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ʉʇʀʉʆʂ ʆʉʅʆɺʅʓʍ ʆɹʆɿʅɸʏɽʅʀʁ 

ʊ - ʪʝʤʧʝʨʘʪʫʨʘ, ʂ 

ʨ - ʜʘʚʣʝʥʠʝ 

ʨo - 0.1 ʄʇʘ, ʟʜʝʩʴ ʠ ʜʘʣʝʝ ʚʝʨʭʥʠʡ ʠʥʜʝʢʩ "ʦ" ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʪʦ, ʯʪʦ ʚʝʣʠʯʠʥʘ ʦʪʥʦʩʠʪʩʷ ʢ ʩʪʘʥʜʘʨʪʥʦʤʫ ʜʘʚʣʝʥʠʶ 
o
pC  - ʠʟʦʙʘʨʥʘʷ ʤʦʣʴʥʘʷ ʪʝʧʣʦʝʤʢʦʩʪʴ 

vC  - ʠʟʦʭʦʨʥʘʷ ʤʦʣʴʥʘʷ ʪʝʧʣʦʝʤʢʦʩʪʴ 

o oH ( ) H (0)T -  - ʵʥʪʘʣʴʧʠʷ ʥʘʛʨʝʚʘʥʠʷ ʚʝʱʝʩʪʚʘ ʦʪ ʊ = 0 ʂ ʜʦ ʊ 

)(So T - ʘʙʩʦʣʶʪʥʘʷ ʵʥʪʨʦʧʠʷ ʚʝʱʝʩʪʚʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʊ 

)0(So  - ʥʫʣʝʚʘʷ (ʦʩʪʘʪʦʯʥʘʷ) ʵʥʪʨʦʧʠʷ ʧʨʠ 0 ʂ 

o oG ( ) H (0)T -  - ʵʥʝʨʛʠʷ ɻʠʙʙʩʘ ʥʘʛʨʝʚʘʥʠʷ ʚʝʱʝʩʪʚʘ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ 

0 ʂ ʜʦ ʊ 
o
confS  - ʢʦʥʬʠʛʫʨʘʮʠʦʥʥʘʷ ʵʥʪʨʦʧʠʷ  

o
gT  - ʪʝʤʧʝʨʘʪʫʨʘ ʩʪʝʢʣʦʚʘʥʠʷ ʧʨʠ ʩʪʘʥʜʘʨʪʥʦʤ ʜʘʚʣʝʥʠʠ 

o
gT D  - ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʠʥʪʝʨʚʘʣ ʩʪʝʢʣʦʚʘʥʠʷ 

)(TC o
g

o
p D  - ʫʚʝʣʠʯʝʥʠʝ ʪʝʧʣʦʝʤʢʦʩʪʠ ʧʨʠ ʨʘʩʩʪʝʢʣʦʚʘʥʠʠ ʧʨʠ o

gT  

o
fusT  - ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʨʘʟʮʘ  

 a - ʩʪʝʧʝʥʴ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ 
o
fus

ȹH (Ŭ) - ʤʦʣʴʥʘʷ ʵʥʪʘʣʴʧʠʷ ʧʣʘʚʣʝʥʠʷ ʧʦʣʠʤʝʨʘ ʩʪʝʧʝʥʠ  

ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ a 
o
fus

ȹH (Ŭ = 100%) - ʤʦʣʴʥʘʷ ʵʥʪʘʣʴʧʠʷ ʧʣʘʚʣʝʥʠʷ ʧʦʣʠʤʝʨʘ 100%-ʥʦʡ  

ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ 
o
fus

ȹS (Ŭ = 100%) - ʤʦʣʴʥʘʷ ʵʥʪʨʦʧʠʷ ʧʣʘʚʣʝʥʠʷ ʧʦʣʠʤʝʨʘ 100%-ʥʦʡ  

ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ 
o
crI crIIȹT  ï ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʠʥʪʝʨʚʘʣ ʧʦʣʠʤʦʨʬʥʦʛʦ ʧʨʝʚʨʘʱʝʥʠʷ 

ʢʨʠʩʪʘʣʣʦʚ  
o
crI crIIȹH  ï ʵʥʪʘʣʴʧʠʷ ʧʦʣʠʤʦʨʬʥʦʛʦ ʧʨʝʚʨʘʱʝʥʠʷ ʢʨʠʩʪʘʣʣʦʚ Ŭ-ʬʘʟʳ 

ʚ ʢʨʠʩʪʘʣʣʳ ɓ-ʬʘʟʳ 
o
crI crIIȹS  ï ʵʥʪʨʦʧʠʷ ʧʦʣʠʤʦʨʬʥʦʛʦ ʧʨʝʚʨʘʱʝʥʠʷ ʢʨʠʩʪʘʣʣʦʚ Ŭ-ʬʘʟʳ 

ʚ ʢʨʠʩʪʘʣʣʳ ɓ-ʬʘʟʳ 
o
cȹU - ʩʪʘʥʜʘʨʪʥʘʷ ʵʥʝʨʛʠʷ ʩʛʦʨʘʥʠʷ 
o
cȹH - ʩʪʘʥʜʘʨʪʥʘʷ ʵʥʪʘʣʴʧʠʷ ʩʛʦʨʘʥʠʷ 

o
f

ȹH - ʩʪʘʥʜʘʨʪʥʘʷ ʵʥʪʘʣʴʧʠʷ ʦʙʨʘʟʦʚʘʥʠʷ 
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o
f

ȹS - ʩʪʘʥʜʘʨʪʥʘʷ ʵʥʪʨʦʧʠʷ ʦʙʨʘʟʦʚʘʥʠʷ 

o
f

ȹG - ʩʪʘʥʜʘʨʪʥʘʷ ʵʥʝʨʛʠʷ ɻʠʙʙʩʘ ʦʙʨʘʟʦʚʘʥʠʷ 

o
copȹH  - ʵʥʪʘʣʴʧʠʷ ʩʦʧʦʣʠʤʝʨʠʟʘʮʠʠ 

o
copȹS  - ʵʥʪʨʦʧʠʷ ʩʦʧʦʣʠʤʝʨʠʟʘʮʠʠ 

o
copȹG  - ʵʥʝʨʛʠʷ ɻʠʙʙʩʘ ʩʦʧʦʣʠʤʝʨʠʟʘʮʠʠ 

o
ceilT  - ʚʝʨʭʥʷʷ ʧʨʝʜʝʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʩʦʧʦʣʠʤʝʨʠʟʘʮʠʠ 

o
decompT  - ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʯʘʣʘ ʪʝʨʤʠʯʝʩʢʦʡ ʜʝʩʪʨʫʢʮʠʠ ʩʦʧʦʣʠʤʝʨʘ 

a - ʘʤʦʨʬʥʦʝ ʩʦʩʪʦʷʥʠʝ 

cr - ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ 

gl - ʩʪʝʢʣʦʦʙʨʘʟʥʦʝ ʩʦʩʪʦʷʥʠʝ 

l - ʞʠʜʢʦʝ ʩʦʩʪʦʷʥʠʝ 

gr - ʛʨʘʬʠʪ 

g - ʛʘʟʦʦʙʨʘʟʥʦʝ ʩʦʩʪʦʷʥʠʝ 

h.e - ʚʳʩʦʢʦʵʣʘʩʪʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ 

p.cr - ʯʘʩʪʠʯʥʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ 

ʉʆ ï ʤʦʥʦʦʢʩʠʜ ʫʛʣʝʨʦʜʘ 

qD - ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ɼʝʙʘʷ 

D - ʬʨʘʢʪʘʣʴʥʘʷ ʨʘʟʤʝʨʥʦʩʪʴ 

ʄn - ʩʨʝʜʥʝʯʠʩʣʦʚʘʷ  ʤʦʣʝʢʫʣʷʨʥʘʷ ʤʘʩʩʘ 

ʄʟʚʝʥʘ - ʤʘʩʩʘ ʫʩʣʦʚʥʦʛʦ ʟʚʝʥʘ 

ʉʆʕ ï ʩʦʧʦʣʠʤʝʨ ʤʦʥʦʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ ʠ ʵʪʠʣʝʥʘ 

ʉʆʇ ï ʩʦʧʦʣʠʤʝʨ ʤʦʥʦʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ ʠ ʧʨʦʧʠʣʝʥʘ 

ʉʆʕʇ ï ʪʝʨʧʦʣʠʤʝʨ ʤʦʥʦʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ, ʵʪʠʣʝʥʘ ʠ ʧʨʦʧʠʣʝʥʘ 

ʉʆʕɹ ï ʪʝʨʧʦʣʠʤʝʨ ʤʦʥʦʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ, ʵʪʠʣʝʥʘ ʠ ʙʫʪʝʥʘ-1 
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ɺɺɽɼɽʅʀɽ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʠ ʩʪʝʧʝʥʴ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʊʝʨʧʦʣʠ-

ʤʝʨʳ, ʧʦʣʫʯʝʥʥʳʝ ʩʦʧʦʣʠʤʝʨʠʟʘʮʠʝʡ ʤʦʥʦʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ ʠ ʨʘʟʥʦʦʙʨʘʟʥʳʭ Ŭ-

ʦʣʝʬʠʥʦʚ, ʦʪʥʦʩʷʪʩʷ ʢ ʧʦʣʠʢʝʪʦʥʘʤ ï ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʦʚʦʤʫ ʢʣʘʩʩʫ ʧʦʣʠʤʝʨʦʚ, 

ʠʤʝʶʱʠʭ ʚ ʩʦʩʪʘʚʝ ʢʝʪʦʥʥʫʶ ʛʨʫʧʧʫ [1]. ʕʪʠ ʧʦʣʠʤʝʨʳ ʦʙʣʘʜʘʶʪ ʢʦʤʧʣʝʢʩʦʤ 

ʮʝʥʥʳʭ ʩʚʦʡʩʪʚ [1, 2, 11ï16, 3ï10], ʚʳʟʳʚʘʷ ʪʝʤ ʩʘʤʳʤ ʙʦʣʴʰʦʡ ʥʘʫʯʥʳʡ ʠ ʧʨʘʢ-

ʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ ʢ ʠʭ ʠʟʫʯʝʥʠʶ. ʅʘʧʨʠʤʝʨ, ʚʳʩʦʢʘʷ ʭʠʤʠʯʝʩʢʘʷ ʩʪʦʡʢʦʩʪʴ ʢ 

ʢʠʩʣʦʪʘʤ ʠ ʱʝʣʦʯʘʤ, ʘ ʪʘʢʞʝ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʨʘʩʪʚʦʨʠʪʝʣʷʤ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦ-

ʚʘʪʴ ʧʦʣʠʢʝʪʦʥʳ ʢʘʢ ʟʘʱʠʪʥʳʝ ʧʦʢʨʳʪʠʷ ʜʣʷ ʭʠʤʠʯʝʩʢʠʭ ʢʦʥʪʝʡʥʝʨʦʚ, ʪʨʫʙ ʠ 

ʰʣʘʥʛʦʚ [2, 3]. ɹʣʘʛʦʜʘʨʷ ʚʳʩʦʢʦʡ ʞʝʩʪʢʦʩʪʠ, ʫʜʘʨʦʧʨʦʯʥʦʩʪʠ, ʩʪʦʡʢʦʩʪʠ ʢ ʠʩʪʠ-

ʨʘʥʠʶ ʠ ʥʠʟʢʦʤʫ ʰʫʤʫ ʧʨʠ ʪʨʝʥʠʠ, ʧʦʣʠʢʝʪʦʥʳ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʧʨʠ ʧʨʦʠʟ-

ʚʦʜʩʪʚʝ ʚʥʫʪʨʝʥʥʠʭ ʠ ʥʘʨʫʞʥʳʭ ʜʝʪʘʣʝʡ ʘʚʪʦʤʦʙʠʣʝʡ, ʘ ʪʘʢʞʝ ʜʝʪʘʣʝʡ ʜʣʷ ʵʣʝʢ-

ʪʨʦʪʝʭʥʠʢʠ ʠ ʧʨʠʙʦʨʦʩʪʨʦʝʥʠʷ [4]. ɺʳʩʦʢʘʷ ʪʝʨʤʠʯʝʩʢʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ ʚ ʩʦʯʝʪʘ-

ʥʠʠ ʩ ʭʦʨʦʰʠʤʠ ʙʘʨʴʝʨʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʚ ʦʪʥʦʰʝʥʠʠ ʢʠʩʣʦʨʦʜʘ ʚʦ ʚʣʘʞʥʦʡ ʘʪ-

ʤʦʩʬʝʨʝ ʜʝʣʘʶʪ ʧʦʣʠʢʝʪʦʥʳ ʧʨʝʚʦʩʭʦʜʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʠʱʝʚʦʡ 

ʫʧʘʢʦʚʢʠ [2]. ʆʥʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʪʘʢʞʝ ʢʘʢ ʢʦʤʧʦʥʝʥʪʳ ʤʦʜʠʬʠʢʘʮʠʠ 

ʨʝʟʠʥ ʠ ʨʝʟʠʥʦʚʳʭ ʩʤʝʩʝʡ ʩ ʮʝʣʴʶ ʫʣʫʯʰʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, 

ʪʘʢʠʭ ʢʘʢ ʧʨʦʯʥʦʩʪʴ, ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʨʘʟʜʠʨʫ ʠ ʚʘʣʴʮʫʝʤʦʩʪʴ [5]. ʇʦʣʠʢʝʪʦʥʳ ʷʚ-

ʣʷʶʪʩʷ ʦʜʥʠʤ ʠʟ ʢʦʤʧʦʥʝʥʪʦʚ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʩʧʝʮʠʘʣʴʥʦʡ ʟʘʱʠʪʳ ʦʪ ʧʦʜʜʝʣ-

ʢʠ ʮʝʥʥʳʭ ʜʦʢʫʤʝʥʪʦʚ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʦʩʣʝʜʫʶʱʝʡ ʧʨʦʚʝʨʢʠ ʧʦʜʣʠʥʥʦʩʪʠ, ʚ 

ʯʘʩʪʥʦʩʪʠ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʦʧʪʠʯʝʩʢʠʭ ʟʘʱʠʪʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʥʝ-

ʩʫʱʠʭ ʩʢʨʳʪʳʝ ʠʟʦʙʨʘʞʝʥʠʷ, ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʚʠʜʠʤʳʝ ʚ ʝʩʪʝʩʪʚʝʥʥʦʤ ʩʚʝʪʝ ʥʝʚʦ-

ʦʨʫʞʝʥʥʳʤ ʛʣʘʟʦʤ ʠ ʚʠʟʫʘʣʠʟʠʨʫʝʤʳʝ ʧʨʠ ʥʘʙʣʶʜʝʥʠʠ ʠʭ ʚ ʩʧʝʮʠʘʣʴʥʳʭ ʫʩʣʦ-

ʚʠʷʭ ʦʩʚʝʱʝʥʠʷ, ʥʘʧʨʠʤʝʨ ʚ ʋʌ-, ʀʂ-, ʧʦʣʷʨʠʟʦʚʘʥʥʦʤ ʩʚʝʪʝ, ʣʠʙʦ ʩ ʧʦʤʦʱʴʶ 

ʢʦʤʙʠʥʘʮʠʠ ʥʝʩʢʦʣʴʢʠʭ ʦʧʪʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ [6]. ʅʠʟʢʘʷ ʛʘʟʦʧʨʦʥʠʮʘʝʤʦʩʪʴ [7], 

ʘ ʪʘʢʞʝ ʩʪʦʡʢʦʩʪʴ ʢ ʋʌ- ʠ ɔ-ʠʟʣʫʯʝʥʠʷʤ [8] ʧʦʟʚʦʣʷʶʪ ʠʟʛʦʪʘʚʣʠʚʘʪʴ ʠʟ ʵʪʠʭ ʧʦ-

ʣʠʤʝʨʦʚ ʜʝʪʘʣʠ ʤʝʜʠʮʠʥʩʢʠʭ ʧʨʠʥʘʜʣʝʞʥʦʩʪʝʡ. ʀʟ ʧʦʣʠʢʝʪʦʥʦʚ ʤʦʛʫʪ ʙʳʪʴ ʠʟʛʦ-

ʪʦʚʣʝʥʳ ʚʳʩʦʢʦʧʨʦʯʥʳʝ ʚʦʣʦʢʥʘ, ʩʦʭʨʘʥʷʶʱʠʝ ʩʚʦʠ ʩʚʦʡʩʪʚʘ ʜʘʞʝ ʧʨʠ ʚʳʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ [1, 9].  
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ʆʪʜʝʣʴʥʦ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ ʩʧʦʩʦʙʥʦʩʪʴ ʧʦʣʠʢʝʪʦʥʦʚ ʢ ʬʦʪʦ- ʠ ʙʠʦʜʝʛʨʘʜʘ-

ʮʠʠ [10, 11]. ʇʦʣʫʯʝʥʠʝ ʙʠʦʨʘʟʣʘʛʘʝʤʳʭ ʧʦʣʠʤʝʨʦʚ, ʩʦʭʨʘʥʷʶʱʠʭ ʟʘʜʘʥʥʳʝ ʵʢʩ-

ʧʣʫʘʪʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚ ʧʝʨʠʦʜ ʧʦʪʨʝʙʣʝʥʠʷ, ʘ ʟʘʪʝʤ ʨʘʟʣʘʛʘʶʱʠʭʩʷ ʧʦʜ 

ʚʦʟʜʝʡʩʪʚʠʝʤ ʧʨʠʨʦʜʥʳʭ ʬʘʢʪʦʨʦʚ (ʩʚʝʪʘ, ʪʝʤʧʝʨʘʪʫʨʳ, ʚʣʘʛʠ, ʤʠʢʨʦʦʨʛʘʥʠʟ-

ʤʦʚ), ʷʚʣʷʝʪʩʷ ʧʨʠʦʨʠʪʝʪʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʥʘʫʯʥʳʭ ʨʘʟʨʘʙʦʪʦʢ [12]. ʂʨʦʤʝ ʪʦʛʦ, 

ʩʳʨʴʝʤ ʜʣʷ ʩʠʥʪʝʟʘ ʧʦʣʠʢʝʪʦʥʦʚ ʷʚʣʷʝʪʩʷ ʤʦʥʦʦʢʩʠʜ ʫʛʣʝʨʦʜʘ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʫʪʠʣʠʟʘʮʠʠ ʵʪʦʛʦ ʚʝʩʴʤʘ ʪʦʢʩʠʯʥʦʛʦ ʛʘʟʘ ʠ ʩʝʨʴʝʟʥʦʛʦ ʟʘʛʨʷʟʥʠʪʝʣʷ ʚʦʟʜʫʭʘ [4].  

ʈʘʟʥʦʦʙʨʘʟʥʳʝ ʩʚʦʡʩʪʚʘ ʵʪʦʛʦ ʢʣʘʩʩʘ ʧʦʣʠʤʝʨʦʚ, ʪʘʢʠʝ ʢʘʢ ʢʨʠʩʪʘʣʣʠʯ-

ʥʦʩʪʴ, ʩʪʝʨʝʦʭʠʤʠʷ, ʤʦʣʝʢʫʣʷʨʥʘʷ ʤʘʩʩʘ, ʧʦʣʷʨʥʦʩʪʴ, ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠ 

ʪʝʧʣʦʚʦʝ ʧʦʚʝʜʝʥʠʝ, ʤʦʛʫʪ ʜʦʩʪʘʪʦʯʥʦ ʣʝʛʢʦ ʚʘʨʴʠʨʦʚʘʪʴʩʷ ʧʫʪʝʤ ʚʳʙʦʨʘ ʤʦʥʦ-

ʤʝʨʦʚ ʠ ʠʭ ʩʦʦʪʥʦʰʝʥʠʷ, ʪʠʧʘ ʢʘʪʘʣʠʟʘʪʦʨʘ ʠ ʫʩʣʦʚʠʡ ʨʝʘʢʮʠʠ [13]. 

ʇʦʣʠʢʝʪʦʥʳ ʤʦʛʫʪ ʙʳʪʴ ʣʝʛʢʦ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʳ ʧʦ ʢʘʨʙʦʥʠʣʴʥʦʡ 

ʛʨʫʧʧʝ, ʢʦʪʦʨʘʷ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʭʠʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ [14]. ʉ ʭʠʤʠʯʝʩʢʦʡ 

ʪʦʯʢʠ ʟʨʝʥʠʷ, ʥʘʣʠʯʠʝ ʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʳʭ ʢʘʨʙʦʥʠʣʴʥʳʭ ʛʨʫʧʧ ʚ ʤʘʢʨʦʤʦʣʝ-

ʢʫʣʘʭ ʧʦʣʠʤʝʨʘ ʜʦʧʫʩʢʘʝʪ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʭʠʤʠʯʝʩʢʠʝ ʤʦʜʠʬʠʢʘʮʠʠ, ʥʘʧʨʠʤʝʨ 

ʧʦʣʠʧʠʨʨʦʣʳ, ʧʦʣʠʩʧʠʨʪʳ, ʧʦʣʠʘʤʠʥʳ ʠ ʧʦʣʠʬʝʥʦʣʳ, ʢʦʪʦʨʳʝ ʦʙʳʯʥʦ ʜʝʤʦʥ-

ʩʪʨʠʨʫʶʪ ʥʦʚʳʝ ʩʚʦʡʩʪʚʘ ʚ ʦʪʥʦʰʝʥʠʠ ʠʩʭʦʜʥʳʭ ʧʦʣʠʢʝʪʦʥʦʚ. ʊʘʢ, ʧʦʣʠʢʝʪʦʥʳ 

ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʩʰʠʚʘʶʱʠʭ ʘʛʝʥʪʦʚ ʜʣʷ ʵʧʦʢʩʠʜʥʳʭ ʩʤʦʣ ʚ ʧʨʦʮʝʩ-

ʩʘʭ ʵʣʝʢʪʨʦʦʩʘʞʜʝʥʠʷ [15]. ʇʨʠʤʝʥʝʥʠʝ ʵʪʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚʦ ʚʨʝʤʷ ʥʘʥʝʩʝʥʠʷ 

ʤʝʪʦʜʦʤ ʵʣʝʢʪʨʦʦʩʘʞʜʝʥʠʷ ʜʘʝʪ ʞʝʣʘʝʤʳʝ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʝ ʘʥʪʠʢʦʨʨʦʟʠʦʥ-

ʥʳʝ ʧʦʢʨʳʪʠʷ ʜʣʷ ʘʚʪʦʤʦʙʠʣʝʡ. ʇʦʩʢʦʣʴʢʫ ʥʘ ʨʳʥʢʝ ʪʨʝʙʫʪʁʩʷ ʧʦʯʪʠ 60 ʤʠʣʣʠ-

ʦʥʦʚ ʘʚʪʦʤʦʙʠʣʝʡ ʚ ʛʦʜ, ʜʘʥʥʳʝ ʧʦʢʨʳʪʠʷ ʠʤʝʶʪ ʚʳʩʦʢʠʡ ʤʘʨʢʝʪʠʥʛʦʚʳʡ ʧʦʪʝʥ-

ʮʠʘʣ ʧʨʠʤʝʨʥʦ ʚ 130 000 ʪʦʥʥ [15]. 

ʕʤʫʣʴʩʠʠ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʧʦʣʠʢʝʪʦʥʘʭ, ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ 

ʢʘʢ ʜʨʝʚʝʩʥʳʝ ʢʣʝʠ [16]. ʇʨʠ ʵʪʦʤ ʘʥʘʣʦʛʠʯʥʳʝ ʘʜʛʝʟʠʚʳ ʥʘ ʦʩʥʦʚʝ ʬʦʨʤʘʣʴʜʝʛʠ-

ʜʘ ʧʨʠʟʥʘʥʳ ɺʩʝʤʠʨʥʦʡ ʦʨʛʘʥʠʟʘʮʠʝʡ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ ʚʨʝʜʥʳʤʠ ʜʣʷ ʦʢʨʫʞʘʶ-

ʱʝʡ ʩʨʝʜʳ ʠ ʢʘʥʮʝʨʦʛʝʥʥʳʤʠ. ʋʢʘʟʘʥʥʳʝ ʚʳʰʝ ʢʣʝʝʚʳʝ ʵʤʫʣʴʩʠʠ, ʥʘʧʨʦʪʠʚ, ʥʝ 

ʩʦʜʝʨʞʘʪ ʚ ʩʝʙʝ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ ʠ ʧʦʣʥʦʩʪʴʶ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʝʚʨʦʧʝʡʩʢʦʤʫ 

ʩʪʘʥʜʘʨʪʫ EN-314-2 [16]. 
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ʅʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʝ ʟʘʤʝʱʝʥʥʳʝ ʧʦʣʠʢʝʪʦʥʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʥʪʝʨʝʩ ʚ ʤʘ-

ʣʦʪʦʥʥʘʞʥʦʡ ʭʠʤʠʠ ʢʘʢ ʩʦʩʪʘʚʥʦʡ ʵʣʝʤʝʥʪ ʥʘʪʫʨʘʣʴʥʳʭ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʢʦʤʧʦʟʠ-

ʮʠʡ, ʦʙʣʘʜʘʶʱʠʭ ʟʘʧʘʭʦʤ ʞʘʩʤʠʥʘ [1].  

ʂ ʥʘʩʪʦʷʱʝʤʫ ʤʦʤʝʥʪʫ ʩʠʥʪʝʟ ʧʦʣʠʢʝʪʦʥʦʚ ʥʘʣʘʞʝʥ ʚ ʧʨʦʤʳʰʣʝʥʥʳʭ ʤʘʩ-

ʰʪʘʙʘʭ. ʉ 1996 ʛʦʜʘ ʬʠʨʤʘ çShell Cemicalè ʥʘʯʘʣʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʘʣʠʬʘʪʠʯʝʩʢʠʭ 

ʧʦʣʠʢʝʪʦʥʦʚ ʧʦʜ ʪʦʨʛʦʚʦʡ ʤʘʨʢʦʡ çCarilonè, ʧʨʠʤʝʨʥʦ ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʢʦʤʧʘʥʠʷ 

çBPè ʟʘʧʫʩʢʘʝʪ ʧʨʦʠʟʚʦʜʩʪʚʦ ʩʦʙʩʪʚʝʥʥʳʭ ʧʦʣʠʢʝʪʦʥʦʚ çKetonexè. ʇʦ ʨʷʜʫ 

ʩʚʦʡʩʪʚ (ʪʝʨʤʦʩʪʘʙʠʣʴʥʦʩʪʴ, ʘʜʛʝʟʠʷ ʠ ʜʨʫʛʠʝ) ʵʪʠ ʧʦʣʠʢʝʪʦʥʳ ʧʨʝʚʦʩʭʦʜʷʪ 

ʦʙʳʯʥʳʝ ʧʦʣʠʦʣʝʬʠʥʳ [17]. ʉ 2013 ʛʦʜʘ ʢʦʨʝʡʩʢʘʷ ʢʦʤʧʘʥʠʷ çHyosung 

Corporationè ʪʘʢʞʝ ʥʘʯʘʣʘ ʧʨʦʤʳʰʣʝʥʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʩʦʧʦʣʠʤʝʨʘ ʤʦʥʦʦʢʩʠʜʘ 

ʫʛʣʝʨʦʜʘ ʠ ʵʪʠʣʝʥʘ ʧʦʜ ʪʦʨʛʦʚʦʡ ʤʘʨʢʦʡ çPOKENONEè. ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ 

Hyosung Corporation [18], ʜʘʥʥʳʡ ʧʦʣʠʤʝʨ ʩʧʦʩʦʙʝʥ ʫʜʝʨʞʠʚʘʪʴ ʢʠʧʷʱʫʶ ʥʝʬʪʴ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 200Áʉ, ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʚ ʢʘʯʝʩʪʚʝ ʟʘʤʝʥʳ ʥʝʡʣʦʥʘ, ʘ ʪʘʢʞʝ 

ʩʣʫʞʠʪ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠʦʥʦʦʙʤʝʥʥʳʭ ʤʝʤʙʨʘʥ, ʢʦʪʦʨʳʝ ʩʦʭʨʘʥʷʶʪ ʦʯʝʥʴ ʚʳ-

ʛʦʜʥʳʝ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʣʠʢʝʪʦʥʥʦʡ ʮʝʧʠ. ʀʥʞʝʥʝʨʥʳʝ ʤʝʤʙʨʘʥʳ, ʧʦ-

ʣʫʯʝʥʥʳʝ ʠʟ çPOKENONEè, ʤʦʛʫʪ ʙʳʪʴ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʚʦʜʳ [19] 

ʠʣʠ ʨʘʟʜʝʣʝʥʠʠ ʤʘʪʝʨʠʘʣʦʚ [20], ʘ ʪʘʢʞʝ ʚ ʘʢʢʫʤʫʣʷʪʦʨʘʭ ʦʢʠʩʣʠʪʝʣʴʥʦ-

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʧʦʪʦʢʘ  [21]. 

ʂ ʥʘʩʪʦʷʱʝʤʫ ʤʦʤʝʥʪʫ ʜʦʩʪʘʪʦʯʥʦ ʧʦʜʨʦʙʥʦ ʠʟʫʯʝʥʳ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʩʦʧʦʣʠʤʝʨʦʚ ʤʦʥʦʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ ʩ ʵʪʠʣʝʥʦʤ, ʧʨʦʧʠʣʝʥʦʤ, ʩʪʠʨʦʣʦʤ, ʘ 

ʪʘʢʞʝ ʨʷʜʦʤ ʮʠʢʣʦʜʠʝʥʦʚ [22ï24]. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʪʝʨʤʦʜʠʥʘʤʠʢʘ ʪʝʨʧʦʣʠʤʝʨʦʚ 

ʤʦʥʦʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ ʩ ʨʘʟʣʠʯʥʳʤʠ ʦʣʝʬʠʥʘʤʠ ʦʩʪʘʝʪʩʷ ʤʘʣʦʠʟʫʯʝʥʥʦʡ: ʙʦʣʴʰʘʷ 

ʯʘʩʪʴ ʜʘʥʥʳʭ ʧʦʣʫʯʝʥʘ ʤʝʪʦʜʦʤ DSC ʠ ʥʦʩʠʪ ʩʢʦʨʝʝ ʢʘʯʝʩʪʚʝʥʥʳʡ, ʘ ʥʝ ʢʦʣʠʯʝ-

ʩʪʚʝʥʥʳʡ ʭʘʨʘʢʪʝʨ. 

ʉ ʫʯʝʪʦʤ ʚʩʝʛʦ ʚʳʰʝʠʟʣʦʞʝʥʥʦʛʦ, ʠʟʫʯʝʥʠʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʪʝʨʧʦʣʠʤʝʨʦʚ (ʪʨʦʡʥʳʭ ʧʦʣʠʢʝʪʦʥʦʚ) ʠ ʚʳʷʚʣʝʥʠʝ ʠʭ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʩʪʘʚʘ ʠ 

ʩʪʨʫʢʪʫʨʳ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʠ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʩʦʚʨʝʤʝʥʥʦʡ ʥʘʫʢʠ. 

ʅʘʩʪʦʷʱʘʷ ʜʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʷʚʣʷʝʪʩʷ ʧʨʦʜʦʣʞʝʥʠʝʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ 

ʧʨʦʚʦʜʠʣʘʩʴ ʩʦʚʤʝʩʪʥʦ ʩ ʥʘʫʯʥʦʡ ʛʨʫʧʧʦʡ ʧʨʦʬ. ɻ. ʇ. ɹʝʣʦʚʘ (ʀʥʩʪʠʪʫʪ ʭʠʤʠʯʝ-

ʩʢʦʡ ʬʠʟʠʢʠ ʈɸʅ, ʛ. ʏʝʨʥʦʛʦʣʦʚʢʘ, ʄʦʩʢʦʚʩʢʘʷ ʦʙʣʘʩʪʴ). ʈʘʙʦʪʘ ʚʳʧʦʣʥʷʣʘʩʴ ʧʨʠ 
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ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʄʠʥʠʩʪʝʨʩʪʚʘ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʥʘʫʢʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘ-

ʮʠʠ (ʛʦʩ. ʟʘʜʘʥʠʷ ˉ 16.740.11.0035,  ̄4.6138.2017/6.7) ʠ ʥʘ ʦʙʦʨʫʜʦʚʘʥʠʠ ʎʝʥʪʨʘ 

ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʧʦʣʴʟʦʚʘʥʠʷ çʅʦʚʳʝ ʥʝʬʪʝʭʠʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʧʦʣʠʤʝʨʥʳʝ 

ʢʦʤʧʦʟʠʪʳ ʠ ʘʜʛʝʟʠʚʳè (ɻʦʩʢʦʥʪʨʘʢʪ ˉ 16.552.11.7072), ʘ ʪʘʢʞʝ ʎʝʥʪʨʘ ʢʦʣʣʝʢ-

ʪʠʚʥʦʛʦ ʧʦʣʴʟʦʚʘʥʠʷ çʅʦʚʳʝ ʤʘʪʝʨʠʘʣʳ ʠ ʨʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʠʝ ʪʝʭʥʦʣʦʛʠʠè 

(ʅʅɻʋ ʠʤ. ʅ. ʀ. ʃʦʙʘʯʝʚʩʢʦʛʦ, ʧʨʦʝʢʪ ˉ RFMEFI59414X0005). 

ʎʝʣʠ ʠ ʟʘʜʘʯʠ ʨʘʙʦʪʳ. ʎʝʣʴ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ï ʢʦʤʧʣʝʢʩʥʦʝ ʠʟʫʯʝʥʠʝ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʪʝʨʧʦʣʠʤʝʨʦʚ ʤʦʥʦʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ ʩ ʵʪʠʣʝʥʦʤ ʠ 

ʨʘʟʣʠʯʥʳʤʠ Ŭ-ʦʣʝʬʠʥʘʤʠ ʚ ʢʘʯʝʩʪʚʝ ʪʨʝʪʴʝʛʦ ʤʦʥʦʤʝʨʘ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ 

ʪʝʤʧʝʨʘʪʫʨ; ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʘʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ; ʚʳʷʚʣʝ-

ʥʠʝ ʟʘʚʠʩʠʤʦʩʪʝʡ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʪʝʨʧʦʣʠʤʝʨʦʚ ʦʪ ʠʭ ʩʦʩʪʘʚʘ ʠ 

ʩʪʨʫʢʪʫʨʳ. 

ɺ ʨʘʤʢʘʭ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʨʝʰʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

1. ʂʘʣʦʨʠʤʝʪʨʠʯʝʩʢʦʝ ʠʟʫʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʪʝʧʣʦʝʤʢʦʩʪʠ 

ʨʷʜʘ ʪʝʨʧʦʣʠʤʝʨʦʚ ʤʦʥʦʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ ʩ ʵʪʠʣʝʥʦʤ ʠ ʨʘʟʣʠʯʥʳʤʠ ʪʨʝʪʴʠʤʠ ʤʦ-

ʥʦʤʝʨʘʤʠ ʚ ʦʙʣʘʩʪʠ ʪʝʤʧʝʨʘʪʫʨ 6ï(500ï570) ʂ. 

2. ɺʳʷʚʣʝʥʠʝ ʚʦʟʤʦʞʥʳʭ ʬʘʟʦʚʳʭ ʠ ʬʠʟʠʯʝʩʢʠʭ ʧʝʨʝʭʦʜʦʚ ʚ ʠʟʫʯʘʝʤʳʭ ʩʦ-

ʝʜʠʥʝʥʠʷʭ ʠ ʨʘʩʯʝʪ ʠʭ ʩʪʘʥʜʘʨʪʥʳʭ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ. 

3. ʈʘʩʯʝʪ ʩʪʘʥʜʘʨʪʥʳʭ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ (
o

pC (T) , o o
H (T) H (0)- , 

o
S (T) ʠ 

o o
G (T) )]H[ (0-- ) ʚ ʦʙʣʘʩʪʠ ʦʪ ʊ Ÿ 0 ʜʦ (500ï570) ʂ. 

4. ʂʘʣʦʨʠʤʝʪʨʠʯʝʩʢʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʵʥʝʨʛʠʠ ʩʛʦʨʘʥʠʷ ʪʝʨʧʦʣʠʤʝʨʦʚ, ʨʘʩʯʝʪ 

ʵʥʪʘʣʴʧʠʠ ʩʛʦʨʘʥʠʷ ʠ ʩʪʘʥʜʘʨʪʥʳʭ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʦʙʨʘʟʦʚʘʥʠʷ 

( o

fȹH, o

fȹS, 
o

fȹG) ʩʦʝʜʠʥʝʥʠʡ ʧʨʠ ʊ = 298.15 ʂ. 

5. ʈʘʩʯʝʪ ʩʪʘʥʜʘʨʪʥʳʭ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʦʧʦʣʠʤʝʨʠʟʘʮʠʠ 

ʤʦʥʦʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ ʩ ʵʪʠʣʝʥʦʤ ʠ ʨʘʟʣʠʯʥʳʤʠ Ŭ-ʦʣʝʬʠʥʘʤʠ ʚ ʰʠʨʦʢʦʡ ʪʝʤʧʝʨʘ-

ʪʫʨʥʦʡ ʦʙʣʘʩʪʠ. 

6. ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʠ ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʚʳʷʚʣʝʥʠʝ ʟʘʢʦʥʦʤʝʨ-

ʥʦʩʪʝʡ ʠʟʤʝʥʝʥʠʷ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠʟʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʟʘʚʠʩʠ-

ʤʦʩʪʠ ʦʪ ʩʦʩʪʘʚʘ ʠ ʩʪʨʫʢʪʫʨʳ. 
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ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʨʘʙʦʪʳ. ɺʧʝʨʚʳʝ ʤʝʪʦʜʘʤʠ ʧʨʝʮʠʟʠʦʥʥʦʡ ʘʜʠʘʙʘʪʠʯʝ-

ʩʢʦʡ ʚʘʢʫʫʤʥʦʡ ʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʩʢʘʥʠʨʫʶʱʝʡ ʢʘʣʦʨʠʤʝʪʨʠʠ ʙʳʣʠ ʠʟʫʯʝʥʳ 

ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʪʝʧʣʦʝʤʢʦʩʪʠ ʜʚʫʭ ʦʙʨʘʟʮʦʚ ʪʝʨʧʦʣʠʤʝʨʦʚ çʤʦʥʦʦʢ-

ʩʠʜ ʫʛʣʝʨʦʜʘïɻ ʪʠʣʝʥïʧʨʦʧʠʣʝʥè ʩ ʤʦʣʴʥʦʡ ʜʦʣʝʡ ʧʨʦʧʘʥʦʚʳʭ ʬʨʘʛʤʝʥʪʦʚ ʚ ʤʘʢ-

ʨʦʤʦʣʝʢʫʣʘʭ 13.3 ʠ 23.4%, ʘ ʪʘʢʞʝ ʯʝʪʳʨʝʭ ʦʙʨʘʟʮʦʚ ʪʝʨʧʦʣʠʤʝʨʦʚ çʤʦʥʦʦʢʩʠʜ 

ʫʛʣʝʨʦʜʘïɻ ʪʠʣʝʥïʙʫʪʝʥ-1è ʩ ʤʦʣʴʥʦʡ ʜʦʣʝʡ ʙʫʪʘʥʦʚʳʭ ʬʨʘʛʤʝʥʪʦʚ ʚ ʤʘʢʨʦʤʦʣʝ-

ʢʫʣʘʭ 10.7, 14.6, 35.0 ʠ 46.0% ʚ ʦʙʣʘʩʪʠ ʪʝʤʧʝʨʘʪʫʨ 6ï(350ï570) ʂ. 

ɺ ʠʩʩʣʝʜʦʚʘʥʥʦʤ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ ʚʳʷʚʣʝʥʳ ʬʘʟʦʚʳʝ ʠ ʬʠʟʠʯʝʩʢʠʝ 

ʧʨʝʚʨʘʱʝʥʠʷ: ʨʘʩʩʪʝʢʣʦʚʘʥʠʝ (ʜʚʘ ʜʣʷ ʯʝʪʳʨʝʭ ʦʙʨʘʟʮʦʚ ʪʝʨʧʦʣʠʤʝʨʦʚ ʩ ʙʫʪʝ-

ʥʦʤ-1 ʚ ʢʘʯʝʩʪʚʝ ʪʨʝʪʴʝʛʦ ʤʦʥʦʤʝʨʘ ʠ ʦʜʥʦ ʜʣʷ ʜʚʫʭ ʦʙʨʘʟʮʦʚ ʪʝʨʧʦʣʠʤʝʨʦʚ ʩ 

ʧʨʦʧʠʣʝʥʦʤ ʚ ʢʘʯʝʩʪʚʝ ʪʨʝʪʴʝʛʦ ʤʦʥʦʤʝʨʘ), ʧʝʨʝʭʦʜ Ŭ-ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʤʦʜʠʬʠ-

ʢʘʮʠʠ ʚ ɓ-ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ (ʜʣʷ ʪʝʨʧʦʣʠʤʝʨʦʚ ʩ ʧʨʦʧʠʣʝʥʦʤ ʚ ʢʘʯʝʩʪʚʝ ʪʨʝʪʴʝʛʦ 

ʤʦʥʦʤʝʨʘ), ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ (ʜʣʷ ʪʝʨʧʦʣʠʤʝʨʘ ʩ ʤʦʣʴʥʦʡ ʜʦʣʝʡ ʙʫʪʘʥʦʚʳʭ ʬʨʘʛ-

ʤʝʥʪʦʚ 46.0%) ʠ ʧʣʘʚʣʝʥʠʝ (ʜʣʷ ʚʩʝʭ ʠʟʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ). ɼʣʷ ʢʘʞʜʦʛʦ ʠʟ ʧʨʝ-

ʚʨʘʱʝʥʠʡ ʠʟʫʯʝʥʘ ʝʛʦ ʧʨʠʨʦʜʘ ʠ ʦʧʨʝʜʝʣʝʥʳ ʩʪʘʥʜʘʨʪʥʳʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ʅʘ ʦʩʥʦʚʝ ʤʫʣʴʪʠʬʨʘʢʪʘʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʦ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʪʝʧʣʦʝʤʢʦʩʪʠ (ʊ < 50 ʂ) ʧʦʣʠʢʝʪʦʥʦʚ ʙʳʣʠ ʦʮʝʥʝʥʳ ʟʥʘʯʝ-

ʥʠʷ ʬʨʘʢʪʘʣʴʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ D ʠ ʩʜʝʣʘʥʳ ʥʝʢʦʪʦʨʳʝ ʟʘʢʣʶʯʝʥʠʷ ʦ ʭʘʨʘʢʪʝʨʝ ʛʝ-

ʪʝʨʦʜʠʥʘʤʠʯʥʦʩʪʠ ʩʪʨʫʢʪʫʨʳ ʪʝʨʧʦʣʠʤʝʨʦʚ. 

ʇʦʣʫʯʝʥ ʢʦʤʧʣʝʢʩ ʩʪʘʥʜʘʨʪʥʳʭ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ (
o

pC (T) , 

o o
H (T) H (0)- , o

S (T) ʠ 
o o

G (T) )]H[ (0-- ) ʠʟʫʯʝʥʥʳʭ ʪʝʨʧʦʣʠʤʝʨʦʚ ʜʣʷ ʨʘʟʣʠʯʥʳʭ 

ʬʠʟʠʯʝʩʢʠʭ ʩʦʩʪʦʷʥʠʡ ʚ ʦʙʣʘʩʪʠ ʦʪ 0 ʜʦ (350ï570) ʂ. 

ɺ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʦʤ ʢʘʣʦʨʠʤʝʪʨʝ ʩʛʦʨʘʥʠʷ ʦʧʨʝʜʝʣʝʥʳ ʵʥʝʨʛʠʠ ʩʛʦʨʘ-

ʥʠʷ ʧʷʪʠ ʠʟʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʪʝʨʧʦʣʠʤʝʨʦʚ, ʨʘʩʩʯʠʪʘʥʳ ʵʥʪʘʣʴʧʠʠ ʠʭ ʩʛʦʨʘʥʠʷ  

ʠ  ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ  ʧʘʨʘʤʝʪʨʳ  ʦʙʨʘʟʦʚʘʥʠʷ  (o

fȹH,  o

fȹS, 
o

fȹG) ʧʨʠ ʊ =  

= 298.15 ʂ. 
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ʇʦʣʫʯʝʥ ʢʦʤʧʣʝʢʩ ʩʪʘʥʜʘʨʪʥʳʭ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʩʦʧʦʣʠʤʝ-

ʨʠʟʘʮʠʠ ʤʦʥʦʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ ʩ ʵʪʠʣʝʥʦʤ ʠ ʧʨʦʧʠʣʝʥʦʤ ʠʣʠ ʙʫʪʝʥʦʤ-1 ʚ ʦʙʣʘʩʪʠ 

ʪʝʤʧʝʨʘʪʫʨ ʦʪ 0 ʜʦ (300ï400) ʂ. 

ɺʳʷʚʣʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʠʟʫʯʝʥʥʳʭ ʪʝʨʧʦʣʠʤʝ-

ʨʦʚ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʪʨʝʪʴʝʛʦ ʤʦʥʦʤʝʨʘ ʠ ʩʪʨʫʢʪʫʨʳ ʤʘʢʨʦʤʦʣʝʢʫʣ. ʇʦʣʫʯʝʥʥʳʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʦʪ ʩʦʩʪʘʚʘ ʠ ʩʪʨʫʢʪʫʨʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩ-

ʧʦʣʴʟʦʚʘʥʳ ʚ ʜʘʣʴʥʝʡʰʝʤ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʩʚʦʡʩʪʚ ʝʱʝ ʥʝ ʠʟʫʯʝʥʥʳʭ ʩʦʝʜʠ-

ʥʝʥʠʡ ʵʪʦʛʦ ʢʣʘʩʩʘ. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ. ʇʦʣʫʯʝʥʥʳʡ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʤʘʩ-

ʩʠʚ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʪʝʨʧʦʣʠʤʝʨʦʚ çʤʦʥʦʦʢʩʠʜ ʫʛʣʝʨʦʜʘïɻ ʪʠʣʝʥï

ʧʨʦʧʠʣʝʥè ʠ çʤʦʥʦʦʢʩʠʜ ʫʛʣʝʨʦʜʘïɻ ʪʠʣʝʥïʙʫʪʝʥ-1è ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʧʨʘʚʦʯ-

ʥʳʝ ʚʝʣʠʯʠʥʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʨʘʩʯʝʪʘʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʠ ʪʝʧ-

ʣʦʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʩʠʥʪʝʟʘ ʠ ʧʝʨʝʨʘʙʦʪʢʠ ʫʢʘʟʘʥʥʳʭ ʧʦʣʠʤʝʨʦʚ. ʇʨʠʚʦʜʠ-

ʤʳʝ ʜʘʥʥʳʝ ʫʞʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ ʣʝʢʮʠʡ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʠ ʧʨʠʢʣʘʜ-

ʥʦʛʦ ʭʘʨʘʢʪʝʨʘ.  

ʉʪʝʧʝʥʴ ʦʙʦʩʥʦʚʘʥʥʦʩʪʠ ʠ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦ-

ʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʦʙʫʩʣʦʚʣʝʥʘ ʰʠʨʦʢʦʡ 

ʘʧʨʦʙʘʮʠʝʡ ʨʘʙʦʪʳ ʠ ʥʘʜʝʞʥʦʩʪʴʶ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʤʝʪʦʜʦʚ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʚʳʩʦʢʦʡ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴʶ ʠ ʚʟʘʠʤʥʦʡ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴʶ ʧʦʣʫ-

ʯʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠ ʪʝʨʤʦʜʠʥʘ-

ʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʩʠʥʪʝʟʘ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʦʙʲʝʢʪʦʚ, ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʘʭ ʦʙ-

ʨʘʙʦʪʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ. 

ʄʝʪʦʜʦʣʛʠʷ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɺʩʝ ʠʟʫʯʝʥʥʳʝ ʦʙʨʘʟʮʳ ʙʳʣʠ ʩʠʥʪʝ-

ʟʠʨʦʚʘʥʳ ʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʚ ʥʘʫʯʥʦʡ ʛʨʫʧʧʝ ʧʨʦʬʝʩʩʦʨʘ ɻ.ʇ. ɹʝʣʦʚʘ, ʀʥʩʪʠ-

ʪʫʪ ʧʨʦʙʣʝʤ ʭʠʤʠʯʝʩʢʦʡ ʬʠʟʠʢʠ ʈɸʅ, ʛ. ʏʝʨʥʛʦʣʦʚʢʘ, ʄʦʩʢʦʚʩʢʘʷ ʦʙʣ. ɼʣʷ ʠʩ-

ʩʣʝʜʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʢʦʤʧʣʝʢʩ ʩʦʚʨʝʤʝʥʥʦʡ ʢʘʣʦʨʠʤʝʪʨʠʯʝʩʢʦʡ ʘʧʧʘʨʘʪʫ-

ʨʳ, ʚ ʢʦʪʦʨʫʶ ʚʭʦʜʠʣʠ: ʘʜʠʘʙʘʪʠʯʝʢʠʡ ʚʘʢʫʫʤʥʡr ʢʘʣʦʨʠʤʝʪʨ ɹʂʊ-3 ʬʠʨʤʳ 

çʊɽʈʄʀʉè, ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʡr ʩʢʘʥʠʨʫʶʱʠʡ ʢʘʣʦʨʠʤʝʪʨ DSC 204 F1 Phoenix 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʬʠʨʤʳ NETZSCH-Gerªtebau GmbH, ɻʝʨʤʘʥʠʷ, ʪʝʨʤʦʤʠʢʨʦʚʝʩʳ 
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DSC 209 F1 Irbis ʧʨʦʠʟʚʦʜʩʪʚʘ ʬʠʨʤʳ NETZSCH-Gerªtebau GmbH, ɻʝʨʤʘʥʠʷ, ʢʘ-

ʣʦʨʠʤʝʪʨ ʩʛʦʨʘʥʠʷ ɺ-08.  

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ. ɼʠʩʩʝʨʪʘʥʪʦʤ ʙʳʣ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʧʨʝʜʩʪʘʚʣʝʥ-

ʥʳʭ ʚ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʜʘʥʥʳʭ ʦ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʧʦʣʠʢʝ-

ʪʦʥʦʚ, ʧʦʣʥʦʩʪʴʶ ʚʳʧʦʣʥʝʥʳ ʚʩʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʦʧʨʝʜʝʣʝ-

ʥʠʶ ʨʷʜʘ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʩʦʝʜʠʥʝʥʠʡ, ʧʨʦʚʝʜʝʥ rʠʭ ʦʙʨʘʙʦʪʢʘ ʠ ʬʠ-

ʟʠʢʦ-ʭʠʤʠʯʝʩʢʘʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ, ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʦʙʱʠʝ ʧʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ 

ʥʘ ʟʘʱʠʪʫ.  

ʉʦʚʤʝʩʪʥʦ ʩ ʥʘʫʯʥʳʤ ʨʫʢʦʚʦʜʠʪʝʣʝʤ ʧʨʦʚʦʜʠʣʘʩʴ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯ ʠʩʩʣʝ-

ʜʦʚʘʥʠʷ, ʦʙʩʫʞʜʝʥʠʝ ʝʛʦ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʜʛʦʪʦʚʢʘ ʠ ʦʬʦʨʤʣʝʥʠʝ ʥʘʫʯʥʳʭ ʧʫʙʣʠ-

ʢʘʮʠʡ. 

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ. ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʙʳʣʠ ʧʨʝʜ-

ʩʪʘʚʣʝʥʳ ʥʘ ʈʦʩʩʠʡʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ (ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ) ʧʦ ʪʝʧʣʦʬʠ-

ʟʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʚʝʱʝʩʪʚ [ʈʂʊʉ-14] (ʂʘʟʘʥʴ, 2014 ʛ.), XX  ʠ  XXI International 

Conferences on Chemical Thermodynamics in Russia [RCCT-2015] ʠ [RCCT-2017] 

(ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, 2015 ʛ., ʅʦʚʦʩʠʙʠʨʩʢ, 2017 ʛ.), XV Russian and International 

Conference on Thermal Analysis and Calorimetry (ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 

2016 ʛ.), 11-ʦʡ ʠ 12-ʦʡ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʭ ʢʦʥʬʝʨʝʥʮʠʷʭ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ 

[çʉʦʚʨʝʤʝʥʥʳʝ ʧʨʦʙʣʝʤʳ ʥʘʫʢʠ ʦ ʧʦʣʠʤʝʨʘʭè] (ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 2015, 2016 ʛʛ.), 

ʨʝʛʠʦʥʘʣʴʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ [çʅʠʞʝʛʦʨʦʜʩʢʘʷ ʩʝʩʩʠʷ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭè] (ʅʠʞ-

ʥʠʡ ʅʦʚʛʦʨʦʜ, 2014ï2017 ʛʛ.) ʠ XXI ʂʦʥʬʝʨʝʥʮʠʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ-ʭʠʤʠʢʦʚ 

(ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, 2018 ʛ.). 

ʇʦ   ʨʝʟʫʣʴʪʘʪʘʤ   ʠʩʩʣʝʜʦʚʘʥʠʡ   ʘʚʪʦʨʫ   ʙʳʣʠ ʧʨʠʩʫʞʜʝʥʳ   ʩʪʠʧʝʥʜʠʷ ʠʤ. 

ʘʢʘʜʝʤʠʢʘ ɻ. ɸ. ʈʘʟʫʚʘʝʚʘ (2016ï2017 ʛʛ.), ʩʪʠʧʝʥʜʠʷ ʋʯʝʥʦʛʦ ʩʦʚʝʪʘ ʅʅɻʋ (2017 

ʛ.), ʘ ʪʘʢʞʝ ʜʠʧʣʦʤʳ ʟʘ ʣʫʯʰʠʝ ʜʦʢʣʘʜʳ ʥʘ ʨʷʜʝ ʥʘʫʯʥʳʭ ʢʦʥʬʝʨʝʥʮʠʡ. 

ʇʫʙʣʠʢʘʮʠʠ. ʇʦ ʤʘʪʝʨʠʘʣʘʤ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʧʫʙʣʠʢʦʚʘ-

ʥʳ 16 ʥʘʫʯʥʳʭ ʨʘʙʦʪ: 6 ʩʪʘʪʝʡ ʚ ʥʘʫʯʥʳʭ ʞʫʨʥʘʣʘʭ, ʚʭʦʜʷʱʠʭ ʚ ʧʝʨʝʯʝʥʴ ɺɸʂ 

ʧʨʠ ʄʠʥʦʙʨʥʘʫʢʠ ʈʦʩʩʠʠ ʠ ʠʥʜʝʢʩʠʨʫʝʤʳʭ ʤʝʞʜʫʥʘʨʦʜʥʳʤʠ ʨʝʬʝʨʘʪʠʚʥʦ-

ʙʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʤʠ ʙʘʟʘʤʠ ʥʘʫʯʥʦʛʦ ʮʠʪʠʨʦʚʘʥʠʷ Web of Science ʠ Scopus, ʠ 10 
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ʪʝʟʠʩʦʚ ʜʦʢʣʘʜʦʚ ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʳʭ, ʚʩʝʨʦʩʩʠʡʩʢʠʭ ʠ ʨʝʛʠʦʥʘʣʴʥʳʭ ʥʘʫʯʥʳʭ 

ʢʦʥʬʝʨʝʥʮʠʷʭ. 

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʜʠʩʩʝʨʪʘʮʠʠ. ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʠʟʣʦʞʝʥʘ ʥʘ 

228 ʩʪʨʘʥʠʮʘʭ ʤʘʰʠʥʦʧʠʩʥʦʛʦ ʪʝʢʩʪʘ ʠ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, ʣʠʪʝʨʘʪʫʨʥʦʛʦ ʦʙʟʦ-

ʨʘ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʯʘʩʪʠ, ʦʙʩʫʞʜʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʚʳʚʦʜʦʚ, 

ʩʧʠʩʢʘ ʮʠʪʠʨʫʝʤʦʡ ʣʠʪʝʨʘʪʫʨʳ (140 ʥʘʠʤʝʥʦʚʘʥʠʡ) ʠ ʇʨʠʣʦʞʝʥʠʷ. ʄʘʪʝʨʠʘʣ 

ʜʠʩʩʝʨʪʘʮʠʠ ʩʦʜʝʨʞʠʪ 50 ʨʠʩʫʥʢʦʚ ʠ 68 ʪʘʙʣʠʮ ʚ ʦʩʥʦʚʥʦʤ ʪʝʢʩʪʝ, ʘ ʪʘʢʞʝ 12 

ʪʘʙʣʠʮ ʚ ʇʨʠʣʦʞʝʥʠʠ. 

ɺʦ ʚʚʝʜʝʥʠʠ ʦʙʩʫʞʜʝʥʳ ʘʢʪʫʘʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʚʳʙʨʘʥʥʦʡ ʦʙʣʘʩʪʠ, 

ʦʩʥʦʚʥʳʝ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʥʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʮʝʥʥʦʩʪʴ ʚʳʧʦʣ-

ʥʝʥʥʦʡ ʨʘʙʦʪʳ. 

ɺ ʧʝʨʚʦʡ ʛʣʘʚʝ (ʣʠʪʝʨʘʪʫʨʥʳʡ ʦʙʟʦʨ) ʧʨʠʚʝʜʝʥ ʦʙʟʦʨ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ 

ʧʦ ʧʨʦʙʣʝʤʘʤ ʠ ʤʝʪʦʜʠʢʘʤ ʩʠʥʪʝʟʘ ʧʦʣʠ(ʦʣʝʬʠʥ)ʢʝʪʦʥʦʚ, ʘ ʪʘʢʞʝ ʪʝʨʤʦʜʠʥʘʤʠʢʝ 

ʩʦ- ʠ ʪʝʨʧʦʣʠʤʝʨʦʚ.  

ɺʦ ʚʪʦʨʦʡ ʛʣʘʚʝ (ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ) ʧʨʝʜʩʪʘʚʣʝʥʦ ʦʧʠʩʘʥʠʝ ʘʧʧʘʨʘ-

ʪʫʨʳ, ʠʩʧʦʣʴʟʦʚʘʥʥʦʡ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʠʚʝʜʝʥʳ ʤʝʪʦʜʠʢʠ ʝʝ ʢʘ-

ʣʠʙʨʦʚʢʠ ʠ ʧʦʚʝʨʢʠ, ʘ ʪʘʢʞʝ ʤʝʪʦʜʠʢʠ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠ ʦʙʨʘʙʦʪʢʠ ʧʦ-

ʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ. ʂʨʦʤʝ ʵʪʦʛʦ, ʚ ʛʣʘʚʝ ʨʘʩʩʤʦʪʨʝʥʳ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʟʫʯʝʥʥʳʭ 

ʪʝʨʧʦʣʠʤʝʨʦʚ. 

ɺ ʪʨʝʪʴʝʡ ʛʣʘʚʝ (ʨʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ) ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʝʧʦʩʨʝʜ-

ʩʪʚʝʥʥʦ ʧʦʣʫʯʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʦ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ 

ʪʝʨʧʦʣʠʤʝʨʦʚ, ʠʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʘʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʠ ʦʙʦʙʱʝʥʠʝ, ʟʜʝʩʴ ʞʝ ʧʨʠ-

ʚʝʜʝʥʳ ʚʳʷʚʣʝʥʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʩʪʨʫʢʪʫʨʳ ʪʝʨʧʦʣʠʤʝʨʦʚ ʠ ʠʭ ʩʦʩʪʘʚʘ ʠ ʚʳʚʦʜʳ, ʩʜʝʣʘʥʥʳʝ ʚ ʭʦʜʝ ʨʘʙʦʪʳ. 

ɺ ʇʨʠʣʦʞʝʥʠʠ ʧʨʠʚʝʜʝʥʳ ʪʘʙʣʠʮʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʪʝʧʣʦʝʤ-

ʢʦʩʪʠ, ʨʝʟʫʣʴʪʘʪʳ ʦʧʳʪʦʚ ʧʦ ʠʟʤʝʨʝʥʠʶ ʵʥʝʨʛʠʠ ʩʛʦʨʘʥʠʷ ʠʟʫʯʝʥʥʳʭ ʚ ʨʘʙʦʪʝ 

ʚʝʱʝʩʪʚ, TG-ʢʨʠʚʳʝ ʰʝʩʪʠ ʠʟʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʪʝʨʧʦʣʠʤʝʨʦʚ, ʘ ʪʘʢʞʝ ʨʝʥʪʛʝʥʦ-

ʛʨʘʤʤʳ ʜʣʷ ʦʜʥʦʛʦ ʠʟ ʠʟʫʯʝʥʥʳʭ ʧʦʣʠʢʝʪʦʥʦʚ. 

ʉʦʦʪʚʝʪʩʪʚʠʝ ʜʠʩʩʝʨʪʘʮʠʠ ʧʘʩʧʦʨʪʫ ʩʧʝʮʠʘʣʴʥʦʩʪʠ. ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ 

ʨʘʙʦʪʘ ʧʦ ʩʚʦʝʡ ʘʢʪʫʘʣʴʥʦʩʪʠ, ʮʝʣʠ, ʨʝʰʘʝʤʳʤ ʟʘʜʘʯʘʤ ʠ ʧʦʣʫʯʝʥʥʳʤ ʨʝʟʫʣʴʪʘ-
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ʪʘʤ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧ. 2 (çʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʚʝʱʝʩʪʚ, ʨʘʩʯʝʪ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ ʧʨʦʩʪʳʭ ʠ ʩʣʦʞʥʳʭ ʩʠʩʪʝʤ, 

ʚ ʪʦʤ ʯʠʩʣʝ ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʦʚ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʪʝʨʤʦʜʠʥʘʤʠʢʠ, ʠʟʫʯʝʥʠʝ ʪʝʨʤʦ-

ʜʠʥʘʤʠʢʠ ʬʘʟʦʚʳʭ ʧʨʝʚʨʘʱʝʥʠʡ ʠ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚè) ʠ ʧ. 11 (çʌʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʧʨʦʮʝʩʩʦʚ ʭʠʤʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠè) ʧʘʩʧʦʨʪʘ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 

02.00.04 ï ʬʠʟʠʯʝʩʢʘʷ ʭʠʤʠʷ. 
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nRHC = CH2  +  nCO      CH   CH2   C 

ʆ n . R 

ɻʃɸɺɸ 1. ʊɽʈʄʆɼʀʅɸʄʀʏɽʉʂʀɽ ʉɺʆʁʉʊɺɸ ʉʆ- ʀ ʊɽʈʇʆʃʀʄɽʈʆɺ 

ʄʆʅʆʆʂʉʀɼɸ ʋɻʃɽʈʆɼɸ ʉ ʈɸɿʃʀʏʅʓʄʀ ʄʆʅʆʄɽʈɸʄʀ  

(ʃʀʊɽʈɸʊʋʈʅʓʁ ʆɹɿʆʈ) 

1.1. ʉʠʥʪʝʟ ʧʦʣʠʢʝʪʦʥʦʚ 

ʇʦʣʠʢʝʪʦʥʳ ʤʦʞʥʦ ʫʩʣʦʚʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʘ ʢʣʘʩʩʘ. ʂ ʧʝʨʚʦʤʫ ʢʣʘʩʩʫ ʦʪ-

ʥʦʩʷʪʩʷ ʯʝʨʝʜʫʶʱʠʝʩʷ ʩʦʧʦʣʠʤʝʨʳ ʤʦʥʦʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ ʩ ʨʘʟʣʠʯʥʳʤʠ ʥʝʧʨʝ-

ʜʝʣʴʥʳʤʠ ʫʛʣʝʚʦʜʦʨʦʜʘʤʠ, ʧʦʣʫʯʘʝʤʳʝ ʠʩʢʫʩʩʪʚʝʥʥʳʤ ʧʫʪʝʤ [1, 25], ʢʦ ʚʪʦʨʦʤʫ 

ï ʧʦʣʠʢʝʪʦʥʳ ʧʨʠʨʦʜʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ (ʥʘʧʨʠʤʝʨ ʧʦʣʠʢʝʪʠʜʳ, ʦʙʨʘʟʫʶʱʠʝʩʷ 

ʚ ʢʣʝʪʢʘʭ ʞʠʚʦʪʥʳʭ ʠ ʨʘʩʪʝʥʠʡ) [26]. ʀ ʪʝ, ʠ ʜʨʫʛʠʝ ʩʦʝʜʠʥʝʥʠʷ ʩʦʜʝʨʞʘʪ ʧʦʚʪʦ-

ʨʷʶʱʠʝʩʷ ʯʝʨʝʟ ʦʧʨʝʜʝʣʝʥʥʦʝ ʫʛʣʝʚʦʜʦʨʦʜʥʦʝ ʟʚʝʥʦ ʢʘʨʙʦʥʠʣʴʥʳʝ ʛʨʫʧʧʳ, ʦʜ-

ʥʘʢʦ ʵʪʦ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʨʘʟʣʠʯʥʳʝ ʛʨʫʧʧʳ ʧʦʣʠʤʝʨʦʚ, ʦʪʣʠʯʘʶʱʠʝʩʷ ʠ ʩʧʦʩʦ-

ʙʦʤ ʧʦʣʫʯʝʥʠʷ, ʠ ʩʪʨʫʢʪʫʨʦʡ ʤʦʥʦʤʝʨʥʦʛʦ ʟʚʝʥʘ. ʇʦʩʢʦʣʴʢʫ ʫʢʘʟʘʥʳʝ ʧʦʣʠʤʝʨʳ 

ʩʦʜʝʨʞʘʪ ʢʘʨʙʦʥʠʣʴʥʫʶ ʛʨʫʧʧʫ, ʵʪʘ ʪʝʨʤʠʥʦʣʦʛʠʷ ʟʜʝʩʴ ʠ ʜʘʣʝʝ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦ-

ʚʘʥʘ ʜʣʷ ʦʙʦʟʥʘʯʝʥʠʷ ʠʟʫʯʝʥʥʳʭ ʥʘʤʠ ʪʝʨʧʦʣʠʤʝʨʦʚ [22].  

ʇʝʨʚʳʡ ʧʦʣʠʢʝʪʦʥ ʙʳʣ ʩʠʥʪʝʟʠʨʦʚʘʥ ʚ 1939 ʛʦʜʫ ʨʘʜʠʢʘʣʴʥʦʡ ʧʦʣʠʤʝʨʠʟʘ-

ʮʠʝʡ ʤʦʥʦʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ ʠ ʵʪʠʣʝʥʘ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʜʘʚʣʝʥʠʠ [27]. ɺ 

1941 ʛʦʜʫ ʙʳʣ ʧʦʣʫʯʝʥ ʧʝʨʚʳʡ ʧʦʣʠ(ʦʣʝʬʠʥ)ʢʝʪʦʥ ʥʘ ʦʩʥʦʚʝ ʤʦʥʦʦʢʩʠʜʘ ʫʛʣʝʨʦ-

ʜʘ ʠ ʵʪʠʣʝʥʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʢʘʪʘʣʠʟʘʪʦʨʘ Ni(CN)2, ʧʦʟʜʥʝʝ ʚ ʢʘʯʝʩʪʚʝ  ʢʘʪʘʣʠʟʘʪʦ-

ʨʘ  ʙʳʣʠ  ʠʩʧʦʣʴʟʦʚʘʥʳ  Pd(CN)2  ʠ  ʝʛʦ  ʛʠʜʨʠʜʥʘʷ ʬʦʨʤʘ [28ï30]. ʇʦʣʫʯʝʥʥʳʝ 

ʧʦʣʠʤʝʨʳ ʠʤʝʣʠ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʳ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝ-

ʥʠʷ. ʇʨʠ ʵʪʦʤ ʦʪʤʝʯʘʣʠʩʴ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʠ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤ-

ʧʝʨʘʪʫʨʘʭ (ʧʦʨʷʜʢʘ 100ï200ÁC), ʥʠʟʢʠʡ ʚʳʭʦʜ ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ ʠ ʥʠʟʢʘʷ ʘʢ-

ʪʠʚʥʦʩʪʴ ʫʢʘʟʘʥʥʳʭ ʚʳʰʝ ʢʘʪʘʣʠʟʘʪʦʨʦʚ [1]. 

ɹʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʳʟʳʚʘʶʪ ʩʦʧʦʣʠʤʝʨʳ ʤʦʥʦʦʢʩʠʜʘ ʫʛ-

ʣʝʨʦʜʘ ʠ ʨʘʟʣʠʯʥʳʭ ʤʦʥʦʤʝʨʦʚ, ʧʦʣʫʯʘʝʤʳʝ ʧʦ ʦʧʠʩʳʚʘʝʤʦʡ ʩʭʝʤʦʡ 1 ʨʝʘʢʮʠʠ 

ʉʭʝʤʘ 1 
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ɺ ʢʘʯʝʩʪʚʝ ʤʦʥʦʤʝʨʦʚ ʧʦ ʜʘʥʥʳʤ ʨʘʙʦʪ [1, 22] ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ ʦʣʝʬʠʥʳ 

(ʪʘʢʠʝ ʢʘʢ ʵʪʠʣʝʥ, ʧʨʦʧʠʣʝʥ, ʙʫʪʝʥ, ʧʝʥʪʝʥ, ʛʝʢʩʝʥ), ʩʪʠʨʦʣ ʠ ʝʛʦ ʧʨʦʠʟʚʦʜʥʳʝ, 

ʨʘʟʣʠʯʥʳʝ ʮʠʢʣʠʯʝʩʢʠʝ ʠʣʠ ʘʮʠʢʣʠʯʝʩʢʠʝ ʜʠʝʥʳ ʠ ʪ.ʜ.  

ʇʝʨʚʦʝ ʩʦʦʙʱʝʥʠʝ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʩʠʥʪʝʟʘ ʩʦʧʦʣʠʤʝʨʦʚ çʤʦʥʦʦʢʩʠʜ ʫʛʣʝ-

ʨʦʜʘïɻ ʪʠʣʝʥè ʜʘʪʠʨʦʚʘʥʦ 1982 ʛʦʜʦʤ [31]. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʨʝʘʢʮʠʠ ʙʳʣ ʠʩʧʦʣʴ-

ʟʦʚʘʥ ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʘ ʢʦʤʧʣʝʢʩ [Pd(MeCN)(PPh3)3](BF4)2. ɺ 90-ʝ ʛʦʜʳ ʚ 

ʀʥʩʪʠʪʫʪʝ ʧʨʦʙʣʝʤ ʭʠʤʠʯʝʩʢʦʡ ʬʠʟʠʢʠ ʈɸʅ (ʛ. ʏʝʨʥʦʛʦʣʦʚʢʘ, ʄʦʩʢʦʚʩʢʘʷ ʦʙʣ.) 

ʥʘʫʯʥʦʡ ʛʨʫʧʧʦʡ ʧʨʦʬʝʩʩʦʨʘ ɻ. ʇ. ɹʝʣʦʚʘ ʚʧʝʨʚʳʝ ʧʨʠ ʩʠʥʪʝʟʝ ʩʦʧʦʣʠʤʝʨʘ çʤʦ-

ʥʦʦʢʩʠʜ ʫʛʣʝʨʦʜʘïɻ ʪʠʣʝʥè ʙʳʣ ʧʨʠʤʝʥʝʥ ʢʘʪʘʣʠʟʘʪʦʨ ʥʘ ʦʩʥʦʚʝ ʢʦʤʧʣʝʢʩʦʚ ʧʘʣ-

ʣʘʜʠʷ [32, 33]. ʇʨʦʮʝʩʩ ʩʦʧʦʣʠʤʝʨʠʟʘʮʠʠ ʧʨʦʚʦʜʠʣʩʷ ʚ ʜʦʚʦʣʴʥʦ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ 

ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʬʦʩʬʠʥʦʚʦʛʦ ʢʦʤʧʣʝʢʩ ʧʘʣʣʘʜʠʷ ʠ ʨ-ʪʦʣʫʦʣ-ʩʫʣʴʬʦʢʠʩʣʦʪʳ [22]. ɺ 

ʨʘʙʦʪʝ [34] ʠʟʫʯʝʥʘ ʢʠʥʝʪʠʢʘ ʯʝʨʝʜʫʶʱʝʡʩʷ ʩʦʧʦʣʠʤʝʨʠʟʘʮʠʠ ʵʪʠʣʝʥʘ ʠ ʤʦʥʦʦʢ-

ʩʠʜʘ ʫʛʣʝʨʦʜʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʥʘʥʝʩʝʥʥʦʛʦ ʥʘ ʧʦʣʠʤʝʨʥʳʡ ʥʦʩʠʪʝʣʴ ʧʘʣʣʘʜʠʝʚʦʛʦ 

ʢʘʪʘʣʠʟʘʪʦʨʘ ʚ ʨʘʟʣʠʯʥʳʭ ʩʨʝʜʘʭ (ʤʝʪʘʥʦʣʝ, ʪʦʣʫʦʣʝ, ʛʝʧʪʘʥʝ). ʇʦʣʫʯʝʥʥʳʝ ʘʚʪʦ-

ʨʘʤʠ ʜʘʥʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʚ ʨʘʙʦʪʝ ʤʝʪʦʜʠʢʘ ʧʝʨ-

ʩʧʝʢʪʠʚʥʘ ʢʘʢ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʨʦʩʪʦʪʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʠ 

ʫʜʦʙʩʪʚʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʪʘʢ ʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʝʝ ʘʢʪʠʚʥʦʩʪʠ. ɹʣʘʛʦʜʘʨʷ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʶ ʜʘʥʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʫʜʘʣʦʩʴ ʫʤʝʥʴʰʠʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʧʣʘʚʣʝʥʠʷ ʩʦʧʦʣʠ-

ʤʝʨʘ, ʯʪʦ ʚʘʞʥʦ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʝʛʦ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʦʣʫʯʝʥʠʷ ʠ ʧʝʨʝʨʘʙʦʪʢʠ 

[34]. 

ʆ ʚʦʟʤʦʞʥʦʩʪʠ ʩʦʧʦʣʠʤʝʨʠʟʘʮʠʠ ʧʨʦʧʠʣʝʥʘ ʠ ʤʦʥʦʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʧʘʣʣʘʜʠʝʚʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ Pd(CN)2 ʚʧʝʨʚʳʝ ʩʦʦʙʱʘʣʦʩʴ ʚ ʨʘʙʦʪʝ [35]. 

ɸʢʪʠʚʥʦʩʪʴ ʧʨʦʧʠʣʝʥʘ ʙʳʣʘ ʧʨʠʤʝʨʥʦ ʥʘ ʧʦʨʷʜʦʢ ʥʠʞʝ, ʯʝʤ ʚ ʨʝʘʢʮʠʠ ʤʦʥʦʦʢ-

ʩʠʜʘ ʫʛʣʝʨʦʜʘ ʠ ʵʪʠʣʝʥʘ. ʂʘʢ ʩʦʦʙʱʘʝʪʩʷ ʚ ʨʘʙʦʪʝ [22], ʚʘʨʴʠʨʦʚʘʥʠʝ ʫʩʣʦʚʠʡ 

ʧʨʦʚʝʜʝʥʠʝ ʨʝʘʢʮʠʠ ʠ ʜʠʟʘʡʥʘ ʢʘʪʘʣʠʟʘʪʦʨʘ ʧʦʟʚʦʣʠʣʦ ʧʦʣʫʯʠʪʴ ʩʦʧʦʣʠʤʝʨʳ ʩ 

ʰʠʨʦʢʠʤ ʢʦʤʧʣʝʢʩʦʤ ʩʚʦʡʩʪʚ ʦʪ ʚʳʩʦʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʪʝʨʤʦʧʣʘʩʪʦʚ ʜʦ ʚʳʩʦ-

ʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʵʣʘʩʪʦʤʝʨʦʚ. ɺʦʚʣʝʯʝʥʠʝ ʚ ʨʝʘʢʮʠʶ ʩʦʧʦʣʠʤʝʨʠʟʘʮʠʠ    ʩ   ʤʦ-

ʥʦʦʢʩʠʜʦʤ  ʫʛʣʝʨʦʜʘ   ʧʨʦʧʠʣʝʥʘ   ʠ   ʜʨʫʛʠʭ   ʚʳʩʰʠʭ  Ŭ-ʦʣʝʬʠʥʦʚ ʦʪʢʨʳʣʦ 

ʙʦʣʴʰʠʝ ʧʝʨʩʧʝʢʪʠʚʳ ʜʣʷ ʩʠʥʪʝʟʘ ʯʝʨʝʜʫʶʱʠʭʩʷ ʩʦʧʦʣʠʤʝʨʦʚ ʢʘʢ ʠʟʦʪʘʢʪʠʯʝ-

ʩʢʦʛʦ, ʪʘʢ ʠ ʩʠʥʜʠʦʪʘʢʪʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ [36]. 
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CH   CH2   C n R1HC=CH2 + m R2HC=CH2 + (n + m) CO  

ʆ m R1 ʆ R2 n 

CH   CH2   C 

ɺ ʩʦʧʦʣʠʤʝʨʠʟʘʮʠʶ ʤʦʛʫʪ ʙʳʪʴ ʚʦʚʣʝʯʝʥʳ ʪʘʢʞʝ ʦʣʝʬʠʥʳ ʩ ʜʚʦʡʥʦʡ ʚʥʫʪ-

ʨʝʥʥʝʡ ʩʚʷʟʴʶ. ɺ ʨʘʙʦʪʝ [33] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʘʢʪʠʚʥʦʩʪʴ ʮʠʩ-ʙʫʪʝʥʘ-2 ʥʘ ʧʦʨʷʜʦʢ 

ʥʠʞʝ, ʯʝʤ ʙʫʪʝʥʘ-1. ʇʨʠ ʵʪʦʤ ʦʙʨʘʟʫʝʪʩʷ ʦʣʠʛʦʤʝʨ, ʪʦʛʜʘ ʢʘʢ ʚ ʩʣʫʯʘʝ ʩʦʧʦʣʠʤʝ-

ʨʠʟʘʮʠʠ ʤʦʥʦʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ ʠ ʙʫʪʝʥʘ-1 ʧʦʣʫʯʘʝʪʩʷ ʩʦʧʦʣʠʤʝʨ ʩ ʄn = 4.0Ŀ10
4.  

ɸʚʪʦʨʳ ʧʨʝʜʧʦʣʘʛʘʶʪ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʩʦʧʦʣʠʤʝʨʠʟʘʮʠʠ ʮʠʩ-ʙʫʪʝʥ-2 ʠʟʦʤʝʨʠʟʫʝʪ-

ʩʷ ʚ ʙʫʪʝʥ-1. ʊʨʘʥʩ-ʙʫʪʝʥ-2 ʥʝʘʢʪʠʚʝʥ ʚ ʩʦʧʦʣʠʤʝʨʠʟʘʮʠʠ ʩ ʤʦʥʦʦʢʩʠʜʦʤ ʫʛʣʝʨʦ-

ʜʘ. 

ʉʦʧʦʣʠʤʝʨʠʟʘʮʠʷ ʤʦʥʦʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ ʩʦ ʩʪʠʨʦʣʦʤ ʠ ʝʛʦ ʧʨʦʠʟʚʦʜʥʳʤʠ 

ʧʨʦʠʩʭʦʜʠʪ ʪʦʣʴʢʦ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʘʟʦʪʥʳʭ NïN ʠʣʠ ʛʠʙʨʠʜʥʳʭ PïX (X = O, N) 

ʣʠʛʘʥʜʦʚ [37]. 

ʈʝʛʫʣʷʨʥʦ ʯʝʨʝʜʫʶʱʠʝʩʷ ʧʦʣʠʢʝʪʦʥʳ, ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʤʦʥʦʦʢʩʠʜʘ 

ʫʛʣʝʨʦʜʘ ʠ ʵʪʠʣʝʥʘ, ʢʘʢ ʧʨʘʚʠʣʦ ʚʳʩʦʢʦʢʨʠʩʪʘʣʣʠʯʥʳ, ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ  

ʋʌ-ʠʟʣʫʯʝʥʠʶ, ʦʙʣʘʜʘʶʪ ʧʦʚʳʰʝʥʥʦʡ ʭʨʫʧʢʦʩʪʴʶ, ʯʪʦ ʦʩʣʦʞʥʷʝʪ ʧʨʦʮʝʩʩ ʠʭ 

ʧʝʨʝʨʘʙʦʪʢʠ. ɼʣʷ ʫʣʫʯʰʝʥʠʷ ʵʣʘʩʪʠʯʥʦʩʪʠ ʚ ʧʦʣʠʤʝʨ ʧʦ ʩʭʝʤʝ 2 ʚʚʦʜʷʪ ʪʨʝʪʠʡ 

ʩʦʤʦʥʦʤʝʨ [1, 38, 39]:  

ʉʭʝʤʘ 2 

 

 

 

 ʇʦʣʫʯʝʥʥʳʝ ʧʦʣʠʢʝʪʦʥʳ ʥʘʟʳʚʘʶʪ ʪʝʨʧʦʣʠʤʝʨʘʤʠ (ʚ ʨʷʜʝ ʠʩʪʦʯʥʠʢʦʚ ʵʪʦʪ 

ʢʣʘʩʩ ʧʦʣʠʤʝʨʦʚ ʥʘʟʳʚʘʶʪ ʪʘʢʞʝ çʪʨʦʡʥʳʝ ʩʦʧʦʣʠʤʝʨʳè; ʦʙʘ ʵʪʠ ʪʝʨʤʠʥʘ ʨʘʚʥʦ-

ʟʥʘʯʥʳ, ʟʜʝʩʴ ʠ ʜʘʣʝʝ ʤʳ ʙʫʜʝʤ ʧʦʣʴʟʦʚʘʪʴʩʷ ʧʝʨʚʳʤ ʠʟ ʥʠʭ). 

ʂʘʢ ʫʢʘʟʘʥʦ ʚ ʨʘʙʦʪʝ [22], ʪʝʨʧʦʣʠʤʝʨʳ, ʩʦʜʝʨʞʘʱʠʝ ʜʦ 40% ʵʪʠʣʝʥʘ, ʚʝʜʫʪ 

ʩʝʙʷ ʢʘʢ ʵʣʘʩʪʦʤʝʨʳ, ʘ ʧʨʠ ʩʦʜʝʨʞʘʥʠʠ ʵʪʠʣʝʥʘ 60% ʠ ʙʦʣʝʝ ï ʢʘʢ ʪʠʧʠʯʥʳʝ ʪʝʨ-

ʤʦʧʣʘʩʪʳ. 

ʉʠʥʪʝʟ ʪʝʨʧʦʣʠʤʝʨʦʚ ʨʝʛʫʣʷʨʥʦʛʦ ʩʪʨʦʝʥʠʷ ʦʙʳʯʥʦ ʧʨʦʚʦʜʷʪ ʥʘ ʠʦʥʥʳʭ 

ʢʦʤʧʣʝʢʩʘʭ ʧʘʣʣʘʜʠʷ ʩ ʙʠʜʝʥʪʘʪʥʳʤʠ ʬʦʩʬʦʨ-, ʘʟʦʪ-, ʢʠʩʣʦʨʦʜ-, ʩʝʨʦʩʦʜʝʨʞʘʱʠ-

ʤʠ ʣʠʛʘʥʜʘʤʠ ʦʙʱʝʡ ʬʦʨʤʫʣʳ PdL2X2 (L2 ï ʙʠʜʝʥʪʘʪʥʳʡ ʣʠʛʘʥʜ, X2 ï ʩʣʘʙʦʢʦʦʨ-

ʜʠʥʠʨʦʚʘʥʥʳʡ ʘʥʠʦʥ). ʇʨʦʮʝʩʩ ʧʨʦʚʦʜʷʪ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʩʪʚʦ-
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ʨʘ ʢʘʪʘʣʠʟʘʪʦʨʘ ʚ ʤʝʪʘʥʦʣʝ ʠʣʠ ʩʤʝʩʠ ʤʝʪʘʥʦʣʘ ʩ ʧʦʣʷʨʥʳʤ ʨʘʩʪʚʦʨʠʪʝʣʝʤ 

(CH2Cl2, ʊɻʌ ʠ ʪ.ʜ.) [40].  

ɸʚʪʦʨʘʤʠ ʨʘʙʦʪʳ [40] ʧʨʝʜʣʦʞʝʥʘ ʤʝʪʦʜʠʢʘ ʩʠʥʪʝʟʘ ʪʝʨʧʦʣʠʤʝʨʦʚ çʤʦʥʦ-

ʦʢʩʠʜ ʫʛʣʝʨʦʜʘïɻ ʪʠʣʝʥïʧʨʦʧʠʣʝʥè ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʧʘʣʣʘʜʠʝʚʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ ʚ 

ʩʨʝʜʝ ʪʦʣʫʦʣʘ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʘʥʥʦʡ ʤʝʪʦʜʠʢʠ ʚʦʟʤʦʞʥʦ 

ʧʦʣʫʯʘʪʴ ʪʝʨʧʦʣʠʤʝʨʳ ʩ ʨʘʟʥʦʡ ʩʨʝʜʥʝʯʠʩʣʦʚʦʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʦʡ (ʦʪ 30650 

ʜʦ 1420), ʧʨʠ ʵʪʦʤ ʩ ʧʦʚʳʰʝʥʠʝʤ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʳ ʪʝʨʧʦʣʠʤʝʨʘ ʝʛʦ ʚʳʭʦʜ ʟʘ 

ʯʘʩ ʧʘʜʘʝʪ. 

ʄʝʪʦʜʠʢʘ ʩʠʥʪʝʟʘ ʪʝʨʧʦʣʠʤʝʨʦʚ ʤʦʥʦʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ ʩ ʵʪʠʣʝʥʦʤ ʠ ʚʳʩ-

ʰʠʤʠ Ŭ-ʦʣʝʬʠʥʘʤʠ ʨʘʩʩʤʦʪʨʝʥʘ ʚ ʨʘʙʦʪʝ [41] ʥʘ ʧʨʠʤʝʨʝ ʪʝʨʧʦʣʠʤʝʨʘ çʤʦʥʦʦʢ-

ʩʠʜ ʫʛʣʝʨʦʜʘïɻ ʪʠʣʝʥïʛʝʢʩʝʥ-1è. ʈʝʘʢʮʠʷ ʚʧʝʨʚʳʝ ʧʨʦʚʝʜʝʥʘ ʚ ʩʨʝʜʝ ʪʦʣʫʦʣʘ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʥʘʥʝʩʝʥʥʦʛʦ ʥʘ ʧʦʜʣʦʞʢʫ ʧʘʣʣʘʜʠʝʚʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ ʧʨʠ ʨʘʟʣʠʯ-

ʥʦʤ ʤʦʣʴʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ ʦʣʝʬʠʥʦʚ ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʨʝʜʝ. ɸʚʪʦʨʘʤʠ ʫʩʪʘʥʦʚʣʝ-

ʥʦ, ʯʪʦ ʧʨʠ ʤʦʣʴʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ ʚʳʩʰʝʛʦ ʦʣʝʬʠʥʘ ʠ ʵʪʠʣʝʥʘ ʚ ʨʝʘʢʮʠʦʥʥʦʡ 

ʩʤʝʩʠ ʤʝʥʝʝ 2:1 ʛʝʢʩʝʥ-1 ʚʥʝʜʨʷʝʪʩʷ ʚ ʧʦʣʠʤʝʨʥʫʶ ʮʝʧʴ ʚ ʙʦʣʴʰʝʤ ʢʦʣʠʯʝʩʪʚʝ, 

ʯʝʤ ʧʨʦʧʠʣʝʥ; ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʵʪʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʠʤʝʝʪ ʤʝʩʪʦ ʦʙʨʘʪʥʘʷ ʟʘʢʦʥʦ-

ʤʝʨʥʦʩʪʴ. 

ɺ ʨʘʙʦʪʝ [42] ʧʨʝʜʣʦʞʝʥʘ ʤʝʪʦʜʠʢʘ ʩʠʥʪʝʟʘ ʪʝʨʧʦʣʠʤʝʨʘ çʤʦʥʦʦʢʩʠʜ ʫʛʣʝ-

ʨʦʜʘïɻ ʪʠʣʝʥïʩʪʠʨʦʣè ʚ ʩʨʝʜʝ ʪʦʣʫʦʣʘ ʠ ʛʝʧʪʘʥʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʥʘʥʝʩʝʥʥʦʛʦ ʧʘʣ-

ʣʘʜʠʝʚʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ. ɸʚʪʦʨʘʤʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʪʝʨʧʦʣʠʤʝʨʠʟʘʮʠʠ 

ʚʳʰʝ ʩʢʦʨʦʩʪʠ ʩʦʧʦʣʠʤʝʨʠʟʘʮʠʠ ʤʦʥʦʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ ʩ ʵʪʠʣʝʥʦʤ. ʋʚʝʣʠʯʝʥʠʝ 

ʜʘʚʣʝʥʠʷ ʚʳʰʝ 3 ʄʇʘ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚʳʰʝ 343 ʂ ʧʨʠʚʦʜʠʪ ʢ ʧʘʜʝʥʠʶ ʘʢʪʠʚʥʦ-

ʩʪʠ ʢʘʪʘʣʠʟʘʪʦʨʘ ʠ ʚʳʭʦʜʘ ʧʨʦʜʫʢʪʘ. 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʨʘʙʦʪʘʭ [40ï42] ʜʘʥʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʧʝʨʩʧʝʢʪʠʚ-

ʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʥʘʥʝʩʝʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʚ ʩʠʥʪʝʟʝ ʪʝʨʧʦʣʠʤʝʨʦʚ. 

ʉ ʦʪʢʨʳʪʠʝʤ ʧʨʦʤʳʰʣʝʥʥʳʭ ʤʝʪʦʜʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʦʣʠʢʝʪʦʥʦʚ (ʢʦʥʝʮ  

90-ʭ ʛʦʜʦʚ [22]) ʧʦʣʠʢʝʪʦʥʳ ʥʘʰʣʠ ʩʘʤʦʝ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʩʘʤʳʭ ʨʘʟʣʠʯ-

ʥʳʭ ʦʙʣʘʩʪʷʭ ʥʘʰʝʡ ʞʠʟʥʠ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʚ ʘʚʪʦʤʦʙʠʣʝ- ʠ ʧʨʠʙʦʨʦʩʪʨʦʝʥʠʠ, 

ʘ ʪʘʢʞʝ ʵʣʝʢʪʨʦʪʝʭʥʠʢʝ [43ï46]. 
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1.2. ʉʦʧʦʣʠʤʝʨʳ ʤʦʥʦʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ ʩ ʨʘʟʣʠʯʥʳʤʠ ʤʦʥʦʤʝʨʘʤʠ 

1.2.1. ʏʝʨʝʜʫʶʱʠʡʩʷ ʩʦʧʦʣʠʤʝʨ çʤʦʥʦʦʢʩʠʜ ʫʛʣʝʨʦʜʘïɻ ʪʠʣʝʥè 

ʉʪʨʦʛʦ ʯʝʨʝʜʫʶʱʠʡʩʷ ʩʦʧʦʣʠʤʝʨ çʤʦʥʦʦʢʩʠʜ ʫʛʣʝʨʦʜʘïɻ ʪʠʣʝʥè (ʉʆʕ) ʩʝ-

ʛʦʜʥʷ ʷʚʣʷʝʪʩʷ ʧʨʦʤʳʰʣʝʥʥʳʤ ʧʨʦʜʫʢʪʦʤ, ʣʠʮʝʥʟʠʨʫʝʤʳʤ ʢʦʤʧʘʥʠʝʡ  

SRI International. ɺ ʈʦʩʩʠʠ ʧʨʦʙʣʝʤʘʤʠ ʩʦʧʦʣʠʤʝʨʠʟʘʮʠʠ ʤʦʥʦʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ ʠ 

Ŭ-ʦʣʝʬʠʥʦʚ ʩ ʥʘʯʘʣʘ 90-ʭ ʛʦʜʦʚ ʟʘʥʠʤʘʝʪʩʷ ʥʘʫʯʥʘʷ ʛʨʫʧʧʘ ʧʨʦʬ. ɻ. ʇ. ɹʝʣʦʚʘ. ʅʘ 

ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʦʧʦʣʠʤʝʨʘ ʉʆʕ ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦ-

ʰʦ ʠʟʫʯʝʥʳ [22ï24, 47, 48].  ɺ ʵʥʮʠʢʣʦʧʝʜʠʠ [49] ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʝʨʤʦʛʨʘʤʤʳ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠ ʧʣʘʚʣʝʥʠʷ ʜʣʷ ʯʝʨʝʜʫʶʱʝʛʦʩʷ ʩʦʧʦʣʠʤʝʨʘ ʉʆʕ, ʦʮʝʥʝʥʳ ʪʝʤ-

ʧʝʨʘʪʘ ʠ ʵʥʪʘʣʴʧʠʷ ʧʣʘʚʣʝʥʠʷ. ɺ ʨʘʙʦʪʝ [50] ʦʧʨʝʜʝʣʝʥʘ ʵʥʪʘʣʴʧʠʷ ʧʣʘʚʣʝʥʠʷ 

ʉʆʕ ʧʦ ʧʦʥʠʞʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ ʠʜʝʘʣʴʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʵʪʦʛʦ ʩʦʧʦ-

ʣʠʤʝʨʘ ʧʨʠ ʜʦʙʘʚʣʝʥʠʷ ʢ ʩʠʩʪʝʤʝ çʨʘʩʧʣʘʚ ï ʢʨʠʩʪʘʣʣè ʧʨʠʤʝʩʠ; ʧʦʣʫʯʝʥʳ ʟʥʘʯʝ-

ʥʠʷ ʦfus
T  = 217 ʂ ʠ ʦfus

ȹH  = 7.49 ʢɼʞ/ʤʦʣʴ. ɺ ʨʘʙʦʪʝ [48] ʠʟʫʯʝʥʘ ʪʝʨʤʦʜʠʥʘʤʠʢʘ 

ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʦʛʦ ʩʦʧʦʣʠʤʝʨʘ çʤʦʥʦʦʢʩʠʜ ʫʛʣʝʨʦʜʘïɻ ʪʠʣʝʥè ʅʄʉʆʕ. 

ʊʝʧʣʦʝʤʢʦʩʪʴ ʠ ʩʪʘʥʜʘʨʪʥʳʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ  

ʬʠʟʠʯʝʩʢʠʭ ʧʨʝʚʨʘʱʝʥʠʡ 

ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʠʟʦʙʘʨʥʦʡ ʪʝʧʣʦʝʤʢʦʩʪʠ ʦ
pC  = (T)f  ʉʆʕ, ʠʟʫ-

ʯʝʥʥʘʷ ʤʝʪʦʜʘʤʠ ɸɺʂ ʠ DSC ʚ ʦʙʣʘʩʪʠ 8ï600 ʂ ʩ ʧʦʛʨʝʰʥʦʩʪʴʶ Ñ(0.2ï2)%, ʧʦʣʫ-

ʯʝʥʘ ʘʚʪʦʨʘʤʠ [47] ʠ ʦʙʩʫʞʜʝʥʘ ʚ ʨʘʙʦʪʝ [22]. ʇʦʣʫʯʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʟʥʘʯʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 1. ɸʚʪʦʨʳ [47] ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʠʥʪʝʨʚʘʣʝ 8ï330 ʂ 

ʪʝʧʣʦʝʤʢʦʩʪʴ ʧʣʘʚʥʦ ʚʦʟʨʘʩʪʘʝʪ (ʨʠʩ. 1, ʫʯʘʩʪʦʢ ʢʨʠʚʦʡ ɸɺ). ɺ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝ-

ʨʘʪʫʨ 330ī460 ʂ ʥʘ ʢʨʠʚʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʦ
pC  = (T)f  ʥʘʙʣʶʜʘʝʪʩʷ ʨʘʟʤʳʪʳʡ çʛʦʨʙè 

(ʫʯʘʩʪʦʢ ʢʨʠʚʦʡ BCD), ʥʘʣʠʯʠʝ ʢʦʪʦʨʦʛʦ ʘʚʪʦʨʳ [47] ʩʚʷʟʳʚʘʶʪ ʩ ʧʨʝʚʨʘʱʝʥʠʝʤ 

ʦʜʥʦʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʬʦʨʤʳ ʚ ʜʨʫʛʫʶ (ʢʨʠʩʪʘʣʣʦʚ Ŭ-ʬʦʨʤʳ (ʩrII) ʚ ʢʨʠʩʪʘʣʣʳ 

ɓ-ʬʦʨʤʳ (crI) [51]).  



21 

 

 

ʈʠʩ. 1. ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʪʝʧʣʦʝʤʢʦʩʪʠ ʉʆʕ: ɸɺ ï ʢʨʠʩʪʘʣʣʳ ʩrII, ɸɺLDN ï ʢʨʠʩʪʘʣ-

ʣʳ ʩrI, BCD ï ʦʙʣʘʩʪʴ ʧʝʨʝʭʦʜʘ ʢʨʠʩʪʘʣʣʦʚ ʩrII  ʚ ʢʨʠʩʪʘʣʣʳ ʩrI, DEGH ï ʢʘʞʫʱʘʷʩʷ ʪʝʧ-

ʣʦʝʤʢʦʩʪʴ ʚ ʠʥʪʝʨʚʘʣʝ ʧʣʘʚʣʝʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ʩrI, HM ï ʢʘʞʫʱʘʷʩʷ ʪʝʧʣʦʝʤʢʦʩʪʴ, ʩʚʷ-

ʟʘʥʥʘʷ ʩ ʥʘʯʘʣʦʤ ʪʝʨʤʠʯʝʩʢʦʡ ʜʝʩʪʨʫʢʮʠʠ ʩʦʧʦʣʠʤʝʨʘ [47] 

ʅʘʯʠʥʘʷ ʩ ʪʝʤʧʝʨʘʪʫʨʳ º 500 ʂ ʦʙʨʘʟʝʮ ʉʆʕ ʥʘʯʠʥʘʝʪ ʧʣʘʚʠʪʴʩʷ, ʯʪʦ ʜʦʢʘʟʳ-

ʚʘʝʪʩʷ ʨʝʟʢʠʤ ʫʚʝʣʠʯʝʥʠʝʤ ʪʝʧʣʦʝʤʢʦʩʪʠ, ʢʘʢ ʫʪʚʝʨʞʜʘʶʪ ʘʚʪʦʨʳ [22, 47]. ɸʚʪʦʨʘʤʠ 

ʵʪʠʭ ʨʘʙʦʪ ʙʳʣʠ ʠʟʫʯʝʥʳ ʦʙʥʘʨʫʞʝʥʥʳʝ ʬʠʟʠʯʝʩʢʠʝ ʧʨʝʚʨʘʱʝʥʠʷ ʧʨʠ ʨʘʟʥʳʭ ʩʢʦʨʦ-

ʩʪʷʭ ʥʘʛʨʝʚʘ ʢʘʣʦʨʠʤʝʪʨʘ ʩ ʚʝʱʝʩʪʚʦʤ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 2. ʇʦ-

ʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʧʨʦʮʝʩʩʘ ʧʣʘʚʣʝʥʠʷ ʥʘʙʣʶʜʘʣʩʷ ʵʢʟʦʪʝʨʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʥʘ ʢʨʠʚʦʡ 

ʦ
pC  = (T)f  (ʨʠʩ. 1, ʫʯʘʩʪʦʢ ʢʨʠʚʦʡ ʅʄ), ʦʪʥʝʩʝʥʥʳʡ ʘʚʪʦʨʘʤʠ [22, 47] ʧʦ ʨʝʟʫʣʴʪʘ-

ʪʘʤ TG-ʘʥʘʣʠʟʘ ʢ ʪʝʨʤʠʯʝʩʢʦʤʫ ʨʘʟʣʦʞʝʥʠʶ ʉʆʕ. ʇʨʠ ʦʪʞʠʛʝ ʉʆʕ ʧʨʠ ʪʝʤʧʝʨʘʪʫ-

ʨʝ 470 ʂ, ʣʝʞʘʱʝʡ ʚ ʠʥʪʝʨʚʘʣʝ ʤʝʞʜʫ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʢʦʥʮʘ ʧʨʝʚʨʘʱʝʥʠʷ 

crII   crI ʠ ʥʘʯʘʣʦʤ ʧʣʘʚʣʝʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ʩrI, ʠ ʧʦʩʣʝʜʫʶʱʝʤ ʠʟʤʝʨʝʥʠʠ ʪʝʧʣʦ-

ʝʤʢʦʩʪʠ, ʘʚʪʦʨʳ [47] ʧʦʢʘʟʘʣʠ, ʯʪʦ ʦʥʘ ʫʞʝ ʦʧʠʩʳʚʘʝʪʩʷ ʫʯʘʩʪʢʦʤ ʢʨʠʚʦʡ BLD 

(ʨʠʩ. 1), ʪ. ʝ. ʘʥʦʤʘʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʪʝʧʣʦʝʤʢʦʩʪʠ ʚ ʦʙʣʘʩʪʠ 340ï380 ʂ ʥʝ ʚʦʩʧʨʦ-
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pC  ʢʨʠʩʪʘʣʣʦʚ crII ʠ crI ʩʦʚʧʘʜʘʣʘ ʚ ʧʨʝʜʝʣʘʭ 

ʧʦʛʨʝʰʥʦʩʪʝʡ ʠʟʤʝʨʝʥʠʡ. 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩ. 2. ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʪʝʧʣʦʝʤʢʦʩʪʠ ʉʆʕ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʨʘʟʥʳʭ ʩʢʦʨʦʩʪʷʭ 

ʥʘʛʨʝʚʘ ʢʘʣʦʨʠʤʝʪʨʘ ʩ ʚʝʱʝʩʪʚʦʤ: 1 ï 2.5Ö10-2 ʂ/ʩ, 2 ï 3.3Ö10-2 ʂ/ʩ, 3 ï 4.2Ö10-2 ʂ/ʩ ï ʜʣʷ ʠʩ-

ʭʦʜʥʦʛʦ ʦʙʨʘʟʮʘ ʩʦʧʦʣʠʤʝʨʘ; 1' ï 2.5Ö10-2 ʂ/ʩ ï  ʜʣʷ ʦʙʨʘʟʮʘ, ʥʘʛʨʝʪʦʛʦ ʜʦ 480 ʂ, ʘ ʟʘʪʝʤ 

ʦʭʣʘʞʜʝʥʥʦʛʦ ʜʦ 300 ʂ. ɸ, ɺ, ʉ ï ʪʦʯʢʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʢʘʞʫʱʝʡʩʷ ʪʝʧʣʦʝʤʢʦ-

ʩʪʠ [47] 

ɸʚʪʦʨʘʤʠ [23, 51] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʢʨʠʩʪʘʣʣʳ crII  ʠ crI ʠʤʝʶʪ ʦʜʠʥʘʢʦʚʳʝ ʦʨ-

ʪʦʨʦʤʙʠʯʝʩʢʠʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʨʝʰʝʪʢʠ ʩ ʧʘʨʘʤʝʪʨʘʤʠ: ʩrII  a = 6.91, b = 5.12 ʠ ʩ 

= 7.60 
ʦ

ɸ, ʩrI a = 7.97, b = 4.16 ʠ ʩ = 7.47 
ʦ

ɸ. ʇʣʦʪʥʦʩʪʴ ʠʭ ʪʘʢʞʝ ʨʘʟʣʠʯʘʝʪʩʷ. ʂʦʥ-

ʬʦʨʤʘʮʠʷ ʤʘʢʨʦʤʦʣʝʢʫʣ ʉʆʕ ʚ ʢʨʠʩʪʘʣʣʘʭ ʩrII  ʠ crI ʠʜʝʥʪʠʯʥʘ. ʆʜʥʘʢʦ ʨʘʩʧʦ-

ʣʦʞʝʥʠʝ ʢʘʨʙʦʥʠʣʴʥʳʭ ʛʨʫʧʧ ʚ ʢʨʠʩʪʘʣʣʘʭ ʩrI ʙʦʣʝʝ ʨʘʟʫʧʦʨʷʜʦʯʝʥʦ, ʯʝʤ ʚ ʢʨʠ-

ʩʪʘʣʣʘʭ ʩrII .  

ʇʝʨʝʭʦʜ ʩrII   crI ʧʨʦʠʩʭʦʜʠʪ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 330ī460 ʂ, ʪʝʤʧʝʨʘ-

ʪʫʨʘ ʧʝʨʝʭʦʜʘ ʦ
crII  crIT   = 400 ʂ, ʧʨʠ ʵʪʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘʙʣʶʜʘʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʦʝ 

ʟʥʘʯʝʥʠʝ ʢʘʞʫʱʝʡʩʷ ʪʝʧʣʦʝʤʢʦʩʪʠ ʚ ʠʥʪʝʨʚʘʣʝ. ʕʥʪʘʣʴʧʠʷ ʧʝʨʝʭʦʜʘ, ʦʧʨʝʜʝʣʝʥ-

ʥʘʷ ʛʨʘʬʠʯʝʩʢʠ, ʩʦʩʪʘʚʣʷʝʪ 1260 ɼʞ/ʤʦʣʴ, ʵʥʪʨʦʧʠ ̫ ʧʝʨʝʭʦʜʘ, ʢʦʪʦʨʫʶ  

ʘʚʪʦʨʳ [47] ʥʘʭʦʜʠʣʠ ʧʦ ʟʥʘʯʝʥʠʷʤ 
ʩrII crI

ʦȹH


 ʠ ʦcrII  crIT  , ʩʦʩʪʘʚʣʷʣʘ 
ʩrII crI

ʦȹS


=   

ʦ
pʉ , ( )ɼʞ/ ʂ ʤʦʣʴÖ
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= 3.15 ɼʞ/(ʂÖʤʦʣʴ). ʀʩʭʦʜʷ ʠʟ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʭ ʜʘʥʥʳʭ, ʘʚʪʦʨʳ [23, 52] ʦʪ-

ʥʝʩʣʠ ʵʪʦʪ ʧʝʨʝʭʦʜ ʢ ʪʠʧʫ çʧʦʨʷʜʦʢ ᵶ ʙʝʩʧʦʨʷʜʦʢè ʩʦ ʩʩʳʣʢʦʡ ʥʘ ʪʦ, ʯʪʦ, ʚ ʦʪʣʠ-

ʯʠʝ ʦʪ ʤʥʦʛʠʭ ʧʝʨʝʭʦʜʦʚ ʧʦʜʦʙʥʦʛʦ ʪʠʧʘ [51], ʥʘʙʣʶʜʘʚʰʠʡʩʷ ʧʝʨʝʭʦʜ ʥʝʦʙʨʘʪʠʤ 

[22].  

ʇʣʘʚʣʝʥʠʝ ʩʦʧʦʣʠʤʝʨʘ ʉʆʕ ʥʘʙʣʶʜʘʣʦʩʴ ʚ ʠʥʪʝʨʚʘʣʝ 500ï570 ʂ. ʇʨʠʯʠʥʳ 

ʪʘʢʦʛʦ ʰʠʨʦʢʦʛʦ ʠʥʪʝʨʚʘʣʘ ʧʣʘʚʣʝʥʠʷ ʦʧʠʩʘʥʳ ʚ ʨʘʙʦʪʘʭ [44, 53]. ɸʚʪʦʨʳ ʨʘʙʦʪ 

[22, 47] ʧʦʢʘʟʘʣʠ, ʯʪʦ ʥʘ ʟʘʚʠʩʠʤʦʩʪʠ ʦ
pC  = (T)f  ʉʆʕ ʦʪʩʫʪʩʪʚʫʝʪ ʨʘʩʩʪʝʢʣʦʚʘʥʠʝ 

ʘʤʦʨʬʥʦʡ ʯʘʩʪʠ ʩʦʧʦʣʠʤʝʨʘ, ʯʪʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʧʦʣʠʤʝʨʦʚ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ 

ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ. ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʪʘʢʞʝ ʚ ʨʘʙʦʪʝ [23], ʛʜʝ ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ 

ʠʟʫʯʝʥʠʝ ʉʆʕ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʛʨʘʬʠʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚʦ ʚʩʝʭ ʨʘʩʯʝʪʘʭ ʘʚʪʦʨʳ 

ʨʘʙʦʪ [22, 47] ʧʨʠʥʠʤʘʣʠ, ʯʪʦ ʉʆʕ ʷʚʣʷʝʪʩʷ ʧʦʣʥʦʩʪʴʶ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤ ʩʦʧʦ-

ʣʠʤʝʨʦʤ. 

ɸʚʪʦʨʘʤʠ ʨʘʙʦʪʳ [22, 48] ʙʳʣʘ ʠʟʫʯʝʥʘ ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʪʝʧʣʦ-

ʝʤʢʦʩʪʠ ʦ
pC  = (T)f

 
ʅʄʉʆʕ  ʤʝʪʦʜʘʤʠ ɸɺʂ (ʚ ʦʙʣʘʩʪʠ 6-350 ʂ) ʠ ʚʳʩʦʢʦʪʦʯʥʦʡ 

ʚ ʦʙʣʘʩʪʠ 348-530 ʂ ʩ ʧʦʛʨʝʰʥʦʩʪʴʶ, ʚ ʦʩʥʦʚʥʦʤ, °0.5%. ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠ-

ʤʝʥʪʘ ʠ ʫʩʨʝʜʥʷʶʱʘʷ ʢʨʠʚʘʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 3. 

ɺ ʧʨʦʮʝʩʩʝ ʥʘʛʨʝʚʘʥʠʷ ʦʪ 6 ʜʦ 340 ʂ ʪʝʧʣʦʝʤʢʦʩʪʴ ʧʣʘʚʥʦ ʚʦʟʨʘʩʪʘʝʪ ʩ ʨʦ-

ʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ. ɺ ʦʙʣʘʩʪʠ 90ï220 ʂ ʪʝʧʣʦʝʤʢʦʩʪʴ ʅʄʉʆʕ ʷʚʣʷʝʪʩʷ ʣʠʥʝʡʥʦʡ 

ʬʫʥʢʮʠʝʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʯʪʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʧʦʣʠʤʝʨʦʚ ʮʝʧʦʯʝʯʥʦʛʦ ʩʪʨʦʝʥʠʷ (ʚ 

ʪʦʤ ʯʠʩʣʝ ʠ ʜʣʷ ʩʦʧʦʣʠʤʝʨʘ ʉʆʕ, ʠʟʫʯʝʥʥʦʛʦ ʚ ʨʘʙʦʪʝ [47]). ɺ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝ-

ʨʘʪʫʨ 340ï410 ʂ, ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʦʛʦ ʨʝʛʫʣʷʨʥʦ ʯʝʨʝʜʫʶʱʝʛʦʩʷ 

ʩʦʧʦʣʠʤʝʨʘ ʉʆ ʩ ʵʪʠʣʝʥʦʤ [47], ʪʝʧʣʦʝʤʢʦʩʪʴ ʧʨʦʷʚʣʷʣʘʩʴ ʚ ʬʦʨʤʝ çʛʦʨʙʘè (ʦʧʠ-

ʩʳʚʘʶʱʝʛʦʩʷ ʫʯʘʩʪʢʦʤ ʢʨʠʚʦʡ BCD, ʨʠʩ. 3), ʧʨʠʨʦʜʘ ʢʦʪʦʨʦʛʦ ʘʚʪʦʨʘʤʠ ʦʙʲʷʩʥʷ-

ʣʘʩʴ ʪʘʢ ʞʝ, ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ ʉʆʕ ï ʧʝʨʝʭʦʜʦʤ ʦʜʥʦʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ   ʬʦʨʤʳ   ʚ   

ʜʨʫʛʫʶ  (ʢʨʠʩʪʘʣʣʦʚ  Ŭ-ʬʦʨʤʳ  (ʩrII) ʚ ʢʨʠʩʪʘʣʣʳ  ɓ-ʬʦʨʤʳ (crI) [51]). ɼʘʣʴʥʝʡ-

ʰʝʝ ʥʘʛʨʝʚʘʥʠʝ ʅʄʉʆʕ ʧʨʠʚʦʜʠʣʦ ʢ ʨʝʟʢʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʪʝʧʣʦʝʤʢʦʩʪʠ (ʫʯʘ-

ʩʪʦʢ ʢʨʠʚʦʡ Fɽ, ʨʠʩ. 3), ʦʙʫʩʣʦʚʣʝʥʥʦʤʫ ʥʘʯʠʥʘʶʱʠʤʩʷ ʧʣʘʚʣʝʥʠʝʤ ʢʨʠʩʪʘʣʣʦʚ 

ʩrI. ʇʦ ʟʘʚʝʨʰʝʥʠʠ ʧʣʘʚʣʝʥʠʷ ʥʘ ʢʨʠʚʦʡ ʥʘʙʣʶʜʘʝʪʩʷ ʵʢʟʦʪʝʨʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ, 

ʩʚʷʟʘʥʥʳʡ ʘʚʪʦʨʘʤʠ ʨʘʙʦʪ [22, 48] ʩ ʥʘʯʘʣʦʤ ʪʝʨʤʠʯʝʩʢʦʡ ʜʝʩʪʨʫʢʮʠʠ ʩʦʧʦʣʠʤʝ-
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ʨʘ ʅʄʉʆʕ, ʩʦʧʨʦʚʦʞʜʘʶʱʝʡʩʷ ʨʝʟʢʠʤ ʫʤʝʥʴʰʝʥʠʝʤ ʢʘʞʫʱʝʡʩʷ ʪʝʧʣʦʝʤʢʦʩʪʠ 

ʩʦʧʦʣʠʤʝʨʘ (ʫʯʘʩʪʦʢ ʅM, ʨʠʩ. 3). ɿʘ ʪʝʤʧʝʨʘʪʫʨʫ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʥʘʯʘʣʫ ʪʝʨ-

ʤʠʯʝʩʢʦʡ ʜʝʩʪʨʫʢʮʠʠ ʩʦʧʦʣʠʤʝʨʘ, ʘʚʪʦʨʳ [22, 48] ʧʨʠʥʣ̫ʠ ʦdecomp
 T = 528 ʂ. ʇʦ-

ʩʣʝʜʫʶʱʝʝ ʥʘʛʨʝʚʘʥʠʝ ʚʳʰʝ ʵʪʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠʚʦʜʠʣʦ ʢ ʫʤʝʥʴʰʝʥʠʶ ʤʘʩʩʳ 

ʦʙʨʘʟʮʘ ʩʦʧʦʣʠʤʝʨʘ.  

 

ʈʠʩ. 3. ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʪʝʧʣʦʝʤʢʦʩʪʠ ʅʄʉʆʕ: AB ï ʢʨʠʩʪʘʣʣʳ crII, BʉD ï ʩʤʝʩʴ 

ʢʨʠʩʪʘʣʣʦʚ crII ʠ crI, ABLDFN ï ʢʨʠʩʪʘʣʣʳ crI, FEGH ï ʢʘʞʫʱʘʷʩʷ ʪʝʧʣʦʝʤʢʦʩʪʴ ʚ ʠʥ-

ʪʝʨʚʘʣʝ ʧʣʘʚʣʝʥʠʷ ʢʨʠʩʪʘʣʣʦʚ crI, HM ï ʢʘʞʫʱʘʷʩʷ ʪʝʧʣʦʝʤʢʦʩʪʴ, ʩʚʷʟʘʥʥʘʷ ʩ ʥʘʯʘʣʦʤ 

ʪʝʨʤʠʯʝʩʢʦʡ ʜʝʩʪʨʫʢʮʠʠ ʩʦʧʦʣʠʤʝʨʘ [22, 48] 

ʆʩʪʘʥʦʚʠʚ ʥʘʛʨʝʚʘʥʠʝ ʢʘʣʦʨʠʤʝʪʨʘ ʩ ʚʝʱʝʩʪʚʦʤ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ, ʣʝʞʘʱʝʡ 

ʚ ʠʥʪʝʨʚʘʣʝ ʤʝʞʜʫ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʢʦʥʮʘ ʧʨʝʚʨʘʱʝʥʠʷ ʩrII   crI ʠ ʥʘʯʘʣʦʤ ʧʣʘʚ-

ʣʝʥʠʷ  ʢʨʠʩʪʘʣʣʦʚ  crI,  ʠ  ʦʭʣʘʜʠʚ ʢʘʣʦʨʠʤʝʪʨ ʜʦ ʊ < ʦ
crII  crIT  , ʘʚʪʦʨʳ [48] ʧʨʠ ʧʦ-

ʩʣʝʜʫʶʱʝʤ ʥʘʛʨʝʚʘʥʠʠ ʧʦʣʫʯʠʣʠ ʟʥʘʯʝʥʠʷ ʦ
pC , ʦʧʠʩʳʚʘʝʤʳʝ ʢʨʠʚʦʡ BLD  

(ʨʠʩ. 3), ʧʝʨʝʭʦʜ  ʩrII   crI ʥʝ ʚʦʩʧʨʦʠʟʚʦʜʠʣʩʷ. 

ʅʝʠʟʦʪʝʨʤʠʯʝʩʢʠʡ ʧʝʨʝʭʦʜ ʩrII   crI ʥʘʙʣʶʜʘʣʩʷ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 

~375-445 ʂ. ɿʘ ʪʝʤʧʝʨʘʪʫʨʫ ʧʨʝʚʨʘʱʝʥʠʷ ʦ
(crII  crI)

T
  ʚ ʨʘʙʦʪʘʭ [22, 48] ʙʳʣʘ ʧʨʠʥʷ-
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B 
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ʪʘ ʪʝʤʧʝʨʘʪʫʨʘ 387 ʂ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʤʘʢʩʠʤʫʤʫ ʢʘʞʫʱʝʡʩʷ ʪʝʧʣʦʝʤʢʦʩʪʠ ʚ 

ʠʥʪʝʨʚʘʣʝ ʧʝʨʝʭʦʜʘ ʩrII   crI ( ʦ
pC  = 187 ɼʞ/(ʂÖʤʦʣʴ)).  

ʇʣʘʚʣʝʥʠʝ   ʢʨʠʩʪʘʣʣʦʚ   ʩrI   ʅʄʉʆʕ ʧʨʦʠʩʭʦʜʠʣʦ   ʚ   ʰʠʨʦʢʦʤ   ʠʥʪʝʨ-

ʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ (470ī525 ʂ). ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ  ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ  ʧʣʘʚʣʝʥʠʷ  

ʅʄʉʆʕ (ʨʦ = 0.1 ʄʇʘ), ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʘʙʦʪʘʭ [22, 48], ʩʣʝʜʫʶʱʠʝ:  

ʦ
fus

T  = 521°1 ʂ, 
fus

ʦHD  = 7.66 ʢɼʞ/ʤʦʣʴ ʠ fus

ʦSD  = 14.7 ɼʞ/(ʂĿʤʦʣʴ).  

ʉʨʘʚʥʝʥʠʝ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʪʝʧʣʦʝʤʢʦʩʪʠ ʉʆʕ ʠ ʅʄʉʆʕ ʧʦʢʘʟʘʣʦ 

ʟʘʤʝʪʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʥʝʝ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʳ ʩʦʧʦʣʠʤʝʨʘ: ʚ ʠʥʪʝʨʚʘʣʝ 6ï100 ʂ 

ʨʘʟʣʠʯʠʝ ʚ ʦ
pC  ʅʄʉʆʕ ʠ ʉʆʕ ʫʙʳʚʘʝʪ ʦʪ 7 ʜʦ 1% [22]. 

ʉʨʘʚʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨ ʧʣʘʚʣʝʥʠʷ ʩʦʧʦʣʠʤʝʨʦʚ ʉʆʕ ʠ ʅʄʉʆʕ, ʧʦʣʫʯʝʥ-

ʥʳʭ ʚ ʨʘʙʦʪʘʭ [22, 47, 48], ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʪʘʙʣ. 1. ɿʥʘʯʝʥʠʷ fus
ʦT  ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʘʚʪʦʨʘʤʠ [47] ʧʦ ʜʘʥʥʳʤ DSC, ʘ ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʵʥʮʠʢʣʦʧʝʜʠʠ [49] ï ʧʦ ʧʦʥʠ-

ʞʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʦʙʘʚʢʠ ʚ ʨʘʚʥʦʚʝʩʥʳʡ ʨʘʩʧʣʘʚ 

ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʦʡ ʧʨʠʤʝʩʠ.  

ʊʘʙʣʠʮʘ 1  

ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʣʘʚʣʝʥʠʷ ʉʆʕ ʚ ʨʘʩʯʝʪʝ ʥʘ ʤʦʣʴ ʧʦʚʪʦʨʷʶʱʝ-

ʛʦʩʷ ʟʚʝʥʘ ʩʦʧʦʣʠʤʝʨʘ; ʄ = 56.99 ʛ/ʤʦʣʴ; ʨʦ = 0.1 ʄʇʘ 

ʉʦʧʦʣʠʤʝʨ 
ʦ
fus

T , ʂ 
ʦ
fus

ȹH , 

ʢɼʞ/ʤʦʣʴ 

ʦ
fus

ȹS , 

ɼʞ/(ʂĿʤʦʣʴ) 
ʉʩʳʣʢʘ 

ʉʆʕ 

507 7.79 15.4 [47] 

517 7.49 14.5 [50] 

519 6.72 12.9 [49] 

ʅʄʉʆʕ 521 7.66 14.7 [48] 

ɺ ʨʘʙʦʪʝ [47] ʘʚʪʦʨʳ ʦʧʨʝʜʝʣʠʣʠ fus
ʦT ʠʜʝʘʣʴʥʳʭ ʙʝʟʜʝʬʝʢʪʥʳʭ ʢʨʠʩʪʘʣʣʦʚ 

ʩʦʧʦʣʠʤʝʨʘ ʉʆʕ, ʟʥʘʯʝʥʠʝ ʢʦʪʦʨʦʡ ʦʢʘʟʘʣʦʩʴ ʚʳʰʝ ʧʦʣʫʯʝʥʥʦʡ ʪʝʤʠ ʞʝ ʘʚʪʦʨʘ-

ʤʠ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ ʨʝʘʣʴʥʦʛʦ ʩʦʧʦʣʠʤʝʨʘ.  

ʉʨʘʚʥʝʥʠʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʣʘʚʣʝʥʠʷ ʩʦʧʦʣʠʤʝʨʦʚ 

ʉʆʕ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ [47] ʠ [50], ʧʦʢʘʟʘʣʦ, ʯʪʦ ʦʥʠ ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ ʩʦʛʣʘ-

ʩʫʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ, ʦʜʥʘʢʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʜʘʥʥʳʭ, ʧʨʠʚʝʜʝʥʥʳʭ ʚ ʜʨʫʛʠʭ ʨʘʙʦ-



26 

 

ʪʘʭ. ʅʝʩʢʦʣʴʢʦ ʙʦʣʝʝ ʚʳʩʦʢʦʝ ʟʥʘʯʝʥʠʝ ʦ
fus

T  = 519 ʂ, ʧʦʣʫʯʝʥʥʦʝ ʘʚʪʦʨʘʤʠ [49], 

ʦʙʲʷʩʥʷʝʪʩʷ ʦʪʣʠʯʥʦʡ ʦʪ ʜʨʫʛʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʢʦʨʦʩʪʴ  ʁʥʘʛʨʝʚʘ. ʇʨʠʯʠʥʳ ʟʘ-

ʥʠʞʝʥʠʷ ʟʥʘʯʝʥʠʡ ʵʥʪʘʣʴʧʠʠʦ
fus

ȹH  ʠ ɻʥʪʨʦʧʠʠ ʦ
fus

ȹS  ʧʣʘʚʣʝʥʠʷ ʘʚʪʦʨʳ [49] ʥʝ 

ʦʙʲʷʩʥʷʶʪ.  

ʉʨʘʚʥʝʥʠʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʉʆʕ ʠ ʅʄʉʆʕ (ʪʘʙʣ. 1) ʧʨʠ 

ʦʜʠʥʘʢʦʚʦʡ ʩʢʦʨʦʩʪʠ ʥʘʛʨʝʚʘ (1.5 ʂ/ʤʠʥ) ʧʦʢʘʟʘʣʦ [22], ʯʪʦ ʟʥʘʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫ-

ʨʳ, ʵʥʪʘʣʴʧʠʠ ʠ ʵʥʪʨʦʧʠʠ ʧʣʘʚʣʝʥʠʷ ʩʦʚʧʘʜʘʶʪ ʚ ʧʨʝʜʝʣʘʭ ʧʦʛʨʝʰʥʦʩʪʝʡ ʵʢʩʧʝ-

ʨʠʤʝʥʪʘ, ʨʘʟʣʠʯʠʝ ʚ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʝ ʜʣʷ ʜʚʦʡʥʦʛʦ ʩʪʨʦʛʦ ʯʝʨʝʜʫʶʱʝʛʦʩʷ ʩʦ-

ʧʦʣʠʤʝʨʘ çʤʦʥʦʦʢʩʠʜ ʫʛʣʝʨʦʜʘïɻ ʪʠʣʝʥè ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʪʝʨʤʦʜʠ-

ʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʝʛʦ ʧʣʘʚʣʝʥʠʷ [48]. 

ʉʪʘʥʜʘʨʪʥʳʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ  

ʇʦ ʧʦʣʫʯʝʥʥʳʤ ʜʘʥʥʳʤ ʦ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʟʘʚʠʩʠʤʦʩʪʷʭ ʦ
pC  = (T)f  ʜʣʷ ʉʆʕ 

ʠ ʅʄʉʆ ʘʚʪʦʨʘʤʠ ʨʘʙʦʪ [22, 47, 48] ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʩʪʘʥʜʘʨʪʥʳʝ ʪʝʨʤʦʜʠʥʘ-

ʤʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ ʵʪʠʭ ʩʦʧʦʣʠʤʝʨʦʚ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤ ʩʦʩʪʦʷʥʠʠ (ʦʪ ʊ  0 ʜʦ 

507 ʂ (ʪʘʙʣ. 2) ʜʣʷ ʉʆʕ, ʘ ʪʘʢʞʝ ʦʪ ʊ  0 ʜʦ 521 ʂ ʜʣʷ ʅʄʉʆʕ (ʪʘʙʣ. 3)). 

ɼʣʷ ʨʘʩʯʝʪʘ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ ʢʘʢ ʉʆʕ, ʪʘʢ ʠ ʅʄʉʆʕ ʘʚʪʦʨ r

ʫʢʘʟʘʥʥʳʭ ʨʘʙʦʪ ʵʢʩʪʨʘʧʦʣʠʨʦʚʘʣʠ ʟʥʘʯʝʥʠʷ ʦ
pC  ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʯʘʣʘ ʠʟʤʝʨʝ-

ʥʠʡ ʢ ʥʫʣʶ ʧʦ ʬʫʥʢʮʠʠ ʪʝʧʣʦʝʤʢʦʩʪʠ ɼʝʙʘʷ  

ʦ
pC  = nD(qD/T),      (1) 

ʛʜʝ D - ʬʫʥʢʮʠʷ ʪʝʧʣʦʝʤʢʦʩʪʠ ɼʝʙʘʷ, n ï ʯʠʩʣʦ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ ʠ qD ï

ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ɼʝʙʘʷ - ʷʚʣʷʶʪʩʷ ʩʧʝʮʠʘʣʴʥʦ ʧʦʜʦʙʨʘʥʥʳʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ. ʋʨʘʚʥʝʥʠʝ (1) ʩ ʧʘʨʘʤʝʪʨʘʤʠ n = 1 ʠ qD = 91.80 ʂ ʜʣʷ ʉʆʕ ʦʧʠʩʳ-

ʚʘʝʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʪʝʧʣʦʝʤʢʦʩʪʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʪ 8 ʜʦ 12 ʂ ʩ 

ʧʦʛʨʝʰʥʦʩʪʴʶ ʚ ʧʨʝʜʝʣʘʭ Ñ0.8%, ʘ ʜʣʷ ʅʄʉʆ ʩ ʧʘʨʘʤʝʪʨʘʤʠ n = 2 ʠ qD = 137.4 ʂ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʪ 9 ʜʦ 13 ʂ ï  ʩ ʧʦʛʨʝʰʥʦʩʪʴʶ °1.2%. 
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ʊʘʙʣʠʮʘ 2  

ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʉʆʕ  

ʚ ʨʘʩʯʝʪʝ ʥʘ ʤʦʣʴ ʧʦʚʪʦʨʷʶʱʝʛʦʩʷ ʤʦʥʦʤʝʨʥʦʛʦ ʟʚʝʥʘ ʩʦʧʦʣʠʤʝʨʘ;  

ʄʟʚʝʥʘ = 56.99 ʛ/ʤʦʣʴ, ʨʦ = 0.1 ʄʇʘ [22, 47] 

ʊ, ʂ 
p
ʦC (ʊ), 

ɼʞ/(ʂÖʤʦʣʴ) 

ʦ ʦH ( ) H (0),T -  

ʢɼʞ/ʤʦʣʴ 

ʦS ( )T, 

ɼʞ/(ʂÖʤʦʣʴ) 

-[ ʦ ʦG ( ) H (0)T - ], 

ʢɼʞ/ʤʦʣʴ 

ʂʨʠʩʪʘʣʣʳ ʩrII  

   5          0.105         0.000141           0.0356          0.00004 

 10          0.799        0.00208         0.276          0.00069 

 15        2.23        0.00942         0.851          0.00335 

 20          4.140        0.02512         1.741          0.00970 

 30          8.598        0.08850         4.249          0.03898 

 40      13.50      0.1998         7.418          0.09693 

 50      18.00      0.3577      10.91         0.1884 

100      32.07    1.664       28.47       1.182 

150      44.10    3.567       43.73       2.992 

200      54.65    6.030       57.83       5.536 

250      66.80    9.057       71.29       8.765 

     298.15      79.53 12.44       84.14   12.35 

330      87.50 15.24       92.62   15.32 

ʉʤʝʩʴ ʢʨʠʩʪʘʣʣʦʚ ʩrII ʠ ʩrI 

350       93.82  17.05       97.93   17.23 

400 120 22.4   112.3   22.48 

450 105 28.0   125.5   28.43 

ʂʨʠʩʪʘʣʣʳ ʩrI 

460 106 29.1 128 29.7 

500 112 33.4 137 35.0 

507 113 34.3 139 36.0 
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ʊʘʙʣʠʮʘ 3 

ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʅʄʉʆʕ  

ʚ ʨʘʩʯʝʪʝ ʥʘ ʤʦʣʴ ʧʦʚʪʦʨʷʶʱʝʛʦʩʷ ʤʦʥʦʤʝʨʥʦʛʦ ʟʚʝʥʘ ʩʦʧʦʣʠʤʝʨʘ;  

ʄʟʚʝʥʘ = 56.06 ʛ/ʤʦʣʴ, ʨʦ = 0.1 ʄʇʘ [48] 

ʊ, ʂ 
p
ʦC (ʊ), 

ɼʞ/(ʂÖʤʦʣʴ) 

ʦ ʦH ( ) H (0),T -  

ʢɼʞ/ʤʦʣʴ 

ʦS ( )T, 

ɼʞ/(ʂÖʤʦʣʴ) 

-[ ʦ ʦG ( ) H (0)T - ], 

ʢɼʞ/ʤʦʣʴ 

ʂʨʠʩʪʘʣʣʳ crII 

5  0.0933      0.00012             0.0311   0.000039 

10 0.738      0.00190           0.249   0.000590 

15 2.072        0.008710       0.7809   0.003056 

20 3.922      0.02351       1.622       0.008938 

30      8.086      0.08310       3.982     0.03634 

40     12.60    0.1864       6.921     0.09047 

50     17.01    0.3348      10.21   0.1759 

100     31.58  1.602       27.19  1.117 

150     43.60  3.507       42.48  2.865 

200     54.72  5.960       56.52  5.343 

250     67.20  9.002       70.04  8.508 

     298.15     81.24   12.56       83.03  12.19 

330     91.68   15.31       91.78  14.98 

ʉʤʝʩʴ ʢʨʠʩʪʘʣʣʦʚ crII ʠ crI 

350    100.6   17.23        97.42  16.87 

400 149 24.3 116 22.2 

410 135 25.7 120 23.4 

ʂʨʠʩʪʘʣʣʳ crI 

460 168 33.3 137 29.8 

500 194 40.5 152 35.6 

521 207 44.8 160 38.8 
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ʉʪʘʥʜʘʨʪʥʳʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʨʘʟʦʚʘʥʠʷ 

ɺ ʪʘʙʣ. 4 ʧʨʝʜʩʪʘʚʣʝʥʳ ʵʥʪʘʣʴʧʠʷ ʩʛʦʨʘʥʠʷ ʠ ʩʪʘʥʜʘʨʪʥʳʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝ-

ʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʦʙʨʘʟʦʚʘʥʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʜʣʷ ʉʆʕ [47] ʠ ʅʄʉʆʕ [48]. 

ʊʘʙʣʠʮʘ 4 

ʕʥʪʘʣʴʧʠʷ ʩʛʦʨʘʥʠʷ ʠ ʩʪʘʥʜʘʨʪʥʳʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʦʙʨʘʟʦʚʘʥʠʷ 

ʩʦʧʦʣʠʤʝʨʘ çʤʦʥʦʦʢʩʠʜ ʫʛʣʝʨʦʜʘïɻ ʪʠʣʝʥè ʧʨʠ ʊ = 298.15 ʂ 

ʉʦʧʦʣʠʤʝʨ 
ʦ
cȹH ,

ʢɼʞ/ʤʦʣʴ
-

  
ʦ
f

ȹH ,

ʢɼʞ/ʤʦʣʴ

-
 

ʦ
f

ȹS ,

ɼʞ/(K ʤʦʣʴ)

-

Ö
 

ʦ
f

ȹG ,

ʢɼʞ/ʤʦʣʴ

-
 ʉʩʳʣʢʘ 

ʉʆʕ 1597.4°1.2 154.8°1.2 296.6°0.5   66.4°1.3 [47] 

ʉʆʕ 1524.6°1.2 227.6°1.2 296.6°0.5 139.2°1.7 [22] 

ʅʄʉʆʕ 1517.1°1.0 235.1°1.0 297.9°1.2 146.3°1.3 [48] 

ɼʣʷ ʨʘʩʯʝʪʘ ʵʥʪʘʣʴʧʠʠ ʩʛʦʨʘʥʠʷ ʘʚʪʦʨʳ [47] ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʦʣʫʯʝʥʥʳʝ ʠʤʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʵʥʝʨʛʠʠ ʩʛʦʨʘʥʠʷ  ʉʆʕ, ʘ ʘʚʪʦʨʳ [22, 48] ï ʟʥʘʯʝ-

ʥʠʷ ʵʥʝʨʛʠʠ ʩʛʦʨʘʥʠʷ ʅʄʉʆʕ ʧʨʠ ʊ = 298.15 ʂ ʠ ʨʦ = 0.1 ʄʇʘ. ʇʨʠ ʨʘʩʯʝʪʝ ʵʥ-

ʪʨʦʧʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʘʚʪʦʨʳ ʫʢʘʟʘʥʥʳʭ ʨʘʙʦʪ ʧʨʠʥʠʤʘʣʠ, ʯʪʦ ʥʫʣʝʚʳʝ ʵʥʪʨʦʧʠʠ 

ʧʦʣʠʤʝʨʦʚ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤ ʩʦʩʪʦʷʥʠʠ ʧʨʝʥʝʙʨʝʞʠʤʦ ʤʘʣʳ, ʯʪʦ ʨʘʥʝʝ ʙʳʣʦ ʜʦ-

ʢʘʟʘʥʦ ʘʚʪʦʨʘʤʠ ʨʘʙʦʪʳ [54]. ʕʥʝʨʛʠ ̫ɻʠʙʙʩʘ ʦʙʨʘʟʦʚʘʥʠʷ ʙʳʣʘ ʨʘʩʩʯʠʪʘʥʘ ʧʦ 

ʟʥʘʯʝʥʠʷʤ ʵʥʪʘʣʴʧʠʠ ʠ ʵʥʪʨʦʧʠʠ ʦʙʨʘʟʦʚʘʥʠʷ. ʅʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʨʘʩʯʝʪʘ ʜʘʥʥʳʝ 

ʙʳʣʠ ʚʟʷʪʳ ʘʚʪʦʨʘʤʠ ʠʟ ʩʧʨʘʚʦʯʥʠʢʘ  [55]. ʇʦʣʫʯʝʥʥʳʝ ʚʝʣʠʯʠʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʧʨʦʮʝʩʩʫ  

3 ʉ (gr) + 2 H2 (g) + 0.5 O2 (g) Ÿ ī[C3H4O]ī (cr).   (2)  

 ɿʥʘʯʝʥʠʷ ʦ
f

ȹSʜʣʷ ʉʆʕ ʠ ʅʄʉʆʕ ʩʦʚʧʘʜʘʶʪ ʚ ʧʨʝʜʝʣʘʭ ʧʦʛʨʝʰʥʦʩʪʠ ʠʟ-

ʤʝʨʝʥʠʷ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʟʥʘʯʝʥʠʝ ʦ
f

ȹH ʜʣʷ ʉʆʕ, ʧʦʣʫʯʝʥʥʦʝ ʘʚʪʦʨʘʤʠ [47], ʩʫʱʝ-

ʩʪʚʝʥʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʧʨʠʚʦʜʠʤʳʭ ʚ ʨʘʙʦʪʘʭ [22, 48] ʟʥʘʯʝʥʠʡ. 
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ʉʪʘʥʜʘʨʪʥʳʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʥʪʝʟʘ ʯʝʨʝʜʫʶʱʝʛʦ-

ʩʷ ʩʦʧʦʣʠʤʝʨʘ çʤʦʥʦʦʢʩʠʜ ʫʛʣʝʨʦʜʘïɻ ʪʠʣʝʥè 

ɼʣʷ ʨʘʩʯʝʪʘ ʩʪʘʥʜʘʨʪʥʳʭ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʩʠʥʪʝʟʘ ʉʆʕ ʠ 

ʅʄʉʆʕ (ʪʘʙʣ. 5) ʚ ʤʘʩʩʝ ʧʨʠ T = 298.15 K ʠ ʩʪʘʥʜʘʨʪʥʦʤ ʜʘʚʣʝʥʠʠ ʘʚʪʦʨʘʤʠ ʨʘ-

ʙʦʪ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʪʘʥʜʘʨʪʥʳʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʪʠʣʝʥʘ 

[55], ʉʆ [55] ʠ ʩʦʧʦʣʠʤʝʨʘ ([22, 47] ʜʣʷ ʉʆʕ ʠ [48] ʜʣʷ ʅʄʉʆʕ). ɼʣʷ ʨʘʩʯʝʪʘ 

ʦ
copȹH  ʧʨʠ ʜʨʫʛʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʠʩʧʦʣʴʟʦʚʘʣʠ ʬʦʨʤʫʣʫ ʂʠʨʭʛʦʬʘ. 

ʊʘʙʣʠʮʘ 5 

ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʥʪʝʟʘ ʉʆʕ ʠ ʅʄʉʆʕ  

ʧʨʠ ʊ = 298.15 ʂ ʠ ʨʦ = 0.1 ʄʇʘ; ʨʝʘʢʮʠʷ ʚ ʤʘʩʩʝ 

ʉʦʧʦʣʠʤʝʨ 
ʌʠʟʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʦ

cop,

ʢɼʞ/ʤʦʣʴ

ȹH-   
ʦ
cop,

ɼʞ/(ʂ ʤʦʣʴ)

ȹS
Ö

-
 

ʦ
cop,

ʢɼʞ/ʤʦʣʴ

ȹG-  

ï[C3H4O]ï C2H4 CO 

ʉʆʕ [47] crII g g 97 325 32 

ʉʆʕ [22] crII g g 171 325 74 

ʅʄʉʆʕ [48] crII g g 177 326 79 

ɿʥʘʯʝʥʠʝ ʦ
copȹH , ʧʦʣʫʯʝʥʥʦʝ ʜʣʷ ʉʆʕ ʚ ʨʘʙʦʪʝ [47], ʥʝ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʘʥʘʣʦ-

ʛʠʯʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʜʣʷ ʚʳʩʦʢʦ- [22] ʠ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʦʛʦ [48] ʜʚʦʡʥʦʛʦ ʩʦʧʦ-

ʣʠʤʝʨʘ. ɿʥʘʯʝʥʠʷ ʦ
copȹS  ʩʦʚʧʘʜʘʶʪ ʚ ʧʨʝʜʝʣʘʭ ʧʦʛʨʝʰʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ, ʟʥʘʯʝʥʠʷ 

ʵʥʝʨʛʠʠ ɻʠʙʙʩʘ ʩʦʧʦʣʠʤʝʨʠʟʘʮʠʠ ʦ
copȹG  ʦʪʨʠʮʘʪʝʣʴʥʳ, ʧʨʦʮʝʩʩ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣ-

ʥʦʩʪʴʶ ʩʜʚʠʥʫʪ ʚ ʩʪʦʨʦʥʫ ʦʙʨʘʟʦʚʘʥʠʷ ʩʦʧʦʣʠʤʝʨʘ. 

ɺ ʨʘʙʦʪʘʭ [22, 47, 48] ʘʚʪʦʨʳ ʦʮʝʥʠʣʠ ʟʥʘʯʝʥʠʝ ʚʝʨʭʥʝʡ ʧʨʝʜʝʣʴʥʦʡ ʪʝʤʧʝ-

ʨʘʪʫʨʳ ʩʦʧʦʣʠʤʝʨʠʟʘʮʠʠ ʦ
ceil

T . ɼʣʷ ʉʆʕ ʦʥʘ ʩʦʩʪʘʚʠʣʘ 292 ʂ, ʘ ʜʣʷ ʅʄʉʆʕ ï 

552 ʂ. ʕʪʦ ʛʦʚʦʨʠʪ ʦ ʟʥʘʯʠʪʝʣʴʥʦʤ ʚʣʠʷʥʠʠ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʳ ʩʦʧʦʣʠʤʝʨʘ ʥʘ 

ʝʛʦ ʦceil
T . 
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1.2.2. ʏʝʨʝʜʫʶʱʠʡʩʷ ʩʦʧʦʣʠʤʝʨ çʤʦʥʦʦʢʩʠʜ ʫʛʣʝʨʦʜʘïʧʨʦʧʠʣʝʥè 

ɼʚʦʡʥʦʡ ʯʝʨʝʜʫʶʱʠʡʩʷ ʩʦʧʦʣʠʤʝʨ çʤʦʥʦʦʢʩʠʜ ʫʛʣʝʨʦʜʘïʧʨʦʧʠʣʝʥè 

(ʉʆʇ) ʷʚʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʧʨʝʜʩʪʘʚʠʪʝʣʝʤ ʚ ʛʦʤʦʣʦʛʠʯʝʩʢʦʤ ʨʷʜʫ ʧʦ-

ʣʠ(ʦʣʝʬʠʥ)ʢʝʪʦʥʦʚ. ʅʘʣʠʯʠʝ ʢʦʤʧʣʝʢʩʘ ʪʘʢʠʭ ʮʝʥʥʳʭ ʩʚʦʡʩʪʚ, ʢʘʢ ʪʝʨʤʦʧʣʘʩʪʠʯ-

ʥʦʩʪʴ, ʫʜʘʨʦʧʨʦʯʥʦʩʪʴ, ʚʳʩʦʢʘʷ ʭʠʤʠʯʝʩʢʘʷ ʩʪʦʡʢʦʩʪʴ, ʪʝʨʤʦʩʪʘʙʠʣʴʥʦʩʪʴ, ʣʝʛ-

ʢʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʧʣʝʥʦʢ ʠ ʚʳʩʦʢʦʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʚʦʣʦʢʦʥ ʜʝʣʘʝʪ ʉʆʇ ʮʝʥ-

ʥʳʤ ʧʨʦʤʳʰʣʝʥʥʳʤ ʧʨʦʜʫʢʪʦʤ. 

ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʉʆʇ ʜʦʩʪʘʪʦʯʥʦ ʧʦʜʨʦʙʥʦ ʠʟʫʯʝʥʳ ʚ ʨʘʙʦʪʘʭ 

[22, 56ï59]. ʊʘʢ, ʚ ʨʘʙʦʪʝ [56] ʙʳʣʘ ʠʟʫʯʝʥʘ ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʪʝʧʣʦʝʤ-

ʢʦʩʪʴ ʉʆʇ ʤʝʪʦʜʘʤʠ ɸɺʂ ʠ DSC, ʦʧʨʝʜʝʣʝʥʳ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʵʥʪʘʣʴʧʠʠ ʬʠʟʠʯʝ-

ʩʢʠʭ ʧʨʝʚʨʘʱʝʥʠʡ. ʂʨʦʤʝ ʵʪʦʛʦ ʦʧʨʝʜʝʣʝʥʘ ʵʥʝʨʛʠʷ ʩʛʦʨʘʥʠʷ ʉʆʇ, ʨʘʩʩʯʠʪʘʥʳ 

ʩʪʘʥʜʘʨʪʥʳʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʦʙʨʘʟʦʚʘʥʠʷ ʝʛʦ ʧʨʠ ʊ = 298.15 ʂ ʠ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʩʦʧʦʣʠʤʝʨʠʟʘʮʠʠ ʤʦʥʦʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ ʠ ʧʨʦʧʠ-

ʣʝʥʘ. ʆʙʩʫʞʜʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʧʨʠʚʝʜʝʥʦ ʚ [22]. ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʨʝʥʪ-

ʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ, ʠʟʫʯʝʥʥʳʡ ʩʦʧʦʣʠʤʝʨ ʤʦʥʦʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ ʠ ʧʨʦʧʠ-

ʣʝʥʘ ʥʘʭʦʜʠʣʩʷ ʚ ʯʘʩʪʠʯʥʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤ ʩʦʩʪʦʷʥʠʠ. ʆʮʝʥʝʥʥʦʝ ʘʚʪʦʨʘʤʠ [56] 

ʟʥʘʯʝʥʠʝ ʩʪʝʧʝʥʠ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ Ŭ ʧʦ ʤʝʪʦʜʠʢʝ, ʦʧʫʙʣʠʢʦʚʘʥʥʦʡ ʚ ʨʘʙʦʪʝ [60], 

ʩʦʩʪʘʚʠʣʦ ~60%. 

ɸʚʪʦʨʘʤʠ ʨʘʙʦʪ [22, 57] ʙʳʣʘ ʠʟʫʯʝʥʘ ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʪʝʧʣʦʝʤ-

ʢʦʩʪʠ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʦʛʦ ʜʚʦʡʥʦʛʦ ʯʝʨʝʜʫʶʱʝʛʦʩʷ ʩʦʧʦʣʠʤʝʨʘ çʤʦʥʦʦʢʩʠʜ ʫʛ-

ʣʝʨʦʜʘ-ʧʨʦʧʠʣʝʥè (ʅʄʉʆʇ) ʤʝʪʦʜʘʤʠ ɸɺʂ ʠ DSC, ʦʧʨʝʜʝʣʝʥʳ ʪʝʨʤʦʜʠʥʘʤʠ-

ʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʬʠʟʠʯʝʩʢʠʭ ʧʨʝʚʨʘʱʝʥʠʡ, ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʩʠʥʪʝʟʘ ʅʄʉʆʇ. 

ʇʦʣʫʯʝʥʥʳʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʧʦʩʪʘʚʣʝʥʳ ʩ ʘʥʘʣʦʛʠʯʥʳʤʠ 

ʜʘʥʥʳʤʠ ʜʣʷ ʉʆʕ. 

ʊʝʧʣʦʝʤʢʦʩʪʴ ʠ ʩʪʘʥʜʘʨʪʥʳʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʬʠʟʠ-

ʯʝʩʢʠʭ ʧʨʝʚʨʘʱʝʥʠʡ 

 ɸʚʪʦʨʘʤʠ [56] ʠʟʤʝʨʝʥʘ ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʪʝʧʣʦʝʤʢʦʩʪʠ 

0
pC  = (T)f  ʉʆʇ ʚ ʦʙʣʘʩʪʠ 5ï550 ʂ. ʇʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ ʩʦʩʪʘʚʠʣʘ ʦʪ Ñ0.2 ʜʦ 

Ñ2% ʚ ʦʙʣʘʩʪʠ 5ï340 ʂ ʠ ʦʪ Ñ0.5 ʜʦ Ñ1.5% ʚ ʦʙʣʘʩʪʠ 340ï550 ʂ. 
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ɿʥʘʯʝʥʠʷ ʪʝʧʣʦʝʤʢʦʩʪʠ ʦ
pC  ʉʆʇ ʚ ʠʥʪʝʨʚʘʣʝ 5ï280 ʂ ʤʦʥʦʪʦʥʥʦ ʫʚʝʣʠʯʠ-

ʚʘʶʪʩʷ  ʩ ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ (ʨʠʩ. 4, ʢʨʠʚʘʷ ɸɺG). ɿʘʪʝʤ ʚ ʦʙʣʘʩʪʠ 290ï410 ʂ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʨʦʠʩʭʦʜʠʪʷʪ ʧʨʦʮʝʩʩ rʥʘʯʘʣʘ ʨʘʩʩʪʝʢʣʦʚʘʥʠʷ ʘʤʦʨʬʥʦʡ ʠ ʧʣʘʚ-

ʣʝʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʯʘʩʪʝʡ ʩʦʧʦʣʠʤʝʨʘ. ʇʨʠ ʦʪʞʠʛʝ ʦʙʨʘʟʮʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

415 ʂ ʚ ʪʝʯʝʥʠʝ ʪʨʝʭ ʯʘʩʦʚ ʠ ʧʦʩʣʝʜʫʶʱʝʤ ʦʭʣʘʞʜʝʥʠʠ ʉʆʇ ʥʝ ʢʨʠʩʪʘʣʣʠʟʦʚʘʣ-

ʩ,̫ ʠ ʝʛʦ ʪʝʧʣʦʝʤʢʦʩʪʴ ʦʧʠʩʳʚʘʣʘʩʴ ʢʨʠʚʦʡ ABFD [22, 56].  

 

ʈʠʩ. 4. ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʪʝʧʣʦʝʤʢʦʩʪʠ ʉʆʇ: ABG ï ʯʘʩʪʠʯʥʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ (a = 

= 60%); ɸɺ ï ʩʪʝʢʣʦʦʙʨʘʟʥʦʛʦ, ɸBGE ï ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ (a = 100%) ʩʦʩʪʦʷʥʠʷ; BF¡ ï 

ʪʝʧʣʦʝʤʢʦʩʪʴ ʚ ʠʥʪʝʨʚʘʣʝ ʨʘʩʩʪʝʢʣʦʚʘʥʠʷ ʩʦʧʦʣʠʤʝʨʘ ʚ ʘʤʦʨʬʥʦʤ ʩʦʩʪʦʷʥʠʠ (a = 0%); 

FD ï ʚʳʩʦʢʦʵʣʘʩʪʠʯʝʩʢʦʛʦ; DD' ï ʞʠʜʢʦʛʦ ʩʦʩʪʦʷʥʠʷ; GCD ï ʢʘʞʫʱʘʷʩʷ ʪʝʧʣʦʝʤʢʦʩʪʴ ʚ 

ʠʥʪʝʨʚʘʣʝ ʧʣʘʚʣʝʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʯʘʩʪʠ ʩʦʧʦʣʠʤʝʨʘ; DJIHD'K ï ʢʘʞʫʱʘʷʩʷ ʪʝʧʣʦ-

ʝʤʢʦʩʪʴ ʚ ʠʥʪʝʨʚʘʣʝ ʨʘʟʣʦʞʝʥʠʷ ʩʦʧʦʣʠʤʝʨʘ; ɺF' ï ʫʚʝʣʠʯʝʥʠʝ ʪʝʧʣʦʝʤʢʦʩʪʠ ʚ ʠʥʪʝʨʚʘʣʝ 

ʨʘʩʩʪʝʢʣʦʚʘʥʠʷ; ʦ

gT  ï ʪʝʤʧʝʨʘʪʫʨʘ ʩʪʝʢʣʦʚʘʥʠʷ, ʦ

fusT  ï ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ [56] 

ʈʘʩʩʪʝʢʣʦʚʘʥʠʝ ʧʨʦʠʩʭʦʜʠʣʦ ʚ ʠʥʪʝʨʚʘʣʝ 255ï340 ʂ (BF¡, ʨʠʩ. 4). ʂʘʢ ʙʳʣʦ 

ʧʦʢʘʟʘʥʦ ʘʚʪʦʨʘʤʠ [56], ʪʝʧʣʦʝʤʢʦʩʪʠ ʩʪʝʢʣʦʦʙʨʘʟʥʳʭ, ʯʘʩʪʠʯʥʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ 

ʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʧʦʣʠʤʝʨʦʚ ʩʦʚʧʘʜʘʶʪ ʚ ʧʨʝʜʝʣʘʭ ʧʦʛʨʝʰʥʦʩʪʝʡ ʠʟʤʝʨʝʥʠʡ. 

ʕʪʦ ʫʪʚʝʨʞʜʝʥʠʝ ʧʨʠʤʝʥʠʤʦ ʠ ʢ ʩʦʧʦʣʠʤʝʨʫ ʉʆʇ. ʊʝʧʣʦʝʤʢʦʩʪʴ ʉʆʇ ʚ ʞʠʜʢʦʤ 
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ʩʦʩʪʦʷʥʠʠ ʠ ʞʠʜʢʦʩʪʠ, ʧʦʣʫʯʝʥʥʦʡ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʘʤʦʨʬʥʦʛʦ ʉʆʇ, ʚʳʰʝ 420 ʂ 

ʙʳʩʪʨʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʯʪʦ ʥʝ ʚʩʪʨʝʯʘʝʪʩʷ ʫ ʧʦʣʠʤʝʨʦʚ ʚ ʞʠʜʢʦʤ ʩʦʩʪʦʷʥʠʠ [61] ʠ 

ʩʚʷʟʘʥʦ ʩ ʧʨʦʮʝʩʩʦʤ ʨʘʟʣʦʞʝʥʠʷ ʩʦʧʦʣʠʤʝʨʘ [22]. 

ɸʚʪʦʨʘʤʠ ʨʘʙʦʪʳ [56] ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʩʪʘʥʜʘʨʪʥʳʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ 

ʧʘʨʘʤʝʪʨʳ ʩʪʝʢʣʦʚʘʥʠʷ ʠ ʩʪʝʢʣʦʦʙʨʘʟʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʉʆʇ: ʪʝʤʧʝʨʘʪʫʨʘ ʩʪʝʢʣʦ-

ʚʘʥʠʷ ʦ
gT  = 280 ʂ, ʫʚʝʣʠʯʝʥʠʝ ʪʝʧʣʦʝʤʢʦʩʪʠ ʧʨʠ ʨʘʩʩʪʝʢʣʦʚʘʥʠʠ D ʦ

pC ( ʦ
gT ) =  

= 46.4 ʢɼʞ/(ʂÖʤʦʣʴ), ʢʦʥʬʠʛʫʨʘʮʠʦʥʥʘʷ ʵʥʪʨʦʧʠʷ ʦ
conf

S  = 12 ɼʞ/(ʂÖʤʦʣʴ). 

ʇʣʘʚʣʝʥʠʝ ʦʙʨʘʟʮʘ ʉʆʇ ʧʨʦʠʩʭʦʜʠʣʦ ʚ ʠʥʪʝʨʚʘʣʝ 290ï410 ʂ. ʐʠʨʦʢʠʡ ʠʥ-

ʪʝʨʚʘʣ ʧʣʘʚʣʝʥʠʷ ʦʙʫʩʣʦʚʣʝʥ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʥʦʩʪʴʶ (ʥʘʙʦʨʦʤ ʨʘʟʣʠʯʥʳʭ ʤʝʪʘ-

ʩʪʘʙʠʣʴʥʳʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʦʙʨʘʟʦʚʘʥʠʡ ʫʣʴʪʨʘʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʠ ʤʠʢʨʦʩʢʦ-

ʧʠʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚ ʩ ʨʘʟʣʠʯʥʳʤʠ ʭʠʤʠʯʝʩʢʠʤʠ ʧʦʪʝʥʮʠʘʣʘʤʠ ʠ ʥʘʣʠʯʠʝʤ ʜʝʬʝʢ-

ʪʦʚ ʚ ʢʨʠʩʪʘʣʣʘʭ) [53, 54].  

ɺ ʪʘʙʣ. 6 ʧʨʠʚʝʜʝʥʳ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʣʘʚʣʝʥʠʷ ʩʦʧʦ-

ʣʠʤʝʨʦʚ ʉʆʇ ʨʘʟʥʦʡ ʩʪʝʧʝʥʠ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ. ɿʘ ʪʝʤʧʝʨʘʪʫʨʫ ʧʣʘʚʣʝʥʠʷ ʧʨʠ-

ʥʷʪʘ ʪʝʤʧʝʨʘʪʫʨʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʟʥʘʯʝʥʠʶ ʢʘʞʫʱʝʡʩʷ ʪʝʧʣʦ-

ʝʤʢʦʩʪʠ ʚ ʠʥʪʝʨʚʘʣʝ ʧʣʘʚʣʝʥʠʷ [22, 56]. ʕʥʪʘʣʴʧʠʷ ʧʣʘʚʣʝʥʠʷ ʉʆʇ ʦ
fus

ȹH (Ŭ) ʚʳ-

ʯʠʩʣʝʥʘ ʛʨʘʬʠʯʝʩʢʠ. ʕʥʪʨʦʧʠʷ ʧʣʘʚʣʝʥʠʷ ʦ
fus

ȹS (Ŭ) ʨʘʩʩʯʠʪʘʥʘ ʧʦ ʟʥʘʯʝʥʠʷʤ 

ʦ
fus

ȹH (Ŭ) ʠ ʦfus
T .  ʉʪʝʧʝʥʴ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ a º 60%. 

ʊʘʙʣʠʮʘ 6 

ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʣʘʚʣʝʥʠʷ ʉʆʇ ʩʦ  

ʩʪʝʧʝʥʴʶ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ  a = 60% ʠ a = 100%; ʨʦ = 0.1 ʄʇʘ 

a, % 
o
fus

T , ʂ 
ʦ
fus

ȹH ,  

ʢɼʞ/ʤʦʣʴ 

ʦ
fus

ȹS ,  

ɼʞ/(ʂÖʤʦʣʴ) 

60 364 4.9 13.5 

100 364 8.3 22.8 
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ɺ ʨʘʙʦʪʘʭ [22, 57] ʤʝʪʦʜʦʤ ɸɺʂ ʧʦʣʫʯʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʠʟʦʙʘʨʥʦʡ ʪʝʧʣʦʝʤʢʦ-

ʩʪʠ ʦpC  = (T)f  ʦʙʨʘʟʮʘ ʅʄʉʆʇ ʚ ʦʙʣʘʩʪʠ 6-350 ʂ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʪʦʯʢʠ ʦ
pC  ʠ 

ʩʛʣʘʞʝʥʥʘʷ ʢʨʠʚʘ ̫ ʦ
pC  = f(T) ʅʄʉʆʇ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 5.  

ʆʪʢʣʦʥʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʪʦʯʝʢ ʦʪ ʢʨʠʚʦʡ ʩʦʩʪʘʚʣʷʣʦ ʥʝ ʙʦʣʝʝ Ñ2% ʚ 

ʦʙʣʘʩʪʠ  ʊ < 15 ʂ,  ʥʝ  ʙʦʣʝʝ Ñ0.5%  ʚ ʦʙʣʘʩʪʠ 15ï40 ʂ ʠ ʥʝ ʙʦʣʝʝ Ñ0.2% ʚ ʦʙʣʘʩʪʠ 

40ï350 ʂ.  

ʇʨʠ ʥʘʛʨʝʚʘʥʠʠ ʦʙʨʘʟʮʘ ʅʄʉʆʇ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 6ï210 ʂ ʝʛʦ ʦ
pC  

ʧʣʘʚʥʦ ʚʦʟʨʘʩʪʘʝʪ ʩ ʧʦʚʳʰʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ. ɺ ʦʙʣʘʩʪʠ 90ï210 ʂ ʪʝʧʣʦʝʤʢʦʩʪʴ 

ʅʄʉʆʇ ʷʚʣʷʝʪʩʷ ʣʠʥʝʡʥʦʡ ʬʫʥʢʮʠʝʡ ʪʝʤʧʝʨʘʪʫʨʳ. ʈʝʟʢʦʝ ʧʦʚʳʰʝʥʠʝ ʪʝʧʣʦʝʤ-

ʢʦʩʪʠ ʚ ʠʥʪʝʨʚʘʣʝ 210ï250 ʂ (ʢʨʠʚʘʷ ɺɽ, ʨʠʩ. 5) ʦʙʫʩʣʦʚʣʝʥʦ ʨʘʩʩʪʝʢʣʦʚʘʥʠʝʤ 

ʘʤʦʨʬʥʦʛʦ ʅʄʉʆʇ. 

 

ʈʠʩ. 5. ʊʝʧʣʦʝʤʢʦʩʪʴ ʅʄʉʆʇ: AB ï ʘʤʦʨʬʥʘʷ ʯʘʩʪʴ ʚ ʩʪʝʢʣʦʦʙʨʘʟʥʦʤ ʩʦʩʪʦʷʥʠʠ, EF ï 

ʘʤʦʨʬʥʘʷ ʯʘʩʪʴ ʚ ʚʳʩʦʢʦʵʣʘʩʪʠʯʝʩʢʦʤ ʩʦʩʪʦʷʥʠʠ, BE ï ʪʝʧʣʦʝʤʢʦʩʪʴ ʚ ʠʥʪʝʨʚʘʣʝ ʨʘʩ-

ʩʪʝʢʣʦʚʘʥʠʷ ʘʤʦʨʬʥʦʡ ʯʘʩʪʠ, CD ï ʩʢʘʯʦʢ ʪʝʧʣʦʝʤʢʦʩʪʠ ʧʨʠ ʨʘʩʩʪʝʢʣʦʚʘʥʠʠ 
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ɺ ʨʘʙʦʪʘʭ [22, 57] ʦʧʨʝʜʝʣʝʥʳ ʪʝʤʧʝʨʘʪʫʨʘ ʩʪʝʢʣʦʚʘʥʠʷ ʅʄʉʆʇ ʦ
gT  =  

= 239 ʂ, ʫʚʝʣʠʯʝʥʠʝ ʪʝʧʣʦʝʤʢʦʩʪʠ ʧʨʠ ʨʘʩʩʪʝʢʣʦʚʘʥʠʠ D ʦ
pC ( ʦ

gT ) =  

= 39.5 ɼʞ/(ʂÖʤʦʣʴ), ʢʦʥʬʠʛʫʨʘʮʠʦʥʥʘ ̫ʵʥʪʨʦʧʠʷ ʩʦʩʪʘʚʠʣʘ 11 ɼʞ/(ʂÖʤʦʣʴ).  

ʉʨʘʚʥʝʥʠʝ ʪʝʧʣʦʝʤʢʦʩʪʠ   ʉʆʇ ʠ ʅʄʉʆʇ [22] ʧʦʢʘʟʘʣʦ, ʯʪʦ ʚ ʚʳʩʦʢʦʵʣʘ-

ʩʪʠʯʝʩʢʦʤ ʩʦʩʪʦʷʥʠʠ ʦʥʠ ʩʦʚʧʘʜʘʶʪ ʚ ʧʨʝʜʝʣʘʭ ʧʦʛʨʝʰʥʦʩʪʝʡ ʠʟʤʝʨʝʥʠʡ. ɺ ʦʙ-

ʣʘʩʪʠ ʪʝʤʧʝʨʘʪʫʨʳ 7ï200 ʂ, ʚ ʦʪʩʫʪʩʪʚʠʝ ʬʠʟʠʯʝʩʢʠʭ ʧʨʝʚʨʘʱʝʥʠʡ, ʪʝʧʣʦʝʤʢʦʩʪʴ   

ʅʄʉʆʇ ʚʳʰʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʪʝʧʣʦʝʤʢʦʩʪʠ ʉʆʇ ʥʘ (4ï20)%. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʧʦʜʦʙʥʘʷ ʨʘʟʥʠʮʘ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʘ ʧʦʛʨʝʰʥʦʩʪʴʶ ʠʟʤʝʨʝʥʠʷ ʪʝʧʣʦʝʤ-

ʢʦʩʪʠ, ʘ ʷʚʣʷʝʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʚʣʠʷʥʠʷ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʳ ʥʘ ʦ
pC  ʩʦʧʦʣʠʤʝʨʘ. 

ʀʟʫʯʝʥʥʳʡ ʅʄʉʆʇ ʧʨʝʜʩʪʘʚʣʷʣ ʩʦʙʦʡ ʦʣʠʛʦʤʝʨ ʩ ʥʠʟʢʦʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʦʡ, 

ʯʪʦ ʠ ʧʨʠʚʦʜʠʣʦ ʢ ʟʥʘʯʠʪʝʣʴʥʳʤ ʦʪʣʠʯʠʷʤ ʪʝʧʣʦʝʤʢʦʩʪʠ [22].  

ɺ ʪʘʙʣ. 7 ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʩʪʝʢʣʦʚʘʥʠʷ ʠ ʩʪʝʢ-

ʣʦʦʙʨʘʟʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʉʆʇ ʠ ʅʄʉʆʇ. ɸʥʘʣʠʟ ʧʨʠʚʝʜʝʥʥʳʭ ʜʘʥʥʳʭ ʧʦʢʘʟʳʚʘ-

ʝʪ, ʯʪʦ  ʤʦʣʝʢʫʣʷʨʥʘʷ ʤʘʩʩʘ ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʦ
gT : ʪʝʤʧʝʨʘʪʫʨʘ 

ʩʪʝʢʣʦʚʘʥʠʷ ʉʆʇ ʥʘ 41 ʂ ʚʳʰʝ, ʯʝʤ ʅʄʉʆʇ [22]. 

ʊʘʙʣʠʮʘ 7 

ʉʪʘʥʜʘʨʪʥʳʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʩʪʝʢʣʦʚʘʥʠʷ ʠ ʩʪʝʢʣʦʦʙʨʘʟʥʦʛʦ 

 ʩʦʩʪʦʷʥʠʷ ʉʆʇ ʠ ʅʄʉʆʇ 

ʉʦʧʦʣʠʤʝʨ 
ʦ
gȹT , K  ʦ

g  T ( 1), K°  

ʦ ʦ
p gȹC (T ) (Ñ3)  ʦ

conf
S  ( 1)°   

ɼʞ/(ʂÖʤʦʣʴ) 

ʉʆʇ [56] 255ï340 280 46.4 12 

ʅʄʉʆʇ [57] 220ï250 239 39.5 11 

ʉʪʘʥʜʘʨʪʥʳʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ 

ɸʚʪʦʨʘʤʠ [56] ʨʘʩʩʯʠʪʘʥʳ ʩʪʘʥʜʘʨʪʥʳʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ ʉʆʇ 

(ʪʘʙʣ. 8) ʚ ʠʥʪʝʨʚʘʣʝ 0ī364 ʂ. ɼʣʷ ʨʘʩʯʝʪʘ ʩʪʘʥʜʘʨʪʥʳʭ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʬʫʥʢ-

ʮʠʡ ʚ ʦʙʣʘʩʪʠ ʩʚʝʨʭʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ (0ï5 ʂ) ʪʝʤʧʝʨʘʪʫʨʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʪʝʧʣʦ-

ʝʤʢʦʩʪʠ ʵʢʩʪʨʘʧʦʣʠʨʦʚʘʣʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʯʘʣʘ ʠʟʤʝʨʝʥʠʡ ʢ 0 ʂ ʧʦ ʫʨʘʚʥʝʥʠʶ 

ɼʝʙʘʷ ʩ ʧʘʨʘʤʝʪʨʘʤʠ n = 1 ʠ qD = 62.17 ʂ. 
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ʊʘʙʣʠʮʘ 8 

ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ ʉʆʇ ʚ ʨʘʩʯʝʪʝ ʥʘ ʤʦʣʴ ʧʦʚʪʦʨʷʶʱʝʛʦʩʷ ʤʦʥʦʤʝʨʥʦʛʦ 

ʟʚʝʥʘ ʩʦʧʦʣʠʤʝʨʘ; ʄʟʚʝʥʘ = 70.10 ʛ/ʤʦʣʴ, ʨʦ = 0.1 ʄʇʘ 

ʊ, ʂ 
p
ʦC (ʊ), 

ɼʞ/(ʂÖʤʦʣʴ) 

ʦ ʦH ( ) H (0),T -  

ʢɼʞ/ʤʦʣʴ 

ʦ ʦS ( ) S (0)T - , 

ɼʞ/(ʂÖʤʦʣʴ) 

-[ ʦ ʦG ( ) H (0)T - ], 

ʢɼʞ/ʤʦʣʴ 

ʂʨʠʩʪʘʣʣʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ 

   5            0.335         0.0004          0.111         0.0001 

 10          2.05         0.0059          0.802         0.0021 

 20            6.820           0.04930          3.620           0.02310 

 50        18.93         0.4603       15.33         0.3060 

100        37.25       1.870       34.13      1.543 

150        52.91       4.143       52.35       3.709 

200        68.19       7.164       69.63       6.761 

250        82.35   10.92       86.32   10.66 

     298.15        96.15   15.21    101.9   15.19 

350    111.8   20.61    118.6   20.92 

364 116 22.2 123 22.6 

ɸʤʦʨʬʥʦʝ ʩʦʩʪʦʷʥʠʝ 

  0   0               0      12.0               0 

 10        2.06       0.006      12.8        0.0122 

 20          6.827           0.04930      15.6          0.02630 

 50      18.94         0.4603      27.3        0.9060 

100      37.25       1.870      46.1      2.744 

150      52.91       4.144      64.4      5.510 

200      68.20       7.165      81.6      9.160 

250      82.35   10.92      98.3   13.66 

280       90.85   13.49     108.0   16.76 

ɺʳʩʦʢʦʵʣʘʩʪʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ 

280    137.2   13.49    108.0   16.76 

     298.15    140.3   16.00    116.7   18.80 

350    149.0   23.51    139.9   25.46 

364 151 25.6 146 27.5 



37 

 

ɺ ʨʘʙʦʪʘʭ [22, 57] ʧʨʠʚʝʜʝʥʳ ʩʪʘʥʜʘʨʪʥʳʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ 

ʅʄʉʆʇ ʜʣʷ ʦʙʣʘʩʪʠ 0ï350 ʂ (ʪʘʙʣ. 9). ʄʝʪʦʜʠʢʘ ʠʭ ʨʘʩʯʝʪʘ ʩʦʚʧʘʜʘʝʪ ʩ ʦʧʠʩʘʥ-

ʥʦʡ ʚʳʰʝ ʜʣʷ ʉʆʇ. ɺ ʦʙʣʘʩʪʠ ʦʪ 0 ʜʦ 7 ʂ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʪʝʧʣʦʝʤ-

ʢʦʩʪʠ ʧʦʣʫʯʘʣʠ ʵʢʩʪʨʘʧʦʣʷʮʠʝʡ ʝʝ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʯʘʣʘ ʠʟʤʝʨʝʥʠʡ ʢ 0 ʂ ʧʦ 

ʫʨʘʚʥʝʥʠʶ (1) ʩ ʧʘʨʘʤʝʪʨʘʤʠ n = 1 ʠ qD = 66.71 ʂ. ʇʨʠ ʨʘʩʯʝʪʝ oS (ʊ) ʙʳʣʦ ʫʯʪʝʥʦ 

ʟʥʘʯʝʥʠʝ ʥʫʣʝʚʦʡ ʵʥʪʨʦʧʠʠ ʩʦʧʦʣʠʤʝʨʘ )0(So . 

ʊʘʙʣʠʮʘ 9  

ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ ʘʤʦʨʬʥʦʛʦ ʅʄʉʆʇ ʚ ʨʘʩʯʝʪʝ ʥʘ ʤʦʣʴ ʧʦʚʪʦʨʷʶ-

ʱʝʛʦʩʷ ʤʦʥʦʤʝʨʥʦʛʦ ʟʚʝʥʘ ʩʦʧʦʣʠʤʝʨʘ; ʄʟʚʝʥʘ = 70.09 ʛ/ʤʦʣʴ, ʨʦ = 0.1 ʄʇʘ 

ʊ, ʂ 
p
ʦC (ʊ), 

ɼʞ/(ʂÖʤʦʣʴ) 

ʦ ʦH ( ) H (0),T -  

ʢɼʞ/ʤʦʣʴ 

ʦS ( )T, 

ɼʞ/(ʂÖʤʦʣʴ) 

-[ ʦ ʦG ( ) H (0)T - ], 

ʢɼʞ/ʤʦʣʴ 

ʉʪʝʢʣʦʦʙʨʘʟʥʦʝ ʩʦʩʪʦʷʥʠʝ 

    0          0           0  11.0              0 

    5    0.348        0.00041  11.1       0.0552 

  10  2.10      0.0061  11.8     0.112 

  25    9.388      0.0911    16.52       0.3219 

  50 20.66      0.4700    26.58       0.8589 

100 39.58    1.980    46.77     2.697 

150 56.54    4.395    66.12     5.523 

200 71.16    7.588    84.39     9.290 

239 83.06 11.30 107.1 14.29 

ɺʳʩʦʢʦʵʣʘʩʪʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ 

239 124.6 11.30 107.1 14.29 

250 126.5 12.68 112.7 15.50 

    298.15 134.5 18.96 135.7 21.49 

300 134.8 19.21 136.5 21.75 

350 144.9 26.19 158.0 29.12 

 

 



38 

 

ʉʪʘʥʜʘʨʪʥʳʝ ʵʥʪʘʣʴʧʠʷ ʩʛʦʨʘʥʠʷ ʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʦʙʨʘʟʦʚʘʥʠʷ 

ʇʦ ʜʘʥʥʳʤ ʦʙ ʵʥʝʨʛʠʠ ʩʛʦʨʘʥʠʷ ʉʆʇ ʘʚʪʦʨʘʤʠ ʨʘʙʦʪ [22, 56] ʚʳʯʠʩʣʝʥʳ 

ʵʥʪʘʣʴʧʠʠ ʩʛʦʨʘʥʠʷ ʦ
cȹH ʠ ʦʙʨʘʟʦʚʘʥʠʷ ʦ

f
ȹH ʩʦʧʦʣʠʤʝʨʘ. 

ɺ ʧʦʣʥʦʩʪʴʶ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤ ʠ ʘʤʦʨʬʥʦʤ ʩʦʩʪʦʷʥʠʷʭ ʟʥʘʯʝʥʠʷ ʵʥʪʘʣʴʧʠʠ 

ʩʛʦʨʘʥʠʷ ʠ ʦʙʨʘʟʦʚʘʥʠʷ ʚʳʯʠʩʣʷʣʠ ʧʦ ʩʣʝʜʫʶʱʠʤ ʫʨʘʚʥʝʥʠʷʤ 

ʦ
cȹH (cr) = ʦ

cȹH(a) + (1-a) ʦ
fus

ȹH (298.15 ʂ),            (3) 

ʦ
cȹH(ʘ) = ʦ

cȹH(a) - a ʦ
fus

ȹH (298.15 ʂ).                  (4) 

ʕʥʪʨʦʧʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʉʆʇ ʦ
f

ȹS ʚ ʪʝʭ ʞʝ ʬʠʟʠʯʝʩʢʠʭ ʩʦʩʪʦʷʥʠʷʭ ʙʳʣʠ ʚʳ-

ʯʠʩʣʝʥʳ ʘʚʪʦʨʘʤʠ ʧʦ ʟʥʘʯʝʥʠʷʤ ʘʙʩʦʣʶʪʥʳʭ ʵʥʪʨʦʧʠʡ ʩʦʧʦʣʠʤʝʨʘ, ʫʛʣʝʨʦʜʘ ʚ 

ʬʦʨʤʝ ʛʨʘʬʠʪʘ ʠ ʛʘʟʦʦʙʨʘʟʥʦʛʦ ʚʦʜʦʨʦʜʘ. ʅʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʨʘʩʯʝʪʦʚ ʪʝʨʤʦʜʠʥʘ-

ʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙʨʘʟʦʚʘʥʠʷ ʜʘʥʥʳʝ ʚʟʷʪʳ ʘʚʪʦʨʘʤʠ ʠʟ ʨʘʙʦʪʳ [55]. 

ʕʥʝʨʛʠʷ ɻʠʙʙʩʘ ʦʙʨʘʟʦʚʘʥʠʷ ʦ
f

ȹG  ʙʳʣʘ ʨʘʩʩʯʠʪʘʥʘ ʧʦ ʥʘʡʜʝʥʥʳʤ ʟʥʘʯʝʥʠʷʤ ʦ
f

ȹH 

ʠ ʦ
f

ȹS. 

ʕʥʝʨʛʠ ̫ʩʛʦʨʘʥʠʷ ʦ
cȹU ʘʤʦʨʬʥʦʛʦ ʦʙʨʘʟʮʘ ʅʄʉʆʇ ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʘʚʪʦ-

ʨʘʤʠ [57]. ʉʛʦʨʘʥʠʝ ʩʦʧʦʣʠʤʝʨʘ ʙʳʣʦ ʧʦʣʥʳʤ ʠ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʦ ʫʨʘʚʥʝʥʠʶ 

-[C4H6O]- (h.e)  + 5 ʆ2 (g)  4 ʉʆ2 (g)  +  3 ʅ2ʆ (l) .  (5) 

ɸʚʪʦʨʳ ʨʘʙʦʪʳ ʧʦʣʫʯʠʣʠ ʜʣʷ ʅʄʉʆʇ ʩʣʝʜʫʶʱʠʝ ʟʥʘʯʝʥʠʷ ʪʝʨʤʦʭʠʤʠʯʝ-

ʩʢʠʭ ʚʝʣʠʯʠʥ: c
ʦHD  = ï2201°4.8 ʢɼʞ/ʤʦʣʴ, f

ʦHD  = -230.2°4.8 ʢɼʞ/ʤʦʣʴ, f

ʦSD = 

= -381.8°0.5 ɼʞ/(ʂÖʤʦʣʴ)), f

ʦGD = ī116.2°4.9 ʢɼʞ/ʤʦʣʴ. ʇʦʣʫʯʝʥʥʳʝ ʚʝʣʠʯʠʥʳ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʨʦʮʝʩʩʫ  

4 ʉ (gr) + 3 H2 (g) + 0.5 O2 (g)  -[C4H6O]-  (h.e).   (6) 

ɺ ʪʘʙʣ. 10 ʧʨʠʚʝʜʝʥʳ ʩʪʘʥʜʘʨʪʥʳʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʦʙʨʘʟʦ-

ʚʘʥʠʷ ʉʆʇ ʠ ʅʄʉʆʇ ʧʨʠ T = 298.15 ʂ. 
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ʊʘʙʣʠʮʘ 10 

ʕʥʪʘʣʴʧʠʷ ʩʛʦʨʘʥʠʷ ʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʨʘʟʦʚʘʥʠʷ ʉʆʇ ʠ 

ʅʄʉʆʇ ʧʨʠ T = 298.15 K ʠ pʦ = 0.1 ʄʇʘ 

ʉʦʧʦʣʠʤʝʨ 
ʌʠʟʠʯʝʩʢʦʝ 

ʩʦʩʪʦʷʥʠʝ 

ʦ
cȹH ,

ʢɼʞ/ʤʦʣʴ
-

  
ʦ
f

ȹH ,

ʢɼʞ/ʤʦʣʴ

-
 

ʦ
f

ȹS ,

ɼʞ/(K ʤʦʣʴ)

-

Ö
 

ʦ
f

ȹG ,

ʢɼʞ/ʤʦʣʴ

-
 

ʉʆʇ  
[56] 

cr 2191.8°1.0 239.7°1.0 415.0°1.0 116.0°1.0 

h.e 2197.5°1.0 234.0°1.0 400.3°1.0 114.7°1.0 

ʅʄʉʆʇ 
[57] 

h.e 2201.5°4.8 230.2°4.8 381.8°0.5 116.2°4.9 

ɿʥʘʯʝʥʠʷ f

ʦSD  ʅʄʉʆʇ ʣʝʞʘʪ ʥʝʩʢʦʣʴʢʦ ʥʠʞʝ, ʯʝʤ ʉʆʇ. ɸʙʩʦʣʶʪʥʳʝ ʟʥʘ-

ʯʝʥʠʷ 
f

ʦHD  ʠ 
f

ʦGD  ʵʪʠʭ ʚʳʩʦʢʦ- ʠ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʦʛʦ ʩʦʧʦʣʠʤʝʨʦʚ ʩʦʚʧʘʜʘʶʪ ʚ 

ʧʨʝʜʝʣʘʭ ʧʦʛʨʝʰʥʦʩʪʝʡ ʠʟʤʝʨʝʥʠʡ [22].  

ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʧʦʣʠʤʝʨʠʟʘʮʠʠ ʤʦʥʦʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ 

ʠ ʧʨʦʧʠʣʝʥʘ 

ɺ ʪʘʙʣ. 11 ʧʨʠʚʝʜʝʥʳ ʨʘʩʩʯʠʪʘʥʥʳʝ ʘʚʪʦʨʘʤʠ ʨʘʙʦʪ [22, 56, 57] ʪʝʨʤʦʜʠʥʘ-

ʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʩʦʧʦʣʠʤʝʨʠʟʘʮʠʠ ʤʦʥʦʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ ʠ ʧʨʦʧʠʣʝʥʘ ʜʣʷ 

ʉʆʇ ʠ ʅʄʉʆʇ ʚ ʤʘʩʩʝ ʧʨʠ ʩʪʘʥʜʘʨʪʥʦʤ ʜʘʚʣʝʥʠʠ. ʇʨʠ ʨʘʩʯʝʪʘʭ ʙʳʣʠ ʠʩʧʦʣʴ-

ʟʦʚʘʥʳ ʩʪʘʥʜʘʨʪʥʳʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʚʝʣʠʯʠʥʳ ʜʣʷ ʧʨʦʧʠʣʝʥʘ, ʉʆ, ʉʆʇ ʠ 

ʅʄʉʆʇ [62ï64]. 

ʊʘʙʣʠʮʘ 11 

ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʥʪʝʟʘ ʉʆʇ ʠ ʅʄʉʆʇ  

ʧʨʠ T = 298.15 K; ʨʝʘʢʮʠʷ ʚ ʤʘʩʩʝ, ʨʦ = 0.1 ʄʇʘ 

ʉʦʧʦʣʠʤʝʨ 
ʌʠʟʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʦ

copȹH ,

ʢɼʞ/ʤʦʣʴ

-
  

ʦ
copȹS ,

ɼʞ/(K ʤʦʣʴ)

-

Ö
 

ʦ
copȹG ,

ʢɼʞ/ʤʦʣʴ

-
 

ï[C4H6O]ï C3H6 CO 

ʉʆʇ [56] 
cr g g 150 356 41 

h.e g g 144 341 39 

ʅʄʉʆʇ [57] h.e g g 140 322 44 
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ʕʥʝʨʛʠʷ ɻʠʙʙʩʘ ʩʦʧʦʣʠʤʝʨʠʟʘʮʠʠ o
copȹG  ʠʤʝʝʪ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʢʘʢ 

ʜʣʷ ʉʆʇ, ʪʘʢ ʠ ʜʣʷ ʅʄʉʆʇ, ʨʘʚʥʦʚʝʩʠʝ ʨʝʘʢʮʠʠ ʩʦʧʦʣʠʤʝʨʠʟʘʮʠʠ ʩʜʚʠʥʫʪʦ ʚ 

ʩʪʦʨʦʥʫ ʦʙʨʘʟʦʚʘʥʠʷ ʧʨʦʜʫʢʪʘ. ɺ ʨʘʙʦʪʘʭ [24, 56, 57] ʙʳʣʠ ʦʮʝʥʝʥʳ ʚʝʨʭʥʠʝ ʧʨʝ-

ʜʝʣʴʥʳʝ ʪʝʤʧʝʨʘʪʫʨʳ ʩʦʧʦʣʠʤʝʨʠʟʘʮʠʠ ʦ
ceil

T . ɿʥʘʯʝʥʠʝ ʦ
ceil

T  ʜʣʷ ʉʆʇ, ʧʦʣʫʯʝʥʥʦʝ 

ʚ ʨʘʙʦʪʝ [56], ʦʢʘʟʘʣʦʩʴ ʨʘʚʥʳʤ 425 ʂ, ʜʣʷ ʅʄʉʆʇ ï 435 ʂ [57]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ 

ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʤʦʣʝʢʫʣʷʨʥʘʷ ʤʘʩʩʘ ʩʦʧʦʣʠʤʝʨʘ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʥʘ ʚʝʨʭ-

ʥʶʶ ʧʨʝʜʝʣʴʥʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʩʦʧʦʣʠʤʝʨʠʟʘʮʠʠ [22].  

1.2.3. ʏʝʨʝʜʫʶʱʠʡʩʷ ʩʦʧʦʣʠʤʝʨ çʤʦʥʦʦʢʩʠʜ ʫʛʣʝʨʦʜʘïʩʪʠʨʦʣè 

ʏʝʨʝʜʫʶʱʠʡʩʷ ʩʦʧʦʣʠʤʝʨ ʤʦʥʦʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ ʠ ʩʪʠʨʦʣʘ (ʉʆʉ) ʚʧʝʨʚʳʝ 

ʙʳʣ ʧʦʣʫʯʝʥ ʥʘ ʛʦʤʦʛʝʥʥʳʭ ʧʘʣʣʘʜʠʡʩʦʜʝʨʞʘʱʠʭ ʢʘʪʘʣʠʟʘʪʦʨʘʭ, [65, 66]. ɺr ʩʦ-

ʢʦʠʟʦʪʘʢʪʠʯʝʩʢʠʝ ʩʦʧʦʣʠʤʝʨʳ ʉʆ ʩ ʟʘʤʝʱʝʥʥʳʤʠ ʩʪʠʨʦʣʘʤʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʧʦʟʜʥʝʝ [22, 67, 68]. 

ʉʪʨʫʢʪʫʨʘ ʩʦʧʦʣʠʤʝʨʦʚ ʤʦʥʦʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ ʩʦ ʩʪʠʨʦʣʦʤ ʠʣʠ ʝʛʦ ʟʘʤʝʱʝʥ-

ʥʳʤʠ ʘʥʘʣʦʛʘʤʠ ʠʟʫʯʝʥʘ ʘʚʪʦʨʘʤʠ ʨʘʙʦʪ [69, 70]. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʉʆʉ ʠʤʝʝʪ 

ʪʨʠ ʚʦʟʤʦʞʥʳʭ ʪʠʧʘ ʩʪʨʫʢʪʫʨʳ: ʘʪʘʢʪʠʯʝʩʢʫʶ, ʠʟʦʦʪʘʢʪʠʯʝʩʢʫʶ ʠʣʠ ʩʠʥʜʠʦʪʘʢ-

ʪʠʯʝʩʢʫʶ. ʂʨʦʤʝ ʪʦʛʦ, ʚʦʟʤʦʞʥʳ ʨʘʟʣʠʯʥʳʝ ʚʘʨʠʘʥʪʳ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʩʪʠʨʦʣʘ ʢ 

ʤʦʥʦʦʢʩʠʜʫ ʫʛʣʝʨʦʜʘ ʚ ʧʨʦʮʝʩʩʝ ʧʦʣʠʤʝʨʠʟʘʮʠʠ [71] (çʛʦʣʦʚʘ ʢ ʛʦʣʦʚʝè, çʛʦʣʦʚʘ 

ʢ ʭʚʦʩʪʫè, çʭʚʦʩʪ ʢ ʭʚʦʩʪʫè), ʯʪʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʫʩʣʦʚʠʷʤʠ ʩʠʥʪʝʟʘ. 

ʊʝʧʣʦʝʤʢʦʩʪʴ ʠ ʩʪʘʥʜʘʨʪʥʳʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʬʠʟʠ-

ʯʝʩʢʠʭ ʧʨʝʚʨʘʱʝʥʠʡ 

ɺ ʨʘʙʦʪʝ [72] ʤʝʪʦʜʘʤʠ ɸɺʂ ʠ DSC ʠʟʫʯʝʥʳ ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ 

ʪʝʧʣʦʝʤʢʦʩʪʠ ʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʧʦʣʠʤʝʨʘ ʤʦʥʦʦʢʩʠʜʘ ʫʛ-

ʣʝʨʦʜʘ ʠ ʩʪʠʨʦʣʘ ʚ ʦʙʣʘʩʪʠ 0ï600 ʂ. ʆʙʩʫʞʜʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʧʨʠʚʝʜʝʥʦ 

ʚ ʨʘʙʦʪʝ [22]. ɿʘʚʠʩʠʤʦʩʪʴ ʦ
pC  = (T)f  ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 6. ʊʝʧʣʦʝʤʢʦʩʪʴ ʠʩ-

ʭʦʜʥʦʛʦ ʯʘʩʪʠʯʥʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ (a = 43%) ʦʙʨʘʟʮʘ ʧʣʘʚʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ 

ʦʙʣʘʩʪʠ ʦʪ 5 ʜʦ 360 ʂ (ʨʠʩ. 6, ʫʯʘʩʪʦʢ ɸɺ). ɺ ʦʙʣʘʩʪʠ ʦʪ 360 ʜʦ 430 ʂ (ʫʯʘʩʪʦʢ 

BG) ʥʘʙʣʶʜʘʝʪʩʷ ʨʘʩʩʪʝʢʣʦʚʘʥʠʝ ʘʤʦʨʬʥʦʡ ʯʘʩʪʠ ʩʦʧʦʣʠʤʝʨʘ. ʐʠʨʦʢʠʡ ʠʥʪʝʨ-

ʚʘʣ ʪʝʤʧʝʨʘʪʫʨ (~70 ʂ), ʚ ʢʦʪʦʨʦʤ ʧʨʦʠʩʭʦʜʠʪ ʨʘʩʩʪʝʢʣʦʚʘʥʠʝ, ʧʦ ʜʘʥʥʳʤ ʨʘʙʦʪʳ 
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[73] ʦʙʫʩʣʦʚʣʝʥ ʘʨʤʠʨʦʚʘʥʠʝʤ ʤʘʢʨʦʤʦʣʝʢʫʣ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʯʘʩʪʴ  ʁʩʦʧʦʣʠʤʝ-

ʨʘ. 

 

ʈʠʩ. 6. ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʪʝʧʣʦʝʤʢʦʩʪʠ ʉʆʉ: ABGD ï ʯʘʩʪʠʯʥʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ 

ʦʙʨʘʟʝʮ (ɸɺ ï ʘʤʦʨʬʥʘʷ ʯʘʩʪʴ ʩʦʧʦʣʠʤʝʨʘ ʚ ʩʪʝʢʣʦʦʙʨʘʟʥʦʤ ʩʦʩʪʦʷʥʠʠ, GD ï ʘʤʦʨʬʥʘʷ 

ʯʘʩʪʴ ʚ ʚʳʩʦʢʦʵʣʘʩʪʠʯʝʩʢʦʤ ʩʦʩʪʦʷʥʠʠ, BG ï ʚ ʠʥʪʝʨʚʘʣʝ ʨʘʩʩʪʝʢʣʦʚʘʥʠʷ ʘʤʦʨʬʥʦʡ ʯʘ-

ʩʪʠ ʯʘʩʪʠʯʥʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʩʦʧʦʣʠʤʝʨʘ), DER ï ʢʘʞʫʱʘʷʩʷ ʪʝʧʣʦʝʤʢʦʩʪʴ ʚ ʦʙʣʘʩʪʠ 

ʧʣʘʚʣʝʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʯʘʩʪʠ ʩʦʧʦʣʠʤʝʨʘ, R ï ʨʘʩʧʣʘʚ, RM ï ʢʘʞʫʱʘʷʩʷ ʪʝʧʣʦʝʤ-

ʢʦʩʪʴ ʚ ʠʥʪʝʨʚʘʣʝ ʨʘʟʣʦʞʝʥʠʷ ʩʦʧʦʣʠʤʝʨʘ; ACN ï ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ, ɸʉ ï ʩʪʝʢʣʦʦʙʨʘʟ-

ʥʳʡ ʘʤʦʨʬʥʳʡ ʦʙʨʘʟʝʮ; ʅʈ ï ʧʦʣʠʤʝʨ ʚ ʚʳʩʦʢʦʵʣʘʩʪʠʯʝʩʢʦʤ ʩʦʩʪʦʷʥʠʠ, PR ï ʨʘʩʧʣʘʚ, 

Bʅ ï ʚ ʠʥʪʝʨʚʘʣʝ ʨʘʩʩʪʝʢʣʦʚʘʥʠʷ [72] 

ɺ ʠʥʪʝʨʚʘʣʝ 500ï550 ʂ ʥʘʙʣʶʜʘʝʪʩʷ ʵʥʜʦʵʬʬʝʢʪ, ʩʚʷʟʘʥʥʳʡ ʩ ʧʣʘʚʣʝʥʠʝʤ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʯʘʩʪʠ ʉʆʉ. ʈʦʩʪ ʪʝʧʣʦʝʤʢʦʩʪʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʚʳʰʝ 570 ʂ 

ʦʙʫʩʣʦʚʣʝʥ ʧʨʦʮʝʩʩʦʤ ʨʘʟʣʦʞʝʥʠ ̫ ʩʦʧʦʣʠʤʝʨʘ. ʇʦ ʜʘʥʥʳʤ ʨʘʙʦʪʳ [72] ʧʨʠ 

ʦʭʣʘʞʜʝʥʠʠ ʉʆʉ ʠʟ ʨʘʩʧʣʘʚʘ ʦʪ ʊ ~ 555 ʂ ʜʦ ʊ < ʦ
gT  ʩʦʧʦʣʠʤʝʨ ʧʝʨʝʦʭʣʘʞʜʘʣʩʷ 

ʠ ʩʪʝʢʣʦʚʘʣʩʷ ʚ ʠʥʪʝʨʚʘʣʝ 390ï360 ʂ [22, 72]. 

ɸʚʪʦʨʘʤʠ [72] ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʪʝʢ-

ʣʦʚʘʥʠʷ ʠ ʩʪʝʢʣʦʦʙʨʘʟʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʜʣʷ ʧʦʣʥʦʩʪʴʶ ʘʤʦʨʬʥʦʛʦ ʧʦʣʠʤʝʨʘ ( ʦ
gT = 

0 

200 

400 

200 400 

, ɼʞ/(KÖʤʦʣʴ) 

ɸ 

ʊ, ʂ 

ɺ 
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  ʦ
fus

T
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= 73 ʂ,  D
ʦ
pC ( ʦ

gT ) = 45 ɼʞ/(KÖʤʦʣʴ), ʦ
gl

H (0)- ʦ
crH (0)  = 7.6 ʢɼʞ/ʤʦʣʴ ʠ ʦ

conf
S  =  

= 12 ɼʞ/(KÖʤʦʣʴ)). 

ɺ ʨʘʙʦʪʝ [72] ʙʳʣʠ ʪʘʢʞʝ ʦʧʨʝʜʝʣʝʥʳ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ  

ʧʣʘʚʣʝʥʠʷ ʯʘʩʪʠʯʥʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʠ ʧʦʣʥʦʩʪʴʶ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʦʙʨʘʟʮʦʚ 

ʉʆʉ (ʪʘʙʣ. 12).  

ʊʘʙʣʠʮʘ 12 

ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʣʘʚʣʝʥʠʷ ʉʆʉ; ʨʦ = 0.1 ʄʇʘ 

a, % 
o
fus

T , ʂ 
o
fus

ȹH , 

ʢɼʞ/ʤʦʣʴ 

o

fusȹS ,  

ɼʞ/(ʂÖ ʤʦʣʴ) 

  43 538   5.5 10.2 

100 538 12.8 24.0 

ʉʪʘʥʜʘʨʪʥʳʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ 

ʉʪʘʥʜʘʨʪʥʳʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ ʉʆʉ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 13. 

ɼʣʷ ʨʘʩʯʝʪʘ ʩʪʘʥʜʘʨʪʥʳʭ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ ʉʆʉ ʘʚʪʦʨʘʤʠ [72] 

ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʪʝʧʣʦʝʤʢʦʩʪʠ o
pC  = (T)f  ʙʳʣʘ ʵʢʩʪʨʘʧʦʣʠʨʦʚʘʥʘ ʦʪ 

5 ʂ  ʢ ʥʫʣʶ ʧʦ ʬʫʥʢʮʠʠ ɼʝʙʘʷ (1) ʩ ʧʘʨʘʤʝʪʨʘʤʠ n = 2 ʠ qD = 70.02 ʂ. 

ʊʘʙʣʠʮʘ 13 

ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ ʉʆʉ ʚ ʨʘʩʯʝʪʝ ʥʘ ʤʦʣʴ ʧʦʚʪʦʨʷʶʱʝʛʦʩʷ ʟʚʝʥʘ; 

 ʄʟʚʝʥʘ = 132.16 ʛ/ʤʦʣʴ, ʨʦ = 0.1 ʄʇʘ 

ʊ, ʂ 
p
ʦC (ʊ), 

ɼʞ/(ʂÖʤʦʣʴ) 

ʦ ʦH ( ) H (0),T -  

ʢɼʞ/ʤʦʣʴ 

ʦ ʦS ( ) S (0)T - , 

ɼʞ/(ʂÖʤʦʣʴ) 

-[ ʦ ʦG ( ) H (0)T - ], 

ʢɼʞ/ʤʦʣʴ 

ʂʨʠʩʪʘʣʣʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ 

    5           0.471      0.0006         0.157       0.0002 

  10         3.12      0.0088              1.18       0.0030 

  20       11.91      0.0829        5.965       0.0364 

  50       35.71      0.8206     26.82       0.5204 

100       61.66    3.287     59.98     2.710 

150       83.52    6.919     89.13     6.451 

200    106.6 11.66 116.3 11.59 
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ʊʘʙʣʠʮʘ 13 ï ʦʢʦʥʯʘʥʠʝ 

ʊ, ʂ 
p
ʦC (ʊ), 

ɼʞ/(ʂÖʤʦʣʴ) 

ʦ ʦH ( ) H (0),T -  

ʢɼʞ/ʤʦʣʴ 

ʦ ʦS ( ) S (0)T - , 

ɼʞ/(ʂÖʤʦʣʴ) 

-[ ʦ ʦG ( ) H (0)T - ], 

ʢɼʞ/ʤʦʣʴ 

250    131.6   17.61 142.7  18.07 

298.15    157.1   24.56 168.0  25.55 

350 186 33.5 196 35.0 

400 213 43.3 222 45.4 

450 240 54.8 249 57.2 

500 267 67.5 276 70.3 

538 293 78.0 296 81.1 

ɾʠʜʢʦʝ ʩʦʩʪʦʷʥʠʝ 

538 306 90.8 320 81.1 

550 311 94.0 326 85.0 

555 313 96.1 329 86.7 

ʉʪʝʢʣʦʦʙʨʘʟʥʦʝ ʩʦʩʪʦʷʥʠʝ 

0   0              0             12.0             0 

10        3.12     0.0068     12.8       0.1208 

  20      11.91     0.0811     17.5       0.2698 

  50       35.71     0.8191     38.4     1.100 

100       61.66    3.286     71.6     3.868 

150       83.52    6.918   100.7     8.187 

200    106.6 11.66   127.8  13.91 

250    131.6 17.61   154.3  20.96 

298.15    157.2  24.56   179.6  29.00 

300    158.2  24.85   180.6  29.33 

350 187 33.5 207 39.0 

373 200 37.9 219 43.9 

ɺʳʩʦʢʦʵʣʘʩʪʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ 

373 245 37.9 219 43.9 

400 255 44.7 237 50.1 

450 273 57.9 268 62.7 

500 292 72.0 298 76.9 

538 306 83.4 320 88.6 
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ʉʪʘʥʜʘʨʪʥʳʝ ʵʥʪʘʣʴʧʠʷ ʩʛʦʨʘʥʠʷ ʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʦʙʨʘʟʦʚʘʥʠʷ 

ɺ ʨʘʙʦʪʝ [72] ʥʘ ʦʩʥʦʚʘʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʵʥʝʨʛʠʠ ʩʛʦ-

ʨʘʥʠʷ cȹU ʯʘʩʪʠʯʥʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʉʆʉ (ʰʝʩʪʴ ʦʧʳʪʦʚ) ʘʚʪʦʨʘʤʠ ʚʳʯʠʩʣʝ-

ʥ:r ʩʪʘʥʜʘʨʪʥʘʷ ʵʥʝʨʛʠʷ ʩʛʦʨʘʥʠʷ ʦ
cȹU, ʵʥʪʘʣʴʧʠʷ  ʩʛʦʨʘʥʠʷ ʦ

cȹH, ʘ ʪʘʢʞʝ ʩʪʘʥ-

ʜʘʨʪʥʳʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʦʙʨʘʟʦʚʘʥʠʷ ʩʦʧʦʣʠʤʝʨʘ ʚ ʧʦʣʥʦʩʪʴʶ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤ (cr) ʠ ʧʦʣʥʦʩʪʴʶ ʘʤʦʨʬʥʦʤ (a) ʩʦʩʪʦʷʥʠʷʭ ʧʨʠ ʊ = 298.15 ʂ [22] 

(ʪʘʙʣ. 14). 

ʊʘʙʣʠʮʘ 14 

ʕʥʪʘʣʴʧʠʷ ʩʛʦʨʘʥʠʷ ʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʨʘʟʦʚʘʥʠʷ ʉʆʉ  

ʧʨʠ T = 298.15 K ʠ pʦ = 0.1 ʄʇʘ 

ʌʠʟʠʯʝʩʢʦʝ 

ʩʦʩʪʦʷʥʠʝ 

ʦ
cȹH ,-  

ʢɼʞ/ʤʦʣʴ 

ʦ
f

ȹH ,-  

ʢɼʞ/ʤʦʣʴ 

ʦ
f

ȹS ,-  

ɼʞ/(ʂÖʤʦʣʴ) 

ʦ
f

ȹG ,-  

ʢɼʞ/ʤʦʣʴ 

cr 4560.0°2.0 124.9°2.0 508.3°2.0 26.6°2.0 

a 4567.5°2.0 117.4°2.0 496.7°2.0 30.7°2.0 

ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʧʦʣʠʤʝʨʠʟʘʮʠʠ ʤʦʥʦʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ 

ʠ ʩʪʠʨʦʣʘ 

ɸʚʪʦʨʘʤʠ ʨʘʙʦʪʳ [72] ʥʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʨʘʩʩʯʠʪʘʥʳ ʩʪʘʥ-

ʜʘʨʪʥʳʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʩʦʧʦʣʠʤʝʨʠʟʘʮʠʠ ʤʦʥʦʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ 

ʩʦ ʩʪʠʨʦʣʦʤ ʚ ʤʘʩʩʝ ʜʣʷ ʦʙʣʘʩʪʠ ʪʝʤʧʝʨʘʪʫʨ 0ï350 ʂ (ʪʘʙʣ. 15). ɿʥʘʯʝʥʠʷ ʦ
copȹH  ʠ 

ʦ
copȹS  ʚ ʠʟʫʯʝʥʥʦʡ ʦʙʣʘʩʪʠ ʪʝʤʧʝʨʘʪʫʨ ʦʪʨʠʮʘʪʝʣʴʥʳ, ʪ.ʝ. ʫ ʩʦʧʦʣʠʤʝʨʘ ʠʤʝʝʪʩʷ 

ʚʝʨʭʥʷʷ ʧʨʝʜʝʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʩʦʧʦʣʠʤʝʨʠʟʘʮʠʠ o
ceilT  = 450 ʂ. 

ɿʥʘʯʝʥʠʷ ʵʥʝʨʛʠʠ ɻʠʙʙʩʘ ʩʦʧʦʣʠʤʝʨʠʟʘʮʠʠ ʦ
copȹG  ʦʪʨʠʮʘʪʝʣʴʥʳ ʚʦ ʚʩʝʡ 

ʠʟʫʯʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʦʙʣʘʩʪʠ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʨʘʚʥʦʚʝʩʠʝ ʨʝʘʢʮʠʠ 

ʩʠʥʪʝʟʘ ʉʆʉ ʩʜʚʠʥʫʪʦ ʚ ʩʪʦʨʦʥʫ ʦʙʨʘʟʦʚʘʥʠʷ ʩʦʧʦʣʠʤʝʨʘ [22].  

 

 



45 

 

ʊʘʙʣʠʮʘ 15 

 ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʥʪʝʟʘ ʉʆʉ; ʨʝʘʢʮʠʷ ʚ ʤʘʩʩʝ, ʨʦ = 0.1 ʄʇʘ 

ʊ, K 
ʌʠʟʠʯʝʩʢʠʝ ʩʦʩʪʦʷʥʠʷ  ʦ

copȹH ,-  

ʢɼʞ/ʤʦʣʴ 

ʦ
copȹS ,-  

ɼʞ/(ʂÖʤʦʣʴ) 

ʦ
copȹG ,-  

ʢɼʞ/ʤʦʣʴ ï[ʉ9ʅ8ʆ]ï ʉ8ʅ8 ʉʆ 

0 
cr cr cr 86 0 86 

gl cr cr 79 ī12 79 

100 
cr cr g 97 158 81 

gl cr g 90 146 75 

200 
cr cr g 101 190 63 

gl cr g 93 178 57 

298.15 
cr l g 118 261 40 

gl l g 111 249 37 

350 
cr l g 121 269 27 

gl l g 113 257 23 

1.2.4. ʏʝʨʝʜʫʶʱʠʝʩʷ ʩʦʧʦʣʠʤʝʨ rʤʦʥʦʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ ʩ ʥʦʨʙʦʨʥʝʥʦʤ ʠ 

ʝʛʦ ʧʨʦʠʟʚʦʜʥʳʤʠ 

ʄʝʪʦʜʘʤʠ ɸɺʂ ʠ DSC ʚ ʨʘʙʦʪʘʭ [22, 74, 75] ʙʳʣʘ ʠʟʫʯʝʥ rʪʝʤʧʝʨʘʪʫʨʥʳʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ʪʝʧʣʦʝʤʢʦʩʪʠ ʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʧʦʣʠʤʝʨʦʚ 

ʤʦʥʦʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ ʩ ʥʦʨʙʦʨʥʝʥʦʤ (ʉʆʅɹ), ʵʪʠʣʠʜʝʥʥʦʨʙʦʨʥʝʥʦʤ (ʉʆʕʅɹ) ʠ 

ʚʠʥʠʣʠʜʝʥʥʦʨʙʦʨʥʝʥʦʤ (ʉʆɺʅɹ). 

ʏʝʨʝʜʫʶʱʠʡʩʷ ʩʦʧʦʣʠʤʝʨ ʤʦʥʦʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ ʠ ʥʦʨʙʦʨʥʝʥʘ 

ɸʚʪʦʨʘʤʠ [22, 74] ʠʟʤʝʨʝʥʘ ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʪʝʧʣʦʝʤʢʦʩʪʠ 

ʦ
pC  = (T)f  ʉʆʅɹ ʚ ʘʜʠʘʙʘʪʠʯʝʩʢʦʤ ʚʘʢʫʫʤʥʦʤ ʢʘʣʦʨʠʤʝʪʨʝ ʚ ʦʙʣʘʩʪʠ 6-350 ʂ ʠ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʤ ʩʢʘʥʠʨʫʶʱʝʤ ʢʘʣʦʨʠʤʝʪʨʝ ʚ ʦʙʣʘʩʪʠ 340ï420 ʂ. ʕʢʩʧʝʨʠ-

ʤʝʥʪʘʣʴʥʳʝ ʪʦʯʢʠ ʠ ʫʩʨʝʜʥʷʶʱʠʝ ʢʨʠʚʳʝ o
pC  = (T)f  ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 7. ɺ 

ʠʥʪʝʨʚʘʣʝ 6ï360 ʂ ʟʘʚʠʩʠʤʦʩʪʴ o
pC  = (T)f  ʠʩʭʦʜʥʦʛʦ ʦʙʨʘʟʮʘ ʉʆʅɹ ʧʣʘʚʥʦ ʫʚʝ-

ʣʠʯʠʚʘʝʪʩʷ ʩ ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ (ʨʠʩ. 7, ʫʯʘʩʪʦʢ ɸɺ). ɺ ʦʙʣʘʩʪʠ  

50ï150 ʂ ʪʝʧʣʦʝʤʢʦʩʪʴ ʣʠʥʝʡʥʦ ʟʘʚʠʩʠʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ.  ɿʘʪʝʤ  ʧʨʠ ʊ > 360 ʂ 
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ʪʝʧʣʦʝʤʢʦʩʪʴ ʩʦʧʦʣʠʤʝʨʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʳʩʪʨʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ (ʫʯʘʩʪʦʢ ɺE), ʯʪʦ 

ʦʙʫʩʣʦʚʣʝʥʦ ʧʨʦʮʝʩʩʦʤ ʨʘʩʩʪʝʢʣʦʚʘʥʠʷ ʝʛʦ ʘʤʦʨʬʥʦʡ ʯʘʩʪʠ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩ. 7. ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʪʝʧʣʦʝʤʢʦʩʪʠ ʯʝʨʝʜʫʶʱʝʛʦʩʷ ʉʆʅɹ: AB ï ʩʪʝʢʣʦʦʙʨʘʟʥʦʛʦ, 

Bɽ ï ʪʝʧʣʦʝʤʢʦʩʪʴ ʚ ʠʥʪʝʨʚʘʣʝ ʨʘʩʩʪʝʢʣʦʚʘʥʠʷ ʘʤʦʨʬʥʦʡ ʯʘʩʪʠ ʩʦʧʦʣʠʤʝʨʘ,  

ʉD ï ʩʢʘʯʦʢ ʪʝʧʣʦʝʤʢʦʩʪʠ ʧʨʠ ʨʘʩʩʪʝʢʣʦʚʘʥʠʠ, EF ï ʪʝʧʣʦʝʤʢʦʩʪʴ ʚ ʠʥʪʝʨʚʘʣʝ ʥʘʯʘʣʘ 

ʧʣʘʚʣʝʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʯʘʩʪʠ ʩʦʧʦʣʠʤʝʨʘ, F'L ï ʪʝʧʣʦʝʤʢʦʩʪʴ ʚ ʠʥʪʝʨʚʘʣʝ ʥʘʯʘʣʘ 

ʪʝʨʤʠʯʝʩʢʦʡ ʜʝʩʪʨʫʢʮʠʠ ʩʦʧʦʣʠʤʝʨʘ [22] 

ʊʝʤʧʝʨʘʪʫʨʘ ʩʪʝʢʣʦʚʘʥʠʷ o
gT  = 373°1 ʂ, ʠʥʪʝʨʚʘʣ ʩʪʝʢʣʦʚʘʥʠʷ 

o
gTD  = (360-390) ʂ, ʫʚʝʣʠʯʝʥʠʝ ʪʝʧʣʦʝʤʢʦʩʪʠ ʧʨʠ ʨʘʩʩʪʝʢʣʦʚʘʥʠʠ D o

pC ( o
gT ) =  

= 11.1 ɼʞ/(ʂÖʤʦʣʴ), ʘ ʪʘʢʞʝ ʟʥʘʯʝʥʠʝ ʢʦʥʬʠʛʫʨʘʮʠʦʥʥʦʡ ʵʥʪʨʦʧʠʠ o
conf

S  =  

= 3 ɼʞ/(ʂÖʤʦʣʴ) ʦʧʨʝʜʝʣʝʥʳ ʘʚʪʦʨʦʤ [22] ʧʦ ʤʝʪʦʜʠʢʝ, ʦʧʠʩʘʥʥʦʡ ʚ ʛʣʘʚʝ 2 ʥʘʩʪʦ-

ʷʱʝʡ ʜʠʩʩʝʨʪʘʮʠʠ. ɺ ʠʥʪʝʨʚʘʣʝ 390ï410 ʂ ʥʘʙʣʶʜʘʝʪʩʷ ʙʳʩʪʨʳʡ ʨʦʩʪ ʪʝʧʣʦʝʤʢʦ-

ʩʪʠ, ʩʚʷʟʘʥʥʳʡ ʩ ʧʣʘʚʣʝʥʠʝʤ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʯʘʩʪʠ ʦʙʨʘʟʮʘ; ʦʜʥʘʢʦ ʧʣʘʚʣʝʥʠʝ 

ʥʝ ʟʘʚʝʨʰʘʝʪʩʷ ʠʟ-ʟʘ ʥʘʯʠʥʘʶʱʝʛʦʩʷ ʧʨʦʮʝʩʩʘ ʪʝʨʤʠʯʝʩʢʦʡ ʜʝʩʪʨʫʢʮʠʠ ʩʦʧʦʣʠ-

ʤʝʨʘ, ʥʘʣʠʯʠʝ ʢʦʪʦʨʦʛʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʨʝʟʢʠʤ ʫʤʝʥʴʰʝʥʠʝʤ ʪʝʧʣʦʝʤʢʦʩʪʠ ʠ 

ʫʤʝʥʴʰʝʥʠʝʤ ʤʘʩʩʳ ʦʙʨʘʟʮʘ ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚʳʰʝʦ
decomp

 T  = 420 ʂ. 
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ɼʣʷ ʨʘʩʯʝʪʘ ʩʪʘʥʜʘʨʪʥʳʭ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ ʯʘʩʪʠʯʥʦ ʢʨʠʩʪʘʣ-

ʣʠʯʝʩʢʦʛʦ ʉʆʅɹ (ʪʘʙʣ. 16) ʚ ʦʙʣʘʩʪʠ ʦʪ ʊ  0 ʜʦ 350 ʂ ʟʥʘʯʝʥʠʷ ʪʝʧʣʦʝʤʢʦʩʪʠ ʚ 

ʠʥʪʝʨʚʘʣʝ ʦʪ ʥʘʯʘʣʘ ʠʟʤʝʨʝʥʠʷ ʜʦ 0 ʂ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʘʚʪʦʨʦʤ [22] ʵʢʩʪʨʘʧʦʣʷʮʠʝʡ 

ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʪʝʧʣʦʝʤʢʦʩʪʠ ʉʆʅɹ ʧʦ ʫʨʘʚʥʝʥʠʶ ɼʝʙʘʷ (1) ʩ ʧʘʨʘʤʝʪ-

ʨʘʤʠ n = 2 ʠ qD = 47.81 ʂ.  

ʊʘʙʣʠʮʘ 16 

ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ ʉʆʅɹ ʚ ʨʘʩʯʝʪʝ ʥʘ ʤʦʣʴ ʧʦʚʪʦʨʷʶʱʝʛʦʩʷ  

ʤʦʥʦʤʝʨʥʦʛʦ ʟʚʝʥʘ ʩʦʧʦʣʠʤʝʨʘ; ʄʟʚʝʥʘ = 122.17  ʛ/ʤʦʣʴ, ʨʦ = 0.1 ʄʇʘ 

ʊ, ʂ 
p
ʦC (ʊ), 

ɼʞ/(ʂÖʤʦʣʴ) 

ʦ ʦH ( ) H (0),T -  

ʢɼʞ/ʤʦʣʴ 

ʦS ( )T, 

ɼʞ/(ʂÖʤʦʣʴ) 

-[ ʦ ʦG ( ) H (0)T - ], 

ʢɼʞ/ʤʦʣʴ 

ɸʤʦʨʬʥʘʷ ʯʘʩʪʴ ʚ ʩʪʝʢʣʦʦʙʨʘʟʥʦʤ ʩʦʩʪʦʷʥʠʠ 

       5          0.9601            0.0012             3.128               0.0144 

     10          4.490            0.0144             4.823               0.0338 

     20          14.46            0.1081           10.92               0.1103 

     25          19.02            0.1918           14.63               0.1741 

     30          23.32            0.2972           18.47               0.2568 

     35          27.35            0.4244           22.38               0.3589 

     40          30.48            0.5691           26.24               0.4805 

     50          36.64            0.9063           33.74               0.7806 

     60          41.88            1.297           40.85               1.154 

     70          47.40            1.745           47.74               1.597 

     80          52.69            2.247           54.43               2.108 

     90          57.78            2.799           60.93               2.685 

100          62.67            3.402           67.28               3.326 

150          85.52            7.111           97.04               7.446 

200 100.2 11.76 123.7 12.98 

250 112.3 17.08 147.4 19.77 

298.15 121.7 22.72 168.0 27.37 

350 130.6 29.27 188.2 36.61 

373 134.6 32.36 196.8 41.11 
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ʊʘʙʣʠʮʘ 16 ï ʦʢʦʥʯʘʥʠʝ 

ʊ, ʂ 
p
ʦC (ʊ), 

ɼʞ/(ʂÖʤʦʣʴ) 

ʦ ʦH ( ) H (0),T -  

ʢɼʞ/ʤʦʣʴ 

ʦS ( )T, 

ɼʞ/(ʂÖʤʦʣʴ) 

-[ ʦ ʦG ( ) H (0)T - ], 

ʢɼʞ/ʤʦʣʴ 

ɸʤʦʨʬʥʘʷ ʯʘʩʪʴ ʚ ʚʳʩʦʢʦʵʣʘʩʪʠʯʝʩʢʦʤ ʩʦʩʪʦʷʥʠʠ 

373 145.7 32.36 196.8 41.11 

380 146.9 33.34 199.4 42.42 

390 148.5 34.81 203.2 44.44 

ʇʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʜʘʥʥʳʤ ʦ ʪʝʧʣʦʝʤʢʦʩʪʠ ʉʆʅɹ ʙʳʣʦ ʦʮʝʥʝʥʦ ʟʥʘ-

ʯʝʥʠʝ ʝʛʦ ʬʨʘʢʪʘʣʴʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ D. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚ ʠʥʪʝʨʚʘʣʝ 20-50 ʂ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʟʥʘʯʝʥʠʷ D = 1.4 ʠ qmax = 210.3 ʂ. ɼʨʦʙʥʦʝ ʯʠʩʣʝʥʥʦʝ ʟʥʘʯʝʥʠʝ D 

ʉʆʅɹ ʫʢʘʟʳʚʘʝʪ ʥʘ ʩʣʦʠʩʪʦ-ʮʝʧʥʦʝ ʩʪʨʦʝʥʠʝ ʩʦʧʦʣʠʤʝʨʘ [22]. 

ʕʥʝʨʛʠʷ ʩʛʦʨʘʥʠʷ ʯʘʩʪʠʯʥʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʉʆʅɹ ʙʳʣʘ ʠʟʤʝʨʝʥʘ [22] ʚ 

ʢʘʣʦʨʠʤʝʪʨʝ ɺ-08 ʩ ʠʟʦʪʝʨʤʠʯʝʩʢʦʡ ʦʙʦʣʦʯʢʦʡ ʠ ʩʪʘʪʠʯʝʩʢʦʡ ʙʦʤʙʦʡ ʚ ʰʝʩʪʠ ʦʧʳ-

ʪʘʭ.  ʇʦʣʫʯʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʵʥʝʨʛʠʠ ʩʛʦʨʘʥʠʷ ʦ
cȹU = ï46744Ñ9 ɼʞ/ʛ ʙʳʣʦ ʠʩʧʦʣʴʟʦ-

ʚʘʥʦ ʘʚʪʦʨʦʤ ʜʣʷ ʨʘʩʯʝʪʘ ʵʥʪʘʣʴʧʠʠ ʩʛʦʨʘʥʠʷ ʦ
cȹH = -4292.8°3.3 ʢɼʞ/ʤʦʣʴ ʯʘ-

ʩʪʠʯʥʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʉʆʅɹ.  ʉʛʦʨʘʥʠʝ ʧʨʠ ʊ = 298.15 ʂ ʠ ʩʪʘʥʜʘʨʪʥʦʤ ʜʘʚʣʝ-

ʥʠʠ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʦ ʫʨʘʚʥʝʥʠʶ 

-[C8H10O]- (p.cr) + 10 ʆ2 (g)  8 ʉʆ2 (g) + 5 ʅ2ʆ (l).   (7) 

  ʇʦ ʟʥʘʯʝʥʠʶ ʦ
cȹH ʠ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ ʦʙ ʘʙʩʦʣʶʪʥʳʭ ʟʥʘʯʝʥʠʷʭ ʵʥʪʨʦ-

ʧʠʡ ʉʆʅɹ (ʪʘʙʣ. 16), ʫʛʣʝʨʦʜʘ ʚ ʬʦʨʤʝ ʛʨʘʬʠʪʘ ʠ  ʛʘʟʦʦʙʨʘʟʥʳʭ ʚʦʜʦʨʦʜʘ ʠ ʢʠʩ-

ʣʦʨʦʜʘ [76, 77] ʘʚʪʦʨʦʤ [22] ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʩʪʘʥʜʘʨʪʥʳʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʘ-

ʨʘʤʝʪʨʳ ʦʙʨʘʟʦʚʘʥʠʷ ʉʆʅɹ ʧʨʠ ʊ = 298.15 ʂ: ʦ
f

ȹH = -285.5°3.3 ʢɼʞ/ʤʦʣʴ, ʦ
f

ȹS = 

= -633.0°1.2 ɼʞ/(ʂÖʤʦʣʴ), ʦ
f

ȹG= ī96.7°4.5 ʢɼʞ/ʤʦʣʴ. ʇʦʣʫʯʝʥʥʳʝ ʚʝʣʠʯʠʥʳ ʩʦʦʪ-

ʚʝʪʩʪʚʦʚʘʣʠ ʧʨʦʮʝʩʩʫ 

8 ʉ (gr) + 5 H2 (g) + 0.5 O2 (g)  -[C8H10O]-  (p.cr).   (8) 

ʉʪʘʥʜʘʨʪʥʳʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʥʪʝʟʘ ʉʆʅɹ, ʧʦʣʫʯʝʥ-

ʥʳʝ ʚ ʨʘʙʦʪʝ [22], ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 17. ʅʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʨʘʩʯʝʪʦʚ ʜʘʥʥʳʝ ʦ 
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ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʟʘʚʠʩʠʤʦʩʪʷʭ ʪʝʧʣʦʝʤʢʦʩʪʠ, ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ 

ʬʠʟʠʯʝʩʢʠʭ ʧʨʝʚʨʘʱʝʥʠʡ ʠ ʘʙʩʦʣʶʪʥʳʭ ʟʥʘʯʝʥʠʷʭ ʵʥʪʨʦʧʠʡ ʤʦʥʦʦʢʩʠʜʘ ʫʛʣʝʨʦ-

ʜʘ ʠ ʥʦʨʙʦʨʥʝʥʘ ʙʳʣʠ ʚʟʷʪʳ ʘʚʪʦʨʦʤ ʠʟ [77ï79]. ʦ
copȹH  ʠ ʦcopȹS  ʚ ʠʟʫʯʝʥʥʦʡ ʦʙʣʘ-

ʩʪʠ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪʨʠʮʘʪʝʣʴʥʳ ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʦ
copȹS (0).ɿʥʘʯʝʥʠʷ ʦ

copȹG  ʦʪʨʠʮʘ-

ʪʝʣʴʥʳ ʚʦ ʚʩʝʡ ʠʟʫʯʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʦʙʣʘʩʪʠ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʩʜʚʠʛʝ ʨʘʚʥʦʚʝ-

ʩʠʷ ʩʠʥʪʝʟʘ ʉʆʅɹ ʚ ʩʪʦʨʦʥʫ ʦʙʨʘʟʦʚʘʥʠʷ ʩʦʧʦʣʠʤʝʨʘ.  

ʊʘʙʣʠʮʘ 17  

ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʥʪʝʟʘ ʉʆʅɹ ʚ ʦʙʣʘʩʪʠ  

ʦʪ ʊ  0 ʜʦ 330 ʂ; ʨʝʘʢʮʠʷ ʚ ʤʘʩʩʝ, ʨʦ = 0.1 ʄʇʘ 

ʊ, K 
ʌʠʟʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʦ

cop,

ʢɼʞ/ʤʦʣʴ

ȹH-  
ʦ
cop,

ɼʞ/(ʂ ʤʦʣʴ)

ȹS
Ö

-  
ʦ
cop,

ʢɼʞ/ʤʦʣʴ

ȹG-
 

ʉ7ʅ10 ʉʆ   ï[C8H10O]ï 

0 crII  cr gl 100 -2.8 100 

100 crII  g gl 110 153   95 

200 crI g gl 118 209   76 

298.15 crI g gl 121 223   55 

330 l g gl 127 238   48 

ɿʥʘʯʝʥʠʝ ʚʝʨʭʥʝʡ ʧʨʝʜʝʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʩʦʧʦʣʠʤʝʨʠʟʘʮʠʠ o
ceil

T  = 640 ʂ 

ʦʧʨʝʜʝʣʝʥʦ ʛʨʘʬʠʯʝʩʢʠ ʤʝʪʦʜʦʤ, ʦʧʠʩʘʥʥʳʤ ʚ ʨʘʙʦʪʝ [80].  

ʏʝʨʝʜʫʶʱʠʡʩʷ ʩʦʧʦʣʠʤʝʨ ʤʦʥʦʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ ʩ ʵʪʠʣʠʜʝʥʥʦʨʙʦʨʥʝʥʦʤ 

ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʪʝʧʣʦʝʤʢʦʩʪʠ ʉʆʕʅɹ, ʠʟʫʯʝʥʥʘʷ ʚ ʨʘʙʦʪʝ [22] 

ʤʝʪʦʜʦʤ ʘʜʠʘʙʘʪʠʯʝʩʢʦʡ ʚʘʢʫʫʤʥʦʡ ʢʘʣʦʨʠʤʝʪʨʠʠ ʚ ʦʙʣʘʩʪʠ 7-350 ʂ, ʧʨʝʜʩʪʘʚ-

ʣʝʥʘ ʥʘ ʨʠʩ. 8. ʊʝʧʣʦʝʤʢʦʩʪʴ ʠʩʭʦʜʥʦʛʦ ʉʆʕʅɹ ʧʣʘʚʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʨʦʩʪʦʤ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʦʙʣʘʩʪʠ 6-200 ʂ (ʫʯʘʩʪʦʢ AB, ʨʠʩ. 8), ʚ ʠʥʪʝʨʚʘʣʝ 60ï200 ʂ ʦ
pC  ʷʚ-

ʣʷʝʪʩʷ ʣʠʥʝʡʥʦʡ ʬʫʥʢʮʠʝʡ ʪʝʤʧʝʨʘʪʫʨʳ. ʇʨʠ ʊ > 200 ʂ ʟʘʚʠʩʠʤʦʩʪʴ ʦ
pC  = (T)f  

ʦʪʢʣʦʥʷʝʪʩʷ ʦʪ ʣʠʥʝʡʥʦʡ, ʧʨʦʠʩʭʦʜʠʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʳʩʪʨʦʝ ʫʚʝʣʠʯʝʥʠʝ ʪʝʧʣʦ-

ʝʤʢʦʩʪʠ, ʯʪʦ ʩʚʷʟʘʥʦ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʩ ʥʘʯʠʥʘʶʱʠʤʩʷ ʨʘʩʩʪʝʢʣʦʚʘʥʠʝʤ ʘʤʦʨʬʥʦʡ 

ʯʘʩʪʠ ʦʙʨʘʟʮʘ (ʫʯʘʩʪʦʢ ʢʨʠʚʦʡ Bʉ). 
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ʈʠʩ. 8. ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʪʝʧʣʦʝʤʢʦʩʪʠ ʉʆʕʅɹ: ɺʉ ï ʪʝʧʣʦʝʤʢʦʩʪʴ ʚ ʠʥʪʝʨʚʘʣʝ 

ʥʘʯʠʥʘʶʱʝʛʦʩʷ ʨʘʩʩʪʝʢʣʦʚʘʥʠʷ ʘʤʦʨʬʥʦʡ ʯʘʩʪʠ ʩʦʧʦʣʠʤʝʨʘ [22] 

ʅʘ ʦʩʥʦʚʝ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʠʟʦʙʘʨʥʦʡ ʪʝʧʣʦʝʤʢʦʩʪʠ ʦ
pC  = (T)f  

ʯʘʩʪʠʯʥʦ ʢʨʠʩʪʘʣʣʠʯʝʩʦʛʦ ʉʆʕʅɹ ʘʚʪʦʨʦʤ [22] ʨʘʩʩʯʠʪʘʥ  rʩʪʘʥʜʘʨʪʥʳʝ ʪʝʨ-

ʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ ʜʣʷ ʦʙʣʘʩʪʠ 0-350 ʂ (ʪʘʙʣ. 18).  ɺ  ʦʙʣʘʩʪʠ  ʦʪ  ʥʘʯʘʣʘ 

ʠʟʤʝʨʝʥʠʡ ʜʦ ʊ  0 ʂ ʟʘʚʠʩʠʤʦʩʪ ɹ ʦ
pC  ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʙʳʣʘ ʵʢʩʪʨʘʧʦʣʠʨʦʚʘʥʘ ʩ 

ʧʦʤʦʱʴʶ ʬʫʥʢʮʠʠ ʪʝʧʣʦʝʤʢʦʩʪʠ ɼʝʙʘʷ (1) ʩ ʧʘʨʘʤʝʪʨʘʤʠ n = 2,  qD = 71.40 ʂ. 

ʊʘʙʣʠʮʘ 18  

ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ ʯʘʩʪʠʯʥʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʉʆʕʅɹ,  

Mʟʚʝʥʘ = 148.20 ʛ/ʤʦʣʴ, ʨʦ = 0.1 ʄʇʘ 

ʊ, ʂ 
0

pC (ʊ), 

ɼʞ/(ʂÖʤʦʣʴ) 

0 0H ( ) H (0)T - , 

ʢɼʞ/ʤʦʣʴ 

0 0S ( ) S (0)T - , 

ɼʞ/(ʂÖʤʦʣʴ) 

-[ 0 0G ( ) H (0)T - ], 

ʢɼʞ/ʤʦʣʴ 

    5 0.444           0.0006        0.1483              0.0002 

   10 3.018           0.0083      1.124              0.0029 

   20 12.49 0.0879      6.256              0.0372 

   30 21.46 0.2572            13.01              0.1329 

10

0 

20

0 

0 100 200 300 ʊ, ʂ 

 

B 

C 

ɸ 

ʦ
pC , ɼʞ/(ʂ ʤʦʣʴ)Ö
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ʊʘʙʣʠʮʘ 18 ï ʦʢʦʥʯʘʥʠʝ 

ʊ, ʂ 
0

pC (ʊ), 

ɼʞ/(ʂÖʤʦʣʴ) 

0 0H ( ) H (0)T - , 

ʢɼʞ/ʤʦʣʴ 

0 0S ( ) S (0)T - , 

ɼʞ/(ʂÖʤʦʣʴ) 

-[ 0 0G ( ) H (0)T - ], 

ʢɼʞ/ʤʦʣʴ 

   40 29.71 0.5143            20.34              0.2995 

   50 36.57 0.8466            27.73              0.5399 

   60 43.28 1.245            34.98              0.8536 

   80 56.27 2.243            49.24              1.696 

100 67.17 3.480            63.00       2.820 

150 93.64 7.514            95.36       6.789 

200       121.8 12.88          126.1            12.33 

250 156.1 19.84          157.0            19.40 

    298.15 195.6 28.26          187.7            27.69 

300 197.4 28.62          188.9            28.04 

350 247.8 39.74          223.1            38.33 

ɺ ʢʘʣʦʨʠʤʝʪʨʝ ɺ-08 ʩ ʠʟʦʪʝʨʤʠʯʝʩʢʦʡ ʦʙʦʣʦʯʢʦʡ ʠ ʩʪʘʪʠʯʝʩʢʦʡ ʙʦʤʙʦʡ ʘʚ-

ʪʦʨʘʤʠ ʨʘʙʦʪ [22, 75] ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʵʥʝʨʛʠʷ ʩʛʦʨʘʥʠʷ cȹU ʯʘʩʪʠʯʥʦ ʢʨʠʩʪʘʣʣʠ-

ʯʝʩʢʦʛʦ ʉʆʕʅɹ. ʕʥʝʨʛʠʶ ʩʛʦʨʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʷ ʨʘʩʯʝʪʘ ʵʥʪʘʣʴʧʠʠ ʩʛʦʨʘʥʠʷ 

ʩʦʧʦʣʠʤʝʨʘ o
cȹH= ï4147.1Ñ6.7 ʢɼʞ/ʤʦʣʴ (ʪʘʙʣ. 19), ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʨʝʘʢʮʠʠ 

-[C10H12O]- (pr.cr)  +  12.5 ʆ2 (g)    10 ʉʆ2 (g)  +  6 ʅ2ʆ (l) (9) 

ʧʨʠ ʊ = 298.15 ʂ ʠ ʩʪʘʥʜʘʨʪʥʦʤ ʜʘʚʣʝʥʠʠ. ʇʦ ʟʥʘʯʝʥʠ ʁ ʦ
cȹH ʨʘʩʩʯʠʪʘʣʠ ʦ

f
ȹH =  

= ï359.2Ñ6.7 ʢɼʞ/ʤʦʣʴ. ʉʪʘʥʜʘʨʪʥʘ ̫ ʵʥʪʨʦʧʠ ̫ ʦʙʨʘʟʦʚʘʥʠʷʦ
f

ȹS = ï755.3°1.6 

ɼʞ/(ʂÖʤʦʣʴ) ʠ ʵʥʝʨʛʠ ̫ɻʠʙʙʩʘ ʦʙʨʘʟʦʚʘʥʠʷ ʦ
f

ȹG = ï134.0 ʢɼʞ/ʤʦʣʴ ʉʆʕʅɹ ʚʳ-

ʯʠʩʣʝʥʳ ʩʧʦʩʦʙʦʤ, ʦʧʠʩʘʥʥʳʤ ʚʳʰʝ ʜʣʷ ʉʆʅɹ. ʇʝʨʝʯʠʩʣʝʥʥʳʝ ʚʝʣʠʯʠʥʳ ʦʪʥʦ-

ʩʷʪʩʷ ʢ ʧʨʦʮʝʩʩʫ  

10 ʉ (gr)  +  6 ʅ2 (g) + 0.5 ʆ2 (g)    ï[ʉ10ʅ12ʆ]ï (p.cr)  (10) 

ʅʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʨʘʩʯʝʪʦʚ ʩʪʘʥʜʘʨʪʥʳʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠ-

ʢʠ ʦʙʨʘʟʦʚʘʥʠʷ ʨʝʘʛʝʥʪʦʚ ʚʟʷʪʳ ʠʟ ʨʘʙʦʪ [76, 77].  

ʇʨʠʚʝʜʝʥʥʳʝ ʚ ʪʘʙʣ. 19 ʩʪʘʥʜʘʨʪʥʳʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʩʦʧʦʣʠʤʝʨʠʟʘʮʠʠ ʉʆ ʩ ʕʅɹ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʯʘʩʪʠʯʥʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʉʆʕʅɹ 
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ʜʣʷ ʦʙʣʘʩʪʠ 0ï350 ʂ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʘʚʪʦʨʘʤʠ [22, 75] ʪʘʢ ʞʝ, ʢʘʢ ʦʧʠʩʘʥʦ ʚʳʰʝ 

ʜʣʷ ʉʆʅɹ.  

ʊʘʙʣʠʮʘ 19  

ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʥʪʝʟʘ ʉʆʕʅɹ  

ʚ ʦʙʣʘʩʪʠ ʦʪ ʊ  0 ʜʦ 350 ʂ; ʨʝʘʢʮʠʷ ʚ ʤʘʩʩʝ, ʨʦ = 0.1 ʄʇʘ 

ʊ, K 
ʌʠʟʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ  ʦ

cop,

ʢɼʞ/ʤʦʣʴ

ȹH-  
ʦ
cop,

ɼʞ/(ʂ ʤʦʣʴ)

ȹS
Ö

-  
ʦ
cop,

ʢɼʞ/ʤʦʣʴ

ȹG-
 

ʉ9ʅ12 ʉʆ ï[ʉ10ʅ12ʆ]ï 

0 gl cr p.cr 150    0 150 

100 gl g p.cr 161 192 142 

200 l g p.cr 169 241 120 

298.15 l g p.cr 174 263   95 

350 l g p.cr 175 265   82 

ɿʥʘʯʝʥʠʷ ʦ
copȹH  ʠ ʦ

copȹS  ʚ ʠʟʫʯʝʥʥʦʡ ʦʙʣʘʩʪʠ ʪʝʤʧʝʨʘʪʫʨ ʦʪʨʠʮʘʪʝʣʴʥʳ. 

ʇʨʦʮʝʩʩ ʠʤʝʝʪ ʚʝʨʭʥʶʶ ʧʨʝʜʝʣʴʥʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʦ
ceilT = 561 ʂ. ɿʥʘʯʝʥʠʷ ʦ

copȹG  

ʦʪʨʠʮʘʪʝʣʴʥʳ ʚʦ ʚʩʝʡ ʠʟʫʯʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʦʙʣʘʩʪʠ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ 

ʥʘʧʨʘʚʣʝʥʠʝ ʨʝʘʢʮʠʠ ʧʦʣʫʯʝʥʠʷ ʉʆʕʅɹ ʩʜʚʠʥʫʪʦ ʚ ʩʪʦʨʦʥʫ ʦʙʨʘʟʦʚʘʥʠʷ ʩʦʧʦ-

ʣʠʤʝʨʘ [22]. 

ʏʝʨʝʜʫʶʱʠʡʩʷ ʩʦʧʦʣʠʤʝʨ ʤʦʥʦʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ ʩ ʚʠʥʠʣʠʜʝʥʥʦʨʙʦʨʥʝʥʦʤ 

ɺ ʨʘʙʦʪʘʭ [22, 74] ʤʝʪʦʜʘʤʠ ʘʜʠʘʙʘʪʠʯʝʩʢʦʡ ʚʘʢʫʫʤʥʦʡ ʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴ-

ʥʦʡ ʩʢʘʥʠʨʫʶʱʝʡ ʢʘʣʦʨʠʤʝʪʨʠʠ ʠʟʫʯʝʥʘ ʪʝʧʣʦʝʤʢʦʩʪʴ ʉʆɺʅɹ  ʚ ʦʙʣʘʩʪʷʭ  

7-350 ʂ ʠ 320ï420 ʂ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʅʘ ʨʠʩ. 9 ʧʨʝʜʩʪʘʚʣʝʥʳ  ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ  

ʟʥʘʯʝʥʠʷ  ʦ
pC   ʠ  ʫʩʨʝʜʥʷʶʱʘʷ  ʢʨʠʚʘʷ ʦ

pC  = (T)f . ɺ ʦʙʣʘʩʪʠ 6ï310 ʂ ʪʝʤʧʝʨʘʪʫʨ-

ʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʪʝʧʣʦʝʤʢʦʩʪʠ ʦ
pC  = (T)f  ʉʆɺʅɹ ʠʤʝʝʪ ʦʙʳʯʥʳʡ ʚʠʜ ï ʦʥʘ ʧʣʘʚ-

ʥʦ ʚʦʟʨʘʩʪʘʝʪ ʩ ʧʦʚʳʰʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ (ʢʨʠʚʘʷ AB). ʇʨʠ ʊ > 70 ʂ ʠ ʧʨʠʙʣʠʟʠ-

ʪʝʣʴʥʦ ʜʦ 300 ʂ ʦ
pC  ʉʆɺʅɹ ʷʚʣʷʝʪʩʷ ʣʠʥʝʡʥʦʡ ʬʫʥʢʮʠʝʡ ʪʝʤʧʝʨʘʪʫʨʳ. ʇʨʠ  

ʊ > 300 ʂ ʟʘʚʠʩʠʤʦʩʪʴ ʦ
pC  = (T)f  ʦʪʢʣʦʥʷʝʪʩʷ ʦʪ ʣʠʥʝʡʥʦʡ, ʧʨʦʠʩʭʦʜʠʪ ʦʪʥʦʩʠ-

ʪʝʣʴʥʦ ʙʳʩʪʨʦʝ ʝʝ ʫʚʝʣʠʯʝʥʠʝ, ʩʚʷʟʘʥʥʦʝ, ʦʯʝʚʠʜʥʦ, ʩ ʥʘʯʠʥʘʶʱʠʤʩʷ ʨʘʩʩʪʝʢʣʦ-

ʚʘʥʠʝʤ ʦʙʨʘʟʮʘ. ʆʜʥʘʢʦ ʦʥʦ ʥʝ ʟʘʚʝʨʰʘʝʪʩʷ, ʪʝʧʣʦʝʤʢʦʩʪʴ, ʜʦʩʪʠʛʥʫʚ ʤʘʢʩʠʤʘʣʴ-
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ʥʦʛʦ ʟʥʘʯʝʥʠʷ ʦ
pC  = 181.3 ɼʞ/(ʂĿʤʦʣʴ) ʧʨʠ 357.7 ʂ, ʨʝʟʢʦ ʫʤʝʥʴʰʘʝʪʩʷ ʠʟ-ʟʘ ʵʢʟʦ-

ʪʝʨʤʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ, ʧʨʦʪʝʢʘʶʱʝʛʦ ʚ ʠʥʪʝʨʚʘʣʝ 360ï420 ʂ (ʢʨʠʚʘʷ CDF). ʇʦ-

ʜʦʙʥʦʝ ʷʚʣʝʥʠʝ ʦʪʥʝʩʝʥʦ ʘʚʪʦʨʦʤ [22] ʢ ʩʰʠʚʢʝ ʦʩʪʘʚʰʠʭʩʷ ʩʚʷʟʝʡ ïʉ=ʉï. ɼʘʣʴ-

ʥʝʡʰʝʝ ʥʘʛʨʝʚʘʥʠʝ (ʚʳʰʝ ʦ
decomp

 T = 450 ʂ) ʦʙʨʘʟʮʘ ʉʆɺʅɹ ʧʨʠʚʦʜʠʣʦ ʢ ʝʛʦ ʪʝʨ-

ʤʠʯʝʩʢʦʡ ʜʝʩʪʨʫʢʮʠʠ, ʧʨʦʪʝʢʘʥʠʝ ʢʦʪʦʨʦʡ ʧʦʜʪʚʝʨʞʜʘʣʦʩʴ ʫʤʝʥʴʰʝʥʠʝʤ ʤʘʩʩʳ 

ʦʙʨʘʟʮʘ.  

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩ. 9. ʊʝʧʣʦʝʤʢʦʩʪʴ ʉʆɺʅɹ: AB ï ʩʪʝʢʣʦʦʙʨʘʟʥʦʝ ʩʦʩʪʦʷʥʠʝ; BC ï ʪʝʧʣʦʝʤʢʦʩʪʴ ʚ ʦʙʣʘʩʪʠ 

ʥʘʯʘʣʘ ʨʘʩʩʪʝʢʣʦʚʘʥʠʷ ʘʤʦʨʬʥʦʡ ʯʘʩʪʠ ʩʦʧʦʣʠʤʝʨʘ; CDF ï ʢʘʞʫʱʘʷʩʷ ʪʝʧʣʦʝʤʢʦʩʪʴ ʚ 

ʠʥʪʝʨʚʘʣʝ, ʛʜʝ ʧʨʦʠʩʭʦʜʠʪ ʩʰʠʚʢʘ ʤʘʢʨʦʤʦʣʝʢʫʣ ʧʦ ʩʚʷʟʷʤ -C=C- [22] 

ʇʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʜʘʥʥʳʤ ʦ ʪʝʧʣʦʝʤʢʦʩʪʠ ʉʆɺʅɹ ʘʚʪʦʨʦʤ 

ʨʘʙʦʪʳ [22] ʙʳʣʦ ʦʮʝʥʝʥʦ ʟʥʘʯʝʥʠʝ ʝʛʦ ʬʨʘʢʪʘʣʴʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ D ʪʘʢʠʤ ʞʝ 

ʩʧʦʩʦʙʦʤ, ʢʘʢ ʠ ʜʣʷ ʉʆʅɹ. ɼʣʷ ʠʥʪʝʨʚʘʣʘ 20ï50 ʂ ʥʘʡʜʝʥʳ D = 1.45 ʠ  

qmax = 225.9 ʂ. ɼʨʦʙʥʦʝ ʯʠʩʣʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ D ʧʦʟʚʦʣʠʣʦ ʩʜʝʣʘʪʴ ʚʳ-

ʚʦʜ ʦ  ʩʣʦʠʩʪʦ-ʮʝʧʥʦʡ ʩʪʨʫʢʪʫʨʝ ʩʦʧʦʣʠʤʝʨʘ.  

ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʣʫʯʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʪʝʧʣʦʝʤʢʦʩʪʠ 

ʦ
pC  = (T)f  ʉʆɺʅɹ ʚ ʨʘʙʦʪʝ [22] ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ 

ʜʣʷ ʦʙʣʘʩʪʠ 0-350 ʂ (ʪʘʙʣ. 20). ɺ ʦʙʣʘʩʪʠ ʦʪ ʊ  0 ʂ ʜʦ ʥʘʯʘʣʘ ʠʟʤʝʨʝʥʠʡ ʵʢʩʧʝ-

ʦ
pC , ɼʞ/(ʂ ʤʦʣʴ)Ö
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ʨʠʤʝʥʪʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʦpC  ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʵʢʩʪʨʘʧʦʣʷʮʠʝʡ ʧʦ ʬʫʥʢʮʠʠ ʪʝʧʣʦʝʤ-

ʢʦʩʪʠ ɼʝʙʘʷ. ʇʦʜʦʙʨʘʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʫʨʘʚʥʝʥʠʷ (1) ʜʣʷ ʉʆɺʅɹ: n = 3, qD = 

= 74.08 ʂ.  

ʊʘʙʣʠʮʘ 20 

ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ ʯʘʩʪʠʯʥʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʉʆɺʅɹ  

ʚ ʨʘʩʯʝʪʝ ʥʘ ʤʦʣʴ ʧʦʚʪʦʨʷʶʱʝʛʦʩʷ ʤʦʥʦʤʝʨʥʦʛʦ ʟʚʝʥʘ ʩʦʧʦʣʠʤʝʨʘ;  

ʄʟʚʝʥʘ = 146.20 ʛ/ʤʦʣʴ, ʨʦ = 0.1 ʄʇʘ 

ʊ, ʂ 
p
ʦC (ʊ), 

ɼʞ/(ʂÖʤʦʣʴ) 

ʦ ʦH ( ) H (0),T -  

ʢɼʞ/ʤʦʣʴ 

0 0S ( ) S (0)T - , 

ɼʞ/(ʂÖʤʦʣʴ) 

-[ ʦ ʦG ( ) H (0)T - ], 

ʢɼʞ/ʤʦʣʴ 

    5          0.444       0.0006            0.1483        0.0002 

  10          3.018       0.0083          1.124        0.0029 

  15          8.185       0.0362          3.307        0.0134 

  20      12.49       0.0879          6.256        0.0372 

  25      16.91       0.1613          9.518        0.0766 

  30     21.46       0.2572      13.01        0.1329 

  40     29.71       0.5143      20.34        0.2995 

  50     36.57       0.8466      27.73        0.5399 

  60     43.28     1.245      34.98        0.8536 

  80     56.27     2.243     49.24     1.696 

100     67.17     3.480     63.00     2.820 

150     93.64     7.514     95.36     6.789 

200 121.8 12.88 126.1 12.33 

250 156.1 19.84 157.0 19.40 

     298.15 195.6 28.26 187.7 27.69 

300 197.4 28.62 188.9 28.04 

350 247.8 39.74 223.1 38.33 
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1.2.5. ʏʝʨʝʜʫʶʱʠʝʩʷ ʩʦʧʦʣʠʤʝʨʳ ʤʦʥʦʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ ʩ ʜʨʫʛʠʤʠ ʤʦʥʦ-

ʤʝʨʘʤʠ 

ʉʦʧʦʣʠʤʝʨʳ çʤʦʥʦʦʢʩʠʜ ʫʛʣʝʨʦʜʘïʚʳʩʰʠʝ a-ʦʣʝʬʠʥʳè 

ɼʦʣʛʦʝ ʚʨʝʤʷ ʥʝ ʫʜʘʚʘʣʦʩʴ ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʜʚʦʡʥʳʝ ʩʦʧʦʣʠʤʝʨʳ ʤʦʥʦʦʢʩʠʜʘ 

ʫʛʣʝʨʦʜʘ ʩ ʚʳʩʰʠʤʠ ʦʣʝʬʠʥʘʤʠ (ʙʫʪʝʥʦʤ-1, ʧʝʥʪʝʥʦʤ-1, ʛʝʢʩʝʥʦʤ-1 ʠ ʪ.ʜ.), ʜʣʷ 

ʙʦʣʴʰʠʥʩʪʚʘ ʵʪʠʭ ʩʠʩʪʝʤ ʙʳʣʠ ʜʦʩʪʠʞʠʤʳ ʣʠʰʴ ʩʦʧʦʣʠʤʝʨʳ ʩ ʥʠʟʢʦʡ ʤʦʣʝʢʫ-

ʣʷʨʥʦʡ ʤʘʩʩʦʡ (ʧʦʨʷʜʢʘ 104 ʛ/ʤʦʣʴ) [81ï83]. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʥʠʟʢʦʡ ʢʦʦʨʜʠʥʘʮʠ-

ʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʪʘʢʠʭ a-ʦʣʝʬʠʥʦʚ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʵʪʠʣʝʥʦʤ, ʘ ʪʘʢʞʝ ʩʧʦʩʦʙ-

ʥʦʩʪʴʶ ʠʭ ʢ ʠʟʦʤʝʨʠʟʘʮʠʠ ʜʦ ʦʣʝʬʠʥʦʚ ʩʦ ʚʥʫʪʨʝʥʥʝʡ ʜʚʦʡʥʦʡ ʩʚʷʟʴʶ ʚ ʫʩʣʦʚʠʷʭ 

ʩʦʧʦʣʠʤʝʨʠʟʘʮʠʠ [84, 85]. ʃʠʰʴ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʜʘʚʥʦ, ʙʣʘʛʦʜʘʨʷ ʠʩʩʣʝʜʦʚʘʥʠʷʤ 

ʚ ʦʙʣʘʩʪʠ ʩʠʥʪʝʟʘ ʥʦʚʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ [86] ʠ ʧʦʜʙʦʨʘ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʩʦ-

ʧʦʣʠʤʝʨʠʟʘʮʠʠ [87], ʫʜʘʣʦʩʴ ʧʦʣʫʯʠʪʴ ʩʦʧʦʣʠʤʝʨʳ ʤʦʥʦʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ ʠ ʚʳʩ-

ʰʠʭ a-ʦʣʝʬʠʥʦʚ ʩ ʚʳʩʦʢʦʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʦʡ. 

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʚ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʩʚʝʜʝʥʠʷ ʦ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ 

ʵʪʠʭ ʩʦʧʦʣʠʤʝʨʦʚ ʚ ʣʠʪʝʨʘʪʫʨʝ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʚʩʪʨʝʯʘʶʪʩʷ. ɸʚʪʦʨʘʤʠ ʨʘʙʦʪʳ 

[87] ʤʝʪʦʜʦʤ DSC ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʜʚʦʡʥʳʝ ʩʦʧʦʣʠʤʝʨʳ ʤʦʥʦʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ 

ʠ ʧʨʦʧʠʣʝʥʘ, ʙʫʪʝʥʘ-1, ʧʝʥʪʝʥʘ-1, ʦʢʪʝʥʘ-1, ʘ ʪʘʢʞʝ ʜʝʮʝʥʘ-1. ʉʨʘʚʥʝʥʠʝ ʧʦʣʫ-

ʯʝʥʥʳʭ ʘʚʪʦʨʘʤʠ ʨʝʟʫʣʴʪʘʪʦʚ ʩ ʦʧʫʙʣʠʢʦʚʘʥʥʳʤʠ ʨʘʥʝʝ ʚ ʨʘʙʦʪʝ [86] ʧʦʢʘʟʘʣʦ, 

ʯʪʦ ʢʘʢ ʪʦʣʴʢʦ ʯʠʩʣʦ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ ʚ ʦʣʝʬʠʥʝ ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʴʰʝ ʧʷʪʠ, ʩʦʧʦ-

ʣʠʤʝʨ çʤʦʥʦʦʢʩʠʜ ʫʛʣʝʨʦʜʘïa-ʦʣʝʬʠʥè ʷʚʣʷʝʪʩʷ ʘʤʦʨʬʥʳʤ ʠ ʠʤʝʝʪ ʭʦʨʦʰʦ ʨʘʟ-

ʣʠʯʠʤʦʝ ʩʪʝʢʣʦʚʘʥʠʝ; ʚ ʩʦʧʦʣʠʤʝʨʘʭ, ʠʟʫʯʝʥʥʳʭ ʨʘʥʝʝ [86], ʧʨʦʮʝʩʩ ʩʪʝʢʣʦʚʘʥʠʷ 

ʥʝ ʥʘʙʣʶʜʘʣʩʷ ʚʦʦʙʱʝ, ʦʜʥʘʢʦ ʠʤʝʣʩʷ ʯʝʪʢʠʡ ʧʠʢ ʧʣʘʚʣʝʥʠʷ. ʉʨʘʚʥʠʚʘʷ ʵʪʫ ʧʦ-

ʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʩʦʧʦʣʠʤʝʨʦʚ, ʘʚʪʦʨʳ [87] ʧʨʠʭʦʜʷʪ ʢ ʚʳʚʦʜʫ ʦ ʪʦʤ, ʯʪʦ ʪʝʤʧʝ-

ʨʘʪʫʨʘ ʩʪʝʢʣʦʚʘʥʠʷ ʟʘʚʠʩʠʪ ʦʪ ʜʣʠʥʳ ʙʦʢʦʚʳʭ ʮʝʧʝʡ. ʇʘʜʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʩʪʝʢ-

ʣʦʚʘʥʠʷ ʩ ʨʦʩʪʦʤ ʜʣʠʥʳ ʙʦʢʦʚʳʭ ʮʝʧʝʡ ʩ 2 ʜʦ 8 ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ ʠʤʝʝʪ ʣʠʥʝʡʥʳʡ 

ʭʘʨʘʢʪʝʨ. ʇʦʷʚʣʝʥʠʝ ʢʘʞʜʦʛʦ ʥʦʚʦʛʦ ʘʪʦʤʘ ʫʛʣʝʨʦʜʘ ʚ ʮʝʧʠ ʫʤʝʥʴʰʘʝʪ 0
gȹT ʧʨʠ-

ʤʝʨʥʦ ʥʘ 11 ʂ.  

DSC-ʢʨʠʚʳʝ ʜʣʷ ʩʦʧʦʣʠʤʝʨʦʚ ʉʆɹ ʠ ʉʆʇ [87] ʠʤʝʶʪ ʧʦʭʦʞʠʡ ʚʠʜ: ʢʨʦʤʝ 

ʩʪʝʢʣʦʚʘʥʠʷ ʧʨʠ 298 ʂ ʦʙʘ ʩʦʧʦʣʠʤʝʨʘ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʜʚʦʡʥʦʡ ʧʠʢ ʧʣʘʚʣʝʥʠʷ: 
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ʦʜʠʥ ʧʨʠ 323 ʂ, ʚʪʦʨʦʡ ï ʧʨʠ 373 ʂ. ʇʦʜʦʙʥʦʝ ʩʭʦʜʩʪʚʦ ʪʝʤʧʝʨʘʪʫʨ ʩʪʝʢʣʦʚʘʥʠʷ 

ʠ ʧʣʘʚʣʝʥʠʷ ʦʙʲʷʩʥʝʥʦ ʘʚʪʦʨʘʤʠ ʦʜʠʥʘʢʦʚʳʤ ʤʝʭʘʥʠʟʤʦʤ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʉʆʇ 

ʠ ʉʆɹ.  ʆʮʝʥʝʥʥʳʝ ʵʥʪʘʣʴʧʠʠ ʧʣʘʚʣʝʥʠʷ ʉʆʇ ʠ ʉʆɹ ʩʦʩʪʘʚʠʣʠ ʦʢʦʣʦ 5 ʠ 7 

ɼʞ/ʛ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɼʣʷ ʩʦʧʦʣʠʤʝʨʘ çʤʦʥʦʦʢʩʠʜ ʫʛʣʝʨʦʜʘïʧʝʥʪʝʥ-1è (ʉʆʇʥ) 

ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ ʣʝʞʠʪ ʨʷʜʦʤ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʩʪʝʢʣʦʚʘʥʠʷ. ʇʦʜʪʚʝʨʜʠʪʴ 

ʝʛʦ ʯʘʩʪʠʯʥʫʶ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʴ ʘʚʪʦʨʘʤ [87] ʥʝ ʫʜʘʣʦʩʴ. 

ʉʦʧʦʣʠʤʝʨ ʤʦʥʦʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ ʩ ʵʥʜʦ-ʜʠʮʠʢʣʦʧʝʥʪʘʜʠʝʥʦʤ 

ɸʚʪʦʨʘʤʠ ʨʘʙʦʪʳ [88] ʧʨʠ ʧʦʤʦʱʠ ʤʝʪʦʜʦʚ ɸɺʂ ʠ DSC ʙʳʣ ʠʩʩʣʝʜʦʚʘʥ ʦʙ-

ʨʘʟʝʮ ʯʝʨʝʜʫʶʱʝʛʦʩʷ ʩʦʧʦʣʠʤʝʨʘ ʤʦʥʦʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ ʩ ʵʥʜʦ-

ʜʠʮʠʢʣʦʧʝʥʪʘʜʠʝʥʦʤ (ʉʆɼ) ʚ ʦʙʣʘʩʪʠ 6ï550 ʂ. ʆʙʩʫʞʜʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ 

ʧʨʠʚʝʜʝʥʦ ʚ [22]. ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʪʝʧʣʦʝʤʢʦʩʪʠ 
0

pC  = (T)f  ʉʆɼ  

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 10, ʚ ʧʨʦʮʝʩʩʝ ʥʘʛʨʝʚʘʥʠʷ ʦʪ 6 ʜʦ 290 ʂ ʦʥʘ ʧʣʘʚʥʦ ʚʦʟʨʘʩʪʘ-

ʝʪ ʙʝʟ ʢʘʢʠʭ-ʣʠʙʦ ʘʥʦʤʘʣʠʡ.  

 

ʈʠʩ. 10. ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʪʝʧʣʦʝʤʢʦʩʪʠ ʯʝʨʝʜʫʶʱʝʛʦʩʷ ʩʦʧʦʣʠʤʝʨʘ  

ʵʥʜʦ-ʜʠʮʠʢʣʦʧʝʥʪʘʜʠʝʥʘ ʠ ʤʦʥʦʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ: AB ï ʩʪʝʢʣʦʦʙʨʘʟʥʦʝ ʩʦʩʪʦʷ-

ʥʠʝ; BC ï ʪʝʧʣʦʝʤʢʦʩʪʴ ʚ ʦʙʣʘʩʪʠ ʨʘʩʩʪʝʢʣʦʚʘʥʠʷ; CDEF ï ʢʘʞʫʱʘʷʩʷ ʪʝʧʣʦʝʤ-

ʢʦʩʪʴ ʚ ʠʥʪʝʨʚʘʣʝ, ʛʜʝ ʧʨʦʠʩʭʦʜʠʪ ʩʰʠʚʢʘ ʤʘʢʨʦʤʦʣʝʢʫʣ ʧʦ ʩʚʷʟʷʤ -C=C- , FG ï 

ʢʘʞʫʱʘʷʩʷ ʪʝʧʣʦʝʤʢʦʩʪʴ ʚ ʦʙʣʘʩʪʠ ʪʝʨʤʠʯʝʩʢʦʡ ʜʝʩʪʨʫʢʮʠʠ ʩʦʧʦʣʠʤʝʨʘ 
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ʅʘʯʠʥʘʷ ʩ ʪʝʤʧʝʨʘʪʫʨʳ ʊ = 290 ʂ ʥʘ ʢʨʠʚʦʡ  0

pC  = (T)f  ʠʤʝʝʪ ʤʝʩʪʦ ʘʥʦ-

ʤʘʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʪʝʧʣʦʝʤʢʦʩʪʠ, ʯʪʦ ʘʚʪʦʨʳ [88] ʦʙʲʷʩʥʷʶʪ ʥʘʯʠʥʘʶʱʠʤʩʷ 

ʧʨʦʮʝʩʩʦʤ ʨʘʩʩʪʝʢʣʦʚʘʥʠʷ ʉʆɼ, ʢʦʪʦʨʦʝ, ʦʜʥʘʢʦ, ʥʝ ʟʘʚʝʨʰʘʝʪʩʷ: ʚ ʠʥʪʝʨʚʘʣʝ 

361ï500 ʂ ʥʘʙʣʶʜʘʝʪʩʷ ʵʢʟʦʪʝʨʤʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ (ʨʠʩ. 10, ʢʨʠʚʘʷ CDEF) [22]. ɸʚ-

ʪʦʨʳ [88] ʧʨʝʜʧʦʣʘʛʘʶʪ, ʯʪʦ ʧʨʠʨʦʜʘ ʫʢʘʟʘʥʥʦʛʦ ʵʢʟʦʵʬʬʝʢʪʘ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʘ 

ʩʦ ʩʰʠʚʢʦʡ ʤʘʢʨʦʤʦʣʝʢʫʣ ʩʦʧʦʣʠʤʝʨʘ ʧʦ -ʉ=ʉ- ʩʚʷʟʷʤ. ɸʥʘʣʦʛʠʯʥʳʝ ʜʘʥʥʳʝ ʙʳ-

ʣʠ ʧʦʣʫʯʝʥʳ ʨʘʥʝʝ ʜʣʷ ʤʝʪʘʪʝʟʠʩʥʳʭ ʵʥʜʦ- ʠ ɻʢʟʦ-ʧʦʣʠʜʠʮʠʢʣʦʧʝʥʪʘʜʠʝʥʦʚ ʚ ʨʘ-

ʙʦʪʝ [89]. ɿʥʘʯʝʥʠʝ ʵʥʪʘʣʴʧʠʠ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 24 ʢɼʞ/ʤʦʣʴ, ʵʪʦ 

ʧʨʠʤʝʨʥʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʵʥʝʨʛʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʩʰʠʚʦʢ ʟʘ ʩʯʝʪ ʨʘʩʢʨʳʪʠʷ ~25 ʤʦʣ.% 

ʩʚʷʟʝʡ -ʉ=ʉ- ʚ ʨʘʩʯʝʪʝ ʥʘ ʤʦʣʴ ʧʦʚʪʦʨʷʶʱʠʭʩʷ ʤʦʥʦʤʝʨʥʳʭ ʟʚʝʥʴʝʚ. ɺʳʰʝ ʪʝʤ-

ʧʝʨʘʪʫʨʳ 500 ʂ ʥʘʯʠʥʘʣʦʩʴ ʪʝʨʤʠʯʝʩʢʦʝ ʨʘʟʣʦʞʝʥʠʝ ʦʙʨʘʟʮʘ ʉʆɼ [22]. 

ʀʩʭʦʜʷ ʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʦ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʪʝʧʣʦʝʤʢʦʩʪʠ 

ʉʆɼ, ʘʚʪʦʨʘʤʠ [88] ʙʳʣʦ ʦʮʝʥʝʥʦ ʟʥʘʯʝʥʠʝ ʤʫʣʴʪʠʬʨʘʢʪʘʣʴʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ D. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʜʣʷ ʠʥʪʝʨʚʘʣʘ 20 ï 50 ʂ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʥʘʯʝʥʠʷ: D = 1.45 

ʠ qmax = 225.9 ʂ. ɺʳʙʦʨ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʜʣʷ ʦʮʝʥʢʠ ʦʙʫʩʣʦʚʣʝʥ ʘʚʪʦ-

ʨʘʤʠ ʪʝʤ, ʯʪʦ ʧʨʠ T < 50ï60 ʂ ʚʳʧʦʣʥʷʝʪʩʷ ʨʘʚʝʥʩʪʚʦ ʦ ʦ
p vC   Cº . ɺ ʨʘʙʦʪʝ  [90] 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʣʫʯʝʥʥʦʝ ʜʨʦʙʥʦʝ ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ D ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʩʤʝ-

ʰʘʥʦʡ ʩʣʦʠʩʪʦ-ʮʝʧʦʯʝʯʥʦʡ ʩʪʨʫʢʪʫʨʝ ʉʆɼ [22]. 

ʇʦ ʧʦʣʫʯʝʥʥʳʤ ʜʘʥʥʳʤ ʦ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʪʝʧʣʦʝʤʢʦʩʪʠ ʉʆɼ, 

ʘʚʪʦʨʘʤʠ [88] 
ʦ

pC  = (T)f  ʨʘʩʩʯʠʪʘʥʳ ʩʪʘʥʜʘʨʪʥʳʝ    ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ   ʬʫʥʢʮʠʠ 

ʘʤʦʨʬʥʦʛʦ ʉʆɼ (ʪʘʙʣ. 21) ʚ ʠʟʫʯʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʦʙʣʘʩʪʠ. ɼʣʷ ʠʭ ʨʘʩʯʝʪʘ 

ʘʚʪʦʨʳ ʵʢʩʪʨʘʧʦʣʠʨʦʚʘʣʠ 
ʦ

pC  = (T)f  ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʯʘʣʘ ʠʟʤʝʨʝʥʠʡ ʢ 0 ʂ ʧʦ 

ʫʨʘʚʥʝʥʠʶ (1) ʩ ʧʘʨʘʤʝʪʨʘʤʠ n = 1 ʠ qD = 52.40. ʇʨʠ ʨʘʩʯʝʪʘʭ ʫʯʠʪʳʚʘʣʠ ʟʥʘʯʝʥʠʝ 

ʥʫʣʝʚʦʡ ʵʥʪʨʦʧʠʠ ʉʆɼ )0(So  = 18 ɼʞ/(ʂÖʤʦʣʴ). 

  ʇʦ ʧʦʣʫʯʝʥʥʦʤʫ ʟʥʘʯʝʥʠ ʁʵʥʪʨʦʧʠʠ ʉʆɼ, ʘ ʪʘʢʞʝ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ 

ʦʙ ʘʙʩʦʣʶʪʥʳʭ ʵʥʪʨʦʧʠʷʭ ʫʛʣʝʨʦʜʘ ʚ ʬʦʨʤʝ ʛʨʘʬʠʪʘ ʠ ʛʘʟʦʦʙʨʘʟʥʳʭ ʚʦʜʦʨʦʜʘ ʠ 

ʢʠʩʣʦʨʦʜʘ ʘʚʪʦʨʘʤʠ [88] ʙʳʣʘ ʨʘʩʩʯʠʪʘʥʘ ʵʥʪʨʦʧʠ ̫ʦʙʨʘʟʦʚʘʥʠʷ ʉʆɼ ʧʨʠ ʪʝʤʧʝ-

ʨʘʪʫʨʝ 298.15 ʂ: ʦ
f

ȹS = ī750.7 ɼʞ/(ʂĿʤʦʣʴ).  
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ʊʘʙʣʠʮʘ 21  

ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ ʉʆɼ ʚ ʩʪʝʢʣʦʦʙʨʘʟʥʦʤ ʩʦʩʪʦʷʥʠʠ ʚ ʨʘʩʯʝʪʝ  

ʥʘ ʤʦʣʴ ʧʦʚʪʦʨʷʶʱʝʛʦʩʷ ʤʦʥʦʤʝʨʥʦʛʦ ʟʚʝʥʘ ʩʦʧʦʣʠʤʝʨʘ; 

 ʄʟʚʝʥʘ = 160.22 ʛ/ʤʦʣʴ, ʨʦ = 0.1 ʄʇʘ 

ʊ, ʂ 
p
ʦC (ʊ), 

ɼʞ/(ʂÖʤʦʣʴ) 

ʦ ʦH ( ) H (0),T -  

ʢɼʞ/ʤʦʣʴ 

0 0S ( ) S (0)T - , 

ɼʞ/(ʂÖʤʦʣʴ) 

-[ ʦ ʦG ( ) H (0)T - ], 

ʢɼʞ/ʤʦʣʴ 

5        0.552      0.0010      0.187        0.00022 

10     2.90      0.0088    1.21      0.0034 

15     6.65      0.0323    3.07      0.0137 

20   10.65      0.0756      5.533      0.0351 

25   14.86      0.1393      8.359      0.0696 

30   18.95      0.2239   11.43      0.1191 

40   26.70      0.4533   17.98      0.2659 

50   33.41      0.7543   24.67      0.4791 

100   62.79    3.191   57.27    2.536 

150    90.72    7.012   87.88    6.170 

200 122.1 12.31 118.2 11.32 

250 158.0 19.29 149.2 18.00 

298.15 194.1 27.77 180.1 25.92 

360 240.8 41.23 221.0 38.32 

ʇʦʣʫʯʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʦ
f

ȹS ʧʦʟʚʦʣʠʣʦ ʘʚʪʦʨʘʤ [88] ʨʘʩʩʯʠʪʘʪʴ ʵʥʪʨʦʧʠ ʁʩʦ-

ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʦ
copȹS ,-  ʤʦʥʦʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ ʩ ʵʥʜʦ-ʜʠʮʠʢʣʦʧʝʥʪʘʜʠʝʥʦʤ  ʚ  ʤʘʩ-

ʩʝ  ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ 0 ʜʦ 350 ʂ (ʪʘʙʣ. 22).  
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ʊʘʙʣʠʮʘ 22 

ʕʥʪʨʦʧʠʷ ʩʦʧʦʣʠʤʝʨʠʟʘʮʠʠ ʤʦʥʦʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ ʩ 

ʵʥʜʦ-ʜʠʮʠʢʣʦʧʝʥʪʘʜʠʝʥʦʤ ʚ ʤʘʩʩʝ, ʨʦ = 0.1 ʄʇʘ 

ʊ, ʂ 
ʌʠʟʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ  o

copȹS ,-  

ɼʞ/(ʂÖʤʦʣʴ) ï[C11H12O]ï CO ʉ10ʅ12 

0 crII g gl ï18 

100 crII g gl 159 

200 crII g gl 176 

    298.15 crI g gl 230 

350 l g gl 241 

ʉʦʧʦʣʠʤʝʨʳ ʤʦʥʦʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ ʩ ʥʦʨʙʦʨʥʘʜʠʝʥʦʤ 

ɺ ʨʘʙʦʪʘʭ [22, 91] ʤʝʪʦʜʘʤʠ ʘʜʠʘʙʘʪʠʯʝʩʢʦʡ ʚʘʢʫʫʤʥʦʡ ʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴ-

ʥʦʡ ʩʢʘʥʠʨʫʶʱʝʡ ʢʘʣʦʨʠʤʝʪʨʠʠ ʠʟʫʯʝʥʳ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʯʝ-

ʨʝʜʫʶʱʠʭʩʷ ʩʦʧʦʣʠʤʝʨʦʚ ʉʆ ʩ ʥʦʨʙʦʨʥʘʜʠʝʥʦʤ ʢʝʪʦ-ʵʢʟʦ-ʮʠʩ-ʩʪʨʫʢʪʫʨʳ  

(ʉʆʅ-ʵʢʟʦ) ʠ ʢʝʪʦ-ʵʥʜʦ-ʮʠʩ-ʩʪʨʫʢʪʫʨʳ (ʉʆʅ-ʵʥʜʦ, ʩʭʝʤʘ 3). 

ʉʭʝʤʘ 3 

 

ɺʣʠʷʥʠʝ ʩʪʨʫʢʪʫʨʥʦʡ ʠʟʦʤʝʨʠʠ ʧʦʚʪʦʨʷʶʱʝʛʦʩʷ ʤʦʥʦʤʝʨʥʦʛʦ ʟʚʝʥʘ ʧʦʣʠ-

ʢʝʪʦʥʦʚ ʥʘ ʠʭ ʪʝʧʣʦʝʤʢʦʩʪʴ ʙʳʣʦ ʨʘʩʩʤʦʪʨʝʥʦ ʚ ʨʘʙʦʪʝ [22] ʧʫʪʝʤ ʩʦʧʦʩʪʘʚʣʝʥʠʷ 

ʟʥʘʯʝʥʠʡ ʪʝʧʣʦʝʤʢʦʩʪʠ ʯʘʩʪʠʯʥʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʦʧʦʣʠʤʝʨʦʚ ʉʆʅ-ʵʢʟʦ ʠ 

ʉʆʅ-ʵʥʜʦ, ʠʟʫʯʝʥʥʳʭ ʚ ʦʙʣʘʩʪʠ 7ï550 ʂ ʠ 7ï420 ʂ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʨʠʩ. 11, ʢʨʠ-

ʚʳʝ 1 ʠ 2). 

ʊʝʧʣʦʝʤʢʦʩʪʴ ʉʆʅ-ʵʢʟʦ ʠ ʉʆʅ-ʵʥʜʦ ʚ ʦʙʣʘʩʪʠ ʊ < 80 ʂ ʧʨʘʢʪʠʯʝʩʢʠ ʩʦʚ-

ʧʘʜʘʝʪ ʚ ʧʨʝʜʝʣʘʭ ʧʦʛʨʝʰʥʦʩʪʠ ʠʟʤʝʨʝʥʠʷ 
o

pC  = (T)f  ʚ ʵʪʦʤ ʜʠʘʧʘʟʦʥʝ. ɺ ʦʙʣʘʩʪʠ 

80ï110 ʂ ʟʘʚʠʩʠʤʦʩʪʠ 
o

pC  = (T)f  ʉʆʅ-ʵʢʟʦ ʠ ʉʆʅ-ʵʥʜʦ ʨʘʩʭʦʜʷʪʩʷ, ʠ ʦʪ  

ʊ > 110 ʂ ʚʧʣʦʪʴ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʯʘʣʘ ʬʠʟʠʯʝʩʢʠʭ ʧʨʝʚʨʘʱʝʥʠʡ ʪʝʧʣʦʝʤʢʦʩʪʴ  

ʉʆʅ-ʵʥʜʦ ʣʝʞʠʪ ʚʳʰʝ ʪʝʧʣʦʝʤʢʦʩʪʠ ʉʆʅ-ʵʢʟʦ ʚ ʩʨʝʜʥʝʤ ʥʘ 8% [22].  
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ʈʠʩ. 11. ʊʝʧʣʦʝʤʢʦʩʪʴ ʯʘʩʪʠʯʥʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʉʆʅ-ʵʢʟʦ (ʢʨʠʚʘʷ 1) ʠ ʉʆʅ-ʵʥʜʦ  

(ʢʨʠʚʘʷ 2). ɸʤʦʨʬʥʘʷ ʯʘʩʪʴ ʦʙʨʘʟʮʦʚ ʚ ʩʪʝʢʣʦʦʙʨʘʟʥʦʤ ʠ ʚʳʩʦʢʦʵʣʘʩʪʠʯʝʩʢʦʤ ʩʦʩʪʦ-

ʷʥʠʷʭ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [22] 

ʅʘʙʣʶʜʘʝʤʳʝ ʨʘʟʣʠʯʠʷ ʦʙʫʩʣʦʚʣʝʥʳ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʨʘʟʣʠʯʥʳʤʠ ʚʢʣʘʜʘʤʠ 

ʯʠʩʣʘ ʚʨʘʱʘʪʝʣʴʥʳʭ ʠ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ ʚ ʪʝʧʣʦʝʤʢʦʩʪʴ ʩʦʧʦʣʠ-

ʤʝʨʦʚ. C ʮʝʣʴʶ ʧʨʦʚʝʨʢʠ ʵʪʦʛʦ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʘʚʪʦʨ [22] ʩʦʧʦʩʪʘʚʠʣ ʟʥʘʯʝʥʠʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʭ ʠʭ ʪʝʤʧʝʨʘʪʫʨ ɼʝʙʘʷ ɗD, ʢʦʪʦʨʳʝ ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʮʝʥʠʪʴ 

ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʞʝʩʪʢʦʩʪʴ ʩʦʧʦʣʠʤʝʨʦʚ. ʇʨʠ ʊ < 20 ʂ ʜʣʷ ʠʟʫʯʝʥʥʳʭ ʨʝʛʫʣʷʨʥʦ 

ʯʝʨʝʜʫʶʱʠʭʩʷ ʩʦʧʦʣʠʤʝʨʦʚ ʉʆ ʩ ʥʦʨʙʦʨʥʘʜʠʝʥʦʤ 
ʦ
pC  ʩ ʜʦʧʫʩʪʠʤʦʡ ʧʦʛʨʝʰʥʦ-

ʩʪʴʶ (d ~ 1.2%) ʦʧʠʩʳʚʘʣʘʩʴ ʬʫʥʢʮʠʝʡ ʪʝʧʣʦʝʤʢʦʩʪʠ ʪʚʝʨʜʳʭ ʪʝʣ ɼʝʙʘʷ,  ʯʪʦ ʜʘʣʦ 

ʚʦʟʤʦʞʥʦʩʪʴ ʦʮʝʥʠʪʴ qD ʜʣʷ ʢʘʞʜʦʛʦ ʦʙʨʘʟʮʘ. ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ qD ʦʪʥʦʩʷʪʩʷ 

ʢ ʦʜʥʦʤʫ ʠ ʪʦʤʫ ʞʝ ʯʠʩʣʫ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ n = 2. ʇʦʣʫʯʝʥʦ:  qD (ʉʆʅ-ʵʢʟʦ) = 

79.4 ʂ, qD (ʉʆʅ-ʵʥʜʦ) = 74.9 ʂ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʉʆʅ-ʵʢʟʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʙʦʣʴ-

ʰʝʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʉʆʅ-ʵʥʜʦ ʞʝʩʪʢʦʩʪʴʶ ʫʧʘʢʦʚʢʠ ʤʘʢʨʦʤʦʣʝʢʫʣ, ʦ ʯʝʤ ʩʚʠʜʝ-

ʪʝʣʴʩʪʚʫʝʪ ʟʥʘʯʝʥʠʝ qD ʠ ʙʦʣʝʝ ʥʠʟʢʠʝ ʟʥʘʯʝʥʠʷ 
ʦ

pC (ʊ) ʧʨʠ ʊ < 80 ʂ [22].  

ʉʨʘʚʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨ ʩʪʝʢʣʦʚʘʥʠʷ ʠʟʦʤʝʨʥʳʭ ʉʆʅ-ʵʢʟʦ ʠ ʉʆʅ-ʵʥʜʦ ʧʦʢʘ-

ʟʘʣʦ [22], ʯʪʦ  
ʦ
gT  ʠ D

ʦ
pC (

ʦ
gT ) ʉʆʅ-ʵʢʟʦ ʙʦʣʴʰʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʟʥʘʯʝʥʠʡ ʜʣʷ 
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ʉʆʅ-ʵʥʜʦ ʥʘ 10 ʂ ʠ 12 ɼʞ/(ʂÖʤʦʣʴ) ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʭʦʪʷ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʠʥʪʝʨ-

ʚʘʣʳ ʨʘʩʩʪʝʢʣʦʚʘʥʠʷ ʙʣʠʟʢʠ. 

ʇʨʠ ʩʨʘʚʥʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨ ʧʣʘʚʣʝʥʠʷ ʠʟʦʤʝʨʥʳʭ ʉʆʅ-ʵʢʟʦ ʠ ʉʆʅ-ʵʥʜʦ ʙʳ-

ʣʦ ʫʩʪʘʥʦʚʣʝʥʦ [22], ʯʪʦ ʟʥʘʯʝʥʠʷ ʦ
fusT  ʦʪʣʠʯʘʶʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʘ 40 ʂ, ʦʜʥʘʢʦ ʚ 

ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʦʮʝʥʢʘ ʦ
fusT  ʥʦʩʠʣʘ ʥʝʩʢʦʣʴʢʦ ʧʨʠʙʣʠʟʠʪʝʣʴʥʳʡ ʭʘʨʘʢʪʝʨ. ʅʠʟʢʦʝ 

ʟʥʘʯʝʥʠʝ ʦ
fusT  ʜʣʷ ʉʆʅ-ʵʥʜʦ ʦʙʲʷʩʥʝʥʦ ʘʚʪʦʨʦʤ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʧʨʦʪʝʢʘʥʠʝʤ 

ʧʣʘʚʣʝʥʠ ̫ʩʦʧʦʣʠʤʝʨʘ ʠ ʥʘʯʠʥʘʶʱʝʡʩʷ ʪʝʨʤʠʯʝʩʢʦʡ ʜʝʩʪʨʫʢʮʠʝʡ ʦʙʨʘʟʮʘ. 

ʉʦʧʦʣʠʤʝʨʳ ʉʆʅ-ʵʢʟʦ ʠ ʉʆʅ-ʵʥʜʦ ʠʤʝʶʪ ʨʘʟʣʠʯʥʳʝ ʟʥʘʯʝʥʠʝ ʩʪʘʥʜʘʨʪʥʳʭ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙʨʘʟʦʚʘʥʠʷ [22]: ʦ

fȹH (ʉʆʅ-ʵʢʟʦ) =  

= ï37.9 ʢɼʞ/ʤʦʣʴ, ʦ

fȹH (ʉʆʅ-ʵʥʜʦ) = ï23.9 ʢɼʞ/ʤʦʣʴ; ʦ

fȹS (ʉʆʅ-ʵʢʟʦ) =  

= ï502.5 ɼʞ/(ʂĿʤʦʣʴ), ʦ

fȹS (ʉʆʅ-ʵʥʜʦ) = ï513.0 ɼʞ/(ʂĿʤʦʣʴ). 

ʇʦʢʘʟʘʥʦ [22], ʯʪʦ ʟʥʘʯʝʥʠʷ 
ʦ

copȹH , 
ʦ

cop
ȹS  ʠ 

ʦ

copȹG  ʜʣʷ ʉʆʅ-ʵʢʟʦ ʠ 

ʉʆʅ-ʵʥʜʦ ʧʨʘʢʪʠʯʝʩʢʠ ʩʦʚʧʘʜʘʶʪ ʚ ʧʨʝʜʝʣʘʭ ʧʦʛʨʝʰʥʦʩʪʠ ʠʭ ʦʧʨʝʜʝʣʝʥʠʷ, ʠʟ 

ʯʝʛʦ ʘʚʪʦʨʘʤʠ ʩʜʝʣʘʥ ʚʳʚʦʜ ʦ ʥʝʟʥʘʯʠʪʝʣʴʥʦʤ ʚʣʠʷʥʠʠ ʩʪʨʫʢʪʫʨʥʦʡ ʠʟʦʤʝʨʠʠ 

ʧʦʚʪʦʨʷʶʱʝʛʦʩʷ ʤʦʥʦʤʝʨʥʦʛʦ ʟʚʝʥʘ ʜʘʥʥʳʭ ʩʦʧʦʣʠʤʝʨʦʚ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʭ 

ʩʠʥʪʝʟʘ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʟʥʘʯʝʥʠʝ 
ʦ

copȹG (ʉʆʅ-ʵʥʜʦ) > 
ʦ

copȹG (ʉʆʅ-ʵʢʟʦ), ʪʦ ʝʩʪʴ 

ʨʘʚʥʦʚʝʩʠʝ ʤʝʞʜʫ ʵʥʜʦ- ʠ ɻʢʟʦ-ʠʟʦʤʝʨʘʤʠ ʩʜʚʠʥʫʪʦ ʚ ʩʪʦʨʦʥʫ ʢʝʪʦ-ʵʢʟʦ-ʮʠʩ-

ʩʪʨʫʢʪʫʨʳ. ʕʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʠʤʝʶʱʠʤʩʷ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ, ʫʪʚʝʨʞʜʘʶ-

ʱʠʤ, ʯʪʦ ʧʨʠ ʧʨʦʯʠʭ ʨʘʚʥʳʭ ʫʩʣʦʚʠʷʭ, ʵʥʜʦ-ʬʦʨʤʳ ʙʦʣʴʰʠʥʩʪʚʘ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʤʦʥʦʤʝʨʦʚ ʠ ʧʦʣʠʤʝʨʦʚ, ʟʘ ʨʝʜʢʠʤ ʠʩʢʣʶʯʝʥʠʝʤ, ʷʚʣʷʶʪʩʷ ʤʝʥʝʝ ʫʩʪʦʡʯʠʚʳʤʠ 

[92]. ʇʨʠ ʵʪʦʤ ʟʥʘʯʝʥʠʷ 
ʦ

cop
ȹS  ʜʣʷ ʉʆʅ-ʵʢʟʦ ʠ ʉʆʅ-ʵʥʜʦ ʙʣʠʟʢʠ, ʘ ʥʝʙʦʣʴʰʦʝ ʠʭ 

ʨʘʟʣʠʯʠʝ ʦʙʫʩʣʦʚʣʝʥʦ ʨʘʟʥʠʮʝʡ ʘʙʩʦʣʶʪʥʳʭ ʵʥʪʨʦʧʠʡ ʩʦʧʦʣʠʤʝʨʦʚ 
ʦ

S ( )T . 
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1.3. ʊʝʨʧʦʣʠʤʝʨʳ ʤʦʥʦʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ ʩ ʵʪʠʣʝʥʦʤ ʠ ʨʘʟʣʠʯʥʳʤʠ 

ʤʦʥʦʤʝʨʘʤʠ 

ʄʥʦʛʠʝ ʠʟ ʦʧʠʩʘʥʥʳʭ ʚʳʰʝ ʯʝʨʝʜʫʶʱʠʭʩʷ ʩʦʧʦʣʠʤʝʨʦʚ ʤʦʥʦʦʢʩʠʜʘ ʫʛʣʝ-

ʨʦʜʘ ʠʤʝʶʪ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ. ɺʳʩʦʢʠʝ ʦ
fusT  

ʦʙʫʩʣʦʚʣʠʚʘʶʪ, ʚ ʯʘʩʪʥʦʩʪʠ, ʦʩʥʦʚʥʦʡ ʥʝʜʦʩʪʘʪʦʢ ʩʦʧʦʣʠʤʝʨʦʚ ʉʆʕ ï  ʩʣʦʞ-

ʥʦʩʪʴ ʧʨʦʮʝʩʩʦʚ ʠʭ ʦʙʨʘʙʦʪʢʠ ʠ ʫʪʠʣʠʟʘʮʠʠ. ɺ ʩʣʫʯʘʝ ʩʦʧʦʣʠʤʝʨʦʚ ʉʆʕ ʠʣʠ 

ʉʆɹ ʥʘʣʠʯʠʝ ʙʦʢʦʚʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʩʦʩʝʜʥʝʤ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʢʘʨʙʦʥʠʣʴʥʦʡ 

ʛʨʫʧʧʝ ʧʦʣʦʞʝʥʠʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʦʙʨʘʟʦʚʘʥʠʶ ʤʘʢʨʦʤʦʣʝʢʫʣ, ʠʤʝʶʱʠʭ ʤʝʥʝʝ ʨʝ-

ʛʫʣʷʨʥʦʝ ʩʪʨʦʝʥʠʝ. ʊʘʢʠʝ ʩʦʧʦʣʠʤʝʨʳ ʦʙʣʘʜʘʶʪ ʙʦʣʝʝ ʥʠʟʢʦʡ ʦ
fusT  ʠ ʤʝʥʴʰʝʡ 

ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ ʚ ʦʙʳʯʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ [22].  

ʐʠʨʦʢʦ ʠʟʚʝʩʪʥʳʤ ʤʝʪʦʜʦʤ ʫʣʫʯʰʝʥʠʷ ʧʝʨʝʨʘʙʘʪʳʚʘʝʤʦʩʪʠ ʧʦ-

ʣʠ(ʦʣʝʬʠʥ)ʢʝʪʦʥʦʚ ʷʚʣʷʝʪʩʷ ʚʢʣʶʯʝʥʠʝ ʚ ʧʦʣʠʤʝʨʥʫʶ ʮʝʧʴ ʪʨʝʪʴʝʛʦ ʩʦʤʦʥʦʤʝʨʘ 

[39]. ʅʘʧʨʠʤʝʨ, ʚʚʝʜʝʥʠʝ 5ï10 ʤʦʣ.% ʧʨʦʧʠʣʝʥʦʚʳʭ ʟʚʝʥʴʝʚ ʚ ʦʩʥʦʚʥʫʶ ʮʝʧʴ 

ʧʨʠʚʦʜʠʪ ʢ ʟʘʤʝʪʥʦʤʫ ʧʦʥʠʞʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʵʥʪʘʣʴʧʠʠ ʧʣʘʚʣʝʥʠʷ, ʫʤʝʥʴ-

ʰʝʥʠʶ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ ʠ ʧʦʚʳʰʝʥʠʶ ʵʣʘʩʪʠʯʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ [9, 36]. ɺʤʝʩʪʝ ʩ 

ʪʝʤ, ʢ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʭʦʨʦʰʦ ʠʟʫʯʝʥʳ ʣʠʰʴ ʥʝʢʦʪʦʨʳʝ ʩʚʦʡʩʪʚʘ ʪʨʦʡʥʳʭ 

ʨʝʛʫʣʷʨʥʦ ʯʝʨʝʜʫʶʱʠʭʩʷ ʪʝʨʧʦʣʠʤʝʨʦʚ çʤʦʥʦʦʢʩʠʜ ʫʛʣʝʨʦʜʘïɻ ʪʠʣʝʥïʧʨʦʧʠʣʝʥè 

(ʉʆʕʇ) ʠ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝ. ʌʠʨʤʘ Shell Chemicals Co ʚʳʧʫʩʢʘʣʘ, ʥʘʧʨʠ-

ʤʝʨ, ʪʘʢʠʝ ʪʝʨʧʦʣʠʤʝʨʳ ʧʦʜ ʪʦʨʛʦʚʳʤ ʥʘʟʚʘʥʠʝʤ Carilon [22]. 

ɸʚʪʦʨʘʤʠ ʨʘʙʦʪʳ [93] ʤʝʪʦʜʘʤʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʩʢʘʥʠʨʫʶʱʝʡ ʢʘʣʦʨʠ-

ʤʝʪʨʠʠ, ʘ ʪʘʢʞʝ ʨʝʥʪʛʝʥʦʛʨʘʬʠʠ ʠ ʈʘʤʘʥʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʙʳʣ ʠʟʫʯʝʥ ʨʷʜ 

ʦʙʨʘʟʮʦʚ ʪʝʨʧʦʣʠʤʝʨʦʚ çʤʦʥʦʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘïɻ ʪʠʣʝʥʘïŬ-ʦʣʝʬʠʥè ʩ ʥʝʟʥʘʯʠ-

ʪʝʣʴʥʦʡ (ʜʦ 5%) ʤʦʣʴʥʦʡ ʜʦʣʝʡ ʪʨʝʪʴʝʛʦ ʤʦʥʦʤʝʨʘ (ʧʨʦʧʠʣʝʥʘ (ʉʆʕʇ), ʙʫʪʝʥʘ-1 

(ʉʆʕɹ) ʠ ʛʝʢʩʝʥʘ-1 (ʉʆʕɻ). ʅʘ ʨʠʩ. 12 ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʦʣʫʯʝʥʥʳʝ DSC-ʢʨʠʚʳʝ. 

ʅʘ ʢʨʠʚʦʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʩʦʧʦʣʠʤʝʨʫ ʉʆʕ (ʢʨʠʚʘʷ 1) ʨʘʟʣʠʯʠʤʳ ʜʚʘ ʵʥʜʦ-

ʪʝʨʤʠʯʝʩʢʠʭ ʧʠʢʘ ʧʨʠ 85 ʠ 105ÁC ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɸʥʘʣʦʛʠʯʥʳʝ ʧʠʢʠ ʤʝʥʴʰʝʛʦ 

ʨʘʟʤʝʨʘ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʥʘ ʢʨʠʚʦʡ ʪʝʨʧʦʣʠʤʝʨʘ ʉʆʕʇ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʧʨʦʧʠ-

ʣʝʥʘ 1.2 ʤʦʣ.% (ʢʨʠʚʘʷ 2), ʘ ʪʘʢʞʝ ʥʘ ʢʨʠʚʳʭ ʪʝʨʧʦʣʠʤʝʨʘ ʉʆʕɻ ʩ ʩʦʜʝʨʞʘʥʠʝʤ 

ʛʝʥʩʝʥʘ-1 2.3 ʠ 4.8 ʤʦʣ.% (ʢʨʠʚʳʝ 3 ʠ 4 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ʇʨʠʨʦʜʘ ʚʩʝʭ ʚʳʷʚʣʝʥ-
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ʥʳʭ ʧʠʢʦʚ ʦʪʥʝʩʝʥʘ ʘʚʪʦʨʘʤʠ [93] ʢ ʧʝʨʝʭʦʜʫ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʯʘʩʪʠ ʦʙʨʘʟʮʦʚ ʠʟ 

Ŭ-ʬʘʟʳ ʚ ɓ-ʬʘʟʫ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʜʣʷ ʪʝʨʧʦʣʠʤʝʨʘ ʉʆʕɹ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʙʫʪʝʥʘ  

4.8 ʤʦʣ% (ʢʨʠʚʘʷ 5) ʠ ʜʣʷ ʉʆʕʇ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʧʨʦʧʠʣʝʥʘ 5.1 ʤʦʣ.% (ʢʨʠʚʘʷ 6) 

ʠʟʦʪʝʨʤʠʯʝʩʢʠʝ ʧʠʢʠ ʥʘ ʢʨʠʚʳʭ ʦʪʩʫʪʩʪʚʫʶʪ, ʯʪʦ ʩʚʷʟʘʥʦ, ʚʝʨʦʷʪʥʦ, ʩ ʧʨʘʢʪʠʯʝ-

ʩʢʠ ʧʦʣʥʦʡ ʘʤʦʨʬʥʦʩʪʴʶ ʵʪʠʭ ʦʙʨʘʟʮʦʚ (ʩʤ. ʜʘʥʥʳʝ ʦ ʩʪʝʧʝʥʠ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ ʚ 

ʪʘʙʣ. 23). ʅʘʣʠʯʠʝ ʨʘʟʤʳʪʳʭ ʧʠʢʦʚ ʧʨʠ T ~ 60ÁC ʥʘ ʢʨʠʚʳʭ 2 ʠ 4 (ʨʠʩ. 12) ʦʙʲʷʩ-

ʥʝʥʦ ʘʚʪʦʨʘʤʠ ʙʦʣʝʝ ʥʠʟʢʦʡ ʪʦʣʱʠʥʦʡ Ŭ-ʢʨʠʩʪʘʣʣʦʚ ʚ ʵʪʠʭ ʦʙʨʘʟʮʘʭ. 

 

ʈʠʩ. 12. DSC-ʢʨʠʚʳʝ ʠʟʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ: 1 ï ʩʦʧʦʣʠʤʝʨ ʉʆʕ; 2 ï ʪʝʨʧʦʣʠʤʝʨ ʉʆʕʇ(1.2);  

3 ï ʪʝʨʧʦʣʠʤʝʨ ʉʆʕɻ(2.3); 4 ï ʪʝʨʧʦʣʠʤʝʨ ʉʆʕɻ(4.8); 5 ï ʪʝʨʧʦʣʠʤʝʨ ʉʆʕɹ(4.8);  

6 ï ʪʝʨʧʦʣʠʤʝʨ ʉʆʕʇ(5.1) 

ʄʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʛʨʘʬʠʠ ʘʚʪʦʨʳ ʧʦʣʫʯʠʣʠ ʩʦʦʪʥʦʰʝʥʠʝ Ŭ ʠ ɓ ʬʘʟ ʚ ʠʟʫʯʘ-

ʝʤʳʭ ʦʙʨʘʟʮʘʭ (ʪʘʙʣ. 23). ʇʨʠʚʝʜʝʥʥʳʝ ʜʘʥʥʳʝ ʛʦʚʦʨʷʪ ʦ ʪʦʤ, ʯʪʦ ʚ ʦʙʣʘʩʪʠ, 

ʧʨʝʜʰʝʩʪʚʫʶʱʝʡ ʵʥʜʦʪʝʨʤʠʯʝʩʢʦʤʫ ʧʝʨʝʭʦʜʫ, ʚʦ ʚʩʝʭ ʠʟʫʯʝʥʥʳʭ ʦʙʨʘʟʮʘʭ ʪʝʨ-

ʧʦʣʠʤʝʨʦʚ ʧʨʝʦʙʣʘʜʘʣʘ ɓ-ʬʘʟʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚ ʩʦʧʦʣʠʤʝʨʝ ʉʆʕ ï Ŭ-ʬʘʟʘ. ʕʪʠ 

ʜʘʥʥʳʝ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʧʨʠʚʦʜʠʤʳ ʨʘʥʝʝ ʜʣʷ ʉʆʕ (ʩʤ. ʨʘʟʜʝʣ 1.2.1 ʥʘʩʪʦʷʱʝʡ 

ʜʠʩʩʝʨʪʘʮʠʠ). 
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ɸʚʪʦʨʘʤʠ [93] ʙʳʣʠ ʪʘʢʞʝ ʨʘʩʩʯʠʪʘʥʳ ʵʥʪʘʣʴʧʠʠ ʧʝʨʝʭʦʜʘ ʦ
Ŭ ɓ

ȹH
 , ʧʨʝʜ-

ʩʪʘʚʣʝʥʥʳʝ ʚ ʪʘʙʣ. 23. ʉʦʛʣʘʩʥʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ, ʵʥʪʘʣʴʧʠʷ ʧʝʨʝʭʦʜʘ ʜʣʷ 

ʠʜʝʘʣʴʥʦʛʦ Ŭ-ʢʨʠʩʪʘʣʣʘ ʩʦʩʪʘʚʣʷʝʪ 32Ñ3 ɼʞ/ʛ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʚʪʦʨʘʤʠ ʩʜʝʣʘʥ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʚʩʝ ʦʙʨʘʟʮʳ ʧʦʣʠʢʝʪʦʥʦʚ 

ʠʤʝʣʠ ʪʦ ʠʣʠ ʠʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʢʨʠʩʪʘʣʣʦʚ Ŭ-ʬʘʟʳ, ʦʜʥʘʢʦ ʥʘʙʣʶʜʘʝʪʩʷ ʪʝʥʜʝʥʮʠʷ 

ʢ ʫʤʝʥʴʰʝʥʠʶ ʜʦʣʠ ʵʪʦʡ ʬʘʟʳ ʩ ʨʦʩʪʦʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʪʨʝʪʴʝʛʦ ʤʦʥʦʤʝʨʘ. ɺ ʩʦ-

ʧʦʣʠʤʝʨʘʭ ʉʆʕɹ ʠ ʉʆʕɻ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʙʫʪʝʥʘ-1 ʠʣʠ ʛʝʢʩʝʥʘ-1 

4.8 ʤʦʣ.% ʢʨʠʩʪʘʣʣʳ Ŭ-ʬʘʟʳ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ ʦʪʩʫʪʩʪʚʫʶʪ.  

ʊʘʙʣʠʮʘ 23 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʟʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ: ʤʦʣʴʥʘʷ ʜʦʣʷ ʪʨʝʪʴʝʛʦ ʤʦʥʦʤʝʨʘ, 

ʩʪʝʧʝʥʴ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ Ŭ, ʩʦʦʪʥʦʰʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʬʘʟ Ŭ/ɓ  

ʠ ʵʥʪʘʣʴʧʠʷ ʧʝʨʝʭʦʜʘ ʦ
Ŭ ɓ

ȹH
  

ʆʙʨʘʟʝʮ 

ʄʦʣʴʥʘʷ ʜʦʣʷ 

ʪʨʝʪʴʝʛʦ ʤʦʥʦ-

ʤʝʨʘ, % 

Ŭ, %  Ŭ/ɓ 
ʦ
Ŭ ɓ

ȹH , ɼʞ/ʛ
   

ʉʆʕ ï 53 (45ï55) 1.13 11.6 

ʉʆʕʇ 

1.2 30 0.43 5.8 

2.9 8 0.08 ï 

5.1 <1 <0.01 ï 

7.2 0 0 ï 

ʉʆʕɹ 4.8 0 0 ï 

ʉʆʕɻ 
2.3 18 0.22 3.4 

4.8 8 (5ï15) 0.09 1.5 

ʅʘ ʨʠʩ. 13 ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʦʣʫʯʝʥʥʳʝ ʘʚʪʦʨʘʤʠ [93] ʟʘʚʠʩʠʤʦʩʪʠ ʵʥʪʘʣʴʧʠʠ 

ʧʣʘʚʣʝʥʠʷ, ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ ʪʝʨʧʦʣʠʤʝʨʦʚ ʉʆʕʇ, 

ʉʆʕɹ ʠ ʉʆʕɻ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ Ŭ-ʦʣʝʬʠʥʘ.  
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ʈʠʩ. 13. ɺʣʠʷʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ Ŭ-ʦʣʝʬʠʥʘ ʥʘ 
ʦ
fus

ȹH  (a), ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʴ (b) ʠ 
ʦ
fusT  (ʩ) ʪʝʨʧʦ-

ʣʠʤʝʨʦʚ ʉʆʕʇ (1), ʉʆʕɹ (2), ʉʆʕɻ (3) [93] 

ɿʥʘʯʝʥʠʷ ʦ
fus

ȹH  ʥʝʣʠʥʝʡʥʦ ʫʤʝʥʴʰʘʶʪʩʷ ʩ ʨʦʩʪʦʤ ʩʦʜʝʨʞʘʥʠʷ ʪʨʝʪʴʝʛʦ ʤʦ-

ʥʦʤʝʨʘ (ʨʠʩ. 13a). ʇʨʠ ʦʜʠʥʘʢʦʚʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʚʪʦʨʦʛʦ ʦʣʝʬʠʥʘ, ʟʥʘʯʝʥʠʷ ʵʥ-

ʪʘʣʴʧʠʠ ʧʣʘʚʣʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʨʷʜ ʉʆʕʇ > ʉʆʕɻ > ʉʆʕɹ. ʉʪʝ-

ʧʝʥʴ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ Ŭ (ʨʠʩ. 13b) ʪʘʢʞʝ ʠʤʝʝʪ ʪʝʥʜʝʥʮʠʶ ʢ ʫʤʝʥʴʰʝʥʠʶ ʩ ʨʦ-

ʩʪʦʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʪʨʝʪʴʝʛʦ ʤʦʥʦʤʝʨʘ, ʧʨʠ ʵʪʦʤ ʟʥʘʯʝʥʠʷ Ŭ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠ-

ʧʘ ʦʣʝʬʠʥʘ ʨʘʩʧʦʣʦʞʝʥʳ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʉʆʕʇ > ʉʆʕɹ > ʉʆʕɻ. ʊʝʤʧʝ-
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ʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ ʦ
fus

T  (ʨʠʩ. 13c) ʧʨʘʢʪʠʯʝʩʢʠ ʣʠʥʝʡʥʦ ʫʤʝʥʴʰʘʝʪʩʷ ʩ ʨʦʩʪʦʤ ʢʦʥ-

ʮʝʥʪʨʘʮʠʠ ʚʪʦʨʦʛʦ ʦʣʝʬʠʥʘ. 

ɸʥʘʣʦʛʠʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʨʘʙʦʪʘʭ [94, 95]. ɸʚʪʦʨʘʤʠ 

[94] ʠʟʫʯʝʥʳ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʨʷʜʘ ʦʙʨʘʟʮʦʚ ʪʝʨʧʦʣʠʤʝʨʦʚ ʉʆʕʇ, 

ʉʆʕɹ ʠ ʉʆʕʉ ʩ ʨʘʟʣʠʯʥʦʡ ʤʦʣʴʥʦʡ ʜʦʣʝʡ ʪʨʝʪʴʝʛʦ ʤʦʥʦʤʝʨʘ ʤʝʪʦʜʦʤ ʜʠʬʬʝ-

ʨʝʥʮʠʘʣʴʥʦʡ ʩʢʘʥʠʨʫʶʱʝʡ ʢʘʣʦʨʠʤʝʪʨʠʠ. ʅʘ ʨʠʩ. 14 ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʦʣʫʯʝʥʥʘʷ ʟʘ-

ʚʠʩʠʤʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ ʪʝʨʧʦʣʠʤʝʨʘ ʉʆʕʇ ʦʪ ʤʦʣʴʥʦʡ ʜʦʣʠ ʧʨʦʧʠʣʝ-

ʥʦʚʳʭ ʟʚʝʥʴʝʚ ʚ ʤʘʢʨʦʤʦʣʝʢʫʣʘʭ. ʄʦʣʝʢʫʣʷʨʥʳʝ ʤʘʩʩʳ Mn ʦʙʨʘʟʮʦʚ ʩʦʩʪʘʚʣʷʣʠ ʦʪ 

2400 ʜʦ 6000 ï ʪʠʧʠʯʥʳʝ ʦʣʠʛʦʤʝʨʳ. 

 

ʈʠʩ. 14. ɿʘʚʠʩʠʤʦʩʪʴ ʦ

fusT  ʪʝʨʧʦʣʠʤʝʨʘ ʉʆʕʇ ʦʪ ʤʦʣʴʥʦʡ ʜʦʣʠ ʧʨʦʧʠʣʝʥʦʚʳʭ ʬʨʘʛʤʝʥʪʦʚ 

ʂʘʢ ʛʦʚʦʨʠʣʦʩʴ ʚʳʰʝ, ʚʚʝʜʝʥʠʝ ʪʨʝʪʴʝʛʦ ʤʦʥʦʤʝʨʘ ʚ ʧʦʣʠʤʝʨʥʫʶ ʮʝʧʴ ʩʦ-

ʧʨʦʚʦʞʜʘʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝʤ ʦ
fus

T . ɼʣʷ ʪʝʨʧʦʣʠʤʝʨʘ ʉʆʕʇ (ʨʠʩ. 3) ʩ ʨʦʩʪʦʤ ʤʦʣʴ-

ʥʦʡ ʜʦʣʠ ʧʨʦʧʠʣʝʥʘ ʦʪ 0.02 ʜʦ 0.37, ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ ʫʤʝʥʴʰʘʝʪʩʷ ʩ 239 ʜʦ 

115Áʉ. ʇʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʦʧʠʣʝʥʦʚʳʭ ʟʚʝʥʴʝʚ ʚʳʰʝ 0.2 ʦʙʨʘʟʮʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʘʚʪʦʨʘʤʠ [94] ʚ ʚʠʜʝ ʢʘʫʯʫʢʦʧʦʜʦʙʥʦʛʦ ʧʨʦʜʫʢʪʘ. ʆʪʩʫʪʩʪʚʠʝ ʯʝʪʢʦ ʚʳʨʘʞʝʥʥʦʛʦ 

ʧʠʢʘ ʧʣʘʚʣʝʥʠʷ ʥʘ ʢʨʠʚʳʭ DSC ʧʨʠ ʚʳʩʦʢʦʤ ʩʦʜʝʨʞʘʥʠʠ ʧʨʦʧʠʣʝʥʘ ʩʚʷʟʘʥʦ ʩ ʥʠʟ-

ʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʬʘʟʳ.  

ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʩʪʝʢʣʦʚʘʥʠʷ ʠʟʫʯʝʥʥʳʭ ʚ ʨʘʙʦʪʝ [94] ʪʝʨʧʦ-

ʣʠʤʝʨʦʚ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 24.  

ɺʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʝ ʪʨʦʡʥʳʝ ʩʦʧʦʣʠʤʝʨʳ ʉʆʕʇ ʩ ʨʘʚʥʦʡ ʤʦʣʴʥʦʡ ʜʦʣʝʡ 

ʵʪʠʣʝʥʦʚʳʭ ʠ ʧʨʦʧʠʣʝʥʦʚʳʭ ʟʚʝʥʴʝʚ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʪʝʤʧʝʨʘʪʫʨʦʡ ʩʪʝʢʣʦʚʘʥʠʷ 
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ʦ
gT  = 283.3 ʂ. ʊʝʤʧʝʨʘʪʫʨʘ ʩʪʝʢʣʦʚʘʥʠʷ ʙʦʣʝʝ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʪʝʨʧʦʣʠʤʝʨʦʚ 

ʟʘʚʠʩʠʪ ʢʘʢ ʦʪ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʳ, ʪʘʢ ʠ ʦʪ ʩʦʩʪʘʚʘ ʪʝʨʧʦʣʠʤʝʨʘ (ʪʘʙʣ. 24). 

ʅʘʠʙʦʣʝʝ ʥʠʟʢʠʝ ʟʥʘʯʝʥʠʷ ʦ
gT  ʧʦʣʫʯʝʥʳ ʜʣʷ ʦʙʨʘʟʮʦʚ ʩ ʥʘʠʙʦʣʝʝ ʥʠʟʢʦʡ ʤʦʣʝʢʫ-

ʣʷʨʥʦʡ ʤʘʩʩʦʡ (ʦʙʨʘʟʮʳ ʉʆʕʇ ʠ ʉʆʕɹ ʩ ʤʦʣʴʥʦʡ ʜʦʣʝʡ ʧʨʦʧʠʣʝʥʦʚʳʭ ʠ ʙʫʪʝʥʦ-

ʚʳʭ ʟʚʝʥʴʝʚ 0.38 ʠ 0.44 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ʊʝʤʧʝʨʘʪʫʨʘ ʩʪʝʢʣʦʚʘʥʠʷ ʪʝʨʧʦʣʠʤʝʨʦʚ 

ʉʆʕʇ ʠ ʉʆʕɹ ʩ ʜʦʣʝʡ ʟʚʝʥʴʝʚ ʪʨʝʪʴʝʛʦ ʤʦʥʦʤʝʨʘ ʙʦʣʝʝ 0.3 ʠʤʝʝʪ ʟʥʘʯʝʥʠʝ ʥʠʞʝ 

273 ʂ (Mn < 18Ö103). ʊʝʨʧʦʣʠʤʝʨʳ ʉʆʕʉ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʙʦʣʝʝ ʚʳʩʦʢʠʤʠ ʟʥʘʯʝ-

ʥʠʷʤʠ ʪʝʤʧʝʨʘʪʫʨʳ ʩʪʝʢʣʦʚʘʥʠʷ, ʣʝʞʘʱʠʤʠ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 303 ʜʦ 311 ʂ. 

ʊʘʙʣʠʮʘ 24 

ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʩʪʝʢʣʦʚʘʥʠʷ ʪʝʨʧʦʣʠʤʝʨʦʚ 

ʊʝʨʧʦʣʠʤʝʨ 

ʄʦʣʴʥʘʷ ʜʦʣʷ 

ʪʨʝʪʴʝʛʦ ʤʦʥʦ-

ʤʝʨʘ, % 

3
nM 10-Ö   

ʦ
gT , K   

0 0
p gȹC (T ),

ɼʞ/(ʂ ʛ)Ö
 

ʉʆʕʇ 

0.38 1 247 0.5 

0.43 3 263 0.6 

0.65 7 262 0.6 

0.65 10 257 0.6 

0.68 13 269 0.5 

0.69 18 271 0.4 

0.31 [96] 414 287.1 ï 

0.50 [96] 230 283.3 ï 

ʉʆʕɹ 

0.44 1.5 252 0.4 

0.35 4 266 0.4 

0.46 5 266 0.5 

0.33 9 266 0.4 

0.30 9 269 0.5 
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ʊʘʙʣʠʮʘ 24. ʆʢʦʥʯʘʥʠʝ 

ʊʝʨʧʦʣʠʤʝʨ 

ʄʦʣʴʥʘʷ ʜʦʣʷ 

ʪʨʝʪʴʝʛʦ ʤʦʥʦ-

ʤʝʨʘ, % 

3
nM 10-Ö   

ʦ
gT , K   

0 0
p gȹC (T ),

ɼʞ/(ʂ ʛ)Ö
 

ʉʆʕʉ 

0.08 13 303 0.4 

0.15 13 307 0.3 

0.24 13 311 0.5 

0.33 13 304 0.2 

0.06 [97] ï 293 ï 

0.13 [97] ï 310 ï 

0.24 [97] ï 313 ï 

 ɸʚʪʦʨʦʤ ʨʘʙʦʪʳ [94] ʧʨʦʠʟʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʠʤʠ ʜʘʥʥʳʭ ʦ ʪʝʤ-

ʧʝʨʘʪʫʨʘʭ ʩʪʝʢʣʦʚʘʥʠʷ ʪʝʨʧʦʣʠʤʝʨʦʚ ʩ ʠʤʝʶʱʠʤʠʩʷ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ [96, 

97]. ʊʝʤʧʝʨʘʪʫʨʘ ʩʪʝʢʣʦʚʘʥʠʷ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʦʛʦ ʉʆʕʇ ʚʳʰʝ, ʯʝʤ ʫ ʦʙʨʘʟʮʦʚ, 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ. ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ [97], ʪʝʤʧʝʨʘʪʫʨʘ ʩʪʝʢʣʦʚʘʥʠʷ 

ʉʆʕʉ ʨʘʩʪʝʪ ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ 293 ʜʦ 356 ʂ ʧʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʤʦʣʴʥʦʡ ʜʦʣʠ ʩʪʠ-

ʨʦʣʴʥʳʭ ʟʚʝʥʴʝʚ ʚ ʤʘʢʨʦʤʦʣʝʢʫʣʘʭ ʦʪ 0.06 ʜʦ 0.24. ɼʣʷ ʧʦʣʠʤʝʨʦʚ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 

ʦʜʠʥʘʢʦʚʦʛʦ ʩʦʩʪʘʚʘ ʣʠʪʝʨʘʪʫʨʥʳʝ ʟʥʘʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʩʪʝʢʣʦʚʘʥʠʷ ʠ ʧʦʣʫʯʝʥ-

ʥʳʝ ʘʚʪʦʨʘʤʠ [94] ʩʦʧʦʩʪʘʚʠʤʳ ʜʨʫʛ ʩ ʜʨʫʛʦʤ [22]. 

ɸʚʪʦʨʳ ʨʘʙʦʪʳ [95] ʠʟʫʯʠʣʠ ʚʣʠʷʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʪʨʝʪʴʝʛʦ ʤʦʥʦʤʝʨʘ (ʧʨʦ-

ʧʠʣʝʥʘ ʠ ʙʫʪʝʥʘ-1) ʥʘ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʣʘʚʣʝʥʠʷ ʪʝʨʧʦʣʠʤʝ-

ʨʦʚ. ʅʘ ʨʠʩ. 15ʘ ʧʨʝʜʩʪʘʚʣʝʥʳ DSC-ʢʨʠʚʳʝ ʥʘʛʨʝʚʘʥʠʷ ʜʣʷ ʦʙʨʘʟʮʦʚ ʪʝʨʧʦʣʠʤʝʨʘ 

ʉʆʕʇ ʩ ʨʘʟʣʠʯʥʦʡ ʤʦʣʴʥʦʡ ʜʦʣʝʡ ʧʨʦʧʠʣʝʥʘ. ʉʢʦʨʦʩʪʴ ʥʘʛʨʝʚʘ 10ÁC/ʤʠʥ. 

ʅʘ ʢʨʠʚʳʭ ʭʦʨʦʰʦ ʨʘʟʣʠʯʠʤʳ ʜʚʘ ʙʣʠʟʢʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʧʠʢʘ ʧʣʘʚʣʝʥʠʷ. ʉ 

ʫʚʝʣʠʯʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ ʧʨʦʧʠʣʝʥʘ ʧʣʘʚʥʦ ʫʤʝʥʴʰʘʶʪʩʷ ʟʥʘʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʠ 

ʵʥʪʘʣʴʧʠʠ ʧʣʘʚʣʝʥʠʷ. ʅʘʣʠʯʠʝ ʜʚʫʭ ʧʠʢʦʚ ʦʙʲʷʩʥʝʥʦ ʘʚʪʦʨʘʤʠ ʣʠʙʦ ʧʦʷʚʣʝʥʠʝʤ 

ʜʚʫʭ ʪʠʧʦʚ ʣʘʤʝʣʝʡ, ʣʠʙʦ ʨʝʦʨʛʘʥʠʟʘʮʠʝʡ ʧʠʢʘ ʧʣʘʚʣʝʥʠʷ ʧʦʣʠʤʝʨʘ ʩ ʥʠʟʢʠʤ ʩʦ-

ʜʝʨʞʘʥʠʝʤ ʟʘʤʝʩʪʠʪʝʣʝʡ. ɼʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʜʠʥ ʠʟ ʦʙʨʘʟʮʦʚ  

(14.6 ʤʦʣ%) ʙʳʣ ʧʨʦʩʢʘʥʠʨʦʚʘʥ ʩ ʨʘʟʥʳʤʠ ʩʢʦʨʦʩʪʷʤʠ ʥʘʛʨʝʚʘ (0.5, 2, 5 ʠ 
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10ÁC/ʤʠʥ). ʈʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 15ʚ. ʅʘ ʢʘʞʜʦʡ ʠʟ ʢʨʠʚʳʭ ʥʘʙʣʶ-

ʜʘʝʪʩʷ ʧʣʝʯʦ ʠʣʠ ʜʚʦʡʥʦʡ ʧʠʢ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʘʣʠʯʠʝ ʜʚʫʭ ʚʠʜʦʚ ʢʨʠʩʪʘʣʣʦʚ ʚ 

ʧʦʣʠʤʝʨʝ.  

 

ʈʠʩ. 15. DSC-ʢʨʠʚʳʝ ʉʆʕʇ (ʘ) ʠ ʉʆʕɹ (ʙ) ʩ ʨʘʟʣʠʯʥʳʤ ʤʦʣʴʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʪʨʝʪʴʝʛʦ ʤʦʥʦ-

ʤʝʨʘ; ʩʢʘʥʠʨʦʚʘʥʠʝ ʦʙʨʘʟʮʘ ʉʆʕʇ (14.6 ʤʦʣ.% ʧʨʦʧʠʣʝʥʘ) ʩ ʨʘʟʣʠʯʥʳʤʠ ʩʢʦʨʦʩʪʷʤʠ 

ʥʘʛʨʝʚʘ (ʚ) 

ʇʨʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʦʭʣʘʞʜʝʥʠʠ (15ÁC/ʤʠʥ) ʘʚʪʦʨʘʤʠ ʙʳʣʦ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʜʠʥ ʠʟ ʚʠʜʦʚ ʢʨʠʩʪʘʣʣʦʚ ʦʙʨʘʟʫʝʪʩʷ ʨʘʥʴʰʝ, ʘ ʜʨʫʛʦʡ ï ʧʦʟʞʝ. 

ʅʘ ʨʠʩ. 15ʙ ʧʨʝʜʩʪʘʚʣʝʥʳ DSC-ʢʨʠʚʳʝ ʜʣʷ ʦʙʨʘʟʮʦʚ ʉʆʕɹ ʩ ʨʘʟʣʠʯʥʦʡ ʤʦʣʴʥʦʡ 

ʜʦʣʝʡ ʙʫʪʝʥʘ-1 (ʩʢʦʨʦʩʪʴ ʥʘʛʨʝʚʘ 10ÁC/ʤʠʥ). ʅʘ ʢʨʠʚʳʭ ʪʘʢʞʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʜʚʘ 
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ʧʠʢʘ ʧʣʘʚʣʝʥʠʷ. ʇʨʠʨʦʜʘ ʜʚʦʡʥʦʛʦ ʧʠʢʘ ʧʣʘʚʣʝʥʠʷ ʫ ʪʝʨʧʦʣʠʤʝʨʦʚ ʉʆʕɹ ʦʙʲʷʩ-

ʥʝʥʘ ʘʚʪʦʨʘʤʠ [95] ʪʘʢ ʞʝ, ʢʘʢ ʠ ʜʣʷ ʉʆʕʇ. ʊʝʤʧʝʨʘʪʫʨʳ ʠ ʵʥʪʘʣʴʧʠʠ ʧʣʘʚʣʝʥʠʷ 

ʪʘʢʞʝ ʫʤʝʥʴʰʘʶʪʩʷ ʩ ʧʦʚʳʰʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ ʙʫʪʝʥʘ-1. 

ɺ ʨʘʙʦʪʝ [98] ʤʝʪʦʜʘʤʠ DSC, ʨʝʥʪʛʝʥʦʛʨʘʬʠʠ ʠ ʦʧʪʠʯʝʩʢʦʡ ʤʠʢʨʦʩʢʦʧʠʠ 

ʠʟʫʯʝʥʦ ʧʦʚʝʜʝʥʠʝ ʧʨʠ ʧʣʘʚʣʝʥʠʠ ʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʜʚʫʭ ʦʙʨʘʟʮʦʚ ʪʝʨʧʦʣʠʤʝʨʦʚ 

ʉʆʕʇ ʩ ʨʘʟʣʠʯʥʦʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʦʡ (ʉʆʕʇ-ʚ: Mn = 80000; ʉʆʕʇ-ʥ:  

Mn = 40000). ʅʘ ʨʠʩ. 16 ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʦʣʫʯʝʥʥʳʝ ʘʚʪʦʨʘʤʠ DSC-ʢʨʠʚʳʝ ʜʣʷ 

ʉʆʕʇ-ʚ ʧʦʩʣʝ ʪʨʝʭ ʫʜʘʯʥʳʭ ʮʠʢʣʦʚ ʥʘʛʨʝʚʘʥʠʷ (ʘ) ʠ ʦʭʣʘʞʜʝʥʠʷ (ʙ) ʩʦ ʩʢʦʨʦʩʪʴʶ 

20ÁC/ʤʠʥ.  

 

ʈʠʩ. 25. DSC-ʢʨʠʚʳʝ ʥʘʛʨʝʚʘʥʠʷ (ʘ) ʠ ʦʭʣʘʞʜʝʥʠʷ (ʙ) ʦʙʨʘʟʮʘ ʉʆʕʇ ʩ Mn = 80000 

ʅʘ ʢʨʠʚʳʭ ʥʘʙʣʶʜʘʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ ʧʦʩʣʝ ʢʘʞʜʦʛʦ 

ʮʠʢʣʘ çʥʘʛʨʝʚʘʥʠʝïʦʭʣʘʞʜʝʥʠʝè. ɸʥʘʣʦʛʠʯʥʳʝ ʢʨʠʚʳʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʠ ʜʣʷ ʪʝʨ-

ʧʦʣʠʤʝʨʘ ʩ ʙʦʣʝʝ ʥʠʟʢʦʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʦʡ. ɿʥʘʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨ ʠ ʵʥʪʘʣʴʧʠʡ 
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ʧʣʘʚʣʝʥʠʷ, ʘ ʪʘʢʞʝ ʪʝʤʧʝʨʘʪʫʨ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʧʦʩʣʝ ʢʘʞʜʦʛʦ ʠʟ ʪʨʝʭ ʮʠʢʣʦʚ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 25.  

ɸʚʪʦʨʳ ʫʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʟʥʘʯʝʥʠʝ ʦ
fus

T  ʫʤʝʥʴʰʠʣʦʩʴ ʜʣʷ ʉʆʕʇ-ʚ ʩ 499 ʜʦ 

497 ʂ, ʘ ʜʣʷ ʉʆʕʇ-ʥ ï ʩ 498 ʜʦ 496 ʂ. ɼʣʷ ʩʨʘʚʥʝʥʠʷ, ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ 

ʉʆʕ ʧʦʩʣʝ ʪʨʝʭ ʮʠʢʣʦʚ ʫʤʝʥʴʰʠʣʘʩʴ ʩ 528 ʜʦ 524 ʂ. ʊʝʤʧʝʨʘʪʫʨʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 

ʦ
ʩT ʫʢʘʟʘʥʥʳʭ ʚʳʰʝ ʦʙʨʘʟʮʦʚ ʪʝʨʧʦʣʠʤʝʨʦʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʫʤʝʥʴʰʘʣʘʩʴ ʩ 455 ʜʦ 

454 ʂ ʠ ʩ 462 ʜʦ 460 ʂ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʜʣʷ ʩʦʧʦʣʠʤʝʨʘ ï ʩ 488 ʜʦ 484 ʂ (ʪʘʙʣ. 25). 

ʉʥʠʞʝʥʠʝ ʵʥʪʘʣʴʧʠʠ ʧʣʘʚʣʝʥʠʷ ʧʦʩʣʝ ʪʨʝʭ ʮʠʢʣʦʚ ʩʦʩʪʘʚʠʣʦ ʜʣʷ ʉʆʕʇ-ʚ ï 4 ɼʞ/ʛ 

(ʩ 71 ʜʦ 67 ɼʞ/ʛ), ʜʣʷ ʉʆʕʇ-ʥ ï 8 ɼʞ/ʛ (ʩ 85 ʜʦ 77 ɼʞ/ʛ), ʜʣʷ ʉʆʕ ï 17 ɼʞ/ʛ 

(ʩ 116 ʜʦ 99 ɼʞ/ʛ). ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʩʪʦʣʴ ʙʦʣʴʰʦʡ ʩʢʦʨʦʩʪʠ ʩʢʘʥʠʨʦʚʘʥʠʷ 

ʦʙʨʘʟʮʦʚ (20ÁC/ʤʠʥ), ʥʘʙʣʶʜʘʝʤʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʣʘʚʣʝʥʠʷ ʠ ʢʨʠ-

ʩʪʘʣʣʠʟʘʮʠʠ ʚ ʧʦʛʨʝʰʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ.  

ʊʘʙʣʠʮʘ 25 

ʊʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ ʦ
fus

T  ʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʦ
ʩrT , ʘ ʪʘʢʞʝ ʵʥʪʘʣʴʧʠʷ ʧʣʘʚʣʝʥʠʷ 

ʦ
fus

ȹH  ʪʝʨʧʦʣʠʤʝʨʦʚ ʉʆʕʇ ʩ ʨʘʟʥʦʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʦʡ,  

ʘ ʪʘʢʞʝ ʜʚʦʡʥʦʛʦ ʩʦʧʦʣʠʤʝʨʘ ʉʆʕ 

ʊʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ ʦ
fus

T , ʂ 

ʊʝʨʧʦʣʠʤʝʨ ʇʝʨʚʳʡ ʮʠʢʣ ɺʪʦʨʦʡ ʮʠʢʣ ʊʨʝʪʠʡ ʮʠʢʣ 

ʉʆʕʇ-ʚ 499.3 496.7 496.4 

ʉʆʕʇ-ʥ 498.0 496.7 495.7 

ʉʆʕ 528.5 526.2 524.1 

ʊʝʤʧʝʨʘʪʫʨʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠʦ
ʩrT , ʂ 

ʊʝʨʧʦʣʠʤʝʨ ʇʝʨʚʳʡ ʮʠʢʣ ɺʪʦʨʦʡ ʮʠʢʣ ʊʨʝʪʠʡ ʮʠʢʣ 

ʉʆʕʇ-ʚ 455.2 453.9 453.9 

ʉʆʕʇ-ʥ 461.7 460.5 459.6 

ʉʆʕ 487.9 485.9 484.1 

ʕʥʪʘʣʴʧʠʷ ʧʣʘʚʣʝʥʠʷ ʦ
fus

ȹH , ɼʞ/ʛ 

ʊʝʨʧʦʣʠʤʝʨ ʇʝʨʚʳʡ ʮʠʢʣ ɺʪʦʨʦʡ ʮʠʢʣ ʊʨʝʪʠʡ ʮʠʢʣ 

ʉʆʕʇ-ʚ 70.61 69.10 67.33 

ʉʆʕʇ-ʥ 84.63 79.54 77.42 

ʉʆʕ 115.57 105.31 98.91 
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ʅʘʙʣʶʜʘʝʤʦʝ ʧʦʚʝʜʝʥʠʝ ʧʨʠ ʧʣʘʚʣʝʥʠʠ ʩʦ- ʠ ʪʝʨʧʦʣʠʤʝʨʦʚ ʘʚʪʦʨʳ [98] ʩʚʷ-

ʟʳʚʘʶʪ ʩ ʨʝʘʢʮʠʷʤʠ ʧʦʣʠʢʦʥʜʝʥʩʘʮʠʠ, ʧʨʦʭʦʜʷʱʠʤʠ ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ 

ʧʣʘʚʣʝʥʠʷ. ʕʪʠ ʨʝʘʢʮʠʠ ʧʨʠʚʦʜʷʪ ʢ ʩʰʠʚʢʘʤ ʧʦʣʠʤʝʨʥʳʭ ʮʝʧʝʡ. ʉʰʠʚʢʠ ʤʝʰʘʶʪ 

ʧʨʦʮʝʩʩʫ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʧʨʠ ʧʦʩʣʝʜʫʶʱʝʤ ʦʭʣʘʞʜʝʥʠʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʥʠʞʝ-

ʥʠʶ ʪʝʤʧʝʨʘʪʫʨʳ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʫʤʝʥʴʰʝʥʠʶ ʩʪʝʧʝʥʠ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ ʠ ʟʘʢʦʥ-

ʯʝʥʥʦʩʪʠ ʦʙʨʘʟʦʚʘʥʠʷ ʢʨʠʩʪʘʣʣʦʚ, ʧʦʩʣʝʜʥʝʝ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʵʥʪʘʣʴʧʠʠ 

ʧʣʘʚʣʝʥʠʷ (ʪʘʙʣ. 25). ʍʦʨʦʰʦ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʝ ʧʦʣʠʤʝʨʘ ʟʘʚʠ-

ʩʠʪ ʦʪ ʪʦʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʧʨʠ ʢʦʪʦʨʦʡ ʦʥ ʢʨʠʩʪʘʣʣʠʟʦʚʘʣʩʷ, ʧʦʩʢʦʣʴʢʫ ʪʝʤʧʝʨʘʪʫʨʘ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʚʣʠʷʝʪ ʥʘ ʪʦʣʱʠʥʫ ʣʘʤʝʣʝʡ. ʕʪʠʤ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʙʦʣʝʝ ʥʠʟʢʫʶ 

ʪʝʤʧʝʨʘʪʫʨʫ ʧʣʘʚʣʝʥʠʷ ʧʦʩʣʝ ʢʘʞʜʦʛʦ ʠʟ ʮʠʢʣʦʚ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʚ ʪʘʙʣ. 25 

ʄʝʪʦʜʘʤʠ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ ʠ DSC ʠʟʫʯʝʥʳ ʪʦʥʢʠʝ ʧʣʝʥʢʠ ʪʝʨʧʦ-

ʣʠʤʝʨʘ ʉʆʕʇ ʩ ʨʘʟʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʧʨʦʧʠʣʝʥʘ (0ï14.6 ʤʦʣ.%) ʜʦ (ʨʠʩ. 17ʘ) ʠ 

ʧʦʩʣʝ (ʨʠʩ. 17ʙ) ʭʦʣʦʜʥʦʡ ʚʳʪʷʞʢʠ [99]. ɼʣʷ ʩʨʘʚʥʝʥʠʷ, ʧʨʠʚʝʜʝʥʘ ʢʨʠʚʘʷ ʜʣʷ 

ʩʦʧʦʣʠʤʝʨʘ ʉʆʕ.  

 

ʈʠʩ. 17. DSC-ʢʨʠʚʳʝ ʦʙʨʘʟʮʦʚ ʉʆʕʇ ʩ ʨʘʟʥʦʡ ʤʦʣʴʥʦʡ ʜʦʣʝʡ ʧʨʦʧʠʣʝʥʘ ʜʦ (ʘ) ʠ ʧʦʩʣʝ (ʙ) ʭʦ-

ʣʦʜʥʦʡ ʚʳʪʷʞʢʠ 

ʀʟ ʨʠʩʫʥʢʘ ʚʠʜʥʦ, ʯʪʦ ʥʘ ʢʨʠʚʳʭ ʥʘʙʣʶʜʘʶʪʩʷ ʜʚʘ ʵʥʜʦʪʝʨʤʠʯʝʩʢʠʭ ʧʠʢʘ: 

ʧʝʨʚʳʡ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʝʨʝʭʦʜʫ ʢʨʠʩʪʘʣʣʦʚ ʠʟ Ŭ-ʬʘʟʳ ʚ ɓ-ʬʘʟʫ, ʚʪʦʨʦʡ ï ʧʣʘʚʣʝ-

ʥʠʶ ɓ-ʢʨʠʩʪʘʣʣʦʚ. ɸʚʪʦʨʘʤʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚʳʪʷʞʢʘ ʧʣʝʥʢʠ ʉʆʕʇ ʧʨʠʚʦʜʠʪ ʢ 
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ʫʤʝʥʴʰʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨʳ ʧʝʨʝʭʦʜʘ Ŭ Ÿ ɓ  ʩ 364 ʜʦ 333 ʂ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ 

ʫʰʠʨʝʥʠʠ ʵʥʜʦʪʝʨʤʳ ʧʝʨʝʭʦʜʘ, ʘ ʦ
fus

T  ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʢʨʠʩʪʘʣʣʦʚ ɓ-ʬʘʟʳ ʫʤʝʥʴ-

ʰʘʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦ (ʩ 528 ʂ ʜʦ 524 ʂ). ʂʨʦʤʝ ʪʦʛʦ, ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʳ-

ʪʷʞʢʘ ʚ 3ï6 ʨʘʟ ʩʧʦʩʦʙʩʪʚʫʝʪ ʦʙʨʘʟʦʚʘʥʠʶ ʟʚʝʥʴʝʚ Ŭ-ʬʦʨʤʳ ʚ ʪʝʨʧʦʣʠʤʝʨʝ [99].  

ɺ ʨʘʙʦʪʝ [100] ʤʝʪʦʜʘʤʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʩʢʘʥʠʨʫʶʱʝʡ ʢʘʣʦʨʠʤʝʪʨʠʠ, 

ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʨʝʥʪʛʝʥʦʛʨʘʬʠʠ, ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʠ 

ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʙʳʣʘ ʠʟʫʯʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʩʚʦʡʩʪʚ ʪʝʨʧʦʣʠʤʝʨʘ ʉʆʕʇ 

(6 ʤʦʣ.% ʧʨʦʧʠʣʝʥʘ, Mw = 1Ö105,
ʦ
gT  = 285 ʂ, ʦ

fus
T  = 498 ʂ, a = (33ï35%)) ʦʪ ʨʘʟʣʠʯ-

ʥʳʭ ʫʩʣʦʚʠʡ ʵʢʩʪʨʫʟʠʠ (ʩʢʦʨʦʩʪʴ ʩʜʚʠʛʘ, ʩʢʦʨʦʩʪʴ ʦʭʣʘʞʜʝʥʠʷ).  

 

ʈʠʩ. 18. DSC-ʢʨʠʚʳʝ ʪʝʨʧʦʣʠʤʝʨʘ ʉʆʕʇ, ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʩʢʦʨʦʩʪʷʭ (ʘ) ʩʜʚʠʛʘ ʠ (ʙ) 

ʦʭʣʘʞʜʝʥʠʷ 

ʐʝʩʪʴ ʦʙʨʘʟʮʦʚ ʧʨʝʜʩʪʘʚʣʷʣʠ ʩʦʙʦʡ ʧʦʣʳʝ ʮʠʣʠʥʜʨʠʯʝʩʢʠʝ ʪʨʫʙʢʠ. ʀʟ ʥʠʭ 

ʪʨʠ ʦʙʨʘʟʮʘ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʠ ʦʭʣʘʞʜʝʥʠʷ (ʨʠʩ. 18ʘ: ʢʨʠ-

ʚʘʷ 1 ï ʚʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ ʩʜʚʠʛʘ, ʢʨʠʚʘʷ 2 ï ʥʦʨʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʩʜʚʠʛʘ, ʢʨʠʚʘʷ 3 

ï ʥʠʟʢʘʷ ʩʢʦʨʦʩʪʴ ʩʜʚʠʛʘ), ʘ ʜʨʫʛʠʝ ʪʨʠ ï ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʠ ʩʜʚʠʛʘ  

(ʨʠʩ. 18ʙ: ʢʨʠʚʘʷ 1 ï ʥʠʟʢʘʷ ʩʢʦʨʦʩʪʴ ʦʭʣʘʞʜʝʥʠʷ, ʢʨʠʚʘʷ 2 ï ʥʦʨʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ 

ʦʭʣʘʞʜʝʥʠʷ, ʢʨʠʚʘʷ 3 ï ʚʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ ʦʭʣʘʞʜʝʥʠʷ). ʉʢʘʥʠʨʦʚʘʥʠʝ ʧʨʦʠʟʚʦʜʠ-

ʣʠ ʩʦ ʩʢʦʨʦʩʪʴʶ 10Áʉ/ʤʠʥ. 



74 

 

ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ (ʦ
fus

T = 498 ʂ) ʩʦʚʧʘʜʘʶʪ ʚ 

ʧʨʝʜʝʣʘʭ ʧʦʛʨʝʰʥʦʩʪʠ ʠʟʤʝʨʝʥʠʷ. ʉʪʝʧʝʥʴ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ Ŭ ʢʘʞʜʦʛʦ ʠʟ ʰʝʩʪʠ 

ʦʙʨʘʟʮʦʚ ʩʦʩʪʘʚʣʷʣʘ ~34%. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʚʪʦʨʘʤʠ [100] ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʠʟʤʝʥʝʥʠʝ ʫʩʣʦʚʠʡ ʵʢʩʪʨʫʟʠʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʚʣʠʷʝʪ ʥʘ ʩʪʝʧʝʥʴ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ 

ʪʝʨʧʦʣʠʤʝʨʘ b ʪʝʤʧʝʨʘʪʫʨʫ ʧʣʘʚʣʝʥʠʷ.  

ɸʚʪʦʨʘʤʠ [101] ʤʝʪʦʜʘʤʠ DSC, ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ ʠ ʵʣʝʢʪʨʦʥʥʦʡ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠʟʫʯʝʥʳ ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʠ ʤʦʨʬʦʣʦʛʠʷ ʉʆʕʇ. ɸʚʪʦʨʳ 

ʥʘʙʣʶʜʘʣʠ ʚ ʪʝʨʧʦʣʠʤʝʨʝ ʜʚʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ, a- ʠ ɓ-ʬʘʟʳ, ʘʥʘʣʦ-

ʛʠʯʥʦ ʦʧʠʩʘʥʥʦʤʫ ʚʳʰʝ. ʇʦʩʣʝ ʦʪʞʠʛʘ ʪʝʨʧʦʣʠʤʝʨʘ a-ʬʘʟʘ ʥʝʦʙʨʘʪʠʤʦ ʧʝʨʝʭʦ-

ʜʠʣʘ ʚ ɓ-ʬʘʟʫ. ʊʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ ʉʆʕʇ o
fus

T  ʣʠʥʝʡʥʦ ʫʤʝʥʴʰʘʝʪʩʷ ʧʨʠ ʫʚʝ-

ʣʠʯʝʥʠʠ ʩʦʜʝʨʞʘʥʠʷ ʧʨʦʧʠʣʝʥʘ. ʇʣʘʚʣʝʥʠʝ ʉʆʕʇ ʠʩʩʣʝʜʦʚʘʣʦʩʴ ʘʚʪʦʨʘʤʠ ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʩʢʦʨʦʩʪʷʭ ʥʘʛʨʝʚʘ: 0.5, 2, 5, 10 ʠ 20 Á/ʤʠʥ. ʇʨʠ ʥʠʟʢʠʭ ʩʢʦʨʦʩʪʷʭ 

ʥʘʛʨʝʚʘ ʥʘ DSC-ʢʨʠʚʳʭ ʥʘʙʣʶʜʘʣʦʩʴ ʜʚʘ ʧʠʢʘ ʧʣʘʚʣʝʥʠʷ, ʘ ʧʨʠ 10 ʠ 20ÁC/ʤʠʥ ï 

ʪʦʣʴʢʦ ʦʜʠʥ ʧʠʢ. ʇʦʷʚʣʝʥʠʝ ʚʪʦʨʦʛʦ ʧʠʢʘ ʧʨʠ ʥʠʟʢʠʭ ʩʢʦʨʦʩʪʷʭ ʥʘʛʨʝʚʘ ʦʙʲʷʩʥʷ-

ʝʪʩʷ ʘʚʪʦʨʘʤʠ [101] ʨʝʩʪʨʫʢʪʫʨʠʟʘʮʠʝʡ ʯʘʩʪʠ ʠʩʭʦʜʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʚ ʥʦʚʳʡ, ʙʦ-

ʣʝʝ ʩʦʚʝʨʰʝʥʥʳʡ ʚʠʜ. ʇʦʣʫʯʝʥʥʳʝ ʚ ʨʘʙʦʪʝ ʨʝʟʫʣʴʪʘʪʳ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ 

ʦʧʠʩʘʥʥʳʤʠ ʚʳʰʝ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ [93ï100], ʘ ʪʘʢʞʝ ʩ ʜʘʥʥʳʤʠ, ʦʧʫʙʣʠʢʦʚʘʥ-

ʥʳʤʠ ʚ [102]. 

ɺ ʨʘʙʦʪʝ [17] ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʫʩʣʦʚʠʡ ʩʠʥʪʝʟʘ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʩʪʨʦʝʥʠʷ ʮʝʧʠ ʉʆʕʇ ʥʘ ʤʦʨʬʦʣʦʛʠʶ ʠ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʪʝʨʧʦʣʠʤʝʨʘ. 

ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʦʚʳʡ ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʤʧʫʣʴʩʥʦʡ ʧʦʜʘ-

ʯʠ ʵʪʠʣʝʥʘ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪ ʙʣʦʯʥʦʩʪʴ ʧʦʣʠʤʝʨʥʦʡ ʮʝʧʠ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝ-

ʨʝʜʴ, ʧʨʠʚʦʜʠʪ ʢ ʧʦʥʠʞʝʥʠʶ ʩʪʝʧʝʥʠ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ ʪʝʨʧʦʣʠʤʝʨʘ.  

ʄʝʪʦʜ ʩʠʥʪʝʟʘ ʪʝʨʧʦʣʠʤʝʨʘ ʉʆʕʇ ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ ʪʨʝʪʴʝʛʦ ʧʠʢʘ 

ʧʣʘʚʣʝʥʠʷ ʥʘ DSC-ʢʨʠʚʳʭ, ʯʪʦ ʚʳʟʚʘʥʦ ʧʣʘʚʣʝʥʠʝʤ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʬʘʟʳ, 

ʩʬʦʨʤʠʨʦʚʘʥʥʦʡ ʠʟ ʙʣʦʢʦʚ çʤʦʥʦʦʢʩʠʜ ʫʛʣʝʨʦʜʘïɻ ʪʠʣʝʥè ʠ ʙʣʠʟʢʦʡ ʧʦ ʩʚʦʠʤ 

ʩʚʦʡʩʪʚʘʤ ʢ ɓ-ʬʘʟʝ ʉʆʕ [17].  

ʄʝʪʦʜʦʤ ʵʢʩʪʨʫʟʠʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 523, 528 ʠ 539 ʂ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚʳ-

ʩʦʢʦʧʨʦʯʥʳʝ (1.1 ɻʇʘ) ʠ ʚʳʩʦʢʦʤʦʜʫʣʴʥʳʝ (13 ɻʇʘ) ʚʦʣʦʢʥʘ ʠʟ ʯʝʪʳʨʝʭ ʦʙʨʘʟʮʦʚ 
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(IïIV) ʪʝʨʧʦʣʠʤʝʨʦʚ ʉʆʕʇ [103]. ɺ ʪʘʙʣ. 26 ʧʨʝʜʩʪʘʚʣʝʥʳ ʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ʄʝʪʦʜʘʤʠ DSC, ʰʠʨʦʢʦ- ʠ ʤʘʣʦʫʛʣʦʚʦʡ ʨʝʥʪʛʝʥʦʩʢʦʧʠʠ, ʩʢʘʥʠʨʫʶʱʝʡ ʵʣʝʢʪʨʦʥ-

ʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʠʟʫʯʝʥʳ ʩʪʨʫʢʪʫʨʘ ʠ ʤʦʨʬʦʣʦʛʠʷ ʧʦʣʫʯʝʥʥʳʭ ʚʦʣʦʢʦʥ. ɿʘʚʠʩʠ-

ʤʦʩʪʠ ʩʪʝʧʝʥʠ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ ʠ ʦfus
T  ʪʝʨʧʦʣʠʤʝʨʦʚ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʧʨʦʧʠʣʝʥʘ, ʩʦ-

ʜʝʨʞʘʱʝʛʦʩʷ ʚ ʦʙʨʘʟʮʘʭ IïIV, ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 19 [22, 103].  

ʊʘʙʣʠʮʘ 26 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʨʘʟʮʦʚ ʉʆʕʇ, ʠʟʫʯʝʥʥʳʭ ʚ ʨʘʙʦʪʝ [103] 

ʆʙʨʘʟʝʮ [ʉ3ʅ6], ʤʦʣ.% MwĿ10-4 Mw/Mn 

I 6.0 4 2.84 

II  6.0 6 3.00 

III  3.5 6 3.10 

IV 0 4 3.10 

 

 

ʈʠʩ. 19. ɿʘʚʠʩʠʤʦʩʪʴ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ (ʘ) ʠ ʦ

fusT  (ʙ) ʦʙʨʘʟʮʦʚ IïIV (ʤʘʨʢʝʨʳ ʪʦʯʝʢ 1 ï 4 ʩʦʦʪʚʝʪ-

ʩʪʚʝʥʥʦ) ʦʪ ʩʪʝʧʝʥʠ ʚʳʪʷʞʢʠ 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʜʘʥʥʳʭ ʪʝʨʧʦʣʠʤʝʨʦʚ ʤʝʪʦʜʦʤ ʪʝʨʤʦʵʣʘʩʪʦʤʝʪʨʠʠ ʚ ʪʝʤʧʝʨʘ-

ʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ 286ï327 ʂ ʠ ʧʨʠ ʜʘʚʣʝʥʠʷʭ 30ï100 ʄʇʘ ʧʦʢʘʟʘʣʠ [104], ʯʪʦ ʪʝʨ-

ʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨ rʉʆʕʇ (ʫʜʝʣʴʥʳʡ ʦʙʝ̡ʤ, ʢʦʵʬʬʠʮʠʝʥʪʳ ʪʝʨʤʠʯʝʩʢʦʛʦ 

ʨʘʩʰʠʨʝʥʠʷ ʠ ʩʞʠʤʘʝʤʦʩʪʠ) ʫʭʫʜʰʘʶʪʩʷ ʧʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʙʣʦʢʦʚ 
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çʤʦʥʦʦʢʩʠʜ ʫʛʣʝʨʦʜʘïɻ ʪʠʣʝʥè, ʪʦʛʜʘ ʢʘʢ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʪʝʧʣʦ- ʠ 

ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʦʜʥʦʩʪʴ, ʫʜʝʣʴʥʘʷ ʪʝʧʣʦʝʤʢʦʩʪʴ) ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʟʘʚʠʩʷʪ ʦʪ ʩʦʩʪʘʚʘ 

ʪʝʨʧʦʣʠʤʝʨʘ [22, 105].  
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ɿɸʂʃʖʏɽʅʀɽ 

ɸʥʘʣʠʟ ʠʤʝʶʱʠʭʩʷ ʚ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʩʚʝʜʝʥʠʡ ʦ ʢʘʣʦʨʠʤʝʪʨʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ ʩʦ- ʠ ʪʝʨʧʦʣʠʤʝʨʦʚ ʤʦʥʦʦʢʩʠʜʘ 

ʫʛʣʝʨʦʜʘ ʩ ʨʘʟʣʠʯʥʳʤʠ ʤʦʥʦʤʝʨʘʤʠ (ʦʣʝʬʠʥʘʤʠ, ʜʠʝʥʘʤʠ, ʩʪʠʨʦʣʦʤ ʠ ʪ.ʜ.) ʧʦʟ-

ʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ. 

1. ʂ ʤʦʤʝʥʪʫ ʚʳʧʦʣʥʝʥʠʷ ʥʘʩʪʦʷʱʝʡ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʧʨʘʢʪʠʯʝʩʢʠ 

ʠʟʫʯʝʥʳ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʪʝʧʣʦʝʤʢʦʩʪʠ, ʘ ʪʘʢʞʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʷʜʘ ʜʚʦʡʥʳʭ ʯʝʨʝʜʫʶʱʠʭʩʷ ʩʦʧʦʣʠʤʝʨʦʚ ʤʦʥʦʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ ʩ 

ʵʪʠʣʝʥʦʤ, ʧʨʦʧʠʣʝʥʦʤ, ʩʪʠʨʦʣʦʤ, ʵʥʜʦ-ʜʠʮʠʢʣʦʧʝʥʪʘʜʠʝʥʦʤ, ʥʦʨʙʦʨʥʘʜʠʝʥʦʤ, 

ʥʦʨʙʦʨʥʝʥʦʤ ʠ ʝʛʦ ʧʨʦʠʟʚʦʜʥʳʤʠ. 

2. ʇʦʣʫʯʝʥʳ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚʣʠʷʥʠʷ ʩʪʨʫʢʪʫʨʥʦʡ ʠʟʦʤʝʨʠʠ ʧʦʚʪʦʨʷʶʱʝʛʦʩʷ 

ʤʦʥʦʤʝʨʥʦʛʦ ʟʚʝʥʘ ʠ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʳ ʩʦʧʦʣʠʤʝʨʦʚ ʥʘ ʠʭ ʪʝʧʣʦʝʤʢʦʩʪʴ. ʉʦ-

ʧʦʩʪʘʚʣʝʥʳ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʣʠʢʝʪʦʥʦʚ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʠʤ ʧʦʣʠʘʣʢʘʥʦʚ. 

3. ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʧʦʣʠʤʝʨʦʚ ʤʦʥʦʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ ʠ 

ʚʳʩʰʠʭ ʦʣʝʬʠʥʦʚ (ʙʫʪʝʥʘ-1, ʧʝʥʪʝʥʘ-1 ʠ ʪ.ʜ.) ʦʩʪʘʶʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʫʯʝʥ-

ʥʳʤʠ. 

4. ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʢʘʣʦʨʠʤʝʪʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʦ ʪʝʨʧʦʣʠʤʝʨʘʭ çʤʦʥʦʦʢʩʠʜ ʫʛ-

ʣʝʨʦʜʘ-ʵʪʠʣʝʥ-ʧʨʦʧʠʣʝʥè ʧʦʣʫʯʝʥʘ ʤʝʪʦʜʦʤ DSC, ʧʨʠʚʦʜʠʤʳʝ ʚ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘ-

ʪʫʨʝ ʚʝʣʠʯʠʥʳ ʥʦʩʷʪ ʩʢʦʨʝʝ ʢʘʯʝʩʪʚʝʥʥʳʡ, ʘ ʥʝ ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ʭʘʨʘʢʪʝʨ. ʈʷʜ 

ʜʘʥʥʳʭ, ʪʘʢʠʭ ʢʘʢ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝ-

ʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʥʪʝʟʘ ʵʪʠʭ ʪʝʨʧʦʣʠʤʝʨʦʚ ʦʪʩʫʪʩʪʚʫʶʪ. 

5. ɼʘʥʥʳʝ ʦ ʪʝʧʣʦʝʤʢʦʩʪʠ ʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʪʝʨʧʦʣʠʤʝ-

ʨʦʚ çʤʦʥʦʦʢʩʠʜ ʫʛʣʝʨʦʜʘ-ʵʪʠʣʝʥ-ʙʫʪʝʥ-1è ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ ʦʪʩʫʪʩʪʚʫʶʪ. 

6. ɸʥʘʣʠʟ ʠʤʝʶʱʠʭʩʷ ʥʘ ʤʦʤʝʥʪ ʥʘʧʠʩʘʥʠʷ ʥʘʩʪʦʷʱʝʡ ʜʠʩʩʝʨʪʘʮʠʠ ʜʘʥʥʳʭ ʦ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ ʪʝʨʧʦʣʠʤʝʨʦʚ ʧʦʢʘʟʘʣ ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʩʜʝʣʘʪʴ ʟʘ-

ʢʣʶʯʝʥʠʝ ʦ ʚʣʠʷʥʠʠ ʩʪʨʦʝʥʠʷ ʠ ʩʦʩʪʘʚʘ ʧʦʣʠʢʝʪʦʥʦʚ ʥʘ ʠʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ. 
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ʀʩʭʦʜʷ ʠʟ ʚʳʰʝʠʟʣʦʞʝʥʥʦʛʦ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʮʝʣʠ ʠ ʟʘʜʘʯʠ ʥʘʩʪʦʷʱʝʡ 

ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ, ʢʦʪʦʨʳʝ ʧʨʠʚʝʜʝʥʳ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʨʘʟʜʝʣʝ ʚʚʝʜʝ-

ʥʠʷ (ʩʤ. ʩʪʨ 10). 
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ɻʃɸɺɸ 2. ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅɸʗ ʏɸʉʊʔ 

2.1. ʂʘʣʦʨʠʤʝʪʨʠʯʝʩʢʘʷ ʘʧʧʘʨʘʪʫʨʘ, ʤʝʪʦʜʠʢʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʠʟʤʝʨʝʥʠʡ 

2.1.1. ʇʦʣʥʦʩʪʴʶ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʪʝʧʣʦʬʠʟʠʯʝʩʢʘʷ ʫʩʪʘʥʦʚʢʘ 

ɹʂʊ-3 

ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʪʝʧʣʦʝʤʢʦʩʪʠ, ʪʝʤʧʝʨʘʪʫʨ ʠ ʵʥʪʘʣʴʧʠʡ ʬʠʟʠʯʝʩʢʠʭ ʧʨʝʚʨʘ-

ʱʝʥʠʡ ʚʝʱʝʩʪʚ ʚ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʚ ʦʙʣʘʩʪʠ 5-350 ʂ ʧʨʠʤʝʥʷʣʠ 

ʧʦʣʥʦʩʪʴʶ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʫʶ ʪʝʧʣʦʬʠʟʠʯʝʩʢʫʶ ʫʩʪʘʥʦʚʢʫ (ɹʂʊ-3), ʩʢʦʥʩʪʨʫʠ-

ʨʦʚʘʥʥʫʶ ʠ ʠʟʛʦʪʦʚʣʝʥʥʫʶ ʚ ɸʆɿʊ çʊʝʨʤʠʩè (ʧʦʩ. ʄʝʥʜʝʣʝʝʚʦ ʄʦʩʢʦʚʩʢʦʡ ʦʙ-

ʣʘʩʪʠ). ʋʩʪʘʥʦʚʢʘ ʨʘʙʦʪʘʝʪ ʢʘʢ ʘʜʠʘʙʘʪʠʯʝʩʢʠʡ ʚʘʢʫʫʤʥʳʡ ʢʘʣʦʨʠʤʝʪʨ ʩ ʜʠʩ-

ʢʨʝʪʥʳʤ ʥʘʛʨʝʚʦʤ. ʇʦʜʨʦʙʥʦʝ ʦʧʠʩʘʥʠʝ ʢʦʥʩʪʨʫʢʮʠʠ ʫʩʪʘʥʦʚʢʠ ʠ ʤʝʪʦʜʠʢʠ ʠʟ-

ʤʝʨʝʥʠʡ ʦʧʫʙʣʠʢʦʚʘʥʦ, ʥʘʧʨʠʤʝʨ, ʚ ʨʘʙʦʪʘʭ [106, 107]. 

ʋʩʪʘʥʦʚʢʘ ʩʦʩʪʦʠʪ ʠʟ ʤʠʥʠʢʨʠʦʩʪʘʪʘ ʧʦʛʨʫʞʥʦʛʦ ʪʠʧʘ (ʉR) ʩ ʢʘʣʦʨʠʤʝʪʨʠ-

ʯʝʩʢʠʤ ʫʩʪʨʦʡʩʪʚʦʤ (ʉɸ), ʙʣʦʢʘ ʘʥʘʣʦʛʦʚʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʠ ʢʦʤʧʴʶʪʝʨʥʦ-

ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ (ʂʀʉ) çɸʢʩʘʤʠʪ ɸʂ-6è. ʉʭʝʤʳ ʢʨʠʦʩʪʘʪʘ ʠ ʢʘʣʦʨʠʤʝʪ-

ʨʠʯʝʩʢʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 20. ʂʘʣʦʨʠʤʝʪʨʠʯʝʩʢʦʝ ʫʩʪʨʦʡʩʪʚʦ ʧʦ-

ʛʨʫʞʘʝʪʩʷ ʚ ʩʦʩʫʜ ʩ ʞʠʜʢʠʤ ʛʝʣʠʝʤ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʪʝʧʣʦʝʤʢʦʩʪʠ ʚʝʱʝʩʪʚ ʦʪ  

5-6 ʂ, ʣʠʙʦ ʚ ʩʦʩʫʜ ʩ ʞʠʜʢʠʤ ʘʟʦʪʦʤ ï ʚ ʦʙʣʘʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨ ~ 80 ʂ. ɺʝʨʭʥʷʷ 

ʯʘʩʪʴ ʢʨʠʦʩʪʘʪʘ - ʤʝʪʘʣʣʠʯʝʩʢʘʷ ʢʦʨʦʙʢʘ, ʚ ʢʦʪʦʨʦʡ ʨʘʟʤʝʱʝʥʳ ʚʝʥʪʠʣʴ (14), ʧʘ-

ʪʨʫʙʦʢ ʢ ʩʠʩʪʝʤʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʚʘʢʫʫʤʠʨʦʚʘʥʠʷ ʢʨʠʦʩʪʘʪʘ (15) ʠ ʛʝʨʤʝʪʠʯ-

ʥʳʡ ʨʘʟʲʝʤ-ʢʦʣʦʜʢʘ ʩʦʝʜʠʥʠʪʝʣʴʥʳʭ ʧʨʦʚʦʜʦʚ (16). ʅʠʞʥʷʷ ʠ ʚʝʨʭʥʷʷ ʯʘʩʪʠ 

ʢʨʠʦʩʪʘʪʘ ʛʝʨʤʝʪʠʯʥʦ ʩʦʝʜʠʥʝʥʳ ʤʝʞʜʫ ʩʦʙʦʡ ʪʦʥʢʦʩʪʝʥʥʦʡ ʪʨʫʙʢʦʡ (17) ʠʟ ʥʝ-

ʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ. ɼʣʷ ʟʘʢʨʝʧʣʝʥʠʷ ʢʨʠʦʩʪʘʪʘ ʚ ʛʦʨʣʦʚʠʥʝ ʩʦʩʫʜʘ ɼʴʶʘʨʘ ʩ ʭʣʘ-

ʜʘʛʝʥʪʦʤ ʥʘ ʪʨʫʙʢʫ (17) ʥʘʜʝʪ rʛʘʡʢʘ (18) ʠ ʪʝʢʩʪʦʣʠʪʦʚʳʡ ʧʘʪʨʫʙʦʢ ʩ ʨʝʟʠʥʦʚʳ-

ʤʠ ʫʧʣʦʪʥʷʶʱʠʤʠ ʧʨʦʢʣʘʜʢʘʤʠ. 

ɸʜʠʘʙʘʪʠʯʝʩʢʠʡ ʵʢʨʘʥ (3) ʠ ʢʘʣʦʨʠʤʝʪʨʠʯʝʩʢʘʷ ʘʤʧʫʣʘ (1) ʩ ʢʨʳʰʢʦʡ (4) 

ʧʦʜʚʝʰʝʥʳ ʚʥʫʪʨʠ ʘʜʠʘʙʘʪʠʯʝʩʢʦʛʦ ʵʢʨʘʥʘ (7) ʥʘ ʪʝʢʩʪʦʣʠʪʦʚʦʡ ʪʨʫʙʢʝ (10). 

ʅʠʞʥʠʡ ʢʦʥʝʮ ʪʨʫʙʢʠ (10) ʧʨʠʢʣʝʝʥ ʢ ʵʢʨʘʥʫ (7), ʚʝʨʭʥʠʡ ʟʘʢʨʝʧʣʝʥ ʥʘ ʚʪʫʣʢʝ 

(11). ɺʘʢʫʫʤʥʦʝ ʫʧʣʦʪʥʝʥʠʝ ʩʪʘʢʘʥʘ (12) ʩ ʚʪʫʣʢʦʡ (11) ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʧʝʮʠ-

ʘʣʴʥʦʡ ʧʘʩʪʦʡ ʤʘʨʢʠ çʂʇʊ-8è, ʢʦʪʦʨʦʡ ʟʘʧʦʣʥʷʶʪʩʷ ʢʦʣʴʮʝʚʳʝ ʢʘʥʘʚʢʠ ʥʘ ʚʪʫʣ-
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ʢʝ (13). ʌʦʨʚʘʢʫʫʤ ʚ ʢʨʠʦʩʪʘʪʝ ʩʦʟʜʘʝʪʩʷ ʬʦʨʚʘʢʫʫʤʥʳʤ ʥʘʩʦʩʦʤ, ʚʳʩʦʢʠʡ ʚʘʢʫ-

ʫʤ ʩʦʟʜʘʝʪʩʷ ʠ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʫʛʦʣʴʥʳʤ ʘʜʩʦʨʙʝʨʦʤ ʤʘʨʢʠ çɹɸʋè (19). ʉʪʝʧʝʥʴ 

ʨʘʟʨʝʞʝʥʠʷ ʚʦ ʚʨʝʤʷ ʠʟʤʝʨʝʥʠʡ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʧʦ ʚʝʣʠʯʠʥʝ ʪʦʢʘ ʚ ʥʘʛʨʝʚʘʪʝʣʝ 

ʵʢʨʘʥʘ (3).  

 

ʈʠʩ. 20. ʂʘʣʦʨʠʤʝʪʨʠʯʝʩʢʦʝ ʫʩʪʨʦʡʩʪʚʦ (ʉɸ) ʠ ʢʨʠʦʩʪʘʪ (ʉR) ɹʂʊ-3: 

1 ï ʪʠʪʘʥʦʚʘʷ ʢʘʣʦʨʠʤʝʪʨʠʯʝʩʢʘʷ ʘʤʧʫʣʘ, 2 ï ʤʝʜʥʳʡ ʵʢʨʘʥ, 3 ï ʤʝʜʥʳʡ ʘʜʠʘʙʘʪʠʯʝ-

ʩʢʠʡ ʵʢʨʘʥ, 4 ï ʙʨʦʥʟʦʚʘʷ ʢʨʳʰʢʘ, 5 ï ʞʝʣʝʟʦ-ʨʦʜʠʝʚʳʡ ʪʝʨʤʦʤʝʪʨ ʩʦʧʨʦʪʠʚʣʝʥʠʷ,  

6 ï ʞʝʣʝʟʦ-ʤʝʜʥʘʷ ʪʝʨʤʦʧʘʨʘ, 7 ï ʵʢʨʘʥ, ʧʦʢʨʳʪʳʡ ʣʘʚʩʘʥʦʚʦʡ ʧʣʝʥʢʦʡ ʠ ʧʦʣʠʨʦʚʘʥ-

ʥʳʤ ʘʣʶʤʠʥʠʝʤ, 8 ï ʥʝʡʣʦʥʦʚʘʷ ʥʠʪʴ, 9 ï ʩʪʘʣʴʥʘʷ ʧʨʫʞʠʥʘ, 10 ï ʪʝʢʩʪʦʣʠʪʦʚʘʷ ʪʨʫʙ-

ʢʘ, 11 ï ʚʪʫʣʢʘ, 12 ï ʚʘʢʫʫʤʥʳʡ ʩʪʘʢʘʥ, 13 ï ʢʘʥʘʚʢʠ ʥʘ ʚʪʫʣʢʝ, 14 ï ʚʝʥʪʠʣʴ, 15 ï ʧʘ-

ʪʨʫʙʦʢ ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ ʩ ʩʠʩʪʝʤʦʡ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʚʘʢʫʫʤʠʨʦʚʘʥʠʷ, 16 ï ʨʘʟʲʝʤ-

ʢʦʣʦʜʢʘ ʩʦʝʜʠʥʠʪʝʣʴʥʳʭ ʧʨʦʚʦʜʦʚ, 17 ï ʩʪʘʣʴʥʘʷ ʪʨʫʙʢʘ, 18 ï ʛʘʡʢʘ, 19 ï ʫʛʦʣʴʥʳʡ ʘʜ-

ʩʦʨʙʝʨ, 20 ï ʘʣʶʤʠʥʠʝʚʳʝ ʜʠʩʢʠ  

ɺʩʝ ʧʨʦʚʦʜʘ ʪʦʢʦʚʳʭ ʠ ʧʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʠʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʮʝʧʝʡ ʧʨʠʢʣʝ-

ʝʥʳ ʢ ʩʪʝʥʢʘʤ ʚʪʫʣʢʠ (11) ʝʱʝ ʜʦ ʤʝʩʪ ʧʦʜʧʘʡʢʠ ʠʭ ʢ ʢʦʥʪʘʢʪʥʳʤ ʢʦʣʴʮʘʤ ʜʣʷ ʪʦ-

ʛʦ, ʯʪʦʙʳ ʦʥʠ ʠʤʝʣʠ ʪʝʤʧʝʨʘʪʫʨʫ ʭʣʘʜʘʛʝʥʪʘ. ʇʨʦʚʦʜʘ ʠ ʚʪʫʣʢʘ ʦʙʨʘʟʫʶʪ ʪʝʧʣʦ-

ʚʦʡ ʰʫʥʪ ʩ ʟʘʜʘʥʥʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʦʭʣʘʞʜʝʥʠʝ ʢʘʣʦʨʠʤʝʪ-


