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ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʫʝʤʳʭ ʩʦʢʨʘʱʝʥʠʡ 

 

c ï ʩʪʝʧʝʥʴ ʩʪʨʫʢʪʫʨʥʦʡ 

ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʠ  

t5, t10 ï ʪʝʤʧʝʨʘʪʫʨʳ, ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ 

ʢʦʪʦʨʳʭ ʚ ʭʦʜʝ ʥʘʛʨʝʚʘ ʦʙʨʘʟʮʘ ʤʘʩʩʘ 

ʧʦʣʠʤʝʨʘ ʧʘʜʘʝʪ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʪʝʨʤʦʜʝʩʪʨʫʢʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʥʘ 5 

ʠ 10 %, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

sʧ ï ʧʨʝʜʝʣ ʧʣʘʩʪʠʯʥʦʩʪʠ 

eʨ ï ʧʨʝʜʝʣʴʥʘʷ ʜʝʬʦʨʤʘʮʠʷ ʜʦ 

ʨʘʟʨʫʰʝʥʠʷ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ ʦʙʨʘʟʮʘ 

sʨ ï ʧʨʦʯʥʦʩʪʴ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ 

ʦʙʨʘʟʮʘ 

ὓ  ï ʤʦʣʝʢʫʣʷʨʥʘʷ ʤʘʩʩʘ ʚʦʜʳ 

d/d0 ï ʠʟʤʝʥʝʥʠʝ ʪʦʣʱʠʥʳ ʧʣʝʥʢʠ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʥʘʙʫʭʘʥʠʷ ʚ ʧʨʦʮʝʩʩʝ 

ʛʠʜʨʦʣʠʟʘ 

kʩʨ ï ʢʦʵʬʬʠʮʠʝʥʪ ʤʦʣʝʢʫʣʷʨʥʦʡ 

ʫʧʘʢʦʚʢʠ 

l ï ʧʝʨʩʠʩʪʝʥʪʥʘʷ ʜʣʠʥʘ  

MW ï ʩʨʝʜʥʝʚʝʩʦʚʘʷ ʤʦʣʝʢʫʣʷʨʥʘʷ 

ʤʘʩʩʘ 

Mʇɸʂ ï ʤʦʣʝʢʫʣʷʨʥʘʷ ʤʘʩʩʘ 

ʧʦʚʪʦʨʷʶʱʝʛʦʩʷ ʟʚʝʥʘ ʇɸʂ 

N ï ʩʨʝʜʥʝʝ ʯʠʩʣʦ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ ʚ 

ʛʣʘʚʥʦʡ ʮʝʧʠ ʥʘ ʫʯʘʩʪʢʝ ʤʝʞʜʫ 

ʩʦʩʝʜʥʠʤʠ ʩʰʠʚʢʘʤʠ 

N-ʄʇ ï N-ʤʝʪʠʣʧʠʨʨʦʣʠʜʦʥ 

nʇɸʂ ʠ nʇʀ ï ʢʦʥʮʝʥʪʨʘʮʠʷ ʟʚʝʥʴʝʚ 

ʩʦʣʠ ʇɸʂ ʠ ʇʀ ʚ ʮʝʧʷʭ ʧʦʣʠʤʝʨʘ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

Q ï ʜʠʘʥʛʠʜʨʠʜʥʳʡ ʬʨʘʛʤʝʥʪ 

ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʟʚʝʥʘ ʧʦʣʠʤʝʨʥʦʡ 

ʮʝʧʠ 

R ï ʜʠʘʤʠʥʥʳʡ ʬʨʘʛʤʝʥʪ 

ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʟʚʝʥʘ ʧʦʣʠʤʝʨʥʦʡ 

ʮʝʧʠ 

t ï ʜʣʠʪʝʣʴʥʦʩʪʴ ʛʠʜʨʦʣʠʟʘ 

tc ï ʜʣʠʪʝʣʴʥʦʩʪʴ ʪʝʨʤʠʯʝʩʢʦʛʦ 

ʩʪʘʨʝʥʠʷ 

t /̀2 ï ʜʣʠʪʝʣʴʥʦʩʪʴ ʛʠʜʨʦʣʠʟʘ, ʧʨʠ 

ʢʦʪʦʨʦʡ ʧʨʦʯʥʦʩʪʴ ʩʥʠʞʘʝʪʩʷ ʚ ʜʚʘ 

ʨʘʟʘ  

Tʛ.ʇʀ ï ʪʝʤʧʝʨʘʪʫʨʘ ʩʪʝʢʣʦʚʘʥʠʷ 

ʛʠʜʨʦʣʠʟʦʚʘʥʥʦʛʦ ʇʀ 

Tʧ ï ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ ʧʦʣʠʤʝʨʘ 

tʨ ï ʜʣʠʪʝʣʴʥʦʩʪʴ ʛʠʜʨʦʣʠʟʘ, ʧʨʠ 

ʢʦʪʦʨʦʡ ʤʘʪʝʨʠʘʣ ʥʘʯʠʥʘʝʪ 

ʨʘʟʨʫʰʘʪʴʩʷ 

Tʩ ï ʪʝʤʧʝʨʘʪʫʨʘ ʩʪʝʢʣʦʚʘʥʠʷ 

ʧʦʣʠʤʝʨʘ 

Tʪ ï ʪʝʤʧʝʨʘʪʫʨʘ ʪʝʢʫʯʝʩʪʠ ʧʦʣʠʤʝʨʘ 

U1720, U1780 ï ʵʥʝʨʛʠʠ ʘʢʪʠʚʘʮʠʠ 

ʛʠʜʨʦʣʠʪʠʯʝʩʢʦʡ ʜʝʩʪʨʫʢʮʠʠ, 

ʨʘʩʩʯʠʪʘʥʥʳʝ ʧʦ ʠʟʤʝʥʝʥʠʶ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʧʪʠʯʝʩʢʠʭ ʧʦʣʦʩ 
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1720 ʠ 1780 ʩʤ
-1 
ʚ ʀʂ ʩʧʝʢʪʨʘʭ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ  

Uů ʠ UŮ ï ʵʥʝʨʛʠʠ ʘʢʪʠʚʘʮʠʠ 

ʛʠʜʨʦʣʠʪʠʯʝʩʢʦʡ ʜʝʩʪʨʫʢʮʠʠ, 

ʨʘʩʩʯʠʪʘʥʥʳʝ ʧʦ ʠʟʤʝʥʝʥʠʶ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʛʠʜʨʦʣʠʟʘ ʧʨʦʯʥʦʩʪʠ ʠ 

ʜʝʬʦʨʤʘʮʠʠ ʜʦ ʨʘʟʨʫʰʝʥʠʷ 

W ï ʚʦʜʦʧʦʛʣʦʱʝʥʠʝ ʤʘʪʝʨʠʘʣʘ ʧʦ 

ʤʘʩʩʝ 

ȹHʧʣ ï ʵʥʪʘʣʴʧʠʷ ʧʣʘʚʣʝʥʠʷ ʯʘʩʪʠʯʥʦ-

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʦʙʨʘʟʮʘ 

ȹm80 ï ʚʝʣʠʯʠʥʘ ʧʦʪʝʨʠ ʤʘʩʩʳ 

ʛʠʜʨʦʣʠʟʦʚʘʥʥʦʛʦ ʦʙʨʘʟʮʘ ʚ ʠʥʪʝʨʚʘʣʝ 

ʪʝʤʧʝʨʘʪʫʨ ʦʪ ʢʦʤʥʘʪʥʦʡ ʜʦ 80 
ʦ
ʉ, 

ʦʧʨʝʜʝʣʝʥʥʘʷ ʧʦ ʢʨʠʚʦʡ ʊɻɸ 

ȹmʨ ï ʦʞʠʜʘʝʤʘʷ ʚʝʣʠʯʠʥʘ ʧʦʪʝʨʠ 

ʤʘʩʩʳ ʧʦʣʠʤʝʨʦʤ ʜʣʷ ʩʣʫʯʘʷ ʧʦʣʥʦʡ 

ʢʦʥʚʝʨʩʠʠ ʇɸʂ ʚ ʇʀ ʚ ʭʦʜʝ ʊɻɸ  

ȹmɻ ï ʚʝʣʠʯʠʥʘ ʧʦʪʝʨʠ ʤʘʩʩʳ 

ʛʠʜʨʦʣʠʟʦʚʘʥʥʦʛʦ ʦʙʨʘʟʮʘ ʚ 

ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ ʦʪ 80 ʜʦ  

 ╔ 300 
ʦ
ʉ, ʦʧʨʝʜʝʣʝʥʥʘʷ ʧʦ ʢʨʠʚʦʡ ʊɻɸ 

ɟ ï ʧʣʦʪʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ 

ůʨ/ɟ ï ʫʜʝʣʴʥʘʷ ʧʨʦʯʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ 

ɼʄɸɸ ï N,N-ʜʠʤʝʪʠʣʘʮʝʪʘʤʠʜ 

ɼʄʌ ï N,N-ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜ 

ɼʉʂ ï ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʘʷ 

ʩʢʘʥʠʨʫʶʱʘʷ ʢʘʣʦʨʠʤʝʪʨʠʷ 

ɼʊɸ ï ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʡ 

ʪʝʨʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ 

ɼʌ ï ʜʠʘʥʛʠʜʨʠʜ 3,3ᾳ,4,4ᾳ-

ʜʠʬʝʥʠʣʪʝʪʨʘʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ 

ɼʌʆ ï ʜʠʘʥʛʠʜʨʠʜ 3,4,3',4'-

ʜʠʬʝʥʠʣʦʢʩʠʜʪʝʪʨʘʢʘʨʙʦʥʦʚʦʡ 

ʢʠʩʣʦʪʳ 

ɽ ï ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ 

ʄʄ ï ʤʦʣʝʢʫʣʷʨʥʘʷ ʤʘʩʩʘ 

ʄʉʋʅʊ ï ʤʥʦʛʦʩʪʝʥʥʳʝ ʫʛʣʝʨʦʜʥʳʝ 

ʥʘʥʦʪʨʫʙʢʠ 

ʄʉʋʅʊ-CO-NH2 - ʥʘʥʦʯʘʩʪʠʮʳ 

ʄʉʋʅʊ, ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʝ 

ʘʤʠʜʦʛʨʫʧʧʘʤʠ 

ʄʉʋʅʊ-COOH ï ʥʘʥʦʯʘʩʪʠʮʳ 

ʄʉʋʅʊ, ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʝ 

ʢʘʨʙʦʢʩʠʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ 

ʆɼʌʆ ï 4,4Ë-ʙʠʩ-(4ËË-ʘʤʠʥʦʬʝʥʦʢʩʠ) 

ʜʠʬʝʥʠʣ ʜʠʘʤʠʥ 

ʆʉʋʅʊ ï ʦʜʥʦʩʪʝʥʥʳʝ ʫʛʣʝʨʦʜʥʳʝ 

ʥʘʥʦʪʨʫʙʢʠ 

ʇɸʂ ï ʧʦʣʠʘʤʠʜʦʢʠʩʣʦʪʘ 

ʇʀ ï ʘʨʦʤʘʪʠʯʝʩʢʠʡ ʧʦʣʠʠʤʠʜ 

ʇʂʄ ï ʧʦʣʠʤʝʨ-ʥʝʦʨʛʘʥʠʯʝʩʢʠʡ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʡ ʤʘʪʝʨʠʘʣ 

ʇʄ ï ʧʦʣʠ-4-4ᾳ-ʦʢʩʠʜʠʬʝʥʠʣʝʥʧʠʨʦ-

ʤʝʣʣʠʪʠʤʠʜ 

ʇʄ-ʊʀ ï ʧʣʝʥʢʘ ʇʄ, ʧʦʣʫʯʝʥʥʘʷ 

ʪʝʨʤʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʠʤʠʜʠʟʘʮʠʠ 

ʇʄ-ʊʍʀ ï ʧʣʝʥʢʘ ʇʄ, ʧʦʣʫʯʝʥʥʘʷ 

ʪʝʨʤʦʭʠʤʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ 

ʠʤʠʜʠʟʘʮʠʠ 
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ʇʌ ï ʧ-ʬʝʥʠʣʝʥʜʠʘʤʠʥ  

ʈ ï ʜʠʘʥʛʠʜʨʠʜ 1,3-ʙʠʩ-(3Ë,4,-

ʜʠʢʘʨʙʦʢʩʠʬʝʥʦʢʩʠ)ʙʝʥʟʦʣʪʝʪʨʘʢʘʨ-

ʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ 

ʉʆɼ ï 4,4Ë-ʙʠʩ-(4ËË-ʘʤʠʥʦʬʝʥʦʢʩʠ) 

ʜʠʬʝʥʠʣʩʫʣʴʬʦʥ ʜʠʘʤʠʥ 

ʊɻɸ ï ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ 

ʊʄɸ ï ʪʝʨʤʦʤʝʭʘʥʠʯʝʩʢʠʡ ʘʥʘʣʠʟ 

ʊʇɸʂ ʠ ʊʇʀ ï ʪʝʤʧʝʨʘʪʫʨʳ ʩʪʝʢʣʦʚʘʥʠʷ 

ʇɸʂ ʠ ʇʀ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʋʅɺ ï ʫʛʣʝʨʦʜʥʳʝ ʥʘʥʦʚʦʣʦʢʥʘ 

ʋʅʂ ï ʫʛʣʝʨʦʜʥʳʝ ʥʘʥʦʢʦʥʫʩʳ/ʜʠʩʢʠ 
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ɺɺɽɼɽʅʀɽ 

ʇʦʣʠʤʝʨʥʳʝ ʤʘʪʝʨʠʘʣʳ ʩ ʚʳʩʦʢʦʡ ʛʠʜʨʦʣʠʪʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ 

ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʨʘʟʚʠʪʠʷ ʢʣʶʯʝʚʳʭ ʦʪʨʘʩʣʝʡ ʪʝʭʥʠʢʠ, ʥʘʯʠʥʘʷ ʩ ʪʘʢʠʭ, ʢʘʢ 

ʥʝʬʪʷʥʘʷ, ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ, ʘʚʠʘʮʠʦʥʥʦ-ʢʦʩʤʠʯʝʩʢʘʷ ʠ ʟʘʢʘʥʯʠʚʘʷ ʠʟʛʦʪʦʚʣʝʥʠʝʤ 

ʠʟʜʝʣʠʡ ʤʝʜʠʮʠʥʩʢʦʛʦ ʥʘʟʥʘʯʝʥʠʷ [1-3]. ʅʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʣʫʯʝʥʠʷ ʪʘʢʠʭ 

ʤʘʪʝʨʠʘʣʦʚ ʩʚʷʟʘʥʳ ʩ ʰʠʨʦʢʦ ʠʩʩʣʝʜʫʝʤʳʤʠ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʧʨʦʮʝʩʩʘʤʠ 

ʤʦʜʠʬʠʢʘʮʠʠ ʧʦʣʠʤʝʨʦʚ ʥʘʥʦʯʘʩʪʠʮʘʤʠ ʨʘʟʣʠʯʥʦʛʦ ʪʠʧʘ. ʉʨʝʜʠ ʥʘʥʦʨʘʟʤʝʨʥʳʭ 

ʥʘʧʦʣʥʠʪʝʣʝʡ ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʥʘ ʧʨʘʢʪʠʢʝ ʤʥʦʛʦʩʪʝʥʥʳʝ 

ʫʛʣʝʨʦʜʥʳʝ ʥʘʥʦʪʨʫʙʢʠ (ʄʉʋʅʊ) ʠ ʫʛʣʝʨʦʜʥʳʝ ʥʘʥʦʚʦʣʦʢʥʘ (ʋʅɺ) [4-7]. 

ʀʟʚʝʩʪʝʥ ʨʷʜ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪ ʧʦ ʚʚʝʜʝʥʠʶ ʵʪʠʭ ʥʘʥʦʯʘʩʪʠʮ ʚ ʧʦʣʠʤʝʨʥʳʝ 

ʤʘʪʝʨʠʘʣʳ ʨʘʟʣʠʯʥʳʭ ʢʣʘʩʩʦʚ: ʧʣʝʥʢʠ ʞʝʩʪʢʦʮʝʧʥʳʭ ʧʦʣʠʤʝʨʦʚ, ʧʦʣʠʤʝʨʥʳʝ 

ʛʠʜʨʦʛʝʣʠ ʠ ʜʨ., ʠ ʠʩʩʣʝʜʦʚʘʥʠʶ ʩʚʦʡʩʪʚ ʧʦʣʫʯʝʥʥʳʭ ʢʦʤʧʦʟʠʪʦʚ [4, 8-14].  

ʆʜʥʘʢʦ ʚʦʧʨʦʩ ʦ ʩʪʘʙʠʣʴʥʦʩʪʠ ʥʘʥʦʢʦʤʧʦʟʠʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʫʩʣʦʚʠʷʭ 

ʜʝʡʩʪʚʠʷ ʥʘ ʥʝʛʦ ʞʝʩʪʢʠʭ ʛʠʜʨʦʣʠʟʫʶʱʠʭ ʩʨʝʜ ʜʦ ʩʠʭ ʧʦʨ ʠʩʩʣʝʜʦʚʘʥ 

ʥʝʜʦʩʪʘʪʦʯʥʦ. ʕʪʘ ʠʥʬʦʨʤʘʮʠʷ ʘʢʪʫʘʣʴʥʘ ʪʘʢʞʝ ʜʣʷ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ, 

ʬʦʨʤʠʨʫʝʤʳʭ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʤʝʨʦʚ, ʫʩʪʦʡʯʠʚʳʭ ʢ ʛʠʜʨʦʣʠʟʫ. ʄʘʪʝʨʠʘʣʳ ʪʘʢʦʛʦ 

ʪʠʧʘ ʧʨʠʤʝʥʷʶʪ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʝʪʘʣʝʡ ʫʩʪʨʦʡʩʪʚ, ʢʦʪʦʨʳʝ ʚ ʧʨʦʮʝʩʩʝ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʦʛʫʪ ʧʦʜʚʝʨʛʘʪʴʩʷ ʜʣʠʪʝʣʴʥʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ ʛʠʜʨʦʣʠʟʫʶʱʠʭ 

ʘʛʝʥʪʦʚ. ʆʜʥʦʡ ʠʟ ʛʨʫʧʧ ʪʘʢʠʭ ʧʦʣʠʤʝʨʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʝʤʳʭ ʧʨʝʜʝʣʴʥʦ ʚʳʩʦʢʦʡ 

ʛʠʜʨʦʣʠʪʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ, ʷʚʣʷʶʪʩʷ ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʧʦʣʠʠʤʠʜʳ (ʇʀ), 

ʠʟʚʝʩʪʥʳʝ ʩʦʯʝʪʘʥʠʝʤ ʨʝʢʦʨʜʥʦ ʚʳʩʦʢʠʭ ʤʝʭʘʥʠʯʝʩʢʠʭ, ʪʝʨʤʠʯʝʩʢʠʭ ʠ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩ ʚʳʩʦʢʦʡ ʛʠʜʨʦʣʠʪʠʯʝʩʢʦʡ ʠ ʨʘʜʠʘʮʠʦʥʥʦʡ 

ʩʪʦʡʢʦʩʪʴʶ [2, 15-16]. ʉʚʦʡʩʪʚʘ ʧʣʝʥʦʢ ʇʀ ʤʦʛʫʪ ʙʳʪʴ ʦʧʪʠʤʠʟʠʨʦʚʘʥʳ ʢʘʢ 

ʧʫʪʝʤ ʚʘʨʠʘʮʠʠ ʭʠʤʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ʧʦʣʠʤʝʨʘ, ʪʘʢ ʠ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ 

ʩʦʙʩʪʚʝʥʥʦ ʧʦʣʠʤʝʨʘ ʢ ʥʘʥʦʢʦʤʧʦʟʠʪʥʳʤ ʤʘʪʝʨʠʘʣʘʤ. ɻʠʜʨʦʣʠʪʠʯʝʩʢʘʷ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʧʣʝʥʦʢ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʠʟ ʇʀ ʨʘʟʣʠʯʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠʩʩʣʝʜʦʚʘʥʘ 

ʜʦʚʦʣʴʥʦ ʧʦʜʨʦʙʥʦ [1-3, 15-16]. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʚʦʧʨʦʩ ʦ ʛʠʜʨʦʣʠʪʠʯʝʩʢʦʡ 

ʩʪʘʙʠʣʴʥʦʩʪʠ ʥʘʥʦʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʇʀ, ʦ ʨʝʘʣʴʥʦʤ ʭʘʨʘʢʪʝʨʝ 

ʠʟʤʝʥʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ ʪʝʨʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʪʘʢʠʭ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʚ 
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ʧʨʦʮʝʩʩʝ ʛʠʜʨʦʣʠʟʘ ʦʩʪʘʝʪʩʷ ʦʪʢʨʳʪʳʤ. ʕʪʦʪ ʚʦʧʨʦʩ ʠʤʝʝʪ ʥʝ ʪʦʣʴʢʦ ʯʠʩʪʦ 

ʥʘʫʯʥʦʝ, ʥʦ ʠ ʚʘʞʥʦʝ ʧʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ, ʧʦʩʢʦʣʴʢʫ ʥʘʥʦʢʦʤʧʦʟʠʪʳ ʥʘ 

ʦʩʥʦʚʝ ʇʀ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʤʘʪʝʨʠʘʣʳ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ 

ʨʷʜʝ ʦʪʨʘʩʣʝʡ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ (ʢʨʝʧʝʞʥʳʝ ʠʟʜʝʣʠʷ ʠʟ ʪʝʨʤʦʧʣʘʩʪʦʚ, ʨʝʟʝʨʚʫʘʨʳ, 

ʜʝʪʘʣʠ ʧʨʠʙʦʨʦʚ ʠ ʢʦʥʩʪʨʫʢʮʠʡ ʠ ʪ.ʜ.) [9], ʵʣʝʢʪʨʦʥʠʢʝ (ʪʦʢʦʧʨʦʚʦʜʷʱʠʝ 

ʧʦʣʠʤʝʨʥʳʝ ʧʣʝʥʢʠ) [10], ʵʥʝʨʛʝʪʠʢʝ (ʧʨʦʪʦʥʧʨʦʚʦʜʷʱʠʝ ʤʝʤʙʨʘʥʳ) [11-13] ʠ 

ʤʝʜʠʮʠʥʝ (ʙʠʦʩʝʥʩʦʨʳ ʠ ʢʦʥʪʝʡʥʝʨʳ ʜʣʷ ʭʨʘʥʝʥʠʷ ʢʨʦʚʠ) [14].  

ʊʘʢʞʝ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʦʮʝʩʩʳ ʛʠʜʨʦʣʠʪʠʯʝʩʢʦʡ ʜʝʩʪʨʫʢʮʠʠ ʥʝ ʚʩʝʛʜʘ 

ʷʚʣʷʶʪʩʷ ʥʝʞʝʣʘʪʝʣʴʥʳʤʠ. ʀʟ ʣʠʪʝʨʘʪʫʨʳ ʠʟʚʝʩʪʥʳ ʩʧʦʩʦʙʳ ʧʝʨʝʨʘʙʦʪʢʠ 

ʦʪʭʦʜʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʣʝʥʦʢ ʇʀ ʧʫʪʝʤ ʠʭ ʱʝʣʦʯʥʦʛʦ ʛʠʜʨʦʣʠʟʘ ʜʦ ʧʦʣʫʯʝʥʠʷ 

ʠʩʭʦʜʥʳʭ ʤʦʥʦʤʝʨʦʚ ï ʜʠʘʤʠʥʦʚ ʠ ʪʝʪʨʘʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ [17-19]. ʇʨʦʮʝʩʩʳ 

ʛʠʜʨʦʣʠʪʠʯʝʩʢʦʡ ʜʝʩʪʨʫʢʮʠʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʪʘʢʞʝ ʜʣʷ ʧʦʚʝʨʭʥʦʩʪʥʦʡ 

ʤʦʜʠʬʠʢʘʮʠʠ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʠʟʜʝʣʠʡ ʩ 

ʫʣʫʯʰʝʥʥʳʤʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ [20-26]. ʅʘʧʨʠʤʝʨ, ʧʨʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʛʠʙʢʠʭ ʧʝʯʘʪʥʳʭ ʧʣʘʪ, ʤʠʢʨʦʩʭʝʤ, ʩʦʝʜʠʥʠʪʝʣʴʥʳʭ ʢʘʙʝʣʝʡ ʠ 

ʰʣʝʡʬʦʚ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦʛʦ ʩʮʝʧʣʝʥʠʷ ʪʦʢʦʧʨʦʚʦʜʷʱʝʛʦ 

ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʩʣʦʷ ʩ ʧʦʣʠʠʤʠʜʥʦʡ ʧʦʜʣʦʞʢʦʡ ʧʦʩʣʝʜʥʶʶ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʧʦʜʚʝʨʛʘʶʪ ʱʝʣʦʯʥʦʤʫ ʛʠʜʨʦʣʠʟʫ, ʘ ʟʘʪʝʤ ʥʝʡʪʨʘʣʠʟʫʶʪ ʢʠʩʣʦʪʦʡ [20, 22-26]. ɺ 

ʵʪʦʤ ʩʣʫʯʘʝ ʚʘʞʥʦ ʦʩʪʘʥʦʚʠʪʴ ʧʨʦʮʝʩʩ ʛʠʜʨʦʣʠʪʠʯʝʩʢʦʡ ʜʝʩʪʨʫʢʮʠʠ ʥʘ ʥʫʞʥʦʡ 

ʩʪʘʜʠʠ ʩ ʪʝʤ, ʯʪʦʙʳ ʩʦʭʨʘʥʠʪʴ ʢʦʤʧʣʝʢʩ ʥʝʦʙʭʦʜʠʤʳʭ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʘ. ɺʩʝ ʵʪʦ 

ʪʨʝʙʫʝʪ ʪʱʘʪʝʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ ʧʨʦʮʝʩʩʦʚ ʛʠʜʨʦʣʠʪʠʯʝʩʢʦʡ ʜʝʩʪʨʫʢʮʠʠ, 

ʧʨʦʠʩʭʦʜʷʱʠʭ ʧʨʠ ʢʦʥʪʘʢʪʝ ʧʦʣʠʤʝʨʘ ʩ ʘʛʨʝʩʩʠʚʥʳʤʠ ʩʨʝʜʘʤʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ, ʢʦʪʦʨʘʷ ʙʳʣʘ ʙʳ ʧʦʜʪʚʝʨʞʜʝʥʘ 

ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ, ʦ ʭʘʨʘʢʪʝʨʝ ʠ ʤʘʩʰʪʘʙʘʭ 

ʚʣʠʷʥʠʷ ʨʘʟʣʠʯʥʳʭ ʥʘʥʦʯʘʩʪʠʮ ʥʘ ʛʠʜʨʦʣʠʪʠʯʝʩʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʧʣʝʥʦʢ 

ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʥʘ ʦʩʥʦʚʝ ʇʀ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ.  

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʩʨʘʚʥʠʪʝʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʛʠʜʨʦʣʠʪʠʯʝʩʢʦʡ 

ʩʪʘʙʠʣʴʥʦʩʪʠ ʧʣʝʥʦʢ ʪʝʨʤʦʩʪʦʡʢʠʭ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʇʀ ʠ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʥʘ ʠʭ 

ʦʩʥʦʚʝ, ʥʘʧʦʣʥʝʥʥʳʭ ʫʛʣʝʨʦʜʥʳʤʠ ʥʘʥʦʯʘʩʪʠʮʘʤʠ ʨʘʟʣʠʯʥʦʡ ʛʝʦʤʝʪʨʠʠ, ʢʦʪʦʨʦʝ 

ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʠʪʴ ʬʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʵʪʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʠʟʫʯʘʝʤʳʭ 
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ʤʘʪʝʨʠʘʣʦʚ, ʦʮʝʥʠʪʴ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʚʳʰʝʥʠʷ ʫʨʦʚʥʷ ʠʭ ʛʠʜʨʦʣʠʪʠʯʝʩʢʦʡ 

ʩʪʘʙʠʣʴʥʦʩʪʠ ʠ ʦʧʨʝʜʝʣʠʪʴ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʠʭ ʧʨʠʤʝʥʝʥʠʷ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ ʨʝʰʠʪʴ ʩʣʝʜʫʶʱʠʝ 

ʟʘʜʘʯʠ: 

¶ ʠʟʛʦʪʦʚʠʪʴ ʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʤʘʪʨʠʯʥʳʝ ʠ ʧʦʣʠʤʝʨ-ʥʝʦʨʛʘʥʠʯʝʩʢʠʝ 

ʥʘʥʦʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʧʣʝʥʢʠ ʥʘ ʦʩʥʦʚʝ ʇʀ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ; 

¶ ʠʩʩʣʝʜʦʚʘʪʴ ʚʣʠʷʥʠʝ ʛʠʜʨʦʣʠʟʘ ʥʘ ʭʠʤʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ, ʤʝʭʘʥʠʯʝʩʢʠʝ, 

ʪʝʨʤʠʯʝʩʢʠʝ ʠ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʣʝʥʦʢ ʇʀ ʠ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ 

ʥʘ ʠʭ ʦʩʥʦʚʝ; 

¶  ʦʮʝʥʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʥʘʥʦʯʘʩʪʠʮ ʧʝʨʝʜ ʚʚʝʜʝʥʠʝʤ ʚ 

ʧʦʣʠʤʝʨ ʢʘʢ ʩʧʦʩʦʙʘ ʧʦʚʳʰʝʥʠʷ ʛʠʜʨʦʣʠʪʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ 

ʥʘ ʦʩʥʦʚʝ ʇʀ; 

¶  ʚʳʷʚʠʪʴ ʬʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʛʠʜʨʦʣʠʪʠʯʝʩʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʠʟʫʯʘʝʤʳʭ 

ʤʘʪʝʨʠʘʣʦʚ; 

¶  ʥʘʡʪʠ ʤʝʪʦʜʳ ʧʦʚʳʰʝʥʠʷ ʫʨʦʚʥʷ ʛʠʜʨʦʣʠʪʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ 

ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʥʘ ʦʩʥʦʚʝ ʇʀ. 

ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɻʠʜʨʦʣʠʪʠʯʝʩʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʧʣʝʥʦʢ ʇʀ ʠ 

ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝ ʦʧʨʝʜʝʣʷʣʠ ʧʦ ʠʟʤʝʥʝʥʠʶ ʣʠʥʝʡʥʳʭ ʨʘʟʤʝʨʦʚ, 

ʤʘʩʩʳ, ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ ʪʝʨʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʣʝʥʦʢ ʧʦʩʣʝ ʚʳʜʝʨʞʢʠ ʚ 

ʘʛʨʝʩʩʠʚʥʦʡ ʩʨʝʜʝ. ʉ ʧʦʤʦʱʴʶ ʀʂ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʦʧʨʝʜʝʣʷʣʠ ʩʦʜʝʨʞʘʥʠʝ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʨʘʟʥʳʝ ʩʪʘʜʠʠ ʛʠʜʨʦʣʠʟʘ ʧʣʝʥʦʢ. ɼʣʷ 

ʠʟʫʯʝʥʠʷ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʣʝʥʦʢ ʇʀ ʠ ʢʦʤʧʦʟʠʪʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʝʪʦʜ ʩʢʘʥʠʨʫʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ (ʉʕʄ). ʄʝʪʦʜʦʤ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʪʝʨʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ (ɼʊɸ) ʦʧʨʝʜʝʣʷʣʠ ʥʘʣʠʯʠʝ ʠʣʠ 

ʦʪʩʫʪʩʪʚʠʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʬʘʟʳ ʚ ʠʩʩʣʝʜʫʝʤʳʭ ʧʣʝʥʢʘʭ. ʉʪʝʧʝʥʴ 

ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʠ ʥʘʜʤʦʣʝʢʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʳ ʯʘʩʪʠʯʥʦ-ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʧʣʝʥʦʢ 

ʇʀ ʦʧʨʝʜʝʣʷʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʩʢʘʥʠʨʫʶʱʝʡ 

ʢʘʣʦʨʠʤʝʪʨʠʠ (ɼʉʂ). ʊʝʨʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʣʝʥʦʯʥʳʭ ʦʙʨʘʟʮʦʚ 

ʠʩʩʣʝʜʦʚʘʣʠ ʤʝʪʦʜʘʤʠ ʪʝʨʤʦʤʝʭʘʥʠʯʝʩʢʦʛʦ (ʊʄɸ) ʠ ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʦʛʦ 

(ʊɻɸ) ʘʥʘʣʠʟʘ. 
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ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʜʠʩʩʝʨʪʘʮʠʠ ʦʙʫʩʣʦʚʣʝʥʘ ʪʝʤ, ʯʪʦ ʚ ʥʝʡ ʚʧʝʨʚʳʝ: 

¶ ʧʨʦʚʝʜʝʥʦ ʩʨʘʚʥʠʪʝʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʛʠʜʨʦʣʠʪʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʚ 

ʱʝʣʦʯʥʦʡ ʩʨʝʜʝ ʧʣʝʥʦʢ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʥʘ ʦʩʥʦʚʝ ʇʀ ʨʘʟʣʠʯʥʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ 

ʩʪʨʦʝʥʠʷ, ʥʘʧʦʣʥʝʥʥʳʭ ʫʛʣʝʨʦʜʥʳʤʠ ʥʘʥʦʯʘʩʪʠʮʘʤʠ; 

¶ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚʚʝʜʝʥʠʝ ʥʘʥʦʯʘʩʪʠʮ-ʥʘʧʦʣʥʠʪʝʣʝʡ ʚ ʤʘʪʨʠʯʥʳʝ ʇʀ ʚʳʟʳʚʘʝʪ 

ʩʥʠʞʝʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʣʝʥʦʢ ʢ ʚʦʟʜʝʡʩʪʚʠʶ ʛʠʜʨʦʣʠʟʫʶʱʠʭ ʩʨʝʜ; 

¶  ʧʦʣʫʯʝʥʳ ʜʘʥʥʳʝ ʦ ʢʠʥʝʪʠʢʝ ʛʠʜʨʦʣʠʪʠʯʝʩʢʦʡ ʜʝʩʪʨʫʢʮʠʠ ʚ ʱʝʣʦʯʥʦʡ ʩʨʝʜʝ 

ʧʣʝʥʦʢ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʥʘ ʦʩʥʦʚʝ ʨʘʟʣʠʯʥʳʭ ʇʀ ʧʦ ʠʟʤʝʥʝʥʠʶ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʀʂ ʩʧʝʢʪʨʦʚ ʚ ʧʨʦʮʝʩʩʝ ʛʠʜʨʦʣʠʟʘ. ʆʧʨʝʜʝʣʝʥʳ ʢʦʥʩʪʘʥʪʳ 

ʩʢʦʨʦʩʪʠ ʠ ʵʥʝʨʛʠʠ ʘʢʪʠʚʘʮʠʠ ʨʝʘʢʮʠʠ ʛʠʜʨʦʣʠʪʠʯʝʩʢʦʡ ʜʝʩʪʨʫʢʮʠʠ ʧʣʝʥʦʢ 

ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʨʦʝʥʠʷ ʇʀ; 

¶  ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʛʠʙʢʦʮʝʧʥʳʭ ʇʀ, ʩʦʜʝʨʞʘʱʠʭ ʧʦʚʳʰʝʥʥʦʝ 

ʯʠʩʣʦ ʤʦʩʪʠʢʦʚʳʭ ʘʪʦʤʦʚ ʚ ʮʝʧʠ, ʫʜʘʝʪʩʷ ʧʦʣʫʯʠʪʴ ʥʘʥʦʢʦʤʧʦʟʠʪʥʳʝ ʧʣʝʥʢʠ ʩ 

ʧʦʚʳʰʝʥʥʦʡ ʛʠʜʨʦʣʠʪʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ, ʙʣʠʟʢʦʡ ʢ ʫʨʦʚʥʶ ʩʪʘʙʠʣʴʥʦʩʪʠ 

ʥʝʥʘʧʦʣʥʝʥʥʳʭ ʇʀ; 

¶  ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʧʦʚʳʰʝʥʠʝ ʛʠʜʨʦʣʠʪʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʥʘʥʦʢʦʤʧʦʟʠʪʥʳʭ 

ʧʣʝʥʦʢ ʜʦ ʫʨʦʚʥʷ, ʙʣʠʟʢʦʛʦ ʢ ʩʪʘʙʠʣʴʥʦʩʪʠ ʧʣʝʥʦʢ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʤʘʪʨʠʯʥʳʭ ʇʀ, ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʦ ʧʫʪʝʤ ʤʠʥʠʤʠʟʘʮʠʠ ʠʟʙʳʪʦʯʥʦʛʦ 

ʩʚʦʙʦʜʥʦʛʦ ʦʙʲʝʤʘ, ʨʝʘʣʠʟʫʝʤʦʛʦ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʥʘʥʦʢʦʤʧʦʟʠʪʘ, 

ʥʘʧʨʠʤʝʨ, ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʬʫʥʢʮʠʦʥʘʣʠʟʦʚʘʥʥʳʭ ʥʘʥʦʯʘʩʪʠʮ.  

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ:  

¶ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʦʩʥʦʚʦʡ ʜʣʷ ʨʝʰʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠʭ 

ʚʦʧʨʦʩʦʚ ʚʳʙʦʨʘ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ ʧʦʣʫʯʝʥʠʷ 

ʥʘʥʦʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʝʤʳʭ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʡ 

ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʛʠʜʨʦʣʠʟʫ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʦʩʪʘʣʴʥʳʭ ʩʚʦʡʩʪʚ. 

ʇʦʣʫʯʝʥʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʧʦʟʚʦʣʠʪ ʦʧʨʝʜʝʣʠʪʴ ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʩʨʦʢ ʩʣʫʞʙʳ ʠʟʜʝʣʠʡ ʨʘʟʣʠʯʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, 

ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʠʟ ʇʀ ʠ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝ;  
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¶ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʣʝʥʢʠ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠ(4,4ǋ-ʦʢʩʠʜʠʬʝʥʠʣʝʥ) 

ʧʠʨʦʤʝʣʣʠʪʠʤʠʜʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʦʥʠʞʝʥʥʦʡ ʛʠʜʨʦʣʠʪʠʯʝʩʢʦʡ 

ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʝʥʘʧʦʣʥʝʥʥʦʡ ʧʣʝʥʢʦʡ. ʇʦʵʪʦʤʫ ʥʘʥʦʢʦʤʧʦʟʠʪʳ 

ʥʘ ʦʩʥʦʚʝ ʵʪʦʛʦ ʇʀ ʥʝ ʩʣʝʜʫʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʠʟʜʝʣʠʷʭ, ʧʦʜʚʝʨʛʘʶʱʠʭʩʷ ʚ 

ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠʥʪʝʥʩʠʚʥʦʤʫ ʜʝʡʩʪʚʠʶ ʘʢʪʠʚʥʳʭ ʛʠʜʨʦʣʠʟʫʶʱʠʭ ʩʨʝʜ;  

¶ ʧʣʝʥʢʠ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʥʘ ʦʩʥʦʚʝ ʛʠʙʢʦʮʝʧʥʳʭ ʧʦʣʠʷʜʝʨʥʳʭ ʇʀ, ʪʘʢʠʭ 

ʢʘʢ ʧʦʣʠ[4,4
¡
-ʙʠʩ-(4

¡¡
-ʘʤʠʥʦʬʝʥʦʢʩʠ)ʜʠʬʝʥʠʣʩʫʣʴʬʦʥ]ʠʤʠʜʘ 1,3-ʙʠʩ(3ǋ,4-

ʜʠʢʘʨʙʦʢʩʠʬʝʥʦʢʩʠ)ʙʝʥʟʦʣʘ (ʈ-ʉʆɼ) ʠ ʧʦʣʠ[4,4ǋ-ʙʠʩ(4ǌ-ʘʤʠʥʦʬʝʥʦʢʩʠ)ʜʠʬʝʥʠʣ]ʠʤʠʜʘ 

3,4,3',4'-ʪʝʪʨʘʢʘʨʙʦʢʩʠʜʠʬʝʥʠʣʦʢʩʠʜʘ (ɼʌʆ-ʆɼʌʆ) ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʦʡ 

ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʚ ʱʝʣʦʯʥʦʡ ʩʨʝʜʝ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʜʣʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʠʟʜʝʣʠʷʭ ʩʦʚʨʝʤʝʥʥʦʡ ʪʝʭʥʠʢʠ. 

ʇʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ: 

¶ ʚʚʝʜʝʥʠʝ ʥʘʥʦʯʘʩʪʠʮ-ʥʘʧʦʣʥʠʪʝʣʝʡ ʚ ʧʦʣʠʠʤʠʜʳ ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ 

ʛʠʜʨʦʣʠʪʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ;  

¶ ʛʠʜʨʦʣʠʪʠʯʝʩʢʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ ʧʦʣʠʠʤʠʜʦʚ ʠ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʭʠʤʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ, ʥʘʜʤʦʣʝʢʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʠ ʧʣʦʪʥʦʩʪʴʶ 

ʫʧʘʢʦʚʢʠ ʤʘʢʨʦʤʦʣʝʢʫʣ, ʨʝʘʣʠʟʦʚʘʥʥʦʡ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʵʪʠʭ ʧʣʝʥʦʯʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ; 

¶ ʧʣʝʥʢʠ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ, ʙʣʠʟʢʠʝ ʧʦ ʫʨʦʚʥʶ ʛʠʜʨʦʣʠʪʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʢ 

ʥʝʥʘʧʦʣʥʝʥʥʳʤ ʧʣʝʥʢʘʤ, ʫʜʘʝʪʩʷ ʧʦʣʫʯʠʪʴ ʧʫʪʝʤ ʩʥʠʞʝʥʠʷ ʜʦʣʠ ʠʟʙʳʪʦʯʥʦʛʦ 

ʩʚʦʙʦʜʥʦʛʦ ʦʙʲʝʤʘ ʚ ʤʘʪʝʨʠʘʣʝ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʠʙʢʦʮʝʧʥʳʭ ʧʦʣʠʠʤʠʜʦʚ 

ʠʣʠ/ʠ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʥʘʥʦʯʘʩʪʠʮ.  

ʆʙʦʩʥʦʚʘʥʥʦʩʪʴ ʠ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʠ ʚʳʚʦʜʦʚ ʥʘ ʠʭ 

ʦʩʥʦʚʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʚʨʝʤʝʥʥʦʛʦ ʚʳʩʦʢʦʪʦʯʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, 

ʚʟʘʠʤʥʳʤ ʩʦʦʪʚʝʪʩʪʚʠʝʤ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʨʘʟʣʠʯʥʳʭ 

ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴʶ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘ ʜʣʷ 

ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʦʙʨʘʟʮʦʚ, ʘ ʪʘʢʞʝ ʠʭ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴʶ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ 

ʜʘʥʥʳʤʠ ʚ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʪʘʢʠʝ ʜʘʥʥʳʝ ʠʤʝʣʠʩʴ. 



12 
 

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ. ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʜʦʢʣʘʜʳʚʘʣʠʩʴ ʠ 

ʦʙʩʫʞʜʘʣʠʩʴ ʥʘ ʩʣʝʜʫʶʱʠʭ ʢʦʥʬʝʨʝʥʮʠʷʭ: IX ʄʝʞʜʫʥʘʨʦʜʥʦʤ ʩʠʤʧʦʟʠʫʤʝ 

"Molecular Mobility  and Order in Polymer Systems" (ʈʦʩʩʠʷ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʠʶʥʴ 

2017); XIII , XIV  ʠ XV ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʭ ʢʦʥʬʝʨʝʥʮʠʷʭ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ 

çʉʦʚʨʝʤʝʥʥʳʝ ʧʨʦʙʣʝʤʳ ʥʘʫʢʠ ʦ ʧʦʣʠʤʝʨʘʭè (ʈʦʩʩʠʷ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʥʦʷʙʨʴ 

2017, ʥʦʷʙʨʴ 2018, ʦʢʪʷʙʨʴ 2019); IV
 
ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 

çʊʝʨʤʦʧʣʘʩʪʠʯʥʳʝ ʧʦʣʠʤʝʨʳè (ʀʪʘʣʠʷ, ʊʝʨʥʠ-ʈʠʤ, ʦʢʪʷʙʨʴ 2017);  

I ʄʝʞʜʫʥʘʨʦʜʥʦʤ ʩʠʤʧʦʟʠʫʤʝ çʄʝʭʘʥʠʢʘ ʧʦʣʠʤʝʨʦʚè (ʐʦʪʣʘʥʜʠʷ, 

ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ, ɸʙʝʨʜʠʥ, ʠʶʣʴ 2018 ʛ.); VII  ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʩ 

ʵʣʝʤʝʥʪʘʤʠ ʥʘʫʯʥʦʡ ʰʢʦʣʳ ʜʣʷ ʤʦʣʦʜʝʞʠ çʌʫʥʢʮʠʦʥʘʣʴʥʳʝ ʥʘʥʦʤʘʪʝʨʠʘʣʳ ʠ 

ʚʳʩʦʢʦʯʠʩʪʳʝ ʚʝʱʝʩʪʚʘè (ʈʦʩʩʠʷ, ʉʫʟʜʘʣʴ, ʦʢʪʷʙʨʴ 2018);  

VI ʄʝʞʜʠʩʮʠʧʣʠʥʘʨʥʦʤ ʥʘʫʯʥʦʤ ʬʦʨʫʤʝ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ çʅʦʚʳʝ 

ʤʘʪʝʨʠʘʣʳ ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠè (ʈʦʩʩʠʷ, ʄʦʩʢʚʘ, ʥʦʷʙʨʴ 2020). 

ʇʫʙʣʠʢʘʮʠʠ. ʇʦ ʤʘʪʝʨʠʘʣʘʤ ʜʠʩʩʝʨʪʘʮʠʠ ʦʧʫʙʣʠʢʦʚʘʥʦ 3 ʩʪʘʪʴʠ ʚ 

ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʥʘʫʯʥʳʭ ʞʫʨʥʘʣʘʭ ʠ ʪʝʟʠʩʳ 9 ʜʦʢʣʘʜʦʚ ʥʘ ʨʦʩʩʠʡʩʢʠʭ ʠ 

ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ.  

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʨʘʙʦʪʳ. ɼʠʩʩʝʨʪʘʮʠʷ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, ʪʨʸʭ ʛʣʘʚ, 

ʚʳʚʦʜʦʚ, ʩʧʠʩʢʘ ʮʠʪʠʨʫʝʤʦʡ ʣʠʪʝʨʘʪʫʨʳ (110 ʥʘʠʤʝʥʦʚʘʥʠʡ) ʠ ʦʜʥʦʛʦ 

ʧʨʠʣʦʞʝʥʠʷ. ʈʘʙʦʪʘ ʠʟʣʦʞʝʥʘ ʥʘ 130 ʩʪʨʘʥʠʮʘʭ, ʚʢʣʶʯʘʝʪ 36 ʨʠʩʫʥʢʦʚ, 19 ʪʘʙʣʠʮ 

ʠ 1 ʧʨʠʣʦʞʝʥʠʝ. 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ ʩʦʩʪʦʷʣ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤ ʫʯʘʩʪʠʠ ʚʦ ʚʩʝʭ ʵʪʘʧʘʭ 

ʨʘʙʦʪʳ ï ʧʨʠ ʧʦʩʪʘʥʦʚʢʝ ʟʘʜʘʯʠ, ʠʟʛʦʪʦʚʣʝʥʠʠ ʦʙʨʘʟʮʦʚ ʤʘʪʨʠʯʥʳʭ ʇʀ ʠ 

ʢʦʤʧʦʟʠʪʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝ, ʧʨʦʚʝʜʝʥʠʠ ʛʠʜʨʦʣʠʟʘ ʵʪʠʭ ʦʙʨʘʟʮʦʚ, ʠʩʩʣʝʜʦʚʘʥʠʠ 

ʤʝʭʘʥʠʯʝʩʢʠʭ, ʪʝʨʤʠʯʝʩʢʠʭ ʠ ʜʝʥʩʠʤʝʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʘʥʘʣʠʟʝ 

ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʘ ʪʘʢʞʝ ʧʦʜʛʦʪʦʚʢʝ ʜʦʢʣʘʜʦʚ ʠ ʧʫʙʣʠʢʘʮʠʡ. 
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ɻʃɸɺɸ 1. ʆɹɿʆʈ ʃʀʊɽʈɸʊʋʈʓ 

1.1. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʧʦʣʠʠʤʠʜʦʚ 

ʊʝʨʤʦʩʪʦʡʢʠʝ ʇʀ ð ʧʦʣʠʤʝʨʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʩʦʜʝʨʞʘʱʠʝ ʚ ʦʩʥʦʚʥʦʡ ʮʝʧʠ 

ʤʘʢʨʦʤʦʣʝʢʫʣʳ ʮʠʢʣʠʯʝʩʢʫʶ ʠʤʠʜʥʫʶ ʛʨʫʧʧʫ [15, 16].  

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʭʠʤʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ʇʀ ʤʦʛʫʪ ʙʳʪʴ ʘʣʠʬʘʪʠʯʝʩʢʠʤʠ, 

ʘʣʠʮʠʢʣʠʯʝʩʢʠʤʠ ʠʣʠ ʘʨʦʤʘʪʠʯʝʩʢʠʤʠ, ʘ ʧʦ ʩʪʨʫʢʪʫʨʝ ï ʣʠʥʝʡʥʳʤʠ ʠʣʠ 

ʪʨʝʭʤʝʨʥʳʤʠ [15]. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʦʜʨʦʙʥʦ ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ ʪʦʣʴʢʦ 

ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʣʠʥʝʡʥʳʝ ʇʀ, ʧʦʩʢʦʣʴʢʫ ʠʤʝʥʥʦ ʵʪʠ ʇʀ ʧʦʣʫʯʠʣʠ ʧʨʦʤʳʰʣʝʥʥʦʝ 

ʧʨʠʤʝʥʝʥʠʝ. 

ɸʨʦʤʘʪʠʯʝʩʢʠʝ ʇʀ ʠʩʧʦʣʴʟʫʶʪ ʚ ʘʚʠʘʮʠʠ, ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ, ʵʣʝʢʪʨʦʪʝʭʥʠʢʝ ʠ 

ʤʥʦʛʠʭ ʜʨʫʛʠʭ ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʚ ʢʘʯʝʩʪʚʝ 

ʚʳʩʦʢʦʧʨʦʯʥʳʭ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩʧʦʩʦʙʥʳʭ ʨʘʙʦʪʘʪʴ 

ʚ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ (ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʝ ʚʦʟʜʝʡʩʪʚʠʷ ʪʝʤʧʝʨʘʪʫʨ, 

ʘʛʨʝʩʩʠʚʥʳʭ ʩʨʝʜ, ʧʦʚʳʰʝʥʥʳʭ ʜʘʚʣʝʥʠʡ ʠ ʪ.ʜ.) [2, 8-16]. 

ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʤʝʪʦʜʦʤ ʧʦʣʫʯʝʥʠʷ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʇʀ 

ʷʚʣʷʝʪʩʷ ʜʚʫʭʩʪʘʜʠʡʥʳʡ ʤʝʪʦʜ ʩʠʥʪʝʟʘ, ʥʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʢʦʪʦʨʦʛʦ ʧʨʦʚʦʜʠʪʩʷ 

ʨʝʘʢʮʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʠʘʥʛʠʜʨʠʜʦʚ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʪʝʪʨʘʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ ʩ 

ʘʨʦʤʘʪʠʯʝʩʢʠʤʠ ʜʠʘʤʠʥʘʤʠ ʩ ʧʦʣʫʯʝʥʠʝʤ ʬʦʨʧʦʣʠʤʝʨʘ ï ʧʦʣʠʘʤʠʜʦʢʠʩʣʦʪʳ 

(ʇɸʂ) [15, 16]. ɺʪʦʨʘʷ ʩʪʘʜʠʷ ʨʝʘʢʮʠʠ ï ʜʝʛʠʜʨʦʮʠʢʣʠʟʘʮʠʷ ʇɸʂ (ʠʤʠʜʠʟʘʮʠʷ). 

ɹʦʣʝʝ ʧʦʜʨʦʙʥʦ ʤʝʪʦʜʳ ʠʤʠʜʠʟʘʮʠʠ ʇɸʂ ʨʘʩʩʤʦʪʨʝʥʳ ʚ ʨʘʟʜʝʣʝ 1.2. 

ʉʪʨʦʝʥʠʝ ʇʀ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʦ ʦʙʱʝʡ ʬʦʨʤʫʣʦʡ: 

C

C
QN

C

C
N R

O

O O

O

n, 

ʛʜʝ Q ï ʜʠʘʥʛʠʜʨʠʜʥʳʡ, ʘ R ï ʜʠʘʤʠʥʥʳʡ ʬʨʘʛʤʝʥʪʳ ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʟʚʝʥʘ 

ʧʦʣʠʤʝʨʥʦʡ ʮʝʧʠ ʇʀ. 

ʇʀ ʢʣʘʩʩʠʬʠʮʠʨʫʶʪ ʥʘ ʪʝʨʤʦʨʝʘʢʪʠʚʥʳʝ ʠ ʪʝʨʤʦʧʣʘʩʪʠʯʥʳʝ ʧʦʣʠʤʝʨʳ. 

ʅʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʳʤ ʠ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʤ ʪʝʨʤʦʨʝʘʢʪʠʚʥʳʤ ʇʀ 

ʷʚʣʷʝʪʩʷ ʧʦʣʠ-4-4'-ʦʢʩʠʜʠʬʝʥʠʣʝʥʧʠʨʦʤʝʣʣʠʪʠʤʠʜ (ʵʪʦʪ ʇʀ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚʦ 
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ʤʥʦʛʠʭ ʩʪʨʘʥʘʭ ʤʠʨʘ: ʚ ʉʐɸ ʧʦʜ ʤʘʨʢʦʡ KAPTON
È
, ʚʦ ʌʨʘʥʮʠʠ ʧʦʜ ʪʦʨʛʦʚʦʡ 

ʤʘʨʢʦʡ APICAL
È
, ʘ ʚ ʈʦʩʩʠʠ ʧʦʜ ʤʘʨʢʦʡ ʇʄ-1), ʢʦʪʦʨʳʡ, ʙʣʘʛʦʜʘʨʷ ʫʜʘʯʥʦʤʫ 

ʩʦʯʝʪʘʥʠʶ ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩ ʚʳʩʦʢʠʤʠ ʪʝʨʤʦʩʪʦʡʢʦʩʪʴʶ ʠ 

ʪʝʨʤʦʩʪʘʙʠʣʴʥʦʩʪʴʶ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʨʘʜʠʘʮʠʠ, ʛʠʜʨʦʣʠʟʫ ʠ ʘʛʨʝʩʩʠʚʥʳʤ 

ʩʨʝʜʘʤ, ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠʟʦʣʷʮʠʦʥʥʳʭ ʠ 

ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ [2, 15, 16].  

ʂ ʥʝʦʩʧʦʨʠʤʳʤ ʧʨʝʠʤʫʱʝʩʪʚʘʤ ʪʝʨʤʦʨʝʘʢʪʠʚʥʳʭ ʇʀ ʦʪʥʦʩʷʪ ʚʳʩʦʢʫʶ 

ʥʘʜʝʞʥʦʩʪʴ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ ï ʦʪ -269 ʜʦ 400 
ʦ
ʉ 

[15, 27-28]. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʧʣʝʥʢʘ UPILEX-25S ʩʧʦʩʦʙʥʘ ʩʦʭʨʘʥʷʪʴ  

ʵʣʘʩʪʠʯʥʦʩʪʴ (ʜʦ 10 %) ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ï269 
o
C ʠ ʫʩʪʦʡʯʠʚʦ ʨʘʙʦʪʘʪʴ ʧʨʠ 260 

ʦ
ʉ 

ʦʢʦʣʦ 20000 ʯ [27]. ʉʨʦʢ ʩʣʫʞʙʳ ʧʨʦʚʦʜʘ ʩ ʠʟʦʣʷʮʠʝʡ KAPTON
È
 ʧʨʠ 250 

ʦ
ʉ 

ʧʨʝʚʳʰʘʝʪ 2000 ʯ, ʘ ʧʨʠ 275 
ʦ
ʉ ʙʦʣʝʝ 600 ʯ [28]. 

ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʪʝʨʤʦʨʝʘʢʪʠʚʥʳʭ ʇʀ ʦʪʥʦʩʷʪ ʪʨʫʜʥʦʩʪʠ ʫʪʠʣʠʟʘʮʠʠ ʠ 

ʧʦʚʪʦʨʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʪʠʭ ʧʦʣʠʤʝʨʦʚ. ʂʘʢ ʧʨʘʚʠʣʦ, ʧʣʝʥʢʠ 

ʪʝʨʤʦʨʝʘʢʪʠʚʥʳʭ ʇʀ ʧʝʨʝʨʘʙʘʪʳʚʘʶʪ ʧʫʪʝʤ ʱʝʣʦʯʥʦʛʦ ʛʠʜʨʦʣʠʟʘ ʜʦ ʠʩʭʦʜʥʳʭ 

ʤʦʥʦʤʝʨʦʚ ï ʜʠʘʤʠʥʦʚ ʠ ʘʥʛʠʜʨʠʜʦʚ ʪʝʪʨʘʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ [17-19]. 

ʉʧʦʩʦʙʥʦʩʪʴ ʢ ʧʝʨʝʨʘʙʦʪʢʝ ʇʀ ʤʦʞʝʪ ʙʳʪʴ ʧʦʚʳʰʝʥʘ ʟʘ ʩʯʝʪ ʚʚʝʜʝʥʠʷ ʚ 

ʧʦʣʠʤʝʨʥʫʶ ʮʝʧʴ ʰʘʨʥʠʨʥʳʭ ʘʪʦʤʦʚ ʠ ʛʨʫʧʧ, ʧʦʚʳʰʘʶʱʠʭ ʛʠʙʢʦʩʪʴ 

ʧʦʣʠʤʝʨʥʦʡ ʮʝʧʠ [9, 15]. ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʪʘʢʘʷ ʤʦʜʠʬʠʢʘʮʠʷ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ, 

ʢʘʢ ʫʪʠʣʠʟʠʨʦʚʘʪʴ ʇʀ ʧʫʪʝʤ ʚʪʦʨʠʯʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ, ʪʘʢ ʠ ʧʦʣʫʯʘʪʴ ʥʦʚʳʝ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ʇʀ ʧʦ ʨʘʩʧʣʘʚʥʦʡ ʪʝʭʥʦʣʦʛʠʠ [9]. ʉ 

ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʫʚʝʣʠʯʝʥʠʝ ʛʠʙʢʦʩʪʠ ʧʦʣʠʤʝʨʥʦʡ ʮʝʧʠ ʦʙʳʯʥʦ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʩʥʠʞʝʥʠʝʤ ʪʝʧʣʦʩʪʦʡʢʦʩʪʠ ʇʀ [9, 15], ʯʪʦ ʦʛʨʘʥʠʯʠʚʘʝʪ ʵʢʩʧʣʫʘʪʘʮʠʶ ʠʟʜʝʣʠʡ 

ʠʟ ʪʝʨʤʦʧʣʘʩʪʠʯʥʳʭ ʇʀ ʧʨʠ ʧʦʚʳʰʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. 
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1.2. ʉʠʥʪʝʟ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʧʦʣʠʠʤʠʜʦʚ 

ɸʨʦʤʘʪʠʯʝʩʢʠʝ ʇʀ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʢʘʢ ʦʜʥʦʩʪʘʜʠʡʥʳʤ, ʪʘʢ ʠ 

ʜʚʫʭʩʪʘʜʠʡʥʳʤ ʤʝʪʦʜʦʤ [8, 15, 16]. ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʤ ʷʚʣʷʝʪʩʷ 

ʜʚʫʭʩʪʘʜʠʡʥʳʡ ʤʝʪʦʜ. ʅʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʧʨʦʮʝʩʩʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʘʢʮʠʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʠʘʥʛʠʜʨʠʜʦʚ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʪʝʪʨʘʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ ʩ 

ʘʨʦʤʘʪʠʯʝʩʢʠʤʠ ʜʠʘʤʠʥʘʤʠ ʩʠʥʪʝʟʠʨʫʶʪ ʨʘʩʪʚʦʨʠʤʫʶ ʇɸʂ, ʠʟ ʢʦʪʦʨʦʡ ʤʦʞʥʦ 

ʬʦʨʤʦʚʘʪʴ ʧʣʝʥʢʠ, ʚʦʣʦʢʥʘ, ʧʦʢʨʳʪʠʷ ʠ ʜʨʫʛʠʝ ʠʟʜʝʣʠʷ. ʅʘ ʚʪʦʨʦʡ ʩʪʘʜʠʠ 

ʩʠʥʪʝʟʘ ʧʨʦʚʦʜʷʪ ʨʝʘʢʮʠʶ ʜʝʛʠʜʨʦʮʠʢʣʠʟʘʮʠʠ ʇɸʂ (ʠʤʠʜʠʟʘʮʠʠ) ʚ ʢʦʥʝʯʥʳʡ 

ʧʨʦʜʫʢʪ ï ʘʨʦʤʘʪʠʯʝʩʢʠʡ ʇʀ. ʉʭʝʤʘ ʧʨʦʮʝʩʩʘ ʩʠʥʪʝʟʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʠʞʝ: 
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          ɼʠʘʥʛʠʜʨʠʜ
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ʈʝʘʢʮʠʷ ʠʤʠʜʠʟʘʮʠʠ ʤʦʞʝʪ ʙʳʪʴ ʦʩʫʱʝʩʪʚʣʝʥʘ ʪʝʨʤʠʯʝʩʢʠʤ, ʭʠʤʠʯʝʩʢʠʤ 

ʠʣʠ ʪʝʨʤʦʭʠʤʠʯʝʩʢʠʤ ʧʫʪʝʤ [15].  

ʊʝʨʤʠʯʝʩʢʠʡ ʤʝʪʦʜ - ʥʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʳʡ ʤʝʪʦʜ ʢʦʥʚʝʨʩʠʠ ʇɸʂ ʚ ʇʀ. 

ʀʟʚʝʩʪʥʦ [15, 16], ʯʪʦ ʜʣʷ ʧʨʦʮʝʩʩʘ ʮʠʢʣʠʟʘʮʠʠ ʇɸʂ ʚ ʪʚʝʨʜʦʡ ʬʘʟʝ ʧʨʠ 

ʥʘʛʨʝʚʘʥʠʠ ʥʘʠʙʦʣʝʝ ʭʘʨʘʢʪʝʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʷʚʣʷʝʪʩʷ ʨʝʟʢʦʝ ʧʘʜʝʥʠʝ 

ʩʢʦʨʦʩʪʠ ʧʨʝʚʨʘʱʝʥʠʷ ʥʘ ʥʝʢʦʪʦʨʦʤ ʫʨʦʚʥʝ ʩʪʝʧʝʥʠ ʠʤʠʜʠʟʘʮʠʠ. ʋʩʪʘʥʦʚʣʝʥʦ 

[15], ʯʪʦ ʧʘʜʝʥʠʝ ʚ ʩʢʦʨʦʩʪʠ ʮʠʢʣʠʟʘʮʠʠ ʩʚʷʟʘʥʦ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʤʦʣʝʢʫʣʷʨʥʦʡ 

ʧʦʜʚʠʞʥʦʩʪʠ ʚ ʧʦʣʠʤʝʨʝ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦʤ, ʜʣʷ ʧʨʝʦʜʦʣʝʥʠʷ 

ʩʪʝʨʠʯʝʩʢʠʭ ʧʨʝʧʷʪʩʪʚʠʡ ʧʨʠ ʪʝʨʤʠʯʝʩʢʦʡ ʮʠʢʣʠʟʘʮʠʠ ʧʣʝʥʢʘ ʇɸʂ ʧʨʦʛʨʝʚʘʝʪʩʷ 

ʜʦ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ. ʂʦʥʢʨʝʪʥʦʝ ʟʥʘʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʟʘʚʝʨʰʝʥʠʷ ʧʨʦʮʝʩʩʘ 

ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʟʘʚʠʩʠʪ ʦʪ ʭʠʤʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ʇʀ ʠ ʦʪ ʪʨʝʙʦʚʘʥʠʡ, 

ʧʨʝʜʲʷʚʣʷʝʤʳʭ ʢ ʠʟʛʦʪʘʚʣʠʚʘʝʤʦʡ ʧʣʝʥʢʝ. ʆʙʳʯʥʦ ʩʯʠʪʘʝʪʩʷ ʦʧʪʠʤʘʣʴʥʳʤ 

ʧʨʦʛʨʝʚ ʧʣʝʥʢʠ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ, ʩʣʝʛʢʘ ʧʨʝʚʳʰʘʶʱʝʡ ʪʝʤʧʝʨʘʪʫʨʫ ʩʪʝʢʣʦʚʘʥʠʷ 

ʧʦʣʠʤʝʨʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʜʦʩʪʠʛʘʝʪʩʷ ʛʘʨʘʥʪʠʨʦʚʘʥʥʦʝ ʟʘʚʝʨʰʝʥʠʝ ʧʨʦʮʝʩʩʦʚ 

ʮʠʢʣʠʟʘʮʠʠ, ʘ ʪʘʢʞʝ ʧʨʦʠʩʭʦʜʠʪ ʨʝʣʘʢʩʘʮʠʷ ʚʥʫʪʨʝʥʥʠʭ ʥʘʧʨʷʞʝʥʠʡ ʠ 

ʟʘʚʝʨʰʘʶʪʩʷ ʧʨʦʮʝʩʩʳ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʷ ʧʦʣʠʤʝʨʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʩʥʠʞʝʥʠʶ ʫʩʘʜʦʯʥʦʩʪʠ ʧʣʝʥʢʠ [15]. ʅʘ ʧʨʘʢʪʠʢʝ ʜʘʥʥʦʝ ʫʩʣʦʚʠʝ 

ʥʝ ʚʩʝʛʜʘ ʚʳʧʦʣʥʠʤʦ. ʅʘʧʨʠʤʝʨ, ʧʨʠ ʧʨʦʤʳʰʣʝʥʥʦʤ ʠʟʛʦʪʦʚʣʝʥʠʠ 

ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʧʣʝʥʢʠ ʧʦʣʠ-4-4'-ʦʢʩʠʜʠʬʝʥʠʣʝʥʧʠʨʦʤʝʣʣʠʪʠʤʠʜʘ (ʇʄ), ʜʣʷ 

ʢʦʪʦʨʦʛʦ ʪʝʤʧʝʨʘʪʫʨʘ ʩʪʝʢʣʦʚʘʥʠʷ ʩʦʩʪʘʚʣʷʝʪ 360-375 
o
C, ʵʪʦ ʫʩʣʦʚʠʝ ʥʝ 

ʩʦʙʣʶʜʘʣʦʩʴ ʧʦ ʪʨʝʙʦʚʘʥʠʷʤ ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ: ʧʣʝʥʢʠ ʥʝ ʨʘʟʨʝʰʘʣʦʩʴ 

ʧʨʦʛʨʝʚʘʪʴ ʚʳʰʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚʩʧʳʰʢʠ ʧʘʨʦʚ ʨʘʩʪʚʦʨʠʪʝʣʷ, ʚ ʢʦʪʦʨʦʤ ʦʙʳʯʥʦ 

ʩʠʥʪʝʟʠʨʦʚʘʣʠ ʇɸʂ ʇʄ ʚ ʧʨʦʤʳʰʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ. ʇʦʵʪʦʤʫ ʧʨʦʛʨʝʚ ʧʣʝʥʢʠ 

ʟʘʚʝʨʰʘʣʠ ʧʨʠ 300-310 
o
C.  

ʍʠʤʠʯʝʩʢʠʡ ʤʝʪʦʜ ʠʤʠʜʠʟʘʮʠʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʙʨʘʙʦʪʢʝ ʧʣʝʥʢʠ 

ʬʦʨʧʦʣʠʤʝʨʘ ʩʤʝʩʴʶ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʛʝʥʪʦʚ, ʩʦʜʝʨʞʘʱʝʡ ʜʝʛʠʜʨʘʪʠʨʫʶʱʠʡ ʘʛʝʥʪ 

ʠ ʢʘʪʘʣʠʟʘʪʦʨ [15].  

ʇʨʦʮʝʩʩ ʭʠʤʠʯʝʩʢʦʡ ʠʤʠʜʠʟʘʮʠʠ ʤʦʞʝʪ ʧʨʦʪʝʢʘʪʴ ʧʘʨʘʣʣʝʣʴʥʦ ʧʦ ʜʚʫʤ 

ʩʭʝʤʘʤ, ʧʨʠʚʦʜʷʱʠʤ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʢʘʢ ʠʤʠʜʥʳʭ (I) ʮʠʢʣʦʚ, ʪʘʢ ʠ ʠʟʦʤʝʨʥʳʭ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʥʠʤ ʠʟʦʠʤʠʜʥʳʭ (II) (ʈʠʩʫʥʦʢ 1). 



17 
 

ʉʦʦʪʥʦʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʡ ʮʠʢʣʦʚ I ʠ II  ʚ ʮʝʧʷʭ ʧʨʦʜʫʢʪʘ ʭʠʤʠʯʝʩʢʦʡ 

ʠʤʠʜʠʟʘʮʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʯʝʩʪʚʝʥʥʳʤ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤ ʩʦʩʪʘʚʦʤ 

ʠʤʠʜʠʟʘʮʠʦʥʥʦʡ ʩʤʝʩʠ ʠ ʤʦʞʝʪ ʚʘʨʴʠʨʦʚʘʪʴʩʷ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ ï ʦʪ ~ 5-10 ʜʦ 

~ 95 % ʮʠʢʣʦʚ II  [15]. ʅʘʣʠʯʠʝ ʠʟʦʠʤʠʜʥʳʭ ʮʠʢʣʦʚ ʚ ʮʝʧʠ ʇʀ ʥʝʞʝʣʘʪʝʣʴʥʦ, 

ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʢʨʘʡʥʝ ʛʠʜʨʦʣʠʪʠʯʝʩʢʠ ʠ ʪʝʨʤʠʯʝʩʢʠ ʥʝʩʪʘʙʠʣʴʥʳ: ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʥʫʢʣʝʦʬʠʣʴʥʳʭ ʘʛʝʥʪʦʚ, ʥʘʧʨʠʤʝʨ, ʩʣʝʜʦʚ ʚʣʘʛʠ, ʦʥʠ ʣʝʛʢʦ ʨʘʩʢʨʳʚʘʶʪʩʷ, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʚ ʮʝʧʷʭ ʇʀ ʘʤʠʜʦʢʠʩʣʦʪʥʳʭ ʟʚʝʥʴʝʚ, ʢʦʪʦʨʳʝ 

ʛʠʜʨʦʣʠʪʠʯʝʩʢʠ ʥʝʩʪʘʙʠʣʴʥʳ [15]. ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ ʤʦʞʝʪ ʠʤʝʪʴ 

ʤʝʩʪʦ ʩʫʱʝʩʪʚʝʥʥʦʝ ʧʘʜʝʥʠʝ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʳ ʧʦʣʠʤʝʨʘ (ʄʄ), ʢʦʪʦʨʦʝ 

ʧʨʠʚʦʜʠʪ ʢ ʫʭʫʜʰʝʥʠʶ ʧʨʘʢʪʠʯʝʩʢʠ ʚʘʞʥʳʭ ʩʚʦʡʩʪʚ ʇʀ. 
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ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʨʝʘʢʮʠʠ ʭʠʤʠʯʝʩʢʦʡ ʠʤʠʜʠʟʘʮʠʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʠʤʠʜʥʳʭ (I) 

ʠ ʠʟʦʠʤʠʜʥʳʭ (II) ʛʨʫʧʧʠʨʦʚʦʢ.  

ʊʝʨʤʦʭʠʤʠʯʝʩʢʦʡ ʤʝʪʦʜ ʠʤʠʜʠʟʘʮʠʠ ʩʦʚʤʝʱʘʝʪ ʚ ʩʝʙʝ ʵʣʝʤʝʥʪʳ 

ʭʠʤʠʯʝʩʢʦʛʦ ʠ ʪʝʨʤʠʯʝʩʢʦʛʦ ʤʝʪʦʜʦʚ [15, 29]. ʈʘʟʨʘʙʦʪʢʘ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʚʝʣʘʩʴ 

ʧʘʨʘʣʣʝʣʴʥʦ ʢʘʢ ʚ ʉʐɸ, ʪʘʢ ʠ ʚ ʉʉʉʈ 70
ʭ
-80

ʭ
 ʛʦʜʘʭ ʧʨʦʰʣʦʛʦ ʚʝʢʘ. ɺ ʉʉʉʈ ʵʪʠ 

ʨʘʙʦʪʳ ʚʝʣʠʩʴ ʩʦʚʤʝʩʪʥʦ ʀɺʉ ʈɸʅ ʩ ʇʂɹ çʇʣʘʩʪʤʘʰè (ʂʨʘʩʥʦʜʘʨ) [29].  

ʅʘ ʧʦʚʝʨʭʥʦʩʪʴ ʚʨʘʱʘʶʱʝʛʦʩʷ ʥʘʛʨʝʪʦʛʦ ʙʘʨʘʙʘʥʘ (90ï100Áʉ) ʦʪʣʠʚʘʣʩʷ ʩʣʦʡ 

ʬʦʨʤʦʚʦʯʥʦʛʦ ʨʘʩʪʚʦʨʘ ʇɸʂ, ʚ ʢʦʪʦʨʳʡ ʟʘʨʘʥʝʝ ʚʚʦʜʠʣʠ ʜʝʛʠʜʨʘʪʠʨʫʶʱʠʡ ʘʛʝʥʪ 

(ʘʥʛʠʜʨʠʜʳ ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ) ʠ ʢʘʪʘʣʠʟʘʪʦʨ (ʧʠʨʠʜʠʥ ʠʣʠ ɓ-ʧʠʢʦʣʠʥ). ɺ ʵʪʠʭ 

ʫʩʣʦʚʠʷʭ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩ ʤʦʤʝʥʪʘ ʧʦʧʘʜʘʥʠʷ ʩʣʦʷ ʨʘʩʪʚʦʨʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ 

ʙʘʨʘʙʘʥʘ ʰʣʠ ʜʚʘ ʧʘʨʘʣʣʝʣʴʥʳʭ ʧʨʦʮʝʩʩʘ ï ʩʫʰʢʘ ʠ ʠʤʠʜʠʟʘʮʠʷ ʇɸʂ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʧʣʝʥʢʘ ʠʟ ʩʦʩʪʦʷʥʠʷ ʚʷʟʢʦʛʦ ʨʘʩʪʚʦʨʘ ʙʳʩʪʨʦ ʧʝʨʝʭʦʜʠʪ ʚ 
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ʛʝʣʝʦʙʨʘʟʥʦʝ ʠ ʩʪʘʥʦʚʠʪʩʷ çʩʘʤʦʥʝʩʫʱʝʡè. ʇʣʝʥʢʫ ʚ ʜʘʣʴʥʝʡʰʝʤ ʧʦʜʚʝʨʛʘʶʪ 

ʛʦʨʷʯʝʤʫ ʚʘʣʴʮʝʚʘʥʠʶ, ʯʪʦ ʜʝʣʘʝʪʩʷ ʜʣʷ ʫʜʘʣʝʥʠʷ ʨʘʩʪʚʦʨʠʪʝʣʷ ʠ ʟʘʚʝʨʰʝʥʠʷ 

ʧʨʦʮʝʩʩʘ ʮʠʢʣʠʟʘʮʠʠ ʇɸʂ. ʇʨʦʮʝʩʩ ʩʣʦʞʝʥ ʚ ʘʧʧʘʨʘʪʫʨʥʦʤ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ 

ʦʬʦʨʤʣʝʥʠʠ, ʥʦ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʝʥ [15]. ɼʘʥʥʫʶ ʪʝʭʥʦʣʦʛʠʶ ʫʞʝ ʤʥʦʛʦ ʣʝʪ 

ʠʩʧʦʣʴʟʫʝʪ ʢʦʤʧʘʥʠʷ DuPont ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʦʡ ʧʣʝʥʢʠ ʇʀ 

çKAPTON
È
Type HPP-STè [28]. 

1.3. ʇʦʣʠʤʝʨʥʳʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ʘʨʦʤʘʪʠʯʝʩʢʠʭ 

ʧʦʣʠʠʤʠʜʦʚ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʥʘʧʨʘʚʣʝʥʠʡ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ 

ʧʦʣʠʤʝʨʥʦʛʦ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʥʦʚʳʭ ʧʦʣʠʤʝʨ-

ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʇʂʄ) [4-14, 30-38]. ʄʥʦʛʦʦʙʨʘʟʠʝ 

ʪʠʧʦʚ ʧʦʣʠʤʝʨʥʳʭ ʩʚʷʟʫʶʱʠʭ (ʤʘʪʨʠʮ) ʇʂʄ ʠ ʥʘʧʦʣʥʠʪʝʣʝʡ ʠʟ ʚʝʱʝʩʪʚ 

ʨʘʟʣʠʯʥʦʡ ʧʨʠʨʦʜʳ (ʤʠʥʝʨʘʣʴʥʦʡ, ʫʛʣʝʨʦʜʥʦʡ, ʦʨʛʘʥʠʯʝʩʢʦʡ) ʠ ʬʦʨʤ 

(ʮʠʣʠʥʜʨʠʯʝʩʢʠʝ, ʩʬʝʨʠʯʝʩʢʠʝ, ʧʣʘʩʪʠʥʯʘʪʳʝ ʠ ʜʨ.) ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ 

ʤʘʪʝʨʠʘʣʳ ʩ ʪʨʝʙʫʝʤʳʤ ʢʦʤʧʣʝʢʩʦʤ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ 

(ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʝ, ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ, ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʳʝ, ʭʠʤʠʯʝʩʢʠ ʩʪʦʡʢʠʝ, 

ʪʝʧʣʦ-, ʪʝʨʤʦ-, ʦʛʥʝʩʪʦʡʢʠʝ, ʪʨʠʙʦʪʝʭʥʠʯʝʩʢʠʝ ʠ ʜʨ.) [9].  

ʂʘʢ ʧʨʘʚʠʣʦ, ʇʂʄ ʧʦ ʧʨʦʯʥʦʩʪʠ ʠ ʞʝʩʪʢʦʩʪʠ ʥʝ ʧʨʝʚʦʩʭʦʜʷʪ ʪʨʘʜʠʮʠʦʥʥʳʝ 

ʥʝʦʨʛʘʥʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ (ʠʥʞʝʥʝʨʥʳʝ ʩʧʣʘʚʳ, ʢʝʨʘʤʠʢʠ, ʤʝʪʘʣʣʳ ʠ ʜʨ.) [34]. 

ʆʩʥʦʚʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʇʂʄ ʧʝʨʝʜ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʩʚʷʟʘʥʦ ʩ ʠʭ 

ʤʝʥʴʰʝʡ ʧʣʦʪʥʦʩʪʴʶ ʧʨʠ ʦʜʠʥʘʢʦʚʦʡ ʫʜʝʣʴʥʦʡ ʧʨʦʯʥʦʩʪʠ ʠ ʞʝʩʪʢʦʩʪʠ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʚʝʩ ʠʟʜʝʣʠʷ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʩʦʢʨʘʪʠʪʴ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʠ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʨʘʩʭʦʜʳ. ʇʦʵʪʦʤʫ ʧʨʠ ʚʳʙʦʨʝ ʧʦʣʠʤʝʨʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠʣʠ 

ʇʂʄ ʜʣʷ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʮʝʣʝʡ ʛʣʘʚʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʷʚʣʷʶʪʩʷ ʧʨʦʯʥʦʩʪʴ ůʨ, 

ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ E, ʧʣʦʪʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ɟ, ʫʜʝʣʴʥʘʷ ʧʨʦʯʥʦʩʪʴ ůʨ/ɟ ʠ ʫʜʝʣʴʥʳʡ 

ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ E/ɟ [9,34]. 

ʉʨʝʜʠ ʤʥʦʞʝʩʪʚʘ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʨʠʮ, ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʳʭ ʠʟʛʦʪʘʚʣʠʚʘʶʪ 

ʇʂʄ, ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ ʚʳʟʳʚʘʶʪ ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʇʀ. ɻʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʵʪʦ 

ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʥʘʥʦʢʦʤʧʦʟʠʪʳ ʥʘ ʦʩʥʦʚʝ ʇʀ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʤʘʢʩʠʤʘʣʴʥʦ 
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ʚʳʩʦʢʫʶ ʪʝʨʤʦʩʪʦʡʢʦʩʪʴ, ʚʦʟʤʦʞʥʫʶ ʜʣʷ ʧʦʣʠʤʝʨʦʚ (600 
ʦ
ʉ), ʘ ʧʦ ʫʜʝʣʴʥʳʤ 

ʤʝʭʘʥʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʙʣʠʟʢʠ ʢ ʤʝʪʘʣʣʘʤ ʠ ʤʝʪʘʣʣʠʯʝʩʢʠʤ ʩʧʣʘʚʘʤ [32].  

ɿʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʣʠʤʝʨʥʳʭ ʩʚʷʟʫʶʱʠʭ ʥʘ ʦʩʥʦʚʝ ʇʀ ʨʝʰʘʝʪʩʷ 

ʧʨʦʙʣʝʤʘ ʩʦʟʜʘʥʠʷ ʇʂʄ ʜʣʷ ʘʚʠʘʢʦʩʤʠʯʝʩʢʦʡ ʪʝʭʥʠʢʠ. ʊʝʤʧʝʨʘʪʫʨʳ 

ʩʪʝʢʣʦʚʘʥʠʷ ʠʭ ʜʦʩʪʠʛʘʶʪ 230-370 
ʦ
ʉ, ʘ ʪʝʤʧʝʨʘʪʫʨʘ ʜʣʠʪʝʣʴʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ï 

180-340 
ʦ
ʉ (ʩʦʭʨʘʥʝʥʠʝ 50 % ʤʦʜʫʣʷ ʫʧʨʫʛʦʩʪʠ ʚ ʪʝʯʝʥʠʝ ʥʝ ʤʝʥʝʝ 2000 ʯ) [9]. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʧʫʪʝʡ ʩʦʟʜʘʥʠʷ 

ʥʦʚʳʭ ʇʂʄ ʷʚʣʷʝʪʩʷ ʚʚʝʜʝʥʠʝ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʯʘʩʪʠʮ ʚ ʧʦʣʠʤʝʨʥʫʶ ʤʘʪʨʠʮʫ. 

ʆʩʦʙʝʥʥʦ ʙʫʨʥʦʝ ʨʘʟʚʠʪʠʝ ʧʦʣʫʯʠʣʠ ʇʂʄ, ʥʘʧʦʣʥʝʥʥʳʝ ʧʨʠʨʦʜʥʳʤʠ 

ʩʣʦʠʩʪʳʤʠ ʩʠʣʠʢʘʪʘʤʠ ʪʠʧʘ ʤʦʥʪʤʦʨʠʣʣʦʥʠʪʘ ʠ ʫʛʣʝʨʦʜʥʳʤʠ ʧʨʦʜʫʢʪʘʤʠ 

(ʥʘʥʦʚʦʣʦʢʥʘ, ʬʫʣʣʝʨʝʥ, ʥʘʥʦʪʨʫʙʢʠ) [36-49]. ʇʨʠ ʵʪʦʤ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʥʘʧʦʣʥʠʪʝʣʷ ʠ ʭʘʨʘʢʪʝʨʘ ʝʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʦʢʨʫʞʘʶʱʠʤʠ ʤʘʢʨʦʮʝʧʷʤʠ, ʤʦʞʝʪ ʠʤʝʪʴ ʤʝʩʪʦ ʢʘʢ 

çʬʠʟʠʯʝʩʢʠʡè ʤʝʭʘʥʠʟʤ ʤʦʜʠʬʠʢʘʮʠʠ ʟʘ ʩʯʝʪ ʘʨʤʠʨʦʚʘʥʠʷ ʧʦʣʠʤʝʨʘ ʞʝʩʪʢʠʤʠ 

ʯʘʩʪʠʮʘʤʠ ʩ ʚʳʩʦʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʦʩʝʚʦʛʦ ʦʪʥʦʰʝʥʠʷ (ʧʨʠ ʚʚʝʜʝʥʠʠ 

ʘʥʠʟʦʪʨʦʧʥʳʭ ʥʘʥʦʯʘʩʪʠʮ, ʥʘʧʨʠʤʝʨ, ʥʘʥʦʩʣʦʝʚ ʤʦʥʪʤʦʨʠʣʣʦʥʠʪʘ ʠʣʠ 

ʛʨʘʬʝʥʘ, ʘ ʪʘʢʞʝ ʥʘʥʦʯʘʩʪʠʮ ʩ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʬʦʨʤʦʡ, ʪʘʢʠʭ ʢʘʢ ʫʛʣʝʨʦʜʥʳʝ 

ʥʘʥʦʪʨʫʙʢʠ ʠ ʥʘʥʦʚʦʣʦʢʥʘ) [36-37, 47-49], ʪʘʢ ʠ ʤʦʜʠʬʠʢʘʮʠʷ ʩʠʩʪʝʤʳ ʟʘ ʩʯʝʪ 

ʭʠʤʠʯʝʩʢʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʚ ʤʘʪʝʨʠʘʣʝ (ʥʘʧʨʠʤʝʨ, ʚ ʩʣʫʯʘʝ ʚʚʝʜʝʥʠʷ ʚ 

ʧʦʣʠʤʝʨ ʬʫʣʣʝʨʝʥʦʚ) [43-44]. ʅʘʠʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ ʫ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʚʳʟʳʚʘʶʪ 

ʦʙʲʝʢʪʳ, ʨʘʟʣʠʯʘʶʱʠʝʩʷ ʘʥʠʟʦʪʨʦʧʠʝʡ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ð 

ʯʘʩʪʠʮʳ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʠʣʠ ʧʣʘʩʪʠʥʯʘʪʦʡ ʬʦʨʤʳ ʩ ʧʦʚʳʰʝʥʥʳʤʠ 

ʟʥʘʯʝʥʠʷʤʠ ʦʩʝʚʦʛʦ (ʘʩʧʝʢʪʥʦʛʦ) ʦʪʥʦʰʝʥʠʷ (ʄʉʋʅʊ, ʋʅɺ ʠ ʫʛʣʝʨʦʜʥʳʝ 

ʥʘʥʦʢʦʥʫʩʳ/ʜʠʩʢʠ (ʋʅʂ)). ʇʨʝʠʤʫʱʝʩʪʚʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʘʢʠʭ ʫʛʣʝʨʦʜʥʳʭ 

ʥʘʥʦʯʘʩʪʠʮ ʚ ʢʘʯʝʩʪʚʝ ʥʘʧʦʣʥʠʪʝʣʝʡ ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩʚʷʟʘʥʦ ʩ 

ʨʝʢʦʨʜʥʦ ʚʳʩʦʢʠʤʠ ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ (ʪʘʢ, ʥʘʧʨʠʤʝʨ, 

ʞʝʩʪʢʦʩʪʴ ʦʜʥʦʩʣʦʡʥʦʡ ʫʛʣʝʨʦʜʥʦʡ ʪʨʫʙʢʠ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ ʟʥʘʯʝʥʠʡ ʧʦʨʷʜʢʘ 

ʊʇʘ [36]) ʠ ʚʳʩʦʢʠʤ ʦʩʝʚʳʤ ʦʪʥʦʰʝʥʠʝʤ ʵʪʠʭ ʦʙʲʝʢʪʦʚ. ɹʣʘʛʦʜʘʨʷ ʵʪʠʤ 

ʦʩʦʙʝʥʥʦʩʪʷʤ ʜʣʷ ʩʫʱʝʩʪʚʝʥʥʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʧʦʣʠʤʝʨʥʦʛʦ ʥʘʥʦʢʦʤʧʦʟʠʪʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʭʦʜʥʳʤ ʤʘʪʨʠʯʥʳʤ ʧʦʣʠʤʝʨʦʤ 
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ʜʦʩʪʘʪʦʯʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʘʣʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ (ʦʪ ʜʦʣʝʡ ʜʦ ʝʜʠʥʠʮ 

ʧʨʦʮʝʥʪʦʚ) ʵʪʠʭ ʥʘʥʦʯʘʩʪʠʮ [36]. 

ʅʘʨʷʜʫ ʩ ʚʳʩʦʢʠʤ ʦʩʝʚʳʤ ʦʪʥʦʰʝʥʠʝʤ, ʚʘʞʥʳʤʠ ʬʘʢʪʦʨʘʤʠ, ʚʣʠʷʶʱʠʤʠ 

ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʤʦʜʠʬʠʢʘʮʠʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʤʧʦʟʠʪʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ, ʷʚʣʷʪʁʩʷ ʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʥʦʯʘʩʪʠʮ ʚ ʦʙʲʝʤʝ ʧʦʣʠʤʝʨʘ, 

ʘ ʪʘʢʞʝ ʢʦʤʧʘʪʠʙʠʣʠʟʘʮʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʥʘʥʦʢʦʤʧʦʟʠʪʘ ï ʦʨʛʘʥʠʟʘʮʠʷ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʘʥʦʯʘʩʪʠʮ ʩ ʤʘʪʨʠʯʥʳʤ ʧʦʣʠʤʝʨʦʤ [46-48]. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʠʤʝʥʥʦ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʣʠʤʝʨʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚʝʩʴʤʘ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦ ʨʝʘʛʠʨʫʶʪ ʥʘ ʚʚʝʜʝʥʠʝ ʚ ʧʦʣʠʤʝʨ ʥʘʥʦʯʘʩʪʠʮ [36-48]. ɺ ʨʷʜʝ ʨʘʙʦʪ 

[32, 45-48] ʙʳʣʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʜʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʨʘʚʥʦʤʝʨʥʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʠ 

ʥʘʥʦʯʘʩʪʠʮ ʚ ʦʙʲʝʤʝ ʧʦʣʠʤʝʨʘ ʫʜʘʝʪʩʷ ʜʦʩʪʠʯʴ ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʦʚʳʰʝʥʠʷ ʪʘʢʠʭ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʢʘʢ ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʠ ʧʨʝʜʝʣ ʧʣʘʩʪʠʯʥʦʩʪʠ. 

ʕʪʦ ʭʦʨʦʰʦ ʚʠʜʥʦ ʥʘ ʧʨʠʤʝʨʝ ʧʣʝʥʦʢ ʇʂʄ, ʥʘʧʦʣʥʝʥʥʳʭ ʋʅʂ [47-48]. 

ɺʚʝʜʝʥʠʝ ʚʩʝʛʦ 3 ʦʙ. % ʵʪʠʭ ʥʘʥʦʯʘʩʪʠʮ ʚ ʤʘʪʨʠʮʫ ʇʀ ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ 

ʧʦʚʳʩʠʪʴ ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʤʘʪʝʨʠʘʣʘ, ʥʦ ʚʝʜʝʪ ʢ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤʫ (ʧʦ ʤʝʨʝ 

ʨʦʩʪʘ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʥʦʯʘʩʪʠʮ) ʩʥʠʞʝʥʠʶ ʧʨʝʜʝʣʴʥʦʡ ʜʝʬʦʨʤʘʮʠʠ ʜʦ 

ʨʘʟʨʫʰʝʥʠʷ ʤʘʪʝʨʠʘʣʘ. 

ʆʜʥʘʢʦ ʥʝ ʚʩʝ ʥʘʥʦʯʘʩʪʠʮʳ ʩʢʣʦʥʥʳ ʙʝʟ ʩʧʝʮʠʘʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʢ 

ʨʘʚʥʦʤʝʨʥʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʚ ʦʙʲʝʤʝ ʧʦʣʠʤʝʨʘ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʄʉʋʅʊ ʠʟ-ʟʘ 

ʥʘʣʠʯʠʷ ʚʳʩʦʢʦʡ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʵʥʝʨʛʠʠ ʦʪʣʠʯʘʶʪʩʷ ʩʢʣʦʥʥʦʩʪʴʶ ʢ ʘʛʨʝʛʘʮʠʠ 

ʧʨʠ ʠʭ ʚʚʝʜʝʥʠʠ ʚ ʨʘʩʪʚʦʨʳ ʠ ʨʘʩʧʣʘʚʳ ʧʦʣʠʤʝʨʦʚ [36]. ʕʬʬʝʢʪʠʚʥʳʤ ʤʝʪʦʜʦʤ 

ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʷʚʣʷʝʪʩʷ ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʦʙʨʘʙʦʪʢʘ ʥʘʥʦʯʘʩʪʠʮ ʧʝʨʝʜ 

ʠʭ ʚʚʝʜʝʥʠʝʤ ʚ ʧʦʣʠʤʝʨʥʫʶ ʤʘʪʨʠʮʫ [36, 45-46]. ʉʫʪʴ ʤʝʪʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʩʦʟʜʘʥʠʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʄʉʋʅʊ ʨʘʟʣʠʯʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ, ʢʦʪʦʨʳʝ 

ʩʧʦʩʦʙʥʳ ʦʙʝʩʧʝʯʠʪʴ ʢʘʢ ʩʥʠʞʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʘʛʨʝʛʘʮʠʠ, ʪʘʢ ʠ ʚʦʟʤʦʞʥʦʩʪʴ 

ʦʙʨʘʟʦʚʘʥʠʷ ʩʚʷʟʝʡ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʤʝʞʜʫ ʧʦʚʝʨʭʥʦʩʪʴʶ ʄʉʋʅʊ ʠ ʤʘʪʨʠʮʝʡ 

ʧʦʣʠʤʝʨʘ. ʆʪʤʝʯʝʥʥʦʝ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʄʉʋʅʊ ʥʘ ʞʝʩʪʢʦʩʪʴ 

ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʨʝʘʣʠʟʫʝʪʩʷ ʚ ʦʙʣʘʩʪʠ ʢʦʥʮʝʥʪʨʘʮʠʡ ʜʦ 1.0-2.0 ʦʙ. %  

(ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʩʧʦʣʴʟʦʚʘʥʥʦʛʦ ʤʝʪʦʜʘ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʥʘʥʦʯʘʩʪʠʮ) [45], ʘ 

ʜʣʷ ʦʜʥʦʩʪʝʥʥʳʭ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ ʜʦ 1 ʦʙ. % [36].  



21 
 

ɺ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʚʚʝʜʝʥʠʝ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʯʘʩʪʠʮ ʧʨʠʚʦʜʠʣʦ ʢ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʇʀ [49], ʠʣʠ ʢ ʫʚʝʣʠʯʝʥʠʶ ʩʪʝʧʝʥʠ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ ʠ ʩʢʦʨʦʩʪʠ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʨʠʮ. ʇʦʢʘʟʘʥʦ [32], ʯʪʦ ʚʚʝʜʝʥʠʝ ʪʦʣʴʢʦ  

3 ʤʘʩʩ. % ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʚʦʣʦʢʦʥ ʚ ʇʀ ʥʘ ʦʩʥʦʚʝ 1,3-ʙʠʩ(3,4-

ʜʠʢʘʨʙʦʢʩʠʬʝʥʦʢʩʠ)ʙʝʥʟʦʣʘ ʠ 4,4
¡
-ʙʠʩ-(4

¡¡
-ʘʤʠʥʦʬʝʥʦʢʩʠ)ʜʠʬʝʥʠʣʘ (ʈ-ʆɼʌʆ) 

ʧʨʠʚʦʜʠʪ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʩʦʢʨʘʱʝʥʠʶ ʜʣʠʪʝʣʴʥʦʩʪʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ (ʧʨʠʤʝʨʥʦ 

ʚ 10 ʨʘʟ). ʕʬʬʝʢʪ ʩʦʢʨʘʱʝʥʠʷ ʚʨʝʤʝʥʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʦʙʫʩʣʦʚʣʝʥ ʚ ʧʝʨʚʫʶ 

ʦʯʝʨʝʜʴ ʪʝʤ, ʯʪʦ ʚ ʤʘʪʨʠʮʝ ʇʀ ʠʤʝʶʪʩʷ ʛʝʢʩʘʛʦʥʘʣʴʥʳʝ ʘʨʦʤʘʪʠʯʝʩʢʠʝ 

ʩʪʨʫʢʪʫʨʳ, ʧʦʜʦʜʦʙʥʳʝ ʪʝʤ, ʠʟ ʢʦʪʦʨʳʭ ʩʦʩʪʦʷʪ ʷʯʝʡʢʠ ʢʨʠʩʪʘʣʣʦʚ ʛʨʘʬʠʪʘ. 

ʊʘʢʠʤ ʦʙʘʟʦʤ, ʛʨʘʬʠʪʦʧʦʜʦʙʥʳʝ ʯʘʩʪʠʮʳ ʩʣʫʞʘʪ ʟʘʨʦʜʳʰʘʤʠ ʧʨʦʮʝʩʩʦʚ 

ʪʨʘʥʩʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʚ ʤʘʪʨʠʮʝ ʇʀ.  

1.4. ʄʝʭʘʥʠʟʤʳ ʛʠʜʨʦʣʠʪʠʯʝʩʢʦʡ ʜʝʩʪʨʫʢʮʠʠ ʧʦʣʠʤʝʨʦʚ ʠ ʢʦʤʧʦʟʠʪʦʚ ʥʘ ʠʭ 

ʦʩʥʦʚʝ 

ʆʧʨʝʜʝʣʝʥʠʝ ʩʨʦʢʘ ʩʣʫʞʙʳ ʠʟʜʝʣʠʷ ʚ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ ï 

ʦʜʥʘ ʠʟ ʚʘʞʥʝʡʰʠʭ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʯ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ [1-3]. 

ɻʠʜʨʦʣʠʪʠʯʝʩʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʇʀ ʠ ʢʦʤʧʦʟʠʪʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝ ʦʮʝʥʠʚʘʶʪ 

ʧʦ ʤʝʭʘʥʠʯʝʩʢʠʤ, ʪʝʨʤʠʯʝʩʢʠʤ, ʜʠʬʬʫʟʠʦʥʥʳʤ ʠ ʪ. ʜ. ʧʘʨʘʤʝʪʨʘʤ. ɿʥʘʥʠʝ ʪʘʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʥʘʠʙʦʣʝʝ ʪʦʯʥʦ, ʧʦ ʢʘʢʦʤʫ ʤʝʭʘʥʠʟʤʫ 

ʧʨʦʠʩʭʦʜʠʪ ʨʘʟʨʫʰʝʥʠʝ ʧʦʣʠʤʝʨʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʪ.ʝ. 

ʧʨʠ ʟʘʜʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʪʠʧʝ ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʛʨʝʩʩʠʚʥʦʡ ʩʨʝʜʳ [3, 50]. 

ʉʚʦʡʩʪʚʘ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʦʙʳʯʥʦ ʠʟʫʯʘʶʪ ʚ ʩʣʝʜʫʶʱʠʭ 

ʘʛʨʝʩʩʠʚʥʳʭ ʩʨʝʜʘʭ: ʚʦʜʝ, ʦʩʥʦʚʘʥʠʷʭ, ʢʠʩʣʦʪʘʭ, ʩʦʣʷʭ ʠ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʨʘʩʪʚʦʨʠʪʝʣʷʭ [50, 51]. ʀʩʩʣʝʜʫʝʤʳʡ ʧʦʣʠʤʝʨ ʚʳʜʝʨʞʠʚʘʶʪ ʚ ʘʛʨʝʩʩʠʚʥʦʡ ʩʨʝʜʝ 

ʠ ʩʨʘʚʥʠʚʘʶʪ ʧʦʣʫʯʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʩ ʠʭ ʠʩʭʦʜʥʳʤ ʟʥʘʯʝʥʠʝʤ. ʆʪʥʦʰʝʥʠʷ 

ʧʦʢʘʟʘʪʝʣʷ, ʧʦʣʫʯʝʥʥʦʛʦ ʧʦʩʣʝ ʵʢʩʧʦʥʠʨʦʚʘʥʠʷ, ʢ ʝʛʦ ʠʩʭʦʜʥʦʤʫ ʟʥʘʯʝʥʠʶ, 

ʚʳʨʘʞʘʶʪ ʚ ʧʨʦʮʝʥʪʘʭ, ʠ ʦʙʦʟʥʘʯʘʶʪ ʢʘʢ ʩʪʝʧʝʥʴ ʩʦʭʨʘʥʝʥʠʷ ʩʚʦʡʩʪʚ [50]. 

ɻʠʜʨʦʣʠʪʠʯʝʩʢʘʷ ʜʝʩʪʨʫʢʮʠʷ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʧʨʦʠʩʭʦʜʷʱʘʷ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʚʦʟʜʝʡʩʪʚʠʷ ʘʛʨʝʩʩʠʚʥʳʭ ʩʨʝʜ ʥʘ ʧʦʣʠʤʝʨ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʩʣʦʞʥʳʡ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ, ʥʘʨʷʜʫ ʩ ʨʘʟʨʳʚʦʤ ʭʠʤʠʯʝʩʢʠʭ ʩʚʷʟʝʡ, 
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ʚʢʣʶʯʘʶʱʠʡ ʜʠʬʬʫʟʠʶ ʘʛʨʝʩʩʠʚʥʦʡ ʩʨʝʜʳ ʚ ʧʦʣʠʤʝʨ ʠ ʧʦʩʣʝʜʫʶʱʠʝ 

ʭʠʤʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʨʘʟʨʫʰʝʥʠʶ ʤʘʪʝʨʠʘʣʘ. 

ɸʛʨʝʩʩʠʚʥʳʝ ʩʨʝʜʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʩʦʙʝʥʥʦʩʪʝʡ ʜʝʡʩʪʚʠʷ ʥʘ ʧʦʣʠʤʝʨʳ 

ʜʝʣʷʪ ʥʘ ʬʠʟʠʯʝʩʢʠ ʠ ʭʠʤʠʯʝʩʢʠ ʘʢʪʠʚʥʳʝ ʩʨʝʜʳ [3, 50-51]. 

ʇʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʬʠʟʠʯʝʩʢʠ ʘʢʪʠʚʥʦʡ ʩʨʝʜʳ ʥʘ ʧʦʣʠʤʝʨ ʧʨʦʪʝʢʘʶʪ 

ʧʨʦʮʝʩʩʳ ʘʜʩʦʨʙʮʠʠ ʠ ʘʙʩʦʨʙʮʠʠ [50]. ʇʨʦʮʝʩʩʳ ʘʜʩʦʨʙʮʠʠ ʧʨʠʚʦʜʷʪ ʢ 

ʠʟʤʝʥʝʥʠʶ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʵʥʝʨʛʠʠ ʥʘ ʛʨʘʥʠʮʝ ʧʦʣʠʤʝʨ ï ʩʨʝʜʘ, ʘ ʧʨʦʮʝʩʩʳ 

ʘʙʩʦʨʙʮʠʠ ʢ ʦʩʣʘʙʣʝʥʠʶ ʤʝʞʤʦʣʝʢʫʣʷʨʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʧʦʣʠʤʝʨʘʭ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʪʝʢʘʥʠʷ ʜʘʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʤʦʛʫʪ ʠʟʤʝʥʷʪʴʩʷ ʤʝʭʘʥʠʯʝʩʢʠʝ, 

ʨʝʦʣʦʛʠʯʝʩʢʠʝ, ʘʜʛʝʟʠʦʥʥʳʝ, ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠ ʪ.ʜ. ʆʪʤʝʪʠʤ, ʯʪʦ ʜʘʥʥʳʝ 

ʠʟʤʝʥʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʦʙʨʘʪʠʤʳʤʠ, ʝʩʣʠ ʥʝ ʧʨʦʠʟʦʰʣʦ ʨʘʟʨʫʰʝʥʠʷ ʧʦʣʠʤʝʨʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ, ʥʘʧʨʠʤʝʨ, ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʤʠʢʨʦʪʨʝʱʠʥ ʚʩʣʝʜʩʪʚʠʝ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ 

ʥʘʙʫʭʘʥʠʷ ʧʦʣʠʤʝʨʘ ʚ ʘʛʨʝʩʩʠʚʥʦʡ ʩʨʝʜʝ [3, 50-51]. 

ɺ ʩʣʫʯʘʝ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʧʦʣʠʤʝʨ ʭʠʤʠʯʝʩʢʠ ʘʛʨʝʩʩʠʚʥʦʡ ʩʨʝʜʳ ʥʘʙʣʶʜʘʶʪ 

ʥʝʦʙʨʘʪʠʤʳʝ ʠʟʤʝʥʝʥʠʷ ʭʠʤʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ï ʜʝʩʪʨʫʢʮʠʶ, ʜʝʧʦʣʠʤʝʨʠʟʘʮʠʶ, 

ʩʰʠʚʘʥʠʝ, ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʝ ʠʣʠ ʧʦʣʠʤʝʨʘʥʘʣʦʛʠʯʥʳʝ ʧʨʝʚʨʘʱʝʥʠʷ [50].  

ɼʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʤʝʭʘʥʠʟʤʘ ʛʠʜʨʦʣʠʪʠʯʝʩʢʦʡ ʜʝʩʪʨʫʢʮʠʠ ʧʦʣʠʤʝʨʦʚ ʚ 

ʘʛʨʝʩʩʠʚʥʳʭ ʩʨʝʜʘʭ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʩʣʝʜʫʶʱʝʝ [3,51]: 

1) ʍʠʤʠʯʝʩʢʠ ʥʝʩʪʦʡʢʠʝ ʩʚʷʟʠ ʧʦʣʠʤʝʨʘ;  

2) ʊʠʧ ʨʘʩʧʘʜʘ ʤʘʢʨʦʤʦʣʝʢʫʣ; 

3) ɿʘʢʦʥʦʤʝʨʥʦʩʪʠ ʧʝʨʝʥʦʩʘ ʘʛʨʝʩʩʠʚʥʳʭ ʩʨʝʜ ʚ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʘʭ. 

ʊʘʢʞʝ ʩʪʦʠʪ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʚ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʘʭ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʛʜʘ 

ʠʤʝʝʪ ʤʝʩʪʦ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʩʪʨʫʢʪʫʨʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʠ ʩʚʦʡʩʪʚ ʧʦ ʦʙʲʝʤʫ [50]. 

ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʦ ʥʘʣʠʯʠʝʤ ʚ ʧʦʣʠʤʝʨʘʭ ʩʪʝʢʣʦʦʙʨʘʟʥʳʭ ʠ 

ʚʳʩʦʢʦʵʣʘʩʪʠʯʥʳʭ ʫʯʘʩʪʢʦʚ (ʩʦʧʦʣʠʤʝʨʳ ʤʝʪʠʣʤʝʪʘʢʨʠʣʘʪʘ ʠ ʤʝʪʠʣʘʢʨʠʣʘʪʘ), 

ʩʠʣʴʥʦ ʠ ʩʣʘʙʦ ʩʰʠʪʳʭ ʦʙʣʘʩʪʝʡ (ʚʫʣʢʘʥʠʟʘʪʳ ʵʣʘʩʪʦʤʝʨʦʚ), ʘʤʦʨʬʥʳʭ ʠ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʦʙʣʘʩʪʝʡ (ʢʨʠʩʪʘʣʣʠʟʫʶʱʠʝʩʷ ʧʦʣʠʤʝʨʳ) ʠʣʠ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ 

ʥʘʧʦʣʥʠʪʝʣʝʡ (ʫʛʣʝʨʦʜʥʦʝ ʚʦʣʦʢʥʦ, ʩʘʞʘ, ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʥʘʥʦʯʘʩʪʠʮ) ʠ ʜʨ [50]. 

ɺʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʩʪʨʫʢʪʫʨʳ ʤʦʛʫʪ ʢʘʢ ʧʦʣʦʞʠʪʝʣʴʥʦ, ʪʘʢ ʠ 
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ʦʪʨʠʮʘʪʝʣʴʥʦ ʚʣʠʷʪʴ ʥʘ ʩʪʘʙʠʣʴʥʦʩʪʴ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʘʛʨʝʩʩʠʚʥʳʭ 

ʩʨʝʜʘʭ. ɹʦʣʝʝ ʧʦʜʨʦʙʥʦ ʵʪʦʪ ʚʦʧʨʦʩ ʙʫʜʝʪ ʨʘʩʩʤʦʪʨʝʥ ʚ ʨʘʟʜʝʣʘʭ 1.5. ʠ 1.6. 

ʆʪʤʝʪʠʤ, ʯʪʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʦʪʥʦʰʝʥʠʡ ʩʢʦʨʦʩʪʝʡ ʧʨʦʮʝʩʩʦʚ 

ʜʠʬʬʫʟʠʠ ʠ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʜʝʩʪʨʫʢʮʠʷ ʧʦʣʠʤʝʨʘ ʤʦʞʝʪ ʧʨʦʪʝʢʘʪʴ ʚ 

ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ [51]: 

1) ɽʩʣʠ ʩʢʦʨʦʩʪʴ ʜʠʬʬʫʟʠʠ ʘʛʨʝʩʩʠʚʥʦʡ ʩʨʝʜʳ ʩʦʠʟʤʝʨʠʤʘ ʩʦ ʩʢʦʨʦʩʪʴʶ 

ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ, ʪʦ ʨʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʚʦ ʚʥʫʪʨʝʥʥʝʡ ʜʠʬʬʫʟʠʦʥʥʦ-

ʢʠʥʝʪʠʯʝʩʢʦʡ ʦʙʣʘʩʪʠ; 

2) ʂʦʛʜʘ ʩʢʦʨʦʩʪʴ ʜʠʬʬʫʟʠʠ ʘʛʨʝʩʩʠʚʥʦʡ ʩʨʝʜʳ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʝʪ 

ʩʢʦʨʦʩʪʴ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ, ʪʦ ʨʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʚʦ ʚʥʫʪʨʝʥʥʝʡ 

ʢʠʥʝʪʠʯʝʩʢʦʡ ʦʙʣʘʩʪʠ; 

3) ɽʩʣʠ ʩʢʦʨʦʩʪʴ ʜʠʬʬʫʟʠʠ ʘʛʨʝʩʩʠʚʥʦʡ ʩʨʝʜʳ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ ʩʢʦʨʦʩʪʠ 

ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ, ʪʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʦʮʝʩʩ ʜʝʩʪʨʫʢʮʠʠ ʧʦʣʠʤʝʨʘ ʧʨʦʭʦʜʠʪ 

ʚʦ ʚʥʝʰʥʝʡ ʜʠʬʬʫʟʠʦʥʥʦ-ʢʠʥʝʪʠʯʝʩʢʦʡ ʦʙʣʘʩʪʠ. 

1.5. ɻʠʜʨʦʣʠʪʠʯʝʩʢʘ ̫ʩʪʘʙʠʣʴʥʦʩʪ ɹʘʨʦʤʘʪʠʯʝʩʢʠʭ ʧʦʣʠʠʤʠʜʦʚ ʚ ʨʘʟʣʠʯʥʳʭ 

ʘʛʨʝʩʩʠʚʥʳʭ ʩʨʝʜʘʭ 

ʋʩʪʦʡʯʠʚʦʩʪʴ ʧʣʝʥʦʢ ʚ ʚʦʜʥʳʭ ʩʨʝʜʘʭ ʠʩʩʣʝʜʦʚʘʥʘ ʜʦʚʦʣʴʥʦ ʧʦʜʨʦʙʥʦ ʜʣʷ 

ʧʣʝʥʦʢ KAPTON
È
. ɺ ʨʘʙʦʪʝ [52] ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʥʦʨʤʘʣʴʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ 

ʫʩʣʦʚʠʷʭ (ʧʨʠ pH=7 ʠ ʪʝʤʧʝʨʘʪʫʨʝ T = 25 
o
C) ʚʦʜʘ ʥʘ ʧʣʝʥʢʠ ʵʪʦʛʦ ʇʀ ʜʝʡʩʪʚʫʝʪ 

ʩʣʘʙʦ ï ʟʥʘʯʝʥʠʷ ʧʨʦʯʥʦʩʪʠ ʠ ʜʝʬʦʨʤʘʮʠʠ ʜʦ ʨʘʟʨʫʰʝʥʠʷ ʟʘ 70 ʩʫʪʦʢ ʛʠʜʨʦʣʠʟʘ 

ʩʥʠʟʠʣʠʩʴ ʥʝʟʥʘʯʠʪʝʣʴʥʦ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʧʨʠ ʢʠʧʷʯʝʥʠʠ ʚ ʚʦʜʝ ʧʣʝʥʢʠ ʪʝʨʷʶʪ 

ʩʚʦʠ ʚʳʩʦʢʠʝ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ [15, 28, 52]. 

ʀʩʩʣʝʜʦʚʘʥʠʝ [52] ʠʟʤʝʥʝʥʠ ̫ ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʣʝʥʢʠ 

KAPTON
È 
HN ʧʦʩʣʝ ʚʳʜʝʨʞʢʠ ʦʪ 1 ʯ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʩʦʪʝʥ ʯʘʩʦʚ ʚ ʚʦʜʝ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ ʦʪ 25 ʜʦ 100 
ʦ
ʉ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʧʦ ʤʝʨʝ ʛʠʜʨʦʣʠʟʘ ʧʨʦʯʥʦʩʪʥʳʝ ʠ 

ʜʝʬʦʨʤʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʘʜʘʶʪ ʠ ʜʦʩʪʠʛʘʶʪ ʧʨʝʜʝʣʴʥʳʭ ʟʥʘʯʝʥʠʡ 

ůʨÐ=98 ʄʇʘ (ʜʦ ʛʠʜʨʦʣʠʟʘ ůʨ0=158 ʄʇʘ) ʠ ŮʨÐ=5% (ʜʦ ʛʠʜʨʦʣʠʟʘ Ůʨ0=38%), 

ʦʜʠʥʘʢʦʚʳʭ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʛʠʜʨʦʣʠʟʘ. 
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ʀʩʧʦʣʴʟʫʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʦ ʧʨʦʯʥʦʩʪʠ ʠ ʜʝʬʦʨʤʘʮʠʠ, 

ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʛʠʜʨʦʣʠʟʘ, ʧʦ ʫʨʘʚʥʝʥʠʶ ʚʪʦʨʦʛʦ 

ʧʦʨʷʜʢʘ ʨʘʩʩʯʠʪʘʣʠ ʢʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʠ ʠ ʵʥʝʨʛʠʠ ʘʢʪʠʚʘʮʠʠ ʛʠʜʨʦʣʠʪʠʯʝʩʢʦʡ 

ʜʝʩʪʨʫʢʮʠʠ ʇʀ. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʵʥʝʨʛʠʠ ʘʢʪʠʚʘʮʠʠ ʛʠʜʨʦʣʠʪʠʯʝʩʢʦʡ 

ʜʝʩʪʨʫʢʮʠʠ Uů ʠ UŮ ʠʤʝʶʪ ʙʣʠʟʢʠʝ ʟʥʘʯʝʥʠʷ ʠ ʨʘʚʥʳ 63 ʠ 67 ʢɼʞ/ʤʦʣʴ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɼʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʵʬʬʝʢʪʠʚʥʳʤ ʵʥʝʨʛʠʷʤ 

ʘʢʪʠʚʘʮʠʡ ʛʠʜʨʦʣʠʪʠʯʝʩʢʦʡ ʜʝʩʪʨʫʢʮʠʠ ʤʦʜʝʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʩʦʜʝʨʞʘʱʠʭ ʦ-

ʢʘʨʙʦʢʩʠʘʤʠʜʥʳʝ ʩʚʷʟʠ [3]. ʕʪʦ ʜʘʣʦ ʦʩʥʦʚʘʥʠʝ ʧʦʣʘʛʘʪʴ, ʯʪʦ ʠʟʤʝʥʝʥʠʝ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʇʀ ʦʙʫʩʣʦʚʣʝʥʦ ʛʠʜʨʦʣʠʪʠʯʝʩʢʦʡ ʜʝʩʪʨʫʢʮʠʝʡ 

ʥʝʜʦʮʠʢʣʠʟʦʚʘʥʥʳʭ ʘʤʠʜʦʢʠʩʣʦʪʥʳʭ ʟʚʝʥʴʝʚ, ʢʦʪʦʨʘʷ ʧʨʦʭʦʜʠʪ ʧʦ ʩʭʝʤʝ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ ʈʠʩʫʥʢʝ 2 [53,54].  
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ʈʠʩʫʥʦʢ 2 ï ʉʭʝʤʘ ʛʠʜʨʦʣʠʟʘ ʇɸʂ ʚ ʚʦʜʝ [53,54]. 

ʇʀ ʠʥʝʨʪʥʳ ʢ ʦʨʛʘʥʠʯʝʩʢʠʤ ʨʘʩʪʚʦʨʠʪʝʣʷʤ ʠ ʤʘʩʣʘʤ. ʅʘ ʥʠʭ ʧʨʘʢʪʠʯʝʩʢʠ 

ʥʝ ʜʝʡʩʪʚʫʶʪ ʨʘʟʙʘʚʣʝʥʥʳʝ ʢʠʩʣʦʪʳ [50, 15]. ʇʀ ʨʘʩʪʚʦʨʠʤʳ ʚ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʩʝʨʥʦʡ [15, 55] ʠ ʜʳʤʷʱʝʡ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʘʭ [15]. ʆʜʥʘʢʦ 

ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʙʨʘʟʫʶʱʠʝʩʷ ʨʘʩʪʚʦʨʳ ʥʝʩʪʘʙʠʣʴʥʳ, ʚʷʟʢʦʩʪʴ ʠʭ ʩʦ 

ʚʨʝʤʝʥʝʤ ʧʘʜʘʝʪ.  

ʀʟʚʝʩʪʥʦ [2, 15-16, 56], ʯʪʦ ʇʀ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʩʪʘʙʠʣʴʥʳ ʢ ʱʝʣʦʯʥʦʤʫ 

ʛʠʜʨʦʣʠʟʫ. ɺ ʨʘʙʦʪʝ [15] ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʣʝʥʢʠ KAPTON
È
, ʧʦ ʤʝʨʝ 

ʱʝʣʦʯʥʦʛʦ ʛʠʜʨʦʣʠʟʘ ʚ 4ʅ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ KOH ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 

(ʊ=20-25 
ʦ
ʉ) ʟʘʤʝʪʥʦ ʥʘʙʫʭʘʶʪ, ʙʣʝʜʥʝʶʪ ʠ ʦʙʝʩʮʚʝʯʠʚʘʶʪʩʷ ʚ ʪʝʯʝʥʠʝ 
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ʥʝʩʢʦʣʴʢʠʭ ʯʘʩʦʚ. ʇʦʣʫʯʝʥʥʳʝ ʧʣʝʥʢʠ ʭʦʨʦʰʦ ʨʘʩʪʚʦʨʠʤʳ ʚ ʚʦʜʝ, 

ʩʣʘʙʦʱʝʣʦʯʥʦʤ ʨʘʩʪʚʦʨʝ, ʘʤʤʠʘʯʥʦʡ ʚʦʜʝ, ʥʦ ʥʝʨʘʩʪʚʦʨʠʤʳ ʚ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʱʝʣʦʯʘʭ, ɼʄɸɸ ʠ ʜʨʫʛʠʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʧʦʣʷʨʥʳʭ 

ʨʘʩʪʚʦʨʠʪʝʣʷʭ.  

ɺ ʨʘʙʦʪʝ [56] ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʩʨʘʚʥʠʪʝʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʛʠʜʨʦʣʠʪʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʇʀ, ʧʦʣʠʵʬʠʨʠʤʠʜʦʚ ʠ ʧʦʣʠʘʤʠʜʦʠʤʠʜʦʚ. 

ɻʠʜʨʦʣʠʟ ʦʩʫʱʝʩʪʚʣʷʣʠ ʦʙʨʘʙʦʪʢʦʡ ʧʣʝʥʦʢ ʧʦʣʠʤʝʨʦʚ ʪʦʣʱʠʥʦʡ 40-50 ʤʢʤ 

ʨʘʩʪʚʦʨʘʤʠ 0.3ʅ ʠʣʠ 0.5ʅ NaOH ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʊ=90 
ʦ
ʉ. ɿʘ ʩʪʝʧʝʥʴ ʛʠʜʨʦʣʠʟʘ 

ʧʦʣʠʤʝʨʦʚ ʧʨʠʥʠʤʘʣʦʩʴ ʦʪʥʦʰʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʠʟʨʘʩʭʦʜʦʚʘʥʥʦʡ ʱʝʣʦʯʠ ʢ 

ʢʦʣʠʯʝʩʪʚʫ, ʥʝʦʙʭʦʜʠʤʦʤʫ ʜʣʷ ʨʘʟʨʫʰʝʥʠʷ ʚʩʝʭ ʛʠʜʨʦʣʠʟʫʶʱʠʭʩʷ ʭʠʤʠʯʝʩʢʠʭ 

ʩʚʷʟʝʡ ʜʘʥʥʦʛʦ ʧʦʣʠʤʝʨʘ.  

ʉʨʘʚʥʠʪʝʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʜʘʥʥʳʭ ʧʦʣʠʤʝʨʦʚ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʥʘʠʙʦʣʴʰʝʡ 

ʛʠʜʨʦʣʠʪʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʢ ʱʝʣʦʯʥʦʤʫ ʛʠʜʨʦʣʠʟʫ ʦʙʣʘʜʘʶʪ ʇʀ ʩ 

ʧʠʨʦʤʝʣʣʠʪʦʚʳʤ ʜʠʘʥʛʠʜʨʠʜʦʤ (ʊʘʙʣʠʮʘ 1). ɹʦʣʝʝ ʪʦʛʦ ʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ 

ʜʘʥʥʳʭ ʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʯʠʩʣʘ ʢʠʩʣʦʨʦʜʥʳʭ ʤʦʩʪʠʢʦʚʳʭ ʘʪʦʤʦʚ ʚ 

ʜʠʘʤʠʥʥʦʤ ʢʦʤʧʦʥʝʥʪʝ ʛʠʜʨʦʣʠʪʠʯʝʩʢʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ ʧʦʣʠʧʠʨʦʤʝʣʣʠʪʠʤʠʜʦʚ 

ʚʦʟʨʘʩʪʘʝʪ. ʊʘʢʞʝ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʣʠʤʝʨʳ, ʩʦʜʝʨʞʘʱʠʝ ʘʤʠʜʥʳʝ ʛʨʫʧʧʳ 

ʤʝʞʜʫ ʘʨʦʤʘʪʠʯʝʩʢʠʤʠ ʢʦʣʴʮʘʤʠ (ʧʦʣʠʘʤʠʜʦʠʤʠʜ)r, ʦʙʣʘʜʘʶʪ ʙʦʣʴʰʝʡ 

ʛʠʜʨʦʣʠʪʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ, ʯʝʤ ʧʦʣʠʤʝʨʳ, ʫ ʢʦʪʦʨʳʭ ʘʤʠʜʥʳʝ ʛʨʫʧʧʳ 

ʩʦʝʜʠʥʝʥʳ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩ ʠʤʠʜʥʳʤ ʮʠʢʣʦʤ [56].  

ɺʨʝʤʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʩʪʝʧʝʥʠ ʛʠʜʨʦʣʠʟʘ ʧʦʣʠʤʝʨʦʚ ʙʳʣʠ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʧʦ ʫʨʘʚʥʝʥʠʶ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ. ɹʳʣʦ ʥʘʡʜʝʥʦ, ʯʪʦ ʵʥʝʨʛʠʷ 

ʘʢʪʠʚʘʮʠʠ ʛʠʜʨʦʣʠʪʠʯʝʩʢʦʡ ʜʝʩʪʨʫʢʮʠʠ ʧʣʝʥʢʠ ʇʄ ʨʘʚʥʘ 50Ñ4 ʢɼʞ/ʤʦʣʴ [56].  

ʇʦʢʘʟʘʥʦ [56], ʯʪʦ ʝʩʣʠ ʱʝʣʦʯʥʦʡ ʛʠʜʨʦʣʠʟ ʧʣʝʥʢʠ ʇʄ (ʘʥʘʣʦʛ ʧʣʝʥʢʠ 

KAPTON
È
) ʧʨʦʚʦʜʠʪʴ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʊ=90 

ʦ
ʉ, ʪʦ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʛʠʜʨʦʣʠʟʦʤ 

ʧʨʦʠʩʭʦʜʠʪ ʨʘʩʪʚʦʨʝʥʠʝ ʚʝʨʭʥʝʛʦ ʩʣʦʷ, ʠ ʪʦʣʱʠʥʘ ʝʸ ʧʦʩʪʝʧʝʥʥʦ ʧʘʜʘʝʪ. ʇʨʠ 

ʵʪʦʤ ʧʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʜʣʠʪʝʣʴʥʦʩʪʠ ʛʠʜʨʦʣʠʟʘ ʬʠʢʩʠʨʦʚʘʣʠ ʩʥʠʞʝʥʠʝ ʬʠʟʠʢʦ-

ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʧʨʠʯʝʤ ʥʘʠʙʦʣʝʝ ʟʘʤʝʪʥʦ ʫʤʝʥʴʰʘʣʘʩʴ ʚʝʣʠʯʠʥʘ 

ʜʝʬʦʨʤʘʮʠʠ ʜʦ ʨʘʟʨʫʰʝʥʠʷ.  
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ʊʘʙʣʠʮʘ 1 ï ʉʢʦʨʦʩʪʠ ʱʝʣʦʯʥʦʛʦ ʛʠʜʨʦʣʠʟʘ ʧʣʝʥʦʢ ʇʀ ʠ ʠʭ ʧʨʦʠʟʚʦʜʥʳʭ ʚ 0.5ʅ. 

NaOH ʧʨʠ 90 
o
C [56] 

ʉʪʨʫʢʪʫʨʘ ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʟʚʝʥʘ 

ʧʦʣʠʤʝʨʘ
* 

ʕʬʬʝʢʪʠʚʥʘʷ ʢʦʥʩʪʘʥʪʘ ʩʢʦʨʦʩʪʠ 

ʛʠʜʨʦʣʠʟʘ, ʤʠʥ
-1
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-4 
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O
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ʊʘʢʞʝ, ʚ ʵʪʦʡ ʨʘʙʦʪʝ [56] ʦʪʤʝʯʘʣʦʩʴ, ʯʪʦ ʧʨʠ ʧʦʜʢʠʩʣʝʥʠʠ ʱʝʣʦʯʥʦʛʦ 

ʨʘʩʪʚʦʨʘ ʧʦʩʣʝ 5 ʯ ʦʙʨʘʙʦʪʢʠ ʧʣʝʥʢʠ ʇʄ 0.5ʅ NaOH ʫʜʘʚʘʣʦʩʴ ʚʳʜʝʣʠʪʴ 

ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʫʶ ʘʤʠʜʦʢʠʩʣʦʪʫ ʩʦ ʩʪʝʧʝʥʴʶ ʧʦʣʠʤʝʨʠʟʘʮʠʠ 1-3.  

ʉʪʦʡʢʦʩʪʴ ʤʝʭʘʥʠʯʝʩʢʠʭ, ʪʝʨʤʠʯʝʩʢʠʭ ʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʢʦʤʤʝʨʯʝʩʢʠʭ ʧʣʝʥʦʢ ʇʀ KAPTON
È
, APICAL

È
, LaRC-TPI, UPILEX

È
R ʠ S ʢ 

ʨʘʟʣʠʯʥʳʤ ʚʦʜʥʳʤ ʱʝʣʦʯʥʳʤ ʨʘʩʪʚʦʨʘʤ ʨʘʩʩʤʦʪʨʝʥʘ ʚ ʨʘʙʦʪʝ [2]. ʍʠʤʠʯʝʩʢʠʝ 

ʩʪʨʫʢʪʫʨʳ ʵʪʠʭ ʇʀ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʈʠʩʫʥʢʝ 3. 
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È
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È
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UPILEX
È
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UPILEX
È
S 

ʈʠʩʫʥʦʢ 3 - ʍʠʤʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ ʇʀ, ʠʟ ʢʦʪʦʨʳʭ ʠʟʛʦʪʦʚʣʝʥʳ ʧʣʝʥʢʠ 

KAPTON
È
,
 
APICAL

È
, LaRC-TPI, UPILEX

È
R ʠ UPILEX

È
S [2]. 

ʆʙʨʘʟʮʳ ʧʣʝʥʦʢ ʚʳʜʝʨʞʠʚʘʣʠ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ 7% NH4OH (pH=11), 11% 

Na2CO3 (pH=12), 19% Na3PO4Ŀ12 H2O (pH=13) ʠ 4% NaOH (pH=14) ʚ ʪʝʯʝʥʠʝ 48 

ʯʘʩʦʚ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ [2]. ʅʘʠʤʝʥʝʝ ʩʪʘʙʠʣʴʥʳʤʠ ʦʢʘʟʘʣʠʩʴ ʧʣʝʥʢʠ 

ʥʘ ʦʩʥʦʚʝ ʧʠʨʦʤʝʣʣʠʪʠʤʠʜʥʦʛʦ ʜʠʘʥʛʠʜʨʠʜʘ ï KAPTON
È
 ʠ APICAL

È
. ʆʙʝ 

ʧʣʝʥʢʠ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ 4% NaOH ʧʦʣʥʦʩʪʴʶ ʜʝʩʪʨʫʢʪʠʨʦʚʘʣʠ ʟʘ 48 ʯ. 

ʅʘʠʙʦʣʝʝ ʩʪʘʙʠʣʴʥʳʤʠ ʦʢʘʟʘʣʠʩʴ ʯʘʩʪʠʯʥʦ-ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʇʀ LaRC-TPI, 

UPILEX
È
R ʠ S. ʄʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʵʪʠʭ ʧʣʝʥʦʢ ʚ ʨʝʟʫʣʴʪʘʪʝ ʛʠʜʨʦʣʠʟʘ 

ʩʦʭʨʘʥʠʣʠʩʴ ʥʘ 90-75%.  

ɺ ʢʦʤʧʘʥʠʠ Ube Industries (ʗʧʦʥʠʷ) ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʣʝʥʢʠ 

UPILEX
È
S ʢ ʘʛʨʝʩʩʠʚʥʳʤ ʩʨʝʜʘʤ ʧʨʦʚʦʜʠʣʠ ʠʩʧʳʪʘʥʠʷ ʚ 10% ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ 

NaOH (ʊʘʙʣʠʮʘ 2). ʆʜʥʘʢʦ, ʜʣʷ ʵʪʦʛʦ ʇʀ, ʚ ʦʪʣʠʯʠʝ ʦʪ KAPTON
È
, ʜʘʞʝ ʚ ʪʘʢʠʭ 

ʞʝʩʪʢʠʭ ʫʩʣʦʚʠʷʭ ʧʨʦʯʥʦʩʪʴ ʧʣʝʥʢʠ ʩʥʠʟʠʣʘʩʴ ʚʩʝʛʦ ʥʘ 20% ʧʦʩʣʝ 120 ʯʘʩʦʚ 

ʛʠʜʨʦʣʠʟʘ [27].  
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ʊʘʙʣʠʮʘ 2 ï ʋʩʪʦʡʯʠʚʦʩʪʴ ʧʣʝʥʢʠ UPILEX
È
S ʢ ʘʛʨʝʩʩʠʚʥʳʤ ʩʨʝʜʘʤ [27] 

ɸʛʨʝʩʩʠʚʥʘʷ 

ʩʨʝʜʘ 
ʨʅ  T, 

o
C t, ʯ

* 
E/E0, 

% 

ůʨ/ůʨ0, 

% 

Ůʨ/Ůʨ0,

% 

10 % NaOH 13.56 25 120 95 80 60 

99% CH3COOH 2.28 110 840 100 100 95 

H2O 

1.0 100 336 100 95 85 

4.2 100 336 100 95 85 

8.9 100 336 100 95 85 

10.0 100 96 100 95 85 

*
t ï ʜʣʠʪʝʣʴʥʦʩʪʴ ʜʝʡʩʪʚʠʷ ʘʛʨʝʩʩʠʚʥʦʡ ʩʨʝʜʳ ʥʘ ʦʙʨʘʟʝʮ. 

ʄʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʇʀ ʧʦʩʣʝ ʛʠʜʨʦʣʠʟʘ ʤʦʛʫʪ ʙʳʪʴ ʧʦʯʪʠ ʧʦʣʥʦʩʪʴʶ 

ʚʦʩʩʪʘʥʦʚʣʝʥʳ. ɽʩʣʠ ʛʠʜʨʦʣʠʟ ʧʨʦʚʦʜʠʣʠ ʚ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʝ, ʪʦ ʜʣʷ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠʩʭʦʜʥʳʭ ʧʨʦʯʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ ʇʀ ʜʦʩʪʘʪʦʯʥʦ ʪʦʣʴʢʦ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʦʙʨʘʙʦʪʢʠ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʚ ʨʘʙʦʪʝ [15] ʫʜʘʣʦʩʴ ʧʦʯʪʠ 

ʧʦʣʥʦʩʪʴʶ ʚʦʩʩʪʘʥʦʚʠʪʴ ʧʨʦʯʥʦʩʪʥʳʝ ʩʚʦʡʩʪʚʘ ʛʠʜʨʦʣʠʟʦʚʘʥʥʦʡ ʚ ʚʦʜʝ ʧʣʝʥʢʠ 

KAPTON
È
 ʧʫʪʝʤ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʨʠ 310 

o
C ʚ ʪʝʯʝʥʠʝ 2 ʯ. ʀʥʪʝʨʝʩʥʦ, 

ʯʪʦ ʧʦʩʣʝ ʨʝʛʝʥʝʨʘʮʠʠ ʛʠʜʨʦʣʠʪʠʯʝʩʢʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ ʧʣʝʥʢʠ ʇʀ ʫʚʝʣʠʯʠʚʘʣʘʩʴ ʚ 

2-3 ʨʘʟʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʭʦʜʥʦʡ. ɼʘʥʥʳʡ ʵʬʬʝʢʪ ʘʚʪʦʨʳ ʨʘʙʦʪʳ ʩʚʷʟʳʚʘʶʪ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʟʘʚʝʨʰʝʥʥʦʩʪʠ ʮʠʢʣʠʟʘʮʠʠ ʠ ʫʜʘʣʝʥʠʝʤ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ 

ʧʨʠʤʝʩʝʡ ʠʟ ʇʀ. 

ʈʝʛʝʥʝʨʘʮʠʶ ʇʀ ʧʦʩʣʝ ʱʝʣʦʯʥʦʛʦ ʛʠʜʨʦʣʠʟʘ ʧʨʦʚʦʜʷʪ ʚ ʜʚʘ ʵʪʘʧʘ: ʩʥʘʯʘʣʘ 

ʇʀ ʦʙʨʘʙʘʪʳʚʘʶʪ ʢʠʩʣʦʪʦʡ, ʘ ʟʘʪʝʤ ʧʨʦʚʦʜʷʪ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʫʶ ʦʙʨʘʙʦʪʢʫ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʱʝʣʦʯʥʦʡ ʛʠʜʨʦʣʠʟ ʚ ʨʘʩʪʚʦʨʝ ʂʆʅ ʠ ʨʝʛʝʥʝʨʘʮʠʷ ʧʦʣʠʤʝʨʘ 

ʧʨʦʭʦʜʷʪ ʧʦ ʩʭʝʤʝ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ ʈʠʩʫʥʢʝ 4 [15]. ɸʥʘʣʦʛʠʯʥʳʝ ʨʝʘʢʮʠʠ 

ʥʘʙʣʶʜʘʶʪʩʷ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʧʣʝʥʢʠ ʇʀ ʜʨʫʛʠʤʠ ʱʝʣʦʯʘʤʠ ï NaOH, LiOH, 

NHϞOH, RbOH, CsOH [15, 18].  

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ ʩʦʣʝʡ ʤʝʪʘʣʣʦʚ ʧʣʝʥʢʘ ʠʟ ʩʦʣʠ 

ʘʤʠʜʦʢʠʩʣʦʪʳ ʩʧʦʩʦʙʥʘ ʢ ʠʦʥʥʦʤʫ ʦʙʤʝʥʫ [7-8, 57]. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʧʣʝʥʢʘ ʇʀ, 

ʛʠʜʨʦʣʠʟʦʚʘʥʥʘʷ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ KOH, ʧʨʠ ʧʦʛʨʫʞʝʥʠʠ ʚ ʨʘʩʪʚʦʨ ʭʣʦʨʠʩʪʦʛʦ 
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ʞʝʣʝʟʘ ʪʝʤʥʝʝʪ, ʩʪʘʥʦʚʠʪʩʷ ʪʚʝʨʜʦʡ ʠ ʭʨʫʧʢʦʡ, ʥʝʨʘʩʪʚʦʨʠʤʦʡ ʚ ʚʦʜʝ ʠ 

ʜʠʤʝʪʠʣʘʮʝʪʘʤʠʜʝ [57]. ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʪʘʢʘʷ ʧʣʝʥʢʘ 

ʩʦʜʝʨʞʠʪ 7.83 % ʞʝʣʝʟʘ ʠ ʤʝʥʝʝ 0.5 % ʢʘʣʠʷ. ɸʥʘʣʦʛʠʯʥʳʝ ʨʝʘʢʮʠʠ ʥʘʙʣʶʜʘʶʪʩʷ 

ʠ ʚ ʩʣʫʯʘʝ ʩʦʣʝʡ ʜʨʫʛʠʭ ʤʝʪʘʣʣʦʚ ï ʩʚʠʥʮʘ, ʤʝʜʠ, ʥʠʢʝʣʷ, ʨʪʫʪʠ, ʤʘʨʛʘʥʮʘ ʠ 

ʭʨʦʤʘ. ʇʨʠ ʠʦʥʥʦʤ ʦʙʤʝʥʝ ʩ ʥʠʤʠ ʧʣʝʥʢʘ ʦʢʨʘʰʠʚʘʝʪʩʷ ʚ ʨʘʟʣʠʯʥʳʝ ʮʚʝʪʘ [21, 

57]. 
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ʈʠʩʫʥʦʢ 4 ï ʄʝʭʘʥʠʟʤ ʱʝʣʦʯʥʦʛʦ ʛʠʜʨʦʣʠʟʘ ʠ ʨʝʛʝʥʝʨʘʮʠʠ ʧʣʝʥʢʠ ʇʀ [15].  

ʉʯʠʪʘʝʪʩʷ [3], ʯʪʦ ʚ ʦʩʥʦʚʥʳʭ ʩʨʝʜʘʭ ʠʤʝʶʪʩʷ ʥʘʠʙʦʣʝʝ ʙʣʘʛʦʧʨʠʷʪʥʳʝ 

ʫʩʣʦʚʠʷ ʜʣʷ ʫʪʠʣʠʟʘʮʠʠ ʇʀ ʜʦ ʧʦʣʫʧʨʦʜʫʢʪʘ ʇɸʂ ʠʣʠ ʜʦ ʠʩʭʦʜʥʳʭ ʧʨʦʜʫʢʪʦʚ. 

ʀʟʚʝʩʪʥʳ ʩʧʦʩʦʙʳ ʧʝʨʝʨʘʙʦʪʢʠ ʧʣʝʥʦʢ ʇʀ ʧʫʪʝʤ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʱʝʣʦʯʥʦʛʦ ʛʠʜʨʦʣʠʟʘ ʧʦʣʠʤʝʨʘ ʜʦ ʧʦʣʫʯʝʥʠʷ ʠʩʭʦʜʥʳʭ ʤʦʥʦʤʝʨʦʚ ï ʜʠʘʤʠʥʦʚ ʠ 

ʜʠʘʥʛʠʜʨʠʜʦʚ ʪʝʪʨʘʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ [17-19]. ɻʠʜʨʦʣʠʟ ʠ ʨʘʩʪʚʦʨʝʥʠʝ ʇʀ 

ʦʙʳʯʥʦ ʧʨʦʚʦʜʷʪ ʚ ʚʦʜʥʳʭ ʱʝʣʦʯʥʳʭ ʨʘʩʪʚʦʨʘʭ, ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʦʪʦʨʳʭ 

ʥʘʭʦʜʠʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 1 ʜʦ 30 ʤʘʩʩ. %, ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ ʦʪ  ╔ 100 ʜʦ 200 

Áʉ [17-19]. ʇʨʠ ʦʭʣʘʞʜʝʥʠʠ ʪʘʢʦʛʦ ʨʘʩʪʚʦʨʘ ʜʠʘʤʠʥ ʚʳʧʘʜʘʝʪ ʚ ʦʩʘʜʦʢ ʚ ʚʠʜʝ 

ʪʚʝʨʜʦʛʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ [18]. ʆʩʘʞʜʝʥʥʳʡ ʜʠʘʤʠʥ ʤʦʞʥʦ ʣʝʛʢʦ 
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ʚʳʜʝʣʠʪʴ ʠʟ ʨʘʩʪʚʦʨʘ ʣʶʙʳʤʠ ʫʜʦʙʥʳʤʠ ʬʠʟʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ 

ʬʠʣʴʪʨʘʮʠʷ, ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝ, ʜʝʢʘʥʪʘʮʠʷ ʠ ʪ.ʧ. 

ʇʦʩʣʝ ʦʪʜʝʣʝʥʠʷ ʜʠʘʤʠʥʘ ʧʦʣʫʯʝʥʥʳʡ ʨʘʩʪʚʦʨ ʢʦʥʮʝʥʪʨʠʨʫʶʪ ʧʫʪʝʤ 

ʫʧʘʨʠʚʘʥʠʷ ʧʨʠ ʧʦʥʠʞʝʥʥʦʤ ʜʘʚʣʝʥʠʠ. ʇʦʣʫʯʝʥʥʳʡ ʢʦʥʮʝʥʪʨʘʪ ʦʭʣʘʞʜʘʶʪ ʜʦ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʧʦʩʣʝ ʯʝʛʦ ʥʝʡʪʨʘʣʠʟʫʶʪ ʢʠʩʣʦʪʦʡ. ʇʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʪʝʪʨʘʢʘʨʙʦʥʦʚʘʷ ʢʠʩʣʦʪʘ ʚʳʧʘʜʘʝʪ ʚ ʦʩʘʜʦʢ ʠ ʤʦʞʝʪ ʙʳʪʴ ʠʟʚʣʝʯʝʥʘ 

ʠʟ ʨʘʩʪʚʦʨʘ [18].  

ɺʳʰʝʦʧʠʩʘʥʥʳʝ ʧʨʦʮʝʩʩʳ ʷʚʣʷʶʪʩʷ ʢʨʘʡʥʝ ʚʘʞʥʳʤʠ ʜʣʷ ʨʝʮʠʢʣʠʥʛʘ ʇʀ ʠ 

ʨʝʰʝʥʠʝʤ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ, ʢʦʪʦʨʳʝ ʩʪʦʷʪ ʧʝʨʝʜ ʯʝʣʦʚʝʯʝʩʪʚʦʤ. 

ɺ ʨʷʜʝ ʨʘʙʦʪ [58-69] ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʚʳʰʝʥʠʝ ʛʠʜʨʦʣʠʪʠʯʝʩʢʦʡ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʦ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʩʥʠʞʝʥʠʝʤ 

ʵʣʝʢʪʨʦʬʠʣʴʥʦʩʪʠ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ ʠʤʠʜʥʳʭ ʮʠʢʣʦʚ. ʂ ʵʪʦʤʫ ʧʨʠʚʦʜʠʪ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʣʷ ʩʠʥʪʝʟʘ ʇʀ ʜʠʘʥʛʠʜʨʠʜʦʚ ʪʝʪʨʘʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ, ʤʝʥʝʝ 

ʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʳʭ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʠʨʦʤʝʣʣʠʪʦʚʳʤ ʜʠʘʥʛʠʜʨʠʜʦʤ (ʪʦ ʝʩʪʴ 

ʠʤʝʶʱʠʭ ʤʝʥʴʰʝʝ ʩʨʦʜʩʪʚʦ ʢ ʵʣʝʢʪʨʦʥʫ) ʠ ʙʦʣʝʝ ʦʩʥʦʚʥʳʭ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʘʨʦʤʘʪʠʯʝʩʢʠʤʠ, ʜʠʘʤʠʥʘʤʠ. 

ʀʟʚʝʩʪʥʦ ʥʝʢʦʪʦʨʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪ, ʧʨʦʚʝʜʝʥʥʳʭ ʩ 

ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʛʠʜʨʦʣʠʪʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʇʀ ʧʫʪʝʤ ʚʘʨʠʘʮʠʠ ʠʭ 

ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʚ ʜʠʘʤʠʥʥʦʤ ʬʨʘʛʤʝʥʪʝ [70-73]. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʜʦʙʠʪʴʩʷ 

ʫʣʫʯʰʝʥʠʷ ʛʠʜʨʦʣʠʪʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʇʀ ʤʦʞʥʦ ʧʫʪʝʤ ʫʚʝʣʠʯʝʥʠʷ 

ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʥʘ ʘʪʦʤʝ ʘʟʦʪʘ ʠʤʠʜʥʦʛʦ ʮʠʢʣʘ. ʂ ʵʪʦʤʫ ʧʨʠʚʦʜʠʪ 

ʚʚʝʜʝʥʠʝ ʚ ʧʦʣʠʤʝʨʥʫʶ ʮʝʧʴ ʵʣʝʢʪʨʦʥʦʜʦʥʦʨʥʳʭ ʛʨʫʧʧ, ʦʙʣʘʜʘʶʱʠʭ 

ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʠʥʜʫʢʪʠʚʥʳʤ ʠ ʤʝʟʦʤʝʨʥʳʤ ʵʬʬʝʢʪʦʤ, ʠʣʠ ʟʘ ʩʯʝʪ ʚʳʚʝʜʝʥʠʷ 

ʛʨʫʧʧ, ʦʙʣʘʜʘʶʱʠʭ ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʠʥʜʫʢʪʠʚʥʳʤ ʠ ʤʝʟʦʤʝʨʥʳʤ ʵʬʬʝʢʪʦʤ, ʠʟ 

ʙʝʥʟʦʣʴʥʦʛʦ ʢʦʣʴʮʘ, ʩ ʢʦʪʦʨʳʤ ʩʦʝʜʠʥʝʥ ʘʪʦʤ ʘʟʦʪʘ ʠʤʠʜʥʦʛʦ ʮʠʢʣʘ.  

ʊʘʢʞʝ ʠʟʚʝʩʪʥʦ ʦ ʧʦʚʳʰʝʥʠʠ ʛʠʜʨʦʣʠʪʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʧʫʪʝʤ 

ʚʚʝʜʝʥʠʷ ʘʣʠʬʘʪʠʯʝʩʢʠʭ ʛʨʫʧʧ, ʢʘʢ ʚ ʦʩʥʦʚʥʫʶ, ʪʘʢ ʠ ʚ ʙʦʢʦʚʳʝ ʮʝʧʠ [72-73]. ɺ 

ʵʪʦʤ ʩʣʫʯʘʝ ʧʦʚʳʰʝʥʠʝ ʛʠʜʨʦʣʠʪʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʇʀ ʪʘʢʞʝ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ 

ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʥʘ ʘʪʦʤʝ ʘʟʦʪʘ ʠʤʠʜʥʦʛʦ ʮʠʢʣʘ.  
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1.6. ɻʠʜʨʦʣʠʪʠʯʝʩʢʘ ̫ ʩʪʘʙʠʣʴʥʦʩʪ ɹ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ 

ʂʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ï ʤʥʦʛʦʬʘʟʥʳʝ ʩʠʩʪʝʤʳ, ʧʦʣʫʯʝʥʥʳʝ ʠʟ ʜʚʫʭ 

ʠʣʠ ʙʦʣʝʝ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʦʙʣʘʜʘʶʱʠʝ ʥʦʚʳʤ ʩʦʯʝʪʘʥʠʝʤ ʩʚʦʡʩʪʚ, ʦʪʣʠʯʥʳʤ ʦʪ 

ʩʚʦʡʩʪʚ ʠʩʭʦʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʥʦ ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʠʥʜʠʚʠʜʫʘʣʴʥʦʩʪʠ ʢʘʞʜʦʛʦ 

ʦʪʜʝʣʴʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ [50]. 

ʆʪʥʦʩʠʪʝʣʴʥʦ ʧʦʜʨʦʙʥʦ ʠʟʫʯʝʥʘ ʛʠʜʨʦʣʠʪʠʯʝʩʢʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ ʙʣʦʯʥʳʭ 

ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʇʀ, ʥʘʧʦʣʥʝʥʥʳʭ ʥʝʦʨʛʘʥʠʯʝʩʢʠʤʠ 

ʯʘʩʪʠʮʘʤʠ ʙʦʣʴʰʦʛʦ ʨʘʟʤʝʨʘ.  

ɺ ʨʘʙʦʪʝ [74] ʠʩʩʣʝʜʦʚʘʣʠ ʛʠʜʨʦʣʠʪʠʯʝʩʢʫʶ ʜʝʩʪʨʫʢʮʠʶ ʩʣʦʠʩʪʦʛʦ 

ʧʣʘʩʪʠʢʘ ʥʘ ʦʩʥʦʚʝ ʇʀ, ʘʨʤʠʨʦʚʘʥʥʦʛʦ ʩʪʝʢʣʦʪʢʘʥʴʶ. ɻʠʜʨʦʣʠʪʠʯʝʩʢʫʶ 

ʜʝʩʪʨʫʢʮʠʶ ʦʮʝʥʠʚʘʣʠ ʧʦ ʠʟʤʝʥʝʥʠʶ ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ ʧʦʣʠʤʝʨʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʨʘʟʥʳʝ ʩʪʘʜʠʠ 

ʛʠʜʨʦʣʠʟʘ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʧʦ ʠʟʤʝʥʝʥʠʶ ʤʦʜʫʣʷ ʫʧʨʫʛʦʩʪʠ ʧʨʠ 

ʠʟʛʠʙʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʩʧʳʪʘʥʠʡ ʧʨʠ ʊ= 60, 80 ʠ 100 
ʦ
ʉ ʚ ʚʦʜʝ ʠ 

ʧʘʨʘʭ ʚʦʜʳ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʧʦ ʫʨʘʚʥʝʥʠʶ ʨʝʘʢʮʠʠ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʵʪʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʨʘʩʩʯʠʪʘʥʥʦʝ ʟʥʘʯʝʥʠʝ 

ʵʥʝʨʛʠʠ ʘʢʪʠʚʘʮʠʠ (~69 ʢɼʞ) ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʘʥʥʳʤ ʠʟ ʨʘʙʦʪʳ [53]  

(Uů = 63 ʢɼʞ/ʤʦʣʴ ʠ UŮ =67 ʢɼʞ/ʤʦʣʴ). ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʠʟʤʝʥʝʥʠʝ 

ʧʨʦʯʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ ʩʚʷʟʘʥʦ ʩ ʜʝʩʪʨʫʢʮʠʝʡ ʦʩʪʘʪʦʯʥʳʭ ʘʤʠʜʦʢʠʩʣʦʪʥʳʭ ʟʚʝʥʴʝʚ 

ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʳ, ʢʦʪʦʨʦʝ ʚʳʟʳʚʘʝʪ ʩʥʠʞʝʥʠʝ ʄʄ ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʨʘʟʨʫʰʝʥʠʝʤ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʧʦʣʠʤʝʨ-ʚʦʣʦʢʥʦ. 

ɺʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʥʘʛʨʫʟʢʠ ʧʨʠ ʜʝʡʩʪʚʠʠ ʘʛʨʝʩʩʠʚʥʳʭ ʩʨʝʜ ʥʘ 

ʩʪʝʢʣʦʥʘʧʦʣʥʝʥʥʳʝ ʇʀ ʠʩʩʣʝʜʦʚʘʥʳ ʚ ʨʘʙʦʪʝ [50]. ʉʦʛʣʘʩʥʦ ʧʦʣʫʯʝʥʥʳʤ ʜʘʥʥʳʤ 

ʥʘʛʨʫʞʝʥʠʝ ʥʝ ʚʣʠʷʝʪ ʥʘ ʠʟʤʝʥʝʥʠʝ ʧʨʦʯʥʦʩʪʠ ʩʪʝʢʣʦʥʘʧʦʣʥʝʥʥʦʛʦ ʇʀ ʚ 

ʘʛʨʝʩʩʠʚʥʳʭ ʩʨʝʜʘʭ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʇʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ  

149 
ʦ
ʉ ʚʳʟʳʚʘʝʪ ʫʞʝ ʟʥʘʯʠʪʝʣʴʥʦʝ ʩʥʠʞʝʥʠʝ ʧʨʦʯʥʦʩʪʠ (ʥʘ 40-60%), 

ʫʩʠʣʠʚʘʚʰʝʝʩʷ ʧʦʜ ʥʘʛʨʫʟʢʦʡ (ʊʘʙʣʠʮʘ 3).  
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ʊʘʙʣʠʮʘ 3 ï ɺʣʠʷʥʠʝ ʘʛʨʝʩʩʠʚʥʳʭ ʩʨʝʜ ʠ ʥʘʧʨʷʞʝʥʠʡ ʥʘ ʧʨʦʯʥʦʩʪʴ 

ʩʪʝʢʣʦʥʘʧʦʣʥʝʥʥʦʛʦ ʇʀ [50]
*
 

ʉʨʝʜʘ 
T,

 

o
C

 

ůʨ, ʄʇʘ ůʨ/ůʨ0, % 

ʙʝʟ ʥʘʛʨʫʟʢʠ 

(ůʨ0=91 ʄʇʘ) 

ʧʦʜ 

ʥʘʛʨʫʟʢʦʡ 

ʙʝʟ 

ʥʘʛʨʫʟʢʠ 

ʧʦʜ 

ʥʘʛʨʫʟʢʦʡ 

10% HNO3 

20 67 65 74 72 

149 57 55 63 60 

10% H2SO4 20 70 67 77 74 

10% HCI 149 53 46 58 51 

10% CH3COOH 

20 82 82 90 90 

120 58 58 64 64 

H2O 20 82 82 90 90 

10% NH4OH 
20 75 72 83 79 

149 37 28 41 31 

ʊʦʣʫʦʣ 

20 75 73 83 80 

149 46 46 51 51 

ʊʨʠʭʣʦʨʵʪʠʣʝʥ 
20 71 68 78 75 

149 46 43 51 47 

ʌʨʝʦʥ 
20 88 87 97 96 

149 43 39 47 43 

ʕʪʠʣʝʥʛʣʠʢʦʣʴ 
20 91 89 100 98 

149 55 40 60 44 

*
 ɼʣʠʪʝʣʴʥʦʩʪʴ ʜʝʡʩʪʚʠʷ ʘʛʨʝʩʩʠʚʥʦʡ ʩʨʝʜʳ ʥʘ ʦʙʨʘʟʝʮ ʧʨʠ 20 

o
C ï 168 ʯ, ʘ ʧʨʠ 

149 
o
C ï 24 ʯ. 

ɺ ʨʷʜʝ ʨʘʙʦʪ ʙʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ ʛʠʜʨʦʣʠʪʠʯʝʩʢʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ ʚ ʚʦʜʝ ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʢʦʤʧʦʟʠʪʦʚ ʥʘ ʦʩʥʦʚʝ ʇʀ, ʥʘʧʦʣʥʝʥʥʳʭ ʫʛʣʝʨʦʜʥʳʤʠ 

ʚʦʣʦʢʥʘʤʠ ʠʣʠ ʛʨʘʬʠʪʦʤ. ʇʦʢʘʟʘʥʦ [75-78], ʯʪʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʪ 35 ʜʦ 95 
o
C 

ʚʦʜʦʧʦʛʣʦʱʝʥʠʝ ʢʦʤʧʦʟʠʪʘ ʥʘ ʦʩʥʦʚʝ ʇʀ ʭʦʨʦʰʦ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʟʘʢʦʥʘʤʠ ʌʠʢʘ 

ʜʦ ʜʦʩʪʠʞʝʥʠʷ ʨʘʚʥʦʚʝʩʥʦʛʦ ʫʨʦʚʥʷ ʚʦʜʦʥʘʩʳʱʝʥʠʷ, ʧʦʩʣʝ ʢʦʪʦʨʦʛʦ ʥʘʙʣʶʜʘʝʪʩʷ 
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ʩʢʘʯʦʢ ʚ ʩʢʦʨʦʩʪʠ ʚʦʜʦʧʦʛʣʦʱʝʥʠʷ. ʕʪʦʪ ʵʬʬʝʢʪ ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥ 

ʨʘʟʚʠʪʠʝʤ ʚʥʫʪʨʝʥʥʠʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʢʦʤʧʦʟʠʪʘʭ, ʚʳʟʚʘʥʥʳʭ ʥʝʦʜʠʥʘʢʦʚʳʤ 

ʥʘʙʫʭʘʥʠʝʤ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʳ ʠ ʘʨʤʠʨʫʶʱʝʛʦ ʥʘʧʦʣʥʠʪʝʣʷ, ʢʦʪʦʨʳʝ 

ʧʨʠʚʦʜʷʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʤʠʢʨʦʪʨʝʱʠʥ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʥʠʞʝʥʠʶ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʪʝʨʠʘʣʘ.  

ɺ ʨʘʙʦʪʝ [75] ʦʪʤʝʯʘʣʠ ʦʙʨʘʪʠʤʦʝ ʩʥʠʞʝʥʠʝ ʚʝʣʠʯʠʥʳ ʊʩ ʜʣʷ ʢʦʤʧʦʟʠʪʘ ʥʘ 

ʦʩʥʦʚʝ ʇʀ, ʥʘʩʳʱʝʥʥʦʛʦ ʚʦʜʦʡ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʝʛʦ ʠʩʭʦʜʥʳʤ ʟʥʘʯʝʥʠʝʤ. 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʚʦʜʘ ʜʝʡʩʪʚʫʝʪ ʥʘ ʢʦʤʧʦʟʠʪ ʢʘʢ ʧʣʘʩʪʠʬʠʢʘʪʦʨ, 

ʢʦʪʦʨʳʡ ʙʣʦʢʠʨʫʝʪ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʤʘʪʝʨʠʘʣʝ. 

ɸʚʪʦʨʳ ʨʘʙʦʪ [75-78] ʧʦʣʘʛʘʶʪ, ʯʪʦ ʦʩʥʦʚʥʳʤʠ ʧʨʠʯʠʥʘʤʠ ʩʥʠʞʝʥʠʷ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʢʦʤʧʦʟʠʪʦʚ ʥʘ ʦʩʥʦʚʝ ʇʀ ʚ ʨʝʟʫʣʴʪʘʪʝ ʛʠʜʨʦʣʠʟʘ ʷʚʣʷʶʪʩʷ 

ʠʤʝʥʥʦ ʬʠʟʠʯʝʩʢʠʝ ʧʨʝʚʨʘʱʝʥʠʷ ʚ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʨʠʮʘʭ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ 

ʧʦʣʠʤʝʨ-ʚʦʣʦʢʥʦ. ʂʦʥʝʯʥʦ, ʥʝʣʴʟʷ ʧʦʣʥʦʩʪʴʶ ʠʩʢʣʶʯʠʪʴ ʚʣʠʷʥʠʝ ʭʠʤʠʯʝʩʢʠʭ 

ʧʨʝʚʨʘʱʝʥʠʡ ʥʘ ʤʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʨʘʟʮʘ, ʦʜʥʘʢʦ, ʜʘʥʥʳʝ 

ʠʥʬʨʘʢʨʘʩʥʦʛʦ ʠ ʤʘʩʩ-ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʧʦʟʚʦʣʷʶʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʵʪʦʪ 

ʤʝʭʘʥʠʟʤ ʨʘʟʣʦʞʝʥʠʷ ʤʘʣʦʚʝʨʦʷʪʝʥ [75].  

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʇʀ ʠʩʧʦʣʴʟʫʶʪ ʢʘʢ ʚ ʢʘʯʝʩʪʚʝ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʳ ʜʣʷ 

ʇʂʄ, ʪʘʢ ʠ ʚ ʢʘʯʝʩʪʚʝ ʥʘʧʦʣʥʠʪʝʣʷ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʚ ʨʘʙʦʪʘʭ [79-80] 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʥʘʥʦʚʦʣʦʢʥʘ ʠʟ ʇʀ, ʧʦʣʫʯʝʥʥʳʝ ʤʝʪʦʜʦʤ ʵʣʝʢʪʨʦʬʦʨʤʦʚʘʥʠʷ, ʜʣʷ 

ʧʦʚʳʰʝʥʠʷ ʛʠʜʨʦʣʠʪʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ, ʧʨʦʪʦʥʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ, 

ʪʝʨʤʠʯʝʩʢʠʭ ʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʪʦʥʧʨʦʚʦʜʷʱʠʭ ʤʝʤʙʨʘʥ. 

ɺ ʨʘʙʦʪʘʭ [81-82] ʙʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ ʛʠʜʨʦʣʠʪʠʯʝʩʢʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ 

ʢʦʤʧʦʟʠʪʥʦʡ ʤʝʤʙʨʘʥʳ ʥʘ ʦʩʥʦʚʝ ʇʀ ʩ ʩʫʣʴʬʦʛʨʫʧʧʘʤʠ (ʉʇʀ), ʥʘʧʦʣʥʝʥʥʦʛʦ 

ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʥʳʤ ʦʢʩʠʜʦʤ ʛʨʘʬʝʥʘ (ʌʆɻ) (ʩʭʝʤʘ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʦʟʠʪʥʦʡ 

ʤʝʤʙʨʘʥʳ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʈʠʩʫʥʢʝ 5).  

ɻʠʜʨʦʣʠʟ ʧʨʦʚʦʜʠʣʠ ʧʫʪʝʤ ʧʦʛʨʫʞʝʥʠʷ ʥʝʙʦʣʴʰʠʭ ʬʨʘʛʤʝʥʪʦʚ ʤʝʤʙʨʘʥʳ ʚ 

ʜʝʠʦʥʠʟʠʨʦʚʘʥʥʫʶ ʚʦʜʫ ʧʨʠ 140 Á C ʥʘ 24 ʯ. ɺʩʝ ʠʩʧʳʪʘʥʥʳʝ ʦʙʨʘʟʮʳ ʧʦʩʣʝ 

ʛʠʜʨʦʣʠʟʘ ʩʦʭʨʘʥʠʣʠ ʠʩʭʦʜʥʳʝ ʧʨʦʯʥʦʩʪʥʳʝ ʠ ʜʝʬʦʨʤʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ. 

ɻʠʜʨʦʣʠʪʠʯʝʩʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʦʮʝʥʠʚʘʣʠ ʧʦ ʠʟʤʝʥʝʥʠʶ ʤʘʩʩʳ (ȹm), ʧʨʦʪʦʥʥʦʡ 

ʧʨʦʚʦʜʠʤʦʩʪʠ (ȹk
m
) ʠ ʠʦʥʦʦʙʤʝʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ (ȹIEC) ʤʝʤʙʨʘʥ ʧʦʩʣʝ 
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ʛʠʜʨʦʣʠʟʘ. ʉʦʛʣʘʩʥʦ ʧʦʣʫʯʝʥʥʳʤ ʜʘʥʥʳʤ (ʊʘʙʣʠʮʘ 4) ʧʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʌʆɻ ʚ ʢʦʤʧʦʟʠʪʥʦʡ ʤʝʤʙʨʘʥʝ ʬʠʢʩʠʨʫʝʪʩʷ ʥʝʢʦʪʦʨʦʝ ʩʥʠʞʝʥʠʝ 

ʛʠʜʨʦʣʠʪʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʤʝʤʙʨʘʥʳ. 

ɺʝʨʦʷʪʥʝʝ ʚʩʝʛʦ, ʵʪʦʪ ʵʬʬʝʢʪ ʚʳʟʚʘʥ ʛʠʜʨʦʬʠʣʴʥʦʩʪʴʶ ʥʘʧʦʣʥʠʪʝʣʷ ʌʆɻ, 

ʢʦʪʦʨʳʡ ʭʦʨʦʰʦ ʩʤʘʯʠʚʘʝʪʩʷ ʠ ʦʙʣʝʛʯʘʝʪ ʧʨʦʥʠʢʥʦʚʝʥʠʝ ʘʛʨʝʩʩʠʚʥʦʡ ʩʨʝʜʳ ʚ 

ʦʙʲʝʤ ʢʦʤʧʦʟʠʪʥʦʡ ʤʝʤʙʨʘʥʳ. 

 

ʈʠʩʫʥʦʢ 5 ï ʉʭʝʤʘ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʦʟʠʪʥʦʡ ʤʝʤʙʨʘʥʳ ʉʇʀ-ʌʆɻ [81]. 

ɻʠʜʨʦʣʠʪʠʯʝʩʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʢʦʤʧʦʟʠʪʘ ʥʘ ʦʩʥʦʚʝ ʇʀ ʤʦʞʥʦ ʫʣʫʯʰʠʪʴ 

ʟʘ ʩʯʝʪ ʦʙʨʘʟʦʚʘʥʠʷ ʩʰʠʪʦʡ ʩʪʨʫʢʪʫʨʳ [83-85]. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʚ ʨʘʙʦʪʝ [85] ʟʘ 

ʩʯʝʪ ʚʚʝʜʝʥʠʷ ʩʰʠʚʘʶʱʝʛʦ ʘʛʝʥʪʘ ʠ ʥʘʥʦʯʘʩʪʠʮ SiO2 ʚ ʧʦʣʠʤʝʨʥʫʶ ʤʘʪʨʠʮʫ ʇʀ 

ʫʜʘʣʦʩʴ ʫʣʫʯʰʠʪʴ ʥʝ ʪʦʣʴʢʦ ʤʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʝʤʙʨʘʥʳ, ʥʦ ʠ 

ʫʚʝʣʠʯʠʪʴ ʛʠʜʨʦʣʠʪʠʯʝʩʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʧʦʯʪʠ ʚ 100 ʨʘʟ.  
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ʊʘʙʣʠʮʘ 4 ï ɻʠʜʨʦʣʠʪʠʯʝʩʢʘʷ ʠ ʦʢʠʩʣʠʪʝʣʴʥʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ ʢʦʤʧʦʟʠʪʥʦʡ 

ʤʝʤʙʨʘʥʳ ʉʇʀ-ʌʆɻ [81]  

ʄʝʤʙʨʘʥʘ 
ɻʠʜʨʦʣʠʪʠʯʝʩʢʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ, % 

ȹm IEC k
m
 

ʉʇʀ 0.14 5.30 4.64 

ʉʇʀ-ʌʆɻ-4 1.13 4.56 4.06 

ʉʇʀ-ʌʆɻ-6 1.21 4.03 3.66 

ʉʇʀ-ʌʆɻ-8 1.57 3.45 3.41 

1.7. ɺʳʚʦʜʳ ʧʦ ʣʠʪʝʨʘʪʫʨʥʦʤʫ ʦʙʟʦʨʫ ʠ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯ ʜʠʩʩʝʨʪʘʮʠʠ 

ɸʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʯʘʩʪʠʮ ʚ ʢʘʯʝʩʪʚʝ ʘʨʤʠʨʫʶʱʝʛʦ ʥʘʧʦʣʥʠʪʝʣʷ ʜʣʷ 

ʤʦʜʠʬʠʢʘʮʠʠ ʤʝʭʘʥʠʯʝʩʢʠʭ, ʪʨʘʥʩʧʦʨʪʥʳʭ ʠ ʪʝʨʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʇʀ. ɼʣʷ 

ʫʩʧʝʰʥʦʛʦ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʥʘ ʦʩʥʦʚʝ ʇʀ ʚ 

ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʦʪʨʘʩʣʷʭ ʪʝʭʥʠʢʠ ʠ ʤʝʜʠʮʠʥʳ ʚʝʩʴʤʘ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ 

ʦʮʝʥʢʘ ʛʠʜʨʦʣʠʪʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʵʪʠʭ ʤʘʪʝʨʠʘʣʦʚ ʚ 

ʘʛʨʝʩʩʠʚʥʳʭ ʩʨʝʜʘʭ.  

ɺ ʣʠʪʝʨʘʪʫʨʝ ʠʤʝʶʪʩʷ ʜʘʥʥʳʝ ʦ ʧʦʠʩʢʝ ʩʧʦʩʦʙʦʚ ʧʦʚʳʰʝʥʠʷ 

ʛʠʜʨʦʣʠʪʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʧʣʝʥʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʇʀ ʧʫʪʝʤ 

ʚʘʨʠʘʮʠʠ ʠʭ ʭʠʤʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ. ʀʟʚʝʩʪʥʦ ʪʘʢʞʝ ʥʝʢʦʪʦʨʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪ, ʧʨʦʚʝʜʝʥʥʳʭ ʩ ʮʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʠʜʨʦʣʠʪʠʯʝʩʢʦʡ 

ʩʪʘʙʠʣʴʥʦʩʪʠ ʙʣʦʯʥʳʭ ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʇʀ, ʥʘʧʦʣʥʝʥʥʳʭ 

ʥʝʦʨʛʘʥʠʯʝʩʢʠʤʠ ʯʘʩʪʠʮʘʤʠ ʙʦʣʴʰʦʛʦ ʨʘʟʤʝʨʘ. ʆʜʥʘʢʦ, ʨʘʙʦʪ, ʧʦʩʚʷʱʝʥʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʶ ʜʣʠʪʝʣʴʥʦʛʦ ʚʣʠʷʥʠʷ ʘʛʨʝʩʩʠʚʥʳʭ ʩʨʝʜ ʥʘ ʢʦʤʧʣʝʢʩ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʠ ʪʝʨʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʥʘ ʦʩʥʦʚʝ ʇʀ, ʥʘʧʦʣʥʝʥʥʳʭ ʫʛʣʝʨʦʜʥʳʤʠ 

ʥʘʥʦʯʘʩʪʠʮʘʤʠ, ʢʨʘʡʥʝ ʤʘʣʦ. ʉʚʝʜʝʥʠʷ ï ʨʘʟʨʦʟʥʝʥʥʳʝ ʠ ʥʝ ʜʘʶʪ ʠʥʬʦʨʤʘʮʠʠ ʦ 

ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʤʝʭʘʥʠʟʤʘʭ ʛʠʜʨʦʣʠʟʘ ʢʦʤʧʦʟʠʪʦʚ. ʇʦʣʫʯʝʥʠʝ ʪʘʢʦʡ ʠʥʬʦʨʤʘʮʠʠ 

ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩʦ ʩʚʝʜʝʥʠʷʤʠ ʦ ʨʝʘʣʴʥʦʤ ʭʘʨʘʢʪʝʨʝ ʠʟʤʝʥʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ 

(ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ, ʧʨʝʜʝʣ ʧʣʘʩʪʠʯʥʦʩʪʠ, ʧʨʦʯʥʦʩʪʴ ʠ ʜʝʬʦʨʤʘʮʠʷ ʜʦ 
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ʨʘʟʨʫʰʝʥʠʷ) ʠ ʪʝʨʤʠʯʝʩʢʠʭ (ʧʦʢʘʟʘʪʝʣʠ ʪʝʨʤʦ- ʠ ʪʝʧʣʦʩʪʦʡʢʦʩʪʠ) ʩʚʦʡʩʪʚ 

ʥʘʥʦʢʦʤʧʦʟʠʪʥʳʭ ʧʣʝʥʦʢ ʥʘ ʦʩʥʦʚʝ ʇʀ ʨʘʟʣʠʯʥʦʛʦ ʩʪʨʦʝʥʠʷ ʠ ʩʪʨʫʢʪʫʨʳ ʚ 

ʧʨʦʮʝʩʩʝ ʛʠʜʨʦʣʠʟʘ ʠ ʷʚʣʷʣʦʩʴ ʮʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʫʢʘʟʘʥʥʦʡ ʮʝʣʠ ʙʳʣʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʳ ʠ ʨʝʝhʥʳ 

ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ:  

¶ ʅʘʨʘʙʦʪʘʥʳ ʧʘʨʪʠʠ ʤʘʪʨʠʯʥʳʭ ʠ ʧʦʣʠʤʝʨ-ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ 

ʥʘʥʦʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʧʣʝʥʦʢ ʥʘ ʦʩʥʦʚʝ ʇʀ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʚ ʢʦʣʠʯʝʩʪʚʘʭ, 

ʜʦʩʪʘʪʦʯʥʳʭ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʛʠʜʨʦʣʠʪʠʯʝʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚ ʧʦʣʥʦʤ ʦʙʲʝʤʝ; 

ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥ ʢʦʤʧʣʝʢʩ ʩʚʦʡʩʪʚ ʵʪʠʭ ʧʣʝʥʦʢ; 

¶ ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʛʠʜʨʦʣʠʟʘ ʥʘ ʭʠʤʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ, ʤʝʭʘʥʠʯʝʩʢʠʝ, 

ʪʝʨʤʠʯʝʩʢʠʝ ʠ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʣʝʥʦʢ ʇʀ ʠ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ 

ʥʘ ʠʭ ʦʩʥʦʚʝ; 

¶ ʧʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʥʘʥʦʯʘʩʪʠʮ ʧʝʨʝʜ ʚʚʝʜʝʥʠʝʤ 

ʚ ʧʦʣʠʤʝʨ ʢʘʢ ʩʧʦʩʦʙʘ ʧʦʚʳʰʝʥʠʷ ʛʠʜʨʦʣʠʪʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ 

ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʥʘ ʦʩʥʦʚʝ ʇʀ; 

¶ ʚʳʷʚʣʝʥʳ ʬʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʛʠʜʨʦʣʠʪʠʯʝʩʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʠʟʫʯʘʝʤʳʭ 

ʤʘʪʝʨʠʘʣʦʚ; 

¶ ʥʘʡʜʝʥʳ ʤʝʪʦʜʳ ʧʦʚʳʰʝʥʠʷ ʫʨʦʚʥʷ ʛʠʜʨʦʣʠʪʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ 

ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʥʘ ʦʩʥʦʚʝ ʇʀ. 
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ɻʃɸɺɸ 2. ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅɸʗ ʏɸʉʊʔ 

2.1. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʩʭʦʜʥʳʭ ʚʝʱʝʩʪʚ, ʤʘʪʝʨʠʘʣʦʚ ʠ ʠʭ ʧʦʜʛʦʪʦʚʢʘ 

ʈʘʩʪʚʦʨʠʪʝʣʠ: N,N-ʜʠʤʝʪʠʣʘʮʝʪʘʤʠʜ (ɼʄɸɸ), ʯ. (ʅʝʚʘ ʈʝʘʢʪʠʚ, ʈʦʩʩʠʷ); 

N,N-ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜ (ɼʄʌ), ʯ. (ɺʝʢʪʦʥ, ʈʦʩʩʠʷ); N-ʤʝʪʠʣʧʠʨʨʦʣʠʜʦʥ (N-ʄʇ), 

ʯ. (ɺʝʢʪʦʥ, ʈʦʩʩʠʷ). 

ɻʠʜʨʦʢʩʠʜ ʥʘʪʨʠʷ, ʯ.ʜ.ʘ. (ɺʝʢʪʦʥ, ʈʦʩʩʠʷ); ʵʪʠʣʦʚʳʡ ʩʧʠʨʪ, ʪʝʭ. 

(çʂʠʨʦʚʩʢʠʡ ʙʠʦʭʠʤʠʯʝʩʢʠʡ ʟʘʚʦʜè, ʈʦʩʩʠʷ); ʪʦʣʫʦʣ, ʯ.ʜ.ʘ. (çɹʘʟʘ ˉ1 

ʍʠʤʨʝʘʢʪʠʚʦʚè, ʈʦʩʩʠʷ); ʫʛʣʝʨʦʜ ʯʝʪʳʨʝʭʭʣʦʨʠʩʪʳʡ, ʯ. (ɺʝʢʪʦʥ, ʈʦʩʩʠʷ) 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ. 

ʈʘʩʪʚʦʨʳ ʇɸʂ ʧʦʣʠ-(4,4ᾳ-ʦʢʩʠʜʠʬʝʥʠʣʝʥ)ʧʠʨʦʤʝʣʣʠʪʘʤʠʜʦʢʠʩʣʦʪʳ (ʇʄ) ʚ 

ʨʘʩʪʚʦʨʠʪʝʣʝ ɼʄʌ (Sigma-Aldrich,  ̄ ʧʦ ʢʘʪʘʣʦʛʫ 575828); ʇɸʂ ʥʘ ʦʩʥʦʚʝ 

ʜʠʘʤʠʥʘ 4,4
¡
-ʙʠʩ-(4

¡¡
-ʘʤʠʥʦʬʝʥʦʢʩʠ)ʜʠʬʝʥʠʣʩʫʣʴʬʦʥʘ ʠ ʜʠʘʥʛʠʜʨʠʜʘ 1,3-ʙʠʩ(3,4-

ʜʠʢʘʨʙʦʢʩʠʬʝʥʦʢʩʠ)ʙʝʥʟʦʣʘ (ʈ-ʉʆɼ) ʚ ʨʘʩʪʚʦʨʠʪʝʣʝ N-ʄʇ; ʇɸʂ ʥʘ ʦʩʥʦʚʝ 

ʜʠʘʥʛʠʜʨʠʜʘ 3,3ᾳ,4,4ᾳ-ʜʠʬʝʥʠʣʪʝʪʨʘʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʧʘʨʘ-ʬʝʥʠʣʝʥʜʠʘʤʠʥʘ 

(ɼʌ-ʇʌ) ʚ ʨʘʩʪʚʦʨʠʪʝʣʝ ɼʄɸɸ; ʇɸʂ ʥʘ ʦʩʥʦʚʝ ʜʠʘʥʛʠʜʨʠʜʘ  

3,3ᾳ,4,4ᾳ-ʜʠʬʝʥʠʣʪʝʪʨʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ 4.4'-ʜʠʘʤʠʥʦʜʠʬʝʥʠʣʘ (ɼʌ-ɹ) ʚ 

ʨʘʩʪʚʦʨʠʪʝʣʝ ɼʄɸɸ, ʇɸʂ ʥʘ ʦʩʥʦʚʝ ʜʠʘʤʠʥʘ  

4,4
¡
-ʙʠʩ-(4

¡¡
-ʘʤʠʥʦʬʝʥʦʢʩʠ)ʜʠʬʝʥʠʣʩʫʣʴʬʦʥʘ ʠ ʜʠʘʥʛʠʜʨʠʜʘ  

3,4,3',4'-ʜʠʬʝʥʠʣʦʢʩʠʜʪʝʪʨʘʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ (ɼʌʆ-ʉʆɼ) ʚ ʨʘʩʪʚʦʨʠʪʝʣʝ  

N-ʄʇ; ʇɸʂ ʥʘ ʦʩʥʦʚʝ ʜʠʘʤʠʥʘ 4,4Ë-ʙʠʩ-(4ËË-ʘʤʠʥʦʬʝʥʦʢʩʠ)ʜʠʬʝʥʠʣʘ ʠ 

ʜʠʘʥʛʠʜʨʠʜʘ 3,4,3',4'-ʜʠʬʝʥʠʣʦʢʩʠʜʪʝʪʨʘʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ (ɼʌʆ-ʆɼʌʆ) ʚ 

ʨʘʩʪʚʦʨʠʪʝʣʝ N-ʄʇ; ʇɸʂ ʥʘ ʦʩʥʦʚʝ ʜʠʘʤʠʥʘ  

4,4Ë-ʙʠʩ-(4ËË-ʘʤʠʥʦʬʝʥʦʢʩʠ)ʜʠʬʝʥʠʣʘ ʠ ʜʠʘʥʛʠʜʨʠʜʘ  

11,3-ʙʠʩ-(3Ë,4, ʜʠʢʘʨʙʦʢʩʠʬʝʥʦʢʩʠ)ʙʝʥʟʦʣʪʝʪʨʘʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ (ʈ-ʆɼʌʆ) ʚ 

ʨʘʩʪʚʦʨʠʪʝʣʝ N-ʄʇ. ʇʦʣʠʤʝʨʳ ʇɸʂ ʈ-ʉʆɼ, ɼʌ-ɹ ɼʌ-ʇʌ, ɼʌʆ-ʉʆɼ,  

ɼʌʆ-ʆɼʌʆ, ʠ ʈ-ʆɼʌʆ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ˉ 1 ʀɺʉ ʈɸʅ. ɼʌʆ-ɸʌɹ 

ʩʠʥʪʝʟʠʨʦʚʘʥ ʚ ʍʘʨʙʠʥʩʢʦʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ (ʍʘʨʙʠʥ, ʂʅʈ). 

ʉʪʨʫʢʪʫʨʥʳʝ ʬʦʨʤʫʣʳ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʧʦʣʠʤʝʨʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʊʘʙʣʠʮʝ 5.  
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ʊʘʙʣʠʮʘ 5 ï ʍʠʤʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʧʦʣʠʤʝʨʦʚ 

ʍʠʤʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ 
ʉʦʢʨʘʱʝʥʥʦʝ 

ʥʘʟʚʘʥʠʝ 

ʅʘʜʤʦʣʝʢʫʣʷʨʥʘʷ 

ʩʪʨʫʢʪʫʨʘ 

C

N

C

O

O

C

N

C

O

O
n  

ɼʌ-ʇʌ ʤʝʟʦʤʦʨʬʥʘʷ [86] 

C

N

C

O

O

C

N

C

O

O n 
ɼʌ-ɹ ʤʝʟʦʤʦʨʬʥʘʷ [87] 

C

N

C

O

O

C

N

C

O

O

O

n  

ʇʄ-ʊʀ; 

ʇʄ-ʊʍʀ 
ʤʝʟʦʤʦʨʬʥʘʷ [87] 

OC

N

C

O

O

C

N

C

O

O

O O

n
 
ɼʌʆ-ʆɼʌʆ ʘʤʦʨʬʥʘʷ  

OC

N

C

O

O

O O

n

O

C

N

C

O

O

S

O

O

 
ʈ-ʉʆɼ ʘʤʦʨʬʥʘʷ [88] 

OC

N

C

O

O

O O

n

O

C

N

C

O

O  

ʈ-ʆɼʌʆʘʤ 

 

ʈ-ʆɼʌʆʢ 

ʘʤʦʨʬʥʘʷ  

ʯʘʩʪʠʯʥʦ-

ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ [89] 

OC

N

C

O

O

C

N

C

O

O
O

C

N

n  
ɼʌʆ-ɸʌɹ ʯʘʩʪʠʯʥʦ-

ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ [90] 

OC

N

C

O

O

O O

n
C

N

C

O

O

S

O

O

 
ɼʌʆ-ʉʆɼ ʘʤʦʨʬʥʘʷ [91] 

ɺ ʢʘʯʝʩʪʚʝ ʥʘʥʦʥʘʧʦʣʥʠʪʝʣʝʡ ʙʳʣʠ ʚʳʙʨʘʥʳ ʰʠʨʦʢʦ ʠʟʚʝʩʪʥʳʝ ʠ 

ʢʦʤʤʝʨʯʝʩʢʠ ʜʦʩʪʫʧʥʳʝ ʥʘʥʦʯʘʩʪʠʮʳ ï ʫʛʣʝʨʦʜʥʳʝ ʥʘʥʦʚʦʣʦʢʥʘ (ʋʅɺ), 

ʫʛʣʝʨʦʜʥʳʝ ʥʘʥʦʢʦʥʫʩʳ/ʜʠʩʢʠ (ʩʤʝʩʴ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʜʠʩʢʦʚ ʠ ʧʦʣʳʭ ʢʦʥʫʩʦʚ, 

ʋʅʂ), ʤʥʦʛʦʩʣʦʡʥʳʝ ʫʛʣʝʨʦʜʥʳʝ ʥʘʥʦʪʨʫʙʢʠ (ʄʉʋʅʊ) (ʊʘʙʣʠʮʘ 6).  
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ʊʘʙʣʠʮʘ 6 - ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʥʦʯʘʩʪʠʮ  

ʅʘʥʦʯʘʩʪʠʮʳ ʈʘʟʤʝʨ 
ɟ, 

ʛ/ʩʤ
3
 

ɸʩʧʝʢʪʥʦʝ 

ʦʪʥʦʰʝʥʠʝ 

ʇʦʨʦʛ 

ʧʝʨʢʦʣʷʮʠʠ, ʦʙ. % 
ʇʨʦʠʟʚʦʜʠʪʝʣʴ 

ʋʅɺ 
ɼʠʘʤʝʪʨ 100 ï150 ʥʤ, 

ʜʣʠʥʘ 6 ï 10 ʤʢʤ 
2.0 ~10

2

 ~0.60 
ShowaDenko K.K. 

(ʉʐɸïʗʧʦʥʠʷ) 

ʋʅʂ 

ɺʳʩʦʪʘ ʢʦʥʫʩʘ 0.3 ï 0.8 ʤʢʤ; 

ʜʠʘʤʝʪʨ ʦʩʥʦʚʘʥʠʷ ʢʦʥʫʩʘ, 

ʜʠʘʤʝʪʨ ʜʠʩʢʘ 1 ï 2 ʤʢʤ, 

ʪʦʣʱʠʥʘ ʩʪʝʥʦʢ 20 ï 50 ʥʤ 

2.0 ~10
2

 ~1.30 
n-TEC AS 

(ʅʦʨʚʝʛʠʷ) 

ʄCʋʅʊ 

ɺʥʝʰʥʠʡ ʜʠʘʤʝʪʨ 20 ʥʤ, 

ʚʥʫʪʨʝʥʥʠʡ ʜʠʘʤʝʪʨ 6 ʥʤ, 

ʜʣʠʥʘ 1 ï >20 ʤʢʤ 

2.1 ~10
3

 ~0.06 
Covestro 

(ɻʝʨʤʘʥʠʷ) 

*
ʇʦʨʦʛ ʧʝʨʢʦʣʷʮʠʠ ʜʣʷ ʥʘʥʦʯʘʩʪʠʮ ʩʯʠʪʘʣʠ ʧʦ ʬʦʨʤʫʣʝ ʠʟ ʨʘʙʦʪʳ [92]. 
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ʅʘʥʦʯʘʩʪʠʮʳ ʄʉʋʅʊ, ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʝ ʢʘʨʙʦʢʩʠʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ 

(ʄʉʋʅʊ-COOH), ʧʦʣʫʯʘʣʠ ʧʫʪʝʤ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʚ ʢʠʧʷʱʝʤ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʤ ʨʘʩʪʚʦʨʝ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʳ ʚ ʪʝʯʝʥʠʝ 30 ʯ ʩ ʧʦʩʣʝʜʫʶʱʝʡ 

ʦʪʤʳʚʢʦʡ ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʦʜʫʢʪʘ ʚ ʚʦʜʝ ʠ ʩʫʰʢʦʡ. ʄʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ʄʉʋʅʊ, 

ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʝ ʘʤʠʜʦʛʨʫʧʧʘʤʠ (ʄʉʋʅʊ-CO-NH2), ʙʳʣʠ ʧʨʠʛʦʪʦʚʣʝʥʳ 

ʯʝʪʳʨʝʭʩʪʘʜʠʡʥʳʤ ʩʧʦʩʦʙʦʤ (ʈʠʩʫʥʦʢ 6). ʅʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʛʦʪʦʚʠʣʠ  

ʄʉʋʅʊ-COOH ʧʦ ʤʝʪʦʜʠʢʝ, ʦʧʠʩʘʥʥʦʡ ʚʳʰʝ. ʅʘ ʚʪʦʨʦʡ ʩʪʘʜʠʠ ʄʉʋʅʊ-COOH 

ʦʙʨʘʙʘʪʳʚʘʣʠ ʭʣʦʨʠʩʪʳʤ ʪʠʦʥʠʣʦʤ SOCl2 ʧʨʠ T=86 
o
ʉ (ʪʝʤʧʝʨʘʪʫʨʘ ʢʠʧʝʥʠʷ 

ʨʝʘʛʝʥʪʘ) ʚ ʪʝʯʝʥʠʝ 24 ʯ. ʇʨʠ ʵʪʦʤ ʧʨʦʠʩʭʦʜʠʪ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʛʨʫʧʧ ʉʆʆʅ- ʚ 

ʭʣʦʨʘʥʛʠʜʨʠʜʥʳʝ ʛʨʫʧʧʳ ʉʆCl-, ʦʪʣʠʯʘʶʱʠʝʩʷ ʧʦʚʳʰʝʥʥʦʡ ʨʝʘʢʮʠʦʥʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʴʶ. ʇʨʠ ʵʪʦʡ ʨʝʘʢʮʠʠ ʠʜʝʪ ʚʳʜʝʣʝʥʠʝ ʛʘʟʦʦʙʨʘʟʥʦʛʦ SO2 ʠ ʅCl. ʅʘ 

ʪʨʝʪʴʝʡ ʩʪʘʜʠʠ ʧʦʩʣʝ ʦʭʣʘʞʜʝʥʠʷ ʨʘʩʪʚʦʨʘ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ 

ʧʨʦʚʦʜʠʪʩʷ ʮʝʪʨʠʬʫʛʠʨʦʚʘʥʠʝ ʠ ʩʫʰʢʘ ʦʩʘʜʢʘ. ʅʘ ʯʝʪʚʝʨʪʦʡ ʩʪʘʜʠʠ ʧʦʣʫʯʘʣʠ 

ʄʉʋʅʊ-CO-NH2 ʟʘ ʩʯʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʠʩʧʝʨʩʠʠ ʄʉʋʅʊ, ʩʦʜʝʨʞʘʱʝʡ 

ʘʮʠʣʭʣʦʨʠʜʥʳʝ ʛʨʫʧʧʳ ʚ ʥʠʪʨʦʙʝʥʟʦʣʝ, ʩ ʛʘʟʦʦʙʨʘʟʥʳʤ ʘʤʤʠʘʢʦʤ. 

 

ʈʠʩʫʥʦʢ 6 ï ʉʭʝʤʘ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʠʷ ʄʉʋʅʊ ʘʤʠʜʦʛʨʫʧʧʘʤʠ. 

ʅʘʥʦʯʘʩʪʠʮʳ ʄʉʋʅʊ-COOH ʠ ʄʉʋʅʊ-CO-NH2 ʙʳʣʠ ʧʨʠʛʦʪʦʚʣʝʥʳ ʚ 

ʭʦʜʝ ʨʘʙʦʪ, ʧʨʦʚʝʜʝʥʥʳʭ ʩʦʚʤʝʩʪʥʦ ʣʘʙʦʨʘʪʦʨʠʷʤʠ ˉ 14 ʠ ˉ 22 ʀɺʉ ʈɸʅ. 

ɼʨʫʛʠʝ ʫʛʣʝʨʦʜʥʳʝ ʥʘʥʦʥʘʧʦʣʥʠʪʝʣʠ (ʋʅɺ ʠ ʋʅʂ) ʠʩʧʦʣʴʟʦʚʘʣʠ ʙʝʟ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ, ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ, ʯʝʤ ʄʉʋʅʊ, 

ʧʦʜʚʝʨʞʝʥʳ ʧʨʦʮʝʩʩʘʤ ʘʛʨʝʛʘʮʠʠ [47,48].  

2.2. ʇʦʣʫʯʝʥʠʝ ʧʣʝʥʦʢ ʧʦʣʠʠʤʠʜʦʚ ʠ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝ 

ɼʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʢʦʥʪʨʦʣʴʥʳʭ ʇʀ ʠ ʥʘʥʦʢʦʤʧʦʟʠʪʥʳʭ ʧʣʝʥʦʢ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʚʫʭʩʪʘʜʠʡʥʳʡ ʤʝʪʦʜ ʩʠʥʪʝʟʘ [15]. 
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ʅʘʥʦʢʦʤʧʦʟʠʪʥʳʡ ʨʘʩʪʚʦʨ ʛʦʪʦʚʠʣʠ ʧʫʪʝʤ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʷ ʨʘʩʯʝʪʥʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʥʘʥʦʯʘʩʪʠʮ ʚ ʘʧʨʦʪʦʥʥʦʤ ʨʘʩʪʚʦʨʠʪʝʣʝ (ʜʣʷ ʇʄ ʚ ɼʄʌ, ɼʌʆ-ʉʆɼ, 

ɼʌʆ-ʆɼʌʆ ʠ ʈ-ʉʆɼ ʚ N-ʄʇ, ɼʌ-ɹ ʠ ɼʌ-ʇʌ ʚ ɼʄɸɸ) ʩ ʧʦʤʦʱʴʶ 

ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʜʠʩʧʝʨʛʘʪʦʨʘ ʀ100-840 (ʀʅʃɸɹ-ʋʃʔʊʈɸɿɺʋʂ, ʈʦʩʩʠʷ) ʚ 

ʪʝʯʝʥʠʝ 1 ʯ, ʧʦʩʣʝ ʯʝʛʦ ʚ ʜʠʩʧʝʨʩʠʶ ʚʚʦʜʠʣʠ ʨʘʩʯʝʪʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʩʪʚʦʨʘ 

ʇɸʂ. ʂʦʥʮʝʥʪʨʘʮʠʷ ʥʘʥʦʯʘʩʪʠʮ ʚ ʥʘʥʦʢʦʤʧʦʟʠʪʘʭ ʇʀ, ʥʘʧʦʣʥʝʥʥʳʭ ʋʅʂ ʠʣʠ 

ʋʅɺ, ʩʦʩʪʘʚʣʷʣʘ 3 ʦʙ. %. ɺ ʩʣʫʯʘʷʭ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʇʀ, ʥʘʧʦʣʥʝʥʥʳʭ ʄʉʋʅʊ, 

ʄʉʋʅʊ-COOH ʠʣʠ ʄʉʋʅʊ-CO-NH2, ʢʦʥʮʝʥʪʘʮʠʷ ʥʘʥʦʯʘʩʪʠʮ  

ʩʦʩʪʘʚʣʷʣʘ 1 ʦʙ. %. ʂʘʢ ʧʦʢʘʟʘʣʠ ʨʘʥʝʝ ʧʨʦʚʝʜʝʥʥʳʝ ʥʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ [45, 47-

48], ʠʤʝʥʥʦ ʧʨʠ ʵʪʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʘʥʥʳʝ ʥʘʥʦʯʘʩʪʠʮʳ ʫʜʘʝʪʩʷ ʦʜʥʦʨʦʜʥʦ 

ʨʘʩʧʨʝʜʝʣʠʪʴ ʚ ʦʙʲʝʤʝ ʤʘʪʨʠʯʥʦʛʦ ʇʀ ʙʝʟ ʨʘʟʚʠʪʠʷ ʵʬʬʝʢʪʦʚ ʠʭ ʘʛʨʝʛʘʮʠʠ, 

ʨʝʘʣʠʟʦʚʘʚ, ʚ ʪʦ ʞʝ ʚʨʝʤʷ, ʟʘʤʝʪʥʳʡ ʨʦʩʪ ʨʷʜʘ ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʤʘʪʝʨʠʘʣʘ. 

ʇʦʣʫʯʝʥʥʫʶ ʥʘʥʦʢʦʤʧʦʟʠʪʥʫʶ ʩʤʝʩʴ ʛʦʤʦʛʝʥʠʟʠʨʦʚʘʣʠ ʩ ʧʦʤʦʱʴʶ 

ʜʣʠʪʝʣʴʥʦʛʦ ʧʝʨʝʤʝʰʠʚʘʥʠʷ (24 ʯ) ʚʝʨʭʥʝʧʨʠʚʦʜʥʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʤʝʰʘʣʢʦʡ 

IKA
È
 RW 14 basic (ɻʝʨʤʘʥʠʷ) ʩʦ ʩʢʦʨʦʩʪʴʶ 1000 ʦʙ/ʤʠʥ.  

ʉʣʦʠ, ʢʘʢ ʥʘʥʦʢʦʤʧʦʟʠʪʥʳʭ ʨʘʩʪʚʦʨʦʚ, ʪʘʢ ʠ ʨʘʩʪʚʦʨʦʚ ʤʘʪʨʠʯʥʳʭ ʇɸʂ 

ʦʪʣʠʚʘʣʠ ʥʘ ʧʣʦʩʢʠʝ ʩʪʝʢʣʷʥʥʳʝ ʧʣʘʩʪʠʥʳ-ʧʦʜʣʦʞʢʠ c ʧʦʤʦʱʴʶ ʰʘʙʣʦʥʘ ʠ 

ʩʫʰʠʣʠ ʚ ʪʝʨʤʦʩʪʘʪʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʊ = 80 Áʉ ʚ ʪʝʯʝʥʠʝ 4 ʯ. ɼʘʣʝʝ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʧʣʝʥʦʢ ʇʀ ʧʨʦʚʦʜʠʣʠ ʮʠʢʣʠʟʘʮʠʶ ʧʣʝʥʦʢ ʇɸʂ ʧʫʪʝʤ ʥʘʛʨʝʚʘ ʥʘ 

ʧʦʜʣʦʞʢʝ ʚ ʢʚʘʨʮʝʚʦʡ ʧʝʯʠ ʩʦ ʩʢʦʨʦʩʪʴ 3 Áʉ/ʤʠʥ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʚʳʜʝʨʞʢʦʡ 

ɼʌʆ-ʉʆɼ, ɼʌʆ-ʆɼʌʆ ʠ ʈ-ʉʆɼ ʧʨʠ ʊ=300 Áʉ, ʇʄ ʧʨʠ ʊ=365 Áʉ, ʘ ɼʌ-ʇʌ ʠ 

ɼʌ-ɹ ʧʨʠ 420 Áʉ ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥ.  

ʇʣʝʥʢʠ ʈ-ʆɼʌʆ ʠ ɼʌʆ-ʆɼʌʆ ʩʢʣʦʥʥʳ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʯʘʩʪʠʯʥʦ-

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʥʘʜʤʦʣʝʢʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʳ. ʆʜʥʘʢʦ, ʧʦʩʢʦʣʴʢʫ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʚ ʧʣʝʥʢʘʭ ʵʪʦʛʦ ʇʀ ʧʨʦʪʝʢʘʝʪ ʜʦʩʪʘʪʦʯʥʦ ʤʝʜʣʝʥʥʦ, ʪʦ ʚ 

ʧʨʦʮʝʩʩʝ ʪʝʨʤʠʯʝʩʢʦʡ ʠʤʠʜʠʟʘʮʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʇɸʂ ʥʝ ʫʜʘʝʪʩʷ 

ʩʬʦʨʤʠʨʦʚʘʪʴ ʟʘʤʝʪʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʫʧʦʨʷʜʦʯʝʥʥʦʡ ʬʘʟʳ ʚ ʧʦʣʠʤʝʨʝ. ʇʦʵʪʦʤʫ 

ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʯʘʩʪʠʯʥʦ-ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʧʣʝʥʦʢ ʵʪʠʭ ʇʀ ʠʭ ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ 
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ʧʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʮʠʢʣʠʟʘʮʠʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʦʜʚʝʨʛʥʫʪʴ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʤʫ 

ʦʪʞʠʛʫ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 280-290 
ʦ
ʉ ʚ ʪʝʯʝʥʠʝ 1 ʯ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʧʣʝʥʦʢ ɼʌʆ-ʆɼʌʆ ʠ ɼʌʆ-ʆɼʌʆ+3 ʦʙ. % ʋʅʂ ʧʨʦʚʦʜʠʣʠ 

ʠʤʠʜʠʟʘʮʠʶ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʬʦʨʧʦʣʠʤʝʨʥʳʭ ʧʣʝʥʦʢ ʧʫʪʝʤ ʠʭ ʥʘʛʨʝʚʘ ʩʦ 

ʩʢʦʨʦʩʪʴ ʁ3 Áʉ/ʤʠʥ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʚʳʜʝʨʞʢʦʡ ʧʨʠ ʊ=300 Áʉ ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥ. 

ɸʤʦʨʬʥʫʶ ʥʘʜʤʦʣʝʢʫʣʷʨʥʫʶ ʩʪʨʫʢʪʫʨʫ ʧʣʝʥʢʠ ɼʌʆ-ʆɼʌʆ ʧʦʜʪʚʝʨʞʜʘʣʠ 

ʤʝʪʦʜʦʤ ʩʦʚʤʝʱʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ɼʊɸ ʠ ʊɻɸ (ʈʠʩʫʥʦʢ 7).  
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ʈʠʩʫʥʦʢ 7 ï ʂʨʠʚʳʝ ʊɻɸ (1) ʠ ɼʊɸ (2) ʧʣʝʥʦʢ ɼʌʆ-ʆɼʌʆ (ʘ) ʠ  

ɼʌʆ-ʆɼʌʆ+3 ʦʙ.% ʋʅʂ (ʙ). 

ʉʪʝʧʝʥʴ ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʠ ʥʘʜʤʦʣʝʢʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʳ (c) ʯʘʩʪʠʯʥʦ-

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʧʣʝʥʦʢ ʦʧʨʝʜʝʣʷʣʠ ʢʘʢ ʦʪʥʦʰʝʥʠʝ ʵʥʪʘʣʴʧʠʡ ʧʣʘʚʣʝʥʠʷ (ȹHʧʣ) 

ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ ʢ ʵʥʪʘʣʴʧʠʠ ʧʣʘʚʣʝʥʠʷ ʧʦʣʥʦʩʪʴʶ ʟʘʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʦʛʦ 

ʦʙʨʘʟʮʘ ʪʦʛʦ ʞʝ ʇʀ. ɺʝʣʠʯʠʥʫ ȹHʧʣ=44.06 ɼʞ/ʛ ʜʣʷ ʦʙʨʘʟʮʘ ʈ-ʆɼʌʆʢ 

ʦʧʨʝʜʝʣʷʣʠ ʤʝʪʦʜʦʤ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʩʢʘʥʠʨʫʶʱʝʡ ʢʘʣʦʨʠʤʝʪʨʠʠ (ɼʉʂ) ʩ 

ʧʦʤʦʱʴʶ ʢʘʣʦʨʠʤʝʪʨʘ DSC 204 F1 Phoenix (Netzsch, ɻʝʨʤʘʥʠʷ). ʂʨʠʚʳʝ ɼʉʂ ʜʣʷ 

ʇʀ ʈ-ʆɼʌʆʢ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʈʠʩʫʥʢʝ 8. 

ɿʥʘʯʝʥʠʝ ȹHʧʣ ʜʣʷ ʧʦʣʥʦʩʪʴʶ ʟʘʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʦʛʦ ʦʙʨʘʟʮʘ ʈ-ʆɼʌʆʢ 

ʩʦʩʪʘʚʣʷʝʪ 90 ɼʞ/ʛ [89]. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ ʩʪʝʧʝʥʴ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ 

ʈ-ʆɼʌʆʢ ʨʘʚʥʘ 48 %. ɼʘʥʥʳʝ ɼʉʂ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ ʭʦʜʝ ʨʘʙʦʪ, ʧʨʦʚʝʜʝʥʥʳʭ 

ʩʦʚʤʝʩʪʥʦ ʣʘʙʦʨʘʪʦʨʠʷʤʠ ˉ 8 ʠ ˉ 22 ʀɺʉ ʈɸʅ.  

ʇʦʣʥʦʩʪʴʶ ʘʤʦʨʬʥʳʝ ʧʣʝʥʢʠ ʈ-ʆɼʌʆ ʧʦʣʫʯʘʣʠ ʧʫʪʝʤ ʧʨʦʛʨʝʚʘ ʧʨʠ 360
 ʦ
ʉ 

ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʙʳʩʪʨʳʤ ʦʭʣʘʞʜʝʥʠʝʤ.  
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ʈʠʩʫʥʦʢ 8 ï ʂʨʠʚʳʝ ɼʉʂ ʧʣʝʥʢʠ ʈ-ʆɼʌʆʢ (1-ʝ (1) ʠ 2-ʝ (2) ʩʢʘʥʠʨʦʚʘʥʠʝ).  

2.3. ɻʠʜʨʦʣʠʟ ʧʣʝʥʦʯʥʳʭ ʦʙʨʘʟʮʦʚ 

ʇʦʩʢʦʣʴʢʫ ʧʣʝʥʢʠ ʇʀ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʦʡ ʛʠʜʨʦʣʠʪʠʯʝʩʢʦʡ 

ʩʪʘʙʠʣʴʥʦʩʪʴʶ, ʪʦ ʧʨʦʚʝʜʝʥʠʝ ʛʠʜʨʦʣʠʟʘ ʚ ʦʙʳʯʥʳʭ ʚʦʜʥʳʭ ʩʨʝʜʘʭ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʚʝʩʴʤʘ ʩʣʦʞʥʫʶ (ʚ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʤ ʧʣʘʥʝ) ʠ ʜʣʠʪʝʣʴʥʫʶ ʧʨʦʮʝʜʫʨʫ. 

ɼʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʜʣʠʪʝʣʴʥʦʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʠʜʨʦʣʠʟ ʙʳʣ ʧʨʦʚʝʜʝʥ ʚ 

ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ 30 % NaOH ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʎʝʣʴʶ ʵʪʠʭ ʦʧʳʪʦʚ 

ʙʳʣʦ ʧʦʣʫʯʝʥʠʝ ʩʨʘʚʥʠʪʝʣʴʥʳʭ ʜʘʥʥʳʭ ʦʙ ʫʩʪʦʡʯʠʚʦʩʪʠ ʥʘʥʦʢʦʤʧʦʟʠʪʥʳʭ 

ʧʣʝʥʦʢ ʠ ʧʣʝʥʦʢ ʠʟ ʤʘʪʨʠʯʥʦʛʦ ʇʀ ʚ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʛʠʜʨʦʣʠʟʫʶʱʝʡ ʩʨʝʜʝ.  

ɻʠʜʨʦʣʠʟʫʶʱʠʡ ʨʘʩʪʚʦʨ ʛʦʪʦʚʠʣʠ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʚ ʩʪʝʢʣʷʥʥʦʡ 

ʝʤʢʦʩʪʠ ʩ 1400 ʤʣ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʳ ʨʘʩʪʚʦʨʷʣʠ ʧʨʠ ʧʦʩʪʝʧʝʥʥʦʤ 

ʜʦʙʘʚʣʝʥʠʠ ʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ 600 ʛ NaOH. 

ʌʨʘʛʤʝʥʪʳ ʦʙʨʘʟʮʦʚ ʧʣʝʥʦʢ ʰʠʨʠʥʦʡ ~ 60 ʤʤ ʠ ʜʣʠʥʦʡ ~ 30 ʤʤ ʧʦʛʨʫʞʘʣʠ 

ʚ ʱʝʣʦʯʥʦʡ ʨʘʩʪʚʦʨ ʚ ʚʝʨʪʠʢʘʣʴʥʦʤ ʧʦʣʦʞʝʥʠʠ ʠ ʚʳʜʝʨʞʠʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 

ʨʘʟʣʠʯʥʳʭ ʧʨʦʤʝʞʫʪʢʦʚ ʚʨʝʤʝʥʠ (ʦʪ 0.5 ʜʦ 1000 ʯ). ɿʘʪʝʤ ʛʠʜʨʦʣʠʟʦʚʘʥʥʳʝ 

ʧʣʝʥʢʠ ʪʱʘʪʝʣʴʥʦ ʦʪʤʳʚʘʣʠ ʦʪ ʩʣʝʜʦʚ ʱʝʣʦʯʠ ʚ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʝ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʜʦ ʥʝʡʪʨʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʨʅ, ʘ ʟʘʪʝʤ ʩʫʰʠʣʠ. 
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2.4. ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʟʤʝʥʝʥʠʷ ʩʚʦʡʩʪʚ ʧʣʝʥʦʢ ʧʦʣʠʠʤʠʜʦʚ ʠ 

ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝ ʚ ʧʨʦʮʝʩʩʝ ʛʠʜʨʦʣʠʟʘ 

2.4.1. ʄʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ  

ʄʝʭʘʥʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ ʧʣʝʥʦʯʥʳʭ ʦʙʨʘʟʮʦʚ ʧʨʦʚʝʜʝʥʳ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʨʝʞʠʤʝ ʦʜʥʦʦʩʥʦʛʦ ʨʘʩʪʷʞʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʥʠʚʝʨʩʘʣʴʥʦʡ 

ʫʩʪʘʥʦʚʢʠ AG-100 kN X Plus (Shimadzu, ʗʧʦʥʠʷ). ʀʩʧʳʪʘʥʠʷ ʧʣʝʥʦʯʥʳʭ ʦʙʨʘʟʮʦʚ 

ʩ ʨʘʟʤʝʨʘʤʠ ʨʘʙʦʯʝʡ ʯʘʩʪʠ 1Ĭ20 ʤʤ ʧʨʦʚʦʜʠʣʠ ʩʦ ʩʢʦʨʦʩʪʴʶ ʨʘʩʪʷʞʝʥʠʷ  

10 ʤʤ/ʤʠʥ. ʆʙʨʘʟʮʳ ʚʳʨʝʟʘʣʠ ʩ ʧʦʤʦʱʴʶ ʰʘʙʣʦʥʘ, ʧʦʟʚʦʣʷʶʱʝʛʦ ʧʦʣʫʯʠʪʴ 

ʧʦʣʦʩʳ ʩ ʚʟʘʠʤʥʦ ʧʘʨʘʣʣʝʣʴʥʳʤʠ ʢʨʘʷʤʠ. ɼʣʷ ʨʝʟʢʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʝʜʠʮʠʥʩʢʠʡ 

ʩʢʘʣʴʧʝʣʴ. ʆʪʩʫʪʩʪʚʠʝ ʜʝʬʝʢʪʦʚ ʚ ʧʦʜʛʦʪʦʚʣʝʥʥʳʭ ʢ ʠʩʧʳʪʘʥʠʷʤ ʦʙʨʘʟʮʘʭ 

ʢʦʥʪʨʦʣʠʨʦʚʘʣʠ ʚʠʟʫʘʣʴʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʠʢʨʦʩʢʦʧʘ ʄɹʉ-2 (ʃʆʄʆ, 

ʈʦʩʩʠʷ). ʊʦʣʱʠʥʫ ʦʙʨʘʟʮʦʚ ʦʧʨʝʜʝʣʷʣʠ ʩ ʧʦʤʦʱʴʶ ʚʩʪʨʦʝʥʥʦʛʦ ʢʦʥʪʘʢʪʥʦʛʦ 

ʮʠʬʨʦʚʦʛʦ ʤʠʢʨʦʤʝʪʨʘ Digimatic IP65 (Mitutoyo, ʗʧʦʥʠʷ), ʘ ʰʠʨʠʥʫ - ʩ ʧʦʤʦʱʴʶ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʦʧʪʠʯʝʩʢʦʛʦ ʢʦʤʧʘʨʘʪʦʨʘ ʀɿɸ-2 (ʃʆʄʆ, ʈʦʩʩʠʷ). ɺ ʧʨʦʮʝʩʩʝ 

ʠʩʧʳʪʘʥʠʡ ʨʝʛʠʩʪʨʠʨʦʚʘʣʘʩʴ ʜʠʘʛʨʘʤʤʘ ʨʘʩʪʷʞʝʥʠʷ ʦʙʨʘʟʮʘ (ʚ ʨʝʞʠʤʝ on-line), 

ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʧʳʪʘʥʠʡ ʦʧʨʝʜʝʣʷʣʠ ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ɽ, ʧʨʦʯʥʦʩʪʴ ʧʨʠ 

ʨʘʩʪʷʞʝʥʠʠ sʨ, ʧʨʝʜʝʣʴʥʫʶ ʜʝʬʦʨʤʘʮʠ ʁ ʜʦ ʨʘʟʨʫʰʝʥʠʷ ʦʙʨʘʟʮʘ eʨ ʠ ʧʨʝʜʝʣ 

ʧʣʘʩʪʠʯʥʦʩʪʠ sʧ (ʚ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʝʛʦ ʫʜʘʚʘʣʦʩʴ ʜʦʩʪʠʯʴ ʚ ʧʨʦʮʝʩʩʝ 

ʨʘʩʪʷʞʝʥʠʷ ʦʙʨʘʟʮʘ). ʋʢʘʟʘʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʠʘʣʘ ʦʧʨʝʜʝʣʷʣʠ ʧʫʪʝʤ 

ʫʩʨʝʜʥʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ 5-9 ʠʩʧʳʪʘʥʠʡ.  

2.4.2. ʄʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʝʨʤʦʩʪʦʡʢʦʩʪʠ  

ʊʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ (ʊɻɸ) ʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʡʪʝʨʤʠʯʝʩʢʠʡ 

ʘʥʘʣʠʟ (ɼʊɸ) ʠʩʩʣʝʜʫʝʤʳʭ ʧʣʝʥʦʢ ʚʳʧʦʣʥʷʣʠ ʩ ʧʦʤʦʱʴʶ ʫʩʪʘʥʦʚʢʠ 

ʩʦʚʤʝʱʝʥʥʦʛʦ ʪʝʨʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ DTG-60 (Shimadzu, ʗʧʦʥʠʷ). ʆʙʨʘʟʮʳ 

ʤʘʩʩʦʡ Ḑ4 ʤʛ ʥʘʛʨʝʚʘʣʠ ʜʦ 600 Áʉ ʚ ʦʪʢʨʳʪʦʤ ʢʦʨʫʥʜʦʚʦʤ ʪʠʛʣʝ ʚ 

ʩʘʤʦʛʝʥʝʨʠʨʫʝʤʦʡ ʘʪʤʦʩʬʝʨʝ ʩʦ ʩʢʦʨʦʩʪʴʶ 5 ʛʨʘʜ/ʤʠʥ. ʇʦ ʧʦʣʫʯʝʥʥʳʤ ʢʨʠʚʳʤ 

ʠʟʤʝʥʝʥʠʷ ʤʘʩʩʳ ʚ ʧʨʦʮʝʩʩʝ ʥʘʛʨʝʚʘʥʠʷ ʦʧʨʝʜʝʣʷʣʠ ʠʥʜʝʢʩʳ ʪʝʨʤʦʩʪʦʡʢʦʩʪʠ 

ʤʘʪʝʨʠʘʣʘ Ű5 ʠ Ű10 ï ʪʝʤʧʝʨʘʪʫʨʳ, ʧʦ ʜʦʩʪʠʞʝʥʠʠ ʢʦʪʦʨʳʭ ʚ ʭʦʜʝ ʥʘʛʨʝʚʘʥʠʷ ʤʘʩʩʘ 

ʧʦʣʠʤʝʨʘ ʠʣʠ ʢʦʤʧʦʟʠʪʘ ʩʥʠʞʘʣʘʩʴ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʥʘ 5 ʠ 10 % ʚ ʨʝʟʫʣʴʪʘʪʝ 
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ʧʨʦʮʝʩʩʦʚ ʜʝʩʪʨʫʢʮʠʠ. ʄʝʪʦʜʦʤ ɼʊɸ ʦʧʨʝʜʝʣʷʣʠ ʥʘʣʠʯʠʝ ʠ ʦʪʩʫʪʩʪʚʠʝ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʬʘʟʳ ʚ ʠʩʩʣʝʜʫʝʤʳʭ ʧʣʝʥʢʘʭ.  

2.4.3. ʄʝʪʦʜʠʢʘ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʧʣʦʩʪʦʡʢʦʩʪʠ  

ʊʝʤʧʝʨʘʪʫʨʳ ʩʪʝʢʣʦʚʘʥʠʷ Tʩ ʦʙʨʘʟʮʦʚ ʦʧʨʝʜʝʣʷʣʠ ʤʝʪʦʜʦʤ 

ʪʝʨʤʦʤʝʭʘʥʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ (ʊʄɸ) ʥʘ ʫʩʪʘʥʦʚʢʝ TMA 402 F1 Hyperion 

(NETZSCH Gerªtebau GmbH, ɻʝʨʤʘʥʠʷ) ʚ ʫʩʣʦʚʠʷʭ ʥʘʛʨʝʚʘ ʦʙʨʘʟʮʘ ʩ ʧʦʩʪʦʷʥʥʦʡ 

ʩʢʦʨʦʩʪʴʶ 5 
o
ʉ/ʤʠʥ ʚ ʚʦʟʜʫʰʥʦʡ ʠʣʠ ʠʥʝʨʪʥʦʡ (ʘʨʛʦʥ) ʩʨʝʜʝ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʦʛʦ ʨʘʩʪʷʛʠʚʘʶʱʝʛʦ ʫʩʠʣʠʷ 0.5 ʄʇʘ. ʊʝʤʧʝʨʘʪʫʨʫ ʩʪʝʢʣʦʚʘʥʠʷ 

ʦʧʨʝʜʝʣʷʣʠ, ʢʘʢ ʪʦʯʢʫ ʧʝʨʝʩʝʯʝʥʠʷ ʜʚʫʭ ʢʘʩʘʪʝʣʴʥʳʭ ʢ ʢʨʠʚʦʡ ʊʄɸ ʜʦ ʠ ʧʦʩʣʝ 

ʧʨʦʮʝʩʩʘ ʨʘʩʩʪʝʢʣʦʚʘʥʠʷ (ʈʠʩʫʥʦʢ 9). 
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ʈʠʩʫʥʦʢ 9 ï ʊʠʧʠʯʥʘʷ ʢʨʠʚʘʷ ʊʄɸ ʧʣʝʥʢʠ ʇʄ-ʊʀ. 

2.4.4. ʄʝʪʦʜʠʢʠ ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʝʧʝʥʠ ʥʘʙʫʭʘʥʠʷ ʧʣʝʥʦʯʥʳʭ ʦʙʨʘʟʮʦʚ ʧʦ ʤʝʨʝ 

ʛʠʜʨʦʣʠʟʘ 

ʉʪʝʧʝʥʴ ʥʘʙʫʭʘʥʠʷ ʦʙʨʘʟʮʦʚ ʧʣʝʥʦʢ ʧʦ ʤʝʨʝ ʛʠʜʨʦʣʠʟʘ ʦʧʨʝʜʝʣʷʣʠ ʧʦ 

ʠʟʤʝʥʝʥʠʶ ʠʭ ʪʦʣʱʠʥʳ. ʇʝʨʝʜ ʧʦʛʨʫʞʝʥʠʝʤ ʦʙʨʘʟʮʘ ʚ ʛʠʜʨʦʣʠʪʠʯʝʩʢʫʶ ʚʘʥʥʫ 

(ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ 30% NaOH) ʠʟʤʝʨʷʣʠ ʝʛʦ ʪʦʣʱʠʥʫ ʤʠʢʨʦʤʝʪʨʦʤ ʚ ʯʝʪʳʨʝʭ 

ʢʦʥʪʨʦʣʴʥʳʭ ʦʙʣʘʩʪʷʭ. ʇʦʚʪʦʨʥʦʝ ʠʟʤʝʨʝʥʠʝ ʚ ʪʝʭ ʞʝ ʪʦʯʢʘʭ ʧʨʦʚʦʜʠʣʠ ʩʨʘʟʫ 

ʧʦʩʣʝ ʠʟʚʣʝʯʝʥʠʷ ʦʙʨʘʟʮʦʚ ʠʟ ʚʘʥʥʳ ʠ ʫʜʘʣʝʥʠʷ ʩʣʝʜʦʚ ʱʝʣʦʯʠ ʩ ʠʭ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʇʦʩʣʝ ʠʟʤʝʨʝʥʠʡ ʧʨʦʚʦʜʠʣʠ ʫʩʨʝʜʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ.  

ʉʪʝʧʝʥʴ ʥʘʙʫʭʘʥʠʷ ʦʧʨʝʜʝʣʷʣʠ ʧʦ ʩʦʦʪʥʦʰʝʥʠʶ: 
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ρππϷ,
            

(1) 

ʛʜʝ d0 ʠ d ï ʪʦʣʱʠʥʘ ʧʣʝʥʢʠ ʜʦ ʠ ʧʦʩʣʝ ʛʠʜʨʦʣʠʟʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

2.4.5. ʄʝʪʦʜ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʥʦ-ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ  

ɼʣʷ ʠʟʫʯʝʥʠʷ ʠʟʤʝʥʝʥʠʷ ʩʪʨʫʢʪʫʨʥʦ-ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʇʀ ʠ 

ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝ ʧʦʩʣʝ ʛʠʜʨʦʣʠʟʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʢʘʥʠʨʫʶʱʫʶ 

ʵʣʝʢʪʨʦʥʥʫʶ ʤʠʢʨʦʩʢʦʧʠʶ ʠ ʤʝʪʦʜ ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʦʡ ʨʝʥʪʛʝʥʦʚʩʢʦʡ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ʄʠʢʨʦʬʦʪʦʛʨʘʬʠʠ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʧʣʝʥʦʢ ʧʦʣʫʯʝʥʳ ʩ ʧʦʤʦʱʴʶ 

ʩʢʘʥʠʨʫʶʱʝʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ Supra 55 V (Carl Zeiss, ɻʝʨʤʘʥʠʷ) ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʝʪʝʢʪʦʨʘ ʚʪʦʨʠʯʥʳʭ ʵʣʝʢʪʨʦʥʦʚ, ʘ ʪʘʢʞʝ ʜʝʪʝʢʪʦʨʘ ʦʙʨʘʪʥʦ 

ʨʘʩʩʝʷʥʥʳʭ ʵʣʝʢʪʨʦʥʦʚ. ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ ʦʙʨʘʟʮʦʚ ʙʳʣ ʧʨʦʚʝʜʝʥ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʝʪʝʢʪʦʨʘ ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʘʥʘʣʠʟʘ X-max 

80 ʤʤ
2
 (Oxford Instruments, ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ).  

ʄʠʢʨʦʬʦʪʦʛʨʘʬʠʠ ʠ ʨʝʟʫʣʴʪʘʪʳ ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ 

ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʳ ʚ ʭʦʜʝ ʨʘʙʦʪ, ʧʨʦʚʝʜʝʥʥʳʭ ʩʦʚʤʝʩʪʥʦ  

ʣʘʙʦʨʘʪʦʨʠʷʤʠ ˉ 8 ʠ ˉ 22 ʀɺʉ ʈɸʅ.  

2.4.6. ʄʝʪʦʜʠʢʘ ʨʝʛʠʩʪʨʘʮʠʠ ʠ ʦʙʨʘʙʦʪʢʠ ʀʂ ʩʧʝʢʪʨʦʚ ʧʣʝʥʦʯʥʳʭ ʦʙʨʘʟʮʦʚ 

ʉ ʧʦʤʦʱʴʶ ʀʂ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʧʨʦʚʦʜʠʣʠ ʦʮʝʥʢʫ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʨʘʟʥʳʝ ʩʪʘʜʠʠ ʛʠʜʨʦʣʠʟʘ ʧʣʝʥʦʢ ʇʀ ʠ 

ʢʦʤʧʦʟʠʪʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝ. ʀʂ ʩʧʝʢʪʨʳ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʥʘ ʀʂ ʌʫʨʴʝ-ʩʧʝʢʪʨʦʤʝʪʨʝ 

Vector-70 (Bruker, ɻʝʨʤʘʥʠʷ) ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʜʠʘʧʘʟʦʥʝ  

400ï4000 ʩʤ
-1
 ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʠʢʨʦʧʨʠʩʪʘʚʢʠ ʦʜʥʦʢʨʘʪʥʦ ʥʘʨʫʰʝʥʥʦʛʦ ʧʦʣʥʦʛʦ 

ʚʥʫʪʨʝʥʥʝʛʦ ʦʪʨʘʞʝʥʠʷ (ʆʅʇɺʆ) Pike ʩ ʨʘʙʦʯʠʤ ʵʣʝʤʝʥʪʦʤ, ʠʟʛʦʪʦʚʣʝʥʥʳʤ ʠʟ 

ZnSe. ʀʂ ʩʧʝʢʪʨʳ ʧʦʣʫʯʝʥʳ ʚ ʛʨʫʧʧʝ ˉ 21 ʉʧʝʢʪʨʦʩʢʦʧʠʠ ʧʦʣʠʤʝʨʦʚ ʀʥʩʪʠʪʫʪʘ 

ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʈɸʅ. 

ʇʨʠ ʨʝʛʠʩʪʨʘʮʠʠ ʩʧʝʢʪʨʦʚ ʆʅʇɺʆ ʚʚʦʜʠʣʘʩʴ ʧʦʧʨʘʚʢʘ, ʫʯʠʪʳʚʘʶʱʘʷ 

ʛʣʫʙʠʥʫ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʣʠʥʳ ʚʦʣʥʳ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʠʣʘ 

ʩʨʘʚʥʠʚʘʪʴ ʤʝʞʜʫ ʩʦʙʦʡ ʧʣʝʥʢʠ ʨʘʟʣʠʯʥʦʡ ʪʦʣʱʠʥʳ.  
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2.4.7. ʄʝʪʦʜʠʢʘ ʦʧʨʝʜʝʣʝʥʠʷ ʚʦʜʦʧʦʛʣʦʱʝʥʠʷ ʧʣʝʥʦʯʥʳʭ ʦʙʨʘʟʮʦʚ 

ʇʝʨʝʜ ʚʳʧʦʣʥʝʥʠʝʤ ʠʩʧʳʪʘʥʠʡ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʚʦʜʦʧʦʛʣʦʱʝʥʠʷ ʦʙʨʘʟʮʳ 

ʤʘʩʩʦʡ ~ 20 ï 30 ʤʛ ʚʳʜʝʨʞʠʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 1 ʯ ʚ ʩʫʰʠʣʴʥʦʤ ʰʢʘʬʫ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 150 ÁC, ʧʦʩʣʝ ʩʫʰʢʠ ʢʘʞʜʳʡ ʦʙʨʘʟʝʮ ʙʳʩʪʨʦ ʚʟʚʝʰʠʚʘʣʠ ʥʘ 

ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʚʝʩʘʭ ATX224 (Shimadzu, ʗʧʦʥʠʷ). ɿʘʪʝʤ ʚ ʩʪʝʢʣʷʥʥʳʡ ʩʦʩʫʜ 

ʥʘʣʠʚʘʣʠ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʫʶ ʚʦʜʫ ʠ ʧʦʤʝʱʘʣʠ ʚ ʥʝʛʦ ʦʙʨʘʟʮʳ ʪʘʢ, ʯʪʦʙʳ ʦʥʠ 

ʙʳʣʠ ʧʦʣʥʦʩʪʴʶ ʧʦʢʨʳʪʳ ʚʦʜʦʡ ʠ ʥʝ ʩʦʧʨʠʢʘʩʘʣʠʩʴ ʤʝʞʜʫ ʩʦʙʦʡ ʠ ʩʦ ʩʪʝʥʢʘʤʠ 

ʩʦʩʫʜʘ. ʆʙʨʘʟʮʳ ʧʣʝʥʦʢ ʚʳʜʝʨʞʠʚʘʣʠ ʚ ʚʦʜʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ (20 Ñ 2 

Áʉ) ʠ ʚʟʚʝʰʠʚʘʣʠ ʢʘʞʜʳʝ 24 ʯ. ʇʝʨʝʜ ʢʘʞʜʳʤ ʚʟʚʝʰʠʚʘʥʠʝʤ ʦʙʨʘʟʮʳ ʚʳʥʠʤʘʣʠ 

ʠʟ ʚʦʜʳ, ʫʜʘʣʷʣʠ ʚʣʘʛʫ ʯʠʩʪʦʡ ʩʫʭʦʡ ʪʢʘʥʴʶ ʠʣʠ ʬʠʣʴʪʨʦʚʘʣʴʥʦʡ ʙʫʤʘʛʦʡ. 

ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʤʘʩʩʘ ʦʙʨʘʟʮʘ ʥʝ ʧʝʨʝʩʪʘʚʘʣʘ ʤʝʥʷʪʴʩʷ. 

ɺʦʜʦʧʦʛʣʦʱʝʥʠʝ ʧʦ ʤʘʩʩʝ (W) ʚʳʯʠʩʣʷʣʠ ʧʦ ʬʦʨʤʫʣʝ: 

ὡ  ̎ ̒

̒
 Ĭ 100 %,

                                                                                                       (2)
 

ʛʜʝ mʥ ï ʤʘʩʩʘ ʥʘʩʳʱʝʥʥʦʛʦ ʚʦʜʦʡ ʦʙʨʘʟʮʘ, mʩ ï ʤʘʩʩʘ ʩʫʭʦʛʦ ʦʙʨʘʟʮʘ. 

ɿʘ ʨʝʟʫʣʴʪʘʪ ʠʩʧʳʪʘʥʠʷ ʧʨʠʥʠʤʘʣʠ ʩʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʪʨʝʭ 

ʧʘʨʘʣʣʝʣʴʥʳʭ ʠʟʤʝʨʝʥʠʡ ʠ ʦʢʨʫʛʣʷʣʠ ʝʛʦ ʜʦ ʧʝʨʚʦʛʦ ʜʝʩʷʪʠʯʥʦʛʦ ʟʥʘʢʘ. 

2.4.8. ʄʝʪʦʜʠʢʘ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʜʣʷ ʚʦʜʳ ʧʣʝʥʦʯʥʳʭ ʦʙʨʘʟʮʦʚ 

ʇʨʦʥʠʮʘʝʤʦʩʪʴ ʧʣʝʥʦʢ ʇʀ ʠ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝ ʠʟʤʝʨʷʣʠ ʩ 

ʧʦʤʦʱʴʶ ʧʝʨʚʘʧʦʨʘʮʠʦʥʥʦʡ ̫ ʯʝʡʢʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ (╔ 20
 o

C) ʠ 

ʥʦʨʤʘʣʴʥʦʤ ʜʘʚʣʝʥʠʠ. ʀʩʧʦʣʴʟʦʚʘʣʠ ʧʣʝʥʢʠ ʪʦʣʱʠʥʦʡ ~ 25 ʤʢʤ. ʈʘʙʦʯʘʷ 

ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ ʚ ʷʯʝʡʢʝ ʩʦʩʪʘʚʣʷʣʘ 2.54 ʩʤ
2
. ʅʘ ʚʝʨʭʥʶʶ 

ʧʦʚʝʨʭʥʦʩʪʴ ʧʣʝʥʢʠ ʧʦʤʝʱʘʣʠ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʫʶ ʚʦʜʫ. ʇʝʨʤʝʘʪ ʫʜʘʣʷʣʠ ʩ 

ʥʠʞʥʝʡ ʩʪʦʨʦʥʳ ʧʣʝʥʢʠ ʧʦʪʦʢʦʤ ʛʘʟʘ-ʥʦʩʠʪʝʣʷ ʠ ʢʦʥʜʝʥʩʠʨʦʚʘʣʠ ʚ ʩʪʝʢʣʷʥʥʦʡ 

"ʣʦʚʫʰʢʝ", ʦʭʣʘʞʜʘʝʤʦʡ ʢʨʠʦʩʪʘʪʦʤ ʜʦ -20 
ʦ
ʉ. ʂʦʣʠʯʝʩʪʚʦ ʧʨʦʰʝʜʰʝʡ ʯʝʨʝʟ 

ʧʣʝʥʢʫ ʚʦʜʳ ʦʧʨʝʜʝʣʷʣʠ ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʚʝʩʦʚ 

AP225WD (Shimadzu, ʗʧʦʥʠʷ). ʇʨʦʥʠʮʘʝʤʦʩʪʴ (J) ʧʣʝʥʦʯʥʳʭ ʦʙʨʘʟʮʦʚ ʜʣʷ ʚʦʜʳ 

ʨʘʩʩʯʠʪʳʚʘʣʠ ʧʦ ʬʦʨʤʫʣʝ:  

ὐ άȾὛ ὸ,                                                                                                                   (3) 
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ʛʜʝ m - ʤʘʩʩʘ ʚʦʜʳ, ʢʦʪʦʨʘʷ ʧʨʦʰʣʘ ʟʘ ʚʨʝʤʷ t ʯʝʨʝʟ ʷʯʝʡʢʫ ʩ ʨʘʙʦʯʝʡ ʧʣʦʱʘʜʴʶ 

ʧʣʝʥʢʠ S. 

2.4.7. ʄʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʠʥʝʪʠʢʠ ʛʠʜʨʦʣʠʟʘ ʧʣʝʥʦʯʥʳʭ ʦʙʨʘʟʮʦʚ  

ʌʨʘʛʤʝʥʪʳ ʦʙʨʘʟʮʦʚ ʧʣʝʥʦʢ ʧʦʛʨʫʞʘʣʠ ʚ ʚʦʜʥʳʡ ʱʝʣʦʯʥʦʡ ʨʘʩʪʚʦʨ  

(30 % NaOH) ʥʘʛʨʝʪʳʡ ʜʦ 40, 50, 60, 80, 88 Áʉ ʥʘ ʚʨʝʤʷ ʦʪ 5 ʤʠʥ ʜʦ 4 ʯ. 

ʊʝʤʧʝʨʘʪʫʨʫ ʨʘʩʪʚʦʨʘ ʧʦʜʜʝʨʞʠʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʞʠʜʢʦʩʪʥʦʛʦ ʪʝʨʤʦʩʪʘʪʘ MLV 

U7C (VEB MLW Prufgerate-Werk Medingen, ɻʝʨʤʘʥʠʷ). ɺ ʢʘʯʝʩʪʚʝ ʪʝʨʤʦʩʪʘʪʥʦʡ 

ʞʠʜʢʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʫʶ ʚʦʜʫ. ʇʦʩʣʝ ʚʳʜʝʨʞʢʠ ʧʣʝʥʢʠ 

ʦʪʤʳʚʘʣʠ ʦʪ ʩʣʝʜʦʚ ʱʝʣʦʯʠ ʚ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʝ ʠ ʩʫʰʠʣʠ.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                   

ʂʠʥʝʪʠʢʘ ʧʨʦʮʝʩʩʦʚ ʛʠʜʨʦʣʠʪʠʯʝʩʢʦʡ ʜʝʩʪʨʫʢʮʠʠ ʇʀ ʠ ʥʘʥʦʢʦʤʧʦʟʠʪʥʳʭ 

ʧʣʝʥʦʢ ʠʩʩʣʝʜʦʚʘʥʘ ʢʘʢ ʩ ʧʦʤʦʱʴʶ ʀʂ ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʪʘʢ ʠ ʧʦ ʠʟʤʝʥʝʥʠʶ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʣʝʥʦʢ ʚ ʧʨʦʮʝʩʩʝ ʛʠʜʨʦʣʠʟʘ. ʆʧʨʝʜʝʣʝʥʳ 

ʢʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʠ ʠ ʵʥʝʨʛʠʠ ʘʢʪʠʚʘʮʠʠ ʛʠʜʨʦʣʠʪʠʯʝʩʢʦʡ ʜʝʩʪʨʫʢʮʠʠ ʚ 

ʱʝʣʦʯʥʦʡ ʩʨʝʜʝ ʧʣʝʥʦʢ ʨʷʜʘ ʤʘʪʨʠʯʥʳʭ ʇʀ ʠ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝ.  

ʂʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʠ k ʛʠʜʨʦʣʠʪʠʯʝʩʢʦʡ ʜʝʩʪʨʫʢʮʠʠ ʩʯʠʪʘʣʠ ʧʦ ʫʨʘʚʥʝʥʠ ʁ

ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ: 

ὰὲὪȿ ὰὲὪὯὸ,                                                                                                           (4) 

ʛʜʝ f|t ʠ f0 ï ʪʝʢʫʱʝʝ ʠ ʥʘʯʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʩʚʦʡʩʪʚʘ; k ï ʚʝʣʠʯʠʥʘ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷ ʩʢʦʨʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʩʚʦʡʩʪʚʘ; t ï ʜʣʠʪʝʣʴʥʦʩʪʴ ʛʠʜʨʦʣʠʟʘ.  

ʀʩʧʦʣʴʟʫʷ ʧʦʣʫʯʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ, ʵʥʝʨʛʠʶ ʘʢʪʠʚʘʮʠʠ 

ʛʠʜʨʦʣʠʪʠʯʝʩʢʦʡ ʜʝʩʪʨʫʢʮʠʠ ʨʘʩʩʯʠʪʳʚʘʣʠ ʧʦ ʫʨʘʚʥʝʥʠ ʁ ɸʨʨʝʥʠʫʩʘ ʚ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʬʦʨʤʝ  

Ὗ ὰὲ Ͻ ,                                                                                                          (5) 

ʛʜʝ U ʵʥʝʨʛʠʷ ʘʢʪʠʚʘʮʠʠ ʛʠʜʨʦʣʠʪʠʯʝʩʢʦʡ ʜʝʩʪʨʫʢʮʠʠ; kT1 ʠ kT2 ï ʢʦʥʩʪʘʥʪʳ 

ʩʢʦʨʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʩʚʦʡʩʪʚʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʊ1 ʠ ʊ2; R ï ʫʥʠʚʝʨʩʘʣʴʥʘʷ ʛʘʟʦʚʘʷ 

ʧʦʩʪʦʷʥʥʘʷ. 
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2.4.9. ʄʝʪʦʜʠʢʘ ʦʧʨʝʜʝʣʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʧʣʝʥʦʯʥʳʭ ʦʙʨʘʟʮʦʚ  

ʇʣʦʪʥʦʩʪʴ ʠʩʩʣʝʜʫʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ ɟ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ T = 20 Áʉ 

ʦʧʨʝʜʝʣʷʣʠ ʬʣʦʪʘʮʠʦʥʥʳʤ ʤʝʪʦʜʦʤ ʥʘ ʤʘʣʳʭ ʬʨʘʛʤʝʥʪʘʭ ʦʙʨʘʟʮʦʚ (m å 2 ʤʛ). 

ʊʝʤʧʝʨʘʪʫʨʫ ʬʣʦʪʘʮʠʦʥʥʦʡ ʞʠʜʢʦʩʪʠ ʧʦʜʜʝʨʞʠʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʞʠʜʢʦʩʪʥʦʛʦ 

ʪʝʨʤʦʩʪʘʪʘ MLV U7C (VEB MLW Prufgerate-Werk Medingen, ɻʝʨʤʘʥʠʷ). ɺ 

ʢʘʯʝʩʪʚʝ ʬʣʦʪʘʮʠʦʥʥʦʡ ʞʠʜʢʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʤʝʩʴ ʯʝʪʳʨʝʭʭʣʦʨʠʩʪʦʛʦ 

ʫʛʣʝʨʦʜʘ ʠ ʪʦʣʫʦʣʘ, ʧʣʦʪʥʦʩʪʠ, ʢʦʪʦʨʳʭ ʨʘʚʥʳ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 1.595 ʛ/ʩʤ
3
 ʠ 

0.866 ʛ/ʩʤ
3
. 

ɺ ʩʦʩʫʜ ʩ ʬʣʦʪʘʮʠʦʥʥʦʡ ʞʠʜʢʦʩʪʴʶ ʦʧʫʩʢʘʣʠ ʬʨʘʛʤʝʥʪ ʧʣʝʥʢʠ. ɺ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʛʦ, ʚʩʧʣʳʚʘʣʘ ʧʣʝʥʢʘ ʠʣʠ ʪʦʥʫʣʘ, ʜʦʙʘʚʣʷʣʠ ʥʝʙʦʣʴʰʠʤʠ 

ʧʦʨʮʠʷʤʠ ʙʦʣʝʝ ʪʷʞʝʣʳʡ ʠʣʠ ʙʦʣʝʝ ʣʝʛʢʠʡ ʢʦʤʧʦʥʝʥʪ ʩʤʝʩʠ ʚʦ ʬʣʦʪʘʮʠʦʥʥʦʡ 

ʞʠʜʢʦʩʪʠ, ʪʱʘʪʝʣʴʥʦ ʧʝʨʝʤʝʰʠʚʘʷ ʤʝʭʘʥʠʯʝʩʢʦʡ ʤʝʰʘʣʢʦʡ. ʇʫʪʝʤ ʠʟʤʝʥʝʥʠʡ 

ʩʦʦʪʥʦʰʝʥʠʡ ʢʦʥʮʝʥʪʨʘʮʠʡ ʢʦʤʧʦʥʝʥʪʦʚ ʩʤʝʩʠ ʜʦʙʠʚʘʣʠʩʴ ʨʘʚʝʥʩʪʚʘ ʝʝ 

ʧʣʦʪʥʦʩʪʠ ʠ ʧʣʦʪʥʦʩʪʠ ʦʙʨʘʟʮʘ, ʪ. ʝ. ʩʦʩʪʦʷʥʠʷ ʬʣʦʪʘʮʠʦʥʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ, ʢʦʛʜʘ 

ʦʙʨʘʟʝʮ ʥʝ ʪʦʥʝʪ ʠ ʥʝ ʚʩʧʣʳʚʘʝʪ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ, ʘ ʩʚʦʙʦʜʥʦ ʧʣʘʚʘʝʪ ʚ ʦʙʲʝʤʝ 

ʩʤʝʩʠ.  

ʇʣʦʪʥʦʩʪʴ ʧʦʣʫʯʝʥʥʦʡ ʩʤʝʩʠ ʦʧʨʝʜʝʣʷʣʠ ʤʝʪʦʜʦʤ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʛʦ 

ʚʟʚʝʰʠʚʘʥʠʷ.  

2.4.10. ʄʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʘʙʠʣʴʥʦʩʪʠ ʩʚʦʡʩʪʚ ʧʣʝʥʦʢ ʧʨʠ ʚʳʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ 

ɺʣʠʷʥʠʝ ʧʨʦʮʝʩʩʘ ʛʠʜʨʦʣʠʟʘ ʥʘ ʩʪʘʙʠʣʴʥʦʩʪʴ ʧʣʝʥʦʢ ʇʀ ʧʨʠ ʚʳʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʮʝʥʠʚʘʣʠ ʧʦ ʠʟʤʝʥʝʥʠʶ ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʠ 

ʪʝʧʣʦʚʦʤ ʩʪʘʨʝʥʠʠ ʥʘ ʚʦʟʜʫʭʝ. 

ʀʩʧʳʪʳʚʘʝʤʳʝ ʧʣʝʥʢʠ ʥʘʨʝʟʘʣʠ ʥʘ ʧʦʣʦʩʳ ʰʠʨʠʥʦʡ ╔ 1 ʤʤ ʠ ʟʘʢʣʘʜʳʚʘʣʠ ʚ 

ʥʘʛʨʝʪʫʶ ʢʘʤʝʨʫ ʥʘ ʧʣʘʩʪʠʥʫ ʠʟ ʰʘʤʦʪʥʦʡ ʛʣʠʥʳ ʚ ʩʧʝʮʠʘʣʴʥʳʭ ʨʘʤʢʘʭ, ʥʝ 

ʜʦʧʫʩʢʘʶʱʠʭ ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʷ ʧʣʝʥʦʢ ʜʨʫʛ ʩ ʜʨʫʛʦʤ. ʇʣʘʩʪʠʥʘ ʠʟ ʰʘʤʦʪʥʦʡ 

ʛʣʠʥʳ ʙʳʣʘ ʥʝʦʙʭʦʜʠʤʘ ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʘ ʚʥʫʪʨʠ 

ʪʝʨʤʦʢʘʤʝʨʳ ʧʨʠ ʝʝ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʤ ʦʪʢʨʳʚʘʥʠʠ ʜʣʷ ʠʟʚʣʝʯʝʥʠʷ ʦʯʝʨʝʜʥʦʛʦ 
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ʦʙʨʘʟʮʘ, ʧʦʩʢʦʣʴʢʫ ʵʪʦʪ ʤʘʪʝʨʠʘʣ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʫʜʝʣʴʥʦʡ ʪʝʧʣʦʝʤʢʦʩʪʴʶ (1.1 

ʢɼʞ/ʢʛȚʉ). 

ʇʣʝʥʢʠ ʥʘʛʨʝʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ ʧʨʠ 450 
ʦ
ʉ ʚ ʪʝʯʝʥʠʝ 1 ʯ, ʧʦʩʣʝ ʯʝʛʦ 

ʠʩʧʳʪʳʚʘʣʠ ʥʘ ʨʘʩʪʷʞʝʥʠʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʧʦ ʤʝʪʦʜʠʢʝ, ʦʧʠʩʘʥʥʦʡ ʚ 

ʧ. 2.4.1.   
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ɻʃɸɺɸ 3. ʈɽɿʋʃʔʊɸʊʓ ʀ ʀʍ ʆɹʉʋɾɼɽʅʀɽ 

3.1.  ʂʠʥʝʪʠʢʘ ʠʟʤʝʥʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ ʧʨʦʮʝʩʩʝ 

ʛʠʜʨʦʣʠʟʘ ʧʣʝʥʦʢ ʧʦʣʠʠʤʠʜʦʚ ʠ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝ 

ʉʦʛʣʘʩʥʦ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ [1-3, 24-25, 49-53], 

ʢʦʥʪʨʦʣʴ ʢʠʥʝʪʠʢʠ ʠʟʤʝʥʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦ ʤʝʨʝ ʛʠʜʨʦʣʠʟʘ 

ʧʣʝʥʦʢ ʜʘʝʪ ʩʫʱʝʩʪʚʝʥʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʭʘʨʘʢʪʝʨʝ ʧʨʦʪʝʢʘʥʠʷ ʛʠʜʨʦʣʠʪʠʯʝʩʢʦʡ 

ʜʝʩʪʨʫʢʮʠʠ ʠʟʫʯʘʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʇʦʵʪʦʤʫ ʠʤʝʥʥʦ ʠʟʤʝʥʝʥʠʝ ʵʪʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ ʧʨʦʮʝʩʩʝ ʛʠʜʨʦʣʠʟʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʚ ʨʘʙʦʪʝ ʢʘʢ ʩʧʦʩʦʙ ʢʦʥʪʨʦʣʷ 

ʢʠʥʝʪʠʢʠ ʛʠʜʨʦʣʠʪʠʯʝʩʢʦʡ ʜʝʩʪʨʫʢʮʠʠ ʇʀ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʠʤ 

ʥʘʥʦʢʦʤʧʦʟʠʪʥʳʭ ʧʣʝʥʦʢ.  

ʉʦʛʣʘʩʥʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ [15, 18, 56], ʱʝʣʦʯʥʦʡ ʛʠʜʨʦʣʠʟ ʧʣʝʥʢʠ ʇʀ 

ʧʨʦʭʦʜʠʪ ʚ ʜʚʝ ʩʪʘʜʠʠ. ʅʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʠʤʝʝʪ ʤʝʩʪʦ ʘʪʘʢʘ ʛʠʜʨʦʣʠʟʫʶʱʠʤ 

ʘʛʝʥʪʦʤ ʠʤʠʜʥʦʛʦ ʮʠʢʣʘ ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʟʚʝʥʘ ʇʀ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʨʘʩʢʨʳʪʠʶ 

ʮʠʢʣʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʚ ʮʝʧʷʭ ʇʀ ʟʚʝʥʴʝʚ ʥʘʪʨʠʝʚʦʡ ʩʦʣʠ ʘʤʠʜʦʢʠʩʣʦʪʳ, ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʧʦʣʠʤʝʨ ʩʪʘʥʦʚʠʪʩʷ ʯʘʩʪʠʯʥʦ ʨʘʩʪʚʦʨʠʤʳʤ [15, 18 56]. ʇʨʠ 

ʜʣʠʪʝʣʴʥʦʤ ʛʠʜʨʦʣʠʟʝ ʧʣʝʥʢʘ ʇʀ ʧʦʣʥʦʩʪʴʶ ʨʘʩʪʚʦʨʷʝʪʩʷ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ  

NaOH ʢʦʥʮʝʥʪʨʘʮʠʠ 1-30 % [18].  

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʘʤ ʧʦ ʩʝʙʝ ʧʨʦʮʝʩʩ ʨʘʩʢʨʳʪʠʷ ʠʤʠʜʥʳʭ ʮʠʢʣʦʚ ʥʝ 

ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʩʥʠʞʝʥʠʶ ʫʨʦʚʥʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʪʝʨʠʘʣʘ: ʧʦ 

ʩʚʦʠʤ ʤʝʭʘʥʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʧʣʝʥʢʠ ʇɸʂ ʥʝ ʫʩʪʫʧʘʶʪ ʧʣʝʥʢʘʤ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʇʀ, ʘ ʜʘʞʝ ʧʨʝʚʦʩʭʦʜʷʪ ʧʦʩʣʝʜʥʠʝ ʧʦ ʚʝʣʠʯʠʥʝ ʤʦʜʫʣʷ 

ʫʧʨʫʛʦʩʪʠ (ʵʬʬʝʢʪ ʚʳʟʚʘʥ ʥʘʣʠʯʠʝʤ ʚ ʬʦʨʧʦʣʠʤʝʨʥʦʤ ʤʘʪʝʨʠʘʣʝ ʩʠʩʪʝʤʳ 

ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ, ʢʦʪʦʨʳʝ ʨʘʟʨʫʰʘʶʪʩʷ ʧʨʠ ʮʠʢʣʠʟʘʮʠʠ) 

[15]. ʂ ʨʝʘʣʴʥʦʤʫ ʩʥʠʞʝʥʠʶ ʫʨʦʚʥʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʇʀ ʧʨʠʚʦʜʠʪ ʚʪʦʨʘ ̫

ʩʪʘʜʠʷ ʧʨʦʮʝʩʩʘ ʛʠʜʨʦʣʠʪʠʯʝʩʢʦʡ ʜʝʩʪʨʫʢʮʠʠ ʤʘʪʝʨʠʘʣʘ: ʘʪʘʢʘ ʛʠʜʨʦʣʠʟʫʶʱʠʤ 

ʘʛʝʥʪʦʤ ʦʙʨʘʟʦʚʘʚʰʝʡʩʷ ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʟʚʝʥʴʝʚ ʩʦʣʠ ʘʤʠʜʦʢʠʩʣʦʪʳ. ʇʦʩʣʝʜʥʷʷ, 

ʢʘʢ ʠʟʚʝʩʪʥʦ [15], ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʠʟʢʦʡ ʛʠʜʨʦʣʠʪʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ ʨʘʟʨʳʚʦʚ ʤʘʢʨʦʮʝʧʝʡ ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ 

ʩʥʠʞʝʥʠʝ ʄʄ ʬʦʨʧʦʣʠʤʝʨʘ, ʯʪʦ ʠ ʚʳʟʳʚʘʝʪ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʝ ʥʘʤʠ ʠʟʤʝʥʝʥʠʷ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʘ. 
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ʄʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʩʧʳʪʘʥʥʳʭ ʦʙʨʘʟʮʦʚ, ʫʩʨʝʜʥʝʥʥʳʝ ʧʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʠʟʤʝʨʝʥʠʡ ʥʘ 7-11 ʬʨʘʛʤʝʥʪʘʭ ʤʘʪʝʨʠʘʣʘ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʇʈʀʃʆɾɽʅʀʀ I, ʘ ʩʘʤ ʚʠʜ ʢʨʠʚʳʭ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʤʘʪʝʨʠʘʣʘ ʥʘ 

ʈʠʩʫʥʢʘʭ 10-14. 

ʂʘʢ ʠʟʚʝʩʪʥʦ [2, 58-72], ʛʠʜʨʦʣʠʪʠʯʝʩʢʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ ʇʀ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʭʠʤʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʤʦʞʝʪ ʟʘʤʝʪʥʦ ʨʘʟʣʠʯʘʪʴʩʷ. ʇʦʵʪʦʤʫ ʥʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ 

ʨʘʙʦʪʳ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʩʨʘʚʥʠʪʝʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʠʜʨʦʣʠʪʠʯʝʩʢʦʡ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʣʝʥʦʢ ʨʘʟʣʠʯʥʳʭ ʤʘʪʨʠʯʥʳʭ ʇʀ, ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʳʭ 

ʩʬʦʨʤʠʨʦʚʘʥʳ ʥʘʥʦʢʦʤʧʦʟʠʪʳ.  

ʇʨʠ ʚʳʙʦʨʝ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʠʟʫʯʝʥʠʷ ʛʠʜʨʦʣʠʪʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʤʳ 

ʩʦʩʨʝʜʦʪʦʯʠʣʠʩʴ ʥʘ ʇʀ, ʭʘʨʘʢʪʝʨʠʟʫʝʤʳʭ ʤʝʟʦʤʦʨʬʥʦʡ ʠʣʠ ʘʤʦʨʬʥʦʡ 

ʥʘʜʤʦʣʝʢʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʦʡ. ʕʪʦ ʧʦʟʚʦʣʠʣʦ ʙʦʣʝʝ ʩʪʨʦʛʦ ʧʨʦʚʦʜʠʪʴ ʩʨʘʚʥʝʥʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʠʜʨʦʣʠʪʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʇʀ ʨʘʟʣʠʯʥʦʛʦ ʪʠʧʘ ʠ 

ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝ. ʆʜʥʘʢʦ, ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ [50-

51], ʩʣʝʜʫʝʪ ʚʩʝ ʞʝ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʚʣʠʷʥʠʝ ʥʘʣʠʯʠʷ ʚ ʧʦʣʠʤʝʨʝ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʬʘʟʳ ʥʘ ʠʟʫʯʘʝʤʳʝ ʥʘʤʠ ʧʨʦʮʝʩʩʳ ʛʠʜʨʦʣʠʪʠʯʝʩʢʦʡ 

ʜʝʩʪʨʫʢʮʠʠ. ʉ ʵʪʦʡ ʮʝʣʴʶ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʩʨʘʚʥʠʪʝʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʛʠʜʨʦʣʠʪʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʇʀ (ʈ-ʆɼʌʆ) ʩ ʨʘʟʣʠʯʥʦʡ 

ʥʘʜʤʦʣʝʢʫʣʷʨʥʦʡ ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʴʶ: ʧʦʣʥʦʩʪʴʶ ʘʤʦʨʬʥʦʛʦ ʈ-ʆɼʌʆʘ ʠ 

ʯʘʩʪʠʯʥʦ-ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʈ-ʆɼʌʆʢ (c=48%). ʂʘʢ ʚʠʜʥʦ ʠʟ ʜʘʥʥʳʭ ʈʠʩʫʥʢʘ 10, 

ʨʝʟʫʣʴʪʘʪʳ ʵʪʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʝ ʧʦʢʘʟʘʣʠ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʧʦʚʳʰʝʥʠʷ 

ʛʠʜʨʦʣʠʪʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʟʘ ʩʯʝʪ ʧʝʨʝʭʦʜʘ ʦʪ ʘʤʦʨʬʥʦʛʦ ʇʀ ʢ ʯʘʩʪʠʯʥʦ-

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤʫ. ʆʜʥʘʢʦ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʢʦʨʨʝʢʪʥʦʝ ʩʨʘʚʥʝʥʠʝ ʯʘʩʪʠʯʥʦ-

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʧʣʝʥʢʠ ʈ-ʆɼʌʆʢ ʩ ʘʤʦʨʬʥʦʡ ʧʣʝʥʢʦʡ ʈ-ʆɼʌʆʘ ʟʘʪʨʫʜʥʝʥʦ ʚ 

ʩʠʣʫ ʛʣʫʙʦʢʠʭ ʨʘʟʣʠʯʠʡ ʚ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ (ʠʩʭʦʜʥʦʝ ʟʥʘʯʝʥʠʝ 

eʨ ʘʤʦʨʬʥʦʡ ʧʣʝʥʢʠ ʚ 17 ʨʘʟ ʚʳʰʝ, ʯʝʤ eʨ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ) ʵʪʠʭ ʜʚʫʭ 

ʤʘʪʝʨʠʘʣʦʚ. ɺʩʝ ʞʝ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʭʦʜʝ ʛʠʜʨʦʣʠʟʘ ʯʘʩʪʠʯʥʦ-

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʧʣʝʥʢʠ ʥʘʙʣʶʜʘʝʪʩʷ ʦʧʨʝʜʝʣʝʥʥʦʝ ʧʦʥʠʞʝʥʠʝ ʧʨʦʯʥʦʩʪʠ ʥʘʨʷʜʫ 

ʩ ʟʘʤʝʪʥʳʤ (ʥʘ 25 %) ʩʥʠʞʝʥʠʝʤ eʨ ʟʘ 500 ʯ. 
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ʉʨʘʚʥʠʪʝʣʴʥʦ ʥʠʟʢʫʶ ʛʠʜʨʦʣʠʪʠʯʝʩʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʩʨʝʜʠ ʠʟʫʯʝʥʥʳʭ 

ʤʘʪʨʠʯʥʳʭ ʇʀ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʧʣʝʥʢʠ ʇʄ-ʊʀ (ʈʠʩʫʥʦʢ 11 (ʘ)). ɿʘʤʝʪʥʦʝ 

ʩʥʠʞʝʥʠʝ ʚʩʝʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʣʷ ʵʪʠʭ ʧʣʝʥʦʢ ʥʘʙʣʶʜʘʣʠ ʫʞʝ 

ʧʦʩʣʝ 1 ʯ ʚʳʜʝʨʞʢʠ ʚ ʱʝʣʦʯʥʦʡ ʩʨʝʜʝ, ʘ ʩʧʫʩʪʷ 40 ʯ ʛʠʜʨʦʣʠʟʘ ʧʣʝʥʢʘ ʧʦʣʥʦʩʪʴʶ 

ʜʝʩʪʨʫʢʪʠʨʫʝʪ ʠ ʨʘʟʨʫʰʘʝʪʩʷ ʫʞʝ ʧʨʠ ʠʟʚʣʝʯʝʥʠʠ ʠʟ ʛʠʜʨʦʣʠʪʠʯʝʩʢʦʡ ʚʘʥʥʳ. 

ʅʘʠʚʳʩʰʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʘʤʦʨʬʥʳʝ ʧʣʝʥʢʠ ʈ-ʉʆɼ 

(ʈʠʩʫʥʦʢ 11 (ʝ)) ʠ ɼʌʆ-ʆɼʌʆ (ʈʠʩʫʥʦʢ 11 (ʞ)). ʇʦʩʣʝ 1000 ʯ ʱʝʣʦʯʥʦʛʦ 

ʛʠʜʨʦʣʠʟʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʪʠʭ ʧʣʝʥʦʢ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʤʝʥʷʣʠʩʴ: ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ 

ʣʠʰʴ ʥʝʢʦʪʦʨʦʝ (ʚ ʩʣʫʯʘʝ ʈ-ʉʆɼ ʥʘ 32 %, ʘ ʚ ʩʣʫʯʘʝ ɼʌʆ-ʆɼʌʆ ʥʘ 8 %) 

ʩʥʠʞʝʥʠʝ ʚʝʣʠʯʠʥʳ Ůʨ.  
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ʈʠʩʫʥʦʢ 10 - ɼʝʬʦʨʤʘʮʠʦʥʥʳʝ ʢʨʠʚʳʝ ʧʣʝʥʦʢ ʈ-ʆɼʌʆʘ ʠ ʈ-ʆɼʌʆʢ ʜʦ ʠ ʧʦʩʣʝ 

ʛʠʜʨʦʣʠʟʘ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ 30% ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ NaOH. ʅʘ ʧʨʘʚʦʡ 

ʯʘʩʪʠ ʛʨʘʬʠʢʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ůʨ ʠ Ůʨ ʠʩʧʳʪʘʥʥʳʭ ʧʣʝʥʦʢ ʦʪ 

ʜʣʠʪʝʣʴʥʦʩʪʠ ʛʠʜʨʦʣʠʟʘ.  

ʅʝʩʢʦʣʴʢʦ ʤʝʥʝʝ ʩʪʘʙʠʣʴʥʳʤʠ ʦʢʘʟʘʣʠʩʴ ʧʣʝʥʢʠ ɼʌ-ɹ ʠ ɼʌʆ-ɸʌɹ. 

ʏʘʩʪʠʯʥʦ-ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʧʣʝʥʢʘ ɼʌʆ-ɸʌɹ ʚʳʜʝʨʞʠʚʘʣʘ 600 ʯ ʛʠʜʨʦʣʠʟʘ ʠ 

ʪʦʣʴʢʦ ʧʦʩʣʝ ʵʪʦʛʦ ʨʘʩʧʘʜʘʣʘʩʴ ʥʘ ʬʨʘʛʤʝʥʪʳ. ɼʣʷ ʧʣʝʥʢʠ ɼʌ-ɹ ʧʦ ʤʝʨʝ 

ʫʚʝʣʠʯʝʥʠʷ ʜʣʠʪʝʣʴʥʦʩʪʠ ʛʠʜʨʦʣʠʟʘ ʜʦ 600 ʯ ʬʠʢʩʠʨʦʚʘʣʠ ʩʥʠʞʝʥʠʝ ʧʨʝʜʝʣʘ 

ʧʣʘʩʪʠʯʥʦʩʪʠ ʠ ʧʨʦʯʥʦʩʪʠ ʥʘʨʷʜʫ ʩʦ ʟʥʘʯʠʪʝʣʴʥʳʤ (ʙʦʣʝʝ ʯʝʤ ʥʘ 70 %) 

ʩʥʠʞʝʥʠʝʤ eʨ (ʈʠʩʫʥʦʢ 11 (ʜ)). ɼʣʷ ʧʣʝʥʢʠ ɼʌ-ʇʌ ʬʠʢʩʠʨʦʚʘʣʠ ʩʥʠʞʝʥʠʝ 
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ʧʨʦʯʥʦʩʪʠ ʙʦʣʝʝ ʯʝʤ ʥʘ 30 % ʧʦʩʣʝ 50 ʯ ʛʠʜʨʦʣʠʟʘ (ʈʠʩʫʥʦʢ 11 (ʙ)), ʘ ʜʣʷ  

ɼʌʆ-ʉʆɼ ʧʦʩʣʝ 200 ʯ (ʈʠʩʫʥʦʢ 11 (ʚ)).  

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʛʠʜʨʦʣʠʟ ʠʩʧʳʪʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʇʀ ʥʝ ʧʨʠʚʦʜʠʪ ʢ 

ʢʘʯʝʩʪʚʝʥʥʦʤʫ ʠʟʤʝʥʝʥʠʶ ʚʠʜʘ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʢʨʠʚʳʭ. ʕʪʦ ʭʦʨʦʰʦ ʚʠʜʥʦ ʧʨʠ 

ʘʥʘʣʠʟʝ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʢʨʠʚʳʭ ʠʩʧʳʪʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʧʣʝʥʦʢ ʜʦ ʠ ʧʦʩʣʝ 

ʛʠʜʨʦʣʠʟʘ (ʈʠʩʫʥʢʠ 10-14).  

ɻʠʜʨʦʣʠʟ ʥʘʥʦʢʦʤʧʦʟʠʪʥʳʭ ʧʣʝʥʦʢ ʚ ʪʝʭ ʞʝ ʫʩʣʦʚʠʷʭ ʧʦʢʘʟʘʣ, ʯʪʦ ʚʚʝʜʝʥʠʝ 

ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʯʘʩʪʠʮ ʚ ʥʝʢʦʪʦʨʳʝ ʠʟ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʇʀ ʧʨʠʚʦʜʠʪ ʢ ʨʝʟʢʦʤʫ 

ʩʥʠʞʝʥʠʶ ʛʠʜʨʦʣʠʪʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʧʣʝʥʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʅʘʠʤʝʥʝʝ 

ʩʪʘʙʠʣʴʥʳʤʠ ʦʢʘʟʘʣʠʩʴ ʥʘʥʦʢʦʤʧʦʟʠʪʥʳʝ ʧʣʝʥʢʠ ʥʘ ʦʩʥʦʚʝ ʇʄ-ʊʀ  

(ʈʠʩʫʥʦʢ 12, 13 ʠ 14). ɻʠʜʨʦʣʠʪʠʯʝʩʢʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ ʵʪʠʭ ʧʣʝʥʦʢ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʪʠʧʘ ʥʘʧʦʣʥʠʪʝʣʷ, ʤʦʞʝʪ ʚʘʨʴʠʨʦʚʘʪʴʩʷ ʚ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ. ʊʘʢ, 

ʥʘʧʨʠʤʝʨ, ʧʣʝʥʢʠ ʇʄ-ʊʀ, ʥʘʧʦʣʥʝʥʥʳʝ ʄʉʋʅʊ, ʟʘʤʝʪʥʦ ʥʘʙʫʭʘʶʪ ʠ ʧʦʣʥʦʩʪʴʶ 

ʜʝʩʪʨʫʢʪʠʨʫʶʪ ʫʞʝ ʟʘ 4 ʯʘʩʘ ʛʠʜʨʦʣʠʟʘ (ʈʠʩʫʥʦʢ 13 (ʘ)). ɺʚʝʜʝʥʠʝ ʚ ʤʘʪʨʠʮʫ 

ʵʪʦʛʦ ʧʦʣʠʤʝʨʘ ʋʅʂ (ʈʠʩʫʥʦʢ 12 (ʘ)) ʠʣʠ ʋʅɺ (ʈʠʩʫʥʦʢ 13 (ʘ)) ʧʦʟʚʦʣʠʣʦ 

ʧʦʣʫʯʠʪʴ ʧʣʝʥʢʠ, ʯʫʪʴ ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳʝ ʢ ʛʠʜʨʦʣʠʟʫ. ʇʦʣʥʘʷ ʜʝʩʪʨʫʢʮʠʷ ʜʘʥʥʳʭ 

ʧʣʝʥʦʢ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʘ ʧʦʩʣʝ 4-4.5 ʯ ʚʳʜʝʨʞʢʠ ʚ ʱʝʣʦʯʥʦʤ ʨʘʩʪʚʦʨʝ. 

ʅʘʠʙʦʣʴʰʝʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʛʠʜʨʦʣʠʟʫ, ʩʨʝʜʠ ʢʦʤʧʦʟʠʪʦʚ ʥʘ ʦʩʥʦʚʝ ʇʄ-ʊʀ, 

ʦʙʣʘʜʘʶʪ ʥʘʥʦʢʦʤʧʦʟʠʪʳ ʥʘʧʦʣʥʝʥʥʳʝ ʥʘʥʦʯʘʩʪʠʮʘʤʠ ʩ ʧʦʚʝʨʭʥʦʩʪʥʦʡ 

ʦʙʨʘʙʦʪʢʦʡ ʄʉʋʅʊ-ʉOOH ʠʣʠ ʄʉʋʅʊ-ʉO-NH2. ʇʣʝʥʢʘ ʇʄ-ʊʀ, ʥʘʧʦʣʥʝʥʥʘʷ  

1 ʦʙ. % ʄʉʋʅʊ-ʉOOH, ʚʳʜʝʨʞʠʚʘʣʘ 5 ʯ ʛʠʜʨʦʣʠʟʘ ʠ ʣʠʰʴ ʟʘʪʝʤ ʨʘʟʨʫʰʘʣʘʩʴ, 

ʯʪʦ ʩʜʝʣʘʣʦ ʥʝʚʦʟʤʦʞʥʳʤ ʜʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ (ʈʠʩʫʥʦʢ 14 (ʙ)). ɺʚʝʜʝʥʠʝ ʚ 

ʇʄ-ʊʀ ʪʦʛʦ ʞʝ ʢʦʣʠʯʝʩʪʚʘ ʄʉʋʅʊ-ʉO-NH2 ʧʦʟʚʦʣʠʣʦ ʧʦʣʫʯʠʪʴ ʧʣʝʥʢʠ, 

ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳʝ ʢ ʛʠʜʨʦʣʠʟʫ (ʈʠʩʫʥʦʢ 14 (ʚ)) ï ʧʦʣʥʘʷ ʜʝʩʪʨʫʢʮʠʷ 

ʤʘʪʝʨʠʘʣʘ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʘ ʧʦʩʣʝ 11-12 ʯʘʩʦʚ ʚʳʜʝʨʞʢʠ ʚ ʱʝʣʦʯʥʦʤ ʨʘʩʪʚʦʨʝ.  

ɼʣʷ ʥʘʥʦʢʦʤʧʦʟʠʪʥʳʭ ʧʣʝʥʦʢ ɼʌ-ʇʌ + 3 ʦʙ. % ʋʅʂ (ʈʠʩʫʥʦʢ 12 (ʙ)) ʠ  

ɼʌ-ʇʌ + 3 ʦʙ. % ʋʅɺ (ʈʠʩʫʥʦʢ 13 (ʙ)) ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʩʥʠʞʝʥʠʶ ʧʨʦʯʥʦʩʪʠ 

ʙʦʣʝʝ ʯʝʤ ʥʘ 50% ʩʧʫʩʪʷ ʚʩʝʛʦ 70 ʯ ʛʠʜʨʦʣʠʟʘ, ʪʦʛʜʘ ʢʘʢ ʜʣʷ ʤʘʪʨʠʯʥʦʛʦ ʇʀ ʟʘ 

ʠʜʝʥʪʠʯʥʳʡ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ ʬʠʢʩʠʨʦʚʘʣʠ ʩʥʠʞʝʥʠʝ ʧʨʦʯʥʦʩʪʠ ʚʩʝʛʦ  

ʥʘ 32 %.  



55 

 

ɺʳʩʦʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ (ʙʣʠʟʢʫʶ ʢ ʫʨʦʚʥʶ ʧʣʝʥʦʢ ʠʩʭʦʜʥʳʭ ʇʀ) 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʥʘʥʦʢʦʤʧʦʟʠʪʳ ʥʘ ʦʩʥʦʚʝ ʩʣʝʜʫʶʱʠʭ ʇʀ:  

ʈ-ʉʆɼ (ʈʠʩʫʥʢʠ 12 (ʜ), 13 (ʛ) ʠ 14 (ʝ)), ɼʌʆ-ʉʆɼ (ʈʠʩʫʥʦʢ 12 (ʚ)), ɼʌʆ-ʆɼʌʆ 

(ʈʠʩʫʥʦʢ 12 (ʝ)) ʠ ɼʌ-ɹ (ʈʠʩʫʥʢʠ 12 (ʛ), 13 (ʚ) ʠ 14 (ʜ)) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʚ ʵʪʦʤ ʨʘʟʜʝʣʝ 

ʠʥʬʦʨʤʘʮʠʠ ʤʦʞʥʦ ʧʨʠʡʪʠ ʢ ʩʣʝʜʫʶʱʠʤ ʚʳʚʦʜʘʤ: 

1) ʅʘʠʚʳʩʰʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʧʣʝʥʢʠ ʈ-ʆɼʌʆ, ʈ-ʉʆɼ ʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʤ ʥʘʥʦʢʦʤʧʦʟʠʪʥʳʝ ʧʣʝʥʢʠ;  

2) ʅʘʠʙʦʣʝʝ ʥʠʟʢʫʶ ʛʠʜʨʦʣʠʪʠʯʝʩʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʩʨʝʜʠ ʠʟʫʯʝʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʧʣʝʥʢʠ ʇʄ-ʊʀ. ɹʦʣʝʝ ʪʦʛʦ, ʧʨʠ ʚʚʝʜʝʥʠʠ ʋʅɺ ʠ 

ʄʉʋʅʊ ʚ ʤʘʪʨʠʮʫ ʇʄ-ʊʀ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʛʠʜʨʦʣʠʟʘ ʜʦ ʨʘʟʨʫʰʝʥʠʷ 

ʤʘʪʝʨʠʘʣʘ ʩʥʠʞʘʝʪʩʷ ʚ 8 ʠ ʚ 10 ʨʘʟ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

ɼʣʷ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʥʘ ʦʩʥʦʚʝ ʜʨʫʛʠʭ ʇʀ, ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ, 

ʪʘʢʦʛʦ ʨʝʟʢʦʛʦ ʩʥʠʞʝʥʠʷ ʛʠʜʨʦʣʠʪʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ ʥʝ 

ʙʳʣʦ; 

3) ʇʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʤʦʜʠʬʠʢʘʮʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʥʦʯʘʩʪʠʮ ʢʘʨʙʦʢʩʠʣʴʥʳʤʠ ʠʣʠ 

ʘʤʠʜʦʛʨʫʧʧʘʤʠ ʧʝʨʝʜ ʠʭ ʚʚʝʜʝʥʠʝʤ ʚ ʤʘʪʨʠʮʳ ʇʄ-ʊʀ ʧʦʟʚʦʣʷʝʪ 

ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʩʠʪʴ ʛʠʜʨʦʣʠʪʠʯʝʩʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʥʘʥʦʢʦʤʧʦʟʠʪʥʳʭ 

ʧʣʝʥʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ; 

4) ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʙʨʘʙʦʪʘʥʥʳʭ ʥʘʥʦʯʘʩʪʠʮ ʥʝ ʧʦʟʚʦʣʷʝʪ 

ʧʦʣʫʯʘʪʴ ʥʘʥʦʢʦʤʧʦʟʠʪʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʧʨʝʚʦʩʭʦʜʷʱʠʝ ʧʦ ʛʠʜʨʦʣʠʪʠʯʝʩʢʦʡ 

ʩʪʘʙʠʣʴʥʦʩʪʠ ʧʣʝʥʢʠ ʠʩʭʦʜʥʳʭ ʤʘʪʨʠʯʥʳʭ ʇʀ. ʕʪʦʪ ʚʳʚʦʜ ʠʤʝʝʪ ʚʘʞʥʦʝ 

ʧʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ, ʝʛʦ ʥʫʞʥʦ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʚʳʙʦʨʝ ʫʩʣʦʚʠʡ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʢʦʤʧʦʟʠʪʦʚ ʥʘ ʦʩʥʦʚʝ ʇʀ. 
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ʈʠʩʫʥʦʢ 11 ï ɼʝʬʦʨʤʘʮʠʦʥʥʳʝ ʢʨʠʚʳʝ ʧʣʝʥʦʢ ʤʘʪʨʠʯʥʳʭ ʇʀ ʜʦ ʠ ʧʦʩʣʝ ʛʠʜʨʦʣʠʟʘ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ 30% 

ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ NaOH: ʘ ï ʇʄ-ʊʀ; ʙ ï ɼʌ-ʇʌ; ʚ ï ɼʌʆ-ʉʆɼ; ʛ ï ɼʌʆ-ɸʌɹ; ʜ ï ɼʌ-ɹ; ʝ ï ʈ-ʉʆɼ; ʞ ï ɼʌʆ-ʆɼʌʆ. ɺ 

ʧʨʘʚʦʡ ʯʘʩʪʠ ʢʘʞʜʦʛʦ ʛʨʘʬʠʢʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ůʨ ʠ Ůʨ ʠʩʧʳʪʘʥʥʳʭ ʧʣʝʥʦʢ ʦʪ ʜʣʠʪʝʣʴʥʦʩʪʠ ʛʠʜʨʦʣʠʟʘ



57 

 

5 10 15 20

25

50

75

100

125

ʇʄ-ʊʀ+3 ʦʙ.% ʋʅʂ 
  0 ʯ

 3 ʯ

s
, 
ʄ
ʇ
ʘ

e,%

(a)

1 2 3

60

80

100

,%
sʨ/sʨ 0

(eʨ/ e ʨ 0) 

t, ʯ 5 10 15

100

200

300

ɼʌ-ʇʌ+3 ʦʙ.% ʋʅʂ 

25 50 75100
25

50

75

100

t, ʯ

 sʨ/sʨ 0

(eʨ/ e ʨ 0) 

,%

s
, 
ʄ
ʇ
ʘ

e,%

(ʙ)

   0 ʯ

  100 ʯ

2 4 6

30

60

90

100 200
40

60

80

100

120

t, ʯ

 s
ʨ
/s
ʨ 0

(e
ʨ
/ e

 ʨ 0
) 

,%   0 ʯ

  300 ʯ

ɼʌO-ʉʆɼ+3 ʦʙ.% ʋʅʂ 

s
, 
ʄ
ʇ
ʘ

e,%

(ʚ)

 

2 4 6 8 10 12

50

100

150

200

250

ɼʌ-ɹ+3 ʦʙ.% ʋʅʂ

300600900

25

50

75

100

125

t, ʯ

 sʨ/sʨ 0

(eʨ/ e ʨ 0) 

,%
      0 ʯ

  1000 ʯ

s
, 
ʄ
ʇ
ʘ

e,%

(ʛ)

1 2 3 4 5

20

40

60

80

100

ʈ-ʉʆɼ+3 ʦʙ.% ʋʅʂ

300600900
20

40

60

80

100

120

140

160 sʨ/sʨ 0

(eʨ/ e ʨ 0) 

t, ʯ

,%

s
, 
ʄ
ʇ
ʘ

e,%

(ʜ)

   0 ʯ

  1000 ʯ

1 2 3 4 5 6

20

40

60

80

100

ɼʌʆ-ʆɼʌʆ+3 ʦʙ.% ʋʅʂ

300600900
50

75

100

125

t, ʯ

 sʨ/sʨ 0

(eʨ/ e ʨ 0) 

,%

s
, 
ʄ
ʇ
ʘ

e,%

(ʝ)

   0 ʯ 

  1000 ʯ

 

ʈʠʩʫʥʦʢ 12 ï ɼʝʬʦʨʤʘʮʠʦʥʥʳʝ ʢʨʠʚʳʝ ʧʣʝʥʦʢ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʥʘ ʦʩʥʦʚʝ ʨʘʟʣʠʯʥʳʭ ʇʀ, ʥʘʧʦʣʥʝʥʥʳʭ ʋʅʂ ʜʦ ʠ ʧʦʩʣʝ 

ʛʠʜʨʦʣʠʟʘ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ 30% ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ NaOH: ʘ ï ʇʄ-ʊʀ+3 ʦʙ. % ʋʅʂ; ʙ ï ɼʌ-ʇʌ+3 ʦʙ. % ʋʅʂ; 

ʚ ï ɼʌʆ-ʉʆɼ+3 ʦʙ. % ʋʅʂ; ʛ ï ɼʌ-ɹ+3 ʦʙ. % ʋʅʂ; ʜ ï ʈ-ʉʆɼ+3 ʦʙ. % ʋʅʂ; ʝ ï ɼʌʆ-ʆɼʌʆ+3 ʦʙ. % ʋʅʂ. ɺ ʧʨʘʚʦʡ 

ʯʘʩʪʠ ʢʘʞʜʦʛʦ ʛʨʘʬʠʢʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ůʨ ʠ Ůʨ ʠʩʧʳʪʘʥʥʳʭ ʧʣʝʥʦʢ ʦʪ ʜʣʠʪʝʣʴʥʦʩʪʠ ʛʠʜʨʦʣʠʟʘ. 
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ʈʠʩʫʥʦʢ 13 ï ɼʝʬʦʨʤʘʮʠʦʥʥʳʝ ʢʨʠʚʳʝ ʧʣʝʥʦʢ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʥʘ ʦʩʥʦʚʝ ʨʘʟʣʠʯʥʳʭ ʇʀ, ʥʘʧʦʣʥʝʥʥʳʭ ʋʅɺ ʜʦ ʠ ʧʦʩʣʝ 

ʛʠʜʨʦʣʠʟʘ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ 30% ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ NaOH: ʘ ï ʇʄ-ʊʀ+3 ʦʙ. % ʋʅɺ; ʙ ï ɼʌ-ʇʌ+3 ʦʙ. % ʋʅɺ; 

ʚ ï ɼʌ-ɹ+3 ʦʙ. % ʋʅɺ; ʛ ï ʈ-ʉʆɼ+3 ʦʙ. % ʋʅɺ. ɺ ʧʨʘʚʦʡ ʯʘʩʪʠ ʢʘʞʜʦʛʦ ʛʨʘʬʠʢʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ůʨ ʠ Ůʨ 

ʠʩʧʳʪʘʥʥʳʭ ʧʣʝʥʦʢ ʦʪ ʜʣʠʪʝʣʴʥʦʩʪʠ ʛʠʜʨʦʣʠʟʘ. 
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ʈʠʩʫʥʦʢ 14 ï ɼʝʬʦʨʤʘʮʠʦʥʥʳʝ ʢʨʠʚʳʝ ʧʣʝʥʦʢ ʥʘ ʦʩʥʦʚʝ ʨʘʟʣʠʯʥʳʭ ʇʀ, ʥʘʧʦʣʥʝʥʥʳʭ ʄʉʋʅʊ ʜʦ ʠ ʧʦʩʣʝ ʛʠʜʨʦʣʠʟʘ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ 30% ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ NaOH: ʘ ï ʇʄ-ʊʀ+1 ʦʙ. % ʄʉʋʅʊ; ʙ ï ʇʄ-ʊʀ+1 ʦʙ. % ʄʉʋʅʊ-COOH;  

ʚ ï ʇʄ-ʊʀ+1 ʦʙ. % ʄʉʋʅʊ-CO-NH2; ʛ ï ɼʌʆ-ɸʌɹ+ 0.05 ʦʙ. % ʄʉʋʅʊ; ʜ ï ɼʌ-ɹ+1 ʦʙ. % ʄʉʋʅʊ-CO-NH2; 

 ʝ ï ʈ-ʉʆɼ+1 ʦʙ. % ʄʉʋʅʊ-CO-NH2. ɺ ʧʨʘʚʦʡ ʯʘʩʪʠ ʢʘʞʜʦʛʦ ʛʨʘʬʠʢʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ůʨ ʠ Ůʨ ʠʩʧʳʪʘʥʥʳʭ 

ʧʣʝʥʦʢ ʦʪ ʜʣʠʪʝʣʴʥʦʩʪʠ ʛʠʜʨʦʣʠʟʘ.
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3.2. ʀʟʤʝʥʝʥʠʝ ʪʝʨʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʣʝʥʦʢ ʧʦʣʠʠʤʠʜʦʚ ʠ 

ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝ ʚ ʧʨʦʮʝʩʩʝ ʛʠʜʨʦʣʠʟʘ 

ɸʨʦʤʘʪʠʯʝʩʢʠʝ ʇʀ ʠʟʚʝʩʪʥʳ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʢʘʢ ʪʝʧʣʦ- ʠ ʪʝʨʤʦʩʪʦʡʢʠʝ 

ʧʦʣʠʤʝʨʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʠʥʪʝʥʩʠʚʥʘʷ ʪʝʨʤʦʜʝʩʪʨʫʢʮʠʷ ʢʦʪʦʨʳʭ ʥʘʯʠʥʘʝʪʩʷ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʘʭ 500 
ʦ
ʉ ʠ ʚʳʰʝ, ʘ ʪʝʤʧʝʨʘʪʫʨʳ ʬʠʟʠʯʝʩʢʠʭ ʧʝʨʝʭʦʜʦʚ ʵʪʠʭ ʧʣʝʥʦʢ 

ʣʝʞʘʪ ʚ ʦʙʣʘʩʪʠ 200 
ʦ
ʉ ʠ ʚʳʰʝ [1-3, 15-16].  

ʇʦʢʘʟʘʪʝʣʠ ʪʝʨʤʦʩʪʦʡʢʦʩʪʠ ʇʀ ʠ ʥʘʥʦʢʦʤʧʦʟʠʪʥʳʭ ʧʣʝʥʦʢ ʥʘ ʨʘʟʥʳʭ 

ʩʪʘʜʠʷʭ ʛʠʜʨʦʣʠʟʘ ʚ ʨʘʩʪʚʦʨʝ ʱʝʣʦʯʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʇʨʠʣʦʞʝʥʠʠ I, ʘ ʩʘʤ ʚʠʜ 

ʢʨʠʚʳʭ ʊɻɸ ï ʥʘ ʧʨʠʣʘʛʘʝʤʳʭ ʈʠʩʫʥʢʘʭ 15-18. 

ɻʠʜʨʦʣʠʟ ʚ ʱʝʣʦʯʥʦʡ ʩʨʝʜʝ ʧʨʠʚʦʜʠʪ ʢ ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʩʥʠʞʝʥʠʶ 

ʧʦʢʘʟʘʪʝʣʝʡ ʪʝʨʤʦʩʪʦʡʢʦʩʪʠ ʇʀ ʠ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝ, ʧʨʠʯʝʤ ʚ 

ʧʦʜʘʚʣʷʶʱʝʤ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʜʣʷ ʥʘʥʦʢʦʤʧʦʟʠʪʥʦʡ ʧʣʝʥʢʠ ʵʪʦʪ ʧʨʦʮʝʩʩ 

ʧʨʦʪʝʢʘʝʪ ʩ ʙʦʣʴʰʝʡ ʩʢʦʨʦʩʪʴʶ, ʯʝʤ ʜʣʷ ʧʣʝʥʢʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʇʀ ʙʝʟ 

ʥʘʧʦʣʥʠʪʝʣ ̫(ʈʠʩʫʥʢʠ 16, 17, 18 ʠ 19). ɺʝʨʦʷʪʥʦ, ʯʪʦ ʩʥʠʞʝʥʠʝ ʪʝʨʤʦʩʪʦʡʢʦʩʪʠ 

ʛʠʜʨʦʣʠʟʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʦʙʫʩʣʦʚʣʝʥʦ ʨʘʟʨʫʰʝʥʠʝʤ ʩʠʩʪʝʤʳ ʩʦʧʨʷʞʝʥʥʳʭ 

ʩʚʷʟʝʡ [15] ʚ ʨʝʟʫʣʴʪʘʪʝ ʛʠʜʨʦʣʠʟʘ ʠ ʦʙʨʘʟʦʚʘʥʠʝʤ ʪʝʨʤʠʯʝʩʢʠ ʥʝʩʪʘʙʠʣʴʥʦʡ ʩʦʣʠ 

ʘʤʠʜʦʢʠʩʣʦʪʳ. ʕʪʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʢʦʩʚʝʥʥʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʧʦʩʪʝʧʝʥʥʳʤ 

ʦʙʝʩʮʚʝʯʠʚʘʥʠʝʤ ʧʣʝʥʢʠ ʧʦ ʤʝʨʝ ʧʨʦʪʝʢʘʥʠʷ ʛʠʜʨʦʣʠʟʘ (ʈʠʩʫʥʦʢ 19) ʠ ʜʘʥʥʳʤʠ 

ʀʂ ʩʧʝʢʪʨʦʚ ʛʠʜʨʦʣʠʟʦʚʘʥʥʳʭ ʧʣʝʥʦʢ ʇʀ (ʈʠʩʫʥʦʢ 30). ʅʘʢʦʥʝʮ, ʨʘʩʢʨʳʪʠʝ 

ʠʤʠʜʥʳʭ ʮʠʢʣʦʚ ʇʀ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʟʚʝʥʴʝʚ ʩʦʣʠ ʘʤʠʜʦʢʠʩʣʦʪʳ ʚ ʧʨʦʮʝʩʩʝ 

ʱʝʣʦʯʥʦʛʦ ʛʠʜʨʦʣʠʟʘ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʬʘʢʪʦʤ ʧʦʣʫʯʝʥʠʷ ʨʘʩʪʚʦʨʠʤʳʭ ʚ ʚʦʜʝ 

ʧʣʝʥʦʢ. 

ɼʣʷ ʧʣʝʥʦʢ ʇʀ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʠʤ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʝʤʳʭ 

ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʛʠʜʨʦʣʠʪʠʯʝʩʢʦʡ ʜʝʩʪʨʫʢʮʠʠ, ʬʠʢʩʠʨʦʚʘʣʠ ʠʟʤʝʥʝʥʠʝ ʚʠʜʘ 

ʢʨʠʚʦʡ ʊɻɸ (ʈʠʩʫʥʦʢ 15 (ʘ, ʙ, ʜ, ʞ), ʈʠʩʫʥʦʢ 16 (ʘ, ʙ, ʚ, ʝ), ʈʠʩʫʥʦʢ 17 (ʘ, ʙ, ʚ), 

ʈʠʩʫʥʦʢ 18 (ʘ, ʙ, ʚ, ʛ)). ʅʘ ʧʨʠʚʝʜʝʥʥʳʭ ʢʨʠʚʳʭ ʊɻɸ ʥʘʙʣʶʜʘʣʠ ʠʥʪʝʥʩʠʚʥʦʝ 

ʩʥʠʞʝʥʠʷ ʤʘʩʩʳ ʦʙʨʘʟʮʘ, ʦʪʩʫʪʩʪʚʫʶʱʝʝ ʥʘ ʢʨʠʚʳʭ ʠʩʭʦʜʥʳʭ ʧʣʝʥʢʘʭ ʇʀ (ʜʦ 

ʛʠʜʨʦʣʠʟʘ), ʚ ʦʙʣʘʩʪʠ ʪʝʤʧʝʨʘʪʫʨ ʦʪ ʢʦʤʥʘʪʥʦʡ ʜʦ 200 
ʦ
ʉ, ʘ ʟʘʪʝʤ ï ʦʯʝʥʴ 

ʤʝʜʣʝʥʥʦʝ ʩʥʠʞʝʥʠʝ ʚ ʦʙʣʘʩʪʠ 200-300 
ʦ
ʉ.  
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ʈʠʩʫʥʦʢ 15 ï ʂʨʠʚʳʝ ʊɻɸ ʧʣʝʥʦʢ ʤʘʪʨʠʯʥʳʭ ʇʀ ʜʦ ʠ ʧʦʩʣʝ ʛʠʜʨʦʣʠʟʘ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ 30% ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ 

NaOH: ʘ ï ʇʄ-ʊʀ; ʙ ï ɼʌ-ʇʌ; ʚ ï ɼʌʆ-ɸʌɹ; ʛ ï ɼʌʆ-ʆɼʌʆ; ʜ ï ɼʌ-ɹ; ʝ ï ʈ-ʉʆɼ; ʞ ï ɼʌʆ-ʉʆɼ. ɺ ʧʨʘʚʦʡ ʯʘʩʪʠ 

ʢʘʞʜʦʛʦ ʛʨʘʬʠʢʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʢʘʟʘʪʝʣʝʡ ʪʝʨʤʦʩʪʦʡʢʦʩʪʠ Ű5 ʠ Ű10 ʠʩʧʳʪʘʥʥʳʭ ʧʣʝʥʦʢ ʦʪ ʜʣʠʪʝʣʴʥʦʩʪʠ 

ʛʠʜʨʦʣʠʟʘ.   
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ʈʠʩʫʥʦʢ 16 ï ʂʨʠʚʳʝ ʊɻɸ ʧʣʝʥʦʢ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʥʘ ʦʩʥʦʚʝ ʨʘʟʣʠʯʥʳʭ ʇʀ, ʥʘʧʦʣʥʝʥʥʳʭ ʋʅʂ ʜʦ ʠ ʧʦʩʣʝ ʛʠʜʨʦʣʠʟʘ:  

ʘ ï ʇʄ-ʊʀ+3 ʦʙ. % ʋʅʂ; ʙ ï ɼʌ-ʇʌ+3 ʦʙ. % ʋʅʂ; ʚ ï ɼʌ-ɹ+3 ʦʙ. % ʋʅʂ; ʛ ï ʈ-ʉʆɼ+3 ʦʙ. % ʋʅʂ;  

ʜ ï ɼʌʆ-ʆɼʌʆ+3 ʦʙ. % ʋʅʂ; ʝ ï ɼʌʆ-ʉʆɼ+3ʦʙ. % ʋʅʂ. ɺ ʧʨʘʚʦʡ ʯʘʩʪʠ ʢʘʞʜʦʛʦ ʛʨʘʬʠʢʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ 

ʧʦʢʘʟʘʪʝʣʝʡ ʪʝʨʤʦʩʪʦʡʢʦʩʪʠ Ű5 ʠ Ű10 ʠʩʧʳʪʘʥʥʳʭ ʧʣʝʥʦʢ ʦʪ ʜʣʠʪʝʣʴʥʦʩʪʠ ʛʠʜʨʦʣʠʟʘ. 

 



63 

 

200 400 600 80010001200

40

60

80

100

ʇʄ-ʊʀ+3ʦʙ.%ʋʅɺ

1 2 3 4
60

70

80

90

100

110

t10/t10_0

t5/t5_0t10/t10_0
t5/t5_0

t, ʯ

, %

T, ʦʉ
m

/m
0
, 
%

(ʘ)

  0 ʯ

  3 ʯ

200 400 600 80010001200
60

80

100

ɼʌ-ʇʌ+3 ʦʙ.% ʋʅɺ

20 40 60 80 100
70

80

90

100

110

t10/t10_0

t5/t5_0t10/t10_0
t5/t5_0

t, ʯ

, %

T, oʉ

m
/m

0,
 %

 0 ʯ

 100 ʯ

(ʙ)

 

200 400 600 80010001200
20

40

60

80

100

ɼʌ-ɹ+3ʦʙ.%ʋʅɺ 

200 400 600 8001000
70

80

90

100

110

t10/t10_0

t5/t5_0t10/t10_0
t5/t5_0

t, ʯ

, %

T, oʉ

m
/m

0
, 
%

  0 ʯ

  1000 ʯ 

(ʚ)

200 400 600 80010001200

20

40

60

80

100

ʈ-ʉʆɼ+3 ʦʙ.% ʋʅɺ

200 400 600 8001000
80

90

100

110

t10/t10_0

t5/t5_0t10/t10_0
t5/t5_0

t, ʯ

, %

T, oʉ

m
/m

0
, 
%

  0 ʯ

  1000 ʯ

(ʛ)

 

ʈʠʩʫʥʦʢ 17 ï ʂʨʠʚʳʝ ʊɻɸ ʧʣʝʥʦʢ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʥʘ ʦʩʥʦʚʝ ʨʘʟʣʠʯʥʳʭ ʇʀ, ʥʘʧʦʣʥʝʥʥʳʭ ʋʅɺ ʜʦ ʠ ʧʦʩʣʝ ʛʠʜʨʦʣʠʟʘ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ 30% ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ NaOH: ʘ ï ʇʄ-ʊʀ+3 ʦʙ. % ʋʅɺ; ʙ ï ɼʌ-ʇʌ+3 ʦʙ. % ʋʅɺ; 

ʚ ï ɼʌ-ɹ+3 ʦʙ. % ʋʅɺ; ʛ ï ʈ-ʉʆɼ+3 ʦʙ. % ʋʅɺ. ɺ ʧʨʘʚʦʡ ʯʘʩʪʠ ʢʘʞʜʦʛʦ ʛʨʘʬʠʢʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʢʘʟʘʪʝʣʝʡ 

ʪʝʨʤʦʩʪʦʡʢʦʩʪʠ Ű5 ʠ Ű10 ʠʩʧʳʪʘʥʥʳʭ ʧʣʝʥʦʢ ʦʪ ʜʣʠʪʝʣʴʥʦʩʪʠ ʛʠʜʨʦʣʠʟʘ. 
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ʈʠʩʫʥʦʢ 18 ï ʂʨʠʚʳʝ ʊɻɸ ʧʣʝʥʦʢ ʥʘ ʦʩʥʦʚʝ ʨʘʟʣʠʯʥʳʭ ʇʀ, ʥʘʧʦʣʥʝʥʥʳʭ ʄʉʋʅʊ ʜʦ ʠ ʧʦʩʣʝ ʛʠʜʨʦʣʠʟʘ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʚ 30% ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ NaOH: ʘ ï ʇʄ-ʊʀ+1 ʦʙ. % ʄʉʋʅʊ; ʙ ï ʇʄ-ʊʀ+1 ʦʙ.% ʄʉʋʅʊ-COOH;  

ʚ ï ʇʄ-ʊʀ+1 ʦʙ. % ʄʉʋʅʊ-CO-NH2; ʛ ïʈ-ʉʆɼ+1 ʦʙ. % ʄʉʋʅʊ-CO-NH2; ʜ ï ɼʌʆ-ɸʌɹ+0.5 ʦʙ. % ʄʉʋʅʊ-COOH. 

ʅʘ ʧʨʘʚʦʡ ʯʘʩʪʠ ʢʘʞʜʦʛʦ ʛʨʘʬʠʢʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʢʘʟʘʪʝʣʝʡ ʪʝʨʤʦʩʪʦʡʢʦʩʪʠ Ű5 ʠ Ű10 ʠʩʧʳʪʘʥʥʳʭ ʧʣʝʥʦʢ ʦʪ 

ʜʣʠʪʝʣʴʥʦʩʪʠ ʛʠʜʨʦʣʠʟʘ. 



65 

 

 

ʈʠʩʫʥʦʢ 19 ï ʌʦʪʦʛʨʘʬʠʠ ʧʣʝʥʦʢ ʇʄ-ʊʀ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʝ ʦʙʝʩʮʚʝʯʠʚʘʥʠʝ 

ʧʣʝʥʢʠ ʧʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʜʣʠʪʝʣʴʥʦʩʪʠ ʛʠʜʨʦʣʠʟʘ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ 

30% ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ NaOH. 

ʅʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʦ, ʯʪʦ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʝ ʩʥʠʞʝʥʠʝ ʤʘʩʩʳ ʦʙʨʘʟʮʘ ʚ 

ʭʦʜʝ ʊɻɸ ʩʚʷʟʘʥʦ ʩ ʚʳʭʦʜʦʤ ʚʦʜʳ. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʚʦʜʘ, ʩʦʨʙʠʨʦʚʘʥʥʘʷ ʚ 

ʧʨʦʮʝʩʩʝ ʛʠʜʨʦʣʠʟʘ ʠ ʧʨʠ ʧʦʩʣʝʜʫʶʱʝʡ ʦʪʤʳʚʢʝ ʧʣʝʥʦʢ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, 

ʛʠʜʨʦʣʠʟʦʚʘʥʥʳʝ ʧʣʝʥʢʠ ʧʦʩʣʝ ʠʟʚʣʝʯʝʥʠʷ ʠʟ ʱʝʣʦʯʥʦʛʦ ʨʘʩʪʚʦʨʘ ʧʦʜʚʝʨʛʘʣʠ 

ʪʱʘʪʝʣʴʥʦʡ ʦʪʤʳʚʢʝ ʚ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʝ ʜʦ ʜʦʩʪʠʞʝʥʠʷ ʥʝʡʪʨʘʣʴʥʦʛʦ 

ʟʥʘʯʝʥʠʷ ʨʅ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʩʫʰʢʦʡ. ʇʨʠ ʵʪʦʤ ʩʫʰʢʫ ʧʨʦʚʦʜʠʣʠ ʚ ʤʷʛʢʠʭ 

ʫʩʣʦʚʠʷʭ (ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ), ʯʪʦʙʳ ʥʝ ʜʦʧʫʩʪʠʪʴ ʥʘʯʘʣʘ ʧʨʦʪʝʢʘʥʠʷ ʚ 

ʤʘʪʝʨʠʘʣʝ ʧʨʦʮʝʩʩʦʚ ʦʙʨʘʪʥʦʡ ʮʠʢʣʠʟʘʮʠʠ ʟʚʝʥʴʝʚ ʩʦʣʠ ʘʤʠʜʦʢʠʩʣʦʪʳ, 

ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʧʨʠ ʛʠʜʨʦʣʠʟʝ (ʵʪʦʪ ʧʨʦʮʝʩʩ ʩ ʟʘʤʝʪʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʠʜʝʪ 

ʫʞʝ ʧʨʠ 80 
ʦ
ʉ [15, 93]). ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʚʦʜʘ, ʢʦʪʦʨʘʷ ʧʨʠ ʦʪʤʳʚʢʝ ʥʘʙʫʭʰʠʭ ʧʨʠ 

ʛʠʜʨʦʣʠʟʝ ʧʣʝʥʦʢ ʟʘʤʝʥʷʝʪ ʱʝʣʦʯʴ, ʥʝ ʧʦʣʥʦʩʪʴʶ ʫʜʘʣʷʝʪʩʷ ʠʟ ʦʙʨʘʟʮʦʚ ʠ 

ʠʩʧʘʨʷʝʪʩʷ ʠʟ ʥʠʭ ʥʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʊɻɸ.  

ʆʪʤʝʪʠʤ, ʯʪʦ, ʠʥʪʝʥʩʠʚʥʦʝ ʧʘʜʝʥʠʝ ʤʘʩʩʳ ʚ ʦʙʣʘʩʪʠ ʦʪ 80 ʜʦ  

150-200 
o
ʉ, ʟʘʪʝʤ ï ʦʯʝʥʴ ʤʝʜʣʝʥʥʦʝ ʩʥʠʞʝʥʠʝ ʚ ʦʙʣʘʩʪʠ 200-300 

ʦ
ʉ (ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʇʀ) ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʪʘʢʞʝ ʩ ʚʳʭʦʜʦʤ ʚʦʜʳ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʧʨʦʮʝʩʩʘ ʮʠʢʣʠʟʘʮʠʠ ʟʚʝʥʴʝʚ ʩʦʣʠ ʘʤʠʜʦʢʠʩʣʦʪʳ [94, 95], ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʧʨʠ 

ʛʠʜʨʦʣʠʟʝ ʇʀ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʘʥʥʳʡ ʧʨʦʮʝʩʩ ʥʘʙʣʶʜʘʣʠ ʪʦʣʴʢʦ ʜʣʷ 

ʦʙʨʘʟʮʦʚ ʩ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʛʠʜʨʦʣʠʪʠʯʝʩʢʦʡ ʜʝʩʪʨʫʢʮʠʠ.  

ʂʘʢ ʚʠʜʥʦ ʥʘ ʧʨʠʤʝʨʝ ʢʨʠʚʳʭ ʊɻɸ ʧʣʝʥʦʢ ʇʄ-ʊʀ ʠ ʨʘʟʣʠʯʥʳʭ 

ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝ (ʈʠʩʫʥʦʢ 20), ʧʦʪʝʨʠ ʤʘʩʩʳ ʦʙʨʘʟʮʦʚ ʚʳʭʦʜʷʪ ʥʘ 

ʧʣʘʪʦ ʚ ʦʙʣʘʩʪʠ ʪʝʤʧʝʨʘʪʫʨ 150-300 
ʦ
ʉ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʷ ʦ ʧʨʝʢʨʘʱʝʥʠʝ ʧʨʦʮʝʩʩʦʚ 

ʪʝʨʤʠʯʝʩʢʦʡ ʮʠʢʣʠʟʘʮʠʠ. ʇʦʩʢʦʣʴʢʫ ʧʨʦʮʝʩʩ ʮʠʢʣʠʟʘʮʠʠ ʇʀ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʚʳʜʝʣʝʥʠʝʤ ʚʦʜʳ, ʪʦ ʧʦ ʚʝʣʠʯʠʥʝ ʧʦʪʝʨʴ ʤʘʩʩʳ ʥʘ ʫʯʘʩʪʢʝ ʢʨʠʚʦʡ ʦʪ 80 ʜʦ  
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ʈʠʩʫʥʦʢ 20 ï ʂʨʠʚʳʝ ʊɻɸ ʧʣʝʥʦʢ ʚ ʦʙʣʘʩʪʠ ʪʝʤʧʝʨʘʪʫʨ ʦʪ 25 ʜʦ 350 
o
C ʜʦ ʠ ʧʦʩʣʝ 

ʛʠʜʨʦʣʠʟʘ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ 30% ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ NaOH: ʘ ï ʇʄ-ʊʀ; 

ʙ ï ʇʄ-ʊʀ+3 ʦʙ. % ʋʅʂ; ʚ ï ʇʄ-ʊʀ+3 ʦʙ. % ʋʅɺ; ʛ ï ʇʄ-ʊʀ+1 ʦʙ. % ʄʉʋʅʊ; 

ʜ ï ʇʄ-ʊʀ+1 ʦʙ. % ʄʉʋʅʊ-COOH; ʝ ï ʇʄ-ʊʀ+1 ʦʙ. % ʄʉʋʅʊ-CO-NH2. 

ʆʜʥʘʢʦ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʘʥʥʳʡ ʨʘʩʯʝʪ ʷʚʣʷʝʪʩʷ ʧʦʣʫʢʦʣʠʯʝʩʪʚʝʥʥʳʤ, 

ʧʦʩʢʦʣʴʢʫ ʧʦʣʥʦʩʪʴʶ ʠʩʢʣʶʯʠʪʴ ʠʟ ʨʘʩʯʝʪʘ ʤʘʩʩʫ ʚʦʜʳ, ʢʦʪʦʨʘʷ ʚʳʜʝʣʷʝʪʩʷ ʠʟ 

ʦʙʨʘʟʮʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʨʫʛʠʭ ʧʨʦʮʝʩʩʦʚ, ʥʝʚʦʟʤʦʞʥʦ. ʇʦʜʦʙʥʳʡ ʨʘʩʯʝʪ ʙʳʣ 

ʚʳʧʦʣʥʝʥ ʜʣʷ ʛʠʜʨʦʣʠʟʦʚʘʥʥʳʭ ʧʣʝʥʦʢ ʇʄ-ʊʀ ʠ ʨʘʟʣʠʯʥʳʭ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʥʘ 

ʠʭ ʦʩʥʦʚʝ. ʈʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʊʘʙʣʠʮʝ 7. 
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ʊʘʙʣʠʮʘ 7 ï ʈʝʟʫʣʴʪʘʪʳ ʦʮʝʥʢʠ ʢʦʣʠʯʝʩʪʚʘ ʘʤʠʜʦʢʠʩʣʦʪʥʳʭ ʛʨʫʧʧ, 

ʟʘʮʠʢʣʠʟʦʚʘʚʰʠʭʩʷ ʚ ʧʨʦʮʝʩʩʝ ʊɻɸ ʛʠʜʨʦʣʠʟʦʚʘʥʥʳʭ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʚ 30% ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ NaOH ʧʣʝʥʦʢ ʇʄ-ʊʀ ʠ ʨʘʟʣʠʯʥʳʭ 

ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝ 

ʆʙʨʘʟʝʮ  t, ʯ ȹm80, % ȹmɻ, % ȹmɻ/ȹmʨ, % 

ʇʄ-ʊʀ 

3 7.8 2.8 32 

5 8.2 4.5 52 

10 9.5 7.9 92 

25 11 8.6 100 

ʇʄ-ʊʀ+3 ʦʙ. % ʋʅʂ 

1 3.8 1.9 22 

2 5.5 3.5 41 

3 7.8 5.9 67 

ʇʄ-ʊʀ+3 ʦʙ. % ʋʅɺ 

1 2.4 0.7 8 

2 3.5 2.0 23 

3 5.5 3.7 43 

ʇʄ-ʊʀ+1 ʦʙ. % ʄʉʋʅʊ 

1 2.9 2.2 25 

2 3.8 2.6 30 

3 4.2 3.8 44 

ʇʄ-ʊʀ+1 ʦʙ. % ʄʉʋʅʊ-COOH 

2 1.0 0.6 7 

3 2.4 0.8 9 

5 1.8 2.3 27 

ʇʄ-ʊʀ+1 ʦʙ. % ʄʉʋʅʊ-CO-NH2 

2 2.0 1.1 13 

5 3.9 2.2 26 

10 7.9 6.0 70 

ȹm80 ï ʚʝʣʠʯʠʥʘ ʧʦʪʝʨʠ ʤʘʩʩʳ ʛʠʜʨʦʣʠʟʦʚʘʥʥʦʛʦ ʦʙʨʘʟʮʘ ʚ ʠʥʪʝʨʚʘʣʝ 

ʪʝʤʧʝʨʘʪʫʨ ʦʪ ʢʦʤʥʘʪʥʦʡ ʜʦ 80 
ʦ
ʉ, ʦʧʨʝʜʝʣʝʥʥʘʷ ʧʦ ʢʨʠʚʦʡ ʊɻɸ; 

ȹmɻ ï ʚʝʣʠʯʠʥʘ ʧʦʪʝʨʠ ʤʘʩʩʳ ʛʠʜʨʦʣʠʟʦʚʘʥʥʦʛʦ ʦʙʨʘʟʮʘ ʚ ʠʥʪʝʨʚʘʣʝ 

ʪʝʤʧʝʨʘʪʫʨ ʦʪ 80 ʜʦ  ╔ 300 
ʦ
ʉ, ʦʧʨʝʜʝʣʝʥʥʘʷ ʧʦ ʢʨʠʚʦʡ ʊɻɸ; 

ȹmʨ ï ʦʞʠʜʘʝʤʘʷ ʚʝʣʠʯʠʥʘ ʧʦʪʝʨʠ ʤʘʩʩʳ ʇʄ-ʊʀ ʜʣʷ ʩʣʫʯʘʷ ʧʦʣʥʦʡ 

ʢʦʥʚʝʨʩʠʠ ʇɸʂ ʚ ʇʀ ʚ ʭʦʜʝ ʊɻɸ (╔ 8.6 %). 
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ɺʝʣʠʯʠʥʘ ʦʞʠʜʘʝʤʦʡ ʫʙʳʣʠ ʤʘʩʩʳ ʤʘʪʝʨʠʘʣʘ ʧʨʠ ʮʠʢʣʠʟʘʮʠʠ, ʩʦʛʣʘʩʥʦ 

ʫʨʘʚʥʝʥʠʶ ʪʝʨʤʠʯʝʩʢʦʡ ʮʠʢʣʠʟʘʮʠʠ ʇɸʂ (ʧ.1.2.), ʤʦʞʝʪ ʙʳʪʴ ʨʘʩʩʯʠʪʘʥʘ ʧʦ 

ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʝ: 

ȹmʨ = 
 

˜ˍ˗
ρππϷȟ                                                                                                   (6) 

ʛʜʝ ȹmʨ ï ʨʘʩʯʝʪʥʘʷ ʚʝʣʠʯʠʥʘ ʧʦʪʝʨʠ ʤʘʩʩʳ ʇʀ ʧʨʠ ʪʝʨʤʠʯʝʩʢʦʡ 

ʮʠʢʣʠʟʘʮʠʠ; ὓ  ï ʤʦʣʝʢʫʣʷʨʥʘʷ ʤʘʩʩʘ ʚʦʜʳ; ʄʇɸʂ ï ʤʦʣʝʢʫʣʷʨʥʘʷ ʤʘʩʩʘ 

ʧʦʚʪʦʨʷʶʱʝʛʦʩʷ ʟʚʝʥʘ ʇɸʂ. 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠ ʘʥʘʣʦʛʠʯʥʦʡ ʜʣʠʪʝʣʴʥʦʩʪʠ ʛʠʜʨʦʣʠʟʘ 

ʢʦʣʠʯʝʩʪʚʦ ʟʘʮʠʢʣʠʟʦʚʘʚʰʠʭʩʷ ʚ ʭʦʜʝ ʊɻɸ ʟʚʝʥʴʝʚ ʩʦʣʠ ʘʤʠʜʦʢʠʩʣʦʪʳ ʜʣʷ 

ʥʘʥʦʢʦʤʧʦʟʠʪʥʳʭ ʧʣʝʥʦʢ ʇʄ-ʊʀ+3 ʦʙ. % ʋʅʂ, ʇʄ-ʊʀ+3 ʦʙ. % ʋʅɺ ʠ  

ʇʄ-ʊʀ+1 ʦʙ. % ʄʉʋʅʊ ʦʢʘʟʘʣʦʩʴ ʚʳʰʝ, ʯʝʤ ʜʣʷ ʧʣʝʥʢʠ ʇʄ-ʊʀ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʜʣʷ ʵʪʠʭ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʧʨʦʮʝʩʩ ʛʠʜʨʦʣʠʟʘ ʧʨʠʚʦʜʠʪ ʢ ʙʦʣʝʝ 

ʠʥʪʝʥʩʠʚʥʦʤʫ ʦʙʨʘʟʦʚʘʥʠʶ ʘʤʠʜʦʢʠʩʣʦʪʥʳʭ ʛʨʫʧʧ ʟʚʝʥʴʝʚ ʩʦʣʠ ʘʤʠʜʦʢʠʩʣʦʪʳ, 

ʯʝʤ ʜʣʷ ʤʘʪʨʠʯʥʦʛʦ ʇʀ, ʯʪʦ ʩʦʚʧʘʜʘʝʪ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʦʮʝʥʢʠ ʛʠʜʨʦʣʠʪʠʯʝʩʢʦʡ 

ʩʪʘʙʠʣʴʥʦʩʪʠ ʇʀ ʠ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝ ʧʦ ʤʝʭʘʥʠʯʝʩʢʠʤ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ.  

ʆʪʤʝʪʠʤ, ʯʪʦ ʚ ʛʠʜʨʦʣʠʟʦʚʘʥʥʳʭ ʧʣʝʥʢʘʭ ʇʄ-ʊʀ+1 ʦʙ. % ʄʉʋʅʊ-COOH 

ʠ ʇʄ-ʊʀ+1 ʦʙ. % ʄʉʋʅʊ-CO-NH2, ʭʘʨʘʢʪʝʨʠʟʫʝʤʳʭ ʧʦʚʳʰʝʥʥʦʡ (ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʧʣʝʥʢʘʤʠ ʇʄ-ʊʀ+3 ʦʙ. % ʋʅʂ, ʇʄ-ʊʀ+3 ʦʙ. % ʋʅɺ ʠ  

ʇʄ-ʊʀ+1 ʦʙ. % ʄʉʋʅʊ) ʛʠʜʨʦʣʠʪʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ, ʟʘʬʠʢʩʠʨʦʚʘʣʠ 

ʥʘʠʙʦʣʝʝ ʥʠʟʢʦʝ ʢʦʣʠʯʝʩʪʚʦ ʟʘʮʠʢʣʠʟʦʚʘʚʰʠʭʩʷ ʚ ʭʦʜʝ ʊɻɸ ʟʚʝʥʴʝʚ ʩʦʣʠ 

ʘʤʠʜʦʢʠʩʣʦʪʳ (ʊʘʙʣʠʮʘ 7). ʉʦʦʪʚʝʪʩʪʚʝʥʦ, ʧʨʠ ʛʠʜʨʦʣʠʟʝ ʵʪʠʭ ʢʦʤʧʦʟʠʪʦʚ 

ʥʘʙʣʶʜʘʣʘʩʴ ʥʘʠʙʦʣʝʝ ʥʠʟʢʘʷ ʩʪʝʧʝʥʴ ʧʨʝʚʨʘʱʝʥʠʷ ʠʤʠʜʥʳʭ ʛʨʫʧʧʠʨʦʚʦʢ ʚ 

ʘʤʠʜʦʢʠʩʣʦʪʥʳʝ. ɺ ʧʦʣʴʟʫ ʜʘʥʥʦʛʦ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʥʠʟʢʘʷ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʥʘʙʫʭʘʥʠʷ ʵʪʠʭ ʦʙʨʘʟʮʦʚ ʚ ʨʘʩʪʚʦʨʝ ʱʝʣʦʯʠ, ʦʮʝʥʝʥʥʘʷ ʧʦ 

ʧʘʨʘʤʝʪʨʫ ȹm80 (ʊʘʙʣʠʮʘ 7), ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʜʨʫʛʠʤʠ ʦʙʨʘʟʮʘʤʠ ʥʘʥʦʢʦʤʧʦʟʠʪʥʳʭ 

ʧʣʝʥʦʢ. 

ʗʚʥʦʝ ʥʘʙʫʭʘʥʠʝ ʧʣʝʥʦʢ ʚ ʧʨʦʮʝʩʩʝ ʚʳʜʝʨʞʢʠ ʚ ʱʝʣʦʯʥʦʡ ʩʨʝʜʝ, 

ʟʘʬʠʢʩʠʨʦʚʘʥʥʦʝ ʚ ʥʘʰʠʭ ʦʧʳʪʘʭ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʠʥʪʝʥʩʠʚʥʦʡ ʜʠʬʬʫʟʠʠ 
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ʛʠʜʨʦʣʠʟʫʶʱʝʛʦ ʘʛʝʥʪʘ ʚ ʦʙʲʝʤ ʧʦʣʠʤʝʨʘ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʪʦʣʴʢʦ ʧʨʦʮʝʩʩʳ, 

ʧʨʦʪʝʢʘʶʱʠʝ ʚ ʦʙʲʝʤʝ ʧʣʝʥʢʠ, ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʯʠʥʦʡ, ʠʥʪʝʥʩʠʚʥʳʭ ʠʟʤʝʥʝʥʠʡ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ ʪʝʨʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʪʝʨʠʘʣʘ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʚ 

ʥʘʰʠʭ ʦʧʳʪʘʭ. ʆʜʥʘʢʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʠʥʪʝʥʩʠʚʥʦʡ ʜʠʬʬʫʟʠʠ 

ʱʝʣʦʯʠ ʚ ʦʙʲʝʤ ʤʦʥʦʣʠʪʥʦʛʦ ʇʀ ʚ ʧʨʦʮʝʩʩʝ ʛʠʜʨʦʣʠʟʘ ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʚʩʝʛʦ ʚ 

ʥʝʩʢʦʣʴʢʦ ʯʘʩʦʚ ʤʦʞʝʪ ʙʳʪʴ ʧʨʘʚʜʦʧʦʜʦʙʥʦ ʣʠʰʴ ʚ ʩʣʫʯʘʝ ʨʝʘʣʠʟʘʮʠʠ ʘʥʦʤʘʣʴʥʦ 

ʚʳʩʦʢʠʭ ʩʢʦʨʦʩʪʝʡ ʜʠʬʬʫʟʠʠ, ʥʝʚʦʟʤʦʞʥʳʭ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʧʨʠ 

ʢʦʪʦʨʦʡ ʧʨʦʚʦʜʠʣʠ ʛʠʜʨʦʣʠʟ. 

ɽʜʠʥʩʪʚʝʥʥʳʤ ʧʨʘʚʜʦʧʦʜʦʙʥʳʤ ʧʨʝʜʧʦʣʦʞʝʥʠʝʤ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ 

ʦʙʲʷʩʥʠʪʴ ʥʘʙʣʶʜʘʝʤʳʝ ʷʚʣʝʥʠʷ, ʷʚʣʷʝʪʩʷ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʥʘʣʠʯʠʠ ʚ ʤʘʪʝʨʠʘʣʝ 

ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʦʪʢʨʳʪʳʭ ʧʦʨ ʠʣʠ ʜʝʬʝʢʪʦʚ, ʪʦ ʝʩʪʴ ʪʘʢ ʥʘʟʳʚʘʝʤʦʛʦ 

ʠʟʙʳʪʦʯʥʦʛʦ ʩʚʦʙʦʜʥʦʛʦ ʦʙʲʝʤʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ ʥʝʢʘʷ 

ʢʦʨʨʝʣʷʮʠʷ ʛʠʜʨʦʣʠʪʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʇʀ ʠ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ, 

ʧʨʠʛʦʪʦʚʣʝʥʥʳʭ ʥʘ ʠʭ ʦʩʥʦʚʝ, ʩ ʚʝʣʠʯʠʥʦʡ ʠʟʙʳʪʦʯʥʦʛʦ ʩʚʦʙʦʜʥʦʛʦ ʦʙʲʝʤʘ. 

ɹʦʣʝʝ ʧʦʜʨʦʙʥʦ ʚʣʠʷʥʠʝ ʠʟʙʳʪʦʯʥʦʛʦ ʩʚʦʙʦʜʥʦʛʦ ʦʙʲʝʤʘ ʥʘ ʛʠʜʨʦʣʠʪʠʯʝʩʢʫʶ 

ʩʪʘʙʠʣʴʥʦʩʪʴ ʇʀ ʠ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ, ʧʨʠʛʦʪʦʚʣʝʥʥʳʭ ʥʘ ʠʭ ʦʩʥʦʚʝ, ʙʫʜʝʪ 

ʨʘʩʩʤʦʪʨʝʥʦ ʚ ʧ. 3.3. 

ʂʘʢ ʠʟʚʝʩʪʥʦ [96], ʪʝʤʧʝʨʘʪʫʨʘ ʩʪʝʢʣʦʚʘʥʠʷ ʧʦʣʠʤʝʨʦʚ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʄʄ 

ʤʘʪʝʨʠʘʣʘ ʚ ʦʙʣʘʩʪʠ ʚʳʩʦʢʠʭ ʟʥʘʯʝʥʠʡ ʧʦʩʣʝʜʥʝʡ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʨʝʘʣʴʥʦʝ 

ʩʥʠʞʝʥʠʝ ʚʝʣʠʯʠʥʳ Tʩ ʚ ʨʝʟʫʣʴʪʘʪʝ ʛʠʜʨʦʣʠʟʘ ʙʳʣʦ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʪʦʣʴʢʦ ʜʣʷ 

ʧʣʝʥʦʢ ʇʄ-ʊʀ ʠ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʥʘ ʝʛʦ ʦʩʥʦʚʝ, ʭʘʨʘʢʪʝʨʠʟʫʝʤʳʭ ʧʦʥʠʞʝʥʥʦʡ 

(ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʠʩʩʣʝʜʦʚʘʥʥʳʤʠ ʇʀ) ʛʠʜʨʦʣʠʪʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ 

(ʈʠʩʫʥʦʢ (21)).  

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʦʮʝʩʩʳ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤʫ 

ʩʥʠʞʝʥʠʶ ʚ ʭʦʜʝ ʛʠʜʨʦʣʠʟʘ, ʢʘʢ ʪʝʤʧʝʨʘʪʫʨʳ ʩʪʝʢʣʦʚʘʥʠʷ, ʪʘʢ ʠ ʧʦʢʘʟʘʪʝʣʝʡ 

ʪʝʨʤʦʩʪʦʡʢʦʩʪʠ ʠʟʫʯʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʦʩʷʪ ʢʦʤʧʣʝʢʩʥʳʡ ʭʘʨʘʢʪʝʨ. ʅʘʨʷʜʫ ʩ 

ʠʟʤʝʥʝʥʠʷʤʠ ʩʪʨʫʢʪʫʨʳ ʤʘʪʝʨʠʘʣʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʧʨʦʮʝʩʩʝ ʛʠʜʨʦʣʠʟʘ, ʧʨʠ 

ʦʮʝʥʢʝ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʩʣʝʜʫʝʪ ʠʤʝʪʴ ʚ ʚʠʜʫ ʪʘʢʞʝ 

ʠʟʤʝʥʝʥʠʷ, ʨʝʘʣʠʟʫʝʤʳʝ ʚ ʧʣʝʥʢʘʭ ʚ ʧʨʦʮʝʩʩʝ ʠʭ ʥʘʛʨʝʚʘ ʧʨʠ ʊʄɸ ʠ ʊɻɸ. ɽʩʣʠ 
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ʛʠʜʨʦʣʠʟ ʚʳʟʳʚʘʝʪ ʨʘʩʢʨʳʪʠʝ ʠʤʠʜʥʳʭ ʮʠʢʣʦʚ ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʩʥʠʞʝʥʠʝ 

ʄʄ ʧʦʣʠʤʝʨʘ, ʪʦ ʚ ʧʨʦʮʝʩʩʝ ʧʦʩʪʝʧʝʥʥʦʛʦ ʥʘʛʨʝʚʘ ʦʙʨʘʟʮʦʚ, ʨʝʘʣʠʟʫʝʤʦʛʦ ʧʨʠ 

ʵʪʠʭ ʚʠʜʘʭ ʠʩʧʳʪʘʥʠʡ, ʤʦʞʝʪ ʠʤʝʪʴ ʤʝʩʪʦ, ʢʘʢ ʨʝʩʠʥʪʝʟ ʇɸʂ ʟʘ ʩʯʝʪ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʦʥʮʝʚʳʭ ʛʨʫʧʧ, ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʚ ʧʨʦʮʝʩʩʝ ʜʝʩʪʨʫʢʮʠʠ (ʝʩʣʠ 

ʵʪʠ ʛʨʫʧʧʳ ʥʝ ʫʩʧʝʣʠ ʜʝʟʘʢʪʠʚʠʨʦʚʘʪʴʩʷ ʧʦʩʣʝ ʨʘʩʧʘʜʘ ʮʝʧʝʡ), ʧʨʠʚʦʜʷʱʠʡ ʢ 

ʯʘʩʪʠʯʥʦʤʫ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʄʄ, ʪʘʢ ʠ ʯʘʩʪʠʯʥʘʷ ʪʝʨʤʠʯʝʩʢʘʷ ʮʠʢʣʠʟʘʮʠʷ 

ʦʙʨʘʟʫʶʱʠʭʩʷ ʚ ʧʨʦʮʝʩʩʝ ʨʝʩʠʥʪʝʟʘ ʟʚʝʥʴʝʚ ʘʤʠʜʦʢʠʩʣʦʪʳ [94, 95]. ʅʘʢʦʥʝʮ, 

ʩʣʝʜʫʝʪ ʠʤʝʪʴ ʚ ʚʠʜʫ ʚʦʟʤʦʞʥʦʩʪʴ ʥʝʧʦʣʥʦʛʦ ʫʜʘʣʝʥʠʷ ʠʦʥʦʚ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ 

ʠʟ ʧʣʝʥʢʠ ʚ ʧʨʦʮʝʩʩʝ ʝʝ ʦʪʤʳʚʢʠ ʧʦʩʣʝ ʛʠʜʨʦʣʠʟʘ ʚ ʨʘʩʪʚʦʨʝ. ɺ ʧʦʣʴʟʫ ʵʪʦʛʦ 

ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʨʝʟʫʣʴʪʘʪʳ ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʦʛʦ 

ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʘʥʘʣʠʟʘ ʧʣʝʥʦʢ ʇʄ-ʊʀ ʜʦ ʠ ʧʦʩʣʝ ʛʠʜʨʦʣʠʟʘ. ʈʝʟʫʣʴʪʘʪʳ ʜʘʥʥʦʛʦ 

ʘʥʘʣʠʟʘ ʧʦʢʘʟʘʣʠ ʥʘʣʠʯʠʝ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ ʚ ʦʙʨʘʟʮʝ ʇʄ-ʊʀ ʧʦʩʣʝ 25 ʯ 

ʛʠʜʨʦʣʠʟʘ (ʊʘʙʣʠʮʘ 8).  
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ʈʠʩʫʥʦʢ 21 ï ʆʪʥʦʩʠʪʝʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʩʪʝʢʣʦʚʘʥʠʷ Tʛ.ʇʀ/Tʩ 0 ʧʣʝʥʢʠ 

ʇʄ-ʊʀ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʝʤʫ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʚ ʨʝʟʫʣʴʪʘʪʝ ʛʠʜʨʦʣʠʟʘ.  

Tʩ 0 ʠ Tʛ.ʇʀ ï ʪʝʤʧʝʨʘʪʫʨʳ ʩʪʝʢʣʦʚʘʥʠʷ ʧʣʝʥʢʠ ʜʦ ʠ ʧʦʩʣʝ ʛʠʜʨʦʣʠʟʘ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ 30 % ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ NaOH. 

ɿʘ ʩʯʝʪ ʵʪʠʭ ʦʩʪʘʪʦʯʥʳʭ ʢʦʣʠʯʝʩʪʚ ʱʝʣʦʯʠ ʛʠʜʨʦʣʠʟ ʧʦʣʠʤʝʨʘ ʤʦʞʝʪ 

ʧʨʦʜʦʣʞʘʪʴʩʷ ʠ ʧʦʩʣʝ ʠʟʚʣʝʯʝʥʠʷ ʦʙʨʘʟʮʘ ʠʟ ʛʠʜʨʦʣʠʪʠʯʝʩʢʦʡ ʚʘʥʥʳ. ʕʪʦʪ 

ʧʨʦʮʝʩʩ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʢʦʪʦʨʦʛʦ ʚʝʩʴʤʘ ʥʠʟʢʘ ʚ ʫʩʣʦʚʠʷʭ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʩʠʣʫ ʥʠʟʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʛʠʜʨʦʣʠʟʫʶʱʝʛʦ ʘʛʝʥʪʘ, ʜʦʣʞʝʥ ʨʝʟʢʦ 

ʫʩʢʦʨʠʪʴʩʷ ʧʨʠ ʥʘʛʨʝʚʝ ʦʙʨʘʟʮʘ ʚ ʧʨʦʮʝʩʩʝ ʠʩʧʳʪʘʥʠʡ. ɼʦʧʦʣʥʠʪʝʣʴʥʳʤ 

ʠʩʪʦʯʥʠʢʦʤ ʛʠʜʨʦʣʠʟʫʶʱʝʛʦ ʘʛʝʥʪʘ ʧʨʠ ʥʘʛʨʝʚʝ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ ʤʦʛʫʪ 
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ʙʳʪʴ ʠʦʥʳ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ, ʦʙʨʘʟʦʚʘʚʰʠʝʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʫʧʦʤʠʥʘʚʰʠʭʩʷ 

ʚʳʰʝ ʧʨʦʮʝʩʩʦʚ ʦʙʨʘʪʥʦʡ ʪʝʨʤʠʯʝʩʢʦʡ ʮʠʢʣʠʟʘʮʠʠ ʧʨʦʜʫʢʪʦʚ ʨʘʩʢʨʳʪʠʷ 

ʠʤʠʜʥʳʭ ʮʠʢʣʦʚ. ʆʯʝʚʠʜʥʦ, ʠʤʝʥʥʦ ʵʪʦ ʜʝʡʩʪʚʠʝ ʥʘ ʧʦʣʠʤʝʨ ʦʩʪʘʪʦʯʥʳʭ 

ʢʦʣʠʯʝʩʪʚ ʱʝʣʦʯʠ, ʘʢʪʠʚʠʨʫʝʤʦʝ ʚ ʧʨʦʮʝʩʩʝ ʥʘʛʨʝʚʘ, ʦʢʘʟʳʚʘʝʪ ʦʧʨʝʜʝʣʷʶʱʝʝ 

ʚʣʠʷʥʠʝ ʥʘ ʚʝʢʪʦʨ ʠʟʤʝʥʝʥʠʷ, ʢʘʢ ʟʥʘʯʝʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ ʩʪʝʢʣʦʚʘʥʠʷ, ʪʘʢ ʠ 

ʧʦʢʘʟʘʪʝʣʝʡ ʪʝʨʤʦʩʪʦʡʢʦʩʪʠ ʤʘʪʝʨʠʘʣʘ, ʧʦʜʚʝʨʛʘʝʤʦʛʦ ʠʩʧʳʪʘʥʠʷʤ ʧʦʩʣʝ 

ʛʠʜʨʦʣʠʟʘ ʨʘʟʣʠʯʥʦʡ ʜʣʠʪʝʣʴʥʦʩʪʠ. 

ʊʘʙʣʠʮʘ 8 ï ʕʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʳʡ ʨʝʥʪʛʝʥʦʚʩʢʠʡ ʘʥʘʣʠʟ ʧʣʝʥʦʢ ʇʄ-ʊʀ ʜʦ ʠ 

ʧʦʩʣʝ 25 ʯ ʛʠʜʨʦʣʠʟʘ 

ʕʣʝʤʝʥʪ 
ʇʄ-ʊʀ 0 ʯ ʇʄ-ʊʀ 25 ʯ 

ɺʝʩʦʚʦʡ, % ɸʪʦʤʥʳʡ, % ɺʝʩʦʚʦʡ, % ɸʪʦʤʥʳʡ, % 

C 65.92 71.20 54.93 62.79 

N 10.10 9.35 8.04 7.88 

O 23.98 19.44 28.15 24.16 

Na - - 8.31 4.96 

K  - - 0.17 0.06 

Ca - - 0.40 0.14 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʲʝʢʪʦʤ ʊʄɸ ʛʠʜʨʦʣʠʟʦʚʘʥʥʦʡ ʧʣʝʥʢʠ ʥʘ ʨʘʟʥʳʭ ʩʪʘʜʠʷʭ 

ʛʠʜʨʦʣʠʟʘ ʷʚʣʷʝʪʩʷ ʨʘʟʥʦʟʚʝʥʥʳʡ ʮʠʢʣʦʮʝʧʥʦʡ ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʩʦʧʦʣʠʤʝʨ, 

ʩʦʩʪʦʷʱʠʡ ʠʟ ʠʤʠʜʥʳʭ ʠ ʟʚʝʥʴʝʚ ʩʦʣʠ ʘʤʠʜʦʢʠʩʣʦʪʳ.  

ʀʟʚʝʩʪʥʦ [96], ʯʪʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʩʦʧʦʣʠʤʝʨʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʦʜʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʦʡ ʩʪʝʢʣʦʚʘʥʠʷ, ʢʦʪʦʨʘʷ ʥʘʭʦʜʠʪʩʷ ʤʝʞʜʫ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʩʪʝʢʣʦʚʘʥʠʷ 

ʜʚʫʭ ʛʦʤʦʧʦʣʠʤʝʨʦʚ, ʠʟ ʟʚʝʥʴʝʚ ʢʦʪʦʨʳʭ ʩʦʩʪʘʚʣʝʥ ʩʦʧʦʣʠʤʝʨ. ɺ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ 

ʪʝʤʧʝʨʘʪʫʨʳ ʩʪʝʢʣʦʚʘʥʠʷ ʵʪʠʭ ʛʦʤʦʧʦʣʠʤʝʨʦʚ ʟʘʤʝʪʥʦ ʨʘʟʣʠʯʘʶʪʩʷ, 

ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʪʨʝʭ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʩʦʩʪʘʚ 

ʩʦʧʦʣʠʤʝʨʘ, ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ ï ʢʦʥʮʝʥʪʨʘʮʠʶ ʟʚʝʥʴʝʚ ʩʦʣʠ ʘʤʠʜʦʢʠʩʣʦʪʳ ʚ 

ʤʘʪʝʨʠʘʣʝ.  



72 

 

ɼʣʷ ʨʝʘʣʴʥʦʡ ʦʮʝʥʢʠ ʵʪʦʛʦ ʩʦʩʪʘʚʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʠʟʚʝʩʪʥʳʝ ʤʝʪʦʜʳ 

ʨʘʩʯʝʪʦʚ ʪʝʤʧʝʨʘʪʫʨʳ ʩʪʝʢʣʦʚʘʥʠʷ ʜʣʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʩʦʧʦʣʠʤʝʨʦʚ.  

ɼʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʩʦʧʦʣʠʤʝʨʦʚ ʪʝʤʧʝʨʘʪʫʨʘ ʩʪʝʢʣʦʚʘʥʠʷ ʩʚʷʟʘʥʘ ʩ 

ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʩʪʝʢʣʦʚʘʥʠʷ ʛʦʤʦʧʦʣʠʤʝʨʦʚ ʧʦ ʘʜʜʠʪʠʚʥʦʡ ʩʭʝʤʝ [96]. ɺ ʩʣʫʯʘʝ 

ʇʀ ʵʪʘ ʘʜʜʠʪʠʚʥʘʷ ʩʭʝʤʘ ʧʨʠʤʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 

Ὕ̄Ȣ̃˕ ὲ̃ ˍ˗˟̃ ˍ˗ ὲ̃ ˕˟ ˜ ,̞                                                                                      (7) 

ʛʜʝ Tʛ.ʇʀ ï ʪʝʤʧʝʨʘʪʫʨʘ ʩʪʝʢʣʦʚʘʥʠʷ ʛʠʜʨʦʣʠʟʦʚʘʥʥʦʛʦ ʇʀ; ʊʇɸʂ ʠ ʊʇʀ ï 

ʪʝʤʧʝʨʘʪʫʨʳ ʩʪʝʢʣʦʚʘʥʠʷ ʯʠʩʪʦʡ ʇɸʂ ʠ ʇʀ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; nʇɸʂ ʠ nʇʀ ï 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʟʚʝʥʴʝʚ ʩʦʣʠ ʇɸʂ ʠ ʇʀ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʀʟʚʝʩʪʥʦ [15], ʯʪʦ ʧʨʠ 

ʧʦʣʥʦʡ ʢʦʥʚʝʨʩʠʠ ʇɸʂ ʚ ʇʀ ʚʳʧʦʣʥʷʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝ:  

ὲ̃ ˍ˗ ὲ̃ ˕ ρȢ  

ʊʘʢʞʝ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʟʘʚʠʩʠʤʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨʳ ʩʪʝʢʣʦʚʘʥʠʷ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ 

ʩʦʧʦʣʠʤʝʨʘ ʦʪ ʝʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʤʦʞʝʪ ʙʳʪʴ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦ ʦʧʠʩʘʥʘ ʩ 

ʧʦʤʦʱʴʶ ʫʨʘʚʥʝʥʠʷ ʌʦʢʩʘ [96]. ɼʣʷ ʯʘʩʪʠʯʥʦ ʛʠʜʨʦʣʠʟʦʚʘʥʥʦʛʦ ʇʀ ʫʨʘʚʥʝʥʠʝ 

ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 

˟̄Ȣ̃ Ȣ̞

˜ˍ˗

˜ˍ˗

˜˕

˜˕
Ȣ                                                                                                           (8) 

ʊʝʤʧʝʨʘʪʫʨʳ ʩʪʝʢʣʦʚʘʥʠʷ ʛʠʜʨʦʣʠʟʦʚʘʥʥʦʛʦ ʇʀ ï ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ 

ʩʦʧʦʣʠʤʝʨʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʟʚʝʥʴʷ ʇʀ ʠ ʩʦʣʠ ʘʤʠʜʦʢʠʩʣʦʪʳ, ʘ ʪʘʢʞʝ 

ʛʦʤʦʧʦʣʠʤʝʨʦʚ ʇɸʂ ʠ ʇʀ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʚ ʨʘʩʯʝʪʘʭ, ʧʦʣʫʯʘʣʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ. ʆʪʤʝʪʠʤ, ʯʪʦ ʧʨʠ ʨʘʩʯʝʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʟʥʘʯʝʥʠʝ Tc 

ʛʦʤʦʧʦʣʠʤʝʨʘ ʇɸʂ, ʧʦʩʢʦʣʴʢʫ ʧʦʣʘʛʘʝʤ, ʯʪʦ Tc ʩʦʣʠ ʘʤʠʜʦʢʠʩʣʦʪʳ ʠ ʇɸʂ 

ʠʤʝʶʪ ʙʣʠʟʢʠʝ ʟʥʘʯʝʥʠʷ. 

ʄʝʪʦʜʠʯʝʩʢʦʡ ʧʨʦʙʣʝʤʦʡ, ʢʦʪʦʨʫʶ ʥʫʞʥʦ ʙʳʣʦ ʨʝʰʠʪʴ ʚ ʧʨʦʮʝʩʩʝ ʜʘʥʥʦʛʦ 

ʙʣʦʢʘ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʙʳʣʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʧʪʠʤʠʟʘʮʠʠ ʨʝʞʠʤʘ ʧʨʦʚʝʜʝʥʠʷ ʊʄɸ 

ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʠʩʢʣʶʯʠʪʴ (ʠʣʠ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ) 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʭʦʜʝ ʩʘʤʦʛʦ ʠʩʧʳʪʘʥʠʷ, ʢʦʪʦʨʳʝ, ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʥʘʛʨʝʚʘ ʦʙʨʘʟʮʘ, ʧʨʠʚʦʜʷʪ ʢ ʠʟʤʝʥʝʥʠʶ ʥʘʯʘʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʛʠʜʨʦʣʠʟʦʚʘʥʥʳʭ ʟʚʝʥʴʝʚ, ʧʨʝʞʜʝ ʚʩʝʛʦ ï ʪʝʨʤʠʯʝʩʢʦʡ ʮʠʢʣʠʟʘʮʠʠ 

ʘʤʠʜʦʢʠʩʣʦʪʥʳʭ ʛʨʫʧʧ. ʇʨʠʯʝʤ ʵʪʦʪ ʥʝʞʝʣʘʪʝʣʴʥʳʡ ʜʣʷ çʯʠʩʪʦʛʦè ʧʨʦʚʝʜʝʥʠʷ 
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ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʨʦʮʝʩʩ ʩʣʝʜʦʚʘʣʦ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʠʤʝʥʥʦ ʥʘ ʥʘʯʘʣʴʥʦʡ ʩʪʘʜʠʠ 

ʥʘʛʨʝʚʘ ï ʜʦ ʨʝʛʠʩʪʨʘʮʠʠ ʥʘ ʢʨʠʚʳʭ ʧʝʨʚʦʛʦ, ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʝʨʝʭʦʜʘ. 

ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʨʦʚʝʜʝʥʥʳʝ ʠʩʧʳʪʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʵʪʫ ʟʘʜʘʯʫ ʤʦʞʥʦ 

ʨʝʰʠʪʴ ʧʫʪʝʤ ʫʚʝʣʠʯʝʥʠʷ ʩʢʦʨʦʩʪʠ ʥʘʛʨʝʚʘ ʦʙʨʘʟʮʘ ʚ ʧʨʦʮʝʩʩʝ ʊʄɸ ʚ ʘʪʤʦʩʬʝʨʝ 

ʘʨʛʦʥʘ. ɺ ʢʘʯʝʩʪʚʝ ʪʝʩʪʦʚʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʧʨʠ ʵʪʦʤ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʦʧʨʝʜʝʣʝʥʥʘʷ 

ʧʨʠ ʨʘʟʥʳʭ ʩʢʦʨʦʩʪʷʭ ʥʘʛʨʝʚʘ ʪʝʤʧʝʨʘʪʫʨʘ ʩʪʝʢʣʦʚʘʥʠʷ ʦʙʨʘʟʮʦʚ ʧʣʝʥʦʢ ʇɸʂ, 

ʧʨʠʛʦʪʦʚʣʝʥʥʳʭ ʜʣʷ ʵʪʦʛʦ ʦʧʳʪʘ (ʈʠʩʫʥʦʢ 22).  

 

ʈʠʩʫʥʦʢ 22 ï ʂʨʠʚʳʝ ʊʄɸ ʧʣʝʥʢʠ 

ʇɸʂ ʇʄ-ʊʀ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʝʞʠʤʝ 

ʥʘʛʨʝʚʘ ʦʙʨʘʟʮʘ ʚ ʘʪʤʦʩʬʝʨʝ ʘʨʛʦʥʘ 

ʩʦ ʩʢʦʨʦʩʪʴʶ 5 (1), 20 (2), 30 (3) ʠ  

40 (4) 
ʦ
ʉ/ʤʠʥ.  

ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʧʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʩʢʦʨʦʩʪʠ ʥʘʛʨʝʚʘ ʥʘʙʣʶʜʘʣʠ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʩʥʠʞʝʥʠʝ ʚʝʣʠʯʠʥʳ ʊʩ, ʦʧʨʝʜʝʣʝʥʥʦʡ ʚ ʵʪʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ. 

ʕʪʦʪ ʧʨʦʮʝʩʩ ʥʘʙʣʶʜʘʣʠ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʩʢʦʨʦʩʪʠ ʜʦ 30-40 
ʦ
ʉ/ʤʠʥ, ʠ ʣʠʰʴ ʧʨʠ 

ʵʪʠʭ ʩʢʦʨʦʩʪʷʭ ʥʘʛʨʝʚʘ ʪʝʤʧʝʨʘʪʫʨʘ ʩʪʝʢʣʦʚʘʥʠʷ ʤʘʪʝʨʠʘʣʘ ʧʝʨʝʩʪʘʚʘʣʘ ʤʝʥʷʪʴʩʷ 

ʠ ʩʪʘʙʠʣʠʟʠʨʦʚʘʣʘʩʴ ʥʘ ʫʨʦʚʥʝ 171 
ʦ
ʉ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʤʠʥʠʤʠʟʘʮʠʠ 

ʧʨʦʮʝʩʩʦʚ ʪʝʨʤʠʯʝʩʢʦʡ ʮʠʢʣʠʟʘʮʠʠ ʘʤʠʜʦʢʠʩʣʦʪʥʳʭ ʛʨʫʧʧ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, 

ʟʥʘʯʝʥʠʷ ʵʪʦʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʜʘʥʥʦʤ ʨʝʞʠʤʝ (171 
ʦ
ʉ), ʙʣʠʟʢʦ 

ʩʦʚʧʘʣʠ ʩ ʚʝʣʠʯʠʥʦʡ ʊʩ ʇɸʂ, ʧʦʣʫʯʝʥʥʦʡ ʧʫʪʝʤ ʨʘʩʯʝʪʘ ʧʦ ʤʝʪʦʜʫ ɸʩʢʘʜʩʢʦʛʦ 

[97]: 182 
ʦ
ʉ. 

ʉ ʧʦʤʦʱʴʶ ʜʘʥʥʦʛʦ ʨʝʞʠʤʘ ʥʘʛʨʝʚʘ ʙʳʣʠ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʢʨʠʚʳʝ ʊʄɸ 

ʛʠʜʨʦʣʠʟʦʚʘʥʥʳʭ ʧʣʝʥʦʢ ʇʄ-ʊʀ, ʇʄ-ʊʀ+3 ʦʙ. % ʋʅɺ ʠ ʇʄ-ʊʀ+3 ʦʙ. % ʋʅʂ.  

ʂʘʢ ʚʠʜʥʦ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ (ʈʠʩʫʥʦʢ 23, ʊʘʙʣʠʮʘ 9), ʚʝʣʠʯʠʥʘ 

ʪʝʤʧʝʨʘʪʫʨʳ ʩʪʝʢʣʦʚʘʥʠʷ ʠʩʧʳʪʘʥʥʳʭ ʧʣʝʥʦʢ, ʢʘʢ ʛʠʜʨʦʣʠʟʦʚʘʥʥʦʛʦ ʇʀ, ʪʘʢ ʠ 

ʥʘʥʦʢʦʤʧʦʟʠʪʘ, ʦʢʘʟʘʣʘʩʴ ʤʝʞʜʫ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʩʪʝʢʣʦʚʘʥʠʷ ʇʀ ʠ ʇɸʂ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʠʩʩʣʝʜʦʚʘʥʥʳʝ ʧʣʝʥʢʠ ï ʜʝʡʩʪʚʠʪʝʣʴʥʦ 

ʩʦʧʦʣʠʤʝʨʳ, ʩʦʜʝʨʞʘʱʠʝ ʢʘʢ ʠʤʠʜʥʳʝ, ʪʘʢ ʠ ʟʚʝʥʴ ̫ʩʦʣʠ ʘʤʠʜʦʢʠʩʣʦʪʳ.  
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ʈʠʩʫʥʦʢ 23 ï ʂʨʠʚʳʝ ʊʄɸ ʧʣʝʥʦʢ ʇʄ-ʊʀ (ʘ), ʇʄ-ʊʀ+3 ʦʙ. % ʋʅɺ (ʙ) ʠ  

ʇʄ-ʊʀ+3 ʦʙ. % ʋʅʂ (ʚ) ʜʦ ʠ ʧʦʩʣʝ ʛʠʜʨʦʣʠʟʘ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ 30% 

ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ NaOH, ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʝʞʠʤʝ ʥʘʛʨʝʚʘ ʩʦ ʩʢʦʨʦʩʪʴʶ 40 
ʦ
ʉ/ʤʠʥ ʚ 

ʘʪʤʦʩʬʝʨʝ ʘʨʛʦʥʘ. 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʟʚʝʥʴʝʚ ʩʦʣʠ ʘʤʠʜʦʢʠʩʣʦʪʳ ʚ ʥʘʥʦʢʦʤʧʦʟʠʪʥʦʡ ʧʣʝʥʢʝ, 

ʨʘʩʩʯʠʪʘʥʥʘʷ ʜʚʫʤʷ ʩʧʦʩʦʙʘʤʠ ï ʧʦ ʫʨʘʚʥʝʥʠʷʤ (7) ʠ (8), ʩʨʘʚʥʠʚʘʣʘʩʴ ʩ 

ʦʮʝʥʦʯʥʦʡ ʚʝʣʠʯʠʥʦʡ ʵʪʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ, ʧʨʦʚʝʜʝʥʥʦʡ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʀʂ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ʅʘʠʣʫʯʰʝʝ ʩʦʚʧʘʜʝʥʠʝ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʀʂ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʜʘʣ 

ʨʘʩʯʝʪ ʧʦ ʘʜʜʠʪʠʚʥʦʡ ʩʭʝʤʝ. 

ʀʟʤʝʥʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʤʠʜʥʳʭ ʮʠʢʣʦʚ ʚ ʧʨʦʮʝʩʩʝ ʛʠʜʨʦʣʠʟʘ ʦʮʝʥʠʚʘʣʠ 

ʧʦ ʩʦʦʪʥʦʰʝʥʠʶ [15]: 

ϳ

ϳ
ρ̌ππϷ,                                                                                                       (9) 

ʛʜʝ ʠʥʜʝʢʩ t ʦʙʦʟʥʘʯʘʝʪ ʪʝʢʫʱʫʶ ʦʧʪʠʯʝʩʢʫʶ ʧʣʦʪʥʦʩʪʴ, ʘ ʠʥʜʝʢʩ  

0 ï ʦʧʪʠʯʝʩʢʫʶ ʧʣʦʪʥʦʩʪʴ ʠʩʭʦʜʥʦʛʦ ʇʀ; D1780 ï ʦʧʪʠʯʝʩʢʘʷ ʧʣʦʪʥʦʩʪʴ ʧʦʣʦʩʳ 

1780 ʩʤ
-1
(ʩʠʤʤʝʪʨʠʯʥʳʝ ʚʘʣʝʥʪʥʳʝ ʢʦʣʝʙʘʥʠʷ C=O); D1015 ï ʦʧʪʠʯʝʩʢʘʷ ʧʣʦʪʥʦʩʪʴ 

ʧʦʣʦʩʳ ʚʥʫʪʨʝʥʥʝʛʦ ʩʪʘʥʜʘʨʪʘ 1015 ʩʤ
-1
 (ʢʦʣʝʙʘʥʠʷ ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʢʦʣʴʮʘ), 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ, ʢʦʪʦʨʦʡ ʥʝ ʧʨʝʪʝʨʧʝʚʘʝʪ ʠʟʤʝʥʝʥʠʡ ʚ ʧʨʦʮʝʩʩʝ ʠʤʠʜʠʟʘʮʠʠ. 

ʂʦʥʮʝʥʪʨʘʮʠʶ ʘʤʠʜʦʢʠʩʣʦʪʥʳʭ ʟʚʝʥʴʝʚ ʩʯʠʪʘʣʠ ʧʦ ʩʦʦʪʥʦʰʝʥʠʶ:  

nʇɸʂ + nʇʀ =100. 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʩʪʝʧʝʥʠ ʨʘʩʧʘʜʘ ʠʤʠʜʥʳʭ ʮʠʢʣʦʚ ʚ ʧʣʝʥʢʘʭ  

ʇʄ-ʊʀ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʝʤʫ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʥʘ ʨʘʟʥʳʭ ʩʪʘʜʠʷʭ ʛʠʜʨʦʣʠʟʘ, 

ʦʧʨʝʜʝʣʝʥʥʳʝ ʧʦ ʊʩ, ʥʘ ʢʦʣʠʯʝʩʪʚʝʥʥʦʤ ʫʨʦʚʥʝ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʥʝʢʦʪʦʨʦʝ 

ʨʘʩʭʦʞʜʝʥʠʝ ʩ ʜʘʥʥʳʤʠ, ʧʦʢʘʟʘʥʥʳʤʠ ʚ ʊʘʙʣʠʮʝ 7. ɺʧʦʣʥʝ ʚʝʨʦʷʪʥʦ, ʯʪʦ ʵʪʦ 

ʩʚʷʟʘʥʦ ʩ ʪʝʤ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦʤ, ʯʪʦ ʚ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʤʝʪʦʜʳ ʨʘʩʯʝʪʘ ʷʚʣʷʶʪʩʷ 
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ʧʦʣʫʢʦʣʠʯʝʩʪʚʝʥʥʳʤʠ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʦʙʘ ʨʘʩʯʝʪʘ ʧʦʢʘʟʘʣʠ ʦʜʠʥ ʠ ʪʦʪ ʞʝ 

ʨʝʟʫʣʴʪʘʪ ï ʧʨʦʮʝʩʩ ʛʠʜʨʦʣʠʟʘ ʥʘʥʦʢʦʤʧʦʟʠʪʥʳʭ ʧʣʝʥʦʢ ʧʨʠʚʦʜʠʪ ʢ ʙʦʣʝʝ 

ʠʥʪʝʥʩʠʚʥʦʤʫ ʦʙʨʘʟʦʚʘʥʠʶ ʘʤʠʜʦʢʠʩʣʦʪʥʳʭ ʛʨʫʧʧ, ʯʝʤ ʜʣʷ ʤʘʪʨʠʯʥʦʛʦ ʇʀ. 

ʊʘʙʣʠʮʘ 9 ï ʉʪʝʧʝʥʴ ʨʘʩʢʨʳʪʠʷ ʠʤʠʜʥʳʭ ʮʠʢʣʦʚ ʚ ʧʣʝʥʢʘʭ ʇʀ ʠ ʢʦʤʧʦʟʠʪʘʭ ʥʘ 

ʝʛʦ ʦʩʥʦʚʝ ʥʘ ʨʘʟʥʳʭ ʩʪʘʜʠʷʭ ʛʠʜʨʦʣʠʟʘ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ 30% 

ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ NaOH, ʦʧʨʝʜʝʣʝʥʥʘʷ ʧʦ ʊʩ 

ʆʙʨʘʟʝʮ 
t, 

ʯ 

ʊʛ.ʇʀ, 
o
C 

ɸʜʜʠʪʠʚʥʘʷ 

ʩʭʝʤʘ (7) 

ʋʨʘʚʥʝʥʠʝ 

ʌʦʢʩʘ (8) 

Ὀ Ὀϳ

Ὀ Ὀϳ
ȟϷ 

nʇɸʂ, 
% 

nʇɸʂ, 
% 

nʇɸʂ, 
% 

nʇʀ, 
% 

nʇɸʂ, % nʇʀ, % 

ʇʄ-ʊʀ 

3 215 79 21 61 39 - - 

5 201 85 15 73 27 90 10 

25 191 90 10 82 18 80 20 

ʇʄ-ʊʀ+3ʦʙ.%ʋʅʂ 3 210 81 19 67 33 75 25 

ʇʄ-ʊʀ+3ʦʙ.%ʋʅɺ 3 198 87 13 76 24 - - 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʛʠʜʨʦʣʠʟ ʧʣʝʥʦʢ ʇʀ ʥʝ ʚʩʝʛʜʘ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ 

ʪʝʨʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʈʠʩʫʥʢʘ 24, ʜʣʷ ʠʩʭʦʜʥʳʭ (ʜʦ 

ʛʠʜʨʦʣʠʟʘ) ʇʀ ɼʌʆ-ʉʆɼ, ʈ-ʉʆɼ ʠ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝ ʥʘʙʣʶʜʘʝʪʩʷ 

ʥʘʣʠʯʠʝ ʜʚʫʭ ʨʝʣʘʢʩʘʮʠʦʥʥʳʭ ʧʝʨʝʭʦʜʦʚ ï ʩʪʝʢʣʦʚʘʥʠʷ (Tʩ) ʠ ʪʝʢʫʯʝʩʪʠ (Tʪ). 

ʇʨʠʯʝʤ, ʧʝʨʝʭʦʜ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ Tʪ, ʦʯʝʥʴ ʩʣʘʙʦ ʚʳʨʘʞʝʥ ʥʘ ʢʨʠʚʦʡ ʊʄɸ ʜʣʷ 

ʦʙʦʠʭ ʇʀ ʠ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝ. ʇʨʠ ʧʝʨʝʭʦʜʝ ʢ ʛʠʜʨʦʣʠʟʦʚʘʥʥʳʤ 

ʧʣʝʥʢʘʤ ʈ-ʉʆɼ, ɼʌʆ-ʉʆɼ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʠʤ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʧʦ ʤʝʨʝ 

ʫʚʝʣʠʯʝʥʠʷ ʜʣʠʪʝʣʴʥʦʩʪʠ ʛʠʜʨʦʣʠʟʘ ʥʘʙʣʶʜʘʣʠ ʨʦʩʪ ʚʝʣʠʯʠʥʳ Tc ʠ ʠʟʤʝʥʝʥʠʝ 

ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʚʠʜʘ ʢʨʠʚʦʡ ʊʄɸ - ʨʝʘʣʠʟʘʮʠ ̫ ʚʩʝ ʙʦʣʝʝ ʰʠʨʦʢʦʛʦ, ʧʣʘʚʥʦʛʦ 

ʧʝʨʝʭʦʜʘ ʯʝʨʝʟ Tʩ ʩ ʦʛʨʘʥʠʯʝʥʥʳʤ ʨʦʩʪʦʤ ʧʦʜʘʪʣʠʚʦʩʪʠ ʦʙʨʘʟʮʘ ʚ 

ʨʘʩʩʪʝʢʣʦʚʘʥʥʦʤ ʩʦʩʪʦʷʥʠʠ (ʈʠʩʫʥʦʢ 24 (ʙ)). ʆʙʝ ʵʪʠ ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʚʝʜʝʥʠʷ 

ʛʠʜʨʦʣʠʟʦʚʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʨʠ ʥʘʛʨʝʚʝ ʚ ʭʦʜʝ ʠʩʧʳʪʘʥʠʡ ʊʄɸ ʫʢʘʟʳʚʘʶʪ ʥʘ 

ʨʝʘʣʠʟʫʝʤʳʝ ʚ ʥʝʤ ʧʨʦʮʝʩʩʳ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʦʛʨʘʥʠʯʝʥʠʶ ʩʝʛʤʝʥʪʘʣʴʥʦʡ 

ʧʦʜʚʠʞʥʦʩʪʠ ʤʘʢʨʦʮʝʧʝʡ. ʂ ʪʘʢʠʤ ʦʛʨʘʥʠʯʝʥʠʷʤ ʟʘʢʦʥʦʤʝʨʥʦ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ 

ʦʙʨʘʟʦʚʘʥʠʝ ʚ ʧʣʝʥʢʝ ʩʠʩʪʝʤʳ ʤʝʞʮʝʧʥʳʭ ʩʰʠʚʦʢ [15, 31, 98]. 
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ʂʘʢ ʠʟʚʝʩʪʥʦ [15], ʧʨʠ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʇʀ ʚʦʟʤʦʞʥʳ ʨʘʟʣʠʯʥʳʝ 

ʭʠʤʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʩʰʠʚʘʥʠʶ ʤʘʢʨʦʤʦʣʝʢʫʣ. ɺ ʣʠʪʝʨʘʪʫʨʝ 

ʚʩʪʨʝʯʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʩʭʝʤʳ ʦʙʨʘʟʦʚʘʥʠʷ ʩʰʠʪʦʡ ʩʪʨʫʢʪʫʨʳ ʚ ʇʀ:  

1) ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʠʤʠʜʥʳʤʠ ʮʠʢʣʘʤʠ [15, 99]; 

2) ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʢʦʥʮʝʚʦʡ ʘʤʠʥʥʦʡ ʛʨʫʧʧʳ ʩ ʠʤʠʜʥʳʤ ʮʠʢʣʦʤ (ʨʘʟʚʝʪʚʣʝʥʠʝ) 

[15, 100-101]; 

3) ʈʝʘʢʮʠʷ ʤʝʞʜʫ ʜʚʫʤʷ ʘʤʠʜʥʳʤʠ ʛʨʫʧʧʘʤʠ ʚ ʪʘʫʪʦʤʝʨʥʦʡ ʠʤʠʥʦʣʴʥʦʡ ʬʦʨʤʝ [15]; 

4) ʆʙʨʘʟʦʚʘʥʠʝ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʩʚʷʟʝʡ [15]. 
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ʈʠʩʫʥʦʢ 24 ï ʂʨʠʚʳʝ ʊʄɸ ʧʣʝʥʦʢ ʜʦ ʠ ʧʦʩʣʝ ʠʭ ʛʠʜʨʦʣʠʟʘ: ʘ ï ɼʌʆ-ʉʆɼ ʠ 

ɼʌʆ-ʉʆɼ+3 ʦʙ. % ʋʅʂ; ʙ ï ʈ-ʉʆɼ ʠ ʈ-ʉʆɼ+3 ʦʙ. % ʋʅʂ.  

ʉ ʮʝʣʴʶ ʚʳʷʩʥʝʥʠʷ ʚʦʟʤʦʞʥʳʭ ʧʨʠʯʠʥ ʧʦʷʚʣʝʥʠʷ ʩʰʠʪʦʡ ʩʪʨʫʢʪʫʨʳ ʚ 

ʜʘʥʥʳʭ ʇʀ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʠʤ ʥʘʥʦʢʦʤʧʦʟʠʪʥʳʭ ʧʣʝʥʢʘʭ ʙʳʣ ʧʨʦʚʝʜʝʥ 

ʩʦʚʤʝʱʝʥʥʳʡ ʘʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʊɻɸ ʠ ʊʄɸ (ʊʘʙʣʠʮʘ 10).  

ɺ ʩʣʫʯʘʝ ʛʠʜʨʦʣʠʟʦʚʘʥʥʳʭ ʧʣʝʥʦʢ ɼʌʆ-ʉʆɼ ʠ  

ɼʌʆ-ʉʆɼ+3 ʦʙ. % ʋʅʂ ʦʙʥʘʨʫʞʝʥʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʊʩ, ʚʝʨʦʷʪʥʦ, ʦʙʫʩʣʦʚʣʝʥʦ 

ʧʨʦʮʝʩʩʘʤʠ ʠʥʪʝʥʩʠʚʥʦʛʦ ʩʰʠʚʘʥʠʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʪʝʨʤʠʯʝʩʢʦʡ ʜʝʩʪʨʫʢʮʠʠ 

ʤʘʪʝʨʠʘʣʘ ʚ ʧʨʦʮʝʩʩʝ ʠʩʧʳʪʘʥʠʡ ʊɻɸ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʧʦʢʘʟʘʪʝʣʠ 

ʪʝʨʤʦʩʪʦʡʢʦʩʪʠ t5 ʜʣʷ ʧʣʝʥʦʢ ɼʌʆ-ʉʆɼ ʠ ɼʌʆ-ʉʆɼ+3 ʦʙ. % ʋʅʂ ʧʦʩʣʝ 300 ʯ 

ʛʠʜʨʦʣʠʟʘ ʩʦʩʪʘʚʣʷʶʪ 366 ʠ 355 
ʦ
ʉ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʯʪʦ ʧʨʘʢʪʠʯʝʩʢʠ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʊʩ ʵʪʠʭ ʧʣʝʥʦʢ (356-357 
o
C).  














































































































