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ɹɹʂ 35.20ʷ73 
ʪʟʟ 

ʋɼʂ 66:546(07) 

ʈʝʮʝʥʟʝʥʪʠ: ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ ʧʨʦʬʝʩʦʨ ɺ. ʊ. ʗʚʦʨʩʴʢʠʡ (ʃʴʚʽʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ 
ʽʥʩʪʠʪʫʪ), ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ ʧʨʦʬʝʩʦʨ ɯ. ʄ. ʇʦʛʘʥʩʴʢʠʡ (ʆʜʝʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ) 

ʈʝʜʘʢʮʽʡʥʘ ʛʨʫʧʘ ʣʽʪʝʨʘʪʫʨʠ ʟ ʩʽʣʴʩʴʢʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ ʽ ʭʽʤʽʾ ʈʝʜʘʢʪʦʨ ʀ, 

ɸ, ʄʠʢʠʪʶʢ 

ʊʝʦʨʽʷ ʧʨʦʮʝʩʽʚ ʚʠʨʦʙʥʠʮʪʚ ʥʝʦʨʛʘʥʽʯʥʠʭ ʨʝʯʦʚʠʥ: ʅʘʚʯ. ʊɿɿ ʧʦʩʽʙʥʠʢ/ɯ. ʄ. ɸʩʪʨʝʣʽʥ, ɸ. ʂ. ɿʘʧʦʣʴʩʴʢʠʡ, 
ɺ. ɯ, ʉʫʧʨʫʥʯʫʢ, ɻ. ʄ. ʇʨʦʢʦʬʴʝʚʘ.; ɿʘ ʨʝʜ. ɸ. ʂ. ɿʘʧʦʣʴʩʴʢʦʛʦ.ð ʂ.: ɺʠʱʘ ʰʢ., 
1992,ð 399 ʩ.: ʽʣ. 
ɯɿɺɯʏ 5-ʇ-002512-6 
ɺʠʢʣʘʜʝʥʦ ʪʝʦʨʝʪʠʯʥʽ ʦʩʥʦʚʠ ʭʽʤʽʯʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʧʨʦʮʝʩʽʚ ʚʠʨʦʙʥʠʮʪʚ 

ʥʝʦʨʛʘʥʽʯʥʠʭ ʨʝʯʦʚʠʥ, ʦʩʥʦʚʠ ʭʽʤʽʯʥʦʾ ʪʝʨʤʦʜʠʥʘʤʽʢʠ ʫʤʦʚʠ ʨʽʚʥʦʥʘʛʠ. ʆʧʠʩʘʥʦ 
ʪʝʨʤʦʜʠʥʘʤʽʢʫ ʨʝʘʣʴʥʠʭ ʛʘʟʽʚ ʽ ʨʦʟʯʠʥʽʚ, ʘ ʪʘʢʦʞ ʜʽʘʛʨʘʤʠ ʬʘʟʦʚʠʭ ʨʽʚʥʦʚʘʛ, 
ʦʩʥʦʚʥʽ ʧʦʥʷʪʪʷ ʭʽʤʽʯʥʦʾ ʢʽʥʝʪʠʢʠ. ʈʦʟʛʣʷʥʫʪʦ ʢʽʥʝʪʠʢʫ ʛʦʤʦʛʝʥʥʠʭ ʽ ʛʝʪʝʨʦʛʝʥʥʠʭ 
(ʥʝʢʘʪʘʣʽʪʠʯʥʠʭ ʽ ʢʘʪʘʣʽʪʠʯʥʠʭ) ʧʨʦʮʝʩʽʚ ʪʝʭʥʦʣʦʛʽʾ ʥʝʦʨʛʘʥʽʯʥʠʭ ʨʝʯʦʚʠʥ. 
ʆʙʛʦʚʦʨʝʥʦ ʧʨʠʥʮʠʧʠ ʦʧʪʠʤʽʟʘʮʽʾ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʚʠʙʦʨʫ ʝʬʝʢʪʠʚʥʦʾ 
ʘʧʘʨʘʪʫʨʠ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʘʮʽʦʥʘʣʴʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʩʭʝʤ. 
ɼʣʷ ʩʪʫʜʝʥʪʽʚ ʚʫʟʽʚ, ʷʢʽ ʥʘʚʯʘʶʪʴʩʷ ʟʘ ʩʧʝʮʽʘʣʴʥʦʩʪʶ çʍʽʤʽʯʥʘ ʪʝʭʥʦʣʦʛʽʷ 

ʥʝʦʨʛʘʥʽʯʥʠʭ ʨʝʯʦʚʠʥè. 

ɹɹʂ 35.20ʷ73  

ISBN 5-11-002512-6 É ȣ. ȸ. Ȭɝɞɜɑɗɱə, Ȭ. ȶ. ȳɌɛɚɗɨɝɨɖɔɕ, 
Ȯ. ȣ. Ƚɟɛɜɟəɣɟɖ, ȯ. ȸ. ȻɜɚɖɚɠõɯɎɌ, 
1992 



 
 
 
 
 

S ð ʧʣʦʱʘ ʨʝʘʢʮʽʡʥʦʾ ʧʦʚʝʨʭʥʽ; ʤʽʞʬʘʟʥʘ ʧʦʚʝʨʭʥʷ; ʝʥʪʨʦʧʽʷ 

ɜi ð ʩʪʝʭʽʦʤʝʪʨʠʯʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʨʝʘʛʝʥʪʘ ʘʙʦ ʧʨʦʜʫʢʪʫ ʨʝʘʢʮʽʾ  

ɜ ð ʯʘʩʪʦʪʘ ʨʦʟʧʘʜʫ ʢʦʤʧʣʝʢʩʫ 

ɡ ð ʰʚʠʜʢʽʩʪʴ ʭʽʤʽʯʥʦʛʦ ʧʨʦʮʝʩʫ; ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʤʽʱʝʥʠʡ ʨʝʯʦʚʠʥʠ ʘʙʦ ʩʠʩʪʝʤʠ; ʦʙôʻʤʥʘ 

ʰʚʠʜʢʽʩʪʴ 

Ni ð ʢʽʣʴʢʽʩʪʴ ʤʦʣʽʚ ʨʝʘʛʝʥʽʘ ʘʙʦ ʧʨʦʜʫʢʪʫ ʨʝʘʢʮʽʾ, ʚʽʜʥʝʩʝʥʘ ʜʦ ʦʜʠʥʠʮʽ ʧʦʚʝʨʭʥʽ; ʤʦʣʴʥʘ 

ʯʘʩʪʢʘ 

Ű ð ʯʘʩ; ʧʨʠʚʝʜʝʥʘ ʪʝʤʧʝʨʘʪʫʨʘ 

D ð ʢʽʥʝʪʠʯʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʚʟʘʻʤʥʦʾ ʜʠʬʫʟʽʾ ʚ ʩʫʤʽʰʽ ʨʝʯʦʚʠʥ; ʢʦʝʬʽʮʽʻʥʪ ʤʦʣʝʢʫʣʷʨʥʦʾ 

ʜʠʬʫʟʽʾ: ʜʠʩʠʧʘʮʽʷ ʝʥʝʨʛʽʾ; ʜʽʘʤʝʪʨ  

ci ð ʤʦʣʷʨʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ i-ʛʦ ʢʦʤʧʦʥʝʥʪʘ 

ni ð ʢʽʣʴʢʽʩʪʴ ʤʦʣʽʚ ʨʝʯʦʚʠʥʠ; ʧʦʨʷʜʦʢ ʨʝʘʢʮʽʾ; ʢʽʣʴʢʽʩʪʴ ʤʦʣʝʢʫʣ ʨʝʯʦʚʠʥʠ  

Kʤ ð ʢʦʝʬʽʮʽʻʥʪ ʤʘʩʦʧʝʨʝʜʘʯ (ʢʦʥʩʪʘʥʪʘ ʰʚʠʜʢʦʩʪʽ ʛʝʪʝʨʦʛʝʥʥʦʛʦ ʧʨʦʮʝʩʫ)  

k ð ʢʦʥʩʪʘʥʪʘ ʰʚʠʜʢʦʩʪʽ ʨʝʘʢʮʽʾ; ʩʪʘʣʘ ɹʦʣʴʮʤʘʥʘ  

ɓ ð ʢʦʝʬʽʮʽʻʥʪ ʤʘʩʦʚʽʜʜʘʯʽ; ʩʪʝʭʽʦʤʝʪʨʠʯʥʠʡ ʢʦʝʬʽʮʽʻʥʪ  

ʅɸ ð ʢʦʥʩʪʘʥʪʘ ɻʝʥʨʽ; ʢʦʝʬʽʮʽʻʥʪ ʤʽʞʬʘʟʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʨʝʯʦʚʠʥʠ ɸ  

Nu ðʜʠʬʫʟʽʡʥʠʡ ʢʨʠʪʝʨʽʡ ʅʫʩʩʝʣʴʪʘ (ʐʝʨʚʫʜʘ) 

ʈrðʜʠʬʫʟʥʠʡ ʢʨʠʪʝʨʽʡ ʇʨʘʥʜʪʣʷ (ʐʤʽʜʪʘ)  

ɟ ð ʛʫʩʪʠʥʘ; ʩʪʠʩʣʠʚʽʩʪʴ ʛʘʟʫ 

Õ ð ʜʠʥʘʤʽʯʥʘ ʚôʷʟʢʽʩʪʴ; ʭʽʤʽʯʥʠʡ ʧʦʪʝʥʮʽʘʣ; ʽʦʥʥʘ ʩʠʣʘ ʨʦʟʯʠʥʫ  

ɤ ð ʣʽʥʽʡʥʘ ʰʚʠʜʢʽʩʪʴ 

ɚ ð ʢʦʝʬʽʮʽʻʥʪ ʪʝʨʪʷ; ʧʦʢʘʟʥʠʢ ʘʜʽʘʙʘʪʠ (Ŭ= ʩʨ/cV)  

ů ð ʧʦʚʝʨʭʥʝʚʠʡ ʥʘʪʷʛ ʨʽʜʠʥʠ; ʜʽʘʤʝʪʨ ʤʦʣʝʢʫʣʠ  

ɻð  ʣʽʥʽʡʥʘ ʤʘʩʦʚʘ ʛʫʩʪʠʥʘ ʟʨʦʰʝʥʥʷ 

ŭ ð ʪʦʚʱʠʥʘ ʧʣʽʚʢʠ 

ʅʘðʢʨʠʪʝʨʽʡ (ʯʠʩʣʦ) ʍʘʪʪʘ 

ɝ ð ʢʦʝʬʽʮʽʻʥʪ ʧʨʠʩʢʦʨʝʥʥʷ ʘʙʩʦʨʙʮʽʾ ʧʨʠ ʦʜʥʦʯʘʩʥʦʤʫ ʧʨʦʭʦʜʞʝʥʥʽ ʭʽʤʽʯʥʦʾ ʨʝʘʢʮʽʾ; ʤʽʨʘ 

ʧʦʚʥʦʪʠ ʨʝʘʢʮʽʾ  

Rʝ ð ʢʨʠʪʝʨʽʡ ʈʝʡʥʦʣʴʜʩʘ  

ʂʈ, ʂS, ʂf, ʂv ð ʢʦʥʩʪʘʥʪʠ ʨʽʚʥʦʚʘʛʠ 

ð ʯʠʩʣʦ ʟʽʪʢʥʝʥʴ ʤʦʣʝʢʫʣ; ʚʽʩʴ; ʢʦʝʬʽʮʽʻʥʪ ʩʪʠʩʣʠʚʦʩʪʽ  

ʄ  ̔ð ʤʘʩʘ 1 ʤʦʣʴ ʨʝʯʦʚʠʥʠ  

Z  ̔ðʟʘʨʷʜ ʽʦʥʘ  

ȹS ð ʟʤʽʥʘ ʝʥʪʨʦʧʽʾ  

ɽ ð ʝʥʝʨʛʽʷ; ʝʥʝʨʛʽʷ ʘʢʪʠʚʘʮʽʾ  

ʪ ð ʤʘʩʘ ʨʝʯʦʚʠʥʠ  

h ð ʚʠʩʦʪʘ; ʩʪʘʣʘ ʇʣʘʥʢʘ  

V ð ʦʙôʻʤ ʨʝʯʦʚʠʥʠ, ʩʠʩʪʝʤʠ, ʨʝʘʢʪʦʨʘ  

p ð ʪʠʩʢ; ʩʪʝʨʠʯʥʠʡ ʝʬʝʢʪ (ʬʘʢʪʦʨ) 

ɸ ð ʨʦʙʦʪʘ 

U ð ʚʥʫʪʨʽʰʥʷ ʝʥʝʨʛʽʷ  

ʊ ð ʪʝʤʧʝʨʘʪʫʨʘ  

ʅ ð ʝʥʪʘʣʴʧʽʷ 

ʉʫ, ʉʨ ð ʪʝʧʣʦʻʤʥʦʩʪʽ ʧʨʠ ʩʪʘʣʠʭ ʦʙ'ʻʤʽ ʽ ʪʠʩʢʫ  

ǙǒǔǈǓƽ ǕǔǍǓǆǝǋǓǓǥ 



 
 
 
 
 

Q ð ʪʝʧʣʦʪʘ; ʪʝʧʣʦʚʠʡ ʝʬʝʢʪ ʨʝʘʢʮʽʾ 

Qʪ, Qʨ, Qʛ ð ʪʝʧʣʦʻʤʥʽʩʪʴ ʨʝʯʦʚʠʥʠ, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʫ ʪʚʝʨʜʦʤʫ, ʨʽʜʢʦʤʫ ʘʙʦ 

ʛʘʟʦʧʦʜʽʙʥʦʤʫ ʩʪʘʥʽ 

ɖE ð ʝʥʝʨʛʝʪʠʯʥʠʡ ʂʂɼ; ɖ -ʬʘʢʪʦʨ ʝʬʝʢʪʠʚʥʦʩʪʽ (ʩʪʫʧʽʥʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʥʫʪʨʽʰʥʴʦʾ 

ʧʦʚʝʨʭʥʽ ʢʘʪʘʣʽʟʘʪʦʨʘ) 

pi  ð ʧʘʨʮʽʘʣʴʥʠʡ ʪʠʩʢ 

F ð ʧʣʦʱʘ ʧʝʨʝʨʽʟʫ ʨʝʘʢʪʦʨʘ 

L ð ʜʦʚʞʠʥʘ ʨʝʘʢʪʦʨʘ; ʚʠʪʨʘʪʘ ʨʽʜʠʥʠ 

X, ʭ ð ʩʪʫʧʽʥʴ ʧʝʨʝʪʚʦʨʝʥʥʷ; ʚʽc .ɹ 

f i  ð ʢʦʝʬʽʮʽʻʥʪ ʘʢʪʠʚʥʦʩʪʽ. ʬʫʛʽʪʠʚʥʦʩʪi  

Ŭ ð ʘʢʪʠʚʥʽʩʪʴ; ʝʤʧʽʨʠʯʥʠʡ ʢʦʝʬʽʮʽʻʥʪ  

Fʘ ð ʬʘʢʪʦʨ ʢʽʥʝʪʠʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ  

Zið ʢʨʘʪʥʽʩʪʴ ʟʘʨʷʜʫ (ʚʘʣʝʥʪʥʽʩʪʴ) ʽ-ʪʦ ʽʦʥʘ 

ɗ ð ʯʘʩʪʠʥʘ ʧʦʚʝʨʭʥʽ, ʟʘʡʥʷʪʘ ʘʜʩʦʨʙʦʚʘʥʠʤ ʨʝʘʛʝʥʪʦʤ, ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʧʦʚʝʨʭʥʽ ʢʘʪʘʣʽʟʘʪʦʨʘ; 

ʢʨʘʥʦʚʠʡ ʢʫʪ ʟʤʦʯʫʚʘʥʥʷ  

b ð ʘʜʩʦʨʙʮʽʡʥʠʡ ʢʦʝʬʽʮʽʻʥʪ 

G ð ʝʥʝʨʛʽʷ ɻʽʙʙʩʘ; ʚʠʪʨʘʪʘ ʛʘʟʫ; ʚʽʜʥʦʩʥʠʡ ʪʠʩʢ ʧʘʨʠ G= ʈ/ʈ0  

ɯ, ʽ ð ʧʠʪʦʤʘ ʝʥʪʘʣʴʧʽʷ ʛʘʟʫ (ʨʽʜʠʥʠ), ʪʝʧʣʦʻʤʥʽʩʪʴ 

kS ð ʢʦʥʩʪʘʥʪʘ ʰʚʠʜʢʦʩʪʽ ʧʦʚʝʨʭʥʝʚʦʾ ʭʽʤʽʯʥʦʾ ʨʝʘʢʮʽʾ 

     Z ð ʢʨʠʪʝʨʽʡ ʇʽʣʣʽʥʛʘðɺʝʜʚʦʨʜʩʘ (ʚʽʜʥʦʰʝʥʥʷ ʦʙôʻʤʽʚ ʧʨʦʜʫʢʪʫ ʨʝʘʢʮʽʾ ʽ ʚʠʭʽʜʥʦʾ 

ʨʝʯʦʚʠʥʠ) 

ű ð ʤʦʜʫʣʴ ʊiʣʝ; ʧʨʠʚʝʜʝʥʠʡ ʦʙôʻʤ  

r ð ʨʘʜʽʫʩ 

Kʪ ð ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʝʨʝʜʘʯʽ  

Kʨ ð ʢʦʝʬʽʮʽʻʥʪ ʨʦʟʢʣʘʜʫ 

      Ŭ ð ʢʦʝʬʽʮʽʻʥʪ ʫ ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʨʽʚʥʷʥʥʽ ʪʝʧʣʦʻʤʥʦʩʪʽ; ʦʙ'ʻʤʥʘ ʧʦʧʨʘʚʢʘ ʨʝʘʣʴʥʦʛʦ 

ʛʘʟʫ 

ʇ ð ʧʨʠʚʝʜʝʥʠʡ ʪʠʩʢ  

ɔ ð ʢʦʝʬʽʮʽʻʥʪ ʬʫʛʽʾʠʚʥʦʝʪʽ  

R ð ʫʥʽʚʝʨʩʘʣʴʥʘ ʛʘʟʦʚʘ ʩʪʘʣʘ 

Si ð ʨʦʟʯʠʥʥʽʩʪʴ

ǙǒǔǈǓƽ ǕǔǍǓǆǝǋǓǓǥ 



 
 
 
 
 

 

ʇɽʈɽɼʄʆɺɸ 

ɼʦʩʷʛʥʝʥʥʷ ʡ ʝʬʝʢʪʠʚʥʽʩʪʴ ʩʫʯʘʩʥʦʛʦ ʥʘʨʦʜʥʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ ʚ ʮʽʣʦʤʫ ʽ ʢʦʞʥʦʾ ʡʦʛʦ 

ʛʘʣʫʟʽ ʟʦʢʨʝʤʘ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʚʠʟʥʘʯʘʶʪʴʩʷ ʨʽʚʥʝʤ ʭʽʤʽʟʘʮʽʾ ð ʦʙʩʷʛʦʤ ʽ ʢʽʣʴʢʽʩʪʶ 

ʭʽʤʽʯʥʦʾ ʧʨʦʜʫʢʮʽʾ, ʱʦ ʚʠʧʫʩʢʘʻʪʴʩʷ, ʨʘʮʽʦʥʘʣʴʥʠʤ ʾʾ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʽ ʰʠʨʦʢʠʤ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʭʽʤʽʯʥʠʭ ʤʝʪʦʜʽʚ ʫ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʡ ʩʽʣʴʩʴʢʦʤʫ ʛʦʩʧʦʜʘʨʩʪʚʽ. ʋʩʧʽʰʥʝ 

ʚʠʨʽʰʝʥʥʷ ʟʘʚʜʘʥʴ ʭʽʤʽʟʘʮʽʾ ʽ ʜʘʣʴʰʠʡ ʧʨʦʛʨʝʩ ʭʽʤʽʯʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʟʘʣʝʞʘʪʴ ʚʽʜ ʨʽʚʥʽʚ 

ʨʦʟʚʠʪʢʫ ʥʘʫʢʠ ʡ ʪʝʭʥʽʢʠ. 

ɺʝʣʠʢʠʡ ʽ ʨʽʟʥʦʤʘʥʽʪʥʠʡ ʘʩʦʨʪʠʤʝʥʪ ʥʝʦʨʛʘʥʽʯʥʠʭ ʨʝʯʦʚʠʥ, ʱʦ ʾʭ ʽ ʚʠʨʦʙʣʷʻ ʭʽʤʽʯʥʘ 

ʧʨʦʤʠʩʣʦʚʽʩʪʴ. ɹʘʛʘʪʦ ʟ ʥʠʭ ʚʠʛʦʪʦʚʣʷʶʪʴʩʷ ʤʽʣʴʡʦʥʘʤʠ ʪʦʥʥ (ʛʣʠʥʦʟʝʤ, ʢʠʩʣʦʪʠ, ʘʤʽʘʢ, 

ʤʽʥʝʨʘʣʴʥʽ ʜʦʙʨʠʚʘ), ʜʝʷʢʽ ʜʝʩʷʪʢʘʤʠ ʘʙʦ ʩʦʪʥʷʤʠ ʢʽʣʦʛʨʘʤʽʚ (ʨʝʘʢʪʠʚʠ, ʤʘʪʝʨʽʘʣʠ ʜʣʷ 

ʝʣʝʢʪʨʦʥʥʦʾ ʪʘ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʪʝʭʥʽʢʠ ʪʦʱʦ). ʆʜʥʦʯʘʩʥʦ ʽʟ ʟʙʽʣʴʰʝʥʥʷʤ ʘʩʦʨʪʠʤʝʥʪʫ ʡ 

ʦʙôʻʤʫ ʚʠʧʫʩʢʫ ʭʽʤʽʯʥʦʾ ʧʨʦʜʫʢʮʽʾ ʨʦʟʨʦʙʣʷʶʪʴʩʷ ʥʦʚʽ ʨʘʮʽʦʥʘʣʴʥʽ ʩʧʦʩʦʙʠ ʚʠʨʦʙʥʠʮʪʚʘ, 

ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʨʦʮʝʩʠ, ʢʦʥʩʪʨʫʶʶʪʴʩʷ ʽ ʩʧʦʨʫʜʞʫʶʪʴʩʷ ʘʛʨʝʛʘʪʠ 

ʚʝʣʠʢʦʾ ʦʜʠʥʠʯʥʦʾ ʧʦʪʫʞʥʦʩʪʽ, ʢʦʤʙʽʥʫʶʪʴʩʷ ʬʽʟʠʯʥʽ ʚʠʨʦʙʥʠʮʪʚʘ. 

ɺʽʪʯʠʟʥʷʥʘ ʭʽʤʽʯʥʘ ʧʨʦʤʠʩʣʦʚʽʩʪʴ ʯʽʪʢʦ ʟʦʨʽʻʥʪʦʚʘʥʘ ʥʘ ʨʦʟʚʠʪʦʢ ʝʥʝʨʛʦ- ʽ 

ʤʘʪʝʨʽʘʣʦʟʙʝʨʽʛʘʶʯʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʽʥʪʝʥʩʠʬʽʢʘʮʽʶ ʽ ʤʦʜʝʨʥʽʟʘʮʽʶ ʜʽʶʯʠʭ ʚʠʨʦʙʥʠʮʪʚ, 

ʟʥʘʯʥʝ ʧʦʣʽʧʰʝʥʥʷ ʷʢʦʩʪʽ ʧʨʦʜʫʢʮʽʾ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʧʨʘʮʽ, ʫʢʨʫʧʥʝʥʥʷ ʡ 

ʢʦʤʙʽʥʫʚʘʥʥʷ ʚʠʨʦʙʥʠʮʪʚ ʩʪʚʦʨʝʥʥʷ ʛʥʫʯʢʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʩʭʝʤ ʪʘ ʝʢʦʣʦʛʽʯʥʦ ʯʠʩʪʠʭ 

ʤʘʣʦʚʽʜʭʦʜʥʠʭ ʽ ʙʝʟʚʽʜʭʦʜʥʠʭ ʪʝʭʥʦʣʦʛʽʡ. 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʧʦʩʪʘʚʣʝʥʠʭ ʧʝʨʝʜ ʭʽʤʽʯʥʦʶ ʧʨʦʤʠʩʣʦʚʽʩʪʶ ʟʘʚʜʘʥʴ ʟʥʘʯʥʦ ʟʨʦʩʪʘʻ 

ʟʥʘʯʝʥʥʷ ʪʝʦʨʽʾ ʧʨʦʮʝʩʽʚ ʭʽʤʽʯʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʚ ʧʽʜʛʦʪʦʚʮʽ ʽʥʞʝʥʝʨʽʚ ʭʽʤʽʢʽʚ-ʪʝʭʥʦʣʦʛʽʚ 

ʰʠʨʦʢʦʛʦ ʧʨʦʬʽʣʶ, ʟʜʘʪʥʠʭ ʢʝʨʫʚʘʪʠ ʢʦʤʙʽʥʦʚʘʥʠʤʠ ʚʠʨʦʙʥʠʮʪʚʘʤʠ ʽ ʟʘʙʝʟʧʝʯʫʚʘʪʠ 

ʚʠʧʫʩʢ ʚʠʩʦʢʦʷʢʽʩʥʦʾ ʧʨʦʜʫʢʮʽʾ ʧʨʠ ʤʽʥʽʤʘʣʴʥʠʭ ʟʘʪʨʘʪʘʭ ʩʠʨʦʚʠʥʠ, ʝʥʝʨʛʽʾ, ʤʘʪʝʨʽʘʣʽʚ ʽ 

ʪʨʫʜʦʚʠʭ ʨʝʩʫʨʩʽʚ. 

ʋ ʧʦʯʘʪʢʦʚʠʡ ʧʝʨʽʦʜ ʨʦʟʚʠʪʢʫ ʭʽʤʽʯʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʪʝʦʨʝʪʠʯʥʽ ʦʩʥʦʚʠ ʭʽʤʽʯʥʦʾ 

ʪʝʭʥʦʣʦʛʽʾ ʚʢʣʶʯʘʣʠ ʪʝʦʨʽʶ ʭʽʤʽʯʥʠʭ ʽ ʬʽʟʠʯʥʠʭ ʧʨʦʮʝʩʽʚ ʙʝʟ ʚʠʜʽʣʝʥʥʷ ʾʭ ʫ ʩʘʤʦʩʪʽʡʥʽ 

ʥʘʫʢʦʚʽ ʥʘʧʨʷʤʠ. ɿ ʨʦʟʰʠʨʝʥʥʷʤ ʽ ʧʦʛʣʠʙʣʝʥʥʷʤ ʟʥʘʥʴ ʫ ʛʘʣʫʟʽ ʪʝʦʨʽʾ ʭʽʤʽʢʦ-

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʬʽʟʠʯʥʽ ʧʠʪʘʥʥʷ ʩʬʦʨʤʫʣʶʚʘʣʠʩʷ ʚ ʦʢʨʝʤʠʡ ʥʘʧʨʷʤ ʥʘʫʢʠ ð 

çʇʨʦʮʝʩʠ ʪʘ ʘʧʘʨʘʪʠ ʭʽʤʽʯʥʦʾ ʪʝʭʥʦʣʦʛʽʾè, ʧʨʝʜʤʝʪʦʤ ʷʢʦʾ ʻ ʬʽʟʠʯʥʽ ʧʨʦʮʝʩʠ (ʤʝʭʘʥʽʯʥʽ, 

ʛʽʜʨʦʜʠʥʘʤʽʯʥʽ, ʜʠʬʫʟʽʡʥʽ, ʪʝʧʣʦʪʝʭʥʽʯʥʽ ʪʦʱʦ), ʧʦʚôʷʟʘʥʽ ʟ ʧʽʜʛʦʪʦʚʢʦʶ ʽ ʧʝʨʝʨʦʙʢʦʶ 

ʩʠʨʦʚʠʥʠ, ʘ ʪʘʢʦʞ ʚʠʨʦʙʥʠʮʪʚʦʤ ʪʦʚʘʨʥʦʛʦ ʚʠʩʦʢʦʷʢʽʩʥʦʛʦ ʧʨʦʜʫʢʪʫ. 

ɸʚʪʦʨʠ ʧʦʩʪʘʚʠʣʠ ʧʝʨʝʜ ʩʦʙʦʶ ʟʘʚʜʘʥʥʷ ʩʪʚʦʨʠʪʠ ʧʦʩʽʙʥʠʢ, ʦʨʽʻʥʪʦʚʘʥʠʡ ʪʘʢʦʞ ʽ ʥʘ 

ʩʘʤʦʩʪʽʡʥʫ ʨʦʙʦʪʫ ʩʪʫʜʝʥʪʽʚ ʽ ʤʦʣʦʜʠʭ ʽʥʞʝʥʝʨʽʚ.



 

 

ɿ ʮʽʻʶ ʤʝʪʦʶ ʫ ʢʦʞʥʦʤʫ ʨʦʟʜʽʣʽ ʧʦʜʘʥʦ ʧʨʠʢʣʘʜʠ ʟʘʜʘʯ ʽ ʾʭ ʨʦʟʚôʷʟʫʚʘʥʥʷ. ɼʣʷ 

ʩʘʤʦʢʦʥʪʨʦʣʶ ʽ ʟʘʢʨʽʧʣʝʥʥʷ ʚʠʚʯʝʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʚ ʢʽʥʮʽ ʢʦʞʥʦʛʦ ʨʦʟʜʽʣʫ ʧʦʜʘʥʦ 

ʟʘʧʠʪʘʥʥʷ ʽ ʟʘʜʘʯʽ ʜʣʷ ʩʘʤʦʩʪʽʡʥʦʾ ʨʦʙʦʪʠ. 

ʇʨʠ ʧʽʜʛʦʪʦʚʮʽ ʧʦʩʽʙʥʠʢʘ ʘʚʪʦʨʠ ʚʠʢʦʨʠʩʪʘʣʠ ʙʘʛʘʪʦʨʽʯʥʠʡ ʜʦʩʚʽʜ ʚʠʢʣʘʜʘʥʥʷ ʢʫʨʩʫ 

çʊʝʦʨʽʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚè ʫ ʂʠʾʚʩʴʢʦʤʫ ʧʦʣʽʪʝʭʥʽʯʥʦʤʫ ʽʥʩʪʠʪʫʪʽ. ʇʝʨʝʜʤʦʚʫ, 

ʨʦʟʜ. 1, 2 ʥʘʧʠʩʘʚ ʜʦʢʪʦʨ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ ʧʨʦʬʝʩʦʨ ɸ. ʂ. ɿʘʧʦʣʴʩʴʢʠʡ, ʨʦʟʜ. 3 ð ʢʘʥʜʠʜʘʪ 

ʭʽʤʽʯʥʠʭ ʥʘʫʢ ʜʦʮʝʥʪ ɻ. ʄ. ʇʨʦʢʦʬôʻʚʘ, ʨʦʟʜ. 9ð13 ð ʜʦʢʪʦʨ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ ʧʨʦʬʝʩʦʨ 

ɯ. ʄ, ɸʩʪʨʝʣʽʥ, ʨʦʟʜ. 4ð6 ʪʘ 8, ʘ ʪʘʢʦʞ ʧ. 7.7 ð ʢʘʥʜʠʜʘʪ ʭʽʤʽʯʥʠʭ ʥʘʫʢ ʜʦʮʝʥʪ ɺ.ɯ. 

ʉʫʧʨʫʥʯʫʢ. ʈʦʟʜ. 7 ʥʘʧʠʩʘʣʠ ɸ. ʂ. ɿʘʧʦʣʴʩʴʢʠʡ ʪʘ ɻ.ʄ. ʇʨʦʢʦʬôʻʚʘ. ʈʦʟʨʦʙʠʚ ʟʘʛʘʣʴʥʫ 

ʢʦʥʩʪʨʫʢʮʽʶ ʢʥʠʛʠ ʽ ʚʠʢʦʥʘʚ ʩʧʝʮʽʘʣʴʥʝ ʨʝʜʘʛʫʚʘʥʥʷ ʧʨʦʬʝʩʦʨ ɸ. ʂ. ɿʘʧʦʣʴʩʴʢʠʡ. 

ɸʚʪʦʨʠ ʚʠʩʣʦʚʣʶʶʪʴ ʧʦʜʷʢʫ ʟʘʚʽʜʫʶʯʦʤʫ ʢʘʬʝʜʨʦʶ ʪʝʭʥʦʣʦʛʽʾ ʥʝʦʨʛʘʥʽʯʥʠʭ ʨʝʯʦʚʠʥ 

ʆʜʝʩʴʢʦʛʦ ʧʦʣʽʪʝʭʥʽʯʥʦʛʦ ʽʥʩʪʠʪʫʪʫ ʜʦʢʪʦʨʫ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ ʧʨʦʬʝʩʦʨʫ ɯ. ʄ. ʂʘʛʘʥʩʴʢʦʤʫ 

ʽ ʟʘʚʽʜʫʶʯʦʤʫ ʢʘʬʝʜʨʦʶ ʪʝʭʥʦʣʦʛʽʾ ʥʝʦʨʛʘʥʽʯʥʠʭ ʨʝʯʦʚʠʥ ʃʴʚʽʚʩʴʢʦʛʦ ʧʦʣʽʪʝʭʥʽʯʥʦʛʦ 

ʽʥʩʪʠʪʫʪʫ ʜʦʢʪʦʨʫ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ ʧʨʦʬʝʩʦʨʫ ɺ. ʊ. ʗʚʦʨʩʴʢʦʤʫ ʟʘ ʨʝʢʦʤʝʥʜʘʮʽʾ ʽ ʮʽʥʥʽ 

ʧʦʨʘʜʠ ʱʦʜʦ ʟʤʽʩʪʫ ʧʦʩʽʙʥʠʢʘ.



 

 

ʈʦʟʜʽʣ 1 

ʆʉʅʆɺʅɯ ʇʆʅʗʊʊʗ ʍɯʄɯʂʆ-ʊɽʍʅʆʃʆɻɯʏʅʆɻʆ ʇʈʆʎɽʉʋ 

1.1. ʆʟʥʘʯʝʥʥʷ ʭʽʤʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ 

ʍʽʤʽʯʥʘ ʪʝʭʥʦʣʦʛʽʷ ð ʧʨʠʢʣʘʜʥʘ ʥʘʫʢʘ ʧʨʦ ʤʝʪʦʜʠ ʽ ʩʧʦʩʦʙʠ ʧʝʨʝʨʦʙʢʠ ʩʠʨʦʚʠʥʠ ʚ 

ʧʨʝʜʤʝʪʠ ʚʞʠʪʢʫ, ʟʘʩʦʙʠ ʚʠʨʦʙʥʠʮʪʚʘ ʽ ʨʽʟʥʽ ʚʠʜʠ ʝʥʝʨʛʽʾ, ʚ ʧʨʦʮʝʩʽ ʷʢʠʭ ʟʤʽʥʶʶʪʴʩʷ 

ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ ʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ. 

ʍʽʤʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʷʚʣʷʻ ʩʦʙʦʶ ʩʫʢʫʧʥʽʩʪʴ ʬʽʟʠʯʥʠʭ, ʭʽʤʽʯʥʠʭ ʽ ʬʽʟʠʢʦ-

ʭʽʤʽʯʥʠʭ ʦʧʝʨʘʮʽʡ, ʱʦ ʚʠʢʦʥʫʶʪʴʩʷ ʟ ʤʝʪʦʶ ʧʝʨʝʨʦʙʢʠ ʩʠʨʦʚʠʥʠ ʚ ʮʽʣʴʦʚʽ ʧʨʦʜʫʢʪʠ. ɺʽʥ 

ʚʢʣʶʯʘʻ ʪʨʠ ʦʩʥʦʚʥʽ ʩʪʘʜʽʾ 1) ʧʽʜʛʦʪʦʚʢʘ ʩʠʨʦʚʠʥʠ ʜʦ ʧʝʨʝʨʦʙʢʠ, ʚʢʣʶʯʘʶʯʠ ʧʦʜʘʯʫ 

ʢʦʤʧʦʥʝʥʪʽʚ ʚ ʨʝʘʢʪʦʨ; 2) ʭʽʤʽʯʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ; 3) ʚʠʜʽʣʝʥʥʷ ʟ ʧʨʦʜʫʢʪʽʚ ʨʝʘʢʮʽʾ ʮʽʣʴʦʚʦʛʦ 

ʧʨʦʜʫʢʪʫ ʽ ʥʘʜʘʥʥʷ ʡʦʤʫ ʪʦʚʘʨʥʦʛʦ ʚʠʛʣʷʜʫ. 

ʋ ʧʨʦʮʝʩʽ ʚʠʛʦʪʦʚʣʝʥʥʷ ʮʽʣʴʦʚʦʛʦ ʧʨʦʜʫʢʪʫ S ʚʥʘʩʣʽʜʦʢ ʚʟʘʻʤʦʜʽʾ ʩʠʨʦʚʠʥʠ ɸ ʟ ʨʝʘʛʝʥʪʦʤ 

ɺ ʫʪʚʦʨʶʻʪʴʩʷ ʪʘʢʦʞ ʽ ʧʦʙʽʯʥʠʡ ʧʨʦʜʫʢʪ R ʟʘ ʩʭʝʤʦʶ 

ʘɸ + bB + é + Ÿ sS + rR + é (1.1) 

ʅʘ ʧʝʨʰʽʡ ʩʪʘʜʽʾ ʚʽʜʙʫʚʘʶʪʴʩʷ ʣʠʰʝ ʬʽʟʠʯʥʽ ʦʧʝʨʘʮʽʾ, ʧʦʚôʷʟʘʥʽ ʟ ʧʽʜʛʦʪʦʚʢʦʶ ʩʠʨʦʚʠʥʠ 

ʜʦ ʨʝʘʢʮʽʾ (ʥʘʧʨʠʢʣʘʜ, ʧʦʜʨʽʙʥʝʥʥʷ). ʊʦʤʫ ʚʠʭʽʜʥʘ ʩʠʨʦʚʠʥʘ ɸ ʫ ʭʽʤʽʯʥʦ ʥʝʟʤʽʥʥʦʤʫ ʚʠʛʣʷʜʽ 

ʧʝʨʝʭʦʜʠʪʴ ʥʘ ʜʨʫʛʫ ʩʪʘʜʽʶ, ʜʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʾʾ ʚʟʘʻʤʦʜʽʷ ʟ ʨʝʘʛʝʥʪʦʤ ɺ. ʅʘ ʪʨʝʪʽʡ ʩʪʘʜʽʾ 

ʚʽʜʙʫʚʘʶʪʴʩʷ ʬʽʟʠʯʥʽ ʧʨʦʮʝʩʠ ʚʽʜʦʢʨʝʤʣʝʥʥʷ ʮʽʣʴʦʚʦʛʦ ʧʨʦʜʫʢʪʫ S ʚʽʜ ʧʦʙʽʯʥʦʛʦ R 

(ʥʘʧʨʠʢʣʘʜ, ʬʽʣʴʪʨʫʚʘʥʥʷ, ʢʨʠʩʪʘʣʽʟʘʮʽʷ, ʚʠʩʫʰʫʚʘʥʥʷ). 

ʈʦʟʨʽʟʥʷʶʪʴ ʧʨʠʥʮʠʧʦʚʫ ʪʝʭʥʦʣʦʛʽʯʥʫ, ʭʽʤʽʯʥʫ ʽ ʘʧʘʨʘʪʫʨʥʦ-ʪʝʭʥʦʣʦʛʽʯʥʫ ʩʭʝʤʠ 

ʧʨʦʮʝʩʫ. ʇʦʩʣʽʜʦʚʥʘ ʩʫʢʫʧʥʽʩʪʴ ʦʩʥʦʚʥʠʭ ʬʽʟʠʯʥʠʭ, ʭʽʤʽʯʥʠʭ ʽ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʦʧʝʨʘʮʽʡ, ʷʢʽ 

ʚʠʢʦʥʫʶʪʴʩʷ ʧʽʜ ʯʘʩ ʧʝʨʝʨʦʙʢʠ ʩʠʨʦʚʠʥʠ ʚ ʮʽʣʴʦʚʽ ʧʨʦʜʫʢʪʠ ʘʙʦ ʧʨʝʜʤʝʪʠ ʚʞʠʪʢʫ, 

ʥʘʟʠʚʘʻʪʴʩʷ ʧʨʠʥʮʠʧʦʚʦʶ ʪʝʭʥʦʣʦʛʽʯʥʦʶ ʩʭʝʤʦʶ. 

ʅʘ ʨʠʩ 1.1 ʧʦʢʘʟʘʥʘ ʥʘʡʧʨʦʩʪʽʰʘ ʧʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʭʽʤʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ, ʱʦ 

ʚʢʣʶʯʘʻ ʬʽʟʠʯʥʽ ʦʧʝʨʘʮʽʾ ʧʽʜʛʦʪʦʚʢʠ ʩʠʨʦʚʠʥʠ 1 ʽ ʚʠʜʽʣʝʥʥʷ ʮʽʣʴʦʚʦʛʦ ʧʨʦʜʫʢʪʫ 3, ʘ ʪʘʢʦʞ 

ʭʽʤʽʯʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ 2. ʋ ʚʠʨʦʙʥʠʯʽʡ ʧʨʘʢʪʠʮʽ ʧʝʨʝʨʦʙʢʠ ʩʠʨʦʚʠʥʠ ʮʽ ʩʭʝʤʠ ʙʫʚʘʶʪʴ ʟʥʘʯʥʦ 

ʫʩʢʣʘʜʥʝʥʽ ʟʘʩʪʦʩʫʚʘʥʥʷʤ: 1) ʢʽʣʴʢʦʭ ʬʽʟʠʯʥʠʭ ʘʙʦ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʦʧʝʨʘʮʽʡ, ʧʦʚôʷʟʘʥʠʭ ʟ 

ʧʽʜʛʦʪʦʚʢʦʶ ʩʠʨʦʚʠʥʠ (ʥʘʧʨʠʢʣʘʜ, ʧʦʜʨʽʙʥʝʥʥʷ, ʟʙʘʛʘʯʝʥʥʷ, ʩʫʰʽʥʥʷ); 2) ʢʽʣʴʢʦʭ ʭʽʤʽʯʥʠʭ 

ʧʨʦʮʝʩʽʚ ʧʽʜ ʯʘʩ ʧʝʨʝʪʚʦʨʝʥʥʷ ʩʠʨʦʚʠʥʠ ʚ ʮʽʣʴʦʚʠʡ ʧʨʦʜʫʢʪ ʽ ʦʯʠʱʝʥʥʷ ʡʦʛʦ ʚʽʜ ʥʝʙʘʞʘʥʠʭ 

ʜʦʤʽʰʦʢ; 3) ʨʝʛʝʥʝʨʘʮʽʾ ʨʝʘʛʝʥʪʘ ʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʧʦʙʽʯʥʦʛʦ ʧʨʦʜʫʢʪʫ ʫ ʜʨʫʛʠʡ ʮʽʣʴʦʚʠʡ 

ʧʨʦʜʫʢʪ. 

ʇʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʚʢʣʶʯʘʻ ʦʧʠʩ ʦʩʥʦʚʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ ʧʦʚôʷʟʘʥʠʭ ʟ 

ʚʠʛʦʪʦʚʣʝʥʥʷʤ ʮʽʣʴʦʚʠʭ ʧʨʦʜʫʢʪʽʚ. ʋ ʚʠʧʘʜʢʫ ʢʦʤʧʣʝʢʩʥʦʾ ʧʝʨʝʨʦʙʢʠ ʩʠʨʦʚʠʥʠ ʥʘ ʩʭʝʤʘʭ 

ʧʦʜʘʶʪʴʩʷ ʧʨʦʥʝʩʠ ʚʠʛʦʪʦʚʣʝʥʥʷ ʦʩʥʦʚʥʦʛʦ ʽ ʧʦʙʽʯʥʦʛʦ ʧʨʦʜʫʢʪʽʚ (ʥʘʧʽʚʧʨʦʜʫʢʪʽʚ).



 

 

ʇʦʩʣʽʜʦʚʥʘ ʩʫʢʫʧʥʽʩʪʴ ʭʽʤʽʯʥʠʭ ʨʝʘʢʮʽʡ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʧʽʜ ʯʘʩ ʧʝʨʝʪʚʦʨʝʥʥʷ ʩʠʨʦʚʠʥʠ 

ʚ ʮʽʣʴʦʚʠʡ ʧʨʦʜʫʢʪ, ʥʘʟʠʚʘʻʪʴʩʷ ʭʽʤʽʯʥʦʶ ʩʭʝʤʦ ʁʧʨʦʮʝʩʫ. ʅʘʧʨʠʢʣʘʜ, ʩʧʨʦʱʝʥʫ ʭʽʤʽʯʥʫ 

ʩʭʝʤʫ ʚʠʨʦʙʥʠʮʪʚʘ ʦʢʩʠʜʫ ʘʣʶʤʽʥʽʶ ʟ ʙʦʢʩʠʪʽʚ, ʱʦ ʤʽʩʪʷʪʴ ʦʩʥʦʚʥʠʡ ʧʦʨʦʜʦʫʪʚʦʨʶʶʯʠʡ 

ʤʽʥʝʨʘʣ ʛʽʜʨʘʨʛʽʣʽʪ ð ɸl(ʆʅ)3, ʤʦʞʥʘ ʧʦʜʘʪʠ ʫ ʚʠʛʣʷʜʽ 

 ʅʘ ʩʧʨʦʱʝʥʽʡ ʭʽʤʽʯʥʽʡ ʩʭʝʤʽ ʧʨʦʮʝʩʫ ʧʦʜʘʥʦ ʦʩʥʦʚʥʽ ʭʽʤʽʯʥʽ ʨʝʘʢʮʽʾ. ʅʘʩʧʨʘʚʜʽ ʞ ʫ 

ʧʨʦʮʝʩʽ ʧʝʨʝʨʦʙʢʠ ʙʦʢʩʠʪʽʚ ʧʦʨʷʜ ʟ ʦʩʥʦʚʥʠʤʠ ʚʽʜʙʫʚʘʶʪʴʩʷ ʡ ʧʦʙʽʯʥʽ ʨʝʘʢʮʽʾ ʚʟʘʻʤʦʜʽʾ 

ʤʽʢʨʦʢʦʤʧʦʥʝʥʪʽʚ (ʛʘʣʽʶ, ʚʘʥʘʜʽʶ, ʭʨʦʤʫ ʪʘ ʽʥ.) ʟ ʣʫʞʥʠʤ ʨʦʟʯʠʥʦʤ. ʂʦʤʧʣʝʢʩʥʘ ʧʝʨʝʨʦʙʢʘ 

ʤʽʥʝʨʘʣʴʥʦʾ ʩʠʨʦʚʠʥʠ ʚʢʣʶʯʘʻ ʜʦʙʫʚʘʥʥʷ ʮʽʥʥʠʭ ʧʦʙʽʯʥʠʭ ʧʨʦʜʫʢʪʽʚ (ʦʢʩʠʜʽʚ ʛʘʣʽʶ ʽ 

ʚʘʥʘʜʽʶ), ʘ ʪʘʢʦʞ ʧʝʨʝʨʦʙʢʫ ʯʝʨʚʦʥʠʭ ʰʣʘʤʽʚ ʥʘ ʯʘʚʫʥ, ʛʣʠʥʦʟʝʤʥʽ ʰʣʘʢʠ, ʙʫʜʽʚʝʣʴʥʽ 

ʤʘʪʝʨʽʘʣʠ ʡ ʽʥʰʽ ʧʨʦʜʫʢʪʠ. 

ʇʦʩʣʽʜʦʚʥʘ ʩʫʢʫʧʥʽʩʪʴ ʧʨʦʮʝʩʽʚ ʧʝʨʝʨʦʙʢʠ ʩʠʨʦʚʠʥʠ ʚ ʮʽʣʴʦʚʠʡ ʧʨʦʜʫʢʪ ʘʙʦ ʧʨʝʜʤʝʪʠ 

ʚʞʠʪʢʫ, ʱʦ ʚʢʣʶʯʘʻ ʘʧʘʨʘʪʫʨʥʝ ʦʬʦʨʤʣʝʥʥʷ ʽ ʜʦʧʦʤʽʞʥʝ ʫʩʪʘʪʢʫʚʘʥʥʷ, ʘ ʪʘʢʦʞ ʚʠʟʥʘʯʘʻ 

ʤʘʪʝʨʽʘʣʴʥʽ ʧʦʪʦʢʠ, ʥʘʟʠʚʘʻʪʴʩʷ ʘʧʘʨʘʪʫʨʥʦ-ʪʝʭʥʦʣʦʛʽʯʥʦʶ (ʪʝʭʥʦʣʦʛʽʯʥʦʶ) ʩʭʝʤʦʶ 

ʚʠʨʦʙʥʠʮʪʚʘ. 

ʗʢ ʧʨʠʢʣʘʜ, ʧʦʨʽʚʥʷʻʤʦ ʧʨʠʥʮʠʧʦʚʫ ʪʝʭʥʦʣʦʛʽʯʥʫ ʡ ʘʧʘʨʘʪʫʨʥʦ- ʪʝʭʥʦʣʦʛʽʯʥʫ ʩʭʝʤʠ 

ʚʠʨʦʙʥʠʮʪʚʘ ʩʫʣʴʬʘʪʫ ʘʣʶʤʽʥʽʶ ʟ ʛʽʜʨʦʢʩʠʜʫ ʘʣʶʤʽʥʽʶ. ʎʝʡ ʧʨʦʮʝʩ 

ʦʧʠʩʫʻʪʴʩʷ ʪʘʢʦʶ ʭʽʤʽʯʥʦʶ ʩʭʝʤʦʶ: 

2ɸl(ʆH)3 + ɿʅ2Sʆ4 + (n-6) ʅ2ʆ = ɸl2(SO4)3 Ā nH2O. 

(1.2) 

ʇʨʠʥʮʠʧʦʚʘ ʪʝʭʥʦʣʦʛʽʯʥʘ ʩʭʝʤʘ ʚʢʣʶʯʘʻ ʯʦʪʠʨʠ ʦʩʥʦʚʥʽ ʦʧʝʨʘʮʽʾ 

(ʨʠʩ. 1.2). ɿ ʛʽʜʨʦʢʩʠʜʫ ʘʣʶʤʽʥʽʶ ʽ ʚʦʜʠ ʛʦʪʫʶʪʴ ʩʫʩʧʝʥʟʽʶ ʚ ʘʧʘʨʘʪʽ ʟ 

ʤʽʰʘʣʢʦʶ (ʬʽʟʠʯʥʠʡ ʧʨʦʮʝʩ 1), ʷʢʫ ʧʦʪʽʤ ʧʦʜʘʶʪʴ ʫ ʨʝʘʢʪʦʨ, ʜʝ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʭʽʤʽʯʥʘ ʚʟʘʻʤʦʜʽʷ (ʭʽʤʽʯʥʠʡ ʧʨʦʮʝʩ 2) ʟʘ ʨʝʘʢʮʽʻʶ (1.2). 

ɼʦʙʫʪʠʡ ʢʦʥʮʝʥʪʨʦʚʘʥʠʡ ʨʦʟʯʠʥ ʩʫʣʴʬʘʪʫ ʘʣʶʤʽʥʽʶ (ʧʣʘʚ) 

ʢʨʠʩʪʘʣʽʟʫʻʪʴʩʷ ʧʽʜ ʯʘʩ ʦʭʦʣʦʜʞʝʥʥʷ ʧʘ ʧʦʚʽʪʨʽ ʥʘ ʩʪʦʣʽ-ʢʨʠʩʪʘʣʽʟʘʪʦʨʽ 

(ʬʽʟʠʯʥʠʡ ʧʨʦʮʝʩ 3). ʐʤʘʪʢʠ ʟʘʢʨʠʩʪʘʣʽʟʦʚʘʥʦʛʦ ʩʫʣʴʬʘʪʫ ʘʣʶʤʽʥʽʶ

 

ȼɔɝ. 1.1. ȻɜɔəɢɔɛɚɎɌ 
ɝɡɑɘɌ ɁȾȻ 



 

 

ʧʦʜʨʽʙʥʶʶʪʴ (ʬʽʟʠʯʥʘ ʦʧʝʨʘʮʽʷ 4) ʽ ʧʦʜʘʶʪʴ ʥʘ ʩʢʣʘʜ ʜʣʷ ʚʽʜʧʨʘʚʣʝʥʥʷ ʩʧʦʞʠʚʘʯʝʚʽ. ʅʘ 

ʘʧʘʨʘʪʫʨʥʦ-ʪʝʭʥʦʣʦʛʽʯʥʽʡ ʩʭʝʤʽ (ʨʠʩ. 1.3) ʧʦʜʘʥʦ ʦʩʥʦʚʥʽ ʘʧʘʨʘʪʠ ʽ ʜʦʧʦʤʽʞʥʽ ʫʩʪʘʥʦʚʢʠ, ʚ 

ʷʢʠʭ ʚʽʜʙʫʚʘʶʪʴʩʷ ʦʧʠʩʘʥʽ ʚʠʱʝ ʧʨʦʮʝʩʠ. 

ʇʨʠʥʮʠʧʦʚʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʡ ʘʧʘʨʘʪʫʨʥʦ-ʪʝʭʥʦʣʦʛʽʯʥʽ ʩʭʝʤʠ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʚʽʜʢʨʠʪʽ (ʟ 

ʚʽʜʢʨʠʪʠʤ ʣʘʥʮʶʛʦʤ) ʽ ʮʠʢʣʽʯʥʽ (ʟʘʤʢʥʫʪʽ, ʢʨʫʛʦʚʽ, ʮʠʨʢʫʣʷʮʽʡʥʽ). ʋ ʩʭʝʤʘʭ ʟ ʚʽʜʢʨʠʪʠʤ 

ʣʘʥʮʶʛʦʤ ʫʩʽ ʨʝʯʦʚʠʥʠ, ʷʢʽ ʨʝʘʛʫʶʪʴ, ʧʨʦʭʦʜʷʪʴ ʯʝʨʝʟ ʨʷʜ ʘʧʘʨʘʪʽʚ ʣʠʰʝ ʦʜʠʥ ʨʘʟ (ʧʨʦʪʦʯʥʘ 

ʩʭʝʤʘ). ɿʘ ʪʘʢʦʶ ʩʭʝʤʦʶ ʦʬʦʨʤʣʷʶʪʴ ʚʠʨʦʙʥʠʮʪʚʘ, ʚ ʷʢʠʭ ʧʨʦʮʝʩʠ ʚʽʜʙʫʚʘʶʪʴʩʷ ʟ ʚʠʩʦʢʠʤ 

ʩʪʫʧʝʥʝʤ ʧʝʨʝʪʚʦʨʝʥʥʷ ʨʝʯʦʚʠʥ ʘʙʦ ʟ ʚʝʣʠʢʠʤ ʚʠʭʦʜʦʤ ʮʽʣʴʦʚʦʛʦ ʧʨʦʜʫʢʪʫ (ʚʠʨʦʙʥʠʮʪʚʦ 

ʩʫʣʴʬʘʪʫ ʘʣʶʤʽʥʽʶ, ʦʢʩʠʜʫ ʪʠʪʘʥʫ (IV) ʪʘ ʽʥ.). ʋ ʮʠʢʣʽʯʥʠʭ (ʮʠʨʢʫʣʷʮʽʡʥʠʭ) ʩʭʝʤʘʭ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʙʘʛʘʪʦʨʘʟʦʚʝ ʧʦʚʝʨʥʝʥʥʷ ʚ ʪʦʡ ʩʘʤʠʡ ʘʧʘʨʘʪ ʫʩʽʭ ʘʙʦ ʦʜʥʦʛʦ ʟ ʨʝʘʛʝʥʪʽʚ ʜʦ 

ʜʦʩʷʛʥʝʥʥʷ ʟʘʜʘʥʦʛʦ ʩʪʫʧʝʥʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚʠʭʽʜʥʠʭ ʨʝʯʦʚʠʥ. ʇʨʠʢʣʘʜʦʤ ʮʠʢʣʽʯʥʠʭ ʩʭʝʤ 

ʤʦʞʝ ʙʫʪʠ ʩʠʥʪʝʟ ʘʤʽʘʢʫ (ʨʠʩ. 1.4), ʩʧʠʨʪʽʚ. 

ʎʠʢʣʽʯʥʽ ʩʭʝʤʠ ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʧʝʨʝʨʦʙʣʷʪʠ ʩʠʨʦʚʠʥʫ ʟ ʚʠʩʦʢʠʤ ʚʠʭʦʜʦʤ ʮʽʣʴʦʚʦʛʦ 

ʧʨʦʜʫʢʪʫ ʽ ʟʥʘʯʥʦ ʟʤʝʥʰʫʚʘʪʠ ʢʽʣʴʢʽʩʪʴ ʚʽʜʭʦʜʽʚ, ʩʪʽʯʥʠʭ ʚʦʜ ʽ ʰʢʽʜʣʠʚʠʭ ʚʠʢʠʜʽʚ ʚ 

ʘʪʤʦʩʬʝʨʫ, ʘ ʦʪʞʝ, ʤʝʥʰʝ ʟʘʙʨʫʜʥʶʚʘʪʠ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ. 

ʍʽʤʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʨʦʮʝʩʠ ʤʦʞʫʪʴ ʚʽʜʙʫʚʘʪʠʩʷ ʚ ʘʧʘʨʘʪʘʭ ʧʝʨʽʦʜʠʯʥʦʾ ʽ ʙʝʟʧʝʨʝʨʚʥʦʾ 

ʜʽʾ (ʚʽʜʧʦʚʽʜʥʦ ʧʝʨʽʦʜʠʯʥʽ ʽ ʙʝʟʧʝʨʝʨʚʥʽ ʩʭʝʤʠ. ɹʝʟʧʝʨʝʨʚʥʽ ʩʭʝʤʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʚʝʣʠʢʦʶ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ, ʾʭ ʤʦʞʥʘ ʣʝʛʢʦ ʘʚʪʦʤʘʪʠʟʫʚʘʪʠ. 

ʋ ʙʘʛʘʪʴʦʭ ʚʠʧʘʜʢʘʭ (ʦʩʦʙʣʠʚʦ ʢʦʣʠ ʟʜʽʡʩʥʶʶʪʴʩʷ ʛʝʪʝʨʦʛʝʥʥʽ ʧʨʦʮʝʩʠ) ʟʘʩʪʦʩʦʚʫʶʪʴ 

ʢʦʤʙʽʥʦʚʘʥʽ ʩʭʝʤʠ, ʫ ʷʢʠʭ ʦʜʥʘ ʟ ʨʝʘʛʫʶʯʠʭ ʬʘʟ ʧʨʦʭʦʜʠʪʴ ʧʦʩʣʽʜʦʚʥʦ ʨʷʜ ʘʧʘʨʘʪʽʚ ʦʜʠʥ ʨʘʟ, 

ʘ ʽʥʰʘ ʬʘʟʘ ʙʘʛʘʪʦ ʨʘʟʽʚ ʮʠʨʢʫʣʶʻ ʯʝʨʝʟ ʜʝʷʢʽ ʘʧʘʨʘʪʠ. ɿʘ ʩʭʝʤʦʶ, ʚʽʜʢʨʠʪʦʶ ʚʽʜʥʦʩʥʦ 

ʛʘʟʦʚʦʾ ʬʘʟʠ ʽ ʮʠʢʣʽʯʥʦʶ ʚʽʜʥʦʩʥʦ ʨʽʜʢʦʾ ʬʘʟʠ, ʧʨʘʮʶʶʪʴ ʩʠʩʪʝʤʠ ʦʯʠʩʪʢʠ ʛʘʟʦʚʠʭ ʩʫʤʽʰʝʡ 

ʚʽʜ ʦʢʩʠʜʽʚ ʚʫʛʣʝʮʶ (IV) ʽ ʚʫʛʣʝʮʶ (II), ʦʢʩʠʜʫ ʩʽʨʢʠ ɯV), ʩʽʨʢʦʚʦʜʥʶ ʪʦʱʦ. 

ʆʩʥʦʚʥʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʭʽʤʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʻ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʨʝʞʠʤ, ʱʦ 

ʷʚʣʷʻ ʩʦʙʦʶ ʩʫʢʫʧʥʽʩʪʴ ʬʘʢʪʦʨʽʚ (ʧʘʨʘʤʝʪʨʽʚ), ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʰʚʠʜʢʽʩʪʴ ʧʨʦʮʝʩʫ, ʚʠʭʽʜ ʽ 

ʷʢʽʩʪʴ ʧʨʦʜʫʢʪʫ. ʇʘʨʘʤʝʪʨʠ ʧʨʦʮʝʩʫ ʚʠʟʥʘʯʘʶʪʴʩʷ ʫʤʦʚʘʤʠ ʡʦʛʦ ʧʨʦʭʦʜʞʝʥʥʷ. ɰʭ ʚʠʙʠʨʘʶʪʴ 

ʟ ʨʦʟʨʘʭʫʥʢʫ ʜʦʩʷʛʥʝʥʥʷ ʥʘʡʚʠʱʦʾ ʝʢʦʥʦʤʽʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʥʝ ʦʢʨʝʤʦʾ ʦʧʝʨʘʮʽʾ, ʘ ʚʩʴʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ ʚ ʮʽʣʦʤʫ. 

ʆʩʥʦʚʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʨʝʞʠʤʫ ʻ ʪʝʤʧʝʨʘʪʫʨʘ, ʪʨʠʚʘʣʽʩʪʴ ʧʨʦʮʝʩʫ, 

ʢʦʥʮʝʥʪʨʘʮʽʷ ʨʝʘʛʫʶʯʠʭ ʨʝʯʦʚʠʥ ʪʘ ʾʭ ʜʦʟʘ, ʪʠʩʢ, ʫʤʦʚʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʘʪʘʣʽʟʘʪʦʨʘ ʪʘ ʡʦʛʦ 

ʘʢʪʠʚʥʽʩʪʴ, ʩʧʦʩʽʙ ʪʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʪʦʱʦ. ɺʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʨʽʟʥʠʭ ʧʘʨʘʤʝʪʨʽʚ

ʈʠʩ. 1.2. ʇʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʜʦʙʫʚʘʥʥʷ ʩʫʣʴʬʘʪʫ ʘʣʶʤʽʥʽʶ ʟ ʛʽʜʨʦʢʩʠʜʫ ʘʣʶʤʽʥʽʶ 



 

 

 

 



 

ʈʠʩ. 1.4. ʎʠʢʣʽʯʥʘ (ʮʠʨʢʫʣʷʮʽʡʥʘ) ʩʭʝʤʘ ʩʠʥʪʝʟʫ ʘʤʽʘʢʫ: 

1 ï ʩʪʠʩʢ ʛʘʟʦʚʦʾ ʩʫʤʽʰʽ; 2 ð ʭʽʤʽʯʥʘ ʚʟʘʻʤʦʜʽʷ; 

5 ð ʚʠʜʽʣʝʥʥʷ ʘʤʽʘʢʫ 

ʫʪʨʫʜʥʶʻ ʾʭ ʘʥʘʣʽʟ ʡ ʦʧʪʠʤʽʟʘʮʽʶ ʥʘʚʽʪʴ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ɽʆʄ. ɼʣʷ ʩʧʨʦʱʝʥʥʷ 

ʦʧʪʧʤʽʟʘʮʽʾ ʘʥʘʣʽʟʫʶʪʴ ʣʠʰʝ ʦʩʥʦʚʥʽ ʧʘʨʘʤʝʪʨʠ, ʷʢʽ ʤʘʶʪʴ ʚʠʨʽʰʘʣʴʥʠʡ ʚʧʣʠʚ. 

ʆʧʪʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʨʝʞʠʤʫ ʚʠʟʥʘʯʘʶʪʴ ʟʘ ʫʤʦʚ ʜʦʩʷʛʥʝʥʥʷ 

ʤʘʢʩʠʤʘʣʴʥʦʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʫʩʪʘʪʢʫʚʘʥʥʷ, ʚʠʩʦʢʦʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʧʨʘʮʽ ʟ ʤʘʢʩʠʤʘʣʴʥʠʤ 

ʚʠʭʦʜʦʤ ʽ ʚʠʩʦʢʦʶ ʷʢʽʩʪʶ ʮʽʣʴʦʚʦʛʦ ʧʨʦʜʫʢʪʫ. 

ʆɼʅʀʄ ɿ ʦʩʥʦʚʥʠʭ ʝʣʝʤʝʥʪʽʚ ʘʧʘʨʘʪʫʨʥʦ-ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʩʭʝʤʠ ʻ ʭʽʤʽʯʥʠʡ ʨʝʘʢʪʦʨ. 

ʍʽʤʽʯʥʠʤ ʨʝʘʢʪʦʨʦʤ ʥʘʟʠʚʘʻʪʴʩʷ ʘʧʘʨʘʪ, ʚ ʷʢʦʤʫ ʚʽʜʙʫʚʘʶʪʴʩʷ ʭʽʤʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʽ 

ʧʨʦʮʝʩʠ, ʱʦ ʚʢʣʶʯʘʶʪʴ ʭʽʤʽʯʥʽ ʨʝʘʢʮʽʾ ʽ ʤʘʩʦʧʝʨʝʥʦʩ (ʢʦʣʦʥʠ ʩʠʥʪʝʟʫ, ʧʝʯʽ, ʢʦʥʪʘʢʪʥʽ 

ʘʧʘʨʘʪʠ, ʨʝʘʢʪʦʨʠ ʟ ʤʽʰʘʣʢʘʤʠ ʪʦʱʦ). ʅʘ ʨʝʞʠʤ ʨʦʙʦʪʠ ʘʧʘʨʘʪʘ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʚʧʣʠʚʘʻ 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʨʝʘʛʫʶʯʠʭ ʤʘʩ. ɿʘ ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʤ ʨʝʞʠʤʦʤ ʨʦʟʨʽʟʥʷʶʪʴ 

ʜʚʘ ʛʨʘʥʠʯʥʽ ʚʠʧʘʜʢʠ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʨʝʘʛʫʶʯʠʭ ʢʦʤʧʦʥʝʥʪʽʚ  ʽ ʧʨʦʜʫʢʪʽʚ ʨʝʘʢʮʽʾ: ʧʦʚʥʝ 

ʟʤʽʰʫʚʘʥʥʷ ʡ ʽʜʝʘʣʴʥʝ ʚʠʪʽʩʥʝʥʥʷ. 

ʋ ʚʠʧʘʜʢʫ ʧʦʚʥʦʛʦ ʟʤʽʰʫʚʘʥʥʷ ʚ ʨʝʘʢʪʦʨʽ ʧʨʦʪʦʯʥʦʛʦ ʪʠʧʫ ʢʦʥʮʝʥʪʨʘʮʽʷ ʢʦʤʧʦʥʝʥʪʽʚ 

ʦʜʥʘʢʦʚʘ ʚ ʫʩʴʦʤʫ ʦʙôʻʤʽ ʘʧʘʨʘʪʘ ʚʽʜ ʪʦʯʢʠ ʚʚʝʜʝʥʥʷ ʚʠʭʽʜʥʠʭ ʨʝʘʛʝʥʪʽʚ ʜʦ ʚʠʚʝʜʝʥʥʷ 

ʧʨʦʜʫʢʪʽʚ ʨʝʘʢʠʽʾ. ʇʨʠʯʦʤʫ ʚ ʫʩʴʦʤʫ ʨʝʘʢʮʽʡʥʦʤʫ ʦʙôʻʤʽ ʧʘʨʘʤʝʪʨʠ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʧʨʦʮʝʩʫ ð ʪʝʤʧʝʨʨʘʪʫʨʘ, ʢʦʥʮʝʥʪʨʘʮʽʷ, ʰʚʠʜʢʽʩʪʴ ʨʝʘʢʮʽʾ, ʩʪʫʧʽʥʴ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʢʦʤʧʦʥʝʥʪʽʚ ʪʦʱʦ ð ʚʠʨʽʚʥʶʶʪʴʩʷ ʤʠʪʪʻʚʦ. ɺ ʨʘʟʽ ʽʜʝʘʣʴʥʦʛʦ ʚʠʪʽʩʥʝʥʥʷ ʨʝʘʛʫʶʯʽ 

ʢʦʤʧʦʥʝʥʪʠ ʥʝ ʟʤʽʰʫʶʪʴʩʷ ʟ ʧʨʦʜʫʢʪʘʤʠ ʨʝʘʢʮʽʾ, ʧʨʦʭʦʜʷʪʴ ʣʘʤʽʥʘʨʥʠʤ ʧʦʪʦʢʦʤ ʯʝʨʝʟ ʚʝʩʴ 

ʦʙôʻʤ ʘʧʘʨʘʪʘ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʚʽʜʟʥʘʯʘʻʪʴʩʷ ʩʪʘʙʽʣʴʥʠʡ ʛʨʘʜʽʻʥʪ ʢʦʥʮʝʥʪʨʘʮʽʾ ʫ ʢʦʞʥʦʤʫ 

ʧʝʨʝʨʽʟʽ ʘʧʘʨʘʪʘ ʽ ʧʣʘʚʥʘ ʟʤʽʥʘ ʢʦʥʮʝʥʪʨʘʮʽʾ ʢʦʤʧʦʥʝʥʪʽʚ ʫ ʥʘʧʨʷʤʽ ʨʫʭʫ ʧʦʪʦʢʫ ʨʝʘʛʝʥʪʽʚ. 

ʈʝʘʢʪʦʨʠ ʤʦʞʫʪʴ ʧʦʜʽʣʷʪʠʩʷ ʟʘ ʨʽʟʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʨʝʞʠʤʫ. ʅʘ 

ʜʝʪʘʣʴʥʽʡ ʾʭ ʢʣʘʩʠʬʽʢʘʮʽʾ ʤʠ ʥʝ ʟʫʧʠʥʷʪʠʤʝʤʦʩʴ, ʦʩʢʽʣʴʢʠ ʮʝʡ ʧʨʦʮʝʩ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʚ ʢʫʨʩʽ 

çʇʨʦʮʝʩʠ ʪʘ ʘʧʘʨʘʪʠ ʭʽʤʽʯʥʦʾ ʪʝʭʥʦʣʦʛʽʾè. ʗʢ ʧʨʠʢʣʘʜ ʤʦʞʥʘ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʟʘʣʝʞʥʦ ʚʽʜ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʫ ʽ ʧʨʦʮʝʩʽʚ, ʷʢʽ ʚ ʥʠʭ ʧʨʦʭʦʜʷʪʴ, ʙʫʚʘʶʪʴ ʨʝʘʢʪʦʨʠ: ʽʟʦʪʝʨʤʽʯʥʽ, 

ʘʜʽʘʙʘʪʠʯʥʽ ʽ ʧʦʣʽʪʝʨʤʽʯʥʽ (ʧʨʦʛʨʘʤʥʦ-ʨʝʛʫʣʴʦʚʘʥʽ), ɺ ʽʟʦʪʝʨʤʽʯʥʠʭ ʨʝʘʢʪʦʨʘʭ, 

ʪʝʤʧʝʨʘʪʫʨʘ ʩʪʘʙʽʣʴʥʘ ʚ ʫʩʴʦʤʫ ʨʝʘʢʮʽʡʥʦʤʫ ʦʙôʻʤʽ. ɺ ʘʜʽʘʙʘʪʠʯʥʠʭ ʨʝʘʢʪʦʨʘʭ ʧʨʦʮʝʩʠ 

ʚʽʜʙʫʚʘʶʪʴʩʷ ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʪʝʧʣʦʦʙʤʽʥʫ ʟ ʥʘʚʢʦʣʠʰʥʽʤ ʩʝʨʝʜʦʚʠʱʝʤ, ʪʦʙʪʦ ʚʩʷ ʪʝʧʣʦʪʘ 

ʨʝʘʢʮʽʾ ʘʢʫʤʫʣʶʻʪʴʩʷ ʧʦʪʦʢʦʤ ʨʝʘʛʫʶʯʠʭ ʢʦʤʧʦʥʝʥʪʽʚ. ʋ ʧʦʣʽʪʝʨʤʽʯʥʠʭ ʨʝʘʢʪʦʨʘʭ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʯʘʩʪʢʦʚʝ ʧʽʜʚʝʜʝʥʥʷ (ʚʽʜʚʝʜʝʥʥʷ) ʪʝʧʣʦʪʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʟʘʜʘʥʦʾ ʧʨʦʛʨʘʤʠ. 

 

 

 

 

 

ɺʠʙʽʨ ʪʠʧʫ ʨʝʘʢʪʦʨʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʨʦʚʠʥʠ, ʷʢʫ ʧʝʨʝʨʦʙʣʷʶʪʴ, ʧʘʨʘʤʝʪʨʽʚ 



 

 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʨʝʞʠʤʫ ʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʠʤʠ ʤʽʨʢʫʚʘʥʥʷʤʠ.ɼʦ ʨʝʘʢʪʦʨʽʚ 

ʩʪʘʚʣʷʪʴ ʪʘʢʽ ʦʩʥʦʚʥʽ ʚʠʤʦʛʠ: ʚʠʩʦʢʠʡ ʚʠʭʽʜ ʮʽʣʴʦʚʦʛʦ ʧʨʦʜʫʢʪʫ, ʤʘʢʩʠʤʘʣʴʥʽ ʩʝʣʝʢʪʠʚʥʽʩʪʴ 

ʧʨʦʮʝʩʫ, ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʪʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʨʦʙʦʪʠ, ʤʽʥʽʤʘʣʴʥʽ ʟʘʪʨʘʪʠ ʝʥʝʨʛʽʾ ʥʘ ʧʝʨʝʤʽʰʫʚʘʥʥʷ 

ʡ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʤʘʪʝʨʽʘʣʽʚ ʯʝʨʝʟ ʨʝʘʢʪʦʨ, ʨʘʮʽʦʥʘʣʴʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʧʣʦʪʠ ʝʢʟʦʪʝʨʤʽʯʥʠʭ 

ʨʝʘʢʮʽʡ ʘʙʦ ʪʝʧʣʦʪʠ, ʧʽʜʚʝʜʝʥʦʾ ʚ ʨʝʘʢʪʦʨ, ʧʨʦʩʪʦʪʘ ʢʝʨʫʚʘʥʥʷ, ʩʪʘʙʽʣʴʥʽʩʪʴ ʨʝʞʠʤʫ ʽ 

ʙʝʟʧʝʯʥʽʩʪʴ ʨʦʙʦʪʠ, ʥʠʟʴʢʘ ʚʘʨʪʽʩʪʴ ʚʠʛʦʪʦʚʣʝʥʥʷ ʽ ʨʝʤʦʥʪʫ ʨʝʘʢʪʦʨʘ, ʥʘʜʽʡʥʽʩʪʴ ʚ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

1.2. ʉʪʝʭʽʦʤʝʪʨʠʯʥʽ ʨʦʟʨʘʭʫʥʢʠ 

ʉʪʝʭʽʦʤʝʪʨʠʯʥʽ ʨʦʟʨʘʭʫʥʢʠ ʚʠʢʦʥʫʶʪʴ ʜʣʷ ʦʮʽʥʢʠ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʜʽʶʯʠʭ ʧʽʜʧʨʠʻʤʩʪʚ, ʽ ʪʠʭ, ʱʦ ʧʨʦʝʢʪʫʶʪʴʩʷ, ʧʨʦʚʝʜʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ 

ʚʠʨʦʙʥʠʯʦʛʦ ʫʩʪʘʪʢʫʚʘʥʥʷ ʽ ʢʦʤʫʥʽʢʘʮʽʡ. ɿʚʠʯʘʡʥʦ ʟʘʩʪʦʩʦʚʫʶʪʴ ʜʚʘ ʩʧʦʩʦʙʠ ʩʪʝʭʽʦʤʝʪʨʠʯʥʠʭ 

ʨʦʟʨʘʭʫʥʢʽʚ: ʩʢʣʘʜʘʶʪʴ ʩʪʝʭʽʦʤʝʪʨʠʯʥʠʡ ʙʘʣʘʥʩ ʘʙʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʨʽʚʥʷʥʥʷ, ʱʦ ʜʘʶʪʴ ʟʤʦʛʫ 

ʰʚʠʜʢʦ ʚʠʢʦʥʘʪʠ ʩʪʝʭʽʦʤʝʪʨʠʯʥʽ ʦʙʯʠʩʣʝʥʥʷ (ʥʘʧʨʠʢʣʘʜ, ʚʠʟʥʘʯʠʪʠ ʩʪʫʧʽʥʴ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʢʦʤʧʦʥʝʥʪʽʚ, ʚʠʭʽʜ ʧʨʦʜʫʢʪʫ, ʚʠʪʨʘʪʥʽ ʢʦʝʬʽʮʽʻʥʪʠ ʜʣʷ ʩʠʨʦʚʠʥʠ ʡ ʝʥʝʨʛʽʾ, ʧʨʦʚʝʩʪʠ ʦʙʣʽʢ 

ʤʘʪʝʨʽʘʣʽʚ ʽ ʧʣʘʥʫʚʘʥʥʷ ʩʠʨʦʚʠʥʥʠʭ ʪʘ ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʝʩʫʨʩʽʚ, ʧʦʪʨʽʙʥʠʭ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ 

ʧʨʦʜʫʢʮʽʾ, ʚʠʷʚʠʪʠ ʧʝʨʝʜʫʤʦʚʠ ʽ ʥʘʧʨʷʤʠ ʦʧʪʠʤʽʟʘʮʽʾ ʧʨʦʮʝʩʫ). 

ʏʘʩʪʦ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʩʪʝʭʽʦʤʝʪʨʠʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʚʠʥʠʢʘʻ ʧʦʪʨʝʙʘ ʦʙʯʠʩʣʝʥʴ ʦʙôʻʤʽʚ, 

ʪʠʩʢʽʚ, ʛʫʩʪʠʥʠ ʘʙʦ ʚʦʣʦʛʦʩʪʽ ʛʘʟʽʚ, ʷʢʽ ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʫ ʧʨʦʮʝʩʽ, ʘ ʪʘʢʦʞ ʚʠʟʥʘʯʝʥʥʷ ʛʫʩʪʠʥʠ 

ʩʫʤʽʰʝʡ ʽ ʢʦʥʮʝʥʪʨʘʮʽʡ ʢʦʤʧʦʥʝʥʪʽʚ, ʪʦʙʪʦ ʚʠʢʦʥʘʥʥʷ ʧʨʦʩʪʠʭ ʬʽʟʠʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ. 

ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʨʝʘʢʮʽʡʥʘ ʩʫʤʽʰ ʤʽʩʪʠʪʴ ʚʠʭʽʜʥʽ ʨʝʯʦʚʠʥʠ, ʷʢʽ ʚʚʦʜʷʪʴ ʚ ʘʧʘʨʘʪ, ʽ 

ʨʝʯʦʚʠʥʠ, ʱʦ ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʫ ʭʽʤʽʯʥʠʭ ʧʝʨʝʪʚʦʨʝʥʥʷʭ (ʥʘʧʨʠʢʣʘʜ, ʧʨʦʤʽʞʥʽ, ʢʽʥʮʝʚʽ ð 

ʮʽʣʴʦʚʠʡ ʧʨʦʜʫʢʪ, ʧʦʙʽʯʥʽ, ʚʽʜʭʦʜʠ). ɺ ʨʝʘʢʮʽʡʥʽʡ ʩʫʤʽʰʽ ʤʦʞʫʪʴ ʤʽʩʪʠʪʠʩʷ ʪʘʢʦʞ ʨʝʯʦʚʠʥʠ, ʱʦ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʭʽʜ ʧʝʨʝʪʚʦʨʝʥʴ, ʘʣʝ ʧʽʩʣʷ ʟʘʚʝʨʰʝʥʥʷ ʨʝʘʢʮʽʡ ʟʘʣʠʰʘʶʪʴʩʷ ʙʝʟ ʟʤʽʥ 

(ʢʘʪʘʣʽʟʘʪʦʨʠ, ʽʥʛʽʙʽʪʦʨʠ) ʪʘ ʽʥʝʨʪʥʽ ʨʝʯʦʚʠʥʠ (ʽʥʝʨʪʠ), ʷʢʽ ʥʝ ʙʝʨʫʪʴ ʫʯʘʩʪʽ ʚ ʨʝʘʢʮʽʾ. ʅʘʷʚʥʽʩʪʴ 

ʮʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʫ ʨʝʘʢʮʽʡʥʽʡ ʩʫʤʽʰʽ ʟʥʘʯʥʦ ʫʩʢʣʘʜʥʶʻ ʩʪʝʭʽʦʤʝʪʨʠʯʥʽ ʨʦʟʨʘʭʫʥʢʠ. 

ɺʘʞʣʠʚʠʤʠ ʬʘʢʪʦʨʘʤʠ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʜʦʩʢʦʥʘʣʽʩʪʴ ʭʽʤʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ, ʻ 

ʚʠʪʨʘʪʥʽ ʢʦʝʬʽʮʽʻʥʪʠ ɓ ð ʚʝʣʠʯʠʥʠ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʩʪʫʧʽʥʴ ʚʠʪʨʘʪʠ ʨʽʟʥʠʭ ʚʠʜʽʚ 

ʩʠʨʦʚʠʥʠ, ʚʦʜʠ, ʝʥʝʨʛʽʾ ʥʘ ʦʜʠʥʠʮʶ ʚʠʨʦʙʣʝʥʦʾ ʧʨʦʜʫʢʮʽʾ. ʅʘʧʨʠʢʣʘʜ, ʜʣʷ ʚʠʪʨʘʪʥʦʛʦ ʢʦʝʬʽ-

ʮʽʻʥʪʘ ʜʣʷ ʩʠʨʦʚʠʥʠ ʨʦʟʨʘʭʫʥʢʦʚʠʡ ʚʠʨʘʟ ʤʘʻ ʚʠʛʣʷʜ 

  

 

ʜʝ Qm ð ʤʘʩʦʚʘ ʚʠʪʨʘʪʘ ʩʠʨʦʚʠʥʠ, ʢʛ; QV ð ʦʙôʻʤʥʘ ʚʠʪʨʘʪʘ ʩʠʨʦʚʠʥʠ, ʤ3; ʭ ð 

ʩʪʫʧʽʥʴ ʧʝʨʝʪʚʦʨʝʥʥʷ ʩʠʨʦʚʠʥʠ ʚ ʮʽʣʴʦʚʠʡ ʧʨʦʜʫʢʪ. 

ʈʦʟʨʽʟʥʷʶʪʴ ʪʝʦʨʝʪʠʯʥʽ ɓT ʽ ʧʨʘʢʪʠʯʥʽ ɓn ʚʠʪʨʘʪʥʽ ʢʦʝʬʽʮʽʻʥʪʠ. ʊʝʦʨʝʪʠʯʥʽ 

ʚʠʪʨʘʪʥʽ ʢʦʝʬʽʮʽʻʥʪʠ ʦʙʯʠʩʣʶʶʪʴ ʟʘ ʨʽʚʥʷʥʥʷʤ ʭʽʤʽʯʥʦʾ ʨʝʘʢʮʽʾ, ʱʦ ʣʝʞʠʪʴ ʚ ʦʩʥʦʚʽ 

ʜʦʙʫʚʘʥʥʷ ʮʽʣʴʦʚʦʛʦ ʧʨʦʜʫʢʪʫ. ʇʨʘʢʪʠʯʥʽ ʚʠʪʨʘʪʥʽ ʢʦʝʬʽʮʽʻʥʪʠ, ʷʢ ʧʨʘʚʠʣʦ, 

ʧʝʨʝʚʠʱʫʶʪʴ ʪʝʦʨʝʪʠʯʥʽ, ʱʦ ʤʦʞʝ ʙʫʪʠ ʟʫʤʦʚʣʝʥʦ ʫʪʚʦʨʝʥʥʷʤ ʧʦʙʽʯʥʠʭ ʧʨʦʜʫʢʪʽʚ 

ʨʝʘʢʮʽʾ ʡ ʚʽʜ-ʭʦʜʽʚ ʚʠʨʦʙʥʠʮʪʚʘ, ʤʝʭʘʥʽʯʥʠʤʠ ʚʪʨʘʪʘʤʠ. ʊʦʤʫ ɓʇ ʦʙʯʠʩʣʶʶʪʴ ʟʘ 

ʨʽʚʥʷʥʥʷʤ (1.3) ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʨʦʭʦʜʞʝʥʥʷ ʧʦʙʽʯʥʠʭ ʨʝʘʢʮʽʡ ʽ ʚʠʨʦʙʥʠʯʠʭ ʚʪʨʘʪ (ὗ˜) 

ʥʘ ʚʩʽʭ ʩʪʘʜʽʷʭ ʧʨʦʮʝʩʫ ʧʝʨʝʨʦʙʢʠ ʩʠʨʦʚʠʥʠ ʚ ʮʽʣʴʦʚʠʡ ʧʨʦʜʫʢʪ: 


˜

, 

̅ ̆ὗ ὗ˜ ð ʧʨʘʢʪʠʯʥʘ ʤʘʩʦʚʘ ʚʠʪʨʘʪʘ ʩʠʨʦʚʠʥʠ. 

(1.3) 



 

 

ʉʪʫʧʽʥʴ ʧʝʨʝʪʚʦʨʝʥʥʷ, ʷʢ ʤʽʨʫ ʧʦʚʥʦʪʠ ʧʨʦʭʦʜʞʝʥʥʷ ʨʝʘʢʮʽʾ, ʤʦʞʥʘ ʚʠʨʘʟʠʪʠ ʯʝʨʝʟ 

ʚʽʜʥʦʰʝʥʥʷ ʟʤʽʥʠ ʢʽʣʴʢʦʩʪʽ ʨʝʯʦʚʠʥʠ, ʱʦ ʟʘʟʥʘʻ ʧʝʨʝʪʚʦʨʝʥʥʷ, ʜʦ ʧʦʯʘʪʢʦʚʦʾ ʢʽʣʴʢʦʩʪʽ ʮʽʻʾ 

ʨʝʯʦʚʠʥʠ: 

ὼ
ὲ ὲ

ὲ

ά ά

ά
 

(ʚʝʣʠʯʠʥʠ ʟ ʽʥʜʝʢʩʦʤ ç0è ʥʘʣʝʞʘʪʴ ʜʦ ʢʽʣʴʢʦʩʪʽ ʤʦʣʽʚ ʧ ʘʙʦ ʤʘʩʠ ʪ ʚʠʭʽʜʥʠʭ ʨʝʯʦʚʠʥ ʫ 

ʧʦʯʘʪʢʦʚʠʡ ʤʦʤʝʥʪ ʾʭ ʧʝʨʝʪʚʦʨʝʥʥʷ, ʘ ʚʝʣʠʯʠʥʠ ʙʝʟ ʽʥʜʝʢʩʘ ð ʜʦ ʢʽʥʮʝʚʦʾ ʢʽʣʴʢʦʩʪʽ ʤʦʣʽʚ 

(ʤʘʩʠ) ʚʠʭʽʜʥʠʭ ʨʝʯʦʚʠʥ). 

ʉʪʫʧʝʥʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʢʦʞʥʦʾ ʟ ʚʠʭʽʜʥʠʭ ʨʝʯʦʚʠʥ, ʚʟʷʪʠʭ ʫ ʩʪʝʭʽʦʤʝʪʨʠʯʥʦʤʫ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ, ʦʜʥʘʢʦʚʽ. ʗʢʱʦ ʞ ʚʠʭʽʜʥʽ ʨʝʯʦʚʠʥʠ ʚʩʪʫʧʘʶʪʴ ʫ ʨʝʘʢʮʽʾ ʥʝ ʚ 

ʩʪʝʭʽʦʤʝʪʨʠʯʥʦʤʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ, ʪʦ ʟʥʘʯʝʥʥʷ ʩʪʫʧʝʥʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʭ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʦʛʦ, 

ʜʣʷ ʷʢʦʾ ʨʝʯʦʚʠʥʠ ʮʶ ʚʝʣʠʯʠʥʫ ʦʙʯʠʩʣʶʶʪʴ. ʅʘʧʨʠʢʣʘʜ, ʜʣʷ ʨʝʯʦʚʠʥʠ ɸ ʟʘ ʨʝʘʢʮʽʻʶ (1.1)  

ὼ ȟ                                                        (1.4) 

ʜʝ  ὧȟὧ  ð ʚʽʜʧʦʚʽʜʥʦ ʢʦʥʮʝʥʪʨʘʮʽʾ ʚʠʭʽʜʥʦʾ ʡ ʢʽʥʮʝʚʦʾ ʨʝʯʦʚʠʥ. 

ɼʣʷ ʨʝʘʢʮʽʡ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʙʝʟ ʟʤʽʥʠ ʦʙôʻʤʫ, ʩʪʫʧʽʥʴ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚʠʨʘʞʘʻʪʴʩʷ 

ʯʝʨʝʟ ʟʤʽʥʫ ʢʦʥʮʝʥʪʨʘʮʽʡ ʨʝʘʛʫʶʯʠʭ ʨʝʯʦʚʠʥ ʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʨʽʚʥʷʥʥʷʤ (1.4). 

ʂʦʣʠ ʚʠʟʥʘʯʘʶʪʴ ʩʪʫʧʽʥʴ ʧʝʨʝʪʚʦʨʝʥʥʷ, ʪʦ ʚʨʘʭʦʚʫʶʪʴ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʘʩ 

ʨʝʘʛʫʶʯʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʽ ʟʤʽʥʫ ʦʙôʻʤʫ ʩʠʩʪʝʤʠ ʫ ʧʨʦʮʝʩʽ ʨʝʘʢʮʽʾ. ʗʢʱʦ ʦʙôʻʤ ʨʝʘʢʮʽʡʥʦʾ 

ʩʫʤʽʰʽ ʟʤʽʥʶʻʪʴʩʷ ʧʨʦʪʷʛʦʤ ʧʨʦʮʝʩʫ, ʪʦ ʫ ʬʫʥʢʮʽʦʥʘʣʴʥʫ ʟʘʣʝʞʥʽʩʪʴ   ὧ Ὢὼ  ʚʚʦʜʷʪʴ 

ʚʽʜʥʦʩʥʫ ʟʤʽʥʫ ʦʙôʻʤʫ ʩʠʩʪʝʤʠ  ‐, ʷʢʘ ʜʣʷ ʜʘʥʦʛʦ ʧʨʦʮʝʩʫ ʻ ʩʪʘʣʦʶ ʚʝʣʠʯʠʥʦʶ: 

‐ ρȠ  ‐ ρȟ                                    (1.5) 

ʟʚʽʜʢʠ 

ὠ ὠ ‐ ρ. 

ʋ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʧʨʦʮʝʩ ʧʨʦʭʦʜʠʪʴ ʥʝ ʜʦ ʢʽʥʮʷ, ʚʽʜʥʦʩʥʘ ʟʤʽʥʘ ʦʙôʻʤʫ ʩʠʩʪʝʤʠ ʙʫʜʝ 

ʧʨʦʧʦʨʮʽʦʥʘʣʴʥʘ ʩʪʫʧʝʥʶ ʧʝʨʝʪʚʦʨʝʥʥʷ ὼ, ʽ ʧʦʪʦʯʥʝ ʟʥʘʯʝʥʥʷ ‐  ʚʠʟʥʘʯʘʪʠʤʝʪʴʩʷ ʟʘ 

ʟʘʣʝʞʥʽʩʪʶ 

‐ ‐ὼ.                                                           (1.6) 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ (1.6) ʟʘʣʝʞʥʽʩʪʴ ʧʦʪʦʯʥʦʛʦ ʟʥʘʯʝʥʥʷ ʦʙôʻʤʫ ʩʠʩʪʝʤʠ ὠ ʚʽʜ ʩʪʫʧʝʥʷ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ὼ ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʫ ʚʠʛʣʷʜʽ 

6 ὠ ρ ‐ ὠ ρ ‐ὼ Ȣ 

ʊʦʜʽ ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʢʦʥʮʝʥʪʨʘʮʽʶ ʨʝʯʦʚʠʥʠ ὲ ʧʨʠ ʩʪʝʭʽʦʤʝʪʨʠʯʥʦʤʫ ʩʢʣʘʜʽ 

ʚʠʭʽʜʥʦʾ ʩʫʤʽʰʽ ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ 

ὧ .                                    (1.7) 

ɿ ʨʽʚʥʷʥʥʷ (1.7) ʚʠʟʥʘʯʠʤʦ: 

ὼ . 

ɼʣʷ ʥʝʩʪʝʭʽʦʤʝʪʨʠʯʧʦʛʦ ʩʢʣʘʜʫ ʩʫʤʽʰʽ ʘʙʦ ʩʫʤʽʰʽ, ʜʦ ʷʢʦʾ ʚʭʦʜʷʪʴ ʽʥʝʨʪʥʽ ʢʦʤʧʦʥʝʥʪʠ, 

ʩʣʽʜ ʙʨʘʪʠ ʜʦ ʫʚʘʛʠ, ʱʦ ʫ ʧʨʦʮʝʩʽ ʚʟʘʻʤʦʜʽʾ ʟʤʽʥʶʻʪʴʩʷ ʦʙôʻʤ ʥʝ ʚʩʽʻʾ ʩʠʩʪʝʤʠ, ʘ ʣʠʰʝ ʪʽʻʾ 

ʾʾ ʯʘʩʪʠʥʠ, ʷʢʘ ʧʦʚôʷʟʘʥʘ ʟ ʾʾ ʨʝʘʛʫʶʯʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ. ʎʝ ʚʨʘʭʦʚʫʻʪʴʩʷ ʯʘʩʪʢʦʶ 

ʩʪʝʭʽʦʤʝʪʨʠʯʥʦʾ ʩʫʤʽʰʽ ʚʠʭʽʜʥʠʭ ʨʝʘʛʝʥʪʽʚ ɓʩ ʚ ʨʝʘʢʮʽʡʥʽʡ ʩʫʤʽʰʽ, ʷʢʫ ʚʠʟʥʘʯʘʶʪʴ ʟʘ 

ʨʽʚʥʷʥʥʷʤʠ  



 

 

                                                        (1.8) 

                                                         (1.9) 

 

ʜʣʷ ʢʦʥʮʝʥʪʨʘʮʽʡ, ʚʠʨʘʞʝʥʠʭ ʚʽʜʧʦʚʽʜʥʦ ʫ ʤʦʣʴʥʠʭ ʯʘʩʪʢʘʭ (1.8) ʽ ʦʜʠʥʠʮʷʭ ʢʦʥʮʝʥʪʨʘʮʽʾ 

(1.9); ʘ ʽ ʔ ð ʩʪʝʭʽʦʤʝʪʨʠʯʥʽ ʢʦʝʬʽʮʽʻʥʪʠ ʨʝʘʢʮʽʾ (1.1) (ʧʨʠ ʩʪʝʭʽʦʤʝʪʨʠʯʥʦʤʫ ʩʢʣʘʜʽ 

ʚʠʭʽʜʥʦʾ ʩʫʤʽʰʽ  ρ). 

ʆʪʞʝ, ʧʦʪʦʯʥʠʡ ʦʙôʻʤ ʩʠʩʪʝʤʠ Vʭ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʯʘʩʪʠʥʠ ʦʙôʻʤʫ, ʷʢʠʡ ʙʝʨʝ ʫʯʘʩʪʴ ʫ 

ʨʝʘʢʮʽʾ ʽ ʟʤʽʥʶʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʩʪʝʭʽʦʤʝʪʨʠʯʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʨʝʘʢʮʽʾ Vʟ ʽ ʯʘʩʪʠʥʠ, ʱʦ 

ʥʝ ʙʝʨʝ ʫʯʘʩʪʽ ʚ ʨʝʘʢʮʽʾ, ʪʦʙʪʦ ʷʢʘ ʟʘʣʠʰʘʻʪʴʩʷ ʥʝʟʤʽʥʥʦʶ Vʥ: 

6 6̈ 6̎;                                                             (1.10) 

6̈ ὠ ɼ̒ ρ ʀØ Ƞ                                                         ρȢρρ 

6̎ ὠ ρ ɼ̒                                                              ρȢρς 

ɿʥʘʯʝʥʥʷ ʚʽʜʥʦʰʝʥʥʷ , ʷʢʝ ʧʦʪʨʽʙʥʝ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ‐ ʟʘ ʨʽʚʥʷʥʥʷʤ (1.5), ʜʣʷ ʨʝʘʢʮʽʾ 

(1.1) ʧʦʜʘʻʪʴʩʷ ʟʘʣʝʞʥʽʩʪʶ 
ȢȢȢ

ȢȢȢ
, 

ʟʚʽʜʢʠ 

‐
ὲ ίȢȢȢ

ὥ ὦ ȢȢȢ
ρȢ 

ʅʘ ʦʩʥʦʚʽ ʨʽʚʥʷʥʴ (1.10) ð (1.12) ʚʠʟʥʘʯʘʶʪʴ ʢʦʥʮʝʥʪʨʘʮʽʶ ʢʦʤʧʦʥʝʥʪʘ ɸ ʚ ʩʫʤʽʰʽ 

ʥʝʩʪʝʭʽʦʤʝʪʨʠʯʥʦʛʦ ʩʢʣʘʜʫ:

Ã
Î

6̈ 6̎
Î ρ Ø

6 ɼ ρ ʀØ 6 ρ ɼ

Ã ρ Ø

ɼʀØ ρ



 

 

ʟʚʽʜʢʠ 

ὼ . 

ʋ ʨʝʘʣʴʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʘʭ ʩʪʫʧʝʥʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚʠʭʽʜʥʠʭ ʨʝʯʦʚʠʥ ʥʝ 

ʜʦʨʽʚʥʶʶʪʴ ʦʜʠʥ ʦʜʥʦʤʫ, ʦʩʢʽʣʴʢʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʘʩ ʩʠʨʦʚʠʥʠ ʫ ʚʠʭʽʜʥʽʡ ʨʝʘʢʮʽʡʥʽʡ 

ʩʫʤʽʰʽ ʟʚʠʯʘʡʥʦ ʥʝʩʪʝʭʽʦʤʝʪʨʠʯʥʝ. ɿʚ'ʷʟʦʢ ʤʽʞ ʩʪʫʧʝʥʝʤ ʧʝʨʝʪʚʦʨʝʥʥʷ ʨʝʯʦʚʠʥʠ ɸ ð ʍɸ ʽ 

ʩʪʫʧʝʥʝʤ ʧʝʨʝʪʚʦʨʝʥʥʷ ʨʝʯʦʚʠʥʠ B ð ʍB ʤʦʞʥʘ ʫʩʪʘʥʦʚʠʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʪʝʭʽʦʤʝʪʨʠʯʥʦʛʦ 

ʨʽʚʥʷʥʥʷ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʷʢʦʛʦ ʢʽʣʴʢʦʩʪʽ ʨʝʘʛʫʶʯʠʭ ʨʝʯʦʚʠʥ ʧʦʚôʷʟʘʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ 

Ὠὲ

ὥ

Ὠὲ

ὦ

Ὠὲ

ὧ
ȢȢȢ 

ʘʙʦ ʚ ʽʥʪʝʛʨʘʣʴʥʽʡ ʬʦʨʤʽ 

ὲ ὲ ὲ ὲ ȢȢȢ                                         (1.13) 

ʇʦʜʽʣʠʚʰʠ ʨʽʚʥʷʥʥʷ (1.13) ʥʘ ʜʦʙʫʪʦʢ ὲ ὲ , ʜʽʩʪʘʥʝʤʦ 

. 

ɺʨʘʭʦʚʫʶʯʠ ʦʟʥʘʯʝʥʥʷ ὼʽ ὼ, ʮʶ ʟʘʣʝʞʥʽʩʪʴ ʤʦʞʥʘ ʧʝʨʝʪʚʦʨʠʪʠ ʪʘʢ: 

, 

ʟʚʽʜʢʠ 

ὼ ὼ. 

ɺʘʞʣʠʚʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʭʽʤʽʢʦ-ʪʝʭʧʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʻ ʚʠʭʽʜ ʧʨʦʜʫʢʪʫ, ʧʽʜ ʷʢʠʤ 

ʨʦʟʫʤʽʶʪʴ ʚʽʜʥʦʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʬʘʢʪʠʯʥʦ ʜʦʙʫʪʦʛʦ ʧʨʦʜʫʢʪʫ mʬ ʜʦ ʤʘʢʩʠʤʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ 

ʡʦʛʦ mʤ, ʷʢʫ ʤʦʞʥʘ ʙʫʣʦ ʙ ʜʽʩʪʘʪʠ ʽʟ ʟʘʜʘʥʦʾ ʢʽʣʴʢʦʩʪʽ ʚʠʭʽʜʥʦʾ ʨʝʯʦʚʠʥʠ ʟʘ ʫʤʦʚʠ ʧʦʚʥʦʛʦ ʾʾ 

ʧʝʨʝʪʚʦʨʝʥʥʷ (ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʩʪʫʧʝʥʷ ʧʝʨʝʪʚʦʨʝʥʥʷ) 

ὼ ά̕ Ⱦά̇ . (1.14) 

ɼʣʷ ʭʽʤʽʯʥʠʭ ʨʝʘʢʮʽʡ ʤʘʢʩʠʤʘʣʴʥʫ ʢʽʣʴʢʽʩʪʴ ʧʨʦʜʫʢʪʫ ʚʠʟʥʘʯʘʶʪʴ ʷʢ ʟʘ ʢʽʣʴʢʽʩʪʶ 

ʦʩʥʦʚʥʦʾ ʚʠʭʽʜʥʦʾ ʨʝʯʦʚʠʥʠ, ʚʠʭʦʜʷʯʠ ʟ ʨʽʚʥʷʥʥʷ ʨʝʘʢʮʽʾ. ʗʢ ʦʩʥʦʚʥʫ ʨʝʯʦʚʠʥʫ ʧʝʨʝʚʘʞʥʦ 

ʙʝʨʫʪʴ ʥʘʡʮʽʥʥʽʰʠʡ ʢʦʤʧʦʥʝʥʪ, ʷʢʦʛʦ ʚ ʨʝʘʢʮʽʡʥʽʡ ʩʫʤʽʰʽ, ʷʢ ʧʨʘʚʠʣʦ, ʥʝʜʦʩʪʘʪʥʴʦ ʧʦʨʽʚʥʷʥʦ 

ʽʟ ʩʪʝʭʽʦʤʝʪʨʠʯʥʦʶ ʢʽʣʴʢʽʩʪʶ. ʊʘʢ, ʫ ʚʠʧʘʜʢʫ ʚʠʨʦʙʥʠʮʪʚʘ ʩʽʨʯʘʥʦʾ ʢʠʩʣʦʪʠ ʟ ʝʣʝʤʝʥʪʘʨʥʦʾ 

ʩʽʨʢʠ ʟʘ ʨʝʘʢʮʽʻʶ 

S + O2 = SO2 (1.15) 

ʦʩʥʦʚʥʠʤ ʨʝʘʛʝʥʪʦʤ ʚʚʘʞʘʶʪʴ ʩʽʨʢʫ, ʦʩʢʽʣʴʢʠ ʜʨʫʛʠʡ ʨʝʘʛʝʥʪ (ʢʠʩʝʥʴ) ʚʭʦʜʠʪʴ ʜʦ ʩʢʣʘʜʫ 

ʧʦʚʽʪʨʷ ʽ ʻ ʥʝ ʪʘʢʠʤ ʮʽʥʥʠʤ. 

ɼʣʷ ʧʨʦʮʝʩʽʚ ʤʽʞʬʘʟʥʦʾ ʤʘʩʦʧʝʨʝʜʘʯʽ (ʘʙʩʦʨʙʮʽʾ, ʜʝʩʦʨʙʮʽʾ, ʚʠʧʘʨʦʚʫʚʘʥʥʷ, ʢʦʥʜʝʥʩʘʮʽʾ 

ʪʦʱʦ) ʟʘ ʤʘʢʩʠʤʘʣʴʥʫ ʢʽʣʴʢʽʩʪʴ ʙʝʨʫʪʴ ʫʩʶ



 

ʢʽʣʴʢʽʩʪʴ ʨʝʯʦʚʠʥʠ ʚʽʜʜʘʶʯʦʾ ʬʘʟʠ, ʱʦ ʧʝʨʝʭʦʜʠʪʴ ʚ ʽʥʰʫ ʬʘʟʫ. ʊʘʢ, ʫ ʚʠʧʘʜʢʫ ʦʯʠʩʪʢʠ ʛʘʟʽʚ ʚʽʜ 

ʩʽʨʢʦʚʦʜʥʶ ʫ ʧʨʦʮʝʩʽ ʘʙʩʦʨʙʮʽʾ ʦʩʥʦʚʥʠʤ ʢʦʤʧʦʥʝʥʪʦʤ ʚʚʘʞʘʶʪʴ ʅ2S. 

ʋ ʧʨʦʮʝʩʘʭ ʤʘʩʦʦʙʤʽʥʫ ʪʘʢʝ ʚʠʣʫʯʝʥʥʷ ʦʩʥʦʚʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʩʪʫʧʝʥʝʤ 

ʘʙʩʦʨʙʮʽʾ (ʜʝʩʦʨʙʮʽʾ ʪʦʱʦ). ʉʪʫʧʽʥʴ ʧʝʨʝʪʚʦʨʝʥʥʷ, ʘʙʦ ʤʽʞʬʘʟʥʦʛʦ ʧʝʨʝʭʦʜʫ, ʢʦʤʧʦʥʝʥʪʘ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʽʜʥʦʰʝʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʚʠʪʨʘʯʝʥʦʛʦ ʦʩʥʦʚʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʜʦ ʡʦʛʦ ʟʘʛʘʣʴʥʦʾ 

ʚʠʭʽʜʥʦʾ ʢʽʣʴʢʦʩʪʽ (ʢʽʣʴʢʦʩʪʽ ʥʘ ʧʦʯʘʪʢʫ ʧʨʦʮʝʩʫ) 

ὼ
ά̐ ̘̏ ά̋ ̨̎

ά̐ ̘̏
 

ʗʢʱʦ ʚ ʯʠʩʝʣʴʥʠʢ ʬʦʨʤʫʣʠ (1.14) ʧʽʜʩʪʘʚʠʪʠ ʢʽʣʴʢʽʩʪʴ ʧʨʦʜʫʢʪʫ, ʜʦʙʫʪʦʛʦ ʫ ʩʪʘʥʽ ʨʽʚʥʦʚʘʛʠ, ʪʦ 

ʚʠʭʽʜ ʥʘʟʠʚʘʻʪʴʩʷ ʨʽʚʥʦʚʘʞʥʠʤ ʭʨ, ʘʙʦ ʪʝʦʨʝʪʠʯʥʠʤ ʭʪ. ʋ ʚʠʧʘʜʢʫ ʥʝʦʙʦʨʦʪʥʠʭ ʧʨʦʮʝʩʽʚ, ʢʦʣʠ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦʚʥʝ ʭʽʤʽʯʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚʠʭʽʜʥʦʾ ʨʝʯʦʚʠʥʠ ʚ ʮʽʣʴʦʚʠʡ ʧʨʦʜʫʢʪ, ʍʨ = 1. ɼʣʷ 

ʦʙʦʨʦʪʥʠʭ ʧʨʦʮʝʩʽʚ ʨʽʚʥʦʚʘʞʥʠʡ ʚʠʭʽʜ ʍʨ<1, ʦʩʢʽʣʴʢʠ ʩʪʘʥ ʨʽʚʥʦʚʘʛʠ ʥʘʩʪʘʻ ʫ ʚʠʧʘʜʢʫ ʥʝʧʦʚʥʦʛʦ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʚʠʭʽʜʥʠʭ ʨʝʯʦʚʠʥ ʫ ʮʽʣʴʦʚʠʡ ʧʨʦʜʫʢʪ. ʈʽʚʥʦʚʘʞʥʠʡ ʚʠʭʽʜ ʟʚʠʯʘʡʥʦ ʚʠʟʥʘʯʘʶʪʴ ʟʘ 

ʢʦʥʩʪʘʥʪʘʤʠ ʨʽʚʥʦʚʘʛʠ, ʚʟʷʪʠʤʠ ʽʟ ʩʧʝʮʽʘʣʴʥʦʾ ʜʦʚʽʜʢʦʚʦʾ ʣʽʪʝʨʘʪʫʨʠ. 

ʆʪʞʝ, ʩʪʝʭʽʦʤʝʪʨʠʯʥʠʡ ʨʦʟʨʘʭʫʥʦʢ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʟʥʘʯʠʪʠ ʚʠʭʽʜ ʧʨʦʜʫʢʪʫ ʡ ʫʩʪʘʥʦʚʠʪʠ 

ʥʘʧʨʷʤ ʟʤʽʥʠ ʧʘʨʘʤʝʪʨʘ ʟ ʤʝʪʦʶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʘʜʘʥʦʛʦ ʚʠʭʦʜʫ. ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʪʘʢʠʭ 

ʦʨʽʻʥʪʦʚʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʜʦʮʽʣʴʥʽʰʝ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʜʽʘʛʨʘʤʠ, ʥʦʤʦʛʨʘʤʠ, ʧʨʦʩʪʽ ʧʨʘʚʠʣʘ ʦʙʯʠʩ-

ʣʝʥʴ (ʧʨʘʚʠʣʘ ʟʤʽʰʫʚʘʥʥʷ, ʟʽʨʢʠ, ʧʨʷʤʦʾ ʣʽʥʽʾ; ʤʝʪʦʜ ʽʥʝʨʪʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ). 

ɺʘʞʣʠʚʠʤ ʧʨʠʡʦʤʦʤ ʩʪʝʭʽʦʤʝʪʨʠʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ, ʱʦ ʜʘʶʪʴ ʟʤʦʛʫ ʩʧʨʦʩʪʠʪʠ ʦʙʯʠʩʣʝʥʥʷ, ʻ 

ʚʠʙʽʨ ʩʧʦʩʦʙʫ ʚʠʨʘʞʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʡ ʢʦʤʧʦʥʝʥʪʽʚ ʫ ʩʫʤʽʰʽ. ʅʘʡʧʦʰʠʨʝʥʽʰʠʤʠ ʩʧʦʩʦʙʘʤʠ ʻ 

ʪʘʢʽ: 

1) ʢʦʥʮʝʥʪʨʘʮʽʷ, ʚʠʨʘʞʝʥʘ ʚ ʤʘʩʦʚʠʭ ʯʘʩʪʢʘʭ, % (Ã , %): 

Ã
ά

В ά
Ͻρππ 

ʜʝ άȾВ άð ʤʘʩʦʚʘ ʯʘʩʪʢʘ ʢʦʤʧʦʥʝʥʪʘ, %; В ά  ð ʩʫʤʘʨʥʘ ʤʘʩʘ ʩʠʩʪʝʤʠ, ʱʦ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʭ ʢʦʤʧʦʥʝʥʪʽʚ, ʢʛ; 

2) ʢʦʥʮʝʥʪʨʘʮʽʷ, ʚʠʨʘʞʝʥʘ ʚ ʤʦʣʷʨʥʠʭ ʯʘʩʪʢʘʭ, % (ὔȟ %); 

ὔ
ὲ

В ὲ
Ͻρππ 

ʜʝ ὲȾВ ὲ ὔ ð ʤʦʣʷʨʥʘ ʯʘʩʪʢʘ ʢʦʤʧʦʥʝʥʪʘ ʽ, %. 

ʉʢʣʘʜ ʛʘʟʦʚʠʭ ʩʫʤʽʰʝʡ ʚ ʦʙʣʘʩʪʽ ʪʝʤʧʝʨʘʪʫʨ ʽ ʪʠʩʢʽʚ, ʢʦʣʠ ʤʦʞʥʘ ʟʘʩʪʦʩʫʚʘʪʠ ʨʽʚʥʷʥʥʷ ʩʪʘʥʫ 

ʽʜʝʘʣʴʥʦʛʦ ʛʘʟʫ ʘʙʦ ʟʘʢʦʥ ɼʘʣʴʪʦʥʘ, ʚʠʨʘʞʘʶʪʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʘʨʮʽʘʣʴʥʦʛʦ ʪʠʩʢʫ -̔ʛʦ ʢʦʤʧʦʥʝʥʪʘ 

ʽ ʟʘʛʘʣʴʥʦʛʦ ʪʠʩʢʫ ʩʫʤʽʰʽ 

В В
ὔ, 

ʟʚʽʜʢʠ ʣʝʛʢʦ ʦʙʯʠʩʣʠʪʠ ʤʦʣʷʨʥʫ ʯʘʩʪʢʫ -̔ʛʦ ʢʦʤʧʦʥʝʥʪʘ ʩʫʤʽʰʽ. 

ɼʣʷ ʨʽʜʢʠʭ ʩʫʤʽʰʝʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʦʙôʻʤʥʽ ʯʘʩʪʢʠ ʢʦʤʧʦʥʝʥʪʽʚ, % (̒ȟϷ ȡ 

̒
В

Ͻρππ, 

̅ ̆ὠȾВ ὠ ð ʦʙôʻʤʥʘ ʯʘʩʪʢʘ -̔ʛʦ ʢʦʤʧʦʥʝʥʪʘ, %. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʮʴʦʛʦ ʩʧʦʩʦʙʫ ʦʙʤʝʞʝʥʝ, ʦʩʢʽʣʴʢʠ ʧʨʠ ʟʤʽʰʫʚʘʥʥʽ ʢʽʣʴʢʦʭ ʨʽʜʠʥ 

ʦʙôʻʤ ʩʫʤʽʰʽ V ʟʚʠʯʘʡʥʦ ʥʝ ʜʦʨʽʚʥʶʻ ʩʫʤʽ ʦʙôʻʤʽʚ ʢʦʤʧʦʥʝʥʪʽʚ (ὠ В ὠ. ɿʥʘʶʯʠ 

ʤʦʣʷʨʥʽ ʤʘʩʠ ʢʦʤʧʦʥʝʥʪʽʚ ʩʫʤʽʰʽ, ʤʦʞʥʘ ʧʝʨʝʨʘʭʫʚʘʪʠ ʢʦʥʮʝʥʪʨʘʮʽʾ, ʚʠʨʘʞʝʥʽ ʚ 



 

 

ʤʘʩʦʚʠʭ ʯʘʩʪʢʘʭ, ʫ ʤʦʣʷʨʥʽ ʯʘʩʪʢʠ. 

ʇʨʠʢʣʘʜ 1.1. ʈʦʟʨʘʭʫʚʘʪʠ ʚʠʪʨʘʪʠ ʛʽʜʨʦʢʩʠʜʫ ʘʣʶʤʽʥʽʶ ʽ ʩʽʨʯʘʥʦʾ ʢʠʩʣʦʪʠ, 

ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʜʦʙʫʚʘʥʥʷ 1 ʪ ʩʫʣʴʬʘʪʫ ʘʣʶʤʽʥʽʶ, ʱʦ ʤʽʩʪʠʪʴ 17 % ɸ12ʆ3. ʅʘ ʚʠʨʦʙ-

ʥʠʮʪʚʽ ʟʘʩʪʦʩʦʚʫʶʪʴ 93 %-ʡ ʨʦʟʯʠʥ ʅ2SO4 ʚ ʢʽʣʴʢʦʩʪʽ 97 % ʩʪʝʭʽʦʤʝʪʨʠʯʥʦʛʦ ʽ 

ʛʽʜʨʦʢʩʠʜ ʘʣʶʤʽʥʽʶ ʪʘʢʦʛʦ ʩʢʣʘʜʫ, ʤʘʩʦʚʘ ʯʘʩʪʢʘ, %: 0,6 Na2O; 0,2 SiO2; 12 ʚʦʣʦʛʠ; 

34 ʚʪʨʘʪʠ ʧʨʠ ʧʨʦʞʘʨʶʚʘʥʥʽ ʟ ʚʽʜʨʘʭʫʚʘʥʥʷʤ ʚʦʣʦʛʠ; ʨʝʰʪʘ ð ʛʽʜʨʦʢʩʠʜ ʘʣʶʤʽʥʽʶ. 

ʉʪʫʧʽʥʴ ʨʦʟʢʣʘʜʘʥʥʷ ʛʽʜʨʦʢʩʠʜʫ ʘʣʶʤʽʥʽʶ ð 100 %. 

ʄʦʣʝʢʫʣʷʨʥʘ ʤʘʩʘ ɸ12ʆ3 ð 102; ɸ12 (SO4)3 ð 342; H2SO4 ð 98; Fʝ2O3 ð 159,7; 

Na2O ð 62. 

ʈʦʟʚ'ʷʟʫʚʘʥʥʷ. ʋʪʚʦʨʝʥʥʷ ʩʫʣʴʬʘʪʫ ʘʣʶʤʽʥʽʶ ʧʽʜ ʯʘʩ ʦʙʨʦʙʢʠ ʛʽʜʨʦʢʩʠʜʫ ʘʣʶʤʽ-

ʥʽʶ ʩʽʨʯʘʥʦʶ ʢʠʩʣʦʪʦʶ ʤʦʞʥʘ ʧʦʜʘʪʠ ʩʭʝʤʦʶ 

ɸl2O3+ 3H2SO4 + (ʧ ð 3) ʅ2O = Al 2 (SO4)3 Å nʅ2O. (1.16) 

ʂʨʽʤ ʪʦʛʦ, ʜʦʤʽʰʢʠ ʦʢʩʠʜʽʚ ʟʘʣʽʟʘ (III) ʽ ʥʘʪʨʽʶ, ʱʦ ʤʽʩʪʷʪʴʩʷ ʚ ʛʽʜʨʦʢʩʠʜʽ ʘʣʶʤʽʥʽʶ, 

ʪʘʢʦʞ ʨʝʘʛʫʶʪʴ ʟ ʅ2SO4: 

Fe2O3 + ɿʅ2SO4 = Fʝ2 (SO4)3 + 3ʅ2ʆ; (1.17) 

Na2O + ʅ2SO4 = Na2SO4 + ʅ2ʆ. (1.18) 

ɺʤʽʩʪ Al 2O3 ʫ ʩʠʨʦʚʠʥʽ ʩʪʘʥʦʚʠʪʴ 

100 - (0,6 + 0,2 + 0,4 + 12 + 34) = 53,16 %. 

ɺʠʪʨʘʪʘ ɸ12O3 ʜʣʷ ʫʪʚʦʨʝʥʥʷ 1 ʪ ʩʫʣʴʬʘʪʫ ʘʣʶʤʽʥʽʶ ʩʪʘʥʦʚʠʪʴ 170 ʢʛ (ʟʘ ʫʤʦʚʦʶ 

ʟʘʜʘʯʽ). ʊʦʜʽ ʚʠʪʨʘʪʘ ʛʽʜʨʦʢʩʠʜʫ ʘʣʶʤʽʥʽʶ ʩʪʘʥʦʚʠʪʠʤʝ 

170 Å 100/53,16 = 319,8 ʢʛ =0,32 ʪ. 

 

ɺʠʪʨʘʪʘ H2SO4 ʙʫʜʝ: 

ʟʘ ʨʝʘʢʮʽʻʶ (1.16): 

0,17 Å 3 Å 98/102 = 0,49; 

ʟʘ ʨʝʘʢʮʽʻʶ (1.17): 

0,32 Å 0,0004 Å 3 Å 98/159,7 = 0,00024; 

ʟʘ ʨʝʘʢʮʽʻʶ (1.18): 

0,32 Å 0,006 Å 98/02 = 0,003; 

 

 

ʩʫʤʘʨʥʘ ʚʠʪʨʘʪʘ 

0,49 + 0,00024 + 0,003 = 0,49324. 

ʟ ʚʨʘʭʫʚʘʥʥʷʤ 97% H2SO4 ʩʪʝʭʽʦʤʝʪʨʠʯʥʦʾ ʢʽʣʴʢʦʩʪʽ 

0,49324 Å 0,97 = 0,4784 

ʟ ʚʨʘʭʫʚʘʥʥʷʤ 93 %-ʛʦ ʨʦʟʯʠʥʫ H2SO4 

0,4784/0,93 = 0,5144. 

 

1.3. ʈʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʽ ʢʨʠʪʝʨʽʾ 

ʡʦʛʦ ʟʘʚʝʨʰʝʥʦʩʪʽ 

ʇʽʜ ʨʘʮʽʦʥʘʣʴʥʠʤ ʭʽʤʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʧʨʦʮʝʩʦʤ ʨʦʟʫʤʽʶʪʴ ʪʘʢʠʡ ʧʨʦʮʝʩ, ʢʦʣʠ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʢʦʤʧʣʝʢʩʥʘ ʧʝʨʝʨʦʙʢʘ ʩʠʨʦʚʠʥʠ ʟ ʜʦʙʫʚʘʥʥʷʤ ʫʩʽʭ ʽʥʛʨʝʜʽʻʥʪʽʚ, 



 

 

ʤʽʥʽʤʘʣʴʥʠʤʠ ʚʠʪʨʘʪʘʤʠ ʩʠʨʦʚʠʥʠ, ʝʥʝʨʛʽʾ, ʢʘʧʽʪʘʣʴʥʠʤʠ ʽ ʪʨʫʜʦʚʠʤʠ ʟʘʪʨʘʪʘʤʠ ʧʨʠ 

ʟʘʜʘʥʽʡ ʷʢʦʩʪʽ, ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʚʠʭʦʜʽ ʮʽʣʴʦʚʠʭ ʧʨʦʜʫʢʪʽʚ ʽ ʚʠʩʦʢʽʡ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 

ʧʨʦʮʝʩʫ, ʷʢʽ ʥʝ ʧʦʨʫʰʫʶʪʴ ʝʢʦʣʦʛʽʯʥʦʾ ʨʽʚʥʦʚʘʛʠ ʚ ʥʘʚʢʦʣʠʰʥʴʦʤʫ ʧʨʠʨʦʜʥʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ. 

ɺʠʭʦʜʷʯʠ ʟ ʮʴʦʛʦ ʦʟʥʘʯʝʥʥʷ, ʢʨʠʪʝʨʽʷʤʠ ʟʘʚʝʨʰʝʥʦʩʪʽ ʭʽʤʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʧʨʦʮʝʩʫ ʻ: 

ʢʦʤʧʣʝʢʩʥʘ ʧʝʨʝʨʦʙʢʘ ʩʠʨʦʚʠʥʠ ʟ ʜʦʙʫʚʘʥʥʷʤ ʫʩʽʭ ʽʥʛʨʝʜʽʻʥʪʽʚ;  

ʤʘʢʩʠʤʘʣʴʥʝ ʚʠʣʫʯʝʥʥʷ (ʱʦ ʥʘʙʣʠʞʘʻʪʴʩʷ ʜʦ ʪʝʦʨʝʪʠʯʥʦʛʦ) ʮʽʣʴʦʚʠʭ ʧʨʦʜʫʢʪʽʚ; 

ʚʠʩʦʢʘ ʩʝʣʝʢʪʠʚʥʽʩʪʴ ʩʢʣʘʜʥʠʭ ʭʽʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ; ʤʽʥʽʤʘʣʴʥʽ 

ʧʨʠʚʝʜʝʥʽ ʢʘʧʽʪʘʣʴʥʽ ʟʘʪʨʘʪʠ;  

ʤʽʥʽʤʘʣʴʥʽ ʧʘʣʠʚʥʦ-ʝʥʝʨʛʝʪʠʯʥʽ ʟʘʪʨʘʪʠ; 

ʤʘʢʩʠʤʘʣʴʥʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʨʦʭʦʜʞʝʥʥʷ ʧʨʦʮʝʩʽʚ ʧʨʠ ʤʽʥʽʤʘʣʴʥʽʡ ʾʭ ʢʽʣʴʢʦʩʪʽ; 

ʤʽʥʽʤʘʣʴʥʘ ʩʦʙʽʚʘʨʪʽʩʪʴ ʮʽʣʴʦʚʠʭ ʧʨʦʜʫʢʪʽʚ; ʚʽʜʩʫʪʥʽʩʪʴ ʚʽʜʭʦʜʽʚ, ʩʪʽʯʥʠʭ ʚʦʜ ʽ 

ʰʢʽʜʣʠʚʠʭ ʛʘʟʦʚʠʭ ʚʠʢʠʜʽʚ;  

ʤʘʢʩʠʤʘʣʴʥʘ ʤʝʭʘʥʽʟʘʮʽʷ ʡ ʘʚʪʦʤʘʪʠʟʘʮʽʷ ʚʩʽʭ ʧʨʦʮʝʩʽʚ;  

ʧʨʦʩʪʦʪʘ ʽ ʥʘʜʽʡʥʽʩʪʴ ʫʩʴʦʛʦ ʭʽʤʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ. 

ɯʟ ʢʨʠʪʝʨʽʾʚ ʟʘʚʝʨʰʝʥʦʩʪʽ ʧʨʦʮʝʩʫ ʚʠʭʦʜʠʪʴ, ʱʦ ʦʧʪʠʤʘʣʴʥʠʤ ʭʽʤʽʢʦ-

ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʧʨʦʮʝʩʦʤ ʙʫʜʝ ʪʦʡ, ʷʢʠʡ ʥʘʡʙʽʣʴʰʦʶ ʤʽʨʦʶ ʟʘʙʝʟʧʝʯʫʻ ʜʦʩʷʛʥʝʥʥʷ ʮʠʭ 

ʢʨʠʪʝʨʽʾʚ. ʇʨʠ ʮʴʦʤʫ ʩʣʽʜ ʤʘʪʠ ʥʘ ʫʚʘʟʽ, ʱʦ ʧʦʥʷʪʪʷ ʧʨʦ ʨʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ 

ʧʨʦʮʝʩ ʟʤʽʥʶʚʘʪʠʤʝʪʴʩʷ ʚ ʯʘʩʽ ʦʜʥʦʯʘʩʥʦ ʟ ʧʽʜʚʠʱʝʥʥʷʤ ʨʽʚʥʷ ʨʦʟʚʠʪʢʫ ʥʘʫʢʠ ʽ 

ʪʝʭʥʽʢʠ ʊʦʤʫ ʤʦʞʣʠʚʝ ʙʝʟʧʝʨʝʨʚʥʝ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʟ ʤʝʪʦʶ 

ʜʦʩʷʛʥʝʥʥʷ ʛʨʘʥʠʯʥʠʭ ʟʥʘʯʝʥʴ ʢʨʠʪʝʨʽʾʚ ʾʭ ʟʘʚʝʨʰʝʥʦʩʪʽ. 

ʗʢ ʧʨʠʢʣʘʜ ʨʦʟʛʣʷʥʝʤʦ ʢʦʤʧʣʝʢʩʥʫ ʧʝʨʝʨʦʙʢʫ ʢʦʣʯʝʜʘʥʥʠʭ ʨʫʜ. ʊʝʧʝʨ ʢʦʣʯʝʜʘʥʥʽ 

ʨʫʜʠ ʚʠʧʘʣʶʶʪʴ ʫ ʧʝʯʘʭ ʟ ʢʠʧʣʷʯʠʤ ʰʘʨʦʤ. ɺʽʜʭʽʜʥʠʡ ʛʘʟ, ʱʦ ʤʽʩʪʠʪʴ ʦʢʩʠʜ ʩʽʨʢʠ 

(IV), ʧʝʨʝʨʦʙʣʷʶʪʴ ʥʘ ʩʽʨʯʘʥʫ ʢʠʩʣʦʪʫ, ʘ ʢʦʣʯʝʜʘʥʥʠʡ ʥʝʜʦʛʘʨʦʢ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ 

ʧʝʨʝʚʘʞʥʦ ʟ ʦʢʩʠʜʽʚ ʟʘʣʽʟʘ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʫ ʚʠʨʦʙʥʠʮʪʚʽ ʮʝʤʝʥʪʫ. ʆʜʥʘʢ ʪʘʢʫ 

ʪʝʭʥʦʣʦʛʽʶ ʧʝʨʝʨʦʙʢʠ ʢʦʣʯʝʜʘʥʥʠʭ ʨʫʜ ʥʝ ʤʦʞʥʘ ʚʠʟʥʘʪʠ ʨʘʮʽʦʥʘʣʴʥʦʶ, ʦʩʢʽʣʴʢʠ ʚ 

ʢʦʣʯʝʜʘʥʥʦʤʫ ʥʝʜʦʛʘʨʢʫ, ʢʨʽʤ ʟʘʣʽʟʘ, ʻ ʢʦʣʴʦʨʦʚʽ ʡ ʙʣʘʛʦʨʦʜʥʽ ʤʝʪʘʣʠ (ʤʽʜʴ, ʮʠʥʢ, 

ʥʽʢʝʣʴ, ʢʦʙʘʣʴʪ, ʩʨʽʙʣʦ, ʟʦʣʦʪʦ ʪʦʱʦ), ʷʢʽ ʥʝ ʚʠʣʫʯʘʶʪʴʩʷ, ʘ ʟʥʘʯʠʪʴ ʙʝʟʧʦʚʦʨʦʪʥʦ 

ʚʪʨʘʯʘʶʪʴʩʷ, ʧʦʪʨʘʧʣʷʶʯʠ ʜʦ ʩʢʣʘʜʫ ʙʫʜʽʚʝʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ɼʦ ʧʝʚʥʦʛʦ ʯʘʩʫ, ʢʦʣʠ 

ʥʘʰʘ ʢʨʘʾʥʘ ʤʘʣʘ ʙʘʛʘʪʽ ʟʘʧʘʩʠ ʨʫʜ ʢʦʣʴʦʨʦʚʠʭ ʽ ʙʣʘʛʦʨʦʜʥʠʭ ʤʝʪʘʣʽʚ, ʚʠʣʫʯʝʥʥʷ ʾʭ ʟ 

ʢʦʣʯʝʜʘʥʥʦʛʦ ʥʝʜʦʛʘʨʢʫ ʙʫʣʦ ʥʝʨʝʥʪʘʙʝʣʴʥʠʤ ʽ ʪʦʤʫ ʦʧʠʩʘʥʘ ʪʝʭʥʦʣʦʛʽʷ ʚʚʘʞʘʣʘʩʴ 

ʨʘʮʽʦʥʘʣʴʥʦʶ. ʋ ʟʚôʷʟʢʫ ʟ ʚʠʩʥʘʞʝʥʥʷʤ ʟʘʧʘʩʽʚ ʙʘʛʘʪʠʭ ʨʫʜ ʢʦʣʴʦʨʦʚʠʭ ʽ ʙʣʘʛʦʨʦʜʥʠʭ 

ʤʝʪʘʣʽʚ ʧʦʩʪʘʣʦ ʟʘʚʜʘʥʥʷ ʢʦʤʧʣʝʢʩʥʦʾ ʧʝʨʝʨʦʙʢʠ ʢʦʣʯʝʜʘʥʥʠʭ ʨʫʜ ʟ ʚʠʣʫʯʝʥʥʷʤ ʫʩʽʭ 

ʢʦʨʠʩʥʠʭ ʽʥʛʨʝʜʽʻʥʪʽʚ ʽ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʭʽʤʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ 

ʧʝʨʝʨʦʙʢʠ ʢʦʣʯʝʜʘʥʥʠʭ ʨʫʜ. ʊʘʢʠʤ ʧʨʦʮʝʩʦʤ ʙʫʜʝ ʪʦʡ, ʷʢʠʡ ʟʘʙʝʟʧʝʯʠʪʴ ʢʦʤʧʣʝʢʩʥʫ 

ʧʝʨʝʨʦʙʢʫ ʨʫʜʠ ʟ ʚʠʣʫʯʝʥʥʷʤ ʫʩʽʭ ʽʥʛʨʝʜʽʻʥʪʽʚ ʟ ʤʽʥʽʤʘʣʴʥʠʤʠ ʟʘʪʨʘʪʘʤʠ. 

  



 

 

ɿʘʧʠʪʘʥʥʷ ʽ ʟʘʜʘʯʽ ʜʣʷ ʩʘʤʦʩʪʽʡʥʦʾ ʨʦʙʦʪʠ 

1. ʋ ʯʦʤʫ ʧʦʣʷʛʘʻ ʚʽʜʤʽʥʥʽʩʪʴ ʧʨʠʥʮʠʧʦʚʦʾ ʩʭʝʤʠ ʭʽʤʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ 

ʧʽʜ ʘʧʘʨʘʪʫʨʥʦ-ʪʝʭʥʦʣʦʛʽʯʥʦʾ? 

2. ʅʘʧʠʩʘʪʠ ʭʽʤʽʯʥʫ ʩʭʝʤʫ ʜʦʙʫʚʘʥʥʷ ʛʣʠʥʦʟʝʤʫ ʟ ʙʦʢʩʠʪʽʚ ʩʧʦʩʦʙʦʤ ʩʧʽʢʘʥʥʷ. 

3. ʅʘ ʧʨʠʢʣʘʜʽ ʚʠʨʦʙʥʠʮʪʚʘ ʩʽʨʯʘʥʦʾ ʢʠʩʣʦʪʠ ʟ ʢʦʣʯʝʜʘʥʥʠʭ ʨʫʜ ʦʧʠʩʘʪʠ ʧʨʠʥ-

ʮʠʧʦʚʫ ʪʘ ʘʧʘʨʘʪʫʨʥʦ-ʪʝʭʥʦʣʦʛʽʯʥʫ ʩʭʝʤʠ. ʇʨʦʘʥʘʣʽʟʫʚʘʪʠ ʟʘʚʝʨʰʝʥʽʩʪʴ ʧʨʦʮʝʩʫ. 

4. ʈʦʟʨʘʭʫʚʘʪʠ ʚʠʪʨʘʪʫ ʢʦʣʯʝʜʘʥʫ, ʚ ʷʢʦʤʫ ʤʽʩʪʠʪʴʩʷ 42 % S, ʜʣʷ ʜʦʙʫʚʘʥʥʷ 1 ʪ 

H2SO4. ɺʪʨʘʪʠ ʩʽʨʢʠ ʣʽʜ ʯʘʩ ʚʠʧʘʣʶʚʘʥʥʷ ʢʦʣʯʝʜʘʥʫ ʩʪʘʥʦʚʣʷʪʴ 3,5 %, ʘ ʩʪʫʧʽʥʴ 

ʘʙʩʦʨʙʮʽʾ Sʆ3 ð 99,9 %. 

5. ɺʠʟʥʘʯʠʪʠ ʩʢʣʘʜ ʰʠʭʪʠ (ʙʦʢʩʠʪ, ʩʦʜʘ ʽ ʚʘʧʥʷʢ) ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʛʣʠʥʦʟʝʤʫ ʟ 

ʙʦʢʩʠʪʫ ʩʧʦʩʦʙʦʤ ʩʧʽʢʘʥʥʷ. ɹʦʢʩʠʪʦʚʘ ʨʫʜʘ ʤʘʻ ʪʘʢʠʡ ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ, ʤʘʩʦʚʘ ʯʘʩʪʢʘ, 

%: Al 2O3 ð 48; SiO2 ð 12; Fe2O3 ð 18; ʜʦʤʽʰʢʠ (ʽʥʝʨʪʠ) ð 2. ʄʦʣʷʨʥʝ ʩʧʽʚʚʽʜ-

ʥʦʰʝʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ ʫ ʩʧʝʢʫ: Na2O/Al 2O3 + Fe2O3 = 1 ʽ CaO/SiO2 = 2, ʚʘʧʥʷʢ ʤʽʩʪʠʪʴ 

88 % ʉʘʉO3, ʪʝʭʥʽʯʥʘ ʩʦʜʘ ð 25 % Na2CO3. ʈʦʟʨʘʭʫʥʦʢ ʚʠʢʦʥʘʪʠ ʥʘ 1 ʪ ʙʦʢʩʠʪʫ. 

ʉʧʠʩʦʢ ʨʝʢʦʤʝʥʜʦʚʘʥʦʾ ʣʽʪʝʨʘʪʫʨʠ 

1. ʆʙʱʘʷ ʭʠʤʠʯʝʩʢʘʷ ʪʝʭʥʦʣʦʛʠʷ: ɺ 2 ʪ. ʊ. ɯ. ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʭʠʤʠʯʝʩʢʦʡ 

ʪʝʭʥʦʣʦʛʠʠ / ʀ. ʇ. ʄʫʭʣʝʥʦʚ, ɸ. ʗ. ɸʚʝʨʙʫʭ, ɽ. ʉ. ʊʫʤʘʨʢʠʥʘ ʠ ʜʨ.; ʇʦʜ ʨʝʜ. ʀ. ʇ. 

ʄʫʭʣʝʧʦʚʘ ð 4-ʝ ʠʟʜ., ʧʝʨʝʨʘʙ. ʠ ʜʦʧ.ð ʄ. : ɺʳʩʰ. ʰʢĂ 1984.ð 256 ʩ. 

2. ʈʘʩʯʝʪʳ ʧʦ ʪʝʭʥʦʣʦʛʠʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ / ʄ. ɽ. ʇʦʟʠʥ, ɹ. ɸ. ʂʦʧʳʣʝʚ, 

ɻ. ɺ. ɹʝʣʴʯʝʥʢʦ ʠ ʜʨ.; ʇʦʜ ʨʝʜ. ʄ. ɽ. ʇʦʟʠʥʘ.ð 2-ʝ ʠʟʜ., ʧʝʨʝʨʘʙ.ð ʃ. . ʍʠʤʠʷ, 1977.ð 

496 ʩ. 

3. ʈʘʩʯʝʪʳ ʭʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ / ɸ. ʌ. ʊʫʙʦʣʢʠʥ, ɽ. ʉ. ʊʫʤʘʨʢʠʥʘ, 

ʕ. ʗ. ʊʘʨʘʪ ʠ ʜʨ.; ʇʦʜ ʨʝʜ. ʀ. ʇ. ʄʫʭʣʝʥʦʚʘ.ð 2-ʝ ʠʟʜ., ʧʝʨʝʨʘʙ. ʠ ʜʦʧ.ð ʃ. : ʍʠʤʠʷ, 

1982.ð 248 ʩ. 

  



 

 

ʈʦʟʜʽʣ 2 

ʇɽʈʐʀʁ ɿɸʂʆʅ ʊɽʈʄʆɼʀʅɸʄɯʂʀ 

2.1. ɿʘʛʘʣʴʥʽ ʚʽʜʦʤʦʩʪʽ 

ʊʝʨʤʦʜʠʥʘʤʽʢʘ ʚʠʚʯʘʻ ʤʘʢʨʦʩʠʩʪʝʤʠ ʟ ʚʝʣʠʢʦʶ ʤʘʩʦʶ, ʪʦʤʫ ʦʢʨʝʤʽ ʤʽʢʨʦʯʘʩʪʠʥʢʠ 

(ʤʦʣʝʢʫʣʠ, ʘʪʦʤʠ) ʘʙʦ ʥʝʚʝʣʠʢʘ ʾʭ ʢʽʣʴʢʽʩʪʴ ʥʝ ʻ ʦʙôʻʢʪʘʤʠ ʜʦʩʣʽʜʞʝʥʥʷ. 

ʊʝʨʤʦʜʠʥʘʤʽʯʥʠʡ ʘʥʘʣʽʟ ʜʘʻ ʟʤʦʛʫ ʘʧʨʽʦʨʽ (ʙʝʟ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʽʚ) ʚʠʟʥʘʯʠʪʠ 

ʧʨʠʥʮʠʧʦʚʫ ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʭʦʜʞʝʥʥʷ ʪʦʛʦ ʯʠ ʽʥʰʦʛʦ ʧʨʦʮʝʩʫ, ʪʦʙʪʦ ʫʢʘʟʘʪʠ ʡʦʛʦ 

ʥʘʧʨʷʤ. 

ʈʦʟʨʽʟʥʷʶʪʴ ʟʘʛʘʣʴʥʫ, ʪʝʭʥʽʯʥʫ ʽ ʭʽʤʽʯʥʫ ʪʝʨʤʦʜʠʥʘʤʽʢʫ. ɺ ʟʘʛʘʣʴʥʽʡ 

ʪʝʨʤʦʜʠʥʘʤʽʮʽ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʪʝʦʨʝʪʠʯʥʽ ʦʩʥʦʚʠ (ʟʘʢʦʥʠ ʪʘ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ) ʬʽʟʠʯʥʠʭ 

ʷʚʠʱ. ʊʝʭʥʽʯʥʘ ʪʝʨʤʦʜʠʥʘʤʽʢʘ ʨʦʟʛʣʷʜʘʻ ʦʩʥʦʚʥʽ ʟʘʢʦʥʠ ʪʘ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʪʦʩʦʚʥʦ 

ʜʦ ʧʨʦʮʝʩʽʚ ʚʟʘʻʤʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʪʝʧʣʦʪʠ ʽ ʨʦʙʦʪʠ (ʨʦʟʨʦʙʢʘ ʪʝʦʨʽʾ ʪʝʧʣʦʚʠʭ 

ʜʚʠʛʫʥʽʚ). ʋ ʭʽʤʽʯʥʽʡ ʪʝʨʤʦʜʠʥʘʤʽʮʽ ʚʠʚʯʘʻʪʴʩʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʾʾ ʦʩʥʦʚʥʠʭ ʟʘʢʦʥʽʚ 

ʩʪʦʩʦʚʥʦ ʜʦ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʽ ʭʽʤʽʯʥʠʭ ʷʚʠʱ (ʭʽʤʽʯʥʽ ʽ ʬʘʟʦʚʽ ʨʽʚʥʦʚʘʛʠ, ʪʝʧʣʦʚʽ 

ʝʬʝʢʪʠ ʽ ʪʝʧʣʦʚʽ ʙʘʣʘʥʩʠ ʬʽʟʠʯʥʠʭ ʪʘ ʭʽʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ). 

ɺʠʚʯʝʥʥʷ ʟʘʢʦʥʽʚ ʬʽʟʠʯʥʦʾ ʡ ʭʽʤʽʯʥʦʾ ʨʽʚʥʦʚʘʛʠ ʜʘʻ ʟʤʦʛʫ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ 

ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʡ ʘʥʘʣʽʟ, ʨʦʟʚôʷʟʫʚʘʪʠ ʚʘʞʣʠʚʽ ʟʘʚʜʘʥʥʷ ʫ ʧʨʘʢʪʠʮʽ ʭʽʤʽʯʥʦʾ 

ʪʝʭʥʦʣʦʛʽʾ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʽ ʚ ʪʝʭʥʦʣʦʛʽʾ ʥʝʦʨʛʘʥʽʯʥʠʭ ʨʝʯʦʚʠʥ: 

ʚʠʟʥʘʯʘʪʠ ʥʘʧʨʷʤ ʧʨʦʮʝʩʫ ʪʘ ʦʧʪʠʤʘʣʴʥʽ ʫʤʦʚʠ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʨʝʞʠʤʫ 

(ʪʝʤʧʝʨʘʪʫʨʫ, ʪʠʩʢ, ʢʦʥʮʝʥʪʨʘʮʽʶ ʨʝʘʛʝʥʪʽʚ ʪʦʱʦ); 

ʫʩʪʘʥʦʚʣʶʚʘʪʠ ʫʤʦʚʠ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʚʠʣʫʯʝʥʥʷ ʮʽʣʴʦʚʠʭ ʧʨʦʜʫʢʪʽʚ ʽ ʟʤʝʥʰʝʥʥʷ 

ʘʙʦ ʚʠʢʣʶʯʝʥʥʷ ʚʠʭʦʜʫ ʥʝʙʘʞʘʥʠʭ ʧʦʙʽʯʥʠʭ ʧʨʦʜʫʢʪʽʚ; 

ʚʠʟʥʘʯʘʪʠ ʤʝʞʽ ʩʪʽʡʢʦʩʪʽ ʜʦʙʫʪʠʭ ʧʨʦʜʫʢʪʽʚ ʟʘʣʝʞʥʦ ʚʽʜ ʫʤʦʚ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʨʝʞʠʤʫ; 

ʫʩʪʘʥʦʚʣʶʚʘʪʠ ʨʽʚʥʦʚʘʞʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʧʨʦʜʫʢʪʽʚ ʨʝʘʢʮʽʡ ʽ ʤʘʢʩʠʤʘʣʴʥʠʡ ʾʭ 

ʚʠʭʽʜ; 

ʚʠʟʥʘʯʘʪʠ ʪʝʧʣʦʚʽ ʝʬʝʢʪʠ ʨʝʘʢʮʽʡ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ, ʷʢʽ ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ 

ʨʦʟʨʘʭʦʚʫʚʘʪʠ ʪʝʧʣʦʚʽ ʙʘʣʘʥʩʠ ʧʨʦʮʝʩʽʚ. 

ʍʽʤʽʯʥʘ ʪʝʨʤʦʜʠʥʘʤʽʢʘ, ʷʢ ʽ ʪʝʨʤʦʜʠʥʘʤʽʢʘ ʚʟʘʛʘʣʽ, ʙʫʜʫʯʠ ʜʝʜʫʢʪʠʚʥʦʶ ʥʘʫʢʦʶ, 

ʨʦʟʚôʷʟʫʻ ʟʘʟʥʘʯʝʥʽ ʟʘʚʜʘʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʘʧʘʨʘʪʫ ʡ ʩʧʠʨʘʻʪʴʩʷ ʥʘ ʪʨʠ 

ʦʩʥʦʚʥʽ ʟʘʢʦʥʠ (ʥʘʯʘʣʘ) ʪʝʨʤʦʜʠʥʘʤʽʢʠ. 

2.2. ʆʩʥʦʚʥʽ ʧʦʥʷʪʪʷ ʪʘ ʦʟʥʘʯʝʥʥʷ 

ʉʫʢʫʧʥʽʩʪʴ ʪʽʣ, ʱʦ ʝʥʝʨʛʝʪʠʯʥʦ ʚʟʘʻʤʦʜʽʶʪʴ ʤʽʞ ʩʦʙʦʶ ʽ ʟ ʽʥʰʠʤʠ ʪʽʣʘʤʥ, ʘ ʪʘʢʦʞ 

ʦʙʤʽʥʶʶʪʴʩʷ ʟ ʥʠʤʠ ʨʝʯʦʚʠʥʦʶ, ʥʘʟʠʚʘʻʪʴʩʷ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʶ ʩʠʩʪʝʤʦʶ. ɺʟʘʻʤʦʜʽʷ 

ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʾ ʩʠʩʪʝʤʠ (ʜʘʣʽ ʥʘʟʠʚʘʪʠʤʝʤʦ ʧʨʦʩʪʦ ʩʠʩʪʝʤʦʶ) ʽʟ ʥʘʚʢʦʣʠʰʥʽʤ 

ʩʝʨʝʜʦʚʠʱʝʤ ʩʫʧʨʦʚʦʜʠʪʴʩʷ ʧʝʨʝʜʘʯʝʶ ʪʝʧʣʦʪʠ ʽ ʚʠʢʦʥʘʥʥʷʤ ʨʦʙʦʪʠ. 

ʉʠʩʪʝʤʘ ʥʘʟʠʚʘʻʪʴʩʷ ʽʟʦʣʴʦʚʘʥʦʶ, ʷʢʱʦ ʚʦʥʘ ʥʝ ʦʙʤʽʥʶʻʪʴʩʷ ʝʥʝʨʛʽʻʶ ʽ ʨʝʯʦʚʠʥʦʶ 

ʟ ʽʥʰʠʤʠ ʩʠʩʪʝʤʘʤʠ. ʗʢʱʦ ʚ ʩʠʩʪʝʤʽ ʥʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʤʽʥ ʫ ʯʘʩʽ (ʥʝʤʘʻ ʧʦʪʦʢʽʚ 

ʨʝʯʦʚʠʥʠ ʡ ʝʥʝʨʛʽʾ) ʽ ʾʾ ʥʝʟʤʽʥʥʽʩʪʴ ʥʝ ʟʫʤʦʚʣʝʥʘ ʧʝʨʝʙʽʛʦʤ ʟʦʚʥʽʰʥʽʭ ʧʨʦʮʝʩʽʚ, ʪʦ ʪʘʢʘ 

ʩʠʩʪʝʤʘ ʧʝʨʝʙʫʚʘʻ ʚ ʩʪʘʥʽ ʨʽʚʥʦʚʘʛʠ. 

ʉʪʘʥ ʩʠʩʪʝʤʠ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. ɹʫʜʴ-ʷʢʘ 



 

 

ʚʣʘʩʪʠʚʽʩʪʴ ʩʠʩʪʝʤʠ (ʪʝʤʧʝʨʘʪʫʨʘ, ʪʠʩʢ, ʦʙôʻʤ, ʝʥʪʨʦʧʽʷ ʪʦʱʦ), ʷʢʘ ʻ ʥʝʟʘʣʝʞʥʦʶ 

ʟʤʽʥʥʦʶ ʽ ʚʠʟʥʘʯʘʻ ʩʪʘʥ ʩʠʩʪʝʤʠ, ʤʦʞʝ ʙʫʪʠ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʤ ʧʘʨʘʤʝʪʨʦʤ. 

ɺʣʘʩʪʠʚʦʩʪʽ ʙʫʚʘʶʪʴ ʝʢʩʪʝʥʩʠʚʥʽ ʪʘ ʽʥʪʝʥʩʠʚʥʽ. ɽʢʩʪʝʥʩʠʚʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʟʘʣʝʞʘʪʴ ʚʽʜ 

ʢʽʣʴʢʦʩʪʽ ʨʝʯʦʚʠʥʠ (ʦʙôʻʤʫ ʪʘ ʽʥ.), ʽʥʪʝʥʩʠʚʥʽ ð ʥʝ ʟʘʣʝʞʘʪʴ ʚʽʜ ʥʝʾ (ʪʝʤʧʝʨʘʪʫʨʘ, ʢʦʥ-

ʮʝʥʪʨʘʮʽʷ ʪʦʱʦ). ʊʝʨʤʦʜʠʥʘʤʽʯʥʽ ʧʘʨʘʤʝʪʨʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʧʝʚʥʠʡ ʩʪʘʥ ʩʠʩʪʝʤʠ. 

ʇʽʜ ʯʘʩ ʧʝʨʝʭʦʜʫ ʩʠʩʪʝʤʠ ʟ ʦʜʥʦʛʦ ʩʪʘʥʫ ʚ ʽʥʰʠʡ ʟʤʽʥʘ ʾʾ ʚʣʘʩʪʠʚʦʩʪʝʡ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʰʣʷʭʫ ʧʝʨʝʭʦʜʫ (ʧʨʦʮʝʩʫ), ʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʦʯʘʪʢʦʚʠʤ ʽ ʢʽʥʮʝʚʠʤ ʩʪʘʥʦʤ ʩʠʩʪʝʤʠ. 

ʆʩʢʽʣʴʢʠ ʚ ʭʽʤʽʾ ʡ ʭʽʤʽʯʥʽʡ ʪʝʭʥʦʣʦʛʽʾ ʚʽʜʙʫʚʘʶʪʴʩʷ ʧʨʦʮʝʩʠ, ʧʽʜ ʯʘʩ ʷʢʠʭ ʩʠʩʪʝʤʘ 

ʧʝʨʝʭʦʜʠʪʴ ʟ ʦʜʥʦʛʦ ʩʪʘʥʫ ʚ ʽʥʰʠʡ, ʚʽʜʤʽʥʥʠʡ ʚʽʜ ʚʠʭʽʜʥʦʛʦ, ʪʦ ʚ ʭʽʤʽʯʥʽʡ 

ʪʝʨʤʦʜʠʥʘʤʽʮʽ ʢʦʨʠʩʪʫʶʪʴʩʷ ʤʝʪʦʜʦʤ ʬʫʥʢʮʽʡ. ʎʝʡ ʤʝʪʦʜ ʛʨʫʥʪʫʻʪʴʩʷ ʥʘ 

ʥʝʟʘʣʝʞʥʦʩʪʽ ʟʤʽʥʠ ʚʣʘʩʪʠʚʦʩʪʽ ʩʠʩʪʝʤʠ ʚʽʜ ʭʘʨʘʢʪʝʨʫ ʧʨʦʮʝʩʫ. 

ʊʝʨʤʦʜʠʥʘʤʽʯʥʽ ʧʘʨʘʤʝʪʨʠ, ʷʢʽ 

ʚʠʟʥʘʯʘʶʪʴ ʩʪʘʥ ʩʠʩʪʝʤʠ, 

ʬʫʥʢʮʽʦʥʘʣʴʥʦ ʚʟʘʻʤʦʟʚ'ʷʟʘʥʽ: ʚ ʨʘʟʽ 

ʟʤʽʥʠ ʦʜʥʦʛʦ ʟ ʥʠʭ ʟʤʽʥʶʶʪʴʩʷ ʡ 

ʽʥʰʽ. ʈʽʚʥʷʥʥʷ, ʷʢʝ ʧʦʚôʷʟʫʻ 

ʪʝʨʤʦʜʠʥʘʤʽʯʥʽ ʧʘʨʘʤʝʪʨʠ ʩʠʩʪʝʤʠ, 

ʱʦ ʧʝʨʝʙʫʚʘʻ ʚ ʩʪʘʥʽ ʨʽʚʥʦʚʘʛʠ, 

ʥʘʟʠʚʘʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤ ʩʪʘʥʫ. ɼʣʷ 

ʯʠʩʪʦʾ ʨʝʯʦʚʠʥʠ ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʤʘʛʥʽʪʥʦʛʦ ʡ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʽʚ ʨʽʚʥʷʥʥʷʤ ʩʪʘʥʫ ʻ 

ʟʘʣʝʞʥʽʩʪʴ f (ʈ, V, ʊ) = 0. ɻʨʘʬʽʯʥʦ ʮʝ ʨʽʚʥʷʥʥʷ ʟʦʙʨʘʞʫʻʪʴʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʦʶ ʧʦ-

ʚʝʨʭʥʝʶ, ʧʦʙʫʜʦʚʘʥʦʶ ʥʘ ʪʨʴʦʭ ʚʟʘʻʤʥʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʠʭ ʦʩʷʭ (ʨʠʩ 2.1). ɹʫʜʴ-ʷʢʠʡ 

ʨʽʚʥʦʚʘʞʥʠʡ ʩʪʘʥ ʩʠʩʪʝʤʠ ʟʦʙʨʘʞʫʻʪʴʩʷ ʬʽʛʫʨʘʪʠʚʥʦʶ ʪʦʯʢʦʶ ʄ, ʱʦ ʣʝʞʠʪʴ ʥʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʽʡ ʧʦʚʝʨʭʥʽ. ʋ ʚʠʧʘʜʢʫ ʟʤʽʥʠ ʧʘʨʘʤʝʪʨʽʚ ʩʠʩʪʝʤʠ, ʪʦʙʪʦ ʾʾ ʩʪʘʥʫ, ʬʽʛʫ-

ʨʘʪʠʚʥʘ ʪʦʯʢʘ ʧʝʨʝʤʽʱʫʻʪʴʩʷ ʧʦ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʽʡ ʧʦʚʝʨʭʥʽ, ʦʧʠʩʫʶʯʠ ʧʝʚʥʫ ʢʨʠʚʫ 

MN. ʆʪʞʝ, ʪʝʨʤʦʜʠʥʘʤʽʯʥʘ ʧʦʚʝʨʭʥʷ ʷʚʣʷʻ ʩʦʙʦʶ ʛʝʦʤʝʪʨʠʯʥʝ ʤʽʩʮʝ ʪʦʯʦʢ, ʱʦ 

ʟʦʙʨʘʞʘʶʪʴ ʨʽʚʥʦʚʘʞʥʠʡ ʩʪʘʥ ʩʠʩʪʝʤʠ ʚ ʬʫʥʢʮʽʦʥʘʣʴʥʽʡ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. 

ʇʨʦʮʝʩ, ʧʽʜ ʯʘʩ ʷʢʦʛʦ ʩʠʩʪʝʤʘ, ʚʠʡʰʦʚʰʠ ʟ ʧʦʯʘʪʢʦʚʦʛʦ ʩʪʘʥʫ ʽ ʟʘʟʥʘʚʰʠ ʟʤʽʥ, 

ʧʦʚʝʨʪʘʻʪʴʩʷ ʚ ʧʦʯʘʪʢʦʚʠʡ ʩʪʘʥ, ʥʘʟʠʚʘʻʪʴʩʷ ʢʨʫʛʦʚʠʤ ʧʨʦʮʝʩʦʤ, ʘʙʦ ʮʠʢʣʦʤ 

ʊʝʨʤʦʜʠʥʘʤʽʯʥʽ ʧʨʦʮʝʩʠ ʙʫʚʘʶʪʴ ʦʙʦʨʦʪʥʠʤʠ ʡ ʥʝʦʙʦʨʦʪʥʠʤʠ. ʆʙʦʨʦʪʥʠʤ 

ʥʘʟʠʚʘʻʪʴʩʷ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʡ ʧʨʦʮʝʩ, ʧʽʩʣʷ ʟʘʚʝʨʰʝʥʥʷ ʷʢʦʛʦ ʚʟʘʻʤʦʜʽʶʯʽ ʩʠʩʪʝʤʠ 

ʧʦʚʝʨʪʘʶʪʴʩʷ ʜʦ ʚʠʭʽʜʥʦʛʦ ʩʪʘʥʫ. ʗʢʱʦ ʚʟʘʻʤʦʜʽʶʯʽ ʩʠʩʪʝʤʠ ʥʝ ʧʦʚʝʨʪʘʶʪʴʩʷ ʜʦ 

ʚʠʭʽʜʥʦʛʦ ʩʪʘʥʫ, ʪʦʙʪʦ ʧʽʜ ʯʘʩ ʧʨʦʭʦʜʞʝʥʥʷ ʧʨʦʮʝʩʫ ʚ ʧʨʷʤʦʤʫ ʡ ʟʚʦʨʦʪʥʦʤʫ 

ʥʘʧʨʷʤʘʭ ʫ ʩʠʩʪʝʤʘʭ ʚʽʜʙʫʚʘʶʪʴʩʷ ʟʤʽʥʠ ʪʦ ʧʨʦʮʝʩ ʥʘʟʠʚʘʻʪʴʩʷ ʥʝʦʙʦʨʦʪʥʠʤ. ʋ 

ʧʨʠʨʦʜʽ ʚʽʜʙʫʚʘʶʪʴʩʷ ʪʝʨʤʦʜʠʥʘʤʽʯʥʽ ʥʝʦʙʦʨʦʪʥʽ ʧʨʦʮʝʩʠ, ʦʩʢʽʣʴʢʠ ʚʩʽ ʨʝʘʣʴʥʽ ʟʤʽʥʠ 

ʩʫʧʨʦʚʦʜʞʫʶʪʴʩʷ ʨʽʟʥʠʤʠ ʚʪʨʘʪʘʤʠ, ʩʧʨʠʯʠʥʝʥʠʤʠ ʪʝʨʪʷʤ, ʜʠʬʫʟʽʻʶ, 

ʪʝʧʣʦʧʝʨʝʜʘʯʝʶ, ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ ʪʦʱʦ. ʊʝʨʤʦʜʠʥʘʤʽʢʘ ð ʥʘʫʢʘ ʧʨʦ ʦʙʦʨʦʪʥʽ 

ʧʨʦʮʝʩʠ. ɹʫʜʴ-ʷʢʠʡ ʨʝʘʣʴʥʠʡ ʧʨʦʮʝʩ ʤʦʞʝ ʚʽʜʙʫʚʘʪʠʩʷ ʟʘ ʫʤʦʚ, ʙʣʠʟʴʢʠʭ ʜʦ ʫʤʦʚ 

ʧʨʦʭʦʜʞʝʥʥʷ ʦʙʦʨʦʪʥʦʛʦ ʧʨʦʮʝʩʫ, ʪʦʙʪʦ ʚ ʤʝʞʘʭ ʧʦʭʠʙʦʢ ʝʢʩʧʝʨʠʤʝʥʪʫ ʡʦʛʦ ʤʦʞʥʘ 

 

ȼɔɝ, 2.1. ȻɜɚɝɞɚɜɚɎɑ ɓɚɍɜɌɒɑəəɫ 
ɞɑɜɘɚɐɔəɌɘɱɣəɚɲ ɡɌɜɌɖɞɑɜɔɝɞɔɣəɚɲ 
ɛɚɎɑɜɡəɱ } (ȼ, ȭ, Ⱦ) = Ⱥ 



 

 

ʚʚʘʞʘʪʠ ʦʙʦʨʦʪʥʠʤ.  

ɺʠʢʦʨʠʩʪʘʥʥʷ ʧʦʥʷʪʪʷ ʧʨʦ ʦʙʦʨʦʪʥʠʡ ʧʨʦʮʝʩ ʪʘ ʽʥʰʠʭ ʛʨʘʥʠʯʥʠʭ ʫʷʚʣʝʥʴ (ʽʜʝʘʣʴʥʽ 

ʛʘʟʠ ʡ ʨʦʟʯʠʥʠ, ʘʙʩʦʣʶʪʥʠʡ ʚʘʢʫʫʤ, ʽʟʦʣʴʦʚʘʥʘ ʩʠʩʪʝʤʘ ʪʦʱʦ) ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʚʯʘʪʠ 

ʧʨʦʮʝʩʠ ʫ ʩʧʨʦʱʝʥʦʤʫ, ʽʜʝʘʣʽʟʦʚʘʥʦʤʫ ʚʠʛʣʷʜʽ, ʱʦ ʧʦʣʝʛʰʫʻ ʾʭ ʘʥʘʣʽʟ. ʆʜʥʠʤ ʟ ʪʘʢʠʭ 

ʽʜʝʘʣʽʟʦʚʘʥʠʭ ʧʦʥʷʪʴ ʻ ʧʦʥʷʪʪʷ ʧʨʦ ʨʽʚʥʦʚʘʞʥʠʡ ʩʪʘʥ, ʷʢʠʡ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʥʝʟʤʽʥʥʠʤ ʫ ʯʘʩʽ ʩʪʘʥʦʤ ʩʠʩʪʝʤʠ ʽ ʚʽʜʩʫʪʥʽʩʪʶ ʩʘʤʦʯʠʥʥʠʭ ʧʨʦʮʝʩʽʚ. 

ʊʝʨʤʦʜʠʥʘʤʽʯʥʠʡ ʧʨʦʮʝʩ, ʧʽʜ ʯʘʩ ʟʜʽʡʩʥʝʥʥʷ ʷʢʦʛʦ ʩʠʩʪʝʤʘ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ 

ʙʝʟʧʝʨʝʨʚʥʠʡ ʨʷʜ ʨʽʚʥʦʚʘʞʥʠʭ ʩʪʘʥʽʚ, ʥʘʟʠʚʘʻʪʴʩʷ ʨʽʚʥʦʚʘʞʥʠʤ ʧʨʦʮʝʩʦʤ. ʇʨʦʮʝʩ, 

ʱʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʝʩʢʽʥʯʝʥʥʦ ʧʦʚʽʣʴʥʦ, ʯʘʩʪʦ ʥʘʟʠʚʘʶʪʴ ʢʚʘʟʽʩʪʘʪʠʯʥʠʤ. ʇʨʦʮʝʩ 

ʥʘʣʠʚʘʻʪʴʩʷ ʥʻʨʽʚʥʦʚʘʞʥʠʤ, ʷʢʱʦ ʚ ʩʠʩʪʝʤʽ ʚʽʜʙʫʚʘʶʪʴʩʷ ʢʽʥʮʝʚʽ ʟʤʽʥʠ. 

ʅʝʨʽʚʥʦʚʘʞʥʠʡ ʧʨʦʮʝʩ ʻ ʦʜʥʦʩʪʦʨʦʥʥʽʤ.  

 

2.3. ʊʝʧʣʦʪʘ ʽ ʨʦʙʦʪʘ 

ʊʝʧʣʦʪʘ ʽ ʨʦʙʦʪʘ ʢʽʣʴʢʽʩʥʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʬʦʨʤʠ ʦʙʤʽʥʫ ʝʥʝʨʛʽʻʶ ʤʽʞ ʩʠʩʪʝʤʦʶ 

ʽ ʥʘʚʢʦʣʠʰʥʽʤ ʩʝʨʝʜʦʚʠʱʝʤ. ɺʥʘʩʣʽʜʦʢ ʚʟʘʻʤʦʜʽʾ ʩʠʩʪʝʤʠ ʟ ʥʘʚʢʦʣʠʰʥʽʤ 

ʩʝʨʝʜʦʚʠʱʝʤ ʚʠʢʦʥʫʻʪʴʩʷ ʨʦʙʦʪʘ, ʱʦ ʚʠʪʨʘʯʘʻʪʴʩʷ ʠʘ ʧʝʨʝʙʦʨʝʥʥʷ ʟʦʚʥʽʰʥʽʭ ʩʠʣ, ʷʢʽ 

ʧʦʨʫʰʫʶʪʴ ʨʽʚʥʦʚʘʛʫ ʩʠʩʪʝʤʠ, ʘʙʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʦʙʤʽʥ ʝʥʝʨʛʽʻʶ. ɿʘʛʘʣʴʥʘ ʤʽʨʘ 

ʤʘʪʝʨʽʘʣʴʥʦʛʦ ʨʫʭʫ ʧʽʜ ʯʘʩ ʡʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʟ ʦʜʥʦʛʦ ʚʠʜʫ ʚ ʽʥʰʠʡ ʥʘʟʠʚʘʻʪʴʩʷ 

ʝʥʝʨʛʽʻʶ. 

ʇʦʚʥʘ ʝʥʝʨʛʽʷ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʾ ʩʠʩʪʝʤʠ ʧʦʜʽʣʷʻʪʴʩʷ ʥʘ ʟʦʚʥʽʰʥʶ ʽ ʚʥʫʪʨʽʰʥʶ. 

ɿʦʚʥʽʰʥʷ ʝʥʝʨʛʽʷ ʚʢʣʶʯʘʻ ʝʥʝʨʛʽʶ ʨʫʭʫ ʩʠʩʪʝʤʠ ʚ ʮʽʣʦʤʫ ʽ ʧʦʪʝʥʮʽʘʣʴʥʫ ʝʥʝʨʛʽʶ 

ʩʠʩʪʝʤʠ ʚ ʧʦʣʽ ʜʽʶʯʠʭ ʩʠʣ. ʈʝʰʪʘ ʝʥʝʨʛʽʾ ʩʠʩʪʝʤʠ ʥʘʟʠʚʘʻʪʴʩʷ ʾʾ ʚʥʫʪʨʽʰʥʴʦʶ 

ʝʥʝʨʛʽʻʶ. ʋ ʭʽʤʽʯʥʽʡ ʪʝʨʤʦʜʠʥʘʤʽʮʽ ʟʚʠʯʘʡʥʦ ʚʠʚʯʘʶʪʴ ʥʝʨʫʭʦʤʽ ʩʠʩʪʝʤʠ, ʫ ʷʢʠʭ 

ʥʝʤʘʻ ʟʦʚʥʽʰʥʴʦʛʦ ʧʦʣʷ. ʊʦʤʫ ʧʦʚʥʘ ʝʥʝʨʛʽʷ ʪʘʢʠʭ ʩʠʩʪʝʤ ʜʦʨʽʚʥʶʻ ʚʥʫʪʨʽʰʥʽʡ 

ʝʥʝʨʛʽʾ. 

ɺʥʫʪʨʽʰʥʷ ʝʥʝʨʛʽʷ ʩʠʩʪʝʤʠ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʝʥʝʨʛʽʾ ʚʩʽʭ ʚʠʜʽʚ ʨʫʭʫ ʽ ʚʟʘʻʤʦʜʽʾ 

ʯʘʩʪʠʥʦʢ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ ʩʢʣʘʜʫ ʩʠʩʪʝʤʠ, ʝʥʝʨʛʽʾ ʧʦʩʪʫʧʘʣʴʥʦʛʦ ʡ ʦʙʝʨʪʘʣʴʥʦʛʦ ʨʫʭʽʚ 

ʤʦʣʝʢʫʣ, ʢʦʣʠʚʘʣʴʥʦʛʦ ʨʫʭʫ ʘʪʦʤʽʚ, ʝʥʝʨʛʽʾ ʤʽʞʤʦʣʝʢʫʣʷʨʥʦʾ ʚʟʘʻʤʦʜʽʾ, 

ʚʥʫʪʨʽʰʥʴʦʘʪʦʤʥʦʾ ʽ ʚʥʫʪʨʽʰʥʴʦʷʜʝʨʥʦʾ ʝʥʝʨʛʽʾ ʪʦʱʦ. ɸʙʩʦʣʶʪʥʫ ʚʝʣʠʯʠʥʫ 

ʚʥʫʪʨʽʰʥʴʦʾ ʝʥʝʨʛʽʾ ʩʠʩʪʝʤʠ U ʚʠʟʥʘʯʠʪʠ ʧʦʢʠ ʱʦ ʥʝʤʦʞʣʠʚʦ. ɸʣʝ ʜʣʷ 

ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʮʽʣʢʦʤ ʜʦʩʪʘʪʥʴʦ ʟʥʘʪʠ ʟʤʽʥʫ ʚʥʫʪʨʽʰʥʴʦʾ ʝʥʝʨʛʽʾ ʩʠʩʪʝʤʠ 

æU. 

ʇʽʜ ʯʘʩ ʚʟʘʻʤʦʜʽʾ ʩʠʩʪʝʤʠ ʟ ʥʘʚʢʦʣʠʰʥʽʤ ʩʝʨʝʜʦʚʠʱʝʤ ʝʥʝʨʛʽʷ ʤʦʞʝ ʧʝʨʝʜʘʚʘʪʠʩʷ 

ʟʽ ʟʤʽʥʦʶ ʟʦʚʥʽʰʥʽʭ ʧʘʨʘʤʝʪʨʽʚ ʩʠʩʪʝʤʠ, ʪʦʙʪʦ ʤʦʞʝ ʚʠʢʦʥʫʚʘʪʠʩʷ ʨʦʙʦʪʘ, ʘ ʪʘʢʦʞ 

ʧʝʨʝʜʘʚʘʪʠʩʷ ʙʝʟ ʟʤʽʥʠ ʧʘʨʘʤʝʪʨʽʚ ʩʠʩʪʝʤʠ, ʪʦʙʪʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʪʝʧʣʦʦʙʤʽʥ ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʧʝʨʝʜʘʯʽ ʪʝʧʣʦʪʠ. 

ʈʦʙʦʪʘ ʧʨʦʮʝʩʫ ɸ ̫ ʚʣʷʻ ʩʦʙʦʶ ʢʽʣʴʢʽʩʪʴ ʝʥʝʨʛʽʾ, ʱʦ ʧʝʨʝʜʘʻʪʴʩʷ ʚʽʜ ʦʜʥʦʛʦ ʪʽʣʘ ʜʦ 

ʽʥʰʦʛʦ ʧʽʜ ʯʘʩ ʾʭ ʚʟʘʻʤʦʜʽʾ, ʷʢʘ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʮʠʭ ʪʽʣ ʽ ʥʝ ʧʦʚôʷʟʘʥʘ ʟ 

ʧʝʨʝʥʝʩʝʥʥʷʤ ʨʝʯʦʚʠʥʠ ʚʽʜ ʦʜʥʦʛʦ ʪʽʣʘ ʜʦ ʽʥʰʦʛʦ. ɺʝʣʠʯʠʥʫ ʨʦʙʦʪʠ ʚʠʟʥʘʯʘʶʪʴ 

ʩʫʤʦʶ ʜʦʙʫʪʢʽʚ ʜʽʶʯʠʭ ʩʠʣ ʥʘ ʚʽʜʧʦʚʽʜʥʠʡ ʰʣʷʭ. ʂʽʣʴʢʽʩʪʴ ʨʦʙʦʪʠ, ʷʢʫ ʚʠʢʦʥʫʻ ʩʠʣʘ 

ʚ ʦʜʠʥ ʥʴʶʪʦʥ, ʱʦ ʜʽʻ ʥʘ ʚʽʜʩʪʘʥʽ ʦʜʠʥ ʤʝʪʨ, ʥʘʟʠʚʘʻʪʴʩʷ ʜʞʦʫʣʝʤ. 

ʋ ʚʠʧʘʜʢʫ ʜʽʾ ʥʘ ʩʠʩʪʝʤʫ ʻʜʠʥʦʾ ʩʠʣʠ, ʥʘʧʨʠʢʣʘʜ ʟʦʚʥʽʰʥʴʦʛʦ ʪʠʩʢʫ, ʢʽʣʴʢʽʩʪʴ 

ʨʦʙʦʪʠ ʚʠʨʘʞʘʻʪʴʩʷ ʦʜʥʦʯʣʝʥʦʤ. ɼʣʷ ʝʣʝʤʝʥʪʘʨʥʦʛʦ ʧʨʦʮʝʩʫ, ʧʨʦʪʷʛʦʤ ʷʢʦʛʦ ʫʤʦʚʥʦ 



 

 

ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʟʦʚʥʽʰʥʽʡ ʪʠʩʢ ʩʪʘʣʠʤ, ʚʠʨʘʟ ʜʣʷ ʢʽʣʴʢʦʩʪʽ ʨʦʙʦʪʠ ʤʘʪʠʤʝ ʚʠʛʣʷʜ PdV. 

ɿʘʧʘʩ ʚʥʫʪʨʽʰʥʴʦʾ ʝʥʝʨʛʽʾ ʩʠʩʪʝʤʠ ʤʦʞʝ ʟʤʽʥʶʚʘʪʠʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʨʦʙʦʪʠ, 

ʚʠʢʦʥʘʥʦʾ ʩʠʩʪʝʤʦʶ ʘʙʦ ʟʦʚʥʽʰʥʽʤʠ ʩʠʣʘʤʠ ʥʘʜ ʩʠʩʪʝʤʦʶ. ʗʢʱʦ ʩʠʩʪʝʤʘ ʚʠʢʦʥʫʻ 

ʨʦʙʦʪʫ ʧʨʦʪʠ ʜʽʾ ʟʦʚʥʽʰʥʽʭ ʩʠʣ, ʪʦ ʾʾ ʚʥʫʪʨʽʰʥʷ ʝʥʝʨʛʽʷ ʟʤʝʥʰʫʻʪʴʩʷ. ʗʢʱʦ ʨʦʙʦʪʘ 

ʚʠʢʦʥʫʻʪʴʩʷ ʟʦʚʥʽʰʥʽʤʠ ʩʠʣʘʤʠ ʥʘʜ ʩʠʩʪʝʤʦʶ, ʪʦ ʚʥʫʪʨʽʰʥʷ ʝʥʝʨʛʽʷ ʩʠʩʪʝʤʠ 

ʟʙʽʣʴʰʫʻʪʴʩʷ. ɿʤʽʥʫ ʚʥʫʪʨʽʰʥʴʦʾ ʝʥʝʨʛʽʾ ʫʤʦʚʥʦ ʙʝʨʫʪʴ ʟʽ ʟʥʘʢʦʤ ç+è (ʧʣʶʩ), ʷʢʱʦ 

ʧʨʦʮʝʩ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʧʨʠʨʦʩʪʦʤ ʚʥʫʪʨʽʰʥʴʦʾ ʝʥʝʨʛʽʾ ʩʠʩʪʝʤʠ, ʽ ʟʽ ʟʥʘʢʦʤ çðè 

(ʤʽʥʫʩ) ʫ ʚʠʧʘʜʢʫ ʾʾ ʟʤʝʥʰʝʥʥʷ. 

ɼʦʜʘʪʥʦʶ (+ɸ) ʚ ʪʝʨʤʦʜʠʥʘʤʽʮʽ ʚʚʘʞʘʶʪʴ ʨʦʙʦʪʫ, ʷʢʫ ʚʠʢʦʥʫʻ ʩʠʩʪʝʤʘ ʥʘʜ ʟʦʚʥʽʰʥʽʤ 

ʩʝʨʝʜʦʚʠʱʝʤ (ʜʠʩʦʮʽʘʮʽʷ, ʧʘʨʦʫʪʚʦʨʝʥʥʷ, ʨʦʟʰʠʨʝʥʥʷ ʛʘʟʫ). ʗʢʱʦ ʨʦʙʦʪʘ ʚʠʢʦʥʫʻʪʴʩʷ 

ʟʦʚʥʽʰʥʽʤʠ ʩʠʣʘʤʠ ʥʘʜ ʩʠʩʪʝʤʦʶ (ʥʘʧʨʠʢʣʘʜ, ʩʪʠʩʢʘʥʥʷ ʛʘʟʫ), ʾʾ ʚʚʘʞʘʶʪʴ ʚʽʜôʻʤʥʦʶ 

(ðɸ). ɽʥʝʨʛʽʷ, ʱʦ ʧʝʨʝʜʘʻʪʴʩʷ ʚʽʜ ʦʜʥʦʛʦ ʪʽʣʘ ʜʦ ʽʥʰʦʛʦ ʧʽʜ ʯʘʩ ʾʭ ʚʟʘʻʤʦʜʽʾ, ʷʢʘ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʮʠʭ ʪʽʣ ʽ ʥʝ ʧʦʚôʷʟʘʥʘ ʟ ʧʝʨʝʥʝʩʝʥʥʷʤ ʨʝʯʦʚʠʥʠ ʚʽʜ ʦʜʥʦʛʦ 

ʪʽʣʘ ʜʦ ʽʥʰʦʛʦ, ʥʘʟʠʚʘʻʪʴʩʷ ʪʝʧʣʦʪʦʶ ʧʨʦʮʝʩʫ. 

ɺʠʜʽʣʝʥʥʷ ʘʙʦ ʧʦʛʣʠʥʘʥʥʷ ʪʝʧʣʦʪʠ Q ʩʠʩʪʝʤʦʶ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʧʦʨʫʰʝʥʥʷ ʪʝʧʣʦʚʦʾ ʨʽʚʥʦʚʘʛʠ ʤʽʞ ʩʠʩʪʝʤʦʶ ʽ ʟʦʚʥʽʰʥʽʤ ʩʝʨʝʜʦʚʠʱʝʤ. ʊʝʧʣʦʪʫ, ʷʢʫ 

ʩʠʩʪʝʤʘ ʜʽʩʪʘʻ ʽʟʟʦʚʥʽ, ʫʤʦʚʥʦ ʚʚʘʞʘʶʪʴ ʜʦʜʘʪʥʦʶ (+Q), ʘ ʪʝʧʣʦʪʫ, ʱʦ ʚʽʜʚʦʜʠʪʴʩʷ ʚʽʜ 

ʩʠʩʪʝʤʠ,ð ʚʽʜôʻʤʥʦʶ (-Q). ʊʝʧʣʦʚʠʡ ʝʬʝʢʪ ʝʢʟʦʪʝʨʤʽʯʥʦʾ ʭʽʤʽʯʥʦʾ ʨʝʘʢʮʽʾ ʻ 

ʚʽʜôʻʤʥʠʤ, ʘ ʝʥʜʦʪʝʨʤʽʯʥʦʾ ð ʜʦʜʘʪʥʠʤ. ʗʢʱʦ ʧʨʦʮʝʩ ʚʠʢʦʧʫʻʪʴʩʷ ʙʝʟ ʪʝʧʣʦʦʙʤʽʥʫ ʽʟ 

ʟʦʚʥʽʰʥʽʤ ʩʝʨʝʜʦʚʠʱʝʤ, ʪʦʙʪʦ ʩʠʩʪʝʤʘ ʥʝ ʜʽʩʪʘʻ ʽ ʥʝ ʚʽʜʜʘʻ ʪʝʧʣʦʪʫ, ʪʦ ʚʽʥ ʥʘʟʠʚʘʻʪʴʩʷ 

ʘʜʽʘʙʘʪʠʯʥʠʤ. 

 

2.4. ʄʘʪʝʤʘʪʠʯʥʠʡ ʚʠʨʘʟ ʧʝʨʰʦʛʦ ʟʘʢʦʥʫ ʪʝʨʤʦʜʠʥʘʤʽʢʠ 

ʇʝʨʰʠʡ ʟʘʢʦʥ ʪʝʨʤʦʜʠʥʘʤʽʢʠ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʧʦʩʪʫʣʘʪ, ʱʦ ʚʠʭʦʜʠʪʴ ʽʟ 

ʫʟʘʛʘʣʴʥʝʥʥʷ ʙʘʛʘʪʦʨʽʯʥʦʛʦ ʜʦʩʚʽʜʫ. ɺʽʥ ʻ ʦʢʨʝʤʠʤ ʚʠʧʘʜʢʦʤ ʟʘʢʦʥʫ ʟʙʝʨʝʞʝʥʥʷ ʤʘʩʠ 

ʽ ʨʦʟʛʣʷʜʘʻ ʟʙʝʨʝʞʝʥʥʷ ʝʥʝʨʛʽʾ ʧʨʠ ʧʝʨʝʪʚʦʨʝʥʥʷʭ ʦʜʥʠʭ ʬʦʨʤ ʨʫʭʫ ʤʘʪʝʨʽʾ ʚ ʽʥʰʽ. ɭ 

ʨʽʟʥʽ ʬʦʨʤʫʣʶʚʘʥʥʷ ʧʝʨʰʦʛʦ ʟʘʢʦʥʫ ʪʝʨʤʦʜʠʥʘʤʽʢʠ. ʊʘʢ, ʟʛʽʜʥʦ ʟ ɻʝʣʴʤʛʦʣʴʮʝʤ, 

ʝʥʝʨʛʽʷ ʚ ʧʨʠʨʦʜʽ ʥʝ ʟʥʠʢʘʻ ʽ ʥʝ ʚʠʥʠʢʘʻ ʟʥʦʚʫ, ʘ ʣʠʰʝ ʧʝʨʝʭʦʜʠʪʴ ʟ ʦʜʥʦʛʦ ʚʠʜʫ ʚ ʽʥʰʠʡ. 

ʆʪʞʝ, ʷʢʱʦ ʚ ʷʢʦʤʫ-ʥʝʙʫʜʴ ʧʨʦʮʝʩʽ ʝʥʝʨʛʽʷ ʦʜʥʦʛʦ ʚʠʜʫ ʟʥʠʢʘʻ, ʪʦ ʟʘʤʽʩʪʴ ʥʝʾ ʚʠʥʠʢʘʻ 

ʝʥʝʨʛʽʷ ʽʥʰʦʛʦ ʚʠʜʫ, ʧʨʠʯʦʤʫ ʚ ʪʦʯʥʦ ʝʢʚʽʚʘʣʝʥʪʥʽʡ ʢʽʣʴʢʦʩʪʽ. 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʧʝʨʰʦʛʦ ʟʘʢʦʥʫ ʪʝʨʤʦʜʠʥʘʤʽʢʠ ʯʘʩʪʦ ʧʦʜʘʶʪʴ ʫ ʙʽʣʴʰ ʟʘʛʘʣʴʥʦʤʫ 

ʚʠʛʣʷʜʽ: ʚʽʯʥʠʡ ʜʚʠʛʫʥ (ʧʝʨʧʝʪʫʫʤ ʤʦʙʽʣʝ) ʧʝʨʰʦʛʦ ʨʦʜʫ ʥʝʤʦʞʣʠʚʠʡ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʧʝʨʰʦʛʦ ʟʘʢʦʥʫ ʪʝʨʤʦʜʠʥʘʤʽʢʠ ʧʽʜʚʝʜʝʥʘ ʽʟ ʟʦʚʥʽʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ ʯʘʩʪʢʦʚʦ ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ ʚʠʢʦʥʘʥʥʷ ʨʦʙʦʪʠ ŭɸ, ʘ 

ʯʘʩʪʢʦʚʦ ð ʥʘ ʟʤʽʥʫ ʚʥʫʪʨʽʰʥʴʦʾ ʝʥʝʨʛʽʾ ʩʠʩʪʝʤʠ : 

ŭQ = dU + ŭɸ. 

ɽʥʝʨʛʽʷ ʩʠʩʪʝʤʠ, ʷʢ ʬʫʥʢʮʽʷ ʾʾ ʩʪʘʥʫ, ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʨʴʦʭ ʯʘʩʪʠʥ: 1) ʢʽʥʝʪʠʯʥʦʾ 

ʝʥʝʨʛʽʾ ʨʫʭʫ ʩʠʩʪʝʤʠ; 2) ʧʦʪʝʥʮʽʘʣʴʥʦʾ ʝʥʝʨʛʽʾ, ʟʫʤʦʚʣʝʥʦʾ ʧʦʣʦʞʝʥʥʷʤ ʩʠʩʪʝʤʠ ʫ 

ʟʦʚʥʽʰʥʴʦʤʫ ʧʦʣʽ (ʧʨʠ ʥʝʟʤʽʥʥʦʤʫ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʤʫ ʩʪʘʥʽ ʩʠʩʪʝʤʠ); 3) ʚʥʫʪʨʽʰʥʴʦʾ 

ʝʥʝʨʛʽʾ. ʊʘʢ, ʫ ʚʠʧʘʜʢʫ ʨʫʭʫ ʨʽʜʠʥʠ ʚ ʢʘʥʘʣʽ ʚʠʢʦʥʫʻʪʴʩʷ ʨʦʙʦʪʘ ŭɸ, ʱʦ ʜʦʨʽʚʥʶʻ ʩʫʤʽ 

ʨʦʙʽʪ ʟʤʽʥʠ ʦʙôʻʤʫ V (ʈdV), ʧʨʦʪʠʜʽʾ Vdʈ, ʢʽʥʝʪʠʯʥʦʾ d  ʽ ʧʦʪʝʥʮʽʘʣʴʥʦʾ gdh ʝʥʝʨʛʽʾ 

(v, g, h ð ʚʽʜʧʦʚʽʜʥʦ ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ, ʧʨʠʩʢʦʨʝʥʥʷ ʚʽʣʴʥʦʛʦ ʧʘʜʽʥʥʷ ʽ ʚʠʩʦʪʘ ʚʽʜ 

ʫʤʦʚʥʦʛʦ ʥʫʣʴʦʚʦʛʦ ʨʽʚʥʷ): 



 

 

♯╠ ▀╤ ╟▀╥╥▀╟▀ 
○

▌▀▐ ♯═╒                         (2.1) 

ʋ ʭʽʤʽʯʥʽʡ ʪʝʨʤʦʜʠʥʘʤʽʮʽ ʨʦʟʛʣʷʜʘʶʪʴ ʥʝʨʫʭʦʤʽ ʩʠʩʪʝʤʠ ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ 

ʟʦʚʥʽʰʥʴʦʛʦ ʧʦʣʷ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʧʦʚʥʘ ʝʥʝʨʛʽʷ ʩʠʩʪʝʤʠ ʜʦʨʽʚʥʶʻ ʚʥʫʪʨʽʰʥʽʡ ʾʾ 

ʝʥʝʨʛʽʾ ʽ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʢʽʥʝʪʠʯʥʦʾ ʝʥʝʨʛʽʾ ʨʫʭʫ ʤʦʣʝʢʫʣ (ʧʦʩʪʫʧʘʣʴʥʠʡ ʽ ʦʙʝʨʪʘʣʴʥʠʡ 

ʨʫʭʠ), ʤʽʞʤʦʣʝʢʫʣʷʨʥʦʾ ʝʥʝʨʛʽʾ, ʟʫʤʦʚʣʝʥʦʾ ʚʟʘʻʤʥʠʤ ʧʨʠʪʷʛʘʥʥʷʤ ʽ ʚʽʜʰʪʦʚʭʫʚʘʥʥʷʤ 

ʯʘʩʪʠʥʦʢ, ʚʥʫʪʨʽʰʥʴʦʤʦʣʝʢʫʣʷʨʥʦʾ ʝʥʝʨʛʽʾ, ʝʥʝʨʛʽʾ ʝʣʝʢʪʨʦʥʥʦʛʦ ʟʙʫʜʞʝʥʥʷ, 

ʚʥʫʪʨʽʰʥʴʦʷʜʝʨʥʦʾ ʝʥʝʨʛʽʾ, ʧʨʦʤʝʥʠʩʪʦʾ ʝʥʝʨʛʽʾ ʽ ʛʨʘʚʽʪʘʮʽʡʥʦʾ ʝʥʝʨʛʽʾ, ʟʫʤʦʚʣʝʥʦʾ 

ʧʨʠʪʷʛʘʥʥʷʤ ʯʘʩʪʠʥʦʢ ʦʜʥʘ ʜʦ ʦʜʥʦʾ. ʇʨʠ ʮʴʦʤʫ ʚʩʷ ʧʽʜʚʝʜʝʥʘ ʜʦ ʩʠʩʪʝʤʠ ʪʝʧʣʦʪʘ 

ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ ʟʤʽʥʫ ʾʾ ʚʥʫʪʨʽʰʥʴʦʾ ʝʥʝʨʛʽʾ               ЎὟ  Ὗ  Ὗ  ʽ ʥʘ ʚʠʢʦʥʘʥʥʷ 

ʨʦʙʦʪʠ 

ὗ  ЎὟ ὃ (2.2) 

ɿ ʮʴʦʛʦ ʨʽʚʥʷʥʥʷ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʪʘʢʽ ʚʠʩʥʦʚʢʠ. ʗʢʱʦ ʧʨʦʮʝʩ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ         

U = const ʘʙʦ Ў5=  0, ʪʦ Q = A. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʚʩʷ ʪʝʧʣʦʪʘ, ʧʽʜʚʝʜʝʥʘ ʜʦ ʩʠʩʪʝʤʠ, 

ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ ʚʠʢʦʥʘʥʥʷ ʨʦʙʦʪʠ, ʘ ʨʦʙʦʪʘ, ʟʜʽʡʩʥʝʥʘ ʥʘʜ ʩʠʩʪʝʤʦʶ, ʮʽʣʢʦʤ 

ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʫ ʪʝʧʣʦʪʫ, ʱʦ ʚʠʜʽʣʷʻʪʴʩʷ. 

ʗʢʱʦ ʪʝʧʣʦʚʦʛʦ ʦʙʤʽʥʫ ʤʽʞ ʩʠʩʪʝʤʦʶ ʽ ʟʦʚʥʽʰʥʽʤ ʩʝʨʝʜʦʚʠʱʝʤ ʥʝʤʘʻ 

(ʘʜʽʘʙʘʪʠʯʥʠʡ ʧʨʦʮʝʩ), ʪʦ Q = 0. ʊʦʜʽ ʨʽʚʥʷʥʥʷ (2.2) ʤʘʪʠʤʝ ʚʠʛʣʷʜ 

           π ὨὟ ὖὨὠ 

ʟʚʽʜʢʠ 

                       ὨὟ ὖὨὠ ́̂ ̏ ὖὨὠ Ὗ  Ὗ 

ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʩʠʩʪʝʤʘ ʚʠʢʦʥʫʻ ʨʦʙʦʪʫ ʨʦʟʰʠʨʝʥʥʷ ʟʘ ʨʘʭʫʥʦʢ ʟʤʝʥʰʝʥʥʷ ʟʘʧʘʩʫ ʾʾ 

ʚʥʫʪʨʽʰʥʴʦʾ ʝʥʝʨʛʽʾ. ʇʨʠ ɸ = 0 ʤʘʻʤʦ Q = æU, ʪʦʙʪʦ, ʢʦʣʠ ʩʠʩʪʝʤʘ ʥʝ ʚʠʢʦʥʫʻ ʨʦʙʦʪʫ 

ʨʦʟʰʠʨʝʥʥʷ, ʚʩʷ ʧʽʜʚʝʜʝʥʘ ʜʦ ʩʠʩʪʝʤʠ ʪʝʧʣʦʪʘ ʮʽʣʢʦʤ ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ ʟʙʽʣʴʰʝʥʥʷ 

ʟʘʧʘʩʫ ʾʾ ʚʥʫʪʨʽʰʥʴʦʾ ʝʥʝʨʛʽʾ. 

2.5. ɽʥʪʘʣʴʧʽʷ 

ʗʢʱʦ ʭʽʤʽʯʥʠʡ ʧʨʦʮʝʩ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ ʩʪʘʣʦʤʫ ʟʦʚʥʽʰʥʴʦʤʫ ʪʠʩʢʫ (ʽʟʦʙʘʨʥʠʡ 

ʧʨʦʮʝʩ), ʘ ʽʥʰʽ ʩʠʣʠ ʥʝ ʚʧʣʠʚʘʶʪʴ ʽ ʥʠʤʠ ʤʦʞʥʘ ʟʥʝʭʪʫʚʘʪʠ, ʪʦ ʨʽʚʥʷʥʥʷ (2.1) ʥʘʙʫʚʘʻ 

ʚʠʛʣʷʜʫ: 

ὗ ὨὟ ὖὨὠȠ 

1 Ὗ 0ὠ Ὗ 0ὠ  

ʇʨʠʡʥʷʚʰʠ 

Ὄ Ὗ ὖὠȟ 

ʜʽʩʪʘʥʝʤʦ 

╠╟  ╗  ╗  Ў╗ 

ʉʫʤʘ Ὗ ὖὠ, ʧʦʟʥʘʯʝʥʘ H, ʥʘʟʠʚʘʻʪʴʩʷ ʝʥʪʘʣʴʧʽʻʶ. ɺʦʥʘ ʷʚʣʷʻ ʩʦʙʦʶ 

ʪʝʨʤʦʜʠʥʘʤʽʯʥʫ ʬʫʥʢʮʽʶ, ʱʦ ʻ, ʷʢ ʽ ʚʥʫʪʨʽʰʥʷ ʝʥʝʨʛʽʷ, ʧʦʚʥʠʤ ʜʠʬʝʨʝʥʮʽʘʣʦʤ ʬʫʥʢʮʽʾ 

ʩʪʘʥʫ  ḂὨὌ π. 

ʊʝʧʣʦʚʠʡ ʝʬʝʢʪ ʭʽʤʽʯʥʦʾ ʨʝʘʢʮʽʾ, ʱʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ ʩʪʘʣʦʤʫ ʪʠʩʢʫ ὗȟ ʜʦʨʽʚʥʶʻ 



 

 

ʟʤʝʥʰʝʥʥʶ ʝʥʪʘʣʴʧʽʾ ЎὌ ʧʨʠ ʧʝʨʝʭʦʜʽ ʩʠʩʪʝʤʠ ʽʟ ʩʪʘʥʫ ʟ ʙʽʣʴʰʦʶ ʝʥʪʘʣʴʧʽʻʶ Ὄ  ʫ 

ʩʪʘʥ ʟ ʤʝʥʰʦʶ ʝʥʪʘʣʴʧʽʻʶ Ὄ : 

 ὗ  Ὄ  Ὄ  ЎὌ. 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʟʤʽʥʠ ʝʥʪʘʣʴʧʽʾ 

ὨὌ ὨὟ ὨὖὠȢ 

ʈʽʚʥʷʥʥʷ (2.1) ʧʨʠ ʮʴʦʤʫ ʥʘʙʫʚʘʻ ʚʠʛʣʷʜʫ 

ὗ ὨὌ Ὠ 
ὺ

ς
ὫὨὬ ὃ   

ʇ ʨ ʠ ʢ ʣ ʘ ʜ 2.1. ɺʦʜʝʥʴ ʢʽʣʴʢʽʩʪʶ ʨʝʯʦʚʠʥʠ 10 ʛ ʧʝʨʝʙʫʚʘʻ ʧʽʜ ʪʠʩʢʦʤ 0,5 ʄʇʘ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʽ 0 Áʉ. ʇʽʩʣʷ ʨʦʟʰʠʨʝʥʥʷ (ʨ = ʩʦnst) ʛʘʟ ʟʘʡʥʷʚ ʦʙ'ʻʤ 50 ʣ. ɺʠʟʥʘʯʠʪʠ 

ʚʠʢʦʥʘʥʫ ʨʦʙʦʪʫ, ʢʽʣʴʢʽʩʪʴ ʦʜʝʨʞʘʥʦʾ ʛʘʟʦʤ ʪʝʧʣʦʪʠ ʽ ʟʤʽʥʫ ʚʥʫʪʨʽʰʥʴʦʾ ʝʥʝʨʛʽʾ. 

ʈʦʟʚ'ʷʟʫʚʘʥʥʷ,. ʈʦʙʦʪʫ ʨʦʟʰʠʨʝʥʥʷ ʛʘʟʫ ʚʠʟʥʘʯʠʤʦ ʟʘ ʨʽʚʥʷʥʥʷʤʠ: 

ὃ ὴὠ  ὠ ; 

ὠ ὲ  Ͻ ; 

ὃ ὴ ὠ  
Ὣ

ὓ
Ͻ
ὙὝ

ὴ
υ υπ 

ρπ

ς
 πȢπψςϽ

ςχσ

υ
ρπρȢσσ ρσωωρ ˑ̇ ρσȟωω ̋ˑ ̇

 

ɺʟʷʚʰʠ ̒ ςωȢσ ˑ Ⱦ̇̍̏̌Ͻ̝̠ , ʚʠʟʥʘʯʠʤʦ ʢʽʣʴʢʽʩʪʴ ʦʜʝʨʞʘʥʦʾ ʛʘʟʦʤ ʪʝʧʣʦʪʠ ʟʘ 

ʨʽʚʥʷʥʥʷʤ: 

ὗ ὲὧ Ὕ  Ὕ  
Ὣ

ὓ
ὧ Ὕ  Ὕ Ȣ 

ʗʢʱʦ 

Ὕ   , ʪʦ 

ὗ  
Ὣ

ὓ
ὧ
ὓὴὠ

ὫὙ
 Ὕ  

ρπ

ς
Ͻχ
ςϽυϽυπ

ρπϽπȢψς
ςχσϽτȢρψτϽρπ τωȢσ ̋ˑ ̇

ɿʤʽʥʫ ʚʥʫʪʨʽʰʥʴʦʾ ʝʥʝʨʛʽʾ ʚʠʟʥʘʯʘʶʪʴ ʟʘ ʨʽʚʥʷʥʥʷʤ 

ЎὟ ὗ ὃ τωȢσ ρσȢωω συȢσρ ̋ˑȢ̇ 

 

2.6. ʊʝʧʣʦʻʤʥʽʩʪʴ ʽ ʤʝʪʦʜʠ ʾʾ ʦʙʯʠʩʣʝʥʥʷ 

ɿʥʘʶʯʠ ʚʝʣʠʯʠʥʫ ʪʝʧʣʦʻʤʥʦʩʪʽ ʨʝʯʦʚʠʥʠ, ʤʦʞʥʘ ʦʙʯʠʩʣʠʪʠ ʚʠʪʨʘʪʠ ʪʝʧʣʦʪʠ ʥʘ ʾʾ 

ʥʘʛʨʽʚʘʥʥʷ. ɿʘ ʪʝʤʧʝʨʘʪʫʨʥʦʶ ʟʘʣʝʞʥʽʩʪʶ ʪʝʧʣʦʻʤʥʦʩʪʽ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʝʥʪʨʦʧʽʶ, 

ʚʧʣʠʚ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʪʝʧʣʦʚʠʡ ʝʬʝʢʪ ʨʝʘʢʮʽʾ, ʦʙʯʠʩʣʠʪʠ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʧʘʨʘʤʝʪʨʠ ʚ 

ʩʪʘʥʽ ʭʽʤʽʯʥʦʾ ʨʽʚʥʦʚʘʛʠ. ʊʝʧʣʦʻʤʥʽʩʪʴ ʚʘʞʣʠʚʦ ʚʠʚʯʘʪʠ ʜʣʷ ʟôʷʩʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʠ 

ʨʝʯʦʚʠʥʠ ʽ ʭʘʨʘʢʪʝʨʫ ʨʫʭʫ ʤʦʣʝʢʫʣ ʫ ʨʽʜʠʥʽ. 

ɺʝʣʠʯʠʥʫ ʝʥʪʘʣʴʧʽʾ ʙʫʜʴ-ʷʢʦʾ ʨʝʯʦʚʠʥʠ ʧʨʠ ʟʘʜʘʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ 

ʟʘ ʩʪʘʥʜʘʨʪʥʦʶ ʝʥʪʘʣʴʧʽʻʶ (ʧʨʠ ʈ = 0,1 ʄʇʘ, ʊ = 273,15 ʂ) ʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʫʩʪʘʥʦʚʣʝʥʦʶ ʪʝʧʣʦʻʤʥʽʩʪʶ. 

ɿ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʚʠʨʘʟʫ ʧʝʨʰʦʛʦ ʟʘʢʦʥʫ ʪʝʨʤʦʜʠʥʘʤʽʢʠ 

Ὠὗ ὨὟ Ὠὃ 



 

 

ʚʠʭʦʜʠʪʴ, ʱʦ 

Ä1

Ä4
 
Ä5

Ä4
 
Ä!

Ä4
 

ɺʝʣʠʯʠʥʘ 

̒  
Ὠὗ

ὨὝ

Ὠὗ

Ὠὸ
 

ʥʘʟʽʰʣʝʪʴʩʷ ʪʝʧʣʦʻʤʥʽʩʪʶ ̔  ʷʚʣʷʻ ʩʦʙʦʶ ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ, ʧʦʪʨʽʙʥʦʾ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʠ ʧʝʚʥʦʾ ʢʽʣʴʢʦʩʪʽ ʨʝʯʦʚʠʥʠ ʥʘ ʦʜʠʥ ʛʨʘʜʫʩ ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʬʘʟʦʚʦʛʦ 

ʧʝʨʝʭʦʜʫ ʽ ʟʤʽʥʠ ʾʾ ʩʢʣʘʜʫ. 

ʉʝʨʝʜʥʶ ʪʝʧʣʦʻʤʥʽʩʪʴ ʩ ʚʠʟʥʘʯʘʶʪʴ ʟ ʚʠʨʘʟʫ  

ὧ  
ὗ

Ὕ  Ὕ
 

ʜʝ Q ð ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ, ʧʨʠ ʧʽʜʚʝʜʝʥʥʽ (ʚʽʜʚʝʜʝʥʥʽ) ʷʢʦʾ ʜʦ ʩʠʩʪʝʤʠ ʪʝʤʧʝʨʘʪʫʨʘ 

ʾʾ ʧʽʜʚʠʱʫʻʪʴʩʷ (ʟʥʠʞʫʻʪʴʩʷ) ʚʽʜ ʊ2 ʜʦ T1. 

ʈʦʟʨʽʟʥʷʶʪʴ ʧʠʪʦʤʫ (ʨʦʟʨʘʭʦʚʘʥʫ ʥʘ 1 ʛ ʨʝʯʦʚʠʥʠ) ʽ ʤʦʣʷʨʥʫ (ʥʘ 1 ʤʦʣʴ) 

ʪʝʧʣʦʻʤʥʦʩʪʽ, ʷʢʽ ʤʘʶʪʴ ʚʽʜʧʦʚʽʜʥʦ ʪʘʢʽ ʦʜʠʥʠʮʽ: ɼʞ/(ʛ * ʂ) ʽ ɼʞ/(ʤʦʣʴ * ʂ). 

ʆʩʢʽʣʴʢʠ Q ʟʘʣʝʞʠʪʴ ʚʽʜ ʰʣʷʭʫ ʧʨʦʮʝʩʫ, ʪʦ ʚʽʜ ʥʴʦʛʦ ʪʘʢʦʞ ʟʘʣʝʞʠʪʴ ʚʝʣʠʯʠʥʘ 

ʪʝʧʣʦʻʤʥʦʩʪʽ. ʆʩʪʘʥʥʷ ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ Њ ʜʦ Њ  ʧʨʠ ʽʟʦʪʝʨʤʽʯʥʦʤʫ ʧʨʦʮʝʩʽ 

ʚʽʜʧʦʚʽʜʥʦ ʧʽʜʚʝʜʝʥʥʷ ʘʙʦ ʚʽʜʚʝʜʝʥʥʷ ʪʝʧʣʦʪʠ. 

ʋ ʨʦʟʨʘʭʫʥʢʘʭ ʯʘʩʪʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʝʧʣʦʻʤʥʽʩʪʴ ʧʨʠ ʩʪʘʣʦʤʫ ʪʠʩʢʫ ̒̋ 

(ʽʟʦʙʘʨʥʫ ʪʝʧʣʦʻʤʥʽʩʪʴ) 

ὧ                                             (2.3) 

 ̔ʪʝʧʣʦʻʤʥʽʩʪʴ ʧʨʠ ʩʪʘʣʦʤʫ ʦʙ'ʻʤʽ (ʽʟʦʭʦʨʥʫ ʪʝʧʣʦʻʤʥʽʩʪʴ) 

ὧ
ὗ

Ὕ
 
Ὗ

Ὕ
Ȣ 

ɿʚʠʯʘʡʥʦ ὧ > ὧ, ʦʩʢʽʣʴʢʠ ʧʨʠ ʽʟʦʭʦʨʥʦʤʫ ʥʘʛʨʽʚʘʥʥʽ ʚʩʷ ʪʝʧʣʦʪʘ, ʱʦ ʧʽʜʚʦʜʠʪʴʩʷ 

ʜʦ ʪʽʣʘ, ʚʠʪʨʘʯʘʻʪʴʩʷ ʣʠʰʝ ʥʘ ʟʙʽʣʴʰʝʥʥʷ ʡʦʛʦ ʚʥʫʪʨʽʰʥʴʦʾ ʝʥʝʨʛʽʾ, ʘ ʧʨʠ ʽʟʦʙʘʨʥʦʤʫ 

ʥʘʛʨʽʚʘʥʥʽ ʦʜʥʘ ʯʘʩʪʠʥʘ ʪʝʧʣʦʪʠ ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ ʟʙʽʣʴʰʝʥʥʷ ʡʦʛʦ ʚʥʫʪʨʽʰʥʴʦʾ ʝʥʝʨʛʽʾ, 

ʘ ʽʥʰʘ ʯʘʩʪʠʥʘ ð ʥʘ ʨʦʙʦʪʫ ʨʦʟʰʠʨʝʥʥʷ. ɼʣʷ 1 ʤʦʣʴ ʽʜʝʘʣʴʥʦʛʦ ʛʘʟʫ ʟʚôʷʟʦʢ ʤʽʞ ὧ ʽ 

ὧ ʚʠʨʘʞʘʻʪʴʩʷ ʟʘʣʝʞʥʽʩʪʶ 

̒  ὧ Ὑ (2.4) 

ʜʝ R ð ʫʥʽʚʝʨʩʘʣʴʥʘ ʛʘʟʦʚʘ ʩʪʘʣʘ, ʯʠʩʝʣʴʥʘ ʚʝʣʠʯʠʥʘ ʷʢʦʾ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʨʠʡʥʷʪʠʭ 

ʦʜʠʥʠʮʴ ʪʠʩʢʫ, ʦʙôʻʤʫ ʽ ʪʝʤʧʝʨʘʪʫʨʠ. 

ɼʣʷ ʪʚʝʨʜʦʛʦ ʩʪʘʥʫ ʨʝʯʦʚʠʥʠ ʨʽʟʥʠʮʷ ʤʽʞ ὧ ʽ ὧ ʥʝʟʥʘʯʥʘ, ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ ʥʠʤʠ 

ʚʠʨʘʞʘʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤ 

ὧ  ὧ Ὕ  ὠ, 

ʜʝ  ð ʪʝʨʤʽʯʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʨʦʟʰʠʨʝʥʥʷ; z ð ʢʦʝʬʽʮʽʻʥʪ ʩʪʠʩʢʫ; V0 ð ʤʦʣʷʨʥʠʡ 

ʦʙôʻʤ ʨʝʯʦʚʠʥʠ ʧʨʠ ʊ = 0 ʂ. 

ɿʥʘʯʝʥʥʷ  ʽ z ʚʠʟʥʘʯʘʶʪʴ ʟʘ ʨʽʚʥʷʥʥʷʤʠ 

  
ρ

ὠ
 
ὠ

Ὕ
 

ᾀ   
ρ

ὠ
 
ὠ

ὖ
 



 

 

 

ɺʝʣʠʯʠʥʘ ʪʝʧʣʦʻʤʥʦʩʪʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʨʠʨʦʜʠ 

ʨʝʯʦʚʠʥʠ, ʾʾ ʢʽʣʴʢʦʩʪʽ ʡ ʘʛʨʝʛʘʪʥʦʛʦ ʩʪʘʥʫ, 

ʪʝʤʧʝʨʘʪʫʨʠ, ʪʠʩʢʫ ʪʘ ʽʥʰʠʭ ʫʤʦʚ ʧʝʨʝʙʽʛʫ ʧʨʦʮʝʩʫ. 

ɻʘʟʠ ʟ ʧʦʜʽʙʥʦʶ ʙʫʜʦʚʦʶ ʤʦʣʝʢʫʣ ʤʘʶʪʴ ʙʣʠʟʴʢʽ 

ʟʥʘʯʝʥʥʷ ʪʝʧʣʦʻʤʥʦʩʪʝʡ. ɿ ʫʩʢʣʘʜʥʝʥʥʷʤ ʙʫʜʦʚʠ 

ʤʦʣʝʢʫʣʠ ʪʝʧʣʦʻʤʥʽʩʪʴ ʟʨʦʩʪʘʻ, ʥʘʧʨʠʢʣʘʜ, 

ʪʝʧʣʦʻʤʥʽʩʪʴ ʧʘʨʠ ʚʫʛʣʝʚʦʜʥʽʚ ʟʙʽʣʴʰʫʻʪʴʩʷ ʟʽ ʟʨʦʩʪʘʥʥʷʤ ʾʭ ʤʦʣʝʢʫʣʷʨʥʦʾ ʤʘʩʠ. 

ɿʥʘʯʝʥʥʷ ʪʝʧʣʦʻʤʥʦʩʪʽ ʚʠʟʥʘʯʘʶʪʴ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʘʙʦ ʦʙʯʠʩʣʶʶʪʴ ʟʘ ʨʽʚʥʷʥʥʷʤ 

(2.3) ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʟʤʽʥʠ ʝʥʪʘʣʴʧʽʾ. ɼʣʷ ʦʙʯʠʩʣʝʥʥʷ ʪʝʧʣʦʻʤʥʦʩʪʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʘʢʦʞ 

ʝʤʧʽʨʠʯʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ. 

ɿʘ ʧʨʘʚʠʣʦʤ ɼʶʣʦʥʛʘ ʽ ʇʪʽ, ʷʢʝ ʩʧʨʘʚʜʞʫʻʪʴʩʷ ʜʣʷ ʥʝʚʝʣʠʢʦʛʦ ʽʥʪʝʨʚʘʣʫ ʢʽʤʥʘʪʥʠʭ 

ʪʝʤʧʝʨʘʪʫʨ, ʪʝʧʣʦʻʤʥʽʩʪʴ ʝʣʝʤʝʥʪʽʚ, ʱʦ ʧʝʨʝʙʫʚʘʶʪʴ ʫ ʪʚʝʨʜʦʤʫ ʩʪʘʥʽ (ʜʦʙʫʪʦʢ ʘʪʦʤʥʦʾ 

ʤʘʩʠ ʝʣʝʤʝʥʪʘ ʥʘ ʡʦʛʦ ʧʠʪʦʤʫ ʪʝʧʣʦʻʤʥʽʩʪʴ), ʻ ʧʨʠʙʣʠʟʥʦ ʩʪʘʣʦʶ ʚʝʣʠʯʠʥʦʶ: ʪʘʩ = 25,9... 

26,8 ɼʞ/(ʤʦʣʴ Å ʂ). ɺʠʥʷʪʦʢ ʟ ʮʴʦʛʦ ʧʨʘʚʠʣʘ ʩʪʘʥʦʚʣʷʪʴ ʙʦʨ, ʚʫʛʣʝʮʴ ʽ ʢʨʝʤʥʽʡ. 

ʇʨʠʙʣʠʟʥʫ ʪʝʧʣʦʻʤʥʽʩʪʴ ʭʽʤʽʯʥʠʭ ʩʧʦʣʫʢ ʤʦʞʥʘ ʦʙʯʠʩʣʠʪʠ ʟʘ ʧʨʘʚʠʣʦʤ ʘʜʠʪʠʚʥʦʩʪʽ 

ʅʝʡʤʘʥʘ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʷʢʦʛʦ ʤʦʣʷʨʥʘ ʪʝʧʣʦʻʤʥʽʩʪʴ ʭʽʤʽʯʥʠʭ ʩʧʦʣʫʢ, ʱʦ ʧʝʨʝʙʫʚʘʶʪʴ ʫ 

ʪʚʝʨʜʦʤʫ ʩʪʘʥʽ (ʜʦʙʫʪʦʢ ʤʦʣʝʢʫʣʷʨʥʦʾ ʤʘʩʠ ʩʧʦʣʫʢʠ ʥʘ ʾʾ ʧʠʪʦʤʫ ʪʝʧʣʦʻʤʥʽʩʪʴ), ʜʦʨʽʚʥʶʻ 

ʩʫʤʽ ʘʪʦʤʥʠʭ ʪʝʧʣʦʻʤʥʦʩʪʝʡ ʝʣʝʤʝʥʪʽʚ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ ʩʢʣʘʜʫ ʜʘʥʦʾ ʩʧʦʣʫʢʠ, ɿ 

ʚʨʘʭʫʚʘʥʥʷʤ ʧʨʘʚʠʣʘ ɼʶʣʦʥʛʘ ʽ ʇʪʽ ʜʣʷ ʩʧʦʣʫʢʠ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʧ ʘʪʦʤʽʚ, ʤʦʞʥʘ 

ʟʘʧʠʩʘʪʠ: 

mʘʩ = ʧ (25,9. . .26,8) ɼʞɼʤʦʣʴ * ʂ). 

ʇ ʨ ʠ ʢ ʣ ʘ ʜ 2.2. ɺʠʟʥʘʯʠʪʠ ʪʝʧʣʦʻʤʥʽʩʪʴ NaAlO2. 

ʈʦʟʚôʷʟʫʚʘʥʥʷ. ʄʦʣʝʢʫʣʘ ʘʣʶʤʽʥʘʪʫ ʣʘʪʨʽʶ NaAlO2, ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʯʦʪʠʨʴʦʭ ʘʪʦʤʽʚ. 

ʆʪʞʝ, ʤʦʣʷʨʥʘ ʪʝʧʣʦʻʤʥʽʩʪʴ ʮʽʻʾ ʩʧʦʣʫʢʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʨʽʚʥʷʥʥʷ (2.5) ʜʦʨʽʚʥʶʻ 26.4 * 4 

= 105,6 ɼʞ/(ʤʦʣʴ * ʂ). 

ʊʝʤʧʝʨʘʪʫʨʘ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʚʧʣʠʚʘʻ ʥʘ ʚʝʣʠʯʠʥʫ ʪʝʧʣʦʻʤʥʦʩʪʽ. ɼʣʷ ʨʽʟʥʠʭ ʽʥʪʝʨʚʘʣʽʚ 

ʪʝʤʧʝʨʘʪʫʨ ʮʝʡ ʚʧʣʠʚ ʥʝʦʜʥʘʢʦʚʠʡ (ʨʠʩ. 2.2). ɿ ʛʨʘʬʽʢʘ ʚʠʭʦʜʠʪʴ, ʱʦ ʧʨʠ ʥʠʟʴʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʜʣʷ ʤʝʪʘʣʽʚ, ʷʢʽ ʧʝʨʝʙʫʚʘʶʪʴ ʫ ʪʚʝʨʜʦʤʫ ʩʪʘʥʽ, ʟʘʣʝʞʥʽʩʪʴ ʪʝʧʣʦʻʤʥʦʩʪʽ ʩ 

ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʟʦʙʨʘʞʫʻʪʴʩʷ ʢʫʙʽʯʥʦʶ ʧʘʨʘʙʦʣʦʶ ʽ ʚ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʜʦʙʨʝ 

ʦʧʠʩʫʻʪʴʩʷ ʥʘʧʽʚʝʤʧʽʨʠʯʥʠʤ ʨʽʚʥʷʥʥʷʤ ɼʝʙʘʷ 

Ã Á4 (2.6) 

ʜʝ ʘ ð ʢʦʝʬʽʮʽʻʥʪ, ʱʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʨʠʨʦʜʠ ʤʝʪʘʣʫ. 

ɿ ʧʽʜʚʠʱʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜ ʢʽʤʥʘʪʥʦʾ Ὕ̋  ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ ʧʣʘʚʣʝʥʥʷ Ὕ̐  ̌

ʪʝʧʣʦʻʤʥʽʩʪʴ ʟʨʦʩʪʘʻ ʜʦ 29,3ð33,5 ɼʞ/(ʤʦʣʴ*ʂ). ʅʘ ʥʴʦʤʫ ʚʽʜʨʽʟʢʫ ʪʝʧʣʦʻʤʥʽʩʪʴ 

ʟʚʠʯʘʡʥʦ ʚʠʨʘʞʘʶʪʴ ʝʤʧʽʨʠʯʥʠʤʠ ʨʽʚʥʷʥʥʷʤʠ ʫ ʚʠʛʣʷʜʽ ʩʪʝʧʝʥʝʚʠʭ ʨʷʜʽʚ: 

̒ Á Â4 Ã4 Ễ                                         (2.7) 

ʪʘ 

    ὧ  ὥ  ὦὝ ὧὝ Ễ . (2.8) 

ʋ ʙʘʛʘʪʴʦʭ ʚʠʧʘʜʢʘʭ ʜʣʷ ʧʨʘʢʪʠʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʜʦʩʪʘʪʥʴʦ ʤʘʪʠ ʪʨʠ ʘʙʦ ʥʘʚʽʪʴ ʜʚʘ 

ʯʣʝʥʠ ʩʪʝʧʝʥʝʚʦʛʦ ʨʷʜʫ. ʊʦʜʽ ʟʘʣʝʞʥʽʩʪʴ ʪʝʧʣʦʻʤʥʦʩʪʽ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʛʨʘʬʽʯʥʦ 

ʟʦʙʨʘʞʫʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤ ʧʘʨʘʙʦʣʠ 

 

ȼɔɝ. 2.2. ɋɖɱɝəɌ ɡɌɜɌɖɞɑɜɔɝɞɔɖɌ ɓɌ-
ɗɑɒəɚɝɞɱ ɞɑɛɗɚɯɘəɚɝɞɱ Ɏɱɐ ɞɑɘɛɑɜɌɞɟɜɔ 

(2.5) 



 

 

Ã Á Â4 Ã4  (2.9) 

ʘʙʦ ʣʽʥʽʡʥʠʤ ʨʽʚʥʷʥʥʷʤ 

ὧ ὥ ὦὝ. (2.10) 

ʂʦʝʬʽʮʽʻʥʪʠ ʘ, b, ʩ... ʪʘ ʘ', b', cô é ʚʠʟʥʘʯʘʶʪʴ ʟʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʘʥʠʤʠ ʘʙʦ ʟʘ 

ʜʦʚʽʜʥʠʢʘʤʠ. 

ʗʢʱʦ ʫ ʨʽʚʥʷʥʥʷ 

ὧ  
ρ

Ὕ Ὕ
ὧὨὝ 

ʧʽʜʩʪʘʚʠʪʠ ʟʥʘʯʝʥʥʷ ʩʧʨʘʚʞʥʴʦʾ ʪʝʧʣʦʻʤʥʦʩʪʽ ʟ ʨʽʚʥʷʥʥʷ (2.7), ʪʦ ʜʽʩʪʘʥʝʤʦ ʟʥʘʯʝʥʥʷ 

ʩʝʨʝʜʥʴʦʾ ʪʝʧʣʦʻʤʥʦʩʪʽ: 

ὧ  ᷿ ὥ ὦὝ ὧὝ ὨὝ  ὥὝ  Ὕ  Ὕ  Ὕ  Ὕ  Ὕ ὥ

  Ὕ  Ὕ  Ὕ  ὝὝ  Ὕ                                     (2.11) 

ʈʽʚʥʷʥʥʷ (2.8) ʟʘʧʨʦʧʦʥʫʚʘʚ ʂʝʣʣʽ ʜʣʷ ʚʠʧʘʜʢʽʚ, ʢʦʣʠ ʧʨʠ ʚʽʜʥʦʩʥʦ ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 

(ʜʠʚ. ʨʠʩ. 2.2, ʊ < ʊʢ) ʢʨʠʚʠʟʥʘ ʟʙʽʣʴʰʫʻʪʴʩʷ, ʘ ʧʨʠ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʟʘʣʝʞʥʽʩʪʴ 

ʪʝʧʣʦʻʤʥʦʩʪʽ ʩʪʘʻ ʤʘʡʞʝ ʣʽʥʽʡʥʦʶ. 

ɺ ʦʩʥʦʚʫ ʪʝʦʨʽʾ ʪʝʤʧʝʨʘʪʫʨʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʪʝʧʣʦʻʤʥʦʩʪʽ ʧʦʢʣʘʜʝʥʦ ʤʝʪʦʜʠ ʩʪʘʪʠʩʪʠʯʥʦʾ 

ʬʽʟʠʢʠ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʢʚʘʥʪʦʚʦʾ ʪʝʦʨʽʾ ʽ ʩʧʝʢʪʨʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟʥʘʯʝʥʥʷ ʪʝʧʣʦʻʤʥʦʩʪʽ 

ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʪʦʯʥʽʰʝ. ʊʝʧʣʦʻʤʥʽʩʪʴ ʨʝʘʣʴʥʠʭ ʛʘʟʽʚ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʠʩʢʫ ʽ ʪʝʤʧʝʨʘʪʫʨʠ. 

ɿ ʧʽʜʚʠʱʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ ʝʬʝʢʪ ʚʧʣʠʚʫ ʪʠʩʢʫ ʟʤʝʥʰʫʻʪʴʩʷ. ʊʠʩʢ ʦʩʦʙʣʠʚʦ ʩʠʣʴʥʦ 

ʚʧʣʠʚʘʻ ʧʦʙʣʠʟʫ ʢʨʠʚʦʾ ʥʘʩʠʯʝʥʥʷ, ʟʦʢʨʝʤʘ ʚ ʢʨʠʪʠʯʥʽʡ ʽ ʥʘʜʢʨʠʪʠʯʥʽʡ ʦʙʣʘʩʪʷʭ, ʦʩʢʽʣʴʢʠ 

ʚ ʢʨʠʪʠʯʥʽʡ ʪʦʯʥʽ ʟʥʘʯʝʥʥʷ ὧ  ʜʦʩʷʛʘʻ ʤʘʢʩʠʤʫʤʫ, ʘ ̒  Њ. 

ɿʥʘʯʝʥʥʷ ʪʝʧʣʦʻʤʥʦʩʪʽ ʜʣʷ ʨʽʜʠʥʠ ʟʘʚʞʜʠ ʤʝʥʰʝ, ʥʽʞ ʜʣʷ ʨʝʯʦʚʠʥʠ, ʱʦ ʧʝʨʝʙʫʚʘʻ ʚ 

ʪʚʝʨʜʦʤʫ ʩʪʘʥʽ. ʇʨʠ ʧʽʜʚʠʱʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʨʽʜʠʥʠ ʘʞ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ ʢʠʧʽʥʥʷ ʾʾ 

ʪʝʧʣʦʻʤʥʽʩʪʴ ʟʘʣʠʰʘʻʪʴʩʷ ʩʪʘʣʦʶ ʚʝʣʠʯʠʥʦʶ. ʊʝʧʣʦʻʤʥʦʩʪʽ ʨʽʜʠʥ ʙʽʣʴʰʽ ʟʘ ʪʝʧʣʦʻʤʥʦʩʪʽ 

ʛʘʟʽʚ ʧʨʠ ʦʜʥʽʡ ʽ ʪʽʡ ʩʘʤʽʡ ʪʝʤʧʝʨʘʪʫʨʽ. ʊʝʧʣʦʻʤʥʦʩʪʽ ʨʦʟʯʠʥʽʚ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʟʘ 

ʨʽʚʥʷʥʥʷʤ  

ὧ  ὲὧ  ὲὧ  ὲὧ Ễȟ 

ʜʝ ὲȟὲȟὲȣ ð ʢʽʣʴʢʦʩʪʽ ʤʦʣʽʚ ʢʦʤʧʦʥʝʥʪʽʚ; ὧȟὧȟὧȟȣ ð ʧʘʨʮʽʘʣʴʥʽ ʤʦʣʴʥʽ 

ʪʝʧʣʦʻʤʥʦʩʪʽ ʢʦʤʧʦʥʝʥʪʽʚ. 

ʏʘʩʪʦ ʚ ʥʘʙʣʠʞʝʥʠʭ 

ʨʦʟʨʘʭʫʥʢʘʭ ʤʦʞʥʘ 

ʙʨʘʪʠ ʧʠʪʦʤʫ ʪʝʧʣʦʻʤ-

ʥʽʩʪʴ ʨʽʜʠʥ ʫ ʤʝʞʘʭ 

1,7ð2,5 ɼʞ/(ʛ *  ʂ). ʋ 

ʚʠʧʘʜʢʫ ʥʝʚʝʣʠʢʠʭ 

ʪʠʩʢʽʚ ʪʝʧʣʦʻʤʥʽʩʪʴ 

ʥʘʩʠʯʝʥʦʾ ʧʘʨʠ ʙʝʨʫʪʴ ʫ 

ʤʝʞʘʭ 2/3 ʚʽʜ ʪʝʧʣʦʻʤʥʦʩʪʽ ʨʽʜʠʥʠ. ʊʝʧʣʦʻʤʥʽʩʪʴ ʪʚʝʨʜʦʾ ʨʝʯʦʚʠʥʠ ʧʨʠ ʩʝʨʝʜʥʽʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ  ʧʨʠʙʣʠʟʥʦ ʚ 2 ʨʘʟʠ ʙʽʣʴʰʘ ʟʘ ʪʝʧʣʦʻʤʥʽʩʪʴ ʮʽʻʾ ʞ ʨʝʯʦʚʠʥʠ ʥ ʛʘʟʦʧʦʜʽʙʥʦʤʫ 

ʩʪʘʥʽ. ɹʽʣʴʰʽʩʪʴ ʤʝʪʘʣʽʚ ʫ ʛʘʟʦʧʦʜʽʙʥʦʤʫ ʩʪʘʥʽ ʻ ʦʜʥʦʘʪʦʤʥʠʤʠ ʽ ʾʭ ʪʝʧʣʦʻʤʥʦʩʪʽ 

ʚʠʟʥʘʯʘʶʪʴ ʪʘʢʠʤʠ ʚʝʣʠʯʠʥʘʤʠ: ὧ ςπȢω ʪʘ ὧ ρςȢφ  ɼʞ/(ʤʦʣʴ*ʂ). 

 

ȼɔɝ. 2.3. ȯɜɌɠɱɣəɔɕ ɘɑɞɚɐ ɚɔəəɌɣɑəəɫ ɛɚɛɜɌɎɖɔ 
əɌ ɞɑɛɗɚɚɍɘɱə ɛɜɔ ɖɌɗɚɜɔɘɑɞɜɔɣəɔɡ Ɏɔɘɱ-
ɜɪɎɌəəɫɡ 



 

 

ɺʽʜʦʤʦ ʙʘʛʘʪʦ ʨʽʟʥʠʭ ʩʧʦʩʦʙʽʚ ʚʠʟʥʘʯʝʥʥʷ ʪʝʧʣʦʻʤʥʦʩʪʽ. ɼʘʣʽ ʨʦʟʛʣʷʥʫʪʦ 

ʢʘʣʦʨʠʤʝʪʨʠʯʥʽ ʩʧʦʩʦʙʠ, ʷʢʽ ʜʘʶʪʴ ʟʤʦʛʫ ʚʠʟʥʘʯʠʪʠ ʩʝʨʝʜʥʶ ʪʝʧʣʦʻʤʥʽʩʪʴ. ʉʫʪʴ 

ʦʜʥʦʛʦ ʟ ʥʠʭ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʜʦʩʣʽʜʞʫʚʘʥʫ ʨʝʯʦʚʠʥʫ ʚ ʟʘʧʘʷʥʽʡ ʘʤʧʫʣʽ ʥʘʛʨʽʚʘʶʪʴ 

ʫ ʧʝʯʽ ʜʦ ʟʘʜʘʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʊ2, ʘ ʧʦʪʽʤ ʧʽʩʣʷ ʧʝʚʥʦʾ ʚʠʪʨʠʤʢʠ ʾʾ ʰʚʠʜʢʦ ʟʘʥʫʨʶʶʪʴ 

ʫ ʢʘʣʦʨʠʤʝʪʨ. ʊʝʧʣʦʚʘ ʝʥʝʨʛʽʷ ʨʝʯʦʚʠʥʠ, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʘʤʧʫʣʽ, ʧʝʨʝʜʘʻʪʴʩʷ ʨʽʜʠʥʽ 

ʢʘʣʦʨʠʤʝʪʨʘ ʜʦʪʠ, ʧʦʢʠ ʾʭʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʟʨʽʚʥʷʶʪʴʩʷ. ʑʦʙ ʧʨʠʩʢʦʨʠʪʠ ʧʨʦʮʝʩ 

ʚʠʨʽʚʥʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨ, ʨʽʜʠʥʫ ʚ ʢʘʣʦʨʠʤʝʪʨʽ ʽʥʪʝʥʩʠʚʥʦ ʧʝʨʝʤʽʰʫʶʪʴ. ʂʽʣʴʢʽʩʪʴ 

ʪʝʧʣʦʪʠ Q, ʚʽʜʜʘʥʦʾ ʨʝʯʦʚʠʥʦʶ ʧʽʜ ʯʘʩ ʦʭʦʣʦʜʞʝʥʥʷ ʚʽʜ ʟʘʜʘʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ T2 ʜʦ ʊ1, 

ʚʠʟʥʘʯʘʶʪʴ ʟʘ ʧʽʜʚʠʱʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ ʨʽʜʠʥʠ ʚ ʢʘʣʦʨʠʤʝʪʨʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʦʯʥʦʛʦ 

ʪʝʨʤʦʤʝʪʨʘ. ʂʘʣʦʨʠʤʝʪʨ, ʱʦ ʤʽʩʪʠʪʴ ʩʫʤʽʰ ʣʴʦʜʫ ʟ ʚʦʜʦʶ, ʥʘʟʠʚʘʻʪʴʩʷ ʣʴʦʜʷʥʠʤ ʽ 

ʢʽʣʴʢʽʩʪʴ ʧʝʨʝʜʘʥʦʾ ʢʘʣʦʨʠʤʝʪʨʫ ʪʝʧʣʦʪʠ ʚʠʤʽʨʶʶʪʴ ʟʘ ʟʤʝʥʰʝʥʥʷʤ ʦʙôʻʤʫ ʩʫʤʽʰʽ 

ʚʥʘʩʣʽʜʦʢ ʪʘʥʝʥʥʷ ʣʴʦʜʫ. ʗʢ ʢʘʣʦʨʠʤʝʪʨ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʘʪʠ ʪʘʢʦʞ ʤʘʩʠʚʥʠʡ ʙʣʦʢ ʟ 

ʯʝʨʚʦʥʦʾ ʤʽʜʽ (ʤʽʜʥʠʡ ʢʘʣʦʨʠʤʝʪʨ), ʫ ʷʢʦʤʫ ʚʠʩʚʝʨʜʣʝʥʦ ʧʦʨʦʞʥʠʥʫ ʜʣʷ ʨʦʟʤʽʱʝʥʥʷ 

ʚ ʥʽʡ ʧʦʧʝʨʝʜʥʴʦ ʥʘʛʨʽʪʦʾ ʘʤʧʫʣʠ. ʊʝʤʧʝʨʘʪʫʨʘ ʬʽʢʩʫʻʪʴʩʷ ʢʽʣʴʢʦʤʘ 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʤʠ ʪʝʨʤʦʧʘʨʘʤʠ, ʭʦʣʦʜʥʽ ʩʧʘʾ ʷʢʠʭ ʨʦʟʤʽʱʝʥʽ ʫ ʤʽʜʥʦʤʫ ʙʣʦʮʽ, ʘ ʛʘʨʷʯʽ 

ð ʚ ʧʝʯʽ. 

ʇʦʤʠʣʢʠ, ʰʦ ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʪʝʧʣʦʻʤʥʦʩʪʽ, ʚ ʦʩʥʦʚʥʦʤʫ ʟʫʤʦʚʣʝʥʽ 

ʥʘʷʚʥʽʩʪʶ ʪʝʧʣʦʦʙʤʽʥʫ ʤʽʞ ʧʨʠʣʘʜʦʤ ʽ ʥʘʚʢʦʣʠʰʥʽʤ ʩʝʨʝʜʦʚʠʱʝʤ. ʊʦʤʫ ʚʚʦʜʷʪʴ 

ʧʦʧʨʘʚʢʫ ʥʘ ʪʝʧʣʦʦʙʤʽʥ, ʷʢʫ ʯʘʩʪʦ ʚʠʟʥʘʯʘʶʪʴ ʛʨʘʬʽʯʥʦ. ɿ ʮʽʻʶ ʤʝʪʦʶ ʬʽʢʩʫʶʪʴ ʟʤʽʥʫ 

ʪʝʤʧʝʨʘʪʫʨʠ ʜʦ ʦʧʫʩʢʘʥʥʷ ʘʤʧʫʣʠ ʚ ʢʘʣʦʨʠʤʝʪʨ ʽ ʧʨʦʪʷʛʦʤ ʜʝʷʢʦʛʦ ʯʘʩʫ ʧʽʩʣʷ ʮʴʦʛʦ. 

ɹʫʜʫʶʪʴ ʛʨʘʬʽʯʥʫ ʟʘʣʝʞʥʽʩʪʴ ʫ ʢʦʦʨʜʠʥʘʪʘʭ çʪʝʤʧʝʨʘʪʫʨʘ ð ʯʘʩè (ʨʠʩ. 2.3). 

ʋ ʧʦʯʘʪʢʦʚʠʡ ʧʝʨʽʦʜ †† ʪʝʤʧʝʨʘʪʫʨʘ ʨʽʜʠʥʠ ʚ ʢʘʣʦʨʠʤʝʪʨʽ ʟʤʽʥʶʻʪʴʩʷ ʧʦ ʧʨʷʤʽʡ 

ɸɺ ʚʥʘʩʣʽʜʦʢ ʪʝʧʣʦʚʦʛʦ ʚʧʣʠʚʫ ʩʝʨʝʜʦʚʠʱʘ. ʈʽʜʠʥʘ ʧʦʚʽʣʴʥʦ ʦʭʦʣʦʜʞʫʻʪʴʩʷ (ʚʦʥʘ 

ʤʦʞʝ ʪʘʢʦʞ ʥʘʛʨʽʚʘʪʠʩʷ). ʇʽʩʣʷ ʦʧʫʩʢʘʥʥʷ ʘʤʧʫʣʠ ʚ ʢʘʣʦʨʠʤʝʪʨ ʚ ʧʝʨʽʦʜ †† 

ʪʝʤʧʝʨʘʪʫʨʘ ʨʽʜʠʥʠ ʰʚʠʜʢʦ ʧʽʜʚʠʱʫʻʪʴʩʷ (ʢʨʠʚʘ ɺʉ). ɿʚʠʯʘʡʥʦ ʥʘʤʘʛʘʶʪʴʩʷ 

ʩʢʦʨʦʪʠʪʠ ʪʨʠʚʘʣʽʩʪʴ ʮʴʦʛʦ ʧʝʨʽʦʜʫ, ʜʣʷ ʯʦʛʦ ʨʽʜʠʥʫ ʚ ʢʘʣʦʨʠʤʝʪʨʽ ʽʥʪʝʥʩʠʚʥʦ ʧʝʨʝ-

ʤʽʰʫʶʪʴ. ʇʦʪʽʤ ʪʝʤʧʝʨʘʪʫʨʘ ʨʽʜʠʥʠ ʚ ʢʘʣʦʨʠʤʝʪʨʽ ʚ ʧʝʨʽʦʜ †† ʟʥʠʞʫʻʪʴʩʷ (ʧʨʷʤʘ 

ʉD). 

ɺʽʜʨʽʟʦʢ †† ʜʽʣʷʪʴ ʥʘ ʜʚʽ ʦʜʥʘʢʦʚʽ ʯʘʩʪʠʥʠ ʽ ʧʦʩʝʨʝʜʠʥʽ ʚʽʜʨʽʟʢʘ ʟ ʪʦʯʢʠ † 

ʧʨʦʚʦʜʷʪʴ ʧʝʨʧʝʥʜʠʢʫʣʷʨ ʜʦ ʧʝʨʝʪʠʥʫ ʟ ʧʨʦʜʦʚʞʝʥʥʷʤ ʧʨʷʤʠʭ ɸɺ i ʉD. ɺʽʜʩʪʘʥʴ ʤʽʞ 

ʪʦʯʢʘʤʠ ʧʝʨʝʪʠʥʫ æT ʚʽʜʧʦʚʽʜʘʻ ʪʘʢʽʡ ʟʤʽʥʽ ʪʝʤʧʝʨʘʪʫʨʠ, ʷʢʘ ʤʦʛʣʘ ʙ ʙʫʪʠ ʫ ʚʠʧʘʜʢʫ, 

ʢʦʣʠ ʙ ʫʜʘʣʦʩʷ ʩʢʦʨʦʪʠʪʠ ʜʦ ʥʫʣʷ ʪʨʠʚʘʣʽʩʪʴ ʫʩʪʘʥʦʚʣʝʥʥʷ ʪʝʧʣʦʚʦʾ ʨʽʚʥʦʚʘʛʠ ʚ 

ʢʘʣʦʨʠʤʝʪʨʽ, ʱʦ ʚʠʢʣʶʯʠʣʦ ʙ ʚʧʣʠʚ ʪʝʧʣʦʦʙʤʽʥʫ ʟ ʥʘʚʢʦʣʠʰʥʽʤ ʩʝʨʝʜʦʚʠʱʝʤ. ɺ 

ʨʝʟʫʣʴʪʘʪʽ ʚʠʟʥʘʯʘʶʪʴ ʩʧʨʘʚʞʥʶ ʟʤʽʥʫ ʪʝʤʧʝʨʘʪʫʨʠ. ɺʠʟʥʘʯʠʚʰʠ ʟʥʘʯʝʥʥʷ ʩʝʨʝʜʥʽʭ 

ʪʝʧʣʦʻʤʥʦʩʪʝʡ ʜʣʷ ʨʽʟʥʠʭ ʽʥʪʝʨʚʘʣʽʚ ʪʝʤʧʝʨʘʪʫʨ, ʟʥʘʭʦʜʷʪʴ ʬʫʥʢʮʽʦʥʘʣʴʥʫ ʟʘʣʝʞʥʽʩʪʴ 

ʪʝʧʣʦʻʤʥʦʩʪʽ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ. 

ʇʨʠʧʫʩʪʠʤʦ, ʱʦ ʟʥʘʡʜʝʥʽ ʟʥʘʯʝʥʥʷ ʪʝʧʣʦʻʤʥʦʩʪʝʡ ʜʦʨʽʚʥʶʶʪʴ ὧȟὧ ̨ ὧ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʘʛʨʽʚʘʥʥʷ ʘʤʧʫʣʠ ʟ ʨʝʯʦʚʠʥʦʶ ʧʝʨʝʜ ʦʧʫʩʢʘʥʥʷʤ ʾʾ ʚ ʢʘʣʦʨʠʤʝʪʨ 

ʚʽʜʧʦʚʽʜʥʦ ʊ1, ʊ2, ʊ3. ɿʘʣʝʞʥʽʩʪʴ ʩʝʨʝʜʥʴʦʾ ʪʝʧʣʦʻʤʥʦʩʪʽ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʜʘʤʦ 

ʨʽʚʥʷʥʥʷʤ 

̒ Á Â4 Ã4 

ʇʽʜʩʪʘʚʠʚʰʠ ʚ ʮʝ ʨʽʚʥʷʥʥʷ ʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨ ʊ1, ʊ2 ʽ ʊ3, ʤʘʪʠʤʝʤʦ ʩʠʩʪʝʤʫ ʪʨʴʦʭ 

ʨʽʚʥʷʥʴ ʟ ʪʨʴʦʤʘ ʥʝʚʽʜʦʤʠʤʠ ʢʦʝʬʽʮʽʻʥʪʘʤʠ ʘ, b ʽ ʩ: 



 

 

̒ Á Â4 Ãᴂ4Ƞ 

̒ Á Âᴂ4 Ãᴂ4Ƞ 

̒ Á Â4 Ãᴂ4Ȣ 

ʈʦʟʚôʷʟʘʚʰʠ ʮʶ ʩʠʩʪʝʤʫ ʨʽʚʥʷʥʴ, ʚʠʟʥʘʯʠʤʦ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ aô, bô, cô. ʇʦʪʽʤ, 

ʧʦʤʥʦʞʠʚʰʠ bô ʥʘ 2 ʽ ʩ' ʥʘ 3, ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʨʽʚʥʷʥʥʷ (2.8) ʜʽʩʪʘʥʝʤʦ ʨʽʚʥʷʥʥʷ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʩʧʨʘʚʞʥʴʦʾ ʪʝʧʣʦʻʤʥʦʩʪʽ: 

Á ÁȠ   Â ςÂȠ   Ã σÃȠ 

Ã Á Â4 Ã4 

ʇʨʠʢʣʘʜ 2.3. ʊʝʧʣʦʻʤʥʽʩʪʴ ʚʦʜʥʶ ʧʨʠ V = const ʟʤʽʥʶʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʟʘʣʝʞʥʦʩʪʽ ʉV = 4,850 + 0,700 Ț 10ð3 t. ɺʠʟʥʘʯʠʪʠ ʩʝʨʝʜʥʶ ʡ ʧʠʪʦʤʫ ʤʦʣʷʨʥʽ ʪʝʧ-

ʣʦʻʤʥʦʩʪʽ (ʈ = const, V = const) ʧʨʠ            800 Áʉ. 

ʈʦʟʚôʷʟʫʚʘʥʥʷ. cV =  (4,850 + 0,700 Ț 10ð3 Ț 800) Ț 4,184 = 22,64 ɼʞ/(ʤʦʣʴ *  ʂ) (4,184 

ð ʧʝʨʝʚʽʜʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʫ ɼʞ/(ʤʦʣʴ Ț ʂ)). 

ʆʩʢʽʣʴʢʠ ʘ = 4,840 i b = 0,700 Ț 10-3, ʪʦ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʨʽʚʥʷʥʥʷ (2.8), ʘ = ʘ'= 4,850 

ʪʘ bô =   = 0,350 Ț 10-3 . ʊʦʤʫ ʩʝʨʝʜʥʷ ʤʦʣʷʨʥʘ ʪʝʧʣʦʻʤʥʽʩʪʴ ʨʝʯʦʚʠʥʠ ʜʦʨʽʚʥʶʻ 

ʩV =  (4,850 + 0,350 Ț 10-3 Ț 800) 4,184 = 21,46 ɼʞ/(ʤʦʣʴ Ț ʂ). 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʨʽʚʥʷʥʥʷ (2.4) 

ὧ  ὧ Ὑ υȢτρ ρȢωψχτȢρψτσπȢωυ ˑ Ⱦ̇̍̏̌ ̝̌ ̠ Ƞ 

ὧ  ὧ Ὑ ςρȟτφψȟρστςωȢυωτ ˑ Ⱦ̇̍̏̌ ̝̌ ̠ . 

ʇʠʪʦʤʽ ʪʝʧʣʦʻʤʥʦʩʪʽ ʜʽʩʪʘʶʪʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʽʣʝʥʥʷ ʚʠʟʥʘʯʝʥʠʭ ʪʝʧʣʦʻʤʥʦʩʪʝʡ 

ʥʘ ʤʦʣʷʨʥʫ ʤʘʩʫ ʚʦʜʥʶ: 

̒ ρρȢσς ˑ Ⱦ̇̄z ̄̑́̅;        ὧ ρυȢτχυ ˑ Ⱦ̇̄z ˗ 

̒ ρπȟχσ ˑ Ⱦ̇̄z ̄̑́̅;        ὧ ρτȢχωχ ˑ Ⱦ̇̄z ˗ 

 

ʇʨʠʢʣʘʜ 2.4. ɺʠʟʥʘʯʠʪʠ ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ, ʧʦʪʨʽʙʥʦʾ ʜʣʷ ʥʘʛʨʽʚʘʥʥʷ 100 ʛ 

ʦʢʩʠʜʫ ʚʫʛʣʝʮʶ (IV) ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ 25 ʜʦ 125 Áʉ ʧʨʠ ʈ = const ʽ V = const, ʢʦʣʠ 

ʚʽʜʦʤʦ, ʱʦ ʤʦʣʷʨʥʘ ʪʝʧʣʦʻʤʥʽʩʪʴ ʛʘʟʫ ʧʨʠ ʈ = const ʚʠʨʘʞʘʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤ 

ὧ χȢπππȢππχρὝ πȢρψφ Ͻ ρπὝ  

ʈʦʟʚ'ʷʟʫʚʘʥʥʷ. ʈʽʚʥʷʥʥʷ ʽʟʦʙʘʨʥʦʾ ʪʝʧʣʦʻʤʥʦʩʪʽ ʧʦʜʘʤʦ ʷʢ ʨʽʚʥʷʥʥʷ ʩʝʨʝʜʥʴʦʾ 

ʪʝʧʣʦʻʤʥʦʩʪʽ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʨʽʚʥʷʥʥʷ (2.8), ʘ = 7,00; b = 0,0071 : 2 = 0,00355 ʪʘ c = 

ð0,186 Ț 10-5 / 3 = ð0,062 Ț 10-5; ʜʣʷ ʽʥʪʝʨʚʘʣʫ ʪʝʤʧʝʨʘʪʫʨ ʚʽʜ 25 Áʉ (298 ʂ) ʜʦ 125 

Áʉ (398 ʂ) ʤʘʪʠʤʝʤʦ 

Ã  χȢπππȢππσυυ ςωψσωψπȢπφς Ͻ ρπ ςωψςωψ Ͻσωψ

 σωψ τȢρψτσψȢφψ ˑ Ⱦ̇̍̏̌ ̝Ͻ̠  

ɼʘʣʽ ʚʠʟʥʘʯʠʤʦ 

ὗ  
Ὣ

ὓ
 ὧ ὸ  ὸ  

ρππ

ττ
 ϽσψȢφψ ρςυςυ ψχωρ ˑ̇ ψȢχω ̋ˑ ̇

ɿʘ ʨʽʚʥʷʥʥʷʤ (2.4) ʦʙʯʠʩʣʠʤʦ ʪʝʧʣʦʻʤʥʽʩʪʴ ʧʨʠ ʩʪʘʣʦʤʫ ʦʙôʻʤʽ  

̒  ̒ Ὑ σψȢφψψȢσςφσπȢσυ ˑ Ⱦ̇̍̏̌ ̝Ͻ̠  , 

ʘ ʧʦʪʽʤ ʚʠʟʥʘʯʠʤʦ 



 

 

ὗ   ὧ ὸ  ὸ   ϽσπȢσυ ρςυςυ φψωψ ˑ̇ φȢω ̋ˑ.̇ 

 

2.7. ʄʘʪʝʨʽʘʣʴʥʠʡ ʙʘʣʘʥʩ 

ʇʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʥʦʚʠʭ ʚʠʨʦʙʥʠʮʪʚ ʪʘ ʘʥʘʣʽʟʽ ʨʦʙʦʪʠ ʥʘʷʚʥʠʭ ʟ ʤʝʪʦʶ ʚʠʟʥʘʯʝʥʥʷ 

ʚʠʪʨʘʪ ʩʠʨʦʚʠʥʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽ ʨʝʘʛʝʥʪʽʚ, ʚʠʭʦʜʫ ʮʽʣʴʦʚʠʭ ʽ ʧʦʙʽʯʥʠʭ ʧʨʦʜʫʢʪʽʚ, 

ʩʪʽʯʥʠʭ ʚʦʜ ʽ ʛʘʟʦʧʦʜʽʙʥʠʭ ʚʠʢʠʜʽʚ, ʘ ʪʘʢʦʞ ʚʠʟʥʘʯʝʥʥʷ ʤʘʪʝʨʽʘʣʴʥʠʭ ʧʦʪʦʢʽʚ ʫ 

ʚʽʜʧʦʚʽʜʥʠʭ ʧʨʦʮʝʩʘʭ ʩʢʣʘʜʘʶʪʴ ʤʘʪʝʨʽʘʣʴʥʠʡ ʙʘʣʘʥʩ. 

ʄʘʪʝʨʽʘʣʴʥʠʡ ʙʘʣʘʥʩ ʻ ʨʝʯʦʚʠʥʥʠʤ ʚʠʨʘʞʝʥʥʷʤ ʟʘʢʦʥʫ ʟʙʝʨʝʞʝʥʥʷ ʤʘʩʠ, 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʷʢʦʛʦ ʚ ʙʫʜʴ-ʷʢʽʡ ʟʘʤʢʥʫʪʽʡ ʩʠʩʪʝʤʽ ʤʘʩʘ ʨʝʯʦʚʠʥ, ʱʦ ʚʩʪʫʧʘʶʪʴ ʫ 

ʚʟʘʻʤʦʜʽʶ Вά̐, ʜʦʨʽʚʥʶʻ ʤʘʩʽ ʨʝʯʦʚʠʥ, ʷʢʽ ʫʪʦʨʠʣʠʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʚʟʘʻʤʦʜʽʾ Вά̋ . 

ʆʜʥʘʢ ʟʘ ʨʝʘʣʴʥʠʭ ʫʤʦʚ ʥʝʤʠʥʫʯʽ ʥʝʦʙʦʨʦʪʥʽ ʚʪʨʘʪʠ ʨʝʯʦʚʠʥ Вά̃ .̓ ʊʦʤʫ ʟʘʛʘʣʴʥʠʡ 

ʚʠʨʘʟ ʜʣʷ ʤʘʪʝʨʽʘʣʴʥʦʛʦ ʙʘʣʘʥʩʫ ʤʘʪʠʤʝ ʪʘʢʠʡ 

ʚʠʛʣʷʜ: 

Вά̐  Вά̋  Вά̃ ,̓ 

ʄʘʪʝʨʽʘʣʴʥʠʡ ʙʘʣʘʥʩ ʩʢʣʘʜʘʶʪʴ ʜʣʷ ʚʩʴʦʛʦ ʭʽʤʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʚ 

ʮʽʣʦʤʫ ʘʙʦ ʜʣʷ ʡʦʛʦ ʦʢʨʝʤʠʭ ʩʪʘʜʽʡ. ɹʘʣʘʥʩ ʤʦʞʥʘ ʩʢʣʘʩʪʠ ʜʣʷ ʚʩʽʭ ʨʝʯʦʚʠʥ, ʜʣʷ ʦʜʥʽʻʾ 

ʟ ʥʠʭ ʘʙʦ ʜʣʷ ʢʽʣʴʢʦʭ ʽʟ ʚʨʘʭʫʚʘʥʥʷʤ ʦʩʥʦʚʥʦʾ, ʧʘʨʘʣʝʣʴʥʠʭ ʽ ʧʦʙʽʯʥʠʭ ʨʝʘʢʮʽʡ. 

ɿʚʠʯʘʡʥʦ ʚʨʘʭʦʚʫʶʪʴ ʥʝ ʚʩʽ ʧʦʙʽʯʥʽ ʧʨʦʜʫʢʪʠ ʽ ʨʝʘʢʮʽʾ, ʰʦ ʚʽʜʙʫʚʘʶʪʴʩʷ, ʘ ʣʠʰʝ ʪʽ ʟ 

ʥʠʭ, ʷʢʽ ʤʘʶʪʴ ʽʩʪʦʪʥʝ ʟʥʘʯʝʥʥʷ. 

ʄʘʪʝʨʽʘʣʴʥʠʡ ʙʘʣʘʥʩ ʙʝʟʧʝʨʝʨʚʥʦ ʜʽʶʯʠʭ ʨʝʘʢʪʦʨʽʚ ʩʢʣʘʜʘʶʪʴ, ʷʢ ʧʨʘʚʠʣʦ, ʜʣʷ 

ʫʩʪʘʣʝʥʦʛʦ (ʩʪʘʮʽʦʥʘʨʥʦʛʦ) ʨʝʞʠʤʫ. ʇʨʠ ʮʴʦʤʫ ʤʘʩʘ ʨʝʯʦʚʠʥ, ʷʢʽ ʥʘʜʭʦʜʷʪʴ ʚ ʘʧʘʨʘʪ 

ʟʘ ʧʝʚʥʠʡ ʧʝʨʽʦʜ ʯʘʩʫ Вά̐, ʜʦʨʽʚʥʶʻ ʤʘʩʽ ʨʝʯʦʚʠʥ, ʱʦ ʚʠʡʰʣʠ ʟ ʘʧʘʨʘʪʘ ʟʘ ʮʝʡ ʞʝ 

ʧʝʨʽʦʜ ʯʘʩʫ Вά̃. ɿʚʠʯʘʡʥʦ ʟʙʘʣʘʥʩʦʚʫʶʪʴ ʤʘʩʠ ʨʝʯʦʚʠʥ ʪʚʝʨʜʦʾ, ʨʽʜʢʦʾ ʽ ʛʘʟʦʧʦʜʽʙʥʦʾ 

ʬʘʟ: 

ά˟ ά̋  άː  ά˟  ά̋  άː ᴂ (2.12) 

ʜʝ  ά˟ ȟά̋ ȟάː   ð ʚʽʜʧʦʚʽʜʥʦ ʤʘʩʠ ʪʚʝʨʜʠʭ, 

ʨʽʜʢʠʭ ʽ ʛʘʟʦʧʦʜʽʙʥʠʭ ʨʝʯʦʚʠʥ, ʷʢʽ ʥʘʜʭʦʜʷʪʴ ʚ 

ʘʧʘʨʘʪ; ά˟ ᴂȟά̋ ᴂȟάː ᴂ  ð ʪʝ ʩʘʤʝ, ʜʣʷ ʧʨʦʜʫʢʪʽʚ 

ʨʝʘʢʮʽʾ. ʇʨʠ ʮʴʦʤʫ ʩʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʚ ʨʝʘʣʴʥʠʭ 

ʧʨʦʮʝʩʘʭ ʤʦʞʫʪʴ ʙʫʪʠ ʥʝ ʚʩʽ ʬʘʟʠ, ʪʦʜʽ ʬʦʨʤʫʣʘ 

(2.12) ʩʧʨʦʱʫʻʪʴʩʷ. 

ʄʘʩʫ ʦʩʥʦʚʥʦʛʦ ʧʨʦʜʫʢʪʫ ʟʘʜʘʶʪʴ ʧʽʜ ʯʘʩ 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʘʙʦ ʚʠʟʥʘʯʘʶʪʴ ʥʘ ʜʽʶʯʦʤʫ 

ʚʠʨʦʙʥʠʮʪʚʽ. ɿʘ ʨʽʚʥʷʥʥʷʤ ʤʘʪʝʨʽʘʣʴʥʦʛʦ 

ʙʘʣʘʥʩʫ ʚʠʟʥʘʯʘʶʪʴ ʢʽʣʴʢʦʩʪʽ ʩʠʨʦʚʠʥʠ ʽ 

ʧʦʙʽʯʥʠʭ ʧʨʦʜʫʢʪʽʚ, ʷʢʽ ʚʘʞʢʦ ʚʠʤʽʨʷʪʠ ʚ 

ʘʥʘʣʽʟʦʚʘʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ ʘʙʦ ʟʘʜʘʪʠ ʧʽʜ ʯʘʩ 

ʧʨʦʝʢʪʫʚʘʥʥʷ. 

ʄʘʪʝʨʽʘʣʴʥʠʡ ʙʘʣʘʥʩ ʩʢʣʘʜʘʶʪʴ ʧʝʨʝʚʘʞʥʦ ʟ ʨʦʟʨʘʭʫʥʢʫ ʚʠʪʨʘʪʠ ʩʠʨʦʚʠʥʥ ʽ 

ʚʠʭʦʜʫ ʧʦʙʽʯʥʠʭ ʧʨʦʜʫʢʪʽʚ ʥʘ ʦʜʠʥʠʮʶ ʤʘʩʠ ʦʩʥʦʚʥʦʛʦ ʧʨʦʜʫʢʪʫ. ʈʽʜʰʝ 

ʨʦʟʨʘʭʦʚʫʶʪʴ ʙʘʣʘʥʩ ʥʘ ʦʜʠʥʠʮʶ ʤʘʩʠ ʩʠʨʦʚʠʥʠ ʘʙʦ ʥʘ ʦʜʠʥʠʮʶ ʯʘʩʫ. ɿʚʠʯʘʡʥʦ, ʚ 

ȼɔɝ. 2.4. ȻɚɞɚɖɚɎɌ ɐɱɌɏɜɌɘɌ (ɐɱɌɏɜɌɘɌ ȽɌəɖɑɫ) 
ɘɌɞɑɜɱɌɗɨəɚɏɚ ɍɌɗɌəɝɟ ɐɚɍɟɎɌəəɫ ɝɟɗɨɠɌɞɟ 
Ɍɗɪɘɱəɱɪ ɓ ɖɌɚɗɱəɟ ɱ ɝɱɜɣɌəɚɲ ɖɔɝɗɚɞɔ 



 

 

ʢʽʥʥʽ ʨʦʟʨʘʭʫʥʢʫ ʧʦʜʘʶʪʴ ʪʘʙʣʠʮʶ ʙʘʣʘʥʩʫ ʘʙʦ ʧʦʪʦʢʦʚʫ ʜʽʘʛʨʘʤʫ ʤʘʪʝʨʽʘʣʴʥʦʛʦ 

ʙʘʣʘʥʩʫ (ʉʘʥʢʝʷ). 

ʇʨʠʢʣʘʜ 2.5. ʉʢʣʘʩʪʠ ʤʘʪʝʨʽʘʣʴʥʠʡ ʙʘʣʘʥʩ ʚʠʨʦʙʥʠʮʪʚʘ ʩʫʣʴʬʘʪʫ ʘʣʶʤʽʥʽʶ ʟ 

ʚʠʧʘʣʝʥʦʛʦ ʢʘʦʣʽʥʫ. 

ʈʦʟʚ'ʷʟʫʚʘʥʥʷ. ʉʫʪʴ ʪʝʭʥʦʣʦʛʽʾ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʢʘʦʣʽʥ ʧʦʜʨʽʙʥʶʶʪʴ ʥʘ 

ʛʣʠʥʦʨʽʟʘʣʴʥʽʡ ʤʘʰʠʥʽ, ʘ ʧʦʪʽʤ ʚʠʧʘʣʶʶʪʴ ʫ ʙʘʨʘʙʘʥʥʽʡ ʦʙʝʨʪʦʚʽʡ ʧʝʯʽ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʽ 650 ð750 Áʉ. ʇʨʠ ʮʴʦʤʫ ʚʠʜʘʣʷʻʪʴʩʷ ʚʦʜʘ ʽ ʫʪʚʦʨʶʻʪʴʩʷ ʤʝʪʘʢʘʦʣʽʥʽʪ ʟʘ 

ʩʭʝʤʦʶ 

ὃὰὛὭὕ ὕὌ
ȣ ᴈ
ựựựựựự  ὃὰὕ ϽςὛὭὕ ςὌὕ .ᴻ 

ɺʠʧʘʣʝʥʠʡ ʢʘʦʣʽʥ ʨʦʟʢʣʘʜʘʶʪʴ ʩʽʨʯʘʥʦʶ ʢʠʩʣʦʪʦʶ ʚ ʘʧʘʨʘʪʽ ʟ ʤʽʰʘʣʢʦʶ ʧʝʨʽ-

ʦʜʠʯʥʦʾ ʜʽʾ. ʉʢʣʘʜʘʶʪʴ ʙʘʣʘʥʩ ʥʘ ʦʜʥʝ ʟʘʚʘʥʪʘʞʝʥʥʷ. 

ʇʦʪʫʞʥʽʩʪʴ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʚʠʧʘʣʶʚʘʥʥʷ ʢʘʦʣʽʥʫ, ʢʛ éééééééé.. 3000 

ʉʢʣʘʜ ʚʠʧʘʣʝʥʦʛʦ ʢʘʦʣʽʥʫ, ʤʘʩʦʚʘ ʯʘʩʪʢʘ, % 

Al 2O3ééééééééééééééééééééééééééééé38,5 

Fe2O3 ééééééééééééééééééééééééééééé2,6  

SiO2 ééééééééééééééééééééééééééééé..56,8 

ɼʦʤʽʰʢʠ ééééééééééééééééééééééééééé..2,1 

ʂʦʥʮʝʥʪʨʘʮʽʷ H2SO4, % ééééééééééééééééééééé.92 

ʉʪʫʧʽʥʴ ʚʠʜʦʙʫʚʘʥʥʷ, % 

Al 2O3 ééééééééééééééééééééééééééééé.87 

Fe2O3 ééééééééééééééééééééééééééééé.92 

ɺʤʽʩʪ ʚʽʣʴʥʦʾ H2SO4 ʫ ʧʨʦʜʫʢʪʽ, % éééééééééééééééé..0,1 

ɼʦʟʘ H2SO4, % ʚʽʜ ʩʪʝʭʽʦʤʝʪʨʠʯʥʦʛʦ ééééééééééééééé..100 

ʂʦʥʮʝʥʪʨʘʮʽʷ ʨʦʟʯʠʥʫ Al 2 (SO4)3 ʚ ʢʽʥʮʽ ʧʨʦʮʝʩʫ ʨʦʟʢʣʘʜʘʥʥʷ, % ééé.45 

 

ɼʦʤʽʰʢʠ (ʚ ʧʝʨʝʨʘʭʫʥʢʫ ʥʘ CaO) ʧʦʚʥʽʩʪʶ ʚʟʘʻʤʦʜʽʶʪʴ ʽʟ ʩʽʨʯʘʥʦʶ ʢʠʩʣʦʪʦʶ, 

ʫʪʚʦʨʶʶʯʠ ʥʝʨʦʟʯʠʥʥʽʡ ʟʘʣʠʰʦʢ. 

ɿ 3000 ʢʛ ʚʠʧʘʣʝʥʦʛʦ ʢʘʦʣʽʥʫ ʚ ʨʝʘʢʪʦʨ ʚʚʦʜʷʪʴ 1155 ʢʛ Al 2O3, 78 ʢʛ Fe2O3, 1704 ʢʛ 

SiO2 ʽ 63 ʢʛ ʜʦʤʽʰʦʢ. ɿ ʮʽʻʾ ʢʽʣʴʢʦʩʪʽ ʚ ʨʦʟʯʠʥ ʧʝʨʝʭʦʜʠʪʴ 1155 Ț 0,87 = 1005 ʢʛ Al 2O3 ʽ 

78 Ț 0,92 = 72 ʢʛ Fe2O3. ɼʣʷ ʨʦʟʢʣʘʜʘʥʥʷ 1005 ʢʛ Al 2O3 ʧʦʪʨʽʙʥʦ  

ʊʘʙʣʠʮʷ 2.1. ɿʚʝʣʝʥʠʡ ʤʘʪʝʨʽʘʣʴʥʠʡ ʙʘʣʘʥʩ ʨʦʟʢʣʘʜʘʥʥʷ ʚʠʧʘʣʝʥʦʛʦ ʢʘʦʣʽʥʫ <

 ʢʠʩʣʦʪʦʶ {ʨʦʟʨʘʭʫʥʦʢ ʥʘ ʦʜʥʝ ʟʘʚʘʥʪʘʞʝʥʥʷ) 



 

 

 

1005 Ț 3 Ț 98/102 = 2897 ʢʛ H2SO4, ʧʨʠʯʦʤʫ ʫʪʚʦʨʶʻʪʴʩʷ 1005 Ț 342/102 = 3370 ʢʛ Al2 

(SO4)3  ʪʘ 1005 Ț ɿ Ț 18/102 = 532 ʢʛ H2O. 

ɼʣʷ ʨʦʟʢʣʘʜʘʥʥʷ 72 ʢʛ Fe2O3 ʧʦʪʨʽʙʥʦ 72 Ț 3 Ț 98/159,7 = 133 ʢʛ H2SO4, ʧʨʠʯʦʤʫ ʫʪʚʦʨʶʻʪʴʩʷ 

72 Ț 399,7/159,7 = 180 ʢʛ Fe2 (SO4)3  ̔  72 Ț 3 Ț 18/159,7 = 24 ʢʛ H2O . ʅʘ ʚʟʘʻʤʦʜʽʶ ʟ 63 ʢʛ ʜʦʤʽʰʦʢ 

(ʫʤʦʚʥʦ ʚʚʘʞʘʻʤʦ, ʱʦ ʮʝ ʉʘʆ)  ʟʘ ʩʭʝʤʦʶ 

ὅὥὕ ὌὛὕ  ὅὥὛὕ Ὄὕ 

ʚʠʪʨʘʯʘʻʪʴʩʷ 63 Ț 98/56= 110 ʢʛ H2Sʆ4, ʫʪʚʦʨʶʻʪʴʩʷ 63 Ț 136/56= 153 ʢʛ CaSʆ4 ʽ 63 Ț 

18/56 = 20 ʢʛ ʅ2ʆ. ɿ 153 ʢʛ CaSʆ4 ʫʪʚʦʨʶʻʪʴʩʷ 153 Ț 172/136 = 194 ʢʛ CaSʆ4 Ț 2ʅ2ʆ, 

ʑʆ ʧʦʪʨʝʙʫʻ  194 - 153 = 41 ʢʛ ʅ2ʆ. 

ɿʘʛʘʣʴʥʘ ʚʠʪʨʘʪʘ H2SO4, ʩʪʘʥʦʚʠʪʴ 2897 + 133 + 110= 3140 ʢʛ. 

ʋ ʪʚʝʨʜʦʤʫ ʢʨʝʤʥʝʟʝʤʠʩʪʦʤʫ ʟʘʣʠʰʢʫ (ʩʠʰʪʦʬʽ) ʟʘʣʠʰʘʻʪʴʩʷ 1155 ð 1005 = 150 

ʢʛ Al2O3,              78 ð 72 = 6 ʢʛ Fe2O3, 1704 ʢʛ Siʆ2 ʽ 194 ʢʛ CaSʆ4 Ț 2ʅ2ʆ; ʟʘʛʘʣʴʥʘ 

ʤʘʩʘ ʰʣʘʤʫ 2054 ʢʛ. 

ʄʘʩʫ ʚʦʜʠ, ʱʦ ʚʠʧʘʨʦʚʫʻʪʴʩʷ ʟ 1 ʤ2 ʧʦʚʝʨʭʥʽ ʨʦʟʯʠʥʫ ʧʨʦʪʷʛʦʤ 1 ʛʦʜ, 

ʚʠʟʥʘʯʘʶʪʴ 

ʟʘ ʬʦʨʤʫʣʦʶ 

ά̃ ̉̐

̑̐  ̑́
φφφφ

ȟ

 
ρπρσςυπȟχ Ͻπȟπςσ Ͻ ρπ

φφφφ

ȟ

 ρτȟωφȟ

ςυȟχ ̋ Ⱦ̄̍ Ͻ̄ ̏ ̅ 

ʜʝ ʨʧ  ð ʪʠʩʢ ʚʦʜʷʥʦʾ ʧʘʨʠ ʥʘʜ ʜʟʝʨʢʘʣʦʤ ʚʠʧʘʨʦʚʫʚʘʥʥʷ (ʚʚʘʞʘʶʪʴ, ʱʦ ʚʽʥ ʜʦʨʽʚʥʶʻ 

ʟʦʚʥʽʰʥʴʦʤʫ ʙʘʨʦʤʝʪʨʠʯʥʦʤʫ ʪʠʩʢʫ), ʅ/ʤ2; ʨʘ  ð ʪʠʩʢ ʚʦʜʷʥʦʾ ʧʘʨʠ ʚ 

ʥʘʚʢʦʣʠʰʥʴʦʤʫ ʧʦʚʽʪʨʽ ʧʨʠ 20Áʉ ʽ ʚʽʜʥʦʩʥʽʡ ʚʦʣʦʛʦʩʪʽ 70 %, ʅ/ʤ2. 

ʇʣʦʱʘ ʧʦʚʝʨʭʥʽ ʩʧʦʢʽʡʥʦʛʦ ʨʦʟʯʠʥʫ ʧʨʠ ʜʽʘʤʝʪʨʽ ʘʧʘʨʘʪʘ 3 ʤ ʩʪʘʥʦʚʠʪʴ 

ʅʘʜʭʦʜʞʝʥʥʷ ɺʠʪʨʘʯʘʥʥʷ 

ʉʪʘʪʪʷ ʂʽʣʴʢʽʩʪʴ, ʢʛ ʉʪʘʪʪʷ ʂʽʣʴʢʽʩʪʴ, ʢʛ 

ʂʘʦʣʽʥ ʚʠʧʘʣʝʥʠʡ  ʈʦʟʯʠʥ  

Al2O3 1155 Al2 (SO4)3 3370 

Fe2O3 78 Fe2 (SO4)3 180 

SiO2 1704 H2SO4 7 

ɼʦʤʽʰʢʠ 63 H2O 3872 

ʈʘʟʦʤ ʢʘʦʣʽʥʫ 3000 ʈʘʟʦʤ ʨʦʟʯʠʥʫ 7489 

ʉʽʨʯʘʥʘ ʢʠʩʣʦʪʘ  ʐʣʘʤ  

H2SO4 3140 Al2O3 150 

H2O 273 Fe2O3 6 

  SiO2 1704 

  CaSO4 Ț 2H2O 194 

ʈʘʟʦʤ ʢʠʩʣʦʪʠ 3413 ʈʘʟʦʤ ʰʣʘʤʫ 2054 

ʈʽʜʢʘ ʚʦʜʘ ʽ ʧʘʨʘ 3711 ʈʘʟʦʤ ʧʫʣʴʧʠ 9543 

  ɺʦʜʘ, ʱʦ ʚʠʧʘʨʫʚʘʣʘʩʷ 581 

ɺʩʴʦʛʦ 10 124 ɺʩʴʦʛʦ 10 124 

 



 

 

 
Ȣ  Ͻ 

χȢπχ ̍ . ʇʣʦʱʘ ʧʦʚʝʨʭʥʽ ʚʠʨʫʶʯʦʛʦ ʨʦʟʯʠʥʫ ï 7,07 Ț 1,6 = 11,31 ʤ2. 

ɺʠʧʘʨʦʚʫʚʘʥʥʷ ʽʟ ʟʘʟʥʘʯʝʥʦʶ ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʚʽʜʙʫʚʘʪʠʤʝʪʴʩʷ ʧʨʦʪʷʛʦʤ 2 ʛʦʜʠʥ. ʊʦʜʽ 

ʚʩʴʦʛʦ ʚʠʧʘʨʫʻʪʴʩʷ 25,7 Ț 11,31 = 581 ʢʛ ʚʦʜʠ. 

ɿʘ ʫʤʦʚʦʶ ʚ ʨʦʟʯʠʥʽ ʧʽʩʣʷ ʨʦʟʢʣʘʜʘʥʥʷ ʤʽʩʪʠʪʴʩʷ 45% Al 2(SO4)3. ʆʪʞʝ, ʤʘʩʘ 

ʨʦʟʯʠʥʫ ʚ ʢʽʥʮʽ ʧʨʦʮʝʩʫ ʩʪʘʥʦʚʠʪʴ 3370/0,45 = 7489 ʢʛ. ɿʘʛʘʣʴʥʘ ʤʘʩʘ ʧʫʣʴʧʠ ʟ 

ʰʣʘʤʦʤ ï 7489 + 2054 = 9543 ʢʛ. ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʤʘʩʠ ʚʦʜʠ, ʱʦ ʚʠʧʘʨʦʚʫʻʪʴʩʷ, ʚ 

ʨʝʘʢʪʦʨ ʚʚʦʜʷʪʴ 9543 + 581 = 10124 ʢʛ ʨʝʘʛʝʥʪʽʚ. ʗʢʱʦ ʢʦʥʮʝʥʪʨʘʮʽʷ ʨʦʟʯʠʥʫ H2SO4 

ʩʪʘʥʦʚʠʪʴ 92%, ʪʦ ʡʦʛʦ ʪʨʝʙʘ ʚʚʝʩʪʠ 3140/0,92 = 3413 ʢʛ.  

ʆʪʞʝ ʫ ʨʝʘʢʪʦʨ ʥʘʜʭʦʜʷʪʴ 3000 ʢʛ ʚʠʧʘʣʝʥʦʛʦ ʢʘʦʣʽʥʫ ʽ 3413 ʢʛ ʩʽʨʯʘʥʦʾ ʢʠʩʣʦʪʠ, 

a ʚʩʴʦʛʦ 6413 ʢʛ ʚʠʭʽʜʥʠʭ ʨʝʯʦʚʠʥ. ʈʝʰʪʫ ð 10 124 ð 6413 = 3711 ʢʛ ð ʩʪʘʥʦʚʠʪʴ 

ʚʦʜʘ, ʷʢʫ ʚʚʦʜʷʪʴ ʫ ʚʠʛʣʷʜʽ ʨʽʜʠʥʠ ʽ ʧʘʨʠ. ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʨʽʜʢʦʶ ʚʦʜʦʶ ʽ ʧʘʨʦʶ 

ʚʠʟʥʘʯʘʶʪʴ ʪʝʧʣʦʚʠʤ ʨʦʟʨʘʭʫʥʢʦʤ. ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʤʘʪʝʨʽʘʣʴʥʦʛʦ ʙʘʣʘʥʩʫ 

ʧʦʜʘʥʦ ʚ ʪʘʙʣ. 2.1 ʽ ʥʘ ʧʦʪʦʢʦʚʽʡ ʜʽʘʛʨʘʤʽ (ʨʠʩ. 2.4). 

2.8. ɽʥʝʨʛʝʪʠʯʥʠʡ ʙʘʣʘʥʩ 

ɺ ʦʩʥʦʚʫ ʨʦʟʨʘʭʫʥʢʫ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʙʘʣʘʥʩʫ ʧʦʢʣʘʜʝʥʦ ʟʘʢʦʥ ʟʙʝʨʝʞʝʥʥʷ ʝʥʝʨʛʽʾ, 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʷʢʦʛʦ ʫ ʟʘʤʢʥʫʪʽʡ ʩʠʩʪʝʤʽ ʩʫʤʘ ʚʩʽʭ ʚʠʜʽʚ ʝʥʝʨʛʽʾ ʩʪʘʣʘ (Вὗ = const) ʘʙʦ 

ʢʽʣʴʢʽʩʪʴ ʚʚʝʜʝʥʦʾ ʚ ʧʨʦʮʝʩ ʝʥʝʨʛʽʾ ʜʦʨʽʚʥʶʻ ʢʽʣʴʢʦʩʪʽ ʝʥʝʨʛʽʾ, ʱʦ ʚʠʜʽʣʠʣʘʩʷ. 

ɼʣʷ ʭʽʤʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʟʚʠʯʘʡʥʦ ʩʢʣʘʜʘʶʪʴ ʪʝʧʣʦʚʠʡ ʙʘʣʘʥʩ, ʟʛʽʜʥʦ ʟ 

ʷʢʠʤ ʥʘʜʭʦʜʞʝʥʥʷ ʪʝʧʣʦʪʠ ʜʣʷ ʦʜʥʽʻʾ ʽ ʪʽʻʾ ʩʘʤʦʾ ʦʧʝʨʘʮʽʾ ʜʦʨʽʚʥʶʻ ʾʾ ʚʠʪʨʘʯʘʥʥʶ 

Вὗ̐  Вὗ̋  Вὗ̃  ̓, 

ʜʝ Qʧ ð ʢʽʣʴʢʽʩʪʴ ʧʽʜʚʝʜʝʥʦʾ ʪʝʧʣʦʪʠ ʥʘ ʧʦʯʘʪʢʫ ʧʨʦʮʝʩʫ; Qʢ ð ʢʽʣʴʢʽʩʪʴ ʚʽʜʚʝʜʝʥʦʾ 

ʪʝʧʣʦʪʠ ʚ ʢʽʥʮʽ ʧʨʦʮʝʩʫ; Qɺʊ ð ʟʘʛʘʣʴʥʽ ʚʪʨʘʪʠ ʪʝʧʣʦʪʠ. 

ʊʝʧʣʦʚʠʡ ʙʘʣʘʥʩ ʩʢʣʘʜʘʶʪʴ ʟʘ ʜʘʥʠʤʠ ʤʘʪʝʨʽʘʣʴʥʦʛʦ ʙʘʣʘʥʩʫ ʽ ʪʝʧʣʦʚʠʭ ʝʬʝʢʪʽʚ 

ʭʽʤʽʯʥʠʭ ʨʝʘʢʮʽʡ ʽ ʬʽʟʠʯʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʽʜʚʝʜʝʥʥʷ ʪʝʧʣʦʪʠ ʽʟʟʦʚʥʽ ʽ 

ʚʽʜʚʝʜʝʥʥʷ ʾʾ ʟ ʧʨʦʜʫʢʪʘʤʠ ʨʝʘʢʮʽʾ ʽ ʯʝʨʝʟ ʩʪʽʥʢʠ ʘʧʘʨʘʪʘ. ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ 

ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʫ ʧʦʜʘʶʪʴ ʫ ʚʠʛʣʷʜʽ ʬʦʨʤʫʣ, ʪʘʙʣʠʮʴ ʽ ʜʽʘʛʨʘʤ. 

ʂʽʣʴʢʽʩʪʴ ʧʽʜʚʝʜʝʥʦʾ ʪʝʧʣʦʪʠ ʚʠʟʥʘʯʘʶʪʴ ʟʘ ʬʦʨʤʫʣʦʶ 

Вὗ̐  ὗ̓  ὗ̑ ̨̅ ὗ̄  ὗ̑  ὗ̃, 

ʘ ʢʽʣʴʢʽʩʪʴ ʚʽʜʚʝʜʝʥʦʾ ʪʝʧʣʦʪʠ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʚʪʨʘʪ ʟʘ ʬʦʨʤʫʣʦʶ 

Вὗ  Вὗ̃  ὗ̓ᴂ  ὗ̑ ̨ᴂ̅  ὗ̄ᴂ  ὗ̑ᴂ  ὗ̃ᴂ. 

ʊʦʜʽ 

ὗ̓  ὗ̑ ̨̅ ὗ̄ ὗ̕ ὗ̑  ὗ̃  ὗ̓  ὗ̑ ̨̅ ὗ̄  ὗ̕ᴂ ὗ̑ᴂ  ὗ̃ᴂ  

ʜʝ ὗ̓ȟ ὗ̑ ̨ȟ̅ὗ̄ ð ʢʽʣʴʢʦʩʪʽ ʪʝʧʣʦʪʠ, ʱʦ ʥʘʜʭʦʜʠʪʴ ʚ ʘʧʘʨʘʪ ʚʽʜʧʦʚʽʜʥʦ ʟ ʪʚʝʨʜʠʤʠ, 

ʨʽʜʢʠʤʠ ʽ ʛʘʟʦʧʦʜʽʙʥʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ; ὗ̓ȟὗ̑ ̨ȟ̅ὗ̄ ð ʢʽʣʴʢʦʩʪʽ ʪʝʧʣʦʪʠ, ʱʦ 

ʚʽʜʚʦʜʠʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʟ ʪʚʝʨʜʠʤʠ, ʨʽʜʢʠʤʠ ʽ ʛʘʟʦʧʦʜʽʙʥʠʤʠ ʧʨʦʜʫʢʪʘʤʠ ʨʝʘʢʮʽʾ; 

ὗ̕  ̨ ὗ̕ᴂ ð ʚʽʜʧʦʚʽʜʥʦ ʢʽʣʴʢʦʩʪʽ ʧʽʜʚʝʜʝʥʦʾ ʽ ʚʽʜʚʝʜʝʥʦʾ ʪʝʧʣʦʪʠ ʬʽʟʠʯʥʠʭ ʧʨʦʮʝʩʽʚ; 

ὗ̑ ̨ ὗ̑ᴂ ð ʚʽʜʧʦʚʽʜʥʦ ʢʽʣʴʢʦʩʪʽ ʪʝʧʣʦʪʠ ʝʢʟʦ- ̔  ʝʥʜʦʪʝʨʤʽʯʥʠʭ ʨʝʘʢʮʽʡ; ὗ̃  ̓ð ʢʽʣʴʢʽʩʪʴ 

ʪʝʧʣʦʪʠ, ʧʽʜʚʝʜʝʥʦʾ ʚ ʘʧʘʨʘʪ ʽʟʟʦʚʥʽ; ὗ̃ ᴂ̓ ð ʚʪʨʘʪʠ ʪʝʧʣʦʪʠ ʚ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ 

ʽ ʚʽʜʚʝʜʝʥʦʾ ʯʝʨʝʟ ʭʦʣʦʜʠʣʴʥʠʢʠ, ʫʩʪʘʥʦʚʣʝʥʽ ʚ ʘʧʘʨʘʪʘʭ. 

ʊʝʧʣʦʻʤʥʽʩʪʴ ʤʘʪʝʨʽʘʣʽʚ ὗ̓ȟ ὗ̑ ̨ȟ̅ὗ̄ ʪʘ ὗ̓ȟὗ̑ ̨ȟ̅ὗ̄ʚʠʟʥʘʯʘʶʪʴ ʜʣʷ ʢʦʞʥʦʛʦ 



 

 

ʤʘʪʝʨʽʘʣʫ ʟʘ ʬʦʨʤʫʣʦʶ 

ὗ άὧӶὸ, 

ʜʝ ʪ ð ʢʽʣʴʢʽʩʪʴ ʤʘʪʝʨʽʘʣʫ;  ̒ð ʩʝʨʝʜʥʷ ʪʝʧʣʦʻʤʥʽʩʪʴ ʤʘʪʝʨʽʘʣʫ ʚ ʧʝʚʥʦʤʫ ʽʥʪʝʨʚʘʣʽ 

ʪʝʤʧʝʨʘʪʫʨ; tðʪʝʤʧʝʨʘʪʫʨʘ. 

ʊʝʧʣʦʪʫ ʬʽʟʠʯʥʠʭ ʧʨʦʮʝʩʽʚ ʚʠʟʥʘʯʘʶʪʴ ʟʘ ʨʽʚʥʷʥʥʷʤ 

 

ὗ̕  άὶ  άὶ Ễ  ά ὶ, ʜʝ άȟά ȟȣȟά  ð ʤʘʩʠ ʢʦʤʧʦʥʝʥʪʽʚ ʫ ʩʫʤʽʰʽ, ʱʦ 

ʟʘʟʥʘʣʠ ʬʘʟʦʚʠʭ ʧʝʨʝʭʦʜʽʚ; ὶȟὶȟȣȟὶ  ð ʪʝʧʣʦʪʠ ʚʽʜʧʦʚʽʜʥʠʭ ʬʘʟʦʚʠʭ ʧʝʨʝʭʦʜʽʚ 

(ʨʦʟʯʠʥʝʥʥʷ, ʢʨʠʩʪʘʣʽʟʘʮʽʾ, ʧʣʘʚʣʝʥʥʷ, ʢʦʥʜʝʥʩʘʮʽʾ ʪʘ ʽʥ.). 

ʂʽʣʴʦʩʪʽ ʪʝʧʣʦʪʠ ʝʢʟʦʪʝʨʤʽʯʥʠʭ ʨʝʘʢʮʽʡ ὗʦʙʯʠʩʣʶʶʪʴ ʦʢʨʝʤʦ ʜʣʷ ʢʦʞʥʦʾ ʨʝʘʢʮʽʾ 

(ʦʩʥʦʚʥʦʾ ʽ ʧʦʙʽʯʥʦʾ) ʽ ʧʦʪʽʤ ʧʽʜʩʫʤʦʚʫʶʪʴ ʾʭ ʜʣʷ ʚʩʽʭ ʨʝʘʢʮʽʡ, ʪʦʙʪʦ 

ὗ  ὗ  ὗ Ễ  ὗ  

ʜʝ ὗ ȟὗ ȟȣȟ   ὗ ð ʚʽʜʧʦʚʽʜʥʦ ʢʽʣʴʢʦʩʪʽ ʪʝʧʣʦʪʠ 1, 2, ..., ʧ ʝʢʟʦʪʝʨʤʽʯʥʠʭ ʨʝʘʢʮʽʡ. 

ʑʦʙ ʚʠʟʥʘʯʠʪʠ ʮʽ ʚʝʣʠʯʠʥʠ, ʪʨʝʙʘ ʚʟʷʪʠ ʟ ʜʦʚʽʜʥʠʢʘ ʘʙʦ ʚʠʟʥʘʯʠʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʪʝʧʣʦʚʠʡ ʝʬʝʢʪ ʢʦʞʥʦʾ ʨʝʘʢʮʽʾ qp ʽ ʧʦʪʽʤ ʧʦʤʥʦʞʠʪʠ ʡʦʛʦ ʥʘ ʢʽʣʴʢʽʩʪʴ ʤʦʣʽʚ ʜʦʙʫʪʦʛʦ 

ʧʨʦʜʫʢʪʫ, ʷʢʱʦ ʪʝʧʣʦʚʠʡ ʝʬʝʢʪ ʚʽʜʥʝʩʝʥʦ ʜʦ ʦʜʥʦʛʦ ʤʦʣʷ. ʈʦʟʨʘʭʫʥʦʢ ʪʝʧʣʦʚʠʭ 

ʝʬʝʢʪʽʚ ʽ ʬʘʟʦʚʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʨʦʟʛʣʷʥʫʪʦ ʚ ʨʦʟʜʽʣʽ 3. ɸʥʘʣʦʛʽʯʥʦ ʦʙʯʠʩʣʶʶʪʴ ʚʠʪʨʘʪʫ 

ʪʝʧʣʦʪʠ ὗ  ʥʘ ʧʨʦʚʝʜʝʥʥʷ ʝʥʜʦʪʝʨʤʽʯʥʠʭ ʨʝʘʢʮʽʡ. 

ʂʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ Qʧ, ʱʦ ʧʽʜʚʦʜʠʪʴʩʷ ʚ ʘʧʘʨʘʪ, ʚʠʟʥʘʯʘʶʪʴ ʟʘ ʟʤʽʥʦʶ ʪʝʧʣʦʻʤʥʦʩʪʽ 

ʪʝʧʣʦʥʦʩʽʷ (ʚʦʜʠ, ʧʘʨʠ) ʘʙʦ ʟʘ ʦʜʥʽʻʶ ʟ ʬʦʨʤʫʣ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʯʝʨʝʟ ʛʨʽʶʯʫ ʩʪʽʥʢʫ. 

ʊʝʧʣʦʻʤʥʽʩʪʴ ʛʨʽʶʯʦʾ ʚʦʜʠ ʚʠʟʥʘʯʘʶʪʴ ʟʘ ʬʦʨʤʫʣʦʶ 

ὗ̐ άὧ ὸ̐  ὸ̋ ; 

ʛʨʽʶʯʦʾ ʧʘʨʠ ð ʟʘ ʬʦʨʤʫʣʦʶ 

ὗ̐ άὶ, 

ʜʝ m, ʩ ð ʚʽʜʧʦʚʽʜʥʦ ʤʘʩʘ ʽ ʪʝʧʣʦʻʤʥʽʩʪʴ ʪʝʧʣʦʥʦʩʽʷ; ὸ̐ ̨ ὸ̋ð ʪʝʤʧʝʨʘʪʫʨʠ ʪʝʧʣʦʥʦʩʽʷ 

ʚʽʜʧʦʚʽʜʥʦ ʥʘ ʧʦʯʘʪʢʫ ʽ ʚ ʢʽʥʮʽ ʧʨʦʮʝʩʫ; r ð ʪʝʧʣʦʪʘ ʚʠʧʘʨʦʚʫʚʘʥʥʷ. 

ʊʝʧʣʦʧʝʨʝʜʘʯʫ ʯʝʨʝʟ ʛʨʽʶʯʫ ʩʪʽʥʢʫ ʤʦʞʥʘ ʦʙʯʠʩʣʠʪʠ ʟʘ ʬʦʨʤʫʣʦʶ  

ὗ̐  ̠ Ὓ ὸ  ὸ † 

ʜʝ ʂʪ ð ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʝʨʝʜʘʯʽ; S ð ʧʣʦʱʘ ʧʦʚʝʨʭʥʽ ʪʝʧʣʦʧʝʨʝʜʘʯʽ; ὸ ð ʩʝʨʝʜʥʷ 

ʪʝʤʧʝʨʘʪʫʨʘ ʪʝʧʣʦʥʦʩʽʷ; ὸ ð ʩʝʨʝʜʥʷ ʪʝʤʧʝʨʘʪʫʨʘ ʨʝʯʦʚʠʥʠ, ʱʦ ʥʘʛʨʽʚʘʻʪʴʩʷ. 

ɿʘ ʬʦʨʤʫʣʘʤʠ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʦʙʯʠʩʣʶʶʪʴ ʪʘʢʦʞ ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ, ʱʦ ʚʽʜʚʦʜʠʪʴʩʷ 

ʟ ʧʨʦʜʫʢʪʘʤʠ ʨʝʘʢʮʽʾ, ʘʙʦ ʚʪʨʘʪʫ ʪʝʧʣʦʪʠ ʚ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ  ὗ̃ .̓ ʎʶ ʩʪʘʪʪʶ 

ʚʠʪʨʘʪ ʯʘʩʪʦ ʨʦʟʨʘʭʦʚʫʶʪʴ ʟʘ ʟʤʽʥʦʶ ʪʝʧʣʦʻʤʥʦʩʪʽ ʭʦʣʦʜʦʘʛʝʥʪʘ (ʭʦʣʦʜʥʦʾ ʚʦʜʠ, 

ʧʦʚʽʪʨʷ ʪʦʱʦ). 

  



 

 

ʇʨʠʢʣʘʜ 2.6. ɿʨʦʙʠʪʠ ʪʝʧʣʦʚʠʡ ʨʦʟʨʘʭʫʥʦʢ ʧʨʦʮʝʩʫ ʨʦʟʢʣʘʜʘʥʥʷ ʚʠʧʘʣʝʥʦʛʦ 

ʢʘʦʣʽʥʫ ʩʽʨʯʘʥʦʶ ʢʠʩʣʦʪʦʶ. ɿʚʝʜʝʥʠʡ ʤʘʪʝʨʽʘʣʴʥʠʡ ʙʘʣʘʥʩ ʧʨʦʮʝʩʫ ʧʦʜʘʥʦ ʚ  ʪ ʘ ʙ ʣ. 

2.1. 

ʈʦʟʚ'ʷʟʫʚʘʥʥʷ. 

ʊʝʤʧʝʨʘʪʫʨʘ, Áʉ 

ʢʘʦʣʽʥʫ  ...............................................................  20 

ʩʽʨʯʘʥʦʾ ʢʠʩʣʦʪʠ.................................................  20 

ʚʦʜʠ  ....................................................................  20 

ʊʠʩʢ ʥʘʩʠʯʝʥʦʾ ........................................  ʚʦʜʷʥʦʾ ʧʘʨʠ, ʅ/ʤ2 5Ț105 

ʅʘʜʭʦʜʞʝʥʥʷ ʪʝʧʣʦʪʠ: 

1) ʬʽʟʠʯʥʘ ʪʝʧʣʦʪʘ ʢʘʦʣʽʥʫ  ὗ σπππ ϽρȢςυ Ͻςπ χυπππ, ʜʝ 1,25 ð ʪʝʧʣʦ-

ʻʤʥʽʩʪʴ ʢʘʦʣʽʥʫ, ʢɼʞ/(ʢʛ Ț ʂ); 

2) ʬʽʟʠʯʥʘ ʪʝʧʣʦʪʘ ʩʽʨʯʘʥʦʾ ʢʠʩʣʦʪʠ ὗ στρσ ϽςȢφσ ωπππ ʢɼʞ, ʜʝ 4.19 Ț 0,628 

= 2,63 ð ʪʝʧʣʦʻʤʥʽʩʪʴ 92 %-ʛʦ ʨʦʟʯʠʥʫ H2SO4, ʢɼʞ/(ʢʛ Ț ʂ); 

3) ʬ̔ ʟʠʯʥʘ ʪʝʧʣʦʪʘ ʚʦʜʠ Q3 = 83,9 x ʢɼʞ, ʜʝ ʭ ð ʢʽʣʴʢʽʩʪʴ ʚʦʜʠ, ʱʦ ʧʦʜʘʻʪʴʩʷ ʚ 

ʨʝʘʢʪʦʨ, ʢʛ; 83,9 ð ʝʥʪʘʣʴʧʽʷ ʚʦʜʠ ʧʨʠ 20ᴈȟ ʢɼʞ/ʢʛ; 

4) ʬʽʟʠʯʥʘ ʪʝʧʣʦʪʘ ʚʦʜʷʥʦʾ ʧʘʨʠ Q4 = (3711 ð ʭ) Ț 2740 = 10 202 000  ð 2749ʭ ʢɼʞ, ʜʝ 

(3711 ðʭ) ðʢʽʣʴʢʽʩʪʴ ʛʦʩʪʨʦʾ ʧʘʨʠ, ʱʦ ʧʦʜʘʻʪʴʩʷ ʚ ʨʝʘʢʪʦʨ, ʢʛ; 2749 ðʝʥʪʘʣʴʧʽʷ 

ʧʘʨʠ ʧʨʠ ʪʠʩʢʫ 5 Ț 105 ʅ/ʤ2, ʢɼʞ/ʢʛ; 

5) ʪʝʧʣʦʪʘ ʨʦʟʙʘʚʣʷʥʥʷ ʩʽʨʯʘʥʦʾ ʢʠʩʣʦʪʠ ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʅ2ʆ/ʅ2SO4; 

ʢʽʣʴʢʽʩʪʴ ʚʦʜʠ, ʱʦ ʧʦʜʘʻʪʴʩʷ ʚ ʨʝʘʢʪʦʨ, ʚʠʟʥʘʯʠʪʴʩʷ ʣʠʰʝ ʧʽʩʣʷ ʚʩʴʦʛʦ ʨʦʟʨʘʭʫʥʢʫ, ʜʣʷ 

ʟʜʽʡʩʥʝʥʥʷ ʷʢʦʛʦ ʪʨʝʙʘ ʟʥʘʪʠ ʮʶ ʢʽʣʴʢʽʩʪʴ; ʪʦʤʫ ʟʘʩʪʦʩʫʻʤʦ ʤʝʪʦʜ ʧʦʩʣʽʜʦʚʥʠʭ 

ʥʘʙʣʠʞʝʥʴ ʽ ʷʢ ʧʝʨʰʝ ʥʘʙʣʠʞʝʥʥʷ ʚʽʟʴʤʝʤʦ ʢʽʣʴʢʽʩʪʴ ʚʦʜʠ, ʱʦ ʚʚʦʜʠʪʴʩʷ ʚ ʨʝʘʢʪʦʨ,ð 

2000 ʢʛ. ʊʦʜʽ 3140 ʢʛ ʅ2SO4 ʙʫʜʫʪʴ ʨʦʟʙʘʚʣʝʥʽ 273 + 2000 = 2273 ʢʛ ʚʦʜʠ. 

ʇʝʨʝʨʘʭʦʚʫʻʤʦ ʢʽʣʦʛʨʘʤʠ ʚ ʢʽʣʦʤʦʣʽ: 

ά = 3140/98 = 32,04 ʢʤʦʣʴ; 

ά = 2273/18 = 126,98 ʢʤʦʣʴ  

ʘʙʦ 

n = 126,28/32,04 = 3,941 ʢʤʦʣʴ ʅ2ʆ ʥʘ 1 ʢʤʦʣʴ H2SO4; 

ή̑ ̏̈  ̂
ὲ Ͻχτχσπ

ὲ ρȢχωψσ
 
σȢωτρ Ͻχτχσπ

σȢωτρρȢχωψσ
υρσπω

̋ˑ̇

̝̋̍̏̌
 (3/ 

ʜʝ n ð ʢʽʣʴʢʽʩʪʴ ʢʽʣʦʤʦʣʽʚ ʚʦʜʠ ʥʘ 1 ʢʤʦʣʴ ʅ2SO4. ɺʠʟʥʘʯʘʻʤʦ ʪʝʧʣʦʪʫ ʨʦʟʙʘʚʣʷʥʥʷ 

92 %-ʛʦ ʨʦʟʯʠʥʫ ʩʽʨʯʘʥʦʾ ʢʠʩʣʦʪʠ: 

ὲ  
ρππωςϽως

ρψ Ͻως
πȢτχστ ̝̋̍̏̌ Ὄὕ ̎  ́ρ ̝̋̍̏̌ (3/ 

ή̑ ́̈  ̂
πȟτχστ Ͻχτχσπ

πȟτχσρρȟχωψσ
ρυυχσ ̋ˑ ̇̎  ́ρ ̝̋̍̏̌ (3/   

ʋ ʧʨʦʮʝʩʽ ʨʦʟʙʘʚʣʷʥʥʷ ʢʠʩʣʦʪʠ ʚ ʨʝʘʢʪʦʨʽ ʥʘ 1 ʢʤʦʣʴ (3/  ʚʠʜʽʣʠʪʴʩʷ 51 309  

ð 15 573 =               = 35 736 ʢɼʞ ʪʝʧʣʦʪʠ ʘʙʦ ʚʩʴʦʛʦ Q5 = 35 736 Ț 32,04 = 1 145 000 

ʢɼʞ;  

6) ʪʝʧʣʦʪʘ ʨʝʘʢʮʽʾ ʨʦʟʢʣʘʜʘʥʥʷ ʤʝʪʘʢʘʦʣʽʥʽʪʫ 

Al 2O3 Å 2S̔ ʆ2 + 3H2SO4  = ɸɯ2 (SO4 )3  + 2SiO2  Ȣ + 3H2O. 

ЎὌ στστσ ϽςψυȢψτ ρφχυσ ϽψρρȢσπ  ρψςȢφς ̋ˑȾ̇̍ ̝̏̌, 



 

 

ὗ  ЎὌ ρψςȢφς ̋ˑȾ̇̍ ̝̏̌; 

ὗ ρψςȢφς Ͻρπππ ϽρππυȾρπςρ χωω πππ ̋ˑ.̇ 

ʊʝʧʣʦʪʘʤʠ ʨʝʘʢʮʽʡ ʫʪʚʦʨʝʥʥʷ Fe2 (SO4)3 ʪʘ ʉʘSO4 Å 2ʅ2O ʥʝʭʪʫʻʤʦ. ɿʘʛʘʣʴʥʝ 

ʥʘʜʭʦʜʞʝʥʥʷ ʪʝʧʣʦʪʠ 

ὗ̎ ̖́̅χυ πππωπππψσȟω̖ρπ ςπς πππςχτωρ̖ ρτυ πππρ χωωπππ

ρσ ςσπ πππ  ςφφυȟρ ̖ ̋ˑ.̇ 

ɺʠʪʨʘʯʘʥʥʷ ʪʝʧʣʦʪʠ: 

1) ʬʽʟʠʯʥʘ ʪʝʧʣʦʪʘ ʚʦʜʠ, ʱʦ ʚʠʧʘʨʫʚʘʣʘʩʷ 

ὗ υψρ Ͻςφχφρ υυυ πππ ̋ˑ;̇ 

2) ʬʽʟʠʯʥʘ ʪʝʧʣʦʪʘ ʰʣʘʤʫ 

ὗ ςπυτ ϽπȢω Ͻρρπςπσ πππ ̋ˑ,̇ 

ʜʝ 0,9 ðʪʝʧʣʦʻʤʥʽʩʪʴ ʰʣʘʤʫ (ʟʘ SiO2), ʢɼʞ/(ʢʛ Ț ʂ); 

3) ʬʽʟʠʯʥʘ ʪʝʧʣʦʪʘ ʨʦʟʯʠʥʝʥʥʷ 

ὗ χτψω ϽςȢχς Ͻρρπς ςτρ πππ ̋ˑ,̇ 

ʜʝ 2,72 = 0,92 Ț 0,45 + 4,19 Ț 0,55: 0,92 ð ʪʝʧʣʦʻʤʥʽʩʪʴ Al 2(SO4)3, ʢɼʞ/(ʢʛ Ț K), 4,19 ï 

ʪʝʧʣʦʻʤʥʽʩʪʴ ʚʦʜʠ, ʢɼʞ/(ʢʛ Ț K); 

4)  ʚʪʨʘʪʠ ʪʝʧʣʦʪʠ ʚ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ; ʧʨʠ ʟʦʚʥʽʰʥʽʭ ʨʦʟʤʽʨʘʭ ʨʝʘʢʪʦʨʘ d = 3 

ʤ ʽ H = 3 ʤ ʧʣʦʱʘ ʧʦʚʝʨʭʥʽ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʜʦʨʽʚʥʶʻ 3,14 Ț 3 Ț 3 + 3 Ț 32/4 = 35 ʤ2, 

ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʝʨʝʜʘʯʽ  ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʟʦʚʥʽʰʥʴʦʾ ʧʦʚʝʨʭʥʽ ʘʧʘʨʘʪʘ 40ᴈ 

ʩʪʘʥʦʚʠʪʴ 

 = 9,3 + 0,058 Ț 40 = 11,6 ɺʪ/(ʤ2 Ț ʂ). 

ɺʪʨʘʪʠ ʪʝʧʣʦʪʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʧʦʚʽʪʨʷ 20ᴈ ʟʘ 2 ʛʦʜ ʜʦʩʷʛʥʫʪʴ 

ὗ ρρȟφ Ͻσυτπ ςπϽς Ͻσφππ Ͻ ρπ υω πππ ̋ˑ.̇ 

ɿʘʛʘʣʴʥʽ ʚʠʪʨʘʪʠ ʪʝʧʣʦʪʠ 

ὗ̃ ̓ ρ ρυυ πππςπσ πππς ςτρ πππυω πππτ πυψ πππ ̋ˑ.̇ 

ɿʘ ʨʽʚʥʷʥʥʷʤ ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʫ ʥʘʜʭʦʜʞʝʥʥʷ ʪʝʧʣʦʪʠ ʜʦʨʽʚʥʶʻ ʾʾ ʚʠʪʨʘʯʘʥʥʶ, ʪʦʙʪʦ  

13 230 000 ð 2665,1ʭ = 4 058 000, 

ʟʚʽʜʢʠ ʢʽʣʴʢʽʩʪʴ ʚʦʜʠ 

ὼ  
     

Ȣ
σττς ̋  ̄

ʱʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʧʨʠʡʥʷʪʦʛʦ ï 2000 ʢʛ. ʊʦʤʫ ʚʜʨʫʛʝ ʨʦʟʨʘʭʫʻʤʦ ʥʘʜʭʦʜʞʝʥʥʷ 

ʪʝʧʣʦʪʠ ʚʥʘʩʣʽʜʦʢ ʨʦʟʙʘʚʣʷʥʥʷ ʩʽʨʯʘʥʦʾ ʢʠʩʣʦʪʠ. ʇʨʠʡʤʘʻʤʦ, ʱʦ ʚʚʦʜʠʪʴʩʷ 3440 ʢʛ 

ʚʦʜʠ. ʊʦʜʽ 

ά  
ςχσσττπ

ρψ
ςπφȢσ ̝̋̍̏̌ȟ 

ʘʙʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ  ʩʪʘʥʦʚʠʪʠʤʝ 206,3/32,04 = 6,44 ʢʤʦʣʴ H2O ʥʘ 1 ʢʤʦʣʴ 

H2SO4: 

ή̑ ̏̈  ̂
φȟττ Ͻχτ χσπ

φȟττρȟχωψσ
υψ τρψ ̋ˑ ̇̎  ́ρ ̝̋̍̏̌ ὌὛὕ 

ʇʽʜ ʯʘʩ ʨʦʟʙʘʚʣʷʥʥʷ ʥʘ ʢʦʞʥʠʡ ʢʽʣʦ ʤʦʣʴ H2SO4 ʚʠʜʽʣʷʻʪʴʩʷ 58 418 -  15 573 = 42 485 

ʢɼʞ ʪʝʧʣʦʪʠ ʘʙʦ ʚʩʴʦʛʦ 42 485 Ț 32,04 = 1 373 000 ʢɼʞ. 

ʊʦʜʽ ʟʘʛʘʣʴʥʝ ʥʘʜʭʦʜʞʝʥʥʷ ʪʝʧʣʦʪʠ ʩʪʘʥʦʚʠʪʠʤʝ  
2665,1 

3527 ɖɏ. 



 

 

ὗ̎ ̖́̅χυ πππωπππψσȟωὼ ρπ ςπς πππςχτωὼ ρ σχσ πππρ χωω πππ

ρσ τυψ πππςφφυȢρὼ ̋ˑ ̇

ɺʠʪʨʘʪʘ ʪʝʧʣʦʪʠ ʣʠʰʘʻʪʴʩʷ ʥʝʟʤʽʥʥʦʶ ï 4 058 000 ʢɼʞ. ʊʦʜʽ 

ὼ  
ρσ τυψ πππτ πυψ πππ

ςφφυȢρ
συςχ ̋  ̄

ʊʨʝʪʽʡ ʨʘʟ ʧʝʨʝʨʘʭʫʥʦʢ ʥʝ ʨʦʙʠʪʠʤʝʤʦ. 

  

ʊʘʙʣʠʮʷ 2.2. ɿʚʝʜʝʥʠʡ ʪʝʧʣʦʚʠʡ ʙʘʣʘʥʩ ʨʦʟʢʣʘʜʘʥʥʷ 

ʚʠʧʘʣʝʥʦʛʦ ʢʘʦʣʽʥʫ ʩʽʨʯʘʥʦʶ ʢʠʩʣʦʪʦʶ (ʨʦʟʨʘʭʫʥʦʢ ʥʘ ʦʜʥʝ 

ʟʘʚʘʥʪʘʞʝʥʥʷ) 

ʅʘʜʭʦʜʞʝʥʥʷ ɺʠʪʨʘʯʘʥʥʷ 

 ʂʽʣʴʢʽʩʪʴ 

ʪʝʧʣʦʪʠ ʉʪʘʪʪʷ 

ʂʽʣʴʢʽʩʪʴ 

ʪʝʧʣʦʪʠ 

ʉʪʘʪʪʷ ʢɼʞ % ʢɼʞ % 

ɿ ʢʘʦʣʽʥʦʤ 75000 1,8 3 ʰʣʘʤʦʤ 203 000 5 

ɿ ʩʽʨʯʘʥʦʶ 

ʢʠʩʣʦʪʦʶ 

ʢʠʩʣʦʪʦʶʨʽʜʢʦ

ʶ ʚʦʜʦʶ 

ʂʀʉʃʆʊʆʖ 9 000 0.2 ɿ ʨʦʟʯʠʥʦʤ 

2 241 

000 
55,2 

ɿ ʨʽʜʢʦʶ ʚʦʜʦʶ 
296 

000 7,3 

ʈʘʟʦʤ ʟ 

ʧʫʣʴʧʦʶ 

2 444 

000 
60,2 

ɿ ʚʦʜʷʥʦʶ 

ʧʘʨʦʶ 

506 

000 12,5 

ɿ ʚʦʜʷʥʦʶ 

ʧʘʨʦʶ 

1 555 

000 
38,8 

ʊʝʧʣʦʪʘ 

ʨʦʟʙʘʚʣʷʥʥʷ 

1 373 

000 

33,8 ɺʪʨʘʪʠ 
59 000 1,5 

ʊʝʧʣʦʪʘ ʨʝʘʢʮʽʾ 
1 799 

000 

44,4   

ɺ ʩ ʴ ʦ ʛ ʦ 

4 058 

000 100 
ɺ ʩ ʴ ʦ ʛ ʦ 

4 058 

000 
100 

 



 

 

ʆʪʞʝ, ʟ 3711 ʢʛ ʚʦʜʠ, ʧʦʜʘʥʦʾ ʚ ʨʝʘʢʪʦʨ, 3527 ʢʛ ʥʘʜʭʦʜʠʪʴ ʫ ʨʽʜʢʦʤʫ ʩʪʘʥʽ, ʘ 

ʨʝʰʪʘ 3711 ð 3527 = 184 ʢʛ ð ʫ ʚʠʛʣʷʜʽ ʛʦʩʪʨʦʾ ʧʘʨʠ. ɿ ʚʦʜʦʶ ʥʘʜʭʦʜʠʪʴ 83,9 Ț 3527 

= 296 000 ʢɼʞ ʪʝʧʣʦʪʠ, ʟ ʧʘʨʦʶ ð 184 Ț 2749 = 506 000 ʢɼʞ. ɿʘʛʘʣʴʥʝ ʥʘʜʭʦʜʞʝʥʥʷ 

ʪʝʧʣʦʪʠ 

ὗ̎ ̖́̅χυ πππωπππςωφ πππυπφ πππρ σχσ πππρ χωω πππ

τ πυψ πππ ̋ˑ ̇

ʆʪʞʝ ʥʘʜʭʦʜʞʝʥʥʷ ʪʝʧʣʦʪʠ ʜʦʨʽʚʥʶʻ ʾʾ ʚʠʪʨʘʯʘʥʥʶ. 

ɿʚʝʜʝʥʠʡ ʪʝʧʣʦʚʠʡ ʙʘʣʘʥʩ ʨʦʟʢʣʘʜʘʥʥʷ ʚʠʧʘʣʝʥʦʛʦ ʢʘʦʣʽʥʫ ʩʽʨʯʘʥʦʶ ʢʠʩʣʦʪʦʶ 

ʧʦʜʘʥʦ ʚ ʪʘʙʣ. 2.2. 

ɿʘʧʠʪʘʥʥʷ ʽ ʟʘʜʘʯʽ ʜʣʷ ʩʘʤʦʩʪʽʡʥʦʾ ʨʦʙʦʪʠ 

1. ʉʬʦʨʤʫʣʶʚʘʪʠ ʧʝʨʰʠʡ ʟʘʢʦʥ ʪʝʨʤʦʜʠʥʘʤʽʢʠ ʽ ʥʘʧʠʩʘʪʠ ʡʦʛʦ ʤʘʪʝʤʘʪʠʯʥʠʡ 

ʚʠʨʘʟ. ɼʘʪʠ ʧʨʠʢʣʘʜʠ ʧʨʘʢʪʠʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ. 

2. ʋ ʯʦʤʫ ʧʦʣʷʛʘʻ ʬʽʟʠʯʥʠʡ ʟʤʽʩʪ ʝʥʪʘʣʴʧʽʾ? ʅʘʧʠʩʘʪʠ ʾʾ ʤʘʪʝʤʘʪʠʯʥʠʡ ʚʠʨʘʟ. 

3. ɼʘʪʠ ʧʦʥʷʪʪʷ ʧʨʦ ʪʝʧʣʦʻʤʥʽʩʪʴ ʪʘ ʾʾ ʬʽʟʠʯʥʠʡ ʟʤʽʩʪ. ʈʦʟʧʦʚʽʩʪʠ ʧʨʦ ʩʧʨʘʚʞʥʶ ʽ 

ʩʝʨʝʜʥʶ ʪʝʧʣʦʻʤʥʦʩʪʽ. ʅʘʧʠʩʘʪʠ ʾʭ ʤʘʪʝʤʘʪʠʯʥʠʡ ʚʠʨʘʟ ɯ ʚʟʘʻʤʦʟʚôʷʟʦʢ. 

4. ɼʘʪʠ ʧʦʥʷʪʪʷ ʧʨʦ ʧʠʪʦʤʫ, ʘʪʦʤʥʫ ʽ ʤʦʣʝʢʫʣʷʨʥʫ ʪʝʧʣʦʻʤʥʦʩʪʽ. ʈʦʟʧʦʚʽʩʪʠ ʧʨʦ 

ʪʝʧʣʦʻʤʥʦʩʪʽ ʧʨʠ ʈ = const ʪʘ V = const. ʏʠ ʻ ʤʽʞ ʥʠʤʠ ʚʟʘʻʤʦʟʚ'ʷʟʦʢ? 

5. ʗʢʽ ʤʝʪʦʜʠ ʦʙʯʠʩʣʝʥʥʷ ʡ ʚʠʟʥʘʯʝʥʥʷ ʪʝʧʣʦʻʤʥʦʩʪʽ ʪʚʝʨʜʠʭ, ʨʽʜʢʠʭ ʽ ʛʘʟʦʧʦ-

ʜʽʙʥʠʭ ʨʝʯʦʚʠʥ ɺʠ ʟʥʘʻʪʝ? 

6. ʉʢʣʘʩʪʠ ʤʘʪʝʨʽʘʣʴʥʠʡ ʙʘʣʘʥʩ ʢʦʥʪʘʢʪʥʦʛʦ ʘʧʘʨʘʪʘ ʜʣʷ ʢʘʪʘʣʽʪʠʯʥʦʛʦ ʦʢʠʩʣʝʥʥʷ 

SO2 ʜʦ SO3 ʧʦʪʫʞʥʽʩʪʶ 15 000 ʤ3/ʛʦʜ ʚʠʭʽʜʥʦʛʦ ʛʘʟʫ ʪʘʢʦʛʦ ʩʢʣʘʜʫ, ʦʙôʻʤʥʘ ʯʘʩʪʢʘ, %: 

SO2 ð 8; ʆ2 ð 12; N2 ð 79; ʜʦʤʽʰʢʠ ð 1. ʉʪʫʧʽʥʴ ʦʢʠʩʣʝʥʥʷ SO2, ʩʪʘʥʦʚʠʪʴ 98,5%. 

7. ʈʦʟʨʘʭʫʚʘʪʠ ʪʝʧʣʦʚʠʡ ʙʘʣʘʥʩ ʢʦʥʪʘʢʪʥʦʛʦ ʘʧʘʨʘʪʘ ʜʣʷ ʢʘʪʘʣʽʪʠʯʥʦʛʦ ʦʢʠʩʣʝʥʥʷ 

Sʆ2 ʜʦ Sʆ3 ʧʦʪʫʞʥʽʩʪʶ 15 000 ʤ3/ʛʦʜ. ʉʢʣʘʜ ʛʘʟʫ ʽ ʩʪʫʧʽʥʴ ʦʢʠʩʣʝʥʥʷ ð ʜʠʚ. ʫʤʦʚʫ 

ʟʘʜʘʯʽ 6. ʊʝʤʧʝʨʘʪʫʨʘ ʚʭʽʜʥʦʛʦ ʛʘʟʫ 450, ʚʠʭʽʜʥʦʛʦ ð 590 Áʉ. ʉʝʨʝʜʥʷ ʪʝʧʣʦʻʤʥʽʩʪʴ 

ʩʫʤʽʰʽ (ʫʤʦʚʥʦ ʧʨʠʡʤʘʻʤʦ ʾʾ ʥʝʟʤʽʥʥʦʶ) ʩʪʘʥʦʚʠʪʴ 2,052 ʢɼʞ/(ʤ3Țʂ). ɺʪʨʘʪʠ ʪʝʧʣʦʪʠ 

ʚ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ ð 4 % ʚʽʜ ʥʘʜʭʦʜʞʝʥʥʷ ʪʝʧʣʦʪʠ. 

8. ʉʢʣʘʩʪʠ ʤʘʪʝʨʽʘʣʴʥʠʡ ʽ ʪʝʧʣʦʚʠʡ ʙʘʣʘʥʩʠ ʚʠʧʘʣʶʚʘʥʥʷ ʢʦʣʯʝʜʘʥʫ ʫ ʧʝʯʽ ʂʉ-

200 (ʥʘ 1 ʛʦʜ ʨʦʙʦʪʠ ʧʝʯʽ). ʇʦʪʫʞʥʽʩʪʴ ʧʝʯʽ ʜʣʷ ʚʠʧʘʣʶʚʘʥʥʷ ʢʦʣʯʝʜʘʥʫ 200 ʪ/ʜʦʙʫ. 

ɺʤʽʩʪ, ʤʘʩʦʚʘ ʯʘʩʪʢʘ, %: ʩʽʨʢʠ ʚ ʢʦʣʯʝʜʘʥʽ ð 42, ʚʦʣʦʛʠ ʚ ʢʦʣʯʝʜʘʥʽ ð 2,5; ʩʽʨʢʠ ʚ 

ʥʝʜʦʛʘʨʢʫ ð 1,5; ʦʢʩʠʜʫ ʩʽʨʢʠ (IV) ʚ ʩʫʭʦʤʫ ʧʽʯʥʦʤʫ ʛʘʟʽ ð 14,3; ʢʠʩʥʶ ʚ ʩʫʭʦʤʫ 

ʧʽʯʥʦʤʫ ʛʘʟʽð2,8. ʊʝʤʧʝʨʘʪʫʨʘ ʧʦʚʽʪʨʷ, ʷʢʝ ʥʘʜʭʦʜʠʪʴ,ð 20 Áʉ, ʚʽʜʥʦʩʥʘ ʚʦʣʦʛʽʩʪʴ 

ʧʦʚʽʪʨʷ ð 50 %. ʊʝʤʧʝʨʘʪʫʨʘ ʢʠʧʣʷʯʦʛʦ ʰʘʨʫ 820 Áʉ. ɺʪʨʘʪʠ ʪʝʧʣʦʪʠ ʚ ʥʘʚʢʦʣʠʰʥʻ 

ʩʝʨʝʜʦʚʠʱʝ ð 5% ʾʾ ʥʘʜʭʦʜʞʝʥʥʷ. ʊʝʧʣʦʻʤʥʽʩʪʴ ʧʨʠ 20 Áʉ: ʢʦʣʯʝʜʘʥʫ ð 0,538 

ʢɼʞ/(ʢʛ Å ʂ); ʧʦʚʽʪʨʷð 1,3097; ʅ2ʆ ð2,006 ʢɼʞ/(ʤ3 Ț ʂ); ʧʨʠ 820 Áʉ: ʥʝʜʦʛʘʨʢʫð0,886 

ʢɼʞ/(ʢʛ Ț ʂ); Sʆ2 ð 2,428; ʆ2ð 1,572; N2 ð 1,463; ʅ2O ð 1,884 ʢɼʞ/(ʤ3 Ț ʂ). 

ʉʧʠʩʦʢ ʨʝʢʦʤʝʥʜʦʚʘʥʦʾ ʣʽʪʝʨʘʪʫʨʠ 
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ʈʦʟʜʽʣ ɿ 

ʊɽʈʄʆʍɯʄɯʗ 

3.1. ʊʝʧʣʦʚʠʡ ʝʬʝʢʪ ʭʽʤʽʯʥʦʛʦ ʧʨʦʮʝʩʫ 

ʍʽʤʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʷʚʣʷʻ ʩʦʙʦʶ ʩʢʣʘʜʥʫ ʩʠʩʪʝʤʫ ʭʽʤʽʯʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ, 

ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʦʜʥʦʯʘʩʥʦ ʟ ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʤʠ, ʪʝʧʣʦʬʽʟʠʯʥʠʤʠ ʽ ʤʘʩʦʦʙʤʽʥʥʠʤʠ 

ʧʨʦʮʝʩʘʤʠ. ʍʽʤʽʯʥʠʡ ʧʨʦʮʝʩ, ʷʢ ʧʨʘʚʠʣʦ, ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʚʠʜʽʣʝʥʥʷʤ ʘʙʦ 

ʧʦʛʣʠʥʘʥʥʷʤ ʝʥʝʨʛʽʾ ʫ ʚʠʛʣʷʜʽ ʪʝʧʣʦʪʠ, ʟʘ ʢʽʣʴʢʽʩʪʶ ʷʢʦʾ ʚʠʟʥʘʯʘʶʪʴ ʪʝʧʣʦʚʠʡ ʝʬʝʢʪ 

ʭʽʤʽʯʥʦʛʦ ʧʨʦʮʝʩʫ. ʇʨʠ ʮʴʦʤʫ ʧʨʠʧʫʩʢʘʶʪʴ, ʱʦ ʧʨʦʮʝʩ ʧʨʦʭʦʜʠʪʴ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦ 

ʥʝʦʙʦʨʦʪʥʦ ʧʨʠ ʩʪʘʣʦʤʫ ʦʙôʻʤʽ ʘʙʦ ʪʠʩʢʫ ʡ ʦʜʥʘʢʦʚʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʠʭʽʜʥʠʭ ʨʝʯʦʚʠʥ 

ʽ ʧʨʦʜʫʢʪʽʚ ʨʝʘʢʮʽʾ. ɼʣʷ ʨʽʟʥʠʭ ʭʽʤʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʩʠʩʪʝʤ ʪʝʧʣʦʚʠʡ ʝʬʝʢʪ ʭʽʤʽʯʥʦʛʦ 

ʧʨʦʮʝʩʫ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʩʫʤʘ ʪʝʧʣʦʪ ʭʽʤʽʯʥʠʭ ʨʝʘʢʮʽʡ ʽ ʬʘʟʦʚʠʭ ʧʝʨʝʭʦʜʽʚ 

(ʚʠʧʘʨʦʚʫʚʘʥʥʷ, ʢʦʥʜʝʥʩʘʮʽʷ, ʢʨʠʩʪʘʣʽʟʘʮʽʷ ʪʦʱʦ). 

ɺʝʣʠʯʠʥʠ ʪʝʧʣʦʚʠʭ ʝʬʝʢʪʽʚ ʭʽʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʜʘʶʪʴ ʟʤʦʛʫ ʘʥʘʣʽʟʫʚʘʪʠ ʝʥʝʨʛʝʪʠʢʫ 

ʫʪʚʦʨʝʥʥʷ ʭʽʤʽʯʥʠʭ ʩʧʦʣʫʢ, ʫʩʪʘʥʦʚʣʶʚʘʪʠ ʩʪʫʧʽʥʴ ʘʚʪʦʪʝʨʤʽʯʥʦʩʪʽ ʧʨʦʮʝʩʫ ʽ ʩʚʽʜʦʤʦ 

ʢʝʨʫʚʘʪʠ ʥʠʤ, ʟʤʽʥʶʶʯʠ ʚ ʟʘʜʘʥʦʤʫ ʥʘʧʨʷʤʢʫ ʧʘʨʘʤʝʪʨʠ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʨʝʞʠʤʫ. 

ʎʝʥʪʨʘʣʴʥʦʶ ʣʘʥʢʦʶ ʚ ʣʘʥʮʶʟʽ ʭʽʤʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʻ ʭʽʤʽʯʥʽ ʨʝʘʢʮʽʾ, 

ʷʢʽ ʟʘ ʪʝʧʣʦʚʠʤ ʙʘʣʘʥʩʦʤ ʤʦʞʥʘ ʧʦʜʽʣʠʪʠ ʥʘ ʜʚʽ ʛʨʫʧʠ: ʨʝʘʢʮʽʾ, ʱʦ ʧʨʦʭʦʜʷʪʴ ʟ 

ʚʠʜʽʣʝʥʥʷʤ ʪʝʧʣʦʪʠ (ЎὟ π, ЎὌ π) ð ʝʢʟʦʪʝʨʤʽʯʥʽ, ̔  ʨʝʘʢʮʽʾ, ʱʦ ʩʫʧʨʦʚʦʜʞʫʶʪʴʩʷ 

ʧʦʛʣʠʥʘʥʥʷʤ ʪʝʧʣʦʪʠ (ЎὟ π, ЎὌ π) ð ʝʥʜʦʪʝʨʤʽʯʥʽ. ʉʣʽʜ ʟʚʝʨʥʫʪʠ ʫʚʘʛʫ ʥʘ ʪʝ, 

ʱʦ ʚ ʪʝʨʤʦʭʽʤʽʾ ʧʨʠ ʧʦʟʥʘʯʝʥʥʽ ʪʝʧʣʦʚʠʭ ʝʬʝʢʪʽʚ ʟʘʩʪʦʩʦʚʫʶʪʴ ʟʥʘʢʠ, ʧʨʦʪʠʣʝʞʥʽ 

ʧʨʠʡʥʷʪʠʤ ʫ ʪʝʭʥʽʯʥʽʡ ʪʝʨʤʦʜʠʥʘʤʽʮʽ: ʪʝʧʣʦʪʘ, ʱʦ ʚʽʜʚʦʜʠʪʴʩʷ ʟ ʩʠʩʪʝʤʠ, 

ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʜʦʜʘʪʥʘ, ʘ ʪʝʧʣʦʪʘ, ʱʦ ʧʽʜʚʦʜʠʪʴʩʷ ʜʦ ʩʠʩʪʝʤʠ ʽ ʥʝʶ ʧʦʛʣʠʥʘʻʪʴʩʷ,ð 

ʷʢ ʚʽʜôʻʤʥʘ. ʆʪʞʝ, ʷʢʱʦ ʪʝʧʣʦʚʠʡ ʝʬʝʢʪ ʧʨʠ ʪʝʨʤʦʭʽʤʽʯʥʦʤʫ ʽ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʤʫ 

ʨʦʟʛʣʷʜʘʥʥʽ ʚʠʨʘʟʠʪʠ ʚʽʜʧʦʚʽʜʥʦ ʯʝʨʝʟ ὗ ̨ ЎὌ, ʪʦ ʧʦʙʘʯʠʤʦ, ʱʦ ʤʽʞ ʥʠʤʠ ʽʩʥʫʻ 

ʚʟʘʻʤʦʟʚôʷʟʦʢ 

ὗ  ЎὌ. 

ʊʝʧʣʦʚʠʡ ʝʬʝʢʪ ʨʝʘʢʮʽʾ ʟʘʣʝʞʠʪʴ ʚʽʜ ʬʽʟʠʯʥʦʛʦ ʩʪʘʥʫ ʨʝʘʛʫʶʯʠʭ ʨʝʯʦʚʠʥ ʽ ʚʽʜ ʫʤʦʚ 

ʧʨʦʭʦʜʞʝʥʥʷ ʧʨʦʮʝʩʫ. ʇʨʠ ʪʝʨʤʦʭʽʤʽʯʥʠʭ ʨʦʟʨʘʭʫʥʢʘʭ ʽ ʧʦʨʽʚʥʶʚʘʥʥʽ ʪʝʧʣʦʚʠʭ 

ʝʬʝʢʪʽʚ ʧʦʪʨʽʙʥʦ ʧʨʠʚʦʜʠʪʠ ʾʭ ʜʦ ʦʜʥʘʢʦʚʠʭ ʫʤʦʚ. ɿ ʮʽʻʶ ʤʝʪʦʶ ʚʚʝʜʝʥʦ ʧʦʥʷʪʪʷ 

ʩʪʘʥʜʘʨʪʥʠʭ ʪʝʧʣʦʚʠʭ ʝʬʝʢʪʽʚ, ʟʥʘʯʝʥʥʷ ʷʢʠʭ ʚʠʤʽʨʶʶʪʴ ʧʨʠ ʊ = 298 ʂ ʽ ʈ = 0,1 

ʄʇʘ. 

ɿʘʚʜʘʥʥʷ ʚʠʟʥʘʯʝʥʥʷ ʪʝʧʣʦʚʠʭ ʝʬʝʢʪʽʚ ʭʽʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ 

ʪʝʨʤʦʭʽʤʽʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʭʽʤʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʫ ʪʝʨʤʦʭʽʤʽʾ ʚʠʨʽʰʫʻʪʴʩʷ 

ʧʝʨʝʚʘʞʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʤʝʪʦʜʘʤʠ. ʂʣʘʩʠʯʥʠʤ ʤʝʪʦʜʦʤ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ 

ʪʝʨʤʦʭʽʤʽʾ ʻ ʢʘʣʦʨʠʤʝʪʨʠʯʥʠʡ ʤʝʪʦʜ ʚʠʟʥʘʯʝʥʥʷ ʪʝʧʣʦʚʠʭ ʝʬʝʢʪʽʚ. ʆʜʥʘʢ ʧʨʠ ʮʴʦʤʫ 

ʟʘʛʘʣʴʥʝ ʟʘʚʜʘʥʥʷ ʪʝʨʤʦʭʽʤʽʾ ð ʚʠʚʯʝʥʥʷ ʝʥʝʨʛʝʪʠʢʠ ʫʪʚʦʨʝʥʥʷ ʭʽʤʽʯʥʠʭ ʩʧʦʣʫʢ ʨʦʟ-

ʚ'ʷʟʫʻʪʴʩʷ ʯʘʩʪʢʦʚʦ. ɹʽʣʴʰ ʧʦʚʥʦʶ ʤʽʨʦʶ ʚʦʥʦ ʨʦʟʢʨʠʚʘʻʪʴʩʷ ʣʠʰʝ ʧʨʠ ʟʘʣʫʯʝʥʥʽ 

ʽʥʰʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʤʝʪʦʜʽʚ: ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʥʠʭ, ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʭ, 

ʚʠʤʽʨʶʚʘʥʥʷ ʪʠʩʢʫ ʧʘʨʠ, ʚʠʟʥʘʯʝʥʥʷ ʩʪʘʥʽʚ ʨʽʚʥʦʚʘʛ ʭʽʤʽʯʥʠʭ ʨʝʘʢʮʽʡ.  



40 

 

 

ʈʘʟʦʤ ʟ ʪʠʤ ʚʘʞʣʠʚʝ ʟʥʘʯʝʥʥʷ ʤʘʶʪʴ 

ʪʘʢʦʞ ʽ ʨʦʟʨʘʭʫʥʢʦʚʽ ʤʝʪʦʜʠ ð ʥʘ- 

ʧʽʚʝʤʧʽʨʠʯʥʽ ʽ ʪʝʦʨʝʪʠʯʥʽ. ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ 

ʪʝʧʣʦʚʠʭ ʝʬʝʢʪʽʚ ʨʝʘʢʮʽʡ, ʝʢʩʧʝʨʠ-

ʤʝʥʪʘʣʴʥʝ ʚʠʟʥʘʯʝʥʥʷ ʷʢʠʭ ʫʪʨʫʜʥʝʥʝ, 

ʟʘʩʪʦʩʦʚʫʶʪʴ ʟʘʢʦʥ ɻʝʩʩʘ: ʪʝʧʣʦʚʠʡ ʝʬʝʢʪ 

ʧʨʦʮʝʩʫ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʨʦʤʽʞʥʠʭ ʩʪʘʜʽʡ, 

ʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʣʠʰʝ ʧʦʯʘʪʢʦʚʠʤ ʽ ʢʽʥʮʝʚʠʤ 

ʩʪʘʥʘʤʠ ʩʠʩʪʝʤʠ. ʅʘʧʨʠʢʣʘʜ, ʦʢʩʠʜ ʚʫʛʣʝʮʶ (IV) ʤʦʞʥʘ ʜʦʙʫʪʠ, ʩʧʘʣʠʚʰʠ ʛʨʘʬʽʪ 

(ʨʠʩ. 3.1): 

ʉ + ʆ2 = ʉʆ2 + Q1, (3.1) 

ʘʙʦ ʩʧʦʯʘʪʢʫ ʜʽʩʪʘʪʠ ʦʢʩʠʜ ʚʫʛʣʝʮʶ (II), ʘ ʧʦʪʽʤ ʡʦʛʦ ʩʧʘʣʠʪʠ: 

ʉ+ 1/2O2 = ʉʆ + Q2 (3.2) 

ʉʆ + 1/2O2 = ʉO2 + Q3  (3.3) 

ʆʙʠʜʚʘ ʰʣʷʭʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʦʜʥʘʢʦʚʠʤʠ ʧʦʯʘʪʢʦʚʠʤʠ ʩʪʘʥʘʤʠ (ʪʝʤʧʝʨʘʪʫʨʘ, 

ʪʠʩʢ, ʘʛʨʝʛʘʪʥʠʡ ʩʪʘʥ ʪʦʱʦ) ʽ ʟʫʤʦʚʣʶʶʪʴ ʫʪʚʦʨʝʥʥʷ ʦʜʥʦʛʦ ʡ ʪʦʛʦ ʩʘʤʦʛʦ ʧʨʦʜʫʢʪʫ 

ð ʦʢʩʠʜʫ ʚʫʛʣʝʮʶ (IV). ɿʘ ʟʘʢʦʥʦʤ ɻʝʩʩʘ, Q1 = Q2 + Q3, ʚ ʯʦʤʫ ʥʝ ʚʘʞʢʦ ʧʝʨʝʢʦʥʘʪʠʩʷ, 

ʟʜʽʡʩʥʠʚʰʠ ʚʽʜʧʦʚʽʜʥʽ ʦʙʯʠʩʣʝʥʥʷ ʟʘ ʜʘʥʠʤʠ ʨʠʩ. 3.1. 

ɼʣʷ ʚʠʢʦʥʘʥʥʷ ʪʝʨʤʦʭʽʤʽʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʰʠʨʦʪʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʥʘʩʣʽʜʢʠ ʽʟ 

ʟʘʢʦʥʫ ɻʝʩʩʘ: 

1) ʪʝʧʣʦʪʘ ʫʪʚʦʨʝʥʥʷ ʩʧʦʣʫʢʠ ʟ ʚʠʭʽʜʥʠʭ ʨʝʯʦʚʠʥ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʧʦʩʦʙʫ 

ʫʪʚʦʨʝʥʥʷ ʮʽʻʾ ʩʧʦʣʫʢʠ: 

2) ʪʝʧʣʦʚʠʡ ʝʬʝʢʪ ʨʦʟʢʣʘʜʘʥʥʷ ʷʢʦʾ-ʥʝʙʫʜʴ ʭʽʤʽʯʥʦʾ ʩʧʦʣʫʢʠ ʜʦʨʽʚʥʶʻ ʟʘ 

ʘʙʩʦʣʶʪʥʦʶ ʚʝʣʠʯʠʥʦʶ ʽ ʧʨʦʪʠʣʝʞʥʠʡ ʟʘ ʟʥʘʢʦʤ ʪʝʧʣʦʚʦʤʫ ʝʬʝʢʪʫ ʫʪʚʦʨʝʥʥʷ ʮʽʻʾ 

ʩʧʦʣʫʢʠ; 

3) ʷʢʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʜʚʽ ʨʝʘʢʮʽʾ, ʚʥʘʩʣʽʜʦʢ ʷʢʠʭ ʫʪʚʦʨʶʶʪʴʩʷ ʦʜʥʘʢʦʚʽ ʧʨʦʜʫʢʪʠ 

ʟ ʨʽʟʥʠʭ ʚʠʭʽʜʥʠʭ ʨʝʯʦʚʠʥ, ʪʦ ʨʽʟʥʠʮʷ ʤʽʞ ʟʥʘʯʝʥʥʷʤʠ ʪʝʧʣʦʚʠʭ ʝʬʝʢʪʽʚ ʮʠʭ ʨʝʘʢʮʽʡ 

ʷʚʣʷʻ ʩʦʙʦʶ ʪʝʧʣʦʚʠʡ ʝʬʝʢʪ ʧʝʨʝʭʦʜʫ ʦʜʥʽʻʾ ʚʠʭʽʜʥʦʾ ʨʝʯʦʚʠʥʠ ʚ ʽʥʰʫ; ʷʢʱʦ 

ʚʽʜʙʫʚʘʶʪʴʩʷ ʜʚʽ ʨʝʘʢʮʽʾ, ʚʥʘʩʣʽʜʦʢ ʷʢʠʭ ʟ ʦʜʥʘʢʦʚʠʭ ʚʠʭʽʜʥʠʭ ʨʝʯʦʚʠʥ ʫʪʚʦʨʶʶʪʴʩʷ 

ʨʽʟʥʽ ʢʽʥʮʝʚʽ ʧʨʦʜʫʢʪʠ, ʪʦ ʨʽʟʥʠʮʷ ʤʽʞ ʟʥʘʯʝʥʥʷʤʠ ʪʝʧʣʦʚʠʭ ʝʬʝʢʪʽʚ ʮʠʭ ʨʝʘʢʮʽʡ ʷʚʣʷʻ 

ʩʦʙʦʶ ʪʝʧʣʦʚʠʡ ʝʬʝʢʪ ʧʝʨʝʭʦʜʫ ʦʜʥʽʻʾ ʢʽʥʮʝʚʦʾ ʨʝʯʦʚʠʥʠ ʚ ʽʥʰʫ; 

4) ʪʝʧʣʦʚʠʡ ʝʬʝʢʪ ʨʝʘʢʮʽʾ ʜʦʨʽʚʥʶʻ ʘʣʛʝʙʨʘʾʯʥʽʡ ʩʫʤʽ ʪʝʧʣʦʪ ʫʪʚʦʨʝʥʥʷ ʨʝʘʛʝʥʪʽʚ ʟ 

ʧʨʦʩʪʠʭ ʨʝʯʦʚʠʥ, ʪʦʙʪʦ ʨʽʟʥʠʮʽ ʤʽʞ ʩʫʤʘʤʠ ʪʝʧʣʦʪ ʫʪʚʦʨʝʥʥʷ ʧʨʦʜʫʢʪʽʚ ʨʝʘʢʮʽʾ ʽ 

ʚʠʭʽʜʥʠʭ ʨʝʯʦʚʠʥ, ʧʦʤʥʦʞʝʥʠʭ ʥʘ ʚʽʜʧʦʚʽʜʥʽ ʩʪʝʭʽʦʤʝʪʨʠʯʥʽ ʢʦʝʬʽʮʽʻʥʪʠ: 

ЎὌ  В ὺЎὌ ̐̑̏  ̅В ὺЎὌ ̖̃̉                                   (3.4) 

 



 

 

  

ʜʝ ὺ  ï ʩʪʝʭʽʦʤʝʪʨʠʯʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʫ ʨʽʚʥʷʥʥʽ ʨʝʘʢʮʽʾ; В ὺЎὌ ̐̑̏ȟ̅В ὺЎὌ ̖̃̉ 

ð ʩʫʤʠ ʪʝʧʣʦʪ ʫʪʚʦʨʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦ ʧʨʦʜʫʢʪʽʚ ʨʝʘʢʮʽʾ ʽ ʚʠʭʽʜʥʠʭ ʨʝʯʦʚʠʥ; ЎὌ  ð 

ʪʝʧʣʦʪʘ ʫʪʚʦʨʝʥʥʷ ʭʽʤʽʯʥʦʾ ʩʧʦʣʫʢʠ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʪʝʧʣʦʚʦʤʫ ʝʬʝʢʪʫ ʫʪʚʦʨʝʥʥʷ 1 

ʤʦʣʴ ʜʘʥʦʾ ʩʧʦʣʫʢʠ ʟ ʧʨʦʩʪʠʭ ʨʝʯʦʚʠʥ, ʚʟʷʪʠʭ ʫ ʩʪʽʡʢʦʤʫ ʩʪʘʥʽ ʟʘ ʜʘʥʠʭ ʫʤʦʚ (P, T).  

ʇ ʨ ʠ ʢ ʣ ʘ ʜ 3.1. ɺʠʟʥʘʯʠʪʠ ʪʝʧʣʦʚʠʡ ʝʬʝʢʪ ʨʝʘʢʮʽʾ, ʱʦ ʧʨʦʭʦʜʠʪʴ ʚ ʩʠʩʪʝʤʽ, 

ʢʦʣʠ ʪʠʩʢ ʽ ʪʝʤʧʝʨʘʪʫʨʘ ʩʪʘʣʽ 

ὺὃ  ὺὄ  ὺὈ  ὺὙ                                                             (3.5) 

 

ʈʦʟʚôʷʟʫʚʘʥʥʷ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʨʽʚʥʷʥʥʷ (3.4), ʪʝʧʣʦʚʠʡ ʝʬʝʢʪ ʨʝʘʢʮʽʾ ʚʠʟʥʘʯʘʶʪʴ 

ʟ ʨʽʚʥʦʩʪʽ 

ЎὌ  ὺЎὌ Ὕ  ὺЎὌ Ὕ  ὺЎὌ Ὕ  ὺЎὌ Ὕ  

ɿʥʘʯʝʥʥʷ ʩʪʘʥʜʘʨʪʥʠʭ ʝʥʪʘʣʴʧʽʡ ʫʪʚʦʨʝʥʥʷ ЎὌ , ʧʦʪʨʽʙʥʽ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ЎὌ , 

ʙʝʨʫʪʴ ʟ ʜʦʚʽʜʢʦʚʦʾ ʣʽʪʝʨʘʪʫʨʠ. ʗʢʱʦ ʪʝʧʣʦʪ ʫʪʚʦʨʝʥʥʷ ʮʠʭ ʩʧʦʣʫʢ ʫ ʜʦʚʽʜʥʠʢʘʭ 

ʥʝʤʘʻ, ʪʦ ʾʭ ʚʝʣʠʯʠʥʠ ʚʠʟʥʘʯʘʶʪʴ ʚʽʜʦʤʠʤʠ ʤʝʪʦʜʘʤʠ. ʊʝʧʣʦʚʠʡ ʝʬʝʢʪ ʨʝʘʢʮʽʾ 

ʥʘʡʯʘʩʪʽʰʝ ʚʽʜʥʦʩʷʪʴ ʜʦ 1 ʤʦʣʴ ʧʨʦʜʫʢʪʫ ï ʤʦʣʷʨʥʠʡ ʪʝʧʣʦʚʠʡ ʝʬʝʢʪ, ʜʣʷ ʯʦʛʦ 

ʪʝʧʣʦʚʠʡ ʝʬʝʢʪ ʨʝʘʢʮʽʾ ʜʽʣʷʪʴ ʥʘ ʩʪʝʭʽʦʤʝʪʨʠʯʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʮʴʦʛʦ ʢʦʤʧʦʥʝʥʪʘ. 

ʇ ʨ ʠ ʢ ʣ ʘ ʜ 3.2. ɺʠʟʥʘʯʠʪʠ ʤʦʣʷʨʥʠʡ ʪʝʧʣʦʚʠʡ ʝʬʝʢʪ ʨʝʘʢʮʽʾ 

2ʉ(ʛ) + ʆ2(ʛ) = 2ʉʆ(ʛ) 

ʷʢʱʦ ʜʣʷ ʨʝʘʢʮʽʾ (3.2) ʚʽʥ ʩʪʘʥʦʚʠʪʴ 110,5 ʢɼʞ. 

ʈʦʟʚô̫ ʟʫʚʘʥʥʷ. ʊʝʧʣʦʚʠʡ ʝʬʝʢʪ ʨʝʘʢʮʽʾ (3.2) ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ 1 ʤʦʣʴ ʉʆ ̔ ʪʚʝʨʜʦʛʦ 

ʚʫʛʣʝʮʶ ʉ(ʪ). ɼʣʷ ʟʘʟʥʘʯʝʥʦʾ ʨʝʘʢʮʽʾ ʚʽʥ ʜʦʨʽʚʥʶʻ 110,5 Ț 2 = 221 ʢɼʞ. ʊʦʤʫ ʩʣʽʜ 

ʟʚʝʨʪʘʪʠ ʫʚʘʛʫ ʥʘ ʟʘʣʝʞʥʽʩʪʴ ʪʝʧʣʦʚʦʛʦ ʝʬʝʢʪʫ ʨʝʘʢʮʽʾ ʚʽʜ ʬʦʨʤʠ ʟʘʧʠʩʫ ʨʽʚʥʷʥʥʷ 

ʨʝʘʢʮʽʾ ʪʘ ʘʛʨʝʛʘʪʥʦʛʦ ʩʪʘʥʫ ʚʟʘʻʤʦʜʽʶʯʠʭ ʨʝʯʦʚʠʥ. ɼʣʷ ʪʚʝʨʜʠʭ ʨʝʯʦʚʠʥ ʩʣʽʜ 

ʚʨʘʭʦʚʫʚʘʪʠ ʾʭ ʢʨʠʩʪʘʣʽʯʥʫ ʤʦʜʠʬʽʢʘʮʽʶ. 

3.2. ʊʝʧʣʦʚʠʡ ʝʬʝʢʪ ʨʝʘʢʮʽʾ ʧʨʠ ʩʪʘʣʠʭ ʦʙ'ʻʤʽ ʽ ʪʠʩʢʫ 

ʍʽʤʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʨʦʮʝʩʠ ʚʽʜʙʫʚʘʶʪʴʩʷ ʧʨʠ ʨʽʟʥʠʭ ʧʘʨʘʤʝʪʨʘʭ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʨʝʞʠʤʫ. ʆʜʥʘʢ ʫ ʚʩʽʭ ʚʠʧʘʜʢʘʭ ʨʝʘʣʽʟʫʶʪʴʩʷ ʫʤʦʚʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʨʦʭʦʜʞʝʥʥʷ 

ʭʽʤʽʯʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʧʨʠ ʟʘʜʘʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʽ ʩʪʘʣʦʤʫ ʦʙôʻʤʽ (ʽʟʦʭʦʨʥʦ-

ʽʟʦʪʝʨʤʽʯʥʠʭ) ʘʙʦ ʩʪʘʣʦʤʫ ʪʠʩʢʫ (ʽʟʦʙʘʨʥʦ-ʽʟʦʪʝʨʤʽʯʥʠʭ). ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʮʴʦʛʦ 

ʨʦʟʨʽʟʥʷʶʪʴ ʜʚʘ ʪʠʧʠ ʪʝʧʣʦʚʠʭ ʝʬʝʢʪʽʚ : ʽʟʦʭʦʨʥʦ-ʽʟʦʪʝʨʤʽʯʥʽ QV ʪʘ ʽʟʦʙʘʨʥʦ-

ʽʟʦʪʝʨʤʽʯʥʽ QP. 

ɺ ʦʩʥʦʚʽ ʾʭ ʚʠʟʥʘʯʝʥʥʷ ʣʝʞʠʪʴ ʧʝʨʰʠʡ ʟʘʢʦʥ ʪʝʨʤʦʜʠʥʘʤʽʢʠ. ʇʨʠ ʮʴʦʤʫ 

ʥʘʡʯʘʩʪʽʰʝ ʻʜʠʥʦʶ ʨʦʙʦʪʦʶ, ʷʢʫ ʚʠʢʦʥʫʻ ʩʠʩʪʝʤʘ, ʻ ʨʦʙʦʪʘ ʧʨʦʪʠ ʩʠʣ ʟʦʚʥʽʰʥʴʦʛʦ 

ʪʠʩʢʫ:  

Ὗ  Ὗ  ЎὟ ὗ  ᷿ ὖὨὠ                                              (3.6) 

ʜʝ V1 i V2 ï ʦʙôʻʤʠ ʩʠʩʪʝʤʠ ʚʽʜʧʦʚʽʜʥʦ ʚ ʧʦʯʘʪʢʦʚʦʤʫ ʽ ʢʽʥʮʝʚʦʤʫ ʩʪʘʥʘʭ. 

  



 

 

ɼʣʷ ʧʨʦʮʝʩʫ, ʱʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ ʩʪʘʣʦʤʫ ʦʙôʻʤʽ, PdV = 0, ʘ 

ὗ  Ὗ  Ὗ  ЎὟ. (3.7) 

ʘʙʦ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʪʝʨʤʦʭʽʤʽʯʥʠʭ ʧʦʟʥʘʯʝʥʴ 

1  5  5  Ў5. (3.8) 

ʆʪʞʝ, ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ, ʱʦ ʚʠʜʽʣʠʣʘʩʷ ʟ ʩʠʩʪʝʤʠ ʧʨʠ ʩʪʘʣʦʤʫ ʦʙ'ʻʤʽ QV, ʜʦʨʽʚʥʶʻ 

ʟʤʝʥʰʝʥʥʶ ʾʾ ʚʥʫʪʨʽʰʥʴʦʾ ʝʥʝʨʛʽʾ æU ʧʽʜ ʯʘʩ ʧʝʨʝʭʦʜʫ ʟ ʚʠʭʽʜʥʦʛʦ ʩʪʘʥʫ ʟ ʙʽʣʴʰʠʤ 

ʟʘʧʘʩʦʤ ʝʥʝʨʛʽʾ U1 ʫ ʩʪʘʥ ʟ ʤʝʥʰʠʤ ʟʘʧʘʩʦʤ ʝʥʝʨʛʽʾ U2. 

ʋ ʚʠʧʘʜʢʫ ʽʟʦʙʘʨʥʦʛʦ ʧʨʦʮʝʩʫ ʩʠʩʪʝʤʘ ʚʠʢʦʥʫʚʘʪʠʤʝ ʨʦʙʦʪʫ ʨʦʟʰʠʨʝʥʥʷ ʽ 

ʨʽʚʥʷʥʥʷ (3.6) ʤʘʪʠʤʝ ʚʠʛʣʷʜ 

Ὗ  Ὗ  ὗ ὖὠ  ὠ . 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʪʝʨʤʦʭʽʤʽʯʥʠʭ ʧʦʟʥʘʯʝʥʴ 

ὗ  Ὗ  Ὗ ὖὠ  ὠ , (3.9) 

ʘʙʦ 

ὗ Ὗ ὖὠ Ὗ ὖὠ . 

ʆʩʢʽʣʴʢʠ U + PV = H, ʪʦ 

ὗ  Ὄ  Ὄ  ЎὌ. (3.10) 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʨʽʚʥʷʥʥʷ (3.10), ʪʝʧʣʦʚʠʡ ʝʬʝʢʪ ʨʝʘʢʮʽʾ ʧʨʠ ʈ =  const QP ʜʦʨʽʚʥʶʻ 

ʟʤʝʥʰʝʥʥʶ ʝʥʪʘʣʴʧʽʾ ðæʅ ʧʽʜ ʯʘʩ ʧʝʨʝʭʦʜʫ ʩʠʩʪʝʤʠ ʟ ʩʪʘʥʫ ʟ ʙʽʣʴʰʦʶ ʝʥʪʘʣʴʧʽʻʶ 

H1 ʫ ʩʪʘʥ ʟ ʤʝʥʰʦʶ ʝʥʪʘʣʴʧʽʻʶ H2. 

ʆʪʞʝ, ʦʯʝʚʠʜʥʦ, ʱʦ ʢʦʣʠ ʥʝʤʘʻ ʽʥʰʠʭ ʚʠʜʽʚ ʨʦʙʽʪ, ʢʨʽʤ ʨʦʙʦʪʠ ʨʦʟʰʠʨʝʥʥʷ, 

ʪʝʧʣʦʚʠʡ ʝʬʝʢʪ ʨʝʘʢʮʽʾ ʜʣʷ ʽʟʦʭʦʨʥʠʭ ʧʨʦʮʝʩʽʚ ʻ ʤʽʨʦʶ ʟʤʽʥʠ ʚʥʫʪʨʽʰʥʴʦʾ ʝʥʝʨʛʽʾ 

ʩʠʩʪʝʤʠ æU, ʜʣʷ ʽʟʦʙʘʨʥʠʭ ð ʤʽʨʦʶ ʟʤʽʥʠ ʝʥʪʘʣʴʧʽʾ ʩʠʩʪʝʤʠ æʅ. 

ʇʽʜʩʪʘʚʣʷʶʯʠ ʚ ʨʽʚʥʷʥʥʷ (3.9) ʟʘʤʽʩʪʴ U2 ð U1 ʡʦʛʦ ʟʥʘʯʝʥʥʷ ʟ ʨʽʚʥʷʥʥʷ (3.8) ʽ 

ʧʦʟʥʘʯʘʶʯʠ æV = V2 ð V1, ʜʽʩʪʘʥʝʤʦ ʚʠʨʘʟ, ʱʦ ʚʽʜʦʙʨʘʞʫʻ ʚʟʘʻʤʦʟʚôʷʟʦʢ ʤʽʞ QP ʪʘ 

QV: 

ὗ  ὗ ὖЎὠ. (3.11) 

ɼʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʪʝʧʣʦʚʠʭ ʝʬʝʢʪʽʚ ʭʽʤʽʯʥʠʭ ʨʝʘʢʮʽʡ 

ʜʦʩʠʪʴ ʧʨʦʜʠʬʝʨʝʥʮʽʶʚʘʪʠ ʨʽʚʥʷʥʥʷ (3.8) ʽ (3.10) ʟʘ ʪʝʤʧʝʨʘʪʫʨʦʶʽ 

Ὠὗ

ὨὝ
 
ὨὟ

ὨὝ
  
ὨὟ

ὨὝ
 

Ὠὗ

ὨὝ
 
ὨὌ

ὨὝ
  
ὨὌ

ὨὝ
 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʤʦʣʷʨʥʠʭ ʽʟʦʭʦʨʥʠʭ ʪʘ ʽʟʦʙʘʨʥʠʭ ʪʝʧʣʦʻʤʥʦʩʪʝʡ -̔ʭ ʢʦʤʧʦʥʝʥʪʽʚ 

(̒ȟÃ ), ʜʽʩʪʘʥʝʤʦ: 

Ὠὗ  Вὺὧ
̐̑̏̅

Вὺὧ
̖̃̉
ὨὝ                                (3.12) 

Ὠὗ  Вὺὧ ̐̑̏̅ Вὺὧ ̃̉Ὠ̖Ὕ                                 (3.13) 

  



 

 

ʊʝʤʧʝʨʘʪʫʨʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʚʦʛʦ ʝʬʝʢʪʫ ʨʝʘʢʮʽʾ dQ/dT, ʷʢʠʡ ʻ ʤʘʪʝʤʘʪʠʯʥʠʤ 

ʚʠʨʘʟʦʤ ʟʘʢʦʥʫ ʂʽʨʭʛʦʬʘ, ʜʽʩʪʘʥʝʤʦ ʧʨʠ ʽʥʪʝʛʨʫʚʘʥʥʽ ʨʽʚʥʷʥʴ (3.12) ʽ (3.13) ʚ 

ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ ʊ1ð ʊ2: 

ὗ ὗ  ᷿ В ὺὧ
̐̑̏̅

Вὺὧ
̖̃̉
ὨὝ ;                (3.14) 

ὗ ὗ  ᷿ В ὺὧ
̐̑̏̅

Вὺὧ
̖̃̉
ὨὝ.                 (3.15) 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʘʣʛʝʙʨʘʾʯʥʦʾ ʩʫʤʠ ʪʝʧʣʦʻʤʥʦʩʪʝʡ ʨʝʯʦʚʠʥ ʜʣʷ ʜʘʥʦʾ ʨʝʘʢʮʽʾ 

Ў̒  ὺὧ

̐̑̏̅

ὺὧ

̖̃̉

 

Ў̒  ὺὧ

̐̑̏̅

ὺὧ

̖̃̉

 

 

ʨʽʚʥʷʥʥʷ (3.14) ʪʘ (3.15) ʧʝʨʝʪʚʦʨʶʶʪʴ ʪʘʢ: 

ὗ ὗ  ЎὧὨὝ 

ʘʙʦ 

ЎὟ  ЎὟ  ЎὧὨὝ 

ὗ ὗ  ЎὧὨὝ 

ʘʙʦ 

ЎὌ  ЎὌ  ᷿ ЎὧὨὝ                                          (3.16) 

 

ɼʣʷ ʪʦʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʩʣʽʜ ʚʨʘʭʦʚʫʚʘʪʠ ʪʝʤʧʝʨʘʪʫʨʥʫ ʟʘʣʝʞʥʽʩʪʴ ʪʝʧʣʦʻʤʥʦʩʪʽ. 

ʅʘʧʨʠʢʣʘʜ, 

Ўὧ  Ўὥ  ЎὦὝ ЎὧὝ  ЎὨὝ  ЎὰὝ , 

ʜʝ a, b, c, d, l ð ʢʦʝʬʽʮʽʻʥʪʠ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ʝʤʧʽʨʠʯʥʦ ʘʙʦ ʥʘ ʧʽʜʩʪʘʚʽ ʤʦʣʝʢʫʣʷʨʥʦ-

ʩʪʘʪʠʩʪʠʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ (ʟʥʘʯʝʥʥʷ ʮʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʧʦʜʘʥʦ ʚ ʜʦʚʽʜʢʦʚʽʡ 

ʣʽʪʝʨʘʪʫʨʽ). 

ʆʩʢʽʣʴʢʠ ʚ ʭʽʤʽʯʥʽʡ ʪʝʭʥʦʣʦʛʽʾ ʯʘʩʪʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʝʧʣʦʚʠʡ ʝʬʝʢʪ ʧʨʠ 

ʩʪʘʣʦʤʫ ʪʠʩʢʫ, ʫ ʜʦʚʽʜʢʦʚʠʭ ʪʘʙʣʠʮʷʭ ʧʦʜʘʥʦ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʜʣʷ ʩP, ʥʘ 

ʧʽʜʩʪʘʚʽ ʷʢʠʭ ʨʦʟʨʘʭʦʚʫʶʪʴ æH. ʗʢʱʦ ʧʦʪʨʽʙʥʦ ʚʠʟʥʘʯʠʪʠ ʟʥʘʯʝʥʥʷ ʪʝʧʣʦʚʦʛʦ ʝʬʝʢʪʫ 

æU ʧʨʠ ʩʪʘʣʦʤʫ ʦʙôʻʤʽ, ʪʦ ʩʣʽʜ ʧʨʠʭʦʚʫʚʘʪʠ, ʱʦ ʜʣʷ ʪʚʝʨʜʠʭ ʽ ʨʽʜʢʠʭ ʪʽʣ cV  Ã, ʘ 

ʜʣʷ ʛʘʟʽʚ  ʩV = cP - R 

ʊʝʧʣʦʚʠʡ ʝʬʝʢʪ ʨʝʘʢʮʽʾ, ʚʠʤʽʨʷʥʠʡ ʟʘ ʩʪʘʥʜʘʨʪʥʠʭ ʫʤʦʚ (ʊ = 298 ʂ), ʤʦʞʥʘ 

ʧʝʨʝʨʘʭʫʚʘʪʠ ʥʘ ʙʫʜʴ-ʷʢʫ ʽʥʰʫ ʪʝʤʧʝʨʘʪʫʨʫ ʟʘ  



 

 

ʨʽʚʥʷʥʥʷʤ (3.15) 

ЎὌ  ЎὌ  ЎὧὨὝ 

ʇʨʠ ʥʘʷʚʥʦʩʪʽ ʬʘʟʦʚʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʚ ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ 298...ʊ  ʽʥʪʝʨʚʘʣ, ʱʦ 

ʨʦʟʛʣʷʜʘʻʪʴʩʷ, ʩʣʽʜ ʧʦʜʽʣʠʪʠ ʥʘ ʦʢʨʝʤʽ ʯʘʩʪʠʥʠ: 

Ў(  Ў(  ᷿ ЎÃÄ4  Ў(̐ ̆̑̆̓ ᷿̃ ЎÃÄ4
̐̆̑̆̓̃

̐̆̑̆̓̃
,      (3. 17) 

ʜʝ ÃȟÃ - ʪʝʧʣʦʻʤʥʦʩʪʽ ʬʘʟ, ʩʪʽʡʢʠʭ ʫ ʜʘʥʦʤʫ ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ. 

ʈʦʟʨʘʭʫʥʦʢ ʪʝʧʣʦʚʠʭ ʝʬʝʢʪʽʚ ʬʽʟʠʯʥʠʭ ʨʝʘʢʮʽʡ ʧʨʠ ʟʘʜʘʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʤʦʞʣʠʚʠʡ 

ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʩʝʨʝʜʥʽʭ ʟʥʘʯʝʥʴ ʪʝʧʣʦʻʤʥʦʩʪʝʡ ʚ ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ 298éʊ: 

Ў(  Ў(  ЎÃÄ4 Ў(  ЎÃ 4 ςωψ 

ʗʢʱʦ ʽʥʪʝʨʚʘʣ ʪʝʤʧʝʨʘʪʫʨ, ʱʦ ʨʦʟʛʣʷʜʘʻʪʴʩʷ, ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʬʘʟʦʚʠʤʠ 

ʧʝʨʝʪʚʦʨʝʥʥʷʤʠ ʦʜʥʽʻʾ ʯʠ ʢʽʣʴʢʦʭ ʨʝʯʦʚʠʥ, ʪʦ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʪʝʧʣʦʚʦʛʦ ʝʬʝʢʪʫ 

ʟʨʫʯʥʦ ʢʦʨʠʩʪʫʚʘʪʠʩʷ ʪʘʙʣʠʮʷʤʠ ʧʦʚʥʠʭ ʝʥʪʘʣʴʧʽʡ ʘʙʦ ʬʫʥʢʮʽʡ ЎὌ  ЎὌ . 

ʇʨʠʢʣʘʜ 3.3. ɺʠʟʥʘʯʠʪʠ ʪʝʧʣʦʚʠʡ ʝʬʝʢʪ ʨʝʘʢʮʽʾ ʫʪʚʦʨʝʥʥʷ ʘʤʽʘʢʫ ʟ ʧʨʦʩʪʠʭ 

ʨʝʯʦʚʠʥ ʟʘ ʩʪʘʥʜʘʨʪʥʠʭ ʫʤʦʚ ʟʘ ʪʝʧʣʦʚʠʤʠ ʝʬʝʢʪʘʤʠ ʨʝʘʢʮʽʡ: 

ςὌ  ὕ ςὌὕ̑  ЎὌ                                                    (3.18) 

τὔὌ σὕ φὌὕ̑ ςὔ  ЎὌ                                           (3.19) 

ЎὌ  υχρȢφψȟЎὌ ρυσπȢςψ ̋ˑ.̇ 

ʈʦʟʚôʷʟʫʚʘʥʥʷ. ɿʘʧʠʩʫʶʪʴ ʨʽʚʥʷʥʥʷ ʨʝʘʢʮʽʾ ʩʠʥʪʝʟʫ ʘʤʽʘʢʫ, ʪʝʧʣʦʚʠʡ ʝʬʝʢʪ ʨʝ-

ʘʢʮʽʾ ʫʪʚʦʨʝʥʥʷ ʷʢʦʛʦ ʪʨʝʙʘ ʚʠʟʥʘʯʠʪʠ: 

1/2N2 + 3/2 H2 = NH3 

+  ЎὌ . 

ʆʩʢʽʣʴʢʠ ʅ2ʆ(p) ʪʘ ʆ2 ʥʝ ʚʭʦʜʷʪʴ ʫ ʨʽʚʥʷʥʥʷ (3.20), ʪʦ ʚʠʢʣʶʯʠʤʦ ʾʭ ʟ ʨʽʚʥʷʥʴ 

(3.18) ʽ (3.19), ʜʣʷ ʯʦʛʦ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʦʜʠʥ ʟ ʥʘʩʣʽʜʢʽʚ ʟʘʢʦʥʫ ɻʝʩʩʘ, ʧʦʤʥʦʞʠʤʦ 

ʨʽʚʥʷʥʥʷ (3.18) ʥʘ ʪʨʠ ʽ ʚʽʜʥʽʤʝʤʦ ʚʽʜ ʥʴʦʛʦ ʨʽʚʥʷʥʥʷ (3.19): 

           φὌ σὕ τὔὌ  σὕ φὌὕ σЎὌ  φὌὕ ςὔ  ЎὌ

 (3.21) 

ʇʽʩʣʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʨʽʚʥʷʥʥʷ (3.21) ʽ ʜʽʣʝʥʥʷ ʡʦʛʦ ʥʘ ʯʦʪʠʨʠ ʜʽʩʪʘʥʝʤʦ ʨʽʚʥʷʥʥʷ 

(3.20) ʟ ʪʝʧʣʦʚʠʤ ʝʬʝʢʪʦʤ σЎὌ  ЎὌ ȾτȢ 

ЎὌ  ЎὌ
Ȣ Ȣ

 τφȢρω ̋ˑȾ̇̍ ̝̏̌. 

3.3. ʊʝʧʣʦʚʠʡ ʝʬʝʢʪ ʨʝʘʢʮʽʾ ʛʘʟʦʚʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʊʝʧʣʦʚʠʡ ʝʬʝʢʪ ʨʝʘʢʮʽʾ ʛʘʟʦʚʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʧʨʠ ʩʪʘʣʦʤʫ ʪʠʩʢʫ QP 

ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʪʝʧʣʦʚʦʛʦ ʝʬʝʢʪʫ ʪʘʢʦʾ ʨʝʘʢʮʽʾ ʧʨʠ ʩʪʘʣʦʤʫ ʦʙôʻʤʽ QV. 

ʇʽʜʩʪʘʚʣʷʶʯʠ ʚ ʨʽʚʥʷʥʥʷ (3.11) ʟʘʤʽʩʪʴ PæV ʡʦʛʦ ʟʥʘʯʝʥʥʷ ʟ ʨʽʚʥʷʥʥʷ ʄʝʥʜʝʣʻʻʚʘ 

ð ʂʣʘʧʝʡʨʦʥʘ 

ὖЎὠ  ЎὲὙὝȢ

(3.20) 



 

 

ʜʽʩʪʘʥʝʤʦ 

ὗ  ὗ  ЎὲὙὝ 

ʘʙʦ 

ЎὌ  ЎὟ  ЎὲὙὝ 

ЎὌ  ЎὟ  ЎὲὙὝ. 

ʆʪʞʝ, ʪʝʧʣʦʚʠʡ ʝʬʝʢʪ ʨʝʘʢʮʽʾ ʧʨʠ ʈ = const (QP) ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʪʝʧʣʦʚʦʛʦ ʝʬʝʢʪʫ 

ʨʝʘʢʮʽʾ ʧʨʠ V= const (QV) ʚʝʣʠʯʠʥʫ ʨʦʙʦʪʠ, ʱʦ ʚʠʢʦʥʫʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʟʤʽʥʠ ʢʽʣʴʢʦʩʪʽ ʤʦʣʽʚ 

ʛʘʟʦʧʦʜʽʙʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʨʝʘʢʮʽʾ (ænRʊ). 

ʅʘʧʨʠʢʣʘʜ, ʢʦʣʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʝʘʢʮʽʷ 

#/ (/  #/  ( 1, 

ʢʽʣʴʢʽʩʪʴ ʤʦʣʽʚ ʛʘʟʦʧʦʜʽʙʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʨʝʘʢʮʽʾ ʥʝ ʟʤʽʥʶʻʪʴʩʷ ʽ n = 0. 

ʆʪʞʝ, ʨʦʙʦʪʘ, ʱʦ ʚʠʢʦʥʫʻʪʴʩʷ ʟʘ ʮʠʭ ʫʤʦʚ, ʜʦʨʽʚʥʶʻ ʥʫʣʶ (ɸ =  0) ʽ ὗ  ὗ  ʘʙʦ ЎὌ

 ЎὟȢ 

ʊʘʢ, ʨʝʘʢʮʽʷ (3.19) ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʟʤʝʥʰʝʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʤʦʣʽʚ ʛʘʟʦʧʦʜʽʙʥʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ: Ўὲ ρ  ρ. ʆʪʞʝ, ʨʝʘʢʮʽʷ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʟʤʝʥʰʝʥʥʷʤ ʦʙôʻʤʫ, ʘ 

ʨʦʙʦʪʘ, ʱʦ ʚʠʢʦʥʫʻʪʴʩʷ ʧʨʠ ʮʴʦʤʫ, ʚʽʜôʻʤʥʘ (ɸ < 0). ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ὗ  ὗ   ʘʙʦ ЎὌ

 ЎὟ. 

ɼʣʷ ʨʝʘʢʮʽʡ ʟ Ўὲ π (ʦʙôʻʤ ʟʙʽʣʴʰʫʻʪʴʩʷ) ʨʦʙʦʪʘ, ʱʦ ʚʠʢʦʥʫʻʪʴʩʷ, ʜʦʜʘʪʥʘ (ɸ >0) ʽ ὗ

 ὗ   ʘʙʦ ЎὌ  ЎὟ. 

ʊʝʧʣʦʪʫ ʫʪʚʦʨʝʥʥʷ ʛʘʟʦʧʦʜʽʙʥʠʭ ʨʝʯʦʚʠʥ ʟ ʧʨʦʩʪʠʭ ʨʝʯʦʚʠʥ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʟʘ ʨʽʚʥʷʥʥʷʤ 

ЎὌ  ὲ‐̖̃̉ Ὓὗ̒ ̔̂̌  ὲ‐̐̑̏̅ 

ʜʝ ὲȟ‐ ð ʢʽʣʴʢʽʩʪʴ ʟʚôʷʟʢʽʚ ʜʘʥʦʛʦ ʚʠʜʫ ʽ ʚʽʜʧʦʚʽʜʥʘ ʾʤ ʝʥʝʨʛʽʷ ʨʦʟʨʠʚʫ ʟʚ'ʷʟʢʫ ʜʣʷ ʚʠʭʽʜʥʠʭ 

ʨʝʯʦʚʠʥ ʽ ʧʨʦʜʫʢʪʽʚ ʨʝʘʢʮʽʾ; Ὓȟὗ̒ ̔̂  ̌ï ʢʽʣʴʢʽʩʪʴ ʘʪʦʤʽʚ ʢʨʠʩʪʘʣʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʽ ʚʽʜʧʦʚʽʜʥʽ 

ʾʤ ʪʝʧʣʦʪʠ ʩʫʙʣʽʤʘʮʽʾ. 

3.4. ʊʝʧʣʦʪʘ ʨʦʟʯʠʥʝʥʥʷ 

ʈʦʟʯʠʥʝʥʥʷ ʫ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʬʽʟʠʯʥʦʛʦ ʽ ʭʽʤʽʯʢʦ ʧʨʦʮʝʩʽʚ. ʇʨʠ ʮʴʦʤʫ 

ʦʜʥʦʯʘʩʥʦ ʟ ʨʦʟʯʠʥʝʥʥʷʤ ʨʝʯʦʚʠʥ ʤʦʞʝ ʚʽʜʙʫʚʘʪʠʩʷ ʾʭ ʚʟʘʻʤʦʜʽʷ ʟ ʨʦʟʯʠʥʥʠʢʦʤ. 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʫʪʚʦʨʝʥʥʷ ʨʦʟʯʠʥʽʚ ʟ ʢʦʤʧʦʥʝʥʪʽʚ, ʷʢʽ ʫ ʚʽʣʴʥʦʤʫ ʩʪʘʥʽ ʤʘʣʦ 

ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʟʘ ʩʚʦʾʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ (ʤʦʣʝʢʫʣʠ ʾʭ ʤʘʶʪʴ ʦʜʥʘʢʦʚʽ ʘʙʦ ʧʦʜʽʙʥʽ ʩʢʣʘʜ, 

ʚʝʣʠʯʠʥʫ, ʜʦʩʠʪʴ ʙʣʠʟʴʢʽ ʟʘ ʩʪʨʫʢʪʫʨʦʶ), ʚʽʜʙʫʚʘʻʪʴʩʷ ʙʝʟ ʟʤʽʥʠ ʦʙôʻʤʫ ʽ ʧʦ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ 

ʪʝʧʣʦʚʠʤ ʝʬʝʢʪʦʤ. 

ɿʘ ʧʨʘʢʪʠʯʥʠʭ ʫʤʦʚ ʟʥʘʯʥʦ ʯʘʩʪʽʰʝ ʜʦʚʦʜʠʪʴʩʷ ʤʘʪʠ ʩʧʨʘʚʫ ʟ ʨʦʟʯʠʥʘʤʠ, ʱʦ ʫʪʚʦʨʠʣʠʩʷ 

ʟ ʢʦʤʧʦʥʝʥʪʽʚ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʨʽʟʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. ʎʝ ʧʨʠʚʦʜʠʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ 

ʤʽʞ ʤʦʣʝʢʫʣʘʤʠ ʢʦʤʧʦʥʝʥʪʽʚ ʩʪʽʡʢʠʭ ʘʙʦ ʤʘʣʦʩʪʽʡʢʠʭ ʩʧʦʣʫʢ (ʩʦʣʴʚʘʪʠ, ʛʽʜʨʘʪʠ), ʱʦ 

ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʟʤʽʥʦʶ ʦʙôʻʤʫ, ʚʠʜʽʣʝʥʥʷʤ ʘʙʦ ʧʦʛʣʠʥʘʥʥʷʤ ʪʝʧʣʦʪʠ. ʊʘʢʽ ʧʨʦʮʝʩʠ 

ʤʦʞʥʘ ʧʦʜʘʪʠ ʨʽʚʥʷʥʥʷʤʠ: 

ὔὥὅὕ ὥή ὔὥὅὕ Ͻὥή ςυ ̋ˑ;̇ 

ὔὌὕὌ ὥή ὔὌὕὌ Ͻὥή ςυȢς ̋ˑ ̇.



 

 

ʅʘ ʚʝʣʠʯʠʥʫ ʪʝʧʣʦʚʦʛʦ ʝʬʝʢʪʫ ʫʪʚʦʨʝʥʥʷ ʨʦʟʯʠʥʽʚ ʨʽʟʥʦʛʦ ʩʢʣʘʜʫ ʟ ʦʜʥʘʢʦʚʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ ʚʝʣʠʢʦʶ ʤʽʨʦʶ ʚʧʣʠʚʘʻ ʢʽʣʴʢʽʩʥʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʨʝʯʦʚʠʥ, ʷʢʽ 

ʨʦʟʯʠʥʷʶʪʴʩʷ, ʽ ʨʦʟʯʠʥʥʠʢʘ. ɿʘʣʝʞʥʦ ʚʽʜ ʮʴʦʛʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʩʝʨʝʜ ʪʝʧʣʦʚʠʭ 

ʝʬʝʢʪʽʚ ʨʦʟʯʠʥʝʥʥʷ ʨʦʟʨʽʟʥʷʶʪʴ ʽʥʪʝʛʨʘʣʴʥʽ æʅʪ ʽ ʜʠʬʝʨʝʥʮʽʘʣʴʥʽ (ʧʘʨʮʽʘʣʴʥʽ) L 

ʪʝʧʣʦʪʠ ʨʦʟʯʠʥʝʥʥʷ ʘʙʦ ʨʦʟʙʘʚʣʷʥʥʷ. 

ɯʥʪʝʛʨʘʣʴʥʘ ʪʝʧʣʦʪʘ ʨʦʟʯʠʥʝʥʥʷ ʚʽʜʧʦʚʽʜʘʻ ʪʝʧʣʦʪʽ ʨʦʟʯʠʥʝʥʥʷ 1 ʤʦʣʴ ʨʝʯʦʚʠʥʠ 

ʫ ʜʝʷʢʽʡ ʢʽʣʴʢʦʩʪʽ ʯʠʩʪʦʛʦ ʨʦʟʯʠʥʥʠʢʘ. ʊʘʙʣʠʯʥʽ ʟʥʘʯʝʥʥʷ æʅʪ ʩʪʦʩʫʶʪʴʩʷ ʟʚʠʯʘʡʥʦ 

ʨʦʟʯʠʥʝʥʥʷ 1 ʤʦʣʴ ʨʝʯʦʚʠʥʠ ʚ 200ð400 (ʘʙʦ ʙʽʣʴʰʝ) ʤʦʣʽʚ ʨʦʟʯʠʥʥʠʢʘ. 

ɼʠʬʝʨʝʥʮʽʘʣʴʥʘ (ʧʘʨʮʽʘʣʴʥʘ) ʪʝʧʣʦʪʘ ʨʦʟʯʠʥʝʥʥʷ (ʨʦʟʙʘʚʣʷʥʥʷ) ʚʽʜʧʦʚʽʜʘʻ ʪʝʧʣʦʪʽ 

ʨʦʟʯʠʥʝʥʥʷ 1 ʤʦʣʴ ʨʝʯʦʚʠʥʠ ʫ ʥʝʩʢʽʥʯʝʥʥʦ ʚʝʣʠʢʽʡ ʢʽʣʴʢʦʩʪʽ ʨʦʟʯʠʥʥʠʢʘ. ʄʽʞ 

ʚʝʣʠʯʠʥʘʤʠ ʮʠʭ ʪʝʧʣʦʪ ʽʩʥʫʻ ʚʟʘʻʤʦʟʚ'ʷʟʦʢ, ʱʦ ʚʠʨʘʞʘʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤʠ: 

ЎὌ  ὒ υυȟυρὒȾάȠ 

ЎὌ
ρ

ά
ὒὨάȠ 

ЎὌ  ЎὌ υυȟυρ ὒὨ
ρ

ά
 

ʜʝ ЎὌ  ð ʽʥʪʝʛʨʘʣʴʥʘ ʪʝʧʣʦʪʘ ʨʦʟʯʠʥʝʥʥʷ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʽʾ ʪ1, ʢɼʞ/ʤʦʣʴ; ʪ ð 

ʤʦʣʷʨʥʽʩʪʴ ʨʦʟʯʠʥʫ. 

3.4.1. ʊʝʧʣʦʪʘ ʨʦʟʯʠʥʝʥʥʷ ʪʚʝʨʜʠʭ ʪʽʣ ʫ ʨʽʜʠʥʽ 

ʈʦʟʯʠʥʝʥʥʷ ʪʚʝʨʜʠʭ ʪʽʣ ʫ ʨʽʜʠʥʽ ʩʫʧʨʦʚʦʜʞʫʶʪʴʩʷ ʧʝʨʝʙʽʛʦʤ ʜʚʦʭ ʧʨʦʮʝʩʽʚ: 

ʨʫʡʥʫʚʘʥʥʷ ʢʨʠʩʪʘʣʽʯʥʦʾ ʨʝʰʽʪʢʠ (ʝʥʜʦʪʝʨʤʽʯʥʠʡ ʧʨʦʮʝʩ) ʽ ʩʦʣʴʚʘʪʘʮʽʾ ʘʙʦ ʛʽʜʨʘʪʘʮʽʾ 

ʽʦʥʽʚ (ʝʢʟʦʪʝʨʤʽʯʥʠʡ ʧʨʦʮʝʩ). ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʪʝʧʣʦʚʠʭ ʝʬʝʢʪʽʚ ʮʠʭ ʧʨʦʮʝʩʽʚ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʨʠʨʦʜʦʶ ʨʝʯʦʚʠʥʠ, ʷʢʘ ʨʦʟʯʠʥʷʻʪʴʩʷ, ʽ ʨʦʟʯʠʥʥʠʢʘ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ 

ʪʝʧʣʦʪʘ ʨʦʟʯʠʥʝʥʥʷ ʤʦʞʝ ʙʫʪʠ ʜʦʜʘʪʥʦʶ (ЎὌ π) ʘʙʦ ʚʽʜôʻʤʥʦʶ ((ЎὌ π) ʚʝ-

ʣʠʯʠʥʦʶ. ʅʘʧʨʠʢʣʘʜ, ʨʦʟʯʠʥʝʥʥʷ ʛʽʧʩʫ ʉʘSO4 Ț 2ʅ2ʆ ʫ ʚʦʜʽ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ 

ʝʢʟʦʪʝʨʤʽʯʥʠʤ ʝʬʝʢʪʦʤ, ʘ ʚ ʨʦʟʯʠʥʽ ʬʦʩʬʦʨʥʦʾ ʢʠʩʣʦʪʠ ð ʝʥʜʦʪʝʨʤʽʯʥʠʤ. 

ɺʝʣʠʯʠʥʘ ʪʝʧʣʦʪʠ ʨʦʟʯʠʥʝʥʥʷ ʟʘʣʝʞʠʪʴ ʪʘʢʦʞ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʨʦʟʯʠʥʥʠʢʘ, ʧʨʠʯʦʤʫ 

ʮʷ ʟʘʣʝʞʥʽʩʪʴ ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʨʠʨʦʜʦʶ ʪʚʝʨʜʦʾ ʨʝʯʦʚʠʥʠ, ʱʦ ʨʦʟʯʠʥʷʻʪʴʩʷ. ʋ ʚʠʧʘʜʢʫ 

ʨʦʟʯʠʥʝʥʥʷ ʥʝʝʣʝʢʪʨʦʣʽʪʽʚ ʪʝʧʣʦʚʠʡ ʝʬʝʢʪ, ʚʽʜʥʝʩʝʥʠʡ ʜʦ ʦʜʥʦʛʦ ʤʦʣʷ ʨʝʯʦʚʠʥʠ, ʱʦ 

ʨʦʟʯʠʥʷʻʪʴʩʷ, ʤʘʡʞʝ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʤʘʩʠ ʚʟʷʪʦʛʦ ʨʦʟʯʠʥʥʠʢʘ. ʋ ʚʠʧʘʜʢʫ ʨʦʟʯʠʥʝʥʥʷ 

ʝʣʝʢʪʨʦʣʽʪʽʚ (ʨʠʩ. 3.2) ʥʘ ʪʝʧʣʦʪʫ ʨʦʟʯʠʥʝʥʥʷ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʚʧʣʠʚʘʻ ʢʦʥʮʝʥʪʨʘʮʽʷ 

ʜʦʙʫʪʦʛʦ ʨʦʟʯʠʥʫ. ʊʦʤʫ ʜʣʷ ʘʥʘʣʦʛʽʯʥʠʭ ʩʠʩʪʝʤ ʨʦʟʨʽʟʥʷʶʪʴ ʜʠʬʝʨʝʥʮʽʘʣʴʥʫ ʡ 

ʽʥʪʝʛʨʘʣʴʥʫ ʪʝʧʣʦʪʠ ʨʦʟʯʠʥʝʥʥʷ. 

ɯʥʪʝʛʨʘʣʴʥʘ ʪʝʧʣʦʪʘ ʨʦʟʯʠʥʝʥʥʷ ʚ ʫʩʽʭ ʦʙʣʘʩʪʷʭ ʢʦʥʮʝʥʪʨʘʮʽʡ ʷʚʣʷʻ ʩʦʙʦʶ 

ʘʣʛʝʙʨʘʾʯʥʫ ʩʫʤʫ ʝʥʜʦʪʝʨʤʽʯʥʦʛʦ ʝʬʝʢʪʫ ʨʫʡʥʫʚʘʥʥʷ ʢʨʠʩʪʘʣʽʯʥʦʾ ʨʝʰʽʪʢʠ ʪʘ 

ʝʢʟʦʪʝʨʤʽʯʥʦʛʦ ʝʬʝʢʪʫ ʛʽʜʨʘʪʘʮʽʾ ʽʦʥʽʚ: 

Ў(  Ў(̑ ̙̆  Ў( ,  (3.22) 



 

 

̅ ̆ЎὌ  ʧʝʨʰʘ ʪʝʧʣʦʪʘ 

ʨʦʟʯʠʥʝʥʥʷ, ʢɼʞ/ʤʦʣʴ; ЎὌ̑ ̆ ̙ð 

ʝʥʝʨʛʽʷ ʨʝʰʽʪʢʠ, ʢɼʞ/ʤʦʣʴ; ЎὌ  ð 

ʩʫʤʘʨʥʘ ʪʝʧʣʦʪʘ ʛʽʜʨʘʪʘʮʽʾ ʽʦʥʽʚ, 

ʢɼʞ/ʤʦʣʴ. 

ɽʥʝʨʛʽʾ ʢʨʠʩʪʘʣʽʯʥʠʭ ʨʝʰʽʪʦʢ, 

ʪʝʧʣʦʚʽ ʝʬʝʢʪʠ ʛʽʜʨʘʪʘʮʽʾ ʽʦʥʽʚ ʽ 

ʨʦʟʯʠʥʝʥʥʷ ʜʝʷʢʠʭ ʩʦʣʝʡ ʧʦʜʘʥʦ ʚ 

ʜʦʜʘʪʢʘʭ 1-3. ʗʢ ʚʠʜʥʦ ʟ ʜʘʥʠʭ 

ʜʦʜʘʪʢʫ 3, ʟʥʘʯʝʥʥʷ æʅʪ ʚʝʣʠʢʦʶ 

ʤʽʨʦʶ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʤʽʩʪʫ 

ʢʨʠʩʪʘʣʽʟʘʮʽʡʥʦʾ ʚʦʜʠ ʚ 

ʢʨʠʩʪʘʣʦʛʽʜʨʘʪʘʭ ʽ ʟʽ ʟʤʝʥʰʝʥʥʷʤ 

ʝʥʪʘʣʴʧʽʾ (ʚʠʜʽʣʝʥʥʷʤ ʪʝʧʣʦʪʠ) ʧʝʨʝʚʘʞʥʦ ʨʦʟʯʠʥʷʶʪʴʩʷ ʩʦʣʽ, ʱʦ ʚʢʣʶʯʘʶʪʴ ʩʠʣʴʥʦ 

ʛʽʜʨʘʪʦʚʘʥʽ ʢʘʪʽʦʥʠ ʣʫʞʥʠʭ ʽ ʣʫʞʥʦʟʝʤʝʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʘ ʪʘʢʦʞ ʫʩʽ ʛʽʜʨʦʢʩʠʜʠ. 

ɿʘ ʢʣʘʩʠʬʽʢʘʮʽʻʶ ʂ. ʇ. ʄʥʠʱʩʥʢʦ ʽ ʄ. ɿ. ʇʨʦʥʽʥʦʾ, ʚʩʽ ʨʝʯʦʚʠʥʠ ʤʦʞʥʘ 

ʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠ çʝʢʟʦʪʝʨʤʽʯʥʽʩʪʶè ʪʝʧʣʦʪʠ. ʇʽʜ ʮʠʤ ʪʝʨʤʽʥʦʤ ʨʦʟʫʤʽʶʪʴ ʥʝ ʣʠʰʝ 

ʚʠʜʽʣʝʥʥʷ ʪʝʧʣʦʪʠ, ʘ ʡ ʨʽʚʝʥʴ ʽ ʥʘʧʨʷʤ ʟʤʽʥʠ ʝʥʜʦʪʝʨʤʽʯʥʠʭ ʝʬʝʢʪʽʚ ʨʦʟʯʠʥʝʥʥʷ 

ʟʘʣʝʞʥʦ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʦʟʯʠʥʫ. çɽʢʟʦʪʝʨʤʽʯʥʽʩʪʴè ʪʝʧʣʦʪʠ ʨʦʟʯʠʥʝʥʥʷ æʅ ʤʦʞʝ 

ʙʝʟʧʝʨʝʨʚʥʦ ʟʨʦʩʪʘʪʠ ʘʙʦ ʟʤʝʥʰʫʚʘʪʠʩʷ, ʧʨʦʭʦʜʠʪʠ ʯʝʨʝʟ ʝʢʩʪʨʝʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ (ʜʠʚ. 

ʨʠʩ. 3.2). ɹʝʟʧʝʨʝʨʚʥʝ ʟʨʦʩʪʘʥʥʷ çʝʢʟʦʪʝʨʤʽʯʥʦʩʪʽè ʭʘʨʘʢʪʝʨʥʝ ʚ ʦʩʥʦʚʥʦʤʫ ʜʣʷ ʩʦʣʝʡ, 

ʱʦ ʨʦʟʯʠʥʷʶʪʴʩʷ ʟ ʧʦʛʣʠʥʘʥʥʷʤ ʪʝʧʣʦʪʠ (ʥʘʧʨʠʢʣʘʜ, ʂʉɯ), ʽ ʜʝʷʢʠʭ ʩʦʣʝʡ, ʱʦ 

ʨʦʟʯʠʥʷʶʪʴʩʷ ʟ ʚʠʜʽʣʝʥʥʷʤ ʪʝʧʣʦʪʠ (ʥʘʧʨʠʢʣʘʜ, ʂ2SO4). ʂʨʠʚʽ ʟ ʝʢʟʦʪʝʨʤʽʯʥʽʩʪʶ, ʱʦ 

ʙʝʟʧʝʨʝʨʚʥʦ ʟʤʝʥʰʫʻʪʴʩʷ ʚ ʤʽʨʫ ʟʙʽʣʴʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʦʟʯʠʥʫ, ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ 

ʩʦʣʝʡ, ʱʦ ʨʦʟʯʠʥʷʶʪʴʩʷ ʟ ʚʠʜʽʣʝʥʥʷʤ ʪʝʧʣʦʪʠ. ʊʨʝʪʽʡ ʪʠʧ ʢʨʠʚʠʭ ʭʘʨʘʢʪʝʨʥʠʡ ʜʣʷ 

ʜʝʷʢʠʭ ʩʦʣʝʡ, ʷʢʽ ʨʦʟʯʠʥʷʶʪʴʩʷ ʝʢʟʦʪʝʨʤʽʯʥʦ (Nʘɺʛ) ʽ ʝʥʜʦʪʝʨʤʽʯʥʦ (Nʘʉɯ). 

ʆʪʞʝ, ʷʢʱʦ ʫ ʚʠʧʘʜʢʫ ʟʙʽʣʴʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʝʣʝʢʪʨʦʣʽʪʫ ʝʢʟʦʪʝʨʤʽʯʥʽʩʪʴ 

ʧʨʦʮʝʩʫ ʡʦʛʦ ʨʦʟʯʠʥʝʥʥʷ ʟʤʝʥʰʫʻʪʴʩʷ, ʪʦ ʨʦʟʙʘʚʣʷʥʥʷ ʨʦʟʯʠʥʫ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ 

ʚʠʜʽʣʝʥʥʷʤ ʪʝʧʣʦʪʠ, ʽ ʥʘʚʧʘʢʠ, ʟʙʽʣʴʰʝʥʥʷ ʪʝʧʣʦʚʦʛʦ ʝʬʝʢʪʫ ʨʦʟʯʠʥʝʥʥʷ ʩʦʣʝʡ, ʱʦ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʟ ʚʠʜʽʣʝʥʥʷʤ ʪʝʧʣʦʪʠ, ʟʫʤʦʚʣʶʻ ʟʨʦʩʪʘʥʥʷ ʝʢʟʦʪʝʨʤʽʯʥʦʩʪʽ ʧʨʦʮʝʩʫ, ʘ ʟ 

ʧʦʛʣʠʥʘʥʥʷʤ ʪʝʧʣʦʪʠ ð ʟʥʠʞʝʥʥʷ ʝʥʜʦʪʝʨʤʽʯʥʦʩʪʽ. 

ʊʝʧʣʦʪʫ ʛʽʜʨʘʪʘʮʽʾ ʽʦʥʽʚ æʅS ʫ ʨʽʚʥʷʥʥʽ (3.22), ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʢʽʣʴʢʦʩʪʽ ʪʝʧʣʦʪʠ, ʷʢʘ 

ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ ʫʪʚʦʨʝʥʥʷ 1 ʤʦʣʴ ʪʚʝʨʜʦʛʦ ʢʨʠʩʪʘʣʦʛʽʜʨʘʪʫ ʟ ʪʚʝʨʜʦʾ ʙʝʟʚʦʜʥʦʾ ʩʦʣʽ ʽ 

ʧʝʚʥʦʾ ʢʽʣʴʢʦʩʪʽ ʚʦʜʠ, ʦʙʯʠʩʣʶʶʪʴ ʥʘ ʦʩʥʦʚʽ ʟʘʢʦʥʫ ɻʩʩʩʘ ʽ ʢʘʣʦʨʠʤʝʪʨʠʯʥʠʭ ʜʘʥʠʭ ʟʘ 

ʪʝʧʣʦʪʘʤʠ ʨʦʟʯʠʥʝʥʥʷ ʙʝʟʚʦʜʥʦʾ ʩʦʣʽ ʽ ʢʨʠʩʪʘʣʦʛʽʜʨʘʪʫ ʫ ʚʝʣʠʢʠʭ ʢʽʣʴʢʦʩʪʷʭ ʚʦʜʠ.  

ʅʘʧʨʠʢʣʘʜ, ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ 

ὔὥὅὕ ὥή ὔὥὅὕ Ͻὥή ςυȟς ̋ˑ ̇ЎὌὝ ; 

ὔὥὅὕϽρπὌὕ ὥή ὔὥὅὕ Ͻὥή φχȟς ̋ˑ ̇ЎὌὝ   

ɿʘ ʟʘʢʦʥʦʤ ɻʝʩʩʘ, ʨʽʟʥʠʮʷ ʪʝʧʣʦʪ ʦʙʦʭ ʧʨʦʮʝʩʽʚ ʚʽʜʧʦʚʽʜʘʻ ʪʝʧʣʦʪʽ ʫʪʚʦʨʝʥʥʷ 

ʢʨʠʩʪʘʣʦʛʽʜʨʘʪʫ 

ὔὥὅὕ ρπὌὕ  ὔὥὅὕ ϽρπὌὕ ωςȟτ ̋ˑ ̇ЎὌὝ̨̄̅ ̑  

 

ȼɔɝ. 3.2. ȳɌɗɑɒəɱɝɞɨ ɱəɞɑɏɜɌɗɨəɚɲ 
ɞɑɛɗɚɞɔ ɜɚɓɣɔəɑəəɫ ɐɑɫɖɔɡ ɝɚɗɑɕ Ɏɱɐ 
ɖɚəɢɑəɞɜɌɢɱɲ ɜɚɓɣɔəɟ:  
1 ð K2SO4; 2 ð KCl ; 3 ð NaCl ; 4 ð Na2CO3; 
5 ð CaCl2; 6 ð MgSO4; 7 ð MgCl 2 



 

 

ɿʚôʷʟʦʢ ʤʽʞ ʪʝʧʣʦʪʦʶ ʫʪʚʦʨʝʥʥʷ ʢʨʠʩʪʘʣʦʛʽʜʨʘʪʫ ʽ ʪʝʧʣʦʪʦʶ ʡʦʛʦ ʨʦʟʯʠʥʝʥʥʷ 

ʚʠʟʥʘʯʘʶʪʴ ʟʘ ʨʽʚʥʷʥʥʷʤ 

ЎὌὝ  ЎὌὝ̨̄̅̑ ЎὌὝ , 

ʜʝ ЎὌὝ , ЎὌὝ  ð ʪʝʧʣʦʪʠ ʨʦʟʯʠʥʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦ ʙʝʟʚʦʜʥʦʾ ʩʦʣʽ ʽ ʢʨʠʩʪʘʣʦʛʽʜʨʘʪʫ, 

ʢɼʞ/ʤʦʣʴ; ЎὌὝ̨̄̅̑ ð ʪʝʧʣʦʪʘ ʫʪʚʦʨʝʥʥʷ ʛʽʜʨʘʪʫ, ʢɼʞ/ʤʦʣʴ. 

ɼʣʷ ʨʝʘʣʴʥʠʭ ʨʦʟʯʠʥʽʚ ʽʥʪʝʛʨʘʣʴʥʫ ʪʝʧʣʦʪʫ ʨʦʟʯʠʥʝʥʥʷ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʟʘ 

ʟʤʽʥʦʶ ʝʥʪʘʣʴʧʽʾ ʧʨʠ ʚʟʘʻʤʦʜʽʾ ʧ1 ʤʦʣʝʢʫʣ ʨʦʟʯʠʥʥʠʢʘ ʟ ʧ2 ʤʦʣʝʢʫʣʘʤʠ ʨʦʟʯʠʥʝʥʦʾ 

ʨʝʯʦʚʠʥʠ 

ЎὌ  
 

                                                (3.23) 

ʜʝ ὌȟὌȟὌ  ð ʝʥʪʘʣʴʧʽʾ ʚʽʜʧʦʚʽʜʥʦ ʫʪʚʦʨʝʥʦʛʦ ʨʦʟʯʠʥʫ, ʨʦʟʯʠʥʥʠʢʘ ʽ ʨʝʯʦʚʠʥʠ, ʱʦ 

ʨʦʟʯʠʥʷʻʪʴʩʷ. 

ɽʢʩʪʨʘʧʦʣʶʶʯʠ ʨʽʚʥʷʥʥʷ (3.23) ʜʦ ά O π, ʤʦʞʥʘ ʜʽʩʪʘʪʠ ʧʝʨʰʫ ʪʝʧʣʦʪʫ 

ʨʦʟʯʠʥʝʥʥʷ 

ЎὌ ÌÉÍ
 O
ЎὌ  

Ὄ ὲὌ  ὲὌ

ὲ
 

ʇʘʨʮʽʘʣʴʥʘ ʝʥʪʘʣʴʧʽʷ ʨʦʟʯʠʥʥʠʢʘ ʚ ʥʝʩʢʽʥʯʝʥʥʦ ʨʦʟʙʘʚʣʝʥʦʤʫ ʨʦʟʯʠʥʽ 

ʜʦʨʽʚʥʶʻ ʝʥʪʘʣʴʧʽʾ ʯʠʩʪʦʛʦ ʨʦʟʯʠʥʥʠʢʘ 

Ὄ  Ὄ . 

ɼʣʷ ʨʝʯʦʚʠʥʠ, ʱʦ ʨʦʟʯʠʥʷʻʪʴʩʷ, ʚʥʘʩʣʽʜʦʢ ʧʨʦʭʦʜʞʝʥʥʷ ʧʨʦʮʝʩʽʚ ʩʦʣʴʚʘʪʘʮʽʾ, 

ʛʽʜʨʘʪʘʮʽʾ (  ( . 

ʊʦʤʫ 

ЎὌ  
ὲὌ  ὲὌ ὲὌ  ὲὌ

ὲ
 Ὄ  Ὄ  

ɺʘʞʣʠʚʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʧʨʦʮʝʩʽʚ ʨʦʟʯʠʥʝʥʥʷ ʡ 

ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʤʘʻ ʽʥʪʝʛʨʘʣʴʥʘ ʪʝʧʣʦʪʘ ʫʪʚʦʨʝʥʥʷ ʥʘʩʠʯʝʥʦʛʦ ʨʦʟʯʠʥʫ ЎὌ . ɿʥʘʶʯʠ 

ʪʝʤʧʝʨʘʪʫʨʥʫ ʟʘʣʝʞʥʽʩʪʴ ЎὌ Ὢ Ὕ, ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʜʠʬʝʨʝʥʮʽʘʣʴʥʫ ʪʝʧʣʦʪʫ 

ʨʦʟʯʠʥʝʥʥʷ 1 ʤʦʣʴ ʨʝʯʦʚʠʥʠ ʚ ʥʘʩʠʯʝʥʦʤʫ ʨʦʟʯʠʥʽ ɚS, ̫ ʢʫ ʥʘʟʠʚʘʶʪʴ ʪʘʢʦʞ ʦʩʪʘʥʥʴʦʶ 

ʪʝʧʣʦʪʦʶ ʨʦʟʯʠʥʝʥʥʷ 

Ὠὰὲά

ὨὝ

‗

ὺὙὝ
  

ʜʝ ʇ ð ʦʩʪʘʥʥʷ ʪʝʧʣʦʪʘ ʨʦʟʯʠʥʝʥʥʷ, ʢɼʞ/ʤʦʣʴ; ά  ð ʨʦʟʯʠʥʥʽʩʪʴ ʩʦʣʽ, ʤʦʣʴ/1000 ʛ 

ʅ2ʆ; v ð ʢʽʣʴʢʽʩʪʴ ʯʘʩʪʠʥʦʢ, ʱʦ ʫʪʚʦʨʠʣʠʩʷ ʧʽʜ ʯʘʩ ʜʠʩʦʮʽʘʮʽʾ ʝʣʝʢʪʨʦʣʽʪʫ; R ð 

ʫʥʽʚʝʨʩʘʣʴʥʘ ʛʘʟʦʚʘ ʩʪʘʥʘ; ʊ ð ʪʝʤʧʝʨʘʪʫʨʘ, ʂ. 

ʄʝʪʦʜʽʚ ʨʦʟʨʘʭʫʥʢʫ ʪʝʧʣʦʪʠ ʨʦʟʯʠʥʝʥʥʷ ʨʝʯʦʚʠʥʠ ʚ ʧʝʨʝʩʠʯʝʥʦʤʫ ʨʦʟʯʠʥʽ ʧʦʢʠ 

ʱʦ ʥʝ ʽʩʥʫʻ. ʇʨʦʪʝ ʚʽʜʦʤʽ ʤʘʪʝʤʘʪʠʯʥʽ ʚʠʨʘʟʠ, ʱʦ ʜʘʶʪʴ ʟʤʦʛʫ ʚʠʟʥʘʯʠʪʠ ʟʤʽʥʫ 

ʝʥʪʘʣʴʧʽʾ ʚ ʨʷʜʽ ʨʦʟʯʠʥʽʚ: ʧʝʨʝʩʠʯʝʥʠʡ  Oʥʘʩʠʯʝʥʠʡ  O ʥʝʥʘʩʠʯʝʥʠʡ. 

ʊʘʢ, ʷʢʱʦ ʜʦ ʧʝʨʝʩʠʯʝʥʦʛʦ ʨʦʟʯʠʥʫ ʟ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ Î : ὲ  ὲ  : ʧ1 (ά  

 ά) ʜʦʜʘʪʠ ʨʦʟʯʠʥʥʠʢ Ўὲ ʜʦ ʫʪʚʦʨʝʥʥʷ ʥʘʩʠʯʝʥʦʛʦ ὲ ȡὲ  Ўὲ  ὲ Ḋ

 ὲ ά   ά   ʘʙʦ ʥʝʥʘʩʠʯʝʥʦʛʦ ὲ ȡ ὲ



 

 

 Ўὲ   ὲ Ḋ ὲ ά  ά   ʨʦʟʯʠʥʫ, ʪʦ ʪʝʧʣʦʚʠʡ ʝʬʝʢʪ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʟʤʽʥʫ 

ʝʥʪʘʣʴʧʽʾ ʧʽʜ ʯʘʩ ʧʝʨʝʭʦʜʫ ʚʽʜ ʧʝʨʝʩʠʯʝʥʦʛʦ HSS ʜʦ ʥʘʩʠʯʝʥʦʛʦ Ὄ  ̓  ́Ὄ  ʨʦʟʯʠʥʫ, 

ʦʙʯʠʩʣʶʶʪʴ ʟʘ ʬʦʨʤʫʣʦʶ 

1  (  Î ( Î ЎÎ ( , 

ʋ ʚʠʧʘʜʢʫ ʨʦʟʙʘʚʣʷʥʥʷ ʧʝʨʝʩʠʯʝʥʦʛʦ ʨʦʟʯʠʥʫ ʜʦ ʢʦʥʮʝʥʪʨʘʮʽʾ ʥʝʥʘʩʠʯʝʥʦʛʦ 

ʨʦʟʯʠʥʫ ʪ ʪʝʧʣʦʚʠʡ ʝʬʝʢʪ ʩʪʘʥʦʚʠʪʴ 

1  (  Î (  ( Î ЎÎ ( (  (  Î Ў(  ( . 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʪʝʧʣʦʚʦʛʦ ʝʬʝʢʪʫ ʚʽʜʥʦʩʥʦʛʦ ʢʦʥʮʝʥʪʨʫʚʘʥʥʷ ʘʙʦ ʨʦʟʙʘʚʣʷʥʥʷ 

ʥʝʥʘʩʠʯʝʥʦʛʦ ʨʦʟʯʠʥʫ (ά  ṇ  ά ) ʤʦʞʥʘ ʟʘʩʪʦʩʫʚʘʪʠ ʨʽʚʥʷʥʥʷ 

ὗ  ЎὌ ЎὌ  ЎὌ ὲ 

3.4.2. ʊʝʧʣʦʪʘ ʨʦʟʯʠʥʝʥʥʷ ʨʽʜʠʥʠ ʫ ʨʽʜʠʥʽ 

ʋ ʭʽʤʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʘʭ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʩʠʩʪʝʤʠ ʨʽʜʠʥ, 

ʢʦʤʧʦʥʝʥʪʠ ʷʢʠʭ ʤʘʡʞʝ ʟʦʚʩʽʤ ʥʝ ʨʦʟʯʠʥʷʶʪʴʩʷ ʦʜʠʥ ʚ ʦʜʥʦʤʫ (ʚʦʜʘ ð ʛʘʩ, ʚʦʜʘ ð 

ʨʪʫʪʴ ʪʦʱʦ), ʦʙʤʝʞʝʥʦ (ʚʦʜʘ ð ʘʥʽʣʽʥ, ʚʦʜʘ ð ʬʝʥʦʣ ʪʦʱʦ) ʽ ʧʦʚʥʽʩʪʶ (ʚʦʜʘ ð 

ʝʪʠʣʦʚʠʡ ʩʧʠʨʪ ʪʦʱʦ) ʚʟʘʻʤʥʦ ʨʦʟʯʠʥʷʶʪʴʩʷ. ʆʙʤʝʞʝʥʘ ʚʟʘʻʤʥʘ ʨʦʟʯʠʥʥʽʩʪʴ ʜʚʦʭ 

ʨʝʯʦʚʠʥ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʩʠʩʪʝʤ, ʚ ʷʢʠʭ ʫʪʚʦʨʝʥʥʷ ʨʦʟʯʠʥʫ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ 

ʧʦʛʣʠʥʘʥʥʷʤ ʟʥʘʯʥʦʾ ʢʽʣʴʢʦʩʪʽ ʪʝʧʣʦʪʠ. ʊʝʧʣʦʚʠʡ ʝʬʝʢʪ ʚʟʘʻʤʥʦʛʦ ʨʦʟʯʠʥʝʥʥʷ ʨʽʜʠʥ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʟʤʽʥʠ ʥʘʚʢʦʣʠʰʥʽʭ ʫʤʦʚ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʨʦʟʯʠʥʥʽʩʪʴ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʧʨʠʥʮʠʧʫ ʟʤʽʱʝʥʥʷ ʨʽʚʥʦʚʘʛʠ. ʊʘʢ, ʫ ʥʘʩʠʯʝʥʦʤʫ ʨʦʟʯʠʥʽ ʟ ʧʽʜʚʠʱʝʥʥʷʤ 

ʪʝʤʧʝʨʘʪʫʨʠ ʨʦʟʯʠʥʥʽʩʪʴ ʨʝʯʦʚʠʥʠ ʟʙʽʣʴʰʫʻʪʴʩʷ, ʗʂʑʆ ʧʨʦʮʝʩ ʨʦʟʯʠʥʝʥʥʷ 

ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʧʦʛʣʠʥʘʥʥʷʤ ʪʝʧʣʦʪʠ, ʽ ʟʤʝʥʰʫʻʪʴʩʷ, ʷʢʱʦ ʧʨʦʮʝʩ ʨʦʟʯʠʥʝʥʥʷ 

ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʚʠʜʽʣʝʥʥʷʤ ʪʝʧʣʦʪʠ. 

ʊʝʧʣʦʚʠʡ ʝʬʝʢʪ ʚʟʘʻʤʥʦʛʦ ʨʦʟʯʠʥʝʥʥʷ ʨʽʜʠʥ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʟʘ ʨʽʚʥʷʥʥʷʤ 

ὗ  ὲ ЎὌ  ὲЎὌ  ὲЎὌ , 

ʜʝ ὲȟὲȟὲ - ʢʽʣʴʢʽʩʪʴ ʤʦʣʽʚ ʨʝʯʦʚʠʥʠ ʚʽʜʧʦʚʽʜʥʦ ʚ ʧʝʨʰʦʤʫ, ʜʨʫʛʦʤʫ ʨʦʟʯʠʥʘʭ ʽ ʚ 

ʩʫʤʽʰʽ, ʤʦʣʴ; ЎὌ , ЎὌ , ЎὌ  - ʪʝʧʣʦʪʠ ʨʦʟʯʠʥʝʥʥʷ, ʚʽʜʥʝʩʝʥʽ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʢʽʣʴʢʦʩʪʝʡ ʤʦʣʽʚ ὲȟὲȟὲ , ʢɼʞ/ʤʦʣʴ. 

ʊʝʧʣʦʪʫ ʨʦʟʯʠʥʝʥʥʷ ʨʽʜʠʥʠ ʚ ʨʽʜʠʥʽ ʽʥʦʜʽ ʦʙʯʠʩʣʶʶʪʴ ʫ ʧʝʨʝʨʘʭʫʥʢʫ ʥʘ 

ʨʦʟʯʠʥʝʥʫ ʨʝʯʦʚʠʥʫ 

ЎὌ  ЎὌ  ЎὌ  

ʜʝ ЎὌ  ð ʪʝʧʣʦʪʘ ʫʪʚʦʨʝʥʥʷ ʯʠʩʪʦʾ ʨʝʯʦʚʠʥʠ, ʱʦ ʨʦʟʯʠʥʷʻʪʴʩʷ. 

ɿʥʘʯʝʥʥʷ ЎὌ  ʚʠʟʥʘʯʘʶʪʴ ʟ ʨʽʚʥʦʩʪʽ, ʱʦ ʚʨʘʭʦʚʫʻ ʭʽʤʽʯʥʫ ʚʟʘʻʤʦʜʽʶ ʽ ʚʧʣʠʚ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʦʟʯʠʥʫ: 

ЎὌ  ЎὌ ρ  ЎὌ  ЎὌ  

ʜʝ   ð ʩʪʫʧʽʥʴ ʜʠʩʦʮʽʘʮʽʾ ʨʝʯʦʚʠʥʠ, ʱʦ ʨʦʟʯʠʥʷʻʪʴʩʷ, ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʦʟʯʠʥʫ m; 

ЎὌ  ð ʩʫʤʘʨʥʘ ʪʝʧʣʦʪʘ ʩʦʣʴʚʘʪʘʮʽʾ ʢʘʪʽʦʥʽʚ ʡ ʘʥʽʦʥʽʚ,



 

 

æʅ2 ð ʪʝʧʣʦʪʘ ʫʪʚʦʨʝʥʥʷ ʥʝʜʠʩʦʮʽʡʦʚʘʥʦʾ ʯʘʩʪʠʥʠ ʨʦʟʯʠʥʫ ʟ ʛʘʟʦʧʦʜʽʙʥʠʭ ʽʦʥʽʚ ʽ 

ʨʦʟʯʠʥʥʠʢʘ; ЎὌ  ð ʪʝʧʣʦʪʘ ʨʦʟʧʦʜʽʣʫ ʨʦʟʯʠʥʝʥʦʾ ʨʝʯʦʚʠʥʠ ʚ ʦʙôʻʤʽ ʨʦʟʯʠʥʫ. 

ɯʥʪʝʛʨʘʣʴʥʘ ʪʝʧʣʦʪʘ ʨʦʟʯʠʥʝʥʥʷ ʨʽʜʠʥʠ ʚ ʨʽʜʠʥʽ ЎὌ  ʤʘʻ ʩʢʣʘʜʥʫ ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ 

ʚʤʽʩʪʫ ʦʩʥʦʚʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʚ ʨʦʟʯʠʥʽ, ʟʫʤʦʚʣʝʥʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʪʝʧʣʦʚʠʭ 

ʝʬʝʢʪʽʚ ʧʨʦʮʝʩʽʚ ʽʦʥʽʟʘʮʽʾ ʡ ʩʦʣʴʚʘʪʘʮʽʾ. 

3.4.3. ʊʝʧʣʦʪʘ ʨʦʟʯʠʥʝʥʥʷ ʛʘʟʫ ʚ ʨʽʜʠʥʽ 

ʈʦʟʯʠʥʝʥʥʷ ʛʘʟʫ ʚ ʨʽʜʠʥʽ ʜʣʷ ʙʽʣʴʰʦʩʪʽ ʩʠʩʪʝʤ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʠʜʽʣʝʥʥʷʤ 

ʪʝʧʣʦʪʠ ʽ ʟʤʝʥʰʝʥʥʷʤ ʦʙôʻʤʫ, ʷʢ ʽ ʧʽʜ ʯʘʩ ʢʦʥʜʝʥʩʘʮʽʾ ʧʘʨʠ. ʊʦʤʫ ʟʘ ʨʽʚʥʷʥʥʷʤ 

ʂʣʘʫʟʽʫʩʘ ð ʂʣʘʧʝʡʨʦʥʘ 

ὨÌÎὖ  
ЎὌ

ὙὝ
 ὨὝȟ 

ʜʝ ʊ, ЎὌ  ð ʚʽʜʧʦʚʽʜʥʦ ʪʝʤʧʝʨʘʪʫʨʘ ʡ ʤʦʣʷʨʥʘ ʪʝʧʣʦʪʘ ʚʠʧʘʨʦʚʫʚʘʥʥʷ;  ̋= ʈ/ʈ0 ð 

ʚʽʜʥʦʩʥʠʡ ʪʠʩʢ ʥʘʩʠʯʝʥʦʾ ʧʘʨʠ, ʱʦ ʜʦʨʽʚʥʶʻ ʚʽʜʥʦʰʝʥʥʶ ʪʠʩʢʫ ʥʘʩʠʯʝʥʦʾ ʧʘʨʠ ʈ ʜʦ 

ʩʪʘʥʜʘʨʪʥʦʛʦ ʪʠʩʢʫ ʈ0; R ð ʫʥʚ̔ʝʨʩʘʣʴʥʘ ʛʘʟʦʚʘ ʩʪʘʣʘ. 

ɿ ʧʽʜʚʠʱʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ ʪʠʩʢ ʛʘʟʫ ʥʘʜ ʨʦʟʯʠʥʦʤ ʟʙʽʣʴʰʫʻʪʴʩʷ, ʪʦʙʪʦ 

ʨʦʟʯʠʥʥʽʩʪʴ ʡʦʛʦ ʟʤʝʥʰʫʻʪʴʩʷ. ɼʣʷ ʩʠʩʪʝʤ, ʫ ʷʢʠʭ ʨʦʟʯʠʥʝʥʥʷ ʛʘʟʽʚ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ 

ʧʦʛʣʠʥʘʥʥʷʤ ʪʝʧʣʦʪʠ, ʧʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ 

ʨʦʟʯʠʥʥʦʩʪʽ ʛʘʟʽʚ. 

ɿʽʩʪʘʚʣʝʥʥʷ ʨʦʟʯʠʥʥʦʩʪʽ ʨʽʟʥʠʭ ʛʘʟʽʚ ʟʘ ʦʜʥʘʢʦʚʠʭ ʫʤʦʚ ʥʝ ʜʘʻ ʟʤʦʛʠ ʚʩʪʘʥʦʚʠʪʠ 

ʧʨʦʩʪʫ ʟʘʛʘʣʴʥʫ ʟʘʢʦʥʦʤʽʨʥʽʩʪʴ, ʦʩʢʽʣʴʢʠ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʟʘʣʝʞʠʪʴ ʚʽʜ ʭʘʨʘʢʪʝʨʫ 

ʚʟʘʻʤʦʜʽʾ ʚ ʩʠʩʪʝʤʽ ʛʘʟ ð ʨʽʜʠʥʘ. ʅʘʧʨʠʢʣʘʜ, ʪʝʧʣʦʪʫ ʨʦʟʯʠʥʝʥʥʷ ʦʢʩʠʜʫ ʚʫʛʣʝʮʶ (IV) 

ʚ ʘʤʦʥʽʟʦʚʘʥʦʤʫ ʨʦʟcʦʣʽ ʚʠʟʥʘʯʘʶʪʴ ʟʘ ʨʽʚʥʷʥʥʷʤ, ʱʦ ʚʨʘʭʦʚʫʻ ʪʝʧʣʦʚʽ ʝʬʝʢʪʠ 

ʤʦʞʣʠʚʠʭ ʭʽʤʽʯʥʠʭ ʨʝʘʢʮʽʡ 

ЎὌ ςςȟχς ή  πȟφςω ὔὌὕὌ πȟτυψ ὔὌ ὅὕ , 

ʜʝ ή  ð ʪʝʧʣʦʪʘ, ʱʦ ʚʠʜʽʣʷʻʪʴʩʷ ʧʽʜ ʯʘʩ ʨʦʟʯʠʥʝʥʥʷ ʦʢʩʠʜʫ ʚʫʛʣʝʮʶ (IV), ʢɼʞ/ʤʦʣʴ. 

3.5. ʊʝʧʣʦʪʘ ʥʝʡʪʨʘʣʽʟʘʮʽʾ 

ʊʝʧʣʦʪʘ ʥʝʡʪʨʘʣʽʟʘʮʽʾ ʚʠʟʥʘʯʘʻʪʴʩʷ ʢʽʣʴʢʽʩʪʶ ʪʝʧʣʦʪʠ, ʷʢʘ ʚʠʜʽʣʷʻʪʴʩʷ ʧʽʜ ʯʘʩ 

ʚʟʘʻʤʦʜʽʾ 1 ʤʦʣʴ ʩʠʣʴʥʦʾ ʢʠʩʣʦʪʠ ʟ 1 ʤʦʣʴ ʩʠʣʴʥʦʾ ʦʩʥʦʚʠ. 

ɿʘ ʪʝʦʨʽʻʶ ʝʣʝʢʪʨʦʣʽʪʠʯʥʦʾ ʜʠʩʦʮʽʘʮʽʾ, ʧʨʦʮʝʩ ʥʝʡʪʨʘʣʽʟʘʮʽʾ ʩʠʣʴʥʦʾ ʦʩʥʦʚʠ ʽ 

ʩʠʣʴʥʦʾ ʢʠʩʣʦʪʠ ʚ ʽʦʥʥʦʤʫ ʚʠʛʣʷʜʽ ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʪʘʢ: 

Ὄὕ  ὕὌ  ςὌὕ υτȟτ ̋ˑ.̇ 

ʆʪʞʝ, ʦʯʝʚʠʜʥʦ, ʱʦ ʧʽʜ ʯʘʩ ʥʝʡʪʨʘʣʽʟʘʮʽʾ ʙʫʜʴ-ʷʢʦʾ ʩʠʣʴʥʦʾ ʢʠʩʣʦʪʠ ʩʠʣʴʥʦʶ 

ʦʩʥʦʚʦʶ ʪʝʧʣʦʚʠʡ ʝʬʝʢʪ ʤʘʻ ʙʫʪʠ ʩʪʘʣʠʤ ʽ ʚ ʨʦʟʙʘʚʣʝʥʠʭ ʨʦʟʯʠʥʘʭ ʧʨʠ ʊ = 298,15 ʂ 

ʜʦʨʽʚʥʶʻ 54,4 ʢɼʞ/ʤʦʣʴ. 

ʅʝʡʪʨʘʣʽʟʘʮʽʷ ʩʣʘʙʢʠʭ ʢʠʩʣʦʪ ʩʠʣʴʥʠʤʠ ʦʩʥʦʚʘʤʠ ʘʙʦ ʩʠʣʴʥʠʭ ʢʠʩʣʦʪ ʩʣʘʙʢʠʤʠ 

ʦʩʥʦʚʘʤʠ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʦʜʥʦʯʘʩʥʦʶ ʜʠʩʦʮʽʘʮʽʻʶ ʝʣʝʢʪʨʦʣʽʪʽʚ. ʇʨʠ ʮʴʦʤʫ 

ʚʠʜʽʣʷʻʪʴʩʷ ʘʙʦ ʧʦʛʣʠʥʘʻʪʴʩʷ ʪʝʧʣʦʪʘ ʜʠʩʦ- 

ʮʽʘʮʽʾ ЎὌ̅ ̉ȟ̒  ɦʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʪʝʧʣʦʪʠ, ʷʢʘ ʧʦʛʣʠʥʘʻʪʴʩʷ ʧʽʜ ʯʘʩ 

ʨʦʟʱʝʧʣʝʥʥʷ ʤʦʣʝʢʫʣ ʥʘ ʽʦʥʠ, ʽ ʚʽʜ ʪʝʧʣʦʪʠ ʛʽʜʨʘʪʘʮʽʾ. 

ʆʪʞʝ, ʪʝʧʣʦʪʘ ʥʝʡʪʨʘʣʽʟʘʮʽʾ ʩʣʘʙʢʠʭ ʢʠʩʣʦʪ ʽ ʩʣʘʙʢʠʭ ʦʩʥʦʚ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ 



 

 

ʚʝʣʠʯʠʥ: ʪʝʧʣʦʪʠ ʫʪʚʦʨʝʥʥʷ ʚʦʜʠ ʟ ʽʦʥʽʚ ʽ ʪʝʧʣʦʪʠ ʜʠʩʦʮʽʘʮʽʾ ʩʣʘʙʢʦʛʦ ʝʣʝʢʪʨʦʣʽʪʫ 

ЎὌ  υτȟτ  ЎὌ̅ ̉̒. 

3.6. ʊʝʧʣʦʪʘ ʟʛʦʨʷʥʥʷ 

ɼʣʷ ʙʘʛʘʪʴʦʭ ʪʝʨʤʦʭʽʤʽʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ, ʦʩʦʙʣʠʚʦ ʫ ʚʠʧʘʜʢʫ ʥʝʤʦʞʣʠʚʦʩʪʽ 

ʟʜʽʡʩʥʝʥʥʷ ʨʝʘʢʮʽʡ ʫʪʚʦʨʝʥʥʷ ʩʧʦʣʫʢ ʟ ʧʨʦʩʪʠʭ ʨʝʯʦʚʠʥ ʽ ʚʠʟʥʘʯʝʥʥʷ ʪʝʧʣʦʪ ʾʭ 

ʫʪʚʦʨʝʥʥʷ, ʚʘʞʣʠʚʦʛʦ ʟʥʘʯʝʥʥʷ ʥʘʙʫʚʘʶʪʴ ʨʝʘʢʮʽʾ ʧʦʚʥʦʛʦ ʟʛʦʨʷʥʥʷ ʽ ʦʙʯʠʩʣʝʥʥʷ 

ʪʝʧʣʦʪʠ ʮʴʦʛʦ ʧʨʦʮʝʩʫ. 

ʊʝʧʣʦʪʘ ʟʛʦʨʷʥʥʷ ʚʽʜʧʦʚʽʜʘʻ ʪʝʧʣʦʚʦʤʫ ʝʬʝʢʪʫ ʧʦʚʥʦʛʦ ʟʛʦʨʷʥʥʷ 1 ʤʦʣʴ, 

ʨʝʯʦʚʠʥʠ ʜʦ ʫʪʚʦʨʝʥʥʷ ʚʠʱʠʭ ʦʢʩʠʜʽʚ ʟʘ ʜʘʥʠʭ ʫʤʦʚ (ʈ, ʊ). ʆʩʢʽʣʴʢʠ ЎὌ̈ ̄ Ὢ Ὕȟὖ, 

ʜʣʷ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʚʚʝʜʝʥʦ ʧʦʥʷʪʪʷ ʩʪʘʥʜʘʨʪʥʦʾ ʪʝʧʣʦʪʠ ʟʛʦʨʷʥʥʷ, 

ʱʦ ʷʚʣʷʻ ʩʦʙʦʶ ʪʝʧʣʦʪʫ ʧʦʚʥʦʛʦ ʟʛʦʨʷʥʥʷ ʟʘ ʩʪʘʥʜʘʨʪʥʠʭ ʫʤʦʚ. ʉʪʘʥʜʘʨʪʥʽ ʪʝʧʣʦʪʠ 

ʟʛʦʨʷʥʥʷ ʧʦʜʘʶʪʴʩʷ ʚ ʜʦʚʽʜʢʦʚʽʡ ʣʽʪʝʨʘʪʫʨʽ, ʾʭ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʪʝʧʣʦʚʠʭ ʝʬʝʢʪʽʚ ʨʝʘʢʮʽʡ. 

ɺ ʦʩʥʦʚʽ ʚʠʟʥʘʯʝʥʥʷ ʪʝʧʣʦʪʠ ʟʛʦʨʷʥʥʷ Qm ʨʝʯʦʚʠʥʠ ʣʝʞʠʪʴ ʧôʷʪʠʡ ʥʘʩʣʽʜʦʢ ʽʟ 

ʟʘʢʦʥʫ ɻʝʩʩʘ, ʟʘ ʷʢʠʤ Qm ʜʦʨʽʚʥʶʻ ʨʽʟʥʠʮʽ ʤʽʞ ʩʫʤʘʤʠ ʪʝʧʣʦʪ ʟʛʦʨʷʥʥʷ ʚʠʭʽʜʥʠʭ ʽ 

ʢʽʥʮʝʚʠʭ ʨʝʯʦʚʠʥ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʩʪʝʭʽʦʤʝʪʨʠʯʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ὺ 

ὗ  ὺὗ̈ ̄̃ ̖̉ ὺὗ̈ ̄̋  

ʜʝ ὗ̈ ̄̃ ̖̉, ὗ̈ ̄̋  ð ʤʦʣʷʨʥʽ ʪʝʧʣʦʪʠ ʟʛʦʨʷʥʥʷ ʚʽʜʧʦʚʽʜʥʦ ʚʠʭʽʜʥʠʭ ʨʝʯʦʚʠʥ ʽ 

ʢʽʥʮʝʚʠʭ ʧʨʦʜʫʢʪʽʚ. 

ʊʝʧʣʦʪʘ ʟʛʦʨʷʥʥʷ ʟʘʣʝʞʠʪʴ ʚʽʜ ʫʤʦʚ ʧʝʨʝʙʽʛʫ ʧʨʦʮʝʩʫ (ʊ, V =const ʘʙʦ ʊ, ʈ = 

const). 

ɿa ʨʽʚʥʷʥʥʷʤʠ (3.7), (3.10), ʪʝʧʣʦʪʘ ʟʛʦʨʷʥʥʷ ʧʨʠ ʩʪʘʣʦʤʫ ʦʙôʻʤʽ ʜʦʨʽʚʥʶʻ 

ʧʨʠʨʦʩʪʫ ʚʥʫʪʨʽʰʥʴʦʾ ʝʥʝʨʛʽʾ ʩʠʩʪʝʤʠ 

ЎὟ  ὺЎὟ̈  ̄

 ̔ʧʨʠ ʩʪʘʣʦʤʫ ʪʠʩʢʫ ð ʧʨʠʨʦʩʪʫ ʝʥʪʘʣʴʧʽʾ 

ЎὌ  ὺЎὌ̈  ̄

ʅʘʧʨʠʢʣʘʜ, ʜʣʷ ʨʝʘʢʮʽʾ (3.5) 

ЎὌ  Ὕ  ὺЎὌ̈ Ὕ̄  ὺЎὌ̈ Ὕ̄  ὺЎὌ̈ Ὕ̄  ὺЎὌ̈ Ὕ̄  

ʜʝ ЎὌ̈  ̄ ð ʪʝʧʣʦʪʘ ʟʛʦʨʷʥʥʷ ʭʽʤʽʯʥʦʾ ʨʝʯʦʚʠʥʠ. 

ʋ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʦʟʨʘʭʫʥʢʘʭ ʚʘʞʣʠʚʝ ʟʥʘʯʝʥʥʷ ʤʘʻ ʚʠʟʥʘʯʝʥʥʷ ʪʝʧʣʦʪʠ ʟʛʦʨʷʥʥʷ 

ʧʘʣʠʚʘ ὗ
̐́

 ̌ʜʣʷ ʯʦʛʦ ʽʩʥʫʶʪʴ ʨʽʟʥʽ ʩʧʦʩʦʙʠ. ʅʘʧʨʠʢʣʘʜ, ʷʢʱʦ ʢʘʣʦʨʠʤʝʪʨʠʯʥʠʭ 

ʜʘʥʠʭ ʥʝʤʘʻ, ʘʣʝ ʚʽʜʦʤʠʡ ʝʣʝʤʝʥʪʘʨʥʠʡ ʩʢʣʘʜ ʧʘʣʠʚʘ, ʥʠʞʯʫ ʪʝʧʣʦʪʫ ʟʛʦʨʷʥʥʷ ʤʦʞʥʘ 

ʧʨʠʙʣʠʟʥʦ ʦʙʯʠʩʣʠʪʠ ʟʘ ʬʦʨʤʫʣʦʶ ʄʝʥʜʝʣʻʻʚʘ 

1
̐́̌

ψρ# σππ( ςφ / 3 φ ω( 7 , (3.24) 

ʟʘ ʉ, ʅ, ʆ, S, W ð ʚʤʽʩʪ ʫ ʧʘʣʠʚʽ ʚʽʜʧʦʚʽʜʥʦ ʚʫʛʣʝʮʶ, ʚʦʜʥʶ, ʢʠʩʥʶ, ʩʽʨʢʠ ʽ ʚʦʣʦʛʠ, 

%. 



 

 

ʊʝʦʨʝʪʠʯʥʦ ʧʦʪʨʽʙʥʫ ʢʽʣʴʢʽʩʪʴ ʧʦʚʽʪʨʷ ʜʣʷ ʟʛʦʨʷʥʥʷ ʧʘʣʠʚʘ ʧʨʠ ʢʦʝʬʽʮʽʻʥʪʽ 

ʥʘʜʣʠʰʢʫ  ʚʠʟʥʘʯʘʶʪʴ ʽʟ ʩʪʝʭʽʦʤʝʪʨʠʯʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʨʠʧʫʱʝʥʥʷ, 

ʱʦ ʚʝʩʴ ʚʫʛʣʝʮʴ ʟʛʦʨʷʻ ʜʦ ʉO2, ʚʦʜʝʥʴ ð ʜʦ ʅ2O, ʩʽʨʢʘ ð ʜʦ SO2 ʟʘ ʬʦʨʤʫʣʦʶ: 

Ὃ  Ὃ̐ ́̌   πȟρρφὅ πȟστψὌ πȟπτσυ Ὓ ὕ  (3.25) 

ʊʝʧʣʦʪʫ ʟʛʦʨʷʥʥʷ ʤʦʞʥʘ ʦʙʯʠʩʣʠʪʠ ʪʘʢʦʞ ʟʘ ʬʦʨʤʫʣʦʶ ʂʦʥʦʚʘʣʦʚʘ: 

ЎὌ̈ ̄  τψȟψά ρπȟυὲ ὃ, 

ʜʝ ʪ ð ʢʽʣʴʢʽʩʪʴ ʘʪʦʤʽʚ ʢʠʩʥʶ, ʧʦʪʨʽʙʥʘ ʜʣʷ ʧʦʚʥʦʛʦ ʟʛʦʨʷʥʥʷ ʜʘʥʦʾ ʩʧʦʣʫʢʠ; ʧ ð 

ʢʽʣʴʢʽʩʪʴ ʤʦʣʽʚ ʫʪʚʦʨʝʥʦʾ ʚʦʜʠ; ɸ ð ʧʦʧʨʘʚʢʘ, ʩʪʘʣʘ ʚʝʣʠʯʠʥʘ ʚ ʤʝʞʘʭ ʜʘʥʦʛʦ 

ʛʦʤʦʣʦʛʽʯʥʦʛʦ ʨʷʜʫ. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʪʝʧʣʦʪʠ ʟʛʦʨʷʥʥʷ ʨʽʜʢʦʛʦ ʧʘʣʠʚʘ ʟʘʩʪʦʩʦʚʫʶʪʴ ʨʽʚʥʷʥʥʷ ʂʘʨʨʘʰʘ: 

Ў(̈ ̄  ςφȟπυ τ# (  Î̈Ȣ̆  ВËЎÉ, 

ʜʝ ʉ, ʅ ð ʚʽʜʧʦʚʽʜʥʦ ʢʽʣʴʢʦʩʪʽ ʘʪʦʤʽʚ ʚʫʛʣʝʮʶ ʽ ʚʦʜʥʶ; Î̈Ȣ̆ ð ʢʽʣʴʢʽʩʪʴ ʟʘʤʽʱʝʥʠʭ 

ʝʣʝʢʪʨʦʥʽʚ; ËȟЎÉ ð ʢʽʣʴʢʦʩʪʽ ʦʜʥʘʢʦʚʠʭ ʟʘʤʽʩʥʠʢʽʚ ʽ ʚʽʜʧʦʚʽʜʥʽ ʾʤ ʪʝʧʣʦʚʽ ʧʦʧʨʘʚʢʠ. 

ʈʦʟʨʘʭʦʚʘʥʽ Ў(̈  ̄ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʝʣʠʯʠʥʘʤ ʪʝʧʣʦʚʠʭ ʝʬʝʢʪʽʚ ʨʝʘʢʮʽʡ, ʦʙʯʠʩʣʝʥʠʭ 

ʘʣʛʝʙʨʘʾʯʥʠʤ ʜʦʜʘʚʘʥʥʷʤ ʪʝʧʣʦʪ ʫʪʚʦʨʝʥʥʷ: 

ЎὌ  ὺЎὌ  

ʇʨʠʢʣʘʜ 3.4. ɺʠʟʥʘʯʠʪʠ ʥʘʡʥʠʞʯʫ ʪʝʧʣʦʪʫ ʟʛʦʨʷʥʥʷ ʚʫʛʽʣʣʷ ʽ ʢʽʣʴʢʽʩʪʴ 

ʧʦʚʽʪʨʷ, ʧʦʪʨʽʙʥʫ ʜʣʷ ʟʛʦʨʷʥʥʷ 1 ʢʛ ʮʴʦʛʦ ʚʫʛʽʣʣʷ, ʷʢʱʦ ʢʦʝʬʽʮʽʻʥʪ ʥʘʜʣʠʰʢʫ ʧʦ-

ʚʽʪʨʷ  = 1,5. ʉʢʣʘʜ ʚʫʛʽʣʣʷ, %: ʉ ð 68,2; ʅ ð 1,4; ʆ ð 1,5; N ð 1,1; S ð 1,2; 

ʚʦʣʦʛʘ ð 5,8; ʟʦʣʘ ð ʨʝʰʪʘ. 

ʈʦʟʚ'ʷʟʫʚʘʥʥʷ. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʨʽʚʥʷʥʥʷ (3.24), ʦʙʯʠʩʣʶʶʪʴ ʥʘʡʥʠʞʯʫ ʪʝʧʣʦʪʫ 

ʟʛʦʨʷʥʥʷ ʚʫʛʽʣʣʷ 

ὗ
̐́̌

ψρ Ͻφψȟς σππ Ͻρȟτ ςφρȟυ ρȟς φω Ͻρȟτ υȟψ υψςφȟπ ̋ˑȾ̇̋  ̄

ɿʘ ʨʽʚʥʷʥʥʷʤ (3.25) ʚʠʟʥʘʯʘʶʪʴ ʢʽʣʴʢʽʩʪʴ ʧʦʚʽʪʨʷ, ʧʦʪʨʽʙʥʫ ʜʣʷ ʟʛʦʨʷʥʥʷ 1 ʢʛ 

ʚʫʛʽʣʣʷ: 

Ὃ  ‗Ὃ̐ ́̌ πȟρρφ Ͻφψȟς πȟστψ Ͻρȟτ πȟπτσυ Ͻρȟς ρȟυ ρȟυ Ͻχȟσψ

ρρȟπχ ̋ .̄ 

ʇʨʠʢʣʘʜ 3.5. ʆʙʯʠʩʣʠʪʠ ʪʝʧʣʦʚʠʡ ʝʬʝʢʪ ʨʝʘʢʮʽʾ ʫʪʚʦʨʝʥʥʷ ʘʮʝʪʘʣʴʜʝʛʽʜʫ ʟ 

ʛʣʽʢʦʣʶ ʟʘ ʨʝʘʢʮʽʻʶ, ʱʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʩʪʘʥʜʘʨʪʥʠʭ ʫʤʦʚ 

ʉʅ2 (ʆʅ) ʉʅ2 (ʆʅ)(ʨ) = ʉʅ3ʉʅʆ(ʛ) + ʅ2ʆ(ʨ) Ñ Ў(  

ʈʦʟʚ'ʷʟʫʚʘʥʥʷ. ʊʝʧʣʦʚʠʡ ʝʬʝʢʪ ʨʝʘʢʮʽʾ ʫʪʚʦʨʝʥʥʷ ʘʮʝʪʘʣʴʜʝʛʽʜʫ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ 

ʟʘ ʪʝʧʣʦʪʘʤʠ ʟʛʦʨʷʥʥʷ ʨʝʘʛʫʶʯʠʭ ʨʝʯʦʚʠʥ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʾʭ ʬʘʟʦʚʦʛʦ ʩʪʘʥʫ. ʆʩ-

ʢʽʣʴʢʠ ʪʝʧʣʦʪʘ ʟʛʦʨʷʥʥʷ ʚʦʜʠ ʜʦʨʽʚʥʶʻ ʥʫʣʶ (ЎὌ π), ʘ ʨʝʘʢʮʽʾ 

ʉʅ2 (ʆʅ) ʉʅ2 (ʆʅ)(ʨ) + 5/2O2 = 2ʉO2 + ɿʅ2O(ʨ) + ЎὌ ; 

ʉʅ3ʉʅʆ(ʛ) + 5/2O2 = 2ʉO2 + 2ʅ2ʆ(ʨ) + ЎὌ  

ʩʫʧʨʦʚʦʜʞʫʶʪʴʩʷ ʚʠʜʽʣʝʥʥʷʤ ʪʝʧʣʦʪʠ ЎὌ  ʽ ЎὌ, ʪʝʧʣʦʚʠʡ ʝʬʝʢʪ ʫʪʚʦʨʝʥʥʷ 

ʘʮʝʪʘʣʴʜʝʛʽʜʫ ЎὌ  ʤʦʞʥʘ ʨʦʟʨʘʭʫʚʘʪʠ ʟʘ ʨʽʚʥʷʥʥʷʤ (3.4): 

ЎὌ  ЎὌ  ЎὌ  ЎὌ  ρρωςȟψφρρωςȟττ πȟτς ̋ˑȾ̇̍ ̝̏̌. 



 

 

3.7. ʊʝʧʣʦʪʘ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʫ 

ʌʘʟʦʚʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʩʫʧʨʦʚʦʜʞʫʶʪʴʩʷ ʚʠʜʽʣʝʥʥʷʤ ʘʙʦ ʧʦʛʣʠʥʘʥʥʷʤ ʧʨʠʭʦʚʘʥʦʾ 

ʪʝʧʣʦʪʠ ʧʝʨʝʪʚʦʨʝʥʥʷ, ʱʦ ʷʚʣʷʻ ʩʦʙʦʶ ʨʽʟʥʠʮʶ ʤʦʣʷʨʥʠʭ ʝʥʪʘʣʴʧʽʡ ʜʚʦʭ ʬʘʟ , ʱʦ 

ʨʦʟʛʣʷʜʘʶʪʴʩʷ, ʧʨʠ ʧʝʚʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʽ ʪʠʩʢʫ. ʏʘʩʪʦ ʧʨʠ ʦʮʽʥʮʽ ʪʝʧʣʦʚʠʭ ʝʬʝʢʪʽʚ 

ʨʝʘʢʮʽʾ ʚʠʥʠʢʘʻ ʧʦʪʨʝʙʘ ʚʨʘʭʦʚʫʚʘʪʠ ʧʨʠʭʦʚʘʥʽ ʪʝʧʣʦʪʠ ʬʘʟʦʚʠʭ ʧʝʨʝʪʚʦʨʝʥʴ. 

ʅʘʧʨʠʢʣʘʜ, ʽʥʦʜʽ ʧʦʪʨʽʙʥʦ ʟʥʘʪʠ ʪʝʧʣʦʚʠʡ ʝʬʝʢʪ ʨʝʘʢʮʽʾ ʟʘ ʫʤʦʚʠ, ʢʦʣʠ ʦʜʥʘ ʯʠ ʢʽʣʴʢʘ 

ʨʝʯʦʚʠʥ ʧʝʨʝʙʫʚʘʶʪʴ ʫ ʪʘʢʦʤʫ ʬʽʟʠʯʥʦʤʫ ʩʪʘʥʽ, ʱʦ ʚʽʜʨʽʟʥʘʻʪʴʩʷ ʚʽʜ ʟʚʠʯʘʡʥʦʛʦ. ʋ 

ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʩʣʽʜ ʟʨʦʙʠʪʠ ʚʽʜʧʦʚʽʜʥʝ ʢʦʨʠʛʫʚʘʥʥʷ ʽ ʟʘʩʪʦʩʫʚʘʪʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʪʝʧʣʦʚʦʛʦ ʝʬʝʢʪʫ ʨʽʚʥʷʥʥʷ, ʚ ʷʢʦʤʫ ʚʨʘʭʦʚʫʻʪʴʩʷ ʚʧʣʠʚ ʘʛʨʝʛʘʪʥʦʛʦ ʩʪʘʥʫ 

ʢʦʤʧʦʥʝʥʪʽʚ ʨʝʘʢʮʽʾ. ʅʘʧʨʠʢʣʘʜ, ʨʝʘʢʮʽʶ ʤʽʞ ʨʝʯʦʚʠʥʘʤʠ, ʱʦ ʧʝʨʝʙʫʚʘʶʪʴ ʫ 

ʨʽʜʢʦʤʫ ʩʪʘʥʽ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʨʦʮʝʩʽʚ 1, 4 (ʨʠʩ. 3.3), ʫ ʚʠʧʘʜʢʫ ʩʪʘʣʠʭ ʊ ʽ ʈ ʤʦʞʥʘ 

ʟʜʽʡʩʥʠʪʠ ʪʘʢ: ʚʠʧʘʨʫʚʘʪʠ ʨʝʘʛʝʥʪʠ ʧʨʠ ʪʠʩʢʘʭ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʪʠʩʢʘʤ ʥʘʩʠʯʝʥʥʷ 

ʟʘ ʜʘʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ (ʧʨʦʮʝʩ 1, 2), ʧʨʦʚʝʩʪʠ ʨʝʘʢʮʽʶ ʤʽʞ ʛʘʟʦʧʦʜʽʙʥʠʤʠ ʨʝʯʦʚʠʥʘʤʠ 

ʟʘ ʜʘʥʠʭ ʪʝʤʧʝʨʘʪʫʨʠ ʽ ʪʠʩʢʫ (ʧʨʦʮʝʩ 2, 3), ʩʢʦʥʜʝʥʩʫʚʘʪʠ ʧʘʨʫ ʧʨʦʜʫʢʪʽʚ ʨʝʘʢʮʽʾ ʧʨʠ 

ʪʠʩʢʘʭ ʥʘʩʠʯʝʥʥʷ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʜʘʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ (ʧʨʦʮʝʩ ɿ, 4).  

ɺʨʘʭʦʚʫʶʯʠ, ʱʦ ʝʥʪʘʣʴʧʽʷ ʻ ʬʫʥʢʮʽʻʶ ʩʪʘʥʫ, ʜʽʩʪʘʥʝʤʦ  

ЎὌ̑  ЎὌȟ  ЎὌ̄  ЎὌȟ, 

ʜʝ ЎὌ̑ȟЎὌ  ̄ð ʪʝʧʣʦʚʽ ʝʬʝʢʪʠ ʚʟʘʻʤʦʜʽʾ ʚʽʜʧʦʚʽʜʥʦ ʨʽʜʢʠʭ ʽ ʛʘʟʦʧʦʜʽʙʥʠʭ ʨʝʯʦʚʠʥ; 

ЎὌȟ  ЎὌ̃ ̉ ̐ ð ʪʝʧʣʦʪʘ ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʚʠʭʽʜʥʠʭ ʨʝʯʦʚʠʥ; ЎὌȟ  ЎὌ̋ ̏̎̅ ð 

ʪʝʧʣʦʪʘ ʢʦʥʜʝʥʩʘʮʽʾ ʧʨʦʜʫʢʪʽʚ ʨʝʘʢʮʽʾ. 

ɺʠʨʘʞʘʶʯʠ ʪʝʧʣʦʪʠ ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʽ ʢʦʥʜʝʥʩʘʮʽʾ ʯʝʨʝʟ ʤʦʣʷʨʥʽ ʪʝʧʣʦʪʠ 

ʧʘʨʦʫʪʚʦʨʝʥʥʷ: 

ЎὌȟ Ὄ  Ὄ ̖̃̉ ὺὶ̖̃̉ 

ЎὌȟ  Ὄ  Ὄ ̋  ὺὶ̋ 

ʜʽʩʪʘʥʝʤʦ ʟʘʛʘʣʴʥʠʡ ʪʝʧʣʦʚʠʡ ʝʬʝʢʪ, ʧʦʚôʷʟʘʥʠʡ ʟ ʚʠʧʘʨʦʚʫʚʘʥʥʷʤ ʽ ʢʦʥʜʝʥʩʘʮʽʻʶ 

ʨʝʯʦʚʠʥ, ʱʦ ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʫ ʨʝʘʢʮʽʾ 

ЎὌ̕ Ȣ̐Ȣ  ЎὌȟ  ЎὌȟ  ὺὶ̃̉ ̖ ὺὶ̋  ὺὶ̋  ὺὶ̖̃̉ 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʧʨʘʚʠʣʘ ʟʥʘʢʽʚ ʜʣʷ 

ʩʪʝʭʽʦʤʝʪʨʠʯʥʠʭ ʯʠʩʝʣ 

ЎὌ̕ Ȣ̐Ȣ  ὺὶ 

ʆʪʞʝ, 

ЎὌ  ЎὌ̄ ὺὶ 

ʊʝʧʣʦʚʠʡ ʝʬʝʢʪ ʨʝʘʢʮʽʾ ʤʽʞ ʨʽʜʢʠʤʠ ʨʝʯʦʚʠʥʘʤʠ ʤʦʞʥʘ ʧʦʜʘʪʠ ʯʝʨʝʟ ʪʝʧʣʦʚʠʡ 

ʝʬʝʢʪ ʨʝʘʢʮʽʾ ʤʽʞ ʛʘʟʦʧʦʜʽʙʥʠʤʠ ʨʝʯʦʚʠʥʘʤʠ. ɸʥʘʣʦʛʽʯʥʦ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ 

ʪʝʧʣʦʚʠʡ ʝʬʝʢʪ ʨʝʘʢʮʽʾ ʤʽʞ ʪʚʝʨʜʠʤʠ ʨʝʯʦʚʠʥʘʤʠ ʯʝʨʝʟ ʪʝʧʣʦʚʠʡ ʝʬʝʢʪ ʨʝʘʢʮʽʾ ʤʽʞ 

ʨʽʜʢʠʤʠ ʨʝʯʦʚʠʥʘʤʠ. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʪʝʧʣʦʚʦʛʦ ʝʬʝʢʪʫ ʜʝʷʢʠʭ ʨʝʯʦʚʠʥ, ʱʦ ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʫ ʭʽʤʽʯʥʠʭ 

 

ȼɔɝ. 3.3. ȮɔɓəɌɣɑəəɫ ɓɌɗɑɒəɚɝɞɱ 
ɞɑɛɗɚɎɚɏɚ ɑɠɑɖɞɟ ɜɑɌɖɢɱɲ Ɏɱɐ Ɍɏɜɑ-
ɏɌɞəɚɏɚ ɝɞɌəɟ ɖɚɘɛɚəɑəɞɱɎ ɜɑɌɖɢɱɲ 



 

 

ʨʝʘʢʮʽʷʭ, ʟʘʩʪʦʩʦʚʫʶʪʴ ʨʽʚʥʷʥʥʷ (3.17) ʫ ʪʘʢʦʤʫ ʚʠʛʣʷʜʽ 

 ЎὌ  ЎὌ  ᷿ Ўὧ ὨὝ ЎὌ̐ ̆̑ ᷿ Ўὧ ᴂᴂ ὨὝ̐̌

̖̐̆̑̆

̐̆̑̆̓̃  ЎὌ̐ ̌

 ᷿ Ўὧ ᴂᴂᴂ ὨὝ̋̉̐

̐̌
 ЎὌ̋ ̉̐ ᷿ Ўὧ ᴂᴂᴂᴂ ὨὝ̖̐̆̑̆

̋̉̐
. (3.26) 

ʇʨʠʢʣʘʜ 3.6. ɺʠʟʥʘʯʠʪʠ ʪʝʧʣʦʚʠʡ ʝʬʝʢʪ ʨʝʘʢʮʽʾ ʜʦʙʫʚʘʥʥʷ ʢʘʨʙʽʜʫ ʙʦʨʫ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʽ 1800 ʂ: 

2B2O3 + 6Mg + C = B4C + 6MgO 

ʈʦʟʚôʷʟʫʚʘʥʥʷ. ɼʣʷ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʟʘʜʘʯʽ ʪʨʝʙʘ ʚʨʘʭʦʚʫʚʘʪʠ, ʱʦ ʚ 

ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ 298ð1800 ʂ ʧʣʘʚʣʷʪʴʩʷ ʤʘʛʥʽʡ (293 ʂ) ʽ ʙʦʨʥʠʡ ʘʥʛʽʜʨʠʜ (723 

ʂ), ʚʠʧʘʨʦʚʫʻʪʴʩʷ ʤʘʛʥʽʡ (1390 ʂ), ʨʝʰʪʘ ʢʦʤʧʦʥʝʥʪʽʚ ʨʝʘʢʮʽʾ ʟʘʣʠʰʘʶʪʴʩʷ ʚ ʪʘʢʦʤʫ 

ʩʘʤʦʤʫ ʩʪʘʥʽ, ʱʦ ʡ ʥʘ ʧʦʯʘʪʢʫ ʧʨʦʮʝʩʫ. 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʨʽʚʥʷʥʥʷ (3.26), ʚʠʟʥʘʯʘʶʪʴ ʪʝʧʣʦʚʠʡ ʝʬʝʢʪ ʨʝʘʢʮʽʾ ʜʦʙʫʚʘʥʥʷ 

ʢʘʨʙʽʜʫ ʙʦʨʫ 

ЎὌ  ЎὌ  ЎὧὨὝ ςὒ̐ ̌  ЎὧὨὝ φὒ̐ ̌  ЎὧὨὝ

φὒ̃ ̉̐  ЎὧὨὝ 

ɼʣʷ ʙʫʜʴ-ʷʢʦʛʦ ʨʽʚʥʦʚʘʞʥʦʛʦ ʧʝʨʝʭʦʜʫ ʨʝʯʦʚʠʥʠ ʟ ʦʜʥʽʻʾ ʬʘʟʠ ʚ ʽʥʰʫ ʟʘʣʝʞʥʽʩʪʴ 

ʪʝʧʣʦʪʠ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʫ ʚʽʜ ʫʤʦʚ ʡʦʛʦ ʧʨʦʭʦʜʞʝʥʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʨʽʚʥʷʥʥʷʤ 

ʂʣʘʫʟʽʫʩʘ ð ʂʣʘʧʝʡʨʦʥʘ: 

ὗ Ὕ Ўὠ (3.27) 

ʜʝ ὗ  ð ʪʝʧʣʦʪʘ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʫ (ʚʠʧʘʨʦʚʫʚʘʥʥʷ, ʧʣʘʚʣʝʥʥʷ, ʩʫʙʣʽʤʘʮʽʾ, 

ʧʦʣʽʤʦʨʬʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʪʦʱʦ); Ўὠ ð ʟʤʽʥʘ ʦʙôʻʤʫ ʚʥʘʩʣʽʜʦʢ ʬʘʟʦʚʦʛʦ 

ʧʝʨʝʪʚʦʨʝʥʥʷ;  ð ʧʦʭʽʜʥʘ, ʱʦ ʟʚôʷʟʫʻ ʟʤʽʥʫ ʪʝʤʧʝʨʘʪʫʨʠ ʽ ʪʠʩʢʫ ʟʘ ʫʤʦʚʠ 

ʟʙʝʨʝʞʝʥʥʷ ʩʪʘʥʫ ʨʽʚʥʦʚʘʛʠ ʤʽʞ ʦʙʦʤʘ ʬʘʟʘʤʠ (ʜʣʷ ʧʨʦʮʝʩʽʚ ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʽ 

ʩʫʙʣʽʤʘʮʽʾ ʚʦʥʘ ʟʚôʷʟʫʻ ʟʤʽʥʫ ʪʠʩʢʫ ʥʘʩʠʯʝʥʦʾ ʧʘʨʠ ʟ ʪʝʤʧʝʨʘʪʫʨʦʶ , ʟʤʽʥʫ ʦʙôʻʤʫ ʽ 

ʪʝʧʣʦʚʦʛʦ ʝʬʝʢʪʫ ʧʨʦʮʝʩʫ, ʘ ʜʣʷ ʧʨʦʮʝʩʽʚ ʧʣʘʚʣʝʥʥʷ ʽ ʧʦʣʽʤʦʨʬʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ð 

ʟʤʽʥʫ ʪʝʤʧʝʨʘʪʫʨʠ ʧʝʨʝʭʦʜʫ ʟ ʪʠʩʢʦʤ ʽ ʚʽʜʧʦʚʽʜʥʽ ʟʤʽʥʠ ʦʙôʻʤʫ ʽ ʪʝʧʣʦʚʦʛʦ ʝʬʝʢʪʫ). 

ʈʽʚʥʷʥʥʷ (3.27) ʤʦʞʥʘ ʟʘʩʪʦʩʫʚʘʪʠ ʜʦ ʙʫʜʴ-ʷʢʦʾ ʢʽʣʴʢʦʩʪʽ ʨʝʯʦʚʠʥʠ, ʜʦʪʨʠʤʫʶʯʠʩʴ 

ʣʠʰʝ ʫʤʦʚʠ, ʱʦʙ ὗ  ʽ Ўὠ ʭʘʨʘʢʪʝʨʠʟʫʚʘʣʠ ʦʜʥʘʢʦʚʽ ʢʽʣʴʢʦʩʪʽ ʾʾ, ʥʘʧʨʠʢʣʘʜ 1 ʤʦʣʴ. 

ɼʣʷ ʧʨʦʮʝʩʽʚ ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʮʝ ʨʽʚʥʷʥʥʷ ʤʦʞʥʘ ʧʦʜʘʪʠ ʫ ʚʠʛʣʷʜʽ 

ὗ Ὕ ὠ̐  ὠ̑  (3.28) 

ʜʝ ὗ  - ʤʦʣʷʨʥʘ ʪʝʧʣʦʪʘ ʚʠʧʘʨʦʚʫʚʘʥʥʷ; ὠ̐ ȟὠ̑  ð ʤʦʣʷʨʥʽ ʦʙôʻʤʠ ʚʽʜʧʦʚʽʜʥʦ 

ʧʘʨʠ ʽ ʨʽʜʠʥʠ. 

ʈʽʚʥʷʥʥʷ (3.28) ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʶʪʴ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ ʪʝʧʣʦʪʠ ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʘʙʦ 

ʪʠʩʢʫ ʥʘʩʠʯʝʥʦʾ ʧʘʨʠ. ɼʣʷ ʦʢʨʝʤʠʭ ʚʠʧʘʜʢʽʚ ʮʝ ʨʽʚʥʷʥʥʷ ʤʦʞʥʘ ʩʧʨʦʩʪʠʪʠ. ʊʘʢ, ʚ 

ʦʙʣʘʩʪʽ ʥʝʚʠʩʦʢʠʭ ʪʠʩʢʽʚ ʧʘʨʠ ὠ̐ ḻὠ̑   ʡʦʛʦ ʤʦʞʥʘ ʧʦʜʘʪʠ ʫ ʧʨʦʩʪʽʰʦʤʫ ʚʠʛʣʷʜʽ 



 

 

ὗ̃ ̉̐ 
Ὠὖ

ὨὝ
 ὠ̐  

ɼʣʷ ʥʝʚʠʩʦʢʠʭ ʪʠʩʢʽʚ ʜʦ ʧʘʨʠ ʤʦʞʥʘ ʟʘʩʪʦʩʫʚʘʪʠ ʟʘʢʦʥʠ ʽʜʝʘʣʴʥʠʭ ʛʘʟʽʚ ʽ 

ʚʠʢʣʶʯʠʪʠ ʟ ʨʽʚʥʷʥʥʷ ʦʙôʻʤ ʧʘʨʠ, ʚʠʨʘʞʘʶʯʠ ʡʦʛʦ ʯʝʨʝʟ ʪʝʤʧʝʨʘʪʫʨʫ ʽ ʪʠʩʢ (V = 

RT/P): 

ὗ  
ὙὝ

ὖ
Ͻ
Ὠὖ

ὨὝ
 

ʘʙʦ 

ὗ  ὙὝϽ
Ὠ ὰὲὖ

ὨὝ
 

ɼʣʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʪʠʩʢʫ ʥʘʩʠʯʝʥʦʾ ʧʘʨʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʨʽʚʥʷʥʥʷ, 

ʜʦʙʫʪʽ ʽʥʪʝʛʨʫʚʘʥʥʷʤ ʨʽʚʥʷʥʥʷ (3.29) 

ÌÎὖ   
ὗ

ὙὝ
ὅ 

ʜʝ ʉ ð ʩʪʘʣʘ ʽʥʪʝʛʨʫʚʘʥʥʷ, ʧʦʚôʷʟʘʥʘ ʽʟ ʟʤʽʥʦʶ ʝʥʪʨʦʧʽʾ Ўί̃̉ ̐1 

ʤʦʣʴ ʨʝʯʦʚʠʥʠ. 

ɺ ʦʙʣʘʩʪʽ ʥʝʚʠʩʦʢʠʭ ʪʠʩʢʽʚ ʪʝʧʣʦʪʘ ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʧʦʨʽʚʥʷʥʦ ʤʘʣʦ ʟʤʽʥʶʻʪʴʩʷ ʟ 

ʪʝʤʧʝʨʘʪʫʨʦʶ ʽ ʜʣʷ ʥʝʚʝʣʠʢʦʛʦ ʽʥʪʝʨʚʘʣʫ ʪʝʤʧʝʨʘʪʫʨ ʾʾ ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʩʪʘʣʦʶ. 

ʇʽʩʣʷ ʽʥʪʝʛʨʫʚʘʥʥʷ ʨʽʚʥʷʥʥʷ (3.29) ʫ ʤʝʞʘʭ ὝȟὝ ʽ ὖȟὖ ʜʽʩʪʘʥʝʤʦ ʨʽʚʥʷʥʥʷ 

ÌÎ
ὖ

ὖ
 
ὗ

Ὑ
 
ρ

Ὕ
 
ρ

Ὕ
 

ʷʢʝ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʶʪʴ ʥʘ ʧʨʘʢʪʠʮʽ. 

ʈʽʚʥʷʥʥʷ (3.29) ʤʽʩʪʠʪʴ ʜʚʽ ʽʥʜʠʚʽʜʫʘʣʴʥʽ ʩʪʘʣʽ: 1  ʪʘ C. ʂʦʣʠ ʚʽʜʦʤʝ 1 , ʪʦ ʜʦʩʠʪʴ 

ʟʥʘʪʠ ʪʠʩʢ ʧʨʠ ʦʜʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ, ʱʦʙ ʚʠʟʥʘʯʠʪʠ ʉ, ʘ ʪʘʢʦʞ ʜʽʩʪʘʪʠ ʤʦʞʣʠʚʽʩʪʴ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʨʽʚʥʷʥʥʷ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ ʪʠʩʢʫ ʧʨʠ ʽʥʰʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʽ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ 

ʪʝʤʧʝʨʘʪʫʨ ʢʠʧʽʥʥʷ ʧʨʠ ʨʽʟʥʠʭ ʪʠʩʢʘʭ. 

ʑʦʜʦ ʩʪʘʥʫ ʨʽʚʥʦʚʘʛʠ ʪʚʝʨʜʝ ʪʽʣʦ ð ʨʽʜʠʥʘ (ʊʧʣ = f (ʈ)), ʨʽʚʥʷʥʥʷ (3.28) ʤʘʻ ʚʠʛʣʷʜ 

 
 ̑  ̓

̐̌
                                                                       (3.30) 

ʏʫʪʣʠʚʽʩʪʴ ʪʝʤʧʝʨʘʪʫʨʠ ʧʣʘʚʣʝʥʥʷ ʜʦ ʟʤʽʥʠ ʟʦʚʥʽʰʥʴʦʛʦ ʪʠʩʢʫ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ, 

ʷʢʱʦ ʚʽʜʦʤʽ ʤʦʣʷʨʥʽ ʦʙôʻʤʠ ʨʝʯʦʚʠʥʠ ʚ ʢʨʠʩʪʘʣʽʯʥʦʤʫ (ʪʚʝʨʜʦʤʫ) V(ʪ) ʽ ʨʽʜʢʦʤʫ V(ʨ) 

ʩʪʘʥʘʭ. ʇʨʦʮʝʩʠ ʧʣʘʚʣʝʥʥʷ ʤʘʡʞʝ ʚʩʽʭ ʨʝʯʦʚʠʥ ʩʫʧʨʦʚʦʜʞʫʶʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷʤ ʦʙôʻʤʫ 

ὠ̑  ὠ̓ π. ʆʩʢʽʣʴʢʠ ʚʩʽ ʽʥʰʽ ʚʝʣʠʯʠʥʠ ʧʨʘʚʦʾ ʯʘʩʪʠʥʠ ʨʽʚʥʷʥʥʷ ʪʘʢʦʞ

ɱ 

 ͉



 

 

ʜʦʜʘʪʥʽ, ʪʦ dT/dP > 0, ʪʦʙʪʦ ʽʟ ʟʙʽʣʴʰʝʥʥʷʤ ʪʠʩʢʫ ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʥʷ ʧʽʜʚʠʱʫʻʪʴʩʷ. 

ɼʣʷ ʪʠʭ ʥʝʙʘʛʘʪʴʦʭ ʨʝʯʦʚʠʥ, ʧʨʦʮʝʩ ʧʣʘʚʣʝʥʥʷ ʷʢʠʭ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʟʤʝʥʰʝʥʥʷʤ 

ʦʙôʻʤʫ (ʣʽʜ, ʚʽʩʤʫʪ, ʛʘʣʽʡ ʪʦʱʦ), ʟʙʽʣʴʰʝʥʥʷ ʪʠʩʢʫ ʩʧʨʠʯʠʥʶʻ ʟʥʠʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ 

ʧʣʘʚʣʝʥʥʷ. ʈʽʚʥʷʥʥʷ (3.30) ʟʘʩʪʦʩʦʚʫʶʪʴ ʪʘʢʦʞ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʧʣʠʚʫ ʪʠʩʢʫ ʥʘ 

ʪʝʤʧʝʨʘʪʫʨʫ ʧʦʣʽʤʦʨʬʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ. 

3.8. ʊʝʧʣʦʚʠʡ ʙʘʣʘʥʩ ʭʽʤʽʯʥʦʛʦ ʨʝʘʢʪʦʨʘ 

ʊʝʧʣʦʚʠʡ ʙʘʣʘʥʩ ʨʝʘʢʪʦʨʘ ʩʢʣʘʜʘʶʪʴ ʟʘ ʜʘʥʠʤʠ ʤʘʪʝʨʽʘʣʴʥʦʛʦ ʙʘʣʘʥʩʫ ʪʝʧʣʦʚʠʭ 

ʧʨʦʮʝʩʽʚ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʘʧʘʨʘʪʽ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʽʜʚʝʜʝʥʥʷ ʘʙʦ ʚʽʜʚʝʜʝʥʥʷ ʪʝʧʣʦʪʠ ʟ 

ʤʝʪʦʶ ʩʪʘʙʽʣʽʟʘʮʽʾ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʫ ʚ ʨʝʘʢʪʦʨʽ. 

ʊʝʧʣʦʚʠʡ ʙʘʣʘʥʩ ʧʦʜʘʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʪʘʙʣʠʮʴ, ʜʽʘʛʨʘʤ, ʨʽʚʥʷʥʴ: 

ὗ̓  ὗ̑  ὗ̄  ὗ̑ ̆́  ̋ὗ̕ Ȣ̐Ȣ  ὗ̐  ὗ̓  ὗ̑  ὗ̄  ὗ̑ ̆́  ̋ὗ̕ Ȣ̐Ȣ  ὗ̐  

ʜʝ ὗ̓ȟὗ̑ȟὗ̄ ð ʪʝʧʣʦʪʠ (ʝʥʪʘʣʴʧʽʾ), ʱʦ ʚʥʦʩʷʪʴʩʷ ʚ ʨʝʘʢʪʦʨ ʚʽʜʧʦʚʽʜʥʦ ʪʚʝʨʜʠʤʠ, ʨʽʜʢʠʤʠ 

ʽ ʛʘʟʦʧʦʜʽʙʥʠʤʠ ʚʠʭʽʜʥʠʤʠ ʨʝʯʦʚʠʥʘʤʠ.; ὗ̓ȟὗ̑ȟὗ̄  ð ʪʝ ʩʘʤʝ, ʜʣʷ ʚʠʭʽʜʥʠʭ ʧʨʦʜʫʢʪʽʚ ʽ 

ʨʝʯʦʚʠʥ, ʱʦ ʥʝ ʧʨʦʨʝʘʛʫʚʘʣʠ; ὗ̑ ̆́ȟ̋ὗ̑ ̆́̋ ð ʩʫʤʘʨʥʽ ʪʝʧʣʦʚʽ ʝʬʝʢʪʠ ʚʽʜʧʦʚʽʜʥʦ 

ʝʢʟʦʪʝʨʤʽʯʥʠʭ ʽ ʝʥʜʦʪʝʨʤʽʯʥʠʭ ʨʝʘʢʮʽʡ; ὗ̕ Ȣ̐Ȣ ð ʪʝʧʣʦʪʘ ʬʘʟʦʚʠʭ ʧʝʨʝʭʦʜʽʚ, ʱʦ 

ʚʠʜʽʣʷʻʪʴʩʷ ʚ ʧʨʦʮʝʩʘʭ ʘʙʩʦʨʙʮʽʾ, ʘʜʩʦʨʙʮʽʾ, ʨʦʟʯʠʥʝʥʥʷ, ʢʦʥʜʝʥʩʘʮʽʾ, ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʽ ʪ. ʜ.; 

ὗ̕ Ȣ̐Ȣ ð ʪʝʧʣʦʪʘ ʬʘʟʦʚʠʭ ʧʝʨʝʭʦʜʽʚ, ʱʦ ʩʫʧʨʦʚʦʜʞʫʶʪʴʩʷ ʧʦʛʣʠʥʘʥʥʷʤ ʪʝʧʣʦʪʠ (ʧʨʦʮʝʩʠ 

ʜʝʩʦʨʙʮʽʾ, ʧʣʘʚʣʝʥʥʷ, ʧʘʨʦʫʪʚʦʨʝʥʥʷ ʽ ʪ. ʜ.); ὗ̐  ð ʪʝʧʣʦʪʘ, ʱʦ ʧʽʜʚʦʜʠʪʴʩʷ ʚ ʨʝʘʢʪʦʨ; ὗ̐  

ð ʪʝʧʣʦʪʘ, ʱʦ ʚʽʜʚʦʜʠʪʴʩʷ ʟ ʨʝʘʢʪʦʨʘ. 

ɽʥʪʘʣʴʧʽʶ ὗ ʦʙʯʠʩʣʶʶʪʴ ʜʣʷ ʢʦʞʥʦʾ ʨʝʯʦʚʠʥʠ, ʱʦ ʥʘʜʭʦʜʠʪʴ ʚ ʨʝʘʢʪʦʨ, ʽ ʚʠʭʽʜʥʦʛʦ  

ʧʨʦʜʫʢʪʫ ά  ʟʘ ʬʦʨʤʫʣʦʶ 

ὗ  ά ὧὝ 

ʘʙʦ 

ὗ  ά Ὅ 

ʜʝ Ὅ - ʪʝʨʤʦʭʽʤʽʯʥʘ ʝʥʪʘʣʴʧʽʷ ʨʝʯʦʚʠʥʠ ʚ ʨʦʟʨʘʭʫʥʢʫ ʥʘ ʦʜʠʥʠʮʶ ʤʘʩʠ. 

ʂʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ, ʱʦ ʚʠʜʽʣʷʻʪʴʩʷ ὗ̑ ̆́ ̋ ʘʙʦ ʧʦʛʣʠʥʘʻʪʴʩʷ ὗ̑ ̆́ ̋ʚ ʨʝʟʫʣʴʪʘʪʽ ʧʝʨʝʙʽʛʫ 

ʨʝʘʢʮʽʡ, ʚʠʟʥʘʯʘʶʪʴ ʟʘ ʟʘʢʦʥʦʤ ɻʝʩʩʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʩʪʫʧʝʥʷ ʧʝʨʝʪʚʦʨʝʥʥʷ Xi ʫ ʢʦʞʥʽʡ i-ʡ 

ʨʝʘʢʮʽʾ 

ὗ̑ ̆́̋ ЎὌάὢ 

ʆʮʽʥʶʶʯʠ ʪʝʧʣʦʚʽ ʝʬʝʢʪʠ ʭʽʤʽʯʥʠʭ ʨʝʘʢʮʽʡ, ʩʣʽʜ ʫʢʘʟʘʪʠ ʬʘʟʦʚʠʡ ʩʪʘʥ ʨʝʯʦʚʠʥ f, ʘ ʜʣʷ 

ʪʚʝʨʜʠʭ ʨʝʯʦʚʠʥ, ʢʨʽʤ ʪʦʛʦ, ʽ ʤʦʜʠʬʽʢʘʮʽʶ, ʷʢʱʦ ʚʦʥʠ ʤʦʞʫʪʴ ʽʩʥʫʚʘʪʠ ʚ ʨʽʟʥʠʭ 

ʢʨʠʩʪʘʣʽʯʥʠʭ ʤʦʜʠʬʽʢʘʮʽʷʭ. 

ʂʽʣʴʢʽʩʪʴ ʧʽʜʚʝʜʝʥʦʾ ʚ ʨʝʘʢʪʦʨ ʪʝʧʣʦʪʠ ὗ̐  ʤʦʞʥʘ ʦʙʯʠʩʣʠʪʠ ʟʘ ʚʪʨʘʪʦʶ ʝʥʪʘʣʴʧʽʾ 

ʪʝʧʣʦʥʦʩʽʻʤ ð ʛʨʽʶʯʦʶ ʚʦʜʦʶ 

╠▪ □╬ ╣̐ ̘̏ ╣̋ ̨̎



 

 

ʘʙʦ ʧʘʨʦʶ 

ὗ ά‗ 

ʘ ʪʘʢʦʞ ʟʘ ʦʜʥʽʻʶ ʟ ʬʦʨʤʫʣ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʯʝʨʝʟ ʛʨʽʶʯʫ ʩʪʽʥʢʫ 

ὗ̑ ̆́̋ὯὊ Ὕ̄  Ὕ  

ʜʝ k  ð ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʝʨʝʜʘʯʽ; F ð ʧʣʦʱʘ ʧʦʚʝʨʭʥʽ ʪʝʧʣʦʧʝʨʝʜʘʯʽ; Ὕ̄ȟὝ ð ʚʽʜʧʦʚʽʜʥʦ 

ʪʝʤʧʝʨʘʪʫʨʠ ʛʨʽʶʯʦʾ ʨʝʯʦʚʠʥʠ (ʧʘʨʠ, ʚʦʜʠ ʪʦʱʦ) ʽ ʭʦʣʦʜʦʘʛʝʥʪʘ (ʚʦʜʠ, ʨʦʟʩʦʣʫ ʪʦʱʦ). 

ɸʥʘʣʦʛʽʯʥʦ ʦʙʯʠʩʣʶʶʪʴ ʢʽʣʴʢʽʩʪʴ ʚʽʜʚʝʜʝʥʦʾ ʪʝʧʣʦʪʠ ʟ ʨʝʘʢʮʽʡʥʦʾ ʟʦʥʠ ʘʧʘʨʘʪʘ ʘʙʦ 

ʚʪʨʘʪʦʶ ʪʝʧʣʦʪʠ ʚ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ. 

ɿʘʧʠʪʘʥʥʷ ʽ ʟʘʜʘʯʽ ʜʣʷ ʩʘʤʦʩʪʽʡʥʦʾ ʨʦʙʦʪʠ 

1. ʑʦ ʚʠʚʯʘʻ ʪʝʨʤʦʭʽʤʽʷ? 

2. ʗʢʽ ʩʢʣʘʜʦʚʽ ʯʘʩʪʠʥʠ ʪʝʧʣʦʚʦʛʦ ʝʬʝʢʪʫ ʭʽʤʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ɺʠ ʟʥʘʻʪʝ? 

3. ɼʘʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʪʝʧʣʦʪ ʬʘʟʦʚʠʭ ʧʝʨʝʪʚʦʨʝʥʴ. 

4. ʗʢ ʚʧʣʠʚʘʶʪʴ ʪʝʤʧʝʨʘʪʫʨʘ ʽ ʪʠʩʢ ʥʘ ʪʝʧʣʦʚʽ ʝʬʝʢʪʠ ʭʽʤʽʯʥʠʭ ʨʝʘʢʮʽʡ? 

5. ʅʘʟʚʘʪʠ ʩʧʦʩʦʙʠ ʚʠʟʥʘʯʝʥʥʷ ʪʝʧʣʦʚʠʭ ʝʬʝʢʪʽʚ ʨʝʘʢʮʽʡ. 

6. ʅʘʚʝʩʪʠ ʤʝʪʦʣʠ ʨʦʟʨʘʭʫʥʢʽʚ ʪʝʧʣʦʚʠʭ ʝʬʝʢʪʽʚ ʨʝʘʢʮʽʡ. 

7. ʉʬʦʨʤʫʣʶʚʘʪʠ ʟʘʢʦʥ ɻʝʩʩʘ ʪʘ ʡʦʛʦ ʥʘʩʣʽʜʢʠ. 

8. ʊʝʧʣʦʪʘ ʟʛʦʨʷʥʥʷ ʨʽʜʢʦʛʦ ʙʝʥʟʦʣʫ ʉ6ʅ6(ʨ) ʟ ʫʪʚʦʨʝʥʥʷʤ ʉʆ2(ʛ) ʽ ʅ2ʆ(ʨ) ʧʨʠ ςυᴈ 

ʜʦʨʽʚʥʶʻ 3273 ʢɼʞ/ʤʦʣʴ. ʗʢʘ ʩʪʘʥʜʘʨʪʥʘ ʝʥʪʘʣʴʧʽʷ ʫʪʚʦʨʝʥʥʷ ʉ6ʅ6(ʨ)? 

9. ʄʦʣʷʨʥʘ ʪʝʧʣʦʪʘ ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʝʪʠʣʦʚʦʛʦ ʩʧʠʨʪʫ (ʄ = 46) ʧʨʠ 15 Áʉ ʜʦʨʽʚʥʶʻ 

27,5 ʢɼʞ/ʤʦʣʴ. ʉʝʨʝʜʥʽ ʧʠʪʦʤʽ ʪʝʧʣʦʻʤʥʦʩʪʽ ʨʽʜʢʦʛʦ ʝʪʘʥʦʣʫ ʪʘ ʡʦʛʦ ʧʘʨʠ 

ʜʦʨʽʚʥʶʶʪʴ ʚʽʜʧʦʚʽʜʥʦ 2,218 ʽ 1,506 ɼʞ/ʛ Ț ʂ) (ʚ ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ ʚʽʜ 0 ʜʦ 78 

Áʉ). ɺʠʟʥʘʯʠʪʠ ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ, ʧʦʪʨʽʙʥʦʾ ʜʣʷ ʚʠʧʘʨʦʚʫʚʘʥʥʷ 800 ʛ ʩʧʠʨʪʫ ʧʨʠ 70 

Áʉ.  

10. ɺʽʜʦʤʽ ʪʝʧʣʦʚʽ ʝʬʝʢʪʠ ʨʝʘʢʮʽʡ; 

4Nʅ3 + 3O2 =  2N2 + 6ʅ2ʆ + 1516,3 ʢɼʞ: 

2H2 + O2 = 2ʅ2O + 572,4 ʢɼʞ; 

NH3 + aq = NH3 Ț aq + 35,15 ʢɼʞ. 

ʆʙʯʠʩʣʠʪʠ ʪʝʧʣʦʪʠ ʫʪʚʦʨʝʥʥʷ ʛʘʟʦʧʦʜʽʙʥʦʛʦ ʘʤʽʘʢʫ ʪʘ ʡʦʛʦ ʚʦʜʥʦʛʦ ʨʦʟʯʠʥʫ. 

12. ɺʠʟʥʘʯʠʪʠ ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ, ʧʦʪʨʽʙʥʦʾ ʜʣʷ ʥʘʛʨʽʚʘʥʥʷ 5 ʢʤʦʣʴ ʘʤʽʘʢʫ ʧʨʠ ʩʪʘʣʦʤʫ 

ʪʠʩʢʫ ʚʽʜ 273 ʜʦ 573 ʂ. 

13. ʈʦʟʨʘʭʫʚʘʪʠ ʪʝʧʣʦʚʠʡ ʝʬʝʢʪ ʨʦʟʙʘʚʣʷʥʥʷ 40 %-ʛʦ ʨʦʟʯʠʥʫ Naʆʅ ʜʦ 0,5 %-ʛʦ. 

14. ɺʠʟʥʘʯʠʪʠ ʪʝʧʣʦʚʠʡ ʝʬʝʢʪ ʨʝʘʢʮʽʾ 

Al 2O3 (ʢʦʨʫʥʜ) + 3SO3 = Al2(SO4)3 + ЎὌ  

ʱʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʘʚʪʦʢʣʘʚʽ ʧʨʠ ʩʪʘʣʦʤʫ ʦʙ'ʻʤʽ ʽ ʪʝʤʧʝʨʘʪʫʨʽ 300 ʂ. 

15. ʉʢʽʣʴʢʠ ʧʦʪʨʽʙʥʦ ʩʧʘʣʠʪʠ ʚʫʛʣʝʮʶ, ʱʦʙ ʥʘʛʨʽʪʠ 20 ʤ3 ʚʦʜʠ ʚʽʜ 25 ʜʦ 100 Áʉ, ʷʢʱʦ 

ЎὌ̔ ̓ ̃ ̄
=            ð393,7 ʢɼʞ/ʤʦʣʴ. 

15. ʈʦʟʨʘʭʫʚʘʪʠ ЎὌ  ʨʝʘʢʮʽʾ 

ʉʘʆ(ʪ) + SiO2(ʛ) = ʉʘSiO3, 

ʷʢʱʦ ʩʪʘʥʜʘʨʪʥʽ ʝʥʪʘʣʴʧʽʾ ʫʪʚʦʨʝʥʥʷ ЎὌ̔ ̓̃, ʢʨʠʩʪʘʣʽʯʥʠʭ ʨʝʯʦʚʠʥ, ʱʦ ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʫ 

ʨʝʘʢʮʽʾ, ʉʘʆ, SiO2, ʉʘSiO3 ʚʽʜʧʦʚʽʜʥʦ ʜʦʨʽʚʥʶʶʪʴ; ð636, ð908, ð1582 ʢɼʞ/ʤʦʣʴ. 

16. ʆʙʯʠʩʣʠʪʠ ʢʽʣʴʢʽʩʪʴ ʛʝʢʣʦʪʠ, ʧʦʪʨʽʙʥʦʾ ʜʣʷ ʨʦʟʢʣʘʜʘʥʥʷ 5 ʢʛ ʙʝʟʚʦʜʥʦʾ 



 

 

ʢʘʣʴʮʠʥʦʚʘʥʦʾ ʩʦʜʠ. 

ʉʧʠʩʦʢ ʨʝʢʦʤʝʥʜʦʚʘʥʦʾ ʣʽʪʝʨʘʪʫʨʠ 

1.  ʂʠʨʝʝʚ ɺ. ɸ. ʂʨʘʪʢʠʡ ʢʫʨʩ ʬʠʟʠʯʝʩʢʦʡ ʭʠʤʠʠ.ð 5-ʝ ʠʟʜ., ʩʪʝʨ.ð ʄ. : ʍʠʤʠʷ, 

1978.ð 624 ʩ. 

3. ɹʨʝʪʰʥʘʡʜʝʨ ʉ. ʆʙʱʠʝ ʦʩʥʦʚʳ ʭʠʤʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ / ʇʦʜ ʨʝʜ. ʇ. ɻ. ʈʦʤʘʥʢʦʚʘ, 

ʄ. ʀ. ʂʫʨʦʯʢʠʥʦʡ. ð ʃ. : ʍʠʤʠʷ, 1977.ð 340 ʩ. 

4. ʂʠʩʠʣʝʚʘ ɺ. ɺ., ʂʘʨʝʪʥʠʢʦʚ ɻ. ʉ., ʂʫʜʨʷʰʦʚ ʀ. ɺ. ʉʙʦʨʥʠʢ ʧʨʠʤʝʨʦʚ ʠ ʟʘʜʘʯ ʧʦ 

ʬʠʟʠʯʝʩʢʦʡ ʭʠʤʠʠ.ð ʄ. : ɺʓʉʐ. ʐʂ., 1983.ð 455 ʩ. 

5. ʉʧʨʘʚʦʯʥʠʢ. ʇʝʨʝʨʘʙʦʪʢʘ ʧʨʠʨʦʜʥʳʭ ʩʦʣʝʡ ʠ ʨʘʩʩʦʣʦʚ / ʇʦʜ ʨʝʜ. ʀ. ʃ. ʉʦʢʦʣʦʚʘ,ð ʃ. : 

ʍʠʤʠʷ, 1985.ð 209 ʩ. 

  



 

 

ʈʦʟʜʽʣ 4 

ɿɸʉʊʆʉʋɺɸʅʅʗ ɼʈʋɻʆɻʆ ɯ ʊʈɽʊʔʆɻʆ ɿɸʂʆʅɯɺ 

ʊɽʈʄʆɼʀʅɸʄɯʂʀ ɺ ʍɯʄɯʂʆ-ʊɽʍʅʆʃʆɻɯʏʅʀʍ 

ʈʆɿʈɸʍʋʅʂɸʍ 

5.1. ʅʘʧʨʷʤʦʢ ʧʨʦʮʝʩʽʚ ʫ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʭ ʩʠʩʪʝʤʘʭ 

ʇʨʠʥʮʠʧ ʝʢʚʽʚʘʣʝʥʪʥʦʩʪʽ ʝʥʝʨʛʽʾ ð ʦʩʥʦʚʥʝ ʧʦʣʦʞʝʥʥʷ ʧʝʨʰʦʛʦ ʟʘʢʦʥʫ 

ʪʝʨʤʦʜʠʥʘʤʽʢʠ ð ʥʝ ʜʘʻ ʟʤʦʛʠ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʢʠ ʧʨʦ ʥʘʧʨʷʤʦʢ ʧʨʦʮʝʩʫ ʟ ʧʝʨʝʪʚʦʨʝʥʥʷʤ 

ʦʜʥʦʛʦ ʚʠʜʫ ʝʥʝʨʛʽʾ ʚ ʽʥʰʠʡ ʘʙʦ ʧʨʦ ʧʝʨʝʭʽʜ ʾʾ ʚʽʜ ʦʜʥʽʻʾ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʾ ʩʠʩʪʝʤʠ ʜʦ ʽʥʰʦʾ. 

ʅʘʧʨʷʤʦʢ ʧʨʦʮʝʩʫ ʫ ʚʠʧʘʜʢʫ ʧʝʨʝʪʚʦʨʝʥʥʷ ʘʙʦ ʧʝʨʝʜʘʚʘʥʥʷ ʝʥʝʨʛʽʾ ʚʠʟʥʘʯʘʶʪʴ, ʚʠʢʦʨʠʩ-

ʪʦʚʫʶʯʠ ʜʨʫʛʠʡ ʟʘʢʦʥ ʪʝʨʤʦʜʠʥʘʤʽʢʠ. 

ɼʨʫʛʠʡ ʟʘʢʦʥ ʪʝʨʤʦʜʠʥʘʤʽʢʠ, ʷʢʠʡ ʻ ʣʦʛʽʯʥʠʤ ʥʘʩʣʽʜʢʦʤ ʣʶʜʩʴʢʦʛʦ ʜʦʩʚʽʜʫ, ʚʠʩʫʚʘʻ ʽ 

ʩʪʚʝʨʜʞʫʻ ʜʚʘ ʧʨʠʥʮʠʧʠ: ʽʩʥʫʚʘʥʥʷ ʝʥʪʨʦʧʽʾ ʽ ʟʨʦʩʪʘʥʥʷ ʝʥʪʨʦʧʽʾ ʫ ʚʠʧʘʜʢʫ ʧʝʨʝʙʽʛʫ 

ʩʘʤʦʯʠʥʥʠʭ (ʥʝʦʙʦʨʦʪʥʠʭ) ʧʨʦʮʝʩʽʚ. 

ɿʘ ʜʨʫʛʠʤ ʟʘʢʦʥʦʤ ʪʝʨʤʦʜʠʥʘʤʽʢʠ, ʝʥʪʨʦʧʽʷ ð ʮʝ ʬʽʟʠʯʥʘ ʚʝʣʠʯʠʥʘ, ʱʦ ʤʘʻ 

ʚʣʘʩʪʠʚʦʩʪʽ ʬʫʥʢʮʽʾ ʩʪʘʥʫ, ʟʤʽʥʘ ʟʘʧʘʩʫ ʷʢʦʾ ʚ ʩʠʩʪʝʤʽ ʦʧʠʩʫʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤ 

ὨὛ 
 

, 

ʜʝ ʊ ð ʘʙʩʦʣʶʪʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʩʠʩʪʝʤʠ, ʂ; ὗ ð ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ, ʚʽʜʚʝʜʝʥʦʾ ʚʽʜ ʩʠʩʪʝʤʠ 

ʘʙʦ ʧʽʜʚʝʜʝʥʦʾ ʜʦ ʩʠʩʪʝʤʠ ʰʣʷʭʦʤ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʝʧʣʦʥʦʩʽʷ ʘʙʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ (ʟʘ ʨʘʭʫʥʦʢ ʮʽʻʾ ʩʢʣʘʜʦʚʦʾ ʝʥʪʨʦʧʽʷ ʩʠʩʪʝʤʠ ʤʦʞʝ ʟʙʽʣʴʰʫʚʘʪʠʩʷ ʘʙʦ 

ʟʤʝʥʰʫʚʘʪʠʩʷ); ὗ ð ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ, ʱʦ ʚʠʥʠʢʘʻ ʚ ʩʠʩʪʝʤʽ ʟʘ ʨʘʭʫʥʦʢ ʯʘʩʪʢʦʚʦʾ 

ʜʝʛʨʘʜʘʮʽʾ ʚ ʪʝʧʣʦʪʫ ʙʽʣʴʰ ʚʠʩʦʢʦʦʨʛʘʚʽʟʦʚʘʥʦʾ ʝʥʝʨʛʽʾ (ʥʘʧʨʠʢʣʘʜ, ʭʽʤʽʯʥʦʾ) ʚ ʨʘʟʽ 

ʧʝʨʝʙʽʛʫ ʩʘʤʦʯʠʥʥʠʭ (ʥʝʦʙʦʨʦʪʥʠʭ) ʧʨʦʮʝʩʽʚ ʫ ʩʠʩʪʝʤʽ. 

ʈ. ʂʣʘʫʟʽʫʩ ʥʘʟʚʘʚ ʚʝʣʠʯʠʥʫ ὗ ʥʝʩʢʦʤʧʝʥʩʦʚʘʥʦʶ ʪʝʧʣʦʪʦʶ ɿʥʘʯʝʥʥʷ ʮʽʻʾ ʚʝʣʠʯʠʥʠ 

ʫ ʚʠʧʘʜʢʫ ʧʝʨʝʙʽʛʫ ʩʘʤʦʯʠʥʥʠʭ ʧʨʦʮʝʩʽʚ ʟʘʚʞʜʠ ʙʽʣʴʰʝ ʟʘ ʥʫʣʴ ὗ > 0 ʽ ʣʠʰʝ ʫ ʚʠʧʘʜʢʫ 

ʧʝʨʝʙʽʛʫ ʦʙʦʨʦʪʥʠʭ ʧʨʦʮʝʩʽʚ ὗ = 0. ɿʘ ʨʘʭʫʥʦʢ ʩʢʣʘʜʦʚʦʾ ὗ ʝʥʪʨʦʧʽʷ ʩʠʩʪʝʤʠ ʤʦʞʝ 

ʪʽʣʴʢʠ ʟʙʽʣʴʰʫʚʘʪʠʩʷ. 

ɿʘ ʜʨʫʛʠʤ ʟʘʢʦʥʦʤ ʪʝʨʤʦʜʠʥʘʤʽʢʠ, ʧʝʨʝʙʽʛ ʙʫʜʴ-ʷʢʦʛʦ ʩʘʤʦʯʠʥʥʦʛʦ (ʥʝʦʙʦʨʦʪʥʦʛʦ) 

ʧʨʦʮʝʩʫ ʚ ʪʝʨʤʦʜʠʥʘʤʽʯʥʽʡ ʩʠʩʪʝʤʽ ʤʦʞʣʠʚʠʡ ʣʠʰʝ ʚ ʪʦʤʫ ʥʘʧʨʷʤʢʫ, ʧʨʠ ʷʢʦʤʫ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷ ʯʘʩʪʠʥʠ ʝʥʪʨʦʧʽʾ, ʟʚôʷʟʘʥʦʾ ʟ ʚʠʥʠʢʥʝʥʥʷʤ ʥʝʩʢʦʤʧʝʥʩʦʚʘʥʦʾ 

ʪʝʧʣʦʪʠ ὗ.



 

 

5.2. ɿʚ'ʷʟʦʢ ʝʥʪʨʦʧʽʾ ʟ ʽʥʰʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʩʠʩʪʝʤʠ. ɸʙʩʦʣʶʪʥʝ ʟʥʘʯʝʥʥʷ 

ʝʥʪʨʦʧʽʾ 

ʇʝʨʝʪʚʦʨʠʚʰʠ ʨʽʚʥʷʥʥʷ (4.1) ʜʦ ʚʠʛʣʷʜʫ ὝὨὛ ὗ  ὗ ʽ ʧʽʜʩʪʘʚʠʚʰʠ ʫ ʥʴʦʛʦ ʟʘʤʽʩʪʴ 

ʢʽʣʴʢʦʩʪʽ ʧʽʜʚʝʜʝʥʦʾ ʪʝʧʣʦʪʠ ʾʾ ʚʠʨʘʟ ʽʟ ʧʝʨʰʦʛʦ ʟʘʢʦʥʫ ʪʝʨʤʦʜʠʥʘʤʽʢʠ, ʜʽʩʪʘʥʝʤʦ ʫʟʘʛʘʣʴʥʝʥʽ 

ʨʽʚʥʷʥʥʷ ʧʝʨʰʦʛʦ ʽ ʜʨʫʛʦʛʦ ʟʘʢʦʥʽʚ ʪʝʨʤʦʜʠʥʘʤʽʢʠ: 

4Ä3Ä5 0Ä6 ὗ                                              (4.2) 

4Ä3Ä( 6Ä0 ὗ (4.3) 

ɿ ʧʘʨʘʤʝʪʨʘʤʠ ʩʪʘʥʫ ʩʠʩʪʝʤʠ (ʪʠʩʢ, ʪʝʤʧʝʨʘʪʫʨʘ, ʦʙ'ʻʤ) ʝʥʪʨʦʧʽʷ ʟʚôʷʟʘʥʘ ʨʽʚʥʷʥʥʷʤʠ, ʱʦ 

ʥʘʟʠʚʘʶʪʴʩʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤʠ ʄʘʢʩʚʝʣʣʘ (6.5, 6.6). 

ɽʥʪʨʦʧʽʷ ʻ ʬʫʥʢʮʽʻʶ ʩʪʘʥʫ ʩʠʩʪʝʤʠ, ʪʦʙʪʦ ʚʝʣʠʯʠʥʘ ʾʾ ʧʨʠʨʦʩʪʫ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʰʣʷʭʫ 

ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʛʦ ʧʨʦʮʝʩʫ, ʷʢʠʤ ʩʠʩʪʝʤʘ ʧʝʨʝʭʦʜʠʪʴ ʟ ʦʜʥʦʛʦ ʩʪʘʥʫ ʚ ʽʥʰʠʡ, ʘ ʟʘʣʝʞʠʪʴ ʣʠʰʝ 

ʚʽʜ ʚʽʜʤʽʥʥʦʩʪʝʡ ʩʪʘʥʽʚ. ɿ ʤʘʪʝʤʘʪʠʯʥʦʾ ʪʦʯʢʠ ʟʦʨʫ ʜʠʬʝʨʝʥʮʽʘʣ ʬʫʥʢʮʽʾ ʩʪʘʥʫ ʻ ʧʦʚʥʠʤ ʜʠʬʝ-

ʨʝʥʮʽʘʣʦʤ. ʗʢʱʦ, ʥʘʧʨʠʢʣʘʜ, ʪʨʝʙʘ ʧʦʜʘʪʠ ʟʘʣʝʞʥʽʩʪʴ ʝʥʪʨʦʧʽʾ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ  ̔ʪʠʩʢʫ Ὓ

ὪὝȟὖȟ  ʪʦ ʾʾ ʧʦʚʥʠʡ ʜʠʬʝʨʝʥʮʽʘʣ ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʨʽʚʥʷʥʥʷʤ 

ὨὛ ὨὝ Ὠὖ                                          (4.4) 

 

ʇʦʜʘʚʰʠ ʯʘʩʪʠʥʥʫ ʧʦʭʽʜʥʫ ʧʨʠ ʜʠʬʝʨʝʥʮʽʘʣʽ ʪʝʤʧʝʨʘʪʫʨʠ ʯʝʨʝʟ ʪʝʧʣʦʻʤʥʽʩʪʴ ʽ 

ʚʠʢʦʨʠʩʪʘʚʰʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʄʘʢʩʚʝʣʣʘ (6.6), ʧʝʨʝʪʚʦʨʠʤʦ ʨʽʚʥʷʥʥʷ (4.4) ʪʘʢ: ʟʘ ʦʟʥʘʯʝʥʥʷʤ 

ʪʝʧʣʦʻʤʥʦʩʪʽ ʧʨʠ ʩʪʘʣʦʤʫ ʪʠʩʢʫ 

ὧ                                                            (4.5) 

ʟʘʤʽʥʠʤʦ ʚ ʥʴʦʤʫ ʯʘʩʪʠʥʥʠʡ ʜʠʬʝʨʝʥʮʽʘʣ (ʜʅ)P ʥʘ ʝʢʚʽʚʘʣʝʥʪʥʠʡ ʚʠʨʘʟ, ʜʦʙʫʪʠʡ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʫʟʘʛʘʣʴʥʝʥʦʛʦ ʨʽʚʥʷʥʥʷ (4.3) ʜʣʷ ʦʙʦʨʦʪʥʠʭ ʧʨʦʮʝʩʽʚ, ʪʦʙʪʦ ὗ =  0. ʗʢʱʦ ʈ 

= const, dP = 0, ʨʽʚʥʷʥʥʷ (4.3) ʤʦʞʥʘ ʧʦʜʘʪʠ ʫ ʚʠʛʣʷʜʽ Ὕ  Ὓ  Ὄ  ̔ ʧʽʜʩʪʘʚʠʪʠ ʟʥʘʯʝʥʥʷ 

ʜʠʬʝʨʝʥʮʽʘʣʫ ʝʥʪʘʣʴʧʽʾ ʚ ʨʽʚʥʷʥʥʷ (4.5)

ὧ Ὕ  ́̂ ̏                                           (4.6) 

ʆʪʞʝ, ʨʽʚʥʷʥʥʷ (4.4) ʟ ʫʨʘʭʫʚʘʥʥʷʤ (6.6) ʽ (4.6) ʥʘʙʫʚʘʻ ʪʘʢʦʛʦ ʚʠʛʣʷʜʫ 

ὨὛ  ὨὝ Ὠὖ                                             (4.7) 

ɼʣʷ ʽʥʪʝʛʨʫʚʘʥʥʷ ʨʽʚʥʷʥʥʷ (4.7) ʪʨʝʙʘ ʟʥʘʪʠ ʬʫʥʢʮʽʦʥʘʣʴʥʫ ʟʘʣʝʞʥʽʩʪʴ ʪʝʧʣʦʻʤʥʦʩʪʽ ʚʽʜ 

ʪʝʤʧʝʨʘʪʫʨʠ, ʘ ʪʘʢʦʞ ʚʠʟʥʘʯʠʪʠ ʷʚʥʠʡ ʚʠʜ ʬʫʥʢʮʽʾ, ʱʦ ʟʚôʷʟʫʻ ʯʘʩʪʠʥʥʫ ʧʦʭʽʜʥʫ (ʜV/ʜʊ)ʈ ʟ 

ʪʠʩʢʦʤ. 

ʌʫʥʢʮʽʦʥʘʣʴʥʫ ʟʘʣʝʞʥʽʩʪʴ ʪʝʧʣʦʻʤʥʦʩʪʽ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʯʘʩʪʦ ʧʦʜʘʶʪʴ ʫ ʚʠʛʣʷʜʽ 

ʝʤʧʽʨʠʯʥʠʭ ʨʷʜʽʚ: ὧ  Ὕ  ʜʣʷ ʽʥʪʝʨʚʘʣʫ ʪʝʤʧʝʨʘʪʫʨ 50ð100 ʂ ʘʙʦ ὧ ὥ ὦὝ ὧὝ

Ễ  ʜʣʷ ʚʠʱʠʭ ʪʝʤʧʝʨʘʪʫʨ (ʜʦ 2000 ʂ). 

ʏʘʩʪʠʥʥʽ ʧʦʭʽʜʥʽ ʧʘʨʘʤʝʪʨʽʚ ʩʪʘʥʫ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʛʨʘʬʽʯʥʠʤ, ʯʠʩʝʣʴʥʠʤ ʘʙʦ 

ʘʥʘʣʽʪʠʯʥʠʤ ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʷʤ ʨʽʚʥʷʥʥʷ ʩʪʘʥʫ ʛʘʟʫ.



60 

 

 

ʄʝʪʦʜ ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʷ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʦʛʦ, ʫ ʷʢʦʤʫ ʚʠʛʣʷʜʽ ʧʦʜʘʥʦ ʜʘʥʽ ʨʽʚʥʷʥʥʷ 

ʩʪʘʥʫ ð ʫ ʚʠʛʣʷʜʽ ʛʨʘʬʽʢʽʚ, ʪʘʙʣʠʮʴ ʯʠ ʚ ʘʥʘʣʽʪʠʯʥʽʡ ʬʦʨʤʽ. ɺʠʢʦʨʠʩʪʘʚʰʠ, 

ʥʘʧʨʠʢʣʘʜ, ʨʽʚʥʷʥʥʷ ʩʪʘʥʫ ʽʜʝʘʣʴʥʦʛʦ ʛʘʟ ʫ PV = RT ̔  ʧʨʦʜʠʬʝʨʝʥʮʽʶʚʘʚʰʠ ʡʦʛʦ ʧʨʠ 

ʈ = const 0  Ћ6 2  Ћ4 , ʜʽʩʪʘʥʝʤʦ (dV/dT)P = R/ʈ. ʇʽʩʣʷ ʧʽʜʩʪʘʥʦʚʢʠ ʟʥʘʯʝʥʴ 

ὧ  ̔  (dV/dT)P ʫ ʨʽʚʥʷʥʥʷ (4.7), ʡʦʛʦ ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʫ ʪʘʢʽʡ ʬʦʨʤʽ: 
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ɸʥʘʣʽʟ ʨʽʚʥʷʥʥʷ (4.8) ʧʦʢʘʟʫʻ, ʱʦ ʟʥʘʯʝʥʥʷ ʈ0 ʥʝ ʤʦʞʝ ʙʫʪʠ ʚʠʙʨʘʥʝ ʜʦʚʽʣʴʥʦ, 

ʦʩʢʽʣʴʢʠ ʧʨʠ ʈ0 O 0 ʜʨʫʛʠʡ ʜʦʜʘʥʦʢ ʧʨʷʤʫʻ ʜʦ ʥʝʩʢʽʥʯʝʥʥʦʩʪʽ, ʪʦʙʪʦ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ 

ʥʘ ʥʝʦʟʥʘʯʝʥʽʩʪʴ ʊʦʤʫ ʟʥʘʯʝʥʥʷ ʝʥʪʨʦʧʽʾ ʦʙʯʠʩʣʶʶʪʴ ʟʘ ʚʽʜʥʦʰʝʥʥʷʤ ʜʦ 

ʩʪʘʥʜʘʨʪʥʦʛʦ ʪʠʩʢʫ. ɿʥʘʯʝʥʥʷ ʩʪʘʥʜʘʨʪʥʦʛʦ ʪʠʩʢʫ ʜʦʨʽʚʥʶʻ 101,3 Å 103 ʇʘ (1 ʘʪ). 

ɺʝʣʠʯʠʥʘ Ὓ  ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʊ0 = 0 ʂ, ʪʦʙʪʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʘʙʩʦʣʶʪʥʦʛʦ ʥʫʣʷ, 

ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʪʨʝʪʽʤ ʟʘʢʦʥʦʤ ʪʝʨʤʦʜʠʥʘʤʽʢʠ, ʟʘ ʷʢʠʤ ʝʥʪʨʦʧʽʷ ʧʨʘʚʠʣʴʥʦ 

ʫʪʚʦʨʝʥʦʛʦ ʢʨʠʩʪʘʣʫ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʘʙʩʦʣʶʪʥʦʛʦ ʥʫʣʷ ʜʦʨʽʚʥʶʻ ʥʫʣʶ (S0 = 0). 

ʆʪʞʝ, ʘʙʩʦʣʶʪʥʝ ʟʥʘʯʝʥʥʷ ʝʥʪʨʦʧʽʾ ʛʘʟʦʧʦʜʽʙʥʦʾ ʨʝʯʦʚʠʥʠ ʟʘ ʜʘʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ 

ʤʦʞʥʘ ʦʙʯʠʩʣʠʪʠ ʣʠʰʝ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʩʪʘʥʜʘʨʪʥʦʛʦ ʩʪʘʥʫ ʟʘ ʪʠʩʢʦʤ. ʎʝ ʟʥʘʯʝʥʥʷ 

ʝʥʪʨʦʧʽʾ ʽ ʧʦʜʘʥʦ ʜʣʷ ʛʘʟʦʧʦʜʽʙʥʠʭ ʨʝʯʦʚʠʥ ʫ ʜʦʚʽʜʢʦʚʽʡ ʣʽʪʝʨʘʪʫʨʽ. ʆʩʢʽʣʴʢʠ ʪʠʩʢ 

ʤʘʣʦ ʚʧʣʠʚʘʻ ʥʘ ʟʤʽʥʫ ʦʙôʻʤʫ ʨʽʜʠʥ ʽ ʪʚʝʨʜʠʭ ʪʽʣ, ʪʦ ʯʘʩʪʠʥʥʘ ʧʦʭʽʜʥʘ ʚ ʨʽʚʥʷʥʥʽ 

(4.7) ʥʘʙʣʠʞʘʻʪʴʩʷ ʜʦ ʥʫʣʷ ʽ ʾʾ ʤʦʞʥʘ ʥʝ ʚʨʘʭʦʚʫʚʘʪʠ ʚ ʦʙʯʠʩʣʝʥʥʷʭ. ʗʢʱʦ ʚ 

ʟʘʜʘʥʦʤʫ ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʽʥʪʝʨʚʘʣʽ ʚʽʜʙʫʚʘʶʪʴʩʷ ʬʘʟʦʚʽ ʧʝʨʝʪʚʦʨʝʥʥʷ, ʪʦ 

ʘʙʩʦʣʶʪʥʝ ʟʥʘʯʝʥʥʷ ʝʥʪʨʦʧʽʾ ʤʦʞʥʘ ʦʙʯʠʩʣʠʪʠ ʟʘ ʬʦʨʤʫʣʦʶ 
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ʜʝ Tʬ, ʊʧ, ʊʢ, ʊ ð ʚʽʜʧʦʚʽʜʥʦ ʪʝʤʧʝʨʘʪʫʨʠ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʫ ʨʝʯʦʚʠʥ ʫ ʪʚʝʨʜʦʤʫ 

ʩʪʘʥʽ, ʧʣʘʚʣʝʥʥʷ, ʢʠʧʽʥʥʷ ʽ ʪʝʤʧʝʨʘʪʫʨʘ, ʧʨʠ ʷʢʽʡ ʦʙʯʠʩʣʶʶʪʴ ʝʥʪʨʦʧʽʶ; 

ЎὌ̕ȟ ЎὌ̐ȟ ЎὌ̃  ð ʚʽʜʧʦʚʽʜʥʦ ʝʥʪʘʣʴʧʽʾ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʫ, ʧʣʘʚʣʝʥʥʷ ʽ 

ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʨʝʯʦʚʠʥʠ; ʩP ð ʽʟʦʙʘʨʥʽ ʪʝʧʣʦʻʤʥʦʩʪʽ ʤʦʜʠʬʽʢʘʮʽʡ ʨʝʯʦʚʠʥʠ ʚ 

ʪʚʝʨʜʦʤʫ, ʨʽʜʢʦʤʫ ʽ ʛʘʟʦʧʦʜʽʙʥʦʤʫ ʩʪʘʥʘʭ. 

ɽʥʪʨʦʧʽʷ ʻ ʝʢʩʪʝʥʩʠʚʥʦʶ ʬʫʥʢʮʽʻʶ ʩʪʘʥʫ ð ʝʥʪʨʦʧʽʷ ʩʠʩʪʝʤʠ ʜʦʨʽʚʥʶʻ ʩʫʤʽ 

ʝʥʪʨʦʧʽʡ ʾʾ ʩʢʣʘʜʦʚʠʭ ʯʘʩʪʠʥ. ʆʜʥʘʢ ʧʨʠ ʫʪʚʦʨʝʥʥʽ ʩʫʤʽʰʝʡ ʩʣʽʜ ʚʨʘʭʦʚʫʚʘʪʠ ʪʘʢʦʞ 

ʝʥʪʨʦʧʽʶ ʟʤʽʰʫʚʘʥʥʷ, ʱʦ ʚʠʥʠʢʘʻ ʚ ʨʝʟʫʣʴʪʘʪʽ ʧʝʨʝʙʽʛʫ ʩʘʤʦʯʠʥʥʦʛʦ 

(ʥʝʦʙʦʨʦʪʥʦʛʦ) ʧʨʦʮʝʩʫ ʟʤʽʰʫʚʘʥʥʷ. 

ʋ ʚʠʧʘʜʢʫ ʜʠʬʫʟʽʡʥʦʛʦ ʟʤʽʰʫʚʘʥʥʷ ʜʚʦʭ ʽʜʝʘʣʴʥʠʭ ʛʘʟʽʚ, ʱʦ ʤʘʶʪʴ, ʥʘʧʨʠʢʣʘʜ, 

ʦʜʥʘʢʦʚʽ ʪʝʤʧʝʨʘʪʫʨʫ ʽ ʪʠʩʢ, ʚʝʣʠʯʠʥʠ ʽʥʪʝʥʩʠʚʥʠʭ ʚʣʘʩ-



 

 

ʪʠʚʦʩʪʝʡ ʩʫʤʽʰʽ (ʪʝʤʧʝʨʘʪʫʨʠ ʽ ʪʠʩʢʫ) ʥʝ ʟʤʽʥʷʪʴʩʷ, ʘ ʚʝʣʠʯʠʥʘ ʝʢʩʪʝʥʩʠʚʥʦʾ 

ʚʣʘʩʪʠʚʦʩʪʽ (ʦʙ'ʻʤʫ) ʟʙʽʣʴʰʠʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʧʽʜʩʫʤʦʚʫʚʘʥʥʷ ʦʙ'ʻʤʽʚ ʚʠʭʽʜʥʠʭ 

ʛʘʟʽʚ  ὠ̒̔̍ Вὠ. ʋ ʪʘʢʦʤʫ ʘʩʧʝʢʪʽ ʧʨʦʮʝʩ ʟʤʽʰʫʚʘʥʥʷ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ 

ʨʦʟʰʠʨʝʥʥʷ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʛʘʟʫ ʟ ʧʦʯʘʪʢʦʚʠʤ ʦʙôʻʤʦʤ ὠ ʜʦ ʦʙôʻʤʫ ʩʫʤʽʰʽ  ὠ̒̔.̍ ʇʨʠ 

ʮʴʦʤʫ ʡʦʛʦ ʪʠʩʢ ʟʤʝʥʰʠʪʴʩʷ ʚʽʜ ʈ ʜʦ ʧʘʨʮʽʘʣʴʥʦʛʦ ʪʠʩʢʫ ʨ̔ , ʪʦʙʪʦ ʨʦʟʨʘʭʫʥʦʢ 

ʝʥʪʨʦʧʽʾ ʩʫʤʽʰʽ ʛʘʟʽʚ ʤʦʞʥʘ ʧʦʜʘʪʠ ʷʢ ʚʠʟʥʘʯʝʥʥʷ ʩʫʤʠ ʝʥʪʨʦʧʽʡ ʛʘʟʽʚ, ʪʠʩʢ ʷʢʠʭ 

ʟʤʽʥʠʚʩʷ ʚʽʜ ʈ ʜʦ ʨ̔. ɼʣʷ ʮʴʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʨʽʚʥʷʥʥʷ (4.8), ʚ ʷʢʦʤʫ ʪʝʤʧʝʨʘʪʫʨʥʫ 

ʩʢʣʘʜʦʚʫ ʧʨʠ ʪʠʩʢʫ ʈ ʧʦʟʥʘʯʘʶʪʴ Si. ʇʽʩʣʷ ʧʽʜʩʪʘʚʣʷʥʥʷ ʚʝʣʠʯʠʥʠ ʪʠʩʢʫ ʟʥʘʭʦʜʷʪʴ 

ʚʠʨʘʟ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʝʥʪʨʦʧʽʾ ʩʫʤʽʰʽ ʛʘʟʽʚ 

Ὓ̒̔̍ ВὲὛ ὙВὲÌÎ                                           (4.9) 

5.3. ɽʥʪʨʦʧʽʷ ʽ ʬʫʥʢʮʽʾ ʥʘʧʨʷʤʢʫ ʭʽʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ 

ɸʥʘʣʽʟʫʶʯʠ ʫʤʦʚʠ ʧʨʦʚʝʜʝʥʥʷ ʭʽʤʽʯʥʦʛʦ ʧʨʦʮʝʩʫ, ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ 

ʟʚʠʯʘʡʥʦ ʭʽʤʽʯʥʘ ʩʪʘʜʽʷ ʡʦʛʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʫʤʦʚ, ʙʣʠʟʴʢʠʭ ʜʦ ʟʘʤʢʥʫʪʠʭ ʩʠʩʪʝʤ. ʋ 

ʟʦʥʽ ʧʨʦʚʝʜʝʥʥʷ ʨʝʘʢʮʽʾ ʚʽʜʙʫʚʘʻʪʴʩʷ ʦʙʤʽʥ ʝʥʝʨʛʽʻʶ ʟ ʥʘʚʢʦʣʠʰʥʽʤ ʩʝʨʝʜʦʚʠʱʝʤ 

ʰʣʷʭʦʤ ʪʝʧʣʦʦʙʤʽʥʫ; ʦʙʤʽʥ ʤʘʩʦʶ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʩʝʨʝʜʠʥʽ ʩʠʩʪʝʤʠ ʟʘ ʨʘʭʫʥʦʢ 

ʧʝʨʝʙʽʛʫ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʘ ʦʙʤʽʥ ʤʘʩʦʶ ʟ ʥʘʚʢʦʣʠʰʥʽʤ ʩʝʨʝʜʦʚʠʱʝʤ ʚʽʜʩʫʪ-

ʥʽʡ ʟʘʚʜʷʢʠ ʥʘʷʚʥʦʩʪʽ ʥʝʧʨʦʥʠʢʥʠʭ ʩʪʽʥʦʢ ʨʝʘʢʪʦʨʘ. ɺʠʚʝʜʝʥʥʷ ʧʨʦʜʫʢʪʽʚ ʽʟ ʟʦʥʠ 

ʨʝʘʢʮʽʾ ʥʝ ʻ ʦʙʤʽʥʦʤ ʤʘʩʦʶ ʚ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʤʫ ʨʦʟʫʤʽʥʥʽ, ʙʦ ʚʽʥ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʽʩʣʷ 

ʟʘʢʽʥʯʝʥʥʷ ʨʝʘʢʮʽʾ. 

ʗʢ ʚʠʭʦʜʠʪʴ ʟ ʨʽʚʥʷʥʥʷ (4.1), ʟʤʽʥʘ ʝʥʪʨʦʧʽʾ ʟʘʤʢʥʫʪʦʾ ʩʠʩʪʝʤʠ ʤʦʞʣʠʚʘ ʟʘ ʨʘʭʫʥʦʢ 

ʪʝʧʣʦʦʙʤʽʥʫ ʽ ʧʝʨʝʙʽʛʫ ʚ ʩʠʩʪʝʤʽ ʩʘʤʦʯʠʥʥʠʭ (ʥʝʦʙʦʨʦʪʥʠʭ) ʧʨʦʮʝʩʽʚ. ɸ ʮʝ ʦʟʥʘʯʘʻ, 

ʱʦ ʟʘ ʟʤʽʥʦʶ ʝʥʪʨʦʧʽʾ ʟʘʤʢʥʫʪʦʾ ʩʠʩʪʝʤʠ ʥʝ ʤʦʞʥʘ ʩʫʜʠʪʠ ʧʨʦ ʥʘʧʨʷʤʦʢ ʧʨʦʮʝʩʽʚ. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʥʘʧʨʷʤʢʫ ʧʨʦʮʝʩʽʚ ʫ ʟʘʤʢʥʫʪʠʭ ʩʠʩʪʝʤʘʭ ʫ ʪʝʨʤʦʜʠʥʘʤʽʯʥʫ 

ʧʨʘʢʪʠʢʫ ʚʚʝʜʝʥʦ ʬʫʥʢʮʽʾ, ʱʦ ʥʘʟʠʚʘʶʪʴʩʷ ʝʥʝʨʛʽʻʶ ɻʽʙʙʩʘ G ʽ ʝʥʝʨʛʽʻʶ ɻʝʣʴʤʛʦʣʴʮʘ 

F. ɿʤʽʩʪ ʮʠʭ ʬʫʥʢʮʽʡ ʚʠʟʥʘʯʘʶʪʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʫʟʘʛʘʣʴʥʝʥʠʭ ʨʽʚʥʷʥʴ ʪʝʨʤʦʜʠʥʘʤʽʢʠ 

(4.2) ʪʘ (4.3). ʋ ʚʠʧʘʜʢʫ ʩʪʘʣʠʭ ʪʝʤʧʝʨʘʪʫʨʠ ʡ ʦʙôʻʤʫ (dT =  0, dV = 0) ʨʽʚʥʷʥʥʷ (4.2) 

ʤʦʞʥʘ ʧʝʨʝʪʚʦʨʠʪʠ ʜʦ ʚʠʛʣʷʜʫ 

Ћ1  Ä5 4Ä3 Ä 5 43  Ä&. (4.10) 

ʌʫʥʢʮʽʷ F = U ð TS ʜʽʩʪʘʣʘ ʥʘʟʚʫ ʝʥʝʨʛʽʾ ɻʝʣʴʤʛʦʣʴʮʘ, ʘʙʦ ʽʟʦʭʦʨʥʦ-ʽʟʦʪʝʨʤʽʯʥʦʛʦ 

ʧʦʪʝʥʮʽʘʣʫ. 

ʋ ʚʠʧʘʜʢʫ ʩʪʘʣʠʭ ʪʝʤʧʝʨʘʪʫʨʠ ʽ ʪʠʩʢʫ (dT = 0, dP =  0) ʨʽʚʥʷʥʥʷ (4.3) ʤʦʞʥʘ 

ʧʝʨʝʪʚʦʨʠʪʠ ʜʦ ʚʠʛʣʷʜʫ 

Ћ1  Ä( 4Ä3 Ä ( 43  Ä'                           (4.11) 

ʌʫʥʢʮʽʷ G = H ð TS ʜʽʩʪʘʣʘ ʥʘʟʚʫ ʝʥʝʨʛʽʾ ɻʽʙʙʩʘ, ʘʙʦ ʽʟʦʙʘʨʥʦ-ʽʟʦʪʝʨʤʽʯʥʦʛʦ 

ʧʦʪʝʥʮʽʘʣʫ. 

ʗʢ ʚʠʜʥʦ ʟ ʨʽʚʥʷʥʴ (4.10) ʪʘ (4.11), ʬʫʥʢʮʽʾ F ʪa G ʟʤʽʥʶʶʪʴʩʷ ʣʠʰʝ ʟʘ ʨʘʭʫʥʦʢ 

ʥʝʩʢʦʤʧʝʧʩʦʚʘʥʦʾ ʪʝʧʣʦʪʠ Ћ1, ʪʦʙʪʦ ʟʘ ʾʭ ʟʤʽʥʦʶ ʤʦʞʥʘ ʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ ʧʨʦ 

ʥʘʧʨʷʤʦʢ ʧʝʨʝʙʽʛʫ ʩʘʤʦʯʠʥʥʦʛʦ ʧʨʦʮʝʩʫ ʚ ʥʝʽʟʦʣʴʦʚʘʥʽʡ ʩʠʩʪʝʤʽ; ʧʝʨʝʙʽʛ 

ʩʘʤʦʯʠʥʥʦʛʦ ʧʨʦʮʝʩʫ ʚ ʥʝʽʟʦʣʴʦʚʘʥʽʡ ʩʠʩʪʝʤʽ ʤʦʞʣʠʚʠʡ ʣʠʰʝ ʚ ʥʘʧʨʷʤʢʫ, ʧʨʠ ʷʢʦʤʫ 

ʟʘ ʫʤʦʚ ʊ = const, V = const 
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ʟʤʝʥʰʫʻʪʴʩʷ ʝʥʝʨʛʽʷ ɻʝʣʴʤʛʦʣʴʮʘ, ʘ ʟʘ ʫʤʦʚ ʊ = const, ʈ = const ʟʤʝʥʰʫʻʪʴʩʷ ʝʥʝʨʛʽʷ 

ɻʽʙʙʩʘ. 

ʆʩʢʽʣʴʢʠ ʚʥʫʪʨʽʰʥʷ ʝʥʝʨʛʽʷ, ʝʥʪʘʣʴʧʽʷ ʪʘ ʝʥʪʨʦʧʽʷ, ʱʦ ʚʭʦʜʷʪʴ ʫ ʨʽʚʥʷʥʥʷ (4.10), 

(4.11), ʻ ʝʢʩʪʝʥʩʠʚʥʠʤʠ ʬʫʥʢʮʽʷʤʠ ʩʪʘʥʫ (ʾʭ ʟʥʘʯʝʥʥʷ ʟʘʣʝʞʘʪʴ ʚʽʜ ʩʪʘʥʫ ʩʠʩʪʝʤʠ ʽ 

ʢʽʣʴʢʦʩʪʽ ʨʝʯʦʚʠʥʠ ʚ ʥʽʡ), ʪʦ ʝʥʝʨʛʽʷ ɻʽʙʙʩʘ ʽ ʝʥʝʨʛʽʷ ɻʝʣʴʤʛʦʣʴʮʘ ʪʘʢʦʞ ʻ 

ʝʢʩʪʝʥʩʠʚʥʠʤʠ ʬʫʥʢʮʽʷʤʠ ʩʪʘʥʫ. 

5.4. ʅʘʧʨʷʤʦʢ ʭʽʤʽʯʥʦʾ ʨʝʘʢʮʽʾ ʪʘ ʝʥʝʨʛʽʷ ɻʽʙʙʩʘ 

ʋ ʧʨʦʤʠʩʣʦʚʠʭ ʫʤʦʚʘʭ ʨʝʘʢʮʽʾ ʚ ʛʘʟʦʚʽʡ ʬʘʟʽ ʥʘʡʧʨʦʩʪʽʰʝ ʧʨʦʚʦʜʠʪʠ ʧʨʠ ʩʪʘʣʠʭ 

ʪʠʩʢʫ ʽ ʪʝʤʧʝʨʘʪʫʨʽ. ɺ ʢʦʥʜʝʥʩʦʚʘʥʽʡ ʬʘʟʽ  ЎὋ  ЎὊ. ʊʦʤʫ ʥʘʜʘʣʽ ʜʣʷ ʘʥʘʣʽʟʫ ʭʽʤʽʯʥʦʾ 

ʚʟʘʻʤʦʜʽʾ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʤʝʤʦ ʣʠʰʝ ʝʥʝʨʛʽʶ ɻʽʙʙʩʘ, 

ʇʨʦʜʠʬʝʨʝʥʮʽʶʚʘʚʰʠ ʚʠʨʘʟ G = ʅ ð TS (dG = dH ð TdS ð SdT) ʽ ʧʽʜʩʪʘʚʠʚʰʠ ʚ 

ʥʴʦʛʦ ʟʥʘʯʝʥʥʷ ʜʠʬʝʨʝʥʮʽʘʣʫ ʝʥʪʘʣʴʧʽʾ dH = TdS + VdP, ʜʽʩʪʘʥʝʤʦ: 

dG = ð SdT + VdP. (4.12) 

ɿ ʨʽʚʥʷʥʥʷ (4.12) ʚʠʭʦʜʠʪʴ, ʱʦ ʚ ʨʘʟʽ ʧʝʨʝʙʽʛʫ ʭʽʤʽʯʥʦʾ ʨʝʘʢʮʽʾ ʟʘ ʫʤʦʚ ʊ = const, ʈ 

=  const ʝʥʝʨʛʽʷ ɻʽʙʙʩʘ ʤʦʞʝ ʟʤʽʥʠʪʠʩʷ ʟʘ ʨʘʭʫʥʦʢ ʟʤʽʥʠ ʢʽʣʴʢʦʩʪʽ ʤʦʣʽʚ ʢʦʤʧʦʥʝʥʪʽʚ 

ʨʝʘʢʮʽʡʥʦʾ ʩʫʤʽʰʽ, ʦʩʢʽʣʴʢʠ ʝʥʝʨʛʽʷ ɻʽʙʙʩʘ ʻ ʝʢʩʪʝʥʩʠʚʥʦʶ ʬʫʥʢʮʽʻʶ. ʊʦʤʫ ʚ ʨʽʚʥʷʥʥʷ 

ʪʠʧʫ (4.12) ʚʚʦʜʷʪʴ ʚʝʣʠʯʠʥʫ, ʱʦ ʥʘʟʠʚʘʻʪʴʩʷ ʭʽʤʽʯʥʠʤ ʧʦʪʝʥʮʽʘʣʦʤ  ‘, ʷʢʫ 

ʨʦʟʛʣʷʜʘʶʪʴ ʷʢ ʝʥʝʨʛʽʶ ɻʽʙʙʩʘ, ʱʦ ʧʨʠʧʘʜʘʻ ʥʘ 1 ʤʦʣʴ i-ʛʦ ʢʦʤʧʦʥʝʥʪʘ ʨʝʘʢʮʽʡʥʦʾ 

ʩʫʤ̔h ʽ 

dG = ð  SdT + VdP + В‘Ὠὲ. (4.13) 

ɼʣʷ ʯʠʩʪʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʚʝʣʠʯʠʥʘ   ‘ ʜʦʨʽʚʥʶʻ ʧʠʪʦʤʽʡ ʝʥʝʨʛʽʾ ɻʽʙʙʩʘ: 

  ‘  
Ὃ

ὲ
ȟ

 

 

ɿʥʘʯʝʥʥʷ ʭʽʤʽʯʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʯʠʩʪʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʧʨʠ ʩʪʘʥʜʘʨʪʥʠʭ ʟʥʘʯʝʥʥʷʭ ʊ ʽ 

ʈ (ʊ = 298,15 ʂ, ʈ = 1,013 Ț 105 ʇʘ) ʥʘʟʠʚʘʶʪʴ ʩʪʘʥʜʘʨʪʥʠʤ ʭʽʤʽʯʥʠʤ ʧʦʪʝʥʮʽʘʣʦʤ ʽ 

ʧʦʟʥʘʯʘʶʪʴ ‘Ȣ ʗʢʱʦ ʧʨʠ ʧʨʦʭʦʜʞʝʥʥʽ ʨʝʘʢʮʽʾ ʩʢʣʘʜ ʨʝʘʢʮʽʡʥʦʾ ʩʫʤʽʰʽ ʟʤʽʥʶʻʪʴʩʷ, 

ʚʝʣʠʯʠʥʘ ʭʽʤʽʯʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʩʪʘʻ ʟʤʽʥʥʦʶ ʚʝʣʠʯʠʥʦʶ ʟʘ ʨʘʭʫʥʦʢ ʟʤʽʥʠ ʝʥʪʨʦʧʽʾ 

ʟʤʽʰʫʚʘʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ (4.9). ɺ ʨʝʟʫʣʴʪʘʪʽ ʭʽʤʽʯʥʠʡ ʧʦʪʝʥʮʽʘʣ ʢʦʤʧʦʥʝʥʪʽʚ ʩʫʤʽʰʽ 

ʧʦʜʘʶʪʴ ʚʠʨʘʟʦʤ 

  ‘  ‘ ὙὝÌÎὴ                                                  (4.14) 

ɿʤʽʥʫ ʝʥʝʨʛʽʾ ɻʽʙʙʩʘ ʩʠʩʪʝʤʠ, ʫ ʷʢʽʡ ʚʽʜʙʫʚʘʻʪʴʩʷ ʭʽʤʽʯʥʘ ʨʝʘʢʮʽʷ ὥὃ ὦὄ P ὶὙ

ίὛ, ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʚʠʨʘʟ (4.13), ʪʘʢ: 

ὨὋ  ὛὨὝὠὨὖ ‘Ὠὲ  ‘Ὠὲ  ‘Ὠὲ  ‘Ὠὲ (4.15) 

ʜʝ ʜʚʘ ʧʝʨʰʠʭ ʜʦʜʘʥʢʠ ʚʢʘʟʫʶʪʴ ʥʘ ʟʤʽʥʫ G ʟʘ ʨʘʭʫʥʦʢ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ̔  ʟʘʛʘʣʴʥʦʛʦ 

ʪʠʩʢʫ ʚ ʩʠʩʪʝʤʽ, ʘ ʨʝʰʪʘ ð ʥʘ ʾʾ ʟʤʽʥʫ ʟʘ ʨʘʭʫʥʦʢ ʟʤʽʥʠ ʢʽʣʴʢʦʩʪʽ ʤʦʣʽʚ ʽ ʭʽʤʽʯʥʦʛʦ 

ʧʦʪʝʥʮʽʘʣʫ ʨʝʘʢʮʽʡʥʦʾ ʩʫʤʽʰʽ.
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ɿʘ ʫʤʦʚʠ, ʱʦ ʊ = const, ʈ = const, ̔  ʟ ʫʨʘʭʫʚʘʥʥʷʤ (4.14) ʨʽʚʥʷʥʥʷ (4.15) ʤʦʞʥʘ ʧʦʜʘʪʠ 

ʫ ʚʠʛʣʷʜʽ 

Ὃȟ  В‘ ὙὝÌÎὴὨὲ (4.16) 

ɿʤʽʥʘ ʢʽʣʴʢʦʩʪʽ ʢʦʤʧʦʥʝʥʪʽʚ ʫ ʭʦʜʽ ʭʽʤʽʯʥʦʾ ʨʝʘʢʮʽʾ ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʪʫʧʝʥʷ ʾʾ 

ʧʨʦʭʦʜʞʝʥʥʷ ʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʝʣʠʯʠʥʦʶ, ʱʦ ʥʘʟʠʚʘʻʪʴʩʷ ʩʪʫʧʝʥʝʤ ʧʦʚʥʦʪʠ (ʤʽʨʦʶ, 

ʭʽʤʽʯʥʦʶ ʟʤʽʥʥʦʶ) ʨʝʘʢʮʽʾ ‚, ʩʫʪʴ ʷʢʦʾ ʨʦʟʢʨʠʚʘʻʪʴʩʷ ʚʠʨʘʟʦʤ 

Ὠὲ

ὥ
 
Ὠὲ

ὦ
 
Ὠὲ

ὶ
Ễ  

Ὠὲ

Ὥ
Ὠ‚ 

 

ʘʙʦ ʜʣʷ i-ʛʦ ʢʦʤʧʦʥʝʥʪʘ ʨʝʘʢʮʽʡʥʦʾ ʩʫʤʽʰʽ 

Ὠὲ  ὺὨ‚. (4.17) 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ (4.17) ʨʽʚʥʷʥʥʷ (4.16) ʧʝʨʝʪʚʦʨʶʶʪʴ ʜʦ ʚʠʛʣʷʜʫ 

Ὃȟ  ὺ‘ ὙὝÌÎὴ Ὠ‚ 

ʘʙʦ 

Ὃ

Ὠ‚╣ȟ╟
 ὺ‘ ὙὝÌÎὴ  

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʤʽʥʽʤʫʤʫ ʝʥʝʨʛʽʾ ɻʽʙʙʩʘ ʧʨʠ ʨʽʚʥʦʚʘʟʽ, ʧʦʭʽʜʥʘ (dG/dɝ)T,P = 0, ʘ ʫʤʦʚʫ 

ʨʽʚʥʦʚʘʛʠ ʧʨʠ ʊ = const, ʈ = const ʫ ʩʠʩʪʝʤʽ, ʜʝ ʧʨʦʭʦʜʠʪʴ ʭʽʤʽʯʥʘ ʨʝʘʢʮʽʷ, ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ 

ʪʘʢ: 

Вὺ‘ ὙὝÌÎὴȟ π, (4.18) 

ʜʝ ὴȟ ð ʧʘʨʮʽʘʣʴʥʽ ʪʠʩʢʠ ʢʦʤʧʦʥʝʥʪʽʚ ʩʠʩʪʝʤʠ ʚ ʩʪʘʥʽ ʨʽʚʥʦʚʘʛʠ. 

ʇʝʨʝʪʚʦʨʶʶʯʠ ʨʽʚʥʷʥʥʷ (4.18), ʜʽʩʪʘʥʝʤʦ 

В
 ВὺÌÎὴȟ ÌÎ ÌÎὑ                                    (4.19) 

ʜʝ ὑ  ð ʩʪʘʥʜʘʨʪʥʘ ʢʦʥʩʪʘʥʪʘ ʨʽʚʥʦʚʘʛʠ. 

ʆʩʢʽʣʴʢʠ ʧʨʠʡʥʷʪʦ, ʱʦ ʦʜʠʥʠʮʷ ʩʪʘʥʜʘʨʪʥʦʛʦ ʪʠʩʢʫ ʜʣʷ ‘ ʜʦʨʽʚʥʶʻ                                                 

1,013 Ț 105 ʇʘ, ʪʦ ʪʘʢʘ ʩʘʤʘ ʦʜʠʥʠʮʷ ʨ0 ʙʫʜʝ ʽ ʜʣʷ ὑ, ʦʙʯʠʩʣʝʥʦʾ ʟʘ ʪʘʙʣʠʯʥʠʤʠ ʜʘʥʠʤʠ 

ЎὋ̔ ̓.̃ ʊʦʤʫ ʧʽʜ ʯʘʩ ʧʨʘʢʪʠʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʩʢʣʘʜʫ ʨʽʚʥʦʚʘʞʥʦʾ ʩʫʤʽʰʽ ʚ ʨʽʚʥʷʥʥʷ ʟʘʢʦʥʫ 

ʜʽʶʯʠʭ ʤʘʩ ʩʣʽʜ ʧʽʜʩʪʘʚʣʷʪʠ ʚʝʣʠʯʠʥʫ ʪʠʩʢʫ, ʢʨʘʪʥʫ 1,013 Ț 105 ʇʘ, ʷʢʱʦ ʪʘʙʣʠʯʥʝ 

ʟʥʘʯʝʥʥʷ ὑ  ʜʘʥʦ ʧʨʠ ʩʪʘʥʜʘʨʪʥʦʤʫ ʪʠʩʢʫ, ʚʠʤʽʨʷʥʦʤʫ ʚ ʘʪʤʦʩʬʝʨʘʭ. 

5.5. ʄʝʪʦʜʠ ʨʦʟʨʘʭʫʥʢʫ ʢʦʥʩʪʘʥʪʠ ʨʽʚʥʦʚʘʛʠ 

ʭʽʤʽʯʥʦʾ ʨʝʘʢʮʽʾ 

ɿ ʨʽʚʥʷʥʥʷ (4.19) ʚʠʭʦʜʠʪʴ, ʱʦ ʚʝʣʠʯʠʥʫ ὑ  ʤʦʞʥʘ ʦʙʯʠʩʣʠʪʠ ʟʘ ʪʝʨʤʦʭʽʤʽʯʥʠʤʠ 

ʜʘʥʠʤʠ, ʦʩʢʽʣʴʢʠ ʚʝʣʠʯʠʥʘ  Вὺ‘  ʪʦʪʦʞʥʘ ʝʥʝʨʛʽʾ ɻʽʙʙʩʘ ʭʽʤʽʯʥʦʾ ʨʝʘʢʮʽʾ. ɼʣʷ 

ʨʦʟʨʘʭʫʥʢʫ ʝʥʝʨʛʽʾ ɻʽʙʙʩʘ ʭʽʤʽʯʥʦʾ ʨʝʘʢʮʽʾ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʦʚʽʜʢʦʚʽ ʜʘʥʽ ʧʠʪʦʤʠʭ ЎὋ̔ ̓̃ 

ʚʠʭʽʜʥʠʭ ʨʝʯʦʚʠʥ ʽ ʧʨʦʜʫʢʪʽʚ ʨʝʘʢʮʽʾ ʟ ʧʨʦʩʪʠʭ ʨʝʯʦʚʠʥ 

ЎὋ  ὺЎὋ̔ ̓̃̐̑̏̅
ὺЎὋ̔ ̖̓̃̃̉

 (4.20) 



 

 

ɿʘ ʚʝʣʠʯʠʥʦʶ ʽ ʟʥʘʢʦʤ ЎὋ̑  ʨʦʙʣʷʪʴ ʚʠʩʥʦʚʦʢ ʧʨʦ ʥʘʧʨʷʤʦʢ ʽ ʛʣʠʙʠʥʫ 

ʧʨʦʭʦʜʞʝʥʥʷ ʭʽʤʽʯʥʦʛʦ ʧʨʦʮʝʩʫ. ʗʢʱʦ ʟʥʘʯʝʥʥʷ ЎὋ̑  ʚʽʜôʻʤʥʝ ʽ (ЎὋ̑  < 0), ʥʘ 

ʧʽʜʩʪʘʚʽ ʨʽʚʥʷʥʥʷ (4.19) ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ ʧʨʦ ʚʠʩʦʢʫ ʡʤʦʚʽʨʥʽʩʪʴ 

ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʾ ʟʜʽʡʩʥʝʥʥʦʩʪʽ ʨʝʘʢʮʽʾ, ʦʩʢʽʣʴʢʠ ʢʦʥʩʪʘʥʪʘ ʨʽʚʥʦʚʘʛʠ ʚ ʮʴʦʤʫ 

ʚʠʧʘʜʢʫ ʙʽʣʴʰʘ ʟʘ ʦʜʠʥʠʮʶ. ɼʦʜʘʪʥʝ ʟʥʘʯʝʥʥʷ ЎὋ̑  (ЎὋ̑  > 0) ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ, ʱʦ 

ʢʦʥʩʪʘʥʪʘ ʨʽʚʥʦʚʘʛʠ ʨʝʘʢʮʽʾ ʤʝʥʰʘ ʟʘ ʦʜʠʥʠʮʶ. ʆʩʢʽʣʴʢʠ ʟʘ ʨʽʚʥʷʥʥʷʤ (4.20) 

ʨʦʟʨʘʭʦʚʫʶʪʴ ЎὋ̑  ʩʪʝʭʽʦʤʝʪʨʠʯʥʦʾ ʩʫʤʽʰʽ ʚʠʭʽʜʥʠʭ ʨʝʯʦʚʠʥ ʽ ʧʨʦʜʫʢʪʽʚ ʨʝʘʢʮʽʾ, ʪʦ 

ʜʦʜʘʪʥʝ ʟʥʘʯʝʥʥʷ ЎὋ̑  ʩʚʽʜʯʠʪʴ, ʱʦ ʨʝʘʢʮʽʷ ʧʨʦʭʦʜʠʪʠʤʝ ʫ ʙʽʢ ʨʦʟʢʣʘʜʘʥʥʷ 

ʧʨʦʜʫʢʪʽʚ ʨʝʘʢʮʽʾ, ʷʢʽ ʻ ʫ ʚʠʭʽʜʥʽʡ ʩʪʝʭʽʦʤʝʪʨʠʯʥʽʡ ʩʫʤʽʰʽ. ʗʢʱʦ ʚ ʧʦʯʘʪʢʦʚʽʡ 

ʨʝʘʢʮʽʡʥʽʡ ʩʫʤʽʰʽ ʚʠʢʦʨʠʩʪʘʥʽ ʣʠʰʝ ʚʠʭʽʜʥʽ ʨʝʯʦʚʠʥʠ, ʪʦ ʤʦʞʝ ʩʧʦʩʪʝʨʽʛʘʪʠʩʷ 

ʫʪʚʦʨʝʥʥʷ ʧʨʦʜʫʢʪʽʚ ʟʘ ʨʘʭʫʥʦʢ ʧʝʨʝʭʦʜʫ ʩʠʩʪʝʤʠ ʚ ʩʪʘʥ ʨʽʚʥʦʚʘʛʠ ʚ ʨʘʟʽ ʜʦʜʘʪʥʠʭ 

ʟʥʘʯʝʥʴ ЎὋ̑. ʈʝʘʢʮʽʶ ʟ ʜʦʜʘʪʥʠʤ ʟʥʘʯʝʥʥʷʤ ЎὋ̑  ʤʦʞʥʘ ʧʨʦʚʝʩʪʠ ʽ ʜʦ ʢʽʥʮʷ, 

ʧʦʩʪʽʡʥʦ ʚʠʜʘʣʷʶʯʠ ʽʟ ʟʦʥʠ ʨʝʘʢʮʽʾ ʧʨʦʜʫʢʪʠ, ʱʦ ʫʪʚʦʨʶʶʪʴʩʷ. 

ʊʝʤʧʝʨʘʪʫʨʥʫ ʟʘʣʝʞʥʽʩʪʴ ЎὋ̑ ʜʦʢʣʘʜʥʦ ʨʦʟʛʣʷ ʧʫʪʦ ʚ ʢʫʨʩʽ ʬʽʟʠʯʥʦʾ ʭʽʤʽʾ, ʪʦʤʫ 

ʷʢ ʜʦʚʽʜʢʦʚʽ ʜʘʥʽ ʧʦʜʘʤʦ ʣʠʰʝ ʨʽʚʥʷʥʥʷ ʙʝʟ ʚʠʚʝʜʝʥʴ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ 

ʨʦʟʨʘʭʫʥʢʫ ʢʦʥʩʪʘʥʪʠ ʨʽʚʥʦʚʘʛʠ ʧʨʠ ʨʽʟʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. 

ʈʽʚʥʷʥʥʷ ʊʴʦʤʢʽʥʘ ð ʐʚʘʨʮʤʘʥʘ: 

ÌÎὑ   
Ў

 ЎὛ  Ўὥὓ  Ўὦὓ  Ўὧὓ  Ўὧᴂὓ  ,                       

(4.21) 

ʜʝ ЎὥȟЎὦȟЎὧȟЎὧ ð ʩʫʤʘ ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʷʜʫ ʪʝʧʣʦʻʤʥʦʩʪʝʡ 

ʧʨʦʜʫʢʪʽʚ ʨʝʘʢʮʽʾ ʽ ʚʠʭʽʜʥʠʭ ʨʝʯʦʚʠʥ (Ўὥ  Вὺὥ ̐̑̏  ̅Вὺὥ ̃̉ ̖ ʽ ʪ. ʜ.); ʄ0, 

ʄ1, ʄ2, ʄ2- - ʽʥʪʝʛʨʘʣʠ, ʱʦ ʟʘʣʝʞʘʪʴ ʣʠʰʝ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʽ ʥʝ ʟʘʣʝʞʘʪʴ ʚʽʜ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʨʝʯʦʚʠʥ (ʟʥʘʯʝʥʥʷ ʽʥʪʝʛʨʘʣʽʚ ʧʦʜʘʥʦ ʚ ʜʦʚʽʜʢʦʚʽʡ ʣʽʪʝʨʘʪʫʨʽ). 

ʋ ʧʝʨʰʦʤʫ ʥʘʙʣʠʞʝʥʥʽ ʥʝʭʪʫʶʪʴ ʟʘʣʝʞʥʽʩʪʶ ʪʝʧʣʦʻʤʥʦʩʪʽ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ. 

ʊʦʜʽ ʨʽʚʥʷʥʥʷ (4.21) ʤʦʞʥʘ ʧʦʜʘʪʠ ʫ ʚʠʛʣʷʜʽ 

ÌÎὑ  
Ў

 ЎὛ                        (4.22) 

ʈʽʚʥʷʥʥʷ (4.22) ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʨʦʟʨʘʭʫʥʢʽʚ ʫ ʪʦʤʫ ʚʠʧʘʜʢʫ, ʭʦʣʠ ʥʝʚʽʜʦʤʽ 

ʪʝʧʣʦʻʤʥʦʩʪʽ ʚʠʭʽʜʥʠʭ ʨʝʯʦʚʠʥ ʽ ʧʨʦʜʫʢʪʽʚ ʨʝʘʢʮʽʾ. 

ʈʦʟʨʘʭʫʥʦʢ ὑ  ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʠʭ ʩʢʣʘʜʦʚʠʭ ʝʥʪʘʣʴʧʽʾ ʡ 

ʝʥʪʨʦʧʽʾ ʨʝʘʢʮʽʾ ʚʠʢʦʥʫʶʪʴ ʟʘ ʨʽʚʥʷʥʥʷʤ 

ὙÌÎὑ Ὑ ÌÎὑȟ
Ў Ў

ЎὛ ЎὛ  
 
ЎὌ           (4.23) 

ʈʽʚʥʷʥʥʷ (4.23) ʟʨʫʯʥʦ ʚʠʢʦʨʠʩʪʘʪʠ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʢʦʥʩʪʘʥʪʠ ʨʽʚʥʦʚʘʛʠ ʭʽʤʽʯʥʦʾ 

ʨʝʘʢʮʽʾ ʟʘ ʜʦʚʽʜʢʦʚʠʤʠ ʜʘʥʠʤʠ ЎὌ ЎὌ  ʊɸ Ὓ Ὓ Ȣ  ɼʦʚʽʜʢʦʚʽ ʜʘʥʽ 

ʚʨʘʭʦʚʫʶʪʴ ʝʥʪʘʣʴʧʽʶ ʡ ʝʥʪʨʦʧʽʶ ʬʘʟʦʚʠʭ ʧʝʨʝʭʦʜʽʚ ʢʦʤʧʦʥʝʥʪʽʚ.



 

 

ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʢʦʥʩʪʘʥʪʠ ʨʽʚʥʦʚʘʛʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʠʚʝʜʝʥʠʭ ʧʦʪʝʥʮʽʘʣʽʚ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʨʽʚʥʷʥʥʷ: 

ὙÌÎὑ  Ў
Ὃ Ὄ

Ὕ
 
ЎὌ

Ὕ
 

̅  ̆

Ў
Ὃ Ὄ

Ὕ
 ὺ

Ὃ Ὄ

Ὕ
̐̑̏̅

 ὺ
Ὃ Ὄ

Ὕ
̖̃̉

 

 

ЎὌ  ВὺὌ ̐̑̏  ̅ВὺὌ ̖̃̉ ʧʨʠ 0 ʂ. 

ɿʤʽʥʫ ʧʨʠʚʝʜʝʥʠʭ ʧʦʪʝʥʮʽʘʣʽʚ ʭʽʤʽʯʥʦʾ ʨʝʘʢʮʽʾ ʦʙʯʠʩʣʶʶʪʴ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ 

ʜʦʚʽʜʢʦʚʽ ʜʘʥʽ ʜʣʷ ʧʨʠʚʝʜʝʥʠʭ ʧʦʪʝʥʮʽʘʣʽʚ ʢʦʤʧʦʥʝʥʪʽ ʨʝʘʢʮʽʾ. 

ʇʨʠʢʣʘʜ. ɺʠʟʥʘʯʠʪʠ ʥʘʧʨʷʤʦʢ ʨʝʘʢʮʽʾ ʛʘʟʠʬʽʢʘʮʽʾ ʢʘʤôʷʥʦʛʦ ʚʫʛʽʣʣʷ C + CO2  P

2CO ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 800 ʂ. 

ʈʦʟʚ'ʷʟʫʚʘʥʥʷ. ɺʠʟʥʘʯʘʻʤʦ ЎὋ  ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 800 ʂ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʪʘʙʣʠʮʽ 

ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʭ ʜʘʥʠʭ ʽ ʨʽʚʥʷʥʥʷ ʊʴʦʤʢʽʥʘ ð ʐʚʘʨʮʤʘʥʘ: 

 C CO2 CO 

ЎὌ ȟ̋ ˑ̇

Ⱦ̍ ̝̏̌ 
0 -394,1 -110,7 

Ὓ ȟˑ ̇

Ⱦ̍̏̌Ͻ̝̠  
5,7 213,9 198,2 

ʘ 17,18 44,2 27,65 

b 4,27 Ț 10-3 9,05 Ț 10-3 5,03 Ț 10-3 

 

 

ɿʥʘʯʝʥʥʷ ʄ-ʽʥʪʝʛʨʘʣʽʚ ʨʽʚʥʷʥʥʷ ʊʴʦʤʢʽʥʘðʐʚʘʨʮʤʘʥʘ ʧʨʠ ʊ = 800 ʂ: M0 = 0,3507;                                   

M1 = 0,1574 Ț 103. 

ЎὋ  ρρπȟχϽς σωτȟρ ψππ ρωψȟς Ͻς ςρσȟω υȟχϽ ρπ ψππϽ

 ρπ ς Ͻςχȟφυττȟς ρχȟρψϽπȟσυωχς Ͻυȟπσ Ͻ ρπ ωȟπυ Ͻ ρπ τȟςχϽ

 ρπ ϽπȟρυχτϽ ρπϽ ρπ σσȟωφ ̋ˑȾ̇̍ ̝̏̌. 

ɼʦʜʘʪʥʝ ʟʥʘʯʝʥʥʷ ЎὋ  ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 800 ʂ ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʢʦʣʠ ʛʘʟʦʚʫ ʩʫʤʽʰ 

ʩʪʝʭʽʦʤʝʪʨʠʯʥʦʛʦ ʩʢʣʘʜʫ, ʷʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 1 ʤʦʣʴ ʉʆ2 ʽ 2 ʤʦʣʴ ʉʆ, ʚʚʝʩʪʠ ʫ ʢʦʥʪʘʢʪ ʟ 

ʚʫʛʽʣʣʷʤ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 800 ʂ, ʪʦ ʨʝʘʢʮʽʷ ʟʘ ʥʘʧʨʷʤʢʦʤ ʚʽʜʙʫʚʘʪʠʤʝʪʴʩʷ ʚʣʽʚʦ, ʪʦʙʪʦ ʚ 

ʙʽʢ ʚʠʪʨʘʯʘʥʥʷ ʉʆ ʜʦ ʜʦʩʷʛʥʝʥʥʷ ʩʪʘʥʫ ʨʽʚʥʦʚʘʛʠ. ʆʜʥʘʢ, ʷʢʱʦ ʟ ʚʫʛʽʣʣʷʤ ʧʨʠ ʪʽʡ ʩʘʤʽʤ 

ʪʝʤʧʝʨʘʪʫʨʽ ʢʦʥʪʘʢʪʫʚʘʪʠʤʝ ʯʠʩʪʠʡ ʦʢʩʠʜ ʚʫʛʣʝʮʶ (IV), ʪʦ ʨʝʘʢʮʽʷ ʟʘ ʥʘʧʨʷʤʢʦʤ 

ʚʽʜʙʫʚʘʪʠʤʝʪʴʩʷ ʚʧʨʘʚʦ ʜʦ ʜʦʩʷʛʥʝʥʥʷ ʩʪʘʥʫ ʨʽʚʥʦʚʘʛʠ. ʆʪʞʝ, ʜʦʜʘʪʥʝ ʟʥʘʯʝʥʥʷ ЎὋ  

ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʢʦʥʩʪʘʥʪʘ ʨʽʚʥʦʚʘʛʠ ʜʘʥʦʾ ʨʝʘʢʮʽʾ ʤʝʥʰʘ ʟʘ ʦʜʠʥʠʮʶ, ʘ ʥʝ ʧʨʦ 

ʧʨʠʥʮʠʧʦʚʫ ʥʝʤʦʞʣʠʚʽʩʪʴ ʧʨʦʮʝʩʫ. ʅʘʧʨʷʤʦʢ ʧʨʦʮʝʩʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʦʥʢʨʝʪʥʦʛʦ ʩʢʣʘʜʫ 

ʚʠʭʽʜʥʦʾ ʨʝʘʢʮʽʡʥʦʾ ʩʫʤʽʰʽ ʛʘʟʽʚ. 

 

ɿʘʧʠʪʘʥʥʷ ʽ ʟʘʜʘʯʽ ʜʣʷ ʩʘʤʦʩʪʽʡʥʦʾ ʨʦʙʦʪʠ 

1. ʗʢʦʶ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʶ ʚʝʣʠʯʠʥʦʶ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʥʘʧʨʷʤʦʢ ʧʨʦʮʝʩʽʚ ʚ 

ʽʟʦʣʴʦʚʘʥʠʭ ʩʠʩʪʝʤʘʭ? 



 

 

2. ɿ ʷʢʦʶ ʤʝʪʦʶ ʚ ʪʝʨʤʦʜʠʥʘʤʽʯʥʫ ʧʨʘʢʪʠʢʫ ʚʚʝʜʝʥʽ ʬʫʥʢʮʽʾ: ʝʥʝʨʛʽʷ ɻʽʙʙʩʘ ʡ ʝʥʝʨʛʽʷ 

ɻʝʣʴʤʛʦʣʴʮʘ? 

3. ʇʦʷʩʥʠʪʠ ʧʦʜʽʙʥʽʩʪʴ ʽ ʚʽʜʤʽʥʥʽʩʪʴ ʭʽʤʽʯʥʦʾ ʨʝʘʢʮʽʾ ɯ ʥʝʟʘʤʢʥʫʪʦʾ ʩʠʩʪʝʤʠ. 

4. ʗʢ ʚʠʟʥʘʯʠʪʠ ʥʘʧʨʷʤʦʢ ʧʨʦʮʝʩʫ ʫ ʥʝʟʘʤʢʥʫʪʽʡ ʩʠʩʪʝʤʽ? 

5. ɺʢʘʟʘʪʠ ʟʚôʷʟʦʢ ʧʠʪʦʤʦʾ ʝʥʝʨʛʽʾ ɻʽʙʙʩʘ ʟ ʭʽʤʽʯʥʠʤ ʧʦʪʝʥʮʽʘʣʦʤ ʽ ʾʭ ʟʚ'ʷʟʦʢ ʟ 

ʢʦʥʩʪʘʥʪʦʶ ʨʽʚʥʦʚʘʛʠ. 

6. ɺʠʟʥʘʯʠʪʠ, ʯʠ ʤʦʞʣʠʚʘ ʜʠʩʦʮʽʘʮʽʷ HCl ʧʨʠ 1500 ʂ. 

7. ɺʠʟʥʘʯʠʪʠ, ʯʠ ʤʦʞʣʠʚʝ ʥʘʚʫʛʣʝʮʶʚʘʥʥʷ ʢʘʪʘʣʽʟʘʪʦʨʘ ʢʦʥʚʝʨʩʽʾ ʤʝʪʘʥʫ ʟʘ ʨʝʘʢʮʽʻʶ 

CH4  PC +          + 2H2 ʧʨʠ 1100 ʂ. 

8. ɺʠʟʥʘʯʠʪʠ ʪʝʤʧʝʨʘʪʫʨʫ, ʧʨʠ ʷʢʽʡ ʚʽʜʙʫʚʘʻʪʴʩʷ ʜʝʢʘʨʙʦʥʽʟʘʮʽʷ ʛʽʜʨʦʢʘʨʙʦʥʘʪʫ 

ʥʘʪʨʽʶ ʟʘ ʨʝʘʢʮʽʻʶ 

2NaHCO3  PNa2CO3 + CO2 + H2O. 

9. ʆʙʯʠʩʣʠʪʠ ʝʥʪʨʦʧʽʶ ʚʦʜʷʥʦʾ ʧʘʨʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 1000 ʂ ̔ ʪʠʩʢʫ 3 ʄʇʘ. 

10. ɺʠʟʥʘʯʠʪʠ ʢʦʥʩʪʘʥʪʫ ʜʠʩʦʮʽʘʮʽʾ N2O4 ʟʘ ʩʪʝʭʽʦʤʝʪʨʠʯʥʠʤ ʨʽʚʥʷʥʥʷʤ N2O4  P2 

NO2 ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 500 ʂ. ɼʣʷ ʨʦʟʨʘʭʫʥʢʽʚ ʚʠʢʦʨʠʩʪʘʪʠ ʨʽʚʥʷʥʥʷ ʊʴʦʤʢʽʥʘ ð 

ʐʚʘʨʮʤʘʥʘ. 

11. ʈʦʟʨʘʭʫʚʘʪʠ ʢʦʥʩʪʘʥʪʫ ʜʠʩʦʮʽʘʮʽʾ ʢʘʨʙʦʥʘʪʫ ʢʘʣʴʮʽʶ ʟʘ ʨʝʘʢʮʽʻʶ ʉʘʉʆ3  Pʉʘʆ 

+ ʉO2 ʧʨʠ 1100 ʂ. 

ʉʧʠʩʦʢ ʨʝʢʦʤʝʥʜʦʚʘʥʦʾ ʣʽʪʝʨʘʪʫʨʠ 

1. ʂʘʨʘʧʝʪʴʷʥʮ ʄ. X. ʍʠʤʠʯʝʩʢʘʷ ʪʝʨʤʦʜʠʥʘʤʠʢʘ.ð ʄ. :  ʍʠʤʠʷ, 1975.ð 584 ʩ. 

2. ʂʠʨʝʻʚ ɺ. ɸ. ʄʝʪʦʜʳ ʧʨʘʢʪʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʚ ʪʝʨʤʦʜʠʥʘʤʠʢʝ ʭʠʤʠʯʝʩʢʠʭ ʨʝ-

ʘʢʮʠʡ.ð ʄ. : ʍʠʤʠʷ, 1975.ð 536 ʩ. 

3. ʇʦʟʠʥ ʄ. ɽ., ɿʘʪʦʢ ʈ. ʖ. ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʪʝʭ-

ʥʦʣʦʛʠʠ.ð ʃ.: ʍʠʤʠʷ, 1985.ð 384 ʩ. 

  



 

 

ʈʦʟʜʽʣ 5 

ʈʆɿʈɸʍʋʅʆʂ ʉʂʃɸɼʋ ʈɯɺʅʆɺɸɾʅʆɰ ʉʋʄɯʐɯ ɼʃʗ 

ʍɯʄɯʏʅʀʍ ʈɽɸʂʎɯʁ 

5.1. ʈʦʟʨʘʭʫʥʦʢ ʩʢʣʘʜʫ ʨʽʚʥʦʚʘʞʥʦʾ ʩʫʤʽʰʽ ʧʨʦʩʪʠʭ 

ʽʜʝʘʣʴʥʠʭ ʛʘʟʦʚʠʭ ʩʠʩʪʝʤ 

ɺʠʭʽʜʥʠʤʠ ʜʘʥʠʤʠ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʻ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʘʨʘʤʝʪʨʠ, ʟʘ ʷʢʠʭ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʧʨʦʮʝʩ: ʪʝʤʧʝʨʘʪʫʨʘ, ʪʠʩʢ, ʩʢʣʘʜ ʚʠʭʽʜʥʦʾ ʛʘʟʦʚʦʾ ʩʫʤʽʰʽ, ʯʠʩʣʦʚʝ ʟʥʘʯʝʥʥʷ ʢʦʥʩʪʘʥʪʠ 

ʨʽʚʥʦʚʘʛʠ ʭʽʤʽʯʥʦʾ ʨʝʘʢʮʽʾ ʧʨʠ ʟʘʜʘʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʘʭ. ʈʦʟʨʘʭʫʥʦʢ ʩʢʣʘʜʫ 

ʨʽʚʥʦʚʘʞʥʦʾ ʩʫʤʽʰʽ ʧʦʣʷʛʘʻ ʫ ʚʠʟʥʘʯʝʥʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʚʠʭʽʜʥʠʭ ʨʝʯʦʚʠʥ ɯ ʧʨʦʜʫʢʪʽʚ 

ʨʝʘʢʮʽʾ ʧʨʠ ʜʦʩʷʛʥʝʥʥʽ ʩʠʩʪʝʤʦʶ ʩʪʘʥʫ ʨʽʚʥʦʚʘʛʠ. ʉʫʪʴ ʨʦʟʨʘʭʫʥʢʫ ʧʦʣʷʛʘʻ ʚ ʨʦʟʚôʷʟʫʚʘʥʥʽ 

ʨʽʚʥʷʥʥʷ ʟʘʢʦʥʫ ʜʽʶʯʠʭ ʤʘʩ, ʢʦʣʠ ʚʽʜʦʤʽ ʚʠʭʽʜʥʽ ʜʘʥʽ. 

ʈʦʟʛʣʷʥʝʤʦ ʨʝʘʢʮʽʶ, ʱʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʛʘʟʦʚʽʡ ʬʘʟʽ ʟʘ ʩʪʝʭʽʦʤʝʪʨʠʯʥʠʤ ʨʽʚʥʷʥʥʷʤ 

ʘɸ + bB + é +I Ÿ sS + rR + é                                         (5.1) 

ɿʘ ʟʘʢʦʥʦʤ ʜʽʶʯʠʭ ʤʘʩ, ʢʦʥʩʪʘʥʪʫ ʨʽʚʥʦʚʘʛʠ ʂʨ ʜʣʷ ʜʘʥʦʾ ʨʝʘʢʮʽʾ ʟʘʧʠʩʫʶʪʴ 

ʨʽʚʥʷʥʥʷʤ (5.2), ʦʩʢʽʣʴʢʠ ʽʥʝʨʪʥʽ ʜʦʤʽʰʢʠ / ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚ ʭʽʤʽʯʥʽʡ ʨʝʘʢʮʽʾ ʫʯʘʩʪʽ ʥʝ 

ʙʝʨʫʪʴ 

ὑὴ      (5.2) 

ʜʝ PR,PS,ʈɸ,ʈɺ ð ʨʽʚʥʦʚʘʞʥʽ ʧʘʨʮʽʘʣʴʥʽ ʪʠʩʢʠ ʚʽʜʧʦʚʽʜʥʦ ʧʨʦʜʫʢʪʽʚ ʨʝʘʢʮʽʾ ʽ ʚʠʭʽʜʥʠʭ 

ʨʝʯʦʚʠʥ. 

ʋ ʧʦʜʘʥʦʤʫ ʚʠʛʣʷʜʽ ʟ ʯʦʪʠʨʤʘ ʥʝʚʽʜʦʤʠʤʠ ʨʽʚʥʷʥʥʷ ʟʘʢʦʥʫ ʜʽʶʯʠʭ ʤʘʩ ʥʝʨʦʟʚôʷʟʥʝ. 

ʆʜʥʘʢ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʟʘʢʦʥʫ ɼʘʣʴʪʦʥʘ, ʜʣʷ ʽʜʝʘʣʴʥʠʭ ʛʘʟʽʚ ʩʧʨʘʚʜʞʫʻʪʴʩʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 

 

ὴ ὔ ὴz
В

ὴz      (5.3) 

ʇʽʜʩʪʘʚʣʷʶʯʠ (5.3) ʚ (5.2), ʜʽʩʪʘʥʝʤʦ: 

 ὑὴ
ὔ ὔ

ὔ ὔ
Ðzz Ўʉ 

Nɯ- ʤʦʣʷʨʥʘ ʯʘʩʪʢʘ -̔ʛʦ ʢʦʤʧʦʥʝʥʪʘ; p ð ʟʘʛʘʣʴʥʠʡ ʪʠʩʢ ʫ ʩʠʩʪʝʤʽ (ʚʽʜʦʤʠʡ 

ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʘʨʘʤʝʪʨ); ȹɜ ð ʩʫʤʘ ʩʪʝʭʽʦʤʝʪʨʠʯʥʠʭ ʢʦʝʬʽʮʽʝʥʪʽʚ ʨʽʚʥʷʥʥʷ ʨʝʘʢʮʽʾ (5.1). 

ʋ ʪʝʨʤʦʜʠʥʘʤʽʮʽ ʩʪʝʭʽʦʤʝʪʨʠʯʥʽ ʢʦʝʬʽʮʽʻʥʪʠ ʧʨʦʜʫʢʪʽʚ ʨʝʘʢʮʽʾ ʙʝʨʫʪʴ ʟʽ ʟʥʘʢʦʤ 

ʧʣʶʩ, ʚʠʭʽʜʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ð ʟʽ ʟʥʘʢʦʤ ʤʽʥʫʩ. ʉʪʝʭʽʦʤʝʪʨʠʯʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʽʥʝʨʪʥʠʭ 

ʜʦʤʽʰʦʢ ʜʦʨʽʚʥʶʻ ʥʫʣʶ;  ȹɜ = r + s ï a  - b. 

ʈʦʟʚôʷʟʘʪʠ ʨʽʚʥʷʥʠʡ (5.4) ʤʦʞʥʘ ʣʠʰʝ ʚ ʪʦʤʫ ʚʠʧʘʜʢʫ, ʷʢʱʦ ʤʦʣʷʨʥʽ ʯʘʩʪʢʠ 

ʢʦʤʧʦʥʝʥʪʽʚ ʨʝʘʢʮʽʡʥʦʾ ʩʫʤʽʰʽ ʚʜʘʩʪʴʩʷ ʧʦʜʘʪʠ ʯʝʨʝʟ ʦʜʥʫ ʥʝʚʽʜʦʤʫ ʚʝʣʠʯʠʥʫ. 

ʉʪʝʭʽʦʤʝʪʨʠʯʥʝ ʨʽʚʥʷʥʥʷ ʨʝʘʢʮʽʾ (5.1) ʜʘʻ ʟʤʦʛʫ ʚʠʨʘʟʠʪʠ ʤʦʣʷʨʥʫ ʯʘʩʪʢʫ ʢʦʞʥʦʛʦ 

ʢʦʤʧʦʥʝʥʪʘ ʫ ʩʪʘʥʽ ʨʽʚʥʦʚʘʛʠ ʩʠʩʪʝʤʠ ʯʝʨʝʟ ʤʦʣʷʨʥʫ ʯʘʩʪʢʫ ʙʫʜʴ-ʷʢʦʛʦ ʜʦʚʽʣʴʥʦ 

ʚʠʙʨʘʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʨʝʘʢʮʽʾ. ɼʣʷ ʮʴʦʛʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʪʝʭʽʦʤʝʪʨʠʯʥʦʛʦ ʨʽʚʥʷʥʥʷ 

ʚʩʪʘʥʦʚʣʶʶʪʴ ʬʫʥʢʮʽʦʥʘʣʴʥʫ ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ ʧʨʦʨʝʘʛʦʚʘʥʦʶ ʢʽʣʴʢʽʩʪʶ ʜʦʚʽʣʴʥʦ 

ʚʠʙʨʘʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʽ ʧʨʦʨʝʘʛʦʚʘʥʠʤʠ ʢʽʣʴʢʦʩʪʷʤʠ ʽʥʰʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʨʝʘʢʮʽʾ. ʊʘʢʫ 

ʬʫʥʢʮʽʦʥʘʣʴʥʫ ʟʘʣʝʞʥʽʩʪʴ ʤʦʞʥʘ ʚʩʪʘʥʦʚʠʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʦʥʷʪʴ ʛʣʠʙʠʥʠ ʧʨʦʭʦʜʞʝʥʥʷ 

ʨʝʘʢʮʽʡ, ʩʪʫʧʝʥʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʡ ʽʥʰʠʤʠ ʩʧʦʩʦʙʘʤʠ, ʨʦʟʛʣʷʥʫʪʠʤʠ ʜʘʣʽ. 

(5.4) 



 

 

5.2. ɺʠʢʦʨʠʩʪʘʥʥʷ ʧʦʥʷʪʪʷ ʛʣʠʙʠʥʠ ʧʨʦʭʦʜʞʝʥʥʷ ʨʝʘʢʮʽʾ ʜʣʷ 

ʨʦʟʨʘʭʫʥʢʫ ʩʢʣʘʜʫ ʨʽʚʥʦʚʘʞʥʦʾ ʩʫʤʽʰʽ 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʩʪʝʭʽʦʤʝʪʨʠʯʥʦʛʦ ʨʽʚʥʷʥʥʷ ʨʝʘʢʮʽʾ ʢʽʣʴʢʦʩʪʽ ʤʦʣʽʚ ʨʝʘʛʫʶʯʠʭ ʨʝʯʦʚʠʥ 

ʧʨʦʧʦʨʮʽʡʥʽ ʩʪʝʭʽʦʤʝʪʨʠʯʥʠʤ ʢʦʝʬʽʮʽʻʥʪʘʤ ʨʽʚʥʷʥʥʷ ʨʝʘʢʮʽʾ  

Ễ

Ὠ‚ 

ɺʝʣʠʯʠʥʘ Ὠ‚ ʭʘʨʘʢʪʝʨʠʟʫʻ ʛʣʠʙʠʥʫ ʧʨʦʭʦʜʞʝʥʥʷ ʨʝʘʢʮʽʾ (5.1). ʋ ʚʠʭʽʜʥʦʤʫ ʩʪʘʥʽ, 

ʜʦ ʧʦʯʘʪʢʫ ʨʝʘʢʮʽʾ, ‚ π. ʋ ʚʠʧʘʜʢʫ ʧʝʨʝʪʚʦʨʝʥʥʷ a ʽ b ʤʦʣʴ ʚʠʭʽʜʥʠʭ ʨʝʯʦʚʠʥ ʫr s̔  

ʤʦʣʴ ʧʨʦʜʫʢʪʽʚ, ʪʦʙʪʦ ʢʦʣʠ ʨʝʘʢʮʽʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʩʪʝʭʽʦʤʝʪʨʠʯʥʦʛʦ ʨʽʚʥʷʥʥʷ 

ʟʘʚʝʨʰʠʪʴʩʷ, ‚ . ɺ ʽʥʪʝʛʨʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ ʮʝ ʨʽʚʥʷʥʥʷ ʤʦʞʥʘ ʧʦʜʘʪʠ ʚʠʨʘʟʦʤ 

Ўὲ

ὥ

Ўὲ

ὦ

Ўὲ

ὶ
Ễ

Ўὲ

Ὥ
Ў‚ 

ʘʙʦ 

ὲ ὲ

ὥ
Ễ

ὲ ὲ

Ὥ
Ў‚ 

ʜʝ  ὲ  ð ʢʽʣʴʢʽʩʪʴ ʤʦʣʽʚ i-ʛʦ ʢʦʤʧʦʥʝʥʪʘ ʫ ʚʠʭʽʜʥʽʡ ʩʫʤʽʰʽ; n i  ð ʢʽʣʴʢʽʩʪʴ ʤʦʣʽʚ i-

ʛʦ ʢʦʤʧʦʥʝʥʪʘ ʚ ʩʪʘʥʽ ʨʽʚʥʦʚʘʛʠ. 

ʂʽʣʴʢʽʩʪʴ ʤʦʣʽʚ i-ʛʦ ʢʦʤʧʦʥʝʥʪʘ ʚ ʩʪʘʥʽ ʨʽʚʥʦʚʘʛʠ ʤʦʞʥʘ ʚʠʨʘʟʠʪʠ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ 

ʧʦʥʷʪʪʷ ʛʣʠʙʠʥʠ ʧʨʦʭʦʜʞʝʥʥʷ ʨʝʘʢʮʽʾ, ʪʘʢ: 

ὲ ὲ ὥz Ў‚ 

ὲ ὲ ὦz Ў‚ 

ὲ ὲ ὶz Ў‚ 

             éééééééé                   

ὲ ὲ Ὥz Ў‚ 

 

ʉʫʤʘ ʤʦʣʽʚ ʢʦʤʧʦʥʝʥʪʽʚ ʨʝʘʢʮʽʾ ʫ ʩʪʘʥʽ ʨʽʚʥʦʚʘʛʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʦʯʣʝʥʥʠʤ 

ʧʽʜʩʫʤʦʚʫʚʘʥʥʷʤ ʨʽʚʥʷʥʴ (5.5) 

Вὲ Вὲ Ў‡Ὥz Ў‚                            (5.6)     

 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʨʽʚʥʷʥʴ (5.5) ʪʘ (5.6) ʤʦʣʷʨʥʫ ʯʘʩʪʢʫ -̔ʛʦ ʢʦʤʧʦʥʝʥʪʘ ʚ ʩʪʘʥʽ 

ʨʽʚʥʦʚʘʛʠ ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʠʨʘʟʽʚ 

 

.
ὲ

Вὲ

ὲ ὥz Ў‚

Вὲ Ў’z Ў‚
Ƞ 

éééééééééééé 

ὔ
ὲ

Вὲ

ὲ ίz Ў‚

Вὲ Ў’z Ў‚
Ƞ 

        ʇʽʜʩʪʘʚʠʚʰʠ ʟʥʘʯʝʥʥʷ ʤʦʣʷʨʥʠʭ ʯʘʩʪʦʢ ʢʦʤʧʦʥʝʥʪʽʚ ʫ ʨʽʚʥʷʥʥʷ (5.4) ʽ 

ʟʛʨʫʧʫʚʘʚʰʠ ʯʣʝʥʠ, ʜʽʩʪʘʥʝʤʦ ʚʠʨʘʟ  

+Ð
Ўz ᶻ Ўz

Ўz ᶻ Ўz
ᶻ

Ў

В Ў Ўz Ў                                                                                                                                              

 

(5.7) 

(5.5) 



 

 

    ʈʽʚʥʷʥʥʷ (5.7) ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ ʻ ʧʦʣʽʥʦʤʦʤ  n-ʛʦ ʩʪʫʧʝʥʷ ʟ ʦʜʥʠʤ ʥʝʚʽʜʦʤʠʤ 

Ў‚Ȣ 

ʈʦʟʚôʷʟʫʶʪʴ ʪʘʢʝ ʨʽʚʥʷʥʥʷ, ʥʘʧʨʠʢʣʘʜ, ʤʝʪʦʜʦʤ ʜʽʣʝʥʥʷ ʚʽʜʨʽʟʢʘ ʧʦʧʦʣʘʤ. 

 

5.3. ɺʠʢʦʨʠʩʪʘʥʥʷ ʧʦʥʷʪʪʷ ʩʪʫʧʝʥʷ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʩʢʣʘʜʫ ʨʽʚʥʦʚʘʞʥʦʾ ʩʫʤʽʰʽ 

ʇʦʥʷʪʪʷ ʩʪʫʧʝʥʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʧʨʠ ʨʦʟʨʘʭʫʥʢʫ ʩʢʣʘʜʫ ʨʽʚʥʦʚʘʞʥʦʾ ʩʫʤʽʰʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʚʠʨʘʞʝʥʥʷ ʤʦʣʷʨʥʦʾ ʯʘʩʪʢʠ ʢʦʤʧʦʥʝʥʪʽʚ ʩʫʤʽʰʽ. ɿʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ 

ʥʝʚʽʜʦʤʠʭ ʫ ʨʽʚʥʷʥʥʽ ʟʘʢʦʥʫ ʜʽʶʯʠʭ ʤʘʩ ʜʦʩʷʛʘʶʪʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʠʨʘʞʝʥʥʷ ʤʦʣʷʨʥʦʾ 

ʯʘʩʪʢʠ i-ʛʦ ʢʦʤʧʦʥʝʥʪʘ ʩʫʤʽʰʽ ʯʝʨʝʟ ʩʪʫʧʽʥʴ ʧʝʨʝʪʚʦʨʝʥʥʷ ʜʦʚʽʣʴʥʦ ʚʠʙʨʘʥʦʛʦ ʢʦʤʧʦ-

ʥʝʥʪʘ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʤʦʣʷʨʥʦʾ ʯʘʩʪʢʠ ʢʦʤʧʦʥʝʥʪʘ ʫ 

ʨʽʚʥʦʚʘʞʥʽʡ ʩʫʤʽʰʽ ʚʽʜ ʩʪʫʧʝʥʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʜʦʚʽʣʴʥʦ ʚʠʙʨʘʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʤʝʪʦʜ ʩʢʣʘʜʘʥʥʷ ʤʘʪʝʨʽʘʣʴʥʦʛʦ ʙʘʣʘʥʩʫ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʩʪʝʭʽʦʤʝʪʨʠʯʥʦʛʦ ʨʽʚʥʷʥʥʷ ʢʽʣʴʢʦʩʪʽ ʨʝʯʦʚʠʥʠ ɸʫ ɦʦ ʧʨʦʨʝʘʛʫʚʘʣʘ, ʽ 

ʫʪʚʦʨʝʥʠʭ ʧʨʦʜʫʢʪʽʚ R ʘʙʦ S ʧʦʚôʷʟʘʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ 

Ὠὲ
ὥ

ὦ
Ὠzὲ

ὥ

ὶ
Ὠzὲ Ễ 

ʘʙʦ ʚ ʽʥʪʝʛʨʘʣʴʥʽʡ ʬʦʨʤʽ 

ὲ ὲ ᶻὲ ὲ ᶻὲ ὲ Ễ     (5.8) 

 

ʊʘʙʣʠʮʷ 5.1. ʄʘʪʝʨʽʘʣʴʥʠʡ ʙʘʣʘʥʩ ʭʽʤʽʯʥʦʾ ʨʝʘʢʮʽʾ (ʩʪʘʥ ʨʽʚʥʦʚʘʛʠ) 

ʂʦʤʧʦʥʝʥʪ ὲᶻȟ̍ ̝̏̌ Ўὲᶻȟ̍ ̝̏̌ ὲ̑ᶻȟ̍ ̝̏̌ 

A ὲ  ὥ

ὥ
ὲz

ὢz 

ὲ
ὥ

ὥ
ὲz

ὢz 

B ὲ  ὦ

ὥ
ὲz

ὢz 

ὲ
ὦ

ὥ
ὲz

ὢz 

R ὲ  ὶ

ὥ
ὲz

ὢz 

ὲ
ὶ

ὥ
ὲz

ὢz 

S ὲ  ί

ὥ
ὲz

ὢz 

ὲ
ί

ὥ
ὲz

ὢz 

ɯʥʝʨʪʠ ὲ  0 ὲ  

ʉʫʤʘ ὲ  
Ў’

ὥ
ὲz

ὢz 

ὲ
Ў’

ὥ
ὲz ὢz 

ʇʨʠʤʽʪʢʘ: ὲᶻ  ʢʽʣʴʢʽʩʪʴ ʢʦʤʧʦʥʝʥʪʽʚ ʫ ʚʠʭʽʜʥʽʡ ʩʫʤʽʰʽ, Ўὲᶻ  ʟʤʽʥʘ 

ʢʽʣʴʢʦʩʪʽ ʢʦʤʧʦʥʝʥʪʽʚ ʫ ʭʦʜʽ ʨʝʘʢʮʽʾ, ὲ̑ᶻ  ʢʽʣʴʢʽʩʪʴ ʢʦʤʧʦʥʝʥʪʽʚ ʫ 

ʩʠʩʪʝʤʽ ʚ ʩʪʘʥʽ ʨʽʚʥʦʚʘʛʠ. 

 



 

 

ʇʦʜʽʣʠʚʰʠ ʨʽʚʥʷʥʥʷ (5.8) ʥʘ Î  ʜʽʩʪʘʥʝʤʦ 

ᶻ     (5.9) 

ʃʽʚʘ ʯʘʩʪʠʥʘ ʨʽʚʥʷʥʥʷ (5,9), ʟʘ ʦʟʥʘʯʝʥʥʷʤ, ʷʚʣʷʻ ʩʦʙʦʶ ʩʪʫʧʽʥʴ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʢʦʤʧʦʥʝʥʪʘ ɸ ð ʍɸ: 

ὢ ᶻ      (5.10) 

ɿʘ ʚʠʨʘʟʦʤ (5.10) ʢʽʣʴʢʦʩʪʽ ʤʦʣʽʚ ʢʦʤʧʦʥʝʥʪʘ ɺ ʽ ʘʥʘʣʦʛʽʯʥʦ i-ʛʦ ʢʦʤʧʦʥʝʥʪʘ ʫ ʩʪʘʥʽ 

ʨʽʚʥʦʚʘʛʠ ʤʦʞʥʘ ʧʦʜʘʪʠ ʨʽʚʥʷʥʥʷʤʠ 

ὲ ὲ
ὦ

ὥ
ὲz ὢz 

             éééééééé                   

ὲ ὲ
ὶ

ὥ
ὲz ὢz 

ʉʢʣʘʜʘʶʪʴ ʤʘʪʝʨʽʘʣʴʥʠʡ ʙʘʣʘʥʩ ʨʝʘʢʮʽʾ ʫ ʩʪʘʥʽ ʨʽʚʥʦʚʘʛʠ, ʚʠʨʘʞʝʥʠʡ ʢʽʣʴʢʽʩʪʶ ʤʦʣʽʚ 

ʢʦʤʧʦʥʝʥʪʽʚ (ʪʘʙʣ. 5.1). 

ʄʦʣʷʨʥʫ ʯʘʩʪʢʫ ʜʦʚʽʣʴʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ, ʥʘʧʨʠʢʣʘʜ ʢʦʤʧʦʥʝʥʪʘ ɺ, ʫ ʩʪʘʥʽ ʨʽʚʥʦʚʘʛʠ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʨʽʚʥʷʥʥʷ ʤʘʪʝʨʽʘʣʴʥʦʛʦ ʙʘʣʘʥʩʫ ʨʝʘʢʮʽʾ ʤʦʞʥʘ ʧʦʜʘʪʠ ʚʠʨʘʟʦʤ 

ὔ
В

ᶻ ᶻ

В
Ў
ᶻ ᶻ

Ƞ     (5.11) 

ʇʦʜʽʣʠʚʰʠ ʯʠʩʝʣʴʥʠʢ ʽ ʟʥʘʤʝʥʥʠʢ ʨʽʚʥʷʥʥʷ (5.11) ʥʘ Вὲ ʜʽʩʪʘʶʪʴ ʚʠʨʘʟ ʜʣʷ 

ʤʦʣʷʨʥʦʾ ʯʘʩʪʢʠ ʜʦʚʽʣʴʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ: 

ὔ
В Вz

ᶻ

В

В

Ў

Вz
ᶻ

ᶻ ᶻ

Ў
ᶻ ᶻ

     (5.12) 

 

ʇʽʜʩʪʘʚʠʚʰʠ ʚʠʨʘʟʠ ʜʣʷ ʤʦʣʷʨʥʠʭ ʯʘʩʪʦʢ ʢʦʤʧʦʥʝʥʪʽʚ ʨʝʘʢʮʽʾ, ʘʥʘʣʦʛʽʯʥʽ (5.12) ʪʘ 

(5.13), ʫ ʨʽʚʥʷʥʥʷ ʟʘʢʦʥʫ ʜʽʶʯʠʭ ʤʘʩ (5.4) ʽ ʟʛʨʫʧʫʚʘʚʰʠ ʯʣʝʥʠ, ʜʽʩʪʘʥʝʤʦ:  

 

ὑὴ
ᶻ ᶻ ᶻ ᶻ ᶻ

ᶻ ᶻ ᶻ ᶻ
ᶻ

Ў

Ў
ᶻ ᶻ Ў

  

ʈʽʚʥʷʥʥʷ (5.14) ʨʦʟʚôʷʟʫʶʪʴ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʽʥʪʝʨʚʘʣʫ ʟʤʽʥʠ ʩʪʫʧʝʥʷ ʧʝʨʝʪʚʦʨʝʥʥʷ -1 

Ò ʍɸ Ò 1. 

5.4. ɺʠʢʦʨʠʩʪʘʥʥʷ ʟʘʢʦʥʫ ʟʙʝʨʝʞʝʥʥʷ 

ʢʽʣʴʢʦʩʪʽ ʘʪʦʤʽʚ ʝʣʝʤʝʥʪʽʚ 

ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʩʢʣʘʜʫ ʨʽʚʥʦʚʘʞʥʦʾ ʩʫʤʽʰʽ 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʟʘʢʦʥʫ ʟʙʝʨʝʞʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʘʪʦʤʽʚ ʝʣʝʤʝʥʪʽʚ ʫ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʭ 

 
 

 
 

  

 
 



 

 

ʩʠʩʪʝʤʘʭ ʽʟ ʩʪʘʣʦʶ ʤʘʩʦʶ ʨʝʘʛʫʶʯʠʭ ʨʝʯʦʚʠʥ ʢʽʣʴʢʦʩʪʽ ʘʪʦʤʽʚ ʢʦʞʥʦʛʦ ʟ ʝʣʝʤʝʥʪʽʚ, ʱʦ 

ʚʭʦʜʷʪʴ ʜʦ ʩʢʣʘʜʫ ʨʝʯʦʚʠʥ ð ʢʦʤʧʦʥʝʥʪʽʚ ʨʝʘʢʮʽʾ, ʥʝ ʟʤʽʥʶʻʪʴʩʷ. 

ʇʨʠʧʫʩʪʠʤʦ ʜʣʷ ʨʝʘʢʮʽʾ (5.1), ʱʦ ʫ ʚʠʭʽʜʥʽʡ ʩʫʤʽʰʽ ʻ ʢʽʣʴʢʽʩʪʴ ʤʦʣʽʚ nɸo, 

nBo,nRo,nSo,ʘ ʚ ʩʫʤʽʰʽ ʫ ʩʪʘʥʽ ʨʽʚʥʦʚʘʛʠ ð ʢʽʣʴʢʦʩʪʽ ʤʦʣʽʚ ʧɸ, ʧB, nR, ʧS. ʂʽʣʴʢʽʩʪʴ ʘʪʦʤʽʚ 

ʝʣʝʤʝʥʪʘ Ek, ɦ ʦ ʚʭʦʜʠʪʴ ʜʦ ʩʢʣʘʜʫ ʚʩʽʭ ʨʝʯʦʚʠʥ ʚʠʭʽʜʥʦʾ ʩʫʤʽʰʽ, ʤʦʞʥʘ ʧʦʜʘʪʠ ʚʠʨʘʟʘʤʠ 

 
ʂʽʣʴʢʽʩʪʴ ʘʪʦʤʽʚ ʝʣʝʤʝʥʪʘ Ek, ɦ ʦ ʚʭʦʜʠʪʴ ʜʦ ʩʢʣʘʜʫ ʚʩʽʭ ʨʝʯʦʚʠʥ ʨʽʚʥʦʚʘʞʥʦʾ 

ʩʫʤʽʰʽ, ʤʦʞʥʘ ʧʦʜʘʪʠ ʘʥʘʣʦʛʽʯʥʠʤʠ ʚʠʨʘʟʘʤʠ: 

  
 

ʂʽʣʴʢʽʩʪʴ ʨʽʚʥʷʥʴ ʫ ʩʠʩʪʝʤʘʭ (5.15) ʽ (5.16) ʜʦʨʽʚʥʶʻ ʢʽʣʴʢʦʩʪʽ ʘʪʦʤʽʚ ʝʣʝʤʝʥʪʘ Ek, ʱʦ 

ʚʭʦʜʷʪʴ ʜʦ ʩʢʣʘʜʫ ʚʩʽʭ ʨʝʯʦʚʠʥ ð ʢʦʤʧʦʥʝʥʪʽʚ ʨʝʘʢʮʽʾ (5.1). 

 ʅʘ ʧʽʜʩʪʘʚʽ ʟʘʢʦʥʫ ʟʙʝʨʝʞʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʘʪʦʤʽʚ ʝʣʝʤʝʥʪʽʚ ʜʽʩʪʘʥʝʤʦ 

  
ʘʙʦ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʩʠʩʪʝʤ (5.15) ʪʘ (5.16): 

  
 

ʂʽʣʴʢʽʩʪʴ ʨʽʚʥʷʥʴ ʫ ʩʠʩʪʝʤʽ (5.17), ʷʢ ʽ ʚ ʩʠʩʪʝʤʘʭ. (5.15) ʪʘ (5.16), ʜʦʨʽʚʥʶʻ ʢʽʣʴʢʦʩʪʽ 

ʘʪʦʤʽʚ ʝʣʝʤʝʥʪʘ Ek, ʦɦ ʚʭʦʜʠʪʴ ʜʦ ʩʢʣʘʜʫ ʚʩʽʭ ʨʝʯʦʚʠʥ ð ʢʦʤʧʦʥʝʥʪʽʚ ʨʝʘʢʮʽʾ. 

ɺʠʨʘʟʦʤ, ʱʦ ʟʘʤʠʢʘʻ ʩʠʩʪʝʤʫ (5.17), ʻ ʨʽʚʥʷʥʥʷ ʟʘʢʦʥʫ ʜʽʶʯʠʭ ʤʘʩ 

 
ʜʝ  ð ʢʽʣʴʢʽʩʪʴ ʤʦʣʽʚ ʨʝʯʦʚʠʥ ʫ ʩʪʘʥʽ ʨʽʚʥʦʚʘʛʠ, ʚʢʣʶʯʘʶʯʠ ʂɯʃʔʂɯʉʊʔ ʤʦʣʽʚ 

ʽʥʝʨʪʥʠʭ ʜʦʤʽʰʦʢ. 

ʂʽʣʴʢʽʩʪʴ ʤʦʣʽʚ ʨʝʯʦʚʠʥ ʫ ʨʽʚʥʦʚʘʞʥʽʡ ʩʫʤʽʰʽ ʚʠʟʥʘʯʘʶʪʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʫʤʽʩʥʦʛʦ 

ʨʦʟʚ'ʷʟʫʚʘʥʥʷ ʩʠʩʪʝʤʠ (5.17) ɯ ʨʽʚʥʷʥʥʷ (5.18). 

 

5.5. ʉʢʣʘʜʘʥʥʷ ʨʽʚʥʷʥʥʷ ʤʘʪʝʨʽʘʣʴʥʦʛʦ ʙʘʣʘʥʩʫ ʜʣʷ 

ʨʦʟʨʘʭʫʥʢʫ ʩʢʣʘʜʫ ʨʽʚʥʦʚʘʞʥʦʾ ʩʫʤʽʰʽ 

ʋ ʮʴʦʤʫ ʩʧʦʩʦʙʽ ʨʦʟʨʘʭʫʥʢʫ ʩʢʣʘʜʫ ʨʽʚʥʦʚʘʞʥʦʾ ʩʫʤʽʰʽ ʤʦʣʴʥʽ ʯʘʩʪʢʠ ʢʦʤʧʦʥʝʥʪʽʚ, 

ʧʦʪʨʽʙʥʽ ʜʣʷ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʨʽʚʥʷʥʥʷ (5.4), ʚʠʨʘʞʘʶʪʴ ʯʝʨʝʟ ʢʽʣʴʢʽʩʪʴ ʤʦʣʽʚ ʮʽʣʴʦʚʦʛʦ 

ʧʨʦʜʫʢʪʫ, ʱʦ ʫʪʚʦʨʠʚʩʷ, ʘʙʦ ʚʠʭʽʜʥʦʾ ʨʝʯʦʚʠʥʠ, ʷʢʘ ʧʨʦʨʝʘʛʫʚʘʣʘ ʥʘ ʤʦʤʝʥʪ ʫʩʪʘʥʦʚʣʝʥʥʷ 

ʩʪʘʥʫ ʨʽʚʥʦʚʘʛʠ. ʂʽʣʴʢʽʩʪʴ ʤʦʣʽʚ ʢʦʞʥʦʛʦ ʟ ʢʦʤʧʦʥʝʥʪʽʚ ʨʝʘʢʮʾʾ ʫ ʚʠʭʽʜʥ̔ ʡ ʩʫʤʽʰʽ ʤʦʞʝ 

ʙʫʪʠ ʜʦʚʽʣʴʥʦʶ. ʇʦʟʥʘʯʠʤʦ ʢʽʣʴʢʽʩʪʴ ʤʦʣʽʚ ʢʦʤʧʦʥʝʥʪʽʚ ʫ ʚʠʭʽʜʥʽʡ ʩʫʤʽʰʽ, ʚʟʷʪʽʡ ʜʣʷ 

ʟʜʽʡʩʥʝʥʥʷ ʧʨʦʥʝʩʫ ʟʘ ʨʝʘʢʮʽʻʶ (5.1), ʯʝʨʝʟ ʧɸo, ʧBo, nRo, ʧSo,ʘ ʢʽʣʴʢʽʩʪʴ ʤʦʣʽʚ ʽʥʝʨʪʥʠʭ 

ʜʦʤʽʰʦʢ, ʷʢʽ ʻ ʫ ʚʠʭʽʜʥʽʡ ʩʫʤʽʰʽ,ð ʯʝʨʝʟ nIo. ʇʨʠʧʫʩʪʠʤʦ, ʱʦ ʥʘ ʤʦʤʝʥʪ ʜʦʩʷʛʥʝʥʥʷ ʩʪʘʥʫ 

ʨʽʚʥʦʚʘʛʠ 

 
 

 



 

 

ʫʪʚʦʨʠʣʦʩʷ ʧR ʤʦʣʴ ʨʝʯʦʚʠʥʠ R. ʊʦʜʽ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʩʪʝʭʽʦʤʝʪʨʠʯʥʦʛʦ ʨʽʚʥʷʥʥʷ ʨʝʘʢʮʽʾ 

(5.1),  

ʫʪʚʦʨʠʪʴʩʷ  ʤʦʣʴ ʨʝʯʦʚʠʥʠ S ʽ ʚʠʪʨʘʪʠʪʴʩʷ ʤʦʣʴ ʨʝʯʦʚʠʥʠ ɸ ʪʘ  

ʤʦʣʴ ʨʝʯʦʚʠʥʠ ɺ.  

 
 

ʉʢʣʘʜʘʻʤʦ ʪʘʙʣʠʮʶ ʤʘʪʝʨʽʘʣʴʥʦʛʦ ʙʘʣʘʥʩʫ, ʚʠʨʘʞʝʥʦʛʦ ʢʽʣʴʢʽʩʪʶ ʤʦʣʽʚ ʨʝʯʦʚʠʥ ð 

ʢʦʤʧʦʥʝʥʪʽʚ ʨʝʘʢʮʽʾ ʫ ʩʪʘʥʽ ʨʽʚʥʦʚʘʛʠ (ʪʘʙʣ. 5.2). 

ʉʫʤʫ ʤʦʣʽʚ ʨʝʯʦʚʠʥ ʫ ʩʪʘʥʽ ʨʽʚʥʦʚʘʛʠ ʤʦʞʥʘ ʧʦʜʘʪʠ ʚʠʨʘʟʦʤ 

  
ʋ ʚʠʨʘʟʽ (5.19) ʦʩʪʘʥʥʽʡ ʜʦʜʘʥʦʢ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʯʝʨʝʟ ʙʫʜʴ-ʷʢʫ ʨʝʯʦʚʠʥʫ, ʱʦ ʙʝʨʝ 

ʫʯʘʩʪʴ ʫ ʨʝʘʢʮʽʾ, ʦʩʢʽʣʴʢʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʩʪʝʭʽʦʤʝʪʨʠʯʥʦʛʦ ʨʽʚʥʷʥʥʷ (5.1) ʟʤʽʥʠ ʢʽʣʴʢʦʩʪʝʡ 

ʨʝʘʛʫʶʯʠʭ ʨʝʯʦʚʠʥ ʟʚôʷʟʘʥʽ ʤʽʞ ʩʦʙʦʶ ʟʘʣʝʞʥʽʩʪʶ 

 
ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʧʦʜʘʥʽ ʚ ʪʘʙʣ. 5.2 ʟʥʘʯʝʥʥʷ ʢʽʣʴʢʦʩʪʝʡ ʤʦʣʽʚ ʽ ʩʫʤʫ ʤʦʣʽʚ ʫʩʽʭ 

ʨʝʯʦʚʠʥ ʫ ʩʪʘʥʽ ʨʽʚʥʦʚʘʛʠ (5.19), ʦʙʯʠʩʣʶʶʪʴ ʤʦʣʷʨʥʫ ʯʘʩʪʢʫ ʢʦʞʥʦʾ ʨʝʯʦʚʠʥʠ ʚ 

ʨʽʚʥʦʚʘʞʥʽʡ ʩʫʤʽʰʽ: 

 
 

ʇʽʜʩʪʘʚʣʷʶʯʠ ʚ ʨʽʚʥʷʥʥʷ ʟʘʢʦʥʫ ʜʽʶʯʠʭ ʤʘʩ (5.4) ʟʘʤʽʩʪʴ ʧʘʨʮʽʘʣʴʥʠʭ ʪʠʩʢʽʚ ʾʭ 

ʚʠʨʘʟʠ ʯʝʨʝʟ ʤʦʣʷʨʥʽ ʯʘʩʪʢʠ (5.20) ʽ ʟʘʛʘʣʴʥʠʡ ʪʠʩʢ, ʚʠʟʥʘʯʘʶʪʴ ʚʠʜ ʨʽʚʥʷʥʥʷ ʜʣʷ 

ʨʦʟʨʘʭʫʥʢʫ ʩʢʣʘʜʫ ʨʽʚʥʦʚʘʞʥʦʾ ʩʫʤʽʰʽ 

 
ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ ʨʽʚʥʷʥʥʷ (5.21) ð ʮʝ ʧʦʣʽʥʦʤ ʧ-ʛʦ ʩʪʝʧʝʥʷ ʟ ʦʜʥʠʤ ʥʝʚʽʜʦʤʠʤ 

ʧR. ʁʦʛʦ ʨʦʟʚôʷʟʫʶʪʴ ʤʝʪʦʜʦʤ ʧʦʩʣʽʜʦʚʥʠʭ ʥʘʙʣʠʞʝʥʴ, ʚʠʭʦʜʷʯʠ ʟ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ 

 (n i  ð ʢʦʤʧʦʥʝʥʪ ʩʠʩʪʝʤʠ ʟ ʤʽʥʽʤʘʣʴʥʦʶ ʢʽʣʴʢʽʩʪʶ ʤʦʣʽʚ ʨʝʯʦʚʠʥ ʫ ʚʠʭʽʜʥʽʡ 

   
 

 



 

 

ʩʫʤʽʰʽ). ʂʽʣʢɹʽʩʪʴ ʤʦʣʽʚ ʽʥʝʨʪʥʠʭ ʜʦʤʽʰʦʢ ʫ ʚʠʭʽʜʥʽʡ ʩʫʤʽʰʽ ʚʨʘʭʦʚʫʶʪʴ ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ 

ʩʫʤʠ ʤʦʣʽʚ ʨʝʯʦʚʠʥ ʫ ʨʽʚʥʦʚʘʞʥʽʡ ʩʫʤʽʰʽ ʟʘ ʨʽʚʥʷʥʥʷʤ (5.19). 

 

5.6. ʈʦʟʨʘʭʫʥʦʢ ʩʢʣʘʜʫ ʨʽʚʥʦʚʘʞʥʦʾ ʩʫʤʽʰʽ ʛʘʟʦʚʠʭ 

ʩʠʩʪʝʤ ʟ ʧʘʨʘʣʝʣʴʥʠʤ ʽ ʧʦʩʣʽʜʦʚʥʠʤ ʧʝʨʝʙʽʛʦʤ ʨʝʘʢʮʽʡ 

ɼʦʙʫʚʘʥʥʷ ʮʽʣʴʦʚʦʛʦ ʧʨʦʜʫʢʪʫ ʟ ʚʠʭʽʜʥʠʭ ʨʝʯʦʚʠʥ, ʭʽʤʽʯʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʷʢʠʭ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʨʝʘʢʮʽʷʤʠ, ʱʦ ʧʨʦʭʦʜʷʪʴ ʧʦʩʣʽʜʦʚʥʦ ʘʙʦ ʧʘʨʘʣʝʣʴʥʦ ʟ ʫʪʚʦʨʝʥʥʷʤ ʢʽʣʴʢʦʭ 

ʢʽʥʮʝʚʠʭ ʨʝʯʦʚʠʥ, ʧʦʚôʷʟʘʥʦ ʟʽ ʟʤʝʥʰʝʥʥʷʤ ʩʪʫʧʝʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʨʦʚʠʥʠ ʟʘ ʮʽʣʴʦʚʠʤ 

ʧʨʠʟʥʘʯʝʥʥʷʤ. 

ɺʠʟʥʘʯʝʥʥʷ ʩʢʣʘʜʫ ʨʽʚʥʦʚʘʞʥʦʾ ʩʫʤʽʰʽ ʫ ʚʠʧʘʜʢʫ ʟʤʽʥʠ ʧʘʨʘʤʝʪʨʽʚ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʧʨʦʮʝʩʫ ʜʘʻ ʟʤʦʛʫ ʚʠʷʚʠʪʠ ʪʝʨʤʦʜʠʥʘʤʽʯʥʽ ʫʤʦʚʠ, ʩʧʨʠʷʪʣʠʚʽ ʜʣʷ ʡʦʛʦ ʧʨʘʢʪʠʯʥʦʛʦ 

ʟʜʽʡʩʥʝʥʥʷ. ʎʽ ʫʤʦʚʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʨʠ ʢʽʥʝʪʠʯʥʦʤʫ ʘʥʘʣʽʟʽ ʧʨʦʮʝʩʫ, ʡʦʛʦ ʤʦʜʝʣʶʚʘʥʥʽ 

ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ. 

ʋ ʚʠʧʘʜʢʫ ʧʨʦʭʦʜʞʝʥʥʷ ʚ ʩʠʩʪʝʤʽ ʧʘʨʘʣʝʣʴʥʦ-ʧʦʩʣʽʜʦʚʥʠʭ ʦʙʦʨʦʪʥʠʭ ʨʝʘʢʮʽʡ 

ʨʦʟʨʘʭʫʥʦʢ ʩʢʣʘʜʫ ʨʽʚʥʦʚʘʞʥʦʾ ʩʫʤʽʰʽ ʟʚʦʜʠʪʴʩʷ ʜʦ ʩʢʣʘʜʘʥʥʷ ʽ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʩʠʩʪʝʤʠ 

ʘʣʛʝʙʨʘʾʯʥʠʭ ʨʽʚʥʷʥʴ ʟʘʢʦʥʫ ʜʽʶʯʠʭ ʤʘʩ, ʢʽʣʴʢʽʩʪʴ ʷʢʠʭ ʚʽʜʧʦʚʽʜʘʻ ʢʽʣʴʢʦʩʪʽ ʧʘʨʘʣʝʣʴʥʠʭ 

ʘʙʦ ʧʦʩʣʽʜʦʚʥʠʭ ʨʝʘʢʮʽʡ. ʋ ʚʠʧʘʜʢʫ ʧʨʦʭʦʜʞʝʥʥʷ ʧʘʨʘʣʝʣʴʥʠʭ ʘʙʦ ʧʦʩʣʽʜʦʚʥʠʭ ʨʝʘʢʮʽʡ ʻ 

ʧʝʚʥʘ ʩʧʝʮʠʬʽʢʘ ʫ ʩʢʣʘʜʘʥʥʽ ʨʽʚʥʷʥʴ ʟʘʢʦʥʫ ʜʽʶʯʠʭ ʤʘʩ, ʷʢʫ ʚʨʘʭʦʚʫʶʪʴ ʧʽʜ ʯʘʩ ʘʥʘʣʽʟʫ 

ʮʠʭ ʨʝʘʢʮʽʡ. 

ʇʨʦʘʥʘʣʽʟʫʻʤʦ ʤʝʪʦʜʠ ʨʦʟʨʘʭʫʥʢʫ ʩʢʣʘʜʫ ʨʽʚʥʦʚʘʞʥʦʾ ʩʫʤʽʰʽ ʜʣʷ ʚʠʧʘʜʢʫ, ʢʦʣʠ 

ʜʦʙʫʚʘʥʥʷ ʮʽʣʴʦʚʦʛʦ ʧʨʦʜʫʢʪʫ R ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʧʦʙʽʯʥʠʤ ʧʨʦʮʝʩʦʤ, ʱʦ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʧʘʨʘʣʝʣʴʥʦ ʦʩʥʦʚʥʦʤʫ. ʅʝʭʘʡ ʧʝʨʝʙʽʛ ʧʘʨʘʣʝʣʴʥʠʭ ʨʝʘʢʮʽʡ ʦʧʠʩʫʻʪʴʩʷ ʩʪʝʭʽʦʤʝʪʨʠʯʥʠʤʠ 

ʨʽʚʥʷʥʥʷʤʠ 

 
ʏʠʩʣʦʚʽ ʟʥʘʯʝʥʥʷ ʢʦʥʩʪʘʥʪ ʨʽʚʥʦʚʘʛʠ ʨʝʘʢʮʽʡ (5.22) ʪʘ (5.23) ʚʽʜʦʤʽ ʘʙʦ ʾʭ ʤʦʞʥʘ 

ʦʙʯʠʩʣʠʪʠ. ʉʢʣʘʜ ʚʠʭʽʜʥʦʾ ʩʫʤʽʰʽ, ʷʢ ʽ ʫ ʚʠʧʘʜʢʫ ʧʝʨʝʙʽʛʫ ʻʜʠʥʦʾ ʦʙʦʨʦʪʥʦʾ ʨʝʘʢʮʽʾ, ʤʘʻ 

ʙʫʪʠ ʟʘʜʘʥʠʡ, ʥʘʧʨʠʢʣʘʜ ʫ ʚʝʣʠʯʠʥʘʭ ʤʦʣʷʨʥʠʭ ʯʘʩʪʦʢ  ɼʃʗ  

ʚʠʟʥʘʯʝʥʥʷ  

ʩʢʣʘʜʫ ʨʽʚʥʦʚʘʞʥʦʾ ʩʫʤʽʰʽ ʟʘʧʠʩʫʶʪʴ ʩʠʩʪʝʤʫ ʨʽʚʥʷʥʛʴ ʟʘʢʦʥʫ ʜʽʶʯʠʭ ʤʘʩ ʜʣʷ 

ʨʝʘʢʮʽʡ (5.22) ʪʘ (5.23): 

 
ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʚʠʩʥʦʚʢʠ (5.3) ʽʟ ʟʘʢʦʥʫ ɼʘʣʴʪʦʥʘ ʜʣʷ ʽʜʝʘʣʴʥʠʭ ʛʘʟʽʚ, ʩʠʩʪʝʤʫ 

ʨʽʚʥʷʥʴ (5.24) ʧʝʨʝʪʚʦʨʶʶʪʴ ʜʦ ʚʠʜʫ, ʧʦʜʘʥʦʛʦ ʯʝʨʝʟ ʤʦʣʷʨʥʽ ʯʘʩʪʢʠ ʢʦʤʧʦʥʝʥʪʽʚ ʽ 

ʟʘʛʘʣʴʥʠʡ ʪʠʩʢ ʫ ʩʠʩʪʝʤʽ: 

 
ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʤʦʣʷʨʥʦʾ ʯʘʩʪʢʠ ʢʦʞʥʦʛʦ ʟ ʢʦʤʧʦʥʝʥʪʽʚ ʫ ʨʽʚʥʦʚʘʞʥʽʡ ʩʫʤʽʰʽ 

 
 

 
 

 



 

 

ʧʨʠʜʘʪʥʠʡ ʙʫʜʴ-ʷʢʠʡ ʟ ʤʝʪʦʜʽʚ, ʨʦʟʛʣʷʥʫʪʠʭ ʜʣʷ ʧʨʦʩʪʠʭ ʩʠʩʪʝʤ ʟ ʻʜʠʥʦʶ ʨʝʘʢʮʽʻʶ. 

ʅʘʧʨʠʢʣʘʜ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʜʣʷ ʮʴʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʧʦʥʷʪʪʷ ʩʪʫʧʝʥʷ ʧʝʨʝʪʚʦʨʝʥʥʷ, ʩʠʩʪʝʤʫ 

ʨʽʚʥʷʥʴ (5.25) ʤʦʞʥʘ ʧʝʨʝʪʚʦʨʠʪʠ ʩʢʣʘʜʘʥʥʷʤ ʨʽʚʥʷʥʥʷ ʤʘʪʝʨʽʘʣʴʥʦʛʦ ʙʘʣʘʥʩʫ ʨʝʘʢʮʽʾ. 

ɺʠʟʥʘʯʘʶʯʠ ʚʠʨʘʟ ʜʣʷ ʤʦʣʷʨʥʠʭ ʯʘʩʪʦʢ ʢʦʤʧʦʥʝʥʪʽʚ ɸ ʽ ɺ, ʧʦʪʨʽʙʥʦ ʦʙʦʚôʷʟʢʦʚʦ 

ʚʨʘʭʦʚʫʚʘʪʠ, ʱʦ ʮʽ ʨʝʯʦʚʠʥʠ ʦʜʥʦʯʘʩʥʦ ʚʠʪʨʘʯʘʶʪʴʩʷ ʟʘ ʜʚʦʤʘ ʨʝʘʢʮʽʷʤʠ. ʉʪʫʧʝʥʽ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʟʘ ʢʦʞʥʦʶ ʟ ʨʝʘʢʮʽʡ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʽ ʩʪʘʥʦʚʣʷʪʴ ʚʽʜʧʦʚʽʜʥʦ ʍɸ1 ʽ ʍɸ2. 

ʉʢʣʘʜʝʤʦ ʨʽʚʥʷʥʥʷ ʤʘʪʝʨʽʘʣʴʥʦʛʦ ʙʘʣʘʥʩʫ, ʚʠʨʘʞʝʥʦʛʦ ʢʽʣʴʢʽʩʪʶ ʤʦʣʽʚ 

ʢʦʤʧʦʥʝʥʪʽʚ ʫ ʨʽʚʥʦʚʘʞʥʽʡ ʩʫʤʽʰʽ (ʪʘʙʣ. 5.3).  

 

ʊʘʙʣʠʮʷ 5.3. ʄʘʪʝʨʽʘʣʴʥʠʡ ʙʘʣʘʥʩ ʧʨʦʥʝʩʫ ʟ ʧʘʨʘʣʝʣʴʥʠʤʠ ʨʝʘʢʮʽʷʤʠ (ʩʪʘʥ 

ʨʽʚʥʦʚʘʛʠ)

ʗʢʱʦ ʮʽʣʴʦʚʠʡ ʧʨʦʜʫʢʪ S ʫʪʚʦʨʶʻʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʧʝʨʝʙʽʛʫ ʧʦʩʣʽʜʦʚʥʠʭ ʘʙʦ ʧʦʩʣʽʜʦʚʥʦ-ʧʘʨʘʣʝʣʴʥʠʭ ʦʙʦʨʦʪʥʠʭ 

ʨʝʘʢʮʽʡ ʚʽʜʧʦʚʽʜʥʦ ʜʦ  

* ȰɔɎ. ɛɜɔɘɱɞɖɟ ɐɚ ɞɌɍɗ. 5.1. 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʧʦʜʘʥʽ ʚ ʮʽʡ ʪʘʙʣʠʮʽ ʚʠʨʘʟʠ ʜʣʷ ʢʽʣʴʢʦʩʪʽ ʤʦʣʽʚ ʢʦʞʥʦʛʦ 

ʢʦʤʧʦʥʝʥʪʘ ʽ ʩʫʤʠ ʤʦʣʽʚ ʢʦʤʧʦʥʝʥʪʽʚ ʫ ʩʪʘʥʽ ʨʽʚʥʦʚʘʛʠ, ʩʠʩʪʝʤʫ ʨʽʚʥʷʥʴ (5.25) ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ (5.12) ʤʦʞʥʘ ʧʦʜʘʪʠ ʫ ʪʘʢʦʤʫ ʚʠʛʣʷʜʽ:  



 

 

*  ɼʠʚ. ʧʨʠʤʽʪʢʫ ʜʦ ʪʘʙʣ. 5.1. 

ʩʪʝʭʽʦʤʝʪʨʠʯʥʦʛʦ ʨʽʚʥʷʥʥʷ 

 
ʪʦ ʙʘʣʘʥʩ, ʚʠʨʘʞʝʥʠʡ ʢʽʣʴʢʽʩʪʶ ʤʦʣʽʚ ʢʦʤʧʦʥʝʥʪʽʚ ʫ ʨʽʚʥʦʚʘʞʥʽʡ ʩʫʤʽʰʽ, ʤʦʞʥʘ 

ʩʢʣʘʩʪʠ, ʷʢ ʚʢʘʟʘʥʦ ʫ ʪʘʙʣ. 5.4. 

ɺʠʟʥʘʯʠʤʦ ʤʦʣʷʨʥʽ ʯʘʩʪʢʠ ʢʦʤʧʦʥʝʥʪʽʚ, ʧʦʜʽʣʠʚʰʠ ʨʽʚʥʦʚʘʞʥʝ ʟʥʘʯʝʥʥʷ ʢʽʣʴʢʦʩʪʽ 

ʤʦʣʽʚ ʢʦʤʧʦʥʝʥʪʘ ʥʘ ʩʫʤʫ ʤʦʣʽʚ ʫʩʽʭ ʢʦʤʧʦʥʝʥʪʽʚ ʫ ʨʽʚʥʦʚʘʞʥʽʡ ʩʫʤʽʰʽ. 

ʇʽʩʣʷ ʧʽʜʩʪʘʚʣʷʥʥʷ ʩʫʤʘʨʥʠʭ ʚʠʨʘʟʽʚ ʽʟ ʪʘʙʣ. 5.4 ʚ ʩʠʩʪʝʤʫ ʨʽʚʥʷʥʴ (5.25) ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ (5.12) ʜʽʩʪʘʥʝʤʦ: 

 

  

ȾɌɍɗɔɢɫ 5.4. ȸɌɞɑɜɱɌɗɨəɔɕ ɍɌɗɌəɝ ɛɜɚɢɑɝɟ ɓ ɛɚɝɗɱɐɚɎəɔɘɔ ɚɍɚɜɚɞəɔɘɔ ɜɑɌɖɢɱɫɘɔ (ɝɞɌə ɜɱɎəɚɎɌɏɔ) 

 


