) ï Qʦʙʨ(ClF), 

ʟʥʘʯʠʪ 

Qʦʙʨ(ClF5) = Q2 + Qʦʙʨ(ClF) = 188,20 + 50,3 = 238,5 ʢɼʞ/ʤʦʣʴ. 

3. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʠ ʙʫʜʝʪ ʫʚʝʣʠʯʠʚʘʪʴʩʷ 

ʨʘʚʥʦʚʝʩʥʳʡ ʚʳʭʦʜ ClF (ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ClF3 ʠ ClF5), ʧʦʩʢʦʣʴʢʫ ʨʝʘʢʮʠʠ 

ʦʙʨʘʟʦʚʘʥʠʷ ClF3 ʠ ClF5 ʠʟ ʬʪʦʨʘ ʠ ClF ʵʢʟʦʪʝʨʤʠʯʝʩʢʠʝ. ʉʦʛʣʘʩʥʦ ʧʨʠʥʮʠʧʫ 

ʃʝ ʐʘʪʝʣʴʝ, ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʨʘʚʥʦʚʝʩʠʝ ʨʝʘʢʮʠʠ ʩʤʝʱʘʝʪʩʷ ʚ 
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ʩʪʦʨʦʥʫ ʧʦʛʣʦʱʝʥʠʷ ʪʝʧʣʦʪʳ (ʪʦ ʝʩʪʴ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʚ ʩʪʦʨʦʥʫ ʦʙʨʘʟʦʚʘʥʠʷ 

ClF). 

4. ʆʧʨʝʜʝʣʠʤ ʥʘʯʘʣʴʥʳʡ ʩʦʩʪʘʚ ʩʤʝʩʠ. ʇʦʩʢʦʣʴʢʫ ʦʙʲʝʤ ʠ ʩʫʤʤʘʨʥʘʷ 

ʤʘʩʩʘ ʩʠʩʪʝʤʳ ʧʦʩʪʦʷʥʥʳ, ʪʦ ʧʣʦʪʥʦʩʪʴ ʜʦ ʨʝʘʢʮʠʠ ʨʘʚʥʘ ʧʣʦʪʥʦʩʪʠ 

ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʧʦʩʣʝ ʨʝʘʢʮʠʠ, ʪʦ ʝʩʪʴ 2,781 ʛ/ʣ. ʅʘʡʜʝʤ ʤʘʩʩʫ ʩʤʝʩʠ ʬʪʦʨʘ 

ʠ ʭʣʦʨʘ: 

 

ʅʘʡʜʸʤ ʩʫʤʤʘʨʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʛʘʟʦʚ ʚ ʠʩʭʦʜʥʦʡ ʩʤʝʩʠ ʠʟ ʫʨʘʚʥʝʥʠʷ 

ʄʝʥʜʝʣʝʝʚʘïʂʣʘʧʝʡʨʦʥʘ: 

 

ʀʟ ʜʚʫʭ ʧʦʣʫʯʝʥʥʳʭ ʫʨʘʚʥʝʥʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʣʠʯʝʩʪʚ ʬʪʦʨʘ ʠ ʭʣʦʨʘ 

ʩʦʩʪʘʚʣʷʝʤ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ ʠ ʨʝʰʘʝʤ ʝʝ. ʇʦʣʫʯʘʝʤ ʟʥʘʯʝʥʠʷ n(Cl2) = 

0,01124 ʤʦʣʴ, n(F2) = 0,03392 ʤʦʣʴ. ʊʦ ʝʩʪʴ ʬʪʦʨʘ ʠʟʥʘʯʘʣʴʥʦ ʚ ʩʦʩʫʜʝ ʙʳʣʦ 

ʧʨʠʤʝʨʥʦ ʚ 3 ʨʘʟʘ ʙʦʣʴʰʝ, ʯʝʤ ʭʣʦʨʘ. 

ʊʝʦʨʝʪʠʯʝʩʢʠ ʧʦʩʣʝ ʨʝʘʢʮʠʠ ʤʦʞʝʪ ʦʩʪʘʪʴʩʷ ʢʘʢ ʬʪʦʨ (ʚ ʩʣʫʯʘʝ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʥʠʟʰʠʭ ʬʪʦʨʠʜʦʚ), ʪʘʢ ʠ ʭʣʦʨ (ʚ ʩʣʫʯʘʝ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʚʳʩʰʠʭ ʬʪʦʨʠʜʦʚ). ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʧʦʩʣʝ 

ʦʧʳʪʘ ʦʩʪʘʣʩʷ ʭʣʦʨ, ʥʦ ʥʝ ʦʩʪʘʣʦʩʴ ʬʪʦʨʘ. ɿʘʧʠʰʝʤ ʜʣʷ ʵʪʦʛʦ ʩʣʫʯʘʷ ʫʩʣʦʚʠʝ 

ʩʦʭʨʘʥʝʥʠʷ ʤʘʩʩʳ, ʢʦʪʦʨʦʝ ʩʚʦʜʠʪʩʷ ʢ ʨʘʚʝʥʩʪʚʫ ʯʠʩʣʘ ʘʪʦʤʦʚ ʢʘʞʜʦʛʦ 

ʵʣʝʤʝʥʪʘ ʜʦ ʠ ʧʦʩʣʝ ʨʝʘʢʮʠʠ: 

 

 

ʇʦʜʝʣʠʤ ʧʝʨʚʦʝ ʨʘʚʝʥʩʪʚʦ ʥʘ ʚʪʦʨʦʝ ʠ ʧʨʝʦʙʨʘʟʫʝʤ: 

 

 

 

 

ʉʦʛʣʘʩʥʦ ʵʪʦʤʫ ʨʘʚʝʥʩʪʚʫ, ʢʦʣʠʯʝʩʪʚʦ ClF5 ʙʦʣʴʰʝ ʢʦʣʠʯʝʩʪʚʘ ClF, ʯʪʦ ʥʝ 
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ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʩʣʦʚʠʶ ʟʘʜʘʥʠʷ. ɿʥʘʯʠʪ, ʚ ʢʦʥʝʯʥʦʡ ʩʤʝʩʠ ʥʝ ʤʦʞʝʪ 

ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ ʭʣʦʨ, ʠ ʪʦʛʜʘ ʧʨʦʩʪʦʝ ʚʝʱʝʩʪʚʦ, ʧʨʠʩʫʪʩʪʚʫʶʱʝʝ ʚ ʩʤʝʩʠ ï ʵʪʦ 

ʬʪʦʨ.  

ɼʣʷ ʥʘʭʦʞʜʝʥʠʷ ʢʦʥʝʯʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʬʪʦʨʘ ʚʥʦʚʴ ʟʘʧʠʰʝʤ ʫʩʣʦʚʠʝ 

ʩʦʭʨʘʥʝʥʠʷ ʯʠʩʣʘ ʘʪʦʤʦʚ ʭʣʦʨʘ (ʩ ʫʯʝʪʦʤ ʧʨʠʩʫʪʩʪʚʠʷ ʬʪʦʨʘ ʚ ʩʤʝʩʠ): 

 

ʆʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʛʘʟʦʚ ʚ ʢʦʥʝʯʥʦʡ ʩʤʝʩʠ ʠʟ ʫʨʘʚʥʝʥʠʷ ʄʝʥʜʝʣʝʝʚʘï

ʂʣʘʧʝʡʨʦʥʘ: 

 

ʉʨʘʚʥʠʚʘʷ ʜʚʘ ʧʦʩʣʝʜʥʠʭ ʫʨʘʚʥʝʥʠʷ ʠ ʚʳʯʠʪʘʷ ʦʜʥʦ ʠʟ ʜʨʫʛʦʛʦ, ʧʦʣʫʯʘʝʤ: 

. 

5. ɺʥʦʚʴ ʟʘʧʠʰʝʤ ʫʩʣʦʚʠʝ ʤʘʪʝʨʠʘʣʴʥʦʛʦ ʙʘʣʘʥʩʘ ʧʦ ʬʪʦʨʫ ʠ ʩʫʤʤʘʨʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʛʘʟʦʚ ʚ ʢʦʥʝʯʥʦʡ ʩʤʝʩʠ: 

 

 

ʇʦʩʣʝ ʧʦʜʩʪʘʥʦʚʢʠ ʠʟʚʝʩʪʥʳʭ ʯʠʩʣʝʥʥʳʭ ʜʘʥʥʳʭ ʧʦʣʫʯʠʤ ʜʚʘ ʫʨʘʚʥʝʥʠʷ: 

  (1) 

  (2) 

ʂʨʦʤʝ ʪʦʛʦ, ʚʳʨʘʟʠʤ ʢʦʣʠʯʝʩʪʚʦ ʚʳʜʝʣʠʚʰʝʡʩʷ ʪʝʧʣʦʪʳ ʯʝʨʝʟ ʪʝʧʣʦʪʳ 

ʦʙʨʘʟʦʚʘʥʠʷ ʬʪʦʨʠʜʦʚ ʭʣʦʨʘ: 

 

ʇʦʜʩʪʘʚʠʤ ʠʟʚʝʩʪʥʳʝ ʯʠʩʣʝʥʥʳʝ ʜʘʥʥʳʝ ʠ ʧʦʣʫʯʠʤ ʪʨʝʪʴʝ ʫʨʘʚʥʝʥʠʝ: 

  (3) 

ʋʨʘʚʥʝʥʠʷ (1), (2) ʠ (3) ʦʙʨʘʟʫʶʪ ʩʠʩʪʝʤʫ ʠʟ ʪʨʝʭ ʫʨʘʚʥʝʥʠʡ ʩ ʪʨʝʤʷ 

ʥʝʠʟʚʝʩʪʥʳʤʠ. ɽʝ ʨʝʰʝʥʠʝʤ ʷʚʣʷʝʪʩʷ:  

n(ClF) = 7,32Ā10
ī3

 ʤʦʣʴ = 7,23 ʤʤʦʣʴ 

n(ClF3) = 10,54Ā10
ī3

 ʤʦʣʴ = 10,54 ʤʤʦʣʴ 

n(ClF5) = 4,61Ā10
ī3

 ʤʦʣʴ = 4,61 ʤʤʦʣʴ  
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ʉʠʩʪʝʤʘ ʦʮʝʥʠʚʘʥʠʷ: 

1. 4 ʟʥʘʯʝʥʠʷ ʵʥʝʨʛʠʠ ʩʚʷʟʠ ï ʧʦ 1,5 ʙʘʣʣʘ 6 ʙʘʣʣʦʚ 

2. 3 ʟʥʘʯʝʥʠʷ ʪʝʧʣʦʪ ʦʙʨʘʟʦʚʘʥʠʷ ï ʧʦ 1 ʙʘʣʣʫ 

(ɽʩʣʠ ʧʨʠʚʝʜʸʥ ʚʝʨʥʳʡ ʨʘʩʯʸʪ ʜʣʷ ʥʝʚʝʨʥʳʭ ʟʥʘʯʝʥʠʡ 

ʵʥʝʨʛʠʠ ʩʚʷʟʠ ï  

ʧʦ 0,5 ʙʘʣʣʘ, ʚʩʝʛʦ ʤʘʢʩʠʤʘʣʴʥʦ 1,5 ʙʘʣʣʘ 

3 ʙʘʣʣʘ 

3. ɺʝʨʥʳʡ ʦʪʚʝʪ ʠ ʦʙʲʷʩʥʝʥʠʝ ï ʧʦ 0,5 ʙʘʣʣʘ 1 ʙʘʣʣ 

4. ʆʧʨʝʜʝʣʝʥʠʝ ʧʨʦʩʪʦʛʦ ʚʝʱʝʩʪʚʘ (ʬʪʦʨʘ) ʩ ʦʙʲʷʩʥʝʥʠʝʤ 

(ɹʝʟ ʦʙʲʷʩʥʝʥʠʷ ï 0 ʙʘʣʣʦʚ) 

ʂʦʣʠʯʝʩʪʚʘ ʬʪʦʨʘ ʜʦ ʠ ʧʦʩʣʝ ʨʝʘʢʮʠʠ ï ʧʦ 1,5 ʙʘʣʣʘ 

1 ʙʘʣʣ 

 

3 ʙʘʣʣʘ 

5. ʂʦʣʠʯʝʩʪʚʘ ʪʨʸʭ ʬʪʦʨʠʜʦʚ ʭʣʦʨʘ ï ʧʦ 2 ʙʘʣʣʘ 

(ɽʩʣʠ ʧʫʥʢʪ ʚʝʨʥʦ ʨʝʰʸʥ ʜʣʷ ʥʝʚʝʨʥʳʭ ʟʥʘʯʝʥʠʡ ʪʝʧʣʦʪ 

ʦʙʨʘʟʦʚʘʥʠʷ ʠʣʠ ʥʝʚʝʨʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʬʪʦʨʘ ʠʣʠ ʭʣʦʨʘ ʚ 

ʩʤʝʩʠ ï 6 ʙʘʣʣʦʚ, ʝʩʣʠ ʚʝʨʥʦ ʩʦʩʪʘʚʣʝʥʘ ʩʠʩʪʝʤʘ ʠʟ ʪʨʸʭ 

ʫʨʘʚʥʝʥʠʡ, ʥʦ ʥʝʚʝʨʥʦ ʨʝʰʝʥʘ ï 2 ʙʘʣʣʘ) 

6 ʙʘʣʣʦʚ 

 ʀʊʆɻʆ: 20 ʙʘʣʣʦʚ 
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ʆʜʠʥʥʘʜʮʘʪʳʡ ʢʣʘʩʩ 

ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ 11-1 (ʂʫʨʘʤʰʠʥ ɹ.ʂ.) 

1. ʈʘʩʩʯʠʪʘʝʤ ʢʦʥʮʝʥʪʨʘʮʠʶ ʱʝʣʦʯʠ ʚ ʨʘʩʪʚʦʨʝ ʠʩʭʦʜʷ ʠʟ ʪʦʛʦ, ʯʪʦ 

ʢʦʣʠʯʝʩʪʚʘ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʳ ʠ ʱʝʣʦʯʠ ʚ ʧʨʦʮʝʩʩʝ ʪʠʪʨʦʚʘʥʠʷ ʨʘʚʥʳ. 

ʂʦʣʠʯʝʩʪʚʦ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʚʝʱʝʩʪʚʘ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʨʘʚʥʦ ʧʨʦʠʟʚʝʜʝʥʠʶ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘ ʦʙʲʝʤ. 

 

2. ʂʦʣʠʯʝʩʪʚʦ ʱʝʣʦʯʠ, ʟʘʪʨʘʯʝʥʥʦʡ ʥʘ ʪʠʪʨʦʚʘʥʠʝ ʢʠʩʣʦʪʳ ɸ, ʨʘʚʥʦ 

ʢʦʣʠʯʝʩʪʚʫ ɸ ʚ ʘʣʠʢʚʦʪʝ 10,00 ʤʣ: 

 

ʆʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʢʠʩʣʦʪʳ ʚ 100 ʤʣ ʨʘʩʪʚʦʨʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ 2 ʛ, ʚ 10 

ʨʘʟ ʙʦʣʴʰʝ ʥʘʡʜʝʥʥʦʛʦ ʠ ʩʦʩʪʘʚʣʷʝʪ 1,324Ā10
-2
 ʤʦʣʴ. ʀ ʤʦʣʷʨʥʘʷ ʤʘʩʩʘ ʢʠʩʣʦʪʳ 

ʨʘʚʥʘ: 

 

3. ʆʙʱʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ɸ ʚ ʨʘʩʪʚʦʨʝ ʨʘʚʥʘ 0,1324 ʤʦʣʴ/ʣ, ʧʦʩʢʦʣʴʢʫ 

ʢʦʣʠʯʝʩʪʚʦ 1,324Ā10
-2
 ʤʦʣʴ ʨʘʩʪʚʦʨʝʥʦ ʚ 0,1 ʣ. ʇʫʩʪʴ ʢʦʥʮʝʥʪʨʘʮʠʷ ʠʦʥʦʚ 

ʚʦʜʦʨʦʜʘ [H
+
] = x ʤʦʣʴ/ʣ, ʪʦʛʜʘ [A] = 0,1324 ï x ʤʦʣʴ/ʣ, ʠ [A

-
] = x ʤʦʣʴ/ʣ. 

ʇʦʜʩʪʘʚʠʤ ʵʪʠ ʚʳʨʘʞʝʥʠʷ ʚ ʬʦʨʤʫʣʫ ʜʣʷ ʢʦʥʩʪʘʥʪʳ ʢʠʩʣʦʪʥʦʩʪʠ: 

676.010
1324.0

17.0
2

x

x

HA

AH
K  

ʇʦʣʫʯʝʥʥʦʝ ʫʨʘʚʥʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʭ ʣʝʛʢʦ ʨʝʰʠʪʴ, ʧʨʝʦʙʨʘʟʦʚʘʚ ʝʛʦ ʢ 

ʢʚʘʜʨʘʪʥʦʤʫ. ʇʦʣʫʯʠʤ ʨʝʰʝʥʠʝ ʭ = 0.1134 ʄ = [H
+
].  

pH = - lg[H
+
] = 0.95. (ɺ ʩʣʫʯʘʝ ʧʨʝʜʧʦʣʦʞʝʥʠʷ 100 % ʜʠʩʩʦʮʠʘʮʠʠ 

ʧʦʣʫʯʘʝʤ ʦʪʚʝʪ 0.89) 

ʉʪʝʧʝʥʴ ʜʠʩʩʦʮʠʘʮʠʠ ʢʠʩʣʦʪʳ ʨʘʚʥʘ: %6.85%100
1324.0

1134.0
 

4. ɼʣʷ ɹ ʫʢʘʟʘʥʘ ʧʣʦʪʥʦʩʪʴ ʧʘʨʦʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʝʛʦ ʤʦʣʷʨʥʫʶ 

ʤʘʩʩʫ ʧʦ ʟʘʢʦʥʫ ʄʝʥʜʝʣʝʝʚʘ-ʂʣʘʧʝʡʨʦʥʘ:  
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ʤʦʣʴ

ʛʂʤʦʣʴ

ɼʞ

ʤ

ʛ

ʇʘ

ʂ

p

RT
M 196

101325

)7.12515.273(314.85990
3

 

ʇʨʠ ʛʠʜʨʦʣʠʟʝ ɹ ʦʙʨʘʟʫʝʪʩʷ ʛʘʟ ʠ ʨʘʩʪʚʦʨ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʳ, ʨʝʟʫʣʴʪʘʪʳ 

ʪʠʪʨʦʚʘʥʠʷ ʨʘʩʪʚʦʨʘ ʧʦʟʚʦʣʷʶʪ ʦʧʨʝʜʝʣʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʥʠʪʨʦʛʨʫʧʧ ʥʘ 1 ʤʦʣʴ 

ʚʝʱʝʩʪʚʘ: 

ʤʦʣʴ
ʤʣ

ɹ

ʤʦʣʴ

ʛ

ʤʣ

ʛ

008362.0
196

639.11
)(

,  

ʄ
ʤʣ

ʤʣʄ

HNOV

NaOHVNaOHc
HNOʩ 1338.0

10

74.42823.0

)(

)()(
)(

3
3

 

ʤʦʣʴʣʄHNOVHNOcHNO 03345.025.01338.0)()()( 333  

4
008362.0

03345.0

)(

)( 3

ʤʦʣʴ

ʤʦʣʴ

ɹ

HNO

 

ʀʟ 1 ʤʦʣʴ ɹ ʦʙʨʘʟʫʝʪʩʷ 4 ʤʦʣʴ HNO3, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ ʥʘʣʠʯʠʝ 

4-ʭ ʥʠʪʨʦʛʨʫʧʧ ʚ ɹ, ʘ ʄ(ɹ) ï ʄ(NO2)Ā4 = 196 ï (14+16Ā2)Ā4 = 12 
ʛ
/ʤʦʣʴ. 

ʋʪʚʝʨʞʜʝʥʠʝ, ʯʪʦ ɹ ʩʦʩʪʦʠʪ ʪʦʣʴʢʦ ʠʟ 3-ʭ ʵʣʝʤʝʥʪʦʚ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʘʛʘʪʴ, 

ʯʪʦ ʪʨʝʪʠʡ ʵʣʝʤʝʥʪ ï ʫʛʣʝʨʦʜ, ʪ.ʝ. ɹ ï C(NO2)4 (ʪʝʪʨʘʥʠʪʨʦʤʝʪʘʥ). 

ʇʦʜʪʚʝʨʜʠʤ ʩʦʩʪʘʚ ʨʘʩʯʝʪʦʤ, ʠʩʧʦʣʴʟʫʷ ʜʘʥʥʳʝ ʦ ʤʘʩʩʝ ʦʩʘʜʢʘ, 

ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʩ ʙʘʨʠʪʦʚʦʡ ʚʦʜʦʡ. ɻʘʟʦʚʘʷ ʩʤʝʩʴ, ʦʙʨʘʟʦʚʘʚʰʘʷʩʷ ʚ ʨʝʘʢʮʠʷʭ 

4ʘ ʠ 4ʙ, ʩʦʜʝʨʞʠʪ NO2, ʢʨʦʤʝ ʪʦʛʦ, ʚ ʵʪʦʡ ʞʝ ʩʤʝʩʠ, ʩʦʜʝʨʞʠʪʩʷ ʠ ʫʛʣʝʢʠʩʣʳʡ 

ʛʘʟ, ʢʦʪʦʨʳʡ ʜʘʝʪ ʦʩʘʜʦʢ ʩ ʙʘʨʠʪʦʚʦʡ ʚʦʜʦʡ. 

ʅʘʯʘʣʴʥʘʷ ʤʘʩʩʘ ɹ ʩʦʩʪʘʚʣʷʣʘ 5.00 Ā 1.639 = 8.195 ʛ. ɺ ʧʦʨʮʠʠ  5.00 ʤʣ, 

ʦʪʦʙʨʘʥʥʦʡ ʠʟ ʨʘʩʪʚʦʨʘ ʦʙʲʝʤʦʤ 250 ʤʣ, ʩʦʜʝʨʞʘʣʦʩʴ 8.195 Ā 5 : 250 = 0.1639 ʛ, 

ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ  

ʤʦʣʴ
ʛ

ɹ

ʤʦʣʴ

ʛ
0008362.0

196

1639.0
)(  = ʤʦʣʴ

ʛ
BaCO

ʤʦʣʴ

ʛ
000838.0

197

165.0
)( 3  

ɺ ʨʝʘʢʮʠʠ 5 ʡʦʜʠʜ-ʠʦʥʳ ʦʢʠʩʣʠʣʠʩʴ ʠ ʦʙʨʘʟʦʚʘʣʩʷ ʛʘʟ ʩ ʧʣʦʪʥʦʩʪʴʶ, 

ʙʣʠʟʢʦʡ ʢ ʧʣʦʪʥʦʩʪʠ ʚʦʟʜʫʭʘ. ʇʦʩʢʦʣʴʢʫ ʦʥ, ʚʝʨʦʷʪʥʦ, ʩʦʜʝʨʞʠʪ ʘʟʦʪ, ʠ ʩʦʩʪʦʠʪ 

ʠʟ ʜʚʫʭ ʵʣʝʤʝʥʪʦʚ, ʪʦ ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʵʪʦ NO (ʤʦʣʷʨʥʘʷ ʤʘʩʩʘ 30 

ʛ/ʤʦʣʴ, ʙʣʠʟʢʘ ʢ ʩʨʝʜʥʝʡ ʤʦʣʷʨʥʦʡ ʤʘʩʩʝ ʚʦʟʜʫʭʘ 29 ʛ/ʤʦʣʴ).  

ʀʦʜʠʜ ʚʦʩʩʪʘʥʦʚʠʣ ʘʟʦʪ ʜʦ NO ʚ ʨʘʩʪʚʦʨʝ. ɺʝʱʝʩʪʚʦʤ-ʦʢʠʩʣʠʪʝʣʝʤ ʤʦʞʝʪ 

ʙʳʪʴ ʣʠʙʦ ʥʠʪʨʘʪ, ʣʠʙʦ ʥʠʪʨʠʪ, ʥʦ ʥʠʪʨʘʪ ʥʝ ʷʚʣʷʝʪʩʷ ʦʢʠʩʣʠʪʝʣʝʤ ʚ ʩʣʘʙʦ 
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ʢʠʩʣʦʡ ʩʨʝʜʝ, ʘ ʧʦʪʦʤʫ ʚ ʨʝʘʢʮʠʠ 5 ʫʯʘʩʪʚʫʝʪ ʥʠʪʨʠʪ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ 

ʦʢʠʩʣʠʪʝʣʝʤ ʚ ʢʠʩʣʦʡ ʩʨʝʜʝ. ʀʦʜ ï ʪʚʝʨʜʦʝ ʚʝʱʝʩʪʚʦ ʯʸʨʥʦʛʦ ʮʚʝʪʘ, ʚ ʪʦ ʚʨʝʤʷ 

ʢʘʢ ʧʦ ʫʩʣʦʚʠʶ ʟʘʜʘʯʠ ʦʙʨʘʟʫʝʪʩʷ ʢʦʨʠʯʥʝʚʳʡ ʨʘʩʪʚʦʨ, ʪ.ʝ. ʧʨʦʜʫʢʪʦʤ ʨʝʘʢʮʠʠ 

ʦʢʠʩʣʝʥʠʷ ʡʦʜʠʜ-ʠʦʥʘ ʷʚʣʷʝʪʩʷ ʪʨʠʡʦʜʠʜ ʠʦʥ: I3
-
. 

ʇʦʩʢʦʣʴʢʫ ʪʝʪʨʘʥʠʪʨʦʤʝʪʘʥ ʧʦʣʫʯʠʣʩʷ ʥʠʪʨʦʚʘʥʠʝʤ ɸ, ʪʦ ʬʦʨʤʫʣʫ ɸ 

ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʢʘʢ ʉHx(NO2)4-x. ʇʦ ʤʦʣʷʨʥʦʡ ʤʘʩʩʝ ʥʘʭʦʜʠʤ, ʯʪʦ ʧʦʜʭʦʜʠʪ 

ʪʦʣʴʢʦ ʭ = 1, ɸ ï HC(NO2)3 (ʪʨʠʥʠʪʨʦʤʝʪʘʥ). 

5. ʈʝʘʢʮʠʷ 1 ï ʨʝʘʢʮʠʷ ɸ ʩ ʥʠʪʨʫʶʱʝʡ ʩʤʝʩʴʶ: 

1) HC(NO2)3 + HNO3 = C(NO2)4 + H2O 

ɺ ʨʝʘʢʮʠʠ 2 ʚʳʜʝʣʷʝʪʩʷ ʘʟʦʪʥʘʷ ʢʠʩʣʦʪʘ, ʘ ʛʘʟ ʣʝʛʯʝ ʚʦʟʜʫʭʘ ï ʵʪʦ ʤʝʪʘʥ: 

2) C(NO2)4 + 4H2O = ʉH4 + 4HNO3 

ʈʘʥʝʝ ʫʩʪʘʥʦʚʠʣʠ, ʯʪʦ ʧʨʦʜʫʢʪʳ ʱʝʣʦʯʥʦʛʦ ʛʠʜʨʦʣʠʟʘ ʩʦʜʝʨʞʘʪ ʥʠʪʨʠʪ ʢʘʣʠʷ: 

3) C(NO2)4 + 6KOH = K2CO3 + 4KNO2 + 3H2O 

 ʋʛʦʣʴʥʘʷ ʠ ʘʟʦʪʠʩʪʘʷ ʢʠʩʣʦʪʳ ʥʝʫʩʪʦʡʯʠʚʳ ʚ ʢʠʩʣʦʡ ʩʨʝʜʝ ʠ ʨʘʟʣʘʛʘʶʪʩʷ ʩ 

ʚʳʜʝʣʝʥʠʝʤ ʛʘʟʦʚ: 

4ʘ) 2KNO2 + 2HCl = 2KCl + NOŷ + NO2ŷ + H2O 

4ʙ) K2CO3 + 2HCl = 2KCl + CO2ŷ + H2O 

ʆʧʠʩʘʥʥʳʤ ʚ ʫʩʣʦʚʠʷʭ ʟʘʜʘʯʠ ʥʘʙʣʶʜʝʥʠʷʤ ʦʪʚʝʯʘʝʪ ʨʝʘʢʮʠʷ: 

5) 2KNO2 + 3KI + 4HCl = 4KCl + KI3 + 2NOŷ + 2H2O 

6. ʌʦʨʤʫʣʘ ʢʠʩʣʦʪʳ, ʢʦʪʦʨʘʷ ʧʨʠ ʜʝʢʘʨʙʦʢʩʠʣʠʨʦʚʘʥʠʠ ʜʘʝʪ ɸ ï 

(NO2)3CCOOH (ɺ): 

 

7. ʊʨʠʥʠʪʨʦʤʝʪʘʥ (ɸ) ʩʦʜʝʨʞʠʪ ʘʥʠʦʥʥʳʝ ʮʝʥʪʨʳ ʥʘ ʪʨʝʭ ʘʪʦʤʘʭ 

ʢʠʩʣʦʨʦʜʘ ʥʠʪʨʦʛʨʫʧʧ, ʧʦʵʪʦʤʫ ʚʦʟʤʦʞʥʘ ʪʘʫʪʦʤʝʨʠʷ ʤʝʞʜʫ ʬʦʨʤʘʤʠ, 

ʩʦʜʝʨʞʘʱʠʤʠ ʩʚʷʟʠ ʉ-ʅ ʠ ʆ-ʅ. ɸʥʠʦʥ ʪʨʠʥʠʪʨʦʤʝʪʘʥʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʤʦʞʝʪ ʩʦʜʝʨʞʘʪʴ ʘʥʠʦʥʥʳʡ ʮʝʥʪʨ ʣʠʙʦ ʥʘ ʘʪʦʤʝ ʫʛʣʝʨʦʜʘ, ʣʠʙʦ ʥʘ ʝʱʝ 

ʦʜʥʦʤ ʘʪʦʤʝ ʢʠʩʣʦʨʦʜʘ: 
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ʊʘʫʪʦʤʝʨʳ ɸ: 

 

ʈʝʟʦʥʘʥʩʥʳʝ 

ʩʪʨʫʢʪʫʨʳ ɸ
-
: 

ʉʠʩʪʝʤʘ ʦʮʝʥʠʚʘʥʠʷ: 

1. ʂʦʥʮʝʥʪʨʘʮʠʷ NaOH 1 ʙʘʣʣ 

2. ʄʦʣʷʨʥʘʷ ʤʘʩʩʘ ɸ 1 ʙʘʣʣ 

3. ɿʥʘʯʝʥʠʝ ʨʅ ï 1 ʙʘʣʣ, 

ʩʪʝʧʝʥʴ ʜʠʩʩʦʮʠʘʮʠʠ ï 1 ʙʘʣʣ 
2 ʙʘʣʣʘ 

4. ʌʦʨʤʫʣʳ ɸ ʠ ɹ ï ʧʦ 1 ʙʘʣʣʫ, 

ʥʘʟʚʘʥʠʷ ï ʧʦ 0,5 ʙʘʣʣʘ, 

ʨʘʩʯʝʪ ï 2 ʙʘʣʣʘ  

(ʧʨʠʥʠʤʘʝʪʩʷ ʣʶʙʦʡ ʨʘʩʯʝʪ ï ʢʘʢ ʧʦ HNO3, ʪʘʢ ʠ ʧʦ BaCO3) 

5 ʙʘʣʣʦʚ 

5. 6 ʨʝʘʢʮʠʡ ʧʦ 1 ʙʘʣʣʫ 6 ʙʘʣʣʦʚ 

6. ʉʪʨʫʢʪʫʨʘ ɺ 1 ʙʘʣʣ 

7. 4 ʩʪʨʫʢʪʫʨʥʳʝ ʬʦʨʤʫʣʳ ï ʧʦ 0,5 ʙʘʣʣʘ, 

ʫʢʘʟʘʥʠʝ ʜʚʫʭ ʧʣʦʩʢʠʭ ʩʪʨʫʢʪʫʨ ï ʧʦ 1 ʙʘʣʣʫ 
4 ʙʘʣʣʘ 

 ʀʊʆɻʆ:  20 ʙʘʣʣʦʚ 

 

ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ 11-2 (ɽʣʴʥʷʢʦʚ ɼ.ɼ.) 

1) ʆʜʠʥʘʢʦʚʳʡ ʢʘʯʝʩʪʚʝʥʥʳʡ ʩʦʩʪʘʚ ʤʠʥʝʨʘʣʦʚ ʠ ʠʭ ʧʦʚʝʜʝʥʠʝ ʧʨʠ 

ʥʘʛʨʝʚʘʥʠʠ ʜʘʶʪ ʦʩʥʦʚʘʥʠʝ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʦʥʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʢʨʠʩʪʘʣʣʦʛʠʜʨʘʪʳ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʩʦʣʠ ʩ ʨʘʟʣʠʯʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʡ ʚʦʜʳ.  ɺʝʱʝʩʪʚʦ X, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʩʘʤʫ ʙʝʟʚʦʜʥʫʶ ʩʦʣʴ. 

ʉʫʜʷ ʧʦ ʪʦʤʫ, ʯʪʦ ʧʨʠ ʩʤʝʰʝʥʠʠ ʨʘʩʪʚʦʨʦʚ X ʠ ʭʣʦʨʠʜʘ ʙʘʨʠʷ, ʦʙʨʘʟʫʝʪʩʷ 

ʙʝʣʳʡ ʦʩʘʜʦʢ, ʥʝʨʘʩʪʚʦʨʠʤʳʡ ʚ ʢʠʩʣʦʪʘʭ ʠ ʱʝʣʦʯʘʭ, ʩʦʣʴ X, ʚʝʩʴʤʘ ʚʝʨʦʷʪʥʦ, 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʫʣʴʬʘʪ ʥʝʢʦʪʦʨʦʛʦ ʤʝʪʘʣʣʘ. 



 É ʎʇʄʂ ɺʩʆʐ ʧʦ ʭʠʤʠʠ 

36 

4

22

4 BaSOBaSO Ź 
2

4 4

29,125ʛ
n(SO ) = n(BaSO ) = = 0,125ʤʦʣʴ

ʛ
233
ʤʦʣʴ

 

ʇʫʩʪʴ ʩʪʝʧʝʥʴ ʦʢʠʩʣʝʥʠʷ ʤʝʪʘʣʣʘ ʨʘʚʥʘ +x, ʝʛʦ ʤʦʣʷʨʥʘʷ ʤʘʩʩʘ - y, ʘ ʯʠʩʣʦ 

ʤʦʣʝʢʫʣ ʚʦʜʳ, ʧʨʠʭʦʜʷʱʝʝʩʷ ʥʘ ʦʜʥʫ ʬʦʨʤʫʣʴʥʫʶ ʝʜʠʥʠʮʫ ʩʫʣʴʬʘʪʘ ï z1 ʊʦʛʜʘ 

ʬʦʨʤʫʣʘ ʤʠʥʝʨʘʣʘ Y2 - 2 4 1 2M (SO ) ÅzH Ox  (ʝʩʣʠ x ״ ʥʝʯʸʪʥʦʝ) ʠʣʠ 

OHzÅ)M(SO 21

2

4 x  (ʝʩʣʠ x ״ ʯʸʪʥʦʝ). ɺʳʨʘʟʠʤ ʢʦʣʠʯʝʩʪʚʦ ʩʫʣʴʬʘʪ-ʠʦʥʦʚ, 

ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʠ ʜʠʩʩʦʮʠʘʮʠʠ X ʯʝʨʝʟ ʢʦʣʠʯʝʩʪʚʦ ʚʟʷʪʦʛʦ ʜʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ 

ʨʘʩʪʚʦʨʘ ʢʨʠʩʪʘʣʣʦʛʠʜʨʘʪʘ: 

2

4

1

26,75
n(SO ) = x n(X) = x

2 y+96x+18z
=0,125 (ʤʦʣʴ), ʚ ʩʣʫʯʘʝ ʯʸʪʥʦʛʦ x 

2

4

1 1

1 26,75 13,375
n(SO ) = x n(X) = x

2 y+ 48x+18z 48 18

x

y x z
=0,125 (ʤʦʣʴ), ʚ 

ʩʣʫʯʘʝ ʥʝʯʸʪʥʦʛʦ x. ɺʳʨʘʟʠʤ ʠʟ ʦʙʦʠʭ ʫʨʘʚʥʝʥʠʡ y. ʇʦʩʣʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ 

ʧʦʣʫʯʘʝʤ: 

y = 59x 9 ״z1 ״ ʜʣʷ ʥʝʯʸʪʥʦʛʦ x, 

y = 59x 18 ״z1 ״ ʜʣʷ ʯʸʪʥʦʛʦ x. 

ʏʠʩʣʦ ʤʦʣʝʢʫʣ ʚʦʜʳ, ʧʨʠʭʦʜʷʱʠʭʩʷ ʥʘ ʦʜʥʫ ʬʦʨʤʫʣʴʥʫʶ ʝʜʠʥʠʮʫ 

ʩʫʣʴʬʘʪʘ ʚ ʢʨʠʩʪʘʣʣʦʛʠʜʨʘʪʝ, ʤʦʞʝʪ ʙʳʪʴ ʠ ʜʨʦʙʴʶ, ʥʦ ʜʣʷ ʧʨʦʩʪʦʪʳ 

ʧʨʝʜʧʦʣʦʞʠʤ ʚʥʘʯʘʣʝ, ʯʪʦ ʦʥʦ ʮʝʣʦʝ. ʊʘʢʞʝ ʥʝʪ ʩʤʳʩʣʘ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʪʠʦʥʳ 

ʤʝʪʘʣʣʦʚ ʩʦ ʩʪʝʧʝʥʷʤʠ ʦʢʠʩʣʝʥʠʷ ʚʳʰʝ +4, ʪʘʢ ʢʘʢ ʦʥʠ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ 

ʥʝʩʪʘʙʠʣʴʥʳ. 
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ɽʩʣʠ z1 = 1, ʪʦʛʜʘ 

x y, ʛ/ʤʦʣʴ M ʂʦʤʤʝʥʪʘʨʠʡ 

 ״ ״ 50 1+

 ״ ״ 100 2+

+3 168 

 ɹʣʠʟʢʠʝ ʟʥʘʯʝʥʠʷ ʤʦʣʷʨʥʳʭ ʤʘʩʩ ʠʤʝʶʪ Er ״

(å167) ʠ Tm (å169). ʆʜʥʘʢʦ, ʵʪʠ ʵʣʝʤʝʥʪʳ 

ʩʦʙʩʪʚʝʥʥʳʭ ʤʠʥʝʨʘʣʦʚ ʥʝ ʦʙʨʘʟʫʶʪ. 

ʈʝʜʢʦʟʝʤʝʣʴʥʳʝ ʤʝʪʘʣʣʳ ʚʩʪʨʝʯʘʶʪʩʷ ʚ 

ʧʨʠʨʦʜʝ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʚ ʚʠʜʝ ʢʘʨʙʦʥʘʪʥʳʭ ʠ 

ʬʦʩʬʘʪʥʳʭ ʤʠʥʝʨʘʣʦʚ, ʢʦʪʦʨʳʝ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʩʦʜʝʨʞʘʪ ʠʪʪʨʠʡ, ʣʘʥʪʘʥ ʠ ʧʦʯʪʠ ʚʩʝ 

ʣʘʥʪʘʥʠʜʳ. 

 ״ ״ 218 4+

ɽʩʣʠ z1 = 2 

x y, ʛ/ʤʦʣʴ M ʂʦʤʤʝʥʪʘʨʠʡ 

 ״ ״ 41 1+

 ״ ״ 82 2+

+3 159 Tb ʉʦʙʩʪʚʝʥʥʳʭ ʤʠʥʝʨʘʣʦʚ ʥʝ ʦʙʨʘʟʫʝʪ. 

 ״ 200 4+

ɹʣʠʟʢʦʝ ʟʥʘʯʝʥʠʝ ʤʦʣʷʨʥʦʡ ʤʘʩʩʳ ʠʤʝʝʪ ʨʪʫʪʴ 

(å 200,61 ʛ/ʤʦʣʴ), ʦʜʥʘʢʦ ʜʣʷ ʘʪʦʤʦʚ ʵʪʦʛʦ 

ʵʣʝʤʝʥʪʘ ʩʪʝʧʝʥʴ ʦʢʠʩʣʝʥʠʷ +4 ʚ ʩʦʝʜʠʥʝʥʠʷʭ 

ʥʝʭʘʨʘʢʪʝʨʥʘ. 

ɽʩʣʠ z1 = 3 

x y, ʛ/ʤʦʣʴ M ʂʦʤʤʝʥʪʘʨʠʡ 

+1 32 S ʅʝʤʝʪʘʣʣ. 

+2 64 Cu ɺʦʟʤʦʞʥʦʝ ʨʝʰʝʥʠʝ. 

+3 150 Sm ʉʦʙʩʪʚʝʥʥʳʭ ʤʠʥʝʨʘʣʦʚ ʥʝ ʦʙʨʘʟʫʝʪ. 

 ״ ״ 182 4+

ɽʩʣʠ z1 = 4 

x y, ʛ/ʤʦʣʴ M ʂʦʤʤʝʥʪʘʨʠʡ 

+1 23 Na ɺʦʟʤʦʞʥʦʝ ʨʝʰʝʥʠʝ. 

 ״ ״ 46 2+

+3 141 Pr ʉʦʙʩʪʚʝʥʥʳʭ ʤʠʥʝʨʘʣʦʚ ʥʝ ʦʙʨʘʟʫʝʪ. 

 ״ ״ 164 4+

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʠʥʝʨʘʣ Y2 ʤʦʞʝʪ ʠʤʝʪʴ ʩʣʝʜʫʶʱʠʝ ʬʦʨʤʫʣʳ: 

CuSO4Ā3H2O ʠ Na2SO4Ā4H2O. ʇʨʠ ʞʝʣʘʥʠʠ ʥʝ ʩʣʠʰʢʦʤ ʤʥʦʛʦ ʚʨʝʤʝʥʠ ʫʡʜʸʪ, 

ʯʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ ʝʱʸ ʥʝʩʢʦʣʴʢʦ ʛʠʧʦʪʝʪʠʯʝʩʢʠʭ ʢʨʠʩʪʘʣʣʦʛʠʜʨʘʪʦʚ, ʢʦʪʦʨʳʝ 

ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤ ʩʦʦʪʥʦʰʝʥʠʷʤ, ʧʨʠʚʝʜʸʥʥʳʤ ʚ ʫʩʣʦʚʠʠ ʟʘʜʘʯʠ: 

In2(SO4)3Ā7H2O, Mo2(SO4)3Ā9H2O, V2(SO4)3Ā14H2O ʠ ʪ. ʜ. ʆʜʥʘʢʦ Na2SO4 ʥʝ 
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ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʚʦʜʥʳʤ ʨʘʩʪʚʦʨʦʤ ʘʤʤʠʘʢʘ, ʘ ʛʠʜʨʦʢʩʠʜʳ ʠʥʜʠʷ (III ), 

ʤʦʣʠʙʜʝʥʘ (III) ʠ ʚʘʥʘʜʠʷ (III) ʥʝʨʘʩʪʚʦʨʠʤʳ ʚ ʝʛʦ ʠʟʙʳʪʢʝ (ʩʤ. ʩʭʝʤʫ 

ʧʨʝʚʨʘʱʝʥʠʡ ʩ ʫʯʘʩʪʠʝʤ ʚʝʱʝʩʪʚʘ X). ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʬʦʨʤʫʣʘ ʤʠʥʝʨʘʣʘ Y2 ״ 

CuSO4Ā3H2O, ʘ ʚʝʱʝʩʪʚʘ X ״ CuSO4. 

ʇʫʩʪʴ ʬʦʨʤʫʣʘ ʤʠʥʝʨʘʣʘ Y1 ״ CuSO4Āz2H2O, ʘ ʤʘʩʩʘ ʝʛʦ ʥʘʚʝʩʢʠ ʨʘʚʥʘ 100 

ʛ. ʊʦʛʜʘ 

n(CuSO4Ā z2H2O) = 
218160

001

z
ʤʦʣʴ 

ʊʘʢ ʢʘʢ ʪʝʤʧʝʨʘʪʫʨʘ ʥʝʚʳʩʦʢʘ, ʪʦ ʫʤʝʥʴʰʝʥʠʝ ʤʘʩʩʳ ʦʙʫʩʣʦʚʣʝʥʦ ʪʦʣʴʢʦ 

ʣʠʰʴ ʧʦʪʝʨʝʡ ʯʘʩʪʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʡ ʚʦʜʳ. ɿʥʘʯʠʪ ʤʘʩʩʘ ʠ ʢʦʣʠʯʝʩʪʚʦ 

ʦʙʨʘʟʦʚʘʚʰʝʛʦʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʥʘʛʨʝʚʘʥʠʷ Y2 ʨʘʚʥʳ: 

m(CuSO4Ā3H2O) = 100 ʛ Ā 0,8560 = 85,6 ʛ 

n(CuSO4Ā 3H2O)=
85,6

214 /

ʛ

ʛ ʤʦʣʴ
0,4 ʤʦʣʴ 

ʇʦ ʵʪʦʡ ʞʝ ʩʘʤʦʡ ʧʨʠʯʠʥʝ n(CuSO4Ā z2H2O) = n(CuSO4Ā 3H2O). ʊʦ ʝʩʪʴ: 

218160

001

z
= 0,4. ʆʪʢʫʜʘ z2 = 5. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ ʬʦʨʤʫʣʘ ʤʠʥʝʨʘʣʘ Y1 ״ CuSO4Ā5H2O. 

ʇʫʩʪʴ ʬʦʨʤʫʣʘ ʤʠʥʝʨʘʣʘ Y3 ʨʘʚʥʘ CuSO4Āz3H2O. ʊʦʛʜʘ ʤʘʩʩʦʚʘʷ ʜʦʣʷ 

ʩʫʣʴʬʘʪʘ ʤʝʜʠ ʚ ʨʘʩʪʚʦʨʝ, ʧʦʣʫʯʝʥʥʦʤ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʨʘʩʪʚʦʨʝʥʠʠ ʚ ʚʦʜʝ 

Y1 ʠ Y3, ʨʘʚʥʘ: 

ɤ(CuSO4) = 
31 4 2 4

160
( 0,64) 10
160 18( ( ) ( )) 10

120 120

zCuSO CuSO ʛ

ʛ
, ʛʜʝ 

ɤ1(CuSO4) - ʤʘʩʩʦʚʘʷ ʜʦʣʷ ʩʫʣʴʬʘʪʘ ʤʝʜʠ ʚ ʤʠʥʝʨʘʣʝ Y3 

ɤ2(CuSO4) -ʤʘʩʩʦʚʘʷ ʜʦʣʷ ʩʫʣʴʬʘʪʘ ʤʝʜʠ ʚ ʤʠʥʝʨʘʣʝ Y1 

ʉʦʩʪʘʚʠʤ ʫʨʘʚʥʝʥʠʝ: 
3

160
( 0,64) 10
160 18

0.1
120

z
 

ʆʪʢʫʜʘ z3 = 7 ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʬʦʨʤʫʣʘ ʤʠʥʝʨʘʣʘ Y3 ״ CuSO4Ā7H2O. 
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2) ʄʠʥʝʨʘʣʳ Y1, Y2 ʠ Y3 ʦʢʨʘʰʝʥʳ ʚ ʛʦʣʫʙʦʡ ʮʚʝʪ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, 

ʯʪʦ ʠʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ ʧʦʩʪʨʦʝʥʳ ʠʟ ʢʦʤʧʣʝʢʩʥʳʭ ʯʘʩʪʠʮ, ʚ 

ʢʦʪʦʨʳʭ ʚʦʢʨʫʛ ʠʦʥʘ Cu
2+

 ʢʦʦʨʜʠʥʠʨʦʚʘʥʦ ʥʝʩʢʦʣʴʢʦ ʤʦʣʝʢʫʣ ʚʦʜʳ. ʆʪ 

ʢʦʣʠʯʝʩʪʚʘ ʤʦʣʝʢʫʣ H2O ʚʦ ʚʥʫʪʨʝʥʥʝʡ ʩʬʝʨʝ ʟʘʚʠʩʠʪ ʚʝʣʠʯʠʥʘ ʵʥʝʨʛʠʠ 

ʨʘʩʱʝʧʣʝʥʠʷ d-ʦʨʙʠʪʘʣʝʡ ʠʦʥʘ ʤʝʜʠ, ʜʣʠʥʘ ʚʦʣʥʳ ʧʦʛʣʦʱʘʝʤʦʛʦ ʩʚʝʪʘ ʠ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʦʪʪʝʥʦʢ. 

ɺ ʩʦʩʪʘʚʝ ʚʝʱʝʩʪʚʘ X ʢʦʤʧʣʝʢʩʥʳʭ ʯʘʩʪʠʮ ʥʝʪ, ʵʣʝʢʪʨʦʥʥʳʭ ʧʝʨʝʭʦʜʦʚ, ʧʦ 

ʵʥʝʨʛʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʜʠʘʧʘʟʦʥʫ ʚʠʜʠʤʦʛʦ ʩʚʝʪʘ, ʧʨʦʠʩʭʦʜʠʪʴ ʥʝ ʤʦʞʝʪ, ʠ 

ʧʦʵʪʦʤʫ ʦʥ ʧʨʘʢʪʠʯʝʩʢʠ ʙʝʩʮʚʝʪʥʳʡ. 

3) A ״ Cu(OH)2  ɹ ״ CuO  ɺ ״ Cu2O 

ɺʝʱʝʩʪʚʦ ɾ ʧʨʠ ʚʳʩʫʰʠʚʘʥʠʠ ʪʝʨʷʶʪ ʯʘʩʪʴ ʩʚʦʝʡ ʤʘʩʩʳ. ʕʪʦ ʥʘʚʦʜʠʪ ʥʘ 

ʤʳʩʣʴ, ʯʪʦ ʦʥʦ ʷʚʣʷʶʪʩʷ ʢʨʠʩʪʘʣʣʦʛʠʜʨʘʪʦʤ ʘʮʝʪʠʣʝʥʠʜʘ ʤʝʜʠ (I). 

ʇʫʩʪʴ ʬʦʨʤʫʣʘ ɾ ״ Cu2C2ĀbH2O, ʪʦʛʜʘ: 

ɤ(H2O)= 
b

b

18152

18
 = 0.1059 

ɻʜʝ ɤ(H2O) - ʤʘʩʩʦʚʘ ̫ʜʦʣ̫ ʚʦʜʳ. 

ʈʝʰʘʷ ʧʦʣʫʯʠʚʰʠʝʩʷ ʫʨʘʚʥʝʥʠʷ, ʥʘʭʦʜʠʤ: b = 1. 

ɾ ״ Cu2C2ĀH2O 

ʆʜʥʠʤ ʠʟ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ, ʦʧʠʩʳʚʘʶʱʝʡ ʧʦʣʫʯʝʥʠʝ ɽ ʠʟ ɹ, ʷʚʣʷʝʪʩʷ 

ʚʦʜʦʨʦʜ. ʆʥ ʤʦʛ ʦʙʨʘʟʦʚʘʪʴʩʷ ʪʦʣʴʢʦ ʧʨʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʠʦʥʦʚ OH
״
, ʢʦʪʦʨʳʝ 

ʚʭʦʜʠʣʠ ʚ ʩʦʩʪʘʚ ʛʠʜʨʦʢʩʠʜʘ ʥʘʪʨʠʷ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʨʝʘʢʮʠʷ ʷʚʣʷʝʪʩʷ 

ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʠ ɽ ʷʚʣʷʝʪʩʷ ʧʨʦʜʫʢʪʦʤ ʦʢʠʩʣʝʥʠʷ ɹ. ʊʦ ʝʩʪʴ, 

ʩʦʜʝʨʞʠʪ ʤʝʜʴ ʚ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ +3. ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʨʘʩʯʝʪʦʤ. 

ʂʠʩʣʦʨʦʜʘ ʚʳʜʝʣʷʝʪʩʷ 112 ʤʣ / 22,4 ʣ/ʤʦʣʴ = 5 ʤʤʦʣʴ, ʘ ʢʦʣʠʯʝʩʪʚʦ E ï 10 

ʤʤʦʣʴ, ʪ.ʝ. ʢʠʩʣʦʨʦʜʘ ʚʳʜʝʣʷʝʪʩʷ ʚ ʜʚʘ ʨʘʟʘ ʤʝʥʴʰʝ ʧʦ ʤʦʣʷʤ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 

E ï ʦʜʥʦʵʣʝʢʪʨʦʥʥʳʡ ʦʢʠʩʣʠʪʝʣʴ, ʠ ʤʝʜʴ ʚ ʥʝʤ ʠʤʝʝʪ ʩʪʝʧʝʥʴ ʦʢʠʩʣʝʥʠʷ +3. 

ʋʯʠʪʳʚʘʷ, ʯʪʦ ʩʠʥʪʝʟ E ʧʨʦʪʝʢʘʝʪ ʧʨʠ ʩʧʣʘʚʣʝʥʠʠ ʠʩʭʦʜʥʳʭ ʚʝʱʝʩʪʚ, ʤʦʞʥʦ 

ʧʨʦʚʝʩʪʠ ʘʥʘʣʦʛʠʶ ʩʦ ʩʚʦʡʩʪʚʘʤʠ ʛʠʜʨʦʢʩʠʜʦʚ ʘʣʶʤʠʥʠʷ ʠ ʭʨʦʤʘ (III) ʠ 

ʜʦʛʘʜʘʪʴʩʷ, ʯʪʦ ɽ ï ʤʝʪʘʢʫʧʨʘʪ(III) ʥʘʪʨʠʷ. 

ɽ ״ NaCuO2 
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ɼ ï Cu(NO3)2, ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʝʡ ʠʟ ʞʠʜʢʦʛʦ ʘʤʤʠʘʢʘ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ 

ɿ ï [Cu(NH3)4](NO3)2.  

ʤʤʦʣʴ
ʛ

NONHCun

ʤʦʣʴ
ʛ

20.7
7.255

84.1
)]()([ 2343  

ʤʤʦʣʴ
ʛ

CCHKCn

ʤʦʣʴ
ʛ

40.14
2.78

126.1
)( 3  

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʦʣʠ ʤʝʜʠ(II ) ʠ ʧʨʦʧʠʣʝʥʠʜʘ ʢʘʣʠʷ ʚ ʩʦʦʪʥʦʰʝʥʠʠ 1:2 

ʥʘʚʦʜʠʪ ʥʘ ʤʳʩʣʴ ʦ ʚʦʟʤʦʞʥʦʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʤʝʜʠ. ɽʩʣʠ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ 

n(ɿ) = n(ʀ), ʪʦ ʤʦʣʷʨʥʘʷ ʤʘʩʩʘ ʀ ʨʘʚʥʘ 0.738 ʛ /7.2Ț10
ï3

 ʤʦʣʴ = 
ʤʦʣʴ
ʛ5.102 . ʏʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʀ ï CuCſCCH3.  

ʋʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʡ: 

1. CuSO4  + 2NaOHʥʝʜʦʩʪʘʪʦʢ = Cu(OH)2Ź + Na2SO4  

2. 4 CuSO4 + N2H4 + 8 NaOH 
ʢʠʧʷʯʝʥʠʝ

2Cu2O + N2ŷ + 4Na2SO4 + 6H2O 

3. Cu(OH)2Ź 
C200

 CuO + H2O 

4.  4CuO 
C1100

 2Cu2O +O2ŷ 

5. Cu(OH)2 + 2HNO3 = Cu(NO3)2 + 2H2O 

6. Cu(NO3)2 + 4NH3 = [Cu(NH3)4](NO3)2 

7. 2[Cu(NH3)4](NO3)2 +4KC2CH3 =  

= 2CuC2CH3 + H3CCſC-CſCCH3 + 4KNO3 +8NH3 

8. Cu2O + 4NH3 + H2O = 2[Cu(NH3)2]OH 

9. 2[Cu(NH3)2]OH + C2H2 = Cu2C2ĀH2OŹ + 4NH3ŷ + H2O 

10. 2CuO + 2NaOH 
ʵʣʝʢʪʨʦʣʠʟC,300

 2NaCuO2 + H2ŷ 

ʉʠʩʪʝʤʘ ʦʮʝʥʠʚʘʥʠʷ: 

1 ʋʩʪʘʥʦʚʣʝʥʠʝ ʩʦʩʪʘʚʘ ʤʠʥʝʨʘʣʦʚ: 

Y1 ï 3 ʙʘʣʣʘ, 

Y2, Y3 ʧʦ 2 ʙʘʣʣʘ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʚʝʱʝʩʪʚʘ X ï 0,5 ʙʘʣʣʘ. 

7,5 ʙʘʣʣʦʚ 

2 ʆʙʲʷʩʥʝʥʠʝ ʧʨʘʚʠʣʴʥʦʡ ʦʢʨʘʩʢʠ Y1 ״ Y3 ʠ X 0,5 ʙʘʣʣʘ 

3 ʌʦʨʤʫʣʳ ʚʝʱʝʩʪʚ ɽ, ɾ, ɿ ʠ ʀ ʧʦ 0,5 ʙʘʣʣʘ 

ʋʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʡ 1 ï 10 ʧʦ 1 ʙʘʣʣʫ. 
12 ʙʘʣʣʦʚ 
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 ʀʊʆɻʆ: 20 ʙʘʣʣʦʚ 

ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ 11-3 (ʉʘʣʴʥʠʢʦʚ ʆ.ɻ.) 

1. ʉʪʨʫʢʪʫʨʥʘʷ ʬʦʨʤʫʣʘ ʜʦʬʘʤʠʥʘ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʧʦ ʝʛʦ 

ʥʦʤʝʥʢʣʘʪʫʨʥʦʤʫ ʥʘʟʚʘʥʠʶ. ʊʘʢ ʢʘʢ X ʷʚʣʷʝʪʩʷ Ŭ-ʘʤʠʥʦʢʠʩʣʦʪʦʡ ʠ 

ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʜʦʬʘʤʠʥ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʢʮʠʠ ʜʝʢʘʨʙʦʢʩʠʣʠʨʦʚʘʥʠʷ, ʪʦ ʚ ʵʪʦʤ 

ʚʝʱʝʩʪʚʝ ʢʘʨʙʦʢʩʠʣʴʥʘʷ ʛʨʫʧʧʘ ʥʘʭʦʜʠʪʩʷ ʫ ʪʦʛʦ ʞʝ ʘʪʦʤʘ ʫʛʣʝʨʦʜʘ, ʯʪʦ ʠ 

ʘʤʠʥʦʛʨʫʧʧʘ. ʂʦʥʬʠʛʫʨʘʮʠʷ ʭʠʨʘʣʴʥʦʛʦ ʮʝʥʪʨʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʩʪʘʥʜʘʨʪʥʳʤ 

ʧʨʘʚʠʣʘʤ ʜʣʷ Ŭ-ʘʤʠʥʦʢʠʩʣʦʪ (ʫ L-Ŭ-ʘʤʠʥʦʢʠʩʣʦʪʳ ʚ ʧʨʦʝʢʮʠʠ ʌʠʰʝʨʘ 

ʘʤʠʥʦʛʨʫʧʧʘ ʜʦʣʞʥʘ ʥʘʭʦʜʠʪʴʩʷ ʩʣʝʚʘ, ʢʘʨʙʦʢʩʠʣʴʥʘʷ ʛʨʫʧʧʘ ʩʚʝʨʭʫ, ʘ ʨʘʜʠʢʘʣ 

ʩʥʠʟʫ). ʇʦ R,S-ʥʦʤʝʥʢʣʘʪʫʨʝ ʭʠʨʘʣʴʥʳʡ ʮʝʥʪʨ ʠʤʝʝʪ S-ʢʦʥʬʠʛʫʨʘʮʠʶ. 

 

2. ʅʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʩʠʥʪʝʟʘ ʨʘʟʘʛʠʣʠʥʘ ʧʨʦʠʩʭʦʜʠʪ ʮʠʢʣʠʟʘʮʠʷ 3-

ʬʝʥʠʣʧʨʦʧʠʦʥʦʚʦʡ ʢʠʩʣʦʪʳ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʧʦʣʠʬʦʩʬʦʨʥʦʡ ʢʠʩʣʦʪʳ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʠʥʜʘʥʦʥʘ (A), ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʧʨʠʚʝʜʸʥʥʳʤ ʥʘ ʩʭʝʤʝ 

ʩʦʜʝʨʞʘʥʠʝʤ ʫʛʣʝʨʦʜʘ ʚ ɸ. ʇʨʠ ʝʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʧʨʦʧʘʨʛʠʣʘʤʠʥʦʤ 

ʦʙʨʘʟʫʝʪʩʷ ʠʤʠʥ B, ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʢʦʪʦʨʦʛʦ ʙʦʨʛʠʜʨʠʜʦʤ ʥʘʪʨʠʷ ʧʦʟʚʦʣʷʝʪ 

ʧʦʣʫʯʠʪʴ ʨʘʮʝʤʘʪ ʨʘʟʘʛʠʣʠʥʘ (Y). ɺ ʜʨʫʛʦʤ ʩʠʥʪʝʟʝ ʨʘʟʘʛʠʣʠʥʘ ʢʝʪʦʥ A 

ʧʨʝʚʨʘʱʘʶʪ ʚ ʦʢʩʠʤ C ʧʨʠ ʜʝʡʩʪʚʠʠ ʛʠʜʨʦʢʩʠʣʘʤʠʥʘ. ɻʠʜʨʠʨʦʚʘʥʠʝ C ʥʘ 

ʧʘʣʣʘʜʠʝʚʦʤ ʢʘʪʘʣʠʟʘʪʦʨʝ ʧʨʠʚʦʜʠʪ ʢ ʘʤʠʥʫ D ʚ ʚʠʜʝ ʨʘʮʝʤʠʯʝʩʢʦʡ ʩʤʝʩʠ 

ʵʥʘʥʪʠʦʤʝʨʦʚ, ʢʦʪʦʨʳʡ ʜʘʣʝʝ ʘʣʢʠʣʠʨʫʝʪʩʷ ʧʨʦʧʘʨʛʠʣʙʨʦʤʠʜʦʤ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʨʘʟʘʛʠʣʠʥʘ Y. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʧʨʝʚʨʘʱʝʥʠʠ D ʚ Y 

ʚʦʟʤʦʞʥʦ ʜʘʣʴʥʝʡʰʝʝ ʘʣʢʠʣʠʨʦʚʘʥʠʝ ʧʦ ʘʪʦʤʫ ʘʟʦʪʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʪʨʠʘʣʢʠʣʘʤʠʥʘ, ʦʜʥʘʢʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʧʨʦʜʫʢʪ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥ ʧʦ 

ʧʝʨʚʦʡ ʩʭʝʤʝ ʩʠʥʪʝʟʘ. 
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ʅʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʩʠʥʪʝʟʘ ʩʝʣʝʛʠʣʠʥʘ ʥʘ 3-ʬʝʥʠʣʧʨʦʧʘʥʜʠʦʣ-1,2 

ʜʝʡʩʪʚʫʶʪ ʪʦʟʠʣʭʣʦʨʠʜʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʜʦʣʞʥʦ ʧʨʦʠʩʭʦʜʠʪʴ 

ʪʦʟʠʣʠʨʦʚʘʥʠʝ ʦʜʥʦʡ ʠʣʠ ʦʙʝʠʭ ʛʠʜʨʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ. ɽʩʣʠ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ 

ʪʦʟʠʣʠʨʫʶʪʩʷ ʦʙʝ ʛʠʜʨʦʢʩʠʣʴʥʳʝ ʛʨʫʧʧʳ, ʪʦ ʩʦʚʝʨʰʝʥʥʦ ʥʝʧʦʥʷʪʥʦ, ʯʪʦ ʤʦʞʝʪ 

ʧʨʦʠʩʭʦʜʠʪʴ ʥʘ ʩʣʝʜʫʶʱʝʡ ʩʪʘʜʠʠ ʧʨʠ ʜʝʡʩʪʚʠʠ ʩʠʣʴʥʦʛʦ ʦʩʥʦʚʘʥʠʷ ʛʠʜʨʠʜʘ 

ʥʘʪʨʠʷ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʝʩʣʠ ʧʨʦʠʩʭʦʜʠʪ ʪʦʟʠʣʠʨʦʚʘʥʠʝ ʪʦʣʴʢʦ ʦʜʥʦʡ 

ʛʠʜʨʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʳ, ʪʦ ʧʨʠ ʜʝʡʩʪʚʠʠ ʛʠʜʨʠʜʘ ʥʘʪʨʠʷ ʚʪʦʨʘʷ OH-ʛʨʫʧʧʘ 

ʜʝʧʨʦʪʦʥʠʨʫʝʪʩʷ, ʠ ʦʙʨʘʟʫʶʱʠʡʩʷ ʘʥʠʦʥ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦ ʟʘʤʝʱʘʝʪ ʪʦʟʠʣʘʪ 

ʧʦ ʤʝʭʘʥʠʟʤʫ SN2, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʦʙʨʘʟʫʝʪʩʷ ʵʧʦʢʩʠʜ E. ʇʨʠʚʝʜʸʥʥʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʫʛʣʝʨʦʜʘ ʚ ɽ ʧʦʜʪʚʝʨʞʜʘʝʪ ʵʪʦʪ ʚʳʚʦʜ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʙʦʣʝʝ 

ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤ ʙʫʜʝʪ ʪʦʟʠʣʠʨʦʚʘʥʠʝ ʩʪʝʨʠʯʝʩʢʠ ʤʝʥʝʝ ʟʘʪʨʫʜʥʸʥʥʦʡ 

ʧʝʨʚʠʯʥʦʡ ʛʠʜʨʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʳ; ʧʦʵʪʦʤʫ ʭʠʨʘʣʴʥʳʡ ʮʝʥʪʨ ʚ ʵʧʦʢʩʠʜʝ E 

ʙʫʜʝʪ ʠʤʝʪʴ ʪʘʢʫʶ ʞʝ ʢʦʥʬʠʛʫʨʘʮʠʶ, ʯʪʦ ʠ ʚ ʠʩʭʦʜʥʦʤ ʜʠʦʣʝ. ʇʨʠ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ E ʘʣʶʤʦʛʠʜʨʠʜʦʤ ʣʠʪʠʷ ʧʨʦʠʩʭʦʜʠʪ ʨʘʩʢʨʳʪʠʝ ʵʧʦʢʩʠʜʥʦʛʦ 

ʮʠʢʣʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʚʪʦʨʠʯʥʦʛʦ ʩʧʠʨʪʘ F (ʪʘʢ ʢʘʢ ʵʪʘ ʨʝʘʢʮʠʷ ʪʘʢʞʝ 

ʧʨʦʪʝʢʘʝʪ ʧʦ ʤʝʭʘʥʠʟʤʫ SN2, ʪʦ ʨʘʩʢʨʳʪʠʝ ʮʠʢʣʘ ʠʜʸʪ ʩʦ ʩʪʦʨʦʥʳ ʤʝʥʝʝ 

ʟʘʤʝʱʸʥʥʦʛʦ ʘʪʦʤʘ ʫʛʣʝʨʦʜʘ). ʄʝʟʠʣʠʨʦʚʘʥʠʝ ʛʠʜʨʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʳ ʧʦʟʚʦʣʷʝʪ 

ʧʨʝʚʨʘʪʠʪʴ ʝʸ ʠʟ ʧʣʦʭʦʡ ʫʭʦʜʷʱʝʡ ʛʨʫʧʧʳ ʚ ʭʦʨʦʰʫʶ ʠ ʟʘʪʝʤ ʟʘʤʝʩʪʠʪʴ ʥʘ 

ʘʟʠʜʥʫʶ ʛʨʫʧʧʫ; ʪʘʢ ʢʘʢ ʨʝʘʢʮʠʷ ʠʜʸʪ ʧʦ ʤʝʭʘʥʠʟʤʫ SN2, ʧʨʠ ʵʪʦʤ ʧʨʦʠʩʭʦʜʠʪ 

ʦʙʨʘʱʝʥʠʝ ʢʦʥʬʠʛʫʨʘʮʠʠ ʭʠʨʘʣʴʥʦʛʦ ʮʝʥʪʨʘ. ɻʠʜʨʠʨʦʚʘʥʠʝ ʘʟʠʜʘ G ʥʘ 

ʧʘʣʣʘʜʠʝʚʦʤ ʢʘʪʘʣʠʟʘʪʦʨʝ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʘʤʠʥ H (80.0% ʉ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʬʦʨʤʫʣʝ ʉ9ʅ13N), ʢʦʪʦʨʳʡ ʟʘʪʝʤ ʘʮʠʣʠʨʫʶʪ ʜʠ-ʪʨʝʪ-ʙʫʪʠʣʜʠʢʘʨʙʦʥʘʪʦʤ 
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(Boc2O). ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʧʦʣʫʯʝʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ I  ʘʣʶʤʦʛʠʜʨʠʜʦʤ ʣʠʪʠʷ ʚ 

ʧʨʠʥʮʠʧʝ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʨʘʟʥʳʤ ʧʨʦʜʫʢʪʘʤ. ʆʜʥʘʢʦ ʠʟ ʙʨʫʪʪʦ-ʬʦʨʤʫʣʳ 

ʩʦʝʜʠʥʝʥʠʷ Z ʩʣʝʜʫʝʪ, ʯʪʦ ʵʪʦ ʚʝʱʝʩʪʚʦ ʥʝ ʩʦʜʝʨʞʠʪ ʢʠʩʣʦʨʦʜʘ; ʧʦ-ʚʠʜʠʤʦʤʫ, 

ʪʦ ʞʝ ʩʘʤʦʝ ʤʦʞʥʦ ʩʢʘʟʘʪʴ ʠ ʦ ʩʦʝʜʠʥʝʥʠʠ J. ʇʨʠ ʵʪʦʤ ʝʩʣʠ ʬʦʨʤʫʣʘ Z ï 

ʉ13ʅ17N, ʘ ʧʨʠ ʧʨʝʚʨʘʱʝʥʠʠ J ʚ Z ʚ ʤʦʣʝʢʫʣʫ ʚʭʦʜʠʪ 3 ʘʪʦʤʘ ʫʛʣʝʨʦʜʘ ʠ ʜʚʘ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʘʪʦʤʘ ʚʦʜʦʨʦʜʘ, ʪʦ ʬʦʨʤʫʣʘ J ï ʉ10ʅ15N. ʋʯʠʪʳʚʘʷ ʬʦʨʤʫʣʫ ʅ, 

ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʩʫʤʤʘʨʥʦʝ ʧʨʝʚʨʘʱʝʥʠʝ ʅ ʚ J ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʟʘʤʝʱʝʥʠʝ ʘʪʦʤʘ ʚʦʜʦʨʦʜʘ ʥʘ ʛʨʫʧʧʫ ʉʅ3. ɿʥʘʯʠʪ, ʪʨʝʪ-ʙʫʪʦʢʩʠʢʘʨʙʦʥʠʣʴʥʘʷ 

ʛʨʫʧʧʘ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʘʣʶʤʦʛʠʜʨʠʜʦʤ ʣʠʪʠʷ ʜʦ ʤʝʪʠʣʴʥʦʡ ʛʨʫʧʧʳ. ʅʘ 

ʧʦʩʣʝʜʥʝʡ ʩʪʘʜʠʠ ʘʤʠʥ J ʘʣʢʠʣʠʨʫʝʪʩʷ ʧʨʦʧʘʨʛʠʣʙʨʦʤʠʜʦʤ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʩʝʣʝʛʠʣʠʥʘ Z. 

 

ʉʠʩʪʝʤʘ ʦʮʝʥʠʚʘʥʠʷ: 

1. ʉʪʨʫʢʪʫʨʥʳʝ ʬʦʨʤʫʣʳ ʜʦʬʘʤʠʥʘ ʠ X ï ʧʦ 1 ʙʘʣʣʫ 2 ʙʘʣʣʘ 

2. ʉʪʨʫʢʪʫʨʥʳʝ ʬʦʨʤʫʣʳ AïJ, Y ʠ Z ï ʧʦ 1.5 ʙʘʣʣʘ (ʧʨʠ 

ʥʝʧʨʘʚʠʣʴʥʦʡ ʩʪʝʨʝʦʭʠʤʠʠ ï ʧʦ 1 ʙʘʣʣʫ) 

18 ʙʘʣʣʦʚ 

 ʀʊʆɻʆ:  20 ʙʘʣʣʦʚ 
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ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ 11-4 (ɿʠʤʘ ɸ.ʄ.) 

1. ʌʝʨʤʝʥʪʳ ï ʙʝʣʢʦʚʳʝ ʤʦʣʝʢʫʣʳ, ʤʦʣʝʢʫʣʳ ʈʅʂ ʠʣʠ ʠʭ ʢʦʤʧʣʝʢʩʳ, 

ʫʩʢʦʨʷʶʱʠʝ ʭʠʤʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ ʚ ʞʠʚʳʭ ʩʠʩʪʝʤʘʭ. ʆʪ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʦʥʠ ʦʪʣʠʯʘʶʪʩʷ ʚʳʩʦʢʦʡ ʩʧʝʮʠʬʠʯʥʦʩʪʴʶ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ, ʘ 

ʪʘʢʞʝ ʩʧʦʩʦʙʥʦʩʪʴʶ ʨʘʙʦʪʳ ʪʦʣʴʢʦ ʚ ʦʛʨʘʥʠʯʝʥʥʦʤ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ, 

ʜʘʚʣʝʥʠʡ ʠ ʢʠʩʣʦʪʥʦʩʪʠ ʩʨʝʜʳ. 

2. ʀʟ ʧʨʠʚʝʜʸʥʥʦʡ ʩʭʝʤʳ ʚʠʜʥʦ, ʯʪʦ ʧʨʝʚʨʘʱʝʥʠʝ ʚʝʱʝʩʪʚʘ Y ʚ ʤʝʣʘʪʦʥʠʥ 

Z ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʝʪʠʣʠʨʦʚʘʥʠʝ ʛʠʜʨʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʳ 

ʜʠʤʝʪʠʣʩʫʣʴʬʘʪʦʤ. ʂ ʪʘʢʦʤʫ ʞʝ ʚʳʚʦʜʫ ʤʦʞʥʦ ʧʨʠʡʪʠ, ʩʦʧʦʩʪʘʚʣʷʷ ʙʨʫʪʪʦ-

ʬʦʨʤʫʣʳ ʵʪʠʭ ʚʝʱʝʩʪʚ, ʢʦʪʦʨʳʝ ʦʪʣʠʯʘʶʪʩʷ ʥʘ ʬʨʘʛʤʝʥʪ CH2. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ 

ʣʦʛʠʯʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʥʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʧʨʦʠʩʭʦʜʠʪ ʘʮʠʣʠʨʦʚʘʥʠʝ, ʠ 

ʩʝʨʦʪʦʥʠʥ (X) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 5-ʛʠʜʨʦʢʩʠʪʨʠʧʪʘʤʠʥ. ʅʘ ʪʘʢʫʶ ʩʪʨʫʢʪʫʨʫ 

ʫʢʘʟʳʚʘʝʪ ʠ ʜʚʫʭʩʪʘʜʠʡʥʳʡ ʙʠʦʭʠʤʠʯʝʩʢʠʡ ʩʠʥʪʝʟ ʩʝʨʦʪʦʥʠʥʘ ʠʟ ʪʨʠʧʪʦʬʘʥʘ 

ʧʫʪʸʤ ʬʝʨʤʝʥʪʘʪʠʚʥʦʛʦ ʛʠʜʨʦʢʩʠʣʠʨʦʚʘʥʠʷ ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʢʦʣʴʮʘ ʠ 

ʜʝʢʘʨʙʦʢʩʠʣʠʨʦʚʘʥʠʷ ʘʤʠʥʦʢʠʩʣʦʪʳ. 

 

3. ʇʨʠ ʜʝʡʩʪʚʠʠ ʫʢʩʫʩʥʦʛʦ ʘʥʛʠʜʨʠʜʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʦʩʥʦʚʘʥʠʷ ʥʘʨʷʜʫ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʘʤʠʜʘ ʧʨʦʪʝʢʘʝʪ ʘʮʠʣʠʨʦʚʘʥʠʝ ʛʠʜʨʦʢʩʠ-ʛʨʫʧʧʳ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʩʣʦʞʥʦʛʦ ʵʬʠʨʘ. ʂʨʦʤʝ ʪʦʛʦ, ʚʦʟʤʦʞʥʦ ʘʮʠʣʠʨʦʚʘʥʠʝ ʫʞʝ ʦʙʨʘʟʦʚʘʚʰʝʛʦʩʷ 

ʘʤʠʜʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʠʤʠʜʘ ïN(COCH3)2. ʇʦʵʪʦʤʫ ʟʘ ʧʨʘʚʠʣʴʥʳʡ ʦʪʚʝʪ 

ʧʨʠʥʠʤʘʝʪʩʷ ʣʶʙʘʷ ʠʟ ʪʨʸʭ ʧʨʠʚʝʜʸʥʥʳʭ ʥʠʞʝ ʩʪʨʫʢʪʫʨ. 

 

4. ʅʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʧʨʦʠʩʭʦʜʠʪ ʥʠʪʨʦʚʘʥʠʝ ʙʝʥʟʘʣʴʜʝʛʠʜʘ ʚ ʤʝʪʘ-

ʧʦʣʦʞʝʥʠʝ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʤ-ʥʠʪʨʦʙʝʥʟʘʣʴʜʝʛʠʜʘ A. ɼʘʣʝʝ ʩʣʝʜʫʝʪ 
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ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʥʠʪʨʦʛʨʫʧʧʳ ʚ ʘʤʠʥʦʛʨʫʧʧʫ, ʧʨʠʯʸʤ ʠʟ ʤʦʣʝʢʫʣʷʨʥʦʡ ʬʦʨʤʫʣʳ 

ʚʠʜʥʦ, ʯʪʦ ʢʘʨʙʦʥʠʣʴʥʘʷ ʛʨʫʧʧʘ ʥʝ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ, ʘ ʥʘʣʠʯʠʝ ʘʪʦʤʘ ʭʣʦʨʘ 

ʫʢʘʟʳʚʘʝʪ, ʯʪʦ ʚʝʱʝʩʪʚʦ B ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʦʣʴ. ɼʠʘʟʦʪʠʨʦʚʘʥʠʝ 

ʧʦʣʫʯʝʥʥʦʛʦ ʘʥʠʣʠʥʘ ʧʨʠ ʜʝʡʩʪʚʠʠ NaNO2 ʧʨʠʚʦʜʠʪ ʢ ʩʦʣʠ ʜʠʘʟʦʥʠʷ, ʚ ʢʦʪʦʨʦʡ 

ʜʠʘʟʦʛʨʫʧʧʘ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʟʘʤʝʱʘʝʪʩʷ ʥʘ ʛʠʜʨʦʢʩʠʣʴʥʫʶ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 3-

ʛʠʜʨʦʢʩʠʙʝʥʟʘʣʴʜʝʛʠʜʘ (ʉ). ʉʣʝʜʫʶʱʘʷ ʩʪʘʜʠʷ ï ʥʠʪʨʦʚʘʥʠʝ. ʀʟ ʙʨʫʪʪʦ-

ʬʦʨʤʫʣʳ D ʩʣʝʜʫʝʪ, ʯʪʦ ʚ ʤʦʣʝʢʫʣʝ ʉ ʧʨʦʠʩʭʦʜʠʪ ʟʘʤʝʱʝʥʠʝ ʦʜʥʦʛʦ ʘʪʦʤʘ 

ʚʦʜʦʨʦʜʘ ʥʘ ʥʠʪʨʦʛʨʫʧʧʫ. ʀʟ ʩʪʨʫʢʪʫʨʳ ʦʪʢʨʳʪʦʛʦ ʠʥʪʝʨʤʝʜʠʘʪʘ ʤʦʞʥʦ ʩʜʝʣʘʪʴ 

ʚʳʚʦʜ, ʯʪʦ ʥʠʪʨʦʚʘʥʠʝ ʠʜʸʪ ʧʦ ʧʘʨʘ-ʧʦʣʦʞʝʥʠʶ ʢ ʛʠʜʨʦʢʩʠʛʨʫʧʧʝ, 

ʘʣʢʠʣʠʨʦʚʘʥʠʝ ʢʦʪʦʨʦʡ ʙʝʥʟʠʣʙʨʦʤʠʜʦʤ ʜʘʸʪ ʩʦʝʜʠʥʝʥʠʝ E. ʂʘʢ ʫʢʘʟʘʥʦ ʚ 

ʫʩʣʦʚʠʠ, ʧʨʝʚʨʘʱʝʥʠʝ E ʚ F ʷʚʣʷʝʪʩʷ ʨʘʟʥʦʚʠʜʥʦʩʪʴʶ ʘʣʴʜʦʣʴʥʦ-ʢʨʦʪʦʥʦʚʦʡ 

ʢʦʥʜʝʥʩʘʮʠʠ. ʇʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʧʨʠʩʫʪʩʪʚʫʶʱʝʡ ʚ ɽ ʘʣʴʜʝʛʠʜʥʦʡ ʛʨʫʧʧʳ ʩ 

ʥʠʪʨʦʤʝʪʘʥʦʤ ʦʙʨʘʟʫʝʪʩʷ ʥʠʪʨʦʘʣʢʝʥ F (ʨʝʘʢʮʠʷ ɸʥʨʠ), ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ 

ʙʨʫʪʪʦ-ʬʦʨʤʫʣʦʡ ʩʦʝʜʠʥʝʥʠʷ. ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʥʠʪʨʦʛʨʫʧʧʳ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʮʠʢʣʠʟʘʮʠʝʡ, ʧʨʠʚʦʜʷʱʝʡ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 5-ʙʝʥʟʠʣʦʢʩʠʠʥʜʦʣʘ, ʩʪʨʫʢʪʫʨʘ 

ʢʦʪʦʨʦʛʦ ʧʨʠʚʝʜʝʥʘ ʚ ʫʩʣʦʚʠʠ. ʇʦʣʫʯʝʥʠʝ ʩʦʝʜʠʥʝʥʠʷ G ï ʨʝʘʢʮʠʷ 

ʘʤʠʥʦʤʝʪʠʣʠʨʦʚʘʥʠʷ (ʨʝʘʢʮʠʷ ʄʘʥʥʠʭʘ). ɸʪʘʢʘ ʠʥʜʦʣʴʥʦʛʦ ʮʠʢʣʘ 

ʵʣʝʢʪʨʦʬʠʣʴʥʳʤʠ ʘʛʝʥʪʘʤʠ ʠʜʸʪ ʧʦ ʘʪʦʤʫ ʉ(3). ɼʘʞʝ ʥʝ ʟʥʘʷ ʵʪʦʛʦ, 

ʥʘʧʨʘʚʣʝʥʠʝ ʘʤʠʥʦʤʝʪʠʣʠʨʦʚʘʥʠʷ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʠʟ ʨʘʩʧʦʣʦʞʝʥʠʷ 

ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʩʪʨʫʢʪʫʨʝ ʚʝʱʝʩʪʚʘ Z, ʧʨʠʚʝʜʸʥʥʦʡ ʚ ʫʩʣʦʚʠʠ ʨʝʘʢʮʠʠ. ɼʘʣʝʝ 

ʪʨʝʪʠʯʥʳʡ ʘʤʠʥ ʤʝʪʠʣʠʨʫʝʪʩʷ ʤʝʪʠʣʠʦʜʠʜʦʤ, ʘ ʦʙʨʘʟʫʶʱʘʷʩʷ 

ʪʝʪʨʘʘʣʢʠʣʘʤʤʦʥʠʝʚʘʷ ʩʦʣʴ ʨʝʘʛʠʨʫʝʪ ʩ ʮʠʘʥʠʜʦʤ ʢʘʣʠʷ. ʉʪʨʦʝʥʠʝ ʧʨʦʜʫʢʪʘ ʅ 

ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʧʨʠʚʝʜʸʥʥʦʡ ʙʨʫʪʪʦ-ʬʦʨʤʫʣʦʡ, ʘ ʪʘʢʞʝ ʪʝʤ, ʯʪʦ ʚ ʩʝʨʦʪʦʥʠʥʝ 

ʧʨʠʩʫʪʩʪʚʫʝʪ ʬʨʘʛʤʝʥʪ CH2CH2NH2, ʦʙʨʘʟʫʶʱʠʡʩʷ ʧʨʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ 

ʥʠʪʨʠʣʘ ʘʣʶʤʦʛʠʜʨʠʜʦʤ ʣʠʪʠʷ. ʋʜʘʣʝʥʠʝ ʛʠʜʨʦʛʝʥʦʣʠʟʦʤ ʙʝʥʟʠʣʴʥʦʡ ʟʘʱʠʪʳ ʚ 

ʦʙʨʘʟʦʚʘʚʰʝʤʩʷ 5-(ʙʝʥʟʠʣʦʢʩʠ)ʪʨʠʧʪʘʤʠʥʝ I  ʟʘʚʝʨʰʘʝʪ ʩʠʥʪʝʟ ʠʩʢʦʤʦʛʦ 

ʩʝʨʦʪʦʥʠʥʘ (X). 
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ʉʠʩʪʝʤʘ ʦʮʝʥʠʚʘʥʠʷ: 

1. ʆʧʨʝʜʝʣʝʥʠʝ ʜʣʷ ʬʝʨʤʝʥʪʦʚ ʠ ʦʪʣʠʯʠʷ ʦʪ ʧʨʦʤʳʰʣʝʥʥʦʛʦ 

ʢʘʪʘʣʠʟʘ ʧʦ 1 ʙʘʣʣʫ  
2 ʙʘʣʣʘ 

2. ʉʪʨʫʢʪʫʨʥʳʝ ʬʦʨʤʫʣʳ X ʠ Y ʧʦ 1.5 ʙʘʣʣʘ 3 ʙʘʣʣʘ 

3. ʉʪʨʫʢʪʫʨʥʘʷ ʬʦʨʤʫʣʘ ʦʜʥʦʛʦ ʠʟ ʚʦʟʤʦʞʥʳʭ ʧʦʙʦʯʥʳʭ 

ʧʨʦʜʫʢʪʦʚ ʚ ʩʠʥʪʝʟʝ Y ʠʟ X 

1.5 ʙʘʣʣʘ 

4. ʉʪʨʫʢʪʫʨʥʳʝ ʬʦʨʤʫʣʳ ʧʨʦʜʫʢʪʦʚ AïI  ʧʦ 1.5 ʙʘʣʣʘ 13.5 ʙʘʣʣʘ 

 ʀʊʆɻʆ:  20 ʙʘʣʣʦʚ 

 

ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ 11-5 (ɽʨʝʤʠʥ ɺ.ɺ.) 

1.  CO2 + 4H2  CH4 + 2H2O  ʧʨʦʜʫʢʪ I  ï CH4 

 CO2 + H2  CO + H2O    ʧʨʦʜʫʢʪ II  ï CO 

2. ɼʘʚʣʝʥʠʝ ʫʤʝʥʴʰʘʝʪʩʷ ʪʦʣʴʢʦ ʚ ʧʝʨʚʦʡ ʨʝʘʢʮʠʠ: ʠʟ 5 ʤʦʣʝʢʫʣ 

ʧʦʣʫʯʘʝʪʩʷ 3, ʦʜʥʘ ʠʟ ʢʦʪʦʨʳʭ ï CH4. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʘʨʮʠʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ 

ʤʝʪʘʥʘ ʨʘʚʥʦ ʧʦʣʦʚʠʥʝ ʦʪ ʫʤʝʥʴʰʝʥʠʷ ʦʙʱʝʛʦ ʜʘʚʣʝʥʠʷ: 

 p(CH4) = (pʦʙ(ɦ0) ī pʦʙ(ɦ5 ʤʠʥ)) / 2 = (1.20 ī 1.08) / 2 = 0.06 ʘʪʤ. 

 p1(H2O) = 2p(CH4) = 0.12 ʘʪʤ, 

 p2(H2O) = 0.16 ī 0.12 = 0.04 ʘʪʤ, 

 p(CO) = p2(H2O) = 0.04 ʘʪʤ. 

ʉʝʣʝʢʪʠʚʥʦʩʪʴ ʢʘʪʘʣʠʟʘʪʦʨʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ CH4: 

 (CH4) / ( (CH4) + (CO)) = p(CH4) / (p(CH4) + p(CO)) = 0.06 / 0.10 = 0.6 = 

60 %. 
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3. ɼʘʚʣʝʥʠʝ ʤʝʪʘʥʘ ʚʦ ʚʪʦʨʦʤ ʦʧʳʪʝ: p2(CH4) = (1.70 ī 1.52) / 2 = 0.09 ʘʪʤ. 

ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʝʨʚʳʤ ʦʧʳʪʦʤ, ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʜʘʚʣʝʥʠʷ ʚʦʜʦʨʦʜʘ ʚ 1.5 

ʨʘʟʘ ʩʢʦʨʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʤʝʪʘʥʘ ʪʘʢʞʝ ʫʚʝʣʠʯʠʣʘʩʴ ʚ 1.5 ʨʘʟʘ. ʇʦʨʷʜʦʢ ʧʦ H2: 

y = 1. 

ɼʘʚʣʝʥʠʝ ʤʝʪʘʥʘ ʚ ʪʨʝʪʴʝʤ ʦʧʳʪʝ: p3(CH4) = (0.60 ī 0.56) / 2 = 0.02 ʘʪʤ. 

ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʝʨʚʳʤ ʦʧʳʪʦʤ ʦʥʦ ʫʤʝʥʴʰʠʣʦʩʴ ʚ 3 ʨʘʟʘ, ʠʟ ʥʠʭ ï ʚ 2 

ʨʘʟʘ ʟʘ ʩʯʝʪ ʫʤʝʥʴʰʝʥʠʷ ʜʘʚʣʝʥʠʷ H2 (ʧʝʨʚʳʡ ʧʦʨʷʜʦʢ ʧʦ H2) ʠ ʚ 1.5 ʨʘʟʘ ï ʟʘ 

ʩʯʝʪ ʜʚʫʢʨʘʪʥʦʛʦ ʫʤʝʥʴʰʝʥʠʷ ʜʘʚʣʝʥʠʷ CO2.  

1.5 2, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʦʨʷʜʦʢ ʧʦ CO2: x = 1/2 (ʧʨʠʥʠʤʘʶʪʩʷ ʠ ʜʨʫʛʠʝ 

ʙʣʠʟʢʠʝ ʟʥʘʯʝʥʠʷ). 

ɼʘʚʣʝʥʠʝ ʤʝʪʘʥʘ ʚ ʯʝʪʚʝʨʪʦʤ ʦʧʳʪʝ: p4(CH4) = (1.20 ī 0.90) / 2 = 0.15 ʘʪʤ. 

ʉʨʘʚʥʠʤ ʩ ʧʝʨʚʳʤ ʦʧʳʪʦʤ. ʇʨʠ ʥʘʛʨʝʚʘʥʠʠ ʦʪ 623 ʜʦ 663 ʂ ʩʢʦʨʦʩʪʴ 

ʨʝʘʢʮʠʠ ʧʨʠ ʦʜʠʥʘʢʦʚʳʭ ʥʘʯʘʣʴʥʳʭ ʜʘʚʣʝʥʠʷʭ CO2 ʠ H2 ʫʚʝʣʠʯʠʣʘʩʴ ʚ 

0.15/0.06 = 2.5 ʨʘʟʘ. ʕʥʝʨʛʠʷ ʘʢʪʠʚʘʮʠʠ: 

1 2 2

2 1 1

8.314 623 663
ln ln(2.5) 79000

40
a

RTT r
E

T T r
 ɼʞ/ʤʦʣʴ = 79 ʢɼʞ/ʤʦʣʴ. 

4. ʇʨʠ ʦʩʚʝʱʝʥʠʠ ʢʘʪʘʣʠʟʘʪʦʨʘ ʩʢʦʨʦʩʪʴ ʨʝʘʢʮʠʠ ʫʚʝʣʠʯʠʣʘʩʴ ʚ 10 ʨʘʟ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 623 ʂ. ɿʘʧʠʰʝʤ ʜʚʘ ʫʨʘʚʥʝʥʠʷ ɸʨʨʝʥʠʫʩʘ (ʧʦʣʘʛʘʝʤ, ʯʪʦ ʢʦʥʩʪʘʥʪʘ 

ʚ ʫʨʘʚʥʝʥʠʠ ɸʨʨʝʥʠʫʩʘ ï ʦʜʥʘ ʠ ʪʘ ʞʝ): 

 
ʪʝʤʥ

ʪʝʤʥln const
E

k
RT
, ʛʜʝ Eʪʝʤʥ = 79 ʢɼʞ/ʤʦʣʴ, 

 
ʩʚʝʪ

ʩʚʝʪln const
E

k
RT

. 

ʇʦ ʫʩʣʦʚʠʶ, kʩʚʝʪ = 10kʪʝʤʥ. ʆʪʩʶʜʘ ʥʘʭʦʜʠʤ Eʩʚʝʪ: 

 

ʪʝʤʥ ʩʚʝʪ

ʩʚʝʪ ʪʝʤʥ

ln(10) ,

ln(10) 67 ʢɼʞ/ʤʦʣʴ

E E

RT RT

E E RT
 

5.  CO2(ʛ) + 2(*)   CO*  + O*  

  H2(ʛ) + 2(*)   2H*  

  CO*  + H*   CHO* + (*)  
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  CHO* + (*)   CH*  + O*  

  CH*  + 3H*   CH4(ʛ) + 4(*)  

  O*  + 2H*   H2O(ʛ) + 3(*)  

6. ʋʜʝʣʴʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʢʘʪʘʣʠʟʘʪʦʨʘ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʯʠʩʣʘ ʯʘʩʪʠʮ, ʧʦʵʪʦʤʫ 

ʚʦʟʴʤʝʤ ʦʜʥʫ ʯʘʩʪʠʮʫ ʠ ʥʘʡʜʝʤ ʝʝ ʧʦʚʝʨʭʥʦʩʪʴ ʠ ʤʘʩʩʫ. 

 S(ʯʘʩʪʠʮʳ) = 637
2
 = 8214 ʥʤ

2
 = 8.21410

ī15
 ʤ

2
, 

 m(ʯʘʩʪʠʮʳ) = V = 12.4 ʛ/ʩʤ
3
  (37 10

ī7
 ʩʤ)

3
 = 6.2810

ī16
 ʛ, 

 Sʫʜ = S / m = 13 ʤ
2
/ʛ.  

ʕʪʦ ï ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʘʷ ʚʝʣʠʯʠʥʘ. 

 ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʯʘʩʪʠʮʘʤʠ ʢʘʪʘʣʠʟʘʪʦʨʘ ʥʘ 

ʧʦʜʣʦʞʢʝ, ʩʥʘʯʘʣʘ ʥʘʡʜʝʤ ʯʠʩʣʦ ʯʘʩʪʠʮ. ʄʘʩʩʘ ʯʘʩʪʠʮʳ ʠʟʚʝʩʪʥʘ, ʨʘʩʩʯʠʪʘʝʤ 

ʦʙʱʫʶ ʤʘʩʩʫ ʤʝʪʘʣʣʘ. 

 (Rh) = (RhCl3 3H2O) = 1210
ī3

 ʛ / 263.5 ʛ/ ʤʦʣʴ = 4.5510
ī5

 ʤʦʣʴ, 

 m(Rh) = 4.5510
ī5

 ʤʦʣʴ  103 ʛ/ʤʦʣʴ = 4.6910
ī3

 ʛ. 

ʏʠʩʣʦ ʯʘʩʪʠʮ: N = 4.6910
ī3

 / 6.2810
ī16

 = 7.4710
12

. 

ʇʨʠ ʨʘʚʥʦʤʝʨʥʦʤ ʟʘʧʦʣʥʝʥʠʠ ʧʦʜʣʦʞʢʠ ʥʘ ʦʜʥʫ ʯʘʩʪʠʮʫ ʢʘʪʘʣʠʟʘʪʦʨʘ 

ʧʨʠʭʦʜʠʪʩʷ ʧʣʦʱʘʜʴ: 10 / 7.4710
12

 = 1.3410
ī12

 ʤ
2
. ʂʦʨʝʥʴ ʠʟ ʵʪʦʡ ʚʝʣʠʯʠʥʳ ʠ 

ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʩʨʝʜʥʠʤ ʨʘʩʩʪʦʷʥʠʝʤ ʤʝʞʜʫ ʯʘʩʪʠʮʘʤʠ l:  

 l = (1.3410
ī12

)
1/2

 = 1.1610
ī6

 ʤ, 

ʦʪʥʦʰʝʥʠʝ ʨʘʩʩʪʦʷʥʠʷ ʢ ʨʘʟʤʝʨʫ ʯʘʩʪʠʮʳ, a = 37 ʥʤ: 

 l / ʘ = 1.1610
ī6

 / 3710
ī9

 = 31. 

ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʯʘʩʪʠʮʘʤʠ ʚ 31 ʨʘʟ ʧʨʝʚʳʰʘʝʪ ʨʘʟʤʝʨ ʯʘʩʪʠʮ, ʧʦʵʪʦʤʫ 

ʠʭ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʠʟʦʣʠʨʦʚʘʥʥʳʤʠ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. 

ʆʪʚʝʪʳ. 

 2. 0.06 ʘʪʤ CH4, 0.04 ʘʪʤ CO. ʉʝʣʝʢʪʠʚʥʦʩʪʴ 60%. 

 3. ʇʦʨʷʜʦʢ 0.5 ʧʦ CO2, 1 ʧʦ H2. Ea = 79 ʢɼʞ/ʤʦʣʴ. 

 4. 67 ʢɼʞ/ʤʦʣʴ. 

 6. 13 ʤ
2
/ʛ. ɺ 31 ʨʘʟ. 
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ʉʠʩʪʝʤʘ ʦʮʝʥʠʚʘʥʠʷ 

 ʕʣʝʤʝʥʪʳ ʨʝʰʝʥʠʷ ʆʮʝʥʢʘ 

1. ɿʘ ʢʘʞʜʦʝ ʫʨʘʚʥʝʥʠʝ ï 1 ʙʘʣʣ 

(ʩ ʥʝʧʨʘʚʠʣʴʥʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ï 0.5 ʙʘʣʣʘ); 
2 ʙʘʣʣʘ 

2. ʇʦ 1 ʙʘʣʣʫ ʟʘ ʧʘʨʮʠʘʣʴʥʳʝ ʜʘʚʣʝʥʠʷ CH4 ʠ CO ʠ ʟʘ 

ʩʝʣʝʢʪʠʚʥʦʩʪʴ; 
3 ʙʘʣʣʘ 

3. ɿʘ ʢʘʞʜʳʡ ʧʦʨʷʜʦʢ ʧʦ 2 ʙʘʣʣʘ; 

ɿʘ ʵʥʝʨʛʠʶ ʘʢʪʠʚʘʮʠʠ 2 ʙʘʣʣʘ ; 

ʆʪʚʝʪʳ ʙʝʟ ʨʘʩʯʝʪʦʚ ï 0 ʙʘʣʣʦʚ; 

6 ʙʘʣʣʦʚ 

4. ʇʨʘʚʠʣʴʥʳʡ ʦʪʚʝʪ 

(ɽʩʣʠ ʚ ʧʨʝʜʳʜʫʱʝʤ ʧʫʥʢʪʝ ʵʥʝʨʛʠʷ ʘʢʪʠʚʘʮʠʠ ʥʝ ʥʘʡʜʝʥʘ, ʘ ʚ 

ʜʘʥʥʦʤ ʧʫʥʢʪʝ ʨʘʩʩʯʠʪʘʥʦ ʫʤʝʥʴʰʝʥʠʝ ʵʥʝʨʛʠʠ ʘʢʪʠʚʘʮʠʠ ï 

ʩʪʘʚʠʪʩʷ ʧʦʣʥʳʡ ʙʘʣʣ) 

ʆʪʚʝʪʳ ʙʝʟ ʨʘʩʯʝʪʦʚ ï 0 ʙʘʣʣʦʚ 

2 ʙʘʣʣʘ 

5. ɿʘ ʢʘʞʜʦʝ ʫʨʘʚʥʝʥʠʝ ʧʦ 0.5 ʙʘʣʣʘ; 

ɽʩʣʠ ʥʝ ʫʢʘʟʘʥ ʩʚʦʙʦʜʥʳʡ ʮʝʥʪʨ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ï 0 ʙʘʣʣʦʚ. 
3 ʙʘʣʣʘ 

6. ʋʜʝʣʴʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ï 2 ʙʘʣʣʘ. 

ʉʨʝʜʥʝʝ ʨʘʩʩʪʦʷʥʠʝ ï 2 ʙʘʣʣʘ, ʠʟ ʥʠʭ: 

    ʯʠʩʣʦ ʤʦʣʝʡ ʨʦʜʠʷ ï 0.5 ʙʘʣʣʘ, 

    ʯʠʩʣʦ ʥʘʥʦʯʘʩʪʠʮ ï 0.5 ʙʘʣʣʘ, 

    ʦʪʥʦʰʝʥʠʝ ʨʘʟʤʝʨʦʚ ï 1 ʙʘʣʣ 

ʆʪʚʝʪʳ ʙʝʟ ʨʘʩʯʝʪʦʚ ï 0 ʙʘʣʣʦʚ 

4 ʙʘʣʣʘ 

 ʀʊʆɻʆ: 20 ʙʘʣʣʦʚ 
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ʈʝʰʝʥʠʝ ʟʘʜʘʥʠʡ ʚʪʦʨʦʛʦ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʪʫʨʘ 

ʅʝʦʨʛʘʥʠʯʝʩʢʘʷ ʭʠʤʠʷ 

ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ 1 (ɽʣʴʥʷʢʦʚ ɼ.ɼ.) 

1. ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʞʠʜʢʦʩʪʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ. ɻʘʟ, 

ʚʳʜʝʣʷʶʱʠʡʩʷ ʥʘ ʧʝʨʚʦʤ ʵʣʝʢʪʨʦʜʝ (ʘʥʦʜʝ) ״ ʧʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, ʭʣʦʨ, ʪʘʢ ʢʘʢ 

ʧʨʠ ʧʨʦʧʫʩʢʘʥʠʠ ʝʛʦ ʯʝʨʝʟ ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ KI ʧʦʷʚʣʷʝʪʩʷ ʠ ʟʘʪʝʤ ʠʩʯʝʟʘʝʪ 

ʢʦʨʠʯʥʝʚʘʷ ʦʢʨʘʩʢʘ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʢʠʩʣʝʥʠʶ I
 ״

 ʚ I2 (ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʪʨʠʠʦʜʠʜʘ I3
״
, ʜʘʶʱʝʛʦ ʢʦʨʠʯʥʝʚʫʶ ʦʢʨʘʩʢʫ) ʠ ʜʘʣʝʝ ʚ IO3

״
 (ʩʤ. 

ʫʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʡ ʥʠʞʝ). ɸʣʴʪʝʨʥʘʪʠʚʥʳʡ ʚʘʨʠʘʥʪ ״ ʢʠʩʣʦʨʦʜ ״ ʦʢʠʩʣʷʝʪ 

ʡʦʜʠʜ-ʠʦʥ ʩʣʠʰʢʦʤ ʤʝʜʣʝʥʥʦ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʚ ʨʝʟʫʣʴʪʘʪʝ ʟʘ ʢʦʨʦʪʢʦʝ ʚʨʝʤʷ 

ʨʘʩʪʚʦʨ ʧʨʠʦʙʨʸʣ ʟʘʤʝʪʥʫʶ ʦʢʨʘʩʢʫ. ʇʨʠ ʵʪʦʤ ʚ ʥʘʯʘʣʝ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʚʳʜʝʣʝʥʠʝ ʛʘʟʘ ʥʘ ʚʪʦʨʦʤ ʵʣʝʢʪʨʦʜʝ (ʢʘʪʦʜʝ) ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ, ʘ ʝʛʦ ʤʘʩʩʘ 

ʫʚʝʣʠʯʠʣʘʩʴ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʥʘ ʥʸʤ ʧʨʦʪʝʢʘʣ ʧʨʦʮʝʩʩ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠʦʥʘ 

ʥʝʢʦʪʦʨʦʛʦ ʤʝʪʘʣʣʘ. ʊʦ ʝʩʪʴ ʠʩʭʦʜʥʘʷ ʞʠʜʢʦʩʪʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʦʜʥʳʡ 

ʨʘʩʪʚʦʨ ʭʣʦʨʠʜʘ ʤʘʣʦʘʢʪʠʚʥʦʛʦ ʤʝʪʘʣʣʘ. 

ʇʫʩʪʴ ʟʘʨʷʜ ʠʦʥʘ ʵʪʦʛʦ ʤʝʪʘʣʣʘ ʨʘʚʝʥ +m, ʘ ʝʛʦ ʤʦʣʷʨʥʘʷ ʤʘʩʩʘ ״ M. 

ʋʨʘʚʥʝʥʠʝ ʢʘʪʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ: 

Me
m+

 + me
״
 = Me 

ʅʘʯʘʣʦ ʚʳʜʝʣʝʥʠʷ ʥʘ ʢʘʪʦʜʝ ʛʘʟʘ (ʦʯʝʚʠʜʥʦ, ʚʦʜʦʨʦʜʘ) ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t1 

ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʧʨʦʮʝʩʩ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʤʝʪʘʣʣʘ ʧʨʦʪʝʢʘʣ ʚ ʪʝʯʝʥʠʝ ʧʝʨʚʳʭ 

51 ʤʠʥ. 30 ʩʝʢ. ʵʣʝʢʪʨʦʣʠʟʘ. ʅʘʡʜʸʤ ʢʦʣʠʯʝʩʪʚʦ ʵʣʝʢʪʨʦʥʦʚ, ʢʦʪʦʨʳʝ ʙʳʣʠ 

ʧʨʦʧʫʱʝʥʳ ʟʘ ʵʪʦ ʚʨʝʤʷ ʯʝʨʝʟ ʨʘʩʪʚʦʨ: 

0,006405

ʤʦʣʴ
ʂʣ96485

c3090A0,2

F

tI

F

Q
en _

 ʤʦʣʴ, ʛʜʝ 

Q ״ ʩʫʤʤʘʨʥʳʡ ʟʘʨʷʜ, ʧʝʨʝʥʝʩʸʥʥʳʡ ʵʣʝʢʪʨʦʥʘʤʠ ʧʨʠ ʧʨʦʪʝʢʘʥʠʠ ʯʝʨʝʟ 

ʨʘʩʪʚʦʨ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ ʩʠʣʦʡ I ʟʘ ʚʨʝʤʷ t. 

ʄʘʩʩʘ ʦʙʨʘʟʦʚʘʚʰʝʛʦʩʷ ʤʝʪʘʣʣʘ ʨʘʚʥʘ: 

m(Me) = 
1 0,006405M

n(Me) M = n(e ) M =
m m

ʠʣʠ, ʧʦ ʫʩʣʦʚʠʶ, 0,2048 ״ ʛ. 
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ʇʨʝʦʙʨʘʟʫʷ ʧʦʣʫʯʠʚʰʝʝʩʷ ʨʘʚʝʥʩʪʚʦ, ʧʦʣʫʯʘʝʤ: 

M = 31,97502m. 

m 
M, 

ʛ/ʤʦʣʴ 
Mʝ ʂʦʤʤʝʥʪʘʨʠʡ 

+1 å 32 S ʅʝʤʝʪʘʣʣ. 

+2 å 64 Cu ɺʦʟʤʦʞʥʦʝ ʨʝʰʝʥʠʝ. 

+3 å 96 Mo 

ʉʪʘʥʜʘʨʪʥʳʡ ʵʣʝʢʪʨʦʜʥʳʡ ʧʦʪʝʥʮʠʘʣ ʧʘʨʳ Mo
3+

/Mo ʚʳʰʝ, 

ʯʝʤ ʧʦʪʝʥʮʠʘʣ ʩʪʘʥʜʘʨʪʥʦʛʦ ʚʦʜʦʨʦʜʥʦʛʦ ʵʣʝʢʪʨʦʜʘ. ʊʦ ʝʩʪʴ, 

ʧʨʠ ʵʣʝʢʪʨʦʣʠʟʝ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʩʦʣʠ ʭʣʦʨʠʜʘ ʤʦʣʠʙʜʝʥʘ 

(III) ʥʘ ʢʘʪʦʜʝ ʩʨʘʟʫ ʥʘʯʠʥʘʝʪ ʚʳʜʝʣʷʪʴʩʷ ʚʦʜʦʨʦʜ. 

+4 å 128 ״ ״ 

ʅʘ ʵʪʦʤ ʧʝʨʝʙʦʨ ʟʥʘʯʝʥʠʡ m ʤʦʞʥʦ ʦʩʪʘʥʦʚʠʪʴ, ʪʘʢ ʢʘʢ ʠʦʥʳ ʩ ʟʘʨʷʜʦʤ 

ʙʦʣʴʰʝ +4 ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʥʝʩʪʘʙʠʣʴʥʳ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ ʩʦʜʝʨʞʠʪ ʭʣʦʨʠʜ ʤʝʜʠ (II) ʚ ʢʦʣʠʯʝʩʪʚʝ 

0,006405

2
0,0032025 ʤʦʣʴ. 

ʆʜʥʘʢʦ ʚʦʟʥʠʢʘʝʪ ʧʨʦʪʠʚʦʨʝʯʠʝ. 

ɺʦ-ʧʝʨʚʳʭ, ʤʘʩʩʳ ʦʩʘʜʢʦʚ, ʢʦʪʦʨʳʝ ʦʙʨʘʟʫʶʪʩʷ ʧʨʠ ʩʤʝʰʠʚʘʥʠʠ ʨʘʩʪʚʦʨʘ 

X ʩ ʨʘʩʪʚʦʨʘʤʠ Na3PO4 ʠ (CH3COO)2Pb, ʨʘʩʩʯʠʪʘʥʥʳʝ ʠʩʭʦʜʷ ʠʟ ʩʜʝʣʘʥʥʳʭ 

ʨʘʥʝʝ ʧʨʝʜʧʦʣʦʞʝʥʠʡ, ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʫʢʘʟʘʥʥʳʭ ʚ ʫʩʣʦʚʠʠ. 

3CuCl2 + 2Na3PO4 = Cu3(PO4)2Ź + 6NaCl 

m(Cu3(PO4)2) = n(Cu3(PO4)2)ĀM(Cu3(PO4)2) = 
0,0032025

382 /
3

ʤʦʣʴ ʛ ʤʦʣʴ 

=0,4078 ʛ < 0,5080 ʛ 

CuCl2 + (CH3COO)2Pb = PbCl2Ź + (CH3COO)2Cu 

m(PbCl2) = n(PbCl2)ĀM(PbCl2) = 0,0032025 ʤʦʣʴ Ā 278 ʛ/ʤʦʣʴ = 

= 0,8903 ʛ < 1,2541 ʛ 

ɺʦ-ʚʪʦʨʳʭ, ʧʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʚʳʜʝʣʝʥʠʷ ʤʝʜʠ ʥʘ ʢʘʪʦʜʝ, ʥʘ ʘʥʦʜʝ 

ʧʨʦʜʦʣʞʘʝʪ ʚʳʜʝʣʷʪʴʩʷ ʭʣʦʨ. ʊʦ ʝʩʪʴ, ʢʦʣʠʯʝʩʪʚʦ ʠʦʥʦʚ Cl
״
 ʦʢʘʟʳʚʘʝʪʩʷ 

ʙʦʣʴʰʝ, ʯʝʤ ʤʦʛʣʦ ʙʳ ʦʙʨʘʟʦʚʘʪʴʩʷ ʧʨʠ ʜʠʩʩʦʮʠʘʮʠʠ CuCl2. 

ɺʩʸ ʵʪʦ ʥʘʚʦʜʠʪ ʥʘ ʤʳʩʣʴ, ʯʪʦ ʧʦʤʠʤʦ CuCl2 ʚ ʨʘʩʪʚʦʨʝ X ʩʦʜʝʨʞʠʪʩʷ ʝʱʸ 

ʦʜʠʥ ʭʣʦʨʠʜ, ʧʨʠʯʸʤ ʘʢʪʠʚʥʦʛʦ ʤʝʪʘʣʣʘ.  

ʇʫʩʪʴ ʬʦʨʤʫʣʘ ʭʣʦʨʠʜʘ ʥʝʠʟʚʝʩʪʥʦʛʦ ʤʝʪʘʣʣʘ ״ AClk, ʘ ʬʦʨʤʫʣʘ ʝʛʦ 
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ʬʦʩʬʘʪʘ ״ A3(PO4)k, ʛʜʝ +k ״ ʟʘʨʷʜ ʠʦʥʘ ʤʝʪʘʣʘ. ʊʦʛʜʘ: 

2AClk + k(CH3COO)2Pb  = 2(CH3COO)kA + kPbCl2Ź 

3AClk + kNa3PO4 = A3(PO4)kŹ+ 3kNaCl 

nʠʟʙ.(PbCl2) = 
1,2541 0,8903

278 /

ʛ ʛ

ʛ ʤʦʣʴ
=0,001309 ʤʦʣʴ 

m(A3(PO4)k)=n(A3(PO4)k)ĀM(A3(PO4)k)=
2 1

0,001309 (3 95 )
3

A k
k

ʛ, 

ʛʜʝ ɸ ï ʤʦʣʷʨʥʘʷ ʤʘʩʩʘ ʤʝʪʘʣʣʘ. 

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ m(A3(PO4)k) = 0,5080 ʛ 0,4078 ״ ʛ = 0,1002 ʛ, ʪʦʛʜʘ: 

2 1
0,001309 (3 95 )

3
A k

k
=0,1002. 

ʇʦʩʣʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʦʣʫʯʠʚʰʝʛʦʩʷ ʨʘʚʝʥʩʪʚʘ ʠʤʝʝʤ: 

A = 6,61k. 

m M, ʛ/ʤʦʣʴ Me ʂʦʤʤʝʥʪʘʨʠʡ 

+1 å 7 Li  ɺʦʟʤʦʞʥʦʝ ʨʝʰʝʥʠʝ. 

+2 å 14 N ʅʝʤʝʪʘʣʣ. 

+3 å 21 ״ ״ 

+4 å 28 Si ʅʝʤʝʪʘʣʣ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʤʠʤʦ ʭʣʦʨʠʜʘ ʤʝʜʠ (II), ʨʘʩʪʚʦʨ X ʩʦʜʝʨʞʠʪ ʝʱʸ ʠ 

ʭʣʦʨʠʜ ʣʠʪʠʷ ʚ ʢʦʣʠʯʝʩʪʚʝ 0,001309 ʤʦʣʴ Ā 2 = 0,002618 ʤʦʣʴ. 

C(CuCl2) = 
ʣ0,05

ʤʦʣʴ0,0032025
 = 0,06405 ʤʦʣʴ/ʣ 

C(LiCl) = 
ʣ0,05

ʤʦʣʴ26180,00
 = 0,05236 ʤʦʣʴ/ʣ 

2. ɿʘʧʠʰʝʤ ʫʨʘʚʥʝʥʠʷ ʢʘʪʦʜʥʳʭ ʠ ʘʥʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʢʦʪʦʨʳʭ ʚʳʜʝʣʷʣʠʩʴ ʛʘʟʦʦʙʨʘʟʥʳʝ ʧʨʦʜʫʢʪʳ: 

ɸʥʦʜ: 

2Cl
 ״

= Cl2ŷ + 2e
״
  (ʚ ʧʨʦʤʝʞʫʪʢʝ ʦʪ t0 ʜʦ tx) 

2H2O  = O2ŷ + 4H
+
 + 4e

 ״
(ʚ ʧʨʦʤʝʞʫʪʢʝ ʦʪ tx ʜʦ t2) 

ʂʘʪʦʜ: 

2H2O + 2e
״
 = H2ŷ + 2OH

 ״
(ʚ ʧʨʦʤʝʞʫʪʢʝ ʦʪ t1 ʜʦ t2) 



 É ʎʇʄʂ ɺʩʆʐ ʧʦ ʭʠʤʠʠ 

53 

ʛʜʝ tx ״ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ, ʢʦʛʜʘ ʚ ʨʘʩʪʚʦʨʝ çʟʘʢʦʥʯʠʣʠʩʴè ʠʦʥʳ Cl
״
. 

ʂʦʣʠʯʝʩʪʚʦ ʦʙʨʘʟʦʚʘʚʰʝʛʦʩʷ ʭʣʦʨʘ: 

n(Cl2) = n(CuCl2) + 0,5n(LiCl) = 0,0045115 ʤʦʣʴ 

ʂʦʣʠʯʝʩʪʚʦ ʵʣʝʢʪʨʦʥʦʚ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʧʨʦʧʫʱʝʥʳ ʟʘ ʵʪʦ ʚʨʝʤʷ ʯʝʨʝʟ 

ʨʘʩʪʚʦʨ: 

n(e
״
) = 2n(Cl2) = 0,0045115 ʤʦʣʴ Ā 2 = 0,00903 ʤʦʣʴ 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʦʢʦʥʯʘʥʠʶ ʚʳʜʝʣʝʥʠʷ 

ʭʣʦʨʘ: 

tx =  ʩ4360
A0,2

ʂʣ/ʤʦʣʴ96485ʤʦʣʴ0,00903
 

ʂʦʣʠʯʝʩʪʚʦ ʢʠʩʣʦʨʦʜʘ, ʦʙʨʘʟʦʚʘʚʰʝʝʩʷ ʟʘ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ ʦʪ tx ʜʦ t2: 

n(O2) = 
4

1

/96485

43602,0 2

ʤʦʣʴʂʣ

ctɸ
 = 5,1822Ā10

7״
Ā(t2 4360 ״) ʤʦʣʴ 

ʂʦʣʠʯʝʩʪʚʦ ʚʦʜʦʨʦʜʘ, ʦʙʨʘʟʦʚʘʚʰʝʝʩʷ ʟʘ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ ʦʪ t1 ʜʦ t2: 

n(H2) = 
2

1

/96485

30902,0 2

ʤʦʣʴʂʣ

ctɸ
 = 1,03644Ā10

6״
Ā(t2 3090 ״) ʤʦʣʴ 

ʇʦ ʫʩʣʦʚʠʶ n(Cl2) + n(O2) = n(H2). ʉʦʩʪʘʚʠʤ ʫʨʘʚʥʝʥʠʝ: 

0,0045115 + 5,1822Ā10
7״
Ā(t2 4360 ״) = 1,03644Ā10

6״
Ā(t2 3090 ״) 

ʆʪʢʫʜʘ t2 = 10526 ʩ = 175 ʤʠʥ 26 ʩ. 

3. ʋʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʡ: 

1) 
ʵʣ. ʪʦʢ

2 2ʉuCl   Cu  + Cl   

2) 
ʵʣ. ʪʦʢ

2 2 2ʜʠʘʬʨʘʛʤʘ
2LiCl + 2H O  2LiOH + Cl  + H  

3) 
ʵʣ. ʪʦʢ

2 2 22H O 2 H + O  

4) Cl2 + 3KI(ʠʟʙ.) = 2KCl + KI3 

5) I2 + 5Cl2 + 6H2O = 2HIO3 + 10HCl, 

ʟʘʩʯʠʪʳʚʘʪʴ ʪʘʢʞʝ: 2KI 3 + Cl2 = 2KCl + 3I2Ź 

6) 3CuCl2 + 2Na3PO4 = Cu3(PO4)2Ź + 6NaCl 

7) 3LiCl + Na3PO4 = Li3PO4Ź + 3NaCl 

8) CuCl2 + (CH3COO)2Pb = PbCl2Ź + (CH3COO)2Cu 
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9) 2LiCl + (CH3COO)2Pb = PbCl2Ź + 2CH3COOLi  
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ʉʠʩʪʝʤʘ ʦʮʝʥʠʚʘʥʠʷ: 

1. ʋʩʪʘʥʦʚʣʝʥʠʝ ʩʦʩʪʘʚʘ ʞʠʜʢʦʩʪʠ X: 

ɺʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʥʘ ʘʥʦʜʝ ʚʳʜʝʣʷʝʪʩʷ ʭʣʦʨ ï 2 ʙʘʣʣʘ 

ɺʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʥʘ ʢʘʪʦʜʝ ʜʦ t1 ʚʳʜʝʣʷʝʪʩʷ ʤʘʣʦʘʢʪʠʚʥʳʡ 

ʤʝʪʘʣʣ ï 1 ʙʘʣʣ 

ɺʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʥʘ ʢʘʪʦʜʝ ʧʦʩʣʝ t1 ʚʳʜʝʣʷʝʪʩʷ ʚʦʜʦʨʦʜ ï 1 

ʙʘʣʣ 

ʆʙʦʩʥʦʚʘʥʥʦʝ ʨʘʩʯʝʪʦʤ ʦʧʨʝʜʝʣʝʥʠʝ ʤʝʜʠ ï 3 ʙʘʣʣʘ 

ɺʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʞʠʜʢʦʩʪʴ X ï ʩʤʝʩʴ ʭʣʦʨʠʜʦʚ ʤʝʜʠ ʠ 

ʘʢʪʠʚʥʦʛʦ ʤʝʪʘʣʣʘ ï 2 ʙʘʣʣʘ 

ʆʙʦʩʥʦʚʘʥʥʦʝ ʨʘʩʯʝʪʦʤ ʦʧʨʝʜʝʣʝʥʠʝ ʣʠʪʠʷ ï 3 ʙʘʣʣʘ 

ʈʘʩʯʸʪ ʢʦʥʮʝʥʪʨʘʮʠʡ CuCl2 (0,5 ʙʘʣʣʘ) ʠ LiCl  (0,5 ʙʘʣʣʘ) ï 1 

ʙʘʣʣ 

13 ʙʘʣʣʦʚ 

2. ɿʘ ʥʘʭʦʞʜʝʥʠʝ ʚʨʝʤʝʥʠ, ʚ ʪʝʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʧʨʦʚʦʜʠʣʠ 

ʵʣʝʢʪʨʦʣʠʟ (t2) ï 3 ʙʘʣʣʘ 
3 ʙʘʣʣʘ 

3. ʋʨʘʚʥʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ: 

ɿʘ ʫʨʘʚʥʝʥʠʷ ʵʣʝʢʪʨʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ï ʧʦ 1 ʙʘʣʣʫ ʟʘ ʢʘʞʜʦʝ 

ʫʨʘʚʥʝʥʠʝ ʚ ʤʦʣʝʢʫʣʷʨʥʦʤ ʚʠʜʝ ʠʣʠ ʧʦ 0,5 ʙʘʣʣʘ ʟʘ ʢʘʞʜʫʶ 

ʩʭʝʤʫ ʧʨʦʮʝʩʩʘ ʦʢʠʩʣʝʥʠʷ ʠʣʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ï 3 ʙʘʣʣʘ 

ɿʘ ʢʘʞʜʦʝ ʠʟ ʜʚʫʭ ʫʨʘʚʥʝʥʠʡ, ʦʙʲʷʩʥʷʶʱʠʭ ʧʦʷʚʣʝʥʠʝ ʠ 

ʠʩʯʝʟʥʦʚʝʥʠʝ ʢʦʨʠʯʥʝʚʦʡ ʦʢʨʘʩʢʠ ʧʨʠ ʧʨʦʧʫʩʢʘʥʠʠ ʭʣʦʨʘ 

ʯʝʨʝʟ ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ ʡʦʜʠʜʘ ʢʘʣʠʷ, ʧʦ 1 ʙʘʣʣʫ ï 2 ʙʘʣʣʘ 

ɿʘ ʢʘʞʜʦʝ ʠʟ ʯʝʪʳʨʸʭ ʫʨʘʚʥʝʥʠʡ ʨʝʘʢʮʠʡ, ʧʨʦʪʝʢʘʶʱʠʭ ʧʨʠ 

ʩʤʝʰʠʚʘʥʠʠ ʞʠʜʢʦʩʪʠ X ʩ ʚʦʜʥʳʤʠ ʨʘʩʪʚʦʨʘʤʠ ʬʦʩʬʘʪʘ 

ʥʘʪʨʠʷ ʠ ʘʮʝʪʘʪʘ ʩʚʠʥʮʘ (II), ʧʦ 1 ʙʘʣʣʫ ï 4 ʙʘʣʣʘ 

9 ʙʘʣʣʦʚ 

 ʀʊʆɻʆ: 25 ʙʘʣʣʦʚ 

 

ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ 2 (ʉʝʨʷʢʦʚ ʉ.ɸ.) 

ɾʠʚʦʪʥʦʝ + ʩʘʤʦʣʝʪ = çʤʳʰʴè + çʗʢè = çʤʳʰʴʷʢè. 

1. ʉʫʜʷ ʧʦ ʦʧʠʩʘʥʠʶ ʠ ʧʨʠʚʝʜʝʥʥʦʡ ʩʭʝʤʝ ʧʨʝʚʨʘʱʝʥʠʡ, ɺ ï ʢʠʩʣʦʪʥʳʡ 

ʦʢʩʠʜ (ʦʙʨʘʟʫʝʪʩʷ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ɸ ʩ ʆ2), ʉ ï ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʢʠʩʣʦʪʘ 

(ʧʨʦʜʫʢʪ ʛʠʜʨʘʪʘʮʠʠ B), G ï ʚʦʜʦʨʦʜʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ɸ (ʧʦʣʫʯʘʝʪʩʷ ʧʨʠ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ɸ ʮʠʥʢʦʤ ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʦʙʨʘʙʦʪʢʝ HCl). ʆʪʚʝʨʛʘʝʤ 

ʚʦʟʤʦʞʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ɸ ï ʛʘʣʦʛʝʥ, ʧʦʩʢʦʣʴʢʫ ʛʘʣʦʛʝʥʳ ʥʝ ʦʢʠʩʣʷʶʪʩʷ 

ʢʠʩʣʦʨʦʜʦʤ. ʇʦʩʢʦʣʴʢʫ ʢʠʩʣʦʪʘ ʉ ʩʧʦʩʦʙʥʘ ʦʢʠʩʣʷʪʴʩʷ (ʜʝʡʩʪʚʠʝ HNO3), ʘ 

ʪʘʢʞʝ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʘ ʧʨʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ D ʠʦʜʠʜ-ʠʦʥʦʤ, ʪʦ ʥʝʤʝʪʘʣʣ ɸ 
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ʦʙʨʘʟʫʝʪ 2 ʢʠʩʣʦʪʳ ʚ ʨʘʟʣʠʯʥʳʭ ʩʪʝʧʝʥʷʭ ʦʢʠʩʣʝʥʠʷ. ʆʙʝ ʢʠʩʣʦʪʳ ʷʚʣʷʶʪʩʷ 

ʫʩʪʦʡʯʠʚʳʤʠ ʚ ʢʠʩʣʦʡ ʩʨʝʜʝ ʚ ʦʪʩʫʪʩʪʚʠʝ ʦʢʠʩʣʠʪʝʣʝʡ/ʚʦʩʩʪʘʥʦʚʠʪʝʣʝʡ. 

ʇʦʨʘʟʤʳʩʣʠʚ ʠ ʧʨʠʥʷʚ ʚʦ ʚʥʠʤʘʥʠʝ ʠʩʪʦʨʠʯʝʩʢʫʶ ʩʧʨʘʚʢʫ, ʘ ʪʘʢʞʝ ʷʜʦʚʠʪʦʩʪʴ 

ʚʩʝʭ ʩʦʝʜʠʥʝʥʠʡ ɸ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʵʪʦ ʤʳʰʴʷʢ. A = As. 

ʋʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʡ: 

1. 4As + 3O2 = As4O6 (ʠʣʠ As2O3)  

2. As4O6 + 6H2O = 4H3AsO3 

3. H3AsO3 +2HNO3 = H3AsO4 + 2NO2 +H2O 

4. H3AsO4 +2KI + H2SO4 = H3AsO3 +H2O+I2+K2SO4 

5. H3AsO4 +5HCl (tÜ) = AsCl3 + Cl2 + 4H2O 

6. AsCl3 +6NaOH = Na3AsO3+ 3NaCl + 3H2O 

7. 2Na3AsO3
 
+ 3H2SO4 = 2H3AsO3 + 3Na2SO4  

8. 3Zn + 2As = Zn3As2 

9. Zn3As2 + 6HCl = 3ZnCl2 +2AsH3 

10. 2AsH3 (tÜ) = 2As + 3H2 

ɺʝʱʝʩʪʚʘ: 

ɸ = As,  B = As4O6 (As2O3)  C = H3AsO3  D = H3AsO4 

E = AsCl3 F = Zn3As2   G = AsH3 

2. ʆʧʨʝʜʝʣʠʤ ʩʦʦʪʥʦʰʝʥʠʝ C : O ʚ ʩʦʝʜʠʥʝʥʠʠ ʅ: 

C : O = (21.24/12) : (7.08/16) = 1.77 : 0.4425 = 4 : 1. ʇʦ ʢʠʩʣʦʨʦʜʫ ʦʧʨʝʜʝʣʠʤ 

ʧʨʝʜʧʦʣʘʛʘʝʤʫʶ ʤʦʣʷʨʥʫʶ ʤʘʩʩʫ ʩʦʝʜʠʥʝʥʠʷ ʄ = 16/0.0708 = 226 ʛ/ʤʦʣʴ. 

ʇʦʩʢʦʣʴʢʫ ʚ ʘʮʝʪʘʪʝ ʢʘʣʠʷ ʉ : O = 1 : 1, ʩʪʦʣʴ ʩʫʱʝʩʪʚʝʥʥʦʝ ʫʤʝʥʴʰʝʥʠʝ 

ʧʨʦʧʦʨʮʠʠ ʉ : ʆ ʚ ʚʝʱʝʩʪʚʝ ʅ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʘʮʝʪʘʪ-ʠʦʥʦʤ, ʘ ʪʘʢʞʝ ʪʦʪ ʬʘʢʪ, 

ʯʪʦ ʚ ʨʝʘʢʮʠʠ ʚʳʜʝʣʷʝʪʩʷ ʫʛʣʝʢʠʩʣʳʡ ʛʘʟ, ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ 

ʜʝʢʘʨʙʦʢʩʠʣʠʨʦʚʘʥʠʝʤ ʘʮʝʪʘʪ-ʠʦʥʘ, ʚ ʪʘʢʦʤ ʩʣʫʯʘʝ ʘʪʦʤʳ ʫʛʣʝʨʦʜʘ ʚʭʦʜʷʪ 

ʪʦʣʴʢʦ ʚ ʩʦʩʪʘʚ ʉʅ3-ʛʨʫʧʧ. ʆʧʨʝʜʝʣʠʤ ʦʩʪʘʪʦʢ ʤʦʣʷʨʥʦʡ ʤʘʩʩʳ (ʟʘ ʚʳʯʝʪʦʤ 1 

ʘʪʦʤʘ ʢʠʩʣʦʨʦʜʘ ʠ ʯʝʪʳʨʝʭ ʉʅ3-ʛʨʫʧʧ). ʄʦʩʪ = 226 ï 16 ï 4Ā15 = 150 ʛ/ʤʦʣʴ, ʯʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʜʚʦʝʥʥʦʡ ʤʦʣʷʨʥʦʡ ʤʘʩʩʝ ʤʳʰʴʷʢʘ. ʉ ʫʯʝʪʦʤ ʪʨʝʭʚʘʣʝʥʪʥʦʩʪʠ 

ʤʳʰʴʷʢʘ ʬʦʨʤʫʣʘ ʠʤʝʝʪ ʚʠʜ [(CH3)2As]2O. ʋʨʘʚʥʝʥʠʝ ʦʙʨʘʟʦʚʘʥʠʷ:  

2AsCl3 + 6CH3COOK + H2O = [(CH3)2As]2O + 4CO2 + 2CH3COOH + 6KCl. 
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3. ʄʳʰʴʷʢ ʚ AsCl3 ʠʤʝʝʪ ʟʘʧʦʣʥʝʥʥʳʝ 4 ʚʘʣʝʥʪʥʳʭ ʦʨʙʠʪʘʣʠ 4s- ʠ 4p-

ʧʦʜʫʨʦʚʥʝʡ, ʚ ʦʪʣʠʯʠʝ ʦʪ Al, ʠʤʝʶʱʝʛʦ ʚʘʢʘʥʪʥʫʶ ʦʨʙʠʪʘʣʴ ʚ AlCl 3. 

ʆʙʨʘʟʦʚʘʥʠʝ ʜʠʤʝʨʦʚ ʜʣʷ AlCl 3 ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ ï ʩʧʦʩʦʙ ʥʘʩʳʪʠʪʴ ʚʘʣʝʥʪʥʳʝ 

ʦʨʙʠʪʘʣʠ ʵʣʝʢʪʨʦʥʘʤʠ, ʜʣʷ ʤʳʰʴʷʢʘ  ʚ ʵʪʦʤ ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ. 

4. ɹʦʣʝʝ ʪʷʞʝʣʳʤ ʘʥʘʣʦʛʦʤ ʤʳʰʴʷʢʘ ʷʚʣʷʝʪʩʷ ʩʫʨʴʤʘ. ʉʝʨʦʝ ʧʷʪʥʦ, 

ʦʙʨʘʟʦʚʘʚʰʝʝʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʪʝʨʤʦʣʠʟʘ ʘʨʩʠʥʘ ʚ ʩʪʝʢʣʷʥʥʦʡ ʪʨʫʙʢʝ, ʧʨʠ 

ʨʘʩʪʚʦʨʝʥʠʠ ʚ ʛʠʧʦʭʣʦʨʠʪʝ ʥʘʪʨʠʷ ʜʘʝʪ ʧʨʦʟʨʘʯʥʳʡ ʨʘʩʪʚʦʨ, ʘ ʧʨʦʜʫʢʪ 

ʨʘʟʣʦʞʝʥʠʷ ʩʪʠʙʠʥʘ ʚ ʪʝʭ ʞʝ ʫʩʣʦʚʠʷʭ ʜʘʩʪ ʥʝʨʘʩʪʚʦʨʠʤʳʡ ʞʝʣʪʦʚʘʪʳʡ ʦʩʘʜʦʢ: 

2As + 5NaClO + 3H2O = 2H3AsO4 + 5 NaCl 

2Sb + 5NaClO + xH2O = Sb2O5ĀxH2O + 5 NaCl 

(ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠ ʜʨʫʛʠʝ ʦʢʠʩʣʠʪʝʣʠ, ʥʘʧʨʠʤʝʨ, ʩʤʝʩʴ ʧʝʨʝʢʠʩʠ 

ʚʦʜʦʨʦʜʘ ʠ ʘʤʤʠʘʢʘ). 

ʉʠʩʪʝʤʘ ʦʮʝʥʠʚʘʥʠʷ 

1. 7 ʚʝʱʝʩʪʚ ï ʧʦ 1 ʙʘʣʣʫ, 

10 ʨʝʘʢʮʠʡ ï ʧʦ 1 ʙʘʣʣʫ 
17 ʙʘʣʣʦʚ 

2. ʚʝʨʥʘʷ ʬʦʨʤʫʣʘ ʚʝʱʝʩʪʚʘ ʅ ï 1.5 ʙʘʣʣʘ 

ʫʨʘʚʥʝʥʠʝ ʨʝʘʢʮʠʠ ï ʧʦ 1.5 ʙʘʣʣʘ 
3 ʙʘʣʣʘ 

3. ɺʝʨʥʦʝ ʦʙʲʷʩʥʝʥʠʝ 2 ʙʘʣʣʘ 

4. ʋʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʡ (ʩ ʧʦʷʩʥʝʥʠʷʤʠ) ï ʧʦ 1.5 ʙʘʣʣʘ 3 ʙʘʣʣʘ 

 ʀʊʆɻʆ:  25 ʙʘʣʣʦʚ 

 

ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ 3 (ʄʦʪʦʨʥʦʚ ɺ.ɸ.) 

1. ɸ - ʙʠʥʘʨʥʦʝ ʩʦʝʜʠʥʝʥʠʝ, ʪ.ʝ. ʩʦʩʪʦʠʪ ʠʟ 2-ʭ ʵʣʝʤʝʥʪʦʚ. ʇʨʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ɸ ʩ ʫʛʘʨʥʳʤ ʛʘʟʦʤ ʦʙʨʘʟʫʝʪʩʷ ʧʨʦʩʪʦʝ ʚʝʱʝʩʪʚʦ ɿ, ʢʦʪʦʨʦʝ 

ʦʢʨʘʰʠʚʘʝʪ ʢʨʘʭʤʘʣ. ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ɿ ï ʵʪʦ I2, ʪʦʛʜʘ ɸ ʩʦʜʝʨʞʠʪ 

ʡʦʜ, X - ʡʦʜ. ʂʨʦʤʝ ɿ ʦʙʨʘʟʫʝʪʩʷ ʛʘʟ ʀ, ʚʭʦʜʷʱʠʡ ʚ ʩʦʩʪʘʚ ʚʦʟʜʫʭʘ, ʩ ʤʦʣʷʨʥʦʡ 

ʤʘʩʩʦʡ 
ʤʦʣʴ
ʛ

ʤʦʣʴ
ʛ

HH MDM 01.44016.283.21
22ʀ , ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ CO2. 

ɿʥʘʯʠʪ ʚʪʦʨʦʡ ʵʣʝʤʝʥʪ ʚ ɸ - ʵʪʦ ʢʠʩʣʦʨʦʜ.  

ʆʧʨʝʜʝʣʠʤ ʩʦʩʪʘʚ ʦʢʩʠʜʘ ʠʦʜʘ (I 2Oʭ): 
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OI

I
I

MxM

M

2

2
 => 5

7604.0999.15

)7604.01(905.1262)1(2

IO

II

M

M
x . 

ɸ ï I 2O5 

ʋʩʪʘʥʦʚʠʪʴ ʩʦʩʪʘʚ ʩʦʝʜʠʥʝʥʠʷ A ʤʦʞʥʦ ʪʘʢʞʝ, ʠʩʧʦʣʴʟʫʷ ʧʝʨʝʙʦʨ, ʝʩʣʠ 

ʚʝʨʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ ʭʦʪʷ ʙʳ ʦʜʠʥ ʠʟ ʵʣʝʤʝʥʪʦʚ. 

ɺ I2O5 ʡʦʜ ʥʘʭʦʜʠʪʩʷ ʚ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ +5, ʧʨʠ ʧʨʦʧʫʩʢʘʥʠʠ ʭʣʦʨʘ 

ʯʝʨʝʟ ʱʝʣʦʯʥʦʡ ʨʘʩʪʚʦʨ, ʦʥ ʦʢʠʩʣʷʝʪʩʷ ʜʦ +7. ʇʨʠ ʵʪʦʤ ʧʦ ʫʩʣʦʚʠʶ ʟʘʜʘʯʠ  

ʦʙʨʘʟʫʝʪʩʷ ʩʦʣʴ ɹ. ʉʦʣʴ ɹ - ʵʪʦ ʥʘʪʨʠʝʚʘʷ ʩʦʣʴ ʢʠʩʣʦʪʳ ʂ, ʧʨʦ ʢʦʪʦʨʫʶ 

ʠʟʚʝʩʪʥʦ, ʯʪʦ ʦʥʘ ʦʙʨʘʟʫʝʪ ʩʨʝʜʥʶʶ ʩʦʣʴ ʩʝʨʝʙʨʘ ʃ. ɺʳʯʠʩʣʠʤ ʤʦʣʝʢʫʣʷʨʥʳʝ 

ʤʘʩʩʳ ɹ ʠ ʃ ʚ ʨʘʩʯʝʪʝ ʥʘ ʦʜʠʥ ʘʪʦʤ ʡʦʜʘ: 

ʤʦʣʴ
ʛ

ʤʦʣʴ
ʛ

Iɹ MM 90.2934318.0/905.126/ ; 

ʤʦʣʴ
ʛ

ʤʦʣʴ
ʛ

ʃM 19.7621665.0/905.126 . 

ʊʘʢ ʢʘʢ ʩʦʣʴ ɹ ʦʙʨʘʟʫʝʪʩʷ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ, ʣʦʛʠʯʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʚ 

ʩʦʩʪʘʚ ɹ ʠ ʃ ʢʨʦʤʝ ʢʘʪʠʦʥʦʚ ʤʝʪʘʣʣʦʚ ʚʭʦʜʠʪ ʪʘʢʞʝ ʢʠʩʣʦʨʦʜ.  

ʉʦʩʪʘʚ ʃ - AgxIOy, ʪʦʛʜʘ 19.762999.1587.107905.126 yx , 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ xy 742.671.39 : 

x y     x y 

1 32.97  4 12.74 

2 26.22  5 
6.00 

3 19.48  6 -0.75 

ʊ.ʝ. ʃ - Ag5IO 6. ʊʦʛʜʘ ʢʠʩʣʦʪʘ ʂ - H5IO 6.  

ʆʧʨʝʜʝʣʠʤ ʪʝʧʝʨʴ ʩʦʩʪʘʚ ɹ. ɸʥʠʦʥ IO6
5ï

 ʠʤʝʝʪ ʤʦʣʝʢʫʣʷʨʥʫʶ ʤʘʩʩʫ 

ʤʦʣʴ
ʛ90.222 , ʟʥʘʯʠʪ ʥʘ ʢʘʪʠʦʥʳ ʧʨʠʭʦʜʠʪʩʷ 

ʤʦʣʴ
ʛ7190.22290.293 , ʯʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ 3 ʢʘʪʠʦʥʘʤ ʥʘʪʨʠʷ ʠ 2 ʧʨʦʪʦʥʘʤ: 
ʤʦʣʴ
ʛ71008.12399.22 . 

ɿʥʘʯʠʪ ʩʦʩʪʘʚ ɹ - Na3H2IO 6. 

ʄʝʪʘʣʣ Y ʚ ʧʨʠʨʦʜʝ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʚʠʜʝ ʦʢʩʠʜʘ M, ʜʣʷ ʢʦʪʦʨʦʛʦ ʠʟʚʝʩʪʥʘ 

ʜʦʣʷ ʤʝʪʘʣʣʘ. ʇʨʝʜʧʦʣʦʞʠʤ ʩʦʩʪʘʚ ʦʢʩʠʜʘ Y2On, ʪʦʛʜʘ 
12

n O

Y

M
M   
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n ʄY  

1 13.73  

2 27.46  

3 41.20  

4 54.93 Mn 

5 68.66  

6 82.39  

7 96.13 Mo 

8 109.86  

ʄʦʣʠʙʜʝʥ ʥʝ ʦʙʨʘʟʫʝʪ ʦʢʩʠʜʘ ʩʦʩʪʘʚʘ Mo2O7, ʝʜʠʥʩʪʚʝʥʥʳʤ ʨʘʟʫʤʥʳʤ 

ʦʪʚʝʪʦʤ ʷʚʣʷʝʪʩʷ MnO2, ʢʦʪʦʨʳʡ, ʜʝʡʩʪʚʠʪʝʣʴʥʦ, ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʧʨʠʨʦʜʝ ʚ ʚʠʜʝ 

ʤʠʥʝʨʘʣʘ ʧʠʨʦʣʶʟʠʪʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, M - MnO 2, ʘ Y - Mn .  

ʉʦʣʴ ɺ ʜʘʸʪ ʦʩʘʜʦʢ ʩ ʩʦʣʷʤʠ ʙʘʨʠʷ, ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ɺ - ʵʪʦ 

ʩʫʣʴʬʘʪ ʤʘʨʛʘʥʮʘ (II).  

ʤʦʣʴ
ʛ

ʤʦʣʴ
ʛ

MnB MM 91.2761984.0/938.54/  

ʀʟ ʧʦʣʫʯʠʚʰʝʡʩʷ ʤʘʩʩʳ ʚʳʯʪʝʤ ʤʘʩʩʫ MnSO4: ʤʦʣʴ
ʛ91.12500.15191.276 , 

ʦʩʪʘʪʦʢ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 7 ʤʦʣʝʢʫʣʘʤ ʚʦʜʳ. ɺ - MnSO4Ā7ʅ2ʆ. 

ɺ ʫʩʣʦʚʠʠ ʫʢʘʟʘʥʦ, ʯʪʦ ɻ - ʵʪʦ ʢʨʠʩʪʘʣʣʦʛʠʜʨʘʪ, ʘ ʜʣʷ ʘʥʘʣʠʟʘ ʖʥʳʡ 

ʭʠʤʠʢ ʥʘʛʨʝʚʘʣ ʵʪʦ ʩʦʝʜʠʥʝʥʠʝ, ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʧʨʠ 150хʉ ʧʦʪʝʨʷ 

ʤʘʩʩʳ ʩʚʷʟʘʥʘ ʪʦʣʴʢʦ ʩ ʚʦʜʦʡ.  

ʇʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ Na3H2IO 6 ʠ MnSO4Ā7ʅ2ʆ ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʪʘʢʞʝ 

ʧʨʠʩʫʪʩʪʚʫʶʪ NaOH ʠ NaOCl. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʛʠʧʦʭʣʦʨʠʪ ʷʚʣʷʝʪʩʷ ʩʠʣʴʥʳʤ 

ʦʢʠʩʣʠʪʝʣʝʤ, ʘ ʪʘʢ ʢʘʢ ʡʦʜ ʫʞʝ ʥʘʭʦʜʠʪʩʷ ʚ ʚʳʩʰʝʡ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ, 

ʧʦʚʳʰʘʪʴ ʩʪʝʧʝʥʴ ʦʢʠʩʣʝʥʠʷ ʤʦʞʝʪ ʪʦʣʴʢʦ ʤʘʨʛʘʥʝʮ.  

ɼʣʷ ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʖʥʳʡ ʭʠʤʠʢ ʧʨʦʧʫʩʢʘʣ ʯʝʨʝʟ ʝʛʦ 

ʨʘʩʪʚʦʨ ʩʝʨʥʠʩʪʳʡ ʛʘʟ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʚʦʩʩʪʘʥʦʚʠʪʝʣʝʤ. ɺ ʩʦʝʜʠʥʝʥʠʠ ɻ, 

ʦʢʠʩʣʠʪʝʣʝʤ ʤʦʞʝʪ ʙʳʪʴ ʧʝʨʡʦʜʘʪ-ʠʦʥʳ ʠ ʠʦʥ ʤʘʨʛʘʥʮʘ. 

ʇʦʩʣʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʖʥʳʡ ʭʠʤʠʢ ʜʦʙʘʚʠʣ ʢ ʨʘʩʪʚʦʨʫ ʠʟʙʳʪʦʢ ʥʠʪʨʘʪʘ 

ʩʝʨʝʙʨʘ, ʧʨʠ ʵʪʦʤ ʚʳʧʘʣ ʞʸʣʪʳʡ ʦʩʘʜʦʢ ɼ - AgI, ʯʪʦ ʤʦʞʥʦ ʧʦʜʪʚʝʨʜʠʪʴ 

ʨʘʩʯʝʪʦʤ: 

AgIʤʦʣʴ
ʛ

ʤʦʣʴ
ʛ

Iɼ MMM 79.2345405.0/905.126/ . 
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ʤʤʦʣʴ
ʛ

ʤʦʣʴ
ʛAgI 618.0

79.234

1452.0
 

ʀʟ ʪʘʢʦʛʦ ʞʝ ʢʦʣʠʯʝʩʪʚʘ ʩʦʣʠ ɻ ʩʫʣʴʬʠʜʦʤ ʘʤʤʦʥʠʷ ʦʩʘʞʜʘʝʪʩʷ 

0,0179 ʛ ɾ. ʉʫʣʴʬʠʜʳ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʧʣʦʭʦ ʨʘʩʪʚʦʨʠʤʳ, ʚ ʨʘʩʪʚʦʨʝ 

ʩʦʜʝʨʞʘʪʩʷ ʠʦʥʳ ʤʘʨʛʘʥʮʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʠʜʪʠ ʢ ʟʘʢʣʶʯʝʥʠʶ: ɾ - MnS.  

ʤʤʦʣʴ
ʛ

ʤʦʣʴ
ʛMnS 206.0

00.87

0179.0
 

ʊ.ʝ. ʚ ʧʦʣʫʯʝʥʥʦʤ ʩʦʝʜʠʥʝʥʠʠ ʤʦʣʴʥʳʝ ʦʪʥʦʰʝʥʠʷ Mn : I = 1 : 3. 

ʇʨʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʩʝʨʥʠʩʪʳʤ ʛʘʟʦʤ ʤʘʨʛʘʥʝʮ ʚʦʩʩʪʘʥʦʚʠʣʩʷ ʜʦ Mn
+2
, ʘ 

ʡʦʜ ʜʦ I
-1
, ʩʝʨʘ ʧʨʠ ʵʪʦʤ ʦʢʠʩʣʷʝʪʩʷ ʜʦ SO4

2-
. ʇʨʠ ʜʦʙʘʚʣʝʥʠʠ ʭʣʦʨʠʜʘ ʙʘʨʠʷ 

ʚʳʧʘʜʘʝʪ ʦʩʘʜʦʢ ɽ - BaSO4 ʤʘʩʩʦʡ 0.6252 ʛ. 

ʤʤʦʣʴ
ʛ

ʤʦʣʴ
ʛBaSO 68.2

39.233

6252.0
4

; 13
206.0

68.2

2

2
4

Mn

SO
 

ɺ ʦʢʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʨʝʘʢʮʠʷʭ ʯʠʩʣʦ ʦʪʜʘʥʥʳʭ ʵʣʝʢʪʨʦʥʦʚ 

ʚʩʝʛʜʘ ʨʘʚʥʦ ʯʠʩʣʫ ʧʨʠʥʷʪʳʭ. ɺ ʧʦʣʫʨʝʘʢʮʠʠ 
624 SS

e
ʫʯʘʩʪʚʫʶʪ 2 

ʵʣʝʢʪʨʦʥʘ, ʘ ʪ.ʢ. ʥʘ 1 ʤʦʣʴ Mn ʦʙʨʘʟʫʝʪʩʷ 13 ʤʦʣʴ SO4
2-
 ʚʦ ʚʪʦʨʦʡ ʧʦʣʫʨʝʘʢʮʠʠ 

ʜʦʣʞʥʳ ʫʯʘʩʪʚʦʚʘʪʴ 26 ʵʣʝʢʪʨʥʦʚ: 

12267 33 IMnIMn
en

, ʪ.ʝ. ʩʪʝʧʝʥʴ ʦʢʠʩʣʝʥʠʷ Mn ʚ ɻ ʨʘʚʥʘ +4. 

ʀʪʘʢ, 0.25 ʛ ʢʨʠʩʪʘʣʣʦʛʠʜʨʘʪʘ ɻ ʩʦʜʝʨʞʠʪ 0.206 ʤʦʣʴ Mn
+4
. ʕʪʦ ʧʦʟʚʦʣʷʝʪ 

ʚʳʯʠʩʣʠʪʴ ʤʦʣʝʢʫʣʷʨʥʫʶ ʤʘʩʩʫ ɻ ʚ ʨʘʩʯʝʪʝ ʥʘ 1 ʘʪʦʤ Mn: 

ʤʦʣʴ
ʛ

ɻ
ʤʦʣʴ

ʛ
M 1213

10206.0

25.0
3

. 

ʄʘʩʩʦʚʘʷ ʜʦʣʷ ʚʦʜʳ ʚ ʵʪʦʤ ʩʦʝʜʠʥʝʥʠʠ ʩʦʩʪʘʚʣʷʝʪ 

 2672.0
5000.0

3664.05000.0
2ʆʅ

, ʚ ʨʘʩʯʝʪʝ ʥʘ 1 ʘʪʦʤ ʤʘʨʛʘʥʮʘ ʵʪʦ 

ʩʦʩʪʘʚʣʷʝʪ  

18
18

2672.01213

2

ʤʦʣʴ
ʛ

ʤʦʣʴ
ʛ

ʆʅn  ʤʦʣʝʢʫʣ ʚʦʜʳ. 

ʂʨʦʤʝ ʪʦʛʦ ʚ ʩʦʩʪʘʚ ʵʪʦʛʦ ʚʝʱʝʩʪʚʘ ʚʭʦʜʷʪ Mn
+4

, 3 IO6
5-
, x Na

+
 ʠ, ʚʦʟʤʦʞʥʦ, 
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y H
+
: NaxHyMn(IO6)3. 

ɼʣʷ ʩʦʙʣʶʜʝʥʠʷ ʫʩʣʦʚʠʷ ʵʣʝʢʪʨʦʥʝʡʪʨʘʣʴʥʦʩʪʠ x + y + 4 = 5Ā3. => 

x + y =11.  

ʤʦʣʴ
ʛ

OHIOMnHNaɻ

yx

MMMMyMxM

1213015.181890.2223938.54008.199.22

183
2

5
6

092.165)11(008.199.22 xx  

004.154982.21 x  

4;7 yx  

ʊ.ʝ. ɻ - Na7H4Mn(IO 6)3Ā18H2O ʠʣʠ Na7[Mn( HIO6)2(H2IO6)]Ā18H2O 

ɸ I 2O5 ɾ MnS 

ɹ Na3H2IO6 ɿ I2 

ɺ MnSO4Ā7ʅ2ʆ ʀ CO2 

ɻ Na7[Mn( HIO6)2(H2IO 6)]Ā18H2O ʂ H5IO 6 

ɼ AgI  ʃ Ag5IO 6 

ɽ BaSO4 ʄ MnO 2 

2. ʋʨʘʚʥʝʥʠʷ  ʨʝʘʢʮʠʡ: 

1) I2O5 + H2O  2HIO3 

2) HIO3 + 5NaOH + Cl2  Na3H2IO6 + 2NaCl + 2H2O 

3) 3 Na3H2IO6 + NaClO + MnSO4   

Na7[Mn(HIO6)2(H2IO6)] + NaCl + Na2SO4 + H2O  

4) Na7[Mn(HIO6)2(H2IO6)]Ā18H2O 
C150

Na7[Mn(HIO6)2(H2IO6)]+18 H2O 

5) Na7[Mn(HIO6)2(H2IO6)] + 13 SO2 + 8 H2O  

3 NaI + MnSO4 + 2 Na2SO4 + 10 H2SO4 

6) Ag
+
 + I

ï
AgIŹ 

7) Ba
2+

 + SO4
2ï

  BaSO4Ź 

8) Mn
2+

 + S
2ï

  MnSŹ 

9) I2O5 + 5 CO  I2 + 5 CO2 

3. ʉʫʰʠʪʴ ʥʝʦʙʭʦʜʠʤʦ ʚ ʠʥʝʨʪʥʦʡ ʘʪʤʦʩʬʝʨʝ, ʪ.ʢ. ʩʫʣʴʬʠʜ ʤʘʨʛʘʥʮʘ ʤʦʞʝʪ 

ʦʢʠʩʣʷʪʴʩʷ ʢʠʩʣʦʨʦʜʦʤ ʚʦʟʜʫʭʘ: 
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[Ag2(S2O3)6]
10-

3MnS + 5O2 
Ct

Mn3O4 + 3SO2 

ʠʣʠ 

4MnS + 7O2 
Ct

2Mn2O3 + 4SO2 

ʉʠʩʪʝʤʘ ʦʮʝʥʠʚʘʥʠʷ: 

1 ʕʣʝʤʝʥʪʳ X ʠ Y ʧʦ 1 ʙʘʣʣʫ  

ɺʝʱʝʩʪʚʘ ɸ ï ʄ ʧʦ 0,5 ʙʘʣʣʘ 

ʈʘʩʯʝʪ ʩʦʩʪʘʚʘ ɸ, ɹ, ɺ, ɼ, ʃ, ʄ ʧʦ 1 ʙʘʣʣʫ  

2 ʙʘʣʣʘ 

6 ʙʘʣʣʦʚ 

6 ʙʘʣʣʦʚ 

2 ʋʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʡ ʧʦ 1 ʙʘʣʣʫ 9 ʙʘʣʣʦʚ 

3 ʆʪʚʝʪ ʥʘ ʚʦʧʨʦʩ -1 ʙʘʣʣ 

ʋʨʘʚʥʝʥʠʝ ʨʝʘʢʮʠʠ - 1 ʙʘʣʣ 
2 ʙʘʣʣʘ 

 

 ʀʊʆɻʆ: 25 ʙʘʣʣʦʚ 

 

ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ 4 (ʄʦʪʦʨʥʦʚ ɺ.ɸ., ʃʝʙʝʜʝʚʘ ʆ.ʂ.) 

1. ʕʣʝʤʝʥʪ ɸ ï ʥʝʤʝʪʘʣʣ, ʩʧʦʩʦʙʥʳʡ ʦʙʨʘʟʦʚʳʚʘʪʴ ʤʥʦʛʦ ʢʠʩʣʦʪ ʚ ʨʘʟʥʳʭ 

ʩʪʝʧʝʥʷʭ ʦʢʠʩʣʝʥʠʷ (ʨʝʘʢʮʠʠ 4,5), ʢʨʦʤʝ ʪʦʛʦ ʨʝʘʢʮʠʠ 1 ʠ 2 ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ 

ʪʦʤ, ʯʪʦ ʚ ʩʦʩʪʘʚ ʨʷʜʘ ʢʠʩʣʦʪ ʚʭʦʜʠʪ ʥʝʩʢʦʣʴʢʦ ʘʪʦʤʦʚ ʵʣʝʤʝʥʪʘ ɸ. ʊʘʢʠʤ 

ʥʝʤʝʪʘʣʣʦʤ ʤʦʞʝʪ ʙʳʪʴ ʬʦʩʬʦʨ ʠʣʠ ʩʝʨʘ, ʥʦ ʢʠʩʣʦʪʳ ʠ ʩʦʣʠ ʬʦʩʬʦʨʘ ʥʝ 

ʨʘʩʪʚʦʨʷʶʪ ʙʨʦʤʠʜ ʩʝʨʝʙʨʘ (ʨʝʘʢʮʠʷ 3). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʵʣʝʤʝʥʪ ɸ ï ʩʝʨʘ (S). 

2. ɸ2 ï ʘʥʛʠʜʨʠʜ ʢʠʩʣʦʪʳ, ʫ ʩʝʨʳ ʠʭ ʤʦʞʝʪ ʙʳʪʴ ʜʚʘ: SO2 ʠ SO3, ʢʦʪʦʨʳʤ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʩʝʨʥʠʩʪʘʷ ʠ ʩʝʨʥʘʷ ʢʠʩʣʦʪʳ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʋʩʪʦʡʯʠʚʘʷ 

ʢʠʩʣʦʪʘ ʍ3 ʵʪʦ ʩʝʨʥʘʷ ʢʠʩʣʦʪʘ - (H2SO4), ʟʥʘʯʠʪ, ɸ2 ʵʪʦ ʦʢʩʠʜ ʩʝʨʳ (VI ) ï 

SO3. 

ʀʟ ʩʦʣʠ ʢʠʩʣʦʪʳ ʍ2 ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʦʢʠʩʣʠʪʝʣʷ (ʠʦʜʘ) ʧʦʣʫʯʘʶʪʩʷ ʩʦʣʠ 

ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ (ʨʝʘʢʮʠʷ 4). ʊʦʛʜʘ ʣʦʛʠʯʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʢʠʩʣʦʪʘ ʍ2 ï 

ʥʝʫʩʪʦʡʯʠʚʘʷ ʩʝʨʥʠʩʪʘʷ ʢʠʩʣʦʪʘ. ʂʠʩʣʦʪʘ ʍ1 ʩʦʜʝʨʞʠʪ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʜʚʘ 

ʘʪʦʤʘ ʩʝʨʳ, ʧʦʩʢʦʣʴʢʫ ʧʨʠ ʝʝ ʨʘʟʣʦʞʝʥʠʠ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʠʞʝ ʥʫʣʷ ʧʦʣʫʯʘʶʪʩʷ ʜʚʘ 

ʚʝʱʝʩʪʚʘ, ʩʦʜʝʨʞʘʱʠʭ ʩʝʨʫ: ɸ1 ʠ ʩʝʨʥʳʡ 

ʘʥʛʠʜʨʠʜ ɸ2 (ʨʝʘʢʮʠʷ 2). ʊʦʛʜʘ ʙʠʥʘʨʥʦʝ 



 É ʎʇʄʂ ɺʩʆʐ ʧʦ ʭʠʤʠʠ 

63 

ʛʘʟʦʦʙʨʘʟʥʦʝ ʚʝʱʝʩʪʚʦ ɸ1 ʜʦʣʞʥʦ ʩʦʜʝʨʞʘʪʴ ʩʝʨʫ ʠ ʚʦʜʦʨʦʜ, ʪ.ʝ. ɸ1- ʵʪʦ 

ʩʝʨʦʚʦʜʦʨʦʜ H2S. ʉʦʣʴ ɸ3 ï ʪʠʦʩʫʣʴʬʘʪ ʥʘʪʨʠʷ Na2S2O3. 

ʆʧʨʝʜʝʣʠʤ ʩʦʩʪʘʚ ɸ4. ʈʘʩʪʚʦʨʝʥʠʝ ʙʨʦʤʠʜʘ ʩʝʨʝʙʨʘ ʧʨʦʠʩʭʦʜʠʪ 

ʚʩʣʝʜʩʪʚʠʝ ʦʙʨʘʟʦʚʘʥʠʷ ʢʦʤʧʣʝʢʩʥʦʡ ʩʦʣʠ. ɺ ʩʦʩʪʘʚ ʩʦʣʠ ʚʭʦʜʠʪ ʩʝʨʝʙʨʦ, ʩʝʨʘ, 

ʥʘʪʨʠʡ, ʢʠʩʣʦʨʦʜ. ɽʩʣʠ ʚ ʩʦʩʪʘʚ ʢʦʤʧʣʝʢʩʘ ʚʭʦʜʠʪ ʦʜʠʥ ʘʪʦʤ ʩʝʨʝʙʨʘ, ʪʦ 

ʤʦʣʷʨʥʘʷ ʤʘʩʩʘ ʙʫʜʝʪ 108/0.1932=559 ʛ/ʤʦʣʴ. ʉʦʜʝʨʞʘʥʠʝ ʩʝʨʳ ʚ 1 ʤʦʣʴ ʩʦʣʠ 

ʩʦʩʪʘʚʠʪ 559Å0.3435=192 ʛ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 6 ʤʦʣʴ ʩʝʨʳ ʚ ʦʜʥʦʤ ʤʦʣʝ ʩʦʣʠ. 

ʊʠʦʩʫʣʴʬʘʪ ʠʦʥ ʤʦʞʝʪ ʚʳʩʪʫʧʘʪʴ ʢʘʢ ʣʠʛʘʥʜ, ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʥʘ 6 ʤʦʣʴ ʩʝʨʳ 

ʙʫʜʝʪ ʧʨʠʭʦʜʠʪʴʩʷ 9 ʤʦʣʴ ʢʠʩʣʦʨʦʜʘ, ʪ.ʝ. ʚ ʩʦʩʪʘʚ ɸ4 ʚʭʦʜʠʪ ʯʘʩʪʠʮʘ 

[Ag(S2O3)3]
5-
. ɸ4 - ʵʪʦ Na5[Ag(S2O3)3]. ɺ ʣʠʪʝʨʘʪʫʨʝ ʦʧʠʩʘʥʘ ʩʪʨʫʢʪʫʨʘ 

ʙʠʷʜʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩʝʨʝʙʨʘ ʩ ʪʠʦʩʫʣʴʬʘʪʦʤ [Ag2(S2O3)6]
10-(* )

.  

ʆʧʨʝʜʝʣʠʤ ʩʦʩʪʘʚ ʥʘʪʨʠʝʚʦʡ ʩʦʣʠ ɸ5. ʂʠʩʣʦʪʳ, ʢʦʪʦʨʳʝ ʦʙʨʘʟʫʝʪ ʩʝʨʘ, ʚ 

ʦʩʥʦʚʥʦʤ, ʜʚʫʭʦʩʥʦʚʥʳʝ. ʊʦʛʜʘ ʤʦʣʷʨʥʘʷ ʤʘʩʩʘ ʩʦʣʠ ʙʫʜʝʪ 

ʄ(ɸ5) = 46/0.2643 = 174 ʛ/ʤʦʣʴ. ʅʘ ʢʠʩʣʦʪʥʳʡ ʦʩʪʘʪʦʢ ʧʨʠʭʦʜʠʪʩʷ 

174 - 46 = 128 ʛ. ɽʩʣʠ ʚ ʩʦʩʪʘʚ ʘʥʠʦʥʘ ʚʭʦʜʠʪ 1 ʘʪʦʤ ʩʝʨʳ, ʪʦ ʯʠʩʣʦ ʘʪʦʤʦʚ 

ʢʠʩʣʦʨʦʜʘ ʩʦʩʪʘʚʣʷʝʪ 6, ʯʝʛʦ ʥʝ ʤʦʞʝʪ ʙʳʪʴ. ɽʩʣʠ ʚʭʦʜʠʪ 2 ʘʪʦʤʘ ʩʝʨʳ, ʪʦ ʥʘ 

ʥʠʭ ʧʨʠʭʦʜʠʪʩʷ 4 ʘʪʦʤʘ ʢʠʩʣʦʨʦʜʘ. ʉʦʩʪʘʚ ʘʥʠʦʥʘ S2O4
2-
. ɽʩʣʠ ʧʨʝʜʧʦʣʦʞʠʪʴ 

ʥʘʣʠʯʠʝ 3 ʘʪʦʤʦʚ ʩʝʨʳ, ʪʦ ʩʦʩʪʘʚ ʘʥʠʦʥʘ S3O2
2-
, ʥʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʥʝʚʦʟʤʦʞʥʦ 

ʧʨʦʪʝʢʘʥʠʝ ʨʝʘʢʮʠʠ 6. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ɸ5-ʜʠʪʠʦʥʠʪ ʥʘʪʨʠʷ Na2S2O4, ʘ ʢʠʩʣʦʪʘ 

ʍ4 ï ʜʠʪʠʦʥʠʩʪʘʷ ʢʠʩʣʦʪʘ H2S2O4. 

ʇʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʵʢʚʠʤʦʣʷʨʥʳʭ ʢʦʣʠʯʝʩʪʚ ʘʤʤʠʘʢʘ ʠ SO3 ʧʦʣʫʯʘʝʪʩʷ 

ʩʫʣʴʬʘʤʠʥʦʚʘʷ ʢʠʩʣʦʪʘ H[NH2SO3]- ʍ5. ɽʝ ʢʘʣʠʝʚʘʷ ʩʦʣʴ ʩʫʣʴʬʘʤʘʪ ʢʘʣʠʷ 

K[NH 2SO3] ï ɸ6 

ʍ1 H2S2O3 ɸ1 H2S 

ʍ2 H2SO3 ɸ2 SO3 

ʍ3 H2SO4 ɸ3 Na2S2O3 

ʍ4 H2S2O4 ɸ4 Na5[Ag(S2O3)3] 

ʍ5 H[NH2SO3] ɸ5 Na2S2O4 

  A6 K[NH2SO3] 

                                           

*  Chan E.J., Skelton B.W., White A.H.// Z. anorg. allg. Chem., (2008) Bd. 634, pp. 2825ï2844. 

doi:10.1002/zaac.200800316 
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3. ʋʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʡ 

1) OHOSHSOHS 2
2
323 3342  

2) H2S2O3
OEtC 2,5

H2S + SO3 
*
 

3) )()(3325)(322 ])([3 ʨʨʨʨʨʨʪʚ NaBrOSAgNaOSNaAgBr  

4) IHHSOOHIHSO 224223  

5) Zn + 2 SO2 = ZnS2O4  

6) 2323224222 SOSONaOSNaOSNa  

7) ][ 3233 NSOHHSONH  

8) H[NH2SO3] + KHSO4 + Ca(OH)2 = K[NH2SO3] + CaSO4 + 2H2O 

4.  

SO3 

 

 S2O4
2-
 

 
(SO3)3 

O

S

S

O

O

S

O O

O

OO

O  

_______ H[NH2SO3] 

 

ʉʠʩʪʝʤʘ ʦʮʝʥʠʚʘʥʠʷ: 

1 ʋʩʪʘʥʦʚʣʝʥʠʝ ʵʣʝʤʝʥʪʘ ɸ 4 ʙʘʣʣʘ 

2 ʋʩʪʘʥʦʚʣʝʥʠʝ ʍ1-ʍ3, ʍ5,ɸ1-ɸ3,ɸ5,ɸ6 ʧʦ 1 ʙʘʣʣʫ 

ʋʩʪʘʥʦʚʣʝʥʠʝ ʍ4, ɸ4 ʧʦ 2 ʙʘʣʣʘ   

9 ʙʘʣʣʦʚ 

4 ʙʘʣʣʘ 

3 ʋʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʡ 8 ʧʦ 0.5 4 ʙʘʣʣʘ 

4 ʉʪʨʫʢʪʫʨʳ 4 ʧʦ 1 4 ʙʘʣʣʘ 

 ʀʪʦʛʦ 25 ʙʘʣʣʦʚ 

 

  

                                           

*
 M. Schmidt // Z. anorg. allg. Chem. (1957), Bd. 289, pp. 141-157,  
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ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ 5 (ʂʦʚʘʣʝʥʢʦ ɸ.ɼ.) 

1. ʈʘʟʥʦʦʙʨʘʟʥʘʷ ʦʢʨʘʩʢʘ ʩʦʝʜʠʥʝʥʠʡ ʵʣʝʤʝʥʪʘ X, ʝʛʦ ʧʨʠʤʝʥʝʥʠʝ ʚ 

ʤʝʪʘʣʣʫʨʛʠʠ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʛʘʣʴʚʘʥʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, 

ʯʪʦ ʵʣʝʤʝʥʪ X ï ʧʝʨʝʭʦʜʥʳʡ ʤʝʪʘʣʣ. ʊʝʤʥʦ-ʬʠʦʣʝʪʦʚʳʝ ʢʨʠʩʪʘʣʣʳ, 

ʧʨʠʤʝʥʷʶʱʠʝʩʷ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʠ ʚ ʙʳʪʫ ʚ 

ʢʘʯʝʩʪʚʝ ʘʥʪʠʩʝʧʪʠʢʘ, ʥʘʧʦʤʠʥʘʶʪ ʧʝʨʤʘʥʛʘʥʘʪ ʢʘʣʠʷ. ʄʦʣʷʨʥʘʷ ʤʘʩʩʘ A = 

54,938/0,3476=158,0 ʛ/ʤʦʣʴ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʦʣʷʨʥʦʡ ʤʘʩʩʝ ʧʝʨʤʘʥʛʘʥʘʪʘ 

ʢʘʣʠʷ. ʊʦʛʜʘ A ï KMnO4 ʠ X ï Mn. ʂ ʪʦʤʫ, ʯʪʦ X ï ʤʘʨʛʘʥʝʮ, ʤʦʞʥʦ ʧʨʠʡʪʠ 

ʨʘʩʯʝʪʥʳʤ ʧʫʪʝʤ, ʠʩʧʦʣʴʟʫʷ ʯʠʩʣʦʚʳʝ ʜʘʥʥʳʝ ʜʣʷ ʙʠʥʘʨʥʦʛʦ ʚʝʱʝʩʪʚʘ B 

(ʦʢʩʠʜʘ, ʪʘʢ ʢʘʢ ʦʥʦ ʦʙʨʘʟʫʝʪʩʷ ʧʨʠ ʜʝʡʩʪʚʠʠ ʥʘ ɸ ʢʦʥʮ. ʩʝʨʥʦʡ ʢʠʩʣʦʪʦʡ). 

ʇʫʩʪʴ ʩʦʩʪʘʚ ʦʢʩʠʜʘ B ï X2On, ʪʦʛʜʘ ʧʦʣʫʯʘʝʤ ʫʨʘʚʥʝʥʠʝ: 

nXMr

XMr

16)(2

)(2
4955,0 , ʦʪʢʫʜʘ Mr(X) = 7,86n. 

ɽʜʠʥʩʪʚʝʥʥʳʡ ʨʘʟʫʤʥʳʡ ʚʘʨʠʘʥʪ ʧʦʣʫʯʘʝʪʩʷ ʧʨʠ n = 7, ʪ.ʝ. Mr(X) = 55 

ʛ/ʤʦʣʴ ï ʤʘʨʛʘʥʝʮ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʧʝʨʤʘʥʛʘʥʘʪʘ ʢʘʣʠʷ ʩ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʩʝʨʥʦʡ ʢʠʩʣʦʪʦʡ ʧʦʣʫʯʘʝʪʩʷ ʤʘʩʣʷʥʠʩʪʘʷ ʞʠʜʢʦʩʪʴ ï ʦʢʩʠʜ 

ʤʘʨʛʘʥʮʘ(VII ). B ï Mn2O7. 

ʇʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʧʝʨʤʘʥʛʘʥʘʪʘ ʢʘʣʠʷ ʩ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʩʦʣʷʥʦʡ 

ʢʠʩʣʦʪʦʡ ʤʘʨʛʘʥʝʮ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ. ʉʪʝʧʝʥʴ ʦʢʠʩʣʝʥʠʷ ʤʘʨʛʘʥʮʘ ʚ 

ʩʦʝʜʠʥʝʥʠʠ C ʟʘʚʠʩʠʪ ʦʪ ʫʩʣʦʚʠʡ ʨʝʘʢʮʠʠ, ʧʨʠ ʥʘʣʠʯʠʠ ʭʣʦʨʠʜʘ ʢʘʣʠʷ ʤʦʞʝʪ 

ʦʙʨʘʟʦʚʘʪʴʩʷ ʢʦʤʧʣʝʢʩʥʳʡ ʭʣʦʨʠʜ ʤʘʨʛʘʥʮʘ. ʅʘʡʜʝʤ ʤʦʣʷʨʥʫʶ ʤʘʩʩʫ C: 

54,938/0,1588 = 345,96 ʛ/ʤʦʣʴ. ʕʪʦ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʠ ʮʝʣʦʯʠʩʣʝʥʥʦʤʫ ʛʠʜʨʘʪʫ 

ʭʣʦʨʠʜʘ ʤʘʨʛʘʥʮʘ(II), ʥʠ ʭʣʦʨʠʜʫ ʢʘʣʠʷ-ʤʘʨʛʘʥʮʘ(III ) K2MnCl5. ʇʨʠ 

ʨʘʟʣʦʞʝʥʠʠ C ʚʳʜʝʣʷʝʪʩʷ 
160 1,25 /

1000 2

ʤʣ ʤʦʣʴ ʣ
= 0,1 ʤʦʣʴ ʭʣʦʨʘ (ʞʝʣʪʦ-

ʟʝʣʝʥʦʛʦ ʫʜʫʰʣʠʚʦʛʦ ʛʘʟʘ), ʘ ʪʘʢʞʝ 
14,9

74,5 /

ʛ

ʛ ʤʦʣʴ
 = 0,2 ʤʦʣʴ KCl. ɺʳʯʪʝʤ ʠʟ 

Mr(C) ʫʜʚʦʝʥʥʫʶ ʤʘʩʩʫ KCl ʠ ʤʘʩʩʫ Cl2, ʧʦʣʫʯʠʤ 345,96 ï 71 ï 2ϊ74,5 = 125,96 ï 

ʤʦʣʷʨʥʘʷ ʤʘʩʩʘ MnCl2, ʟʥʘʯʠʪ, C ï K2MnCl6, ʛʝʢʩʘʭʣʦʨʤʘʥʛʘʥʘʪ(IV) ʢʘʣʠʷ. 
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K2MnCl6 ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʥʝʫʩʪʦʡʯʠʚ, ʦʥ ʤʦʞʝʪ ʨʘʟʣʘʛʘʪʴʩʷ ʩ 

ʚʳʜʝʣʝʥʠʝʤ ʭʣʦʨʘ ʠ ʭʣʦʨʠʜʘ ʢʘʣʠʷ. ʆʜʥʘʢʦ ʛʠʜʨʦʢʩʠʜʳ ʤʘʨʛʘʥʮʘ(II) ʠ (III) ʚ 

ʱʝʣʦʯʥʦʤ ʨʘʩʪʚʦʨʝ ʥʝʫʩʪʦʡʯʠʚʳ, ʠ ʦʢʠʩʣʷʶʪʩʷ ʢʠʩʣʦʨʦʜʦʤ ʚʦʟʜʫʭʘ ʜʦ ʦʢʩʠʜʘ 

ʤʘʨʛʘʥʮʘ IV. D ï MnO2, ʦʢʩʠʜ ʤʘʨʛʘʥʮʘ IV. 

ʉʦʝʜʠʥʝʥʠʷ E ʠ F ʧʦʣʫʯʘʶʪʩʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ KMnO4 ʠ MnO2 ʩ KOH, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠ ʩʧʣʘʚʣʝʥʠʠ E ʩ KOH ʚ ʘʪʤʦʩʬʝʨʝ ʘʟʦʪʘ 

ʧʦʣʫʯʘʝʪʩʷ F, ʘ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʚ ʘʪʤʦʩʬʝʨʝ ʘʟʦʪʘ E ʨʘʟʣʘʛʘʝʪʩʷ ʥʘ F ʠ MnO2. 

ʀʟ ʵʪʦʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ ʩʪʝʧʝʥʴ ʦʢʠʩʣʝʥʠʷ ʤʘʨʛʘʥʮʘ ʚ E ʙʦʣʴʰʝ, ʯʝʤ ʚ F. ʂʨʦʤʝ 

ʪʦʛʦ, ʧʦʤʝʱʝʥʠʝ F ʚ ʚʦʜʫ ʧʨʠʚʦʜʠʪ, ʦʯʝʚʠʜʥʦ, ʢ ʜʠʩʧʨʦʧʦʨʮʠʦʥʠʨʦʚʘʥʠʶ ʥʘ E 

(ʟʝʣʝʥʳʡ ʨʘʩʪʚʦʨ) ʠ D (MnO2). ʊʦ ʝʩʪʴ, ʩʪʝʧʝʥʴ ʦʢʠʩʣʝʥʠʷ ʤʘʨʛʘʥʮʘ ʚ F 

ʧʨʦʤʝʞʫʪʦʯʥʘʷ ʤʝʞʜʫ ʪʘʢʦʚʦʡ ʚ E ʠ MnO2. ʅʦ E ʫʩʪʦʡʯʠʚʦ ʪʦʣʴʢʦ ʚ ʱʝʣʦʯʥʦʤ 

ʨʘʩʪʚʦʨʝ ʠ ʧʨʠ ʧʦʜʢʠʩʣʝʥʠʠ ʪʘʢʞʝ ʜʠʩʧʨʦʧʦʨʮʠʦʥʠʨʫʝʪ ʥʘ ʧʝʨʤʘʥʛʘʥʘʪ 

(ʤʘʣʠʥʦʚʦʝ ʦʢʨʘʰʠʚʘʥʠʝ) ʠ ʜʠʦʢʩʠʜ ʤʘʨʛʘʥʮʘ. ʋʯʠʪʳʚʘʷ ʚʩʝ ʵʪʦ, E ï K2MnO4, 

ʤʘʥʛʘʥʘʪ ʢʘʣʠʷ, ʠ ʪʦʛʜʘ ʚ F ʩʪʝʧʝʥʴ ʦʢʠʩʣʝʥʠʷ ʤʘʨʛʘʥʮʘ +5, ʪʦ ʝʩʪʴ F ï 

K3MnO4, ʛʠʧʦʤʘʥʛʘʥʘʪ ʢʘʣʠʷ. 

ʈʝʘʢʮʠʷ AŸG ï ʨʝʘʢʮʠʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ. ʇʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ 

ʧʝʨʤʘʥʛʘʥʘʪʘ ʢʘʣʠʷ ʩ ʩʠʣʴʥʳʤʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷʤʠ ʚ ʢʠʩʣʦʡ ʩʨʝʜʝ ʤʘʨʛʘʥʝʮ 

ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʜʦ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ +2. ʊʦʛʜʘ G ï ʘʮʝʪʘʪ ʤʘʨʛʘʥʮʘ(II). 

ʄʦʣʷʨʥʘʷ ʤʘʩʩʘ G = 54,938/0,2242=245,0 ʛ/ʤʦʣʴ. ʕʪʦ ʙʦʣʴʰʝ, ʯʝʤ 

Mr(Mn(CH3COO)2), ʟʥʘʯʠʪ, ʦʙʨʘʟʫʝʪʩʷ ʢʨʠʩʪʘʣʣʦʛʠʜʨʘʪ. ʋʩʪʘʥʦʚʠʤ ʝʛʦ 

ʛʠʜʨʘʪʥʳʡ ʩʦʩʪʘʚ. ɺʳʯʪʝʤ ʤʘʩʩʫ ʤʘʨʛʘʥʮʘ ʠ ʘʮʝʪʘʪ-ʠʦʥʦʚ ʠ ʨʘʟʜʝʣʠʤ ʥʘ 

ʤʦʣʷʨʥʫʶ ʤʘʩʩʫ ʚʦʜʳ, ʧʦʣʫʯʠʤ (245,0 ï 55,0 ï 2ϊ59,0)/18,0 = 4 ï ʯʝʪʳʨʝ 

ʤʦʣʝʢʫʣʳ ʚʦʜʳ. ʊʦʛʜʘ G ï Mn(CH3COO)2ϊ4H2O. 

ʇʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʘʮʝʪʘʪʘ ʤʘʨʛʘʥʮʘ ʩ ʮʠʘʥʠʜʦʤ ʢʘʣʠʷ ʦʙʨʘʟʫʝʪʩʷ 

ʮʠʘʥʠʜʥʳʡ ʢʦʤʧʣʝʢʩ ʤʘʨʛʘʥʮʘ. ʄʦʣʷʨʥʘʷ ʤʘʩʩʘ J = 54,938/0,1303 = 421,63 

ʛ/ʤʦʣʴ, ʥʘʡʜʝʤ ʢʦʣʠʯʝʩʪʚʦ ʤʦʣʝʢʫʣ ʚʦʜʳ, ʜʣʷ ʵʪʦʛʦ ʚʳʯʪʝʤ ʤʘʩʩʫ ʤʘʨʛʘʥʮʘ, 

ʢʘʣʠʷ ʠ ʮʠʘʥʠʜ-ʘʥʠʦʥʦʚ ʠ ʨʘʟʜʝʣʠʤ ʥʘ ʤʦʣʷʨʥʫʶ ʤʘʩʩʫ ʚʦʜʳ, ʧʦʣʫʯʠʤ (421,63 

ï 54,938 ï 6Ā26,025 ï 4Ā39,098)/18,0 = 3 ï ʪʨʠ ʤʦʣʝʢʫʣʳ ʚʦʜʳ. ʊʦʛʜʘ J ï 

K4[Mn(CN)6]ϊ3H2O. 

ʇʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʢʦʤʧʣʝʢʩʘ K4Mn(CN)6 ʩ ʤʝʪʘʣʣʠʯʝʩʢʠʤ ʘʣʶʤʠʥʠʝʤ ʚ 



 É ʎʇʄʂ ɺʩʆʐ ʧʦ ʭʠʤʠʠ 

67 

ʱʝʣʦʯʥʦʡ ʩʨʝʜʝ ʠʦʥ ʤʘʨʛʘʥʮʘ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʜʦ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ +1, ʯʪʦ 

ʚʦʟʤʦʞʥʦ ʙʣʘʛʦʜʘʨʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʮʠʘʥʠʜʥʦʛʦ ʦʢʨʫʞʝʥʠʷ ʠʦʥʘ ʤʘʨʛʘʥʮʘ 

[Mn(CN)6]
5ï

. K  ï K5[Mn(CN)6]. 

ɽʩʣʠ ʜʦʙʘʚʠʪʴ ʢ ʨʘʩʪʚʦʨʫ ʩʦʣʠ ʤʘʨʛʘʥʮʘ II  ʱʘʚʝʣʝʚʫʶ ʢʠʩʣʦʪʫ, ʚʳʧʘʜʝʪ 

ʤʘʣʦʨʘʩʪʚʦʨʠʤʳʡ ʦʢʩʘʣʘʪ ʤʘʨʛʘʥʮʘ, L  ï ʦʢʩʘʣʘʪ ʤʘʨʛʘʥʮʘ(II). ʋʩʪʘʥʦʚʠʤ ʝʛʦ 

ʛʠʜʨʘʪʥʳʡ ʩʦʩʪʘʚ. ʄʦʣʷʨʥʘʷ ʤʘʩʩʘ L  = 54,938/0,3069 = 179,00 ʛ/ʤʦʣʴ, ʚʳʯʪʝʤ 

ʤʘʩʩʫ ʤʘʨʛʘʥʮʘ ʠ ʦʢʩʘʣʘʪ-ʘʥʠʦʥʘ ʠ ʨʘʟʜʝʣʠʤ ʥʘ ʤʦʣʷʨʥʫʶ ʤʘʩʩʫ ʚʦʜʳ, ʧʦʣʫʯʠʤ 

(179,00 ï 54,938ï 88,0)/18,0 = 2 ï ʜʚʝ ʤʦʣʝʢʫʣʳ ʚʦʜʳ. ʊʦʛʜʘ L  ï MnC2O4ϊ2H2O. 

ʈʝʘʢʮʠʷ LŸM  ï ʩʦʧʨʦʧʦʨʮʠʦʥʠʨʦʚʘʥʠʝ ʤʘʨʛʘʥʮʘ ʚ ʩʪʝʧʝʥʷʭ ʦʢʠʩʣʝʥʠʷ +2 

ʠ +7 ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʪʨʠʩʦʢʩʘʣʘʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʤʘʨʛʘʥʮʘ(III). ʅʘʡʜʝʤ 

ʛʠʜʨʘʪʥʳʡ ʩʦʩʪʘʚ ʵʪʦʛʦ ʢʦʤʧʣʝʢʩʘ. ʄʦʣʷʨʥʘʷ ʤʘʩʩʘ M  = 54,938/0,112 = 490,52 

ʛ/ʤʦʣʴ, ʚʳʯʪʝʤ ʤʘʩʩʫ ʤʘʨʛʘʥʮʘ, ʢʘʣʠʷ  ʠ ʪʨʝʭ ʦʢʩʘʣʘʪ-ʘʥʠʦʥʦʚ ʠ ʨʘʟʜʝʣʠʤ ʥʘ 

ʤʦʣʷʨʥʫʶ ʤʘʩʩʫ ʚʦʜʳ, ʧʦʣʫʯʠʤ (490,52 ï 54,938 ï 3Ā39,098 ï 3Ā88,02)/18,0 = 3 ï 

ʪʨʠ ʤʦʣʝʢʫʣʳ ʚʦʜʳ. ʊʦʛʜʘ M  ï 5K3[Mn(C2O4)3]Ā3H2O. 

GŸH ï ʵʪʦ ʩʠʥʪʝʟ ʢʘʨʙʦʥʠʣʘ ʤʘʨʛʘʥʮʘ, H ï Mn2(CO)10 (ʦʙʦʩʥʦʚʘʥʠʝ 

ʬʦʨʤʫʣʳ ʩʤ. ʧ. 3 ʨʝʰʝʥʠʷ), ʥʘ ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʙʦʣʴʰʦʝ ʜʘʚʣʝʥʠʝ CO. 

ʊʨʠʵʪʠʣʘʣʶʤʠʥʠʡ ʚʳʩʪʫʧʘʝʪ ʚ ʢʘʯʝʩʪʚʝ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ. 

ʋʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʡ: 

1) 2KMnO4 + 2H2SO4 (ʢʦʥʮ.) = Mn2O7 + 2KHSO4 + H2O 

2) 2KMnO4 + 16HCl(ʢʦʥʮ.) + 2KCl = 2K2MnCl6 + 3Cl2 + 8H2O 

3) K2MnCl6 + 3O2 + 4KOH = MnO2 + 2KClO3 + 4KCl + 2H2O 

4) 4MnO2 + 12KOH + O2 
0700 ʉ  4K3MnO4 + 6H2O 

5) 4KMnO4 + 4KOH 
0100 ʉ  4K2MnO4 + O2 + 2H2O 

6) 4K2MnO4 + 4KOH 
0

2

700 ʉ

N
 4K3MnO4 + O2 + 2H2O 

7) 3K2MnO4 
0

2

520 ʉ

N  2K3MnO4 + MnO2 + O2 

8) 4KMnO4 + 5C2H5OH + 7CH3COOH + 5H2O 
0100 ʉ

  

4Mn(CH3COO)2ϊ4H2O + 4CH3COOK 

9) 6Mn(CH3COO)2 + 4(C2H5)3Al + 30CO 
200ʙʘʨ
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3Mn2(CO)10 + 4Al(CH3COO)3 + 6C4H10 

10) Mn(CH3COO)2 + 6KCN + 3H2O = K4[Mn(CN)6]ϊ3H2O + 2CH3COOK 

11) 3K4[Mn(CN)6] + Al + 4KOH = K5[Mn(CN)6] + K[Al(OH) 4] 

12) Mn(CH3COO)2 + K2C2O4 + 2H2O = MnC2O4ϊ2H2O + 2CH3COOK 

13) 3KMnO4 + 4MnC2O4 + 9K2CO3 + 21H2C2O4=  7K3[Mn(C2O4)3]Ā3H2O + 17CO2 

2. ʋʨʘʚʥʝʥʠʷ ʫʧʦʤʷʥʫʪʳʭ ʨʝʘʢʮʠʡ: 

K2MnCl6  = MnCl2 + Cl2 + 2KCl 

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

2K3MnO4 + 2H2O = K2MnO4 + MnO2Ź + 4KOH, ʧʦʩʣʝ ʥʝʡʪʨʘʣʠʟʘʮʠʠ 

ʦʙʨʘʟʦʚʘʚʰʝʡʩʷ ʱʝʣʦʯʠ ʤʘʥʛʘʥʘʪ ʢʘʣʠʷ ʪʘʢʞʝ ʜʠʩʧʨʦʧʦʨʮʠʦʥʠʨʫʝʪ: 

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

3. ʇʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʢʘʨʙʦʥʠʣʦʚ ʘʪʦʤʳ 3d-ʤʝʪʘʣʣʦʚ ʩʪʨʝʤʷʪʩʷ ʟʘʚʝʨʰʠʪʴ 18-

ʪʠʵʣʝʢʪʨʦʥʥʫʶ ʦʙʦʣʦʯʢʫ, ʧʨʠ ʵʪʦʤ ʦʜʥʘ ʤʦʣʝʢʫʣʘ CO ʧʨʝʜʦʩʪʘʚʣʷʝʪ 

ʮʝʥʪʨʘʣʴʥʦʤʫ ʘʪʦʤʫ 2 ʵʣʝʢʪʨʦʥʘ. ʆʜʠʥ ʘʪʦʤ ʤʘʨʛʘʥʮʘ(0) ï 3d
7
 ï ʤʦʞʝʪ 

ʧʨʠʩʦʝʜʠʥʠʪʴ ʥʝ ʙʦʣʝʝ 5-ʪʠ ʤʦʣʝʢʫʣ CO, ʪʘʢ ʢʘʢ ʪʦʛʜʘ ʢʦʣʠʯʝʩʪʚʦ ʵʣʝʢʪʨʦʥʦʚ 

ʩʦʩʪʘʚʠʪ 7 + 2Ā5 = 17. ʂʦʤʧʣʝʢʩʥʳʝ ʯʘʩʪʠʮʳ Mn(CO)5 ʥʝʫʩʪʦʡʯʠʚʳ ʠ 

ʜʠʤʝʨʠʟʫʶʪʩʷ, ʪʘʢ ʢʘʢ ʚ ʧʦʣʫʯʝʥʥʦʤ ʜʠʤʝʨʝ ʢʘʞʜʳʡ ʘʪʦʤ ʤʘʨʛʘʥʮʘ ʧʦʣʫʯʠʪ ʧʦ 

18 ʵʣʝʢʪʨʦʥʦʚ, ʧʦʵʪʦʤʫ ʬʦʨʤʫʣʘ H ï Mn2(CO)10. ʉʪʨʦʝʥʠʝ ʢʘʨʙʦʥʠʣʘ Mn2(CO)10 

ʧʨʠʚʝʜʝʥʦ ʥʘ ʨʠʩʫʥʢʝ. ʇʷʪʴ ʤʦʣʝʢʫʣ CO ʦʙʨʘʟʫʶʪ ʪʝʪʨʘʛʦʥʘʣʴʥʫʶ ʧʠʨʘʤʠʜʫ, ʚ 

ʦʩʥʦʚʘʥʠʠ ʢʦʪʦʨʦʡ ʥʘʭʦʜʠʪʩʷ ʘʪʦʤ ʤʘʨʛʘʥʮʘ. ɺ ʤʦʣʝʢʫʣʝ ʦʪʩʫʪʩʪʚʫʶʪ 

ʤʦʩʪʠʢʦʚʳʝ ʘʪʦʤʳ CO, ʠʤʝʝʪʩʷ ʩʚʷʟʴ Mn-Mn ʩ ʜʣʠʥʦʡ 2,93 ¡ (1 ¡ = 10
ï8

 ʩʤ). 

ɼʚʝ ʪʝʪʨʘʛʦʥʘʣʴʥʳʝ ʧʠʨʘʤʠʜʳ ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ ʦʜʥʦʡ ʦʩʠ ʦʩʥʦʚʘʥʠʷʤʠ ʜʨʫʛ ʢ 

ʜʨʫʛʫ ʠ ʨʘʟʚʝʨʥʫʪʳ ʜʨʫʛ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʘ ʥʘ 45
o
. 

 

ʉʠʩʪʝʤʘ ʦʮʝʥʠʚʘʥʠʷ: 

1. ʋʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʡ 1 ï 13 ʧʦ 1 ʙʘʣʣʫ. 

ʋʩʪʘʥʦʚʣʝʥʠʝ ʩʦʩʪʘʚʘ A, B, C, G, J, L  ʠ M  ʧʦ 1 ʙʘʣʣʫ. 
20 ʙʘʣʣʦʚ 
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2. ʏʝʪʳʨʝ ʫʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʡ ʧʦ 1 ʙʘʣʣʫ. 4 ʙʘʣʣʘ 

3. ɺʝʨʥʘʷ ʩʪʨʫʢʪʫʨʘ ï 1 ʙʘʣʣ. 

(ʨʘʟʚʦʨʦʪ ʧʠʨʘʤʠʜʳ ʥʝ ʫʯʠʪʳʚʘʝʪʩʷ, ʚʳʩʪʘʚʣʷʝʪʩʷ ʧʦʣʥʳʡ 

ʙʘʣʣ ʟʘ ʜʠʤʝʨʥʦʝ ʩʪʨʦʝʥʠʝ) 
1 ʙʘʣʣ 

 ʀʊʆɻʆ: 25 ʙʘʣʣʦʚ 

 

ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ 6 (ʂʠʨʠʣʝʥʢʦ ʅ.ʖ., ɼʦʣʞʝʥʢʦ ɺ.ɼ.) 

1. ʄʝʪʘʣʣ ʍ ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʩʧʣʘʚʘ ʩ ʧʘʤʷʪʴʶ ʬʦʨʤʳ, ʧʨʠ ʨʘʩʪʚʦʨʝʥʠʠ ʚ 

ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʝ ʦʙʨʘʟʫʝʪ ʬʠʦʣʝʪʦʚʳʝ ʨʘʩʪʚʦʨʳ, ʧʨʠ ʦʢʠʩʣʝʥʠʠ ʢʠʩʣʦʨʦʜʦʤ 

ʜʘʸʪ ʦʢʩʠʜ, ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʙʝʣʦʛʦ ʧʠʛʤʝʥʪʘ, ʝʛʦ ʩʦʣʠ ʚ ʢʠʩʣʦʡ 

ʩʨʝʜʝ ʩ ʧʝʨʝʢʠʩʴʶ ʠʤʝʶʪ ʞʝʣʪʫʶ ʦʢʨʘʩʢʫ. ɺʩʝ ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʧʦʜʭʦʜʷʪ ʢ ʪʠʪʘʥʫ.  

ɽʩʣʠ ʞʝ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʩʚʦʡʩʪʚ ʥʝʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ 

ʤʝʪʘʣʣʘ ʧʨʦʚʝʜʝʤ ʚʳʯʠʩʣʝʥʠʷ. ʇʨʠ ʦʢʠʩʣʝʥʠʠ ʤʝʪʘʣʣʘ ʢʠʩʣʦʨʦʜʦʤ ʦʙʨʘʟʫʝʪʩʷ 

ʦʢʩʠʜ ɸ, ʩʧʝʢʘʥʠʝ ʩ ʢʦʪʦʨʳʤ ʤʝʪʘʣʣʘ ʍ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ɺ. ʊʘʢ ʢʘʢ ʥʠʢʘʢʠʭ 

ʜʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ ʥʝ ʧʨʠʚʥʦʩʠʪʩʷ, ʪʦ ɺ ï ʵʪʦ ʦʢʩʠʜ. ʇʦʧʨʦʙʫʝʤ ʦʧʨʝʜʝʣʠʪʴ 

ʤʝʪʘʣʣ ʧʦ ʝʛʦ ʤʘʩʩʦʚʦʡ ʜʦʣʝ ʚ ʦʢʩʠʜʝ ʍ2On. 
1

8 n
Mʍ : 

n MX   n MX  

1 15.95 ʢʠʩʣʦʨʦʜ  5 79.76 ʙʨʦʤ 

2 31.90 ʩʝʨʘ  6 95.71 ʤʦʣʠʙʜʝʥ 

3 47.86 ʪʠʪʘʥ  7 111.66  

4 63.81 ʤʝʜʴ  8 127.62 ʪʝʣʣʫʨ 

ʂʠʩʣʦʨʦʜ, ʩʝʨʘ ʠ  ʙʨʦʤ ʤʦʛʫʪ ʙʳʪʴ ʦʪʙʨʦʰʝʥʳ, ʪ.ʢ. ʍ ï ʤʝʪʘʣʣ. ɼʣʷ 

ʪʝʣʣʫʨʘ ʩʪʝʧʝʥʴ ʦʢʠʩʣʝʥʠʷ +8 ʥʝʜʦʩʪʠʞʠʤʘ. B ï ʵʪʦ ʦʢʩʠʜ ʤʝʪʘʣʣʘ ʚ ʥʠʟʢʦʡ 

ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ, ʧʦʵʪʦʤʫ ʤʝʜʴ ʠ ʤʦʣʠʙʜʝʥ ʪʘʢʞʝ ʥʝ ʧʦʜʭʦʜʷʪ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ,  ʦʩʪʘʝʪʩʷ ʪʦʣʴʢʦ ʪʠʪʘʥ. 

ɺʳʯʠʩʣʠʤ ʤʦʣʷʨʥʳʝ ʤʘʩʩʳ ʩʦʝʜʠʥʝʥʠʡ E, G, H, J ʚ ʨʘʩʯʝʪʝ ʥʘ 1 ʘʪʦʤ 

ʪʠʪʘʥʘ: 
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ɺʝʱʝʩʪʚʦ ( ʍ), % M, 
ʛ
/ʤʦʣʴ 

E 3.33 1437.5 

F 41.9 115.9 

H 20.9 229.0 

I  19.2 249.3 

J 26.9 177.9 
ʇʨʠ ʦʢʠʩʣʝʥʠʠ ʪʠʪʘʥʘ ʥʘ ʚʦʟʜʫʭʝ ʦʙʨʘʟʫʝʪʩʷ TiO2 (A), ʢʦʪʦʨʳʡ ʚʭʦʜʠʪ ʚ 

ʢʘʯʝʩʪʚʝ ʧʠʤʝʥʪʘ ʚ çʪʠʪʘʥʦʚʳʝ ʙʝʣʠʣʘè. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʦʢʩʠʜʦʚ ʤʝʪʘʣʣʦʚ ʩ 

ʫʛʣʝʤ ʠ ʭʣʦʨʦʤ ʧʨʠ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ï ʵʪʦ ʤʝʪʦʜ ʧʦʣʫʯʝʥʠʷ ʭʣʦʨʠʜʦʚ. ɺ 

ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʦʙʨʘʟʫʝʪʩʷ TiCl4 (C). ʊʝʪʨʘʭʣʦʨʠʜ ʪʠʪʘʥʘ ʧʦʣʥʦʩʪʴʶ 

ʛʠʜʨʦʣʠʟʫʝʪʩʷ ʚʦʜʦʡ ʜʦ ʪʠʪʘʥʦʚʦʡ ʢʠʩʣʦʪʳ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʡ ʩʦʙʦʡ 

ʛʠʜʨʘʪʠʨʦʚʘʥʥʳʡ ʦʢʩʠʜ ʪʠʪʘʥʘ(IV) TiO2ȚnH2O. ʉʫʜʷ ʧʦ ʚʳʯʠʩʣʝʥʥʦʡ ʤʦʣʷʨʥʦʡ 

ʤʘʩʩʝ F ï ʵʪʦ Ŭ-ʪʠʪʘʥʦʚʘʷ ʢʠʩʣʦʪʘ TiO2Ț2H2O, H4TiO4 ʠʣʠ Ti(OH)4.  

ʊʠʪʘʥ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʢʠʩʣʦʪʘʤʠ ʥʝʦʢʠʩʣʠʪʝʣʷʤʠ ʦʢʠʩʣʷʝʪʩʷ ʜʦ 

ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ +3, ʦʙʨʘʟʫʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʩʦʣʠ. ʇʨʠ ʨʘʩʪʚʦʨʝʥʠʠ ʚ 

ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʝ, ʦʙʨʘʟʫʝʪʩʷ TiCl3 (D). 

ʊʠʪʘʥʦʚʘʷ ʢʠʩʣʦʪʘ ʨʘʩʪʚʦʨʷʝʪʩʷ ʚ ʧʣʘʚʠʢʦʚʦʡ ʢʠʩʣʦʪʝ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʢʦʤʧʣʝʢʩʥʦʡ ʢʠʩʣʦʪʳ H2TiF6 (G).  

ʇʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʧʝʨʦʢʩʠʜʘ ʚʦʜʦʨʦʜʘ ʩ ʠʦʥʘʤʠ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ 

ʚʦʟʤʦʞʥʦ ʦʙʨʘʟʦʚʘʥʠʝ ʧʝʨʦʢʩʦ-ʢʦʤʧʣʝʢʩʦʚ ʨʘʟʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ. ɺ ʩʦʩʪʘʚ 

ʞʝʣʪʦʛʦ ʦʩʘʜʢʘ ʥʘʨʷʜʫ ʩ ʧʝʨʦʢʩʦ-ʛʨʫʧʧʦʡ O2
2-
  ʤʦʛʫʪ ʚʭʦʜʠʪʴ ʬʪʦʨʠʜ-ʠʦʥʳ ʠ 

ʠʦʥʳ ʘʤʤʦʥʠʷ, ʢʦʪʦʨʳʝ ʦʙʨʘʟʫʶʪʩʷ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʘʤʤʠʘʢʘ ʚ ʨʘʩʪʚʦʨ 

ʧʣʘʚʠʢʦʚʦʡ ʢʠʩʣʦʪʳ. ʀʟ ʫʢʘʟʘʥʠʷ, ʯʪʦ ʚʝʱʝʩʪʚʦ ʜʠʘʤʘʛʥʠʪʥʦ ʩʣʝʜʫʝʪ ʩʪʝʧʝʥʴ 

ʦʢʠʩʣʝʥʠʷ ʪʠʪʘʥʘ +4. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʩʪʘʚ ʦʩʘʜʢʘ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥ ʚ 

ʚʠʜʝ: (NH4)x[TiFy(O2)z], ʧʨʠʯʝʤ x = 2z + y ï 4.    

ʊʦʛʜʘ ʤʦʣʷʨʥʘʷ ʤʘʩʩʘ ʩʦʝʜʠʥʝʥʠʷ H ʙʫʜʝʪ ʨʘʚʥʘ   

0.229113.2066363219867.47)42(17 zyzyyzM H  

zzy 833.1920.636/)113.20660.229(  

z y 

1 5.087 

2 3.253 

3 1.420 
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4 -0.413 

ʊʦʣʴʢʦ z = 1 ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʮʝʣʦʝ ʟʥʘʯʝʥʠʝ y = 5, ʘ ʟʥʘʯʠʪ ʩʦʩʪʘʚ ʚʝʱʝʩʪʚʘ 

(NH4)3[TiF5(O2)] (H). 

ʇʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʮʠʢʣʦʧʝʥʪʘʜʠʝʥʠʣʥʘʪʨʠʷ (NaCp) ʩ ʪʝʪʨʘʭʣʦʨʠʜʦʤ 

ʪʠʪʘʥʘ (TiCl4) ʧʨʦʪʝʢʘʝʪ ʨʝʘʢʮʠʷ ʦʙʤʝʥʘ, ʚ ʢʦʪʦʨʦʡ ʭʣʦʨʠʜ-ʠʦʥʳ ʟʘʤʝʥʷʶʪʩʷ ʥʘ 

ʮʠʢʣʦʧʝʥʪʘʜʠʝʥʠʣ ʘʥʠʦʥʳ, ʘ ʜʚʠʞʫʱʝʡ ʩʠʣʦʡ ʵʪʦʡ ʨʝʘʢʮʠʠ ʷʚʣʷʝʪʩʷ 

ʦʙʨʘʟʦʚʘʥʠʝ ʦʩʘʜʢʘ ʭʣʦʨʠʜʘ ʥʘʪʨʠʷ, ʢʦʪʦʨʳʡ ʥʝʨʘʩʪʚʦʨʠʤ ʚ ʥʝʧʦʣʷʨʥʦʤ ʊɻʌ. 

ʉʦʩʪʘʚ ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʩʦʝʜʠʥʝʥʠʷ ʜʦʣʞʝʥ ʦʪʚʝʯʘʪʴ ʬʦʨʤʫʣʝ Ti(Cp)nCl4-n.  

31.249867.47)4(453.35)5125( nnM I  

2
55.29

63.59

453.355125

867.474453.3531.249
n  

ɿʥʘʯʠʪ ʩʦʩʪʘʚ I  ï Ti(C5H5)2Cl2. 

71JI MM , ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʚʫʤ ʘʪʦʤʘʤ ʭʣʦʨʘ, ʘ ʟʥʘʯʠʪ ʩʦʩʪʘʚ 

J - Ti(C5H5)2. 

ʀʟ ʫʩʣʦʚʠʷ ʩʣʝʜʫʝʪ, ʯʪʦ ʚ ʩʦʝʜʠʥʝʥʠʠ E ʢʘʪʠʦʥ ʪʠʪʘʥʘ ʥʘʭʦʜʠʪʩʷ ʚ 

ʦʢʨʫʞʝʥʠʠ ʰʝʩʪʠ ʤʦʣʝʢʫʣ ʘʮʝʪʦʥʠʪʨʠʣʘ, ʪ.ʢ. ʪʦʣʴʢʦ ʦʥʠ ʠʤʝʶʪ ʚ ʩʦʩʪʘʚʝ ʘʪʦʤ 

ʘʟʦʪʘ [Ti(CH3CN)6]
k+
. ɺ ʩʦʩʪʘʚ ʘʥʠʦʥʘ ʜʦʣʞʝʥ ʚʭʦʜʠʪʴ ʠʦʜ, ʚʳʯʠʩʣʠʤ ʤʦʣʷʨʥʫʶ 

ʤʘʩʩʫ ʘʥʠʦʥʦʚ: 1437.5 ï 47.867 ï (12.011Ț2+14.007 + 3)Ț6 = 1143.5, ʯʪʦ 

ʩʦʦʪʚʝʪʩʚʫʪʝ ʜʝʚʷʪʠ ʘʪʦʤʘʤ ʡʦʜʘ, ʘ  ʪʘʢ ʢʘʢ ʩʦʩʪʘʚ ʚʩʝʭ ʘʥʠʦʥʦʚ ʜʦʣʞʝʥ ʙʳʪʴ 

ʠʜʝʥʪʠʯʝʥ, ʘ ʩʪʝʧʝʥʴ ʦʢʠʩʣʝʥʠʷ +9 ʜʣʷ ʪʠʪʘʥʘ ʥʝʚʦʟʤʦʞʥʦ, ʦʩʪʘʸʪʩʷ 

ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʩʦʝʜʠʥʝʥʠʶ E ʦʪʚʝʯʘʝʪ ʩʦʩʪʘʚ [Ti(CH3CN)6](I3)3 ʚ ʧʦʣʴʟʫ 

ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ ʪʠʪʘʥʘ +3 ʛʦʚʦʨʠʪ ʪʘʢʞʝ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʜʘʥʥʦʝ ʩʦʝʜʠʥʝʥʠʝ 

ʧʘʨʘʤʘʛʥʠʪʥʦ.  

ɽʩʣʠ ʩʦʩʪʘʚ ʩʦʝʜʠʥʝʥʠʡ ʙʳʣ ʦʧʨʝʜʝʣʝʥ ʥʝ ʥʘ ʦʩʥʦʚʘʥʠʠ ʨʘʩʯʝʪʦʚ, ʪʦ 

ʧʦʜʪʚʝʨʜʠʤ ʩʦʩʪʘʚ: 

ɺʝʱʝʩʪʚʦ
M, 
ʛ
/ʤʦʣʴ 

( ʍ), 

% 
ɺʝʱʝʩʪʚʦ

M, 
ʛ
/ʤʦʣʴ 

( ʍ), 

% 

ɺ Ti2O3 143.80 66.6 H (NH4)3[TiF5(O2)] 228.973 20.9 

E [Ti(CH3CN)6](I3)3 1436.32 3.33 I  Ti(C5H5)2Cl2 248.96 19.2 

F TiO2Ț2H2O 115.93 41.3 J Ti(C5H5)2 178.053 26.9 
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2. ʋʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʡ: 

1. Ti + O2 
Ct

TiO2 

2. 3TiO2 + Ti
C1600

2Ti2O3 

3. TiO2 + 2C + 2Cl2
Ct

TiCl4 + 2CO 

4. 2Ti + 6HCl 2TiCl3 + 3H2 

5. 2Ti +9 I2 + 12CH3CN 
CNCH3 2[Ti(CH3CN)6](I 3)3  

6. TiCl4 +4H2O  TiO2Ț2H2O + 4HCl 

7. TiO2Ț2H2O
Ct

TiO2 + 2H2O 

8. TiO2Ț2H2O + 6HF H2[TiF6] + 4H2O 

9. H2[TiF6] + H2O2 + 4NH3ȚH2O
6pH

(NH4)3[TiF5(O2)] + NH4F +4H2O 

10. TiCl4  + 2NaC5H5 
ʊɻʌ

 Ti(C5H5)2Cl2 + 2NaCl 

11. Ti(C5H5)2Cl2 +2NaC10H8
ʊɻʌ

 Ti(C5H5)2 + 2NaCl+2C10H8 

3. ʈʝʘʢʮʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʦ ʱʝʣʦʯʴʶ 

ɺ ʨʘʩʪʚʦʨʝ ʱʝʣʦʯʠ  ʪʠʪʘʥʦʚʘʷ ʢʠʩʣʦʪʘ ʯʘʩʪʠʯʥʦ ʨʘʩʪʚʦʨʷʝʪʩʷ ʟʘ ʩʯʝʪ 

ʦʙʨʘʟʦʚʘʥʠʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʛʠʜʨʦʢʩʦ-ʢʦʤʧʣʝʢʩʘ. ʆʢʩʠʜ ʪʠʪʘʥʘ ʠʥʝʨʪʝʥ ʠ ʩ 

ʨʘʩʪʚʦʨʦʘʤʠ ʱʝʣʦʯʝʡ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʨʝʘʛʠʨʫʝʪ, ʧʨʠ ʩʧʣʘʚʣʝʥʠʠ ʦʢʩʠʜʘ 

ʩʦ ʱʝʣʦʯʴʶ ʦʙʨʘʟʫʝʪʩʷ ʩʤʝʰʘʥʥʳʡ ʦʢʩʠʜ ʪʠʪʘʥʘ ʥʘʪʨʠʷ. 

TiO2Ț2H2O + 2NaOH(ʢʦʥʮ) Na2[Ti(OH)6] 

TiO2 + 2NaOH 
Ct

Na2TiO3 + H2O 

4. ʊʠʪʘʥ ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʵʣʝʤʝʥʪʦʤ ʚ ʟʝʤʥʦʡ 

ʢʦʨʝ, ʭʦʪʷ ʠ ʨʘʩʩʝʷʥʥʳʤ. ʉʫʱʝʩʪʚʫʝʪ ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʤʠʥʝʨʘʣʦʚ 

ʪʠʪʘʥʘ ʥʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʳʤʠ ʷʚʣʷʶʪʩʷ ʠʣʴʤʝʥʠʪ (FeTiO3), 

ʧʝʨʦʚʩʢʠʪ(CaTiO3), ʨʫʪʠʣ(TiO2), ʘʥʘʪʘʟ(TiO2), ʪʠʪʘʥʠʪ (CaTiSiO5). 
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ʉʠʩʪʝʤʘ ʦʮʝʥʠʚʘʥʠʷ: 

1 ʆʧʨʝʜʝʣʝʥʠʝ ʤʝʪʘʣʣʘ ʍ ʠ ʚʝʱʝʩʪʚ A-J ï ʧʦ 0.5 ʙʘʣʣʘ 

ʈʘʩʯʝʪ ʩʦʩʪʘʚʘ ɺ, E, F, G, H, J  ʧʦ 1 ʙʘʣʣʫ 

11.5 ʙʘʣʣʦʚ 

2 ʋʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʡ ʧʦ 1 ʙʘʣʣʫ 11 ʙʘʣʣʦʚ 

3 ʋʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʡ ʩʦ ʱʝʣʦʯʴʶ  ʧʦ 1 ʙʘʣʣʫ 2 ʙʘʣʣʘ 

4 ʃʶʙʦʡ ʤʠʥʝʨʘʣ  - 0.5 ʙʘʣʣʘ 0.5 ʙʘʣʣʘ 

 ʀʊʆɻʆ: 25 ʙʘʣʣʦʚ 

 

ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ 7 (ɹʫʰʢʦʚ ʅ.ʉ.) 

1. ɻʘʟ ʍ, ʦʜʠʥ ʠʟ ʢʦʤʧʦʥʝʥʪʦʚ ʚʦʟʜʫʭʘ ï ʚʝʨʦʷʪʥʝʝ ʚʩʝʛʦ ʘʟʦʪ ʠʣʠ ʢʠʩʣʦʨʦʜ. 

ɺ ʟʘʜʘʯʝ ʨʝʯʴ ʠʜʸʪ ʦʙ ʦʯʝʥʴ ʩʠʣʴʥʳʭ ʦʢʠʩʣʠʪʝʣʷʭ ï ʣʦʛʠʯʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ 

ʦʥʠ ʩʦʜʝʨʞʘʪ ʢʠʩʣʦʨʦʜ ʠʣʠ ʬʪʦʨ. ʅʘʤ ʜʘʥʳ ʤʘʩʩʦʚʳʝ ʜʦʣʠ ʙʦʣʝʝ ʪʷʞʸʣʦʛʦ 

ʵʣʝʤʝʥʪʘ ʚ ʙʠʥʘʨʥʦʤ ʚʝʱʝʩʪʚʝ ʠ ʚ ʧʨʦʜʫʢʪʝ ʝʛʦ ʨʝʘʢʮʠʠ ʩ ʛʘʟʦʤ ʍ ʚ 

ʩʦʦʪʥʦʰʝʥʠʠ 1:1. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʥʘʤ ʚʳʯʠʩʣʠʪʴ ʤʦʣʷʨʥʫʶ ʤʘʩʩʫ ʩʦʝʜʠʥʝʥʠʷ Y 

ʧʦ ʬʦʨʤʫʣʝ: 

 

ʛʜʝ  ï ʘʪʦʤʥʘʷ ʤʘʩʩʘ ʙʦʣʝʝ ʪʷʞʝʣʦʛʦ ʵʣʝʤʝʥʪʘ, ʘ n ï ʯʠʩʣʦ ʝʛʦ ʘʪʦʤʦʚ ʚ 

ʩʦʝʜʠʥʝʥʠʠ. 

ɽʩʣʠ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʍ ï ʘʟʦʪ, ʪʦ ʄ(ʍ) = 28 ʛ/ʤʦʣʴ, Ar=171.29/n, 

ʨʘʟʫʤʥʳʭ ʚʘʨʠʘʥʪʦʚ ʥʝ ʧʦʣʫʯʘʝʤ. ɽʩʣʠ ʞʝ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʍ ï ʢʠʩʣʦʨʦʜ, ʪʦ 

ʄ(ʍ) = 32 ʛ/ʤʦʣʴ, Ar=195.15/n, ʩʢʦʨʝʝ ʚʩʝʛʦ n=1, ʘ ʵʣʝʤʝʥʪ ï ʧʣʘʪʠʥʘ, ʪʦʛʜʘ ʥʘ 

ʚʪʦʨʦʡ ʵʣʝʤʝʥʪ ʧʨʠʭʦʜʠʪʩʷ 114 ʛ/ʤʦʣʴ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 6 ʘʪʦʤʘʤ ʬʪʦʨʘ (ʵʪʦ 

ʚʧʦʣʥʝ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʜʘʥʥʳʤʠ ʦ ʚʳʩʦʢʦʡ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʜʘʥʥʦʛʦ 

ʩʦʝʜʠʥʝʥʠʷ), ʪ.ʝ. Y ï PtF6. ʈʝʘʢʮʠʷ ʛʝʢʩʘʬʪʦʨʠʜʘ ʧʣʘʪʠʥʳ ʩ ʢʠʩʣʦʨʦʜʦʤ, ʢʘʢ 

ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʦ, ʧʨʠʚʦʜʠʪ ʢ ʛʝʢʩʘʬʪʦʨʧʣʘʪʠʥʘʪʫ (V) ʜʠʦʢʩʠʛʝʥʠʣʘ, 
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ʪ.ʝ. I  ï ʵʪʦ [O2][PtF6]. ʀʟ ʜʘʥʥʳʭ ʦ ʧʦʪʝʨʝ ʤʘʩʩʳ, ʢʦʪʦʨʳʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʦʪʝʨʝ 

ʦʜʥʦʛʦ ʘʪʦʤʘ ʬʪʦʨʘ, ʧʦʣʫʯʘʝʤ, ʯʪʦ Y1 ï PtF5, ʘ Y2, ʚʪʦʨʳʤ ʧʨʦʜʫʢʪʦʤ ʝʛʦ 

ʜʠʩʧʨʦʧʦʨʮʠʦʥʠʨʦʚʘʥʠʷ, ʩʢʦʨʝʝ ʚʩʝʛʦ, ʷʚʣʷʝʪʩʷ ʪʝʪʨʘʬʪʦʨʠʜ ʧʣʘʪʠʥʳ PtF4. 

ɼʦʩʪʘʪʦʯʥʦ ʠʟʚʝʩʪʝʥ ʬʘʢʪ, ʯʪʦ ʦʧʳʪʳ ʩ ʛʝʢʩʘʬʪʦʨʠʜʦʤ ʧʣʘʪʠʥʳ ʠ ʩʠʥʪʝʟ ʧʝʨʚʦʡ 

ʩʦʣʠ ʜʠʦʢʩʠʛʝʥʠʣ-ʢʘʪʠʦʥʘ ʧʨʝʜʰʝʩʪʚʦʚʘʣʠ ʧʦʣʫʯʝʥʠʶ ʩʦʝʜʠʥʝʥʠʡ 

ʙʣʘʛʦʨʦʜʥʳʭ ʛʘʟʦʚ. ʀʩʭʦʜʷ ʠʟ ʧʨʝʜʧʦʣʘʛʘʝʤʳʭ ʜʘʥʥʳʭ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʧʣʘʪʠʥʳ 

(ʩʢʦʨʝʝ ʚʩʝʛʦ, ʚ ʵʪʦʡ ʩʦʣʠ ʩʘʤʳʤ ʪʷʞʸʣʳʤ ʵʣʝʤʝʥʪʦʤ ʷʚʣʷʝʪʩʷ ʪʘʢʞʝ ʧʣʘʪʠʥʘ) ʚ 

çʩʦʣʠ IIè, ʘ ʪʘʢʞʝ ʪʦʛʦ, ʯʪʦ ʨʝʘʢʮʠʷ ʩ ʛʘʟʦʤ ɸ ʧʨʝʜʧʦʣʘʛʘʣʘʩʴ, ʩʢʦʨʝʝ ʚʩʝʛʦ, ʚ 

ʩʦʦʪʥʦʰʝʥʠʠ 1:1 (ʚ ʫʩʣʦʚʠʠ ʫʢʘʟʘʥʦ, ʯʪʦ ʨʝʘʢʮʠʷ ʘʥʘʣʦʛʠʯʥʘ ʨʝʘʢʮʠʠ ʩ 

ʛʘʟʦʤ ʍ), ʧʦʣʫʯʘʝʤ, ʯʪʦ ʄ(ɸ) =  = 131.3 ʛ/ʤʦʣʴ, ʯʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʩʝʥʦʥʫ, ʪ.ʝ. A ï Xe, ʠ ʵʣʝʤʝʥʪ Z ï Xe, ʪ.ʝ. ʨʝʯʴ ʚ ʟʘʜʘʯʝ 

ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʠʜʸʪ ʦ ʩʦʝʜʠʥʝʥʠʷʭ ʙʣʘʛʦʨʦʜʥʳʭ ʛʘʟʘʭ (ʥʘ ʵʪʦ ʪʘʢʞʝ ʢʦʩʚʝʥʥʦ 

ʫʢʘʟʳʚʘʝʪ ʪʦ, ʯʪʦ ʜʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʜʦ ʦʧʨʝʜʝʣʸʥʥʦʛʦ ʤʦʤʝʥʪʘ ʢʘʟʘʣʠʩʴ 

ʫʯʸʥʳʤ ʯʝʤ-ʪʦ ʥʝʦʙʳʯʥʳʤ). ʊʦʛʜʘ çʩʦʣʴ II è ʠʤʝʝʪ ʬʦʨʤʫʣʫ XePtF6, ʘ ʫʯʠʪʳʚʘʷ 

ʧʨʝʜʧʦʣʘʛʘʝʤʫʶ ʘʥʘʣʦʛʠʶ ʩ ʛʝʢʩʘʬʪʦʨʦʧʣʘʪʠʥʘʪʦʤ ʜʠʦʢʩʠʛʝʥʠʣʘ, ʜʣʷ ʩʦʣʠ 

ʩʢʦʨʝʝ ʚʩʝʛʦ ʧʨʝʜʧʦʣʘʛʘʣʘʩʴ ʩʪʨʫʢʪʫʨʘ Xe
+
[Pt2F6]

-
. ʊʨʠ ʙʠʥʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʷ 

ʢʩʝʥʦʥʘ ʩ ʦʜʥʠʤ ʠ ʪʝʤ ʞʝ ʵʣʝʤʝʥʪʦʤ, ʧʦʣʫʯʘʝʤʳ ʠʟ ʦʜʥʠʭ ʠ ʪʝʭ ʞʝ ʠʩʭʦʜʥʳʭ 

ʚʝʱʝʩʪʚ ʩ ʠʟʤʝʥʝʥʠʝʤ ʫʩʣʦʚʠʡ ï ʚʝʨʦʷʪʥʝʝ ʚʩʝʛʦ ʬʪʦʨʠʜʳ. ʀʩʧʦʣʴʟʫʷ ʜʘʥʥʳʝ ʦ 

ʤʘʩʩʦʚʦʡ ʜʦʣʝ ʢʩʝʥʦʥʘ ʚ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʷʭ, ʧʦʣʫʯʘʝʤ, ʯʪʦ ʜʝʡʩʪʚʠʪʝʣʴʥʦ 

B - XeF2, C ï XeF4, D ï XeF6. ɺʩʝ ʬʪʦʨʠʜʳ ʢʩʝʥʦʥʘ ʧʦʣʫʯʘʶʪ ʧʨʷʤʳʤ ʩʠʥʪʝʟʦʤ 

ʠʟ ʢʩʝʥʦʥʘ ʠ ʬʪʦʨʘ. 

ʉʦʣʴ III , ʢʘʢ ʫʢʘʟʘʥʦ ʚ ʫʩʣʦʚʠʠ, ʤʦʞʥʦ ʬʦʨʤʘʣʴʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ 

ʧʨʦʜʫʢʪ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʜʚʫʭ ʤʦʣʝʢʫʣ PtF6 ʠ ʦʜʥʦʡ ʤʦʣʝʢʫʣʳ ʢʩʝʥʦʥʘ, ʪ.ʝ. 

ʙʨʫʪʪʦ-ʬʦʨʤʫʣʘ XePt2F12. ʊʘʢʞʝ ʫʢʘʟʘʥʦ, ʯʪʦ ʩʪʝʧʝʥʴ ʦʢʠʩʣʝʥʠʷ ʢʩʝʥʦʥʘ ʪʘʢʘʷ 

ʞʝ, ʢʘʢ ʚ ʜʠʬʪʦʨʠʜʝ ɺ, ʪ.ʝ. +2, ʦʪʢʫʜʘ ʣʦʛʠʯʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ ʬʦʨʤʫʣʫ 

[XeF]
+
[PtF11]

-
  

ʇʨʠ ʛʠʜʨʦʣʠʟʝ XeF4, ʦʯʝʚʠʜʥʦ, ʧʨʦʠʩʭʦʜʠʪ ʜʠʩʧʨʦʧʦʨʮʠʦʥʠʨʦʚʘʥʠʝ ʥʘ 

ʘʪʦʤʘʨʥʳʡ ʢʩʝʥʦʥ ʠ ʩʦʝʜʠʥʝʥʠʝ ɽ, ʩʦʜʝʨʞʘʱʝʝ ʢʩʝʥʦʥ ʚ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ 

ʦʢʠʩʣʝʥʠʷ. ʊʦʪ ʬʘʢʪ, ʯʪʦ ʧʨʠ ʛʠʜʨʦʣʠʟʝ XeF6 ʥʝ ʚʳʜʝʣʷʝʪʩʷ ʢʩʝʥʦʥ, ʥʘʪʘʣʢʠʚʘʝʪ 

ʥʘ ʤʳʩʣʴ, ʯʪʦ ɽ ï ʧʨʦʠʟʚʦʜʥʦʝ ʢʩʝʥʦʥʘ ʚ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ (+6). ʀʩʧʦʣʴʟʫʷ 
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ʜʘʥʥʳʝ ʧʦ ʤʘʩʩʦʚʦʡ ʜʦʣʝ ʢʩʝʥʦʥʘ, ʧʦʣʫʯʘʝʤ, ʯʪʦ ʤʦʣʷʨʥʘʷ ʤʘʩʩʘ ʩʦʝʜʠʥʝʥʠʷ ʚ 

ʨʘʩʯʸʪʝ ʥʘ ʦʜʠʥ ʘʪʦʤ ʢʩʝʥʦʥʘ 131.29/0.6654 = 179.29 ʛ/ʤʦʣʴ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

XeO3. ʇʨʠ ʨʝʘʢʮʠʠ ʩ ʥʝʜʦʩʪʘʪʢʦʤ ʱʸʣʦʯʠ ʦʙʨʘʟʫʝʪʩʷ ʤʦʥʦʟʘʤʝʱʸʥʥʘʷ ʩʦʣʴ, ʪ.ʝ. 

ʩʢʦʨʝʝ ʚʩʝʛʦ F - NaHXeO4. ʄʘʢʩʠʤʘʣʴʥʦʡ ʩʪʝʧʝʥʴʶ ʦʢʠʩʣʝʥʠʷ ʜʣʷ ʢʩʝʥʦʥʘ 

ʷʚʣʷʝʪʩʷ +8, ʪ.ʝ. G ï ʩʦʣʴ, ʢʦʪʦʨʫʶ ʤʦʞʥʦ ʬʦʨʤʘʣʴʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʢʘʢ 

xNa2O
.
yXeO4. ʀʩʧʦʣʴʟʫʷ ʜʘʥʥʳʝ ʦ ʤʘʩʩʦʚʦʡ ʜʦʣʠ ʢʩʝʥʦʥʘ ʚ ʵʪʦʡ ʩʦʣʠ (ʥʘ ʦʜʠʥ 

ʘʪʦʤ ʢʩʝʥʦʥʘ ʧʨʠʭʦʜʠʪʩʷ 131.29/0.4113 = 319.2 ʛ/ʤʦʣʴ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

x : y = 2 : 1), ʪ.ʝ. ʬʦʨʤʫʣʘ ʩʦʣʠ Na4XeO6. ʂʦʥʮʝʥʪʨʠʨʦʚʘʥʥʘʷ ʩʝʨʥʘʷ ʧʨʠ 

ʨʝʘʢʮʠʠ ʩ ʧʝʨʢʩʝʥʘʪʦʤ ʙʘʨʠʷ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʚʳʩʪʫʧʘʝʪ, ʚʝʨʦʷʪʥʦ, 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʢʘʢ ʩʠʣʴʥʘʷ ʢʠʩʣʦʪʘ ʠ ʢʘʢ ʦʙʝʟʚʦʞʠʚʘʶʱʠʡ ʘʛʝʥʪ, ʜʘʚʘʷ H ï 

XeO4. 

A - Xe 

B ï XeF2 

C ï XeF4 

D ï XeF6 

E ï XeO3 

F ï NaHXeO4 

G ï Na4XeO6 

H ï XeO4 

I  ï [O2][PtF6] 

II  ï Xe[PtF6] 

III  ï [XeF][Pt2F11] 

X ï O2 

Y ï PtF6 

Y1 ï PtF5 

Y2 ï PtF4 

2. ʋʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʡ: 

1) Pt + 3F2 = PtF6  

2) 2PtF6 = 2PtF5 + F2ŷ  

3) 2PtF5= PtF6 + PtF4  
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4) O2  + PtF6 =[O2][PtF6]  

5) Xe + PtF6= Xe[PtF6]  

6) Xe + F2= XeF2  

7) Xe + 2F2= XeF4  

8) Xe + 3F2= XeF6  

9) Xe + 2PtF6= [XeF][Pt2F11]  

10) 3XeF4  + 6H2O = 2XeO3 + 12HF + Xeŷ  

11) XeF6 + 3H2O = 6HF + XeO3  

12) NaOH + XeO3= NaHXeO4  

13) 4NaHXeO4  + 8NaOH = 3Na4XeO6 + Xeŷ + 3H2O  

14) Ba2XeO6 + 2H2SO4 = 2BaSO4  + 2H2O + XeO4ŷ  

3. ʉʪʝʧʝʥʴ ʦʢʠʩʣʝʥʠʷ ʢʠʩʣʦʨʦʜʘ +1/2, ʧʣʘʪʠʥʳ +5, ʬʪʦʨʘ ï1  

4. ʇʦ ɻʠʣʣʝʩʧʠ, XeF2 ʠʤʝʝʪ ʪʠʧ AB2E3, ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʧʦʣʠʵʜʨ ï 

ʪʨʠʛʦʥʘʣʴʥʘʷ ʙʠʧʠʨʘʤʠʜʘ, ʛʝʦʤʝʪʨʠʷ ʤʦʣʝʢʫʣʳ - ʣʠʥʝʡʥʘʷ, XeF4 ï ʪʠʧ AB4E2, 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʧʦʣʠʵʜʨ ï ʦʢʪʘʵʜʨ, ʛʝʦʤʝʪʨʠʷ ʤʦʣʝʢʫʣʳ ï ʧʣʦʩʢʠʡ ʢʚʘʜʨʘʪ, 

XeF6 ï ʪʠʧ AB6E, ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʧʦʣʠʵʜʨ ï ʦʜʥʦʰʘʧʦʯʥʳʡ ʦʢʪʘʵʜʨ, 

ʛʝʦʤʝʪʨʠʷ ʤʦʣʝʢʫʣʳ ï ʠʩʢʘʞʸʥʥʳʡ ʦʢʪʘʵʜʨ. 

ʌʪʦʨʠʜʳ ʢʩʝʥʦʥʘ ʷʚʣʷʶʪʩʷ ʩʦʝʜʠʥʝʥʠʷʠʤ ʩ ʪʨʸʭʮʝʥʪʨʦʚʦʡ 

ʯʝʪʳʨʸʭʵʣʝʢʪʨʦʥʥʦʡ ʩʚʷʟʴʶ, ʩʨʘʚʥʠʪʝʣʴʥʦ çʥʝʧʨʠʚʳʯʥʦʡè ʜʣʷ çʢʣʘʩʩʠʯʝʩʢʦʡ 

ʭʠʤʠʠè. ʇʦʵʪʦʤʫ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʜʘʥʥʳʭ ʤʦʣʝʢʫʣ ʟʥʘʯʠʪʝʣʴʥʦ ʦʙʦʛʘʪʠʣʦ 

ʟʥʘʥʠʷ ʭʠʤʠʢʦʚ ʦ ʢʦʚʘʣʝʥʪʥʳʭ ʩʚʷʟʷʭ. 

5. ɸʪʦʤ ʢʩʝʥʦʥʘ ʠ ʤʦʣʝʢʫʣʘ ʢʠʩʣʦʨʦʜʘ ʠʤʝʶʪ ʙʣʠʟʢʠʝ ʵʥʝʨʛʠʠ ʠʦʥʠʟʘʮʠʠ, 

ʧʦʵʪʦʤʫ ʧʦʣʫʯʝʥʠʝ ʩʦʝʜʠʥʝʥʠʷ ʩ ʠʦʥʦʤ O2
+
 ʧʦʟʚʦʣʠʣʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ 

ʚʦʟʤʦʞʥʦ ʧʦʣʫʯʝʥʠʝ ʘʥʘʣʦʛʠʯʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʩ ʠʦʥʦʤ Xe
+
. 

  



 É ʎʇʄʂ ɺʩʆʐ ʧʦ ʭʠʤʠʠ 

77 

ʉʠʩʪʝʤʘ ʦʮʝʥʠʚʘʥʠʷ: 

1. 
ɿʘ ʢʘʞʜʦʝ ʠʟ 15 ʚʝʱʝʩʪʚ ï ʧʦ 0,5 ʙʘʣʣʘ (ʝʩʣʠ ʫ ʩʦʣʝʡ I  ï III  

ʥʝʚʝʨʥʦ ʫʢʘʟʘʥ ʩʦʩʪʘʚ ʠʦʥʦʚ ï 0 ʙʘʣʣʦʚ). 
7,5 ʙʘʣʣʦʚ 

2. ʋʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʡ ï ʧʦ 1 ʙʘʣʣʫ 14 ʙʘʣʣʘ 

3. ɺʝʨʥʳʝ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ 0,5 ʙʘʣʣʘ 

4. 

ʇʨʘʚʠʣʴʥʘʷ ʛʝʦʤʝʪʨʠʷ ʢʘʞʜʦʡ ʤʦʣʝʢʫʣʳ ʧʦ 0,5 ʙʘʣʣʘ. 

ʋʧʦʤʠʥʘʥʠʝ ʦ ʪʨʸʭʮʝʥʪʨʦʚʦʡ ʯʝʪʳʨʸʭʵʣʝʢʪʨʦʥʥʦʡ ʩʚʷʟʠ ï 

0,5 ʙʘʣʣʘ 
2 ʙʘʣʣʘ 

5. ɺʝʨʥʳʡ ʦʪʚʝʪ  1 ʙʘʣʣ 

 ʀʊʆɻʆ: 25 ʙʘʣʣʦʚ 

 

ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ 8 (ʂʘʨʥʘʫʭʦʚ ʊ. ʄ., ɼʦʣʞʝʥʢʦ ɺ.ɼ.) 

1. ʇʦʩʢʦʣʴʢʫ ʠʟʦʪʦʧ ʵʣʝʤʝʥʪʘ X ʦʙʨʘʟʫʝʪʩʷ ʧʨʠ ʨʘʩʧʘʜʝ ʷʜʝʨ ʫʨʘʥʘ, ʦʥ 

ʜʦʣʞʝʥ ʙʳʪʴ ʣʝʛʯʝ 238. ʉʫʱʝʩʪʚʫʝʪ ʥʝ ʪʘʢ ʤʥʦʛʦ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʥʝ 

ʠʤʝʶʱʠʭ ʩʪʘʙʠʣʴʥʳʭ ʠʟʦʪʦʧʦʚ) ʣʝʛʯʝ ʫʨʘʥʘ. ʄʥʦʛʦʯʠʩʣʝʥʥʳʝ ʬʘʢʪʳ ʠʩʪʦʨʠʠ 

ʧʦʜʩʢʘʟʳʚʘʶʪ, ʯʪʦ ʵʣʝʤʝʥʪ X ï ʪʝʭʥʝʮʠʡ. ɽʩʣʠ ʧʦ ʜʦʚʦʣʴʥʦ ʧʨʦʩʪʨʘʥʥʦʤʫ 

ʦʧʠʩʘʥʠʶ ʜʦʛʘʜʘʪʴʩʷ ʦʙ ʵʪʦʤ ʪʷʞʝʣʦ, ʤʦʞʥʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʨʘʩʯʸʪʘʤʠ. ʇʨʠ 

ʥʘʛʨʝʚʘʥʠʠ ʧʨʦʩʪʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʠʟʙʳʪʢʝ ʢʠʩʣʦʨʦʜʘ ʦʙʨʘʟʫʝʪʩʷ ʦʢʩʠʜ.  

ʆʙʦʟʥʘʯʠʚ ʦʢʩʠʜ ʉ ʟʘ X2On, ʧʦʣʫʯʠʤ 
nMM

M

OX

X
X

2

2
,  

ʘʥʘʣʦʛʠʯʥʦ ʜʣʷ ʭʣʦʨʠʜʘ XClm: 
mMM

M

ClX

X
X   

nM
X

X
X

)1(2

999.15
=14.129n 

 
mM

X

X
X

1

453.35
=24.729m 

n Mx ʆʢʩʠʜ  n Mx ʆʢʩʠʜ  m Mx ʍʣʦʨʠʜ 

1 14.13 N2O  5 70.65 Ga2O5  1 24.729 MgCl 

2 28.26 SiO  6 84.77   2 49.458  

3 42.39   7 98.90 Tc2O7  3 74.187 AsCl3 

4 56.52   8 113.0 CdO4  4 98.916 TcCl4 

ʇʦʜʭʦʜʠʪ ʪʦʣʴʢʦ ʪʝʭʥʝʮʠʡ, ʪ.ʢ. ʪʦʣʴʢʦ ʦʥ ʦʙʨʘʟʫʝʪ ʦʢʩʠʜ Tc2O7 ʠ ʭʣʦʨʠʜ 
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TcCl4, ʚ ʢʦʪʦʨʳʭ ʤʘʩʩʦʚʳʝ ʜʦʣʠ ʤʝʪʘʣʣʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʩʣʦʚʠʶ ʟʘʜʘʯʠ. 

ʆʧʨʝʜʝʣʠʤ ʵʣʝʤʝʥʪ Z. ɼʣʷ ʵʪʦʛʦ ʟʘʧʠʰʝʤ ʫʨʘʚʥʝʥʠʝ ʷʜʝʨʥʦʡ ʨʝʘʢʮʠʠ, ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʡ ʚʧʝʨʚʳʝ ʙʳʣ ʧʦʣʫʯʝʥ ʪʝʭʥʝʮʠʡ. ʉʦʛʣʘʩʥʦ ʫʩʣʦʚʠʶ, ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʥʝʝ ʦʙʨʘʟʫʝʪʩʷ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʡ ʠʟʦʪʦʧ, ʘʪʦʤʥʘʷ ʤʘʩʩʘ 

ʢʦʪʦʨʦʛʦ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʘ ʦʢʨʫʛʣʝʥʠʝʤ ʪʘʙʣʠʯʥʦʡ ʚʝʣʠʯʠʥʳ, ʪ. ʝ. 
99

Tc: 

nTcDZ
m
q

1
0

99
43

2
1  

ʀʟ ʦʙʱʝʛʦ ʚʠʜʘ ʨʝʘʢʮʠʠ ʧʦʣʫʯʘʝʤ, ʯʪʦ m = 98, q = 42. ʕʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʠʟʦʪʦʧʫ 
98

Mo. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʵʣʝʤʝʥʪ Z ï ʤʦʣʠʙʜʝʥ. 

ʋʨʘʚʥʝʥʠʝ ʷʜʝʨʥʦʡ ʨʝʘʢʮʠʠ, ʦʩʫʱʝʩʪʚʣʸʥʥʦʡ ʉʝʛʨʝ ʠ ʇʝʨʨʴʝ: 

nTcDMo
1
0

99
43

2
1

98
42 . 

2.  ʆʙʦʟʥʘʯʠʤ ʟʘ x ʯʠʩʣʦ ʘʣʴʬʘ-ʨʘʩʧʘʜʦʚ, ʘ ʟʘ y ï ʙʝʪʘ-ʨʘʩʧʘʜʦʚ ʷʜʨʘ 
235

U. 

ʉʫʤʤʘʨʥʦʝ ʫʨʘʚʥʝʥʠʝ ʷʜʝʨʥʳʭ ʨʝʘʢʮʠʡ ʧʨʝʚʨʘʱʝʥʠʷ 
235

U ʚ 
99

Tc ʤʦʞʝʪ ʙʳʪʴ 

ʟʘʧʠʩʘʥʦ ʢʘʢ  

eyHexTcU
0
1

4
2

99
43

235
92 . 

ʄʘʩʩʘ ʤʝʥʷʝʪʩʷ ʪʦʣʴʢʦ ʟʘ ʩʯʝʪ ʘʣʴʬʘ-ʨʘʩʧʘʜʦʚ: x = (235 ï 99) / 4 => x = 34. 

ʇʨʠ ʘʣʴʬʘ-ʨʘʩʧʘʜʝ ʟʘʨʷʜ ʷʜʨʘ ʫʤʝʥʴʰʘʝʪʩʷ ʥʘ 2, ʘ ʧʨʠ ʙʝʪʘ-ʨʘʩʧʘʜʝ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʘ 1: 92 - 2ʭ + y = 43 => 24 + y = 43 => y = 19. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʷʜʨʦ 
235

U ʧʨʝʪʝʨʧʝʚʘʝʪ 34 ʘʣʴʬʘ-ʨʘʩʧʘʜʘ ʠ 

19 ʙʝʪʘ-ʨʘʩʧʘʜʦʚ. 

ʆʧʨʝʜʝʣʠʤ ʠʟʦʪʦʧ, ʦʙʨʘʟʫʶʱʠʡʩʷ ʥʘʨʷʜʫ ʩ ʪʝʭʥʝʮʠʝʤ ʧʨʠ ʜʝʣʝʥʠʠ 
235

U. 

ʋʨʘʚʥʝʥʠʝ ʜʘʥʥʦʡ ʷʜʝʨʥʦʡ ʨʝʘʢʮʠʠ ʚ ʦʙʱʝʤ ʚʠʜʝ ʟʘʧʠʩʳʚʘʝʪʩʷ ʢʘʢ  

nʕTcU
m
q

1
0

99
43

235
92  

ʦʪʢʫʜʘ m = 135, q = 49. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʨʷʜʫ ʩ ʪʝʭʥʝʮʠʝʤ ʚ ʜʘʥʥʦʡ 

ʨʝʘʢʮʠʠ ʦʙʨʘʟʫʝʪʩʷ ʠʟʦʪʦʧ 
135

In : 

nInTcU
1
0

135
49

99
43

235
92  

3. ɺ ʧ. 1 ʤʳ ʫʞʝ ʦʧʨʝʜʝʣʠʣʠ ʩʦʩʪʘʚ ʚʝʱʝʩʪʚ A ï Tc2O7 ʠ C ï TcCl4. 

ʈʘʩʪʚʦʨʝʥʠʝʤ ʚʳʩʰʝʛʦ ʦʢʩʠʜʘ ʪʝʭʥʝʮʠʷ ʚ KOH ʠ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʘʤʤʠʘʢʘ 
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ʦʙʨʘʟʫʶʪʩʷ F ï KTcO 4 ʠ ɽ ï NH4TcO4, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʌʪʦʨʠʜ ʪʝʭʥʝʮʠʷ ɺ 

ʠʤʝʝʪ ʤʦʣʝʢʫʣʷʨʥʦʝ ʩʪʨʦʝʥʠʝ ʚ ʛʘʟʦʚʦʡ ʠ ʪʚʝʨʜʦʡ ʬʘʟʘʭ ʠ ʢʯ = 6, ʠʟ ʯʝʛʦ ʤʦʞʥʦ 

ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ɺ ï TcF6. ʇʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ɺ ʩ NO ʦʙʨʘʟʫʝʪʩʷ ʠʦʥʥʦʝ 

ʩʦʝʜʠʥʝʥʠʝ, ʧʨʠʯʝʤ ʢ.ʯ. ʊʩ ʧʨʠ ʵʪʦ ʤʥʝ ʠʟʤʝʥʷʝʪʩʷ. ʋʚʝʣʠʯʝʥʠʝ ʤʘʩʩʳ ʧʨʠ ʵʪʦʤ 

ʩʦʩʪʘʚʣʷʝʪ: 

ʤʦʣʴ
ʛ

TcF

m
30)6998.18906.98(

2427.0

2427.02769.0

6

, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʦʜʥʦʡ ʤʦʣʝʢʫʣʝ NO. ʊ.ʝ. ʉʦʩʪʘʚ L ï NO
+
[TcF6

ï
].  

D ʧʦʣʫʯʘʶʪ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ Cl2 ʠ Tc, ʚʟʷʪʳʭ ʚ ʤʦʣʴʥʦʤ ʦʪʥʦʰʝʥʠʠ 

1:1
906.98

14.0
:

906.70

10.0
, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʩʦʩʪʘʚ D ï TcCl2.  

ʉ ʠʤʝʝʪ ʧʦʣʠʤʝʨʥʫʶ ʩʪʨʫʢʪʫʨʫ
(* ) 

(ʩʤ. ʨʠʩʫʥʦʢ), ʦʜʥʘʢʦ ʵʪʦ ʩʦʝʜʠʥʝʥʠʝ 

ʤʝʜʣʝʥʥʦ ʨʘʩʪʚʦʨʷʝʪʩʷ ʚ ʊɻʌ ʧʨʠ ʵʪʦʤ 

ʢ.ʯ. ʦʩʪʘʸʪʩʷ ʨʘʚʥʳʤ 6, ʦʢʠʩʣʠʪʝʥʦ-

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʨʝʘʢʮʠʡ ʚ ʫʢʘʟʘʥʥʳʭ 

ʫʩʣʦʚʠʷʭ ʦʞʠʜʘʪʴ ʥʝ ʧʨʠʭʦʜʠʪʩʷ, ʟʥʘʯʠʪ 

ʂ ï [TcCl4(ʊɻʌ)2]
(* )

 (ʩʤ. ʨʠʩʫʥʦʢ). 

XeF6 ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ Tc2O7 ʚ 

ʤʦʣʴʥʦʤ ʦʪʥʦʰʝʥʠʠ
805.309

1332.0
:

278.245

3164.0

3:1 ʧʨʠ ʵʪʦʤ ʦʙʨʘʟʫʝʪʩʷ ʩʦʝʜʠʥʝʥʠʝ ʄ, ʥʝ 

ʩʦʜʝʨʞʘʱʝʝ Tc ʠ ʩʦʜʝʨʞʘʱʝʝ 7.17% 

ʢʠʩʣʦʨʦʜʘ. ɺ ʩʦʩʪʘʚ ʵʪʦʛʦ ʩʦʝʜʠʥʝʥʠʷ 

ʤʦʛʫʪ ʚʭʦʜʠʪʴ ʢʠʩʣʦʨʦʜ, ʬʪʦʨ ʠ ʢʩʝʥʦʥ: 

XeOxFy.  

FXe
OO

O

FOXe

O
O MyM

M
x

MyMxM

Mx

)1(
=>

                                           

*
 A. Hagenbach, E. Yegen, U. Abram // Inorg. Chem. (2006) V.45,  ˉ18, pp. 7331-733  

DOI: 10.1021/ic060896u 

 
ʌʨʘʛʤʝʥʪ ʩʪʨʫʢʪʫʨʳ TcCl4 

 

 

 
ʉʪʨʫʢʪʫʨʘ [TcCl4(ʊɻʌ)2] 
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yyx 0917.06338.0998.1829.131
999.15)0717.01(

0717.0
 

y x 

1 0.72 

2 0.82 

3 0.91 

4 1.00 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʄ ï XeOF4. 

ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʊʩ ʚ ʨʝʘʢʮʠʠ ʩ XeF6 

ʧʨʝʜʧʦʣʘʛʘʪʴ ʥʝ ʧʨʠʭʦʜʠʪʩʷ, ʟʥʘʯʠʪ ʤʝʞʜʫ 

ʥʠʤʠ ʧʨʦʪʝʢʘʝʪ ʧʨʦʩʪʘʷ ʦʙʤʝʥʥʘʷ ʨʝʘʢʮʠʷ ʠ I  

ï ʵʪʦ ʦʢʩʦʬʪʦʨʠʜ ʪʝʭʥʝʮʠʷ. ɽʛʦ ʩʦʩʪʘʚ ʤʦʞʥʦ 

ʫʩʪʘʥʦʚʠʪʴ ʩʧʦʣʴʟʫʷ ʤʦʣʴʥʳʝ ʦʪʥʦʰʝʥʠʷ 

ʨʝʘʛʝʥʪʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 3-ʭ ʤʦʣʴ XeF6 ʩ 1-ʠʤ ʤʦʣʝʤ Tc2O7 

ʦʙʨʘʟʫʝʪʩʷ 3 ʤʦʣʴ XeOF4 ʧʨʠ ʵʪʦʤ ʦʪ Tc2O7 çʦʪʨʳʚʘʝʪʩʷè 3 ʢʠʩʣʦʨʦʜʘ ʠ 

çʚʳʩʚʦʙʦʞʜʘʝʪʩʷè 6 ʬʪʦʨʦʚ, ʠʟ ʯʝʛʦ ʩʣʝʜʫʝʪ ʩʦʩʪʘʚ I  ï TcO2F3
 (* )

 (ʩʤ. ʨʠʩʫʥʦʢ). 

ʇʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ XeF6 ʩ Tc2O7 ʚ ʤʦʣʴʥʦʤ ʦʪʥʦʰʝʥʠʠ

805.309

1332.0
:

278.245

5273.0
5:1 ʦʙʨʘʟʫʝʪʩʷ ʨʘʩʪʚʦʨʠʤʘʷ ʚ HF ʩʦʣʴ. ʊ.ʝ. 1 ʤʦʣʴ XeF6 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ 1 ʤʦʣʝʤ TcO2F3,ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʘʷ ʨʝʘʢʮʠʷ 

ʥʝʚʦʟʤʦʞʥʘ, ʢ.ʯ. Tc ʚ ʠʦʥʝ, ʚʭʦʜʷʱʝʤ ʚ ʩʦʩʪʘʚ J ʨʘʚʥʦ 6. ʇʨʠʩʦʝʜʠʥʝʥʠʝ 

ʬʪʦʨʠʜ-ʠʦʥʘ ʢ XeF6 ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ][ 7XeF ʤʘʣʦʚʝʨʦʷʪʥʦ, ʢʨʦʤʝ ʪʦʛʦ, ʧʨʠ ʵʪʦʤ 

ʜʦʣʞʝʥ ʦʙʨʘʟʦʚʘʪʴʩʷ ʢʘʪʠʦʥ ][ 22FTcO , ʚ ʢʦʪʦʨʦʤ ʢ.ʯ. ʪʝʭʥʝʮʠʷ ʨʘʚʥʦ 4. 

ɼʘʣʴʥʝʡʰʝʝ ʟʘʤʝʱʝʥʠʝ ʢʠʩʣʦʨʦʜʘ TcF3O2 ʥʘ ʬʪʦʨ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 5TcOF  

ʧʨʦʪʠʚʦʨʝʯʠʪ ʫʪʚʝʨʞʜʝʥʠʶ, ʯʪʦ ʦʙʨʘʟʫʝʪʩʷ ʩʦʣʴ, ʟʥʘʯʠʪ J - ]][[ 425 FTcOXeF . 

ʇʨʦ G ʠ H ʠʟʚʝʩʪʥʦ, ʯʪʦ ʦʥʠ ʠʟʦʩʪʨʫʢʪʫʨʥʳ, ʦʙʨʘʟʫʶʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ (ʜʦʙʘʚʣʝʥʠʝ ʠʦʜʠʜʘ ʢʘʣʠʷ), ʚ ʩʦʩʪʘʚ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘʨʷʜʫ ʩ 

ʪʝʭʥʝʮʠʝʤ ʚʭʦʜʷʪ ʭʣʦʨ ʠ ʢʘʣʠʡ. ʇʨʠ ʧʦʣʫʯʝʥʠʠ G ʡʦʜʠʜ ʢʘʣʠʷ ʠ KTcO4 ʙʝʨʫʪ ʚ 

                                           

*
 H.P.A.  Mercier, G.J. Schrobilgen // Inorg. Chem. (1993) V.32 , ˉ2, pp 145ï151 

 
ʌʨʘʛʤʝʥʪ ʩʪʨʫʢʪʫʨʳ TcF3O2 
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ʤʦʣʴʥʦʤ ʦʪʥʦʰʝʥʠʠ 1:3
00.202

3.0
:

003.166

74.0
, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ 

Tc ʜʦ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ +4. ɺʳʯʠʩʣʠʤ ʦʪʥʦʰʝʥʠʝ ʤʦʣʷʨʥʳʭ ʤʘʩʩ G ʠ H: 

)3(049.1
1.0

75.0/0787.0

G

H

M

M
. ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʦʜʥʠʤ ʠʟ ʟʘʰʠʬʨʦʚʘʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʷʚʣʷʝʪʩʷ K2TcCl6, ʪʦʛʜʘ ʤʦʣʷʨʥʘʷ ʤʘʩʩʘ ʜʨʫʛʦʛʦ ʩʦʝʜʠʥʝʥʠʷ 

ʤʦʣʴ
ʛ05.409)3(049.182.389    ʠʣʠ 

ʤʦʣʴ
ʛ49.371)3(049.1/82.389 .  

ʊʘʢ ʢʘʢ ʩʦʝʜʠʥʝʥʠʷ ʠʟʦʩʪʨʫʢʪʫʨʥʳʝ, ʨʘʟʣʠʯʠʷ ʚʦʟʤʦʞʥʳ ʚ ʢʘʪʠʦʥʝ, ʥʦ 

ʢʨʦʤʝ K
+
 ʠ H

+
 ʜʨʫʛʠʭ ʢʘʪʠʦʥʦʚ ʚʦ ʚʪʦʨʦʤ ʧʫʪʠ ʩʠʥʪʝʟʘ H ʥʝʪ. ʈʘʩʩʤʦʪʨʠʤ 

ʚʘʨʠʘʥʪʳ ʩ ʟʘʤʝʱʝʥʠʝʤ ʢʘʪʠʦʥʘ ʢʘʣʠʷ ʥʘ H3O
+
, H5O2

+
: 

ɺʝʱʝʩʪʚʦ ʄ, 
ʛ
/ʤʦʣʴ ɺʝʱʝʩʪʚʦ ʄ, 

ʛ
/ʤʦʣʴ 

(H3O)KTcCl6 369.75 (H5O2)KTcCl6 387.76 

(H3O)2TcCl6 330.65 (H5O2)2TcCl6 348.66 

(H3O)KTcCl6 ʠʤʝʝʪ ʙʣʠʟʢʦʝ ʟʥʘʯʝʥʠʝ ʤʦʣʷʨʥʦʡ ʤʘʩʩʳ, ʥʦ ʪʦʛʜʘ ʧʨʠʰʣʦʩʴ 

ʙʳ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʧʨʠ ʝʛʦ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʚʳʧʘʜʘʝʪ ʚ ʦʩʘʜʦʢ K2TcCl6, 

ʭʦʪʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʠʦʥʦʚ ʢʘʣʠʷ ʚ ʨʘʩʪʚʦʨʝ ʧʨʠ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʥʠʞʝ, ʯʝʤ ʚ 

ʠʩʭʦʜʥʦʡ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ. 

ɼʨʫʛʠʤ ʚʦʟʤʦʞʥʳʤ ʚʘʨʠʘʥʪʦʤ, ʦʙʲʷʩʥʷʶʱʠʤ ʠʟʦʩʪʨʫʢʪʫʨʥʦʩʪʴ G ʠ H 

ʷʚʣʷʝʪʩʷ ʟʘʤʝʱʝʥʠʝ ʭʣʦʨʠʜ-ʠʦʥʘ. ʊʘʢ ʢʘʢ ʨʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʚ ʚʦʜʝ, ʪʦ 

ʝʜʠʥʩʪʚʝʥʥʳʤ ʚʦʟʤʦʞʥʳʤ ʘʥʠʦʥʦʤ ʷʚʣʷʝʪʩʷ ʛʠʜʨʦʢʩʠʜ-ʘʥʠʦʥ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, 

ʤʦʣʴ
ʛOHTcClKM 37.371)])([( 52 , ʪʦʛʜʘ G ï K2[TcCl5(OH)], H ï K2[TcCl6]. 

ʋʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʡ:  

1. 4Tc + 7O2(ʠʟʙ.) 
C450

2Tc2O7  

2. Tc2O7 + 2NH3 + H2O Ÿ 2NH4TcO4  

3. Tc2O7 + 2KOH Ÿ 2KTcO4 + H2O 

4. 2NH4TcO4 + 7H2 
C600

 2NH3 + 8H2O + 2Tc 

5. Tc + 2Cl2(ʠʟʙ.) 
pC,450

TcCl4 

6. Tc + Cl2 
C450

TcCl2 

7. Tc + 3F2(ʠʟʙ.) 
pC,400

TcF6 

8. TcF6 + NO Ÿ NO
+
[TcF6]

-
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9. TcCl4 + 2ʊɻʌ
Ct

[TcCl4(ʊɻʌ)2] 

10. 2NH4TcO4 + 4KCl + 16HCl(ʢʦʥʮ.) 
Ct

 2NH4Cl + 2K2TcCl6 + 8H2O + 3Cl2ŷ 

11. 2KTcO4 + 6KI  + 14HCl(ʢʦʥʮ.) Ÿ 2K2[TcCl5(OH)] + 6H2O + 4KCl + 3I2 

12. K2[TcCl5(OH)] + HCl(ʢʦʥʮ.) 
Ct

 K2TcCl6 + H2O 

13. Tc2O7 + 3XeF6 
ʞHF

2TcO2F3 + 3XeOF4 

14. TcO2F3 + XeF6 
ʞHF

]][[ 425 FTcOXeF  

4. ʉʦʝʜʠʥʝʥʠʝ [TcCl4(ʊɻʌ)2] ʠʤʝʝʪ 2 ʠʟʦʤʝʨʘ:  

.  

ʮʠʩ-[TcCl4(ʊɻʌ)2]   ʪʨʘʥʩ-[TcCl4(ʊɻʌ)2] 

ʉʠʩʪʝʤʘ ʦʮʝʥʠʚʘʥʠʷ: 

1 ʕʣʝʤʝʥʪ X ï 1 ʙʘʣʣ, Z ï 0.5 ʙʘʣʣʘ 

ʋʨʘʚʥʝʥʠʝ ʨʝʘʢʮʠʠ ʩʠʥʪʝʟʘ X ï 0.5 ʙʘʣʣʘ 
2 ʙʘʣʣʘ 

2 ʆʧʨʝʜʝʣʝʥʠʝ ʯʠʩʣʘ ʘʣʴʬʘ- ʠ ʙʘʪʘ-ʨʘʩʧʘʜʦʚ ï 1 ʙʘʣʣ 

ʋʨʘʚʥʝʥʠʝ ʨʝʘʢʮʠʠ ʨʘʩʧʘʜʘ 
235

U ï 0.5 ʙʘʣʣʘ 
1.5 ʙʘʣʣʘ 

3 ɺʝʱʝʩʪʚʘ ɸ ï M  ʧʦ 0.5 ʙʘʣʣʘ 

ʋʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʡ (14 ʰʪ) ʧʦ 1 ʙʘʣʣʫ 
20.5 ʙʘʣʣ 

4 ʀʟʦʤʝʨʳ [TcCl4(ʊɻʌ)2] 1 ʙʘʣʣ 

 ʀʊʆɻʆ: 25 ʙʘʣʣʦʚ 
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ʆʨʛʘʥʠʯʝʩʢʘʷ ʭʠʤʠʷ 

ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ 1 (ɸʥʜʨʦʥʦʚ ɺ.ɸ.) 

1. ʅʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʨʝʘʢʪʠʚ ɻʨʠʥʴʷʨʘ ʧʨʠʩʦʝʜʠʥʷʝʪʩʷ ʢ ʢʘʨʙʦʥʠʣʴʥʦʡ 

ʛʨʫʧʧʝ ʘʣʴʜʝʛʠʜʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʘʣʢʦʛʦʣʷʪʘ, ʧʦʩʣʝ ʥʝʡʪʨʘʣʠʟʘʮʠʠ ʢʦʪʦʨʦʛʦ 

ʧʦʣʫʯʘʝʪʩʷ ʩʧʠʨʪ ɸ. ʅʘ ʩʣʝʜʫʶʱʝʡ ʩʪʘʜʠʠ ʩʧʠʨʪ ɸ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ 

ʦʨʪʦʵʬʠʨʦʤ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ. ʇʨʦʪʦʥʠʨʦʚʘʥʠʝ ʦʨʪʦʵʬʠʨʘ ʧʨʠʚʦʜʠʪ ʢ 

ʦʪʱʝʧʣʝʥʠʶ ʤʦʣʝʢʫʣʳ ʩʧʠʨʪʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʪʘʙʠʣʴʥʦʛʦ 

ʢʘʨʙʢʘʪʠʦʥʘ, ʢʦʪʦʨʳʡ ʜʘʣʝʝ ʨʝʘʛʠʨʫʝʪ ʩʦ ʩʧʠʨʪʦʚʦʡ ʛʨʫʧʧʦʡ ʩʦʝʜʠʥʝʥʠʷ ɸ. 

ʇʦʚʪʦʨʥʦʝ ʧʨʦʪʦʥʠʨʦʚʘʥʠʝ ʠ ʵʣʠʤʠʥʠʨʦʚʘʥʠʝ ʤʦʣʝʢʫʣʳ ʤʝʪʘʥʦʣʘ ʧʨʠʚʦʜʠʪ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʤʦʣʝʢʫʣʳ, ʩʦʜʝʨʞʘʱʝʡ ʬʨʘʛʤʝʥʪ ʘʣʣʠʣʚʠʥʠʣʦʚʦʛʦ ʵʬʠʨʘ, 

ʥʝʦʙʭʦʜʠʤʳʡ ʜʣʷ ʧʨʦʪʝʢʘʥʠʷ [3,3]ïʩʠʛʤʘʪʨʦʧʥʦʡ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʠ 

(ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʘ ʂʣʷʡʟʝʥʘ). ʆʙʨʘʟʦʚʘʚʰʠʡʩʷ ʩʣʦʞʥʳʡ ʵʬʠʨ ɺ ʧʨʠ ʜʝʡʩʪʚʠʠ 

ʘʣʶʤʦʛʠʜʨʠʜʘ ʣʠʪʠʷ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʜʦ ʩʧʠʨʪʘ ʉ, ʢʦʪʦʨʳʡ ʦʢʠʩʣʷʝʪʩʷ ʜʦ 

ʘʣʴʜʝʛʠʜʘ ʍ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʢʦʤʧʣʝʢʩʘ ʪʨʠʦʢʩʠʜʘ ʭʨʦʤʘ ʩ ʧʠʨʠʜʠʥʦʤ. 

ʉʪʨʫʢʪʫʨʫ ʍ ʤʦʞʥʦ ʥʘʧʠʩʘʪʴ, ʦʜʥʘʢʦ, ʠ ʙʝʟ ʟʥʘʥʠʷ ʵʪʠʭ ʨʝʘʢʮʠʡ, ʧʦʩʢʦʣʴʢʫ ʚ 

ʫʩʣʦʚʠʠ ʜʘʥʦ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʝ ʥʘʟʚʘʥʠʝ ʵʪʦʛʦ ʩʦʝʜʠʥʝʥʠʷ. ʇʦʩʢʦʣʴʢʫ ʍ 

ʧʦʣʫʯʝʥ ʦʢʠʩʣʝʥʠʝʤ ʩʦʝʜʠʥʝʥʠʷ ʉ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʉ ï 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʩʧʠʨʪ, ʢʦʪʦʨʳʡ ʧʦʣʫʯʝʥ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʩʦʝʜʠʥʝʥʠʷ ɺ, ʜʣʷ 

ʢʦʪʦʨʦʛʦ ʚ ʫʩʣʦʚʠʠ ʜʘʥʘ ʙʨʫʪʪʦ-ʬʦʨʤʫʣʘ, ʠʟ ʘʥʘʣʠʟʘ ʢʦʪʦʨʦʡ ʩʣʝʜʫʝʪ ʚʳʚʦʜ, ʯʪʦ 

ʵʪʦ ï ʤʝʪʠʣʦʚʳʡ ʵʬʠʨ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʢʠʩʣʦʪʳ. 

 

2. ɺʪʦʨʘʷ ʮʝʧʦʯʢʘ ʥʘʯʠʥʘʝʪʩʷ ʩ ʨʝʘʢʮʠʠ 2-ʤʝʪʠʣʬʫʨʘʥʘ ʩ ʙʫʪʠʣʣʠʪʠʝʤ. 

ʇʦʩʢʦʣʴʢʫ ʢʘʪʠʦʥ ʣʠʪʠʷ ʢʦʦʨʜʠʥʠʨʫʝʪʩʷ ʧʦ ʘʪʦʤʫ ʢʠʩʣʦʨʦʜʘ ʬʫʨʘʥʘ, 
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ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʠʝ ʧʨʦʪʝʢʘʝʪ ʧʦ -ʧʦʣʦʞʝʥʠʶ; ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʟʫʝʪʩʷ 5-ʤʝʪʠʣ-

2-ʬʫʨʠʣʣʠʪʠʡ. ʆʥ ʨʝʘʛʠʨʫʝʪ ʩ 1,4-ʜʠʙʨʦʤʙʫʪʘʥʦʤ ʧʦ ʤʝʭʘʥʠʟʤʫ SN2 ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ 2-(4-ʙʨʦʤʦʙʫʪʠʣ)-5-ʤʝʪʠʣʬʫʨʘʥʘ (D). ʊʦ, ʯʪʦ ʚ ʨʝʘʢʮʠʶ 

ʟʘʤʝʱʝʥʠʷ ʚʩʪʫʧʘʝʪ ʪʦʣʴʢʦ ʦʜʠʥ ʘʪʦʤ ʙʨʦʤʘ, ʷʚʥʦ ʩʣʝʜʫʝʪ ʠʟ ʙʨʫʪʪʦ-ʬʦʨʤʫʣʳ 

ʩʦʝʜʠʥʝʥʠʷ ɽ. ʀʟ ʵʪʦʡ ʬʦʨʤʫʣʳ ʩʣʝʜʫʝʪ ʪʘʢʞʝ, ʯʪʦ D ʨʝʘʛʠʨʫʝʪ ʩ ʜʚʫʤʷ 

ʤʦʣʝʢʫʣʘʤʠ ʵʪʠʣʝʥʛʣʠʢʦʣʷ (13 ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ ʠ 4 ʘʪʦʤʘ ʢʠʩʣʦʨʦʜʘ). ʀʟʚʝʩʪʥʦ, 

ʯʪʦ ʬʫʨʘʥ ʤʦʞʝʪ ʛʠʜʨʦʣʠʟʦʚʘʪʴʩʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 1,4-ʜʠʢʝʪʦʥʘ. ɺ ʜʘʥʥʦʤ 

ʩʣʫʯʘʝ ʦʙʝ ʩʢʨʳʪʳʝ ʢʘʨʙʦʥʠʣʴʥʳʝ ʛʨʫʧʧʳ ʬʫʨʘʥʦʚʦʛʦ ʮʠʢʣʘ ʚ ʢʠʩʣʦʡ ʩʨʝʜʝ 

ʨʝʘʛʠʨʫʶʪ ʩ ʵʪʠʣʝʥʛʣʠʢʦʣʝʤ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʜʠʢʝʪʘʣʷ. 

ʆʙʨʘʟʦʚʘʚʰʠʡʩʷ ʙʨʦʤʠʜ ɽ ʚʩʪʫʧʘʝʪ ʚ ʨʝʘʢʮʠʶ ʩ ʪʨʠʬʝʥʠʣʬʦʩʬʠʥʦʤ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʬʦʩʬʦʥʠʝʚʦʡ ʩʦʣʠ F, ʢʦʪʦʨʘʷ ʚʩʪʫʧʘʝʪ ʚ ʨʝʘʢʮʠʶ ɺʠʪʪʠʛʘ ʩ 

ʘʣʴʜʝʛʠʜʦʤ ʍ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʦʝʜʠʥʝʥʠʷ G, ʩʦʜʝʨʞʘʱʝʛʦ ʜʚʝ ʜʚʦʡʥʳʝ ʩʚʷʟʠ 

ʉïʉ. ʇʨʠ ʜʝʡʩʪʚʠʠ ʢʠʩʣʦʪʳ ʨʘʟʨʫʰʘʝʪʩʷ ʘʮʝʪʘʣʴʥʘʷ ʟʘʱʠʪʘ ʠ ʦʩʚʦʙʦʞʜʘʶʪʩʷ 

ʢʘʨʙʦʥʠʣʴʥʳʝ ʛʨʫʧʧʳ. ɹʨʫʪʪʦ-ʬʦʨʤʫʣʘ ʅ ʧʦʜʪʚʝʨʞʜʘʝʪ ʩʪʨʦʝʥʠʝ ʵʪʦʛʦ 

ʧʨʦʜʫʢʪʘ. ɽʛʦ ʦʙʨʘʙʦʪʢʘ ʱʝʣʦʯʴʶ ʚʳʟʳʚʘʝʪ ʘʣʴʜʦʣʴʥʦ-ʢʨʦʪʦʥʦʚʫʶ 

ʢʦʥʜʝʥʩʘʮʠʶ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʮʠʢʣʦʧʝʥʪʝʥʦʥʘ I. ʂʘʢʠʝ ʠʤʝʥʥʦ ʘʪʦʤʳ ʚ ʥʝʡ 

ʫʯʘʩʪʚʫʶʪ, ʤʦʞʥʦ ʧʦʥʷʪʴ ʧʦ ʦʪʢʨʳʪʦʡ ʩʪʨʫʢʪʫʨʝ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ. 

ɼʘʣʝʝ MeLi ʧʨʠʩʦʝʜʠʥʷʝʪʩʷ ʢ ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʝ. ʅʘ ʩʣʝʜʫʶʱʝʡ ʩʪʘʜʠʠ 

ʧʨʦʠʩʭʦʜʠʪ ʢʘʨʙʢʘʪʠʦʥʥʘʷ ʮʠʢʣʠʟʘʮʠʷ, ʢʦʛʜʘ ʢʘʪʠʦʥ, ʦʙʨʘʟʫʶʱʠʡʩʷ ʧʨʠ 

ʧʨʦʪʦʥʠʨʦʚʘʥʠʠ ʩʧʠʨʪʦʚʦʡ ʛʨʫʧʧʳ ʚ J, ʘʪʘʢʫʝʪ ʜʚʦʡʥʫʶ ʩʚʷʟʴ ʉïʉ, ʥʦʚʳʡ 

ʢʘʪʠʦʥ ʘʪʘʢʫʝʪ ʩʣʝʜʫʶʱʫʶ C=C ʩʚʷʟʴ ʠ ʪ.ʜ. ɼʘʣʝʝ ʧʨʦʠʩʭʦʜʠʪ ʛʠʜʨʦʣʠʟ 

ʢʘʪʠʦʥʥʦʛʦ ʠʥʪʝʨʤʝʜʠʘʪʘ ʜʦ ʢʝʪʦʥʘ. ʅʘ ʩʣʝʜʫʶʱʝʡ ʩʪʘʜʠʠ ʠʜʝʪ ʦʟʦʥʠʨʦʚʘʥʠʝ ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʤ ʨʘʩʱʝʧʣʝʥʠʝʤ. ɿʘʚʝʨʰʘʝʪ ʩʠʥʪʝʟ 

ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʘʷ ʘʣʴʜʦʣʴʥʦ-ʢʨʦʪʦʥʦʚʘʷ ʢʦʜʝʥʩʘʮʠʷ. 
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ʉʠʩʪʝʤʘ ʦʮʝʥʠʚʘʥʠʷ: 

1. ʉʪʨʫʢʪʫʨʥʳʝ ʬʦʨʤʫʣʳ Aïʉ ï ʧʦ 2 ʙʘʣʣʘ, ʩʪʨʫʢʪʫʨʥʘʷ 

ʬʦʨʤʫʣʘ ʍ ï 1 ʙʘʣʣ 
7 ʙʘʣʣʦʚ 

2. ʉʪʨʫʢʪʫʨʥʳʝ ʬʦʨʤʫʣʳ DïL  ï ʧʦ 2 ʙʘʣʣʘ.  18 ʙʘʣʣʦʚ 

 ʀʊʆɻʆ:  25 ʙʘʣʣʦʚ 

 

ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ 2 (ɿʠʤʘ ɸ.ʄ.) 

1. ʉʪʨʫʢʪʫʨʳ ʚʩʝʭ ʠʥʪʝʨʤʝʜʠʘʪʦʚ ʧʝʨʚʦʡ ʮʝʧʦʯʢʠ ʤʦʞʥʦ ʫʩʪʘʥʦʚʠʪʴ, 

ʨʘʩʩʤʘʪʨʠʚʘʷ ʦʪʢʨʳʪʫʶ ʩʪʨʫʢʪʫʨʫ ʩʦʝʜʠʥʝʥʠʷ F, ʧʨʷʤʦʛʦ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ 

ʘʨʪʝʤʠʟʠʥʠʥʘ. ʅʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʮʝʧʦʯʢʠ ʧʨʦʠʩʭʦʜʠʪ ʤʝʪʠʣʠʨʦʚʘʥʠʝ 

ʢʘʨʙʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʳ ʘʨʪʝʤʠʟʠʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʧʦʜ ʜʝʡʩʪʚʠʝʤ CH2N2 ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʩʝʣʝʢʪʠʚʥʳʤ ʛʠʜʨʠʨʦʚʘʥʠʝʤ ʩʪʝʨʠʯʝʩʢʠ ʥʘʠʙʦʣʝʝ ʜʦʩʪʫʧʥʦʡ 

ʜʚʦʡʥʦʡ ʩʚʷʟʠ ʥʘ ʢʘʪʘʣʠʟʘʪʦʨʝ ʋʠʣʢʠʥʩʦʥʘ. ɿʘʪʝʤ ʧʦʣʫʯʝʥʥʳʡ ʧʨʦʜʫʢʪ B 

ʧʦʜʚʝʨʛʘʝʪʩʷ ʦʟʦʥʦʣʠʟʫ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʦʡ 

ʜʠʤʝʪʠʣʩʫʣʴʬʠʜʦʤ, ʢʦʪʦʨʘʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʘʣʴʜʝʛʠʜʦʚ ʠ ʢʝʪʦʥʦʚ. 

ɼʦʙʘʚʣʝʥʠʝ 1,3-ʧʨʦʧʘʥʜʠʪʠʦʣʘ ʢ C ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʟʘʱʠʪʳ ʢʘʨʙʦʥʠʣʴʥʦʡ 
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ʛʨʫʧʧʳ ʠ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʪʠʦʘʮʝʪʘʣʷ ʠʣʠ ʪʠʦʢʝʪʘʣʷ. ʇʦʩʢʦʣʴʢʫ 

ʢʝʪʦʛʨʫʧʧʘ ʦʩʪʘʝʪʩʷ ʚ F, ʦʥʘ ʥʝ ʚʩʪʫʧʘʣʘ ʚ ʨʝʘʢʮʠʶ ʥʘ ʩʣʝʜʫʶʱʝʡ ʩʪʘʜʠʠ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʙʳʣ ʧʦʣʫʯʝʥ ʠʤʝʥʥʦ ʪʠʦʢʝʪʘʣʴ. ʊʨʠʤʝʪʠʣʦʚʳʡ ʵʬʠʨ 

ʦʨʪʦʤʫʨʘʚʴʠʥʦʡ ʢʠʩʣʦʪʳ ʚ ʫʩʣʦʚʠʷʭ ʢʠʩʣʦʪʥʦʛʦ ʢʘʪʘʣʠʟʘ ʚʥʘʯʘʣʝ ʜʘʝʪ ʘʮʝʪʘʣʴ, 

ʢʦʪʦʨʳʡ ʦʪʱʝʧʣʷʝʪ ʤʝʪʘʥʦʣ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʨʦʩʪʦʛʦ ʵʬʠʨʘ ʝʥʦʣʘ. ʈʘʩʪʚʦʨ 

ʭʣʦʨʠʜʘ ʨʪʫʪʠ(II) ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʛʠʜʨʦʣʠʟʘ ʪʠʦʢʝʪʘʣʷ. ɻʠʜʨʦʣʠʟ ʧʨʦʚʦʜʷʪ ʚ 

ʦʯʝʥʴ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ, ʯʪʦʙʳ ʥʝ ʨʘʩʱʝʧʠʪʴ ʵʬʠʨ ʝʥʦʣʘ. ʅʘ ʟʘʢʣʶʯʠʪʝʣʴʥʦʡ 

ʩʪʘʜʠʠ ʩʠʥʪʝʟʘ ʧʨʦʠʩʭʦʜʠʪ ʦʢʠʩʣʝʥʠʝ F ʩʠʥʛʣʝʪʥʳʤ ʢʠʩʣʦʨʦʜʦʤ, 

ʛʝʥʝʨʠʨʫʝʤʳʤ ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʨʘʩʠʪʝʣʷ Rose Bengal ʧʨʠ 

ʧʦʥʠʞʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʯʪʦ ʧʦʩʣʝ ʛʠʜʨʦʣʠʟʘ ʭʣʦʨʥʦʡ ʢʠʩʣʦʪʦʡ ʜʘʝʪ 

ʘʨʪʝʤʠʟʠʥʠʥ (Z). 

2. ʈʘʩʩʤʦʪʨʠʤ ʩʭʝʤʫ ʧʦʣʫʯʝʥʠʷ B ʠʟ ʠʟʦʧʫʣʝʛʦʣʘ. ʇʝʨʚʘʷ ʩʪʘʜʠʷ ʜʘʥʥʦʛʦ 

ʧʨʝʚʨʘʱʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʛʠʜʨʦʙʦʨʠʨʦʚʘʥʠʝ ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʦʢʠʩʣʝʥʠʝʤ ʙʦʨʘʥʘ ʜʝʡʩʪʚʠʝʤ H2O2. ʊʘʢʦʡ ʚʘʨʠʘʥʪ ʛʠʜʨʘʪʘʮʠʠ ʘʣʢʝʥʘ ʜʘʸʪ 

ʧʨʦʜʫʢʪ ʧʨʦʪʠʚ ʧʨʘʚʠʣʘ ʄʘʨʢʦʚʥʠʢʦʚʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʧʝʨʚʠʯʥʳʡ 

ʩʧʠʨʪ G. ɼʘʣʝʝ ʩʝʣʝʢʪʠʚʥʦ ʙʝʥʟʠʣʠʨʫʝʪʩʷ ʧʝʨʚʠʯʥʳʡ ʩʧʠʨʪ (ʯʪʦ ʭʦʨʦʰʦ ʚʠʜʥʦ 

ʠʟ ʙʣʠʞʘʡʰʝʡ ʦʪʢʨʳʪʦʡ ʩʪʨʫʢʪʫʨʥʦʡ ʬʦʨʤʫʣʳ), ʧʦʩʣʝ ʯʝʛʦ ʚʪʦʨʠʯʥʳʡ ʩʧʠʨʪ 

ʦʢʠʩʣʷʝʪʩʷ ʭʣʦʨʦʭʨʦʤʘʪʦʤ ʧʠʨʠʜʠʥʠʷ ʜʦ ʢʝʪʦʥʘ H. ʇʦʣʫʯʝʥʥʳʡ ʢʝʪʦʥ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʩʠʣʴʥʦʛʦ ʦʩʥʦʚʘʥʠʷ (ʜʠʘʣʢʠʣʘʤʠʜʘ ʣʠʪʠʷ) ʜʝʧʨʦʪʦʥʠʨʫʝʪʩʷ ʧʦ ʙʦʣʝʝ 

ʜʦʩʪʫʧʥʦʡ ʤʝʪʠʣʝʥʦʚʦʡ ʛʨʫʧʧʝ, ʘ ʝʥʦʣʷʪ-ʠʦʥ ʘʣʢʠʣʠʨʫʝʪʩʷ, ʧʨʝʚʨʘʱʘʷʩʴ ʚ I . 

ʆʢʠʩʣʠʪʝʣʴ m-CPBA ʚʥʘʯʘʣʝ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʵʧʦʢʩʠʜʘ, ʢʦʪʦʨʳʡ in situ 

ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʜʠʢʝʪʦʥ, ʧʨʠʚʝʜʝʥʥʳʡ ʥʘ ʩʭʝʤʝ ʚ ʫʩʣʦʚʠʠ. ʊʨʠ ʧʦʩʣʝʜʫʶʱʠʝ 
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ʩʪʘʜʠʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʨʝʘʢʮʠʠ ɺʠʪʪʠʛʘ (ʚ ʢʘʯʝʩʪʚʝ ʨʝʘʛʝʥʪʦʚ ʧʨʠʚʝʜʝʥʳ 

ʠʣʠʜʳ ʬʦʩʬʦʨʘ, ʭʦʪʷ ʨʝʘʣʴʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʬʦʩʬʦʥʠʝʚʳʝ 

ʩʦʣʠ ʠ ʦʩʥʦʚʘʥʠʷ). ɺ ʭʦʜʝ ʧʨʝʚʨʘʱʝʥʠʷ J ʚ K  ʦʙʨʘʟʫʝʪʩʷ ʵʬʠʨ ʝʥʦʣʘ, ʛʠʜʨʦʣʠʟ 

ʢʦʪʦʨʦʛʦ ʜʘʸʪ ʥʦʚʦʝ ʢʘʨʙʦʥʠʣʴʥʦʝ ʩʦʝʜʠʥʝʥʠʝ, ʢʦʪʦʨʦʝ ʚʩʪʫʧʘʝʪ ʚ ʩʣʝʜʫʶʱʫʶ 

ʨʝʘʢʮʠʶ ɺʠʪʪʠʛʘ. ʇʨʝʚʨʘʱʝʥʠʝ L  ʚ M  ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʙʨʘʟʦʚʘʥʠʝ 

ʰʝʩʪʠʯʣʝʥʥʦʛʦ ʮʠʢʣʘ ʧʦ ʨʝʘʢʮʠʠ ʤʝʪʘʪʝʟʠʩʘ ʘʣʢʝʥʦʚ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʢʘʪʘʣʠʟʘʪʦʨʘ ɻʨʘʙʙʩʘ. ʕʪʘ ʨʝʘʢʮʠʷ ʥʝʦʜʥʦʢʨʘʪʥʦ ʚʩʪʨʝʯʘʣʘʩʴ ʚ ʢʦʤʧʣʝʢʪʘʭ 

ʟʘʜʘʥʠʡ ɿʘʢʣʶʯʠʪʝʣʴʥʦʛʦ ʵʪʘʧʘ. ʂʨʦʤʝ ʪʦʛʦ, ʫʩʪʘʥʦʚʠʪʴ ʵʪʦ ʧʨʝʚʨʘʱʝʥʠʝ 

ʧʦʤʦʛʘʝʪ ʩʪʨʫʢʪʫʨʘ ʩʦʝʜʠʥʝʥʠʷ ɺ, ʣʝʛʢʦ ʫʩʪʘʥʘʚʣʠʚʘʝʤʘʷ ʧʨʠ ʘʥʘʣʠʟʝ ʧʝʨʚʦʡ 

ʮʝʧʦʯʢʠ. ʅʘ ʧʦʩʣʝʜʥʝʡ ʩʪʘʜʠʠ ʩʠʥʪʝʟʘ ɺ ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʩʥʷʪʠʝ 

ʙʝʥʟʠʣʴʥʦʡ ʟʘʱʠʪʥʦʡ ʛʨʫʧʧʳ, ʦʢʠʩʣʝʥʠʝ ʩʧʠʨʪʘ ʜʦ ʢʠʩʣʦʪʳ ʨʝʘʢʪʠʚʦʤ ɼʞʦʥʩʘ 

ʠ ʤʝʪʠʣʠʨʦʚʘʥʠʝ ʢʠʩʣʦʪʳ ʜʠʘʟʦʤʝʪʘʥʦʤ. 

 

ɺʦ ʚʪʦʨʦʡ ʯʘʩʪʠ ʮʝʧʦʯʢʠ ʧʨʠʚʝʜʝʥ ʩʠʥʪʝʟ B ʠʟ ʮʠʪʨʦʥʝʣʣʘʣʷ. ʅʘ ʧʝʨʚʦʡ 

ʩʪʘʜʠʠ ʝʥʦʣʷʪ-ʠʦʥ ʮʠʪʨʦʥʝʣʣʘʣʷ ʧʨʠʩʦʝʜʠʥʷʝʪʩʷ ʧʦ ʄʠʭʘʵʣʶ ʢ ɓ-ʘʪʦʤʫ 

ʫʛʣʝʨʦʜʘ ʚʠʥʠʣʤʝʪʠʣʢʝʪʦʥʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʨʦʜʫʢʪʘ N, ʩʦʜʝʨʞʘʱʝʛʦ ʜʚʝ 

ʢʘʨʙʦʥʠʣʴʥʳʝ ʛʨʫʧʧʳ. ɼʘʣʝʝ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʱʝʣʦʯʠ ʧʨʦʠʩʭʦʜʠʪ 
























































































