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ȝɒɔɈɫɖɓɫɗɘɢ ɫ ɖɋɆɑɢɓɫɗɘɢ

ʈʦʟʜʽʣʠ 

ʬʽʟʠʯʥʦʾ 

ʭʽʤʽʾ

ɯʤʦʚʽʨʥʽʩʪʴ

ʨʝʘʢʮʽʾ

ʏʘʩ ʐʣʷʭ 

ʨʝʘʢʮʽʾ

ɺʝʣʠʯʠʥʠ

ʊʝʨʤʦʜʠ

-ʥʘʤʽʢʘ

ʏʠ ʤʦʞʣʠʚʘ

ʚʟʘʛʘʣʽ

ʅʝʩʢʽʥʯʝʥʥʽʩʪʴ    

(ʥʝ ʟʘʣʝʞʠʪʴ)

ʅʝ ʚʧʣʠʚʘʻ,

ʨʽʚʥʦʚʘʛʘ

(ʥʝ ʟʘʣʝʞʠʪʴ)

ɺʽʣʴʥʘ

ʝʥʝʨʛʽʷ

ʂʽʥʝʪʠʢ

ʘ

ʗʢʱʦ 

ʽʤʦʚʽʨʥʘ:

ʷʢ ʰʚʠʜʢʦ

ʧʝʨʝʙʽʛʘʻ

10-9ʩ ï10 3 

ʨʦʢʽʚ 

(ʟʘʟʚʠʯʘʡ ï

ʩʝʢʫʥʜʠ ʪʘ 

ʛʦʜʠʥʠ)

ʗʢ ʩʘʤʝ 

ʧʝʨʝʙʽʛʘʻ?

(ʧʝʨʝʭʽʜ ʜʦ 

ʨʽʚʥʦʚʘʛʠ,  

ʤʝʭʘʥʽʟʤ)

ʐʚʠʜʢʽʩʪʴ  

ʨʝʘʢʮʽʾ

ʍʽʤʽʯʥʘ ʢʽʥʝʪʠʢʘ: çʟʚʠʯʘʡʥʽ ʧʘʨʘʤʝʪʨʠè - T, p, V, c, hɜ,..  ʘʣʝ

-ʯʠʥʥʠʢ ʯʘʩʫ

-ʤʝʭʘʥʽʟʤ ʧʝʨʝʙʽʛʫ( çʰʣʷʭè, ʢʘʪʘʣʽʟʘʪʦʨ,..)

-ʚʽʣʴʥʘ ʝʥʝʨʛʽʷ ʥʝ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʧʨʷʤʦʤʫ ʟʚôʷʟʢʫ ʟʽ ʰʚʠʜʢʽʩʪʶ ʨʝʘʢʮʽʾ
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ʅʘʧʨʷʤʦʢ ʧʝʨʝʙʽʛʫ ʧʨʦʮʝʩʽʚ

ʢʦʦʨʜʠʥʘʪʘ ʨʝʘʢʮʽʾ Ÿ
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ȨɎɍɓɆɝɋɓɓɥ

Â ȵɖɋɊɒɋɘɔɒɖɔɍɊɫɑəKiɓɋɘɎɐɆ ɛɫɒɫɝɓɎɛ ɖɋɆɐɜɫɏ

ɩɈɗɘɆɓɔɈɑɋɓɓɥ ɒɋɛɆɓɫɍɒəɫ  ɞɈɎɊɐɔɗɘɫ ɕɋɖɋɇɫɉə 
ɗɆɒɔɊɔɈɫɑɢɓɎɛ ɖɋɆɐɜɫɏ.

ȶɔɍɊɫɑɗɐɑɆɊɆɩɘɢɗɥ ɍ ɊɈɔɛ ɝɆɗɘɎɓ :

Â ȺɔɖɒɆɑɢɓɆ ɐɫɓɋɘɎɐɆɊɔɍɈɔɑɥɩ ɐɫɑɢɐɫɗɓɔ ɔɕɎɗəɈɆɘɎ 
ɕɋɖɋɇɫɉ ɛɫɒɫɝɓɔɉɔ ɕɖɔɜɋɗə ə ɝɆɗɫ Ɉ ɍɆɑɋɌɓɔɗɘɫ ɈɫɊ 
ɐɔɓɜɋɓɘɖɆɜɫɬ ɘɆ ɚɆɍɔɈɔɉɔ ɗɐɑɆɊə, Ɇ ɓɋ ɕɖɎɖɔɊɎ 
ɐɔɓɐɖɋɘɓɎɛ ɖɋɝɔɈɎɓ ɘɆ ɒɋɛɆɓɫɍɒə ɗɆɒɔɬ ɖɋɆɐɜɫɬ

Â ȲɔɑɋɐəɑɥɖɓɆ ɐɫɓɋɘɎɐɆïɈɝɋɓɓɥ ɕɖɔ ɒɋɛɆɓɫɍɒ 

ɛɫɒɫɝɓɔɬ ɈɍɆɩɒɔɊɫɬ.
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ȸɎɕɎ ɖɋɆɐɜɫɏ

1. Å ȩɔɒɔɉɋɓɓɫ  (~ ɐɔɓɜɋɓɘɖɆɜɫɥ)
ïɉɆɍ, ɖɔɍɝɎɓ, ɖɔɍɕɑɆɈ, ...
ïɖɫɍɓɎɏ ɕɔɖɥɊɔɐ, ɒɔɑɋɐəɑɥɖɓɫɗɘɢ
ïɗɐɑɆɊɓɫ  ɖɋɆɐɜɫɬ

Å ɕɆɖɆɑɋɑɢɓɫ, ɗɕɖɥɌɋɓɫ, ...
Å ɕɔɗɑɫɊɔɈɓɫ
Å ɔɇɔɖɔɘɓɫ
Å (ɐɔɒɇɫɓɆɜɫɬ (ɜɎɐɑ ȰɖɋɇɇɗɆ, ...))

ïɐɆɘɆɑɫɍ, ɆɈɘɔɐɆɘɆɑɫɍ, ɫɓɉɫɇɫɤɈɆɓɓɥ 
ïɚɔɘɔɛɫɒɫɝɓɫ, ɑɆɓɜɤɉɔɈɫ 

2. Å ȩɋɘɋɖɔɉɋɓɫ (~ ɒɋɌɆ/ɕɑɔɟɆ ɖɔɍɊɫɑə)
ïɉɋɘɋɖɔɚɆɍɓɫ

Å ɐɆɘɆɑɫɍ
Å ɔɗɆɊ Ɉ ɖɔɍɝɎɓɫ, ...
ïɘɈɋɖɊɔɚɆɍɔɈɫ

3. Åȫɑɋɐɘɖɔɛɫɒɫɝɓɫ (ɋɑɋɐɘɖɔɊɓɎɏ ɕɔɘɋɓɜɫɆɑ)
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ʍʽʤʽʯʥʽ ʨʝʘʢʮʽʾ

ʏʠʥʥʠʢʠ ʚʧʣʠʚʫ ʥʘ ʰʚʠʜʢʽʩʪʴ

ʐʚʠʜʢʽʩʪʴ 

ʭʽʤʽʯʥʠʭ ʨʝʘʢʮʽʡ

Åʇʨʠʨʦʜʘ ʨʝʯʦʚʠʥ

Åʂʦʥʮʝʥʪʨʘʮʽʷ

Åʊʝʤʧʝʨʘʪʫʨʘ

Åʊʠʩʢ

Åʂʘʪʘʣʽʟʘʪʦʨ 

ɻʝʪʝʨʦʛʝʥʥʽɻʦʤʦʛʝʥʥʽ

ʄʦʣʝʢʫʣʷʨʥʽʩʪʴ ʇʦʨʷʜʦʢ ʨʝʘʢʮʽʾ

ɿʘʢʦʥ ʜʽʶʯʠʭ ʤʘʩ

ɿʘʢʦʥ ɺʘʥʪ-ɻʦʬʬʘ

ʊʝʦʨʽʷ ʘʢʪʠʚʦʚʘʥʦʛʦ ʢʦʤʧʣʝʢʩʘ

ʍʽʤʽʯʥʘʷ ʢʽʥʝʪʠʢʘ
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ʂʣʘʩʠʬʽʢʘʮʽʷ ʨʝʘʢʮʽʡ ʟʘ ʥʘʧʨʷʤʢʦʤ

ʍʽʤʽʯʥʽ ʨʝʘʢʮʽʾ

ʅʝʦʙʦʨʦʪʥʽ

ʊʽʣʴʢʠ ʧʨʷʤʘ ʨʝʘʢʮʽʷ

Ÿ
ʨʝʘʢʪʘʥʪʠ ʧʝʨʝʪʚʦʨʶʶʪʴʩʷ ʥʘ 
ʧʨʦʜʫʢʪʠ ʨʝʘʢʮʽʾ, ʘ ʧʨʦʜʫʢʪʠ 
ʥʝ  ʤʦʞʥʘ ʢʦʥʚʝʨʪʫʚʘʪʠ 
ʟʚʦʨʦʪʥʴʦ ʚ ʨʝʘʢʪʘʥʪʠ

ʆʙʦʨʦʪʥʽ

ʇʨʷʤʘ ʪʘ ʟʚʦʨʦʪʥʷʨʝʘʢʮʽʾ 

ʧʝʨʝʙʽʛʘʶʪʴ ʚ ʦʙʦʭ ʥʘʧʨʷʤʘʭ

ź

ʨʝʘʢʪʘʥʪʠ ʧʝʨʝʪʚʦʨʶʶʪʴʩʷ ʥʘ

ʧʨʦʜʫʢʪʠ ʨʝʘʢʮʽʾ, ʷʢ ʽ ʧʨʦʜʫʢʪʠ

ʨʝʘʢʮʽʾ - ʚ ʨʝʘʢʪʘʥʪʠ
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ʂʣʘʩʠʬʽʢʘʮʽʷ ʨʝʘʢʮʽʡ ʟʘ ʘʛʨʝʛʘʪʥʠʤ 

ʩʪʘʥʦʤ

ʍʽʤʽʯʥʽ ʨʝʘʢʮʽʾ

ɻʦʤʦʛʝʥʥʽ

ʧʝʨʝʙʽʛʘʶʪʴ ʚ ʦʜʥʦʨʽʜʥʠʭ 

ʩʝʨʝʜʦʚʠʱʘʭ

(ʛʘʟʦʚʽ ʩʫʤʽʰʽ ʘʙʦ ʨʦʟʯʠʥʠ)

ɻʝʪʝʨʦʛʝʥʥʽ

ʧʝʨʝʙʽʛʘʶʪʴ ʚ ʥʝʦʜʥʦʨʽʜʥʠʭ 

ʩʝʨʝʜʦʚʠʱʘʭ ʤʽʞ

ʨʝʯʦʚʠʥʘʤʠ ʚ ʨʽʟʥʠʭ ʩʪʘʥʘʭ
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ʐʚʠʜʢʽʩʪʴ ʭʽʤʽʯʥʠʭ ʨʝʘʢʮʽʡ
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ȾɈɎɊɐɫɗɘɢ ɖɋɆɐɜɫɬ

Â ȷɋɖɋɊɓɥ ïɐɫɓɜɋɈɆ ɍɒɫɓɆ ɐɔɓɜɋɓɘɖɆɜɫɬ c2 ïc1 ɍɆ 
ɐɫɓɜɋɈɎɏ ɕɖɔɒɫɌɔɐ ɝɆɗə t2 ït1

VɗɋɖɋɊɓ= Ñ(c2 ïc1)/(t 2 ït1)

Â ȝɗɘɎɓɓɆ (ɒɎɘɘɩɈɆ) ïɊɔɘɎɝɓɆ Ɋɔ ɐɖɎɈɔɬ ɍɒɫɓɎ 
ɐɔɓɜɋɓɘɖɆɜɫɬ (ɖɋɆɐɘɆɓɘɫɈ Ɇɇɔ ɕɖɔɊəɐɘɫɈ) ɈɫɊ ɝɆɗə.

ȵɖɎ ɚɫɐɗɔɈɆɓɫɏ ɘɋɒɕɋɖɆɘəɖɫ ʩ̔ʪʠʥʥʘ ɞɈɎɊɐɫɗɘɢ
ɉɔɒɔɉɋɓɓɔɬ ɖɋɆɐɜɫɬ Vi ɈɎɍɓɆɝɆɩɘɢɗɥ  ɍɒɋɓɞɋɓɓɥɒ Ɇɇɔ 

ɍɖɔɗɘɆɓɓɥɒ ɐɔɓɜɋɓɘɖɆɜɫɬ  ɖɋɆɉɋɓɘɆ dCi  ɍɆ ɓɋɗɐɫɓɝɋɓɓɔ 
ɒɆɑɎɏ ɘɋɖɒɫɓ ɝɆɗə dŰ:

Vi =  Ñdci / dŰ

N2(ʛ) + 3H2(ʛ) = 2NH3(ʛ):

Vi = - dc(N2) / dŰ= - (1/3) dc(H2) / dŰ= (1/2) dc(NH3) / dŰ

ʅʘʧʨʠʢʣʘʜ, ʜʣʷ ʨʝʘʢʮʽʾ
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ȨɎɍɓɆɝɋɓɓɥ ɞɈɎɊɐɔɗɘɫ ɖɋɆɐɜɫɬ
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ʐʚʠʜʢʽʩʪʴ ʜʝʷʢʠʭ ʧʝʨʝʪʚʦʨʝʥʴ

ʇʨʦʮʝʩʠ ʏʘʩ, ʩ

ʌʽʟʠʯʥʽ

ɿʽʪʢʥʝʥʥʷ ʤʦʣʝʢʫʣ ʫ ʨʽʜʠʥʽ10-13ï10-14

ʂʦʣʠʚʘʣʴʥʘ ʨʝʣʘʢʩʘʮʽʷ10-12ï10-13

ʂʦʣʠʚʘʥʥʷ ʘʪʦʤʽʚ ʫ ʤʦʣʝʢʫʣʽ10-12 ï10-13

ʆʙʝʨʪʘʥʥʷ ʤʦʣʝʢʫʣ10-10ï10-12

ʍʽʤʽʯʥʽ

ʇʨʷʤʘ ʜʠʩʦʮʽʘʮʽʷ10-13ï10-14

ʆʢʨʝʤʽ ʩʪʘʜʽʾ ʬʦʪʦʩʠʥʪʝʟʫ10-11ï10-12

ʇʝʨʝʜʜʠʩʦʮʽʘʮʽ 1̫0-9ï10-11
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ʏʠʥʥʠʢʠ ʚʧʣʠʚʫ ʥʘ ʰʚʠʜʢʽʩʪʴ 

ʨʝʘʢʮʽʾ
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ʏʠʥʥʠʢʠ ʚʧʣʠʚʫ ʥʘ ʰʚʠʜʢʽʩʪʴ ʨʝʘʢʮʽʾ
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ʏʠʥʥʠʢʠ ʚʧʣʠʚʫ ʥʘ ʰʚʠʜʢʽʩʪʴ ʨʝʘʢʮʽʾ

Â ʇʨʠʨʦʜʘ ʨʝʘʛʝʥʪʽʚ

Â ʌʽʟʠʯʥʠʡ ʩʪʘʥ (ʬʘʟʠ ʨʝʘʛʝʥʪʽʚ)

Â ʂʦʥʮʝʥʪʨʘʮʽʷ (ʜʣʷ ʛʦʤʦʛʝʥʥʠʭ)

Â ʊʠʩʢ(ʜʣʷ ʨʝʘʢʮʽʡ ʚ ʛʘʟʦʚʽʡ ʬʘʟʽ)

Â ʊʝʤʧʝʨʘʪʫʨʘ

Â ʅʘʷʚʥʽʩʪʴ  ʢʘʪʘʣʽʟʘʪʦʨʽʚ

Â ʇʣʦʱʘ ʧʦʚʝʨʭʥʽ(ʜʣʷ ʛʝʪʝʨʦʛʝʥʥʠʭ 
ʨʝʘʢʮʽʡ) - ʧʠʪʦʤʘ ʪʘ ʽʩʪʠʥʥʘ 
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ʇʨʠʨʦʜʘ ʨʝʘʛʝʥʪʽʚ

Â ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʨʠʨʦʜʠ ʨʝʘʛʝʥʪʽʚ ʰʚʠʜʢʦʩʪʽ 

ʭʽʤʽʯʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʩʫʪʪʻʚʦ ʨʽʟʥʷʪʴʩʷ:

Âʂʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʽ ʨʝʘʢʮʽʾ, ʫʪʚʦʨʝʥʥʷ ʩʦʣʝʡ, ʨʝʘʢʮʽʾ 

ʽʦʥʥʦʛʦ ʦʙʤʽʥʫ ʧʝʨʝʙʽʛʘʶʪʴ ʜʫʞʝ ʰʚʠʜʢʦ;

Âʂʦʣʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʫʪʚʦʨʝʥʥʷ ʢʦʚʘʣʝʥʪʥʦʛʦ ʟʚô̫ʟʢʫ  

ʤʽʞ ʘʪʦʤʘʤʠ ʘʙʦ ʬʦʨʤʫʚʘʥʥʷ ʤʦʣʝʢʫʣ ʚʝʣʠʢʠʭ 

ʨʦʟʤʽʨʽʚ, ʪʦ ʨʝʘʢʮʽʾ ʧʝʨʝʙʽʛʘʶʪʴ ʜʫʞʝ ʧʦʚʽʣʴʥʦ;

Âʇʨʠʨʦʜʘ ʽ ʤʽʮʥʽʩʪʴ ʟʚô̫ʟʢʽʚ  ʚ ʤʦʣʝʢʫʣʘʭ ʨʝʘʢʪʘʥʪʽʚ 

ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʻ ʥʘ ʰʚʠʜʢʽʩʪʴ ʾʭ ʧʝʨʝʪʚʦʨʝʥʥʷ ʫ 

ʧʨʦʜʫʢʪʠ ʨʝʘʢʮʽʾ.
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ʇʨʠʨʦʜʘ ʨʝʘʛʝʥʪʽʚ: ʧʨʠʢʣʘʜʠ

1. H2 + Cl2Ÿ 2HCl (ClïCl ïʦʜʠʥʘʨʥʠʡ ʟʚô̫ʟʦʢ)  v1

2. 2H2 + O2Ÿ 2H2ʆ(O=O ïʧʦʜʚʽʡʥʠʡ ʟʚô̫ʟʦʢ) v2

3. 3H2 + N2Ÿ 2NH3 (NɂN ïʧʦʪʨʽʡʥʠʡ ʟʚô̫ʟʦʢ) v3

v1 > v2 > v3
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ʌʽʟʠʯʥʠʡ ʩʪʘʥ (ʪʚʝʨʜʝ, ʨʽʜʠʥʘ ʘʙʦ ʛʘʟ)

Â ʂʦʣʠ ʨʝʘʢʪʘʥʪʠ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʦʜʥʽʡ ʬʘʟʽ, ʷʢ 

ʫ ʚʦʜʥʠʭ ʨʦʟʯʠʥʘʭ, ʪʝʧʣʦʚʽ ʙʣʫʢʘʥʥʷ ʚʝʜʫʪʴ 

ʜʦ ʾʭ ʢʦʥʪʘʢʪʫ. 

Â ʂʦʣʠ ʨʝʘʛʝʥʪʠ ʟʥʘʭʦʜʷʪʴʩʷ ʫ ʨʽʟʥʠʭ ʬʘʟʘʭ, 

ʨʝʘʢʮʽʷ ʦʙʤʝʞʫʻʪʴʩʷ ʤʽʞʬʘʟʦʚʦʶ ʤʝʞʝʶ:

Âʈʝʘʢʮʽʷ ʧʝʨʝʙʽʛʘʻ ʪʽʣʴʢʠ ʚ ʟʦʥʽ ʢʦʥʪʘʢʪʫ, ʫ ʚʠʧʘʜʢʫ 

ʢʦʥʪʘʢʪʫ ʨʽʜʠʥʠ ʪʘ ʛʘʟʫ - ʪʽʣʴʢʠ ʥʘ ʧʦʚʝʨʭʥʽ ʨʽʜʠʥʠ.

Â ɻʦʤʦʛʝʥʥʽ ʨʝʘʢʮʽʾ ʧʝʨʝʙʽʛʘʶʪʴ ʰʚʠʜʰʝ 

ʛʝʪʝʨʦʛʝʥʥʠʭ.
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ʂʦʥʮʝʥʪʨʘʮʽʷ : ʧʝʨʝʜʤʦʚʘ

Â ɿʘʢʦʥ ʜʽʶʯʠʭ ʤʘʩ: ʰʚʠʜʢʽʩʪʴ ʭʽʤʽʯʥʦʾ ʨʝʘʢʮʽʾ 
ʧʨʦʧʦʨʮʽʡʥʘ ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʝʘʢʪʘʥʪʽʚ ʽ ʧʨʦʜʫʢʪʽʚ 
ʨʝʘʢʮʽʾ. 

Â ʎʝ ʜʘʻ ʧʽʜʩʪʘʚʠ ʜʣʷ ʢʦʥʪʨʦʣʶ ʰʚʠʜʢʦʩʪʽ ʨʝʘʢʮʽʾ ʟʘ 
ʨʘʭʫʥʦʢ ʟʤʽʥʠ ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʝʘʢʪʘʥʪʽʚ

Â ɺ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ ʜʣʷ ʨʝʘʢʮʽʾ 

aA + bB + éŸ 

ʨʽʚʥʷʥʥʷ ʜʣʷ ʰʚʠʜʢʦʩʪʽʤʘʻ ʚʠʛʣʷʜ 

v = k(cA)a(cB)b ... ,

ʜe cA, cBïʢʦʥʮʝʥʪʨʘʮʽʾ ʨʝʘʢʪʘʥʪʽʚ, ʤʦʣĿɹʣ-1;

kïʢʦʥʩʪʘʥʪʘ ʰʚʠʜʢʦʩʪʽ, ʱʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʨʠʨʦʜʠ 
ʨʝʘʢʪʘʥʪʘ ʽ ʪʝʤʧʝʨʘʪʫʨʠ;

a, bïʧʦʢʘʟʥʠʢʠ ʩʪʫʧʝʥʽʚ, ʷʢʽ ʜʦʨʽʚʥʶʶʪʴ 
ʩʪʝʭʽʦʤʝʪʨʠʯʥʠʤ ʢʦʝʬʽʮʽʻʥʪʘʤ.

ȰɫɓɋɘɎɝɓɋ ɖɫɈɓɥɓɓɥ  - ɍɆɐɔɓ ɊɫɤɝɎɛ ɒɆɗ Ɋɑɥ 
ɋɑɋɒɋɓɘɆɖɓɎɛ ɗɘɆɊɫɏ
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ɿʘʢʦʥ ʜʽʶʯʠʭ ʤʘʩ

ʅʦʨʚʝʟʴʢʽ ʬʽʟʠʢʦ-ʭʽʤʽʢʠ

ʂʘʪʦ ʄʘʢʩʠʤʽʣʽʘʥ ɻʫʣʴʜʙʝʨʛ

(1836 - 1902) ,

ʽ ʇʝʪʝʨ ɺʘʘʛʝ (1833 - 1900 )
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ɻʦʣʦʚʥʠʡ ʧʦʩʪʫʣʘʪ ʭʽʤʽʯʥʦʾ ʢʽʥʝʪʠʢʠ : 
ʚʠʪʦʢʠ

Â ȶɋɆɐɜɫɥ ɈɫɊɇəɈɆɩɘɢɗɥ Ɉ Ɋɋɥɐɫɏ ɘɔɝɜɫ R ɝɋɖɋɍ ɍɫɘɐɓɋɓɓɥ. 

Â [ ] - ɒɔɑɥɖɓɫ  ɐɔɓɜɋɓɘɖɆɜɫɬ

Â ȝɒɔɈɫɖɓɫɗɘɢ ɍɓɆɛɔɊɌɋɓɓɥ Ȧ Ɉ ɘɔɝɜɫ R ɊɔɖɫɈɓɤɩ ȒA=Ŭ[A].

Â ȝɒɔɈɫɖɓɫɗɘɢ ɍɓɆɛɔɊɌɋɓɓɥ Ȩ Ɉ ɘɔɝɜɫ R ȒB= ȁ[B],

Â ȝɒɔɈɫɖɓɫɗɘɢ ɔɊɓɔɝɆɗɓɔɬ ɕɖɎɗəɘɓɔɗɘɫ ɖɋɆɐɘɆɓɘɫɈ A ɫ B Ɉ 
ɘɔɝɜɫ ɍɫɘɐɓɋɓɓɥ 

ȒAĿȒȨ = Ŭ[A]Ŀȁ[B].

Â ȸɫɑɢɐɎ ɝɆɗɘɎɓɆ ɍɫɘɐɓɋɓɢ ɈɋɊɋ Ɋɔ ɖɋɆɐɜɫɬ:

Â VAB = ɔĿŬ[A]Ŀɓ[B] = ɔŬɓ[A][B].

Â ɔĿŬĿɓ= k, Ÿ VAB = k [A] [B]
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ɻʦʣʦʚʥʠʡ ʧʦʩʪʫʣʘʪ ʭʽʤʽʯʥʦʾ ʢʽʥʝʪʠʢʠ

Ȱ.ȩəɑɢɊɇɋɖɉ-ȵ.ȨɆɆɉɋ, 1867 ɖ. ɍɆɐɔɓ  ɊɫɤɝɎɛ ɒɆɗ :

çʐʚʠʜʢʽʩʪʴ ʭʽʤʽʯʥʦʾ ʨʝʘʢʮʽʾ ʧʨʦʧʦʨʮʽʡʥʘ ʜʦʙʫʪʢʫ

ʢʦʥʮʝʥʪʨʘʮʽʡ ʨʝʘʛʝʥʪʽʚ ʫ ʩʪʫʧʝʥʷʭ, ʱʦ ʜʦʨʽʚʥʶʶʪʴ 

ʩʪʝʭʽʦʤʝʪʨʠʯʥʠʤ ʢʦʝʬʽʮʽʻʥʪʘʤ ʮʠʭ ʨʝʯʦʚʠʥ 

ʚ ʨʽʚʥʷʥʥʽ ʭʽʤʽʯʥʦʾ ʨʝʘʢʮʽʾè.

v = k(cA)a(cB)b

ʌʽʟʠʯʥʠʡʟʤʽʩʪʢʦʥʩʪʘʥʪʠʰʚʠʜʢʦʩʪʽʤʦʞʥʘʚʩʪʘʥʦʚʠʪʠ,ʷʢʱʦ

ʧʨʠʡʥʷʪʠʚʩʢ̔ʦʥʮʝʥʪʨʘʮʽʾʨʽʚʥʠʤʠ1ʤʦʣʴ/ʣʽʪʨ. ʊʦʜʽv = k,ʪʦʙʪʦ

ʢʦʥʩʪʘʥʪʘʰʚʠʜʢʦʩʪʽʭʽʤʽʯʥʦʾʨʝʘʢʮʽʾʜʦʨʽʚʥʶʻʰʚʠʜʢʦʩʪʽ

ʨʝʘʢʮʽʾʧʨʠʢʦʥʮʝʥʪʨʘʮʽʷʭʨʝʘʛʫʶʯʠʭʨʝʯʦʚʠʥ,ʨʽʚʥʠʭʦʜʠʥʠʮʽ.

ʂʦʥʩʪʘʥʪʘʰʚʠʜʢʦʩʪʽ, ʷʢ̔h ʚʠʜʢʽʩʪʴ,ʟʘʣʝʞʠʪʴʚʽʜʧʨʠʨʦʜʠ

ʨʝʘʢʪʘʥʪʽʚ,ʪʝʤʧʝʨʘʪʫʨʠ,ʥʘʷʚʥʦʩʪʽʢʘʪʘʣʽʟʘʪʦʨʘ,ʘʣʝʥʝʟʘʣʝʞʠʪʴ

ʚʽʜʢʦʥʮʝʥʪʨʘʮʽʾ.
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ɺʧʣʠʚ ʢʦʥʮʝʥʪʨʘʮʽʾ (ʜʣʷ 

ʛʘʟʦʧʦʜʽʙʥʦʛʦ ʽ ʨʽʜʢʦʛʦ ʩʪʘʥʫ ʨʝʯʦʚʠʥ)

1. H2 + Cl2Ÿ 2HCl v1=k1c(H2)c(Cl2)

2. 2H2 + O2Ÿ 2H2O v2=k2c
2(H2)c(O2)

3. 3H2 + N2Ÿ 2NH3 v3=k3c
3(H2)c(N2)

Â ʇʦʨʷʜʦʢ ʨʝʘʢʮʽʾ pʻ ʩʫʤʦʶ ʧʦʢʘʟʥʠʢʽʚ 

ʢʦʥʮʝʥʪʨʘʮʽʡ ʫ ʢʽʥʝʪʠʯʥʦʤʫ ʨʽʚʥʷʥʥʽ 

p1 = 2; p2 = 3; p3 = 4
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ʊʠʩʢ(ʚʠʢʣʶʯʥʦ ʜʣʷ ʨʝʘʢʮʽʡ ʫ ʛʘʟʦʚʽʡ 

ʬʘʟʽ)

ÂʨʽʚʥʷʥʥʷMeʥʜʝʣʻʻʚʘ-ʂʣʘʧʝʡʨʦʥʘ

PĿV = mĿRĿT/M,

ʟ ʫʨʘʭʫʚʘʥʥʷʤ :

cïʢʦʥʮʝʥʪʨʘʮʽʷ, c=m/MĿV=n/V ʤʘʻʤʦ:

P = cĿRĿT

P~c
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ʂʽʥʝʪʠʯʥʽ ʨʽʚʥʷʥʥʷ ʨʝʘʢʮʽʡ, ʚ ʷʢʠʭ 

ʚʨʘʭʦʚʘʥʦ ʪʠʩʢ (P)

1. H2 + Cl2Ÿ 2HCl 

v1=kô1p(H2)p(Cl2) v1~P 2 kô1= k1/(RT)

2. 2H2 + O2Ÿ 2H2

v2=kô2p
2(H2)p(O2) v2~P 3 kô2= k2/(R

2T2)

3. 3H2 + N2Ÿ 2NH3

v3=kô3p
3(H2) p(N2) v3~P 4 kô3= k3/(R

3T3)
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ɺʠʟʥʘʯʝʥʥʷ

Â Ȳɔɑɋɐəɑɥɖɓɫɗɘɢ ɖɋɆɐɜɫɬïɒɫɓɫɒɆɑɢɓɆ ɐɫɑɢɐɫɗɘɢ 
ɒɔɑɋɐəɑ, ɟɔ ɇɋɖəɘɢ əɝɆɗɘɢ ə ɛɫɒɫɝɓɔɒə ɕɖɔɜɋɗɫ

Â ȵɔɖɥɊɔɐ ɖɋɆɐɜɫɬ. Ʌɐɟɔ ɖɋɆɐɜɫɥ ɕɋɖɋɇɫɉɆɩ ɝɋɖɋɍ 
ɊɋɐɫɑɢɐɆ ɕɔɗɑɫɊɔɈɓɎɛ ɉɔɒɔ- Ɇɇɔ ɉɋɘɋɖɔɉɋɓɓɎɛ 
ɋɑɋɒɋɓɘɆɖɓɎɛ ɗɘɆɊɫɏ,  ɘɔ ɍɆɒɫɗɘɢ ñɒɔɑɋɐəɑɥɖɓɔɗɘɫò 
ɍɆɗɘɔɗɔɈəɤɘɢ ɚɔɖɒɆɑɢɓɎɏ ɕɔɐɆɍɓɎɐ ɕɖɎ ɐɔɓɜɋɓɘɖɆɜɫɬ 
ɐɔɒɕɔɓɋɓɘɫɈïɕɔɖɥɊɔɐ ɖɋɆɐɜɫɬ

Â PSɒɔɑɋɐəɑɥɖɓɫɗɘɢïɜɫɑɋ ɝɎɗɑɔ, ɕɔɖɥɊɔɐ ɖɋɆɐɜɫɬï
ɒɔɌɋ ɇəɘɎ ɊɖɔɇɔɈɎɒ;

Â ɒɔɑɋɐəɑɥɖɓɫɗɘɢ < 3,  ɕɔɖɥɊɔɐ ɖɋɆɐɜɫɬ ïɒɔɌɋ ɇəɘɎ > 3 

ʄʦʥʦʤʦʣʝʢʫʣʷʨʥʘ:       N2O5 = N2O4+ İ O2

ɹʽʤʦʣʝʢʫʣʷʨʥʘ      H2+ɯ2= 2Hɯ

ʊʨʠʤʦʣʝʢʫʣʷʨʥʘ2NO + H2 = N2O+ H2O
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ʈʦʟʙʽʞʥʦʩʪʽ ʧʦʨʷʜʢʫ ʽ  ʤʦʣʝʢʫʣʷʨʥʦʩʪʽ 

ʨʝʘʢʮʽʡ: ʧʨʠʢʣʘʜʠ
ʇʦʨʷʜʦʢ ʽ ʤʦʣʝʢʫʣʷʨʥʽʩʪʴ ʟʙʽʛʘʶʪʴʩʷ ʣʠʰʝ ʜʣʷ ʧʨʦʩʪʠʭ ʦʜʥʦ-

ʩʪʘʜʽʡʥʠʭ ʨʝʘʢʮʽʡ. 

ʇʨʠʯʠʥʠ ʨʦʟʙʽʞʥʦʩʪʽʧʦʨʷʜʢʫ ʽ ʤʦʣʝʢʫʣʷʨʥʦʩʪʽ: 

1. ʉʪʘʣʽʩʪʴ ʢʦʥʮʝʥʪʨʘʮʽʾ ʦʜʥʦʛʦ ʘʙʦ ʜʝʢʽʣʴʢʦʭ ʫʯʘʩʥʠʢʽʚ 

ʨʝʘʢʮʽʾ. ʅʘʧʨʠʢʣʘʜ,  ʫ ʨʝʘʢʮʽʾ ʦʤʠʣʝʥʥʷ ʝʪʝʨʫ 

C2H5COOCH3 + H2O Ÿ C2H5OH + CH3COOH 

ʢʦʥʮʝʥʪʨʘʮʽʷ ʚʦʜʠ ʧʨʘʢʪʠʯʥʦ ʩʪʘʣʘ (ʦʙʤʝʞʫʻʪʴʩʷ ʥʠʟʴʢʦʶ  

ʨʦʟʯʠʥʥʽʩʪʶ  ʚʦʜʠ ʚ ʝʪʝʨʽ), ʪʦʤʫ ʰʚʠʜʢʽʩʪʴ ʨʝʘʢʮʽʾ : 

v = kĿc(ʝʪʝʨʫ)Ŀ c(ʚʦʜʠ) = kĿc(ʝʪʝʨʫ).  

ʈʝʘʢʮʽʷ ʙʽʤʦʣʝʢʫʣʷʨʥʘ, ʘʣʝ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ.
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ʈʦʟʙʽʞʥʦʩʪʽ ʧʦʨʷʜʢʫ ʽ  ʤʦʣʝʢʫʣʷʨʥʦʩʪʽ 

ʨʝʘʢʮʽʡ: ʧʨʠʢʣʘʜʠ

Â 2.  ȷɘəɕɫɓɝɆɗɘɎɏ (ɇɆɉɆɘɔɗɘɆɊɫɏɓɎɏ) ɛɆɖɆɐɘɋɖ ɖɋɆɐɜɫɬ.  
ȳɆɕɖɎɐɑɆɊ, ɖɋɆɐɜɫɥ ɛɑɔɖəɈɆɓɓɥ  

2NO + Cl 2 = 2NOCl  ɗɐɑɆɊɆɩɘɢɗɥ ɍ ɊɈɔɛ ɗɘɆɊɫɏ: 

1) NO + Cl 2 NOCl2, 

2) NOCl 2 + NO 2NOCl.

Â ȵɋɖɞɆ ɗɘɆɊɫɥ ɈɫɊɇəɈɆɩɘɢɗɥ ɞɈɎɊɐɔ, ɊɖəɉɆ ɕɔɈɫɑɢɓɆ ɫ 
ɑɫɒɫɘəɩ ɍɆɉɆɑɢɓɎɏ ɕɖɔɜɋɗ. ȷəɒɆɖɓɆ ɞɈɎɊɐɫɗɘɢ 
ɍɆɑɋɌɎɘɢ ɑɎɞɋ ɈɫɊ ɞɈɎɊɐɔɗɘɫ ɕɔɈɫɑɢɓɔɬ ɗɘɆɊɫɬ ɫ 
ɓɆɊɆɩɘɢɗɥ ɖɫɈɓɥɓɓɥɒ 

v = k Ŀc(NOCl2)Ŀc(NO)

Â ȶɋɆɐɜɫɥ ɘɖɎɒɔɑɋɐəɑɥɖɓɆ, Ɇɑɋ Ɋɖəɉɔɉɔ ɕɔɖɥɊɐə. 
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ɺʧʣʠʚ ʪeʤʧʝʨʘʪʫʨʠ: ʚʠʟʥʘʯʝʥʥʷ

Â ʄʽʥʽʤʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʝʥʝʨʛʽʾ, ʥʝʦʙʭʽʜʥʘ  ʜʣʷ ʧʦʜʦʣʘʥʥʷ 

ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʙʘʨô̒ʨʫ ʧʽʜ ʯʘʩ ʭʽʤʽʯʥʦʾ ʨʝʘʢʮʽʾ,  ʥʦʩʠʪʴ 

ʥʘʟʚʫ ɽʥʝʨʛʽʾ ʘʢʪʠʚʘʮʽʾ Ea.

Â ʄʦʣʝʢʫʣʷʨʥʽ ʯʘʩʪʠʥʢʠ, ʱʦ ʜʦʩʷʛʘʶʪʴ ʮʴʦʛʦ ʙʘʨô̒ʨʫ, ʥʦʩʷʪʴ 

ʥʘʟʚʫ aʢʪʠʚʦʚʘʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʘʙʦ ʧʝʨʝʭʽʜʥʦʛʦ ʩʪʘʥʫ. 

Â ʊʽʣʴʢʠ ʤʦʣʝʢʫʣʠ, ʷʢʽ ʟʽʰʪʦʚʭʥʫʣʠʩʴ, ʪʘ ʤʘʶʪʴ ʝʥʝʨʛʽʶ, 

ʚʠʱʫ ʟʘ Ea, ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʫ ʨʝʘʢʮʽʾ. 

Â ʂʽʥʝʪʠʯʥʘ ʝʥʝʨʛʽʷ ʤʦʣʝʢʫʣ ʟʨʦʩʪʘʻ ʟ ʪʝʤʧʝʨʘʪʫʨʦʶ, ʪʦʤʫ 

ʦʩʪʘʥʥʷ ʻ ʝʬʝʢʪʠʚʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʢʦʥʪʨʦʣʶ ʰʚʠʜʢʦʩʪʽ 

ʨʝʘʢʮʽʾ.

Â ʏʠʤ ʙʽʣʴʰʝ ʤʦʣʝʢʫʣ ʤʘʶʪʴ ʝʥʝʨʛʽʶ, ʚʠʱʫ ʟʘ Ea, ʪʠʤ ʚʠʱʝ 

ʰʚʠʜʢʽʩʪʴ ʨʝʘʢʮʽʾ. 
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ɽʥʝʨʛʝʪʠʯʥʠʡ ʧʨʦʬʽʣʴ ʨʝʘʢʮʽʾ ɸ2+ɺ2 Ÿ 2ɸɺ
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ɽʥʝʨʛʽʷ ʘʢʪʠʚʘʮʽʾ ʨʝʘʢʮʽʾ

Â ȫɓɋɖɉɫɥ ɆɐɘɎɈɆɜɫɬ ïɓɆɊɒɫɖɓɆ ɐɫɑɢɐɫɗɘɢ 
ɋɓɋɖɉɫɬ (əɕɔɖɫɈɓɥɓɓɫ ɍ ɗɋɖɋɊɓɢɔɤ 
ɈɋɑɎɝɎɓɔɤ), ɥɐə ɕɔɈɎɓɓɆ ɒɆɘɎ ɒɔɑɋɐəɑɆ Ɉ 
ɒɔɒɋɓɘ ɍɫɘɐɓɋɓɓɥ, ɟɔɇ ɇəɘɎ ɍɊɆɘɓɔɤ  Ɋɔ 
ɊɆɓɔɬ ɛɫɒɫɝɓɔɬ ɈɍɆɩɒɔɊɫɬ (çɋɓɋɖɉɋɘɎɝɓɎɏ 
ɇɆɖôɩɖ ɖɋɆɐɜɫɬè).

Â ȽɎɒ ɈɎɟɆ ɋɓɋɖɉɫɥ ɆɐɘɎɈɆɜɫɬ, ɘɎɒ ɕɖɎ 
ɇɫɑɢɞ ɈɎɗɔɐɫɏ ɘɋɒɕɋɖɆɘəɖɫ ɕɔɝɎɓɆɩɘɢɗɥ 
ɖɋɆɐɜɫɥ (80 ɐȪɌï250ȷ, 160 ɐȪɌï3000ȷ,...). 

Â Ea ɫɗɓəɩ Ɉ ɍɈɎɝɆɏɓɎɛɚɔɖɒɆɛ:

Â - ɕɫɊɈɎɟɋɓɆ ɐɫɓɋɘɎɝɓɆ ɋɓɋɖɉɫɥ 
ɕɔɗɘəɕɆɑɢɓɔɉɔ Ɇɇɔ ɔɇɋɖɘɆɑɢɓɔɉɔ ɖəɛə,

Â - ɕɫɊɈɎɟɋɓɆ ɐɔɑɎɈɆɑɢɓɆ ɋɓɋɖɉɫɥ ɆɘɔɒɫɈ 

Ɇɇɔ ɆɘɔɒɓɎɛ ɉɖəɕ ə ɒɔɑɋɐəɑɫ,

Â - ɍɇəɌɊɋɓɫ ɋɑɋɐɘɖɔɓɓɫ ɗɘɆɓɎ.

P.S. ȨɫɊôɩɒɓɆ  Ea ïɓɋ ɒɆɩ ɗɋɓɗə, Ɇɑɋ 
ɗɈɫɊɝɎɘɢ ɕɖɔ ɗɐɑɆɊɓɫɗɘɢ (ɇɆɉɆɘɔɗɘɆɊɫɏɓɫɗɘɢ 
ɫ ɘ.ɫ.) ɖɋɆɐɜɫɬ.
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ɺʧʣʠʚ ʪʝʤʧʝʨʘʪʫʨʠ: ʈʽʚʥʷʥʥʷ ɸʨʨʝʥʽʫʩʘ

Â ȽɆɗɘɎɓɆɒɔɑɋɐəɑ,ɥɐɆɒɆɩɊɔɗɘɆɘɓɤɐɫɓɋɘɎɝɓə
ɋɓɋɖɉɫɤɊɑɥəɝɆɗɘɫɈɖɋɆɐɜɫɬ,ɍɆɑɋɌɎɘɢɈɫɊɋɓɋɖɉɫɬ
ɆɐɘɎɈɆɜɫɬEa, ɘɋɒɕɋɖɆɘəɖɎT,

Â ȭɆɑɋɌɓɫɗɘɢ ɐɔɓɗɘɆɓɘɎ ɞɈɎɊɐɔɗɘɫ k
ɈɫɊ ɘɋɒɕɋɖɆɘəɖɎ T ɫ  ɋɓɋɖɉɫɬ ɆɐɘɎɈɆɜɫɬ
ɖɋɆɐɜɫɬ  EaɔɕɎɗəɩɘɢɗɥ ɖɫɈɓɥɓɓɥɒ  ȦɖɖɋɓɫəɗɆ:

k = AĿexp( -ȫa/RT))

ɊɋAïɐɔɓɗɘɆɓɘɆ ȦɖɖɋɓɫəɗɆ, ɟɔ ɍɆɑɋɌɎɘɢ 
ɈɫɊ ɕɖɎɖɔɊɎ ɖɋɆɐɘɆɓɘɫɈ (eɓɘɖɔɕɫɥ).  

ln( k) = const ï(Ea/R) Ŀ(1/T), 

Â ȲɔɊɎɚɫɐɔɈɆɓɋ ɖɫɈɓɥɓɓɥ  ȦɖɖɋɓɫəɗɆ
ɈɖɆɛɔɈəɩ ɍɆɑɋɌɓɫɗɘɢ ɕɋɖɋɊɋɐɗɕɔɓɋɓɜɫɏɓɔɉɔ 
ɒɓɔɌɓɎɐɆ ɈɫɊ ɘɋɒɕɋɖɆɘəɖɎ:

Ȧ= BT n, k = BTnĿexp( -ȫa/RT)
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ɺʧʣʠʚ ʪeʤʧʝʨʘʪʫʨʠ: ʧʨʘʚʠʣʦ ɺʘʥʪ-ɻʦʬʬʘ

Â ȝɍ ɍɖɔɗɘɆɓɓɥɒ ɘɋɒɕɋɖɆɘəɖɎ ɐɫɑɢɐɫɗɘɢ ɆɐɘɎɈɓɎɛ ɒɔɑɋɐəɑ 
ɍɖɔɗɘɆɩ, ɘɔɒə ɫ ɞɈɎɊɐɫɗɘɢ ɖɋɆɐɜɫɬ ɕɔɈɎɓɓɆ ɍɇɫɑɢɞəɈɆɘɎɗɢ 
ɫɍ ɕɫɊɈɎɟɋɓɓɥɒ ɘɋɒɕɋɖɆɘəɖɎ. ȵɖɎɞɈɎɊɞɋɓɓɥ ɖɋɆɐɜɫɬ ɕɖɎ 
ɓɆɉɖɫɈɆɓɓɫ ɛɆɖɆɐɘɋɖɎɍəɤɘɢ ɘɋɒɕɋɖɆɘəɖɓɎɒ 
ɐɔɋɚɫɜɫɩɓɘɔɒ ɞɈɎɊɐɔɗɘɫ ɖɋɆɐɜɫɬ (Ȃ) ïɝɎɗɑɔɒ, ɥɐɋ  
ɈɐɆɍəɩ, ə ɗɐɫɑɢɐɎ ɖɆɍɫɈ ɍɖɔɗɘɋ ɞɈɎɊɐɫɗɘɢ ɖɋɆɐɜɫɬ ɕɖɎ 
ɕɫɊɈɎɟɋɓɓɫ ɘɋɒɕɋɖɆɘəɖɎ ɓɆ 10 ɉɖɆɊəɗɫɈ.ȲɆɘɋɒɆɘɎɝɓɔ ɜɥ 
ɍɆɑɋɌɓɫɗɘɢ ɔɕɎɗɆɓɆɕɖɆɈɎɑɔɒ ȨɆɓɘ-ȩɔɚɚɆ:  
ȭɖɔɗɘɆɓɓɥ ɘɋɒɕɋɖɆɘəɖɎ ɓɆ 10 Ȱ ɕɫɊɈɎɟəɩ 
ɞɈɎɊɐɫɗɘɢ ɖɋɆɐɜɫɬ ə2ï4 ɖɆɍɎ 

Ɋɋ v1 ïɞɈɎɊɐɫɗɘɢ ɕɖɎ ɘɋɒɕɋɖɆɘəɖɫ t1; v2 ïɞɈɎɊɐɫɗɘɢ ɕɖɎ t2
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ʇʨʘʚʠʣʦ ɺʘʥʪ-ɻʦʬʬʘ: ʧʽʜʛʨʫʥʪʷ

Â Ʌɐɟɔ ɍɆɕɎɗɆɘɎ ɖɫɈɓɥɓɓɥ ȦɖɖɋɓɫəɗɆ ə ɑɔɉɆɖɎɚɒɫɝɓɫɏ ɚɔɖɒɫ ɫ 
ɖɔɍɈôɥɍɆɘɎ ɏɔɉɔ Ɋɑɥ ɐɔɓɗɘɆɓɘ ɕɖɎ ɊɈɔɛ ɘɋɒɕɋɖɆɘəɖɆɛ, ɍɓɆɛɔɊɎɒɔ
Ea: 

ʗʢʱʦ Ea = 50ï100 ʢɼʞĀʤʦʣʴï1, ʪʦ ʟ ʨʽʚʥʷʥʥʷ ɸʨʨʝʥʽʫʩʘ ʚʠʪʽʢʘʻ, ʱʦ

ʧʨʠ ʟʤʽʥʝʥʥʽ  ʪʝʤʧʝʨʘʪʫʨʠ ʨʝʘʢʮʽʾ ʥʘ 10 ʛʨʘʜʫʩʽʚ ʾʾ ʰʚʠʜʢʽʩʪʴ 

ʟʤʽʥʠʪʴʩʷ ʫ  2 ï4 ʨʘʟʠ : 


