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ʇʦʩʪʦʷʥʥʳʝ ʠ ʬʦʨʤʫʣʳ 

ʇʦʩʪʦʷʥʥʘʷ ɸʚʦʛʘʜʨʦ NA = 6.022 x 1023 ʤʦʣʴï1 
ʋʨʘʚʥʝʥʠʝ ʩʦʩʪʦʷʥʠʷ 
ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ 

pV = nRT 

ʋʥʠʚʝʨʩʘʣʴʥʘʷ ʛʘʟʦ-
ʚʘʷ ʧʦʩʪʦʷʥʥʘʷ 

R = 8.314 J Kï1 molï1 ʕʥʝʨʛʠʷ ɻʠʙʙʩʘ G = H ï TS 

ʇʦʩʪʦʷʥʥʘʷ ʌʘʨʘʜʝʷ F = 96485 C molï1 
o

cell

o

r ln nFEKRTG -=-=D  

ʇʦʩʪʦʷʥʥʘʷ ʇʣʘʥʢʘ h = 6.626 x 10ï34 J s ʋʨʘʚʥʝʥʠʝ ʅʝʨʥʩʪʘ 
red

oxo
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zF

RT
EE ln+=  

ʉʢʦʨʦʩʪʴ ʩʚʝʪʘ ʚ ʚʘ-
ʢʫʫʤʝ 

c = 3.000 x 108 m sï1 ʃʦʛʘʨʠʬʤʳ ln x = 2.303 log x 

ʅʦʣʴ ʧʦ ʰʢʘʣʝ 
ʎʝʣʴʩʠʷ 

273.15 K 
ɿʘʢʦʥ ɹʫʛʝʨʘ- 
ʃʘʤʙʝʨʪʘ-ɹɻʨʘ 

0log
I

A cl
I
e= =  

ʇʨʠ ʨʘʩʯʝʪʘʭ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʢʦʥʩʪʘʥʪ ʨʘʚʥʦʚʝʩʠʷ ʠʩʧʦʣʴʟʫʡʪʝ ʙʝʟʨʘʟʤʝʨʥʳʝ 
ʢʦʥʮʝʥʪʨʘʮʠʠ, ʘ ʟʘ ʩʪʘʥʜʘʨʪʥʫʶ ʧʨʠʤʠʪʝ ʢʦʥʮʝʥʪʨʘʮʠ ʁ1 ʤʦʣʴ ʣï1. ʇʨʠ ʨʘʩʯʝʪʘʭ 
ʩʯʠʪʘʡʪʝ ʚʩʝ ʛʘʟʳ ʠʜʝʘʣʴʥʳʤʠ.  

ʊʘʙʣʠʮʘ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʵʣʝʤʝʥʪʦʚ 
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ʊʝʦʨʝʪʠʯʝʩʢʦʝ ʟʘʜʘʥʠʝ 
 

 

ɺʦʧʨʦʩʳ ʧʦʚʳʰʝʥʥʦʛʦ ʫʨʦʚʥʷ 

ʪʨʫʜʥʦʩʪʠ 

ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʚʦʧʨʦʩʳ 

 

ʉʪʨʫʢʪʫʨʘ ʪʚʝʨʜʦʛʦ ʪʝʣʘ: ʤʝʪʘʣʣʳ, ʩʦʣʠ ʤʝʪʘʣʣʦʚ. 

 

ʊʝʨʤʦʜʠʥʘʤʠʢʘ: ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʷʯʝʡʢʠ, ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʢʦʥʩʪʘʥʪʘʤʠ ʨʘʚ-

ʥʦʚʝʩʠʷ, ʵʣʝʢʪʨʦʜʚʠʞʫʱʘʷ ʩʠʣʘ ʠ ʩʪʘʥʜʘʨʥʘʷ ʵʥʝʨʛʠʷ ɻʠʙʙʩʘ, ʚʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ 

ʥʘ ʢʦʥʩʪʘʥʪʫ ʨʘʚʥʦʚʝʩʠʷ. 

 

ʂʚʘʥʪʦʚʘʷ ʭʠʤʠʷ: ʢʚʘʥʪʦʚʘʥʠʝ ʵʥʝʨʛʠʠ, ʧʨʦʷʚʣʝʥʠʝ ʢʚʘʥʪʦʚʘʥʠ̫ ʚ ʩʧʝʢʪʨʦʩʢʦʧʠʠ. 

 

ʕʣʝʢʪʨʦʥʥʘʷ ʩʪʨʫʢʪʫʨʘ: ʘʪʦʤʥʳʝ ʠ ʤʦʣʝʢʫʣʷʨʥʳʝ ʦʨʙʠʪʘʣʠ, ʵʣʝʢʪʨʦʥʳ ʠ ʵʣʝʢ-

ʪʨʦʧʨʦʚʦʜʥʦʩʪʴ. 

 

ʗʜʝʨʥʳʡ ʤʘʛʥʠʪʥʳʡ ʨʝʟʦʥʘʥʩ (ʗʄʈ): ʠʥʪʝʨʧʨʝʪʘʮʠʷ 1H ʗʄʈ ʩʧʝʢʪʨʦʚ, ʭʠʤʠʯʝʩʢʠʝ 

ʩʜʚʠʛʠ, ʤʫʣʴʪʠʧʣʝʪʥʦʩʪʴ, ʢʦʥʩʪʘʥʪʳ ʩʧʠʥ-ʩʧʠʥʦʚʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʩʦʦʪʥʦʰʝʥʠʝ 

ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʧʠʢʦʚ ʚ ʩʧʝʢʪʨʝ ʗʄʈ. 

 

ʍʠʤʠʷ ʫʛʣʝʚʦʜʦʚ: ʨʘʚʥʦʚʝʩʠʝ ʤʝʞʜʫ ʣʠʥʝʡʥʦʡ ʠ ʮʠʢʣʠʯʝʩʢʦʡ ʬʦʨʤʦʡ, ʧʠʨʘʥʦʟʳ ʠ 

ʬʫʨʘʥʦʟʳ, ʧʨʦʝʢʮʠʠ ʍʝʫʦʨʩʘ ʠ ʢʦʥʬʦʨʤʘʮʠʦʥʥʳʝ ʬʦʨʤʫʣʳ, ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. 
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ɿʘʜʘʯʘ 1.  
ʂʦʥʩʪʘʥʪʘ ʨʘʚʥʦʚʝʩʠʷ 

ʆʪʚʝʪʴʪʝ ʥʘ ʩʣʝʜʫʶʱʠʝ ʚʦʧʨʦʩʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʟʥʘʯʝʥʠʡ ʩʪʘʥʜʘʨʪʥʳʭ ʧʦ-

ʪʝʥʮʠʘʣʦʚ E ,̄ ʧʨʠʚʝʜʝʥʥʳʭ ʚ ʪʘʙʣʠʮʝ. 

ʇʦʣʫʨʝʘʢʮʠʷ E 2̄98, ɺ 

Sn2+ + 2e- ­ Sn ï0.14 

Sn4+ + 2e- ­ Sn2+ +0.15 

Hg2
2+ + 2e- ­ 2Hg +0.79 

Hg2Cl2 + 2e- ­ 2Hg + 2Cl- +0.27 

a) ɺʳʯʠʩʣʠʪʝ ʢʦʥʩʪʘʥʪʫ ʨʘʚʥʦʚʝʩʠʷ K ʜʣʷ ʩʣʝʜʫʶʱʝʡ ʨʝʘʢʮʠʠ ʧʨʠ 298 ʂ: 

Sn(ʪʚ) + Sn4+(aq) = 2Sn2+(aq) 

b) ɺʳʯʠʩʣʠʪʝ ʨʘʩʪʚʦʨʠʤʦʩʪʴ S (ʚ ʤʦʣʴĀʢʛï1) Hg2Cl2 ʚ ʚʦʜʝ ʧʨʠ 298 ʂ. ɺ ʚʦʜʥʦʤ 

ʨʘʩʪʚʦʨʝ ʨʪʫʪʴ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʚʠʜʝ ʢʘʪʠʦʥʘ Hg2
2+. 

c) ɺʳʯʠʩʣʠʪʝ ʩʪʘʥʜʘʨʪʥʳʡ ʧʦʪʝʥʮʠʘʣ E ̄ʪʦʧʣʠʚʥʦʛʦ ʵʣʝʤʝʥʪʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʣʝʜʫʶʱʝʡ ʨʝʘʢʮʠʠ, ʚ ʢʦʪʦʨʦʡ ʫʯʘʩʪʚʫʶʪ ʜʚʘ ʵʣʝʢʪʨʦʥʘ: 

H2(ʛ) + İ O2(ʛ) ­ H2O(ʞ)   ȹrG  ̄= ï237.1 ʢɼʞĀʤʦʣʴï1 

ɿʘʜʘʯʘ 2.  

ʉʢʦʨʦʩʪʴ ʟʚʫʢʘ 

ʊʝʧʣʦʝʤʢʦʩʪʴ 1 ʤʦʣʴ ʦʜʥʦʘʪʦʤʥʦʛʦ ʛʘʟʘ, ʪʘʢʦʛʦ ʢʘʢ ʛʝʣʠʡ, ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ 

ʦʙʲʝʤʝ Cv,m ʨʘʚʥʘ ʉv,m = 3/2R, ʛʜʝ R ï ʫʥʠʚʝʨʩʘʣʴʥʘʷ ʛʘʟʦʚʘʷ ʧʦʩʪʦʷʥʥʘʷ. ɺʝʣʠʯʠʥʘ 

ʉv,m ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʚʝʣʠʯʝʥʠʶ ʵʥʝʨʛʠʠ ʧʦʩʪʫʧʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʤʦʣʝʢʫʣ ʛʘʟʘ ʧʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ 1 ʂ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʘʪʦʤʦʚ 

ʫʤʝʥʴʰʘʝʪʩʷ ʜʦ ʥʫʣʷ ʧʨʠ 0 ʂ. 

a) ʇʦʣʫʯʠʪʝ ʚʳʨʘʞʝʥʠʝ, ʩʚʷʟʳʚʘʶʱʝʝ ʩʨʝʜʥʶʶ ʩʢʦʨʦʩʪʴ ʤʦʣʝʢʫʣ ʛʘʟʘ v c ʝʛʦ ʤʦ-

ʣʷʨʥʦʡ ʤʘʩʩʦʡ ʄ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ T. 

ʉʢʦʨʦʩʪʴ ʟʚʫʢʘ vs ʚ ʦʜʥʦʘʪʦʤʥʳʭ ʛʘʟʘʭ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ (ʠ ʧʨʠʤʝʨʥʦ ʨʘʚʥʘ) 

ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʤʦʣʝʢʫʣ ʛʘʟʘ v. ʉʢʦʨʦʩʪʴ ʟʚʫʢʘ ʚ He ʠ Ar ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘ-

ʪʫʨʝ ʨʘʚʥʘ 1007 ʤĀʩï1 ʠ 319 ʤĀʩï1 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

b) ʆʮʝʥʠʪʝ ʩʢʦʨʦʩʪʴ ʟʚʫʢʘ ʚ ʥʝʦʥʝ vs(Ne) ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. 
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ɿʘʜʘʯʘ 3.  

ʉʪʨʫʢʪʫʨʘ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ 

ʌʫʣʣʝʨʝʥʳ ï ʵʪʦ ʛʨʫʧʧʘ ʰʠʨʦʢʦ ʠʟʚʝʩʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʧʦʣʦʡ ʩʬʝʨʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʦʡ. ʕʪʠ ʥʘʥʦʤʘʪʝʨʠʘʣʳ ʷʚʣʷʶʪʩʷ ʥʦʚʳʤʠ ʘʣʣʦʪʨʦʧʥʳʤʠ ʤʦʜʠʬʠʢʘʮʠʷʤʠ 

ʫʛʣʝʨʦʜʘ. ʉʪʨʫʢʪʫʨʘ ʬʫʣʣʝʨʝʥʦʚ, ʩʦʩʪʦʷʱʠʭ ʠʟ n ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ, ʚʢʣʶʯʘʝʪ 12 ʧʷ-

ʪʠʫʛʦʣʴʥʠʢʦʚ ʠ (n/2-10) ʰʝʩʪʠʫʛʦʣʴʥʠʢʦʚ, ʛʜʝ n ï ʯʝʪʥʦʝ ʯʠʩʣʦ (n Ó20). 

ʆʪʚʝʪʴʪʝ ʥʘ ʩʣʝʜʫʶʱʠʝ ʚʦʧʨʦʩʳ, ʧʦʣʘʛʘʷ, ʯʪʦ ʜʣʠʥʘ ʢʘʞʜʦʡ ʩʚʷʟʠ ʉ-ʉ ʚ ʬʫʣ-

ʣʝʨʝʥʝ ʨʘʚʥʘ 0.14 ʥʤ ʠ ʯʪʦ ʤʘʩʩʘ ʢʘʞʜʦʛʦ ʘʪʦʤʘ ʫʛʣʝʨʦʜʘ ʩʦʩʨʝʜʦʪʦʯʝʥʘ ʚ ʦʜʥʦʡ 

ʪʦʯʢʝ. 

 

ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʘ ʙʦʣʴʰʦʛʦ ʬʫʣʣʝʨʝʥʘ ʉ1500 

a) ɺʳʯʠʩʣʠʪʝ ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʬʫʣʣʝʨʝʥʦʚ (ʚ ʥʤ2), ʩʦʩʪʦʷʱʠʭ ʠʟ n ʘʪʦʤʦʚ 

ʫʛʣʝʨʦʜʘ (1 ʥʤ2 = 10ï18 ʤ2). 

b) ɺʳʯʠʩʣʠʪʝ ʨʘʜʠʫʩ ʬʫʣʣʝʨʝʥʦʚ (ʚ ʥʤ) ʢʘʢ ʬʫʥʢʮʠʶ n. ʉʯʠʪʘʡʪʝ, ʯʪʦ ʤʦʣʝʢʫʣʘ 

ʬʫʣʣʝʨʝʥʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʠʜʝʘʣʴʥʫʶ ʩʬʝʨʫ. 

c) ʅʘ ʨʠʩ. 1 ʧʦʢʘʟʘʥ ʙʦʣʴʰʦʡ ʬʫʣʣʝʨʝʥ ʉ1500. ʆʜʥʠʤ ʠʟ ʚʦʟʤʦʞʥʳʭ ʧʨʠʣʦʞʝʥʠʡ ʪʘʢʠʭ 

ʙʦʣʴʰʠʭ ʬʫʣʣʝʨʝʥʦʚ ʷʚʣʷʝʪʩʷ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʢʘʯʝʩʪʚʝ çʤʦʣʝʢʫʣʷʨʥʦʛʦ ʚʦʟ-

ʜʫʰʥʦʛʦ ʰʘʨʠʢʘè, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʧʣʘʚʘʪʴ ʚ ʚʦʟʜʫʭʝ. ʇʨʠ 300 ʂ ʠ 101325 ʇʘ 

ʧʣʦʪʥʦʩʪʴ ʵʪʠʭ ʧʦʣʳʭ ʩʬʝʨʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣ ʤʦʞʝʪ ʙʳʪʴ ʤʝʥʴʰʝ ʧʣʦʪʥʦʩʪʠ 

ʚʦʟʜʫʭʘ (80% N2 ʠ 20% O2). ɺʳʯʠʩʣʠʪʝ ʥʘʠʤʝʥʴʰʝʝ ʯʠʩʣʦ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ ʠ 

ʥʘʠʤʝʥʴʰʠʡ ʨʘʜʠʫʩ ʬʫʣʣʝʨʝʥʘ (ʚ ʥʤ), ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʝ ʵʪʦʤʫ ʫʩʣʦʚʠʶ. ɺ ʜʘʥʥʦʤ 
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ʩʣʫʯʘʝ ʤʦʣʝʢʫʣʘ ʬʫʣʣʝʨʝʥʘ ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʞʝʩʪʢʦʡ, ʯʪʦʙʳ ʩʦʭʨʘʥʷʪʴ 

ʩʚʦʶ ʩʪʨʫʢʪʫʨʫ ʧʦʜ ʜʘʚʣʝʥʠʝʤ ʚʦʟʜʫʭʘ. ʉʯʠʪʘʡʪʝ, ʯʪʦ ʦʥʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʠʜʝʘʣʴʥʫʶ ʩʬʝʨʫ. 

ɿʘʜʘʯʘ 4.  

ʂʦʣʝʙʘʪʝʣʴʥʳʝ ʩʦʩʪʦʷʥʠʷ Cl2  

ɺʦʣʥʦʚʦʝ ʯʠʩʣʦ (ʚ ʩʤï1) ï ʵʪʦ ʚʝʣʠʯʠʥʘ, ʦʙʨʘʪʥʘʷ ʜʣʠʥʝ ʚʦʣʥʳ. ʆʥʘ ʯʘʩʪʦ ʠʩ-

ʧʦʣʴʟʫʝʪʩʷ ʢʘʢ ʤʝʨʘ ʵʥʝʨʛʠʠ ʬʦʪʦʥʘ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʜʣʠʥʦʡ ʚʦʣʥʳ. ʅʘ ʩʣʝʜʫʶ-

ʱʝʤ ʨʠʩʫʥʢʝ ʧʦʢʘʟʘʥ ʩʧʝʢʪʨ ʠʩʧʫʩʢʘʥʠʷ ʛʘʟʦʦʙʨʘʟʥʦʛʦ Cl2, ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʠʟʣʫʯʝʥʠʝʤ 

ʩ ʚʦʣʥʦʚʳʤ ʯʠʩʣʦʤ 73448 ʩʤï1. ʅʘ ʩʧʝʢʪʨʝ ʚʠʜʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʧʠʢʦʚ, ʢʘʞʜʳʡ 

ʠʟ ʢʦʪʦʨʳʭ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʧʨʠ ʧʝʨʝʭʦʜʝ ʚ ʢʦʣʝʙʘʪʝʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ ʩ 

ʢʚʘʥʪʦʚʳʤ ʯʠʩʣʦʤ v (= 0, 1, 2é). 

 

a) ʆʮʝʥʠʪʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʢʦʣʝʙʘʪʝʣʴʥʳʤʠ ʫʨʦʚʥʷʤʠ ʵʥʝʨʛʠʠ Ev (ʚ 

ʢɼʞĀʤʦʣʴï1) ʚ ʦʩʥʦʚʥʦʤ ʵʣʝʢʪʨʦʥʥʦʤ ʩʦʩʪʦʷʥʠʠ Cl2. ɼʣʷ ʨʘʩʯʝʪʦʚ ʚʳʙʝʨʠʪʝ ʣʶ-

ʙʫʶ ʧʘʨʫ ʩʦʩʝʜʥʠʭ ʧʠʢʦʚ. 

ɿʘʜʘʯʘ 5.  

ʉʧʝʢʪʨʦʩʢʦʧʠʷ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ 
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ʂʦʣʝʙʘʥʠʷ ʜʚʫʭʘʪʦʤʥʦʡ ʤʦʣʝʢʫʣʳ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʨʘʩʪʷʞʝʥʠʝ ʠ ʩʞʘ-

ʪʠʝ ʧʨʫʞʠʥʳ (ʨʠʩ. 1). ʋʧʨʫʛʦʩʪʴ ʪʘʢʦʡ ʚʦʦʙʨʘʞʘʝʤʦʡ ʧʨʫʞʠʥʳ ʚʳʨʘʞʘʝʪʩʷ ʩ ʧʦʤʦɦ ʴʶ 

ʩʠʣʦʚʦʡ ʧʦʩʪʦʷʥʥʦʡ k, ʚʝʣʠʯʠʥʘ ʢʦʪʦʨʦʡ ʚʳʰʝ ʜʣʷ ʩʠʣʴʥʳʭ ʩʚʷʟʝʡ ʠ ʥʠʞʝ ʜʣʷ ʩʣʘʙʳʭ. 

ʀʟ ʢʚʘʥʪʦʚʦ-ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʚ ʜʚʫʭʘʪʦʤʥʳʭ ʤʦʣʝ-

ʢʫʣʘʭ ʩʣʝʜʫʝʪ, ʯʪʦ ʵʥʝʨʛʠʷ ʢʦʣʝʙʘʥʠʡ ʧʨʠʥʠʤʘʝʪ ʜʠʩʢʨʝʪʥʳʝ ʟʥʘʯʝʥʠʷ. ʕʥʝʨʛʠʶ ʢʦ-

ʣʝʙʘʥʠʡ Ev ʤʦʞʥʦ ʚʳʨʘʟʠʪʴ ʩʣʝʜʫʶʱʠʤ ʫʨʘʚʥʝʥʠʝʤ: ö
÷

õ
æ
ç

å
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2
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2
v

kh
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mp
, ʛʜʝ h - ʧʦ-

ʩʪʦʷʥʥʘʷ ʇʣʘʥʢʘ, v ï ʢʦʣʝʙʘʪʝʣʴʥʦʝ ʢʚʘʥʪʦʚʦʝ ʯʠʩʣʦ, ʧʨʠʥʠʤʘʶʱʝʝ ʣʶʙʦʝ ʮʝʣʦʝ 

ʥʝʦʪʨʠʮʘʪʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ (0, 1, 2 é), ʘ ɛ ï ʧʨʠʚʝʜʝʥʥʘʷ ʤʘʩʩʘ ʤʦʣʝʢʫʣʳ 

(
21

111

mm
+=

m
, m1 ʠ m2 ï ʤʘʩʩʳ ʘʪʦʤʦʚ). 

ʂʦʛʜʘ ʤʦʣʝʢʫʣʫ ʦʙʣʫʯʘʶʪ ʠʟʣʫʯʝʥʠʝʤ ʩ ʚʳʩʦʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ, ʪʘʢʠʤ, ʢʘʢ 

ʣʘʟʝʨʥʦʝ ʠʟʣʫʯʝʥʠʝ, ʨʘʩʩʝʠʚʘʝʤʦʝ ʠʟʣʫʯʝʥʠʝ ʠʤʝʝʪ ʵʥʝʨʛʠʶ, ʦʪʣʠʯʘʶʱʫʶʩʷ ʦʪ 

ʵʥʝʨʛʠʠ ʧʘʜʘʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ. ʕʪʦ ʦʧʪʠʯʝʩʢʦʝ ʷʚʣʝʥʠʝ ʥʘʟʳʚʘʝʪʩʷ ʢʦʤʙʠʥʘʮʠʦʥʥʳʤ 

ʨʘʩʩʝʷʥʠʝʤ. ʂʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2, ʚ ʜʘʥʥʦʤ ʦʧʪʠʯʝʩʢʦʤ ʧʨʦʮʝʩʩʝ ʨʘʟʥʦʩʪʴ ʵʥʝʨʛʠʡ 

ʤʝʞʜʫ ʨʘʩʩʝʷʥʥʳʤ ʠ ʧʘʜʘʶʱʠʤ ʣʘʟʝʨʥʳʤ ʠʟʣʫʯʝʥʠʝʤ ʨʘʚʥʘ ʵʥʝʨʛʠʠ ʢʦʣʝʙʘʥʠʡ 

ʤʦʣʝʢʫʣʳ. 

 

  ʈʠʩ. 1                                                     ʈʠʩ. 2 

a) ʅʘʡʜʠʪʝ ʦʪʥʦʰʝʥʠʝ ʧʨʠʚʝʜʝʥʥʳʭ ʤʘʩʩ H2, N2 ʠ O2 

ɛ(H2) : ɛ(N2) : ɛ(O2) = 1 : é : é 
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b) ɼʣʠʥʫ ʚʦʣʥʳ l (ʚ ʥʤ) ʠ ʯʘʩʪʦʪʫ v (ʚ ʩï1 = ɻʮ) ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʠ ʠʟʣʫʯʝʥʠʷ. ɺ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʪʘʢʞʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪ ʚʦʣʥʦʚʦʝ ʯʠʩʣʦ (ʚ 

ʩʤï1), ʢʦʪʦʨʦʝ ʨʘʚʥʦ ʯʠʩʣʫ ʚʦʣʥ, ʫʢʣʘʜʳʚʘʶʱʠʭʩʷ ʚ 1 ʩʤ. ɺʳʯʠʩʣʠʪʝ ʯʘʩʪʦʪʫ ʠ 

ʚʦʣʥʦʚʦʝ ʯʠʩʣʦ ʟʝʣʝʥʦʛʦ ʩʚʝʪʘ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 500 ʥʤ. 

c) ʈʘʟʥʦʩʪʴ ʵʥʝʨʛʠʡ ʤʝʞʜʫ ʫʨʦʚʥʷʤʠ H2 ʩ v = 0 ʠ v = 1 ʨʘʚʥʘ 4160 ʩʤï1. ʅʘʡʜʠʪʝ 

ʜʣʠʥʫ ʚʦʣʥʳ ʨʘʩʩʝʷʥʥʦʛʦ ʩʚʝʪʘ ʧʨʠ ʦʙʣʫʯʝʥʠʠ H2 ʩʚʝʪʦʤ ʣʘʟʝʨʘ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 

500 ʥʤ. 

d) ʇʦʣʘʛʘʷ, ʯʪʦ ʩʠʣʦʚʘʷ ʧʦʩʪʦʷʥʥʘʷ ʜʣʷ O2 ʚ ʜʚʘ ʨʘʟʘ ʙʦʣʴʰʝ, ʯʝʤ ʜʣʷ H2, ʦʮʝʥʠʪʝ 

ʨʘʟʥʦʩʪʴ ʵʥʝʨʛʠʡ ʤʝʞʜʫ ʫʨʦʚʥʷʤʠ ʩ v = 0 ʠ v = 1 ʜʣʷ O2. ʅʘʡʜʠʪʝ ʜʣʠʥʫ ʚʦʣʥʳ 

ʨʘʩʩʝʷʥʥʦʛʦ ʩʚʝʪʘ ʧʨʠ ʦʙʣʫʯʝʥʠʠ O2 ʩʚʝʪʦʤ ʣʘʟʝʨʘ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 500 ʥʤ. 

ɿʘʜʘʯʘ 6.  

ʄʝʞʲʷʜʝʨʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʚ ʛʝʪʝʨʦʷʜʝʨʥʦʡ ʜʚʫʭʘʪʦʤʥʦʡ 

ʤʦʣʝʢʫʣʝ 

ʉʪʨʫʢʪʫʨʘ ʧʨʦʩʪʳʭ ʤʦʣʝʢʫʣ ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ, ʚ 

ʢʦʪʦʨʳʭ ʠʩʩʣʝʜʫʶʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʠʟʣʫʯʝʥʠʷ ʩ ʤʦʣʝʢʫʣʘʤʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʜʣʠʥʘʭ 

ʚʦʣʥ. ɺʨʘʱʘʪʝʣʴʥʳʡ ʩʧʝʢʪʨ ʤʦʣʝʢʫʣ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʜʘʣʴʥʝʡ ʠʥʬʨʘʢʨʘʩʥʦʡ ʠʣʠ 

ʤʠʢʨʦʚʦʣʥʦʚʦʡ ʦʙʣʘʩʪʷʭ. ʇʦʩʢʦʣʴʢʫ ʯʘʩʪʦʪʳ ʚ ʤʠʢʨʦʚʦʣʥʦʚʦʡ ʦʙʣʘʩʪʠ ʤʦʞʥʦ ʠʟʤʝ-

ʨʠʪʴ ʦʯʝʥʴ ʪʦʯʥʦ, ʤʝʞʲʷʜʝʨʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʚ ʜʚʫʭʘʪʦʤʥʦʡ ʤʦʣʝʢʫʣʝ ʩ ʧʦʩʪʦʷʥʥʳʤ 

ʜʠʧʦʣʴʥʳʤ ʤʦʤʝʥʪʦʤ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ. ʉʧʝʢʪʨ ʤʦʣʝʢʫʣʳ 

H35Cl ʧʦʢʘʟʘʥ ʥʘ ʨʠʩ. 1. ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʣʠʥʠʷʤʠ ʚʦ ʚʨʘʱʘʪʝʣʴʥʦʤ ʩʧʝʢʪʨʝ ʨʘʚʥʦ v 

= 6.26Ā1011 cï1.  

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʦʩʪʦʡ ʤʦʜʝʣʴʶ ʚʨʘʱʘʶʱʝʡʩʷ ʜʚʫʭʘʪʦʤʥʦʡ ʤʦʣʝʢʫʣʳ ʚʨʘ-

ʱʘʪʝʣʴʥʘʷ ʵʥʝʨʛʠʷ EJ ʷʚʣʷʝʪʩʷ ʜʠʩʢʨʝʪʥʦʡ. ʆʥʘ ʨʘʚʥʘ )1(
8 22
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, J = 0, 1, 

2é. ɺ ʵʪʦʤ ʚʳʨʘʞʝʥʠʠ ɛ ʠ Re ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʨʠʚʝʜʝʥʥʘʷ ʤʘʩʩʘ ʠ ʤʝʞʲʷʜʝʨʥʦʝ 

ʨʘʩʩʪʦʷʥʠʝ. ɺʨʘʱʘʪʝʣʴʥʘʷ ʵʥʝʨʛʠʷ ʟʘʚʠʩʠʪ ʦʪ ʢʚʘʥʪʦʚʦʛʦ ʯʠʩʣʘ J. ʇʝʨʝʭʦʜʳ ʠʟ 

ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ Jò ʚʦ ʚʨʘʱʘʪʝʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ Jô ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʤʠʢʨʦ-

ʚʦʣʥʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʷʚʣʷʶʪʩʷ ʨʘʟʨʝʰʝʥʥʳʤʠ, ʝʩʣʠ Jô ï Jò = Ñ1 

a) ɺʳʯʠʩʣʠʪʝ ʤʝʞʲʷʜʝʨʥʦʝ ʨʘʩʩʪʦʷʥʠʝ Re ʜʣʷ H35Cl. 
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ʈʠʩ. 1 

 

ɿʘʤʝʯʘʥʠʝ. ʇʨʠʚʝʜʝʥʥʘʷ ʤʘʩʩʘ ɛ ï ʵʬʬʝʢʪʠʚʥʘʷ ʤʘʩʩʘ, ʢʦʪʦʨʘʷ ʧʦʷʚʣʷʝʪʩʷ ʚ ʟʘ-

ʜʘʯʝ ʦ ʜʚʫʭ ʪʝʣʘʭ. ɼʣʷ ʜʚʫʭ ʪʝʣ, ʦʜʥʦ ʠʟ ʢʦʪʦʨʳʭ ʠʤʝʝʪ ʤʘʩʩʫ m1, ʘ ʚʪʦʨʦʝ ï m2, ʦʥʘ 

ʟʘʜʘʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝʤ 
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ɿʘʜʘʯʘ 7.  

ɸʪʦʤʥʳʝ ʠ ʤʦʣʝʢʫʣʷʨʥʳʝ ʦʨʙʠʪʘʣʠ 

a) ʀʟʚʝʩʪʥʦ, ʯʪʦ ʤʦʣʝʢʫʣʷʨʥʳʝ ʦʨʙʠʪʘʣʠ H2
+ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʣʠʥʝʡʥʦʡ 

ʢʦʤʙʠʥʘʮʠʠ ʘʪʦʤʥʳʭ ʦʨʙʠʪʘʣʝʡ (ʃʂɸʆ). ʄʦʣʝʢʫʣʷʨʥʳʝ ʦʨʙʠʪʘʣʠ ʨʘʚʥʳ: 

 

ʛʜʝ 1sA ï ʦʨʙʠʪʘʣʴ ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʘʪʦʤʘ ʚʦʜʦʨʦʜʘ, ʮʝʥʪʨʠʨʦʚʘʥʥʘʷ ʥʘ ʷʜʨʝ 

A, ʘ 1sB ï ʘʪʦʤʥʘʷ ʦʨʙʠʪʘʣʴ, ʮʝʥʪʨʠʨʦʚʘʥʥʘʷ ʥʘ ʷʜʨʝ ɺ. ʅʘ ʨʠʩ. 1 ʧʦʢʘʟʘʥʘ ʟʘʚʠ-

ʩʠʤʦʩʪʴ ʵʥʝʨʛʠʠ ʤʦʣʝʢʫʣʷʨʥʳʭ ʦʨʙʠʪʘʣʝʡ ʦʪ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʷʜʨʘʤʠ ʚ H2
+. 

(ʆʙʨʘʪʠʪʝ ʚʥʠʤʘʥʠʝ ʥʘ ʪʦ, ʯʪʦ ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʵʥʝʨʛʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʵʣʝʢ-

ʪʨʦʥʘ ʠ ʧʨʦʪʦʥʘ ʧʨʠʥʷʪʘ ʨʘʚʥʦʡ ʥʫʣʶ, ʢʦʛʜʘ ʵʣʝʢʪʨʦʥ ʠ ʧʨʦʪʦʥ ʠʟʦʣʠʨʦʚʘʥʳ ʜʨʫʛ 

ʦʪ ʜʨʫʛʘ). ʋʢʘʞʠʪʝ, ʢʘʢʘʷ ʠʟ ʢʨʠʚʳʭ ʩʦʦʪʚʝʪʩʪʚʫʝʪ fa. 
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ʈʠʩ. 1 

b) ɿʘʧʠʰʠʪʝ ʤʝʞʲʷʜʝʨʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʚ ʫʩʪʦʡʯʠʚʦʤ H2
+. 

c) ɼʚʝ ʢʨʠʚʳʭ ʥʘ ʨʠʩ. 1 ʩʭʦʜʷʪʩʷ ʢ E1 ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʤʝʞʲʷʜʝʨʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʜʦ 

ʙʝʩʢʦʥʝʯʥʦʩʪʠ. ɿʘʧʠʰʠʪʝ, ʢʘʢʦʤʫ ʬʠʟʠʯʝʩʢʦʤʫ ʧʘʨʘʤʝʪʨʫ ʘʪʦʤʘ ʚʦʜʦʨʦʜʘ ʨʘʚʥʦ 

ʟʥʘʯʝʥʠʝ ʵʥʝʨʛʠʠ |E1|. 

ɿʘʜʘʯʘ 8.  

ʕʣʝʢʪʨʦʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʧʦʣʠʝʥʘ 

ʅʝʨʘʟʚʝʪʚʣʝʥʥʳʡ ʧʦʣʠʝʥ (é-CH=CH-CH=CH-CH=CH-é) ï ʭʠʤʠʯʝʩʢʠʡ ʬʨʘʛʤʝʥʪ, 

ʧʨʠʩʫʪʩʪʚʫʶʱʠʡ ʚ ʤʦʣʝʢʫʣʘʭ, ʧʦʛʣʦʱʘʶʱʠʭ ʚʠʜʠʤʳʡ ʩʚʝʪ. ʈʘʩʩʤʦʪʨʠʤ ʩʚʦʡʩʪʚʘ 

p-ʵʣʝʢʪʨʦʥʦʚ ʚ ʥʝʨʘʟʚʝʪʚʣʝʥʥʦʤ ʧʦʣʠʝʥʝ. 

ɺ ʥʘʯʘʣʝ ʜʣʷ ʧʨʦʩʪʦʪʳ ʨʘʩʩʤʦʪʨʠʤ p-ʵʣʝʢʪʨʦʥʳ 

1,3-ʙʫʪʘʜʠʝʥʘ, ʢʦʪʦʨʳʡ ʩʦʜʝʨʞʠʪ ʯʝʪʳʨʝ ʘʪʦʤʘ ʫʛ-

ʣʝʨʦʜʘ, ʚ ʧʨʠʙʣʠʞʝʥʠʠ ʍʶʢʢʝʣʷ. ʆʙʦʟʥʘʯʠʤ ʥʦʨ-

ʤʘʣʴ ʢ ʧʣʦʩʢʦʩʪʠ ʫʛʣʝʨʦʜʥʦʛʦ ʩʢʝʣʝʪʘ ʢʘʢ ʦʩʴ z, ʘ 

ʘʪʦʤʥʳʝ ʦʨʙʠʪʘʣʠ ʫʛʣʝʨʦʜʘ (2pz-ʦʨʙʠʪʘʣʠ) ʢʘʢ fi (i = 

1, 2, 3, 4). ʄʦʣʝʢʫʣʷʨʥʫʶ ʦʨʙʠʪʘʣʴ yk ʚʳʨʘʟʠʤ ʢʘʢ 

ʣʠʥʝʡʥʫʶ ʢʦʤʙʠʥʘʮʠʶ ʵʪʠʭ ʘʪʦʤʥʳʭ ʦʨʙʠʪʘʣʝʡ ʧʦ 

 

ʈʠʩ. 1. ʍʠʤʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ 

1,3-ʙʫʪʘʜʠʝʥʘ. ɺʩʝ ʘʪʦʤʳ 

ʫʛʣʝʨʦʜʘ ʧʨʦʥʫʤʝʨʦʚʘʥʳ 
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ʫʨʘʚʥʝʥʠʶ: 

 

ʂʫʣʦʥʦʚʩʢʠʡ ʠʥʪʝʛʨʘʣ ʦʙʦʟʥʘʯʘʶʪ ʙʫʢʚʦʡ a, ʘ ʦʙʤʝʥʥʳʡ ʠʥʪʝʛʨʘʣ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ 

ʘʪʦʤʘʤʠ ï ʙʫʢʚʦʡ b, ʛʜʝ a - ʵʥʝʨʛʠʷ 2pz-ʦʨʙʠʪʘʣʠ ʠʟʦʣʠʨʦʚʘʥʥʦʛʦ ʘʪʦʤʘ ʫʛʣʝʨʦʜʘ, ʘ b 

ʤʦʞʥʦ ʥʘʡʪʠ ʧʦ ʧʝʨʝʢʨʳʚʘʥʠʶ ʩʦʩʝʜʥʠʭ 2pz-ʦʨʙʠʪʘʣʝʡ. ʉʦʙʩʪʚʝʥʥʦʝ ʟʥʘʯʝʥʠʝ 

ʥɻʝʨʛʠʠ ek, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ k-ʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʦʨʙʠʪʘʣʠ, ʥʘʭʦʜʷʪ ʚʘʨʠʘʮʠʦʥʥʳʤ 

ʤʝʪʦʜʦʤ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʣʝʜʫʶʱʠʤʠ ʫʨʘʚʥʝʥʠʷʤʠ: 

 

a) ʅʘʨʠʩʫʡʪʝ ʫʨʦʚʥʠ ʵʥʝʨʛʠʠ ʵʪʠʭ ʤʦʣʝʢʫʣʷʨʥʳʭ ʦʨ-

ʙʠʪʘʣʝʡ ʠ ʫʢʘʞʠʪʝ p-ʵʣʝʢʪʨʦʥʳ ʚ ʦʩʥʦʚʥʦʤ ʩʦʩʪʦʷ-

ʥʠʠ. ʉʪʨʝʣʢʘʤʠ ʫʢʘʞʠʪʝ ʥʘʧʨʘʚʣʝʥʠʝ ʩʧʠʥʘ. 

b) ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ a ʠ b ʚʳʨʘʟʠʪʝ ʵʥʝʨʛʠʶ ʬʦʪʦʥʘ, 

ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ ʧʝʨʝʚʦʜʘ 1,3-ʙʫʪʘʜʠʝʥʘ ʠʟ ʦʩʥʦʚ-

ʥʦʛʦ ʚ ʧʝʨʚʦʝ ʚʦʟʙʫʞʜʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ. 

c) ʅʘʨʠʩʫʡʪʝ ʚʳʩʰʫʶ ʟʘʥʷʪʫʶ ʤʦʣʝʢʫʣʷʨʥʫʶ ʦʨʙʠʪʘʣʴ 

(ɺɿʄʆ ʠʣʠ HOMO) ʠ ʥʠʟʰʫʶ ʩʚʦʙʦʜʥʫʶ ʤʦʣʝʢʫʣʷʨʥʫʶ 

ʦʨʙʠʪʘʣʴ (ʅʉʄʆ ʠʣʠ LUMO) 1,3-ʙʫʪʘʜʠʝʥʘ ʩ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʵʪʠʣʝʥʘ, ʧʦʢʘʟʘʥʥʦʛʦ ʥʘ 

ʨʠʩ. 2, ʪ.ʝ., ʥʘʨʠʩʫʡʪʝ ʯʝʪʳʨʝ 2pz-ʦʨʙʠʪʘʣʠ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʝ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ 

ʣʠʥʠʠ ʠ ʫʢʘʞʠʪʝ ʟʥʘʢ ʢʘʞʜʦʡ ʦʨʙʠʪʘʣʠ ʮʚʝʪʦʤ. ɿʘʪʝʤ ʫʢʘʞʠʪʝ ʫʟʣʦʚʳʝ ʪʦʯʢʠ ʩ 

ʧʦʤʦʱʴʶ ʢʨʫʞʢʦʚ. ɺʘʤ ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʫʯʠʪʳʚʘʪʴ ʨʘʟʣʠʯʥʳʡ ʚʢʣʘʜ 

2pz-ʦʨʙʠʪʘʣʝʡ ʚ ʤʦʣʝʢʫʣʷʨʥʳʝ ʦʨʙʠʪʘʣʠ. 

ɼʘʣʝʝ ʨʘʩʩʤʦʪʨʠʤ ʩʚʦʡʩʪʚʘ p-ʵʣʝʢʪʨʦʥʦʚ ʚ ʩʠʩʪʝʤʝ, ʛʜʝ ʯʠʩʣʦ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ 

ʦʯʝʥʴ ʚʝʣʠʢʦ, ʥʘʧʨʠʤʝʨ, ʧʦʣʠʘʮʝʪʠʣʝʥʝ. ʈʘʩʩʤʦʪʨʠʤ ʦʜʥʦʤʝʨʥʫʶ ʮʝʧʦʯʢʫ ʠʟ ʥʝʢʦ-

ʪʦʨʦʛʦ ʯʠʩʣʘ (N) 2pz-ʦʨʙʠʪʘʣʝʡ, ʢʦʪʦʨʳʝ ʨʘʩʧʦʣʦʞʝʥʳ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʮʝʧʦʯʢʝ ʥʘ 

ʨʘʩʩʪʦʷʥʠʠ a. ɽʩʣʠ ʧʨʠʤʝʥʠʪʴ ʛʨʘʥʠʯʥʳʝ ʧʝʨʠʦʜʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʢ ʮʝʧʦʯʢʝ ʜʣʠʥʦʡ 

Na, ʪʦ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʩʦʩʪʦʷʥʠʷ p-ʵʣʝʢʪʨʦʥʦʚ ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʩʣʝʜʫʶʱʠʤʠ ʫʨʘʚʥʝ-

 

ʈʠʩ. 2. ʄʦʣʝʢʫʣʷʨʥʳʝ 

p-ʦʨʙʠʪʘʣʠ ʵʪʠʣʝʥʘ. 

ʂʨʫʞʦʢ ʦʙʦʟʥʘʯʘʝʪ ʫʟ-

ʣʦʚʫʶ ʪʦʯʢʫ 
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ʥʠʷʤʠ: 

 

d) ɺʳʯʠʩʣʠʪʝ ʨʘʟʥʦʩʪʴ ʵʥʝʨʛʠʡ ʤʝʞʜʫ ʤʘʢʩʠʤʘʣʴʥʳʤ ʠ ʤʠʥʠʤʘʣʴʥʳʤ ʫʨʦʚʥʷʤʠ 

ʵʥʝʨʛʠʠ p-ʵʣʝʢʪʨʦʥʦʚ. 

e) ʇʦʩʢʦʣʴʢʫ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʫʨʦʚʥʷʤʠ ʵʥʝʨʛʠʠ ʚ ʦʜʥʦʤʝʨʥʦʡ ʮʝʧʦʯʢʝ ʦʯʝʥʴ ʤʘʣʦ, 

ʫʨʦʚʥʠ ʵʥʝʨʛʠʠ ʦʙʨʘʟʫʶʪ ʢʦʥʪʠʥʫʫʤ (ʥʝʧʨʝʨʳʚʥʳʝ 

ʵʣʝʢʪʨʦʥʥʳʝ ʩʦʩʪʦʷʥʠʷ). ʇʦʵʪʦʤʫ ʪʝʧʣʦʚʦʝ ʚʦʟ-

ʙʫʞʜʝʥʠʝ ʩ ɺɿʄʆ ʥʘ ʅʉʄʆ ʣʝʛʢʦ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʪʘ-

ʢʠʝ ʪʝʨʤʠʯʝʩʢʠ ʚʦʟʙʫʞʜʝʥʥʳʝ ʵʣʝʢʪʨʦʥʳ ʤʦʛʫʪ ʧʝ-

ʨʝʤʝʱʘʪʴʩʷ ʧʦ ʮʝʧʠ ʠ ʚʥʦʩʠʪʴ ʚʢʣʘʜ ʚ ʵʣʝʢʪʨʠʯʝ-

ʩʢʫʶ ʧʨʦʚʦʜʠʤʦʩʪʴ, ʯʠʩʪʳʡ ʧʦʣʠʘʮʝʪʠʣʝʥ ʷʚʣʷʝʪʩʷ 

ʧʣʦʭʠʤ ʧʨʦʚʦʜʥʠʢʦʤ. ʕʪʦ ʧʨʦʠʩʭʦʜʠʪ ʠʟ-ʟʘ ʪʦʛʦ, ʯʪʦ 

ʘʪʦʤʳ ʫʛʣʝʨʦʜʘ ʚ ʧʦʣʠʘʮʝʪʠʣʝʥʝ ʥʝ ʨʘʩʧʦʣʘʛʘʶʪʩʷ 

ʩ ʧʝʨʠʦʜʦʤ a; ʥʘ ʩʘʤʦʤ ʜʝʣʝ, ʵʪʠ ʘʪʦʤʳ ʨʘʩʧʦʣʘ-

ʛʘʁʪʩʷ ʩ ʧʝʨʠʦʜʦʤ 2ʘ ʚʩʣʝʜʩʪʚʠʝ ʯʝʨʝʜʦʚʘʥʠʷ ʦʜʠ-

ʥʘʨʥʳʭ ʠ ʜʚʦʡʥʳʭ ʩʚʷʟʝʡ. ɺɿʄʆ ʠ ʅʉʄʆ ʦʜʥʦʤʝʨʥʦʡ 

ʮʝʧʠ ʩ ʧʝʨʠʦʜʘʤʠ ʘ ʠ 2ʘ ʚʳʛʣʷʜʷʪ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 

3ʘ ʠ 3b. ʂʘʢ ʠʟʤʝʥʷʪʩʷ ʫʨʦʚʥʠ ʵʥʝʨʛʠʠ ɺɿʄʆ ʠ ʅʉʄʆ 

ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʧʝʨʠʦʜʘ ʦʪ ʘ ʜʦ 2ʘ? ɺʳʙʝʨʠʪʝ ʧʨʘʚʠʣʴʥʳʡ ʦʪʚʝʪ: 

(ʘ) ʋʩʪʦʡʯʠʚʦʩʪʴ ɺɿʄʆ ʫʤʝʥʴʰʠʪʩʷ, ʘ ʅʉʄʆ - ʫʚʝʣʠʯʠʪʩʷ. 

(b) ʋʩʪʦʡʯʠʚʦʩʪʴ ɺɿʄʆ ʫʚʝʣʠʯʠʪʩʷ, ʘ ʅʉʄʆ - ʫʤʝʥʴʰʠʪʩʷ.  

(c) ʋʩʪʦʡʯʠʚʦʩʪʴ ɺɿʄʆ ʠ ʅʉʄʆ ʫʚʝʣʠʯʠʪʩʷ.  

(d) ʋʩʪʦʡʯʠʚʦʩʪʴ ɺɿʄʆ ʠ ʅʉʄʆ ʫʤʝʥʴʰʠʪʩʷ. 

 

 

ʈʠʩ. 3. ɺɿʄʆ ʠ ʅʉʄʆ 

ʦʜʥʦʤʝʨʥʦʡ ʮʝʧʦʯʢʠ ʩ 

ʧʝʨʠʦʜʦʤ ʘ (ʩʚʝʨʭʫ) ʠ 2ʘ 

(ʩʥʠʟʫ) 



42-ʘʷ ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʭʠʤʠʯʝʩʢʘʷ ʦʣʠʤʧʠʘʜʘ 2010, ʗʧʦʥʠʷ 

ʍʠʤʠʷ: ʢʣʶʯ ʢ ʥʘʰʝʤʫ ʙʫʜʫʱʝʤʫ 

 
ʇʦʜʛʦʪʦʚʠʪʝʣʴʥʳʝ ʟʘʜʘʥʠʷ 12 

f) ɺ ʦʜʥʦʤʝʨʥʦʡ ʮʝʧʦʯʢʝ ʩ ʧʝʨʠʦʜʦʤ 2a ʩʫʱʝʩʪʚʫʝʪ ʧʨʦʤʝʞʫʪʦʢ ʤʝʞʜʫ ʥʝʧʨʝ-

ʨʳʚʥʳʤʠ ʩʦʩʪʦʷʥʠʷʤʠ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʟʘʧʦʣʥʝʥʥʦʡ ʚʘʣʝʥʪʥʦʡ ʟʦʥʳ ʠ ʥʝʟʘʧʦʣʥʝʥʥʦʡ ʟʦʥʳ 

ʧʨʦʚʦʜʠʤʦʩʪʠ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 4. ʇʦʩʢʦʣʴʢʫ ʚʘ-

ʣʝʥʪʥʘʷ ʟʦʥʘ ʟʘʧʦʣʥʝʥʘ ʵʣʝʢʪʨʦʥʘʤʠ ʠ ʚ ʥʝʡ ʥʝʪ 

ʥʝʟʘʧʦʣʥʝʥʥʳʭ ʩʦʩʪʦʷʥʠʡ, ʢʦʪʦʨʳʝ ʙʳ ʦʙʝʩʧʝʯʠʚʘʣʠ 

ʧʨʦʚʦʜʠʤʦʩʪ,ɹ ʧʦʣʠʘʮʝʪʠʣʝʥ ʷʚʣʷʝʪʩʷ ʠʟʦʣʷʪʦʨʦʤ. 

ʇʨʠ ʜʦʙʘʚʣʝʥʠʠ ʥʝʢʦʪʦʨʦʛʦ ʚʝʱʝʩʪʚʘ ʢ ʧʦʣʠʘʮʝʪʠ-

ʣʝʥʫ ʚʘʣʝʥʪʥʳʝ ʵʣʝʢʪʨʦʥʳ ʩʪʘʥʦʚʷʪʩʷ ʧʦʜʚʠʞʥʳʤʠ. 

ʕʪʦ ʚʝʱʝʩʪʚʦ ʧʦʣʫʯʘʶʪ ʦʢʠʩʣʝʥʠʝʤ ʚʦʜʥʦʛʦ ʨʘʩ-

ʪʚʦʨʘ ʛʘʣʦʛʝʥʠʜʘ ʱʝʣʦʯʥʦʛʦ ʤʝʪʘʣʣʘ. ʏʠʩʣʦ ʵʣʝʢ-

ʪʨʦʥʦʚ ʚʥʫʪʨʝʥʥʠʭ ʦʙʦʣʦʯʝʢ ʚ ʘʪʦʤʘʭ ʵʪʦʡ ʩʦʣʠ 

ʨʘʚʥʦ ʯʠʩʣʫ ʵʣʝʢʪʨʦʥʦʚ ʚ ʘʨʛʦʥʝ. ɿʘʧʠʰʠʪʝ ʭʠʤʠʯʝ-

ʩʢʫʶ ʬʦʨʤʫʣʫ ʵʪʦʛʦ ʚʝʱʝʩʪʚʘ. 

ɿʘʜʘʯʘ 9.  

ʕʣʝʢʪʨʦʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʚʝʱʝʩʪʚʘ ʚ 

ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʤ ʩʦʩʪʦʷʥʠʠ 

ʕʣʝʢʪʨʦʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʚʝʱʝʩʪʚʘ ʚ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʤ 

ʩʦʩʪʦʷʥʠʠ ʦʙʳʯʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʩʪʨʫʢʪʫʨʳ ʠʟʦʣʠʨʦʚʘʥʥʦʛʦ 

ʘʪʦʤʘ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʥʘ ʨʠʩ. 1 ʧʦʢʘʟʘʥʳ ʫʨʦʚʥʠ ʵʥʝʨʛʠʠ 

ʦʜʥʦʤʝʨʥʦʡ ʮʝʧʦʯʢʠ ʘʪʦʤʦʚ Na. ʅʘ ʨʠʩʫʥʢʝ ʧʦʢʘʟʘʥʦ ʠʟʤʝʥʝ-

ʥʠʝ ʫʨʦʚʥʝʡ ʵʥʝʨʛʠʠ, ʦʙʨʘʟʦʚʘʥʥʳʭ ʠʟ 3s-ʦʨʙʠʪʘʣʝʡ Na. ʈʘʩ-

ʩʪʦʷʥʠʝ ʤʝʞʜʫ ʫʨʦʚʥʷʤʠ ʵʥʝʨʛʠʠ ʫʤʝʥʴʰʘʝʪʩʷ ʧʦ ʤʝʨʝ ʫʚʝ-

ʣʠʯʝʥʠʷ ʯʠʩʣʘ ʘʪʦʤʦʚ Na (N). ʇʨʠ ʦʯʝʥʴ ʙʦʣʴʰʠʭ N ʨʘʩʩʪʦʷʥʠʝ 

ʤʝʞʜʫ ʫʨʦʚʥʷʤʠ ʩʪʘʥʦʚʠʪʩʷ ʧʨʝʥʝʙʨʝʞʠʤʦ ʤʘʣʦ ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩ ʵʥʝʨʛʠʝʡ ʪʝʧʣʦʚʦʛʦ ʜʚʠʞʝʥʠʷ ʠ ʥʘʙʦʨ ʫʨʦʚʥʝʡ, ʧʦʣʫʯʝʥʥʳʭ ʠʟ 

3s-ʦʨʙʠʪʘʣʝʡ, ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ çʟʦʥʫè ʫʨʦʚʥʝʡ ʵʥʝʨ-

ʛʠʠ (ʧʦʩʣʝʜʥʷʷ ʩʭʝʤʘ ʥʘ ʨʠʩ. 1). 3s-ʵʣʝʢʪʨʦʥʳ Na, ʟʘʥʠʤʘʶʱʠʝ 

ʟʦʥʫ ʫʨʦʚʥʝʡ ʵʥʝʨʛʠʠ, ʜʝʣʦʢʘʣʠʟʫʶʪʩʷ ʚʜʦʣʴ ʮʝʧʠ, ʯʪʦ ʧʨʠʚʦ-

ʜʠʪ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 

3s-ʵʣʝʢʪʨʦʥʳ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʩʚʦʙʦʜʥʳʝ ʯʘʩʪʠʮʳ, 

ʥʘʭʦʜʷʱʠʝʩʷ ʚʥʫʪʨʠ ʦʜʥʦʤʝʨʥʦʛʦ ʷʱʠʢʘ. 

 

ʈʠʩ. 4. ʅʝʧʨʝʨʳʚʥʳʝ 

ʵʣʝʢʪʨʦʥʥʳʝ ʩʦʩʪʦʷʥʠʷ 

ʦʜʥʦʤʝʨʥʦʡ ʮʝʧʦʯʢʠ ʩ 

ʧʝʨʠʦʜʦʤ 2ʘ. Conduction 

band ï ʟʦʥʘ ʧʨʦʚʦʜʠʤʦ-

ʩʪʠ, Valence band ï ʚʘ-

ʣʝʥʪʥʘʷ ʟʦʥʘ 

 

ʈʠʩ. 1 



42-ʘʷ ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʭʠʤʠʯʝʩʢʘʷ ʦʣʠʤʧʠʘʜʘ 2010, ʗʧʦʥʠʷ 

ʍʠʤʠʷ: ʢʣʶʯ ʢ ʥʘʰʝʤʫ ʙʫʜʫʱʝʤʫ 

 
ʇʦʜʛʦʪʦʚʠʪʝʣʴʥʳʝ ʟʘʜʘʥʠʷ 13 

 

a) ʉʦʙʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʵʥʝʨʛʠʠ ʩʚʦʙʦʜʥʳʭ ʯʘʩʪʠʮ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʦʜʥʦʤʝʨʥʦʤ 

ʷʱʠʢʝ, ʤʦʞʥʦ ʥʘʡʪʠ ʧʦ ʫʨʘʚʥʝʥʠʶ 
2

22

8mL

hn
En =  , n = 1, 2, 3é, ʛʜʝ n ï ʢʚʘʥʪʦʚʦʝ ʯʠʩʣʦ, 

h ï ʧʦʩʪʦʷʥʥʘʷ ʇʣʘʥʢʘ, ʪ ï ʤʘʩʩʘ ʵʣʝʢʪʨʦʥʘ, ʘ L ï ʜʣʠʥʘ ʦʜʥʦʤʝʨʥʦʡ ʮʝʧʦʯʢʠ 

ʘʪʦʤʦʚ Na. ʇʦʣʘʛʘʷ, ʯʪʦ ʜʣʠʥʘ ʮʝʧʦʯʢʠ ʨʘʚʥʘ L = a0(N ï 1), ʛʜʝ N ï ʯʠʩʣʦ ʘʪʦʤʦʚ 

Na, ʘ a0 ï ʤʝʞʘʪʦʤʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʙʣʠʞʘʡʰʠʤʠ ʩʦʩʝʜʷʤʠ, ʚʳʯʠʩʣʠʪʝ 

ʵʥʝʨʛʠʶ ʚʳʩʰʝʛʦ ʟʘʥʷʪʦʛʦ ʫʨʦʚʥʷ. 

b) ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ 1.00 ʤʛ Na ʦʙʨʘʟʫʝʪ ʦʜʥʦʤʝʨʥʫʶ ʮʝʧʦʯʢʫ ʩ a0 = 0.360 ʥʤ. ɺr -

ʯʠʩʣʠʪʝ ʨʘʟʥʦʩʪʴ ʵʥʝʨʛʠʡ ʤʝʞʜʫ ʥʠʟʰʠʤ ʠ ʚʳʩʰʠʤ ʟʘʥʷʪʳʤ ʫʨʦʚʥʷʤʠ. 

c) ɼʦʧʫʩʪʠʤ, ʯʪʦ ʵʥʝʨʛʠʷ ʪʝʧʣʦʚʦʛʦ ʜʚʠʞʝʥʠʷ ʨʘʚʥʘ 25 ʤʵɺ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤ-

ʧʝʨʘʪʫʨʝ. ʂʘʢʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʘʪʦʤʦʚ Na ʜʦʣʞʥʘ ʙʳʪʴ ʦʙʨʘʟʦʚʘʥʘ ʮʝʧʦʯʢʘ, 

ʯʪʦʙʳ ʨʘʟʥʦʩʪʴ ʵʥʝʨʛʠʡ ʤʝʞʜʫ ʥʠʟʰʠʤ ʩʚʦʙʦʜʥʳʤ ʠ ʚʳʩʰʠʤ ʟʘʥʷʪʳʤ ʫʨʦʚʥʷʤʠ 

ʙʳʣʘ ʤʝʥʴʰʝ ʵʥʝʨʛʠʠ ʪʝʧʣʦʚʦʛʦ ʜʚʠʞʝʥʠʷ (25 ʤʵɺ)? ɺʳʯʠʩʣʠʪʝ ʥʘʠʤʝʥʴʰʝʝ ʥʝ-

ʦʙʭʦʜʠʤʦʝ ʯʠʩʣʦ ʘʪʦʤʦʚ Na, ʧʦʣʘʛʘʷ, ʯʪʦ ʵʪʦ ʯʠʩʣʦ ʯʝʪʥʦʝ. 

ɿʘʜʘʯʘ 10.  

ʋʛʣʝʢʠʩʣʳʡ ʛʘʟ I 

ʈʝʘʢʮʠʠ ʦʢʠʩʣʝʥʠʷ ʠ ʩʛʦʨʘʥʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʷʚʣʷʶʪʩʷ ʵʢʟʦʪʝʨʤʠ-

ʯʝʩʢʠʤʠ. ʕʥʝʨʛʠʷ ʩʛʦʨʘʥʠʷ ʠʩʢʦʧʘʝʤʳʭ ʪʦʧʣʠʚ, ʪʘʢʠʭ ʢʘʢ ʥʝʬʪʴ, ʫʛʦʣʴ ʠ ʧʨʠʨʦʜʥʳʡ 

ʛʘʟ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʘʢ ʦʩʥʦʚʥʦʡ ʠʩʪʦʯʥʠʢ ʵʥʝʨʛʠʠ. 

a) ʈʘʩʩʯʠʪʘʡʪʝ ʚʝʣʠʯʠʥʫ ȹH̄ ʧʦʣʥʦʛʦ ʩʛʦʨʘʥʠʷ 1 ʤʦʣʴ ʤʝʪʘʥʘ ʧʨʠ 298 K ʥʘ ʚʦʟʜʫʭʝ, 

ʠʩʧʦʣʴʟʫʷ ʧʨʠʚʝʜʝʥʥʳʝ ʥʠʞʝ ʩʪʘʥʜʘʨʪʥʳʝ ʵʥʪʘʣʴʧʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʤʝʪʘʥʘ, ʫʛ-

ʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʠ ʚʦʜʳ: 

  ʤʝʪʘʥ  -74.82 ʢɼʞ ʤʦʣʴï1 

  ʫʛʣʝʢʠʩʣʳʡ ʛʘʟ -393.5 ʢɼʞ ʤʦʣʴï1 

  ʚʦʜʘ -285.8 ʢɼʞ ʤʦʣʴï1 

b) ɺ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ ʫʛʣʝʢʠʩʣʳʡ ʛʘʟ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʜʝʡʩʪʚʠʝʤ ʩʦʣʷʥʦʡ 

ʢʠʩʣʦʪʳ ʥʘ ʢʘʨʙʦʥʘʪ ʢʘʣʴʮʠʷ. ʈʘʩʩʯʠʪʘʡʪʝ ʦʙʲʝʤ V ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ (ʚ ʩʤ3, 

ʠʟʤʝʨʝʥʥʳʡ ʧʨʠ 298 ʂ ʠ 1013 ʛʇʘ), ʢʦʪʦʨʳʡ ʚʳʜʝʣʠʪʩʷ ʧʨʠ ʜʝʡʩʪʚʠʠ 50,0 ʤʣ 1,00 

ʄ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʳ ʥʘ 10,0 ʛ ʢʘʨʙʦʥʘʪʘ ʢʘʣʴʮʠʷ. ʉʯʠʪʘʡʪʝ, ʯʪʦ ʨʝʘʢʮʠʷ ʧʨʦʪʝ-



42-ʘʷ ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʭʠʤʠʯʝʩʢʘʷ ʦʣʠʤʧʠʘʜʘ 2010, ʗʧʦʥʠʷ 

ʍʠʤʠʷ: ʢʣʶʯ ʢ ʥʘʰʝʤʫ ʙʫʜʫʱʝʤʫ 

 
ʇʦʜʛʦʪʦʚʠʪʝʣʴʥʳʝ ʟʘʜʘʥʠʷ 14 

ʢʘʝʪ ʜʦ ʢʦʥʮʘ, ʘ ʦʙʨʘʟʫʶʱʠʡʩʷ ʫʛʣʝʢʠʩʣʳʡ ʛʘʟ ʚʝʜʝʪ ʩʝʙʷ ʢʘʢ ʠʜʝʘʣʴʥʳʡ ʛʘʟ.  

ɿʘʜʘʯʘ 11.  

ʋʛʣʝʢʠʩʣʳʡ ʛʘʟ II 

ʊʚʝʨʜʳʡ ʫʛʣʝʢʠʩʣʳʡ ʛʘʟ ʥʘʟʳʚʘʶʪ "ʩʫʭʠʤ ʣʴʜʦʤ". "ʉʫʭʦʡ ʣʝʜ" ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʤʦʣʝʢʫʣʷʨʥʦʝ ʪʚʝʨʜʦʝ ʚʝʱʝʩʪʚʦ, ʠʤʝʶʱʝʝ ʛʨʘʥʝʮʝʥʪʨʠʨʦʚʘʥʥʫʶ ʢʫʙʠʯʝʩʢʫʶ 

ʨʝh ʝʪʢʫ, ʚ ʫʟʣʘʭ ʢʦʪʦʨʦʡ ʥʘʭʦʜʷʪʩʷ ʤʦʣʝʢʫʣʳ ʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ(IV).  

a) ʈʘʩʩʯʠʪʘʡʪʝ ʧʣʦʪʥʦʩʪʴ "ʩʫʭʦʛʦ ʣʴʜʘ" ɟ, ʝʩʣʠ ʜʣʠʥʘ ʨʝʙʨʘ ʵʣʝʤʝʥʪʘʨʥʦʡ ʢʫʙʠ-

ʯʝʩʢʦʡ ʷʯʝʡʢʠ ʩʦʩʪʘʚʣʷʝʪ 0.56 ʥʤ. 

b) ʈʘʩʩʯʠʪʘʡʪʝ ʯʠʩʣʦ ʤʦʣʝʢʫʣ N ʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ(IV) ʚ ʢʫʙʠʢʝ "ʩʫʭʦʛʦ ʣʴʜʘ" ʨʘʟʤʝ-

ʨʦʤ 20 ʩʤ Ĭ 10 ʩʤ Ĭ 5.0 ʩʤ. 

ɿʘʜʘʯʘ 12.  

ʉʠʥʪʝʟ ʜʠʦʢʩʠʜʘ ʪʠʪʘʥʘ 

ʆʜʥʠʤ ʠʟ ʚʘʞʥʳʭ ʤʠʥʝʨʘʣʦʚ ʜʣʷ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʦʣʫʯʝʥʠʷ ʜʠʦʢʩʠʜʘ ʪʠʪʘʥʘ 

ʷʚʣʷʝʪʩʷ ʠʣʴʤʝʥʠʪ (FeTiO3). ʄʦʜʝʣʴʥʳʡ ʧʨʦʮʝʩʩ ʧʦʣʫʯʝʥʠʷ ʜʠʦʢʩʠʜʘ ʪʠʪʘʥʘ (ʩʫʣʴ-

ʬʘʪʥʳʡ ʤʝʪʦʜ) ʩʦʩʪʦʠʪ ʠʟ ʩʣʝʜʫʶʱʠʭ ʩʪʘʜʠʡ (A)-(D).  

(A) ʧʫʪʝʤ ʨʘʩʪʚʦʨʝʥʠʷ ʠʣʴʤʝʥʠʪʘ ʚ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʩʝʨʥʦʡ ʢʠʩʣʦʪʝ ʧʨʠ 

ʥʘʛʨʝʚʘʥʠʠ ʧʦʣʫʯʘʶʪ ʨʘʩʪʚʦʨ, ʩʦʜʝʨʞʘʱʠʡ ʩʫʣʴʬʘʪ ʞʝʣʝʟʘ(II) ʠ ʩʫʣʴʬʘʪ ʪʠ-

ʪʘʥʠʣʘ (TiOSO4). 

(B) ʛʝʧʪʘʛʠʜʨʘʪ ʩʫʣʴʬʘʪʘ ʞʝʣʝʟʘ(II) ʦʩʘʞʜʘʶʪ ʠʟ ʨʘʩʪʚʦʨʘ ʧʫʪʝʤ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 

ʝʛʦ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʨʘʩʪʚʦʨʝ ʠ ʦʭʣʘʞʜʝʥʠʷ. 

(C) ʧʦʩʣʝ ʦʪʜʝʣʝʥʠʷ ʦʩʘʜʢʘ ʛʝʧʪʘʛʠʜʨʘʪʘ ʩʫʣʴʬʘʪʘ ʞʝʣʝʟʘ(II) ʦʩʘʞʜʘʶʪ ʛʠʜʨʦʢ-

ʩʠʜ ʪʠʪʘʥʘ (TiO(OH)2) ʧʫʪʝʤ ʥʘʛʨʝʚʘʥʠʷ ʨʘʩʪʚʦʨʘ ʠ ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʠ ʛʠʜ-

ʨʦʣʠʟʘ. 

(D) ʜʠʦʢʩʠʜ ʪʠʪʘʥʘ ʧʦʣʫʯʘʶʪ ʧʨʦʢʘʣʠʚʘʥʠʝʤ ʛʠʜʨʦʢʩʠʜʘ ʪʠʪʘʥʘ. 

ʇʦʣʫʯʝʥʥʳʡ ʩʫʣʴʬʘʪ ʞʝʣʝʟʘ(II) ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʬʝʨʨʠʪʦʚ. ʀʟʙʳʪʦʢ 

ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ ʥʝʡʪʨʘʣʠʟʫʶʪ ʠʟʚʝʩʪʥʷʢʦʤ (ʢʘʨʙʦʥʘʪʦʤ ʢʘʣʴʮʠʷ). ʇʨʠ ʵʪʦʤ ʚ ʢʘʯʝ-

ʩʪʚʝ ʧʦʙʦʯʥʦʛʦ ʧʨʦʜʫʢʪʘ ʦʙʨʘʟʫʝʪʩʷ ʛʠʧʩ (ʜʠʛʠʜʨʘʪ ʩʫʣʴʬʘʪʘ ʢʘʣʴʮʠʷ). 

a) ʇʨʠʨʦʜʥʘ ̫ʠʣʴʤʝʥʠʪʦʚʘʷ ʨʫʜʘ ʩʦʜʝʨʞʠʪ ʨʷʜ ʧʨʠʤʝʩʝʡ. ɼʦʧʫʩʪʠʤ, ʯʪʦ ʤʘʩʩʦʚʘʷ 

ʜʦʣʷ ʠʣʴʤʝʥʠʪʘ ʚ ʨʫʜʝ, ʠʩʧʦʣʴʟʫʝʤʦʡ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʜʠʦʢʩʠʜʘ ʪʠʪʘʥʘ, ʩʦʩʪʘʚ-

ʣʷʝʪ 35.0 %, ʘ ʧʨʠʤʝʩʠ ʥʝ ʩʦʜʝʨʞʘʪ ʪʠʪʘʥʘ. ʈʘʩʩʯʠʪʘʡʪʝ ʤʘʩʩʫ ʠʣʴʤʝʥʠʪʘ m, 

ʢʦʪʦʨʳʡ ʩʦʜʝʨʞʠʪʩʷ ʚ 1000 ʢʛ ʨʫʜʳ. 



42-ʘʷ ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʭʠʤʠʯʝʩʢʘʷ ʦʣʠʤʧʠʘʜʘ 2010, ʗʧʦʥʠʷ 

ʍʠʤʠʷ: ʢʣʶʯ ʢ ʥʘʰʝʤʫ ʙʫʜʫʱʝʤʫ 
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b) ʅʘʧʠʰʠʪʝ ʭʠʤʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ ʩʫʤʤʘʨʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʧʨʦʪʝʢʘʶʱʝʛʦ ʥʘ ʩʪʘ-

ʜʠʷʭ (A) ʠ (B). 

c) ʅʘʧʠʰʠʪʝ ʭʠʤʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ ʩʫʤʤʘʨʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʧʨʦʪʝʢʘʶʱʝʛʦ ʥʘ ʩʪʘ-

ʜʠʷʭ (A)-(D). 

d) ɺ ʣʘʙʦʨʘʪʦʨʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ 25.0 ʤʣ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ (18.0 

ʤʦʣʴ ʣ-1) ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʜʠʦʢʩʠʜʘ ʪʠʪʘʥʘ  ʠʟ 10.0 ʛ ʯʠʩʪʦʛʦ ʠʣʴ-

ʤʝʥʠʪʘ. ʈʘʩʩʯʠʪʘʡʪʝ ʤʠʥʠʤʘʣʴʥʫʶ ʤʘʩʩʫ ʢʘʨʙʦʥʘʪʘ ʢʘʣʴʮʠʷ, m, ʥʝʦʙʭʦʜʠʤʦʛʦ 

ʜʣʷ ʥʝʡʪʨʘʣʠʟʘʮʠʠ ʠʟʙʳʪʢʘ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ ʧʦʩʣʝ ʧʦʣʥʦʛʦ ʟʘʚʝʨʰʝʥʠʷ ʚʩʝʭ 

ʧʨʦʮʝʩʩʦʚ (A)-(D). 

ɿʘʜʘʯʘ 13:  

ʎʠʢʣ ɹʦʨʥʘ-ɻʘʙʝʨʘ 

ʇʨʠ ʦʙʨʘʟʦʚʘʥʠʠ 1 ʤʦʣʷ ʠʦʥʥʳʭ ʧʘʨ ʠʟ ʛʘʟʦʦʙʨʘʟʥʳʭ ʠʦʥʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʥʘ 

ʙʝʩʢʦʥʝʯʥʦʤ ʨʘʩʩʪʦʷʥʠʠ ʜʨʫʛ ʦʪ ʜʨʫʛʘ, ʚʳʜʝʣʷʝʪʩʷ ʥʝʢʦʪʦʨʘʷ ʵʥʝʨʛʠʷ. ʕʥʝʨʛʠʷ, ʚʳ-

ʜʝʣʷʶʱʘʷʩʷ ʧʨʠ 0 ʂ ʠ ʥʦʨʤʘʣʴʥʦʤ ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ ʚ ʪʘʢʦʤ ʧʨʦʮʝʩʩʝ, ʥʘʟʳ-

ʚʘʝʪʩʷ ʵʥʝʨʛʠʝʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ. ʕʥʝʨʛʠ ̫ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ ʠʦʥ-

ʥʦʛʦ ʢʨʠʩʪʘʣʣʘ ʪʘʢʞʝ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʘ ʠʟ ʝʛʦ ʵʥʪʘʣʴʧʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʩ ʧʦʤʦʱʴʶ 

ʟʘʢʦʥʘ ɻʝʩʩʘ.  

a) ʀʟʦʙʨʘʟʠʪʝ ʩʭʝʤʘʪʠʯʝʩʢʠ ʮʠʢʣ ɹʦʨʥʘ-ɻʘʙʝʨʘ ʜʣʷ ʭʣʦʨʠʜʘ ʢʘʣʠʷ (KCl) ʠ ʨʘʩʩʯʠ-

ʪʘʡʪʝ ʵʥʝʨʛʠʶ ʨʝʰʝʪʢʠ ʥʘ ʦʩʥʦʚʘʥʠʠ ʩʣʝʜʫʶʱʠʭ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʜʘʥʥʳʭ 

ʕʥʪʘʣʴʧʠʷ ʦʙʨʘʟʦʚʘʥʠʷ KCl(ʪʚ) ï 437 ʢɼʞ ʤʦʣʴï1 

ʕʥʪʘʣʴʧʠʷ ʠʩʧʘʨʝʥʠʷ K(ʪʚ) 89 ʢɼʞ ʤʦʣʴï1 

ʕʥʝʨʛʠʷ ʠʦʥʠʟʘʮʠʠ K(ʛ) 419 ʢɼʞ ʤʦʣʴï1 

ʕʥʪʘʣʴʧʠʷ ʜʠʩʩʦʮʠʘʮʠʠ Cl2(ʛ) 242 ʢɼʞ ʤʦʣʴï1 

ʉʨʦʜʩʪʚʦ ʢ ʵʣʝʢʪʨʦʥʫ ʘʪʦʤʘ Cl(ʛ) ï 349 ʢɼʞ ʤʦʣʴï1 

ɿʘʜʘʯʘ 14.  

ʉʪʨʫʢʪʫʨʘ ʪʚʝʨʜʳʭ ʪʝʣ 

ʕʣʝʤʝʥʪʘʨʥʘʷ ʷʯʝʡʢʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ CaF2 ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 

ʥʠʞʝ. ɼʦʙʘʚʣʝʥʠʝ ʥʝʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ Y2O3 ʢ CeO2, ʠʤʝʶʱʝʤʫ ʨʝʰʝʪʢʫ CaF2, ʠ 

ʥʘʛʨʝʚʘʥʠʝ ʧʨʠʚʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʶ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ Ce1-xYxO2-y, ʚ ʢʘʪʠʦʥʥʳʭ ʫʟʣʘʭ 

ʢʦʪʦʨʦʛʦ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʳ ʠʦʥʳ Ce4+ ʠ Y3+, ʘ ʚ ʘʥʠʦʥʥʳʭ ʫʟʣʘʭ ʦʙʨʘʟʫʶʪʩʷ 



42-ʘʷ ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʭʠʤʠʯʝʩʢʘʷ ʦʣʠʤʧʠʘʜʘ 2010, ʗʧʦʥʠʷ 

ʍʠʤʠʷ: ʢʣʶʯ ʢ ʥʘʰʝʤʫ ʙʫʜʫʱʝʤʫ 
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ʢʠʩʣʦʨʦʜʥʳʝ ʚʘʢʘʥʩʠʠ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʩʪʝʧʝʥʴ ʦʢʠʩʣʝʥʠʷ ʠʦʥʦʚ ʮʝʨʠʷ ʧʦʩʪʦ-

ʷʥʥʘ ʠ ʨʘʚʥʘ +4.  

a

Ce4+

O2

a

Ce4+

O2

 

a) ʂʘʢʦʝ ʯʠʩʣʦ ʢʘʪʠʦʥʦʚ ʠ ʘʥʠʦʥʦʚ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʦʜʥʫ ʵʣʝʤʝʥʪʘʨʥʫʶ ʷʯʝʡʢʫ 

ʩʪʨʫʢʪʫʨʥʦʛʦ ʪʠʧʘ CaF2? 

b) ʏʝʤʫ ʨʘʚʥʦ ʦʪʥʦʰʝʥʠʝ (ʚ %) ʯʠʩʣʘ ʢʠʩʣʦʨʦʜʥʳʭ ʚʘʢʘʥʩʠʡ ʢ ʯʠʩʣʫ ʘʥʠʦʥʥʳʭ ʫʟʣʦʚ 

ʚ ʪʚʝʨʜʦʤ ʧʨʦʜʫʢʪʝ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʤ ʠʟ ʩʤʝʩʠ CeO2 ʠ Y2O3, ʚʟʷʪʳʭ ʚ ʤʦʣʴʥʦʤ 

ʩʦʦʪʥʦʰʝʥʠʠ 0.8 : 0.1?  

c) ʈʘʩʩʯʠʪʘʡʪʝ ʯʠʩʣʦ ʢʠʩʣʦʨʦʜʥʳʭ ʚʘʢʘʥʩʠʡ, ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ 1.00 ʩʤ3 ʪʚʝʨʜʦʛʦ 

ʨʘʩʪʚʦʨʘ, ʩʠʥʪʝʟ ʢʦʪʦʨʦʛʦ ʫʧʦʤʷʥʫʪ ʚʳʰʝ. ʇʨʠʤʠʪʝ ʦʙʲʝʤ a3 ʵʣʝʤʝʥʪʘʨʥʦʡ, 

ʷʯʝʡʢʠ ʨʘʚʥʳʤ 1.36 x 10ï22 ʩʤ3. 

ɿʘʜʘʯʘ 15.  

ʆʢʩʠʜ-ʠʦʥʥʳʝ ʧʨʦʚʦʜʥʠʢʠ 

ʂʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʦʢʩʠʜʳ ʩʦ ʩʪʨʫʢʪʫʨʦʡ CaF2, ʩʦʜʝʨʞʘʱʠʝ ʚʳʩʦʢʠʝ ʢʦʥʮʝʥʪʨʘ-

ʮʠʠ ʢʠʩʣʦʨʦʜʥʳʭ ʚʘʢʘʥʩʠʡ, ʦʙʣʘʜʘʶʪ ʠʦʥʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʴʶ ʧʨʠ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘ-

ʪʫʨʝ, ʦʙʫʩʣʦʚʣʝʥʥʦʡ ʘʥʠʦʥʘʤʠ ʢʠʩʣʦʨʦʜʘ. ʊʘʢʠʝ ʦʢʩʠʜʳ ʧʨʠʥʷʪʦ ʥʘʟʳʚʘʪʴ ʪʚʝʨʜʳʤʠ 

ʵʣʝʢʪʨʦʣʠʪʘʤʠ. ʗʯʝʡʢʠ, ʠʩʧʦʣʴʟʫʶʱʠʝ ʪʚʝʨʜʳʡ ʵʣʝʢʪʨʦʣʠʪ ʩ ʧʦʨʠʩʪʳʤʠ 

Pt-ʵʣʝʢʪʨʦʜʘʤʠ ʩ ʦʙʝʠʭ ʩʪʦʨʦʥ, ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʢʘʯʝʩʪʚʝ ʢʠʩʣʦʨʦʜʥʳʭ 

ʩʝʥʩʦʨʦʚ, ʢʠʩʣʦʨʦʜʥʳʭ ʥʘʩʦʩʦʚ, ʪʦʧʣʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʜʨ. 

    ɺ ʢʠʩʣʦʨʦʜʥʦʤ ʥʘʩʦʩʝ ʤʦʣʝʢʫʣʳ ʢʠʩʣʦʨʦʜʘ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʜʦ ʘʥʠʦʥʦʚ ʢʠʩ-

ʣʦʨʦʜʘ ʥʘ ʢʘʪʦʜʝ, ʘ ʦʙʨʘʟʦʚʘʚʰʠʝʩʷ ʘʥʠʦʥʳ ʜʚʠʞʫʪʩʷ ʢ ʘʥʦʜʫ ʠ ʦʢʠʩʣʷʶʪʩʷ ʪʘʤ ʜʦ 

ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʢʠʩʣʦʨʦʜʘ ʟʘ ʩʯʝʪ ʧʨʠʣʦʞʝʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʦʪ ʠʩʪʦʯʥʠʢʘ ʪʦʢʘ. ɽʩʣʠ 

ʧʘʨʮʠʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ ʢʠʩʣʦʨʦʜʘ ʥʘ ʜʚʫʭ ʵʣʝʢʪʨʦʜʘʭ, ʢʦʪʦʨʳʝ ʥʝ ʟʘʤʢʥʫʪʳ ʥʘʢʦ-

ʨʦʪʢʦ, ʦʪʣʠʯʘʝʪʩʷ, ʤʝʞʜʫ ʥʠʤʠ ʚʦʟʥʠʢʘʝʪ ʵʣʝʢʪʨʦʜʚʠʞʫʱʘʷ ʩʠʣʘ. ʕʪʦ ʷʚʣʝʥʠʝ ʠʩ-

ʧʦʣʴʟʫʝʪʩʷ ʚ ʢʠʩʣʦʨʦʜʥʳʭ ʩʝʥʩʦʨʘʭ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʠʩʣʦʨʦʜʘ. 
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a) ʇʨʠʚʝʜʠʪʝ ʫʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʡ ʥʘ ʘʥʦʜʝ ʠ ʢʘʪʦʜʝ ʢʠʩʣʦʨʦʜʥʦʛʦ ʥʘʩʦʩʘ. 

b) ʕʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ ʩʠʣʦʡ 1.93 A ʧʨʦʧʫʱʝʥ ʚ ʪʝʯʝʥʠʝ 500 ʩ ʯʝʨʝʟ ʢʠʩʣʦʨʦʜʥʳʡ 

ʥʘʩʦʩ ʜʣʷ ʧʝʨʝʤʝʱʝʥʠʷ ʠʦʥʦʚ ʢʠʩʣʦʨʦʜʘ ʦʪ ʢʘʪʦʜʘ ʢ ʘʥʦʜʫ. ʈʘʩʩʯʠʪʘʡʪʝ ʦʙʲʝʤ 

ʢʠʩʣʦʨʦʜʘ (ʚ ʤʣ), ʚʳʜʝʣʠʚʰʝʛʦʩʷ ʥʘ ʘʥʦʜʝ ʧʨʠ 800 ÜC ʠ 1.01 x 105 ʇʘ. ɼʘʡʪʝ ʦʪʚʝʪ 

ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ ʜʚʫʭ ʟʥʘʯʘʱʠʭ ʮʠʬʨ. 

c) ʈʘʩʩʯʠʪʘʡʪʝ ʵ.ʜ.ʩ. (ʚ ɺ) ʢʠʩʣʦʨʦʜʥʦʛʦ ʩʝʥʩʦʨʘ, ʝʩʣʠ ʦʪʥʦʰʝʥʠʝ ʧʘʨʮʠʘʣʴʥʳʭ 

ʜʘʚʣʝʥʠʡ ʢʠʩʣʦʨʦʜʘ P1 ʠ P2 ʥʘ ʵʣʝʢʪʨʦʜʘʭ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʥʘ ʫʨʦʚʥʝ P1/P2 = 100 

ʧʨʠ 800 ÜC. ʕʣʝʢʪʨʦʥʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʴʶ ʪʚʝʨʜʦʛʦ ʵʣʝʢʪʨʦʣʠʪʘ ʤʦʞʥʦ ʧʨʝʥʝ-

ʙʨʝʯʴ. 

ɿʘʜʘʯʘ 16.  

ʇʝʨʝʧʣʘʚʢʘ ʠ ʦʯʠʩʪʢʘ ʩʝʨʝʙʨʘ 

ɺ 16-17 ʚʝʢʘʭ ʥʘ ʩʝʨʝʙʨʷʥʦʤ ʨʫʜʥʠʢʝ ʀʚʘʤʠ-ɻʠʥʟʘʥ ʜʦʙʳʚʘʣʠ ʙʦʣʴʰʦʝ ʢʦʣʠ-

ʯʝʩʪʚʦ ʩʝʨʝʙʨʘ. ʈʫʜʘ ʩʦʜʝʨʞʘʣʘ ʩʘʤʦʨʦʜʥʦʝ ʩʝʨʝʙʨʦ ʠ ʘʨʛʝʥʪʠʪ (ʩʫʣʴʬʠʜ ʩʝʨʝʙʨʘ). 

ɼʣʷ ʚʳʧʣʘʚʢʠ ʯʠʩʪʦʛʦ ʩʝʨʝʙʨʘ ʠʟ ʨʫʜʳ ʧʨʦʚʦʜʠʣʠ ʝʝ ʩʧʣʘʚʣʝʥʠʝ ʩ ʛʘʣʝʥʠʪʦʤ 

(ʩʫʣʬɹʠʜʦʤ ʩʚʠʥʮʘ). ʇʦ ʵʪʦʤʫ ʤʝʪʦʜʫ ʩʝʨʝʙʨʷʥʘʷ ʨʫʜʘ ʩʤʝʰʠʚʘʣʠ ʩ ʩʫʣʴʬʠʜʦʤ 

ʩʚʠʥʮʘ ʠ ʟʘʪʝʤ ʩʤʝʩʴ ʧʣʘʚʠʣʠ ʚ ʪʠʛʣʝ. ʇʨʠ ʧʣʘʚʣʝʥʠʠ ʦʙʨʘʟʫʝʪʩʷ ʩʧʣʘʚ ʩʝʨʝʙʨʘ ʩʦ 

ʩʚʠʥʮʦʤ, ʢʦʪʦʨʳʡ ʦʧʫʩʢʘʝʪʩʷ ʥʘ ʜʥʦ ʪʠʛʣʷ ʚʩʣʝʜʩʪʚʠʝ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʠ ʩʧʣʘʚʘ. 

ʇʦʣʫʯʝʥʥʳʡ ʩʧʣʘʚ ʧʦʤʝʱʘʶʪ ʥʘ ʥʝʛʣʘʟʠʨʦʚʘʥʥʫʶ ʧʦʨʠʩʪʫʶ ʢʝʨʘʤʠʯʝʩʢʫʶ ʧʣʘʩʪʠʥʢʫ 

ʠ ʥʘʛʨʝʚʘʶʪ ʚ ʪʦʢʝ ʚʦʟʜʫʭʘ. ʉʧʣʘʚ ʧʣʘʚʠʪʩʷ ʠ ʨʘʟʙʠʚʘʝʪʩʷ ʥʘ ʢʘʧʣʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʣʘʩʪʠʥʳ. ʉʚʠʥʝʮ, ʩʦʜʝʨʞʘʱʠʡʩʷ ʚ ʩʧʣʘʚʝ, ʨʝʘʛʠʨʫʝʪ ʩ ʢʠʩʣʦʨʦʜʦʤ ʚʦʟʜʫʭʘ ʠ ʫʜʘ-

ʣʷʝʪʩʷ ʠʟ ʩʧʣʘʚʘ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʩ ʵʪʠʤ ʫʜʘʣʷʶʪʩʷ ʠ ʠʥʳʝ ʧʨʠʤʝʩʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʧʦʣʫʯʘʝʪʩʷ ʤʝʪʘʣʣʠʯʝʩʢʦʝ ʩʝʨʝʙʨʦ. 

a) ɿʘʧʠʰʠʪʝ ʫʨʘʚʥʝʥʠʷ ʜʚʫʭ ʩʪʘʜʠʡ ʧʨʝʚʨʘʱʝʥʠʷ ʩʫʣʴʬʠʜʘ ʩʚʠʥʮʘ ʚ ʩʚʠʥʝʮ. 

ʉʫʣʴʬʠʜ ʩʚʠʥʮʘ ʥʘʛʨʝʚʘʪʁ ʚ ʪʦʢʝ ʚʦʟʜʫʭʘ ʥʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ, ʘ ʟʘʪʝʤ ʥʘʛʨʝʚʘʁ ʪ 

ʙʝʟ ʜʦʩʪʫʧʘ ʢʠʩʣʦʨʦʜʘ ʥʘ ʚʪʦʨʦʡ ʩʪʘʜʠʠ. ʇʨʠʚʝʜʠʪʝ ʜʚʘ ʚʦʟʤʦʞʥʳʭ ʚʘʨʠʘʥʪʘ 

ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʩ ʨʘʟʣʠʯʥʳʤʠ ʧʨʦʤʝʞʫʪʦʯʥʳʤʠ ʧʨʦʜʫʢʪʘʤʠ. 

b) ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʪʘʢʦʡ ʞʝ ʦʧʝʨʘʮʠʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʩʫʣʴʬʠʜʘ ʩʝʨʝʙʨʘ ʦʙʨʘʟʫʝʪʩʷ 

ʩʧʣʘʚ ʩʝʨʝʙʨʘ ʩʦ ʩʚʠʥʮʦʤ. ɿʘʧʠʰʠʪʝ ʫʨʘʚʥʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʤʝʞʜʫ ʩʫʣɹ-

ʬʠʜʦʤ ʩʝʨʝʙʨʘ ʠ ʧʨʦʤʝʞʫʪʦʯʥʳʤʠ ʧʨʦʜʫʢʪʘʤʠ ʠʟ ʧʨʝʜʳʜʫʱʝʛʦ ʚʦʧʨʦʩʘ. ɺ ʦʙɦ ʝʤ 

ʩʣʫʯʘʝ ʩʦʩʪʘʚ ʩʧʣʘʚʘ ʤʦʞʝʪ ʠʟʤʝʥʷʪʴʩʷ ʥʝʧʨʝʨʳʚʥʦ. ɼʘʡʪʝ ʦʪʚʝʪ ʥʘ ʜʘʥʥʳʡ 

ʚʦʧʨʦʩ ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʯʪʦ ʦʙʨʘʟʫʝʪʩʷ ʩʧʣʘʚ, ʩʦʩʪʘʚ ʢʦʪʦʨʦʛʦ ʤʦʞʥʦ ʚʳʨʘʟʠʪʴ 
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ʬʦʨʤʫʣʦʡ AgPb2. 

c) ɿʘʧʠʰʠʪʝ ʫʨʘʚʥʝʥʠʝ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ, ʚ ʢʦʪʦʨʦʡ ʫʯʘʩʪʚʫʝʪ ʩʚʠʥʝʮ ʠʟ ʩʧʣʘʚʘ, 

ʧʨʠ ʥʘʛʨʝʚʘʥʠʷ ʩʧʣʘʚʘ ʚ ʪʦʢʝ ʚʦʟʜʫʭʘ ʧʨʠ 800 ÜC. 

d) ʋʢʘʞʠʪʝ ʧʨʠʯʠʥʫ, ʢʦʪʦʨʘʷ ʥʘʠʣʫʯʰʠʤ ʦʙʨʘʟʦʤ ʦʙʲʷʩʥʷʝʪ, ʧʦʯʝʤʫ ʩʦʝʜʠʥʝʥʠʝ 

ʩʚʠʥʮʘ ʠʟ ʚʦʧʨʦʩʘ ʩ) ʤʦʞʝʪ ʙʳʪʴ ʫʜʘʣʝʥʦ ʠʟ ʩʧʣʘʚʘ. ɺʳʙʝʨʠʪʝ ʦʜʠʥ ʠʟ ʦʪʚʝʪʦʚ: 

A: ʉʦʝʜʠʥʝʥʠʝ ʩʚʠʥʮʘ ʭʠʤʠʯʝʩʢʠ ʨʝʘʛʠʨʫʝʪ ʩ ʢʝʨʘʤʠʯʝʩʢʦʡ ʧʣʘʩʪʠʥʦʡ ʠ ʟʘ ʩʯʝʪ 

ʵʪʦʛʦ ʫʜʘʣʷʝʪʩʷ ʠʟ ʩʧʣʘʚʘ; 

B: ʉʦʝʜʠʥʝʥʠʝ ʩʚʠʥʮʘ ʩʤʘʯʠʚʘʝʪ ʢʝʨʘʤʠʯʝʩʢʫʶ ʧʣʘʩʪʠʥʫ ʠ ʧʨʦʥʠʢʘʝʪ ʚ ʝʝ ʧʦʨʳ ʟʘ 

ʩʯʝʪ ʢʘʧʠʣʣʷʨʥʦʛʦ ʵʬʬʝʢʪʘ; 

C: ʉʦʝʜʠʥʝʥʠʝ ʩʚʠʥʮʘ ʠʩʧʘʨʷʝʪʩʷ ʠ ʟʘ ʩʯʝʪ ʵʪʦʛʦ ʫʜʘʣʷʝʪʩʷ ʠʟ ʩʧʣʘʚʘ; 

D: ʉʦʝʜʠʥʝʥʠʝ ʩʚʠʥʮʘ, ʙʣʘʛʦʜʘʨʷ ʙʦʣʝʝ ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʠ, ʦʪʜʝʣʷʝʪʩʷ ʦʪ ʩʝʨʝʙʨʘ; 

E: ʉʦʝʜʠʥʝʥʠʝ ʩʚʠʥʮʘ, ʙʣʘʛʦʜʘʨʷ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʠ, ʦʪʜʝʣʷʝʪʩʷ ʦʪ ʩʝʨʝ-

ʙʨʘ. 

e) ʏʪʦ ʧʨʦʠʟʦʡʜʝʪ, ʝʩʣʠ ʚ ʩʦʩʪʘʚʝ ʨʫʜʳ ʙʫʜʝʪ ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ ʟʦʣʦʪʦ? ɺʳʙʝ-

ʨʠʪʝ ʦʜʠʥ ʠʟ ʧʨʠʚʝʜʝʥʥʳʭ ʦʪʚʝʪʦʚ: 

A: ʉʝʨʝʙʨʦ ʦʢʠʩʣʷʝʪʩʷ ʧʨʠ ʦʩʘʞʜʝʥʠʠ ʟʦʣʦʪʘ; 

B: ɿʦʣʦʪʦ ʦʩʘʞʜʘʝʪʩʷ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʩʧʣʘʚʘ ʠ ʟʘ ʩʯʝʪ ʵʪʦʛʦ ʤʦʞʝʪ ʙʳʪʴ ʦʪʜʝʣʝʥʦ 

ʦʪ ʩʝʨʝʙʨʘ; 

C: ɿʦʣʦʪʦ ʥʘʭʦʜʠʪʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʧʣʘʚʘ ʠ ʟʘ ʩʯʝʪ ʵʪʦʛʦ ʤʦʞʝʪ ʙʳʪʴ ʦʪʜʝʣʝʥʦ 

ʦʪ ʩʝʨʝʙʨʘ; 

D: ɿʦʣʦʪʦ ʚʳʜʝʣʷʝʪʩʷ ʚ ʩʝʨʝʜʠʥʝ ʩʧʣʘʚʘ ʠ ʟʘ ʩʯʝʪ ʵʪʦʛʦ ʤʦʞʝʪ ʙʳʪʴ ʦʪʜʝʣʝʥʦ ʦʪ 

ʩʝʨʝʙʨʘ; 

E: ɿʦʣʦʪʦ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʦ ʚ ʩʦʩʪʘʚʝ ʩʧʣʘʚʘ ʠ ʧʦʵʪʦʤʫ ʥʝ ʤʦʞʝʪ ʙʳʪʴ 

ʦʪʜʝʣʝʥʦ ʦʪ ʩʝʨʝʙʨʘ. 

ɿʘʜʘʯʘ 17.  

ʂʦʤʧʣʝʢʩʳ ʢʦʙʘʣʴʪʘ(II) 

ʍʣʦʨʠʜ ʢʦʙʘʣʴʪʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʠʥʜʠʢʘʪʦʨʘ ʘʢʪʠʚʥʦʩʪʠ ʩʠʣʠʢʘʛʝʣʷ. ɺ 

ʙʝʟʚʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ ʦʥ ʠʤʝʝʪ ʛʦʣʫʙʫʶ ʦʢʨʘʩʢʫ, ʘ ʧʨʠ ʧʦʛʣʦʱʝʥʠʠ ʚʦʜʳ ʦʥʘ ʧʝʨʝ-

ʭʦʜʠʪ ʚ ʨʦʟʦʚʫʶ. ʏʠʩʪʡr ʭʣʦʨʠʜ ʢʦʙʘʣʴʪʘ(II) ʠʤʝʝʪ ʛʦʣʫʙʫʶ ʦʢʨʘʩʢʫ, ʘ ʝʛʦ ʛʝʢʩʘʛʠʜʨʘʪ 

ï ʢʨʘʩʥʫʶ. ɺʦʜʥrʡ ʨʘʩʪʚʦʨ ʣʶʙʦʛʦ ʠʟ ʵʪʠʭ ʜʚʫʭ ʚʝʱʝʩʪʚ ʠʤʝʝʪ ʢʨʘʩʥʫ ʁʦʢʨʘʩʢʫ. ɸ 
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ʇʦʜʛʦʪʦʚʠʪʝʣʴʥʳʝ ʟʘʜʘʥʠʷ 19 

ʩʧʠʨʪʦʚʦʡ ʨʘʩʪʚʦʨ ʙʝʟʚʦʜʥʦʛʦ ʭʣʦʨʠʜʘ ʢʦʙʘʣʴʪʘ(II) ʠʤʝʝʪ ʛʦʣʫʙʫʶ ʦʢʨʘʩʢʫ. ʆʢʨʘʩʢʘ 

ʨʘʩʪʚʦʨʘ ʠʟʤʝʥʷʝʪʩʷ ʥʘ ʢʨʘʩʥʫʶ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʚʦʜʳ. 

a) ʋʢʘʞʠʪʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʯʠʩʣʦ ʠ ʦʧʠʰʠʪʝ ʩʪʨʦʝʥʠʝ ʚʥʫʪʨʝʥʥʝʡ ʩʬʝʨr ʢʦʤ-

ʧʣʝʢʩʘ, ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʚ ʩʧʠʨʪʦʚʦʤ (ʵʪʘʥʦʣʴʥʦʤ) ʨʘʩʪʚʦʨʝ ʙʝʟʚʦʜʥʦʛʦ ʭʣʦʨʠʜʘ 

ʢʦʙʘʣʪɹʘ(II). 

b) ɻʦʣʫʙʘʷ ʦʢʨʘʩʢʘ ʩʦʭʨʘʥʷʝʪʩʷ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʢ ʵʪʘʥʦʣʴʥʦʤʫ ʨʘʩʪʚʦʨʫ ʜʚʦʡʥʦʛʦ 

ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʙʝʟʚʦʜʥʦʤʫ ʭʣʦʨʠʜʫ ʢʦʙʘʣʴʪʘ(II) ʢʦʣʠʯʝʩʪʚʘ ʚʦʜʳ. ɿʘʧʠʰʠʪʝ 

ʬʦʨʤʫʣʫ ʦʩʥʦʚʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʢʦʙʘʣʴʪʘ ʚ ʪʘʢʦʤ ʨʘʩʪʚʦʨʝ. 

c) ɿʘʧʠʰʠʪʝ ʫʨʘʚʥʝʥʠʝ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ, ʢʦʪʦʨʘʷ ʧʨʦʪʝʢʘʝʪ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ  

ʙʦʣʴʰʦʛʦ ʠʟʙʳʪʢʘ ʚʦʜʳ ʢ ʵʪʘʥʦʣʴʥʦʤʫ ʨʘʩʪʚʦʨʫ ʙʝʟʚʦʜʥʦʛʦ ʭʣʦʨʠʜʘ ʢʦʙʘʣʴʪʘ. 

d) ʋʢʘʞʠʪʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʯʠʩʣʦ ʠ ʦʧʠʰʠʪʝ ʩʪʨʦʝʥʠʝ ʚʥʫʪʨʝʥʥʝʡ ʩʬʝʨr ʢʦʤ-

ʧʣʝʢʩʘ ʢʦʙʘʣʴʪʘ(II) ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ. 

e) ɽʩʣʠ ʢ ʩʧʠʨʪʦʚʦʤʫ ʨʘʩʪʚʦʨʫ ʜʦʙʘʚʠʪʴ ʦʧʨʝʜʝʣʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʦʜʳ, ʪʦ ʨʘʩ-

ʪʚʦʨ ʧʨʠʦʙʨʝʪʘʝʪ ʬʠʦʣʝʪʦʚʫʶ ʦʢʨʘʩʢʫ. ʆʙʲʷʩʥʠʪʝ, ʢʘʢʦʝ ʠʟʤʝʥʝʥʠʝ ʦʢʨʘʩʢʠ 

ʧʨʦʠʟʦʡʜʝʪ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʥʝʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʩʦʣʷʥʦʡ 

ʢʠʩʣʦʪʳ ʢ ʬʠʦʣʝʪʦʚʦʤʫ ʨʘʩʪʚʦʨʫ. 

f) ʆʙ̡ ʷʩʥʠʪʝ ʠʟʤʝʥʝʥʠʝ ʦʢʨʘʩʢʠ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʬʠʦʣʝʪʦʚʦʛʦ ʨʘʩʪʚʦʨʘ. 

g) ɿʘʧʠʰʠʪʝ ʬʦʨʤʫʣʫ ʢʦʤʧʣʝʢʩʘ ʛʝʢʩʘʛʠʜʨʘʪʘ ʭʣʦʨʠʜʘ ʢʦʙʘʣʴʪʘ(II). 

ɿʘʜʘʯʘ 18.  

ʆʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʝ ʪʠʪʨʦʚʘʥʠʝ 

ʉʦʜʝʨʞʘʥʠʝ ʭʨʦʤʘ ʚ ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ (ʩʧʣʘʚ ʞʝʣʝʟʘ ʠ ʭʨʦʤʘ) ʙʳʣʦ ʦʧʨʝ-

ʜʝʣʝʥʦ ʩ ʧʦʤʦʱʴʶ ʩʣʝʜʫʶʱʝʡ ʤʝʪʦʜʠʢʠ. ʆʪʚʝʪʴʪʝ ʥʘ ʚʦʧʨʦʩʳ a) - f). ʇʨʠʤʠʪʝ ʦʪʥʦ-

ʩʠʪʝʣʴʥʫʶ ʘʪʦʤʥʫʶ ʤʘʩʩʫ ʭʨʦʤʘ ʨʘʚʥʦʡ 52.00. 

i)  ʨʘʩʪʚʦʨʠʣʠ 0.1000 ʛ ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ ʚ 20 ʤʣ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ (1,8 

ʤʦʣʴ/ʣ) ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ.  

ii)  ʜʦʙʘʚʠʣʠ 4 ʤʣ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʳ ʠ ʥʘʛʨʝʣʠ ʚ ʪʝʯʝʥʠʝ 10 

ʤʠʥʫʪ ʜʦ ʧʝʨʝʭʦʜʘ ʦʢʨʘʩʢʠ ʨʘʩʪʚʦʨʘ ʠʟ ʛʦʣʫʙʦʛʦ ʚ ʟʝʣʝʥʫʶ. 

iii) ʜʦʙʘʚʠʣʠ ʦʜʥʦʚʨʝʤʝʥʥʦ 10 ʤʣ 0.5 %-ʛʦ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʥʠʪʨʘʪʘ ʩʝʨʝʙʨʘ ʠ 6 ʛ 

ʧʝʨʩʫʣʴʬʘʪʘ ʘʤʤʦʥʠʷ ((NH4)2S2O8). ʇʦʣʫʯʝʥʥʫʶ ʩʤʝʩʴ ʧʨʦʢʠʧʷʪʠʣʠ 20 ʤʠʥ ʜʦ 
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ʍʠʤʠʷ: ʢʣʶʯ ʢ ʥʘʰʝʤʫ ʙʫʜʫʱʝʤʫ 

 
ʇʦʜʛʦʪʦʚʠʪʝʣʴʥʳʝ ʟʘʜʘʥʠʷ 20 

ʧʦʣʥʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʧʝʨʩʫʣʴʬʘʪʘ ʘʤʤʦʥʠʷ. ʇʨʠ ʵʪʦʤ ʦʙʨʘʟʦʚʘʣʩʷ ʦʨʘʥʞʝʚʳʡ 

ʨʘʩʪʚʦʨ. 

iv) ʜʦʙʘʚʠʣʠ 10 ʤʣ 5 %-ʥʦʛʦ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ NaCl.  

v) ʜʦʙʘʚʠʣʠ 20 ʤʣ 1.00x10ï1 ʤʦʣʴ ʣï1 ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʩʫʣʴʬʘʪʘ ʞʝʣʝʟʘ(II)-ʘʤʤʦʥʠʷ 

(FeSO4Ŀ(NH4)2SO4) ʩ ʧʦʤʦʱʴʶ ʤʝʨʥʦʡ ʧʠʧʝʪʢʠ. 

vi) ʦʪʪʠʪʨʦʚʘʣʠ 2.00x10ï2 ʤʦʣʴ ʣï1 ʚʦʜʥʳʤ ʨʘʩʪʚʦʨʦʤ ʧʝʨʤʘʥʛʘʥʘʪʘ ʢʘʣʠʷ (KMnO4). 

ʂʦʥʝʯʥʫʶ ʪʦʯʢʫ ʪʠʪʨʦʚʘʥʠʷ ʦʧʨʝʜʝʣʷʣʠ ʧʦ ʧʦʷʚʣʝʥʠʶ ʩʣʘʙʦ-ʨʦʟʦʚʦʡ ʦʢʨʘʩʢʠ 

ʪʠʪʨʫʝʤʦʛʦ ʨʘʩʪʚʦʨʘ.  

a) ʇʨʠʚʝʜʠʪʝ ʫʨʘʚʥʝʥʠʝ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ, ʧʨʦʪʝʢʘʶʱʝʡ ʥʘ ʩʪʘʜʠʠ ii). 

b) ʀʦʥʳ ʪʨʝʭʚʘʣʝʥʪʥʦʛʦ ʭʨʦʤʘ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ ʨʘʩʪʚʦʨʝ ʧʦʩʣʝ ʩʪʘʜʠʠ ii). ɺ ʢʘʢʦʡ 

ʬʦʨʤʝ ʭʨʦʤ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʨʘʩʪʚʦʨʝ ʧʦʩʣʝ ʧʨʦʮʝʩʩʘ iii)? 

c) ʇʨʠʚʝʜʠʪʝ ʫʨʘʚʥʝʥʠʝ ʨʝʘʢʮʠʠ, ʧʨʦʪʝʢʘʶʱʝʡ ʥʘ ʩʪʘʜʠʠ iv). ʋʢʘʞʠʪʝ ʪʘʢʞʝ ʮʝʣʴ 

ʵʪʦʡ ʩʪʘʜʠʠ. 

d) ʇʨʠʚʝʜʠʪʝ ʫʨʘʚʥʝʥʠʝ ʨʝʘʢʮʠʠ ʤʝʞʜʫ ʠʦʥʘʤʠ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʥʘ ʩʪʘʜʠʠ v). 

ʂʘʢʫʶ ʦʢʨʘʩʢʫ ʧʨʠʦʙʨʝʪʘʝʪ ʨʘʩʪʚʦʨ ʥʘ ʵʪʦʡ ʩʪʘʜʠʠ? 

e) ʇʨʠʚʝʜʠʪʝ ʫʨʘʚʥʝʥʠʝ ʨʝʘʢʮʠʠ, ʧʨʦʪʝʢʘʶʱʝʡ ʥʘ ʩʪʘʜʠʠ vi). 

f) ʅʘ ʪʠʪʨʦʚʘʥʠʝ ʥʘ ʩʪʘʜʠʠ vi) ʙʳʣʦ ʟʘʪʨʘʯʝʥʦ 12.00 ʤʣ ʪʠʪʨʘʥʪʘ. ʋʩʪʘʥʦʚʠʪʝ 

ʤʘʩʩʦʚʫʶ ʜʦʣʶ ʭʨʦʤʘ ʚ ʠʩʩʣʝʜʦʚʘʥʥʦʤ ʦʙʨʘʟʮʝ ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ. 

ɿʘʜʘʯʘ 19.  

ʇʨʦʠʟʚʦʜʩʪʚʦ ʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʞʝʣʝʟʘ  

ɾʝʣʝʟʦ ʧʦʣʫʯʘʶʪ ʠʟ ʞʝʣʝʟʥʦʡ ʨʫʜʳ ʧʫʪʝʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠ ̫ʫʛʣʝʨʦʜʦʤ. ʀʟʚʝʩʪʥʳ 

ʜʚʘ ʦʩʥʦʚʥʳʭ ʧʨʦʮʝʩʩʘ ʧʦʣʫʯʝʥʠʷ ʞʝʣʝʟʘ: ʜʦʤʝʥʥʳʡ ʠ ʢʦʥʚʝʨʪʦʨʥʳʡ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ 

ʯʫʛʫʥʘ (ʩʧʣʘʚ Fe-C) ʚ ʜʦʤʝʥʥʫʶ ʧʝʯʴ ʟʘʛʨʫʞʘʶʪ ʯʝʨʝʟ ʚʝʨʭ ʞʝʣʝʟʥʫʶ ʨʫʜʫ, ʚʩʧʦʤʦ-

ʛʘʪʝʣʴʥʳʝ ʚʝʱʝʩʪʚʘ (CaO) ʠ ʢʦʢʩ, ʠ ʩʥʠʟʫ ʧʨʦʜʫʚʘʶʪ ʧʦʜʦʛʨʝʪʳʡ ʚʦʟʜʫʭ. ʈʘʩʧʣʘʚ-

ʣʝʥʥʫʶ ʩʪʘʣʴ ʧʦʣʫʯʘʶʪ ʚ ʘʧʧʘʨʘʪʝ, ʥʘʟʳʚʘʝʤʦʤ ʢʦʥʚʝʨʪʦʨʦʤ, ʧʫʪʝʤ ʦʢʠʩʣʝʥʠʷ ʯʫ-

ʛʫʥʘ ʜʣʷ ʫʜʘʣʝʥʠʷ ʧʨʠʤʝʩʝʡ, ʘ ʪʘʢʞʝ ʫʛʣʝʨʦʜʘ. ʆʪʚʝʪʴʪʝ ʥʘ ʚʦʧʨʦʩʳ a) - e), ʩ ʫʯʝʪʦʤ 

ʪʦʛʦ, ʯʪʦ ʤʘʩʩʦʚʘʷ ʜʦʣʷ ʫʛʣʝʨʦʜʘ ʚ ʯʫʛʫʥʝ ʩʦʩʪʘʚʣʷʝʪ 4.50 %, ʢʦʢʩ ʩʦʜʝʨʞʠʪ 90.0 % 

ʫʛʣʝʨʦʜʘ, 7 % SiO2, 3 % Al2O3 ʧʦ ʤʘʩʩʝ. ʋʥʠʚʝʨʩʘʣʴʥʘʷ ʛʘʟʦʚʘʷ ʧʦʩʪʦʷʥʥʘʷ ʨʘʚʥʘ 

8.314 ɼʞ Kï1 ʤʦʣʴï1, ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʘʪʦʤʥʳʝ ʤʘʩʩʳ C, O, Ca ʠ Fe ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʨʘʚʥʳ 12.0, 16.0, 40.1 ʠ 55.8. ʇʣʦʪʥʦʩʪʴ ʞʝʣʝʟʘ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʨʘʚʥʘ 

7.90 ʛ ʩʤï3. 
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ʇʦʜʛʦʪʦʚʠʪʝʣʴʥʳʝ ʟʘʜʘʥʠʷ 21 

a)  ʆʩʥʦʚʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʞʝʣʝʟʥʦʡ ʨʫʜʳ ʷʚʣʷʝʪʩʷ Fe2O3, ʠ ʦʥ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ 

ʜʦ Fe ʠ CO2 ʩ ʧʦʤʦʱʴʶ (i) ʛʘʟʦʦʙʨʘʟʥʦʛʦ CO, ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʚ ʨʝʘʢʮʠʠ ʢʦʢʩʘ ʩ 

ʧʦʜʦʛʨʝʪʳʤ ʚʦʟʜʫʭʦʤ ʠʣʠ (ii) ʫʛʣʝʨʦʜʦʤ ʢʦʢʩʘ. ʇʨʠʚʝʜʠʪʝ ʫʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʡ ʧʦ-

ʣʫʯʝʥʠʷ ʉʆ ʵʪʠʤʠ ʜʚʫʤʷ ʤʝʪʦʜʘʤʠ. 

b)  ʂʨʦʤʝ 90 ʤʘʩʩʦʚʳʭ % Fe2O3 ʞʝʣʝʟʥʘʷ ʨʫʜʘ ʪʘʢʞʝ ʩʦʜʝʨʞʠʪ ʧʫʩʪʫʶ ʧʦʨʦʜʫ 

(ʧʨʠʤʝʩʠ), ʚʢʣʶʯʘʶʱʫʶ 7 % SiO2 ʠ 3 % Al2O3 ʧʦ ʤʘʩʩʝ. ʇʨʠʤʝʩʠ ʢʘʢ ʚ ʨʫʜʝ, ʪʘʢ ʠ ʚ 

ʢʦʢʩʝ, ʨʝʘʛʠʨʫʶʪ ʩ ʜʦʙʘʚʣʷʝʤʳʤʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ (CaO) ʩ ʦʙʨʘ-

ʟʦʚʘʥʠʝʤ ʣʝʛʢʦʧʣʘʚʢʠʭ ʧʨʦʜʫʢʪʦʚ, ʢʦʪʦʨʳʝ ʫʜʘʣʷʶʪʩʷ ʚ ʚʠʜʝ ʰʣʘʢʘ. ʂʘʢʘʷ ʤʘʩʩʘ 

(ʚ ʢʛ) ʰʣʘʢʘ ʦʙʨʘʟʫʝʪʩʷ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʯʫʛʫʥʘ ʤʘʩʩʦʡ 1 ʢʛ? ʉʯʠʪʘʡʪʝ, ʯʪʦ ʤʘʩʩʘ 

ʜʦʙʘʚʣʝʥʥʳʭ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ (CaO) ʨʘʚʥʘ ʤʘʩʩʝ SiO2. 

c)  ɺ ʢʦʥʚʝʨʪʦʨʥʦʤ ʧʨʦʮʝʩʩʝ ʠʟʙʳʪʦʢ ʫʛʣʝʨʦʜʘ ʫʜʘʣʷʝʪʩʷ ʧʫʪʝʤ ʧʨʦʧʫʩʢʘʥʠʷ ʛʘ-

ʟʦʦʙʨʘʟʥʦʛʦ O2 ʚ ʨʘʩʧʣʘʚʣʝʥʥʳʡ ʯʫʛʫʥ. ʇʨʠʥʷʚ, ʯʪʦ ʤʦʣʴʥʳʝ ʢʦʣʠʯʝʩʪʚʘ ʉʆ ʠ ʉʆ2 

ʨʘʚʥʳ, ʨʘʩʩʯʠʪʘʡʪʝ ʦʙʲʝʤ (ʚ ʣʠʪʨʘʭ ʧʨʠ 27 ʦʉ ʠ 2.026Ĭ105 ʇʘ) ʛʘʟʦʦʙʨʘʟʥʦʛʦ O2, 

ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ ʧʦʣʥʦʛʦ ʫʜʘʣʝʥʠʷ ʫʛʣʝʨʦʜʘ ʠʟ 1.00 ʢʛ ʯʫʛʫʥʘ. 

d)  ʈʘʩʩʯʠʪʘʡʪʝ ʤʘʩʩʫ ʉʆ2, ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʧʨʠ ʧʦʣʫʯʝʥʠʠ 1.00 ʢʛ ʞʝʣʝʟʘ ʠʟ ʨʫʜʳ ʚ 

ʜʦʤʝʥʥʦʤ ʠ ʢʦʥʚʝʨʪʦʨʥʦʤ ʧʨʦʮʝʩʩʘʭ, ʝʩʣʠ ʧʨʦʪʝʢʘʝʪ ʪʦʣʴʢʦ ʧʨʦʮʝʩʩ (i) ʠʟ ʚʦ-

ʧʨʦʩʘ a). ʉʯʠʪʘʡʪʝ, ʯʪʦ ʛʘʟʦʦʙʨʘʟʥʳʡ CO (ʚ ʢʦʣʠʯʝʩʪʚʝ, ʨʘʚʥʦʤ ʢʦʣʠʯʝʩʪʚʫ CO2), 

ʦʙʨʘʟʫʶʱʠʡʩʷ ʚ ʢʦʥʚʝʨʪʦʨʝ, ʦʢʠʩʣʷʝʪʩʷ ʧʝʨʝʜ ʫʜʘʣʝʥʠʝʤ ʜʦ CO2. ʇʨʠ ʨʘʩʯʝʪʘʭ 

ʫʯʪʠʪʝ ʚʳʜʝʣʝʥʠʝ CO2 ʧʨʠ ʧʨʦʢʘʣʠʚʘʥʠʠ CaCO3 ʚ ʧʨʦʮʝʩʩʝ ʧʦʣʫʯʝʥʠʷ ʥʝʦʙʭʦʜʠ-

ʤʦʛʦ CaO. 

e)  ɺ ʪʚʝʨʜʦʤ ʩʦʩʪʦʷʥʠʠ ʞʝʣʝʟʦ ʠʤʝʝʪ ʢʫʙʠʯʝʩʢʫʶ ʦʙʲʝʤʥʦʮʝʥʪʨʠʨʦʚʘʥʥʫʶ ʵʣʝ-

ʤʝʥʪʘʨʥʫʶ ʷʯʝʡʢʫ (ʆʎʂ). ʈʘʩʩʯʠʪʘʡʪʝ ʨʘʜʠʫʩ ʘʪʦʤʘ ʞʝʣʝʟʘ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ. 

ɿʘʜʘʯʘ 20.  

ʕʥʝʨʛʠʷ ɻʠʙʙʩʘ ʨʝʘʢʮʠʠ ʦʢʠʩʣʝʥʠʷ 

ʆʪʚʝʪʴʪʝ ʥʘ ʩʣʝʜʫʶʱʠʝ ʚʦʧʨʦʩʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʵʥʝʨʛʠʠ ɻʠʙʙʩʘ ʨʝʘʢʮʠʡ ʦʢʠʩ-

ʣʝʥʠʷ. 

a) ɿʘʧʦʣʥʠʪʝ ʧʫʩʪʳʝ ʤʝʩʪʘ ʚ ʧʨʠʚʝʜʝʥʥʳʭ ʥʠʞʝ ʧʨʝʜʣʦʞʝʥʠʷʭ ʥʝʦʙʭʦʜʠʤʳʤʠ 

ʪʝʨʤʠʥʘʤʠ ʠʣʠ ʭʠʤʠʯʝʩʢʠʤʠ ʬʦʨʤʫʣʘʤʠ.  
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ʇʨʠ ʦʢʠʩʣʝʥʠʠ ʤʝʪʘʣʣʘ ñMò ʦʜʥʠʤ ʤʦʣʝʤ ʛʘʟʦʦʙʨʘʟʥʦʛʦ ʢʠʩʣʦʨʦʜʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʦʢʩʠʜʘ ʩʦʩʪʘʚʘ MmOn (m, n ï ʮʝʣʳʝ ʯʠʩʣʘ), ʨʝʘʢʮʠʷ ʤʦʞʝʪ ʙʳʪʴ ʟʘʧʠʩʘʥʘ ʚ ʚʠʜʝ 

(     i     ). ʀʟʤʝʥʝʥʠʝ ʩʪʘʥʜʘʨʪʥʦʡ ʵʥʝʨʛʠʠ ɻʠʙʙʩʘ ʨʝʘʢʮʠʠ ȹGo ʤʦʞʥʦ ʚʳʨʘʟʠʪʴ 

ʢʘʢ  (     ii     ) ʯʝʨʝʟ ʠʟʤʝʥʝʥʠʝ ʩʪʘʥʜʘʨʪʥʦʡ (     iii     ) ʨʝʘʢʮʠʠ ȹHo ʠ ʠʟʤʝ-

ʥʝʥʠʝ ʩʪʘʥʜʘʨʪʥʦʡ (     iv     ) ȹSo ʵʪʦʡ ʨʝʘʢʮʠʠ ʧʨʠ ʘʙʩʦʣʶʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ T. ʉ 

ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʝʩʣʠ ʯʠʩʪʳʡ ʤʝʪʘʣʣ ʄ ʠ ʯʠʩʪʳʡ ʦʢʩʠʜ MmOn ʥʘʭʦʜʷʪʩʷ ʚ ʨʘʚʥʦʚʝʩʠʠ 

ʧʨʠ ʘʙʩʦʣʶʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ T, ʪʦ ʧʘʨʮʠʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ ʢʠʩʣʦʨʦʜʘ pO2 ʤʦʞʝʪ ʙʳʪʴ 

ʚʳʯʠʩʣʝʥʦ ʠʟ (     v     ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ȹGo ʠ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʛʘʟʦʚʦʡ ʧʦʩʪʦ-

ʷʥʥʦʡ R. ɼʠʘʛʨʘʤʤʘ, ʥʘ ʢʦʪʦʨʦʡ ʚʝʣʠʯʠʥʘ ȹGo ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʨʝʘʢʮʠʡ ʦʢʠʩʣʝʥʠʷ 

ʠʟʦʙʨʘʞʝʥʘ ʢʘʢ ʬʫʥʢʮʠʷ ʪʝʤʧʝʨʘʪʫʨʳ, ʥʘʟʳʚʘʝʪʩʷ ʜʠʘʛʨʘʤʤʦʡ ʕʣʣʠʥʛʝʤʘ (ʨʠʩ. 1). 

ʂʘʢ ʤʦʞʥʦ ʚʠʜʝʪʴ ʠʟ ʨʠʩʫʥʢʘ, ʙʦʣʴʰʠʥʩʪʚʦ ʟʘʚʠʩʠʤʦʩʪʝʡ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʨʷ-

ʤʳʝ ʣʠʥʠʠ, ʘ ʤʝʪʘʣʣʳ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʜʠʘʛʨʘʤʤʳ ʩʪʨʝʤʷʪʩʷ ʙʳʪʴ (     vi     ) ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʤʝʪʘʣʣʘʤʠ ʠʟ ʚʝʨʭʥʝʡ ʯʘʩʪʠ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

b) ɽʩʣʠ ʨʝʘʛʝʥʪʳ ʠ ʧʨʦʜʫʢʪʳ ʥʘʭʦʜʷʪʩʷ ʚ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʤ ʩʦʩʪʦʷʥʠʠ (ʞʠʜʢʦʤ 

ʠʣʠ ʪʚʝʨʜʦʤ) ʥʘ ʨʠʩ. 1, ʫʛʦʣ ʥʘʢʣʦʥʘ ʢʘʞʜʦʡ ʣʠʥʠʠ ʧʦʯʪʠ ʦʜʠʥʘʢʦʚ. ʃʠʥʠʷ ʛʦʨʠ-

ʈʠʩ 1. ɿʘʚʠʩʠʤʦʩʪʴ ʵʥʝʨʛʠʠ ɻʠʙʙʩʘ ʨʝʘʢʮʠʠ ʦʢʠʩʣʝʥʠʷ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ (ʜʠʘ-
ʛʨʘʤʤʘ ʕʣʣʠʥʛʝʤʘ) 
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ʟʦʥʪʘʣʴʥʘ ʜʣʷ ʨʝʘʢʮʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʛʘʟʦʦʙʨʘʟʥʦʛʦ CO2, ʘ ʚ ʩʣʫʯʘʝ ʦʙʨʘʟʦʚʘʥʠʷ 

ʛʘʟʦʦʙʨʘʟʥʦʛʦ CO ʫʛʦʣ ʥʘʢʣʦʥʘ ʠʟʤʝʥʷʝʪ ʟʥʘʢ ʥʘ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʡ ʧʨʠ ʥʝʠʟ-

ʤʝʥʥʦʤ ʘʙʩʦʣʶʪʥʦʤ ʟʥʘʯʝʥʠʠ ʚʝʣʠʯʠʥʳ. ʆʙʲʷʩʥʠʪʝ ʧʨʠʯʠʥʫ ʵʪʦʛʦ. 

c) ɿʘʧʠʰʠʪʝ ʫʨʘʚʥʝʥʠʝ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ Cu2O ʩ ʧʦʤʦʱʴʶ Al. 

d) ʈʘʩʩʯʠʪʘʡʪʝ ʪʝʧʣʦʪʫ ʨʝʘʢʮʠʠ ʜʣʷ ʚʦʧʨʦʩʘ c) ʚ ʨʘʩʯʝʪʝ ʥʘ 1 ʤʦʣʴ Al. 

e) ʋʢʘʞʠʪʝ ʥʘ ʨʠʩʫʥʢʝ 1 ʪʦʯʢʠ, ʯʝʨʝʟ ʢʦʪʦʨʳʝ ʧʨʦʭʦʜʷʪ ʣʶʙʳʝ ʣʠʥʠʠ, ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʱʠʝ ʧʦʩʪʦʷʥʥʦʤʫ ʧʘʨʮʠʘʣʴʥʦʤʫ ʜʘʚʣʝʥʠʶ ʢʠʩʣʦʨʦʜʘ pO2 ʠ ʧʦʩʪʦʷʥʥʦʤʫ 

ʟʥʘʯʝʥʠʶ ʦʪʥʦʰʝʥʠʷ ʧʘʨʮʠʘʣʴʥʳʭ ʜʘʚʣʝʥʠʡ pCO/pCO2 ʛʘʟʦʦʙʨʘʟʥʳʭ CO ʠ CO2. 

f) ʈʘʩʩʯʠʪʘʡʪʝ ʜʦʣʶ ʚ % ʉʆ, ʢʦʪʦʨʳʡ ʚʩʪʫʧʘʝʪ ʚ ʨʝʘʢʮʠʶ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʪʚʝʨʜʦʛʦ FeO ʜʦ Fe ʛʘʟʦʦʙʨʘʟʥʳʤ CO ʧʨʠ 1000 K ʚ ʨʘʚʥʦʚʝʩʥʦʤ ʧʨʦʮʝʩʩʝ.  

ɿʘʜʘʯʘ 21.  

ʂʦʣʠʯʝʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ ʩʦʩʪʘʚʘ ʚʫʣʢʘʥʠʯʝʩʢʦʛʦ ʛʘʟʘ 

ʆʪʚʝʪʴʪʝ ʥʘ ʚʦʧʨʦʩʳ ʘ) ï ʩ) ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʩʪʘʚʘ ʛʘʟʘ, ʚʳʜʝʣʷʶ-

ʱʝʛʦʩʷ ʧʨʠ ʚʫʣʢʘʥʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ.  

ʇʝʨʝʜ ʦʪʙʦʨʦʤ ʧʨʦʙʳ ʚʫʣʢʘʥʠʯʝʩʢʦʛʦ ʛʘʟʘ ʚ ʰʧʨʠʮ ʧʦʤʝʩʪʠʣʠ 20 ʤʣ 5 ʄ ʨʘʩʪʚʦʨʘ 

NaOH ʠ ʫʜʘʣʠʣʠ ʚʝʩʴ ʚʦʟʜʫʭ. ʇʨʠ ʦʪʙʦʨʝ ʛʘʟʦʚ ʪʠʪʘʥʦʚʘʷ ʪʨʫʙʢʘ ʧʦʤʝʱʘʣʘʩʴ ʚ 

ʞʝʨʣʦ ʚʫʣʢʘʥʘ, ʧʨʠʯʝʤ ʛʘʟʳ ʥʘʛʨʝʚʘʣʠ ʪʨʫʙʢʫ ʜʦ ʪʘʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʧʨʠ ʢʦʪʦʨʦʡ ʠʭ 

ʢʦʥʜʝʥʩʘʮʠʷ ʥʝʚʦʟʤʦʞʥʘ. ʀʩʧʦʣʴʟʫʷ ʨʝʟʠʥʦʚʳʡ ʰʣʘʥʛ ʚ ʢʘʯʝʩʪʚʝ ʧʝʨʝʭʦʜʥʠʢʘ, ʛʘʟʳ 

ʧʝʨʝʚʦʜʠʣʠʩʴ ʠʟ ʪʠʪʘʥʦʚʦʡ ʪʨʫʙʢʠ ʚ ʰʧʨʠʮ ʧʨʠ ʤʝʜʣʝʥʥʦʤ ʦʪʪʷʛʠʚʘʥʠʠ ʧʦʨʰʥʷ ʧʦ-

ʩʣʝʜʥʝʛʦ. ɼʣʷ ʦʭʣʘʞʜʝʥʠʷ ʧʨʠ ʧʨʦʙʦʦʪʙʦʨʝ ʰʧʨʠʮ ʙʳʣ ʦʙʝʨʥʫʪ ʤʦʢʨʳʤ ʧʦʣʦʪʝʥʮʝʤ. 

ʇʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʦʪʙʦʨʘ ʛʘʟʘ ʜʦʞʜʘʣʠʩʴ ʫʩʪʘʥʦʚʣʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ ʩʠʩʪʝʤʳ 

(ʰʧʨʠʮ) ʩʦ ʩʨʝʜʦʡ (0 ÁC, 1013 ʛʇʘ). ʆʙʲʝʤʳ ʛʘʟʘ ʠ ʞʠʜʢʦʩʪʠ ʚ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʩʦʩʪʘ-

ʚʠʣʠ 50,0 ʤʣ ʠ 38,0 ʤʣ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɺʟʷʣʠ ʘʣʠʢʚʦʪʫ ʨʘʩʪʚʦʨʘ ʠʟ ʰʧʨʠʮʘ ʦʙʲʝʤʦʤ 10 ʤʣ (ʠʟ ʠʤʝʚʰʠʭʩʷ 38,0 ʤʣ), ʠ ʚʩʶ 

ʩʦʜʝʨʞʘʚʰʫʶʩʷ ʚ ʥʝʡ ʩʝʨʫ ʦʢʠʩʣʠʣʠ ʜʦ ʩʫʣʴʬʘʪ-ʠʦʥʦʚ. ʇʦʩʣʝ ʧʦʜʢʠʩʣʝʥʠʷ ʧʦʣʫ-

ʯʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʨʘʟʙʘʚʣʝʥʥʦʡ HCl ʜʦ ʩʣʘʙʦʢʠʩʣʦʡ ʩʨʝʜʳ ʢ ʥʝʤʫ ʧʨʠʙʘʚʠʣʠ 20 ʤʣ 

10 %-ʥʦʛʦ ʨʘʩʪʚʦʨʘ BaCl2, ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʦʩʘʞʜʝʥʠʶ ʙʝʣʦʛʦ ʦʩʘʜʢʘ, ʤʘʩʩʘ ʢʦʪʦʨʦʛʦ 

ʧʦʩʣʝ ʦʪʜʝʣʝʥʠʷ ʠ ʚʳʩʫʰʠʚʘʥʠʷ ʩʦʩʪʘʚʠʣʘ 0,30 ʛ. 

ʉʯʠʪʘʡʪʝ, ʯʪʦ ʧʨʠ ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ (0 ÁC ʠ 1013 ʛʇʘ) ʤʦʣʷʨʥʳʡ ʦʙʲʝʤ ʛʘʟʘ ʩʦ-

ʩʪʘʚʣʷʝʪ 22,4 ʣ. 
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a) ʈʘʩʩʯʠʪʘʡʪʝ ʦʙʲʝʤʥʦʝ ʩʦʜʝʨʞʘʥʠʝ (ʚ %) ʚʦʜʷʥʳʭ ʧʘʨʦʚ ʚʦ ʚʟʷʪʦʤ ʜʣʷ ʘʥʘʣʠʟʘ 

ʚʫʣʢʘʥʠʯʝʩʢʦʤ ʛʘʟʝ, ʧʨʠʥʷʚ, ʯʪʦ ʦʙʲʝʤ ʨʘʩʪʚʦʨʘ NaOH ʥʝ ʠʟʤʝʥʷʝʪʩʷ ʧʨʠ ʧʦ-

ʛʣʦʱʝʥʠʠ ʜʨʫʛʠʭ (ʧʦʤʠʤʦ ʚʦʜʷʥʳʭ ʧʘʨʦʚ) ʛʘʟʦʚ. ʇʣʦʪʥʦʩʪʴ ʨʘʩʪʚʦʨʘ NaOH ʩʯʠ-

ʪʘʡʪʝ ʧʦʩʪʦʷʥʥʦʡ (ʠ ʨʘʚʥʦʡ 1,0 ʛ/ʤʣ) ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ. 

b) ʈʘʩʩʯʠʪʘʡʪʝ ʢʦʣʠʯʝʩʪʚʦ (ʚ ʤʦʣʷʭ) ʩʝʨʳ, ʩʦʜʝʨʞʘʚʰʝʡʩʷ ʚ ʚʫʣʢʘʥʠʯʝʩʢʦʤ ʛʘʟʝ, 

ʩʦʙʨʘʥʥʦʤ ʚ ʰʧʨʠʮ, ʘ ʪʘʢʞʝ ʩʫʤʤʘʨʥʳʡ ʦʙʲʝʤ (ʚ ʤʣ) H2S ʠ SO2 ʚ ʥʝʤ, ʠʟʤʝʨʝʥʥʳʡ 

ʧʨʠ ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ. ʆʪʚʝʪ ʜʘʡʪʝ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ ʜʚʫʭ ʟʥʘʯʘʱʠʭ ʮʠʬʨ. 

c) ɼʣʷ ʦʮʝʥʢʠ ʤʦʣʷʨʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ H2S ʠ SO2 ʚ ʛʘʟʝ ʠʩʧʦʣʴʟʫʶʪ ʨʘʟʣʠʯʠʷ ʚ ʠʭ 

ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ. ɺʫʣʢʘʥʠʯʝʩʢʠʡ ʛʘʟ ʤʝʜʣʝʥʥʦ ʧʨʦʧʫʩʢʘʶʪ ʯʝʨʝʟ ʩʦʩʫʜ, 

ʩʦʜʝʨʞʘʱʠʡ 30 ʤʣ 0,03 ʄ ʨʘʩʪʚʦʨʘ KIO3-KI ʠ 3 ʤʣ 4 M HCl. ʇʨʠʚʝʜʠʪʝ ʫʨʘʚʥʝʥʠʷ 

ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ, ʧʨʦʪʝʢʘʶʱʠʭ ʧʨʠ ʧʨʦʧʫʩʢʘʥʠʠ ʛʘʟʦʦʙʨʘʟʥʳʭ H2S ʠ SO2 ʯʝʨʝʟ 

ʨʘʩʪʚʦʨ. 

ɿʘʜʘʯʘ 22.  

ʂʦʣʝʙʘʪʝʣʴʥʳʝ ʠ ʚʨʘʱʘʪʝʣʴʥʳʝ ʩʧʝʢʪʨʳ ʚʫʣʢʘʥʠʯʝʩʢʦʛʦ 

ʛʘʟʘ 

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʚʫʣʢʘʥʠʯʝʩʢʦʛʦ ʛʘʟʘ ʙʳʣ ʥʝʜʘʚʥʦ ʦʧʨʝʜʝʣʝʥ ʩ ʧʦʤʦʱʴʶ 

ʜʠʩʪʘʥʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ʇʨʠʚʝʜʝʥʥʳʡ ʥʠʞʝ ʨʠʩʫʥʦʢ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʩʧʝʢʪʨ ʧʦʛʣʦʱʝʥʠʷ ʚ ʠʥʬʨʘʢʨʘʩʥʦʡ ʦʙʣʘʩʪʠ (ʢʦʣʝʙʘʪʝʣʴʥʦ-ʚʨʘʱʘʪʝʣʴʥʳʡ 

ʩʧʝʢʪʨ) ʚʫʣʢʘʥʠʯʝʩʢʦʛʦ ʛʘʟʘ. ñXò ʠ ñYò ʥʘ ʨʠʩʫʥʢʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʚʫʤ ʛʘʣʦʛʝʥʦʚʦʜʦ-

ʨʦʜʘʤ. ʀʟʚʝʩʪʥʦ, ʯʪʦ Y ʨʘʩʪʚʦʨʷʝʪ ʩʠʣʠʢʘʪʥʳʝ ʤʘʪʝʨʠʘʣʳ. 
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ʈʠʩʫʥʦʢ. ʀʂ-ʩʧʝʢʪʨ ʧʦʛʣʦʱʝʥʠʷ ʚʫʣʢʘʥʠʯʝʩʢʦʛʦ ʛʘʟʘ, ʧʦʣʫʯʝʥʥʳʡ ʜʠʩʪʘʥʮʠʦʥʥʦ ʩ 

ʧʦʤʦʱʴʶ ʩʥʘʙʞʝʥʥʦʛʦ ʪʝʣʝʩʢʦʧʦʤ ʀʂ-ʩʧʝʢʪʨʦʤʝʪʨʘ ʩ ʌʫʨʴʝ-ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ. X ʠ 

Y ï ʛʘʣʦʛʝʥʦʚʦʜʦʨʦʜʳ. 

a) ʋʩʪʘʥʦʚʠʪʝ ʭʠʤʠʯʝʩʢʠʝ ʬʦʨʤʫʣʳ ʚʝʱʝʩʪʚ X ʠ Y. 

b) ʂʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʚʨʝʟʢʝ ʚ ʧʨʘʚʦʤ ʚʝʨʭʥʝʤ ʫʛʣʫ ʨʠʩʫʥʢʘ, ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʚ 

ʩʧʝʢʪʨʝ ʚʝʱʝʩʪʚʘ ʍ ʨʘʩʱʝʧʣʝʥʳ. ʇʨʠʯʠʥʦʡ ʪʘʢʦʛʦ ʨʘʩʱʝʧʣʝʥʠʷ ʷʚʣʷʝʪʩʷ ʠʟʦ-

ʪʦʧʥʳʡ ʩʦʩʪʘʚ ʛʘʣʦʛʝʥʘ X ʩ ʦʪʥʦʩʠʪʝʣʴʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʥʫʢʣʠʜʦʚ 3 : 1. ʋʢʘʞʠʪʝ 

ʵʪʠ ʜʚʘ ʠʟʦʪʦʧʘ ʚ ʧʦʨʷʜʢʝ ʫʤʝʥʴʰʝʥʠʷ ʠʭ ʩʦʜʝʨʞʘʥʠʷ ʚ ʩʤʝʩʠ. 

ɿʘʜʘʯʘ 23.  

ɺʚʝʜʝʥʠʝ ʚ ʭʠʤʠʶ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʚʝʱʝʩʪʚ 

ɺʚʝʜʝʥʠʝ ʚ 1925 ʛʦʜʫ ʥʝʤʝʮʢʠʤ ʅʦʙʝʣʝʚʩʢʠʤ ʣʘʫʨʝʘʪʦʤ ɻ.ʐʪʘʫʜʠʥʛʝʨʦʤ ʧʦʥʷ-

ʪʠʷ ʦ ʤʘʢʨʦʤʦʣʝʢʫʣʘʭ (ʯʘʩʪʦ ʥʘʟʳʚʘʝʤʳʭ ñʧʦʣʠʤʝʨʘʤʠò) ʧʨʦʣʦʞʠʣʦ ʧʫʪʴ ʚ ʯʘʨʫʶʱʠʡ 

ʤʠʨ ʥʦʚʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʢʘʯʝʩʪʚʝ 
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ʧʣʘʩʪʤʘʩʩ, ʨʝʟʠʥ, ʚʦʣʦʢʦʥ. 

ʉʦʛʣʘʩʥʦ ʦʜʥʦʡ ʠʟ ʢʣʘʩʩʠʬʠʢʘʮʠʡ, ʤʘʢʨʦʤʦʣʝʢʫʣʳ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʝ 

ʛʨʫʧʧʳ: ʚʠʥʠʣʴʥʳʝ ʠ ʥʝʚʠʥʠʣʴʥʳʝ ʧʦʣʠʤʝʨʳ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʧʝʨʚʳʭ, ʢʦʪʦʨʳʝ ʦʙʳʯʥʦ 

ʧʦʣʫʯʘʶʪ ʠʟ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʚʠʥʠʣʴʥʳʭ ʤʦʥʦʤʝʨʦʚ (= Ŭ-ʦʣʝʬʠʥʳ) ʮʝʧʥʦʡ ʧʦʣʠ-

ʤʝʨʠʟʘʮʠʝʡ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʠʥʠʮʠʘʪʦʨʦʚ ʠʣʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʚʪʦʨʳʝ ʦʙʳʯʥʦ ʧʦʣʫʯʘʶʪ 

ʩʪʫʧʝʥʯʘʪʦʡ ʧʦʣʠʤʝʨʠʟʘʮʠʝʡ ʙʠʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʦʥʦʤʝʨʦʚ (ʠʣʠ ʠʭ ʩʤʝʩʝʡ), ʪʘʢʠʭ 

ʢʘʢ H2N-R-COOH (ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʦʣʠʘʤʠʜʦʚ), HO-R-COOH (ʜʘʶʪ ʧʦʣʠʵʬʠʨʳ), 

H2N-R-NH2 + HOOC-Rô-COOH (ʧʦʣʠʘʤʠʜʳ), HO-R-OH + HOOC-Rô-COOH (ʧʦʣʠʵʬʠʨʳ) 

ʠ ʜʨʫʛʠʭ. ʂʘʢ ʣʝʛʢʦ ʧʦʥʷʪʴ ʠʟ ʜʚʫʭ ʧʦʩʣʝʜʥʠʭ ʧʨʠʤʝʨʦʚ, ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʝ ʩʦʦʪʥʦ-

ʰʝʥʠʝ ʤʝʞʜʫ ʙʠʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʤʦʥʦʤʝʨʘʤʠ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʬʘʢ-

ʪʦʨʦʚ, ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʦʣʠʤʝʨʘ ʩ ʚʳʩʦʢʦʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʦʡ ʚ ʧʨʦʮʝʩʩʘʭ ʩʪʫ-

ʧʝʥʯʘʪʦʡ ʧʦʣʠʤʝʨʠʟʘʮʠʠ. 

ʂʦʛʜʘ ʵʣʝʤʝʥʪʘʨʥʘʷ ʩʪʘʜʠʷ ʩʪʫʧʝʥʯʘʪʦʡ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʦʙʨʘʪʠʤʘ (ʥʘʧʨʠʤʝʨ, 

ʧʨʦʮʝʩʩ ʵʪʝʨʠʬʠʢʘʮʠʠ), ʪʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦ ʩʜʚʠʛʘʪʴ ʨʘʚʥʦʚʝʩʠʝ ʚʧʨʘʚʦ. ʈʘʩʩʤʦʪʨʠʤ 

ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʧʦʣʦʞʝʥʠʝʤ ʨʘʚʥʦʚʝʩʠʷ ʠ ʜʣʠʥʦʡ ʮʝʧʠ ʤʘʢʨʦʤʦʣʝʢʫʣʳ, ʧʦʣʫ-

ʯʘʝʤʦʡ ʠʟ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʡ ʩʤʝʩʠ ʙʠʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʦʥʦʤʝʨʦʚ. 

ʋʨʘʚʥʝʥʠʝ (1) ï ʪʠʧʠʯʥʳʡ ʧʨʠʤʝʨ ʨʝʘʢʮʠʠ ʵʪʝʨʠʬʠʢʘʮʠʠ, ʚ ʢʦʪʦʨʦʡ ʢʦʥʩʪʘʥʪʘ ʨʘʚ-

ʥʦʚʝʩʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʣʘ (K = 4,20 ʧʨʠ 78 oC ï ʪʝʤʧʝʨʘʪʫʨʝ ʢʠʧʝʥʠʷ ʵʪʘʥʦʣʘ). 

 

a) ɺ ʩʠʩʪʝʤʫ ʚʚʝʣʠ ʧʦ 1,00 ʤʦʣʴ ʨʝʘʛʝʥʪʦʚ. ʈʘʩʩʯʠʪʘʡʪʝ ʤʘʩʩʫ (ʛ) ʵʪʠʣʘʮʝʪʘʪʘ ʚ 

ʨʘʚʥʦʚʝʩʥʦʡ ʩʤʝʩʠ ʨʝʘʢʮʠʠ (1). 

ɿʘʤʝʥʠʤ ʤʦʥʦʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʤʦʣʝʢʫʣʳ ʚ ʧʨʦʮʝʩʩʝ, ʦʧʠʩʳʚʘʝʤʦʤ ʫʨʘʚʥʝʥʠʝʤ 

(1), ʥʘ ʜʠʢʘʨʙʦʥʦʚʫʶ ʢʠʩʣʦʪʫ ʠ ʜʠʦʣ, ʪʦʛʜʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʨʝʘʢʮʠʷ ʧʦʣʠʢʦʥʜʝʥ-

ʩʘʮʠʠ ʧʨʠʚʝʜʝʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʣʠʥʝʡʥʳʭ ʤʦʣʝʢʫʣ ʧʦʣʠʵʬʠʨʘ. 

ʀ ʭʦʪʷ ʧʦʣʠʢʦʥʜʝʥʩʘʮʠʷ ʚʢʣʶʯʘʝʪ ʤʥʦʞʝʩʪʚʦ ʨʘʚʥʦʚʝʩʥʳʭ ʩʪʘʜʠʡ, ʵʪʦʪ ʧʨʦʮʝʩʩ 

ʤʦʞʥʦ ʫʧʨʦʱʝʥʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʨʝʘʢʮʠʝʡ (2), ʩʯʠʪʘʷ, ʯʪʦ ʢʘʞʜʘʷ ʩʪʘʜʠʷ ʭʘʨʘʢʪʝʨʠ-

ʟʫʝʪʩʷ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʢʦʥʩʪʘʥʪʦʡ ʨʘʚʥʦʚʝʩʠʷ. 
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ɼʣʠʥʘ ʮʝʧʠ ʧʦʣʠʤʝʨʘ ʦʧʨʝʜʝʣʷʝʪ ʤʥʦʛʠʝ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʘ. ʊʘʢ, ʜʣʠʥʥʳʝ 

ʤʘʢʨʦʤʦʣʝʢʫʣʳ ʦʙʝʩʧʝʯʠʚʘʶʪ ʤʝʭʘʥʠʯʝʩʢʫʶ ʧʨʦʯʥʦʩʪʴ, ʜʦʩʪʘʪʦʯʥʫʶ ʜʣʷ ʧʨʦʠʟʚʦʜ-

ʩʪʚʘ ʪʢʘʥʝʡ ʠ ʪʦʥʢʠʭ ʧʣʝʥʦʢ. ʂʦʨʦʪʢʦʮʝʧʦʯʝʯʥʳʝ ʧʦʣʠʤʝʨʳ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʠʩ-

ʧʦʣʴʟʫʶʪʩʷ ʢʘʢ ʢʣʝʷʱʠʝ ʩʦʩʪʘʚʳ, ʇɸɺʳ. ɼʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʣʠʥʳ ʧʦʣʠʤʝʨʥʦʡ ʮʝʧʠ 

ʣʫʯʰʝ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʩʪʝʧʝʥʴ ʧʦʣʠʤʝʨʠʟʘʮʠʠ (ʜʘʣʝʝ ʦʙʦʟʥʘʯʘʝʤʫʶ X *1)), ʥʝʞʝʣʠ 

ʤʦʣʝʢʫʣʷʨʥʫʶ ʤʘʩʩʫ, ʢʦʪʦʨʘʷ ʟʘʚʠʩʠʪ ʦʪ ʩʪʨʦʝʥʠʷ ʬʨʘʛʤʝʥʪʦʚ R1 ʠ R2. ʅʘʧʨʠʤʝʨ, ʚ 

ʨʝʘʢʮʠʠ (2), X ʨʘʚʥʦ 1 ʜʣʷ ʜʠʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠʣʠ ʜʠʦʣʘ ʠ ʩʦʩʪʘʚʣʷʝʪ 2n ʜʣʷ 

ʧʦʣʠʵʬʠʨʘ (ʫʯʪʠʪʝ, ʯʪʦ ʬʨʘʛʤʝʥʪ ʚ ʢʚʘʜʨʘʪʥʳʭ ʩʢʦʙʢʘʭ ʫʞʝ ʷʚʣʷʝʪʩʷ çʜʠʤʝʨʦʤè *2)). 

ʇʦʩʢʦʣʴʢʫ ʨʝʘʣʴʥʳʡ ʧʦʣʠʤʝʨ ï ʩʤʝʩʴ ʤʦʣʝʢʫʣ c ʜʣʠʥʥʳʤʠ, ʫʤʝʨʝʥʥʦ ʜʣʠʥʥʳʤʠ ʠ 

ʢʦʨʦʪʢʠʤʠ ʮʝʧ̫ʤʠ, ʪʦ X ï ʫʩʨʝʜʥʝʥʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ *1). ɻʨʫʧʧʳ HO- ʠ ïH, ʚʳʥʝ-

ʩʝʥʥʳʝ ʟʘ ʢʚʘʜʨʘʪʥʳʝ ʩʢʦʙʢʠ ʚ ʫʨʘʚʥʝʥʠʠ ʨʝʘʢʮʠʠ (2) ʥʘʟʳʚʘʶʪ ʢʦʥʮʝʚʳʤʠ, ʘ ʧʦ-

ʚʪʦʨʷʶʱʠʡʩʷ ʬʨʘʛʤʝʥʪ -COR1CO-OR2O- (ʠʟʚʝʩʪʥʳʡ ʢʘʢ ʵʣʝʤʝʥʪʘʨʥʦʝ ʟʚʝʥʦ), ʢʘʢ 

ʫʧʦʤʠʥʘʣʦʩʴ, ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʤʦʥʦʤʝʨʥʳʭ ʟʚʝʥʴʝʚ. 

ʇʦʵʪʦʤʫ, ʤʦʣʝʢʫʣʷʨʥʘʷ ʤʘʩʩʘ ʤʦʥʦʤʝʨʥʦʛʦ ʟʚʝʥʘ ʄu, ʜʣʷ ʨʝʘʢʮʠʠ (2) ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʠʟ ʩʦʦʪʥʦʰʝʥʠʷ: 

2

___ ʟʚʝʥʘʦʛʦʵʣʝʤʝʥʪʘʨʥʤʘʩʩʘʘʷʤʦʣʝʢʫʣʷʨʥ
M u =                                  (3) 

ɽʩʣʠ ʦʙʦʟʥʘʯʠʪʴ ʩʨʝʜʥʝʯʠʩʣʦʚʫʶ ʤʦʣʝʢʫʣʷʨʥʫʶ ʤʘʩʩʫ ʧʦʣʠʤʝʨʘ ʄ *3), ʪʦ 

ʩʧʨʘʚʝʜʣʠʚʦ ʩʣʝʜʫʶʱʝʝ ʩʦʦʪʥʦʰʝʥʠʝ: 

uM

ʛʨʫʧʧʢʦʥʮʝʚʳʭʤʘʩʩʘʘʷʤʦʣʝʢʫʣʷʨʥM
X

___-
=                                    (4) 

ʂʘʢ ʤʦʞʥʦ ʧʦʥʷʪʴ ʠʟ ʨʘʩʯʝʪʘ, ʧʨʦʚʝʜʝʥʥʦʛʦ ʚ ʧʫʥʢʪʝ a), ʝʩʣʠ ʢʦʥʩʪʘʥʪʘ ʨʘʚʥʦ-

ʚʝʩʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʨʝʘʢʮʠʠ ʜʦʩʪʘʪʦʯʥʦ ʤʘʣʘ, ʪʦ ʜʘʞʝ ʧʦ ʜʦʩʪʠʞʝʥʠʠ ʨʘʚʥʦ-

ʚʝʩʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʩʠʩʪʝʤʝ ʦʩʪʘʶʪʩʷ ʦʱʫʪʠʤʳʝ ʢʦʣʠʯʝʩʪʚʘ ʨʝʘʛʝʥʪʦʚ. ʂʦʣʠʯʝʩʪʚʦ 

ʧʨʦʜʫʢʪʘ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʫʪʝʤ ʘʥʘʣʠʟʘ ʨʘʩʭʦʜʦʚʘʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ ʚ 

ʭʦʜʝ ʨʝʘʢʮʠʠ. ʉʪʝʧʝʥʴ ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʠ p ʦʧʨʝʜʝʣʷʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ: 
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ʛʨʫʧʧʢʦʥʮʝʚʳʭʢʦʣʠʯʝʩʪʚʦʥʘʯʘʣʴʥʦʝ

ʛʨʫʧʧʢʦʥʮʝʚʳʭʦʩʪʘʚʰʠʭʩʷʢʦʣʠʯʝʩʪʚʦ

___

___
1)p(ʨʝʘʢʮʠʠ ʧʨʦʪʝʢʘʥʠʷ ʩʪʝʧʝʥʴ =¢=      (5) 

ʅʘʧʨʠʤʝʨ, ʝʩʣʠ ʧʨʦʚʝʩʪʠ ʨʝʘʢʮʠʶ (1), ʠʩʭʦʜʷ ʠʟ 1,00 ʤʦʣʴ ʢʘʞʜʦʛʦ ʠʟ ʙʠʬʫʥʢ-

ʮʠʦʥʘʣʴʥʳʭ ʤʦʥʦʤʝʨʦʚ ʠ ʜʦʩʪʠʛʥʫʚ ʟʥʘʯʝʥʠʷ p = 0,80 ʯʝʨʝʟ ʢʘʢʦʝ-ʪʦ ʚʨʝʤʷ, ʪʦ ʙʫʜʝʪ 

ʧʦʣʫʯʝʥʦ 0,80 ʤʦʣʴ ʩʣʦʞʥʦʛʦ ʵʬʠʨʘ.  

ɺ ʦʨʛʘʥʠʯʝʩʢʦʤ ʩʠʥʪʝʟʝ p Ĭ 100 ʨʘʚʥʦ ʚʳʭʦʜʫ ʧʨʦʮʝʩʩʘ (%), ʠ, ʝʩʣʠ ʫʜʘʝʪʩʷ 

ʜʦʩʪʠʯʴ ʟʥʘʯʝʥʠʷ p = 0,80, ʵʪʦ ʩʯʠʪʘʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʤ ʚʳʭʦʜʦʤ. ʆʜʥʘʢʦ, p = 

0,80 ʥʝʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʠʡ ʧʦʢʘʟʘʪʝʣʴ ʜʣʷ ʧʨʦʮʝʩʩʦʚ ʩʪʫʧʝʥʯʘʪʦʡ ʧʦʣʠʤʝʨʠʟʘʮʠʠ. 

ʂʘʢ ʧʦʢʘʟʘʥʦ ʥʠʞʝ, p = 0,80 ʦʪʚʝʯʘʝʪ ʫʩʧʝʰʥʦʤʫ ʧʨʦʪʝʢʘʥʠʶ 4 ʠʟ 5 ʩʪʘʜʠʡ ʢʦʥʜʝʥ-

ʩʘʮʠʠ. (ǒ-ǒ ʠ ƺ-ƺ ʦʙʦʟʥʘʯʘʶʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʦʩʪʘʪʢʠ ʜʠʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʜʠʦʣʘ.). 

X ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʜʦʩʪʠʛʘʝʪ 5,0.  

 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʦʣʠʤʝʨʘ ʩ ʙʦʣʴʰʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʍ ʩʣʝʜʫʝʪ 

ʜʦʩʪʠʛʘʪʴ pŸ1. ɸʤʝʨʠʢʘʥʩʢʠʡ ʫʯʝʥʳʡ ʋ.ʂʘʨʦʟʝʨʩ ʚʳʚʝʣ ʫʨʘʚʥʝʥʠʝ (6), ʩʚʷʟʳʚʘʶʱʝʝ 

X ʠ p:  

 

ɼʘʞʝ ʜʠʣʝʪʘʥʪ ʙʝʟ ʦʩʦʙʦʛʦ ʪʨʫʜʘ ʩʤʦʞʝʪ ʧʦʣʫʯʠʪʴ ʚʠʥʠʣʴʥʳʝ ʧʦʣʠʤʝʨʳ, 

ʥʘʧʨʠʤʝʨ, ʧʦʣʠʩʪʠʨʦʣ, ʩʦ ʟʥʘʯʝʥʠʷʤʠ M Ó 106 (ʯʪʦ ʦʪʚʝʯʘʝʪ X Ó 104) ʚ ʧʨʦʮʝʩʩʝ 

ʮʝʧʥʦʡ ʧʦʣʠʤʝʨʠʟʘʮʠʠ Ŭ-ʦʣʝʬʠʥʦʚʳʭ ʤʦʥʦʤʝʨʦʚ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʜʘʞʝ ʣʫʯʰʠʝ ʢʦʤ-

ʤʝʨʯʝʩʢʠʝ ʧʦʣʠʢʦʥʜʝʥʩʘʮʠʦʥʥʳʝ ʧʦʣʠʤʝʨʳ, ʪʘʢʠʝ ʢʘʢ ʥʘʡʣʦʥ-6,6 ʠʣʠ ʇʕʊʌ [ʧʦʣʠ-

ʵʪʠʣʝʥʪʝʨʝʬʪʘʣʘʪ ʠʣʠ ʧʦʣʠ-(ʦʢʩʠʵʪʠʣʝʥoʢʩʠʪʝʨʝʬʪʘʣʦʠʣ)], ʜʦʩʪʠʛʘʶʪ ʟʥʘʯʝʥʠʡ M 

ʪʦʣʴʢʦ ʧʦʨʷʜʢʘ (1~8)Ö104. ʊʠʧʠʯʥʦʝ ʟʥʘʯʝʥʠʝ M ʜʣʷ ʦʙʨʘʟʮʘ ʇʕʊʌ 4,000Ö104, ʯʪʦ ʦʪ-

ʚʝʯʘʝʪ X = 416,3 (Mu = 96,09). ʊʦʛʜʘ ʟʥʘʯʝʥʠʝ p ʜʣʷ ʧʦʣʠʢʦʥʜʝʥʩʘʮʠʠ ʪʝʨʝʬʪʘʣʝʚʦʡ 

ʢʠʩʣʦʪʳ ʠ 1,2-ʵʪʘʥʜʠʦʣʘ ʜʦʣʞʥʦ ʧʨʝʚʳʰʘʪʴ 0,9976 [ʧʦʩʢʦʣʴʢʫ 416,3 Ó 1/(1 ï p) ʠʟ 

ʫʨʘʚʥʝʥʠʷ (6)]. ʅʝʪʨʫʜʥʦ ʧʦʥʷʪʴ, ʯʪʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʧʦʣʠʤʝʨʦʚ ʩ ʚʳʩʦʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ 

ʄ ʠ ʍ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʝʧʨʦʩʪʫʶ ʟʘʜʘʯʫ. 
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ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʧʫʥʢʪʘ a), ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ pŸ1 ʚ ʨʝʘʢʮʠʷʭ ʧʦʣʠʢʦʥʜʝʥ-

ʩʘʮʠʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʦʣʠʵʬʠʨʦʚ ʩʣʝʜʫʝʪ ʧʨʦʜʝʣʘʪʴ ʢʨʦʧʦʪʣʠʚʫʶ ʨʘʙʦʪʫ, ʧʦ-

ʩʢʦʣʴʢʫ ʟʥʘʯʝʥʠʝ K ʥʝʚʝʣʠʢʦ. ʆʜʥʠʤ ʠʟ ʩʧʦʩʦʙʦʚ ʜʦʩʪʠʛʥʫʪʴ pŸ1 ʷʚʣʷʝʪʩʷ ʫʜʘʣʝʥʠʝ 

ʧʦʙʦʯʥʦʛʦ ʧʨʦʜʫʢʪʘ ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʠ. ɼʣʷ ʧʨʦʩʪʦʪʳ ʨʘʩʩʤʦʪʨʝʥʠʷ, 

ʧʨʝʦʙʨʘʟʫʝʤ ʫʨʘʚʥʝʥʠʝ (2) ʚ ʚʠʜʫ (7). ɽʩʣʠ ʚʟʷʪʴ ʨʦʚʥʦ ʧʦ 1 ʤʦʣʴ -COOH (ʚ ʩʦʩʪʘʚʝ 

ʜʠʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ) ʠ -OH (ʚ ʩʦʩʪʘʚʝ ʜʠʦʣʘ), ʪʦ ʚ ʨʘʚʥʦʚʝʩʥʦʡ ʩʠʩʪʝʤʝ ʙʫʜʝʪ 

ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ p ʤʦʣʴ ʩʣʦʞʥʦʵʬʠʨʥʳʭ ʩʚʷʟʝʡ, ʘ ʧʦ (1 ï p) ʤʦʣʴ -COOH ʠ -OH ʛʨʫʧʧ 

ʦʩʪʘʥʝʪʩʷ ʥʝʧʨʦʨʝʘʛʠʨʦʚʘʚʰʠʤʠ. ɼʣʷ ʩʤʝʱʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ ʨʝʘʢʮʠʠ ʚʧʨʘʚʦ ʢʦʣʠ-

ʯʝʩʪʚʦ ʚʦʜʳ ʩʣʝʜʫʝʪ ʫʤʝʥʴʰʠʪʴ ʩ p ʤʦʣʴ ʜʦ ʥʠʯʪʦʞʥʦ ʤʘʣʦʡ ʚʝʣʠʯʠʥʳ nw ʤʦʣʴ. 

 

b) ɺʳʨʘʟʠʪʝ ʂ ʯʝʨʝʟ ʚʝʣʠʯʠʥʳ p ʠ nw. 

c) ʇʦʣʴʟʫʷʩʴ ʧʦʣʫʯʝʥʥʳʤ ʚ b) ʩʦʦʪʥʦʰʝʥʠʝʤ ʠ ʫʨʘʚʥʝʥʠʝʤ ʂʘʨʦʟʝʨʩʘ, ʚʳʨʘʟʠʪʝ ʍ 

ʢʘʢ ʬʫʥʢʮʠʶ 
wn

K
=b . ʋʧʨʦʩʪʠʪʝ ʧʦʣʫʯʝʥʥʦʝ ʚʳʨʘʞʝʥʠʝ, ʫʯʠʪʳʚʘʷ, ʯʪʦ 

p Ò 1 ʠ ɓ >> 1. 

d) ʈʘʩʩʯʠʪʘʡʪʝ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ ʪʨʝʭ ʟʥʘʯʘʱʠʭ ʮʠʬʨ ʚʝʨʭʥʠʡ ʧʨʝʜʝʣ ʚʝʣʠʯʠʥʳ nw 

ʧʨʠ ʢʦʪʦʨʦʤ X Ó 100, ʧʨʠʥʷʚ [-COOH]0 = [-OH]0 = 1,00 ʤʦʣʴ ʠ K = 4,00. 

ɿʘʤʝʯʘʥʠʷ: 

*1) ɺ ʣʠʪʝʨʘʪʫʨʝ ʵʪʘ ʚʝʣʠʯʠʥʘ ʪʨʘʜʠʮʠʦʥʥʦ ʥʘʟʳʚʘʝʪʩʷ ʩʨʝʜʥʝʯʠʩʣʦʚʦʡ ʩʪʝʧʝʥʴʶ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʠ 

ʦʙʦʟʥʘʯʘʝʪʩʷ Xn. 

*2) ɼʣʷ ʧʦʣʠʤʝʨʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʙʠʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʦʥʦʤʝʨʦʚ ʩ ʜʚʫʤʷ ʨʘʟʣʠʯʥʳʤʠ ʛʨʫʧʧʘʤʠ (ʪʘ-

ʢʠʭ, ʢʘʢ H2N-R-COOH ʠʣʠ HO-R-COOH), ʤʦʥʦʤʝʨʥʦʝ ʠ ʵʣʝʤʝʥʪʘʨʥʦʝ ʟʚʝʥʦ ʩʦʚʧʘʜʘʶʪ 

(H-[HN-R-CO]n-OH ʠʣʠ H-[O-R-CO]n-OH), ʧʦʵʪʦʤʫ ʟʥʘʯʝʥʠʝ n ʨʘʚʥʦ ʟʥʘʯʝʥʠʶ X. 

*3) ɺ ʣʠʪʝʨʘʪʫʨʝ ʵʪʘ ʚʝʣʠʯʠʥʘ ʪʨʘʜʠʮʠʦʥʥʦ ʥʘʟʳʚʘʝʪʩʷ ʩʨʝʜʥʝʯʠʩʣʦʚʦʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʦʡ ʠ 

ʦʙʦʟʥʘʯʘʝʪʩʷ Mn. ʇʦ ʦʧʨʝʜʝʣʝʥʠʶ: Mn = (×MiÖNi / ×Ni), ʛʜʝ Mi ʠ Ni ï ʤʦʣʝʢʫʣʷʨʥʘʷ ʤʘʩʩʘ ʠ ʯʠʩʣʦ ʤʦ-

ʣʝʢʫʣ ʩ ʯʠʩʣʦʤ ʟʚʝʥʴʝʚ i ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɿʘʜʘʯʘ 24.  

ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʢʘʨʙʦʥʠʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 



42-ʘʷ ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʭʠʤʠʯʝʩʢʘʷ ʦʣʠʤʧʠʘʜʘ 2010, ʗʧʦʥʠʷ 

ʍʠʤʠʷ: ʢʣʶʯ ʢ ʥʘʰʝʤʫ ʙʫʜʫʱʝʤʫ 

 
ʇʦʜʛʦʪʦʚʠʪʝʣʴʥʳʝ ʟʘʜʘʥʠʷ 30 

ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʦʜʥʦʡ ʠʟ ʢʘʨʙʦʥʠʣʴʥʳʭ ʛʨʫʧʧ ʩʦʝʜʠʥʝʥʠʷ ɸ ʜʘʝʪ ʚʝʱʝʩʪʚʦ B ʚ 

ʚʠʜʝ ʜʚʫʭ ʩʪʝʨʝʦʠʟʦʤʝʨʦʚ B1 ʠ B2. ʇʦʩʣʝ ʨʘʟʜʝʣʝʥʠʷ ʵʪʠʭ ʠʟʦʤʝʨʦʚ ʧʨʦʚʝʣʠ ʚʦʩ-

ʩʪʘʥʦʚʣʝʥʠʝ ʫʛʣʝʨʦʜ-ʫʛʣʝʨʦʜʥʦʡ ʩʚʷʟʠ ʚ ʥʠʭ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʦʝʜʠʥʝʥʠʷ C, ʧʨʠʩʫʪ-

ʩʪʚʫʶʱʝʛʦ ʚ ʚʠʜʝ ʩʤʝʩʠ ʧʘʨ ʩʪʝʨʝʦʠʟʦʤʝʨʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʠʟ B1 ʠ B2 ʩʦʦʪʚʝʪ-

ʩʪʚʝʥʥʦ. ʇʦʩʣʝ ʨʘʟʜʝʣʝʥʠʷ ʠʟʦʤʝʨʦʚ ʧʦʣʫʯʝʥʳ ʯʝʪʳʨʝ ʚʠʜʘ ʧʨʦʜʫʢʪʦʚ, ʦʙʦʟʥʘʯʘʝ-

ʤʳʭ Cij  (i, j = 1, 2). ɼʘʣʝʝ, ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʦʩʪʘʚʰʝʡʩʷ ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʳ ʚ ʵʪʠʭ 

ʯʝʪʳʨʝʭ ʧʨʦʜʫʢʪʘʭ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʚʝʱʝʩʪʚʘ D, ʧʨʝʜʩʪʘʚʣʷʶʱʝʛʦ ʩʦʙʦʡ 

ʩʤʝʩʴ ʩʪʝʨʝʦʠʟʦʤʝʨʦʚ (ʧʦ ʜʚʘ ʥʘ ʢʘʞʜʦʝ ʠʟ ʠʩʭʦʜʥʳʭ ʚʝʱʝʩʪʚ). ʈʘʟʜʝʣʝʥʠʝ ʵʪʠʭ 

ʩʪʝʨʝʦʠʟʦʤʝʨʦʚ ʜʘʝʪ ʚʦʩʝʤʴ ʚʠʜʦʚ ʧʨʦʜʫʢʪʦʚ Dijk  (i, j, k = 1, 2). 

 

a) ɽʩʪʴ ʣʠ ʩʨʝʜʠ ʚʦʩʴʤʠ ʚʠʜʦʚ ʧʨʦʜʫʢʪʦʚ, ʦʙʦʟʥʘʯʝʥʥʳʭ Dijk  (i, j, k = 1, 2) ʦʜʠʥʘʢʦʚʳʝ 

ʚʝʱʝʩʪʚʘ? ɽʩʣʠ ʜʘ, ʪʦ ʧʨʠʚʝʜʠʪʝ ʩʪʨʫʢʪʫʨʳ ʚʩʝʭ ʪʘʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. 

b) ɽʩʪʴ ʣʠ ʩʨʝʜʠ ʚʦʩʴʤʠ ʚʠʜʦʚ ʧʨʦʜʫʢʪʦʚ, ʦʙʦʟʥʘʯʝʥʥʳʭ Dijk  (i, j, k = 1, 2) ʦʧʪʠʯʝʩʢʠ 

ʥʝʘʢʪʠʚʥʳʝ ʚʝʱʝʩʪʚʘ? ɽʩʣʠ ʜʘ, ʪʦ ʧʨʠʚʝʜʠʪʝ ʩʪʨʫʢʪʫʨʳ ʚʩʝʭ ʪʘʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. 

c) ɽʩʪʴ ʣʠ ʩʨʝʜʠ ʚʦʩʴʤʠ ʚʠʜʦʚ ʧʨʦʜʫʢʪʦʚ, ʦʙʦʟʥʘʯʝʥʥʳʭ Dijk  (i, j, k = 1, 2) ʚʝʱʝʩʪʚʘ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʩʦʙʦʡ ʧʘʨʫ ʵʥʘʥʪʠʦʤʝʨʦʚ? ɽʩʣʠ ʜʘ, ʪʦ ʧʨʠʚʝʜʠʪʝ ʩʪʨʫʢʪʫʨʳ 

ʚʩʝʭ ʪʘʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. 

ɿʘʜʘʯʘ 25.  

ʉʠʥʪʝʟ ʂʠʣʠʘʥʠ-ʌʠʰʝʨʘ 

D-ɸʨʘʙʠʥʦʟʘ ʩʫʱʝʩʪʚʫʝʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʮʠʢʣʠʯʝʩʢʦʡ ʬʦʨʤʝ, ʥʘʭʦʜʷʱʝʡʩʷ 

ʚ ʨʘʚʥʦʚʝʩʠʠ ʩ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʦʪʢʨʳʪʦʡ ʬʦʨʤʳ. ʆʙʨʘʙʦʪʢʘ 

D-ʘʨʘʙʠʥʦʟʳ ʩʠʥʠʣʴʥʦʡ ʢʠʩʣʦʪʦʡ (HCN) ʜʘʝʪ ʩʤʝʩʴ ʜʠʘʩʪʝʨʝʦʤʝʨʥʳʭ ʮʠʘʥʛʠʜʨʠʥʦʚ 

A ʠ B. ɻʠʜʨʦʣʠʟ ʵʪʠʭ ʮʠʘʥʛʠʜʨʠʥʦʚ ʧʨʠʚʦʜʠʪ ʢ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʠʟʦʤʝʨʥʳʤ ʢʘʨʙʦ-

ʥʦʚʳʤ ʢʠʩʣʦʪʘʤ, ʢʦʪʦʨʳʝ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʦʙʨʘʟʫʶʪ ʧʷʪʠʯʣʝʥʥʳʝ ʮʠʢʣʠʯʝʩʢʠʝ ʣʘʢ-

ʪʦʥʳ C ʠ D (ʠʭ ʧʣʦʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʜʘʥʘ ʥʘ ʩʭʝʤʝ). ʃʘʢʪʦʥʳ C ʠ D ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʪʩʷ 

ʘʤʘʣʴʛʘʤʦʡ ʥʘʪʨʠʷ (ʠʣʠ ʙʦʨʛʠʜʨʠʜʦʤ ʥʘʪʨʠʷ) ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ D-ʤʘʥʥʦʟʳ ʠ 

D-ʛʣʶʢʦʟʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺʩʷ ʵʪʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʫʜʣʠʥʝʥʠʷ ʮʝʧʠ ʚ ʤʦʣʝʢʫʣʝ 



42-ʘʷ ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʭʠʤʠʯʝʩʢʘʷ ʦʣʠʤʧʠʘʜʘ 2010, ʗʧʦʥʠʷ 

ʍʠʤʠʷ: ʢʣʶʯ ʢ ʥʘʰʝʤʫ ʙʫʜʫʱʝʤʫ 

 
ʇʦʜʛʦʪʦʚʠʪʝʣʴʥʳʝ ʟʘʜʘʥʠʷ 31 

ʫʛʣʝʚʦʜʦʚ ʠʟʚʝʩʪʥʘ ʢʘʢ ʩʠʥʪʝʟ ʂʠʣʠʘʥʠ-ʌʠʰʝʨʘ. 

 

Reduction = ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ, hydrolysis = ʛʠʜʨʦʣʠʟ. 

a) ʀʟʦʙʨʘʟʠʪʝ ʧʨʦʝʢʮʠʦʥʥʫʶ ʬʦʨʤʫʣʫ ʌʠʰʝʨʘ ʜʣʷ ʦʪʢʨʳʪʦʡ ʬʦʨʤʳ D-ʘʨʘʙʠʥʦʟʳ. 

b) ʇʨʠʚʝʜʠʪʝ ʧʨʦʝʢʮʠʦʥʥʳʝ ʬʦʨʤʫʣʳ ʌʠʰʝʨʘ ʜʣʷ ʮʠʘʥʛʠʜʨʠʥʦʚ ɸ ʠ ɺ. 

c) ʀʟʦʙʨʘʟʠʪʝ ʩʪʝʨʝʦʭʠʤʠʯʝʩʢʠʝ ʬʦʨʤʫʣʳ ʜʣʷ ʣʘʢʪʦʥʦʚ ʉ ʠ D. 

ɿʘʜʘʯʘ 26.  

ɻʣʠʢʦʣʠʟ 

ʋ ʙʦʣʴʰʠʥʩʪʚʘ ʦʨʛʘʥʠʟʤʦʚ ʠʩʪʦʯʥʠʢʦʤ ʵʥʝʨʛʠʠ ʧʨʠ ʢʨʘʪʢʦʩʨʦʯʥʦʡ ʥʘʛʨʫʟʢʝ ʷʚ-

ʣʷʝʪʩʷ ʛʣʶʢʦʟʘ. ʇʨʠ ʵʪʦʤ ʛʣʶʢʦʟʘ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʧʠʨʦʚʠʥʦʛʨʘʜʥʫʶ ʢʠʩʣʦʪʫ ʚ ʨʝ-

ʟʫʣʴʪʘʪʝ ʩʝʨʠʠ ʬʝʨʤʝʥʪʘʪʠʚʥʳʭ ʨʝʘʢʮʠʡ. 

 pyruvic acid = ʧʠʨʦʚʠʥʦʛʨʘʜʥʘʷ ʢʠʩʣʦʪʘ 

ʅʘʯʘʣʴʥʘʷ ʯʘʩʪʴ ʫʧʦʤʷʥʫʪʦʛʦ ʤʝʪʘʙʦʣʠʯʝʩʢʦʛʦ ʧʫʪʠ ʧʨʦʪʝʢʘʝʪ ʩʣʝʜʫʶʱʠʤ ʦʙ-

ʨʘʟʦʤ. ʅʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʧʨʦʠʩʭʦʜʠʪ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʝ Ŭ-ʛʣʶʢʦʟʳ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

Ŭ-ʛʣʶʢʦʟʦ-6-ʬʦʩʬʘʪʘ (1). ɼʘʣʝʝ, ʚʝʱʝʩʪʚʦ 1 ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʦʪʢʨʳʪʫʶ ʬʦʨʤʫ ʛʣʶ-

ʢʦʟʦ-6-ʬʦʩʬʘʪʘ (2), ʠʟʦʤʝʨʠʟʫʶʱʫʶʩʷ ʚ ʦʪʢʨʳʪʫʶ ʬʦʨʤʫ ʬʨʫʢʪʦʟʦ-6-ʬʦʩʬʘʪʘ (4). 



42-ʘʷ ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʭʠʤʠʯʝʩʢʘʷ ʦʣʠʤʧʠʘʜʘ 2010, ʗʧʦʥʠʷ 

ʍʠʤʠʷ: ʢʣʶʯ ʢ ʥʘʰʝʤʫ ʙʫʜʫʱʝʤʫ 

 
ʇʦʜʛʦʪʦʚʠʪʝʣʴʥʳʝ ʟʘʜʘʥʠʷ 32 

ʕʪʘ ʨʝʘʢʮʠʷ ʠʜʝʪ ʯʝʨʝʟ ʦʙʨʘʟʦʚʘʥʠʝ ʚʝʱʝʩʪʚʘ ɸ, ʪʘʫʪʦʤʝʨʥʦʛʦ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 2 ʠ 4. 

ʌʦʩʬʦʨʠʣʠʨʦʚʘʥʠʝ ʩʦʝʜʠʥʝʥʠʷ 4 ʜʘʝʪ ʬʨʫʢʪʦʟʦ-1,6-ʜʠʬʦʩʬʘʪ (5), ʢʦʪʦʨʳʡ ʨʘʩ-

ʝɦʧʣʷʝʪʩʷ ʥʘ ʜʚʘ ʢʘʨʙʦʥʠʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʷ B ʠ C ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʪʨʦʘʣʴʜʦʣʴʥʦʡ 

ʨʝʘʢʮʠʠ. ɺʝʱʝʩʪʚʘ B ʠ C (ʢʘʢ ʠ ʚʝʱʝʩʪʚʘ 2 ʠ 4) ʚʟʘʠʤʦʧʨʝʚʨʘʪʠʤʳ ʯʝʨʝʟ ʦʙʱʫʶ ʪʘ-

ʫʪʦʤʝʨʥʫʶ ʬʦʨʤʫ, ʠ ʦʙʘ ʦʙʨʘʟʫʶʪ ʧʠʨʦʚʠʥʦʛʨʘʜʥʫʶ ʢʠʩʣʦʪʫ. 

 

a) ʀʟʦʙʨʘʟʠʪʝ ʩʪʨʫʢʪʫʨʫ ʦʩʥʦʚʥʦʛʦ ʧʨʦʜʫʢʪʘ ʨʝʘʢʮʠʠ ʤʝʞʜʫ ʨʘʚʥʳʤʠ ʢʦʣʠʯʝ-

ʩʪʚʘʤʠ ʛʣʶʢʦʟʳ (ʚ ʚʠʜʝ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ) ʠ ʬʝʥʠʣʛʠʜʨʘʟʠʥʘ (ʚ ʚʠʜʝ ʫʢʩʫʩʥʦʢʠʩ-

ʣʦʛʦ ʨʘʩʪʚʦʨʘ). 

b) ʇʨʠʚʝʜʠʪʝ ʧʨʦʝʢʮʠʦʥʥʳʝ ʬʦʨʤʫʣʳ ʌʠʰʝʨʘ ʜʣʷ ʛʣʶʢʦʟʦ-6-ʬʦʩʬʘʪʘ (2) ʠ ʬʨʫʢ-

ʪʦʟʦ-6-ʬʦʩʬʘʪʘ (4). 

c) ʇʨʠʚʝʜʠʪʝ ʩʪʨʫʢʪʫʨʫ ʪʘʫʪʦʤʝʨʘ A. 

d) ʀʟʦʙʨʘʟʠʪʝ ʩʪʨʫʢʪʫʨʳ ʢʘʨʙʦʥʠʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ B ʠ C. 

ɿʘʜʘʯʘ 27.  

ʉʠʥʪʝʟ ʤʝʥʪʦʣʘ 

(-)-ʄʝʥʪʦʣ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʵʬʠʨʥʦʛʦ ʤʘʩʣʘ ʤʷʪʳ ʧʝʨʝʯʥʦʡ ʠ 

ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ, ʢʦʩʤʝʪʠʢʠ, ʟʫʙʥʦʡ ʧʘʩʪʳ. 
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ʂʨʦʤʝ ʪʦʛʦ (-)-ʤʝʥʪʦʣ ʦʙʣʘʜʘʝʪ ʦʙʝʟʙʦʣʠʚʘʶʱʠʤ ʜʝʡʩʪʚʠʝʤ ʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʤʝʜʠ-

ʮʠʥʝ. (-)-ʄʝʥʪʦʣ ʤʦʞʝʪ ʙʳʪʴ ʚʳʜʝʣʝʥ ʠʟ ʧʨʠʨʦʜʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʪʘʢʠʭ ʢʘʢ ʵʬʠʨʥʦʝ 

ʤʘʩʣʦ ʤʷʪʳ ʧʝʨʝʯʥʦʡ, ʥʦ ʟʥʘʯʠʪʝʣʴʥʘʷ ʝʛʦ ʯʘʩʪʴ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʠʥʪʝʟʠʨʫʝʪʩʷ ʚ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʧʦ ʧʨʠʚʝʜʝʥʥʦʡ ʥʠʞʝ ʩʭʝʤʝ. ɼʘʥʥʳʡ ʩʠʥʪʝʟ ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʢʦʣʦ 1/3 

ʤʠʨʦʚʦʡ ʧʦʪʨʝʙʥʦʩʪʠ ʚ (-)-ʤʝʥʪʦʣʝ. ʂʣʶʯʝʚʦʡ ʩʪʘʜʠʝʡ ʩʠʥʪʝʟʘ ʷʚʣʷʝʪʩʷ ʨʝʘʢʮʠʷ 

1,3-ʘʩʠʤʤʝʪʨʠʯʥʦʛʦ ʛʠʜʨʠʜʥʦʛʦ ʩʜʚʠʛʘ, ʧʝʨʝʚʦʜʷʱʘʷ ʘʤʠʥ A ʚ ʝʥʘʤʠʥ B. ʆʧʪʠʯʝʩʢʠ 

ʯʠʩʪʳʤ ʝʥʘʤʠʥ ɺ ʧʦʣʫʯʘʝʪʩʷ ʙʣʘʛʦʜʘʨʷ ʧʨʠʤʝʥʝʥʠʶ ʢʘʪʘʣʠʟʘʪʦʨʘ ʥʘ ʦʩʥʦʚʝ ʢʦʤ-

ʧʣʝʢʩʘ ʨʦʜʠʷ ʩ ʭʠʨʘʣʴʥʳʤ ʙʠʜʝʥʪʘʪʥʳʤ ʣʠʛʘʥʜʦʤ, ʢʦʪʦʨʳʡ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʈ.ʅʦʡʦʨʠ 

(ʅʦʙʝʣʝʚʩʢʠʤ ʣʘʫʨʝʘʪʦʤ 2001 ʛʦʜʘ ʚ ʦʙʣʘʩʪʠ ʭʠʤʠʠ), ʩʪʨʦʛʦ ʨʘʟʣʠʯʘʝʪ ʵʥʘʥʪʠʦʪʦʧ-

ʥʳʝ ʘʪʦʤʳ ʚʦʜʦʨʦʜʘ HR ʠ HS, ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʝʣʝʢʪʠʚʥʳʡ ʧʝʨʝʥʦʩ ʘʪʦʤʘ HS. 

 

Chiral catalyst = ʭʠʨʘʣʴʥʳʡ ʢʘʪʘʣʠʟʘʪʦʨ, solvent = ʨʘʩʪʚʦʨʠʪʝʣʴ 

a) ʂʘʢʠʝ ʠʟ ʥʠʞʝʧʨʠʚʝʜʝʥʥʳʭ ʤʦʣʝʢʫʣ (D ï I) ʩʦʜʝʨʞʘʪ ʜʚʘ ʵʥʘʥʪʠʦʪʦʧʥʳʭ ʘʪʦʤʘ 

ʚʦʜʦʨʦʜʘ (HA ʠ HB), ʢʦʪʦʨʳʝ ʩʪʝʨʝʦʭʠʤʠʯʝʩʢʠ ʧʦʜʦʙʥʳ ʧʨʦʪʦʥʘʤ (HR ʠ HS) ʚ ʤʦ-

ʣʝʢʫʣʝ ʘʤʠʥʘ A? 

 

b) ʇʨʝʜʣʦʞʠʪʝ ʤʝʭʘʥʠʟʤ ʨʝʘʢʮʠʠ ʛʠʜʨʦʣʠʟʘ ʝʥʘʤʠʥʘ B ʜʦ ʘʣʴʜʝʛʠʜʘ C. 

c) ʇʨʠʚʝʜʠʪʝ ʩʪʨʫʢʪʫʨʫ ʥʘʠʙʦʣʝʝ ʫʩʪʦʡʯʠʚʦʛʦ ʠʟ ʢʦʥʬʦʨʤʝʨʦʚ (-)-ʤʝʥʪʦʣʘ. 

d) ʆʙʨʘʙʦʪʢʘ (-)-ʤʝʥʪʦʣʘ ʨʘʟʙʘʚʣʝʥʥʦʡ ʩʝʨʥʦʡ ʢʠʩʣʦʪʦʡ ʧʨʠʚʦʜʠʪ ʢ ʧʨʦʪʝʢʘʥʠʶ 



42-ʘʷ ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʭʠʤʠʯʝʩʢʘʷ ʦʣʠʤʧʠʘʜʘ 2010, ʗʧʦʥʠʷ 

ʍʠʤʠʷ: ʢʣʶʯ ʢ ʥʘʰʝʤʫ ʙʫʜʫʱʝʤʫ 

 
ʇʦʜʛʦʪʦʚʠʪʝʣʴʥʳʝ ʟʘʜʘʥʠʷ 34 

ʜʝʛʠʜʨʘʪʘʮʠʠ. ʇʨʝʜʩʢʘʞʠʪʝ ʩʪʨʫʢʪʫʨʫ ʦʩʥʦʚʥʦʛʦ ʧʨʦʜʫʢʪʘ ʵʪʦʡ ʨʝʘʢʮʠʠ. 

e) (-)-ʄʝʥʪʦʣ ʦʪʥʦʩʠʪʩʷ ʢ ʛʨʫʧʧʝ ʤʦʥʦʪʝʨʧʝʥʦʚ ï ʚʝʱʝʩʪʚ ʩʦʩʪʦʷʱʠʭ ʠʟ ʜʚʫʭ 

ʠʟʦʧʨʝʥʦʠʜʥʳʭ ʬʨʘʛʤʝʥʪʦʚ. ʆʙʚʝʜʠʪʝ ʢʨʫʞʢʦʤ ʢʘʞʜʳʡ ʠʟ ʬʨʘʛʤʝʥʪʦʚ ʩʢʝʣʝʪʘ 

ʠʟʦʧʨʝʥʘ ʚ ʩʪʨʫʢʪʫʨʝ (-)-ʤʝʥʪʦʣʘ. 

ɿʘʜʘʯʘ 28.  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʫʨʫʰʠʦʣʘ 

ʗʧʦʥʩʢʠʡ ʣʘʢ (ʧʦ-ʷʧʦʥʩʢʠ ï ʫʨʫʰʠ) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʠʨʦʜʥʳʡ ʧʨʦʜʫʢʪ, 

ʚʳʜʝʣʷʝʤʳʡ ʠʟ ʞʠʚʠʮʳ ʜʝʨʝʚʘ ʩʫʤʘʭ ʣʘʢʦʥʦʩʥʳʡ ʠ ʠʩʧʦʣʴʟʫʝʤʳʡ ʩ ʜʘʚʥʠʭ ʚʨʝʤʝʥ. 

ʗʧʦʥʩʢʠʡ ʣʘʢ ʦʙʣʘʜʘʝʪ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤ ʙʣʝʩʢʦʤ ʠ ʥʘʭʦʜʠʪ ʧʨʠʤʝʥʝʥʠʝ ʚ ʧʨʦʜʫʢʪʘʭ 

ʪʨʘʜʠʮʠʦʥʥʳʭ ʥʘʨʦʜʥʳʭ ʨʝʤʝʩʝʣ. ʆʩʥʦʚʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʩʫʤʘʭʘ ʷʚʣʷʝʪʩʷ ʫʨʫʰʠʦʣ. 

ʂʘʪʘʣʠʟʠʨʫʝʤʝr ʬʝʨʤʝʥʪʦʤ ʣʘʢʢʘʟʦʡ ʦʢʠʩʣʝʥʠʝ ʠ ʧʦʣʠʤʝʨʠʟʘʮʠʷ ʫʨʫʰʠʦʣʘ ʧʨʠ-

ʚʦʜʷʪ ʢ ʦʩʤʦʣʝʥʠʶ ʠ ʟʘʪʚʝʨʜʝʚʘʥʠʶ ʞʠʚʠʮʳ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʩʪʨʦʝʥʠʷ ʫʨʫʰʠʦʣʘ ʚʝ-

ʣʠʩʴ ʩ ʥʘʯʘʣʘ XX ʚʝʢʘ ʠ ʫʚʝʥʯʘʣʠʩʴ ʫʩʧʝʭʦʤ ʚ 1918 ʛʦʜʫ, ʫʩʠʣʠʷʤʠ ʧʨʦʬʝʩʩʦʨʘ 

ʈ.ʄʘʜʞʠʤʳ. ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʫʨʫʰʠʦʣ ï ʩʤʝʩʴ ʚʝʱʝʩʪʚ ʙʣʠʟʢʦʛʦ ʩʪʨʦʝʥʠʷ ʠ ʜʘʞʝ 

ʦʧʨʝʜʝʣʝʥʠʝ ʝʛʦ ʤʦʣʝʢʫʣʷʨʥʦʡ ʬʦʨʤʫʣʳ ï ʩʣʦʞʥʘʷ ʟʘʜʘʯʘ, ʧʦʩʢʦʣʴʢʫ ʫʨʫʰʠʦʣ ʥʝ-

ʫʩʪʦʡʯʠʚ ʠ ʣʝʛʢʦ ʧʦʣʠʤʝʨʠʟʫʝʪʩʷ. ʇʦʩʢʦʣʴʢʫ ʧʨʠ ʧʝʨʝʛʦʥʢʝ ʫʨʫʰʠʦʣ ʨʘʟʣʘʛʘʝʪʩʷ, 

ʦʙʨʘʟʫʷ ʩʤʝʩʴ ʧʠʨʦʢʘʪʝʭʠʥʘ (1) ʠ ʥʝʥʘʩʳʱʝʥʥʳʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ, ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, 

ʯʪʦ ʦʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʦʠʟʚʦʜʥʦʝ ʧʠʨʦʢʘʪʝʭʠʥʘ ʩ ʥʝʥʘʩʳʱʝʥʥʳʤʠ ʘʣʢʠʣʴʥʳʤʠ 

ʟʘʤʝʩʪʠʪʝʣʷʤʠ. ʇʨʠ ʦʙʨʘʙʦʪʢʝ ʫʨʫʰʠʦʣʘ ʜʠʤʝʪʠʣʩʫʣʴʬʘʪʦʤ ʦʙʨʘʟʫʝʪʩʷ ʜʠʤʝʪʠʣʫ-

ʨʫʰʠʦʣ, ʘ ʧʨʠ ʚʧʝʨʚʳʝ ʧʨʝʜʣʦʞʝʥʥʦʤ ʚ ʪʦ ʚʨʝʤʷ ɺʠʣʴʰʪʝʪʪʝʨʦʤ ʢʘʪʘʣʠʪʠʯʝʩʢʦʤ 

ʛʠʜʨʠʨʦʚʘʥʠʠ ʧʨʠ ʦʙʳʯʥʦʤ ʜʘʚʣʝʥʠʠ ʚʦʜʦʨʦʜʘ ï ʢʨʠʩʪʘʣʣʳ ʯʠʩʪʦʛʦ ʛʠʜʨʦʫʨʫʰʠʦʣʘ ï 

ʚʝʱʝʩʪʚʘ ʩ ʤʦʣʝʢʫʣʷʨʥʦʡ ʬʦʨʤʫʣʦʡ C21H36O2. ʇʦʩʣʝʜʥʠʝ ʨʝʟʫʣʴʪʘʪʳ ʩʠʣʴʥʦ ʧʦʤʦʛʣʠ 

ʚ ʫʩʪʘʥʦʚʣʝʥʠʠ ʩʪʨʦʝʥʠʷ ʫʨʫʰʠʦʣʘ. 

 

a) ɽʩʣʠ ʧʨʠʥʷʪʴ, ʯʪʦ ʥʘʩʳʱʝʥʥʳʝ ʘʣʢʠʣʴʥʳʝ ʟʘʤʝʩʪʠʪʝʣʠ ʫʨʫʰʠʦʣʘ ʥʝʨʘʟʚʝʪʚ-
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ʣʝʥʥʳʝ ʠ ʦʜʥʦʛʦ ʚʠʜʘ, ʪʦ ʜʣʷ ʛʠʜʨʦʫʨʫʰʠʦʣʘ ʤʦʞʥʦ ʧʨʝʜʣʦʞʠʪʴ ʜʚʝ ʩʪʨʫʢʪʫʨʳ. 

ʇʨʠʚʝʜʠʪʝ ʵʪʠ ʩʪʨʫʢʪʫʨʳ, ʠʟʦʙʨʘʟʠʚ ʘʣʢʠʣʴʥʳʝ ʛʨʫʧʧʳ ʚ ʚʠʜʝ (CH2)n-CH3. 

b) ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʛʠʜʨʦʫʨʫʰʠʦʣʘ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʩʠʥʪʝʟʳ (I) ʠ (II). ʀʟ 

ʧʨʦʜʫʢʪʦʚ B ʠ D ʵʪʠʭ ʩʠʥʪʝʟʦʚ ʣʠʰʴ ʚʝʱʝʩʪʚʦ D ʦʢʘʟʘʣʦʩʴ ʠʜʝʥʪʠʯʥʳʤ ʜʠʤʝ-

ʪʠʣʛʠʜʨʦʫʨʫʰʠʦʣʫ, ʧʦʣʫʯʝʥʥʦʤʫ ʠʟ ʧʨʠʨʦʜʥʦʛʦ ʫʨʫʰʠʦʣʘ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʫʩʪʘ-

ʥʦʚʠʪʴ ʨʘʩʧʦʣʦʞʝʥʠʝ ʥʝʥʘʩʳʱʝʥʥʦʛʦ ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʟʘʤʝʩʪʠʪʝʣʷ. ʀʟʦʙʨʘʟʠʪʝ 

ʩʪʨʫʢʪʫʨʳ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʚʝʱʝʩʪʚ A ʠ C ʚ ʜʘʥʥʳʭ ʩʠʥʪʝʟʘʭ. 

 

c) ɼʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʯʠʩʣʘ ʠ ʧʦʣʦʞʝʥʠʷ ʜʚʦʡʥʳʭ ʫʛʣʝʨʦʜ-ʫʛʣʝʨʦʜʥʳʭ ʩʚʷʟʝʡ ʚ ʥʝ-

ʥʘʩʳʱʝʥʥʦʤ ʟʘʤʝʩʪʠʪʝʣʝ ʫʨʫʰʠʦʣʘ ʙʳʣ ʧʨʦʚʝʜʝʥ ʦʟʦʥʦʣʠʟ ʜʠʤʝʪʠʣʫʨʫʰʠʦʣʘ. ɺ 

ʩʠʣʫ ʪʦʛʦ, ʯʪʦ ʫʨʫʰʠʦʣ ï ʩʤʝʩʴ ʚʝʱʝʩʪʚ, ʚ ʜʘʥʥʦʤ ʦʧʳʪʝ ʦʙʨʘʟʦʚʘʣʘʩʴ ʩʤʝʩʴ 

ʨʘʟʣʠʯʥʳʭ ʢʘʨʙʦʥʠʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ (ʩʤʦʪʨʠʪʝ ʜʘʣʝʝ ʚʦʧʨʦʩ d). ʆʜʥʘʢʦ ʩʨʝʜʠ ʥʠʭ 

ʥʝ ʦʢʘʟʘʣʦʩʴ ʢʘʨʙʦʥʠʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʪʨʝʤʷ ʘʪʦʤʘʤʠ ʫʛʣʝʨʦʜʘ 

(OHC-CH2-CO2H ʠ HOOC-CH2-COOH). ʇʦʩʣʝʜʥʝʝ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʦʙʘ ʚʝʱʝʩʪʚʘ 

ʨʘʟʣʘʛʘʶʪʩʷ ʧʦ ʥʠʞʝʧʨʠʚʝʜʝʥʥʳʤ ʨʝʘʢʮʠʷʤ. ʋʢʘʞʠʪʝ ʬʦʨʤʫʣʳ ʚʝʱʝʩʪʚ E, F, ʠ G. 

 

d) ʇʦʣʫʯʝʥʥʳʝ ʧʨʠ ʦʟʦʥʦʣʠʟʝ ʜʠʤʝʪʠʣʫʨʫʰʠʦʣʘ ʢʘʨʙʦʥʠʣʩʦʜʝʨʞʘʱʠʝ ʚʝʱʝʩʪʚʘ 

ʧʨʠʚʝʜʝʥʳ ʥʠʞʝ. ɹʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʚʩʝ ʜʚʦʡʥʳʝ ʩʚʷʟʠ ʠ ʙʝʥʟʦʣʴʥʳʝ ʢʦʣʴʮʘ 

ʧʦʜʚʝʨʛʣʠʩʴ ʜʝʩʪʨʫʢʮʠʠ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʠʟʦʙʨʘʟʠʪʝ 

ʪʨʠ ʩʪʨʫʢʪʫʨʳ ʫʨʫʰʠʦʣʘ ʠʟ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ. ʇʨʠ ʠʟʦʙʨʘʞʝʥʠʠ ʥʝʥʘʩʳʱʝʥʥʦʛʦ 

ʟʘʤʝʩʪʠʪʝʣʷ ʯʝʪʢʦ ʫʢʘʞʠʪʝ ʧʦʣʦʞʝʥʠʝ ʜʚʦʡʥʦʡ ʩʚʷʟʠ ʚ ʚʠʜʝ 

(CH2)nCH=CH(CH2)nCH3. ʋʢʘʟʳʚʘʪʴ ʛʝʦʤʝʪʨʠʶ ʜʚʦʡʥʦʡ ʩʚʷʟʠ (ʮʠʩ- ʠʣʠ ʪʨʘʥʩ-) 
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ʥʝʦʙʷʟʘʪʝʣʴʥʦ. 

 

ɿʘʜʘʯʘ 29.  

ʉʠʥʪʝʟ ʊʘʤʠʬʣʶ 

ʐʠʢʠʤʦʚʘʷ ʢʠʩʣʦʪʘ ʥʝ ʪʦʣʴʢʦ ʷʚʣʷʝʪʩʷ ʚʘʞʥʝʡʰʠʤ ʠʥʪʝʨʤʝʜʠʘʪʦʤ ʚʦ ʤʥʦʛʠʭ 

ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ, ʥʦ ʝʱʝ ʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʘʢ ʭʠʨʘʣʴʥʳʡ ʨʝʘʛʝʥʪ ʚ ʩʠʥʪʝʟʝ 

ʨʷʜʘ ʮʝʥʥʳʭ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʚʝʱʝʩʪʚ, ʧʦʩʢʦʣʴʢʫ ʝʝ ʤʦʣʝʢʫʣʘ ʩʦʜʝʨʞʠʪ ʥʝʩʢʦʣʴʢʦ 

ʘʩʠʤʤʝʪʨʠʯʥʳʭ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ. 

ʆʜʥʠʤ ʠʟ ʵʬʬʝʢʪʠʚʥʳʭ ʧʨʦʪʠʚʦʚʠʨʫʩʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʷʚʣʷʝʪʩʷ ʊʘʤʠʬʣʶ, ʜʝʡ-

ʩʪʚʫʶʱʝʝ ʚʝʱʝʩʪʚʦ ʢʦʪʦʨʦʛʦ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʦ ʠʩʭʦʜʷ ʠʟ ʰʠʢʠʤʦʚʦʡ ʢʠʩʣʦʪʳ, 

ʚʳʜʝʣʷʝʤʦʡ ʠʟ ʨʘʩʪʝʥʠʷ ʠʣʣʠʮʠʫʤ ʥʘʩʪʦʷʱʠʡ (Illicium verum). ʏʘʩʪʴ ʩʭʝʤʳ ʩʠʥʪʝʟʘ 

ʧʨʠʚʝʜʝʥʘ ʥʠʞʝ. 
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a) ʇʨʝʜʣʦʞʠʪʝ ʨʝʘʛʝʥʪʳ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʧʨʝʚʨʘʱʝʥʠʡ, ʦʙʦʟʥʘ-

ʯʝʥʥʳʭ ʥʘ ʩʭʝʤʝ ʙʫʢʚʘʤʠ a, b, c, d, e, ʠ f. 

b) ʇʨʠʚʝʜʠʪʝ ʤʝʭʘʥʠʟʤ ʨʝʘʢʮʠʠ, ʧʨʦʪʝʢʘʶʱʝʡ ʥʘ ʩʪʘʜʠʠ b. 

c) ʀʟʦʙʨʘʟʠʪʝ ʩʪʨʫʢʪʫʨʫ ʠʥʪʝʨʤʝʜʠʘʪʘ ɸ. 

d) ɺ ʚʠʜʝ ʢʘʢʦʛʦ ʯʠʩʣʘ ʩʪʝʨʝʦʠʟʦʤʝʨʦʚ ʤʦʞʝʪ ʩʫʱʝʩʪʚʦʚʘʪʴ ʊʘʤʠʬʣʶ. 

ɿʘʜʘʯʘ 30.  

ʉʧʝʢʪʨʳ ʷʜʝʨʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʨʝʟʦʥʘʥʩʘ (ʗʄʈ) ʠʟʦʤʝʨʦʚ 

C4H8  

ʉʫʱʝʩʪʚʫʝʪ ʰʝʩʪʴ ʠʟʦʤʝʨʥʳʭ ʚʝʱʝʩʪʚ ʩʦʩʪʘʚʘ C4H8. 

a) ʀʟʦʙʨʘʟʠʪʝ ʩʪʨʫʢʪʫʨʥʳʝ ʬʦʨʤʫʣʳ ʚʩʝʭ ʵʪʠʭ ʠʟʦʤʝʨʦʚ. 

b) ʆʜʠʥ ʠʟ ʵʪʠʭ ʠʟʦʤʝʨʦʚ ʠʤʝʝʪ ʝʜʠʥʩʪʚʝʥʥʳʡ ʩʠʛʥʘʣ ʚ ʚʠʜʝ ʩʠʥʛʣʝʪʘ ʚ ʩʧʝʢʪʨʝ 
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ʇʄʈ. ʅʘʟʦʚʠʪʝ ʝʛʦ. 

c) ʆʜʠʥ ʠʟ ʠʟʦʤʝʨʦʚ ʠʤʝʝʪ ʜʚʘ ʩʠʛʥʘʣʘ (ʦʙʘ ʚ ʚʠʜʝ ʩʠʥʛʣʝʪʦʚ) ʚ ʩʧʝʢʪʨʝ ʇʄʈ. 

ʅʘʟʦʚʠʪʝ ʵʪʦʪ ʠʟʦʤʝʨ ʠ ʦʮʝʥʠʪʝ ʩʦʦʪʥʦʰʝʥʠʝ ʧʣʦʱʘʜʝʡ ʜʚʫʭ ʧʠʢʦʚ ʚ ʝʛʦ 

ʩʧʝʢʪʨʝ. 

ɿʘʜʘʯʘ 31.  

ʉʧʝʢʪʨ ʷʜʝʨʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʨʝʟʦʥʘʥʩʘ (ʗʄʈ) [18]-ʘʥʥʫʣʝʥʘ 

[18]-ɸʥʥʫʣʝʥ ï ʘʨʦʤʘʪʠʯʝʩʢʠʡ ʫʛʣʝʚʦʜʦʨʦʜ, ʩʦʜʝʨʞʘʱʠʡ 18 ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ. 

ʄʦʣʝʢʫʣʘ ʵʪʦʛʦ ʘʥʥʫʣʝʥʘ ʠʤʝʝʪ ʧʨʘʢʪʠʯʝʩʢʠ ʧʣʦʩʢʫʶ ʩʪʨʫʢʪʫʨʫ, ʚ ʢʦʪʦʨʦʡ ʤʦʞʥʦ 

ʚʳʜʝʣʠʪʴ 6 ʚʥʫʪʨʝʥʥʠʭ (Hin) ʠ 12 ʚʥʝʰʥʠʭ (Hout) ʘʪʦʤʦʚ ʚʦʜʦʨʦʜʘ. ʉʧʝʢʪʨʳ 1H ʗʄʈ 

[18]-ʘʥʥʫʣʝʥʘ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ 213 K ʠ 383 K ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ. 

 

a) ʆʮʝʥʠʪʝ ʩʦʦʪʥʦʰʝʥʠʝ ʧʣʦʱʘʜʝʡ ʧʠʢʦʚ ʧʨʠ 9,3 ʠ ï3,0 ppm ʚ ʩʧʝʢʪʨʝ, ʧʦʣʫʯʝʥʥʦʤ 

ʧʨʠ 213 K. 

b) ʆʙʲʷʩʥʠʪʝ, ʧʦʯʝʤʫ ʩʧʝʢʪʨ, ʧʦʣʫʯʝʥʥʳʡ ʧʨʠ 383 K ʠʤʝʝʪ ʣʠʰʴ ʦʜʠʥ ʩʠʥʛʣʝʪ, 

ʪʦʛʜʘ ʢʘʢ ʧʨʠ 213 K ʚ ʩʧʝʢʪʨʝ ʧʨʦʷʚʣʷʶʪʩʷ ʜʚʘ ʤʫʣʴʪʠʧʣʝʪʘ. 
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c) ʆʮʝʥʠʪʝ ʧʦʣʦʞʝʥʠʝ (ʚ ppm) ʩʠʥʛʣʝʪʥʦʛʦ ʩʠʛʥʘʣʘ ʚ ʩʧʝʢʪʨʝ, ʧʦʣʫʯʝʥʥʦʤ ʧʨʠ 383 ʂ. 


