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1. ʆʇʈɽɼɽʃɽʅʀɽ ʕʃɽʂʊʈʆɼʅʓʍ ʇʆʊɽʅʎʀɸʃʆɺ ʀ 

ʂʆʅʎɽʅʊʈɸʎʀʀ  ʀʆʅʆɺ ɺ ʈɸʉʊɺʆʈɽ ʄɽʊʆɼʆʄ 

ʀɿʄɽʈɽʅʀʗ ʕʃɽʂʊʈʆɼɺʀɾʋʑʀʍ ʉʀʃ 

  

 ɺ ʘʛʨʦʭʠʤʠʠ, ʬʠʟʠʦʣʦʛʠʠ ʨʘʩʪʝʥʠʡ ʠ ʚ ʧʦʯʚʦʚʝʜʝʥʠʠ ʟʥʘʥʠʝ 

ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʠʟʤʝʨʝʥʠʷ ʵʣʝʢʪʨʦʜʚʠʞʫʱʠʭ ʩʠʣ ʠʤʝʝʪ ʙʦʣʴʰʦʝ 

ʟʥʘʯʝʥʠʝ. ʕʪʠ ʤʝʪʦʜʳ ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʙʳʩʪʨʦ ʠ ʪʦʯʥʦ ʦʧʨʝʜʝʣʠʪʴ 

ʢʠʩʣʦʪʥʦʩʪʴ ʧʦʯʚ ʠ ʢʦʥʮʝʥʪʨʘʮʠʶ ʚʦʜʦʨʦʜʥʳʭ ʠʦʥʦʚ ʚ ʢʣʝʪʦʯʥʦʤ ʩʦʢʝ 

ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ. ʆʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʠ ʤʝʤʙʨʘʥʥʳʝ 

ʧʦʪʝʥʮʠʘʣʳ ʪʘʢʞʝ ʥʘʠʙʦʣʝʝ ʥʘʜʝʞʥʦ ʦʧʨʝʜʝʣʷʶʪʩʷ ʠʟʤʝʨʝʥʠʝʤ 

ʵʣʝʢʪʨʦʜʚʠʞʫʱʠʭ ʩʠʣ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʦʯʚʝʥʥʳʭ ʠʣʠ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ 

ʦʙʲʝʢʪʦʚ. 

ʇʨʠ ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʠ ʜʚʫʭ ʨʘʟʣʠʯʥʳʭ ʬʘʟ, ʩʦʜʝʨʞʘʱʠʭ ʵʣʝʢʪʨʠʯʝʩʢʠ 

ʟʘʨʷʞʝʥʥʳʝ ʯʘʩʪʠʮʳ (ʥʘʧʨʠʤʝʨ, ʵʣʝʢʪʨʦʥʳ ʚ ʤʝʪʘʣʣʘʭ ʠʣʠ ʠʦʥʳ ʚ 

ʨʘʩʪʚʦʨʘʭ), ʩʧʦʩʦʙʥʳʝ ʧʝʨʝʭʦʜʠʪʴ ʠʟ ʦʜʥʦʡ ʬʘʟʳ ʚ ʜʨʫʛʫʶ, ʚʦʟʥʠʢʘʝʪ 

ʨʘʚʥʦʚʝʩʠʝ, ʧʨʠ ʢʦʪʦʨʦʤ ʦʙʝ ʬʘʟʳ ʟʘʨʷʞʘʁ ʪʩʷ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʤʠ ʟʥʘʢʘʤʠ 

ʵʣʝʢʪʨʠʯʝʩʪʚʘ ʠ ʤʝʞʜʫ ʥʠʤʠ ʚʦʟʥʠʢʘʝʪ ʨʘʟʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʦʚ:  

ɽ  = e1    -  e2 , 

ʛʜʝ  ɽ ï ʵʣʝʢʪʨʦʜʚʠʞʫʱʘʷ ʩʠʣʘ (ʕɼʉ); e1 ʠ e2  - ʧʦʪʝʥʮʠʘʣʳ. 

ɻʘʣʴʚʘʥʠʯʝʩʢʠʤ ʵʣʝʤʝʥʪʦʤ ʠʣʠ ʛʘʣʴʚʘʥʠʯʝʩʢʦʡ ʮʝʧʴʶ ʥʘʟʳʚʘʝʪʩʷ 

ʧʨʠʙʦʨ, ʚ ʢʦʪʦʨʦʤ ʵʥʝʨʛʠʷ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ 

ʵʣʝʢʪʨʠʯʝʩʢʫʶ. ʆʥ ʩʦʩʪʦʠʪ ʠʟ ʦʙʨʘʪʠʤʳʭ ʠʣʠ ʥʝʦʙʨʘʪʠʤʳʭ ʵʣʝʢʪʨʦʜʦʚ, 

ʩʦʝʜʠʥʝʥʥʳʭ ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʠʤ ʧʨʦʚʦʜʥʠʢʦʤ. ʕʣʝʤʝʥʪ ʥʘʟʳʚʘʝʪʩʷ 

ʥʝʦʙʨʘʪʠʤʳʤ, ʝʩʣʠ ʚ ʩʠʩʪʝʤʝ ʭʦʪʷ ʙʳ ʦʜʠʥ ʠʟ ʧʨʦʮʝʩʩʦʚ ʷʚʣʷʝʪʩʷ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠ ʥʝʦʙʨʘʪʠʤʳʤ. ʆʙʨʘʪʠʤʳʡ ʵʣʝʢʪʨʦʜ ï ʵʪʦ ʤʝʪʘʣʣ, 

ʥʘʭʦʜʷʱʠʡʩʷ ʚ ʢʦʥʪʘʢʪʝ ʩ ʨʘʩʪʚʦʨʦʤ, ʩʦʜʝʨʞʘʱʝʤ ʪʝ ʞʝ ʠʦʥʳ, ʯʪʦ ʠ 

ʤʝʪʘʣʣ. ʆʙʨʘʪʠʤʳʡ ʵʣʝʢʪʨʦʜ ʩʭʝʤʘʪʠʯʝʩʢʠ ʟʘʧʠʩʳʚʘʝʪʩʷ  M|Mx+, ʛʜʝ ʄ ï 

ʤʝʪʘʣʣ, ʄʭ+ - ʠʦʥʳ ʵʪʦʛʦ ʤʝʪʘʣʣʘ, ʩʦʜʝʨʞʘʱʠʝʩʷ ʚ ʨʘʩʪʚʦʨʝ. 



 5 

ʄʳ ʠʟʫʯʘʝʤ ʪʦʣʴʢʦ ʦʙʨʘʪʠʤʳʝ ʵʣʝʢʪʨʦʜʳ, ʧʦʵʪʦʤʫ ʚ ʜʘʣʥɹʝʡʰʝʤ ʩʣʦʚʦ 

ñʦʙʨʘʪʠʤʳʡò ʦʧʫʩʢʘʝʪʩʷ. 

ʇʨʠ ʧʦʛʨʫʞʝʥʠʠ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʧʣʘʩʪʠʥʢʠ ʚ ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ ʠʦʥʦʚ ʪʦʛʦ 

ʞʝ ʤʝʪʘʣʣʘ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʬʘʟ ʚʦʟʥʠʢʘʝʪ ʜʚʦʡʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʩʣʦʡ, 

ʦʙʫʩʣʦʚʣʝʥʥʳʡ ʢʦʥʢʫʨʝʥʮʠʝʡ ʜʚʫʭ ʧʨʦʮʝʩʩʦʚ:  

ʘ) ʨʘʩʪʚʦʨʝʥʠʝ ʤʝʪʘʣʣʘ, ʭʘʨʘʢʪʝʨʠʟʫʝʤʦʝ ʨʘʙʦʪʦʡ, ʟʘʪʨʘʯʠʚʘʝʤʦʡ ʥʘ 

ʚʳʨʳʚʘʥʠʝ ʧʨʦʪʦʥʦʚ ʠʟ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ ʤʝʪʘʣʣʘ ʠ ʧʝʨʝʚʦʜʘ ʠʭ ʚ 

ʨʘʩʪʚʦʨ;  

ʙ) ʥʘʨʘʱʠʚʘʥʠʝ ʤʘʩʩʳ ʤʝʪʘʣʣʘ, ʦʧʨʝʜʝʣʷʝʤʦʝ ʨʘʙʦʪʦʡ ʧʦ ʨʘʟʨʫʰʝʥʠʶ 

ʛʠʜʨʘʪʥʦʡ ʦʙʦʣʦʯʢʠ ʠʦʥʦʚ ʠ ʦʩʘʞʜʝʥʠʶ ʠʭ ʥʘ ʤʝʪʘʣʣʝ. 

ɽʩʣʠ ʵʥʝʨʛʠʷ ʛʠʜʨʘʪʘʮʠʠ ʙʦʣʴʰʝ ʵʥʝʨʛʠʠ ʵʣʝʢʪʨʦʥʥʦ-ʠʦʥʥʦʡ ʩʚʷʟʠ  

ʤʝʪʘʣʣʘ, ʪʦ ʠʦʥʳ ʚʳʭʦʜʷʪ ʠʟ ʤʝʪʘʣʣʘ ʚ ʨʘʩʪʚʦʨ, ʧʣʘʩʪʠʥʢʘ ʟʘʨʷʞʘʝʪʩʷ 

ʦʪʨʠʮʘʪʝʣʴʥʦ, ʘ ʙʣʠʟʣʝʞʘʱʠʡ ʩʣʦʡ ʨʘʩʪʚʦʨʘ ï ʧʦʣʦʞʠʪʝʣʴʥʦ. 

ɽʩʣʠ ʵʥʝʨʛʠʷ ʛʠʜʨʘʪʘʮʠʠ ʤʝʥʴʰʝ ʵʥʝʨʛʠʠ ʵʣʝʢʪʨʦʥʥʦ-ʠʦʥʥʦʡ ʩʚʷʟʠ 

ʤʝʪʘʣʣʘ, ʪʦ ʠʦʥʳ ʦʩʘʞʜʘʶʪʩʷ ʥʘ ʧʣʘʩʪʠʥʢʝ, ʦʥʘ ʟʘʨʷʞʘʝʪʩʷ ʧʦʣʦʞʠʪʝʣʴʥʦ, ʘ 

ʙʣʠʟʣʝʞʘʱʠʡ ʩʣʦʡ ʨʘʩʪʚʦʨʘ ï ʦʪʨʠʮʘʪʝʣʴʥʦ. 

ɼʚʦʡʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʩʣʦʡ, ʚʦʟʥʠʢʘʶʱʠʡ ʥʘ ʛʨʘʥʠʮʝ ʤʝʪʘʣʣ-ʨʘʩʪʚʦʨ, 

ʦʧʨʝʜʝʣʷʝʪ ʧʦʷʚʣʝʥʠʝ ʨʘʚʥʦʚʝʩʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ, ʚʝʣʠʯʠʥʘ ʢʦʪʦʨʦʛʦ ʟʘʚʠʩʠʪ 

ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʦʥʦʚ ʤʝʪʘʣʣʘ ʚ ʵʣʝʢʪʨʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʠ ʧʨʠʨʦʜʳ (ʩʚʦʡʩʪʚ) 

ʤʝʪʘʣʣʘ. ʊʘʢʦʡ ʧʦʪʝʥʮʠʘʣ ʥʘʟʳʚʘʝʪʩʷ ʵʣʝʢʪʨʦʜʥʳʤ ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʫʨʘʚʥʝʥʠʝʤ ʅʝʨʥʩʪʘ: 

+
++

+= x
ʯʭ M

ʄ
ʄ

ʄ
ʄ a

nF

RT
lg303,20ee  , 

ʛʜʝ e (çɻ ʧʩʠʣʦʥè) - ʵʣʝʢʪʨʦʜʥʳʡ ʧʦʪʝʥʮʠʘʣ, ɺ; 

e0 ï ʩʪʘʥʜʘʨʪʥʳʡ (ʥʦʨʤʘʣʴʥʳʡ) ʧʦʪʝʥʮʠʘʣ, ɺ; 

R ï ʫʥʠʚʝʨʩʘʣʴʥʘʷ ʛʘʟʦʚʘʷ ʧʦʩʪʦʷʥʥʘʷ ï 8,31 ɼʞ/ʤʦʣʴ ʂ; 

ʊ ï ʘʙʩʦʣʶʪʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ, Üʂ; 

F -  ʯʠʩʣʦ ʌʘʨʘʜʝʷ ï 96500 ʂʣ/ʤʦʣʴ; 

 n ï ʚʘʣʝʥʪʥʦʩʪʴ ʠʦʥʦʚ ʤʝʪʘʣʣʘ; 
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 2,303 ï ʤʦʜʫʣʴ ʧʝʨʝʭʦʜʘ ʦʪ ʥʘʪʫʨʘʣʴʥʦʛʦ ʣʦʛʘʨʠʬʤʘ ʢ ʜʝʩʪ̫ʠʯʥʦʤʫ; 

+ʭʄ
ʘ  - ʘʢʪʠʚʥʦʩʪʴ ʠʦʥʦʚ ʤʝʪʘʣʣʘ ʚ ʨʘʩʪʚʦʨʝ. 

ɸʢʪʠʚʥʦʩʪʴ ʠʦʥʦʚ ʩʚʷʟʘʥʘ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʨʘʩʪʚʦʨʘ, ʠ ʵʪʘ ʩʚʷʟʴ 

ʚʳʨʘʞʘʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ  

Cfʘ aʄʭ
=+  

ʛʜʝ  +xM
a - ʘʢʪʠʚʥʦʩʪʴ, ʉ ï ʤʦʣʷʨʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʨʘʩʪʚʦʨʘ ʠ af - 

ʢʦʵʬʬʠʮʠʝʥʪ ʘʢʪʠʚʥʦʩʪʠ, ʫʯʠʪʳʚʘʶʱʠʡ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʠʦʥʦʚ ʚ ʨʘʩʪʚʦʨʝ. 

ʉʪʘʥʜʘʨʪʥʳʤ (ʥʦʨʤʘʣʴʥʳʤ) ʵʣʝʢʪʨʦʜʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ ʥʘʟʳʚʘʝʪʩʷ 

ʧʦʪʝʥʮʠʘʣ, ʚʦʟʥʠʢʘʶʱʠʡ ʥʘ ʵʣʝʢʪʨʦʜʝ ʚ ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ  (ʈ = 101,3ʢʇʘ 

= 1ʘʪʤ; ʊ = 298Üʂ) ʧʨʠ ʘʢʪʠʚʥʦʩʪʠ ʠʦʥʦʚ ʚ ʵʣʝʢʪʨʦʜʥʦʤ ʨʘʩʪʚʦʨʝ, ʨʘʚʥʦʡ        

1 ʛ-ʠʦʥ/ʣ. ɺʝʣʠʯʠʥʳ ʥʦʨʤʘʣʴʥʳʭ (ʩʪʘʥʜʘʨʪʥʳʭ) ʵʣʝʢʪʨʦʜʥʳʭ ʧʦʪʝʥʮʠʘʣʦʚ 

ʥʘʭʦʜʷʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʧʫʪʝʤ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʦʜʦʨʦʜʥʦʛʦ ʵʣʝʢʪʨʦʜʘ, 

ʧʨʠʯʝʤ ʥʦʨʤʘʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ ʚʦʜʦʨʦʜʥʦʛʦ ʵʣʝʢʪʨʦʜʘ ʫʩʣʦʚʥʦ ʧʨʠʥʠʤʘʝʪʩʷ 

ʨʘʚʥʳʤ ʥʫʣʶ. ʊʘʙʣʠʮʘ ʥʦʨʤʘʣʴʥʳʭ ʧʦʪʝʥʮʠʘʣʦʚ ʥʘʟʳʚʘʝʪʩʷ ʨʷʜʦʤ 

ʥʘʧʨʷʞʝʥʠʡ. ɺ ʪʘʙʣʠʮʝ 1 ʧʨʠʚʝʜʝʥʳ ʩʪʘʥʜʘʨʪʥʳʝ ʧʦʪʝʥʮʠʘʣʳ ʥʝʢʦʪʦʨʳʭ 

ʵʣʝʢʪʨʦʜʦʚ. 

ʊʘʙʣʠʮʘ 1 

ʅʦʨʤʘʣʴʥʳʝ ʧʦʪʝʥʮʠʘʣʳ ʥʝʢʦʪʦʨʳʭ ʵʣʝʢʪʨʦʜʦʚ ʧʨʠ 298K 

(ʨʷʜ ʥʘʧʨʷʞʝʥʠʡ) 

ʕʣʝʢʪʨʦʜ ʕʣʝʢʪʨʦʜʥʳʡ ʧʨʦʮʝʩʩ e, ɺ 

Zn|Zn2+ Zn Ú Zn2++ 2e- -0,76 

Fe|Fe2+ Fe Ú Fe2+ + 2e- -0,44 

Cd|Cd2+ Cd Ú Cd2+ + 2e- -0,40 

Fe|Fe3+ Fe Ú Fe3+ + 3e- -0,04 

Pt(H2)|H
+ İ H2 Ú H+ + e- 0,00 

Cu|Cu2+ Cu Ú Cu2+ + 2e- +0,34 

Hg|Hg2+ Hg Ú Hg2+ + 2e- +0,80 
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ɽʩʣʠ ʛʘʣʴʚʘʥʠʯʝʩʢʠʝ ʮʝʧʠ ʩʦʩʪʘʚʣʷʶʪʩʷ ʠʟ ʢʘʯʝʩʪʚʝʥʥʦ ʨʘʟʣʠʯʥʳʭ 

ʵʣʝʢʪʨʦʜʦʚ ʩ ʨʘʟʣʠʯʥʳʤʠ ʘʢʪʠʚʥʦʩʪʷʤʠ ʠʦʥʦʚ, ʦʥʠ ʥʘʟʳʚʘʶʪʩʷ ʭʠʤʠʯʝʩʢʠʤʠ 

ʠ ʩʭʝʤʘʪʠʯʝʩʢʠ ʟʘʧʠʩʳʚʘʶʪʩʷ ʪʘʢ: 

M1| )( 11 aM x+ |ɻ ʣʝʢʪʨʦʣʠʪʠʯʝʩʢʠʡ| )( 22 aM y+ |M2 

                                 e1                           ʧʨʦʚʦʜʥʠʢ                     e2 

ʛʜʝ ʘ1 ʠ ʘ2 ï ʘʢʪʠʚʥʦʩʪʠ ʠʦʥʦʚ ʚ ʨʘʩʪʚʦʨʝ.  

 ʕʣʝʢʪʨʦʣʠʪʠʯʝʩʢʠʡ ʧʨʦʚʦʜʥʠʢ ʚʢʣʶʯʘʶʪ ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ 

ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ, ʢʦʪʦʨʳʡ ʚʦʟʥʠʢʘʝʪ ʥʘ ʛʨʘʥʠʮʝ ʵʣʝʢʪʨʦʜʥʳʭ 

ʵʣʝʢʪʨʦʣʠʪʦʚ, ʣʠʙʦ ʟʘ ʩʯʝʪ ʨʘʟʣʠʯʥʦʡ ʧʦʜʚʠʞʥʦʩʪʠ ʠʦʥʦʚ, ʣʠʙʦ ʟʘ ʩʯʝʪ 

ʨʘʟʥʠʮʳ ʢʦʥʮʝʥʪʨʘʮʠʡ. ʇʨʠ ʵʪʦʤ ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʠʡ ʧʨʦʚʦʜʥʠʢ ʜʦʣʞʝʥ 

ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʩʣʝʜʫʶʱʠʤ ʪʨʝʙʦʚʘʥʠʷʤ: 

1. ʵʣʝʢʪʨʦʣʠʪ ʜʦʣʞʝʥ  ʙʳʪʴ ʩʠʣʴʥʳʤ; 

2. ʢʦʥʮʝʥʪʨʘʮʠʷ ʵʣʝʢʪʨʦʣʠʪʘ ʜʦʣʞʥʘ ʙʳʪʴ ʚʳʩʦʢʦʡ; 

3. ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʠʝ ʧʦʜʚʠʞʥʦʩʪʠ ʠʦʥʦʚ ʜʦʣʞʥʳ ʠʤʝʪʴ ʙʣʠʟʢʠʝ 

ʟʥʘʯʝʥʠʷ (l ʢʘʪʠʦʥʘ = l ʘʥʠʦʥʘ);  

4. ʵʣʝʢʪʨʦʣʠʪ ʥʝ ʜʦʣʞʝʥ ʦʙʨʘʟʦʚʳʚʘʪʴ ʪʨʫʜʥʦʨʘʩʪʚʦʨʠʤʦʝ ʩʦʝʜʠʥʝʥʠʝ ʩ 

ʵʣʝʢʪʨʦʜʥʳʤʠ ʨʘʩʪʚʦʨʘʤʠ. 

ʕɼʉ ʭʠʤʠʯʝʩʢʠʭ ʛʘʣʴʚʘʥʠʯʝʩʢʠʭ ʮʝʧʝʡ ʨʘʚʥʘ ʨʘʟʥʦʩʪʠ ʵʣʝʢʪʨʦʜʥʳʭ 

ʧʦʪʝʥʮʠʘʣʦʚ e1 ʠ e2: 

ɽ = e1 - e2, 

ɻʘʣʴʚʘʥʠʯʝʩʢʠʝ ʮʝʧʠ ʠʟ ʦʜʠʥʘʢʦʚʳʭ ʵʣʝʢʪʨʦʜʦʚ, ʥʦ ʩ ʨʘʟʣʠʯʥʦʡ 

ʘʢʪʠʚʥʦʩʪʴʶ ʠʦʥʦʚ ʥʘʟʳʚʘʶʪʩʷ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʤʠ ʠ ʟʘʧʠʩʳʚʘʶʪʩʷ ʪʘʢ: 

M| )( 1aM x+ |ɻ ʣʝʢʪʨʦʣʠʪʠʯʝʩʢʠʡ| )( 2aM ʭ+ |M 

                                    e1                           ʧʨʦʚʦʜʥʠʢ                       e2 

ʇʨʠ ʵʪʦʤ ʘ1  > ʘ2 

ɻʘʣʴʚʘʥʠʯʝʩʢʠʝ ʮʝʧʠ, ʚ ʩʦʩʪʘʚ ʢʦʪʦʨʳʭ ʚʭʦʜʷʪ ʦʢʠʩʣʠʪʝʣʥɹʦ-

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʡ ʵʣʝʢʪʨʦʜ ʠ ʵʣʝʢʪʨʦʜ ʩ ʠʟʚʝʩʪʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ (ʵʣʝʢʪʨʦʜ 

ʩʨʘʚʥʝʥʠʷ), ʥʘʟʳʚʘʶʪʩʷ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʤʠ. ʆʢʠʩʣʠʪʝʣʴʥʦ-

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʡ ʵʣʝʢʪʨʦʜ ʩʦʩʪʦʠʪ ʠʟ ʧʣʘʩʪʠʥʢʠ ʠʥʜʠʬʬʝʨʝʥʪʥʦʛʦ 
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ʤʝʪʘʣʣʘ (ʧʣʘʪʠʥʘ ʠʣʠ ʟʦʣʦʪʦ), ʥʘʭʦʜʷʱʝʛʦʩʷ ʚ ʢʦʥʪʘʢʪʝ ʩ ʨʘʩʪʚʦʨʦʤ, 

ʩʦʜʝʨʞʘʱʠʡ ʠʦʥʳ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʤʝʪʘʣʣʘ, ʥʦ ʨʘʟʥʦʡ ʚʘʣʝʥʪʥʦʩʪʠ, ʠʣʠ ʩ 

ʚʝʱʝʩʪʚʘʤʠ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ. 

ʉʭʝʤʘʪʠʯʝʩʢʠ ʪʘʢʠʝ ʮʝʧʠ ʟʘʧʠʩʳʚʘʶʪʩʷ: 

Pt| Mx+,My+  || ɻ ʣʝʢʪʨʦʜ ʩ ʠʟʚʝʩʪʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ  

                       (ʵʣʝʢʪʨʦʜ ʩʨʘʚʥʝʥʠʷ) 

ʅʘʧʨʠʤʝʨ:   Pt|Fe2+,Fe3+  ||  KClʥʘʩʳʱ, AgCl|Ag 

ɺʝʣʠʯʠʥʘ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ 

ʧʦ ʫʨʘʚʥʝʥʠʶ ʅʝʨʥʩʪʘ - ʇʝʪʝʨʩʘ:  

,lg303,20

ʚʦʩʩʪ

ʦʢʠʩʣ
ʦʚʦʚ

a

a

nF

RT
+=ee  

ʛʜʝ 0ʦʚe - ʥʦʨʤʘʣʴʥʳʡ (ʩʪʘʥʜʘʨʪʥʳʡ) ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʡ 

ʧʦʪʝʥʮʠʘʣ, ʘʦʢʠʩʣ - ʘʢʪʠʚʥʦʩʪʴ ʦʢʠʩʣʝʥʥʦʡ ʬʦʨʤʳ, ʘʚʦʩʩʪ - ʘʢʪʠʚʥʦʩʪʴ 

ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʡ ʬʦʨʤʳ. 

ʉʪʘʥʜʘʨʪʥʳʤ (ʥʦʨʤʘʣʴʥʳʤ) ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʤ 

ʧʦʪʝʥʮʠʘʣʦʤ ʥʘʟʳʚʘʝʪʩʷ ʧʦʪʝʥʮʠʘʣ, ʚʦʟʥʠʢʘʶʱʠʡ ʚ ʩʪʘʥʜʘʨʪʥʳʭ ʫʩʣʦʚʠʷʭ 

ʥʘ ʠʥʜʠʬʬʝʨʝʥʪʥʦʤ ʵʣʝʢʪʨʦʜʝ ʧʨʠ ʩʦʦʪʥʦʰʝʥʠʠ 
ʚʦʩʩʪ

ʦʢʠʩʣ

ʘ

ʘ
, ʨʘʚʥʦʤ 1. ɺ ʪʘʙʣʠʮʝ 2 

ʧʨʠʚʝʜʝʥʳ ʥʝʢʦʪʦʨʳʝ  ʩʪʘʥʜʘʨʪʥʳʝ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ 

ʧʦʪʝʥʮʠʘʣʳ. 

ʊʘʙʣʠʮʘ 2 

ʉʪʘʥʜʘʨʪʥʳʝ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʧʦʪʝʥʮʠʘʣʳ 

 ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ 

ʕʣʝʢʪʨʦʜ 
ʕʣʝʢʪʨʦʜʥʳʡ 

ʇʨʦʮʝʩʩ 
e, ɺ 

Cr2+|Cr3+|Pt Cr3++ e- Ú Cr2+ -0,41 

Sn2+|Sn4+|Pt Sn4++ 2e- Ú Sn2+ +0,15 

MnO4
-,MnO2-|Pt MnO4

-+ e- Ú MnO4
2- +0,564 

Fe2+|Fe3+|Pt Fe3+ + e- Ú Fe2+ +0,771 

Mn2+,Mn3+|Pt Mn3++ e- Ú Mn2+ +1,51 

Pb4+|Pb2+|Pt Pb4++ 2e- Ú Pb2+ +1,70 

Co2+,Co3+|Pt Co3++ e- Ú Co2+ +1,82 
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ʇʦʯʚʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʩʠʩʪʝʤʳ, 

ʪ.ʢ. ʦʥʠ ʩʦʜʝʨʞʘʪ ʠʦʥʳ ʨʘʟʣʠʯʥʦʡ ʚʘʣʝʥʪʥʦʩʪʠ, ʥʘʧʨʠʤʝʨ, Fe2+/Fe3+ , 

Mn2+/Mn3+, N+5/N+3, ʘ ʪʘʢʞʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʠ 

ʦʢʠʩʣʝʥʠʷ. 

ɼʣʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʥʝʠʟʚʝʩʪʥʳʭ ʵʣʝʢʪʨʦʜʥʳʭ  ʧʦʪʝʥʮʠʘʣʦʚ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʵʣʝʢʪʨʦʜʳ ʩʨʘʚʥʝʥʠʷ. ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ ʪʘʢʠʝ ʵʣʝʢʪʨʦʜʳ, 

ʢʦʪʦʨʳʝ ʧʨʠ ʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʠʤʝʶʪ ʠʟʚʝʩʪʥʫʶ ʚʝʣʠʯʠʥʫ ʵʣʝʢʪʨʦʜʥʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ. ɺ ʢʘʯʝʩʪʚʝ ʵʣʝʢʪʨʦʜʦʚ ʩʨʘʚʥʝʥʠʷ ʥʘ ʧʨʘʢʪʠʢʝ ʯʘʱʝ ʚʩʝʛʦ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʭʣʦʨʩʝʨʝʙʨʷʥʳʡ ʵʣʝʢʪʨʦʜ (ʨʠʩ.1), ʢʦʪʦʨʳʡ ʩʭʝʤʘʪʠʯʝʩʢʠ 

ʟʘʧʠʩʳʚʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

Ag| AgCl, KClʥʘʩʳʱ 

ʠ ʧʦʪʝʥʮʠʘʣ ʢʦʪʦʨʦʛʦ ʦʧʠʩʳʚʘʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ 

--=
Clʭʩʭʩ a

nF

RT
lg303,20ee  

eʭʩ = 0,203 ɺ ʧʨʠ 25
0ʉ.  

ʂ ʵʣʝʢʪʨʦʜʘʤ ʩʨʘʚʥʝʥʠʷ ʦʪʥʦʩʷʪʩʷ ʪʘʢʞʝ  ʚʦʜʦʨʦʜʥʳʡ ʵʣʝʢʪʨʦʜ ï Pt,H2 | 2H+, 

eH+  =  0 ɺ  ʧʨʠ ʘʅ+=1ʤʦʣʴ/ʣʠʪʨ  ʠ ʢʘʣʦʤʝʣʴʥʳʡ ï Hg|Hg2Cl2, ʂClʥʘʩʳʱ , eʢ = 

0,25 ɺ. 

 

1. ʂʦʨʧʫʩ; 

2. ɸʩʙʝʩʪʦʚʘʷ ʥʠʪʴ; 

3. ʈʘʩʪʚʦʨ KCl; 

4. ʆʪʚʝʨʩʪʠʷ ʜʣʷ ʟʘʣʠʚʢʠ ʨʘʩʪʚʦʨʘ ʭʣʦʨʠʩʪʦʛʦ  ʢʘʣʠʷ; 

5. ʈʝʟʠʥʦʚʘʷ ʧʨʦʙʢʘ; 

6. ʉʝʨʝʙʨʷʥʘʷ ʧʨʦʚʦʣʦʢʘ; 

7. ʍʣʦʨʠʩʪʦʝ ʩʝʨʝʙʨʦ; 

8. ɸʩʙʝʩʪʦʚʳʡ ʬʠʪʠʣʴ. 

 

 

ʈʠʩ.1. ʍʣʦʨʩʝʨʝʙʨʷʥʳʡ ʵʣʝʢʪʨʦʜ   
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ɹʠʦʣʦʛʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ. 

ʇʦʪʝʥʮʠʘʣʳ, ʚʦʟʥʠʢʘʶʱʠʝ ʚ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʘʭ ï ʜʠʬʬʫʟʠʦʥʥʳʝ, 

ʤʝʤʙʨʘʥʥʳʝ, ʤʝʞʬʘʟʦʚʳʝ, ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ï ʷʚʣʷʶʪʩʷ ʧʦ 

ʩʚʦʝʡ  ʭʠʤʠʯʝʩʢʦʡ ʧʨʠʨʦʜʝ ʘʥʘʣʦʛʘʤʠ ʵʣʝʢʪʨʦʜʥʳʭ ʧʦʪʝʥʮʠʘʣʦʚ. ɺ ʪʢʘʥʷʭ 

ʦʨʛʘʥʠʟʤʘ, ʜʘʞʝ ʚʥʫʪʨʠ ʦʜʥʦʡ ʢʣʝʪʢʠ, ʠʤʝʶʪʩʷ ʤʝʤʙʨʘʥʥʳʝ ʠ ʤʝʞʬʘʟʦʚʳʝ 

ʧʦʪʝʥʮʠʘʣʳ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʡ ʠ ʭʠʤʠʯʝʩʢʦʡ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʴʶ ʚʥʫʪʨʝʥʥʝʛʦ ʩʦʜʝʨʞʘʥʠʷ ʢʣʝʪʦʢ.  ʇʨʠ ʨʘʙʦʪʝ ʩʝʨʜʮʘ, 

ʩʦʢʨʘʱʝʥʠʷʭ ʤʳʰʮ ʠ ʪ.ʜ.  ʚʦʟʥʠʢʘʶʪ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ ʪʦʢʠ ʜʝʡʩʪʚʠʷ, 

ʷʚʣʷʶʱʠʝʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʨʘʟʣʠʯʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʢʣʝʪʦʯʥʳʭ ʤʝʤʙʨʘʥ ʜʣʷ 

ʨʘʟʣʠʯʥʳʭ ʠʦʥʦʚ. ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʢʦʥʮʝʥʪʨʘʮʠʷ ʠʦʥʦʚ ʧʦ ʦʙʝʠʤ ʩʪʦʨʦʥʘʤ 

ʤʝʤʙʨʘʥʳ ʥʝʦʜʠʥʘʢʦʚʘ (ʚʦʟʥʠʢʘʝʪ ʤʝʤʙʨʘʥʥʳʡ ʧʦʪʝʥʮʠʘʣʘ). ɺ ʤʦʤʝʥʪ 

ʚʦʟʙʫʞʜʝʥʠʷ (ʩʦʢʨʘʱʝʥʠʷ ʤʳʰʮ ʠ ʪ.ʜ.) ʠʟʙʠʨʘʪʝʣʴʥʦʩʪʴ ʧʨʦʥʠʮʘʝʤʦʩʪʠ 

ʤʝʤʙʨʘʥ ʫʪʨʘʯʠʚʘʝʪʩʷ  ʠ ʩʢʚʦʟʴ ʥʠʭ ʫʩʪʨʝʤʣʷʝʪʩʷ ʧʦʪʦʢ ʠʦʥʦʚ ï ʚʦʟʥʠʢʘʝʪ 

ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ. 

ʉʫʱʝʩʪʚʫʝʪ ʪʝʦʨʠʷ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʙʠʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʥʮʠʘʣʦʚ. 

ʉʦʛʣʘʩʥʦ ʝʡ, ʚ ʧʦʢʦʝ ʵʣʝʢʪʨʦʣʠʪʳ  ʚʥʫʪʨʠ ʢʣʝʪʢʠ  ʠʟʙʠʨʘʪʝʣʴʥʦ ʩʚʷʟʳʚʘʶʪʩʷ 

ʙʝʣʢʘʤʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʦʟʥʠʢʘʝʪ ʤʝʞʬʘʟʦʚʘʷ ʨʘʟʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʦʚ ʤʝʞʜʫ 

ʧʨʦʪʦʧʣʘʟʤʦʡ ʠ ʚʦʜʥʳʤ ʨʘʩʪʚʦʨʦʤ ʵʣʝʢʪʨʦʣʠʪʘ (ʧʦʪʝʥʮʠʘʣ ʧʦʢʦʷ). ʇʨʠ 

ʚʦʟʙʫʞʜʝʥʠʠ ʠʣʠ ʧʦʚʨʝʞʜʝʥʠʠ ʢʣʝʪʢʠ ʬʘʟʦʚʳʝ ʩʚʦʡʩʪʚʘ ʙʝʣʢʦʚ ʧʨʦʪʦʧʣʘʟʤʳ 

ʠʟʤʝʥʷʶʪʩʷ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠʦʥʦʚ ʩʪʘʥʦʚʠʪʩʷ ʜʨʫʛʠʤ ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʤʝʥʷʝʪʩʷ ʧʦʪʝʥʮʠʘʣ (ʚʦʟʥʠʢʘʝʪ ʧʦʪʝʥʮʠʘʣ ʜʝʡʩʪʚʠʷ  ʠʣʠ ʧʦʚʨʝʞʜʝʥʠʷ). 

ɺʝʣʠʯʠʥʘ ʧʦʪʝʥʮʠʘʣʘ ʧʦʢʦʷ ʜʣʷ ʥʝʨʚʥʳʭ ʚʦʣʦʢʦʥ ʫ ʘʤʬʠʙʠʡ ʩʦʩʪʘʚʣʷʝʪ 70 

ʤɺ, ʜʣʷ ʤʳʰʝʯʥʳʭ ʚʦʣʦʢʦʥ ʩʝʨʜʮʘ ʪʝʧʣʦʢʨʦʚʥʳʭ ʞʠʚʦʪʥʳʭ ï 95 ʤɺ. 

ʆʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ( red/ox - ʨʝʜʦʢʩ) ʧʦʪʝʥʮʠʘʣʳ ʠʤʝʶʪ 

ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʚ ʬʠʟʠʦʣʦʛʠʠ ʨʘʩʪʝʥʠʡ ʠ ʞʠʚʦʪʥʳʭ. ʂ ʯʠʩʣʫ ʨʝʜʦʢʩ-

ʩʠʩʪʝʤ ʞʠʚʦʪʥʳʭ ʦʪʥʦʩʷʪ ʪʘʢʠʝ ʩʠʩʪʝʤʳ ʚ ʢʨʦʚʠ ʠ ʪʢʘʥʷʭ ʢʘʢ ʛʝʤ-ʛʝʤʘʪʠʥ ʠ 

ʮʠʪʦʭʨʦʤʳ, ʚ ʢʦʪʦʨʳʭ ʩʦʜʝʨʞʠʪʩʷ ʜʚʫʭ- ʠ ʪʨʝʭʚʘʣʝʥʪʥʦʝ ʞʝʣʝʟʦ;  

ʘʩʢʦʨʙʠʥʦʚʘʷ ʢʠʩʣʦʪʘ (ʚʠʪʘʤʠʥ ʉ), ʥʘʭʦʜʷʱʘʷʩʷ ʚ ʦʢʠʩʣʝʥʥʦʡ ʠ 

ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʡ ʬʦʨʤʘʭ; ʩʠʩʪʝʤʘ ʛʣʪʁʘʪʠʦʥʘ, ʮʠʩʪʠʥ-ʮʠʩʪʝʠʥ ʠ ʜʨ. 
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ɺʘʞʥʝʡʰʠʡ ʧʨʦʮʝʩʩ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʦʢʠʩʣʝʥʠʷ, ʘ ʠʤʝʥʥʦ, ʧʝʨʝʥʦʩ 

ʵʣʝʢʪʨʦʥʦʚ ʠ ʧʨʦʪʦʥʦʚ ʩ ʦʢʠʩʣʷʝʤʦʛʦ ʩʫʙʩʪʨʘʪʘ ʥʘ ʢʠʩʣʦʨʦʜ, 

ʦʩʫʱʝʩʪʚʣʷʝʤʳʡ ʚ ʪʢʘʥʷʭ ʧʨʠ ʧʦʤʦʱʠ ʩʪʨʦʛʦ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʨʷʜʘ 

ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʬʝʨʤʝʥʪʦʚ-ʧʝʨʝʥʦʩʯʠʢʦʚ, ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʮʝʧʴ 

ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʢʘʞʜʦʝ ʟʚʝʥʦ ʵʪʦʡ ʮʝʧʠ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʦʡ ʠʣʠ ʠʥʦʡ ʨʝʜʦʢʩ-ʩʠʩʪʝʤʝ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʡʩʷ 

ʦʧʨʝʜʝʣʝʥʥʳʤ ʨʝʜʦʢʩ-ʧʦʪʝʥʮʠʘʣʦʤ. 

ʆʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʨʝʘʢʮʠʠ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ 

ʧʨʦʮʝʩʩʘʭ ʧʦʯʚʦʦʙʨʘʟʦʚʘʥʠʷ, ʥʘ ʯʪʦ ʚʧʝʨʚʳʝ ʫʢʘʟʘʣ ɺ.ʈ. ɺʠʣʴʷʤʩ. 

ʅʦʨʤʘʣʴʥʳʡ ʨʦʩʪ ʠ ʨʘʟʚʠʪʠʝ ʨʘʩʪʝʥʠʡ ʚʦʟʤʦʞʥʳ ʪʦʣʢɹʦ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʦʤ  

ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʤ ʩʦʩʪʦʥ̫ʠʠ ʧʦʯʚʳ. 

ɹʦʣʴʰʘʷ ʚʝʣʠʯʠʥʘ ʨʝʜʦʢʩ-ʧʦʪʝʥʮʠʘʣʘ ʧʦʯʚʳ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʚ 

ʧʦʯʚʝʥʥʦʤ ʨʘʩʪʚʦʨʝ ʩʦʜʝʨʞʘʪʩʷ ʚ ʟʥʘʯʠʪʝʣʴʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʚʝʱʝʩʪʚʘ, 

ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʦʢʠʩʣʝʥʥʦʡ ʬʦʨʤʝ. ɺ ʢʘʯʝʩʪʚʝ ʦʢʠʩʣʠʪʝʣʝʡ ʚ ʧʦʯʚʝʥʥʦʤ 

ʨʘʩʪʚʦʨʝ ʚʳʩʪʫʧʘʝʪ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʢʠʩʣʦʨʦʜ ʠ ʥʝʢʦʪʦʨʳʝ ʠʦʥʳ, ʩʧʦʩʦʙʥʳʝ 

ʧʨʠʩʦʝʜʠʥʷʪʴ ʵʣʝʢʪʨʦʥʳ ï ʘʥʠʦʥ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʳ NO3
- ʪʨʝʭʚʘʣʝʥʪʥʳʝ 

ʢʘʪʠʦʥʳ ʞʝʣʝʟʘ, ʤʘʨʛʘʥʮʘ ʠ ʜʨ.  

ʄʘʣʦʝ ʟʥʘʯʝʥʠʝ ʨʝʜʦʢʩ-ʧʦʪʝʥʮʠʘʣʘ ʧʦʯʚʳ ʦʙʫʩʣʦʚʣʝʥʦ ʥʘʣʠʯʠʝʤ ʚ ʥʝʡ 

ʟʥʘʯʠʪʝʣʴʥʳʭ ʢʦʣʠʯʝʩʪʚ ʚʦʩʩʪʘʥʦʚʠʪʝʣʝʡ, ʢ ʢʦʪʦʨʳʤ ʦʪʥʦʩʷʪʩʷ, ʧʨʝʞʜʝ 

ʚʩʝʛʦ, ʣʝʛʢʦ ʦʢʠʩʣʷʶʱʠʝʩʷ ʦʨʛʘʥʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ, ʘ ʪʘʢʞʝ ʜʚʫʭʚʘʣʝʥʪʥʳʝ 

ʢʘʪʠʦʥʳ ʞʝʣʝʟʘ ʠ ʤʘʨʛʘʥʮʘ. 

ʇʨʝʦʙʣʘʜʘʥʠʝ ʚ ʧʦʯʚʝ ʦʢʠʩʣʠʪʝʣʝʡ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʠʦʥʳ Fe ++   ʠ  

Mn++ ʦʢʠʩʣʷʶʪʩʷ ʚ ʪʨʝʭʚʘʣʝʥʪʥʳʝ ʠʦʥʳ, ʢʦʪʦʨʳʝ ʚʳʧʘʜʘʶʪ ʠʟ ʧʦʯʚʝʥʥʦʛʦ 

ʨʘʩʪʚʦʨʘ ʚ ʚʠʜʝ ʥʝʨʘʩʪʚʦʨʠʤʳʭ ʩʦʝʜʠʥʝʥʠʡ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʪʦʛʦ ʥʘʨʫʰʘʝʪʩʷ 

ʥʦʨʤʘʣʴʥʦʝ ʧʠʪʘʥʠʝ ʨʘʩʪʝʥʠʡ, ʪ.ʢ. ʦʥʠ ʥʝ ʧʦʣʫʯʘʶʪ ʥʝʦʙʭʦʜʠʤʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʞʝʣʝʟʘ ʠ ʤʘʨʛʘʥʮʘ.   

ʇʨʠ ʠʟʙʳʪʢʝ ʚ ʧʦʯʚʝ ʚʦʩʩʪʘʥʦʚʠʪʝʣʝʡ ʞʝʣʝʟʦ ʠ ʤʘʨʛʘʥʝʮ ʥʘʭʦʜʷʪʩʷ ʚ 

ʨʘʩʪʚʦʨʝ ʚ ʚʠʜʝ ʜʚʫʭʚʘʣʝʥʪʥʳʭ ʠʦʥʦʚ ʚ ʪʘʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷ, ʧʨʠ ʢʦʪʦʨʳʭ 

ʦʥʠ ʦʢʘʟʳʚʘʶʪ ʚʨʝʜʥʦʝ ʜʝʡʩʪʚʠʝ ʥʘ ʨʘʩʪʠʪʝʣʴʥʳʝ ʦʨʛʘʥʠʟʤʳ. 
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ʂʘʢ ʧʦʢʘʟʘʣʠ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʜʣʷ ʥʦʨʤʘʣʴʥʦʛʦ 

ʨʘʟʚʠʪʠʷ ʨʘʩʪʝʥʠʡ ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʨʝʜʦʢʩ-ʧʦʪʝʥʮʠʘʣ ʧʦʯʚʳ ʥʘʭʦʜʠʣʩʷ ʚ 

ʧʨʝʜʝʣʘʭ  0,2-0,7 ɺ. 

ɺʦʧʨʦʩʳ ʜʣʷ ʩʘʤʦʢʦʥʪʨʦʣʷ: 

1.ɺʦʟʥʠʢʥʦʚʝʥʠʝ ʩʢʘʯʢʘ ʧʦʪʝʥʮʠʘʣʘ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʤʝʪʘʣʣ-ʨʘʩʪʚʦʨ. 

2.ʋʨʘʚʥʝʥʠʝ ʵʣʝʢʪʨʦʜʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ (ʅʝʨʥʩʪʘ). 

3.ʏʪʦ ʪʘʢʦʝ ʵʣʝʢʪʨʦʜ? ʇʨʠʤʝʨʳ. 

4.ʕʣʝʢʪʨʦʜʳ ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʨʦʜʘ, ʠʭ ʥʘʟʥʘʯʝʥʠʝ. 

5.ʕʣʝʢʪʨʦʜʳ ʩʨʘʚʥʝʥʠʷ. ʇʨʠʤʝʨʳ. 

6.ʆʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʵʣʝʢʪʨʦʜʳ ʠ ʮʝʧʠ. ʋʨʘʚʥʝʥʠʝ 

ʅʝʨʥʩʪʘ-ʇʝʪʝʨʩʘ. 

7.ɻʘʣʴʚʘʥʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ (ʮʝʧʠ). ʂʦʥʮʝʥʪʨʘʮʠʦʥʥʳʝ ʮʝʧʠ. ʇʨʠʤʝʨʳ. 

8.ɼʠʬʬʫʟʠʦʥʥʳʡ ʧʦʪʝʥʮʠʘʣ ʠ ʤʝʨʳ ʝʛʦ ʫʩʪʨʘʥʝʥʠʷ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ: 

ʈʘʙʦʪʫ ʧʨʦʚʦʜʷʪ ʥʘ ʠʦʥʦʤʝʪʨʝ (ʧʦʪʝʥʮʠʦʤʝʪʨʝ). ʇʝʨʝʜ ʥʘʯʘʣʦʤ ʨʘʙʦʪʳ 

ʧʨʠʙʦʨ ʚʢʣʶʯʘʶʪ ʚ ʩʝʪʴ ʠ ʜʘʶʪ ʝʤʫ ʧʨʦʛʨʝʪʴʩʷ ʚ ʪʝʯʝʥʠʝ 5 ʤʠʥʫʪ. ʈʘʙʦʪʘʶʪ 

ʧʨʠ ʥʘʞʘʪʳʭ ʢʣʘʚʠʰʘʭ ñÑò ʠ  ñmVò ʥʘ ʣʝʚʦʤ ʢʣʘʚʠʰʥʦʤ ʧʝʨʝʢʣʶʯʘʪʝʣʝ. 

ʇʨʠʙʦʨ ʠʤʝʝʪ ʜʚʝ ʰʢʘʣʳ, ʢʦʪʦʨʳʝ ʧʝʨʝʢʣʶʯʘʶʪʩʷ ʢʣʘʚʠh ʘʤʠ ʧʨʘʚʦʛʦ 

ʨʷʜʘ. ʅʠʞʥʷʷ ʰʢʘʣʘ ʚʢʣʶʯʘʝʪʩʷ ʢʣʘʚʠʰʝʡ ñ-1 - 19ò. ʆʥʘ ʠʤʝʝʪ ʜʝʣʝʥʠʷ ʦʪ -1 

ʜʦ 19; ʵʪʘ ʰʢʘʣʘ ʛʨʫʙʘʷ ʠ ʩʣʫʞʠʪ ʜʣʷ ʚʳʙʦʨʘ ʦʜʥʦʛʦ ʠʟ ʙʦʣʝʝ ʫʟʢʠʭ 

ʜʠʘʧʘʟʦʥʦʚ ʠʟʤʝʨʝʥʠʷ (ñ-1 - 4ò,  ñ4 - 9ò, ñ9 - 14ò, ñ14 - 19ò). ʊʦʯʥʦʝ ʠʟʤʝʨʝʥʠʝ 

ʧʨʦʚʦʜʷʪ ʧʦ ʚʝʨʭʥʝʡ ʰʢʘʣʝ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʞʘʚ ʢʥʦʧʢʫ ʚʳʙʨʘʥʥʦʛʦ 

ʜʠʘʧʘʟʦʥʘ. ʅʘʧʨʠʤʝʨ, ʚʳʙʨʘʥ ʜʠʘʧʘʟʦʥ ñ-1 - 4ò, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʝʨʚʦʝ 

ʙʦʣʴʰʦʝ ʜʝʣʝʥʠʝ ʥʘ ʚʝʨʭʥʝʡ ʰʢʘʣʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ñ-1ò, ʘ ʟʘʪʝʤ ʠʜʫʪ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 0; 1; 2; 3; 4. ɽʩʣʠ ʚʳʙʨʘʥ ʜʠʘʧʘʟʦʥ ʠʟʤʝʨʝʥʠʡ ñ9 - 14ò, 

ʥʘʞʠʤʘʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʢʥʦʧʢʫ ʜʠʘʧʘʟʦʥʘ, ʧʨʠ ʵʪʦʤ ʧʝʨʚʦʝ ʜʝʣʝʥʠʝ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ñ9ò, ʘ ʧʦʩʣʝʜʫʶʱʠʝ 10, 11, 12, 13, 14. 

ʐʢʘʣʘ ʧʨʠʙʦʨʘ ʦʪʢʘʣʠʙʨʦʚʘʥʘ ʚ ʤʠʣʣʠʚʦʣʴʪʘʭ (mV), ʩʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʯʪʦʙʳ ʩʥʷʪʦʝ ʩ ʧʨʠʙʦʨʘ ʧʦʢʘʟʘʥʠʝ ʚʳʨʘʟʠʪʴ ʚ ʚʦʣʴʪʘʭ, ʥʝʦʙʭʦʜʠʤʦ 
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PXÖ100/1000 = pX/10, 

ʛʜʝ pX - ʧʦʢʘʟʘʥʠʝ ʧʨʠʙʦʨʘ. 

ɿʘʜʘʥʠʝ 1. ʀʟʤʝʨʝʥʠʝ ʕɼʉ ʤʝʜʥʦ-ʮʠʥʢʦʚʦʛʦ ʛʘʣʴʚʘʥʠʯʝʩʢʦʛʦ ʵʣʝʤʝʥʪʘ 

(ʵʣʝʤʝʥʪʘ ɼʘʥʠʝʣʷ ï ʗʢʦʙʠ). 

ʉʭʝʤʘʪʠʯʝʩʢʘʷ ʟʘʧʠʩʴ ʵʣʝʤʝʥʪʘ: 

ʉu|CuSO4| KCl | ZnSO4|Zn 

E = eCu - eZn 

ɺ ʧʨʦʪʦʯʥʫʶ ʵʣʝʢʪʨʦʜʥʫʶ ʷʯʝʡʢʫ ʤʝʜʥʦʛʦ ʧʦʣʫʵʣʝʤʝʥʪʘ ʥʘʣʠʚʘʶʪ ʜʦ 

ʧʦʣʦʚʠʥʳ ʝʸ ʦʙʲʝʤʘ 1ʄ ʨʘʩʪʚʦʨ CuSO4 (fa = 0,041) ʠ ʦʧʫʩʢʘʶʪ ʚ ʨʘʩʪʚʦʨ 

ʤʝʜʥʫʶ ʧʣʘʩʪʠʥʢʫ. ɺ ʧʨʦʪʦʯʥʫʶ ʵʣʝʢʪʨʦʜʥʫʶ ʷʯʝʡʢʫ ʮʠʥʢʦʚʦʛʦ 

ʧʦʣʫʵʣʝʤʝʥʪʘ ʥʘʣʠʚʘʶʪ ʩʪʦʣʴʢʦ ʞʝ 1ʄ ʨʘʩʪʚʦʨʘ ZnSO4 (fa = 0,041) ʠ 

ʧʦʛʨʫʞʘʶʪ ʚ ʥʝʛʦ ʮʠʥʢʦʚʫʶ ʧʣʘʩʪʠʥʢʫ. ʉʦʙʨʘʥʥʳʝ ʵʣʝʢʪʨʦʜʳ ʟʘʢʨʝʧʣʷʶʪ ʚ 

ʰʪʘʪʠʚʝ. ʅʘ ʩʪʦʣʠʢ ʰʪʘʪʠʚʘ ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʩʪʘʢʘʥʯʠʢ ʩ ʥʘʩʳʱʝʥʥʳʤ 

ʨʘʩʪʚʦʨʦʤ KCl ʠ ʧʨʠʩʪʫʧʘʶʪ ʢ ʠʟʤʝʨʝʥʠʶ ʕɼʉ. ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ 

ʧʨʠʩʦʝʜʠʥʠʪʴ ʟʘʞʠʤʳ ʢ ʵʣʝʢʪʨʦʜʘʤ ʠ ʩʥʷʪʴ ʧʦʢʘʟʘʥʠʷ ʩ ʧʨʠʙʦʨʘ, ʢʘʢ 

ʦʧʠʩʘʥʦ ʚʳʰʝ. ʅʘʡʜʝʥʥʫʶ ʦʧʳʪʥʳʤ ʧʫʪʝʤ ʕɼʉ (ɽʦʧ) ʟʘʧʠʩʳʚʘʶʪ ʚ 

ʪʘʙʣʠʮʫ3. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʨʷʶʪ ʫ ʧʨʝʧʦʜʘʚʘʪʝʣʷ ʠ ʧʨʠʩʪʫʧʘʶʪ 

ʢ ʚʳʧʦʣʥʝʥʠʶ ʚʪʦʨʦʛʦ ʟʘʜʘʥʠʷ. ʄʝʜʥʳʡ ʠ ʮʠʥʢʦʚʳʡ ʵʣʝʢʪʨʦʜʳ ʦʩʪʘʚʣʷʶʪ 

ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʧʦʩʣʝʜʫʶɦ ʝʡ ʨʘʙʦʪʳ. 

ʊʘʙʣʠʮʘ 3 

ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʕɼʉ ʛʘʣʴʚʘʥʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʠ 

ʧʦʪʝʥʮʠʘʣʦʚ  ʦʪʜʝʣʥɹʳʭ ʵʣʝʢʪʨʦʜʦʚ 

ɻʘʣʴʚʘʥʠʯʝʩʢʠʝ ʮʝʧʠ ɽʦʧ, ɺ ɽʪʝʦʨ, ɺ eʦʧ, ɺ 

Cu|CuSO4(1 M)| KCl |ZnSO4(1 M)|Zn    

Ag|AgCl, KCl| KCl | ZnSO4 (1 M)|Zn  - eZn = 

Cu|CuSO4 (1 M)| KCl | KCl, AgCl|Ag  - eCu = 

Cu|CuSO4 (1 M)| KCl | CuSO4 (0,01ʄ)|Cu    

Pt|
[ ]
[ ]64

63

)(

)(

CNFeK

CNFeK
| KCl |KCl,AgCl|Ag  - eʦʚ = 

Pt| ʧʦʯʚʘ| KCl | KCl, AgCl|Ag  - eʦʚ = 
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ɿʘʜʘʥʠʝ 2. ʀʟʤʝʨʝʥʠʝ ʵʣʝʢʪʨʦʜʚʠʞʫʱʝʡ ʩʠʣʳ ʭʣʦʨʩʝʨʝʙʨʷʥʦ-ʮʠʥʢʦʚʦʛʦ 

ʛʘʣʴʚʘʥʠʯʝʩʢʦʛʦ ʵʣʝʤʝʥʪʘ ʠ ʚʳʯʠʩʣʝʥʠʝ ʧʦʪʝʥʮʠʘʣʘ  

ʮʠʥʢʦʚʦʛʦ ʵʣʝʢʪʨʦʜʘ. 

ʉʭʝʤʘʪʠʯʝʩʢʘʷ ʟʘʧʠʩʴ ʵʣʝʤʝʥʪʘ: 

Ag|AgCl, KCl| KCl | ZnSO4 (1 M)|Zn 

ɼʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʵʪʦʛʦ ʵʣʝʤʝʥʪʘ ʧʦʣʴʟʫʶʪʩʷ ʠʤʝʶʱʠʤʩʷ ʮʠʥʢʦʚʳʤ 

ʵʣʝʢʪʨʦʜʦʤ. ʍʣʦʨʩʝʨʝʙʨʷʥʳʡ ʵʣʝʢʪʨʦʜ Ag¼AgCl,KClʥʘʩʳʱ ʷʚʣʷʝʪʩʷ 

ʵʣʝʢʪʨʦʜʦʤ ʩʨʘʚʥʝʥʠʷ, ʝʛʦ ʧʦʪʝʥʮʠʘʣ  eʭʩ = 0,203 ɺ. ʕʪʦʪ ʵʣʝʢʪʨʦʜ 

ʧʦʛʨʫʞʘʶʪ ʚ ʩʪʘʢʘʥʯʠʢ ʩ ʥʘʩʳʱʝʥʥʳʤ ʨʘʩʪʚʦʨʦʤ KCl, ʦʪʩʦʝʜʠʥʷʶʪ ʤʝʜʥʳʡ 

ʵʣʝʢʪʨʦʜ ʠ ʩʦʭʨʘʥʷʶʪ ʝʛʦ ʜʣʷ 3-ʛʦ ʠ 4-ʛʦ ʟʘʜʘʥʠʡ. ʇʨʠʩʦʝʜʠʥʠʚ ʟʘʞʠʤʳ ʢ 

ʮʠʥʢʦʚʦʤʫ ʵʣʝʢʪʨʦʜʫ ʠ ʭʣʦʨʩʝʨʝʙʨʷʥʦʤʫ ʵʣʝʢʪʨʦʜʫ, ʠʟʤʝʨʷʶʪ ʕɼʉ 

ʭʣʦʨʩʝʨʝʙʨʷʥʦ-ʮʠʥʢʦʚʦʛʦ ʛʘʣʴʚʘʥʠʯʝʩʢʦʛʦ ʵʣʝʤʝʥʪʘ ʠ ʟʘʧʠʩʳʚʘʶʪ ʚ 

ʪʘʙʣʠʮʫ3 ʟʥʘʯʝʥʠʝ ɽʦʧ ʚ ʚʦʣʪɹʘʭ. 

ɺʳʯʠʩʣʷʶʪ ʧʦʪʝʥʮʠʘʣ ʮʠʥʢʦʚʦʛʦ ʵʣʝʢʪʨʦʜʘ, ʠʩʧʦʣʴʟʫʷ ʫʨʘʚʥʝʥʠʝ: 

ɽʦʧ = eʭʩ - eZn,     ʦʪʢʫʜʘ     eZn = eʭʩ - ɽʦʧ 

ʇʨʦʚʝʨʠʚ ʧʨʘʚʠʣʴʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʫ ʧʨʝʧʦʜʘʚʘʪʝʣʷ, 

ʨʘʟʙʠʨʘʶʪ ʮʠʥʢʦʚʳʡ ʵʣʝʢʪʨʦʜ. ɺʳʥʠʤʘʶʪ ʠʟ ʵʣʝʢʪʨʦʜʥʦʡ ʷʯʝʡʢʠ ʮʠʥʢʦʚʫʶ 

ʧʣʘʩʪʠʥʢʫ, ʟʘʯʠʱʘʶʪ ʝʸ ʠ ʪʱʘʪʝʣʴʥʦ ʚʳʪʠʨʘʶʪ ʬʠʣʴʪʨʦʚʘʣʴʥʦʡ ʙʫʤʘʛʦʡ. ʀʟ 

ʷʯʝʡʢʠ ʚʳʣʠʚʘʶʪ ʨʘʩʪʚʦʨ ZnSO4 ʠ ʦʧʦʣʘʩʢʠʚʘʶʪ ʝʸ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ. 

ʉʦʙʨʘʚ ʧʦʣʫʵʣʝʤʝʥʪ, ʧʦʤʝʱʘʶʪ ʝʛʦ ʚ ʩʪʘʢʘʥ ʜʣʷ ʭʨʘʥʝʥʠʷ ʮʠʥʢʦʚʳʭ 

ʧʦʣʫɻ ʣʝʤʝʥʪʦʚ. 

ɿʘʜʘʥʠʝ 3. ʀʟʤʝʨʝʥʠʝ ʕɼʉ ʤʝʜʥʦ-ʭʣʦʨʩʝʨʝʙʨʷʥʦʛʦ ʛʘʣʴʚʘʥʠʯʝʩʢʦʛʦ 

ʵʣʝʤʝʥʪʘ ʠ ʚʳʯʠʩʣʝʥʠʝ ʧʦʪʝʥʮʠʘʣʘ ʤʝʜʥʦʛʦ ʵʣʝʢʪʨʦʜʘ. 

ʉʭʝʤʘʪʠʯʝʩʢʘʷ ʟʘʧʠʩʴ ʵʣʝʤʝʥʪʘ: 

Cu|CuSO4 (1 M)| KCl | KCl, AgCl|Ag 

ɼʣʷ ʩʦʩʪʘʚʣʝʥʠʷ ʵʪʦʛʦ ʵʣʝʤʝʥʪʘ ʠʩʧʦʣʴʟʫʶʪ ʤʝʜʥʳʡ ʵʣʝʢʪʨʦʜ, 

ʧʨʠʛʦʪʦʚʣʝʥʥʳʡ ʚ ʧʝʨʚʦʤ ʨʘʟʜʝʣʝ ʨʘʙʦʪʳ, ʠ ʭʣʦʨʩʝʨʝʙʨʷʥʳʡ ʵʣʝʢʪʨʦʜ 

ʩʨʘʚʥʝʥʠʷ, ʢʦʪʦʨʳʤ ʫʞʝ ʧʦʣʴʟʦʚʘʣʠʩʴ. ʀʟʤʝʨʷʶʪ ʕɼʉ ʪʘʢ ʞʝ, ʢʘʢ ʚ ʟʘʜʘʥʠʠ 

2, ʠ ʟʘʧʠʩʳʚʘʶʪ ʨʝʟʫʣʴʪʘʪ ʚ ʪʘʙʣʠʮʫ 3. 
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ɿʘʪʝʤ ʚʳʯʠʩʣʷʶʪ ʧʦʪʝʥʮʠʘʣ ʤʝʜʥʦʛʦ ʵʣʝʢʪʨʦʜʘ, ʠʩʧʦʣʴʟʫʷ ʫʨʘʚʥʝʥʠʝ 

ɽʦʧ = eCu - eʭʩ,     ʦʪʢʫʜʘ     eCu = ɽʦʧ + eʭʩ. 

ɿʘʜʘʥʠʝ 4. ʀʟʤʝʨʝʥʠʝ ʕɼʉ ʤʝʜʥʦʛʦ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʛʦ  

ʛʘʣʴʚʘʥʠʯʝʩʢʦʛʦ ʵʣʝʤʝʥʪʘ 

ʉʭʝʤʘʪʠʯʝʩʢʘʷ ʟʘʧʠʩʴ ʵʣʝʤʝʥʪʘ: 

Cu|CuSO4 (1 M)| KCl | CuSO4 (0,01 M)|Cu 

ɼʣʷ ʩʦʩʪʘʚʣʝʥʠʷ ʤʝʜʥʦʛʦ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʛʦ ʛʘʣʴʚʘʥʠʯʝʩʢʦʛʦ ʵʣʝʤʝʥʪʘ 

ʠʩʧʦʣʴʟʫʶʪ ʫʞʝ ʧʨʠʛʦʪʦʚʣʝʥʥʳʡ ʤʝʜʥʳʡ ʵʣʝʢʪʨʦʜ ʠ ʚʪʦʨʦʡ ʵʣʝʢʪʨʦʜ ʩ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ CuSO4 0,01 M, ʧʨʠʛʦʪʦʚʣʝʥʥʳʡ ʪʘʢ: ʚ ʧʨʦʪʦʯʥʫʶ 

ʵʣʝʢʪʨʦʜʥʫʶ ʷʯʝʡʢʫ ʥʘʣʠʚʘʶʪ ʜʦ ʧʦʣʦʚʠʥʳ ʝʸ ʦʙʲʝʤʘ 0,01 ʄ ʨʘʩʪʚʦʨ CuSO4, 

ʦʧʫʩʢʘʶʪ ʚ ʨʘʩʪʚʦʨ ʤʝʜʥʫʶ ʧʣʘʩʪʠʥʢʫ. ʆʙʘ ʵʣʝʢʪʨʦʜʘ ʦʧʫʩʢʘʶʪ ʚ ʩʪʘʢʘʥʯʠʢ 

ʩ ʥʘʩʳʱʝʥʥʳʤ ʨʘʩʪʚʦʨʦʤ KCl. ʇʨʠʩʦʝʜʠʥʠʚ ʟʘʞʠʤʳ, ʠʟʤʝʨʷʶʪ ɽʦʧ. 

ʇʨʦʚʝʨʷʶʪ ʨʝʟʫʣʴʪʘʪ ʫ ʧʨʝʧʦʜʘʚʘʪʝʣʷ, ʟʘʧʠʩʳʚʘʶʪ ʝʛʦ ʚ ʪʘʙʣʠʮʫ 3. 

ʈʘʟʙʠʨʘʶʪ ʤʝʜʥʳʝ ʵʣʝʢʪʨʦʜʳ ʠ ʩʪʘʚʷʪ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʢʦʥʮʝʥʪʨʘʮʠʷʤ 

ʩʪʘʢʘʥʳ ʜʣʷ ʭʨʘʥʝʥʠʷ. 

ɿʘʜʘʥʠʷ 5,6. ʀʟʤʝʨʝʥʠʝ ʕɼʉ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴ-ʥʦʡ ʮʝʧʠ ʠ 

ʚʳʯʠʩʣʝʥʠʝ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ. 

ʂʦʥʪʨʦʣʴʥʳʝ ʨʘʩʪʚʦʨʳ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʟʘʜʘʥʠʡ 5 ʠ 6 ʧʦʣʫʯʘʶʪ ʫ 

ʧʨʝʧʦʜʘʚʘʪʝʣʷ. 

ɿʘʜʘʥʠʝ 5. 

ʉʭʝʤʘʪʠʯʝʩʢʘʷ ʟʘʧʠʩʴ ʵʣʝʤʝʥʪʘ: 

Pt|
[ ]
[ ]64

63

)(

)(

CNFeK

CNFeK
 || KClʥʘʩʳʱ, AgCl|Ag 

ɺʳʣʠʚʘʶʪ ʠʟ ʩʪʘʢʘʥʯʠʢʘ ʥʘʩʳʱʝʥʥʳʡ ʨʘʩʪʚʦʨ KCl ʠ ʦʧʦʣʘʩʢʠʚʘʶʪ ʝʛʦ 

ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ. ɺ ʩʪʘʢʘʥʯʠʢ ʥʘʣʠʚʘʶʪ ʨʘʩʪʚʦʨ, ʧʦʣʫʯʝʥʥʳʡ ʫ 

ʧʨʝʧʦʜʘʚʘʪʝʣʷ, ʠ ʦʧʫʩʢʘʶʪ ʚ ʥʝʛʦ ʭʣʦʨʩʝʨʝʙʨʷʥʳʡ ʠ ʆɺ- ʵʣʝʢʪʨʦʜʳ. 

ʇʦʜʢʣʶʯʠʚ ʟʘʞʠʤʳ, ʠʟʤʝʨʷʶʪ ʕɼʉ ʛʘʣʴʚʘʥʠʯʝʩʢʦʛʦ ʵʣʝʤʝʥʪʘ ʠ 

ʨʘʩʩʯʠʪʳʚʘʶʪ ʚʝʣʠʯʠʥʫ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ, 

ʠʩʧʦʣʴʟʫʷ ʫʨʘʚʥʝʥʠʝ: 
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ɽʦʧ = eʦʚ - eʭʩ,     ʦʪʢʫʜʘ     eʦʚ = ɽʦʧ + eʭʩ. 

ɿʘʜʘʥʠʝ 6. 

ʉʭʝʤʘʪʠʯʝʩʢʘʷ ʟʘʧʠʩʴ ʵʣʝʤʝʥʪʘ: 

Pt| ʧʦʯʚʘ || KClʥʘʩʳʱ, AgCl|Ag 

ɺ ʩʪʘʢʘʥʯʠʢ ʧʦʤʝʱʘʶʪ ʦʙʨʘʟʝʮ ʧʦʯʚʳ, ʜʦʙʘʚʣʷʶʪ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʫʶ 

ʚʦʜʫ (ʧʦ ʟʘʜʘʥʠʶ ʧʨʝʧʦʜʘʚʘʪʝʣʷ) ʜʦ ʧʦʣʫʯʝʥʠʷ ʦʜʥʦʨʦʜʥʦʡ ʧʘʩʪʦʦʙʨʘʟʥʦʡ 

ʤʘʩʩʳ. ʆʧʫʩʢʘʶʪ ʚ ʦʙʨʘʟʝʮ ʭʣʦʨʩʝʨʝʙʨʷʥʳʡ ʠ ʆɺ-ʵʣʝʢʪʨʦʜʳ. ʇʦʜʢʣʶʯʠʚ 

ʟʘʞʠʤʳ, ʠʟʤʝʨʷʶʪ ʕɼʉ ʛʘʣʴʚʘʥʠʯʝʩʢʦʛʦ ʵʣʝʤʝʥʪʘ ʠ ʨʘʩʩʯʠʪʳʚʘʶʪ ʚʝʣʠʯʠʥʫ 

ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʧʦʯʚʳ, ʠʩʧʦʣʴʟʫʷ ʫʨʘʚʥʝʥʠʝ: 

ɽʦʧ = eʦʚ - eʭʩ,     ʦʪʢʫʜʘ     eʦʚ = ɽʦʧ + eʭʩ. 

ʇʨʦʚʝʨʠʚ ʧʨʘʚʠʣʴʥʦʩʪʴ ʚʳʧʦʣʥʝʥʥʦʡ ʨʘʙʦʪʳ ʠ ʦʪʤʝʪʠʚ ʝʸ ʫ 

ʧʨʝʧʦʜʘʚʘʪʝʣʷ, ʧʨʠʚʦʜʷʪ ʚ ʧʦʨʷʜʦʢ ʨʘʙʦʯʝʝ ʤʝʩʪʦ. 

ɼʆʄɸʐʅɽɽ  ɿɸɼɸʅʀɽ 

1. ɺʳʯʠʩʣʠʪʴ ʪʝʦʨʝʪʠʯʝʩʢʫʶ ʚʝʣʠʯʠʥʫ ʕɼʉ ʛʘʣʴʚʘʥʠʯʝʩʢʦʛʦ ʵʣʝʤʝʥʪʘ 

ɼʘʥʠʝʣʷ-ʗʢʦʙʠ ʪʝʦʨʝʪʠʯʝʩʢʠ (ɽʪʝʦʨ): 

ʅʦʨʤʘʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ ʤʝʜʥʦʛʦ ʵʣʝʢʪʨʦʜʘ   e0Cu = 0,34 ɺ. 

ʅʦʨʤʘʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ ʮʠʥʢʦʚʦʛʦ ʵʣʝʪʨʦʜʘ e0Zn = -0,76 ɺ. 

ʇʦʩʢʦʣʴʢʫ fa,CuSO4 = fa,ZnSO4, ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʕɼʉ ʵʣʝʤʝʥʪʘ ɼʘʥʠʝʣʷ-ʗʢʦʙʠ 

ʙʫʜʝʪ ʨʘʚʥʘ 

ɽʪʝʦʨ =  e0Cu - e
0
Zn 

ɺʳʯʠʩʣʝʥʥʫʶ ʪʝʦʨʝʪʠʯʝʩʢʫʶ ʚʝʣʠʯʠʥʫ ʕɼʉ ʟʘʧʠʩʳʚʘʶʪ ʚ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʛʨʘʬʫ ʪʘʙʣ. 3 ʠ ʩʨʘʚʥʠʚʘʶʪ ʝʸ ʩ ʕɼʉ, ʥʘʡʜʝʥʥʦʡ ʦʧʳʪʥʳʤ 

ʧʫʪʝʤ. ʕʪʠ ʚʝʣʠʯʠʥʳ ʜʦʣʞʥʳ ʦʪʣʠʯʘʪʴʩʷ ʥʝ ʙʦʣʝʝ, ʯʝʤ ʥʘ 0,05 ɺ. 

2. ʇʨʦʚʝʨʠʪʴ ʧʨʘʚʠʣʴʥʦʩʪʴ ʥʘʡʜʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʵʣʝʢʪʨʦʜʥʳʭ 

ʧʦʪʝʥʮʠʘʣʦʚ ʤʝʜʥʦʛʦ ʠ ʮʠʥʢʦʚʦʛʦ ʵʣʝʢʪʨʦʜʦʚ, ʠʩʧʦʣʴʟʫʷ ʠʭ ʦʧʳʪʥʳʝ 

ʟʥʘʯʝʥʠʷ ʧʨʠ ʚʳʯʠʩʣʝʥʠʠ ʕɼʉ ʤʝʜʥʦ-ʮʠʥʢʦʚʦʛʦ ʛʘʣʚɹʘʥʠʯʝʩʢʦʛʦ ʵʣʝʤʝʥʪʘ 

ʧʦ ʫʨʘʚʥʝʥʠʶ 

E = eCu - eZn 
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ʉʨʘʚʥʠʚʘʶʪ ʧʦʣʫʯʝʥʥʫʶ ʚʝʣʠʯʠʥʫ ʩ ʥʘʡʜʝʥʥʦʡ ʚʝʣʠʯʠʥʦʡ ʕɼʉ 

ʦʧʳʪʥʳʤ ʧʫʪʝʤ ʚ ʧʝʨʚʦʤ ʟʘʜʘʥʠʠ. ɽʩʣʠ ʵʪʠ ʚʝʣʠʯʠʥʳ ʦʪʣʠʯʘʶʪʩʷ ʥʝ ʙʦʣʝʝ 

ʯʝʤ ʥʘ 0,01 ɺ, ʨʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʘʚʠʣʴʥʦ. 

3. ʇʨʦʚʝʨʠʪʴ ʧʨʘʚʠʣʴʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʕɼʉ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʡ ʮʝʧʠ, 

ʚʳʯʠʩʣʠʚ ʪʝʦʨʝʪʠʯʝʩʢʠ ʕɼʉ ʤʝʜʥʦʛʦ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʛʦ ʵʣʝʤʝʥʪʘ ʧʦ 

ʫʨʘʚʥʝʥʠʶ 

''

'

2

2

lg303,2
+

+

=

Cu

Cu

ʪʝʦʨ
a

a

nF

RT
ɽ  

ʛʜʝ ï 2,303 
F

RT
= 0,0577 + 0,0002(t ï18) ʜʣʷ ʣʶʙʦʡ ʪʝʤʧʝʨʘʪʫʨʳ t, n ï 

ʚʘʣʝʥʪʥʦʩʪʴ ʠʦʥʦʚ Cu2+; aô- ʘʢʪʠʚʥʦʩʪʴ ʠʦʥʦʚ ʤʝʜʠ ʚ 1 ʄ ʨʘʩʪʚʦʨʝ ʩʫʣʴʬʘʪʘ 

ʤʝʜʠ; fô- ʢʦʵʬʬʠʮʠʝʥʪ ʘʢʪʠʚʥʦʩʪʠ ʠʦʥʦʚ ʤʝʜʠ 1 ʄ ʨʘʩʪʚʦʨʝ ʩʫʣʴʬʘʪʘ ʤʝʜʠ, 

ʨʘʚʥʳʡ 0,041; aôô ï ʘʢʪʠʚʥʦʩʪʴ ʠʦʥʦʚ ʤʝʜʠ ʚ 0,01 ʄ ʨʘʩʪʚʦʨʝ ʩʫʣʴʬʘʪʘ ʤʝʜʠ; 

fôô ï ʢʦʵʬʬʠʮʠʝʥʪ ʘʢʪʠʚʥʦʩʪʠ ʠʦʥʦʚ ʤʝʜʠ ʚ 0,01 ʄ ʨʘʩʪʚʦʨʝ ʩʫʣʴʬʘʪʘ ʤʝʜʠ, 

ʨʘʚʥʳʡ 0,41.  

ɺʳʯʠʩʣʝʥʥʫʶ ʚʝʣʠʯʠʥʫ ɽʪʝʦʨ ʩʨʘʚʥʠʚʘʶʪ ʩ ʥʘʡʜʝʥʥʦʡ ʦʧʳʪʥʳʤ ʧʫʪʝʤ 

ɽʦʧ ʠ, ʝʩʣʠ ʦʥʠ ʦʪʣʠʯʘʶʪʩʷ ʥʝ ʙʦʣʝʝ ʯʝʤ ʥʘ 0,01 ɺ, ʟʘʧʠʩʳʚʘʶʪ ʨʝʟʫʣʴʪʘʪʳ ʚ 

ʪʘʙʣʠʮʫ 3. 

4. ʈʘʩʩʯʠʪʘʪʴ ʘʢʪʠʚʥʦʩʪʴ ʦʢʠʩʣʝʥʥʦʡ ʬʦʨʤʳ Fʝ, ʝʩʣʠ ʠʟʚʝʩʪʥʘ ʚʝʣʠʯʠʥʘ 

ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ (ʠʟ ʟʘʜʘʥʠʷ 5 ʠʣʠ 6 ʧʦ 

ʫʢʘʟʘʥʠʶ ʧʨʝʧʦʜʘʚʘʪʝʣʷ), ʘʢʪʠʚʥʦʩʪʴ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʡ ʬʦʨʤʳ Fʝ ʨʘʚʥʘ 0,1, 

ʥʦʨʤʘʣʴʥʳʡ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ e0ʦʚ ʜʣʷ ʜʘʥʥʳʭ 

ʦʢʠʩʣʠʪʝʣʷ ʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ ʨʘʚʝʥ 0,771 ɺ. 
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2. ɹʋʌɽʈʅʓɽ ʉʀʉʊɽʄʓ. ʀɿʋʏɽʅʀɽ ʉɺʆʁʉʊɺ ɹʋʌɽʈʅʓʍ ʀ 

ʅɽɹʋʌɽʈʅʓʍ ʉʀʉʊɽʄ.ʆʇʈɽɼɽʃɽʅʀɽ ɹʋʌɽʈʅʆʁ ɽʄʂʆʉʊʀ 

ʈɸʉʊɺʆʈɸ.ʆʇʈɽɼɽʃɽʅʀɽ ʨʅ ʇʆʊɽʅʎʀʆʄɽʊʈʀʏɽʉʂʀʄ 

ʄɽʊʆɼʆʄ ɺ ɹʀʆʃʆɻʀʏɽʉʂʀʍ ʆɹʒɽʂʊɸʍ. 

 

ɺʦʜʘ ï ʦʩʥʦʚʘ ʞʠʟʥʠ ʥʘ ɿʝʤʣʝ. ʆʥʘ ʠʛʨʘʝʪ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʚʘʞʥʫʶ ʨʦʣʴ 

ʚ ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ, ʷʚʣʷʷʩʴ  ʦʩʥʦʚʥʦʡ ʩʦʩʪʘʚʥʦʡ ʯʘʩʪʴʶ (ʦʪ 58 ʜʦ 97 

%) ʚʩʝʭ ʢʣʝʪʦʢ ʠ ʪʢʘʥʝʡ ʯʝʣʦʚʝʢʘ, ʞʠʚʦʪʥʳʭ, ʨʘʩʪʝʥʠʡ ʠ ʧʨʦʩʪʝʡʰʠʭ 

ʦʨʛʘʥʠʟʤʦʚ. ɺʦʜʘ ï ʵʪʦ ʩʨʝʜʘ, ʚ ʢʦʪʦʨʦʡ ʧʨʦʪʝʢʘʶʪ ʩʘʤʳʝ ʨʘʟʥʦʦʙʨʘʟʥʳʝ 

ʙʠʦʭʠʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ. 

ɺʦʜʘ ʦʙʣʘʜʘʝʪ ʭʦʨʦʰʝʡ ʨʘʩʪʚʦʨʷʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ      ʠ ʚʳʟʳʚʘʝʪ 

ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʫʶ ʜʠʩʩʦʮʠʘʮʠʶ ʤʥʦʛʠʭ ʨʘʩʪʚʦʨʝʥʥʳʭ ʚ ʥʝʡ ʚʝʱʝʩʪʚ. 

ɺʦʜʘ ʷʚʣʷʝʪʩʷ ʩʣʘʙʳʤ ʵʣʝʢʪʨʦʣʠʪʦʤ ʠ ʜʠʩʩʦʮʠʠʨʫʝʪ ʥʘ ʢʘʪʠʦʥʳ 

ʚʦʜʦʨʦʜʘ ʠ ʘʥʠʦʥʳ ʛʠʜʨʦʢʩʠʣʘ ʧʦ ʫʨʘʚʥʝʥʠʶ: 

ʅ2ʆ  Ú ʅ+  + ʆʅ- 

ʉʦʛʣʘʩʥʦ ʟʘʢʦʥʫ ʜʝʡʩʪʚʫʶʱʠʭ ʤʘʩʩ ʢʦʥʩʪʘʥʪʘ ʜʠʩʩʦʮʠʘʮʠʠ ʚʦʜʳ ʙʫʜʝʪ 

ʨʘʚʥʘ: 

ʂ = 
[ ][ ]
[ ]ʆʅ
ʆʅʅ

2

-+³
 

ɼʠʩʩʦʮʠʘʮʠʷ ʚʦʜʳ ʦʯʝʥʴ ʤʘʣʘ (ʧʨʠ 25ʉ̄ ʦʥʘ ʨʘʚʥʘ  1.8 10-9), ʧʦɻ ʪʦʤʫ 

ʟʥʘʤʝʥʘʪʝʣʴ ʚ ʧʨʠʚʝʜʝʥʥʦʤ ʫʨʘʚʥʝʥʠʠ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʧʨʘʢʪʠʯʝʩʢʠ 

ʧʦʩʪʦʷʥʥʳʤ, ʠ ʩʦʦʪʥʦʰʝʥʠʝ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʩʣʝʜʫʶʱʝʤ ʦʙʨʘʟʦʤ: 

[ʅ+ ]  Ĭ [ʆʅ-] =ʂ Ĭ[ʅ2ʆ] = ʂw = 10 -14 

ʛʜʝ ʂw ï ʠʦʥʥʦʝ ʧʨʦʠʟʚʝʜʝʥʠʝ ʚʦʜʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʠʟʚʝʜʝʥʠʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʦʥʦʚ ʚʦʜʦʨʦʜʘ ʠ ʠʦʥʦʚ ʛʠʜʨʦʢʩʠʣʘ ʚ ʣʶʙʦʤ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ 

ʝʩʪʴ ʚʝʣʠʯʠʥʘ ʧʦʩʪʦʷʥʥʘʷ, ʥʘʟʳʚʘʝʤʘʷ ʠʦʥʥʳʤ ʧʨʦʠʟʚʝʜʝʥʠʝʤ ʚʦʜʳ 

ʊʘʢ ʢʘʢ ʢʦʤʧʦʥʝʥʪʳ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʩʠʩʪʝʤʳ ʩʦʧʨʷʞʝʥʳ, ʪʦ 

ʫʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʜʥʦʛʦ ʠʦʥʘ ʥʝʠʟʙʝʞʥʦ ʩʚʷʟʘʥʦ ʩ ʫʤʝʥʴʰʝʥʠʝʤ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʨʫʛʦʛʦ. ʇʨʠ ʵʪʦʤ ʠʟ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʥʝ ʤʦʛʫʪ ʩʦʚʝʨʰʝʥʥʦ 
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ʠʩʯʝʟʥʫʪʴ ʥʠ ʚʦʜʦʨʦʜʥʳʝ, ʥʠ ʛʠʜʨʦʢʩʠʣʴʥʳʝ ʠʦʥʳ. ʀ ʧʨʠ ʣʶʙʦʡ ʠʭ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʦʥʥʦʝ ʧʨʦʠʟʚʝʜʝʥʠʝ ʦʩʪʘʥʝʪʩʷ ʧʦʩʪʦʷʥʥʳʤ ï 10-14. 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʠʦʥʦʚ ʚʦʜʦʨʦʜʘ ʚ ʨʘʩʪʚʦʨʘʭ ʧʨʝʜʩʪʘʚʣʷʝʪ ʚʘʞʥʳʡ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʡ ʬʘʢʪʦʨ, ʦʧʨʝʜʝʣʝʥʠʝ ʝʝ ʠʤʝʝʪ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠ 

ʠʟʫʯʝʥʠʠ ʩʘʤʳʭ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʬʠʟʠʯʝʩʢʠʭ, ʭʠʤʠʯʝʩʢʠʭ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ. 

ɺ ʧʨʠʨʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʞʠʜʢʦʩʪʷʭ, ʢʦʪʦʨʳʝ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʢʘʢ ʨʘʟʙʘʚʣʝʥʥʳʝ ʨʘʩʪʚʦʨʳ (ʉ ¢ 0,1 ʄ), 

ʘʢʪʠʚʥʦʩʪʴ ʠʦʥʦʚ ʚʦʜʦʨʦʜʘ ʢʦʣʝʙʣʝʪʩʷ ʧʨʠʤʝʨʥʦ ʚ ʧʨʝʜʝʣʘʭ 10-3 ¢ ʉ ¢ 10-9ʄ, 

ʪ.ʝ. ʦʥʘ ʦʯʝʥʴ ʤʘʣʘ ʠ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʘʙʦʪʳ ʝʝ ʫʜʦʙʥʦ ʚʳʨʘʞʘʪʴ ʯʝʨʝʟ 

ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʜʝʩʷʪʠʯʥʳʡ ʣʦʛʘʨʠʬʤ ʘʢʪʠʚʥʦʩʪʠ ʠ ʦʙʦʟʥʘʯʘʪʴ ʨʅ:  

ʨʅ = -lg ʘʅ+ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʦʜʦʨʦʜʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ï ʨʅ ï ʥʘʟʳʚʘʶʪ ʚʝʣʠʯʠʥʫ, 

ʯʠʩʣʝʥʥʦ ʨʘʚʥʫʶ ʦʪʨʠʮʘʪʝʣʴʥʦʤʫ ʜʝʩʷʪʠʯʥʦʤʫ ʣʦʛʘʨʠʬʤʫ ʘʢʪʠʚʥʦʩʪʠ 

(ʢʦʥʮʝʥʪʨʘʮʠʠ) ʠʦʥʦʚ ʚʦʜʦʨʦʜʘ. ʃʦʛʘʨʠʬʤʠʨʫʷ ʠʦʥʥʦʝ ʧʨʦʠʟʚʝʜʝʥʠʝ ʚʦʜʳ,  

ʧʦʣʫʯʘʝʤ: 

ʨʅ + ʨʆʅ = 14 

ɺ ʨʘʟʙʘʚʣʝʥʥʳʭ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ 0¢ ʨʅ ¢14, 0¢ ʨʅ ¢7 ï ʚ   ʢʠʩʣʳʭ 

ʨʘʩʪʚʦʨʘʭ, ʨʅ = 7 ï ʚ ʥʝʡʪʨʘʣʴʥʳʭ ʠ 7 ¢ ʨʅ ¢14 ï ʚ ʝɦʣʦʯʥʳʭ ʨʘʩʪʚʦʨʘʭ. 

ʋʨʘʚʥʝʥʠʷ ʜʣʷ ʨʘʩʯʝʪʘ ʨʅ ʚ ʨʘʟʙʘʚʣʝʥʥʳʭ ʨʘʩʪʚʦʨʘʭ ʨʘʟʣʠʯʥʳʭ ʢʣʘʩʩʦʚ 

ʩʦʝʜʠʥʝʥʠʡ ʧʨʠʚʝʜʝʥʳ ʥʠʞʝ: 

ʉʠʣʴʥʳʝ ʢʠʩʣʦʪʳ: ʨʅ = - lg aH+. 

ʉʠʣʴʥʳʝ ʦʩʥʦʚʘʥʠʷ: pH = 14 ï pOH. 

ʉʣʘʙʳʝ ʢʠʩʣʦʪʳ: pH = İ (pKʢ ï lgC). 

ʉʣʘʙʳʝ ʦʩʥʦʚʘʥʠʷ: pH = 14 ï 1/2pKʦ + İ lgC. 

ɻʠʜʨʦʣʠʪʠʯʝʩʢʠ ʢʠʩʣʳʝ ʩʦʣʠ: pH = 7 ï1/2pKʦʩʥ ï 1/2lgC. 

ɻʠʜʨʦʣʠʪʠʯʝʩʢʠ ʱʝʣʦʯʥʳʝ ʩʦʣʠ: pH = 7 + 1/2pKʢʠʩʣ + 1/2lgC. 

ɹʫʬʝʨʥʳʝ ʨʘʩʪʚʦʨʳ: pH = pKa + lg[ʩʦʣʴ] ï lg[ʢʠʩʣʦʪʘ]. 

 ʨH = pKa + lg[ʦʩʥʦʚʘʥʠʝ] - lg[ʩʦʣʴ]. 
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ɹʫʬʝʨʥʳʝ ʩʠʩʪʝʤʳ 

ʆʜʥʠʤ ʠʟ ʭʘʨʘʢʪʝʨʥʳʭ ʩʚʦʡʩʪʚ ʚʥʫʪʨʝʥʥʝʡ ʩʠʩʪʝʤʳ ʦʨʛʘʥʠʟʤʦʚ 

ʷʚʣʷʝʪʩʷ ʧʦʩʪʦʷʥʩʪʚʦ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʦʜʦʨʦʜʥʳʭ ʠʦʥʦʚ (ʠʟʦʛʠʜʨʠʷ). ʊʘʢ, 

ʥʘʧʨʠʤʝʨ, ʨʅ ʢʨʦʚʠ ʯʝʣʦʚʝʢʘ ï 7,36. ʉʦʭʨʘʥʝʥʠʝ ʵʪʦʛʦ ʧʦʢʘʟʘʪʝʣʷ 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ  ʩʦʚʤʝʩʪʥʳʤ ʜʝʡʩʪʚʠʝʤ ʨʜ̫ʘ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʠ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʤʝʭʘʥʠʟʤʦʚ, ʠʟ ʢʦʪʦʨʳʭ ʦʯʝʥʴ ʚʘʞʥʘʷ ʨʦʣʴ ʧʨʠʥʘʜʣʝʞʠʪ 

ʙʫʬʝʨʥʳʤ ʩʠʩʪʝʤʘʤ. 

ɹʫʬʝʨʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʥʘʟʳʚʘʶʪʩʷ ʨʘʩʪʚʦʨʳ, ʦʙʣʘʜʘʶʱʠʝ 

ʩʚʦʡʩʪʚʦʤ ʜʦʩʪʘʪʦʯʥʦ ʩʪʦʡʢʦ ʩʦʭʨʘʥʷʪʴ ʧʦʩʪʦʷʥʩʪʚʦ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʚʦʜʦʨʦʜʥʳʭ ʠʦʥʦʚ ʢʘʢ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʢ ʥʠʤ ʥʝʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʩʠʣʴʥʳʭ 

ʢʠʩʣʦʪ ʠʣʠ ʱʝʣʦʯʝʡ, ʪʘʢ ʠ ʧʨʠ ʨʘʟʚʝʜʝʥʠʠ. 

ɹʫʬʝʨʥʳʝ ʩʠʩʪʝʤʳ (ʩʤʝʩʠ ʠʣʠ ʨʘʩʪʚʦʨʳ) ʧʦ ʩʦʩʪʘʚʫ ʙʚrʘʶʪ ʜʚʫʭ 

ʦʩʥʦʚʥʳʭ ʪʠʧʦʚ:  

ʘ) ʢʠʩʣʦʪʥʳʝ - ʩʣʘʙʘʷ ʢʠʩʣʦʪʘ ʠ ʝʝ ʩʦʣʴ, ʦʙʨʘʟʦʚʘʥʥʘʷ  ʵʪʦʡ ʢʠʩʣʦʪʦʡ ʩ  

ʩʠʣʴʥʳʤ ʦʩʥʦʚʘʥʠʝʤ; 

ʙ) ʦʩʥʦʚʥʳʝ - ʩʣʘʙʦʝ ʦʩʥʦʚʘʥʠʝ ʠ ʝʛʦ ʩʦʣʴ, ʦʙʨʘʟʦʚʘʥʥʘʷ ʵʪʠʤ ʦʩʥʦʚʘʥʠʝʤ ʠ 

ʩʠʣʴʥʦʡ ʢʠʩʣʦʪʦʡ. 

ʅʘ ʧʨʘʢʪʠʢʝ ʯʘʩʪʦ ʧʨʠʤʝʥʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʙʫʬʝʨʥʳʝ ʩʤʝʩʠ: 

ʉʅ3 ʉʆʆʅ 

ʉʅ3ʉʆʆNa  - ʘʮʝʪʘʪʥʳʡ ʙʫʬʝʨ; 

 

ʅ2ʉʆ3 

NaHCO3   - ʙʠʢʘʨʙʦʥʘʪʥʳʡ ʙʫʬʝʨ; 

 

NH4OH 

NH4Cl      - ʘʤʤʠʘʯʥʳʡ ʙʫʬʝʨ 

 

ʂʅ2PO4 

Na2HPO4  - ʬʦʩʬʘʪʥʳʡ ʙʫʬʝʨ 
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Pt ï COOH ï ʙʝʣʦʢ-ʢʠʩʣʦʪʘ 

Pt ï COONa ï ʙʝʣʦʢ-ʩʦʣʴ      - ʙʝʣʢʦʚʳʡ ʙʫʬʝʨ (Pt ï ʧʨʦʪʝʠʥ-ʙʝʣʦʢ). 

ʂʘʞʜʘʷ ʠʟ ʙʫʬʝʨʥʳʭ ʩʤʝʩʝʡ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʦʧʨʝʜʝʣʝʥʥʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʚʦʜʦʨʦʜʥʳʭ ʠʦʥʦʚ, ʢʦʪʦʨʫʶ ʙʫʬʝʨʥʘʷ ʩʠʩʪʝʤʘ ʠ ʩʪʨʝʤʠʪʩʷ 

ʩʦʭʨʘʥʠʪʴ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʢʠʩʣʦʪ ʠʣʠ ʱʝʣʦʯʝʡ.  ʈʘʩʩʤʦʪʨʠʤ, ʯʪʦ ʦʧʨʝʜʝʣʷʝʪ  

ʧʦʩʪʦʷʥʩʪʚʦ ʨʅ, ʥʘʧʨʠʤʝʨ, ʘʮʝʪʘʪʥʦʡ ʙʫʬʝʨʥʦʡ ʩʤʝʩʠ 

ʉʅ3ʉʆʆʅ Ú ʅ+  +   ʉʅ3ʉʆʆ
 - 

ʉʅ3ʉʆʆNa Ýʉʅ3ʉʆʆ
-  + Na+ 

ɺ ʘʮʝʪʘʪʥʦʤ ʙʫʬʝʨʥʦʤ ʨʘʩʪʚʦʨʝ ʢʦʥʮʝʥʪʨʘʮʠʷ ʚʦʜʦʨʦʜʥʳʭ ʠʦʥʦʚ 

ʙʫʜʝʪ ʟʘʚʠʩʝʪʴ ʦʪ ʩʪʝʧʝʥʠ ʜʠʩʩʦʮʠʘʮʠʠ ʤʦʣʝʢʫʣ ʢʠʩʣʦʪʳ. ʉʦʛʣʘʩʥʦ ʟʘʢʦʥʫ 

ʜʝʡʩʪʚʠʷ ʤʘʩʩ, ʢʦʥʩʪʘʥʪʘ ʜʠʩʩʦʮʠʘʮʠʠ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ ʙʫʜʝʪ: 

ʂ = 
[ ][ ]
[ ]ʉʆʆʅʉʅ

ʉʆʆʉʅʅ

3

3

-+³
, ʦʪʢʫʜʘ 

     [H+ ] = ʂĬ
[ ]
[ ]-ʉʆʆʉʅ

ʉʆʆʅʉʅ

3

3  

ʇʨʠ ʜʦʙʘʚʣʝʥʠʠ ʢ ʩʣʘʙʦʜʠʩʩʦʮʠʠʨʦʚʘʥʥʦʡ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʝ (ʂ = 1,86Ĭ 10-5) 

ʝʝ ʩʠʣʴʥʦʜʠʩʩʦʮʠʠʨʦʚʘʥʥʦʡ ʩʦʣʠ ʧʨʦʠʩʭʦʜʠʪ ʨʝʟʢʦʝ ʫʚʝʣʠʯʝʥʠʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʙʱʝʛʦ ʘʥʠʦʥʘ (ʉʅ3ʉʆʆ
 -). ɺ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ ʟʘʢʦʥʦʤ ʜʝʡʩʪʚʠʷ 

ʤʘʩʩ ʵʪʦ ʚʳʟʳʚʘʝʪ ʩʤʝʱʝʥʠʝ ʨʘʚʥʦʚʝʩʠʷ ʚʣʝʚʦ, ʪ.ʝ. ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ 

ʥʝʜʠʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʤʦʣʝʢʫʣ ʢʠʩʣʦʪʳ: 

ʉʅ3ʉʆʆʅ Û ʉʅ3ʉʆʆ
 -  + ʅ+ 

ʉʣʘʙʘʷ ʜʠʩʩʦʮʠʘʮʠʷ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ ʝʱʝ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʙʫʜʝʪ 

ʧʦʜʘʚʣʝʥʘ ʠ ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʝʜʠʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʤʦʣʝʢʫʣ ʢʠʩʣʦʪʳ ʤʦʞʝʪ 

ʙʳʪʴ ʧʨʠʥʷʪʘ ʨʘʚʥʦʡ ʦʙʱʝʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʠʩʣʦʪʳ. ʊʘʢ ʢʘʢ ʩʦʣʴ ʧʦʣʥʦʩʪʴʶ 

ʜʠʩʩʦʮʠʠʨʦʚʘʥʥʘ ʥʘ ʠʦʥʳ, ʪʦ ʦʙʱʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʘʥʠʦʥʦʚ ʤʦʞʝʪ ʙʳʪʴ 

ʧʨʠʥʷʪʘ ʟʘ ʦʙʱʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʩʦʣʠ ʚ ʙʫʬʝʨʥʦʤ ʨʘʩʪʚʦʨʝ. ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, 

ʢʦʥʮʝʥʪʨʘʮʠʶ  ʠʦʥʦʚ ʚʦʜʦʨʦʜʘ ʚ ʙʫʬʝʨʥʦʡ ʩʤʝʩʠ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ 

ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ: 
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[H+ ] = ʂʢĬ
[ ]
[ ]ʉʆʃʔ

ʂʀʉʃʆʊɸ
 

ɼʣʷ ʦʩʥʦʚʥʦʛʦ ʙʫʬʝʨʘ, ʢʘʢʠʤ ʷʚʣʷʝʪʩʷ, ʥʘʧʨʠʤʝʨ ʘʤʤʠʘʯʥʳʡ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʙʫʜʝʪ 

[OH -]  = ʂʦĬ
[ ]
[ ]ʉʆʃʔ

ʆʉʅʆɺɸʅʀɽ
 

ɼʘʥʥʳʝ ʚʳʨʘʞʝʥʠʷ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤ ʫʨʘʚʥʝʥʠʝʤ ʙʫʬʝʨʥʳʭ 

ʨʘʩʪʚʦʨʦʚ. ɺ ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʡ ʬʦʨʤʝ ʵʪʠ ʫʨʘʚʥʝʥʠʷ ʧʨʠʥʠʤʘʶʪ ʚʠʜ: 

pH = pKʢ + lg[ʩʦʣʴ] ï lg[ʢʠʩʣʦʪʘ]. 

ʨH = pKʦ + lg[ʦʩʥʦʚʘʥʠʝ] - lg[ʩʦʣʴ]. 

              ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʅ ʙʫʬʝʨʥʳʭ ʩʤʝʩʝʡ ʟʘʚʠʩʠʪ ʦʪ ʢʦʥʩʪʘʥʪʳ 

ʜʠʩʩʦʮʠʘʮʠʠ ʢʠʩʣʦʪʳ ʠʣʠ ʦʩʥʦʚʘʥʠʷ ʠ ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʢʦʤʧʦʥʝʥʪʦʚ ʙʫʬʝʨʥʳʭ ʩʤʝʩʝʡ. ʀʩʧʦʣʴʟʫʷ ʦʩʥʦʚʥʦʝ ʫʨʘʚʥʝʥʠʝ ʙʫʬʝʨʥʦʛʦ 

ʨʘʩʪʚʦʨʘ, ʤʦʞʥʦ ʚʳʯʠʩʣʠʪʴ ʨʅ ʣʶʙʦʛʦ ʙʫʬʝʨʥʦʛʦ ʨʘʩʪʚʦʨʘ, ʟʥʘʷ ʢʦʥʩʪʘʥʪʫ 

ʣɻʝʢʪʨʦʣʠʪʠʯʝʩʢʦʡ ʜʠʩʩʦʮʠʘʮʠʠ ʢʠʩʣʦʪʳ ʠʣʠ ʦʩʥʦʚʘʥʠʷ ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʢʠʩʣʦʪʳ  ʠ ʩʦʣʠ, ʘ ʧʨʠ ʦʜʠʥʘʢʦʚʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʠʭ ʦʙʲʝʤʥʳʝ ʦʪʥʦʰʝʥʠʷ. 

ʇʨʝʜʝʣ, ʚ ʢʦʪʦʨʦʤ ʧʨʦʷʚʣʷʝʪʩʷ ʙʫʬʝʨʥʦʝ ʜʝʡʩʪʚʠʝ ʙʫʬʝʨʥʦʡ ʩʠʩʪʝʤʳ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʙʫʬʝʨʥʦʡ ʝʤʢʦʩʪʴʶ. ʏʠʩʣʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʙʫʬʝʨʥʦʡ ʝʤʢʦʩʪʠ 

(ɹ) ʦʧʨʝʜʝʣʷʝʪʩʷ ʯʠʩʣʦʤ ʤʦʣʴ ʩʠʣʥɹʦʡ ʢʠʩʣʦʪʳ ʠʣʠ ʩʠʣʴʥʦʛʦ ʦʩʥʦʚʘʥʠʷ, 

ʢʦʪʦʨʦʝ ʥʝʦʙʭʦʜʠʤʦ ʜʦʙʘʚʠʪʴ ʢ 1 ʣ ʙʫʬʝʨʥʦʡ ʩʤʝʩʠ, ʯʪʦʙʳ ʠʟʤʝʥʠʪʴ 

ʟʥʘʯʝʥʠʝ ʨʅ ʥʘ 1: 

ʨʅ

ʱʝʣʦʯʠʢʠʩʣʦʪʳ
ʣ

ʤʦʣʴ

ɹ
D

=

),(

, 

ʛʜʝ: Dʨʅ ï ʠʟʤʝʥʝʥʠʝ ʨʅ ʧʨʠ ʪʠʪʨʦʚʘʥʠʠ ʙʫʬʝʨʘ ʢʠʩʣʦʪʦʡ ʠʣʠ ʱʝʣʦʯʴʶ, 

ʥʘʠʙʦʣʝʝ ʙʣʠʟʢʦʝ ʢ 1 (Dʨʅ = ʨʅ1 ï ʨʅ0). 

ʇʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʠʡ ʤʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʨʅ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥ ʧʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʠʡ ʤʝʪʦʜ 

ʦʧʨʝʜʝʣʝʥʠʷ ʨʅ, ʧʦʩʢʦʣʴʢʫ ʦʥ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʪʦʯʥʳʤ ʠ ʙʳʩʪʨʳʤ. ʄʝʪʦʜ 

ʦʩʥʦʚʘʥ ʥʘ ʠʟʤʝʨʝʥʠʠ ʕɼʉ ʛʘʣʴʚʘʥʠʯʝʩʢʦʡ ʮʝʧʠ, ʩʦʩʪʘʚʣʝʥʥʦʡ ʠʟ ʵʣʝʢʪʨʦʜʘ, 
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ʦʙʣʘʜʘʶʱʝʛʦ ʚʦʜʦʨʦʜʥʦʡ ʬʫʥʢʮʠʝʡ, ʠ ʵʣʝʢʪʨʦʜʘ ʩʨʘʚʥʝʥʠʷ. ʉʫʱʝʩʪʚʫʝʪ ʨʷʜ 

ʵʣʝʢʪʨʦʜʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʚʦʜʦʨʦʜʥʦʡ ʬʫʥʢʮʠʝʡ (ʚʦʜʦʨʦʜʥʳʡ, ʭʠʥʛʠʜʨʦʥʥʳʡ, 

ʩʪʝʢʣʷʥʥʳʡ), ʥʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʣʘʙʦʨʘʪʦʨʥʦʡ ʧʨʘʢʪʠʢʝ ʰʠʨʦʢʦ 

ʧʨʠʤʝʥʷʝʪʩʷ ʩʪʝʢʣʷʥʥʳʡ ʵʣʝʢʪʨʦʜ ʩ ʚʦʜʦʨʦʜʥʦʡ ʬʫʥʢʮʠʝʡ, ʪ.ʢ. ʦʥ ʦʙʣʘʜʘʝʪ 

ʨʷʜʦʤ ʧʨʝʠʤʫʱʝʩʪʚ. ʅʘʧʨʠʤʝʨ, ʦʜʥʠʤ ʠʟ ʧʨʝʠʤʫʱʝʩʪʚ ʩʪʝʢʣʷʥʥʦʛʦ 

ʵʣʝʢʪʨʦʜʘ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʦʥ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʷʪʴ ʨʅ ʨʘʩʪʚʦʨʘ ʣʶʙʦʛʦ 

ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʚ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʟʥʘʯʝʥʠʡ. 

ʉʭʝʤʘʪʠʯʝʩʢʠ ʩʪʝʢʣʷʥʥʳʡ ʵʣʝʢʪʨʦʜ, ʦʙʣʘʜʘʶʱʠʡ ʚʦʜʦʨʦʜʥʦʡ 

ʬʫʥʢʮʠʝʡ, ʟʘʧʠʩʳʚʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

Ag | AgCl, 0,1ʥ HCl |
ʤʝʤʙʨ

ʩʪʝʢʣ
| +

ʭʅ . 

ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʨʅ ʨʘʩʪʚʦʨʘ ʩʦʩʪʘʚʣʷʶʪ ʮʝʧʴ ʠʟ ʩʪʝʢʣʷʥʥʦʛʦ ʠ 

ʭʣʦʨʩʝʨʝʙʨʷʥʦʛʦ ʵʣʝʢʪʨʦʜʦʚ. ʍʣʦʨʩʝʨʝʙʨʷʥʳʡ ʵʣʝʢʪʨʦʜ ʷʚʣʷʝʪʩʷ ʵʣʝʢʪʨʦʜʦʤ 

ʩʨʘʚʥʝʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʪʝʢʣʷʥʥʦ-ʭʣʦʨʩʝʨʝʙʨʷʥʘʷ ʮʝʧʴ ʟʘʧʠʩʳʚʘʝʪʩʷ ʪʘʢ: 

Ag | AgCl, 0,1ʥ ʅʉl |
ʤʝʤʙʨ

ʩʪʝʢʣ
| +

ʭʅ
ʨʘʩʪʚʦʨ

ʠʩʩʣʝʜ
 |KClʥʘʩʳʱ, AgCl| Ag. 

ɺʝʣʠʯʠʥʘ ʧʦʪʝʥʮʠʘʣʘ ʩʪʝʢʣʷʥʥʦʛʦ ʵʣʝʢʪʨʦʜʘ (eʩʪ) ʩʚʷʟʘʥʘ ʩ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʅ+- ʠʦʥʦʚ ʠʩʩʣʝʜʫʝʤʦʛʦ ʨʘʩʪʚʦʨʘ ʫʨʘʚʥʝʥʠʝʤ ʅʝʨʥʩʪʘ: 

++=+ Hʩʪʩʪʅ
ʉ

F

TR
lg

303,20

..
ee ʠʣʠ 

eʅ+ʩʪ. = ēʅ+ʩʪ. + 0,0579 lgʘʅ+ 

ʛʜʝ: e0ʩʪ ï ʧʦʪʝʥʮʠʘʣ ʘʩʠʤʤʝʪʨʠʠ ʩʪʝʢʣʷʥʥʦʛʦ ʵʣʝʢʪʨʦʜʘ, ʚʝʣʠʯʠʥʘ 

ʧʝʨʝʤʝʥʥʘʷ (ʚ ʦʪʣʠʯʠʝ ʦʪ ʤʝʪʘʣʣʦʚ) ʠ ʧʦʵʪʦʤʫ ʪʨʝʙʫʶʱʘʷ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʧʦ 

ʙʫʬʝʨʥʳʤ ʨʘʩʪʚʦʨʘʤ. 

  ʈʘʩʯʝʪ ʨʅ ʨʘʩʪʚʦʨʦʚ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʪʝʢʣʷʥʥʦ-ʭʣʦʨʩʝʨʝʙʨʷʥʦʡ 

ʮʝʧʠ ʧʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ. ʕɼʉ ʣʶʙʦʡ 

ʛʘʣʴʚʘʥʠʯʝʩʢʦʡ ʮʝʧʠ ʨʘʚʥʘ ʨʘʟʥʦʩʪʠ ʵʣʝʢʪʨʦʜʥʳʭ ʧʦʪʝʥʮʠʘʣʦʚ: 

ɽ = eʅ+ʩʪ. - eʭʣ. 

ʧʦʜʩʪʘʚʠʤ ʚ ʜʘʥʥʦʝ ʫʨʘʚʥʝʥʠʝ   ʟʥʘʯʝʥʠʝ ʵʣʝʢʪʨʦʜʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ 

ʩʪʝʢʣʷʥʥʦʛʦ ʵʣʝʢʪʨʦʜʘ: 
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ɽ = ēʅ+ʩʪ. + 0.0579 lgʘʅ+  - eʭʣ. 

ʨʝʰʠʤ ʜʘʥʥʦʝ ʫʨʘʚʥʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʅ: 

-0.0579 lgʘʅ+ = ēʅ+ʩʪ. - eʭʣ. ï ɽ 

ʘ ʪ.ʢ.  -lgʘʅ+ = ʨʅ , ʪʦ 

ʨʅ  = ēʅ+ʩʪ. - eʭʣ. ï ɽ / 0,0579 

ɹʠʦʣʦʛʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ. 

ʂʘʞʜʳʡ ʠʦʥ ʠʛʨʘʝʪ ʦʩʦʙʫʶ ʨʦʣʴ ʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʠ ʭʠʤʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʘʭ, ʦʜʥʘʢʦ, ʚʦʜʦʨʦʜʥʳʝ ʠʦʥʳ ʟʘʥʠʤʘʶʪ ʦʩʦʙʦʝ ʧʦʣʦʞʝʥʠʝ ʩʨʝʜʠ ʚʩʝʭ 

ʜʨʫʛʠʭ ʠʦʥʦʚ. ʊʘʢ, ʘʢʪʠʚʥʦʩʪʴ ʬʝʨʤʝʥʪʦʚ, ʧʨʠ ʧʦʤʦʱʠ ʢʦʪʦʨʳʭ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʠʥʪʝʟ  ʠ ʨʘʟʣʦʞʝʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʚ ʞʠʚʦʡ ʢʣʝʪʢʝ, 

ʩʦʩʪʦʠʪ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʦʥʦʚ ʚʦʜʦʨʦʜʘ. 

ʂʘʞʜʳʡ ʬʝʨʤʝʥʪ ʠʤʝʝʪ ʦʧʨʝʜʝʣʝʥʥʫʶ ʚʝʣʠʯʠʥʫ ʨʅ, ʦʧʪʠʤʘʣʴʥʫʶ ʜʣʷ ʝʛʦ 

ʜʝʡʩʪʚʠʷ, ʥʘʧʨʠʤʝʨ: 

ʊʘʙʣʠʮʘ 4 

ʆʧʪʠʤʘʣʴʥʳʝ ʨʅ ʩʨʝʜ ʜʣʷ ʜʝʡʩʪʚʠʷ ʥʝʢʦʪʦʨʳʭ ʬʝʨʤʝʥʪʦʚ 

ʅʘʟʚʘʥʠʝ ʬʝʨʤʝʥʪʦʚ ʆʧʪʠʤʫʤ ʨʅ 

ɼʠʘʩʪʘʟʘ ʩʦʣʦʜʳ 4.9 

ʉʘʭʘʨʦʟʘ ʜʨʦʞʞʝʡ 4.5 

ʉʘʭʘʨʦʟʘ ʞʠʚʦʪʥʳʭ 6.0-8.0 

ʃʘʢʪʘʟʘ 7.0 

ʃʠʧʘʟʘ ʞʝʣʫʜʦʯʥʦʛʦ ʩʦʢʘ 4.0-5.0 

ʂʘʪʘʣʘʟʘ ʢʨʦʚʠ 7.0 

ʇʝʧʩʠʥ ʧʨʠ ʜʝʡʩʪʚʠʠ ʥʘ ʷʠʯʥʳʡ ʘʣʴʙʫʤʠʥ 1.2-1.6 

ʊʨʠʧʩʠʥ ʧʨʠ ʜʝʡʩʪʚʠʠ ʥʘ ʢʘʟʝʠʥ 6.0-6.5 

 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʠʦʥʦʚ ʚʦʜʦʨʦʜʘ ʠʤʝʝʪ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʚ 

ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ. ʋʩʪʘʥʦʚʣʝʥʦ, ʥʘʧʨʠʤʝʨ, ʯʪʦ 

ʜʠʬʪʝʨʠʡʥʳʡ ʤʠʢʨʦʙ ʣʫʯʰʝ ʨʘʟʚʠʚʘʝʪʩʷ  ʧʨʠ ʨʅ ʚ ʧʨʝʜʝʣʘʭ 7,3-7,6, ʤʠʢʨʦʙ 

ʢʠʰʝʯʥʦʡ ʧʘʣʦʯʢʠ ʧʨʠ ʨʅ = 6-7. 
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ɺ ʧʨʷʤʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʅ ʥʘʭʦʜʠʪʩʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʧʦʯʚʝʥʥʳʭ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ. ʅʘʧʨʠʤʝʨ, ʘʢʪʠʚʥʘʷ ʬʠʢʩʘʮʠʷ ʘʟʦʪʘ ʤʠʢʨʦʙʘʤʠ 

ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʨʅ =7,2. 

ʆʪʥʦʰʝʥʠʝ ʚʳʩʰʠʭ ʨʘʩʪʝʥʠʡ ʢ ʨʅ ʧʦʯʚʳ ʪʘʢʞʝ ʨʘʟʣʠʯʥʦ. ʊʘʢ, 

ʥʘʧʨʠʤʝʨ, ʦʚʝʩ, ʨʝʧʘ, ʢʘʨʪʦʬʝʣʴ, ʨʦʞʴ ʜʘʶʪ ʥʘʠʚʳʩʰʠʝ ʫʨʦʞʘʠ ʧʨʠ ʨʅ ʦʢʦʣʦ 

5; ʧʰʝʥʠʮʘ, ʷʯʤʝʥʴ, ʩʚʝʢʣʘ, ʣʶʮʝʨʥʘ ʣʫʯʰʝ ʨʘʟʚʠʚʘʶʪʩʷ ʧʨʠ ʥʝʡʪʨʘʣʴʥʦʡ 

ʨʝʘʢʮʠʠ ʧʦʯʚʳ ʠʣʠ ʜʘʞʝ ʩʣʘʙʦ ʱʝʣʦʯʥʦʡ. 

ʇʦ ʚʠʜʦʚʦʤʫ ʩʦʩʪʘʚʫ ʣʫʛʦʚʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʨʅ 

ʧʦʯʚʳ ï ʧʨʠʩʫʪʩʪʚʠʝ ʨʘʩʪʝʥʠʷ çʱʫʯʢʠè (Deschampsia flexuosa) ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʨʅ ʧʦʯʚʳ ï 3,5-3,9; ʧʨʝʦʙʣʘʜʘʥʠʝ ʦʩʦʢʠ (Carex) ʥʘ ʨʅ ʚ ʧʨʝʜʝʣʘʭ 4,5-4,9; 

ʧʨʝʦʙʣʘʜʘʥʠʝ çʤʘʪʴ-ʤʘʯʝʭʠè (Tussilfgo farfara)  ʥʘ ʨʅ 7,5-7,9 ʠ ʪ.ʜ. 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʠʦʥʦʚ ʚʦʜʦʨʦʜʘ ʠʤʝʝʪ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʨʘʟʚʠʪʠʷ 

ʨʘʩʪʝʥʠʡ. ɼʘʚʥʦ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʥʘ ʢʠʩʣʳʭ ʧʦʯʚʘʭ ʤʥʦʛʠʝ ʨʘʩʪʝʥʠʷ 

ʨʘʟʚʠʚʘʶʪʩʷ ʩʣʘʙʦ. ɸʛʨʦʥʦʤʳ ʧʨʠʤʝʥʷʶʪ ʠʟʚʝʩʪʢʦʚʘʥʠʝ ʩ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ 

ʧʣʦʜʦʨʦʜʠʷ ʧʦʯʚ. ʂʦʥʮʝʥʪʨʘʮʠʷ ʚʦʜʦʨʦʜʥʳʭ ʠʦʥʦʚ ʧʦʯʚ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ 

ʥʝ ʪʦʣʴʢʦ ʥʘ ʧʨʦʮʝʩʩʳ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʨʘʩʪʝʥʠʡ, ʥʦ ʠ ʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʝ  

ʠ ʘʢʪʠʚʥʦʩʪʴ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʥʘʩʝʣʷʶʱʠʭ ʧʦʯʚʫ, ʠ ʜʘʞʝ ʥʘ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʧʦʯʚʝʥʥʳʭ ʢʦʣʣʦʠʜʦʚ. 

ʀʩʢʫʩʩʪʚʝʥʥʦ ʠʟʤʝʥʷʷ ʨʅ ʩʨʝʜʳ, ʥʘʧʨʠʤʝʨ, ʚʥʝʩʝʥʠʝʤ ʚ ʧʦʯʚʫ ʠʟʚʝʩʪʠ 

ʠʣʠ ʩʫʧʝʨʬʦʩʬʘʪʘ, ʤʳ ʤʦʞʝʤ ʨʝʛʫʣʠʨʦʚʘʪʴ ʠ ʠʟʤʝʥʷʪʴ ʙʘʢʪʝʨʠʘʣʴʥʦʝ 

ʥʘʩʝʣʝʥʠʝ ʧʦʯʚʳ, ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʝʝ ʥʠʪʨʠʬʠʢʘʮʠʠ ʠ ʪ.ʜ. 

ʨʅ ʚʦʜʥʦʡ ʩʨʝʜʳ ʷʚʣʷʝʪʩʷ ʤʦʱʥʳʤ ʬʘʢʪʦʨʦʤ, ʚʣʠʷʶʱʠʤ ʥʘ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚʦʜʥʳʭ ʦʨʛʘʥʠʟʤʦʚ. ʅʘʠʙʦʣʝʝ ʙʣʘʛʦʧʨʠʷʪʥʦʡ ʜʣʷ 

ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʦʨʛʘʥʠʟʤʦʚ ʚʦʜʥʦʡ ʩʨʝʜʦʡ ʷʚʣʷʝʪʩʷ  ʥʝʡʪʨʘʣʴʥʘʷ ʠʣʠ 

ʩʣʘʙʦʱʝʣʦʯʥʘʷ. ʈʝʘʢʮʠʷ ʚʦʜʳ ʚ ʧʨʝʩʥʳʭ ʚʦʜʦʝʤʘʭ ʠ ʤʦʨʷʭ ʟʘʚʠʩʠʪ ʦʪ ʮʝʣʦʛʦ 

ʨʜ̫ʘ ʬʘʢʪʦʨʦʚ, ʥʦ ʚʩʝ ʦʥʠ ʩʚʦʜʷʪʩʷ ʢ ʙʫʬʝʨʥʦʤʫ ʜʝʡʩʪʚʠʶ. ɹʫʬʝʨʘʤʠ ʚ ʤʦʨʝ 

ʠ ʨʝʢʘʭ ʷʚʣʷʶʪʩʷ ʫʛʦʣʴʥʘʷ ʢʠʩʣʦʪʘ, ʙʠʢʘʨʙʦʥʘʪʳ ʠ ʢʘʨʙʦʥʘʪʳ. ʨʅ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʝʚ ʤʦʨʝʡ ʠ ʦʢʝʘʥʦʚ ʧʦʵʪʦʤʫ ʢʦʣʝʙʣʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦ, ʚ 

ʧʨʝʜʝʣʘʭ 8,1-8,3 
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ɺ ʧʨʠʨʦʜʝ ʝʩʪʴ ʨʷʜ ʩʪʦʷʯʠʭ ʚʦʜʦʝʤʦʚ, ʦʪʣʠʯʘʶʱʠʭʩʷ ʷʨʢʦ ʚʳʨʘʞʝʥʥʦʡ 

ʢʠʩʣʦʡ ʨʝʘʢʮʠʝʡ. ʕʪʦ ï ʩʬʘʛʥʦʚʳʝ ʙʦʣʦʪʘ ʠ ʦʟʝʨʘ. ʀʥʪʝʥʩʠʚʥʳʝ ʧʨʦʮʝʩʩʳ 

ʛʥʠʝʥʠʷ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʪʘʤ, ʦʙʠʣʠʝ ʛʫʤʠʥʦʚʳʭ ʚʝʱʝʩʪʚ, ʩʦʟʜʘʶʪ ʩʨʝʜʫ ʩ ʨʅ 

ʥʠʞʝ 5,0, ʟʜʝʩʴ ʥʘʢʘʧʣʠʚʘʶʪʩʷ ʤʠʥʝʨʘʣʴʥʳʝ ʢʠʩʣʦʪʳ, ʥʘʧʨʠʤʝʨ, ʪʘʢʘʷ 

ʩʠʣʴʥʘʷ ʢʘʢ ʩʝʨʥʘʷ. 

ʈʘʟʣʠʯʥʳʝ ʚʦʜʥʳʝ ʦʨʛʘʥʠʟʤʳ ʦʙʣʘʜʘʶʪ ʥʝʦʜʠʥʘʢʦʚʦʡ ʚʳʥʦʩʣʠʚʦʩʪʴʶ 

ʢ ʪʝʤ ʠʣʠ ʠʥʳʤ ʢʦʣʝʙʘʥʠʷʤ ʨʅ ʩʨʝʜʳ. ʅʘʧʨʠʤʝʨ, ʛʣʘʚʥʘʷ ʤʘʩʩʘ 

ʧʨʝʩʥʦʚʦʜʥʳʭ ʦʨʛʘʥʠʟʤʦʚ ï ʠʥʬʫʟʦʨʠʠ, ʢʦʣʦʚʨʘʪʢʠ, ʧʣʘʥʘʨʠʠ, ʨʘʢʦʦʙʨʘʟʥʳʝ 

ʠ ʪ.ʜ. ʚʳʜʝʨʞʠʚʘʶʪ ʪʦʣʴʢʦ ʥʝʡʪʨʘʣʴʥʦ-ʱʝʣʦʯʥʳʝ ʚʦʜʳ ʚ ʜʠʘʧʦʟʦʥʝ  ʨʅ  ʦʪ 5 

ʜʦ 10. ʂ ʵʪʦʡ ʛʨʫʧʧʝ ʦʨʛʘʥʠʟʤʦʚ ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ ʠ ʚʩʝ ʤʦʨʩʢʠʝ ʦʨʛʘʥʠʟʤʳ. 

ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʦʪʜʝʣʴʥʳʭ ʦʨʛʘʥʦʚ ʠ ʪʢʘʥʝʡ ʚʳʩʰʠʭ 

ʞʠʚʦʪʥʳʭ ʪʘʢʞʝ ʥʘʭʦʜʠʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʦʜʦʨʦʜʥʳʭ 

ʠʦʥʦʚ. ʊʘʢ, ʫ ʣʷʛʫʰʢʠ, ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʨʅ ʢʨʦʚʠ ʦʪ 7,5 ʜʦ 6,5 ʧʨʦʠʩʭʦʜʠʪ 

ʨʝʟʢʦʝ ʦʩʣʘʙʣʝʥʠʝ ʩʝʨʜʝʯʥʦʡ ʜʝʪ̫ʝʣʴʥʦʩʪʠ, ʘ ʧʨʠ ʨʅ = 6 ʩʝʨʜʮʝ ʧʝʨʝʩʪʘʝʪ 

ʨʘʙʦʪʘʪʴ. ʀʟʤʝʥʝʥʠʝ ʨʅ ʢʨʦʚʠ ʚʳʰʝ 7,3 ʚʳʟʳʚʘʝʪ ʩʫʞʝʥʠʝ ʩʦʩʫʜʦʚ, ʘ ʥʠʞʝ ï 

ʨʘʩʰʠʨʝʥʠʝ ʩʦʩʫʜʦʚ. ʇʨʠ ʠʟʤʝʥʝʥʠʠ ʨʅ ʚ ʢʠʩʣʫʶ ʩʪʦʨʦʥʫ ʧʝʨʠʩʪʘʣʴʪʠʢʘ 

ʢʠʰʝʯʥʠʢʘ ʫʩʠʣʠʚʘʝʪʩʷ. ʈʝʟʢʦ ʨʝʘʛʠʨʫʝʪ ʥʘ ʠʟʤʝʥʝʥʠʝ ʨʅ ʥʝʨʚʥʘʷ ʩʠʩʪʝʤʘ. 

ʀʟʤʝʥʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʦʥʦʚ ʚʦʜʦʨʦʜʘ ʤʦʛʫʪ ʧʨʦʠʩʭʦʜʠʪʴ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʟʘʙʦʣʝʚʘʥʠʷʭ, ʧʨʠʯʝʤ ʨʅ ʢʨʦʚʠ ʤʦʞʝʪ ʩʤʝɦ ʘʪʴʩʷ ʚ ʢʠʩʣʫʶ ï ʘʮʠʜʦʟ ʠʣʠ ʚ 

ʱʝʣʦʯʥʫʶ ʩʨʝʜʫ ï ʘʣʢʘʣʦʟ. 

ʨʅ ʢʨʦʚʠ ʚʳʩʰʠʭ ʞʠʚʦʪʥʳʭ ʠ ʯʝʣʦʚʝʢʘ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʤʦʱʥʳʤʠ 

ʙʫʬʝʨʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ï  ʪʘʢʠʤʠ ʢʘʢ ʛʝʤ-ʛʝʤʦʛʣʦʙʠʥ, ʦʢʩʠʛʝʤʦʛʣʦʙʠʥ, 

ʙʝʣʢʦʚʳʤʠ, ʙʠʢʘʨʙʦʥʘʪʥʳʤʠ. ʅʠʞʝ ʧʨʠʚʦʜʷʪʩʷ ʧʦʢʘʟʘʪʝʣʠ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʚʦʜʦʨʦʜʥʳʭ ʠʦʥʦʚ ʢʨʦʚʠ, ʩʦʢʦʚ ʠ ʞʠʜʢʦʩʪʝʡ ʦʨʛʘʥʠʟʤʘ (ʪʘʙʣʠʮʘ 5). 

ʇʦʜ ʚʣʠʷʥʠʝʤ ʚʦʜʦʨʦʜʥʳʭ ʠʦʥʦʚ ʠʟʤʝʥʷʶʪʩʷ ʦʩʥʦʚʥʳʝ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʚʝʱʝʩʪʚ ʠ ʨʘʩʪʚʦʨʦʚ: ʨʘʩʪʚʦʨʠʤʦʩʪʴ, ʬʠʣʴʪʨʘʮʠʷ, 

ʜʠʘʣʠʟ, ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʥʘʪʷʞʝʥʠʝ, ʚʷʟʢʦʩʪʴ, ʫʩʪʦʡʯʠʚʦʩʪʴ, ʦʩʤʦʪʠʯʝʩʢʦʝ 

ʜʘʚʣʝʥʠʝ, ʥʘʙʫʭʘʥʠʝ ʠ ʪ.ʜ. ɺʦʪ ʧʦʯʝʤʫ ʦʧʨʝʜʝʣʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ 
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ʚʦʜʦʨʦʜʥʳʭ ʠʦʥʦʚ ʥʘʰʣʦ ʧʨʠʤʝʥʝʥʠʝ ʚʦ ʚʩʝʭ ʦʙʣʘʩʪʷʭ ʭʠʤʠʠ, ʙʠʦʣʦʛʠʠ, 

ʬʠʟʠʦʣʦʛʠʠ, ʙʘʢʪʝʨʠʦʣʦʛʠʠ, ʤʝʜʠʮʠʥʳ, ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʠ ʪʝʭʥʠʢʠ. 

ʊʘʙʣʠʮʘ 5 

 

ɺʦʧʨʦʩʳ ʜʣʷ ʩʘʤʦʢʦʥʪʨʣʷ: 

1. ʀʦʥʥʦʝ ʧʨʦʠʟʚʝʜʝʥʠʝ ʚʦʜʳ. ɺʦʜʦʨʦʜʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ( ʨʅ ). 

2. ʇʦʥʷʪʠʝ ʦ ʨʅ, ʢʘʢ ʧʦʢʘʟʘʪʝʣʝ ʨʝʘʢʮʠʠ ʩʨʝʜʳ. 

3. ʈʦʣʴ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʦʜʦʨʦʜʥʳʭ ʠʦʥʦʚ ʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ. 

ʂʠʩʣʦʪʥʦʩʪʴ ʠ ʱʝʣʦʯʥʦʩʪʴ ʧʦʯʚ. 

4. ɹʫʬʝʨʥʳʝ ʨʘʩʪʚʦʨʳ, ʠʭ ʩʦʩʪʘʚ. 

5. ʉʚʦʡʩʪʚʘ ʙʫʬʝʨʥʳʭ ʨʘʩʪʚʦʨʦʚ. ʀʭ ʙʠʦʣʦʛʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ. 

6. ʆʩʥʦʚʥʦʝ ʫʨʘʚʥʝʥʠʝ ʙʫʬʝʨʥʳʭ ʨʘʩʪʚʦʨʦʚ. 

7. ɹʫʬʝʨʥʘʷ ʝʤʢʦʩʪʴ, ʝʝ ʦʧʨʝʜʝʣʝʥʠʝ. ɹʫʬʝʨʥʦʩʪʴ ʧʦʯʚ ʠ ʧʦʯʚʝʥʥʦʛʦ 

ʨʘʩʪʚʦʨʘ. 

8. ʇʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʠʡ ʤʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʨʅ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ: 

ɿʘʜʘʥʠʝ 1. ʇʨʠʛʦʪʦʚʣʝʥʠʝ ʙʫʬʝʨʥʳʭ ʨʘʩʪʚʦʨʦʚ ʠ ʧʦʯʚʝʥʥʦʡ ʚʪrʷʞʢʠ 

1.  ɸʎɽʊɸʊʅʓʁ ɹʋʌɽʈʅʓʁ ʈɸʉʊɺʆʈ 

ʦʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʅ ʆʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʅ 

ʂʨʦʚʴ ʞʠʚʦʪʥʳʭ: 

ʙʳʢ 

ʢʨʦʣʠʢ 

ʉʦʙʘʢʘ (ʩʳʚʦʨʦʪʢʘ ʢʨʦʚʠ) 

ʃʦʰʘʜʴ 

ʉʚʠʥʴʷ 

ɹʘʨʘʥ (ʩʳʚʦʨʦʪʢʘ ʢʨʦʚʠ) 

ʂʦʟʘ (ʩʳʚʦʨʦʪʢʘ ʢʨʦʚʠ) 

ʆʚʮʘ 

 

 

 

7.36-7.40 

7.33-7.35 

7.30 

7.40-7.60 

7.85-7.95 

7.82 

7.65 

7.40-7.58 

6.02 

 

ʄʳʰʝʯʥʳʡ ʩʦʢ 

ʉʣʶʥʘ ʣʦʰʘʜʠ 

ʉʣʶʥʘ ʢʦʨʦʚʳ 

ɾʝʣʫʜʦʯʥʳʡ ʩʦʢ ʩʦʙʘʢʠ 

ɾʝʣʯʴ 

ʄʦʣʦʢʦ ʢʦʨʦʚʳ 

ʄʦʯʘ ʢʦʨʦʚʳ 

ʄʦʯʘ ʣʦʰʘʜʠ 

ʇʦʪ ʣʦʰʘʜʠ 

ʉʦʜʝʨʞʘʥʠʝ ʪʦʥʢʠʭ ʢʠʰʦʢ ʢʫʨ 

 

7.56 

8.10 

0.96-080 

7.0-8.0 

6.2 

8.5-8.7 

7.4-8.7 

7.8-8.9 

 

5.5-6.3 
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ʇʨʠʛʦʪʦʚʠʪʴ 50 ʤʣ ʙʫʬʝʨʥʦʛʦ ʨʘʩʪʚʦʨʘ ʩʣʠʚʘʥʠʝʤ  0,1ʄ  CH3COOH ʠ 0,1ʄ  

CH3COONa ʧʨʠ ʩʦʦʪʥʦʰʝʥʠʠ 1 : 1 (25 ʤʣ ʢʠʩʣʦʪʳ + 25 ʤʣ ʩʦʣʠ).  

ʨʅ ʵʪʦʛʦ ʨʘʩʪʚʦʨʘ ʨʘʚʝʥ 4,65.  

2.  ʌʆʉʌɸʊʅʓʁ ɹʋʌɽʈʅʓʁ ʈɸʉʊɺʆʈ 

ʇʨʠʛʦʪʦʚʠʪʴ 50 ʤʣ ʙʫʬʝʨʥʦʛʦ ʨʘʩʪʚʦʨʘ ʩʣʠʚʘʥʠʝʤ  1/15 ʄ KH2PO4 ʠ 1/15 ʄ 

Na2HPO4 ʧʨʠ ʩʦʦʪʥʦʰʝʥʠʠ ʦʙʲʝʤʦʚ 1 : 1.  

ʨʅ ʵʪʦʛʦ ʙʫʬʝʨʥʦʛʦ ʨʘʩʪʚʦʨʘ ʨʘʚʝʥ 6,81. 

ɹʫʬʝʨʥʳʝ ʨʘʩʪʚʦʨʳ ʭʦʨʦʰʦ ʧʝʨʝʤʝʰʘʪʴ. 

3. ʇʈʀɻʆʊʆɺʃɽʅʀɽ ɺʆɼʅʆʁ ʇʆʏɺɽʅʅʆʁ ɺʓʊʗɾʂʀ. 

ʆʪʚʝʰʠʚʘʶʪ ʥʘ ʣʘʙʦʨʘʪʦʨʥʳʭ ʚʝʩʘʭ ʥʘʚʝʩʢʫ ʧʦʯʚʳ 10 ʛ ʠ ʧʝʨʝʥʦʩʷʪ ʚ ʢʦʣʙʫ 

ʝʤʢʦʩʪʴʶ 100 ʤʣ. ɺ ʵʪʫ ʢʦʣʙʫ ʩ ʧʦʤʦʱʴʶ ʮʠʣʠʥʜʨʘ ʜʦʙʘʚʣʷʶʪ 50 ʤʣ 

ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʳ. ʉʦʜʝʨʞʠʤʦʝ ʢʦʣʙʳ ʧʝʨʝʤʝʰʠʚʘʶʪ ʚʨʫʯʥʫʶ ʠ 

ʦʩʪʘʚʣʷʶʪ ʜʦ ʢʦʥʮʘ ʟʘʥʷʪʠʷ. ʆʪʩʪʦʷʚʰʠʡʩʷ ʨʘʩʪʚʦʨ ʩʣʠʚʘʶʪ ʚ ʩʪʘʢʘʥʯʠʢ ʠ 

ʦʧʨʝʜʝʣʷʶʪ ʨʅ. 

ɺ ʢʦʥʮʝ ʟʘʥʷʪʠʷ ʠʟʤʝʨʷʶʪ ʨʅ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʳ, ʠʩʧʦʣʴʟʫʝʤʦʡ 

ʜʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʧʦʯʚʝʥʥʦʡ ʚʳʪʷʞʢʠ. ʆʙʘ ʨʝʟʫʣʴʪʘʪʘ ʟʘʥʦʩʷʪ ʚ ʪʘʙʣʠʮʫ 9. 

ɿʘʜʘʥʠʝ 2. ʇʦʜʛʦʪʦʚʢʘ ʧʨʠʙʦʨʘ ʢ ʨʘʙʦʪʝ, ʥʘʩʪʨʦʡʢʘ ʠ ʠʟʤʝʨʝʥʠʝ ʨʅ 

ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʨʅ ʠʩʧʦʣʴʟʫʝʪʩʷ ʘʥʘʣʠʟʘʪʦʨ ʞʠʜʢʦʩʪʠ 

ʤʥʦʛʦʧʘʨʘʤʝʪʨʠʯʝʩʢʠʡ çʕʂʆʊɽʉʊ ï 2000è (ʠʦʥʦʤʝʪʨ). ʇʨʝʜʝʣ ʜʦʧʫʩʢʘʝʤʦʡ 

ʧʦʛʨʝʰʥʦʩʪʠ ʠʦʥʦʤʝʨʘ ʧʨʠ ʠʟʤʝʨʝʥʠʠ ʨʅ ʧʦ ʦʙʨʘʟʮʦʚʳʤ ʙʫʬʝʨʥʳʤ 

ʨʘʩʪʚʦʨʘʤ ʩʦʩʪʘʚʣʷʝʪ ° 0,02 ʨʅ. 

ʇʦʜʛʦʪʦʚʢʘ ʧʨʠʙʦʨʘ ʢ ʨʘʙʦʪʝ 

(ʚʳʧʦʣʥʷʝʪʩʷ ʠʥʞʝʥʝʨʦʤ ʢʘʬʝʜʨʳ): 

1. ʇʦʜʛʦʪʦʚʢʫ ʠʦʥʦʤʝʪʨʘ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʨʅ ʥʘʯʠʥʘʶʪ ʩ ʢʘʣʠʙʨʦʚʢʠ ʧʨʠʙʦʨʘ 

ʧʦ ʙʫʬʝʨʥʳʤ ʨʘʩʪʚʦʨʘʤ.  

2. ʇʨʠ ʠʟʤʝʨʝʥʠʠ ʨʅ ʜʣʷ ʢʘʣʠʙʨʦʚʢʠ ʧʨʠʙʦʨʘ ʚ ʢʘʯʝʩʪʚʝ ʢʦʥʪʨʦʣʴʥʳʭ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠʛʦʪʦʚʣʝʥʥʳʝ ʩʪʘʥʜʘʨʪʥʳʝ ʙʫʬʝʨʥʳʝ ʨʘʩʪʚʦʨʳ: ʨʘʩʪʚʦʨ ɸ ʩ 

ʨʅ =  1,68; ʨʘʩʪʚʦʨ ɹ ʩ ʨʅ = 4,65 ʠ ʨʘʩʪʚʦʨ ɺ ʩ ʨʅ = 6,86. 
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3. ʀʦʥʦʤʝʪʨʠʯʝʩʢʠʡ ʢʘʥʘʣ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʛʨʘʜʫʠʨʫʁ ʪ ʜʣʷ ʨʘʙʦʪʳ ʚ 

ʜʠʘʧʘʟʦʥʝ ʠʟʤʝʨʷʝʤʳʭ ʟʥʘʯʝʥʠʡ ʕɼʉ ʠ ʨʍ. 

4. ʇʝʨʝʜ ʢʘʞʜʳʤ ʧʦʛʨʫʞʝʥʠʝʤ ʚ ʨʘʩʪʚʦʨ ʵʣʝʢʪʨʦʜʳ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʤʳʪʴ 

ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ ʠ ʫʜʘʣʠʪʴ ʦʩʪʘʪʢʠ ʚʦʜʳ ʩ ʵʣʝʢʪʨʦʜʦʚ 

ʬʠʣʴʪʨʦʚʘʣʴʥʦʡ ʙʫʤʘʛʦʡ. 

5.ʆʪʩʯʸʪ ʧʦʢʘʟʘʥʠʡ ʧʨʦʠʟʚʦʜʠʪʴ ʯʝʨʝʟ 15 ʩʝʢ ʧʦʩʣʝ ʧʦʛʨʫʞʝʥʠʷ ʵʣʝʢʪʨʦʜʦʚ ʚ 

ʨʘʩʪʚʦʨ. 

ʅʘʩʪʨʦʡʢʘ ʧʨʠʙʦʨʘ ʠ ʠʟʤʝʨʝʥʠʝ ʨʅ: 

1. ʋʩʪʘʥʘʚʣʠʚʘʶʪ ʨʝʞʠʤ ʨʘʙʦʪʳ ʘʥʘʣʠʟʘʪʦʨʘ  ʚ ʨʝʞʠʤʝ çʨʅ-ʤʝʪʨ-

ʠʦʥʦʤʝʪʨè, ʥʘʞʠʤʘʷ ʢʥʦʧʢʫ çʀʆʅè ʠ ʢʥʦʧʢʘʤʠ çè ʠ ç«è  ʥʘ ʜʠʩʧʣʝʝ 

ʚʳʙʠʨʘʶʪ ʧʦʷʚʠʚʰʫʶʩʷ ʥʘʜʧʠʩʴ  çʨʅè. ɿʘʪʝʤ ʥʘʞʠʤʘʶʪ ʢʥʦʧʢʫ 

çɺɺʆɼè. ʇʨʠʙʦʨ ʛʦʪʦʚ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʦʥʦʚ ʚʦʜʦʨʦʜʘ.  

2. ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʨʅ ʧʦʛʨʫʞʘʶʪ ʵʣʝʢʪʨʦʜʳ ʚ ʠʩʩʣʝʜʫʝʤʳʡ ʨʘʩʪʚʦʨ. 

ʅʘʞʠʤʘʶʪ ʢʥʦʧʢʠ çʀɿʄè ʠ çʨʍè. ʅʘ ʜʠʩʧʣʝʝ ʧʦʷʚʣʷʝʪʩʷ ʩʝʢʫʥʜʦʤʝʨ ʠ 

ʟʥʘʯʝʥʠʝ ʨʅ ʠʩʩʣʝʜʫʝʤʦʛʦ ʨʘʩʪʚʦʨʘ. ɽʩʣʠ ʟʥʘʯʝʥʠʝ ʨʅ ʩʨʘʟʫ ʥʝ 

ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ, ʪ.ʝ. ʮʠʬʨʳ ʥʘ ʜʠʩʧʣʝʝ ʤʝʥʷʶʪʩʷ, ʪʦ ʟʥʘʯʝʥʠʝ ʨʅ 

ʩʥʠʤʘʁ ʪ ʯʝʨʝʟ 15 ʩʝʢ. 

3.   ʇʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʠʟʤʝʨʝʥʠʷ ʥʘʞʠʤʘʶʪ ʢʥʦʧʢʫ çʆʊʄè, ʚʳʥʠʤʘʶʪ 

ʵʣʝʢʪʨʦʜʳ ʠʟ ʨʘʩʪʚʦʨʘ, ʧʨʦʤʳʚʘʶʪ ʠʭ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ ʠ 

ʧʨʦʩʫʰʠʚʘʶʪ ʬʠʣʴʪʨʦʚʘʣʴʥʦʡ ʙʫʤʘʞʢʦʡ. 

ɿʘʜʘʥʠʝ 3. ʀʟʫʯʝʥʠʝ ʙʫʬʝʨʥʦʩʪʠ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ, ʚʦʜʦʧʨʦʚʦʜʥʦʡ 

ʚʦʜʳ ʠ ʘʮʝʪʘʪʥʦʛʦ ʙʫʬʝʨʥʦʛʦ ʨʘʩʪʚʦʨʘ 

1. ɺ ʯʠʩʪʳʡ ʩʪʘʢʘʥʯʠʢ ʥʘʣʠʪʴ 20 ʤʣ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʳ ʠ ʠʟʤʝʨʠʪʴ 

ʝʸ ʨʅ. ɺʩʝ ʟʥʘʯʝʥʠʷ ʨʅ ʩʣʝʜʫʝʪ ʟʘʧʠʩʳʚʘʪʴ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ ʜʚʫʭ ʩʦʪʳʭ. 

2. ʇʨʠʙʘʚʠʪʴ ʚ ʩʪʘʢʘʥʯʠʢ ʩ ʚʦʜʦʡ ʠʟ ʙʶʨʝʪʢʠ 0,5 ʤʣ 0,1 ʄ ʨʘʩʪʚʦʨʘ HCl, 

ʩʦʜʝʨʞʠʤʦʝ ʨʘʟʤʝʰʘʪʴ ʠ ʯʝʨʝʟ 15 ʩʝʢ ʠʟʤʝʨʠʪʴ ʨʅ. ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ 

ʟʘʧʠʩʘʪʴ ʚ ʪʘʙʣʠʮʫ 6. 

3. ɺ ʯʠʩʪʳʡ ʩʪʘʢʘʥʯʠʢ ʩʥʦʚʘ ʥʘʣʠʪʴ 20 ʤʣ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʳ, 

ʠʟʤʝʨʠʪʴ ʝʸ ʨʅ ʠ ʧʨʠʙʘʚʠʪʴ ʠʟ ʙʶʨʝʪʢʠ 0,5 ʤʣ 0,1 ʄ NaOH, ʨʘʟʤʝʰʘʪʴ 
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ʩʦʜʝʨʞʠʤʦʝ ʠ ʩʧʫʩʪʷ 15 ʩʝʢ ʠʟʤʝʨʠʪʴ ʨʅ. ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʟʘʧʠʩʘʪʴ ʚ 

ʪʘʙʣʠʮʫ 6. 

4. ɺ ʯʠʩʪʳʡ ʩʪʘʢʘʥʯʠʢ ʥʘʣʠʪʴ 20 ʤʣ ʘʮʝʪʘʪʥʦʛʦ ʙʫʬʝʨʥʦʛʦ ʨʘʩʪʚʦʨʘ, 

ʠʟʤʝʨʠʪʴ ʝʛʦ ʨʅ ʠ ʧʨʠʙʘʚʠʪʴ ʠʟ ʙʶʨʝʪʢʠ 0,5 ʤʣ 0,1 ʄ ʨʘʩʪʚʦʨʘ HCl. 

ʉʦʜʝʨʞʠʤʦʝ ʩʪʘʢʘʥʯʠʢʘ ʨʘʟʤʝʰʘʪʴ ʠ ʯʝʨʝʟ 15 ʩʝʢ ʠʟʤʝʨʠʪʴ ʨʅ. ɼʘʥʥʳʝ 

ʟʘʧʠʩʘʪʴ ʚ ʪʘʙʣʠʮʫ 6. 

5. ɺ ʯʠʩʪʳʡ ʩʪʘʢʘʥʯʠʢ ʩʥʦʚʘ ʥʘʣʠʪʴ 20 ʤʣ ʘʮʝʪʘʪʥʦʛʦ ʙʫʬʝʨʥʦʛʦ 

ʨʘʩʪʚʦʨʘ, ʠʟʤʝʨʠʪʴ ʝʛʦ ʨʅ ʠ ʧʨʠʙʘʚʠʪʴ ʠʟ ʙʶʨʝʪʢʠ 0,5 ʤʣ 0,1 ʄ NaOH. 

ʈʘʟʤʝʰʘʪʴ ʩʦʜʝʨʞʠʤʦʝ ʩʪʘʢʘʥʯʠʢʘ ʠ ʠʟʤʝʨʠʪʴ ʨʅ. ɼʘʥʥʳʝ ʟʘʧʠʩʘʪʴ ʚ 

ʪʘʙʣʠʮʫ 6. 

6. ɸʥʘʣʦʛʠʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʝʩʪʠ ʩ ʚʦʜʦʧʨʦʚʦʜʥʦʡ ʚʦʜʦʡ. ɼʘʥʥʳʝ 

ʟʘʧʠʩʘʪʴ ʚ ʪʘʙʣʠʮʫ 6.  

ʉʜʝʣʘʪʴ ʚʳʚʦʜʳ ʦ ʙʫʬʝʨʥʦʩʪʠ ʠʩʩʣʝʜʫʝʤʳʭ ʞʠʜʢʦʩʪʝʡ. 

ʊʘʙʣʠʮʘ 6 

ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʙʫʬʝʨʥʦʛʦ ʜʝʡʩʪʚʠʷ ʨʘʩʪʚʦʨʦʚ 

ʀʩʩʣʝʜʫʝʤʳʡ 

ʨʘʩʪʚʦʨ 

ʆʙʲʝʤ 

ʨʘʩʪʚʦʨʘ, 

ʤʣ 

ʨʅ 

ʠʩʩʣʝʜʫʝʤʦʛʦ 

ʨʘʩʪʚʦʨʘ 

ʆʙʲʝʤ ʠ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʧʨʠʙʘʚʣʝʥʥʦʛʦ 

ʨʘʩʪʚʦʨʘ 

ʨʅ 

ʨʘʩʪʚʦʨʘ 

ʧʦʩʣʝ 

ʧʨʠʙʘʚʣʝ

ʥʠʷ 

ʨʝʘʢʪʠʚʘ 

Dʨʅ 

1. ʅ2ʆ ʜʠʩʪʠʣ. 20  0,5 ʤʣ 0,1 ʄ   HCl   

2. ʅ2ʆ ʜʠʩʪʠʣ. 20  0,5 ʤʣ 0,1 ʄ  NaOH   

3. ɸʮʝʪʘʪʥʳʡ 

ʙʫʬʝʨʥʳʡ 

ʨʘʩʪʚʦʨ 

20  0,5 ʤʣ 0,1 ʄ  HCl   

4. ɸʮʝʪʘʪʥʳʡ 

ʙʫʬʝʨʥʳʡ 

ʨʘʩʪʚʦʨ 

20  0,5 ʤʣ 0,1 ʄ   NaOH   

5. ʅ2ʆ ʚʦʜʦʧʨ. 20  0,5 ʤʣ 0,1 ʄ   HCl   

6. ʅ2ʆ ʚʦʜʦʧʨ. 20  0,5 ʤʣ 0,1 ʄ   NaOH   
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ɿʘʜʘʥʠʝ 4. ɺʣʠʷʥʠʝ ʨʘʟʙʘʚʣʝʥʠʷ ʥʘ ʨʅ ʙʫʬʝʨʥʳʭ ʨʘʩʪʚʦʨʦʚ 

ʅʘʣʠʪʴ ʚ ʯʠʩʪʳʡ ʩʪʘʢʘʥʯʠʢ 20 ʤʣ ʬʦʩʬʘʪʥʦʛʦ  ʙʫʬʝʨʥʦʛʦ ʨʘʩʪʚʦʨʘ, 

ʠʟʤʝʨʠʪʴ ʝʛʦ ʨʅ. ʈʘʟʙʘʚʠʪʴ ʝʛʦ 10 ʤʣ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʳ, ʩʦʜʝʨʞʠʤʦʝ 

ʪʱʘʪʝʣʴʥʦ ʧʝʨʝʤʝʰʘʪʴ ʠ ʠʟʤʝʨʠʪʴ ʨʅ. ʇʨʠʙʘʚʠʪʴ ʚ ʩʪʘʢʘʥʯʠʢ ʝʱʸ 10 ʤʣ 

ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʳ, ʨʘʟʤʝʰʘʪʴ ʠ ʠʟʤʝʨʠʪʴ ʨʅ. ʈʝʟʫʣʴʪʘʪʳ ʧʦʤʝʩʪʠʪʴ 

ʚ ʪʘʙʣʠʮʝ 7. ʉʜʝʣʘʪʴ ʚʳʚʦʜʳ ʦ ʚʣʠʥ̫ʠʠ ʨʘʟʙʘʚʣʝʥʠʷ ʥʘ ʨʅ ʙʫʬʝʨʥʦʛʦ 

ʨʘʩʪʚʦʨʘ. 

ʊʘʙʣʠʮʘ 7 

ɺʣʠʷʥʠʝ ʨʘʟʙʘʚʣʝʥʠʷ ʥʘ ʨʅ ʙʫʬʝʨʥʳʭ ʨʘʩʪʚʦʨʦʚ 

ʀʩʩʣʝʜʫʝʤʳʡ 

ʨʘʩʪʚʦʨ 

ʆʙʲʝʤ 

ʨʘʩʪʚʦʨʘ, 

ʤʣ 

ʨʅ ʠʩʩʣʝʜʫʝʤʦʛʦ 

ʨʘʩʪʚʦʨʘ 

ʆʙʲʝʤ ʠ 

ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʧʨʠʙʘʚʣʝʥʥʦʛʦ 

ʨʘʩʪʚʦʨʘ 

ʨʅ ʨʘʩʪʚʦʨʘ 

ʧʦʩʣʝ 

ʧʨʠʙʘʚʣʝʥʠʷ 

ʨʝʘʢʪʠʚʘ 

Dʨʅ 

ʌʦʩʬʘʪʥʳʡ 

ʙʫʬʝʨʥʳʡ 

ʨʘʩʪʚʦʨ 

20  10 ʤʣ ʅ2ʆ   

ʇʦʣʫʯʝʥʥʳʡ 

ʦʙʲʝʤ 
30  10 ʤʣ ʅ2ʆ   

 

ɿʘʜʘʥʠʝ 5. ʆʧʨʝʜʝʣʝʥʠʝ ʙʫʬʝʨʥʦʡ ʝʤʢʦʩʪʠ ʙʫʬʝʨʥʦʛʦ ʨʘʩʪʚʦʨʘ ʧʦ 

ʢʠʩʣʦʪʝ ʠʣʠ ʱʝʣʦʯʠ 

 ʀʟʤʝʨʠʪʴ ʨʅ ʧʦʣʫʯʝʥʥʦʛʦ ʦʪ ʧʨʝʧʦʜʘʚʘʪʝʣʷ ʙʫʬʝʨʥʦʛʦ ʨʘʩʪʚʦʨʘ 

(ʦʙʲʸʤʦʤ 20 ʤʣ). ʇʨʠʙʘʚʠʪʴ ʢ ʥʝʤʫ ʠʟ ʙʶʨʝʪʢʠ 1 ʤʣ 0,1ʄ ʨʘʩʪʚʦʨʘ NaOH 

ʠʣʠ 0,1ʄ ʨʘʩʪʚʦʨʘ HCl ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʛʦ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʙʫʬʝʨʥʘʷ 

ʝʤʢʦʩʪʴ ʧʦ ʢʠʩʣʦʪʝ ʠʣʠ ʧʦ ʱʝʣʦʯʠ (ʧʦ ʟʘʜʘʥʠʶ ʧʨʝʧʦʜʘʚʘʪʝʣʷ), ʩʪʘʢʘʥʯʠʢ 

ʧʨʠʧʦʜʥʷʪʴ ʠ ʦʩʪʦʨʦʞʥʦ ʠ ʪʱʘʪʝʣʴʥʦ ʨʘʟʤʝʰʘʪʴ  ʩʦʜʝʨʞʠʤʦʝ. ʀʟʤʝʨʠʪʴ ʨʅ 

ʠ ʟʘʧʠʩʘʪʴ ʧʦʣʫʯʝʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʚ ʪʘʙʣʠʮʫ 8. 

 ʊʘʢʠʤ ʧʫʪʸʤ ʧʨʠʙʘʚʣʷʪʴ ʢ ʠʩʩʣʝʜʫʝʤʦʤʫ ʨʘʩʪʚʦʨʫ ʧʦ 1 ʤʣ ʢʠʩʣʦʪʳ ʠʣʠ 

ʱʝʣʦʯʠ ʜʦ ʠʟʤʝʥʝʥʠʷ ʝʛʦ ʨʅ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʥʘ ʝʜʠʥʠʮʫ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʥʘʯʘʣʴʥʳʤ ʟʥʘʯʝʥʠʝʤ ʨʅ. ɺʳʯʠʩʣʠʪʴ ʦʙʱʠʡ ʦʙʲʸʤ ʧʨʠʙʘʚʣʝʥʥʦʛʦ ʨʝʘʢʪʠʚʘ 
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ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʠʟʤʝʥʝʥʠʝ ʨʅ (Dʨʅ) ʙʫʬʝʨʥʦʛʦ ʨʘʩʪʚʦʨʘ. ɺʳʯʠʩʣʠʪʴ 

ʙʫʬʝʨʥʫʶ ʝʤʢʦʩʪʴ ʧʦ ʬʦʨʤʫʣʝ: 

,11

pHV

CV
ɹ

D
=  

ʛʜʝ ɹ ï ʙʫʬʝʨʥʘʷ ʝʤʢʦʩʪʴ ʧʦ ʢʠʩʣʦʪʝ ʠʣʠ ʱʝʣʦʯʠ; ʉ1 ï ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʠʩʣʦʪʳ 

ʠʣʠ ʱʸʣʦʯʠ; V1 ï ʦʙʲʸʤ ʧʨʠʙʘʚʣʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʢʠʩʣʦʪʳ ʠʣʠ ʱʝʣʦʯʠ, ʤʣ; V 

ï ʦʙʲʸʤ ʙʫʬʝʨʥʦʛʦ ʨʘʩʪʚʦʨʘ, ʚʟʷʪʳʡ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʤʣ; Dʨʅ ï ʨʘʟʥʦʩʪʴ 

ʟʥʘʯʝʥʠʡ ʨʅ ʜʦ ʠ ʧʦʩʣʝ ʧʨʠʙʘʚʣʝʥʠʷ ʢʠʩʣʦʪʳ ʠʣʠ ʱʸʣʦʯʠ (ʙʝʨʸʪʩʷ ʚʝʣʠʯʠʥʘ 

Dʨʅ ʥʘʠʙʦʣʝʝ ʙʣʠʟʢʘʷ ʢ 1). ʅʘʧʨʠʤʝʨ, ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ 4 ʤʣ ʢʠʩʣʦʪʳ Dʨʅ = 

0,89; ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ 5 ʤʣ ʢʠʩʣʦʪʳ Dʨʅ = 1,07. 1,07 ï 1,00 < 1,00 ï 0,89, 

ʧʦʵʪʦʤʫ ʜʣʷ ʨʘʩʯʝʪʘ ʠʩʧʦʣʴʟʫʶʪ Dʨʅ = 1,07. 

 ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʙʫʬʝʨʥʦʡ ʝʤʢʦʩʪʠ ʟʘʧʠʩʘʪʴ ʚ ʪʘʙʣʠʮʫ 8. 

 ʊʘʙʣʠʮʘ 8 

ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʙʫʬʝʨʥʦʡ ʝʤʢʦʩʪʠ ʥʦʤʝʨʥʦʛʦ ʨʘʩʪʚʦʨʘ 

ʀʩʩʣʝʜʫʝ

ʤʳʡ 

ʨʘʩʪʚʦʨ 

ʆʙʲʝʤ 

ʨʘʩʪʚʦʨʘ, 

ʤʣ 

ʨʅ 

ʠʩʩʣʝʜʫʝʤʦʛʦ 

ʨʘʩʪʚʦʨʘ 

ʆʙʲʝʤ ʠ 

ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʧʨʠʙʘʚʣʝʥʥʦʛʦ 

ʨʘʩʪʚʦʨʘ 

ʨʅ ʨʘʩʪʚʦʨʘ ʧʦʩʣʝ 

ʧʨʠʙʘʚʣʝʥʠʷ 

ʨʝʘʢʪʠʚʘ 

Dʨʅ 

 20  

1 

2 

3 

4 

.. 

  

 

ɹ =  éé. 
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ʊʘʙʣʠʮʘ 9 

ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʷ ʨʅ ʠ ʚʳʯʠʩʣʝʥʠʷ ʉʅ+ ʨʘʩʪʚʦʨʦʚ 

N ʧ/ʧ ʀʩʩʣʝʜʫʝʤʳʡ ʨʘʩʪʚʦʨ ʨʅ ʉʅ+, ʄ 

1 ɼʠʩʪʠʣʣʠʨʦʚʘʥʥʘʷ ʚʦʜʘ   

2 ʇʦʯʚʝʥʥʘʷ ʚʳʪʷʞʢʘ ʚʦʜʥʘʷ   

 

ʇʦ ʥʘʡʜʝʥʥʳʤ ʟʥʘʯʝʥʠʷʤ ʨʅ ʚʳʯʠʩʣʠʪʴ ʘʢʪʠʚʥʦʩʪʴ ʠʦʥʦʚ ʚʦʜʦʨʦʜʘ ʚ 

ʨʘʩʪʚʦʨʝ. 

ʇʨʠʤʝʨ:      ʨʅ = 2,34 

                  - lg aH+ = 2,34         lg aH+ = -2,34 

                    lg aH+ = 3̀,66       aH+ = 4,57Ö10-3 ʄ. 

ʈʝʟʫʣʴʪʘʪʳ ʟʘʧʠʩʘʪʴ ʚ ʪʘʙʣʠʮʫ 9. 

ʇʦ ʦʢʦʥʯʘʥʠʠ ʨʘʙʦʪʳ ʩ ʧʨʠʙʦʨʦʤ ʵʣʝʢʪʨʦʜʳ ʦʧʦʣʦʩʥʫʪʴ 

ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ, ʥʘ ʵʣʝʢʪʨʦʜ ʩʨʘʚʥʝʥʠʷ ʥʘʜʝʪʴ ʢʦʣʧʘʯʦʢ, 

ʩʪʝʢʣʷʥʥʳʡ ï ʧʦʛʨʫʟʠʪʴ ʚ ʩʪʘʢʘʥʯʠʢ ʩ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ. 
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3. ʕʃɽʂʊʈʀʏɽʉʂɸʗ ʇʈʆɺʆɼʀʄʆʉʊʔ ʀ ɽɽ ʀʉʇʆʃʔɿʆɺɸʅʀɽ 

ɼʃʗ ɸʅɸʃʀɿɸ ʈɸʉʊɺʆʈʆɺ ʕʃɽʂʊʈʆʃʀʊʆɺ. 

 

ʆʜʥʠʤ ʠʟ ʤʥʦʛʦʦʙʨʘʟʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʨʘʩʪʚʦʨʦʚ ʵʣʝʢʪʨʦʣʠʪʦʚ 

ʷʚʣʷʝʪʩʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ, ʪ.ʝ. ʠʭ ʩʧʦʩʦʙʥʦʩʪʴ ʧʨʦʚʦʜʠʪʴ 

ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʥʝʰʥʝʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ. 

ʕʪʘ ʩʧʦʩʦʙʥʦʩʪʴ ʵʣʝʢʪʨʦʣʠʪʦʚ ʦʙʲʷʩʥʷʝʪʩʷ ʥʘʣʠʯʠʝʤ ʠʦʥʦʚ, ʥʝʩʫʱʠʭ 

ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʟʘʨʷʜʳ, ʢʦʪʦʨʳʝ ʚ ʦʪʩʫʪʩʪʚʠʠ ʚʥʝʰʥʝʛʦ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʜʚʠʞʫʪʩʷ ʙʝʩʧʦʨʷʜʦʯʥʦ, ʚʩʝ ʥʘʧʨʘʚʣʝʥʠʷ ʧʝʨʝʤʝʱʝʥʠʷ 

ʠʦʥʦʚ ʷʚʣʷʶʪʩʷ ʨʘʚʥʦʚʝʨʦʷʪʥʳʤʠ. ʇʨʠ ʥʘʣʦʞʝʥʠʠ ʚʥʝʰʥʝʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʧʦʣʷ ʜʚʠʞʝʥʠʝ ʠʦʥʦʚ ʩʪʘʥʦʚʠʪʩʷ ʫʧʦʨʷʜʦʯʝʥʥʳʤ. ʂʘʪʠʦʥʳ ʜʚʠʛʘʶʪʩʷ ʧʦ 

ʥʘʧʨʘʚʣʝʥʠʶ ʢ ʢʘʪʦʜʫ, ʘ ʘʥʠʦʥʳ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ - ʢ ʘʥʦʜʫ. 

ʊʘʢ ʢʘʢ ʧʝʨʝʥʦʩ ʵʣʝʢʪʨʠʯʝʩʪʚʘ ʚ ʨʘʩʪʚʦʨʘʭ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘ ʩʯʝʪ 

ʜʚʠʞʝʥʠʷ ʠʦʥʦʚ, ʪʦ ʢʦʣʠʯʝʩʪʚʦ ʵʣʝʢʪʨʠʯʝʩʪʚʘ, ʧʝʨʝʥʦʩʠʤʦʝ ʯʝʨʝʟ ʨʘʩʪʚʦʨ, 

ʟʘʚʠʩʠʪ ʦʪ ʨʷʜʘ ʬʘʢʪʦʨʦʚ: ʦʪ ʧʨʠʨʦʜʳ ʚʝʱʝʩʪʚʘ (ʩʠʣʴʥʳʡ ʠʣʠ ʩʣʘʙʳʡ 

ʵʣʝʢʪʨʦʣʠʪ); ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʦʥʦʚ; ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʨʫʛʠʭ ʧʘʨʘʤʝʪʨʦʚ. 

ʄʝʨʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ L ʨʘʩʪʚʦʨʦʚ ʵʣʝʢʪʨʦʣʠʪʦʚ ʷʚʣʷʝʪʩʷ 

ʢʦʣʠʯʝʩʪʚʦ ʵʣʝʢʪʨʠʯʝʩʪʚʘ, ʚʳʨʘʞʝʥʥʦʝ ʚ ʢʫʣʦʥʘʭ, ʢʦʪʦʨʦʝ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ 

ʨʘʩʪʚʦʨ ʟʘ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ. ʉʠʣʘ ʪʦʢʘ, ʚʦʟʥʠʢʘʶʱʝʛʦ ʧʨʠ ʜʚʠʞʝʥʠʠ ʠʦʥʦʚ ʚ 

ʨʘʩʪʚʦʨʝ ʵʣʝʢʪʨʦʣʠʪʘ ʧʦʜ ʚʣʠʷʥʠʝʤ ʚʥʝʰʥʝʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ, ʙʫʜʝʪ 

ʦʧʨʝʜʝʣʷʪʴʩʷ ʫʨʘʚʥʝʥʠʝʤ: 

I = L Ĭ E 

ʛʜʝ I - ʩʠʣʘ ʪʦʢʘ, L - ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ ʨʘʩʪʚʦʨʘ, ɽ - 

ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʚʥʝʰʥʝʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ. 

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʩʦʛʣʘʩʥʦ ʟʘʢʦʥʫ ʆʤʘ, ʩʠʣʘ ʪʦʢʘ ʨʘʚʥʘ: 

R

E
I =  

ʛʜʝ R - ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʨʘʩʪʚʦʨʘ. 

ʇʨʠ ʩʨʘʚʥʝʥʠʠ ʵʪʠʭ ʜʚʫʭ ʫʨʘʚʥʝʥʠʡ ʧʦʣʫʯʠʤ: 
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R
L

ʦʪʢʫʜʘEL
R

E

1

;

=

³=
 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʧʨʦʚʦʜʠʤʦʩʪʴ ʨʘʩʪʚʦʨʘ ʵʣʝʢʪʨʦʣʠʪʘ 

ʤʦʞʥʦ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʢʘʢ ʚʝʣʠʯʠʥʫ, ʦʙʨʘʪʥʫʶ ʩʦʧʨʦʪʠʚʣʝʥʠʶ. 

ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʵʣʝʢʪʨʦʣʠʪʘ ʟʘʚʠʩʠʪ ʦʪ ʜʣʠʥʳ ʧʨʦʚʦʜʥʠʢʘ (l), ʧʣʦʱʘʜʠ 

ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ (S) ʠ ʫʜʝʣʴʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ (r): 

S

l
R ³=r  

ɽʩʣʠ ʤʳ ʧʦʜʩʪʘʚʠʤ ʟʥʘʯʝʥʠʝ R ʚ ʫʨʘʚʥʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦ-

ʚʦʜʠʤʦʩʪʠ, ʪʦ ʧʦʣʫʯʠʤ: 

,
l

Sl
L ³=
r

 

ʛʜʝ: ʚʝʣʠʯʠʥʘ, ʦʙʨʘʪʥʘʷ ʫʜʝʣʴʥʦʤʫ ʩʦʧʨʦʪʠʚʣʝʥʠʶ 1/r =     , ʥʘʟʚrʘʝʪʩʷ 

ʫʜʝʣʴʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʚʦʜʠʤʦʩʪʴʶ. ʆʙʦʟʥʘʯʘʝʪʩʷ ʦʥʘ ʛʨʝʯʝʩʢʦʡ ʙʫʢʚʦʡ  

        (çʢʘʧʧʘè). ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʠʤ ʫʨʘʚʥʝʥʠʝ: 

L =       Ĭ 
l

S
 

ʇʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ S = 1 ʤ2 ʠ l = 1 ʤ, ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ 

ʨʘʩʪʚʦʨʘ ʵʣʝʢʪʨʦʣʠʪʘ ʙʫʜʝʪ ʨʘʚʥʘ ʫʜʝʣʴʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ: 

L = 

ʋʜʝʣʴʥʘʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ - ʵʪʦ ʵʣʝʢʪʨʠʯʝʩʢʘʷ 

ʧʨʦʚʦʜʠʤʦʩʪʴ ʨʘʩʪʚʦʨʘ ʵʣʝʢʪʨʦʣʠʪʘ, ʧʦʤʝʱʝʥʥʦʛʦ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ 

ʧʣʦɦ ʘʜʴʶ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ 1 ʤ2, ʦʪʩʪʦʷʱʠʤʠ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʥʘ 1 ʤ. ʊʦ 

ʝʩʪʴ ʫʜʝʣʴʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʚʦʜʠʤʦʩʪʴʶ ʥʘʟʳʚʘʝʪʩʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ 

ʧʨʦʚʦʜʠʤʦʩʪʴ 1 ʤ3 ʜʘʥʥʦʛʦ ʵʣʝʢʪʨʦʣʠʪʘ. ɺ ʩʠʩʪʝʤʝ ʉʀ ʝʜʠʥʠʮʝʡ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʷʚʣʷʝʪʩʷ Cʠʤʝʥʩ (ʉʤ), ʩʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʫʜʝʣʴʥʫʶ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʧʨʦʚʦʜʠʤʦʩʪʴ ʨʘʩʪʚʦʨʦʚ ʚʳʨʘʞʘʶʪ ʚ ʉʤ / ʤ. 
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ʊʘʢ ʢʘʢ ʧʝʨʝʥʦʩʯʠʢʘʤʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʟʘʨʷʜʦʚ ʚ ʨʘʩʪʚʦʨʘʭ ʷʚʣʷʶʪʩʷ 

ʠʦʥʳ, ʪʦ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ ʨʘʩʪʚʦʨʘ ʙʫʜʝʪ ʪʝʤ ʙʦʣʴh ʝ, ʯʝʤ 

ʙʦʣʴʰʝ ʢʦʥʮʝʥʪʨʘʮʠʷ ʠʦʥʦʚ, ʯʝʤ ʙʳʩʪʨʝʝ ʦʥʠ ʜʚʠʞʫʪʩʷ ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʤ 

ʧʦʣʝ ʠ ʯʝʤ ʙʦʣʴʰʝ ʠʭ ʚʘʣʝʥʪʥʦʩʪʴ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʫʜʝʣʴʥʘʷ 

ʣɻʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʜʦʩʪʠʛʘʝʪ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʟʥʘʯʝʥʠʷ, ʘ ʧʨʠ ʦʯʝʥʴ ʙʦʣʴʰʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ (ʧʦʨʷʜʢʘ 10 ʤʦʣʴ/ʣ ʠ ʚʳʰʝ) 

  ʥʘʯʠʥʘʝʪ ʫʤʝʥʴʰʘʪʴʩʷ (ʨʠʩ.2).  

ʊʘʢʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʯʝʪʢʦ ʚʳʨʘʞʝʥʘ ʜʣʷ ʩʠʣʴʥʳʭ ʵʣʝʢʪʨʦʣʠʪʦʚ ʠ ʚ 

ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ ʜʣʷ ʩʣʘʙʳʭ ʵʣʝʢʪʨʦʣʠʪʦʚ. ʅʘʣʠʯʠʝ ʤʘʢʩʠʤʫʤʦʚ ʥʘ ʢʨʠʚʳʭ 

ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʚ ʨʘʟʙʘʚʣʝʥʥʳʭ ʨʘʩʪʚʦʨʘʭ ʩʠʣʴʥʳʭ ʵʣʝʢʪʨʦʣʠʪʦʚ 

ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʠʦʥʦʚ ʧʦʯʪʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠ     ʨʘʩʪʝʪ 

ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʯʠʩʣʫ ʠʦʥʦʚ, ʢʦʪʦʨʦʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ. ʇʨʠ ʜʦʩʪʠʞʝʥʠʠ ʦʧʨʝʜʝʣʝʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʨʘʩʪʚʦʨʘʭ 

ʩʠʣʴʥʳʭ ʵʣʝʢʪʨʦʣʠʪʦʚ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʠʦʥʦʚ ʫʤʝʥʴʰʘʝʪʩʷ ʠʟ-ʟʘ 

ʧʦʷʚʣʝʥʠʷ ʠʦʥʥʳʭ ʘʪʤʦʩʬʝʨ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʫʤʝʥʴʰʘʝʪʩʷ ʩʢʦʨʦʩʪʴ 

ʜʚʠʞʝʥʠʷ ʠʦʥʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʫʜʝʣʴʥʘʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ 

ʪʘʢʞʝ ʫʤʝʥʴʰʘʝʪʩʷ. 

ɼʣʷ ʨʘʩʪʚʦʨʦʚ ʩʣʘʙʳʭ ʵʣʝʢʪʨʦʣʠʪʦʚ ʫʤʝʥʴʰʝʥʠʝ ʫʜʝʣʴʥʦʡ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʩ ʨʦʩʪʦʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʙʲʷʩʥʷʝʪʩʷ 

ʫʤʝʥʴʰʝʥʠʝʤ ʩʪʝʧʝʥʠ ʜʠʩʩʦʮʠʘʮʠʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʢʦʣʠʯʝʩʪʚʦ ʦʙʨʘʟʦʚʘʚ-

ʰʠʭʩʷ ʠʦʥʦʚ ʚ ʨʘʩʪʚʦʨʝ ʩʣʘʙʦʛʦ ʵʣʝʢʪʨʦʣʠʪʘ ʙʫʜʝʪ ʚʦʟʨʘʩʪʘʪʴ ʚ ʤʝʥʴʰʝʡ ʩʪʝ-

ʧʝʥʠ, ʯʝʤ ʘʥʘʣʠʪʠʯʝʩʢʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʨʘʩʪʚʦʨʘ. 

 

 

 

 

 

 

ʈʠʩ.2. ɿʘʚʠʩʠʤʦʩʪʴ     ʨʘʩʪʚʦʨʦʚ ʩʠʣʴʥʳʭ 

ʠ ʩʣʘʙʳʭ ʨʘʩʪʚʦʨʦʚ ʵʣʝʢʪʨʦʣʠʪʦʚ ʦʪ ʉ. 
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ʇʦʩʢʦʣʴʢʫ ʧʝʨʝʥʦʩ ʵʣʝʢʪʨʠʯʝʩʪʚʘ ʚ ʨʘʩʪʚʦʨʘʭ ʦʩʫʱʝʩʪʚʣʝ̫ʪʩʷ ʟʘ ʩʯʝʪ 

ʜʚʠʞʝʥʠʷ ʠʦʥʦʚ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʝʛʦ ʢʦʣʠʯʝʩʪʚʦ ʟʘʚʠʩʠʪ ʦʪ ʩʢʦʨʦʩʪʠ 

ʜʚʠʞʝʥʠʷ ʠʦʥʦʚ, ʢʦʪʦʨʘʷ ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʠʭ ʠʦʥʥʦʤʫ ʨʘʜʠʫʩʫ. 

ʊʘʢ ʢʘʢ ʠʦʥʳ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ ʛʠʜʨʘʪʠʨʫʶʪʩʷ, ʪʦ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ 

ʛʠʜʨʘʪʠʨʦʚʘʥʥʳʡ çʵʬʬʝʢʪʠʚʥʳʡè ʨʘʜʠʫʩ ʠʦʥʘ, ʘ ʥʝ ʢʨʠʩʪʘʣʣʦʭʠʤʠʯʝʩʢʠʡ. 

ʕʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʨʘʩʪʚʦʨʦʚ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ: 

ʢʨʠʩʪʘʣʣʦʭʠʤʠʯʝʩʢʠʡ ʨʘʜʠʫʩ ʠʦʥʘ 

Li +   Na+   K+   Rb+   Cs+ 

ʨʘʜʠʫʩ ʛʠʜʨʘʪʠʨʦʚʘʥʥʦʛʦ ʠʦʥʘ 

ɸʙʩʦʣʶʪʥʘʷ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʠʦʥʘ (U) ï ʧʫʪʴ ʚ ʤʝʪʨʘʭ, ʧʨʦʡʜʝʥʥʳʡ 

ʠʦʥʦʤ ʟʘ 1 ʩʝʢʫʥʜʫ ʧʨʠ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʚ 1 ɺʦʣʴʪ. 

ʈʘʟʤʝʨʥʦʩʪʴ ʘʙʩʦʣʶʪʥʦʡ ʩʢʦʨʦʩʪʠ ʤ2Öɺ-1Öʩ-1. ʕʪʠ ʩʢʦʨʦʩʪʠ ʚ ʦʙʳʯʥʳʭ 

ʫʩʣʦʚʠʷʭ ʦʯʝʥʴ ʤʘʣʳ ʠ ʩʦʩʪʘʚʣʷʶʪ ʚʝʣʠʯʠʥʳ ʧʦʨʷʜʢʘ 10-7é 10-8 ʤ2Öɺ-1Öʩ-1 

ʅʝʟʥʘʯʠʪʝʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʠʦʥʦʚ ʦʙʲʷʩʥʷʝʪʩʷ ʠʭ ʚʳʩʦʢʦʡ ʛʠʜʨʘʪʘʮʠʝʡ ʠ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʩʨʝʜʳ. ʆʙʨʘʱʘʶʪ ʥʘ ʩʝʙʷ ʚʥʠʤʘʥʠʝ ʙʦʣʴʰʠʝ ʟʥʘʯʝʥʠʷ 

ʩʢʦʨʦʩʪʝʡ ʠʦʥʦʚ ʚʦʜʦʨʦʜʘ (33,6Ö10-8) ʠ ʛʠʜʨʦʢʩʠʣʘ (18,7Ö10-8) ʚ ʚʦʜʝ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʠʦʥʘʤʠ, ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʵʩʪʘʬʝʪʥʳʤ ʧʝʨʝʤʝɦ ʝʥʠʝʤ 

ʵʪʠʭ ʠʦʥʦʚ. 

ʇʨʦʪʦʥʳ ʧʨʦʭʦʜʷʪ ʥʝ ʚʝʩʴ ʧʫʪʴ ʜʦ ʢʘʪʦʜʘ, ʘ ʪʦʣʴʢʦ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ 

ʤʦʣʝʢʫʣʘʤʠ ʚʦʜʳ, ʪ.ʝ. ʢʘʢ ʙʳ ʧʝʨʝʜʘʶʪʩʷ ʧʦ ʵʩʪʘʬʝʪʝ ʦʪ ʦʜʥʦʡ ʤʦʣʝʢʫʣʳ 

ʚʦʜʳ ʜʦ ʜʨʫʛʦʡ. ʉʨʝʜʥʷʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʞʠʟʥʠ ʠʦʥʘ ʛʠʜʨʦʢʩʦʥʠʷ (ʅ3ʆ
+) 

ʩʦʩʪʘʚʣʷʝʪ 10-11ʩʝʢ. ɹʦʣʴʰʘʷ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʆʅ- - ʠʦʥʦʚ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ 

ʞʝ ʤʝʭʘʥʠʟʤʦʤ, ʦʜʥʘʢʦ ʧʨʠ ʵʪʦʤ ʧʨʦʪʦʥ ʧʝʨʝʜʘʝʪʩʷ ʦʪ ʤʦʣʝʢʫʣʳ ʚʦʜʳ ʢ 

ʛʠʜʨʦʢʩʠʣ-ʠʦʥʘʤ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʮʝʩʩ ʚʳʛʣʷʜʠʪ ʢʘʢ ʧʝʨʝʤʝʱʝʥʠʝ ʆʅ- - 

ʠʦʥʦʚ ʢ ʘʥʦʜʫ. 

ɼʣʷ ʦʮʝʥʢʠ ʢʦʣʠʯʝʩʪʚʘ ʵʣʝʢʪʨʠʯʝʩʪʚʘ, ʧʝʨʝʥʦʩʠʤʦʛʦ ʯʝʨʝʟ ʨʘʩʪʚʦʨ 

ʢʘʪʠʦʥʘʤʠ ʠ ʘʥʠʦʥʘʤʠ ʚ ʦʪʜʝʣʴʥʦʩʪʠ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʦʥʷʪʠʝ 

ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʦʡ ʧʦʜʚʠʞʥʦʩʪʠ ʠʦʥʦʚ - ʢʘʪʠʦʥʘ ( l ʢ) ʠ ʘʥʠʦʥʘ (l ʘ): 

l ʢ = Uʢ F 
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l ʘ = Ua F, 

ʛʜʝ F ï ʯʠʩʣʦ ʌʘʨʘʜʝʷ = 96500 ʢʫʣ. 

ɺʣʠʷʥʠʝ ʟʘʨʷʜʘ ʠʦʥʘ ʥʘ ʫʜʝʣʴʥʫʶ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʧʨʦʚʦʜʠʤʦʩʪʴ ʩʦʩʪʦʠʪ 

ʚ ʪʦʤ, ʯʪʦ, ʯʝʤ ʚʳʰʝ ʟʘʨʷʜ ʠʦʥʘ, ʪʝʤ ʙʦʣʴʰʝ ʵʣʝʢʪʨʠʯʝʩʪʚʘ ʦʥ ʧʝʨʝʥʦʩʠʪ ʩ 

ʦʜʥʦʛʦ ʵʣʝʢʪʨʦʜʘ ʥʘ ʜʨʫʛʦʡ. ɺ ʪʘʙʣʠʮʝ 10 ʜʘʪʁʩʷ l ʢ  ʠ l ʘ ʥʝʢʦʪʦʨʳʭ ʠʦʥʦʚ. 

ʊʘʙʣʠʮʘ 10 

ʇʦʜʚʠʞʥʦʩʪʠ ʠʦʥʦʚ (l Ð) ʧʨʠ ʙʝʩʢʦʥʝʯʥʦʤ ʨʘʟʚʝʜʝʥʠʠ (ʢʘʪʠʦʥʳ) 

ʠʦʥʳ 
ʪʝʤʧʝʨʘʪʫʨʘ, Üʉ 

ʠʦʥʳ 
ʪʝʤʧʝʨʘʪʫʨʘ, Üʉ 

0 18 25 100 0 18 25 100 

ʅ+(ʅ2ʆ) 225,0 315,0 349,7 637,0 ӎSe+++ - - 64,7 - 

Li+ 19,1 33,4 38,7 120,0 ӎCe+++ - - 67,0 - 

Nʘ+ 25,9 43,5 50,1 150,0 ӎCr+++ - - 67,0 - 

ʂ+ 40,3 64,6 73,5 200,0 İMn++ 27,0 44,0 53,5 - 

Rb+ - 67,5 77,5 - İFe++ 28,0 44,0 53,5 - 

Cs+ 44,0 68,0 76,8 200,0 ӎFe+++ - - 68,0 - 

NH4
+ 40,3 64,0 73,7 184,0 İCo++ 28,0 45,0 54,0 - 

İɺʝ++ - - 45,0 - İNi++ 28,0 45,0 54,0 - 

İMg++ 28,5 45,0 53,1 170,0 İCu++ 20,0 45,0 56,0 - 

İCa++ 30,8 51,0 59,5 187,0 Ag+ 33,0 54,0 61,9 180,0 

İSr++ 31,0 51,0 59,5 - İZn++ 28,0 45,0 53,5 - 

İɺʘ++ 33,6 55,0 63,7 200,0 İCd++ 28,0 45,0 54,0 - 

İRa++ 33,0 56,6 66,8 - Tl+ 43,0 66,0 74,9 - 

ӎAl+++ 29,0 - 63,0 - İRb++ 38,0 60,0 70,0 - 

ɸʥʠʦʥʳ 

ʠʦʥʳ 
ʪʝʤʧʝʨʘʪʫʨʘ, Üʉ 

ʠʦʥʳ 
ʪʝʤʧʝʨʘʪʫʨʘ, Üʉ 

0 18 25 100 0 18 25 100 

OH- 105,0 174,0 200,0 446,0 İSeO4
2- - 65,0 75,7 - 

F- - 46,6 55,4 - N3
- - - 69,5 - 

Cl- 41,4 65,5 76,3 207,0 NO2
- 44,0 59,0 72,0 189,0 

ClO2
- - - 52,0 - NO3

- 40,2 61,7 71,4 - 

ClO3
- 36,0 55,0 64,0 172,0 NCO- - 54,8 64,6 - 

ClO4
- 37,3 59,1 68,0 179,0 PO4H2

- - 28,0 36,0 - 

Br- 41,3 67,6 78,4 - İPO4H
2- - - 57,0 - 

BrO3
- 31,0 49,0 56,0 155,0 AsO4H2

- - - 34,0 - 

J- 42,0 66,5 76,9 - CO3H
- - - 44,5 - 

JO3
- 21,0 33,9 41,0 127,0 İ CO3

2- 36,0 60,5 72,0 - 

JO4
- - 49,0 55,6 - CN- - - 78,0 - 

SH- 40,0 57,0 65,0 - İCrO4
2- 42,0 72,0 85,0 - 

SO3H
- 27,0 - 50,0 - MnO4

2- 36,0 53,0 62,8 - 

İ SO3
2- - - 72,0 - HCOO- - 47,0 - - 

İ SO4
2- 34,0 68,3 79,8 256,0 CH3COO- 20,0 34,0 41,0 130,0 

İS2O8
2- - - 86,0 - İ(C2O4)

2- 32,0 63,0 - - 

SCN- 41,7 56,6 66,5 -      
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ʉ ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ ʫʜʝʣʴʥʘʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ ʨʘʩʪʚʦʨʦʚ 

ʵʣʝʢʪʨʦʣʠʪʦʚ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ ʩʨʝʜʥʝʤ ʥʘ 2 % ʥʘ ʢʘʞʜʳʡ ʛʨʘʜʫʩ. ʋʚʝʣʠʯʝʥʠʝ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʩ ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʲʷʩʥʷʝʪʩʷ 

ʫʤʝʥʴʰʝʥʠʝʤ ʚʷʟʢʦʩʪʠ ʚʦʜʳ, ʘ ʪʘʢʞʝ ʨʦʩʪʦʤ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʠʦʥʦʚ, 

ʪ.ʝ. ʩʢʦʨʦʩʪʠ ʠʭ ʜʚʠʞʝʥʠʷ. 

ʊʘʢ ʢʘʢ ʫʜʝʣʴʥʘʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ ʨʘʩʪʚʦʨʘ ʵʣʝʢʪʨʦʣʠʪʘ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦʤ ʠʦʥʦʚ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ ʩ l  = 1 ʤ ʠ S = 1 ʤ2 ʠ 

ʩʢʦʨʦʩʪʴʶ ʵʪʠʭ ʠʦʥʦʚ, ʪʦ 

 = ʉʢ Uk F + Ca Ua F = Ci (l k + l a), 

ʛʜʝ ʉi - ʠʦʥʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʚ 1 ʤ
3 ʨʘʩʪʚʦʨʘ, l k ʠ l a ï ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʠʝ 

ʧʦʜʚʠʞʥʦʩʪʠ ʢʘʪʠʦʥʘ ʠ ʘʥʠʦʥʘ. 

ʂʦʥʮʝʥʪʨʘʮʠʶ ʨʘʩʪʚʦʨʘ (ʉ) ʦʙʳʯʥʦ ʚʳʨʘʞʘʶʪ ʥʘ 1 ʣʠʪʨ, ʪʦʛʜʘ 

1000     = ʉi ( l k + l a) 

ʕʪʦ ʫʨʘʚʥʝʥʠʝ ʥʘʟʳʚʘʝʪʩʷ ʦʩʥʦʚʥʳʤ ʫʨʘʚʥʝʥʠʝʤ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʧʨʦʚʦʜʠʤʦʩʪʠ. 

ɺ ʩʣʘʙʳʭ ʵʣʝʢʪʨʦʣʠʪʘʭ ʠʦʥʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ (Ci) ʩʚʷʟʘʥʘ ʩ ʘʥʘ-

ʣʠʪʠʯʝʩʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʫʨʘʚʥʝʥʠʝʤ: 

Ci = C a, 

ʛʜʝ a - ʩʪʝʧʝʥʴ ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʦʡ ʜʠʩʩʦʮʠʘʮʠʠ. 

ʊʦʛʜʘ ʦʩʥʦʚʥʦʝ ʫʨʘʚʥʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʜʣʷ ʩʣʘʙʳʭ 

ʵʣʝʢʪʨʦʣʠʪʦʚ ʙʫʜʝʪ ʠʤʝʪʴ ʚʠʜ: 

1000     = ʉ a ( l k + l a) 

ʉʪʝʧʝʥʴ ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʦʡ ʜʠʩʩʦʮʠʘʮʠʠ ʧʦʢʘʟʳʚʘʝʪ, ʢʘʢʘʷ ʯʘʩʪʴ 

ʤʦʣʝʢʫʣ ʵʣʝʢʪʨʦʣʠʪʘ ʚ ʨʘʩʪʚʦʨʝ ʨʘʩʧʘʣʘʩʴ ʥʘ ʠʦʥʳ: 

a = 
(N) ʤʦʣʝʢʫʣʳʭ ʨʘʩʪʚʦʨʝʥʥ ʯʠʩʣʦ ʦʙʱʝʝ

(n) ʤʦʣʝʢʫʣ ̫ʨʘʩʧʘʚʰʠʭʩ ʯʠʩʣʦ
 

ɿʥʘʯʝʥʠʝ a ʠʟʤʝʨʷʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 0 ʜʦ 1. ɿʘʚʠʩʠʪ ʦʪ ʧʨʠʨʦʜʳ 

ʵʣʝʢʪʨʦʣʠʪʘ, ʧʨʠʨʦʜʳ ʨʘʩʪʚʦʨʠʪʝʣʷ, ʪʝʤʧʝʨʘʪʫʨʳ ʨʘʩʪʚʦʨʘ ʠ ʩʪʝʧʝʥʠ ʝʛʦ 

ʨʘʟʙʘʚʣʝʥʠʷ. ʋ ʙʦʣʴʰʠʥʩʪʚʘ ʵʣʝʢʪʨʦʣʠʪʦʚ ʩʪʝʧʝʥʴ ʜʠʩʩʦʮʠʘʮʠʠ ʧʦ ʤʝʨʝ 
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ʫʚʝʣʠʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʘ ʫ ʥʝʢʦʪʦʨʳʭ (NH4OH, ʉʅ3ʉʆʆʅ) 

ʜʦʩʪʠʛʘʝʪ ʤʘʢʩʠʤʫʤʘ, ʘ ʟʘʪʝʤ ʫʤʝʥʴʰʘʝʪʩʷ ʚ ʩʚʷʟʠ ʩ ʫʤʝʥʴʰʝʥʠʝʤ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʦʩʪʦʷʥʥʦʡ ʨʘʩʪʚʦʨʠʪʝʣʷ, ʯʪʦ ʙʣʘʛʦʧʨʠʷʪʩʪʚʫʝʪ 

ʦʙʨʘʟʦʚʘʥʠʶ ʤʦʣʝʢʫʣ ʠʟ ʠʦʥʦʚ. 

ʀʟʚʝʩʪʥʦ, ʯʝʤ ʙʦʣʴʰʝ ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʦʩʪʦʷʥʥʘʷ ʨʘʩʪʚʦʨʠʪʝʣʷ, ʪʝʤ 

ʩʠʣʴʥʝʝ ʚʳʨʘʞʝʥ ʧʨʦʮʝʩʩ ʜʠʩʩʦʮʠʘʮʠʠ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʚ ʥʝʤ ʚʝʱʝʩʪʚʘ. ʉ 

ʨʘʟʙʘʚʣʝʥʠʝʤ ʨʘʩʪʚʦʨʘ ʵʣʝʢʪʨʦʣʠʪʘ ʚʝʨʦʷʪʥʦʩʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠʦʥʦʚ ʚ 

ʨʘʩʪʚʦʨʝ ʫʤʝʥʴʰʘʝʪʩʷ, ʩʪʝʧʝʥʴ ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʦʡ ʜʠʩʩʦʮʠʘʮʠʠ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ. 

ɺ ʩʠʣʴʥʳʭ ʵʣʝʢʪʨʦʣʠʪʘʭ, ʛʜʝ ʤʦʣʝʢʫʣʳ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʚʝɦ ʝʩʪʚʘ 

ʧʦʣʥʦʩʪʴʶ ʜʠʩʩʦʮʠʠʨʦʚʘʥʳ ʥʘ ʠʦʥʳ, ʠʦʥʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʚʷʟʘʥʘ ʩ 

ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʫʨʘʚʥʝʥʠʝʤ: 

Ci = C fʵ , 

ʛʜʝ f  ɻ - ʢʦʵʬʬʠʮʠʝʥʪ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ, ʦʪʨʘʞʘʶʱʠʡ ʤʝʨʫ 

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠ ʛʠʜʨʘʪʘʮʠʠ ʠʦʥʦʚ ʚ ʨʘʩʪʚʦʨʝ. ʇʦ 

ʩʚʦʝʤʫ ʬʠʟʠʯʝʩʢʦʤʫ ʩʤʳʩʣʫ f  ɻʩʦʦʪʚʝʪʩʪʚʫʝʪ fa -ʢʦʵʬʬʠʮʠʝʥʪʫ ʘʢʪʠʚʥʦʩʪʠ. fʵ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʨʠ ʨʘʟʙʘʚʣʝʥʠʠ ʨʘʩʪʚʦʨʘ ʠ ʜʦʩʪʠʛʘʝʪ 1 ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʤ 

ʨʘʟʙʘʚʣʝʥʠʠ, ʢʦʛʜʘ ʩʠʣʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʠʦʥʘʤʠ ʧʨʠʙʣʠʞʘʶʪʩʷ ʢ 

ʥʫʣʶ. ɼʣʷ ʨʘʟʙʘʚʣʝʥʥʳʭ (ʉ¢ 0.1) ʨʘʩʪʚʦʨʦʚ ʵʣʝʢʪʨʦʣʠʪʦʚ f  ɻº 1. ʇʦʵʪʦʤʫ ʧʨʠ 

ʨʘʙʦʪʝ ʩ ʙʠʦʣʦʛʠʯʝʩʢʠʤʠ ʨʘʩʪʚʦʨʘʤʠ ʧʨʠʥʠʤʘʶʪ f  ɻ =1. ɼʣʷ ʩʠʣʴʥʳʭ 

ʵʣʝʢʪʨʦʣʠʪʦʚ ʦʩʥʦʚʥʦʝ ʫʨʘʚʥʝʥʠʝ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʠʤʝʝʪ ʚʠʜ: 

1000    = ʉi fʵ ( l k + l a) 

ʇʦʩʢʦʣʴʢʫ ʫʜʝʣʴʥʘʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ ʟʘʚʠʩʠʪ ʦʪ ʤʥʦʛʠʭ 

ʬʘʢʪʦʨʦʚ, ʠ ʥʘ ʝʸ ʦʩʥʦʚʝ ʥʝʣʴʟʷ ʩʜʝʣʘʪʴ ʢʘʢʠʝ-ʣʠʙʦ ʚʳʚʦʜʳ ʦ ʚʣʠʷʥʠʠ ʥʘ 

ʚʝʣʠʯʠʥʫ ʧʨʦʚʦʜʠʤʦʩʪʠ ʵʣʝʢʪʨʦʣʠʪʦʚ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʦʥʦʚ, ʘ ʪʘʢʞʝ ʩʠʣʳ ʠʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʃʝʥʮ ʚʚʝʣ ʧʦʥʷʪʠʝ ʤʦʣʷʨʥʦʡ ʠʣʠ ɻʢʚʠʚʘʣʝʥʪʥʦʡ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ. 

ʄʦʣʷʨʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʚʦʜʠʤʦʩʪʴʶ ɚv ʥʘʟʳʚʘʝʪʩʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ 

ʧʨʦʚʦʜʠʤʦʩʪʴ ʩʪʦʣʙʘ ʨʘʩʪʚʦʨʘ, ʩʦʜʝʨʞʘʱʝʛʦ 1 ʢʤʦʣʴ (ʛĬʵʢʚ) ʵʣʝʢʪʨʦʣʠʪʘ, 
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ʟʘʢʣʶʯʝʥʥʦʛʦ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 1 ʤ ʜʨʫʛ 

ʦʪ ʜʨʫʛʘ. ʄʦʣʷʨʥʫʶ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʧʨʦʚʦʜʠʤʦʩʪʴ ʦʙʦʟʥʘʯʘʶʪ ʛʨʝʯʝʩʢʦʡ 

ʙʫʢʚʦʡ l (çʣ̫ʤʙʜʘè). ʏʪʦʙʳ ʧʦʢʘʟʘʪʴ, ʢ ʢʘʢʦʤʫ ʨʘʟʙʘʚʣʝʥʠʶ ʨʘʩʪʚʦʨʘ 

ʦʪʥʦʩʠʪʩʷ ʤʦʣʷʨʥʘʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ, ʚʦʟʣʝ ʙʫʢʚʳ l ʩʪʘʚʠʪʩʷ 

ʠʥʜʝʢʩ (v), ʦʙʦʟʥʘʯʘʶɦ ʠʡ ʨʘʟʙʘʚʣʝʥʠʝ ʚ ʣʠʪʨʘʭ (V = 1/ʉ), ʪ.ʝ. ʢʦʣʠʯʝʩʪʚʦ 

ʣʠʪʨʦʚ, ʩʦʜʝʨʞʘʱʝʝ 1 ʢʤʦʣʴ ʵʣʝʢʪʨʦʣʠʪʘ, - lv. 

ʌʦʨʤʫʣʘ, ʩʚʷʟʳʚʘʶʱʘʷ ʤʦʣʷʨʥʫʶ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʧʨʦʚʦʜʠʤʦʩʪʴ ʩ 

ʫʜʝʣʴʥʦʡ ʠʤʝʝʪ ʚʠʜ: 

ɚv = 1000      V 

ʆʪʩʶʜʘ: 

ɚv = 1000        

              ʉ  

ʈʘʟʤʝʨʥʦʩʪʴ lv - ʉʤÖʤ
2/ʢʤʦʣʴ. 

ʇʦʩʣʝʜʥʠʡ ʤʥʦʞʠʪʝʣʴ ʯʘʩʪʦ ʦʧʫʩʢʘʝʪʩʷ ʠ ʤʦʣʷʨʥʫʶ ʵʣʝʢʪʨʠʯʝʩʢʫʶ 

ʧʨʦʚʦʜʠʤʦʩʪʴ ʚʳʨʘʞʘʶʪ ʚ ʉʤÖʤ2, ʠʤʝʷ ʚ ʚʠʜʫ 1 ʢʤʦʣʴ ʨʘʩʪʚʦʨʝʥʥʦʛʦ 

ʚʝʱʝʩʪʚʘ. 

ʄʦʣʷʨʥʘʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ ʫ ʩʠʣʴʥʳʭ ʠ ʩʣʘʙʳʭ ʵʣʝʢʪʨʦ-

ʣʠʪʦʚ ʚʦʟʨʘʩʪʘʝʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʨʘʟʙʘʚʣʝʥʠʷ ʠ ʜʦʩʪʠʛʘʝʪ ʧʨʝʜʝʣʴʥʦʛʦ 

ʟʥʘʯʝʥʠʷ, ʢʦʪʦʨʦʝ ʥʘʟʳʚʘʝʪʩʷ ʤʦʣʷʨʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʚʦʜʠʤʦʩʪʴʶ ʧʨʠ 

ʙʝʩʢʦʥʝʯʥʦʤ ʨʘʟʙʘʚʣʝʥʠʠ ʠ ʦʙʦʟʥʘʯʘʝʪʩʷ l¤. 

ʄʦʣʷʨʥʘʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ ʦʙʫʩʣʦʚʣʝʥʘ ʧʨʠ ʣʙʁʦʤ ʨʘʟ-

ʙʘʚʣʝʥʠʠ ʦʜʠʥʘʢʦʚʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʵʣʝʢʪʨʦʣʠʪʘ, ʘ ʠʤʝʥʥʦ 1 ʢʤʦʣʴ. ɽʝ 

ʚʦʟʨʘʩʪʘʥʠʝ ʩ ʨʘʟʙʘʚʣʝʥʠʝʤ ʜʣʷ ʩʣʘʙʳʭ ʵʣʝʢʪʨʦʣʠʪʦʚ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ 

ʧʨʠ ʵʪʦʤ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩʪʝʧʝʥʴ ʜʠʩʩʦʮʠʘʮʠʠ, ʪ.ʝ. ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ 

ʩʚʦʙʦʜʥʳʭ ʠʦʥʦʚ, ʧʝʨʝʥʦʩʷɦ ʠʭ ʵʣʝʢʪʨʠʯʝʩʪʚʦ. 

ʇʨʠ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʤ ʨʘʟʙʘʚʣʝʥʠʠ ʥʘʩʪʫʧʘʝʪ ʧʦʣʥʘʷ ʜʠʩʩʦʮʠʘʮʠʷ 

ʨʘʩʪʚʦʨʘ (a = 1), ʚ ʵʪʦʪ ʤʦʤʝʥʪ lv ʜʦʩʪʠʛʘʝʪ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ, 

ʨʘʚʥʦʛʦ l¤, ʠ ʜʘʣʴʥʝʡʰʝʝ ʨʘʟʙʘʚʣʝʥʠʝ ʥʝ ʠʟʤʝʥʷʝʪ ʜʘʥʥʫʶ ʚʝʣʠʯʠʥʫ, ʪʘʢ ʢʘʢ 

ʯʠʩʣʦ ʠʦʥʦʚ ʚ ʨʘʩʪʚʦʨʝ ʦʩʪʘʝʪʩʷ ʥʝʠʟʤʝʥʥʳʤ. 
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ʈʠʩ.3. ɺʣʠʷʥʠʝ ʨʘʟʙʘʚʣʝʥʠʷ 

ʨʘʩʪʚʦʨʘ ʥʘ ʤʦʣʷʨʥʫʶ 

ʵʣʝʢʪʨʠʯʝʩʢʫʶ 

ʧʨʦʚʦʜʠʤʦʩʪʴ. 

 

ʀʟ ʨʠʩʫʥʢʘ 3 ʚʠʜʥʦ, ʯʪʦ ʤʦʣʷʨʥʘʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ 

ʨʘʩʪʚʦʨʦʚ ʩʠʣʴʥʳʭ ʵʣʝʢʪʨʦʣʠʪʦʚ ʙʳʩʪʨʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʠ ʫʞʝ ʧʨʠ ʫʤʝʨʝʥʥʦʤ 

ʨʘʟʙʘʚʣʝʥʠʠ ʧʦʯʪʠ ʜʦʩʪʠʛʘʝʪ ʧʨʝʜʝʣʘ. ʇʨʠ ʨʘʟʙʘʚʣʝʥʠʠ ʵʣʝʢʪʨʦʣʠʪʘ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʦʙʲʝʤ ʨʘʩʪʚʦʨʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʨʘʩʩʪʦʷʥʠʝ 

ʤʝʞʜʫ ʠʦʥʘʤʠ. ɺ ʦʧʨʝʜʝʣʝʥʥʳʡ ʤʦʤʝʥʪ ʠʦʥʳ ʜʦʩʪʠʛʘʶʪ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ. ʇʦʩʣʝ ʵʪʦʛʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʨʘʟʙʘʚʣʝʥʠʷ ʩʢʦʨʦʩʪʴ 

ʜʚʠʞʝʥʠʷ ʦʩʪʘʝʪʩʷ ʥʝʠʟʤʝʥʥʦʡ, ʘ ʤʦʣʷʨʥʘʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ 

ʧʝʨʝʭʦʜʠʪ ʚ ʤʦʣʷʨʥʫʶ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʧʨʦʚʦʜʠʤʦʩʪʴ ʧʨʠ ʙʝʩʢʦʥʝʯʥʦʤ 

ʨʘʟʙʘʚʣʝʥʠʠ (l¤). 

ʈʘʩʪʚʦʨʳ ʩʣʘʙʳʭ ʵʣʝʢʪʨʦʣʠʪʦʚ ʚʝʜʫʪ ʩʝʙʷ ʠʥʘʯʝ. ʀʭ ʤʦʣʷʨʥʘʷ 

ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ ʜʦ ʨʘʟʙʘʚʣʝʥʠ ̫ʙʣʠʟʢʘ ʢ ʥʫʣʶ ʠ ʟʘʪʝʤ ʤʝʜʣʝʥʥʦ 

ʚʦʟʨʘʩʪʘʝʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʨʘʟʙʘʚʣʝʥʠʷ, ʪʘʢ ʢʘʢ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩʪʝʧʝʥʴ 

ʜʠʩʩʦʮʠʘʮʠʠ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʠʟʣʦʞʝʥʥʦʛʦ ʚʳʰʝ: 

l¤ = ak ll +  

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʦʣʷʨʥʘʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ ʵʣʝʢʪʨʦʣʠʪʘ ʧʨʠ 

ʙʝʩʢʦʥʝʯʥʦʤ ʨʘʟʙʘʚʣʝʥʠʠ ʨʘʚʥʘ ʩʫʤʤʝ ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʠʭ ʧʦʜʚʠʞʥʦʩʪʝʡ 
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ʢʘʪʠʦʥʘ ʠ ʘʥʠʦʥʘ. ɺ ʵʪʦʤ ʟʘʢʣʶʯʘʝʪʩʷ ʟʘʢʦʥ ʂʦʣʴʨʘʫʰʘ (ʟʘʢʦʥ ʘʜʜʠʪʠʚʥʦʩʪʠ) 

ʠʣʠ ʟʘʢʦʥ ʥʝʟʘʚʠʩʠʤʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʠʦʥʦʚ. 

ʄʦʣʷʨʥʘʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ ʪʘʢʞʝ ʟʘʚʠʩʠʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʘ 2 - 2,5 % ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʛʨʘʜʫʩ. 

ʀʩʧʦʣʴʟʫʷ ʦʩʥʦʚʥʦʝ ʫʨʘʚʥʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʜʣʷ ʩʣʘʙʳʭ 

ʵʣʝʢʪʨʦʣʠʪʦʚ ʠ ʟʘʢʦʥ ʂʦʣʴʨʘʫʰʘ, ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʩʪʝʧʝʥʴ 

ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʦʡ ʜʠʩʩʦʮʠʘʮʠʠ: 

1000      = ʉ a ( l
k + l

a)   Ý   Ŭ = 1000     /ʉ(l
k + l

a),  

ʛʜʝ 1000     /ʉ = ɚv,  (l
k + l

a) = l¤, ʪʦʛʜʘ                        

Ŭ = ɚv  / l¤ (ʫʨʘʚʥʝʥʠʝ ɸʨʨʝʥʠʫʩʘ) 

ɺ ʩʣʫʯʘʝ ʩʠʣʴʥʳʭ ʵʣʝʢʪʨʦʣʠʪʦʚ ʘʥʘʣʦʛʠʯʥʦ ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ 

ʢʦʵʬʬʠʮʠʝʥʪ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ: 

f  ɻ= 1000    /ʉ(l
k + l

a)= ɚv  / l¤ 

ʉʪʝʧʝʥʴ ʜʠʩʩʦʮʠʘʮʠʠ ʟʘʚʠʩʠʪ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠ ʧʦʵʪʦʤʫ ʥʝʧʨʠʛʦʜʥʘ 

ʜʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʩʠʣʳ ʵʣʝʢʪʨʦʣʠʪʘ. ʄʝʨʦʡ ʩʠʣʳ ʩʣʘʙʦʛʦ 

ʵʣʝʢʪʨʦʣʠʪʘ ʷʚʣʷʝʪʩʷ ʢʦʥʩʪʘʥʪʘ ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʦʡ ʜʠʩʩʦʮʠʘʮʠʠ, ʚʝʣʠʯʠʥʘ 

ʢʦʪʦʨʦʡ ʜʣʷ ʜʘʥʥʦʛʦ ʵʣʝʢʪʨʦʣʠʪʘ ʧʦʩʪʦ̫ ʥʥʘ ʧʨʠ ʣʶʙʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ. 

ʂʦʥʩʪʘʥʪʘ ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʦʡ ʜʠʩʩʦʮʠʘʮʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʠʨʦʜʦʡ 

ʵʣʝʢʪʨʦʣʠʪʘ ʠ ʤʝʥʷʝʪʩʷ ʣʠʰʴ ʩ ʠʟʤʝʥʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ. ʏʝʤ ʢʦʥʩʪʘʥʪʘ 

ʵʣʝʢʪʨʦʣʠʪʘ ʤʝʥʴʰʝ, ʪʝʤ ʩʣʘʙʝʝ ʜʘʥʥʳʡ ʵʣʝʢʪʨʦʣʠʪ: 

CK
)1(

2

a

a

-
=  

ʇʨʠʚʝʜʝʥʥʘʷ ʬʦʨʤʫʣʘ ʷʚʣʷʝʪʩʷ ʘʥʘʣʠʪʠʯʝʩʢʠʤ ʚʳʨʘʞʝʥʠʝʤ ʟʘʢʦʥʘ 

ʨʘʟʙʘʚʣʝʥʠʷ ʆʩʪʚʘʣʴʜʘ. 

ʇʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ. 

1. ʆʧʨʝʜʝʣʝʥʠʝ fʵ ʩʠʣʴʥʳʭ ʵʣʝʢʪʨʦʣʠʪʦʚ: 

¤

=
l

lv

ʵf  
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2. ʆʧʨʝʜʝʣʝʥʠʝ ʢʦʥʩʪʘʥʪʳ ʠ ʩʪʝʧʝʥʠ ʜʠʩʩʦʮʠʘʮʠʠ ʩʣʘʙʳʭ ʵʣʝʢʪʨʦʣʠʪʦʚ: 

¤

=
-

=
l

l
a

a

a vCK ;
1

2

 

ɺ ʥʝ ʩʣʠʰʢʦʤ ʨʘʟʙʘʚʣʝʥʥʳʭ ʨʘʩʪʚʦʨʘʭ ʚʝʣʠʯʠʥʘ a ʫ ʩʣʘʙʳʭ ʢʠʩʣʦʪ ʠ 

ʦʩʥʦʚʘʥʠʡ ʦʯʝʥʴ ʤʘʣʘ, ʠ ʤʦʞʥʦ ʩʯʠʪʘʪʴ, ʯʪʦ 1 - a º 1. ʊʦʛʜʘ ʧʦʣʫʯʘʝʤ: 

K = a2 C  ʠ  a = 
C

K
 

ʕʪʦ ʫʨʘʚʥʝʥʠʝ ʜʘʝʪ ʧʨʦʩʪʦʡ ʩʧʦʩʦʙ ʧʦʜʩʯʝʪʘ ʩʪʝʧʝʥʠ 

ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʦʡ ʜʠʩʩʦʮʠʘʮʠʠ ʩʣʘʙʦʛʦ ʵʣʝʢʪʨʦʣʠʪʘ ʚ ʨʘʩʪʚʦʨʝ ʜʘʥʥʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ, ʢʦʛʜʘ ʢʦʥʩʪʘʥʪʘ ʂ ʠʟʚʝʩʪʥʘ. 

3. ʆʧʨʝʜʝʣʝʥʠʝ ʩʦʣʝʩʦʜʝʨʞʘʥʠʷ ʚ ʨʘʩʪʚʦʨʝ ʵʣʝʢʪʨʦʣʠʪʘ: 

1000     = ʉi (lk + la) 

ʉi = 1000      /l k + l
a 

4. ʆʧʨʝʜʝʣʝʥʠʝ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʪʨʫʜʥʦʨʘʩʪʚʦʨʠʤʳʭ ʩʦʣʝʡ. 

ʇʦ ʟʘʢʦʥʫ ʜʝʡʩʪʚʫʶʱʠʭ ʤʘʩʩ ʜʣʷ ʙʠʥʘʨʥʦʛʦ ʵʣʝʢʪʨʦʣʠʪʘ ʤʦʞʥʦ 

ʟʘʧʠʩʘʪʴ: 

[K+] [A-] = K [KA] = ʇʈ, 

ʛʜʝ ʇʈ ï ʧʨʦʠʟʚʝʜʝʥʠʝ ʨʘʩʪʚʦʨʠʤʦʩʪʠ. ʇʈ = const ʧʨʠ ʊ = const 

ɽʩʣʠ ʩʦʝʜʠʥʝʥʠʝ ʜʠʩʩʦʮʠʠʨʫʝʪ ʥʘʮʝʣʦ, ʪʦ 

[K+] = [A-] = Õʇʈ = ʉ      (ʤʦʣʴ/ʣ) 

ʇʈ ʠ ʉ ʦʧʨʝʜʝʣʷʶʪ ʠʟ ʜʘʥʥʳʭ      ʥʘʩʳʱʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʵʣʝʢʪʨʦʣʠʪʘ. 

ʇʨʠʤʝʨ: AgCl 

ʉʥʘʯʘʣʘ ʠʟʤʝʨʷʶʪ       ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʳ (      =1,5Ö10-6ʉʤ/ʤ).  

       ʥʘʩʳʱʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ AgCl ʨʘʚʥʘ 2,75Ö10-6ʉʤ/ʤ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ: 

(AgCl) = 2,75Ö10-6  - 1,5Ö10-6 = 1,25Ö10-6 ʉʤ/ʤ 

ʕʣʝʢʪʨʦʣʠʪʠʯʝʩʢʠʝ ʧʦʜʚʠʞʥʦʩʪʠ ʠʦʥʦʚ Ag+ ʠ Cl- ʨʘʚʥʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 53,8 

ʠ 65,2, ʘ ʤʦʣʷʨʥʘʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ ʧʨʠ ʙʝʩʢʦʥʝʯʥʦʤ 

ʨʘʟʙʘʚʣʝʥʠʠ: 
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l¤ = l
Ag + l

Cl = 53,5 + 65,2 = 119,0 ʉʤ/ʤ2 

ʊʘʢ ʢʘʢ 

l¤ =      V; 

ʪʦ ʦʧʨʝʜʝʣʷʝʤ V, ʩʦʜʝʨʞʘʱʠʡ 1 ʤʦʣʴ AgCl: 

ʣV 5

6
1096,0

1025,1

119
Ö=

Ö
=

-
 

ʏʠʩʣʦ ʤʦʣʝʡ ʚ 1 ʣʠʪʨʝ ʨʘʚʥʦ: 

ʣʤʦʣʴ/1004,1
1096,0

1 5

5

-Ö=
Ö

 

ɹʠʦʣʦʛʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ. 

 ʗʚʣʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʚ ʪʢʘʥʷʭ ʨʘʩʪʠʪʝʣʴʥʳʭ ʠ 

ʞʠʚʦʪʥʳʭ ʦʨʛʘʥʠʟʤʦʚ ʠʤʝʶʪ ʙʦʣʴʰʦʝ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ. 

 ʕʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ ʨʘʟʥʳʭ ʪʢʘʥʝʡ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ 

ʞʠʜʢʦʩʪʝʡ ʥʝʦʜʠʥʘʢʦʚʘ: ʥʘʠʙʦʣʴʰʝʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʚʦʜʠʤʦʩʪʴʶ 

ʦʙʣʘʜʘʶʪ ʩʧʠʥʥʦʤʦʟʛʦʚʘʷ ʞʠʜʢʦʩʪʴ, ʣʠʤʬʘ, ʞʝʣʯʴ, ʢʨʦʚʴ; ʭʦʨʦʰʦ ʧʨʦʚʦʜʷʪ 

ʪʦʢ ʪʘʢʞʝ ʤʳʰʮʳ, ʧʦʜʢʦʞʥʘʷ ʢʣʝʪʯʘʪʢʘ, ʩʝʨʦʝ ʚʝʱʝʩʪʚʦ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ. 

ɿʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ ʣʝʛʢʠʭ, ʩʝʨʜʮʘ, ʧʝʯʝʥʠ. 

ʆʯʝʥʴ ʥʠʟʢʘ ʦʥʘ ʫ ʞʠʨʦʚʦʡ ʪʢʘʥʠ, ʥʝʨʚʥʦʡ, ʢʦʩʪʥʦʡ. ʍʫʞʝ ʚʩʝʛʦ ʧʨʦʚʦʜʠʪ 

ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ ʢʦʞʘ (ʨʦʛʦʚʦʡ ʩʣʦʡ). ʉʫʭʦʡ ʵʧʠʜʝʨʤʠʩ ʧʦʯʪʠ ʥʝ ʦʙʣʘʜʘʝʪ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴʶ.  

ɾʠʜʢʦʩʪʴ ʤʝʞʢʣʝʪʦʯʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚ ʛʦʨʘʟʜʦ ʣʫʯʰʝ ʧʨʦʚʦʜʠʪ ʪʦʢ, ʯʝʤ 

ʢʣʝʪʢʠ, ʦʙʦʣʦʯʢʠ ʢʦʪʦʨʳʭ ʦʢʘʟʳʚʘʶʪʩʷ ʩʫʱʝʩʪʚʝʥʥʳʤ ʧʨʝʧʷʪʩʪʚʠʝʤ ʧʨʠ 

ʜʚʠʞʝʥʠʠ ʤʥʦʛʠʭ ʠʦʥʦʚ. ʀʟʤʝʨʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʰʠʨʦʢʦ 

ʧʨʠʤʝʥʷʝʪʩʷ ʧʨʠ ʠʟʫʯʝʥʠʠ ʠʟʤʝʥʝʥʠʷ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʚ ʞʠʚʳʭ ʢʣʝʪʢʘʭ. 

ɺʦʟʨʘʩʪʘʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʢʣʝʪʢʠ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʠʦʥʳ 

ʧʨʦʭʦʜʷʪ ʯʝʨʝʟ ʢʣʝʪʢʫ ʩ ʙʦʣʴʰʝʡ ʣʝʛʢʦʩʪʴʶ. ʇʨʠ ʤʘʣʳʭ ʠʟʤʝʥʝʥʠʷʭ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʧʨʦʮʝʩʩ ʦʙʨʘʪʠʤ, ʥʦ ʝʩʣʠ ʠʟʤʝʥʝʥʠʝ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʩʣʠʰʢʦʤ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ ʩʪʦʨʦʥʫ ʚʦʟʨʘʩʪʘʥʠʷ 

ʠʣʠ ʫʙʳʚʘʥʠʷ, ʪʦ ʧʨʦʮʝʩʩ ʩʪʘʥʦʚʠʪʩʷ ʥʝʦʙʨʘʪʠʤʳʤ ʠ ʥʘʩʪʫʧʘʝʪ ʩʤʝʨʪʴ 
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ʦʨʛʘʥʠʟʤʘ. ʇʦ ʚʝʣʠʯʠʥʝ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ 

ʞʠʜʢʦʩʪʝʡ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʠʭ ʩʦʧʨʦʪʠʚʣʝʥʠʝ. ʕʣʝʢʪʨʠʯʝʩʢʦʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʥʦʨʤʘʣʴʥʳʭ ʚʦʜʦʨʦʩʣʝʡ ʧʦʯʪʠ ʚ 10 ʨʘʟ ʙʦʣʴʰʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʤʦʨʩʢʦʡ ʚʦʜʳ, ʪʦʛʜʘ ʢʘʢ ʤʝʨʪʚʘʷ ʪʢʘʥʴ ʠʤʝʝʪ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

ʧʦʯʪʠ ʨʘʚʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʶ ʤʦʨʩʢʦʡ ʚʦʜʳ. ɺʦʦʙʱʝ ʉʘ++ ʧʦʥʠʞʘʝʪ 

ʧʨʦʥʠʮʘʝʤʦʩʪʴ, ʘ Mg++,  Na+,  K+ ʝʝ ʫʚʝʣʠʯʠʚʘʶʪ. 

ʀʟʫʯʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʨʘʩʪʚʦʨʦʚ ʥʘʟʳʚʘʶʪ 

ʢʦʥʜʫʢʪʦʤʝʪʨʠʝʡ. ʂʦʥʜʫʢʪʦʤʝʪʨʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ ʦʩʥʦʚʘʥʳ ʥʘ 

ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʚʦʜʠʤʦʩʪʴʶ ʨʘʩʪʚʦʨʦʚ ʠ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʠʦʥʦʚ ʚ ʨʘʩʪʚʦʨʝ. 

 ʂʦʥʜʫʢʪʦʤʝʪʨʠʯʝʩʢʦʝ ʪʠʪʨʦʚʘʥʠʝ ï ʤʝʪʦʜ ʘʥʘʣʠʟʘ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ 

ʦʧʨʝʜʝʣʝʥʠʠ ʩʦʜʝʨʞʘʥʠʷ ʚʝʱʝʩʪʚʘ ʧʦ ʠʟʣʦʤʫ ʢʨʠʚʦʡ ʪʠʪʨʦʚʘʥʠʷ. ʂʨʠʚʫʶ 

ʩʪʨʦʷʪ ʧʦ ʠʟʤʝʨʝʥʠʷʤ ʫʜʝʣʴʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ 

ʘʥʘʣʠʟʠʨʫʝʤʦʛʦ ʨʘʩʪʚʦʨʘ, ʠʟʤʝʥʷʶʱʝʡʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʚ 

ʧʨʦʮʝʩʩʝ ʪʠʪʨʦʚʘʥʠʷ. 

 ʂʦʥʜʫʢʪʦʤʝʪʨʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʤʝʪʦʜʘʤʠ 

ʘʥʘʣʠʟʘ ʠʤʝʶʪ ʥʝʢʦʪʦʨʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ. ʆʥʠ ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ: 

- ʙʝʟ ʙʦʣʴʰʠʭ ʟʘʪʨʫʜʥʝʥʠʡ ʧʨʦʚʦʜʠʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʥʝ ʪʦʣʴʢʦ ʚ ʧʨʦʟʨʘʯʥʳʭ, 

ʥʦ ʠ ʚ ʦʢʨʘʰʝʥʥʳʭ ʠ ʤʫʪʥʳʭ ʨʘʩʪʚʦʨʘʭ, ʘ ʪʘʢʞʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʦʢʠʩʣʠʪʝʣʝʡ ʠ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʝʡ, ʦʛʨʘʥʠʯʠʚʘʶʱʠʭ ʧʨʠʤʝʥʝʥʠʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʠʥʜʠʢʘʪʦʨʦʚ ʚ 

ʜʨʫʛʠʭ ʤʝʪʦʜʘʭ; 

- ʦʩʫʱʝʩʪʚʣʷʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʠ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ; 

- ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʥʝ ʪʦʣʴʢʦ ʩʨʘʚʥʠʪʝʣʴʥʦ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʝ ʨʘʩʪʚʦʨʳ, ʥʦ ʠ 

ʨʘʟʙʘʚʣʝʥʥʳʝ ʜʦ 10-4 ʄ; 

- ʧʨʦʚʦʜʠʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʝ ʪʦʣʴʢʦ ʚʦʜʥʳʭ, ʥʦ  ʠ ʥʝ ʚʦʜʥʳʭ ʠ ʩʤʝʰʘʥʥʳʭ 

ʚʦʜʥʦ-ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʦʚ; 

- ʩʨʘʚʥʠʪʝʣʴʥʦ ʣʝʛʢʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʘʚʪʦʤʘʪʠʟʘʮʠʶ ʧʨʦʮʝʩʩʦʚ ʪʠʪʨʦʚʘʥʠʷ; 
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- ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʪʠʧʳ ʨʝʘʢʮʠʡ (ʥʝʡʪʨʘʣʠʟʘʮʠʠ, 

ʦʩʘʞʜʝʥʠʷ, ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ, ʦʢʠʩʣʝʥʠʷ-ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ, ʟʘʤʝʱʝʥʠʷ, 

ʢʦʥʜʝʥʩʘʮʠʠ, ʦʤʳʣʝʥʠʷ ʠ ʪ.ʧ.), ʩʦʧʨʦʚʦʞʜʘʶʱʠʭʩʷ ʠʟʤʝʥʝʥʠʝʤ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʨʘʩʪʚʦʨʦʚ; 

- ʚʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʠʟʙʝʞʘʪʴ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʦʪʜʝʣʝʥʠʷ ʧʨʠʤʝʩʝʡ, ʦʙʳʯʥʦ 

ʤʝʰʘʶʱʠʭ ʦʧʨʝʜʝʣʝʥʠʶ ʜʨʫʛʠʤʠ ʤʝʪʦʜʘʤʠ; 

- ʧʨʦʩʪʦ ʠ ʪʦʯʥʦ ʦʧʨʝʜʝʣʷʪʴ ʢʦʥʝʯʥʫʶ ʪʦʯʢʫ ʪʠʪʨʦʚʘʥʠʷ ʧʦ ʧʝʨʝʩʝʯʝʥʠʶ 

ʜʚʫʭ ʧʨʷʤʳʭ ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚʳʯʠʩʣʷʪʴ ʪʦʯʢʫ ʵʢʚʠʚʘʣʝʥʪʥʦʩʪʠ; 

- ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʝʨʝʤʝʥʥʳʡ ʪʦʢ ʥʠʟʢʦʡ ʯʘʩʪʦʪʳ  ʠ ʧʦʩʪʦʷʥʥʳʡ ʪʦʢ; 

- ʧʨʦʠʟʚʦʜʠʪʴ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦʝ ʪʠʪʨʦʚʘʥʠʝ ʩʤʝʩʝʡ ʵʣʝʢʪʨʦʣʠʪʦʚ, ʯʪʦ 

ʥʝʚʦʟʤʦʞʥʦ ʦʩʫʱʝʩʪʚʠʪʴ ʜʨʫʛʠʤʠ ʤʝʪʦʜʘʤʠ. 

 ʂʦʥʜʫʢʪʦʤʝʪʨʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ ʧʨʠʤʝʥʷʶʪʩʷ ʚ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʥʝʧʨʝʨʳʚʥʦʛʦ ʭʠʤʠʢʦ-ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ 

ʢʦʥʪʨʦʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʦʣʝʚʳʭ ʨʘʩʪʚʦʨʦʚ, 

ʩʦʜʝʨʞʘʥʠʝ ʩʦʣʝʡ ʚ ʤʠʥʝʨʘʣʴʥʦʡ, ʤʦʨʩʢʦʡ ʠ ʨʝʯʥʦʡ ʚʦʜʝ, ʜʣʷ ʢʦʥʪʨʦʣʷ 

ʧʨʦʮʝʩʩʘ ʦʯʠʩʪʢʠ ʠ ʢʘʯʝʩʪʚʘ ʚʦʜʳ, ʦʮʝʥʢʠ ʟʘʛʨʷʟʥʝʥʥʦʩʪʠ ʩʪʦʯʥʳʭ ʚʦʜ, ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʩʣʝʜʦʚ ʚʦʜʳ ʚ ʥʝʚʦʜʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ, ʛʘʟʘʭ, ʪʚʝʨʜʳʭ ʩʦʣʷʭ, 

ʮʝʣʣʶʣʦʟʝ, ʙʫʤʘʛʝ, ʟʝʨʥʝ, ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʣʘʞʥʦʩʪʠ ʟʝʨʥʘ ʠ ʧʦʯʚʳ. 

 ʂʦʥʜʫʢʪʦʤʝʪʨʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʪʘʢʞʝ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʘʥʘʣʠʟʘ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʛʘʟʦʚ (ʉʆ2, ʉʆ, 

ʆ2, NH3, SO2, H2S ʠ ʜʨ.), ʩʦʜʝʨʞʘʥʠʝ ʚʨʝʜʥʳʭ ʧʨʠʤʝʩʝʡ ʚ ʚʦʟʜʫʭʝ, ʚʦʜʝ, 

ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ, ʜʣʷ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʦ ʤʦʣʦʢʘ, ʚʠʥ, ʥʘʧʠʪʢʦʚ, 

ʬʨʫʢʪʦʚʳʭ ʩʦʢʦʚ. 

 ʂʦʥʜʫʢʪʦʤʝʪʨʠʯʝʩʢʦʝ ʪʠʪʨʦʚʘʥʠʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʩʠʣʴʥʳʭ, ʩʣʘʙʳʭ ʠ ʦʯʝʥʴ ʩʣʘʙʳʭ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʠ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ, ʘʤʠʥʦ-, ʛʘʣʦʛʝʥʦ- ʠ ʦʢʩʠʢʠʩʣʦʪ, ʬʝʥʦʣʦʚ ʠ 

ʠʭ ʧʨʦʠʟʚʦʜʥʳʭ, ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠʭ ʧʨʝʧʘʨʘʪʦʚ, ʜʠʛʫʘʥʠʜʠʥʘ, ʛʫʤʠʥʦʚʳʭ 

ʢʠʩʣʦʪ, ʘʤʠʥʦʚ, ʯʝʪʚʝʨʪʠʯʥʳʭ ʘʤʤʦʥʠʝʚʳʭ ʦʩʥʦʚʘʥʠʡ ʠ ʪ.ʜ. 
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 ʂʦʥʜʫʢʪʦʤʝʪʨʠʯʝʩʢʦʝ ʪʠʪʨʦʚʘʥʠʝ ʧʨʠʤʝʥʷʝʪʩʷ ʪʘʢʞʝ ʜʣʷ ʘʥʘʣʠʟʘ 

ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʩʤʝʩʝʡ, ʢʠʩʣʦʪ, ʦʩʥʦʚʘʥʠʡ, ʩʦʣʝʡ, ʦʙʨʘʟʦʚʘʥʥʳʭ 

ʩʠʣʴʥʳʤʠ ʢʠʩʣʦʪʘʤʠ (ʦʩʥʦʚʘʥʠʷʤʠ) ʠ ʩʣʘʙʳʤʠ ʦʩʥʦʚʘʥʠʷʤʠ (ʢʠʩʣʦʪʘʤʠ), 

ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʢʘʪʠʦʥʦʚ ʠ ʘʥʠʦʥʦʚ, ʦʢʠʩʣʠʪʝʣʝʡ ʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʝʡ, 

ʢʦʤʧʣʝʢʩʫʶʱʠʭʩʷ ʘʛʝʥʪʦʚ, ʩʤʝʩʝʡ ʤʠʥʝʨʘʣʴʥʳʭ, ʤʦʥʦʢʘʨʙʦʥʦʚʳʭ ʠ 

ʧʦʣʠʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ, ʩʤʝʩʝʡ ʦʩʥʦʚʘʥʠʡ ʠ ʩʦʣʝʡ ʩʣʘʙʳʭ ʢʠʩʣʦʪ, ʩʤʝʩʝʡ 

ʢʠʩʣʦʪ ʠ ʩʦʣʝʡ ʩʣʘʙʳʭ ʦʩʥʦʚʘʥʠʡ ʠ ʪ.ʜ. 

ɺʦʧʨʦʩʳ ʜʣʷ ʩʘʤʦʢʦʥʪʨʦʣʷ: 

1. ʇʦʥʷʪʠʝ ʵʣʝʢʪʨʦʣʠʪʘ. ʉʠʣʴʥʳʝ ʠ ʩʣʘʙʳʝ ʵʣʝʢʪʨʦʣʠʪʳ. ʇʦʥʷʪʠʝ ʩʪʝʧʝʥʠ ʠ 

ʢʦʥʩʪʘʥʪʳ ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʦʡ ʜʠʩʩʦʮʠʘʮʠʠ. 

2. ʋʜʝʣʴʥʘʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ ʨʘʩʪʚʦʨʦʚ, ʝʜʠʥʠʮʳ ʠʟʤʝʨʝʥʠʷ. 

ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʫʜʝʣʴʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʦʪ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʣʷ ʩʠʣʴʥʳʭ ʠ ʩʣʘʙʳʭ ʵʣʝʢʪʨʦʣʠʪʦʚ. 

3. ʆʩʥʦʚʥʦʝ ʫʨʘʚʥʝʥʠʝ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʜʣʷ ʩʠʣʴʥʳʭ ʠ ʩʣʘʙʳʭ 

ʵʣʝʢʪʨʦʣʠʪʦʚ. 

4. ʄʦʣʷʨʥʘʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ. ɽʜʠʥʠʮʳ ʠʟʤʝʨʝʥʠʷ. ɻʨʘʬʠʢ 

ʟʘʚʠʩʠʤʦʩʪʠ ʤʦʣʷʨʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʦʪ ʨʘʟʙʘʚʣʝʥʠʷ ʜʣʷ 

ʩʠʣʴʥʳʭ ʠ ʩʣʘʙʳʭ ʵʣʝʢʪʨʦʣʠʪʦʚ. 

5. ʉʬʦʨʤʫʣʠʨʫʡʪʝ ʟʘʢʦʥ ʥʝʟʘʚʠʩʠʤʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʠʦʥʦʚ ʂʦʣʴʨʘʫʰʘ. 

6. ɿʘʢʦʥ ʨʘʟʚʝʜʝʥʠʷ ʆʩʪʚʘʣʴʜʘ. 

7. ʄʝʪʦʜ ʢʦʥʜʫʢʪʦʤʝʪʨʠʯʝʩʢʦʛʦ ʪʠʪʨʦʚʘʥʠʷ, ʝʛʦ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʠ 

ʧʨʝʠʤʫʱʝʩʪʚʘ. 

8. ʂʘʢ ʤʝʪʦʜʦʤ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʢʦʥʩʪʘʥʪʫ ʠ ʩʪʝʧʝʥʴ 

ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʦʡ ʜʠʩʩʦʮʠʘʮʠʠ ʩʣʘʙʦʛʦ ʵʣʝʢʪʨʦʣʠʪʘ? 
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ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ: 

ɿʘʜʘʥʠʝ 1. ʆʧʨʝʜʝʣʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʨʘʩʪʚʦʨʘ ʩʣʘʙʦʛʦ 

ʵʣʝʢʪʨʦʣʠʪʘ. 

 ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʫʜʝʣʴʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʨʘʩʪʚʦʨʘ 

ʵʣʝʢʪʨʦʣʠʪʘ ʠʩʧʦʣʴʟʫʶʪ ʢʦʥʜʫʢʪʦʤʝʪʨ ʤʘʨʢʠ çʄɸʈʂ-IIè. ʇʝʨʝʜ ʥʘʯʘʣʦʤ 

ʨʘʙʦʪʳ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ ʧʦʜʛʦʪʦʚʢʫ ʧʨʠʙʦʨʘ ʢ ʨʘʙʦʪʝ: 

1. ʇʝʨʝʢʣʶʯʘʪʝʣʴ ʧʠʪʘʥʠʷ çɺʂʃ-ɺʓʂʃè ʧʝʨʝʚʝʩʪʠ ʚ ʧʦʣʦʞʝʥʠʝ çɺʂʃè. 

2. ʇʝʨʝʢʣʶʯʘʪʝʣʴ çʇʈʆɺʆɼʀʄʆʉʊʔ-ʊɽʄʇɽʈɸʊʋʈɸè ʫʩʪʘʥʦʚʠʪʴ ʚ 

ʧʦʣʦʞʝʥʠʝ çʊɽʄʇɽʈɸʊʋʈɸè - ʥʘ ʠʥʜʠʢʘʪʦʨʝ ʜʦʣʞʥʦ ʚʳʩʚʝʪʠʪʴʩʷ 

ʟʥʘʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ. ʂʦʛʜʘ ʧʦʢʘʟʘʥʠʷ ʙʫʜʫʪ ʩʪʘʙʠʣʴʥʳ ï ʧʨʠʙʦʨ 

ʛʦʪʦʚ ʢ ʨʘʙʦʪʝ. ʇʦʩʣʝ ʵʪʦʛʦ ʧʝʨʝʢʣʶʯʘʪʝʣʴ çʇʈʆɺʆɼʀʄʆʉʊʔ-

ʊɽʄʇɽʈɸʊʋʈɸè ʫʩʪʘʥʦʚʠʪʴ ʚ ʧʦʣʦʞʝʥʠʝ çʇʈʆɺʆɼʀʄʆʉʊʔè. 

3. ʇʝʨʝʢʣʶʯʘʪʝʣʝʤ çɼʀɸʇɸɿʆʅʓ ʇʈʆɺʆɼʀʄʆʉʊʀ 1-2è (ʧʝʨʝʜʥʷʷ 

ʧʘʥʝʣʴ) ʚʳʩʪʘʚʠʪʴ ʜʠʘʧʘʟʦʥ ʚ ʧʦʣʦʞʝʥʠʝ ç2è. 

4. ʇʝʨʝʢʣʶʯʘʪʝʣʝʤ çʈɸʉʐʀʈʀʊɽʃʔ ɼʀɸʇɸɿʆʅʆɺè ʥʘ ʪʦʨʮʝ ʧʨʠʙʦʨʘ 

ʚʳʩʪʘʚʠʪʴ ʜʠʘʧʘʟʦʥ ʚ ʧʦʣʦʞʝʥʠʝ ç2000 ʤʢʉʤ/ʩʤè (ʨʳʯʘʞʦʢ ʚ 

ʧʦʣʦʞʝʥʠʠ ï ʚʥʠʟ). 

ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪʳ ʧʦʣʫʯʠʪʴ ʥʦʤʝʨʥʦʡ ʨʘʩʪʚʦʨ ʫ ʧʨʝʧʦʜʘʚʘʪʝʣʷ.  ɺ 

ʧʣʘʩʪʤʘʩʩʦʚʳʡ ʩʪʘʢʘʥʯʠʢ ʩ ʧʦʤʦʱʴʶ ʮʠʣʠʥʜʨʘ ʧʦʤʝʩʪʠʪʴ 20 ʤʣ  

ʠʩʩʣʝʜʫʝʤʦʛʦ  ʨʘʩʪʚʦʨʘ ʠ ʧʦʤʝʩʪʠʪʴ ʚ ʷʯʝʡʢʫ ʧʨʠʙʦʨʘ (ʨʘʩʪʚʦʨ ʚʩʘʩʳʚʘʶʪ ʚ 

ʷʯʝʡʢʫ ʩ ʧʦʤʦʱʴʶ ʨʝʟʠʥʦʚʦʡ ʪʨʫʙʦʯʢʠ ʩʦ ʩʪʝʢʣʷʥʥʳʤ ʥʘʢʦʥʝʯʥʠʢʦʤ). 

ɺʩʝ ʨʝʟʫʣʴʪʘʪʳ ʟʘʧʠʩʘʪɹ ʚ ʪʘʙʣʠʮʫ 11. 

ʉʣʠʚʘʶʪ ʨʘʩʪʚʦʨ ʠʟ ʷʯʝʡʢʠ ʚ ʩʫʭʦʡ ʩʪʝʢʣʷʥʥʳʡ ʩʪʘʢʘʥʯʠʢ ʝʤʢʦʩʪʴʶ 

150ʤʣ. ʈʘʟʙʘʚʣʷʶʪ ʨʘʩʪʚʦʨ ʚ 2 ʨʘʟʘ, ʜʦʙʘʚʣʷʷ ʨʘʚʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʳ (20 ʤʣ), ʭʦʨʦʰʦ ʧʝʨʝʤʝʰʠʚʘʶʪ, ʦʪʙʠʨʘʶʪ 

ʮʠʣʠʥʜʨʦʤ ʘʣʠʢʚʦʪʥʫʶ ʯʘʩʪʴ (20 ʤʣ) ʚ ʧʣʘʩʪʤʘʩʩʦʚʳʡ ʩʪʘʢʘʥʯʠʢ ʠ 

ʧʦʤʝʱʘʶʪ ʝʝ ʚ ʷʯʝʡʢʫ ʧʨʠʙʦʨʘ. ʀʟʤʝʨʷʶʪ  ʫʜʝʣʴʥʫʶ ʵʣʝʢʪʨʠʯʝʩʢʫʶ 

ʧʨʦʚʦʜʠʤʦʩʪʴ ʨʘʩʪʚʦʨʘ. 
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ʉʣʠʚʘʶʪ ʨʘʩʪʚʦʨ ʠʟ ʷʯʝʡʢʠ ʚ ʩʪʝʢʣʷʥʥʳʡ ʩʪʘʢʘʥʯʠʢ, ʛʜʝ ʥʘʭʦʜʠʪʩʷ 

ʨʘʟʙʘʚʣʝʥʥʳʡ ʠʩʩʣʝʜʫʝʤʳʡ ʨʘʩʪʚʦʨ ʢʠʩʣʦʪʳ ʠ ʨʘʟʙʘʚʣʷʶʪ ʝʛʦ ʝʱʝ ʚ 2 ʨʘʟʘ, 

ʜʦʙʘʚʣʷʷ ʦʙʲʝʤ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʳ, ʨʘʚʥʳʡ ʩʫʤʤʝ ʦʙʲʝʤʦʚ ʠʩʭʦʜʥʦʡ 

ʢʠʩʣʦʪʳ ʠ ʫʞʝ ʜʦʙʘʚʣʝʥʥʦʡ ʨʘʥʝʝ ʚʦʜʳ, ʪ.ʝ. 40 ʤʣ. ʈʘʩʪʚʦʨ ʭʦʨʦʰʦ 

ʧʝʨʝʤʝʰʠʚʘʶʪ, ʘʣʠʢʚʦʪʥʫʶ ʯʘʩʪʴ (20 ʤʣ) ʧʦʤʝʱʘʶʪ ʚ ʷʯʝʡʢʫ ʧʨʠʙʦʨʘ ʠ 

ʠʟʤʝʨʷʶʪ ʝʛʦ ʫʜʝʣʴʥʫʶ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʧʨʦʚʦʜʠʤʦʩʪʴ. ʈʝʟʫʣʴʪʘʪʳ 

ʟʘʧʠʩʳʚʘʶʪ ʚ ʪʘʙʣʠʮʫ 11. ʇʦ ʦʢʦʥʯʘʥʠʠ ʨʘʙʦʪʳ ʩ ʨʘʩʪʚʦʨʦʤ ʷʯʝʡʢʫ 

ʧʨʦʤʳʚʘʶʪ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ. 

ʊʘʙʣʠʮʘ 11 

ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ  ʨʘʩʪʚʦʨʦʚ 

ʵʣʝʢʪʨʦʣʠʪʦʚ 

ʈʘʩʪʚʦʨ ʉ  lv a K f  ɻ

ʀʩʩʣʝʜʫʝʤʳʡ ʨʘʩʪʚʦʨ 

ʢʠʩʣʦʪʳ,  N 

C 

C/2 

C/4 

    - 

ʅ2ʆ ʚʦʜʦʧʨʦʚʦʜʥʘʷ   - - - - 

KCl 0,1 ʥ   - -  

 

ɺʳʯʠʩʣʝʥʠʷ: 

ɼʣʷ ʢʘʞʜʦʛʦ ʨʘʟʙʘʚʣʝʥʠʷ ʨʘʩʩʯʠʪʘʪʴ: 

1. ʕʢʚʠʚʘʣʝʥʪʥʫʶ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ 

ɚv =  1000        

                        ʉ  

 

2. ʉʪʝʧʝʥʴ ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʦʡ ʜʠʩʩʦʮʠʘʮʠʠ 

ak

v

ll +
=
l

a  

3. ʂʦʥʩʪʘʥʪʫ ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʦʡ ʜʠʩʩʦʮʠʘʮʠʠ 

CK
a

a

-
=

1

2
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ʉʜʝʣʘʪʴ ʚʳʚʦʜʳ ʦʙ ʠʟʤʝʥʝʥʠʠ a, ʂ,     ʠ lv ʨʘʩʪʚʦʨʦʚ ʩʣʘʙʦʛʦ ʵʣʝʢʪʨʦʣʠʪʘ 

ʩ ʠʟʤʝʥʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ. 

ɿʘʜʘʥʠʝ 2. ʆʧʨʝʜʝʣʝʥʠʝ ʩʦʣʝʩʦʜʝʨʞʘʥʠʷ ʚʦʜʦʧʨʦʚʦʜʥʦʡ ʚʦʜʳ ʧʦ 

ʠʟʤʝʨʝʥʥʦʤʫ ʟʥʘʯʝʥʠʶ ʫʜʝʣʴʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ. 

ɺ ʷʯʝʡʢʫ ʧʦʤʝʩʪʠʪʴ 20 ʤʣ ʚʦʜʦʧʨʦʚʦʜʥʦʡ ʚʦʜʳ. ʀʟʤʝʨʠʪʴ ʫʜʝʣʴʥʫʶ 

ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʧʨʦʚʦʜʠʤʦʩʪʴ ʚʦʜʳ. ɼʣʷ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦʡ ʦʮʝʥʢʠ 

ʩʦʣʝʩʦʜʝʨʞʘʥʠʷ ʩʣʝʜʫʝʪ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʪʘʙʣʠʮʝʡ 12 ʧʝʨʝʚʦʜʘ ʫʜʝʣʴʥʦʡ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʚ ʚʝʣʠʯʠʥʫ ʵʢʚʠʚʘʣʝʥʪʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ NaCl.  

ʇʨʠʤʝʨ:  

ʀʟʤʝʨʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʫʜʝʣʴʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ 

ʚʦʜʦʧʨʦʚʦʜʥʦʡ ʚʦʜʳ 195 ʤʢʉʤ/ʩʤ. ʇʦ ʪʘʙʣʠʮʝ ʥʘʭʦʜʠʤ ʚʝʣʠʯʠʥʫ 

ʵʢʚʠʚʘʣʝʥʪʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ NaCl ï 93 ʤʛ/ʜʤ3. 

ɿʘʜʘʥʠʝ 3. ʆʧʨʝʜʝʣʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʩʠʣʴʥʦʛʦ 

ʵʣʝʢʪʨʦʣʠʪʘ (0,1ʥ ʨʘʩʪʚʦʨʘ ʂʉl). 

ʗʯʝʡʢʫ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʧʨʦʤʳʪʴ 

ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ. ʇʦʤʝʩʪʠʪʴ 20ʤʣ 0,1ʥ ʂʉl ʚ ʷʯʝʡʢʫ ʠ 

ʦʧʨʝʜʝʣʠʪʴ ʫʜʝʣʴʥʫʶ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʧʨʦʚʦʜʠʤʦʩʪʴ ʨʘʩʪʚʦʨʘ. ʇʦ ʦʢʦʥʯʘʥʠʠ 

ʨʘʙʦʪʳ ʷʯʝʡʢʫ ʭʦʨʦʰʦ ʧʨʦʤʳʪʴ ʠ ʟʘʧʦʣʥʠʪʴ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ. 

ɺʳʯʠʩʣʝʥʠʷ: 

ʋʜʝʣʴʥʫʶ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ -  

ʕʢʚʠʚʘʣʝʥʪʥʫʶ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ - lv 

ʂʦʵʬʬʠʮʠʝʥʪ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ - 
ak

v

ʵ
ll

f
+

=
l

 

ʕʣʝʢʪʨʦʣʠʪʠʯʝʩʢʘʷ ʧʦʜʚʠʞʥʦʩʪʴ ʠʦʥʦʚ ʧʨʠ 250ʉ ʨʘʚʥʘ: 

l
ʂ+ = 73,5 ʆʤ

-1ʩʤ2/ʤʦʣʴ; l
Cl- = 76,3 ʆʤ

-1ʩʤ2/ʤʦʣʴ; 

ʈʝʟʫʣʴʪʘʪʳ ʟʘʧʠʩʳʚʘʶʪ ʚ ʪʘʙʣʠʮʫ 11. 
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ʊʘʙʣʠʮʘ 12 

ʊʘʙʣʠʮʘ ʧʝʨʝʚʦʜʘ ʫʜʝʣʴʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ (ʋʕʇ) ʨʘʩʪʚʦʨʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 25Üʉ  

ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 0 ʜʦ 1095 ʤʢʉʤ/ʩʤ ʚ ʵʢʚʠʚʘʣʝʥʪʥʦʝ ʩʦʜʝʨʞʘʥʠʝ NaCl 

 
ʋ
ʕ
ʇ
,
 

ʤ
ʢ
ʉ
ʤ
/
ʩ
ʤ

 

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 

0 0 2 5 7 9 12 14 16 19 21 24 26 28 31 33 35 38 40 43 45 

100 47 50 52 54 57 59 62 64 66 69 71 74 76 78 81 83 86 88 90 93 

200 95 98 100 103 105 107 110 112 115 117 119 122 124 127 129 132 134 136 139 141 

300 144 146 149 151 153 156 158 161 163 166 168 171 173 175 178 180 183 185 188 190 

400 193 195 197 200 202 205 207 210 212 215 217 220 222 224 227 229 232 234 237 239 

500 242 244 247 249 252 254 256 259 261 264 266 269 271 274 276 279 281 284 286 289 

600 291 294 296 299 301 303 306 308 311 313 316 318 321 323 326 328 331 333 336 338 

700 341 343 346 348 351 353 356 358 361 363 366 368 371 373 376 378 381 383 386 388 

800 391 393 396 398 401 403 406 408 411 413 416 418 421 423 426 428 431 433 436 438 

900 441 443 446 448 451 343 456 458 461 463 466 468 471 473 476 478 481 484 486 489 

1000 491 494 496 499 501 504 506 509 511 514 516 519 521 524 526 529 531 534 537 539 
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4. ʊɽʈʄʆʍʀʄʀʗ.  ɿɸʂʆʅ ɻɽʉʉɸ. ʆʇʈɽɼɽʃɽʅʀɽ ʊɽʇʃʆɺʓʍ 

ʕʌʌɽʂʊʆɺ ʍʀʄʀʏɽʉʂʀʍ ʈɽɸʂʎʀʁ, ʊɽʇʃʆʊɺʆʈʅʆʁ 

ʉʇʆʉʆɹʅʆʉʊʀ  ʂʆʈʄʆɺ. ʆʇʈɽɼɽʃɽʅʀɽ ʕʅʊʈʆʇʀʀ  

ʈɽɸʂʎʀʀ. 

 

ʆʙʣʘʩʪʴ ʥʘʫʢʠ, ʠʟʫʯʘʶʱʝʡ ʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʪʝʧʣʦʪʦʡ ʠ ʨʘʙʦʪʦʡ, 

ʧʦʣʫʯʠʣʘ ʥʘʟʚʘʥʠʝ ʪʝʨʤʦʜʠʥʘʤʠʢʠ. ʊʝʨʤʦʜʠʥʘʤʠʢʘ ʠʟʫʯʘʝʪ ʟʘʢʦʥʳ 

ʧʨʝʚʨʘʱʝʥʠʷ ʵʥʝʨʛʠʠ, ʟʘʢʦʥʳ ʧʝʨʝʭʦʜʘ ʦʜʥʦʛʦ ʚʠʜʘ ʵʥʝʨʛʠʠ ʚ ʜʨʫʛʦʡ. 

ʇʨʝʚʨʘʱʝʥʠʷ ʵʥʝʨʛʠʠ ʧʦʜʯʠʥʷʶʪʩʷ ʧʝʨʚʦʤʫ, ʚʪʦʨʦʤʫ ʠ ʪʨʝʪʴʝʤʫ ʥʘʯʘʣʘʤ 

(ʟʘʢʦʥʘʤ) ʪʝʨʤʦʜʠʥʘʤʠʢʠ. ʇʨʠʯʝʤ, ʝʩʣʠ  ʧʝʨʚʦʝ ʥʘʯʘʣʦ ʬʦʨʤʠʨʫʝʪ ʟʘʢʦʥʳ 

ʚʟʘʠʤʥʦʛʦ ʧʝʨʝʭʦʜʘ, ʪʦ ʚʪʦʨʦʝ ʠ ʪʨʝʪʴʝ ʦʧʨʝʜʝʣʷʝʪ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ 

ʧʨʝʚʨʘʱʝʥʠʷ ʵʥʝʨʛʠʠ. 

ʇʝʨʚʦʝ ʥʘʯʘʣʦ ʪʝʨʤʦʜʠʥʘʤʠʢʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʩʝʦʙɦ ʠʡ ʟʘʢʦʥ 

ʧʨʠʨʦʜʳ ï ʟʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ, ʦʪʢʨʳʪʳʡ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʳʤ ʚ 1758 

ʛʦʜʫ. ɿʘʪʝʤ ʦʥ ʥʘʰʝʣ ʩʚʦʝ ʨʘʟʚʠʪʠʝ ʚ ʪʨʫʜʘʭ ʪʘʢʠʭ ʫʯʝʥʳʭ ʢʘʢ ɻ.ʀ. ɻʝʩʩ, 

ɼ.ɼʞʦʫʣʴ, ʈ. ʄʘʡʝʨ, ɻ. ɻʝʣʴʤʛʦʣʴʮ. ʅʘʠʙʦʣʝʝ ʦʙʱʝʡ ʬʦʨʤʫʣʠʨʦʚʢʦʡ ʟʘʢʦʥʘ 

ʩʦʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ ʷʚʣʷʝʪʩʷ ʩʣʝʜʫʶʱʘʷ: 

ʆʙʱʘʷ ʩʫʤʤʘ ʵʥʝʨʛʠʠ ʤʘʪʝʨʠʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʦʩʪʘʝʪʩʷ ʧʦʩʪʦʷʥʥʦʡ 

ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʠʟʤʝʥʝʥʠʡ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʥʝʡ. 

ʄʘʪʝʤʘʪʠʯʝʩʢʠ ʵʪʦʪ ʟʘʢʦʥ ʚʳʨʘʞʘʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ: 

ä ɽ = const, 

ʛʜʝ ɽ ï ʵʥʝʨʛʠʷ, ä - ʩʫʤʤʘ, const ï ʩʦʢʨʘʱʝʥʥʦʝ constans ï ʧʦʩʪʦʷʥʥʳʡ, 

ʥʝʠʟʤʝʥʥʳʡ. 

ʀʟ ʵʪʦʛʦ ʟʘʢʦʥʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʵʥʝʨʛʠʷ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ ʥʝ ʠʩʯʝʟʘʝʪ ʠ ʥʝ 

ʧʦʷʚʣʷʝʪʩʷ ʚʥʦʚʴ, ʘ ʪʦʣʴʢʦ ʧʝʨʝʭʦʜʠʪ ʠʟ ʦʜʥʦʡ ʬʦʨʤʳ ʚ ʜʨʫʛʫʶ ʚ ʩʪʨʦʛʦ 

ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʢʦʣʠʯʝʩʪʚʘʭ. ʕʪʦ ʠ ʝʩʪʴ ʩʦʚʨʝʤʝʥʥʘʷ  ʬʦʨʤʫʣʠʨʦʚʢʘ ʧʝʨʚʦʛʦ 

ʥʘʯʘʣʘ ʪʝʨʤʦʜʠʥʘʤʠʢʠ. 

 ʇʝʨʚʦʝ ʥʘʯʘʣʦ ʪʝʨʤʦʜʠʥʘʤʠʢʠ ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʩʚʷʟʴ ʤʝʞʜʫ ʢʦʣʠʯʝʩʪʚʦʤ 

ʵʥʝʨʛʠʠ, ʧʦʣʫʯʝʥʥʦʡ ʠʣʠ ʚʳʜʝʣʝʥʥʦʡ ʩʠʩʪʝʤʦʡ ʚ ʢʘʢʦʤ-ʣʠʙʦ ʧʨʦʮʝʩʩʝ ʚ ʚʠʜʝ 
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ʪʝʧʣʦʪʳ Q, ʢʦʣʠʯʝʩʪʚʦʤ ʧʨʦʠʟʚʝʜʝʥʥʦʡ ʠʣʠ ʧʦʣʫʯʝʥʥʦʡ ʨʘʙʦʪʳ W ʠ 

ʠʟʤʝʥʝʥʠʝʤ ʚʥʫʪʨʝʥʥʝʡ ʵʥʝʨʛʠʠ ʩʠʩʪʝʤʳ DU: 

DU = W Ñ Q, 

ɺʥʫʪʨʝʥʥʷʷ ʵʥʝʨʛʠʷ (U) ʷʚʣʷʝʪʩʷ ʧʦʣʥʦʡ ʵʥʝʨʛʠʝʡ ʩʠʩʪʝʤʳ ʠ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʫʤʤʫ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʠ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʡ ʚʩʝʭ 

ʩʦʩʪʘʚʣʷʶʱʠʭ ʯʘʩʪʝʡ ʩʠʩʪʝʤʳ (ʤʦʣʝʢʫʣ, ʘʪʦʤʦʚ, ʠʦʥʦʚ ʠ ʧʨ.) ʟʘ 

ʠʩʢʣʶʯʝʥʠʝʤ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʠ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʩʘʤʦʡ ʩʠʩʪʝʤʳ, ʢʘʢ 

ʤʘʪʝʨʠʘʣʴʥʦʛʦ ʪʝʣʘ. ɼʘʥʥʦʝ ʫʨʘʚʥʝʥʠʝ ʷʚʣʷʝʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ 

ʚʳʨʘʞʝʥʠʝʤ ʧʝʨʚʦʛʦ ʥʘʯʘʣʘ ʪʝʨʤʦʜʠʥʘʤʠʢʠ. 

  ɽʩʣʠ ʧʨʦʮʝʩʩ ʠʟʦʭʦʨʥʳʡ, ʪ.ʝ. ʝʩʣʠ ʦʥ ʩʦʚʝʨʰʘʝʪʩʷ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ 

ʦʙʲʝʤʝ (V = const), ʪʦ ʨʘʙʦʪʘ ʥʝ ʩʦʚʝʨʰʘʝʪʩʷ, ʧʦʩʢʦʣʢɹʫ ʧʨʠ V = const, DV = 

0 ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ: 

W = -P DV = 0 

ɿʥʘʢ ʤʠʥʫʩ ʚ ʵʪʦʤ ʫʨʘʚʥʝʥʠʠ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʩʠʩʪʝʤʘ ʨʘʙʦʪʘʝʪ ʧʨʦʪʠʚ 

ʩʠʣ ʚʥʝʰʥʝʡ ʩʨʝʜʳ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ: 

DU = Qn , 

ʛʜʝ Qv - ʢʦʣʠʯʝʩʪʚʦ ʵʥʝʨʛʠʠ (ɼʞ/ʤʦʣʴ ʠʣʠ ʢʘʣ/ʤʦʣʴ), ʚʳʜʝʣʝʥʥʦʡ ʠʣʠ 

ʧʦʛʣʦʱʝʥʥʦʡ ʩʠʩʪʝʤʦʡ ʚ ʚʠʜʝ ʪʝʧʣʦʪʳ ʚ ʭʦʜʝ ʧʨʦʮʝʩʩʘ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ 

ʦʙʲʝʤʝ. ʊʝʧʣʦʪʘ ʧʨʦʮʝʩʩʘ ʨʘʚʥʘ ʠʟʤʝʥʝʥʠʶ ʚʥʫʪʨʝʥʥʝʡ ʵʥʝʨʛʠʠ ʩʠʩʪʝʤʳ ʠ 

ʟʘʚʠʩʠʪ ʪʦʣʴʢʦ ʦʪ ʢʦʥʝʯʥʦʛʦ ʠ ʥʘʯʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ, ʪ.ʝ. 

U2 ï U1 = DU = Qn 

ɺ ʨʝʘʣʴʥʦʡ ʞʠʟʥʠ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʪʩʷ ʠʟʦʙʘʨʥʳʝ ʧʨʦʮʝʩʩʳ, ʧʨʦʪʝʢʘʶʱʠʝ ʧʨʠ 

ʧʦʩʪʦʷʥʥʦʤ ʜʘʚʣʝʥʠʠ (ʈ = const), ʥʘʧʨʠʤʝʨ, ʭʠʤʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ, ʠʜʫʱʠʝ 

ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ. ʀʟʤʝʥʝʥʠʝ ʚʥʫʪʨʝʥʥʝʡ ʵʥʝʨʛʠʠ ʩʠʩʪʝʤʳ ʚ ʵʪʦʤ 

ʩʣʫʯʘʝ ʙʫʜʝʪ ʨʘʚʥʦ 

DU = U2 ï U1 = W + Qp 

ʛʜʝ Qp - ʢʦʣʠʯʝʩʪʚʦ ʵʥʝʨʛʠʠ (ɼʞ/ʤʦʣʴ ʠʣʠ ʢʘʣ/ʤʦʣʴ), ʚʳʜʝʣʝʥʥʦʡ ʠʣʠ 

ʧʦʛʣʦʱʝʥʥʦʡ ʩʠʩʪʝʤʦʡ ʚ ʚʠʜʝ ʪʝʧʣʦʪʳ ʚ ʭʦʜʝ ʧʨʦʮʝʩʩʘ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ 



 55 

ʜʘʚʣʝʥʠʠ. ʇʦʩʢʦʣʴʢʫ ʚ ʭʦʜʝ ʧʨʦʮʝʩʩʦʚ, ʠʜʫʱʠʭ ʧʨʠ ʈ = const ʦʙʲʝʤ ʩʠʩʪʝʤʳ 

ʠʟʤʝʥʷʝʪʩʷ, ʪʦ ʨʘʙʦʪʘ ʚ ʪʘʢʠʭ ʧʨʦʮʝʩʩʘʭ ʙʫʜʝʪ ʨʘʚʥʘ ʚʝʣʠʯʠʥʝ 

W = -P (V2 - V1) 

ʆʪʩʶʜʘ: 

U2 ï U1 = Qp ï P(V2 - V1). 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʪʝʧʣʦʚʦʡ ʵʬʬʝʢʪ ʧʨʦʮʝʩʩʘ, ʧʨʦʪʝʢʘʶʱʝʛʦ ʧʨʠ ʈ = const 

ʙʫʜʝʪ ʨʘʚʝʥ Qp = U2 ï U1 + PÖ (V2 - V1) 

Qp = (U2 + PÖV2) ï (U1 + PÖV1). 

ɺʝʣʠʯʠʥʘ (U + PÖV) ʦʙʦʟʥʘʯʘʝʪʩʷ ʙʫʢʚʦʡ ʅ ʠ ʥʘʟʳʚʘʝʪʩʷ ʵʥʪʘʣʴʧʠʝʡ. 

ʕʥʪʘʣʴʧʠʷ, ʪʘʢʞʝ ʢʘʢ ʚʥʫʪʨʝʥʥʷʷ ʵʥʝʨʛʠʷ, ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʝʡ ʩʦʩʪʦʷʥʠʷ, ʪ.ʝ. 

ʠʟʤʝʥʝʥʠʝ ʵʥʪʘʣʴʧʠʠ (Dʅ = H2 ï ʅ1) ʧʨʠ ʧʝʨʝʭʦʜʝ ʩʠʩʪʝʤʳ ʠʟ ʩʦʩʪʦʷʥʠʷ 1 ʚ 

ʩʦʩʪʦʷʥʠʝ 2 ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʜʘʚʣʝʥʠʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʧʫʪʠ ʧʝʨʝʭʦʜʘ, ʘ ʟʘʚʠʩʠʪ 

ʪʦʣʴʢʦ ʦʪ ʚʝʣʠʯʠʥ ʵʥʪʘʣʧɹʠʠ ʚ ʢʦʥʝʯʥʦʤ (2) ʠ ʥʘʯʘʣʴʥʦʤ (1) ʩʦʩʪʦʷʥʠʷʭ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʝʧʣʦʚʦʡ ʵʬʬʝʢʪ ʧʨʦʮʝʩʩʘ, ʠʜʫʱʝʛʦ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ 

ʜʘʚʣʝʥʠʠ ʙʫʜʝʪ ʨʘʚʝʥ: 

Qp = H2 ï ʅ1 = Dʅ 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʡ ʩʤʳʩʣ ʬʫʥʢʮʠʡ ñʚʥʫʪʨʝʥʥʷʷ 

ʵʥʝʨʛʠʷò ʠ ñʵʥʪʘʣʴʧʠʷò ʦʜʠʥʘʢʦʚ. ʊʝʨʤʠʥ ñʚʥʫʪʨʝʥʥʷʷ ʵʥʝʨʛʠʷò 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʮʝʩʩʦʚ, ʠʜʫʱʠʭ ʧʨʠ V = 

const, ʘ ñʵʥʪʘʣʴʧʠʷò ï ʜʣʷ ʧʨʦʮʝʩʩʦʚ, ʠʜʫʱʠʭ ʧʨʠ P = const. ʇʨʠ ʵʪʦʤ ʜʣʷ 

ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ Dʅ = DU, ʜʣʷ ʛʘʟʦʚ Dʅ Í DU. 

ʇʝʨʚʦʝ ʥʘʯʘʣʦ ʪʝʨʤʦʜʠʥʘʤʠʢʠ ʜʘʝʪ ʪʦʣʴʢʦ ʵʥʝʨʛʝʪʠʯʝʩʢʫʶ ʦʮʝʥʢʫ 

ʧʨʦʮʝʩʩʦʚ, ʧʨʦʪʝʢʘʶʱʠʭ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʦʙʲʝʤʝ ʠʣʠ ʧʦʩʪʦʷʥʥʦʤ ʜʘʚʣʝʥʠʠ, 

ʥʦ ʥʝ ʜʘʝʪ ʥʠʢʘʢʠʭ ʫʢʘʟʘʥʠʡ ʦ ʥʘʧʨʘʚʣʝʥʠʠ ʧʨʦʮʝʩʩʘ ʠ ʧʨʝʜʝʣʘ, ʜʦ ʢʦʪʦʨʦʛʦ 

ʠʟʫʯʘʝʤʳʡ ʧʨʦʮʝʩʩ ʤʦʞʝʪ ʠʜʪʠ ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʦ. ʅʘ ʵʪʠ ʚʦʧʨʦʩʳ ʦʪʚʝʯʘʝʪ 

ʚʪʦʨʦʝ ʥʘʯʘʣʦ ʪʝʨʤʦʜʠʥʘʤʠʢʠ ʧʦʩʨʝʜʩʪʚʦʤ ʥʦʚʦʡ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ 

ʬʫʥʢʮʠʠ, ʢʦʪʦʨʘʷ ʥʘʟʳʚʘʝʪʩʷ ʵʥʪʨʦʧʠʷ ʠ ʦʙʦʟʥʘʯʘʝʪʩʷ ʙʫʢʚʦʡ S.  
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ʅʘʙʣʶʜʝʥʠʷ ʠ ʦʧʳʪ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʨʦʮʝʩʩʳ, ʧʨʦʠʩʭʦʜʷɦ ʠʝ ʚ 

ʧʨʠʨʦʜʝ, ʠʜʫʪ ʚ ʦʧʨʝʜʝʣʝʥʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. ɾʠʜʢʦʩʪʴ ʪʝʯʝʪ ʦʪ ʚʳʩʦʢʦʛʦ 

ʫʨʦʚʥʷ ʢ ʥʠʟʢʦʤʫ, ʚʝʱʝʩʪʚʦ ʜʠʬʬʫʥʜʠʨʫʝʪ ʠʟ ʦʙʣʘʩʪʠ ʙʦʣʴʰʝʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʢ ʤʝʥʴʰʝʡ, ʪʝʧʣʦʪʘ ʧʝʨʝʭʦʜʠʪ ʦʪ ʪʝʣʘ ʩ ʙʦʣʝʝ ʚʳʩʦʢʦʡ 

ʪʝʤʧʝʨʘʪʫʨʦʡ ʢ ʪʝʣʫ ʩ ʤʝʥʝʝ ʚʳʩʦʢʦʡ ʠ ʪ.ʜ. ɺʩʝ ʵʪʠ ʧʨʦʮʝʩʩʳ ʧʨʦʠʩʭʦʜʷʪ 

ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʦ. ɺʪʦʨʦʝ ʥʘʯʘʣʦ ʪʝʨʤʦʜʠʥʘʤʠʢʠ ʛʣʘʩʠʪ: 

ʂʘʞʜʘʷ ʤʘʪʝʨʠʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʩʘʤʘ ʧʦ ʩʝʙʝ ʩʪʨʝʤʠʪʩʷ ʢ ʩʦʩʪʦʷʥʠʶ  

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʘʚʥʦʚʝʩʠʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʪʦʨʦʡ ʟʘʢʦʥ ʪʝʨʤʦʜʠʥʘʤʠʢʠ ʦʛʨʘʥʠʯʠʚʘʝʪ ʧʨʝʚʨʘʱʝʥʠʝ 

ʵʥʝʨʛʠʠ ʚ ʤʘʪʝʨʠʘʣʴʥʦʡ ʩʠʩʪʝʤʝ. ʂʣʘʫʟʠʫʩ, ʧʦʜʦʙʥʦ ʃʦʤʦʥʦʩʦʚʫ, ʪʘʢ 

ʬʦʨʤʫʣʠʨʫʝʪ ʚʪʦʨʦʝ ʥʘʯʘʣʦ ʪʝʨʤʦʜʠʥʘʤʠʢʠ: ʪʝʧʣʦʪʘ ʥʝ ʤʦʞʝʪ ʩʘʤʘ ʩʦʙʦʡ 

ʧʝʨʝʡʪʠ ʦʪ ʪʝʣʘ ʤʝʥʝʝ ʥʘʛʨʝʪʦʤʫ ʢ ʪʝʣʫ ʙʦʣʝʝ ʥʘʛʨʝʪʦʤʫ. 

ɺ ʩʦʚʨʝʤʝʥʥʦʡ ʪʨʘʢʪʦʚʢʝ ʚʪʦʨʦʝ ʥʘʯʘʣʦ ʪʝʨʤʦʜʠʥʘʤʠʢʠ ʟʚʫʯʠʪ ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ: 

ʕʥʝʨʛʠʷ ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʦ ʧʝʨʝʤʝʱʘʝʪʩʷ ʦʪ ʩʠʩʪʝʤʳ ʩ ʙʦʣʝʝ ʚʳʩʦʢʠʤ 

ʧʦʪʝʥʮʠʘʣʦʤ ʢ ʩʠʩʪʝʤʝ ʩ ʙʦʣʝʝ ʥʠʟʢʠʤ ʧʦʪʝʥʮʠʘʣʦʤ ʵʥʝʨʛʠʠ ʪʦʛʦ ʞʝ ʚʠʜʘ, 

ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʥʝ ʥʘʩʪʫʧʠʪ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʝ ʨʘʚʥʦʚʝʩʠʝ. 

ʀʟʤʝʥʝʥʠʝ ʵʥʪʨʦʧʠʠ ʨʘʚʥʦ ʪʝʧʣʦʚʦʤʫ ʵʬʬʝʢʪʫ ʧʨʦʮʝʩʩʘ, ʜʝʣʝʥʥʦʤʫ ʥʘ 

ʘʙʩʦʣʶʪʥʫʶ ʪʝʤʧʝʨʘʪʫʨʫ, ʧʨʠ ʢʦʪʦʨʦʡ ʦʥ ʧʨʦʠʩʭʦʜʠʪ, ʠ ʠʟʤʝʨʷʝʪʩʷ ʚ 

ʂʤʦʣʴ

ʢʘʣ
ʠʣʠ

ʂʤʦʣʴ

ɼʞ

. ɼʣʷ ʦʙʨʘʪʠʤʳʭ ʠʟʦʪʝʨʤʠʯʝʩʢʠʭ ʧʨʝʚʨʘɦ ʝʥʠʡ ʠʟʤʝʥʝʥʠʝ 

ʵʥʪʨʦʧʠʠ ʨʘʚʥʦ 

æ S = 
ʊ

ʦʙʨ
Q

, 

ʛʜʝ Qʦʙʨ ï ʯʘʩʪʴ ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʵʥʝʨʛʠʠ, ʚʳʜʝʣʝʥʥʦʡ ʩʠʩʪʝʤʦʡ ʚ ʚʠʜʝ 

ʪʝʧʣʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʝʩʣʠ  DS = 0, ʪʦ ʧʨʦʮʝʩʩ ʦʙʨʘʪʠʤʳʡ. ɼʘʥʥʦʝ ʫʨʘʚʥʝʥʠʝ 

ʷʚʣʷʝʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ ʚʳʨʘʞʝʥʠʝʤ ʚʪʦʨʦʛʦ ʥʘʯʘʣʘ ʪʝʨʤʦʜʠʥʘʤʠʢʠ ʜʣʷ 

ʦʙʨʘʪʠʤʳʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʠʟʦʣʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʝ. 
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ɼʣʷ ʥʝʦʙʨʘʪʠʤʳʭ ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʪʝʢʘʶʱʠʭ ʚ 

ʠʟʦʣʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʝ, ʚʪʦʨʦʝ ʥʘʯʘʣʦ ʪʝʨʤʦʜʠʥʘʤʠʢʠ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ 

ʚʠʜ: 

æ S > 
ʊ

ʥʝʦʙʨ
Q

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʝʩʣʠ ʚ ʠʟʦʣʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʝ ʧʨʦʪʝʢʘʝʪ ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʳʡ 

(ʥʝʦʙʨʘʪʠʤʳʡ) ʧʨʦʮʝʩʩ, ʪʦ DS > 0. 

ʇʨʦʮʝʩʩʳ, ʜʣʷ ʢʦʪʦʨʳʭ 

æ S < 
ʊ

ʥʝʦʙʨ
Q

 

ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʚ ʠʟʦʣʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʝ ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʥʝ ʙʫʜʫʪ. ʕʥʪʨʦʧʠʷ ʢʘʢ ʢʨʠʪʝʨʠʡ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ 

ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʳʭ (ʥʝʦʙʨʘʪʠʤʳʭ) ʧʨʦʮʝʩʩʦʚ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ 

ʪʦʣʴʢʦ ʜʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʮʝʩʩʦʚ ʚ ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤʘʭ.  

 ʌʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ ʵʥʪʨʦʧʠʠ ʩʚʦʜʠʪʩʷ ʢ ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ ʤʝʨʳ ʭʘʦʩʘ 

(ʙʝʩʧʦʨʷʜʢʘ) ʚ ʩʠʩʪʝʤʝ. ʏʝʤ ʙʦʣʴʰʝ ʠʟʤʝʥʝʥʠʝ ʵʥʪʨʦʧʠʠ ʚ ʩʠʩʪʝʤʝ, ʪʝʤ 

ʤʝʥʴʰʝ ʧʦʣʝʟʥʦʡ ʨʘʙʦʪʳ ʤʦʞʝʪ ʩʦʚʝʨʰʠʪʴ ʜʘʥʥʘʷ ʩʠʩʪʝʤʘ. 

ʀʟʦʣʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ʷʚʣʷʝʪʩʷ ʠʜʝʘʣʴʥʳʤ ʩʣʫʯʘʝʤ, ʪ.ʝ. ʪʘʢʘʷ ʩʠʩʪʝʤʘ 

ʥʝ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ ʥʠ ʧʫʪʝʤ ʦʙʤʝʥʘ ʵʥʝʨʛʠʝʡ, ʥʠ 

ʧʫʪʝʤ ʦʙʤʝʥʘ ʚʝʱʝʩʪʚʦʤ. ʈʝʘʣʴʥʳʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʷʚʣʷʶʪʩʷ 

ʣʠʙʦ ʟʘʢʨʳʪʳʤʠ (ʤʦʛʫʪ ʦʙʤʝʥʠʚʘʪʴʩʷ ʩ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ ʵʥʝʨʛʠʝʡ), ʣʠʙʦ 

ʦʪʢʨʳʪʳʤʠ (ʤʦʛʫʪ ʦʙʤʝʥʠʚʘʪʴʩʷ ʩ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ ʠ ʵʥʝʨʛʠʝʡ, ʠ 

ʚʝʱʝʩʪʚʦʤ). ɼʣʷ ʫʢʘʟʘʥʠʷ ʥʘ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚ 

ʪʘʢʠʭ ʩʠʩʪʝʤʘʭ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʨʫʛʘʷ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʘʷ ʬʫʥʢʮʠʷ - ʩʚʦʙʦʜʥʘʷ 

ʵʥʝʨʛʠʷ ɻʠʙʙʩʘ (G). 

ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʘʷ ʬʫʥʢʮʠʷ G = H - TÖS ʥʘʟʳʚʘʝʪʩʷ ʩʚʦʙʦʜʥʦʡ 

ʵʥʝʨʛʠʝʡ ɻʠʙʙʩʘ, ʠʣʠ ʠʟʦʙʘʨʥʦ-ʠʟʦʪʝʨʤʠʯʝʩʢʠʤ ʧʦʪʝʥʮʠʘʣʦʤ, ʠʣʠ ʧʦʣʝʟʥʦʡ 

ʨʘʙʦʪʦʡ. ʀʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʩʪʝʤʳ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʩʦʚʝʨʰʝʥʠʷ ʧʦʣʝʟʥʦʡ ʨʘʙʦʪʳ, ʘ ʪʘʢʞʝ ʜʣʷ ʫʢʘʟʘʥʠʷ ʥʘ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ 
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ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʠʜʫʱʠʭ ʧʨʠ ʈ = const ʠ ʊ = const. ɺ ʩʣʫʯʘʝ 

ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʳʭ (ʥʝʦʙʨʘʪʠʤʳʭ) ʧʨʦʮʝʩʩʦʚ DG < 0, ɽʩʣʠ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʧʨʦʮʝʩʩʘ DG ʫʚʝʣʠʯʠʚʘʝʪʩʷ (DG > 0), ʪʦ ʪʘʢʦʡ ʧʨʦʮʝʩʩ ʠʜʝʪ ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʦ 

ʚ ʦʙʨʘʪʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. ɺ ʦʙʨʘʪʠʤʳʭ ʧʨʦʮʝʩʩʘʭ ʚ ʤʦʤʝʥʪ ʜʦʩʪʠʞʝʥʠʷ 

ʨʘʚʥʦʚʝʩʠʷ DG = 0. 

ʊʝʨʤʦʭʠʤʠʷ - ʵʪʦ ʨʘʟʜʝʣ ʪʝʨʤʦʜʠʥʘʤʠʢʠ, ʚ ʢʦʪʦʨʦʤ ʠʟʫʯʘʁ ʪʩʷ 

ʭʠʤʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʠʭ ʪʝʧʣʦʚʳʭ ʵʬʬʝʢʪʦʚ. ʈʘʩʩʤʦʪʨʠʤ 

ʟʘʢʨʳʪʫʶ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ, ʚ ʢʦʪʦʨʦʡ ʧʨʦʠʩʭʦʜʠʪ ʭʠʤʠʯʝʩʢʘʷ 

ʨʝʘʢʮʠʷ 

ʘɸ + ʚɺ = ʩʉ + dD. 

ɺ ʥʘʯʘʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ ʪʘʢʘʷ ʩʠʩʪʝʤʘ ʠʤʝʝʪ ʟʘʧʘʩ ʚʥʫʪʨʝʥʥʝʡ ʵʥʝʨʛʠʠ 

U1, (ʘ) ʤʦʣʝʡ ʨʝʘʛʝʥʪʘ ɸ ʠ (ʚ) ʤʦʣʝʡ ʨʝʘʛʝʥʪʘ ɺ. ɺ ʢʦʥʝʯʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʪ.ʝ. 

ʧʦʩʣʝ ʧʨʦʭʦʞʜʝʥʠʷ ʨʝʘʢʮʠʠ, ʩʠʩʪʝʤʘ ʙʫʜʝʪ ʠʤʝʪʴ ʟʘʧʘʩ ʚʥʫʪʨʝʥʥʝʡ ʵʥʝʨʛʠʠ 

U2, (ʩ) ʤʦʣʝʡ ʧʨʦʜʫʢʪʘ ʉ ʠ (d) ʤʦʣʝʡ ʧʨʦʜʫʢʪʝ D. ʊʝʧʣʦʚʳʤ ʵʬʬʝʢʪʦʤ 

ʨʝʘʢʮʠʠ ʙʫʜʝʪ ʥʘʟʚrʘʪʴʩʷ ʢʦʣʠʯʝʩʪʚʦ ʵʥʝʨʛʠʠ, ʢʦʪʦʨʘʷ ʚʳʜʝʣʷʝʪʩʷ ʣʠʙʦ 

ʧʦʛʣʦʱʘʝʪʩʷ ʚ ʬʦʨʤʝ ʪʝʧʣʘ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʨʝʘʛʝʥʪʦʚ ɸ ʠ ɺ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʨʦʜʫʢʪʦʚ ʉ ʠ D ʩ ʫʯʝʪʦʤ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʭ 

ʢʦʬɻʬʠʮʠʝʥʪʦʚ ʨʝʘʢʮʠʠ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ, ʚ ʢʦʪʦʨʳʭ ʙʫʜʝʪ 

ʧʨʦʪʝʢʘʪʴ ʭʠʤʠʯʝʩʢʘʷ ʨʝʘʢʮʠʷ (ʣʠʙʦ V = const, ʣʠʙʦ ʈ = ʩonst), ʪʝʧʣʦʚʳʤ 

ʵʬʬʝʢʪʦʤ ʨʝʘʢʮʠʠ ʙʫʜʝʪ ʣʠʙʦ Qv = DU, ʣʠʙʦ Qp = Dʅ. 

ʏʪʦʙʳ ʩʨʘʚʥʠʪʴ ʤʝʞʜʫ ʩʦʙʦʡ ʪʝʧʣʦʚʳʝ ʵʬʬʝʢʪʳ ʨʘʟʥʳʭ ʨʝʘʢʮʠʡ, 

ʥʝʦʙʭʦʜʠʤʦ ʫʢʘʟʘʪʴ ʪʦʯʥʳʝ ʫʩʣʦʚʠʷ, ʧʨʠ ʢʦʪʦʨʳʭ ʦʥʠ ʧʨʦʪʝʢʘʶʪ. ɺ 

ʪʝʨʤʦʜʠʥʘʤʠʢʝ ʠ ʪʝʨʤʦʭʠʤʠʠ ʟʘ ʩʪʘʥʜʘʨʪʥʳʝ ʫʩʣʦʚʠʷ ʧʨʠʥʷʪʳ ʈ = 1 ʘʪʤ ʠ  

ʊ = 298Üʂ, ʧʨʠ ʵʪʦʤ ʚʝʱʝʩʪʚʦ ʚ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʜʦʣʞʥʦ ʥʘʭʦʜʠʪʴʩʷ ʚ ʥʘʠʙʦʣʝʝ 

ʫʩʪʦʡʯʠʚʦʤ ʘʛʨʝʛʘʪʥʦʤ ʩʦʩʪʦʷʥʠʠ. ɼʣʷ ʨʝʘʢʮʠʡ, ʧʨʦʭʦʜʷʱʠʭ ʚ ʩʪʘʥʜʘʨʪʥʳʭ 

ʫʩʣʦʚʠʷʭ, ʠʟʤʝʥʝʥʠʝ ʵʥʪʘʣʴʧʠʠ ʦʙʦʟʥʘʯʘʝʪʩʷ ʩʠʤʚʦʣʦʤ Dʅ0
298K.  

ɼʣʷ ʨʝʘʢʮʠʡ, ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ, ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ 

ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ Qp ʠ Qn: 
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Qp = Qv + DnÖRT. 

ʕʪʦ ʩʦʦʪʥʦʰʝʥʠʝ ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʩʚʷʟʴ ʤʝʞʜʫ ʪʝʧʣʦʪʦʡ ʨʝʘʢʮʠʠ ʧʨʠ 

ʧʦʩʪʦʷʥʥʦʤ ʜʘʚʣʝʥʠʠ (Qp ʠʣʠ Dʅ) ʠ ʪʝʧʣʦʪʦʡ ʨʝʘʢʮʠʠ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ 

ʦʙʲʝʤʝ (Qv ʠʣʠ DU), ʷʚʣʷʝʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʠʟ ʟʘʢʦʥʘ ɼʞʦʫʣʷ. ɺ ʜʘʥʥʦʤ 

ʫʨʘʚʥʝʥʠʠ Dn - ʨʘʟʥʦʩʪʴ ʤʝʞʜʫ ʯʠʩʣʦʤ ʤʦʣʝʡ ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʛʘʟʦʦʙʨʘʟʥʳʭ 

ʧʨʦʜʫʢʪʦʚ ʠ ʯʠʩʣʦʤ ʤʦʣʝʡ ʛʘʟʦʦʙʨʘʟʥʳʭ ʨʝʘʛʝʥʪʦʚ, ʪ.ʝ. Dn = nʛʘʟʦʚʳʭ ʧʨʦʜʫʢʪʦʚ ï 

nʛʘʟʦʚʳʭ ʨʝʘʛʝʥʪʦʚ. ɼʣʷ ʨʝʘʢʮʠʡ ʚ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʬʘʟʘʭ (ʪʚʝʨʜʳʭ ʠ ʞʠʜʢʠʭ), 

ʦʙʲʝʤ ʢʦʪʦʨʳʭ ʚ ʭʦʜʝ ʨʝʘʢʮʠʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʤʝʥʷʝʪʩʷ, ʪ.ʝ. Dn = 0, Dʅ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʦʪʣʠʯʘʝʪʩʷ ʦʪ DU. ɺ ʵʪʠʭ ʩʣʫʯʘʷʭ ʩʧʨʘʚʝʜʣʠʚʳ ʨʘʚʝʥʩʪʚʘ 

Qp = Qv    ʠ   DH = DU 

ʈʝʘʢʮʠʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʳʭ ʚʝʱʝʩʪʚʦ ʧʦʣʫʯʘʝʪʩʷ ʠʟ ʵʣʝʤʝʥʪʦʚ, 

ʥʘʟʳʚʘʶʪʩʷ ʨʝʘʢʮʠʷʤʠ ʦʙʨʘʟʦʚʘʥʠʷ. ʀʟʤʝʥʝʥʠʝ ʵʥʪʘʣʴʧʠʠ ʚ ʭʦʜʝ ʪʘʢʠʭ 

ʨʝʘʢʮʠʡ ʥʘʟʳʚʘʝʪʩʷ ʵʥʪʘʣʴʧʠʝʡ ʦʙʨʘʟʦʚʘʥʠʷ ʜʘʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ. ʅʝ ʚʩʝ 

ʨʝʘʢʮʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʤʦʞʥʦ ʨʝʘʣʠʟʦʚʘʪʴ ʧʨʘʢʪʠʯʝʩʢʠ. ʅʘʧʨʠʤʝʨ, ʨʝʘʢʮʠʷ 

2ʉ + 3H2 + 1/2O2 = C2H5OH 

 ʪʝʦʨʝʪʠʯʝʩʢʠ ʷʚʣʷʝʪʩʷ ʨʝʘʢʮʠʝʡ ʦʙʨʘʟʦʚʘʥʠʷ, ʥʦ ʧʨʘʢʪʠʯʝʩʢʠ ʩʘʤʦʧʨʦ-

ʠʟʚʦʣʴʥʦ  ʥʝ ʠʜʝʪ. ʈʝʘʢʮʠʷ  

ʉ + ʆ2 = ʉʆ2 

 ʪʦʞʝ ʷʚʣʷʝʪʩʷ ʨʝʘʢʮʠʝʡ ʦʙʨʘʟʦʚʘʥʠʷ, ʥʦ ʚ ʦʪʣʠʯʠʝ ʦʪ ʧʝʨʚʦʡ, ʦʥʘ ʜʦʩʪʘʪʦʯʥʦ 

ʣʝʛʢʦ ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʚʝʜʝʥʘ ʧʨʘʢʪʠʯʝʩʢʠ. 

ʉʪʘʥʜʘʨʪʥʦʡ ʵʥʪʘʣʴʧʠʝʡ ʦʙʨʘʟʦʚʘʥʠʷ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʝʜʠʥʝʥʠʷ 

ʥʘʟʳʚʘʝʪʩʷ ʠʟʤʝʥʝʥʠʝ ʵʥʪʘʣʴʧʠʠ ʚ ʭʦʜʝ ʨʝʘʢʮʠʠ ʦʙʨʘʟʦʚʘʥʠʷ 1 ʤʦʣʴ ʜʘʥʥʦʛʦ 

ʩʦʝʜʠʥʝʥʠʷ ʠʟ ʵʣʝʤʝʥʪʦʚ ʚ ʩʪʘʥʜʘʨʪʥʳʭ ʫʩʣʦʚʠʷʭ ʠ ʦʙʦʟʥʘʯʘʝʪʩʷ ʩʠʤʚʦʣʦʤ 

0

fHD . 

 ɺ ʭʦʜʝ ʨʝʘʢʮʠʡ ʦʙʨʘʟʦʚʘʥʠʷ ʪʝʧʣʦʚʦʡ ʵʬʬʝʢʪ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʠʤʝʥʥʦ ʩʪʘʥʜʘʨʪʥʫʶ ʵʥʪʘʣʴʧʠʶ ʦʙʨʘʟʦʚʘʥʠʷ ʩʦʝʜʠʥʝʥʠʡ, ʧʦʪʦʤʫ ʯʪʦ 

ʩʪʘʥʜʘʨʪʥʘʷ ʵʥʪʘʣʴʧʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʩʘʤʠʭ ʵʣʝʤʝʥʪʦʚ ʧʨʠʥʷʪʘ ʨʘʚʥʦʡ ʥʫʣʶ 

( 0

fHD (ʵʣʝʤʝʥʪʦʚ) = 0). 
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ɿʥʘʥʠʝ ʩʪʘʥʜʘʨʪʥʳʭ ʵʥʪʘʣʴʧʠʡ ʦʙʨʘʟʦʚʘʥʠʷ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʯʠʪʘʪʴ 

ʪʝʧʣʦʚʦʡ ʵʬʬʝʢʪ ʣʶʙʦʡ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ (Qp = DH) ʥʝ ʧʨʠʙʝʛʘʷ ʢ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʠʟʤʝʨʝʥʠʷʤ. ʀʟ ʵʣʝʤʝʥʪʦʚ ʤʦʞʥʦ: 1) ʧʦʣʫʯʠʪʴ ʥʝʧʦ-

ʩʨʝʜʩʪʚʝʥʥʦ ʧʨʦʜʫʢʪʳ. ʉʦʦʪʚʝʪʩʪʚʫʶɦ ʝʝ ʠʟʤʝʥʝʥʠʝ ʵʥʪʘʣʴʧʠʠ ʵʪʦʡ ʨʝʘʢʮʠʠ 

ʙʫʜʝʪ ʨʘʚʥʦ 0

fHD (ʧʨʦʜʫʢʪʦʚ). ʀʟ ʵʣʝʤʝʥʪʦʚ ʤʦʞʥʦ: 2) ʧʦʣʫʯʠʪʴ ʨʝʘʛʝʥʪʳ. ʕʪʘ 

ʨʝʘʢʮʠʷ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʠʟʤʝʥʝʥʠʝʤ ʵʥʪʘʣʴʧʠʠ 0

fHD (ʨʝʘʛʝʥʪʦʚ). ʀ, ʥʘʢʦʥʝʮ, 3) 

ʠʟ ʨʝʘʛʝʥʪʦʚ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʧʨʦʜʫʢʪʳ. ʀʟʤʝʥʝʥʠʝ ʵʥʪʘʣʴʧʠʠ ʚ ʭʦʜʝ ʵʪʦʡ 

ʨʝʘʢʮʠʠ ʙʫʜʝʪ ʨʘʚʥʦ Dʅ. ɽʩʣʠ ʵʪʠ ʪʨʠ ʧʨʦʮʝʩʩʘ ʧʨʦʭʦʜʠʣʠ ʚ ʩʪʘʥʜʘʨʪʥʳʭ 

ʫʩʣʦʚʠʷʭ, ʪʦ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʡ ʙʘʣʘʥʩ ʵʪʠʭ ʨʝʘʢʮʠʡ ʙʫʜʝʪ ʨʘʚʝʥ: 

Dʅ0
298K = ä 0

fHD 298ʂ (ʧʨʦʜʫʢʪʳ) - ä 0

fHD 298ʂ (ʨʝʘʛʝʥʪʳ) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʪʘʥʜʘʨʪʥʘʷ ʵʥʪʘʣʴʧʠʷ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʨʘʚʥʘ ʨʘʟʥʦʩʪʠ 

ʩʫʤʤ ʩʪʘʥʜʘʨʪʥʳʭ ʵʥʪʘʣʴʧʠʡ ʦʙʨʘʟʦʚʘʥʠʷ ʚʩʝʭ ʧʨʦʜʫʢʪʦʚ ʠ ʚʩʝʭ ʨʝʘʛʝʥʪʦʚ. 

ʊʘʢ ʟʘʧʠʩʳʚʘʝʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʟʘʢʦʥ ɻʝʩʩʘ. 

ɽʩʣʠ ʠʟ ʜʘʥʥʳʭ ʠʩʭʦʜʥʳʭ ʨʝʘʛʝʥʪʦʚ ʤʦʞʥʦ ʨʘʟʣʠʯʥʳʤʠ ʧʫʪʷʤʠ ʧʦʣʫ-

ʯʠʪʴ ʦʜʥʠ ʠ ʪʝ ʞʝ ʢʦʥʝʯʥʳʝ ʧʨʦʜʫʢʪʳ, ʪʦ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʧʫʪʝʡ ʧʦʣʫʯʝʥʠʷ 

ʧʨʦʜʫʢʪʦʚ, ʪ.ʝ. ʦʪ ʚʠʜʘ ʠ ʢʦʣʠʯʝʩʪʚʘ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʨʝʘʢʮʠʡ, ʩʫʤʤʘʨʥʳʡ 

ʪʝʧʣʦʚʦʡ ʵʬʬʝʢʪ ʜʣʷ ʚʩʝʭ ʧʫʪʝʡ ʙʫʜʝʪ ʦʜʥʠʤ ʠ ʪʝʤ ʞʝ. ʀʥʘʯʝ ʛʦʚʦʨʷ, 

ʪʝʧʣʦʚʦʡ ʵʬʬʝʢʪ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʧʫʪʠ ʧʝʨʝʭʦʜʘ 

"ʨʝʘʛʝʥʪʳ - ʧʨʦʜʫʢʪʳ", ʪ.ʝ. ʦʪ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʨʝʘʢʮʠʡ, ʘ ʟʘʚʠʩʠʪ ʪʦʣʴʢʦ 

ʦʪ ʚʠʜʘ ʠ ʩʦʩʪʦʷʥʠʷ ʧʨʦʜʫʢʪʦʚ ʠ ʨʝʘʛʝʥʪʦʚ. ʕʪʦ ʧʦʣʦʞʝʥʠʝ ʙʳʣʦ 

ʧʦʩʪʫʣʠʨʦʚʘʥʦ ʨʫʩʩʢʠʤ ʫʯʝʥʳʤ ɻ.ʀ. ɻʝʩʩʦʤ ʚ 1840 ʛʦʜʫ ʠ ʠʟʚʝʩʪʥʦ ʢʘʢ ʟʘʢʦʥ 

ɻʝʩʩʘ, ʷʚʣʷʶʱʠʡʩʷ ʦʩʥʦʚʥʳʤ ʟʘʢʦʥʦʤ ʪʝʨʤʦʭʠʤʠʠ. 

ʉʣʝʜʩʪʚʠʷ ʠʟ ʟʘʢʦʥʘ ɻʝʩʩʘ: 

1. ɿʘʢʦʥ ʃʘʚʫʘʟʴʝ-ʃʘʧʣʘʩʘ. ʊʝʧʣʦʚʦʡ ʵʬʬʝʢʪ ʨʝʘʢʮʠʠ ʨʘʟʣʦʞʝʥʠʷ ʪʦʯʥʦ 

ʨʘʚʝʥ ʠ ʧʨʦʪʠʚʦʧʦʣʦʞʝʥ ʧʦ ʟʥʘʢʫ ʪʝʧʣʦʚʦʤʫ ʵʬʬʝʢʪʫ ʨʝʘʢʮʠʠ 

ʩʦʝʜʠʥʝʥʠʷ. 

ʇʨʠʤʝʨ:  
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ʉʘ + 
2

1
ʆ2    =  ʉʘʆ + 634,71 ʢɼʞ 

ʉʘʆ = ʉʘ + 
2

1
ʆ2  - 634,71 ʢɼʞ 

Qʨʘʟʣ + (-Qʩʦʝʜ ) = 0. 

2. ɽʩʣʠ ʩʦʚʝʨʰʘʶʪʩʷ ʜʚʝ ʨʝʘʢʮʠʠ, ʧʨʠʚʦʜʷʱʠʝ ʠʟ ʨʘʟʣʠʯʥʳʭ ʥʘʯʘʣʴʥʳʭ 

ʩʦʩʪʦʷʥʠʡ ʢ ʦʜʠʥʘʢʦʚʳʤ ʢʦʥʝʯʥʳʤ, ʪʦ ʨʘʟʥʠʮʘ ʤʝʞʜʫ ʪʝʧʣʦʚʳʤʠ 

ʵʬʬʝʢʪʘʤʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʪʝʧʣʦʚʦʡ ʵʬʬʝʢʪ ʧʝʨʝʭʦʜʘ ʠʟ ʦʜʥʦʛʦ 

ʥʘʯʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʜʨʫʛʦʝ. 

ʇʨʠʤʝʨ: 

ʉ + ʆ2 = ʉʆ2 + 409,20 ʢɼʞ (1) 

ʉʆ + İ ʆ2 = ʉʆ2 + 284,93 ʢɼʞ (2) 

ɺʳʯʠʪʘʷ ʠʟ (1) ʫʨʘʚʥʝʥʠʝ (2), ʤʦʞʥʦ ʚʳʯʠʩʣʠʪ ʪʝʧʣʦʚʦʡ ʵʬʬʝʢʪ ʨʝʘʢʮʠʠ 

ʩʞʠʛʘʥʠʷ ʫʛʣʝʨʦʜʘ ʜʦ ʦʢʠʩʠ ʫʛʣʝʨʦʜʘ: 

ʉ + İ ʆ2 = ʉʆ + 124,27 ʢɼʞ  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʦʧʨʝʜʝʣʷʪʴ ʪʝʧʣʦʚʳʝ ʵʬʬʝʢʪʳ ʪʘʢʠʭ ʨʝʘʢʮʠʡ, 

ʢʦʪʦʨʳʝ ʠʣʠ ʥʝʨʝʘʣʠʟʫʝʤʳ, ʠʣʠ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʧʨʦʚʝʜʝʥʳ ʯʠʩʪʦ ʠ ʜʦ 

ʢʦʥʮʘ. 

3. ɽʩʣʠ ʩʦʚʝʨʰʘʶʪʩʷ ʜʚʝ ʨʝʘʢʮʠʠ, ʧʨʠʚʦʜʷʱʠʝ ʠʟ ʦʜʠʥʘʢʦʚʳʭ  ʥʘʯʘʣʴʥʳʭ 

ʩʦʩʪʦʷʥʠʡ ʢ ʨʘʟʣʠʯʥʳʤ ʢʦʥʝʯʥʳʤ, ʪʦ ʨʘʟʥʠʮʘ ʤʝʞʜʫ ʪʝʧʣʦʚʳʤʠ 

ʵʬʬʝʢʪʘʤʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʪʝʧʣʦʚʦʡ ʵʬʬʝʢʪ ʧʝʨʝʭʦʜʘ ʠʟ ʦʜʥʦʛʦ 

ʢʦʥʝʯʥʦʛʦ  ʩʦʩʪʦʷʥʠʷ ʚ ʜʨʫʛʦʝ. 

ʇʨʠʤʝʨ: 

ʉʫʛ + ʆ2 = ʉʆ2 + 409,20 ʢɼʞ 

ʉʛʨ + ʆ2 = ʉʆ2 + 393,51 ʢɼʞ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʪʝʧʣʦʚʦʡ ʵʬʬʝʢʪ ʧʝʨʝʭʦʜʘ ʦʪ ʫʛʣʷ ʢ 

ʛʨʘʬʠʪʫ, ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʨʘʚʝʥ 409,00 ï 393,51=15,69 ʢɼʞ/ʤʦʣʴ. 

ɹʠʦʣʦʛʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ. 

ɾʠʚʳʝ ʦʨʛʘʥʠʟʤʳ ʥʝ ʷʚʣʷʶʪʩʷ ʠʩʢʣʶʯʝʥʠʝʤ ʠʟ ʟʘʢʦʥʦʚ ʧʨʠʨʦʜʳ. 

ʃʶʙʦʡ ʦʨʛʘʥʠʟʤ, ʨʘʩʪʠʪʝʣʴʥʳʡ ʠ ʞʠʚʦʪʥʳʡ, ʥʘʭʦʜʠʪʩʷ ʚ ʧʦʩʪʦʷʥʥʦʤ ʦʙʤʝʥʝ  
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ʵʥʝʨʛʠʠ ʠ ʚʝʱʝʩʪʚ ʩ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ. ʆʥ ʧʦʛʣʦʱʘʝʪ ʨʘʟʥʦʦʙʨʘʟʥʳʝ 

ʚʝʱʝʩʪʚʘ ʚ ʚʠʜʝ ʧʠʱʠ, ʘʩʩʠʤʠʣʠʨʫʝʪ ʠ ʪʨʘʥʩʬʦʨʤʠʨʫʝʪ ʠʭ ʚ ʩʦʩʪʘʚʥʳʝ ʯʘʩʪʠ 

ʩʚʦʝʛʦ ʪʝʣʘ, ʨʘʟʨʫh ʘʝʪ ʠʭ ʚ ʧʨʦʮʝʩʩʝ ʜʠʩʩʠʤʠʣʷʮʠʠ ʠ ʫʜʘʣʷʝʪ ʠʭ ʚ ʢʘʯʝʩʪʚʝ 

ʦʪʨʘʙʦʪʘʥʥʳʭ ʧʨʦʜʫʢʪʦʚ ʚʦ ʚʥʝʰʥʶʶ ʩʨʝʜʫ. ʄʥʦʛʦʯʠʩʣʝʥʥʳʤʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʤʠ ʙʳʣʘ ʫʩʪʘʥʦʚʣʝʥʘ ʧʦʜʯʠʥʝʥʥʦʩʪʴ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ ʟʘʢʦʥʫ 

ʩʦʭʨʘʥʝʥʠʷ  ʤʘʪʝʨʠʠ ʠ ʵʥʝʨʛʠʠ. 

ʇʨʠʚʝʜʝʤ ʜʣʷ ʠʣʣʶʩʪʨʘʮʠʠ ʦʧʳʪʳ ɹʠʜʜʝʨʘ ʠ ʐʤʠʜʪʘ ʥʘʜ ʚʟʨʦʩʣʦʡ 

ʢʦʰʢʦʡ, ʥʘʭʦʜʷʱʝʡʩʷ ʚ ʩʦʩʪʦʷʥʠʠ ʧʠʱʝʚʦʛʦ ʨʘʚʥʦʚʝʩʠʷ (ʮʠʬʨʳ ʜʘʥʳ ʚ ʛ/1ʢʛ 

ʚʝʩʘ ʞʠʚʦʪʥʦʛʦ ʚ ʩʫʪʢʠ): 

ʊʘʙʣʠʮʘ 13 

 

ʉʨʘʚʥʝʥʠʝ ʧʦʪʨʝʙʣʷʝʤʳʭ ʠ ʚʳʜʝʣʷʝʤʳʭ ʚʝʱʝʩʪʚ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ 

ʛʣʫʙʦʢʠʭ ʧʨʝʚʨʘʱʝʥʠʷʭ ʧʠʱʠ ʚ ʦʨʛʘʥʠʟʤʝ. ʕʪʠ ʧʨʝʚʨʘʱʝʥʠʷ ʩʚʷʟʘʥʳ ʩ 

ʧʨʦʠʟʚʦʜʩʪʚʦʤ ʵʥʝʨʛʠʠ, ʚʦʟʥʠʢʘʶʱʝʡ ʚ ʧʨʦʮʝʩʩʝ ʨʘʩʧʘʜʘ ʧʠʱʝʚʳʭ ʚʝʱʝʩʪʚ 

ʠ ʥʝʦʙʭʦʜʠʤʦʡ  ʦʨʛʘʥʠʟʤʫ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʨʘʙʦʪʳ (ʤʳʰʝʯʥʦʝ 

ʩʦʢʨʘʱʝʥʠʝ), ʜʣʷ ʩʠʥʪʝʟʘ ʠ ʘʩʩʠʤʠʣʷʮʠʠ, ʜʣʷ ʚʳʨʘʙʦʪʢʠ ʪʝʧʣʘ. 

ʧʦʩʪʫʧʣʝʥʠʷ ʦʙʱʠʡ ʚʝʩ ʅ2ʆ ʉ ʅ N ʆ S ʩʦʣʠ 

ʤʷʩʦ 44.118 32.957 6.109 0.851 1.390 2.184 0.086 0.441 

ʚʦʜʘ 27.207 27.207 - - - - - - 

ʢʠʩʣʦʨʦʜ 18.632 - - - - 18.632 - - 

ʀʊʆɻʆ 89.957 60.164 6.209 0.851 1.390 20.816 0.086 0.441 

ʚʳʜʝʣʝʥʠʷ         

ʤʦʯʘ 53.350 49.817 0.592 0.197 1.380 0.858 0.042 0.409 

ʢʘʣ 0.910 0.718 0.075 0.010 0.002 0.031 0.044 0.032 

ʅ2ʉʆ3 20.322 - 5.542 - - 14.870 - - 

ʚʦʜʘ (ʯʝʨʝʟ ʣʝʛʢʠʝ ʠ 

ʢʦʞʫ) 
15.355 9.569 - 0.644 - 5.152 - - 

ʧʦʪʝʨʠ ʘʟʦʪʘ 0.008 - - - 0.008 - - - 

ʀʊʆɻʆ 89.957 60.164 6.209 0.851 1.390 20.816 0.086 0.441 
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ɾʠʚʳʝ ʦʨʛʘʥʠʟʤʳ ʪʘʢʞʝ ʧʦʜʯʠʥʝʥʳ  ʟʘʢʦʥʘʤ ʪʝʨʤʦʭʠʤʠʠ, ʚ ʯʘʩʪʥʦʩʪʠ 

ʟʘʢʦʥʫ ɻʝʩʩʘ. ʕʪʦʪ ʟʘʢʦʥ ʠʤʝʝʪ ʦʛʨʦʤʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʬʠʟʠʦʣʦʛʠʠ ʠ 

ʙʠʦʭʠʤʠʠ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʦʢʠʩʣʝʥʠʝ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ ʚ ʦʨʛʘʥʠʟʤʝ 

ʧʨʦʠʩʭʦʜʠʪ ʯʝʨʝʟ ʩʝʨʠʶ ʩʣʦʞʥʳʭ ʨʝʘʢʮʠʡ, ʦʜʥʘʢʦ, ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ, 

ʚʳʜʝʣʷʝʤʦʝ ʧʨʠ ʵʪʦʤ, ʩʨʘʚʥʠʤʦ ʩ ʢʦʣʠʯʝʩʪʚʦʤ ʪʝʧʣʦʪʳ, ʢʦʪʦʨʦʝ ʤʦʞʥʦ 

ʧʦʣʫʯʠʪʴ ʧʨʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤ ʩʞʠʛʘʥʠʠ ʵʪʠʭ ʚʝʱʝʩʪʚ ʚ 

ʢʦʣʦʨʠʤʝʪʨʠʯʝʩʢʦʡ ʙʦʤʙʝ (ʧʨʠʙʦʨ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʧʣʦʪʳ ʩʛʦʨʘʥʠʷ). 

ɿʘʢʦʥ ɻʝʩʩʘ ʜʘʝʪ ʦʩʥʦʚʘʥʠʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʝʧʣʦʪʳ ʩʛʦʨʘʥʠʷ ʧʠʱʝʚʳʭ 

ʚʝʱʝʩʪʚ ʜʣʷ ʩʫʞʜʝʥʠʷ ʦʙ ʵʥʝʨʛʠʠ ʦʢʠʩʣʝʥʠʷ ʚ ʦʨʛʘʥʠʟʤʝ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʤʥʦʛʠʭ ʫʯʝʥʳʭ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ 

ʪʝʧʣʦʪʳ ʩʛʦʨʘʥʠʷ ʧʠʱʝʚʳʭ ʚʝʱʝʩʪʚ ʚ ʢʘʣʦʨʠʤʝʪʨʠʯʝʩʢʦʡ ʙʦʤʙʝ ʠ ʦʥʠ 

ʦʢʘʟʘʣʠʩʴ ʪʦʞʜʝʩʪʚʝʥʥʳ ʩ ʢʘʣʦʨʠʡʥʦʡ ʮʝʥʥʦʩʪʴʶ ʧʨʠ ʦʢʠʩʣʝʥʠʠ ʚ 

ʦʨʛʘʥʠʟʤʝ: 

ʊʘʙʣʠʮʘ 14 

ʚʝʱʝʩʪʚʦ ʪʝʧʣʦʪʘ ʩʛʦʨʘʥʠʷ ʚ ʦʨʛʘʥʠʟʤʝ (ʢʢʘʣ) ʪʝʧʣʦʪʘ ʩʛʦʨʘʥʠʷ ʚ ʢʘʣʦʨʠʤʝʪʨʝ (ʢʢʘʣ) 

ʫʛʣʝʚʦʜʳ 4,1 4,1 

ʞʠʨʳ 9,3 9,3 

ʙʝʣʢʠ 4,1 5,7 

 

ɹʝʣʢʠ ʚ ʦʨʛʘʥʠʟʤʝ ʦʢʠʩʣʷʶʪʩʷ ʥʝ ʧʦʣʥʦʩʪʴʶ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʦʜʫʢʪʘ 

ʥʝʧʦʣʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʙʝʣʢʦʚ ʚʳʜʝʣʷʝʪʩʷ ʤʦʯʝʚʠʥʘ, ʯʝʤ ʠ ʦʙʫʩʣʦʚʣʠʚʘʝʪʩʷ 

ʨʘʩʭʦʞʜʝʥʠʝ ʪʝʧʣ rʩʛʦʨʘʥʠʷ ʚ ʦʨʛʘʥʠʟʤʝ ʠ ʢʘʣʦʨʠʤʝʪʨʝ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʚʝʜʝʥʥʳʝ ʜʘʥʥʳʝ ʥʝʦʧʨʦʚʝʨʞʠʤʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ 

ʪʦʤ, ʯʪʦ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʚ ʦʨʛʘʥʠʟʤʝ ʧʦʜʯʠʥʷʶʪʩʷ ʟʘʢʦʥʫ 

ʩʦʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ, ʢʘʢ ʠ ʣʶʙʳʝ ʭʠʤʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ ʚʥʝ ʦʨʛʘʥʠʟʤʘ, ʠʜʫʪ 

ʧʦ ʟʘʢʦʥʘʤ ʪʝʨʤʦʭʠʤʠʠ. 

ɺʦʧʨʦʩʳ ʜʣʷ ʩʘʤʦʢʦʥʪʨʦʣʷ: 

1. ʏʪʦ ʠʟʫʯʘʝʪ ʪʝʨʤʦʜʠʥʘʤʠʢʘ? 

2. ʏʪʦ ʪʘʢʦʝ ʪʝʧʣʦʚʦʡ ʵʬʬʝʢʪ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ? 

3. ɺ ʢʘʢʠʭ ʝʜʠʥʠʮʘʭ ʠʟʤʝʨʷʶʪʩʷ ʪʝʧʣʦʚʳʝ ʵʬʬʝʢʪʳ? 
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4. ʂʘʢ ʬʦʨʤʫʣʠʨʫʝʪʩʷ ʧʝʨʚʦʝ ʥʘʯʘʣʦ ʪʝʨʤʦʜʠʥʘʤʠʢʠ? ɽʛʦ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ 

ʟʘʧʠʩʴ. 

5. ʏʪʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʵʥʪʘʣʴʧʠʷ ʠ ʝʸ ʬʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ? 

6. ʊʝʧʣʦʚʳʝ ʵʬʬʝʢʪʳ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʦʙʲʝʤʝ ʠ ʧʦʩʪʦʷʥʥʦʤ ʜʘʚʣʝʥʠʠ? 

7. ʂʘʢ ʬʦʨʤʫʣʠʨʫʝʪʩʷ ʚʪʦʨʦʝ ʥʘʯʘʣʦ ʪʝʨʤʦʜʠʥʘʤʠʢʠ? ɽʛʦ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ 

ʟʘʧʠʩʴ. 

8. ʀʟʦʙʘʨʥʦ-ʠʟʦʪʝʨʤʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ. ʉʚʦʙʦʜʥʘʷ ʵʥʝʨʛʠʷ ɻʠʙʙʩʘ ʠ 

ɻʝʣʴʤʛʦʣʴʮʘ. 

9. ʏʪʦ ʠʟʫʯʘʝʪ ʪʝʨʤʦʭʠʤʠʷ? 

10. ɿʘʢʦʥ ɻʝʩʩʘ, ʝʛʦ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʟʘʧʠʩʴ ʠ ʩʣʝʜʩʪʚʠʷ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ: 

ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʨʘʙʦʪʳ ʥʝʦʙʭʦʜʠʤʦ ʦʙʨʘʱʘʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʟʥʘʢʠ ç+è 

ʠʣʠ ç-è, ʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʪʝʧʣʦʚʳʝ ʵʬʬʝʢʪʳ ʨʝʘʢʮʠʡ. ɺ 

ʪʝʨʤʦʜʠʥʘʤʠʢʝ ʧʨʠʥʷʪʳ ʩʣʝʜʫʶʱʠʝ ʧʨʘʚʠʣʘ ʧʨʠ ʦʙʦʟʥʘʯʝʥʠʠ ʦʙʤʝʥʘ 

ʵʥʝʨʛʠʝʡ ʤʝʞʜʫ ʩʠʩʪʝʤʦʡ ʠ ʚʥʝʰʥʝʡ ʩʨʝʜʦʡ. ɺ ʢʘʢʦʡ ʙʳ ʬʦʨʤʝ ʥʝ 

ʧʨʦʠʩʭʦʜʠʣ ʦʙʤʝʥ ʵʥʝʨʛʠʝʡ ʢʦʣʠʯʝʩʪʚʦ ʵʥʝʨʛʠʠ, ʧʦʣʫʯʝʥʥʦʝ ʩʠʩʪʝʤʦʡ, 

ʦʙʦʟʥʘʯʘʝʪʩʷ ʟʥʘʢʦʤ ç+è. ʂʦʣʠʯʝʩʪʚʦ ʵʥʝʨʛʠʠ, ʦʪʜʘʥʥʦʝ ʩʠʩʪʝʤʦʡ ʚʦ 

ʚʥʝʰʥʶʶ ʩʨʝʜʫ ï ʟʥʘʢʦʤ ç-è. ɺ ʪʝʨʤʦʭʠʤʠʠ ʥʘʦʙʦʨʦʪ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ 

ʪʝʨʤʦʜʠʥʘʤʠʢʝ ʠ ʪʝʨʤʦʭʠʤʠʠ ʧʦʣʴʟʫʶʪʩʷ ʦʙʨʘʪʥʦʡ ʩʠʩʪʝʤʦʡ ʟʥʘʢʦʚ. ɽʩʣʠ 

ʩʠʩʪʝʤʘ ʦʪʜʘʝʪ ʵʥʝʨʛʠʶ ʚʦ ʚʥʝʰʥʶʶ ʩʨʝʜʫ, ʚ ʪʝʨʤʦʭʠʤʠʠ ʵʪʦ ʦʙʦʟʥʘʯʘʝʪʩʷ 

ʧʣʶʩʦʤ (ʵʢʟʦʵʬʬʝʢʪ), ʘ ʚ ʪʝʨʤʦʜʠʥʘʤʠʢʝ ʤʠʥʫʩʦʤ. ɽʩʣʠ ʩʠʩʪʝʤʘ 

ʧʨʠʦʙʨʝʪʘʝʪ ʵʥʝʨʛʠʶ ʠʟ ʚʥʝʰʥʝʡ ʩʨʝʜʳ, ʚ ʪʝʨʤʦʭʠʤʠʠ ʙʫʜʝʪ ʟʥʘʢ ʤʠʥʫʩ 

(ʵʥʜʦʵʬʬʝʢʪ), ʘ ʚ ʪʝʨʤʦʜʠʥʘʤʠʢʝ ʟʥʘʢ ʧʣʶʩ. 

ʇʨʠʙʦʨʳ, ʧʨʠ ʧʦʤʦʱʠ ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʷʶʪ ʪʝʧʣʦʚʳʝ ʵʬʬʝʢʪʳ 

ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ, ʥʘʟʳʚʘʶʪʩʷ ʢʘʣʦʨʠʤʝʪʨʘʤʠ. ɺ ʵʪʦʡ ʨʘʙʦʪʝ ʜʣʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʧʣʦʚʦʛʦ ʵʬʬʝʢʪʘ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʘʣʦʨʠʤʝʪʨ ʩ ʚʦʟʜʫʰʥʦʡ ʠʟʦʪʝʨʤʠʯʝʩʢʦʡ ʦʙʦʣʦʯʢʦʡ. ʇʦʜʦʙʥʳʝ 

ʧʨʠʙʦʨʳ ʦʙʝʩʧʝʯʠʚʘʶʪ ʪʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʧʣʦʚʳʭ ʵʬʬʝʢʪʦʚ ʜʦ Ñ 2 % 

ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʩʠʩʪʝʤʳ ʥʘ 0,5Á ʠ ʙʦʣʴʰʝ. ʇʦʩʢʦʣʴʢʫ ʚ 
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ʢʘʣʦʨʠʤʝʪʨʘʭ ʪʘʢʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʨʝʘʢʮʠʷ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ 

(ʘʪʤʦʩʬʝʨʥʦʤ) ʜʘʚʣʝʥʠʠ, ʪʦ ʠʟʤʝʨʷʝʤʳʡ ʪʝʧʣʦʚʦʡ ʵʬʬʝʢʪ ʙʫʜʝʪ 

ʧʨʝʜʩʪʘʚʣʷʪʴ ʩʦʙʦʡ Qp. ʂʘʣʦʨʠʤʝʪʨ ʩʦʩʪʦʠʪ ʠʟ ʪʦʣʩʪʦʩʪʝʥʥʦʛʦ ʩʦʩʫʜʘ ɸ 

ʝʤʢʦʩʪʴʶ 2 - 3 ʣʠʪʨʘ, ʚ ʢʦʪʦʨʳʡ ʥʘ ʢʦʨʢʦʚʳʭ ʧʨʦʙʢʘʭ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ 

ʩʪʝʢʣʷʥʥʳʡ ʠʣʠ ʧʣʘʩʪʤʘʩʩʦʚʳʡ ʩʪʘʢʘʥ ɹ ʝʤʢʦʩʪʴʶ 500 -600 ʤʣ. ʉʦʩʫʜ ɸ 

ʟʘʢʨʳʚʘʝʪʩʷ ʩʪʝʢʣʷʥʥʦʡ ʠʣʠ ʧʣʘʩʪʤʘʩʩʦʚʦʡ ʢʨʳʰʢʦʡ ʩ ʪʨʝʤʷ ʦʪʚʝʨʩʪʠʷʤʠ: 

ʜʣʷ ʤʝʰʘʣʢʠ ʄ, ʜʣʷ ʪʝʨʤʦʤʝʪʨʘ ʊ ʠ ʜʣʷ ʚʦʨʦʥʢʠ ɺ, ʯʝʨʝʟ ʢʦʪʦʨʫʶ ʚʥʦʩʠʪʩʷ 

ʨʝʘʛʝʥʪ (ʨʠʩ. 4). 

  

 

 

 

ʈʠʩ.4. ʂʘʣʦʨʠʤʝʪʨ. 

ɸ ï ʚʥʝʰʥʠʡ ʩʦʩʫʜ, ɹ ï ʚʥʫʪʨʝʥʥʠʡ ʩʦʩʫʜ, 

ʚ ʢʦʪʦʨʳʡ ʟʘʣʠʚʘʝʪʩʷ ʨʝʘʛʝʥʪ, ʊ ï 

ʪʝʨʤʦʤʝʪʨ, ʄ ï ʤʝʰʘʣʢʘ, ɺ ï ʚʦʨʦʥʢʘ, 

ʯʝʨʝʟ ʢʦʪʦʨʫʶ ʚʩʳʧʘʝʪʩʷ ʚʪʦʨʦʡ 

ʨʝʘʛʝʥʪ.  

 

ɿʘʜʘʥʠʝ 1. ʆʧʨʝʜʝʣʝʥʠʝ ʧʦʩʪʦʷʥʥʦʡ ʢʘʣʦʨʠʤʝʪʨʘ 

ʊʝʧʣʦʪʘ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ, ʧʨʠʥʠʤʘʝʤʘʷ ʠʣʠ ʦʪʜʘʚʘʝʤʘʷ ʚʦʜʷʥʳʤ 

ʢʘʣʦʨʠʤʝʪʨʦʤ, ʙʫʜʝʪ ʠʟʤʝʥʷʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʚʦʜʳ, ʥʘʭʦʜʷʱʝʡʩʷ ʚ ʩʪʘʢʘʥʝ ɹ, ʠ 

ʪʝʤʧʝʨʘʪʫʨʫ ʜʨʫʛʠʭ ʯʘʩʪʝʡ ʧʨʠʙʦʨʘ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʚʦʜʝ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ 

ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ ʙʫʜʝʪ ʨʘʚʥʦ 

Q = (M1C1 + M2C2) Ö Dt 

ʛʜʝ M1 - ʤʘʩʩʘ ʚʦʜʳ, ʉ1 - ʪʝʧʣʦʝʤʢʦʩʪʴ ʚʦʜʳ, ʄ2 ʠ ʉ2 - ʫʩʨʝʜʥʝʥʥʳʝ ʟʥʘʯʝʥʠʷ 

ʤʘʩʩ ʠ ʪʝʧʣʦʝʤʢʦʩʪʠ ʜʣʷ ʩʪʝʢʣʘ ʩʪʘʢʘʥʘ, ʤʝʰʘʣʢʠ ʠ ʜʨʫʛʠʭ ʯʘʩʪʝʡ 

ʢʘʣʦʨʠʤʝʪʨʘ.  

ʇʨʠ ʥʘʧʦʣʥʝʥʠʠ ʩʪʘʢʘʥʘ ɹ ʠ ʥʝʠʟʤʝʥʥʦʩʪʠ ʯʘʩʪʝʡ, ʧʦʛʨʫʞʘʝʤʳʭ ʚ 

ʚʦʜʫ, ʄ1ʉ1 + ʄ2C2 = const = Z - ʧʦʩʪʦʷʥʥʦʡ ʢʘʣʦʨʠʤʝʪʨʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 
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Q = ZÖDt 

ʠʟ ʯʝʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ ʧʨʠ Dt = 1Á, Q = Z, ʠʥʘʯʝ ʛʦʚʦʨʷ, ʧʦʩʪʦʷʥʥʘʷ 

ʢʘʣʦʨʠʤʝʪʨʘ - ʵʪʦ ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ, ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝ-

ʨʘʪʫʨʳ ʚʩʝʭ ʯʘʩʪʝʡ ʢʘʣʦʨʠʤʝʪʨʘ ʥʘ 1Á. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʦ ʧʨʦʚʝʜʝʥʠʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʪʝʧʣʦʚʦʛʦ ʵʬʬʝʢʪʘ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ Qp 

ʩʣʝʜʫʝʪ ʧʨʦʢʘʣʠʙʨʦʚʘʪʴ ʧʨʠʙʦʨ (ʢʘʣʦʨʠʤʝʪʨ), ʪ.ʝ. ʦʧʨʝʜʝʣʠʪʴ ʧʦʩʪʦʷʥʥʫʶ 

ʢʘʣʦʨʠʤʝʪʨʘ Z. ʕʪʦʛʦ ʤʦʞʥʦ ʜʦʩʪʠʯʴ, ʚʚʦʜʷ ʠʣʠ ʦʪʥʠʤʘʷ ʠʟʚʝʩʪʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ (Qp) ʚ ʜʘʥʥʦʤ ʢʘʣʦʨʠʤʝʪʨʝ ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʪʦʯʥʳʤ 

ʠʟʤʝʨʝʥʠʝʤ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ. ʊʦʛʜʘ ʧʦʩʪʦʷʥʥʫʶ ʢʘʣʦʨʠʤʝʪʨʘ ʤʦʞʥʦ 

ʦʧʨʝʜʝʣʠʪʴ ʧʦ ʬʦʨʤʫʣʝ 

ȹt

Q
Z

p
=  

ʉʫʱʝʩʪʚʫʝʪ ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʩʧʦʩʦʙʦʚ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʩʪʦ̫ ʥʥʦʡ 

ʢʘʣʦʨʠʤʝʪʨʘ. ɺ ʥʘʰʝʡ ʨʘʙʦʪʝ ʧʦʩʪʦʷʥʥʘʷ Z ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʧʦ ʪʝʧʣʦʪʝ 

ʨʘʩʪʚʦʨʝʥʠʷ KCl. 

ɺ ʩʪʘʢʘʥ ɹ ʢʘʣʦʨʠʤʝʪʨʘ ʥʘʣʠʚʘʶʪ 400 ʤʣ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʳ. 

ʆʧʫʩʢʘʶʪ ʢʨʳʰʢʫ ʢʘʣʦʨʠʤʝʪʨʘ ʪʘʢ, ʯʪʦʙʳ ʦʥʘ ʧʣʦʪʥʦ ʩʦʧʨʠʢʘʩʘʣʘʩʴ ʩ 

ʚʝʨʭʥʝʡ ʯʘʩʪʴʶ ʩʦʩʫʜʘ ɸ (ʨʠʩ.4). ʅʠʞʥʷʷ ʯʘʩʪʴ ʪʝʨʤʦʤʝʪʨʘ ʠ ʤʝʰʘʣʢʠ ʧʨʠ 

ʵʪʦʤ ʜʦʣʞʥʳ ʥʘʭʦʜʠʪʴʩʷ ʥʘ ʨʘʩʩʪʦʥ̫ʠʠ 1-2 ʩʤ ʦʪ ʜʥʘ ʩʪʘʢʘʥʘ ɺ. ɺʢʣʶʯʘʶʪ 

ʤʦʪʦʨ ʜʣʷ ʚʨʘʱʝʥʠʷ ʤʝh ʘʣʢʠ ʠ ʩʥʠʤʘʶʪ ʪʝʤʧʝʨʘʪʫʨʫ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ 0,01Á, 

ʧʦʣʴʟʫʷʩʴ ʧʨʠ ʵʪʦʤ ʣʫʧʦʡ. ʅʘʯʠʥʘʝʪʩʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʧʝʨʠʦʜ 

ʵʢʩʧʝʨʠʤʝʥʪʘ, ʚ ʪʝʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʟʘʧʠʩʳʚʘʶʪ ʧʦʢʘʟʘʥʠʷ ʪʝʨʤʦʤʝʪʨʘ ʯʝʨʝʟ 

ʢʘʞʜʫʶ ʤʠʥʫʪʫ. ʇʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʧʝʨʠʦʜ ʜʣʠʪʩʷ 10 ʤʠʥʫʪ, ʚʨʝʤʷ 

ʬʠʢʩʠʨʫʝʪʩʷ ʧʦ ʩʝʢʫʥʜʦʤʝʨʫ. 

ʅʘ 11-ʦʡ ʤʠʥʫʪʝ ʚ ʦʪʚʝʨʩʪʠʝ ʢʨʳʰʢʠ ʢʘʣʦʨʠʤʝʪʨʘ ʚʩʪʘʚʣʝ̫ʪʩʷ ʚʦʨʦʥʢʘ, 

ʯʝʨʝʟ ʢʦʪʦʨʫʶ ʚ ʚʦʜʫ ʚʩʳʧʘʝʪʩʷ 7,2 ʛ ʂʉl. ɺ ʧʨʦʮʝʩʩʝ ʨʘʩʪʚʦʨʝʥʠʷ ʂʉl 

ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʯʠʥʘʝʪ ʨʝʟʢʦ ʠʟʤʝʥʷʪʴʩʷ. ʅʘʯʠʥʘʝʪʩʷ ʛʣʘʚʥʳʡ ʧʝʨʠʦʜ 

ʵʢʩʧʝʨʠʤʝʥʪʘ, ʚ ʪʝʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʪʝʤʧʝʨʘʪʫʨʘ ʬʠʢʩʠʨʫʝʪʩʷ ʯʝʨʝʟ ʢʘʞʜʳʝ 

ʧʦʣʤʠʥʫʪʳ. 
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ʇʦʩʣʝ ʪʦʛʦ ʢʘʢ ʪʝʤʧʝʨʘʪʫʨʘ, ʜʦʩʪʠʛʥʫʚ ʤʠʥʠʤʫʤʘ, ʥʘʯʥʝʪ ʨʘʚʥʦʤʝʨʥʦ 

ʧʦʚʳʰʘʪʴʩʷ, ʥʘʯʠʥʘʝʪʩʷ ʟʘʢʣʶʯʠʪʝʣʴʥʳʡ ʧʝʨʠʦʜ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʢʦʪʦʨʳʡ 

ʜʣʠʪʩʷ 10 ʤʠʥʫʪ. ɺ ʟʘʢʣʶʯʠʪʝʣʴʥʦʤ ʧʝʨʠʦʜʝ ʪʝʤʧʝʨʘʪʫʨʘ ʬʠʢʩʠʨʫʝʪʩʷ ʯʝʨʝʟ 

ʢʘʞʜʫʶ ʤʠʥʫʪʫ, 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʥʘʥʦʩʷʪ ʥʘ ʤʠʣʣʠʤʝʪʨʦʚʫʶ ʙʫʤʘʛʫ, ʦʪʢʣʘʜʳʚʘʷ ʧʦ 

ʦʩʠ ʘʙʩʮʠʩʩ ʚʨʝʤʷ ʚ ʤʠʥʫʪʘʭ, ʘ ʧʦ ʦʩʠ ʦʨʜʠʥʘʪ ï ʪʝʤʧʝʨʘʪʫʨʫ. ʏʝʨʝʟ ʪʦʯʢʠ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʠ ʟʘʢʣʶʯʠʪʝʣʴʥʦʛʦ ʧʝʨʠʦʜʦʚ ʧʨʦʚʦʜʷʪ ʧʨʷʤʳʝ ʣʠʥʠʠ. ʀʟ 

ʩʝʨʝʜʠʥʳ ʛʣʘʚʥʦʛʦ ʧʝʨʠʦʜʘ (ʪʦʯʢʘ ʉ, ʨʠʩ.5) ʧʨʦʚʦʜʷʪ ʧʝʨʧʝʥʜʠʢʫʣʷʨ ʜʦ 

ʧʝʨʝʩʝʯʝʥʠʷ ʩ ʧʨʦʜʦʣʞʝʥʠʝʤ ʧʨʷʤʳʭ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʠ ʟʘʢʣʶʯʠʪʝʣʴʥʦʛʦ 

ʧʝʨʠʦʜʦʚ (ʪʦʯʢʠ ʄ ʠ N ʨʠʩ. 5). ʀʟ ʪʦʯʝʢ ʧʝʨʝʩʝʯʝʥʠʷ ʦʧʫʩʢʘʶʪ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʳ ʥʘ ʦʩʴ ʦʨʜʠʥʘʪ. ʆʪʩʝʢʘʝʤʳʡ ʦʪʨʝʟʦʢ ʥʘ ʦʩʠ ʦʨʜʠʥʘʪ (t1 - t2) 

ʨʘʚʝʥ Dt.  

 

 

 

 

 

 

ʈʠʩ. 5. ɻʨʘʬʠʯʝʩʢʦʝ ʦʧʨʝʜʝʣʝʥʠʝ Dt ʜʣʷ 

ʚʳʯʠʩʣʝʥʠʷ ʧʦʩʪʦ̫ ʥʥʦʡ ʢʘʣʦʨʠʤʝʪʨʘ. 

 

ʊʝʧʣʦʚʦʡ Qp, ʢʘʢ ʨʘʥʝʝ ʙʳʣʦ ʩʢʘʟʘʥʦ, ʚʳʯʠʩʣʷʝʪʩʷ ʥʘ 1 ʤʦʣʴ 

ʧʨʦʨʝʘʛʠʨʦʚʘʚʰʝʛʦ ʚʝʱʝʩʪʚʘ, ʥʦ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʚ ʢʘʣʦʨʠʤʝʪʨʝ ʥʘʭʦʜʠʣʦʩʴ 

g ʛ ʚʝʱʝʩʪʚʘ, ʘ ʧʦʪʦʤʫ 

,
KCl

KClP

Mt

gQ
Z
D
=  

ʛʜʝ  g - ʥʘʚʝʩʢʘ ʂʉl, ʄ ï ʤʦʣʝʢʫʣʷʨʥʘʷ ʤʘʩʩʘ ʜʣʷ ʂʉl, Qp ʚ ʩʣʫʯʘʝ  

ʨʘʩʪʚʦʨʝʥʠʷ KCl ʚ ʚʦʜʝ ʨʘʚʥʦ 4440 ʢʘʣ/ʤʦʣʴ. 
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ɿʘʜʘʥʠʝ 2. ʆʧʨʝʜʝʣʝʥʠʝ ʪʝʧʣʦʚʦʛʦ ʵʬʬʝʢʪʘ ʨʝʘʢʮʠʠ ʦʢʠʩʣʝʥʠʷ 

ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʮʠʥʢʘ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠʦʥʦʚ ʤʝʜʠ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ 

ʊʝʧʣʦʚʳʝ ʵʬʬʝʢʪʳ ʨʝʘʢʮʠʡ ʠʟʤʝʨʷʶʪʩʷ ʪʘʢ ʞʝ, ʢʘʢ ʧʦʩʪʦ̫ ʥʥʘʷ 

ʢʘʣʦʨʠʤʝʪʨʘ. ʊʝʧʣʦʚʦʡ ʵʬʬʝʢʪ ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ ʫʨʘʚʥʝʥʠʶ 

x

x

P
g

tMZ
Q

D
=  

ʀʩʩʣʝʜʫʝʤʘʷ ʨʝʘʢʮʠʷ ʷʚʣʷʝʪʩʷ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ, ʠ 

ʤʝʭʘʥʠʟʤ ʝʸ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʝʨʝʥʦʩʝ ʵʣʝʢʪʨʦʥʦʚ ʦʪ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʮʠʥʢʘ ʢ 

ʠʦʥʘʤ ʤʝʜʠ ʩʦʛʣʘʩʥʦ ʫʨʘʚʥʝʥʠ ʁ

Cu2+ + Zn0 = Cu0 + Zn2+ + Qp 

ʀʟʤʝʨʷʝʤʳʡ ʪʝʧʣʦʚʦʡ ʵʬʬʝʢʪ ʙʫʜʝʪ ʨʘʚʝʥ Qp = DH. ɼʘʥʥʳʡ ʧʨʦʮʝʩʩ 

ʥʝʦʙʨʘʪʠʤ, ʪ.ʢ. ʮʠʥʢ, ʧʝʨʝʭʦʜʷ ʚ ʨʘʩʪʚʦʨ, ʥʝ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ, ʠ ʨʝʘʢʮʠʷ 

ʠʜʝʪ ʜʦ ʧʦʣʥʦʛʦ ʠʩʯʝʟʥʦʚʝʥʠʷ ʠʦʥʦʚ ʤʝʜʠ ʚ ʨʘʩʪʚʦʨʝ ʩ ʵʢʚʠʚʘʣʝʥʪʥʦʡ 

ʟʘʤʝʥʦʡ ʠʭ ʥʘ ʠʦʥʳ ʮʠʥʢʘ. 

400 ʤʣ 0,05 ʄ ʨʘʩʪʚʦʨʘ CuSʆ4Ö5H2O ʥʘʣʠʚʘʶʪ ʚ ʩʪʘʢʘʥ ɹ ʢʘʣʦʨʠʤʝʪʨʘ. 

ɿʘʢʨʳʚʘʶʪ ʩʦʩʫʜ ɸ ʪʘʢ, ʯʪʦʙʳ ʥʠʞʥʠʝ ʢʦʥʮʳ ʪʝʨʤʦʤʝʪʨʘ ʠ ʤʝʰʘʣʢʠ ʥʝ 

ʜʦʩʪʘʚʘʣʠ ʜʥʘ ʩʪʘʢʘʥʘ ɹ ʥʘ 1 - 2 ʩʤ. ɺʢʣʶʯʘʶʪ ʤʦʪʦʨ ʤʝʰʘʣʢʠ ʠ ʠʟʤʝʨʷʶʪ 

ʪʝʤʧʝʨʘʪʫʨʫ, ʪʦʯʥʦ ʩʣʝʜʫʷ ʪʝʤ ʟʘʧʠʩʷʤ, ʢʦʪʦʨʳʝ ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ ʠʟʤʝʨʝʥʠʠ 

ʚʦʜʷʥʦʛʦ ʯʠʩʣʘ (ʧʦʩʪʦʷʥʥʦʡ ʢʘʣʦʨʠʤʝʪʨʘ). ʅʘ 11-ʡ ʤʠʥʫʪʝ ʯʝʨʝʟ ʚʦʨʦʥʢʫ ʚ 

ʩʪʘʢʘʥ ɺ ʚʳʩʳʧʘʁ ʪ 3 ʛ ʮʠʥʢʦʚʦʡ ʧʳʣʠ. 

ʇʦ ʧʦʣʫʯʝʥʥʳʤ ʜʘʥʥʳʤ ʩʪʨʦʷʪ ʛʨʘʬʠʢ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʠ 

ʥʘʭʦʜʷʪ Dt (ʨʠʩ.6).  

ʊʝʧʣʦʚʦʡ ʵʬʬʝʢʪ ʨʝʘʢʮʠʠ ʨʘʩʩʯʠʪʳʚʘʶʪ ʧʦ ʫʨʘʚʥʝʥʠʶ 

OHCuSO

OHCuSO

P
g

tMZ
Q

24

24

5

5 D
= , 

ʛʜʝ gCuSO4 5H2O ï ʢʦʣʠʯʝʩʪʚʦ ʢʨʠʩʪʘʣʣʦʛʠʜʨʘʪʘ, ʩʦʜʝʨʞʘʱʝʛʦʩʷ ʚ 400 ʤʣ 0,05 ʄ 

ʨʘʩʪʚʦʨʘ. 

ʊʝʧʣʦʚʦʡ ʵʬʬʝʢʪ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʷʚʣʷʝʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʠʟʤʝʥʝʥʠʷ 

ʚʥʫʪʨʝʥʥʝʡ ʵʥʝʨʛʠʠ ʨʝʘʛʠʨʫʶʱʠʭ ʚʝʱʝʩʪʚ ʠ ʙʝʟ ʚʦʟʜʝʡʩʪʚʠʷ ʚʥʝʰʥʠʭ ʩʠʣ ʥʘ 
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ʈʠʩ. 6. ɻʨʘʬʠʯʝʩʢʦʝ ʦʧʨʝʜʝʣʝʥʠʝ Dt ʜʣʷ 

ʚʳʯʠʩʣʝʥʠʷ ʪʝʧʣʦʚʦʛʦ ʵʬʬʝʢʪʘ ʨʝʘʢʮʠʠ.  

 

ʫʩʣʦʚʠʷ ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʠ ʦʥʘ ʧʦʣʥʦʩʪʴʶ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʪʝʧʣʦʪʫ. ɽʩʣʠ 

ʵʪʘ ʨʝʘʢʮʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʛʘʣʴʚʘʥʠʯʝʩʢʦʤ ʵʣʝʤʝʥʪʝ, ʪʦ ʯʘʩʪʴ ʚʥʫʪʨʝʥʥʝʡ 

ʥɻʝʨʛʠʠ ʙʫʜʝʪ ʧʨʝʚʨʘʱʘʪʴʩʷ ʚ ʧʦʣʝʟʥʫʶ ʨʘʙʦʪʫ. ʕʪʘ ʨʘʙʦʪʘ ʙʫʜʝʪ 

ʤʘʢʩʠʤʘʣʴʥʦʡ, ʢʦʛʜʘ ʭʠʤʠʯʝʩʢʠʡ ʠʣʠ ʬʠʟʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʧʨʦʪʝʢʘʝʪ 

ʠʟʦʪʝʨʤʠʯʝʩʢʠ ʠ ʦʙʨʘʪʠʤʦ. ʀʤʝʥʥʦ ʵʪʠʤ ʫʩʣʦʚʠʷʤ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʨʦʮʝʩʩʳ, 

ʧʨʦʪʝʢʘʶʱʠʝ ʚ ʛʘʣʴʚʘʥʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʘʭ. ʈʝʘʢʮʠʷ ʦʢʠʩʣʝʥʠʷ Zn ʠ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ Cu2+ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʵʣʝʤʝʥʪʝ ɼʘʥʠʵʣʷ - ʗʢʦʙʠ: 

Cu | Cu2+ | KCl | Zn2+ | Zn 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʨʘʙʦʪʘ ʧʦ ʧʝʨʝʥʝʩʝʥʠʶ ʟʘʨʷʜʘ ʨʘʚʥʘ (ɼʞÖʤʦʣʴ-1) 

W = n Ö F Ö E , 

ʛʜʝ n ï ʯʠʩʣʦ ʧʝʨʝʥʦʩʠʤʳʭ ʵʣʝʢʪʨʦʥʦʚ, F - ʯʠʩʣʦ ʌʘʨʘʜʝʷ (96500 ʂʣ), E - 

ʵʣʝʢʪʨʦʜʚʠʞʫʱʘʷ ʩʠʣʘ (1,10 ɺ). ʄʘʢʩʠʤʘʣʴʥʘʷ ʨʘʙʦʪʘ ʨʘʚʥʘ, ʥʦ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʘ ʧʦ ʟʥʘʢʫ ʠʟʤʝʥʝʥʠʶ ʩʚʦʙʦʜʥʦʡ ʵʥʝʨʛʠʠ DG. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 

DG ʧʨʦʮʝʩʩʘ ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʧʦ ʫʨʘʚʥʝʥʠʶ 

W = - DG 

ʉʚʦʙʦʜʥʘʷ ʵʥʝʨʛʠʷ ʷʚʣʷʝʪʩʷ ʯʘʩʪʴʶ ʵʥʪʘʣʴʧʠʠ ʠ ʩʚʷʟʘʥʘ ʩ ʥʝʡ 

ʩʦʦʪʥʦʰʝʥʠʝʤ DG = DH - TÖDS, ʛʜʝ TÖDS  ï ʩʚʷʟʘʥʥʘʷ ʵʥʝʨʛʠʷ. ɿʥʘʷ DH ʠ DG, 

ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʵʥʪʨʦʧʠʶ ʦʢʠʩʣʝʥʠʷ ʮʠʥʢʘ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠʦʥʦʚ ʤʝʜʠ 

ʧʦ ʫʨʘʚʥʝʥʠʶ 
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T

ȹGȹH
ȹS

-
= , 

ʛʜʝ ʊ ï ʪʝʤʧʝʨʘʪʫʨʘ, ʧʨʠ ʢʦʪʦʨʦʡ ʧʨʦʚʦʜʠʣʩʷ ʵʢʩʧʝʨʠʤʝʥʪ (ʪʝʤʧʝʨʘʪʫʨʘ 

ʦʢʦʥʯʘʥʠʷ ʨʝʘʢʮʠʠ ʦʢʠʩʣʝʥʠʷ Zn ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ 10). ʇʨʠ ʨʘʩʯʝʪʝ DS ʩʣʝʜʫʝʪ 

ʩʚʦʙʦʜʥʫʶ ʵʥʝʨʛʠʶ (DG) ʠ ʪʝʧʣʦʚʦʡ ʵʬʬʝʢʪ ʨʝʘʢʮʠʠ (DH) ʧʨʠʚʝʩʪʠ ʚ 

ʝʜʠʥʫʶ ʩʠʩʪʝʤʫ ʠʟʤʝʨʝʥʠʷ ʚʝʣʠʯʠʥ, ʪ.ʝ. ʪʝʧʣʦʚʦʡ ʵʬʬʝʢʪ, ʨʘʩʩʯʠʪʘʥʥʳʡ ʚ 

ʢʘʣʦʨʠʷʭ ʧʝʨʝʚʝʩʪʠ ʚ ʜʞʦʫʣʠ (1 ʢʘʣʦʨʠʷ = 4,18 ɼʞ). 

ʊʘʙʣʠʮʘ 15 

ʆʧʨʝʜʝʣʝʥʠʝ Z 

ʄʘʩʩʘ KCl    7,2 ʛ 

ʇʝʨʠʦʜʳ, ʤʠʥ 

ʇʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ɻʣʘʚʥʳʡ ɿʘʢʣʶʯʠʪʝʣʴʥʳʡ 

ɺʨʝʤʷ, ʤʠʥ 
ʊʝʤʧʝʨʘʪʫʨʘ, 

ʛʨʘʜ 
ɺʨʝʤʷ, ʤʠʥ 

ʊʝʤʧʝʨʘʪʫʨʘ, 

ʛʨʘʜ 
ɺʨʝʤʷ, ʤʠʥ 

ʊʝʤʧʝʨʘʪʫʨʘ, 

ʛʨʘʜ 
0 
1 

2 

3 
4 

5 

6 
7 

8 

9 
10 

 

10,5 

11 
11,5 

12 

12,5 
13 

13,5 

14 
14,5 

15 

 

16 
17 

18 

19 
20 

21 

22 
23 

24 

25 
26 

 

 

ʊʘʙʣʠʮʘ 16 

ʆʧʨʝʜʝʣʝʥʠʝ ʪʝʧʣʦʚʦʛʦ ʵʬʬʝʢʪʘ ʨʝʘʢʮʠʠ 

ʇʝʨʠʦʜʳ, ʤʠʥ 

ʇʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ɻʣʘʚʥʳʡ ɿʘʢʣʶʯʠʪʝʣʴʥʳʡ 

ɺʨʝʤʷ, ʤʠʥ 
ʊʝʤʧʝʨʘʪʫʨʘ, 

ʛʨʘʜ 
ɺʨʝʤʷ, ʤʠʥ 

ʊʝʤʧʝʨʘʪʫʨʘ, 

ʛʨʘʜ 
ɺʨʝʤʷ, ʤʠʥ 

ʊʝʤʧʝʨʘʪʫʨʘ, 
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ʊʘʙʣʠʮʘ 17 

ʈʝʟʫʣʴʪʘʪʳ ʚʳʯʠʩʣʝʥʠʡ 

ʆʧʳʪ Dt, OC Z 
QP, 

ʢʢʘʣ/ʤʦʣʴ 

DG, 

ʢɼʞ/ʤʦʣʴ 

DS, 

ɼʞ/ʤʦʣʴ ʂ 

ʆʧʨʝʜʝʣʝʥʠʝ 

Z 
   ___ ___ 

ʆʧʨʝʜʝʣʝʥʠʝ 

QP 
 ___    

 



 72 

ʇʦʣʰʱɪ 5.ʇʆɺɽʈʍʅʆʉʊʅʓɽ ʗɺʃɽʅʀʗ ʀ ɸɼʉʆʈɹʎʀʗ. 

1. ɸʜʩʦʨʙʮʠʷ 

 ʇʨʦʮʝʩʩ ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʦʛʦ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʛʘʟʦʚ ʠʣʠ ʨʘʩʪʚʦʨʝʥʥʳʭ 

ʚʝʱʝʩʪʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʜʝʣʘ ʬʘʟ ʥʘʟʳʚʘʶʪ ʘʜʩʦʨʙʮʠʝʡ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʧʨʠʨʦʜʳ ʢʦʥʪʘʢʪʠʨʫʶʱʠʭ ʬʘʟ ʨʘʟʣʠʯʘʶʪ ʘʜʩʦʨʙʮʠʶ ʥʘ ʛʨʘʥʠʮʘʭ: ʛʘʟ - 

ʪʚʝʨʜʦʝ ʪʝʣʦ, ʛʘʟ ï ʞʠʜʢʦʩʪʴ, ʞʠʜʢʦʩʪʴ - ʪʚʝʨʜʦʝ ʪʝʣʦ ʠ ʞʠʜʢʦʩʪʴ - ʞʠʜʢʦʩʪʴ. 

ɽʱʝ ʚ 1785 ʛ ʨʫʩʩʢʠʡ ʫʯʝʥʳʡ ʊ.ɽ. ʃʦʚʠʮ ʦʪʢʨʳʣ ʩʧʦʩʦʙʥʦʩʪʴ ʫʛʣʷ  

ʧʦʛʣʦʱʘʪʴ ʨʘʩʪʚʦʨʝʥʥʦʝ ʚʝʱʝʩʪʚʦ. ʉ ʪʝʭ ʧʦʨ ʠʟʫʯʝʥʠʶ  ʷʚʣʝʥʠʡ ʘʜʩʦʨʙʮʠʠ 

ʙʳʣʦ ʧʦʩʚʷʱʝʥʦ ʤʥʦʛʦ ʨʘʙʦʪ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʧʝʨʚʦʩʪʝʧʝʥʥʦʝ ʟʥʘʯʝʥʠʝ 

ʠʤʝʶʪ ʨʘʙʦʪʳ ʨʫʩʩʢʠʭ ʫʯʝʥʳʭ: ʘʢʘʜʝʤʠʢʘ ʅ.ɼ.ɿʝʣʠʥʩʢʦʛʦ, ʧʨʝʜʣʦʞʠʚʰʝʛʦ 

ʫʛʦʣʴ ʚ ʢʘʯʝʩʪʚʝ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʩʨʝʜʩʪʚʘ ʟʘʱʠʪʳ ʦʪ ʛʘʟʦʦʙʨʘʟʥʳʭ 

ʦʪʨʘʚʣʷʶʱʠʭ ʚʝʱʝʩʪʚ; ʄ.ʉ.ʎʚʝʪʘ, ʨʘʟʨʘʙʦʪʘʚʰʝʛʦ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠʡ 

ʤʝʪʦʜ ʨʘʟʜʝʣʝʥʠʷ ʚʝʱʝʩʪʚ ʧʦ ʠʭ ʘʜʩʦʨʙʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ; ʘʢʘʜʝʤʠʢʘ  

ʂ.ʂ. ɻʝʜʨʦʡʮʘ, ʩʦʟʜʘʚʰʝʛʦ ʫʯʝʥʠʝ ʦ ʧʦʛʣʦʪʠʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʧʦʯʚ; 

ʘʢʘʜʝʤʠʢʘ ʄ.ʄ. ɼʫʤʘʥʩʢʦʛʦ, ʨʘʟʨʘʙʦʪʘʚʰʝʛʦ ʤʝʪʦʜʠʢʫ ʧʦʣʫʯʝʥʠʷ ʘʢʪʠʚʥʳʭ 

ʘʜʩʦʨʙʝʥʪʦʚ. ʆʯʝʥʴ ʤʥʦʛʦ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʪʝʦʨʠʠ ʠ ʧʨʘʢʪʠʢʠ ʘʜʩʦʨʙʮʠʠ 

ʩʜʝʣʘʣʠ ʟʘʨʫʙʝʞʥʳʝ ʫʯʝʥʳʝ ɻʠʙʙʩ, ʃʝʥʛʤʶʨ, ʌʨʝʡʥʜʣʠʭ, ʇʦʣʷʥʠ, ɹʨʘʥʘʫʵʨ 

ʠ ʜʨ. 

ɸʜʩʦʨʙʮʠʷ ʷʚʣʷʝʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʩʥʠʞʝʥʠʷ ʥʝʥʘʩʳʱʝʥʥʦʩʪʠ 

ʤʦʣʝʢʫʣʷʨʥʳʭ, ʘʪʦʤʥʳʭ ʠʣʠ ʠʦʥʥʳʭ ʩʠʣ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʜʝʣʘ ʬʘʟ ʠ 

ʦʙʫʩʣʦʚʣʝʥʘ ʥʘʢʦʧʣʝʥʠʝʤ ʚʝʱʝʩʪʚʘ, ʩʥʠʞʘʶʱʝʛʦ ʩʚʦʙʦʜʥʫʶ ʧʦʚʝʨʭʥʦʩʪʥʫʶ 

ʵʥʝʨʛʠʶ. ɸʜʩʦʨʙʮʠʷ ï ʧʨʦʮʝʩʩ ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʳʡ, ʪ.ʢ. ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʮʝʩʩʘ 

ʘʜʩʦʨʙʮʠʠ ʧʨʦʠʩʭʦʜʠʪ ʫʤʝʥʴʰʝʥʠʝ ʩʚʦʙʦʜʥʦʡ  ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʵʥʝʨʛʠʠ, ʘ ʧʦ 

ʚʪʦʨʦʤʫ ʟʘʢʦʥʫ ʪʝʨʤʦʜʠʥʘʤʠʢʠ ʪʘʢʠʝ ʧʨʦʮʝʩʩʳ ʷʚʣʷʶʪʩʷ 

ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʳʤʠ.  

ɺʝʱʝʩʪʚʘ, ʢʦʪʦʨʳʝ ʘʜʩʦʨʙʠʨʫʶʪʩʷ, ʥʘʟʳʚʘʶʪ ʘʜʩʦʨʙʘʪʘʤʠ (ʠʥʦʛʜʘ - 

ʘʜʩʦʨʙʪʠʚʘʤʠ), ʘ ʚʝʱʝʩʪʚʘ, ʢʦʪʦʨʳʝ ʘʜʩʦʨʙʠʨʫʶʪ ʥʘ ʩʚʦʝʡ ʧʦʚʝʨʭʥʦʩʪʠ - 

ʘʜʩʦʨʙʝʥʪʘʤʠ. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʭʘʨʘʢʪʝʨʘ ʩʠʣ, ʜʝʡʩʪʚʫʶʱʠʭ ʤʝʞʜʫ ʯʘʩʪʠʮʘʤʠ 
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(ʤʦʣʝʢʫʣʳ, ʘʪʦʤʳ, ʠʦʥʳ) ʘʜʩʦʨʙʘʪʘ ʠ ʘʜʩʦʨʙʝʥʪʘ, ʨʘʟʣʠʯʘʶʪ ʬʠʟʠʯʝʩʢʫʶ ʠʣʠ 

ʚʘʥ-ʜʝʨ-ʚʘʘʣʴʩʦʚʫ ʘʜʩʦʨʙʮʠʶ ʠ ʭʠʤʠʯʝʩʢʫʶ ʠʣʠ ʭʝʤʦʩʦʨʙʮʠʶ. 

 ʇʨʠʨʦʜʫ ʘʜʩʦʨʙʮʠʠ ʤʦʞʥʦ ʫʩʪʘʥʦʚʠʪʴ, ʠʩʩʣʝʜʦʚʘʚ ʝʸ ʢʠʥʝʪʠʢʫ ʠ 

ʵʥʝʨʛʝʪʠʢʫ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʬʠʟʠʯʝʩʢʘʷ ʘʜʩʦʨʙʮʠʷ ʧʨʦʠʩʭʦʜʠʪ ʧʦʜ ʚʣʠʷʥʠʝʤ  

ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʣʘʙʳʭ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʩʠʣ ʩʮʝʧʣʝʥʠʷ (ʩʠʣ ɺʘʥ-ʜʝʨ-

ɺʘʘʣʴʩʘ) ʠ ʧʦ ʩʚʦʝʡ ʧʨʠʨʦʜʝ ʘʥʘʣʦʛʠʯʥʘ ʧʨʦʮʝʩʩʘʤ ʢʦʥʜʝʥʩʘʮʠʠ ʧʘʨʦʚ 

ʘʜʩʦʨʙʘʪʘ,  ʪʝʧʣʦʪʘ ʝʸ ʙʣʠʟʢʘ ʢ ʪʝʧʣʦʪʘʤ ʢʦʥʜʝʥʩʘʮʠʠ ʠ ʩʦʩʪʘʚʣʷʝʪ 10 - 50 

ʢɼʞ/ʤʦʣʴ. ʇʦʵʪʦʤʫ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʬʠʟʠʯʝʩʢʘʷ ʘʜʩʦʨʙʮʠʷ 

ʫʤʝʥʴʰʘʝʪʩʷ.  

ʍʝʤʦʩʦʨʙʮʠʷ ʩʚʷʟʘʥʘ ʩ ʧʝʨʝʢʨʳʚʘʥʠʝʤ ʵʣʝʢʪʨʦʥʥʳʭ ʦʨʙʠʪʘʣʝʡ ʯʘʩʪʠʮ 

ʘʜʩʦʨʙʘʪʘ ʠ ʘʜʩʦʨʙʝʥʪʘ, ʪ.ʝ. ʚʳʟʳʚʘʝʪʩʷ ʠʭ ʭʠʤʠʯʝʩʢʠʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ, ʥʝ 

ʧʨʠʚʦʜʷʱʠʤ, ʦʜʥʘʢʦ, ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʦʙʲʝʤʥʦʡ ʬʘʟʳ. ʊʝʧʣʦʪʘ ʭʝʤʦʩʦʨʙʮʠʠ 

ʩʦʠʟʤʝʨʠʤʘ ʩ ʪʝʧʣʦʪʘʤʠ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʠ ʩʦʩʪʘʚʣʷʝʪ ʦʙʳʯʥʦ 60 - 600 

ʢɼʞ/ʤʦʣʴ. ʍʠʤʠʯʝʩʢʘʷ ʘʜʩʦʨʙʮʠʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ.  

ɸʜʩʦʨʙʮʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʙʨʘʪʠʤʳʡ ʧʨʦʮʝʩʩ. ʇʨʦʮʝʩʩ, ʦʙʨʘʪʥʳʡ 

ʘʜʩʦʨʙʮʠʠ,  ʥʘʟʳʚʘʝʪʩʷ ʜʝʩʦʨʙʮʠʝʡ. 

ʈʘʟʣʠʯʘʶʪ ʤʦʣʝʢʫʣʷʨʥʫʶ ʠ ʠʦʥʥʫʶ ʭʝʤʦʩʦʨʙʮʠʶ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʛʦ, 

ʯʪʦ ʘʜʩʦʨʙʠʨʫʝʪʩʷ ï ʤʦʣʝʢʫʣʳ ʠʣʠ ʠʦʥʳ ʚʝʱʝʩʪʚʘ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ,  ʠʦʥʥʘʷ 

ʘʜʩʦʨʙʮʠʷ ʜʝʣʠʪʩʷ ʥʘ ʦʙʤʝʥʥʫʶ ʠ ʘʜʩʦʨʙʮʠʶ ʧʦʪʝʥʮʠʘʣʦʧʨʝʜʝʣʷʶʱʠʭ 

ʠʦʥʦʚ. 

 ʆʙʤʝʥʥʘʷ ʘʜʩʦʨʙʮʠʷ. ʆʙʤʝʥʥʘʷ ʘʜʩʦʨʙʮʠʷ ʧʨʦʪʝʢʘʝʪ ʥʘ ʛʨʘʥʠʮʝ 

ʪʚʝʨʜʦʝ ʪʝʣʦ / ʨʘʩʪʚʦʨ ʵʣʝʢʪʨʦʣʠʪʘ ʠ  ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʘʜʩʦʨʙʝʥʪ ʠ ʨʘʩʪʚʦʨ 

ʦʙʤʝʥʠʚʘʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ ʢʘʪʠʦʥʘʤʠ ʠʣʠ ʘʥʠʦʥʘʤʠ ʚ ʵʢʚʠʚʘʣʝʥʪʥʳʭ 

ʢʦʣʠʯʝʩʪʚʘʭ, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʧʨʠʥʮʠʧ ʵʣʝʢʪʨʦʥʝʡʪʨʘʣʴʥʦʩʪʠ ʨʘʩʪʚʦʨʘ 

ʵʣʝʢʪʨʦʣʠʪʘ ʠ ʘʜʩʦʨʙʝʥʪʘ  ʦʩʪʘʝʪʩʷ ʥʝʥʘʨʫʰʝʥʥʳʤ.  

ʆʩʥʦʚʥʳʤʠ ʬʘʢʪʦʨʘʤʠ ʦʙʤʝʥʥʦʡ ʘʜʩʦʨʙʮʠʠ,  ʦʧʨʝʜʝʣʷʶʱʠʤʠ ʝʝ 

ʩʧʝʮʠʬʠʯʥʦʩʪʴ, ʷʚʣʷʶʪʩʷ: ʥʘʣʠʯʠʝ ʜʚʦʡʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʣʦʷ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʪʚʝʨʜʦʛʦ ʘʜʩʦʨʙʝʥʪʘ, ʚʘʣʝʥʪʥʦʩʪʴ,  ʚʝʣʠʯʠʥʘ  ʨʘʜʠʫʩʘ ʠ  ʩʪʝʧʝʥʴ 
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ʛʠʜʨʘʪʘʮʠʠ ʠʦʥʦʚ ʨʘʩʪʚʦʨʘ ʵʣʝʢʪʨʦʣʠʪʘ. 

ʆʙʤʝʥʥʘʷ ʘʜʩʦʨʙʮʠʷ ʧʨʦʪʝʢʘʝʪ ʥʝʩʢʦʣʴʢʦ  ʤʝʜʣʝʥʥʝʝ, ʯʝʤ ʦʙʳʯʥʘʷ. 

ɼʣʷ ʫʷʩʥʝʥʠʷ ʧʨʦʮʝʩʩʘ ʦʙʤʝʥʥʦʡ ʘʜʩʦʨʙʮʠʠ ʤʦʞʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʧʨʦʮʝʩʩ 

ʦʙʨʘʟʦʚʘʥʠʷ ʜʚʦʡʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʣʦʷ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʯʘʩʪʠʮʳ 

ʭʣʦʨʠʩʪʦʛʦ ʩʝʨʝʙʨʘ ʩ ʨʘʩʪʚʦʨʦʤ ʭʣʦʨʠʜʘ ʢʘʣʠʷ. ʀʦʥʳ ʭʣʦʨʘ, ʩʪʘʣʢʠʚʘʷʩʴ ʩ 

ʯʘʩʪʠʮʘʤʠ [AgCl]n ʙʫʜʫʪ ʩʦʝʜʠʥʷʪʴʩʷ ʩ ʠʦʥʘʤʠ ʩʝʨʝʙʨʘ, ʦʙʨʘʟʫʷ ʧʨʦʯʥʦ 

ʫʜʝʨʞʠʚʘʝʤʳʡ ʩʣʦʡ ʉ1- ʠʦʥʦʚ,  ʪʝʤ ʩʘʤʳʤ  ʟʘʨʷʞʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʯʘʩʪʠʮʳ. 

ʊʘʢʠʝ ʠʦʥʳ ʧʦʣʫʯʠʣʠ ʥʘʟʚʘʥʠʝ ʧʦʪʝʥʮʠʘʣʦʧʨʝʜʝʣʷʶʱʠʭ, ʘ ʪ.ʢ. 

ʧʨʠʩʦʝʜʠʥʠʚʰʠʝʩʷ  ʉ1- -ʠʦʥʳ ʫʚʝʣʠʯʠʚʘʶʪ ʩʚʦʶ ʢʦʥʮʝʥʪʨʘʮʠʶ, ʪ.ʝ. 

ʘʜʩʦʨʙʠʨʫʶʪʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ, ʪʦ ʪʘʢʦʡ ʚʠʜ ʘʜʩʦʨʙʮʠʠ ʥʘʟʳʚʘʝʪʩʷ 

ʘʜʩʦʨʙʮʠʝʡ ʧʦʪʝʥʮʠʘʣʦʧʨʝʜʝʣʷʶʱʠʭ ʠʦʥʦʚ. 

ɸʜʩʦʨʙʠʨʦʚʘʥʥʳʝ ʉ1--ʠʦʥʳ ʟʘʨʷʞʘʶʪ ʯʘʩʪʠʮʫ ʦʪʨʠʮʘʪʝʣʴʥʦ,  ʠ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ ʩʠʣ ʧʨʠʪʷʞʝʥʠʷ ʙʫʜʝʪ ʫʚʝʣʠʯʠʚʘʪʴʩʷ 

ʢʦʣʠʯʝʩʪʚʦ ʂ+-ʠʦʥʦʚ, ʧʨʠʣʝʛʘʶʱʠʭ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʯʘʩʪʠʮʳ. ɼʨʫʛʠʤʠ 

ʩʣʦʚʘʤʠ,  ʙʫʜʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʘʜʩʦʨʙʮʠʷ ʧʨʦʪʠʚʦʠʦʥʦʚ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ ʩʠʣ. ʊʘʢ ʢʘʢ ʂ+-ʠʦʥʳ ʤʦʛʫʪ ʙʳʪʴ ʟʘʤʝʥʝʥʳ ʜʨʫʛʠʤʠ 

ʠʦʥʘʤʠ ʪʘʢʦʛʦ ʞʝ ʟʥʘʢʘ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʤʠ ʩ ʯʘʩʪʠʮʝʡ ʣʠʰʴ 

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠ, ʪʘʢʠʝ ʠʦʥʳ ʥʘʟʳʚʘʶʪʩʷ ʦʙʤʝʥʥʳʤʠ, ʘʜʩʦʨʙʮʠʷ ʠʭ  - 

ʦʙʤʝʥʥʦʡ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʤʝʥʥʘʷ ʘʜʩʦʨʙʮʠʷ  ʧʨʦʠʩʭʦʜʠʪ ʚ ʧʨʦʮʝʩʩʝ ʦʙʤʝʥʘ 

ʠʦʥʦʚ ʜʚʦʡʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʣʦʷ ʘʜʩʦʨʙʝʥʪʘ ʠ ʠʦʥʦʚ ʨʘʩʪʚʦʨʘ. 

ʉʭʝʤʘʪʠʯʝʩʢʠ ʵʪʦ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʩʣʝʜʫʶʱʠʤʠ ʫʨʘʚʥʝʥʠʷʤʠ: 

ɸʜʩʦʨʙʝʥʪ-¼ʅ+ + Na+ + Cl- Ą ɸʜʩʦʨʙʝʥʪ-¼Na+ + H+ +Cl- 

ɸʜʩʦʨʙʝʥʪ+ ¼OH- + Na+ + Cl- Ą ɸʜʩʦʨʙʝʥʪ+¼Cl- + Na+ + OH- 

 ʀʟ ʧʨʠʚʝʜʝʥʥʦʡ ʩʭʝʤʳ ʚʠʜʥʦ, ʯʪʦ ʚ ʭʦʜʝ ʘʜʩʦʨʙʮʠʠ ʠʦʥʦʚ ʤʦʞʝʪ 

ʠʟʤʝʥʷʪʴʩʷ ʨʅ ʩʨʝʜʳ (ʚ ʨʘʩʪʚʦʨ ʧʝʨʝʭʦʜʷʪ H+  ʠʣʠ  OH- ʠʦʥʳ), ʨʘʩʪʚʦʨ 

ʧʨʠʦʙʨʝʪʘʝʪ ʢʠʩʣʫʶ ʠʣʠ ʱʝʣʦʯʥʫʶ ʨʝʘʢʮʠʶ, ʪʘʢʦʡ ʚʠʜ ʘʜʩʦʨʙʮʠʠ 

ʥʘʟʳʚʘʝʪʩʷ ʛʠʜʨʦʣʠʪʠʯʝʩʢʠʡ. 

ʊʘʢ ʢʘʢ ʦʙʤʝʥʥʘʷ ʘʜʩʦʨʙʮʠʷ ʷʚʣʷʝʪʩʷ ʭʠʤʠʯʝʩʢʦʡ, ʪʦ ʦʙʤʝʥ ʠʦʥʦʚ 
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ʧʨʦʠʩʭʦʜʠʪ ʚ ʩʪʨʦʛʦ ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʩʦʦʪʥʦʰʝʥʠʷʭ. 

ʆʙʤʝʥʥʳʝ ʠʦʥʳ ʥʘ ʪʚʝʨʜʦʡ ʧʦʚʝʨʭʥʦʩʪʠ   ʦʙʣʘʜʘʶʪ ʦʧʨʝʜʝʣʝʥʥʦʡ 

ʚʝʣʠʯʠʥʦʡ ʠ ʟʥʘʢʦʤ ʟʘʨʷʜʘ, ʧʦʵʪʦʤʫ,  ʯʪʦʙʳ ʥʝ ʥʘʨʫʰʘʣʩʷ ʜʚʦʡʥʦʡ 

ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʩʣʦʡ (ɼʕʉ), ʦʙʤʝʥʥʳʤʠ ʠʦʥʘʤʠ ʠʟ ʨʘʩʪʚʦʨʘ, ʤʦʛʫʪ ʙʳʪʴ 

ʪʦʣʴʢʦ ʠʦʥʳ  ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʟʥʘʢʘ. ʇʨʠ ʵʪʦʤ ʥʝ ʜʦʣʞʥʘ ʠʟʤʝʥʷʪʴʩʷ  ʠ 

ʚʝʣʠʯʠʥʘ ʟʘʨʷʜʘ ʧʦʚʝʨʭʥʦʩʪʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʤʝʥʥʘʷ ʘʜʩʦʨʙʮʠʷ ʤʦʞʝʪ 

ʙʳʪʴ ʪʦʣʴʢʦ ʘʥʠʦʥʦʦʙʤʝʥʥʦʡ ʠʣʠ ʢʘʪʠʦʥʦʦʙʤʝʥʥʦʡ. 

 ʗʚʣʝʥʠʷ ʦʙʤʝʥʥʦʡ ʘʜʩʦʨʙʮʠʠ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʧʨʦʮʝʩʩʘʭ, 

ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʧʦʯʚʘʭ. ʆʙʤʝʥʥʳʤ ʢʦʤʧʣʝʢʩʦʤ ʧʦʯʚ ʷʚʣʷʝʪʩʷ ʧʦʯʚʝʥʥʳʡ 

ʧʦʛʣʦʱʘʶʱʠʡ ʢʦʤʧʣʝʢʩ (ʇʇʂ), ʩʦʩʪʦʷʱʠʡ ʠʟ ʢʦʣʣʦʠʜʥʳʭ ʯʘʩʪʠʮ, 

ʟʘʨʷʞʝʥʥʳʭ ʦʪʨʠʮʘʪʝʣʴʥʦ. ʆʙʤʝʥʥʳʤʠ ʠʦʥʘʤʠ ʧʦʯʚʳ ʷʚʣʷʶʪʩʷ ʢʘʪʠʦʥʳ. 

ɺʘʞʥʝʡʰʠʝ ʩʚʦʡʩʪʚʘ ʧʦʯʚʳ: ʚʦʜʦʧʨʦʥʠʮʘʝʤʦʩʪʴ, ʚʣʘʛʦʝʤʢʦʩʪʴ, 

ʥʘʙʫʭʘʝʤʦʩʪʴ, ʩʪʨʫʢʪʫʨʘ, ʨʅ ʧʦʯʚʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʠ ʜʨ. ï ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʩʦʩʪʘʚʦʤ ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʭ ʠʦʥʦʚ. ʅʘʧʨʠʤʝʨ, ʧʦʯʚʳ, ʩʦʜʝʨʞʘʱʠʝ ʚ ʩʦʩʪʘʚʝ 

ʦʙʤʝʥʥʳʭ ʢʘʪʠʦʥʦʚ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʦʥʦʚ ʥʘʪʨʠʷ, ʧʨʠʦʙʨʝʪʘʶʪ 

ʦʩʦʙʳʝ, ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ, ñʩʦʣʦʥʮʦʚʳʝ ʩʚʦʡʩʪʚʘò. ʆʥʠ ʦʪʣʠʯʘʶʪʩʷ ʚʳʩʦʢʦʡ 

ʜʠʩʧʝʨʩʥʦʩʪʴʶ, ʧʣʦʪʥʳʤ ʩʣʦʞʝʥʠʝʤ, ʚʳʩʦʢʦʡ ʱʝʣʦʯʥʦʩʪʴʶ, ʧʦʚʳʰʝʥʥʦʡ 

ʥʘʙʫʭʘʝʤʦʩʪʴʶ ʠ ʚʷʟʢʦʩʪʴʶ, ʤʘʣʦʡ ʚʦʜʦʧʨʦʥʠʮʘʝʤʦʩʪʴʶ. ʕʪʠ ʧʦʯʚʳ ʪʨʫʜʥʦ 

ʦʙʨʘʙʘʪʳʚʘʶʪʩʷ ʠ, ʥʝʩʤʦʪʨʷ ʥʘ ʙʦʣʴʰʦʡ ʟʘʧʘʩ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ, ʤʘʣʦ 

ʧʣʦʜʦʨʦʜʥʳ. ɽʩʣʠ ʞʝ ʚ ʩʦʩʪʘʚ ʦʙʤʝʥʥʳʭ ʢʘʪʠʦʥʦʚ ʧʦʯʚʳ ʚʭʦʜʷʪ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʠʦʥʳ ʢʘʣʴʮʠʷ, ʪʦ ʪʘʢʠʝ ʧʦʯʚʳ ʦʙʣʘʜʘʶʪ ʭʦʨʦʰʝʡ 

ʩʪʨʫʢʪʫʨʦʡ, ʤʘʣʦʡ ʨʘʩʧʳʣʝʥʥʦʩʪʴʶ, ʭʦʨʦʰʝʡ ʚʦʜʦ- ʠ 

ʚʦʟʜʫʭʦʧʨʦʥʠʮʘʝʤʦʩʪʴʶ. ʕʪʠ ʧʦʯʚʳ ʦʪʥʦʩʷʪʩʷ ʢ ʥʘʠʙʦʣʝʝ ʧʣʦʜʦʨʦʜʥʳʤ. 

ʇʨʠʤʝʨʦʤ ʧʦʯʚ ʩ ʙʦʣʴʰʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʦʙʤʝʥʥʦʛʦ ʢʘʣʴʮʠʷ ʠ ʧʨʝʢʨʘʩʥʳʤʠ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʷʚʣʷʶʪʩʷ ʯʝʨʥʦʟʝʤʥʳʝ ʧʦʯʚʳ.                                                                                                                                                                

ʀʦʥʦʦʙʤʝʥʥʳʝ ʧʨʦʮʝʩʩʳ ʚ ʧʦʯʚʘʭ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʩʣʝʜʫʶʱʝʡ 

ʩʭʝʤʦʡ: 

 [ʇʇʂ]-2Na+  + ʉʘ2+ + SO4
2- = [ʇʇʂ]- Cʘ2+ + Na2SO4 

 ɹ.ʇ. ʅʠʢʦʣʴʩʢʠʡ ʠ ɽ.ʅ. ɻʘʧʦʥ ʧʨʝʜʣʦʞʠʣʠ ʫʨʘʚʥʝʥʠʝ, ʦʧʠʩʳʚʘʶʱʝʝ 
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ʦʙʤʝʥʥʫʶ ʘʜʩʦʨʙʮʠʶ: 
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ɿʜʝʩʴ g1 ʠ g2 ï ʢʦʣʠʯʝʩʪʚʦ  ʛ-ʤʦʣʴ (ʛ-ʵʢʚ)  ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʭ ʠ 

ʜʝʩʦʨʙʠʨʦʚʘʥʥʳʭ ʠʦʥʦʚ ʝʜʠʥʠʮʝʡ ʤʘʩʩʳ ʘʜʩʦʨʙʝʥʪʘ, ʘ1 ʠ ʘ2 ï ʘʢʪʠʚʥʦʩʪʠ 

ʦʙʤʝʥʠʚʘʶʱʠʭʩʷ ʠʦʥʦʚ ʚ ʨʘʩʪʚʦʨʝ ʧʨʠ ʨʘʚʥʦʚʝʩʠʠ; z1 ʠ z2 ï ʟʘʨʷʜ ʠʦʥʦʚ, ʂ ï 

ʢʦʥʩʪʘʥʪʘ ʜʘʥʥʦʛʦ ʘʜʩʦʨʙʮʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ. 

ʗʚʣʝʥʠʝ ʘʜʩʦʨʙʮʠʠ ʥʘʭʦʜʠʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ 

ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ. ʊʘʢ, ʥʘ ʘʢʪʠʚʠʨʦʚʘʥʥʦʤ ʫʛʣʝ ʧʨʦʠʟʚʦʜʷʪ ʘʜʩʦʨʙʮʠʦʥʥʫʶ 

ʦʯʠʩʪʢʫ (ʨʘʬʠʥʠʨʦʚʘʥʠʝ) ʩʠʨʦʧʘ ʩʘʭʘʨʦʟʳ. ʀʤʝʥʥʦ ʩʠʣʳ ʘʜʩʦʨʙʮʠʠ 

ʫʜʝʨʞʠʚʘʶʪ ʠʦʥʳ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ (ʂ+, ʈʆ4
-3ʠ ʪ.ʧ.) ʠ ʤʦʣʝʢʫʣʳ 

(ʤʦʯʝʚʠʥʳ) ʚ ʧʦʯʚʝ. ɸʜʩʦʨʙʮʠʷ ʤʦʯʝʚʠʥʳ ʬʠʟʠʯʝʩʢʘʷ, ʤʦʣʝʢʫʣʳ ʝʸ ʩʣʘʙʦ 

ʫʜʝʨʞʠʚʘʶʪʩʷ ʧʦʯʚʦʡ. ʇʦʵʪʦʤʫ ʤʦʯʝʚʠʥʫ, ʯʪʦʙʳ ʝʸ ʥʝ ʚʳʥʝʩʣʦ ʚʝʩʝʥʥʠʤ  

ʧʘʚʦʜʢʦʤ, ʚʥʦʩʷʪ ʦʙʳʯʥʦ ʚʝʩʥʦʡ. ʂʘʣʠʡʥʳʝ ʫʜʦʙʨʝʥʠʷ ʤʦʞʥʦ ʚʥʦʩʠʪʴ ʚ 

ʧʦʯʚʫ ʠ ʦʩʝʥʴʶ, ʪʘʢ ʢʘʢ ʘʜʩʦʨʙʮʠʷ ʠʦʥʦʚ ʂ+ ʚʳʟʳʚʘʝʪʩʷ ʭʠʤʠʯʝʩʢʠʤʠ ʩʠʣʘʤʠ 

(ʠʦʥʥʳʝ ʩʚʷʟʠ) ʠ ʦʥʘ ʧʨʦʯʥʘʷ. 

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʘʜʩʦʨʙʮʠʷ ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʝʡ ʜʘʚʣʝʥʠʷ ʈ (ʜʣʷ ʛʘʟʦʚ) 

ʠʣʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʉ (ʜʣʷ ʞʠʜʢʠʭ ʨʘʩʪʚʦʨʦʚ) ʠ ʪʝʤʧʝʨʘʪʫʨʳ, ʪ.ʝ. 

ʠʟʦʙʨʘʞʘʝʪʩʷ ʧʣʦʩʢʦʩʪʴʶ ʚ ʢʦʦʨʜʠʥʘʪʘʭ ɻ = f(C,T). ʆʙʳʯʥʦ ʦʜʠʥ ʠʟ 

ʧʘʨʘʤʝʪʨʦʚ ʧʦʜʜʝʨʞʠʚʘʶʪ ʧʦʩʪʦʷʥʥʳʤ ʠ ʘʜʩʦʨʙʮʠʶ ʛʨʘʬʠʯʝʩʢʠ ʠʟʦʙʨʘʞʘʶʪ 

ʚ ʚʠʜʝ ʢʨʠʚʳʭ. 

ʂʦʣʠʯʝʩʪʚʝʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ, ʫʩʪʘʥʘʚʣʠʚʘʝʤʘʷ ʤʝʞʜʫ ʘʜʩʦʨʙʝʥʪʦʤ ʠ 

ʘʜʩʦʨʙʪʠʚʦʤ ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʚʠʜʝ ʫʨʘʚʥʝʥʠʷ ʠʣʠ ʢʨʠʚʦʡ, 

ʥʘʟʳʚʘʝʪʩʷ ʠʟʦʪʝʨʤʦʡ ʘʜʩʦʨʙʮʠʠ. 

Cʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʪʠʧʦʚ ʠʟʦʪʝʨʤ ʘʜʩʦʨʙʮʠʠ - ʧʨʦʩʪʝʡʰʠʤʠ 

ʫʨʘʚʥʝʥʠʷʤʠ ʜʣʷ ʦʧʠʩʘʥʠʷ ʘʜʩʦʨʙʮʠʠ ʷʚʣʷʶʪʩʷ ʫʨʘʚʥʝʥʠʝ ʌʨʝʡʥʜʣʠʭʘ ʠ 

ʫʨʘʚʥʝʥʠʝ  ʃʝʥʛʤʶʨʘ. 



 77 

ʀʟʦʪʝʨʤʘ ʘʜʩʦʨʙʮʠʠ ʧʦ ʌʨʝʡʥʜʣʠʭʫ. ɸʜʩʦʨʙʮʠʷ ʨʘʩʪʚʦʨʝʥʥʦʛʦ 

ʚʝʱʝʩʪʚʘ ʥʘ ʪʚʝʨʜʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʜʯʠʥʷʝʪʩʷ  ʦʧʨʝʜʝʣʝʥʥʦʡ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʡ ʢʦʥʮʝʥʪʨʘʮʠʷ ʘʜʩʦʨʙʠʨʦʚʘʥʥʦʛʦ ʚʝʱʝʩʪʚʘ 

ʚʦʟʨʘʩʪʘʝʪ ʥʝ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʝʛʦ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʨʘʩʪʚʦʨʝ, ʘ ʟʥʘʯʠʪʝʣʴʥʦ 

ʤʝʜʣʝʥʥʝʝ, ʠ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʢʦʨʥʶ n-ʦʡ ʩʪʝʧʝʥʠ ʠʟ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʨʘʩʪʚʦʨʘ. ʕʪʘ ʟʘʚʠʩʠʤʦʩʪʴ ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʤʦʞʝʪ ʙʳʪʴ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʣʝʜʫʶʱʝʤ ʫʨʘʚʥʝʥʠʝʤ: 

ʍ/m  = ʂ ʉ1/n 

ʛʜʝ ʍ ï ʢʦʣʠʯʝʩʪʚʦ  (ʤʦʣʴ)  ʚʝʱʝʩʪʚʘ, ʘʜʩʦʨʙʠʨʦʚʘʥʥʦʛʦ m  ʛ ʘʜʩʦʨʙʝʥʪʘ: ʉ- 

ʨʘʚʥʦʚʝʩʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ; ʂ ʠ 1/n ï ʵʤʧʠʨʠʯʝʩʢʠʝ ʢʦʥʩʪʘʥʪʳ, ʭʘʨʘʢʪʝʨʥʳʝ 

ʜʣʷ ʜʘʥʥʳʭ ʘʜʩʦʨʙʝʥʪʘ ʠ ʘʜʩʦʨʙʘʪʘ, ʟʥʘʯʝʥʠʝ 1/n ʢʦʣʝʙʣʝʪʩʷ ʤʝʞʜʫ  0,1 ï 0,7. 

ɼʘʥʥʦʝ ʫʨʘʚʥʝʥʠʝ ʠʟʚʝʩʪʥʦ ʧʦʜ ʥʘʟʚʘʥʠʝʤ ʠʟʦʪʝʨʤʳ ʘʜʩʦʨʙʮʠʠ ʠ ʠʤʝʝʪ ʚʠʜ 

ʧʘʨʘʙʦʣʳ. 

ɼʣʷ ʛʨʘʬʠʯʝʩʢʦʛʦ ʧʦʩʪʨʦʝʥʠʷ ʠʟʦʪʝʨʤʳ ʘʜʩʦʨʙʮʠʠ ʧʦ ʌʨʝʡʥʜʣʠʭʫ ʥʘ 

ʦʩʠ ʘʙʩʮʠʩʩ ʦʪʢʣʘʜʳʚʘʝʪʩʷ ʨʘʚʥʦʚʝʩʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʚ ʤʤʦʣʴ/ʣ, ʘ ʥʘ ʦʩʠ 

ʦʨʜʠʥʘʪ ï ʚʝʣʠʯʠʥʘ ʘʜʩʦʨʙʮʠʠ ʥʘ ʝʜʠʥʠʮʫ ʧʦʚʝʨʭʥʦʩʪʠ ʍ/m ʚ ʤʤʦʣʴ/ʛʨʘʤʤ. 

ʅʘ ʨʠʩʫʥʢʝ 7 ʧʦʢʘʟʘʥʦ ʛʨʘʬʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʫʨʘʚʥʝʥʠʷ ʌʨʝʡʥʜʣʠʭʘ. 

 

 

 

 

 

 

 

 

ʈʠʩ. 7. ʀʟʦʪʝʨʤʘ ʘʜʩʦʨʙʮʠʠ ʧʦ ʌʨʝʡʥʜʣʠʭʫ ʈʠʩ.8. ɻʨʘʬʠʯʝʩʢʦʝ ʦʧʨʝʜʝʣʝʥʠʝ 

ʧʦʩʪʦʷʥʥʳʭ ʘʜʩʦʨʙʮʠʠ ʫʨʘʚʥʝʥʠʷ 

ʌʨʝʡʥʜʣʠʭʘ 
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ʃʦʛʘʨʠʬʤʠʨʫʷ ʜʘʥʥʦʝ ʫʨʘʚʥʝʥʠʝ, ʤʦʞʥʦ ʥʘʡʪʠ ʟʥʘʯʝʥʠʷ ʧʦʩʪʦʷʥʥʳʭ ʂ 

ʠ 1/n: 

lg X/m = lg K + 1/n lg C 

 

ɽʩʣʠ ʥʘ ʘʙʩʮʠʩʩʝ ʦʪʣʦʞʠʪʴ ʚʝʣʠʯʠʥʫ lg C, ʘ ʥʘ ʦʨʜʠʥʘʪʝ ï ʚʝʣʠʯʠʥʫ      

lg X/m, ʪʦ ʤʳ ʧʦʣʫʯʘʝʤ ʧʨʷʤʫʶ, ʦʪʩʝʢʘʶʱʫʶ ʥʘ ʦʩʠ ʦʨʜʠʥʘʪ ʦʪʨʝʟʦʢ, 

ʨʘʚʥʳʡ lgʂ, ʘ ʪʘʥʛʝʥʩ ʫʛʣʘ ʥʘʢʣʦʥʘ ʵʪʦʡ ʧʨʷʤʦʡ ʢ ʘʙʩʮʠʩʩʝ ʜʘʝʪ ʟʥʘʯʝʥʠʝ 1/n.  

ɻʨʘʬʠʯʝʩʢʠ ʟʥʘʯʝʥʠʝ 1/n  ʥʘʭʦʜʷʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʠʟ ʪʦʯʢʠ lgʉ = 1 

ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʪ ʧʝʨʧʝʥʜʠʢʫʣʷʨ ʢ ʧʨʷʤʦʡ. ʀʟ ʪʦʯʢʠ ʧʝʨʝʩʝʯʝʥʠʷ ʦʧʫʩʢʘʶʪ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨ ʥʘ ʦʩʴ ʦʨʜʠʥʘʪ ï ʪʦʯʢʘ lgʍ1 

1/n ʙʫʜʝʪ ʨʘʚʥʘ ʨʘʟʥʦʩʪʠ (lgʍ1  - lgʂ),  ʛʜʝ lgʍ1 ïʦʨʜʠʥʘʪʳ ʪʦʯʢʠ, 

ʘʙʩʮʠʩʩʘ ʢʦʪʦʨʦʡ  lgʉ1 = 1 (ʨʠʩ.  8). ʋʨʘʚʥʝʥʠʝ ʌʨʝʡʥʜʣʠʭʘ ʥʘʭʦʜʠʪ ʰʠʨʦʢʦʝ 

ʧʨʠʤʝʥʝʥʠʝ, ʥʦ ʠʤʝʝʪ ʠ ʨʷʜ ʥʝʜʦʩʪʘʪʢʦʚ, ʪ.ʢ. ʧʨʠʤʝʥʠʤʦ ʪʦʣʴʢʦ ʚ ʦʙʣʘʩʪʠ 

ʩʨʝʜʥʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ.  

ʀʟʦʪʝʨʤʘ ʘʜʩʦʨʙʮʠʠ ʧʦ ʃʝʥʛʤʶʨʫ. ɺ 1917 ʛʦʜʫ ʃʝʥʛʤʶʨ ʧʨʝʜʣʦʞʠʣ 

ʙʦʣʝʝ ʫʜʦʙʥʦʝ ʫʨʘʚʥʝʥʠʝ ʘʜʩʦʨʙʮʠʠ, ʢʦʪʦʨʦʝ ʚʳʚʝʜʝʥʦ ʠʤ ʥʘ ʦʩʥʦʚʘʥʠʠ 

ʤʦʣʝʢʫʣʷʨʥʦ-ʢʠʥʝʪʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʛʘʟʦʚ. 

ʀʟʦʪʝʨʤʘ ʘʜʩʦʨʙʮʠʠ ʧʦ  ʃʝʥʛʤʶʨʫ ʷʚʣʷʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ ʛʠʧʝʨʙʦʣʳ  ʠ 

ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʚʠʜʝ: 

 

ɻ  = ɻ¤  Ĭ
ʉʂ+

ʂ
 

 

ʛʜʝ ɻ ï ʚʝʣʠʯʠʥʘ ʘʜʩʦʨʙʮʠʠ ʥʘ ʝʜʠʥʠʮʫ ʧʦʚʝʨʭʥʦʩʪʠ; ɻ¤  -  ʧʨʝʜʝʣʴʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʚʝʱʝʩʪʚʘ, ʘʜʩʦʨʙʠʨʦʚʘʥʥʦʛʦ ʝʜʠʥʠʮʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠ ʧʦʣʥʦʤ 

ʥʘʩʳʱʝʥʠʠ ʧʦʚʝʨʭʥʦʩʪʠ; ʉ ï ʨʘʚʥʦʚʝʩʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ.  ɺ ʫʨʘʚʥʝʥʠʠ 

ʃʝʥʛʤʶʨʘ ʪʘʢʞʝ ʠʤʝʶʪʩʷ ʜʚʝ ʢʦʥʩʪʘʥʪʳ -  ɻ¤   ʠ ʂ.   ɻʨʘʬʠʯʝʩʢʦʝ 

ʠʟʦʙʨʘʞʝʥʠʝ ʠʟʦʪʝʨʤʳ ʘʜʩʦʨʙʮʠʠ ʃʝʥʛʤʶʨʘ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 9. 
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ʈʠʩ. 9. ʀʟʦʪʝʨʤʘ ʘʜʩʦʨʙʮʠʠ ʧʦ ʃʝʥʛʤʶʨʫ ʈʠʩ.10. ɻʨʘʬʠʯʝʩʢʦʝ ʦʧʨʝʜʝʣʝʥʠʝ 

ʧʦʩʪʦʷʥʥʳʭ ʘʜʩʦʨʙʮʠʠ ʫʨʘʚʥʝʥʠʷ 

ʃʝʥʛʤʶʨʘ 

ɺʳʚʦʜ ʫʨʘʚʥʝʥʠʷ ʃʝʥʛʤʶʨʘ ʦʩʥʦʚʘʥ ʥʘ ʧʨʝʜʧʦʣʦʞʝʥʠʠ ʦ 

ʤʦʥʦʤʦʣʝʢʫʣʷʨʥʦʤ ʩʣʦʝ ʘʜʩʦʨʙʠʨʦʚʘʥʥʦʛʦ ʚʝʱʝʩʪʚʘ. ʄʦʣʝʢʫʣʳ ʘʜʩʦʨʙʘʪʘ 

ʧʦʛʣʦʱʘʶʪʩʷ ʣʠʰʴ ʥʘ ʦʪʜʝʣʴʥʳʭ ʪʦʯʢʘʭ ʧʦʚʝʨʭʥʦʩʪʠ ʘʜʩʦʨʙʝʥʪʘ. ʕʪʠ ʪʦʯʢʠ 

ï ʘʢʪʠʚʥʳʝ ʮʝʥʪʨʳ ï ʦʙʣʘʜʘʶʪ ʦʩʪʘʪʦʯʥʳʤʠ ʚʘʣʝʥʪʥʦʩʪʷʤʠ ʠ ʩʧʦʩʦʙʥʳ 

ʩʚʷʟʳʚʘʪʴ ʪʦʣʴʢʦ ʦʜʥʫ ʤʦʣʝʢʫʣʫ ʘʜʩʦʨʙʘʪʘ. ɿʘʧʦʣʥʝʥʠʝ ʚʩʝʭ ʘʢʪʠʚʥʳʭ 

ʮʝʥʪʨʦʚ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʘʩʳʱʝʥʠʶ ʧʦʚʝʨʭʥʦʩʪʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʥʘʩʳʱʝʥʥʳʡ ʘʜʩʦʨʙʮʠʦʥʥʳʡ ʩʣʦʡ ʤʦʥʦʤʦʣʝʢʫʣʷʨʝʥ, ʪ.ʝ. ʪʦʣʴʢʦ ʦʜʠʥ ʩʣʦʡ 

ʤʦʣʝʢʫʣ ʩʚʷʟʘʥ ʩʠʣʘʤʠ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʩʮʝʧʣʝʥʠʷ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ. ʅʘ 

ʪʚʝʨʜʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ 

ʧʦʜʚʠʞʥʦʝ ʨʘʚʥʦʚʝʩʠʝ ʤʝʞʜʫ ʤʦʣʝʢʫʣʘʤʠ, ʘʜʩʦʨʙʠʨʫʶʱʠʤʠʩʷ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʠ ʤʦʣʝʢʫʣʘʤʠ, ʦʪʨʳʚʘʶʱʠʤʠʩʷ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ. ʂʦʥʮʝʥʪʨʘʮʠʷ 

ʘʜʩʦʨʙʘʪʘ ʥʘ ʤʦʤʝʥʪ ʫʩʪʘʥʦʚʣʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʘʜʩʦʨʙʮʠʦʥʥʦʛʦ 

ʨʘʚʥʦʚʝʩʠʷ ʥʘʟʳʚʘʝʪʩʷ ʨʘʚʥʦʚʝʩʥʦʡ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʘʢʪʠʚʥʳʝ ʮʝʥʪʨʳ 

ʫʜʝʨʞʠʚʘʶʪ ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʝ ʤʦʣʝʢʫʣʳ ʪʦʣʴʢʦ ʚ ʪʝʯʝʥʠʝ ʦʧʨʝʜʝʣʝʥʥʦʛʦ 

ʧʨʦʤʝʞʫʪʢʘ ʚʨʝʤʝʥʠ. 

ɺʳʚʦʜ ʫʨʘʚʥʝʥʠʷ ʃʝʥʛʤʶʨʘ ʦʩʥʦʚʘʥ ʥʘ ʧʨʝʜʧʦʣʦʞʝʥʠʠ ʦ 

ʤʦʥʦʤʦʣʝʢʫʣʷʨʥʦʤ ʩʣʦʝ ʘʜʩʦʨʙʠʨʦʚʘʥʥʦʛʦ ʚʝʱʝʩʪʚʘ. ʆʜʥʘʢʦ  ʘʜʩʦʨʙʮʠʷ 

ʤʦʞʝʪ ʙʳʪʴ ʠ ʤʥʦʛʦʩʣʦʡʥʦʡ, ʪʦʛʜʘ ʫʨʘʚʥʝʥʠʝ ʠʟʦʪʝʨʤʳ ʘʜʩʦʨʙʮʠʠ ʃʝʥʛʤʶʨʘ 
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ʩʪʘʥʦʚʠʪʩʷ ʥʝʧʨʠʤʝʥʠʤʦʡ, ʙʦʣʝʝ ʪʦʯʥʳʤʠ ʷʚʣʷʶʪʩʷ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ S-

ʦʙʨʘʟʥʳʝ ʠʟʦʪʝʨʤʳ ɹʕʊ (ʧʦ ʬʘʤʠʣʠʷʤ ʫʯʝʥʳʭ ɹʨʘʫʥʝʨ, ʕʤʤʝʪ, ʊʝʣʣʝʨ), 

ʦʜʥʘ ʠʟ ʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 11. ʀʟʦʪʝʨʤʝ ʘʜʩʦʨʙʮʠʠ ʃʝʥʛʤʶʨʘ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʦʣʴʢʦ ʥʠʞʥʷʷ ʯʘʩʪʴ (ʆɸ) ʢʨʠʚʦʡ. S-ʦʙʨʘʟʥʳʝ ʠʟʦʪʝʨʤʳ ʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʤ ʫʨʘʚʥʝʥʠʷ ʦʩʦʙʝʥʥʦ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʩʣʫʯʘʝʚ 

ʘʜʩʦʨʙʮʠʠ ʧʘʨʦʚ ʥʘ ʪʚʝʨʜʳʭ ʧʦʚʝʨʭʥʦʩʪʷʭ. 

 

 

 

 

 

 

ʈʠʩ.11.  S-ʦʙʨʘʟʥʘʷ ʠʟʦʪʝʨʤʘ ɹʕʊ 

 

ʇʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʷʚʣʝʥʠʡ ʘʜʩʦʨʙʮʠʠ. ʗʚʣʝʥʠʷ ʘʜʩʦʨʙʮʠʠ 

ʥʘʭʦʜʷʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʪʝʭʥʠʢʝ, ʙʠʦʣʦʛʠʠ, 

ʤʝʜʠʮʠʥʝ, ʚʝʪʝʨʠʥʘʨʠʠ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʩ ʘʜʩʦʨʙʮʠʦʥʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ ʤʳ 

ʚʩʪʨʝʯʘʝʤʩʷ ʚ ʭʠʤʠʯʝʩʢʦʡ ʠ ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʧʨʠ ʩʘʭʘʨʦʚʘʨʝʥʠʠ, 

ʦʯʠʩʪʢʝ ʩʦʢʦʚ ʠ ʚʠʥ, ʧʨʠ ʨʝʢʪʠʬʠʢʘʮʠʠ ʩʧʠʨʪʘ, ʚ ʪʝʢʩʪʠʣʴʥʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʧʨʠ ʢʨʘʰʝʥʠʠ ʪʢʘʥʝʡ. 

ʉʨʝʜʠ ʨʘʟʣʠʯʥʳʭ ʘʜʩʦʨʙʝʥʪʦʚ ʦʜʥʦ ʠʟ ʧʝʨʚʳʭ ʤʝʩʪ ʟʘʥʠʤʘʝʪ ʫʛʦʣʴ. 

ɼʨʝʚʝʩʥʳʡ, ʢʦʩʪʷʥʦʡ, ʢʨʦʚʷʥʦʡ ʠ ʜʨʫʛʠʝ ʩʦʨʪʘ ʫʛʣʝʡ ʧʦʣʫʯʠʣʠ ʰʠʨʦʢʦʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʢʘʢ ʘʜʩʦʨʙʝʥʪʳ ʚ ʩʘʤʳʭ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ. 

ɸʜʩʦʨʙʮʠʷ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʤʝʜʠʮʠʥʝ ʩ ʣʝʯʝʙʥʳʤʠ ʮʝʣʷʤʠ. 

ɸʜʩʦʨʙʝʥʪʳ ʩʧʦʩʦʙʥʳ ʩʚʷʟʳʚʘʪʴ ʤʥʦʛʠʝ ʷʜʦʚʠʪʳʝ ʚʝʱʝʩʪʚʘ, ʧʦʵʪʦʤʫ ʤʥʦʛʠʝ 

ʢʦʣʣʦʠʜʳ ʧʨʠʤʝʥʷʶʪ ʚ ʢʘʯʝʩʪʚʝ ʧʨʦʪʠʚʦʷʜʠʡ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʢʦʣʣʦʠʜʥʦʝ 

ʞʝʣʝʟʦ ʫʧʦʪʨʝʙʣʷʝʪʩʷ ʧʨʠ ʤʳʰʴʷʢʦʚʦʤ ʦʪʨʘʚʣʝʥʠʠ. ɼʣʷ ʵʪʠʭ ʞʝ ʮʝʣʝʡ 

ʫʧʦʪʨʝʙʣʷʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʤʝʣʢʦ ʨʘʩʪʝʨʪʳʝ ʧʦʨʦʰʢʠ, ʯʘʱʝ ʚʩʝʛʦ ʞʠʚʦʪʥʳʡ ʠ 

ʜʨʝʚʝʩʥʳʡ ʫʛʦʣʴ. 
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ʗʚʣʝʥʠʷ ʘʜʩʦʨʙʮʠʠ ʠʤʝʶʪ ʙʦʣʴʰʦʝ ʙʠʦʣʦʛʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ. ɺ 

ʦʨʛʘʥʠʟʤʝ ʠʤʝʝʪʩʷ ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʥʘ ʢʦʪʦʨʳʭ ʠʜʫʪ 

ʘʜʩʦʨʙʮʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ. ʕʪʦ, ʚʦ-ʧʝʨʚʳʭ, ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʜʝʣʘ ʤʝʞʜʫ 

ʦʨʛʘʥʠʟʤʦʤ ʠ ʩʨʝʜʦʡ, ʟʘʪʝʤ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʝʥʦʢ ʩʦʩʫʜʦʚ, ʨʘʟʥʦʦʙʨʘʟʥʝʡʰʠʝ 

ʤʝʤʙʨʘʥʳ, ʧʦʚʝʨʭʥʦʩʪʠ ʢʣʝʪʦʢ, ʧʦʚʝʨʭʥʦʩʪʠ ʷʜʝʨ, ʧʦʚʝʨʭʥʦʩʪʠ ʚʘʢʫʦʣʝʡ ʠ, 

ʥʘʢʦʥʝʮ, ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʣʣʦʠʜʥʳʭ ʯʘʩʪʠʮ ʧʨʦʪʦʧʣʘʟʤʳ. ʅʘ ʚʩʝʭ ʵʪʠʭ 

ʧʦʚʝʨʭʥʦʩʪʷʭ ʚ ʧʨʦʮʝʩʩʝ ʦʙʤʝʥʘ ʚʝʱʝʩʪʚ ʤʦʛʫʪ ʘʜʩʦʨʙʠʨʦʚʘʪʴʩʷ ʨʘʟʣʠʯʥʳʝ 

ʚʝʱʝʩʪʚʘ. 

ɽʩʣʠ ʜʣʷ ʚʳʩʰʠʭ ʦʨʛʘʥʠʟʤʦʚ ʧʦʚʝʨʭʥʦʩʪʴ ʨʘʟʜʝʣʘ ʤʝʞʜʫ ʦʨʛʘʥʠʟʤʦʤ ʠ 

ʩʨʝʜʦʡ ʘʜʩʦʨʙʮʠʦʥʥʦʡ ʨʦʣʠ ʧʦʯʪʠ ʥʝ ʠʛʨʘʝʪ, ʪʦ ʜʣʷ ʦʨʛʘʥʠʟʤʦʚ, ʞʠʚʫʱʠʭ ʚ 

ʚʦʜʝ, ʦʩʦʙʝʥʥʦ ʜʣʷ ʥʠʟʰʠʭ ʦʨʛʘʥʠʟʤʦʚ, ʵʪʘ ʧʦʚʝʨʭʥʦʩʪʴ ʠʤʝʝʪ ʚʝʩʴʤʘ 

ʩʫʱʝʩʪʚʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʚ ʧʨʦʮʝʩʩʘʭ ʧʠʪʘʥʠʷ ʠ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʧʠʱʝʚʳʭ 

ʚʝʱʝʩʪʚ. 

ʇʦ ʠʩʩʣʝʜʦʚʘʥʠʝʤ ʊʨʘʫʙʝ ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʳʝ ʚʝʱʝʩʪʚʘ ʣʝʛʢʦ 

ʧʨʦʥʠʢʘʶʪ ʚ ʢʣʝʪʢʫ, ʘ ʧʠʱʝʚʳʝ ʚʝʱʝʩʪʚʘ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʦʚʝʨʭʥʦʩʪʥʦ-

ʘʢʪʠʚʥʳ. ʇʦʵʪʦʤʫ, ʧʝʨʚʳʤ ʵʪʘʧʦʤ ʫʩʚʦʝʥʠʷ, ʷʚʣʷʝʪʩʷ ʘʜʩʦʨʙʮʠʷ 

ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ, ʧʦʩʣʝ ʯʝʛʦ ʥʘʯʠʥʘʝʪʩʷ ʧʨʦʮʝʩʩ ʭʠʤʠʯʝʩʢʦʛʦ 

ʧʨʝʚʨʘʱʝʥʠʷ. 

ʇʨʦʮʝʩʩʳ ʦʙʤʝʥʘ ʚʝʱʝʩʪʚ ʚ ʦʨʛʘʥʠʟʤʝ ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ 

ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ-ʬʝʨʤʝʥʪʦʚ, ʷʚʣʷʶʱʠʭʩʷ 

ʢʦʣʣʦʠʜʘʤʠ. ʇʝʨʚʳʝ ʩʪʘʜʠʠ ʜʝʡʩʪʚʠʷ ʬʝʨʤʝʥʪʘ ʩʚʦʜʷʪʩʷ ʢ ʘʜʩʦʨʙʮʠʠ 

ʩʫʙʩʪʨʘʪʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʬʝʨʤʝʥʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʠ ʪʦʣʴʢʦ ʧʦʩʣʝ ʵʪʦʛʦ 

ʬʝʨʤʝʥʪ ʧʨʦʷʚʣʷʝʪ ʩʚʦʝ ʩʧʝʮʠʬʠʯʝʩʢʦʝ ʢʘʪʘʣʠʪʠʯʝʩʢʦʝ ʜʝʡʩʪʚʠʝ. ʗʚʣʝʥʠʷ 

ʘʜʩʦʨʙʮʠʠ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚ ʞʠʜʢʦʩʪʷʭ ʠ ʪʢʘʥʷʭ ʦʨʛʘʥʠʟʤʘ. ʊʘʢʠʝ 

ʚʘʞʥʳʝ ʞʠʟʥʝʥʥʳʝ ʧʨʦʮʝʩʩʳ ʢʘʢ, ʧʠʪʘʥʠʝ, ʜʳʭʘʥʠʝ, ʚʳʜʝʣʝʥʠʝ ʠ ʜʨʫʛʠʝ 

ʧʨʦʮʝʩʩʳ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʦʨʛʘʥʠʟʤʘ ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʤʥʦʛʦʦʙʨʘʟʥʳʤʠ 

ʷʚʣʝʥʠʷʤʠ ʘʜʩʦʨʙʮʠʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʝʩʣʠ ʫʯʝʩʪʴ ʦʛʨʦʤʥʝʡʰʠʝ ʚʝʣʠʯʠʥʳ ʧʦʚʝʨʭʥʦʩʪʝʡ 

ʨʘʟʜʝʣʘ ʫ ʚʳʩʰʠʭ ʦʨʛʘʥʠʟʤʦʚ ʠ ʘʜʩʦʨʙʮʠʦʥʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʵʪʠʭ 
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ʧʦʚʝʨʭʥʦʩʪʝʡ, ʪʦ ʙʫʜʝʪ ʧʦʥʷʪʥʦ ʚʩʝ ʪʦ ʟʥʘʯʝʥʠʝ, ʢʦʪʦʨʦʝ ʠʤʝʝʪ ʘʜʩʦʨʙʮʠʷ ʚ 

ʧʨʦʮʝʩʩʘʭ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ. 

2. ʇʦʚʝʨʭʥʦʩʪʥʦʝ ʥʘʪʷʞʝʥʠʝ. 

ʄʦʣʝʢʫʣʳ, ʥʘʭʦʜʷʱʠʝʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʪʣʠʯʘʶʪʩʷ ʧʦ ʩʠʣʘʤ 

ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʧʨʠʪʷʞʝʥʠʷ ʦʪ ʤʦʣʝʢʫʣ, ʥʘʭʦʜʷʱʠʭʩʷ ʚʥʫʪʨʠ ʞʠʜʢʦʩʪʠ. ɼʝʣʦ 

ʚ ʪʦʤ, ʯʪʦ ʤʦʣʝʢʫʣʳ ʚ ʦʙʲʸʤʝ ʞʠʜʢʦʩʪʠ ʨʘʚʥʦʤʝʨʥʦ ʦʢʨʫʞʝʥʳ ʪʘʢʠʤʠ ʞʝ 

ʤʦʣʝʢʫʣʘʤʠ ʠ ʧʦʵʪʦʤʫ ʠʭ ʩʠʣʦʚʳʝ ʧʦʣʷ ʩʢʦʤʧʝʥʩʠʨʦʚʘʥʳ. ʇʦʚʝʨʭʥʦʩʪʥʳʝ 

ʞʝ ʤʦʣʝʢʫʣʳ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʢʘʢ ʩ ʤʦʣʝʢʫʣʘʤʠ ʦʜʥʦʡ ʬʘʟʳ (ʞʠʜʢʦʩʪʴ), 

ʪʘʢ ʠ ʩ ʤʦʣʝʢʫʣʘʤʠ ʜʨʫʛʦʡ ʬʘʟʳ (ʛʘʟ), ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʨʘʚʥʦʜʝʡʩʪʚʫʶʱʘʷ 

ʤʦʣʝʢʫʣʷʨʥʳʭ ʩʠʣ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʥʝ ʨʘʚʥʘ ʥʫʣʶ ʠ ʥʘʧʨʘʚʣʝʥʘ ʚʥʫʪʨʴ 

ʪʦʡ ʬʘʟʳ, ʩ ʢʦʪʦʨʦʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʙʦʣʴʰʝ.  

 

 

 

ʈʠʩ. 12.ʉʭʝʤʘ ʜʝʡʩʪʚʠʷ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʩʠʣ 

ʚʥʫʪʨʠ ʞʠʜʢʦʩʪʠ ʠ ʥʘ ʝʝ ʧʦʚʝʨʭʥʦʩʪʠ.  

 

ʆʩʦʙʝʥʥʦ ʚʝʣʠʢʘ ʨʘʚʥʦʜʝʡʩʪʚʫʶʱʘʷ, ʝʩʣʠ ʦʜʥʦʡ ʠʟ ʬʘʟ ʷʚʣʷʝʪʩʷ ʛʘʟ 

(ʩʦʙʩʪʚʝʥʥʳʡ ʧʘʨ): ʤʦʣʝʢʫʣʳ ʚ ʛʘʟʝ ʯʨʝʟʚʳʯʘʡʥʦ ʫʜʘʣʝʥʳ ʜʨʫʛ ʦʪ ʜʨʫʛʘ, 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʤʦʣʝʢʫʣʷʨʥʳʭ ʩʠʣ ʩʦ ʩʪʦʨʦʥʳ ʛʘʟʘ ʦʯʝʥʴ ʤʘʣʘ. 

 ʅʝʩʢʦʤʧʝʥʩʠʨʦʚʘʥʥʦʩʪʴ ʤʦʣʝʢʫʣʷʨʥʳʭ ʩʠʣ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ 

ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʤʦʣʝʢʫʣʳ ʦʙʣʘʜʘʶʪ ʙʦʣʴʰʝʡ ʩʚʦʙʦʜʥʦʡ ʵʥʝʨʛʠʝʡ, ʯʝʤ 

ʤʦʣʝʢʫʣʳ ʚʥʫʪʨʠ ʬʘʟ (ʨʠʩ.12). ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʯʪʦʙʳ ʧʝʨʝʤʝʩʪʠʪʴ ʤʦʣʝʢʫʣʳ 

ʠʟ ʛʣʫʙʠʥʳ ʬʘʟʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ, ʥʝʦʙʭʦʜʠʤʦ ʩʦʚʝʨʰʠʪʴ ʨʘʙʦʪʫ ʧʨʦʪʠʚ 

ʨʘʚʥʦʜʝʡʩʪʚʫʶʱʝʡ ʩʠʣʳ, ʪ.ʝ. ʦʙʨʘʟʦʚʘʥʠʝ ʥʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʜʝʣʘ ʬʘʟ 

ʪʨʝʙʫʝʪ ʩʦʚʝʨʰʝʥʠʷ ʨʘʙʦʪʳ. ɺʝʣʠʯʠʥʘ ʨʘʙʦʪʳ, ʦʪʥʝʩʝʥʥʘʷ ʢ ʝʜʠʥʠʮʝ 

ʧʦʚʝʨʭʥʦʩʪʠ 1ʩʤ2 ʠ ʚʳʨʘʞʝʥʥʘʷ ʚ ʵʨʛ/ʩʤ2, ʧʦʣʫʯʠʣʘ ʥʘʟʚʘʥʠʝ 

ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ: 

-dɸ =dG =  s dS 
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ʛʜʝ  dɸ ï ʟʘʪʨʘʯʝʥʥʘʷ ʨʘʙʦʪʘ, dG ïʧʨʠʨʘʱʠʚʘʥʠʝ ʩʚʦʙʦʜʥʦʡ ʵʥʝʨʛʠʠ ʧʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘ dS; s  - ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʥʘʪʷʞʝʥʠʝ, ʷʚʣʷʶʱʝʝʩʷ  

ʤʝʨʦʡ ʥʝʩʢʦʤʧʝʥʩʠʨʦʚʘʥʥʦʩʪʠ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʩʠʣ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ 

(ʤʝʞʬʘʟʥʦʤ) ʩʣʦʝ.  

 ɽʜʠʥʠʮʘ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ [s] = 1 ɼʞ/ʤ2 = 1 ʅ/ʤ; ʚ 

ʣʠʪʝʨʘʪʫʨʝ ʤʦʞʥʦ ʚʩʪʨʝʪʠʪʴ ʠ ʚʥʝʩʠʩʪʝʤʥʫʶ ʝʜʠʥʠʮʫ [s] = 1 ʵʨʛ/ʩʤ2 = 1 

ʜʠʥ/ʩʤ. 

ʇʦʚʝʨʭʥʦʩʪʥʦʝ ʥʘʪʷʞʝʥʠʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʠʣʘʤʠ ʤʝʞʤʦʣʝʢʫʣʷʨʥʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʞʠʜʢʦʩʪʠ: ʯʝʤ ʦʥʠ ʠʥʪʝʥʩʠʚʥʝʝ, ʪʝʤ ʙʦʣʴʰʝ 

ʨʘʚʥʦʜʝʡʩʪʚʫʶʱʘʷ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʠʣ ʠ ʪʝʤ ʙʦʣʴʰʝ s. ʅʘʧʨʠʤʝʨ, ʤʝʞʜʫ 

ʘʪʦʤʘʤʠ ʨʪʫʪʠ ʜʝʡʩʪʚʫʶʪ ʦʯʝʥʴ ʠʥʪʝʥʩʠʚʥʳʝ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʩʚʷʟʠ 

(ʨʘʟʥʦʚʠʜʥʦʩʪʴ ʭʠʤʠʯʝʩʢʠʭ ʩʠʣ) ï ʥʝʩʢʦʤʧʝʥʩʠʨʦʚʘʥʥʦʩʪʴ ʩʠʣ ʚ 

ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʚʝʣʠʢʘ ʠ s ʨʪʫʪʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʧʨʝʚʳʰʘʝʪ 

ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʥʘʪʷʞʝʥʠʝ ʚʩʝʭ ʠʟʚʝʩʪʥʳʭ ʞʠʜʢʦʩʪʝʡ ʠ ʨʘʚʥʦ 470Ĭ10-3 ɼʞ/ʤ2. 

ʅʘʧʨʦʪʠʚ, ʤʝʞʜʫ ʤʦʣʝʢʫʣʘʤʠ ʧʨʝʜʝʣʴʥʳʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʜʝʡʩʪʚʫʶʪ ʦʯʝʥʴ 

ʩʣʘʙʳʝ ʜʠʩʧʝʨʩʠʦʥʥʳʝ ʩʠʣʳ  (ʩʦʩʪʘʚʣʷʶʱʠʝ ʩʠʣ ɺʘʥ-ʜʝʨ-ɺʘʘʣʴʩʘ) - s ʪʘʢʠʭ 

ʞʠʜʢʦʩʪʝʡ ʤʘʣʘ. ʅʘʧʨʠʤʝʨ, ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʥʘʪʷʞʝʥʠʝ ʛʝʢʩʘʥʘ ʧʨʠ 200ʉ 

ʨʘʚʥʦ 18,46Ĭ10-3 ɼʞ/ʤ2. 

ʉʪʨʝʤʣʝʥʠʝ ʩʠʩʪʝʤʳ ʢ ʫʤʝʥʴʰʝʥʠʶ ʩʚʦʙʦʜʥʦʡ ʵʥʝʨʛʠʠ, ʢʨʦʤʝ 

ʩʦʢʨʘʱʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʜʝʣʘ ʬʘʟ ʨʝʘʣʠʟʫʝʪʩʷ ʩʥʠʞʝʥʠʝʤ 

ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ ʚʩʣʝʜʩʪʚʠʝ ʧʨʦʮʝʩʩʦʚ ʘʜʩʦʨʙʮʠʠ, ʘʜʛʝʟʠʠ, 

ʩʤʘʯʠʚʘʥʠʷ ʠ ʜʨ. 

ʉʚʷʟʴ ʤʝʞʜʫ ʘʜʩʦʨʙʮʠʝʡ ʚʝʱʝʩʪʚ ʠ ʧʦʚʝʨʭʥʦʩʪʥʳʤ ʥʘʪʷʞʝʥʠʝʤ 

ʫʩʪʘʥʦʚʠʣ ɻʠʙʙʩ: 

dC

d

RT

ʉ
ɻ

s
-= , 

ʛʜʝ R - ʫʥʠʚʝʨʩʘʣʴʥʘʷ ʛʘʟʦʚʘʷ ʧʦʩʪʦʷʥʥʘʷ, ʉ ï ʢʦʥʮʝʥʪʨʘʮʠʷ ʘʜʩʦʨʙʘʪʘ, ʊ -  

ʘʙʩʦʣʶʪʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ, Üʂ, dC

ds

- ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʘʢʪʠʚʥʦʩʪʴ. ʀʟ ʵʪʦʛʦ 
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ʫʨʘʚʥʝʥʠʷ ʩʣʝʜʫʝʪ ʚʘʞʥʳʡ ʚʳʚʦʜ. ʀʟʤʝʨʝʥʠʷ ʘʜʩʦʨʙʮʠʠ ʥʘ ʪʚʝʨʜʳʭ 

ʘʜʩʦʨʙʝʥʪʘʭ ʦʙʳʯʥʦ ʧʨʦʠʟʚʦʜʷʪ ʧʦ ʫʙʳʣʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʜʩʦʨʙʘʪʘ ʚ 

ʨʘʩʪʚʦʨʝ (DC). ʇʦʚʝʨʭʥʦʩʪʴ ʘʜʩʦʨʙʝʥʪʘ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝʚʝʣʠʢʘ ʠ DC 

ʩʦʩʪʘʚʣʷʝʪ ʣʠʰʴ ʥʝʩʢʦʣʴʢʦ ʧʨʦʮʝʥʪʦʚ ʦʪ ʩʘʤʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ. ʇʦʵʪʦʤʫ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʜʦʩʪʦʚʝʨʥʳʭ ʟʥʘʯʝʥʠʡ ɻ ʥʝʦʙʭʦʜʠʤʦ ʠʟʤʝʨʷʪʴ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩ 

ʦʯʝʥʴ ʙʦʣʴʰʦʡ ʪʦʯʥʦʩʪʴʶ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʵʪʦʛʦ, ʠʟʤʝʨʝʥʠʷ ʘʜʩʦʨʙʮʠʠ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʞʠʜʢʦʩʪʴ - ʛʘʟ ʢʨʘʡʥʝ ʧʨʦʩʪʳ. ʆʥʠ ʩʚʦʜʷʪʩʷ ʢ ʠʟʫʯʝʥʠʶ 

ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʜʩʦʨʙʘʪʘ, 

ʛʨʘʬʠʯʝʩʢʦʤʫ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʶ ʢʨʠʚʦʡ s = f(C) ʠ ʨʘʩʯʝʪʫ ɻ ʧʦ 

ʫʨʘʚʥʝʥʠʶ ɻʠʙʙʩʘ. 

 ʈʘʙʦʪʘʤʠ ʃʝʥʛʤʶʨʘ, ʍʘʨʢʠʥʩʘ, ʐʠʰʢʦʚʩʢʦʛʦ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʚʩʝ ʚʝʱʝʩʪʚʘ ʧʦ ʠʭ ʜʝʡʩʪʚʠʶ ʥʘ ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʥʘʪʷʞʝʥʠʝ ʞʠʜʢʦʩʪʝʡ ʤʦʞʥʦ 

ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʘ ʢʣʘʩʩʘ: ʧʦʚʝʨʭʥʦʩʪʥʦ - ʘʢʪʠʚʥʳʝ ʠ ʧʦʚʝʨʭʥʦʩʪʥʦ - 

ʠʥʘʢʪʠʚʥʳʝ. 

ʇʦʚʝʨʭʥʦʩʪʥʦ - ʠʥʘʢʪʠʚʥʳʝ ʚʝʱʝʩʪʚʘ 

 ʂ ʧʦʚʝʨʭʥʦʩʪʥʦ - ʠʥʘʢʪʠʚʥʳʤ ʚʝʱʝʩʪʚʘʤ (ʇʀɸɺ) ʦʪʥʦʩʷʪʩʷ ʚʝʱʝʩʪʚʘ, 

ʨʘʩʪʚʦʨʝʥʠʝ ʢʦʪʦʨʳʭ ʚ ʞʠʜʢʦʩʪʠ ʫʚʝʣʠʯʠʚʘʝʪ ʝʸ ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʥʘʪʷʞʝʥʠʝ 

(ʥʘʟʳʚʘʪʴ ʪʘʢʠʝ ʚʝʱʝʩʪʚʘ ʧʦʚʝʨʭʥʦʩʪʥʦ - ʥʝʘʢʪʠʚʥʳʤʠ ʥʝ ʢʦʨʨʝʢʪʥʦ, ʪʘʢ ʢʘʢ 

ʥʝʘʢʪʠʚʥʳʝ ʚʝʱʝʩʪʚʘ ʥʝ ʠʟʤʝʥʷʣʠ ʙʳ s). ʕʪʦ ʩʦʣʠ, ʱʝʣʦʯʠ, ʤʠʥʝʨʘʣʴʥʳʝ 

ʢʠʩʣʦʪʳ, ʪ.ʝ. ʣʶʙʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʜʘʶʱʠʝ ʚ ʨʘʩʪʚʦʨʝ ʪʦʣʴʢʦ ʥʝʦʨʛʘʥʠʯʝʩʢʠʝ 

ʠʦʥʳ. ʀʭ ʜʝʡʩʪʚʠʝ ʦʙʲʷʩʥʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʩʠʣʳ ʧʨʠʪʷʞʝʥʠʷ ʠʦʥʦʚ  

 

 

 

 

 

ʈʠʩ.13(ɸ). ɼʝʡʩʪʚʠʝ ʇʀɸɺ (1) ʠ ʇɸɺ (2)ʥʘ ʧʦʚʝʨʭʥʦʩʪʥʦʝ  

ʥʘʪʷʞʝʥʠʝ ʠʭ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ 

 

ʠ ʜʠʧʦʣʝʡ ʚʦʜʳ ʩʠʣʴʥʝʝ, ʯʝʤ ʜʠʧʦʣʝʡ ʜʨʫʛ ʢ ʜʨʫʛʫ, ʧʦʵʪʦʤʫ ʧʨʠ ʨʘʩʪʚʦʨʝʥʠʠ 
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ʇʀɸɺ ʚ ʚʦʜʝ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ 

ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ, ʠ,      ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʠ s. 

ʕʬʬʝʢʪ ʜʝʡʩʪʚʠʷ ʇʀɸɺ ʦʙʳʯʥʦ ʥʝʟʥʘʯʠʪʝʣʝʥ. ʕʪʦ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 13(ɸ). 

ʊʘʢ, ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʥʘʪʷʞʝʥʠʝ ʯʠʩʪʦʡ ʚʦʜʳ ʧʨʠ 200ʉ  72,8Ĭ10-3 ɼʞ/ʤ2, 

s  0,1 ʤ ʨʘʩʪʚʦʨʘ  NaOH ʨʘʚʥʦ 73,0Ĭ10-3 ɼʞ/ʤ2 ʠ ʣʠʰʴ ʫ 10% ʨʘʩʪʚʦʨʘ NaOH     

s = 77,5Ĭ10-3 ɼʞ/ʤ2. 

 ɼʣʷ ʪʘʢʠʭ ʚʝʱʝʩʪʚ (ds/dC) > 0 ʠ, ʩʦʛʣʘʩʥʦ ʫʨʘʚʥʝʥʠʶ ɻʠʙʙʩʘ, ɻ < 0. 

ɸʜʩʦʨʙʮʠʷ ʇʀɸɺ ʦʪʨʠʮʘʪʝʣʴʥʘ, ʪ.ʝ. ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʩʣʦʡ ʦʙʝʜʥʸʥ ʠʦʥʘʤʠ 

ʇʀɸɺ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʲʸʤʦʤ ʨʘʩʪʚʦʨʘ. ʕʪʦ ʧʨʦʠʩʭʦʜʠʪ ʧʦʪʦʤʫ, ʯʪʦ ʠʦʥʳ  

ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ ʛʠʜʨʘʪʠʨʦʚʘʥʳ. ʀʦʥʳ ʞʝ, ʥʘʭʦʜʷʱʠʝʩʷ ʚʙʣʠʟʠ 

ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʜʝʣʘ ʬʘʟ ʩʦ ʩʪʦʨʦʥʳ ʛʘʟʘ ʛʠʜʨʘʪʥʦʡ "ʰʫʙʳ" ʥʝ ʠʤʝʶʪ ʠ ʧʦʜ 

ʚʣʠʷʥʠʝʤ ʩʠʣʴʥʦʛʦ ʠʦʥ-ʜʠʧʦʣʴʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʫʭʦʜʷʪ ʚʛʣʫʙʴ ʨʘʩʪʚʦʨʘ, 

ʛʠʜʨʘʪʥʘʷ ʦʙʦʣʦʯʢʘ ʧʨʠ ʵʪʦʤ ʧʦʣʥʦʩʪʴʶ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ. 

 ʆʪʨʠʮʘʪʝʣʴʥʦʡ ʘʜʩʦʨʙʮʠʝʡ ʇʀɸɺ ʦʙʲʷʩʥʷʝʪʩʷ ʠ ʩʣʘʙʳʡ ʠʭ ʵʬʬʝʢʪ 

ʧʦʚʳʰʝʥʠʷ s. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʩʣʦʡ ʦʙʝʜʥʸʥ ʠʦʥʘʤʠ ʠ 

ʥʝʙʦʣʴʰʦʝ ʠʭ ʯʠʩʣʦ ʫ ʧʦʚʝʨʭʥʦʩʪʠ ʥʝ ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʩʠʪʴ s 

ʨʘʩʪʚʦʨʘ. ʃʠʰʴ ʧʨʠ C > 8-10% ʜʦʩʪʠʛʘʝʪʩʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʠʦʥʦʚ ʫ 

ʧʦʚʝʨʭʥʦʩʪʠ ʜʦʩʪʘʪʦʯʥʘʷ ʜʣʷ ʧʦʚʳʰʝʥʠʷ s ʥʘ 3 - 5Ĭ10-3 ɼʞ/ʤ2. 

 ʂ ʧʦʚʝʨʭʥʦʩʪʥʦ-ʥʝʘʢʪʠʚʥʳʤ ʦʪʥʦʩʷʪ ʚʝʱʝʩʪʚʘ, ʢʦʪʦʨʳʝ ʚ ʰʠʨʦʢʦʤ 

ʠʥʪʝʨʚʘʣʝ ʢʦʥʮʝʥʪʨʘʮʠʡ ʥʝ ʠʟʤʝʥʷʶʪ s. ʄʦʣʝʢʫʣʳ ʪʘʢʠʭ ʚʝʱʝʩʪʚ ʦʙʳʯʥʦ 

ʩʦʜʝʨʞʘʪ ʥʝʩʢʦʣʴʢʦ ʧʦʣʷʨʥʳʭ ʛʨʫʧʧ, ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʚʜʦʣʴ 

ʤʦʣʝʢʫʣʳ. ʇʨʠʤʝʨʦʤ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʩʘʭʘʨʦʟʘ. 

ʇʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʳʝ ʚʝʱʝʩʪʚʘ 

 ɺʝʱʝʩʪʚʘ, ʨʘʩʪʚʦʨʝʥʠʝ ʢʦʪʦʨʳʭ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ 

ʥʘʪʷʞʝʥʠʷ ʨʘʩʪʚʦʨʠʪʝʣʷ, ʥʦʩʷʪ ʥʘʟʚʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ 

(ʇɸɺ), ʘ ʠʭ ʩʚʦʡʩʪʚʦ ʧʦʥʠʞʘʪʴ s ʥʘʟʳʚʘʶʪ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ. 

ʇɸɺ - ʵʪʦ ʦʙʳʯʥʦ ʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ, ʤʦʣʝʢʫʣʳ ʢʦʪʦʨʳʭ ʠʤʝʶʪ 

ʥʝʩʠʤʤʝʪʨʠʯʥʦʝ, ʜʠʬʠʣʴʥʦʝ ʩʪʨʦʝʥʠʝ, ʪ.ʝ. ʩʦʩʪʦʷʪ ʠʟ ʜʚʫʭ ʯʘʩʪʝʡ ʠʣʠ ʛʨʫʧʧ - 
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ʧʦʣʷʨʥʦʡ ʠ ʥʝʧʦʣʷʨʥʦʡ. ʇʨʠʤʝʨʦʤ ʧʦʣʷʨʥʳʭ ʛʨʫʧʧ ʤʦʛʫʪ ʩʣʫʞʠʪʴ: ½OH,      

½COOH, ½NO2, ½CN, ½NH2 ʠ ʪ.ʜ. ʅʝʧʦʣʷʨʥʦʡ ʯʘʩʪʴʶ ʤʦʣʝʢʫʣʳ ʦʙʳʯʥʦ 

ʷʚʣʷʶʪʩʷ  ʫʛʣʝʚʦʜʦʨʦʜʥʳʝ ʨʘʜʠʢʘʣʳ. ʇʨʠʤʝʨʦʤ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʛʦ 

ʇɸɺ ʷʚʣʷʝʪʩʷ ʦʙʳʯʥʦʝ ʤʳʣʦ (ʥʘʪʨʠʝʚʳʝ ʩʦʣʠ ʞʠʨʥʳʭ ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ), ʢ 

ʇɸɺ ʦʪʥʦʩʷʪ ʪʘʢʞʝ ʢʘʨʙʦʥʦʚʳʝ ʢʠʩʣʦʪʳ, ʩʧʠʨʪʳ, ʘʤʠʥʳ, ʩʫʣʴʬʦʢʠʩʣʦʪʳ ʠ 

ʜʨʫʛʠʝ ʚʝʱʝʩʪʚʘ. 

ʋʩʣʦʚʥʦ ʧʨʠʥʷʪʦ ʦʙʦʟʥʘʯʘʪʴ ʤʦʣʝʢʫʣʫ ʇɸɺ ʩʠʤʚʦʣʦʤ ½O, ʛʜʝ ʢʨʫʞʝʢ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʣʷʨʥʦʡ ʛʨʫʧʧʝ, ʘ ʧʘʣʦʯʢʘ - ʥʝʧʦʣʷʨʥʦʡ ʯʘʩʪʠ. 

ʀʟ ʨʠʩʫʥʢʘ 13(ɸ) ʚʠʜʥʦ, ʯʪʦ ʜʣʷ ʇɸɺ (ds/dC) < 0 ʠ, ʩʦʛʣʘʩʥʦ 

ʫʨʘʚʥʝʥʠʶ ɻʠʙʙʩʘ, ɻ > 0, ʪ.ʝ. ʤʦʣʝʢʫʣʳ ʇɸɺ ʘʜʩʦʨʙʠʨʫʶʪʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʨʘʟʜʝʣʘ ʬʘʟ, ʩʥʠʞʘʷ ʪʝʤ ʩʘʤʳʤ ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʥʘʪʷʞʝʥʠʝ ʨʘʩʪʚʦʨʠʪʝʣʷ. 

ɸʜʩʦʨʙʮʠʷ ʇɸɺ ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʩʣʝʜʫʶʱʝʡ ʧʨʠʯʠʥʝ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ 

ʜʠʧʦʣʷʤʠ ʚʦʜʳ ʟʥʘʯʠʪʝʣʴʥʦ ʩʠʣʴʥʝʝ, ʯʝʤ ʤʝʞʜʫ ʜʠʧʦʣʷʤʠ ʠ ʥʝʧʦʣʷʨʥʳʤʠ 

ʯʘʩʪʷʤʠ ʇɸɺ. ʇʦʵʪʦʤʫ ʵʥʝʨʛʝʪʠʯʝʩʢʠ ʚʳʛʦʜʝʥ ʧʝʨʝʭʦʜ ʤʦʣʝʢʫʣ ʇɸɺ ʠʟ 

ʬʘʟʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʠʣʠ ʚ ʜʨʫʛʫʶ ʬʘʟʫ, ʧʨʠ ʵʪʦʤ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʪʩʷ 

ʩʠʣʴʥʳʝ ʜʠʧʦʣʴ - ʜʠʧʦʣʴʥʳʝ ʠ ʚʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ ʤʦʣʝʢʫʣ ʚʦʜʳ. ʏʝʤ ʜʣʠʥʥʝʝ 

ʫʛʣʝʚʦʜʦʨʦʜʥʳʡ ʨʘʜʠʢʘʣ, ʪʝʤ ʙʦʣʴʰʝ ʤʦʣʝʢʫʣ ʚʦʜʳ ʦʥ ʨʘʟʦʙʱʘʝʪ ʠ ʪʝʤ 

ʙʦʣʴʰʝ ʪʝʥʜʝʥʮʠʷ ʚʳʭʦʜʘ ʤʦʣʝʢʫʣ ʇɸɺ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ, ʪ.ʝ. ʪʝʤ ʙʦʣʴʰʝ ʠʭ 

ʘʜʩʦʨʙʮʠʷ. 

 ʕʬʬʝʢʪ ʩʥʠʞʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ  ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʇɸɺ 

ʤʦʞʝʪ ʙʳʪʴ ʦʯʝʥʴ ʚʝʣʠʢ. ʊʘʢ, ʦʙʳʯʥʦʝ ʤʳʣʦ ʧʦʥʠʞʘʝʪ ʧʦʚʝʨʭʥʦʩʪʥʦʝ 

ʥʘʪʷʞʝʥʠʝ ʚʦʜʳ ʥʘ 42,8Ĭ10-3 ɼʞ/ʤ2 ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ 10-3 ʤʦʣʴ/ʣ. ɼʣʷ 

ʩʨʘʚʥʝʥʠʷ: ʧʦʚʳʰʝʥʠʝ s ʜʣʷ ʠʥʘʢʪʠʚʥʦʛʦ ʚʝʱʝʩʪʚʘ ʦʙʳʯʥʦ ʤʝʥʴʰʝ 0,8Ĭ10-3 

ɼʞ/ʤ2 ʜʘʞʝ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ 1 ʤʦʣʴ/ʣ. 

 ʉ ʨʦʩʪʦʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʇɸɺ ʚ ʨʘʩʪʚʦʨʝ s ʩʥʘʯʘʣʘ ʧʘʜʘʝʪ ʨʝʟʢʦ, ʘ 

ʟʘʪʝʤ - ʧʦʩʪʝʧʝʥʥʦ (ʨʠʩ.13ɸ). ʇʦʜʦʙʥʳʡ ʭʦʜ ʢʨʠʚʦʡ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ 

ʧʨʠ ʤʘʣʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʧʦʚʝʨʭʥʦʩʪʴ ʞʠʜʢʦʩʪʠ ʩʚʦʙʦʜʥʘ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ 

ʨʘʩʪʚʦʨʝʥʥʳʝ ʤʦʣʝʢʫʣʳ ʇɸɺ ʘʜʩʦʨʙʠʨʫʶʪʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʳ, ʩʠʣʴʥʦ 
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ʩʥʠʞʘʷ s. ʇʨʠ ʙʦʣʴʰʠʭ ʉ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʫʝʪʩʷ ʥʘʩʳʱʝʥʥʳʡ 

ʤʦʥʦʤʦʣʝʢʫʣʷʨʥʳʡ ʩʣʦʡ ʤʦʣʝʢʫʣ ʇɸɺ, ʜʘʣʴʥʝʡʰʘʷ ʘʜʩʦʨʙʮʠʷ ʩʪʘʥʦʚʠʪʩʷ 

ʥʝʚʦʟʤʦʞʥʦʡ ʠ ʩ ʨʦʩʪʦʤ ʢʦʥʮʝʥʪʨʘʮʠʠ s ʠʟʤʝʥʷʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦ. 

ʇʦʚʝʨʭʥʦʩʪʥʦʝ ʥʘʪʷʞʝʥʠʝ ʨʘʩʪʚʦʨʦʚ ʧʨʠ ʵʪʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʧʨʠʙʣʠʞʘʝʪʩʷ 

ʢ ʟʥʘʯʝʥʠʶ s ʩʘʤʠʭ ʇɸɺ ʥʘ ʛʨʘʥʠʮʝ ʩ ʚʦʟʜʫʭʦʤ (18 - 22 Ĭ10-3 ɼʞ/ʤ2). 

 ɺ 1908ʛ ʐʠʰʢʦʚʩʢʠʡ ʧʨʦʚʝʣ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʚʠʩʠʤʦʩʪʠ s ʨʘʩʪʚʦʨʦʚ 

ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ (ʦʪ C3 ʜʦ C6) ʚ ʚʦʜʝ ʦʪ ʠʭ 

ʢʦʥʮʝʥʪʨʘʮʠʠ. ʈʝʟʫʣʴʪʘʪʳ ʝʛʦ ʦʧʳʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ.13(ɹ). 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʤʦʛʫʪ ʙʳʪʴ ʦʧʠʩʘʥʳ 

ʵʤʧʠʨʠʯʝʩʢʠʤ ʫʨʘʚʥʝʥʠʝʤ ʐʠʰʢʦʚʩʢʦʛʦ: 

s -  s0 = Ds = A ln(1 + B C) 

ɿʜʝʩʴ so - ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʥʘʪʷʞʝʥʠʝ ʯʠʩʪʦʡ ʚʦʜʳ, A ʠ B - ʢʦʥʩʪʘʥʪʳ 

ʫʨʘʚʥʝʥʠʷ. ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʢʦʥʩʪʘʥʪʘ A ʦʩʪʘʝʪʩʷ ʧʦʩʪʦʷʥʥʦʡ ʜʣʷ ʚʩʝʭ ʯʣʝʥʦʚ 

ʛʦʤʦʣʦʛʠʯʝʩʢʦʛʦ ʨʷʜʘ, ʘ ʢʦʥʩʪʘʥʪʘ B ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ 3 - 3,5 ʨʘʟʘ ʧʨʠ 

ʫʜʣʠʥʝʥʠʠ ʫʛʣʝʚʦʜʦʨʦʜʥʦʡ ʮʝʧʠ ʥʘ ʦʜʥʦ ʟʚʝʥʦ -CH2-. 

 

 

 

 

ʈʠʩ.13(ɹ). ʀʟʦʪʝʨʤʳ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ 

ʥʘʪʷʞʝʥʠʷ ʢʠʩʣʦʪ ʚ ʚʦʜʝ: 1 - ʧʨʦʧʠʦʥʦʚʘʷ; 2 - 

ʤʘʩʣʷʥʘʷ; 3 - ʚʘʣʝʨʠʘʥʦʚʘʷ; 4 -ʢʘʧʨʦʥʦʚʘʷ (ʧʦ 

ʜʘʥʥʳʤ ʐʠʰʢʦʚʩʢʦʛʦ).  

 

 

ɻʨʘʬʠʯʝʩʢʠ ʜʠʬʬʝʨʝʥʮʠʨʫʷ ʢʨʠʚʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʐʠʰʢʦʚʩʢʠʤ, ʘ 

ʪʘʢʞʝ ʠʩʧʦʣʴʟʫʷ ʩʚʦʠ ʜʘʥʥʳʝ, ʃʝʥʛʤʶʨ ʧʦ ʫʨʘʚʥʝʥʠʶ ɻʠʙʙʩʘ ʨʘʩʩʯʠʪʘʣ 

ʠʟʦʪʝʨʤʳ ʘʜʩʦʨʙʮʠʠ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʇɸɺ. ʀʟʦʪʝʨʤʳ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 

13(ɺ). 
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ʈʠʩ.13(ɺ). ʀʟʦʪʝʨʤʳ ʘʜʩʦʨʙʮʠʠ ʢʠʩʣʦʪ ʚ ʚʦʜʝ: 1 - 

ʧʨʦʧʠʦʥʦʚʦʡ; 2 - ʤʘʩʣʷʥʦʡ; 3 - ʚʘʣʝʨʠʘʥʦʚʦʡ; 4 - 

ʢʘʧʨʦʥʦʚʦʡ.  

 

 ʇʨʠ ʦʜʠʥʘʢʦʚʦʡ C ʘʜʩʦʨʙʮʠʷ ʚʦʟʨʘʩʪʘʝʪ ʩ ʫʜʣʠʥʝʥʠʝʤ ʮʝʧʠ, ʥʦ ʜʣʷ 

ʚʩʝʭ ʯʣʝʥʦʚ ʨʷʜʘ ʢʨʠʚʳʝ ʩʪʨʝʤʷʪʩʷ ʢ ʦʜʥʦʤʫ ʠ ʪʦʤʫ ʞʝ ʧʨʝʜʝʣʫ ɻ¤, 

ʥʘʟʳʚʘʝʤʦʤʫ ʧʨʝʜʝʣʴʥʦʡ ʘʜʩʦʨʙʮʠʝʡ ʠʣʠ ʸʤʢʦʩʪʴʶ ʤʦʥʦʩʣʦʷ. ʌʘʢʪ 

ʧʦʩʪʦʷʥʩʪʚʘ ɻ¤  ʜʣʷ ʚʩʝʭ ʯʣʝʥʦʚ ʨʷʜʘ, ʥʘ ʧʝʨʚʳʡ ʚʟʛʣʷʜ, ʫʜʠʚʠʪʝʣʝʥ, ʪ.ʢ. 

ʦʟʥʘʯʘʝʪ, ʯʪʦ ʥʘ ʝʜʠʥʠʮʝ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʤʝʱʘʝʪʩʷ ʦʜʥʦ ʠ ʪʦ ʞʝ ʯʠʩʣʦ 

ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʭ ʤʦʣʝʢʫʣ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʠʭ ʨʘʟʤʝʨʘ. ʕʪʦʪ ʬʘʢʪ, 

ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ, ʧʦʟʚʦʣʠʣ ʃʝʥʛʤʶʨʫ ʚʳʜʚʠʥʫʪʴ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦʙ ʦʨʠʝʥʪʘʮʠʠ ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʭ ʤʦʣʝʢʫʣ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ 

ʩʣʦʝ ʠ ʨʘʩʧʨʦʩʪʨʘʥʠʪʴ ʫʨʘʚʥʝʥʠʝ ʠʟʦʪʝʨʤʳ, ʚʳʚʝʜʝʥʥʦʝ ʠʤ ʜʣʷ ʘʜʩʦʨʙʮʠʠ ʥʘ 

ʪʚʝʨʜʳʭ ʘʜʩʦʨʙʝʥʪʘʭ, ʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʞʠʜʢʦʩʪʴ - ʛʘʟ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, 

ʢʨʠʚʳʝ ʥʘ ʨʠʩ.13(ɺ) ʤʦʛʫʪ ʙʳʪʴ ʦʧʠʩʘʥʳ ʠʟʦʪʝʨʤʦʡ ʃʝʥʛʤʶʨʘ: 

bC

bC
ɻɻ
+

= ¤
1

 

ʛʜʝ b - ʘʜʩʦʨʙʮʠʦʥʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ, ɻ¤ - ʝʤʢʦʩʪʴ ʤʦʥʦʩʣʦʷ. ɼʣʷ ʦʙʲʷʩʥʝʥʠʷ 

ʧʦʩʪʦʷʥʩʪʚʘ ɻ¤ ʜʣʷ ʚʩʝʭ ʯʣʝʥʦʚ ʛʦʤʦʣʦʛʠʯʝʩʢʦʛʦ ʨʷʜʘ ʃʝʥʛʤʶʨ 

ʧʨʝʜʧʦʣʦʞʠʣ, ʯʪʦ ʫʛʣʝʚʦʜʦʨʦʜʥʘʷ ʮʝʧʴ ʇɸɺ ʥʝ ʟʘʥʠʤʘʝʪ ʤʝʩʪʘ ʚ 

ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ - ʥʝʧʦʣʷʨʥʳʝ ʯʘʩʪʠ "ʪʦʨʯʘʪ" ʚ ʚʦʟʜʫʭ, ʦʙʨʘʟʫʷ 

"ʤʦʣʝʢʫʣʷʨʥʳʡ ʯʘʩʪʦʢʦʣ", ʢʘʢ ʵʪʦ ʠʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ.13(ɻ). ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ 

ɻ¤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʣʠʰʴ ʨʘʟʤʝʨʘʤʠ ʧʦʣʷʨʥʦʡ ʛʨʫʧʧʳ S0, ʘ ʦʥʘ ʫ ʚʩʝʭ ʛʦʤʦʣʦʛʦʚ 

ʦʜʥʘ ʠ ʪʘ ʞʝ. ʅʘʧʨʠʤʝʨ, ʧʣʦʱʘʜʴ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʢʘʨʙʦʢʩʠʣʴʥʦʡ 

ʛʨʫʧʧʳ ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʨʘʚʥʘ 21,3Ĭ10-20 ʤ2. S0 ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʠʟ 

ʘʜʩʦʨʙʮʠʦʥʥʳʭ ʠʟʤʝʨʝʥʠʡ ʧʦ ʫʨʘʚʥʝʥʠʶ: 
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ʈʠʩ.13(ɻ). ʆʨʠʝʥʪʘʮʠʷ ʤʦʣʝʢʫʣ ʇɸɺ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʚʦʜʘ - ʚʦʟʜʫʭ. 

 

 ɿʥʘʷ ɻ¤, ʤʦʞʥʦ ʚʳʯʠʩʣʠʪʴ ʜʣʠʥʫ ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʨʘʜʠʢʘʣʘ ʇɸɺ, 

ʨʘʚʥʫʶ ʪʦʣʱʠʥʝ ʥʘʩʳʱʝʥʥʦʛʦ ʘʜʩʦʨʙʮʠʦʥʥʦʛʦ ʤʦʥʦʩʣʦʷ d, ʪ.ʝ. ʚʳʩʦʪʫ 

"ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʯʘʩʪʦʢʦʣʘ":  

d = M ɻ¤ /r 

ɿʜʝʩʴ r - ʧʣʦʪʥʦʩʪʴ ʘʜʩʦʨʙʘʪʘ, ʄ ï ʝʛʦ ʤʦʣʷʨʥʘʷ ʤʘʩʩʘ.  

 ʉʦʚʤʝʱʝʥʠʝ ʫʨʘʚʥʝʥʠʡ ɻʠʙʙʩʘ ʠ ʃʝʥʛʤʶʨʘ ʜʘʝʪ ʫʨʘʚʥʝʥʠʝ: 

s = s0 - s = ɻ¤RT ln(1 + b C) 

ʆʥʦ ʘʥʘʣʦʛʠʯʥʦ ʫʨʘʚʥʝʥʠʶ ʐʠʰʢʦʚʩʢʦʛʦ, ʧʨʠ ʵʪʦʤ ʢʦʥʩʪʘʥʪʘ A = 

RTɻ¤, ʪ.ʝ. ʦʥʘ ʥʝ ʜʦʣʞʥʘ ʟʘʚʠʩʝʪʴ ʦʪ ʜʣʠʥʳ ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʨʘʜʠʢʘʣʘ ʇɸɺ, 

ʯʪʦ ʠ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ. ɺʝʣʠʯʠʥʘ B ʨʘʚʥʘ ʘʜʩʦʨʙʮʠʦʥʥʦʤʫ 

ʢʦʵʬʬʠʮʠʝʥʪʫ b ʚ ʫʨʘʚʥʝʥʠʠ ʃʝʥʛʤʶʨʘ, ʦʥ ʠʥʜʠʚʠʜʫʘʣʝʥ ʜʣʷ ʢʘʞʜʦʛʦ 

ʚʝʱʝʩʪʚʘ ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʧʦʩʦʙʥʦʩʪʴʶ ʇɸɺ ʢ ʘʜʩʦʨʙʮʠʠ, ʪ.ʝ. ʢʦʵʬʬʠʮʠʝʥʪ 

B ʜʦʣʞʝʥ ʫʚʝʣʠʯʠʚʘʪʴʩʷ ʩ ʨʦʩʪʦʤ ʜʣʠʥʳ ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʨʘʜʠʢʘʣʘ ʇɸɺ, 

ʯʪʦ ʪʘʢʞʝ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʦʧʳʪʦʤ. 

 ʀʩʩʣʝʜʫʷ ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʥʘʪʷʞʝʥʠʝ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʚʝʱʝʩʪʚ, ʊʨʘʫʙʝ (1891) ʫʩʪʘʥʦʚʠʣ ʧʨʘʚʠʣʦ, ʯʪʦ ʚ ʦʜʥʦʤ ʛʦʤʦʣʦʛʠʯʝʩʢʦʤ ʨʷʜʫ 

ʧʨʠ ʤʘʣʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʫʜʣʠʥʝʥʠʝ ʫʛʣʝʚʦʜʦʨʦʜʥʦʡ ʮʝʧʠ ʥʘ ʉʅ2 ï ʛʨʫʧʧʫ 

ʫʚʝʣʠʯʠʚʘʝʪ ʧʦʚʝʨʭʥʦʩʪʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ 3-3,5 ʨʘʟʘ. 

ʄʝʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ 

 ʈʘʩʩʤʦʪʨʠʤ ʥʝʢʦʪʦʨʳʝ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʤʝʪʦʜʳ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ. 

 ʄʝʪʦʜ ʢʘʧʠʣʣʷʨʥʦʛʦ ʧʦʜʥʷʪʠʷ. 
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 ʈʘʟʥʦʩʪʴ ʜʘʚʣʝʥʠʡ, ʚʦʟʥʠʢʘʶʱʘʷ ʧʦ ʦʙʝ ʩʪʦʨʦʥʳ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ 

ʞʠʜʢʦʩʪʠ ʧʨʠ ʝʸ ʠʩʢʨʠʚʣʝʥʠʠ, ʥʘʟʳʚʘʝʪʩʷ ʢʘʧʠʣʣʷʨʥʳʤ ʜʘʚʣʝʥʠʝʤ. ɽʩʣʠ 

ʢʘʧʠʣʣʷʨ ʦʧʫʩʪʠʪʴ ʚ ʞʠʜʢʦʩʪʴ, ʪʦ ʟʘ ʩʯʝʪ ʩʤʘʯʠʚʘʥʠʷ ʠʣʠ ʥʝʩʤʘʯʠʚʘʥʠʷ 

ʩʪʝʥʦʢ ʢʘʧʠʣʣʷʨʘ ʦʙʨʘʟʫʝʪʩʷ ʤʝʥʠʩʢ, ʪ.ʝ. ʠʩʢʨʠʚʣʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʞʠʜʢʦʩʪʠ 

ʠ ʚʦʟʥʠʢʘʝʪ ʢʘʧʠʣʣʷʨʥʦʝ ʜʘʚʣʝʥʠʝ. ʇʦʜ ʝʛʦ ʚʣʠʷʥʠʝʤ ʛʨʘʥʠʮʘ ʞʠʜʢʦʩʪʠ 

ʧʝʨʝʤʝʱʘʝʪʩʷ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʥʝ ʫʩʪʘʥʦʚʠʪʩʷ ʨʘʚʥʦʚʝʩʠʝ ʤʝʞʜʫ 

ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʠʤ ʜʘʚʣʝʥʠʝʤ ʠ ʢʘʧʠʣʣʷʨʥʳʤ. ʇʨʠ ʵʪʦʤ ʩʤʘʯʠʚʘʶʱʘʷ 

ʞʠʜʢʦʩʪʴ ʧʦʜʥʠʤʘʝʪʩʷ, ʘ ʥʝʩʤʘʯʠʚʘʶʱʘʷ ʦʧʫʩʢʘʝʪʩʷ. ɺʳʩʦʪʘ ʢʘʧʠʣʣʷʨʥʦʛʦ 

ʧʦʜʥʷʪʠʷ h ʟʘʚʠʩʠʪ ʦʪ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ ʞʠʜʢʦʩʪʠ - ʠʟʤʝʨʠʚ h 

ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ s. 

 ʉʪʘʣʘʛʤʦʤʝʪʨʠʯʝʩʢʠʡ ʤʝʪʦʜ (ʤʝʪʦʜ ʚʟʚʝʰʠʚʘʥʠʷ ʢʘʧʝʣʴ) 

 ʄʘʩʩʘ ʢʘʧʣʠ ʞʠʜʢʦʩʪʠ, ʚʳʪʝʢʘʶʱʝʡ ʠʟ ʢʘʧʠʣʣʷʨʘ, ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʩʠʣ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ: ʯʝʤ ʙʦʣʴʰʝ s, ʪʝʤ ʙʦʣʴʰʫʶ 

ʧʦ ʨʘʟʤʝʨʘʤ ʢʘʧʣʶ ʦʥʠ ʩʧʦʩʦʙʥʳ ʫʜʝʨʞʘʪʴ. ɼʣʷ ʨʘʚʥʳʭ ʦʙʲʸʤʦʚ ʜʚʫʭ 

ʞʠʜʢʦʩʪʝʡ ʩ ʧʣʦʪʥʦʩʪʴʶ ro ʠ r ʠ ʧʦʚʝʨʭʥʦʩʪʥʳʤ ʥʘʪʷʞʝʥʠʝʤ s0 ʠ s 

ʩʫʱʝʩʪʚʫʝʪ ʩʦʦʪʥʦʰʝʥʠʝ: 

n

n

0

0
0
r

r
ss=  

ʀʟʤʝʨʠʚ ʩʥʘʯʘʣʘ ʯʠʩʣʦ ʢʘʧʝʣʴ n0 ʞʠʜʢʦʩʪʠ, ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʥʘʪʷʞʝʥʠʝ 

so ʠ ʧʣʦʪʥʦʩʪʴ ro ʢʦʪʦʨʦʡ ʠʟʚʝʩʪʥʳ (ʦʙʳʯʥʦ ʵʪʦ ʚʦʜʘ), ʘ ʟʘʪʝʤ - ʯʠʩʣʦ ʢʘʧʝʣʴ 

n ʠʩʩʣʝʜʫʝʤʦʡ ʞʠʜʢʦʩʪʠ, ʚʳʪʝʢʘʶʱʝʡ ʠʟ ʪʦʛʦ ʞʝ ʦʙʲʝʤʘ, ʨʘʩʩʯʠʪʳʚʘʶʪ ʧʦ 

ʜʘʥʥʦʡ ʬʦʨʤʫʣʝ ʠʩʢʦʤʦʝ ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʥʘʪʷʞʝʥʠʝ ʠʩʩʣʝʜʫʝʤʦʡ ʞʠʜʢʦʩʪʠ 

s. 

ʉʭʝʤʘ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʟʤʝʨʝʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 

14.ʉʪʘʣʘʛʤʦʤʝʪʨ ʟʘʢʨʝʧʣʷʶʪ ʥʘ ʰʪʘʪʠʚʝ ʪʘʢ, ʯʪʦʙʳ ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʢʘʧʠʣʣʷʨ 

ʙʳʣ ʩʪʨʦʛʦ ʚʝʨʪʠʢʘʣʴʥʳʤ. ʀʩʩʣʝʜʫʝʤʫʶ ʞʠʜʢʦʩʪʴ ʠʟ ʙʶʢʩʘ 3 ʟʘʩʘʩʳʚʘʶʪ ʩ 

ʧʦʤʦʱʴʶ ʛʨʫʰʠ ʚ ʩʪʘʣʘʛʤʦʤʝʪʨ ʜʦ ʫʨʦʚʥʷ ʚʳʰʝ ʚʝʨʭʥʝʡ ʤʝʪʢʠ 1 ʠ ʜʘʶʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʪʝʢʘʪʴ ʯʝʨʝʟ ʢʘʧʠʣʣʷʨ. ʅʘʯʠʥʘʶʪ ʦʪʩʯʝʪ ʢʘʧʝʣʴ ʧʨʠ 

ʜʦʩʪʠʞʝʥʠʠ ʤʝʥʠʩʢʦʤ ʤʝʪʢʠ 1 ʠ ʟʘʢʘʥʯʠʚʘʶʪ ï ʧʦʩʣʝ ʧʨʦʭʦʞʜʝʥʠʷ 
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ʞʠʜʢʦʩʪʴʶ ʥʠʞʥʝʡ ʤʝʪʢʠ 2. ɺʳʪʝʢʘʶʱʫʶ ʞʠʜʢʦʩʪʴ ʩʦʙʠʨʘʶʪ ʚ ʙʶʢʩʝ 3. 

ʇʨʦʚʦʜʷʪ 3-5 ʟʘʤʝʨʦʚ ʯʠʩʣʘ ʢʘʧʝʣʴ ʠ ʨʘʩʩʯʠʪʳʚʘʶʪ  ʩʨʝʜʥʝʝ 

ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ n. ʇʦʚʝʨʭʥʦʩʪʥʦʝ ʥʘʪʷʞʝʥʠʝ ʚʳʯʠʩʣʷʶʪ ʧʦ 

ʧʨʠʚʝʜʝʥʥʦʤʫ ʚʳʰʝ ʫʨʘʚʥʝʥʠʶ ʜʣʷ s. 

 

 

 

 

 

 

 

 

ʈʠʩ.14. ʉʭʝʤʘ ʫʩʪʘʥʦʚʢʠ ʩʪʘʣʘʛʤʦʤʝʪʨʠʯʝʩʢʦʛʦ 

ʠʟʤʝʨʝʥʠʷ s. 

ʄʝʪʦʜ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ ʧʫʟʳʨʴʢʦʚ ʚʦʟʜʫʭʘ. 

 ʄʝʪʦʜ ʦʩʥʦʚʘʥ ʥʘ ʠʟʤʝʨʝʥʠʠ ʜʘʚʣʝʥʠʷ, ʧʨʠ ʢʦʪʦʨʦʤ ʧʨʦʠʩʭʦʜʠʪ ʦʪʨʳʚ 

ʧʫʟʳʨʴʢʦʚ ʛʘʟʘ (ʚʦʟʜʫʭʘ), ʚʳʜʫʚʘʝʤʦʛʦ ʚ ʞʠʜʢʦʩʪʴ ʯʝʨʝʟ ʢʘʧʠʣʣʷʨ. ʈʦʩʪʫ 

ʧʫʟʳʨʴʢʘ, ʜʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʫʚʝʣʠʯʝʥʠʶ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʜʝʣʘ ʬʘʟ 

ʧʨʝʧʷʪʩʪʚʫʶʪ ʩʠʣʳ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ. ʀ ʯʝʤ ʙʦʣʴʰʝ s, ʪʝʤ ʙʦʣʴʰʝ 

ʩʣʝʜʫʝʪ ʧʨʠʣʦʞʠʪʴ ʫʩʠʣʠʡ (ʩʦʟʜʘʪʴ ʚʥʫʪʨʝʥʥʝʝ ʜʘʚʣʝʥʠʝ), ʯʪʦʙʳ ʚʳʜʫʪʴ 

ʧʫʟʳʨʝʢ ʚ ʞʠʜʢʦʩʪʴ. ɺ ʤʦʤʝʥʪ ʝʛʦ ʦʪʨʳʚʘ ʦʪ ʢʦʥʯʠʢʘ ʢʘʧʠʣʣʷʨʘ ʚʥʫʪʨʝʥʥʝʝ 

ʜʘʚʣʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦ ʠ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ s. ʂʦʥʯʠʢ ʢʘʧʠʣʣʷʨʘ ʜʦʣʞʝʥ 

ʣʠʰʴ ʩʤʘʯʠʚʘʪʴʩʷ ʞʠʜʢʦʩʪʴʶ ʠ ʩʣʝʛʢʘ ʧʨʠʧʦʜʥʠʤʘʪʴ ʤʝʥʠʩʢ ʚʚʝʨʭ. ʇʨʠ 

ʪʘʢʦʤ ʫʩʣʦʚʠʠ ʧʦʧʨʘʚʢʦʡ ʥʘ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʝ ʜʘʚʣʝʥʠʝ ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ 

ʧʫʟʳʨʴʢʦʚ ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ. 

 ʄʘʢʩʠʤʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ ʚ ʧʫʟʳʨʴʢʝ ʤʦʞʥʦ ʠʟʤʝʨʠʪʴ ʩ ʧʦʤʦʱʴʶ 

ʧʨʠʙʦʨʘ ʈʝʙʠʥʜʝʨʘ (ʚ ʤʦʜʠʬʠʢʘʮʠʠ ʉ.ʅ.ɸʣʸʰʠʥʘ), ʠʟʦʙʨʘʞʝʥʥʦʛʦ ʥʘ 

ʨʠʩʫʥʢʝ 15. 

ʆʥ ʩʦʩʪʦʠʪ ʠʟ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʷʯʝʡʢʠ, ʚ ʢʦʪʦʨʫʶ ʥʘʣʠʚʘʝʪʩʷ 

ʠʩʩʣʝʜʫʝʤʘʷ ʞʠʜʢʦʩʪʴ. ʂʘʧʠʣʣʷʨ ʩʦʝʜʠʥʝʥ ʨʝʟʠʥʦʚʦʡ ʪʨʫʙʢʦʡ (2) ʩ 
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ʙʫʬʝʨʥʳʤ ʰʘʨʠʢʦʤ (7), ʚ ʢʦʪʦʨʦʤ ʚʦʟʜʫʭ ʩʞʠʤʘʝʪʩʷ ʚʦʜʦʡ, ʧʦʩʪʫʧʘʶʱʝʡ ʠʟ 

ʚʦʨʦʥʢʠ (6). ʉʦʟʜʘʚʘʝʤʦʝ ʚ ʩʠʩʪʝʤʝ ʜʘʚʣʝʥʠʝ ʠʟʤʝʨʷʝʪʩʷ ʧʦ ʨʘʟʥʦʩʪʠ 

ʫʨʦʚʥʝʡ ʞʠʜʢʦʩʪʠ ʚ ʢʦʣʝʥʘʭ U- ʦʙʨʘʟʥʦʛʦ ʤʘʥʦʤʝʪʨʘ (1). 

 

1. ʤʘʥʦʤʝʪʨ; 

2. ʩʦʝʜʠʥʠʪʝʣʴʥʘʷ ʨʝʟʠʥʦʚʘʷ ʪʨʫʙʢʘ; 

3. ʪʨʫʙʢʘ ʜʣʷ ʩʣʠʚʘ ʚʦʜʳ; 

4. ʢʘʧʠʣʣʷʨ; 

5. ʪʨʝʭʭʦʜʦʚʦʡ ʢʨʘʥ; 

6. ʚʦʨʦʥʢʘ ʜʣʷ ʚʦʜʦʧʨʦʚʦʜʥʦʡ ʚʦʜʳ; 

7. ʙʫʬʝʨʥʳʡ ʰʘʨʠʢ. 

 

ʈʠʩ.15. ʇʨʠʙʦʨ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ 

ʥʘʪʷʞʝʥʠʷ ʞʠʜʢʦʩʪʝʡ ʤʝʪʦʜʦʤ ʥʘʠʙʦʣʴʰʝʛʦ 

ʜʘʚʣʝʥʠʷ ʧʫʟʳʨʴʢʦʚ ʚʦʟʜʫʭʘ: 

ʀʟʤʝʨʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ ʞʠʜʢʦʩʪʝʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʩʣʝʜʫʶʱʝʤ: ʠʩʩʣʝʜʫʝʤʫʶ ʞʠʜʢʦʩʪʴ ʟʘʣʠʚʘʶʪ ʚ ʠʟʤʝʨʠʪʝʣʴʥʫʶ ʷʯʝʡʢʫ, 

ʦʧʫʩʢʘʶʪ ʚ ʥʝʸ ʢʘʧʠʣʣʷʨ ʪʘʢ, ʯʪʦʙʳ ʦʥ ʝʜʚʘ ʢʘʩʘʣʩʷ ʧʦʚʝʨʭʥʦʩʪʠ ʞʠʜʢʦʩʪʠ. 

ɺ ʤʦʤʝʥʪ ʧʨʦʩʢʦʢʘ ʧʫʟʳʨʝʢ ʚʦʟʜʫʭʘ ʜʦʣʞʝʥ ʧʨʝʦʜʦʣʝʚʘʪʴ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

ʪʦʣʴʢʦ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʞʠʜʢʦʩʪʠ. 

ɽʩʣʠ ʪʝʧʝʨʴ ʚ ʢʘʧʠʣʣʷʨ ʩʚʝʨʭʫ ʧʦʜ ʜʘʚʣʝʥʠʝʤ h (ʨʘʟʥʦʩʪʴ ʫʨʦʚʥʝʡ 

ʤʘʥʦʤʝʪʨʘ) ʧʦʜʘʪʴ ʚʦʟʜʫʭ, ʪʦ ʦʥ ʙʫʜʝʪ ʚʳʪʝʩʥʷʪʴ ʠʩʩʣʝʜʫʝʤʫʶ ʞʠʜʢʦʩʪʴ ʠʟ 

ʢʘʧʠʣʣʷʨʘ. ʂʘʢ ʪʦʣʴʢʦ ʜʘʚʣʝʥʠʝ ʦʢʘʞʝʪʩʷ ʯʫʪʴ ʙʦʣʴʰʝ ʩʠʣʳ, ʫʜʝʨʞʠʚʘʶʱʝʡ 

ʞʠʜʢʦʩʪʴ ʚ ʢʘʧʠʣʣʷʨʝ, ʠʟ ʢʘʧʠʣʣʷʨʘ ʧʨʦʩʢʦʯʠʪ ʧʫʟʳʨʸʢ ʚʦʟʜʫʭʘ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʧʦʣʫʯʘʝʪʩʷ, ʯʪʦ ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʥʘʪʷʞʝʥʠʝ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ 

ʜʘʚʣʝʥʠʶ h, ʠʟʤʝʨʷʝʤʦʤʫ ʤʘʥʦʤʝʪʨʦʤ ʚ ʤʦʤʝʥʪ ʦʪʨʳʚʘ ʧʫʟʳʨʴʢʘ ʚʦʟʜʫʭʘ. 

ɿʥʘʯʝʥʠʝ s ʥʝ ʨʘʚʥʦ ʜʘʚʣʝʥʠʶ h, ʘ ʣʠʰʴ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʝʤʫ. 

ʇʦʵʪʦʤʫ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʷʯʝʡʢʫ 

ʧʨʠʙʦʨʘ ʈʝʙʠʥʜʝʨʘ ʧʨʦʢʘʣʠʙʨʦʚʘʪʴ, ʠʩʧʦʣʴʟʫʷ ʞʠʜʢʦʩʪʴ (ʩʪʘʥʜʘʨʪʥʫʶ 

ʞʠʜʢʦʩʪʴ) ʩ ʠʟʚʝʩʪʥʳʤ s. ʆʙʳʯʥʦ ʩ ʵʪʦʡ ʮʝʣʴʶ ʧʨʠʤʝʥʷʶʪ ʚʦʜʫ, ʜʣʷ 
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ʢʦʪʦʨʦʡ s0 = 72,8Ĭ10
-3 ɼʞ/ʤ2 ʧʨʠ 200ʉ. ʀʟʤʝʨʷʶʪ ʤʘʢʩʠʤʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ h0 

ʚ ʧʫʟʳʨʴʢʝ ʛʘʟʘ, ʚʳʜʘʚʣʠʚʘʝʤʦʤ ʚ ʚʦʜʫ. ɼʘʣʝʝ ʨʘʩʩʯʠʪʳʚʘʶʪ ʢʦʥʩʪʘʥʪʫ 

ʷʯʝʡʢʠ k: 

0

0

h
k
s
=                     (1) 

 ʀʟʤʝʨʠʚ ʤʘʢʩʠʤʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ h ʚ ʧʫʟʳʨʴʢʝ ʛʘʟʘ, ʚʳʜʘʚʣʠʚʘʝʤʦʤ  ʚ 

ʠʩʩʣʝʜʫʝʤʫʶ ʞʠʜʢʦʩʪʴ, ʧʦ ʠʟʚʝʩʪʥʦʤʫ k ʚʳʯʠʩʣʷʶʪ ʝʸ ʧʦʚʝʨʭʥʦʩʪʥʦʝ 

ʥʘʪʷʞʝʥʠʝ: 

s = k h            (2) 

ɺʦʧʨʦʩʳ ʜʣʷ ʩʘʤʦʢʦʥʪʨʦʣʷ: 

1. ʏʪʦ ʪʘʢʦʝ ʩʦʨʙʮʠʷ ʠ ʢʘʢʦʚʳ ʝʝ ʚʠʜʳ? 

2. ʏʪʦ ʪʘʢʦʝ ʤʦʣʝʢʫʣʷʨʥʘʷ ʘʜʩʦʨʙʮʠʷ ʠ ʢʘʢʠʤ ʫʨʘʚʥʝʥʠʷʤ ʦʥʘ ʧʦʜʯʠʥʷʝʪʩʷ? 

3. ʏʪʦ ʪʘʢʦʝ ʠʟʦʪʝʨʤʘ ʘʜʩʦʨʙʮʠʠ. ʀʟʦʪʝʨʤʳ ʘʜʩʦʨʙʮʠʠ ʧʦ ʃʝʥʛʤʶʨʫ ʠ 

ʌʨʝʡʥʜʣʠʭʫ. 

4. ʀʦʥʥʦ-ʦʙʤʝʥʥʘʷ ʘʜʩʦʨʙʮʠʷ. ʋʨʘʚʥʝʥʠʝ ɻʘʧʦʥʘ-ʅʠʢʦʣʴʩʢʦʛʦ. 

5. ʏʪʦ ʪʘʢʦʝ ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʥʘʪʷʞʝʥʠʝ ʠ ʤʝʪʦʜʳ ʝʛʦ ʠʟʤʝʨʝʥʠʷ? 

6. ʂʘʢʠʝ ʚʝʱʝʩʪʚʘ ʷʚʣʷʶʪʩʷ ʧʦʚʝʨʭʥʦʩʪʦ-ʘʢʪʠʚʥʳʤʠ? ʂʘʢ ʧʦʩʪʨʦʝʥʳ ʠʭ 

ʤʦʣʝʢʫʣʳ. 

7. ʋʨʘʚʥʝʥʠʝ ɻʠʙʙʩʘ ʠ ʝʛʦ ʘʥʘʣʠʟ. 

8. ʉʤʘʯʠʚʘʥʠʝ ʠ ʝʛʦ ʤʝʨʘ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ. 

ɿʘʜʘʥʠʝ 1. ʆʧʨʝʜʝʣʝʥʠʝ ʧʦʩʪʦʷʥʥʦʡ ʢʘʧʠʣʣʷʨʘ 

 ʈʘʙʦʪʫ ʥʘʯʠʥʘʶʪ ʩ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʩʪʦʷʥʥʦʡ ʢʘʧʠʣʣʷʨʘ k. ʊʨʸʭʭʦʜʦʚʦʡ 

ʢʨʘʥ (5) ʩʪʘʚʷʪ ʚ ʧʦʣʦʞʝʥʠʝ ʤʝʪʢʦʡ ʚʚʝʨʭ. ɺ ʚʦʨʦʥʢʫ (6) ʟʘʣʠʚʘʶʪ 

ʚʦʜʦʧʨʦʚʦʜʥʫʶ ʚʦʜʫ. ɺ ʷʯʝʡʢʫ ʥʘʣʠʚʘʶʪ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʫʶ ʚʦʜʫ, 3 ʨʘʟʘ 

ʧʨʦʤʳʚʘʶʪ ʢʘʧʠʣʣʷʨ, ʟʘʩʘʩʳʚʘʷ ʚ ʥʝʛʦ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʫʶ ʚʦʜʫ ʠ ʩʣʠʚʘʷ ʝʸ. 

ʂʘʧʠʣʣʷʨ ʥʝʣʴʟʷ ʪʨʦʛʘʪʴ ʨʫʢʘʤʠ! ʅʘʣʠʚʘʶʪ ʥʦʚʫʶ ʧʦʨʮʠʶ 

ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʳ ʪʘʢ, ʯʪʦʙʳ ʢʘʧʠʣʣʷʨ ʝʜʚʘ ʢʘʩʘʣʩʷ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʳ. 

ʆʩʪʦʨʦʞʥʦ ʧʦʚʦʨʘʯʠʚʘʶʪ ʪʨʸʭʭʦʜʦʚʦʡ ʢʨʘʥ ʧʦ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʝ ʪʘʢ, ʯʪʦʙʳ 
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ʚʦʜʘ ʠʟ ʚʦʨʦʥʢʠ ʤʝʜʣʝʥʥʦ ʧʦʩʪʫʧʘʣʘ ʚ ʙʫʬʝʨʥʳʡ ʰʘʨʠʢ (7), ʥʝ ʜʦʧʫʩʢʘʷ 

ʥʘʧʦʣʥʝʥʠʷ ʰʘʨʠʢʘ ʚʦʜʦʡ ʙʦʣʝʝ ʯʝʤ ʥʘʧʦʣʦʚʠʥʫ.    

 ʇʦ ʤʝʨʝ ʧʦʩʪʫʧʣʝʥʠʷ ʚʦʜʳ ʚʦʟʜʫʭ ʚ ʰʘʨʠʢʝ (7) ʩʞʠʤʘʝʪʩʷ, ʵʪʦ ʚʠʜʥʦ 

ʧʦ ʠʟʤʝʥʝʥʠʶ ʧʦʣʦʞʝʥʠʷ ʫʨʦʚʥʝʡ ʤʘʥʦʤʝʪʨʠʯʝʩʢʦʡ ʞʠʜʢʦʩʪʠ ʚ ʤʘʥʦʤʝʪʨʝ 

(1).  ʈʘʟʥʦʩʪʴ ʫʨʦʚʥʝʡ hʦ ʜʦʩʪʠʛʘʝʪ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʚ ʤʦʤʝʥʪ 

ʧʨʦʩʢʦʢʘ ʧʫʟʳʨʴʢʘ ʚʦʟʜʫʭʘ, ʝʸ ʠ ʩʣʝʜʫʝʪ ʠʟʤʝʨʠʪʴ. ʊʝʤʧ ʧʨʦʩʢʦʢʘ ʧʫʟʳʨʴʢʦʚ 

10 ï15 ʩ. ʆʪʩʯʸʪ ʧʨʦʠʟʚʦʜʷʪ ʩʥʘʯʘʣʘ ʚ ʦʜʥʦʤ ʢʦʣʝʥʝ ʤʘʥʦʤʝʪʨʘ, ʘ ʟʘʪʝʤ ï ʚ 

ʜʨʫʛʦʤ. ʅʘʧʨʠʤʝʨ, ʚ ʣʝʚʦʤ ʢʦʣʝʥʝ ʤʘʥʦʤʝʪʨʘ ʚ ʤʦʤʝʥʪ ʧʨʦʩʢʦʢʘ ʧʫʟʳʨʴʢʘ 

ʫʨʦʚʝʥʴ ʞʠʜʢʦʩʪʠ ʧʦʜʥʷʣʩʷ ʜʦ 35 ʤʤ, ʘ ʚ ʧʨʘʚʦʤ ʦʧʫʩʪʠʣʩʷ ʜʦ 36, ʪʦʛʜʘ 

ʨʘʟʥʦʩʪʴ ʫʨʦʚʥʝʡ hʦ = 35 + 36 = 71 ʤʤ. 

 ʀʟʤʝʨʷʶʪ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʚʝʣʠʯʠʥʫ ʥʘʠʙʦʣʴʰʝʡ ʨʘʟʥʠʮʳ ʫʨʦʚʥʝʡ (ʥʝ 

ʤʝʥʝʝ 3 ʟʥʘʯʝʥʠʡ hʦ, ʦʪʣʠʯʘʶʱʠʭʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʥʝ ʙʦʣʝʝ ʯʝʤ ʥʘ 1 ʤʤ), 

ʟʘʧʠʩʳʚʘʶʪ ʠʭ ʚ ʪʘʙʣʠʮʫ  18. 

 ʆʪʩʦʝʜʠʥʷʶʪ ʠʟʤʝʨʠʪʝʣʴʥʫʶ ʧʨʦʙʠʨʢʫ  ʦʪ ʧʨʠʙʦʨʘ ʠ ʪʦʣʴʢʦ ʧʦʩʣʝ 

ʵʪʦʛʦ ʚʳʣʠʚʘʶʪ ɺʆɼʋ ʠʟ ʰʘʨʠʢʘ (7), ʧʦʚʝʨʥʫʚ ʪʨʝʭʭʦʜʦʚʦʡ ʢʨʘʥ ʧʨʦʪʠʚ 

ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʠ.  ɺʳʯʠʩʣʷʶʪ ʧʦʩʪʦʷʥʥʫʶ ʢʘʧʠʣʣʷʨʘ k ʧʦ ʫʨʘʚʥʝʥʠʶ (1). 

ɿʘʜʘʥʠʝ 2. ʆʧʨʝʜʝʣʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦ-

ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ (ʧʨʝʜʝʣʴʥʳʭ ʩʧʠʨʪʦʚ). 

ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ ʥʝʩʢʦʣʴʢʠʭ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʞʠʜʢʦʩʪʝʡ ʦʜʥʦʛʦ ʛʦʤʦʣʦʛʠʯʝʩʢʦʛʦ ʨʷʜʘ ʠʭ ʠʩʩʣʝʜʦʚʘʥʠʝ ʥʘʯʠʥʘʶʪ ʩ 

ʞʠʜʢʦʩʪʠ, ʠʤʝʶʱʝʡ ʥʘʠʤʝʥʴʰʫʶ ʜʣʠʥʫ ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʨʘʜʠʢʘʣʘ. 

ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʷʪ ʘʥʘʣʦʛʠʯʥʦ ʦʧʠʩʘʥʥʳʤ ʚ ʟʘʜʘʥʠʠ 1. 

ʀʟʤʝʨʠʪʝʣʴʥʫʶ ʷʯʝʡʢʫ ʠ ʢʘʧʠʣʣʷʨ ʦʧʦʣʘʩʢʠʚʘʶʪ 2 - 3 ʨʘʟʘ ʠʩʩʣʝʜʫʝʤʳʤ 

ʨʘʩʪʚʦʨʦʤ ʩʧʠʨʪʘ. ʈʘʩʪʚʦʨ ʚʳʣʠʚʘʝʪ ʚ ʨʘʢʦʚʠʥʫ. ɺ ʠʟʤʝʨʠʪʝʣʴʥʫʶ ʷʯʝʡʢʫ 

ʥʘʣʠʚʘʶʪ ʥʦʚʫʶ ʧʦʨʮʠʶ ʠʩʩʣʝʜʫʝʤʦʛʦ ʨʘʩʪʚʦʨʘ ʠ ʧʨʦʠʟʚʦʜʷʪ ʠʟʤʝʨʝʥʠʝ 

ʨʘʟʥʦʩʪʠ ʫʨʦʚʥʝʡ h. ɺʳʯʠʩʣʷʶʪ ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʥʘʪʷʞʝʥʠʝ ʠʩʩʣʝʜʫʝʤʦʛʦ 

ʩʧʠʨʪʘ. ʈʝʟʫʣʴʪʘʪʳ ʟʘʧʠʩʳʚʘʶʪ ʚ ʪʘʙʣʠʮʫ 18.  

ɺʩʝ ʚʳʯʠʩʣʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʴ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ ʪʨʸʭ ʟʥʘʯʘʱʠʭ ʮʠʬʨ. 

ʇʨʝʞʜʝ ʯʝʤ ʧʨʠʩʪʫʧʘʪʴ ʢ ʨʘʙʦʪʝ ʩʦ ʩʣʝʜʫʶʱʠʤ ʩʧʠʨʪʦʤ, ʨʝʟʫʣʴʪʘʪ 
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ʧʨʦʚʝʨʷʶʪ ʫ ʧʨʝʧʦʜʘʚʘʪʝʣʷ. ʇʝʨʝʜ ʦʧʨʝʜʝʣʝʥʠʝʤ s ʩʣʝʜʫʶʱʝʛʦ ʩʧʠʨʪʘ 

ʩʣʝʜʫʝʪ ʪʱʘʪʝʣʴʥʦ ʧʨʦʤʳʪʴ ʢʘʧʠʣʣʷʨ ʪʘʢ, ʢʘʢ ʵʪʦ ʙʳʣʦ ʦʧʠʩʘʥʦ ʚʳʰʝ. 

ʊʘʙʣʠʮʘ 18 

ʇʦʚʝʨʭʥʦʩʪʥʦʝ ʥʘʪʷʞʝʥʠʝ ʩʧʠʨʪʦʚ 

ʀʩʩʣʝʜʫʝʤʘʷ 

ɾʠʜʢʦʩʪʴ 

H, ʤʤ k 

ʢʘʧʠʣʣʷʨʘ 
s Ĭ 103 ɼʞ/ʤ2 

1 ʠʟʤ. 2 ʠʟʤ. 3 ʠʟʤ. h ʩʨ 

ɺʦʜʘ 

ʉʅ3ʆʅ 0,8 ʄ 

ʉ2ʅ5ʆʅ  0,8 ʄ 

ʉ4ʅ9ʆʅ  0,8 ʄ 

      

 

ɿʘʜʘʥʠʝ 3. ʆʧʨʝʜʝʣʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ 

ʙʫʪʠʣʦʚʦʛʦ ʩʧʠʨʪʘ ʨʘʟʣʠʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ. 

ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ ʨʘʩʪʚʦʨʦʚ ʨʘʟʣʠʯʥʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʚʝʱʝʩʪʚʘ ʠʩʩʣʝʜʦʚʘʥʠʝ ʥʘʯʠʥʘʶʪ ʩ ʨʘʩʪʚʦʨʦʚ 

ʥʘʠʤʝʥʴʰʝʡ ʢʦʥʮʝʥʪʨʘʮʠʠ. 

ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʷʪ ʧʦ ʤʝʪʦʜʠʢʝ, ʦʧʠʩʘʥʥʦʡ ʚ ʟʘʜʘʥʠʠ 1. ʈʝʟʫʣʴʪʘʪʳ 

ʟʘʥʦʩʷʪ ʚ ʪʘʙʣʠʮʫ 19.  

ʊʘʙʣʠʮʘ 19 

ɿʘʚʠʩʠʤʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ ʠʟʦʙʫʪʠʣʦʚʦʛʦ ʩʧʠʨʪʘ ʦʪ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʩʪʚʦʨʘ 

ʀʩʩʣʝʜʫʝʤʘʷ 

ɾʠʜʢʦʩʪʴ 

H, ʤʤ 
k 

ʢʘʧʠʣʣʷʨʘ 
s Ĭ 103 ɼʞ/ʤ2 1 

ʠʟʤ. 

2 

ʠʟʤ. 

3 

ʠʟʤ. 
h ʩʨ 

ɺʦʜʘ 

ʉ4ʅ9ʆʅ 0,025ʄ 

ʉ4ʅ9ʆʅ  0,05 ʄ 

ʉ4ʅ9ʆʅ  0,1 ʄ 

ʉ4ʅ9ʆʅ  0,2 ʄ 

ʉ4ʅ9ʆʅ  0,3 ʄ 

ʉ4ʅ9ʆʅ  0,8 ʄ 
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ʇʦʣʫʯʝʥʥʳʝ ʦʧʳʪʥʳʝ ʟʥʘʯʝʥʠʷ s ʨʘʩʧʦʣʘʛʘʶʪ ʚ ʚʠʜʝ ʪʦʯʝʢ (ʢʨʫʧʥʳʭ) 

ʥʘ ʛʨʘʬʠʢʝ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʨʘʩʪʚʦʨʘ (ʧʦ ʦʩʠ ʘʙʩʮʠʩʩ ʢʦʥʮʝʥʪʨʘʮʠʷ ʨʘʩʪʚʦʨʘ, ʘ ʧʦ ʦʩʠ ʦʨʜʠʥʘʪ 

ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʥʘʪʷʞʝʥʠʝ). 

ɿʘʜʘʥʠʝ 4. ʈʘʩʯʝʪ ʥʝʢʦʪʦʨʳʭ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʚʝʣʠʯʠʠ 

ʇʦ ʧʦʣʫʯʝʥʥʳʤ ʦʧʳʪʥʳʤ ʜʘʥʥʳʤ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷ-

ʞʝʥʠʷ ʙʫʪʠʣʦʚʦʛʦ ʩʧʠʨʪʘ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ (ʪʘʙʣ. 19) ʨʘʩʩʯʠʪʳʚʘʶʪ 

ʢʦʥʩʪʘʥʪʫ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ (ʂ) ʜʣʷ ʨʘʩʪʚʦʨʦʚ ʚʩʝʭ ʢʦʥʮʝʥʪʨʘʮʠʡ 

ʙʫʪʠʣʦʚʦʛʦ ʩʧʠʨʪʘ ʠ ʨʝʟʫʣʴʪʘʪʳ ʚʳʯʠʩʣʝʥʠʡ ʟʘʧʠʩʳʚʘʶʪ ʚ ʪʘʙʣʠʮʫ 20: 

ʉʂ
ʆʅ

ʩʧʆʅ

ö
ö

÷

õ

æ
æ

ç

å
-

-

-
= 1

2

2

ss

ss
 

ʛʜʝ sʅ2ʆ - ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʥʘʪʷʞʝʥʠʝ ʚʦʜʳ, ʨʘʚʥʦʝ 72,8Ĭ10-3ɼʞ/ʤ2, sʩʧ - 

ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʥʘʪʷʞʝʥʠʝ ʯʠʩʪʦʛʦ ʙʫʪʠʣʦʚʦʛʦ ʩʧʠʨʪʘ, ʨʘʚʥʦʝ              

22,8Ĭ10-3ɼʞ/ʤ2, s- ʦʧʳʪʥʦʝ ʟʥʘʯʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʥʘʪʷʞʝʥʠʝ ʨʘʩʪʚʦʨʘ 

ʠʟʦʙʫʪʠʣʦʚʦʛʦ ʩʧʠʨʪʘ (ʜʘʥʥʳʝ ʪʘʙʣ.19), ʉ - ʢʦʥʮʝʥʪʨʘʮʠʷ ʨʘʩʪʚʦʨʘ ʩʧʠʨʪʘ. 

ɺʳʯʠʩʣʷʶʪ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʚʝʣʠʯʠʥʳ ʂ (ʂʩʨ).  

ʊʘʙʣʠʮʘ 20 

ʈʝʟʫʣʴʪʘʪʳ ʚʳʯʠʩʣʝʥʠʡ ʂ ʠ ʘʜʩʦʨʙʮʠʦʥʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʇɸɺ 

ʂʦʥʮʝʥʪʨʘʮʠʷ 

s Ĭ103, 

ɼʞ/ʤ2 

(ʦʧʳʪʥ.) 

sʅ2ʆ -s K 
sʚʳʯ Ĭ103 

ɼʞ/ʤ2 

ɻ, 

ʤʦʣʴ/ʤ2 

ʉ4ʅ9ʆʅ 0,025 ʄ 

ʉ4ʅ9ʆʅ  0,05 ʄ 

ʉ4ʅ9ʆʅ  0,1 ʄ 

ʉ4ʅ9ʆʅ  0,2 ʄ 

ʉ4ʅ9ʆʅ  0,3 ʄ 

 ʉ4ʅ9ʆʅ  0,8 ʄ 

     

 

ʂʩʨ = éé,  ɻ¤ = éé.ʤʦʣʴ/ʤ2,   S = éé.ʤ2,  l  = éé. ʤ 
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ʇʦ ʫʨʘʚʥʝʥʠʶ: 

( )
ʉʂ

ʉ

ʩʨ

ʆʅ

ʆʅʚʳʯ
+

-
-=

ss
ss 2

2
 

ʨʘʩʩʯʠʪʳʚʘʶʪ ʚʳʯʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ sʚʳʯ, ʠʭ ʟʘʥʦʩʷʪ ʚ ʪʘʙʣʠʮʫ 20, ʥʘʥʦʩʷʪ 

(ʪʦʣʴʢʦ ʧʦʤʝʯʘʶʪ) ʥʘ ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ s ʦʪ ʉ ʠ ʯʝʨʝʟ ʥʠʭ ʧʨʦʚʦʜʷʪ 

ʢʨʠʚʫʶ. ɽʩʣʠ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʂ ʦʧʨʝʜʝʣʝʥʦ ʧʨʘʚʠʣʴʥʦ ʠ sʚʳʯ  ʨʘʩʩʯʠʪʘʥʳ 

ʙʝʟ ʦʰʠʙʦʢ, ʪʦ ʢʨʠʚʘʷ ʜʦʣʞʥʘ ʧʨʦʡʪʠ ʤʝʞʜʫ ʦʧʳʪʥʳʤʠ ʪʦʯʢʘʤʠ.  

ɺʳʯʠʩʣʝʥʠʷ s ʧʦ ʧʨʠʚʝʜʝʥʥʦʤʫ ʚʳʰʝ ʫʨʘʚʥʝʥʠʶ ʧʨʦʠʟʚʦʜʷʪ ʧʦʪʦʤʫ, ʯʪʦ 

ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʢʦʥʩʪʘʥʪ ʫʨʘʚʥʝʥʠʷ ʐʠʰʢʦʚʩʢʦʛʦ ʩʣʝʜʦʚʘʣʦ ʙʳ ʧʨʠʤʝʥʷʪʴ 

ʤʝʪʦʜ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʧʨʠʙʣʠʞʝʥʠʡ, ʘ ʩʘʤʠ ʨʘʩʯʝʪʳ - ʧʨʦʚʦʜʠʪʴ ʥʘ ʕɺʄ.  

ɼʘʣʝʝ ʧʦ ʫʨʘʚʥʝʥʠʶ 

( )2
2

ʉʂ

ʉʂ

RT
ɻ

ʩʨ

ʩʨʆʅ

+

-
=

ss
 

ʛʜʝ ɻ ï ʘʜʩʦʨʙʮʠʷ ʇɸɺ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʩʪʚʦʨʘ (ʤʦʣʴ/ʩʤ2), R ï 

ʫʥʠʚʝʨʩʘʣʴʥʘʷ ʛʘʟʦʚʘʷ ʧʦʩʪʦʷʥʥʘʷ, ʊ - ʘʙʩʦʣʶʪʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʂ, 

ʚʳʯʠʩʣʷʶʪ ɻ ʜʣʷ ʢʘʞʜʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʉ. ʈʝʟʫʣʴʪʘʪʳ ʚʳʯʠʩʣʝʥʠʡ ʟʘʥʦʩʷʪ ʚ 

ʪʘʙʣʠʮʫ 20. ʉʪʨʦʷʪ ʛʨʘʬʠʢ ʚ ʢʦʦʨʜʠʥʘʪʘʭ ɻ ʦʪ ʉ, ʝʩʣʠ ʚʩʝ ʚʳʯʠʩʣʝʥʠʷ 

ʧʨʦʠʟʚʝʜʝʥʳ ʧʨʘʚʠʣʴʥʦ, ʪʦ ʦʥ ʜʦʣʞʝʥ ʚʳʛʣʷʜʝʪʴ ʪʘʢ, ʢʘʢ ʦʜʥʘ ʠʟ ʢʨʠʚʳʭ ʥʘ 

ʨʠʩʫʥʢʝ 13(ɺ). 

ɺr ʯʠʩʣʷʶʪ ʸʤʢʦʩʪʴ ʤʦʥʦʩʣʦʡʥʦʛʦ ʧʦʢʨʳʪʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʣʝʢʫʣʘʤʠ 

ʙʫʪʠʣʦʚʦʛʦ ʩʧʠʨʪʘ ɻ¤ (ʩʢʦʣʴʢʦ ʤʦʣʴ ʩʧʠʨʪʘ ï ʇɸɺ ʤʦʞʝʪ ʧʦʤʝʩʪʠʪʴʩʷ ʥʘ 1 

ʤ2 ʧʦʚʝʨʭʥʦʩʪʠ) ʧʦ ʫʨʘʚʥʝʥʠʶ: 

RT
ɻ

ʆʅ

4

2
ss -

=¤  

ɺʳʯʠʩʣʷʶʪ ʧʣʦʱʘʜʴ S, ʟʘʥʠʤʘʝʤʫʶ ʦʜʥʦʡ ʤʦʣʝʢʫʣʦʡ ʠʟʦʙʫʪʠʣʦʚʦʛʦ 

ʩʧʠʨʪʘ ʚ ʥʘʩʳʱʝʥʥʦʤ ʘʜʩʦʨʙʮʠʦʥʥʦʤ ʩʣʦʝ: 

¤

=
ɻN

S
1

, 

ʛʜʝ N ï ʯʠʩʣʦ ɸʚʦʛʘʜʨʦ, ʨʘʚʥʦʝ 6,023 Ĭ 1023. 
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 ɺʳʯʠʩʣʷʶʪ l  = ʄĬɻÐ/d, 

ʛʜʝ ʄ ï ʤʦʣʝʢʫʣʷʨʥʘʷ ʤʘʩʩʘ ʙʫʪʠʣʦʚʦʛʦ ʩʧʠʨʪʘ, 

d ï ʧʣʦʪʥʦʩʪʴ ʩʧʠʨʪʘ ʨʘʚʥʘ = 0,808ʛ/ʤʣ.  ɼʝʣʘʶʪ ʚʳʚʦʜʳ ʧʦ ʨʘʙʦʪʝ. 
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6. ʂʆʃʃʆʀɼʅʓɽ ʉʀʉʊɽʄʓ, ʀʍ ʆɹʈɸɿʆɺɸʅʀɽ ʀ ʉɺʆʁʉʊɺɸ 

  

ʆʙʣʘʩʪʴ ʢʦʣʣʦʠʜʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. 

 ʂʦʣʣʦʠʜʥʘʷ ʭʠʤʠʷ ʷʚʣʷʝʪʩʷ ʦʪʨʘʩʣʴʶ ʥʘʫʢʠ, ʧʦʩʚʷʱʝʥʥʦʡ ʠʟʫʯʝʥʠʶ 

ʦʩʦʙʳʭ ʜʠʩʧʝʨʩʥʳʭ ʩʠʩʪʝʤ ï ʢʦʣʣʦʠʜʦʚ. ʆʜʥʘʢʦ ʧʦʥʷʪʠʝ çʢʦʣʣʦʠʜè ʠʣʠ 

çʢʦʣʣʦʠʜʥʘʷ ʩʠʩʪʝʤʘè ʪʨʝʙʫʝʪ ʫʪʦʯʥʝʥʠʷ, ʪʘʢ ʢʘʢ  ʚ ʨʘʟʥʳʝ ʚʨʝʤʝʥʘ ʠ 

ʨʘʟʥʳʤʠ ʫʯʝʥʳʤʠ ʚ ʵʪʦ ʧʦʥʷʪʠʝ ʚʢʣʘʜʳʚʘʣʩʷ ʥʝʦʜʠʥʘʢʦʚʳʡ ʬʠʟʠʯʝʩʢʠʡ 

ʩʤʳʩʣ, ʘ ʚʤʝʩʪʝ ʩ ʪʝʤ ʥʝʦʜʠʥʘʢʦʚʳʝ ʟʘʜʘʯʠ ʠ ʩʦʜʝʨʞʘʥʠʝ ʧʨʠʧʠʩʳʚʘʣʠʩʴ  ʠ 

ʩʘʤʦʡ ʢʦʣʣʦʠʜʥʦʡ ʭʠʤʠʠ. 

 ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʠ ʪʝʨʤʠʥ çʢʦʣʣʦʠʜʥʘʷ ʭʠʤʠʷè ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʷʚʣʷʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʫʩʪʘʨʝʚʰʠʤ, ʪʘʢ ʢʘʢ ʦʥʘ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ ʟʘʥʠʤʘʝʪʩʷ 

ʭʠʤʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ ʢʦʣʣʦʠʜʥʳʭ ʩʠʩʪʝʤ ʠ ʭʠʤʠʯʝʩʢʠʤʠ ʨʝʘʢʮʠʷʤʠ ʚ ʥʠʭ, 

ʯʝʤ ʬʠʟʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʬʠʟʠʯʝʩʢʠʤʠ (ʠ ʜʘʞʝ ʤʝʭʘʥʠʯʝʩʢʠʤʠ) 

ʩʚʦʡʩʪʚʘʤʠ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ, ʭʘʨʘʢʪʝʨʥʳʤʠ ʜʣʷ ʵʪʠʭ 

ʩʠʩʪʝʤ. ʇʦʵʪʦʤʫ ʧʨʘʚʠʣʴʥʝʝ ʠʤʝʥʦʚʘʪʴ ʝʝ ʬʠʟʠʢʦ-ʭʠʤʠʝʡ ʢʦʣʣʦʠʜʥʳʭ 

ʩʠʩʪʝʤ. ʇʦʩʢʦʣʴʢʫ, ʦʜʥʘʢʦ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʢʨʫʛ ʠʟʫʯʘʝʤʳʭ ʝʶ 

ʜʠʩʧʝʨʩʥʳʭ ʩʠʩʪʝʤ ʚʝʩʴʤʘ ʨʘʩʰʠʨʠʣʩʷ, ʪʦ ʪʦʯʥʝʝ ʙʳʣʦ ʙʳ ʠʤʝʥʦʚʘʪʴ ʝʝ ʠ 

ʝʱʝ ʙʦʣʝʝ ʦʙʱʠʤ ʪʝʨʤʠʥʦʤ ï ʬʠʟʠʯʝʩʢʦʡ ʭʠʤʠʝʡ ʜʠʩʧʝʨʩʥʳʭ ʩʠʩʪʝʤ. 

 ʆʙʣʘʩʪʴ ʩʦʚʨʝʤʝʥʥʦʡ ʢʦʣʣʦʠʜʥʦʡ ʭʠʤʠʠ ʜʠʩʧʝʨʩʥʳʭ ʩʠʩʪʝʤ, ʧʦʤʠʤʦ 

ʣʠʦʬʦʙʥʳʭ ʟʦʣʝʡ, ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʭ  ʩʦʝʜʠʥʝʥʠʡ ʠ ʠʭ ʨʘʩʪʚʦʨʦʚ, 

ʩʫʩʧʝʥʟʠʡ, ʵʤʫʣʴʩʠʡ, ʧʝʥ, ʘʵʨʦʟʦʣʝʡ ʠ ʪʚʝʨʜʳʭ ʟʦʣʝʡ, ʚʢʣʶʯʘʝʪ ʝʱʝ ʦʜʥʫ 

ʧʨʘʢʪʠʯʝʩʢʠ ʚʘʞʥʫʶ ʛʨʫʧʧʫ ʜʠʩʧʝʨʩʥʳʭ ʩʠʩʪʝʤ, ʧʦʣʫʯʠʚʰʫʶ ʥʘʠʤʝʥʦʚʘʥʠʝ 

çʧʦʣʫʢʦʣʣʦʠʜʦʚè. 

 ɺ ʵʪʫ ʛʨʫʧʧʫ ʚʭʦʜʷʪ ʚʝʱʝʩʪʚʘ, ʩʧʦʩʦʙʥʳʝ ʩ ʦʜʥʠʤ ʠ ʪʝʤ ʞʝ 

ʨʘʩʪʚʦʨʠʪʝʣʝʤ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠ ʪʝʤʧʝʨʘʪʫʨʳ, ʜʘʚʘʪʴ ʠ 

ʤʦʣʝʢʫʣʷʨʥʳʝ ʨʘʩʪʚʦʨʳ ʠ ʪʠʧʠʯʥʳʝ ʟʦʣʠ; ʢ ʥʠʤ ʦʪʥʦʩʷʪʩʷ ʤʳʣʘ, ʢʨʘʩʠʪʝʣʠ 

ʠ ʜʫʙʠʣʴʥʳʝ ʚʝʱʝʩʪʚʘ. 

 ʇʨʠʚʝʜʝʤ ʩʣʝʜʫʶʱʝʝ ʥʘʠʙʦʣʝʝ ʩʦʚʨʝʤʝʥʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʢʦʣʣʦʠʜʥʦʡ 

ʭʠʤʠʠ, ʧʨʠʥʘʜʣʝʞʘʱʝʝ ʀ.ʀ.ɾʫʢʦʚʫ: 
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 ʂʦʣʣʦʠʜʥʘʷ ʭʠʤʠʷ ʩʪʘʚʠʪ ʩʚʦʝʡ ʟʘʜʘʯʝʡ ʠʟʫʯʝʥʠʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ: 

ʘ) ʚʩʝʭ ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʳʭ ʛʝʪʝʨʦʛʝʥʥʳʭ ʩʠʩʪʝʤ, ʢʣʘʜʷ ʚ ʦʩʥʦʚʫ 

ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʷʚʣʝʥʠʷ ʥʘ ʛʨʘʥʠʮʝ ʬʘʟ; 

ʙ) ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʭ  ʠ ʚʳʩʦʢʦʧʦʣʠʤʝʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ï ʢʘʢ ʚ ʪʚʝʨʜʦʤ 

ʩʦʩʪʦʷʥʠʠ, ʪʘʢ ʠ ʚ ʩʦʩʪʦʷʥʠʠ ʨʘʩʪʚʦʨʘ. 

 ɿʥʘʯʝʥʠʝ ʢʦʣʣʦʠʜʥʦʡ ʭʠʤʠʠ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʚʝʣʠʢʦ, ʪʘʢ ʢʘʢ ʚ ʥʝʡ 

ʠʟʫʯʘʶʪʩʷ ʥʝ ʪʦʣʴʢʦ ʦʙʱʠʝ ʚʦʧʨʦʩʳ ʧʦʟʥʘʥʠʷ ʬʠʟʠʯʝʩʢʦʡ ʩʫʱʥʦʩʪʠ 

ʦʢʨʫʞʘʶʱʝʛʦ ʥʘʩ ʤʘʪʝʨʠʘʣʴʥʦʛʦ ʤʠʨʘ, ʥʦ ʠ ʚʦʧʨʦʩʳ, ʪʝʩʥʦ ʠ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʚʷʟʘʥʥʳʝ ʩ ʧʨʦʙʣʝʤʘʤʠ ʩʘʤʦʡ ʞʠʟʥʠ, ʧʦʩʢʦʣʴʢʫ ʚʩʝ 

ʞʠʚʦʝ ʩʦʩʪʦʠʪ ʠʟ ʩʣʦʞʥʝʡʰʠʭ ʢʦʤʧʣʝʢʩʦʚ ʚʝʱʝʩʪʚ ʚ ʢʦʣʣʦʠʜʥʦʤ ʩʦʩʪʦʷʥʠʠ. 

 ʊʨʫʜʥʦ ʥʘʟʚʘʪʴ ʪʫ ʦʪʨʘʩʣʴ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʚ ʢʦʪʦʨʦʡ ʚ ʥʘʰʝ ʚʨʝʤʷ 

ʢʦʣʣʦʠʜʥʘʷ ʭʠʤʠʷ ʥʝ ʥʘʭʦʜʠʣʘ ʙʳ ʩʚʦʝʛʦ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ. ʊʘʢʠʝ, 

ʥʘʧʨʠʤʝʨ, ʦʪʨʘʩʣʠ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʢʘʢ ʧʠʱʝʚʘʷ, 

ʪʝʢʩʪʠʣʴʥʘʷ, ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʚʦʣʦʢʥʘ, ʢʦʞʝʚʝʥʥʘʷ, ʨʝʟʠʥʦʚʘʷ, 

ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʢʘʫʯʫʢʘ, ʧʣʘʩʪʤʘʩʩ, ʣʘʢʦʢʨʘʩʦʯʥʘʷ, ʤʳʣʦʚʘʨʝʥʥʘʷ, 

ʚʟʨʳʚʯʘʪʳʭ ʚʝʱʝʩʪʚ, ʮʝʣʣʶʣʦʟʥʦ-ʙʫʤʘʞʥʘʷ, ʛʠʜʨʦʣʠʟʥʘʷ, 

ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʘʷ, ʦʙʦʛʘʱʝʥʠʷ ʨʫʜ (ʬʣʦʪʘʮʠʷ) ï ʩʘʤʳʤ ʪʝʩʥʳʤ ʦʙʨʘʟʦʤ 

ʩʚʷʟʘʥʳ ʩ ʢʦʣʣʦʠʜʥʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ. ɼʘʞʝ ʚ ʪʘʢʠʭ ʦʪʨʘʩʣʷʭ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʦʯʝʥʴ ʜʘʣʝʢʠʭ, ʢʘʟʘʣʦʩʴ ʙʳ, ʦʪ ʢʦʣʣʦʠʜʥʦʡ ʭʠʤʠʠ, ʢʘʢ 

ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʘʷ, ʛʦʨʥʦʜʦʙʳʚʘʶʱʘʷ, ʥʝʬʪʝʜʦʙʳʚʘʶʱʘʷ ʠ 

ʥʝʬʪʝʧʝʨʝʨʘʙʘʪʳʚʘʶʱʘʷ, ʩʠʣʠʢʘʪʥʘʷ ʠ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʚʩʝ ʰʠʨʝ 

ʚʥʝʜʨʷʶʪʩʷ ʤʝʪʦʜʳ ʢʦʣʣʦʠʜʥʦʡ ʭʠʤʠʠ.  

ʆʛʨʦʤʥʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʶʪ ʢʦʣʣʦʠʜʳ ʠ ʢʦʣʣʦʠʜʥʳʝ ʧʨʦʮʝʩʩʳ, ʠ ʠʭ 

ʠʟʫʯʝʥʠʝ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʜʣʷ ʧʦʯʚʦʚʝʜʝʥʠʷ ï ʚ 

ʚʦʧʨʦʩʘʭ ʧʦʚʳʰʝʥʠʷ ʧʣʦʜʦʨʦʜʠʷ ʧʦʯʚ.  

ɺʝʣʠʢʦ ʠʭ ʟʥʘʯʝʥʠʝ ʠ ʚ ʤʝʜʠʮʠʥʝ. 

 ɺ ʧʨʘʢʪʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʤʳ ʨʝʜʢʦ ʚʩʪʨʝʯʘʝʤʩʷ ʩ ʯʠʩʪʳʤʠ 

ʚʝʱʝʩʪʚʘʤʠ, ʩʦʩʪʦʷʱʠʤʠ ʠʟ ʦʜʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ. ʇʨʠʨʦʜʥʳʝ ʚʦʜʳ, 
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ʙʦʣʴʰʠʥʩʪʚʦ ʤʠʥʝʨʘʣʦʚ, ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʞʠʜʢʦʩʪʠ (ʢʣʝʪʦʯʥʳʡ ʩʦʢ 

ʨʘʩʪʝʥʠʡ, ʤʦʣʦʢʦ, ʢʨʦʚʴ ʠ ʜʨ.) ʩʦʜʝʨʞʘʪ ʥʝʩʢʦʣʴʢʦ ʢʦʤʧʦʥʝʥʪʦʚ. 

ʉʠʩʪʝʤʳ, ʩʦʜʝʨʞʘʱʠʝ ʦʜʥʦ ʠʣʠ ʥʝʩʢʦʣʴʢʦ ʚʝʱʝʩʪʚ ʚ ʚʠʜʝ ʯʘʩʪʠʮ 

(ʜʠʩʧʝʨʩʥʘʷ ʬʘʟʘ), ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʚ ʪʦʡ ʠʣʠ ʠʥʦʡ ʩʨʝʜʝ (ʜʠʩʧʝʨʩʠʦʥʥʘʷ 

ʩʨʝʜʘ), ʥʘʟʳʚʘʶʪʩʷ ʜʠʩʧʝʨʩʥʳʤʠ (ʦʪ ʣʘʪʠʥʩʢʦʛʦ dispersus). ʉʣʦʚʦ 

"ʜʠʩʧʝʨʩʥʦʩʪʴ" ʦʟʥʘʯʘʝʪ ʠʟʤʝʣʴʯʝʥʠʝ, ʨʘʟʜʨʦʙʣʝʥʠʝ. 

ʕʪʠ ʩʠʩʪʝʤʳ ʜʝʣʷʪʩʷ ʥʘ ʦʜʥʦʬʘʟʥʳʝ - ʛʦʤʦʛʝʥʥʳʝ ʠ ʤʥʦʛʦʬʘʟʥʳʝ - 

ʛʝʪʝʨʦʛʝʥʥʳʝ. ɺʩʝ ʤʦʣʝʢʫʣʷʨʥʦ-ʠʦʥʥʳʝ ʨʘʩʪʚʦʨʳ ʦʪʥʦʩʷʪʩʷ ʢ ʛʦʤʦʛʝʥʥʳʤ 

ʦʜʥʦʬʘʟʥʳʤ ʩʠʩʪʝʤʘʤ ʠ ʥʘʟʳʚʘʶʪʩʷ ʠʩʪʠʥʥʳʤʠ ʨʘʩʪʚʦʨʘʤʠ. 

ɺ ʦʩʥʦʚʫ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʛʝʪʝʨʦʛʝʥʥʳʭ ʜʠʩʧʝʨʩʥʳʭ ʩʠʩʪʝʤ ʧʦʣʦʞʝʥʳ 

ʩʣʝʜʫʶʱʠʝ ʧʨʠʟʥʘʢʠ: 

1. ʩʪʝʧʝʥʴ ʜʠʩʧʝʨʩʥʦʩʪʠ, ʪ.ʝ. ʨʘʟʤʝʨ ʯʘʩʪʠʮ ʜʠʩʧʝʨʩʥʦʡ ʬʘʟʳ; 

2. ʘʛʨʝʛʘʪʥʦʝ ʩʦʩʪʦʷʥʠʝ ʬʘʟ; 

3. ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʯʘʩʪʠʮ ʜʠʩʧʝʨʩʥʦʡ ʬʘʟʳ ʩ 

ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʩʨʝʜʦʡ. , 

1. ʈʘʟʣʠʯʘʶʪ ʪʨʠ ʢʣʘʩʩʘ ʜʠʩʧʝʨʩʥʳʭ ʛʝʪʝʨʦʛʝʥʥʳʭ (ʥʝʦʜʥʦʨʦʜʥʳʭ) 

ʩʠʩʪʝʤ, ʦʪʣʠʯʘʶʱʠʭʩʷ ʨʘʟʤʝʨʘʤʠ ʯʘʩʪʠʮ (d) ʜʠʩʧʝʨʩʥʦʡ ʬʘʟʳ: 

a) ʤʠʢʨʦʛʝʪʝʨʦʛʝʥʥʳʝ ʠʣʠ ʛʨʫʙʦʜʠʩʧʝʨʩʥʳʝ ʩʠʩʪʝʤʳ, d>10-7ʤ 

(ʩʫʩʧʝʥʟʠʠ, ʵʤʫʣʴʩʠʠ, ʧʦʨʦʰʢʠ ʠ ʜʨ.); 

b) ʢʦʣʣʦʠʜʥʳʝ ʠʣʠ ʫʣʲʪʨʘʤʠʢʨʦʛʝʪʝʨʦʛʝʥʥʳʝ ʩʠʩʪʝʤʳ, 10-9 < d <  10-7ʤ; 

c) ʠʩʪʠʥʥʳʝ ʨʘʩʪʚʦʨʳ, d < 10-9ʤ. 

ɼʠʩʧʝʨʩʥʳʝ ʩʠʩʪʝʤʳ, ʨʘʟʤʝʨ ʯʘʩʪʠʮ ʜʠʩʧʝʨʩʥʦʡ ʬʘʟʳ ʢʦʪʦʨʳʭ ʣʝʞʠʪ 

ʚ ʧʨʝʜʝʣʘʭ ʦʪ 10-9  ʜʦ 10-7ʤ, ʦʪʥʦʩʷʪʩʷ ʢ ʢʦʣʣʦʠʜʥʦ-ʜʠʩʧʝʨʩʥʳʤ ʠ ʷʚʣʷʶʪʩʷ 

ʦʩʥʦʚʥʳʤ ʦʙʲʝʢʪʦʤ ʠʟʫʯʝʥʠʷ ʢʦʣʣʦʠʜʥʦʡ ʭʠʤʠʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʣʣʦʠʜʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʥʘʟʳʚʘʶʪʩʷ 

ʧʦʣʠʜʠʩʧʝʨʩʥʳʝ ʛʝʪʝʨʦʛʝʥʥʳʝ ʩʠʩʪʝʤʳ ʩ ʚʝʣʠʯʠʥʦʡ ʯʘʩʪʠʮ ʜʠʩʧʝʨʩʥʦʡ 

ʬʘʟʳ ʦʪ 10-7  ʜʦ 10-9 ʤ. 

ʉʪʨʫʢʪʫʨʥʦʡ ʠ ʢʠʥʝʪʠʯʝʩʢʦʡ ʝʜʠʥʠʮʝʡ ʢʦʣʣʦʠʜʥʳʭ ʩʠʩʪʝʤ ʷʚʣʷʝʪʩʷ ʥʝ 

ʠʦʥ ʠ ʥʝ ʤʦʣʝʢʫʣʘ ʚ ʦʙʳʯʥʦʤ ʩʤʳʩʣʝ, ʘ ʣʠʙʦ ʢʦʤʧʣʝʢʩ (ʘʛʨʝʛʘʪ), ʩʦʩʪʦʷʱʠʡ 
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ʠʟ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʦʙʳʯʥʳʭ ʤʦʣʝʢʫʣ, ʘʪʦʤʦʚ ʠʣʠ ʠʦʥʦʚ, ʥʘʟʳʚʘʝʤʳʭ 

ʤʠʮʝʣʣʦʡ, ʣʠʙʦ ʤʘʢʨʦʤʦʣʝʢʫʣʘ, ʪ.ʝ. ʤʦʣʝʢʫʣʘ-ʧʦʣʠʤʝʨ çʛʠʛʘʥʪʩʢʠʭè 

ʨʘʟʤʝʨʦʚ, ʦʙʣʘʜʘʶʱʘʷ ʤʦʣʝʢʫʣʷʨʥʳʤ ʚʝʩʦʤ ʚ ʜʝʩʷʪʢʠ ʠ ʩʦʪʥʠ ʪʳʩʷʯ 

ʫʛʣʝʨʦʜʥʳʭ ʝʜʠʥʠʮ. 

2. ʇʦ ʘʛʨʝʛʘʪʥʦʤʫ ʩʦʩʪʦʷʥʠʶ ʨʘʟʣʠʯʘʶʪ ʜʠʩʧʝʨʩʥʳʝ ʩʠʩʪʝʤʳ ʩ 

ʛʘʟʦʦʙʨʘʟʥʦʡ, ʞʠʜʢʦʡ ʠ ʪʚʝʨʜʦʡ ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʩʨʝʜʦʡ. ɼʠʩʧʝʨʩʥʳʝ 

ʩʠʩʪʝʤʳ ʩ ʛʘʟʦʦʙʨʘʟʥʦʡ ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʩʨʝʜʦʡ ʥʘʟʳʚʘʶʪʩʷ ʘʵʨʦʟʦʣʷʤʠ 

(ʜʳʤ, ʪʫʤʘʥ). ɺʦʜʥʳʝ ʢʦʣʣʦʠʜʥʳʝ ʨʘʩʪʚʦʨʳ ʥʘʟʳʚʘʶʪʩʷ ʛʠʜʨʦʟʦʣʷʤʠ, 

ʩʧʠʨʪʦʚʳʝ - ʘʣʢʦʟʦʣʷʤʠ, ʵʬʠʨʥʳʝ -ʵʬʠʨʦʟʦʣʷʤʠ ʠ ʪ.ʜ. ɿʘʪʚʝʨʜʝʚʰʠʡ ʟʦʣʴ, 

ʠʣʠ ʦʪʜʝʣʠʚʰʘʷʩʷ ʦʪ ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʩʨʝʜʳ ʜʠʩʧʝʨʩʥʘʷ ʬʘʟʘ ʦʙʨʘʟʫʝʪ ʛʝʣʴ. 

ʂʘʞʜʘʷ ʜʠʩʧʝʨʩʥʘʷ ʬʘʟʘ ʠ ʜʠʩʧʝʨʩʠʦʥʥʘʷ ʩʨʝʜʘ ʤʦʛʫʪ ʙʳʪʴ ʚ ʪʨʝʭ 

ʘʛʨʝʛʘʪʥʳʭ ʩʦʩʪʦʷʥʠʷʭ: ʛʘʟʦʦʙʨʘʟʥʦʤ, ʞʠʜʢʦʤ ʠ ʪʚʝʨʜʦʤ. ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, 

ʤʦʞʥʦ ʙʳʣʦ ʙʳ ʦʞʠʜʘʪʴ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʚ ʧʨʠʨʦʜʝ ʜʝʚʷʪʠ ʛʨʫʧʧ ʨʘʟʣʠʯʥʳʭ 

ʜʠʩʧʝʨʩʥʳʭ ʩʠʩʪʝʤ, ʥʦ ʩʠʩʪʝʤʘ ʛʘʟ ʚ ʛʘʟʝ ʥʝ ʦʙʨʘʟʫʝʪ ʘʛʨʝʛʘʪʦʚ, ʘ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʛʦʤʦʛʝʥʥʫʶ ʩʤʝʩʴ, ʥʝ ʠʤʝʶʱʫʶ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʜʝʣʘ 

ʤʝʞʜʫ ʬʘʟʘʤʠ (ʪʘʙʣ. 21). 

ʊʘʙʣʠʮʘ 21 

ɼʠʩʧʝʨʩʥʳʝ ʩʠʩʪʝʤʳ 

 ɼʠʩʧʝʨʩʠʦʥʥʘʷ ʩʨʝʜʘ ɼʠʩʧʝʨʩʥʘʷ ʬʘʟʘ ʉʠʩʪʝʤʘ 

 ɻʘʟ ɾʠʜʢʦʩʪʴ ʊʫʤʘʥ, ʦʙʣʘʢʘ 

 ɻʘʟ ʊʚʸʨʜʦʝ ʪʝʣʦ ɼʳʤ, ʧʳʣʴ 

 ɾʠʜʢʦʩʪʴ ɻʘʟ ʇʝʥʘ 

 ɾʠʜʢʦʩʪʴ ɾʠʜʢʦʩʪʴ ʕʤʫʣʴʩʠʠ (ʤʦʣʦʢʦ, ʤʘʨʛʘʨʠʥ) 

 ɾʠʜʢʦʩʪʴ ʊʚʸʨʜʦʝ ʪʝʣʦ ʉʫʩʧʝʥʟʠʠ, ʂʦʣʣʦʠʜʳ 

 ʊʚʸʨʜʦʝ ʪʝʣʦ ɻʘʟ ʇʝʤʟʘ, ʭʣʝʙ 

 ʊʚʸʨʜʦʝ ʪʝʣʦ ɾʠʜʢʦʩʪʴ ɾʝʤʯʫʛ 

 ʊʚʸʨʜʦʝ ʪʝʣʦ ʊʚʸʨʜʦʝ ʪʝʣʦ ʈʫʙʠʥ, ʛʦʣʫʙʘʷ ʢʘʤʝʥʥʘʷ ʩʦʣʴ 

   ƴ 

3. ʇʦ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʯʘʩʪʠʮʘʤʠ ʜʠʩʧʝʨʩʥʦʡ 

ʬʘʟʳ ʠ ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʩʨʝʜʦʡ ʨʘʟʣʠʯʘʶʪ ʜʚʘ ʢʣʘʩʩʘ ʢʦʣʣʦʠʜʥʳʭ ʩʠʩʪʝʤ: 
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ʣʠʦʬʠʣʲʥʳʝ (ʦʪ ʛʨʝʯʝʩʢʠʭ ʣʠʦ - ʨʘʩʪʚʦʨʷʶ ʠ ʬʠʣʠʦ - ʣʶʙʣʶ) ʩʠʩʪʝʤʳ ʠ 

ʣʠʦʬʦʙʥʳʝ (ʦʪ ʛʨʝʯʝʩʢʠʭ ʣʠʦ - ʨʘʩʪʚʦʨʷʶ ʠ ʬʦʙʦʩ - ʩʪʨʘʭ) ʩʠʩʪʝʤʳ. 

ʃʠʦʬʠʣʴʥʳʤʠ ʢʦʣʣʦʠʜʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʷʚʣʷʶʪʩʷ ʪʘʢʠʝ ʩʠʩʪʝʤʳ, ʚ 

ʢʦʪʦʨʳʭ ʯʘʩʪʠʮʳ ʜʠʩʧʝʨʩʥʦʡ ʬʘʟʳ ʧʨʦʯʥʦ ʩʚʷʟʳʚʘʶʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʤʦʣʝʢʫʣ ʨʘʩʪʚʦʨʠʪʝʣʷ ʠ ʪʘʢʞʝ ʧʨʦʯʥʦ ʫʜʝʨʞʠʚʘʶʪ ʠʭ, ʝʩʣʠ ʢʦʣʣʦʠʜ 

ʚʳʜʝʣʷʝʪʩʷ ʠʟ ʨʘʩʪʚʦʨʘ. 

ʃʠʦʬʠʣʴʥʳʝ ʩʠʩʪʝʤʳ (ʨʘʩʪʚʦʨʳ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ) 

ʚʩʣʝʜʩʪʚʠʝ ʠʭ çʣʶʙʚʠè ʢ ʨʘʩʪʚʦʨʠʪʝʣʶ ʦʙʨʘʟʫʶʪʩʷ ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʦ. ʊʘʢ, 

ʧʨʠ ʧʦʤʝʱʝʥʠʠ ʢʫʩʦʯʢʘ ʩʫʭʦʛʦ ʞʝʣʘʪʠʥʘ ʠʣʠ ʢʨʘʭʤʘʣʘ (ʩʦʩʪʦʷʥʠʝ ʛʝʣʷ) ʚ 

ʚʦʜʫ ʯʝʨʝʟ ʥʝʢʦʪʦʨʦʝ ʚʨʝʤʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʛʠʜʨʘʪʘʮʠʠ ʛʝʣʷ ʦʙʨʘʟʫʝʪʩʷ 

ʢʦʣʣʦʠʜʥʳʡ ʨʘʩʪʚʦʨ (ʟʦʣʴ). 

ʃʠʦʬʦʙʥʳʤʠ ʢʦʣʣʦʠʜʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʷʚʣʷʶʪʩʷ ʪʘʢʠʝ ʩʠʩʪʝʤʳ, ʚ 

ʢʦʪʦʨʳʭ ʯʘʩʪʠʮʳ ʜʠʩʧʝʨʩʥʦʡ ʬʘʟʳ ʦʯʝʥʴ ʩʣʘʙʦ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ 

ʤʦʣʝʢʫʣʘʤʠ ʨʘʩʪʚʦʨʠʪʝʣʷ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʟʦʣʷ ʛʠʜʨʦʬʦʙʥʦʛʦ ʢʦʣʣʦʠʜʘ ʥʝʦʙʭʦʜʠʤʦ ʟʘʪʨʘʪʠʪʴ 

ʨʘʙʦʪʫ (ʭʠʤʠʯʝʩʢʫʶ - ʧʦʣʫʯʝʥʠʝ ʥʝʨʘʩʪʚʦʨʠʤʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʭʦʜʝ ʨʝʘʢʮʠʠ, 

ʠʣʠ ʬʠʟʠʯʝʩʢʫʶ - ʨʘʩʪʠʨʘʥʠʷ ʠ ʜʨ.).  

ʂʦʣʣʦʠʜʥʳʝ ʨʘʩʪʚʦʨʳ ʦʙʥʘʨʫʞʠʚʘʶʪ ʷʨʢʦ ʚʳʨʘʞʝʥʥʳʝ ʦʧʪʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ. ʇʨʦʩʪʦʝ ʥʘʙʣʶʜʝʥʠʝ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʨʘʩʪʚʦʨʳ ʣʠʦʬʠʣʴʥʳʭ 

ʢʦʣʣʦʠʜʦʚ ʚʩʝʛʜʘ ʤʫʪʥʳʝ (ʨʘʩʪʚʦʨ ʞʝʣʘʪʠʥʘ, ʘʣʴʙʫʤʠʥʘ ʠ ʜʨ.), ʘ ʨʘʩʪʚʦʨʳ 

ʣʠʦʬʦʙʥʳʭ ʢʦʣʣʦʠʜʦʚ ʧʦʯʪʠ ʚʩʝʛʜʘ ʠʤʝʶʪ ʦʢʨʘʩʢʫ ( ʛʠʜʨʦʟʦʣʴ ʛʠʜʨʦʦʢʠʩʠ 

ʞʝʣʝʟʘ - ʢʨʘʩʥʦ-ʢʦʨʠʯʥʝʚʫʶ; ʛʠʜʨʦʟʦʣʴ ʙʝʨʣʠʥʩʢʦʡ ʣʘʟʫʨʠ - ʩʠʥʶʶ). 

ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʩʚʝʪʘ ʯʝʨʝʟ ʢʦʣʣʦʠʜʥʳʡ 

ʨʘʩʪʚʦʨ, ʢʦʣʣʦʠʜʥʳʝ ʯʘʩʪʠʮʳ ʨʘʩʩʝʠʚʘʶʪ ʩʚʝʪ ʠ ʪʝʤ ʙʦʣʴʰʝ, ʯʝʤ ʙʦʣʴʰʝ ʠʭ 

ʯʠʩʣʦ ʠ ʩʠʣʴʥʝʝ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʚʝʪʘ. ʕʪʦʪ ʵʬʬʝʢʪ ʧʦʣʫʯʠʣ ʥʘʟʚʘʥʠʝ ʢʦʥʫʩʘ 

ʊʠʥʜʘʣʷ, ʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʚʝʯʝʥʠʷ ʚʳʨʘʞʘʝʪʩʷ ʟʘʢʦʥʦʤ ʈʵʣʝʷ: 

I = I0 k 
4

2

l

nV
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ʛʜʝ I - ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʨʘʩʩʝʷʥʥʦʛʦ ʩʚʝʪʘ; Iʦ - ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʘʜʘʶʱʝʛʦ ʩʚʝʪʘ; 

k - ʢʦʥʩʪʘʥʪʘ, ʟʘʚʠʩʷʱʘʷ ʦʪ ʨʘʟʥʦʩʪʠ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʝʣʦʤʣʝʥʠʷ ʜʠʩʧʝʨʩʥʦʡ 

ʬʘʟʳ ʠ ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʩʨʝʜʳ; n - ʯʠʩʣʦ ʯʘʩʪʠʮ ʚ ʝʜʠʥʠʮʝ ʦʙʲʝʤʘ, ʪ.ʝ. 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʯʘʩʪʠʮ ʟʦʣʷ; V-ʦʙʲʸʤ ʯʘʩʪʠʮʳ ʜʠʩʧʝʨʩʥʦʡ ʬʘʟʳ; ɚ - ʜʣʠʥʘ 

ʚʦʣʥʳ ʧʘʜʘʶʱʝʛʦ ʩʚʝʪʘ. 

ʂʦʥʫʩ ʊʠʥʜʘʣʷ ʚ ʢʦʣʣʦʠʜʥʦʤ ʨʘʩʪʚʦʨʝ ʷʚʣʷʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ ʵʬʬʝʢʪʘ 

ʩʚʝʪʦʨʘʩʩʝʷʥʠʷ. ʉʚʝʪʦʨʘʩʩʝʷʥʠʝ ʜʦʩʪʠʛʘʝʪʩʷ ʪʦʣʴʢʦ ʪʦʛʜʘ, ʢʦʛʜʘ ʚʝʣʠʯʠʥʘ 

ʯʘʩʪʠʮʳ, ʨʘʩʩʝʠʚʘʶʱʝʡ ʩʚʝʪ, ʥʘʯʠʥʘʝʪ ʧʨʠʙʣʠʞʘʪʴʩʷ ʢ ʚʝʣʠʯʠʥʝ ʜʣʠʥʳ 

ʩʚʝʪʦʚʦʡ ʚʦʣʥʳ. ʀʩʪʠʥʥʳʝ ʨʘʩʪʚʦʨʳ ʪʘʢʠʤ ʩʚʦʡʩʪʚʦʤ ʥʝ ʦʙʣʘʜʘʶʪ. ʇʦ ʵʪʦʤʫ 

ʩʚʦʡʩʪʚʫ ʣʝʛʢʦ ʦʪʣʠʯʠʪʴ ʠʩʪʠʥʥʳʝ ʨʘʩʪʚʦʨʳ ʦʪ ʢʦʣʣʦʠʜʥʳʭ. 

ʊʘʢ ʢʘʢ ʤʦʣʝʢʫʣʳ ʥʝʢʦʪʦʨʳʭ ʚʝʱʝʩʪʚ ʧʦ ʩʚʦʠʤ ʨʘʟʤʝʨʘʤ ʤʦʛʫʪ ʙʳʪʴ 

ʙʣʠʟʢʠ ʢ ʨʘʟʤʝʨʘʤ ʢʦʣʣʦʠʜʥʳʭ ʯʘʩʪʠʮ, ʪʦ ʩ ʵʪʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʪʨʫʜʥʦ 

ʧʨʦʚʝʩʪʠ ʨʝʟʢʫʶ ʛʨʘʥʠʮʫ ʤʝʞʜʫ ʠʩʪʠʥʥʳʤʠ ʠ ʢʦʣʣʦʠʜʥʳʤʠ ʨʘʩʪʚʦʨʘʤʠ. ɺʩʝ 

ʞʝ ʤʝʞʜʫ ʥʠʤʠ ʠʤʝʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦʝ ʨʘʟʣʠʯʠʝ: ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʠʩʪʠʥʥʳʝ 

ʨʘʩʪʚʦʨʳ - ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠ ʫʩʪʦʡʯʠʚʳʝ ʩʠʩʪʝʤʳ, ʫʩʪʦʡʯʠʚʦʩʪʴ ʢʦʣʣʦʠʜ-

ʥʳʭ ʨʘʩʪʚʦʨʦʚ ʩ ʙʦʣʴʰʝʡ ʠʣʠ ʤʝʥʴʰʝʡ ʩʢʦʨʦʩʪʴʶ ʤʝʥʷʝʪʩʷ ʚʦ ʚʨʝʤʝʥʠ. 

ʂʦʣʣʦʠʜʥʳʝ ʨʘʩʪʚʦʨʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʛʝʪʝʨʦʛʝʥʥʳʝ ʩʠʩʪʝʤʳ, ʯʪʦ ʠ 

ʩʣʫʞʠʪ ʦʜʥʦʡ ʠʟ ʧʨʠʯʠʥ ʠʭ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ. ʂʦʣʣʦʠʜʥʳʝ ʨʘʩʪʚʦʨʳ ʦʙʣʘʜʘʶʪ 

ʙʦʣʴʰʦʡ ʩʚʦʙʦʜʥʦʡ ʵʥʝʨʛʠʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʚʪʦʨʳʤ 

ʥʘʯʘʣʦʤ ʪʝʨʤʦʜʠʥʘʤʠʢʠ ʩʪʨʝʤʷʪʩʷ ʢ ʨʘʚʥʦʚʝʩʥʦʤʫ ʩʦʩʪʦʷʥʠʶ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʤʫʩʷ ʨʘʟʜʝʣʝʥʠʝʤ ʩʠʩʪʝʤʳ ʥʘ ʜʚʝ ʬʘʟʳ, ʠʤʝʶʱʠʝ 

ʤʠʥʠʤʘʣʴʥʳʝ ʤʝʞʬʘʟʦʚʳʝ ʧʦʚʝʨʭʥʦʩʪʠ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʠʥʠʤʘʣʴʥʫʶ 

ʩʚʦʙʦʜʥʫʶ ʧʦʚʝʨʭʥʦʩʪʥʫʶ ʵʥʝʨʛʠʶ. 

ʋʩʪʦʡʯʠʚʦʩʪʴ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʥʘʭʦʞʜʝʥʠʷ ʩʠʩʪʝʤʳ ʚ 

ʥʝʠʟʤʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ. ʈʘʟʣʠʯʘʶʪ ʢʠʥʝʪʠʯʝʩʢʫʶ ʠ ʘʛʨʝʛʘʪʠʚʥʫʶ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʢʦʣʣʦʠʜʥʳʭ ʩʠʩʪʝʤ. 

ʂʠʥʝʪʠʯʝʩʢʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʨʝʤʝʥʝʤ ʩʦʭʨʘʥʝʥʠʷ 

ʨʘʚʥʦʤʝʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʯʘʩʪʠʮ ʜʠʩʧʝʨʩʥʦʡ ʬʘʟʳ ʧʦ ʚʩʝʤʫ ʦʙʲʸʤʫ 

ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʩʨʝʜʳ. 
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ɸʛʨʝʛʘʪʠʚʥʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʨʝʤʝʥʝʤ ʩʦʭʨʘʥʝʥʠʷ 

ʥʝʠʟʤʝʥʥʦʡ ʩʪʝʧʝʥʠ ʜʠʩʧʝʨʩʥʦʩʪʠ (ʨʘʟʜʨʦʙʣʝʥʠʷ ʯʘʩʪʠʮ) ʜʠʩʧʝʨʩʥʦʡ ʬʘʟʳ 

ʢʦʣʣʦʠʜʥʦʡ ʩʠʩʪʝʤʳ. 

ʉ ʧʦʤʦʱʴʶ ʫʣʴʪʨʘʤʠʢʨʦʩʢʦʧʘ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʢʦʣʣʦʠʜʥʳʝ 

ʯʘʩʪʠʮʳ ʥʘʭʦʜʷʪʩʷ ʚ ʠʥʪʝʥʩʠʚʥʦʤ ʙʨʦʫʥʦʚʩʢʦʤ ʜʚʠʞʝʥʠʠ. ʏʝʤ ʤʝʣʴʯʝ 

ʯʘʩʪʠʮʳ, ʪʝʤ ʠʥʪʝʥʩʠʚʥʝʝ ʜʚʠʞʝʥʠʝ, ʠ ʥʘʦʙʦʨʦʪ, ʯʝʤ ʢʨʫʧʥʝʝ, ʪʝʤ ʤʝʥʴʰʝ 

ʩʢʦʨʦʩʪʴ ʠʭ ʜʚʠʞʝʥʠʷ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʩ ʵʪʠʤ ʯʘʩʪʠʮʳ ʥʘʭʦʜʷʪʩʷ ʧʦʜ 

ʚʣʠʷʥʠʝʤ ʩʠʣʳ ʟʝʤʥʦʛʦ ʧʨʠʪʷʞʝʥʠʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʣʣʦʠʜʥʳʝ ʯʘʩʪʠʮʳ ʥʘʭʦʜʷʪʩʷ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʜʚʫʭ 

ʚʟʘʠʤʥʦ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʩʠʣ: ʙʨʦʫʥʦʚʩʢʦʛʦ ʜʚʠʞʝʥʠʷ, ʩʪʨʝʤʷʱʝʛʦʩʷ 

ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʠʪʴ ʯʘʩʪʠʮʳ ʧʦ ʚʩʝʤʫ ʦʙʲʝʤʫ ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʩʨʝʜʳ, ʠ 

ʩʠʣʳ ʪʷʞʝʩʪʠ, ʩʪʨʝʤʷʱʝʡʩʷ ʩʦʙʨʘʪʴ ʵʪʠ ʯʘʩʪʠʮʳ ʥʘ ʜʥʝ ʩʦʩʫʜʘ. ʏʝʤ ʢʨʫʧʥʝʝ 

ʯʘʩʪʠʮʳ, ʪʝʤ ʩʠʣʴʥʝʝ ʧʨʦʷʚʣʷʝʪʩʷ ʜʝʡʩʪʚʠʝ ʟʝʤʥʦʛʦ ʪʷʛʦʪʝʥʠʷ, ʪʝʤ ʩʢʦʨʝʝ 

ʦʥʠ ʦʪʜʝʣʷʶʪʩʷ ʦʪ ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʩʨʝʜʳ ʠ ʪʝʤ ʤʝʥʴʰʝ ʠʭ ʢʠʥʝʪʠʯʝʩʢʘʷ 

ʫʩʪʦʡʯʠʚʦʩʪʴ. 

ɺ ʧʨʠʨʦʜʝ ʢʦʣʣʦʠʜʥʳʝ ʩʠʩʪʝʤʳ ʦʙʨʘʟʫʶʪʩʷ ʜʚʫʤʷ ʧʫʪʷʤʠ: 

ʢʦʥʜʝʥʩʘʮʠʦʥʥʳʤ ʠ ʜʠʩʧʝʨʩʠʦʥʥʳʤ. ɺʦʩʧʨʦʠʟʚʝʜʝʥʠʝ ʵʪʠʭ ʧʫʪʝʡ ʠ ʣʝʞʠʪ ʚ 

ʦʩʥʦʚʝ ʤʝʪʦʜʦʚ ʧʦʣʫʯʝʥʠʷ ʢʦʣʣʦʠʜʦʚ.  

ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʢʦʣʣʦʠʜʳ ʧʦʣʫʯʘʶʪʩʷ ʟʘ ʩʯʝʪ ʩʦʝʜʠʥʝʥʠʷ 

(ʢʦʥʜʝʥʩʘʮʠʠ) ʠʦʥʦʚ ʠʣʠ ʤʦʣʝʢʫʣ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʙʦʣʝʝ ʢʨʫʧʥʳʭ ʯʘʩʪʠʮ. 

ʇʨʠʯʠʥʦʡ ʚʳʟʳʚʘʶʱʝʡ ʦʙʨʘʟʦʚʘʥʠʝ ʪʘʢʠʭ ʯʘʩʪʠʮ ʷʚʣʷʝʪʩʷ ʧʝʨʝʩʳʱʝʥʥʦʝ 

ʩʦʩʪʦʷʥʠʝ ʜʘʥʥʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʩʨʝʜʝ ʜʨʫʛʦʛʦ ʚʝʱʝʩʪʚʘ, ʚ ʢʦʪʦʨʦʤ ʧʝʨʚʦʝ 

ʥʘʭʦʜʠʪʩʷ ʚ ʨʘʩʪʚʦʨʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʧʦʥʠʞʝʥʠʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ, ʥʘʩʳʱʝʥʥʦʛʦ ʚʦʜʷʥʳʤʠ ʧʘʨʘʤʠ, ʩʦʟʜʘʝʪʩʷ 

ʧʝʨʝʩʳʱʝʥʠʝ, ʢʦʪʦʨʦʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝʤ ʪʫʤʘʥʘ; ʧʨʠ ʩʣʠʚʘʥʠʠ 

ʩʧʠʨʪʦʚʦʛʦ ʨʘʩʪʚʦʨʘ ʢʘʥʠʬʦʣʠ ʩ ʚʦʜʦʡ, ʦʙʨʘʟʫʝʪʩʷ ʟʦʣʴ ʤʘʩʪʠʢʠ, ʪʘʢ ʢʘʢ 

ʢʘʥʠʬʦʣʴ ʪʨʫʜʥʦ ʨʘʩʪʚʦʨʷʝʪʩʷ ʚ ʚʦʜʝ ʠ ʚʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʦʙʨʘʟʫʶʪʩʷ ʯʘʩʪʠʮʳ 

ʢʘʥʠʬʦʣʠ ʢʦʣʣʦʠʜʥʳʭ ʨʘʟʤʝʨʦʚ. 
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ɺʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ - ʢʦʣʣʦʠʜʳ ʦʙʨʘʟʫʶʪʩʷ ʟʘ ʩʯʝʪ ʨʘʟʜʨʦʙʣʝʥʠʷ 

(ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʷ) ʢʨʫʧʥʳʭ ʯʘʩʪʠʮ ʜʦ ʯʘʩʪʠʮ ʢʦʣʣʦʠʜʥʳʭ ʨʘʟʤʝʨʦʚ. ʊʘʢ, 

ʥʘʧʨʠʤʝʨ, ʜʣʷ ʨʘʟʜʨʦʙʣʝʥʠʷ ʛʣʠʥʠʩʪʳʭ ʤʠʥʝʨʘʣʦʚ ʧʨʠʤʝʥʷʶʪ ʰʘʨʦʚʳʝ 

ʤʝʣʴʥʠʮʳ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʩʦʙʦʡ ʵʢʩʮʝʥʪʨʠʯʝʩʢʠ ʚʨʘʱʘʶʱʠʝʩʷ ʙʘʨʘʙʘʥʳ 

ʠʟ ʧʨʦʯʥʦʡ ʩʪʘʣʠ, ʯʘʩʪʠʯʥʦ ʟʘʧʦʣʥʝʥʥʳʝ ʰʘʨʘʤʠ ʠʟ ʪʦʛʦ ʞʝ ʤʘʪʝʨʠʘʣʘ. 

ʊʘʢ ʢʘʢ ʧʦʯʚʳ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʤʝʣʢʠʝ 

ʢʦʤʦʯʢʠ ʠʟ ʩʣʠʧʰʠʭʩʷ ʤʝʞʜʫ ʩʦʙʦʡ ʦʪʜʝʣʴʥʳʭ ʯʘʩʪʠʮ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ 

ʢʦʣʣʦʠʜʥʳʭ, ʪʦ ʜʣʷ ʨʘʟʜʝʣʝʥʠʷ ʠʭ ʥʘ ʦʪʜʝʣʴʥʳʝ ʙʦʣʝʝ ʤʝʣʢʠʝ ʯʘʩʪʠʮʳ 

ʧʨʠʤʝʥʷʶʪ ʭʠʤʠʯʝʩʢʠʡ ʤʝʪʦʜ ʨʘʟʜʨʦʙʣʝʥʠʷ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚ ʢʘʯʝʩʪʚʝ 

ʨʝʘʛʝʥʪʘ ʦʙʳʯʥʦ ʫʧʦʪʨʝʙʣʷʶʪ ʨʘʩʪʚʦʨʳ ʨʘʟʣʠʯʥʳʭ ʩʦʣʝʡ ʥʘʪʨʠʷ ʠ ʱʝʣʦʯʝʡ. 

ʊʘʢʦʡ ʤʝʪʦʜ ʨʘʟʜʨʦʙʣʝʥʠʷ ʧʦʣʫʯʠʣ ʥʘʟʚʘʥʠʝ ʧʝʧʪʠʟʘʮʠʠ. 

ʇʦʣʫʯʝʥʥʳʝ ʢʦʣʣʦʠʜʥʳʝ ʨʘʩʪʚʦʨʳ ʦʯʠʱʘʶʪ ʦʪ ʧʨʠʤʝʩʝʡ 

ʵʣʝʢʪʨʦʣʠʪʥʦʡ ʧʨʠʨʦʜʳ ʧʦʩʨʝʜʩʪʚʦʤ ʜʠʘʣʠʟʘ. ɼʠʘʣʠʟ ʦʩʥʦʚʘʥ ʥʘ 

ʩʧʦʩʦʙʥʦʩʪʠ ʧʦʣʫʧʨʦʥʠʮʘʝʤʳʭ ʤʝʤʙʨʘʥ ʧʨʦʧʫʩʢʘʪʴ ʯʘʩʪʠʮʳ ʠʩʪʠʥʥʳʭ 

ʨʘʩʪʚʦʨʦʚ ʠ ʥʝ ʧʨʦʧʫʩʢʘʪʴ ʢʦʣʣʦʠʜʥʳʝ ʯʘʩʪʠʮʳ, ʧʦʩʢʦʣʴʢʫ ʨʘʟʤʝʨ ʧʦʨ 

ʧʦʣʫʧʨʦʥʠʮʘʝʤʦʡ ʤʝʤʙʨʘʥʳ ʤʝʥʴʰʝ ʯʝʤ d ʯʘʩʪʠʮʳ. ɼʠʘʣʠʟ ʧʨʦʜʦʣʞʘʶʪ 

ʜʦ ʦʪʩʫʪʩʪʚʠʷ ʢʘʯʝʩʪʚʝʥʥʦʡ ʨʝʘʢʮʠʠ ʥʘ ʦʧʨʝʜʝʣʷʝʤʳʝ ʠʦʥʳ ʠʣʠ 

ʤʦʣʝʢʫʣʳ. ɼʨʫʛʠʤ ʤʝʪʦʜʦʤ ʦʯʠʩʪʢʠ ʢʦʣʣʦʠʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʷʚʣʷʝʪʩʷ 

ʫʣʴʪʨʘʬʠʣʴʪʨʘʮʠʷ. 

ʆʙʨʘʟʦʚʘʥʠʝ ʠ ʩʪʨʫʢʪʫʨʘ ʢʦʣʣʦʠʜʥʦʡ ʤʠʮʝʣʣʳ. 

ʇʨʠ ʢʦʥʜʝʥʩʘʮʠʦʥʥʦʤ ʩʧʦʩʦʙʝ ʧʦʣʫʯʝʥʠʷ ʢʦʣʣʦʠʜʥʳʭ ʨʘʩʪʚʦʨʦʚ 

ʯʘʩʪʠʮʳ ʜʠʩʧʝʨʩʥʦʡ ʬʘʟʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʦʙʨʘʟʦʚʘʥʠʷ ʤʦʛʫʪ 

ʧʨʠʦʙʨʝʪʘʪʴ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʠʣʠ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʟʥʘʢ ʟʘʨʷʜʘ. ʅʘʧʨʠʤʝʨ, 

ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʨʘʩʪʚʦʨʦʚ KI  ʠ AgNʆ3 ʦʜʠʥʘʢʦʚʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ, ʥʦ 

ʧʨʠ ʠʟʙʳʪʢʝ AgNO3 ʚʩʣʝʜʩʪʚʠʝ ʦʙʨʘʟʦʚʘʥʠʷ ʦʩʘʜʢʘ AgI  ʧʦ ʚʩʝʤʫ ʦʙʲʝʤʫ 

ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʩʨʝʜʳ ʚʦʟʥʠʢʘʶʪ ʤʝʣʴʯʘʡʰʠʝ ʯʘʩʪʠʯʢʠ ʠʦʜʠʜʘ ʩʝʨʝʙʨʘ, 

ʦʙʨʘʟʫʷ ʷʜʨʦ ʢʦʣʣʦʠʜʥʦʡ ʤʠʮʝʣʣʳ. ɺʦʟʥʠʢʰʠʝ ʯʘʩʪʠʮʳ ʨʘʩʪʫʪ ʟʘ ʩʯʝʪ 

ʠʤʝʶʱʠʭʩʷ ʚ ʨʘʩʪʚʦʨʝ ʠʦʥʦʚ Ag+ ʠ I-, ʯʝʨʝʜʫʷʩʴ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

AgIAgIAgIAg +... ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʨʦʩʪ ʥʝ ʧʨʠʦʩʪʘʥʦʚʠʪʩʷ ʠʟ-ʟʘ ʥʝʜʦʩʪʘʪʢʘ 
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ʦʜʥʦʛʦ ʠʭ ʵʪʠʭ ʠʦʥʦʚ. ɺ ʧʨʠʚʝʜʝʥʥʦʤ ʧʨʠʤʝʨʝ ʨʦʩʪ, ʦʯʝʚʠʜʥʦ, ʟʘʢʦʥʯʠʪʩʷ 

ʪʦʛʜʘ, ʢʦʛʜʘ ʚʩʝ  ʠʦʥʳ I- ʙʫʜʫʪ ʟʘʢʨʳʪʳ ʠʦʥʘʤʠ Ag+ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʯʘʩʪʠʮ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʵʪʘ ʧʦʚʝʨʭʥʦʩʪʴ ʟʘʨʷʜʠʪʩʷ 

ʧʦʣʦʞʠʪʝʣʴʥʦ. ʊʘʢʠʝ ʠʦʥʳ ʙʫʜʫʪ ʥʘʟʳʚʘʪʴʩʷ ʧʦʪʝʥʮʠʘʣʦʧʨʝʜʝʣʷʶʱʠʤʠ. ʇʦ 

ʧʨʘʚʠʣʫ ʇʘʥʝʪʘ-ʌʘʷʥʩʘ, ʵʪʠʤʠ ʠʦʥʘʤʠ ʤʦʛʫʪ ʙʳʪʴ ʪʦʣʴʢʦ ʠʦʥʳ, ʚʭʦʜʷʱʠʝ ʚ 

ʩʦʩʪʘʚ ʷʜʨʘ ʠ ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʠʟʙʳʪʢʝ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʵʪʦ ʠʦʥ Ag+. ʗʜʨʦ 

ʤʠʮʝʣʣʳ ʩ ʨʦʝʤ ʧʦʪʝʥʮʠʘʣʦʧʨʝʜʝʣʷʶʱʠʭ ʠʦʥʦʚ ʧʦʣʫʯʠʣʦ ʥʘʟʚʘʥʠʝ ʘʛʨʝʛʘʪ. 

ʇʦʜ ʜʝʡʩʪʚʠʝʤ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ ʩʠʣ ʧʨʠʪʷʞʝʥʠʷ ʢ ʧʦʣʦʞʠʪʝʣʴʥʦ 

ʟʘʨʷʞʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ (ʘʛʨʝʛʘʪʫ) ʧʨʠʪʷʛʠʚʘʶʪʩʷ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ 

ʟʘʨʷʞʝʥʥʳʝ ʠʦʥʳ ʠʟ ʠʟʙʳʪʢʘ. ʈʦʡ ʧʨʦʪʠʚʦʠʦʥʦʚ, ʦʢʨʫʞʘʶʱʠʭ ʯʘʩʪʠʮʫ, 

ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʢʘʯʝʩʪʚʝʥʥʦ ʥʝʦʜʠʥʘʢʦʚʳʭ ʩʣʦʝʚ. ʇʝʨʚʳʡ ʩʣʦʡ ʩʦʩʪʦʠʪ ʠʟ 

ʧʨʦʪʠʚʦʠʦʥʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʧʦʜ ʤʘʢʩʠʤʘʣʴʥʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʧʦʣʷ ʯʘʩʪʠʮʳ, ʘ ʧʦʪʦʤʫ ʠ ʤʝʥʝʝ ʧʦʜʚʠʞʥʳʭ, ʚʪʦʨʦʡ ʩʣʦʡ ʩʦʩʪʦʠʪ ʠʟ 

ʧʨʦʪʠʚʦʠʦʥʦʚ, ʙʦʣʝʝ ʫʜʘʣʝʥʥʳʭ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʯʘʩʪʠʮʳ, ʘ ʧʦʪʦʤʫ ʙʦʣʝʝ 

ʧʦʜʚʠʞʥʳʭ, ʚ ʩʠʣʫ ʯʝʛʦ ʵʪʦʪ ʩʣʦʡ ʠʦʥʦʚ ʠ ʥʘʟʳʚʘʶʪ ʧʦʜʚʠʞʥʳʤ ʠʣʠ 

ʜʠʬʬʫʟʥʳʤ. 

ʊʘʢʠʝ ʯʘʩʪʠʮʳ ʩʭʝʤʘʪʠʯʝʩʢʠ ʟʘʧʠʩʳʚʘʶʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

{(AgI)m nAg+ (n-x)NO3
-}ʭ+ xNO3

- , 

ʛʜʝ (AgI)m - ʷʜʨʦ ʢʦʣʣʦʠʜʥʦʡ ʤʠʮʝʣʣʳ, nAg+ - ʢʦʣʠʯʝʩʪʚʦ ʧʦʪʝʥ-

ʮʠʘʣʦʧʨʝʜʝʣʷʶʱʠʭ ʠʦʥʦʚ, (n-x)NO3
- - ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʪʠʚʦʠʦʥʦʚ 

(ʢʦʤʧʝʥʩʠʨʫʶʱʠʭ) ʚ ʥʝʧʦʜʚʠʞʥʦʤ ʩʣʦʝ, xNO3
-  -ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʪʠʚʦʠʦʥʦʚ ʚ 

ʧʦʜʚʠʞʥʦʤ (ʜʠʬʬʫʟʥʦʤ) ʩʣʦʝ. 

ʇʨʠ ʠʟʙʳʪʢʝ KI ʚʦʟʥʠʢʘʝʪ ʪʦʪ ʞʝ ʛʠʜʨʦʟʦʣʴ ʠʦʜʠʜʘ ʩʝʨʝʙʨʘ 

(AgI), ʥʦ ʩ ʦʪʨʠʮʘʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʤʠ ʯʘʩʪʠʮʘʤʠ: 

{( AgI)mnI-(n-ʭ)ʂ+}ʭ- ʭK+, 

ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʤʠʮʝʣʣʘ ʧʨʠʦʙʨʝʪʘʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ (ʨʠʩ.16). 

ʈʘʩʧʨʦʩʪʨʘʥʷʷ ʧʨʠʚʝʜʝʥʥʳʡ ʧʨʠʤʝʨ ʥʘ ʙʦʣʝʝ ʰʠʨʦʢʠʡ ʨʷʜ ʧʦʜʦʙʥʳʭ 

ʷʚʣʝʥʠʡ, ʤʦʞʥʦ ʚʳʚʝʩʪʠ ʩʣʝʜʫʶʱʝʝ ʧʨʘʚʠʣʦ: ʧʨʠ ʢʦʥʜʝʥʩʘʮʠʦʥʥʦʤ ʧʫʪʠ 

ʦʙʨʘʟʦʚʘʥʠʷ ʢʦʣʣʦʠʜʥʳʭ ʯʘʩʪʠʮ ʦʥʠ ʟʘʨʷʞʘʶʪʩʷ ʟʥʘʢʦʤ ʪʦʛʦ ʠʦʥʘ, ʢʦʪʦʨʳʡ 
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ʈʠʩ. 16. ʄʠʮʝʣʣʘ ʟʦʣʷ ʠʦʜʠʜʘ 

ʩʝʨʝʙʨʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʠ ʠʟʙʳʪʢʝ 

KI. 

  

ʥʘʭʦʜʠʪʩʷ ʚ ʠʟʙʳʪʢʝ ʠ ʢʦʪʦʨʳʡ ʜʘʝʪ ʤʘʣʦʨʘʩʪʚʦʨʠʤʦʝ ʩʦʝʜʠʥʝʥʠʝ ʩ ʠʦʥʦʤ,  

ʚʭʦʜʷʱʠʤ ʚ ʩʦʩʪʘʚ ʢʦʣʣʦʠʜʥʦʡ ʯʘʩʪʠʮʳ. ɺ ʧʦʣʷʨʥʦʡ ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʩʨʝʜʝ 

(ʚʦʜʘ) ʤʠʮʝʣʣʘ ʧʨʠʦʙʨʝʪʘʝʪ ʩʦʣʴʚʘʪʥʫʶ ʦʙʦʣʦʯʢʫ.  

ɿʘʨʷʜʠʚʰʘʷʩʷ ʯʘʩʪʠʮʘ, ʚʤʝʩʪʝ ʩ ʨʦʝʤ ʧʨʦʪʠʚʦʠʦʥʦʚ, ʥʘʟʳʚʘʝʪʩʷ 

ʤʠʮʝʣʣʦʡ, ʠ ʷʚʣʷʝʪʩʷ ʵʣʝʢʪʨʦʥʝʡʪʨʘʣʴʥʦʡ. ʗʜʨʦ ʤʠʮʝʣʣʳ ʚʤʝʩʪʝ ʩ 

ʧʦʪʝʥʮʠʘʣʦʧʨʝʜʝʣʷʶʱʠʤʠ ʠʦʥʘʤʠ ʠ ʧʨʦʪʠʚʦʠʦʥʘʤʠ ʥʝʧʦʜʚʠʞʥʦʛʦ ʩʣʦʷ 

ʥʘʟʳʚʘʝʪʩʷ ʛʨʘʥʫʣʦʡ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʤʠʮʝʣʣʳ ʦʥʘ ʥʝʩʝʪ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʟʘʨʷʜ. 

ɺ ʢʦʣʣʦʠʜʥʳʭ ʩʠʩʪʝʤʘʭ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʜʠʩʧʝʨʩʥʘʷ ʬʘʟʘ - 

ʜʠʩʧʝʨʩʠʦʥʥʘʷ ʩʨʝʜʘ ʚʦʟʥʠʢʘʝʪ ʜʚʦʡʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʩʣʦʡ (ɼʕʉ). 

ʇʝʨʚʘʷ ʪʝʦʨʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ɼʕʉ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ 

ɻʝʣʴʤʛʦʣʴʮʝʤ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʡ ʜʚʦʡʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʩʣʦʡ ʩʦʩʪʦʠʪ ʠʟ 

ʜʚʫʭ ʩʣʦʝʚ - ʦʜʠʥ ʠʟ ʢʦʪʦʨʳʭ ʨʘʩʧʦʣʦʞʝʥ ʥʘ ʪʚʝʨʜʦʡ ʧʦʚʝʨʭʥʦʩʪʠ -

ʧʦʪʝʥʮʠʘʣʦʧʨʝʜʝʣʷʶʱʠʝ ʠʦʥʳ, ʜʨʫʛʦʡ - ʚ ʞʠʜʢʦʡ ʬʘʟʝ ʧʘʨʘʣʣʝʣʴʥʦ 

ʧʦʚʝʨʭʥʦʩʪʠ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʧʦʨʷʜʢʘ ʦʪ ʥʝʝ - ʦʙʤʝʥʥʳʝ 

ʠʦʥʳ, ʪ.ʝ. ʭʘʨʘʢʪʝʨ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦ ʪʠʧʫ ʧʣʦʩʢʦʛʦ ʢʦʥʜʝʥʩʘʪʦʨʘ 

(ʨʠʩ.17). ʊʘʢʘʷ ʩʠʩʪʝʤʘ ʚ ʮʝʣʦʤ ʵʣʝʢʪʨʦʥʝʡʪʨʘʣʴʥʘ. 

ɻʫʠ ʠ ʏʵʧʤʝʥ ʚʳʜʚʠʥʫʣʠ ʪʝʦʨʠʶ ʜʠʬʬʫʟʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ 

ʧʨʦʪʠʚʦʠʦʥʦʚ. ʇʦ ʵʪʦʡ ʪʝʦʨʠʠ ʧʨʦʪʠʚʦʠʦʥʳ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʩʦʩʨʝʜʦʪʦʯʝʥʳ 

ʪʦʣʴʢʦ ʫ ʤʝʞʬʘʟʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʦʙʨʘʟʦʚʳʚʘʪʴ ʤʦʥʦʠʦʥʥʳʡ ʩʣʦʡ, ʘ 

ʨʘʩʩʝʷʥʳ ʚ ʞʠʜʢʦʡ ʬʘʟʝ ʥʘ ʥʝʢʦʪʦʨʦʤ ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ. ʊʘʢʘʷ  
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ʈʠʩ.17. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʠʦʥʦʚ ʚ ʜʚʦʡʥʦʤ 

ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʩʣʦʝ (ç-è - 

ʧʦʪʝʥʮʠʘʣʦʧʨʝʜʝʣʷʶʱʠʝ ʠʦʥʳ, ç+è - 

ʧʨʦʪʠʚʦʠʦʥʳ): I -ʧʦ ɻʝʣʴʤʛʦʣʴʮʫ, II - ʧʦ 

ɻʫʠ ʠ ʏʵʧʤʝʥʫ, III - ʧʦ ʐʪʝʨʥʫ (ʚʚʝʨʭʫ -

ʨʘʩʧʦʣʦʞʝʥʠʝ ʠʦʥʦʚ, ʚʥʠʟʫ - ʢʨʠʚʳʝ 

ʧʘʜʝʥʠʷ ʧʦʪʝʥʮʠʘʣʘ). 

 

ʨʘʟʤʳʪʘʷ ʩʪʨʫʢʪʫʨʘ ʜʚʦʡʥʦʛʦ ʩʣʦʷ ʦʧʨʝʜʝʣʷʝʪʩʷ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, 

ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʧʦʣʝʤ ʫ çʪʚʸʨʜʦʡè ʬʘʟʳ, ʩʪʨʝʤʷʱʠʤʩʷ ʧʨʠʪʷʥʫʪʴ 

ʵʢʚʠʚʘʣʝʥʪʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ ʟʘʨʷʞʝʥʥʳʭ ʠʦʥʦʚ ʚʦʟʤʦʞʥʦ 

ʙʣʠʞʝ ʢ ʪʚʝʨʜʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʘ ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʪʝʧʣʦʚʳʤ ʜʚʠʞʝʥʠʝʤ 

ʠʦʥʦʚ, ʚʩʣʝʜʩʪʚʠʝ ʢʦʪʦʨʦʛʦ ʧʨʦʪʠʚʦʠʦʥʳ ʩʪʨʝʤʷʪʩʷ ʨʘʩʩʝʷʪʴʩʷ ʚʦ ʚʩʝʤ 

ʦʙʲʝʤʝ ʞʠʜʢʦʡ ʬʘʟʳ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʝʦʙʣʘʜʘʥʠʷ ʪʦʡ ʠʣʠ ʠʥʦʡ ʩʠʣʳ 

ʩʦʩʪʦʷʥʠʝ ʧʨʦʪʠʚʦʠʦʥʦʚ ʦʢʘʟʳʚʘʝʪʩʷ ʥʝʦʜʠʥʘʢʦʚʳʤ. ɼʝʡʩʪʚʠʝ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʦʪ ʤʝʞʬʘʟʥʦʡ ʛʨʘʥʠʮʳ 

ʧʨʝʦʙʣʘʜʘʝʪ, ʩ ʫʜʘʣʝʥʠʝʤ ʦʪ ʥʝʝ ʩʠʣʘ ʧʦʣʷ ʦʩʣʘʙʝʚʘʝʪ ʠ ʧʨʦʷʚʣʷʝʪʩʷ ʚʩʝ 

ʩʠʣɹʥʝʝ ʪʝʧʣʦʚʦʝ ʜʚʠʞʝʥʠʝ, ʨʘʩʩʝʠʚʘʶʱʝʝ ʧʨʦʪʠʚʦʠʦʥʳ ʜʚʦʡʥʦʛʦ ʩʣʦʷ, 

ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʨʦʪʠʚʦʠʦʥʦʚ ʧʘʜʘʝʪ ʠ ʩʪʘʥʦʚʠʪʩʷ ʨʘʚʥʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʪʝʭ ʞʝ ʠʦʥʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʞʠʜʢʦʡ ʬʘʟʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʚʦʟʥʠʢʘʝʪ ʜʠʬʬʫʟʥʳʡ ʩʣʦʡ ʧʨʦʪʠʚʦʠʦʥʦʚ, ʩʚʷʟʘʥʥʳʡ ʩ ʪʚʝʨʜʦʡ 

ʧʦʚʝʨʭʥʦʩʪʴʶ, ʥʘʭʦʜʷʱʠʡʩʷ ʩ ʥʝʡ ʚ ʜʠʥʘʤʠʯʝʩʢʦʤ ʨʘʚʥʦʚʝʩʠʠ (ʨʠʩ.17 II ). 

ʐʪʝʨʥʦʤ ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʩʭʝʤʘ ʩʪʨʦʝʥʠʷ ɼʕʉ, ʚ ʢʦʪʦʨʦʡ ʦʥ ʦʙʲʝʜʠʥʠʣ 

ʩʭʝʤʳ ɻʝʣʴʤʛʦʣʴʮʘ ʠ ɻʫʠ - ʏʵʧʤʝʥʘ. ʉʦʛʣʘʩʥʦ ʐʪʝʨʥʫ, ʧʝʨʚʳʡ ʩʣʦʡ 

ʧʨʦʪʠʚʦʠʦʥʦʚ ʧʨʠʪʷʛʠʚʘʝʪʩʷ ʢ ʪʚʝʨʜʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʜ ʚʣʠʷʥʠʝʤ ʢʘʢ 

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ, ʪʘʢ ʠ ʘʜʩʦʨʙʮʠʦʥʥʳʭ ʩʠʣ, ʯʘʩʪʠʯʥʦ ʢʦʤʧʝʥʩʠʨʫʷ ű0 - 

ʧʦʪʝʥʮʠʘʣ ʧʦʚʝʨʭʥʦʩʪʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʪʦʛʦ ʯʘʩʪʴ ʧʨʦʪʠʚʦʠʦʥʦʚ 

ʫʜʝʨʞʠʚʘʝʪʩʷ ʧʦʚʝʨʭʥʦʩʪʴʶ ʥʘ ʦʯʝʥʴ ʙʣʠʟʢʦʤ ʨʘʩʩʪʦʷʥʠʠ, ʩʣʦʡ ʧʦʨʷʜʢʘ 
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1 - 2  ʤʦʣʝʢʫʣ, ʦʙʨʘʟʫʷ ʧʣʦʩʢʠʡ ʢʦʥʜʝʥʩʘʪʦʨ (ʧʦ ʪʝʦʨʠʠ ɻʝʣʴʤʛʦʣʴʮʘ). 

ʇʨʦʪʠʚʦʠʦʥʳ, ʥʫʞʥʳʝ ʜʣʷ ʧʦʣʥʦʡ ʢʦʤʧʝʥʩʘʮʠʠ ʧʦʪʝʥʮʠʘʣʦʧʨʝʜʝʣʷʶʱʠʭ 

ʠʦʥʦʚ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʪʝʧʣʦʚʦʛʦ ʜʚʠʞʝʥʠʷ ʦʙʨʘʟʫʶʪ ʜʠʬʬʫʟʥʫʶ ʯʘʩʪʴ 

ʜʚʦʡʥʦʛʦ ʩʣʦʷ. ʊʦʣʱʠʥʘ ʵʪʦʛʦ ʩʣʦʷ ʤʦʞʝʪ ʙʳʪʴ ʟʥʘʯʠʪʝʣʴʥʦʡ ʠ ʟʘʚʠʩʠʪ ʦʪ 

ʩʚʦʡʩʪʚ ʠ ʩʦʩʪʘʚʘ ʩʠʩʪʝʤʳ (ʨʠʩ.17 III). ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʡ ʷʚʣʷʝʪʩʷ ʩʭʝʤʘ ɼʕʉ ʧʦ ʐʪʝʨʥʫ. 

ʈʘʟʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʦʚ ʤʝʞʜʫ ʪʚʝʨʜʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʢʦʣʣʦʠʜʥʦʡ 

ʯʘʩʪʠʮʳ (ʷʜʨʦ ʩ ʨʦʝʤ ʧʦʪʝʥʮʠʘʣʦʧʨʝʜʝʣʷʶʱʠʭ ʠʦʥʦʚ) ʠ ʨʘʩʪʚʦʨʦʤ (ʜʚʘ 

ʩʣʦʷ ʧʨʦʪʠʚʦʠʥʦʚ), ʥʘʟʳʚʘʝʪʩʷ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʤ ʠʣʠ ʧʦʣʥʳʤ -  ű0 - 

ʧʦʪʝʥʮʠʘʣʦʤ, ʚʝʣʠʯʠʥʘ ʝʛʦ ʦʧʨʝʜʝʣʷʝʪ ʨʘʟʤʝʨ ʤʠʮʝʣʣʳ (ʢʠʥʝʪʠʯʝʩʢʫʶ 

ʫʩʪʦʡʯʠʚʦʩʪʴ). 

ʇʦʪʝʥʮʠʘʣ, ʢʦʪʦʨʳʡ ʚʦʟʥʠʢʘʝʪ ʥʘ ʛʨʘʥʠʮʝ ʥʝʧʦʜʚʠʞʥʦʛʦ ʠ ʜʠʬʬʫʟʥʦʛʦ 

ʩʣʦʝʚ ʧʨʦʪʠʚʦʠʦʥʦʚ,  ʥʘʟʳʚʘʝʪʩʷ ʵʣʝʢʪʨʦʢʠʥʝʪʠʯʝʩʢʠʤ ʠʣʠ ʜʟʝʪʘ-

ʧʦʪʝʥʮʠʘʣʦʤ (ɕ). ɕ - ʧʦʪʝʥʮʠʘʣ ʦʧʨʝʜʝʣʷʝʪ ʘʛʨʝʛʘʪʠʚʥʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ 

ʢʦʣʣʦʠʜʥʦʡ ʩʠʩʪʝʤʳ. 

ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʧʘʜʝʥʠʝ ʧʦʪʝʥʮʠʘʣʘ ʚʦ ʚʩʝʤ ʜʚʦʡʥʦʤ ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʩʣʦʝ, ʵʣʝʢʪʨʦʢʠʥʝ-

ʪʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ - ʵʪʦ ʧʘʜʝʥʠʝ ʧʦʪʝʥʮʠʘʣʘ ʚ ʜʠʬʬʫʟʥʦʡ ʯʘʩʪʠ ɼʕʉ. 

ɺʝʣʠʯʠʥʘ ɕ - ʧʦʪʝʥʮʠʘʣʘ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʷʤʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʝʧʝʥʠ 

ʨʘʟʤʳʪʦʩʪʠ ɼʕʉ, ʪ.ʝ. ʦʪ ʝʛʦ ʪʦʣʱʠʥʳ; ʪʦʣʱʠʥʘ ɼʕʉ ʪʝʤ ʙʦʣʴʰʝ, ʯʝʤ 

ʤʝʥʴʰʝ ʢʦʥʮʝʥʪʨʘʮʠʷ ʵʣʝʢʪʨʦʣʠʪʘ ʚ ʟʦʣʝ (ʨʠʩ.18). 

ɺʝʣʠʯʠʥʘ ɕ - ʧʦʪʝʥʮʠʘʣʘ ʟʘʚʠʩʠʪ ʦʪ ʤʥʦʛʠʭ ʬʘʢʪʦʨʦʚ, ʪʘʢʠʭ ʢʘʢ 

ʪʝʤʧʝʨʘʪʫʨʘ, ʨʅ ʩʨʝʜʳ, ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʣʝʢʪʨʦʣʠʪʘ ʠ ʟʦʣʷ ʠ ʜʨʫʛʠʭ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʝʣʠʯʠʥʫ ʠ ʟʥʘʢ ɕ - ʧʦʪʝʥʮʠʘʣʘ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʦ 

ʧʝʨʝʜʚʠʞʝʥʠʶ ʢʦʣʣʦʠʜʥʳʭ ʯʘʩʪʠʮ (ʵʣʝʢʪʨʦʬʦʨʝʟ) ʠʣʠ ʧʦ ʧʝʨʝʜʚʠʞʝʥʠʶ 

ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʩʨʝʜʳ (ʵʣʝʢʪʨʦʦʩʤʦʩ) ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʧʦʣʝ. ʕʪʠ ʷʚʣʝʥʠʷ 

ʧʦʣʫʯʠʣʠ ʥʘʟʚʘʥʠʝ ʵʣʝʢʪʨʦʢʠʥʝʪʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ I ʧʦʨʷʜʢʘ (ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʜʚʠʞʝʪʩʷ ʜʠʩʧʝʨʩʥʘʷ ʬʘʟʘ ʠʣʠ ʜʠʩʧʝʨʩʠʦʥʥʘʷ ʩʨʝʜʘ).  
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ʈʠʩ.18. ɿʘʚʠʩʠʤʦʩʪʴ ɕ - ʧʦʪʝʥʮʠʘʣʘ ʠ 

ʪʦʣʱʠʥʳ ʜʠʬʬʫʟʥʦʛʦ ʩʣʦʷ ʦʪ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʣʝʢʪʨʦʣʠʪʘ ʉ 

(C4>C3>C2>C1), d - ʨʘʟʤʝʨ ʜʠʬʬʫʟʥʦʛʦ 

ʩʣʦʷ ʧʨʦʪʠʚʦʠʦʥʦʚ. 

 

ʕʣʝʢʪʨʦʢʠʥʝʪʠʯʝʩʢʠʝ ʷʚʣʝʥʠʷ II  ʧʦʨʷʜʢʘ ï ʵʪʦ ʧʦʪʝʥʮʠʘʣ ʪʝʯʝʥʠʷ ʠ 

ʧʦʪʝʥʮʠʘʣ ʦʩʝʜʘʥʠʷ (ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʜʚʠʞʝʥʠʷ ʜʠʩʧʝʨʩʥʦʡ ʬʘʟʳ ʠʣʠ 

ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʩʨʝʜʳ ʚʦʟʥʠʢʘʝʪ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ). 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ: 

ɿʘʜʘʥʠʝ 1. ʇʦʣʫʯʝʥʠʝ ʛʠʜʨʦʟʦʣʷ ʛʠʜʨʦʦʢʠʩʠ ʞʝʣʝʟʘ ʢʦʥ-

ʜʝʥʩʘʮʠʦʥʥʳʤ ʤʝʪʦʜʦʤ (ʤʝʪʦʜ ʛʠʜʨʦʣʠʟʘ). 

ɺ ʪʱʘʪʝʣʴʥʦ ʚʳʤʳʪʦʡ ʢʦʥʠʯʝʩʢʦʡ ʢʦʣʙʝ ʝʤʢʦʩʪʴʶ 250 ʤʣ ʥʘʛʨʝʚʘʶʪ ʜʦ 

ʢʠʧʝʥʠʷ 100 ʤʣ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʳ. ɿʘʪʝʤ ʚ ʢʠʧʷʱʫʶ ʚʦʜʫ ʧʦ ʢʘʧʣʷʤ 

ʜʦʙʘʚʣʷʶʪ 10 ʤʣ 2% ʨʘʩʪʚʦʨʘ ʭʣʦʨʠʜʘ ʞʝʣʝʟʘ (ʐ) ʠ ʢʠʧʷʪʷʪ ʨʘʩʪʚʦʨ ʝʱʝ 

ʥʝʩʢʦʣʴʢʦ ʤʠʥʫʪ. 

ʇʦʩʣʝ ʧʨʠʙʘʚʣʝʥʠʷ ʢ ʢʠʧʷʱʝʡ ʚʦʜʝ ʨʘʩʪʚʦʨʘ ʭʣʦʨʠʜʘ ʞʝʣʝʟʘ (ʐ) 

ʦʙʨʘʟʫʝʪʩʷ ʢʦʣʣʦʠʜʥʳʡ ʨʘʩʪʚʦʨ ʛʠʜʨʦʦʢʠʩʠ ʞʝʣʝʟʘ, ʦʢʨʘʰʝʥʥʳʡ ʚ 

ʠʥʪʝʥʩʠʚʥʦ ʢʨʘʩʥʦ-ʢʦʨʠʯʥʝʚʳʡ ʮʚʝʪ. 

ʈʝʘʢʮʠʷ ʧʦʣʫʯʝʥʠʷ ʛʠʜʨʦʦʢʠʩʠ ʞʝʣʝʟʘ (ʐ) ʠʜʝʪ ʧʦ ʩʭʝʤʝ: 

FeCl3  +  3H2O  =  Fe(OH)3       +  3HCl 

ʇʦʚʝʨʭʥʦʩʪʥʳʝ ʤʦʣʝʢʫʣʳ ʘʛʨʝʛʘʪʘ Fe(OH)3 ʚʩʪʫʧʘʶʪ ʚ 

ʭʠʤʠʯʝʩʢʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʅʉ1: 

Fe(OH)3  +  HC1  =   FeOCl  +  2H2O 

ʆʙʨʘʟʫʶʱʠʝʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʵʪʦʡ ʨʝʘʢʮʠʠ ʤʦʣʝʢʫʣʳ ʭʣʦʨʦʢʠʩʠ 

ʞʝʣʝʟʘ, ʧʦʜʚʝʨʛʘʷʩʴ ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʦʡ ʜʠʩʩʦʮʠʘʮʠʠ, ʦʙʨʘʟʫʶʪ ʠʦʥʳ 

FeO+ + ʉl -:  FeOCl ź FeO+ + ʉl -. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʪʨʦʝʥʠʝ ʤʠʮʝʣʣʳ ʛʠʜʨʦʦʢʠʩʠ ʞʝʣʝʟʘ ʤʦʞʥʦ 

ʠʟʦʙʨʘʟʠʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

{[ m(Fe(OH)3] Å n FeO+ Å(n-ʭ)ʉl - } Å ʭ ʉl - 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʩʭʝʤʳ ʩʪʨʦʝʥʠʷ ʤʠʮʝʣʣʳ, ʟʦʣʴ ʛʠʜʨʦʢʩʠʜʘ ʞʝʣʝʟʘ 

(ʐ) ʟʘʨʷʞʝʥ ʧʦʣʦʞʠʪʝʣʴʥʦ. 

ɸʥʘʣʦʛʠʯʥʳʡ ʦʧʳʪ ʧʨʦʜʝʣʘʡʪʝ ʩ ʭʦʣʦʜʥʦʡ ʚʦʜʦʡ ʠ ʦʪʚʝʪʴʪʝ,  ʧʦʯʝʤʫ ʚ 

ʵʪʦʤ ʩʣʫʯʘʝ ʥʝ ʦʙʨʘʟʫʝʪʩʷ ʢʦʣʣʦʠʜʥʳʡ ʨʘʩʪʚʦʨ. 

ɿʘʜʘʥʠʝ 2. ʆʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʦʣʣʦʠʜʥʳʭ ʨʘʩʪʚʦʨʦʚ. 

ʀʩʧʳʪʘʥʠʝ ʥʘ ʢʦʣʣʦʠʜʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʨʘʩʪʚʦʨʦʚ. 

ʗʨʢʠʡ ʣʫʯ ʩʚʝʪʘ, ʧʨʦʧʫʱʝʥʥʳʡ ʚ ʩʦʚʝʨʰʝʥʥʦ ʦʜʥʦʨʦʜʥʫʶ ʩʨʝʜʫ 

(ʠʩʪʠʥʥʳʝ ʨʘʩʪʚʦʨʳ) ʥʝ ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʚ ʵʪʦʡ ʩʨʝʜʝ. ʅʘʦʙʦʨʦʪ, ʧʨʠ 

ʧʨʦʭʦʞʜʝʥʠʠ ʪʘʢʦʛʦ ʣʫʯʘ ʯʝʨʝʟ ʥʝʦʜʥʦʨʦʜʥʫʶ ʩʨʝʜʫ (ʢʦʣʣʦʠʜʥʳʝ ʨʘʩʪʚʦʨʳ), 

ʝʛʦ ʧʫʪʴ, ʧʨʠ ʥʘʙʣʶʜʝʥʠʠ ʩʙʦʢʫ, ʦʙʦʟʥʘʯʘʝʪʩʷ ʥʘ ʚʩʝʤ ʧʨʦʪʷʞʝʥʠʠ ʚ ʚʠʜʝ 

ʩʚʝʪʣʦʛʦ ʢʦʥʫʩʘ, ʥʘʟʳʚʘʝʤʦʛʦ ʢʦʥʫʩʦʤ ʊʠʥʜʘʣʷ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʘʩʪʚʦʨʳ, ʧʦʤʝʱʝʥʥʳʝ ʚ ʢʶʚʝʪʢʠ ʩ ʧʣʦʩʢʦʧʘʨʘʣʣʝʣʴʥʳʤʠ 

ʩʪʝʥʢʘʤʠ, ʩʪʘʚʷʪ ʥʘ ʧʫʪʠ ʧʨʦʭʦʞʜʝʥʠʷ ʣʫʯʘ ʦʪ ʠʩʪʦʯʥʠʢʘ ʩʚʝʪʘ. ɺ ʩʣʫʯʘʝ 

ʧʨʦʭʦʞʜʝʥʠʷ ʩʚʝʪʘ ʯʝʨʝʟ ʢʦʣʣʦʠʜʥʳʡ ʨʘʩʪʚʦʨ ʥʘʙʣʶʜʘʝʪʩʷ ʷʨʢʘʷ ʧʦʣʦʩʘ, 

ʦʙʨʘʟʦʚʘʥʥʘʷ ʩʦʚʦʢʫʧʥʦʩʪʴʶ ʯʘʩʪʠʮ ʜʠʩʧʝʨʩʥʦʡ ʬʘʟʳ, ʨʘʩʩʝʠʚʘʶʱʠʭ 

ʧʘʜʘʶʱʠʡ ʥʘ ʥʠʭ ʩʚʝʪ. ʇʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʪʦʛʦ ʞʝ ʧʫʯʢʘ ʩʚʝʪʘ ʯʝʨʝʟ 

ʠʩʪʠʥʥʳʡ ʨʘʩʪʚʦʨ ʵʬʬʝʢʪʘ ʊʠʥʜʘʣʷ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ. 

ʆʧʨʝʜʝʣʷʶʪ ʧʦ ʥʘʣʠʯʠʶ ʠʣʠ ʦʪʩʫʪʩʪʚʠʶ ʵʬʬʝʢʪʘ ʊʠʥʜʘʣʷ 

ʢʦʣʣʦʠʜʥʳʝ ʠ ʠʩʪʠʥʥʳʝ ʨʘʩʪʚʦʨʳ ʚ ʩʦʩʫʜʘʭ ʩ ʧʣʦʩʢʦʧʘʨʘʣʣʝʣʴ 

ʥʳʤʠ ʩʪʝʥʢʘʤʠ ˉ 1-6 ʠ ʟʘʧʠʩʳʚʘʶʪ ʚ ʪʝʪʨʘʜʴ. 

ɿʘʜʘʥʠʝ ˉ3. ʆʯʠʩʪʢʘ ʢʦʣʣʦʠʜʥʳʭ ʨʘʩʪʚʦʨʦʚ (ʜʠʘʣʠʟ) . 

ɼʠʘʣʠʟ ʦʩʥʦʚʘʥ ʥʘ ʩʧʦʩʦʙʥʦʩʪʠ ʥʝʢʦʪʦʨʳʭ ʧʦʣʫʧʨʦʥʠʮʘʝʤʳʭ ʤʝʤʙʨʘʥ 

(ʞʠʚʦʪʥʳʭ, ʨʘʩʪʠʪʝʣʴʥʳʭ ʠʣʠ ʧʨʠʛʦʪʦʚʣʝʥʥʳʭ ʠʩʢʫʩʩʪʚʝʥʥʦ) ʧʨʦʧʫʩʢʘʪʴ 

ʠʩʪʠʥʥʳʝ ʨʘʩʪʚʦʨʳ ʠ ʥʝ ʧʨʦʧʫʩʢʘʪʴ ʢʦʣʣʦʠʜʥʳʝ. ɼʠʘʣʠʟ ʧʨʦʚʦʜʷʪ ʚ ʦʩʦʙʳʭ 

ʧʨʠʙʦʨʘʭ - ʜʠʘʣʠʟʘʪʦʨʘʭ. ɼʣʷ ʜʠʘʣʠʟʘ ʥʝʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚ ʨʘʩʪʚʦʨʦʚ 

ʧʨʠʤʝʥʷʶʪʩʷ ʧʝʨʛʘʤʝʥʪʥʳʝ, ʢʦʣʣʦʜʠʝʚʳʝ ʤʝʰʢʠ, ʩʚʠʥʳʝ ʠʣʠ ʨʳʙʴʠ ʧʫʟʳʨʠ. 
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ɼʠʘʣʠʟʘʪʦʨʳ ʩʦʩʪʦʷʪ ʠʟ ʜʚʫʭ ʩʦʩʫʜʦʚ - ʚʥʫʪʨʝʥʥʝʛʦ ʠ ʚʥʝʰʥʝʛʦ. ɺʥʫʪʨʝʥʥʠʡ 

ʩʦʩʫʜ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʜʠʘʣʠʟʠʨʫʝʤʦʡ ʞʠʜʢʦʩʪʠ ʠ ʚʝʩʴ ʠʣʠ ʯʘʩʪʠʯʥʦ (ʜʥʦ) 

ʩʦʩʪʦʠʪ ʠʟ ʧʦʣʫʧʨʦʥʠʮʘʝʤʦʡ ʤʝʤʙʨʘʥʳ. ɺʥʝʰʥʠʡ ʩʦʩʫʜ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ 

ʨʘʩʪʚʦʨʠʪʝʣʷ ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʦʩʫʜ ʙʦʣʴʰʦʛʦ ʨʘʟʤʝʨʘ. 

ʇʦʣʫʯʝʥʥʳʡ ʛʠʜʨʦʟʦʣʴ ʛʠʜʨʘʪʘ ʦʢʠʩʠ ʞʝʣʝʟʘ (ʐ) ʚʳʣʠʚʘʶʪ ʚ 

ʧʦʜʛʦʪʦʚʣʝʥʥʳʡ ʜʠʘʣʠʟʘʪʦʨ ʠ ʧʦʛʨʫʞʘʶʪ ʝʛʦ ʚ ʩʦʩʫʜ ʩ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ 

ʚʦʜʦʡ. ɺʦʟʥʠʢʰʠʝ ʚ ʧʨʦʮʝʩʩʝ ʦʙʨʘʟʦʚʘʥʠʷ ʛʠʜʨʦʟʦʣʷ ʠʦʥʳ ʅ+ ʠ ʉ1- ʙʫʜʫʪ 

ʧʨʦʥʠʢʘʪʴ ʯʝʨʝʟ ʧʦʣʫʧʨʦʥʠʮʘʝʤʫʶ ʤʝʤʙʨʘʥʫ, ʘ ʠʦʥʳ ʉ1- ʜʘʶʪ 

ʩʧʝʮʠʬʠʯʝʩʢʫʶ ʨʝʘʢʮʠʶ ʩ ʨʘʩʪʚʦʨʦʤ AgNO3 (ʚʳʧʘʜʘʝʪ ʙʝʣʳʡ ʦʩʘʜʦʢ). 

ɼʠʘʣʠʟ ʩʣʝʜʫʝʪ ʚʝʩʪʠ ʜʦ ʠʩʯʝʟʥʦʚʝʥʠʷ ʨʝʘʢʮʠʠ ʥʘ ʭʣʦʨ-ʠʦʥʳ. 

ɿʘʜʘʥʠʝ 4. ʅʘʙʣʶʜʝʥʠʝ ʙʨʦʫʥʦʚʩʢʦʛʦ ʜʚʠʞʝʥʠʷ ʯʘʩʪʠʮ 

ʧʨʠʛʦʪʦʚʣʝʥʥʦʛʦ ʟʦʣʷ ʧʨʠ ʧʦʤʦʱʠ ʫʣʴʪʨʘʤʠʢʨʦʩʢʦʧʘ. 

ʉ ʧʦʤʦʱʴʶ ʧʨʝʧʦʜʘʚʘʪʝʣʷ ʥʘʥʦʩʷʪ ʥʘ ʧʨʝʜʤʝʪʥʦʝ ʩʪʝʢʣʦ ʢʘʧʣʶ 

ʛʠʜʨʦʟʦʣʷ, ʥʘʢʨʳʚʘʶʪ ʧʦʢʨʦʚʥʳʤ ʩʪʝʢʣʦʤ, ʩʪʘʚʷʪ ʚ ʧʦʣʝ ʟʨʝʥʠʷ 

ʫʣʴʪʨʘʤʠʢʨʦʩʢʦʧʘ ʠ ʥʘʙʣʶʜʘʶʪ ʜʚʠʞʝʥʠʝ ʢʦʣʣʦʠʜʥʳʭ ʯʘʩʪʠʮ. 

ʇʨʠ ʥʘʙʣʶʜʝʥʠʠ ʙʨʦʫʥʦʚʩʢʦʛʦ ʜʚʠʞʝʥʠʷ ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʯʝʤ 

ʤʝʣʴʯʝ ʯʘʩʪʠʯʢʠ, ʪʝʤ ʚ ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦʤ ʜʚʠʞʝʥʠʠ ʦʥʠ ʥʘʭʦʜʷʪʩʷ, 

ʧʦʵʪʦʤʫ ʦʥʠ ʤʝʥʝʝ ʧʦʜʚʝʨʞʝʥʳ ʚʣʠʷʥʠʶ ʟʝʤʥʦʛʦ ʧʨʠʪʷʞʝʥʠʷ ʠ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʙʦʣʴʰʝ ʚʨʝʤʝʥʠ ʥʘʭʦʜʷʪʩʷ ʚ ʨʘʚʥʦʤʝʨʥʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʠ 

ʧʦ ʚʩʝʤʫ ʦʙʲʝʤʫ ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʩʨʝʜʳ. 

ɺʨʝʤʷ ʩʦʭʨʘʥʝʥʠʷ ʨʘʚʥʦʤʝʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʯʘʩʪʠʮ ʜʠʩʧʝʨʩʥʦʡ 

ʬʘʟʳ ʧʦ ʚʩʝʤʫ ʦʙʲʝʤʫ ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʩʨʝʜʳ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʢʠʥʝʪʠʯʝʩʢʫʶ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʜʘʥʥʦʡ ʢʦʣʣʦʠʜʥʦʡ ʩʠʩʪʝʤʳ. 

ɿʘʜʘʥʠʝ 5. ʕʣʝʢʪʨʦʢʠʥʝʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʦʣʣʦʠʜʥʳʭ ʩʠʩʪʝʤ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʟʥʘʢʘ ʟʘʨʷʜʘ ʠ ʚʝʣʠʯʠʥʳ ɕ-ʧʦʪʝʥʮʠʘʣʘ ʛʠʜʨʦʬʦʙʥʳʭ 

ʢʦʣʣʦʠʜʦʚ ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ 

1. ʧʨʠʛʦʪʦʚʣʝʥʠʝ ʟʦʣʷ ʭʣʦʨʠʜʘ ʩʝʨʝʙʨʘ (ʤʝʪʦʜ ʨʝʘʢʮʠʠ ʜʚʦʡʥʦʛʦ ʦʙʤʝʥʘ). 

ɺ ʢʦʣʙʫ ʝʤʢʦʩʪʴʶ 100 ʤʣ ʥʘʣʠʚʘʶʪ ʦʧʨʝʜʝʣʝʥʥʳʡ ʦʙʲʝʤ (ʧʦʣʫʯʝʥʥʳʡ 

ʧʦ ʟʘʜʘʥʠʶ ʧʨʝʧʦʜʘʚʘʪʝʣʷ) 0,02 ʥ ʨʘʩʪʚʦʨʘ ʘʟʦʪʥʦʢʠʩʣʦʛʦ ʩʝʨʝʙʨʘ. ʂ ʵʪʦʤʫ 
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ʨʘʩʪʚʦʨʫ ʥʝʙʦʣʴʰʠʤʠ ʧʦʨʮʠʷʤʠ ʠ ʧʨʠ ʥʝʧʨʝʨʳʚʥʦʤ ʠ ʵʥʝʨʛʠʯʥʦʤ 

ʚʩʪʨʷʭʠʚʘʥʠʠ ʧʨʠʣʠʚʘʶʪ ʦʧʨʝʜʝʣʝʥʥʦʝ ʧʨʝʧʦʜʘʚʘʪʝʣʝʤ ʢʦʣʠʯʝʩʪʚʦ 0,02ʥ 

ʭʣʦʨʠʜʘ ʢʘʣʠʷ. ɺ ʧʨʠʛʦʪʦʚʣʝʥʥʦʤ ʟʦʣʝ ʭʣʦʨʠʜʘ ʩʝʨʝʙʨʘ ʤʝʪʦʜʦʤ 

ʵʣʝʢʪʨʦʬʦʨʝʟʘ ʦʧʨʝʜʝʣʷʶʪ ʚʝʣʠʯʠʥʫ ʠ ʟʥʘʢ ʵʣʝʢʪʨʦʢʠʥʝʪʠʯʝʩʢʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ. 

2. ʆʧʨʝʜʝʣʝʥʠʝ ʢʘʪʦʜʘ ʠ ʘʥʦʜʘ ʠʩʪʦʯʥʠʢʘ ʪʦʢʘ. 

ʆʧʨʝʜʝʣʷʶʪ ʢʘʪʦʜ ʠ ʘʥʦʜ ʠʩʪʦʯʥʠʢʘ ʪʦʢʘ. ɼʣʷ ʵʪʦʛʦ ʥʘ ʩʪʝʢʣʷʥʥʫʶ 

ʧʣʘʩʪʠʥʢʫ ʧʦʤʝʱʘʶʪ ʬʠʣʴʪʨʦʚʘʣʥɹʫʶ ʙʫʤʘʞʢʫ ʠ ʩʤʘʯʠʚʘʶʪ ʝʸ 

ʥʝʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʥʘʩʳʱʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʂʉl  ʠ ʢʘʧʣʝʡ 

ʬʝʥʦʣʬʪʘʣʝʠʥʘ. ɺʠʣʢʫ ʰʥʫʨʘ ʚʢʣʶʯʘʶʪ ʚ ʩʝʪʴ. ʇʨʠʢʘʩʘʶʪʩʷ ʜʚʫʤʷ 

ʵʣʝʢʪʨʦʜʘʤʠ ʢ ʩʤʦʯʝʥʥʦʡ ʬʠʣɹʪʨʦʚʘʣʴʥʦʡ ʙʫʤʘʛʝ, ʦʙʥʘʨʫʞʠʚʘʶʪ ʠ 

ʧʦʤʝʯʘʶʪ ʢʘʪʦʜ ʧʦ ʨʦʟʦʚʦʡ ʦʢʨʘʩʢʝ ʬʝʥʦʣʬʪʘʣʝʠʥʘ ʚʦʢʨʫʛ ʥʝʛʦ (ʥʝ 

ʜʦʧʫʩʢʘʪʴ ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʷ ʵʣʝʢʪʨʦʜʦʚ, ʪʘʢ ʢʘʢ ʵʪʦ ʚʳʟʦʚʝʪ ʢʦʨʦʪʢʦʝ 

ʟʘʤʳʢʘʥʠʝ). 

3. ʆʧʨʝʜʝʣʝʥʠʝ ɕ-ʧʦʪʝʥʮʠʘʣʘ ʤʝʪʦʜʦʤ ʵʣʝʢʪʨʦʬʦʨʝʟʘ. 

 

 

 

 

 

 

 

ʈʠʩ.18.  ʕʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʘʷ ʪʨʫʙʢʘ: 

ɺ - ʚʦʨʦʥʢʘ; ʂ - ʢʨʘʥ; ʘ - ʥʘʜʩʪʠʣʘʶʱʘʷ ʞʠʜʢʦʩʪʴ; ʙ 

ð ʛʠʜʨʦʟʦʣʴ. 

 

ʇʨʠʛʦʪʦʚʣʝʥʥʳʤ ʛʠʜʨʦʟʦʣʝʤ ʭʣʦʨʠʜʘ ʩʝʨʝʙʨʘ ʟʘʧʦʣʥʷʶʪ 

ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʫʶ ʪʨʫʙʢʫ (ʨʠʩ.18): ʯʝʨʝʟ ʚʦʨʦʥʢʫ (ɺ) ʥʘʣʠʚʘʶʪ 

ʥʝʙʦʣʴʰʫʶ ʧʦʨʮʠʶ ʛʠʜʨʦʟʦʣʷ. ʆʩʪʦʨʦʞʥʦ ʦʪʢʨʳʚʘʶʪ ʢʨʘʥ (ʂ) ʪʘʢ, ʯʪʦʙʳ 

ʛʠʜʨʦʟʦʣʴ ʟʘʧʦʣʥʠʣ ʦʪʚʝʨʩʪʠʷ ʢʨʘʥʘ, ʥʝ ʚʳʩʪʫʧʘʷ ʠʟ ʥʝʛʦ, ʩʣʝʜʷ ʟʘ ʪʝʤ, 
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ʯʪʦʙʳ ʚ ʪʨʫʙʢʝ ʥʝ ʦʙʨʘʟʦʚʘʣʠʩʴ ʧʫʟʳʨʴʢʠ ʚʦʟʜʫʭʘ, ʧʦʩʣʝ ʯʝʛʦ ʢʨʘʥ 

ʟʘʢʨʳʚʘʶʪ. ʏʝʨʝʟ ʦʜʥʦ ʠʟ ʢʦʣʝʥ U-ʦʙʨʘʟʥʦʡ ʪʨʫʙʢʠ ʥʘʧʦʣʥʷʶʪ ʝʸ 

ʥʘʜʩʪʠʣʘʶʱʝʡ ʞʠʜʢʦʩʪʴʶ ʜʦ ʧʦʣʦʚʠʥʳ. ɿʘʪʝʤ ʟʘʧʦʣʥʷʶʪ ʚʦʨʦʥʢʫ 

ʦʩʪʘʚʰʠʤʩʷ ʛʠʜʨʦʟʦʣʝʤ, ʩʣʝʜʷ ʟʘ ʪʝʤ, ʯʪʦʙʳ ʚ ʪʨʫʙʢʝ ʥʝ ʦʙʨʘʟʦʚʘʣʠʩʴ 

ʧʫʟʳʨʴʢʠ ʚʦʟʜʫʭʘ. ɺʩʪʘʚʣʷʶʪ ʵʣʝʢʪʨʦʜʳ ʚ ʦʪʚʝʨʩʪʠʷ ʢʦʣʝʥ U - ʦʙʨʘʟʥʦʡ 

ʪʨʫʙʢʠ ʠ ʠʟʤʝʨʷʶʪ ʨʘʩʩʪʦʷʥʠʝ l  ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ ʚʜʦʣʴ ʪʨʫʙʢʠ ʧʦ ʧʫʪʠ 

ʧʨʦʭʦʞʜʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ (ʚʝʣʠʯʠʥʘ l  ʥʘʧʠʩʘʥʘ ʥʘ ʚʦʨʦʥʢʝ). 

ʇʦʩʪʝʧʝʥʥʦ ʦʪʢʨʳʚʘʶʪ ʢʨʘʥ. ɺʩʣʝʜʩʪʚʠʝ ʨʘʟʥʦʩʪʠ ʫʨʦʚʥʝʡ ʚ ʪʨʫʙʢʝ ʠ 

ʚʦʨʦʥʢʝ ʛʠʜʨʦʟʦʣʴ ʥʘʯʥʝʪ ʤʝʜʣʝʥʥʦ ʧʦʩʪʫʧʘʪʴ ʚ ʪʨʫʙʢʫ. ʏʝʤ ʤʝʜʣʝʥʥʝʝ 

ʧʦʜʥʠʤʘʝʪʩʷ ʛʠʜʨʦʟʦʣʴ, ʪʝʤ ʨʝʟʯʝ ʙʫʜʝʪ ʛʨʘʥʠʮʘ ʤʝʞʜʫ ʥʠʤ ʠ 

ʥʘʜʩʪʠʣʘʶʱʝʡ ʞʠʜʢʦʩʪʴʶ. ʇʨʠ ʧʨʘʚʠʣʴʥʦʤ ʟʘʧʦʣʥʝʥʠʠ 

ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʦʡ ʪʨʫʙʢʠ ʵʣʝʢʪʨʦʜʳ ʜʦʣʞʥʳ ʙʳʪʴ ʧʦʛʨʫʞʝʥʳ ʚ 

ʥʘʜʩʪʠʣʘʶʱʫʶ ʞʠʜʢʦʩʪʴ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʥʘ 0,5 ʩʤ, ʘ ʛʨʘʥʠʮʘ ʨʘʟʜʝʣʘ - 

ʥʘʭʦʜʠʪʴʩʷ ʚ ʧʨʝʜʝʣʘʭ ʛʨʘʜʫʠʨʦʚʘʥʥʦʡ ʯʘʩʪʠ ʪʨʫʙʢʠ. 

ʇʦʩʣʝ ʟʘʧʦʣʥʝʥʠʷ ʪʨʫʙʢʠ ʢʨʘʥ ʟʘʢʨʳʚʘʶʪ ʠ ʟʘʧʠʩʳʚʘʶʪ ʧʦʣʦʞʝʥʠʝ 

ʛʨʘʥʠʮʳ ʟʦʣʷ ʠ ʥʘʜʩʪʠʣʘʶʱʝʡ ʞʠʜʢʦʩʪʠ ʚ ʢʘʪʦʜʥʦʤ ʠ ʘʥʦʜʥʦʤ ʢʦʣʝʥʘʭ ʚ 

ʪʘʙʣʠʮʫ 22. ɺʢʣʶʯʘʶʪ ʵʣʝʢʪʨʦʜʳ ʚ ʨʦʟʝʪʢʫ ʠ ʧʨʦʧʫʩʢʘʶʪ ʯʝʨʝʟ ʪʨʫʙʢʫ 

ʧʦʩʪʦʷʥʥʳʡ ʪʦʢ ʚ ʪʝʯʝʥʠʠ 5 ʤʠʥ. ɺ ʧʨʦʮʝʩʩʝ ʧʨʦʭʦʞʜʝʥʠʷ ʪʦʢʘ ʧʦ 

ʚʦʣʴʪʤʝʪʨʫ ʬʠʢʩʠʨʫʶʪ ʵʣʝʢʪʨʦʜʚʠʞʫʱʫʶ ʩʠʣʫ. 

ʊʘʙʣʠʮʘ 22 

ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ɕ- ʧʦʪʝʥʮʠʘʣʘ 
ʧʦʣʦʞʝʥʠʝ ʛʨʘʥʠʮ ʨʘʟʜʝʣʘ, ʩʤ 
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ʧʨʦʭʦʞʜʝʥʠʷ 

ʪʦʢʘ 

ʧʦʩʣʝ 

ʧʨʦʭʦʞʜʝʥʠʷ 

ʪʦʢʘ 

ʢʘʪʦʜ ʘʥʦʜ ʢʘʪʦʜ ʘʥʦʜ       

          

 

ʏʝʨʝʟ 300 ʩʝʢʫʥʜ ʚʳʢʣʶʯʘʶʪ ʪʦʢ ʠ ʚʥʦʚʴ ʟʘʧʠʩʳʚʘʶʪ ʧʦʣʦʞʝʥʠʝ 

ʛʨʘʥʠʮ ʨʘʟʜʝʣʘ ʚ ʪʘʙʣʠʮʫ 22. ɺʳʯʠʩʣʷʶʪ ʚʝʣʠʯʠʥʫ ɕ - ʧʦʪʝʥʮʠʘʣʘ ʧʦ 

ʫʨʘʚʥʝʥʠʶ 



 116  

ɕ = 
e

ph 6
Ĭ
t

S
Ĭ
ɽ

?
 

ʛʜʝ ɖ - ʚʷʟʢʦʩʪʴ ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʩʨʝʜʳ, Ů - ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ, l  

- ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ (ʩʤ), ɽ - ʵʣʝʢʪʨʦʜʚʠʞʫʱʘʷ ʩʠʣʘ (ɺ), S - 

ʨʘʩʩʪʦʷʥʠʝ (ʩʤ), ʧʨʦʡʜʝʥʥʦʝ ʜʠʩʧʝʨʩʥʦʡ ʬʘʟʦʡ ʟʘ ʚʨʝʤʷ Ű (ʩ). 

ʇʦʩʣʝ ʧʦʜʩʪʘʥʦʚʢʠ ʧʦʩʪʦʷʥʥʳʭ ʚʝʣʠʯʠʥ ʫʨʘʚʥʝʥʠʝ ʧʨʠʥʠʤʘʝʪ ʚʠʜ 

ɕ = 209Ĭ
t

S
Ĭ
ɽ

?
 

ʉʤʝʱʝʥʠʝ ʟʦʣʷ S ʨʘʚʥʦ ʧʦʣʫʩʫʤʤʝ ʨʘʩʩʪʦʷʥʠʡ, ʧʨʦʡʜʝʥʥʳʭ 

ʜʠʩʧʝʨʩʥʦʡ ʬʘʟʦʡ ʚ ʢʘʪʦʜʥʦʤ ʠ ʘʥʦʜʥʦʤ ʢʦʣʝʥʘʭ U - ʦʙʨʘʟʥʦʡ ʪʨʫʙʢʠ. 

ɿʥʘʢ ʟʘʨʷʜʘ ʢʦʣʣʦʠʜʥʳʭ ʯʘʩʪʠʮ ʧʨʦʪʠʚʦʧʦʣʦʞʝʥ ʟʥʘʢʫ ʟʘʨʷʜʘ ʪʦʛʦ 

ʵʣʝʢʪʨʦʜʘ, ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʢ ʢʦʪʦʨʦʤʫ ʩʤʝʱʘʣʩʷ ʟʦʣʴ. 

ɺʦʧʨʦʩʳ ʜʣʷ ʩʘʤʦʢʦʥʪʨʦʣʷ: 

1. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʜʠʩʧʝʨʩʥʳʭ ʩʠʩʪʝʤ ʧʦ ʘʛʨʝʛʘʪʥʦʤʫ ʩʦʩʪʦʷʥʠʶ ʠ ʩʪʝʧʝʥʠ 

ʜʠʩʧʝʨʩʥʦʩʪʠ. 

2.ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʢʦʣʣʦʠʜʥʳʭ ʩʠʩʪʝʤ ʧʦ ʩʪʝʧʝʥʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʯʘʩʪʠʮ 

ʜʠʩʧʝʨʩʥʦʡ ʬʘʟʳ ʩ ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʩʨʝʜʦʡ. 

3. ʄʝʪʦʜʳ ʧʦʣʫʯʝʥʠʷ ʠ ʦʯʠʩʪʢʠ ʢʦʣʣʦʠʜʥʳʭ ʩʠʩʪʝʤ. 

4. ʏʪʦ ʪʘʢʦʝ ʧʝʧʪʠʟʘʮʠʷ. 

5. ʇʦʯʝʤʫ ʛʠʜʨʦʬʦʙʥʳʝ ʢʦʣʣʦʠʜʥʳʝ ʩʠʩʪʝʤʳ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠ 

ʥʝʫʩʪʦʡʯʠʚʳʝ? 

6. ʂʠʥʝʪʠʯʝʩʢʘʷ ʠ ʘʛʨʝʛʘʪʠʚʥʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢʦʣʣʦʠʜʥʳʭ ʩʠʩʪʝʤ. 

7. ʊʝʦʨʠʷ ɼʕʉ ʧʦ ʐʪʵʨʥʫ. 

8. ʉʪʨʦʝʥʠʝ ʢʦʣʣʦʠʜʥʦʡ ʤʠʮʝʣʣʳ. 
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7.ʂʆɸɻʋʃʗʎʀʗ ʃʀʆʌʆɹʅʓʍ ʀ ʃʀʆʌʀʃʔʅʓʍ 

ʂʆʃʃʆʀɼʅʓʍ ʈɸʉʊɺʆʈʆɺ. 

ʉʫʱʝʩʪʚʫʶʪ ʢʦʣʣʦʠʜʥʳʝ ʨʘʩʪʚʦʨʳ - ʟʦʣʠ, ʢʦʪʦʨʳʝ ʦʙʨʘʟʫʶʪʩʷ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʠʩʧʝʨʩʥʦʡ ʬʘʟʳ ʠ 

ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʩʨʝʜʳ. ʊʘʢʠʝ ʢʦʣʣʦʠʜʳ ʥʘʟʳʚʘʶʪʩʷ ʣʠʦʬʠʣʴʥʳʤʠ 

(ʛʠʜʨʦʬʠʣʴʥʳʤʠ, ʚ ʩʣʫʯʘʝ ʚʦʜʥʦʡ ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʩʨʝʜʳ) ʠʣʠ ʨʘʩʪʚʦʨʘʤʠ 

ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ (ɺʄʉ). ʕʪʠ ʢʦʣʣʦʠʜʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ: 

1. ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʚ ʵʣʝʢʪʨʦʣʠʪʘʭ ʫʤʝʨʝʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ; 

2. ʚʳʩʦʢʦʡ ʚʷʟʢʦʩʪʴʶ; 

3. ʦʧʪʠʯʝʩʢʦʡ ʦʜʥʦʨʦʜʥʦʩʪʴʶ ʧʨʠ ʧʨʦʩʤʦʪʨʝ ʧʦʜ ʫʣʴʪʨʘʤʠʢʨʦʩʢʦʧʦʤ; 

4. ʩʧʦʩʦʙʥʦʩʪʴʶ ʦʙʨʘʟʦʚʳʚʘʪʴ ʩʪʫʜʥʠ ʙʝʟ ʦʪʜʝʣʝʥʠʷ ʜʠʩʧʝʨʩʥʦʡ ʬʘʟʳ 

ʦʪ ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʩʨʝʜʳ. 

ʃʠʦʬʠʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʦʙʣʘʜʘʶʪ ʛʠʜʨʦʟʦʣʠ ʞʝʣʘʪʠʥʳ, ʙʝʣʢʘ, 

ʢʨʘʭʤʘʣʘ.ʤʳʣʘ ʠ ʜʨ. ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ʪʘʢʦʡ ʯʘʩʪʠʮʳ ʜʘʥʦ ʥʘ 

ʨʠʩʫʥʢʝ 19. 

 

 

 

 

 

 

 

ʈʠʩ.19. ʉʭʝʤʘ ʩʪʨʦʝʥʠʷ ʢʦʣʣʦʠʜʥʦʡ 

ʯʘʩʪʠʮʳ ʛʠʜʨʦʬʠʣʴʥʦʛʦ ʢʦʣʣʦʠʜʘ. 

 

ʉʫʱʝʩʪʚʫʝʪ ʜʨʫʛʦʡ ʢʣʘʩʩ ʢʦʣʣʦʠʜʥʳʭ ʨʘʩʪʚʦʨʦʚ, ʫʩʪʦʡʯʠʚʦʩʪʴ 

ʜʠʩʧʝʨʩʥʦʡ ʬʘʟʳ ʢʦʪʦʨʳʭ ʦʙʫʩʣʦʚʣʝʥʘ ʦʩʦʙʳʤʠ ʫʩʣʦʚʠʷʤʠ ʦʙʨʘʟʦʚʘʥʠʷ 

ʵʪʠʭ ʢʦʣʣʦʠʜʦʚ. ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʚʦʟʥʠʢʣʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʜʠʩʧʝʨʩʥʦʡ ʬʘʟʳ 

ʪʘʢʠʭ ʢʦʣʣʦʠʜʦʚ ʩ ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʩʨʝʜʦʡ, ʪ.ʝ. ʩʦʟʜʘʣʠʩʴ ʫʩʣʦʚʠʷ ʜʣʷ 
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ʩʦʣʴʚʘʪʘʮʠʠ ʠ ʪʝʤ ʩʘʤʳʤ ʦʩʫʱʝʩʪʚʠʣʘʩʴ ʠʭ ʫʩʪʦʡʯʠʚʦʩʪʴ, ʥʝʦʙʭʦʜʠʤʦ 

ʥʘʣʠʯʠʝ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʟʘʨʷʜʦʚ ʫ ʪʘʢʠʭ ʯʘʩʪʠʮ. 

ʂʦʣʣʦʠʜʳ, ʘʛʨʝʛʘʪʠʚʥʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢʦʪʦʨʳʭ ʦʙʫʩʣʦʚʣʝʥʘ 

ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʟʘʨʷʜʦʤ ʠʭ ʯʘʩʪʠʮ (ʚʝʣʠʯʠʥʦʡ ɕ - ʧʦʪʝʥʮʠʘʣʘ), ʥʘʟʳʚʘʶʪ 

ʣʠʦʬʦʙʥʳʤʠ ʠʣʠ ʛʠʜʨʦʬʦʙʥʳʤʠ. 

ʉʚʦʡʩʪʚʘ ʵʪʠʭ ʢʦʣʣʦʠʜʦʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳ ʪʝʤ, ʢʦʪʦʨʳʤʠ ʨʘʥʝʝ 

ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ ʣʠʦʬʠʣʴʥʳʝ ʢʦʣʣʦʠʜʳ, ʪʦ ʝʩʪʴ: 

1. ʦʥʠ ʪʝʨʷʶʪ ʫʩʪʦʡʯʠʚʦʩʪʴ ʧʨʠ ʧʨʠʙʘʚʣʝʥʠʠ ʵʣʝʢʪʨʦʣʠʪʦʚ ʥʝ ʙʦʣʴʰʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ; 

2. ʦʥʠ ʠʤʝʶʪ ʚʷʟʢʦʩʪʴ, ʙʣʠʟʢʫʶ ʢ ʚʷʟʢʦʩʪʠ ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʩʨʝʜʳ; 

3. ʯʘʩʪʠʮʳ ʠʭ ʦʪʯʝʪʣʠʚʦ ʦʪʤʝʯʘʶʪʩʷ ʚ ʫʣʴʪʨʘʤʠʢʨʦʩʢʦʧʝ; 

4. ʧʦʪʝʨʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʦʪʜʝʣʝʥʠʝʤ ʜʠʩʧʝʨʩʥʦʡ ʬʘʟʳ ʦʪ 

ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʩʨʝʜʳ. ʉʭʝʤʘ ʩʪʨʦʝʥʠʷ ʢʦʣʣʦʠʜʥʦʡ ʯʘʩʪʠʮʳ 

ʛʠʜʨʦʬʦʙʥʦʛʦ ʟʦʣʷ ʜʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 20. 

 

 

 

 

 

 

ʈʠʩ.20. ʉʭʝʤʘ ʩʪʨʦʝʥʠʷ ʢʦʣʣʦʠʜʥʦʡ 

ʯʘʩʪʠʮʳ ʛʠʜʨʦʬʦʙʥʦʛʦ ʢʦʣʣʦʠʜʘ. 

 

ʈʘʟʜʝʣʷʷ ʢʦʣʣʦʠʜʳ ʥʘ ʵʪʠ ʜʚʘ ʢʣʘʩʩʘ, ʨʘʟʣʠʯʥʳʝ ʧʦ ʩʚʦʠʤ ʩʚʦʡʩʪʚʘʤ, 

ʚʩʝ ʞʝ ʩʣʝʜʫʝʪ ʠʤʝʪʴ ʚ ʚʠʜʫ, ʯʪʦ ʩʫʱʝʩʪʚʫʶʪ ʢʦʣʣʦʠʜʥʳʝ ʩʠʩʪʝʤʳ, 

ʦʙʣʘʜʘʶʱʠʝ ʧʨʠʟʥʘʢʘʤʠ ʦʙʦʠʭ ʵʪʠʭ ʢʣʘʩʩʦʚ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʛʠʜʨʘʪ ʦʢʠʩʠ 

ʘʣʶʤʠʥʠʷ ʧʦʢʘʟʳʚʘʝʪ ʤʥʦʛʠʝ ʩʚʦʡʩʪʚʘ, ʧʨʠʩʫʱʠʝ ʣʠʦʬʠʣʴʥʳʤ ʢʦʣʣʦʠʜʘʤ, 

ʥʦ ʧʦ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʢ ʵʣʝʢʪʨʦʣʠʪʘʤ ʝʛʦ ʚʩʝ ʞʝ ʧʨʠʭʦʜʠʪʩʷ ʦʪʥʦʩʠʪʴ ʢ 

ʣʠʦʬʦʙʥʳʤ. 
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ʂ ʛʠʜʨʦʬʦʙʥʳʤ ʢʦʣʣʦʠʜʘʤ ʦʪʥʦʩʷʪʩʷ: ʧʦʯʚʝʥʥʳʝ ʛʠʜʨʦʟʦʣʠ, 

ʠʟʚʣʝʢʘʝʤʳʝ ʨʘʩʪʚʦʨʘʤʠ ʥʘʪʨʠʝʚʳʭ ʩʦʣʝʡ ʠ ʝʜʢʠʤ ʥʘʪʨʠʝʤ ʠʟ ʧʦʯʚʳ; 

ʛʠʜʨʦʟʦʣʠ ʛʠʜʨʘʪʘ ʦʢʠʩʠ ʞʝʣʝʟʘ; ʛʠʜʨʦʟʦʣʴ ʭʣʦʨʠʩʪʦʛʦ ʩʝʨʝʙʨʘ, ʤʦʣʦʢʦ, 

ʭʣʝʙ, ʤʘʩʣʦ, ʤʘʨʛʘʨʠʥ, ʤʘʡʦʥʝʟ ʠ ʤʥʦʛʠʝ ʜʨʫʛʠʝ ʟʦʣʠ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʤʠʥʝʨʘʣʴʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ. 

ɻʠʜʨʦʬʦʙʥʳʝ ʢʦʣʣʦʠʜʥʳʝ ʩʠʩʪʝʤʳ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠ ʥʝʫʩʪʦʡʯʠʚʳ. ʋ 

ʤʠʮʝʣʣ ʚʩʝʛʜʘ ʩʫʱʝʩʪʚʫʝʪ ʩʪʨʝʤʣʝʥʠʝ ʢ ʫʢʨʫʧʥʝʥʠʶ ʠʭ ʧʨʠ ʩʪʦʣʢʥʦʚʝʥʠʠ 

ʚ ʧʨʦʮʝʩʩʝ ʙʨʦʫʥʦʚʩʢʦʛʦ ʜʚʠʞʝʥʠʷ, ʫʢʨʫʧʥʝʥʠʝ ʯʘʩʪʠʮ ʚʝʜʝʪ ʢ 

ʫʤʝʥʴʰʝʥʠʶ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʵʥʝʨʛʠʠ ʟʘ ʩʯʝʪ ʫʤʝʥʴʰʝʥʠʷ 

ʩʫʤʤʘʨʥʦʡ ʚʝʣʠʯʠʥʳ ʧʦʚʝʨʭʥʦʩʪʠ ʯʘʩʪʠʮ. 

ʇʨʦʮʝʩʩ ʫʢʨʫʧʥʝʥʠʷ ʢʦʣʣʦʠʜʥʳʭ ʯʘʩʪʠʮ ʚ ʟʦʣʷʭ ʧʫʪʝʤ ʠʭ 

ʩʣʠʷʥʠʷ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʨʘʟʨʫʰʝʥʠʝʤ ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʩʠʩʪʝʤʳ 

ʥʘʟʳʚʘʝʪʩʷ ʢʦʘʛʫʣʷʮʠʝʡ. ʇʨʦʮʝʩʩ ʦʩʘʞʜʝʥʠʷ ʫʢʨʫʧʥʝʥʥʳʭ ʯʘʩʪʠʮ 

ʪʚʝʨʜʦʡ ʬʘʟʳ ʥʘʟʳʚʘʝʪʩʷ ʩʝʜʠʤʝʥʪʘʮʠʝʡ. 

ʇʨʠ ʧʨʦʮʝʩʩʘʭ ʢʦʘʛʫʣʷʮʠʠ ʧʨʦʠʩʭʦʜʠʪ ʨʷʜ ʠʟʤʝʥʝʥʠʡ ʢʦʣʣʦʠʜʥʦʡ 

ʩʠʩʪʝʤʳ: ʫʤʝʥʴʰʝʥʠʝ ʯʠʩʣʘ ʢʦʣʣʦʠʜʥʳʭ ʯʘʩʪʠʮ, ʧʦʥʠʞʝʥʠʝ ʚʝʣʠʯʠʥʳ 

ʵʣʝʢʪʨʦʢʠʥʝʪʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ, ʠʟʤʝʥʝʥʠʝ ʦʢʨʘʩʢʠ ʠʣʠ ʧʦʤʫʪʥʝʥʠʝ 

ʛʠʜʨʦʬʦʙʥʳʭ ʢʦʣʣʦʠʜʦʚ, ʠʟʤʝʥʝʥʠʝ ʚʷʟʢʦʩʪʠ ʛʠʜʨʦʬʠʣʴʥʳʭ ʢʦʣʣʦʠʜʦʚ, 

ʟʘʜʝʨʞʢʘ ʢʦʣʣʦʠʜʥʳʭ ʚʝʱʝʩʪʚ ʥʘ ʧʨʦʩʪʳʭ ʬʠʣʴʪʨʘʭ ʠ ʪ.ʜ. ɺʩʝ ʵʪʠ ʷʚʣʝʥʠʷ 

ʩʚʷʟʘʥʳ ʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʨʝʟʫʣʴʪʘʪ ʦʩʥʦʚʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʧʨʠ ʢʦʘʛʫ-

ʣʷʮʠʠ - ʦʙʨʘʟʦʚʘʥʠʝ ʘʛʨʝʛʘʪʦʚ ʢʦʣʣʦʠʜʥʳʭ ʯʘʩʪʠʮ, ʥʘʩʪʦʣʴʢʦ ʢʨʫʧʥʳʭ ʧʦ 

ʨʘʟʤʝʨʘʤ, ʯʪʦ ʦʥʠ ʫʞʝ ʥʝ ʚ ʩʦʩʪʦʷʥʠʠ ʦʙʥʘʨʫʞʠʚʘʪʴ ʧʨʠʩʫʱʠʝ ʢʦʣʣʦʠʜʥʳʤ 

ʯʘʩʪʠʮʘʤ ʩʚʦʡʩʪʚʘ. ʍʦʨʦʰʦ ʠʟʚʝʩʪʥʳ ʧʨʠʤʝʨʳ ʢʦʘʛʫʣʷʮʠʠ ʧʨʠʨʦʜʥʳʭ 

ʞʠʜʢʦʩʪʝʡ - ʩʚʝʨʪʳʚʘʥʠʝ ʤʦʣʦʢʘ, ʢʨʦʚʠ, ʚʳʧʘʜʝʥʠʝ ʨʦʩʳ ʠ ʪ.ʜ. 

ʇʨʦʮʝʩʩ ʢʦʘʛʫʣʷʮʠʠ ʚʩʝʛʜʘ ʩʚʷʟʘʥ ʩ ʠʟʤʝʥʝʥʠʝʤ ʩʪʝʧʝʥʠ 

ʜʠʩʧʝʨʩʥʦʩʪʠ ʠ ʦʙʫʩʣʦʚʣʝʥ ʘʛʨʝʛʘʪʠʚʥʦʡ ʥʝʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢʦʣʣʦʠʜʥʳʭ 

ʩʠʩʪʝʤ. ɺ ʢʦʘʛʫʣʷʮʠʠ ʧʨʠʥʷʪʦ ʨʘʟʣʠʯʘʪʴ ʜʚʝ ʩʪʘʜʠʠ ʠʣʠ ʜʚʘ ʧʝʨʠʦʜʘ - 

ʩʢʨʳʪʫʶ ʢʦʘʛʫʣʷʮʠʶ, ʢʦʛʜʘ ʥʝʚʦʦʨʫʞʝʥʥʳʤ ʚʟʛʣʷʜʦʤ ʝʱʝ ʥʝʣʴʟʷ 

ʥʘʙʣʶʜʘʪʴ ʢʘʢʠʝ-ʣʠʙʦ ʚʥʝʰʥʠʝ ʠʟʤʝʥʝʥʠʷ ʚ ʟʦʣʝ; ʠ ʷʚʥʫʶ ʢʦʘʛʫʣʷʮʠʶ, 
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ʢʦʛʜʘ ʧʨʦʮʝʩʩ ʘʛʨʝʛʘʮʠʠ ʯʘʩʪʠʮ ʜʠʩʧʝʨʩʥʦʡ ʬʘʟʳ ʟʦʣʷ ʣʝʛʢʦ 

ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʚʠʟʫʘʣʴʥʦ (ʠʟʤʝʥʝʥʠʝ ʮʚʝʪʘ, ʧʦʤʫʪʥʝʥʠʝ ʨʘʩʪʚʦʨʘ, 

ʚʳʧʘʜʝʥʠʝ ʦʩʘʜʢʘ). 

ʌʘʢʪʦʨʳ ʢʦʘʛʫʣʷʮʠʠ ʢʦʣʣʦʠʜʥʳʭ ʩʠʩʪʝʤ ʤʦʛʫʪ ʙʳʪʴ ʚʝʩʴʤʘ 

ʨʘʟʥʦʦʙʨʘʟʥʳ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʢʦʘʛʫʣʷʮʠʷ ʤʦʞʝʪ ʙʳʪʴ ʚʳʟʚʘʥʘ 

ʧʦʚʳʰʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ, ʜʣʠʪʝʣʴʥʳʤ ʜʠʘʣʠʟʦʤ, ʜʦʙʘʚʣʝʥʠʝʤ 

ʵʣʝʢʪʨʦʣʠʪʦʚ, ʨʘʟʥʦʛʦ ʨʦʜʘ ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʚʦʟʜʝʡʩʪʚʠʷʤʠ (ʨʘʟ-

ʤʝʰʠʚʘʥʠʝʤ, ʚʩʪʨʷʭʠʚʘʥʠʝʤ, ʚʟʙʘʣʪʳʚʘʥʠʝʤ), ʩʠʣʴʥʳʤ ʦʭʣʘʞʜʝʥʠʝʤ, 

ʫʣʴʪʨʘʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ, ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʝʤ, ʧʨʦʧʫʩʢʘʥʠʝʤ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ, ʘ ʪʘʢʞʝ ʜʝʡʩʪʚʠʝʤ ʥʘ ʜʘʥʥʳʡ ʟʦʣʴ ʜʨʫʛʠʭ ʟʦʣʝʡ. ɺ 

ʨʷʜʝ ʩʣʫʯʘʝʚ ʢʦʘʛʫʣʷʮʠʷ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʠʩʪʦ 

ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ, ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʟʦʣʷʭ - ʷʚʣʝʥʠʝ ʩʪʘʨʝʥʠʷ ʟʦʣʷ. 

ʅʘʠʙʦʣʝʝ ʚʘʞʥʳʤ ʠ ʥʘʠʙʦʣʝʝ ʠʟʫʯʝʥʥʳʤ ʬʘʢʪʦʨʦʤ ʢʦʘʛʫʣʷʮʠʠ 

ʛʠʜʨʦʬʦʙʥʳʭ ʟʦʣʝʡ ʷʚʣʷʝʪʩʷ ʜʝʡʩʪʚʠʝ ʵʣʝʢʪʨʦʣʠʪʦʚ. ʇʨʘʢʪʠʯʝʩʢʠ ʚʩʝ 

ʵʣʝʢʪʨʦʣʠʪʳ, ʝʩʣʠ ʚʟʷʪʴ ʠʭ ʚ ʜʦʩʪʘʪʦʯʥʦʤ ʢʦʣʠʯʝʩʪʚʝ, ʩʧʦʩʦʙʥʳ ʚʳʟʚʘʪʴ 

ʢʦʘʛʫʣʷʮʠʶ ʢʦʣʣʦʠʜʥʳʭ ʨʘʩʪʚʦʨʦʚ. ʇʦʤʠʤʦ ʵʣʝʢʪʨʦʣʠʪʦʚ, ʢʦʘʛʫʣʷʮʠʷ 

ʛʠʜʨʦʬʦʙʥʳʭ ʢʦʣʣʦʠʜʦʚ ʤʦʞʝʪ ʙʳʪʴ ʚʳʟʚʘʥʘ ʩʤʝʰʠʚʘʥʠʝʤ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʩʦʦʪʥʦʰʝʥʠʷʭ ʩ ʜʨʫʛʠʤʠ ʛʠʜʨʦʬʦʙʥʳʤʠ ʟʦʣʷʤʠ, ʛʨʘʥʫʣʳ 

ʢʦʪʦʨr ʭ ʠʤʝʶʪ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʡ ʟʘʨʷʜ. ʕʪʦ ʷʚʣʝʥʠʝ ʥʦʩʠʪ ʥʘʟʚʘʥʠʝ 

ʚʟʘʠʤʥʦʡ ʢʦʘʛʫʣʷʮʠʠ. 

ɺ ʨʷʜʝ ʩʣʫʯʘʝʚ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʢ ʟʦʣʷʤ ʵʣʝʢʪʨʦʣʠʪʦʚ, ʩʦʜʝʨʞʘʱʠʭ 

ʤʥʦʛʦʚʘʣʝʥʪʥʳʝ ʠʦʥʳ ʩʦ ʟʥʘʢʦʤ ʟʘʨʷʜʘ, ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʤ ʟʘʨʷʜʫ 

ʢʦʣʣʦʠʜʥʳʭ ʯʘʩʪʠʮ, ʤʦʞʝʪ ʥʘʙʣʶʜʘʪʴʩʷ ʥʝ ʢʦʘʛʫʣʷʮʠʷ, ʘ ʥʘʦʙʦʨʦʪ, 

ʩʪʘʙʠʣʠʟʘʮʠʷ ʠ ʜʘʞʝ ʧʝʨʝʤʝʥʘ ʟʥʘʢʘ ʜʟʝʪʘ - ʧʦʪʝʥʮʠʘʣʘ. ʕʪʦ ʷʚʣʝʥʠʝ 

ʧʦʣʫʯʠʣʦ ʚ ʢʦʣʣʦʠʜʥʦʡ ʭʠʤʠʠ ʥʘʟʚʘʥʠʝ ʧʝʨʝʟʘʨʷʜʢʠ ʟʦʣʝʡ ʠʣʠ 

ʛʝʪʝʨʦʢʦʘʛʫʣʷʮʠʠ. 

ʂʦʘʛʫʣʷʮʠʷ ʛʠʜʨʦʬʦʙʥʳʭ (ʣʠʦʬʦʙʥʳʭ) ʢʦʣʣʦʠʜʦʚ. 

ʏʪʦʙʳ ʚʳʟʚʘʪʴ ʢʦʘʛʫʣʷʮʠʶ ʛʠʜʨʦʬʦʙʥʳʭ ʢʦʣʣʦʠʜʦʚ, ʢ ʥʠʤ ʥʝʦʙʭʦʜʠʤʦ 

ʧʨʠʙʘʚʠʪʴ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʟʙʘʚʣʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʵʣʝʢʪʨʦʣʠʪʘ. 
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ʕʪʦ ʷʚʣʷʝʪʩʷ ʦʪʣʠʯʠʪʝʣʴʥʳʤ ʧʨʠʟʥʘʢʦʤ ʣʠʦʬʦʙʥʳʭ ʢʦʣʣʦʠʜʦʚ ʦʪ 

ʣʠʦʬʠʣʴʥʳʭ, ʜʣʷ ʢʦʪʦʨʳʭ, ʢʘʢ ʫʞʝ ʙʳʣʦ ʩʢʘʟʘʥʦ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʙʘʚʣʝʥʠʝ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʵʣʝʢʪʨʦʣʠʪʘ 

ʇʨʠʙʘʚʣʝʥʠʝ ʵʣʝʢʪʨʦʣʠʪʘ ʩʥʠʞʘʝʪ ʚʝʣʠʯʠʥʫ ʵʣʝʢʪʨʦʢʠʥʝʪʠʯʝʩʢʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ. ʊʘ ʚʝʣʠʯʠʥʘ ɕ - ʧʦʪʝʥʮʠʘʣʘ, ʧʨʠ ʢʦʪʦʨʦʡ ʥʘʩʪʫʧʘʝʪ 

ʢʦʘʛʫʣʷʮʠʷ, ʥʘʟʳʚʘʝʪʩʷ ʢʨʠʪʠʯʝʩʢʦʡ, ʘ ʪʘ ʤʠʥʠʤʘʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʵʣʝʢʪʨʦʣʠʪʘ, ʢʦʪʦʨʘʷ ʚʳʟʚʘʣʘ ʢʦʘʛʫʣʷʮʠʶ, ʥʘʟʳʚʘʝʪʩʷ  ʧʦʨʦʛʦʤ 

ʢʦʘʛʫʣʷʮʠʠ. ɺʝʣʠʯʠʥʘ, ʦʙʨʘʪʥʘʷ  ʧʦʨʦʛʫ ʢʦʘʛʫʣʷʮʠʠ ʵʣʝʢʪʨʦʣʠʪʘ,  

ʚʳʟʚʘʚʰʝʛʦ  ʢʦʘʛʫʣʷʮʠʶ,  ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʢʦʘʛʫʣʠʨʫʶʱʫʶ ʩʠʣʫ ʠʦʥʦʚ ʵʪʦʛʦ 

ʵʣʝʢʪʨʦʣʠʪʘ. 

ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʢʦʘʛʫʣʷʮʠʶ ʛʠʜʨʦʬʦʙʥʳʭ (ʣʠʦʬʦʙʥʳʭ) 

ʢʦʣʣʦʠʜʦʚ ʚʳʟʳʚʘʶʪ ʠʦʥʳ, ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ ʟʘʨʷʞʝʥʥʥʳʝ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʟʘʨʷʜʫ ʢʦʣʣʦʠʜʥʳʭ ʯʘʩʪʠʮ, ʠ ʢʦʘʛʫʣʠʨʫʶʱʘʷ ʩʠʣʘ ʠʦʥʦʚ ʪʝʤ ʙʦʣʴʰʝ, ʯʝʤ 

ʚʳʰʝ ʚʘʣʝʥʪʥʦʩʪʴ ʵʪʠʭ ʠʦʥʦʚ. ʕʪʦ ʧʨʘʚʠʣʦ ʧʦʣʫʯʠʣʦ ʥʘʟʚʘʥʠʝ "ʧʨʘʚʠʣʦ 

ʟʥʘʯʥʦʩʪʠ ʠ ʚʘʣʝʥʪʥʦʩʪʠ" ʠʣʠ ʧʨʘʚʠʣʦ ʐʫʣʴʮʝ-ɻʘʨʜʠ. 

ɼʝʡʩʪʚʠʝ ʠʦʥʘ-ʢʦʘʛʫʣʷʪʦʨʘ ʥʘ ʢʦʣʣʦʠʜʥʫʶ ʩʠʩʪʝʤʫ ʟʘʚʠʩʠʪ ʥʝ ʪʦʣʴʢʦ 

ʦʪ ʟʥʘʢʘ ʟʘʨʷʜʘ, ʥʦ ʪʘʢʞʝ ʦʪ ʚʘʣʝʥʪʥʦʩʪʠ ʠ ʭʠʤʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ ʵʪʦʛʦ ʠʦʥʘ. 

ʈʘʟʣʠʯʥʳʝ ʠʦʥʳ ʩ ʦʜʠʥʘʢʦʚʦʡ ʚʘʣʝʥʪʥʦʩʪʴʶ ʠ ʦʜʥʠʤ ʠ ʪʝʤ ʞʝ ʟʥʘʢʦʤ 

ʟʘʨʷʜʘ ʦʢʘʟʳʚʘʶʪ ʨʘʟʣʠʯʥʦʝ ʧʦ ʩʠʣʝ ʢʦʘʛʫʣʠʨʫʶʱʝʝ ʜʝʡʩʪʚʠʝ ʥʘ ʦʜʥʫ ʠ ʪʫ 

ʞʝ ʢʦʣʣʦʠʜʥʫʶ ʩʠʩʪʝʤʫ. ʈʘʟʥʠʮʘ ʚ ʜʝʡʩʪʚʠʠ ʵʪʠʭ ʠʦʥʦʚ ʟʘʚʠʩʠʪ ʦʪ 

ʨʘʟʣʠʯʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʵʪʠʭ ʠʦʥʦʚ ʘʜʩʦʨʙʠʨʦʚʘʪʴʩʷ ʢʦʣʣʦʠʜʥʳʤʠ 

ʯʘʩʪʠʮʘʤʠ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʢʘʪʠʦʥʳ ʥʘʪʨʠʷ ʠ ʩʝʨʝʙʨʘ ʠʤʝʶʪ ʦʜʥʫ ʠ ʪʫ ʞʝ 

ʚʘʣʝʥʪʥʦʩʪʴ ʠ ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʟʥʘʢ ʟʘʨʷʜʘ, ʥʦ ʠʦʥ ʩʝʨʝʙʨʘ ʜʝʡʩʪʚʫʝʪ ʥʘ 

ʢʦʣʣʦʠʜʥʳʝ ʩʠʩʪʝʤʳ ʟʥʘʯʠʪʝʣʴʥʦ ʩʠʣʴʥʝʝ ʠʦʥʘ ʥʘʪʨʠʷ, ʪʘʢ ʢʘʢ ʦʥ ʙʳʩʪʨʝʝ 

ʠ ʧʦʣʥʝʝ ʘʜʩʦʨʙʠʨʫʝʪʩʷ ʢʦʣʣʦʠʜʥʳʤʠ ʯʘʩʪʠʮʘʤʠ. ʊʦʞʝ ʦʪʥʦʩʠʪʩʷ ʠ ʢ 

ʘʥʠʦʥʘʤ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʝʩʣʠ ʩʨʘʚʥʠʚʘʪʴ ʢʦʘʛʫʣʠʨʫʶʱʝʝ ʜʝʡʩʪʚʠʝ ʘʥʠʦʥʘ 

ʩʘʣʠʮʠʣʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʘʥʠʦʥʘ ʭʣʦʨʘ, ʪʦ ʘʥʠʦʥ ʩʘʣʠʮʠʣʦʚʦʡ ʢʠʩʣʦʪʳ 

ʚʩʝʛʜʘ ʟʥʘʯʠʪʝʣʴʥʦ ʩʠʣʴʥʝʝ ʠ ʙʳʩʪʨʝʝ ʘʜʩʦʨʙʠʨʫʝʪʩʷ, ʥʘʧʨʠʤʝʨ, ʙʝʣʢʦʚʳʤʠ 
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ʢʦʣʣʦʠʜʥʳʤʠ ʯʘʩʪʠʮʘʤʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʠ ʢʦʘʛʫʣʠʨʫʶʱʝʝ ʜʝʡʩʪʚʠʝ ʝʛʦ 

ʙʫʜʝʪ ʩʠʣʴʥʝʝ, ʯʝʤ ʫ ʘʥʠʦʥʘ ʭʣʦʨʘ. 

ʂʦʘʛʫʣʠʨʫʶʱʘʷ ʩʠʣʘ ʠʦʥʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʘʣʝʥʪʥʦʩʪʠ, 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ ʪʘʢʦʤ ʦʪʥʦʰʝʥʠʠ: ʝʩʣʠ ʧʨʠʥʷʪʴ ʢʦʘʛʫʣʠʨʫʶʱʫʶ ʩʠʣʫ 

ʦʜʥʦʚʘʣʝʥʪʥʳʭ ʠʦʥʦʚ ʟʘ ʝʜʠʥʠʮʫ, ʪʦ ʢʦʘʛʫʣʠʨʫʶʱʘʷ ʩʠʣʘ ʜʚʫʭʚʘʣʝʥʪʥʳʭ 

ʠʦʥʦʚ ʙʫʜʝʪ ʚ ʜʝʩʷʪʢʠ, ʘ ʪʨʝʭʚʘʣʝʥʪʥʳʭ - ʚ ʩʦʪʥʠ ʨʘʟ ʙʦʣʴʰʝ ( 1 : 20 : 200 ). 

ʕʪʦʤʫ ʧʨʘʚʠʣʫ ʥʝ ʧʦʜʯʠʥʷʶʪʩʷ ʠʦʥʳ ʅ+ ʠ ʆʅ-, ʢʦʘʛʫʣʠʨʫʶʱʘʷ ʩʠʣʘ 

ʢʦʪʦʨʳʭ ʨʘʚʥʘ ʠʣʠ ʜʘʞʝ ʧʨʝʚʳʰʘʝʪ ʢʦʘʛʫʣʠʨʫʶʱʫʶ ʩʠʣʫ ʜʚʫʭʚʘʣʝʥʪʥʳʭ 

ʠʦʥʦʚ. 

ɺʦʟʨʘʩʪʘʥʠʝ ʢʦʘʛʫʣʠʨʫʶʱʝʡ ʩʠʣʳ ʩ ʧʦʚʳʰʝʥʠʝʤ ʚʘʣʝʥʪʥʦʩʪʠ ʠʦʥʦʚ 

ʦʙʲʷʩʥʷʝʪʩʷ ʜʚʫʤʷ ʧʨʠʯʠʥʘʤʠ: ʚʦ-ʧʝʨʚʳʭ, ʙʦʣʝʝ ʨʝʟʢʠʤ ʩʥʠʞʝʥʠʝʤ ɕ- 

ʧʦʪʝʥʮʠʘʣʘ ʤʥʦʛʦʚʘʣʝʥʪʥʳʤʠ ʠʦʥʘʤʠ ʠ, ʚʦ-ʚʪʦʨʳʭ, ʙʦʣʝʝ ʚʳʩʦʢʦʡ 

ʘʜʩʦʨʙʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʵʪʠʭ ʠʦʥʦʚ, ʠʛʨʘʶʱʠʭ ʨʦʣʴ ʧʨʦʪʠʚʦʠʦʥʦʚ ʚ 

ʤʠʮʝʣʣʝ. ʀʦʥʳ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚ ʧʦʨʷʜʢʝ ʚʦʟʨʘʩʪʘʥʠʷ ʠʭ ʢʦʘʛʫʣʠʨʫʶʱʝʡ 

ʩʠʣʳ, ʦʙʨʘʟʫʶʪ ʣʠʦʪʨʦʧʥʳʡ ʨʷʜ: 

Li+ < Na+ < K+ < Rb+ < Cs+ < Mg++ < Ca++ < Sr++ < Ba++ 

ʄʝʭʘʥʠʟʤ ʢʦʘʛʫʣʷʮʠʠ ʵʣʝʢʪʨʦʣʠʪʘʤʠ ʩʦʩʪʦʠʪ ʚ ʩʣʝʜʫʶʱʝʤ. 

ʂʦʣʣʦʠʜʥʳʝ ʤʠʮʝʣʣʳ ʠʤʝʶʪ ʦʧʨʝʜʝʣʝʥʥʳʡ ʟʘʨʷʜ, ʢʦʪʦʨʳʡ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʚʝʣʠʯʠʥʦʡ ʵʣʝʢʪʨʦʢʠʥʝʪʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ. ɼʣʷ ʫʩʪʦʡʯʠʚʳʭ ʟʦʣʝʡ ʦʥ 

ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 30-70 ʤɺ. ʇʦʩʣʝ ʜʦʙʘʚʣʝʥʠʷ ʵʣʝʢʪʨʦʣʠʪʘ ʚʝʣʠʯʠʥʘ 

ʵʪʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʥʘʯʠʥʘʝʪ ʫʤʝʥʴʰʘʪʴʩʷ ʠ ʜʘʞʝ ʤʦʞʝʪ ʜʦʡʪʠ ʜʦ ʥʫʣʷ. ʕʪʦ 

ʧʦʥʠʞʝʥʠʝ ʧʦʪʝʥʮʠʘʣʘ ʦʙʲʷʩʥʷʝʪʩʷ ʜʝʡʩʪʚʠʝʤ ʠʦʥʦʚ ʜʦʙʘʚʣʝʥʥʦʛʦ 

ʵʣʝʢʪʨʦʣʠʪʘ, ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ ʟʘʨʷʞʝʥʥʳʭ ʢʦʣʣʦʠʜʥʦʡ ʯʘʩʪʠʮʳ, ʢʦʪʦʨʳʝ 

ʘʜʩʦʨʙʠʨʫʶʪʩʷ ʧʦʚʝʨʭʥʦʩʪʴʶ ʯʘʩʪʠʮʳ, ʪʝʤ ʩʘʤʳʤ ʫʤʝʥʴʰʘʷ ʝʝ ʟʘʨʷʜ. 

ɼʣʷ ʥʝʡʪʨʘʣʠʟʘʮʠʠ ʟʘʨʷʜʦʚ ʯʘʩʪʠʮ ʪʨʝʙʫʝʪʩʷ ʦʧʨʝʜʝʣʝʥʥʦʝ ʚʨʝʤʷ 

(ʩʢʨʳʪʘʷ ʠ ʷʚʥʘʷ ʢʦʘʛʫʣʷʮʠʷ) ʠ ʦʧʨʝʜʝʣʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʵʣʝʢʪʨʦʣʠʪʘ 

(ʧʦʨʦʛ ʢʦʘʛʫʣʷʮʠʠ). ʆʜʥʘʢʦ, ʜʣʷ ʢʦʘʛʫʣʷʮʠʠ ʢʦʣʣʦʠʜʥʦʡ ʩʠʩʪʝʤʳ ʥʝ ʥʫʞʥʦ 

ʚʳʟʳʚʘʪʴ ʧʦʣʥʫʶ ʥʝʡʪʨʘʣʠʟʘʮʠʶ ʟʘʨʷʜʦʚ ʯʘʩʪʠʮ. ʂʦʘʛʫʣʷʮʠʷ ʥʘʩʪʫʧʘʝʪ 

ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʥʴʰʝ, ʯʪʦ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 



 123  

ʢʦʣʣʦʠʜʥʳʝ ʯʘʩʪʠʮʳ ʥʘʭʦʜʷʪʩʷ ʚ ʥʝʧʨʝʨʳʚʥʦʤ ʭʘʦʪʠʯʝʩʢʦʤ ʜʚʠʞʝʥʠʠ, 

ʢʦʪʦʨʦʝ ʟʘʪʨʫʜʥʷʝʪ ʠʭ ʩʙʣʠʞʝʥʠʝ. ʉʦʝʜʠʥʝʥʠʝ ʯʘʩʪʠʮ ʤʝʞʜʫ ʩʦʙʦʡ ʤʦʞʝʪ 

ʥʘʩʪʫʧʠʪʴ ʪʦʣʴʢʦ ʚ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʩʠʣʘ ʧʨʠʪʷʞʝʥʠʷ (ʩʠʣʘ 

ʤʝʞʤʦʣʝʢʫʣʷʨʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ) ʙʫʜʝʪ ʙʦʣʴʰʝ, ʯʝʤ ʩʠʣʘ ʦʪʪʘʣʢʠʚʘʥʠʷ 

(ʩʠʣʘ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ). ʉʠʣʳ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ 

ʦʪʪʘʣʢʠʚʘʥʠʷ ʝʩʪʝʩʪʚʝʥʥʦ ʫʤʝʥʴʰʘʶʪʩʷ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʟʘʨʷʜʘ 

ʢʦʣʣʦʠʜʥʳʭ ʯʘʩʪʠʮ. 

ʉʦʝʜʠʥʝʥʠʝ ʯʘʩʪʠʮ ʤʝʞʜʫ ʩʦʙʦʡ ʥʘʩʪʫʧʘʝʪ ʪʦʣʴʢʦ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʦʤ 

ʨʘʩʩʪʦʷʥʠʠ ʤʝʞʜʫ ʥʠʤʠ. ɺʳʯʠʩʣʝʥʦ, ʯʪʦ ʤʠʥʠʤʘʣʴʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ 

ʯʘʩʪʠʮʘʤʠ, ʧʨʠ ʢʦʪʦʨʦʤ ʧʨʦʠʩʭʦʜʠʪ ʩʦʝʜʠʥʝʥʠʝ, ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ, ʚ 2-3 ʨʘʟʘ 

ʙʦʣʴʰʝ ʨʘʜʠʫʩʘ ʩʘʤʠʭ ʯʘʩʪʠʮ. 

ʕʣʝʢʪʨʦʢʠʥʝʪʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ, ʧʨʠ ʢʦʪʦʨʦʤ ʩʠʣʳ ʧʨʠʪʷʞʝʥʠʷ ʠ ʩʠʣʳ 

ʦʪʪʘʣʢʠʚʘʥʠʷ ʤʝʞʜʫ ʢʦʣʣʦʠʜʥʳʤʠ ʯʘʩʪʠʮʘʤʠ ʨʘʚʥʳ, ʥʘʟʳʚʘʝʪʩʷ 

ʢʨʠʪʠʯʝʩʢʠʤ ʧʦʪʝʥʮʠʘʣʦʤ, ʚʝʣʠʯʠʥʘ ʢʦʪʦʨʦʛʦ ʢʦʣʝʙʣʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 20-30 

ʤɺ. ɺ ʵʪʦʪ ʤʦʤʝʥʪ ʠ ʤʦʞʝʪ ʥʘʯʘʪʴʩʷ ʧʨʦʮʝʩʩ ʢʦʘʛʫʣʷʮʠʠ. 

ʄʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʨʘʩʪʚʦʨʳ 

ɺʄʉ, ʧʨʠʙʘʚʣʝʥʥʳʝ ʢ ʛʠʜʨʦʬʦʙʥʳʤ ʟʦʣʷʤ, ʩʦʦʙʱʘʶʪ ʠʤ ʧʦʚʳʰʝʥʥʫʶ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʵʣʝʢʪʨʦʣʠʪʘʤ. ʇʦʜʦʙʥʦʝ ʷʚʣʝʥʠʝ ʧʦʣʫʯʠʣʦ ʥʘʟʚʘʥʠʝ 

ʟʘʱʠʪʥʦʛʦ ʜʝʡʩʪʚʠʷ, ʘ ʩʘʤʠ ʚʝʱʝʩʪʚʘ, ʧʦʚʳʰʘʶʱʠʝ ʫʩʪʦʡʯʠʚʦʩʪʴ 

ʛʠʜʨʦʬʦʙʥʳʭ ʟʦʣʝʡ - ʟʘʱʠʪʥʳʭ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʧʨʠʙʘʚʣʝʥʠʝ ʜʘʞʝ 

ʥʝʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʨʘʩʪʚʦʨʘ ʞʝʣʘʪʠʥʘ ʚ ʟʦʣʴ ʤʘʩʪʠʢʠ ʠʣʠ ʩʝʨʳ 

ʧʦʚʳʰʘʝʪ ʘʛʨʝʛʘʪʠʚʥʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʵʪʠʭ ʟʦʣʝʡ ʧʨʠ ʜʝʡʩʪʚʠʠ ʵʣʝʢʪʨʦʣʠʪʘ. 

ʉʪʝʧʝʥʴ ʟʘʱʠʪʥʦʛʦ ʜʝʡʩʪʚʠʷ ʨʘʩʪʚʦʨʦʚ ɺʄʉ ʟʘʚʠʩʠʪ ʢʘʢ ʦʪ ʧʨʠʨʦʜʳ 

ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʧʦʣʠʤʝʨʘ, ʪʘʢ ʠ ʦʪ ʧʨʠʨʦʜʳ ʟʘʱʠʱʘʝʤʦʛʦ ʛʠʜʨʦʬʦʙʥʦʛʦ 

ʟʦʣʷ. ɺ ʢʘʯʝʩʪʚʝ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʤʝʨʳ ʟʘʱʠʪʥʦʛʦ ʜʝʡʩʪʚʠʷ ʨʘʩʪʚʦʨʦʚ ɺʄʉ 

ʧʨʠʤʝʥʷʶʪ ʟʦʣʦʪʦʝ, ʨʫʙʠʥʦʚʦʝ ʠ ʞʝʣʝʟʥʦʝ ʯʠʩʣʦ. ʅʘʧʨʠʤʝʨ, ʧʦʜ ʞʝʣʝʟʥʳʤ 

ʯʠʩʣʦʤ ʧʦʜʨʘʟʫʤʝʚʘʶʪ ʤʠʥʠʤʘʣʴʥʦʝ ʯʠʩʣʦ ʤʠʣʣʠʛʨʘʤʤʦʚ ʟʘʱʠʱʘʶʱʝʛʦ 

ʧʦʣʠʤʝʨʘ, ʩʧʦʩʦʙʥʦʛʦ ʟʘʱʠʪʠʪʴ 10 ʤʣ ʛʠʜʨʦʟʦʣʷ ʞʝʣʝʟʘ ʦʪ ʢʦʘʛʫʣʠʨʫʶʱʝʛʦ 

ʜʝʡʩʪʚʠʷ 1 ʤʣ 0,005 ʥ ʨʘʩʪʚʦʨʘ ʩʫʣʴʬʘʪʘ ʥʘʪʨʠʷ. 
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ʇʝʧʪʠʟʘʮʠʷ ʢʦʣʣʦʠʜʦʚ. 

ʇʨʦʮʝʩʩ ʧʝʧʪʠʟʘʮʠʠ ʷʚʣʷʝʪʩʷ ʧʨʦʮʝʩʩʦʤ, ʦʙʨʘʪʥʳʤ ʢʦʘʛʫʣʷʮʠʠ - ʵʪʦ 

ʧʨʦʮʝʩʩ ʨʘʩʪʚʦʨʝʥʠʷ ʢʦʣʣʦʠʜʥʦʛʦ ʦʩʘʜʢʘ (ʛʝʣʷ) ʠ ʦʙʨʘʟʦʚʘʥʠʝ ʚʥʦʚʴ 

ʢʦʣʣʦʠʜʥʦʛʦ ʨʘʩʪʚʦʨʘ (ʟʦʣʷ). 

ʇʨʦʮʝʩʩʫ ʧʝʧʪʠʟʘʮʠʠ ʧʦʜʚʝʨʛʘʶʪʩʷ ʥʝ ʚʩʝ ʢʦʣʣʦʠʜʥʳʝ ʦʩʘʜʢʠ, ʘ 

ʪʦʣʴʢʦ ʪʝ, ʢʦʪʦʨʳʝ ʩʦʜʝʨʞʘʪ ʚ ʩʝʙʝ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʩʪʚʦʨʠʪʝʣʷ ʠ 

ʢʦʣʣʦʠʜʥʳʝ ʯʘʩʪʠʮʳ ʢʦʪʦʨʳʭ ʝʱʝ ʩʦʭʨʘʥʷʶʪ ʥʝʢʦʪʦʨʳʝ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ 

ʩʚʦʡʩʪʚʘ. ʋ ʣʠʦʬʠʣʴʥʳʭ ʢʦʣʣʦʠʜʦʚ ʫʩʪʨʘʥʝʥʠʝ ʬʘʢʪʦʨʘ, ʚʳʟʚʘʚʰʝʛʦ 

ʢʦʘʛʫʣʷʮʠʶ, ʚʳʟʳʚʘʝʪ ʧʝʨʝʭʦʜ ʦʙʨʘʟʦʚʘʚʰʝʛʦʩʷ ʛʝʣʷ ʚʥʦʚʴ ʚ ʩʦʩʪʦʷʥʠʝ 

ʟʦʣʷ. ʊʘʢ, ʜʦʙʘʚʣʝʥʠʝ ʚʦʜʳ ʚ ʢʦʘʛʝʣʴ, ʢʦʪʦʨʳʡ ʙʳʣ ʦʙʨʘʟʦʚʘʥ ʦʪ ʜʦʙʘʚʣʝʥʠʷ 

ʵʪʠʣʦʚʦʛʦ ʩʧʠʨʪʘ ʚ ʛʠʜʨʦʟʦʣʴ ʞʝʣʘʪʠʥʘ, ʚʥʦʚʴ ʧʝʨʝʚʦʜʠʪ ʵʪʦʪ ʛʝʣʴ ʚ 

ʩʦʩʪʦʷʥʠʝ ʟʦʣʷ. ʊʘʢʠʝ ʢʦʣʣʦʠʜʳ ʥʘʟʳʚʘʶʪʩʷ ʦʙʨʘʪʠʤʳʤʠ. 

ʂʦʘʛʝʣʴ, ʦʙʨʘʟʦʚʘʥʥʳʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʘʛʫʣʷʮʠʠ ʣʠʦʬʦʙʥʦʛʦ ʟʦʣʷ, 

ʨʘʟʙʘʚʣʝʥʠʝʤ ʨʘʩʪʚʦʨʘ, ʚʳʟʚʘʚʰʝʛʦ ʢʦʘʛʫʣʷʮʠʶ, ʧʝʨʝʚʝʩʪʠ ʚ ʩʦʩʪʦʷʥʠʝ 

ʟʦʣʷ ʥʝʚʦʟʤʦʞʥʦ. ʊʘʢʠʝ ʢʦʣʣʦʠʜʳ ʥʘʟʳʚʘʶʪʩʷ ʥʝʦʙʨʘʪʠʤʳʤʠ.  

ʀ ʚʩʝ-ʪʘʢʠ ʛʠʜʨʦʬʦʙʥʳʝ ʢʦʣʣʦʠʜʳ ʩʧʦʩʦʙʥʳ ʢ ʧʝʧʪʠʟʘʮʠʠ. ʇʨʠ 

ʧʝʧʪʠʟʘʮʠʠ ʣʠʦʬʦʙʥʳʭ ʢʦʣʣʦʠʜʦʚ ʦʩʥʦʚʥʳʤ ʧʨʦʮʝʩʩʦʤ ʷʚʣʷʝʪʩʷ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʟʘʨʷʜʦʚ ʥʘ ʢʦʣʣʦʠʜʥʦʡ ʯʘʩʪʠʮʘʭ, ʫʪʨʘʯʝʥʥʳʭ ʚ ʧʨʦʮʝʩʩʝ 

ʢʦʘʛʫʣʷʮʠʠ. ʆʩʫʱʝʩʪʚʠʪʴ ʧʨʦʮʝʩʩ ʧʝʧʪʠʟʘʮʠʠ ʤʦʞʝʪ ʪʦʪ ʠʦʥ, ʢʦʪʦʨʳʡ 

ʩʧʦʩʦʙʝʥ ʘʜʩʦʨʙʠʨʦʚʘʪʴʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʯʘʩʪʠʮʳ ʠ ʩʦʦʙʱʠʪʴ ʝʡ ʟʘʨʷʜ. 

ʇʨʠ ʧʝʧʪʠʟʘʮʠʠ ʧʨʦʠʩʭʦʜʠʪ ʭʠʤʠʯʝʩʢʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ 

ʧʨʠʙʘʚʣʷʝʤʳʤ ʧʝʧʪʠʟʘʪʦʨʦʤ (ʵʣʝʢʪʨʦʣʠʪʦʤ) ʠ ʧʝʧʪʠʟʠʨʫʝʤʳʤ 

ʢʦʣʣʦʠʜʦʤ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʧʝʧʪʠʟʘʮʠʠ ʛʠʜʨʦʬʦʙʥʦʛʦ ʟʦʣʷ ʤʦʞʥʦ 

ʧʨʠʚʝʩʪʠ ʧʝʧʪʠʟʘʮʠʶ ʢʦʘʛʫʣʷʪʘ ʛʠʜʨʦʦʢʠʩʠ ʞʝʣʝʟʘ ʜʦʙʘʚʣʝʥʠʝʤ ʦʯʝʥʴ 

ʤʘʣʳʭ ʢʦʣʠʯʝʩʪʚ ʭʣʦʨʥʦʛʦ ʞʝʣʝʟʘ. ʇʨʠ ʵʪʦʤ ʧʨʦʠʩʭʦʜʠʪ ʘʜʩʦʨʙʮʠʷ 

ʠʦʥʦʚ ʞʝʣʝʟʘ ʧʦʚʝʨʭʥʦʩʪʴʶ ʯʘʩʪʠʮ ʛʝʣʷ. ɼʨʫʛʠʤ ʧʨʠʤʝʨʦʤ ʧʝʧʪʠʟʘʮʠʠ 

ʷʚʣʷʝʪʩʷ ʦʯʠʱʘʶʱʝʝ ʜʝʡʩʪʚʠʝ ʤʳʣʴʥʳʭ ʨʘʩʪʚʦʨʦʚ. 
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ʂʦʘʛʫʣʷʮʠʷ ʣʠʦʬʠʣʴʥʳʭ (ʛʠʜʨʦʬʠʣʴʥʳʭ) ʢʦʣʣʦʠʜʦʚ. 

ʂ ʢʣʘʩʩʫ ʣʠʦʬʠʣʴʥʳʭ ʢʦʣʣʦʠʜʦʚ ʦʪʥʦʩʷʪʩʷ ʨʘʩʪʚʦʨʳ ʚʳʩʦ-

ʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʈʘʩʪʚʦʨʳ ɺʄʉ ʘʥʘʣʦʛʠʯʥʦ ʠʩʪʠʥʥʳʤ 

ʨʘʩʪʚʦʨʘʤ ʦʙʣʘʜʘʶʪ ʘʙʩʦʣʶʪʥʦʡ ʘʛʨʝʛʘʪʠʚʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ. ɺʳʩʦʢʘʷ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʨʘʩʪʚʦʨʦʚ ɺʄʉ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘʣʠʯʠʝʤ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʯʘʩʪʠʮ ʜʚʫʭ ʦʙʦʣʦʯʝʢ - ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠ ʩʦʣʴʚʘʪʥʦʡ (ʛʠʜʨʘʪʥʦʡ). ʇʦʵʪʦʤʫ 

ʜʣʷ ʢʦʘʛʫʣʷʮʠʠ ʨʘʩʪʚʦʨʦʚ ɺʄʉ ʥʝʦʙʭʦʜʠʤʦ ʥʝ ʪʦʣʴʢʦ ʥʝʡʪʨʘʣʠʟʦʚʘʪʴ ʟʘʨʷʜ 

ʢʦʣʣʦʠʜʥʦʡ ʯʘʩʪʠʮʳ, ʥʦ ʠ ʨʘʟʨʫʰʠʪʴ ʞʠʜʢʦʩʪʥʫʶ ʦʙʦʣʦʯʢʫ. ɺʳʜʝʣʝʥʠʝ 

ɺʄʉ ʠʟ ʨʘʩʪʚʦʨʦʚ ʧʦ ʩʚʦʝʡ ʧʨʠʨʦʜʝ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʢʦʘʛʫʣʷʮʠʠ ʪʠʧʠʯʥʳʭ 

ʛʠʜʨʦʬʦʙʥʳʭ ʟʦʣʝʡ. ʊʘʢ, ʝʩʣʠ ʜʣʷ ʛʠʜʨʦʬʦʙʥʳʭ ʟʦʣʝʡ ʜʦʩʪʘʪʦʯʥʦ 

ʥʝʟʥʘʯʠʪʝʣʴʥʳʭ ʜʦʙʘʚʦʢ ʵʣʝʢʪʨʦʣʠʪʦʚ, ʯʪʦʙʳ ʚʳʟʚʘʪʴ ʠʭ ʢʦʘʛʫʣʷʮʠʶ, ʪʦ 

ʜʣʷ ɺʄʉ ʵʪʦʛʦ ʥʝʜʦʩʪʘʪʦʯʥʦ. ɼʣʷ ʚʳʜʝʣʝʥʠʷ ʜʠʩʧʝʨʩʥʦʡ ʬʘʟʳ ʧʦʣʠʤʝʨʦʚ 

ʥʝʦʙʭʦʜʠʤʳ ʚʳʩʦʢʠʝ, ʚʧʣʦʪʴ ʜʦ ʥʘʩʳʱʝʥʥʳʭ, ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʣʝʢʪʨʦʣʠʪʦʚ. 

ʗʚʣʝʥʠʝ ʚʳʜʝʣʝʥʠʷ ʚ ʦʩʘʜʦʢ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ɺʄʉ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʙʦʣʴʰʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʣʝʢʪʨʦʣʠʪʘ ʧʦʣʫʯʠʣʦ ʥʘʟʚʘʥʠʝ ʚʳʩʘʣʠʚʘʥʠʝ. 

ɺʩʷʢʦʝ ʚʝʱʝʩʪʚʦ, ʩʧʦʩʦʙʥʦʝ ʩʦʣʴʚʘʪʠʨʦʚʘʪʴʩʷ ʨʘʩʪʚʦʨʠʪʝʣʝʤ ɺʄʉ ʠ 

ʧʦʥʠʞʘʪʴ ʝʛʦ ʨʘʩʪʚʦʨʠʤʦʩʪʴ, ʧʨʠʛʦʜʥʦ ʜʣʷ ʚʳʩʘʣʠʚʘʥʠʷ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, 

ʩʧʠʨʪ ʠ ʘʮʝʪʦʥ ʩʧʦʩʦʙʥʳ ʦʪʣʠʯʥʦ ʚʳʩʘʣʠʚʘʪʴ ʞʝʣʘʪʠʥʫ ʠʟ ʝʝ ʚʦʜʥʳʭ 

ʨʘʩʪʚʦʨʦʚ. ɸʥʘʣʦʛʠʯʥʦ ʧʨʦʠʩʭʦʜʠʪ ʦʩʘʞʜʝʥʠʝ ʩʧʠʨʪʦʤ ʙʝʣʢʘ ʠʟ ʚʦʜʥʦʛʦ 

ʨʘʩʪʚʦʨʘ ʠʣʠ ʦʩʘʞʜʝʥʠʝ ʘʮʝʪʦʥʦʤ ʢʘʫʯʫʢʘ ʠʟ ʨʘʩʪʚʦʨʘ ʙʝʥʟʦʣʘ. 

ʂʦʘʛʫʣʷʮʠʷ ʣʠʦʬʠʣʴʥʳʭ ʢʦʣʣʦʠʜʦʚ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠʙʘʚʣʝʥʠʝʤ ʢ ʟʦʣʶ 

ʜʝʩʦʣʴʚʘʪʠʨʫʶʱʠʭ ʚʝʱʝʩʪʚ. ʊʘʢʠʤʠ ʜʝʩʦʣʴʚʘʪʠʨʫʶʱʠʤʠ ʚʝʱʝʩʪʚʘʤʠ 

ʷʚʣʷʶʪʩʷ ʩʧʠʨʪ, ʘʮʝʪʦʥ, ʧʝʨʝʩʳʱʝʥʥʳʝ ʨʘʩʪʚʦʨʳ ʵʣʝʢʪʨʦʣʠʪʦʚ, ʪ.ʝ. ʪʘʢʠʝ 

ʚʝʱʝʩʪʚʘ, ʢʦʪʦʨʳʝ, ʥʝ ʠʟʤʝʥʷʷ ʩʘʤʠʭ ʯʘʩʪʠʮ, ʦʪʥʠʤʘʶʪ ʚʦʜʫ ʫ ʵʪʠʭ ʯʘʩʪʠʮ. 

ʇʨʠ ʢʦʘʛʫʣʷʮʠʠ ʛʠʜʨʦʬʠʣʴʥʳʭ ʢʦʣʣʦʠʜʦʚ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʧʝʨʝʩʳʱʝʥʥʳʭ 

ʨʘʩʪʚʦʨʦʚ ʵʣʝʢʪʨʦʣʠʪʦʚ ʠʤʝʝʪ ʚʘʞʥʝʡʰʝʝ ʟʥʘʯʝʥʠʝ ʛʠʜʨʘʪʘʮʠʷ ʩʘʤʠʭ 

ʠʦʥʦʚ: ʯʝʤ ʤʝʥʝʝ ʛʠʜʨʘʪʠʨʦʚʘʥ ʩʘʤ ʠʦʥ, ʪʝʤ ʚʳʰʝ ʝʛʦ ʢʦʘʛʫʣʠʨʫʶʱʘʷ ʩʠʣʘ. 

ʇʨʠ ʚʳʩʘʣʠʚʘʥʠʠ (ʢʦʘʛʫʣʷʮʠʠ ɺʄʉ) ʨʝʰʘʶʱʫʶ ʨʦʣʴ ʠʛʨʘʝʪ ʥʝ ʚʘʣʝʥʪʥʦʩʪʴ 
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ʠʦʥʘ, ʘ ʝʛʦ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʛʠʜʨʘʪʘʮʠʠ ʠ ʢ ʘʜʩʦʨʙʮʠʠ ʥʘ ʢʦʣʣʦʠʜʥʦ-

ʜʠʩʧʝʨʩʥʳʭ ʯʘʩʪʠʮʘʭ. 

ʂʘʢ ʦʪʤʝʯʘʣʦʩʴ ʚʳʰʝ, ʢʦʘʛʫʣʷʮʠʷ ʣʠʦʬʠʣʴʥʳʭ ʢʦʣʣʦʠʜʦʚ ʥʦʩʠʪ 

ʦʙʨʘʪʠʤʳʡ ʭʘʨʘʢʪʝʨ. 

ɺʦʧʨʦʩʳ ʜʣʷ ʩʘʤʦʢʦʥʪʨʦʣʷ: 

1. ɺ ʢʘʢʦʤ ʤʝʩʪʝ ʢʦʣʣʦʠʜʥʦʡ ʤʠʮʝʣʣʳ ʚʦʟʥʠʢʘʶʪ ʧʦʣʥʳʡ ʠ 

ʵʣʝʢʪʨʦʢʠʥʝʪʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣʳ? 

2. ʗʚʣʝʥʠʝ ʵʣʝʢʪʨʦʬʦʨʝʟʘ ʠ ʵʣʝʢʪʨʦʦʩʤʦʩʘ. 

3. ʏʪʦ ʪʘʢʦʝ ʢʦʘʛʫʣʷʮʠʷ ʢʦʣʣʦʠʜʥʳʭ ʩʠʩʪʝʤ? 

4. ʇʨʘʚʠʣʦ ʐʫʣʴʮʝ-ɻʘʨʜʠ. 

5. ʏʝʤ ʤʦʞʥʦ ʚʳʟʚʘʪʴ ʢʦʘʛʫʣʷʮʠʶ ʛʠʜʨʦʬʦʙʥʳʭ ʢʦʣʣʦʠʜʦʚ? 

6. ʂʘʢ ʧʦ ʢʦʘʛʫʣʷʮʠʠ ʤʦʞʥʦ ʦʪʣʠʯʠʪʴ ʛʠʜʨʦʬʦʙʥʳʡ ʢʦʣʣʦʠʜ ʦʪ 

ʨʘʩʪʚʦʨʦʚ ɺʄʉ? 

7. ʄʝʭʘʥʠʟʤ ʢʦʘʛʫʣʷʮʠʠ ʛʠʜʨʦʬʦʙʥʳʭ ʢʦʣʣʦʠʜʦʚ. 

8. ʄʝʭʘʥʠʟʤ ʚʳʩʘʣʠʚʘʥʠʷ ʨʘʩʪʚʦʨʦʚ ɺʄʉ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ: 

ɿʘʜʘʥʠʝ 1. ʂʦʘʛʫʣʷʮʠʷ ʛʠʜʨʦʬʦʙʥʳʭ ʢʦʣʣʦʠʜʦʚ. ʆʧʨʝʜʝʣʝʥʠʝ 

ʧʦʨʦʛʘ ʢʦʘʛʫʣʷʮʠʠ ʠ ʚʳʯʠʩʣʝʥʠʝ ʢʦʘʛʫʣʠʨʫʶʱʝʡ ʩʠʣʳ. 

ʂʦʘʛʫʣʷʮʠʶ ʛʠʜʨʦʬʦʙʥʳʭ ʟʦʣʝʡ ʦʩʫʱʝʩʪʚʣʷʶʪ ʜʝʡʩʪʚʠʝʤ ʩʣʝʜʫʶʱʠʭ 

ʨʘʩʪʚʦʨʦʚ: ʂʉ1, K2SO4, ʉʘʉ12 (ʚʩʝ ʨʘʩʪʚʦʨʳ 1 ʄ). 

ʀʟʫʯʘʷ ʢʦʘʛʫʣʠʨʫʶʱʝʝ ʜʝʡʩʪʚʠʝ ʫʢʘʟʘʥʥʳʭ ʨʘʩʪʚʦʨʦʚ, ʥʝʦʙʭʦʜʠʤʦ 

ʦʧʨʝʜʝʣʠʪʴ ʧʦʨʦʛʠ ʢʦʘʛʫʣʷʮʠʠ ʢʦʣʣʦʠʜʦʚ ʵʪʠʤʠ ʵʣʝʢʪʨʦʣʠʪʘʤʠ. ʏʝʤ 

ʤʝʥʴʰʝ ʧʦʨʦʛ ʢʦʘʛʫʣʷʮʠʠ, ʪʝʤ ʙʦʣʴʰʝ ʢʦʘʛʫʣʠʨʫʶʱʘʷ ʩʠʣʘ ʠʦʥʘ, 

ʚʳʟʚʘʚʰʝʛʦ ʢʦʘʛʫʣʷʮʠʶ ʜʘʥʥʦʛʦ ʢʦʣʣʦʠʜʘ (ʧʦ ʧʨʘʚʠʣʫ ʟʥʘʯʥʦʩʪʠ ʠ 

ʚʘʣʝʥʪʥʦʩʪʠ). 

ɺ ʧʨʦʙʠʨʢʠ, ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʚ ʰʪʘʪʠʚʝ (ʢʨʦʤʝ ʜʚʫʭ), ʥʘʣʠʚʘʶʪ ʧʦ 1 ʤʣ 

ʠʩʧʳʪʫʝʤʦʛʦ ʟʦʣʷ (ʧʦ ʟʘʜʘʥʠʶ ʧʨʝʧʦʜʘʚʘʪʝʣʷ). ɻʦʪʦʚʷʪ ʢʦʥʪʨʦʣʴʥʳʡ 

ʨʘʩʪʚʦʨ: ʚ ʧʝʨʚʫʶ ʧʨʦʙʠʨʢʫ ʩ 1 ʤʣ ʠʩʧʳʪʫʝʤʦʛʦ ʟʦʣʷ ʜʦʙʘʚʣʷʶʪ 1ʤʣ 

ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʳ. ʇʠʧʝʪʢʦʡ ʙʝʨʫʪ ʠʟ ʢʦʣʙʳ ʩ 1 ʄ ʨʘʩʪʚʦʨʦʤ ʂʉ1     
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1 ʤʣ ʠ ʜʦʙʘʚʣʷʶʪ ʚ ʩʣʝʜʫʶ ʧʨʦʙʠʨʢʫ ʩ ʛʠʜʨʦʟʦʣʝʤ. ʉʨʘʚʥʠʚʘʷ ʩʦʜʝʨʞʠʤʦʝ 

ʵʪʦʡ ʧʨʦʙʠʨʢʠ ʩ ʢʦʥʪʨʦʣʴʥʳʤ ʨʘʩʪʚʦʨʦʤ, ʫʙʝʞʜʘʶʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʭʣʦʨʠʩʪʳʡ 

ʢʘʣʠʡ ʪʘʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʳʟʳʚʘʝʪ ʢʦʘʛʫʣʷʮʠʶ ʢʦʣʣʦʠʜʘ. ʆʪʤʝʯʘʶʪ ʚ 

ʪʘʙʣʠʮʝ 23 ʥʘʣʠʯʠʝ ʢʦʘʛʫʣʷʮʠʠ ʟʥʘʢʦʤ ç+è ʠ ʧʨʠʩʪʫʧʘʶʪ ʢ ʨʘʟʙʘʚʣʝʥʠʶ 

ʨʘʩʪʚʦʨʘ ʂʉ1. 

ʊʘʙʣʠʮʘ 23 

ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʨʦʛʘ ʢʦʘʛʫʣʷʮʠʠ ʛʠʜʨʦʬʦʙʥʳʭ ʟʦʣʡ. 

ˉ ʧ/ʧ 
ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʵʣʝʢʪʨʦʣʠʪʘ ʉ, ʤʤʦʣʴ/ʣ 

ʥʦʤʝʨ ʠʩʧʳʪʫʝʤʦʛʦ ʟʦʣʷ 

ʂʉ1 K2SO4 ʉʘʉ12 

1 

2 

3 

4 

ʠ ʪ.ʜ. 

    

 

 ɺʦʟʴʤʠʪʝ ʜʚʝ ʦʩʪʘʚʰʠʝʩʷ ʯʠʩʪʳʤʠ ʧʨʦʙʠʨʢʠ ʠ ʦʧʫʩʪʠʪʝ ʢʘʞʜʫʶ ʠʟ ʥʠʭ 

ʧʦ ʧʠʧʝʪʢʝ ʥʘ 1 ʤʣ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʦʤʳʚ. ɺ ʦʜʥʫ ʠʟ ʵʪʠʭ ʧʨʦʙʠʨʦʢ 

ʥʘʣʝʡʪʝ ʧʨʦʠʟʚʦʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʳ (ʦʥʘ ʧʦʪʨʝʙʫʝʪʩʷ 

ʜʣʷ ʨʘʟʙʘʚʣʝʥʠʷ ʵʣʝʢʪʨʦʣʠʪʘ), ʚʦ ʚʪʦʨʫʶ - 1 ʤʣ 1 ʄ ʂʉ1 ʠ ʜʦʙʘʚʴʪʝ ʠʟ 

ʧʨʦʙʠʨʢʠ ʩ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ 1 ʤʣ. ʈʘʟʤʝʰʘʡʪʝ ʩʦʜʝʨʞʠʤʦʝ 

ʧʨʦʙʠʨʢʠ 2 ʧʨʦʜʫʚʘʥʠʝʤ ʚʦʟʜʫʭʘ ʯʝʨʝʟ ʧʠʧʝʪʢʫ ʠ ʠʟ ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ 2 ʤʣ 

ʨʘʩʪʚʦʨʘ ʂʉ1 ʦʪʙʝʨʠʪʝ ʵʪʦʡ ʞʝ ʧʠʧʝʪʢʦʡ 1 ʤʣ ʨʘʩʪʚʦʨʘ ʠ ʧʝʨʝʥʝʩʠʪʝ ʝʛʦ ʚ 

ʧʨʦʙʠʨʢʫ ʩ ʟʦʣʝʤ. ʇʠʧʝʪʢʫ ʚ ʟʦʣʴ ʥʝ ʦʧʫʩʢʘʪʴ, ʘ ʩʣʠʚʘʪʴ ʵʣʝʢʪʨʦʣʠʪ ʧʦ 

ʩʪʝʥʢʝ ʧʨʦʙʠʨʢʠ! ʆʩʪʦʨʦʞʥʦ ʨʘʟʤʝʰʘʡʪʝ ʩʦʜʝʨʞʠʤʦʝ ʧʨʦʙʠʨʢʠ ʠ, ʝʩʣʠ 

ʨʘʩʪʚʦʨ ʧʦʤʫʪʥʝʣ (ʩʨʘʚʥʠʪʴ ʩ ʢʦʥʪʨʦʣʴʥʳʤ ʨʘʩʪʚʦʨʦʤ), ʦʪʤʝʪʴʪʝ ʚ ʪʘʙʣ. 

ʥʘʣʠʯʠʝ ʢʦʘʛʫʣʷʮʠʠ ʟʥʘʢʦʤ ç+è, ʚ ʩʣʫʯʘʝ ʦʪʩʫʪʩʪʚʠʷ ʝʝ - ʟʥʘʢʦʤ ç-è. 

ɼʘʣʴʥʝʡʰʝʝ ʨʘʟʙʘʚʣʝʥʠʝ ʵʣʝʢʪʨʦʣʠʪʘ ʧʨʦʚʦʜʷʪ ʘʥʘʣʦʛʠʯʥʦ. ʊʘʢ, ʨʘʟʙʘʚʣʷʷ 

ʵʣʝʢʪʨʦʣʠʪ ʠ ʜʦʙʘʚʣʷʷ ʝʛʦ ʧʦ 1 ʤʣ ʚ ʧʦʩʣʝʜʫʶʱʠʝ ʧʨʦʙʠʨʢʠ ʩ ʟʦʣʝʤ, 

ʥʘʡʜʠʪʝ ʪʘʢʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʵʣʝʢʪʨʦʣʠʪʘ, ʧʨʠ ʢʦʪʦʨʦʡ ʢʦʘʛʫʣʷʮʠʷ ʫʞʝ ʥʝ 

ʥʘʙʣʶʜʘʝʪʩʷ. ʂʦʥʮʝʥʪʨʘʮʠʶ ʨʘʟʙʘʚʣʝʥʥʳʭ ʨʘʩʪʚʦʨʦʚ ʵʣʝʢʪʨʦʣʠʪʦʚ ʫʜʦʙʥʦ 
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ʚʳʨʘʞʘʪʴ ʠ ʟʘʧʠʩʳʚʘʪʴ ʚ ʪʘʙʣ. (ʛʨʘʬʘ ʉ) ʚ ʚʠʜʝ ʜʨʦʙʠ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 

ʩʪʝʧʝʥʠ, ʥʘʧʨʠʤʝʨ:1)
12

1
; 2) 

22

1
; ɿ) 

32

1
 ʠ ʪ.ʜ. 

ʂʘʢ ʫʞʝ ʛʦʚʦʨʠʣʦʩʴ ʨʘʥʝʝ, ʪʘ ʤʠʥʠʤʘʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʵʣʝʢʪʨʦʣʠʪʘ, 

ʧʨʠ ʢʦʪʦʨʦʡ ʥʘʙʣʶʜʘʝʪʩʷ ʢʦʘʛʫʣʷʮʠʷ ʟʦʣʷ, ʥʘʟʳʚʘʝʪʩʷ ʧʦʨʦʛʦʤ ʢʦʘʛʫʣʷʮʠʠ 

ʜʘʥʥʦʛʦ ʵʣʝʢʪʨʦʣʠʪʘ. ɽʝ ʚʝʣʠʯʠʥʫ ʥʘʭʦʜʷʪ ʜʣʷ ʢʘʞʜʦʛʦ ʵʣʝʢʪʨʦʣʠʪʘ ʠ 

ʟʘʧʠʩʳʚʘʶʪ ʚ ʪʘʙʣʠʮʫ 24 (ʧʦʨʦʛ ʢʦʘʛʫʣʷʮʠʠ ʜʣʷ ʉʘʉ12 ʠ K2SO4 ʦʧʨʝʜʝʣʷʶʪ 

ʪʘʢ ʞʝ, ʢʘʢ ʠ ʜʣʷ ʂʉ1). ʇʦ ʚʝʣʠʯʠʥʝ ʧʦʨʦʛʦʚ ʢʦʘʛʫʣʷʮʠʠ ʫʩʪʘʥʘʚʣʠʚʘʶʪ 

ʠʦʥʳ-ʢʦʘʛʫʣʷʪʦʨʳ. ɿʘʪʝʤ ʚʳʯʠʩʣʷʶʪ ʢʦʘʛʫʣʠʨʫʶʱʫʶ ʩʠʣʫ ʠʦʥʘ-

ʢʦʘʛʫʣʷʪʦʨʘ, ʫʩʣʦʚʥʦ ʧʨʠʥʠʤʘʷ ʢʦʘʛʫʣʠʨʫʶʱʫʶ ʩʠʣʫ ʦʜʥʦʚʘʣʝʥʪʥʦʛʦ ʠʦʥʘ 

ʨʘʚʥʦʡ ʝʜʠʥʠʮʝ. ʂʦʘʛʫʣʠʨʫʶʱʫʶ ʩʠʣʫ ʜʚʫʭʚʘʣʝʥʪʥʦʛʦ ʠʦʥʘ (S) 

ʚʳʯʠʩʣʷʶʪ ʧʦ ʬʦʨʤʫʣʝ: S =
2

1

ʉ

ʉ
. 

ʇʨʠʤʝʨ: ʝʩʣʠ ʉ1= 42

1
, ʘ ʉ2= , ʪʦ S= =25=32. 

 

ʊʘʙʣʠʮʘ 24 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʢʦʘʛʫʣʠʨʫʶʱʝʡ ʩʠʣʳ ʠʩʧʳʪʫʝʤʦʛʦ ʟʦʣʷ. 

ʵʣʝʢʪʨʦʣʠʪʳ 

ʠʩʧʳʪʫʝʤʳʡ ʟʦʣʴ 

ʠʦʥʳ-ʢʦʘʛʫʣʷʪʦʨʳ ʧʦʨʦʛ ʢʦʘʛʫʣʷʮʠʠ 
ʢʦʘʛʫʣʠʨʫʶʱʘʷ 

ʩʠʣʘ 

ʂʉ1    

ʉʘʉ12    

K2SO4    

 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʢʦʘʛʫʣʠʨʫʶʱʘʷ ʩʠʣʘ 

ʜʚʫʭʚʘʣʝʥʪʥʦʛʦ ʠʦʥʘ ʚ ʜʝʩʷʪʢʠ ʨʘʟ (ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ ʚ 32 ʨʘʟʘ) ʙʦʣʴʰʝ 

ʢʦʘʛʫʣʠʨʫʶʱʝʡ ʩʠʣʳ ʦʜʥʦʚʘʣʝʥʪʥʦʛʦ ʠʦʥʘ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʦʧʨʝʜʝʣʠʪʝ ʟʥʘʢ ʟʘʨʷʜʘ ʢʦʣʣʦʠʜʥʳʭ 

ʯʘʩʪʠʮ ʠʩʩʣʝʜʫʝʤʦʛʦ ʟʦʣʷ ʠ ʩʜʝʣʘʡʪʝ ʧʠʩʴʤʝʥʥʳʡ ʚʳʚʦʜ. 


