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1 ʇɽʈʐʀʁ ɿɸʂʆʅ ʊɽʈʄʆɼʀʅɸʄɯʂʀ 

 

1.1 ʈʽʚʥʷʥʥʷ ʧʝʨʰʦʛʦ ʟʘʢʦʥʫ ʪʝʨʤʦʜʠʥʘʤʽʢʠ 

 

ʇʝʨʰʠʡ ʟʘʢʦʥ ʪʝʨʤʦʜʠʥʘʤʽʢʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤ: 

 

                                                     W,ȹUq                                    (1.1) 

 

ʜʝ q ï ʪʝʧʣʦʪʘ, ʧʦʛʣʠʥʝʥʘ ʩʠʩʪʝʤʦʶ;  

æU ï ʟʤʽʥʘ ʚʥʫʪʨʽʰʥʴʦʾ ʝʥʝʨʛʽʾ ʩʠʩʪʝʤʠ;  

W ï ʨʦʙʦʪʘ, ʚʠʢʦʥʘʥʘ ʩʠʩʪʝʤʦʶ. 

ʋ ʪʝʨʤʦʜʠʥʘʤʽʮʽ ʚʝʣʠʯʠʥʘ q ʚʚʘʞʘʻʪʴʩʷ ʜʦʜʘʪʥʦʶ, ʷʢʱʦ ʪʝʧʣʦʪʘ ʧʦʛ-

ʣʠʥʘʻʪʴʩʷ ʩʠʩʪʝʤʦʶ, ʽ ʚʽʜ'ʻʤʥʦʶ, ʷʢʱʦ ʪʝʧʣʦʪʘ ʚʠʜʽʣʷʻʪʴʩʷ ʩʠʩʪʝʤʦʶ; æU 

ʚʚʘʞʘʻʪʴʩʷ ʜʦʜʘʪʥʦʶ, ʷʢʱʦ ʚʥʫʪʨʽʰʥʷ ʝʥʝʨʛʽʷ ʩʠʩʪʝʤʠ ʟʙʽʣʴʰʫʻʪʴʩʷ, ʽ ʚʽ-

ʜ'ʻʤʥʦʶ, ʷʢʱʦ ʚʥʫʪʨʽʰʥʷ ʝʥʝʨʛʽʷ ʟʤʝʥʰʫʻʪʴʩʷ; ʨʦʙʦʪʫ W ʚʚʘʞʘʶʪʴ ʜʦʜʘʪ-

ʥʦʶ, ʷʢʱʦ ʩʠʩʪʝʤʘ ʚʠʢʦʥʫʻ ʨʦʙʦʪʫ, ʽ ʚʽʜ'ʻʤʥʦʶ, ʷʢʱʦ ʨʦʙʦʪʘ ʚʠʢʦʥʫʻʪʴʩʷ 

ʥʘʜ ʩʠʩʪʝʤʦʶ. 

ʇʨʠ ʩʪʘʣʦʤʫ ʦʙ'ʻʤʽ (V = const) ʧʦʛʣʠʥʝʥʘ ʩʠʩʪʝʤʦʶ ʪʝʧʣʦʪʘ ʚʠʪʨʘʯʘ-

ʻʪʴʩʷ ʥʘ ʟʙʽʣʴʰʝʥʥʷ ʚʥʫʪʨʽʰʥʴʦʾ ʝʥʝʨʛʽʾ, ʱʦ ʚʠʜʥʦ ʟ ʪʘʢʦʛʦ ʨʽʚʥʷʥʥʷ: 

 

),T(TCnUUq 12v12v
                (1.2) 

 

ʜʝ U1 ï ʚʥʫʪʨʽʰʥʷ ʝʥʝʨʛʽʷ ʩʠʩʪʝʤʠ ʧʨʠ ʊ1;  

U2 ï ʚʥʫʪʨʽʰʥʷ ʝʥʝʨʛʽʷ ʩʠʩʪʝʤʠ ʧʨʠ ʊ2;  

n  ï  ʯʠʩʣʦ ʢʽʣʦʤʦʣʽʚ ʨʝʯʦʚʠʥʠ;  

C v ï ʩʝʨʝʜʥʷ ʽʟʦʭʦʨʥʘ ʪʝʧʣʦʻʤʥʽʩʪʴ ʩʠʩʪʝʤʠ ʚ ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘ-

ʪʫʨ ʚʽʜ ʊ1 ʜʦ ʊ2. 

ʇʨʠ ʩʪʘʣʦʤʫ ʪʠʩʢʫ (ʨ = const) ʧʦʛʣʠʥʫʪʘ ʩʠʩʪʝʤʦʶ ʪʝʧʣʦʪʘ ʚʠʪʨʘʯʘ-

ʻʪʴʩʷ ʥʘ ʟʙʽʣʴʰʝʥʥʷ ʝʥʪʘʣʴʧʽʾ, ʱʦ ʤʦʞʥʘ ʦʧʠʩʘʪʠ ʪʘʢʠʤ ʨʽʚʥʷʥʥʷʤ: 
 

),TT(CnHHHq 12p12p                (1.3) 

 

ʜʝ ʅ1 ï ʝʥʪʘʣʴʧʽʷ ʩʠʩʪʝʤʠ ʧʨʠ ʊ1;  

ʅ2  ï ʝʥʪʘʣʴʧʽʷ ʩʠʩʪʝʤʠ ʧʨʠ ʊ2; 

pC  ï ʩʝʨʝʜʥʷ ʽʟʦʙʘʨʥʘ ʪʝʧʣʦʻʤʥʽʩʪʴ ʩʠʩʪʝʤʠ ʚ ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘ-

ʪʫʨ ʚʽʜ ʊ1  ʜʦ ʊ2,  ɼʞĀʤʦʣʴ
-1
Āʂ

-1
. 

ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʝʥʪʘʣʴʧʽʻʶ ʽ ʚʥʫʪʨʽʰʥʴʦʶ ʝʥʝʨʛʽʻʶ ʩʠʩʪʝʤʠ ʚʠ-

ʟʥʘʯʘʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤ: 
 

pV,UH                          (1.4) 
 

ʜʝ  ʨ ï ʟʦʚʥʽʰʥʽʡ ʪʠʩʢ, ʇʘ;  

V ï ʦʙ'ʻʤ ʩʠʩʪʝʤʠ, ʤ
3
.  

ʇʨʠ ʩʪʘʣʦʤʫ ʪʠʩʢʫ (ʨ = const) ʟʤʽʥʘ ʝʥʪʘʣʴʧʽʾ ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʘʢʠʤ ʨʽʚ-
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ʥʷʥʥʷʤ: 

             VpȹUȹH                                  (1.5) 

ʜʝ ʨ ï ʟʦʚʥʽʰʥʽʡ ʪʠʩʢ; 

æV ï ʟʤʽʥʘ ʦʙ'ʻʤʫ ʩʠʩʪʝʤʠ. 

ʇʝʨʝʭʽʜ ʨʝʯʦʚʠʥʠ ʟ ʦʜʥʦʛʦ ʘʛʨʝʛʘʪʥʦʛʦ ʩʪʘʥʫ ʚ ʽʥʰʠʡ ʧʨʠ ʩʪʘʣʠʭ ʪʠʩ-

ʢʫ ʽ ʪʝʤʧʝʨʘʪʫʨʽ ʩʫʧʨʦʚʦʜʠʪʴʩʷ ʚʠʢʦʥʘʥʥʷʤ ʨʦʙʦʪʠ, ʷʢʫ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ 

ʟʘ ʨʽʚʥʷʥʥʷʤ: 

 

,VpnW                                           (1.6) 

 

ʜʝ n   ï  ʯʠʩʣʦ ʢʽʣʦʤʦʣʽʚ ʨʝʯʦʚʠʥʠ; 

æV ï ʟʤʽʥʘ ʤʦʣʴʥʦʛʦ ʦʙóʻʤʫ ʨʝʯʦʚʠʥʠ ʧʨʠ ʧʝʨʝʭʦʜʽ ʟ ʦʜʥʦʛʦ ʩʪʘʥʫ 

ʚ ʽʥh ʠʡ. 

ʗʢʱʦ ʨʽʜʠʥʘ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʚ ʧʘʨʫ ʧʨʠ ʩʪʘʣʠʭ ʪʝʤʧʝʨʘʪʫʨʽ ʽ ʪʠʩʢʫ, 

ʧʨʠʯʦʤʫ ʪʠʩʢ ʜʦʨʽʚʥʶʻ ʪʠʩʢʫ ʾʾ ʥʘʩʠʯʝʥʦʾ ʧʘʨʠ, ʽ ʷʢʱʦ ʧʘʨʘ ʧʽʜʧʦʨʷʜʢʦʚʘʥʘ 

ʟʘʢʦʥʘʤ ʽʜʝʘʣʴʥʠʭ ʛʘʟʽʚ, ʪʦ ʨʦʙʦʪʫ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʨʽʚʥʷʥʥʷʤ 

 

,TRnW                                             (1.7) 

 

ʜʝ R ï ʫʥʽʚʝʨʩʘʣʴʥʘ ʛʘʟʦʚʘ ʩʪʘʣʘ (8,314 ʢɼʞĀʤʦʣʴ
-1
Āʂ

-1
); 

ʊ ï ʪʝʤʧʝʨʘʪʫʨʘ ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʨʽʜʠʥʠ. 

ʋ ʩʠʩʪʝʤʽ ʦʜʠʥʠʮʴ ʉɯ ʟʘ ʦʜʠʥʠʮʶ ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʧʣʦʪʠ, ʨʦʙʦʪʠ, ʚʥʫ-

ʪʨʽʰʥʴʦʾ ʝʥʝʨʛʽʾ ʽ ʝʥʪʘʣʴʧʽʾ ʙʝʨʫʪʴ ʜʞʦʫʣʴ (ɼʞ). 

 

 

1.1.1 ʇʨʠʢʣʘʜʠ ʨʽʰʝʥʥʷ ʟʘʜʘʯ 

 

ʇʨʠʢʣʘʜ 1. ɺʠʟʥʘʯʠʪʠ q, W ʽ æU ʧʝʨʝʪʚʦʨʝʥʥʷ 36,03 ʢʛ ʚʦʜʠ ʚ ʧʘʨʫ 

ʧʨʠ ʩʪʘʣʦʤʫ ʪʠʩʢʫ ʽ ʪʝʤʧʝʨʘʪʫʨʽ 373 ʂ, ʢʦʣʠ ʚʽʜʦʤʦ, ʱʦ ʟʘ ʮʠʭ ʫʤʦʚ ʪʝʧʣʦʪʘ 

ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʚʦʜʠ ʜʦʨʽʚʥʶʻ 40,905 ʄɼʞĀʤʦʣʴ
-1
. ɺʚʘʞʘʪʠ ʧʘʨʫ ʽʜʝʘʣʴʥʠʤ 

ʛʘʟʦʤ. ʆʙ'ʻʤʦʤ ʨʽʜʠʥʠ ʟʥʝʭʪʫʚʘʪʠ. 

ʈʦʟʚ'ʷʟʘʥʥʷ. ʇʨʠ ʩʪʘʣʦʤʫ ʪʠʩʢʫ ʽ ʪʝʤʧʝʨʘʪʫʨʽ 373 ʂ ʚʦʜʘ ʧʝʨʝʪʚʦʨʶ-

ʪ̒ʴʩʷ ʚ ʧʘʨʫ ʟ ʧʦʛʣʠʥʘʥʥʷʤ ʪʝʧʣʦʪʠ: 

 

ɼʞ.61081,81640,905Ā10
18,015

36,03
ʚʠʧĀL

M

m
ʚʠʧnLq  

 

ɺʠʧʘʨʦʚʫʚʘʥʥʷ ʚʦʜʠ ʧʨʠ ʩʪʘʣʦʤʫ ʪʠʩʢʫ ʩʫʧʨʦʚʦʜʠʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷʤ 

ʦʙ'ʻʤʫ, ʽ ʯʘʩʪʠʥʘ ʧʦʛʣʠʥʝʥʦʾ ʪʝʧʣʦʪʠ ʟʘʪʨʘʯʘʻʪʴʩʷ ʥʘ ʨʦʙʦʪʫ ʧʨʦʪʠ ʟʦʚʥʽʰ-

ʥʴʦʛʦ ʪʠʩʢʫ, ʷʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤ 

 

.)Vnp(VnpȹpW ʨʽʜn  
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ʆʩʢʽʣʴʢʠ ʤʦʞʥʘ ʦʙóʻʤʦʤ ʚʦʜʠ ʟʥʝʭʪʫʚʘʪʠ ʽ ʚʚʘʞʘʪʠ ʧʘʨʫ ʽʜʝʘʣʴʥʠʤ 

ʛʘʟʦʤ, ʪʦ ʧʨʠ ʚʠʧʘʨʦʚʫʚʘʥʥʽ 36,03 ʢʛ ʚʦʜʠ ʩʠʩʪʝʤʘ ʚʠʢʦʥʫʻ ʨʦʙʦʪʫ 

 

ɼʞ.6106,202Ā3738,314Ā10
18,015

36,03
RT

M

m
nRTnpVW 3

n  

 

ʈʝʰʪʘ ʧʦʛʣʠʥʝʥʦʾ ʩʠʩʪʝʤʦʶ ʪʝʧʣʦʪʠ ʟʘʪʨʘʯʘʻʪʴʩʷ ʥʘ ʟʙʽʣʴʰʝʥʥʷ ʚʥʫ-

ʪʨʽʰʥʴʦʾ ʝʥʝʨʛʽʾ ʧʘʨʠ: 

 

ɼʞ1075,6086,202Ā1081,81Ā10W-qȹU 666
. 

 

ʇʨʠʢʣʘʜ 2. ɺʠʟʥʘʯʠʪʠ æH ʽ W ʧʨʠ ʧʣʘʚʣʝʥʥʽ 2,698 ʢʛ ʘʣʶʤʥ̔ʽʶ, ʢʦʣʠ 

ʚʽʜʦʤʦ, ʱʦ ʧʨʠ ʪʠʩʢʫ 1,01325Ā10
5
 ʇʘ ʽ ʪʝʤʧʝʨʘʪʫʨʽ ʧʣʘʚʣʝʥʥʷ 933,1 ʂ ʟʤʽʥʘ 

ʘʪʦʤʥʦʛʦ ʦʙ'ʻʤʫ ʘʣʶʤʽʥʽʶ ʜʦʨʽʚʥʶʻ 0,51Ā10
-3
 ʤ

3
Āʢʘʪʦʤ

-1
. ʊʝʧʣʦʪʘ ʧʣʘʚʣʝʥʥʷ 

ʘʣʶʤʽʥʽʶ ʜʦʨʽʚʥʶʻ 10,76 ʄɼʞĀʢʘʪʦʤ
-1
. 

ʈʦʟʚ'ʷʟʘʥʥʷ. ʇʣʘʚʣʝʥʥʷ ʘʣʶʤʽʥʽʶ ʧʨʠ ʩʪʘʣʦʤʫ ʪʠʩʢʫ ʩʫʧʨʦʚʦʜʠʪʴʩʷ 

ʟʙʽʣʴʰʝʥʥʷʤ ʝʥʪʘʣʴʧʽʾ, ʷʢʝ ʤʦʞʥʘ ʟʥʘʡʪʠ ʟʘ ʨʽʚʥʷʥʥʷʤ 

 

ɼʞ.6101,076Ā10,76Ā10
26,982

2,698
L

W

m
nLȹH 6

ʧʣʧʣ . 

 

ʈʦʙʦʪʘ, ʚʠʢʦʥʘʥʘ ʩʠʩʪʝʤʦʶ ʧʨʠ ʧʣʘʚʣʝʥʥʽ 2,698 ʢʛ ʘʣʶʤʽʥʽʶ, ʜʦʨʽʚ-

ʥʶʚʘʪʠʤʝ 

.ɼʞ5,167·0,51·100·1,01325·1
26,982

2,698
npȹpW 35

 

 

 

1.1.2 ɿʘʜʘʯʽ ʜʣʷ ʩʘʤʦʩʪʽʡʥʦʛʦ ʨʽʰʝʥʥʷ 

 

1.  ɺʠʟʥʘʯʠʪʠ q, Wʽ æU ʚʠʧʘʨʦʚʫʚʘʥʥʷ 92,14 ʢʛ ʝʪʠʣʦʚʦʛʦ ʩʧʠʨʪʫ, ʢʦ-

ʣʠ ʚʽʜʦʤʦ, ʱʦ ʧʨʠ ʪʠʩʢʫ 1,01325Ā10
5
 ʇʘ ʽ ʪʝʤʧʝʨʘʪʫʨʽ ʢʠʧʽʥʥʷ ʪʝʧʣʦʪʘ ʚʠʧʘ-

ʨʦʚʫʚʘʥʥʷ ʜʦʨʽʚʥʶʻ 47,5 ʄɼʞĀʤʦʣʴ
-1
 ʽ ʧʠʪʦʤʠʡ ʦʙ'ʻʤ ʧʘʨʠ ʩʪʘʥʦʚʠʪʴ 

607Ā10
-3
 ʤ

3
Āʢʛ

-1
. ʆʙ'ʻʤʦʤ ʨʽʜʠʥʠ ʟʥʝʭʪʫʚʘʪʠ. 

ɺʽʜʧʦʚʽʜʴ: 95 ʄɼʞ; 5,67 ʄɼʞ ʽ 89,33 ʄɼʞ. 

2. 180,15 ʢʛ  ʚʦʜʷʥʦʾ ʧʘʨʠ ʢʦʥʜʝʥʩʫʻʪʴʩʷ  ʚ ʨʽʜʠʥʫ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 

373 ʂ ʽ ʪʠʩʢʫ 1,01325Ā10
5
 ʇʘ. ʊʝʧʣʦʪʘ  ʚʠʧʘʨʦʚʫʚʘʥʥʷ  ʚʦʜʠ  ʜʦʨʽʚʥʶʻ 

40,905 ʄɼʞĀʤʦʣʴ
-1
. ʆʙʯʠʩʣʠʪʠ q, W ʽ æU, ʚʚʘʞʘʶʯʠ ʧʘʨʫ ʽʜʝʘʣʴʥʠʤ ʛʘʟʦʤ ʽ 

ʥʝʭʪʫʶʯʠ ʦʙ'ʻʤʦʤ ʨʽʜʠʥʠ. 

ɺʽʜʧʦʚʽʜʴ: -409,05 ʄɼʞ; -31,01 ʄɼʞ ʽ -378,04 ʄɼʞ. 

3.  ʇʨʠ ʪʠʩʢʫ 1,01325Ā10
5
 ʇʘ  ʽ ʪʝʤʧʝʨʘʪʫʨʽ  544,2 ʂ  ʜʣʷ  ʚʽʩʤʫʪʫ  ʟʤ̔-

ʥʘ  ʘʪʦʤʥʦʛʦ ʦʙ'ʻʤʫ ʜʦʨʽʚʥʶʻ ï0,72. 10
-3
 ʤ

3
Āʢʘʪʦʤ

-1
 ʽ ʪʝʧʣʦʪʘ ʧʣʘʚʣʝʥʥʷ 

11,01 ʄɼʞĀʢʘʪʦʤ
-1
. ɺʠʟʥʘʯʠʪʠ æH ʽ W ʧʨʠ ʧʣʘʚʣʝʥʥʽ 20,898 ʢʛ ʚʽʩʤʫʪʫ. 

ɺʽʜʧʦʚʽʜʴ: 1,101 ʄɼʞ ʽ -7,294 ʄɼʞ. 
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1.2  ʈʦʙʦʪʘ ʽʜʝʘʣʴʥʦʛʦ ʛʘʟʫ 

 

ʇʨʠ ʨʦʟʰʠʨʝʥʥʽ ʽʜʝʘʣʴʥʠʡ ʛʘʟ ʚʠʢʦʥʫʻ ʨʦʙʦʪʫ ʧʨʦʪʠ ʟʦʚʥʽʰʥʴʦʛʦ ʪʠ-

ʩʢʫ, ʷʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʘʢʠʤ ʨʽʚʥʷʥʥʷʤ: 

 

                                            

2V

1V

pdV,W     (1.8) 

 

ʜʝ  ʨ ï ʟʦʚʥʽʰʥʽʡ ʪʠʩʢ;  

V1 ï ʧʦʯʘʪʢʦʚʠʡ ʦʙ'ʻʤ ʛʘʟʫ;  

V2 ï ʢʽʥʮʝʚʠʡ ʦʙ'ʻʤ ʛʘʟʫ. 

ʈʦʙʦʪʘ ʽʜʝʘʣʴʥʦʛʦ ʛʘʟʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʫʤʦʚ, ʚ ʷʢʠʭ ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʦʟʰʠ-

ʨʝʥʥʷ. ʇʨʠ ʽʟʦʙʘʨʠʯʥʦʤʫ ʨʦʟʰʠʨʝʥʥʽ (ʨ = const) ʨʦʙʦʪʘ ʽʜʝʘʣʴʥʦʛʦ ʛʘʟʫ ʜʦ-

ʨʽʚʥʶʚʘʪʠʤʝ 

   ),VV(pW 12     (1.9) 

ʘʙʦ 

                                   ),TT(nRW 12    (1.10) 

 

ʜʝ n  ï ʯʠʩʣʦ ʢʽʣʦʤʦʣʽʚ ʛʘʟʫ;  

ʊ1 ï ʧʦʯʘʪʢʦʚʘ ʪʝʤʧʝʨʘʪʫʨʘ ʛʘʟʫ;  

ʊ2 ï ʢʽʥʮʝʚʘ ʪʝʤʧʝʨʘʪʫʨʘ ʛʘʟʫ. 

ʇʨʠ ʽʟʦʪʝʨʤʽʯʥʦʤʫ ʨʦʟʰʠʨʝʥʥʽ (ʊ = const) ʚʥʫʪʨʽʰʥʷ ʝʥʝʨʛʽʷ ʽʜʝʘʣʴ-

ʥʦʛʦ ʛʘʟʫ ʥʝ ʟʤʽʥʶʻʪʴʩʷ (æU = 0); ʪʦʜʽ ʨʦʙʦʪʫ ʤʦʞʥʘ ʦʧʠʩʘʪʠ ʨʽʚʥʷʥʥʷʤ 

 

                                               ,
V

V
lnnRTqW

1

2
    (1.11) 

ʘʙʦ 

                                       
2

1

p

p
lnnRtW    (1.12) 

 

ʜʝ ʊ ï ʪʝʤʧʝʨʘʪʫʨʘ, ʧʨʠ ʷʢʽʡ ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʦʟʰʠʨʝʥʥʷ ʛʘʟʫ;  

ʨ1 ï ʧʦʯʘʪʢʦʚʠʡ ʪʠʩʢ ʛʘʟʫ;  

ʨ2 ïʢʽʥʮʝʚʠʡ ʪʠʩʢ ʛʘʟʫ. 

ʇʨʠ ʘʜʽʘʙʘʪʠʯʥʦʤʫ ʨʦʟʰʠʨʝʥʥʽ (q = 0) ʨʦʙʦʪʘ ʚʠʢʦʥʫʻʪʴʩʷ ʽʜʝʘʣʴʥʠʤ 

ʛʘʟʦʤ ʟʘ ʨʘʭʫʥʦʢ ʟʤʝʥʰʝʥʥʷ ʡʦʛʦ ʚʥʫʪʨʽʰʥʴʦʾ ʝʥʝʨʛʽʾ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʚ̔-

ʥʷʥʥʷʤ 

                            ),TT(CnUW 21v                     (1.13)  

aʙʦ 

                         ,
1

)TT(nR

1

VpVp
W 212211

                   (1.14) 
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ʜʝ vC  ï ʩʝʨʝʜʥʷ ʤʦʣʴʥʘ ʪʝʧʣʦʻʤʥʽʩʪʴ ʛʘʟʫ ʧʨʠ ʩʪʘʣʦʤʫ ʦʙ'ʻʤʽ ʚ ʽʥʪʝʨ-

ʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ ʚʽʜ ʊ1 ʜʦ ʊ2;  

  ï  ʚʽʜʥʦʰʝʥʥʷ ʪʝʧʣʦʻʤʥʦʩʪʽ ʛʘʟʫ ʧʨʠ ʪʘʣʦʤʫ ʪʠʩʢʫ ʉʨ ʜʦ ʡʦʛʦ 

ʪʝʧʣʦʻʤʥʦʩʪʽ ʧʨʠ ʩʪʘʣʦʤʫ ʦʙ'ʻʤʽ Cv: 

 

              .
C

C

v

p
                                                  (1.15) 

 

ʊʠʩʢ, ʦʙ'ʻʤ ʽ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʧʦʯʘʪʢʫ ʽ ʚ ʢʽʥʮʽ ʘʜʽʘʙʘʪʠʯʥʦʛʦ ʧʨʦʮʝʩʫ 

ʟʚ'ʷʟʘʥʽ ʪʘʢʠʤʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤʠ: 

 

                                         2211 VpVp                                              (1.16) 

 

                                     
)1(

22
)1(

11 VTVT     (1.17) 

 

                                      .VTVT
)1(

22
)1(

11     (1.18) 

 

 

1.2.1 ʇʨʠʢʣʘʜʠ ʨʽʰʝʥʥʷ ʟʘʜʘʯ 

 

ʇʨʠʢʣʘʜ 1. ʗʢʘ ʨʦʙʦʪʘ ʙʫʜʝ ʚʠʢʦʥʘʥʘ 44,01 ʢʛ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ ʧʨʠ 

ʧʽʜʚʠʱʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ 100 ʂ ʽ ʩʪʘʣʦʤʫ ʪʠʩʢʫ. 

ʈʦʟʚ'ʷʟʘʥʥʷ. ʇʨʠ ʽʟʦʙʘʨʠʯʥʦʤʫ ʨʦʟʰʠʨʝʥʥʽ ʨʦʙʦʪʘ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ 

ʧʨʦʪʠ ʟʦʚʥʽʰʥʴʦʛʦ ʪʠʩʢʫ ʜʦʨʽʚʥʶʚʘʪʠʤʝ 
 

ɼʞ10314,810010314,8
01,44

01,44
TR

M

m
)TT(nRW 53

12 . 

 

ʇʨʠʢʣʘʜ 2. 1 ʤʦʣʴ ʘʟʦʪʫ, ʫʟʷʪʦʛʦ ʧʨʠ 290 ʂ, ʩʪʠʩʢʘʶʪʴ ʘʜʽʘʙʘʪʠʯʥʦ 

ʚʽʜ 22,42 ʜʦ 7 ʤ
3
. ɺʠʟʥʘʯʠʪʠ ʢʽʥʮʝʚʫ ʪʝʤʧʝʨʘʪʫʨʫ ʽ ʟʘʪʨʘʯʝʥʫ ʨʦʙʦʪʫ, ʷʢʱʦ 

 

.4,1
ʉ

ʉ

v

p
 

 

ʈʦʟʚ'ʷʟʘʥʥʷ. ɸʜʽʘʙʘʪʠʯʥʝ ʩʪʠʩʢʘʥʥʷ ʘʟʦʪʫ ʩʫʧʨʦʚʦʜʠʪʴʩʷ ʧʽʜʚʠʱʝʥ-

ʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ. ʂʽʥʮʝʚʘ ʪʝʤʧʝʨʘʪʫʨʘ ʜʦʨʽʚʥʶʚʘʪʠʤʝ 

 

.K0,462
7

42,22·290

V

VT
T

)14,1(

)14,1(

)1(
2

)1(
11

2  
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ʇʨʠ ʮʠʭ ʫʤʦʚʘʭ ʨʦʙʦʪʫ, ʚʠʢʦʥʘʥʫ ʥʘʜ ʩʠʩʪʝʤʦʶ, ʤʦʞʥʘ ʟʥʘʡʪʠ ʟ ʨʽʚ-

ʥʷʥʥʷ: 

.ɼʞ10575,3
14,1

)462290(10·314,8

1

)TT(nR
W 6

3
21

 

 

 

1.2.2  ɿʘʜʘʯʽ ʜʣʷ ʩʘʤʦʩʪʽʡʥʦʛʦ ʨʽʰʝʥʥʷ 

 

4. ʗʢʘ  ʢʽʣʴʢʽʩʪʴ  ʪʝʧʣʦʪʠ ʚʠʜʽʣʠʪʴʩʷ  ʧʨʠ  ʽʟʦʪʝʨʤʽʯʥʦʤʫ ʩʪʠʩʢʘʥʥʽ 

0,1 ʤ
3
 ʽʜʝʘʣʴʥʦʛʦ ʛʘʟʫ, ʚʟʷʪʦʛʦ ʧʨʠ 298 ʂ ʽ ʪʠʩʢʫ 1,01325Ā10

5
 ʇʘ, ʷʢʱʦ ʦʙ'ʻʤ 

ʡʦʛʦ ʟʤʝʥʰʠʪʴʩʷ ʚ 10 ʨʘʟ? 

ɺʽʜʧʦʚʽʜʴ: -23,33 ʢɼʞ. 

5. ʋ ʟʘʢʨʠʪʽʡ ʧʦʩʫʜʠʥʽ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 290 ʂ ʽ ʪʠʩʢʫ 1,01325Ā10
5
 ʇʘ 

ʤʽʩʪʠʪʴʩʷ 0,2 ʢʤʦʣʷ ʢʠʩʥʶ. ʇʨʠ ʘʜʽʘʙʘʪʠʯʥʦʤʫ ʨʦʟʰʠʨʝʥʥʽ ʪʠʩʢ ʢʠʩʥʶ ʟʥʠ-

ʟʠʚʩʷ ʜʦ 1,01325Ā10
4  
ʇʘ. ɺʠʟʥʘʯʠʪʠ W ʽ æU, ʷʢʱʦ 

 

.4,1
p

vC

ʉ
 

 

ɺʽʜʧʦʚʽʜʴ: 0,561 ʔɼʞ; -0,561 ʄɼʞ. 

6. ʋ ʙʘʣʦʥʽ ʤʽʩʪʢʽʩʪʶ 40 ʣ ʻ ʢʠʩʝʥʴ ʧʽʜ ʪʠʩʢʦʤ 1,01325Ā10
7
 ʇʘ. ʎʝʡ ʢʠ-

ʩʝʥʴ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʥʘʧʦʚʥʝʥʥʷ ʢʘʣʦʨʠʤʝʪʨʠʯʥʦʾ ʙʦʤʙʠ ʤʽʩʪʢʽʩʪʶ 

0,38 ʣ. ʇʦʪʨʽʙʥʠʡ ʜʣʷ ʩʧʘʣʶʚʘʥʥʷ ʪʠʩʢ ʢʠʩʥʶ ï 2,0265 ʄʇʘ. ʆʙʯʠʩʣʠʪʠ, ʥʘ 

ʩʢʽʣʴʢʠ ʩʧʘʣʶʚʘʥʴ ʚʠʩʪʘʯʠʪʴ ʢʠʩʥʶ ʚ ʙʘʣʦʥʽ. 

ɺʽʜʧʦʚʽʜʴ: 421 ʩʧʘʣʶʚʘʥʥʷ. 

7. ʊʝʤʧʝʨʘʪʫʨʘ ʟʘʡʤʘʥʥʷ ʛʨʠʤʫʯʦʛʦ ʛʘʟʫ ʙʫʣʘ ʟʥʘʡʜʝʥʘ ʘʜʽʘʙʘʪʠʯʥʠʤ 

ʩʪʠʩʢʘʥʥʷʤ ʛʘʟʫ. ɺʠʙʫʭ ʛʘʟʫ ʥʘʩʪʘʚ ʧʨʠ ʟʤʝʥʰʝʥʥʽ ʦʙ'ʻʤʫ ʚʽʜ 0,377 ʜʦ  

0,056 ʣ.  ɹʝʨʫʯʠ  ʧʦʯʘʪʢʦʚʫ  ʪʝʤʧʝʨʘʪʫʨʫ  373 ʂ  ʽ  ʧʦʯʘʪʢʦʚʠʡ  ʪʠʩʢ 

1,01325Ā10
5
 ʇʘ, ʟʥʘʡʪʠ ʪʝʤʧʝʨʘʪʫʨʫ ʚʠʙʫʭʫ ʽ ʪʠʩʢ ʫ ʤʦʤʝʥʪ ʚʠʙʫʭʫ, ʷʢʱʦ 

 
 

.4,1
p

vC

ʉ
 

 

ɺʽʜʧʦʚʽʜʴ: 799,8 ʂ; 14,62Ā10
5
 ʇʘ. 

 

8. ɻʘʟ ʧʨʠ ʪʠʩʢʫ 10
5
 ʇʘ ʽ ʪʝʤʧʝʨʘʪʫʨʽ 20

0
ʉ ʥʘʛʨʽʚʘʻʪʴʩʷ ʧʨʠ ʧʦʩʪʽʡʥʦ-

ʤʫ ʦʙôʻʤʽ  ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ 300
0
ʉ. ɺʠʟʥʘʯʠʪʠ ʪʠʩʢ ʛʘʟʫ. 

ɺʽʜʧʦʚʽʜʴ: ʈ2 = 19,56Ā10
5
 ʇʘ. 

9. ʋ ʟʘʢʨʠʪʽʡ ʩʫʜʠʥʽ ʻʤʥʽʩʪʶ  0,3 ʤ
3 
ʤʽʩʪʠʪʴʩʷ 2,75 ʢʛ ʧʦʚʽʪʨʷ ʧʨʠ ʪʠʩ-

ʢʫ 8Ā10
5
 ʇʘ ʽ ʪʝʤʧʝʨʘʪʫʨʽ 25

0
ʉ. ɺʠʟʥʘʯʠʪʠ ʪʠʩʢ ʽ ʧʠʪʦʤʠʡ ʦʙôʻʤ ʧʽʩʣʷ ʦʭʦ-

ʣʦʜʞʝʥʥʷ ʧʦʚʽʪʨʷ ʜʦ 0
0
ʉ. 

ɺʽʜʧʦʚʽʜʴ: ʈ2 = 7,32Ā10
5
 ʇʘ; V = 0,109 ʤ

3
/ʢʛ. 
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10. ʋ ʟʘʢʨʠʪʽʡ ʩʫʜʠʥʽ ʤʽʩʪʠʪʴʩʷ ʛʘʟ ʧʨʠ ʪʠʩʢʫ 28Ā10
5
 ʇʘ ʽ ʪʝʤʧʝʨʘʪʫʨʽ 

120
0
ʉ. ʏʦʤʫ ʙʫʜʝ ʜʦʨʽʚʥʶʚʘʪʠ ʢʽʥʮʝʚʠʡ ʪʠʩʢ, ʷʢʱʦ ʪʝʤʧʝʨʘʪʫʨʘ ʟʥʠʟʠʪʩɹʷ 

ʜʦ 25
0
ʉ? 

ɺʽʜʧʦʚʽʜʴ: ʈ2 = 21,2Ā10
5
 ʇʘ. 

11. ɼʦ ʷʢʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʪʨʝʙʘ ʥʘʛʨʽʪʠ ʛʘʟ ʧʨʠ V = const, ʷʢʱʦ ʧʦʯʘʪ-

ʢʦʚʠʡ ʪʠʩʢ ʛʘʟʫ 2Ā10
5
 ʇʘ ʽ ʪʝʤʧʝʨʘʪʫʨʘ 20

0
ʉ, ʘ ʢʽʥʮʝʚʠʡ ʪʠʩʢ 5Ā10

5
 ʇʘ. 

ɺʽʜʧʦʚʽʜʴ: ʜʦ t2 = 459,5
0
ʉ 

12. ʋ ʢʘʣʦʨʠʤʝʪʨʠʯʥʽʡ ʙʦʤʙʽ ʻʤʥʽʩʪʶ 300 ʩʤ
3
 ʟʥʘʭʦʜʠʪʴʩʷ ʢʠʩʝʥʴ ʧʨʠ 

ʪʠʩʢʫ 26Ā10
5
 ʇʘ ʽ ʪʝʤʧʝʨʘʪʫʨʽ 22 

0
ʉ. ɺʠʟʥʘʯʠʪʠ ʪʝʤʧʝʨʘʪʫʨʫ  ʢʠʩʥʶ ʧʽʩʣʷ 

ʧʽʜʚʦʜʫ ʜʦ ʥʴʦʛʦ ʪʝʧʣʘ ʚ ʢʽʣʴʢʦʩʪʽ 1 ʢɼʞ, ʚʚʘʞʘʶʯʠ ʟʘʣʝʞʥʽʩʪʴ ʪʝʧʣʦʻʤʥʦ-

ʩʪʽ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʣʽʥʽʡʥʦʶ. 

ɺʽʜʧʦʚʽʜʴ: t2 = 593 
0
ʉ 

13. ɺʠʟʥʘʯʠʪʠ ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʘ, ʥʝʦʙʭʽʜʥʦʛʦ ʜʣʷ ʥʘʛʨʽʚʘʥʥʷ 2000 ʤ
3
 

ʧʦʚʽʪʨʷ ʧʨʠ ʩʪʘʣʦʤʫ ʪʠʩʢʫ 5Ā10
5
 ʇʘ ʚʽʜ 150 ʜʦ 600 

0
ʉ. ɿʘʣʝʞʥʽʩʪʴ ʪʝʧʣʦʻʤ-

ʥʦʩʪʽ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʚʚʘʞʘʪʠ ʥʝʣʽʥʽʡʥʦʶ. 
ɺʽʜʧʦʚʽʜʴ: Qʨ = 3937 ʄɼʞ. 
14. 0,2 ʤ

3
 ʧʦʚʽʪʨʷ, ʷʢʝ ʤʘʻ ʧʦʯʘʪʢʦʚʫ ʪʝʤʧʝʨʘʪʫʨʫ 180 

0
ʉ, ʧʽʜʽʛʨʽʚʘ-

ʶʪʴʩʷ ʚ ʮʠʣʽʥʜʨʽ ʜʽʘʤʝʪʨʦʤ 50 ʩʤ ʧʨʠ ʧʦʩʪʽʡʥʦʤʫ ʪʠʩʢʫ 2Ā10
5
 ʇʘ ʜʦ ʪʝʤʧʝ-

ʨʘʪʫʨʠ 2000 
0
ʉ. ɺʠʟʥʘʯʠʪʠ ʨʦʙʦʪʫ ʨʦʟʰʠʨʝʥʥʷ, ʧʝʨʝʩʫʚʘʥʥʷ ʧʦʨʰʥʷ ʽ ʢʽʣʴ-

ʢʽʩʪʴ ʟʘʪʨʘʯʝʥʦʛʦ  ʪʝʧʣʘ, ʚʚʘʞʘʶʯʠ ʟʘʣʝʞʥʽʩʪʴ ʪʝʧʣʦʻʤʥʦʩʪʽ ʚʽʜ ʪʝʤʧʝʨʘʪʫ-
ʨʠ ʣʥ̔ʽʡʥʦʶ. 

ɺ̔ ʜʧʦʚʽʜʴ: W = 25000ɼʞ; h = 0,64ʤ; Q = 88,3 ʢɼʞ. 
15.  2 ʤ

3
 ʧʦʚʽʪʨʷ  ʟ ʧʦʯʘʪʢʦʚʦʶ ʪʝʤʧʝʨʘʪʫʨʦʶ 150 

0
ʉ ʨʦʟʰʠʨʶʶʪʴʩʷ 

ʧʨʠ ʧʦʩʪʽʡʥʦʤʫ ʪʠʩʢʫ ʜʦ 3 ʤ
3
 ʚʥʘʩʣʽʜʦʢ ʥʘʜʘʥʥʷ ʛʘʟʫ 837 ʢɼʞ ʪʝʧʣʘ. ɺʠʟʥʘ-

ʯʠʪʠ ʢʽʥʮʝʚʫ ʪʝʤʧʝʨʘʪʫʨʫ, ʪʠʩʢ ʛʘʟʫ ʚ ʧʨʦʮʝʩʽ ʡ ʨʦʙʦʪʫ ʨʦʟʰʠʨʝʥʥʷ. 
ɺʽʜʧʦʚʽʜʴ: t2 = 159 

0
ʉ; ʈ = 2,4Ā10

5
 ʇʘ; W = 239 ʢɼʞ. 

16.  ɼʣʷ ʟʜʽʡʩʥʝʥʥʷ ʽʟʦʪʝʨʤʽʯʥʦʛʦ ʩʪʠʩʢʫʚʘʥʥʷ  0,8 ʢʛ ʧʦʚʽʪʨʷ ʧʨʠ 
ʈ1=1Ā10

5
 ʇʘ ʽ t1 = 250 

0
ʉ ʟʘʪʨʘʯʝʥʘ ʨʦʙʦʪʘ ʚ 100 ʢɼʞ. ʅʘʩʢʽʣʴʢʠ ʚʝʣʠʢʠʡ 

ʪʠʩʢ ʈ2 ʧʦʚʽʪʨʷ ʡ ʩʢʽʣʴʢʠ ʪʝʧʣʘ ʥʝʦʙʭʽʜʥʦ ʧʨʠ ʮʴʦʤʫ ʚʽʜʚʝʩʪʠ ʚʽʜ ʛʘʟʫ? 
ɺʽʜʧʦʚʽʜʴ: ʈ2 = 3,22Ā10

5
 ʇʘ; Q = -90 ʢɼʞ. 

17.  ʇʨʠ ʽʟʦʤʝʪʨʠʯʥʦʤʫ ʩʪʠʩʢʘʥʥʽ 0,3 ʤ
3
 ʧʦʚʽʪʨʷ ʟ ʧʦʯʘʪʢʦʚʠʤʠ ʧʘʨʘ-

ʤʝʪʨʘʤʠ  ʈ1 = 10
6
 ʇʘ ʽ t1 = 300 

0
ʉ ʚʽʜʚʦʜʠʪʴʩʷ 500 ʢɼʞ ʪʝʧʣʘ. ɺʠʟʥʘʯʠʪʠ ʢʽʥ-

ʮʝʚʠʡ ʦʙôʤ ʽ ʢʽʥʮʝʚʠʡ ʪʠʩʢ. 
ɺʽʜʧʦʚʽʜʴ: V2 = 0,057 ʤ

3
; ʈ2 = 52,6Ā10

5
 ʇʘ. 

18.  ʋ ʧʦʚʽʪʨʷʥʠʡ  ʜʚʠʛʫʥ  ʧʦʜʘʻʪʴʩʷ 0,0139 ʤ
3
/ʩ ʧʦʚʽʪʨʷ ʧʨʠ ʪʠʩʢʫ 

5Ā10
5
 ʇʘ  ʽ t1 = 400ʉ. ɺʠʟʥʘʯʠʪʠ ʧʦʪʫʞʥʽʩʪʴ, ʦʪʨʠʤʘʥʫ ʧʨʠ  ʽʟʦʪʝʨʤʽʯʥʦʤʫ 

ʨʦʟʰʠʨeʥʥʽ  ʧʦʚʽʪʨʷ ʚ ʤʘʰʠʥʽ, ʷʢʱʦ ʈ2 = 1Ā10
5
 ʇʘ. 

ɺʽʜʧʦʚʽʜʴ: W = 11,188 ʢɺʪ. 
19.  ɻʘʟ ʨʦʟʰʠʨʶʻʪʴʩʷ ʚ ʮʠʣʽʥʜʨʽ ʽʟʦʪʝʨʤʽʯʥʦ ʜʦ ʦʙôʻʤʘ, ʫ 5 ʨʘʟʽʚ ʙʽ-

ʣʴʰʦʛʦ  ʟʘ ʧʝʨʰʦʧʦʯʘʪʢʦʚʠʡ. ʇʦʨʽʚʥʷʪʠ ʚʝʣʠʯʠʥʠ ʨʦʙʽʪ: ʧʦʚʥʦʛʦ ʨʦʟʰʠ-
ʨʝʥʥʷ ʡ ʨʦʟʰʠʨʝʥʥʷ ʥʘ ʧʝʨʰʽʡ ʧʦʣʦʚʠʥʽ ʭʦʜʫ ʧʦʨʰʥʷ. 

ɺʽʜʧʦʚ̔ ʜʴ: W2/W1 = 0,684. 
20.  ʇʦʚʽʪʨʷ  ʧʨʠ  ʪʠʩʢʫ 4,5Ā10

5
 ʇʘ, ʨʦʟʰʠʨʶʶʯʠʩʴ ʘʜʽʘʙʘʪʠʯʥʦ ʜʦ 

1,2Ā10
5
 ʇʘ, ʦʭʦʣʦʜʞʫʻʪʴʩʷ ʜʦ t2 = 450 

0
ʉ. ɺʠʟʥʘʯʠʪʠ ʧʦʯʘʪʢʦʚʫ  ʪʝʤʧʝʨʘʪʫʨʫ  

ʡ ʨʦʙʦʪʫ, ʟʜʽʡʩʥʝʥʫ 1 ʢʛ ʧʦʚʽʪʨʷ. 

ɺʽʜʧʦʚʽʜʴ: t1 = 610 
0
ʉ; W = 75,3 ʂʜʞ/ʢʛ. 
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21. 1 ʤ
3
 ʧʦʚʽʪʨʷ ʧʨʠ ʪʠʩʢʫ 0,95Ā10

5
 ʇʘ ʽ ʧʦʯʘʪʢʦʚʽʡ ʪʝʤʧʝʨʘʪʫʨʽ 100 

ʦ
ʉ 

ʩʪʠʩʢʫʻʪʴʩʷ ʟʘ ʘʜʽʘʙʘʪʦʶ ʜʦ 3,8Ā10
5
 ʇʘ. ɺʠʟʥʘʯʠʪʠ ʪʝʤʧʝʨʘʪʫʨʫ ʽ ʦʙôʻʤ ʧʦ-

ʚʽʪʨʷ ʥʘʧʨʠʢʽʥʮʽ ʩʪʠʩʢʘʥʥʷ ʡ ʨʦʙʦʪʫ, ʷʢʘ ʟʘʪʨʘʯʝʥʘ ʥʘ ʩʪʠʩʢʘʥʥʷ. 

ɺʽʜʧʦʚʽʜʴ: t = 148 
0
ʉ; V2 = 0,373 ʤ

3
; W = -177,5 ʢɼʞ. 

22. 2 ʤ
3
 ʧʦʚʽʪʨʷ ʧʨʠ ʪʠʩʢʫ 2Ā10

5
 ʇʘ ʽ ʪʝʤʧʝʨʘʪʫʨʽ 400 

ʦ
ʉ ʩʪʠʩʢʫʻʪʴʩʷ 

ʜʦ ʪʠʩʢʫ 11Ā10
5
 ʇʘ ʽ ʦʙôʤʫ 0,5 ʤ

3
. ɺʠʟʥʘʯʠʪʠ ʧʦʢʘʟʥʠʢ ʧʦʣʽʪʨʦʧʠ, ʨʦʙʦʪʫ 

ʩʪʠʩʢʘʥʥʷ  ʡ ʢʽʣʴʢʽʩʪʴ ʚʽʜʚʝʜʝʥʦʛʦ ʪʝʧʣʘ. 

ɺʽʜʧʦʚʽʜʴ: n = 1,23; W = -652 ʢɼʞ; Q = -272 ʢɼʞ. 

23. ɺʠʟʥʘʯʠʪʠ ʤʦʣʝʢʫʣʷʨʥʫ ʤʘʩʫ ʡ ʚʩʪʘʥʦʚʠʪʠ ʬʦʨʤʫʣʫ ʨʝʯʦʚʠʥʠ, 

ʷʢʱʦ ʛʫʩʪʠʥʘ ʾʾ ʧʘʨʠ ʟʘ 373 ʂ ʽ 1,013Ā10
5
 ʇʘ ʜʦʨʽʚʥʶʻ 2,55 ʛ/ʣ. ʄʘʩʦʚʝ ʩʧʽʚ-

ʚʽʜʥʦh ʝʥʥʷ ʝʣʝʤʝʥʪʽʚ ʚ ʮʴʦʤʫ ʧʦʻʜʥʘʥʥʽ ʉ : ʅ = 12 : 1. 

ɺʽʜʧʦʚʽʜʴ:  ʉ2ʅ2. 

24. ʗʢʘ ʢʽʣʴʢʽʩʪʴ ʜʽʦʢʩʠʜʫ ʚʫʛʣʝʮʶ ʟʘ  5,066Ā10
5
 ʇʘ ʽ 323 ʂ ʟʘʡʤʘʻ ʦʜ-

ʥʘʢʦʚʠʡ ʦʙôʻʤ ʟ 1 ʛ ʛʝʣʽʷ  ʟʘ 1,013Ā10
4
 ʇʘ ʽ 273,15 ʂ? ʗʢʽ ʛʫʩʪʠʥʠ ʮʠʭ ʛʘʟʽʚ? 

ɺʽʜʧʦʚʽʜʴ: 12 ʛ. 

25. ɼʣʷ ʛʘʟʦʚʦʾ ʩʫʤʽʰʽ  ʤʘʩʦʚʦʛʦ ʩʢʣʘʜʫ (%): Cl2 ï 67; Br2 ï 28; O ï 2,5, 

ʚʠʟʥʘʯʪʝ: 1) ʦʙôʻʤʥʠʡ ʩʢʣʘʜ; 2) ʧʘʨʮʽʘʣʴʥʠʡ ʪʠʩʢ ʢʦʤʧʦʥʝʥʪʽʚ; 3) ʦʙôʻʤ 1 ʢʛ 

ʩʫʤʽʰʽ. ɿʘʛʘʣʴʥʠʡ ʪʠʩʢ 1,013Ā10
5
 ʇʘ. ʊʝʤʧʝʨʘʪʫʨʘ 373 ʂ. 

ɺʽʜʧʦʚʽʜʴ: ʈ = 0,41Ā10
5
 ʇʘ. 

26. ʗʢʫ  ʢʽʣʴʢʽʩʪʴ  ʉʆ2  ʤʦʞʝ  ʚʤʽʩʪʠʪʠ ʩʪʘʣʝʚʘ ʩʫʜʠʥʘ  ʻʤʥʽʩʪʶ 

0,5Ā10
-3
 ʤ

3
 ʟʘ 473 ʂ,  162,1 ʄʇʘ? 

ɺʽʜʧʦʚʽʜʴ: 0,145 ʢʛ. 

27  ɺʠʟʥʘʯʪʝ ʦʙôʻʤ  1 ʢʛ ʤʝʪʘʥʫ ʟʘ 298 ʂ ʽ ʪʠʩʢʫ 3,039 ʄʇʘ. 

28  ɿʘ 1 ʘʪʤ ʽ 2500
ʦ
ʉ ʩʪʫʧʽʥʴ ʜʠʩʦʮʽʘʮʽʾ PCl5 ʜʦʨʽʚʥʶʻ 80%. ɺʠʟʥʘʯʪʝ, 

ʷʢʠʡ ʦʙôʻʤ  ʟʘʡʤʘʻ 1 ʛ PCl5, ʷʢʱʦ  ʡʦʛʦ ʥʘʛʨʽʪʠ  ʜʦ 2500 ʉ ʟʘ 1 ʘʪʤ.   

ɺʽʜʧʦʚʽʜʴ: 1,38Ā10
-2
 ʤ

3
. 

 

 

1.3  ʊʝʧʣʦʻʤʥʽʩʪʴ 
 

ʊʝʧʣʦʻʤʥʽʩʪʴ ʨʝʯʦʚʠʥʠ ï ʮʝ ʚʽʜʥʦʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʪʝʧʣʦʪʠ, ʥʘʜʘʚʘʥʦʾ 

ʨʝʯʦʚʠʥʽ ʚ ʷʢʦʤʫ-ʥʝʙʫʜʴ ʧʨʦʮʝʩʽ, ʜʦ ʚʽʜʧʦʚʽʜʥʦʾ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ. 

ʊʝʧʣʦʻʤʥʽʩʪʴ ʨʝʯʦʚʠʥʠ, ʷʢʘ ʚʽʜʧʦʚʽʜʘʻ ʥʝʩʢʽʥʯʝʥʥʦ ʤʘʣʽʡ ʟʤʽʥʽ ʪʝʤ-

ʧʝʨʘʪʫʨʠ, ʥʘʟʠʚʘʻʪʴʩʷ ʽʩʪʠʥʥʦʶ ʪʝʧʣʦʻʤʥʽʩʪʶ ʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤ 

 

,dT

q
C     (1.19) 

 

ʜʝ q ï ʥʝʩʢʽʥʯʝʥʥʦ ʤʘʣʘ ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ;  

dʊ ï ʥʝʩʢʽʥʯʝʥʥʦ ʤʘʣʘ ʟʤʽʥʘ ʪʝʤʧʝʨʘʪʫʨʠ. 

ʊʝʧʣʦʻʤʥʽʩʪʴ ʨʝʯʦʚʠʥʠ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʟʤʽʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʩʢʽʥʯʝʥ-

ʥʫ ʚʝʣʠʯʠʥʫ, ʥʘʟʠʚʘʻʪʴʩʷ ʩʝʨʝʜʥʴʦʶ ʪʝʧʣʦʻʤʥʽʩʪʶ ʽ ʜʦʨʽʚʥʶʻ 

 

,
TT

q
C

12

    (1.20) 
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ʜʝ q ï ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ, ʷʢʫ ʧʦʛʣʠʥʘʻ ʨʝʯʦʚʠʥʘ ʧʨʠ ʧʽʜʚʠʱʝʥʥʽ ʪʝʤ-

ʧʝʨʘʪʫʨʠ ʚʽʜ ʊ1 ʜʦ ʊ2. 

ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʩʝʨʝʜʥʴʦʶ ʽ ʽʩʪʠʥʥʦʶ ʪʝʧʣʦʻʤʥʽʩʪʶ ʚʠʟʥʘʯʘʻʪʴ-

ʩ̫  ʨʽʚʥʷʥʥʷʤ 

2T

1T12

.CdT
TT

1
C    (1.21) 

 

ʊʝʧʣʦʻʤʥʽʩʪʴ  1 ʢʛ  ʨʝʯʦʚʠʥʠ  ʥʘʟʠʚʘʻʪʴʩʷ  ʧʠʪʦʤʦʶ,  ʘ  ʪʝʧʣʦʻʤʥʽʩʪʴ 

1 ʢʤʦʣʷ ï ʤʦʣʴʥʦʶ. 

ʄʦʣʴʥʫ ʽ ʘʪʦʤʥʫ ʪʝʧʣʦʻʤʥʽʩʪʴ ʨʝʯʦʚʠʥʠ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʯʝʨʝʟ ʧʠ-

ʪʦʤʫ ʪʝʧʣʦʻʤʥʽʩʪʴ 

 

,cMC                (1.22) 

 

ʜʝ ʉ  ï ʤʦʣʴʥʘ ʪʝʧʣʦʻʤʥʽʩʪʴ, ɼʞĀʤʦʣʴ
-1
Āʂ

-1
;  

ʩ  ï ʧʠʪʦʤʘ ʪʝʧʣʦʻʤʥʽʩʪʴ, ɼʞĀʢʛ
-1
Āʂ

-1
;  

ʄ ï ʤʦʣʝʢʫʣʷʨʥʘ ʤʘʩʘ ʨʝʯʦʚʠʥʠ,  

 ̔

,cAC                                    (1.23) 

 

ʜʝ ʉ ï ʘʪʦʤʥʘ ʪʝʧʣʦʻʤʥʽʩʪʴ, ɼʞĀʢʘʪʦʤ
-1
Āʂ

-1
; 

ʩ ï ʧʠʪʦʤʘ ʪʝʧʣʦʻʤʥʽʩʪʴ;  

ɸ ï ʘʪʦʤʥʘ ʤʘʩʘ ʝʣʝʤʝʥʪʘ. 

ɯʟʦʙʘʨʥʫ ʪʝʧʣʦʻʤʥʽʩʪʴ ʨʝʯʦʚʠʥʠ ʚʠʟʥʘʯʘʶʪʴ ʟʘ ʨʽʚʥʷʥʥʷʤ 

 

,
dT

dH
C

p
p                (1.24) 

 

ʜʝ dʅ ï ʥʝʩʢʽʥʯʝʥʥʦ ʤʘʣʘ ʟʤʽʥʘ ʝʥʪʘʣʴʧʽʾ. 

ɯʟʦʭʦʨʥʫ ʪʝʧʣʦʻʤʥʽʩʪʴ .ʨʝʯʦʚʠʥʠ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʟʘ ʨʽʚʥʷʥʥʷʤ 

 

,
dT

dU
C

v
v                                           (1.25) 

 

ʜʝ dU ï ʥʝʩʢʽʥʯʝʥʥʦ ʤʘʣʘ ʟʤʽʥʘ ʚʥʫʪʨʽʰʥʴʦʾ ʝʥʝʨʛʽʾ. 

ʊʝʧʣʦʻʤʥʽʩʪʴ  ʦʜʥʦʘʪʦʤʥʦʛʦ  ʽʜʝʘʣʴʥʦʛʦ  ʛʘʟʫ  ʧʨʠ  ʩʪʘʣʦʤʫ  ʦʙ'ʻʤʽ   

(V = const) ʙʫʜʝ: 

.ʂ·ʢʘʪʦʤ·ʢɼʞ471,12R·
2

3
C 11

v            (1.26) 

 

ɯʟʦʭʦʨʥʫ ʪʝʧʣʦʻʤʥʽʩʪʴ ʜʚʦʭʘʪʦʤʥʦʛʦ ʽʜʝʘʣʴʥʦʛʦ ʛʘʟʫ ʧʨʠ ʪʝʤʧʝʨʘʪʫ-

ʨʘʭ 300ï400 ʂ ʟʘʧʠʩʫʶʪʴ ʪʘʢʠʤ ʨʽʚʥʷʥʥʷʤ: 
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.ʂ·ʢʤʦʣʴ·ʢɼʞ785,20R·
2

5
C 11

v   (1.27) 

 

ɯʟʦʭʦʨʥʘ ʪʝʧʣʦʻʤʥʽʩʪʴ ʙʘʛʘʪʦʘʪʦʤʥʦʛʦ ʽʜʝʘʣʴʥʦʛʦ ʛʘʟʫ ʧʨʠ 300ï400 ʂ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤ: 

 

.
11ʂ·ʢʤʦʣʴ·ʢɼʞ942,24R·3vC                      (1.28) 

 

ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ  ʤʽʞ  ʽʟʦʙʘʨʥʦʶ   ̔  ʽʟʦʭʦʨʥʦʶ   ʪʝʧʣʦʻʤʥʦʩʪʷʤʠ  ʜʣʷ 

1 ʢʤʦʣʷ ʽʜʝʘʣʴʥʦʛʦ ʛʘʟʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤ: 

 

RCʉ vp ,                                          (1.29) 

 

ʜʝ R ï ʫʥʽʚʝʨʩʘʣʴʥʘ ʛʘʟʦʚʘ ʩʪʘʣʘ (8,314 ʢɼʞĀʢʤʦʣʴ
-1
Āʂ

-1
).  

ɿʘʣʝʞʥʽʩʪʴ ʪʝʧʣʦ̒ ʤʥʦʩʪʽ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʪʘʢ: 

 

,TaTaTaaC 2
2

2
210                      (1.30) 

 

ʜʝ ʘ0, ʘ1, ʘ2, ʘ-2 ï ʩʪʘʣʽ, ʱʦ ʟʘʣʝʞʘʪʴ ʚʽʜ ʧʨʠʨʦʜʠ ʨʝʯʦʚʠʥʠ; ʾʭ ʟʥʘʯʝʥʥʷ 

ʥʘʚʝʜʝʥʦ ʚ ʜʦʚʽʜʥʠʢʘʭ. 

ʄʦʣʴʥʘ ʪʝʧʣʦʻʤʥʽʩʪʴ ʩʢʣʘʜʥʦʾ ʢʨʠʩʪʘʣʽʯʥʦʾ ʨʝʯʦʚʠʥʠ ʜʦʨʽʚʥʶʻ ʩʫʤʽ 

ʘʪʦʤʥʠʭ ʪʝʧʣʦʻʤʥʦʩʪʝʡ ʝʣʝʤʝʥʪʽʚ, ʷʢʽ ʚʭʦʜʷʪʴ ʜʦ ʩʢʣʘʜʫ ʨʝʯʦʚʠʥʠ, ʱʦ ʟʘ-

ʧʠʩʫʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤ 

 

,CnC i,pip                                         (1.31) 

 

ʜʝ ni ï ʯʠʩʣʦ ʘʪʦʤʽʚ ʽ-ʪʦʛʦ ʝʣʝʤʝʥʪʘ, ʱʦ ʚʭʦʜʠʪʴ ʜʦ ʩʢʣʘʜʫ ʨʝʯʦʚʠʥʠ; 

ʉʨ,ʽ ï ʘʪʦʤʥʘ ʪʝʧʣʦʻʤʥʽʩʪʴ ʽ-ʪʦʛʦ ʝʣʝʤʝʥʪʘ, ɼʞĀʢʘʪʦʤ
-1
Āʂ

-1
.  

ʂʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ, ʱʦ ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ ʥʘʛʨʽʚʘʥʥʷ ʨʝʯʦʚʠʥʠ ʚʽʜ ʊ1 ʜʦ 

ʊ2 ʧʨʠ ʩʪʘʣʦʤʫ ʪʠʩʢʫ, ʤʦʞʥʘ ʦʙʯʠʩʣʠʪʠ ʟʘ ʨʽʚʥʷʥʥʷʤ: 

 

2T

1T
p12pp dTCn)TT(CnHq                         (1.32) 

 

ʜʝ æH ï ʟʤʽʥʘ ʝʥʪʘʣʴʧʽʾ ʨʝʯʦʚʠʥʠ;  

ʧ   ï  ʢʽʣʴʢʽʩʪʴ ʢʽʣʦʤʦʣʽʚ ʨʝʯʦʚʠʥʠ;  

ʉp ï ʩʝʨʝʜʥʷ ʤʦʣʴʥʘ ʪʝʧʣʦʻʤʥʽʩʪʴ ʨʝʯʦʚʠʥʠ ʧʨʠ ʨ = const ʚ ʽʥʪʝʨʚʘ-

ʣʽ ʪʝʤʧʝʨʘʪʫʨ ʚʽʜ ʊ1 ʜʦ ʊ2, ɼʞĀʤʦʣʴ
-1
Āʂ

-1
;  

ʉʨ ï ʤʦʣʴʥʘ ʪʝʧʣʦʻʤʥʽʩʪʴ ʨʝʯʦʚʠʥʠ. 

 

 

 



 16 

1.3.1  ʇʨʠʢʣʘʜʠ ʨʽʰʝʥʥʷ ʟʘʜʘʯ 

 

ʇʨʠʢʣʘʜ 1. ɺʠʟʥʘʯʠʪʠ ʽʩʪʠʥʥʫ ʘʪʦʤʥʫ ʪʝʧʣʦʻʤʥʽʩʪʴ ʟʘʣʽʟʘ ʧʨʠ 298 ʂ 

ʽ ʩʝʨʝʜʥʶ ʧʠʪʦʤʫ ʪʝʧʣʦʻʤʥʽʩʪʴ ʚ ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ ʚʽʜ 290 ʜʦ 373 ʂ, 

ʟʥʘʁ ʯʠ, ʱʦ ʜʣʷ ʟʘʣʽʟʘ ʟʘʣʝʞʥʽʩʪʴ ʘʪʦʤʥʦʾ ʪʝʧʣʦʻʤʥʦʩʪʽ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʽ ʚʠ-

ʟʥʘʯʘʻʪʴʩʷ ʨʚ̔ʥʷʥʥʷʤ 

.T10·8,1T73,2910·11,14C 283
p  

ʈʦʟʚ'ʷʟʘʥʥ.̫ ɯʩʪʠʥʥʘ  ʘʪʦʤʥʘ  ʪʝʧʣʦʻʤʥʽʩʪʴ  ʟʘʣʽʟʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 

298 ʂ ʙʫʜʝ 

 

.ʂ·ʢʘʪʦʤ·ʢɼʞ997,24298·10·8,1298·73,2910·11,14C 11283
p  

 

ʉʝʨʝʜʥʶ ʘʪʦʤʥʫ ʪʝʧʣʦʻʤʥʽʩʪʴ ʟʘʣʽʟʘ ʚ ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ ʚʽʜ 290 ʜʦ 

373 ʂ ʤʦʞʥʘ ʟʥʘʡʪʠ ʟʘ ʨʽʚʥʷʥʥʷʤ 

 

.ʂ·ʢʘʪʦʤ·ʢɼʞ   631,25
290·373

10·8,1
)290373(

2

73,29
10·11,14

dT)T10·8,1T·73,2910·11,14(
290373

1

dT)T10·8,1T·73,2910·11,14(
TT

1
dTC

TT

1
ʉ

11
8

3

373

290

283

2T

1T

283

12

2T

1T
p

12
p

  

 

ʉʝʨʝʜʥʷ ʧʠʪʦʤʘ ʪʝʧʣʦʻʤʥʽʩʪʴ ʟʘʣʽʟʘ ʜʦʨʽʚʥʶʚʘʪʠʤʝ 

 

.ʂ·ʢʛ·ɼʞ8,458
847,55

10·631,25

A

C
C 11

3
p

p  

 

ʇʨʠʢʣʘʜ 2. ʄʦʣʴʥʘ ʪʝʧʣʦʻʤʥʽʩʪʴ ʦʢʩʠʜʫ ʢʘʣʴʮʽʶ ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʽʚ-

ʥʷʥʥʷʤ 
282

ʨ ʊ10·52,4ʊ26,2010·86,41ʉ  

 

ɺʠʟʥʘʯʠʪʠ ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ, ʷʢʘ ʧʦʪʨʽʙʥʘ ʜʣʷ ʥʘʛʨʽʚʘʥʥʷ 100 ʢʛ ʦʢ-

ʩʠʜʫ ʢʘʣʴʮʽʶ ʚʽʜ 290 ʜʦ 890 ʂ. 

ʈʦʟʚ'ʷʟʘʥʥ.̫ ʊʝʧʣʦʪʫ, ʟʘʪʨʘʯʝʥʫ ʥʘ ʥʘʛʨʽʚʘʥʥʷ 100 ʢʛ ʦʢʩʠʜʫ ʢʘʣʮɹʽʶ, 

ʤʦʞʥʘ ʟʥʘʡʪʠ ʟʘ ʨʽʚʥʷʥʥʷʤ 

 

).TT(C
M

m
)TT(Cnq 12p12p  
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ʉʝʨʝʜʥʶ ʤʦʣʴʥʫ ʪʝʧʣʦʻʤʥʽʩʪʴ ʦʢʩʠʜʫ ʢʘʣʴʮʽʶ ʚ ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ 

ʚʽʜ 290 ʜʦ 890 ʂ ʨʦʟʨʘʭʦʚʫʻʤʦ ʟʘ ʪʘʢʠʤ ʨʽʚʥʷʥʥʷʤ: 

 

.ʂ·ʤʦʣʴ·ʢɼʞ059,5210·751,110·95,1110·86,41

290·890

10·52,4

2

)290890(26,20
10·86,41

dt)T10·52,4T26,2010·86,41(
TT

1
C

11333

8
3

28
2T

1T

3

12
p

 

 

ʆʪʞʝ, ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ, ʱʦ ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ ʥʘʛʨʽʚʘʥʥʷ 100 ʢʛ ʉʘʆ, 

ʜʦʨʽʚʥʶʚʘʪʠʤʝ 

 

ʄɼʞ7,55)290890(10·059,525·
079,56

100
q 3

 

 

 

1.3.2  ɿʘʜʘʯʽ ʜʣʷ ʩʘʤʦʩʪʽʡʥʦʛʦ ʨʽʰʝʥʥʷ 

 
29. ʆʙʯʠʩʣʠʪʠ ʽʩʪʠʥʥʫ ʪʝʧʣʦʻʤʥʽʩʪʴ 1 ʢʘʪʦʤʘ ʩʚʠʥʮʶ ʧʨʠ 273 ʂ ʽ ʩʝ-

ʨʝʜʥʶ ʪʝʧʣʦʻʤʥʽʩʪʴ ʮʽʻʾ ʢʽʣʴʢʦʩʪʽ ʩʚʠʥʮʶ ʚ ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ ʚʽʜ 273 ʜʦ 

373 ʂ. ɿʘʣʝʞʥʽʩʪʴ ʘʪʦʤʥʦʾ ʪʝʧʣʦʻʤʥʦʩʪʽ ʩʚʠʥʮʶ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʚʠʟʥʘʯʘ-

ʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤ 

.63,910·61,23 3 ʊʉʨ  

ɺʽʜʧʦʚʽʜʴ: 26,239 ʢɼʞĀʢʘʪ; 26,72 ʢɼʞĀʢʘʪ. 

30. ʆʙʯʠʩʣʠʪʠ, ʩʢʽʣʴʢʠ ʪʝʧʣʦʪʠ ʧʦʪʨʽʙʥʦ ʥʘ ʨʦʟʧʣʘʚʣʝʥʥʷ 5 ʢʛ ʤʽʜʽ, 

ʷʢʱʦ ʧʦʯʘʪʢʦʚʘ ʪʝʤʧʝʨʘʪʫʨʘ 298 ʂ, ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʥʷ ʤʽʜʽ 1356,2 ʂ, 

ʘʪʦʤʥʘ ʪʝʧʣʦʪʘ ʧʣʘʚʣʝʥʥʷ ʤʽʜʽ 13,02 ʤɼʞĀʢʘʪʦʤ
-1
 ʽ ʟʘʣʝʞʥʽʩʪʴ ʪʝʧʣʦʻʤʥʦʩʪʽ 

ʤʽʜʽ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤ 

.28,610·65,22 3 ʊʉd  

ɺʽʜʧʦʚʽʜʴ: 3,342 ʄɼʞ. 

31. ɿʘʣʝʞʥʽʩʪʴ ʤʦʣʴʥʦʾ ʽʟʦʙʘʨʥʦʾ ʪʝʧʣʦʻʤʥʦʩʪʽ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ ʚʽʜ 

ʪʝʤʧʝʨʘʪʫʨʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤ 

.10·48,32,2210·24,32 233 Tʊʉʨ
#  

ɺʠʟʥʘʯʠʪʠ ʽʟʦʭʦʨʥʫ ʪʝʧʣʦʻʤʥʽʩʪʴ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 

2000 ʂ. 

ɺʽʜʧʦʚʽʜʴ: 54,406 ʢɼʞĀʢʤʦʣʴ. 

32. ɺʠʟʥʘʯʠʪʠ ʪʝʧʣʦʻʤʥʽʩʪʴ ʢʘʨʙʦʥʘʪʫ ʤʘʛʥʽʶ ʚ ʩʪʘʥʜʘʨʪʥʠʭ ʫʤʦʚʘʭ, 

ʟʥʘʶʯʠ, ʱʦ ʪʝʧʣʦʻʤʥʦʩʪʽ ʤʘʛʥʽʶ, ʚʫʛʣʝʮʶ ʽ ʢʠʩʥʶ ʚ ʮʠʭ ʫʤʦʚʘʭ ʚʽʜʧʦʚʽʜʥʦ 

ʜʦʨʽʚʥʶʶʪʴ 24,891; 8,522 ʢɼʞĀʢʘʪʦʤ
-1
Āʂ

-1
 ʽ 26,082 ʢɼʞĀʤʦʣʴ

-1
Āʂ

-1
. 
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ɺʽʜʧʦʚʽʜʴ: 72,536 ʢɼʞĀʢʤʦʣʴĀʂ. 

33. ɺʠʟʥʘʯʠʪʠ H, U ʽ ɸ ʧʨʠ ʽʟʦʙʘʨʠʯʥʦʤʫ ʥʘʛʨʽʚʘʥʥʽ ʛʘʟʦʚʦʾ ʩʫʤʽʰʽ, 

ʱʦ ʤʽʩʪʠʪʴ 10 ʢʤʦʣʽʚ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ ʽ 28 ʢʛ ʦʢʩʠʜʫ ʚʫʛʣʝʮʶ (II), ʚʽʜ 298 

ʜʦ 398 ʂ. ɿʘʣʝʞʥʦʩʪʽ ʪʝʧʣʦʻʤʥʦʩʪʝʡ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ ʽ ʦʢʩʠʜʫ ʚʫʛʣʝʮʶ (II) 

ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʚʠʟʥʘʯʘʶʪʴʩʷ ʨʽʚʥʷʥʥʷʤʠ: 

.0,510·634,27 3 ʊʉ
CO

ʨ  

.10·48,32,2210·24,32 2332 Tʊʉ
CO

ʨ  

 

ɺʽʜʧʦʚʽʜʴ: 42ʖ,479 ʄɼʞ; 33,334 ʄɼʞ; 9,145 ʄɼʞ. 

34. ɸʪʦʤʥʘ ʪʝʧʣʦʻʤʥʽʩʪʴ ʢʦʙʘʣʴʪʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤ 

.0,1810·76,19 3 ʊʉʨ  

ɿʥʘʡʪʠ ʨʽʚʥʷʥʥʷ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ ʪʝʧʣʦʪʠ, ʱʦ ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ ʥʘʛʨʽ-

ʚʘʥʥʷ 1 ʢʛ ʢʦʙʘʣʴʪʫ ʚʽʜ ʊ1 ʜʦ ʊ2. 

ɺʽʜʧʦʚʽʜʴ: ).TT(153,0)TT(4,335 2
1

2
212  

35. ɺʠʟʥʘʯʠʪʠ ʧʠʪʦʤʫ ʪʝʧʣʦʻʤʥʽʩʪʴ ʩʧʣʘʚʫ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 50,7% 

ʚʽʩʤʫʪʫ, 25,0% ʩʚʠʥʮʶ, 14,2% ʦʣʦʚʘ ʽ 10,1% ʢʘʜʤʽʶ, ʫ ʩʪʘʥʜʘʨʪʥʠʭ ʫʤʦʚʘʭ. 

ʇʦʪʨʽʙʥʽ ʜʣʷ ʨʦʟʚ'ʷʟʫʚʘʥʥʷ ʟʘʜʘʯʽ ʜʘʥʽ ʚʟʷʪʠ ʟ ʪʘʙʣ. 1 ʽ 2 ʜʦʜʘʪʢʫ. 

ɺʽʜʧʦʚʽʜʴ: 149,64 ɼʞĀʢʛ
-1
Āʂ

-1
. 

36. ɺʠʟʥʘʯʠʪʠ  ʧʠʪʦʤʫ  ʪʝʧʣʦʻʤʥʽʩʪʴ  ʞʘʨʦʩʪʽʡʢʦʾ  ʩʪʘʣʽ, ʱʦ ʤʽʩʪʠʪʴ 

(ʫ %) ʉʛ 20; Nʽ 7; ʄn 5; S̔  1,5; W 1; ʉ 0,4, ʚʚʘʞʘʶʯʠ, ʱʦ ʪʝʧʣʦʻʤʥʽʩʪʴ ʩʧʣʘ-

ʚʫ ʻ ʘʜʠʪʠʚʥʦʶ ʬʫʥʢʮʽʻʶ ʩʢʣʘʜʫ. ɸʪʦʤʥʽ ʪʝʧʣʦʻʤʥʦʩʪʽ ʟʘʣʽʟʘ, ʭʨʦʤʫ, ʤʘʨ-

ʛʘʥʮʶ, ʥʽʢʝʣʶ, ʚʦʣʴʬʨʘʤʫ, ʚʫʛʣʝʮʶ ʽ ʢʨʝʤʥʽʶ ʧʨʠ 298 ʂ ʚʽʜʧʦʚʽʜʥʦ ʜʦʨʽʚ-

ʥʶʶʪʴ 24,997; 23,243; 26,331; 25,785; 24,978; 8,522 ʽ 20,134  ʢɼʞĀʢʘʪʦʤ
-1
Āʂ

-1
. 

ɺʽʜʧʦʚʽʜʴ: 450,428 ɼʞĀʢʛ
-1
Āʂ

-1
. 

37. ɺʠʟʥʘʯʠʪʠ ʧʠʪʦʤʫ ʪʝʧʣʦʻʤʥʽʩʪʴ ʰʣʘʢʫ, ʷʢʠʡ ʫ ʩʪʘʥʜʘʨʪʥʠʭ ʫʤʦ-

ʚʘʭ ʤʽʩʪʠʪʴ 20% ɸl2ʆ3, 35% S̔ ʆ2 ʽ 45% Fʝʆ. 

ʇʦʪʨʽʙʥʽ ʜʣʷ ʨʦʟʚ'ʷʟʫʚʘʥʥʷ ʟʘʜʘʯʽ ʜʘʥʽ ʚʟʷʪʠ ʟ ʪʘʙʣ. 1 ʽ 2 ʜʦʜʘʪʢʫ. 

ɺʽʜʧʦʚʽʜʴ: 737 ɼʞĀʢʛ
-1
Āʂ

-1
. 

 

 

1.4  ʊʝʨʤʦʭʽʤʽʷ. ɿʘʢʦʥ ɻʝʩʩʘ 
 

ʍʽʤʽʯʥʽ ʨʝʘʢʮʽʾ ʽ ʙʘʛʘʪʦ ʬʽʟʠʯʥʠʭ ʧʨʦʮʝʩʽʚ ʧʨʦʪʽʢʘʶʪʴ ʟ ʚʠʜʽʣʝʥʥʷʤ 

ʘʙʦ ʧʦʛʣʠʥʘʥʥʷʤ ʪʝʧʣʦʪʠ. 

ʉʫʤʘ ʪʝʧʣʦʪʠ, ʧʦʛʣʠʥʝʥʦʾ ʩʠʩʪʝʤʦʶ, ʽ ʚʩʽʭ ʚʠʜʽʚ ʨʦʙʦʪʠ, ʚʠʢʦʥʘʥʠʭ 

ʥʘʜ ʥʝʶ ʥʘʚʢʦʣʠʰʥʽʤ ʩʝʨʝʜʦʚʠʱʝʤ, ʢʨʽʤ ʨʦʙʦʪʠ ʟʦʚʥʽʰʥʴʦʛʦ ʪʠʩʢʫ, ʥʘʟʠ-

ʚʘʻʪʴʩʷ ʪʝʧʣʦʚʠʤ ʝʬʝʢʪʦʤ ʭʽʤʽʯʥʦʾ ʨʝʘʢʮʽʾ. 

ʋ ʪʝʨʤʦʭʽʤʽʾ ʧʨʠʡʥʷʪʦ ʚʚʘʞʘʪʠ ʪʝʧʣʦʚʠʡ ʝʬʝʢʪ ʜʦʜʘʪʥʠʤ, ʢʦʣʠ ʪʝʧ-

ʣʦʪʘ ʚʠʜʽʣʷʻʪʴʩʷ ʩʠʩʪʝʤʦʶ, ʽ ʚʽʜ'ʻʤʥʠʤ, ʢʦʣʠ ʪʝʧʣʦʪʘ ʧʦʛʣʠʥʘʻʪʴʩʷ ʩʠʩʪʝ-

ʤʦʶ. 

ʊʝʧʣʦʚʠʡ ʝʬʝʢʪ ʭʽʤʽʯʥʦʾ ʨʝʘʢʮʽʾ, ʱʦ ʧʨʦʪʽʢʘʻ ʧʨʠ ʩʪʘʣʦʤʫ ʦʙ'ʻʤʽ, ʥʘ-

ʟʠʚʘʻʪʴʩʷ ʽʟʦʭʦʨʥʠʤ ʪʝʧʣʦʚʠʤ ʝʬʝʢʪʦʤ: 
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,UQv                                             (1.33) 

 

ʜʝ æUï ʟʤʽʥʘ ʚʥʫʪʨʽʰʥʴʦʾ ʝʥʝʨʛʽʾ ʩʠʩʪʝʤʠ ʚ ʧʨʦʮʝʩʽ. 

ʊʝʧʣʦʚʠʡ ʝʬʝʢʪ ʭʽʤʽʯʥʦʾ ʨʝʘʢʮʽʾ, ʱʦ ʧʨʦʪʽʢʘʻ ʧʨʠ ʩʪʘʣʦʤʫ ʪʠʩʢʫ, ʥʘ-

ʟʠʚʘʻʪʴʩʷ ʽʟʦʙʘʨʥʠʤ ʪʝʧʣʦʚʠʤ ʝʬʝʢʪʦʤ: 

 

,HQp                                          (1.34) 

 

ʜʝ æʅ ï ʟʤʽʥʘ ʝʥʪʘʣʴʧʽʾ ʩʠʩʪʝʤʠ ʚ ʧʨʦʮʝʩʽ. 

ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ Qp ʠ Qv ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤ: 

 

,nRTQQ vp                                        (1.35) 

 

ʜʝ ȹn = n2 ï n1  ï ʟʤʽʥʘ ʯʠʩʣʘ ʢʽʣʦʤʦʣʽʚ ʛʘʟʽʚ ʩʠʩʪʝʤʠ ʚ ʧʨʦʮʝʩʽ; 

n1 ï ʯʠʩʣʦ ʢʽʣʦʤʦʣʽʚ ʧʦʯʘʪʢʦʚʠʭ ʛʘʟʽʚ;  

n2 ï ʯʠʩʣʦ ʢʽʣʦʤʦʣʽʚ ʢʽʥʮʝʚʠʭ ʛʘʟʽʚ;  

ʂ  ï ʫʥʽʚʝʨʩʘʣʴʥʘ ʛʘʟʦʚʘ ʩʪʘʣʘ (8,314 ʢɼʞĀʤʦʣʴĖ
1
ĀʂĖ

1
); 

ʊ  ï ʪʝʤʧʝʨʘʪʫʨʘ, ʧʨʠ ʷʢʽʡ ʧʨʦʪʽʢʘʻ ʧʨʦʮʝʩ. 

ʍʽʤʽʯʥʝ ʨʽʚʥʷʥʥʷ, ʚ ʷʢʦʤʫ ʥʘʚʝʜʝʥʦ ʚʽʜʧʦʚʽʜʥʫ ʚʝʣʠʯʠʥʫ ʪʝʧʣʦʚʦʛʦ 

ʝʬʝʢʪʫ, ʥʘʟʠʚʘʻʪʴʩʷ ʪʝʨʤʦʭʽʤʽʯʥʠʤ ʨʽʚʥʷʥʥʷʤ. ʅʘʧʨʠʢʣʘʜ, 

 

ʄɼʞ. 286,034  ʨʽʜ)(OHO
2

1
H 222  

 

ʊʝʧʣʦʚʠʡ ʝʬʝʢʪ ʭʽʤʽʯʥʦʾ ʨʝʘʢʮʽʾ ʫʪʚʦʨʝʥʥʷ 1 ʢʤʦʣʷ ʩʢʣʘʜʥʦʾ ʨʝʯʦʚʠʥʠ 

ʟ ʚʽʜʧʦʚʽʜʥʠʭ ʧʨʦʩʪʠʭ ʨʝʯʦʚʠʥ ʥʘʟʠʚʘʻʪʴʩʷ ʪʝʧʣʦʪʦʶ ʫʪʚʦʨʝʥʥʷ ʨʝʯʦʚʠʥʠ: 

 

.ʄɼʞ1097MgCOO
2

3
CMg 32  

 

ʊʝʧʣʦʪʦʶ ʟʛʦʨʷʥʥʷ ʥʘʟʠʚʘʻʪʴʩʷ ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ, ʷʢʘ ʚʠʜʽʣʷ̒ ʪʴʩʷ ʧʨʠ 

ʧʦʚʥʦʤʫ ʦʢʠʩʣʝʥʥʽ 1 ʢʤʦʣʷ ʨʝʯʦʚʠʥʠ ʜʦ ʚʠʱʠʭ ʦʢʩʠʜʽʚ ʝʣʝʤʝʥʪʽʚ, ʱʦ ʚʭʦ-

ʜʷʪʴ ʜʦ ʩʢʣʘʜʫ ʩʧʦʣʫʢʠ. ʅʘʧʨʠʢʣʘʜ, 

 

.ʄɼʞ91,890OH2COO2CH 2224  

 

ʊʝʧʣʦʚʠʡ ʝʬʝʢʪ ʟʘʣʝʞʠʪʴ ʪʽʣʴʢʠ ʚʽʜ ʚʠʜʫ ʪʘ ʩʪʘʥʫ ʧʦʯʘʪʢʦʚʠʭ ʽ ʚʽʥʮʝ-

ʚʠʭ ʨʝʯʦʚʠʥ ʽ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʨʦʤʽʞʥʠʭ ʩʪʘʜʽʡ ʧʨʦʮʝʩʫ (ʟʘʢʦʥ ɻʝʩʩʘ): 

 

321 QQQQ                               (1.36) 

 

ʜʝ Q ï ʟʘʛʘʣʴʥʠʡ ʪʝʧʣʦʚʠʡ ʝʬʝʢʪ ʧʨʦʮʝʩʫ;  

Q1, Q2, ̔  Q3 ï ʪʝʧʣʦʚʽ ʝʬʝʢʪʠ ʦʢʨʝʤʠʭ ʩʪʘʜʽʡ ʧʨʦʮʝʩʫ. 

ɯʟ ʟʘʢʦʥʫ ɻʝʩʩʘ ʚʠʧʣʠʚʘʻ, ʱʦ ʪʝʧʣʦʚʠʡ ʝʬʝʢʪ ʜʦʨʽʚʥʶʻ ʨʽʟʥʠʮʽ ʤʽʞ 
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ʩʫʤʦʶ ʪʝʧʣʦʪ ʫʪʚʦʨʝʥʥʷ ʢʽʥʮʝʚʠʭ ʨʝʯʦʚʠʥ ʽ ʩʫʤʦʶ ʪʝʧʣʦʪ ʫʪʚʦʨʝʥʥʷ ʧʦʯʘ-

ʪʢʦʚʠʭ ʨʝʯʦʚʠʥ. 

ɼʣʷ ʨʝʘʢʮʽʾ  yQdDcCbBaA   ʪʝʧʣʦʚʠʡ ʝʬʝʢʪ ʜʦʨʽʚʥʶʚʘʪʠʤʝ 

 

),bQaQ()cQdQ(Q B.ʫʪʚA.ʫʪʚC.ʫʪʚD.ʫʪʚx            (1.37) 

 

ʜʝ  Qʫʪʚ.A, Qʫʪʚ.B, Qʫʪʚ.C, Qʫʪʚ D  ï  ʚʽʜʧʦʚʽʜʥʦ  ʪʝʧʣʦʪʠ ʫʪʚʦʨʝʥʥʷ  ʨʝʯʦ-

ʚʠʥ ɸ, ɺ, ʉ, D;  

ʘ, b, ʩ, d ï ʚʽʜʧʦʚʽʜʥʦ ʯʠʩʣʦ ʢʽʣʦʤʦʣʽʚ ʨʝʯʦʚʠʥ ɸ, ɺ, ʉ, D. 

ɯʟ ʟʘʢʦʥʫ ɻʝʩʩʘ ʚʠʧʣʠʚʘʻ, ʱʦ ʪʝʧʣʦʚʠʡ ʝʬʝʢʪ ʜʦʨʽʚʥʶʻ ʨʽʟʥʠʮʽ ʤʽʞ 

ʩʫʤʦʶ ʪʝʧʣʦʪ ʟʛʦʨʷʥʥʷ ʧʦʯʘʪʢʦʚʠʭ ʨʝʯʦʚʠʥ ʽ ʩʫʤʦʶ ʪʝʧʣʦʪ ʟʛʦʨʷʥʥʷ ʢʽʥʮʝ-

ʚʠʭ ʨʝʯʦʚʠʥ: 

 

),dQcQ()QbaQ(Q D.ʟʛC.ʟʛB.ʟʛɸ.ʟʛx                   (1.38) 

 

ʜʝ Qʟʛ.ɸ; Qʟʛ.B; Qʟʛ.C; Qʩʛ.D ï ʚʽʜʧʦʚʽʜʥʦ ʪʝʧʣʦʪʠ ʟʛʦʨʷʥʥʷ ʧʦʯʘʪʢʦʚʠʭ  ̔

ʢʽʥʮʝʚʠʭ ʨʝʯʦʚʠʥ ɸ, ɺ, ʉ, D. 

ʋ ʩʠʩʪʝʤʽ ʦʜʠʥʠʮʴ ʉɯ ʟʘ ʦʜʠʥʠʮʶ ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʧʣʦʚʦʛʦ ʝʬʝʢʪʫ ʚʟʷ-

ʪʦ ʜʞʦʫʣʴ. 

ʋ ʣʽʪʝʨʘʪʫʨʽ ʥʘʚʝʜʝʥʦ ʟʥʘʯʝʥʥʷ ʪʝʧʣʦʚʠʭ ʝʬʝʢʪʽʚ ʧʨʦʮʝʩʽʚ, ʱʦ ʧʨʦʪʽ-

ʢʘʶʪʴ ʫ ʩʪʘʥʜʘʨʪʥʠʭ ʫʤʦʚʘʭ. ʉʪʘʥʜʘʨʪʥʠʤʠ ʫʤʦʚʘʤʠ ʚʚʘʞʘʶʪʴ: (ʪʝʤʧʝʨʘ-

ʪʫʨʘ 298 ʂ ʽ ʧʘʨʮʽʘʣʴʥʠʡ ʪʠʩʢ ʛʘʟʫ 1,01325Ā10
5
 ʇʘ. ʂʦʥʜʝʥʩʦʚʘʥʘ (ʨʽʜʢʘ ʽ 

ʪʚʝʨʜʘ) ʨʝʯʦʚʠʥʘ ʚ ʯʠʩʪʦʤʫ ʩʪʘʥʽ ʧʝʨʝʙʫʚʘʻ ʧʨʠ ʟʦʚʥʽʥhʴʦʤʫ ʪʠʩʢʫ 

1,01325Ā10
5
 ʇʘ. 

ʊʝʧʣʦʪʦʶ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʫ ʥʘʟʠʚʘʻʪʴʩʷ ʪʝʧʣʦʪʘ, ʷʢʫ ʪʨʝʙʘ ʥʘʜʘʪʠ 

ʩʠʩʪʝʤʽ ʘʙʦ ʚʽʜʚʝʩʪʠ ʚʽʜ ʥʝʾ ʧʨʠ ʨʽʚʥʦʚʘʞʥʦʤʫ ʽʟʦʪʝʨʤʽʯʥʦʤʫ ʧʝʨʝʭʦʜʽ ʨʝ-

ʯʦʚʠʥʠ ʟ ʦʜʥʽʻʾ ʬʘʟʠ ʚ ʽʥʰʫ. 

ʆʢʨʝʤʠʤʠ ʚʠʜʘʤʠ ʪʝʧʣʦʪ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʫ ʝ: çʪʝʧʣʦʪʘ ʧʣʘʚʣʝʥʥʷè, 

çʪʝʧʣʦʪʘ ʟʘʪʚʝʨʜʽʚʘʥʥʷè, çʪʝʧʣʦʪʘ ʧʘʨʦʫʪʚʦʨʝʥʥʷè, çʪʝʧʣʦʪʘ ʢʦʥʜʝʥʩʘʮʽʾè, 

çʪʝʧʣʦʪʘ ʩʫʙʣʽʤʘʮʽʾè, çʪʝʧʣʦʪʘ ʧʦʣʽʤʦʨʬʥʦʛʦ ʧʝʨʝʭʦʜʫè. 

ʊʝʧʣʦʪʫ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʫ ʧʦʟʥʘʯʘʶʪʴ ʯʝʨʝʟ ȹH ʘʙʦ L ʽ ʚʠʟʥʘʯʘʶʪʴ 

ʫ ʜʞʦʫʣʷʭ ʥʘ 1 ʤʦʣʴ ʨʝʯʦʚʠʥʠ (ʤʦʣʴʥʘ ʪʝʧʣʦʪʘ) ʘʙʦ ʚ ʜʞʦʫʣʷʭ ʥʘ 1 ʢʛ ʨʝʯʦ-

ʚʠʥʠ (ʧʠʪʦʤʘ ʪʝʧʣʦʪʘ). 

ʊʝʧʣʦʪʦʶ ʨʦʟʯʠʥʝʥʥʷ ʥʘʟʠʚʘʻʪʴʩʷ ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ, ʷʢʘ ʧʦʛʣʠʥʘʻʪʴ-

ʩʷ ʧʨʠ ʨʦʟʯʠʥʝʥʥʽ 1 ʢʤʦʣʷ ʢʨʠʩʪʘʣʦʛʽʜʨʘʪʫ ʩʦʣʽ ʫ ʚʝʣʠʢʽʡ ʢʽʣʴʢʦʩʪʽ ʨʦʟʯʠʥ-

ʥʠʢʘ, ʢʦʣʠ ʜʘʣʴʰʝ ʨʦʟʙʘʚʣʷʥʥʷ ʨʦʟʯʠʥʫ ʚʞʝ ʥʝ ʚʧʣʠʚʘʻ ʥʘ ʚʝʣʠʯʠʥʫ ʪʝʧʣʦ-

ʚʦʛʦ ʝʬʝʢʪʫ. ʅʘʧʨʠʢʣʘʜ: 

 

.ʄɼʞ72,11.)ʨʦʟ(CuSOʆH)5n(OH5·CuSO 4224  

 

ʊʝʧʣʦʪʦʶ ʛʽʜʨʘʪʘʮʽʾ ʥʘʟʠʚʘʻʪʴʩʷ ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ, ʷʢʘ ʚʠʜʽʣʷʻʪʴʩʷ 

ʧʨʠ ʛʽʜʨʘʪʘʮʽʾ 1 ʢʤʦʣʷ ʙʝʟʚʦʜʥʦʾ ʩʦʣʽ. ʅʘʧʨʠʢʣʘʜ: 

 

.ʄɼʞ29,78OH5·CuSOOH5CuSO 2424  
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ɼʦʣʘʚʰʠ ʦʙʠʜʚʘ ʨʽʚʥʷʥʥʷ, ʜʽʩʪʘʥʝʤʦ 

 

.10·72,1110·29,78.)ʨʦʟ(CuSOOHn.)ʪʚ(CuSO 66
424  

 

ɯʟ ʟʘʢʦʥʫ ɻʝʩʩʘ ʚʠʧʣʠʚʘʻ, ʱʦ ʪʝʧʣʦʪʘ ʨʦʟʯʠʥʝʥʥʷ ʙʝʟʚʦʜʥʦʾ ʩʦʣʽ ʜʦʨʽ-

ʚʥʶʻ ʘʣʛʝʙʨʘʾʯʥʽʡ ʩʫʤʽ ʪʝʧʣʦʪʠ ʨʦʟʯʠʥʝʥʥʷ ʢʨʠʩʪʘʣʦʛʽʜʨʘʪʫ ʩʦʣʽ ʽ ʪʝʧʣʦʪʠ 

ʛʽʜʨʘʪʘʮʽʾ ʮʽʻʾ ʙʝʟʚʦʜʥʦʾ ʩʦʣʽ: 

 

,ʄɼʞ57,6610·29,7810·72,11QQQ 66
rp  

 

ʜʝ Qʨ ï ʪʝʧʣʦʪʘ ʨʦʟʯʠʥʝʥʥʷ ʢʨʠʩʪʘʣʦʛʽʜʨʘʪʫ ʩʦʣʽ;  

Qʛ ï ʪʝʧʣʦʪʘ ʛʽʜʨʘʪʘʮʽʾ ʙʝʟʚʦʜʥʦʾ ʩʦʣʽ. 

ʊʝʧʣʦʪʚʽʨʥʽʩʪʶ, ʘʙʦ ʪʝʧʣʦʪʦʶ ʟʛʦʨʷʥʥʷ ʧʘʣʠʚʘ ʥʘʟʠʚʘʻʪʴʩʷ ʢʣ̔ʴʢʽʩʪʴ 

ʪʝʧʣʦʪʠ, ʷʢʘ ʚʠʜʽʣʷʻʪʴʩʷ ʧʨʠ ʧʦʚʥʦʤʫ ʩʧʘʣʶʚʘʥʥʽ 1 ʢʛ ʧʘʣʠʚʘ. 

 

 

1.4.1  ʇʨʠʢʣʘʜʠ ʨʽʰʝʥʥʷ ʟʘʜʘʯ 

 

ʇʨʠʢʣʘʜ 1.  ɺʠʟʥʘʯʠʪʠ,  ʪʝʧʣʦʪʫ  ʟʛʦʨʷʥʥʷ ʦʢʩʠʜʫ ʚʫʛʣʝʮʶ (II) ʫ ʩʪʘ-

ʥʜʘʨʪʥʠʭ  ʫʤʦʚʘʭ,  ʢʦʣʠ ʚʽʜʦʤʦ, ʱʦ  ʚ  ʮʠʭ  ʫʤʦʚʘʭ  ʪʝʧʣʦʪʠ  ʫʪʚʦʨʝʥʥʷ  ʦʢ-

ʩʠʜʫ ʚʫʛʣʝʮʶ (II)  ʽ  ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ ʚʽʜʧʦʚʽʜʥʦ ʜʦʨʚ̔ʥʶʶʪʴ 110,598 ʽ 

393,777 ʄɼʞĀʤʦʣʴ
-1
. 

ʈʦʟʚ'ʷʟʘʥʥʷ. ɿʛʦʨʷʥʥʷ ʦʢʩʠʜʫ ʚʫʛʣʝʮʶ (II) ʧʨʦʪʽʢʘʻ ʟʘ ʨʽʚʥʷʥʥʷʤ 

 

.QCOO
2

1
CO 22  

 

ɯʟ ʟʘʢʦʥʫ ɻʝʩʩʘ ʚʠʧʣʠʚʘʻ, ʱʦ ʪʝʧʣʦʚʠʡ ʝʬʝʢʪ ʟʛʦʨʷʥʥʷ ʦʢʩʠʜʫ ʚʫʛʣʝ-

ʮʶ (II) ʜʦʨʽʚʥʶʻ ʨʽʟʥʠʮʽ ʤʽʞ ʪʝʧʣʦʪʦʶ ʫʪʚʦʨʝʥʥʷ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ ʽ ʪʝʧ-

ʣʦʪʦʶ ʫʪʚʦʨʝʥʥʷ ʦʢʩʠʜʫ ʚʫʛʣʝʮʶ (II): 

 

.ʄɼʞ179,28310·598,11010·777,393QQQ 66
ʫʪʚʉʆ2ʫʪʚʉʆx  

 

ʇʨʠʢʣʘʜ 2. ɺʠʟʥʘʯʠʪʠ ʩʪʘʥʜʘʨʪʥʫ ʪʝʧʣʦʪʫ ʫʪʚʦʨʝʥʥʷ ʢʘʨʙʦʥʘʪʫ ʢʘ-

ʣɹʮʽʶ ʟ ʧʨʦʩʪʠʭ ʨʝʯʦʚʠʥ, ʢʦʨʠʩʪʫʶʯʠʩʴ ʪʘʢʠʤʠ ʜʘʥʠʤʠ: 

 

;ʄɼʞ1,635CaOQ
2

1
Ca 2  

 

;ʄɼʞ777,393COOC 22  

 

.ʄɼʞ623,178CaCOCOCaO 32  
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ʈʦʟʚ'ʷʟʘʥʥʷ. ɯʟ ʟʘʢʦʥʫ ɻʝʩʩʘ ʚʠʧʣʠʚʘʻ, ʱʦ ʪʝʧʣʦʚʠʡ ʝʬʝʢʪ ʜʦʨʽʚʥʶʻ 

ʩʫʤʽ ʪʝʧʣʦʚʠʭ ʝʬʝʢʪʽʚ ʧʨʦʤʽʞʥʠʭ ʧʨʦʮʝʩʽʚ. 

ɼʦʜʘʚʰʠ ʥʘʚʝʜʝʥʽ ʚʠʱʝ ʪʝʨʤʦʭʽʤʽʯʥʽ ʨʽʚʥʷʥʥʷ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʧʨʦ-

ʤʽʞʥʽ ʨʝʘʢʮʽʾ, ʜʽʩʪʘʥʝʤʦ ʪʝʨʤʦʭʽʤʽʯʥʝ ʨʽʚʥʷʥʥʷ ʨʝʘʢʮʽʾ ʫʪʚʦʨʝʥʥʷ ʢʘʨʙʦʥʘʪʫ 

ʢʘʣʴʮʽʶ ʟ ʧʨʦʩʪʠʭ ʨʝʯʦʚʠʥ: 

 

ʄɼʞ.61207,5Ā103CaCO

6178,623Ā106393,777Ā106635,1Ā102CaCO2O
2

3
CaC

 

 

ʆʪʞʝ, ʪʝʧʣʦʪʘ ʫʪʚʦʨʝʥʥʷ ʢʘʨʙʦʥʘʪʫ ʢʘʣʴʮʽʶ ʟ ʧʨʦʩʪʠʭ ʨʝʯʦʚʠʡ ʜʦʨʽʚ-

ʥʶʻ 1207,5 ʄɼʞ. 

ʇʨʠʢʣʘʜ 3.  ɺʠʟʥʘʯʠʪʠ Qp ʽ Qv ʧʨʠ 298 ʂ ʜʣʷ ʨʝʘʢʮʽʾ 

 

.O(ʨʽʜ.)HFe(ʪʚ.)(ʛ.)HFeO(ʪʚ.) 22  

 

ʉʪʘʥʜʘʨʪʥʽ ʪʝʧʣʦʪʠ ʫʪʚʦʨʝʥʥʷ ʦʢʩʠʜʫ ʟʘʣʽʟʘ (II) ʽ ʚʦʜʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ-

ʨʽʚʥʶʶʪʴ 266,7 ʽ 286,034 ʄɼʞĀʤʦʣʴĖ
1
. 

ʈʦʟʚ'ʷʟʘʥʥʷ. ɯʟ ʟʘʢʦʥʫ ɻʝʩʩʘ ʚʠʧʣʠʚʘʻ, ʱʦ ʧʨʠ ʩʪʘʣʦʤʫ ʪʠʩʢʫ ʪʝʧʣʦʚʠʡ 

ʝʬʝʢʪ ʚʽʜʥʦʚʣʝʥʥʷ ʦʢʩʠʜʫ ʟʘʣʽʟʘ (II) ʚʦʜʥʝʤ ʜʦʨʽʚʥʶʚʘʪʠʤʝ 

 

.ɼʞ10334,1910·7,266034·10,286QQQ 666
OFe.ʫʪʚO2H.ʫʪʚp  

 

ʊʝʧʣʦʚʠʡ ʝʬʝʢʪ ʧʨʠ ʩʪʘʣʦʤʫ ʦʙ'ʻʤʽ ʙʫʜʝ: 

 

.nRTQQ nv  

 

ɼʣʷ ʮʽʻʾ ʨʝʘʢʮʽʾ ʟʤʽʥʘ ʯʠʩʣʘ ʢʽʣʦʤʦʣʽʚ ʛʘʟʽʚ 

 

.1nn
2H  

 

ʆʪʞʝ, ʽʟʦʭʦʨʥʠʡ ʪʝʧʣʦʚʠʡ ʝʬʝʢʪ ʜʦʨʽʚʥʶʚʘʪʠʤʝ 

 

ʄɼʞ866,1610·478,210·344,19298·10·314,810·334,19Q 6636
v  

 

ʇʨʠʢʣʘʜ 5. ɺʠʟʥʘʯʠʪʠ ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʠʩʥʦʾ ʜʽʾ ʧʣʘʚʠʣʴʥʦʾ ʧʝʯʽ, ʚ ʷʢʽʡ 

ʥʘ  ʚʠʧʣʘʚʣʝʥʥʷ  ʢʦʞʥʦʾ ʪʦʥʥʠ ʤʽʜʽ ʚʠʪʨʘʯʘʻʪʴʩʷ 36 ʢʛ ʢʘʤ'ʷʥʦʛʦ ʚʫʛʽʣʣʷ. 

ɺʽʜʦʤʦ, ʱʦ  ʧʦʯʘʪʢʦʚʘ  ʪʝʤʧʝʨʘʪʫʨʘ ʤʽʜʽ 298 ʂ, ʪʝʧʣʦʪʘ ʧʣʘʚʣʝʥʥʷ ʤʽʜʽ 

13,02 ʄɼʞĀʢʘʪʦʤĖ
1
, ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʥʷ ʤʽʜʽ 1356 ʂ  ʽ ʪʝʧʣʦʪʚʦʨʥʽʩʪʴ 

ʢʘʤ'ʷʥʦʛʦ ʚʫʛʽʣʣʷ 30 ʄɼʞĀʢʛ
-1
. ɿʘʣʝʞʥʽʩʪʴ ʪʝʧʣʦʻʤʥʦʩʪʽ ʤʽʜʽ ʚʽʜ ʪʝʤʧʝʨʘʪʫ-

ʨʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤ 
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.T28,610·65,22C 3
p  

 

ʈʦʟʚ'ʷʟʘʥʥʷ. ʉʝʨʝʜʥʷ ʪʝʧʣʦʻʤʥʽʩʪʴ ʤʽʜʽ ʚ ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ ʚʽʜ 298 

ʜʦ 1356 ʂ ʜʦʨʽʚʥʶʻ 

 

.ʂ·ʢʘʪʦʤ·ʢɼʞ844,27

10·194,510·65,22)2981356(
2

228,6
10·65,22

dT)T28,610·65,22(
2981356

1
dT)T28,610·65,22(

TT

1
C

11

333

1356

298

3
2T

1T

3

12
p

 

ʉʝʨʝʜʥʶ ʧʠʪʦʤʫ ʪʝʧʣʦʻʤʥʽʩʪʴ ʤʽʜʽ ʤʦʞʥʘ ʨʦʟʨʘʭʫʚʘʪʠ ʟʘ ʨʽʚʥʷʥʥʷʤ 

 

.ʂ·ʢʛ·ɼʞ438
54,63

10·844,27

A

C
C 11

3

Cu

p
 

 

ʂʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ, ʱʦ ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ ʥʘʛʨʽʚʘʥʥʷ 1 ʪ ʤʽʜʽ ʚʽʜ 298 ʜʦ 

1356 ʂ, ʟʥʘʭʦʜʷʪʴ ʟ ʨʽʚʥʷʥʥʷ 

 

.ʄɼʞ42,463)2981356(438·1000)TT(Cmq 121  

 

ʂʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ, ʱʦ ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ ʧʣʘʚʣʝʥʥʷ 1 ʪ ʤʽʜʽ: 

 

.ɼʞ10·049,210·02,13·
54,63

1000
L

A

m
q 86

ʧʣ2  

 

ɿʘʛʘʣʴʥʫ ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ, ʱʦ ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ ʥʘʛʨʽʚʘʥʥʷ ʽ ʧʣʘʚʣʝʥ-

ʥʷ 1 ʪ ʤʽʜʽ, ʦʙʯʠʩʣʶʻʤʦ ʟʘ ʨʽʚʥʷʥʥʷʤ: 

 

.ʄɼʞ3,66810·9,20410·42,463qqq 66
213  

 

ʂʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ, ʷʢʘ ʚʠʜʽʣʠʣʘʩʷ ʧʨʠ ʩʧʘʣʶʚʘʥʥʽ 36 ʢʛ ʢʘʤ'ʷʥʦʛʦ ʚʫ-

ʛʽʣʣʷ, ʜʦʨʽʚʥʶʚʘʪʠʤʝ 

 

.ɼʞ10·08,136·10·30q 96
4  

 

ʂʦʝʬʽʮʽʻʥʪ ʢʦʨʠʩʥʦʾ ʜʽʾ ʧʣʘʚʠʣʴʥʦʾ ʧʝʯʽ ʟʥʘʭʦʜʠʤʦ ʟʘ ʨʽʚʥʷʥʥʷʤ: 

 

.%61,89 ʘʙʦ,6189,0
10·1080

10·3,668

q

q

6

6

4

3  
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1.4.2  ɿʘʜʘʯʽ ʜʣʷ ʩʘʤʦʩʪʽʡʥʦʛʦ ʨʽʰʝʥʥʷ 

 

38. ɺʠʟʥʘʯʠʪʠ ʪʝʧʣʦʪʫ ʫʪʚʦʨʝʥʥʷ ʚʦʜʠ ʟ ʚʦʜʥʶ ʽ ʢʠʩʥʶ ʧʨʠ V = const 

T = 298 ʂ, ʷʢʱʦ ʪʝʧʣʦʪʘ ʫʪʚʦʨʝʥʥʷ ʚʦʜʠ ʧʨʠ ʨ = ʩʦʧst ʽ ʊ = 298 ʂ ʜʦʨʽʚʥʶʻ 

286,034 ʄɼʞĀʤʦʣʴĖ
1
. 

ɺʽʜʧʦʚʽʜʴ: 282,318 ʄɼʞĀʢʤʦʣʴĖ
1
. 

39. ʆʙʯʠʩʣʠʪʠ ʪʝʧʣʦʚʠʡ ʝʬʝʢʪ ʨʝʘʢʮʽʾ 

x22222 Q.)ʛ(ʅʉ.)ʪʚ()ʆʅ(ʉʘ.)ʨʽʜ(ʆʅ2.)ʪʚ(ʉʘʉ  ʧʨʠ 298 ʂ, ʢʦ-

ʣʠ ʩʪʘʥʜʘʨʪʥʽ ʪʝʧʣʦʪʠ ʫʪʚʦʨʝʥʥʷ ʉʘʉ2(ʪʚ.), ʅ2ʆ(ʨ̔ʜ.), ʉʘ(ʆʅ)2(ʪʚ.)  ʽ  

ʉ2ʅ2(ʛ.)  ʚʜ̔ʧʦʚʽʜʥʦ ʜʦʨʽʚʥʶʶʪʴ 59,02; 286,034; 987,2 ʽ 226,88 ʄɼʞĀʤʦʣʴĖ
1
. 

ɺʽʜʧʦʚʽʜʴ: 129,232 ʄɼʞ. 

40. ʆʙʯʠʩʣʠʪʠ ʪʝʧʣʦʚʠʡ ʝʬʝʢʪ ʨʝʘʢʮʽʾ x22 Qʉʘʉʆʉʆ.)ʪʚ(ʉʘʆ  

ʧʨʠ 298 ʂ, ʢʦʣʠ ʩʪʘʥʜʘʨʪʥʽ ʪʝʧʣʦʪʠ ʫʪʚʦʨʝʥʥʷ ʢʘʨʙʦʥʘʪʫ ʢʘʣʴʮʽʶ  ʦʢʩʠʜʫ 

ʢʘʣʴʮʽʶ   ̔  ʚʫʛʣʝʢʠʩʣʦʛʦ  ʛʘʟʫ  ʚʽʜʧʦʚʽʜʥʦ ʜʦʨʽʚʥʶʶʪʴ 1207,5  635,1 ʽ 

393,777 ʄɼʞĀʤʦʣʴĖ
1
. 

ɺʽʜʧʦʚʽʜʴ: 178,623 ʄɼʞ. 

41. ʉʪʘʥʜʘʨʪʥʽ ʪʝʧʣʦʪʠ ʫʪʚʦʨʝʥʥʷ ʚʦʜʠ ʽ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ ʚʽʜʧʦʚʽʜʥʦ 

ʜʦʨʽʚʥʶʶʪʴ 286,034 ʽ 393,777 ʄɼʞĀʤʦʣʴĖ
1
. ʊʝʧʣʦʪʘ ʟʛʦʨʷʥʥʷ ʤʝʪʘʥʫ ʜʦʨʽʚ-

ʥʶʻ 890,91 ʄɼʞĀʤʦʣʴĖ
1
. ɺʠʟʥʘʯʠʪʠ ʪʝʧʣʦʪʫ ʫʪʚʦʨʝʥʥʷ ʤʝʪʘʥʫ ʟ ʧʨʦʩʪʠʭ 

ʨʝʯʦʚʠʥ ʧʨʠ 298 ʂ, ʢʦʣʠ  ʨ = const, V = const. 

ɺʽʜʧʦʚʽʜʴ: 74,935 ʽ 69,98 ʄɼʞĀʢʤʦʣʴĖ
1
. 

42. ʆʙʯʠʩʣʠʪʠ ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ, ʷʢʘ ʚʠʜʽʣʷʻʪʴʩʷ ʧʨʠ ʚʽʜʥʦʚʣʝʥʥʽ 1 ʢʛ 

ʤʘʛʥʝʪʠʪʫ ʘʣʶʤʽʥʽʻʤ ʟʘ ʨʽʚʥʷʥʥʷʤ x3243 QFe9ʆAl4Al8OFe3 . ʊʝʧ-

ʣʦʪʠ ʫʪʚʦʨʝʥʥʷ ʤʘʛʥʝʪʠʪʫ ʽ ʦʢʩʠʜʫ ʘʣʶʤʽʥʽʶ ʚʽʜʧʦʚʽʜʥʦ ʜʦʨʽʚʥʶʶʪʴ 1122 ʽ 

1675,6 ʄɼʞĀʤʦʣʴĖ
1
. 

ɺʽʜʧʦʚʽʜʴ: 4,802 ʄɼʞ. 

43. ɻʝʥʝʨʘʪʦʨʥʠʡ ʛʘʟ ʤʽʩʪʠʪʴ (ʫ ʦʙ. %) ʉʆ2 7,12; ʉʆ 21,85; ʅ2 13,65; 

ʉʅ4 3.25; ʆ2 0,9; N2 53,23. ɺʠʟʥʘʯʠʪʠ ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ ʧʨʠ ʟʛʦʨʷʥʥʽ 1 ʤ
3
 

ʛʘʟʫ, ʧʨʠʚʝʜʝʥʦʛʦ ʜʦ ʩʪʘʥʜʘʨʪʥʠʭ ʫʤʦʚ, ʚʚʘʞʘʶʯʠ, ʦɦ ʚʦʜʷʥʘ ʧʘʨʘ ʥʝ ʢʦʥ-

ʜʝʥʩʫʻʪʴʩʷ, ʘ ʪʝʧʣʦʪʠ ʫʪʚʦʨʝʥʥʷ ʉʆ2, ʉʆ, ʅ2ʆ   ʠ ʉʅ4 ʚʽʜʧʦʚʽʜʥʦ ʜʦʨʽʚʥʶ-

ʶʪʴ 393,8; 110,6; 242,1 ʽ 74.9 ʄɼʞĀʤʦʣʴĖ
1
. 

ɺʽʜʧʦʚʽʜʴ: 

44. ʗʢʘ ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ ʧʦʪʨʽʙʥʘ ʜʣʷ ʧʣʘʚʣʝʥʥʷ 20,72 ʢʛ ʩʚʠʥʮʶ, 

ʚʟʷʪʦʛʦ  ʧʨʠ  300 ʂ?  ʊʝʧʣʦʪʘ  ʧʣʘʚʣʝʥʥʷ ʩʚʠʥʮʶ ʧʨʠ 600,6 ʂ ʜʦʨʽʚʥʶʻ 

4,777 ʄɼʞĀʢʘʪʦʤĖ
1
. ɿʘʣʝʞʥʽʩʪʴ ʪʝʧʣʦʻʤʥʦʩʪʽ ʩʚʠʥʮʶ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʚʠ-

ʟʥʘʯʘ̒ ʪʴʩʷ ʨʽʚʥʷʥʥʷʤ Tʉ
d

63,91061,23 2
. 

ɺʽʜʧʦʚʽʜʴ: 1,318 ʄɼʞ. 

45. ʇʨʠ ʧʦʚʥʦʤʫ ʟʛʦʨʷʥʥʽ 0,8 ʛ ʢʦʢʩʫ ʚ ʢʘʣʦʨʠʤʝʪʨʽ ʪʝʤʧʝʨʘʪʫʨʘ, ʧʽʜ-

ʚʠʱʠʣʘʩʴ ʥʘ 2,305 ʂ. ʊʝʧʣʦʻʤʥʽʩʪʴ ʢʘʣʦʨʠʤʝʪʨʘ ʨʘʟʦʤ ʟ ʧʨʦʜʫʢʪʘʤʠ ʟʛʦ-

ʨʷʥʥʷ ʜʦʨʽʚʥʶʻ 10 500 ɼʞĀʂĖ
1
. ɺʠʟʥʘʯʠʪʠ ʪʝʧʣʦʪʚʦʨʥʽʩʪʴ ʢʦʢʩʫ. 

ɺʽʜʧʦʚʽʜʴ: 30,25 ʄɼʞĀʢʛ
-1.

 

46. ɺʠʟʥʘʯʠʪʠ ʢ. ʢ. ʜ. ʚʘʛʨʘʥʢʠ, ʚ ʷʢʽʡ ʜʣʷ ʧʣʘʚʣʝʥʥʷ 10 ʪ ʯʘʚʫʥʫ ʚʠ-

ʪʨʘʯʘʻʪʴʩʷ 612 ʢʛ ʢʦʢʩʫ. ɺʽʜʦʤʦ, ʱʦ ʧʦʯʘʪʢʦʚʘ ʪʝʤʧʝʨʘʪʫʨʘ ʯʘʚʫʥʫ 298 ʂ, 

ʪʝʧʣʦʪʘ ʧʣʘʚʣʝʥʥʷ ʯʘʚʫʥʫ, ʚ ʷʢʦʤʫ ʤʽʩʪʠʪʴʩʷ 4,3% ʚʫʛʣʝʮʶ, ʧʨʠ 1428 ʂ ʜʦ-
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ʨʽʚʥʶʻ 96 ʢɼʞĀʢʛĖ
1
, ʩʝʨʝʜʥʷ ʪʝʧʣʦʻʤʥʽʩʪʴ ʯʘʚʫʥʫ ʚ ʮʴʦʤʫ ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝ-

ʨʘʪʫʨ 540 ɼʞĀʢʛĖ
1
, ʘ ʪʝʧʣʦʪʘ ʟʛʦʨʷʥʥʷ ʢʦʢʩʫ ʩʪʘʥʦʚʠʪʴ 3ʆ ʄɼʞĀʢʛĖ

1
. 

ɺʽʜʧʦʚʽʜʴ: 38,46 %. 

47. ʇʨʠ ʨʦʟʯʠʥʝʥʥʽ 1 ʢʤʦʣʷ ʙʝʟʚʦʜʥʦʛʦ ʩʫʣʴʬʘʪʫ ʤʘʛʥʽʶ ʚʠʜʣ̔ʷʻʪʴʩʷ 

84,99 ʄɼʞ ʪʝʧʣʦʪʠ, ʘ ʧʨʠ ʨʦʟʯʠʥʝʥʥʽ 1 ʢʤʦʣʷ ʢʨʠʩʪʘʣʦʛʽʜʨʘʪʫ ʄgSʆ4Ā7ʅ2ʆ 

ʧʦʛʣʠʥʘʻʪʴʩʷ 16,12 ʄɼʞ ʪʝʧʣʦʪʠ. ɺʠʟʥʘʯʠʪʠ ʪʝʧʣʦʪʫ ʛʽʜʨʘʪʘʮʽʾ ʙʝʟʚʦʜʥʦʛʦ 

ʩʫʣʴʬʘʪʫ ʤʘʛʥʽʶ. 

ɺʽʜʧʦʚʽʜʴ: 101,11 ʄɼʞĀʢʤʦʣʴ
-1
. 

 

 

1.5  ɿʘʣʝʞʥʽʩʪʴ ʪʝʧʣʦʚʦʛʦ ʝʬʝʢʪʫ ʧʨʦʮʝʩʫ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ 

 

ʊʝʤʧʝʨʘʪʫʨʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʚʦʛʦ ʝʬʝʢʪʫ ʧʨʦʮʝʩʫ ʜʦʨʽʚʥʶʻ ʟʤʽʥʽ 

ʪʝʧʣʦʻʤʥʦʩʪʽ ʩʠʩʪʝʤʠ, ʱʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʪʽʢʘʥʥʷ ʧʨʦʮʝʩʫ (ʟʘ-

ʢʦʥ ʂʽʨʭʛʦʬʘ): 

y
V

V

C
dT

dQ

dT

)U(d
                              (1.39)  

 

P
P

P

C
dT

dQ

dT

)H(d
                               (1.40) 

 

ʜʝ ȹU ï ʟʤʽʥʘ ʚʥʫʪʨʽʰʥʴʦʾ ʝʥʝʨʛʽʾ ʩʠʩʪʝʤʠ;  

Qv ï ʽʟʦʭʦʨʥʠʡ ʪʝʧʣʦʚʠʡ ʝʬʝʢʪ;  

ȹʉv ï ʟʤʽʥʘ ʽʟʦʭʦʨʥʦʾ ʪʝʧʣʦʻʤʥʦʩʪʽ ʩʠʩʪʝʤʠ ʚ ʧʨʦʮʝʩʽ;  

ȹH ï ʟʤʽʥʘ ʝʥʪʘʣʴʧʽʾ ʩʠʩʪʝʤʠ;  

Qʨ ï ʽʟʦʙʘʨʥʠʡ ʪʝʧʣʦʚʠʡ ʝʬʝʢʪ;  

ȹʉʨ ï ʟʤʽʥʘ ʽʟʦʙʘʨʥʦʾ ʪʝʧʣʦʻʤʥʦʩʪʽ ʩʠʩʪʝʤʠ ʚ ʧʨʦʮʝʩʽ.  

ɼʣʷ ʨʝʘʢʮʽʾ  ,dDcCbBaA  ʱʦ ʧʨʦʪʽʢʘʻ ʧʨʠ ʩʪʘʣʦʤʫ ʪʠʩʢʫ, ʟʤʽʥʘ 

ʽʟʦʙʘʨʥʦʾ ʪʝʧʣʦʻʤʥʦʩʪʽ ʩʠʩʪʝʤʠ ʜʦʨʽʚʥʶʻ ʨʽʟʥʠʮʽ ʤʽʞ ʩʫʤʦʶ ʽʟʦʙʘʨʥʠʭ ʪʝʧ-

ʣʦʻʤʥʦʩʪʝʡ ʢʽʥʮʝʚʠʭ ʨʝʯʦʚʠʥ ʽ ʩʫʤʦʶ ʽʟʦʙʘʨʥʠʭ ʪʝʧʣʦʻʤʥʦʩʪʝʡ ʧʦʯʘʪʢʦʚʠʭ 

ʨʝʯʦʚʠʥ: 

 

),B,bCpaC()dCcC(C A,pD,pC,pd                (1.41) 

 

ʜʝ ʉʨ,ɸ; ʉʨ,B ï ʽʟʦʙʘʨʥʽ ʪʝʧʣʦʻʤʥʦʩʪʽ ʧʦʯʘʪʢʦʚʠʭ ʨʝʯʦʚʠʥ ɸ ʽ ɺ; 

ʉʨ,C; ʉʨ,D ï ʽʟʦʙʘʨʥʽ ʪʝʧʣʦʻʤʥʦʩʪʽ ʢʽʥʮʝʚʠʭ ʨʝʯʦʚʠʥ ʉ ʽ D;  

ʘ, b, ʩ, d  ï ʚʜ̔ʧʦʚʽʜʥʦ ʯʠʩʣʦ ʢʽʣʦʤʦʣʽʚ ʨʝʯʦʚʠʥ ɸ, ɺ, ʉ ʽ D. 

ʗʢʱʦ ʪʝʧʣʦʻʤʥʦʩʪʽ ʧʦʯʘʪʢʦʚʠʭ ʽ ʢʽʥʮʝʚʠʭ ʨʝʯʦʚʠʥ ʟʘʣʝʞʘʪʴ ʚʽʜ ʪʝʤ-

ʧʝʨʘʪʫʨʠ, ʪʦ ʨʽʚʥʷʥʥʷ (1.41) ʥʘʙʝʨʝ ʚʠʛʣʷʜʫ 

 

2
2

2
210p TaTaTaaC            (1.42) 

 

)baaa()daca(a B,0A,0D,0C,00            (1.43) 
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)baaa()daca(a B,1A,1D,1C,11             (1.44) 

 

ʜʝ ȹa2, ȹa-2 ʚʠʟʥʘʯʘʶʪʴʩʷ ʘʥʘʣʦʛʽʯʥʠʤʠ ʨʽʚʥʷʥʥʷʤʠ; 

a0 a1 a2 a-2 ï ʩʪʘʣʽ ʜʣʷ ʧʝʚʥʦʾ ʨʝʯʦʚʠʥʠ.  

ʗʢɦʦ ʟʤʽʥʘ ʽʟʦʙʘʨʥʦʾ ʪʝʧʣʦʻʤʥʦʩʪʽ ʩʠʩʪʝʤʠ ʚ ʧʨʦʮʝʩʽ ʜʦʨʽʚʥʶʻ ʥʫʣʶ 

(ʉʨ = 0), ʪʦ  ʪʝʧʣʦʚʠʡ  ʝʬʝʢʪ  ʧʨʦʮʝʩʫ  ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ. ʇʨʠ 

ȹʉʨ = ʩʦʧst ʨʽʚʥʷʥʥʷ (1.40) ʧʽʩʣʷ ʽʥʪʝʛʨʫʚʘʥʥʷ ʥʘʙʠʨʘʻ ʚʠʛʣʷʜʫ 

 

),TT(CHH 12P1T2T                           (1.45) 

 

ʘʙʦ   ).TT(CQQ 12p1T,p2T,p                           (1.46) 

 

ʜʝ  
1pT1T Q̔H  ï ʪʝʧʣʦʚʠʡ ʝʬʝʢʪ ʧʨʦʮʝʩʫ ʧʨʠ  T1,  

2pT2T Q̔H  ï ʪʝʧʣʦʚʠʡ ʝʬʝʢʪ ʧʨʦʮʝʩʫ ʧʨʠʊ2 . 

ɸʥʘʣʦʛʽʯʥʽ ʨʝʟʫʣʴʪʘʪʠ ʤʘʪʠʤʝʤʦ, ʽʥʪʝʛʨʫʶʯʠ ʨʽʚʥʷʥʥʷ (1.39): 
 

),TT(CUU 12V1T2T                           (1.47) 

 

).TT(CQQ 12V1T,V2T,V                         (1.48) 

 

ʜʝ 
1vT1T Q̔U ï ʽʟʦʭʦʨʥʠʡ ʪʝʧʣʦʚʠʡ ʝʬʝʢʪ ʧʨʠ T1;  

2vT2T Q̔U  ï ʽʟʦʭʦʨʥʠʡ ʪʝʧʣʦʚʠʡ ʝʬʝʢʪ ʧʨʠ T2; 

ȹCv ï ʟʤʽʥʘ ʽʟʦʭʦʨʥʦʾ ʪʝʧʣʦʻʤʥʦʩʪʽ ʧʨʠ ʩʠʩʪʝʤʠ ʚ ʧʨʦʮʝʩʽ. 

ʗʢʱʦ æʉp = f(T), ʪʦ, ʧʽʜʩʪʘʚʠʚʰʠ æʉp ʚ ʨʽʚʥʷʥʥʷ (1.40) ʽ ʽʥʪʝʛʨʫʚʘʚʰʠ 

ʡʦʛʦ, ʜʽʩʪʘʥʝʤʦ 

 

;BTaTa
3

1
Ta

2

1
TaQ 1

1
2

3
2

2
102T,p           1.49) 

 

;BTaTa
3

1
Ta

2

1
TaH 1

1
2

3
2

2
10T            (1.50) 

 

ʜʝ ɺ1, ɺ2  ï ʩʪʘʣʽ ʽʥʪʝʛʨʫʚʘʥʥʷ. 

ɿʘʣʝʞʥʽʩʪʴ ʪʝʧʣʦʪʠ ʧʝʨʝʭʦʜʫ ʨʝʯʦʚʠʥʠ ʟ ʬʘʟʠ Ŭ ʫ ʬʘʟʫ ɓ ʚʽʜ ʪʝʤʧʝʨʘ-

ʪʫʨʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʘʥʘʣʦʛʽʯʥʠʤ ʨʽʚʥʷʥʥʷʤ: 

 

2T

1T
pp1T2T dT)CC(LL                                (1.51) 

 

ʜʝ 
1TL  ï ʪʝʧʣʦʪʘ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʫ ʨʝʯʦʚʠʥʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʊ1; 

2TL  ï ʪʝʧʣʦʪʘ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʫ ʨʝʯʦʚʠʥʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʊ2; 
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pC  ï ʽʟʦʙʘʨʥʘ ʪʝʧʣʦʻʤʥʽʩʪʴ ʬʘʟʠ Ŭ;  

pC  ï ʽʟʦʙʘʨʥʘ ʪʝʧʣʦʻʤʥʽʩʪʴ ʬʘʟʠ ɓ. 

 

 

1.5.1 ʇʨʠʢʣʘʜʠ ʨʽʰʝʥʥʷ ʟʘʜʘʯ 

 

ʇʨʠʢʣʘʜ 1. ɺʠʟʥʘʯʠʪʠ ʪʝʧʣʦʪʫ ʫʪʚʦʨʝʥʥʷ ʦʢʩʠʜʫ ʮʠʥʢʫ ʟ ʧʨʦʩʪʠʭ ʨʝ-

ʯʦʚʠʥ ʧʨʠ 500 ʂ ʽ ʩʪʘʣʦʤʫ ʪʠʩʢʫ, ʷʢʱʦ ʪʝʧʣʦʪʘ ʫʪʚʦʨʝʥʥʷ ʦʢʩʠʜʫ ʮʠʥʢʫ ʚ 

ʩʪʘʥʜʘʨʪʥʠʭ ʫʤʦʚʘʭ ʜʦʨʽʚʥʶʻ 348,3 ʄɼʞĀʤʦʣʴ
-1
, ʘ ʪʝʧʣʦʻʤʥʦʩʪʽ ʮʠʥʢʫ, ʢʠ-

ʩʥʶ ʽ ʦʢʩʠʜʫ ʮʠʥʢʫ ʚʠʟʥʘʯʘʶʪʴʩʷ ʨʽʚʥʷʥʥʷʤʠ: 

 

.T10·13,9T11,510·03,49C

;T10·859,7T08,110·62,34C

;T05,1010·4,22C

283ZnO
p

2832O
p

3Zn
p

 

 

ʈʦʟʚ'ʷʟʘʥʥʷ. ʈʝʘʢʮʽʷ ʫʪʚʦʨʝʥʥʷ ʦʢʩʠʜʫ ʮʠʥʢʫ ʧʨʦʪʽʢʘʻ ʟʘ ʨʽʚʥʷʥʥʷʤ: 

 

.ZnOO
2

1
Zn 2  

 

ɿʤʽʥʘ ʪʝʧʣʦʻʤʥʦʩʪʽ ʩʠʩʪʝʤʠ ʚ ʨʝʘʢʮʽʾ ʜʦʨʽʚʥʶʚʘʪʠʤʝ: 

 

.T10·201,5T48,510·32,9

)T10·859,7T08,110·62,34(
2

1

T05,1010·4,22T10·13,9T11,510·03,49

C
2

1
CCC

283

283

3283

2O
p

Zn
p

ZnO
pp

 

 

ɿʘʣʝʞʥʽʩʪʴ ʪʝʧʣʦʚʦʛʦ ʝʬʝʢʪʫ ʨʝʘʢʮʽʾ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʟʥʘʡʜʝʤʦ ʟʘ ʨʽ-

ʚʥʥ̫ʥʷʤ: 

,T10·201,5T48,510·32,9C
dT

dQ 283
p

p
 

 

ʽʥʪʝʛʨʫʶʯʠ ʷʢʝ, ʜʽʩʪʘʥʝʤʦ: 

 

.BT10·201,5T
2

48,5
T10·32,9Q 1823

p  
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ɿʥʘʶʯʠ ʪʝʧʣʦʪʫ ʫʪʚʦʨʝʥʥʷ ʦʢʩʠʜʫ ʮʠʥʢʫ ʧʨʠ ʩʪʘʥʜʘʨʪʥʽʡ ʪʝʤʧʝʨʘʪʫ-

ʨʽ 298 ʂ, ʟʥʘʭʦʜʠʤʦ ʩʪʘʣʫ ʽʥʪʝʛʨʫʚʘʥʥʷ ɺ: 

 

.B298·10·201,5298·
2

48,5
298·10·32,910·3,348 18236  

 

ɿʚʽʜʩʠ ʩʪʘʣʘ ʽʥʪʝʛʨʫʚʘʥʥʷ: 

 

.10·579,35210·745,110·243,010·777,210·3,348B 66666  

 

ʆʪʞʝ, ʟʘʣʝʞʥʽʩʪʴ ʪʝʧʣʦʪʠ ʫʪʚʦʨʝʥʥʷ ʦʢʩʠʜʫ ʮʠʥʢʫ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ 

ʤʦʞʥʘ ʟʥʘʡʪʠ ʟʘ ʨʽʚʥʷʥʥʷʤ 

 

.T10·201,5T·74,2T10·32,910·579,352QQ 18236
ʫʪʚp  

 

ʊʝʧʣʦʪʘ ʫʪʚʦʨʝʥʥʷ ʦʢʩʠʜʫ ʮʠʥʢʫ ʧʨʠ 500 ʂ 

 

Qʫʪʚ = 352,579Ā10
6
 ï 9,32Ā10

3
Ā500 + 2,74Ā500

2
 ï 5,201Ā10

8
Ā500

-1
 =  

 

= 352,579Ā10
6
 ï 4.66Ā10

6
 + 0,685Ā10

6
 ï 1,04Ā10

6
 = 347,564 ʄɼʞĀʤʦʣʴ

-1
. 

 

ʇʨʠʢʣʘʜ  2.  ʇʨʠ 2023 ʂ   ʪʝʧʣʦʪʘ    ʚʠʧʘʨʦʚʫʚʘʥʥʷ    ʩʚʠʥʮʶ    

-177,9 ʄɼʞĀʢʘʪʦʤ
-1
. ɺʠʟʥʘʯʠʪʠ ʪʝʧʣʦʪʫ ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʩʚʠʥʮʶ ʧʨʠ 2500 ʂ, 

ʷʢʱʦ ʘʪʦʤʥʽ ʪʝʧʣʦʻʤʥʦʩʪʽ ʨʽʜʢʦʛʦ ʽ ʛʘʟʦʧʦʜʽʙʥʦʛʦ ʩʚʠʥʮʶ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ 

ʟʘ ʨʽʚʥʷʥʥʷʤʠ: 

.1081,20ʉ

;ʊ056,31045,32C

3.ʛ
ʨ

3ʨʽʜ
p

 

 

ʈʦʟʚ'ʷʟʘʥʥʷ. ɿʘʣʝʞʥʽʩʪʴ ʪʝʧʣʦʪʠ ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʩʚʠʥʮʶ ʚʽʜ ʪʝʤʧʝʨʘ-

ʪʫʨʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤ ʂʽʨʭʛʦʬʘ: 

 

2ʊ

1ʊ

.ʨʽʜ
ʨ

.ʛ
ʨ1ʊ.ʚʠʧ2ʊ.ʚʠʧ .dT)ʉʉ(LL  

 

ɿʚʽʜʩʠ ʪʝʧʣʦʪʘ ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʩʚʠʥʮʶ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 2500 ʂ: 

 

2500

2023

33

2500

2023

33
2023.ʚʠʧ2500.ʚʠʧ

dʊ)ʊ056,31064,11(109,177

dʊ)ʊ056,31045,321081,20(LL
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.ʢʘʪʦʤʄʜʞ648,175103,310552,5109,177

)20232500(528,14771064,11109,177

)20232500(
2

056,3
)20232500(1064,11109,177

1666

2236

2236

 

 

 

1.5.2  ɿʘʜʘʯʽ ʜʣʷ ʩʘʤʦʩʪʽʡʥʦʛʦ ʨʽʰʝʥʥʷ 

 

48. ɿʥʘʡʪʠ ʟʘʣʝʞʥʽʩʪʴ æʉʨ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʜʣʷ ʨʝʘʢʮʽʾ 

ʉʘʆ+ʉʆ2=ʉʘʉʆ3 ʟʘ ʪʘʢʠʤʠ ʜʘʥʠʤʠ: 

 

2833CaCO
p

2332CO
p

283CaO
p

T1096,25T94,211021,104C

;T1048,3T2,221042,32C

;T1052,4T26,201086,41C

 

 

ɺʽʜʧʦʚʽʜʴ: æʉʨ=
28233 1044,211048,352,201011,30 TTT  

49. ɿʥʘʡʪʠ ʨʽʚʥʷʥʥʷ ʟʘʣʝʞʥʦʩʪʽ ʪʝʧʣʦʚʦʛʦ ʝʬʝʢʪʫ Qʨ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ 

ʜʣʷ ʨʝʘʢʮʽʾ ʉʆ2+ʉ(ʛʨ.)=2ʉʆ  ʟʘ ʪʘʢʠʤʠ ʜʘʥʠʤʠ: 

 

;ʢʤʦʣʴʄɼʞ6,110Q

;ʢʤʦʣʴʄɼʞ8,393Q

1CO
.ʫʪʚ

12CO
.ʫʪʚ

 

.T0,510634,27C

;T1079,8T27,41015,17C

;T1048,3T2,221024,32C

3CO
p

283.ʛʨ
ʨ

2332CO
p

 

 

ɺʽʜʧʦʚʽʜʴ: 1833236 1079,81016,1235,810878,510478,174 TTTTQp  

50. ɺʠʟʥʘʯʠʪʠ ʪʝʧʣʦʚʠʡ ʝʬʝʢʪ ʨʝʘʢʮʽʾ Fe3O4+4CO = 3Fe+4CO2  ʧʨʠ 

1000 ʂ, ʷʢʱʦ ʜʣʷ ʮʽʻʾ ʨʝʘʢʮʽʾ ʟʘʣʝʞʥʽʩʪʴ ʪʝʧʣʦʚʦʛʦ ʝʬʝʢʪʫ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤ: 

 
1833236

T.p T1099,6T1064,46057,75T10924,810722,17Q  

 

ɺʽʜʧʦʚʽʜʴ: ï 61,498 ʄɼʞ. 

51. ɺʠʟʥʘʯʠʪʠ ʪʝʧʣʦʪʫ ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʚʦʜʠ ʧʨʠ 373 ʂ, ʷʢʱʦ ʧʨʠ 298 

ʂ ʚʦʥʘ ʜʦʨʽʚʥʶʻ ï40,905 ʄɼʞĀʢʤʦʣʴ
-1
. ʊʝʧʣʦʻʤʥʦʩʪʽ ʚʦʜʷʥʦʾ ʧʘʨʠ ʽ ʚʦʜʠ 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʨʽʚʥʷʥʥʷʤʠ 
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.1049,75C

;T1033,0T71,10100,30C

3.ʨʽʜ
ʨ

283n
p

 

 

ɺʽʜʧʦʚʽʜʴ: ï37,784 ʄɼʞ. 

52. ɺʠʟʥʘʯʠʪʠ ʪʝʧʣʦʚʠʡ ʝʬʝʢʪ ʨʝʘʢʮʽʾ MnO + H2 = Mn + H2O + QX  ʧʨʠ 

800 ʂ. ʊʝʧʣʦʪʠ ʫʪʚʦʨʝʥʥʷ ʄʧʆ ʽ ʅ2ʆ ʚ ʩʪʘʥʜʘʨʪʥʠʭ ʫʤʦʚʘʭ ʚʽʜʧʦʚʽʜʥʦ ʜʦ-

ʨʽʚʥʶʶʪʴ 385,2 ʽ 242,1 ʄɼʞĀʢʤʦʣʴ
-1
. ʊʝʧʣʦʻʤʥʦʩʪʽ ʄʧ, ʅ2ʆ, ʅ2, ʄnʆ ʚʠ-

ʟʥʘʯʘʶʪʴʩʷ ʨʽʚʥʷʥʥʷʤʠ: 
 

.ʊ1033,0ʊ71,101000,30ʉ

;ʊ39,31072,27ʉ

;ʊ1068,3ʊ12,81052,46C

;ʊ10549,1ʊ15,141086,23C

283ʆ2ʅ
ʨ

32ʅ
ʨ

283Mn
p

283Mn
p

 

 

ɺʽʜʧʦʚʽʜʴ: ï137,07 ʄɼʞ. 

53. ʊʝʧʣʦʪʠ ʫʪʚʦʨʝʥʥʷ Fʝʆ, ʉʆ ʽ ʉʆ2 ʚʽʜʧʦʚʽʜʥʦ ʜʦʨʽʚʥʶʶʪʴ 266,7; 

110,6 ʽ 393,78 ʄɼʞĀʢʤʦʣʴ
-1
 ʚ ʩʪʘʥʜʘʨʪʥʠʭ ʫʤʦʚʘʭ. 

ɺʠʟʥʘʯʠʪʠ ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ, ʷʢʘ ʚʠʜʽʣʠʪʴʩʷ ʧʨʠ ʚʽʜʥʦʚʣʝʥʥʽ 100 ʢʛ 

ʦʢʩʠʜʫ ʟʘʣʽʟʘ (II) ʟʘ ʨʽʚʥʷʥʥʷʤ FeO + CO = Fe + CO2, ʚʠʭʦʜʷʯʠ ʟ ʪʘʢʠʭ ʜʘ-

ʥʠʭ:   ʪʝʤʧʝʨʘʪʫʨʘ 1200 ʂ; 
 

;ʊ108,1ʊ73,291011,14C 283Fe
p  

;ʊ1019,3ʊ24,61080,52ʉ 283FeO
p  

;ʊ1048,3ʊ2,221024,32ʉ 2332ʉO
p  

.ʊ0,510634,27ʉ 3ʉO
p  

 

ɺʽʜʧʦʚʽʜʴ: 20,432 ʄɼʞ. 

54. ɺʠʟʥʘʯʠʪʠ, ʷʢʘ ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ ʚʠʜʽʣʷʻʪʴʩʷ ʧʨʠ ʩʧʘʣʚʁʘʥʥʽ 

160,43 ʢʛ ʤʝʪʘʥʫ ʟʘ ʨʽʚʥʷʥʥʷʤ CH4 + 2O2 = CO2 + 2H2O (ʧ.), ʷʢʱʦ ʩʧʘʣʶ-

ʚʘʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ 1000 ʂ. 

ʇʦʪʨʽʙʥʽ ʜʣʷ ʨʦʟʚ'ʷʟʫʚʘʥʥʷ ʟʘʜʘʯʽ ʜʘʥʽ ʚʟʷʪʠ ʟ ʪʘʙʣ. 1 ʽ 2 ʜʦʜʘʪʢʫ. 

ɺʽʜʧʦʚʽʜʴ: 8067,94 ʄɼʞ. 

55. ɺʠʚʝʩʪʠ ʨʽʚʥʷʥʥʷ ʟʘʣʝʞʥʦʩʪʽ ʪʝʧʣʦʚʦʛʦ ʝʬʝʢʪʫ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ 

ʜʣʷ ʨʝʘʢʮʽʾ 2ʉ(ʛʨ.) + H2 = C2H2. 

ʇʦʪʨʽʙʥʽ ʜʣʷ ʨʦʟʚ'ʷʟʫʚʘʥʥʷ ʟʘʜʘʯʽ ʜʘʥʽ ʚʟʷʪʠ ʟ ʪʘʙʣ. 1 ʽ 2 ʜʦʜʘʪʢʫ. 

ɺʽʜʧʦʚʽʜʴ:  ʆʨ,T = ï 232,485Ā10
6
 + 11,23Ā10

3
 Tï 2,075 T

2
 + 7,28Ā10

8
 ʊ

-1
. 

56. ɺʠʟʥʘʯʠʪʠ ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ, ʷʢʘ ʧʦʪʨʽʙʥʘ ʜʣʷ ʨʦʟʢʣʘʜʫ 100,088 ʢʛ 

ʚʘʧʥʷʢʫ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 1200 ʂ, ʟʘ ʨʽʚʥʷʥʥʷʤ CaCO3 = CaO + CO2. 

ʇʦʪʨʽʙʥʽ ʜʣʷ ʨʦʟʚ'ʷʟʫʚʘʥʥʷ ʟʘʜʘʯʽ ʜʘʥʽ ʚʟʷʪʠ ʟ ʪʘʙʣ. 1 ʽ 2 ʜʦʜʘʪʢʫ. 

ɺʽʜʧʦʚʽʜʴ: ï168,755 ʄɼʞ.  
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57. (ʙʘʛʘʪʦʚʘʨʽʘʥʪʥʘ ʟʘʜʘʯʘ). 

 

ʊʘʙʣʠʮʷ 3 ï  

 

ˉ ʧʦʨ. ʈʽʚʥʷʥʥʷ ʨʝʘʢʮʽʡ ʊ, ʂ 

1 CaCO3 = CaO + CO2 1200 

2 MgCO3 = MgO + CO2 1000 

3 H2O + C(ʛʨ.) = CO + H2 1000 

4 CO2 + H2 = CO + H2O 1300 

5 CO + 3H2 = CH4 + 2H2O 900 

6 CO2 + 4H2 = CH4 + 2H2O 800 

7 CH4 + CO2 = 2CO + 2H2 700 

8 Ca(OH)2 = CaO + H2O 1400 

9 2CO + O2 = 2CO2 800 

10 3Fe + 4H2O = Fe3O4 + 4H2 1000 

11 FeO + CO = Fe + CO2 1300 

12 2CO + SO2 = 1/2S2(ʛ.) + 2CO2 900 

13 Fe2O3 + CO = 2FeO + CO2 1500 

14 CaO + SiO2 = CaSiO3 1500 

15 4FeS + 7O2 = 2Fe2O3 + 4SO2 800 

16 Fe2O3 + 2Al = Al2O3 + 2Fe 1000 

17 Mn + FeO = MnO + Fe 1700 

18 Si + 2FeO = 2Fe + SiO2 1800 

19 CO2 + C(ʛʨ.) = 2CO 1300 

20 2H2O = 2H2 + O2 2000 

21 Mg(OH)2 + CO2 = MgCO3 + H2O(ʨʽʜ.) 300 

22 Ca(OH)2 + CO2 = CaCO3 + H2O(ʨʽʜ.) 300 

23 SnO + H2 = Sn + H2O 400 

24 SnO2 + 2H2 = Sn + 2H2O 450 

25 ZnO + CO = Zn + CO2 650 

26 CH4 + 2O2 = 2H2O + CO2 400 

 

1. ʆʙʯʠʩʣʠʪʠ ʽʟʦʙʘʨʥʠʡ ʪʝʧʣʦʚʠʡ ʝʬʝʢʪ ʨʝʘʢʮʽʾ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 298 ʂ. 

2. ɿʥʘʡʪʠ ʨʽʚʥʷʥʥʷ ʟʘʣʝʞʥʦʩʪʽ ȹʉ ʩʠʩʪʝʤʠ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ. 

3. ʈʦʟʨʘʭʫʚʘʪʠ ȹʉʨ ʩʠʩʪʝʤʠ ʧʨʠ ʩʪʘʥʜʘʨʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʽ ʧʨʠ ʪʝʤʧʝ-

ʨʘʪʫʨʽ ʊ. 

4. ʇʦʜʘʪʠ ʨʽʚʥʷʥʥʷʤ ʟʘʣʝʞʥʽʩʪʴ ʪʝʧʣʦʚʦʛʦ ʝʬʝʢʪʫ ʨʝʘʢʮʽʾ ʚʽʜ ʪʝʤʧʝʨʘ-

ʪʫʨʠ. 

5. ʆʙʯʠʩʣʠʪʠ ʪʝʧʣʦʚʠʡ ʝʬʝʢʪ ʨʝʘʢʮʽʾ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʊ. 

6. ɺʠʟʥʘʯʠʪʠ, ʷʢ Qʨ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʆv ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʊ. 

7. ɺʠʟʥʘʯʠʪʠ ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ, ʷʢʘ ʧʦʛʣʠʥʘʻʪʴʩʷ ʘʙʦ ʚʠʜʽʣʷʻʪʴʩʷ ʧʽʜ 

ʯʘʩ ʫʪʚʦʨʝʥʥʷ 1 ʢʛ ʙʫʜʴ-ʷʢʦʛʦ ʧʨʦʜʫʢʪʫ ʨʝʘʢʮʽʾ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʊ. ʇʦʪʨʽʙʥʽ 

ʜʣʷ ʨʦʟʚ'ʷʟʫʚʘʥʥʷ ʟʘʜʘʯʽ ʜʘʥʽ ʚʟʷʪʠ ʟ ʪʘʙʣ. 1 ʽ 2 ʜʦʜʘʪʢʫ. 
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2 ɼʈʋɻʀʁ ɿɸʂʆʅ ʊɽʈʄʆɼʀʅɸʄɯʂʀ  

 

2.1 ɽʥʪʨʦʧʽʷ 

 

ɿ ʜʨʫʛʦʛʦ ʟʘʢʦʥʫ ʪʝʨʤʦʜʠʥʘʤʽʢʠ ʚʠʧʣʠʚʘʻ, ʱʦ ʪʝʧʣʦʪʫ ʥʝʤʦʞʣʠʚʦ 

ʧʦʚʥʽʩʪʶ ʧʝʨʝʪʚʦʨʠʪʠ ʚ ʨʦʙʦʪʫ. ɼʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʪʫʧʝʥʷ ʥʝʦʙʦʨʦʪʥʦʩʪʽ 

ʪʘʢʠʭ ʧʨʦʮʝʩʽʚ ʧʨʠʟʥʘʯʝʥʘ ʝʥʪʨʦʧʽʷ. 

ɽʥʪʨʦʧʽʷ ï ʮʝ ʟʚʝʜʝʥʘ ʪʝʧʣʦʪʘ: 

 

,
T

q
dS      (2.1) 

 

ʜʝ  q ï ʥʝʩʢʽʥʯʝʥʥʦ ʤʘʣʘ ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ, ʥʘʜʘʥʘ ʩʠʩʪʝʤʽ. 

ʇʨʠ ʦʙʦʨʦʪʥʦʤʫ ʽʟʦʪʝʨʤʽʯʥʦʤʫ ʧʨʦʮʝʩʽ ʧʝʨʝʭʽʜ ʨʝʯʦʚʠʥʠ ʘʙʦ ʝʥʝʨʛʽʾ 

ʚʽʜ ʦʜʥʽʻʾ ʯʘʩʪʠʥʠ ʩʠʩʪʝʤʠ ʜʦ ʽʥʰʦʾ ʩʫʧʨʦʚʦʜʠʪʴʩʷ ʟʤʽʥʦʶ ʝʥʪʨʦʧʽʾ, ʱʦ ʤʦ-

ʞʥʘ ʟʘʧʠʩʘʪʠ ʨʽʚʥʷʥʥʷʤ: 

 

     ,
T

q
S             (2.2) 

 

ʜʝ S ï ʟʤʽʥʘ ʝʥʪʨʦʧʽʾ ʩʠʩʪʝʤʠ;  

q ï ʪʝʧʣʦʪʘ, ʧʦʛʣʠʥʫʪʘ ʩʠʩʪʝʤʦʶ;        

ʊ ï ʪʝʤʧʝʨʘʪʫʨʘ. 

ɽʥʪʨʦʧʽʷ ʘʜʽʘʙʘʪʠʯʥʦʛʦ ʧʨʦʮʝʩʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤ 

 

   dS  Ó  0     (2.3) 

 

ʜʝ ʟʥʘʢ = ʩʪʦʩʫʻʪʴʩʷ ʦʙʦʨʦʪʥʦʛʦ ʧʨʦʮʝʩʫ ʽ ʨʽʚʥʦʚʘʛʠ; 

ʟʥʘʢ > ʩʪʦʩʫʻʪʴʩʷ ʥʝʦʙʦʨʦʪʥʦʛʦ ʧʨʦʮʝʩʫ. 

ɿ ʮʴʦʛʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʚʠʧʣʠʚʘʻ, ʱʦ ʚ ʽʟʦʣʴʦʚʘʥʠʭ ʩʠʩʪʝʤʘʭ ʝʥʪʨʦʧʽʷ 

ʟʙʝʨʽʛʘʻ ʩʪʘʣʝ ʟʥʘʯʝʥʥʷ (dS = 0), ʷʢʱʦ ʚ ʩʠʩʪʝʤʽ ʚʽʜʙʫʚʘʶʪʴʩʷ ʪʽʣʴʢʠ ʦʙʦʨʦ-

ʪʥʽ ʧʨʦʮʝʩʠ, ʽ ʟʨʦʩʪʘʻ (dS > 0) ʧʨʠ ʚʩʷʢʦʤʫ ʥʝʦʙʦʨʦʪʥʦʤʫ ʧʨʦʮʝʩʽ. 

ʇʨʠ ʽʟʦʪʝʨʤʽʯʥʦʤʫ ʧʝʨʝʭʦʜʽ ʨʝʯʦʚʠʥʠ ʟ ʦʜʥʽʻʾ ʬʘʟʠ ʚ ʽʥʰʫ ʝʥʪʨʦʧʽʷ 

ʟʤʽʥʶʻʪʴʩʷ ʟʘ ʨʽʚʥʷʥʥʷʤ: 

                                                                
ʊ

L
SSS

.ʧʝʨ
    (2.4) 

 

ʜʝ S
Ŭ
 ï ʝʥʪʨʦʧʽʷ ʬʘʟʠ Ŭ;  

S
ɓ
 ï ʝʥʪʨʦʧʽʷ ʬʘʟʠ ɓ;  

Lʧʝʨ ï ʪʝʧʣʦʪʘ ʧʝʨʝʭʦʜʫ ʨʝʯʦʚʠʥʠ ʟ ʬʘʟʠ Ŭ ʫ ʬʘʟʫ ɓ;  

ʊ ï ʪʝʤʧʝʨʘʪʫʨʘ ʬʘʟʦʚʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʨʝʯʦʚʠʥʠ. 

ʅʘʛʨʽʚʘʥʥʷ ʨʝʯʦʚʠʥʠ ʚʽʜ T1 ʜʦ ʊ2 ʧʨʠ ʩʪʘʣʠʭ ʪʠʩʢʫ ʘʙʦ ʦʙ'ʻʤʽ ʩʫʧʨʦ-

ʚʦʜʠʪʴʩʷ ʟʨʦʩʪʘʥʥʷʤ ʝʥʪʨʦʧʽʾ: 
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                                               ;.
T

dTC
SSS

2T

1T

p
12                                 (2.5) 

 

,
T

dTC
SSS

2T

1T
12                                     (2.6) 

 

ʜʝ S1 ï ʝʥʪʨʦʧʽʷ ʨʝʯʦʚʠʥʠ ʧʨʠ ʊʽ;  

S2 ï ʝʥʪʨʦʧʽʷ ʨʝʯʦʚʠʥʠ ʧʨʠ T2.  

ʇʨʠ ʽʟʦʪʝʨʤʽʯʥʦʤʫ ʨʦʟʰʠʨʝʥʥʽ ʽʜʝʘʣʴʥʦʛʦ ʛʘʟʫ ʝʥʪʨʦʧʽʷ ʪʘʢʦʞ ʟʨʦʩ-

ʪʘʻ: 

 

;
V

V
lnnRS

1

2
                                                (2.7) 

ʘʙʦ   

,
p

p
lnnRS

2

1
                                                   (2.8) 

   

ʜʝ n ï ʯʠʩʣʦ ʢʽʣʦʤʦʣʽʚ ʛʘʟʫ;  

R ï ʫʥʽʚʝʨʩʘʣʴʥʘ ʛʘʟʦʚʘ ʩʪʘʣʘ (8,314 ʢɼʞĀʢʤʦʣʴ
-1
Āʂ

~1
);  

V1 ï ʧʦʯʘʪʢʦʚʠʡ ʦʙ'ʻʤ ʛʘʟʫ;  

V2 ï ʢʽʥʮʝʚʠʡ ʦʙ'ʻʤ ʛʘʟʫ;    

ʨ1 ï ʧʦʯʘʪʢʦʚʠʡ ʪʠʩʢ ʛʘʟʫ;  

ʨ2 ï ʢʽʥʮʝʚʠʡ ʪʠʩʢ ʛʘʟʫ. 

ʗʢʱʦ ʦʜʥʦʯʘʩʥʦ ʟʤʽʥʶʶʪʴʩʷ ʊ, ʨ ʽ V ʽʜʝʘʣʴʥʦʛʦ ʛʘʟʫ, ʪʦ ʟʤʽʥʫʝʥʪʨʦʧʽʾ 

ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʪʘʢʠʤʠ ʨʽʚʥʷʥʥʷʤʠ: 

 

;
V

V
lnnR

T

T
lnnCS

1

2

1

2
V                                 (2.9) 

 

.
p

p
lnnR

T

T
lnnCS

2

1

1

2
p     (2.10) 

 

ɿʛʽʜʥʦ  ʟ ʧʦʩʪʫʣʘʪʦʤ  ʇʣʘʥʢʘ  ʝʥʪʨʦʧʽʷ  ʢʨʠʩʪʘʣʘ,  ʱʦ ʤʘʻ ʧʨʘʚʠʣʴʥʫ 

ʬʦʨʤʫ, ʜʣʷ ʙʫʜʴ-ʷʢʦʾ ʨʝʯʦʚʠʥʠ ʚ ʯʠʩʪʦʤʫ ʩʪʘʥʽ ʧʨʠ ʘʙʩʦʣʶʪʥʦʤʫ ʥʫʣʽ ʜʦʨ̔-

ʚʥʶʻ ʥʫʣʶ S
0
0= 0. 

ɽʥʪʨʦʧʽʶ ʨʝʯʦʚʠʥʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʊ ʤʦʞʥʘ ʦʙʯʠʩʣʠʪʠ ʟʘ ʨʽʚʥʷʥʷʤ  
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,
T

dTʉ

ʊ

L

T

dTʉ

ʊ

L

T

dTʉ

ʊ

L

T

dTʉ
S

T

.ʚʠʧT

.ʛ
ʨ.ʚʠʧT

.ʧʣT .ʚʠʧ

.ʚʠʧ
.ʨʽʜ

ʨ

.ʧʣT

.ʧʝʨT .ʧʣ

.ʧʣʨ
.ʧʝʨT

0 .ʧʝʨ

.ʧʝʨʨ0
T

  (2.11) 

 

ʜʝ pp C,C  ï ʽʟʦʙʘʨʥʽ ʪʝʧʣʦʻʤʥʦʩʪʽ ʬʘʟ Ŭ ʽ ɓ;  

ʊʧʝʨ ï ʪʝʤʧʝʨʘʪʫʨʘ ʧʝʨʝʭʦʜʫ ʨʝʯʦʚʠʥʠ ʟ ʬʘʟʠ Ŭ ʫ ʬʘʟʫ ɓ;  

Lʧʝʨ ï ʪʝʧʣʦʪʘ ʧʝʨʝʭʦʜʫ ʨʝʯʦʚʠʥʠ ʟ Ŭ-ʬʘʟʠ ʚ ɓ-ʬʘʟʫ;  

Lʧʣ,  Lʚʠʧ ï ʪʝʧʣʦʪʠ ʧʣʘʚʣʝʥʥʷ ʽ ʚʠʧʘʨʦʚʫʚʘʥʥʷ;  
ʛ
ʟ

ʨʽʜ
p ʉ,C  ï ʽʟʦʙʘʨʥʽ ʪʝʧʣʦ̒ ʤʥʦʩʪʽ ʨʽʜʠʥʠ ʽ ʧʘʨʠ;  

ʊʧʣ, ʊʚʠʧ ï ʪʝʤʧʝʨʘʪʫʨʠ ʧʣʘʚʣʝʥʥʷ ʽ ʚʠʧʘʨʦʚʫʚʘʥʥʷ. 

ɽʥʪʨʦʧʽʶ ʨʝʯʦʚʠʥʠ ʚ ʩʪʘʥʜʘʨʪʥʠʭ ʫʤʦʚʘʭ ʧʦʟʥʘʯʘʶʪʴ ʯʝʨʝʟ S
0
298; ʜʣʷ 

ʜʝʷʢʠʭ ʨʝʯʦʚʠʥ ʾʾ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣ. 2 ʜʦʜʘʪʢʫ. 

ɽʥʪʨʦʧʽʷ ʨʝʯʦʚʠʥʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʊ ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤ 

 

,SSS 00
298

0
T                                   (2.12) 

 

ʜʝ S
0
 ï ʟʨʦʩʪʘʥʥʷ ʝʥʪʨʦʧʽʾ ʧʨʠ ʧʽʜʚʠʱʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜ 298 ʜʦ ʊ ʂ. 

ɿʤʽʥʘ ʝʥʪʨʦʧʽʾ ʩʠʩʪʝʤʠ, ʱʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʨʝʘʢʮʽʾ  

 

aA + bB = cC + dD 

 

ʜʦʨʽʚʥʶʻ ʨʽʟʥʠʮʽ ʤʽʞ ʩʫʤʦʶ ʝʥʪʨʦʧʽʾ ʢʽʥʮʝʚʠʭ ʨʝʯʦʚʠʥ ʽ ʩʫʤʦʶ ʝʥʪʨʦʧʽʾ 

ʧʦʯʘʪʢʦʚʠʭ ʨʝʯʦʚʠʥ: 

);bSaS()dScS(S 0
.T.B

0
.T.A

0
.T.D

0
T.C

0
T           (2.13) 

 

ʜʝ 0
T.A

aS , 
0

T.BbS , 
0

T.C
cS , 

0
T.DdS  ï ʚʽʜʧʦʚʽʜʥʦ ʝʥʪʨʦʧʽʾ ʨʝʯʦʚʠʥ A, B, C i 

D ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʊ. 

 

 

2.1.1  ʇʨʠʢʣʘʜʠ ʨʽʰʝʥʥʷ ʟʘʜʘʯ 

 

ʇʨʠʢʣʘʜ 1.  ɽʥʪʨʦʧʽʷ  Ŭ-ʥʽʢʝʣʶ  ʚ  ʩʪʘʥʜʘʨʪʥʠʭ  ʫʤʦʚʘʭ  ʜʦʨʽʚʥʶʻ 

29,881 ʢɼʞĀʢʘʪʦʤ
~1
Āʂ'. ʇʨʠ 626 ʂ Ŭ-ʥʽʢʝʣʴ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʚ ɓ-ʥʽʢʝʣʴ ʟ ʚʠ-

ʜʽʣʝʥʥʷʤ ʪʝʧʣʦʪʠ,  ʱʦ  ʜʦʨʽʚʥʶʻ  0,385 ʄɼʞĀʢʘʪʦʤ
-1
.  ʊʝʧʣʦʪʘ  ʧʣʘʚʣʝʥʥʷ 

ɓ-ʥʽʢʝʣʶ ʧʨʠ 1728 ʂ ʜʦʨʽʚʥʶʻ 17,63 ʄɼʞĀʢʘʪʦʤ
-
'. ʊʝʧʣʦʻʤʥʦʩʪʽ Ŭ- ʽ ɓ-ʥ-̔

ʢʝʣʶ ʚʠʟʥʘʯʘʁ ʪʴʩʷ ʨʽʚʥʷʥʥʷʤʠ 
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.ʊ536,7102,25C

;ʊ487,29100,17C

3
p

3
p

 

 

ʆʙʯʠʩʣʠʪʠ ʟʤʽʥʫ ʝʥʪʨʦʧʽʾ 5,871 ʢʛ ʥʽʢʝʣʶ ʧʨʠ ʥʘʛʨʽʚʘʥʥʽ ʚʽʜ 298 ʂ ʜʦ 

ʨʦʟʧʣʘʚʣʝʥʥʷ ʽ ʝʥʪʨʦʧʽʶ ʮʽʻʾ ʢʽʣʴʢʦʩʪʽ ʨʽʜʢʦʛʦ ʥʽʢʝʣʶ ʧʨʠ 1728 ʂ. 

ʈʦʟʚ'ʷʟʘʥʥʷ. ɿʤʽʥʘ ʝʥʪʨʦʧʽʾ ʧʨʠ ʥʘʛʨʽʚʘʥʥʽ ʥʽʢʝʣʶ ʚʽʜ 298 ʂ ʜʦ ʨʦʟʧ-

ʣʘʚʣʝʥʥʷ ʜʦʨʽʚʥʶʻ ʩʫʤʽ ʪʘʢʠʭ ʟʤʽʥ ʝʥʪʨʦʧʽʾ: ʧʨʠ ʥʘʛʨʽʚʘʥʥʽ Ŭ-ʥʽʢʝʣʶ ʚʽʜ 

298 ʜʦ 626 ʂ, ʧʨʠ ʧʝʨʝʪʚʦʨʝʥʥʽ Ŭ- ʚ ɓ-ʥ̔ ʢʝʣʴ, ʧʨʠ ʥʘʛʨʚ̔ʘʥʥʽ ɓ-ʥʽʢʝʣʶ ʚʽʜ 

626 ʜʦ 1728 ʂ ʽ ʧʨʠ ʧʣʘʚʣʝʥʥʽ ɓ-ʥʽʢʝʣʶ: 

 
0

..ʧʣ
0

.ʥʘʛʨ
0
ʧʝʨ

0
.ʥʘʛʨ

0 SSSSS  

 

ɿʤʽʥʫ ʝʥʪʨʦʧʽʾ ʧʨʠ ʥʘʛʨʽʚʘʥʥʽ 5,871 ʢʛ Ŭ-ʥʽʢʝʣʶ ʚʽʜ 298 ʜʦ 626 ʂ ʤʦʞ-

ʥʘ ʦʙʯʠʩʣʠʪʠ ʟʘ ʨʽʚʥʷʥʥʷʤ: 

 

.ʂʢɼʞ229,210967,010262,1

)298626(48,29
298

626
lg303,2100,171,0

T

dT)ʊ48,29100,17(

71,58

871,5

T

dT)ʊ48,29100,17(

A

m

T

dTC
nS
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3
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1T
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ɿʤʽʥʫ ʝʥʪʨʦʧʽʾ ʧʨʠ ʧʝʨʝʪʚʦʨʝʥʥʽ ʘ- ʚ ɓ-ʥʠʢʝʣʶ ʟʥʘʭʦʜʷʪʴ ʟʘ ʨʽʚʥʷʥ-

ʥʷʤ: 

.ʂʢɼʞ0615,0
62671,58

10385,0871,5

ʊ

L
nS 1

6

.ʧʝʨ

.ʧʝʨ0
.ʧʝʨ  

        

ɿʤʽʥʫ ʝʥʪʨʦʧʽʾ ʧʨʠ ʥʘʛʨʽʚʘʥʥʽ ɓ-ʥʽʢʝʣʶ ʚʽʜ 626 ʜʦ 1728 ʂ ʦʙʯʠʩʣʶʶʪʴ 

ʟʘ ʨʽʚʥʷʥʥʷʤ: 

 

.ʂʢɼʞ39,310831,010559,2

)6261728(536,7
626

1728
lg303,2102,251,0

T

dT)ʊ536,7102,25(

71,58

871,5
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3
3
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1T

p0
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ɿʤʽʥʫ ʝʥʪʨʦʧʽʾ ʧʨʠ ʧʣʘʚʣʝʥʥʽ ɓ-ʥʽʢʝʣʶ ʤʦʞʥʘ ʦʙʯʠʩʣʠʪʠ ʟʘ ʨʚ̔ʥʷʥʷʤ: 
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02,1
172871,58

1063,17871,5

ʊ

L
nS

6

.ʧʝʨ

.ʧʝʨ0
.ʧʝʨ  ʢɼʞĀʂ

-1
. 

 

ʆʪʞʝ, ʩʫʤʘʨʥʘ ʟʤʽʥʘ ʝʥʪʨʦʧʽʾ ʜʦʨʽʚʥʶʚʘʪʠʤʝ: 

 

701,61002,11039,3100615,010229,2S 33330   ʢɼʞĀʂ
-1
. 

 

ɽʥʪʨʦʧʽʷ ʨʽʜʢʦʛʦ ʥʽʢʝʣʶ ʧʨʠ 1728 ʂ ʜʦʨʽʚʥʶʻ ʩʫʤʽ ʝʥʪʨʦʧʽʾ Ŭ-ʥʽʢʝʣʶ 

ʧʨʠ 298 ʂ ʽ ʟʤʽʥʽ ʝʥʪʨʦʧʽʾ ʧʨʠ ʥʘʛʨʽʚʘʥʥʽ Ŭ-ʥʽʢʝʣʶ ʜʦ ʡʦʛʦ ʨʦʟʧʣʘʚʣʝʥʥʷ: 

 

689,910701,610881,291,0SSS 3300
298

0
1723

  ʢɼʞĀʂ
-1 

 

ʇʨʠʢʣʘʜ 2. ɿʥʘʡʪʠ ʨʽʚʥʷʥʥʷ ʟʘʣʝʞʥʦʩʪʽ TS  ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʜʣʷ ʨʝʘ-

ʢʮʽʾ FeCO3 = FeO + CO2. ʋ ʩʪʘʥʜʘʨʪʥʠʭ ʫʤʦʚʘʭ ʝʥʪʨʦʧʽʾ ʦʢʩʠʜʫ ʟʘʣʽʟʘ (11), 

ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ ʽ ʢʘʨʙʦʥʘʪʫ ʟʘʣʽʟʘ (II) ʚʽʜʧʦʚʽʜʥʦ ʜʦʨʽʚʥʶʶʪʴ 54; 213,78 ʽ 

92 9 ʢɼʞĀʢʤʦʣʴ
-1
Āʂ

-1
, ʘ ʾʭ ʪʝʧʣʦʻʤʥʦʩʪʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʨʽʚʥʷʥʥʷʤʠ: 

 

.ʊ2,1121069,48C

;ʊ1048,3ʊ2,221024,32C

;ʊ1019,3ʊ24,61080,52C

33FeCO
p

2332ʉO
p

283FeO
p

 

 

ʈʦʟʚ'ʷʟʘʥʥʷ. ɼʣʷ ʮʽʻʾ ʨʝʘʢʮʽʾ ʟʘʣʝʞʥʽʩʪʴ ʝʥʪʨʦʧʽʾ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʚʠ-

ʟʥʘʯʘʻʪʴʩʷ ʪʘʢʠʤ ʨʽʚʥʷʥʥʷʤ: 

 

;SSSS 0

3FeCO,T
0

2CO,T
0

FeO,T
0
T   (a) 

 

ɽʥʪʨʦʧʽʶ Fʝʆ, CO2, Fʝʉʆʟ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʟʘ ʨʽʚʥʷʥʥʷʤʠ: 

 

.SSS

;SSS

;SSS

0

3FeCO
0

3FeCO,298
0

3FeCO,T

0

2CO
0

2CO,298
0

2CO,T

0
FeO

0
FeO,298

0
FeO,T

 

 

ɿʘʣʝʞʥʽʩʪʴ ʝʥʪʨʦʧʽʾ Fʝʆ, ʉʆ2, Fʝʉʆʟ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʚʠʟʥʘʯʘʶʪʴʩʷ 

ʨʽʚʥʷʥʥʷʤʠ: 
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T

298

3FeCO
ʨ0

3FeCO

T

298

2CO
ʨ0

2CO

T

298

FeO
ʨ0

FeO

;
T

dTʉ
S

;
T

dTʉ
S

;
T

dTʉ
S

 

 

ʇʽʜʩʪʘʚʠʚʰʠ 3FeCO
pC,2CO

pC,
FeO
pC  ʫ ʨʽʚʥʷʥʥʷ ʽ ʧʨʦʽʥʪʝʛʨʫʚʘʚʰʠ ɰʭ,. 

ʦʜʝʨʞʠʤʦ: 

 

.T10595,1T24,6Tlg106,12110556,304

10796,1T10595,11086,1

T24,6109,300Tlg106,1211T
2982

1019,3

29824,6T24,6298lg303,2108,52Tlg303,2108,52

dT
ʊ

ʊ1019,3ʊ24,6108,52
S

2833

3283

332

2

8

33

T

298

283
0
FeO

 

 

.T1074,1T2,22Tlg1025,7410161,190

10155,0T1074,110616,6T2,22107,183Tlg1025,74

2

2981048,3

2

T1048,3

2982,22T2,22298lg303,21024,32Tlg303,21024,32

dT
ʊ

ʊ1048,3ʊ2,221024,32
S

2333

323333

2323

33

T

298

233
0

2CO

 

 

.T2,112Tlg101,1121084,310

1044,33T2,112104,277Tlg101,112

2982,112T2,112298lg303,2102,112Tlg303,21069,48

dT
ʊ

ʊ2,1121069,48
S

33

333

33

T

298

3
0

3FeCO
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ʇʽʜʩʪʘʚʠʚʰʠ ʚ ʨʽʚʥʷʥʥʷ (ʘ) 0

3FeCO
0

2CO
0
FeO

S,S,S ʽ ʩʪʘʥʜʘʨʪʥʽ 

ʟʥʘʯʝʥʥʷ ʝʥʪʨʦʧʽʾ Fʝʆ, ʉʆ2, Fʝʉʆ3, ʦʜʝʨʞʠʤʦ ʨʽʚʥʷʥʥʷ ʟʘʣʝʞʥʦʩʪʽ ʝʥʪʨʦʧʽʾ 

ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ: 

 

.T10595,11074,1T76,83Tlg1075,8310997,8

2,112Tlg101,1121084,310109,92

T1074,1T2,22Tlg1025,7410161,1901078,213

T10595,1T24,6Tlg106,12110556,3041054S

28333

333

23333

283330
T

 

 

 

2.1.2 ɿʘʜʘʯʽ ʜʣʷ ʩʘʤʦʩʪʽʡʥʦʛʦ ʨʽʰʝʥʥʷʷ 

 

58. ʆʙʯʠʩʣʠʪʠ ʟʤʽʥʫ ʝʥʪʨʦʧʽʾ ʧʨʠ ʥʘʛʨʽʚʘʥʥʽ 11,87 ʢʛ ʦʣʦʚʘ ʚʽʜ 298 ʜʦ 

498 ʂ. ɿʘʣʝʞʥʽʩʪʴ ʘʪʦʤʥʦʾ ʪʝʧʣʦʻʤʥʦʩʪʽ ʦʣʦʚʘ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʨʽʚʥʷʥʥʷʤ 

.T387,261051,18C 3
p  

ɺʽʜʧʦʚʽʜʴ: 1,478 ʢɼʞĀʂ 
-1
. 

59.  ɽʥʪʨʦʧʽʷ  ʩʩ-ʟʘʣʽʟʘ  ʚ  ʩʪʘʥʜʘʨʪʥʠʭ  ʫʤʦʚʘʭ  ʜʦʨʽʚʥʶʻ   

27,177 ʢɼʞĀʢʘʪʦʤ
-1
Āʂ

-1
. ɿʘʣʝʞʥʽʩʪʴ ʪʝʧʣʦʻʤʥʦʩʪʽ ʘ-ʟʘʣʽʟʘ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ 

ʚʠʟʥʘʯʘ̒ ʪʴʩʷ ʨʽʚʥʷʥʥʷʤ: 

.T108,1T73,291011,14C 283
p  

ʇʨʠ 1033 ʂ ʘ-ʟʘʣʽʟʦ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʚ ʨ-ʟʘʣʽʟʦ ʟ ʚʠʜʽʣʝʥʥʷʤ 1,72 ʄɼʞĀ ʢʘ-

ʪʦʤ
-1
 ʪʝʧʣʦʪʠ. ɺʠʟʥʘʯʠʪʠ ʝʥʪʨʦʧʽʶ ʨ-ʟʘʣʽʟʘ ʧʨʠ 1033 ʂ. 

ɺʽʜʧʦʚʽʜʴ: 69,161 ʢɼʞĀʢʘʪʦʤ
-1
Āʂ

-1
. 

60. ɺʠʟʥʘʯʠʪʠ ʟʤʽʥʫ ʝʥʪʨʦʧʽʾ ʧʨʠ ʥʘʛʨʽʚʘʥʥʽ 1 ʤ
3
 ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ 

ʚʽʜ 298 ʜʦ 1000 ʂ ʧʨʠ ʨ = 1,01325Ā10
5
 ʇʘ. ɿʘʣʝʞʥʽʩʪʴ ʪʝʧʣʦʻʤʥʦʩʪʽ ʚʫʛʣʝʢʠ-

ʩʣʦʛʦ ʛʘʟʫ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʨʽʚʥʷʥʥʷʤ:  

.T1048,3T2,221024,32C 233
p  

ɺʽʜʧʦʚʽʜʴ: 2,17 ʢɼʞĀʂ
-1
. 

61. ɺʠʟʥʘʯʠʪʠ ʟʤʽʥʫ ʝʥʪʨʦʧʽʾ ʧʨʠ ʟʤʽʰʫʚʘʥʥʽ 2 ʢʘʪʦʤʽʚ ʘʨʛʦʥʫ, ʫʟʷʪʦ-

ʛʦ ʧʨʠ ʊ = 293 ʂ ʽ ʨ = 1,01325Ā10
6
 ʇʘ, ʟ 3 ʢʤʦʣʷʤʠ  ʘʟʦʪʫ, ʱʦ ʧʝʨʝʙʫʚʘʻ ʧʨʠ 

ʨ = 1,01325Ā10
6
 ʇʘ ʽ ʊ = 350 ʂ. ʊʠʩʢ ʩʫʤʽʰʽ ʜʦʨʽʚʥʶʻ ʨ = 1,01325Ā10

6
 ʇʘ. 

ɺʚʘʞʘʪʠ ʘʨʛʦʥ ʽ ʘʟʦʪ ʽʜʝʘʣʴʥʠʤʠ ʛʘʟʘʤʠ, ʘ ʪʝʧʣʦʻʤʥʽʩʪʴ ʢʦʞʥʦʛʦ ʛʘʟʫ ʚ ʟʘ-

ʟʥʘʯʝʥʦʤʫ ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ - ʩʪʘʣʦʶ ʚʝʣʠʯʠʥʦʶ, ʱʦ ʜʦʨʽʚʥʶʻ: 

 

2N
pC  = 29,11 ʢɼʞĀʢʤʦʣʴ

-1
Āʂ

-1
; 



 39 

Ar
pC   = 20,793 ʢɼʞĀʢʤʦʣʴ

-1
Āʂ

-1
. 

 

ɺʽʜʧʦʚʽʜʴ: 28,369 ʢɼʞĀʂ 
-1
. ɿʥʘʢ ʧʣʶʩ ʙʽʣʷ ȹS ʧʦʢʘʟʫʻ, ʱʦ ʧʨʦʮʝʩ 

ʟʤʽʰʫʚʘʥʥʷ ʚʦʜʥʶ ʟ ʘʟʦʪʦʤ ʧʨʦʪʽʢʘʻ ʩʘʤʦʜʦʚʽʣʴʥʦ. 

62. ɺʠʟʥʘʯʠʪʠ ʩʪʘʥʜʘʨʪʥʫ ʟʤʽʥʫ ʝʥʪʨʦʧʽʾ ʧʨʠ 298 ʂ ʜʣʷ ʨʝʘʢʮʽʾ 

ZnO + CO = Zn + CO2  ʟʘ ʪʘʢʠʤʠ ʜʘʥʠʤʠ:  

;66,41S0
Zn,298  ;5,43S0

Znʆ,298  

.ʂʢʘʪʦʤʢɼʞ04,198S;78,213S 110
ʉʆ,298

0

2ʉʆ,298
  

ɺʽʜʧʦʚʽʜʴ: 13,9 ʢɼʞĀʂ-1
. 

63. ɿʘʣʝʞʥʽʩʪʴ ʪʝʧʣʦʻʤʥʦʩʪʽ ʦʢʩʠʜʫ ʚʫʛʣʝʮʶ (II) ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʚʠ-

ʟʥʘʯʘʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤ 

.T0,5634,27CCO
p  

ʆʙʯʠʩʣʠʪʠ ʤʦʣʴʥʫ ʝʥʪʨʦʧʽʶ ʉʆ ʧʨʠ 1000 ʂ ʽ 2,0265Å10
6
 ʇʘ, ʷʢʱʦ 

 

S
0
298;ʉʆ = 198,04 ʢɼʞĀʢʤʦʣʴ-1Āʂ-1

. 

 

ɺʽʜʧʦʚʽʜʴ: 229,672 ʢɼʞĀʢʤʦʣʴ
-1
Āʂ

~1
.  

64. ɿʥʘʡʪʠ ʨʽʚʥʷʥʥʷ ʟʘʣʝʞʥʦʩʪʽ S
0
T;ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʜʣʷ ʨʝʘʢʮʽʾ  

FeO + CO = Fe + CO2. ʊʝʧʣʦʻʤʥʦʩʪʽ FeO, CO, Fe ʽ CO2 ʚʠʟʥʘʯʘʶʪʴʩʷ ʨʽʚʥʷʥ-

ʥʷʤʠ: 

.ʊ1048,3ʊ2,221024,32C

;T0,510634,27C

;ʊ1019,3ʊ24,61080,52C

;ʊ108,1ʊ73,291011,14C

2332ʉO
p

3CO
p

283FeO
p

283Fe
p

 

 

ʋ ʩʪʘʥʜʘʨʪʥʠʭ ʫʤʦʚʘʭ ʝʥʪʨʦʧʽʾ FeO, CO, Fe ʽ CO2 ʚʽʜʧʦʚʽʜʥʦ ʜʦʨʽʚ-

ʥʶʶʪʴ 54,0; 198,04; 27,177 ʽ 213,78 ʢɼʞĀʢʤʦʣʴ
-1
Āʂ

-1
. 

ɺʽʜʧʦʚʽʜʴ: 

.T10495,2T1074,1T69,40Tln1049,1810397,173S 2823330
T

65. ʊʝʧʣʦʻʤʥʽʩʪʴ ʪʚʝʨʜʦʛʦ ʤʦʣʽʙʜʝʥʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤ 

ʉʨ=22,94Ā10
3
+5,443 ʊ. 

ɿʥʘʡʪʠ ʨʽʚʥʷʥʥʷ ʟʘʣʝʞʥʦʩʪʽ S
0
;ʚʽʜ ʊ ʜʣʷ ʤʦʣʽʙʜʝʥʫ. ɽʥʪʨʦʧʽʷ ʚ ʩʪʘʥ-

ʜʘʨʪʥʠʭ ʫʤʦʚʘʭ ʜʦʨʽʚʥʶʻ 28,6 ʢɼʞĀʢʘʪʦʤ
-1
Āʂ

~1
 . 

ɺʽʜʧʦʚʽʜʴ: S
0
T;= ï 103,722Ā10

3
 + 22,94Ā10

3
ln ʊ + 5.443ʊ. 

66. ʆʙʯʠʩʣʠʪʠ ʘʪʦʤʥʫ ʝʥʪʨʦʧʽʶ ʪʠʪʘʥʫ ʧʨʠ 1000 ʂ. ʇʦʪʨʽʙʥʽ ʜʣʷ ʨʦʟ-

ʚ'ʷʟʫʚʘʥʥʷ ʟʘʜʘʯʽ ʜʘʥʽ ʚʟʷʪʠ ʟ ʪʘʙʣ. 2 ʜʦʜʘʪʢʫ. 
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ɺʽʜʧʦʚʽʜʴ: 64,472 ʢɼʞĀʢʘʪʦʤ
-1
Āʂ

-1
. 

67. ɺʠʟʥʘʯʠʪʠ ʟʤʽʥʫ ʝʥʪʨʦʧʽʾ ʜʣʷ ʨʝʘʢʮʽʾ 3Fe + 1,5O2 = Fe2O3 ʚ ʩʪʘʥʜʘ-

ʨʪʥʠʭ ʫʤʦʚʘʭ. ʇʦʪʨʽʙʥʽ ʜʣʷ ʨʦʟʚ'ʷʟʫʚʘʥʥʷ ʟʘʜʘʯʽ ʜʘʥʽ ʚʟʷʪʠ ʟ ʪʘʙʣ.2 ʜʦʜʘʪʢʫ. 

ɺʽʜʧʦʚʽʜʴ: ï 299,28 ʢɼʞĀʂ-1
. 

 

 

2.2 ʊʝʨʤʦʜʠʥʘʤʽʯʥʽ ʧʦʪʝʥʮʽʘʣʠ 

 

ɯʟʦʭʦʨʥʠʡ, ʘʙʦ ʽʟʦʭʦʨʥʦ-ʽʟʦʪʝʨʤʽʯʥʠʡ ʧʦʪʝʥʮʽʘʣ ï ʮʝ ʬʫʥʢʮʽʷ ʩʪʘʥʫ 

ʩʠʩʪʝʤʠ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʽʟʥʠʮʝʶ ʤʽʞ ʚʥʫʪʨʽʰʥʴʦʶ ʝʥʝʨʛʽʻʶ ʽ ʜʦʙʫʪʢʦʤ 

ʘʙʩʦʣʶʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʝʥʪʨʦʧʽʶ ï ʪʘʢ ʟʚʘʥʦʶ ʟʚ'ʟ̫ʘʥʦʶ ʝʥʝʨʛʽʻʶ. 

 

A = U ï TS                                (2.14) 

 

ʜʝ A ï ʽʟʦʭʦʨʥʠʡ ʧʦʪʝʥʮʽʘʣ ʩʠʩʪʝʤʠ;  

U ï ʚʥʫʪʨʽʰʥʷ ʝʥʝʨʛʽʷ ʩʠʩʪʝʤʠ; 

S ï ʝʥʪʨʦʧʽʷ ʩʠʩʪʝʤʠ. 

ɿʤʽʥʘ ʽʟʦʭʦʨʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʩʠʩʪʝʤʠ ʚ ʽʟʦʪʝʨʤʽʯʥʦʤʫ ʧʨʦʮʝʩʽ ʜʦʨʽʚ-

ʥʶʚʘʪʠʤʝ 

 

æA = æU ï TæS = Qv ï TæS                     (2.15) 

 

ʜʝ æU ï ʟʤʽʥʘ ʚʥʫʪʨʽʰʥʴʦʾ ʝʥʝʨʛʽʾ ʩʠʩʪʝʤʠ;  

Qv ï ʽʟʦʭʦʨʥʠʡ ʪʝʧʣʦʚʠʡ ʝʬʝʢʪ ʧʨʦʮʝʩʫ;  

æS ï ʟʤʽʥʘ ʝʥʪʨʦʧʽʾ ʩʠʩʪʝʤʠ. 

ʄʘʢʩʠʤʘʣʴʥʫ ʨʦʙʦʪʫ ʽʟʦʪʝʨʤʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʪʘʢʠʤ 

ʨʽʚʥʷʥʥʷʤ: 

 

 Wmax =  ïæA.                                           (2.16) 

 

ɿʘʣʝʞʥʽʩʪʴ ʽʟʦʭʦʨʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʚʽʜ ʦʙ'ʻʤʫ ʽ ʪʝʤʧʝʨʘʪʫʨʠ ʚʠʟʥʘʯʘ-

ʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤ: 

 

      dA Ò -SdT ï pdV,                                       (2.17) 

 

ʜʝ P ï ʪʠʩʢ;  

ʟʥʘʢ = ʩʪʦʩʫʻʪʴʩʷ ʦʙʦʨʦʪʥʠʭ ʧʨʦʮʝʩʽʚ ʽ ʨʽʚʥʦʚʘʛ;  

ʟʥʘʢ < ï ʥʝʦʙʦʨʦʪʥʠʭ ʧʨʦʮʝʩʽʚ. 

ʗʢʱʦ dV = 0 ̔  dT = 0, ʪʦ ʽʟʦʭʦʨʥʠʡ ʧʦʪʝʥʮʽʘʣ ʩʠʩʪʝʤʠ ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ 

ʪʘʢʠʤ ʨʽʚʥʷʥʥʷʤ: 

                 dA Ò 0.                                              (2.18) 

 

ɿ ʦʩʪʘʥʥʴʦʛʦ ʨʽʚʥʷʥʥʷ ʚʠʧʣʠʚʘʻ, ʱʦ ʚ ʩʠʩʪʝʤʘʭ ʧʨʠ ʩʪʘʣʠʭ ʦʙ'ʻʤʽ ʽ 

ʪʝʤʧʝʨʘʪʫʨʽ ʩʘʤʦʜʦʚʽʣʴʥʦ ʤʦʞʫʪʴ ʧʨʦʪʽʢʘʪʠ ʪʽ ʧʨʦʮʝʩʠ, ʷʢʽ ʩʫʧʨʦʚʦʜʷʪʴʩʷ 

ʟʤʝʥʰʝʥʥʷʤ ʽʟʦʭʦʨʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ (dA < 0). ʋʤʦʚʦʶ ʨʽʚʥʦʚʘʛʠ ʻ ʜʦʩʷʛʥʝʥ-
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ʥʷ ʜʝʷʢʦʛʦ ʤʽʥʽʤʘʣʴʥʦʛʦ ʜʣʷ ʦʧʠʩʫʚʘʥʠʭ ʫʤʦʚ ʟʥʘʯʝʥʥʷ ʽʟʦʭʦʨʥʦʛʦ ʧʦʪʝʥʮʽ-

ʘʣʫ (dA = 0). 

ɯʟʦʙʘʨʥʠʡ, ʘʙʦ ʽʟʦʙʘʨʥʦ-ʽʟʦʪʝʨʤʽʯʥʠʡ ʧʦʪʝʥʮʽʘʣ ï ʮʝ ʬʫʥʢʮʽʷ ʩʪʘʥʫ 

ʩʠʩʪʝʤʠ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʽʟʥʠʮʝʶ ʤʽʞ ʝʥʪʘʣʴʧʽʻʶ ʽ ʟʚ'ʷʟʘʥʦʶ ʝʥʝʦʛʽʻʶ: 

 

G = H ï TS                       (2.19) 

 

ʜʝ G ï ʽʟʦʙʘʨʥʠʡ ʧʦʪʝʥʮʽʘʣ ʩʠʩʪʝʤʠ;  

ʅ ï ʝʥʪʘʣʴʧʽʷ ʩʠʩʪʝʤʠ;  

TS ï ʟʚ'ʷʟʘʥʘ ʝʥʝʨʛʽʷ ʩʠʩʪʝʤʠ. 

ɿʤʽʥʫ ʽʟʦʙʘʨʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʩʠʩʪʝʤʠ ʚ ʽʟʦʪʝʨʤʽʯʥʦʤʫ ʧʨʦʮʝʩʽ ʤʦʞʥʘ 

ʟʘʧʠʩʘʪʠ ʨʽʚʥʷʥʥʷʤ: 

 

æG = æH ï TæS = ïQp ï TæS,             (2.20) 

 

ʜʝ æʅ ï ʟʤʽʥʘ ʝʥʪʘʣʴʧʽʾ ʩʠʩʪʝʤʠ ʚ ʧʨʦʮʝʩʽ;  

Qʨ ï ʽʟʦʙʘʨʥʠʡ ʪʝʧʣʦʚʠʡ ʝʬʝʢʪ ʧʨʦʮʝʩʫ;  

æS ï ʟʤʽʥʘ ʝʥʪʨʦʧʽʾ ʩʠʩʪʝʤʠ. 

ʄʘʢʩʠʤʘʣʴʥʘ ʢʦʨʠʩʥʘ ʨʦʙʦʪʘ ʽʟʦʪʝʨʤʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʜʦʨʽʚʥʚʁʘʪʠʤʝ 

 

   .GWp
max     (2.21) 

 

ɿʘʣʝʞʥʽʩʪʴ ʽʟʦʙʘʨʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʽ ʪʠʩʢʫ ʚʠʟʥʘʯʘʻʪʴ-

ʩʷ ʨʽʚʥʷʥʥʷʤ 

 

    dG Ò  ïSdT + VdP,             (2.22) 

 

ʜʝ ʟʥʘʢ = ʩʪʦʩʫʻʪʴʩʷ ʦʙʦʨʦʪʥʠʭ ʧʨʦʮʝʩʽʚ ʽ ʨʽʚʥʦʚʘʛ, ʘ ʟʥʘʢ < ï ʥʝʦʙʦ-

ʨʦʪʥʠʭ ʧʨʦʮʝʩʽʚ. 

ʗʢʱʦ dʊ = 0 ʽ dʨ = 0, ʪʦ ʽʟʦʙʘʨʥʠʡ ʧʦʪʝʥʮʽʘʣ ʩʠʩʪʝʤʠ ʜʦʨʽʚʥʚʁʘʪʠʤʝ 

 

dG Ò 0.                       (2.23) 

 

ʋ ʩʠʩʪʝʤʘʭ, ʜʝ ʪʝʤʧʝʨʘʪʫʨʘ ʽ ʪʠʩʢ ʩʪʘʣʽ, ʩʘʤʦʜʦʚʽʣʴʥʦ ʤʦʞʫʪʴ ʧʨʦʪʽ-

ʢʘʪʠ ʪʽʣʴʢʠ ʪʽ ʧʨʦʮʝʩʠ, ʷʢʽ ʩʫʧʨʦʚʦʜʷʪʴʩʷ ʟʤʝʥʰʝʥʥʷʤ ʽʟʦʙʘʨʥʦʛʦ ʧʦʪʝʥʮʽ-

ʘʣʫ (dG < 0). ʋʤʦʚʦʶ ʨʽʚʥʦʚʘʛʠ ʻ ʜʦʩʷʛʥʝʥʥʷ ʜʝʷʢʦʛʦ ʤʽʥʽʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥ-

ʥʷ ʽʟʦʙʘʨʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ (dG = 0). 

ɿʘʣʝʞʥʽʩʪʴ ʽʟʦʙʘʨʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʚʽʜ ʧʘʨʮʽʘʣʴʥʦʛʦ ʪʠʩʢʫ ʽʜʝʘʣʴʥʦʛʦ 

ʛʘʟʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤ 

 

                ,plnRTGG 0
TT              (2.24) 

 

ʜʝ 
0
T

G  ï ʽʟʦʙʘʨʥʠʡ ʧʦʪʝʥʮʽʘʣ 1 ʢʤʦʣʷ ʽʜʝʘʣʴʥʦʛʦ ʛʘʟʫ ʧʨʠ 
1VT  ʪʠʩʢʫ 
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ʨ
0  

= 1,01325Ā10
5
 ʇʘ; 

ʨ ï ʧʘʨʮʽʘʣʴʥʠʡ ʪʠʩʢ ʛʘʟʫ, ʇʘ. 

ɿʤʽʥʘ ʽʟʦʙʘʨʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʽʜʝʘʣʴʥʦʛʦ ʛʘʟʫ ʧʨʠ ʩʪʘʣʽʡ ʪʝʤʧʝʨʘʪʫʨʽ 

ʜʦʨʽʚʥʶʻ 

 

,
V

V
lnnRT

p

p
lnnRTG

2

1

1

2
                     (2.25) 

 

ʜʝ n  ï  ʯʠʩʣʦ ʢʽʣʦʤʦʣʽʚ ʽʜʝʘʣʴʥʦʛʦ ʛʘʟʫ;  

ʨ1 ï ʧʦʯʘʪʢʦʚʠʡ ʪʠʩʢ ʛʘʟʫ;  

ʨ2 ï ʢʽʥʮʝʚʠʡ ʪʠʩʢ ʛʘʟʫ;  

V1 ï ʧʦʯʘʪʢʦʚʠʡ ʦʙô̒ ʤ ʛʘʟʫ;  

V2 ï ʢʽʥʮʝʚʠʡ ʦʙô̒ ʤ ʛʘʟʫ. 

ɿʤʽʥʘ ʽʟʦʙʘʨʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʩʠʩʪʝʤʠ ʚ ʨʝʘʢʮʽʾ aA + bB = cC + dD ʜʦ-

ʨʽʚʥʶʻ ʨʽʟʥʠʮʽ ʤʽʞ ʩʫʤʦʶ ʽʟʦʙʘʨʥʠʭ ʧʦʪʝʥʮʽʘʣʽʚ ʫʪʚʦʨʝʥʥʷ ʧʨʦʜʫʢʪʽʚ ʨʝʘʢ-

ʮʽʾ ʽ ʩʫʤʦʶ ʽʟʦʙʘʨʥʠʭ ʧʦʪʝʥʮʽʘʣʽʚ ʫʪʚʦʨʝʥʥʷ ʚʠʭʜ̔ʥʠʭ ʨʝʯʦʚʠʥ: ʜʦʨʽʚʥʶʻ 

ʨʽʟʥʠʮʽ ʤʽʞ ʩʫʤʦʶ ʝʥʪʨʦʧʽʾ ʢʽʥʮʝʚʠʭ ʨʝʯʦʚʠʥ ʽ ʩʫʤʦʶ ʝʥʪʨʦʧʽʾ ʧʦʯʘʪʢʦʚʠʭ 

ʨʝʯʦʚʠʥ: 

 

);bGaG()dGcG(G 0
.T.B

0
.T.A

0
.T.D

0
T.C

0
T          (2.26) 

 

ʜʝ 0
T.C

0
,T.D

0
,T.B

0
,T.A

GGGG  ï ʚʽʜʧʦʚʽʜʥʦ ʽʟʦʙʘʨʥʽ ʧʦʪʝʥʮʽʘʣʠ ʫʪʚʦ-

ʨʝʥʥʷ ʨʝʯʦʚʠʥ A, B, C i D ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʊ. 

ɯʟʦʙʘʨʥʠʤ ʧʦʪʝʥʮʽʘʣʦʤ ʫʪʚʦʨʝʥʥʷ ʥʘʟʠʚʘʻʪʴʩʷ ʽʟʦʙʘʨʥʠʡ ʧʦʪʝʥʮʽʘʣ 

ʨʝʘʢʮʽʾ ʫʪʚʦʨʝʥʥʷ 1 ʢʤʦʣʷ ʩʢʣʘʜʥʦʾ ʩʧʦʣʫʢʠ ʟ ʚʽʜʧʦʚʽʜʥʠʭ ʧʨʦʩʪʠʭ ʨʝʯʦʚʠʥ. 

ɿʥʘʯʝʥʥʷ ʽʟʦʙʘʨʥʠʭ ʧʦʪʝʥʮʽʘʣʽʚ ʫʪʚʦʨʝʥʥʷ ʨʝʯʦʚʠʥ ʫ ʩʪʘʥʜʘʨʪʥʠʭ ʫʤʦʚʘʭ 

ʥʘʚʝʜʝʥʦ ʚ ʜʦʚʽʜʥʠʢʘʭ. 

ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʤʘʢʩʠʤʘʣʴʥʦʶ ʢʦʨʠʩʥʦʶ ʨʦʙʦʪʦʶ ʽ ʤʘʢʩʠʤʘʣʴʥʘ 

ʧʧʡʧʪʦʶ ʧʦʠ ʩʪʘʣʦʤʫ ʪʠʩʢʫ ʚʠʜʥʦ ʟ ʪʘʢʦʛʦ ʨʽʚʥʷʥʥʷ: 

 

W
+

max = Wmax ï pdV,     (2.27) 

 

ʜʝ ʨ ï ʟʦʚʥʽʰʥʽʡ ʪʠʩʢ;  

ȹV ï ʟʤʽʥʘ ʦʙ'ʻʤʫ ʩʠʩʪʝʤʠ. 

 

 

2.2.1 ʇʨʠʢʣʘʜʠ ʨʽʰʝʥʥʷ ʟʘʜʘʯ 

 

ʇʨʠʢʣʘʜ 1. ʆʙʯʠʩʣʠʪʠ ʟʤʽʥʫ ʽʟʦʙʘʨʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʧʨʠ ʽʟʦʪʝʨʤʽʯʥʦ-

ʤʫ ʩʪʠʩʢʘʥʥʽ 10 ʣ ʢʠʩʥʶ. ʇʦʯʘʪʢʦʚʠʡ ʽ ʢʽʥʮʝʚʠʡ ʪʠʩʢ ʚʽʜʧʦʚʽʜʥʦ ʜʦʨʽʚʥʶ-

ʶʪʴ 1,01325Ā10
5
 ʇʘ ʽ 1,01325 ʄʇʘ, ʪʝʤʧʝʨʘʪʫʨʘ 273 ʂ. 

ʈʦʟʚ'ʷʟʘʥʥʷ. ʇʨʠ ʽʟʦʪʝʨʤʽʯʥʦʤʫ ʩʪʠʩʢʘʥʥʽ 10 ʣ ʢʠʩʥʶ ʟʤʽʥʫ ʽʟʦʙʘʨʥʦ-

ʛʦ ʧʦʪʝʥʮʽʘʣʫ ʤʦʞʥʘ ʦʙʯʠʩʣʠʪʠ ʟʘ ʨʽʚʥʷʥʥʷʤ 
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.ʢɼʞ334,2
1001325,1

1001325,1
lg303,2101001325,1

p

p
lnVp

p

p
lnnRTG

5

6
25

1

2
1

1

2

 

 

ʇʨʠʢʣʘʜ 2.  ɺʠʟʥʘʯʠʪʠ ʩʪʘʥʜʘʨʪʥʫ ʟʤʽʥʫ ʽʟʦʙʘʨʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʧʨʠ 

ZnS + H2 = Zn + H2S ʟʘ ʪʘʢʠʤʠ ʜʘʥʠʤʠ: 

 

.ʂʢʤʦʣʴʢɼʞ57,205S;ʂʢʤʦʣʴʢɼʞ66,41S

;ʂʢʤʦʣʴʢɼʞ74,306S;ʂʢʤʦʣʴʢɼʞ78,57S

;ʢʤʦʣʴʄɼʞ1,20H;ʢʤʦʣʴʄɼʞ8,201H

110
S2H,298

110
Zn,298

110

2H,298
110

ZnS,298

10
S2H,298

10
ZnS,298

 

 

ʈʦʟʚ'ʷʟʘʥʥʷ. ʊʝʧʣʦʚʠʡ ʝʬʝʢʪ ʨʝʘʢʮʽʾ ʚ ʩʪʘʥʜʘʨʪʥʠʭ ʫʤʦʚʘʭ ʤʦʞʥʘ ʚʠ-

ʟʥʘʯʠʪʠ ʟ ʨʽʚʥʷʥʥʷ 

 

Q298 = QH2S ï QZnS = 20,1Ā10
6
 ï 201,8Ā10

6
 = ï181,7 ʤɼʞ. 

 

Eʥʪʨʦʧʽʷ ʨʝʘʢʮʽʾ ʚ ʩʪʘʥʜʘʨʪʥʠʭ ʫʤʦʚʘʭ ʜʦʨʽʚʥʶʻ: 

 

.ʂʢɼʞ29,1171074,3061078,571057,2051066,41

SSSSS

13333

0

2H,298
0

ZnS,298
0

S2H,298
0

Zn,298
0
298

 

 

ʉʪʘʥʜʘʨʪʥʫ ʟʤʥ̔ʫ ʽʟʦʙʘʨʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʜʣʷ ʨʝʘʢʮʽʾ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 

298 ʂ ʟʥʘʭʦʜʠʤʦ ʟ ʨʚ̔ʥʷʥʥʷ 

 

.ʤɼʞ65,216)1029,117(298107,181STQ

STHG

360
298298

0
298

0
298

0
298

 

 

ɼʦʜʘʪʥʝ ʟʥʘʯʝʥʥʷ ȹG
0
298; ʧʦʢʘʟʫʻ, ʱʦ ʚ ʩʪʘʥʜʘʨʪʥʠʭ ʫʤʦʚʘʭ ʧʨʦʮʝʩ 

ʤʦʞʝ ʧʨʦʪʽʢʘʪʠ ʩʘʤʦʜʦʚʽʣʴʥʦ ʚ ʥʘʧʨʷʤʽ ʫʪʚʦʨʝʥʥʷ ʧʦʯʘʪʢʦʚʠʭ ʨʝʯʦʚʠʥ. 

ʇʨʠʢʣʘʜ 3. ɿʥʘʡʪʠ ʨʽʚʥʷʥʥʷ ʟʘʣʝʞʥʦʩʪʽ ʟʤʽʥʠ ʽʟʦʙʘʨʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ 

ʚʽʣ ʪʝʤʧʝʨʘʪʫʨʠ ʜʣʷ ʨʝʘʢʮʽʾ MgCO3 = MgO + CO2, ʢʦʣʠ ʚʽʜʦʤʦ, ʱʦ ʧʨʠ 

298ʂ ʪʝʧʣʦʚʠʡ ʝʬʝʢʪ ʽ ʟʤʽʥʘ ʝʥʪʨʦʧʽʾ ʜʣʷ ʮʽʻʾ ʨʝʘʢʮʽʾ ʚʽʜʧʦʚʽʜʥʦ ʜʦʨʽʚʥʶ-

ʶʪʴ ï101,023 ʽ 174,84 ʄɼʞ, ʘ ʪʝʧʣʦʻʤʥʦʩʪʽ ʢʘʨʙʦʥʘʪʫ ʤʘʛʥʽʶ, ʦʢʩʠʜʫ ʤʘʛ-

ʥʽʶ ʽ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ ʚʠʟʥʘʯʘʶʪʴʩʷ ʨʽʚʥʷʥʥʷʤʠ: 
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.ʊ1048,3ʊ2,221024,32C

;ʊ10738,8ʊ012,51047,45C

;ʊ1042,17ʊ78,571096,77C

2332ʉO
p

283MgO
p

2833MgCO
p

 

 

ʈʦʟʚô̫ ʟʘʥʥʷ. ɿʤʽʥʘ ʪʝʧʣʦʻʤʥʦʩʪʽ ʩʠʩʪʝʤʠ ʜʦʨʽʚʥʶʻ 

 

,T10682,8T1048,3T568,301025,0T1042,17

T78,571096,77T1048,3T2,221024,32T10738,8

T012,51047,45CCCC

2823328

323328

33MgCO
p

2CO
p

MgO
pp

 

 

ɿʘʣʝʞʥʽʩʪʴ ʪʝʧʣʦʚʦʛʦ ʝʬʝʢʪʫ ʨʝʘʢʮʽʾ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʽ-

ʚʥʷʥʥʷʤ 

 

,T10682,8T1048,3T586,301025,0C
dT

dQ
28233

p
p

 

ʘʙʦ ʚ ʽʥʪʝʛʨʘʣʴʥʽʡ ʬʦʨʤʽ 

.BT10682,8
3

T1048,3

2

T568,30
T1025,0Q 18

332
3

p  

 

ɿʘ ʮʠʤ ʨʽʚʥʷʥʥʷʤ ʩʪʘʣʘ ʽʥʪʝʛʨʫʚʘʥʥʷ ʜʦʨʽʚʥʶʻ: 

 

.10397,10510913,21003,0

10357,110075,010023,10129810682,8

2981016,1298284,152981025,010023,101B

666

66618

33236

 

 

ʆʪʞʝ, ʟʘʣʝʞʥʽʩʪʴ ʪʝʧʣʦʚʦʛʦ ʝʬʝʢʪʫ ʨʝʘʢʮʽʾ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʚʠʟʥʘʯʘ-

ʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤ 

 

.10397,105T10682,8T1016,1T284,15T1025,0Q 6183323
p  

 

ɿʘʣʝʞʥʽʩʪʴ ʝʥʪʨʦʧʽʾ ʨʝʘʢʮʽʾ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ: 
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.B
T2

10682,8
T

2

1048,3
T568,30Tln1025,0

dT
T

10682,8
T1048,3568,30

T

1025,0

T

dTT10682,8T1048,3T568,301025,0

T

dTC
S

12

8
2

3
3

3

8
3

3

28233
p

T

 

 

ɿʥʘʭʦʜʠʤʦ ʟ ʨʽʚʥʷʥʥʷ ʩʪʘʣʫ ʽʥʪʝʛʨʫʚʘʥʥʷ: 

 

.10458,19010889,410155,0

1011,910424,11084,174
2982

10682,8
2981074,1

298568,30298lg303,21025,01084,174B

333

333

2

8
23

33
1

 

 

ʆʪʞʝ, ʟʘʣʝʞʥʽʩʪʴ ʝʥʪʨʦʧʽʾ ʨʝʘʢʮʽʾ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʽʚ-

ʥʷʥʥʷʤ 

 

.T10341,4T1074,1T568,30Tln1025,010458,190S 2823330
T  

 

ʊʦʜʽ ʟʘʣʝʞʥʽʩʪʴ ʽʟʦʙʘʨʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʨʝʘʢʮʽʾ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʤʦʞʥʘ 

ʟʘʧʠʩʘʪʠ ʨʽʚʥʷʥʥʷʤ: 

 

1833

233618

332336

1833230
Tp

0
T

T10023,13T1058,0

T284,15T10708,190TlnT1025,010397,105T10341,4

T1074,1T568,30TlnT1025,0T10458,19010397,105

T10682,8T1016,1T284,15T1025,0STQG

 

 

 

2.2.2 ɿʘʜʘʯʽ ʜʣʷ ʩʘʤʦʩʪʽʡʥʦʛʦ ʨʽʰʝʥʥʷ 

 

68. ʆʙʯʠʩʣʠʪʠ ʟʤʽʥʫ ʽʟʦʙʘʨʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʧʨʠ ʽʟʦʪʝʨʤʽʯʥʦʤʫ ʩʪʠʩ-

ʢʘʥʥʽ. 160 ʢʛ ʢʠʩʥʶ ʚʽʜ 0,101325Ā10
6
 ʜʦ 1,01325Ā10

5
 ʇʘ, ʷʢʱʦ ʪʝʤʧʝʨʘʪʫʨʘ 

ʛʘʟʫ ʩʪʘʥʦʚʠʪʴ 300 ʂ. 

ɺʽʜʧʦʚʽʜʴ: 28,72 ʄɼʞ. 

69. ɺʠʟʥʘʯʠʪʠ  ʽʟʦʙʘʨʥʠʡ  ʧʦʪʝʥʮʽʘʣ  ʫʪʚʦʨʝʥʥʷ  ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ 

ʧʨʠ 298 ʂ   ̔ʪʠʩʢʫ 1,01325 ʇʘ,  ʷʢʱʦ ʚ ʩʪʘʥʜʘʨʪʥʠʭ ʫʤʦʚʘʭ ʚʽʥ ʜʦʨʽʚʥʶʻ  

394,8 ʄɼʞĀʢʤʦʣʴ
-1
. 
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ɺʽʜʧʦʚʽʜʴ: ï360,53 ʄɼʞĀʢʤʦʣʴ
-1
. 

70. ɺʠʟʥʘʯʠʪʠ ʩʪʘʥʜʘʨʪʥʫ ʟʤʽʥʫ ʽʟʦʙʘʨʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʧʨʠ 298 ʂ ʜʣʷ 

ʨʝʘʢʮʽʾ ZnO + CO = Zn + CO2 ʷʢʱʦ ʪʝʧʣʦʪʠ ʫʪʚʦʨʝʥʥʷ ZnO, ʉʆ ʽ ʉʆ2 ʚʽʜʧʦ-

ʚʽʜʥʦ ʜʦʨʽʚʥʶʶʪʴ 348,3; 110,6 ʽ 3.93,78 ʄɼʞĀʢʤʦʣʴ
-1
, ʘ ʝʥʪʨʦʧʽʾ ZnO, ʉʆ, 

Zʧ ʽ ʉʆ2 ï ʚʽʜʧʦʚʽʜʥʦ 43.5; 198,04; 41,66 ʽ 213,78 ʢɼʞ. ʢʤʦʣʴ
-1
Āʂ

-1
.  

ɺʽʜʧʦʚʽʜʴ: 60,978ʄɼʞ. 

71. ɺʠʟʥʘʯʠʪʠ ʩʪʘʥʜʘʨʪʥʫ ʟʤʽʥʫ ʽʟʦʙʘʨʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʧʨʠ 298 ʂ ʜʣʷ 

ʨʝʘʢʮʽʾ MgO + CO2 = MgCO3 ʟʘ ʪʘʢʠʤʠ ʜʘʥʠʤʠ: 
0

MgO,298
H  ï602,2 ʄɼʞĀʢʤʦʣʴ

-1
;  ̡

3

0
MgCO,298

H = ï1097,0  ʄɼʞĀʢʤʦʣʴ
-1
; 

0

2CO,298
H  = ï393,8 ʄɼʞĀʢʤʦʣ;  

0
MgO,298

S  = 26,8 ʢɼʞĀʢʤʦʣʴ
-1
Āʂ

-1
; 

0

3MgCO,298
S  = 65,7 ʢɼʞĀʢʤʦʣʴ

-1
Āʂ

-1
;  

0

2CO,298
S = 213,78 ʢɼʞĀʢʤʦʣʴ

-1
Āʂ

-1
. 

ɺʽʜʧʦʚʽʜʴ: ï48,89 ʄɼʞ. 

72. ɺʠʟʥʘʯʠʪʠ ȹG ʽ ȹɸ ʧʨʠ ʽʟʦʪʝʨʤʽʯʥʦʤʫ ʚʠʧʘʨʦʚʫʚʘʥʥʽ 1 ʢʤʦʣʷ ʚʦ-

ʜʠ. ɺʽʜʦʤʦ, ʱʦ ʅ2ʆ (ʨʽʜ.) (ʨ1= 1,01325Ā10
5
 ʇʘ)"ʅ2ʆ (ʛ.) (ʨ2=0,50663Ā10

6
 ʇʘ), 

ʘ ʪʝʤʧʝʨʘʪʫʨʘ ʢʠʧʽʥʥʷ 373 ʂ. ɺʚʘʞʘʪʠ ʚʦʜʷʥʫ ʧʘʨʫ ʽʜʝʘʣʴʥʠʤ ʛʘʟʦʤ. ʆʙ'ʻ-

ʤʦʤ ʨʽʜʠʥʠ ʟʥʝʭʪʫʚʘʪʠ. 

ɺʽʜʧʦʚʽʜʴ: ï69,165 ʄɼʞ; ï72,266 ʄɼʞ. 

73. ɿʥʘʡʪʠ ʟʘʣʝʞʥʽʩʪʴ ȹGT ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʜʣʷ ʚʦʟʛʦʥʢʠ ʮʠʥʢʫ ʟʘ ʨ̔ -

ʚʥʷʥʥʷʤ Zn (ʪʚ.) " Zn (ʛ.) ʟʘ ʪʘʢʠʤʠ ʜʘʥʠʤʠ: 

54,130H0
298

 ʄɼʞĀʢʘʪʦʤ
-1
;   04,180

298G  ʄɼʞĀʢʘʪʦʤ
-1
;  

.ʊ05,10104,22ʉ;1081,20C 3ʪʚ
ʨ

3ʛ
ʨ  

ɺʽʜʧʦʚʽʜʴ: 

.T025,5TlgT10662,3T10044,3921046,131G 23360
T  

74. ʆʙʯʠʩʣʠʪʠ Amʘʭ, ȹH, ȹU, ȹA, ȹS ʽ ȹG ʧʨʠ ʽʟʦʪʝʨʤʽʯʥʦʤʫ  ʩʪʠʩ-

ʢʘʥʥʽ  5 ʢʤʦʣʽʚ  ʽʜʝʘʣʴʥʦʛʦ  ʜʚʦʭʘʪʦʤʥʦʛʦ  ʛʘʟʫ  ʚʽʜ ʨ1 = 1,01325Ā10
5
 ʇʘ   ʜʦ  

ʨ2 = 1,01325Ā10
6
 ʇʘ, ʷʢʱʦ ʪʝʤʧʝʨʘʪʫʨʘ ʜʦʨʽʚʥʶʻ 298 ʂ. 

ɺʽʜʧʦʚʽʜʴ: 53,28AGWmax  ʄʜʞ ;                                         

75,95S,0UH  ʢɼʞĀʂ
-1
  

75. ɺʠʟʥʘʯʠʪʠ ʩʪʘʥʜʘʨʪʥʫ ʟʤʽʥʫ ʽʟʦʙʘʨʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʧʨʠ 298 ʂ ʜʣʷ 

ʨʝʘʢʮʽʾ  ʉ(ʛʨ.) + ʉʆ2 = 2ʉʆ.  

ʇʦʪʨʽʙʥʽ ʜʣʷ ʨʦʟʚ'ʷʟʫʚʘʥʥʷ ʟʘʜʘʯʽ ʜʘʥʽ ʚʟʷʪʠ ʟ ʪʘʙʣ. 2 ʜʦʜʘʪʢʫ. 

ɺʽʜʧʦʚʽʜʴ: 119,4 ʄɼʞ. 
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76. ɿʥʘʡʪʠ ʟʘʣʝʞʥʽʩʪʴ
0

TG ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʜʣʷ ʨʝʘʢʮʽʾ  

CuO + H2 = Cu + H2O (ʧ.). 

ʇʦʪʨʽʙʥʽ ʜʣʷ ʧʦʟʚ'ʷʟʫʚʘʥʥʷ ʟʘʜʘʯʽ ʜʘʥʽ ʚʟʷʪʠ ʟ ʪʘʙʣ. 2 ʜʦʜʘʪʢʫ. 

ɺʽʜʧʦʚʽʜʴ: 

.10568,75T10165,0T2,6T1054,113TlgT107,81Z 6182330
T

  

 

3 ʍɯʄɯʏʅɸ ʈɯɺʅʆɺɸɻɸ 

 

3.1 ʂʦʥʩʪʘʥʪʘ ʭʽʤʽʯʥʦʾ ʨʽʚʥʦʚʘʛʠ 

 

ʍʽʤʽʯʥʦʶ ʨʽʚʥʦʚʘʛʦʶ ʥʘʟʠʚʘʻʪʴʩʷ ʪʘʢʘ ʨʽʚʥʦʚʘʛʘ ʚ ʩʠʩʪʝʤʽ, ʷʢʘ ʚʩʪʘ-

ʥʦʚʠʣʘʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʦʙʦʨʦʪʥʦʾ ʭʽʤʽʯʥʦʾ ʨʝʘʢʮʽʾ. ʋ ʤʦʤʝʥʪ ʨʽʚʥʦʚʘʛʠ ʭʽʤʽʯ-

ʥʦʾ ʨʝʘʢʮʽʾ 

aA+bB D cC+dD. 

 

ʐʚʠʜʢʽʩʪʴ ʧʨʷʤʦʾ ʨʝʘʢʮʽʾ, ʱʦ ʧʨʦʪʽʢʘʻ ʟʣʽʚʘ ʥʘʧʨʘʚʦ, 

 

b
B

a
A11 CCkv                                            (3.1) 

 

ʽ ʰʚʠʜʢʽʩʪʴ ʟʚʦʨʦʪʥʦʾ ʨʝʘʢʮʽʾ, ʱʦ ʧʨʦʪʽʢʘʻ ʩʧʨʘʚʘ ʥʘʣʽʚʦ, 

 

d
D

c
C22 CCkv                                              (3.2) 

ʨʽʚʥʽ ʤʽʞ ʩʦʙʦʶ: 

 

                                                         v1  = v2,                                            (3.3) 

 

ʜʝ k1  ï  ʢʦʥʩʪʘʥʪʘ ʰʚʠʜʢʦʩʪʽ ʧʨʷʤʦʾ ʨʝʘʢʮʽʾ;  

k2  ï  ʢʦʥʩʪʘʥʪʘ ʰʚʠʜʢʦʩʪʽ ʟʚʦʨʦʪʥʦʾ ʨʝʘʢʮʽʾ;  

ʉʘ, ʉʚ ï ʨʽʚʥʦʚʘʞʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʧʦʯʘʪʢʦʚʠʭ ʨʝʯʦʚʠʥ ɸ ʽ ɺ, 

ʢʤʦʣʴĀʤ
-3
;  

ʉʩ, Dd ï ʨʽʚʥʦʚʘʞʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʧʦʯʘʪʢʦʚʠʭ ʢʽʥʮʝʚʠʭ ʨʝʯʦʚʠʥ C ʽ 

D, ʢʤʦʣʴĀʤ
-3
;  

a, b, c, d ï ʚʽʜʧʦʚʽʜʥʦ ʯʠʩʣʦ ʢʽʣʦʤʦʣʽʚ ʨʝʘʛʫʶʯʠʭ ʨʝʯʦʚʠʥ A, B, C ʽ 

D ʟʘ ʨʽʚʥʷʥʥʷʤ. 

ʂʦʥʩʪʘʥʪʠ ʰʚʠʜʢʦʩʪʽ ʧʨʷʤʦʾ ʽ ʟʚʦʨʦʪʥʦʾ ʨʝʘʢʮʽʡ ʻ ʩʪʘʣʠʤʠ ʚʝʣʠʯʠʥʘ-

ʤʠ ʜʣʷ ʢʦʞʥʦʾ ʦʙʦʨʦʪʥʦʾ ʨʝʘʢʮʽʾ. ʊʦʤʫ ʚʽʜʥʦʰʝʥʥʷ ʮʠʭ ʢʦʥʩʪʘʥʪ, ʱʦ ʜʦʨʽʚ-

ʥʶʻ ʚʽʜʥʦʰʝʥʥʶ ʜʦʙʫʪʢʫ ʨʽʚʥʦʚʘʞʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ ʢʽʥʮʝʚʠʭ ʨʝʯʦʚʠʥ ʉ ʽ 

D ʜʦ ʜʦʙʫʪʢʫ ʨʽʚʥʦʚʘʞʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ ʧʦʯʘʪʢʦʚʠʭ ʨʝʯʦʚʠʥ ɸ ʽ ɺ, ʪʘʢʦʞ ʻ 

ʚʝʣʠʯʠʥʦʶ ʩʪʘʣʦʶ, ʷʢʘ ʥʘʟʠʚʘʻʪʴʩʷ ʢʦʥʩʪʘʥʪʦʶ ʭʽʤʽʯʥʦʾ ʨʽʚʥʦʚʘʛʠ ʽ ʚʠʟʥʘ-

ʯʘʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤ 
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.
CC

CC

k

k
K

b
B

a
A

d
D

c
C

2

1
C                                     (3.4) 

 

ʂʦʥʩʪʘʥʪʘ ʨʽʚʥʦʚʘʛʠ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʧʦʯʘʪʢʦʚʠʭ ʽ ʢʽʥʮʝ-

ʚʠʭ ʨʝʯʦʚʠʥ, ʘʣʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ. 

ɼʣʷ ʨʝʘʢʮʽʾ, ʱʦ ʧʨʦʪʽʢʘʻ ʤʽʞ ʽʜʝʘʣʴʥʠʤʠ ʛʘʟʘʤʠ, ʢʦʥʩʪʘʥʪʫ ʨʽʚʥʦʚʘʛʠ 

ʚʠʟʥʘʯʘʶʪʴ ʯʝʨʝʟ ʧʘʨʮʽʘʣʴʥʽ ʪʠʩʢʠ ʨʝʘʛʫʶʯʠʭ ʨʝʯʦʚʠʥ ʟʘ ʪʘʢʠʤ ʨʽʚʥʷʥʥʷʤ: 

 

.
pp

pp
K

b
B

a
A

d
D

c
C

p                                           (3.5) 

 

ʜʝ ʨɸ, ʨɺ   ï  ʨʽʚʥʦʚʘʞʥʽ ʧʘʨʮʽʘʣʴʥʽ ʪʠʩʢʠ ʧʦʯʘʪʢʦʚʠʭ ʛʘʟʽʚ ɸ ʽ ɺ; 

ʨʉ, ʨD  ï  ʨʽʚʥʦʚʘʞʥʽ ʧʘʨʮʽʘʣʴʥʽ ʪʠʩʢʠ ʢʽʥʮʝʚʠʭ ʛʘʟʽʚ ʉ ʽ D;  

ʘ, b,ʩ, d ï ʚʽʜʧʦʚʽʜʥʦ ʯʠʩʣʦ ʢʽʣʦʤʦʣʽʚ ʨʝʘʛʫʶʯʠʭ ʽ ʫʪʚʦʨʝʥʠʭ ʛʘʟʽʚ 

ɸ, ɺ, ʉ, D ʟʘ ʨʽʚʥʷʥʥʷʤ. 

ɼʣʷ ʦʙʦʨʦʪʥʦʾ ʨʝʘʢʮʽʾ, ʱʦ ʧʨʦʪʽʢʘʻ ʚ ʢʦʥʮʝʥʪʨʦʚʘʥʠʭ ʨʦʟʯʠʥʘʭ ʘʙʦ 

ʤʽʞ ʨʝʘʣʴʥʠʤʠ ʛʘʟʘʤʠ, ʢʦʥʩʪʘʥʪʫ ʨʽʚʥʦʚʘʛʠ ʚʠʟʥʘʯʘʶʪʴ ʯʝʨʝʟ ʘʢʪʠʚʥʦʩʪʽ 

ʨʝʘʛʫʶʯʠʭ ʨʝʯʦʚʠʥ ʟʘ ʪʘʢʠʤ ʨʽʚʥʷʥʥʷʤ: 

 

.
aa

aa
K

b
B

a
A

d
D

c
C

a                                   (3.6) 

 

ʜʝ ʘA, ʘB, ʘC,ʘD ï ʚʽʜʧʦʚʽʜʥʦ ʘʢʪʠʚʥʦʩʪʽ ʨʝʘʛʫʶʯʠʭ ʨʝʯʦʚʠʥ A, ɺ, ʉ, D. 

ɼʣʷ ʦʙʦʨʦʪʥʦʾ ʛʝʪʝʨʦʛʝʥʥʦʾ ʨʝʘʢʮʽʾ 
 

aA(ʛ.) + bB(ʪʚ) D C(ʛ.) + dD(ʪʚ.) 
 

ʜʝ ɸ(ʛ.), ʉ(ʛ.) ï ʛʘʟʦʧʦʜʽʙʥʽ ʨʝʯʦʚʠʥʠ;  

ɺ(ʪʚ.), D (ʪʚ.) ï ʪʚʝʨʜʽ ʨʝʯʦʚʠʥʠ, ʢʦʥʩʪʘʥʪʘ ʨʽʚʥʦʚʘʛʠ ʜʦʨʽʚʥʶʻ 

 

,
p

p
K

a
A

c
C

p                                    (3.7) 

 

ʜʝ ʨɸ, ʨC ï ʨʽʚʥʦʚʘʞʥʽ ʧʘʨʮʽʘʣʴʥʽ ʪʠʩʢʠ ʨʝʘʛʫʶʯʠʭ ʛʘʟʽʚ ɸ ʽ ʉ. 

ʅʘʚʝʜʝʥʽ ʚʠʱʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ (3.4), (3.5), (3.6) ʽ (3.7), ʱʦ ʟʚ'ʷʟʫʶʪʴ 

ʨʽʚʥʦʚʘʞʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ, ʧʘʨʮʽʘʣʴʥʽ ʪʠʩʢʠ ʽ ʘʢʪʠʚʥʦʩʪʽ ʨʝʘʛʫʁ ʯʠʭ ʨʝʯʦʚʠʥ 

ʫ ʚʠʨʘʟʠ ʢʦʥʩʪʘʥʪ ʨʽʚʥʦʚʘʛʠ Kʩ, ʂʨ, ʂʘ ʽ ʂ'ʨ, ʤʘʶʪʴ ʥʘʟʚʫ ʟʘʢʦʥʫ ʜʽʶʯʠʭ ʤʘʩ. 

ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʂʨ ʽ ʂʩ ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤ 

 

,)RT(K)RT(KK n
C

)badc(
Cp               (3.8) 
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ʜʝ æn ï ʟʤʽʥʘ ʯʠʩʣʘ ʢʽʣʦ ʤʦʣʽʚ ʛʘʟʽʚ ʫ ʨʝʘʢʮʽʾ. 

ʗʢʱʦ æn = c + d ï a ï b = 0, ʪʦ 

 

                                                          ʂʨ = ʂC,                (3.9)  

 

ʽ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʢʦʥʩʪʘʥʪʘ ʨʽʚʥʦʚʘʛʠ ʜʦʨʽʚʥʶʚʘʪʠʤʝ 

 

,
CC

CC
KK

b
B

a
A

d
D

c
C

Cp                                       (3.10) 

 

ʜʝ CC ʽ CD ï ʚʽʜʧʦʚʽʜʥʦ ʯʠʩʣʦ ʢʽʣʦʤʦʣʽʚ ʢʽʥʮʝʚʠʭ ʨʝʯʦʚʠʥ ʉ ʽ D ʚ ʫʤʦ-

ʚʘʭ ʨʽʚʥʦʚʘʛʠ; 

CA ʽ CB ï ʚʽʜʧʦʚʽʜʥʦ ʯʠʩʣʦ ʢʽʣʦʤʦʣʽʚ ʧʦʯʘʪʢʦʚʠʭ ʨʝʯʦʚʠʥ ɸ ʽ ɺ ʚ 

ʫʤʦʚʘʭ ʨʽʚʥʦʚʘʛʠ. 

ɼʣʷ ʦʙʦʨʦʪʥʦʾ ʨʝʘʢʮʽʾ ʨʦʟʢʣʘʜʫ ʢʘʨʙʦʥʘʪʫ ʢʘʣʴʮʽʶ 

 

CaCO3  D CaO + CO2 

 

ʢʦʥʩʪʘʥʪʘ ʨʽʚʥʦʚʘʛʠ ʜʦʨʽʚʥʶʻ 

 

                 ,pK
2COp                                      (3.11) 

 

ʜʝ 
2COp  ï ʪʠʩʢ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ, ʱʦ ʧʝʨʝʙʫʚʘʻ ʚ ʨʽʚʥʦʚʘʟʽ ʟ ʢʘʨʙʦ-

ʥʘʪʦʤ ʢʘʣʴʮʽʶ, ʽ ʥʘʟʠʚʘʻʪʴʩʷ ʪʠʩʢʦʤ (ʧʨʫʞʥʽʩʪʶ) ʜʠʩʦʮʽʘʮʽʾ ʢʘʨʙʦʥʘʪʫ ʢʘ-

ʣɹʮʽʶ. 

ʊʝʤʧʝʨʘʪʫʨʘ, ʧʨʠ ʷʢʽʡ ʪʠʩʢ (ʧʨʫʞʥʽʩʪʴ) ʜʠʩʦʮʽʘʮʽʾ ʢʘʨʙʦʥʘʪʫ ʜʦʨʽʚ-

ʥʶʻ ʟʦʚʥʽʰʥʴʦʤʫ ʪʠʩʢʫ (1,01325Ā10
6
 ʇʘ), ʥʘʟʠʚʘʻʪʴʩʷ ʪʝʤʧʝʨʘʪʫʨʦʶ ʨʦʟʢ-

ʣʘʜʫ ʢʘʨʙʦʥʘʪʫ. 

ʊʝʨʤʽʯʥʠʡ ʨʦʟʢʣʘʜ ʦʢʩʠʜʫ ʟʘʣʽʟʘ (II) ʧʨʦʪʽʢʘʻ ʟʘ ʨʽʚʥʷʥʥʷʤ 

 

2FeO  D 2Fe + O2. 

 

ʂʦʥʩʪʘʥʪʘ ʨʽʚʥʦʚʘʛʠ ʨʝʘʢʮʽʾ ʜʦʨʽʚʥʶʻ 

 

,pK
2Op                                    (3.12) 

 

ʜʝ 
2Op ï ʪʠʩʢ ʢʠʩʥʶ, ʱʦ ʧʝʨʝʙʫʚʘʻ ʚ ʨʽʚʥʦʚʘʟʽ ʟ ʦʢʩʠʜʦʤ ʽ ʥʘʟʠʚʘʻʪʴʩʷ 

ʪʠʩʢʦʤ (ʧʨʫʞʥʽʩʪʶ) ʜʠʩʦʮʽʘʮʽʾ ʦʢʩʠʜʫ. 

ʊʝʤʧʝʨʘʪʫʨʘ, ʧʨʠ ʷʢʽʡ ʪʠʩʢ (ʧʨʫʞʥʽʩʪʴ) ʜʠʩʦʮʽʘʮʽʾ ʦʢʩʠʜʫ ʜʦʨʽʚʥʶʻ 

ʟʦʚʥʽʰʥʴʦʤʫ ʪʠʩʢʫ, ʥʘʟʠʚʘʻʪʴʩʷ ʪʝʤʧʝʨʘʪʫʨʦʶ ʨʦʟʢʣʘʜʫ ʦʢʩʠʜʫ. 
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3.1.1 ʇʨʠʢʣʘʜʠ ʨʽʰʝʥʥʷ ʟʘʜʘʯ 

 

ʇʨʠʢʣʘʜ 1. ʇʨʠ 2000 ʂ ʽ ʪʠʩʢʫ 1,01325Ā10
5
 ʇʘ ʩʪʫʧʽʥʴ ʜʠʩʦʮʽʘʮʽʾ ʚʦ-

ʜʷʥʦʾ ʧʘʨʠ ʜʦʨʽʚʥʶʻ 0,55%. ɺʠʟʥʘʯʠʪʠ ʂʨ ʽ ʂʩ ʜʣʷ ʨʝʘʢʮʽʾ 2H2O D 2H2 + O2. 

ʈʦʟʚ'ʷʟʘʥʥʷ. ʂʦʥʩʪʘʥʪʘ ʜʠʩʦʮʽʘʮʽʾ ʚʦʜʷʥʦʾ ʧʘʨʠ ʜʦʨʽʚʥʶʻ 

 

.
p

pp
K

2
O2H

2O
2

2H
p                                  (a) 

 

ʗʢʱʦ ʩʪʫʧʽʥʴ ʜʠʩʦʮʽʘʮʽʾ ʚʦʜʷʥʦʾ ʧʘʨʠ ʘ, ʪʦ ʧʨʠ ʜʦʩʷʛʥʝʥʥʽ ʨʽʚʥʦʚʘʛʠ 

ʯʠʩʣʦ ʢʽʣʦʤʦʣʽʚ ʚʦʜʷʥʦʾ ʧʘʨʠ ʜʦʨʽʚʥʶʚʘʪʠʤʝ 1 ï ʘ, ʯʠʩʣʦ ʢʣ̔ʦʤʦʣʽʚ ʚʦʜʥʶ ï 

ʘ ʽ ʯʠʩʣʦ ʢʽʣʦʤʦʣʽʚ ʢʠʩʥʶ ï Ŭ/2. 

ɿʘʛʘʣʴʥʝ ʯʠʩʣʦ ʢʽʣʦʤʦʣʽʚ ʛʘʟʦʚʦʾ ʩʫʤʽʰʽ ʟʥʘʡʜʝʤʦ ʟʘ ʨʽʚʥʷʥʥʷʤ 

 

.
2

2

2
1

2
1n  

 

ʄʦʣʴʥʽ ʯʘʩʪʢʠ ʅ2ʆ, ʅ2 ʽ ʆ2 ʚʽʜʧʦʚʽʜʥʦ ʜʦʨʽʚʥʶʚʘʪʠʤʫʪʴ 

 

.
2

N;
2

2

n

n
N;

2

)1(2

n

n
N

2O
2H

2H
O2H

O2H  

 

ʇʘʨʮʽʘʣʴʥʽ ʪʠʩʢʠ ʅ2ʆ, ʅ2 ʽ ʆ2 ʚʠʟʥʘʯʘʶʪʴʩʷ ʨʽʚʥʷʥʥʷʤʠ 

 

pH2O = pH2
 = 2(1 ï Ŭ)p/(2 + Ŭ) 

 

ʇʽʜʩʪʘʚʠʚʰʠ ʚʠʨʘʟʠ ʧʘʨʮʽʘʣʴʥʠʭ ʪʠʩʢʽʚ ʜʣʷ ʅ2ʆ, ʅ2 ʽ ʆ2 ʚ ʨʽʚʥʷʥʥʷ 

(ʘ), ʜʽʩʪʘʥʝʤʦ 

.
)1)(2(

p

p)1(2)2()2(

)2(pp2
K

2

3

2222

2222

p          (ʙ) 

 

ʇʽʜʩʪʘʚʠʚʰʠ ʯʠʩʣʦʚʽ ʟʥʘʯʝʥʥʷ ʨ ʽ ʘ ʚ ʨʽʚʥʷʥʥʷ (ʙ), ʜʽʩʪʘʥʝʤʦ: 

 

3

2

35

p 1045,8
)0055,01)(0055,02(

)0055,0(1001325,1
K  ʇʘ. 

 

ʉʪʫʧʽʥʴ ʜʠʩʦʮʽʘʮʽʾ ʚʦʜʷʥʦʾ ʧʘʨʠ ʜʫʞʝ ʥʠʟʴʢʠʡ, ʘ ʪʦʤʫ ʚʝʣʠʯʠʥʦʁ Ŭ ʷʢ 

ʜʦʜʘʪʢʦʤ ʤʦʞʥʘ ʟʥʝʭʪʫʚʘʪʠ, ʚʚʘʞʘʶʯʠ, ʱʦ 2 + Ŭ = 2 ʽ 1 ï Ŭ = 1; ʪʦʜʽ ʨʽʚʥʷʥ-

ʥʷ (ʙ) ʤʘʪʠʤʝ ʚʠʛʣʷʜ 
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.
2

p
K

3

p                                                   (ʚ) 

 

ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʢʦʥʩʪʘʥʪʘ ʨʽʚʥʦʚʘʛʠ ʜʦʨʽʚʥʶʚʘʪʠʤʝ: 

 

3
35

D 10432,8
2

)0055,0(1001325,1
K  ʇʘ. 

 

ɿʥʘʯʝʥʥʷ, ʟʥʘʡʜʝʥʽ ʟʘ ʨʽʚʥʷʥʥʷʤʠ (ʙ) ʽ (ʚ), ʤʘʡʞʝ ʟʙʽʛʘʶʪʴʩʷ, ʪʦʤʫ 

ʢʦʥʩʪʘʥʪʫ ʜʠʩʦʮʽʘʮʽʾ ʚʦʜʷʥʦʾ ʧʘʨʠ ʤʦʞʥʘ ʦʙʯʠʩʣʠʪʠ ʟ ʜʦʩʪʘʪʥʴʦ ʚʠʩʦʢʦʶ 

ʪʦʯʥʽʩʪʶ ʟʘ ʨʽʚʥʷʥʥʷʤ (ʚ). 

ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʂʨ ʽ ʂʩ ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤ (3.8). ɼʣʷ ʨʝʘʢʮʽʾ 

ʨʦʟʢʣʘʜʘʥʥʷ ʚʦʜʷʥʦʾ ʧʘʨʠ ʥʘ ʚʦʜʝʥʴ ʽ ʢʠʩʝʥʴ ʟʤʽʥʘ ʯʠʩʣʘ ʢʽʣʦʤʦʣʽʚ ʜʦʨʽʚ-

ʥʶʚʘʪʠʤʝ 

 

,1212nnnbadcn O2H2O2H  

 

ʘ ʢʦʥʩʪʘʥʪʘ ʨʽʚʥʦʚʘʛʠ, ʚʠʟʥʘʯʝʥʘ ʯʝʨʝʟ ʤʦʣʴʥʫ ʢʦʥʮʝʥʪʨʘʮʽʶ ʚʦʜʷʥʦʾ ʧʘʨʠ 

ʚʦʜʥʶ ʽ ʢʠʩʥʶ, 

 
101331

pC 10082,5)200010314,8(1045,8)RT(KK  ʢʤʦʣʴĀʤ
-3
. 

 

ʇʨʠʢʣʘʜ 2. ʇʨʠ 1500 ʂ ʽ ʪʠʩʢʫ 1,01325Ā10
6
 ʇʘ ʩʪʫʧʽʥʴ ʜʠʩʦʮʽʘʮʽʾ ʚʦ-

ʜʷʥʦʾ ʧʘʨʠ ʥʘ ʚʦʜʝʥʴ ʽ ʢʠʩʝʥʴ ʜʦʨʽʚʥʶʻ 1,9Ā10
-4
, ʘ ʩʪʫʧʽʥʴ ʜʠʩʦʮʽʘʮʽʾ ʚʫʛʣʝ-

ʢʠʩʣʦʛʦ ʛʘʟʫ ʥʘ ʦʢʩʠʜ ʚʫʛʣʝʮʶ (II) ʽ ʢʠʩʝʥʴï3,6Ā10
-4
. ɺʠʟʥʘʯʠʪʠ ʩʢʣʘʜ ʚʦʜ̫ -

ʥʦʛʦ ʛʘʟʫ, ʫʪʚʦʨʝʥʦʛʦ ʧʨʠ ʟʘʟʥʘʯʝʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʟ ʨʽʚʥʠʭ ʦʙ'ʻʤʽʚ ʦʢʩʠʜʫ 

ʚʫʛʣʝʮʶ (II) ʽ ʚʦʜʷʥʦʾ ʧʘʨʠ. 

ʈʦʟʚ'ʷʟʘʥʥʷ. ʋʪʚʦʨʝʥʥʷ ʚʦʜʷʥʦʛʦ ʛʘʟʫ ʧʨʦʪʽʢʘʻ ʟʘ ʨʽʚʥʷʥʥʷʤ 

 

CO + H2O D H2 + CO2. 

 

ʂʦʥʩʪʘʥʪʘ ʨʽʚʥʦʚʘʛʠ ʨʝʘʢʮʽʾ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ 

.
pp

pp
K

O2HCO

2H2CO
p                                        (a) 

      

ʂʦʥʩʪʘʥʪʫ ʨʽʚʥʦʚʘʛʠ ʮʽʻʾ ʨʝʘʢʮʽʾ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʯʝʨʝʟ ʢʦʥʩʪʘʥʪʫ 

ʜʠʩʦʮʽʘʮʽʾ ʚʦʜʷʥʦʾ ʧʘʨʠ ʽ ʢʦʥʩʪʘʥʪʫ ʜʠʩʦʮʽʘʮʽʾ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ: 

 

2H2O  D 2H2 + O2,      2CO2  Ā  2CO + O2, 
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;
p

pp
K

O2H

2O
2

2HO2H
p      (ʙ) 

 

.
p

pp
K

2

2CO

2O
2
CO2CO

p     (ʚ) 

 

ʆʩʢʽʣʴʢʠ ʚʦʜʷʥʘ ʧʘʨʘ ʧʝʨʝʙʫʚʘʻ ʚ ʨʽʚʥʦʚʘʟʽ ʟ ʚʫʛʣʝʢʠʩʣʠʤ ʛʘʟʦʤ, ʪʦ 

ʨʽʚʥʦʚʘʞʥʽ ʧʘʨʮʽʘʣʴʥʽ ʪʠʩʢʠ ʢʠʩʥʶ ʧʨʠ ʜʠʩʦʮʽʘʮʽʾ ʅ2ʆ ʽ ʉʆ2 ʨʽʚʥʽ. ɹʝʨʫʯʠ 

ʮʝ ʜʦ ʫʚʘʛʠ ʽ ʧʦʜʽʣʠʚʰʠ ʨʽʚʥʷʥʥʷ (ʙ) ʥʘ ʨʽʚʥʷʥʥʷ (ʚ), ʜʩ̔ʪʘʥʝʤʦ: 

 

.
pp

pp

K

K

2
CO

2
O2H

2

2CO
2

2H

2CO
p

O2H
p

                                 (ʛ) 

 

ʇʦʨʽʚʥʷʚʰʠ ʨʽʚʥʷʥʥʷ (ʛ) ʟ ʨʽʚʥʷʥʥʷʤ (ʘ), ʜʽʩʪʘʥʝʤʦ: 

 

.
K

K
K

2CO
p

O2H
p

p  

 

ʈʽʚʥʦʚʘʞʥʽ ʧʘʨʮʽʘʣʴʥʽ ʪʠʩʢʠ ʅ2, ʆ2 ʽ ʅ2ʆ, ʚʠʟʥʘʯʝʥʽ ʯʝʨʝʟ ʟʘʛʘʣʴʥʠʡ 

ʪʠʩʢ ʨ ʽ ʩʪʫʧʽʥʴ ʜʠʩʦʮʽʘʮʽʾ ʚʦʜʷʥʦʾ ʧʘʨʠ ʘ, ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʷʢ 

 

,
2

p)1(2
p;

2

p2
p;

2

p2
p O2H2O2H  

 

ʟʚʽʜʢʠ ʢʦʥʩʪʘʥʪʘ ʜʠʩʦʮʽʘʮʽʾ ʚʦʜʷʥʦʾ ʧʘʨʠ ʙʫʜʝ: 

 

.
)1)(2(

p
K

2

3
O2H

p                               (ʜ) 

 

ɹʝʨʫʯʠ ʜʦ ʫʚʘʛʠ, ʱʦ ʩʪʫʧʽʥʴ ʜʠʩʦʮʽʘʮʽʾ ʚʦʜʷʥʦʾ ʧʘʨʠ ʜʫʞʝ ʤʘʣʠʡ, ʚʝ-

ʣʠʯʠʥʦʶ Ŭ ʷʢ ʜʦʜʘʥʢʦʤ ʤʦʞʥʘ ʟʥʝʭʪʫʚʘʪʠ; ʪʦʜʽ ʢʦʥʩʪʘʥʪʘ ʜʠʩʦʮʽʘʮʽʾ ʚʦʜ̫-

ʥʦʾ ʧʘʨʠ ʙʫʜʝ 

.
2

p
K

3
O2H

p                   (e) 

 

ɸʥʘʣʦʛʽʯʥʦ ʤʦʞʥʘ ʥʘʧʠʩʘʪʠ ʚʠʨʘʟ ʢʦʥʩʪʘʥʪʠ ʜʠʩʦʮʽʘʮʽʾ ʚʫʛʣʝʢʠʩʣʦʛʦ 

ʛʘʟʫ: 
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.
2

p
K

3
2CO

p                                     (ʞ) 

 

ʇʽʜʩʪʘʚʠʚʰʠ ʯʠʩʣʦʚʽ ʟʥʘʯʝʥʥʷ ʨ ʽ Ŭ  ʚ ʨʽʚʥʷʥʥʷ (ʝ) ʽ (ʞ), ʜʽʩʪʘʥʝʤʦ: 

       

7
345

O2H
p 10476,3

2

)109,1(1001325,1
K  ʇʘ; 

 

6
345

2ʉʆ
p 10363,2

2

)106,3(1001325,1
K  ʇʘ. 

 

ɿʥʘʡʜʝʤʦ ʢʦʥʩʪʘʥʪʫ ʨʽʚʥʦʚʘʛʠ ʨʝʘʢʮʽʾ ʫʪʚʦʨʝʥʥʷ ʚʦʜʷʥʦʛʦ ʛʘʟʫ: 

 

.3835,0
10363,2

10476,3
K

6

7

p  

 

ʆʩʢʽʣʴʢʠ ʨʝʘʢʮʽʷ ʫʪʚʦʨʝʥʥʷ ʚʦʜʷʥʦʛʦ ʛʘʟʫ ʧʨʦʪʽʢʘʻ ʙʝʟ ʟʤʽʥʠ ʟʘʛʘʣɹ-

ʥʦʛʦ ʪʠʩʢʫ, ʪʦ ʂʨ = ʂʉ. 

ʇʦʯʘʪʢʦʚʽ ʦʙ'ʻʤʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʅ2ʆ ʽ ʉʆ ʜʦʨʽʚʥʶʶʪʴ 50% (ʟʘ ʫʤʦʚʦʶ 

ʟʘʜʘʯʽ) ʪʦʤʫ, ʧʦʟʥʘʯʠʚʰʠ ʅ2 ʽ ʉʆ2, ʱʦ ʫʪʚʦʨʶʶʪʴʩʷ ʚ ʩʪʘʥʽ ʨʽʚʥʦʚʘʛʠ, ʯʝʨʝʟ 

ʭ%, ʘ ʢʦʥʮʝʥʪʨʘʮʽʾ ʉʆ ʽ ʅ2ʆ ʯʝʨʝʟ (50 ï ʭ)%, ʜʽʩʪʘʥʝʤʦ: 

 

,3835,0
)x50(

xx
K

2
 

ʘʙʦ 

.6193,0
x50

x
 

 

ɿʚ̔ʜʩʠ ʭ = 19,13% 

ʉʢʣʘʜ ʚʦʜʷʥʦʛʦ ʛʘʟʫ: H2 ʽ CO2 ʧʦ 19,13% ʽ ʅ2ʆ ʽ ʉʆ ï ʧʦ 30,87ʦʙ.% 

ʇʨʠʢʣʘʜ 3. ɻʘʟʦʚʫ ʩʫʤʽʰ, ʱʦ ʤʽʩʪʠʪʴ 20 ʦʙ. % ʉʆ ʽ 80 ʦʙ. % N2, ʧʨʦ-

ʧʫʩʢʘʶʪʴ ʧʨʠ 1300 ʂ ʽ ʪʠʩʢʫ 1,01325Ā10
3
 ʇʘ ʥʘʜ ʦʢʩʠʜʦʤ ʟʘʣʟ̔ʘ (II), ʷʢʠʡ ʚʽ-

ʜʥʦʚʣʶʻʪʴʩʷ ʜʦ ʟʘʣʽʟʘ ʟʘ ʨʽʚʥʷʥʥʷʤ FeO + CO D Fe + CO2. 

ʆʙʯʠʩʣʠʪʠ ʢʽʣʴʢʽʩʪʴ ʟʘʣʽʟʘ, ʱʦ ʫʪʚʦʨʶʻʪʴʩʷ ʥʘ 1000 ʤ
3
 ʛʘʟʫ (ʧʨʠʚʝʜʝ-

ʥʦʛʦ ʜʦ ʥʦʨʤʘʣʴʥʠʭ ʫʤʦʚ), ʽ ʩʢʣʘʜ ʨʽʚʥʦʚʘʞʥʦʾ ʛʘʟʦʚʦʾ ʩʫʤʽʰʽ, ʷʢʱʦ ʚ ʪʘʢʠʭ 

ʫʤʦʚʘʭ ʢʦʥʩʪʘʥʪʘ ʨʽʚʥʦʚʘʛʠ ʜʦʨʽʚʥʶʻ 0,398. 

ʈʦʟʚ'ʷʟʘʥʥʷ. ʇʦʟʥʘʯʠʚʰʠ ʩʪʫʧʽʥʴ ʦʢʠʩʣʝʥʥʷ ʉʆ ʚ ʉʆ2 ʯʝʨʝʟ ʭ, ʜʽʩʪʘ-

ʥʝʤʦ ʩʢʣʘʜ ʛʘʟʦʚʦʾ ʩʫʤʽʰʽ ʜʦ ʨʽʚʥʦʚʘʛʠ: 0,2 ʢʤʦʣʷ ʉʆ ʽ 0,8 ʢʤʦʣʷ N2; ʫ ʩʪʘʥʽ 

ʨʽʚʥʦʚʘʛʠ 0,2ʭ ʢʤʦʣʷ ʉʆ2 ʽ 0,2(1 ï ʭ) ʢʤʦʣʷ ʉʆ. 

ʂʦʥʩʪʘʥʪʫ ʨʽʚʥʦʚʘʛʠ ʨʝʘʢʮʽʾ ʤʦʞʥʘ ʦʧʠʩʘʪʠ ʨʽʚʥʷʥʥʷʤ 
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.
C

C
K

CO

2CO
C  

 

ʇʽʜʩʪʘʚʠʚʰʠ ʚ ʮʝ ʨʽʚʥʷʥʥʷ ʟʥʘʯʝʥʥʷ ʂʩ ʽ ʚʠʨʘʟ ʨʽʚʥʦʚʘʞʥʠʭ ʢʦʥʮʝʥʪ-

ʨʘʮʽʡ ʉʆ2 ʽ ʉʆ, ʜʽʩʪʘʥʝʤʦ 

,
)x1(2,0

x2,0
398,0  

ɿʚʽʜʢʠ ʭ = 0,285. 

ɺʥʘʩʣʽʜʦʢ   ʚʟʘʻʤʦʜʽʾ  ʦʢʩʠʜʫ  ʚʫʛʣʝʮʶ (II)  ʟ  ʦʢʩʠʜʦʤ ʟʘʣʽʟʘ  (II)  ʥʘ   

1 ʢʤʦʣʴ ʛʘʟʦʚʦʾ ʩʫʤʽʰʽ ʫʪʚʦʨʶʻʪʴʩʷ: 

- ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ: 057,02,0285,0n
2CO  ʢʤʦʣʷ; 

- ʟʘʣʽʟʘ: 057,0mFe  ʢʘʪʦʤʘ = 0,057Ā55,847=3,184 ʢʛ. 

ʆʪʞʝ, ʥʘ 1000 ʤ
3
 ʧʨʠʚʝʜʝʥʦʾ ʜʦ ʥʦʨʤʘʣʴʥʠʭ ʫʤʦʚ ʩʫʤʽʰʽ ʉʆ ʽ N2 ʟʘ-

ʟʥʘʯʝʥʦʛʦ ʚʠʱʝ ʩʢʣʘʜʫ ʟʘʣʽʟʘ ʫʪʚʦʨʶʻʪʴʩʷ 

 

1,142
4,22

1000
184,3mFe  ʢʛ. 

 

ʉʢʣʘʜ ʨʽʚʥʦʚʘʞʥʦʾ ʛʘʟʦʚʦʾ ʩʫʤʽʰʽ: 

- ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ: 0,057Ā100%=5,7 ʦʙ.%; 

- ʦʢʩʠʜʫ ʚʫʛʣʝʮʶ (ɯɯ): (0,2 ï 0,057)Ā100% = 14,3 ʦʙ.% 

- ʘʟʦʪʫ: 0,8Ā100% = 80 ʦʙ.%.] 

ʇʨʠʢʣʘʜ 4. ɺʟʘʻʤʦʜʽʷ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ ʟ ʚʫʛʣʝʮʝʤ ʧʨʦʪʽʢʘʻ ʟʘ ʨʽʚ-

ʥʷʥʥʷʤ ʉʆ2 + ʉ (ʛʨ.) D 2ʉʆ. ʇʨʠ 1400 ʂ ʽ ʪʠʩʢʫ 3Ā10
6
 ʇʘ ʨʽʚʥʦʚʘʞʥʘ ʩʫʤʽʰ 

ʤʽʩʪʠʪʴ 7 ʦʙ. % ʉʆ2. ɺʠʟʥʘʯʠʪʠ ʂʨ ʽ ʂʉ. 

ʈʦʟʚ̫ʟʘʥʥʷ. ʈʽʚʥʦʚʘʞʥʘ ʛʘʟʦʚʘ ʩʫʤʽʰʤʽʩʪʠʪʴ ʦʢʩʠʜʚʫʛʣʝʮʶ(II) 

 

100 ï 7 = 93 ʦʙ.% 

 

ʇʘʨʮʽʘʣʴʥʽ ʪʠʩʢʠ ʉʆ ʽ ʉʆ2 ʚ ʨʽʚʥʦʚʘʞʥʽʡ ʛʘʟʦʚʽʡ ʩʫʤʽʰʽ ʤʦʞʥʘ ʦʙʯʠ-

ʩʣʠʪʠ ʟ ʨʽʚʥʷʥʴ: 

 

.ʇʘ1079,2
100

93103

.%ʦʙ100

ʉʆ.%ʦʙp
p 6

6

CO  

 

.ʇʘ1021,0
100

7103

.%ʦʙ100

ʉʆ.%ʦʙp
p 6

6
2

2CO  

 

ʂʦʥʩʪʘʥʪʘ ʨʽʚʥʦʚʘʛʠ ʨʝʘʢʮʽʾ, ʚʠʟʥʘʯʝʥʘ ʯʝʨʝʟ ʧʘʨʮʽʘʣʴʥʽ ʪʠʩʢʠ ʉʆ ʽ 

ʉʆ2, ʜʦʨʽʚʥʶʚʘʪʠʤʝ 
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.ʇʘ1071,3
1021,0

)1079,2(

ʨ

ʨ
ʂʨ 7

6

26

2ʉʆ

2
ʉʆ  

ɿʤʽʥʘ ʯʠʩʣʘ ʢʽʣʦʤʦʣʽʚ ʛʘʟʦʚʦʾ ʩʫʤʽʰʽ ʜʦʨʽʚʥʶʻ 

 

.112nnn
2COCO  

 

ʂʦʥʩʪʘʥʪʫ ʨʽʚʥʦʚʘʛʠ, ʚʠʟʥʘʯʝʥʫ ʯʝʨʝʟ ʤʦʣʴʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʉʆ ʽ ʉʆ2 , 

ʤʦʞʥʘ ʟʥʘʡʪʠ ʟʘ ʨʽʚʥʷʥʥʷʤ 

 

.ʤʢʤʦʣʴ188,3
140010314,8

1071,3
)RT(ʂʂ 3

6

27
1

ʨC  

 

 

3.1.2 ɿʘʜʘʯʽ ʜʣʷ ʩʘʤʦʩʪʽʡʥʦʛʦ ʨʽʰʝʥʥʷ 

 

77. ʇʨʠ 1000 ʂ ʧʘʨʮʽʘʣʴʥʽ ʪʠʩʢʠ ʉʆ2 , ʅ2 ,ʉʆ ʽ ʅ2ʆ ʚ ʩʪʘʥʽ ʨʽʚʥʦʚʘʛʠ 

ʚʜ̔ʧʦʚʽʜʥʦ ʜʦʨʽʚʥʶʶʪʴ 0,1013Ā10
5
 ; 0,2027Ā10

5
 ʽ 0,2027Ā10

5
 ʇʘ. 

ɺʠʟʥʘʯʠʪʠ ʢʦʥʩʪʘʥʪʫ ʨʽʚʥʦʚʘʛʠ ʨʝʘʢʮʽʾ  CO+H2O D CO2 +H2. 

ɺʽʜʧʦʚʽʜʴ: 1,4. 

78. ɺʠʟʥʘʯʠʪʠ ʢʦʥʩʪʘʥʪʫ ʨʽʚʥʦʚʘʛʠ ʽ ʩʢʣʘʜ ʨʽʚʥʦʚʘʞʥʦʾ ʩʫʤʽʰʽ ʨʝʘʢʮʽʾ 

Fe3O4 + 4H2  D 3Fe + 4H2O, ʢ̫ʱʦ ʧʨʠ 900 ʂ ʨʽʚʥʦʚʘʞʥʽ ʧʘʨʮʽʘʣʴʥʽ ʪʠʩʢʠ ʚʦ-

ʜʥʶ ʽ ʚʦʜʷʥʦʾ ʧʘʨʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦʨʽʚʥʶʶʪʴ 9490 ʽ 6516 ʇʘ. 

ɺʽʜʧʦʚʽʜʴ: 0,687; 59,3 ʽ 40,7 ʦʙ. %. 

79. ɺʠʟʥʘʯʠʪʠ ʨʽʚʥʦʚʘʞʥʽ ʧʘʨʮʽʘʣʴʥʽ ʪʠʩʢʠ ʉʆ2 ʽ ʉʆ ʜʣʷ ʨʝʘʢʮʽʾ  

FeO + CO D Fe + CO2, ʱʦ ʧʨʦʪʽʢʘʻ ʚ ʜʦʤʝʥʥʽʡ ʧʝʯʽ, ʷʢʱʦ ʧʨʠ 1400 ʂ ʽ ʪʠʩʢʫ 

1,01325Ā10
5
 ʇʘ ʢʦʥʩʪʘʥʪʘ ʨʽʚʥʦʚʘʛʠ ʜʦʨʽʚʥʶʻ 0,339. 

ɺʽʜʧʦʚʽʜʴ: 2,5675Ā10
4
 ʽ 7,565Ā10

4
 ʇʘ. 

80. ʂʦʥʩʪʘʥʪʘ ʨʽʚʥʦʚʘʛʠ ʨʝʘʢʮʽʾ CO+ H2O D CO2+ H2  ʧʨʠ 800 ʂ ʜʦʨʽʚ-

ʥʶʻ 4,12. ʉʫʤʽʰ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 40,0 ʦʙ. % ʉʆ ʽ 60,0 ʦʙ. % ʅ2ʆ, ʥʘʛʨʽʚʘ-

ʶʪʴ ʜʦ 800 ʂ. 

ɺʠʟʥʘʯʠʪʠ ʩʢʣʘʜ ʩʫʤʽʰʽ ʧʨʠ ʜʦʩʷʛʥʝʥʥʽ ʨʽʚʥʦʚʘʛʠ ʽ ʚʠʭʽʜ ʚʦʜʥʶ, ʷʢʱʦ 

ʙʫʣʦ ʚʟʷʪʦ 36,03 ʢʛ ʚʦʜʠ. 

ɺʽʜʧʦʚʽʜʴ: 31,54 ʦʙ. %; 31,54 ʦʙ. %; 8,46 ʦʙ. % ʽ 28,46 ʦʙ. %; 2,119 ʢʛ. 

81. ʇʨʠ 1400 ʂ ʢʦʥʩʪʘʥʪʘ ʨʽʚʥʦʚʘʛʠ ʨʝʘʢʮʽʾ  C(ʛʨ)+ H2O D CO+ H2  

ʜʦʨʽʚʥʶʻ 2,83Ā10
7
 ʇʘ. ɺʠʟʥʘʯʠʪʠ ʨʽʚʥʦʚʘʞʥʠʡ ʧʘʨʮʽʘʣʴʥʠʡ ʪʠʩʢ ʚʦʜʷʥʦʾ ʧʘ-

ʨʠ, ʷʢʱʦ ʧʦʯʘʪʢʦʚʠʡ ʪʠʩʢ ʜʦʨʽʚʥʶʻ 1,01325Ā10
5
 ʇʘ. 

ɺʽʜʧʦʚʽʜʴ: 1,325Ā10
3
 ʇʘ. 

82. ɿʘʣʽʟʦ ʽ ʚʦʜʷʥʘ ʧʘʨʘ ʨʝʘʛʫʶʪʴ ʟʘ ʨʽʚʥʷʥʥʷʤ  Fe + H2O D FeO + H2. 

ʂʦʥʩʪʘʥʪʘ ʨʽʚʥʦʚʘʛʠ ʨʝʘʢʮʽʾ ʧʨʠ 1400 ʂ ʜʦʨʽʚʥʶʻ 1,328. ɺʠʟʥʘʯʠʪʠ ʪʠʩʢ 

(ʧʨʫʞʥʽʩʪʴ) ʜʠʩʦʮʽʘʮʽʾ FeO ʧʨʠ ʮʽʡ ʪʝʤʧʝʨʘʪʫʨʽ,ʷʢʱʦ ʚʜ̔ʦʤʦ, ʱʦ ʢʦʥʩʪʘʥʪʘ 
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ʜʠʩʦʮʽʘʮʽʾ ʚʦʜʷʥʦʾ ʧʘʨʠ ʚ ʮʠʭ ʫʤʦʚʘʭ ʜʦʨʽʚʥʶʻ 2Ā10
-8
 ʇʘ. 

83. ɺʠʟʥʘʯʠʪʠ ʢʦʥʩʪʘʥʪʫ ʨʽʚʥʦʚʘʛʠ ʂʨ ʨʝʘʢʮʽʾ  CO2 + ʉ D 2CO ʯʝʨʝʟ 

ʢʦʥʩʪʘʥʪʠ ʨʽʚʥʦʚʘʛʠ ʨʝʘʢʮʽʡ:  ʉ+ O2  D CO2;   2ʉʆ + ʆ2  D 2CO2. 

ɺʽʜʧʦʚʽʜʴ: ʂʨ =
)ʙ(p

)a(p

K

K
. 

84. ʇʨʠ 1000 ʂ ʢʦʥʩʪʘʥʪʘ ʨʽʚʥʦʚʘʛʠ ʨʝʘʢʮʽʾ  2H2O D 2H2 + O2  ʜʦʨʽʚ-

ʥʶʻ 7,36Ā10
-16

 ʇʘ, ʘ ʪʠʩʢ (ʧʨʫʞʥʽʩʪʴ) ʜʠʩʦʮʽʘʮʽʾ ʦʢʩʠʜʫ ʟʘʣʽʟʘ(II) ʟʘ ʨʽʚʥʷʥ-

ʥʷʤ  2FeO = 2Fe + O2  ʜʦʨʽʚʥʶʻ 2,95Ā10
-16

 ʇʘ. 

ɺʠʟʥʘʯʠʪʠ ʢʦʥʩʪʘʥʪʫ ʨʽʚʥʦʚʘʛʠ ʨʝʘʢʮʽʾ FeO+H2 D Fe+H2O ʧʨʠ 1000 ʂ. 

ɺʽʜʧʦʚʽʜʴ: 0,633. 

85. ʇʨʠ 2500 ʂ ʚʦʜʷʥʘ ʧʘʨʘ ʯʘʩʪʢʦʚʦ ʜʠʩʦʮʽʶʻ ʥʘ ʢʠʩʝʥʴ ʽ ʚʦʜʝʥʴ ʟʘ 

ʨʽʚʥʷʥʥʷʤ 2H2O D 2H2+ O2   100 ʤ
3
 ʫʪʚʦʨʝʥʦʾ ʩʫʤʽʰʽ ʧʨʠ ʮʠʭ ʫʤʦʚʘʭ ʚʘʞʠʪʴ 

77,57 ʢʛ. ʉʪʫʧʽʥʴ ʜʠʩʦʮʽʘʮʽʾ ʚʦʜʷʥʦʾ ʧʘʨʠ ʜʦʨʽʚʥʶʻ 4,1 %. ɺʠʟʥʘʯʠʪʠ ʂʩ ʽ ʂʨ 

ʜʣʷ ʮʽʻʾ ʨʝʘʢʮʽʾ.  

ɺʽʜʧʦʚʽʜʴ: 1,484Ā10
-6
 ʢʤʦʣʴĀʤ

-3
; 30,83 ʇʘ. 

86. ʇʨʠ 700 ʂ ʦʢʩʠʜ ʟʘʣʽʟʘ (II) ʽ ʚʦʜʷʥʘ ʧʘʨʘ ʨʝʘʛʫʶʪʴ ʟʘ ʨʽʚʥʷʥʥʷʤ  

3FeO+ H2O D Fe3O4+ H2 ʇʨʠ ʧʦʯʘʪʢʦʚʦʤʫ ʪʠʩʢʫ ʚʦʜʷʥʦʾ ʧʘʨʠ 1,0772Ā10
5
 ʇʘ 

ʧʘʨʮʽʘʣʴʥʠʡ ʪʠʩʢ ʫʪʚʦʨʝʥʦʛʦ ʚʦʜʥʶ ʚ ʨʽʚʥʦʚʘʞʥʽʡ ʩʫʤʽʰʽ ʜʦʨʽʚʥʶʻ 

1,0265Ā10
5
 ʇʘ. ɺʠʟʥʘʯʠʪʠ ʚʠʭʽʜ ʚʦʜʥʶ, ʷʢʱʦ  ʚ ʘʧʘʨʘʪ  ʦʙ̒ ʤʦʤ  5 ʤ

3
, ʱʦ ʤʽ-

ʩʪʠʪʴ  ʦʢʩʠʜ  ʟʘʣʽʟʘ (II),  ʚʚʝʩʪʠ  ʚʦʜʷʥʫ  ʧʘʨʫ  ʧʽʜ ʪʠʩʢʦʤ 5,065Ā10
5
 ʇʘ  ʽ  ʧʨʠ 

700 ʂ. 

ɺʽʜʧʦʚʽʜʴ: 0,836 ʢʛ. 

87. ɺʠʟʥʘʯʠʪʠ ʢʦʥʩʪʘʥʪʫ ʜʠʩʦʮʽʘʮʽʾ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʚʦʜʥʶ ʟʘ ʨʽʚʥʷʥ-

ʥʷʤ  H2 D 2H  ʧʨʠ 2000 ʂ, ʷʢʱʦ ʧʨʠ ʮʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʽ ʪʠʩʢʫ 101,325Ā10
3
 ʇʘ 

ʩʪʫʧʽʥʴ ʜʠʩʦʮʽʘʮʽʾ ʜʦʨʽʚʥʶʻ 8,11Ā10
-4
. 

ɺʽʜʧʦʚʽʜʴ: 0,267 ʇʘ. 

88. ɺʠʟʥʘʯʠʪʠ ʢʦʥʩʪʘʥʪʫ ʜʠʩʦʮʽʘʮʽʾ ʚʦʜʷʥʦʾ ʧʘʨʠ ʟʘ ʨʝʘʢʮʽʻʶ  

2H2O D 2H2+O2 ʧʨʠ 2000 ʂ ʽ ʪʠʩʢʫ 1,01325Ā10
3
 ʇʘ. ʇʦʪʨʽʙʥʽ ʜʣʷ ʨʦʟʚʷʟʫ-

ʚʘʥʥʷ ʟʘʜʘʯʽ ʜʘʥʽ ʚʟʷʪʠ ʟ ʪʘʙʣ. 3 ʜʦʜʘʪʢʫ. 

ɺʽʜʧʦʚʽʜʴ: 8,2Ā10
-3
 ʇʘ. 

 

 

3.2 ɿʤʽʱʝʥʥʷ ʨʽʚʥʦʚʘʛʠ 

 

ʈʚ̔ʥʦʚʘʛʦʶ ʥʘʟʠʚʘʻʪʴʩʷ ʪʘʢʠʡ ʩʪʘʥ ʩʠʩʪʝʤʠ, ʚʽʜʧʦʚʽʜʥʽ ʧʘʨʘʤʝʪʨʠ 

ʷʢʦʾ ʚ ʫʩʽʭ ʾʾ ʯʘʩʪʠʥʘʭ ʦʜʥʘʢʦʚʽ. 

ʈʽʚʥʦʚʘʛʘ ʻ ʜʠʥʘʤʽʯʥʠʤ ʧʨʦʮʝʩʦʤ, ʙʦ ʚʦʥʘ ʟʫʤʦʚʣʝʥʘ ʦʜʥʦʯʘʩʥʠʤ 

ʧʨʦʪʽʢʘʥʥʷʤ ʧʨʦʮʝʩʽʚ ʫ ʜʚʦʭ ʧʨʦʪʠʣʝʞʥʠʭ ʥʘʧʨʷʤʘʭ ʟ ʦʜʥʘʢʦʚʦʶ ʰʚʠʜʢʽʩ-

ʪʶ. 

ɿʤʽʥʘ ʦʜʥʦʛʦ ʟ ʬʘʢʪʦʨʽʚ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʨʽʚʥʦʚʘʞʥʠʡ ʩʪʘʥ, ʧʦʨʫʰʫʻ 

ʨʚ̔ʥʦʚʘʛʫ. ʉʠʩʪʝʤʘ ʩʘʤʦʜʦʚʽʣʴʥʦ, ʙʝʟ ʟʘʪʨʘʪʠ ʨʦʙʦʪʠ ʟʟʦʚʥʽ, ʧʝʨʝʭʦʜʠʪʴ ʟ 

ʥʝʨ̔ʚʥʦʚʘʞʥʦʛʦ ʩʪʘʥʫ ʚ ʨʽʚʥʦʚʘʞʥʠʡ. 

ʅʘʧʨʷʤ ʧʝʨʝʭʦʜʫ ʩʠʩʪʝʤʠ ʟ ʥʝʨʽʚʥʦʚʘʞʥʦʛʦ ʩʪʘʥʫ ʚ ʨʽʚʥʦʚʘʞʥʠʡ, 
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ʪʦʙʪʦ ʟʤʽʱʝʥʥʷ ʨʽʚʥʦʚʘʛʠ ʟʘʣʝʞʥʦ ʚʽʜ ʟʤʽʥʠ ʟʦʚʥʽʰʥʽʭ ʫʤʦʚ, ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʧʨʠʥʮʠʧʦʤ ʣʝ ʐʘʪʝʣʴʻ.  

ʗʢʱʦ ʟʤʽʥʠʪʠ ʦʜʥʫ ʟ ʫʤʦʚ, ʧʨʠ ʷʢʠʭ ʩʠʩʪʝʤʘ ʧʝʨʝʙʫʚʘʻ ʚ ʩʪʘʥʽ ʨʽʚʥʦ-

ʚʘʛʠ, ʪʦ ʨʽʚʥʦʚʘʛʘ ʟʤʽʱʫʻʪʴʩʷ ʚ ʥʘʧʨʷʤʽ ʪʦʛʦ ʧʨʦʮʝʩʫ, ʷʢʠʡ ʧʨʦʪʠʜʽʻ ʟʨʦʙ-

ʣʝʥʽʡ ʟʤʽʥʽ. 

ʇʨʠ ʧʽʜʚʠʱʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʨʽʚʥʦʚʘʛʘ ʟʤʽʱʫʻʪʴʩʷ ʚ ʙʽʢ ʧʨʦʮʝʩʫ, ʱʦ 

ʧʨʦʪʽʢʘʻ ʟ ʧʦʛʣʠʥʘʥʥʷʤ ʪʝʧʣʦʪʠ, ʘ ʧʨʠ ʟʥʠʞʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ï ʚ ʙʽʢ ʧʨʦʮʝ-

ʩʫ, ʱʦ ʧʨʦʪʽʢʘʻ ʟ ʚʠʜʽʣʝʥʥʷʤ ʪʝʧʣʦʪʠ. 

ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ ʪʠʩʢʫ ʨʽʚʥʦʚʘʛʘ ʟʤʽʱʫʻʪʴʩʷ ʚ ʙʽʢ ʫʪʚʦʨʝʥʥʷ ʤʝʥʰʦʛʦ 

ʯʠʩʣʘ ʤʦʣʝʢʫʣ ʛʘʟʫ, ʘ ʧʨʠ ʟʤʝʥʰʝʥʥʽ ʪʠʩʢʫ ï ʚ ʙʽʢ ʫʪʚʦʨʝʥʥʷ ʙʽʣʴʰʦʛʦ ʯʠʩ-

ʣʘ ʤʦʣʝʢʫʣ ʛʘʟʫ. 

ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʦʜʥʽʻʾ ʟ ʧʦʯʘʪʢʦʚʠʭ ʨʝʯʦʚʠʥ ʨʽʚʥʦʚʘʛʘ 

ʟʤ̔ɦ ʫʻʪʴʩʷ ʚ ʙʽʢ ʫʪʚʦʨʝʥʥʷ ʢʽʥʮʝʚʠʭ ʨʝʯʦʚʠʥ, ʘ ʧʨʠ ʟʤʝʥʰʝʥʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʚʠʭʽʜʥʦʾ ʨʝʯʦʚʠʥʠ ï ʚ ʙʽʢ ʫʪʚʦʨʝʥʥʷ ʧʦʯʘʪʢʦʚʠʭ ʨʝʯʦʚʠʥ. 

 

 

3.2.1 ʇʨʠʢʣʘʜʠ ʨʽʰʝʥʥʷ ʟʘʜʘʯ 

 

ʇʨʠʢʣʘʜ. ɺ ʷʢʠʡ ʙʽʢ ʟʤʽʩʪʠʪʴʩʷ ʨʽʚʥʦʚʘʛʘ ʧʨʠ ʧʽʜʚʠʱʝʥʥʽ ʪʝʤʧʝʨʘʪʫ-

ʨʠ ʽ ʟʘʛʘʣʴʥʦʛʦ ʪʠʩʢʫ ʚ ʪʘʢʠʭ ʨʝʘʢʮʽʷʭ: 
 

CO2+ʉ D 2CO-172,6ʄɼʞ; 
 

ʉʘ(ʆʅ)2 + CO2 D ʉʘʉʦ3 + ʅ2ʆ(ʧ.) + 68,6ʄɼʞ? 
 

ʈʦʟʚ̫ʟʘʥʥʷ. ʇʨʠ ʧʽʜʚʠʱʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʨʽʚʥʦʚʘʛʘ ʟʤʽʱʫʻʪʴʩʷ ʚ ʙʽʢ 

ʧʨʦʮʝʩʫ, ʱʦ ʧʨʦʪʽʢʘʻ ʟ ʧʦʛʣʠʥʘʥʥʷʤ ʪʝʧʣʦʪʠ. ʆʪʞʝ, ʜʣʷ ʧʝʨʰʦʽ ʨʝʘʢʮʽʾ ʧʽʜ-

ʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʟʤʽʱʫʻ ʨʽʚʥʦʚʘʛʫ ʚ ʙʽʢ ʫʪʚʦʨʝʥʥʷ ʦʢʩʠʜʫ ʚʫʛʣʝʮʶ(II), 

ʘ ʧʽʜʚʠʱʝʥʥʷ ʟʘʛʘʣʴʥʦʛʦ ʪʠʩʢʫ ʟʤʽʱʫʻ ʨʽʚʥʦʚʘʛʫ ʚ ʙʽʢ ʫʪʚʦʨʝʥʥʷ ʉʆ2. 

ɼʣʷ ʜʨʫʛʦʾ ʨʝʘʢʮʽʾ ʧʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʟʤʽʱʫʻ ʨʽʚʥʦʚʘʛʫ ʚ ʙʽʢ 

ʧʨʦʪʽʢʘʥʥʷ ʝʥʜʦʪʝʨʤʽʯʥʦʛʦ ʧʨʦʮʝʩʫ, ʪʦʙʪʦ ʚ ʙʽʢ ʫʪʚʦʨʝʥʥʷ ʧʦʯʘʪʢʦʚʠʭ ʨʝ-

ʯʦʚʠʥ. ɿʙʽʣʴʰʝʥʥʷ ʪʠʩʢʫ ʥʝ ʧʨʠʟʚʝʜʝ ʜʦ ʟʤʽʱʝʥʥʷ ʨʽʚʥʦʚʘʛʠ ʨʝʘʢʮʽʾ, ʙʦ ʯʠ-

ʩʣʘ ʤʦʣʝʢʫʣ ʛʘʟʦʧʦʜʽʙʥʠʭ ʨʝʯʦʚʠʥ ʫ ʚʠʭʽʜʥʠʭ ʽ ʢʽʥʮʝʚʠʭ ʧʨʦʜʫʢʪʘʭ ʦʜʥʘʢʦ-

ʚʽ. 

 

 

3.2.2 ɿʘʜʘʯʽ ʜʣʷ ʩʘʤʦʩʪʽʡʥʦʛʦ ʨʽʰʝʥʥʷ 

 

89. ɺ ʷʢʠʡ ʙʽʢ ʟʤʽʩʪʠʪʴʩʷ ʨʽʚʥʦʚʘʛʘ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʪʠʩʢʫ ʚ ʪʘʢʠʭ ʨʝʘ-

ʢʮʽʷʭ: 

2ʅ2 + ʆ2 D 2ʅ2ʆ;  

N2 + 3ʅ2 D 2Nʅ3;  

2CO2 D 2ʉʆ+ʆ2; 

N2 D 2N;  

ʉʆ2+ʅ2ʆ(ʧ.) D ʉʆ2+ʅ2? 



 58 

90. ɺ ʷʢʠʡ ʙʽʢ ʟʤʽʩʪʠʪʴʩʷ ʨʽʚʥʦʚʘʛʘ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʪʠʩʢʫ ʚ ʪʘʢʠʭ ʨʝʘ-

ʢʮʽʷʭ:  

ʉ+ʅ2ʆ(ʧ.) D ʉʆ+ʅ2;  

Fe2O3+ʉʆ D 2FeO+ʉʆ2; 

Fe3O4+4ʅ2 D 3Fe+4ʅ2ʆ(ʧ.)? 

 

91. ɺ ʷʢʠʡ ʙʽʢ ʟʤʽʩʪʠʪʴʩʷ ʨʽʚʥʦʚʘʛʘ ʧʨʠ ʧʽʜʚʠʱʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʜʣʷ 

ʪʘʢʠʭ ʨʝʘʢʮʽʡ: 

FeO+ʉʆ D Fe + ʉʆ2 + 16,5ʄɼʞ; 

ʉʅ4+2ʆ2 D ʉʆ2 + 2ʅ2ʆ(ʧ.) + 802,9 ʄɼʞ; 

ʅ2+ 1/2ʆ2 D ʅ2ʆ (ʨʽʜ) + 286 ʄɼʞ; 

Pbʆ D Pb+ 1/2ʆ2 ï 219,4 ʄɼʞ; 

ʉʘʉʆ3 D ʉʘʆ + ʉʆ2 ï 178,6 ʄɼʞ? 

 

92. ɺ ʷʢʠʡ ʙʽʢ ʟʤʽʱʫʻʪʴʩʷ ʨʽʚʥʦʚʘʛʘ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʧʘʨʮʽʘʣʴʥʦʛʦ ʪʠʩ-

ʢʫ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ ʜʣʷ ʪʘʢʠʭ ʨʝʘʢʮʽʡ: 

 

ʉʅ4 + 3ʉʆ2 D 4ʉʆ + 2ʅ2ʆ; 

CO + H2O(ʧ) D CO2 + H2; 

ʉʆ + 1/2ʆ2 D ʉʆ2; 

CaO + CO2 D CaCO3; 

Ca(OH)2 + CO2 D CaCO3 + H2O (ʧ)? 

 

93. ʆʢʩʠʜ ʟʘʣʽʟʘ (II) ʚʽʜʥʦʚʣʶʶʪʴ ʢʦʢʩʦʤ ʘʙʦ ʦʢʩʠʜʦʤ ʚʫʛʣʝʮʶ(II): 

 

FeO + CO D Fe + CO2 + 16,5 ʄɼʞ; 

FeO + C D CO + Fe ï 156,1ʄɼʞ. 

 

ɺ ʷʢʠʡ ʙʽʢ ʟʤʽʩʪʠʪʴʩʷ ʨʽʚʥʦʚʘʛʘ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʪʠʩʢʫ ʽ ʧʽʜʚʠʱʝʥʥʽ 

ʪʝʤʧʝʨʘʪʫʨʠ? 

94. ʗʢ ʚʧʣʠʚʘʻ ʟʤʽʥʘ ʢʦʥʮʝʥʪʨʘʮʽʾ ʚʠʭʽʜʥʠʭ ʨʝʯʦʚʠʥ ʽ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ 

ʟʙʽʣʴʰʝʥʥʷ ʚʠʭʦʜʫ ʚʦʜʥʶ ʜʣʷ ʨʝʘʢʮʽʾ 

 

CO + H2O(ʧ) DCO2 + H2 + 41,2 ʄɼʞ;? 

 

95. ʇʨʠ 1000 ʂ ʧʨʦʪʽʢʘʻ ʨʝʘʢʮʽʷ 

 

ʉ + H2O (ʧ) DCO + H2  ï 131,4 ʄɼʞ. 

 

ɺ ʷʢʠʡ ʙʽʢ ʟʤʽʩʪʠʪʴʩʷ ʨʽʚʥʦʚʘʛʘ ʧʨʠ ʟʤʽʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʝʘʛʫʶʯʠʭ ʨʝ-

ʯʦʚʠʥ, ʪʝʤʧʝʨʘʪʫʨʠ ʠ ʪʠʩʢʫ? 
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3.3 ʈʽʚʥʷʥʥʷ ʽʟʦʪʝʨʤʠ ʭʽʤʽʯʥʦʾ ʨʝʘʢʮʽʾ 

 

ɼʣʷ ʨʝʘʢʮʽʾ  

aA + bB  D  cC + dD, 

 

ʱʦ ʧʨʦʪʽʢʘʻ ʧʨʠ ʩʪʘʣʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʽ ʩʪʘʣʦʤʫ ʪʠʩʢʫ, ʟʘʣʝʞʥʽʩʪʴ ʽʟʦʙʘʨʥʦʛʦ 

ʧʦʪʝʥʮʽʘʣʫ ʚʽʜ ʩʢʣʘʜʫ ʨʝʘʛʫʶʯʠʭ ʨʝʯʦʚʠʥ ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤ ʽʟʦʪʝʨʤʠ 

ʭʽʤʽʯʥʦʾ ʨʝʘʢʮʽʾ: 

 

,Kpln
pp

pp
lnRTG

b
B

a
A

d
D

c
C                      (3.13) 

 

ʜʝ ʨ'A, ʨ'B, ʨ'C, ʨ'D ï ʧʘʨʮʽʘʣʴʥʽ ʪʠʩʢʠ ʧʦʯʘʪʢʦʚʠʭ ʽ ʢʽʥʮʝʚʠʭ ʛʘʟʽʚ ʫ ʥʝ-

ʨʽʚʥʦʚʘʞʥʠʭ ʫʤʦʚʘʭ, ʇʘ;  

ʘ, b, ʩ, d ï  ʯʠʩʣʦ ʢʽʣʦʤʦʣʽʚ ʛʘʟʽʚ, ʱʦ ʨʝʘʛʫʶʪʴ ʟʘ ʨʽʚʥʷʥʥʷʤ;  

ʂʨ ï ʢʦʥʩʪʘʥʪʘ ʨʽʚʥʦʚʘʛʠ, ʚʠʟʥʘʯʝʥʘ ʯʝʨʝʟ ʨʽʚʥʦʚʘʞʥʽ ʧʘʨʮʽʘʣʴʥʽ 

ʪʠʩʢʠ ʨʝʘʛʫʶʯʠʭ ʛʘʟʽʚ (3.5).  

ʄʘʢʩʠʤʘʣʴʥʘ ʢʦʨʠʩʥʘ ʨʦʙʦʪʘ ʨʝʘʢʮʽʾ ʜʦʨʽʚʥʶʻ: 

 

.
pp

pp
lnKlnRTGW

b
B

a
A

d
D

c
C

pmax .           (3.14) 

 

ʗʢʱʦ ʨʝʘʢʮʽʷ ʧʨʦʪʽʢʘʻ ʧʨʠ ʩʪʘʣʦʤʫ ʦʙ'ʻʤʽ ʽ ʩʪʘʣʽʡ ʪʝʤʧʝʨʘʪʫʨʽ, ʪʦ 

ʟʘʣʝʞʥʽʩʪʴ ʽʟʦʭʦʨʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʚʽʜ ʩʢʣʘʜʫ ʩʠʩʪʝʤʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʽʚʥʷʥ-

ʥʷʤ ʽʟʦʪʝʨʤʠ ʨʝʘʢʮʽʾ: 

 

,Kln
'C'C

'C'C
lnRTA Cb

B
a
A

d
D

c
C             (3.15) 

 

ʜʝ ʉ'A, ʉ'B, ʉ'C, ʉ'D ï ʢʦʥʮʝʥʪʨʘʮʽʷ ʧʦʯʘʪʢʦʚʠʭ ʽ ʢʽʥʮʝʚʠʭ ʨʝʯʦʚʠʥ ʫ 

ʥʝʨʽʚʥʦʚʘʞʥʠʭ ʫʤʦʚʘʭ, ʢʤʦʣʴĀʤ
3
;  

ʂC ï ʢʦʥʩʪʘʥʪʘ ʨʽʚʥʦʚʘʛʠ, ʚʠʟʥʘʯʝʥʘ ʯʝʨʝʟ ʨʽʚʥʦʚʘʞʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʨʝʘʛʫʯʁʠʭ ʨʝʯʦʚʠʥ (3.4).  

ʄʘʢʩʠʤʘʣʴʥʘ ʨʦʙʦʪʘ ʨʝʘʢʮʽʾ ʚ ʮʠʭ ʫʤʦʚʘʭ ʜʦʨʽʚʥʶʚʘʪʠʤʝ: 

 

b
B

a
A

d
D

c
C

Cmax
'C'C

'C'C
lnKlnRTAA          (3.16) 
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ɿʥʘʢ ʤʽʥʫʩ ʧʝʨʝʜ æG  ʽ  æA  ʧʦʢʘʟʫʻ ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʪʽʢʘʥʥʷ ʭʽʤʽʯʥʦʾ 

ʨʝʘʢʮʽʾ ʚ ʙʽʢ ʫʪʚʦʨʝʥʥʷ ʢʽʥʮʝʚʠʭ ʨʝʯʦʚʠʥ; ʟʥʘʢ ʧʣʶʩ ï ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʪʽ-

ʢʘʥʥʷ ʨʝʘʢʮʽʾ ʚ ʙʽʢ ʫʪʚʦʨʝʥʥʷ ʧʦʯʘʪʢʦʚʠʭ ʨʝʯʦʚʠʥ. ʗʢʱʦ æA ʽ æG  ʜʦʨʽʚ-

ʥʶʶʪʴ ʥʫʣʶ, ʪʦ ʩʠʩʪʝʤʘ ʧʝʨʝʙʫʚʘʻ ʚ ʨʽʚʥʦʚʘʟʽ. 

ɿʥʘʯʝʥʥʷ æA ʽ æG  ʚʠʟʥʘʯʘʶʪʴ ʚʝʣʠʯʠʥʫ ʭʽʤʽʯʥʦʾ ʩʧʦʨʽʜʥʝʥʦʩʪʽ ʨʝʘʛʫ-

ʶʯʠʭ ʨʝʯʦʚʠʥ, ʪʦʙʪʦ ʟʜʘʪʥʽʩʪʴ ʾʭ ʚʩʪʫʧʘʪʠ ʚ ʭʽʤʽʯʥʫ ʚʟʘʻʤʦʜʽʶ ʤʽʞ ʩʦʙʦʶ. 

ɿʜʘʪʥʦʩʪʽ ʨʽʟʥʠʭ ʭʽʤʽʯʥʠʭ ʨʝʘʢʮʽʡ ʜʦ ʩʘʤʦʜʦʚʽʣʴʥʦʛʦ ʧʨʦʪʽʢʘʥʥʷ ʟʽʩʪʘ-

ʚʣʷʶʪʴ ʧʨʠ ʩʪʘʥʜʘʨʪʥʠʭ ʫʤʦʚʘʭ ʚʠʭʽʜʥʦʾ ʩʫʤʽʰʽ.  ʉʪʘʥʜʘʨʪʥʠʤʠ ʚʚʘʞʘʶʪʴ 

ʫʤʦʚʠ,  ʢʦʣʠ  ʢʦʥʮʝʥʪʨʘʮʽʷ ʢʦʞʥʦʛʦ  ʢʦʤʧʦʥʝʥʪʘ ʚʠʭʽʜʥʦʾ ʩʫʤʽʰʽ ʜʦʨʽʚʥʶʻ 

1 ʢʤʦʣʴĀʤ
3
: 

 

ʉ'A =ʉ'B =ʉ'C =ʉ'D =1 ʢʤʦʣʴĀʤ
-3                               

(3.17) 

 

ʘʙʦ ʧʘʨʮʽʘʣʴʥʠʡ ʪʠʩʢ ʢʦʞʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʜʦʨʽʚʥʶʻ 1,01325Ā10
5
 ʇʘ: 

 

p'A = p'B = p'C = p'D = 1,01325Ā10
5
 ʇʘ            (3.18) 

 

ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʨʽʚʥʷʥʥʷ ʽʟʦʪʝʨʤʠ ʭʽʤʽʯʥʦʾ ʨʝʘʢʮʽʾ (3.13) ʽ (3.15) ʤʘ-

ʪʠʤʫʪʴ ʚʠʛʣʷʜ: 

,C
0
T KlnRTA     (3.19)

   

      ,KlnRT1001325,1lnTRnG p
50

T   (3.20) 

 

ʜʝ æn ï ʟʤʽʥʘ ʯʠʩʣʘ ʢʽʣʦʤʦʣʽʚ ʛʘʟʽʚ ʩʠʩʪʝʤʠ ʚ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʪʽʢʘʥʥʷ 

ʨʝʘʢʮʽʾ. 

ɿʤʽʥʘ ʯʠʩʣʘ ʢʽʣʦʤʦʣʽʚ ʛʘʟʦʚʦʾ ʩʠʩʪʝʤʠ ʜʦʨʽʚʥʶʻ 

 

æn = c + d ï a ï b.           (3.21) 

 

ʇʽʜʩʪʘʚʠʚʰʠ ʯʠʩʣʦʚʽ ʟʥʘʯʝʥʥʷ ʨ ʽ 1n 1,01325Ā10
5
 ʫ ʨʽʚʥʷʥʥʷ (3.20), ʜʽ-

ʩʪʘʥʝʤʦ  

 

.KplnRTTn10585,9G 40
T    (3.22) 

 

 

3.3.1 ʇʨʠʢʣʘʜʠ ʨʽʰʝʥʥʷ ʟʘʜʘʯ 

 

ʇʨʠʢʣʘʜ 1. ɺʠʟʥʘʯʠʪʠ ʭʽʤʽʯʥʫ ʩʧʦʨʽʜʥʝʥʽʩʪʴ ʽ ʥʘʧʨʷʤ ʨʝʘʢʮʽʾ 

ʉʆ + ʅ2ʆ D ʉʆ2 + ʅ2 ʧʨʠ 1000 ʽ 1200 ʂ, ʷʢʱʦ ʢʦʥʩʪʘʥʪʠ ʨʽʚʥʦʚʘʛʠ ʂʈ ʧʨʠ 

ʮʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʽʜʧʦʚʽʜʥʦ ʜʦʨʽʚʥʶʶʪʴ 1,39 ʽ 0,71.  

ʈʦʟʚ'ʷʟʘʥʥʷ. ʇʨʠ 1000 ʂ ʭʽʤʽʯʥʫ ʩʧʦʨʽʜʥʝʥʽʩʪʴ ʨʝʘʢʮʽʾ ʟʥʘʡʜʝʤʦ ʟʘ 

ʨʽʚʥʷʥʥʷʤ 
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.ʄɼʞ738,239,1lg303,2100010314,8KlnRTG 3
p

0
1000

 

 

ʈʝʘʢʮʽʷ .ʧʨʦʪʽʢʘʻ ʩʘʤʦʜʦʚʽʣʴʥʦ ʚ ʙʽʢ ʫʪʚʦʨʝʥʥʷ ʢʽʥʮʝʚʠʭ ʛʘʟʽʚ, ʉʆ2 

ʽ ʅ2, ʦʩʢʽʣʴʢʠ  
0
1000

G ï ʚʝʣʠʯʠʥʘ ʚʽʜ'ʻʤʥʘ. 

ʇʨʠ 1200 ʂ ʭʽʤʽʯʥʘ ʩʧʦʨʽʜʥʝʥʽʩʪʴ ʨʝʘʢʮʽʾ ʜʦʨʽʚʥʶʻ 

 

.ʄɼʞ417,371,0lg303,2120010314,8KlnRTG 3
p

0
1200

 

 

ʈʝʘʢʮʽʷ ʧʨʦʪʽʢʘʻ ʚ ʙʽʢ ʫʪʚʦʨʝʥʥʷ ʚʠʭʽʜʥʠʭ ʨʝʯʦʚʠʥ ʉʆ ʽ ʅ2ʆ, 

ʦʩʢʽʣʴʢʠ 0
1000

G ʚʝʣʠʯʠʥʘ ʜʦʜʘʪʥʘ. 

ʇʨʠʢʣʘʜ 2. ʍʽʤʽʯʥʘ ʩʧʦʨʽʜʥʝʥʽʩʪʴ ʟʘʣʽʟʘ ʜʦ ʢʠʩʥʶ ʟʘ ʨʝʘʢʮʽʻ ʁ 

2Fe + O2 D 2FeO ʧʨʠ 1000 ʂ ʜʦʨʽʚʥʶʻ - 393,295 ʄɼʞĀʢʤʦʣʴ-
1
. ɺʠʟʥʘʯʠʪʠ 

ʪʠʩʢ (ʧʨʫʞʥʽʩʪʴ) ʜʠʩʦʮʽʘʮʽʾ ʦʢʩʠʜʫ ʟʘʣʽʟʘ (II ) ʧʨʠ ʮʽʡ ʪʝʤʧʝʨʘʪʫʨʽ. 

ʈʦʟʚ'ʷʟʘʥʥʷ. ʂʦʥʩʪʘʥʪʘ ʨʝʘʢʮʽʾ ʦʢʠʩʣʝʥʥʷ ʟʘʣʽʟʘ ʜʦʨʽʚʥʶʻ 

 

.
p

1
K

2O
p  

 

ʍʽʤʽʯʥʘ ʩʧʦʨʽʜʥʝʥʽʩʪʴ ʟʘʣʽʟʘ ʜʦ ʢʠʩʥʶ ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤ 

 

,plnRTTn10585,9G
2O

40
T  

aʙʦ 

,KlnRTTn10585,9G p
40

T  

ʟʚʽʜʢʠ 

.
RT303,2

Tn10585,9G
plg

40
T

2O  

 

ɼʣʷ ʮʽʻʾ ʨʝʘʢʮʽʾ 

.1nn
2O  

 

ʆʪʞʝ, ʨʽʚʥʦʚʘʞʥʠʡ ʧʘʨʮʽʘʣʴʥʠʡ ʪʠʩʢ ʢʠʩʥʶ ʤʦʞʥʘ ʟʥʘʡʪʠ, ʧʽʜʩʪʘ-

ʚʠʚʰʠ ʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥ æʧ, Tʽ,R,G0
T  ʚ ʨʽʚʥʷʥʥʷ 

 

,46,1654,15
100010317,8303,2

1000)1(10585,910295,393
plg

3

46

2O  

 

ʟʚʽʜʢʠ ʟʥʘʭʦʜʠʤʦ, ʱʦ 
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.ʇʘ1088,2p 16
2O  

 

ʈʽʚʥʦʚʘʞʥʠʡ  ʧʘʨʮʽʘʣʴʥʠʡ  ʪʠʩʢ ʢʠʩʥʶ ʻ ʪʠʩʢʦʤ (ʧʨʫʞʥʽʩʪʶ) ʜʠʩʦʮʽʘ-

ʮʽʾ ʦʢʩʠʜʫ ʟʘʣʽʟʘ (II): ʆʪʞʝ, ʪʠʩʢ ʜʠʩʦʮʽʘʮʽʾ ʦʢʩʠʜʫ ʟʘʣʽʟʘ (II) ʜʦʨʽʚʥʶʻ 

2,88Ā10
-16

 ʇʘ. 

ʇʨʠ 1000 ʂ ʚʽʜʙʫʚʘʪʠʤʝʪʴʩʷ ʦʢʠʩʣʝʥʥʷ ʟʘʣʽʟʘ ʥʘ ʧʦʚʽʪʨʽ, ʦʩʢʽʣʴʢʠ 

ʪʠʩʢ ʜʠʩʦʮʽʘʮʽʾ ʦʢʩʠʜʫ ʟʘʣʽʟʘ (II) ʤʝʥʰʠʡ ʚʽʜ ʧʘʨʮʽʘʣʴʥʦʛʦ ʪʠʩʢʫ ʢʠʩʥʶ ʧʦ-

ʚʽʪʨʷ (0,213Ā10
5
 ʇʘ). 

ʇʨʠʢʣʘʜ 3. ɺʠʟʥʘʯʠʪʠ, ʯʠ ʤʦʞʣʠʚʝ ʧʨʠ ʩʪʘʥʜʘʨʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ 

(298 ʂ) ʧʨʦʪʽʢʘʥʥʷ ʪʘʢʦʾ ʨʝʘʢʮʽʾ: PbO + H2 D Pb + H2O(ʧ.), ʢʦʣʠ ʚʽʜʦʤʦ, ʱʦ 

ʧʨʠ ʮʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʽʟʦʙʘʨʥʽ ʧʦʪʝʥʮʽʘʣʠ ʫʪʚʦʨʝʥʥʷ ʚʦʜʷʥʦʾ ʧʘʨʠ ʽ ʦʢʩʠʜʫ 

ʩʚʠʥʮʶ (II) ʚʽʜʧʦʚʽʜʥʦ ʜʦʨʽʚʥʶʶʪʴ  -228,8 ʽ -189,7 ʄɼʞĀʢʤʦʣʴ-
1
 

ʈʦʟʚ'ʷʟʘʥʥʷ. ʍʽʤʽʯʥʘ ʩʧʦʨʽʜʥʝʥʽʩʪʴ ʨʝʘʢʮʽʾ ʜʦʨʽʚʥʶʻ 

 

.ʄɼʞ1,39)107,189108,228GGG 660
PbO,298

0
O2H,298

0
298

 

ʈʝʘʢʮʽʷ ʤʦʞʝ ʧʨʦʪʽʢʘʪʠ ʚ ʙʽʢ ʫʪʚʦʨʝʥʥʷ ʢʽʥʮʝʚʠʭ ʨʝʯʦʚʠʥ ʈb ʽ ʅ2ʆ 

(ʧ.). ɺʠʭʽʜ ʧʨʦʜʫʢʪʽʚ ʨʝʘʢʮʽʾ ʙʫʜʝ ʤʽʟʝʨʥʦ ʤʘʣʠʡ. 

 

 

3.3.2 ɿʘʜʘʯʽ ʜʣʷ ʩʘʤʦʩʪʽʡʥʦʛʦ ʨʽʰʝʥʥʷ 

 

96. ʂʦʥʩʪʘʥʪʘ ʨʽʚʥʦʚʘʛʠ ʨʝʘʢʮʽʾ H2 + I2 D 2HI  ʧʨʠ 700 ʂ ʜʦʨʽʚʥʶʻ 50. 

ʏʠ ʫʪʚʦʨʶʚʘʪʠʤʝʪʴʩʷ ʡʦʜʦʚʦʜʝʥʴ ʫ ʛʘʟʦʚʽʡ ʩʫʤʽʰʽ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʅ2, ɯ2 ʽ 

ʅɯ, ʢʦʣʠ ʧʘʨʮʽʘʣʴʥʽ ʪʠʩʢʠ ʮʠʭ ʛʘʟʽʚ ʤʘʪʠʤʫʪʴ ʪʘʢʽ ʟʥʘʯʝʥʥʷ: 

1) 
2Hp =  2,0Ā10

5
 ʇʘ;   

2I
p = 5,0Ā10

5
 ʇʘ;   HIp  = 1,0Ā10

6
 ʇʘ? 

2) 
2Hp = 1,0Ā10

5
 ʇʘ;   

2I
p = 0,1Ā10

5
 ʇʘ;      HIp  = 5,0Ā10

5
 ʇʘ?  

3) 
2Hp = 1,0Ā10

5
 ʇʘ;   

2I
p = 2,0Ā10

5
 ʇʘ;    HIp  = 1,0Ā10

6
 ʇʘ? 

ɺʽʜʧʦʚʽʜʴ: 1) æG1= -9,37 ʄɼʞ; 2) æG2 = 9,37 ʄɼʞ; 3) æG3 = 0. 

97. ʂʦʥʩʪʘʥʪʘ ʨʽʚʥʦʚʘʛʠ ʨʝʘʢʮʽʾ  CO + H2O D CO2 + H2 ʧʨʠ 800 ʂ ʜʦ-

ʨʽʚʥʶʻ 4,12. ɺ ʷʢʠʡ ʙʽʢ ʧʽʜʝ ʨʝʘʢʮʽʷ ʚ ʩʫʤʽʰʽ, ʩʢʣʘʜ ʷʢʦʾ (ʫ ʤʦʣ. %) ʉʆ 10; 

ʅ2ʆ 20; ʉʆ2 40; ʅ2 30? 

ɺʽʜʧʦʚʽʜʴ: 2,5 ʄɼʞ. 

98. ɺʠʟʥʘʯʠʪʠ ʭʽʤʽʯʥʫ ʩʧʦʨʽʜʥʝʥʽʩʪʴ ʦʢʩʠʜʫ ʢʘʣʴʮʽʶ ʜʦ ʚʫʛʣʝʢʠʩʣʦʛʦ 

ʛʘʟʫ, ʷʢʠʡ ʧʝʨʝʙʫʚʘʻ ʧʽʜ ʪʠʩʢʦʤ 1,01325Ā10
5
 ʇʘ ʧʨʠ 1130 ʂ, ʷʢʱʦ ʪʠʩʢ 

(ʧʨʫʞʥʽʩʪʴ) ʜʠʩʦʮʽʘʮʽʾ ʉʘʉʆ3 ʧʨʠ ʮʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʜʦʨʽʚʥʶʻ 0,56Ā10
5
ʇʘ. 

ɺʽʜʧʦʚʽʜʴ: -5,569 ʄɼʞ. 

99. ɺʠʟʥʘʯʠʪʠ  ʭʽʤʽʯʥʫ  ʩʧʦʨʽʜʥʝʥʽʩʪʴ  ʘʣʽʟʘ  ʜʦ  ʢʠʩʥʶ  ʧʦʚʽʪʨʷ   

(
2Op = 0,212Ā10

5
 ʇʘ)  ʧʨʠ  1000  ʂ,  ʷʢʱʦ  ʢʦʥʩʪʘʥʪʘ  ʨʽʚʥʦʚʘʛʠ    ʨʝʘʢʮʽʾ  

2Fe+ O2 D 2FeO  ʧʨʠ ʮʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʜʦʨʽʚʥʶʻ 3,39Ā10
15

 ʇʘ
-1
 

ɺʽʜʧʦʚʽʜʴ: -380,2 ʄɼʞ. 
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100. ɺʠʟʥʘʯʠʪʠ ʭʽʤʽʯʥʫ ʩʧʦʨʽʜʥʝʥʽʩʪʴ ʚʦʜʥʶ ʜʦ ʢʠʩʥʶ ʧʨʠ 1000 ʂ, 

ʢʦʣʠ ʚʽʜʦʤʦ, ʱʦ ʩʪʫʧʽʥʴ ʜʠʩʦʮʽʘʮʽʾ ʚʦʜʷʥʦʾ ʧʘʨʠ ʟʘ ʨʽʚʥʷʥʥʷʤ 

2H2+2H2DO2 ʧʨʠ ʮʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʽ ʪʠʩʢʫ 1,01325Ā10
5
 ʇʘ ʜʦʨʽʚʥʶʻ 2,44Ā10

-7
. 

ɺʽʜʧʦʚʽʜʴ: 385,6 ʄɼʞ. 

101.  ɺʠʟʥʘʯʠʪʠ ʤʘʢʩʠʤʘʣʴʥʫ ʽ ʤʘʢʩʠʤʘʣʴʥʦ ʢʦʨʠʩʥʫ ʨʦʙʦʪʫ ʨʝʘʢʮʽʾ 

2H2 + O2 D 2H2O  ʧʨʠ 1000 ʂ, ʷʢʱʦ ʧʨʠ ʮʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʢʦʥʩʪʘʥʪʘ ʨʽʚʥʦʚʘ-

ʛʠ ʨʝʘʢʮʽʾ ʂʨ  ʜʦʨʽʚʥʶʻ 1,359Ā10
15

 ʇʘ
-1
. 

ɺʽʜʧʦʚʽʜʴ: 422,2 ʽ 385,6 ʄɼʞ. 

102. ɺʠʟʥʘʯʠʪʠ ʭʽʤʽʯʥʫ ʩʧʦʨʽʜʥʝʥʽʩʪʴ ʤʽʜʽ ʜʦ ʢʠʩʥʶ ʧʨʠ 773 ʂ, ʷʢʱʦ 

ʢʦʥʩʪʘʥʪʘ ʨʽʚʥʦʚʘʛʠ ʨʝʘʢʮʽʾ ʧʨʠ ʮʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʜʦʨʽʚʥʶʻ 1,01325Ā10
-10

 ʇʘ
-1
. 

ɺʽʜʧʦʚʽʜʴ: 73,87 ʄɼʞ. 

103. ɺʠʟʥʘʯʠʪʠ ʪʠʩʢ (ʧʨʫʞʥʽʩʪʴ) ʜʠʩʦʮʽʘʮʽʾ ʦʢʩʠʜʫ ʢʨʝʤʥʽʶ (IV) ʧʨʠ 

1000 ʂ, ʷʢʱʦ ʭʤ̔ʽʯʥʘ ʩʧʦʨʽʜʥʝʥʽʩʪʴ ʢʨʝʤʥʽʶ ʜʦ ʢʠʩʥʶ ʧʨʠ ʮʽʡ ʪʝʤʧʝʨʘʪʫʨʽ 

ʜʦʨʽʚʥʶʻ -771,79 ʄɼʞ. 

ɺʽʜʧʦʚʽʜʴ: 5,01Ā10
-36

 ʇʘ. 

104. ɺʠʟʥʘʯʠʪʠ ʭʽʤʽʯʥʫ ʩʧʦʨʽʜʥʝʥʽʩʪʴ ʜʣʷ ʨʝʘʢʮʽʾ 2CO + O2 D 2CO2 

ʧʨʠ 2000 ʂ, ʷʢʱʦ ʩʪʫʧʽʥʴ ʜʠʩʦʮʽʘʮʽʾ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ ʧʨʠ ʮʽʡ ʪʝʤʧʝʨʘʪʫʨʽ 

ʽ ʪʠʩʢʫ 1,01325Ā10
6
 ʇʘ ʜʦʨʽʚʥʶʻ 7,0Ā10

-3
. 

ɺʽʜʧʦʚʽʜʴ: -220,81 ʄɼʞ. 

105.  ɺʠʟʥʘʯʠʪʠ  ʭʽʤʽʯʥʫ  ʩʧʦʨʽʜʥʝʥʽʩʪʴ  ʦʣʦʚʘ   ʜʦ  ʢʠʩʥʶ   ʧʦʚʽʪʨʷ  

(ʨ = -0,212Ā10
6
 ʇʘ) ʜʣʷ ʨʝʘʢʮʽʡ ʫʪʚʦʨʝʥʥʷ ʦʢʩʠʜʫ ʦʣʦʚʘ Snʆ ʽ ʜʽʦʢʩʠʜʫ ʦʣʦʚʘ 

Snʆ2 ʧʨʠ 298 ʂ, ʷʢʱʦ ʪʠʩʢʠ (ʧʨʫʞʥʦʩʪʽ) ʜʠʩʦʮʽʘʮʽʾ ʮʠʭ ʦʢʩʠʜʽʚ ʧʨʠ ʪʘʢʽʡ 

ʪʝʤʧʝʨʘʪʫʨʽ ʚʽʜʧʦʚʽʜʥʦ ʜʦʨʽʚʥʶʶʪʴ 9,03Ā10
-12

  ̔  2,81Ā10
-11

 ʇʘ. 

ɺʽʜʧʦʚʽʜʴ: -87,71 ʄɼʞ; -84,92 ʄɼʞ. 

106. ʊʠʩʢ (ʧʨʫʞʥʽʩʪʴ) ʜʠʩʦʮʽʘʮʽʾ ʦʢʩʠʜʫ ʥʽʢʝʣʶ (II) ʧʨʠ 873 ʂ 

ʜoʨʚ̔ʥʶʻ 5,33Ā10
-16

 ʇʘ. ɺʠʟʥʘʯʠʪʠ ʭʽʤʽʯʥʫ ʩʧʦʨʽʜʥʝʥʽʩʪʴ ʥʽʢʝʣʶ ʜʦ ʢʠʩʥʶ ʽ 

ʤʘʢʩʠʤʘʣʴʥʫ ʢʦʨʠʩʥʫ ʨʦʙʦʪʫ ʨʝʘʢʮʽʾ 2Ni + O2 D 2NiO  ʧʨʠ 873 ʂ, ʷʢʱʦ ʢʠ-

ʩʝʥʴ ʫʟʷʪʦ ʧʽʜ ʪʠʩʢʦʤ 1,01325Ā10
6
 ʇʘ. 

ɺʽʜʧʦʚʽʜʴ: -322,2 ʄɼʞ; 322,2 ʄɼʞ. 

107. ʊʠʩʢ (ʧʨʫʞʥʽʩʪʴ) ʜʠʩʦʮʽʘʮʽʾ ʦʢʩʠʜʫ ʟʘʣʽʟʘ (II) ʧʨʠ 2273 ʂ ʜʦʨʽʚ-

ʥʶʻ 1,19Ā10
-2
 ʇʘ.   ɺʠʟʥʘʯʠʪʠ  ʭʽʤʽʯʥʫ  ʩʧʦʨʽʜʥʝʥʽʩʪʴ   0

2273
Z    ʜʣʷ   ʨʝʘʢʮʽʾ  

2Fe + O2 D 2FeO ʽ 2273
Z  ʜʣʷ ʮʽʻʾ ʩʘʤʦʾ ʨʝʘʢʮʽʾ ʧʨʠ ʫʤʦʚʽ, ʱʦ ʦʢʠʩʣʝʥʥʷ 

ʟʘʣʽʟʘ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʘ ʧʦʚʽʪʨʽ (
2Op = 0,212Ā10

5
 ʇʘ). 

ɺʽʜʧʦʚʽʜʴ: -301,68 ʄɼʞ; -272,1 ʄɼʞ. 

 

 

3.4  ɿʘʣʝʞʥʽʩʪʴ ʢʦʥʩʪʘʥʪʠ ʭʽʤʽʯʥʦʾ ʨʽʚʥʦʚʘʛʠ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ 

 

ɼʣʷ ʨʝʘʢʮʽʡ, ʱʦ ʧʨʦʪʽʢʘʶʪʴ ʧʨʠ ʩʪʘʣʦʤʫ ʪʠʩʢʫ, ʟʘʣʝʞʥʽʩʪʴ ʢʦʥʩʪʘʥʪʠ 

ʨʽʚʥʦʚʘʛʠ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤ ʽʟʦʙʘʨʠ: 
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ʜʝ H  ï ʟʤʽʥʘ ʝʥʪʘʣʴʧʽʾ ʩʠʩʪʝʤʠ ʚ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʪʽʢʘʥʥʷ ʨʝʘʢʮʽʾ; 

Qʨ  ï ʽʟʦʙʘʨʥʠʡ ʪʝʧʣʦʚʠʡ ʝʬʝʢʪ ʨʝʘʢʮʽʾ. 

ɼʣʷ ʨʝʘʢʮʽʡ, ʱʦ ʧʨʦʪʽʢʘʶʪʴ ʧʨʠ ʩʪʘʣʦʤʫ ʦʙ'ʻʤʽ, ʟʘʣʝʞʥʽʩʪʴ ʢʦʥʩʪʘʥʪʠ 

ʨʽʚʥʦʚʘʛʠ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤ ʽʟʦʭʦʨʠ: 
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C            (3.24) 

 

ʜʝ U  ï ʟʤʽʥʘ ʚʥʫʪʨʽʰʥʴʦʾ ʝʥʝʨʛʽʾ ʩʠʩʪʝʤʠ ʚ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʪʽʢʘʥʥʷ 

ʨʝʘʢʮʽʾ;  

QV ï  ʽʟʦʭʦʨʥʠʡ ʪʝʧʣʦʚʠʡ ʝʬʝʢʪ ʨʝʘʢʮʽʾ. 

ʋ ʥʝʚʝʣʠʢʦʤʫ ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʽʥʪʝʨʚʘʣʽ ʤʦʞʥʘ ʚʚʘʞʘʪʠ, ʱʦ æH, Qʨ, 

æU ʽ QV ʥʝ ʟʘʣʝʞʘʪʴ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ. ʊʦʜʽ ʨʽʚʥʷʥʥʷ (3.23) ʽ (3.24) ʚ ʽʥʪʝʛʨʘ-

ʣʴʥʽʡ ʬʦʨʤʽ ʤʘʪʠʤʫʪʴ ʚʠʛʣʷʜ: 
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2C            (3.26) 

 

ʜʝ ɺ1, ɺ2  ï ʩʪʘʣʽ ʽʥʪʝʛʨʫʚʘʥʥʷ. 

ʗʢʱʦ ʽʥʪʝʛʨʫʚʘʪʠ ʨʽʚʥʷʥʥʷ (3.23) ʚ ʤʝʞʘʭ ʪʝʤʧʝʨʘʪʫʨ ʚʽʜ ʊ1 ʜʦ ʊ2 ʽ ʚʽ-

ʜʧʦʚʽʜʥʦ ʚʽʜ  
1T,pʂ  ʜʦ 

2T,pʂ ʪʦ ʜʽʩʪʘʥʝʤʦ ʨʽʚʥʷʥʥʷ: 
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  (3.27) 

 

ʜʝ 
1T,pʂ  ï ʢʦʥʩʪʘʥʪʘ ʨʽʚʥʦʚʘʛʠ ʧʨʠ T1;  

2T,pʂ  ï ʢʦʥʩʪʘʥʪʘ ʨʽʚʥʦʚʘʛʠ ʧʨʠ ʊ2;  

Qʨ ï ʽʟʦʙʘʨʥʠʡ ʪʝʧʣʦʚʠʡ ʝʬʝʢʪ ʨʝʘʢʮʽʾ, ʷʢʠʡ ʚʚʘʞʘʶʪʴ ʩʪʘʣʠʤ ʚ 

ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ ʚʽʜ ʊ1 ʜʦ ʊ2. 

ʗʢʱʦ ʨʽʟʥʠʮʷ ʤʽʞ ʩʫʤʦʶ ʪʝʧʣʦʻʤʥʦʩʪʝʡ ʢʽʥʮʝʚʠʭ ʨʝʯʦʚʠʥ ʽ ʩʫʤʦʶ ʪʝ-

ʧʣʦʻʤʥʦʩʪʝʡ ʧʦʯʘʪʢʦʚʠʭ ʨʝʯʦʚʠʥ ȹʉʨ ʥʝ ʟʤʽʥʶʻʪʴʩʷ ʚ ʧʝʚʥʦʤʫ ʪʝʤʧʝʨʘʪʫʨʥʦ-

ʤʫ ʽʥʪʝʨʚʘʣʽ, ʪʦ ʟʘʣʝʞʥʽʩʪʴ ʢʦʥʩʪʘʥʪʠ ʨʽʚʥʦʚʘʛʠ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʽʥʪʝʛʨʘ-

ʣʴʥʽʡ ʬʦʨʤʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤ: 
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ʜʝ ȹH1 ï ʟʤʽʥʘ ʝʥʪʘʣʴʧʽʾ ʩʠʩʪʝʤʠ ʧʨʠ ʊ1 ʚ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʪʽʢʘʥʥʷ ʨʝʘʢ-

ʮʽʾ;  

ȹʉʨ ï ʟʤʽʥʘ ʪʝʧʣʦʻʤʥʦʩʪʽ ʩʠʩʪʝʤʠ ʚ ʨʝʟʫʣʴʪʘʪʽ ʨʝʘʢʮʽʾ, ʱʦ ʚʠʟʥʘʯʘ-

ʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤ (I,41);  

ɺ ï ʩʪʘʣʘ ʽʥʪʝʛʨʫʚʘʥʥʷ. 

ʗʢʱʦ ʨʽʟʥʠʮʷ ʪʝʧʣʦʻʤʥʦʩʪʝʡ ʨʝʘʛʫʶʯʠʭ ʨʝʯʦʚʠʥ  ȹʉʨ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʪʝʤʧʝʨʘʪʫʨʠ, ʪʦ ʟʘʣʝʞʥʽʩʪʴ ʢʦʥʩʪʘʥʪʠ ʨʽʚʥʦʚʘʛʠ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʽʥʪʝʛʨʘ-

ʣʴʥʽʡ ʬʦʨʤʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʘʢʠʤ ʨʽʚʥʷʥʥʷʤ: 
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p     (3.29) 

 

ʜʝ Qʨ,0  ï ʽʟʦʙʘʨʥʠʡ ʪʝʧʣʦʚʠʡ ʝʬʝʢʪ ʨʝʘʢʮʽʾ ʧʨʠ OK; 

2210 a,a,a,a  ï ʩʪʘʣʽ ʜʣʷ ʧʝʚʥʦʾ ʨʝʘʢʮʽʾ (1.43) ʽ (1.44). 

 

 

3.4.1 ʇʨʠʢʣʘʜʠ ʨʽʰʝʥʥʷ ʟʘʜʘʯ 

 

ʇʨʠʢʣʘʜ 1. ɺʠʟʥʘʯʠʪʠ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʪʝʧʣʦʚʦʛʦ ʝʬʝʢʪʫ ʨʦʟʢʣʘʜʫ 

ʢʘʨʙʦʥʘʪʫ ʢʘʣʴʮʽʶ, ʱʦ ʧʨʦʪʽʢʘʻ ʟʘ ʨʝʘʢʮʽʻʶ ʉʘʉʆ3 D ʉʘʆ + ʉʆ2 ʚ ʽʥʪʝ-

ʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ ʚʽʜ 1073 ʜʦ 1171 ʂ, ʷʢʱʦ ʪʠʩʢʠ (ʧʨʫʞʥʦʩʪʽ) ʜʠʩʦʮʽʘʮʽʾ ʡʦ-

ʛʦ ʧʨʠ ʪʘʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʽʜʧʦʚʽʜʥʦ ʜʦʨʽʚʥʶʶʪʴ 0,24398Ā10
5
 ʽ 

1,01325Ā10
5
 ʇʘ. 

ʈʦʟʚ'ʷʟʘʥʥʷ. ʂʦʥʩʪʘʥʪʘ ʨʽʚʥʦʚʘʛʠ ʨʝʘʢʮʽʾ ʨʦʟʢʣʘʜʫ ʢʘʨʙʦʥʘʪʫ ʢʘʣʴ-

ʮʽʶ ʜʦʨʽʚʥʶʻ ʪʠʩʢʫ (ʧʨʫʞʥʦʩʪʽ) ʜʠʩʦʮʽʘʮʽʾ: 

 

.PK
2COp  

 

ʊʦʤʫ ʜʣʷ ʨʝʘʢʮʽʾ ʨʦʟʢʣʘʜʫ ʢʘʨʙʦʥʘʪʫ ʢʘʣʴʮʽʶ ʨʽʚʥʷʥʥʷ ʽʟʦʙʘʨʠ ʤʘʪʠ-

ʤʝ ʚʠʛʣʷʜ: 
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ʈʦʟʚ'ʷʟʘʚʰʠ ʨʽʚʥʷʥʥʷ ʚʽʜʥʦʩʥʦ ʪʝʧʣʦʚʦʛʦ ʝʬʝʢʪʫ ʜʠʩʦʮʽʘʮʽʾ ʢʘʨʙʦʥʘʪʫ 

ʢʘʣʴʮʽʶ, ʜʽʩʪʘʥʝʤʦ: 
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ʇʨʠʢʣʘʜ 2. ʂʦʥʩʪʘʥʪʘ ʨʽʚʥʦʚʘʛʠ ʂʨ ʨʝʘʢʮʽʾ ʉ + ʉʆ2 D 2ʉʆ ʧʨʠ 

1000ʂ ʜʦʨʽʚʥʶʻ 2,02Ā10
5
 ʇʘ. ɺʠʟʥʘʯʠʪʠ ʩʢʣʘʜ ʛʘʟʦʚʦʾ ʩʫʤʽʰʽ ʧʨʠ 1200 ʂ ʽ 

ʟʘʛʘʣʴʥʦʤʫ ʪʠʩʢʫ 1,01325Ā10
5
 ʇʘ, ʷʢʱʦ ʚ ʮʴʦʤʫ ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ ʩʝʨʝʜ-

ʥʻ ʟʥʘʯʝʥʥʷ ʪʝʧʣʦʚʦʛʦ ʝʬʝʢʪʫ Qʨ = ï170,97 ʄɼʞ. 

ʈʦʟʚ'ʷʟʘʥʥʷ. ʆʩʢʽʣʴʢʠ ʚ ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ ʚʽʜ 1000 ʜʦ 1200 ʂ ʪʝʧ-

ʣʦʚʠʡ ʝʬʝʢʪ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ, ʪʦ ʟʘʣʝʞʥʽʩʪʴ ʢʦʥʩʪʘʥʪʠ ʨʽʚʥʦʚʘ-

ʛʠ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤ 
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ʈʦʟʚ'ʷʟʘʚʰʠ ʨʽʚʥʷʥʥʷ ʚʽʜʥʦʩʥʦ  
2TKlg ʜʽʩʪʘʥʝʤʦ: 
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ʇʽʜʩʪʘʚʠʚʰʠ ʯʠʩʣʦʚʽ ʟʥʘʯʝʥʥʷ 211
T̔T,K,Q Tp  ʚ ʨʽʚʥʷʥʥʷ, ʜʽʩʪʘʥʝʤʦ: 

 

,7964,61002,2lg
120010314,8303,2

)12001000(1097,170
Klg 5

6

6

1200  

ʘʙʦ  
6

1200,p 1026,6K  ʇʘ. 

 

ʂʦʥʩʪʘʥʪʘ ʨʽʚʥʦʚʘʛʠ ʨʝʘʢʮʽʾ ʜʦʨʽʚʥʶʻ: 

 

.
p

p
Kp

2CO

2
CO  

 

ʇʦʟʥʘʯʠʚʰʠ ʟʘʛʘʣʴʥʠʡ ʪʠʩʢ ʛʘʟʦʚʦʾ ʩʫʤʽʰʽ ʯʝʨʝʟ ʨ, ʨʽʚʥʦʚʘʞʥʠʡ ʧʘʨ-

ʮʽʘʣʴʥʠʡ ʪʠʩʢ ʉʆ2 ʯʝʨʝʟ ʨ ï ʨʉʆ ʽ ʧʽʜʩʪʘʚʠʚʰʠ ʚ ʨʽʚʥʷʥʥʷ ʟʘʤʽʩʪʴ ʨʉʆ2
 ʡʦʛʦ 
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ʚʠʨʘʟ, ʜʽʩʪʘʥʝʤʦ: 

CO

2
CO

pp

p
Kp  

ʘʙʦ 

.0pKpKp pCOp
2
CO

 

 

ɿʚʽʜʩʠ ʨʽʚʥʦʚʘʞʥʠʡ ʧʘʨʮʽʘʣʴʥʠʡ ʪʠʩʢ ʦʢʩʠʜʫ ʚʫʛʣʝʮʶ (II) ʜʦʨʽʚʥʶʚʘ-

ʪʠʤʝ 

.
2

1046,61026,6

2

1001325,11026,64)1026,6(1026,6

2

pK4KK
p

66

56266

p
2
pp

CO

 

pCO=1,0Ā10
5
 ʇʘ. 

ɿʥʘʭʦʜʠʤʦ ʧʘʨʮʽʘʣʴʥʠʡ ʪʠʩʢ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ: 

 

ʨʉʆ2 = ʨ ï ʨʉʆ = 1,01325Ā10
5
 ï 1,0Ā10

5
 = 0,01325Ā10

5
 ʇʘ. 

 

ʉʢʣʘʜ ʛʘʟʦʚʦʾ ʩʫʤʽʰʽ ʚ ʤʦʣʴʥʠʭ ʧʨʦʮʝʥʪʘʭ ʙʫʜʝ ʪʘʢʠʤ: 

- ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ 

 

31,1
1001325,1

1001001325,0

p

%100p
CO%

5

5
2CO

2  ʤʦʣ.%; 

 

- ʦʢʩʠʜʫ ʚʫʛʣʝʮʶ (II) 

 

72,98
1001325,1

100100,1
ʉʆ%

5

5

 ʤʦʣ.%. 

 

ʇʨʠʢʣʘʜ 6. ɼʣʷ ʨʝʘʢʮʽʾ ʉʆ + ʅ2ʆ D ʉʆ2 + ʅ2 ʢʦʥʩʪʘʥʪʘ ʨʽʚʥʦʚʘʛʠ 

ʧʨʠ 1000 ʂ ʜʦʨʽʚʥʶʻ 1,39. ɺʠʟʥʘʯʠʪʠ ʢʦʥʩʪʘʥʪʫ ʨʽʚʥʦʚʘʛʠ ʨʝʘʢʮʽʾ ʧʨʠ 1200 

ʂ, ʷʢʱʦ ʪʝʧʣʦʪʠ ʫʪʚʦʨʝʥʥʷ ʉʆ, ʅ2ʆ ʽ ʉʆ2 ʧʨʠ 298 ʂ ʚʽʜʧʦʚʽʜʥʦ ʜʦʨʽʚʥʶ-

ʶʪʴ 110,6; 242,1 ʽ 393,8 ʄɼʞĀʢʤʦʣʴ
-1
,ʘ ʤʦʣʴʥʽ ʪʝʧʣʦʻʤʥʦʩʪʽ ʦʢʩʠʜʫ ʚʫʛʣʝʮʶ 

(II), ʚʦʜʷʥʦʾ ʧʘʨʠ, ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ ʽ ʚʦʜʥʶ ʚʠʟʥʘʯʘʶʪʴʩʷ ʨʽʚʥʷʥʥʷʤʠ: 
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.T39,31072,27C

;T1048,3T2,221024,32C

;T1033,0T71,10100,30C

;T0,510634,27C

32H
p

2332CO
p

283O2H
p

3CO
p

 

 

ʈʦʟʚ'ʷʟʘʥʥʷ. ɯʟʦʙʘʨʥʠʡʡ ʪʝʧʣʦʚʠʡ ʝʬʝʢʪ ʨʝʘʢʮʽʾ ʧʨʠ 298 ʂ ʟʥʘʭʦʜʠʤʦ 

ʟ ʨʽʚʥʷʥʥʷ:  

.ʄɼʞ1,41101,242106,110108,393

QQQQ

666

ʆ2ʅ.ʫʪʚʉʆ.ʫʪʚ2ʉʆ.ʫʪʚp
 

 

ɿʘʣʝʞʥʽʩʪʴ ʪʝʧʣʦʚʦʛʦ ʝʬʝʢʪʫ ʨʝʘʢʮʽʾ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʚʠʟʥʘʯʘʻʤʦ ʟʘ 

ʨʽʚʥʷʥʥʷʤ: 

.T1033,0T1048,3T88,910326,2

T39,31072,27T1048,3T2,22

1024,32T1033,0T71,10100,30T0,510634,27

CCCCC
dT

dQ

28233

323

32833

2H
p

2CO
p

O2H
p

CO
pp

p

 

 

ɯʥʪʝʛʨʫʶʯʠ ʨʽʚʥʷʥʥʷ, ʜʽʩʪʘʥʝʤʦ: 

 

.BT1033,0
3

T1048,3
T

2

88,9
T10326,2Q 18

33
23

p  

 

ʇʽʜʩʪʘʚʣʷʶʯʠ ʚ ʮʝ ʨʽʚʥʷʥʥʷ ʟʥʘʯʝʥʥʷ ʪʝʧʣʦʚʦʛʦ ʝʬʝʢʪʫ ʧʨʠ 298ʂ 

(41,1 ʄɼʞ), ʚʠʟʥʘʯʘʻʤʦ ʩʪʘʣʫ ʽʥʪʝʛʨʫʚʘʥʥʷ ɺ: 

 

.B2981033,02981016,129894,429810326,2101,41 1833236  

 

ɿʚʽʜʩʠ ʩʪʘʣʘ ʽʥʪʝʛʨʫʚʘʥʥʷ 

 

.10312,4210111,010031,010439,010693,0101,41B 666666
 

 

ʆʪʞʝ, ʟʘʣʝʞʥʽʩʪʴ ʪʝʧʣʦʚʦʛʦ ʝʬʝʢʪʫ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ 

ʟʘ ʪʘʢʠʤ ʨʽʚʥʷʥʥʷʤ: 
 

.T1033,0T1016,1T94,4T10326,210312,42Q 1833236
p  
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ɿʘʣʝʞʥʽʩʪʴ ʢʦʥʩʪʘʥʪʠ ʨʽʚʥʦʚʘʛʠ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʚʠʟʥʘʯʘʻʤʦ ʟʘ ʨʚ̔-

ʥʷʥʥʷʤ: 

.
RT

Q

dT

Klnd

2

pp
 

 

ʇʽʜʩʪʘʚʠʚʰʠ ʚ ʮʝ ʨʽʚʥʷʥʥʷ ʚʠʨʘʟ Qp, ʜʽʩʪʘʥʝʤʦ: 

 

.
3RT

81033,0

R

T31016,1

R

94,4

RT

310326,2

2RT

610312,42

dT

pKlnd
 

 

ɯʥʪʝʛʨʫʻʤʦ ʨʽʚʥʷʥʥʷ: 

 

,B
RT

1033,0

R

T1016,1

R

T94,4
Tln

R

10326,2

RT

10312,42
Kln 12

8233

2

6

p  

 

ʘʙʦ 

 

.BT10862,0T1003,3T10258,0Tlg2797,0
T

1021,2
Kplg 1

23283
3

 

 

ʋ ʮʝ ʨʽʚʥʷʥʥʷ ʧʽʜʩʪʘʚʣʷʻʤʦ ʟʥʘʯʝʥʥʷ ʢʦʥʩʪʘʥʪʠ ʨʽʚʥʦʚʘʛʠ ʧʨʠ 1000ʂ  

ʽ ʚʠʟʥʘʯʘʻʤʦ ʩʪʘʣʫ ʽʥʪʝʛʨʫʚʘʥʥʷ: 

 

.B100010862,010001003,3

100010258,01000lg2797,0
1000

1021,2
39,1lg

1
2328

3
3

 

 

.1329,300086,00303,0258,032797,021,21430,0B1  

 

ʆʪʞʝ, ʟʘʣʝʞʥʽʩʪʴ ʢʦʥʩʪʘʥʪʠ ʨʽʚʥʦʚʘʛʠ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʤʦʞʥʘ ʚʠʟʥʘ-

ʯʠʪʠ ʟʘ ʨʽʚʥʷʥʥʷʤ 
 

.T10862,0T1003,3

T10258,0Tlg2797,0T1021,21329,3Klg

2328

313
p

 

 

 

ʂʦʥʩʪʘʥʪʘ ʨʽʚʥʦʚʘʛʠ ʨʝʘʢʮʽʾ ʧʨʠ 1200 ʂ ʜʦʨʽʚʥʶʻ 
 



 70 

,8357,11643,0

0006,00436,03096,0862,0842,11329,3

120010862,012001003,3120010258,0

1200lg2797,0
1200

1021,2
1329,3Klg

22283

3

1200

 

 

ʘʙʦ  ʂʨ,1200 = 0,685. 

 

 

3.4.2 ɿʘʜʘʯʽ ʜʣʷ ʩʘʤʦʩʪʽʡʥʦʛʦ ʨʽʰʝʥʥʷ 

 

108. ʊʠʩʢ ʚʦʜʷʥʦʾ ʧʘʨʠ ʥʘʜ ʩʠʩʪʝʤʦʶ CuSO4Ā5H2ODCuSO4Ā3H2O+ 

+2H2O ʧʨʠ 308,16ʂ ʜʦʨʽʚʥʶʻ 2,077Ā10
3
ʇʘ, ʘ ʧʨʠ 298,16ʂ ï 0,98Ā10

3
 ʇʘ. ɺʠ-

ʟʥʘʯʠʪʠ ʪʝʧʣʦʚʠʡ ʝʬʝʢʪ ʮʽʻʾ ʨʝʘʢʮʽʾ. 

ɺʽʜʧʦʚʽʜʴ: -114,8 ʄɼʞ. 

109. ɺʠʟʥʘʯʠʪʠ ʪʝʤʧʝʨʘʪʫʨʫ ʨʦʟʢʣʘʜʫ ʢʘʨʙʦʥʘʪʫ ʢʘʣʴʮʽʶ ʧʨʠ ʪʠʩʢʫ 

1,01325Ā10
5
 ʇʘ, ʢʦʣʠ ʚʽʜʦʤʦ, ʱʦ ʧʨʠ 1050 ʂ ʪʠʩʢ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ ʜʦʨʽʚ-

ʥʶʻ 13,99 ʇʘ ʽ ʱʦ ʪʝʧʣʦʚʠʡ ʝʬʝʢʪ ʨʝʘʢʮʽʾ ʉʘʉʆ3 D ʉʘʆ + ʉʆ2 ʚ ʮʴʦʤʫ ʽʥ-

ʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ ʜʦʨʽʚʥʶʻ ï151,9 ʄɼʞ. 

ɺʽʜʧʦʚʽʜʴ: 1185 ʂ. 

110. ʂʦʥʩʪʘʥʪʘ ʨʽʚʥʦʚʘʛʠ ʨʝʘʢʮʽʾ 2ʅ2ʆ D 2ʅ2 + ʆ2 ʧʨʠ 2000 ʂ ʜʦʨʽʚ-

ʥʶʻ 8,501Ā10
-3
 ʇʘ, ʘ ʧʨʠ 2500 ʂ ï 0,646 ʇʘ. ɺʠʟʥʘʯʠʪʠ ʪʝʧʣʦʚʠʡ ʝʬʝʢʪ ʨʝʘʢ-

ʮʽʾ ʚ ʮʴʦʤʫ ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ. 

ɺʽʜʧʦʚʽʜ:ɹ -360,1 ʄɼʞ. 

111. ɺʠʟʥʘʯʠʪʠ ʢʦʥʩʪʘʥʪʫ ʨʽʚʥʦʚʘʛʠ ʨʝʘʢʮʽʾ  Fe + H2O D FeO + H2 ʧʨʠ 

800 ʂ, ʷʢʱʦ  ʧʨʠ  1000 ʂ  ʚʦʥʘ  ʜʦʨʽʚʥʶʻ 2,4.  ɺʽʜʦʤʦ,  ʱʦ  ʪʝʧʣʦʪʠ  ʫʪʚʦ-

ʨʝʥʥʷ  ʚʦʜʷʥʦʾ  ʧʘʨʠ  ʽ ʦʢʩʠʜʫ ʟʘʣʽʟʘ (II) ʚʽʜʧʦʚʽʜʥʦ ʜʦʨʽʚʥʶʶʪʴ 242,1 ʽ 

266,7 ʄɼʞĀʢʤʦʣʴ
-1
, ʘ ʪʝʤʧʣʦʻʤʥʦʩʪʽ ʟʘʣʽʟʘ, ʚʦʜʷʥʦʾ ʧʘʨʠ, ʦʢʩʠʜʫ ʟʘʣʽʟʘ (II) ʽ 

ʚʦʜʥʶ ʚʠʟʥʘʯʘʶʪʴʩʷ ʨʽʚʥʷʥʥʷʤʠ: 

 

.T39,31072,27C

;T1019,3T24,61080,52C

;T1033,0T71,10100,30C

;T1018,1T73,291011,14C

32H
p

283FeO
p

283O2H
p

283Fe
p

 

 

ɺʽʜʧʦʚʽʜʴ: 3,78. 

112. ʇʨʠ 1029 ʂ ʢʦʥʩʪʘʥʪʘ ʨʽʚʥʦʚʘʛʠ ʨʝʘʢʮʽʾ  MgCO3 D  MgO + CO2 

ʜʦʨʽʚʥʶʻ 1,01325Ā10
5
 ʇʘ. ɺʠʚʝʩʪʠ ʨʽʚʥʷʥʥʷ, ʱʦ ʚʠʟʥʘʯʘʻ ʟʘʣʝʞʥʽʩʪʴ ʧʨʫʞ-

ʥʦʩʪʽ ʜʠʩʦʮʽʘʮʽʾ ʢʘʨʙʦʥʘʪʫ ʤʘʛʥʽʶ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ, ʢʦʣʠ ʚʽʜʦʤʦ, ʱʦ ʧʨʠ 

298 ʂ ʪʝʧʣʦʚʠʡ ʝʬʝʢʪ ʨʝʘʢʮʽʾ Qʨ ʜʦʨʽʚʥʶʻ -101,023 ʄɼʞĀʢʤʦʣʴ
-1
. ʊʝʧʣʦʻʤ-
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ʥʦʩʪʽ ʄgʉʆ3, ʄgʆ ʽ ʉʆ2 ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʟʘ ʨʽʚʥʷʥʥʷʤʠ: 

 

.T1048,3T2,221024,32C

;T10738,8T012,51047,45C

;T1042,17T78,571096,77C

2332CO
p

283MgO
p

2833MgCO
p

 

 

ɺʽʜʧʦʚʽʜʴ: lgpCO2
 = 14,9686 ï 0,031 lgʊ ï 0,798Ā10

-3
ʊ ï 3,03Ā10

-8
Āʊ

2
 +  

+ 22,66Ā10
3
T

2
 ï 5.5Ā10

3
T

-1
. 

113. ɺʠʟʥʘʯʠʪʠ ʢʦʥʩʪʘʥʪʫ ʨʽʚʥʦʚʘʛʠ ʨʝʘʢʮʽʾ Fe3O4 D 3FeO + CO2 ʧʨʠ 

1600 ʂ, ʷʢʱʦ ʧʨʠ 1000 ʂ ʢʦʥʩʪʘʥʪʘ ʨʽʚʥʦʚʘʛʠ ʮʽʻʾ ʨʝʘʢʮʽʾ ʜʦʨʽʚʥʶʻ 6,1Ā 10
2
. 

ʇʦʪʨʽʙʥʽ ʜʣʷ ʨʦʟʚ'ʷʟʫʚʘʥʥʷ ʟʘʜʘʯʽ ʜʘʥʽ ʚʟʷʪʠ ʟ ʪʘʙʣ. 2 ʜʦʜʘʪʢʫ. 

ɺʽʜʧʦʚʽʜʴ: 9,31Ā10
5
. 

114. ɿʥʘʡʪʠ ʨʽʚʥʷʥʥʷ, ʱʦ ʚʠʟʥʘʯʘʻ ʟʘʣʝʞʥʽʩʪʴ ʢʦʥʩʪʘʥʪʠ ʨʽʚʥʦʚʘʛʠ 

ʨʝʘʢʮʽʾ CO + H2O D H2 + CO2  ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ, ʷʢʱʦ ʧʨʠ 1000 ʂ ʢʦʥʩʪʘʥʪʘ 

ʨ̔ʚʥʦʚʘʛʠ ʜʦʨʽʚʥʶʻ 1,39. ʇʦʪʨʽʙʥʽ ʜʣʷ ʨʦʟʚ'ʷʟʫʚʘʥʥʷ ʟʘʜʘʯʽ ʜʘʥʽ ʚʟʷʪʠ ʟ 

ʪʘʙʣ.2 ʜʦʜʘʪʢʫ. 

ɺʽʜʧʦʚʽʜʴ: lgʂʨ,T = ï 3,1329 + 0,28lgʊ+0,258Ā10
-3
ʊ ï 3,03

.
10

-8
ʊ

2 
+ 

+2,21Ā10
3
T ï 0,862Ā10

3
 T

-2
. 

115. ʂʦʥʩʪʘʥʪʘ ʨʽʚʥʦʚʘʛʠ ʨʝʘʢʮʽʾ  ʅ2 + ɯ2 = 2ʅɯ ʟʘ 717 ʂ ʜʦʨʽʚʥʶʻ 46,7. 

ɺʠʟʥʘʯʪʝ ʢʽʣʴʢʽʩʪʴ ʅɯ, ʷʢʠʡ ʨʦʟʢʣʘʚʩʷ ʧʨʠ ʥʘʛʨʽʚʘʥʥʽ 1 ʤʦʣʴ ʅɯ ʜʦ 717 ʂ. 

116. ɺʠʟʥʘʯʪʝ ʢʦʥʩʪʘʥʪʠ ʨʽʚʥʦʚʘʛʠ ʂʈ ̔ ʂʉ ʨʝʘʢʮʽʾ ʜʠʩʦʮʽʘʮʽʾ ɯ2 ʧʨʠ ʥʘ-

ʛʨʽʚʘʥʥʽ 1,513Ā10
-3
 ʤʦʣʴ ʡʦʜʫ ʜʦ 1073 ʂ, ʷʢʱʦ ʡʦʛʦ ʧʘʨʠ ʟʘʡʤʘʶʪʴ ʦʙôʻʤ, 

ʷʢʠʡ ʜʦʨʚ̔ʥʶʻ 249,3Ā10
-6
 ʤ

3
 ʧʨʠ ʪʠʩʢʫ 5,81Ā10

4 
ʇʘ. 

117. ɺʠʟʥʘʯʪʝ ʢʦʥʩʪʘʥʪʠ ʨʽʚʥʦʚʘʛʠ ʂʈ ̔ ʂʉ 
 
ʨʝʘʢʮʽʾ 1/2 N2O4 = NO2, ʷʢ-

ʦɦ Ŭ =0,533, ʘ ʪʠʩʢ 5,49Ā10
4
 ʇʘ. 

118.  ɿʘ 375 ʂ  ʢʦʥʩʪʘʥʪʘ   ʨʽʚʥʦʚʘʛʠ ʨʝʘʢʮʽʾ  SO2 + Cl2 = SO2Cl2   

KC = 9,27. ɺʠʟʥʘʯʪʝ ʢʦʥʮʝʥʪʨʘʮʽʶ SO2Cl2 ʟʘ ʨʽʚʥʦʚʘʛʠ,  ʷʢʱʦ ʧʦʯʘʪʢʦʚʽ ʢʦʥ-

ʮʝʥʪʨʘʮʽʾ  SO2 ʽ Cl2 ʤʘʶʪʴ ʩʣʽʜʫʶʯʽ ʟʥʘʯʝʥʥʷ: 1) 2Cl2SO CC = 1 ʢʤʦʣʴ/ʤ
3
; 

2) 
2Cl2SO CC = 2 ʢʤʦʣʴ/ʤ

3
; 3) 

2SOC = 1 ʢʤʦʣʴ/ʤ
3
; 

2ClC = 2 ʤʦʣʴ/ʤ
3
.  

119. ɿʘ 525 ʂ ʜʣʷ ʨʝʘʢʮʽʾ PCl5 = PCl3 + Cl2  KP = 1,780. ɿʘ ʷʢʠʤ ʪʠʩʢʦʤ 

ʪʨʝʙʘ ʚʟʷʪʠ ʝʢʚʽʤʦʣʝʢʫʣʷʨʥʫ ʩʫʤʽʰ Cl2 ʽ  PCl3 , ʱʦʙ ʫ ʩʪʘʥʽ ʨʽʚʥʦʚʘʛʠ ʪʠʩʢ 

PCl5 ʙʫʚ 5,00Ā10
4
 ʇʘ, V = const? 

120. ʈʦʟʨʘʭʫʡʪʝ  ʪʠʩʢ  ʛʘʟʫ ʧʽʩʣʷ ʜʠʩʦʮʽʘʮʽʾ ʬʦʩʛʝʥʘ ʟʘ 673 ʂ, ʷʢʱʦ 

2,5Ā10
-3
 ʢʛ ʡʦʛʦ ʧʦʤʽʩʪʠʪʠ ʜʦ ʙʘʣʦʥʫ ʻʤʥʽʩʪʶ 3,4Ā10

-3
 ʤ

3
 ʽ ʜʦʜʘʪʠ 1Ā10

-3
 ʢʛ 

ʘʟʦʪʫ. ʂʦʥʩʪʘʥʪʘ ʨʽʚʥʦʚʘʛʠ ʂʈ = 4,99Ā10 
-2
 (ʘʪʤ). 

121. ɿʘ 633 ʂ ʽ 10,133Ā10
4
 ʇʘ ʩʪʫʧʝʥʴ ʜʠʩʦʮʽʘʮʽʾ ʅɯ ʜʦʨʽʚʥʶʻ 20%. 

ʈʦʟʨʘʭʫʡʪʝ ʩʪʘʥʜʘʨʪʥʫ ʩʧʦʨʽʜʥʝʥʽʩʪʴ ʛʘʟʦʧʦʜʽʙʥʦʛʦ ʡʦʜʫ ʜʦ ʚʦʜʥʶ.  
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3.5 ʈʦʟʨʘʭʫʥʦʢ ʢʦʥʩʪʘʥʪʠ ʭʽʤʽʯʥʦʾ ʨʽʚʥʦʚʘʛʠ ʟʘ ʪʝʨʤʽʯʥʠʤʠ ʜʘʥʠʤʠ 

 

ʅʘʷʚʥʽʩʪʴ ʫ ʨʽʚʥʷʥʥʷʭ (3.25), (3.26), (3.28) ʽ (3.29) ʩʪʘʣʦʾ ɺ ʥʝ ʜʘʻ ʤʦ-

ʞʣʠʚʦʩʪʽ ʦʙʯʠʩʣʠʪʠ ʟʥʘʯʝʥʥʷ ʢʦʥʩʪʘʥʪʠ ʨʽʚʥʦʚʘʛʠ ʟ ʪʝʧʣʦʚʠʭ ʝʬʝʢʪʽʚ ʽ ʪʝʧ-

ʣʦʻʤʥʦʩʪʝʡ ʨʝʘʛʫʶʯʠʭ ʨʝʯʦʚʠʥ; ʪʨʝʙʘ ʟʥʘʪʠ ʢʦʥʩʪʘʥʪʫ ʨʽʚʥʦʚʘʛʠ ʧʨʠ ʷʢʽʡ-

ʥʝʙʫʜʴ ʪʝʤʧʝʨʘʪʫʨʽ. ʊʝʧʣʦʚʘ ʪʝʦʨʝʤʘ ʅʝʨʥʩʪʘ ʜʘʻ ʟʤʦʛʫ ʚʠʟʥʘʯʠʪʠ ʾʾ ʨʦʟʨʘ-

ʭʫʥʢʦʤ, ʢʦʨʠʩʪʫʶʯʠʩʴ ʜʘʥʠʤʠ ʪʝʧʣʦʚʦʛʦ ʝʬʝʢʪʫ, ʝʥʪʨʦʧʽʾ ʨʝʘʢʮʽʾ ʽ ʪʝʧʣʦ̒ -

ʤʥʦʩʪʝʡ ʨʝʯʦʚʠʥ, ʷʢʽ ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʫ ʨʝʘʢʮʽʾ. 

ʉʫʪʴ ʮʽʻʾ ʪʝʦʨʝʤʠ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʜʣʷ ʨʝʘʢʮʽʡ, ʷʢʽ ʧʨʦʪʽʢʘʶʪʴ ʫ 

ʢʦʥʜʝʥʩʦʚʘʥʠʭ ʩʠʩʪʝʤʘʭ ʚ ʦʙʣʘʩʪʽ ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʧʨʠ ʥʘʙʣʠʞʝʥʥʽ ʜʦ 

ʘʙʩʦʣʶʪʥʦʛʦ ʥʫʣʷ ʟʥʘʯʝʥʥʷ ʪʝʧʣʦʚʠʭ ʝʬʝʢʪʽʚ ʽ ʟʤʽʥʠ ʽʟʦʙʘʨʥʠʭ ʧʦʪʝʥʮʽʘʣʽʚ 

ʟʙʣʠʞʫʶʪʴʩʷ (æG = æH). 

ɿ ʪʝʧʣʦʚʦʾ ʪʝʦʨʝʤʠ ʅʝʨʥʩʪʘ ʚʠʧʣʠʚʘʻ, ʱʦ ʧʨʠ ʘʙʩʦʣʶʪʥʦʤʫ ʥʫʣʽ ʝʥʪ-

ʨʦʧʽʷ ʧʨʘʚʠʣʴʥʦ ʫʪʚʦʨʝʥʦʾ ʢʨʠʩʪʘʣʽʯʥʦʾ ʨʝʯʦʚʠʥʠ ʚ ʯʠʩʪʦʤʫ ʩʪʘʥʽ ʜʦʨʽʚʥʶʻ 

ʥʫʣʶ (ʧʦʩʪʫʣʘʪ ʇʣʘʥʢʘ). 

ʂʦʨʠʩʪʫʶʯʠʩʴ ʮʠʤ ʧʦʩʪʫʣʘʪʦʤ, ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʘʙʩʦʣʶʪʥʝ ʟʥʘʯʝʥʥʷ 

ʝʥʪʨʦʧʽʾ ʨʝʯʦʚʠʥʠ ʧʨʠ ʙʫʜʴ-ʷʢʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʟ ʪʝʧʣʦʻʤʥʦʩʪʝʡ i ʪʝʧʣʦʪ ʬʘ-

ʟʦʚʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʟʘ ʨʽʚʥʷʥʥʷʤ (2.11). 

ɽʥʪʨʦʧʽʶ ʨʝʘʢʮʽʾ ʚʠʟʥʘʯʘʶʪʴ ʟʘ ʨʽʚʥʷʥʥʷʤ (2.13), ʚʠʭʦʜʷʯʠ ʟ ʯʠʩʣʦ-

ʚʠʭ ʟʥʘʯʝʥʴ ʝʥʪʨʦʧʽʾ ʨʝʯʦʚʠʥ, ʷʢʽ ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʫ ʨʝʘʢʮʽʾ. 

ʊʝʧʣʦʚʠʡ ʝʬʝʢʪ ʨʝʘʢʮʽʾ ʦʙʯʠʩʣʶʶʪʴ ʟʘ ʬʦʨʤʫʣʦʶ ʂʽʨʭʛʦʬʘ (1.46) ʘʙʦ 

(1.49). 

ɿʥʘʶʯʠ ʝʥʪʨʦʧʽʶ ʽ ʪʝʧʣʦʚʠʡ ʝʬʝʢʪ ʨʝʘʢʮʽʾ, ʽʟʦʙʘʨʥʠʡ ʧʦʪʝʥʮʽʘʣ ʾʾ ʚ 

ʩʪʘʥʜʘʨʪʥʠʭ ʫʤʦʚʘʭ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʊ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʟʘ ʨʽʚʥʷʥʥʷʤ 

 

,STHG 0
T

0
T

0
T                                                          (3.30) 

 

ʜʝ 0
T

H  ï ʪʝʧʣʦʚʠʡ ʝʬʝʢʪ ʨʝʘʢʮʽʾ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʊ;       

0
T

S   ï ʝʥʪʨʦʧʽʷ ʨʝʘʢʮʽʾ ʧʨʠ ʮʽʡ ʪʝʤʧʝʨʘʪʫʨʽ. 

ʂʦʥʩʪʘʥʪʫ ʨʽʚʥʦʚʘʛʠ ʨʝʘʢʮʽʾ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʊ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʟʘ 

ʨʽʚʥʷʥʥʷʤ 

,
RT303,2

GnT10585,9
Klg

0
T

4

T,p                                          (3.31) 

 

ʜʝ æn ï ʟʤʽʥʘ ʯʠʩʣʘ ʢʽʣʦ ʤʦʣʽʚ ʛʘʟʽʚ ʩʠʩʪʝʤʠ ʧʨʠ ʧʨʦʪʽʢʘʥʥʽ ʨʝʘʢʮʽʾ; 
0

TZ ï ʽʟʦʙʘʨʥʠʡ ʧʦʪʝʥʮʽʘʣ ʨʝʘʢʮʽʾ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʊ. 

ɯʟʦʙʘʨʥʠʡ ʧʦʪʝʥʮʽʘʣ ʨʝʘʢʮʽʾ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʊ ʤʦʞʥʘ ʦʙʯʠʩʣʠʪʠ ʨʽʟ-

ʥʠʤʠ ʩʧʦʩʦʙʘʤʠ. 

1) ɿʥʘʶʯʠ ʟ̔ʦʙʘʨʥʠʡ ʧʦʪʝʥʮʽʘʣ ʫʪʚʦʨʝʥʥʷ ʨʝʯʦʚʠʥ, ʽʟʦʙʘʨʥʠʡ ʧʦʪʝʥ-

ʮʽʘʣ ʨʝʘʢʮʽʾ ʟʥʘʭʦʜʷʪʴ ʟʘ ʨʽʚʥʷʥʥʷʤ (2.26). 

2) ʗʢʱʦ ʚʽʜʦʤʽ ʪʝʧʣʦʚʠʡ ʝʬʝʢʪ ʽ ʝʥʪʨʦʧʽʷ ʨʝʘʢʮʽʾ, ʪʦ ʽʟʦʙʘʨʥʠʡ ʧʦʪʝʥ-

ʮʽʘʣ ʨʦʟʨʘʭʦʚʫʶʪʴ ʟʘ ʨʽʚʥʷʥʥʷʤ 
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,
T

dT
CTSTdTCHSTHG

T

298
p

0
298

T

298
p

0
298

0
T

0
T

0
T            (3.32) 

 

ʜʝ 0
298

H  ï ʪʝʧʣʦʚʠʡ ʝʬʝʢʪ ʨʝʘʢʮʽʾ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 298ʂ;   

pC  ï ʟʤʽʥʘ ʽʟʦʙʘʨʥʦʾ ʪʝʧʣʦʻʤʥʦʩʪʽ ʩʠʩʪʝʤʠ;      

0
298

S ï ʝʥʪʨʦʧʽʷ ʨʝʘʢʮʽʾ ʧʨʠ 298ʂ.  

3) ɯʟʦʙʘʨʥʠʡ ʧʦʪʝʥʮʽʘʣ ʨʝʘʢʮʽʾ ʤʦʞʥʘ ʦʙʯʠʩʣʠʪʠ ʤʝʪʦʜʦʤ ʊʴʦʤʢʽʥʘ - 

ʐʚʘʨʮʤʘʥʘ ʟʘ ʨʽʚʥʷʥʥʷʤ 

 

),aMaMaMaM(TSTHG 22221100
0
298

0
298

0
T

      (3.33) 

 

ʜʝ M0, M1, M2, M-2  ï  ʩʪʘʣʽ ʧʨʠ ʧʝʚʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ (ʥʘʚʝʜʝʥʽ ʚ ʜʦʚʽʜ-

ʥʠʢʘʭ);  

æʘ0, æʘ1, æʘ2, æʘ-2 ï ʩʪʘʣʽ ʜʣʷ ʧʝʚʥʦʾ ʨʝʘʢʮʽʾ; ʾʭ ʤʦʞʥʘ ʦʙʯʠʩʣʠʪʠ ʟʘ 

ʨʚ̔ʥ̫ ʥʥʷʤʠ (1.43) ʽ (1.44). 

4) ɿʥʘʶʯʠ ʪʝʧʣʦʚʠʡ ʝʬʝʢʪ ʨʝʘʢʮʽʾ ʚ ʩʪʘʥʜʘʨʪʥʠʭ ʫʤʦʚʘʭ ʽ ʩʪʘʣʽ ʚʝʣʠ-

ʯʠʥ ʨʝʘʢʮʽʾ, ʽʟʦʙʘʨʥʠʡ ʧʦʪʝʥʮʽʘʣ ʨʝʘʢʮʽʾ ʚ ʩʪʘʥʜʘʨʪʥʠʭ ʫʤʦʚʘʭ ʧʨʠ ʊ ʟʥʘʭʦ-

ʜʷʪʴ ʟʘ ʨʽʚʥʷʥʥʷʤ 

 

,BTBTa
2

1
Ta

6

1
Ta

2

1
TlgTa303,2HG 21

1
2

3
2

2
10

0
298

0
T

  (3.34) 

 

ʜʝ 0
298

H  ï ʪʝʧʣʦʚʠʡ ʝʬʝʢʪ ʨʝʘʢʮʽʾ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 298ʂ;  

æʘ0, æʘ1, æʘ2, æʘ-2 ï ʩʪʘʣʽ ʜʣʷ ʧʝʚʥʦʾ ʨʝʘʢʮʽʾ (ʥʘʚʝʜʝʥʽ ʚ ʜʦʚʽʜʥʠʢʘʭ);  

ɺ1, ɺ2 ï ʩʪʘʣʽ ʜʣʷ ʧʝʚʥʦʾ ʨʝʘʢʮʽʾ (ʥʘʚʝʜʝʥʽ ʚ ʜʦʚʽʜʥʠʢʘʭ).  

5) ɯʟʦʙʘʨʥʠʡ ʧʦʪʝʥʮʽʘʣ ʨʝʘʢʮʽʾ ʨʦʟʨʘʭʦʚʫʶʪʴ ʟʘ ʚʝʣʠʯʠʥʦʶ ʝʣʝʢʪʨʦ-

ʨʫʰʽʡʥʦʾ ʩʠʣʠ ʛʘʣʴʚʘʥʽʯʥʦʛʦ ʝʣʝʤʝʥʪʘ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʚʠʟʥʘʯʘʶʪʴ ʝ. ʨ. 

ʩ. ʛʘʣʴʚʘʥʽʯʥʦʛʦ ʝʣʝʤʝʥʪʘ, ʧʽʜ ʯʘʩ ʨʦʙʦʪʠ ʷʢʦʛʦ ʥʘ ʝʣʝʢʪʨʦʜʘʭ ʧʨʦʪʽʢʘʻ ʦʙ-

ʨʦʪʥʠʡ ʦʢʠʩʣʶʚʘʣʴʥʦ-ʚʽʜʥʦʚʥʠʡ ʧʨʦʮʝʩ. 

ɯʟʦʙʘʨʥʠʡ ʧʦʪʝʥʮʽʘʣ ʦʢʠʩʣʶʚʘʣʴʥʦ-ʚʽʜʥʦʚʥʦʾ ʨʝʘʢʮʽʾ, ʱʦ ʧʨʦʪʽʢʘʻ ʥʘ 

ʝʣʝʢʪʨʦʜʘʭ, ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʊ ʜʦʨʽʚʥʶʻ 

 

,nFEG TT                                                    (3.35) 

 

ʜʝ n ï ʢʽʣʴʢʽʩʪʴ ʝʣʝʢʪʨʦʥʽʚ, ʱʦ ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʚ ʝʣʝʢʪʨʦʜʥʦʤʫ ʧʨʦʮʝʩʽ;  

F ï ʯʠʩʣʦ ʌʘʨʘʜʝʷ (9,65Ā10
7
ĀʂʣĀʢʝʢʚ

-1
);  

ɽʊ ï ʝ. ʨ. ʩ. ʝʣʝʤʝʥʪʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʊ, ɺ. 

6) ɿʥʘʶʯʠ ʨʽʚʥʦʚʘʞʥʠʡ ʩʢʣʘʜ ʨʝʘʢʮʽʡʥʦʾ ʩʫʤʽʰʽ, ʪʘʢʦʞ ʤʦʞʥʘ ʦʙʯʠʩ-

ʣʠʪʠ ʽʟʦʙʘʨʥʠʡ ʧʦʪʝʥʮʽʘʣ ʟʘ ʨʽʚʥʷʥʥʷʤ 

 



 74 

,
pp

pp
lnRT10501325,1lnnRTG

b
B

a
A

d
D

c
C0

T                 (3.36) 

 

ʜʝ æn ï ʟʤʽʥʘ ʯʠʩʣʘ ʢʽʣʦʤʦʣʽʚ ʛʘʟʽʚ;  

ʨA, ʨB ï ʨʽʚʥʦʚʘʞʥʽ ʧʘʨʮʽʘʣʴʥʽ ʪʠʩʢʠ ʧʦʯʘʪʢʦʚʠʭ ʛʘʟʽʚ ɸ ʽ ɺ ʧʨʠ ʪʝ-

ʤʧʝʨʘʪʫʨʽ ʊ;  

ʨC, ʨD ï ʨʽʚʥʦʚʘʞʥʽ  ʧʘʨʮʽʘʣʴʥʽ ʪʠʩʢʠ ʢʽʥʮʝʚʠʭ ʛʘʟʽʚ C i D ʧʨʠ ʪʝʤ-

ʧʝʨʘʪʫʨʽ ʊ;  

a, b, c, d ï ʚʽʜʧʦʚʽʜʥʦ ʯʠʩʣʦ ʢʽʣʦʤʦʣʽʚ ʛʘʟʽʚ A, B, C i D. 

7) ʗʢʱʦ ʚʽʜʦʤʽ ʽʟʦʙʘʨʥʽ ʧʦʪʝʥʮʽʘʣʠ ʧʨʦʤʽʞʥʠʭ ʨʝʘʢʮʽʡ, ʪʦ ʽʟʦʙʘʨʥʠʡ 

ʧʦʪʝʥʮʽʘʣ ʨʝʘʢʮʽʾ ʤʦʞʥʘ ʦʙʯʠʩʣʠʪʠ ʟʘ ʨʽʚʥʷʥʥʷʤ: 

 

,GGGG 0
T,3

0
T,2

0
T,1

0
T                        (3.37) 

 

ʜʝ 
0

T,1
G , 

0
T,2

G , 
0

T,3
G  ï ʽʟʦʙʘʨʥʽ ʧʦʪʝʥʮʽʘʣʠ ʧʨʦʤʽʞʥʠʭ ʨʝʘʢʮʽʡ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʽ ʊ. 

ʂʦʥʩʪʘʥʪʫ ʨʽʚʥʦʚʘʛʠ ʤʦʞʥʘ ʥʘʙʣʠʞʝʥʦ ʦʙʯʠʩʣʠʪʠ ʟʘ ʤʝʪʦʜʦʤ ɺʣʘʜʠ-

ʤʠʨʦʚʘ: 

,N
T

M
Klg T,p    (3.38) 

 

ʜʝ æʄ, æN ï ʩʪʘʣʽ ʨʝʘʢʮʽʾ, ʷʢʽ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʟʘ ʨʽʚʥʷʥʥʷʤʠ: 

 

æʄ = (cMC+dMD) ï (aMA+bMB),                        (3.39) 

 

æN = (cNC+dND) ï (aNA+bNB),                           (3.40) 

 

ʜʝ  ʄA, MB, MC, MD ï ʚʽʜʧʦʚʽʜʥʦ ʩʪʘʣʽ ʜʣʷ ʨʝʯʦʚʠʥ A, B, C, D; 

NA, NB, NC, ND ï ʚʽʜʧʦʚʽʜʥʦ ʩʪʘʣʽ ʜʣʷ ʨʝʯʦʚʠʥ A, B, C, D; 

a, b, c, d ï ʚʽʜʧʦʚʽʜʥʦ ʯʠʩʣʦ ʢʽʣʦʤʦʣʽʚ ʛʘʟʽʚ A, B, C i D. 

ʉʪʘʣʽ M i N ʥʘʚʝʜʝʥʦ ʚ ʜʦʚʽʜʥʠʢʘʭ. 

ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʦʥʩʪʘʥʪʠ ʨʽʚʥʦʚʘʛʠ ʧʦʯʘʣʠ ʢʦʨʠʩʪʫ-

ʚʘʪʠʩʷ ʩʧʝʢʪʨʦʩʢʦʧʽʯʥʠʤʠ ʜʘʥʠʤʠ. ʋ ʮʴʦʤʫ ʨʘʟʽ ʢʦʥʩʪʘʥʪʫ ʨʽʚʥʦʚʘʛʠ ʤʦʞʥʘ 

ʦʙʯʠʩʣʠʪʠ ʟʘ ʨʽʚʥʷʥʥʷʤ 

 

,
T

H

T

)HG(

R303,2

1
Klg

0
0

0
0

0

T     (3.41) 

 

ʜʝ 
T

HG 0
0

0

 ï ʽʟʦʙʘʨʥʠʡ ʧʦʪʝʥʮʽʘʣ ʨʝʘʢʮʽʾ ʚ ʩʪʘʥʜʘʨʪʥʠʭ ʫʤʦʚʘʭ;          
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0
0

H  ï ʪʝʧʣʦʚʠʡ ʝʬʝʢʪ ʨʝʘʢʮʽʾ ʚ ʩʪʘʥʜʘʨʪʥʠʭ ʫʤʦʚʘʭ ʧʨʠ ʘʙʩʦʣʶʪ-

ʥʦʤʫ ʥʫʣʽ.  

ɿʥʘʯʝʥʥʷ 
T

HG 0
0

0

 ʚʠʟʥʘʯʘʶʪʴ ʟʘ ʩʧʝʢʪʨʦʩʢʦʧʽʯʥʠʤʠ ʜʘʥʠʤʠ ʨʝʘʛʫʶ-

ʯʠʭ ʨʝʯʦʚʠʥ, ʷʢʽ ʥʘʚʝʜʝʥʦ ʚ ʜʦʚʽʜʥʠʢʘʭ. 

ʊʝʧʣʦʚʠʡ ʝʬʝʢʪ ʨʝʘʢʮʽʾ ʧʨʠ ʘʙʩʦʣʶʪʥʦʤʫ ʥʫʣʽ ʜʦʨʽʚʥʶʻ 

 

),HH(HH 0
0

0
T

0
T

0
T                                       (3.42) 

 

ʜʝ 0
T

H  ï ʪʝʧʣʦʚʠʡ ʝʬʝʢʪ ʨʝʘʢʮʽʾ ʧʨʠ 298 ʂ.  

 

 

3.5.1 ʇʨʠʢʣʘʜʠ ʨʽh ʝʥʥʷ ʟʘʜʘʯ 

 

ʇʨʠʢʣʘʜ 1. ɺʠʟʥʘʯʠʪʠ  ʭʽʤʽʯʥʫ  ʩʧʦʨʽʜʥʝʥʽʩʪʴ ʽ  ʢʦʥʩʪʘʥʪʫ  ʨʚʥʦʚʘʛʠ 

ʨʝʘʢʮʽʾ  SnO2 + 2CO ź Sn + 2CO2   ʧʨʠ 298 ʂ.  ʉʪʘʥʜʘʨʪʥʽ  ̔ ʟʦʙʘʨʥʽ  ʧʦʪʝʥʮʽ-

ʘʣʠ   ʫʪʚʦʨʝʥʥʷ   SnO2,   ʉ  ʽ ʉO2   ʚʽʜʧʦʚʽʜʥʦ   ʜʦʨʽʚʥʶʶʪʴ  -520,8;  -137,7   ʽ 

-394,8 ʄɼʞÅʢʤʦʣʴ
-1
. 

ʈʦʟʚ'ʷʟʘʥʥʷ. ʍʽʤʽʯʥʘ ʩʧʦʨʽʜʥʝʥʽʩʪʴ ʨʝʘʢʮʽʾ 

.ʄɼʞ6,6107,1372108,520108,3942

G2GG2G

666

0
CO,298

0

2SnO,298
0

2CO,298
0
298

 

 

ʂʦʥʩʪʘʥʪʘ ʨʽʚʥʦʚʘʛʠ ʨʝʘʢʮʽʾ ʧʨʠ 298 ʂ 

 

,843,2157,1
29810314,8303,2

106,6

RT303,2

G
Kplg

3

60
298  

ʘʙʦ 

ʂʨ=6,967Ā10
-2
. 

 

ʇʨʠʢʣʘʜ 2. ɺʠʟʥʘʯʠʪʠ ʢʦʥʩʪʘʥʪʫ ʨʽʚʥʦʚʘʛʠ ʨʝʘʢʮʽʾ Fe + 1/2 O2 D FeO  

ʧʨʠ 1000 ʂ. ɿʘʣʝʞʥʽʩʪʴ ʽʟʦʙʘʨʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʫʪʚʦʨʝʥʥʷ ʦʢʩʠʜʫ ʟʘʣʽʟʘ(II) 

ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʟʘ ʨʽʚʥʷʥʥʷʤ 

 

.102,2051027,0745,11lg1005,4710898,270 3182360 TTTTTGT  

 

ʈʦʟʚ'ʟ̫ʘʥʥʷ. ɯʟʦʙʘʨʥʠʡ ʧʦʪʝʥʮʽʘʣ ʫʪʚʦʨʝʥʥʷ ʦʢʩʠʜʫ ʟʘʣʽʟʘ(II) ʧʨʠ 

1000ʂ ʜʦʨʽʚʥʶʻ: 
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.ʄɼʞ13,195102,20510027,010745,11

1015,14110898,2701000102,20510001027,0

1000745,111000lg10001005,4710898,270G

666

66618

2360
1000

 

 

ʂʦʥʩʪʘʥʪʫ ʨʽʚʥʦʚʘʛʠ ʨʝʘʢʮʽʾ ʧʨʠ 1000 ʂ ʦʙʯʠʩʣʶʻʤʦ ʟʘ ʨʽʚʥʷʥʥʷʤ 

 

,687,7
100010314,8303,2

1013,1951000)5,0(10585,9

RT303,2

ZnT10585,9
Kplg

3

640
1000

4

 

ʘʙʦ 

ʂʨ=4,864Ā10
7
 ʇʘ

-0,5
. 

 

ʇʨʠʢʣʘʜ 3. ɺʠʟʥʘʯʠʪʠ ʢʦʥʩʪʘʥʪʫ ʨʽʚʥʦʚʘʛʠ ʨʝʘʢʮʽʾ ʉ(ʛʨ.)+ʉʆ2ź2ʉʆ 
ʟʘ ʤʝʪʦʜʦʤ ʊʴʦʤʢʽʥʘ ï ʐʚʘʨʮʤʘʥʘ ʧʨʠ 1000 ʂ. ʇʦʪʨʽʙʥʽ ʜʣʷ ʨʦʟʚ'ʷʟʫʚʘʥʥʷ 

ʟʘʜʘʯʽ ʜʘʥʽ ʚʟʷʪʠ ʟ ʪʘʙʣ. 2 ʽ 6 ʜʦʜʘʪʢʫ. 

ʈʦʟʚ'ʷʟʘʥʥʷ. ʊʝʧʣʦʚʠʡ ʝʬʝʢʪ ʨʝʘʢʮʽʾ ʧʨʠ 298. ʂ ʟʥʘʡʜʝʤʦ ʟ ʨʽʚʥʷʥʥʷ 

 

.ʄɼʞ581,17210777,39310598,1102QQ2Q 662CO
298

CO
298298   

  

ɽʥʪʨʦʧʽʷ ʨʝʘʢʮʽʾ ʧʨʠ 298 ʂ: 

 

.ʢɼʞ56,1761078,2131074,51004,1982

SSS2S

333

0

2CO,298
0

C,298
0

CO,298
0
298

 

 

ʂʦʝʬʽʮʽʻʥʪʠ ʨʝʘʢʮʽʾ æa0, æʘ1, æʘ2 i æʘ-2: 

 

.ɼʞ1079,8)1079,8(0aaa2a

;ɼʞ1048,3)1048,3(0aaa2a

;ɼʞ47,162,2227,40,52aaa2a

;ʢɼʞ878,51024,321015,1710634,272aaa2a

882CO
2

C
2

CO
22

332CO
2

C
2

CO
22

2CO
1

C
1

CO
11

3332CO
0

C
0

CO
00

 

 

ɯʟʦʙʘʨʥʠʡ ʧʦʪʝʥʮʽʘʣ ʨʝʘʢʮʽʾ ʟʥʘʡʜʝʤʦ ʟ ʨʽʚʥʷʥʥʷ: 

 

).aMaMaMaM(TSTHG 22221100
0
298

0
298

0
T  
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ʇʽʜʩʪʘʚʠʚʰʠ ʚ ʥʴʦʛʦ ʟʥʘʯʝʥʥʷ  ,a,a,a,a,S,H 2210
0
298

0
298

 

,M0 T,M,M,M 221 ,  ʤʘʪʠʤʝʤʦ: 

 

.ʄɼʞ756,5

10446,2103947,010055,410991,21056,17610581,172

)1079,8102783,01048,3101134,0)47,16(102463,0

10878,55088,0(100010356,17610001058,172G

666666

85363

360
1000

 

 

ʂʦʥʩʪʘʥʪʫ ʨʽʚʥʦʚʘʛʠ ʨʝʘʢʮʽʾ ʧʨʠ 1000 ʂ ʦʙʯʠʩʣʠʤʦ ʟ ʨʽʚʥʷʥʥʷ 

 

.33,5
100010314,8303,2

10756,5100010585,9

RT303,2

GnT10585,9
Kplg

3

640
1000

4

 

 

ʘʙʦ ʂʨ=2,138Ā10
5
 ʇʘ. 

ʇʨʠʢʣʘʜ 4. ʆʙʯʠʩʣʠʪʠ ʥʘʙʣʠʞʝʥʝ ʟʥʘʯʝʥʥʷ ʢʦʥʩʪʘʥʪʠ ʨʽʚʥʦʚʘʛʠ ʨʝʘ-

ʢʮʽʾ ʚʟʘʻʤʦʜʽʾ ʤʝʪʘʥʫ ʟ ʚʫʛʣʝʢʠʩʣʠʤ ʛʘʟʦʤ ʉʅ4 + ʉʆ2 D 2ʉʆ + 2ʅ2 ʧʨʠ 1000 

ʂ ʟʘ ʤʝʪʦʜʦʤ ɺʣʘʜʠʤʠʨʦʚʘ 

ʉʪʘʣʽ ʄ ʽ N ʜʣʷ ʉʅ4, ʉʆ2 ʽ ʉʆ ʚʽʜʧʦʚʽʜʥʦ ʜʦʨʽʚʥʶʶʪʴ 3910,2 ʽ             

ï4,2142; 20557,8 ʽ 0,1524; 5774,0 ʽ 4,6861. 

ʈʦʟʚ'ʷʟʘʥʥʷ. ʅʘʙʣʠʞʝʥʝ ʟʥʘʯʝʥʥʷ ʢʦʥʩʪʘʥʪʠ ʨʝʘʢʮʽʾ ʚʟʘʻʤʦʜʽʾ ʤʝʪʘʥʫ 

ʟ ʚʫʛʣʝʢʠʩʣʠʤ ʛʘʟʦʤ ʤʦʞʥʘ ʦʙʯʠʩʣʠʪʠ ʟʘ ʬʦʨʤʫʣʦʶ 

 

.N
T

M
Kplg  

 

ʉʪʘʣʘ æʄ ʜʦʨʽʚʥʶʻ: 

 

æʄ = 2ʄʉʆ ï ʄʉʅ4 ï ʄʉʆ2 = 2Ā5774,0 ï 3910,2 ï 20557,8 =  ï12920. 

 

ʉʪʘʣʘ æN ʜʦʨʽʚʥʶʻ: 

 

æN = 2Nʉʆ ï Nʉʅ4 ï Nʉʆ2 = 2Ā4,6861 + 4,2142 ï 0,1524 =  ï13,4340. 

 

ʇʽʜʩʪʘʚʠʚʰʠ ʚ ʨʽʚʥʷʥʥʷ ʟʥʘʯʝʥʥʷ ʩʪʘʣʠʭ æʄ ʽ æN, ʜʽʩʪʘʥʝʤʦ: 

 

.514,0434,13
1000

12920
Kplg  

 

ɿʚʽʜʩʠ ʂʨ = 3,266 ʇʘ
2
. 
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3.5.2  ɿʘʜʘʯʽ ʜʣʷ ʩʘʤʦʩʪʽʡʥʦʛʦ ʨʽʰʝʥʥʷ 

 

123. ɺʠʟʥʘʯʠʪʠ ʭʽʤʽʯʥʫ ʩʧʦʨʽʜʥʝʥʽʩʪʴ ʽ ʢʦʥʩʪʘʥʪʫ ʨʽʚʥʦʚʘʛʠ ʨʝʘʢʮʽʾ 

CuO + H2 D Cu + H2O(ʨʽʜ.) ʧʨʠ 298 ʂ. ɯʟʦʙʘʨʥʽ ʧʦʪʝʥʮʽʘʣʠ ʫʪʚʦʨʝʥʥʷ ʉuʆ ʽ 

ʅ2ʆ ʚʜ̔ʧʦʚʽʜʥʦ ʜʦʨʽʚʥʶʶʪʴ -128,1 ʽ -237,73 ʄɼʞĀʢʤʦʣʴ
-1
. 

ɺʽʜʧʦʚʽʜʴ: -109,63 ʄɼʞ; 1,62 . 10
14

 ʇʘ
-1
. 

124. ɺʠʟʥʘʯʠʪʠ ʢʦʥʩʪʘʥʪʫ ʨʽʚʥʦʚʘʛʠ ʨʝʘʢʮʽʾ CO + H2O (ʧ.) D ʉʆ2 + ʅ2 

ʧʨʠ 298 ʂ. ʋ ʩʪʘʥʜʘʨʪʥʠʭ ʫʤʦʚʘʭ ʽʟʦʙʘʨʥʽ ʧʦʪʝʥʮʽʘʣʠ ʫʪʚʦʨʝʥʥʷ ʉʆ, 

ʅ2ʆ(ʧ.), ʉʆ2 ʚʽʜʧʦʚʽʜʥʦ ʜʦʨʽʚʥʶʶʪʴ -137,7; -228,757 ̔  -394,8 ʄɼʞĀʢʤʦʣʴ
-1
. 

ɺʽʜʧʦʚʽʜʴ: 9,27Ā10
4
. 

125. ɺʠʟʥʘʯʠʪʠ ʢʦʥʩʪʘʥʪʫ ʨʽʚʥʦʚʘʛʠ ʨʝʘʢʮʽʾ Mo + O2 = MoO2 ʧʨʠ 1000 

ʂ, ʷʢʱʦ ʟʘʣʝʞʥʽʩʪʴ ʽʟʦʙʘʨʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʫʪʚʦʨʝʥʥʷ ʄʦʆ2 ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤ 

 

.102,246103,295,2lg1003,2310334,553 3182360 TTTTTGT  

 

ɺʽʜʧʦʚʽʜʴ: 6,17
.
10

14
Āʇʘ

-1
. 

126. ɺʠʟʥʘʯʠʪʠ ʢʦʥʩʪʘʥʪʫ ʨʽʚʥʦʚʘʛʠ ʨʝʘʢʮʽʾ 3Fe + C D Fe3C ʧʨʠ 

1800ʂ, ʷʢʱʦ ʟʘʣʝʞʥʽʩʪʴ ʽʟʦʙʘʨʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʫʪʚʦʨʝʥʥʷ ʢʘʨʙʽʜʫ ʟʘʣʽʟʘ ʚʽʜ 

ʪʝʤʧʝʨʘʪʫʨʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤ 

 

.T1010,171010,3623ȹG 360
T  

 

ɺʽʜʧʦʚʽʜʴ: 1,699. 

 

127. ʆʙʯʠʩʣʠʪʠ  ʢʦʥʩʪʘʥʪʫ  ʜʠʩʦʮʽʘʮʽʾ  ʚʦʜʷʥʦʾ  ʧʘʨʠ  ʟʘ  ʨʽʚʥʷʥʥʷʤ 

2ʅ2O D 2ʅ2+ʆ2 ʧʨʠ 2500 ʂ. ʊʝʧʣʦʪʘ ʫʪʚʦʨʝʥʥʷ ʚʦʜʷʥʦʾ ʧʘʨʠ ʧʨʠ ʮʽʡ ʪʝʤʧʝ-

ʨʘʪʫʨʽ ʜʦʨʽʚʥʶʻ 242,1 ʄɼʞĀʢʤʦʣʴ
-1
. ʉʪʘʥʜʘʨʪʥʽ ʝʥʪʨʦʧʽʾ ʅ2ʆ (ʧ.), ʅ2 ʽ ʆ2 

ʚʽʜʧʦʚʽʜʥʦ ʜʦʨʽʚʥʶʶʪʴ 188,859; 306,74 ʽ 205,166 ʢɼʞĀʢʤʦʣʴ
-1
. ʊʝʧʣʦʻʤʥʦʩʪʽ 

ʅ2ʆ (ʧ.), ʅ2 ʽ ʆ2 ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʟʘ ʨʽʚʥʷʥʥʷʤʠ: 

 

.T10859,7T08,11062,34C

;T39,31072,27C

;T1033,0T71,101030C

2832O
p

32H
p

283O2H
p

 

 

ɺʽʜʧʦʚʽʜʴ: 0,646 ʇʘ. 

128. ʆʙʯʠʩʣʠʪʠ ʢʦʥʩʪʘʥʪʫ ʨʽʚʥʦʚʘʛʠ ʨʝʘʢʮʽʾ, ʱʦ ʧʨʦʪʽʢʘʻ ʧʽʜ ʯʘʩ ʪʫ-

ʞʘʚʽʥʥʷ ʙʫʜʽʚʝʣʴʥʦʛʦ ʨʦʟʯʠʥʫ ʟʘ ʨʽʚʥʷʥʥʷʤ Ca(OH)2 + CO2 = CaCO3 + 

+H2O(ʨʽʜ.) ʧʨʠ 298 ʂ. ʊʝʧʣʦʪʠ ʫʪʚʦʨʝʥʥʷ ʉʘʉʆ3, ʅ2ʆ(ʨʽʜ.), ʉʘ(ʆʅ)2 ʽ ʉʆ2 

ʚʽʜʧʦʚʽʜʥʦ ʜʦʨʽʚʥʶʶʪʴ 1207,5; 286,0; 987,2 ʽ 393,8 ʄɼʞĀʢʤʦʣʴ
-1
. ʉʪʘʥʜʘʨʪʥʽ 

ʝʥʪʨʦʧʽʾ ʉʘʉʆ3, ʅ2ʆ (ʨʽʜ.), ʉʘ(ʆʅ)2 ʽ ʉʆ2 ʚʽʜʧʦʚʽʜʥʦ ʜʦʨʽʚʥʶʶʪʴ 88,8; 70,0; 

72,9 ʽ 213,8 ʢɼʞÅʢʤʦʣʴ
-1
. ʂ

-1
. 



 79 

ɺʽʜʧʦʚʽʜʴ: 1.07Ā10
8
 ʇʘ

-1
. 

129. ʆʙʯʠʩʣʠʪʠ ʢʦʥʩʪʘʥʪʫ ʨʽʚʥʦʚʘʛʠ ʨʝʘʢʮʽʾ ʉ(ʛʨ.) + 2ʅ2 D ʉʅ4  ʧʨʠ 

800 ʂ ʟʘ ʤʝʪʦʜʦʤ ʊʴʦʤʢʽʥʘ ï ʐʚʘʨʮʤʘʥʘ. ʊʝʧʣʦʪʘ ʫʪʚʦʨʝʥʥʷ ʤʝʪʘʥʫ ʧʨʠ 

298 ʂ ʜʦʨʽʚʥʶʻ 74,9 ʄɼʞĀʢʤʦʣʴ
-1
. ʉʪʘʥʜʘʨʪʥʽ ʝʥʪʨʦʧʽʾ ʛʨʘʬʽʪʫ, ʚʦʜʥʶ ʽ ʤʝ-

ʪʘʥʫ ʚʽʜʧʦʚʽʜʥʦ ʜʦʨʽʚʥʶʶʪʴ 5,74; 306,74 ʽ186,3 ʢɼʞĀʢʤʦʣʴ
-1
Āʂ

-1
. ʊʝʧʣʦʻʤʥʦ-

ʩʪʽ ʉ(ʛʨ.), ʅ2 ʽ ʉʅ4 ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʟʘ ʨʽʚʥʷʥʥʷʤʠ 
 

.T10926,1T897,471066,28C

;T39,31072,27C

;T1079,8T27,41015,17C

2834CH
p

32H
p

283C
p

 

 

ʇʨʠ 800 ʂ ʩʪʘʣʽ ʄ0 = 0,3597; ʄ1 = 0,1574 ʽ ʄ-2 = 0,2213Ā10
-5
. 

ɺʽʜʧʦʚʽʜʴ: 6,76Ā10
-24

 ʇʘ
-1
. 

130. ʆʙʯʠʩʣʠʪʠ ʥʘʙʣʠʞʝʥʝ ʟʥʘʯʝʥʥʷ ʢʦʥʩʪʘʥʪʠ ʨʽʚʥʦʚʘʛʠ ʨʝʘʢʮʽʾ 

ʉ + ʆ2 D ʉʆ2 ʧʨʠ 1000 ʂ ʟʘ ʤʝʪʦʜʦʤ ɺʣʘʜʠʤʠʨʦʚʘ, ʷʢʱʦ ʩʪʘʣʽ ʄ ʽ N ʚʽʜʧʦ-

ʚʽʜʥʦ ʜʦʨʽʚʥʶʁ ʪʴ 20,5578Ā10
3
 i 0,1524. 

ɺʽʜʧʦʚʽʜʴ: 5,131 . 10
20

. 

131. ɿʥʘʡʪʠ ʟʘʣʝʞʥʽʩʪʴ ʣʦʛʘʨʠʬʤʘ ʢʦʥʩʪʘʥʪʠ ʨʽʚʥʦʚʘʛʠ ʚʽʜ ʪʝʤʧʝʨʘ-

ʪʫʨʠ ʜʣʷ ʨʝʘʢʮʽʾ 2ZnS + 3O2 D 2ZnO + 2SO2. 

ʇʦʪʨʽʙʥʽ ʜʣʷ ʨʦʟʚ'ʷʟʫʚʘʥʥʷ ʟʘʜʘʯʽ ʜʘʥʽ ʚʟʷʪʠ ʟ ʪʘʙʣ. 7 ʜʦʜʘʪʢʫ. 

ɺʽʜʧʦʚʽʜʴ: .7330,7
T

103168,46
Kplg

3

 

132. ʆʙʯʠʩʣʠʪʠ ʢʦʥʩʪʘʥʪʫ ʨʽʚʥʦʚʘʛʠ ʫʪʚʦʨʝʥʥʷ ʦʢʩʠʜʫ ʚʫʛʣʝʮʶ (ɯɯ) 

ʧʨʠ 1200 ʂ ʟʘ ʨʽʚʥʷʥʥʷʤ C + 1/2 O2 D CO. ʇʨʠ ʮʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʢʦʥʩʪʘʥʪʠ 

ʨʽʚʥʦʚʘʛʠ ʨʝʘʢʮʽʾ ʧʦʚʥʦʛʦ ʟʛʦʨʷʥʥʷ ʚʫʛʣʝʮʶ ʽ ʦʢʩʠʜʫ ʚʫʛʣʝʮʶ (II) ʚʽʜʧʦʚʽʜ-

ʥʦ ʜʦʨʽʚʥʶʶʪʴ 1,775Ā10
17

 ʽ 6,0
.
10

7
 ʇʘ

-0,5
. 

ɺʽʜʧʦʚʽʜʴ: 2,958Ā10
9
 ʇʘ

0,5
. 

133. ɺʽʜʥʦʚʣʝʥʥʷ ʦʢʩʠʜʫ ʟʘʣʽʟʘ (III) ʦʢʩʠʜʦʤ ʚʫʛʣʝʮʶ (II) ʧʨʦʪʽʢʘʻ ʚ 

ʪʨʠ ʩʪʘʜʽʾ ʟʘ ʪʘʢʠʤʠ ʨʝʘʢʮʽʷʤʠ: 

1)   3Fe2O3 + CO D 2Fe3O4 + CO2; 

2)   Fe3O4 + CO D 3FeO + CO2; 

3)   FeO + CO D Fe + 9CO2. 

ɿʥʘʡʪʠ ʟʘʣʝʞʥʽʩʪʴ ʢʦʥʩʪʘʥʪʠ ʨʽʚʥʦʚʘʛʠ ʨʝʘʢʮʽʾ ʚʽʜʥʦʚʣʝʥʥʷ ʦʢʩʠʜʫ 

ʟʘʣʽʟʘ (III) ʜʦ ʚʽʣʴʥʦʛʦ ʟʘʣʽʟʘ 3Fe2O3+9CO D 6Fe + 9CO2 ʚʽʜ ʢʦʥʩʪʘʥʪʠ ʨʽʚ-

ʥʦʚʘʛʠ ʧʨʦʤʽʞʥʠʭ ʨʝʘʢʮʽʡ. 

ɺʽʜʧʦʚʽʜʴ: .KKKK 6
3,p

2
2,p1,pp  

134. ʆʙʯʠʩʣʠʪʠ ʢʦʥʩʪʘʥʪʫ ʨʽʚʥʦʚʘʛʠ ʨʝʘʢʮʽʾ SiO + C D Si + 2CO ʧʨʠ 

1800 ʂ ʟʘ ʤʝʪʦʜʦʤ ɺʣʘʜʠʤʠʨʦʚʘ. ʇʦʪʨʽʙʥʽ ʜʣʷ ʨʦʟʚ'ʷʟʫʚʘʥʥʷ ʟʘʜʘʯʽ ʜʘʥʽ 

ʚʟʷʪʠ ʟ ʪʘʙʣ. 7 ʜʦʜʘʪʢʫ. 

ɺʽʜʧʦʚʽʜʴ: 5,827Ā10
13

 ʇʘ
2
. 

135. ʆʙʯʠʩʣʠʪʠ ʢʦʥʩʪʘʥʪʫ ʨʽʚʥʦʚʘʛʠ ʨʝʘʢʮʽʾ ʉO + 1/2 ʆ2 D ʉʆ2 ʧʨʠ 

298 ʂ, ʷʢʱʦ ʽʟʦʙʘʨʥʽ ʧʦʪʝʥʮʽʘʣʠ ʨʝʘʢʮʽʾ ʛʦʨʽʥʥʷ ʚʫʛʣʝʮʶ  ʜʦ ʦʢʩʠʜʫ ʚʫʛʣʝ-
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ʮʶ (II)  ʽ  ʜʦ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ ʧʨʠ ʮʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʚʽʜʧʦʚʽʜʥʦ  ʜʦʨ̔ʚʥʶʶʪʴ 

-137,7 ʽ -394,8 ʄɼʞĀʢʤʦʣʴ
-1
. 

ɺʽʜʧʦʚʽʜʴ: 3,55 . 10
42
Āʇʘ

0.5
. 

136. ʆʙʯʠʩʣʠʪʠ ʢʦʥʩʪʘʥʪʫ ʨʽʚʥʦʚʘʛʠ ʨʝʘʢʮʽʾ 2H2 + O2 D 2H2O ʧʨʠ 

2000 ʂ, ʷʢʱʦ  ʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʾ  ï 
T

HG 0
0

0

  ʜʣʷ ʅ2, ʆ2 ʽ ʅ2ʆ ʧʨʠ ʮʽʡ ʪʝʤʧʝ-

ʨʘʪʫʨʽ ʚʽʜʧʦʚʽʜʥʦ ʜʦʨʽʚʥʶʶʪʴ  157,603; 234,722 ʽ 223,392 ʢɼʞĀʢʤʦʣʴ
-1
Āʂ

-1
, ʘ  

ʟʥʘʯʝʥʥʷ  ʬʫʥʢʮʽʾ  0

0

0 HHT  ʜʣʷ  ʅ2,  ʆ2  ʽ ʅ2ʆ ʚʽʜʧʦʚʽʜʥʦ ï8,447; 8,682 ʽ 

9,908 ʄɼʞĀʢʤʦʣʴ
-1
. ʊʝʧʣʦʪʘ ʫʪʚʦʨʝʥʥʷ ʚʦʜʷʥʦʾ ʧʘʨʠ ʧʨʠ 298ʂ ʜʦʨʚ̔ʥʶʻ 

242,1 ʄɼʞĀʢʤʦʣʴ
-1
. 

ɺʽʜʧʦʚʽʜʴ: 3,614Ā10
11

 ʇʘ
-1
. 

137. ʆʙʯʠʩʣʠʪʠ ʢʦʥʩʪʘʥʪʫ ʨʽʚʥʦʚʘʛʠ ʨʝʘʢʮʽʾ Fe + CuSO4 D FeSO4 + Cu 

ʧʨʠ 298 ʂ, ʷʢʱʦ ʧʨʠ ʮʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʝ. ʨ. ʩ. ʛʘʣʴʚʘʥʽʯʥʦʛʦ ʝʣʝʤʝʥʪʘ 
 

Fe | FeSO4 (1ʥ.) || CuSO4 (1ʥ.) | Cu 
 

ʜʦʨʽʚʥʶʻ 0,78 ɺ. 

ɺʽʜʧʦʚʽʜʴ: 2,345Ā10
26

. 

138. ɺʠʟʥʘʯʠʪʠ ʢʦʥʩʪʘʥʪʫ ʨʽʚʥʦʚʘʛʠ ʨʝʘʢʮʽʾ FeO + CO D Fe + CO2 ʧʨʠ 

298 ʂ. ɯʟʦʙʘʨʥʽ ʧʦʪʝʥʮʽʘʣʠ ʫʪʚʦʨʝʥʥʷ FeO, ʉʆ ʽ ʉʆ2 ʚʟʷʪʠ ʟ ʪʘʙʣ. 5 ʜʦʜʘʪʢʫ. 

ɺʽʜʧʦʚʽʜʴ: 1,892Ā10
2
. 

139. ɿʘ ʜʘʥʠʤʠ ʪʘʙʣ. 5 ʜʦʜʘʪʢʫ ʚʠʟʥʘʯʠʪʠ ʟʘʣʝʞʥʽʩʪʴ ʽʟʦʙʘʨʥʦʛʦ ʧʦʪʝ-

ʥʮʽʘʣʫ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʜʣʷ ʨʝʘʢʮʽʾ  W + 3/2 O2 D WO3  ʽ ʦʙʯʠʩʣʠʪʠ ʢʦʥʩʪʘ-

ʥʪʫ ʨʽʚʥʦʚʘʛʠ ʮʽʻʾ ʨʝʘʢʮʽʾ ʧʨʠ 1700 ʂ. 

ɺʽʜʧʦʚʽʜʴ: 

;T1085,510,237T8,13TlgT1083,710765,837G 1832360
T  

                                         .ʇʘ10594,2 5,18  

 

140. (ʙʘʛʘʪʦʚʘʨʽʘʥʪʥʘ ʟʘʜʘʯʘ). 
 

ʊʘʙʣʠʮʷ 4  
 

ˉ ʧʦʨ. ʈʽʚʥʷʥʥʷ ʨʝʘʢʮʽʡ ʊ, ʂ 

1 2 3 

1 3Fe2O3 + H2 D 2Fe2O3 +H2O 1100 

2 3Fe3O4 + H2 D 3FeO + H2O 1100 

3 3Fe2O3 + CO D2Fe3O4 + CO2 1000 

4 Fe3O4 +CO D 3FeO +CO2 1100 

5 FeO + CO D Fe + CO2 1300 

6 FeO + C(ʛʨ.) DFe + CO 1300 

7 2MnO2 + CO D Mn2O3 + CO2 1100 

8 Mn2O3 + CO D 2MnO +CO2 1200 

9 Mnʆ +C(ʛʨ.) D Mn + CO 1500 

10 2Mn + O2 D 2MnO 1500 
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ɿʘʢʽʥʯʝʥʥʷ ʪʘʙʣ..4 

1 2 3 

11 Si + O2 D SiO2 1800 

12 4Cr + 3O2 D 2Cr2O3 1650 

13 C(ʛʨ.) + O2 D CO2 1500 

14 2FeO + Si D 2Fe + SiO2 800 

15 2MnO + Si D 2Mn + SiO2 800 

16 4P + 5O2 D 2P2O5 1500 

17 CaCO3 D CaO + CO2 1200 

18 MgCO3 D MgO + CO2 1000 

19 FeCO3 D FeO + CO2 900 

20 CO2 + H2 D CO + H2O 1200 

21 2CO2 D 2CO + O2 1500 

22 2H2 + O2 D 2H2O 1000 

23 3FeO + 2Al D Al2O3 + 3Fe 800 

24 3MnO + 2Al D Al2O3 + 3Mn 800 

25 SiO2 + 2C(ʛʨ.) D Si + 2CO 1800 

26 SiO2 + 2Fe D Si + 2FeO 1900 

27 Cr2O3 + 3C(ʛʨ.) D 2Cr + 3CO 1900 

28 CoO + Fe D  FeO + Co 1800 

29 CH4 + CO2 D 2CO + 2H2 1200 

30 3TiO2 + 4Al D 3Ti + 2Al2O3 800 

 
1. ɺʠʟʥʘʯʠʪʠ ʽʟʦʙʘʨʥʠʡ ʪʝʧʣʦʚʠʡ ʝʬʝʢʪ ʨʝʘʢʮʽʾ ʚ ʩʪʘʥʜʘʨʪʥʠʭ ʫʤʦʚʘʭ. 
2. ɺʠʟʥʘʯʠʪʠ ʟʘʣʝʞʥʽʩʪʴ ʽʟʦʙʘʨʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʝʬʝʢʪʫ ʚʽʜ ʪʝʤʧʝʨʘʪʫ-

ʨʠ. 
3. ɺʠʟʥʘʯʠʪʠ ʝʥʪʨʦʧʽʶ ʨʝʘʢʮʽʾ ʚ ʩʪʘʥʜʘʨʪʥʠʭ ʫʤʦʚʘʭ. 
4. ɿʥʘʡʪʠ ʟʘʣʝʞʥʽʩʪʴ ʝʥʪʨʦʧʽʾ ʨʝʘʢʮʽʾ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ. 
5. ɿʥʘʡʪʠ ʟʘʣʝʞʥʽʩʪʴ ʽʟʦʙʘʨʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ. 
6. ʆʙʯʠʩʣʠʪʠ ʽʟʦʙʘʨʥʠʡ ʧʦʪʝʥʮʽʘʣ ʧʨʠ 298 ʂ, ʚʠʭʦʜʷʯʠ ʟ ʽʟʦʙʘʨʥʠʭ 

ʧʦʪʝʥʮʽʘʣʽʚ ʫʪʚʦʨʝʥʥʷ ʨʝʘʛʫʶʯʠʭ ʨʝʯʦʚʠʥ. 
7. ʆʙʯʠʩʣʠʪʠ ʽʟʦʙʘʨʥʠʡ ʧʦʪʝʥʮʽʘʣ ʨʝʘʢʮʽʾ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʊ. 
8. ɺʠʟʥʘʯʠʪʠ ʢʦʥʩʪʘʥʪʫ ʨʽʚʥʦʚʘʛʠ ʧʨʠ 298 ʂ. 
9. ɿʥʘʡʪʠ ʟʘʣʝʞʥʽʩʪʴ ʣʦʛʘʨʠʬʤʘ ʢʦʥʩʪʘʥʪʠ ʨʽʚʥʦʚʘʛʠ ʨʝʘʢʮʽʾ ʚʽʜ ʪʝʤ-

ʧʝʨʘʪʫʨʠ [lg ʂʨ = f (ʊ)]. 
10. ɺʠʟʥʘʯʠʪʠ ʢʦʥʩʪʘʥʪʫ ʨʽʚʥʦʚʘʛʠ ʨʝʘʢʮʽʾ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʊ (ʊ+100) 

ʽ (T ï 100). 
11. ʆʙʯʠʩʣʠʪʠ ʢʦʥʩʪʘʥʪʫ ʨʽʚʥʦʚʘʛʠ ʨʝʘʢʮʽʾ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʊ ʟʘ ʤʝ-

ʪʦʜʦʤ ʊʴʦʤʢiʥʘ ï ʐʚʘʨʮʤʘʥʘ. 

12. ʇʦʙʫʜʫʚʘʪʠ ʛʨʘʬʽʢ ʟʘʣʝʞʥʦʩʪʽ 
T

1
fKlg p  ʚ ʤʝʞʘʭ ʪʝʤʧʝʨʘʪʫʨ 

ʚʽʜ (T ï 100) ʂ ʜʦ (T + 100) ʂ. 
13. ɺʠʭʦʜʷʯʠ ʟ ʛʨʘʬʽʢʘ, ʧʦʢʘʟʘʪʠ, ʷʢ ʟʤʽʥʶʻʪʴʩʷ ʢʦʥʩʪʘʥʪʘ ʨʽʚʥʦʚʘʛʠ 

ʨʝʘʢʮʽʾ ʽʟ ʟʤʽʥʦʶ ʪʝʤʧʝʨʘʪʫʨʠ. 
ʇʦʪʨʽʙʥʽ ʜʣʷ ʨʦʟʚ'ʷʟʫʚʘʥʥʷ ʟʘʜʘʯʽ ʜʘʥʽ ʚʟʷʪʠ ʟ ʪʘʙʣ. 2 ʽ 6 ʜʦʜʘʪʢʫ. 
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4  ʌɸɿʆɺɯ ʈɯɺʅʆɺɸɻʀ 

 

4.1 ʇʨʘʚʠʣʦ ʬʘʟ 

 

ʊʝʨʤʦʜʠʥʘʤʽʯʥʦʶ ʩʠʩʪʝʤʦʶ ʥʘʟʠʚʘʻʪʴʩʷ ʩʫʢʫʧʥʽʩʪʴ ʪʽʣ, ʷʢʽ ʤʦʞʫʪʴ 

ʝʥʝʨʛʝʪʠʯʥʝ ʚʟʘʻʤʦʜʽʷʪʠ ʤʽʞ ʩʦʙʦʶ ʽ ʟ ʽʥʰʠʤʠ ʪʽʣʘʤʠ. 

ɻʦʤʦʛʝʥʥʦʶ ʥʘʟʠʚʘʻʪʴʩʷ ʩʠʩʪʝʤʘ, ʚʩʝʨʝʜʠʥʽ ʷʢʦʾ ʥʝʤʘʻ ʧʦʚʝʨʭʦʥʴ ʧʦ-

ʜʽʣʫ, ʱʦ ʚʽʜʦʢʨʝʤʣʶʶʪʴ ʦʜʥʫ ʚʽʜ ʦʜʥʦʾ ʨʽʟʥʽ ʟʘ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʯʘʩʪʠʥʠ ʩʠʩ-

ʪʝʤʠ. ʇʨʠʢʣʘʜʦʤ ʛʦʤʦʛʝʥʥʦʾ ʩʠʩʪʝʤʠ ʤʦʞʝ ʙʫʪʠ ʩʫʤʽʰ ʛʘʟʽʚ, ʚʦʜʥʠʡ ʨʦʟʯʠʥ 

ʢʫʭʦʥʥʦʾ ʩʦʣʽ, ʪʚʝʨʜʠʡ ʨʦʟʯʠʥ ʩʨʽʙʣʘ ʽ ʟʦʣʦʪʘ. 

ɻʝʪʝʨʦʛʝʥʥʦʶ ʥʘʟʠʚʘʻʪʴʩʷ ʩʠʩʪʝʤʘ, ʚʩʝʨʝʜʠʥʽ ʷʢʦʾ ʻ ʧʦʚʝʨʭʥʽ ʧʦʜʽʣʫ, 

ʱʦ ʚʽʜʦʢʨʝʤʣʶʶʪʴ ʦʜʥʫ ʚʽʜ ʦʜʥʦʾ ʨʽʟʥʽ ʟʘ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʯʘʩʪʠʥʠ ʩʠʩʪʝʤʠ. 

ʅʘʧʨʠʢʣʘʜ, ʩʠʩʪʝʤʘ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʚʦʜʠ, ʣʴʦʜʫ ʽ ʚʦʜʷʥʦʾ ʧʘʨʠ, ʻ ʛʝʪʝʨʦ-

ʛʝʥʥʦʶ, ʙʦ ʦʜʥʦʨʽʜʥʽ ʾʾ ʯʘʩʪʠʥʠ ʚʽʜʦʢʨʝʤʣʝʥʽ ʦʜʥʘ ʚʽʜ ʦʜʥʦʾ ʧʦʚʝʨʭʥʝʶ. 

ʂʦʤʧʦʥʝʥʪʦʤ, ʘʙʦ ʩʢʣʘʜʦʚʦʶ ʯʘʩʪʠʥʦʶ ʩʠʩʪʝʤʠ ʥʘʟʠʚʘʻʪʴʩʷ ʭʽʤʽʯʥʦ 

ʦʜʥʦʨʽʜʥʘ ʨʝʯʦʚʠʥʘ, ʷʢʘ ʤʦʞʝ ʙʫʪʠ ʚʠʜʽʣʝʥʘ ʟ ʩʠʩʪʝʤʠ ʽ ʪʨʠʚʘʣʠʡ ʯʘʩ ʽʩʥʫ-

ʚʘʪʠ ʚ ʽʟʦʣʴʦʚʘʥʦʤʫ ʚʠʛʣʷʜʽ. ʊʘʢ, ʥʘʧʨʠʢʣʘʜ, ʢʦʤʧʦʥʝʥʪʘʤʠ ʚʦʜʥʦʛʦ ʨʦʟʯʠ-

ʥʫ ʩʽʨʯʘʥʦʾ ʢʠʩʣʦʪʠ ʻ ʚʦʜʘ ʽ ʩʽʨʯʘʥʘ ʢʠʩʣʦʪʘ. ʈʝʯʦʚʠʥʠ, ʥʘʡʤʝʥʰʘ ʢʽʣʴʢʽʩʪʴ 

ʷʢʠʭ ʥʝʦʙʭʽʜʥʘ ʽ ʜʦʩʪʘʪʥʷ ʜʣʷ ʫʪʚʦʨʝʥʥʷ ʚʩʽʭ ʤʦʞʣʠʚʠʭ ʬʘʟ ʧʝʚʥʦʾ ʩʠʩʪʝʤʠ, 

ʥʘʟʠʚʘʶʪʴʩʷ ʥʝʟʘʣʝʞʥʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ. 

ʂʽʣʴʢʽʩʪʴ ʥʝʟʘʣʝʞʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʩʠʩʪʝʤʠ ʜʦʨʽʚʥʶʻ ʨʽʟʥʠʮʽ ʤʽʞ ʢʽ-

ʣʴʢʽʩʪʶ ʢʦʤʧʦʥʝʥʪʽʚ ʽ ʢʽʣʴʢʽʩʪʶ ʭʽʤʽʯʥʠʭ ʨʽʚʥʦʚʘʛ: 

 

K = K0 ï x,                                                 (4.1) 

 

ʜʝ ʂ0 ï ʢʽʣʴʢʽʩʪʴ ʢʦʤʧʦʥʝʥʪʽʚ ʩʠʩʪʝʤʠ;  

ʭ ï ʢ̔ ʣʴʢʽʩʪʴ ʭʽʤʽʯʥʠʭ ʨʽʚʥʦʚʘʛ. 

ʅʘʧʨʠʢʣʘʜ, ʩʠʩʪʝʤʘ 

 

ʉʘʉʆ3  D  ʉʘʆ + ʉʆ2, 

 

ʚ ʷʢʽʡ ʫʩʪʘʥʦʚʠʣʘʩʴ ʭʽʤʽʯʥʘ ʨʽʚʥʦʚʘʛʘ, ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʨʴʦʭ ʢʦʤʧʦʥʝʥʪʽʚ (ʢʘ-

ʨʙʦʥʘʪʫ ʢʘʣʴʮʽʶ, ʦʢʩʠʜʫ ʢʘʣʴʮʽʶ ʽ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ) ʽ ʜʚʦʭ ʥʝʟʘʣʝʞʥʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ (ʙʫʜʴ-ʷʢʽ ʜʚʘ ʢʦʤʧʦʥʝʥʪʠ). 

ʌʘʟʦʶ ʥʘʟʠʚʘʻʪʴʩʷ ʩʫʢʫʧʥʽʩʪʴ ʛʦʤʦʛʝʥʥʠʭ ʯʘʩʪʠʥ ʛʝʪʝʨʦʛʝʥʥʦʾ ʩʠʩ-

ʪʝʤʠ ʚ ʨʽʚʥʦʚʘʞʥʦʤʫ ʩʪʘʥʽ, ʦʜʥʘʢʦʚʠʭ ʟʘ ʚʩʽʤʘ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʤʠ ʚʣʘʩʪʠ-

ʚʦʩʪʷʤʠ. ʅʘʧʨʠʢʣʘʜ, ʩʠʩʪʝʤʘ ʣʽʜ ï ʚʦʜʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʬʘʟ: ʣʽʜ ʽ ʚʦʜʘ. 

ʇʨʦʩʪʘ ʬʘʟʘ ʤʘʻ ʦʜʠʥ ʢʦʤʧʦʥʝʥʪ, ʘ ʟʤʽʰʘʥʘ ï ʢʽʣʴʢʘ ʢʦʤʧʦʥʝʥʪʽʚ. 

ʅʘʧʨʠʢʣʘʜ, ʧʦʚʽʪʨʷ ʘʙʦ ʨʦʟʯʠʥ ʢʫʭʦʥʥʦʾ ʩʦʣʽ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʟʤʽʰʘʥʫ ʬʘʟʫ. 

ʈʽʚʥʦʚʘʛʦʶ ʤʽʞ ʬʘʟʘʤʠ ʛʝʪʝʨʦʛʝʥʥʦʾ ʩʠʩʪʝʤʠ ʥʘʟʠʚʘʻʪʴʩʷ ʪʘʢʠʡ ʩʪʘʥ 

ʩʠʩʪʝʤʠ, ʢʦʣʠ ʚʽʜʧʦʚʽʜʥʽ ʧʘʨʘʤʝʪʨʠ ʾʾ ʚ ʫʩʽʭ ʯʘʩʪʠʥʘʭ ʦʜʥʘʢʦʚʽ. 

ʏʠʩʣʦ ʫʤʦʚ, ʷʢʽ ʤʦʞʥʘ ʜʦʚʽʣʴʥʦ ʟʤʽʥʶʚʘʪʠ ʚ ʧʝʚʥʠʭ ʤʝʞʘʭ, ʥʝ ʟʤʽ-

ʥʶʶʯʠ ʯʠʩʣʘ ʽ ʚʠʜʫ ʬʘʟ ʩʠʩʪʝʤʠ, ʥʘʟʠʚʘʻʪʴʩʷ ʯʠʩʣʦʤ ʩʪʫʧʝʥʽʚ ʚʽʣʴʥʦʩʪʽ ʩʠ-

ʩʪʝʤʠ. 

ʗʢʱʦ ʧʨʠ ʟʤʽʥʽ ʦʜʥʽʻʾ ʟ ʫʤʦʚ (ʪʝʤʧʝʨʘʪʫʨʠ, ʪʠʩʢʫ ʘʙʦ ʢʦʥʮʝʥʪʨʘʮʽʾ), 
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ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʩʪʘʥ ʩʠʩʪʝʤʠ, ʬʘʟʦʚʘ ʾʾ ʨʽʚʥʦʚʘʛʘ ʥʝ ʧʦʨʫʰʫʻʪʴʩʷ, ʪʦ ʩʠʩʪʝ-

ʤʘ ʤʘʻ ʦʜʠʥ ʩʪʫʧʽʥʴ ʚʽʣʴʥʦʩʪʽ. 

ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʯʠʩʣʦʤ ʩʪʫʧʝʥʽʚ ʚʽʣʴʥʦʩʪʽ ʨʽʚʥʦʚʘʞʥʦʾ ʛʝʪʝʨʦ-

ʛʝʥʥʦʾ ʩʠʩʪʝʤʠ ʉ, ʯʠʩʣʦʤ ʬʘʟ ʌ, ʯʠʩʣʦʤ ʥʝʟʘʣʝʞʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʂ ʽ ʟʦʚ-

ʥʽʰʥʽʭ ʬʘʢʪʦʨʽʚ n, ʱʦ ʟʫʤʦʚʣʶʶʪʴ ʩʪʘʥ ʩʠʩʪʝʤʠ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʨʘʚʠʣʦʤ 

ɻʙ̔ʙʩʘ: 

ʉ + ʌ = ʂ + n.                                           (4.2) 

 

ʗʢʱʦ ʬʘʟʦʚʘ ʨʽʚʥʦʚʘʛʘ ʩʠʩʪʝʤʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʜʚʦʤʘ ʟʦʚʥʽʰʥʽʤʠ ʬʘʢ-

ʪʦʨʘʤʠ (ʪʝʤʧʝʨʘʪʫʨʦʶ ʽ ʪʠʩʢʦʤ), ʪʦ ʧʨʘʚʠʣʦ ʬʘʟ ʤʘʪʠʤʝ ʚʠʛʣʷʜ 

 

ʉ + ʌ = ʂ + 2.       (4.3) 

 

ʉʪʘʥ ʢʦʥʜʝʥʩʦʚʘʥʠʭ ʩʠʩʪʝʤ ʚʠʟʥʘʯʘʻʪʴʩʷ ʦʜʥʠʤ ʟʦʚʥʽʰʥʽʤ ʬʘʢʪʦʨʦʤ 

(ʪʝʤʧʝʨʘʪʫʨʦʶ) ʽ ʪʦʤʫ ʪʘʢʘ ʩʠʩʪʝʤʘ ʚʚʘʞʘʻʪʴʩʷ ʫʤʦʚʥʦ ʚʘʨʽʘʥʪʥʦʶ. ɼʣʷ ʥʝʾ 

ʧʨʘʚʠʣʦ ʬʘʟ ʥʘʙʠʨʘʻ ʚʠʛʣʷʜʫ 

 

ʉʫʤ = ʂ ï ʌ + 1.     (4.4) 

 

ʎʝ ʨʽʚʥʷʥʥʷ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʯʠʩʣʘ ʩʪʫʧʝʥʽʚ 

ʚʽʣʴʥʦʩʪʽ ʤʝʪʘʣʝʚʠʭ ʽ ʰʣʘʢʦʚʠʭ ʩʠʩʪʝʤ ʟʘʣʝʞʥʦ ʚʽʜ ʯʠʩʣʘ ʢʦʤʧʦʥʝʥʪʽʚ ʽ ʯʠ-

ʩʣʘ ʬʘʟ. 
 

 

4.1.1 ʇʨʠʢʣʘʜʠ ʨʽʰʝʥʥʷ ʟʘʜʘʯ 

 

ʇʨʠʢʣʘʜ 1. ɺʠʟʥʘʯʠʪʠ ʯʠʩʣʦ ʩʪʫʧʝʥʽʚ ʚʽʣʴʥʦʩʪʽ ʧʨʠ ʟʘʪʚʝʨʜʽʚʘʥʥʽ ʨʦ-

ʟʧʣʘʚʣʝʥʠʭ: 1) ʯʠʩʪʦʛʦ ʦʣʦʚʘ; 2) ʩʧʣʘʚʫ ʟ ʦʣʦʚʘ ʽ ʩʚʠʥʮʶ, ʱʦ ʫʪʚʦʨʶʻ ʢʨʠʩ-

ʪʘʣʠ ʩʚʠʥʮʶ; 3) ʩʧʣʘʚʫ ʟ ʦʣʦʚʘ ʽ ʩʚʠʥʮʶ, ʱʦ ʫʪʚʦʨʶʻ ʢʨʠʩʪʘʣʠ ʦʣʦʚʘ ʽ ʩʚʠ-

ʥʮʶ. 

ʈʦʟʚ'ʷʟʘʥʥʷ. ɿʤʽʥʘ ʪʠʩʢʫ ʤʘʡʞʝ ʥʝ ʚʧʣʠʚʘʻ ʥʘ ʪʝʤʧʝʨʘʪʫʨʫ ʧʣʘʚʣʝʥʥʷ 

ʯʠʩʪʠʭ ʤʝʪʘʣʽʚ ʽ ʩʧʣʘʚʽʚ. ʊʦʤʫ ʜʣʷ ʪʘʢʦʾ ʩʠʩʪʝʤʠ ʛʘʟʦʚʫ ʬʘʟʫ ʜʦ ʫʚʘʛʠ ʥʝ 

ʙʝʨʫʪʴ, ʘ ʚʨʘʭʦʚʫʶʪʴ ʪʽʣʴʢʠ ʦʜʠʥ ʟʦʚʥʽʰʥʽʡ ʬʘʢʪʦʨ ï ʪʝʤʧʝʨʘʪʫʨʫ. ʏʠʩʣʦ 

ʩʪʫʧʝʥʽʚ ʚʽʣʴʥʦʩʪʽ ʪʘʢʦʾ ʫʤʦʚʥʦ ʚʘʨʽʘʥʪʥʦʾ ʩʠʩʪʝʤʠ ʦʙʯʠʩʣʶʶʪʴ ʟʘ ʨʽʚʥʷʥ-

ʥʷʤ (4.4). 

1) ʆʭʦʣʦʜʞʝʥʥʷ ʨʦʟʧʣʘʚʣʝʥʦʛʦ ʦʣʦʚʘ ʧʨʠʚʦʜʠʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ ʪʚʝʨʜʦʾ 

ʬʘʟʠ ï ʢʨʠʩʪʘʣʽʚ ʦʣʦʚʘ. ʅʘʩʪʘʻ ʨʽʚʥʦʚʘʛʘ ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʦʾ ʩʠʩʪʝʤʠ ʤʽʞ 

ʨʽʜʢʦʶ ʽ ʪʚʝʨʜʦʶ ʬʘʟʘʤʠ: 

 

Sn (ʨʦʟʧʣ.) D Sn (ʪ.). 

 

ʏʠʩʣʦ ʩʪʫʧʝʥʽʚ ʚʽʣʴʥʦʩʪʽ ʪʘʢʦʾ ʩʠʩʪʝʤʠ: 

 

ʉʫʤ = ʂ ï ʌ + 1.ʉʫʤ = ʂ ï ʌ + 1 = 1 ï 2 + 1 = 0. 

 

ʉʠʩʪʝʤʘ ʩʪʘʻ ʙʝʟʚʘʨʽʘʥʪʥʦʶ. ʊʦʤʫ ʪʝʤʧʝʨʘʪʫʨʘ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʥʘʙʫʚʘʻ 
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ʩʪʨʦʛʦ ʧʝʚʥʦʛʦ ʟʥʘʯʝʥʥʷ ʽ ʥʝ ʟʤʽʥʶʻʪʴʩʷ, ʧʦʢʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʢʨʠʩʪʘʣʽʟʘʮʽʷ 

ʦʣʦʚʘ. 

ɼʦ ʧʦʯʘʪʢʫ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʽ ʧʽʩʣʷ ʧʦʚʥʦʛʦ ʟʘʪʚʝʨʜʽʚʘʥʥʷ ʚʩʽʻʾ ʤʘʩʠ ʨʽʜ-

ʢʦʛʦ ʦʣʦʚʘ ʯʠʩʣʦ ʬʘʟ ʩʠʩʪʝʤʠ ʜʦʨʽʚʥʶʻ ʦʜʠʥʠʮʽ, ʩʠʩʪʝʤʘ ʦʜʥʦʚʘʨʽʘʥʪʥʘ ʽ 

ʤʘʻ ʦʜʠʥ ʩʪʫʧʽʥʴ ʚʽʣʴʥʦʩʪʽ (ʪʝʤʧʝʨʘʪʫʨʫ ʤʦʞʥʘ ʟʤʽʥʶʚʘʪʠ ʚ ʧʝʚʥʠʭ ʤʝʞʘʭ, 

ʥʝ ʟʤʽʥʶʶʯʠ ʘʛʨʝʛʘʪʥʦʛʦ ʩʪʘʥʫ ʦʣʦʚʘ). 

2) ʋ ʤʦʤʝʥʪ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʩʚʠʥʮʶ ʟ ʨʦʟʧʣʘʚʫ ʩʚʠʥʝʮʴ ï ʦʣʦʚʦ ʩʠʩʪʝʤʘ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʬʘʟ: ʨʽʜʢʦʾ (ʨʦʟʧʣʘʚ ʩʚʠʥʝʮʴ ï ʦʣʦʚʦ) ʽ ʪʚʝʨʜʦʾ (ʢʨʠʩʪʘʣʠ 

ʩʚʠʥʮʶ). ʏʠʩʣʦ ʩʪʫʧʝʥʽʚ ʚʽʣʴʥʦʩʪʽ ʪʘʢʦʾ ʜʚʦʢʦʤʧʦ-ʥʝʥʪʥʦʾ ʩʠʩʪʝʤʠ 

 

ʉʫʤ = 2 ï 2 + 1 = 1. 

 

ʉʠʩʪʝʤʘ ʦʜʥʦʚʘʨʽʘʥʪʥʘ, ʪʦʙʪʦ ʢʨʠʩʪʘʣʽʟʘʮʽʷ ʩʚʠʥʮʶ ʟ ʨʦʟʧʣʘʚʫ ʚʽʜʙʫ-

ʚʘʻʪʴʩʷ ʽʟ ʟʤʽʥʦʶ ʪʝʤʧʝʨʘʪʫʨʠ. 

3) ʋ ʤʦʤʝʥʪ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʦʜʥʦʯʘʩʥʦ ʩʚʠʥʮʶ ʽ ʦʣʦʚʘ ʟ ʨʦʟʧʣʘʚʫ ʩʚʠ-

ʥʝʮʴ-ʦʣʦʚʦ ʩʠʩʪʝʤʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʨʴʦʭ ʬʘʟ: ʨʽʜʢʦʾ (ʨʦʟʧʣʘʚ Pb-Sn) ʽ ʜʚʦʭ 

ʪʚʝʨʜʠʭ (ʢʨʠʩʪʘʣʠ ʦʣʦʚʘ ʽ ʩʚʠʥʮʶ). ʏʠʩʣʦ ʩʪʫʧʝʥʽʚ ʚʽʣʴʥʦʩʪʽ ʪʘʢʦʾ ʜʚʦʢʦʤ-

ʧʦʥʝʥʪʥʦʾ ʩʠʩʪʝʤʠ 
 

ʉʫʤ = ʂ ï ʌ + 1 = 2 ï 3 + 1 = 0. 

 

ʆʪʞʝ ʩʠʩʪʝʤʘ ʙʝʟʚʘʨʽʘʥʪʥʘ ʽ ʟʘʪʚʝʨʜʽʚʘʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ ʩʪʨʦʛʦ 

ʧʝʚʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʽ ʩʢʣʘʜʽ ʩʠʩʪʝʤʠ. 

 

 

4.1.2  ɿʘʜʘʯʽ ʜʣʷ ʩʘʤʦʩʪʽʡʥʦʛʦ ʨʽʰʝʥʥʷ 

 

141. ɺʠʟʥʘʯʠʪʠ ʤʘʢʩʠʤʘʣʴʥʝ ʯʠʩʣʦ ʩʪʫʧʝʥʽʚ ʚʽʣʴʥʦʩʪʽ ʦʜʥʦʢʦʤʧʦʥʝʥ-

ʪʥʦʾ, ʜʚʦʢʦʤʧʦʥʝʥʪʥʦʾ ʽ ʪʨʠʢʦʤʧʦʥʝʥʪʥʦʾ ʩʠʩʪʝʤ. 

ɺʽʜʧʦʚʽʜʴ: 2; 3; 4. 

142. ɺʠʟʥʘʯʠʪʠ ʤʘʢʩʠʤʘʣʴʥʝ ʯʠʩʣʦ ʬʘʟ ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʦʾ, ʜʚʦʢʦʤʧʦ-

ʥʝʥʪʥʦʾ ʽ ʪʨʠʢʦʤʧʦʥʝʥʪʥʦʾ ʩʠʩʪʝʤ. 

ɺʽʜʧʦʚʽʜʴ: 3; 4; 5. 

143. ʅʘʟʚʘʪʠ ʬʘʟʠ ʩʠʩʪʝʤ, ʱʦ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʚʦʜʠ ʪʘ ʢʫʭʦʥʥʦʾ ʩʦʣʽ, ʽ 

ʚʠʟʥʘʯʠʪʠ ʯʠʩʣʦ ʩʪʫʧʝʥʽʚ ʚʽʣʴʥʦʩʪʽ ʮʠʭ ʩʠʩʪʝʤ. 

ɺʽʜʧʦʚʽʜʴ: 3; 2; 1; 0. 

144. ɺʠʟʥʘʯʠʪʠ ʯʠʩʣʦ ʥʝʟʘʣʝʞʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʽ ʯʠʩʣʦ ʬʘʟ ʜʣʷ ʪʘʢʠʭ 

ʩʠʩʪʝʤ: 

ʉ (ʪ.) + ʆ2  D  ʉʆ2; 

FeO (ʪ.) + CO  D  Fe (ʪ.)  + CO2; 

CaCO3 (ʪ.)  D  CaO(ʪ.) 

2CO+ ʆ2  D  2ʉʆ2; 

CuO (ʪ.) + H2  D  Cu (ʪ.) + H2O (ʨʽʜ). 
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ɺʽʜʧʦʚʽʜʴ: 2 ʽ 2; 3 ʽ 3; 2 ʽ 3; 2 ʽ 1; 3 ʽ 4. 

145. ɺʠʟʥʘʯʠʪʠ ʯʠʩʣʦ ʥʝʟʘʣʝʞʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ, ʯʠʩʣʦ ʬʘʟ ʽ ʯʠʩʣʦ 

ʩʪʫʧʝʥʽʚ ʚʽʣʴʥʦʩʪʽ ʩʠʩʪʝʤʠ  

ʉ (ʛʨ.) + ʉʆ2 D 2ʉʆ. 

ɺʽʜʧʦʚʽʜʴ: 2; 2; 2. 

146. ɺʠʟʥʘʯʠʪʠ ʯʠʩʣʦ ʥʝʟʘʣʝʞʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ, ʯʠʩʣʦ ʬʘʟ ʽ ʯʠʩʣʦ ʩʪʫ-

ʧʝʥʽʚ ʚʽʣʴʥʦʩʪʽ ʩʠʩʪʝʤʠ 

 

ʉʘ(ʆʅ)2(ʪ.)+ʉʆ2 D ʉʘʉʆ3(ʪ.) + ʅ2ʆ(ʨʽʜ.). 

 

ɺʽʜʧʦʚʽʜʴ: 3; 4; 1 

147. ʋ ʚʦʜʥʦʤʫ ʨʦʟʯʠʥ ʽ ʩʦʣʝʡ ʘʥʘʣʽʟʦʤ ʚʠʷʚʣʝʥʦ ʪʘʢʽ ʽʦʥʠ: ʉʘ
2+

, 

ʄg
2+
, ʉɯ

ï
, ʅʉʆ

ï

3. ʉʢʽʣʴʢʠ ʢʦʤʧʦʥʝʥʪʽʚ ʫ ʮʽʡ ʩʠʩʪʝʤʽ? 

ɺʽʜʧʦʚʽʜʴ: 3. 

148 ʉʢʽʣʴʢʠ ʛʘʟʦʧʦʜʽʙʥʠʭ ʬʘʟ ʤʦʞʝ ʙʫʪʠ ʚ ʢʦʞʥʽʡ ʽʟʦʣʴʦʚʘʥʽʡ ʩʠʩʪʝ-

ʤʽ? ʏʠ ʚ ʢʦʞʥʽʡ ʩʠʩʪʝʤʽ ʦʙʦʚ'ʷʟʢʦʚʦ ʧʦʚʠʥʥʘ ʙʫʪʠ ʛʘʟʦʧʦʜʽʙʥʘ ʬʘʟʘ? 

ɺʽʜʧʦʚʽʜʴ: 

 

 

4.2  ʊʝʨʤʽʯʥʠʡ ʘʥʘʣʽʟ 

 

ʊʝʨʤʽʯʥʠʡ ʘʥʘʣʽʟ ʛʨʫʥʪʫʻʪʴʩʷ ʥʘ ʚʠʚʯʝʥʥʽ ʟʘʣʝʞʥʦʩʪʽ ʪʝʤʧʝʨʘʪʫʨʠ 

ʧʣʘʚʣʝʥʥʷ ʩʠʩʪʝʤʠ ʚʽʜ ʾʾ ʩʢʣʘʜʫ. ʋ ʮʴʦʤʫ ʤʝʪʦʜʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ 

ʧʦʜʘʶʪʴ ʛʨʘʬʽʯʥʦ ʫ ʚʠʛʣʷʜʽ ʜʽʘʛʨʘʤʠ ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʥʷ ï ʩʢʣʘʜ. 

ʂʦʨʠʩʪʫʶʯʠʩʴ ʜʽʘʛʨʘʤʦʶ ʩʪʘʥʫ (ʧʣʘʚʢʦʩʪʽ) ʩʠʩʪʝʤʠ, ʤʦʞʥʘ ʚʠʟʥʘʯʠ-

ʪʠ ʟʘʣʝʞʥʽʩʪʴ ʪʝʤʧʝʨʘʪʫʨʠ ʧʣʘʚʣʝʥʥʷ ʩʧʣʘʚʫ ʚʽʜ ʡʦʛʦ ʩʢʣʘʜʫ, ʭʘʨʘʢʪʝʨ ʚʟʘ-

ʻʤʦʜʽʾ ʢʦʤʧʦʥʝʥʪʽʚ ʩʠʩʪʝʤʠ, ʥʘʷʚʥʽʩʪʴ ʫʪʚʦʨʝʥʥʷ ʩʧʦʣʫʢ ʟʢʦʤʧʦʥʝʥʪʽʚ, 

ʩʪʨʫʢʪʫʨʫ ʩʧʣʘʚʫ, ʘ ʪʘʢʦʞ ʤʦʞʥʘ ʧʽʜʽʙʨʘʪʠ ʩʢʣʘʜ ʩʧʣʘʚʫ ʟ ʧʦʪʨʽʙʥʠʤʠ ʚʣʘʩ-

ʪʠʚʦʩʪʷʤʠ ʽ ʧʝʨʝʜʙʘʯʠʪʠ ʧʨʘʚʠʣʴʥʠʡ ʨʝʞʠʤ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʧʨʠʛʦ-

ʪʫʚʘʥʥʷ ʩʧʣʘʚʫ.  

ʅʘ ʨʠʩʫʥʢʽ 1 ʧʦʜʘʥʦ ʢʨʠʚʽ ʦʭʦʣʦʜʞʝʥʥʷ ʩʚʠʥʮʶ, ʩʫʨʤʠ ʽ ʭʾ ʩʫʤʽʰʝʡ. 

ʇʨʠ ʦʭʦʣʦʜʞʝʥʥʽ ʨʦʟʧʣʘʚʣʝʥʦʛʦ  ʩʚʠʥʮʶ   ʜʦ 328Á ʉ ʪʝʤʧʝʨʘʪʫʨʘ ʨʽʚ-

ʥʦʤʽʨʥʦ ʟʥʠʞʫʻʪʴʩʷ ʯʝʨʝʟ ʧʝʚʥʽ ʧʨʦʤʽʞʢʠ ʯʘʩʫ (ʜʽʣʷʥʢʘ ʘb ʥʘ ʢʨʠʚʽʡ 7).ʋ 

ʪʦʯʮʽ b ʧʨʠ 328Á ʉ ʧʦʯʠʥʘʻʪʴʩʷ ʢʨʠʩʪʘʣʽʟʘʮʽʷ ʩʚʠʥʮʶ ʟ ʚʠʜʽʣʝʥʥʷʤ ʪʝʧʣʘ. 

ɿʥʠʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʧʨʠʧʠʥʷʻʪʴʩʷ, ʙʦ ʚʠʜʽʣʶʚʘʥʘ ʪʝʧʣʦʪʘ ʟʘʪʚʝʨʜʽʚʘʥʥʷ 

ʢʦʤʧʝʥʩʫʻ ʾʾ ʚʽʜʚʝʜʝʥʥʷ. ʊʦʤʫ ʥʘ ʢʨʠʚʽʡ ʦʭʦʣʦʜʞʝʥʥʷ 1 ʫʪʚʦʨʶʻʪʴʩʷ ʛʦʨʠ-

ʟʦʥʪʘʣʴʥʘ ʜʽʣʷʥʢʘ bʩ. 

ʂʦʣʠ ʟʥʠʢʥʝ ʦʩʪʘʥʥʷ ʢʨʘʧʣʠʥʘ ʨʦʟʧʣʘʚʣʝʥʦʛʦ ʩʚʠʥʮʶ (ʪʦʯʢʘ ʩ ʥʘ 

ʢʨʠʚʽʡ 2), ʪʝʤʧʝʨʘʪʫʨʘ ʟʥʦʚʫ ʧʦʯʥʝ ʨʽʚʥʦʤʽʨʥʦ ʩʧʘʜʘʪʠ, ʦʩʢʽʣʴʢʠ ʟ ʮʴʦʛʦ 

ʤʦʤʝʥʪʫ ʚʪʨʘʪʘ ʪʝʧʣʘ ʚ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ ʚʞʝ ʥʽʯʠʤ ʥʝ ʢʦʤʧʝʥʩʫʻʪʴ-

ʩʷ (ʜʽʣʷʥʢʘ cd ʥʘ ʢʨʠʚʽʡ 1). 

ɸʥʘʣʦʛʽʯʥʫ ʢʨʠʚʫ ʦʭʦʣʦʜʞʝʥʥʷ ʤʘʻ ʯʠʩʪʘ ʩʫʨʤʘ; ʜʽʣʷʥʢʘ bʩ ʥʘ ʢʨʠʚʽʡ 

b ʚʽʜʧʦʚʽʜʘʻ ʪʝʤʧʝʨʘʪʫʨʽ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʩʫʨʤʠ 631Á ʉ. 
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1 ï 100% Pb,  2 ï 10% Sb, 90% Pb,  3 ï 13% Sb, 87% Pb,  4 ï 40% Sb, 60% Pb, 

5 ï 60% Sb, 40% Pb, 6 ï 100% Sb 

 

ʈʠʩʫʥʦʢ 1 ï  ʂʨʠʚʽ ʦʭʦʣʦʜʞʝʥʥʷ ʩʚʠʥʮʶ, ʩʫʨʤʠ ʽ ʾʭ ʩʫʤʽʰʝʡ 
 

ʇʨʠ ʦʭʦʣʦʜʞʝʥʥʽ ʨʽʜʢʦʛʦ ʩʧʣʘʚʫ, ʱʦ ʤʽʩʪʠʪʴ 10% ʩʫʨʤʠ ʽ 90% ʩʚʠʥ-

ʮʶ, ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʽʚʥʦʤʽʨʥʝ ʟʥʠʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʜʦ 260Á ʉ (ʜʽʣʷʥʢʘ ʘb ʥʘ 

ʢʨʠʚʽʡ 2). ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʽ, ʥʠʞʯʽʡ ʟʘ 260Á ʉ, ʧʦʯʠʥʘʻʪʴʩʷ ʢʨʠʩʪʘʣʽʟʘʮʽʷ 

ʩʚʠʥʮʶ ʟ ʚʠʜʽʣʝʥʥʷʤ ʪʝʧʣʘ, ʱʦ ʟʫʤʦʚʣʶʻ ʤʝʥʰ ʨʽʟʢʝ ʟʥʠʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫ-

ʨʠ, ʙʦ ʪʝʧʣʦʪʘ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʯʘʩʪʢʦʚʦ ʢʦʤʧʝʥʩʫʻ ʚʪʨʘʪʫ ʪʝʧʣʘ ʚ ʥʘʚʢʦʣʠʰʥʻ 

ʩʝʨʝʜʦʚʠʱʝ (ʜʽʣʷʥʢʘ bʩ ʥʘ ʢʨʠʚʽʡ 2). 

ʋ ʪʦʯʮʽ ʩ (ʢʨʠʚʘ 2) ʧʨʠ 247Á ʉ ʚʽʜʙʫʚʘʻʪʴʩʷ ʩʫʤʽʩʥʘ ʢʨʠʩʪʘʣʽʟʘʮʽʷ 

ʩʚʠʥʮʶ ʽ ʩʫʨʤʠ ʟ ʫʪʚʦʨʝʥʥʷʤ ʪʘʢ ʟʚʘʥʦʾ ʝʚʪʝʢʪʠʯʥʦʾ ʩʫʤʽʰʽ (ʝʚʪʝʢʪʠʢʠ). 

ʋʪʚʦʨʝʥʥʷ ʝʚʪʝʢʪʠʢʠ ʩʫʧʨʦʚʦʜʠʪʴʩʷ ʚʠʜʽʣʝʥʥʷʤ ʪʝʧʣʘ, ʪʝʤʧʝʨʘʪʫʨʘ ʩʠʩʪʝ-

ʤʠ ʟʘʣʠʰʘʻʪʴʩʷ ʩʪʘʣʦʶ ʜʦ ʧʦʚʥʦʛʦ ʟʘʪʚʝʨʜʽʚʘʥʥʷ ʩʧʣʘʚʫ (ʜʽʣʷʥʢʘ cd ʥʘ ʢʨʠ-

ʚʽʡ 2). ʆʭʦʣʦʜʞʝʥʥʷ ʪʚʝʨʜʦʛʦ ʩʧʣʘʚʫ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʝʚʪʝʢʪʠʢʠ (ʩʫʤʽʰʽ 

ʜʨʽʙʥʠʭ ʢʨʠʩʪʘʣʠʢʽʚ ʩʚʠʥʮʶ ʽ ʩʫʨʤʠ) ʽ ʢʨʫʧʥʠʭ ʢʨʠʩʪʘʣʽʚ ʩʚʠʥʮʶ, ʩʫʧʨʦʚʦ-

ʜʠʪʴʩʷ ʨʽʚʥʦʤʽʨʥʠʤ ʩʧʘʜʦʤ ʪʝʤʧʝʨʘʪʫʨʠ (ʜʽʣʷʥʢʘ dk ʥʘ ʢʨʠʚʽʡ 2). 

ʇʨʠ ʦʭʦʣʦʜʞʝʥʥʽ ʨʦʟʧʣʘʚʫ, ʩʢʣʘʜ ʷʢʦʛʦ ʚʽʜʧʦʚʽʜʘʻ ʩʢʣʘʜʫ ʝʚʪʝʢʪʠʢʠ 

(13 % ʩʫʨʤʠ ʽ 87 % ʩʚʠʥʮʶ), ʪʝʤʧʝʨʘʪʫʨʘ ʨʽʚʥʦʤʽʨʥʦ ʟʥʠʞʫʻʪʴʩʷ ʜʦ ʧʦʯʘʪ-

ʢʫ ʫʪʚʦʨʝʥʥʷ ʪʚʝʨʜʦʾ ʝʚʪʝʢʪʠʢʠ (ʜʽʣʷʥʢʘ ʘʩ ʥʘ ʢʨʠʚʽʡ 3), ʘ ʧʦʪʽʤ ʟʥʠʞʝʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʠ ʧʨʠʧʠʥʷʻʪʴʩʷ (ʜʽʣʷʥʢʘ cd), ʧʦʢʠ ʨʦʟʧʣʘʚʥʝ ʟʘʪʚʝʨʜʥʝ; ʦʭʦʣʦ-

ʜʞʝʥʥʷ ʪʚʝʨʜʦʾ ʝʚʪʝʢʪʠʢʠ ʩʫʧʨʦʚʦʜʠʪʴʩʷ ʨʽʚʥʦʤʽʨʥʠʤ ʟʥʠʞʝʥʥʷʤ ʪʝʤʧʝʨʘ-

ʪʫʨʠ (ʜʽʣʷʥʢʘ dk). 

ʇʨʠ ʦʭʦʣʦʜʞʝʥʥʽ ʨʦʟʧʣʘʚʫ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 40% ʩʫʨʤʠ ʽ 60 %ʩʚʠʥ-

ʮʶ, ʩʧʦʯʘʪʢʫ ʢʨʠʩʪʘʣʽʟʫʻʪʴʩʷ ʩʫʨʤʘ ʧʨʠ 425Á ʉ (ʜʽʣʷʥʢʘ bʩ ʥʘ ʢʨʠʚʽʡ 4), ʘ 

ʧʦʪʽʤ ʫʪʚʦʨʶʻʪʴʩʷ ʪʚʝʨʜʘ ʝʚʪʝʢʪʠʢʘ ʧʨʠ 247Á ʉ (ʜʽʣʷʥʢʘ cd). ɼʣʷ ʨʽʜʢʦʛʦ 

ʩʧʣʘʚʫ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 60 % ʩʫʨʤʠ ʽ 40% ʩʚʠʥʮʶ, ʢʨʠʚʘ ʦʭʦʣʦʜʞʝʥʥʷ 

(ʢʨʠʚʘ5) ʘʥʘʣʦʛʽʯʥʘ ʜʦ ʢʨʠʚʦʾ 4, ʘʣʝʢʨʠʩʪʘʣʽʟʘʮʽʷ ʩʫʨʤʠ ʧʦʯʠʥʘʻʪʩɹʷ ʧʨʠ 

ʚʠʱʽʡ ʪʝʤʧʝʨʘʪʫʨʽ (525Á ʉ ï ʪʦʯʢʘ b ʥʘ ʢʨʠʚʽʡ 5) 

ɿʘ ʢʨʠʚʠʤʠ ʦʭʦʣʦʜʞʝʥʥʷ1 ʽ 6 ʚʠʟʥʘʯʘʶʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʢʨʠʩʪʘʣʽʟʘʮʽʾ 
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ʩʚʠʥʮʶ ʽ ʩʫʨʤʠ, ʘ ʟʘ ʢʨʠʚʠʤʠ ʦʭʦʣʦʜʞʝʥʥʷ 2, 4 ʽ 5 ï ʪʝʤʧʝʨʘʪʫʨʫ ʧʦʯʘʪʢʫ 

ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʨʽʟʥʠʭ ʩʧʣʘʚʽʚʮʠʭ ʤʝʪʘʣʽʚ ʽ ʪʝʤʧʝʨʘʪʫʨʫʢʨʠʩʪʘʣʽʟʘʮʽʾ ʝʚʪʝʢʪʠ-

ʢʠ. 

ʅʘ ʦʩʥʦʚʽ ʟʥʘʡʜʝʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʙʫʜʫʶʪʴ ʜʽʘʛʨʘʤʫʧʣʘʚʢʦʩʪʽ ʩʠʩʪʝʤʠ 

ʩʚʠʥʝʮʴ ïʩʫʨʤʘ, ʚʽʜʢʣʘʜʘʶʯʠ ʥʘ ʦʩʽ ʘʙʩʮʠʩ ʩʢʣʘʜ ʩʫʤʽʰʝʡ ʫ ʤʘʩʦʚʠʭ ʧʨʦʮʝ-

ʥʪʘʭ, ʘ ʥʘ ʦʩʽ ʦʨʜʠʥʘʪ ï ʪʝʤʧʝʨʘʪʫʨʫ ʧʦʯʘʪʢʫ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʩʚʠʥʮʶ ʽ ʩʫʨʤʠ ʟ 

ʨʦʟʧʣʘʚʫ ʩʫʤʽʰʝʡ.ɿʥʘʡʜʝʥʽ ʪʦʯʢʠ ʩʧʦʣʫʯʘʶʪʴ ʧʣʘʚʥʦʶ ʣʽʥʽʻʶ (ʨʠʩ. 2). 

 

 
 

1ï ʨʦʟʧʣʘʚ; 2 ï ʨʦʟʧʣʘʚ ʽ ʢʨʠʩʪʘʣʠ ʩʚʠʥʮʶ; 3 ï ʨʦʟʧʣʘʚ ʽ ʢʨʠʩʪʘʣʠ ʩʫʨʤʠ; 

 4 ï ʝʚʪʝʢʪʠʢʘ ʽ ʢʨʠʩʪʘʣʠ ʩʚʠʥʮʶ; 5- ʝʚʪʝʢʪʠʢʘ ʽ ʢʨʠʩʪʘʣʠ ʩʫʨʤʠ. 

 

ʈʠʩʫʥʦʢ 2 ï  ɼʽʘʛʨʘʤʘ ʧʣʘʚʢʦʩʪʽ ʩʠʩʪʝʤʠ ʩʚʠʥʝʮʴ ï ʩʫʨʤʘ 

ʊʝʤʧʝʨʘʪʫʨʠ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʯʠʩʪʠʭ ʩʚʠʥʮʶ ʽ ʩʫʨʤʠ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʪʦʯ-

ʢʘʭ ɸ ʽ ɺ. 

ʂʨʠʚʘ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʪʝʤʧʝʨʘʪʫʨʘʤ ʧʦʯʘʪʢʫ ʢʨʠʩʪʘʣʽʟʘʮʽʾ, ʥʘʟʠʚʘʻʪʴ-

ʩʷ ʣʽʥʽʻʶ ʣʽʢʚʽʜʫʩʘ (ʪʦʙʪʦ ʨʽʜʠʥʠ), ʘʙʦ ʧʨʦʩʪʦ ʣʽʢʚʽʜʫʩʦʤ. ɿʘʣʝʞʥʦʩʪʽ ʪʝʤ-

ʧʝʨʘʪʫʨʠ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʩʫʨʤʠ ʽ ʩʚʠʥʮʶ ʚʽʜ ʩʢʣʘʜʫ ʩʧʣʘʚʫ ʧʦʟʥʘʯʝʥʽ ʣʽʥʽʷʤʠ 

ʣʽʢʚʽʜʫʩʘ ʚʽʜʧʦʚʽʜʥʦ ɺɽ ʽ ɸɽ. 

ʊʦʯʢʘ ɽ, ʱʦ ʩʧʦʣʫʯʘʻ ʣʽʥʽʾ ʣʽʢʚʽʜʫʩʘ ɸɽ ʽ ɺɽ, ʥʘʟʠʚʘʻʪʴʩʷ ʝʚʪʝʢʪʠʯ-

ʥʦʶ ʪʦʯʢʦʶ; ʚʦʥʘ ʚʠʟʥʘʯʘʻ ʪʝʤʧʝʨʘʪʫʨʫ ʟʘʪʚʝʨʜʽʚʘʥʥʷ ʝʚʪʝʢʪʠʢʠ K ʽ ʩʢʣʘʜ 

ʝʚʪʝʢʪʠʢʠ NE. 

ʃʽʥʽʷ ʂEL, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʪʝʤʧʝʨʘʪʫʨʽ ʢʽʥʮʷ ʨʽʚʥʦʚʘʞʥʦʾ ʢʨʠʩʪʘʣʽʟʘʮʽʾ 

(ʧʦʚʥʦʛʦ ʟʘʪʚʝʨʜʽʚʘʥʥʷ) ʨʦʟʧʣʘʚʫ ʨʽʟʥʦʛʦ ʩʢʣʘʜʫ, ʥʘʟʠʚʘʻʪʴʩʷ ʣʽʥʽʻʶ ʩʦʣʽ-

ʜʫʩʘ (ʪʦʙʪʦ ʪʚʝʨʜʦʛʦ ʪʽʣʘ), ʘʙʦ ʧʨʦʩʪʦ ʩʦʣʽʜʫʩʦʤ. 

ʂʨʠʚʘ ɸ ɽ ʧʦʢʘʟʫʻ ʨʽʚʥʦʚʘʛʫ ʤʽʞ ʢʨʠʩʪʘʣʘʤʠ ʩʚʠʥʮʶ ʽ ʨʦʟʧʣʘʚʦʤ ʟ̔-

ʥʦʛʦ ʩʢʣʘʜʫ, ʘ ʢʨʠʚʘ ɺɽ ï ʨʽʚʥʦʚʘʛʫ ʤʽʞ ʢʨʠʩʪʘʣʘʤʠ ʩʫʨʤʠ ʽ ʨʦʟʧʣʘʚʦʤ ʨʟ̔-

ʥʦ ʩʢʣʘʜʫ. 

ɽʚʪʝʢʪʠʯʥʘ ʪʦʯʢʘ ɽ ʚʽʜʧʦʚʽʜʘʻ ʨʽʚʥʦʚʘʟʽ ʤʽʞ ʨʦʟʧʣʘʚʦʤ ʽ ʟʘʪʚʝʨʜʽʣʦʶ 

ʝʚʪʝʢʪʠʢʦʶ ʟ ʜʚʦʤʘ ʢʨʠʩʪʘʣʽʯʥʠʤʠ ʬʘʟʘʤʠ (ʜʨʽʙʥʽ ʢʨʠʩʪʘʣʠ ʩʚʠʥʮʶ ʽ ʩʫʨ-

ʤʠ). ʊʘʢʘ ʨʽʚʥʦʚʘʛʘ ʥʘʟʠʚʘʻʪʴʩʷ ʝʚʪʝʢʪʠʯʥʦʶ ʨʽʚʥʦʚʘʛʦʶ. 

ɺʠʱʝ ʚʽʜ ʣʽʢʚʽʜʫʩʘ ɸɽɺ ʩʠʩʪʝʤʘ ʩʚʠʥʝʮʴ ï ʩʫʨʤʘ ʧʝʨʝʙʫʚʘʻ ʚ ʨʽʜʢʦʤʫ 
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ʩʪʘʥʽ, ʘ ʥʠʞʯʝ ʚʽʜ ʩʦʣʽʜʫʩʘ ʂɽL ï ʫ ʪʚʝʨʜʦʤʫ. ʅʘ ʜʽʣʷʥʮʽ, ʱʦ ʣʝʞʠʪʴ ʤʽʞ 

ʣʽʥʽʻʶ ʣʽʢʚʽʜʫʩʘ ɸɽ ʽ ʣʽʥʽʻʶ ʩʦʣʽʜʫʩʘ ʂɽ, ʤʽʩʪʠʪʴʩʷ ʜʚʦʬʘʟʥʘ ʩʠʩʪʝʤʘ, ʱʦ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʨʦʟʧʣʘʚʫ ʩʚʠʥʮʶ ʽ ʩʫʨʤʠ ʪʘ ʢʨʠʩʪʘʣʽʚ ʩʚʠʥʮʶ, ʘ ʥʘ ʜʽʣʷʥʮʽ 

ʤʽʞ ʣʽʥʽʻʶ ʣʽʢʚʽʜʫʩʘ ɺɽ ʽ ʣʽʥʽʻʶ ʩʦʣʽʜʫʩʘ LE ï ʜʚʦʬʘʟʥʘ ʩʠʩʪʝʤʘ, ʱʦ ʩʢʣʘ-

ʜʘʻʪʴʩʷ ʟ ʨʦʟʧʣʘʚʫ ʩʚʠʥʮʶ ʪʘ ʩʫʨʤʠ ʽ ʢʨʠʩʪʘʣʽʚ ʩʫʨʤʠ. 

 

 

4.2.1 ʇʨʠʢʣʘʜʠ ʨʽʰʝʥʥʷ ʟʘʜʘʯ 

 

ʇʨʠʢʣʘʜ 1. ʂʦʨʠʩʪʫʶʯʠʩʴ ʧʨʘʚʠʣʦʤ ʚʘʞʝʣʷ, ʟʘ ʜʽʘʛʨʘʤʦʶ ʧʣʘʚʢʦʩʪʽ 

ʩʠʩʪʝʤʠ ʩʚʠʥʝʮʴ ï ʩʫʨʤʘ ʚʠʟʥʘʯʠʪʠ: 1) ʩʢʣʘʜ ʝʚʪʝʢʪʠʯʥʦʾ ʩʫʤʽʰʽ;  2) ʩʢʽʣʴ-

ʢʠ ʩʫʨʤʠ ʚʠʜʽʣʠʪʴʩʷ, ʷʢʱʦ 20 ʢʛ ʨʽʜʢʦʛʦ ʩʧʣʘʚʫ, ʱʦ ʤʽʩʪʠʪʴ 80 % ʩʫʨʤʠ, 

ʦʭʦʣʦʜʠʪʠ ʜʦ 425Á ʉ;  3) ʩʢʽʣʴʢʠ ʢʽʣʦʛʨʘʤʽʚ ʽ ʷʢʦʛʦ ʤʝʪʘʣʫ ʚʠʜʽʣʠʪʩɹʷ, ʷʢʱʦ 

10 ʢʛ ʨʽʜʢʦʛʦ ʩʧʣʘʚʫ, ʱʦ ʤʽʩʪʠʪʴ 90 % ʈb ʦʭʦʣʦʜʠʪʠ ʜʦ 247Á ʉ, ʪʦʙʪʦ ʜʦ 

ʫʪʚʦʨʝʥʥʷ ʪʚʝʨʜʦʾ ʝʚʪʝʢʪʠʢʠ (ʨʠʩ. 2). 

ʈʦʟʚ'ʷʟʘʥʥʷ. 1) ʇʝʨʝʪʠʥ ʧʝʨʧʝʥʜʠʢʫʣʷʨʘ, ʦʧʫʱʝʥʦʛʦ ʟ ʪʦʯʢʠ ɽ, ʟ ʚʽʩ-

ʩʶ ʘʙʩʮʠʩ, ʜʘʻ ʥʘʤ ʪʦʯʢʫ NE, ʷʢʘ ʚʽʜʧʦʚʽʜʘʻ ʝʚʪʝʢʪʠʯʥʽʡ ʩʫʤʽʰʽ, ʱʦ ʩʢʣʘʜʘ-

ʻʪɹʩʷ ʟ 13% Sb ʽ 87% ʈb. 

2) ʇʨʠ ʦʭʦʣʦʜʞʝʥʥʽ ʨʽʜʢʦʛʦ ʩʧʣʘʚʫ, ʱʦ ʤʽʩʪʠʪʴ 80 % Sb, ʧʝʨʰʽ ʢʨʠʩ-

ʪʘʣʠ ʩʫʨʤʠ ʫʪʚʦʨʶʶʪʴʩʷ ʧʨʠ 580Á ʉ. ʋ ʤʽʨʫ ʚʠʧʘʜʘʥʥʷ ʢʨʠʩʪʘʣʽʚ ʩʫʨʤʠ 

ʧʨʦʮʝʥʪʥʠʡ ʚʤʽʩʪ ʩʚʠʥʮʶ ʚ ʨʦʟʧʣʘʚʽ ʧʽʜʚʠʱʫʻʪʴʩʷ ʜʦ 60 %. 

ʇʨʠ ʦʭʦʣʦʜʞʝʥʥʽ ʪ ʢʛ ʨʦʟʧʣʘʚʫ ʜʦ 425Á ʉ ʚʠʢʨʠʩʪʘʣʽʟʦʚʫʻʪʴʩʷ mSb ʢʛ 

ʩʫʨʤʠ. ʊʦʜʽ ʤʘʩʘ ʨʦʟʧʣʘʚʫ ʚ ʪʦʯʮʽ U ʙʫʜʝ: 

 

mʨʽʜ.=m ï mSb. 

 

ɸʙʩʦʣʶʪʥʘ ʢʽʣʴʢʽʩʪʴ ʩʚʠʥʮʶ ʚ ʨʦʟʧʣʘʚʽ ʧʨʠ ʦʭʦʣʦʜʞʝʥʥʽ ʥʝ ʟʤʽʥʶ-

ʻʪʴʩʷ, ʘʣʝ ʦʩʢʽʣʴʢʠ ʯʘʩʪʠʥʘ ʩʫʨʤʠ ʚʠʜʽʣʠʪʴʩʷ ʟ ʨʦʟʧʣʘʚʫ ʫ ʚʠʛʣʷʜʽ ʢʨʠʩʪʘ-

ʣʽʚ, ʪʦ ʧʨʦʮʝʥʪʥʠʡ ʚʤʽʩʪ ʩʚʠʥʮʶ ʧʽʜʚʠʱʠʪʴʩʷ ʚʽʜ 20 ʜʦ 60% (ʨʠʩ. 2). 

ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʢʽʣʴʢʽʩʪʶ ʪʚʝʨʜʦʾ ʽ ʨʽʜʢʦʾ ʬʘʟ ʚʠʟʥʘʯʘʻʤʦ ʟʘ ʧʨʘ-

ʚʠʣʦʤ ʚʘʞʝʣʷ (ʨʠʩ. 2) 
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ɿʚʽʜʩʠ ʢʽʣʴʢʽʩʪʴ ʩʫʨʤʠ, ʱʦ ʚʠʢʨʠʩʪʘʣʽʟʫʚʘʣʘʩʷ ʧʨʠ ʦʭʦʣʦʜʞʝʥʥʽ ʨʦʟʧ-

ʣʘʚʫ, 

 

33,13
40100

)4080(20

UP

mUH
mSb  ʢʛ. 
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ʂʽʣʴʢʽʩʪʴ ʩʫʨʤʠ, ʚʠʢʨʠʩʪʘʣʽʟʦʚʘʥʦʾ ʧʨʠ ʦʭʦʣʦʜʞʝʥʥʽ ʨʦʟʧʣʘʚʫ, ʱʦ ʤʽ-

ʩʪʠʪʴ 80 % Sb, ʤʦʞʥʘ ʦʙʯʠʩʣʠʪʠ ʪʘʢʠʤ ʩʧʦʩʦʙʦʤ. 

ɿ ʜʽʘʛʨʘʤʠ ʧʣʘʚʢʦʩʪʽ ʩʠʩʪʝʤʠ PbïSb ʚʠʜʥʦ, ʱʦ ʧʨʠ ʦʭʦʣʦʜʞʝʥʥʽ ʩʧʣʘ-

ʚʫ, ʷʢʠʡ ʤʽʩʪʠʪʴ 80 % Sb, ʜʦ 425Á ʉ ʚʠʢʨʠʩʪʘʣʽʟʦʚʫʻʪʴʩʷ ʩʫʨʤʘ, ʧʨʦʮʝʥʪʥʠʡ 

ʚʤʽʩʪ ʩʚʠʥʮʶ ʧʽʜʚʠʱʫʻʪʴʩʷ ʚ ʨʦʟʧʣʘʚʽ ʚʽʜ 20 ʜʦ 60 %. 

ʋ 20 ʢʛ ʨʦʟʧʣʘʚʫ ʜʦ ʧʦʯʘʪʢʫ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʩʫʨʤʠ ʤʽʩʪʠʪʴʩʷ ʩʚʠʥʮʶ 

 

4
100

2020

100

20m
mPb  ʢʛ. 

 

ʂʽʣʴʢʽʩʪʴ ʨʦʟʧʣʘʚʫ ʧʽʩʣʷ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʩʫʨʤʠ 

 

67,6
60

4100

60

m100
m Pb

.piʜ  ʢʛ. 

 

ʂʽʣʴʢʽʩʪʴ ʚʠʢʨʠʩʪʘʣʽʟʦʚʘʥʦʾ ʧʨʠ ʦʭʦʣʦʜʞʝʥʥʽ ʨʦʟʧʣʘʚʫ ʩʫʨʤʠ 

 

mSb = m ï mpiʜ. = 20 ï 6,67 = 13,33 ʢʛ. 

 

3) ɿ  ʜʽʘʛʨʘʤʠ  ʧʣʘʚʢʦʩʪʽ ʩʠʩʪʝʤʠ  Pb-Bi  ʚʠʜʥʦ, ʱʦ  ʧʨʠ  ʦʭʦʣʦʜʞʝʥʥʽ 

10 ʢʛ ʨʦʟʧʣʘʚʫ, ʷʢʠʡ ʤʽʩʪʠʪʴ 90% ʩʚʠʥʮʶ, ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ 247Á ʉ ʢʨʠʩʪʘʣʽ-

ʟʫ̒ ʪʴʩʷ ʩʚʠʥʝʮʴ ʫ ʢʽʣʴʢʦʩʪʽ 

 

31,2
87100

)8790(10
mPb  ʢʛ. 

 

ʇʨʠʢʣʘʜ 2. ɿʘ ʜʽʘʛʨʘʤʦʶ ʧʣʘʚʢʦʩʪʽ ʩʠʩʪʝʤʠ Sn-ʈb-ɺʽ  (ʨʠʩ. 3)  ʚʠʟʥʘ-

ʯʠʪʠ:  1) ʩʢʣʘʜ ʫ ʪʦʯʮʽ A; 2) ʪʝʤʧʝʨʘʪʫʨʫ ʧʦʯʘʪʢʫ ʢʨʠʩʪʘʣʽʟʘʮʽʾ  ʚ  ʪʦʯʮʽ A; 

3) ʩʢʣʘʜ  ʧʦʜʚʽʡʥʦʾ ʝʚʪʝʢʪʠʢʠ Sn-Pb ʽ ʩʢʣʘʜ ʧʦʪʨʽʡʥʦʾ ʝʚʪʝʢʪʠʢʠ  ɺ-̔ʈb-Sn; 

4) ʯʠʩʣʦ ʬʘʟ ʽ ʩʪʫʧʝʥʽʚ ʚʽʣʴʥʦʩʪʽ ʩʠʩʪʝʤʠ ʚ ʪʦʯʢʘʭ ɸ, ɽ i ʂ. 

 

ʈʠʩʫʥʦʢ 3 ï  ɼʽʘʛʨʘʤʘ ʧʣʘʚʢʦʩʪʽ ʩʠʩʪʝʤʠ ʩʚʠʥʝʮʴ ï ʦʣʦʚʦ ï ʚʽʩʤʫʪ 
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ʈʦʟʚ'ʷʟʘʥʥʷ. ʉʪʘʥ ʪʨʠʢʦʤʧʦʥʝʥʪʥʦʾ ʢʦʥʜʝʥʩʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʟʘʣʝʞʠʪʴ 

ʚʽʜ ʩʢʣʘʜʫ ʽ ʪʝʤʧʝʨʘʪʫʨʠ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʩʢʣʘʜʫ ʪʘʢʦʾ ʩʠʩʪʝʤʠ ʢʦʨʠʩʪʫ-

ʶʪʴʩʷ ʨʽʚʥʦʩʪʦʨʦʥʥʽʤ ʪʨʠʢʫʪʥʠʢʦʤ. ʂʦʞʥʘ ʚʝʨʰʠʥʘ ʪʨʠʢʫʪʥʠʢʘ ʚʽʜʧʦʚʽʜʘʻ 

100 % ʦʜʥʦʛʦ ʟ ʪʨʴʦʭ ʢʦʤʧʦʥʝʥʪʽʚ; ʪʦʯʢʠ, ʱʦ ʣʝʞʘʪʴ ʥʘ ʩʪʦʨʦʥʘʭ ʪʨʠʢʫʪʥʠ-

ʢʘ, ʚʽʜʧʦʚʽʜʘʶʪʴ ʩʢʣʘʜʫ ʦʜʥʽʻʾ ʟ ʜʚʦʢʦʤʧʦʥʝʥʪʥʠʭ ʩʠʩʪʝʤ, ʘ ʪʦʯʢʠ, ʱʦ ʣʝ-

ʞʘʪʴ ʫʩʝʨʝʜʠʥʽ ʪʨʠʢʫʪʥʠʢʘ, ï ʩʢʣʘʜʫ ʪʨʠʢʦʤʧʦʥʝʥʪʥʦʾ ʩʠʩʪʝʤʠ. 

ʊʦʯʢʠ E1, E2, E3  ʚʠʟʥʘʯʘʶʪʴ ʩʢʣʘʜ ʧʦʜʚʽʡʥʠʭ ʝʚʪʝʢʪʠʢ,  ʚʽʜʧʦʚʽʜʥʦ 

Sn-ɺʽ, ɺʽ-ʈb ʽ ʈb-Sn, ʘ ʪʦʯʢʘ ɽ ï ʩʢʣʘʜ ʧʦʪʨʽʡʥʦʾ ʝʚʪʝʢʪʠʢʠ. 

ɯʟʦʪʝʨʤʠ ʪʨʠʢʫʪʥʠʢʘ ʚʠʟʥʘʯʘʶʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʧʦʯʘʪʢʫ ʢʨʠʩʪʘʣʽʟʘʮʽʾ 

ʦʜʥʦʛʦ ʟ ʪʨʴʦʭ ʢʦʤʧʦʥʝʥʪʽʚ; ʽʟʦʪʝʨʤʠ ʦʙʣʘʩʪʽ E1-ɺ-̔ɽ2 ï ʪʝʤʧʝʨʘʪʫʨʫ ʧʦʯʘʪ-

ʢʫ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ɺʽ, ʽʟʦʪʝʨʤʠ ʦʙʣʘʩʪʽ ɽ2-ʈb-E3 ï ʪʝʤʧʝʨʘʪʫʨʫ ʧʦʯʘʪʢʫ ʢʨʠʩ-

ʪʘʣʽʟʘʮʽʾ ʈb ʽ ʽʟʦʪʝʨʤʠ ʦʙʣʘʩʪʽ E3-Sn-ɽ1 ï ʪʝʤʧʝʨʘʪʫʨʫ ʧʦʯʘʪʢʫ ʢʨʠʩʪʘʣʽʟʘʮʽʾ 

Sn. 

ʋ ʜʫʞʢʘʭ ʙʽʣʷ ʟʥʘʢʽʚ ɺʽ, ʈb, Sn ʧʦʟʥʘʯʝʥʦ ʪʝʤʧʝʨʘʪʫʨʫ ʢʨʠʩʪʘʣʽʟʘʮʽʾ 

ʯʠʩʪʦʛʦ ʤʝʪʘʣʫ, ʘ ʙʽʣʷ ʪʦʯʦʢ ɽ, ɽ1, ɽ2 ʽ E3 ï ʪʝʤʧʝʨʘʪʫʨʫ ʟʘʪʚʝʨʜʽʚʘʥʥʷ ʧʦʪ-

ʨʽʡʥʦʾ ʽ ʧʦʜʚʽʡʥʠʭ ʝʚʪʝʢʪʠʢ. 

ʉʪʨʽʣʢʘʤʠ ʧʦʢʘʟʘʥʦ ʥʘʧʨʷʤ ʟʤʽʥʠ ʩʢʣʘʜʫ ʨʽʜʢʦʛʦ ʩʧʣʘʚʫ ʧʽʜ ʯʘʩʡʦʛʦ 

ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʧʨʠ ʦʭʦʣʦʜʞʝʥʥʽ. 

1. ʇʨʦʚʦʜʠʤʦ ʧʨʷʤʽ, ʧʘʨʘʣʝʣʴʥʽ ʜʚʦʤ ʩʪʦʨʦʥʘʤ ʪʨʠʢʫʪʥʠʢʘ, ʯʝʨʝʟ ʪ-

ʯʢʫ A, ʽ ʚʽʜʪʠʥʘʻʤʦ ʥʠʤʠ ʥʘ ʪʨʝʪʽʡ ʩʪʦʨʦʥʽ ʪʨʠʢʫʪʥʠʢʘ ʚʽʜʨʽʟʢʠ, ʧʨʦʧʦʨʮʽʡ-

ʥʽ ʚʤʽʩʪʫ ʩʚʠʥʮʶ ʽ ʚʽʩʤʫʪʫ. ʆʪʞʝ, ʩʢʣʘʜ ʩʠʩʪʝʤʠ ʚ ʪʦʯʮʽ ɸ ʚʽʜʧʦʚʽʜʘʻ 80% 

ʈb, 10% ɺʽ ʽ 10% Sn. 

2. ʊʦʯʢʘ ɸ ʣʝʞʠʪʴ ʤʽʞ ʽʟʦʪʝʨʤʘʤʠ 250 ʽ 300Á ʉ ʚ ʦʙʣʘʩʪʽ ɽ2-Pb-E3, ʱʦ 

ʚʽʜʧʦʚʽʜʘʻ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʩʚʠʥʮʶ. ʊʦʤʫ ʧʨʠ ʦʭʦʣʦʜʞʝʥʥʽʨʽʜʢʦʛʦ ʩʧʣʘʚʫ, 

ʩʢʣʘʜ ʷʢʦʛʦ ʚʽʜʧʦʚʽʜʘʻ ʪʦʯʮʽ A, ʟ ʨʦʟʧʣʘʚʫ Sn-ɺ-̔ʈb ʧʦʯʥʝ ʢʨʠʩʪʘʣʽʟʫʚʘʪʠʩʷ 

ʩʚʠʥʝʮʴ ʧʨʠʙʣʠʟʥʦ ʧʨʠ 275Á ʉ. ʇʨʠ ʜʘʣʴʰʦʤʫ ʟʥʠʞʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʩʚʠ-

ʥʝʮʴ ʚʠʧʘʜʘʻ ʫ ʚʠʛʣʷʜʽ ʢʨʠʩʪʘʣʽʚ, ʩʢʣʘʜ ʨʦʟʧʣʘʚʫ ʟʤʽʥʶʻʪʴʩʷ, ʘʣʝ ʩʧʽʚʚʽʜ-

ʥʦʰʝʥʥʷ ʚʤʽʩʪʫ ʦʣʦʚʘ ʽ ʚʽʩʤʫʪʫ ʟʘʣʠʰʘʻʪʴʩʷ ʥʝʟʤʽʥʥʠʤ (ʧʨʷʤʘ ɸʂ). 

ʋ ʪʦʯʮʽ ʂ ʧʦʯʠʥʘʶʪʴ ʢʨʠʩʪʘʣʽʟʫʚʘʪʠʩʴ ʦʜʥʦʯʘʩʥʦ ʦʣʦʚʦ ʽ ʩʚʠʥʝʮʴ, 

ʪʦʙʪʦ ʟʘʪʚʝʨʜʽʚʘʻ ʧʦʜʚʽʡʥʘ ʝʚʪʝʢʪʠʢʘ ʦʣʦʚʦ ï ʩʚʠʥʝʮʴ (ʢʨʠʚʘ ʂɽ) ʽ ʧʨʠ 96Áʉ 

(ʪʦʯʢʘ ɽ) ʟʘʪʚʝʨʜʽʚʘʻ ʧʦʪʨʽʡʥʘ ʝʚʪʝʢʪʠʢʘ ɺʽ-Sn-ʈb. 

3. ɿ ʜʽʘʛʨʘʤʠ ʚʠʜʥʦ, ʱʦ ʧʦʜʚʽʡʥʘ ʝʚʪʝʢʪʠʢʘ Sn-ɺʽ (ʪʦʯʢʘ ɽ1) ʤʽʩʪʠʪʴ 

58% ɺʽ ʽ 42% Sn, ʧʦʜʚʽʡʥʘ ʝʚʪʝʢʪʠʢʘ ɺʽ-ʈb (ʪʦʯʢʘ ɽ2) ï 56% ɺʽ ʽ 44% ʈb, ʧʦ-

ʜʚʽʡʥʘ ʝʚʪʝʢʪʠʢʘ Sn-ʈb (ʪʦʯʢʘ E3) ï 57% Sn ʽ 43% ʈb, ʘ ʩʢʣʘʜ ʧʦʪʨʽʡʥʦʾ ʝʚ-

ʪʝʢʪʠʢʠ ɺʽ-Sn-ʈb (ʪʦʯʢʘ ɽ) ʪʘʢʠʡ: 52,5% ɺʽ, 32% ʈb i 15.5% Sn. 

4. ʋ ʪʦʯʮʽ ɸ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʧʦʥʘʜ, 275Á ʉ ʪʨʠʢʦʤʧʦʥʝʥʪʥʘ ʩʠʩʪʝʤʘ 

ʧʝʨʝʙʫʚʘʻ ʚ ʨʽʜʢʦʤʫ ʩʪʘʥʽ. ʏʠʩʣʦ ʩʪʫʧʝʥʽʚ ʚʽʣʴʥʦʩʪʽ ʩʠʩʪʝʤʠ 

 

Cʫʤ = ʂ ï ʌ + 1 = 3 ï 1 + 1 = 3. 

 

ʋ ʮʽʡ ʪʦʯʮʽ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʥʠʞʯʝ 275Á ʉ ʧʦʯʠʥʘʻ ʢʨʠʩʪʘʣʽʟʫʚʘʪʠʩʷ 
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ʩʚʠʥʝʮʴ, ʩʠʩʪʝʤʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʬʘʟ: ʨʽʜʢʦʾ ʽ ʪʚʝʨʜʦʾ (ʢʨʠʩʪʘʣʠ ʩʚʠʥʮʶ). 

ʏʠʩʣʦ ʩʪʫʧʝʥʽʚ ʚʽʣʴʥʦʩʪʽ ʩʠʩʪʝʤʠ 

 

Cʫʤ = ʂ ï ʌ + 1 = 3 ï 2 + 1 = 2. 

 

ʋ ʪʦʯʮʽ ʂ ʚʽʜʙʫʚʘʻʪʴʩʷ ʢʨʠʩʪʘʣʽʟʘʮʽʷ ʟ ʪʨʠʢʦʤʧʦʥʝʥʪʥʦʾ ʨʽʜʢʦʾ ʩʠʩʪʝ-

ʤʠ ʧʦʜʚʽʡʥʦʾ ʝʚʪʝʢʪʠʢʠ 8ʧ ð ʈʔ. ʏʠʩʣʦ ʩʪʫʧʝʥʽʚ ʚʽʣʴʥʦʩʪʽ ʩʠʩʪʝʤʠ 

 

Cʫʤ = ʂ ï ʌ + 1 = 3 ï 3 + 1 = 1. 

 

ʋ ʪʦʯʮʽ ɽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʠʧʘʜʘʥʥʷ ʟ ʪʨʠʢʦʤʧʦʥʝʥʪʥʦʾ ʨʽʜʢʦʾ ʩʠʩʪʝʤʠ 

ʧʦʪʨʽʡʥʦʾ ʝʚʪʝʢʪʠʢʠ Pb-ɺ-̔Sn (ʢʨʠʩʪʘʣʽʚ ʈb, ɺʽ ʽ Sn). ʏʠʩʣʦ ʩʪʫʧʝʥʽʚ ʚʽʣʴʥʦ-

ʩʪʽ ʩʠʩʪʝʤʠ 
 

Cʫʤ = ʂ ï ʌ + 1 = 3 ï 4 + 1 = 3. 
 

 

4.2.2 ɿʘʜʘʯʽ ʜʣʷ ʩʘʤʦʩʪʽʡʥʦʛʦ ʨʽʰʝʥʥʷ 

 

149. ɿ ʯʠʩʪʠʭ ʩʚʠʥʮʶ ʽ ʦʣʦʚʘ ʧʨʠʛʦʪʫʚʘʣʠ ʪʘʢʽ ʩʫʤʽʰʽ: 1) 80% Sn ʽ 

20% ʈb; 2) 62% Sn ʽ 38% ʈb; 3) 50% Sn ʽ 50% ʈb. ɿʤʽʥʫ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʯʘʩʽ 

ʧʨʠ ʦʭʦʣʦʜʞʝʥʥʽ ʢʦʞʥʦʾ ʩʫʤʽʰʽ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣ. 5. ɿʘ ʜʘʥʠʤʠ, ʥʘʚʝʜʝʥʠʤʠ 

ʚ ʪʘʙʣʠʮʽ, ʧʦʙʫʜʫʚʘʪʠ ʜʣʷ ʢʦʞʥʦʾ ʩʫʤʽʰʽ ʢʨʠʚʽ ʦʭʦʣʦʜʞʝʥʥʷ ʽ ʚʠʟʥʘʯʠʪʠ 

ʪʝʤʧʝʨʘʪʫʨʫ ʧʦʯʘʪʢʫ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʽ ʪʝʤʧʝʨʘʪʫʨʫ ʟʘʪʚʝʨʜʽʚʘʥʥʷ ʝʚʪʝʢʪʠʢʠ ʚ 

ʢʦʞʥʽʡ ʩʫʤʽʰʽ. 

 

ʊʘʙʣʠʮʷ 5 ï ɿʤʽʥʘ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʯʘʩʽ ʧʨʠ ʦʭʦʣʦʜʞʝʥʥʽ ʩʫʤʽʰʽ 

 

ʏʘʩ ʚʽʜ ʧʦʯʘʪʢʫ 

ʦʭʦʣʦʜʞʝʥʥʷ 

ʩʧʣʘʚʫ, ʭʚ 

ʊʝʤʧʝʨʘʪʫʨʘ  

ʩʫʤh̔,̔ Áʉ 
ʏʘʩ ʚʽʜ ʧʦʯʘʪʢʫ 

ʦʭʦʣʦʜʞʝʥʥʷ 

ʩʧʣʘʚʫ, ʭʚ 

ʊʝʤʧʝʨʘʪʫʨʘ  

cʫʤʽʰʽ, Áʉ 

1 2 3 1 2 3 

0,5 265 255 280 4,5 185 185 198 

1,0 250 240 265 5,0 185 185 191 

1,5 235 225 248 5,5 185 185 185 

2,0 220 212 235 6,0 185 185 185 

2,5 213 196 227 6,5 185 185 185 

3,0 205 185 220 7,0 171 171 185 

3,5 197 185 214 7,5 170 170 178 

4,0 191 185 206 8,0 160 160 170 

 

150. ɿʘ ʢʨʠʚʠʤʠ ʦʭʦʣʦʜʞʝʥʥʷ ʩʫʤʽʰʝʡ ʩʠʩʪʝʤʠ Sn-ʈb, ʟʥʘʡʜʝʥʠʤʠ ʚ 

ʟʘʜʘʯʽ 149, ʧʦʙʫʜʫʚʘʪʠ ʜʽʘʛʨʘʤʫ ʧʣʘʚʢʦʩʪʽ ʩʠʩʪʝʤʠ Sn-ʈb. ʊʝʤʧʝʨʘʪʫʨʠ ʧʣʘ-
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ʚʣʝʥʥʷ ʯʠʩʪʦʛʦ ʦʣʦʚʘ ʽ ʩʚʠʥʮʶ ʚʽʜʧʦʚʽʜʥʦ ʜʦʨʽʚʥʶʶʪʴ 232 ʽ 328Á ʉ. 

151. ʉʢʦʨʠʩʪʘʚʰʠʩʴ ʜʽʘʛʨʘʤʦʶ ʧʣʘʚʢʦʩʪʽ ʩʠʩʪʝʤʠ ɸl-S̔   (ʨʠʩ. 4),  

1) ʦʧʠʩʘʪʠ  ʦʭʦʣʦʜʞʝʥʥʷ  ʨʦʟʧʣʘʚʫ,  ʚʠʭʽʜʥʠʡ  ʩʪʘʥ  ʷʢʦʛʦ  ʟʦʙʨʘʞʝʥʦ 

ʪʦʯʢʦʶ A;  

2) ʚʠʟʥʘʯʠʪʠ ʤʘʩʫ ʽ ʩʢʣʘʜ ʬʘʟ, ʥʘ ʷʢʽ ʨʦʟʧʘʜʘʻʪʴʩʷ 10 ʢʛ 90%-ʥʦʛʦ ʟʘ 

ʢʨʝʤʥʽʻʤ ʨʦʟʧʣʘʚʫ, ʦʭʦʣʦʜʞʝʥʦʛʦ ʜʦ ʪʦʯʢʠ ɺ;  

3) ʚʠʟʥʘʯʠʪʠ ʩʢʣʘʜ ʝʚʪʝʢʪʠʢʠ ʽ ʪʝʤʧʝʨʘʪʫʨʫ ʾʾ ʟʘʪʚʝʨʜʽʚʘʥʥʷ. 

ɺʽʜʧʦʚʽʜʴ: 2) 8,33 ʽ 1,67 ʢʛ; 40 ʤʘʩ.% S̔ ; 95 ʤʘʩ.% ɸl; 3) 600Á ʉ. 

152. ɿʘ ʜʽʘʛʨʘʤʦʶ ʧʣʘʚʢʦʩʪʽ ʩʠʩʪʝʤʠ ɸl-S̔  (ʨʠʩ.4) ʚʠʟʥʘʯʠʪʠ:  

1) ʷʢʠʤ ʩʪʘʥʘʤ ʩʠʩʪʝʤʠ ʚʽʜʧʦʚʽʜʘʶʪʴ ʦʙʣʘʩʪʽ ɯ, II, III, IV ʽ V;  

2) ʯʠʩʣʦ ʬʘʟ ʽ ʯʠʩʣʦ ʩʪʫʧʝʥʽʚ ʚʽʣʴʥʦʩʪʽ ʩʠʩʪʝʤʠ  ʩʪʘʥ ʩʠʩʪʝʤ, ʷʢʽ  ʧʦʟ-

ʥʘʯʝʥʦ ʪʦʯʢʘʤʠ 1, 2, 3, 4, 5, 6, 7, 8 ʽ 9,  

 

 

ʈʠʩʫʥʦʢ 4 ï  ɼʽʘʛʨʘʤʘ ʧʣʘʚʢʦʩʪʽ ʩʠʩʪʝʤʠ ʘʣʶʤʽʥʽʡ ï ʢʨʝʤʥʽʡ. 

 

153. ʅʘ ʨʠʩ. 5 ʥʘʚʝʜʝʥʦ ʧʨʦʝʢʮʽʶ ʧʨʦʩʪʦʨʦʚʦʾ ʜʽʘʛʨʘʤʠ ʪʨʠʢʦʤʧʦʥʝʥ-

ʪʥʦʾ ʩʠʩʪʝʤʠ. ɺʠʟʥʘʯʠʪʠ:  

1) ʩʢʣʘʜ ʧʦʜʚʽʡʥʠʭ ʽ ʧʦʪʨʽʡʥʠʭ ʝʚʪʝʢʪʠʢ;  

2) ʩʢʣʘʜ ʩʧʣʘʚʫ ʚ ʪʦʯʮʽ N;  

3) ʷʢʠʤ ʩʪʘʥʘʤ ʩʠʩʪʝʤʠ ʚʽʜʧʦʚʽʜʘʶʪʴ ʦʙʣʘʩʪʽ ɯ, II ʽ III;  

4) ʜʣʷ ʩʠʩʪʝʤ, ʧʦʟʥʘʯʝʥʠʭ ʪʦʯʢʘʤʠ 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 ʽ 11, ʯʠʩʣʦ 

ʩʪʫʧʝʥʽʚ ʚʽʣʴʥʦʩʪʽ, ʯʠʩʣʦ ʬʘʟʽ ʩʢʣʘʜ ʩʠʩʪʝʤʠ.  

154. ʉʢʦʨʠʩʪʘʚʰʠʩʴ ʜʽʘʛʨʘʤʦʶ ʧʣʘʚʢʦʩʪʽ ʪʨʠʢʦʤʧʦʥʝʥʪʥʦʾ ʩʠʩʪʝʤʠ   

A-ɺ-ʉ (ʨʠʩ. 5), ʚʠʟʥʘʯʠʪʠ:  

1) ʩʢʽʣʴʢʠ ʚʠʜʽʣʠʪʴʩʷ ʢʦʤʧʦʥʝʥʪʘ ɺ, ʷʢʱʦ 10 ʢʛ ʨʽʜʢʦʛʦ ʩʧʣʘʚʫ, ʩʢʣʘʜ 

ʷʢʦʛʦ ʚʽʜʧʦʚʽʜʘʻ ʪʦʯʮʽ K, ʦʭʦʣʦʜʠʪʠ ʜʦ ʚʠʧʘʜʘʥʥʷ ʧʦʜʚʽʡʥʦʾ ʝʚʪʝʢʪʠʢʠ ɺ-ʉ 

(ʪʦʯʢʘ ʉ);   

2) ʩʢʽʣʴʢʠ ʚʠʜʽʣʠʪʴʩʷ ʧʦʜʚʽʡʥʦʾ ʝʚʪʝʢʪʠʢʠ ɺ-ʉ ʧʨʠ ʜʘʣʴʰʦʤʫ ʦʭʦʣʦ-

ʜʞʝʥʥʽ ʩʧʣʘʚʫ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ ʟʘʪʚʝʨʜʽʚʘʥʥʷ ʧʦʪʨʽʡʥʦʾ ʝʚʪʝʢʪʠʢʠ  ɸ-ɺ-ʉ 

(ʪʦʯʢʘ 6);   

3) ʩʢʽʣʴʢʠ ʢʽʣʦʛʨʘʤʽʚ ʨʽʜʢʦʛʦ ʩʧʣʘʚʫ ʙʫʜʝ ʧʝʨʝʜ ʟʘʪʚʝʨʜʽʚʘʥʥʷʤ ʧʦʪ-

ʨʽʡʥʦʾ ʝʚʪʝʢʪʠʢʠ. 

ɺʽʜʧʦʚʽʜʴ: 3,75 ʢʛ; 3,42 ʢʛ; 3,33 ʢʛ. 
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155. ʉʢʦʨʠʩʪʘʚʰʠʩʴ ʜʽʘʛʨʘʤʦʶ ʩʪʘʥʫ çʥ̔ ʦʙʽʡ ï ʢʦʙʘʣʴʪè (ʨʠʩ.6): 

1) ʦʧʠʩʘʪʠ ʦʭʦʣʦʜʞʝʥʥʷ ʨʦʟʧʣʘʚʫ, ʚʠʭʽʜʥʠʡ ʩʪʘʥ ʷʢʦʛʦ ʟʦʙʨʘʞʝʥʦ ʪʦ-

ʯʢʦʶ ɸ;   

2) ʚʠʟʥʘʯʠʪʠ  ʤʘʩʫ  ʽ  ʩʢʣʘʜ  ʬʘʟ, ʥʘ ʷʢʽ ʨʦʟʧʘʜʘʻʪʴʩʷ 10 ʢʛ 90%-ʥʦʛʦ 

ʟʘ ʢʨʝʤʥʽʻʤ ʨʦʟʧʣʘʚʫ, ʦʭʦʣʦʜʞʝʥʦʛʦ ʜʦ ʪʦʯʢʠ ɺ;  

3) ʚʠʟʥʘʯʠʪʠ ʩʢʣʘʜ ʝʚʪʝʢʪʠʢʠ ʽ ʪʝʤʧʝʨʘʪʫʨʫ ʾʾ ʟʘʪʚʝʨʜʽʥʥʷ;  

4) ʷʢʠʤ ʩʪʘʥʘʤ ʩʠʩʪʝʤʠ ʚʽʜʧʦʚʽʜʘʶʪʴ ʦʙʣʘʩʪʽ;   

5) ʚʠʟʥʘʯʠʪʠ ʩʪʘʥ ʩʠʩʪʝʤ, ʷʢʽ ʧʦʟʥʘʯʝʥʦ ʪʦʯʢʘʤʠ. 

 
ʈʠʩʫʥʦʢ 6 ï ɼʽʘʛʨʘʤʘ ʩʪʘʥʫ çʥ̔ ʦʙʽʡ ï ʢʦʙʘʣʴʪè 

 

156. ʉʢʦʨʠʩʪʘʚʰʠʩʴ ʜʽʘʛʨʘʤʦʶ ʩʪʘʥʫ çʦʣʦʚʦ-ʮʠʥʢè (ʨʠʩ.7): 

1) ʦʧʠʩʘʪʠ ʦʭʦʣʦʜʞʝʥʥʷ ʨʦʟʧʣʘʚʫ, ʚʠʭʽʜʥʠʡ ʩʪʘʥ ʷʢʦʛʦ ʟʦʙʨʘʞʝʥʦ ʪʦ-

ʯʢʦʶ ɸ; 

. 

ʈʠʩʫʥʦʢ 5 ï ɼʽʘʛʨʘʤʘ ʧʣʘʚʢʦʩʪʽ ʪʨʠʢʦʤʧʦʥʝʥʪʥʦʾ ʩʠʩʪʝʤʠ 

VI 

 ɸ I 

IV 
II  III  V 

 B 
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2) ʚʠʟʥʘʯʠʪʠ ʤʘʩʫ ʽ ʩʢʣʘʜ ʬʘʟ, ʥʘ ʷʢʽ ʨʦʟʧʘʜʘʻʪʴʩʷ 10 ʢʛ 90%-ʥʦʛʦ ʟʘ 

ʮʠʥʢʦʤ ʨʦʟʧʣʘʚʫ, ʦʭʦʣʦʜʞʝʥʦʛʦ ʜʦ ʪʦʯʢʠ ɺ; 

3) ʚʠʟʥʘʯʠʪʠ ʩʢʣʘʜ ʝʚʪʝʢʪʠʢ ʽ ʪʝʤʧʝʨʘʪʫʨʫ ʾʾ ʟʘʪʚʝʨʜʽʥʥʷ; 

4) ʷʢʠʤ ʩʪʘʥʘʤ ʩʠʩʪʝʤʠ ʚʽʜʧʦʚʽʜʘʶʪʴ ʦʙʣʘʩʪʽ; 

5) ʚʠʟʥʘʯʠʪʠ ʩʪʘʥ ʩʠʩʪʝʤ, ʷʢʽ ʧʦʟʥʘʯʝʥʦ ʪʦʯʢʘʤʠ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

157. ʉʢʦʨʠʩʪʘʚʰʠʩʴ ʜʽʘʛʨʘʤʦʶ ʩʪʘʥʫ çʢʘʜʤʽʡ-ʮʠʥʢè (ʨʠʩ.8): 
1) ʦʧʠʩʘʪʠ ʦʭʦʣʦʜʞʝʥʥʷ ʨʦʟʧʣʘʚʫ, ʚʠʭʽʜʥʠʡ ʩʪʘʥ ʷʢʦʛʦ ʟʦʙʨʘʞʝʥʦ 

ʪʦʯʢʦʶ ɸ; 
2) ʚʠʟʥʘʯʠʪʠ ʤʘʩʫ ʽ ʩʢʣʘʜ ʬʘʟ, ʥʘ ʷʢʽ ʨʦʟʧʘʜʘʻʪʴʩʷ 10 ʢʛ 90%-ʥʦʛʦ 

ʟʘ ʮʠʥʢʦʤ ʨʦʟʧʣʘʚʫ, ʦʭʦʣʦʜʞʝʥʦʛʦ ʜʦ ʪʦʯʢʠ ɺ; 
3) ʚʠʟʥʘʯʠʪʠ ʩʢʣʘʜ ʝʚʪʝʢʪʠʢʠ ʽ ʪʝʤʧʝʨʘʪʫʨʫ ʾʾ ʟʘʪʚʝʨʜʽʥʥʷ; 
4) ʢ̫ʠʤ ʩʪʘʥʘʤ ʩʠʩʪʝʤʠ ʚʽʜʧʦʚʽʜʘʶʪʴ ʦʙʣʘʩʪʽ: 
5) ʚʠʟʥʘʯʠʪʠ ʩʪʘʥ ʩʠʩʪʝʤ, ʷʢ ̔ʧʦʟʥʘʯʝʥʦ ʪʦʯʢʘʤʠ. 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

ʈʠʩʫʥʦʢ 8 ï ɼʽʘʛʨʘʤʘ  ʩʪʘʥʫ çʢʘʜʤʽʡ-ʮʠʥʢè 
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ʈʠʩʫʥʦʢ 7 ï ɼʽʘʛʨʘʤʘ  ʩʪʘʥʫ çʦʣʦʚʦ-ʮʠʥʢè 
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158. ʉʢʦʨʠʩʪʘʚʰʠʩʴ ʜʽʘʛʨʘʤʦʶ ʩʪʘʥʫ çʤʽʜʴ-ʥʽʢʝʣʴè (ʨʠʩ.9): 
1) ʦʧʠʩʘʪʠ ʦʭʦʣʦʜʞʝʥʥʷ ʨʦʟʧʣʘʚʫ, ʚʠʭʽʜʥʠʡ ʩʪʘʥ ʷʢʦʛʦ ʟʦʙʨʘʞʝʥʦ 

ʪʦʯʢʦʶ ɸ; 
2) ʚʠʟʥʘʯʠʪʠ ʤʘʩʫ ʽ ʩʢʣʘʜ ʬʘʟ, ʥʘ ʷʢʽ ʨʦʟʧʘʜʘʻʪʴʩʷ 10 ʢʛ 90%-ʥʦʛʦ 

ʟʘ ʥʽʢʝʣʝʤ ʨʦʟʧʣʘʚʫ, ʦʭʦʣʦʜʞʝʥʦʛʦ ʜʦ ʪʦʯʢʠ ɺ; 
3) ʚʠʟʥʘʯʠʪʠ ʩʢʣʘʜ ʝʚʪʝʢʪʠʢʠ ʽ ʪʝʤʧʝʨʘʪʫʨʫ ʾʾ ʟʘʪʚʝʨʜʽʥʥʷ; 
4) ʢ̫ʠʤ ʩʪʘʥʘʤ ʩʠʩʪʝʤʠ ʚʽʜʧʦʚʽʜʘʶʪʴ ʦʙʣʘʩʪʽ; 
5) ʚʠʟʥʘʯʠʪʠ ʩʪʘʥ ʩʠʩʪʝʤ, ʷʢ ̔ʧʦʟʥʘʯʝʥʦ ʪʦʯʢʘʤʠ. 

 

 

 

 

 

 

 

 

 

 
 

ʈʠʩʫʥʦʢ 9 ï ɼʽʘʛʨʘʤʘ  ʩʪʘʥʫ çʤʝʜʴ-ʥʽʢʝʣʴè 
 

159. ʉʢʦʨʠʩʪʘʚʰʠʩʴ ʜʽʘʛʨʘʤʦʶ ʩʪʘʥʫ çʩʚʠʥʝʮʴ-ʩʫʨʴʤʘè (ʨʠʩ.10): 
1)  ʦʧʠʩʘʪʠ ʦʭʦʣʦʜʞʝʥʥʷ ʨʦʟʧʣʘʚʫ, ʚʠʭʽʜʥʠʡ ʩʪʘʥ ʷʢʦʛʦ ʟʦʙʨʘʞʝʥʦ 

ʪʦʯʢʦʶ ɸ; 
2) ʚʠʟʥʘʯʠʪʠ ʤʘʩʫ ʽ ʩʢʣʘʜ ʬʘʟ, ʥʘ ʷʢʽ ʨʦʟʧʘʜʘʻʪʴʩʷ 10 ʢʛ 90%-ʥʦʛʦ 

ʟʘ ʩʫʨʴʤʦʶ ʨʦʟʧʣʘʚʫ, ʦʭʦʣʦʜʞʝʥʦʛʦ ʜʦ ʪʦʯʢʠ ɺ; 
3) ʚʠʟʥʘʯʠʪʠ ʩʢʣʘʜ ʝʚʪʝʢʪʠʢʠ ʽ ʪʝʤʧʝʨʘʪʫʨʫ ʾʾ ʟʘʪʚʝʨʜʽʥʥʷ; 
4) ʢ̫ʠʤ ʩʪʘʥʘʤ ʩʠʩʪʝʤʠ ʚʽʜʧʦʚʽʜʘʶʪʴ ʦʙʣʘʩʪʽ; 
5)  ʚʽʟʥʘʯʠʪʠ ʩʪʘʥ ʩʠʩʪʝʤ, ʷʢʽ ʧʦʟʥʘʯʝʥʦ ʪʦʯʢʘʤʠ. 
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ʈʠʩʫʥʦʢ 10 ï ɼʽʘʛʨʘʤʘ  ʩʪʘʥʫ çʩʚʠʥʝʮʴ-ʩʫʨʴʤʘè  
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160. ʉʢʦʨʠʩʪʘʚʰʠʩʴ ʜʽʘʛʨʘʤʦʶ ʩʪʘʥʫ çʘʣʶʤʽʥʽʡ-ʢʨʝʤʥʽʡè (ʨʠʩ.11): 
1) ʦʧʠʩʘʪʠ ʦʭʦʣʦʜʞʝʥʥʷ ʨʦʟʧʣʘʚʫ, ʚʠʭʽʜʥʠʡ ʩʪʘʥ ʷʢʦʛʦ ʟʦʙʨʘʞʝʥʦ 

ʪʦʯʢʦʶ ɸ; 
2) ʚʠʟʥʘʯʠʪʠ ʤʘʩʫ ʽ ʩʢʣʘʜ ʬʘʟ, ʥʘ ʷʢʽ ʨʦʟʧʘʜʘʻʪʴʩʷ 10 ʢʛ 90%-ʥʦʛʦ 

ʟʘ ʢʨʝʤʥʽʻʤ ʨʦʟʧʣʘʚʫ, ʦʭʦʣʦʜʞʝʥʦʛʦ ʜʦ ʪʦʯʢʠ ɺ; 
3) ʚʠʟʥʘʯʠʪʠ ʩʢʣʘʜ ʝʚʪʝʢʪʠʢʠ ʽ ʪʝʤʧʝʨʘʪʫʨʫ ʾʾ ʟʘʪʚʝʨʜʽʥʥʷ; 
4) ʢ̫ʠʤ ʩʪʘʥʘʤ ʩʠʩʪʝʤʠ ʚʽʜʧʦʚʽʜʘʶʪʴ ʦʙʣʘʩʪʽ; 
5)  ʚʽʟʥʘʯʠʪʠ ʩʪʘʥ ʩʠʩʪʝʤ, ʷʢʽ ʧʦʟʥʘʯʝʥʦ ʪʦʯʢʘʤʠ. 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 
ʈʠʩʫʥʦʢ 11 ï ɼʽʘʛʨʘʤʘ  ʩʪʘʥʫ çʘʣʶʤʽʥʽʡ-ʢʨʝʤʥʽʡè 

 

161. ʉʢʦʨʠʩʪʘʚʰʠʩʴ ʜʽʘʛʨʘʤʦʶ ʩʪʘʥʫ çʥʘʪʨʽʡ-ʢʘʣ̔ ʡè  (ʨʠʩ.12): 
1) ʦʧʠʩʘʪʠ ʦʭʦʣʦʜʞʝʥʥʷ ʨʦʟʧʣʘʚʫ, ʚʠʭʽʜʥʠʡ ʩʪʘʥ ʷʢʦʛʦ ʟʦʙʨʘʞʝʥʦ 

ʪʦʯʢʦʶ ɸ; 
2) ʚʠʟʥʘʯʠʪʠ ʤʘʩʫ ʽ ʩʢʣʘʜ ʬʘʟ, ʥʘ ʷʢʽ ʨʦʟʧʘʜʘʻʪʴʩʷ 10 ʢʛ 90%-ʥʦʛʦ 

ʟʘ ʢʘʣʽʻʤ ʨʦʟʧʣʘʚʫ, ʦʭʦʣʦʜʞʝʥʦʛʦ ʜʦ ʪʦʯʢʠ ɺ; 
3) ʚʠʟʥʘʯʠʪʠ ʩʢʣʘʜ ʝʚʪʝʢʪʠʢʠ ʽ ʪʝʤʧʝʨʘʪʫʨʫ ʾʾ ʟʘʪʚʝʨʜʽʥʥʷ; 
4) ʢ̫ʠʤ ʩʪʘʥʘʤ ʩʠʩʪʝʤʠ ʚʽʜʧʦʚʽʜʘʶʪʴ ʦʙʣʘʩʪʽ; 
5) ʚʽʟʥʘʯʠʪʠ ʩʪʘʥ ʩʠʩʪʝʤ, ʷʢʽ ʧʦʟʥʘʯʝʥʦ ʪʦʯʢʘʤʠ. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

ʈʠʩʫʥʦʢ 12 ï ɼʽʘʛʨʘʤʘ  ʩʪʘʥʫ çʥʘʪʨʽʡ-ʢʘʣ̔ ʡè 
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162. ʉʢʦʨʠʩʪʘʚʰʠʩʴ ʜʽʘʛʨʘʤʦʶ ʩʪʘʥʫ çʩʫʨʤʘ-ʛʝʨʤʘʥʽʡè  (ʨʠʩ.13): 

1) ʦʧʠʩʘʪʠ ʦʭʦʣʦʜʞʝʥʥʷ ʨʦʟʧʣʘʚʫ, ʚʠʭʽʜʥʠʡ ʩʪʘʥ ʷʢʦʛʦ ʟʦʙʨʘʞʝʥʦ 

ʪʦʯʢʦʶ ɸ; 

2) ʚʠʟʥʘʯʠʪʠ ʤʘʩʫ ʽ ʩʢʣʘʜ ʬʘʟ, ʥʘ ʷʢʽ ʨʦʟʧʘʜʘʻʪʴʩʷ 10 ʢʛ 90%-ʥʦʛʦ 

ʟʘ ʛʝʨʤʘʥʽʻʤ ʨʦʟʧʣʘʚʫ, ʦʭʦʣʦʜʞʝʥʦʛʦ ʜʦ ʪʦʯʢʠ ɺ; 

3) ʚʠʟʥʘʯʠʪʠ ʩʢʣʘʜ ʝʚʪʝʢʪʠʢʠ ʽ ʪʝʤʧʝʨʘʪʫʨʫ ʾʾ ʟʘʪʚʝʨʜʽʥʥʷ; 

4) ʢ̫ʠʤ ʩʪʘʥʘʤ ʩʠʩʪʝʤʠ ʚʽʜʧʦʚʽʜʘʶʪʴ ʦʙʣʘʩʪʽ; 

5)  ʚʽʟʥʘʯʠʪʠ ʩʪʘʥ ʩʠʩʪʝʤ, ʷʢʽ ʧʦʟʥʘʯʝʥʦ ʪʦʯʢʘʤʠ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 13 ï ɼʽʘʛʨʘʤʘ  ʩʪʘʥʫ çʩʫʨʤʘ-ʛʝʨʤʘʥʽʡè 
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163. ʉʢʦʨʠʩʪʘʚʰʠʩʴ ʜʽʘʛʨʘʤʦʶ ʩʪʘʥʫ çʥʽʢʝʣʴ-ʭʨʦʤè  (ʨʠʩ.14): 

1) ʦʧʠʩʘʪʠ ʦʭʦʣʦʜʞʝʥʥʷ ʨʦʟʧʣʘʚʫ, ʚʠʭʽʜʥʠʡ ʩʪʘʥ ʷʢʦʛʦ ʟʦʙʨʘʞʝʥʦ 

ʪʦʯʢʦʶ ɸ; 

2) ʚʠʟʥʘʯʠʪʠ ʤʘʩʫ ʽ ʩʢʣʘʜ ʬʘʟ, ʥʘ ʷʢʽ ʨʦʟʧʘʜʘʻʪʴʩʷ 10 ʢʛ 90%-ʥʦʛʦ 

ʟʘ ʥ̔ʢʝʣʝʤ ʨʦʟʧʣʘʚʫ, ʦʭʦʣʦʜʞʝʥʦʛʦ ʜʦ ʪʦʯʢʠ ɺ; 

3) ʚʠʟʥʘʯʠʪʠ ʩʢʣʘʜ ʝʚʪʝʢʪʠʢʠ ʽ ʪʝʤʧʝʨʘʪʫʨʫ ʾʾ ʟʘʪʚʝʨʜʽʥʥʷ; 

4) ʢ̫ʠʤ ʩʪʘʥʘʤ ʩʠʩʪʝʤʠ ʚʽʜʧʦʚʽʜʘʶʪʴ ʦʙʣʘʩʪʽ; 

5) ʚʽʟʥʘʯʠʪʠ ʩʪʘʥ ʩʠʩʪʝʤ, ʷʢʽ ʧʦʟʥʘʯʝʥʦ ʪʦʯʢʘʤʠ. 
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164. ʉʢʦʨʠʩʪʘʚʰʠʩʴ ʜʽʘʛʨʘʤʦʶ ʩʪʘʥʫ çʚʽʩʤʫʪ-ʩʫʨʴʤʘè (ʨʠʩ.15): 

1) ʦʧʠʩʘʪʠ ʦʭʦʣʦʜʞʝʥʥʷ ʨʦʟʧʣʘʚʫ, ʚʠʭʽʜʥʠʡ ʩʪʘʥ ʷʢʦʛʦ ʟʦʙʨʘʞʝʥʦ 

ʪʦʯʢʦʶ ɸ; 

2) ʚʠʟʥʘʯʠʪʠ ʤʘʩʫ ʽ ʩʢʣʘʜ ʬʘʟ, ʥʘ ʷʢʽ ʨʦʟʧʘʜʘʻʪʴʩʷ 10 ʢʛ 90%-ʥʦʛʦ 

ʟʘ ʩʫʨʴʤʦʶ ʨʦʟʧʣʘʚʫ, ʦʭʦʣʦʜʞʝʥʦʛʦ ʜʦ ʪʦʯʢʠ ɺ; 

3) ʚʠʟʥʘʯʠʪʠ ʩʢʣʘʜ ʝʚʪʝʢʪʠʢʠ ʽ ʪʝʤʧʝʨʘʪʫʨʫ ʾʾ ʟʘʪʚʝʨʜʽʥʥʷ; 

4) ʢ̫ʠʤ ʩʪʘʥʘʤ ʩʠʩʪʝʤʠ ʚʽʜʧʦʚʽʜʘʶʪʴ ʦʙʣʘʩʪʽ; 

5) ʚʽʟʥʘʯʠʪʠ ʩʪʘʥ ʩʠʩʪʝʤ, ʷʢʽ ʧʦʟʥʘʯʝʥʦ ʪʦʯʢʘʤʠ. 
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165. ʉʢʦʨʠʩʪʘʚʰʠʩʴ ʜʽʘʛʨʘʤʦʶ ʩʪʘʥʫ çʢʘʨʙʽʜ ʭʨʦʤʘ-ʢʘʨʙʽʜ ʟʘʣʽʟʘè  
(ʨʠʩ.16): 

1) ʦʧʠʩʘʪʠ ʦʭʦʣʦʜʞʝʥʥʷ ʨʦʟʧʣʘʚʫ, ʚʠʭʽʜʥʠʡ ʩʪʘʥ ʷʢʦʛʦ ʟʦʙʨʘʞʝʥʦ 
ʪʦʯʢʦʶ ɸ; 

2) ʚʠʟʥʘʯʠʪʠ ʤʘʩʫ ʽ ʩʢʣʘʜ ʬʘʟ, ʥʘ ʷʢʽ ʨʦʟʧʘʜʘʻʪʴʩʷ 10 ʢʛ 90%-ʥʦʛʦ 
ʟʘ ʢʘʨʙʽʜʦʤ ʟʘʣʽʟʘ ʨʦʟʧʣʘʚʫ, ʦʭʦʣʦʜʞʝʥʦʛʦ ʜʦ ʪʦʯʢʠ ɺ; 

3) ʚʠʟʥʘʯʠʪʠ ʩʢʣʘʜ ʝʚʪʝʢʪʠʢʠ ʽ ʪʝʤʧʝʨʘʪʫʨʫ ʾʾ ʟʘʪʚʝʨʜʽʥʥʷ; 
4) ʢ̫ʠʤ ʩʪʘʥʘʤ ʩʠʩʪʝʤʠ ʚʽʜʧʦʚʽʜʘʶʪʴ ʦʙʣʘʩʪʽ; 
5) ʚʠʟʥʘʯʠʪʠ ʩʪʘʥ ʩʠʩʪʝʤ, ʷʢ ̔ʧʦʟʥʘʯʝʥʦ ʪʦʯʢʘʤʠ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 16 ï ɼʽʘʛʨʘʤʘ ʩʪʘʥʫ çʢʘʨʙʽʜ ʭʨʦʤʘ-ʢʘʨʙʽʜ ʟʘʣʽʟʘè 
 

166. ʉʢʦʨʠʩʪʘʚʰʠʩʴ ʜʽʘʛʨʘʤʦʶ ʩʪʘʥʫ çʨʪʫʪʴ-ʢʘʜʤʽʡè (ʨʠʩ.17): 

1. ʆʧʠʩʘʪʠ ʦʭʦʣʦʜʞʝʥʥʷ ʨʦʟʧʣʘʚʫ, ʚʠʭʽʜʥʠʡ ʩʪʘʥ ʷʢʦʛʦ ʟʦʙʨʘʞʝʥʦ 

ʪʦʯʢʦʶ ɸ; 

2. ɺʠʟʥʘʯʠʪʠ ʤʘʩʫ ʽ ʩʢʣʘʜ ʬʘʟ, ʥʘ ʷʢʽ ʨʦʟʧʘʜʘʻʪʴʩʷ 10 ʢʛ 90%-ʥʦʛʦ 

ʟʘ ʢʘʜʤʽʻʤ ʨʦʟʧʣʘʚʫ, ʦʭʦʣʦʜʞʝʥʦʛʦ ʜʦ ʪʦʯʢʠ ɺ; 

3. ɺʠʟʥʘʯʠʪʠ ʩʢʣʘʜ ʝʚʪʝʢʪʠʢʠ ʽ ʪʝʤʧʝʨʘʪʫʨʫ ʾʾ ʟʘʪʚʝʨʜʽʥʥʷ; 

4. ʗʢʠʤ ʩʪʘʥʘʤ ʩʠʩʪʝʤʠ ʚʽʜʧʦʚʽʜʘʶʪʴ ʦʙʣʘʩʪʽ; 

5. ɺʠʟʥʘʯʠʪʠ ʩʪʘʥ ʩʠʩʪʝʤ, ʷʢ̔ ʧʦʟʥʘʯʝʥʦ ʪʦʯʢʘʤʠ. 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 17 ï ɼʽʘʛʨʘʤʘ  ʩʪʘʥʫ çʨʪʫʪʴ-ʢʘʜʤʽʡè 
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167. ʉʢʦʨʠʩʪʘʚʰʠʩʴ ʜʽʘʛʨʘʤʦʶ ʩʪʘʥʫ çʤʘʛʥʽʡ-ʛʝʨʤʘʥʽʡè (ʨʠʩ.18): 
1) ʦʧʠʩʘʪʠ ʦʭʦʣʦʜʞʝʥʥʷ ʨʦʟʧʣʘʚʫ, ʚʠʭʽʜʥʠʡ ʩʪʘʥ ʷʢʦʛʦ ʟʦʙʨʘʞʝʥʦ 

ʪʦʯʢʦʶ ɸ; 
2) ʚʠʟʥʘʯʠʪʠ ʤʘʩʫ ʽ ʩʢʣʘʜ ʬʘʟ, ʥʘ ʷʢʽ ʨʦʟʧʘʜʘʻʪʴʩʷ 10 ʢʛ 90%-ʥʦʛʦ 

ʟʘ ʛʝʨʤʘʥʽʻʤ ʨʦʟʧʣʘʚʫ, ʦʭʦʣʦʜʞʝʥʦʛʦ ʜʦ ʪʦʯʢʠ ɺ; 
3) ʚʠʟʥʘʯʠʪʠ ʩʢʣʘʜ ʝʚʪʝʢʪʠʢʠ ʽ ʪʝʤʧʝʨʘʪʫʨʫ ʾʾ ʟʘʪʚʝʨʜʽʥʥʷ; 
4) ʢ̫ʠʤ ʩʪʘʥʘʤ ʩʠʩʪʝʤʠ ʚʽʜʧʦʚʽʜʘʶʪʴ ʦʙʣʘʩʪʽ; 
5) ʚʠʟʥʘʯʠʪʠ ʩʪʘʥ ʩʠʩʪʝʤ, ʷʢ ̔ʧʦʟʥʘʯʝʥʦ ʪʦʯʢʘʤʠ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 ʈʠʩʫʥʦʢ 18 ï ɼʽʘʛʨʘʤʘ  ʩʪʘʥʫ çʤʘʛʥʽʡ-ʛʝʨʤʘʥʽʡè 
 

168. ʉʢʦʨʠʩʪʘʚʰʠʩʴ ʜʽʘʛʨʘʤʦʶ ʩʪʘʥʫ çʤʘʛʥʽʡ-ʢʘʣʴʮʠʡè (ʨʠʩ.19): 

1) ʦʧʠʩʘʪʠ ʦʭʦʣʦʜʞʝʥʥʷ ʨʦʟʧʣʘʚʫ, ʚʠʭʽʜʥʠʡ ʩʪʘʥ ʷʢʦʛʦ ʟʦʙʨʘʞʝʥʦ 

ʪʦʯʢʦʶ ɸ; 

2) ʚʠʟʥʘʯʠʪʠ ʤʘʩʫ ʽ ʩʢʣʘʜ ʬʘʟ, ʥʘ ʷʢʽ ʨʦʟʧʘʜʘʻʪʴʩʷ 10 ʢʛ 90%-ʥʦʛʦ 

ʟʘ ʢʘʣʴʮʠʻʤ ʨʦʟʧʣʘʚʫ, ʦʭʦʣʦʜʞʝʥʦʛʦ ʜʦ ʪʦʯʢʠ ɺ; 

3) ʚʠʟʥʘʯʠʪʠ ʩʢʣʘʜ ʝʚʪʝʢʪʠʢʠ ʽ ʪʝʤʧʝʨʘʪʫʨʫ ʾʾ ʟʘʪʚʝʨʜʽʥʥʷ; 

4) ʢ̫ʠʤ ʩʪʘʥʘʤ ʩʠʩʪʝʤʠ ʚʽʜʧʦʚʽʜʘʶʪʴ ʦʙʣʘʩʪʽ; 

5) ʚʠʟʥʘʯʠʪʠ ʩʪʘʥ ʩʠʩʪʝʤ, ʷʢ ̔ʧʦʟʥʘʯʝʥʦ ʪʦʯʢʘʤʠ. 
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169. ʉʢʦʨʠʩʪʘʚʰʠʩʴ ʜʽʘʛʨʘʤʦʶ ʩʪʘʥʫ çʘʣʶʤʽʥʽʡ-ʩʢʘʥʜʽʡè (ʨʠʩ.20): 

1) ʦʧʠʩʘʪʠ ʦʭʦʣʦʜʞʝʥʥʷ ʨʦʟʧʣʘʚʫ, ʚʠʭʽʜʥʠʡ ʩʪʘʥ ʷʢʦʛʦ ʟʦʙʨʘʞʝʥʦ 

ʪʦʯʢʦʶ ɸ; 

2) ʚʠʟʥʘʯʠʪʠ ʤʘʩʫ ʽ ʩʢʣʘʜ ʬʘʟ, ʥʘ ʷʢʽ ʨʦʟʧʘʜʘʻʪʴʩʷ 10 ʢʛ 90%-ʥʦʛʦ 

ʟʘ ʩʢʘʥʜʽʻʤ ʨʦʟʧʣʘʚʫ, ʦʭʦʣʦʜʞʝʥʦʛʦ ʜʦ ʪʦʯʢʠ ɺ; 

3) ʚʠʟʥʘʯʠʪʠ ʩʢʣʘʜ ʝʚʪʝʢʪʠʢʠ ʽ ʪʝʤʧʝʨʘʪʫʨʫ ʾʾ ʟʘʪʚʝʨʜʽʥʥʷ; 

4) ʢ̫ʠʤ ʩʪʘʥʘʤ ʩʠʩʪʝʤʠ ʚʽʜʧʦʚʽʜʘʶʪʴ ʦʙʣʘʩʪʽ; 

5) ʚʠʟʥʘʯʠʪʠ ʩʪʘʥ ʩʠʩʪʝʤ, ʷʢ ̔ʧʦʟʥʘʯʝʥʦ ʪʦʯʢʘʤʠ. 
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170. ʉʢʦʨʠʩʪʘʚʰʠʩʴ ʜʽʘʛʨʘʤʦʶ ʩʪʘʥʫ çʤʝʜʴ-ʙʝʨʽʣʽʡè (ʨʠʩ.21): 

1) ʦʧʠʩʘʪʠ ʦʭʦʣʦʜʞʝʥʥʷ ʨʦʟʧʣʘʚʫ, ʚʠʭʽʜʥʠʡ ʩʪʘʥ ʷʢʦʛʦ ʟʦʙʨʘʞʝʥʦ 

ʪʦʯʢʦʶ ɸ; 

2) ʚʠʟʥʘʯʠʪʠ ʩʢʣʘʜ ʝʚʪʝʢʪʠʢʠ ʽ ʪʝʤʧʝʨʘʪʫʨʫ ʾʾ ʟʘʪʚʝʨʜʽʥʥʷ; 

3) ʢ̫ʠʤ ʩʪʘʥʘʤ ʩʠʩʪʝʤʠ ʚʽʜʧʦʚʽʜʘʶʪʴ ʦʙʣʘʩʪʽ; 

4) ʚʠʟʥʘʯʠʪʠ ʩʪʘʥ ʩʠʩʪʝʤ, ʷʢ ̔ʧʦʟʥʘʯʝʥʦ ʪʦʯʢʘʤʠ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 21 ï ɼʽʘʛʨʘʤʘ  ʩʪʘʥʫ çʤʝʜʴ-ʙʝʨʽʣʽʡè 

 

171. ʉʢʦʨʠʩʪʘʚʰʠʩʴ ʜʽʘʛʨʘʤʦʶ ʩʪʘʥʫ çʘʣʶʤʽʥʽʡ-ʙʘʨʽʡè (ʨʠʩ.22): 

1) ʦʧʠʩʘʪʠ ʦʭʦʣʦʜʞʝʥʥʷ ʨʦʟʧʣʘʚʫ, ʚʠʭʽʜʥʠʡ ʩʪʘʥ ʷʢʦʛʦ ʟʦʙʨʘʞʝʥʦ ʪʦ-

ʯʢʦʶ ɸ; 

2) ʚʠʟʥʘʯʠʪʠ ʤʘʩʫ ʽ ʩʢʣʘʜ ʬʘʟ, ʥʘ ʷʢʽ ʨʦʟʧʘʜʘʻʪʴʩʷ 10 ʢʛ 90%-ʥʦʛʦ 

ʟʘ ʙʘʨʽʻʤ ʨʦʟʧʣʘʚʫ, ʦʭʦʣʦʜʞʝʥʦʛʦ ʜʦ ʪʦʯʢʠ ɺ; 

3) ʚʠʟʥʘʯʠʪʠ ʩʢʣʘʜ ʝʚʪʝʢʪʠʢʠ ʽ ʪʝʤʧʝʨʘʪʫʨʫ ʾʾ ʟʘʪʚʝʨʜʽʥʥʷ; 

4) ʢ̫ʠʤ ʩʪʘʥʘʤ ʩʠʩʪʝʤʠ ʚʽʜʧʦʚʽʜʘʶʪʴ ʦʙʣʘʩʪʽ; 

5) ʚʠʟʥʘʯʠʪʠ ʩʪʘʥ ʩʠʩʪʝʤ, ʷʢ ̔ʧʦʟʥʘʯʝʥʦ ʪʦʯʢʘʤʠ. 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 22 ï ɼʽʘʛʨʘʤʘ  ʩʪʘʥʫ çʘʣʶʤʽʥʽʡ-ʙʘʨʽʡè 
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172. ʉʢʦʨʠʩʪʘʚʰʠʩʴ ʜʽʘʛʨʘʤʦʶ ʩʪʘʥʫ çʥʽʦʙʽʡ-ʢʦʙʘʣʴʪè (ʨʠʩ.23): 

1) ʦʧʠʩʘʪʠ ʦʭʦʣʦʜʞʝʥʥʷ ʨʦʟʧʣʘʚʫ, ʚʠʭʽʜʥʠʡ ʩʪʘʥ ʷʢʦʛʦ ʟʦʙʨʘʞʝʥʦ 

ʪʦʯʢʦʶ ɸ; 

2) ʚʠʟʥʘʯʠʪʠ ʤʘʩʫ ʽ ʩʢʣʘʜ ʬʘʟ, ʥʘ ʷʢʽ ʨʦʟʧʘʜʘʻʪʴʩʷ 10 ʢʛ 90%-ʥʦʛʦ 

ʟʘ ʢʦʙʘʣʴʪʦʤ ʨʦʟʧʣʘʚʫ, ʦʭʦʣʦʜʞʝʥʦʛʦ ʜʦ ʪʦʯʢʠ ɺ; 

3) ʚʠʟʥʘʯʠʪʠ ʩʢʣʘʜ ʝʚʪʝʢʪʠʢʠ ʽ ʪʝʤʧʝʨʘʪʫʨʫ ʾʾ ʟʘʪʚʝʨʜʽʥʥʷ; 

4) ʢ̫ʠʤ ʩʪʘʥʘʤ ʩʠʩʪʝʤʠ ʚʽʜʧʦʚʽʜʘʶʪʴ ʦʙʣʘʩʪʽ; 

5) ʚʠʟʥʘʯʠʪʠ ʩʪʘʥ ʩʠʩʪʝʤ, ʷʢ ̔ʧʦʟʥʘʯʝʥʦ ʪʦʯʢʘʤʠ. 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 23 ï ɼʽʘʛʨʘʤʘ  ʩʪʘʥʫ çʥʽʦʙʽʡ-ʢʦʙʘʣʴʪè 

173. ʉʢʦʨʠʩʪʘʚʰʠʩʴ ʜʽʘʛʨʘʤʦʶ ʩʪʘʥʫ çʚʽʩʤʫʪ-ʩʚʽʥʝʮʴè (ʨʠʩ.24): 

1) ʦʧʠʩʘʪʠ ʦʭʦʣʦʜʞʝʥʥʷ ʨʦʟʧʣʘʚʫ, ʚʠʭʽʜʥʠʡ ʩʪʘʥ ʷʢʦʛʦ ʟʦʙʨʘʞʝʥʦ ʪʦʯ-

ʢʦʶ ɸ; 

2) ʚʠʟʥʘʯʠʪʠ ʤʘʩʫ ʽ ʩʢʣʘʜ ʬʘʟ, ʥʘ ʷʢʽ ʨʦʟʧʘʜʘʻʪʴʩʷ 10 ʢʛ 90%-ʥʦʛʦ ʟʘ 

ʩʚʠʥʮʝʤ ʨʦʟʧʣʘʚʫ, ʦʭʦʣʦʜʞʝʥʦʛʦ ʜʦ ʪʦʯʢʠ ɺ; 

3) ʚʠʟʥʘʯʠʪʠ ʩʢʣʘʜ ʝʚʪʝʢʪʠʢʠ ʽ ʪʝʤʧʝʨʘʪʫʨʫ ʾʾ ʟʘʪʚʝʨʜʽʥʥʷ; 

4) ʢ̫ʠʤ ʩʪʘʥʘʤ ʩʠʩʪʝʤʠ ʚʽʜʧʦʚʽʜʘʶʪʴ ʦʙʣʘʩʪʽ; 

5) ʚʠʟʥʘʯʠʪʠ  ʩʪʘʥ ʩʠʩʪʝʤ, ʷʢʽ  ʧʦʟʥʘʯʝʥʦ ʪʦʯʢʘʤʠ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 24 ï ɼʽʘʛʨʘʤʘ  ʩʪʘʥʫ çʚʽʩʤʫʪ-ʩʚʠʥʝʮʴè 
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174. ʉʢʦʨʠʩʪʘʚʰʠʩʴ ʜʽʘʛʨʘʤʦʶ ʩʪʘʥʫ çʟʦʣʦʪʦ-ʚʽʩʤʫʪè (ʨʠʩ.25): 
1) ʦʧʠʩʘʪʠ ʦʭʦʣʦʜʞʝʥʥʷ ʨʦʟʧʣʘʚʫ, ʚʠʭʽʜʥʠʡ ʩʪʘʥ ʷʢʦʛʦ ʟʦʙʨʘʞʝʥʦ 

ʪʦʯʢʦʶ ɸ; 
2) ʚʠʟʥʘʯʠʪʠ ʤʘʩʫ ʽ ʩʢʣʘʜ ʬʘʟ, ʥʘ ʷʢʽ ʨʦʟʧʘʜʘʻʪʴʩʷ 10 ʢʛ 90%-ʥʦʛʦ 

ʟʘ ʚ̔ʩʤʫʪʦʤ ʨʦʟʧʣʘʚʫ, ʦʭʦʣʦʜʞʝʥʦʛʦ ʜʦ ʪʦʯʢʠ ɺ; 
3) ʚʠʟʥʘʯʠʪʠ ʩʢʣʘʜ ʝʚʪʝʢʪʠʢʠ ʽ ʪʝʤʧʝʨʘʪʫʨʫ ʾʾ ʟʘʪʚʝʨʜʽʥʥʷ; 
4) ʢ̫ʠʤ ʩʪʘʥʘʤ ʩʠʩʪʝʤʠ ʚʽʜʧʦʚʽʜʘʶʪʴ ʦʙʣʘʩʪʽ; 
5) ʚʠʟʥʘʯʠʪʠ  ʩʪʘʥ ʩʠʩʪʝʤ, ʷʢʽ  ʧʦʟʥʘʯʝʥʦ ʪʦʯʢʘʤʠ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

ʈʠʩʫʥʦʢ 25 ï ɼʽʘʛʨʘʤʘ  ʩʪʘʥʫ çʟʦʣʦʪʦ-ʚ̔ʩʤʫʪè 
 

175. ʉʢʦʨʠʩʪʘʚʰʠʩʴ ʜʽʘʛʨʘʤʦʶ ʩʪʘʥʫ çʘʣʶʤʽʥʽʡ-ʢʨʝʤʥʽʡè (ʨʠʩ.26): 
1) ʦʧʠʩʘʪʠ ʦʭʦʣʦʜʞʝʥʥʷ ʨʦʟʧʣʘʚʫ, ʚʠʭʽʜʥʠʡ ʩʪʘʥ ʷʢʦʛʦ ʟʦʙʨʘʞʝʥʦ 

ʪʦʯʢʦʶ ɸ; 
2) ʚʠʟʥʘʯʠʪʠ ʤʘʩʫ ʽ ʩʢʣʘʜ ʬʘʟ, ʥʘ ʷʢʽ ʨʦʟʧʘʜʘʻʪʴʩʷ 10 ʢʛ 90%-ʥʦʛʦ 

ʟʘ ʢʨʝʤʥʽʻʤ ʨʦʟʧʣʘʚʫ, ʦʭʦʣʦʜʞʝʥʦʛʦ ʜʦ ʪʦʯʢʠ ɺ; 
3) ʚʠʟʥʘʯʠʪʠ ʩʢʣʘʜ ʝʚʪʝʢʪʠʢʠ ʽ ʪʝʤʧʝʨʘʪʫʨʫ ʾʾ ʟʘʪʚʝʨʜʽʥʥʷ; 
4) ʢ̫ʠʤ ʩʪʘʥʘʤ ʩʠʩʪʝʤʠ ʚʽʜʧʦʚʽʜʘʶʪʴ ʦʙʣʘʩʪʽ; 
5) ʚʠʟʥʘʯʠʪʠ  ʩʪʘʥ ʩʠʩʪʝʤ, ʷʢʽ  ʧʦʟʥʘʯʝʥʦ ʪʦʯʢʘʤʠ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 26 ï ɼʽʘʛʨʘʤʘ  ʩʪʘʥʫ çʘʣʶʤʽʥʽʡ-ʢʨʝʤʥʽʡè 
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176. ʉʢʦʨʠʩʪʘʚʰʠʩʴ ʜʽʘʛʨʘʤʦʶ ʩʪʘʥʫ çʥʽʢʝʣʴ-ʚʫʛʣʝʮʴè (ʨʠʩ.27): 

1) ʦʧʠʩʘʪʠ ʦʭʦʣʦʜʞʝʥʥʷ ʨʦʟʧʣʘʚʫ, ʚʠʭʽʜʥʠʡ ʩʪʘʥ ʷʢʦʛʦ ʟʦʙʨʘʞʝʥʦ ʪʦʯ-

ʢʦʶ ɸ; 

2) ʚʠʟʥʘʯʠʪʠ ʩʢʣʘʜ ʝʚʪʝʢʪʠʢʠ ʽ ʪʝʤʧʝʨʘʪʫʨʫ ʾʾ ʟʘʪʚʝʨʜʽʥʥʷ; 

3) ʢ̫ʠʤ ʩʪʘʥʘʤ ʩʠʩʪʝʤʠ ʚʽʜʧʦʚʽʜʘʶʪʴ ʦʙʣʘʩʪʽ; 

4) ʚʠʟʥʘʯʠʪʠ  ʩʪʘʥ ʩʠʩʪʝʤ, ʷʢʽ  ʧʦʟʥʘʯʝʥʦ ʪʦʯʢʘʤʠ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 27 ï ɼʽʘʛʨʘʤʘ  ʩʪʘʥʫ çʥʽʢʝʣʴ-ʚʫʛʣʝʮʴè 
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177. ʉʢʦʨʠʩʪʘʚʰʠʩʴ ʜʽʘʛʨʘʤʦʶ ʩʪʘʥʫ çʚʦʣʴʬʨʘʤ-ʛʘʬʥʽʡè (ʨʠʩ.28): 

1) ʦʧʠʩʘʪʠ ʦʭʦʣʦʜʞʝʥʥʷ ʨʦʟʧʣʘʚʫ, ʚʠʭʽʜʥʠʡ ʩʪʘʥ ʷʢʦʛʦ ʟʦʙʨʘʞʝʥʦ 

ʪʦʯʢʦʶ ɸ; 

2) ʚʠʟʥʘʯʠʪʠ ʤʘʩʫ ʽ ʩʢʣʘʜ ʬʘʟ, ʥʘ ʷʢʽ ʨʦʟʧʘʜʘʻʪʴʩʷ 10 ʢʛ 90%-ʥʦʛʦ 

ʟʘ ʛʘʬʥʽʻʤ ʨʦʟʧʣʘʚʫ, ʦʭʦʣʦʜʞʝʥʦʛʦ ʜʦ ʪʦʯʢʠ ɺ; 

3) ʚʠʟʥʘʯʠʪʠ ʩʢʣʘʜ ʝʚʪʝʢʪʠʢʠ ʽ ʪʝʤʧʝʨʘʪʫʨʫ ʾʾ ʟʘʪʚʝʨʜʽʥʥʷ; 

4) ʢ̫ʠʤ ʩʪʘʥʘʤ ʩʠʩʪʝʤʠ ʚʽʜʧʦʚʽʜʘʶʪʴ ʦʙʣʘʩʪʽ; 

5) ʚʠʟʥʘʯʠʪʠ  ʩʪʘʥ ʩʠʩʪʝʤ, ʷʢʽ  ʧʦʟʥʘʯʝʥʦ ʪʦʯʢʘʤʠ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 28 ï ɼʽʘʛʨʘʤʘ  ʩʪʘʥʫ çʚʦʣʴʬʨʘʤ-ʛʘʬʥʽʡè 

 

178. ʉʢʦʨʠʩʪʘʚʰʠʩʴ ʜʽʘʛʨʘʤʦʶ ʩʪʘʥʫ çʘʣʶʤʽʥʽʡ-ʤʝʜʴè (ʨʠʩ.29): 

1) ʦʧʠʩʘʪʠ ʦʭʦʣʦʜʞʝʥʥʷ ʨʦʟʧʣʘʚʫ, ʚʠʭʽʜʥʠʡ ʩʪʘʥ ʷʢʦʛʦ ʟʦʙʨʘʞʝʥʦ ʪʦʯ-

ʢʦʶ ɸ; 

2) ʚʠʟʥʘʯʠʪʠ ʩʢʣʘʜ ʝʚʪʝʢʪʠʢʠ ʽ ʪʝʤʧʝʨʘʪʫʨʫ ʾʾ ʟʘʪʚʝʨʜʽʥʥʷ; 

3) ʢ̫ʠʤ ʩʪʘʥʘʤ ʩʠʩʪʝʤʠ ʚʽʜʧʦʚʽʜʘʶʪʴ ʦʙʣʘʩʪʽ; 

4) ʚʠʟʥʘʯʠʪʠ  ʩʪʘʥ ʩʠʩʪʝʤ, ʷʢʽ  ʧʦʟʥʘʯʝʥʦ ʪʦʯʢʘʤʠ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 29 ï ɼʽʘʛʨʘʤʘ  ʩʪʘʥʫ çʘʣʶʤʽʥʽʡ-ʤʝʜʴè 
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179. ʉʢʦʨʠʩʪʘʚʰʠʩʴ ʜʽʘʛʨʘʤʦʶ ʩʪʘʥʫ çʘʣʶʤʽʥʽʡ-ʛʝʨʤʘʥʽʡè (ʨʠʩ.30): 

1) ʦʧʠʩʘʪʠ ʦʭʦʣʦʜʞʝʥʥʷ ʨʦʟʧʣʘʚʫ, ʚʠʭʽʜʥʠʡ ʩʪʘʥ ʷʢʦʛʦ ʟʦʙʨʘʞʝʥʦ ʪʦʯ-

ʢʦʶ ɸ; 

2) ʚʠʟʥʘʯʠʪʠ ʤʘʩʫ ʽ ʩʢʣʘʜ ʬʘʟ, ʥʘ ʷʢʽ ʨʦʟʧʘʜʘʻʪʴʩʷ 10 ʢʛ 90%-ʥʦʛʦ ʟʘ ʛʝ-

ʨʤʘʥʽʻʤ ʨʦʟʧʣʘʚʫ, ʦʭʦʣʦʜʞʝʥʦʛʦ ʜʦ ʪʦʯʢʠ ɺ; 

3) ʚʠʟʥʘʯʠʪʠ ʩʢʣʘʜ ʝʚʪʝʢʪʠʢʠ ʽ ʪʝʤʧʝʨʘʪʫʨʫ ʾʾ ʟʘʪʚʝʨʜʽʥʥʷ; 

4) ʢ̫ʠʤ ʩʪʘʥʘʤ ʩʠʩʪʝʤʠ ʚʽʜʧʦʚʽʜʘʶʪʴ ʦʙʣʘʩʪʽ; 

5) ʚʠʟʥʘʯʠʪʠ  ʩʪʘʥ ʩʠʩʪʝʤ, ʷʢʽ  ʧʦʟʥʘʯʝʥʦ ʪʦʯʢʘʤʠ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 30 ï ɼʽʘʛʨʘʤʘ  ʩʪʘʥʫ çʘʣʶʤʽʥʽʡ-ʛʝʨʤʘʥʽʡè 
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180. ʉʢʦʨʠʩʪʘʚʰʠʩʴ ʜʽʘʛʨʘʤʦʶ ʩʪʘʥʫ çʭʨʦʤ-ʚʫʛʣʝʮʴè (ʨʠʩ.31): 

1) ʦʧʠʩʘʪʠ ʦʭʦʣʦʜʞʝʥʥʷ ʨʦʟʧʣʘʚʫ, ʚʠʭʽʜʥʠʡ ʩʪʘʥ ʷʢʦʛʦ ʟʦʙʨʘʞʝʥʦ 

ʪʦʯʢʦʶ ɸ; 

2) ʚʠʟʥʘʯʠʪʠ ʩʢʣʘʜ ʝʚʪʝʢʪʠʢʠ ʽ ʪʝʤʧʝʨʘʪʫʨʫ ʾʾ ʟʘʪʚʝʨʜʽʥʥʷ; 

3) ʢ̫ʠʤ ʩʪʘʥʘʤ ʩʠʩʪʝʤʠ ʚʽʜʧʦʚʽʜʘʶʪʴ ʦʙʣʘʩʪʽ; 

4) ʚʠʟʥʘʯʠʪʠ  ʩʪʘʥ ʩʠʩʪʝʤ, ʷʢʽ  ʧʦʟʥʘʯʝʥʦ ʪʦʯʢʘʤʠ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 31 ï ɼʽʘʛʨʘʤʘ  ʩʪʘʥʫ çʭʨʦʤ-ʚʫʛʣʝʮʴè 

 

 

181. ʉʢʦʨʠʩʪʘʚʰʠʩʴ ʜʽʘʛʨʘʤʦʶ ʩʪʘʥʫ çʘʣʶʤʽʥʽʡ-ʛʝʨʤʘʥʽʡè (ʨʠʩ.32): 

1) ʦʧʠʩʘʪʠ ʦʭʦʣʦʜʞʝʥʥʷ ʨʦʟʧʣʘʚʫ, ʚʠʭʽʜʥʠʡ ʩʪʘʥ ʷʢʦʛʦ ʟʦʙʨʘʞʝʥʦ 

ʪʦʯʢʦʶ ɸ; 

2) ʚʠʟʥʘʯʠʪʠ ʤʘʩʫ ʽ ʩʢʣʘʜ ʬʘʟ, ʥʘ ʷʢʽ ʨʦʟʧʘʜʘʻʪʴʩʷ 10 ʢʛ 90%-ʥʦʛʦ 

ʟʘ ʛʝʨʤʘʥʽʻʤ ʨʦʟʧʣʘʚʫ, ʦʭʦʣʦʜʞʝʥʦʛʦ ʜʦ ʪʦʯʢʠ ɺ; 

3) ʚʠʟʥʘʯʠʪʠ ʩʢʣʘʜ ʝʚʪʝʢʪʠʢʠ ʽ ʪʝʤʧʝʨʘʪʫʨʫ ʾʾ ʟʘʪʚʝʨʜʽʥʥʷ; 

4) ʢ̫ʠʤ ʩʪʘʥʘʤ ʩʠʩʪʝʤʠ ʚʽʜʧʦʚʽʜʘʶʪʴ ʦʙʣʘʩʪʽ; 

5) ʚʠʟʥʘʯʠʪʠ  ʩʪʘʥ ʩʠʩʪʝʤ, ʷʢʽ  ʧʦʟʥʘʯʝʥʦ ʪʦʯʢʘʤʠ. 
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ʈʠʩʫʥʦʢ 32 ï ɼʽʘʛʨʘʤʘ  ʩʪʘʥʫ çʤʘʛʥʽʡ-ʛʝʨʤʘʥʽʡè 

 

 

182. ʉʢʦʨʠʩʪʘʚʰʠʩʴ ʜʽʘʛʨʘʤʦʶ ʩʪʘʥʫ çʤʽʜʴ-ʩʨʽʙʣʦè (ʨʠʩ.33): 

1) ʦʧʠʩʘʪʠ ʦʭʦʣʦʜʞʝʥʥʷ ʨʦʟʧʣʘʚʫ, ʚʠʭʽʜʥʠʡ ʩʪʘʥ ʷʢʦʛʦ ʟʦʙʨʘʞʝʥʦ 

ʪʦʯʢʦʶ ɸ; 

2) ʚʠʟʥʘʯʠʪʠ ʤʘʩʫ ʽ ʩʢʣʘʜ ʬʘʟ, ʥʘ ʷʢʽ ʨʦʟʧʘʜʘʻʪʴʩʷ 10 ʢʛ 90%-ʥʦʛʦ 

ʟʘ ʢʨʝʤʥʽʻʤ ʨʦʟʧʣʘʚʫ, ʦʭʦʣʦʜʞʝʥʦʛʦ ʜʦ ʪʦʯʢʠ ɺ; 

3) ʚʠʟʥʘʯʠʪʠ ʩʢʣʘʜ ʝʚʪʝʢʪʠʢʠ ʽ ʪʝʤʧʝʨʘʪʫʨʫ ʾʾ ʟʘʪʚʝʨʜʽʥʥʷ; 

4) ʢ̫ʠʤ ʩʪʘʥʘʤ ʩʠʩʪʝʤʠ ʚʽʜʧʦʚʽʜʘʶʪʴ ʦʙʣʘʩʪʽ; 

5) ʚʠʟʥʘʯʠʪʠ  ʩʪʘʥ ʩʠʩʪʝʤ, ʷʢʽ  ʧʦʟʥʘʯʝʥʦ ʪʦʯʢʘʤʠ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 33 ï ɼʽʘʛʨʘʤʘ  ʩʪʘʥʫ çʤʝʜʴ-ʩʨʽʙʣʦè 
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83. ʉʢʦʨʠʩʪʘʚʰʠʩʴ ʜʽʘʛʨʘʤʦʶ ʩʪʘʥʫ çʪʽʪʘʥ-ʚʦʣʴʬʨʘʤè (ʨʠʩ.34): 

1) ʦʧʠʩʘʪʠ ʦʭʦʣʦʜʞʝʥʥʷ ʨʦʟʧʣʘʚʫ, ʚʠʭʽʜʥʠʡ ʩʪʘʥ ʷʢʦʛʦ ʟʦʙʨʘʞʝʥʦ ʪʦʯ-

ʢʦʶ ɸ; 

2) ʚʠʟʥʘʯʠʪʠ ʤʘʩʫ ʽ ʩʢʣʘʜ ʬʘʟ, ʥʘ ʷʢʽ ʨʦʟʧʘʜʘʻʪʴʩʷ 10 ʢʛ 90%-ʥʦʛʦ ʟʘ 

ʢʨʝʤʥʽʻʤ ʨʦʟʧʣʘʚʫ, ʦʭʦʣʦʜʞʝʥʦʛʦ ʜʦ ʪʦʯʢʠ ɺ; 

3) ʚʠʟʥʘʯʠʪʠ ʩʢʣʘʜ ʝʚʪʝʢʪʠʢʠ ʽ ʪʝʤʧʝʨʘʪʫʨʫ ʾʾ ʟʘʪʚʝʨʜʽʥʥʷ; 

4) ʢ̫ʠʤ ʩʪʘʥʘʤ ʩʠʩʪʝʤʠ ʚʽʜʧʦʚʽʜʘʶʪʴ ʦʙʣʘʩʪʽ; 

5) ʚʠʟʥʘʯʠʪʠ  ʩʪʘʥ ʩʠʩʪʝʤ, ʷʢʽ  ʧʦʟʥʘʯʝʥʦ ʪʦʯʢʘʤʠ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 34 ï ɼʽʘʛʨʘʤʘ  ʩʪʘʥʫ çʪʽʪʘʥ-ʚʦʣʴʬʨʘʤè 

 

 

184. ʉʢʦʨʠʩʪʘʚʰʠʩʴ ʜʽʘʛʨʘʤʦʶ ʩʪʘʥʫ çʘʣʶʤʽʥʽʡ-ʛʝʨʤʘʥʽʡè (ʨʠʩ.35): 

1) ʦʧʠʩʘʪʠ ʦʭʦʣʦʜʞʝʥʥʷ ʨʦʟʧʣʘʚʫ, ʚʠʭʽʜʥʠʡ ʩʪʘʥ ʷʢʦʛʦ ʟʦʙʨʘʞʝʥʦ 

ʪʦʯʢʦʶ ɸ; 

2) ʚʠʟʥʘʯʠʪʠ ʩʢʣʘʜ ʝʚʪʝʢʪʠʢʠ ʽ ʪʝʤʧʝʨʘʪʫʨʫ ʾʾ ʟʘʪʚʝʨʜʽʥʥʷ; 

3) ʢ̫ʠʤ ʩʪʘʥʘʤ ʩʠʩʪʝʤʠ ʚʽʜʧʦʚʽʜʘʶʪʴ ʦʙʣʘʩʪʽ; 

4) ʚʠʟʥʘʯʠʪʠ  ʩʪʘʥ ʩʠʩʪʝʤ, ʷʢʽ  ʧʦʟʥʘʯʝʥʦ ʪʦʯʢʘʤʠ. 
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ʈʠʩʫʥʦʢ 35 ï ɼʽʘʛʨʘʤʘ  ʩʪʘʥʫ çʩʨʽʙʣʦ-ʄgè 

 

185. ʉʢʦʨʠʩʪʘʚʰʠʩʴ ʜʽʘʛʨʘʤʦʶ ʩʪʘʥʫ çʪʽʪʘʥ-ʦʩʤʽʡè (ʨʠʩ.36): 

1) ʦʧʠʩʘʪʠ ʦʭʦʣʦʜʞʝʥʥʷ ʨʦʟʧʣʘʚʫ, ʚʠʭʽʜʥʠʡ ʩʪʘʥ ʷʢʦʛʦ ʟʦʙʨʘʞʝʥʦ 

ʪʦʯʢʦʶ ɸ; 

2) ʚʠʟʥʘʯʠʪʠ ʤʘʩʫ ʽ ʩʢʣʘʜ ʬʘʟ, ʥʘ ʷʢʽ ʨʦʟʧʘʜʘʻʪʴʩʷ 10 ʢʛ 90%-ʥʦʛʦ 

ʟʘ ʦʩʤʽʻʤ ʨʦʟʧʣʘʚʫ, ʦʭʦʣʦʜʞʝʥʦʛʦ ʜʦ ʪʦʯʢʠ ɺ; 

3) ʚʠʟʥʘʯʠʪʠ ʩʢʣʘʜ ʝʚʪʝʢʪʠʢʠ ʽ ʪʝʤʧʝʨʘʪʫʨʫ ʾʾ ʟʘʪʚʝʨʜʽʥʥʷ; 

4) ʢ̫ʠʤ ʩʪʘʥʘʤ ʩʠʩʪʝʤʠ ʚʽʜʧʦʚʽʜʘʶʪʴ ʦʙʣʘʩʪʽ; 

5) ʚʠʟʥʘʯʠʪʠ  ʩʪʘʥ ʩʠʩʪʝʤ, ʷʢʽ  ʧʦʟʥʘʯʝʥʦ ʪʦʯʢʘʤʠ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 36 ï ɼʽʘʛʨʘʤʘ  ʩʪʘʥʫ çʪʽʪʘʥ-ʦʩʤʽʡè 
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186. ʉʢʦʨʠʩʪʘʚʰʠʩʴ ʜʽʘʛʨʘʤʦʶ ʩʪʘʥʫ çʨʪʫʪʴ-ʢʘʜʤʽʡè (ʨʠʩ.37): 

1) ʦʧʠʩʘʪʠ ʦʭʦʣʦʜʞʝʥʥʷ ʨʦʟʧʣʘʚʫ, ʚʠʭʽʜʥʠʡ ʩʪʘʥ ʷʢʦʛʦ ʟʦʙʨʘʞʝʥʦ 

ʪʦʯʢʦʶ ɸ; 

2) ʚʠʟʥʘʯʠʪʠ ʤʘʩʫ ʽ ʩʢʣʘʜ ʬʘʟ, ʥʘ ʷʢʽ ʨʦʟʧʘʜʘʻʪʴʩʷ 10 ʢʛ 90%-ʥʦʛʦ 

ʟʘ ʢʘʜʤʽʻʤ ʨʦʟʧʣʘʚʫ, ʦʭʦʣʦʜʞʝʥʦʛʦ ʜʦ ʪʦʯʢʠ ɺ; 

3) ʚʠʟʥʘʯʠʪʠ ʩʢʣʘʜ ʝʚʪʝʢʪʠʢʠ ʽ ʪʝʤʧʝʨʘʪʫʨʫ ʾʾ ʟʘʪʚʝʨʜʽʥʥʷ; 

4) ʢ̫ʠʤ ʩʪʘʥʘʤ ʩʠʩʪʝʤʠ ʚʽʜʧʦʚʽʜʘʶʪʴ ʦʙʣʘʩʪʽ; 

5) ʚʠʟʥʘʯʠʪʠ  ʩʪʘʥ ʩʠʩʪʝʤ, ʷʢʽ  ʧʦʟʥʘʯʝʥʦ ʪʦʯʢʘʤʠ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 37 ï ɼʽʘʛʨʘʤʘ  ʩʪʘʥʫ çʨʪʫʪʴ-ʢʘʜʤʽʡè 

 

 

187. ʉʢʦʨʠʩʪʘʚʰʠʩʴ ʜʽʘʛʨʘʤʦʶ ʩʪʘʥʫ çʩʚʠʥʝʮʴ-ʦʣʦʚʦè (ʨʠʩ.38): 

1) ʦʧʠʩʘʪʠ ʦʭʦʣʦʜʞʝʥʥʷ ʨʦʟʧʣʘʚʫ, ʚʠʭʽʜʥʠʡ ʩʪʘʥ ʷʢʦʛʦ ʟʦʙʨʘʞʝʥʦ 

ʪʦʯʢʦʶ ɸ; 

2) ʚʠʟʥʘʯʠʪʠ ʤʘʩʫ ʽ ʩʢʣʘʜ ʬʘʟ, ʥʘ ʷʢʽ ʨʦʟʧʘʜʘʻʪʴʩʷ 10 ʢʛ 90%-ʥʦʛʦ 

ʟʘ ʦʣʦʚʦʤ ʨʦʟʧʣʘʚʫ, ʦʭʦʣʦʜʞʝʥʦʛʦ ʜʦ ʪʦʯʢʠ ɺ; 

3) ʚʠʟʥʘʯʠʪʠ ʩʢʣʘʜ ʝʚʪʝʢʪʠʢʠ ʽ ʪʝʤʧʝʨʘʪʫʨʫ ʾʾ ʟʘʪʚʝʨʜʽʥʥʷ; 

4) ʢ̫ʠʤ ʩʪʘʥʘʤ ʩʠʩʪʝʤʠ ʚʽʜʧʦʚʽʜʘʶʪʴ ʦʙʣʘʩʪʽ; 

5) ʚʠʟʥʘʯʠʪʠ  ʩʪʘʥ ʩʠʩʪʝʤ, ʷʢʽ  ʧʦʟʥʘʯʝʥʦ ʪʦʯʢʘʤʠ. 
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188. ʉʢʦʨʠʩʪʘʚʰʠʩʴ ʜʽʘʛʨʘʤʦʶ ʩʪʘʥʫ çʦʣʦʚʦ-ʮʽʥʢè (ʨʠʩ.39): 

1) ʦʧʠʩʘʪʠ ʦʭʦʣʦʜʞʝʥʥʷ ʨʦʟʧʣʘʚʫ, ʚʠʭʽʜʥʠʡ ʩʪʘʥ ʷʢʦʛʦ ʟʦʙʨʘʞʝʥʦ 

ʪʦʯʢʦʶ ɸ; 

2) ʚʠʟʥʘʯʠʪʠ ʤʘʩʫ ʽ ʩʢʣʘʜ ʬʘʟ, ʥʘ ʷʢʽ ʨʦʟʧʘʜʘʻʪʴʩʷ 10 ʢʛ 90%-ʥʦʛʦ 

ʟʘ ʢʨʝʤʥʽʻʤ ʨʦʟʧʣʘʚʫ, ʦʭʦʣʦʜʞʝʥʦʛʦ ʜʦ ʪʦʯʢʠ ɺ; 

3) ʚʠʟʥʘʯʠʪʠ ʩʢʣʘʜ ʝʚʪʝʢʪʠʢʠ ʽ ʪʝʤʧʝʨʘʪʫʨʫ ʾʾ ʟʘʪʚʝʨʜʽʥʥʷ; 

4) ʢ̫ʠʤ ʩʪʘʥʘʤ ʩʠʩʪʝʤʠ ʚʽʜʧʦʚʽʜʘʶʪʴ ʦʙʣʘʩʪʽ; 

5) ʚʠʟʥʘʯʠʪʠ  ʩʪʘʥ ʩʠʩʪʝʤ, ʷʢʽ  ʧʦʟʥʘʯʝʥʦ ʪʦʯʢʘʤʠ. 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 39 ï ɼʽʘʛʨʘʤʘ  ʩʪʘʥʫ çʦʣʦʚʦ-ʮʽʥʢè 

 

189. ʉʢʦʨʠʩʪʘʚʰʠʩʴ ʜʽʘʛʨʘʤʦʶ ʩʪʘʥʫ çʘʣʶʤʽʥʽʡ-ʛʝʨʤʘʥʽʡè (ʨʠʩ.40): 

1) ʦʧʠʩʘʪʠ ʦʭʦʣʦʜʞʝʥʥʷ ʨʦʟʧʣʘʚʫ, ʚʠʭʽʜʥʠʡ ʩʪʘʥ ʷʢʦʛʦ ʟʦʙʨʘʞʝʥʦ 

ʪʦʯʢʦʶ ɸ; 

2) ʚʠʟʥʘʯʠʪʠ ʤʘʩʫ ʽ ʩʢʣʘʜ ʬʘʟ, ʥʘ ʷʢʽ ʨʦʟʧʘʜʘʻʪʴʩʷ 10 ʢʛ 90%-ʥʦʛʦ 

ʟʘ ʚʦʣʴʬʨʘʤʦʤ ʨʦʟʧʣʘʚʫ, ʦʭʦʣʦʜʞʝʥʦʛʦ ʜʦ ʪʦʯʢʠ ɺ; 

3) ʚʠʟʥʘʯʠʪʠ ʩʢʣʘʜ ʝʚʪʝʢʪʠʢʠ ʽ ʪʝʤʧʝʨʘʪʫʨʫ ʾʾ ʟʘʪʚʝʨʜʽʥʥʷ; 

4) ʢ̫ʠʤ ʩʪʘʥʘʤ ʩʠʩʪʝʤʠ ʚʽʜʧʦʚʽʜʘʶʪʴ ʦʙʣʘʩʪʽ; 

5) ʚʠʟʥʘʯʠʪʠ  ʩʪʘʥ ʩʠʩʪʝʤ, ʷʢʽ  ʧʦʟʥʘʯʝʥʦ ʪʦʯʢʘʤʠ. 
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190. ʉʢʦʨʠʩʪʘʚʰʠʩʴ ʜʽʘʛʨʘʤʦʶ ʩʪʘʥʫ çʟʘʣʽʟʦ-ʤʝʜʴè (ʨʠʩ.41): 

1) ʦʧʠʩʘʪʠ ʦʭʦʣʦʜʞʝʥʥʷ ʨʦʟʧʣʘʚʫ, ʚʠʭʽʜʥʠʡ ʩʪʘʥ ʷʢʦʛʦ ʟʦʙʨʘʞʝʥʦ 

ʪʦʯʢʦʶ ɸ; 

2) ʚʠʟʥʘʯʠʪʠ ʤʘʩʫ ʽ ʩʢʣʘʜ ʬʘʟ, ʥʘ ʷʢʽ ʨʦʟʧʘʜʘʻʪʴʩʷ 10 ʢʛ 90%-ʥʦʛʦ 

ʟʘ ʢʨʝʤʥʽʻʤ ʨʦʟʧʣʘʚʫ, ʦʭʦʣʦʜʞʝʥʦʛʦ ʜʦ ʪʦʯʢʠ ɺ; 

3) ʚʠʟʥʘʯʠʪʠ ʩʢʣʘʜ ʝʚʪʝʢʪʠʢʠ ʽ ʪʝʤʧʝʨʘʪʫʨʫ ʾʾ ʟʘʪʚʝʨʜʽʥʥʷ; 

4) ʢ̫ʠʤ ʩʪʘʥʘʤ ʩʠʩʪʝʤʠ ʚʽʜʧʦʚʽʜʘʶʪʴ ʦʙʣʘʩʪʽ; 

5) ʚʠʟʥʘʯʠʪʠ  ʩʪʘʥ ʩʠʩʪʝʤ, ʷʢʽ  ʧʦʟʥʘʯʝʥʦ ʪʦʯʢʘʤʠ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 41 ï ɼʽʘʛʨʘʤʘ  ʩʪʘʥʫ çʟʘʣʽʟʦ-ʤʝʜʴè 

 

 

191. ʉʢʦʨʠʩʪʘʚʰʠʩʴ ʜʽʘʛʨʘʤʦʶ ʩʪʘʥʫ çʩʫʣʴʬʽʜ ʟʘʣʽʟʘ-ʩʫʣʴʬʽʜ ʤʘʨʛʘʥ-

ʮʷè (ʨʠʩ.42): 

1) ʦʧʠʩʘʪʠ ʦʭʦʣʦʜʞʝʥʥʷ ʨʦʟʧʣʘʚʫ, ʚʠʭʽʜʥʠʡ ʩʪʘʥ ʷʢʦʛʦ ʟʦʙʨʘʞʝʥʦ 

ʪʦʯʢʦʶ ɸ; 

2) ʚʠʟʥʘʯʠʪʠ ʤʘʩʫ ʽ ʩʢʣʘʜ ʬʘʟ, ʥʘ ʷʢʽ ʨʦʟʧʘʜʘʻʪʴʩʷ 10 ʢʛ 90%-ʥʦʛʦ 

ʟʘ ʩʫʣʴʬʽʜʦʤ ʤʘʨʛʘʥʮʶ ʨʦʟʧʣʘʚʫ, ʦʭʦʣʦʜʞʝʥʦʛʦ ʜʦ ʪʦʯʢʠ ɺ; 

3) ʚʠʟʥʘʯʠʪʠ ʩʢʣʘʜ ʝʚʪʝʢʪʠʢʠ ʽ ʪʝʤʧʝʨʘʪʫʨʫ ʾʾ ʟʘʪʚʝʨʜʽʥʥʷ; 

4) ʢ̫ʠʤ ʩʪʘʥʘʤ ʩʠʩʪʝʤʠ ʚʽʜʧʦʚʽʜʘʶʪʴ ʦʙʣʘʩʪʽ; 

5) ʚʠʟʥʘʯʠʪʠ  ʩʪʘʥ ʩʠʩʪʝʤ, ʷʢʽ  ʧʦʟʥʘʯʝʥʦ ʪʦʯʢʘʤʠ. 
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ʈʠʩʫʥʦʢ 42 ï ɼʽʘʛʨʘʤʘ  ʩʪʘʥʫ çʩʫʣʴʬʽʜ ʟʘʣʽʟʘ-ʩʫʣʴʬʽʜ ʤʘʨʛʘʥʮʷè 

 

192. ʉʢʦʨʠʩʪʘʚʰʠʩʴ ʜʽʘʛʨʘʤʦʶ ʩʪʘʥʫ çʩʚʠʥʝʮʴ-ʤʘʛʥʽʡè (ʨʠʩ.43): 

1) ʦʧʠʩʘʪʠ ʦʭʦʣʦʜʞʝʥʥʷ ʨʦʟʧʣʘʚʫ, ʚʠʭʽʜʥʠʡ ʩʪʘʥ ʷʢʦʛʦ ʟʦʙʨʘʞʝʥʦ 

ʪʦʯʢʦʶ ɸ; 

2) ʚʠʟʥʘʯʠʪʠ ʤʘʩʫ ʽ ʩʢʣʘʜ ʬʘʟ, ʥʘ ʷʢʽ ʨʦʟʧʘʜʘʻʪʴʩʷ 10 ʢʛ 90%-ʥʦʛʦ 

ʟʘ ʢʨʝʤʥʽʻʤ ʨʦʟʧʣʘʚʫ, ʦʭʦʣʦʜʞʝʥʦʛʦ ʜʦ ʪʦʯʢʠ ɺ; 

3) ʚʠʟʥʘʯʠʪʠ ʩʢʣʘʜ ʝʚʪʝʢʪʠʢʠ ʽ ʪʝʤʧʝʨʘʪʫʨʫ ʾʾ ʟʘʪʚʝʨʜʽʥʥʷ; 

4) ʢ̫ʠʤ ʩʪʘʥʘʤ ʩʠʩʪʝʤʠ ʚʽʜʧʦʚʽʜʘʶʪʴ ʦʙʣʘʩʪʽ; 

5) ʚʠʟʥʘʯʠʪʠ  ʩʪʘʥ ʩʠʩʪʝʤ, ʷʢʽ  ʧʦʟʥʘʯʝʥʦ ʪʦʯʢʘʤʠ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 43 ï ɼʽʘʛʨʘʤʘ  ʩʪʘʥʫ çʩʚʠʥʝʮʴ-ʤʘʛʥʽʡè 

 

193. ʉʢʦʨʠʩʪʘʚʰʠʩʴ ʜʽʘʛʨʘʤʦʶ ʩʪʘʥʫ çʩʨʽʙʣʦ-ʩʢʘʥʜʽʡè (ʨʠʩ.44): 

1) ʦʧʠʩʘʪʠ ʦʭʦʣʦʜʞʝʥʥʷ ʨʦʟʧʣʘʚʫ, ʚʠʭʽʜʥʠʡ ʩʪʘʥ ʷʢʦʛʦ ʟʦʙʨʘʞʝʥʦ 

ʪʦʯʢʦʶ ɸ; 

2) ʚʠʟʥʘʯʠʪʠ ʤʘʩʫ ʽ ʩʢʣʘʜ ʬʘʟ, ʥʘ ʷʢʽ ʨʦʟʧʘʜʘʻʪʴʩʷ 10 ʢʛ 90%-ʥʦʛʦ 

ʟʘ ʩʢʘʥʜʽʻʤ ʨʦʟʧʣʘʚʫ, ʦʭʦʣʦʜʞʝʥʦʛʦ ʜʦ ʪʦʯʢʠ ɺ; 

 
B 

III  

ɸ  
I 

II  

 ɸ  
B 

III  

II  

I 

IV 



 117 

3) ʚʠʟʥʘʯʠʪʠ ʩʢʣʘʜ ʝʚʪʝʢʪʠʢʠ ʽ ʪʝʤʧʝʨʘʪʫʨʫ ʾʾ ʟʘʪʚʝʨʜʽʥʥʷ; 

4) ʢ̫ʠʤ ʩʪʘʥʘʤ ʩʠʩʪʝʤʠ ʚʽʜʧʦʚʽʜʘʶʪʴ ʦʙʣʘʩʪʽ; 

5) ʚʠʟʥʘʯʠʪʠ  ʩʪʘʥ ʩʠʩʪʝʤ, ʷʢʽ  ʧʦʟʥʘʯʝʥʦ ʪʦʯʢʘʤʠ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 44 ï ɼʽʘʛʨʘʤʘ  ʩʪʘʥʫ çʩʨʽʙʣʦ-ʩʢʘʥʜʽʡè 

 

194. ʉʢʦʨʠʩʪʘʚʰʠʩʴ ʜʽʘʛʨʘʤʦʶ ʩʪʘʥʫ çʩʨʽʙʣʦ-ʛʝʨʤʘʥʽʡè (ʨʠʩ.45): 

1) ʦʧʠʩʘʪʠ ʦʭʦʣʦʜʞʝʥʥʷ ʨʦʟʧʣʘʚʫ, ʚʠʭʽʜʥʠʡ ʩʪʘʥ ʷʢʦʛʦ ʟʦʙʨʘʞʝʥʦ 

ʪʦʯʢʦʶ ɸ; 

2) ʚʠʟʥʘʯʠʪʠ ʤʘʩʫ ʽ ʩʢʣʘʜ ʬʘʟ, ʥʘ ʷʢʽ ʨʦʟʧʘʜʘʻʪʴʩʷ 10 ʢʛ 90%-ʥʦʛʦ 

ʟʘ ʛʝʨʤʘʥʽʻʤ ʨʦʟʧʣʘʚʫ, ʦʭʦʣʦʜʞʝʥʦʛʦ ʜʦ ʪʦʯʢʠ ɺ; 

3) ʚʠʟʥʘʯʠʪʠ ʩʢʣʘʜ ʝʚʪʝʢʪʠʢʠ ʽ ʪʝʤʧʝʨʘʪʫʨʫ ʾʾ ʟʘʪʚʝʨʜʽʥʥʷ; 

4) ʢ̫ʠʤ ʩʪʘʥʘʤ ʩʠʩʪʝʤʠ ʚʽʜʧʦʚʽʜʘʶʪʴ ʦʙʣʘʩʪʽ; 

5) ʚʠʟʥʘʯʠʪʠ  ʩʪʘʥ ʩʠʩʪʝʤ, ʷʢʽ  ʧʦʟʥʘʯʝʥʦ ʪʦʯʢʘʤʠ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 45 ïɼʽʘʛʨʘʤʘ  ʩʪʘʥʫ çʩʨʽʙʣʦ-ʛʝʨʤʘʥʽʡè 
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195. ʉʢʦʨʠʩʪʘʚʰʠʩʴ ʜʽʘʛʨʘʤʦʶ ʩʪʘʥʫ çʢʘʨʙʽʜ ʭʨʦʤʘ-ʟʘʣʽʟʦè (ʨʠʩ.46): 

1) ʦʧʠʩʘʪʠ ʦʭʦʣʦʜʞʝʥʥʷ ʨʦʟʧʣʘʚʫ, ʚʠʭʽʜʥʠʡ ʩʪʘʥ ʷʢʦʛʦ ʟʦʙʨʘʞʝʥʦ 

ʪʦʯʢʦʶ ɸ; 

2) ʚʠʟʥʘʯʠʪʠ ʤʘʩʫ ʽ ʩʢʣʘʜ ʬʘʟ, ʥʘ ʷʢʽ ʨʦʟʧʘʜʘʻʪʴʩʷ 10 ʢʛ 90%-ʥʦʛʦ 

ʟʘ ʢʘʜʤʽʻʤ ʨʦʟʧʣʘʚʫ, ʦʭʦʣʦʜʞʝʥʦʛʦ ʜʦ ʪʦʯʢʠ ɺ; 

3) ʚʠʟʥʘʯʠʪʠ ʩʢʣʘʜ ʝʚʪʝʢʪʠʢʠ ʽ ʪʝʤʧʝʨʘʪʫʨʫ ʾʾ ʟʘʪʚʝʨʜʽʥʥʷ; 

4) ʢ̫ʠʤ ʩʪʘʥʘʤ ʩʠʩʪʝʤʠ ʚʽʜʧʦʚʽʜʘʶʪʴ ʦʙʣʘʩʪʽ; 

5) ʚʠʟʥʘʯʠʪʠ  ʩʪʘʥ ʩʠʩʪʝʤ, ʷʢʽ  ʧʦʟʥʘʯʝʥʦ ʪʦʯʢʘʤʠ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 46 ï ɼʽʘʛʨʘʤʘ  ʩʪʘʥʫ çʢʘʜʤʽʡ ʭʨʦʤʘ-ʢʘʜʤʽʡ ʟʘʣʽʟʘè 

 

196. ʉʢʦʨʠʩʪʘʚʰʠʩʴ ʜʽʘʛʨʘʤʦʶ ʩʪʘʥʫ çʨʪʫʪʴ-ʢʘʜʤʽʡè (ʨʠʩ.47): 

1) ʦʧʠʩʘʪʠ ʦʭʦʣʦʜʞʝʥʥʷ ʨʦʟʧʣʘʚʫ, ʚʠʭʽʜʥʠʡ ʩʪʘʥ ʷʢʦʛʦ ʟʦʙʨʘʞʝʥʦ 

ʪʦʯʢʦʶ ɸ; 

2) ʚʠʟʥʘʯʠʪʠ ʤʘʩʫ ʽ ʩʢʣʘʜ ʬʘʟ, ʥʘ ʷʢʽ ʨʦʟʧʘʜʘʻʪʴʩʷ 10 ʢʛ 90%-ʥʦʛʦ 

ʟʘ ʢʘʜʤʽʻʤ ʨʦʟʧʣʘʚʫ, ʦʭʦʣʦʜʞʝʥʦʛʦ ʜʦ ʪʦʯʢʠ ɺ; 

3) ʚʠʟʥʘʯʠʪʠ ʩʢʣʘʜ ʝʚʪʝʢʪʠʢʠ ʽ ʪʝʤʧʝʨʘʪʫʨʫ ʾʾ ʟʘʪʚʝʨʜʽʥʥʷ; 

4) ʢ̫ʠʤ ʩʪʘʥʘʤ ʩʠʩʪʝʤʠ ʚʽʜʧʦʚʽʜʘʶʪʴ ʦʙʣʘʩʪʽ; 

5) ʚʠʟʥʘʯʠʪʠ  ʩʪʘʥ ʩʠʩʪʝʤ, ʷʢʽ  ʧʦʟʥʘʯʝʥʦ ʪʦʯʢʘʤʠ. 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 47 ï ɼʽʘʛʨʘʤʘ  ʩʪʘʥʫ çʨʪʫʪʴ-ʢʘʜʤʽʡè 
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197. ʉʢʦʨʠʩʪʘʚʰʠʩʴ ʜʽʘʛʨʘʤʦʶ ʩʪʘʥʫ çʦʣʦʚʦ-ʮʠʥʢè (ʨʠʩ.48): 
1) ʦʧʠʩʘʪʠ ʦʭʦʣʦʜʞʝʥʥʷ ʨʦʟʧʣʘʚʫ, ʚʠʭʽʜʥʠʡ ʩʪʘʥ ʷʢʦʛʦ ʟʦʙʨʘʞʝʥʦ 

ʪʦʯʢʦʶ ɸ; 
2) ʚʠʟʥʘʯʠʪʠ ʤʘʩʫ ʽ ʩʢʣʘʜ ʬʘʟ, ʥʘ ʷʢʽ ʨʦʟʧʘʜʘʻʪʴʩʷ 10 ʢʛ 90%-ʥʦʛʦ 

ʟʘ ʮʠʥʢʦʤ ʨʦʟʧʣʘʚʫ, ʦʭʦʣʦʜʞʝʥʦʛʦ ʜʦ ʪʦʯʢʠ ɺ; 
3) ʚʠʟʥʘʯʠʪʠ ʩʢʣʘʜ ʝʚʪʝʢʪʠʢʠ ʽ ʪʝʤʧʝʨʘʪʫʨʫ ʾʾ ʟʘʪʚʝʨʜʽʥʥʷ; 
4) ʢ̫ʠʤ ʩʪʘʥʘʤ ʩʠʩʪʝʤʠ ʚʽʜʧʦʚʽʜʘʶʪʴ ʦʙʣʘʩʪʽ; 
5) ʚʠʟʥʘʯʠʪʠ  ʩʪʘʥ ʩʠʩʪʝʤ, ʷʢʽ  ʧʦʟʥʘʯʝʥʦ ʪʦʯʢʘʤʠ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 48 ï ɼʽʘʛʨʘʤʘ  ʩʪʘʥʫ çʦʣʦʚʦ-ʮʠʥʢè 
 

198. ʉʢʦʨʠʩʪʘʚʰʠʩʴ ʜʽʘʛʨʘʤʦʶ ʩʪʘʥʫ çʤʝʜʴʭ-ʥʽʢʝʣʴè (ʨʠʩ.49): 
1) ʦʧʠʩʘʪʠ ʦʭʦʣʦʜʞʝʥʥʷ ʨʦʟʧʣʘʚʫ, ʚʠʭʽʜʥʠʡ ʩʪʘʥ ʷʢʦʛʦ ʟʦʙʨʘʞʝʥʦ 

ʪʦʯ ʢʦʶ ɸ; 
2) ʚʠʟʥʘʯʠʪʠ ʤʘʩʫ ʽ ʩʢʣʘʜ ʬʘʟ, ʥʘ ʷʢʽ ʨʦʟʧʘʜʘʻʪʴʩʷ 10 ʢʛ 80%-ʥʦʛʦ 

ʟʘ ʥ̔ʢʝʣʝʤ ʨʦʟʧʣʘʚʫ, ʦʭʦʣʦʜʞʝʥʦʛʦ ʜʦ ʪʦʯʢʠ ɺ; 
3) ʚʠʟʥʘʯʠʪʠ ʩʢʣʘʜ ʝʚʪʝʢʪʠʢʠ ʽ ʪʝʤʧʝʨʘʪʫʨʫ ʾʾ ʟʘʪʚʝʨʜʽʥʥʷ; 
4) ʢ̫ʠʤ ʩʪʘʥʘʤ ʩʠʩʪʝʤʠ ʚʽʜʧʦʚʽʜʘʶʪʴ ʦʙʣʘʩʪʽ; 
5) ʚʠʟʥʘʯʠʪʠ  ʩʪʘʥ ʩʠʩʪʝʤ, ʷʢʽ  ʧʦʟʥʘʯʝʥʦ ʪʦʯʢʘʤʠ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 49 ï ɼʽʘʛʨʘʤʘ  ʩʪʘʥʫ çʤʝʜʴ-ʥʽʢʝʣʴè 
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199. ʉʢʦʨʠʩʪʘʚʰʠʩʴ ʜʽʘʛʨʘʤʦʶ ʩʪʘʥʫ çʟʘʣʽʟʦʣ-ʪʘʥʪʘʣè (ʨʠʩ.50): 
1) ʦʧʠʩʘʪʠ ʦʭʦʣʦʜʞʝʥʥʷ ʨʦʟʧʣʘʚʫ, ʚʠʭʽʜʥʠʡ ʩʪʘʥ ʷʢʦʛʦ ʟʦʙʨʘʞʝʥʦ 

ʪʦʯʢʦʶ ɸ; 
2) ʚʠʟʥʘʯʠʪʠ ʤʘʩʫ ʽ ʩʢʣʘʜ ʬʘʟ, ʥʘ ʷʢʽ ʨʦʟʧʘʜʘʻʪʴʩʷ 10 ʢʛ 90%-ʥʦʛʦ 

ʟʘ ʪʘʥʪʘʣʦʤ ʨʦʟʧʣʘʚʫ, ʦʭʦʣʦʜʞʝʥʦʛʦ ʜʦ ʪʦʯʢʠ ɺ; 
3) ʚʠʟʥʘʯʠʪʠ ʩʢʣʘʜ ʝʚʪʝʢʪʠʢʠ ʽ ʪʝʤʧʝʨʘʪʫʨʫ ʾʾ ʟʘʪʚʝʨʜʽʥʥʷ; 
4) ʢ̫ʠʤ ʩʪʘʥʘʤ ʩʠʩʪʝʤʠ ʚʽʜʧʦʚʽʜʘʶʪʴ ʦʙʣʘʩʪʽ; 
5) ʚʠʟʥʘʯʠʪʠ  ʩʪʘʥ ʩʠʩʪʝʤ, ʷʢʽ  ʧʦʟʥʘʯʝʥʦ ʪʦʯʢʘʤʠ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 50 ï ɼʽʘʛʨʘʤʘ  ʩʪʘʥʫ çʟʘʣʽʟʦ-ʪʘʥʪʘʣè 
 

200. ʉʢʦʨʠʩʪʘʚʰʠʩʴ ʜʽʘʛʨʘʤʦʶ ʩʪʘʥʫ çʤʝʜʴ-ʤʠʰɹ̫ ʢè (ʨʠʩ.51): 
1) ʦʧʠʩʘʪʠ ʦʭʦʣʦʜʞʝʥʥʷ ʨʦʟʧʣʘʚʫ, ʚʠʭʽʜʥʠʡ ʩʪʘʥ ʷʢʦʛʦ ʟʦʙʨʘʞʝʥʦ 

ʪʦʯʢʦʶ ɸ; 
2) ʚʠʟʥʘʯʠʪʠ ʩʢʣʘʜ ʝʚʪʝʢʪʠʢʠ ʽ ʪʝʤʧʝʨʘʪʫʨʫ ʾʾ ʟʘʪʚʝʨʜʽʥʥʷ; 
3) ʢ̫ʠʤ ʩʪʘʥʘʤ ʩʠʩʪʝʤʠ ʚʽʜʧʦʚʽʜʘʶʪʴ ʦʙʣʘʩʪʽ; 
4) ʚʠʟʥʘʯʠʪʠ  ʩʪʘʥ ʩʠʩʪʝʤ, ʷʢʽ  ʧʦʟʥʘʯʝʥʦ ʪʦʯʢʘʤʠ. 
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ʈʠʩʫʥʦʢ 51 ï ɼʽʘʛʨʘʤʘ  ʩʪʘʥʫ çʤʽʜʴ-ʤʠʰʴʷʢè 
 


