
 

ʄɯʅɯʉʊɽʈʉʊɺʆ ʆʉɺɯʊʀ ɯ ʅɸʋʂʀ ʋʂʈɸɰʅʀ 

ʅɸʎɯʆʅɸʃʔʅɸ ɸʂɸɼɽʄɯʗ ʅɸʋʂ ʋʂʈɸɰʅʀ 

ɼʆʅɽʎʔʂʀʁ ʅɸʎɯʆʅɸʃʔʅʀʁ ʋʅɯɺɽʈʉʀʊɽʊ 

ɯʄɽʅɯ ɺɸʉʀʃʗ ʉʊʋʉɸ 
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ʩʪʫʜʝʥʪʽʚ, ʘʩʧʽʨʘʥʪʽʚ ʽ ʤʦʣʦʜʠʭ ʫʯʝʥʠʭ 
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ɿʘʪʚʝʨʜʞʝʥʦ ɺʯʝʥʦʶ ʨʘʜʦʶ ɼʦʥʝʮʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ 

ʽʤʝʥʽ ɺʘʩʠʣʷ ʉʪʫʩʘ (ʧʨʦʪʦʢʦʣ ˉ 3 ʚʽʜ 23.02.2017 ʨ.) 

ʇʦʩʚʽʜʯʝʥʥʷ ʧʨʦ ʨʝʻʩʪʨʘʮʽʶ ʋʢʨɯʅʊɽɯ ˉ 104 ʚʽʜ 27.02.2017 ʨ. 

 

ʍʽʤʽʯʥʽ ʧʨʦʙʣʝʤʠ ʩʴʦʛʦʜʝʥʥʷ (ʍʇʉ-2017): ʟʙʽʨʥʠʢ ʪʝʟ ʜʦʧʦʚʽʜʝʡ ɼʝʩʷʪʦʾ 

ʋʢʨʘʾʥʩʴʢʦʾ ʥʘʫʢʦʚʦʾ ʢʦʥʬʝʨʝʥʮʽʾ ʩʪʫʜʝʥʪʽʚ, ʘʩʧʽʨʘʥʪʽʚ ʽ ʤʦʣʦʜʠʭ ʫʯʝʥʠʭ ʟ 

ʤʽʞʥʘʨʦʜʥʦʶ ʫʯʘʩʪʶ, 27ï29 ʙʝʨʝʟʥʷ 2017 ʨ., ʤ. ɺʽʥʥʠʮʷ / ɼʦʥʝʮʴʢʠʡ 

ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɺʘʩʠʣʷ ʉʪʫʩʘ; ʨʝʜʢʦʣʝʛʽʷ: ʆ. ʄ. ʐʝʥʜʨʠʢ 

(ʚʽʜʧ. ʨʝʜ.) [ʪʘ ʽʥ.]. ï ɺʽʥʥʠʮʷ, 2017. ï 324 ʩ. 

ɿ 27 ʧʦ 29 ʙʝʨʝʟʥʷ 2017 ʨʦʢʫ ʚ ɼʦʥʝʮʴʢʦʤʫ ʥʘʮʽʦʥʘʣʴʥʦʤʫ ʫʥʽʚʝʨʩʠʪʝʪʽ 

ʽʤʝʥʽ ɺʘʩʠʣʷ ʉʪʫʩʘ ʚʽʜʙʫʣʘʩʷ ɼʝʩʷʪʘ ʋʢʨʘʾʥʩʴʢʘ ʥʘʫʢʦʚʘ ʢʦʥʬʝʨʝʥʮʽʷ ʩʪʫʜʝʥʪʽʚ, 

ʘʩʧʽʨʘʥʪʽʚ ʽ ʤʦʣʦʜʠʭ ʫʯʝʥʠʭ ʟ ʤʽʞʥʘʨʦʜʥʦʶ ʫʯʘʩʪʶ çʍʽʤʽʯʥʽ ʧʨʦʙʣʝʤʠ 

ʩʴʦʛʦʜʝʥʥʷè (ʍʇʉ-2017). 

ʋ ʟʙʽʨʥʠʢʫ ʦʧʫʙʣʽʢʦʚʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ, ʷʢʽ ʚʠʢʦʥʘʥʽ ʚ ʥʘʚʯʘʣʴʥʠʭ 

ʟʘʢʣʘʜʘʭ ʪʘ ʥʘʫʢʦʚʠʭ ʫʩʪʘʥʦʚʘʭ ʋʢʨʘʾʥʠ, ʈʝʩʧʫʙʣʽʢʠ ɹʽʣʦʨʫʩʴ, ʂʘʟʘʭʩʪʘʥʫ, 

ʋʟʙʝʢʽʩʪʘʥʫ, ʈʦʩʽʡʩʴʢʦʾ ʌʝʜʝʨʘʮʽʾ, ʉʣʦʚʘʢ̔ʾ, ɽʩʪʦʥʽʾ, ʅʽʤʝʯʯʠʥʠ, ʌʨʘʥʮʽʾ, 

ʉʧʦʣʫʯʝʥʠʭ ʐʪʘʪʽʚ ɸʤʝʨʠʢʠ ʚ ʛʘʣʫʟʽ ʘʥʘʣʽʪʠʯʥʦʾ, ʢʚʘʥʪʦʚʦʾ, ʥʝʦʨʛʘʥʽʯʥʦʾ, 

ʦʨʛʘʥʽʯʥʦʾ, ʬʽʟʠʯʥʦʾ, ʤʝʜʠʯʥʦʾ ʪʘ ʬʘʨʤʘʮʝʚʪʠʯʥʦʾ ʭʽʤʽʾ, ʙʽʦʭʽʤʽʾ, ʭʽʤʽʯʥʦʾ ʦʩʚʽʪʠ, 

ʭʽʤʽʯʥʦʾ ʽʥʞʝʥʝʨʽʾ, ʭʽʤʽʾ ʧʦʣʽʤʝʨʽʚ ʽ ʢʦʤʧʦʟʠʪʽʚ. 
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çɸʃʉɯ-ʍʈʆʄè 

ʊʆɺ çʄʽʢʩʣʘʙè 

ʊʆɺ çʅɺʇ çʋʢʨʦʨʛʩʠʥʪʝʟè 

 

ʈʝʜʘʢʮʽʡʥʘ ʢʦʣʝʛʽʷ: ʆ. ʄ. ʐʝʥʜʨʠʢ (ʚʽʜʧ. ʨʝʜ.) 

ʉ. ɺ. ɾʠʣʴʮʦʚʘ 

ʁ. ʆ. ʆʧʝʡʜʘ  

ʉ. ɺ. ʈʘʜʽʦ 

ɻ. ʄ. ʈʦʟʘʥʮʝʚ 

ʆ. ʄ. ʐʚʝʜ 

 

ɸʜʨʝʩʘ ʨʝʜʢʦʣʝʛʽʾ: 21021, ʤ. ɺʽʥʥʠʮʷ, ʚʫʣ. 600-ʨʽʯʯʷ, 21, ʭʽʤʽʯʥʠʡ 

ʬʘʢʫʣʴʪʝʪ ɼʦʥʝʮʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʽʤʝʥʽ ɺʘʩʠʣʷ ʉʪʫʩʘ. 

 

É ɼʦʥʅʋ ʽʤʝʥʽ ɺʘʩʠʣʷ ʉʪʫʩʘ, 2017 

É ʂʦʣʝʢʪʠʚ ʘʚʪʦʨʽʚ, 2017 

É ʆ. ʄ. ʐʝʥʜʨʠʢ (ʚʽʜʧ. ʨʝʜ.), 2017 

ISBN ???-???-????-??-?    É ʊʆɺ çʅʽʣʘʥ-ʃʊɼ, 2017 



 

MINISTRY OF EDUCATION AND SCIENCE OF UKRAINE  

NATIONAL ACADEMY OF SCIE NCES OF UKRAINE 

VASYL' STUS DONETSK NATIONAL UNIVERSITY  

L. M. LITVINENKO INSTITUTE OF PHYSICAL -ORGANIC 

CHEMISTRY AND COAL CHEMISTRY  

 

 

 

CURRENT 

CHEMICAL  

PROBLEMS 
 

 
 

X Ukrainian  scientific conference 

for students and young scientists 

with international part icipation 

 
BOOK OF ABSTRACTS 

 
CELEBRATING  80 YEARS OF VASYLô STUS DONNU 

 
 

March 27ï29, 2017 

Vinnytsia  



 

4 

UDC 54(06) 

BBK ɻʷ431 

C 95 

 

Approved by the Academic Council of Vasylô Stus Donetsk National University 

(minutes N 3, 23.02.2017) 

UkrISTEI registration certificate N 104, 27.02.2017 

 
Current  chemical problems (CCP-2017): book of abstracts of the X Ukrainian 

scientific conference for students and young scientists with international participation, 

March 27ï29, 2017, Vinnytsia / Vasylô Stus Donetsk National University; editorial 

board: ʆ. ʄ. Shendrik (editor-in-chief) [et al.]. ï Vinnytsia, 2017. ï 324 p. 

X Ukrainian scientific conference for students and young scientists with 

international participation çCurrent Chemical Problemsè (CCP-2017) was held at the 

Faculty of Chemistry of Vasylô Stus Donetsk National University on March 27ï29, 

2017. 

The book of abstracts contains the results of investigations, obtained in the 

educational and research establishments of Ukraine, Republic of Belarus, Republic of 

Kazakhstan, Republic of Uzbekistan, Russian Federation, Slovak Republic, Republic of 

Estonia, Federal Republic of Germany, French Republic, United States of America in 

the field of analytical, quantum, inorganic, organic, physical, medical and 

pharmaceutical chemistry, biochemistry, chemical education, chemical engineering, 

chemistry of polymers and composites. 

 

Conference support: 

UkrChemAnalysis Ltd. 

Otava Ltd. 

"Ukrainian aerosols" 

Chemlaborreactive Ltd. 

"INSTRUMENT-SERVIS" 

"ALSI-Chrom" 

"MixLab" 

UkrOrgSyntez Ltd. 

 

Editorial board: ʆ. M. Shendrik (ed.-in-ch.) 

S. V. Zhylôtsova 

I. ʆ. Opejda  

S. V. Radio 

G. M. Rozantsev 

ʆ. M. Shved 
 

Editorial board address: 21021, Vinnytsia, vul. 600-richchia, 21, the Faculty of 

Chemistry of Vasylô Stus Donetsk National University. 

 

É Vasylô Stus DonNU, 2017 

É Authors, 2017 

É ʆ. M. Shendrik (ed.-in-ch.), 2017 

ISBN ???-???-????-??-?    É ʊʆɺ çʅʽʣʘʥ-ʃʊɼ, 2017 



 

5 

ʇʈʆɻʈɸʄʅʀʁ ʆʈɻɸʅɯɿɸʎɯʁʅʀʁ ʂʆʄɯʊɽʊ 
 

ɻʦʣʦʚʘ ï ʜ-ʨ ʭ̔ ʤ. ʥʘʫʢ, ʧʨʦʬ. ʐʝʥʜʨʠʢ ʆʣʝʢʩʘʥʜʨ ʄʠʢʦʣʘʡʦʚʠʯ, ʜʝʢʘʥ ʭʽʤʽʯʥʦʛʦ ʬʘ-

ʢʫʣʴʪʝʪʫ ɼʦʥʝʮʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʽʤʝʥʽ ɺʘʩʠʣʷ ʉʪʫʩʘ 

ɿʘʩʪʫʧʥʠʢ ʛʦʣʦʚʠ, ɺʯʝʥʠʡ ʩʝʢʨʝʪʘʨ ï ʢʘʥʜ. ʭ̔ ʤ. ʥʘʫʢ, ʜʦʮ. ɾʠʣʴʮʦʚʘ ʉʚʽʪʣʘʥʘ ɺʽʪʘʣʽ-

ʾʚʥʘ, ɼʦʥʝʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɺʘʩʠʣʷ ʉʪʫʩʘ 

ɹʝʩʧʘʣʴʢʦ ʖʣʽʷ ʄʠʢʦʣʘʾʚʥʘ ï ʢʘʥʜ. ʭ̔ ʤ. ʥʘʫʢ, ʜʦʮ., ɼʦʥʝʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠ-

ʪʝʪ ʽʤʝʥʽ ɺʘʩʠʣʷ ʉʪʫʩʘ 

ɹʦʛʟʘ ʉʝʨʛʽʡ ʃʝʦʥʽʜʦʚʠʯ ï ʜ-ʨ ʭ̔ ʤ. ʥʘʫʢ, ʧʨʦʬ., ʩʪʘʨʰ. ʥʘʫʢ. ʩʧʽʚʨʦʙ., ɯʥʩʪʠʪʫʪ ʦʨʛʘʥʽʯʥʦʾ 

ʭʽʤʽʾ ʅɸʅ ʋʢʨʘʾʥʠ 

ɻʝʪʴʤʘʥ ɭʚʛʝʥ ɯʚʘʥʦʚʠʯ ï ʜ-ʨ ʭ̔ ʤ. ʥʘʫʢ, ʧʨʦʬ., ɼʦʥʝʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

ʽʤʝʥʽ ɺʘʩʠʣʷ ʉʪʫʩʘ 

ʂʦʨʦʪʢʽʭ ʄʠʢʦʣʘ ɯʚʘʥʦʚʠʯ ï ʜ-ʨ ʭ̔ ʤ. ʥʘʫʢ, ʧʨʦʬ., ʛʦʣʦʚ. ʥʘʫʢ. ʩʧʽʚʨʦʙ., ɯʥʩʪʠʪʫʪ ʬʽʟʠʢʦ-

ʦʨʛʘʥʽʯʥʦʾ ʭʽʤʽʾ ʽ ʚʫʛʣʝʭʽʤʽʾ ʽʤ. ʃ. ʄ. ʃʠʪʚʠʥʝʥʢʘ ʅɸʅ ʋʢʨʘʾʥʠ 

ʂʫ ɦʆʣʴʛʘ ɺʘʩʠʣʽʚʥʘ ï ʢʘʥʜ. ʭ̔ ʤ. ʥʘʫʢ, ʜʦʮ., ʩʪʘʨʰ. ʥʘʫʢ. ʩʧʽʚʨʦʙ., ɺʽʜʜʽʣʝʥʥʷ ʬʽʟʠʢʦ-

ʭʽʤʽʾ ʛʦʨʶʯʠʭ ʢʦʧʘʣʠʥ ɯʥʩʪʠʪʫʪʫ ʬʽʟʠʢʦ-ʦʨʛʘʥʽʯʥʦʾ ʭʽʤʽʾ ʽ ʚʫʛʣʝʭʽʤʽʾ 

ʽʤ. ʃ. ʄ. ʃʠʪʚʠʥʝʥʢʘ ʅɸʅ ʋʢʨʘʾʥʠ 

ʃʝʩʠʰʠʥʘ ʖʣʽʷ ʆʩʪʘʧʽʚʥʘ ï ʢʘʥʜ. ʭ̔ ʤ. ʥʘʫʢ, ʜʦʮ., ɼʦʥʝʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

ʽʤʝʥʽ ɺʘʩʠʣʷ ʉʪʫʩʘ 

ʄʘʪʚʽʻʥʢʦ ɸʥʘʪʦʣʽʡ ɻʨʠʛʦʨʦʚʠʯ ï ʜ-ʨ ʭ̔ ʤ. ʥʘʫʢ, ʧʨʦʬ., ʧʨʦʚʽʜʥ. ʥʘʫʢ. ʩʧʽʚʨʦʙ., ɯʥʩʪʠʪʫʪ 

ʦʨʛʘʥʽʯʥʦʾ ʭʽʤʽʾ ʅɸʅ ʋʢʨʘʾʥʠ 

ʄʝʣʴʥʠʯʝʥʢʦ ɺʘʩʠʣʴ ɯʚʘʥʦʚʠʯ ï ʢʘʥʜ. ʭ̔ ʤ. ʥʘʫʢ, ʜʦʮ., ɼʦʥʝʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨ-

ʩʠʪʝʪ ʽʤʝʥʽ ɺʘʩʠʣʷ ʉʪʫʩʘ 

ʆʧʝʡʜʘ ʁʦʩʠʧ ʆʣʝʢʩʽʡʦʚʠʯ ï ʜ-ʨ ʭ̔ ʤ. ʥʘʫʢ, ʧʨʦʬ., ʛʦʣʦʚ. ʥʘʫʢ. ʩʧʽʚʨʦʙ., ɺʽʜʜʽʣʝʥʥʷ ʬʽʟʠ-

ʢʦ-ʭʽʤʽʾ ʛʦʨʶʯʠʭ ʢʦʧʘʣʠʥ ɯʥʩʪʠʪʫʪʫ ʬʽʟʠʢʦ-ʦʨʛʘʥʽʯʥʦʾ ʭʽʤʽʾ ʽ ʚʫʛʣʝʭʽʤʽʾ ʽʤ. ʃ. ʄ. ʃʠʪ-

ʚʠʥʝʥʢʘ ʅɸʅ ʋʢʨʘʾʥʠ 

ʈʘʜʽʦ ʉʝʨʛʽʡ ɺʽʢʪʦʨʦʚʠʯ ï ʢʘʥʜ. ʭ̔ ʤ. ʥʘʫʢ, ʜʦʮ., ɼʦʥʝʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

ʽʤʝʥʽ ɺʘʩʠʣʷ ʉʪʫʩʘ 

ʈʘʥʩʴʢʠʡ ɸʥʘʪʦʣʽʡ ʇʝʪʨʦʚʠʯ ï ʜ-ʨ ʭ̔ ʤ. ʥʘʫʢ, ʧʨʦʬ., ɺʽʥʥʠʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯ-

ʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

ʈʝʜʴʢʦ ɸʥʜʨʽʡ ʄʠʢʦʣʘʡʦʚʠʯ ï ʢʘʥʜ. ʭ̔ ʤ. ʥʘʫʢ, ʩʪʘʨʰ. ʥʘʫʢ. ʩʧʽʚʨʦʙ., ɯʥʩʪʠʪʫʪ ʬʽʟʠʢʦ-

ʦʨʛʘʥʽʯʥʦʾ ʭʽʤʽʾ ʽ ʚʫʛʣʝʭʽʤʽʾ ʽʤ. ʃ. ʄ. ʃʠʪʚʠʥʝʥʢʘ ʅɸʅ ʋʢʨʘʾʥʠ 

ʈʠʙʘʯʝʥʢʦ ɺʦʣʦʜʠʤʠʨ ɯʚʘʥʦʚʠʯ ï ʜ-ʨ ʭ̔ ʤ. ʥʘʫʢ, ʧʨʦʬ., ʧʨʦʚʽʜʥ. ʥʘʫʢ. ʩʧʽʚʨʦʙ., ɯʥʩʪʠʪʫʪ 

ʬʟ̔ʠʢʦ-ʦʨʛʘʥʽʯʥʦʾ ʭʽʤʽʾ ʽ ʚʫʛʣʝʭʽʤʽʾ ʽʤ. ʃ. ʄ. ʃʠʪʚʠʥʝʥʢʘ ʅɸʅ ʋʢʨʘʾʥʠ 

ʈʦʟʘʥʮʝʚ ɻʝʦʨʛʽʡ ʄʠʭʘʡʣʦʚʠʯ ï ʜ-ʨ ʭ̔ ʤ. ʥʘʫʢ, ʧʨʦʬ., ɼʦʥʝʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠ-

ʪʝʪ ʽʤʝʥʽ ɺʘʩʠʣʷ ʉʪʫʩʘ 

ʏʝʢʘʥʦʚ ʄʘʢʩʠʤ ʆʣʝʢʩʘʥʜʨʦʚʠʯ ï ʢʘʥʜ. ʭ̔ ʤ. ʥʘʫʢ, ʩʪʘʨʰ. ʥʘʫʢ. ʩʧʽʚʨʦʙ., ɯʥʩʪʠʪʫʪ ʤʦʣʝ-

ʢʫʣʷʨʥʦʾ ʙʽʦʣʦʛʽʾ ʽ ʛʝʥʝʪʠʢʠ ʅɸʅ ʋʢʨʘʾʥʠ, ʟʘʩʥʦʚʥʠʢ ʢʦʤʧʘʥʽʾ ʊʆɺ çʋʢʨʍʽʤɸʥʘʣʽʟè 

ʌʨʘʩʠʥʶʢ ʄʠʭʘʡʣʦ ʉʝʨʛʽʡʦʚʠʯ ï ʢʘʥʜ. ʭ̔ ʤ. ʥʘʫʢ, ʩʪʘʨʰ. ʥʘʫʢ. ʩʧʽʚʨʦʙ., ɯʥʩʪʠʪʫʪ ʙʽʦʦʨ-

ʛʘʥʽʯʥʦʾ ʭʽʤʽʾ ʪʘ ʥʘʬʪʦʭʽʤʽʾ ʅɸʅ ʋʢʨʘʾʥʠ 

ʍʠʞʘʥ ʆʣʝʥʘ ɯʩʘʾʚʥʘ ï ʢʘʥʜ. ʭ̔ ʤ. ʥʘʫʢ, ʜʦʮ., ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʽʦʨʝʩʫʨʩʽʚ ʽ 

ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʋʢʨʘʾʥʠ 

ʐʚʝʜ ʆʣʝʥʘ ʄʠʢʦʣʘʾʚʥʘ ï ʜ-ʨ ʭ̔ ʤ. ʥʘʫʢ, ʜʦʮ., ɼʦʥʝʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝ-

ʥʽ ɺʘʩʠʣʷ ʉʪʫʩʘ 

ʐʧʘʥʴʢʦ ɯʛʦʨ ɺʘʩʠʣʴʦʚʠʯ ï ʜ-ʨ ʭ̔ ʤ. ʥʘʫʢ, ʧʨʦʬ., ɼʦʥʝʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

ʽʤʝʥʽ ɺʘʩʠʣʷ ʉʪʫʩʘ  
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ʃʆʂɸʃʔʅʀʁ ʆʈɻɸʅɯɿɸʎɯʁʅʀʁ ʂʆʄɯʊɽʊ 
 

ɻʦʣʦʚʘ ï ʜ-ʨ ʭ̔ ʤ. ʥʘʫʢ, ʧʨʦʬ. ʐʝʥʜʨʠʢ ʆʣʝʢʩʘʥʜʨ ʄʠʢʦʣʘʡʦʚʠʯ, ʜʝʢʘʥ ʭʽʤʽʯʥʦʛʦ 

ʬʘʢʫʣʴʪʝʪʫ ɼʦʥʝʮʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʽʤʝʥʽ ɺʘʩʠʣʷ ʉʪʫʩʘ 

ɿʘʩʪʫʧʥʠʢ ʛʦʣʦʚʠ ï ʢʘʥʜ. ʭ̔ ʤ. ʥʘʫʢ, ʜʦʮ. ɾʠʣʴʮʦʚʘ ʉʚʽʪʣʘʥʘ ɺʽʪʘʣʽʾʚʥʘ, ɼʦʥʝʮʴʢʠʡ 

ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɺʘʩʠʣʷ ʉʪʫʩʘ 

ɿʦʩʝʥʢʦ ʆʣʴʛʘ ʆʣʝʢʩʘʥʜʨʽʚʥʘ ï ʘʩʧʽʨʘʥʪ, ɼʦʥʝʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ 

ɺʘʩʠʣʷ ʉʪʫʩʘ 

ʂʘʣʽʥʩʴʢʠʡ ʆʣʝʢʩʘʥʜʨ ʄʠʭʘʡʣʦʚʠʯ ï ʘʩʧʽʨʘʥʪ, ɼʦʥʝʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

ʽʤʝʥʽ ɺʘʩʠʣʷ ʉʪʫʩʘ 

ʂʘʧ̔ʪʘʥʯʫʢ ɸʥʜʨʽʡ ʉʝʨʛʽʡʦʚʠʯ ï ʩʪʫʜʝʥʪ, ʛʦʣʦʚʘ ʩʪʫʜʝʥʪʩʴʢʦʛʦ ʩʘʤʦʚʨʷʜʫʚʘʥʥʷ 

ʭ̔ʤ̔ʯʥʦʛʦ ʬʘʢʫʣʴʪʝʪʫ, ɼʦʥʝʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɺʘʩʠʣʷ ʉʪʫʩʘ 

ʄʘʨʽʡʯʘʢ ʆʣʝʢʩʘʥʜʨʘ ʖʨʽʾʚʥʘ ï ʘʩʧʽʨʘʥʪ, ʛʦʣʦʚʘ ʈʘʜʠ ʤʦʣʦʜʠʭ ʫʯʝʥʠʭ ʭʽʤʽʯʥʦʛʦ 

ʬʘʢʫʣʴʪʝʪʫ ɼʦʥʝʮʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʽʤʝʥʽ ɺʘʩʠʣʷ ʉʪʫʩʘ 

ʊʢʘʯ ɸʥʘʩʪʘʩʽʷ ʈʫʩʣʘʥʽʚʥʘ ï ʩʪʫʜʝʥʪ, ʛʦʣʦʚʘ ʥʘʫʢʦʚʦʛʦ ʜʝʧʘʨʪʘʤʝʥʪʫ ʭʽʤʽʯʥʦʛʦ 

ʬʘʢʫʣʴʪʝʪʫ, ɼʦʥʝʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɺʘʩʠʣʷ ʉʪʫʩʘ 

ʋʩʘʯʦʚ ʆʣʝʛ ʄʠʭʘʡʣʦʚʠʯ ï ʩʪʫʜʝʥʪ, ɼʦʥʝʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɺʘʩʠʣʷ 

ʉʪʫʩʘ 

ʎʷʧʘʣʦ ʆʣʝʢʩʘʥʜʨ ʉʪʝʧʘʥʦʚʠʯ ï ʥʘʫʢʦʚʠʡ ʩʧʽʚʨʦʙʽʪʥʠʢ, ɼʦʥʝʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ 

ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɺʘʩʠʣʷ ʉʪʫʩʘ 

ʖʪʽʣʦʚʘ ʂʩʝʥʽʷ ʉʝʨʛʽʾʚʥʘ ï ʘʩʧʽʨʘʥʪ, ɼʦʥʝʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɺʘʩʠʣʷ 

ʉʪʫʩʘ 
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ɺʀɿʅɸʏɽʅʅʗ ɺʄɯʉʊʋ ɺɸɾʂʀʍ ʄɽʊɸʃɯɺ ʋ ʄɽɼʆɺʀʍ ɿʈɸɿʂɸʍ 

ʄɽʊʆɼʆʄ ɯʅɺɽʈʉɯʁʅʆɰ ɺʆʃʔʊɸʄʇɽʈʆʄɽʊʈɯɰ 

ɹʽʣʦʨʫʩ ʅ. ɺ., ʂʫʧʯʠʢ ʆ. ʖ. 

ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʧʝʜʘʛʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ  ʽʤ. ʊ. ɻ. ʐʝʚʯʝʥʢʘ 

nelya.parhomenko@mail.ru 

 

ɿʨʘʟʢʠ ʤʝʜʫ ʙʫʣʠ ʩʚʽʞʠʤʠ, ʥʝ ʧʘʩʪʝʨʠʟʦʚʘʥʠʤʠ, ʟʙʝʨʽʛʘʣʠʩʷ ʜʦ ʘʥʘʣʽʟʫ ʚ ʩʢʣʷʥʠʭ 

ʙʘʥʢʘʭ ʧʨʠ ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʙʝʟ ʜʦʩʪʫʧʫ ʩʚʽʪʣʘ. ʇʨʦʙʦʧʽʜʛʦʪʦʚʢʫ ʟʨʘʟʢʽʚ 

ʧʨʦʚʦʜʠʣʠ ʩʧʦʩʦʙʦʤ ʤʦʢʨʦʾ ʤʽʥʝʨʘʣʽʟʘʮʽʾ ʟ ʩʫʭʠʤ ʦʟʦʣʝʥʥʷʤ ʜʦ ʦʪʨʠʤʘʥʥʷ ʦʜʥʦʨʽʜʥʦʾ 

ʟʦʣʠ ʙʽʣʦʛʦ, ʞʦʚʪʦʛʦ ʘʙʦ ʩʽʨʦʛʦ ʢʦʣʴʦʨʫ. 

ɺʤʽʩʪ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ ʚʠʟʥʘʯʘʣʠ ʥʘ ʘʥʘʣʽʟʘʪʦʨʽ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʯʥʦʤʫ ʊɸ-Lab 

(ʅʇʇ "ʊʦʤʴʘʥʘʣʠʪ", ʈʌ) ʚ ʪʨʴʦʭʝʣʝʢʪʨʦʜʥʽʡ ʝʣʝʢʪʨʦʭʽʤʽʯʥʽʡ ʢʦʤʽʨʮʽ. ɺ ʷʢʦʩʪʽ 

ʽʥʜʠʢʘʪʦʨʥʦʛʦ ʝʣʝʢʪʨʦʜʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʘʤʘʣʴʛʘʤʦʚʠʡ ʝʣʝʢʪʨʦʜ. ɺ ʷʢʦʩʪʽ ʝʣʝʢʪʨʦʜʫ 

ʧʦʨʽʚʥʷʥʥʷ ʽ ʜʦʧʦʤʽʞʥʦʛʦ ʝʣʝʢʪʨʦʜʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʭʣʦʨʩʨʽʙʥʠʡ ʝʣʝʢʪʨʦʜ, 

ʟʘʧʦʚʥʝʥʠʡ ʨʦʟʯʠʥʦʤ 1ʄ ʭʣʦʨʠʜʫ ʢʘʣʽʶ. ɺʠʟʥʘʯʝʥʥʷ ʤʝʪʘʣʽʚ ʧʨʦʚʦʜʠʣʠ ʤʝʪʦʜʦʤ 

ʜʦʙʘʚʦʢ. ʈʦʟʨʘʭʫʥʦʢ ʢʦʥʮʝʥʪʨʘʮʽʾ ʤʝʪʘʣʽʚ ʚʠʢʦʥʫʚʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʾ 

ʢʦʤʧ'ʶʪʝʨʥʦʾ ʧʨʦʛʨʘʤʠ TA-Lab (ʚʝʨʩʽʷ 3.6.10). ʈʝʟʫʣʴʪʘʪʠ ʚʠʟʥʘʯʝʥʥʷ ʚʤʽʩʪʫ ʮʠʥʢʫ, 

ʢʘʜʤʽʶ, ʩʚʠʥʮʶ ʪʘ ʤʽʜʽ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ. 

 

ˉ 

ʟ/ʧ 

ʈʽʟʥʦʚʠʜ 

ʤʝʜʫ 
Zn Cd Pb Cu 

1 ʃʠʧʦʚʠʡ 0,45Ñ0,05* 0,010Ñ0,005 ʥʝ ʚʠʷʚʣʝʥʦ 0,23Ñ0,04 

2 ɿ ʨʽʟʥʦʪʨʘʚ'ʷ 0,60Ñ0,04* 0,015Ñ0,003 0,12Ñ0,03 0,054Ñ0,011 

3 
ʂʚʽʪʢʦʚʠʡ ʟ 

ʨʦʟʪʦʨʦʧ. 
3,00Ñ0,10 0,011Ñ0,003 0,068Ñ0,020 0,083Ñ0,016 

4 
ɿ ʘʢʘʮʽʾ ʟ 

ʤʘʣʠʥʦʶ 
1,00Ñ0,03 0,020Ñ0,002 0,092Ñ0,027 0,54Ñ0,02 

5 ʈʘʧʩʦʚʠʡ 0,81Ñ0,07* 0,091Ñ0,004 0,23Ñ0,07 0,11Ñ0,04 

6 ʂʦʥʶʰʠʥ. 1,00Ñ0,03 0,049Ñ0,003 0,13Ñ0,04 0,57Ñ0,08 

7 ʉʦʥ̫h ʥʠʢ. 0,23Ñ0,06* 0,074Ñ0,002 0,40Ñ0,04 0,19Ñ0,07 

8 ʃʫʛʦʚʠʡ 0,00042Ñ0,00010* 0,019Ñ0,006 0,15Ñ0,04 0,21Ñ0,07 

9 ʃʽʩʦʚʠʡ 0,0011Ñ0,0004* 0,018Ñ0,005 0,070Ñ0,011 1,6Ñ0,06 

10 ɻʨʝʯʘʥʠʡ 2,55Ñ0,08 0,0010Ñ0,0003* 0,23Ñ0,07 0,73Ñ0,04 

11 ʇʦʣʴʦʚʠʡ 0,73Ñ0,04* 0,050Ñ0,003 0,27Ñ0,08 0,089Ñ0,015 
*- ʥʠʞʯʝ ʟʘ ʤʝʞʫ ʚʠʟʥʘʯʝʥʥʷ 

 

ɺʽʜʥʦʩʥʝ ʩʪʘʥʜʘʨʪʥʝ ʚʽʜʭʠʣʝʥʥʷ (Sr) ʚʠʟʥʘʯʝʥʥʷ ʮʠʥʢʫ, ʢʘʜʤʽʶ, ʩʚʠʥʮʶ ʪʘ ʤʽʜʽ ʚ 

ʟʨʘʟʢʘʭ ʤʝʜʫ ʧʽʩʣʷ ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʩʧʦʩʦʙʫ ʧʽʜʛʦʪʦʚʢʠ ʧʨʦʙ ʥʝ ʧʝʨʝʚʠʱʫʻ: 1,5; 3,1; 2,9 ʽ 

1,6 % ʚʽʜʧʦʚʽʜʥʦ.  

ɺʩʽ ʟʨʘʟʢʠ ʤʝʜʫ ʤʽʩʪʷʪʴ ʜʦʩʣʽʜʞʫʚʘʥʽ ʚʘʞʢʽ ʤʝʪʘʣʠ, ʦʢʨʽʤ ʣʠʧʦʚʦʛʦ, ʚ ʷʢʦʤʫ ʥʝ 

ʙʫʣʦ ʟʥʘʡʜʝʥʦ ʩʚʠʥʮʶ. ʉʘʤʠʤ ʟʘʙʨʫʜʥʝʥʠʤ, ʚʽʜʥʦʩʥʦ ʚʤʽʩʪʫ ʢʘʜʤʽʶ ʪʘ ʩʚʠʥʮʶ, ʤʝʜʦʤ 

ʻ ʩʦʥʷʰʥʠʢʦʚʠʡ, ʚʽʜʥʦʩʥʦ ʢʘʜʤʽʶ ï ʨʘʧʩʦʚʠʡ. ʄʘʢʩʠʤʘʣʴʥʠʡ ʚʤʽʩʪ ʮʠʥʢʫ ʟʥʘʡʜʝʥʦ ʚ 

ʢʚʽʪʢʦʚʦʤʫ ʤʝʜʽ ʟ ʨʦʟʪʦʨʦʧʰʝʶ, ʤʽʥʽʤʘʣʴʥʠʡ ï ʚ ʣʫʛʦʚʦʤʫ. ʅʘʡʙʽʣʴʰʠʡ ʚʤʽʩʪ ʤʽʜʽ 

ʟʥʘʡʜʝʥʦ ʚ ʣʽʩʦʚʦʤʫ ʤʝʜʽ, ʘ ʥʘʡʤʝʥʰʠʡ ï ʚ ʤʝʜʽ ʟ ʨʽʟʥʦʪʨʘʚôʷ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ ʤʝʜʫ ʨʽʟʥʦʤʘʥʽʪʥʽʡ ʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʽʟʥʦʚʠʜʫ 

ʤʝʜʦʥʦʩʘ, ʟʨʽʣʦʩʪʽ ʤʝʜʫ, ʢʣʽʤʘʪʠʯʥʠʭ ʫʤʦʚ, ʧʨʦʤʠʩʣʦʚʠʭ ʤʝʪʦʜʽʚ ʦʙʨʦʙʢʠ ʪʘ ʟʙʝʨʽʛʘʥʥʷ. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʤʽʩʪʫ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ ï ʮʠʥʢʫ, ʢʘʜʤʽʶ, ʩʚʠʥʮʶ ʪʘ ʤʽʜʽ ʚ ʟʨʘʟʢʘʭ ʤʝʜʫ 

ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ ʤʝʪʦʜ ʽʥʚʝʨʩʽʡʥʦʾ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʽʾ ʟ ʚʽʜʥʦʩʥʦʶ ʧʦʭʠʙʢʦʶ 

ʘʥʘʣʽʟʫ ʥʝ ʙʽʣʴʰ ʥʽʞ 3,1 %. 
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IMPROVEMENT OF METHODS OF GERMANIUM DETERMINATIO N IN COALS, 

ORES AND INDUSTRIAL WASTE  

Velikonskaya N. M., Khrutskaya Yu. D., Kotivets M. V. 

National Metallurgical Academy of Ukraine 

vnatali9@gmail.com 

 

In Ukraine, the main sources of germanium, of interest for its industrial extraction is 

waste from processing iron ore and products of steam coal combustion. The most common 

method to determine the small quantities of germanium remains spectrophotometric 

determination by phenylfluorone, because of its high sensitivity and ease of implementation. 

Preparation and dissolution of samples of fly ash from coal-burning power used on the 

Dnieper HPP was carried out by GOST10175-75. The resulting solution was extracted with 

carbon tetrachloride. 

Phenylfluorone (PF) was prepared by dissolving 50 mg of the reagent with gentle 

heating in 100 ml of 96 % alcohol, to which is added 0.5 ml of 6 N of hydrochloric acid. To 

improve optical characteristics and to stabilize the received germanium complexes with 

phenylfluorone was used a cationic surfactant (surfactant) ï cetylpyridinium chloride (CPC), 

nonionic ethoxylated alcohols (I aïd) of industrial production, and their anionic derivatives 

(II  aïb, III aïd): 

 
Products II a, b: 

a) n = 12ï14, m = 5 (Lutensol TO-5); 

b) b) n = 10ï12, m = 10 (Sintanol ALM-10); 

Products III aïd: 

a) n = 12ï14, m = 5 (Lutensol TO-5); 

b) n = 16ï18, m = 20 (Preparation OC-20); 

ʩ) n = 12ï14, m = 10 (Sintanol DS-10); 

d) n = 10ï12, m = 10 (Sintanol ALM-10); 

 

All surfactants used in the work, synthesized in UDHTU (Dnipro, Ukraine). Determined 

the extinction coefficients for ɚmax in studied Ge-R-surfactant combinations. It is shown low 

dependence of Kn on the length of the alkyl radical, but decreasing the degree of ethoxylation 

substantially increases the molar extinction coefficient. 
  

mailto:vnatali9@gmail.com
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INVESTIGATION OF THE ANTIOXIDANT ACTIVITY OF PHARMACY OBJECTS  

Gerasimova E. L., Gazizullina E. R., Popova K. G., Davletchurina A. G., Ivanova A. V. 

Ural Federal University named after the first Russian President B. N. Yeltsin, 

Ekaterinburg, Russia 

e.l.gerasimova@urfu.ru 

 

Currently, natural and synthetic antioxidants are of great use in the prevention and 

treatment of a wide range of diseases associated with an increase in the intensity of free radical 

processes in the body. In particular, the need increases in the consumption of vitamin drugs and 

medicinal plants with antioxidant properties as antioxidants for exogenous source organism. 

Also, the effects of excessive free radicals are exposed to the eyes, as the main source of 

information. In this regard, in ophthalmology fairly widespread use of topical dosage forms for 

the regulation of antioxidant red-ox processes and regeneration of damaged tissues. 

An approach based on the use of the oxidized form of the metal complex compound 

composed of a model of oxidant with registration potentiometric analytical signal. 

Measurement of potential is carried out after the passage of a chemical reaction between a test 

sample and oxidant, the oxidant and further additives. The criteria of selecting the optimal 

model oxidant. As the oxidants used complex iron (III) K3[Fe(CN)6]. Studied its 

electrochemical properties by cyclic voltammetry and defined working conditions for analysis 

in various concentration ranges. Antioxidants studied model solutions and mixtures thereof: 

phenolic (catechol, pyrogallol, phloroglucinol, resorcinol, quercetin, gallic acid, caffeic acid); 

thiol compounds (cysteine, glutathione); a hydroxyl group-containing heterocyclic compound 

(ascorbic acid). 

To develop methods studied formulations for ophthalmic use the declared and potential 

antioxidant properties. Determine the relationship of antioxidant activity to the content of the 

main active ingredient. Showed a statistically significant difference between the values of the 

antioxidant activity of the objects. 

The antioxidant activity of aqueous extracts of medicinal plants, are determined 

depending on the antioxidant activity determined by the extraction time. Also determine the 

total polyphenol content colorimetric method using Folin-Ciocalteu reagent. The high degree 

of correlation results confirmed the correctness of the results. 

The antioxidant activity of vitamins and vitamin preparations containing the 

composition in vitamin C (ascorbic acid) as a base material. Evaluate the effects of mold release 

and actions of auxiliaries by the amount of antioxidant activity. Multivitamin preparations also 

investigated. Analysis conditions were optimized based on the solubility of drugs associated 

with the multi-component composition. Thus, the proposed approach is quite informative, and 

an express promise for analysis of pharmacy objects. 
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ʈʆɿʈʆɹʂɸ ʈɽʎɽʇʊʋʈʀ ʊɺɽʈɼʆɻʆ ʐɸʄʇʋʅʗ ɼʃʗ ɺʆʃʆʉʉʗ 

ɻʦʜʣʝʚʩʴʢʘ ʖ. ɻ., ɺʦʣʥʷʥʩʴʢʘ ʆ. ɺ. 

ɼɺʅɿ çʋʢʨʘʾʥʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʭʽʤʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪè 

juliagodlevska11@gmail.com 

 

ʋ ʥʘʰ ʯʘʩ ʜʫʞʝ ʰʠʨʦʢʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʩʤʝʪʠʢʠ, ʟʦʢʨʝʤʘ 

ʽ ʾʾ ʧʨʝʜʩʪʘʚʥʠʢʘ ï ʰʘʤʧʫʥʷ ʜʣʷ ʚʦʣʦʩʩʷ. ʂʦʞʥʘ ʞʽʥʢʘ ʭʦʯʘ ʙ ʨʘʟ ʟʘʤʠʩʣʶʚʘʣʘʩʴ 

ʥʘʩʢʽʣʴʢʠ ʙʝʟʧʝʯʥʠʤ ʻ ʮʝʡ ʟʘʩʽʙ. ʊʦʤʫ ʘʢʪʫʘʣʴʥʽʩʪʶ ʨʦʙʦʪʠ ʻ ʨʦʟʨʦʙʣʝʥʥʷ ʙʝʟʧʝʯʥʦʛʦ 

ʩʢʣʘʜʫ ʪʚʝʨʜʦʛʦ ʰʘʤʧʫʥʷ ʜʣʷ ʚʦʣʦʩʩʷ ʪʘ ʚʚʝʜʝʥʥʷ ʚ ʥʴʦʛʦ ʙʽʦʣʦʛʽʯʥʦ-ʘʢʪʠʚʥʠʭ ʜʦʙʘʚʦʢ, 

ʢʦʪʨʽ ʙʫʜʫʪʴ ʩʧʨʠʷʪʠ ʧʦʣʽʧʰʝʥʥʶ ʟʦʚʥʽʰʥʴʦʛʦ ʚʠʛʣʷʜʫ ʚʦʣʦʩʩʷ. 

ʊʚʝʨʜʠʡ ʰʘʤʧʫʥʴ ï ʮʝ ʩʢʣʘʜʥʘ ʩʫʤʽʰ ʨʽʟʥʠʭ ʟʘ ʧʨʠʨʦʜʦʶ ʨʝʯʦʚʠʥ, ʷʢʽ ʦʙôʻʜʥʫʻ 

ʟʜʘʪʥʽʩʪʴ ʚʠʜʘʣʷʪʠ ʙʨʫʜ, ʩʘʣʦ ʪʘ ʧʽʪ, ʥʝ ʫʰʢʦʜʞʫʶʯʠ ʰʢʽʨʠ ʪʘ ʚʦʣʦʩʩʷ. 

ʇʝʨʝʚʘʛʠ ʪʚʝʨʜʦʛʦ ʰʘʤʧʫʥʷ: ʥʘʪʫʨʘʣʴʥʽʩʪʴ, ʝʢʦʥʦʤʽʯʥʽʩʪʴ, ʟʨʫʯʥʽʩʪʴ ʫ 

ʚʠʢʦʨʠʩʪʘʥʥʽ. ʅʝʜʦʣʽʢʠ ʪʚʝʨʜʦʛʦ ʰʘʤʧʫʥʷ: ʙʽʣʴʰ ʚʠʩʦʢʘ ʮʽʥʘ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʨʽʜʢʠʤ 

ʰʘʤʧʫʥʝʤ. 

ʄʝʪʦʁ ʨʦʙʦʪʠ ʻ ʚʠʚʯʝʥʥʷ ʽʩʥʫʶʯʠʭ ʙʘʟʦʚʠʭ ʨʝʮʝʧʪʫʨ ʪʚʝʨʜʦʛʦ ʰʘʤʧʫʥʷ ʜʣʷ 

ʚʦʣʦʩʩʷ ʪʘ ʾʭ ʘʥʘʣʽʟ. ʅʘ ʦʩʥʦʚʽ ʚʠʙʦʨʫ ʨʝʮʝʧʪʫʨʠ ʨʦʟʨʦʙʠʪʠ ʪʘ ʧʦʣʽʧʰʠʪʠ ʷʢʽʩʪʴ ʛʦʪʦʚʦʛʦ 

ʢʦʩʤʝʪʠʯʥʦʛʦ ʚʠʨʦʙʫ ʪʘ ʧʨʦʚʝʩʪʠ ʘʥʘʣʽʪʠʯʥʠʡ ʢʦʥʪʨʦʣʴ ʷʢʦʩʪʽ ʪʚʝʨʜʦʛʦ ʰʘʤʧʫʥʷ ʜʣʷ 

ʚʦʣʦʩʩʷ ʪʘ ʧʦʨʽʚʥʷʪʠ ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʟ ʥʦʨʤʘʤʠ, ʷʢʽ ʥʘʚʝʜʝʥʽ ʚ ɻʆʉʊʘʭ. 

ɼʦ ʩʢʣʘʜʫ ʙʘʟʦʚʦʾ ʨʝʮʝʧʪʫʨʠ ʰʘʤʧʫʥʷ ʚʭʦʜʷʪʴ ʪʘʢʽ ʢʦʤʧʦʥʝʥʪʠ: ʇɸʈ (ʥʘʪʨʽʶ 

ʣʘʫʨʠʣ ʩʫʣʴʬʘʪ, ʥʘʪʨʽʶ ʣʘʫʨʽʣʝʬʽʨʩʫʣʴʬʘʪ, ʥʘʪʨʽʶ ʤʽʨʘʤʽʩʪʠʥ ʩʫʣʴʬʘʪ, ʢʦʢʦʙʝʪʘʾʥ, 

ʢʦʢʦʩʫʣʴʬʘʪʥʘʪʨʽʷ, ʢʦʢʦʾʣʛʣʫʪʘʤʘʪʥʘʪʨʽʶ), ʜʦʧʦʤʽʞʥʽ ʨʝʯʦʚʠʥʠ (ʩʠʣʽʢʦʥʠ, ʢʝʨʘʪʠʥ, 

ʰʦʚʢ, ʟʘʛʫʩʥʠʢʠ, ʢʦʥʩʝʨʚʘʥʪʠ, ʨʝʛʫʣʷʪʦʨʠ ʨʅ), ʚʦʜʘ, ʛʽʜʨʦʣʘʪʠ, ʚʽʜʚʘʨʠ ʪʨʘʚ, ʝʬʽʨʥʽ ʦʣʽʾ 

(ʘʨʛʘʥʦʚʘ, ʨʠʮʠʥʦʚʘ, ʢʦʢʦʩʦʚʘ, ʣʘʚʘʥʜʦʚʘ). 

ʅʘʪʨʽʶʣʘʫʨʠʣʩʫʣʴʬʘʪ (SLS) ï ʮʝ ʩʠʥʪʝʪʠʯʥʘ ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʘ ʨʝʯʦʚʠʥʘ, ʱʦ ʻ 

ʛʘʨʥʠʤ ʜʝʪʝʨʛʝʥʪʦʤ. ɿʘʚʜʷʢʠ ʚʠʩʦʢʽʡ ʝʤʫʣʴʛʫʶʯʽʡ ʟʜʘʪʥʦʩʪʽ ʽ ʥʝʚʠʩʦʢʽʡ ʮʽʥʽ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʙʘʛʘʪʴʦʭ ʢʦʩʤʝʪʠʯʥʠʭ ʟʘʩʦʙʘʭ: ʛʝʣʷʭ, ʤʘʩʢʘʭ, ʣʦʩʴʡʦʥʘʭ, ʢʨʝʤʘʭ ʜʣʷ 

ʛʦʣʽʥʥʷ, ʰʘʤʧʫʥʷʭ. ɸʣʝ ʥʘʪʨʽʡ ʣʘʫʨʠʣʩʫʣʴʬʘʪ ʤʘʻ ʙʘʛʘʪʦ ʥʝʜʦʣʽʢʽʚ: ʚʠʢʣʠʢʘʻ ʘʣʝʨʛʽʯʥʽ 

ʨʝʘʢʮʽʾ, ʩʚʝʨʙʽʞ, ʣʫʱʝʥʥʷ ʰʢʽʨʠ, ʩʫʭʽʩʪʴ; ʟʥʠʞʫʻʝʣʘʩʪʠʯʥʽʩʪʴ ʰʢʽʨʥʠʭ ʧʦʢʨʠʚʽʚ; 

ʟʤʝʥʰʫʻ ʟʘʭʠʩʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʰʢʽʨʠ. 

ʅʘʪʨʽʶ ʣʘʫʨʠʣ ʩʫʣʴʬʘʪ ʰʢʽʜʣʠʚʠʡ ʜʣʷ ʥʘʰʦʾ ʰʢʽʨʠ, ʛʘʨʥʠʤ ʟʘʤʽʥʥʠʢʦʤ ʻ ʥʘʪʨʽʶ 

ʢʦʢʦʾʣʛʣʫʪʘʤʘʪ. ʅʘʪʨʽʶ ʢʦʢʦʾʣʛʣʫʪʘʤʘʪ ï ʮʝ ʩʽʣʴ ʛʣʫʪʘʤʽʥʦʚʦʾ ʢʠʩʣʦʪʠ, ʱʦ ʚʽʜʥʦʩʠʪʴʩʷ 

ʜʦ ʢʣʘʩʫ ʧʦʚʝʨʭʥʝʚʦ ʘʢʪʠʚʥʠʭ ʨʝʯʦʚʠʥ. ʆʩʦʙʣʠʚʽʩʪʴ ʥʘʪʨʽʶ ʢʦʢʦʾʣʛʣʫʪʘʤʘʪʫ ʚ ʪʦʤʫ, ʱʦ 

ʚʫʛʣʝʚʦʜʥʝʚʘ ʣʘʥʮʶʞʦʢ ʮʽʻʾ ʨʝʯʦʚʠʥʠ ʤʘʻ ʩʧʝʮʠʬʽʯʥʫ ʙʫʜʦʚʫ, ʯʝʨʝʟ ʷʢʫ ʮʷ ʨʝʯʦʚʠʥʘ ʥʝ 

ʟʚ'ʷʟʫʻʪʴʩʷ ʟ ʢʝʨʘʪʠʥʘʤʠ ʰʢʽʨʠ, ʘ ʪʦʤʫ ʧʦʚʥʽʩʪʶ, ʣʝʛʢʦ ʟ ʥʝʾ ʟʤʠʚʘʻʪʴʩʷ. ʊʘʢʘ ʚʣʘʩʪʠʚʽʩʪʴ 

ʥʘʪʨʽʶ ʢʦʢʦʾʣʛʣʫʪʘʤʘʪʫ ʧʦʷʩʥʶʻ ʡʦʛʦ ʤ'ʷʢʽʩʪʴ ʚʧʣʠʚʫ ʽ ʘʙʩʦʣʶʪʥʘ ʚʽʜʩʫʪʥʽʩʪʴ 

ʜʨʘʪʽʚʣʠʚʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʱʦ ʜʫʞʝ ʚʘʞʣʠʚʦ ʜʣʷ ʘʣʝʨʛʝʪʠʢʽʚ. ʂʨʽʤ ʤ'ʷʢʦʩʪʽ, ʥʘʪʨʽʡ 

ʢʦʢʦʾʣʛʣʫʪʘʤʘʪ ʚʦʣʦʜʽʻ ʬʽʟʽʦʣʦʛʽʯʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʨʅ (ʙʣʠʟʴʢʦ 6), ʩʪʘʙʽʣʴʥʦ ʧʽʥʠʪʴʩʷ ʚ 

ʞʦʨʩʪʢʽʡ ʚʦʜʽ, ʚʦʣʦʜʽʻ ʣʝʛʢʠʤʠ ʙʘʢʪʝʨʠʮʠʜʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʽ ʜʦʟʚʦʣʷʻ ʚʚʦʜʠʪʠ ʚ 

ʢʦʩʤʝʪʠʢʫ ʤʽʥʽʤʫʤ ʢʦʥʩʝʨʚʘʥʪʽʚ. 

ʇʨʦʘʥʘʣʽʟʫʚʘʚʰʠ ʷʢʽʩʥʠʡ ʪʘ ʢʽʣʴʢʽʩʥʠʡ ʩʢʣʘʜ ʙʘʟʦʚʦʾ ʨʝʮʝʧʪʫʨʠ ʰʘʤʧʫʥʷ ʜʣʷ 

ʚʦʣʦʩʩʷ ʟʘʤʽʥʠʣʠ ʚʩʽ ʥʝʙʝʟʧʝʯʥʽ ʪʘ ʩʠʥʪʝʪʠʯʥʽ ʢʦʤʧʦʥʝʥʪʠ ʚ ʩʢʣʘʜʽ ʨʦʟʨʦʙʣʝʥʦʾ 

ʨʝʮʝʧʪʫʨʠ. ɺʚʝʣʠ ʜʦ ʾʾ ʩʢʣʘʜʫ ʙʽʦʣʦʛʽʯʥʦ-ʘʢʪʠʚʥʽ ʜʦʙʘʚʢʠ, ʷʢʽ ʙʫʜʫʪʴ ʩʧʨʠʷʪʠ 

ʧʦʢʨʘʱʝʥʥʶ ʩʪʘʥʫ ʚʦʣʦʩʩʷ. 

ɺʨʘʭʦʚʫʶʯʠ ʚʩʽ ʧʝʨʝʚʘʛʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʚʝʨʜʦʛʦ ʰʘʤʧʫʥʷ ʚʠʛʦʪʦʚʣʝʥʦʛʦ ʥʘ 

ʦʩʥʦʚʽ ʥʘʪʨʽʶ ʢʦʢʦʾʣʛʣʫʪʘʤʘʪʫ, ʥʽʞ ʨʽʜʢʦʛʦ ʰʘʤʧʫʥʷ ʥʘ ʦʩʥʦʚʽ SLS,ʙʽʣʴʰ ʚʠʛʽʜʥʦ, 

ʢʦʨʠʩʥʦ ʽ ʙʝʟʧʝʯʥʦ ʜʣʷ ʦʨʛʘʥʽʟʤʫ. 
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ɯʆʅʆʄɽʊʈʀʏʅɽ ɺʀɿʅɸʏɽʅʅʗ ʂʆʂɸʄɯɼʆʇʈʆʇɯʃɹɽʊɸɰʅʋ 

ɼʦʨʦʰʝʥʢʦ ʈ. ɭ., ʄʠʨʦʥʷʢ ʄ. ʆ., ʃʫʮʝʥʢʦ ʅ. ɺ. 

ɼɺʅɿ çʋʢʨʘʾʥʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʭʽʤʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪè 

mari_mir@i.ua 

 

ʂʦʢʘʤʽʜʦʧʨʦʧʽʣʙʝʪʘʾʥ (ʂʇɹ) ʻ ʧʦʭʽʜʥʦʶ ʙʝʪʘʾʥʫ ʽ ʷʚʣʷʻ ʩʦʙʦʶ ʘʤʽʜ ʞʠʨʥʦʾ 

ʢʠʩʣʦʪʠ ʟ ʜʦʚʛʠʤ ʚʫʛʣʝʚʦʜʥʝʚʠʤ ʣʘʥʮʶʛʦʤ ʪʘ ʧʦʣʷʨʥʦʶ ʛʨʫʧʦʶ. ʊʘʢʦʞ ʂʇɹ ʻ ʮʚʽʪʝʨ-

ʽʦʥʦʤ, ʡʦʛʦ ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʟʫʤʦʚʣʝʥʽ ʥʘʷʚʥʽʩʪʶ ʯʝʪʚʝʨʪʠʥʥʦʛʦ ʢʘʪʽʦʥʫ 

ʘʤʦʥʽʶ ʪʘ ʢʘʨʙʦʢʩʠʣʘʪʫ.  

ʆʩʥʦʚʥʠʤʠ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʂʇɹ ʻ ʧʽʜʩʠʣʝʥʥʷ ʧʽʥʠ, ʝʤʫʣʴʛʫʚʘʥʥʷ, 

ʟʘʛʫʱʝʥʥʷ, ʘʥʪʠʩʪʘʪʠʯʥʠʡ ʝʬʝʢʪ. ʊʦʤʫ ʮʷ ʨʝʯʦʚʠʥʘ ʚʭʦʜʠʪʴ ʜʦ ʩʢʣʘʜʫ ʙʘʛʘʪʴʦʭ ʩʫʯʘʩʥʠʭ 

ʢʦʩʤʝʪʠʯʥʠʭ ʟʘʩʦʙʽʚ ï ʰʘʤʧʫʥʝʡ, ʨʽʜʢʠʭ ʤʠʣ, ʟʫʙʥʠʭ ʧʘʩʪ, ʢʦʥʜʠʮʽʦʥʝʨʽʚ ʪʘ ʙʘʣʴʟʘʤʽʚ 

ʜʣʷ ʚʦʣʦʩʩʷ, ʛʝʣʽʚ ʜʣʷ ʚʤʠʚʘʥʥʷ, ʧʽʥʦʤʠʶʯʠʭ ʟʘʩʦʙʽʚ ʜʣʷ ʜʽʪʝʡ, ʪʦʱʦ. ɺ ʤʠʶʯʠʭ ʟʘʩʦʙʘʭ 

ʂʇɹ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʥʝ ʣʠʰʝ ʷʢ ʦʩʥʦʚʥʘ ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʘ ʨʝʯʦʚʠʥʘ (ʇɸʈ), 

ʘʣʝ ʚ ʷʢʦʩʪʽ ʩʠʥʝʨʛʽʩʪʘ ʽʥʰʠʭ ʇɸʈ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʩʤʝʪʠʯʥʦʛʦ 

ʧʨʦʜʫʢʪʫ. 

ɿʨʦʩʪʘʶʯʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʂʇɹ ʚ ʥʦʚʽʪʥʽʭ ʢʦʩʤʝʪʠʯʥʠʭ ʟʘʩʦʙʘʭ ʧʦʚôʷʟʘʥʝ ʽʟ ʪʠʤ, 

ʱʦ ʚʽʥ ʤʦʞʝ ʤʘʪʠ ʚʣʘʩʪʠʚʦʩʪʽ ʘʥʽʦʥʦʘʢʪʠʚʥʦʾ ʨʝʯʦʚʠʥʠ, ʪʦʙʪʦ ʜʦʙʨʝ ʦʯʠʱʫʚʘʪʠ, ʘʣʝ ʧʨʠ 

ʮʴʦʤʫ ʥʝ ʯʠʥʠʪʠ ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʦʨʛʘʥʽʟʤ, ʷʢ ʽʥʰʽ ʚʽʜʦʤʽ ʘʥʽʦʥʥʽ ʇɸʈ. ʏʠ ʥʝ 

ʻʜʠʥʦʶ ʚʘʜʦʶ ʂʇɹ ʻ ʤʦʞʣʠʚʽ ʘʣʝʨʛʽʯʥʽ ʨʝʘʢʮʽʾ ʥʘ ʟʘʩʦʙʠ ʟ ʥʠʤ, ʪʦʤʫ, ʥʝ ʟʚʘʞʘʶʯʠ ʥʘ 

ʡʦʛʦ ʤôʷʢʠʡ ʚʧʣʠʚ ʥʘ ʣʶʜʩʴʢʠʡ ʦʨʛʘʥʽʟʤ, ʪʦʤʫ ʚʘʞʣʠʚʦʶ ʘʥʘʣʽʪʠʯʥʦʶ ʧʨʦʙʣʝʤʦʶ ʻ 

ʢʦʥʪʨʦʣʴ ʢʽʣʴʢʽʩʥʦʛʦ ʚʤʽʩʪʫ ʜʘʥʦʾ ʇɸʈ ʚ ʢʦʩʤʝʪʠʯʥʽʡ ʧʨʦʜʫʢʮʽʾ. 

ɼʣʷ ʢʽʣʴʢʽʩʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʢʦʢʘʤʽʜʦʧʨʦʧʽʣʙʝʪʘʾʥʫ ʥʘʤʠ ʟʘʧʨʦʧʦʥʦʚʘʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʨʷʤʫ ʧʦʪʝʥʮʽʦʤʝʪʨʽʶ ʟ̔ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʽʦʥ-ʩʝʣʝʢʪʠʚʥʠʭ ʝʣʝʢʪʨʦʜʽʚ, 

ʱʦ ʻ ʦʙʦʨʦʪʥʠʤʠ ʜʦ ʨʝʯʦʚʠʥʠ, ʷʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ. 

ɺ ʷʢʦʩʪʽ ʧʨʦʪʠʽʦʥʫ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʩʝʨʽʾ ʜʦʩʣʽʜʽʚ ʽʟ ʘʥʽʦʥʘʤʠ 

12-ʤʦʣʽʙʜʦʬʦʩʬʘʪʥʦʾ ʛʝʪʝʨʦʧʦʣʽʢʠʩʣʦʪʠ, 12-ʚʦʣʴʬʨʘʤʦʬʦʩʬʘʪʥʦʾ ʛʝʪʝʨʦʧʦʣʽʢʠʩʣʦʪʠ ʪʘ 

12-ʤʦʣʽʙʜʦʢʨʝʤʥʽʻʚʦʾ ʛʝʪʝʨʦʧʦʣʽʢʠʩʣʦʪʠ ʙʫʣʦ ʦʙʨʘʥʦ ʘʥʽʦʥ 12-ʤʦʣʽʙʜʦʬʦʩʬʘʪʥʦʾ 

ʛʝʪʝʨʦʧʦʣʽʢʠʩʣʦʪʠ (ʄʌʂ). ʉʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʥʠʤ ʤʝʪʦʜʦʤ ʙʫʣʦ ʜʦʩʣʽʜʞʝʥʦ ʨʝʘʢʮʽʶ 

ʚʟʘʻʤʦʜʽʾ ʂʇɹ ʪʘ ʄʌʂ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʨʅ, ʱʦ ʜʦʟʚʦʣʠʣʦ ʦʙʨʘʪʠ ʦʧʪʠʤʘʣʴʥʽ ʫʤʦʚʠ 

ʧʨʦʚʝʜʝʥʥʷ ʘʥʘʣʽʟʫ. ʄʝʪʦʜʦʤ ʥʘʩʠʯʝʥʥʷ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʫʪʚʦʨʶʻʪʴʩʷ ʽʦʥʥʠʡ ʘʩʦʮʽʘʪ 

ʩʢʣʘʜʫ (ʂʇɹ)3(ʈMo12O40).  

ʆʩʢʽʣʴʢʠ ʽʦʥʥʠʡ ʘʩʦʮʽʘʪ, ʱʦ ʫʪʚʦʨʶʻʪʴʩʷ, ʧʨʠ ʚʝʣʠʢʠʭ ʢʦʥʮʝʥʪʨʘʮʽʷʭ ʻ 

ʤʘʣʦʨʦʟʯʠʥʥʦʶ ʨʝʯʦʚʠʥʦʶ, ʤʦʞʣʠʚʠʤ ʩʪʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʡʦʛʦ ʚ ʷʢʦʩʪʽ 

ʝʣʝʢʪʨʦʜʥʦʘʢʪʠʚʥʦʾ ʨʝʯʦʚʠʥʠ (ɽɸʈ) ʜʣʷ ʽʦʥ-ʩʝʣʝʢʪʠʚʥʠʠʭ ʝʣʝʢʪʨʦʜʽʚ, ʦʙʦʨʦʪʥʠʭ ʜʦ 

ʢʦʢʘʤʽʜʦʧʨʦʧʽʣʙʝʪʘʾʥʫ. ʗʢ ʨʦʟʯʠʥʥʠʢʠ ʜʣʷ ʤʝʤʙʨʘʥ ʧʣʽʚʢʦʚʠʭ ʝʣʝʢʪʨʦʜʽʚ ʙʫʣʦ 

ʚʠʢʦʨʠʩʪʘʥʦ ʧʦʭʽʜʥʽ ʬʪʘʣʝʚʦʾ ʢʠʩʣʦʪʠ ï ʜʽʦʢʪʠʣ- ʪʘ ʜʠʙʫʪʠʣʬʪʘʣʘʪ. ʉʠʥʪʝʟ 

ʧʣʘʩʪʠʬʽʢʦʚʘʥʠʭ ʧʦʣʽʚʽʥʽʣʭʣʦʨʠʜʥʠʭ ʤʝʤʙʨʘʥ ʥʘ ʦʩʥʦʚʽ ʨʽʟʥʠʭ ʤʝʤʙʨʘʥʥʠʭ 

ʨʦʟʯʠʥʥʠʢʽʚ-ʧʣʘʩʪʠʬʽʢʘʪʦʨʽʚ ʜʣʷ ʽʦʥ-ʩʝʣʝʢʪʠʚʥʠʭ ʝʣʝʢʪʨʦʜʽʚ ʧʨʦʚʦʜʠʣʠ ʟʘ ʩʪʘʥʜʘʨʪʥʦʶ 

ʤʝʪʦʜʠʢʦʶ. 

ʊʘʢʦʞ ʙʫʣʦ ʜʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ ʨʽʟʥʠʭ ʯʠʥʥʠʢʽʚ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʦʟʨʦʙʣʝʥʠʭ 

ʽʦʥ-ʩʝʣʝʢʪʠʚʥʠʭ ʝʣʝʢʪʨʦʜʽʚ: ʚʝʣʠʯʠʥʘ ʨʅ ʨʦʟʯʠʥʫ, ʱʦ ʜʦʩʣʽʜʞʫʻʪʴʩʷ, ʧʨʠʨʦʜʘ 

ʨʦʟʯʠʥʥʠʢʘ-ʧʣʘʩʪʠʬʽʢʘʪʦʨʘ ʤʝʤʙʨʘʥʠ, ʧʨʠʨʦʜʘ ʝʣʝʢʪʨʦʜʥʦʘʢʪʠʚʥʦʾ ʨʝʯʦʚʠʥʠ, 

ʢʽʣʴʢʽʩʥʠʡ ʚʤʽʩʪ ɽɸʈ ʫ ʤʝʤʙʨʘʥʽ. 

ʆʪʨʠʤʘʥ ̔ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥ ̔ʜʘʥ̔ ʜʦʟʚʦʣʠʣʠ ʦʙʨʘʪʠ ʦʧʪʠʤʘʣʴʥʽ ʫʤʦʚʠ ʨʦʙʦʪʠ ʽʦʥ-

ʩʝʣʝʢʪʠʚʥʦʛʦ ʝʣʝʢʪʨʦʜʫ, ʱʦ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚ ʧʦʜʘʣʴʰʦʤʫ ʨʦʟʨʦʙʠʪʠ ʽʦʥʦʤʝʪʨʠʯʥʫ 

ʤʝʪʦʜʠʢʫ ʚʠʟʥʘʯʝʥʥʷ ʂʇɹ ʚ ʧʨʦʤʠʩʣʦʚʽʡ ʧʨʦʜʫʢʮʽʾ.  
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ʇɯɼɺʀʑɽʅʅʗ ɽʌɽʂʊʀɺʅʆʉʊɯ ɽʂʉʊʈɸʂʎɯɰ ɺɸɾʂʀʍ ʄɽʊɸʃɯɺ 

ɿ ʈʆʉʃʀʅʅʀʍ ɿʈɸɿʂɯɺ ɿɸ ʈɸʍʋʅʆʂ ɺʀʂʆʈʀʉʊɸʅʅʗ ʋʃʔʊʈɸɿɺʋʂʋ 

ɼʨʦʙʦʪ ɺ. ɭ., ʉʤʽʪʶʢ ʅ. ʄ. 

ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʆʣʝʩʷ ɻʦʥʯʘʨʘ 

drobot@cf.dnu.dp.ua 

 

ɿʘʙʨʫʜʥʝʥʥʷ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚʘʞʢʠʤʠ ʤʝʪʘʣʘʤʠ (ɺʄ) ʻ ʦʜʥʽʻʶ ʽʟ 

ʥʘʡʙʽʣʴʰ ʚʘʞʣʠʚʠʭ ʧʨʦʙʣʝʤ. ɿʘ ʤʘʩʰʪʘʙʘʤʠ ʚʧʣʠʚʫ ʪʘ ʜʽʻʶ ʥʘ ʙʽʦʣʦʛʽʯʥʽ ʦʙóʻʢʪʠ ʚʦʥʠ 

ʟʘʡʤʘʪʴ ʦʩʦʙʣʠʚʝ ʤʽʩʮʝ ʩʝʨʝʜ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ, ʪʦʤʫ ʚʠʟʥʘʯʝʥʥʷ ɺʄ ʫ ʨʦʩʣʠʥʥʠʭ 

ʟʨʘʟʢʘʭ ʷʚʣʷʻʪʴʩʷ ʘʢʪʫʘʣʴʥʦʶ ʧʨʦʙʣʝʤʦʶ ʩʴʦʛʦʜʝʥʥʷ. ʇʨʦʪʝ ʽʩʥʫʶʪʴ ʥʝʟʨʫʯʥʦʩʪʽ, 

ʧʦʚôʷʟʘʥʽ ʟ ʪʨʠʚʘʣʽʩʪʶ ʧʽʜʛʦʪʦʚʢʠ ʧʨʦʙ ʜʦ ʘʥʘʣʽʟʫ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʽ ʫʣʴʪʨʘʟʚʫʢʫ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʥʝ 

ʪʽʣʴʢʠ ʟʥʘʯʥʝ ʧʨʠʩʢʦʨʝʥʥʷ ʩʪʘʜʽʾ ʧʨʦʙʦʧʽʜʛʦʪʦʚʢʠ, ʘ ʡ ʧʽʜʚʠʱʝʥʥʷ ʧʦʨʽʚʥʷʥʦ ʟ ʽʥʰʠʤʠ 

ʩʧʦʩʦʙʘʤʠ ʝʢʩʪʨʘʛʫʚʘʥʥʷ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ ʟ ʦʙôʻʢʪʽʚ ʘʥʘʣʽʟʫ. ʋʣʴʪʨʘʟʚʫʢʦʚʽ ʭʚʠʣʽ 

ʩʧʨʠʷʶʪʴ ʰʚʠʜʢʦʤʫ ʨʫʡʥʫʚʘʥʥʶ ʭʽʤʽʯʥʠʭ ʟʚôʷʟʢʽʚ ʫ ʪʢʘʥʠʥʘʭ ʨʦʩʣʠʥ. 

ʇʨʦʚʝʜʝʥʦ ʢʠʩʣʦʪʥʫ ʤʽʥʝʨʘʣʽʟʘʮʽʶ ʨʦʩʣʠʥʥʠʭ ʟʨʘʟʢʽʚ ʢʠʧôʷʪʽʥʥʷʤ ʫ ʨʦʟʯʠʥʽ 

ʭʣʦʨʠʜʥʦʾ ʢʠʩʣʦʪʠ (1:1) ʧʨʦʪʷʛʦʤ 1,5 ʛʦʜ ʪʘ ʧʨʦʪʷʛʦʤ 30 ʭʚ ʟ ʥʘʩʪʫʧʥʦʶ ʦʙʨʦʙʢʦʶ 

ʫʣʴʪʨʘʟʚʫʢʦʤ ʪʨʠʚʘʣʽʩʪʶ 15 ʭʚ. ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ ʘʛʨʘʨʥʽ ʢʫʣʴʪʫʨʠ: ʩʦʷ, ʧʰʝʥʠʮʷ, 

ʢʫʢʫʨʫʜʟʘ ʪʘ ʩʦʥʷʰʥʠʢ. ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʩʪʫʧʝʥʷ ʚʠʣʫʯʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ 

ʫʣʴʪʨʘʟʚʫʢʦʚʝ ʨʦʟʢʣʘʜʘʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʜʠʩʧʝʨʛʘʪʦʨʘ ʋɿɼʅ-1 ʧʨʠ 

ʯʘʩʪʦʪʽ 22 ʢɻʮ, ʽʥʪʝʥʩʠʚʥʦʩʪʽ 3,28 ɺʪ/ʩʤ2 ʧʨʦʪʷʛʦʤ 3ï15 ʭʚ. ɺ ʦʪʨʠʤʘʥʠʭ ʨʦʟʯʠʥʘʭ 

ʚʠʟʥʘʯʘʣʠ ʚʤʽʩʪ ʤʝʪʘʣʽʚ ʤʝʪʦʜʦʤ ʘʪʦʤʥʦʾ ʘʙʩʦʨʙʮʽʾ ʚ ʧʦʣʫʤôʾ ʘʮʝʪʠʣʝʥ-ʧʦʚʽʪʨʷ ʥʘ 

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨ ̔ʉï115 ʇʂʉ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫʣʴʪʨʘʟʚʫʢʫ ʩʢʦʨʦʯʫʻ ʯʘʩ ʢʠʩʣʦʪʥʦʾ ʤʽʥʝʨʘʣʽʟʘʮʽʾ 

ʪʘ ʧʽʜʚʠʱʫʻ ʩʪʫʧʽʥʴ ʚʠʣʫʯʝʥʥʷ ʤʝʪʘʣʽʚ ʫ ʨʦʟʯʠʥʠ (ʨʠʩ. 1). ɽʬʝʢʪʠʚʥʽʩʪʴ ʝʢʩʪʨʘʢʮʽʾ Ni 

ʟʙʽʣʴʰʫʻʪʴʩʷ ʟ ʟʨʘʟʢʽʚ ʩʦʾ ʚ 3,1, ʧʰʝʥʠʮʽ ʚ 2,4, ʢʫʢʫʨʫʜʟʠ ʚ 2, ʩʦʥʷʰʥʠʢʘ ʚ 2,1 ʨʘʟʠ; Pb ï 

ʟ ʟʨʘʟʢʽʚ ʩʦʾ ʪʘ ʧʰʝʥʠʮʽ ʚ 2,3,  ʢʫʢʫʨʫʜʟʠ ʚ 3, ʩʦʥʷʰʥʠʢʘ ʚ 2 ʨʘʟʠ; Cu ï ʟ ʩʦʾ ʚ 1,4, ʧʰʝʥʠʮʽ 

ʚ 2,5, ʢʫʢʫʨʫʜʟʠ ʚ 3, ʩʦʥʷʰʥʠʢʘ ʚ 1,1 ʨʘʟʠ; Mn ï ʟ ʩʦʾ ʪʘ ʩʦʥʷʰʥʠʢʘ ʚ 1,1, ʧʰʝʥʠʮʽ 1,5, 

ʢʫʢʫʨʫʜʟʠ ʚ 1,3 ʨʘʟʠ; Fe ï ʟ ʩʦʾ ʚ 1,4, ʧʰʝʥʠʮʽ  ʚ 1,5, ʫ ʢʫʢʫʨʫʜʟʽ 1,2, ʩʦʥʷʰʥʠʢʘ ʚ 1,1 

ʨʘʟʠ.  

 
ʈʠʩ. 1. ʇʦʨʽʚʥʷʣʴʥʘ ʜʽʘʛʨʘʤʘ ʚʤʽʩʪʫ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ ʫ ʤʽʥʝʨʘʣʽʟʘʪʽ ʢʫʢʫʨʫʜʟʠ 

ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʩʧʦʩʦʙʫ ʧʨʦʙʦʧʽʜʛʦʪʦʚʢʠ 
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A GREEN METHOD  FOR DETERMINATION  OF TOTAL  ACID  NUMBER IN OILS 

BY 4-HYDROXYSTYRYL  DYES AS INDICATORS  

Zhukova Yu. P.1,2, Studenyak Ya. I.1, Mariychuk R. T.2 
1Uzhhorod National University, Faculty of Chemistry, Department of Analytical Chemistry, 

Uzhhorod, Ukraine 
2University of Preġov, Faculty of Humanities and Natural Sciences, Department of Ecology, 

Preġov, Slovakia  

yulyazhukova@i.ua 

 

The quality of the various types of oils, biodiesel and similar products depends on 

production technology, raw materials, storage time and conditions, and so on. Evaluation of 

quality of oils realized by determination several parameters, for instance, acid number which is 

defined as the quantity mg KOH, necessary for neutralization of fatty acids in one gram of 

sample. 

Our research deals with the investigation of new 4-hydroxystyryl merocyanine dyes as 

indicators for the determination of the total acid number (TAN) by titrimetric visual or 

instrumental methods. The 4-hydroxystyryl dyes, the derivatives of N-heterocyclic methylene 

bases (2-, 4-quinoline or pyridine, indolenine, benzothiazole, etc.), not very often used in 

chemical analysis. However, our investigation of its analytical, protolytical, colorimetrical and 

other properties demonstrates the good prospects for application the dyes for determination of 

molecular acidity or as microenvironment sensors. 

The influence of heterocyclic and styrene fragments on absorption maximums, acidity 

constant (pKa) and solvatochromic shifts has been studied. Acidity constant (pKa) of 

synthesized dyes was observed in the range from 5 to 10 by spectrophotometric measurements. 

Molar absorption coefficients of merocyanine forms of studies dyes were much higher in 

organic solvents (5-8Ŀ104 lĿmol-1Ŀcm-1) than aqueous ones. Coupled solvatochromic and 

protolytic shifts (ȹɚmax) of 4-hydroxystyryl dyes are quite large (> 100 nm) what provide the 

opportunity to application as indicators for TAN determination of industrial or food oils. The 

best conditions analysis was observed. Proposed indicators are suitable for determination 

equivalent point in coloured samples and heterogenic aqueous-organic solutions. The 

elaborated method of acid number determination has been verified on several different objects 

(biodiesel, palm oil waste, transformer and others oils, such as sunflower, linseed, mustard, 

corn, olive). The experimental comparison of our visual and standard potentiometric method 

clearly shows that both procedures provide statistically equivalent results. However, the 

proposed method presents the significant advantages: more environmental friendly due to the 

use of less costly and less hazardous solvents, simpler to be performed and sufficiently accurate 

and reliable. Experimental procedure is greener than the known protocols and will be realized 

in manual colorimetric or automatic photometric variants. 

In general, the studied 4-hydroxystyryl dyes have shown enormous potential for 

analytical and others applications due to interesting physical-chemical properties. 

 

Acknowledgment: This work was supported by International Visegrad Fund (grant 

Nr. 51600463). 
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ɺʆʃʔʊɸʄʇɽʈʆʄɽʊʈʀʏɽʉʂɸʗ ʀɼɽʅʊʀʌʀʂɸʎʀʗ ʃɽʂɸʈʉʊɺɽʅʅʓʍ 
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ʉʦʟʜʘʥʠʝ ʵʢʩʧʨʝʩʩ-ʤʝʪʦʜʦʚ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʷʚʣʷʝʪʩʷ 

ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ, ʨʝʰʝʥʠʝ ʢʦʪʦʨʦʡ ʟʘʢʣʶʯʘʝʪʩʷ 

ʚ ʧʨʠʤʝʥʝʥʠʠ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʯʝʩʢʦʛʦ çʵʣʝʢʪʨʦʥʥʦʛʦ ʷʟʳʢʘè ʥʘ ʦʩʥʦʚʝ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʵʣʝʢʪʨʦʜʦʚ, ʢʦʪʦʨʳʡ ʠʤʝʝʪ ʥʝʩʦʤʥʝʥʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʧʝʨʝʜ 

ʜʨʫʛʠʤʠ ʤʝʪʦʜʘʤʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʠ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠʭ ʧʨʝʧʘʨʘʪʦʚ, 

ʧʦʩʢʦʣʴʢʫ ʧʦʟʚʦʣʷʝʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʦʧʨʝʜʝʣʠʪʴ ʩʦʩʪʘʚ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʨʘʩʪʚʦʨʦʚ, 

ʩʦʜʝʨʞʘʱʠʭ ʵʣʝʢʪʨʦʘʢʪʠʚʥʳʝ ʠ ʥʝʵʣʝʢʪʨʦʘʢʪʠʚʥʳʝ ʢʦʤʧʦʥʝʥʪʳ. ʇʦʜʦʙʥʳʝ ʫʩʪʨʦʡʩʪʚʘ 

ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʫʜʦʙʥʳ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ, ʩ ʜʨʫʛʦʡ ï ʠʭ ʧʨʦʩʪʦʪʘ ʧʦʟʚʦʣʷʝʪ ʣʝʛʢʦ 

ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʫʩʣʦʚʠʷ ʨʘʙʦʪʳ, ʧʦʜʦʙʨʘʪʴ ʤʦʜʠʬʠʢʘʪʦʨʳ ʠ ʠʥʜʠʢʘʪʦʨʥʳʝ ʵʣʝʢʪʨʦʜʳ, 

ʘʧʧʘʨʘʪʫʨʥʦʝ ʦʬʦʨʤʣʝʥʠʝ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʦ ʧʨʠʤʝʥʝʥʠʝ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʯʝʩʢʦʡ 

ʤʫʣʴʪʠʩʝʥʩʦʨʥʦʡ ʩʠʩʪʝʤʳ ʪʠʧʘ çʵʣʝʢʪʨʦʥʥʳʡ ʷʟʳʢè ʥʘ ʦʩʥʦʚʝ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ 

ʢʦʤʧʦʟʠʪʘʤʠ ʧʦʣʠʘʨʠʣʝʥʬʪʘʣʠʜʥʦʡ ʧʣʝʥʢʠ (ʇɸʌ-SO), ʤʝʣʘʤʠʥʘ (ʄɸ) ʠ ʮʠʘʥʫʨʦʚʦʡ 

ʢʠʩʣʦʪʳ (ʎʂ) ʩʪʝʢʣʦʫʛʣʝʨʦʜʥʳʭ ʵʣʝʢʪʨʦʜʦʚ (ʉʋʕ) ʜʣʷ ʙʳʩʪʨʦʡ ʠ ʥʘʜʝʞʥʦʡ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʬʦʨʤ ʢʘʨʜʠʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʝʧʘʨʘʪʘ çɸʥʘʧʨʠʣʠʥè 

ʨʘʟʣʠʯʥʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ: çʊʘʪʭʠʤʬʘʨʤʧʨʝʧʘʨʘʪʳè (T); çʆʙʥʦʚʣʝʥʠʝ ʇʌʂè (B); 

çʌʘʨʤʩʪʘʥʜʘʨʪ-ʃʝʢʩʨʝʜʩʪʚʘè (F). ʈʘʩʧʦʟʥʘʚʘʥʠʝ ʜʝʡʩʪʚʫʶʱʝʛʦ ʚʝʱʝʩʪʚʘ ʚʦ ʚʩʝʭ 

ʧʨʝʧʘʨʘʪʘʭ-ʧʨʦʧʨʘʥʦʣʦʣʘ ʤʝʪʦʜʦʤ ʧʨʦʝʢʮʠʠ ʥʘ ʣʘʪʝʥʪʥʳʝ ʩʪʨʫʢʪʫʨʳ ʩ 

ʜʠʩʢʨʠʤʠʥʘʥʪʥʳʤ ʘʥʘʣʠʟʦʤ (PLS-DA) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʥʦʛʦʤʝʨʥʳʡ ʚʘʨʠʘʥʪ 

ʨʝʛʨʝʩʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ. ɺ ʘʣʛʦʨʠʪʤʝ ʢʣʘʩʩʠʬʠʢʘʮʠʠ PLS-DA ʢʣʘʩʩʦʚʘʷ 

ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʦʙʨʘʟʮʘ ʢʦʜʠʨʫʝʪʩʷ ʥʫʣʝʤ, ʣʠʙʦ ʝʜʠʥʠʮʝʡ ʠ ʟʘʪʝʤ ʵʪʘ ʧʝʨʝʤʝʥʥʘʷ-ʢʦʜ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʟʘʚʠʩʠʤʦʡ ʜʣʷ ʩʦʟʜʘʥʠʷ ʦʙʳʯʥʦʡ PLS-ʨʝʛʨʝʩʩʠʠ. ʇʨʠ 

ʨʘʩʧʦʟʥʘʚʘʥʠʠ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ ʨʘʟʣʠʯʥʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʨʘʩʩʯʠʪʳʚʘʣʠ 

ʟʥʘʯʝʥʠʷ ʜʠʩʢʨʠʤʠʥʘʥʪʥʳʭ ʦʪʢʣʠʢʦʚ, ʯʝʤ ʙʣʠʞʝ ʵʪʠ ʟʥʘʯʝʥʠʷ ʢ ʝʜʠʥʠʮʝ, ʪʝʤ ʩ ʙʦʣʴʰʝʡ 

ʚʝʨʦʷʪʥʦʩʪʴʶ ʦʥʠ ʧʨʠʥʘʜʣʝʞʘʪ ʢ ʪʝʤ ʠʣʠ ʠʥʳʤ ʧʨʦʠʟʚʦʜʠʪʝʣʷʤ. ʀʟ ʪʘʙʣʠʮʳ 1 ʚʠʜʥʦ, 

ʯʪʦ ʢʘʞʜʳʡ ʧʨʝʧʘʨʘʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʧʨʦʠʟʚʦʜʠʪʝʣʷ ʧʨʘʚʠʣʴʥʦ ʦʪʥʝʩʝʥ ʢ ʪʝʩʪʦʚʦʤʫ 

ʦʙʨʘʟʮʫ ʪʦʡ ʞʝ ʧʨʠʨʦʜʳ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʟʫʣʴʪʘʪ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʤʦʞʥʦ ʩʯʠʪʘʪʴ 

ʧʦʣʦʞʠʪʝʣʴʥʳʤ. 

 

ʊʘʙʣʠʮʘ 1. ʈʝʟʫʣʴʪʘʪʳ PLS-DA ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʪʝʩʪʦʚʦʛʦ ʥʘʙʦʨʘ ʣʝʢʘʨʩʪʚʝʥʥʳʭ 

ʩʨʝʜʩʪʚ ʨʘʟʣʠʯʥʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʜʣʷ ʵʣʝʢʪʨʦʜʘ ʩ ʢʦʤʧʦʟʠʪʥʳʤʠ ʤʦʜʠʬʠʢʘʪʦʨʘʤʠ 

ʄɸ ʇɸʌ-SO (1) ʠ ʎʂ ʇɸʌ-SO (2) 

ʆʙʨʘʟʝʮ B 1 B 2 F 1 F 2 T 1 T 2 

B 0.99 0.98 0.00 0.00 0.02 0.02 

F 0.00 0.00 0.99 0.99 0.02 0.01 

T 0.02 0.02 0.02 0.01 0.96 0.97 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʦʚ ʭʝʤʦʤʝʪʨʠʢʠ ʠ ʤʫʣʴʪʠʩʝʥʩʦʨʥʦʡ 

ʩʠʩʪʝʤʳ ʥʘ ʦʩʥʦʚʝ ʩʪʝʢʣʦʫʛʣʝʨʦʜʦʛʦ ʵʣʝʢʪʨʦʜʘ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʢʦʤʧʦʟʠʪʘʤʠ 

ʇɸʌ-SO-ʄɸ-ʎʂ ʨʘʟʨʘʙʦʪʘʥ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʯʝʩʢʠʡ ʩʧʦʩʦʙ ʠʜʝʥʪʠʬʠʢʘʮʠʠ 

ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʘʥʪʠʘʨʠʪʤʠʯʝʩʢʦʛʦ ʨʷʜʘ ʧʦ ʧʨʦʠʟʚʦʜʠʪʝʣʶ. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ: ʛʨʘʥʪ ˉ 15-03-01388-ʘ.  
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ʍʝʤʦʤʝʪʨʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʧʨʠʤʝʥʷʶʪ ʧʨʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʠ ʢʦʥʪʨʦʣʝ ʢʘʯʝʩʪʚʘ 

ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ. ɹʘʟʦʚʳʤ ʧʨʠʥʮʠʧʦʤ ʵʪʠʭ ʤʝʪʦʜʦʚ ʷʚʣʷʝʪʩʷ ʦʮʝʥʢʘ ʩʭʦʞʝʩʪʠ 

ʠ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʩʪʘʥʜʘʨʪʥʳʤʠ ʦʙʨʘʟʮʘʤʠ ʠ ʨʘʩʧʦʟʥʘʚʘʝʤʳʤʠ. ʍʝʤʦʤʝʪʨʠʯʝʩʢʘʷ 

ʦʙʨʘʙʦʪʢʘ ʚʦʣʴʪʘʤʧʝʨʦʛʨʘʤʤ ʤʝʪʦʜʦʤ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ (ʄɻʂ) ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʥʝʩʪʠ 

ʤʘʩʩʠʚʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʚ ʥʦʚʫʶ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ X, Y, Z, ʛʜʝ 

ʢʦʦʨʜʠʥʘʪʥʳʝ ʦʩʠ ï ʚʝʢʪʦʨʳ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ, ʠ ʧʨʝʜʩʪʘʚʠʪʴ ʚʦʣʴʪʘʤʧʝʨʦʛʨʘʤʤʳ 

ʪʦʯʢʘʤʠ, ʛʨʫʧʧʠʨʫʶʱʠʤʠʩʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʚ ʚʠʜʝ ʵʣʣʠʧʩʦʠʜʦʚ ʠʣʠ ʩʬʝʨ. 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʧʘʨʘʤʝʪʨʦʚ ʠ ʬʦʨʤʳ ʥʝʩʢʦʣʴʢʠʭ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʯʝʩʢʠʭ 

ʢʨʠʚʳʭ, ʧʦʣʫʯʘʝʤʳʭ ʥʘ ʩʪʝʢʣʦʫʛʣʝʨʦʜʥʳʭ ʵʣʝʢʪʨʦʜʘʭ (ʉʋʕ) ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʤʦʜʠʬʠʢʘʪʦʨʘʤʠ (ʧʦʣʠʘʨʠʣʝʥʬʪʘʣʠʜʥʳʤʠ ʧʦʣʠʤʝʨʥʳʤʠ ʢʦʤʧʦʟʠʪʘʤʠ, ʩʦʜʝʨʞʘʱʠʤʠ 

ʤʝʣʘʤʠʥ ʠʣʠ ʮʠʘʥʫʨʦʚʫʶ ʢʠʩʣʦʪʫ) ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʭʝʤʦʤʝʪʨʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʦʡ 

ʜʘʥʥʳʭ, ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʫʥʠʢʘʣʴʥʳʡ ʤʘʩʩʠʚ, ʢʦʪʦʨʳʡ ʦʙʳʯʥʦ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ 

ʩʧʝʮʠʘʣʴʥʦʛʦ çʦʙʨʘʟʘè ʠʩʩʣʝʜʫʝʤʦʡ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʦʡ ʩʤʝʩʠ.  

ʄʘʩʩʠʚ ʜʘʥʥʳʭ ʜʣʷ ʢʘʞʜʦʛʦ ʦʙʨʘʟʮʘ ʬʦʨʤʠʨʦʚʘʣʠ ʠʟ 5 ʧʘʨʘʣʣʝʣʴʥʳʭ ʠʟʤʝʨʝʥʠʡ 

ʩ ʨʝʛʠʩʪʨʘʮʠʝʡ 5 ʚʦʣʴʪʘʤʧʝʨʦʛʨʘʤʤ, ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ ʚʢʣʶʯʘʣʘ 230 ʟʥʘʯʝʥʠʡ 

ʤʛʥʦʚʝʥʥʳʭ ʪʦʢʦʚ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʧʦʪʝʥʮʠʘʣʘʭ. ʅʘ ʛʨʘʬʠʢʝ ʩʯʝʪʦʚ ʄɻʂ-ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

(ʨʠʩ. 1) ʥʘʙʣʶʜʘʝʪʩʷ ʯʝʪʢʦʝ ʨʘʟʣʠʯʠʝ ʤʝʞʜʫ ʢʣʘʩʪʝʨʘʤʠ (ʜʘʥʥʳʝ ʧʘʨʘʣʣʝʣʴʥʳʭ ʦʧʳʪʦʚ) 

ʧʨʦʧʨʘʥʦʣʦʣʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ: çʊʘʪʭʠʤʬʘʨʤʧʨʝʧʘʨʘʪʳè (T); 

çʆʙʥʦʚʣʝʥʠʝ ʇʌʂè (B); çʌʘʨʤʩʪʘʥʜʘʨʪ-ʃʝʢʩʨʝʜʩʪʚʘè (F). ʉʫʤʤʘʨʥʘʷ ʦʙʲʷʩʥʝʥʥʘʷ 

ʜʠʩʧʝʨʩʠʷ ʚ ʩʣʫʯʘʝ ʉʋʕ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʮʠʘʥʫʨʦʚʦʡ ʢʠʩʣʦʪʦʡ (ʎʂ) ʩʦʩʪʘʚʣʷʝʪ 

97 %, ʘ ʤʝʣʘʤʠʥʦʤ (ʄɸ) ï 99 %, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʭʦʨʦʰʝʡ ʩʧʝʮʠʬʠʯʥʦʩʪʠ 

ʩʝʥʩʦʨʦʚ ʧʨʠ ʨʘʩʧʦʟʥʘʚʘʥʠʠ ʧʨʦʧʨʘʥʦʣʦʣʘ ʧʦ ʧʨʦʠʟʚʦʜʠʪʝʣʶ. 

 

  
ʘ ʙ 

ʈʠʩ. 1. ɻʨʘʬʠʢ ʩʯʝʪʦʚ ʄɻʂ-ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʦʣʴʪʘʤʧʝʨʦʛʨʘʤʤ 0.003 ʤʦʣʴ/ʣ ʚʦʜʥʦʛʦ 

ʨʘʩʪʚʦʨʘ ʘʥʘʧʨʠʣʠʥʘ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʥʘ ʉʋʕ ʥʘ ʬʦʥʝ 0.1 ʤʦʣʴ/ʣ H2SO4, 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʎʂ ʇɸʌ-SO (ʘ) ʠ ʄɸ ʇɸʌ-SO (ʙ) 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʤʝʥʝʥʠʝ ʵʣʝʢʪʨʦʜʦʚ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʧʦʣʠʘʨʠʣʝʥʬʪʘʣʠʜ-

ʥʳʤʠ ʧʦʣʠʤʝʨʥʳʤʠ ʢʦʤʧʦʟʠʪʘʤʠ, ʩʦʜʝʨʞʘʱʠʤʠ ʤʝʣʘʤʠʥ ʠʣʠ ʮʠʘʥʫʨʦʚʫʶ ʢʠʩʣʦʪʫ ʩ 

ʧʦʩʣʝʜʫʶʱʝʡ ʭʝʤʦʤʝʪʨʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʦʡ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, 

ʧʦʟʚʦʣʷʝʪ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʣʝʢʘʨʩʪʚʝʥʥʳʝ ʧʨʝʧʘʨʘʪʳ ʥʘ ʦʩʥʦʚʝ ʧʨʦʧʨʘʥʦʣʦʣʘ, 

ʚʳʧʫʱʝʥʥʳʝ ʨʘʟʣʠʯʥʳʤʠ ʧʨʦʠʟʚʦʜʠʪʝʣʷʤʠ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ: ʛʨʘʥʪ ˉ 15-03-01388-ʘ. 

http://jeck.ru/tools/SynonymsDictionary/%D0%B8%D0%B7+%D1%87%D0%B5%D0%B3%D0%BE+%D0%BC%D0%BE%D0%B6%D0%BD%D0%BE+%D0%B7%D0%B0%D0%BA%D0%BB%D1%8E%D1%87%D0%B8%D1%82%D1%8C
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ɸʥʘʧʨʠʣʠʥ ï ʵʪʦ ʘʥʪʠʘʨʠʪʤʠʯʝʩʢʠʡ ʧʨʝʧʘʨʘʪ, ʚʭʦʜʷʱʠʡ ʚ ʛʨʫʧʧʫ 

ɓ-ʘʜʨʝʥʦʙʣʦʢʘʪʦʨʦʚ, ʜʝʡʩʪʚʫʶʱʠʤ ʚʝʱʝʩʪʚʦʤ ʚ ʢʦʪʦʨʦʤ ʷʚʣʷʝʪʩʷ ʧʨʦʧʨʘʥʦʣʦʣ. ʕʪʦʪ 

ʢʣʘʩʩ ʧʨʝʧʘʨʘʪʦʚ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʩʪʘʥʜʘʨʪʥʦʡ ʪʝʨʘʧʠʠ ʧʨʠ ʣʝʯʝʥʠʠ 

ʚʳʩʦʢʦʛʦ ʢʨʦʚʷʥʦʛʦ ʜʘʚʣʝʥʠʷ, ʥʘʨʫʰʝʥʠʡ ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ, ʩʪʝʥʦʢʘʨʜʠʠ ʠ ʠʥʬʘʨʢʪʘ 

ʤʠʦʢʘʨʜʘ. ʇʨʠ ʜʣʠʪʝʣʴʥʦʤ ʣʝʯʝʥʠʠ ɓ-ʙʣʦʢʘʪʦʨʳ ʩʥʠʞʘʶʪ ʣʝʪʘʣʴʥʦʩʪʴ ʧʨʠ ʛʠʧʝʨʪʝʥʟʠʠ 

ʠ ʫʚʝʣʠʯʠʚʘʶʪ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʞʠʟʥʠ ʫ ʙʦʣʴʥʳʭ ʩ ʠʰʝʤʠʯʝʩʢʦʡ ʙʦʣʝʟʥʴʶ ʩʝʨʜʮʘ. 

ʀʟ-ʟʘ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚ ʜʦʣʛʦʩʨʦʯʥʦʡ ʪʝʨʘʧʠʠ ʠ ʪʝʨʘʧʝʚʪʠʯʝʩʢʦʡ ʟʥʘʯʠʤʦʩʪʠ ʵʪʦʛʦ 

ʘʛʝʥʪʘ ʩʫʱʝʩʪʚʫʝʪ ʧʦʩʪʦʷʥʥʘʷ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʨʘʟʨʘʙʦʪʢʝ ʥʘʜʝʞʥʳʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ 

ʤʝʪʦʜʦʚ ʜʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ ʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ 

ʦʙʨʘʟʮʘʭ, ʘ ʪʘʢʞʝ ʚ ʦʮʝʥʢʝ ʢʘʯʝʩʪʚʘ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ.  

ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʦʢʘʟʘʣʠʩʴ ʚʝʩʴʤʘ ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʧʨʠ ʘʥʘʣʠʟʝ 

ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʠ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʜʘʥʥʳʭ 

ʤʝʪʦʜʦʚ ʤʦʛʫʪ ʙʳʪʴ ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʝʥʳ ʟʘ ʩʯʝʪ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ 

ʨʘʙʦʯʝʛʦ ʵʣʝʢʪʨʦʜʘ ʧʦʣʠʤʝʨʘʤʠ. ɼʨʫʛʠʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ 

ʷʚʣʷʶʪʩʷ ʙʳʩʪʨʦʝ ʚʨʝʤʷ ʦʪʢʣʠʢʘ, ʧʨʦʩʪʦʪʘ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʵʢʦʥʦʤʠʯʥʦʩʪʴ. 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥʳ ʥʦʚʳʝ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʯʝʩʢʠʝ ʩʝʥʩʦʨʳ ʥʘ ʦʩʥʦʚʝ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʢʦʤʧʦʟʠʪʘʤʠ ʧʦʣʠʘʨʠʣʝʥʬʪʘʣʠʜʥʦʡ ʧʣʝʥʢʠ (ʇɸʌ-SO), ʤʝʣʘʤʠʥʘ 

(ʄɸ) ʠ ʮʠʘʥʫʨʦʚʦʡ ʢʠʩʣʦʪʳ (ʎʂ) ʩʪʝʢʣʦʫʛʣʝʨʦʜʥʳʭ ʵʣʝʢʪʨʦʜʦʚ (ʉʋʕ). ɺ ʢʘʯʝʩʪʚʝ 

ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʚʳʙʨʘʣʠ: ʘʥʘʧʨʠʣʠʥ- çʊʘʪʭʠʤʬʘʨʤ-

ʧʨʝʧʘʨʘʪʳè; çʆʙʥʦʚʣʝʥʠʝ ʇʌʂè; çʌʘʨʤʩʪʘʥʜʘʨʪ-ʃʝʢʩʨʝʜʩʪʚʘè. ɼʝʡʩʪʚʫʶʱʝʝ 

ʚʝʱʝʩʪʚʦ ï ʧʨʦʧʨʘʥʦʣʦʣ ʥʝʦʙʨʘʪʠʤʦ ʦʢʠʩʣʷʝʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʧʦʪʝʥʮʠʘʣʦʚ ʦʪ 1 ʜʦ 1.7 ɺ 

c ʧʝʨʝʥʦʩʦʤ ʜʚʫʭ ʵʣʝʢʪʨʦʥʦʚ. ɺ ʢʘʯʝʩʪʚʝ ʵʣʝʢʪʨʦʜʘ ʩʨʘʚʥʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʭʣʦʨʠʜʩʝʨʝʙʨʷʥʳʡ ʵʣʝʢʪʨʦʜ, ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʡ ʵʣʝʢʪʨʦʜ ï ʪʠʪʘʥʦʚʳʡ ʩʪʝʨʞʝʥʴ. 

ʇʨʦʚʦʜʠʣʠ ʨʝʛʠʩʪʨʘʮʠʶ ʚʦʣʴʪʘʤʧʝʨʦʛʨʘʤʤ ʧʨʠ ʠʥʪʝʥʩʠʚʥʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʨʘʩʪʚʦʨʘ 

ʚ ʪʝʯʝʥʠʠ 30 ʩ ʥʘ ʬʦʥʝ 0.1 ʄ H2SO4 ʧʨʠ ʩʢʦʨʦʩʪʠ ʨʘʟʚʝʨʪʢʠ ʧʦʪʝʥʮʠʘʣʘ 0.1 ɺ/ʩ. ʈʘʙʦʯʠʡ 

ʜʠʘʧʘʟʦʥ ʧʦʪʝʥʮʠʘʣʦʚ ʩʦʩʪʘʚʣʷʝʪ 0.0õ1.8 ɺ.  

ɼʣʷ ʵʣʝʢʪʨʦʜʘ ʩ ʢʦʤʧʦʟʠʪʥʳʤ ʤʦʜʠʬʠʢʘʪʦʨʦʤ ʎʂ ʇɸʌ-SO ʟʥʘʯʝʥʠʝ ʪʦʢʦʚ ʚ 

ʧʠʢʘʭ ʥʝʩʢʦʣʴʢʦ ʚʳʰʝ ʚʦ ʚʩʝʡ ʦʙʣʘʩʪʠ ʧʦʪʝʥʮʠʘʣʦʚ, ʯʝʤ ʜʣʷ ʵʣʝʢʪʨʦʜʘ ʩ ʢʦʤʧʦʟʠʪʥʳʤ 

ʤʦʜʠʬʠʢʘʪʦʨʦʤ ʄɸ ʇɸʌ-SO. ɼʣʷ ʧʨʝʧʘʨʘʪʦʚ ʚʩʝʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʥʘʙʣʶʜʘʶʪʩʷ 

ʬʘʨʘʜʝʝʚʩʢʠʝ ʪʦʢʠ ʦʢʠʩʣʝʥʠʷ ʦʩʥʦʚʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʧʨʠ 1ï1.7 ɺ ʠ ʦʩʪʘʣʴʥʳʝ ʪʦʢʠ, 

ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʩʦʩʪʘʚʦʤ ʤʘʪʨʠʮʳ ʠʩʩʣʝʜʫʝʤʳʭ ʧʨʝʧʘʨʘʪʦʚ, ʦʜʥʘʢʦ ʬʦʨʤʳ 

ʚʦʣʴʪʘʤʧʝʨʦʛʨʘʤʤ, ʚʳʩʦʪʘ ʪʦʢʦʚ ʚ ʧʠʢʝ ʠ ʝʤʢʦʩʪʥʦʝ ʩʦʩʪʦʷʥʠʝ ʦʪʣʠʯʘʶʪʩʷ ʜʣʷ ʨʘʟʥʳʭ 

ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ. ʄʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʧʨʝʜʣʦʞʝʥʥʳʝ ʩʝʥʩʦʨʳ ʩ ʫʩʧʝʭʦʤ ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʦʧʨʘʥʦʣʦʣʘ ʚ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʙʨʘʟʮʘʭ, ʘ ʪʘʢʞʝ ʚ ʦʮʝʥʢʝ ʢʘʯʝʩʪʚʘ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ: ʛʨʘʥʪ ˉ 15-03-01388-ʘ. 
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ɸʅɸʃɯɿ ʗʂʆʉʊɯ ʏɸʁʅʆɰ ʇʈʆɼʋʂʎɯɰ 
ʂʦʣʽʩʥʠʢ ʉ. ʉ., ʗʥʢʘʚʝʮʴ ʆ. ʆ. 

ʂʦʤʫʥʘʣʴʥʠʡ ʟʘʢʣʘʜ çʥʘʚʯʘʣʴʥʦ-ʚʠʭʦʚʥʠʡ ʢʦʤʧʣʝʢʩ:  

ʟʘʛʘʣʴʥʦʦʩʚʽʪʥʷ ʰʢʦʣʘ ɯïɯɯ ʩʪ. ï ʣʽʮʝʡ ˉ 7 ɺʽʥʥʠʮʴʢʦʾ ʤʽʩʴʢʦʾ ʨʘʜʠè 

yankavec88@mail.ru 

 

ʈʦʙʦʪʘ ʧʨʠʩʚʷʯʝʥʘ ʷʢʽʩʥʦʤʫ ʘʥʘʣʽʟʫ ʯʘʡʥʦʾ ʧʨʦʜʫʢʮʽʾ, ʷʢʘ ʻ ʥʘʡʧʦʰʠʨʝʥʽʰʠʤ 

ʧʨʦʜʫʢʪʦʤ ʫ ʉʚʽʪʽ. 

ʄʝʪʘ ʜʦʩʣʽʜʞʝʥʴ ï ʦʮʽʥʢʘ ʷʢʦʩʪʽ ʯʘʶ ʨʽʟʥʠʭ ʚʠʨʦʙʥʠʢʽʚ ʟʘ ʨʽʟʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʩʬʦʨʤʫʣʴʦʚʘʥʦʾ ʤʝʪʠ ʙʫʣʠ ʧʦʩʪʘʚʣʝʥʽ ʥʘʩʪʫʧʥʽ ʟʘʚʜʘʥʥʷ: 

1. ɿʨʦʙʠʪʠ ʘʥʘʣʽʟ ʚʽʪʯʠʟʥʷʥʦʾ ʪʘ ʩʚʽʪʦʚʦʾ ʣʽʪʝʨʘʪʫʨʠ ʟ ʧʠʪʘʥʴ ʪʝʤʠ; 

2. ɺʠʢʦʥʘʪʠ ʦʮʽʥʢʫ ʷʢʦʩʪʽ ʯʘʡʥʦʾ ʧʨʦʜʫʢʮʽʾ ʟʘ ʦʨʛʘʥʦʣʝʧʪʠʯʥʠʤʠ ʽ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʤʠ 

ʧʦʢʘʟʥʠʢʘʤʠ:  

ü ʥʘʷʚʥʽʩʪʴ ʩʠʥʪʝʪʠʯʥʠʭ ʙʘʨʚʥʠʢʽʚ; 

ü ʢ̫ʽʩʥʘ ʨʝʘʢʮʽʾ ʥʘ ʢʦʬʝʾʥ ʽ ʚʠʚʯʝʥʥʷ ʙʫʜʦʚʠ ʡʦʛʦ ʢʨʠʩʪʘʣʽʚ; 

ü ʚʠʚʯʝʥʥʷ ʢʠʩʣʦʪʥʦ-ʣʫʞʥʦʛʦ ʙʘʣʘʥʩʫ; 

ü ʢ̔ ʣʴʢʽʩʥʝ ʚʠʟʥʘʯʝʥʥʷ ʨʫʪʽʥʫ. 

ʅʘ ʧʽʜʩʪʘʚʽ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʥʘʩʪʫʧʥʽ ʨʝʟʫʣʴʪʘʪʠ. 

1. ʅʘʡʚʠʱʽʡ ʧʦʢʘʟʥʠʢ ʷʢʦʩʪʽ ʯʘʡʥʦʾ ʧʨʦʜʫʢʮʽʾ ʫ Amway (USA) ENGLISH 

BEAKFAST TEA (ʟʨʘʟʦʢ ˉ 4), ʥʘʡʥʠʞʯʽʡ ʫ HUA FANG YUAN (Tieguanyin) ʟʨʘʟʦʢ ˉ 6. 

2. ʋ ʟʨʘʟʢʘʭ ʯʘʶ ˉ 2, ˉ 4 ʚʠʷʚʣʝʥʘ ʬʘʣʴʩʠʬʽʢʘʮʽʷ ʙʘʨʚʥʠʤʠ ʨʝʯʦʚʠʥʘʤʠ, ʘ ʫ ʟʨʘʟʢʫ 

ˉ 3 ʚʠʷʚʣʝʥʘ ʷʢ ʬʘʣʴʩʠʬʽʢʘʮʽʷ ʙʘʨʚʥʠʤʠ ʨʝʯʦʚʠʥʘʤʠ ʪʘʢ ʽ ʥʘʷʚʥʽʩʪʴ ʧʨʠʨʦʜʥʦʛʦ 

ʢʦʬʝʾʥʫ. 

3. ɺ ʫʩʽʭ ʟʨʘʟʢʘʭ ʯʘʶ, ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʯʘʩʫ ʢʽʣʴʢʽʩʪʴ ʚʽʪʘʤʽʥʫ ʉ ʥʝ ʟʤʽʥʶʻʪʴʩʷ, ʧʨʦ ʱʦ 

ʩʚʽʜʯʠʪʴ ʧʦʢʘʟʥʠʢ ʨʅ. 

4. ʋ ʟʨʘʟʢʫ ˉ 4 ʥʘʡʚʠʱʽʡ ʢʽʣʴʢʽʩʪʴ ʚʽʪʘʤʽʥʫ ʈ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʽʥʰʠʤʠ ʟʨʘʟʢʘʤʠ, ʘ 

ʥʘʡʥʠʞʯʘ ʫ ʟʨʘʟʢʘ ˉ 1. 
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ʆʇʊʀʄɸʃʔʅɯ ʋʄʆɺʀ ɺɿɸɭʄʆɼɯɰ ɸʄʆʂʉʀʎʀʃɯʅʋ ɿ ɼɽʗʂʀʄʀ 

ʈɽɸɻɽʅʊɸʄʀ, ʑʆ ʄɯʉʊʗʊʔ ʋ ʉɺʆɰʁ ʉʊʈʋʂʊʋʈɯ ʇɽʈɺʀʅʅʋ 

ɸʈʆʄɸʊʀʏʅʋ ɸʄɯʅʆɻʈʋʇʋ 

ʂʦʩʪʽʚ ʆ. ɯ., ʂʦʨʢʫʥʘ ʆ. ʗ. 

ʂʘʬʝʜʨʘ ʘʥʘʣʽʪʠʯʥʦʾ ʭʽʤʽʾ, ʃʴʚʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɯʚʘʥʘ ʌʨʘʥʢʘ, 

79005, ʃʴʚʽʚ, ʚʫʣ. ʂʠʨʠʣʘ ʽ ʄʝʬʦʜʽʷ, 6 

oksanakostiv73@gmail.com  

 

ɸʤʦʢʩʠʮʠʣʽʥ ï ʥʘʧʽʚʩʠʥʪʝʪʠʯʥʠʡ ʙʝʪʘ-ʣʘʢʪʘʤʥʠʡ ʘʥʪʠʙʽʦʪʠʢ ʛʨʫʧʠ ʧʝʥʽʮʠʣʽʥʽʚ. 

ʆʙôʻʢʪʠ ʚ ʷʢʠʭ ʧʨʦʚʦʜʷʪʴ ʢʦʥʪʨʦʣʴ ʚʤʽʩʪʫ ʘʤʦʢʩʠʮʠʣʽʥʫ ʻ ʨʽʟʥʦʤʘʥʽʪʥʠʤʠ, ʭʦʯʘ 

ʥʘʡʯʘʩʪʽʰʝ ʡʦʛʦ ʚʤʽʩʪ ʚʠʟʥʘʯʘʶʪʴ ʚ ʣʽʢʘʨʩʴʢʠʭ ʟʘʩʦʙʘʭ ʪʘ ʙʽʦʣʦʛʽʯʥʠʭ ʨʽʜʠʥʘʭ.  

ɿ ʤʝʪʦʶ ʨʦʟʨʦʙʢʠ ʥʦʚʠʭ ʤʝʪʦʜʠʢ ʚʠʟʥʘʯʝʥʥʷ ʘʤʦʢʩʠʮʠʣʽʥʫ ʥʘʤʠ ʜʦʩʣʽʜʞʝʥʦ ʡʦʛʦ 

ʧʨʷʤʫ ʚʟʘʻʤʦʜʽʶ ʟ ʜʽʘʟʦʪʦʚʘʥʠʤʠ ʨʝʘʛʝʥʪʘʤʠ, ʱʦ ʤʽʩʪʷʪʴ ʫ ʩʚʦʾʡ ʩʪʨʫʢʪʫʨʽ ʧʝʨʚʠʥʥʫ 

ʘʤʽʥʦʛʨʫʧʫ: ʩʫʣʴʬʘʥʽʣʦʚʦʶ ʢʠʩʣʦʪʦʶ (ʉʂ), ʩʪʨʝʧʪʦʮʠʜʦʤ (ʉʊʈ), ʩʫʣʴʬʘʪʽʘʟʦʣʦʤ (ʉʊɿ) 

ʪʘ ʙʝʥʟʠʜʠʥʦʤ (ɹʅɿ). ʇʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʩʚʽʜʯʘʪʴ ʧʨʦ ʫʪʚʦʨʝʥʥʷ ʝʬʝʢʪʠʚʥʠʭ 

ʘʥʘʣʽʪʠʯʥʠʭ ʬʦʨʤ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʘʤʦʢʩʠʮʠʣʽʥʫ, ʧʨʦʜʫʢʪʽʚ ʘʟʦʩʧʦʣʫʯʝʥʥʷ, ʤʘʢʩʠʤʫʤʠ 

ʩʚʽʪʣʦʧʦʛʣʠʥʘʥʥʷ ʷʢʠʭ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʧʨʠ 440 ʥʤ, 445 ʥʤ, 448 ʥʤ ʪʘ 446 ʥʤ ʚʽʜʧʦʚʽʜʥʦ. 

ɼʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʝʢʩʧʝʨʠʤʝʥʪʫ, ʤʠ  ʜʦʩʣʽʜʠʣʠ ʚʧʣʠʚ ʨʽʟʥʠʭ ʯʠʥʥʠʢʽʚ, ʚʽʜ ʷʢʠʭ 

ʟʘʣʝʞʠʪʴ ʝʬʝʢʪʠʚʥʽʩʪʴ ʜʽʘʟʦʪʫʚʘʥʥʷ: ʢʦʥʮʝʥʪʨʘʮʽʾ ʪʘ ʧʨʠʨʦʜʠ ʤʽʥʝʨʘʣʴʥʦʾ ʢʠʩʣʦʪʠ, 

ʪʨʠʚʘʣʦʩʪʽ ʧʨʦʮʝʩʫ ʜʽʘʟʦʪʫʚʘʥʥʷ, ʪʘ ʢʦʥʮʝʥʪʨʘʮʽʾ ʥʘʪʨʽʡ ʥʽʪʨʠʪʫ ʷʢ ʜʽʘʟʦʪʫʶʯʦʛʦ 

ʨʝʘʛʝʥʪʫ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʝʯʦʚʠʥʠ ʜʣʷ ʫʩʫʥʝʥʥʷ ʥʘʜʣʠʰʢʫ 

ʥʝʧʨʦʨʝʘʛʦʚʘʥʦʛʦ ʥʘʪʨʽʡ ʥʽʪʨʠʪʫ ʟʥʠʞʫʻ ʘʥʘʣʽʪʠʯʥʠʡ ʩʠʛʥʘʣ ʭʘʨʘʢʪʝʨʥʠʡ ʜʣʷ ʧʨʦʜʫʢʪʽʚ 

ʚʟʘʻʤʦʜʽʾ ʫʩʽʭ ʨʝʘʛʝʥʪʽʚ ʟ ʘʤʦʢʩʠʮʠʣʽʥʦʤ, ʪʦʤʫ ʾʾ ʚʠʢʦʨʠʩʪʘʥʥʷ ʻ ʥʝʜʦʮʽʣʴʥʠʤ. 

ʇʨʦʚʝʜʝʥʦ ʧʦʰʫʢ ʦʧʪʠʤʘʣʴʥʠʭ ʫʤʦʚ ʘʟʦʩʧʦʣʫʯʝʥʥʷ ʘʤʦʢʩʠʮʠʣʽʥʫ ʟ ʜʽʘʟʦʪʦʚʘʥʠʤʠ ʉʂ, 

ʉʊʈ, ʉʊɿ ʪʘ ɹʅɿ, ʟʦʢʨʝʤʘ, ʧʽʜʽʙʨʘʥʦ ʢʠʩʣʦʪʥʽʩʪʴ ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʚʠʙʨʘʥʦ ʨʦʟʯʠʥʠ ʜʣʷ 

ʩʪʚʦʨʝʥʥʷ ʡʦʥʥʦʾ ʩʠʣʠ, ʟʥʘʡʜʝʥʦ ʥʘʜʣʠʰʢʠ ʨʝʘʛʝʥʪʽʚ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʚʠʭʦʜʫ ʧʨʦʜʫʢʪʽʚ ʘʟʦʩʧʦʣʫʯʝʥʥʷ, ʪʘ ʚʠʚʯʝʥʦ ʩʪʘʙʽʣʴʜʽʩʪʴ ȹA ʫʪʚʦʨʝʥʦʛʦ ʧʨʦʜʫʢʪʫ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʥʘʚʝʜʝʥʦ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣ. 1.  

 

ʊʘʙʣʠʮʷ 1. ʆʧʪʠʤʘʣʴʥʽ ʫʤʦʚʠ ʜʽʘʟʦʪʫʚʘʥʥʷ ʉʂ, ʉʊʈ, ʉʊɿ, ɹʅɿ ʪʘ ʧʦʜʘʣʴʰʦʛʦ ʾʭ 

ʘʟʦʩʧʦʣʫʯʝʥʥʷ ʟ ʘʤʦʢʩʠʮʠʣʽʥʦʤ ʉɸʄ = 5Ŀ10-5 ʄ 

ʋʤʦʚʠ ʉʂ ʉʊʈ ʉʊɿ ɹʅɿ 

ɼʽʘʟʦʪʫʚʘʥʥʷ 

ʂʦʥʮʝʥʪʨʘʮʽʷ ʪʘ 

ʧʨʠʨʦʜʘ ʢʠʩʣʦʪʠ 
ʅʉl 0,5 ʄ ʅʉl 0,6 ʄ ʅʉl 0,7 ʄ ʉʅ3ʉʆʆʅ 1 ʄ 

ʅʘʜʣʠʰʦʢ NaNO
2
 > 15 ï ʢʨʘʪʥʠʡ ʥʘʜʣʠʰʦʢ 

ʏʘʩ ʨʝʘʢʮʽʾ 20 ʭʚ ʧʨʠ ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ 

ɸʟʦʩʧʦʣʫʯʝʥʥʷ 

ʈʦʟʯʠʥʠ ʜʣʷ 

ʩʪʚʦʨʝʥʥʷ ʡʦʥʥʦʾ 

ʩʠʣʠ 

ʋɹʉ 

0,04 ʄ 
ɹʫʨʘ 0,1 ʄ 

ʅʘʜʣʠʰʦʢ 

ʨʝʘʛʝʥʪʫ 
5 ï ʢʨʘʪʥʠʡ ʥʘʜʣʠʰʦʢ 

1,2 ï ʢʨʘʪʥʠʡ 

ʥʘʜʣʠʰʦʢ 

ʂʠʩʣʦʪʥʽʩʪʴ 

ʩʝʨʝʜʦʚʠʱʘ 
10,5 11 

ʉʪʘʙʽʣʴʥʽʩʪʴ 

ȹA ʧʨʦʜʫʢʪʫ 
10 ʭʚ 5 ʭʚ 
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ɸʅɸʃʀʊʀʏɽʉʂʀʁ ʂʆʅʊʈʆʃʔ ʇʈʆɼʋʂʊʆɺ ʉʇʆʈʊʀɺʅʆɻʆ ʇʀʊɸʅʀʗ 

ʂʫʟʴʤʠʥʳʭ ɺ. ɽ., ɹʦʯʢʘʨʝʚ ʉ. ɺ. 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ çʍʘʨʴʢʦʚʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪè 

nikysha-95@mail.ru 

 

ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʩʧʦʨʪ ʩʪʘʣ ʥʝ ʪʦʣʴʢʦ ʯʘʩʪʴʶ ʟʜʦʨʦʚʦʛʦ ʦʙʨʘʟʘ ʞʠʟʥʠ, ʥʦ ʠ 

ʨʘʩʢʨʫʯʝʥʥʳʤ ʙʨʝʥʜʦʤ ʜʣʷ ʤʦʣʦʜʝʞʠ. ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʥʝ ʦʪʩʪʘʚʘʪʴ ʦʪ ʤʦʜʳ ʠ ʫʣʫʯʰʠʪʴ 

ʩʚʦʠ ʩʧʦʨʪʠʚʥʳʝ ʜʦʩʪʠʞʝʥʠʷ, ʤʫʞʯʠʥʳ ʠ ʞʝʥʱʠʥʳ ʧʨʝʜʧʦʯʠʪʘʶʪ ʜʦʧʦʣʥʷʪʴ ʩʚʦʡ 

ʨʘʮʠʦʥ ʧʨʦʜʫʢʪʘʤʠ ʩʧʦʨʪʠʚʥʦʛʦ ʧʠʪʘʥʠʷ.  

ʈʳʥʦʢ ʩʧʦʨʪʠʚʥʦʛʦ ʧʠʪʘʥʠʷ, ʢʘʢ ʚ ʜʨʫʛʠʭ ʩʪʨʘʥʘʭ, ʪʘʢ ʠ ʚ ʋʢʨʘʠʥʝ ʘʢʪʠʚʥʦ 

ʨʘʟʚʠʚʘʝʪʩʷ. ʊʦʚʘʨʳ ʜʘʥʥʦʛʦ ʩʝʛʤʝʥʪʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ 

ʮʝʥʥʦʩʪʴʶ, ʙʳʩʪʨʳʤ ʫʩʚʦʝʥʠʝʤ ʦʨʛʘʥʠʟʤʦʤ ʯʝʣʦʚʝʢʘ, ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʳʤ ʩʦʩʪʘʚʦʤ 

ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ. ʅʝʤʘʣʦʚʘʞʥʳʤ ʷʚʣʷʝʪʩʷ ʙʦʣʴʰʦʡ ʚʠʜʦʚʦʡ ʩʧʝʢʪʨ 

ʜʘʥʥʦʡ ʧʨʦʜʫʢʮʠʠ. ʆʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʪʘʢʞʝ ʩʪʦʠʪ ʥʘʟʚʘʪʴ ʚʳʩʦʢʫʶ. 

ʩʪʦʠʤʦʩʪʴ ʜʘʥʥʳʭ ʪʦʚʘʨʦʚ. ʂʘʯʝʩʪʚʝʥʥʦʝ ʩʧʦʨʪʠʚʥʦʝ ʧʠʪʘʥʠʝ, ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʝ 

ʙʝʣʢʘʤʠ, ʘʤʠʥʦʢʠʩʣʦʪʘʤʠ, ʚʠʪʘʤʠʥʘʤʠ ʠ ʜʨʫʛʠʤʠ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʤʠ 

ʚʝʱʝʩʪʚʘʤʠ, ʥʝ ʤʦʞʝʪ ʩʪʦʠʪʴ ʜʝʰʝʚʦ. ʇʦʵʪʦʤʫ, ʯʪʦʙʳ ʩʥʠʟʠʪʴ ʮʝʥʫ, ʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠ 

ʧʦʚʳʩʠʪʴ ʩʧʨʦʩ, ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʚʳʧʫʩʢʘʶʪ ʥʘ ʨʳʥʦʢ ʩʧʦʨʪʠʚʥʦʛʦ ʧʠʪʘʥʠʷ ʦʛʨʦʤʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʬʘʣʴʩʠʬʠʢʘʪʘ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʘʢʪʫʘʣʴʥʦʡ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʢʦʤʧʣʝʢʩʘ 

ʤʝʪʦʜʦʚ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ ʩʧʦʨʪʠʚʥʦʛʦ ʧʠʪʘʥʠʷ 

ʏʪʦʙʳ ʦʪʣʠʯʠʪʴ ʢʘʯʝʩʪʚʝʥʥʳʡ ʪʦʚʘʨ ʦʪ ʦʧʘʩʥʦʛʦ ʬʘʣʴʩʠʬʠʢʘʪʘ, ʝʛʦ ʥʝʦʙʭʦʜʠʤʦ 

ʧʨʦʚʝʨʷʪʴ ʧʦ ʩʣʝʜʫʶʱʠʤ ʧʦʢʘʟʘʪʝʣʷʤ: ʩʦʜʝʨʞʘʥʠʝ ʦʙʱʝʛʦ ʙʝʣʢʘ, ʩʦʜʝʨʞʘʥʠʝ 

ʘʤʠʥʦʢʠʩʣʦʪ, ʩʦʜʝʨʞʘʥʠʝ ʦʙʱʝʛʦ ʞʠʨʘ, ʩʦʜʝʨʞʘʥʠʝ ʇʅɾʂ, ʩʦʜʝʨʞʘʥʠʝ ʫʛʣʝʚʦʜʦʚ ʠ ʠʭ 

ʠʜʝʥʪʠʬʠʢʘʮʠʷ, ʚ ʯʘʩʪʥʦʩʪʠ ʧʠʱʝʚʳʭ ʚʦʣʦʢʦʥ, ʩʦʜʝʨʞʘʥʠʝ ʚʠʪʘʤʠʥʦʚ, ʤʠʥʝʨʘʣʴʥʳʭ ʠ 

ʛʦʨʤʦʥʦʧʦʜʦʙʥʳʭ ʚʝʱʝʩʪʚ.  

ɺʘʞʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʩʧʦʨʪʠʚʥʦʛʦ ʧʠʪʘʥʠʷ ʷʚʣʷʝʪʩʷ ʥʝ ʧʨʦʩʪʦ 

ʩʦʜʝʨʞʘʥʠʝ ʚ ʥʝʤ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʙʝʣʢʦʚʳʭ ʚʝʱʝʩʪʚ, ʥʦ ʠ ʧʨʘʚʠʣʴʥʦʝ 

ʩʦʦʪʥʦʰʝʥʠʝ ʘʤʠʥʦʢʠʩʣʦʪʥʦʛʦ ʩʦʩʪʘʚʘ ʜʘʥʥʦʛʦ ʙʝʣʢʘ. ʇʨʠ ʥʝʜʦʩʪʘʪʢʝ ʢʘʢʦʡ-ʣʠʙʦ 

ʥʝʟʘʤʝʥʠʤʦʡ ʘʤʠʥʦʢʠʩʣʦʪʳ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʨʫʛʠʭ ʘʤʠʥʦʢʠʩʣʦʪ, ʘ ʵʪʦ ʚ 

ʩʚʦʶ ʦʯʝʨʝʜʴ ʥʘʨʫʰʘʝʪ ʩʠʥʪʝʟ ʩʦʙʩʪʚʝʥʥʳʭ ʙʝʣʢʦʚ ʦʨʛʘʥʠʟʤʘ ʯʝʣʦʚʝʢʘ. ɺʩʝ ʵʪʦ ʩʜʚʠʛʘʝʪ 

ʜʠʥʘʤʠʯʝʩʢʦʝ ʨʘʚʥʦʚʝʩʠʝ ʙʝʣʢʦʚʦʛʦ ʦʙʤʝʥʘ ʚ ʩʪʦʨʦʥʫ ʢʘʪʘʙʦʣʠʟʤʘ ï ʧʨʝʦʙʣʘʜʘʥʠʷ 

ʧʨʦʮʝʩʩʦʚ ʨʘʩʧʘʜʘ ʥʘʜ ʧʨʦʮʝʩʩʘʤʠ ʩʠʥʪʝʟʘ. 

ʊʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʙʘʣʘʥʩ ʇʅɾʂ ʚ ʩʧʦʨʪʠʚʥʳʭ ʜʦʙʘʚʢʘʭ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚʨʝʜʥʳʤ ʜʣʷ ʦʨʛʘʥʠʟʤʘ ʯʝʣʦʚʝʢʘ ʙʫʜʝʪ ʥʝ ʪʦʣʴʢʦ ʥʝʜʦʩʪʘʪʦʢ (ʟʘʙʦʣʝʚʘʥʠʷ 

ʢʦʞʠ ʠ ʜʨ.) ʥʦ ʠ ʠʟʙʳʪʦʢ (ʭʨʦʥʠʯʝʩʢʠʝ ʚʦʩʧʘʣʠʪʝʣʴʥʳʝ ʧʨʦʮʝʩʩʳ) ʜʘʥʥʳʭ ʢʠʩʣʦʪ. 

ʇʨʘʚʠʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʦʤʝʛʘ-6 ʠ ʦʤʝʛʘ-3 ʢʦʣʝʙʣʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 1:1 ʜʦ 4:1.  

ʂʦʣʠʯʝʩʪʚʦ ʧʠʱʝʚʳʭ ʚʦʣʦʢʦʥ ʷʚʣʷʝʪʩʷ ʝʱʝ ʦʜʥʠʤ ʧʦʢʘʟʘʪʝʣʝʤ ʢʘʯʝʩʪʚʘ 

ʩʧʦʨʪʠʚʥʦʛʦ ʧʠʪʘʥʠʷ. ʈʝʢʦʤʝʥʜʦʚʘʥʥʘʷ ʩʫʪʦʯʥʘʷ ʜʦʟʘ ʜʣʷ ʚʟʨʦʩʣʦʛʦ ʯʝʣʦʚʝʢʘ 

ʩʦʩʪʘʚʣʷʝʪ 30ï40 ʛ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʚ ʩʧʦʨʪʠʚʥʦʤ ʧʠʪʘʥʠʠ, ʵʪʠ ʮʠʬʨʳ ʟʘʚʳʰʝʥʳ ʚ 

ʥʝʩʢʦʣʴʢʦ ʨʘʟ. ʀʟʙʳʪʦʢ ʜʘʥʥʳʭ ʚʝʱʝʩʪʚ ʚʳʟʳʚʘʝʪ ʚʟʜʫʪʠʝ ʞʠʚʦʪʘ, ʦʪʨʠʮʘʪʝʣʴʥʦ ʚʣʠʷʝʪ 

ʥʘ ʚʩʘʩʳʚʘʥʠʝ ʤʠʥʝʨʘʣʴʥʳʭ ʚʝʱʝʩʪʚ ʚ ʢʠʰʝʯʥʠʢʝ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʢʦʤʧʣʝʢʩʥʳʭ 

ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ ʧʨʦʜʫʢʪʦʚ ʩʧʦʨʪʠʚʥʦʛʦ ʧʠʪʘʥʠʷ. ʊʘʢʞʝ, ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʤʦʪʨʝʪʴ 

ʩʦʟʜʘʥʠʝ ɼʉʊʋ ʥʘ ʪʦʚʘʨʳ ʩʧʦʨʪʠʚʥʦʛʦ ʧʠʪʘʥʠʷ ʚ ʮʝʣʦʤ ʠ ʥʘ ʦʪʜʝʣʴʥʳʝ ʝʛʦ ʚʠʜʳ, ʯʪʦʙʳ 

ʦʙʝʟʦʧʘʩʠʪʴ ʧʦʪʨʝʙʠʪʝʣʝʡ ʦʪ ʚʨʝʜʦʥʦʩʥʳʭ ʬʘʣʴʩʠʬʠʢʘʪʦʚ ʠ ʦʩʪʘʚʠʪʴ ʥʘ ʨʳʥʢʝ 

ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʢʘʯʝʩʪʚʝʥʥʳʡ ʪʦʚʘʨ, ʦʧʨʘʚʜʳʚʘʶʱʠʡ ʩʚʦʶ ʩʪʦʠʤʦʩʪʴ.  
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ɺʀʂʆʈʀʉʊɸʅʅʗ ʋʃʔʊʈɸɿɺʋʂʋ ʇʈʀ ɺʀɿʅɸʏɽʅʅɯ ɺʄɯʉʊʋ ɺɸɾʂʀʍ 

ʄɽʊɸʃɯɺ ʋ ʉʆʅʗʐʅʀʂʆɺʆʄʋ ʅɸʉɯʅʅɯ ʊɸ ʁʆɻʆ ʗɼʈɯ 

ʂʫʣʽʰʦʚʘ ʖ. ʆ., ʉʤʽʪʶʢ ʅ. ʄ. 

ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʆʣʝʩʷ ɻʦʥʯʘʨʘ 

uakulis@mail.ru 

 

ɺʘʞʢʽ ʤʝʪʘʣʠ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʦʨʛʘʥʽʟʤ ʣʶʜʠʥʠ, ʪʦʤʫ ʥʝʦʙʭʽʜʥʦ 

ʢʦʥʪʨʦʣʶʚʘʪʠ ʾʭ ʚʤʽʩʪ ʚ ʧʨʦʜʫʢʪʘʭ ʭʘʨʯʫʚʘʥʥʷ. ʊʦʢʩʠʯʥʠʡ ʚʧʣʠʚ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ ʥʘ 

ʦʨʛʘʥʽʟʤ ʣʶʜʠʥʠ ʨʝʘʣʽʟʫʻʪʴʩʷ ʧʦʚʽʣʴʥʦ ʽ ʧʨʦʷʚʣʷʻʪʴʩʷ ʫ ʟʥʠʞʝʥʥʽ ʜʽʾ ʬʫʥʢʮʽʡ ʦʢʨʝʤʠʭ 

ʩʠʩʪʝʤ ʪʘ ʦʨʛʘʥʽʚ, ʩʧʨʠʯʠʥʷʻ ʤʫʪʘʛʝʥʥʫ ʜʽʶ. ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠ ʟ ʤʝʪʦʶ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʟʜʘʪʥʦʩʪʽ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ ʥʘʢʦʧʠʯʫʚʘʪʠʩʷ ʚ ʨʽʟʥʠʭ ʯʘʩʪʠʥʘʭ ʥʘʩʽʥʥʷ 

ʩʦʥʷʰʥʠʢʫ.  

ɺʠʟʥʘʯʝʥʥʷ ʚʘʣʦʚʦʛʦ ʚʤʽʩʪʫ Pb, Ni, Mn, Fe ʪʘ  Cu ʧʨʦʚʦʜʠʣʠ ʚ ʥʘʚʘʞʢʘʭ ʟʨʘʟʢʽʚ 

ʩʦʥʷʰʥʠʢʦʚʦʛʦ ʥʘʩʽʥʥʷ ʪʘ ʚ ʡʦʛʦ ʷʜʨʽ ʤʘʩʦʶ 3 ʛ. ʇʨʦʙʦʧʽʜʛʦʚʢʫ ʟʨʘʟʢʽʚ ʟʜʽʡʩʥʶʚʘʣʠ 

ʩʧʦʩʦʙʦʤ ʤʦʢʨʦʾ ʤʽʥʝʨʘʣʽʟʘʮʽʾ ʟ ʜʦʜʘʚʘʥʥʷʤ HNO3 (1:1), ʚʠʧʘʨʶʶʯʠ ʜʦ ʧʦʚʥʦʛʦ 

ʨʦʟʯʠʥʝʥʥʷ ʧʨʦʙʠ. ɺʤʽʩʪ ʤʝʪʘʣʽʚ ʚ ʦʪʨʠʤʘʥʠʭ ʨʦʟʯʠʥʘʭ ʚʠʟʥʘʯʘʣʠ ʥʘ ʘʪʦʤʥʦ-

ʘʙʩʦʨʙʮʽʡʥʦʤʫ  ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʽ ʉï115 ʇʂʉ ʚ ʧʦʣʫʤôʾ ʘʮʝʪʠʣʝʥ-ʧʦʚʽʪʨʷ (ʪʘʙʣ. 1). 

ʇʽʜʽʙʨʘʥʦ ʦʧʪʠʤʘʣʴʥʽ ʫʤʦʚʠ ʘʪʦʤʥʦ-ʘʙʩʦʨʙʮʽʡʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʚʩʽʭ ʤʝʪʘʣʽʚ. 

 

ʊʘʙʣʠʮʷ 1. ʈʝʟʫʣʴʪʘʪʠ ʚʠʟʥʘʯʝʥʥʷ ʚʤʽʩʪʫ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ ʚ ʘʥʘʣʽʟʦʚʘʥʠʭ ʟʨʘʟʢʘʭ 

 

 ɺʤʽʩʪ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ (ʤʛ/ʢʛ) 

Ni Mn Pb Cu Fe 

ʉʦʥʷʰʥʠʢʦʚʝ 

ʥʘʩʽʥʥʷ 
3.33 22.05 < 0,02 17.27 97.42 

ʉʦʥʷʰʥʠʢʦʚʝ 

ʷʜʨʦ 
3.14 21.59 < 0,02 15.75 87.90 

ɻʨʘʥʠʯʥʦ 

ʜʦʧʫʩʪʠʤʽ 

ʢʦʥʮʝʥʪʨʘʮʽʾ  

2.1 90 0.5 10 100 

 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʢʦʥʮʝʥʪʨʘʮʽʷ ʤʝʪʘʣʽʚ ʚ ʥʘʩʽʥʥʽ ʧʝʨʝʚʠʱʫʻ 

ʾʭ ʚʤʽʩʪ ʫ ʷʜʨʽ. ʂʽʣʴʢʽʩʪʴ ʤʝʪʘʣʽʚ, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʣʫʰʧʘʡʢʘʭ ʤʽʥʽʤʘʣʴʥʘ ʪʘ ʥʝ 

ʧʝʨʝʚʠʱʫʻ 8 %.  

ʅʘʡʙʽʣʴʰʝ ʚ ʥʘʩʽʥʥʽ ʪʘ ʷʜʨʽ ʤʽʩʪʠʪʴʩʷ ʟʘʣʽʟʘ, ʥʘʡʤʝʥʰʝ ï ʥʽʢʦʣʶ, ʘ ʚʤʽʩʪ ʧʣʶʤʙʫʤ 

ʟʥʘʭʦʜʠʪʴʩʷ ʟʘ ʤʝʞʝʶ ʚʠʷʚʣʝʥʥʷ . 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʤʽʩʪ ʫ ʩʦʥʷʰʥʠʢʦʚʦʤʫ ʥʘʩʽʥʥʽ ʪʘ ʷʜʨʽ ʥʽʢʦʣʶ ʪʘ ʢʫʧʨʫʤʫ 

ʧʝʨʝʚʠʱʫʻ ʥʦʨʤʠ ɻɼʂ.  ɺʤʽʩʪ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ ʤʦʞʥʘ ʨʦʟʤʽʩʪʠʪʠ ʚ ʪʘʢʠʡ ʨʷʜ:  

PbŸNi ŸCuŸ Mn ŸFe. 

ʇʨʠʩʢʦʨʝʥʥʷ ʩʪʘʜʽʾ ʧʨʦʙʦʧʽʜʛʦʪʦʚʢʠ  ʘʥʘʣʽʟʦʚʘʥʠʭ ʟʨʘʟʢʽʚ ʥʘʩʽʥʥʷ ʪʘ ʷʜʝʨ 

ʩʦʥʷʰʥʠʢʘ ʚ ʤʘʡʞʝ ʚ 2 ʨʘʟʠ ʜʦʩʷʛʣʠ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʫʣʴʪʨʘʟʚʫʢʫ ʟ ʯʘʩʪʦʪʦʶ 22 ʢɻʮ ʪʘ 

ʽʥʪʝʥʩʠʚʥʽʩʪʶ 3,88 ɺʪ/ʩʤ2. ʇʨʦʙʠ ʧʽʜʜʘʚʘʣʠ ʦʙʨʦʙʮʽ ʥʘ ʫʣʴʪʘʨʟʫʢʦʚʦʤʫ ʜʠʩʧʝʨʛʘʪʦʨʽ 

ʋɿɼʅ-1ʄ ʧʨʦʪʷʛʦʤ 15 ʭʚ. ʇʨʠ ʮʴʦʤʫ ʚʜʘʣʦʩʷ ʜʦʩʷʛʪʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʨʦʟʢʣʘʜʘʥʥʷ ʧʨʦʙ 

ʪʘ ʟʙʽʣʴʰʠʪʠ ʩʪʫʧʽʥʴ ʚʠʣʫʯʝʥʥʷ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ ʚ 1,2 ʨʘʟʘ. 
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ɼɺʆʌɸɿʅɸ ɽʂʉʊʈɸʂʎɯʗ ɺ ʊɽʍʅʆʃʆɻɯɰ ʆʊʈʀʄɸʅʅʗ  

ʂɸʈʆʊʀʅʆɰɼʅʀʍ ɹɸʈɺʅʀʂɯɺ 

ʂʫʧʯʝʥʢʦ ɼ. ʈ., ɺʘʰʢʝʚʠʯ ʆ. ʖ. 

ɼɺʅɿ çʋʢʨʘʾʥʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʭʽʤʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪè 

49005, ʤ. ɼʥʽʧʨʦ, ʧʨ. ɻʘʛʘʨʽʥʘ 8 
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ɿʜʘʚʥʘ ʜʣʷ ʟʘʙʘʨʚʣʝʥʥʷ ʭʘʨʯʦʚʠʭ ʧʨʦʜʫʢʪʽʚ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʥʘʪʫʨʘʣʴʥʽ 

ʨʦʩʣʠʥʥʽ ʧʽʛʤʝʥʪʠ. ʇʨʠʨʦʜʥʽ ʭʘʨʯʦʚʽ ʙʘʨʚʥʠʢʠ ʤʽʩʪʷʪʴ ʚ ʩʚʦʻʤʫ ʩʢʣʘʜʽ, ʦʢʨʽʤ 

ʟʘʙʘʨʚʣʶʶʯʠʭ ʨʝʯʦʚʠʥ, ʽʥʰʽ ʢʦʨʠʩʥʽ ʙʽʦʣʦʛʽʯʥʦ ʘʢʪʠʚʥʽ ʨʝʯʦʚʠʥʠ (ɹɸʈ). 

ʆʜʥʠʤʠ ʟ ʨʦʟʧʦʚʩʶʜʞʝʥʠʭ ʙʘʨʚʥʠʢʽʚ ʻ ʢʘʨʦʪʠʥʦʾʜʠ (ɽ160), ʱʦ ʤʘʶʪʴ 

ʟʘʙʘʨʚʣʝʥʥʷ ʚʽʜ ʣʠʤʦʥʥʦʛʦ ʜʦ ʯʝʨʚʦʥʦʛʦ. ʂʘʨʦʪʠʥʦʾʜʠ ʚ ʭʘʨʯʦʚʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ ʚʽʪʘʤʽʥʽʟʘʮʽʾ ʡ ʬʘʨʙʫʚʘʥʥʷ ʤʘʨʛʘʨʠʥʫ, ʚʝʨʰʢʦʚʦʛʦ ʤʘʩʣʘ,  ʤʘʡʦʥʝʟʫ, 

ʩʠʨʫ, ʤʘʢʘʨʦʥʥʠʭ, ʭʣʽʙʦʙʫʣʦʯʥʠʭ ʽ ʢʦʥʜʠʪʝʨʩʴʢʠʭ ʚʠʨʦʙʽʚ, ʤʦʨʦʟʠʚʘ, ʨʽʟʥʠʭ ʥʘʧʦʾʚ ʽ 

ʧʣʦʜʦʦʚʦʯʝʚʠʭ ʩʦʢʽʚ. ʇʽʜ ʜʽʻʶ ʢʠʩʥʶ ʢʘʨʦʪʠʥʦʾʜʠ ʟʥʝʙʘʨʚʣʶʶʪʴʩʷ ʡ ʪʦʤʫ ʩʣʫʞʘʪʴ 

ʩʚʦʻʨʽʜʥʠʤ ʽʥʜʠʢʘʪʦʨʦʤ ʷʢʦʩʪʽ ʧʨʦʜʫʢʪʽʚ ʭʘʨʯʫʚʘʥʥ.̫  

ɺʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʢʘʨʦʪʠʥʦʾʜʽʚ ʤʽʩʪʠʪʴʩʷ ʚ ʧʣʦʜʘʭ ʰʠʧʰʠʥʠ. ʋ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ 

ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ ʜʦʮʽʣʴʥʠʤ ʢʦʤʧʣʝʢʩʥʠʡ ʧʽʜʭʽʜ ʜʦ ʧʝʨʝʨʦʙʢʠ ʮʽʻʾ ʩʠʨʦʚʠʥʠ. 

ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʽʩʥʫʻ ʯʽʪʢʘ ʩʭʝʤʘ, ʟʘ ʷʢʦʶ ʢʘʨʦʪʠʥʦʾʜʽ ʙʘʨʚʥʠʢʠ 

ʚʚʘʞʘʶʪʴʩʷ ʣʽʧʦʬʽʣʴʥʠʤʠ ʽ, ʚʠʣʫʯʘʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʝʢʩʪʨʘʢʮʽʾ ʨʦʩʣʠʥʥʠʤʠ ʦʣʽʷʤʠ. 

ɽʢʩʪʨʘʢʪʠ, ʦʪʨʠʤʘʥʽ ʪʘʢʠʤ ʰʣʷʭʦʤ, ʤʽʩʪʷʪʴ ʣʠʰʝ ʣʽʧʦʬʽʣʴʥʽ ʨʝʯʦʚʠʥʠ. ɼʣʷ ʚʠʣʫʯʝʥʥʷ 

ʽʥʰʠʭ ʮʽʥʥʠʭ ʨʝʯʦʚʠʥ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʙʘʛʘʪʦʩʪʘʜʽʡʥʫ ʢʦʤʧʣʝʢʩʥʫ ʧʝʨʝʨʦʙʢʫ. ʊʘʢ, 

ʚʽʪʯʠʟʥʷʥʦʶ ʧʨʦʤʠʩʣʦʚʽʩʪʶ ʚʠʧʫʩʢʘʻʪʴʩʷ ʤʘʩʣʦ ʰʠʧʰʠʥʠ (ʤʽʩʪʠʪʴ ʥʝ ʤʝʥʰʝ 60 % 

ʢʘʨʦʪʠʥʦʾʜʽʚ). ʆʜʥʘʢ ʡʦʛʦ ʜʞʝʨʝʣʦʤ ʩʣʫʞʘʪʴ ʥʘʩʽʥʥʷ, ʘ ʙʘʛʘʪʘ ʢʘʨʦʪʠʥʦʾʜʘʤʠ ʤ'ʷʢʦʪʴ 

ʧʣʦʜʽʚ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʪʽʣʴʢʠ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʩʠʨʦʧʫ, ʱʦ ʤʽʩʪʠʪʴ ʢʦʤʧʣʝʢʩ 

ʛʽʜʨʦʬʽʣʴʥʠʭ ʨʝʯʦʚʠʥ, ʙʘʛʘʪʦʛʦ ʘʩʢʦʨʙʽʥʦʚʦʶ ʢʠʩʣʦʪʦʶ. ʃʽʧʦʬʽʣʴʥʽ ʞ ʨʝʯʦʚʠʥʠ, ʜʦ ʷʢʠʭ 

ʚʽʜʥʦʩʷʪʴʩʷ ʽ ʢʘʨʦʪʠʥʦʾʜʠ, ʟʘʣʠʰʘʶʪʴʩʷ ʫ ʥʝʚʠʢʦʨʠʩʪʘʥʠʭ ʚʽʜʭʦʜʘʭ.  

 ʅʘ ʥʘʰ ʧʦʛʣʷʜ ʤʝʪʦʜ ʜʚʦʬʘʟʥʦʾ ʝʢʩʪʨʘʢʮʽʾ ʻ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤ, ʪʘʢ ʷʢ ʜʦʟʚʦʣʷʻ 

ʟʘ ʦʜʥʫ ʪʝʭʥʦʣʦʛʽʯʥʫ ʦʧʝʨʘʮʽʶ ʚʠʣʫʯʠʪʠ ʽ ʛʽʜʨʦʬʽʣʴʥʽ, ʽ ʣʽʧʦʬʽʣʴʥʽ ɹɸʈ. 

 ʆʪʞʝ, ʜʣʷ ʚʠʣʫʯʝʥʥʷ ʙʽʦʣʦʛʽʯʥʦ-ʘʢʪʠʚʥʠʭ ʨʝʯʦʚʠʥ ʟ ʨʦʩʣʠʥʥʦʾ ʩʠʨʦʚʠʥʠ  ʧʣʦʜʽʚ 

ʰʠʧʰʠʥʠ ʜʦʮʽʣʴʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʜʚʦʬʘʟʥʫ ʝʢʩʪʨʘʢʮʽʶ.  

ɺ ʷʢʦʩʪʽ ʛʽʜʨʦʬʽʣʴʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʚ ʜʚʦʬʘʟʥʽʡ ʩʠʩʪʝʤʽ ʝʢʩʪʨʘʛʝʥʪʽʚ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ 40, 70 ʪʘ 96 %-ʠʡ ʝʪʠʣʦʚʠʡ ʩʧʠʨʪ (ʚʦʜʥʦ-ʩʧʠʨʪʦʚʘʷ ʬʘʟʘ), ʘ ʚ ʷʢʦʩʪʽ 

ʛʜ̔ʨʦʬʦʙʥʦʛʦ ï ʩʦʥʷʰʥʠʢʦʚʫ ʦʣʽʶ (ʤʘʩʣʷʥʘ ʬʘʟʘ). ʊʘʢ ʷʢ ʥʘ ʧʨʦʮʝʩ ʝʢʩʪʨʘʢʮʽʾ ʚʧʣʠʚʘʻ 

ʙʘʛʘʪʦ ʨʽʟʥʠʭ ʯʠʥʥʠʢʽʚ, ʪʦ ʜʣʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʚʠʣʫʯʝʥʥʷ ʢʘʨʦʪʠʥʦʾʜʽʚ ʪʘ ʛʽʜʨʦʬʽʣʴʥʠʭ 

ɹɸʈ ʙʫʣʠ ʚʠʟʥʘʯʝʥʽ ʦʧʪʠʤʘʣʴʥʽ ʧʘʨʘʤʝʪʨʠ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʜʚʦʬʘʟʥʦʾ ʝʢʩʪʨʘʢʮʽʾ, ʘ ʩʘʤʝ 

ʢʦʥʮʝʥʪʨʘʮʽʷ ʩʧʠʨʪʫ ʚ ʚʦʜʥʦ-ʩʧʠʨʪʦʚʽʡ ʬʘʟʽ, ʪʝʤʧʝʨʘʪʫʨʘ ʪʘ ʯʘʩ ʝʢʩʪʨʘʢʮʽʾ. 

ʋ ʚʦʜʥʦ-ʩʧʠʨʪʦʚʽʡ ʬʘʟʽ ʽʜʝʥʪʠʬʽʢʦʚʘʥʽ ʙʽʦʬʣʘʚʦʥʦʾʜʠ ʤʝʪʦʜʦʤ ʩʧʝʢʪʨʦʬʦʤʝʪʨʽʾ 

ʧʨʠ ɚ = 330 ʥʤ. ʄʘʢʩʠʤʘʣʴʥʝ ʚʠʣʫʯʝʥʥʷ ʙʽʦʬʣʘʚʦʥʦʾʜʽʚ ʜʦʩʷʛʘʣʠ ʝʢʩʪʨʘʛʫʚʘʥʥʷʤ 

70 %-ʤ ʝʪʠʣʦʚʠʤ ʩʧʠʨʪʦʤ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 60ï70 Áʉ ʧʨʦʪʷʛʦʤ 60 ʭʚʠʣʠʥ. 

ʋ ʤʘʩʣʷʥʽʡ ʬʘʟʽ ʽʜʝʥʪʠʬʽʢʦʚʘʥʽ ʢʘʨʦʪʠʥʦʾʜʠ ʟʘ ʥʘʷʚʥʽʩʪʶ ʪʨʴʦʭ ʩʤʫʛ ʚ ʦʙʣʘʩʪʽ ʚʽʜ 

400 ʜʦ 550 ʥʤ. ʄʘʢʩʠʤʘʣʴʥʝ ʚʠʣʫʯʝʥʥʷ ʢʘʨʦʪʠʥʦʾʜʽʚ ʩʧʦʩʪʝʨʽʛʘʣʦʩʴ ʧʨʠ ʧʦʧʝʨʝʜʥʽʡ 

ʪʝʨʤʦʬʽʣʽʟʘʮʽʾ ʩʠʨʦʚʠʥʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 70 Áʉ ʚʧʨʦʜʦʚʞ 2 ʛʦʜʠʥ, ʪʘ ʝʢʩʪʨʘʛʫʚʘʥʥʽ 

ʧʨʦʪʷʛʦʤ 3 ʛʦʜʠʥ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 70ï80 Áʉ. 

ɺʠʷʚʠʣʦʩʴ, ʱʦ ʚʤʽʩʪ ʢʘʨʦʪʠʥʦʾʜʽʚ ʫ ʤʘʩʣʷʥʠʭ ʚʠʪʷʞʢʘʭ, ʦʪʨʠʤʘʥʠʭ ʝʢʩʪʨʘʢʮʽʻʶ 

ʤʘʩʣʦʤ, ʤʝʥʰʠʡ, ʥʽʞ ʧʨʠ ʝʢʩʪʨʘʢʮʽʾ ʜʚʦʬʘʟʥʦʶ ʩʠʩʪʝʤʦʶ ʝʢʩʪʨʘʛʝʥʪʽʚ, ʱʦ  ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʝʬʝʢʪʠʚʥʦʶ ʨʦʣʣʶ ʚʦʜʥʦ-ʩʧʠʨʪʦʚʦʾ ʬʘʟʠ, ʷʢ ʬʘʢʪʦʨʫ ʥʘʙʫʭʘʥʥʷ ʩʫʭʦʾ ʨʦʩʣʠʥʥʦʾ 

ʩʠʨʦʚʠʥʠ, ʘ ʪʘʢʦʞ ʧʨʦʤʽʞʥʦʛʦ ʨʦʟʯʠʥʥʠʢʘ ʽ ʧʝʨʝʥʦʩʥʠʢʘ ʣʽʧʦʬʽʣʴʥʠʭ ʨʝʯʦʚʠʥ ʟ ʢʣʽʪʠʥ  

ʨʦʩʣʠʥʥʦʾ ʩʠʨʦʚʠʥʠ ʚ ʤʘʩʣʷʥʫ ʬʘʟʫ.  
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NANOPARTICLE -ANTIBODY CONJUGATES AS A POTENTIAL LABEL 

IN THE ELECTROCHEMICAL IMMUNOASSAY  

Malysheva N. N., Gaysina K. A., Svalova T. S., Kozitsina A. N., Matern A. I. 

Federal State Autonomous Educational Institution of Higher Education çUral Federal 

University named after the first President of Russia B. N. Yeltsinè 

natalymalysheva@mail.ru 

 

Modern medical diagnosis characterized by the use of a wide variety of viral agents 

detection methods. Identify the pathogen, especially in severe diseases, it is important for 

prediction of further disease progression, and to choose the right method of treatment. The rapid 

identification of the virus at the alleged contamination, allowing urgently undertake counter-

measures, it is a particularly actual problem. 

The present work is devoted to development approach to the determination of antigens 

of viruses, which consist in producing an electrochemical signal from the immunocomplex 

"target analyte (antigen) ï conjugate antibodies and nanoparticles Fe3O4è, localized on the 

surface of the electrode. To implement the approach amino modified nanoparticles magnetite 

and their conjugates with measles virus antibodies were synthesized (Fig. 1, 2). 

 
Fig. 1. Scheme of the synthesis of amino modified magnetite nanoparticles 
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Fig. 2. Preparation of conjugates of antibodies with magnetite nanoparticles 

 

The combination of magnetic properties Fe3O4 and specific characteristics of antibody 

in conjugate allow to use them as a direct label in an electrochemical immunoassay and develop 

a way to express the definition of virus / antigen, which has no analogues in medical practice. 

For Fe3O4-conjugates synthesized antibody in an aprotic organic medium (LiClO4 

solution in acetonitrile) was obtained a linear dependence of direct electrochemical analytical 

signal vs. conjugates content in the original suspension.  

The regression equation: I = 3.158 Ñ 0.008 Ĭ log Cconjugates ï 10.14 Ñ 0.05. 

 

This work was supported by scientific fellowship of the President of the Russian 

Federation.  
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VOLTAMMETRIC BEHAVIOR OF PROPRANOLOL ENANTIOMERS 

ON MODIFIED FILM ELECTRODES  

Maksyutova E. I., Tikhonova A. A., Sidelnikov A. V. 

The Bashkir State University 

elzesha@gmail.com 

 

One of the actual problems of electroanalytical chemistry is the creation of highly 

sensitive sensors which able to provide information about the composition and properties of the 

sample solution without the chemical separation of analytes. The practical significance of these 

studies is associated with the need of sensors creating for quality control of substances on a 

large scale used in industry and everyday life. Among these objects of electrochemical analysis 

medicines including in their composition biologically active compounds, the pharmacological 

activity of which is related with the presence of asymmetric (chiral) carbon atoms have a special 

place. 

 It is known that many synthetic medicines exist in a mixture of two and often a larger 

number of stereoisomers characterized their different biological effects. The effects of these 

differences are not always safe. 

 Identification of pharmacokinetic and pharmacodynamic characteristics of individual 

enantiomers opens perspective directions of improvement of known medicines. Only 15 % of 

synthetic medicines which are in the European markets, are made in the form of individual 

stereoisomers, the remaining 85 % represent a mixture of isomers. 

At the same time, modern methods allow to obtain specific pure isomers and choose 

from those which have the most pronounced effects and (or) the least toxicity. The successful 

solution of these problems is inextricably bound up with the analytical method which is used 

for detecting and determining the enantiomeric medicines.  

In this work voltammetric sensors that are sensitive to the enantiomers of propranolol ï 

a substance that is widely used in the treatment of cardiovascular diseases are first proposed. 

Problem solving of simultaneous determination of enantiomers with the joint presence and 

identification of medicines on their base is an important task for  life-saving safety of patients 

while taking medicines.  

The paper presents the results of voltammetric behavior of S(ï)- and R(+)- isomers of 

propranolol on glassy carbon electrodes modified by composites based polyarylenephthalide 

films, melamine and cyanuric acid. It was shown that the modification of film sensors by 

melamine or cyanuric acid leads to different cross-sensitivity of the sensors to optically active 

isomers of propranolol.  

The difference in the voltammetric behavior of enantiomers is reflected in a change of 

voltammograms both in changing of Faraday current magnitude at the oxidation peak of 

propranol isomers, and the displacement range of potential peaks of oxidation. Results of 

voltammograms modeling of S(ï)- and R(+)-propranolol by principal component analysis 

allowed to make a positive conclusion about the possibility of using sensors in a multisensor 

system of "electronic tongue" type to identification of the medicines based in the propranolol. 

 

This work was supported by the Russian Science Foundation: project ˉ16-13-10257. 
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ʈɸʉʇʆɿʅɸɺɸʅʀɽ ʕʅɸʅʊʀʆʄɽʈʆɺ ʇʈʆʇʈɸʅʆʃʆʃɸ ʄɽʊʆɼʆʄ 

PLS-ɼʀʉʂʈʀʄʀʅɸʅʊʅʆɻʆ ɸʅɸʃʀɿɸ ʅɸ ʄʆɼʀʌʀʎʀʈʆɺɸʅʅʓʍ 

ʕʃɽʂʊʈʆɼɸʍ 

ʄʘʢʩʶʪʦʚʘ ʕ. ʀ., ʊʠʭʦʥʦʚʘ ɸ. ɸ., ʉʠʜʝʣʴʥʠʢʦʚ ɸ. ɺ. 

ɹʘʰʢʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

elzesha@gmail.com 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʙʦʣʴʰʠʥʩʪʚʦ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʩʦʜʝʨʞʘʪ ʚ ʩʚʦʝʤ 

ʩʦʩʪʘʚʝ ʦʧʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʝ ʠʟʦʤʝʨʳ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ. ʂʘʢ ʠʟʚʝʩʪʥʦ, 

ʵʥʘʥʪʠʦʤʝʨʳ ʦʪʣʠʯʘʶʪʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ, ʠ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʪʦʣʴʢʦ ʦʜʠʥ ʠʟʦʤʝʨ ʦʙʣʘʜʘʝʪ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʤ ʵʬʬʝʢʪʦʤ, ʘ ʚʪʦʨʦʡ ʤʦʞʝʪ ʚʳʟʳʚʘʪʴ 

ʧʦʙʦʯʥʳʝ ʜʝʡʩʪʚʠʷ ʠʣʠ ʚʦʚʩʝ ʙʳʪʴ ʪʦʢʩʠʯʥʳʤ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʦʩʦʙʦʝ ʤʝʩʪʦ ʟʘʥʠʤʘʶʪ ʟʘʜʘʯʠ ʢʦʥʪʨʦʣʷ ʩʦʜʝʨʞʘʥʠʷ ʭʠʨʘʣʴʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʚ ʧʨʦʮʝʩʩʝ ʠʭ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʚʳʷʚʣʝʥʠʷ ʬʘʣʴʩʠʬʠʮʠʨʦʚʘʥʥʦʡ ʧʨʦʜʫʢʮʠʠ. 

ʇʦʵʪʦʤʫ ʪʨʝʙʫʝʪʩʷ ʨʘʟʚʠʪʠʝ ʪʘʢʠʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʣʠ ʙʳ 

ʦʧʨʝʜʝʣʷʪʴ ʦʪʜʝʣʴʥʳʝ ʵʥʘʥʪʠʦʤʝʨʳ ʚ ʩʤʝʩʷʭ ʦʧʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʠʟʦʤʝʨʦʚ ʧʨʠ ʠʭ 

ʩʦʚʤʝʩʪʥʦʤ ʧʨʠʩʫʪʩʪʚʠʠ. ʉ ʧʦʩʪʘʚʣʝʥʥʳʤʠ ʟʘʜʘʯʘʤʠ ʩʧʨʘʚʣʷʶʪʩʷ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ 

ʩʝʥʩʦʨʳ ʠ ʤʫʣʴʪʠʩʝʥʩʦʨʥʳʝ ʩʠʩʪʝʤʳ ʥʘ ʠʭ ʦʩʥʦʚʝ. 

  
ʘ) ʙ) 

 
ʚ) 

ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʥʳʝ ʬʦʨʤʫʣʳ: ʘ) ʮʠʘʥʫʨʦʚʦʡźʠʟʦ-ʮʠʘʥʫʨʦʚʦʡ ʢʠʩʣʦʪʳ; ʙ) ʤʝʣʘʤʠʥʘ; 

ʚ) ʤʦʥʦʤʝʨʥʦʛʦ ʟʚʝʥʘ ʧʦʣʠʘʨʠʣʝʥʬʪʘʣʠʜʘ 

 

ʅʘʰʘ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʠʟʫʯʝʥʠʶ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʯʝʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ 

ʵʥʘʥʪʠʦʤʝʨʦʚ ʧʨʦʧʨʘʥʦʣʦʣʘ ï ʜʝʡʩʪʚʫʶʱʝʛʦ ʚʝʱʝʩʪʚʘ ʧʨʝʧʘʨʘʪʘ ɸʥʘʧʨʠʣʠʥ, ʰʠʨʦʢʦ 

ʧʨʠʤʝʥʷʶʱʝʛʦʩʷ ʧʨʠ ʣʝʯʝʥʠʠ ʩʝʨʜʝʯʥʦʩʦʩʫʜʠʩʪʳʭ ʟʘʙʦʣʝʚʘʥʠʡ. ʆʢʠʩʣʝʥʠʝ 

ʧʨʦʧʨʘʥʦʣʦʣʘ ʧʨʦʚʦʜʠʣʠ ʚ ʫʩʣʦʚʠʷʭ ʠʥʚʝʨʩʠʦʥʥʦʡ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʠ ʥʘ ʩʪʝʢʣʦ-

ʫʛʣʝʨʦʜʥʦʤ ʵʣʝʢʪʨʦʜʝ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʤ ʧʦʣʠʘʨʠʣʝʥʬʪʘʣʠʜʘʤʠ ʠ ʩʪʨʫʢʪʫʨʥʳʤʠ 

ʘʥʘʣʦʛʘʤʠ ʫʨʘʮʠʣʘ ï ʤʝʣʘʤʠʥʦʤ ʠ ʮʠʘʥʫʨʦʚʦʡ ʢʠʩʣʦʪʦʡ. ʄʦʜʠʬʠʢʘʮʠʷ ʮʠʘʥʫʨʦʚʦʡ 

ʢʠʩʣʦʪʦʡ ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʣʠʯʠʶ ʚ ʢʠʥʝʪʠʢʝ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʦʢʠʩʣʝʥʠʷ 

ʧʨʦʧʨʘʥʦʣʦʣʘ, ʯʪʦ ʦʪʨʘʞʘʝʪʩʷ ʥʘ ʩʤʝʱʝʥʠʠ ʧʠʢʦʚ ʠ ʧʦʟʚʦʣʷʝʪ ʪʝʤ ʩʘʤʳʤ ʨʘʩʧʦʟʥʘʚʘʪʴ 

ʵʥʘʥʪʠʦʤʝʨʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʦʚ ʭʝʤʦʤʝʪʨʠʢʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʥʘʤʠ ʧʨʝʜʣʦʞʝʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʦʝʢʮʠʦʥʥʳʡ ʤʝʪʦʜ ʭʝʤʦʤʝʪʨʠʢʠ ï PLS-ʜʠʩʢʨʠʤʠʥʘʥʪʥʳʡ ʘʥʘʣʠʟ ï ʜʣʷ 

ʚʳʷʚʣʝʥʠʷ ʬʘʢʪʦʨʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʧʝʨʝʢʨʝʩʪʥʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ, ʠ ʦʮʝʥʢʠ 

ʚʦʟʤʦʞʥʦʩʪʠ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʵʥʘʥʪʠʦʤʝʨʦʚ ʧʨʦʧʨʘʥʦʣʦʣʘ. ʄʝʪʦʜʦʤ PLS-

ʜʠʩʢʨʠʤʠʥʘʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʚʦʣʴʪʘʤʧʝʨʦʛʨʘʤʤ ʨʘʩʩʯʠʪʘʥʳ ʧʦʢʘʟʘʪʝʣʠ ʚʦʩʧʨʦʠʟ-

ʚʦʜʠʤʦʩʪʠ, ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʠ ʩʧʝʮʠʬʠʯʥʦʩʪʠ ʤʫʣʴʪʠʩʝʥʩʦʨʥʦʡ ʩʠʩʪʝʤʳ ʢʦʤʧʦʟʠʪʥʳʭ 

ʵʣʝʢʪʨʦʜʦʚ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʵʥʘʥʪʠʦʤʝʨʦʚ ʧʨʦʧʨʘʥʦʣʦʣʘ. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʅʌ: ʛʨʘʥʪ ˉ 16-13-10257.  
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ʇʈʆɽʂʊ ʉʊɺʆʈɽʅʅʗ ʃɸɹʆʈɸʊʆʈɯɰ ʍɯʄɯʂʆ-ɸʅɸʃɯʊʀʏʅʀʍ 

ɼʆʉʃɯɼɾɽʅʔ ɯ ʄʆʅɯʊʆʈʀʅɻʋ ʉʊɸʅʋ ɺʆɼʅʀʍ ʆɹôɭʂʊɯɺ 

ʄʘʨʽʡʯʘʢ ʆ. ʖ., ɼʶʙʘʥʦʚ ɺ. ɺ., ʈʫʤʷʥʮʝʚʘ ɾ. ʆ., ʈʘʜʽʦ ʉ. ɺ. 

ʢʘʬʝʜʨʘ ʥʝʦʨʛʘʥʽʯʥʦʾ ʪʘ ʘʥʘʣʽʪʠʯʥʦʾ ʭʽʤʽʾ ʭʽʤʽʯʥʦʛʦ ʬʘʢʫʣʴʪʝʪʫ 

ɼʦʥʝʮʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʽʤʝʥʽ ɺʘʩʠʣʷ ʉʪʫʩʘ, ɺʽʥʥʠʮʷ, ʋʢʨʘʾʥʘ 

radio@donnu.edu.ua 

 

ʈʦʟʨʦʙʣʷʻʪʴʩʷ ʧʨʦʝʢʪ, ʱʦ ʧʝʨʝʜʙʘʯʘʻ ʩʪʚʦʨʝʥʥʷ ʃʘʙʦʨʘʪʦʨʽʾ ʭʽʤʽʢʦ-ʘʥʘʣʽʪʠʯʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʽ ʤʦʥʽʪʦʨʠʥʛʫ ʩʪʘʥʫ ʚʦʜʥʠʭ ʨʝʩʫʨʩʽʚ ʥʘ ʙʘʟʽ ʭʽʤʽʯʥʦʛʦ ʬʘʢʫʣʴʪʝʪʫ ʪʘ 

ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʦʾ ʯʘʩʪʠʥʠ ɼʦʥʅʋ ʽʤʝʥʽ ɺʘʩʠʣʷ ʉʪʫʩʘ. ʇʨʦʝʢʪʦʤ ʧʝʨʝʜʙʘʯʝʥʦ 

ʤʦʞʣʠʚʽʩʪʴ ʽʥʪʝʛʨʘʮʽʾ ʨʦʙʦʪʠ ʃʘʙʦʨʘʪʦʨʽʾ ʚ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʫ ʜʽʷʣʴʥʽʩʪʴ ʅʘʫʢʦʚʦʛʦ 

ʧʘʨʢʫ çɼʦʥʅʋïʇʦʜʽʣʣʷè. ɽʢʦʥʦʤʽʯʥʘ ʩʢʣʘʜʦʚʘ ʧʨʦʝʢʪʫ ʧʦʣʷʛʘʻ ʚ ʧʨʦʚʝʜʝʥʥʽ 

ʘʥʘʣʽʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʨʠʨʦʜʥʠʭ ʚʦʜ, ʚʦʜ ʧʦʙʫʪʦʚʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ 

ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʥʘ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʯʠʥʥʠʤ ʩʪʘʥʜʘʨʪʘʤ. ʉʦʮʽʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʧʨʦʝʢʪʫ 

ʟʘʙʝʟʧʝʯʫʚʘʪʠʤʝʪʴʩʷ ʧʽʜʛʦʪʦʚʢʦʶ ʚʠʩʦʢʦʢʚʘʣʽʬʽʢʦʚʘʥʠʭ ʬʘʭʽʚʮʽʚ ʫ ʛʘʣʫʟʽ ʝʢʦʣʦʛʽʾ ʽ 

ʭʽʤʽʢʦ-ʘʥʘʣʽʪʠʯʥʦʾ ʝʢʩʧʝʨʪʠʟʠ ʪʘ ʦʪʨʠʤʘʥʥʷʤ ʥʘʜʽʡʥʠʭ ʜʘʥʠʭ ʧʨʦ ʝʢʦʣʦʛʽʯʥʠʡ ʩʪʘʥ 

ʦʙ'ʻʢʪʽʚ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʥʘʩʘʤʧʝʨʝʜ ʜʞʝʨʝʣ ʧʠʪʥʦʾ ʚʦʜʠ ʪʘ ʚʦʜʠ 

ʧʦʙʫʪʦʚʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ, ʫ ʤ. ɺʽʥʥʠʮʷ. 

ʇʨʦʝʢʪʦʤ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ ʨʦʟʚʠʪʦʢ ʽʥʥʦʚʘʮʽʡʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʦʩʚʽʪʥʴʦ-

ʥʘʫʢʦʚʦʾ ʫʩʪʘʥʦʚʠ ï ɼʦʥʅʋ ʽʤʝʥʽ ɺʘʩʠʣʷ ʉʪʫʩʘ; ʨʦʟʰʠʨʝʥʥʷ ʩʧʝʢʪʨʫ ʥʘʜʘʥʥʷ ʧʦʩʣʫʛ 

ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʛʦ ʭʘʨʘʢʪʝʨʫ; ʩʪʚʦʨʝʥʥʷ ʩʫʯʘʩʥʦʾ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʦʾ ʡ ʧʨʘʢʪʠʯʥʦ ʙʘʟʠ 

ʜʣʷ ʧʽʜʛʦʪʦʚʢʠ ʚʠʩʦʢʦʢʚʘʣʽʬʽʢʦʚʘʥʠʭ ʬʘʭʽʚʮʽʚ ʫ ʛʘʣʫʟʽ ʘʥʘʣʽʪʠʯʥʦʾ ʭʽʤʽʾ ʡ ʝʢʦʣʦʛʽʾ; 

ʦʮʽʥʢʘ ʝʢʦʣʦʛʽʯʥʦʛʦ ʩʪʘʥʫ ʚʦʜʥʠʭ ʦʙôʻʢʪʽʚ ʤ. ɺʽʥʥʠʮʷ. 

ɼʽʷʣʴʥʽʩʪʴ ʃʘʙʦʨʘʪʦʨʽʾ ʦʭʦʧʣʶʚʘʪʠʤʝ ʚʠʢʦʥʘʥʥʷ ʥʘʩʪʫʧʥʠʭ ʚʠʜʽʚ ʨʦʙʽʪ: ʘʥʘʣʽʟ 

ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ: ʪʦʢʩʠʯʥʽ ʤʝʪʘʣʠ (Cd, Pb, Zn, Cu, Ni, Cr, Fe, Al, Hg ʪʦʱʦ), 

ʩʠʥʪʝʪʠʯʥʽ ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʽ ʨʝʯʦʚʠʥʠ, ʉʇɸʈ (ʜʝʪʝʨʛʝʥʪʠ), ʬʝʥʦʣʠ (ʩʫʤʘ 

ʦʜʥʦʘʪʦʤʥʠʭ ʬʝʥʦʣʽʚ); ʩʪʘʥʜʘʨʪʥʠʡ ʛʽʜʨʦʭʽʤʽʯʥʠʡ ʘʥʘʣʽʟ: ʙʽʦʛʝʥʥʽ ʝʣʝʤʝʥʪʠ (ʥʽʪʨʠʪʠ, 

ʥʽʪʨʘʪʠ, ʬʦʩʬʘʪʠ, ʧʦʣʽʬʦʩʬʘʪʠ, ʦʨʛʘʥʽʯʥʠʡ ʘʟʦʪ ʽ ʬʦʩʬʦʨ, ʟʘʛʘʣʴʥʠʡ ʘʟʦʪ ʽ ʬʦʩʬʦʨ, 

ʢʨʝʤʥʽʡ, ʘʤʦʥʽʡʥʠʡ ʘʟʦʪ); ʚʠʤʽʨʶʚʘʥʥʷ ʨʅ; ʚʠʟʥʘʯʝʥʥʷ ʩʦʣʦʥʦʩʪʽ (ʟʘʛʘʣʴʥʦʾ 

ʤʽʥʝʨʘʣʽʟʘʮʽʾ). 

ʆʩʥʦʚʥʠʡ ʘʢʮʝʥʪ ʨʦʙʦʪʠ ʃʘʙʦʨʘʪʦʨʽʾ ʩʧʨʷʤʦʚʫʚʘʪʠʤʝʪʴʩʷ ʥʘ ʧʨʦʚʝʜʝʥʥʷ 

ʩʢʦʨʦʯʝʥʦʛʦ ʭʽʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʚʦʜʠ (ʟʘ 12 ʧʦʢʘʟʥʠʢʘʤʠ), ʱʦ ʧʽʜʭʦʜʠʪʴ ʜʣʷ ʦʮʽʥʢʠ 

ʟʘʛʘʣʴʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʚʦʜʠ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʚʠʤʦʛʘʤʠ ʉʅʽʇ. ʎʝʡ ʢʦʤʧʣʝʢʩ ʘʥʘʣʽʟʽʚ ʚʦʜʠ 

ʥʝʦʙʭʽʜʥʠʡ ʧʨʠ ʱʦʨʽʯʥʦʤʫ ʧʨʦʬʽʣʘʢʪʠʯʥʦʤʫ ʢʦʥʪʨʦʣʽ ʷʢʦʩʪʽ ʚʦʜʠ, ʦʜʝʨʞʫʚʘʥʦʾ ʟ 

ʘʨʪʝʟʽʘʥʩʴʢʠʭ ʩʚʝʨʜʣʦʚʠʥ ʽ ʢʦʣʦʜʷʟʽʚ, ʘ ʪʘʢʦʞ ʜʣʷ ʢʦʥʪʨʦʣʶ ʷʢʦʩʪʽ ʨʦʙʦʪʠ ʬʽʣʴʪʨʽʚ 

ʦʯʠʱʝʥʥʷ ʚʦʜʠ. ɿʘʟʥʘʯʝʥʠʡ ʘʥʘʣʽʟ ʙʫʜʝ ʝʢʦʥʦʤʽʯʥʦ ʧʨʠʚʘʙʣʠʚʠʤ ʜʣʷ ʬʝʨʤʝʨʽʚ ï 

ʚʣʘʩʥʠʢʽʚ ʩʚʝʨʜʣʦʚʠʥ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚʦʜʫ ʷʢ ʜʣʷ ʧʠʪʥʦʛʦ ʚʦʜʦʩʧʦʞʠʚʘʥʥʷ, ʪʘʢ ʽ 

ʜʣʷ ʧʦʣʠʚʫ ʡ ʛʦʜʫʚʘʥʥʷ ʪʚʘʨʠʥ. ɸʥʘʣʽʟ ʚʦʜʠ ʟ ʨʦʟʰʠʨʝʥʠʤ ʧʝʨʝʣʽʢʦʤ (24ï25 ʧʦʢʘʟʥʠʢʽʚ) 

ʧʨʦʚʦʜʠʪʠʤʝʪʴʩʷ ʚ ʢʽʣʴʢʘ ʝʪʘʧʽʚ, ʦʩʢʽʣʴʢʠ ʚʽʥ ʚʨʘʭʦʚʫʻ ʨʽʟʥʽ ʪʠʧʠ ʢʨʠʪʝʨʽʾʚ: ʚʽʜ ʦʩʥʦʚʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʦʜʠ (ʤʫʪʥʽʩʪʴ, pH, ʢʦʣʽʨ, ʟʘʧʘʭ, ʦʩʘʜ ʪʘ ʽʥ.), ʜʦ ʩʧʝʮʽʘʣʴʥʠʭ (ʥʘ ʚʠʷʚʣʝʥʥʷ 

ʭʽʤʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʦʢʨʝʤʠʭ ʩʧʦʣʫʢ ʪʦʱʦ). 

ɼʽʷʣʴʥʽʩʪʴ ʃʘʙʦʨʘʪʦʨʽʾ ʥʘʜʘʩʪʴ ʤʦʞʣʠʚʽʩʪʴ ʰʠʨʦʢʦʤʫ ʢʦʣʫ ʥʘʩʝʣʝʥʥʷ ʤ. ɺʽʥʥʠʮʷ 

ʡ ɺʽʥʥʠʮʴʢʦʾ ʦʙʣʘʩʪʽ ʦʪʨʠʤʫʚʘʪʠ ʷʢʽʩʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʨʦ ʩʪʘʥ ʚʦʜʥʠʭ ʨʝʩʫʨʩʽʚ ʫ 

ʥʘʡʢʦʨʦʪʰʠʡ ʪʝʨʤʽʥ. 

ʇʨʦʝʢʪ ʃʘʙʦʨʘʪʦʨʽʾ ʙʫʣʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʫ ʌʽʥʘʣʽ ʈʝʛʽʦʥʘʣʴʥʦʛʦ ʢʦʥʢʫʨʩʫ ɹʽʟʥʝʩ-

ʧʨʦʝʢʪʽʚ (ʯʝʨʚʝʥʴ, 2016 ʨ.), ʷʢʠʡ ʧʨʦʚʦʜʠʚʩʷ ʝʢʦʥʦʤʽʯʥʠʤ ʬʘʢʫʣʴʪʝʪʦʤ ɼʦʥʅʋ ʽʤʝʥʽ 

ɺʘʩʠʣʷ ʉʪʫʩʘ ʟʘ ʧʽʜʪʨʠʤʢʠ ɺʽʥʥʠʮʴʢʦʾ ʦʙʣʘʩʥʦʾ ʜʝʨʞʘʚʥʦʾ ʘʜʤʽʥʽʩʪʨʘʮʽʾ, ɺʽʥʥʠʮʴʢʦʾ 

ʤʽʩʴʢʦʾ ʨʘʜʠ, ʟʘ ʫʯʘʩʪʶ ʥʘʫʢʦʚʦʛʦ ʧʘʨʢʫ çɼʦʥʅʋ-ʇʦʜʽʣʣʷè. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʟʜʦʙʫʪʦ ɼʠʧʣʦʤ ʧʝʨʝʤʦʞʮʷ (ɯɯ ʩʪʫʧʽʥʴ) ʪʘ ɼʠʧʣʦʤ ʧʽʜʧʨʠʻʤʥʠʮʴʢʠʭ 

ʩʠʤʧʘʪʽʡ. 
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ɻʫʙʥʘ ʧʦʤʘʜʘ ï ʟʘʩʽʙ ʜʝʢʦʨʘʪʠʚʥʦʾ ʢʦʩʤʝʪʠʢʠ, ʱʦ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʬʘʨʙʫʚʘʥʥʷ 

ʛʫʙ. ʗʚʣʷʻ ʩʦʙʦʶ ʩʫʤʽʰ ʞʠʨʦʚʦʾ ʦʩʥʦʚʠ ʟ ʜʠʩʧʝʨʩʽʻʶ ʙʘʨʚʥʠʢʽʚ, ʧʝʨʣʘʤʫʪʨʦʚʠʭ ʪʘ ʙʽʣʠʭ 

ʧʽʛʤʝʥʪʽʚ, ʘʨʦʤʘʪʠʟʘʪʦʨʽʚ ʪʘ ʙʽʦʣʦʛʽʯʥʦ-ʘʢʪʠʚʥʠʭ ʜʦʙʘʚʦʢ.  

ʆʩʢʽʣʴʢʠ ʦʩʥʦʚʥʦʶ ʤʝʪʦʶ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʝʢʦʨʘʪʠʚʥʦʾ ʢʦʩʤʝʪʠʢʠ ʜʣʷ ʛʫʙ ʻ 

ʥʘʜʘʥʥʷ ʧʨʠʚʘʙʣʠʚʦʛʦ ʟʦʚʥʽʰʥʴʦʛʦ ʚʠʛʣʷʜʫ ʪʘ ʟʘʙʘʨʚʣʝʥʥʷ, ʪʦ ʧʨʠ ʨʦʟʨʦʙʮʽ ʥʘʪʫʨʘʣʴʥʦʾ 

ʛʫʙʥʦʾ ʧʦʤʘʜʠ ʚʘʞʣʠʚʠʤ ʝʪʘʧʦʤ ʻ ʧʽʜʙʽʨ ʙʘʨʚʥʠʢʘ, ʦʩʢʽʣʴʢʠ ʩʘʤʝ ʚʽʥ ʚʠʟʥʘʯʘʻ ʩʪʽʡʢʽʩʪʴ 

ʪʘ ʷʢʽʩʪʴ ʩʣʽʜʫ ʢʦʩʤʝʪʠʯʥʦʛʦ ʟʘʩʦʙʫ.  

ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʧʝʚʥʦʛʦ ʝʬʝʢʪʫ ʪʘ ʚʽʜʪʽʥʢʫ ʢʦʣʴʦʨʫ ʥʘʡʯʘʩʪʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʩʫʤʽʰʽ ʙʘʨʚʥʠʢʽʚ:  

- ʥʝʨʦʟʯʠʥʥʽ ʫ ʚʦʜʽ ʪʘ ʞʠʨʘʭ ʧʽʛʤʝʥʪʥʽ ʙʘʨʚʥʠʢʠ ʪʘ ʣʘʢʠ ʜʣʷ ʟʚʠʯʘʡʥʠʭ ʧʦʤʘʜ, ʱʦ 

ʜʦʙʨʝ ʟʤʠʚʘʶʪʴʩʷ ʪʘ ʟʘʣʠʰʘʶʪʴ ʥʘ ʛʫʙʘʭ ʙʣʠʩʢʫʯʠʡ ʤʘʟʦʢ, ʱʦ ʤʘʩʢʫʻ ʧʨʠʨʦʜʥʽʡ ʨʝʣʴʻʬ 

ʛʫʙ;  

- ʚʦʜʦ- ʪʘ ʞʠʨʦʨʦʟʯʠʥʥʽ ʙʘʨʚʥʠʢʠ ʜʣʷ ʩʪʽʡʢʠʭ ʧʦʤʘʜ, ʱʦ ʚʘʞʢʦ ʟʤʠʚʘʶʪʴʩʷ, 

ʧʨʦʩʚʽʯʫʶʪʴ ʤʘʣʶʥʦʢ ʛʫʙ, ʥʝ ʟʘʣʠʰʘʶʪʴ ʞʠʨʥʦʛʦ ʩʣʽʜʫ. 

ɺ ʢʦʩʤʝʪʠʯʥʠʭ ʟʘʩʦʙʘʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʝʷʢʽʩʥʠʭ ʙʘʨʚʥʠʢʽʚ ʵ ʦʜʥʽʻʶ ʟ ʥʘʡʙʽʣʴʰ 

ʨʦʟʧʦʚʩʶʜʞʝʥʠʭ ʧʨʠʯʠʥ ʚʠʥʠʢʥʝʥʥʷ ʘʣʝʨʛʽʯʥʠʭ ʨʝʘʢʮʽʡ, ʪʦʤʫ ʚʘʞʣʠʚʦ ʧʽʜʽʙʨʘʪʠ ʪʘʢʠʡ 

ʬʘʨʙʫʚʘʣʴʥʠʡ ʘʛʝʥʪ, ʱʦ ʙʫʜʝ ʧʨʦʷʚʣʷʪʠ ʤʽʥʽʤʘʣʴʥʠʡ ʚʧʣʠʚ ʥʘ ʦʨʛʘʥʽʟʤ ʪʘ ʥʝ 

ʥʘʢʦʧʠʯʫʚʘʪʠʩʷ ʚ ʥʴʦʤʫ.  

ɼʣʷ ʜʘʥʦʛʦ ʢʦʩʤʝʪʠʯʥʦʛʦ ʟʘʩʦʙʫ ʙʫʣʠ ʦʙʨʘʥʽ ʨʦʩʣʠʥʠ ʟ ʬʘʨʙʫʚʘʣʴʥʠʤ ʝʬʝʢʪʦʤ: 

ʘʣʢʘʥʘ ʢʨʘʩʠʣʴʥʘ ʪʘ ʤʘʨʝʥʘ ʢʨʘʩʠʣʴʥʘ. ɺ ʷʢʦʩʪʽ ʙʘʨʚʥʠʢʽʚ ʟʘʟʚʠʯʘʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ  

ʧʦʜʨʽʙʥʝʥʝ ʢʦʨʽʥʥʷ ʮʠʭ ʨʦʩʣʠʥ ʘʙʦ ʡʦʛʦ ʝʢʩʪʨʘʢʪʠ ʪʘ ʤʘʮʝʨʘʪʠ. 

ɿʘʙʘʨʚʣʝʥʥʷ ʢʦʨʽʥʥʶ ʘʣʢʘʥʠ ʥʘʜʘʻ ʨʝʯʦʚʠʥʘ ʘʣʢʘʥʽʥ, ʱʦ ʤʽʩʪʠʪʴʩʷ ʚ ʥʴʦʤʫ. 

ʆʢʨʽʤ ʪʦʛʦ, ʱʦ ʘʣʢʘʥʽʥ ʥʘʜʘʻ ʟʘʙʘʨʚʣʝʥʥʷ, ʚʽʥ ʪʘʢʦʞ ʜʦʜʘʪʢʦʚʦ ʧʨʦʷʚʣʷʻ ʘʥʪʠʦʢʩʠʜʘʥʪʥʽ 

ʪʘ ʘʥʪʠʤʽʢʨʦʙʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. ʂʦʨʽʥʥʷ ʤʘʨʝʥʠ, ʚ ʩʚʦʶ ʯʝʨʛʫ, ʥʘʙʫʚʘʻ ʭʘʨʘʢʪʝʨʥʦʛʦ 

ʟʘʙʘʨʚʣʝʥʥʷ ʟʘʚʜʷʢʠ ʥʘʷʚʥʦʩʪʽ ʘʥʪʨʘʭʽʥʦʥʦʚʠʭ ʩʧʦʣʫʢ: ʧʫʨʧʫʨʠʥʫ, ʧʩʝʚʜʦʧʫʨʧʫʨʠʥʫ, 

ʽʙʝʨʠʮʠʥʫ, ʨʫʙʽʘʜʽʥʫ ʪʘ ʘʣʽʟʘʨʠʥʫ. 

ɺ ʥʘʫʢʦʚʽʡ ʣʽʪʝʨʘʪʫʨʽ ʻ ʚʽʜʦʤʦʩʪʽ, ʧʨʦ ʪʝ, ʱʦ ʦʙʨʘʥʽ ʙʘʨʚʥʠʢʠ ʻ ʧʨʠʨʦʜʥʠʤʠ 

ʽʥʜʠʢʘʪʦʨʘʤʠ ʨʅ, ʦʩʢʽʣʴʢʠ ʤʘʶʪʴ ʟʜʘʪʥʽʩʪʴ ʟʤʽʥʶʚʘʪʠ ʩʚʽʡ ʢʦʣʽʨ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʢʠʩʣʦʪʥʦʩʪʽ ʩʝʨʝʜʦʚʠʱʘ. ʅʘʤʠ ʙʫʣʦ ʚʠʨʽʰʝʥʦ ʚʠʢʦʨʠʩʪʘʪʠ ʜʘʥʫ ʚʣʘʩʪʠʚʽʩʪʴ ʮʠʭ 

ʙʘʨʚʥʠʢʽʚ ʧʨʠ ʨʦʟʨʦʙʮʽ ʢʦʣʴʦʨʦʚʦʾ ʩʝʨʽʾ ʛʫʙʥʦʾ ʧʦʤʘʜʠ. ʂʦʣʴʦʨʠ ʮʠʭ ʟʘʩʦʙʽʚ ʚʘʨʽʶʶʪʴʩʷ 

ʚʽʜ ʯʝʨʚʦʥʦ-ʢʦʨʠʯʥʝʚʦʛʦ ʜʦ ʬʽʦʣʝʪʦʚʦʛʦ, ʘʙʦ ʥʘʚʽʪʴ ʩʠʥʴʦʛʦ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʩʘʤʝ ʩʫʤʽʰʽ ʮʠʭ ʙʘʨʚʥʠʢʽʚ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʟʤʽʥʠ ʢʦʣʴʦʨʫ ʷʢ ʫ 

ʢʠʩʣʦʤʫ, ʪʘʢ ʽ ʚ ʣʫʞʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. ʎʝ ʧʦʚôʟ̫ʘʥʦ ʟ ʪʠʤ, ʱʦ ʤʘʨʝʥʘ ʧʨʦʷʚʣʷʻ ʟʤʽʥʫ 

ʢʦʣʴʦʨʫ ʙʽʣʴʰ ʘʢʪʠʚʥʦ ʫ ʢʠʩʣʦʤʫ ʩʝʨʝʜʦʚʠʱʽ (ʚʽʜ ʞʦʚʪʦ-ʢʦʨʠʯʥʝʚʦʛʦ ʜʦ ʯʝʨʚʦʥʦ-

ʧʦʤʘʨʘʥʯʝʚʦʛʦ), ʘ ʘʣʢʘʥʘ ʟʤʽʥʶʻ ʢʦʣʽʨ ʣʠʰʝ ʫ ʣʫʞʥʦʤʫ (ʚʽʜ ʨʫʙʽʥʦʚʦ-ʯʝʨʚʦʥʦʛʦ ʜʦ 

ʩʠʥʴʦʛʦ).  

ʇʦʧʝʨʝʜʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʟʤʽʥʘ ʢʦʣʴʦʨʫ ʙʘʨʚʥʠʢʽʚ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ ʜʦʜʘʚʘʥʥʽ ʜʦ ʤʘʮʝʨʘʪʫ ʥʝʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʣʫʛʫ ʘʙʦ ʢʠʩʣʦʪʠ, ʱʦ ʧʨʠ 

ʧʦʜʘʣʴʰʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʪʨʠʤʘʥʦʛʦ ʢʦʣʴʦʨʦʚʦʛʦ ʨʦʟʯʠʥʫ ʥʝ ʚʧʣʠʚʘʻ ʥʘ ʢʠʩʣʦʪʥʽʩʪʴ 

ʦʪʨʠʤʘʥʦʛʦ ʢʦʩʤʝʪʠʯʥʦʛʦ ʟʘʩʦʙʫ ʪʘ ʟʘʣʠʰʘʻ ʨʅ ʛʦʪʦʚʦʾ ʧʦʤʘʜʠ ʚ ʨʘʤʢʘʭ ʥʦʨʤʠ. ʆʪʞʝ 

ʥʽʷʢʦʛʦ ʰʢʽʜʣʠʚʦʛʦ ʚʧʣʠʚʫ ʥʘ ʯʫʪʣʠʚʫ ʰʢʽʨʫ ʛʫʙ ʥʝ ʚʽʜʙʫʚʘʻʪʴʩʷ, ʽ ʪʘʢʽ ʟʘʩʦʙʠ ʮʽʣʢʦʤ 

ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʟʘ ʧʨʠʟʥʘʯʝʥʥʷʤ. 
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ɿɺʆʃʆɾʋʖʏɸ ʉʀʈʆɺɸʊʂɸ ɼʃʗ ʆɹʃʀʏʏʗ 

ʄʠʨʛʦʨʦʜʩʴʢʘ ɺ. ɼ., ɺʦʣʥʷʥʩʴʢʘ ʆ. ɺ. 

ɼɺʅɿ çʋʢʨʘʾʥʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʭʽʤʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪè 

mirgorodskaya.viktoriya@mail.ru 

 

ʂʦʩʤʝʪʠʯʥʠʡ ʜʦʛʣʷʜ ï ʮʝ ʧʦʻʜʥʘʥʥʷ ʨʽʟʥʠʭ ʧʨʦʮʝʜʫʨ, ʷʢʽ ʟʜʽʡʩʥʶʶʪʴ 

ʧʨʦʬʽʣʘʢʪʠʯʥʫ, ʣʽʢʫʚʘʣʴʥʫ ʽ ʜʝʢʦʨʘʪʠʚʥʫ ʜʽʶ. ʂʦʩʤʝʪʠʯʥʠʡ ʜʦʛʣʷʜ ʟʘ ʰʢʽʨʦʶ 

ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʟʚʦʣʦʞʝʥʥʷ, ʪʦʥʽʟʫʚʘʥʥʷ, ʟʘʭʠʩʪʫ ʽ ʩʧʝʮʽʘʣʴʥʦʛʦ ʜʦʛʣʷʜʫ. 

ʉʠʨʦʚʘʪʢʘ ï ʮʝ ʩʠʣʴʥʦ ʢʦʥʮʝʥʪʨʦʚʘʥʠʡ ʧʨʦʜʫʢʪ, ʷʢʠʡ ʤʽʩʪʠʪʴ ʧʨʠʙʣʠʟʥʦ ʚ 10 

ʨʘʟʽʚ ʙʽʣʴʰʝ ʙʽʦʣʦʛʽʯʥʦ ʘʢʪʠʚʥʠʭ ʨʝʯʦʚʠʥ, ʥʽʞ ʢʨʝʤʠ. ɺʦʥʘ ʩʪʚʦʨʝʥʘ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦ 

ʚʩʽ ʾʾ ʽʥʛʨʝʜʽʻʥʪʠ ʧʨʦʥʠʢʘʶʪʴ ʜʫʞʝ ʛʣʠʙʦʢʦ ʚ ʰʢʽʨʥʠʡ ʧʦʢʨʠʚ. 

ʂʦʩʤʝʪʠʯʥʘ ʩʠʨʦʚʘʪʢʘ ï ʮʝ ʥʝ ʫʥʽʚʝʨʩʘʣʴʥʠʡ ʧʨʦʜʫʢʪ, ʫ ʥʝʾ ʟʘʚʞʜʠ ʦʙʤʝʞʝʥʘ 

ʮʽʣʝʩʧʨʷʤʦʚʘʥʘ ʜʽʷ. ɭ ʩʝʨʫʤʠ ʟ ʝʬʝʢʪʦʤ ʣʽʬʪʠʥʛʫ, ʻ ʟʚʦʣʦʞʫʶʯʽ, ʞʠʚʠʣʴʥʽ, 

ʧʨʦʪʠʟʘʧʘʣʴʥʽ, ʟʘʩʧʦʢʽʡʣʠʚʽ, ʘʥʪʠʩʪʨʝʩʦʚʽ ï ʫ ʢʦʞʥʦʛʦ ʟ ʥʠʭ ʩʚʽʡ ʩʢʣʘʜ ʽ ʩʚʦʻ 

ʧʨʠʟʥʘʯʝʥʥʷ. 

ɺ ʷʢʦʩʪʽ ʦʙôʻʢʪʽʚ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘʤʠ ʙʫʣʘ ʦʙʨʘʥʘ ʟʚʦʣʦʞʫʶʯʘ ʩʠʨʦʚʘʪʢʘ ʜʣʷ 

ʦʙʣʠʯʯʷ. ʇʦʩʪʘʚʣʝʥʦʶ ʤʝʪʦʶ ʻ ʚʠʚʯʝʥʥʷ ʽʩʥʫʶʯʠʭ ʙʘʟʦʚʠʭ ʨʝʮʝʧʪʫʨ ʟʚʦʣʦʞʫʶʯʦʾ 

ʩʠʨʦʚʘʪʢʠ ʜʣʷ ʦʙʣʠʯʯʷ ʪʘ ʾʭ ʘʥʘʣʽʟ. ʅʘʫʢʦʚʝ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʦʙʨʘʥʥʷ ʦʜʥʽʻʾ ʟ ʥʠʭ ʪʘ ʥʘ 

ʦʩʥʦʚʽ ʚʠʙʦʨʫ ʨʦʟʨʦʙʠʪʠ ʪʘ ʧʦʣʽʧʰʠʪʠ ʷʢʽʩʪʴ ʛʦʪʦʚʦʛʦ ʢʦʩʤʝʪʠʯʥʦʛʦ ʚʠʨʦʙʫ. 

ʇʦʩʪʘʚʣʝʥʦʶ ʟʘʜʘʯʝʶ ʻ ʜʝʪʘʣʴʥʝ ʚʠʚʯʝʥʥʷ ʩʢʣʘʜʦʚʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʧʨʦʤʠʩʣʦʚʠʭ ʟʨʘʟʢʽʚ 

ʟʚʦʣʦʞʫʶʯʦʾ ʩʠʨʦʚʘʪʢʠ ʜʣʷ ʦʙʣʠʯʯʷ. ʇʨʦʚʝʩʪʠ ʧʦʚʥʠʡ ʧʦʢʦʤʧʦʥʝʥʪʥʠʡ ʘʥʘʣʽʟ ʜʣʷ 

ʦʮʽʥʢʠ ʙʝʟʧʝʢʠ ʢʦʩʤʝʪʠʯʥʦʛʦ ʚʠʨʦʙʫ ʪʘ ʤʦʞʣʠʚʦʛʦ ʚʧʣʠʚʫ ʥʘ ʦʨʛʘʥʽʟʤ ʣʶʜʠʥʠ. 

ɼʦ ʩʢʣʘʜʫ ʙʘʟʦʚʦʾ ʨʝʮʝʧʪʫʨʠ ʩʠʨʦʚʘʪʢʠ ʚʭʦʜʷʪʴ ʪʘʢʽ ʢʦʤʧʦʥʝʥʪʠ: ʚʦʜʘ, 

ʛʽʘʣʫʨʦʥʦʚʘ ʢʠʩʣʦʪʘ, ʛʝʣʴ ʘʣʦʻ ʚʝʨʘ, ʤʦʨʩʴʢʠʡ ʝʣʘʩʪʠʥ ʩ ʢʦʣʘʛʝʥʦʤ, ʨʦʩʣʠʥʥʠʡ ʛʣʽʮʝʨʠʥ, 

ɼʃ-ʇʘʥʪʝʥʦʣ, ʢʦʥʩʝʨʚʘʥʪ çʆʧʪʠʬʝʥ ʄɯʊ ʋʣʴʪʨʘè. ɻʽʘʣʫʨʦʥʦʚʘ ʢʠʩʣʦʪʠ ʻ ʦʩʥʦʚʥʠʤ 

ʢʦʤʧʦʥʝʥʪʦʤ ʙʫʜ-ɹʷʢʦʾ ʩʠʨʦʚʘʪʢʠ, ʘʜʞʝ ʚʦʥʘ ʥʘʡʢʨʘʱʝ ʟ ʫʩʽʭ ʢʦʤʧʦʥʝʥʪʽʚ ʧʨʦʥʠʢʘʻ ʫ 

ʰʢʽʨʫ. ɺ ʨʝʮʝʧʪʫʨʽ ʙʫʣʠ ʟʘʤʽʥʝʥʽ ʪʘʢʽ ʢʦʤʧʦʥʝʥʪʠ: ʛʝʣʴ ʘʣʦʻ ʚʝʨʘ ʟʘʤʽʥʝʥʠʡ ʥʘ ʤʝʜ, ʪʘʢ 

ʷʢ ʚʽʥ ʙʽʣʴʰ ʢʦʨʠʩʥʠʡ ʜʣʷ ʰʢʽʨʠ, ʚʦʜʘ ï ʥʘ ʛʽʜʨʦʣʘʪ ʩʤʦʨʦʜʠʥʠ, ʘʜʞʝ ʜʘʥʠʡ ʛʽʜʨʦʣʘʪ 

ʤʽʩʪʠʪʴ ʚʽʪʘʤʽʥʠ ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʰʢʽʨʠ. ɿʘʤʽʩʪʴ ʤʦʨʩʴʢʦʛʦ ʝʣʘʩʪʠʥʫ ʟ ʢʦʣʘʛʝʥʦʤ ʢʨʘʱʝ 

ʚʠʢʦʨʠʩʪʘʪʠ ʭʽʪʦʟʘʥ, ʢʦʪʨʠʡ ʢʨʘʱʝ ʟʚʦʣʦʞʫʻ ʰʢʽʨʫ. ɺ ʷʢʦʩʪʽ ʢʦʥʩʝʨʚʘʥʪʫ ʧʨʦʧʦʥʫʻʤʦ 

ʧʨʦʧʦʣʽʩ, ʘʜʞʝ ʚʽʥ ʷʚʣʷʻ ʩʦʙʦʶ ʧʨʠʨʦʜʥʽʡ ʢʦʤʧʦʥʝʥʪ, ʷʢʠʡ ʤʽʩʪʠʪʴ ʙʘʛʘʪʦ ʢʦʨʠʩʥʠʭ ʜʣʷ 

ʰʢʽʨʠ ʢʦʤʧʦʥʝʥʪʽʚ. ɼʣʷ ʘʥʪʠʩʝʧʪʠʯʥʦʾ ʜʽʾ  ʜʦʜʘʣʠ ʤʘʩʣʦ ʥʽʤ, ʢʦʪʨʝ ʤʘʻ ʘʥʪʠʛʨʠʙʢʦʚʽ ʪʘ 

ʘʥʪʠʙʘʢʪʝʨʽʘʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. 

ʈʦʟʨʦʙʣʝʥʘ ʨʝʮʝʧʪʫʨʘ ʩʠʨʦʚʘʪʢʠ ʜʣʷ ʦʙʣʠʯʯʷ ʻ ʝʬʝʢʪʠʚʥʠʤ ʟʘʩʦʙʦʤ ʧʦ ʜʦʛʣʷʜʫ 

ʟʘ ʰʢʽʨʦʶ ʦʙʣʠʯʯʷ, ʷʢʘ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʚʠʢʦʥʘʥʥʷ ʢʦʥʢʨʝʪʥʦʾ ʜʽʾ. ɿ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ, ʚʦʥʘ ʩʧʨʠʷʪʠʤʝ ʟʚʦʣʦʞʝʥʥʶ ʰʢʽʨʠ, ʱʦ ʜʦʩʠʪʴ ʯʘʩʪʦ ʻ 

ʧʨʦʙʣʝʤʦʶ. 
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ɺʆʃʔʊɸʄʇɽʈʆʄɽʊʈʀʏɽʉʂʆɽ ʆʇʈɽɼɽʃɽʅʀɽ ʊʈʀʇʊʆʌɸʅɸ 

ʅɸ ʄʆɼʀʌʀʎʀʈʆɺɸʅʅʆʄ ʇʆʃʀɸʈʀʃɽʅʌʊɸʃʀɼɸʄʀ 

ʉʊɽʂʃʆʋɻʃɽʈʆɼʅʆʄ ʕʃɽʂʊʈʆɼɽ 

ʄʫʨʟʠʥʘ ʂ. ɸ., ʂʘʙʠʨʦʚʘ ʃ. ʈ., ɿʠʣʴʙʝʨʛ ʈ. ɸ. 

ɹʘʰʢʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʋʬʘ, ʈʦʩʩʠʷ 

murzina_karina@mail.ru 

 

ʊʨʠʧʪʦʬʘʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʫ  ʁ ʘʤʠʥʦʢʠʩʣʦʪʫ, ʚʭʦʜʷʱʘ ̫

ʚ ʩʦʩʪʘʚ ʤʥʦʛʠʭ ʙʝʣʢʦʚ, ʥʦ ʦʙʳʯʥʦ ʚ ʥʝʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ. ʊʨʠʧʪʦʬʘʥ ʧʨʠʤʝʥʷʶʪ ʚ 

ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʦʡ, ʧʠʱʝʚʦʡ, ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʷʭ, ʤʝʜʠʮʠʥʩʢʦʡ 

ʧʨʘʢʪʠʢʝ ʠ ʞʠʚʦʪʥʦʚʦʜʩʪʚʝ.   

ɺ ʧʨʝʜʣʦʞʝʥʥʦʡ ʨʘʙʦʪʝ ʠʟʫʯʝʥʦ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʝ ʧʦʚʝʜʝʥʠʝ ʪʨʠʧʪʦʬʘʥʘ ʥʘ 

ʩʪʝʢʣʦʫʛʣʝʨʦʜʥʦʤ ʵʣʝʢʪʨʦʜʝ (ʉʋʕ), ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʤ ʧʦʣʠʘʨʠʣʝʥʬʪʘʣʠʜʦʤ ï SO 

(ʇɸʌ-SO).  ɹʳʣʠ ʧʦʜʦʙʨʘʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ 

ʘʥʘʣʠʟʘ ʪʨʠʧʪʦʬʘʥʘ ʥʘ ʉʋʕ: ʢʦʥʮʝʥʪʨʘʮʠʷ ʨʘʩʪʚʦʨʘ ʪʨʠʧʪʦʬʘʥʘ 0,0245 ʤʄ, ʩʢʦʨʦʩʪʴ 

ʨʘʟʚʝʨʪʢʠ ʧʦʪʝʥʮʠʘʣʘ 0,1 ɺ/ʩ, ʨʅ ʬʦʥʦʚʦʛʦ ʨʘʩʪʚʦʨʘ 6,8 (ʬʦʩʬʘʪʥʳʡ ʙʫʬʝʨ 

KH2PO4+Na2HPO4), ʚʨʝʤʷ ʥʘʢʦʧʣʝʥʠʷ 30 ʩʝʢʫʥʜ. ʊʨʠʧʪʦʬʘʥ ʥʝʦʙʨʘʪʠʤʦ ʦʢʠʩʣʷʝʪʩʷ ʚ 

ʜʠʘʧʘʟʦʥʝ 600ï1400 ʤɺ (ʨʠʩ. 1). 

 

 
ʈʠʩ. 1. ʃʠʥʝʡʥʘʷ ʚʦʣʴʪʘʤʧʝʨʦʛʨʘʤʤʘ ʦʢʠʩʣʝʥʠʷ 0,0245 ʤʄ ʨʘʩʪʚʦʨʘ ʪʨʠʧʪʦʬʘʥʘ ʥʘ 

ʉʋʕ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʤ ʧʦʣʠʘʨʠʣʝʥʬʪʘʣʠʜʦʤ; ʥʘ ʬʦʥʝ ʬʦʩʬʘʪʥʦʛʦ ʙʫʬʝʨʥʦʛʦ 

ʨʘʩʪʚʦʨʘ (ʨʅ 6,8), v = 0,1 ɺ/ʩ, tʫʜ = 30 ʩʝʢ 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʣʦʞʝʥʥʳʡ ʥʘʤʠ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʯʝʩʢʠʡ ʩʝʥʩʦʨ ʤʦʞʝʪ 

ʙʳʪʴ ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʝʥ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʨʠʧʪʦʬʘʥʘ ʚ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚʘʭ, 

ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʜʦʙʘʚʢʘʭ, ʧʨʦʜʫʢʪʘʭ ʧʠʪʘʥʠʷ.  

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʅʌ: ʛʨʘʥʪ ˉ 16-13-10257. 
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ʕʅɸʅʊʀʆʉɽʃɽʂʊʀɺʅʓɽ ɺʆʃʔʊɸʄʇɽʈʆʄɽʊʈʀʏɽʉʂʀɽ ʉɽʅʉʆʈʓ 

ɼʃʗ ʀɼɽʅʊʀʌʀʂɸʎʀʀ ʆʇʊʀʏɽʉʂʀʍ ʀɿʆʄɽʈʆɺ ɸʄʀʅʆʂʀʉʃʆʊ 

ʄʫʨʟʠʥʘ ʂ. ɸ., ʂʘʙʠʨʦʚʘ ʃ. ʈ., ʌʘʡʟʫʣʣʠʥʘ ʖ. ɻ. 

ɹʘʰʢʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʋʬʘ, ʈʦʩʩʠʷ 

murzina_karina@mail.ru 

 

ɸʤʠʥʦʢʠʩʣʦʪʳ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤ çʩʪʨʦʠʪʝʣʴʥʳʤ ʤʘʪʝʨʠʘʣʦʤè ʜʣʷ ʩʠʥʪʝʟʘ 

ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʪʢʘʥʝʚʳʭ ʙʝʣʢʦʚ, ʬʝʨʤʝʥʪʦʚ ʠ ʜʨʫʛʠʭ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ. ʆʥʠ ʠʤʝʶʪ ʙʦʣʴʰʦʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʤʥʦʛʠʭ ʤʝʪʘʙʦʣʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ ʚ ʦʨʛʘʥʠʟʤʝ ʯʝʣʦʚʝʢʘ ʠ ʚʳʧʦʣʥʷʶʪ ʨʦʣʴ ʙʠʦʨʝʛʫʣʷʪʦʨʦʚ. ʆʧʨʝʜʝʣʝʥʠʝ 

ʘʤʠʥʦʢʠʩʣʦʪ ʚ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʘʭ ʠ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠʭ ʧʨʝʧʘʨʘʪʘʭ, ʙʝʟʫʩʣʦʚʥʦ, 

ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ, ʙʣʘʛʦʜʘʨʷ ʠʭ ʦʛʨʦʤʥʦʡ ʚʘʞʥʦʩʪʠ ʚ 

ʞʠʟʥʠ ʯʝʣʦʚʝʢʘ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʘʤʠʥʦʢʠʩʣʦʪʳ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʭʠʨʘʣʴʥʳʭ 

ʩʪʨʦʠʪʝʣʴʥʳʭ ʙʣʦʢʦʚ ʚ ʦʨʛʘʥʠʯʝʩʢʦʤ ʩʠʥʪʝʟʝ, ʢʦʤʧʦʥʝʥʪʦʚ ʢʘʪʘʣʠʟʘʪʦʨʦʚ 

ʘʩʠʤʤʝʪʨʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ, ʭʠʨʘʣʴʥʳʭ ʨʘʟʜʝʣʷʶʱʠʭ ʘʛʝʥʪʦʚ ʠ ʜʨ. [1]. ɺʩʝ 

ʘʤʠʥʦʢʠʩʣʦʪʳ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʛʣʠʮʠʥʘ, ʦʧʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʝ. ɸʤʠʥʦʢʠʩʣʦʪʳ 

ʩʫʱʝʩʪʚʫʶʪ ʢʘʢ ʧʘʨʳ ʩʪʝʨʝʦʠʟʦʤʝʨʦʚ, ʥʘʟʳʚʘʝʤʳʭ ʵʥʘʥʪʠʦʤʝʨʘʤʠ. ɹʝʣʢʠ ʯʝʣʦʚʝʢʘ 

ʧʦʩʪʨʦʝʥʳ ʪʦʣʴʢʦ ʠʟ L-ʘʤʠʥʦʢʠʩʣʦʪ. D-ʘʤʠʥʦʢʠʩʣʦʪʳ ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ ʚ 

ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʩʪʨʫʢʪʫʨʘʭ ʠ ʤʥʦʛʠʭ ʧʝʧʪʠʜʥʳʭ ʘʥʪʠʙʠʦʪʠʢʘʭ. ʇʨʦʙʣʝʤʘ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʵʥʘʥʪʠʦʤʝʨʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ, ʥʝʩʦʤʥʝʥʥʦ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ.  

ɺ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʴʥʦʡ ʩʤʝʩʠ ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʨʘʩʩʤʦʪʨʝʥʳ ʵʥʘʥʪʠʦʤʝʨʳ 

ʪʨʠʧʪʦʬʘʥʘ. ɺʦʣʴʪʘʤʧʝʨʦʛʨʘʤʤʳ ʩʥʠʤʘʣʠ ʥʘ ʩʪʝʢʣʦʫʛʣʝʨʦʜʥʦʤ ʵʣʝʢʪʨʦʜʝ, 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʤ ʧʦʣʠʘʨʠʣʝʥʬʪʘʣʠʜʘʤʠ. ʅʘ ʦʩʥʦʚʝ ʜʝʪʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ ʜʣʷ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʵʥʘʥʪʠʦʤʝʨʦʚ ʚ ʨʘʙʦʪʝ 

ʚʳʙʨʘʥʘ ʭʝʤʦʤʝʪʨʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʚʦʣʴʪʘʤʧʝʨʦʛʨʘʤʤ ʤʝʪʦʜʦʤ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ, ʚ 

ʢʦʪʦʨʦʡ ʫʯʠʪʳʚʘʶʪʩʷ ʥʝ ʦʪʜʝʣʴʥʳʝ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʝ ʩʠʛʥʘʣʳ, ʘ ʤʘʪʨʠʮʘ ʜʘʥʥʳʭ ʜʣʷ 

ʚʩʝʡ ʚʦʣʴʪʘʤʧʝʨʦʛʨʘʤʤʳ. ɼʠʩʧʝʨʩʠʷ ʧʦ ʜʚʫʤ ʧʝʨʚʳʤ ʛʣʘʚʥʳʤ ʢʦʤʧʦʥʝʥʪʘʤ ʩʦʩʪʘʚʣʷʝʪ 

ʥʝ ʤʝʥʝʝ 80 %, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʭʦʨʦʰʝʡ ʩʧʝʮʠʬʠʯʥʦʩʪʠ ʩʝʥʩʦʨʥʦʡ ʩʠʩʪʝʤʳ ʧʨʠ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʵʥʘʥʪʠʦʤʝʨʦʚ ʪʨʠʧʪʦʬʘʥʘ.  ʇʨʝʜʣʦʞʝʥʥʳʝ ʥʘʤʠ ʵʥʘʥʪʠʦʩʝʣʝʢʪʠʚʥʳʝ 

ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʯʝʩʢʠʝ ʩʝʥʩʦʨʳ ʚʦʟʤʦʞʥʦ ʧʨʠʤʝʥʷʪʴ ʜʣʷ ʵʢʩʧʨʝʩʩʥʦʡ ʦʮʝʥʢʠ 

ʢʘʯʝʩʪʚʘ ʠ ʩʦʩʪʘʚʘ ʵʥʘʥʪʠʦʤʝʨʥʳʭ ʠ ʨʘʮʝʤʠʯʝʩʢʠʭ ʧʨʝʧʘʨʘʪʦʚ ʪʨʠʧʪʦʬʘʥʘ, ʢʦʥʪʨʦʣʷ 

ʢʘʯʝʩʪʚʘ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʜʦʙʘʚʦʢ. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʅʌ: ʛʨʘʥʪ ˉ 16-13-10257. 

 

ʃʠʪʝʨʘʪʫʨʘ: 

1. ʃʝʚʠʪ ɻ. ʃ. ɸʤʠʦʢʠʩʣʦʪʳ ʚ ʨʝʛʠʦ- ʠ ʩʪʝʨʝʦʥʘʧʨʘʚʣʝʥʥʦʤ ʩʠʥʪʝʟʝ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ // ʃʝʚʠʪ ɻ. ɸ. ï ʘʚʪʦʨʝʬʝʨʘʪ. 
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ʈʆɿʈʆɹʂɸ ʊɸ ɸʅɸʃɯɿ ʈɽʎɽʇʊʋʈʀ ɾʀɺʀʃʔʅʆɻʆ ɹɸʃʔɿɸʄʋ 

ɼʃʗ ɹʆʈʆɼʀ 

ʄʫʭʘʯʦʚ ɼ. ʈ., ɺʦʣʥʷʥʩʴʢʘ ʆ. ɺ. 

ɼɺʅɿ çʋʢʨʘʾʥʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʭʽʤʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪè 

dnbboy3@ukr.net 

 

ʋ ʥʘʰ ʯʘʩ ʥʦʩʠʪʠ ʙʦʨʦʜʫ ʩʪʘʣʦ ʧʦʧʫʣʷʨʥʦ, ʘʣʝ ʟʘ ʥʝʶ ʪʘʢ ʩʘʤʦ ʧʦʪʨʽʙʝʥ ʜʦʛʣʷʜ, 

ʷʢ ʽ ʟʘ ʚʦʣʦʩʩʷʤ ʥʘ ʛʦʣʦʚʽ. ʊʦʤʫ ʧʨʠʜʫʤʘʣʠ ʛʘʨʥʠʡ ʟʘʩʽʙ, ʷʢʠʡ ʜʦʧʦʤʘʛʘʻ ʜʦʛʣʷʜʘʪʠ ʟʘ 

ʥʝʶ. ɺ ʮʝʡ ʟʘʩʽʙ ʚʭʦʜʠʪʴ ʙʘʛʘʪʦ ʤʘʩʝʣ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʞʠʚʣʝʥʥʷ, ʟʘʭʠʩʪ ʽ ʟʚʦʣʦʞʝʥʥʷ 

ʰʢʽʨʠ ʪʘ ʚʦʣʦʩʩʷ ʙʦʨʦʜʠ. 

ɹʘʣʴʟʘʤ ʜʣʷ ʙʦʨʦʜʠ ï ʮʝ ʮʽʣʽʩʥʠʡ ʢʦʤʧʣʝʢʩ ʧʦ ʜʦʛʣʷʜʫ ʟʘ ʙʦʨʦʜʦʶ ʥʘ ʦʙʣʠʯʯʽ. ɺʽʥ 

ʟʙʘʛʘʯʫʻ, ʞʠʚʠʪʴ ʽ ʟʘʭʠʱʘʻ ʙʦʨʦʜʫ ʚʽʜ ʟʦʚʥʽʰʥʽʭ ʚʧʣʠʚʽʚ. ʁʦʛʦ ʦʩʥʦʚʥʠʡ ʩʢʣʘʜ: 

ʙʜʞʦʣʠʥʠʡ ʚʽʩʢ, ʤʘʩʣʦ ʐʠ, ʤʘʩʣʦ ɾʦʞʦʙʘ, ʢʦʢʦʩʦʚʝ ʤʘʩʣʦ, ʢʘʩʪʦʨʦʚʝ ʤʘʩʣʦ ʪʘ ʜʝʷʢʽ 

ʝʬʽʨʥʽ ʤʘʩʣʘ. 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʨʦʟʨʦʙʢʘ ʨʝʮʝʧʪʫʨʠ ʪʘ ʚʠʚʯʝʥʥʷ ʽʩʥʫʶʯʠʭ ʙʘʟʦʚʠʭ ʨʝʮʝʧʪʫʨ 

ʙʘʣʴʟʘʤʫ ʜʣʷ ʙʦʨʦʜʠ ʪʘ ʾʭ ʘʥʘʣʽʟ. ʇʨʦʚʝʩʪʠ ʘʥʘʣʽʪʠʯʥʠʡ ʢʦʥʪʨʦʣʴ ʷʢʦʩʪʽ ʙʘʣʴʟʘʤʫ ʜʣʷ 

ʙʦʨʦʜʠ ʪʘ ʧʦʨʽʚʥʷʪʠ ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʟ ʥʦʨʤʘʤʠ, ʷʢʽ ʥʘʚʝʜʝʥʽ ʚ ɻʆʉʊʘʭ. 

ɼʦ ʩʢʣʘʜʫ ʨʝʮʝʧʪʫʨʠ ʙʘʣʴʟʘʤʫ ʜʣʷ ʙʦʨʦʜʠ ʚʭʦʜʷʪʴ ʪʘʢʽ ʢʦʤʧʦʥʝʥʪʠ:  

ɹʜʞʦʣʠʥʠʡ ʚʽʩʢ ï ʟʘʙʝʟʧʝʯʫʻ ʩʪʘʡʣʽʥʛʦʚʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʘ ʪʘʢʦʞ ʫʪʨʠʤʫʻ 

ʟʚʦʣʦʞʫʶʯʽ ʽ ʞʠʚʠʣʴʥʽ ʨʝʯʦʚʠʥʠ. 

ʄʘʩʣʦ ʐʠ ï ʙʦʨʝʪʴʩʷ ʟ ʨʦʟʜʨʘʪʫʚʘʥʥʷʤ ʰʢʽʨʠ ʪʘ ʧʦʢʨʘʱʫʻ ʪʝʢʩʪʫʨʫ ʚʦʣʦʩʘ. 

ɿʘʭʠʱʘʻ ʚʽʜ ʫʣʴʪʨʘʬʽʦʣʝʪʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʪʘ ʽʥʰʠʭ ʰʢʽʜʣʠʚʠʭ ʯʠʥʥʠʢʽʚ. 

ʄʘʩʣʦ ɾʦʞʦʙʘ ï ʟʘʙʝʟʧʝʯʫʻ ʞʠʚʣʝʥʥʷ ʪʘ ʟʚʦʣʦʞʝʥʥʷ ʰʢʽʨʠ, ʘ ʪʘʢʦʞ ʚʦʣʦʜʽʻ 

ʧʨʦʪʠʟʘʧʘʣʴʥʦʶ ʜʽʻʶ. 

ʂʦʢʦʩʦʚʝ ʤʘʩʣʦ ï ʧʦʟʙʘʚʣʷʻ ʚʽʜ ʣʘʤʢʦʩʪʽ ʚʦʣʦʩʩʷ ʽ ʧʦʩʽʯʝʥʠʭ ʢʽʥʯʠʢʽʚ. ɿʘʭʠʱʘʻ 

ʚʽʜ ʰʢʽʜʣʠʚʠʭ ʧʨʠʨʦʜʥʠʭ ʬʘʢʪʦʨʽʚ, ʧʝʨʝʧʘʜʽʚ ʪʝʤʧʝʨʘʪʫʨ. 

ʂʘʩʪʦʨʦʚʝ ʤʘʩʣʦ ï ʤʘʻ ʚʣʘʩʪʠʚʽʩʪʴ ʜʦʙʨʝ ʚʙʠʨʘʪʠʩʷ ʽ ʧʨʦʥʠʢʘʪʠ ʚʛʣʠʙ ʚʦʣʦʩʷʥʠʭ 

ʮʠʙʫʣʠʥ, ʥʘʩʠʯʫʻ ʟʨʦʩʪʘʶʯʽ ʚʦʣʦʩʩʷ ʞʠʚʠʣʴʥʠʤʠ ʨʝʯʦʚʠʥʘʤʠ; ʧʽʜʩʠʣʶʻ ʢʨʦʚʦʦʙʽʛ, 

ʩʪʠʤʫʣʶʻ ʨʽʩʪ ʚʦʣʦʩʩʷ. 

ɽʬʽʨʥʽ ʤʘʩʣʘ ï ʟʘʙʝʟʧʝʯʫʶʪʴ ʘʨʦʤʘʪ ʽ ʚʦʣʦʜʽʶʪʴ ʧʨʦʪʠʟʘʧʘʣʴʥʠʤʠ ʽ ʚʽʜʥʦʚʥʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ. 

ɼʣʷ ʟʙʽʣʴʰʝʥʥʷ ʞʠʚʠʣʴʥʠʭ ʪʘ ʟʚʦʣʦʞʫʶʯʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚ ʦʩʥʦʚʥʠʡ ʩʢʣʘʜ 

ʜʦʜʘʶʪʴʩʷ ʪʘʢʽ ʢʦʤʧʦʥʝʥʪʠ ʷʢ: ʤʘʢʦʚʝ ʪʘ ʢʦʥʦʧʣʷʥʝ ʤʘʩʣʦ. 

ʄʘʢʦʚʝ ʤʘʩʣʦ ï ʚʦʣʦʜʽʻ ʩʠʣʴʥʦʶ ʧʦʤ'ʷʢʰʫʚʘʣʴʥʦʶ, ʟʚʦʣʦʞʫʶʯʦʶ, 

ʨʝʛʝʥʝʨʫʶʯʦʶ, ʚʽʜʥʦʚʣʶʶʯʦ  ʁ ʽ ʟʘʭʠʩʥʦʶ ʜʽʻʶ. ɺʽʜʥʦʚʣʶʻ ʤ'ʷʢʽʩʪʴ ʽ ʝʣʘʩʪʠʯʥʽʩʪʴ 

ʰʢʽʨʠ, ʥʘʜʘʻ ʾʡ ʥʽʞʥʽʩʪʴ ʽ ʰʦʚʢʦʚʠʩʪʽʩʪʴ. 

ʂʦʥʦʧʣʷʥʝ ʤʘʩʣʦ ï ʟʙʽʣʴʰʫʻ ʝʣʘʩʪʠʯʥʽʩʪʴ ʚʦʣʦʩʩʷ, ʟʚʦʣʦʞʫʻ ʽ ʧʦʣʝʛʰʫʻ 

ʨʦʟʯʽʩʫʚʘʥʥʷ, ʥʘʜʘʻ ʥʘʪʫʨʘʣʴʥʠʡ ʙʣʠʩʢ. 

ɿʘʚʜʷʢʠ ʜʦʜʘʪʢʦʚʠʤ ʢʦʤʧʦʥʝʥʪʘʤ ʚ ʨʦʟʨʦʙʣʝʥʽʡ ʨʝʮʝʧʪʫʨʽ ʦʪʨʠʤʘʥʠʡ ʙʘʣʴʟʘʤ 

ʜʣʷ ʙʦʨʦʜʠ ʤʘʻ ʧʦʤ'ʷʢʰʫʶʯʫ ʪʘ ʟʚʦʣʦʞʫʶʯʫ ʜʽʶ, ʞʠʚʠʪʴ ʚʦʣʦʩʩʷ, ʩʧʨʠʷʻ ʡʦʛʦ ʨʦʩʪʫ ʪʘ 

ʨʝʛʝʥʝʨʘʮʽʾ, ʘ ʪʘʢʦʞ ʚʦʣʦʩʩʷ ʤʘʻ ʜʦʛʣʷʥʫʪʠʡ, ʟʜʦʨʦʚʠʡ ʚʠʛʣʷʜ.  

ʂʦʥʪʦʣʴ ʷʢʦʩʪʽ ʨʦʟʨʦʙʣʝʥʦʛʦ ʙʘʣʴʟʘʤʫ ʜʣʷ ʙʦʨʦʜʠ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʚʽʜʧʦʚʽʜʥʦ 

ʪʝʭʥʽʯʥʠʭ ʫʤʦʚ ɻʆʉʊʽʚ. 
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ʉʝʨʝʜ ʫʩʽʭ ʧʣʘʪʠʥʦʚʠʭ ʤʝʪʘʣʽʚ ʧʘʣʘʜʽʡ ʤʘʻ ʥʘʡʰʠʨʰʝ ʧʨʘʢʪʠʯʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ 

ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. ʇʘʣʘʜʽʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʷʢʦʩʪʽ ʘʛʝʥʪʽʚ, ʧʨʠʧʦʾʚ, 

ʥʘʬʪʦʚʦʾ, ʝʣʝʢʪʨʦʪʝʭʥʽʯʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʽ ʚ ʢʘʪʘʣʽʪʠʯʥʠʭ ʭʽʤʽʯʥʠʭ ʨʝʘʢʮʽʷʭ. ʉʧʣʘʚʠ 

ʧʘʣʘʜʽʶ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʶʚʝʣʽʨʥʽʡ ʩʧʨʘʚʽ, ʚ ʩʪʦʤʘʪʦʣʦʛʽʾ, ʜʣʷ  ʜʝʷʢʠʭ ʭʽʨʫʨʛʽʯʥʠʭ 

ʽʥʩʪʨʫʤʝʥʪʽʚ, ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʥʪʘʢʪʽʚ, ʜʣʷ ʦʯʠʱʝʥʥʷ ʛʘʟʦʧʦʜʽʙʥʦʛʦ ʚʦʜʥʶ ʽ ʦʩʪʘʥʥʽʤ 

ʯʘʩʦʤ, ʷʢ ʥʘʥʦʯʘʩʪʠʥʢʠ ʜʣʷ ʨʦʟʨʦʙʢʠ ʥʦʚʦʛʦ ʘʢʪʠʚʥʦʛʦ ʢʘʪʘʣʽʟʘʪʦʨʘ.  

ʏʝʨʝʟ ʟʥʘʯʥʝ ʟʨʦʩʪʘʥʥʷ ʧʘʣʘʜʽʡʚʤʽʩʥʠʭ ʦʙôʻʢʪʽʚ ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʨʦʟʨʦʙʢʠ 

ʪʘ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʤʝʪʦʜʠʢ ʡʦʛʦ ʚʠʟʥʘʯʝʥʥʷ. ʂʦʥʪʨʦʣʴ ʚʤʽʩʪʫ ʧʘʣʘʜʽʶ ʫ ʤʽʥʝʨʘʣʴʥʠʡ 

ʩʠʨʦʚʠʥʽ, ʧʨʦʤʠʩʣʦʚʠʭ ʧʨʦʜʫʢʪʘʭ ʪʘ ʚʽʜʭʦʜʘʭ ʚʠʨʦʙʥʠʮʪʚʘ ʻ ʚʘʞʣʠʚʠʤ ʟʘʚʜʘʥʥʷʤ 

ʘʥʘʣʽʪʠʯʥʦʾ ʭʽʤʽʾ. Cʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʥʽ ʤʝʪʦʜʠ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʧʘʣʘʜʽʶ. ɰʭ ʦʩʥʦʚʥʠʤʠ ʧʝʨʝʚʘʛʘʤʠ ʻ ʧʨʦʩʪʝ ʦʙʣʘʜʥʘʥʥʷ, ʤʦʞʣʠʚʽʩʪʴ 

ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʨʦʮʝʩʫ ʪʘ ʫʥʽʚʝʨʩʘʣʴʥʽʩʪʴ. ʇʘʣʘʜʽʡ ʫʪʚʦʨʶʻ ʽʥʪʝʥʩʠʚʥʦ ʟʘʙʘʨʚʣʝʥʽ 

ʢʦʤʧʣʝʢʩʠ ʟ ʛʽʜʨʘʟʠʥʘʤʠ, ʜʠʪʽʦʢʘʨʙʦʥʘʪʘʤʠ, ʦʢʩʠʜʘʤʠ ʪʦʱʦ. ʆʜʥʘʢ ʽʩʥʫʶʯʽ ʤʝʪʦʜʠ 

ʤʘʶʪʴ ʨʷʜ ʦʙʤʝʞʝʥʴ, ʪʘʢʠʭ ʷʢ ʢʦʥʪʨʦʣʴ ʪʝʤʧʝʨʘʪʫʨʠ, ʚʫʟʴʢʠʡ ʜʽʘʧʘʟʦʥ ʨʅ, ʤʝʥʰʘ 

ʩʪʘʙʽʣʴʥʽʩʪʴ, ʘ ʪʘʢʦʞ ʥʝʚʠʩʦʢʘ ʩʝʣʝʢʪʠʚʥʽʩʪʴ. ʊʦʤʫ ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʫ ʧʦʰʫʢʫ 

ʥʦʚʠʭ ʝʢʩʧʨʝʩʥʠʭ, ʯʫʪʣʠʚʠʭ, ʜʦʩʪʫʧʥʠʭ ʨʝʘʛʝʥʪʽʚ, ʷʢʽ ʜʘʣʠ ʙ ʟʤʦʛʫ ʚʠʟʥʘʯʘʪʠ ʚʤʽʩʪ 

ʧʘʣʘʜʽʶ ʫ ʩʢʣʘʜʥʠʭ ʦʙôʻʢʪʘʭ.  

ʉʝʨʝʜ ʚʝʣʠʢʦ ʾ ʢ̔ʣʴʢʦʩʪ ̔ʙʘʨʚʥʠʢʚ̔, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʘʥʘʣʽʪʠʯʥʽʡ ʭʽʤʽʾ, 

ʟʥʘʯʥʠʡ ʥ̔ʪʝʨʝʩ ʩʪʘʥʦʚʣʷʪʴ ʧʨʝʜʩʪʘʚʥʠʢʠ ʢʣʘʩʫ ʘʟʦʣʜ̔ʦʥ̔ʚ. ʈʦʜʘʥʽʥ ʪʘ ʡʦʛʦ ʧʦʭʽʜʥʽ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʬʦʪʦʤʝʪʨʠʯʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʙʣʘʛʦʨʦʜʥʠʭ ʤʝʪʘʣʽʚ, ʟʦʢʨʝʤʘ, 

ʧʘʣʘʜʽʶ. ʆʜʥʠʤ ʟ ʨʝʘʛʝʥʪʽʚ ʮʴʦʛʦ ʢʣʘʩʫ ʻ ʚʧʝʨʰʝ ʩʠʥʪʝʟʦʚʘʥʠʡ ʨʝʘʛʝʥʪ ï 4-(4-ʽʤʽʥʦ-2-

ʦʢʩʦ-ʪʽʘʟʦʣʽʜʠʥ-5-ʫʣʘʟʦ)-ʙʝʥʟʦʡʥʘ ʢʠʩʣʦʪʘ (ʧ-ɯʊʋɹʂ).  

ʄʝʪʦʶ ʥʘʰʦʾ ʨʦʙʦʪʠ ʙʫʣʦ ʜʦʩʣʽʜʠʪʠ ʚʟʘʻʤʦʜʽʶ ʽʦʥʽʚ Pd(II) ʟ 4-(4-ʽʤʽʥʦ-2-ʦʢʩʦ-

ʪʽʘʟʦʣʽʜʠʥ-5-ʫʣʘʟʦ)-ʙʝʥʟʦʡʥʦʶ ʢʠʩʣʦʪʦʶ, ʱʦʙ ʨʦʟʨʦʙʠʪʠ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʥʫ 

ʤʝʪʦʜʠʢʫ ʚʠʟʥʘʯʝʥʥʷ ʧʘʣʘʜʽʶ. ɼʦʩʣʽʜʞʝʥʥ ̫ ʚʟʘʻʤʦʜʽʾ ʧ-ɯʊʋɹʂ ʟ ʽʦʥʘʤʠ Pd(II) 

ʧʨʦʚʦʜʠʣʠ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʥʦ ʪʘ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʯʥʦ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʤʘʢʩʠʤʫʤ 

ʩʚʽʪʣʦʧʦʛʣʠʥʘʥʥʷ ʨʝʘʛʝʥʪʫ (400 ʥʤ) ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʠʩʣʦʪʥʦʩʪʽ ʩʝʨʝʜʦʚʠʱʘ ʚ ʰʠʨʦʢʠʭ 

ʤʝʞʘʭ ʢʠʩʣʦʪʥʦʩʪʽ ʩʝʨʝʜʦʚʠʱʘ (ʨʅ 1,0ï10,0), ʘ ʚʽʜʥʦʚʣʝʥʥʷ ʥʘ ʈʂɽ ʩʫʧʨʫʚʦʜʞʫʻʪʴʩʷ 

ʟʩʫʚʦʤ ʚ ʢʘʪʦʜʥʫ ʦʙʣʘʩʪʴ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʨʅ, ʱʦ ʚʢʘʟʫʻ ʥʘ ʫʯʘʩʪʴ ʽʦʥʽʚ ʛʽʜʨʦʛʝʥʫ ʚ 

ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʤʫ ʧʨʦʮʝʩʽ. ɿʘ ʟʥʘʯʝʥʴ ʨʅ > 11,0 ʚʽʜʙʫʚʘʻʪʴʩʷ ʛʽʜʨʦʣʽʟ ʨʝʘʛʝʥʪʫ ʟ 

ʚʠʜʽʣʝʥʥʷʤ NH3, ʱʦ ʧʽʜʪʚʝʨʜʞʝʥʦ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʥʦ ʪʘ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʯʥʦ. 

ʆʧʪʠʤʘʣʴʥʘ ʢʠʩʣʦʪʥʽʩʪʴ ʩʝʨʝʜʦʚʠʱʘ ʚʟʘʻʤʦʜʽʾ ʽʦʥʽʚ ʧʘʣʘʜʽʶ(ɯɯ) ʟ ʧ-ɯʊʋɹʂ ʚʽʜʧʦʚʽʜʘʻ 

ʜʽʘʧʘʟʦʥʫ ʨʅ 3,0ï6,0. ʇʨʦʮʝʩ ʢʦʤʧʣʝʢʩʦʫʪʚʦʨʝʥʥʷ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʚʠʥʠʢʥʝʥʥʷʤ 

ʜʦʜʘʪʢʦʚʦʛʦ ʧʽʢʫ ʚʽʜʥʦʚʣʝʥʥʷ ʟʩʫʥʦʪʦʛʦ ʢʘʪʦʜʥʦ ʩʪʦʩʦʚʥʦ ʧʽʢʫ ʚʽʜʥʦʚʣʝʥʥʷ ʨʝʘʛʝʥʪʫ ʪʘ 

ʟʤʝʥʰʝʥʥʷʤ ʦʩʪʘʥʥʴʦʛʦ. ʄʘʢʩʠʤʘʣʴʥʘ ʨʽʟʥʠʮʷ ʦʧʪʠʯʥʦʾ ʛʫʩʪʠʥʠ ʢʦʤʧʣʝʢʩʥʦʾ ʩʧʦʣʫʢʠ 

ʪʘ ʨʝʘʛʝʥʪʫ ʻ ʧʨʠ 450 ʥʤ (ʨʅ 5,0). ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ Pd(II): ʧ-ɯʊʋɹʂ ʩʢʣʘʜʘʻ 1:1. ʆʜʝʨʞʘʥʽ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʨʝʟʫʣʴʪʘʪʠ ʻ ʧʽʜˇʨʫʥʪʷʤ ʜʣʷ ʨʦʟʨʦʙʢʠ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʥʠʭ ʪʘ 

ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʯʥʠʭ ʤʝʪʦʜʽʚ ʚʠʟʥʘʯʝʥʥʷ ʧʘʣʘʜʽʶ. 
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ʉʇʆʉɯɹ ʇʆʃʗʈʆɻʈɸʌɯʏʅʆɻʆ ɺʀɿʅɸʏɽʅʅʗ ʄɯʉʎɽɺʆɻʆ 

ɸʅɽʉʊɽʊʀʂɸ ɹʋʇɯɺɸʂɸɰʅʋ 

ʇʣʦʪʥʽʢʦʚʘ ʂ. ʄ., ʉʘʨʘʭʤʘʥ ʆ. ʄ., ʇʣʦʪʠʮʷ ʉ. ɯ., ɼʫʙʝʥʩʴʢʘ ʃ. ʆ. 

ʃʴʚʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɯʚʘʥʘ ʌʨʘʥʢʘ 

katerina27pl@gmail.com 

 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʤʽʩʮʝʚʠʭ ʘʥʝʩʪʝʪʠʢʽʚ ʩʪʨʦʛʦ ʜʦʟʦʚʘʥʦ. ʂʣʘʩʠʯʥʽ ʤʝʪʦʜʠ ʚʠʟʥʘʯʝʥʥʷ 

ʤʽʩʮʝʚʠʭ ʘʥʝʩʪʝʪʠʢʽʚ, ʤʘʣʦ ʯʫʪʣʠʚʽ ʽ ʪʨʫʜʦʤʽʩʪʢʽ. ɿʜʝʙʽʣʴʰʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʝ ʪʠʪʨʫʚʘʥʥʷ ʫ ʩʧʠʨʪʦʚʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. ʘ ʪʘʢʦʞ ʥʽʪʨʫʚʘʥʥʷ 

ʢʦʥʮʝʥʪʨʦʚʘʥʦʶ ʥʽʪʨʘʪʥʦʶ ʢʠʩʣʦʪʦʶ ʟ ʧʦʜʘʣʴʰʦʶ ʦʙʨʦʙʢʦʶ ʂʆʅ. ʋ ʙʽʦʣʦʛʽʯʥʠʭ 

ʨʽʜʠʥʘʭ ʽ ʚ ʩʢʣʘʜʥʠʭ ʣʽʢʘʨʩʴʢʠʭ ʟʘʩʦʙʘʭ ʘʥʝʩʪʝʪʠʢʠ ʚʠʟʥʘʯʘʶʪʴ ʤʝʪʦʜʦʤ 

ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʦʾ ʨʽʜʠʥʥʦʾ ʭʨʦʤʘʪʦʛʨʘʬʽʾ (ɺɽʈʍ). ʊʦʤʫ ʨʦʟʨʦʙʣʝʥʥʷ ʯʫʪʣʠʚʠʭ, 

ʝʢʩʧʨʝʩʥʠʭ, ʥʘʜʽʡʥʠʭ ʽ ʜʝʰʝʚʠʭ ʩʧʦʩʦʙʽʚ ʚʠʟʥʘʯʝʥʥʷ ʘʥʝʩʪʝʪʠʢʽʚ ʫ ʚʦʜʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ, 

ʘ ʪʘʢʦʞ ʫ ʣʽʢʘʨʩʴʢʠʭ ʟʘʩʦʙʘʭ ʪʘ ʙʽʦʣʦʛʽʯʥʠʭ ʦʙ'ʻʢʪʘʭ ʻ ʘʢʪʫʘʣʴʥʠʤ. ʈʘʥʽʰʝ ʤʠ 

ʧʦʚʽʜʦʤʣʷʣʠ ʧʨʦ ʨʦʟʨʦʙʣʝʥʥʷ ʤʝʪʦʜʠʢ ʧʦʣʷʨʦʛʨʘʬʽʯʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʣʽʜʦʢʘʾʥʫ, 

ʪʨʠʤʝʢʘʾʥʫ ʽ ʤʝʧʽʚʘʢʘʾʥʫ. ɹʫʧʽʚʘʢʘʾʥ ï ʤʽʩʮʝʚʠʡ ʘʥʝʩʪʝʪʠʢ ʥʦʚʦʛʦ ʧʦʢʦʣʽʥʥʷ, ʷʢʠʡ ʪʘʢʦʞ 

ʥʘʣʝʞʠʪʴ ʜʦ ʛʨʫʧʠ ʘʤʽʜʽʚ ʽ ʩʪʨʫʢʪʫʨʥʦ ʥʘʡʙʽʣʴʰʝ ʧʦʜʽʙʥʠʡ ʜʦ ʤʝʧʽʚʘʢʘʾʥʫ. ˆʨʫʥʪʫʶʯʠʩʴ 

ʥʘ ʧʦʧʝʨʝʜʥʽʭ ʥʘʧʨʘʮʶʚʘʥʥʷʭ ʤʠ ʨʦʟʨʦʙʠʣʠ ʤʝʪʦʜʠʢʫ ʧʦʣʷʨʦʛʨʘʬʽʯʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ 

ʙʫʧʽʚʘʢʘʾʥʫ. ɿʘʫʚʘʞʠʤʦ, ʱʦ ʘʥʘʣʽʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʦʟʨʦʙʣʝʥʦʾ ʤʝʪʦʜʠʢʠ ʻ 

ʥʘʡʙʣʠʞʯʠʤʠ ʜʦ ʘʥʘʣʦʛʽʯʥʠʭ ʜʣʷ ʤʝʧʽʚʘʢʘʾʥʫ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʚʠʢʦʥʫʚʘʣʠ ʥʘ ʮʠʬʨʦʚʽʡ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʯʥʽʡ ʫʩʪʘʥʦʚʮʽ ʫ 

ʪʨʠʝʣʝʢʪʨʦʜʥʽʡ ʢʦʤʽʨʮʽ ʟ ʨʪʫʪʥʠʤ ʢʨʘʧʣʠʥʥʠʤ ʽʥʜʠʢʘʪʦʨʥʠʤ ʝʣʝʢʪʨʦʜʦʤ ʤʝʪʦʜʦʤ 

ʧʦʣʷʨʦʛʨʘʬʽʾ ʟʽ ʰʚʠʜʢʦʶ ʨʦʟʛʦʨʪʢʦʶ. 

ʇʦʧʝʨʝʜʥʴʦ ʙʫʧʽʚʘʢʘʾʥ ʦʢʠʩʥʶʚʘʣʠ ʢʘʣʽʡ ʧʝʨʦʢʩʠʤʦʥʦʩʫʣʴʬʘʪʦʤ (ʇʄʉʂ) ʫ 

ʩʝʨʝʜʦʚʠʱʽ ʬʦʩʬʘʪʥʦʛʦ ʙʫʬʝʨʥʦʛʦ ʨʦʟʯʠʥʫ. ʆʧʪʠʤʘʣʴʥʠʤ ʜʣʷ ʦʢʠʩʥʝʥʥʷ ʻ ʨʅ 8,5. ɼʣʷ 

ʢʽʣʴʢʽʩʥʦʛʦ ʚʠʭʦʜʫ ʧʨʦʜʫʢʪʫ ʯʘʩ ʦʢʠʩʥʝʥʥʷ ʧʦʚʠʥʝʥ ʙʫʪʠ ʥʝ ʤʝʥʰʠʤ 10 ʭʚ. ʋ ʤʝʞʘʭ ʚʽʜ 

2 ʜʦ 100-ʢʨʘʪʥʦʛʦ ʥʘʜʣʠʰʢʫ ʇʄʉʂ ʧʦʣʷʨʦʛʨʘʬʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʽʜʥʦʚʣʝʥʥʷ 

ʧʨʦʜʫʢʪʫ ʦʢʠʩʥʝʥʥʷ ʙʫʧʽʚʘʢʘʾʥʫ ʥʝ ʟʤʽʥʶʶʪʴʩʷ. ʆʜʥʘʢ, ʙʘʞʘʥʦ, ʱʦʙ ʢʦʥʮʝʥʪʨʘʮʽʷ 

ʇʄʉʂ ʫ ʨʦʟʯʠʥʽ ʥʝ ʧʝʨʝʚʠʱʫʚʘʣʘ 10-4 ʄ, ʦʩʢʽʣʴʢʠ ʯʝʨʝʟ ʚʽʜʥʦʚʣʝʥʥʷ ʇʄʉʂ 

ʟʙʽʣʴʰʫʻʪʴʩʷ ʟʘʣʠʰʢʦʚʠʡ ʩʪʨʫʤ ʽ ʩʧʦʪʚʦʨʶʻʪʴʩʷ ʬʦʥʦʚʘ ʣʽʥʽʷ ʧʦʣʷʨʦʛʨʘʤʠ. 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʡʙʽʣʴʰʠʭ ʩʪʨʫʤʽʚ ʚʽʜʥʦʚʣʝʥʥʷ ʨʅ ʩʫʤʽʰʽ ʧʽʩʣʷ ʦʢʠʩʥʝʥʥʷ 

ʟʤʝʥʰʫʚʘʣʠ ʜʦ 5, ʜʦʜʘʶʯʠ ʬʦʩʬʘʪʥʫ ʢʠʩʣʦʪʫ. ɿʘ ʨʅ 5 ʧʽʢ ʚʽʜʥʦʚʣʝʥʥʷ ʧʨʦʩʪʝʞʫʻʪʴʩʷ 

ʧʨʠ ʧʦʪʝʥʮʽʘʣʽ ï0,44 ɺ (ʚʽʜʥʦʩʥʦ ʥ.ʢ.ʝ.) ʽ ʻ ʥʘʡʚʠʱʠʤ. 

ɿʘ ʟʘʟʥʘʯʝʥʠʭ ʫʤʦʚ ʽ ʉʇʄʉʂ = 10-4 ʄ ʣʽʥʽʡʥʘ ʟʘʣʝʞʥʽʩʪʴ ʩʪʨʫʤʫ ʚʽʜʥʦʚʣʝʥʥʷ ʚʽʜ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʙʫʧʽʚʘʢʘʾʥʫ ʟʙʝʨʽʛʘʻʪʴʩʷ ʚ ʤʝʞʘʭ 1Ŀ10-6ï5Ŀ10-5 ʄ (ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʝʣʷʮʽʾ R = 

0,99934). ʅʠʞʥʷ ʚʠʟʥʘʯʫʚʘʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʙʫʧʽʚʘʢʘʾʥʫ ʩʪʘʥʦʚʠʪʴ 3,4Ŀ10-6 ʄ (ʘʙʦ 

1 ʤʛ/ʤʣ). 

ʈʦʟʨʦʙʣʝʥʫ ʤʝʪʦʜʠʢʫ ʚʠʢʦʨʠʩʪʘʥʦ ʜʣʷ ʢʽʣʴʢʽʩʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʙʫʧʽʚʘʢʘʾʥʫ ʚ 

ʨʦʟʯʠʥʽ ʜʣʷ ʽʥôʻʢʮʽʡ çɹʫʧʽʚʘʢʘʾʥ-ɿʅè (ʆʆʆ çʍʘʨʢʽʚʩʴʢʝ ʬʘʨʤʘʮʝʚʪʠʯʥʝ ʧʽʜʧʨʠʻʤʩʪʚʦ 

çɿʜʦʨʦʚôʷ ʥʘʨʦʜʫè). 
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VOLTAMMETRIC IDENTIFICATION OF INSULIN AND ITS ANALOGUES USING 

ELECTRODES MODIFIED WITH POLYARYLENEPHTHALIDES  

Provorova Y. R., Maksyutova E. I., Zilôberg R. A. 

Department of Chemistry, Bashkir State University, Ufa, 450076 Bashkortostan, Russia 

provorova-96@mail.ru 

 

Insulin is a peptide hormone of nature, formed in the beta cells of the islets of 

Langerhans of the pancreas. Has a multifaceted effect on metabolism in human body. The main 

action of insulin is to reduce glucose concentration in the blood. Violation of insulin secretion 

or its action is a key element in the development of various forms of diabetes, hypoglycemic 

conditions, and obesity. Currently, human insulin and its analogues, get genetically engineered 

using recombinant DNA technology. The insulin analogs differ amino acid position, and other 

substituents in the polypeptide chain.  And they have such differences as: biological properties 

duration, dissolution, etc. 

Using chemometrics, we developed a voltammetric method for the identification and 

discrimination of pharmaceuticals containing insulin and its analogues from various 

manufacturers, using glassy carbon electrodes modified with polyarylenephthalides. To test the 

voltammetric method of identification and recognition of preparations of insulin have been 

investigated: Lantus, Apidra, Biosulin R, Levemir, NovoRapid FlexPen, NovoRapid Penfill.  

The voltammograms obtained on the glassy carbon electrodes modified with 

polyarylenephthalides was converted by principal component analysis (PCA). Due to the 

modification of polyarylenephthalide films, multisensor system is sensitive to the formulation 

adjuvants in pharmaceutical preparations containing insulin that allows to identify them 

reliably. 

In this way using voltammetric system such as electronic tongue based on glassy carbon 

elecrodes modified with polyarylenephthalides with various quantity diphenylenethio and 

diphenyleneoxide fragments in monomer units in the polymer chain and chemometrics, the 

possibility of an express identification and recognition of drugs containing insulin and its 

analogues, obtained by recombinant DNA technology and  different  amino acid position, and 

other substituents in the polypeptide chain was shown. 

It should be noted that the proposed approach may be used for rapid assessment of the 

quality of pharmaceutical preparations of insulin. 

 

This work was supported by the Russian Science Foundation, project no. 16-13-10257. 
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5-(4-ɻɯɼʈʆʂʉʀ-ʌɽʅɯʃɸɿʆ)-4-ɯʄɯʅʆ-ʊɯɸɿʆʃɯɼʀʅ-2-ʆʅ ï ʅʆɺʀʁ 

ʇɽʈʉʇɽʂʊʀɺʅʀʁ ʈɽɸɻɽʅʊ ɼʃʗ ɺʀɿʅɸʏɽʅʅʗ ɯʆʅɯɺ ʇʃɸʊʀʅʆɺʀʍ 

ʄɽʊɸʃɯɺ 

ʉʘʣʽʡ ɼ. ɭ., ʍʚʘʣʴʙʦʪʘ ʃ. ʆ. 

ʃʴʚʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɯʚʘʥʘ ʌʨʘʥʢʘ 

d.saliy.workbox@gmail.com 

 

ʆʜʥʽʻʶ ʟ ʘʢʪʫʘʣʴʥʠʭ ʧʨʦʙʣʝʤ ʘʥʘʣʽʪʠʯʥʦʾ ʭʽʤʽʾ ʻ ʧʦʰʫʢ ʥʦʚʠʭ ʨʝʘʛʝʥʪʽʚ ʟ ʤʝʪʦʶ 

ʧʦʢʨʘʱʝʥʥʷ ʭʽʤʽʢʦ-ʘʥʘʣʽʪʠʯʥʠʭ ʤʝʪʦʜʠʢ ʚʠʟʥʘʯʝʥʥʷ ʝʣʝʤʝʥʪʽʚ. ʉʝʨʝʜ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ 

ʦʨʛʘʥʽʯʥʠʭ ʨʝʘʛʝʥʪʽʚ ʩʪʘʥʦʚʣʷʪʴ ʽʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʥʠʢʠ ʢʣʘʩʫ ʘʟʦʣʽʜʦʥʽʚ ʪʘ ʪʽʘʟʦʣʽʚ. 

ɿʘʚʜʷʢʠ ʩʚʦʾʡ ʭʽʤʽʯʥʽʡ ʩʪʨʫʢʪʫʨʽ ʚʦʥʠ ʚʦʣʦʜʽʶʪʴ ʢʦʤʧʣʝʢʩʦʫʪʚʦʨʶʶʯʠʤʠ ʽ ʦʢʠʩʥʦ-

ʚʽʜʥʦʚʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ, ʘ ʪʦʤʫ ʤʦʞʫʪʴ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʴ ʜʣʷ ʢʽʣʴʢʽʩʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ 

ʤʝʪʘʣʽʚ ʨʽʟʥʦʾ ʧʨʠʨʦʜʠ. ʆʜʥʠʤ ʽʟ ʧʨʝʜʩʪʘʚʥʠʢʽʚ ʢʣʘʩʫ ʘʟʦʣʽʜʦʥʽʚ ʻ 5-(4-ʛʽʜʨʦʢʩʠ-

ʬʝʥʽʣʘʟʦ)-4-ʽʤ̔ʥʦ-ʪʽʘʟʦʣʽʜʠʥ-2-ʦʥ (ɻʌɯʊ) ï ʮʝ ʥʦʚʘ ʦʨʛʘʥʽʯʥʘ ʨʝʯʦʚʠʥʘ, ʷʢʘ ʚʧʝʨʰʝ ʙʫʣʘ 

ʩʠʥʪʝʟʦʚʘʥʘ ʥʘ ʢʘʬʝʜʨʽ ʦʨʛʘʥʽʯʥʦʾ ʭʽʤʽʾ ʃʴʚʽʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʽʤʝʥʽ 

ɯʚʘʥʘ ʌʨʘʥʢʘ. ɻʌɯʊ ï ʮʝ ʢʨʠʩʪʘʣʽʯʥʠʡ ʧʦʨʦʰʦʢ ʞʦʚʪʦ-ʧʽʩʦʯʥʦʛʦ ʢʦʣʴʦʨʫ ʧʦʛʘʥʦ 

ʨʦʟʯʠʥʥʠʡ ʫ ʚʦʜʽ ʪʘ ʝʪʘʥʦʣʽ, ʧʨʦʪʝ ʜʦʙʨʝ ʨʦʟʯʠʥʥʠʡ ʚ ʜʠʤʝʪʠʣʬʦʨʤʘʤʽʜʽ ʪʘ 

ʜʠʤʝʪʠʣʩʫʣʴʬʦʢʩʠʜʽ.  

ʉʪʨʫʢʪʫʨʥʘ ʬʦʨʤʫʣʘ 5-(4-ʛʽʜʨʦʢʩʠ-ʬʝʥʽʣʘʟʦ)-4-ʽʤʽʥʦ-ʪʽʘʟʦʣʽʜʠʥ-2-ʦʥʫ: 
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OH  
 

ʄʠ ʜʦʩʣʽʜʠʣʠ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʥʽ ʪʘ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʥʦʚʦʛʦ ʨʝʘʛʝʥʪʫ. ʄʘʢʩʠʤʫʤ ʧʦʛʣʠʥʘʥʥʷ ɻʌɯʊ ʟʘʣʝʞʠʪʴ ʚʽʜ pH ʨʦʟʯʠʥʫ, ʱʦ ʧʦʚôʷʟʘʥʦ ʟ 

ʨʽʟʥʠʤʠ ʬʦʨʤʘʤʠ ʽʩʥʫʚʘʥʥʷ ʟʘʣʝʞʥʦ ʚʽʜ ʢʠʩʣʦʪʥʦʩʪʽ ʩʝʨʝʜʦʚʠʱʘ. ɿʘ ʨʅ 1,0 

ʤʦʣʝʢʫʣʷʨʥʠʡ ʩʧʝʢʪʨ ʧʦʛʣʠʥʘʥʥʷ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʤʘʢʩʠʤʫʤʦʤ ʧʨʠ ʜʦʚʞʠʥʽ ʭʚʠʣʽ 

418 ʥʤ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʧʨʦʪʦʥʦʚʘʥʽʡ ʬʦʨʤʽ ʨʝʘʛʝʥʪʫ, ʧʨʠ ʨʅ 2,0ï10,0 ʤʘʢʩʠʤʫʤ 

ʩʚʽʪʣʦʧʦʛʣʠʥʘʥʥʷ ʥʝʟʥʘʯʥʦ ʟʩʫʚʘʻʪʴʩʷ ʚ ʦʙʣʘʩʪʴ ʤʝʥʰʠʭ ʜʦʚʞʠʥ ʭʚʠʣʴ (400 ʥʤ), ʘ ʚ 

ʩʠʣʴʥʦʣʫʞʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ (ʨʅ > 11) ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʝʨʝʙʽʛ ʨʝʘʢʮʽʾ ʛʽʜʨʦʣʽʟʫ ʟ ʚʠʜʽʣʝʥʥʷʤ 

ʘʤʽʘʢʫ. ʇʨʠ ʨʅ = 4,0ï9,0 ʥʘ ʦʩʮʠʣʦʚʦʣʴʪʘʤʧʝʨʥʽʡ ʢʨʠʚʽʡ (ʈʂɽ ï ̔ ʥʜʠʢʘʪʦʨʥʠʡ ʝʣʝʢʪʨʦʜ, 

ʅʂɽ ï ʝʣʝʢʪʨʦʜ ʧʦʨʽʚʥʷʥʥʷ, Pt ï ʜʦʧʦʤʽʞʥʠʡ ʝʣʝʢʪʨʦʜ; ʧʦʪʝʥʮʽʘʣʠ ʨʦʟʛʦʨʪʢʠ ï 0 ï -2,0 ɺ, 

ʰʚʠʜʢʽʩʪʴ ʨʦʟʛʦʨʪʢʠ 0,5ï1,0 ɺ/c) ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʦʜʠʥ ʢʘʪʦʜʥʠʡ ʧʽʢ, ʘ ʘʥʦʜʥʽ ʧʽʢʠ 

ʚʽʜʩʫʪʥʽ, ʱʦ ʚʢʘʟʫʻ ʥʘ ʥʝʦʙʦʨʦʪʥʽʩʪʴ ʧʨʦʮʝʩʫ ʚʽʜʥʦʚʣʝʥʥʷ. 

ʇʨʠ ʧʨʦʚʝʜʝʥʥʽ ʜʦʩʣʽʜʞʝʥʴ ʱʦʜʦ ʤʦʞʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ 5-(4-ʛʽʜʨʦʢʩʠ-

ʬʝʥʽʣʘʟʦ)-4-ʽʤʽʥʦ-ʪʽʘʟʦʣʽʜʠʥ-2-ʦʥʫ ʚ ʘʥʘʣʽʪʠʯʥʽʡ ʭʽʤʽʾ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʤʝʪʘʣʽʚ ʙʫʣʦ 

ʚʠʷʚʣʝʥʦ, ʱʦ ʥʝʤʘʻ ʧʦʤʽʪʥʠʭ ʟʤʽʥ ʫ ʩʧʝʢʪʨʘʭ ʧʦʛʣʠʥʘʥʥʷ ʨʝʘʛʝʥʪʽʚ ʧʨʠ ʚʟʘʻʤʦʜʽʾ ʟ 

ʽʦʥʘʤʠ Cd2+, Ni2+, Co2+, Al 3+, Fe3+, Cu2+, Zn2+, Ba2+ ʪʘ Mn2+. ɸʥʘʣʽʪʠʯʥʠʡ ʝʬʝʢʪ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʫ ʨʦʟʯʠʥʘʭ ɻʌɯʊ ʟʘ ʧʨʠʩʫʪʥʦʩʪʽ ʽʦʥʽʚ ʧʘʣʘʜʽʶ(ɯɯ), ʽʨʠʜʽʶ(IV) ʪʘ 

ʨʦʜʽʶ(III).  

ʄʘʢʩʠʤʫʤ ʩʚʽʪʣʦʧʦʛʣʠʥʘʥʥʷ ɻʌɯʊ ʫ ʧʨʠʩʫʪʥʦʩʪʽ ʽʦʥʽʚ ʧʣʘʪʠʥʦʚʠʭ ʤʝʪʘʣʽʚ 

ʩʫʪʪʻʚʦ ʟʤʝʥʰʫʻʪʴʩʷ ʪʘ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʫʪʚʦʨʝʥʥʷ ʧʣʝʯʘ ʚ ʤʝʞʘʭ ʜʦʚʞʠʥ ʭʚʠʣʴ 264ï

380 ʥʤ. ʄʝʪʦʜʘʤʠ: ʽʟʦʤʦʣʷʨʥʠʭ ʩʝʨʽʡ ʪʘ ʥʘʩʠʯʝʥʥʷ, ʟʥʘʡʜʝʥʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʝʪʘʣ : 

ʨʝʘʛʝʥʪ ʫ ʢʦʤʧʣʝʢʩʥʽʡ ʩʧʦʣʫʮʽ Ir(IV) ʟ ɻʌɯʊ ʩʪʘʥʦʚʠʣʦ 1:1.  

ʇʨʦʚʝʜʝʥʽ ʥʘʤʠ ʜʦʩʣʽʜʞʝʥʥʷ ʩʚʽʜʯʘʪʴ, ʱʦ 5-(4-ʛʽʜʨʦʢʩʠ-ʬʝʥʽʣʘʟʦ)-4-ʽʤʽʥʦ-

ʪʽʘʟʦʣʽʜʠʥ-2-ʦʥ ʤʦʞʝ ʙʫʪʠ ʮʽʢʘʚʠʤ ʜʣʷ ʘʥʘʣʽʪʠʯʥʦʾ ʭʽʤʽʾ ʷʢ ʨʝʘʛʝʥʪ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʧʣʘʪʠʥʦʚʠʭ ʤʝʪʘʣʽʚ. 
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ʋ ɺʽʥʥʠʮʴʢʽʡ ʦʙʣʘʩʪʽ ʝʢʩʧʣʫʘʪʫʻʪʴʩʷ 26730 ʛʨʦʤʘʜʩʴʢʠʭ ʢʦʣʦʜʷʟʽʚ, ʟ ʥʠʭ ʥʘ 

ʢʦʥʪʨʦʣʽ ʩʘʥʝʧʽʜʝʤʩʣʫʞʙʠ ʟʥʘʭʦʜʠʪʴʩʷ ʣʠʰʝ 8838. ʅʘ ʩʴʦʛʦʜʥʽ ʫ ʧʦʥʘʜ 60 % ʢʦʣʦʜʷʟʽʚ 

ʛʨʦʤʘʜʩʴʢʦʛʦ ʢʦʨʠʩʪʫʚʘʥʥʷ ʚʦʜʘ ʥʝ ʚʽʜʧʦʚʽʜʘʻ ʩʘʥʽʪʘʨʥʠʤ ʥʦʨʤʘʤ. ɺʦʜʘ ʚ ʥʠʭ ʥʝʷʢʽʩʥʘ 

ʯʝʨʝʟ ʪʝ, ʱʦ ʚʦʥʘ ʟʘʙʨʫʜʥʝʥʘ ʭʽʤʽʯʥʠʤʠ ʨʝʯʦʚʠʥʘʤʠ ʧʨʠʨʦʜʥʴʦʛʦ ʪʘ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ 

ʭʘʨʘʢʪʝʨʫ, ʪʦʤʫ ʤʝʪʦʶ ʨʦʙʦʪʠ ʙʫʣʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʘʥʫ ʷʢʦʩʪʽ ʧʠʪʥʦʾ 

ʚʦʜʠ ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʟʘ ʦʨʛʘʥʦʣʝʧʪʠʯʥʠʤʠ ʪʘ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʤʠ 

ʧʦʢʘʟʥʠʢʘʤʠ ʤ. ɺʽʥʥʠʮʽ. 

ʋ ʨʦʙʦʪʽ ʥʘʤʠ ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ ʥʘʩʪʫʧʥʽ ʧʦʢʘʟʥʠʢʠ ̫ ʢʦʩʪʽ ʧʠʪʥʦʾ ʢʦʣʦʜʷʟʥʦʾ ʚʦʜʠ: 

ʦʨʛʘʥʦʣʝʧʪʠʯʥʽ ʧʦʢʘʟʥʠʢʠ (ʟʘʧʘʭ, ʩʤʘʢ), ʪʘ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ (ʟʘʛʘʣʴʥʘ ʤʽʥʝʨʘʣʽʟʘʮʽʷ, ʨʅ, 

ʚʤʽʩʪ ʥʽʪʨʘʪ-ʽʦʥʽʚ, ʞʦʨʩʪʢʽʩʪʴ ʚʦʜʠ, ʘ ʪʘʢʦʞ ʢʠʩʣʦʪʥʽʩʪʴ ʪʘ ʣʫʞʥʽʩʪʴ). ʆʙôʻʢʪʘʤʠ 

ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʠ ʟʨʘʟʢʠ ʧʠʪʥʦʾ ʚʦʜʠ, ʚʟʷʪʦʾ ʟ ʜʚʦʭ ʢʦʣʦʜʷʟʽʚ ʫ ʤ. ɺʽʥʥʠʮʷ 

(ʚʫʣ. ʉʪʘʭʫʨʩʴʢʦʛʦ, ʙʫʜ. 42ï46, ʚʫʣ. 600-ʨʽʯʯʷ, ʙʫʜ. 52ï54). 

ɺʠʟʥʘʯʝʥʥʷ ʦʨʛʘʥʦʣʝʧʪʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ (ʟʘʧʘʭʫ ʪʘ ʩʤʘʢʫ) ʚʠʟʥʘʯʘʣʠ ʟʘ ɻʆʉʊ 

3351ï74 ʟʘ ʧôʷʪʠʙʘʣʴʥʦʶ ʰʢʘʣʦʶ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʩʤʘʢ ʪʘ ʟʘʧʘʭ ʢʦʣʦʜʷʟʥʠʭ ʚʦʜ ʥʝ 

ʧʝʨʝʚʠʱʫʻ 3 ʙʘʣʽʚ; ʧʨʠ ʮʴʦʤʫ ʭʘʨʘʢʪʝʨ ʟʘʧʘʭʫ ʧʨʦʙ ʚʦʜʠ ʟ ʚʫʣ. ʉʪʘʭʫʨʩʴʢʦʛʦ ʻ 

ʟʝʤʣʝʥʠʩʪʠʤ, ʘ ʟ ʚʫʣ. 600-ʨʽʯʯʷ ï ʪʨʘʚôʷʥʠʩʪʠʤ. 

ɿʘ ɻʆʉʊ 18164ï72 ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʤʽʩʪ ʩʫʭʦʛʦ ʟʘʣʠʰʢʫ ʚ ʘʥʘʣʽʟʦʚʘʥʠʭ ʚʦʜʘʭ 

ʥʝ ʧʝʨʝʚʠʱʫʻ 200 ʤʛ/ʣ ʧʨʠ ʜʦʧʫʩʪʠʤʽʡ ʥʦʨʤʽ 1500 ʤʛ/ʣ.  

ʇʦʪʝʥʮʽʦʤʝʪʨʠʯʥʠʤ ʤʝʪʦʜʦʤ ʚʠʟʥʘʯʝʥʦ, ʱʦ ʨʅ ʘʥʘʣʽʟʦʚʘʥʠʭ ʚʦʜ ʩʪʘʥʦʚʠʪʴ 7,1 

ʪʘ 7,4. 

ʊʘʢʦʞ ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ ʚʤʽʩʪ ʥʽʪʨʘʪʽʚ ʫ ʘʥʘʣʽʟʦʚʘʥʽʡ ʚʦʜʽ. ʅʝʙʝʟʧʝʢʘ ʥʽʪʨʘʪʽʚ 

ʦʙʫʤʦʚʣʝʥʘ ʾʭ ʪʦʢʩʠʯʥʦʶ ʜʽʻʶ ʥʘ ʦʨʛʘʥʽʟʤ. ɺʞʠʚʘʥʥʷ ʚʦʜʠ ʟ ʥʘʜʥʦʨʤʘʪʠʚʥʠʤ ʚʤʽʩʪʦʤ 

ʥʽʪʨʘʪʽʚ ʥʝʙʝʟʧʝʯʥʝ ʜʣʷ ʟʜʦʨʦʚôʷ ʥʘʩʝʣʝʥʥʷ. ɿ ʥʠʤ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʦʚôʷʟʘʥʝ 

ʟʘʭʚʦʨʶʚʘʥʥʷ ʚʦʜʥʦ-ʥʽʪʨʘʪʥʦʾ ʤʝʪʛʝʤʦʛʣʦʙʽʥʝʤʽʾ ʫ ʜʽʪʝʡ ʜʦ ʨʦʢʫ, ʣʝʪʘʣʴʥʽ ʚʠʧʘʜʢʠ ʚʽʜ 

ʷʢʦʾ ʨʝʻʩʪʨʫʶʪʴʩʷ ʚʩʝ ʯʘʩʪʽʰʝ. ɿʘ ʦʩʪʘʥʥʽ 5 ʨʦʢʽʚ ʫ ɺʽʥʥʠʮʽ ʙʫʣʦ ʟʘʨʝʻʩʪʨʦʚʘʥʦ 

7 ʩʤʝʨʪʝʣʴʥʠʭ ʚʠʧʘʜʢʽʚ.  

ɺ ʘʥʘʣʽʟʦʚʘʥʠʭ ʟʨʘʟʢʘʭ ʢʦʣʦʜʷʟʥʦʾ ʚʦʜʠ ʚʤʽʩʪʫ ʥʽʪʨʘʪʽʚ ʥʝ ʧʝʨʝʚʠʱʫʻ 1,5 ʤʛ/ʜʤ3 

ʧʨʠ ʜʦʧʫʩʪʠʤʽʡ ʥʦʨʤʽ 50 ʤʛ/ʜʤ3.  

ʅʘʩʪʫʧʥʠʤ ʝʪʘʧʦʤ ʨʦʙʦʪʠ ʙʫʣʦ ʚʠʟʥʘʯʝʥʥʷ ʫ ʚʦʜʽ ʚʤʽʩʪʫ ʢʘʪʽʦʥʽʚ Ca2+ ʽ  Mg2+, ʷʢʽ 

ʩʪʚʦʨʶʶʪʴ ʧʦʩʪʽʡʥʫ ʞʦʨʩʪʢʽʩʪʴ ʚʦʜʠ. ɺʠʩʦʢʠʡ ʚʤʽʩʪ ʨʦʟʯʠʥʝʥʠʭ ʩʦʣʝʡ ʚʧʣʠʚʘʻ ʥʘ 

ʦʨʛʘʥʦʣʝʧʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʚʦʜʠ, ʜʦʜʘʶʯʠ ʾʡ ʛʽʨʢʫʚʘʪʠʡ ʘʙʦ ʩʦʣʦʥʠʡ ʩʤʘʢ. ʇʨʦʪʝ ʚʦʜʘ, 

ʷʢʘ ʥʝ ʤʽʩʪʠʪʴ ʩʦʣʝʡ ʢʘʣʴʮʽʶ ʽ ʤʘʛʥʽʶ, ʥʝʧʨʠʻʤʥʘ ʥʘ ʩʤʘʢ. ɺʠʟʥʘʯʝʥʦ, ʱʦ ʚʤʽʩʪ ʢʘʪʽʦʥʫ 

Ca2+ ʥʘʡʙʽʣʴʰʠʡ ʫ ʚʦʜʽ, ʷʢʫ ʙʫʣʦ ʚʟʷʪʦ ʜʣʷ ʘʥʘʣʽʟʫ ʟ ʢʦʣʦʜʷʟʷ, ʨʦʟʪʘʰʦʚʘʥʦʛʦ ʥʘ 

ʚʫʣ. 600-ʨʽʯʯʷ ʽ ʩʪʘʥʦʚʠʪʴ 121 ʤʛ/ʜʤ3, ʘ ʚʤʽʩʪ ʢʘʪʽʦʥʫ Mg2+ ʥʘʡʙʽʣʴʰʠʡ ʫ ʚʦʜʽ, ʷʢʫ ʙʫʣʦ 

ʚʟʷʪʦ ʟ ʢʦʣʦʜʷʟʷ, ʨʦʟʪʘʰʦʚʘʥʦʛʦ ʥʘ ʚʫʣ. ʉʪʘʭʫʨʩʴʢʦʛʦ ʽ ʩʪʘʥʦʚʠʪʴ 87,6 ʤʛ/ʜʤ3.  

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʥʘʯʝʥʥʷ ʚʽʣʴʥʦʾ ʣʫʞʥʦʩʪʽ ʪʘ ʚʽʣʴʥʦʾ ʢʠʩʣʦʪʥʦʩʪʽ ʘʥʘʣʽʟʦʚʘʥʠʭ 

ʢʦʣʦʜʷʟʥʠʭ ʚʦʜ ʜʦʨʽʚʥʶʻ ʥʫʣʶ. ɿʥʘʯʝʥʥʷ ʟʘʛʘʣʴʥʦʾ ʣʫʞʥʦʩʪʽ ʥʝ ʧʝʨʝʚʠʱʫʻ 

8,7 ʤʤʦʣʴ/ʜʤ3, ʘ ʟʥʘʯʝʥʥʷ ʟʘʛʘʣʴʥʦʾ ʢʠʩʣʦʪʥʦʩʪʽ ʩʪʘʥʦʚʠʪʴ ʤʝʥʰʝ 1 ʤʤʦʣʴ/ʜʤ3. 

ʆʜʝʨʞʘʥʽ ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʘʥʘʣʽʟʦʚʘʥʠʭ ʚʦʜ ʙʫʣʦ ʩʧʽʚʩʪʘʚʣʝʥʦ ʟ 

ʧʦʢʘʟʥʠʢʘʤʠ ʽ ʤʝʞʘʤʠ ʾʭ ʟʥʘʯʝʥʴ, ʟʘʪʚʝʨʜʞʝʥʠʤʠ ʩʘʥʽʪʘʨʥʠʤʠ ʧʨʘʚʠʣʘʤʠ ɼCʘʥʇʽʅ 

2.2.4-171ï10 çɻʽʛʽʻʥʽʯʥʽ ʚʠʤʦʛʠ ʜʦ ʚʦʜʠ ʧʠʪʥʦʾ, ʧʨʠʟʥʘʯʝʥʦʾ ʜʣʷ ʩʧʦʞʠʚʘʥʥʷ ʣʶʜʠʥʦʶè. 

ʆʪʞʝ, ʟʘ ʚʠʟʥʘʯʝʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʷʢʦʩʪʽ ʚʦʜʠ ʘʥʘʣʽʟʦʚʘʥʽ ʢʦʣʦʜʷʟʥʽ ʚʦʜʠ 

ʤ. ɺʽʥʥʠʮʷ (ʚʫʣ. ʉʪʘʭʫʨʩʴʢʦʛʦ, ʙʫʜ. 42ï46, ʚʫʣ. 600-ʨʽʯʯʷ, ʙʫʜ. 52ï54) ʻ ʧʨʠʜʘʪʥʠʤʠ ʜʦ 

ʚʞʠʚʘʥʥʷ. 
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ʕʃɽʂʊʈʆʆʂʀʉʃɽʅʀɽ ʕʅɸʅʊʀʆʄɽʈʆɺ ʇʈʆʇʈɸʅʆʃʆʃɸ 

ʅɸ ʂʆʄʇʆɿʀʊʅʓʍ ʕʃɽʂʊʈʆɼɸʍ 

ʊʠʭʦʥʦʚʘ ɸ. ɸ., ʄʘʢʩʶʪʦʚʘ ʕ. ʀ., ʉʠʜʝʣʴʥʠʢʦʚ ɸ. ɺ. 

ɹʘʰʢʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

elzesha@gmail.com 

 

ʄʥʦʛʠʝ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʢʦʪʦʨʳʝ ʧʨʠʥʠʤʘʶʪ ʫʯʘʩʪʠʝ ʚ 

ʤʝʪʘʙʦʣʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ ʚ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʘʭ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʵʥʘʥʪʠʦʤʝʨʳ ʠʣʠ 

ʦʧʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʝ ʬʦʨʤʳ. ʉʫʱʝʩʪʚʦʚʘʥʠʝ ʵʥʘʥʪʠʦʤʝʨʥʳʭ ʬʦʨʤ ʭʠʤʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ ʩʚʷʟʘʥʦ ʩ ʥʘʣʠʯʠʝʤ ʫ ʤʦʣʝʢʫʣʳ ʭʠʨʘʣʴʥʦʩʪʠ ï ʩʚʦʡʩʪʚʘ ʥʝ ʩʦʚʧʘʜʘʪʴ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʩʦ ʩʚʦʠʤ ʟʝʨʢʘʣʴʥʳʤ ʦʪʨʘʞʝʥʠʝʤ. 

ɹʦʣʴʰʠʥʩʪʚʦ ʭʠʨʘʣʴʥʳʭ ʧʨʠʨʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ (ʘʤʠʥʦʢʠʩʣʦʪʳ, ʤʦʥʦʩʘʭʘʨʠʜʳ) 

ʩʫʱʝʩʪʚʫʝʪ ʚ ʚʠʜʝ ʦʜʥʦʛʦ ʵʥʘʥʪʠʦʤʝʨʘ. ʇʦʥʷʪʠʝ ʵʥʘʥʪʠʦʤʝʨʠʠ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ 

ʬʘʨʤʘʮʝʚʪʠʢʝ, ʧʦʩʢʦʣʴʢʫ ʨʘʟʥʳʝ ʵʥʘʥʪʠʦʤʝʨʳ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʚʝʱʝʩʪʚ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʠʤʝʶʪ ʨʘʟʣʠʯʥʫʶ ʙʠʦʣʦʛʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʭʠʤʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ 

ʦʙʨʘʟʫʶʪʩʷ ʨʘʮʝʤʠʯʝʩʢʠʝ ʩʤʝʩʠ ï ʵʢʚʠʤʦʣʷʨʥʳʝ ʩʤʝʩʠ ʵʥʘʥʪʠʦʤʝʨʦʚ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʵʥʘʥʪʠʦʤʝʨʦʚ ʠʣʠ ʵʥʘʥʪʠʦʤʝʨʥʦ ʦʙʦʛʘʱʸʥʥʳʭ ʧʨʦʜʫʢʪʦʚ ʥʝʦʙʭʦʜʠʤʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝʪʦʜʳ ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʛʦ ʩʠʥʪʝʟʘ ʣʠʙʦ ʨʘʩʱʝʧʣʝʥʠʷ ʨʘʮʝʤʘʪʦʚ. ʕʪʠ 

ʦʛʨʘʥʠʯʝʥʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ ʩʢʘʟʳʚʘʣʠʩʴ ʥʘ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʠ ʧʨʠʚʦʜʠʣʠ ʢ ʥʝʞʝʣʘʪʝʣʴʥʳʤ ʧʦʙʦʯʥʳʤ 

ʵʬʬʝʢʪʘʤ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʩʚʦʝʥʠʝ ʥʦʚʳʭ ʩʧʦʩʦʙʦʚ ʩʠʥʪʝʟʘ ʠ ʨʘʟʜʝʣʝʥʠʷ ʦʧʪʠʯʝʩʢʠ 

ʘʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩʜʝʣʘʣʠ ʣʝʢʘʨʩʪʚʝʥʥʳʝ ʚʝʱʝʩʪʚʘ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʤʠ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʨʘʮʝʤʠʯʝʩʢʠʤʠ ʘʥʘʣʦʛʘʤʠ, ʥʦ, ʦʜʥʘʢʦ, ʠ ʜʦʨʦʛʠʤʠ. 

ʆʙʲʝʢʪʦʤ ʥʘʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʧʨʦʧʨʘʥʦʣʦʣ ï ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʦʝ 

ʩʦʝʜʠʥʝʥʠʝ, ʷʚʣʷʶʱʝʝʩʷ ʜʝʡʩʪʚʫʶʱʠʤ ʚʝʱʝʩʪʚʦʤ ʚ ʪʘʢʦʤ ʘʥʪʠʘʨʠʪʤʠʯʝʩʢʦʤ 

ʣʝʢʘʨʩʪʚʝʥʥʦʤ ʩʨʝʜʩʪʚʝ, ʢʘʢ ɸʥʘʧʨʠʣʠʥ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚ S(ï)-ʬʦʨʤʝ ʧʨʦʧʨʘʥʦʣʦʣ 

ʜʝʡʩʪʚʫʝʪ ʚ 100 ʨʘʟ ʵʬʬʝʢʪʠʚʥʝʝ, ʯʝʤ ʚ R(+)-ʬʦʨʤʝ. ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʙʦʣʴʥʳʭ ʧʨʠ ʧʨʠʝʤʝ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ 

ʨʝʰʝʥʠʝ ʧʨʦʙʣʝʤʳ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʵʥʘʥʪʠʦʤʝʨʦʚ ʧʨʠ ʩʦʚʤʝʩʪʥʦʤ 

ʧʨʠʩʫʪʩʪʚʠʠ ʠ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝ. 

 

 
ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʥʳʝ ʬʦʨʤʫʣʳ ʵʥʘʥʪʠʦʤʝʨʦʚ ʧʨʦʧʨʘʥʦʣʦʣʘ 

 

ɺ ʥʘʰʝʡ ʨʘʙʦʪʝ ʙʳʣʦ ʠʟʫʯʝʥʦ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʯʝʩʢʦʝ ʧʦʚʝʜʝʥʠʝ ʵʥʘʥʪʠʦʤʝʨʦʚ 

ʧʨʦʧʨʘʥʦʣʦʣʘ ʥʘ ʩʪʝʢʣʦʫʛʣʝʨʦʜʥʦʤ ʵʣʝʢʪʨʦʜʝ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʤ ʢʦʤʧʦʟʠʪʘʤʠ ʥʘ 

ʦʩʥʦʚʝ ʧʦʣʠʘʨʠʣʝʥʬʪʘʣʠʜʦʚ ʠ ʤʝʣʘʤʠʥʘ ʠʣʠ ʮʠʘʥʫʨʦʚʦʡ ʢʠʩʣʦʪʳ. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʢʣʘʩʩʠʯʝʩʢʠʭ ʩʧʦʩʦʙʦʚ ʦʮʝʥʢʠ ʧʦʢʘʟʘʪʝʣʝʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʠʟ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʭ 

ʟʘʚʠʩʠʤʦʩʪʝʡ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʪʘʥʛʝʥʩʳ ʫʛʣʘ ʥʘʢʣʦʥʘ ʠ ʦʮʝʥʝʥʘ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴ 

ʧʦʚʝʨʭʥʦʩʪʠ ʵʣʝʢʪʨʦʜʦʚ ʧʨʠ ʨʝʛʝʥʝʨʘʮʠʠ. ʀʟ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʙʳʣʠ 

ʨʘʩʩʯʠʪʘʥʳ ʢʦʥʩʪʘʥʪʳ ʪʦʢʦʚ, ʠ ʠʟ ʜʘʥʥʳʭ ʩʣʝʜʫʝʪ, ʯʪʦ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʥʝʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʤ ʵʣʝʢʪʨʦʜʦʤ ʠ ʵʣʝʢʪʨʦʜʦʤ ʩ ʧʦʣʠʤʝʨʥʦʡ ʧʣʝʥʢʦʡ, ʚʢʣʶʯʝʥʠʝ ʚ 

ʩʦʩʪʘʚ ʤʝʣʘʤʠʥʘ ʠ ʮʠʘʥʫʨʦʚʦʡ ʢʠʩʣʦʪʳ ʧʨʠʚʦʜʠʪ ʢ ʥʝʢʦʪʦʨʦʤʫ ʠʟʤʝʥʝʥʠʶ 

ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʩʝʥʩʦʨʦʚ ʢ ʵʥʘʥʪʠʦʤʝʨʘʤ ʧʨʦʧʨʘʥʦʣʦʣʘ. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʅʌ: ʛʨʘʥʪ ˉ 16-13-10257. 
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ɼɽʊɽʂʊʋɺɸʅʅʗ ʄʆʃɽʂʋʃʗʈʅʆɻʆ ʁʆɼʋ ʅɸ ʇɯʅʆʇʆʃɯʋʈɽʊɸʅɯ 

ɿɸ ɼʆʇʆʄʆɻʆʖ ʇʆʈʊɸʊʀɺʅʆɻʆ ʂʆʃʆʈʀʄɽʊʈɸ 

ʊʨʦʭʠʤʝʥʢʦ ɸ. ʖ. 

ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʊʘʨʘʩʘ ʐʝʚʯʝʥʢʘ 

annatrohimenko@gmail.com 

 

ʂʦʣʦʨʠʤʝʪʨʠʯʥʠʡ ʘʥʘʣʽʟ ï ʝʬʝʢʪʠʚʥʠʡ ʽ ʽʥʬʦʨʤʘʪʠʚʥʠʡ ʤʝʪʦʜ ʝʢʩʧʨʝʩ-

ʚʠʟʥʘʯʝʥʥʷ ʟʘʙʘʨʚʣʝʥʠʭ ʩʧʦʣʫʢ, ʚ ʷʢʦʤʫ ʘʥʘʣʽʪʠʯʥʠʤ ʩʠʛʥʘʣʦʤ ʥʘʡʯʘʩʪʽʰʝ ʩʣʫʛʫʶʪʴ 

ʪʘʢʽ ʧʘʨʘʤʝʪʨʠ, ʷʢ ʢʦʦʨʜʠʥʘʪʠ ʢʦʣʴʦʨʫ ʚ ʩʠʩʪʝʤʽ RGB. ɺ ʟʚ'ʷʟʢʫ ʟ ʨʦʟʰʠʨʝʥʥʷʤ 

ʘʩʦʨʪʠʤʝʥʪʫ ʟʙʘʛʘʯʝʥʠʭ ʡʦʜʦʤ ʧʨʦʜʫʢʪʽʚ ʭʘʨʯʫʚʘʥʥʷ, ʧʦʷʚʦʶ ʥʦʚʠʭ ʩʧʦʩʦʙʽʚ ʡʦʜʫʚʘʥʥʷ 

ʧʦʙʫʪʦʚʠʭ ʚʦʜ ʜʣʷ ʾʭ ʟʥʝʟʘʨʘʞʝʥʥʷ, ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʫ ʰʚʠʜʢʠʭ ʽ ʥʘʜʽʡʥʠʭ 

ʤʝʪʦʜʠʢʘʭ ʚʠʟʥʘʯʝʥʥʷ ʡʦʜʫ ʫ ʮʠʭ ʦʙôʻʢʪʘʭ. ʅʘ ʦʩʥʦʚʽ ʩʦʨʙʮʽʡʥʦʛʦ ʚʠʣʫʯʝʥʥʷ 

ʧʽʥʦʧʦʣʽʫʨʝʪʘʥʦʤ (ʇʇʋ) ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʡʦʜʫ ʥʘʤʠ ʨʘʥʽʰʝ ʨʦʟʨʦʙʣʝʥʦ ʽʥʜʠʢʘʪʦʨʥʫ 

ʩʠʩʪʝʤʫ ɯ2-ʇʇʋ ʜʣʷ ʪʚʝʨʜʦʬʘʟʥʦ-ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʥʦʛʦ (ʊʉʌ) ʪʘ ʚʽʟʫʘʣʴʥʦ-ʪʝʩʪʦʚʦʛʦ 

ʚʠʟʥʘʯʝʥʥʷ ʡʦʜʫ. 

ʄʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʙʫʣʦ ʜʦʩʣʽʜʞʝʥʥʷ ʤʝʪʨʦʣʦʛʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʢʦʣʴʦʨʠʤʝʪʨʠʯʥʦʛʦ ʜʝʪʝʢʪʫʚʘʥʥʷ ʡʦʜʫ ʥʘ ʇʇʋ ʪʘ ʧʦʨʽʚʥʷʥʥʷ ʾʭ ʟ ʚʽʜʧʦʚʽʜʥʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʊʉʌ ʪʘ ʚʽʟʫʘʣʴʥʦʛʦ ʪʝʩʪ-ʤʝʪʦʜʫ. 

ʂʦʣʴʦʨʦʚʽ ʢʦʦʨʜʠʥʘʪʠ ʪʘʙʣʝʪʦʢ ɯ2-ʇʇʋ ʚ ʩʠʩʪʝʤʽ RGB ʨʝʻʩʪʨʫʚʘʣʠ ʧʦʨʪʘʪʠʚʥʠʤ 

ʢʦʣʴʦʨʠʤʝʪʨʦʤ Colorimeter C1001, ʷʢʠʡ ʧʦʧʝʨʝʜʥʴʦ ʢʘʣʽʙʨʫʚʘʣʠ ʧʦ ʙʽʣʦʤʫ ʩʪʘʥʜʘʨʪʫ - 

ʪʝʬʣʦʥʫ. ʊʘʙʣʝʪʢʫ ʇʇʋ ʨʦʟʤʽʱʫʚʘʣʠ ʥʘ ʙʽʣʽʡ ʪʝʬʣʦʥʦʚʽʡ ʧʽʜʢʣʘʜʮʽ, ʧʨʠʪʠʩʢʘʣʠ ʜʦ 

ʧʨʝʜʤʝʪʥʦʛʦ ʩʢʣʘ ʧʨʠʣʘʜʫ ʽ ʨʝʻʩʪʨʫʚʘʣʠ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʘʥʘʣʽʪʠʯʥʦʛʦ ʩʠʛʥʘʣʫ ʢʘʥʘʣʽʚ 

R, G, B, ʱʦ ʚʠʚʦʜʠʪʴʩʷ ʚ ʜʽʘʣʦʛʦʚʝ ʚʽʢʥʦ ʧʨʦʛʨʘʤʠ ʨʝʬʣʝʢʪʦʤʝʪʨʘ (n = 5). ʄʘʪʝʤʘʪʠʯʥʫ 

ʦʙʨʦʙʢʫ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʟʜʽʡʩʥʶʚʘʣʠ ʚ ʨʝʜʘʢʪʦʨʽ Origin 7.5. ɹʫʜʫʚʘʣʠ 

ʛʨʘʜʫʶʚʘʣʴʥʽ ʟʘʣʝʞʥʦʩʪʽ, ʷʢ ʬʫʥʢʮʽʾ ʩʚʽʪʣʦʪʠ R, G, B ʢʘʥʘʣʽʚ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʡʦʜʫ ʥʘ ʇʇʋ 

(ʨʠʩ. 1). ɼʣʷ ʢʦʞʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʟʥʘʭʦʜʠʣʠ ʘʧʨʦʢʩʠʤʫʶʯʫ ʬʫʥʢʮʽʶ. ʉʧʝʢʪʨʠ ʜʠʬʫʟʥʦʛʦ 

ʚʽʜʙʠʪʪʷ ʪʘʙʣʝʪʦʢ ɯ2-ʇʇʋ ʨʝʻʩʪʨʫʚʘʣʠ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʦʤ Specord M-40 ʽ ʦʙʨʦʙʣʷʣʠ 

ʤʝʪʦʜʦʤ ʛʝʪʝʨʦʭʨʦʤʘʪʠʯʥʦʾ ʝʢʩʪʨʘʧʦʣʷʮʽʾ. ɽʢʩʧʝʨʠʤʝʥʪʠ ʽ ʚʽʜʧʦʚʽʜʥʽ ʚʠʤʽʨʶʚʘʥʥʷ 

ʜʚʦʤʘ ʤʝʪʦʜʘʤʠ ʟʜʽʡʩʥʶʚʘʣʠ ʚ ʦʜʠʥ ʜʝʥʴ. 

0 100 200 300 400 500 600

500

1000

1500

2000

2500

3000

3500

4000

 

 

R

ʉʚʽʪʣʦʪʘ

ʤʢʛ ɯ
2
 ʥʘ ʪʘʙʣʝʪʮʽ ʇʇʋ

G

B

 
ʈʠʩ. 1. ɿʘʣʝʞʥʽʩʪʴ ʩʚʽʪʣʦʪʠ R-, G-, B-

ʢʘʥʘʣʽʚ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʡʦʜʫ ʥʘ ʇʇʋ, 

mʇʇʋ = (0,025Ñ0,002) ʛ 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʛʨʘʜʫʶʚʘʣʴʥʘ ʟʘʣʝʞ-

ʥʽʩʪʴ ʩʚʽʪʣʦʪʠ ʢʘʥʘʣʫ ɺ ʚʽʜ ʢʽʣʴʢʦʩʪʽ I2 ʥʘ 

ʪʘʙʣʝʪʮʽ ʇʇʋ ʥʘʡʘʜʝʢʚʘʪʥʽʰʝ ʦʧʠʩʫʻʪʴʩʷ 

ʩʧʘʜʘʶʯʦʶ ʝʢʩʧʦʥʝʥʪʦʶ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ: 

y = y0 + a1exp(-m/t1), ʜʝ y0, a1, t1 ï ʧʘʨʘʤʝʪʨʠ 

ʨʝʛʨʝʩʠʚʥʦʛʦ ʨʽʚʥʷʥʥʷ, ʱʦ ʦʧʠʩʫʻ ʧʦʣʦʞʝʥʥʷ ʽ 

ʬʦʨʤʫ ʢʨʠʚʦʾ; y ï ʩʚʽʪʣʦʪʘ ʢʘʥʘʣʫ, ʱʦ ʟʤʽʥʶ-

ʻʪʴʩʷ ʚ ʽʥʪʝʨʚʘʣʽ ʚʽʜ 0 ʜʦ 4095, m ï ʢʽʣʴʢʽʩʪʴ ɯ2 

ʚ ʤʢʛ ʥʘ ʪʘʙʣʝʪʮʽ ʇʇʋ. ʃʦʛʘʨʠʬʤʫʚʘʥʥʷʤ ʮʽʻʾ 

ʟʘʣʝʞʥʦʩʪʽ ʦʪʨʠʤʫʚʘʣʠ ʨʽʚʥʷʥʥʷ ʣʽʥʽʡʥʦʾ 

ʟʘʣʝʞʥʦʩʪʽ: ln [a1/(y ï y0)] = m/t1. ɻʨʘʜʫʶʚʘʣʴ-

ʥʠʡ ʛʨʘʬʽʢ ʙʫʜʫʚʘʣʠ ʚ ʢʦʦʨʜʠʥʘʪʘʭ 

[t1ln (a1/(y ï y0))] ï f(m). ʃʽʥʝʘʨʠʟʦʚʘʥʘ ʛʨʘʜʫʶ-

ʚʘʣʴʥʘ ʟʘʣʝʞʥʽʩʪʴ B-ʩʢʣʘʜʦʚʦʾ ʟʘʙʘʨʚʣʝʥʦʛʦ 

ʡʦʜʦʤ ʇʇʋ ʧʨʠ ʜʝʪʝʢʪʫʚʘʥʥʽ ʢʦʣʴʦʨʠʤʝʪʨʦʤ 

ʦʧʠʩʫʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤ y = 1,32 + 0,92.10-4 ʩ 

(ʤʛ/ʜʤ3), R2 = 0,998, ʜʝ ʫ ï ʩʚʽʪʣʦʪʘ ʢʘʥʘʣʫ ɺ 

(n = 5, P = 0,95). 

ɿʨʦʙʣʝʥʦ ʚʠʩʥʦʚʦʢ, ʱʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʦʨʪʘʪʠʚʥʦʛʦ ʢʦʣʦʨʠʤʝʪʨʘ ʟʘʙʝʟʧʝʯʫʻ 

ʙʽʣʴʰʫ ʪʦʯʥʽʩʪʴ ʘʥʘʣʽʟʫ ʧʦʨʽʚʥʷʥʦ ʟ ʚʽʟʫʘʣʴʥʠʤ ʚʘʨʽʘʥʪʦʤ ʪʘ ʫ ʚʠʧʘʜʢʫ ʚʠʟʥʘʯʝʥʥʷ ʡʦʜʫ 

ʥʝ ʧʦʩʪʫʧʘʻʪʴʩʷ ʤʝʪʦʜʫ ʊʉʌ, ʘ ʪʘʢʦʞ ʥʘʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʥʫʚʘʪʠ ʚʠʟʥʘʯʝʥʥʷ ʡʦʜʫ ʟ 

ʚʠʩʦʢʦʶ ʯʫʪʣʠʚʽʩʪʶ ʥʘ ʨʽʚʥʽ ʢʽʣʴʢʦʭ ʤʢʛ/ʜʤ3.  
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ɹʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʝ ʠ ʣʝʢʘʨʩʪʚʝʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʩʫʱʝʩʪʚʫʶʪ ʚ ʚʠʜʝ ʜʚʫʭ ʠʣʠ 

ʥʝʩʢʦʣʴʢʠʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʠʟʦʤʝʨʦʚ ï ʵʥʘʥʪʠʦʤʝʨʦʚ, ʙʠʦʣʦʛʠʯʝʩʢʘʷ ʠ ʬʘʨʤʘʢʦʣʦ-

ʛʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʢʦʪʦʨʳʭ ʦʙʳʯʥʦ ʩʚʷʟʘʥʘ ʩ ʜʝʡʩʪʚʠʝʤ ʣʠʰʴ ʦʜʥʦʛʦ ʩʪʝʨʝʦʠʟʦʤʝʨʘ. 

ʇʦʵʪʦʤʫ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʵʥʘʥʪʠʦʤʝʨʦʚ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʠ 

ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ ʚʦʧʨʦʩʦʤ ʩʦʚʨʝʤʝʥʥʦʡ ʘʥʘʣʠʪʠʯʝʩʢʦʡ 

ʭʠʤʠʠ. ɺ ʵʪʠʭ ʮʝʣʷʭ ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʘʢʠʝ ʤʝʪʦʜʳ ʢʘʢ ʭʨʦʤʘʪʦʛʨʘʬʠʷ, 

ʢʘʧʠʣʣʷʨʥʳʡ ʵʣʝʢʪʨʦʬʦʨʝʟ, ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʷ ʠ ʪ.ʜ. ɺ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʘʢʪʠʚʥʦ 

ʨʘʟʚʠʚʘʶʪʩʷ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʠ 

ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʩʦʟʜʘʶʪʩʷ ʵʥʘʥʪʠʦʩʝʣʝʢʪʠʚʥʳʝ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ 

ʩʝʥʩʦʨʳ ʥʘ ʦʩʥʦʚʝ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʵʣʝʢʪʨʦʜʦʚ: ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʝ ʧʦʣʠʤʝʨʥʳʭ 

ʤʝʤʙʨʘʥ ʵʥʘʥʪʠʦʩʝʣʝʢʪʠʚʥʳʤʠ ʠʦʥʦʬʦʨʘʤʠ; ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʝ ʩ ʭʠʨʘʣʴʥʳʤʠ 

ʩʝʣʝʢʪʦʨʘʤʠ; ʪʝʤʧʣʘʪʥʦʝ ʬʦʨʤʠʨʦʚʘʥʠʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʵʣʝʢʪʨʦʜʘ ʭʠʨʘʣʴʥʳʭ ʤʘʪʨʠʮ; 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʣʠʤʝʨʦʚ ʩ ʤʦʣʝʢʫʣʷʨʥʳʤʠ ʦʪʧʝʯʘʪʢʘʤʠ, ʫʛʦʣʴʥʦ-ʧʘʩʪʦʚʳʭ ʵʣʝʢʪʨʦʜʦʚ 

(ʋʇʕ) ʠ ʜʨ. ɺʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʯʝʩʢʠʤ ʩʝʥʩʦʨʘʤ ʢʘʢ ʙʦʣʝʝ 

ʯʫʚʩʪʚʠʪʝʣʴʥʳʤ ʠ ʫʥʠʚʝʨʩʘʣʴʥʳʤ. ʇʨʦʙʣʝʤʘ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʩʝʣʝʢʪʠʚʥʦʩʪʠ 

ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʯʝʩʢʠʭ ʩʝʥʩʦʨʦʚ ʫʩʧʝʰʥʦ ʨʝʰʘʝʪʩʷ ʤʝʪʦʜʘʤʠ ʭʝʤʦʤʝʪʨʠʢʠ, ʚ 

ʯʘʩʪʥʦʩʪʠ ʄʂɻ, ʇʃʉ ʠ ʪ.ʜ.  

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʠʟʫʯʝʥʳ ʚʦʟʤʦʞʥʦʩʪʠ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʯʝʩʢʠʭ ʩʝʥʩʦʨʦʚ 

ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʟʘʜʘʯʘʤ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʵʥʘʥʪʠʦʤʝʨʦʚ ʚ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚʘʭ ʥʘ 

ʦʩʥʦʚʝ ʧʨʦʧʨʘʥʦʣʦʣʘ. ɺ ʫʩʣʦʚʠʷʭ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʠ ʥʘ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ 

ʢʦʤʧʦʟʠʪʘʤʠ ʧʦʣʠʘʨʠʣʝʥʬʪʘʣʠʜʦʚ (ʇɸʌ) ʩ ʤʝʣʘʤʠʥʦʤ, ʮʠʘʥʫʨʦʚʦʡ ʢʠʩʣʦʪʦʡ ʠ ʮʠʢʣʦ-

ʜʝʢʩʪʨʠʥʘʤʠ ʩʪʝʢʣʦʫʛʣʝʨʦʜʥʳʭ ʵʣʝʢʪʨʦʜʦʚ, ʦʮʝʥʝʥʳ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʩʝʥʩʦʨʘ, ʫʩʪʘʥʦʚʣʝʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʨʝʛʠʩʪʨʘʮʠʠ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ. 

ʄʝʪʦʜʘʤʠ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʠ, ʘʪʦʤʥʦ-ʩʠʣʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʠ ʤʦʣʝʢʫʣʷʨʥʦ-

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ (ʄɼʄ) ʨʘʩʩʤʦʪʨʝʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʦʜʠʬʠʢʘʪʦʨʘ ʩ 

ʵʥʘʥʪʠʦʤʝʨʘʤʠ ʧʨʦʧʨʘʥʦʣʦʣʘ, ʦʧʪʠʤʠʟʠʨʦʚʘʥʳ ʫʩʣʦʚʠʷ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ 

ʉʋʕ ʢʦʤʧʦʟʠʪʘʤʠ ʇɸʌ ʠ ʨʝʛʠʩʪʨʘʮʠʠ ʚʦʣʴʪʘʤʧʝʨʦʛʨʘʤʤ ʵʥʘʥʪʠʦʤʝʨʦʚ ʧʨʦʧʨʘʥʦʣʦʣʘ, 

ʘ ʪʘʢʞʝ ʜʠʩʢʨʠʤʠʥʘʮʠʠ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʩʪʝʢʣʦʫʛʣʝʨʦʜʥʳʝ ʵʣʝʢʪʨʦʜʳ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ʢʦʤʧʦʟʠʪʘʤʠ 

ʇɸʌ ʩ ʤʝʣʘʤʠʥʦʤ, ʮʠʘʥʫʨʦʚʦʡ ʢʠʩʣʦʪʦʡ ʠ ʮʠʢʣʦʜʝʢʩʪʨʠʥʦʤ, ʩ ʦʙʨʘʙʦʪʢʦʡ ʜʘʥʥʳʭ 

ʠʟʤʝʨʝʥʠʡ ʤʝʪʦʜʘʤʠ ʭʝʤʦʤʝʪʨʠʢʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʵʥʘʥʪʠʦʩʝʣʝʢʪʠʚʥʳʝ 

ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʯʝʩʢʠʝ ʩʝʥʩʦʨʳ ʜʣʷ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʢʘʢ ʵʥʘʥʪʠʦʤʝʨʦʚ ʧʨʦʧʨʘʥʘʣʦʣʘ, 

ʪʘʢ ʠ ʠʭ ʨʘʮʝʤʠʯʝʩʢʠʭ ʩʤʝʩʝʡ, ʧʦʟʚʦʣʷʶʱʠʡ ʩ ʚʳʩʦʢʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ ʫʩʪʘʥʘʚʣʠʚʘʪʴ 

ʧʨʠʨʦʜʫ ʩʪʝʨʝʦʠʟʦʤʝʨʦʚ. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʅʌ: ʛʨʘʥʪ ˉ 16-13-10257. 
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SENSORY SYSTEMS BASED ON POLYARYLENEPHTHALIDES  

FOR THE DETERMINATION OF BISOPROLOL  

Khabletdinova A. I., Zilberg R. A. 

Bashkir State University 

aigulik17@mail.ru 

 

Electrochemical methods, in particular voltammetry, differ by rapidity, simplicity of 

experiment, rather low cost of devices and, as a result, of analysis in general. A promising 

direction in voltammetry is the fabrication and practical use of chemically modified electrodes. 

On their basis analysts have developed sensors, with which a great number of medicinal 

compounds were determined. These sensors have recently found application in multisensory 

voltammetric systems like electronic tongue, which ensure not only the identification of 

medicinal preparations, but also the revelation of their conformity to the standard samples and 

of the manufacturing company. 

In this work, we studied the electrochemical behavior of bisoprolol on glassy carbon 

electrodes modified by polyarylenephthalides with different number of sulfur and oxygen atoms 

(PAPïʆ, PAPïS, PAPïSO, PAPïSOO, PAPïSOOO, PAPïSSO, PAPïSSSO) under 

voltammetry conditions. 

To choose the optimum conditions for recording voltammograms, we studied the effects 

of pH of the supporting electrolyte, potential scan rate, time of conditioning the electrode in a 

bisoprolol solution, and bisoprolol concentration on the value of current and the shape of 

currentïvoltage curves. The maximum peak currents were observed at pH < 1. The supporting 

electrolyte was 0.1 M H2SO4. Cyclic and square-wave (Esw = 50 mV, ȹE = 5 mV, f = 100 Hz) 

voltammograms of bisoprolol were recorded in aqueous solutions in a 0.1 M H2SO4 supporting 

electrolyte using an IVA-5M voltammetric analyzer at the potential scan rate 0.01ï1 V in the 

potential range 0.0ï2.0 V after conditioning the electrodes in the test solution within 60 s at 

E = 0 V and intensive stirring. 

A procedure is developed for the voltammetric determination of bisoprolol on glassy 

carbon electrodes modified by polyarylenephthalides. The dependence of the analytical signal 

on the concentration of bisoprolol is linear in the range 10ï6ï10ï5 M with the limit of detection 

(3.4ï9.8) Ĭ 10ï8 M. Thus, glassy carbon electrodes modified by polyarylenephthalides can be 

successfully used for the determination of bisoprolol in medicinal preparations by square-wave 

voltammetry. These electrodes can also be used in multisensor voltammetric systems of the 

electronic tongue type for the identification of antiarrhytmic preparations relating to 

ɓ-adrenoreceptorantagonists, manufactured by different companies, and for the revelation of 

counterfeit products. The proposed polymeric modifiers possess high conductivity and low 

ohmic resistance and are chemically stable. Sensors on their basis can be used in the wide range 

of pH, also for the determination of bisoprolol in physiological solutions. 

 

This work supported by the Russian Foundation for Basic Research, project no. 15-03-

01388-a. 

  



Analytical Chemistry  ɸʥʘʣʽʪʠʯʥʘ ʭʽʤʽʷ 

41 

ʆɼʅʆʏɸʉʅɽ ɺʆʃʔʊɸʄʇɽʈʆʄɽʊʈʀʏʅɽ ɺʀɿʅɸʏɽʅʅʗ ʍɸʈʏʆɺʀʍ 

ɹɸʈɺʅʀʂɯɺ ʊɸʈʊʈɸɿʀʅʋ, ɸɿʆʈʋɹɯʅʋ ɯ ʇʆʅʉʆ 4R ɺ ʉʋʄɯʐɯ 

ʏʦʨʥʘ ɻ. ʊ., ʊʚʦʨʠʥʩʴʢʘ ʉ. ɯ., ɼʫʙʝʥʩʴʢʘ ʃ. ʆ. 

ʃʴʚʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɯʚʘʥʘ ʌʨʘʥʢʘ 

tvorynska_s@ukr.net 

 

ʂʦʣʽʨ  ʮʝ ʧʝʨʰʘ ʦʟʥʘʢʘ ʷʢʦʩʪʽ ʧʨʦʜʫʢʪʽʚ ʭʘʨʯʫʚʘʥʥʷ. ɹʘʨʚʥʠʢʠ ʪʘʢʦʞ ʚʽʜʛʨʘʶʪʴ 

ʟʥʘʯʥʫ ʨʦʣʴ ʫ ʧʽʜʚʠʱʝʥʥʽ ʝʩʪʝʪʠʯʥʦʾ ʧʨʠʚʘʙʣʠʚʦʩʪʽ ʾʞʽ. ʉʠʥʪʝʪʠʯʥʽ ʙʘʨʚʥʠʢʠ (ʉɹ) ʫ 

ʭʘʨʯʦʚʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʯʘʩʪʽʰʝ, ʥʽʞ ʧʨʠʨʦʜʥʽ. ʎʝ ʟʫʤʦʚʣʝʥʦ ʥʠʟʢʦʶ 

ʧʝʨʝʚʘʛ: ʩʪʽʡʢʽʩʪʶ ʜʦ ʢʠʩʣʦʪʥʦʩʪʽ ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨ, ʦʪʨʠʤʘʥʥʷʤ 

ʰʠʨʰʦʛʦ ʩʧʝʢʪʨʫ ʢʦʣʴʦʨʽʚ, ʥʠʟʴʢʦʶ ʚʘʨʪʽʩʪʶ ʚʠʨʦʙʥʠʮʪʚʘ. ʋ ʟʚôʷʟʢʫ ʽʟ ʥʘʜʟʚʠʯʘʡʥʦ 

ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʟʘʩʪʦʩʫʚʘʥʥʷ ʉɹ ʽ ʤʘʩʦʚʠʤ ʧʦʚʩʷʢʜʝʥʥʠʤ ʩʧʦʞʠʚʘʥʥʷʤ, ʧʽʜʚʠʱʠʚʩʷ 

ʽʥʪʝʨʝʩ ʟ ʧʦʰʫʢʫ ʾʭ ʪʦʢʩʠʯʥʦʩʪʽ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʙʽʣʴʰʽʩʪʴ ʉɹ ʥʝ ʥʝʩʫʪʴ ʞʦʜʥʦʾ 

ʙʽʦʣʦʛʽʯʥʦʾ ʮʽʥʥʦʩʪʽ, ʘ ʙʽʣʴʰʽʩʪʴ ʽʟ ʥʠʭ ʰʢʽʜʣʠʚʽ ʜʣʷ ʣʶʜʩʴʢʦʛʦ ʦʨʛʘʥʽʟʤʫ. ʅʘʷʚʥʽʩʪʴ ʉɹ 

ʽ/ʘʙʦ ʢʦʥʪʘʢʪ ʟ ʜʝʷʢʠʤʠ ʚʠʜʘʤʠ ʣʽʢʽʚ (ʘʩʧʽʨʠʥ, ʙʝʥʟʦʡʥʘ ʢʠʩʣʦʪʘ, ʽʥʰʽ ʘʥʘʣʴʛʝʪʠʢʠ) 

ʤʦʞʫʪʴ ʚʠʢʣʠʢʘʪʠ ʘʣʝʨʛʽʯʥʽ ʪʘ ʘʩʪʤʘʪʠʯʥʽ ʟʘʭʚʦʨʶʚʘʥʥʷ ʫ ʯʫʪʣʠʚʠʭ ʣʶʜʝʡ ʽ ʜʽʪʝʡ. 

ʏʠʩʣʝʥʥʽ ʨʦʙʦʪʠ, ʦʧʫʙʣʽʢʦʚʘʥʽ ʚ ʦʩʪʘʥʥʽ ʨʦʢʠ, ʜʝʤʦʥʩʪʨʫʶʪʴ ʚʘʞʣʠʚʽʩʪʴ ʮʽʻʾ ʧʨʦʙʣʝʤʠ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʫ ʨʦʟʨʦʙʣʝʥʥʽ ʰʚʠʜʢʠʭ, ʪʦʯʥʠʭ ʽ ʩʝʣʝʢʪʠʚʥʠʭ 

ʤʝʪʦʜʠʢ ʜʣʷ ʷʢʽʩʥʦʾ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʽ ʢʽʣʴʢʽʩʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʉɹ, ʷʢ ʜʣʷ ʧʽʜʪʚʝʨʜʞʝʥʥʷ 

ʷʢʦʩʪʽ ʽ ʙʝʟʧʝʯʥʦʩʪʽ ʭʘʨʯʦʚʠʭ ʧʨʦʜʫʢʪʽʚ, ʪʘʢ ʽ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʤʦʞʣʠʚʠʭ ʬʘʣʴʩʠʬʽʢʘʮʽʡ.  

ɽʣʝʢʪʨʦʭʽʤʽʯʥʽ ʤʝʪʦʜʠ, ʟʦʢʨʝʤʘ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʽʶ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʶʪʴ ʜʣʷ 

ʤʦʥʽʪʦʨʠʥʛʫ ʷʢʦʩʪʽ ʭʘʨʯʦʚʠʭ ʧʨʦʜʫʢʪʽʚ. ʄʝʪʦʜ ʫʩʧʽʰʥʦ ʢʦʥʢʫʨʫʻ ʽʟ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʽʻʶ 

ʽ ʭʨʦʤʘʪʦʛʨʘʬʽʻʶ, ʷʢʽ ʪʨʘʜʠʮʽʡʥʦ ʯʘʩʪʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʮʴʦʛʦ. 

ɼʦʩʣʽʜʞʝʥʽ ʥʘʤʠ ʉɹ ʪʘʨʪʨʘʟʠʥ (ɽ 102) (ʊɸʈʊ), ʘʟʦʨʫʙʽʥ (ɽ 122) (ɸʈ) ʽ ʧʦʥʩʦ 4R 

(ɽ 124) (ʇ 4R) ʥʘʣʝʞʘʪʴ ʜʦ ʢʣʘʩʫ ʘʟʦʙʘʨʚʥʠʢʽʚ, ʪʦʤʫ ʻ ʝʣʝʢʪʨʦʘʢʪʠʚʥʠʤʠ ʽ 

ʚʽʜʥʦʚʣʶʶʪʴʩʷ ʥʘ ʨʪʫʪʥʦʤʫ ʢʨʘʧʣʠʥʥʦʤʫ ʝʣʝʢʪʨʦʜʽ (ʨ.ʢ.ʝ.) ʚ ʰʠʨʦʢʦʤʫ ʽʥʪʝʨʚʘʣʽ ʨʅ. ʅʘ 

ʚʦʣʴʪʘʤʧʝʨʦʛʨʘʤʘʭ ʊɸʈʊ ʽ ʇ 4R ʨʝʻʩʪʨʫʻʪʴʩʷ  ʦʜʥʠʡ ʢʘʪʦʜʥʠʡ ʥʝʦʙʦʨʦʪʥʠʡ ʧʽʢ ʫ ʚʩʴʦʤʫ 

ʜʽʘʧʘʟʦʥʽ ʨʅ, ʥʘʪʦʤʽʩʪʴ ʢʽʣʴʢʽʩʪʴ ʧʽʢʽʚ ʜʣʷ ɸʈ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʠʩʣʦʪʥʦʩʪʽ ʩʝʨʝʜʦʚʠʱʘ (ʟʘ 

ʨʅ  > 8,5 ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʥʝʯʽʪʢʠʡ ʜʨʫʛʠʡ ʢʘʪʦʜʥʠʡ ʧʽʢ ʽ ʘʥʦʜʥʠʡ ʧʽʢ, ʷʢʠʡ ʚʽʜʧʦʚʽʜʘʻ 

ʧʝʨʰʦʤʫ ʢʘʪʦʜʥʦʤʫ ʧʽʢʫ). ʄʠ ʜʝʪʘʣʴʥʦ ʜʦʩʣʽʜʠʣʠ ʧʨʠʨʦʜʫ ʽ ʤʝʭʘʥʽʟʤ ʚʽʜʥʦʚʣʝʥʥʷ ʮʠʭ 

ʉɹ ʥʘ ʨ.ʢ.ʝ. ɺʩʪʘʥʦʚʠʣʠ ʤʦʞʣʠʚʽʩʪʴ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʯʥʦʛʦ (ɺɸ) ʚʠʟʥʘʯʝʥʥʷ ʊɸʈʊ, ɸʈ 

ʽ ʇ 4R ʫ ʩʫʤʽʰʽ ʙʝʟ ʾʭ ʧʦʧʝʨʝʜʥʴʦʛʦ ʨʦʟʜʽʣʝʥʥʷ: ʧʽʢʠ ʚʽʜʥʦʚʣʝʥʥʷ ʯʽʪʢʦ ʨʦʟʜʽʣʴʥʽ ʟʘ 

ʨʅ > 5,0 (ʨʠʩ.). 

ʅʘ ʦʩʥʦʚʽ ʚʠʢʦʥʘʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʯʫʪʣʠʚʫ ʤʝʪʦʜʠʢʫ ɺɸ ʚʠ-

ʟʥʘʯʝʥʥʷ ʊɸʈʊ, ɸʈ ʽ ʇ 4R (ʉʥ = 1,0Ā10-7ï

1,0Ā10-6 ʄ ʟʘʣʝʞʥʦ ʚʽʜ ʉɹ) ʙʝʟ ʧʦʧʝʨʝʜ-

ʥʴʦʛʦ ʨʦʟʜʽʣʝʥʥʷ ʙʘʨʚʥʠʢʽʚ. ʄʝʪʦʜʠʢʘ 

ʤʦʞʝ ʙʫʪʠ ʘʣʴʪʝʨʥʘʪʠʚʦʶ ʩʧʝʢʪʨʦʬʦʪʦ-

ʤʝʪʨʽʾ ʽ ʭʨʦʤʘʪʦʛʨʘʬʽʾ. ɯʥʪʝʨʚʘʣ ʚʠʟʥʘ-

ʯʫʚʘʥʠʭ ʚʤʽʩʪʽʚ ʧʝʨʝʚʠʱʫʻ ʧʽʚʪʦʨʘ 

ʢʦʥʮʝʥʪʨʘʮʽʡʥʽ ʧʦʨʷʜʢʠ. 
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ʈʠʩ. ɿʘʣʝʞʥʽʩʪʴ ʧʦʪʝʥʮʽʘʣʽʚ ʧʽʢʽʚ 

ʚʽʜʥʦʚʣʝʥʥʷ ʉɹ ʚʽʜ ʨʅ ʨʦʟʯʠʥʫ,  

ʉʊɸʈʊ = 4,0Ā10
-5 ʄ, ʉɸʈ = 1,0Ā10

-5 ʄ, 

ʉʇ4R = 8,0Ā10-6 ʄ; ɡ = 0,5 ɺ/ʩ 
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5-ɻɯɼʈʆʂʉʀɯʄɯʅʆ-4-ɯʄɯʅʆ-1,3-ʊɯɸɿʆʃɯɼʀʅ-2-ʆʅ ï ʅʆɺʀʁ 

ʇɽʈʉʇɽʂʊʀɺʅʀʁ ʈɽɸɻɽʅʊ ɼʃʗ ɺʆʃʔʊɸʄʇɽʈʆʄɽʊʈʀʏʅʆɻʆ 

ɺʀɿʅɸʏɽʅʅʗ Rh(III)  

ʐʝʚʯʫʢ ɼ. ʖ., ʈʠʜʯʫʢ ʇ. ɺ., ʊʠʤʦʰʫʢ ʆ. ʉ. 

ʃʴʚʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɯʚʘʥʘ ʌʨʘʥʢʘ 

dariashevchuk21@gmail.com 

 

ʈʦʟʚʠʪʦʢ ʩʫʯʘʩʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʧʦʪʨʝʙʫʻ ʟʥʘʯʥʠʭ ʟʘʪʨʘʪ ʪʘʢʦʛʦ ʮʽʥʥʦʛʦ ʤʝʪʘʣʫ 

ʷʢ ʨʦʜʽʡ. ɺ ʥʘʰ ʯʘʩ ʣʝʚʦʚʘ ʯʘʩʪʢʘ ʨʦʜʽʶ ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ ʚʠʛʦʪʦʚʣʝʥʥʷ ʘʚʪʦʤʦʙʽʣʴʥʠʭ 

ʢʘʪʘʣʽʟʘʪʦʨʽʚ ʜʦʦʢʠʩʥʝʥʥʷ ʚʠʭʣʦʧʥʠʭ ʛʘʟʽʚ. ɸʣʝ, ʢʨʽʤ ʪʦʛʦ, ʨʦʜʽʡ ʟʘʩʪʦʩʦʚʫʶʪʴ ʷʢ 

ʢʦʨʦʟʽʡʥʦʩʪʽʡʢʠʡ ʤʘʪʝʨʽʘʣ ʚ ʨʘʜʽʦʝʣʝʢʪʨʦʥʽʮʽ, ʶʚʝʣʽʨʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ, ʧʨʦʤʠʩʣʦʚʠʭ 

ʢʘʪʘʣʽʪʠʯʥʠʭ ʧʨʦʮʝʩʘʭ: ʛʽʜʨʫʚʘʥʥʷ ʪʘ ʛʽʜʨʦʙʦʨʫʚʘʥʥʷ ʘʣʢʝʥʽʚ, ʚʠʨʦʙʥʠʮʪʚʦ ʥʽʪʨʘʪʥʦʾ 

ʢʠʩʣʦʪʠ, ʚʠʛʦʪʦʚʣʝʥʥʷ ʭʽʤʽʯʥʦʾ ʘʧʘʨʘʪʫʨʠ ʪʦʱʦ. ʊʦʤʫ ʘʢʪʫʘʣʴʥʠʤ ʟʘʣʠʰʘʪʠʤʝʪʴʩʷ 

ʟʘʚʜʘʥʥʷ ʘʥʘʣʽʪʠʯʥʦʛʦ ʢʦʥʪʨʦʣʶ ʨʦʜʽʶ ʫ ʚʽʜʧʨʘʮʴʦʚʘʥʽʡ ʧʨʦʤʠʩʣʦʚʽʡ ʩʠʨʦʚʠʥʽ ʟ ʤʝʪʦʶ 

ʡʦʛʦ ʨʝʢʫʧʝʨʘʮʽʾ. ʆʜʥʠʤ ʟ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʥʘʧʨʷʤʢʽʚ ʚʠʨʽʰʝʥʥʷ ʮʴʦʛʦ ʘʢʪʫʘʣʴʥʦʛʦ 

ʟʘʚʜʘʥʥʷ ʻ ʨʦʟʰʠʨʝʥʥʷ ʩʧʝʢʪʨʫ ʤʝʪʦʜʠʢ ʚʠʟʥʘʯʝʥʥʷ ʨʦʜʽʶ ʦʨʽʻʥʪʦʚʘʥʠʭ ʩʘʤʝ ʥʘ ʪʘʢʦʛʦ 

ʨʦʜʫ ʦʙôʻʢʪʠ. ɺʘʨʪʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʽʷ ʷʢ ʤʝʪʦʜ ʘʥʘʣʽʟʫ ʤʝʪʘʣʽʚ 

ʧʣʘʪʠʥʦʚʦʾ ʛʨʫʧʠ ʚʦʣʦʜʽʻ ʨʷʜʦʤ ʙʝʟʧʝʨʝʯʥʠʭ ʧʝʨʝʚʘʛ ʥʘʜ ʽʥʰʠʤʠ ʧʦʰʠʨʝʥʠʤʠ ʤʝʪʦʜʘʤʠ 

ʘʥʘʣʽʟʫ, ʦʩʥʦʚʥʦʶ ʟ ʷʢʠʭ ʻ ʚʠʩʦʢʘ ʯʫʪʣʠʚʽʩʪʴ ʪʘ ʩʝʣʝʢʪʠʚʥʽʩʪʴ ʤʝʪʦʜʠʢ ʚʠʟʥʘʯʝʥʥʷ ʟʘ 

ʧʽʢʘʤʠ ʢʘʪʘʣʽʪʠʯʥʠʭ ʩʪʨʫʤʽʚ ʚʦʜʥʶ (ʂʉɺ).  

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʥʘʷʚʥʽʩʪʴ 5-ʛʽʜʨʦʢʩʠʽʤʽʥʦ-4-ʽʤʽʥʦ-1,3-ʪʽʘʟʦʣʽʜʠʥ-2-ʦʥʫ (ɻɯʊʆ) ʫ 

ʨʦʟʯʠʥʘʭ Rh(III) ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʨʦʩʪʘʥʥʷ ʚʠʩʦʪʠ ʧʽʢʫ ʂʉɺ. ʇʨʠʯʠʥʦʶ ʟʘʟʥʘʯʝʥʦʛʦ 

ʝʬʝʢʪʫ ʻ ʪʘʢ ʟʚʘʥʠʡ çʢʘʪʘʣʽʟ ʣʽʛʘʥʜʦʤè ʚʥʘʩʣʽʜʦʢ ʢʦʤʧʣʝʢʩʦʫʪʚʦʨʝʥʥʷ Rh(III) ʟ ɻɯʊʆ. 

ɼʦʩʣʽʜʞʝʥʦ ʟʘʣʝʞʥʽʩʪʴ ʚʦʣʴʪʘʤʧʝʨ-

ʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʽʢʫ ʂʉɺ ʚ 

ʨʦʟʯʠʥʘʭ Rh(III) ʟʘ ʥʘʷʚʥʦʩʪʽ ɻɯʊʆ ʚʽʜ 

ʢʠʩʣʦʪʥʦʩʪʽ ʩʝʨʝʜʦʚʠʱʘ, ʽʦʥʥʦʾ ʩʠʣʠ 

ʨʦʟʯʠʥʫ ʪʘ ʰʚʠʜʢʦʩʪʽ ʥʘʢʣʘʜʘʥʥʷ 

ʥʘʧʨʫʛʠ ʧʦʣʷʨʠʟʘʮʽʾ ʪʘ ʢʦʥʮʝʥʪʨʘʮʽʡ-

ʥʦʛʦ ʥʘʜʣʠʰʢʫ ʦʨʛʘʥʽʯʥʦʛʦ ʨʝʘʛʝʥʪʘ. 

ɺʩʪʘʥʦʚʣʝʥʦ ʧʨʠʨʦʜʫ ʩʪʨʫʤʫ ʪʘ ʪʠʧ 

ʝʣʝʢʪʨʦʜʥʦʛʦ ʧʨʦʮʝʩʫ. ʅʘ ʦʩʥʦʚʽ 

ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʦʢʘʟʘʥʦ 

ʤʦʞʣʠʚʽʩʪʴ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʯʥʦʛʦ 

ʚʠʟʥʘʯʝʥʥʷ Rh(III) ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ɻɯʊʆ ʟʘ ʧʽʢʦʤ ʂʉɺ (ʨʠʩ. 1). 

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʤʝʪʦʜʠʢʘ ʟʘ 

ʤʝʪʨʦʣʦʛʽʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

(ʪʘʙʣ. 1) ʥʝ ʧʦʩʪʫʧʘʻʪʴʩʷ ʙʘʛʘʪʴʦʤ 

ʚʽʜʦʤʠʤ ʤʝʪʦʜʠʢʘʤ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʯʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʨʦʜʽʶ ʽ ʟʜʘʪʥʘ ʢʦʥʢʫʨʫʚʘʪʠ ʟ 

ʤʝʪʦʜʠʢʘʤʠ ʡʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ̔ ʥʰʠʭ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʤʝʪʦʜʽʚ. 

 

ʊʘʙʣʠʮʷ 1. ʄʝʪʨʦʣʦʛʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʯʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ Rh(III) 

ʟʘ ʧʽʢʦʤ ʂʉɺ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ɻɯʊʆ (ʉɻɯʊʆ = 1,0Ŀ10-4 ʄ, pH = 3,0, Õ = 0,32, V = 1,0 B/c) 

ʈʽʚʥʷʥʥʷ ʛʨʘʬʽʢʘ ɯ = 3,12+123,0Ŀ106 ʉRh(III) 

ʄʝʞʘ ʚʠʷʚʣʝʥʥʷ, ʤʦʣʴ/ʣ 1,0Ŀ10-8 

ɯʥʪʝʨʚʘʣ ʚʠʟʥʘʯʫʚʘʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ, ʤʦʣʴ/ʣ (0,01ï1,0)Ŀ10-6 

ʂʦʝʬʽʮʽʻʥʪ ʢʦʨʝʣʷʮʽʾ R 0,9993 
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ʈʠʩ. 1. ɻʨʘʜʫʶʚʘʣʴʥʠʡ ʛʨʘʬʽʢ 

ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʯʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ Rh(III) ʟʘ 

ʧʽʢʦʤ ʂʉɺ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ɻɯʊʆ 

(ʉɻɯʊʆ = 1,0Ā10-4 ʄ, pH = 3,0, 

Õ = 0,32, V = 1,0 B/c) 
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ʆʉʆɹʃʀɺʆʉʊɯ ɽʂʉʊʈɸʂʎɯɰ ɺʆɼʆʈʆɿʏʀʅʅʀʍ ʂʆʄʇʆʅɽʅʊɯɺ  

ɺɯɺʉʗʅʆɰ ʉʆʃʆʄʀ 

ɻʘʡʦʚʘ ʃ. ɺ.1, ʈʦʜʠʛʽʥʘ ɯ. ɺ.1, ʈʦʜʠʛʽʥ ʄ. ʖ.2 
1ʅʘʮʽʦʥʘʣʴʥʠʡ ʤʝʜʠʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʆ. ʆ. ɹʦʛʦʤʦʣʴʮʷ, ʤ. ʂʠʾʚ 

2ɯʥʩʪʠʪʫʪ ʦʨʛʘʥʽʯʥʦʾ ʭʽʤʽʾ ʅɸʅ ʋʢʨʘʾʥʠ, 

ɯʥʩʪʠʪʫʪ ʬʽʟʠʢʦ-ʦʨʛʘʥʽʯʥʦʾ ʭʽʤʽʾ ʪʘ ʚʫʛʣʝʭʽʤʽʾ ʽʤ. ʃ. ʄ. ʃʠʪʚʠʥʝʥʢʘ ʅɸʅ ʋʢʨʘʾʥʠ, 

ʤ. ʂʠʾʚ 

biochem-nmu@ukr.net 

 

ɺʠʚʯʝʥʥʷ ʧʨʠʨʦʜʥʠʭ ʬʽʪʦʢʦʤʧʣʝʢʩʽʚ ʜʦʟʚʦʣʠʣʦ ʚʠʜʽʣʠʪʠ ʦʙʰʠʨʥʫ ʛʨʫʧʫ 

ʙʽʦʣʦʛʽʯʥʦ aʢʪʠʚʥʠʭ ʩʧʦʣʫʢ ʨʽʟʥʦʩʧʨʷʤʦʚʘʥʦʾ ʪʝʨʘʧʝʚʪʠʯʥʦʾ ʪʘ ʧʨʦʬʽʣʘʢʪʠʯʥʦʾ ʜʽʾ. ɺ 

ʢʦʥʪʝʢʩʪʽ ʜʘʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʦʩʦʙʣʠʚʝ ʤʽʩʮʝ ʤʘʶʪʴ ʝʢʩʪʨʘʢʪʠʚʥʽ ʨʝʯʦʚʠʥʠ ʟ ʩʦʣʦʤ'ʷʥʠʭ 

ʩʫʙʩʪʨʘʪʽʚ, ʱʦ ʘʢʪʫʘʣʽʟʫʻ ʚʠʚʯʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʘʩʧʝʢʪʽʚ ʾʭ ʟʜʦʙʫʪʪʷ, ʟʦʢʨʝʤʘ, ʟ 

ʚʪʦʨʠʥʥʦʛʦ ʧʨʦʜʫʢʪʫ ʘʛʨʠʢʫʣʴʪʫʨʠ ï ʚʽʚʩʷʥʦʾ ʩʦʣʦʤʠ, ʱʦ ʻ ʚʠʟʥʘʥʠʤ ʜʞʝʨʝʣʦʤ 

ʙʽʦʣʦʛʽʯʥʦ ʘʢʪʠʚʥʠʭ ʨʝʯʦʚʠʥ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʪʝʭʥʦʣʦʛʽʷ ʧʝʨʝʨʦʙʢʠ ʚʽʚʩʷʥʦʾ ʩʦʣʦʤʠ ʚʢʣʶʯʘʻ ʧʽʜʛʦʪʦʚʢʫ 

ʩʠʨʦʚʠʥʠ ʰʣʷʭʦʤ ʧʦʜʨʽʙʥʝʥʥʷ ʪʘ ʩʝʧʘʨʘʮʽʾ ʡ ʝʢʩʪʨʘʢʮʽʾ ʚʦʜʦʶ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ ʢʠʧʽʥʥʷ 

ʧʨʠ ʤʘʩʦʚʦʤʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ ʩʫʙʩʪʨʘʪ/ʨʦʟʯʠʥʥʠʢ 1/10 ʟ ʧʦʜʘʣʴʰʠʤ ʚʘʢʫʫʤʥʠʤ 

ʬʽʣʴʪʨʫʚʘʥʥʷʤ ʘʙʦ ʮʝʥʪʨʠʬʫʛʫʚʘʥʥʷʤ. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʧʨʠ ʚʘʨʽʶʚʘʥʥʽ ʯʘʩʫ 

ʝʢʩʪʨʘʢʮʽʾ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩʫʥʢʘʭ 1ï2. 

 

  

ʈʠʩ. 1. ɿʘʣʝʞʥʽʩʪʴ ʢʽʣʴʢʦʩʪʽ ʝʢʩʪʨʘʢʪʫ 

ʚʽʜ ʯʘʩʫ ʝʢʩʪʨʘʢʮʽʾ 

ʈʠʩ. 2. ɿʘʣʝʞʥʽʩʪʴ ʢʦʥʮʝʥʪʨʘʽʾ ʝʢʩʪʨʘʢʪʽʚ 

ʚʽʜ ʯʘʩʫ ʝʢʩʪʨʘʢʮʽʾ 

 

ʆʪʞʝ, ʟʙʽʣʴʰʝʥʥʷ ʪʨʠʚʘʣʦʩʪʽ ʧʨʦʮʝʩʫ ʝʢʩʪʨʘʢʮʽʾ ʧʨʠʚʦʜʠʪʴ ʜʦ ʥʘʙʨʷʢʘʥʥʷ 

ʩʫʙʩʪʨʘʪʫ, ʱʦ ʚʦʯʝʚʠʜʴ, ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʽ ʟʤʽʥʦʶ ʡʦʛʦ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʟʦʢʨʝʤʘ, ʩʦʨʙʮʽʡʥʠʭ. 

ʎʝ ʤʘʻ ʥʘʩʣʽʜʢʦʤ, ʷʢ ʟʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʝʢʩʪʨʘʢʪʫ, ʪʘʢ ʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʝʢʩʪʨʘʛʦʚʘʥʠʭ 

ʨʝʯʦʚʠʥ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʘʥʘʣʽʟ ʟʘʣʝʞʥʦʩʪʝʡ, ʱʦ ʥʘʚʝʜʝʥʦ ʥʘ ʈʠʩ. 1ï2, ʩʚʽʜʯʠʪʴ, ʱʦ ʟ 

ʤʽʨʢʫʚʘʥʴ ʢʽʣʴʢʦʩʪʽ ʟʜʦʙʫʪʦʛʦ ʧʨʦʜʫʢʪʫ ʥʘ ʦʜʠʥʠʮʶ ʩʫʙʩʪʨʘʪʫ, ʥʘʡʧʨʠʚʘʙʣʠʚʽʰʠʤʠ ʜʣʷ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʚʠʜʘʶʪʴʩʷ ʨʝʞʠʤʠ ʝʢʩʪʨʘʛʫʚʘʥʥʷ ʪʨʠʚʘʣʽʩʪʶ 1ï2 ʛʦʜʠʥʠ. 
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ʉʀʅʊɽɿ 1,3-ɼʀɻɯɼʈʆʂʉʀ-2ʅ-ɹɽʅɿɯʄɯɼɸɿʆʃ-2-ʆʅʋ ʊɸ ɻɽʅɽʈʋɺɸʅʅʗ 

ʅɯʊʈʆʂʉʀʃʔʅʆɻʆ ʈɸɼʀʂɸʃɸ 

ʂʦʤʧʘʥʝʮʴ ʄ. ʆ.1, ɻʦʨʜʻʻʚʘ ɯ. ʆ.2, ɿʦʩʝʥʢʦ ʆ. ʆ.2, ʐʝʥʜʨʠʢ ʆ. ʄ.2,  

ʂʫʱ ʆ. ɺ.3, ʆʧʝʡʜʘ ʁ. ʆ.3 

1ɯʥʩʪʠʪʫʪ ʬʽʟʠʢʦ-ʦʨʛʘʥʽʯʥʦʾ ʭʽʤʽʾ ʽ ʚʫʛʣʝʭʽʤʽʾ ʽʤ. ʃ. ʄ. ʃʠʪʚʠʥʝʥʢʘ ʅɸʅ ʋʢʨʘʾʥʠ 
2ɼʦʥʝʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɺʘʩʠʣʷ ʉʪʫʩʘ 

3ɺʽʜʜʽʣʝʥʥʷ ʬʽʟʠʢʦ-ʭ̔ ʤʽʾ ʛʦʨʶʯʠʭ ʢʦʧʘʣʠʥ ɯʥʌʆɺ ʽʤ. ʃ. ʄ. ʃʠʪʚʠʥʝʥʢʘ ʅɸʅʋ 

i.hordieeva@donnu.edu.ua 

 

N-ʛʽʜʨʦʢʩʠʽʤʽʜʠ ʜʦʙʨʝ ʚʽʜʦʤʽ ʷʢ ʩʝʣʝʢʪʠʚʥ ̔ ʦʨʛʘʥʽʯʥ ̔ ʢʘʪʘʣʽʟʘʪʦʨʠ 

ʦʢʠʩʥʶʚʘʣʴʥʠʭ ʧʨʦʮʝʩʽʚ, ʚ ʷʢʠʭ ʚʽʜʙʫʚʘʻʪʴʩʷ ʬʫʥʢʮʽʦʥʘʣʽʟʘʮʽʷ ʩʫʙʩʪʨʘʪʽʚ ʧʨʷʤʠʤ 

ʚʚʝʜʝʥʥʷʤ ʢʠʩʥʶ ʚ ʉ-ʅ ʟʚᾷʷʟʦʢ. ʅʘ ʩʴʦʛʦʜʥʽ ʘʢʪʠʚʥʦ ʧʨʦʚʦʜʷʪʴʩʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʪʘ 

ʪʝʦʨʝʪʠʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʟ ʚʧʣʠʚʫ ʩʪʨʫʢʪʫʨʠ N-ʛʽʜʨʦʢʩʠʽʤʽʜʫ ʥʘ ʡʦʛʦ ʢʘʪʘʣʽʪʠʯʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʫ ʜʚʦʭ ʥʘʧʨʷʤʢʘʭ: ʚʚʝʜʝʥʥʷ ʝʣʝʢʪʨʦʥʦʜʦʥʦʨʥʠʭ ʽ ʝʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʠʭ 

ʟʘʤʽʩʥʠʢʽʚ ʫ ʙʝʥʟʦʣʴʥʝ ʢʽʣʴʮʝ ʩʧʦʣʫʢʠ, ʘ ʪʘʢʦʞ ʟʤʽʥʘ ʩʪʨʫʢʪʫʨʠ 

ʛʝʪʝʨʦʮʠʢʣʘ. 

ʅʘʤʠ ʚʧʝʨʰʝ ʩʠʥʪʝʟʦʚʘʥʦ ʥʦʚʠʡ N-ʛʽʜʨʦʢʩʠʽʤʽʜ ï 

1,3-ʜʠʛʽʜʨʦʢʩʠ-2ʅ-ʙʝʥʟʽʤʽʜʘʟʦʣ-2-ʦʥ (DNHBI), ʷʢʠʡ ʤʘʻ ʜʚʽ N-ʆʅ 

ʛʨʫʧʠ. ʉʠʥʪʝʟ ʟʜʽʡʩʥʝʥʦ ʟʘ ʨʝʘʢʮʽʻʶ ʦʢʩʠʜʫ ʙʝʥʟʦʬʫʨʘʟʘʥʘ ʟ 

ʬʦʨʤʘʣʴʜʝʛʽʜʦʤ. ʉʪʨʫʢʪʫʨʘ ʙʫʣʘ ʜʦʚʝʜʝʥʘ ʗʄʈ ʩʧʝʢʪʨʦʩʢʦʧʽʻʶ: 1H 

400 MHz (DMSO-d6): 13,06 (2H, -OH, ʰʠʨʦʢʘ ʧʦʣʦʩʘ), 7.56-7.68 (4H, ar 

H, ʤʫʣʴʪʽʧʣʝʪ), 13ʉ 100 MHz (DMSO-d6): 169.1 (C=O), 133.3, 131.2, 128.8 (ar C). 

ʇʨʦʚʝʜʝʥʦ ʡʦʛʦ ʦʢʠʩʣʝʥʥʷ ʟ ʤʝʪʦʶ ʦʪʨʠʤʘʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʘʤʽʥʦʢʩʠʣʴʥʠʭ 

ʨʘʜʠʢʘʣʽʚ. ʈʘʜʠʢʘʣʠ ʛʝʥʝʨʫʚʘʣʠ ʰʣʷʭʦʤ ʦʢʠʩʣʝʥʥʷ 1,3-ʜʠʛʽʜʨʦʢʩʠ-2ʅ-ʙʝʥʟʽʤʽʜʘʟʦʣ-

2-ʦʥʫ ʡʦʜʙʝʥʟʦʣ ʜʽʘʮʝʪʘʪʦʤ PhJ(OAc)2 ʚ ʨʽʟʥʠʭ ʨʦʟʯʠʥʥʠʢʘʭ (ʘʮʝʪʦʥʽʪʨʠʣ, ʩʫʤʽʰ ʚʦʜʘ: 

ʘʮʝʪʦʥʽʪʨʠʣ (1:5), ʝʪʘʥʦʣ) ʧʨʠ 30 ʦʉ. ʅʘʢʦʧʠʯʝʥʥʷ ʨʘʜʠʢʘʣʘ ʬʽʢʩʫʚʘʣʠ ʤʝʪʦʜʦʤ ʋʌ-

ʩʧʝʢʪʨʦʩʢʦʧʽʾ. 1,3-ɼʠʛʽʜʨʦʢʩʠ-2ʅ-ʙʝʥʟʽʤʽʜʘʟʦʣ-2-ʦʥ ʤʘʻ ʜʚʽ ʩʤʫʛʠ ʧʦʛʣʠʥʘʥʥʷ ʚ ʋʌ-

ʦʙʣʘʩʪʽ ʩʧʝʢʪʨʫ, lmax ʷʢʠʭ ʟʘʣʝʞʘʪʴ ʚʽʜ ʨʦʟʯʠʥʥʠʢʘ (197 ʽ 224 ʥʤ ʚ ʘʮʝʪʦʥʽʪʨʠʣʽ ʽ 203 ʽ 

230 ʥʤ ʚ ʝʪʘʥʦʣʽ). ʇʨʠ ʜʦʜʘʚʘʥʥʽ ʡʦʜʙʝʥʟʦʣ ʜʽʘʮʝʪʘʪʫ ʜʦ ʨʦʟʯʠʥʫ N-ʛʽʜʨʦʢʩʠʽʤʽʜʫ 

ʟᾷʷʚʣʷʻʪʴʩʷ ʥʦʚʘ ʩʤʫʛʘ 350-470 ʥʤ ʟ lmax = 397 ʥʤ ʚ ʝʪʘʥʦʣʽ ʽ 387 ʥʤ ʚ ʘʮʝʪʦʥʽʪʨʠʣʽ. ɿ 

ʯʘʩʦʤ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʦʛʣʠʥʘʥʥʷ ʨʘʜʠʢʘʣʘ ʟʤʝʥʰʫʻʪʴʩʷ ʯʝʨʝʟ ʡʦʛʦ ʩʧʦʥʪʘʥʥʠʡ 

ʥʝʝʬʝʢʪʠʚʥʠʡ ʨʦʟʧʘʜ, 

ʱʦ ʻ ʭʘʨʘʢʪʝʨʥʠʤ ʜʣʷ 

ʪʘʢʦʛʦ ʪʠʧʫ ʨʘʜʠʢʘʣʽʚ. 

ʇʦʢʘʟʘʥʦ, ʱʦ ʚ ʝʪʘʥʦʣʽ 

ʢʦʥʩʪʘʥʪʘ ʰʚʠʜʢʦʩʪʽ 

ʨʦʟʧʘʜʫ ʨʘʜʠʢʘʣʘ ʟʥʘʯ-

ʥʦ ʚʠʱʝ ʢʦʥʩʪʘʥʪʠ ʚ 

ʘʮʝʪʦʥʽʪʨʠʣʽ, ʱʦ ʤʦʞʝ 

ʩʚʽʜʯʠʪʠ ʧʨʦ ʚʟʘʻʤʦʜʽʶ 

ʨʘʜʠʢʘʣʘ ʽʟ ʤʦʣʝʢʫʣʦʶ 

ʝʪʘʥʦʣʫ ʟʘ ʤʝʭʘʥʽʟʤʦʤ 

ʚʽʜʨʠʚʫ ʘʪʦʤʘ ʚʦʜʥʶ 

ʚʽʜ ʤʝʪʠʣʴʥʦʾ ʛʨʫʧʠ 

ʩʧʠʨʪʫ ʟ ʫʪʚʦʨʝʥʥʷʤ 

ʘʣʢʽʣʴʥʦʛʦ ʨʘʜʠʢʘʣʘ ʪʘ 

ʨʝʛʝʥʝʨʘʮʽʻʶ ʚʠʭʽʜʥʦʛʦ  N-ʛʽʜʨʦʢʩʠʽʤʽʜʫ. ʊʘʢʘ ʨʝʘʢʮʽʷ ʻ ʢʣʶʯʦʚʦʶ ʚ ʢʘʪʘʣʽʪʠʯʥʠʭ 

ʧʨʦʮʝʩʘʭ ʦʢʠʩʥʝʥʥʷ ʦʨʛʘʥʽʯʥʠʭ ʩʧʦʣʫʢ ʤʦʣʝʢʫʣʷʨʥʠʤ ʢʠʩʥʝʤ ʟʘ ʫʯʘʩʪʶ 

N-ʛʽʜʨʦʢʩʠʽʤʽʜʽʚ.  
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3-(ɻɯɼʈʆʂʉʀɯʄɯʅʆ)ʇɽʅʊɸʅ-2,4-ɼɯʆʅ ɺ ʈɸɼʀʂɸʃʔʅʀʍ ʈɽɸʂʎɯʗʍ 

ɿʦʩʝʥʢʦ ʆ. ʆ.1, ʂʦʤʧʘʥʝʮʴ ʄ. ʆ.2, ʂʘʤʻʥʻʚʘ ʊ. ʄ.3, ʇʘʥʘʨʽʥʘ ʖ. ʆ.1, ʐʝʥʜʨʠʢ ʆ. ʄ.1 

1ɼʦʥʝʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɺʘʩʠʣʷ ʉʪʫʩʘ 
2ɯʥʩʪʠʪʫʪ ʬʽʟʠʢʦ-ʦʨʛʘʥʽʯʥʦʾ ʭʽʤʽʾ ʽ ʚʫʛʣʝʭʽʤʽʾ ʽʤ. ʃ. ʄ. ʃʠʪʚʠʥʝʥʢʘ ʅɸʅ ʋʢʨʘʾʥʠ 

3ɯʥʩʪʠʪʫʪ ʙʽʦʦʨʛʘʥʽʯʥʦʾ ʭʽʤʽʾ ʪʘ ʥʘʬʪʦʭʽʤʽʾ ʅʘʮʽʦʥʘʣʴʥʦʾ ʘʢʘʜʝʤʽʾ ʥʘʫʢ ʋʢʨʘʾʥʠ  

o.zosenko@donnu.edu.ua 

 

ɯʟʦʥʽʪʨʦʟʦʢʝʪʦʥʠ ʨʽʟʥʦʾ ʩʪʨʫʢʪʫʨʠ ʘʢʪʠʚʥʦ ʚʠʚʯʘʶʪʴʩʷ ʚ ʦʩʪʘʥʥʽ ʨʦʢʠ. ɺʦʥʠ 

ʧʨʦʷʚʣʷʶʪʴ ʚʣʘʩʪʠʚʦʩʪʽ ʘʥʪʠʦʢʩʠʜʘʥʪʽʚ ʧʨʠ ʚʟʘʻʤʦʜʽʾ ʟ ɸʌʂ ʪʘ ʤʝʪʘʣʘʤʠ ʟʤʽʥʥʦʾ 

ʚʘʣʝʥʪʥʦʩʪʽ ʷʢ ʙʽʜʝʥʪʘʥʪʥʽ ʣʽʛʘʥʜʠ, ʘ ʪʘʢʦʞ ʜʝʤʦʥʩʪʨʫʶʪʴ ʽʥʛʽʙʫʶʯʫ ʜʽʶ ʚ ʨʘʜʠʢʘʣʴʥʦ-

ʣʘʥʮʶʛʦʚʠʭ ʧʨʦʮʝʩʘʭ. ʇʝʨʩʧʝʢʪʠʚʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʮʽʻʾ ʛʨʫʧʠ ʩʧʦʣʫʢ ʧʦʣʷʛʘʻ ʫ 

ʰʠʨʦʢʠʭ ʩʠʥʪʝʪʠʯʥʠʭ ʤʦʞʣʠʚʦʩʪʷʭ, ʥʘʷʚʥʦʩʪʽ ʬʽʟʽʦʣʦʛʽʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʧʨʠ ʜʦʩʪʘʪʥʴʦ 

ʥʠʟʴʢʽʡ ʪʦʢʩʠʯʥʦʩʪʽ. ʈʘʟʦʤ ʟ ʪʠʤ, ʘʥʪʠʦʢʩʠʜʘʥʪʥʫ ʜʽʶ ʦʢʩʠʤʽʚ ʽ ʤʦʞʣʠʚʽʩʪʴ ʾʭ ʫʯʘʩʪʽ ʚ 

ʨʘʜʠʢʘʣʴʥʠʭ ʨʝʘʢʮʽʷʭ in vitro ʚʠʚʯʝʥʦ ʥʝʜʦʩʪʘʪʥʴʦ. 

ɸʣʽʬʘʪʠʯʥʠʡ ʦʢʩʠʤ 3-(ʛʽʜʨʦʢʩʠʽʤʽʥʦ)ʧʝʥʪʘʥ-2,4-ʜʽʦʥ ʩʠʥʪʝʟʦʚʘʥʦ ʟʘ ʨʝʘʢʮʽʻʶ 

ʥʽʪʨʦʟʫʚʘʥʥʷ ʘʮʝʪʠʣʘʮʝʪʦʥʫ. ɯʥʜʠʚʽʜʫʘʣʴʥʽʩʪʴ ʦʪʨʠʤʘʥʦʾ ʩʧʦʣʫʢʠ ʧʽʜʪʚʝʨʜʞʫʚʘʣʠ 

ʤʝʪʦʜʘʤʠ ʗʄʈ- ʽ ʋʌ-ʩʧʝʢʪʨʦʩʢʦʧʽʾ. ʆʢʠʩʣʝʥʥʷʤ 3-(ʛʽʜʨʦʢʩʠʽʤʽʥʦ)ʧʝʥʪʘʥ-2,4-ʜʽʦʥʫ 

ʡʦʜʙʝʥʟʦʣ ʜʽʘʮʝʪʘʪʦʤ ʚ ʨʦʟʯʠʥʽ ʦʮʪʦʚʦʾ ʢʠʩʣʦʪʠ ʦʪʨʠʤʘʥʦ ʚʽʜʧʦʚʽʜʥʠʡ ʽʤʽʥʦʢʩʠʣʴʥʠʡ 

ʨʘʜʠʢʘʣ N-ʦʢʩʠʣ-ʽʤʽʥʦʧʝʥʪʘʥ-2,4-ʜʽʦʥ. ʋʪʚʦʨʝʥʥʷ ʨʘʜʠʢʘʣʘ ʜʦʚʝʜʝʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ɽʇʈ-ʩʧʝʢʪʨʦʩʢʦʧʽʾ. ɽʇʈ-ʩʧʝʢʪʨ ʨʘʜʠʢʘʣʘ ʷʚʣʷʻ ʩʦʙʦʶ ʪʨʠʧʣʝʪ ʟ ʽʥʪʝʥʩʠʚʥʦʩʪʷʤʠ 1:1:1 

ʯʝʨʝʟ ʚʟʘʻʤʦʜʽʶ ʩʧʽʥʘ ʥʝʩʧʘʨʝʥʦʛʦ ʝʣʝʢʪʨʦʥʘ ʽʟ ʩʧʽʥʦʤ ʷʜʨʘ ʘʪʦʤʘ ʘʟʦʪʘ. ʍʘʨʘʢʪʝʨʥʠʡ 

ʩʧʝʢʪʨ ʽʤʽʥʦʢʩʠʣʴʥʦʛʦ ʨʘʜʠʢʘʣʘ (aN = 28.5 G, g = 2.0047) ʚʽʜʪʚʦʨʶʚʘʚʩʷ ʙʝʟ ʩʫʪʪʻʚʠʭ ʟʤʽʥ 

ʥʘ ʧʨʦʪʷʟʽ ʜʝʢʽʣʴʢʦʭ ʜʽʙ, ʱʦ ʚʢʘʟʫʻ ʥʘ ʡʦʛʦ ʚʠʩʦʢʫ ʩʪʘʙʽʣʴʥʽʩʪʴ ʟʘ ʨʘʭʫʥʦʢ ʤʝʟʦʤʝʨʥʠʭ 

ʩʪʨʫʢʪʫʨ ï ʩʧʽʥʦʚʘ ʛʫʩʪʠʥʘ ʚ ʨʘʜʠʢʘʣʽ ʨʦʟʧʦʜʽʣʝʥʘ ʥʘ ʉ=N-O ʬʨʘʛʤʝʥʪʽ. 

ɼʦʩʣʽʜʞʝʥʦ ʘʥʪʠʨʘʜʠʢʘʣʴʥʫ ʘʢʪʠʚʥʽʩʪʴ 3-(ʛʽʜʨʦʢʩʠʽʤʽʥʦ)ʧʝʥʪʘʥ-2,4-ʜʽʦʥʫ ʚ 

ʨʝʘʢʮʽʾ ʟ ɼʌʇɻ-ʨʘʜʠʢʘʣʦʤ. 

ɺʠʟʥʘʯʝʥʦ ʢʦʥʮʝʥʪʨʘʮʽʶ 

ʘʥʪʠʦʢʩʠʜʘʥʪʘ, ʟʘ ʷʢʦʾ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʥʝʙʘʨʚʣʝʥʥʷ 

ʚʠʭʽʜʥʦʛʦ ʨʦʟʯʠʥʫ ɼʌʇɻ ʥʘ 

50 % (EC50), ʱʦ ʩʪʘʥʦʚʠʣʘ 

(1.86Ñ0.05)³10-2 ʄ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ 

3-(ʛʽʜʨʦʢʩʠʽʤʽʥʦ)ʧʝʥʪʘʥ-2,4-

ʜʽʦʥ ʧʨʦʷʚʣʷʻ ʥʠʟʴʢʫ 

ʘʥʪʠʨʘʜʠʢʘʣʴʥʫ ʘʢʪʠʚʥʽʩʪʴ 

ʧʦʨʽʚʥʷʥʦ ʽʟ ʩʪʘʥʜʘʨʪʦʤ 

ʘʩʢʦʨʙʽʥʦʚʦʶ ʢʠʩʣʦʪʦʶ 

(ɽʉ50 = 2.025³10-5 ʄ).  

ɯʥʛʽʙʫʶʯʫ ʜʽʶ 3-(ʛʽʜ-

ʨʦʢʩʠʽʤʽʥʦ)ʧʝʥʪʘʥ-2,4-ʜʽʦʥʫ ʚʠʚʯʝʥʦ ʚ ʤʦʜʝʣʴʥʠʭ ʩʠʩʪʝʤʘʭ ʽʥʽʮʽʡʦʚʘʥʦʛʦ 2,2'-ʘʟʦ-ʙʽʩ-

ʽʟʦʙʫʪʽʨʦʥʽʪʨʠʣʦʤ ʨʘʜʠʢʘʣʴʥʦ-ʣʘʥʮʶʛʦʚʦʛʦ ʦʢʠʩʥʝʥʥʷ ʙʝʥʟʠʣʦʚʦʛʦ ʩʧʠʨʪʫ ʪʘ 

ʽʟʦʧʨʦʧʽʣʙʝʥʟʦʣʫ ʧʨʠ 50 Üʉ. ʂʽʥʝʪʠʢʫ ʧʦʛʣʠʥʘʥʥʷ ʢʠʩʥʶ ʧʨʠ ʦʢʠʩʥʝʥʥʽ ʚʠʚʯʘʣʠ 

ʚʦʣʶʤʦʤʝʪʨʠʯʥʠʤ ʤʝʪʦʜʦʤ ʥʘ ʤʘʥʦʤʝʪʨʠʯʥʽʡ ʫʩʪʘʥʦʚʮʽ.  ʇʦʢʘʟʘʥʦ, ʱʦ ʦʢʩʠʤ ʛʘʣʴʤʫʻ 

ʘʝʨʦʙʥʝ ʦʢʠʩʥʝʥʥʷ ʩʫʙʩʪʨʘʪʽʚ, ʨʦʟʨʘʭʦʚʘʥʦ ʝʬʝʢʪʠʚʥʽ ʢʦʥʩʪʘʥʪʠ ʦʙʨʠʚʫ ʣʘʥʮʶʛʽʚ fĀkROO  

ʜʣʷ ʦʙʦʭ ʩʫʙʩʪʨʘʪʽʚ. 

 

ʇʫʙʣʽʢʘʮʽʷ ʤʽʩʪʠʪʴ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ, ʧʨʦʚʝʜʝʥʠʭ ʧʨʠ ʛʨʘʥʪʦʚʽʡ ʧʽʜʪʨʠʤʮʽ 

ɼʝʨʞʘʚʥʦʛʦ ʬʦʥʜʫ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟʘ ʢʦʥʢʫʨʩʥʠʤ ʧʨʦʝʢʪʦʤ I-03-16. 
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ʂɸʊɸʃɯɿʆɺɸʅɽ ʃɸʂʂɸɿʆʖ TRAMETES VERSICOLOR ʆʂʀʉʅɽʅʅʗ  

7,8-ɼʀɻɯɼʈʆʂʉʀ-4-ɻɯɼʈʆʂʉʀʄɽʊʀʃʂʋʄɸʈʀʅʋ 

ʃʘʭʦʚʝʮʴ ʂ. ʄ.1, ʎʷʧʘʣʦ ʆ. ʉ.1, ʃʝʩʠʰʠʥʘ ʖ. ʆ.1, ʌʨʘʩʠʥʶʢ ʄ. ʉ.2, ʐʝʥʜʨʠʢ ʆ. ʄ.1 
1ɼʦʥʝʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɺʘʩʠʣʷ ʉʪʫʩʘ 
2ɯʥʩʪʠʪʫʪ ʙʽʦʦʨʛʘʥʽʯʥʦʾ ʭʽʤʽʾ ʪʘ ʥʘʬʪʦʭʽʤʽʾ ʅɸʅ ʋʢʨʘʾʥʠ 

a.tsyapalo@donnu.edu.ua 

 

ʃʘʢʢʘʟʘ (ʂʌ 1.10.3.2, ʧ-ʜʠʬʝʥʦʣ: ʢʠʩʝʥʴ ʦʢʩʠʜʦʨʝʜʫʢʪʘʟʘ) ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʢʣʘʩʫ 

ʤʽʜʴʚʤʽʩʥʠʭ ʦʢʩʠʜʘʟ, ʱʦ ʢʘʪʘʣʽʟʫʻ ʨʝʘʢʮʽʶ ʚʽʜʥʦʚʣʝʥʥʷ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʢʠʩʥʶ ʜʦ ʚʦʜʠ 

ʟʘ ʨʘʭʫʥʦʢ ʦʢʠʩʥʝʥʥʷ ʛʽʜʨʦʩʠʣʚʤʽʩʥʠʭ ʩʫʙʩʪʨʘʪʽʚ, ʤʠʥʘʶʯʠ ʩʪʘʜʽʶ ʫʪʚʦʨʝʥʥʷ ʧʝʨʦʢʩʠʜʫ 

ʚʦʜʥʶ. ʃʘʢʢʘʟʘ ʤʘʻ ʰʠʨʦʢʫ ʩʫʙʩʪʨʘʪʥʫ ʩʧʝʮʠʬʽʯʥʽʩʪʴ, ʷʢʫ ʤʦʞʥʘ ʟʙʽʣʴʰʠʪʠ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʨʝʜʦʢʩ-ʤʝʜʽʘʪʦʨʠ. ɼʦ ʦʜʥʠʭ ʽʟ ʝʬʝʢʪʠʚʥʠʭ ʩʫʙʩʪʨʘʪʽʚ ʣʘʢʢʘʟ ʚʽʜʥʦʩʷʪʴ 

ʟʘʤʽʱʝʥʽ ʬʝʥʦʣʠ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʽ ʢʫʤʘʨʠʥʠ. ʊʦʤʫ ʻ ʘʢʪʫʘʣʴʥʠʤ ʜʦʩʣʽʜʞʝʥʥʷ 

ʢʘʪʘʣʽʟʦʚʘʥʦʛʦ ʣʘʢʢʘʟʦʶ ʧʨʦʮʝʩʫ ʦʢʠʩʥʝʥʥʷ ʧʦʭʽʜʥʠʭ ʢʫʤʘʨʠʥʫ. 

ʄʝʪʘ ʨʦʙʦʪʠ ï ʜʦʩʣʽʜʞʝʥʥʷ ʢʽʥʝʪʠʢʠ ʨʝʘʢʮʽʾ ʦʢʠʩʥʝʥʥʷ ʧʦʭʽʜʥʠʭ ʢʫʤʘʨʠʥʫ 

ʤʦʣʝʢʫʣʷʨʥʠʤ ʢʠʩʥʝʤ ʟʘ ʫʯʘʩʪʶ ʣʘʢʢʘʟʠ Trametes Versicolor. ʆʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ ï 

ʚʧʝʨʰʝ ʩʠʥʪʝʟʦʚʘʥʝ ʧʦʭʽʜʥʝ ʢʫʤʘʨʠʥʫ ï 7,8-ʜʽʦʢʩʠ-4-ʦʢʩʠʤʝʪʠʣʢʫʤʘʨʠʥ, ʷʢʠʡ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʷʢ ʩʫʙʩʪʨʘʪ ʣʘʢʢʘʟʠ. ʃʘʢʢʘʟʥʝ ʦʢʠʩʥʝʥʥʷ ʢʫʤʘʨʠʥʫ ʧʨʦʚʦʜʠʣʠ ʚ 

ʮʠʪʨʘʪʥʽʡ ʙʫʬʝʨʥʽʡ ʩʠʩʪʝʤʽ (ʨʅ 4.5) ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤʫ ʪʠʩʢʫ ʪʘ ʊ = 308 ʂ. ʄʝʪʦʜ 

ʜʦʩʣʽʜʞʝʥʥʷ ʢʽʥʝʪʠʢʠ ʨʝʘʢʮʽʾ ï UV-Vis - ʩʧʝʢʪʨʦʩʢʦʧʽʷ. 

ʇʦʢʘʟʘʥʦ, ʱʦ 7,8-ʜʽʦʢʩʠ-4-ʦʢʩʠʤʝʪʠʣʢʫʤʘʨʠʥ ʝʬʝʢʪʠʚʥʦ ʦʢʠʩʥʶʻʪʴʩʷ ʚ 

ʧʨʠʩʫʪʥʦʩʪʽ ʣʘʢʢʘʟʠ. ʈʦʟʨʘʭʫʥʦʢ ʧʦʯʘʪʢʦʚʦʾ ʰʚʠʜʢʦʩʪʽ V0 ʬʝʨʤʝʥʪʘʪʠʚʥʦʛʦ ʦʢʠʩʥʝʥʥʷ 

ʧʨʦʚʦʜʠʣʠ ʟʘ ʧʦʯʘʪʢʦʚʦʶ ʧʨʷʤʦʣʽʥʽʡʥʦʶ ʜʽʣʷʥʢʦʶ ʢʽʥʝʪʠʯʥʦʾ ʢʨʠʚʦʾ. ɺʠʟʥʘʯʝʥʦ 

ʧʦʯʘʪʢʦʚʽ ʰʚʠʜʢʦʩʪʽ ʦʢʠʩʥʝʥʥʷ 7,8-ʜʽʦʢʩʠ-4-ʦʢʩʠʤʝʪʠʣʢʫʤʘʨʠʥʫ ʤʦʣʝʢʫʣʷʨʥʠʤ ʢʠʩʥʝʤ 

ʫ ʧʨʠʩʫʪʥʦʩʪʽ ʣʘʢʢʘʟʠ ʧʨʠ ʨʽʟʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʷʭ ʩʫʙʩʪʨʘʪʫ. ɿʘ ʨʽʚʥʷʥʥʷʤ ʄʽʭʘʝʣʽʩʘ-

ʄʝʥʪʝʥ ʚ ʧʦʜʚʽʡʥʠʭ ʦʙʝʨʥʝʥʠʭ ʢʦʦʨʜʠʥʘʪʘʭ ʃʘʡʥʫʽʚʝʨʘ-ɹʝʨʢʘ, ʚʠʟʥʘʯʝʥʽ ʤʘʢʩʠʤʘʣʴʥʘ 

ʰʚʠʜʢʽʩʪʴ Vmax ʪʘ ʢʦʥʩʪʘʥʪʘ ʄʽʭʘʝʣʽʩʘ KM ʣʘʢʢʘʟʥʦʛʦ ʦʢʠʩʥʝʥʥʷ 7,8-ʜʽʦʢʩʠ-4-

ʦʢʩʠʤʝʪʠʣʢʫʤʘʨʠʥʫ. 

ɼʣʷ ʧʦʨʽʚʥʷʣʴʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʽʜʥʦʚʣʶʚʘʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ 7,8-ʜʽʦʢʩʠ-4-

ʦʢʩʠʤʝʪʠʣʢʫʤʘʨʠʥʫ ʷʢ ʩʫʙʩʪʨʘʪʫ ʣʘʢʢʘʟʠ ʙʫʣʠ ʚʠʟʥʘʯʝʥʥʽ ʢʽʥʝʪʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʨʝʘʢʮʽʾ 

ʣʘʢʢʘʟʥʦʛʦ ʦʢʠʩʥʝʥʥʷ ʩʪʘʥʜʘʨʪʥʦʛʦ ʩʫʙʩʪʨʘʪʫ ʣʘʢʢʘʟʠ ï ʛʽʜʨʦʭʽʥʦʥʫ, ʘ ʪʘʢʦʞ ʬʣʘʚʦʥʦʾʜʫ 

ʢʚʝʨʮʝʪʠʥʫ, ʷʢʠʡ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʷʢ ʘʥʪʠʦʢʩʠʜʘʥʪ ʚ ʭʘʨʯʦʚʽʡ ʽ ʬʘʨʤʘʮʝʚʪʠʯʥʽʡ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ. 

ʊʘʙʣʠʮʷ 1 

ʂʽʥʝʪʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʣʘʢʢʘʟʥʦʛʦ ʦʢʠʩʥʝʥʥʷ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʨʽʟʥʠʭ ʩʫʙʩʪʨʘʪʽʚ 

 

ʉʫʙʩʪʨʘʪ Vmax, ʤʦʣʴ/ʣĿʩ KM, ʤʢʄ 

ʂʚʝʨʮʝʪʠʥ 4.5Ĭ10-7 123 

ɻʽʜʨʦʭʽʥʦʥ 6.0Ĭ10-7 221 

7,8-ʜʽʦʢʩʠ-4-ʦʢʩʠʤʝʪʠʣʢʫʤʘʨʠʥ 6.4Ĭ10-7 268 

 

ʆʪʞʝ, ʷʢʱʦ ʧʦʨʽʚʥʷʪʠ ʚʽʜʥʦʚʣʶʚʘʣʴʥʫ ʟʜʘʪʥʽʩʪʴ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʬʝʥʦʣʴʥʠʭ 

ʩʧʦʣʫʢ ʚ ʨʝʘʢʮʽʾ ʾʭ ʣʘʢʢʘʟʥʦʛʦ ʦʢʠʩʥʝʥʥʷ ʤʦʣʝʢʫʣʷʨʥʠʤ ʢʠʩʥʝʤ ʟʘ ʦʜʥʘʢʦʚʠʭ ʫʤʦʚ, 

ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ, ʱʦ ʥʘʡʙʽʣʴʰ ʘʢʪʠʚʥʠʤ ʻ ʩʘʤʝ 7,8-ʜʽʦʢʩʠ-4-ʦʢʩʠʤʝʪʠʣʢʫʤʘʨʠʥ. ʎʝ 

ʩʚʽʜʯʠʪʴ ʧʨʦ ʧʝʨʩʧʝʢʪʠʚʥʽʩʪʴ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʭʽʜʥʠʭ ʢʫʤʘʨʠʥʫ ʷʢ ʩʧʦʣʫʢ ʟ ʚʠʩʦʢʦʶ 

ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʶ ʘʢʪʠʚʥʽʩʪʶ ʪʘ ʧʦʪʝʥʮʽʡʥʠʤʠ ʤʝʜʽʘʪʦʨʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. 

  



Biochemistry  ɹʽʦʭʽʤʽʷ 

48 

ɺʀʈʊʋɸʃʔʅʓʁ ʈɽɻʀʉʊʈɸʊʆʈ ʌʆʊʆʄɽʊʈʀʏɽʉʂʀʍ ʀɿʄɽʈɽʅʀʁ 

ɺ ʀɿʋʏɽʅʀʀ ʄɽɼʃɽʅʅʓʍ ʈɽɸʂʎʀʁ 

ʃʘʭʪʘʨʝʥʢʦ ʅ. ɺ.1, ɹʦʛʘʪʳʨʝʚʘ ɽ. ɺ.1, ʍʦʣʤʦʚʦʡ ʖ. ʇ.2 
1ɼʦʥʝʮʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʤʝʜʠʮʠʥʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʄʆɿ ʋʢʨʘʠʥʳ, ʛ. ʃʠʤʘʥ 
2ɼʦʥʙʘʩʩʢʘʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʘʷ ʘʢʘʜʝʤʠʷ, ʛ. ʂʨʘʤʘʪʦʨʩʢ 

khyoup@rambler.ru 

 

ʄʝʜʣʝʥʥʳʝ ʨʝʘʢʮʠʠ ʥʘʠʙʦʣʝʝ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʧʨʝʜʝʣʝʥʠʝ ʠʭ ʢʠʥʝʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ 

ʩʦʚʨʝʤʝʥʥʦʡ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʭʠʤʠʠ. ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ ʩʫʱʝʩʪʚʫʶʪ 

ʢʦʤʧʴʶʪʝʨʠʟʦʚʘʥʥʳʝ ʧʨʠʙʦʨʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʠ ʥʘʙʣʶʜʘʪʴ ʟʘ ʭʦʜʦʤ ʧʨʦʮʝʩʩʘ, ʠ 

ʦʙʨʘʙʘʪʳʚʘʪʴ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʦʜʥʦʚʨʝʤʝʥʥʦ. ʆʜʥʘʢʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, 

ʙʦʣʴʰʠʥʩʪʚʦ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʣʘʙʦʨʘʪʦʨʠʡ ʪʘʢʠʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʥʝ ʨʘʩʧʦʣʘʛʘʶʪ. 

ʇʦʵʪʦʤʫ ʧʦʠʩʢ ʧʫʪʝʡ ʢʦʤʧʴʶʪʝʨʠʟʘʮʠʠ ʠʤʝʶʱʝʛʦʩʷ ʧʨʠʙʦʨʥʦʛʦ ʧʘʨʢʘ ʦʩʪʘʝʪʩʷ 

ʘʢʪʫʘʣʴʥʳʤ. ʕʪʫ ʟʘʜʘʯʫ ʤʦʛʫʪ ʨʝʰʘʪʴ ʚʠʨʪʫʘʣʴʥʳʝ ʧʨʠʙʦʨʳ, ʧʦʟʚʦʣʷʶʱʠʝ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʥʘʫʯʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʚ 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʭʠʤʠʠ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ ʥʘʤʠ ʩʦʟʜʘʥ ʚʠʨʪʫʘʣʴʥʳʡ ʧʨʠʙʦʨ, ʧʦʟʚʦʣʷʶʱʠʡ 

ʧʨʦʚʦʜʠʪʴ ʠʟʫʯʝʥʠʝ ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʩ ʬʦʪʦʤʝʪʨʠʯʝʩʢʠʤ ʢʦʥʪʨʦʣʝʤ ʚʦ ʚʨʝʤʝʥʠ 

ʥʘ ʠʤʝʶʱʝʤʩʷ ʦʙʦʨʫʜʦʚʘʥʠʠ, ʠ ʧʨʦʚʝʨʢʫ ʝʛʦ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʥʘ ʠʟʚʝʩʪʥʦʡ ʠ 

ʜʝʪʘʣʴʥʦ ʠʟʫʯʝʥʥʦʡ ʨʝʘʢʮʠʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʙʝʣʢʘ ʩ ʧʦʤʦʱʴʶ ʨʝʘʢʮʠʠ 

ʇʠʦʪʨʦʚʩʢʦʛʦ (ʙʠʫʨʝʪʦʚʘʷ ʨʝʘʢʮʠʷ) ʬʦʪʦʢʦʣʦʨʠʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ. 

ɺʠʨʪʫʘʣʴʥʳʡ ʧʨʠʙʦʨ çʈʝʛʠʩʪʨʘʪʦʨ ʬʦʪʦʤʝʪʨʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡè (ʈʌʀ) ʙʳʣ 

ʩʦʟʜʘʥ ʩʨʝʜʩʪʚʘʤʠ ʧʘʢʝʪʘ çLabVIEWè. ʈʌʀ ʨʝʛʠʩʪʨʠʨʫʝʪ ʩʠʛʥʘʣ 

ʬʦʪʦʵʣʝʢʪʨʦʢʦʣʦʨʠʤʝʪʨʘ çʂʌʂ-2è ʚʦ ʚʨʝʤʝʥʠ ʚ ʛʨʘʬʠʯʝʩʢʦʡ ʠ ʪʘʙʣʠʯʥʦʡ ʬʦʨʤʝ, ʯʪʦ ʚ 

ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʚʠʟʫʘʣʴʥʳʡ ʢʦʥʪʨʦʣʴ ʧʨʦʮʝʩʩʘ ʩ ʧʦʩʣʝʜʫʶʱʝʡ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʦʡ ʨʝʟʫʣʴʪʘʪʦʚ, ʢʦʪʦʨʫʶ ʧʨʦʚʦʜʠʣʠ ʩʨʝʜʩʪʚʘʤʠ Excel ʠʟ ʧʘʢʝʪʘ 

Office 2010. 

ɼʣʷ ʧʝʨʝʚʦʜʘ ʘʥʘʣʦʛʦʚʦʛʦ ʩʠʛʥʘʣʘ, ʠʩʪʦʯʥʠʢʦʤ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ çʂʌʂ-2è, ʚ 

ʮʠʬʨʦʚʫʶ ʬʦʨʤʫ, ʚʦʩʧʨʠʥʠʤʘʝʤʫʶ ʢʦʤʧʴʶʪʝʨʦʤ, ʠʩʧʦʣʴʟʦʚʘʣʠ ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʦʡ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ï ʤʦʜʫʣʴ çmDAQ-14è ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ çʍʆʃʀʊʊʄɼʵʡʪʘ 

ʉʠʩʪʝʤʩè (ʂʠʝʚ). ʆʥ ʙʳʣ ʩʦʝʜʠʥʝʥ ʩ ʢʦʤʧʴʶʪʝʨʦʤ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʘ ʩ ʜʨʫʛʦʡ ï ʩ 

ʚʳʭʦʜʦʤ ç+ ïè ʥʘ ʢʦʨʧʫʩʝ çʂʌʂ-2è. ʀʟʫʯʝʥʦ ʧʦʚʝʜʝʥʠʝ ʨʘʩʪʚʦʨʦʚ ʘʣʴʙʫʤʠʥʘ ʩ 

ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ: 40, 80, 120 ʠ 160 ʛ/ʣ. ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʬʦʪʦʤʝʪʨʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ 

ʢʘʞʜʦʛʦ ʨʘʩʪʚʦʨʘ ʩʦʩʪʘʚʣʷʣʘ ʥʝ ʤʝʥʝʝ 1800 ʩ (ʪ. ʝ. ʙʦʣʝʝ ʧʦʣʫʯʘʩʘ). ɿʘʚʠʩʠʤʦʩʪʠ 

ʵʢʩʪʠʥʢʮʠʠ ʨʘʩʪʚʦʨʦʚ ʦʪ ʚʨʝʤʝʥʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʪʝʧʝʥʥʳʝ ʬʫʥʢʮʠʠ ʦʙʱʝʛʦ ʚʠʜʘ 

E = axb, ʘʩʠʤʧʪʦʪʠʯʝʩʢʠ ʧʨʠʙʣʠʞʘʶʱʠʝʩʷ ʢ ʦʧʨʝʜʝʣʝʥʥʳʤ ʧʨʝʜʝʣʴʥʳʤ ʟʥʘʯʝʥʠʷʤ, ʧʦ 

ʢʦʪʦʨʳʤ ʟʘʪʝʤ ʙʳʣ ʧʦʩʪʨʦʝʥ ʛʨʘʜʫʠʨʦʚʦʯʥʳʡ ʛʨʘʬʠʢ ʜʣʷ ʬʦʪʦʢʦʣʦʨʠʤʝʪʨʠʯʝʩʢʦʛʦ 

ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʙʝʣʢʘ ʚ ʩʳʚʦʨʦʪʢʝ ʢʨʦʚʠ. ɻʨʘʬʠʢ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʣʠʥʝʡʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ, ʦʧʠʩʳʚʘʝʤʫʶ ʫʨʘʚʥʝʥʠʝʤ ɽ = 0,006ʩ + 0,0299; ʜʦʩʪʦʚʝʨʥʦʩʪʴ 

ʘʧʧʨʦʢʩʠʤʘʮʠʠ R2 = 1. ɺʪʦʨʦʡ ʢʦʵʬʬʠʮʠʝʥʪ ʨʝʛʨʝʩʩʠʠ, ʨʘʚʥʳʡ 0,0299, ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, 

ʯʪʦ ʧʨʷʤʘʷ ʧʨʦʭʦʜʠʪ ʧʨʘʢʪʠʯʝʩʢʠ ʯʝʨʝʟ ʥʘʯʘʣʦ ʢʦʦʨʜʠʥʘʪ, ʘ ʟʥʘʯʝʥʠʝ R2 = 1 ï ʯʪʦ ʚʦ 

ʚʩʝʤ ʠʥʪʝʨʚʘʣʝ ʦʧʨʝʜʝʣʷʝʤʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʦʪʢʣʦʥʝʥʠʡ ʦʪ ʟʘʢʦʥʘ 

ʃʘʤʙʝʨʪʘ-ɹʫʛʝʨʘ-ɹʝʨʘ. 

ʂʨʦʤʝ ʪʦʛʦ, ʦʙʨʘʱʘʝʪ ʥʘ ʩʝʙʷ ʚʥʠʤʘʥʠʝ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʟʥʘʯʝʥʠʷ E, ʧʦʣʫʯʝʥʥʳʝ ʩ 

ʧʦʤʦʱʴʶ ʚʠʨʪʫʘʣʴʥʦʛʦ ʧʨʠʙʦʨʘ, ʠʤʝʶʪ ʛʦʨʘʟʜʦ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ï 

ʥʘ 2 ʧʦʨʷʜʢʘ ʚʳʰʝ, ʯʝʤ ʧʦʣʫʯʝʥʥʳʝ ʧʦ ʟʝʨʢʘʣʴʥʦʡ ʰʢʘʣʝ ʬʦʪʦʵʣʝʢʪʨʦʢʦʣʦʨʠʤʝʪʨʘ 

çʂʌʂ-2è. 

  



Biochemistry  ɹʽʦʭʽʤʽʷ 

49 

MOLECULAR SYSTEMS OF BIOTRANSFORMATION AND METAL STORAGE 

OF BIVALVE MOLLUSK IN THE EXPOSURE TO NANOFORM OF ZINC OXIDE  

Mykhalska V., Martyniuk V., Kubashok Z., Maletska I., Kharchuk A., Soltys I. 

V. Hnatiuk Ternopil National Pedagogical University 
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Engineering nanoparticles of Zinc oxide (nZnO) belong to most widely utilized metal-

based nanoparticles in electronics and personal care products. Their expected biological effects 

could be related to particular properties of nanosized particles and/or bioavailability of Zn2+ 

from these structures. Recently, the study of the effect of nZnO on the march frog Pelophylax 

ridibundus detected bioavailability of Zn from nZnO that was not accompanied by increased 

cytotoxicity in the exposure to nZnO per se. However, the combine exposure to nZnO and 

elevated temperature oppressed this bioavailability in frog (Falfushynska et al., 2017; Myhalska 

et al., 2016). Freshwater bivalve mollusks are expected to be particularly at risk from pollution 

by nZnO because they are sessile and filter large amounts of surface water, including suspended 

particles. The specimens inhabiting the cooling reservoirs of fuel power plants are subjecting 

constant combine influence of elevated temperature and industrial pollution. The aim of this 

study was to elucidate the ability of bivalve mollusks from these reservoirs subjected to 

combine adverse effects to decompose nZnO at two different temperature regimes depending 

on their life history in the native habitat. 

Freshwater mussels Unio tumidus from two cooling ponds, Burshtyn and Dobrotvir 

pover plants (B-pond and D-pond correspondingly) were exposed for 14 days to elevated 

temperature (T, 25oC), n-ZnO (3.1 ɛM), Zn2+ (3.1 ɛM), or n-ZnO at 25 oC (n-ZnO+T). Control 

groups from both sites were held at 18oC for 14 days. The metal-buffering thermostable and 

reach with thiol groups intracellular proteins metallothioneins were eluted from the 

thermostable extract by gel-exclusive chromatography on Sephadex-50, and the level of Zn in 

their pike was assessed by spectral analysis after digestion as described in (Falfushynska et al., 

2014). Activity of multixenobiotic families of ABC transporter (p-glycoprotein) was 

determined as a rate of efflux of Rhodamine B in the presence or absence of MXR inhibitors 

verapamil and cyclosporine A (Ivanina and Sokolova, 2008). Genotoxicity was determined as 

the level of alkaline DNA precipitation (Olive, 1988) using Hoechst 33342. 

Results demonstrate the prominent differences in the responses of mussels from two 

sites in the same exposures. Only mussels from D-pond were able to decompose nZnO and 

utilize an excess of Zn in the metallothioneins in the gills, whereas in the specimens from B-

pond only exposure to Zn induced Zn-MT, and exposure to nZnO and nZnO+T decreased it. 

Besides, in the mussels from D-pond specific activation of p-glycoprotein was detected. In the 

mollusks from B-pond the up-regulation of p-glycoproteins was detected as non-specific 

response in each exposure. Additionally, in the D-mussels nZnO did not cause the elevation of 

DNA fragmentation, unlike in the mussels from B-pond. The differences in the bioavailability 

of nZnO were less prominent under the heat stress. The responses to nZnO and Zn were distinct. 

Since, the nZnO caused the biological effects both per se and as a source of Zn2+ depending on 

the origin of mussels and temperature of exposure. 

Our findings indicate the limited capacity of cellular mechanisms to protect against 

nZnO in the mussels subjected to the combination of multiple stressors.  

 

This work has been granted by the Ministry of Education and Science of Ukraine 

(Project # 131B).  
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ɿʅɸʏɽʅʅʗ ɻɯɼʈʆɻɽʅ ʉʋʃʔʌɯɼʋ ʋ ʌʆʈʄʋɺɸʅʅɯ ʅɽɸʃʂʆɻʆʃʔʅʆɰ 
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ɸʢʪʫʘʣʴʥʽʩʪʴ. ʅʝʘʣʢʦʛʦʣʴʥʘ ʞʠʨʦʚʘ ʭʚʦʨʦʙʘ ʧʝʯʽʥʢʠ (ʅɸɾʍʇ) ʻ ʦʜʥʠʤ ʽʟ 

ʧʦʰʠʨʝʥʠʭ ʭʨʦʥʽʯʥʠʭ ʟʘʭʚʦʨʶʚʘʥʴ, ʱʦ ʦʭʦʧʣʶʻ ʚʽʜ 20 ʜʦ 40 % ʟʘʛʘʣʴʥʦʾ ʧʦʧʫʣʷʮʽʾ ʽ 

ʟʫʩʪʨʽʯʘʻʪʴʩʷ ʤʘʡʞʝ ʚ ʫʩʽʭ ʚʽʢʦʚʠʭ ʛʨʫʧʘʭ ʥʘʩʝʣʝʥʥʷ. ɺ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʪʘ ʢʣʽʥʽʯʥʠʭ 

ʜʦʩʣʽʜʞʝʥʥʷʭ ʙʫʚ ʧʦʢʘʟʘʥʠʡ ʟʚôʷʟʦʢ ʤʽʞ ʩʪʝʘʪʦʟʦʤ ʧʝʯʽʥʢʠ, ʩʪʝʘʪʦʛʝʧʘʪʠʪʦʤ ʪʘ 

ʧʽʜʚʠʱʝʥʥʷʤ ʨʽʚʥʷ ʛʦʤʦʮʠʩʪʝʾʥʫ ʚ ʩʠʨʦʚʘʪʮʽ ʢʨʦʚʽ. ʆʜʥʘʢ, ʦʩʦʙʣʠʚʦʩʪʽ ʧʘʪʦʛʝʥʝʟʫ ʪʘ 

ʣʽʢʫʚʘʥʥʷ ʅɸɾʍʇ ʧʨʠ ʧʦʻʜʥʘʥʥʽ ʟ ʛʽʧʝʨʛʦʤʦʮʠʩʪʝʾʥʝʤʽʻʶ (ɻɻʎ) ʧʦʪʨʝʙʫʶʪʴ ʦʢʨʝʤʦʛʦ 

ʚʠʚʯʝʥʥʷ. ʅʝʱʦʜʘʚʥʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʜʦ ʨʝʛʫʣʷʮʽʾ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʩʪʘʥʫ ʧʝʯʽʥʢʠ 

ʟʘʣʫʯʝʥʠʡ ʛʽʜʨʦʛʝʥ ʩʫʣʴʬʽʜ (H2S), ʷʢʠʡ ʚʦʣʦʜʽʻ ʘʥʪʠʦʢʩʠʜʘʥʪʥʠʤʠ ʪʘ 

ʮʠʪʦʧʨʦʪʝʢʪʦʨʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ, ʤʦʞʝ ʩʪʠʤʫʣʶʚʘʪʠ ʻ ʘʫʪʦʬʘʛʽʶ ʪʘ ʟʥʠʞʫʚʘʪʠ ʚʤʽʩʪ 

ʪʨʠʛʣʽʮʝʨʠʜʽʚ ʚ ʧʝʯʽʥʮʽ. ʇʨʠ ʮʴʦʤʫ ʟʥʘʯʝʥʥʷ H2S ʫ ʧʘʪʦʛʝʥʝʟʽ ʅɸɾʍʇ, ʘʩʦʮʽʡʦʚʘʥʦʾ ʟ 

ɻɻʎ, ʦʩʪʘʪʦʯʥʦ ʥʝ ʟôʷʩʦʚʘʥʦ. 

ʄʝʪʘ. ɺʠʚʯʠʪʠ ʚʤʽʩʪ ʅ2S ʚ ʧʝʯʽʥʮʽ ʱʫʨʽʚ ʟʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʅɸɾʍʇ, 

ʘʩʦʮʽʡʦʚʘʥʦʾ ʽʟ ʛʽʧʝʨʛʦʤʦʮʠʩʪʝʾʥʝʤʽʻʶ. 

ʄʘʪʝʨʽʘʣʠ ʽ ʤʝʪʦʜʠ. ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʝʜʝʥʦ ʥʘ 56 ʱʫʨʘʭ-ʩʘʤʮʷʭ, ʽʟ ʧʦʯʘʪʢʦʚʦʶ 

ʤʘʩʦʶ 210ï280 ʛ, ʨʦʟʧʦʜʽʣʝʥʠʭ ʥʘ 4 ʛʨʫʧʠ (n = 14): ʛʨʫʧʘ 1 (ʢʦʥʪʨʦʣʴ) ʪʘ ʛʨʫʧʘ 2 (ɻɻʎ) 

ʦʪʨʠʤʫʚʘʣʠ ʩʪʘʥʜʘʨʪʥʫ ʜʽʻʪʫ, ʱʦ ʧʦʩʪʘʯʘʣʘ 21 % ʢʢʘʣ ʟʘ ʨʘʭʫʥʦʢ ʞʠʨʽʚ ʪʘ 62 % ʢʢʘʣ ʟʘ 

ʨʘʭʫʥʦʢ ʚʫʛʣʝʚʦʜʽʚ, ʛʨʫʧʘ 3 (ɺɾɼ) ʪʘ ʛʨʫʧʘ 4 (ɺɾɼ+ɻɻʎ) ʦʪʨʠʤʫʚʘʣʠ ʚʠʩʦʢʦʞʠʨʦʚʫ 

ʜʽʻʪʫ, ʱʦ ʧʦʩʪʘʯʘʣʘ 54 % ʢʢʘʣ ʟʘ ʨʘʭʫʥʦʢ ʞʠʨʽʚ ʪʘ 29 % ʢʢʘʣ ʟʘ ʨʘʭʫʥʦʢ ʚʫʛʣʝʚʦʜʽʚ 

(ʯʘʩʪʢʘ ʧʨʦʪʝʾʥʽʚ ʟʘʙʝʟʧʝʯʫʚʘʣʘ 17 % ʢʢʘʣ ʚ ʦʙʦʭ ʜʽʻʪʘʭ). ʑʫʨʘʤ ʛʨʫʧ 2 ʪʘ 4 ʱʦʜʝʥʥʦ 

ʚʚʦʜʠʣʠ ʪʽʦʣʘʢʪʦʥ ʛʦʤʦʮʠʩʪʝʾʥʫ (100 ʤʛ/ʢʛ ʚ/ʰʣ ʥʘ 1 % ʢʨʦʭʤʘʣʴʥʦʤʫ ʛʝʣʽ), ʱʫʨʽ ʛʨʫʧ 

ʧʦʨ̔ʚʥʷʥʥʷ ʦʪʨʠʤʫʚʘʣʠ ʝʢʚʽʚʘʣʝʥʪʥʫ ʢʽʣʴʢʽʩʪʴ ʨʦʟʯʠʥʥʠʢʘ. ʊʨʠʚʘʣʽʩʪʴ ʜʦʩʣʽʜʫ 

ʩʪʘʥʦʚʠʣʘ 60 ʜʽʙ. ɺʤʽʩʪ H2S ʚ ʧʝʯʽʥʮʽ ʜʦʩʣʽʜʞʫʚʘʣʠ ʟʘ ʨʝʘʢʮʽʻʶ ʟ N,N-ʜʠʤʝʪʠʣ-ʧʘʨʘ-

ʬʝʥʽʣʝʥʜʽʘʤʽʥʦʤ ʟʘ ʤʝʪʦʜʦʤ (Wilinski, 2011). 

ʈʝʟʫʣʴʪʘʪʠ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ 60-ʜʦʙʦʚʝ ʚʚʝʜʝʥʥʷ ʪʽʦʣʘʢʪʦʥʫ ʛʦʤʦʮʠʩʪʝʾʥʫ ʥʘ ʪʣʽ 

ʩʪʘʥʜʘʨʪʥʦʾ ʜʽʻʪʠ, ʷʢ ʽ 60-ʜʦʙʦʚʝ ʽʟʦʣʴʦʚʘʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ɺɾɼ ʩʧʨʠʯʠʥʷʣʦ ʟʥʠʞʝʥʥʷ 

ʚʤʽʩʪʫ ʅ2S ʚ ʧʝʯʽʥʮʽ. ʊʘʢ, ʚʤʽʩʪ ʅ2S ʚ ʧʝʯʽʥʮʽ ɦ ʫʨʽʚ ʛʨʫʧʠ 1 ʩʪʘʥʦʚʠʚ 5,09 (95 % ʉɯ 4,33ï

6,29) ʤʢʛ/ʛ ʪʢʘʥʠʥʠ, ʘ ʫ ʱʫʨʽʚ ʛʨʫʧʠ 2 ʩʪʘʥʦʚʠʚ 3,75 (2,78ï5,05) ʤʢʛ/ʛ ʪʢʘʥʠʥʠ ʽ ʙʫʚ 

ʜʦʩʪʦʚʽʨʥʦ ʥʠʞʯʠʤ ʥʘ 26,3 % (ʨ < 0,01), ʚʽʜʧʦʚʽʜʥʦ. ɺʤʽʩʪ ʅ2S ʚ ʧʝʯʽʥʮʽ ʫ ʱʫʨʽʚ ʛʨʫʧʠ 3 

ʩʪʘʥʦʚʠʚ 4,02 (95 % ʉɯ 3,49ï4,74)  ʤʢʛ/ʛ ʪʢʘʥʠʥʠ ʽ ʙʫʚ ʜʦʩʪʦʚʽʨʥʦ ʥʠʞʯʠʤ ʥʘ 21,0 %, ʥʽʞ 

ʫ ʱʫʨʽʚ ʛʨʫʧʠ 1. ɺ ʪʦʡ ʞʝ ʯʘʩ ʫ ʱʫʨʽʚ ʛʨʫʧʠ 4 ʚʤʽʩʪ ʅ2S ʩʪʘʥʦʚʠʚ 3,11 (95 % ʉɯ 2,45ï

4,07) ʤʢʛ/ʛ ʪʢʘʥʠʥʠ ʽ ʙʫʚ ʜʦʩʪʦʚʽʨʥʦ ʥʠʞʯʠʤ ʥʘ 38,9 %, ʥʽʞ ʫ ʱʫʨʽʚ ʛʨʫʧʠ 1. ʂʨʽʤ ʪʦʛʦ, 

ʚʤʽʩʪ ʅ2S ʚ ʧʝʯʽʥʮʽ ʫ ʱʫʨʽʚ ʛʨʫʧʠ 4 ʙʫʚ ʜʦʩʪʦʚʽʨʥʦ ʥʠʞʯʠʤ ʥʘ 17,1 %, ʥʽʞ ʫ ʱʫʨʽʚ ʛʨʫʧʠ 

2, ʪʘ ʥʘ 22,6 % ʥʠʞʯʠʤ, ʥʽʞ ʫ ʱʫʨʽʚ ʛʨʫʧʠ 3. ɺʤʽʩʪ H2S ʚ ʧʝʯʽʥʮʽ ʦʙʝʨʥʝʥʦ ʢʦʨʝʣʶʚʘʚ ʟ 

ʨʽʚʥʝʤ ʛʦʤʦʮʠʩʪʝʾʥʫ ʚ ʩʠʨʦʚʘʪʮʽ ʢʨʦʚʽ (rxy = -0,73, ʨ < 0,01) .  

ɺʠʩʥʦʚʢʠ. ʊʘʢʠʤ ʯʠʥʦʤ, ʅɸɾʍʇ, ʘʩʦʮʽʡʦʚʘʥʘ ʽʟ ɻɻʎ, ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʟʥʘʯʥʠʤ 

ʟʥʠʞʝʥʥʷʤ ʚʤʽʩʪʫ ʅ2S ʚ ʧʝʯʽʥʮʽ ʫ ʱʫʨʽʚ, ʱʦ ʤʦʞʝ ʧʨʠʛʥʽʯʫʚʘʪʠ ʘʫʪʦʬʘʛʽʶ, ʧʦʩʠʣʶʚʘʪʠ 

ʘʢʫʤʫʣʷʮʽʶ ʣʽʧʽʜʽʚ ʚ ʛʝʧʘʪʦʮʠʪʘʭ, ʟʤʝʥʰʫʚʘʪʠ ʘʥʪʠʬʽʙʨʦʟʥʠʡ ʧʦʪʝʥʮʽʘʣ. ɿʥʠʞʝʥʥʷ ʚʤʽʩʪʫ 

ʅ2S ʚ ʛʝʧʘʪʦʮʠʪʘʭ ʤʦʞʝ ʙʫʪʠ ʚʘʛʦʤʠʤ ʯʠʥʥʠʢʦʤ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʧʨʦʩʪʦʛʦ ʩʪʝʘʪʦʟʫ ʫ 

ʩʪʝʘʪʦʛʝʧʘʪʠʪ ʪʘ ʧʨʠʩʢʦʨʝʥʥʷ ʧʨʦʛʨʝʩʫʚʘʥʥʷ ʅɸɾʍʇ. 
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ɸʂʊʀɺʅɯʉʊʔ 2,2-ɸɿʀʅʆ-ɹɯʉ(3-ɽʊʀʃɹɽʅɿʊɯɸɿʆʃɯʅ-6-ʉʋʃʔʌʆʅʆɺʆɰ) 

ʂʀʉʃʆʊʀ ʗʂ ʄɽɼɯɸʊʆʈɸ ʃɸʂʂɸɿʀ TRAMETES VERSICOLOR  

ʇʣʝʰʠʥʛʝʨ ʊ. ʉ., ɹʫʨʘʢʦʚ ɯ. ʄ., ʎʷʧʘʣʦ ʆ. ʉ., ʃʝʩʠʰʠʥʘ ʖ. ʆ., ʐʝʥʜʨʠʢ ʆ. ʄ. 

ɼʦʥʝʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɺʘʩʠʣʷ ʉʪʫʩʘ 

ju.lesyshyna@donnu.edu.ua 

 

ʌʝʨʤʝʥʪ ʣʘʢʢʘʟʘ ʨʦʟʧʦʚʩʶʜʞʝʥʠʡ ʫ ʙʘʛʘʪʴʦʭ ʚʠʜʘʭ ʛʨʠʙʽʚ ʽ ʤʦʞʝ ʢʘʪʘʣʽʟʫʚʘʪʠ 

ʦʢʠʩʥʝʥʥʷ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʘʨʦʤʘʪʠʯʥʠʭ ʽ ʬʝʥʦʣʴʥʠʭ ʩʧʦʣʫʢ. ʋ ʧʨʠʨʦʜʽ ʛʨʠʙʥʽ ʣʘʢʢʘʟʠ 

ʧʨʠʡʤʘʶʪʴ ʫʯʘʩʪʴ ʫ ʜʝʛʨʘʜʘʮʽʾ ʣʽʛʥʽʥʫ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʮʽ ʬʝʨʤʝʥʪʠ ʫ 

ʧʨʦʤʠʩʣʦʚʠʭ ʧʨʦʮʝʩʘʭ ʜʝʣʽʛʥʽʬʽʢʘʮʽʾ. ʏʝʨʝʟ ʪʝ, ʱʦ ʜʦ ʩʢʣʘʜʫ ʣʽʛʥʽʥʫ ʚʭʦʜʷʪʴ ʚʠʩʦʢʦ 

ʧʦʪʝʥʮʽʡʥʽ ʩʧʦʣʫʢʠ ʥʝʬʝʥʦʣʴʥʦʾ ʧʨʠʨʦʜʠ, ʧʨʦʮʝʩʠ ʜʝʣʽʛʥʽʬʽʢʘʮʽʾ ʟʘ ʫʯʘʩʪʽ ʣʘʢʢʘʟ 

ʫʩʢʣʘʜʥʶʶʪʴʩʷ ʽ ʧʦʪʨʝʙʫʶʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʝʜʦʢʩ-ʤʝʜʠʘʪʦʨʽʚ ï ʥʠʟʴʢʦʤʦʣʝʢʫʣʷʨʥʠʭ 

ʩʧʦʣʫʢ, ʱʦ ʟʥʘʯʥʦ ʧʽʜʩʠʣʶʶʪʴ ʜʽʶ ʬʝʨʤʝʥʪʫ. ʉʝʨʝʜ ʚʽʜʦʤʠʭ ʨʝʜʦʢʩ-ʤʝʜʠʘʪʦʨʽʚ 

2,2Ë-ʘʟʠʥʦ-ʙʽʩ-(3-ʝʪʠʣʙʝʥʟʦʪʽʘʟʦʣʽʥ-6-ʩʫʣʴʬʦʥʦʚʘ) ʢʠʩʣʦʪʘ (ɸɹʊʉ), 2,2,6,6-ʪʝʪʨʘ-

ʤʝʪʠʧʽʧʝʨʠʜʠʥ-1-ʦʢʩʠʣ (ʨʘʜʠʢʘʣ ʊɽʄʇʆ), ʚʽʦʣʫʨʦʚʘ ʢʠʩʣʦʪʘ, N-ʛʽʜʨʦʢʩʠʬʪʘʣʝʽʤʽʜ, 

N-ʛʽʜʨʦʢʩʠʘʮʝʪʘʥʠʣʽʜ, ʧʦʣʽʦʢʩʦʢʦʤʧʣʝʢʩʠ ʤʝʪʘʣʽʚ ʪʦʱʦ. 

ʄʝʪʘ ʜʘʥʦʾ ʨʦʙʦʪʠ ʧʦʣʷʛʘʣʘ ʚ ʦʮʽʥʮʽ ʟʜʘʪʥʦʩʪʽ ɸɹʊʉ ʧʽʜʩʠʣʶʚʘʪʠ ʜʽʶ ʣʘʢʢʘʟʠ 

Trametes versicolor ʚ ʨʝʘʢʮʽʾ ʦʢʠʩʥʝʥʥʷ ʤʦʜʝʣʴʥʦʾ ʩʧʦʣʫʢʠ ʣʽʛʥʽʥʫ ï ʚʝʨʘʪʨʦʚʦʛʦ ʩʧʠʨʪʫ 

(ɺʉ, 3,4-ʜʠʤʝʪʦʢʩʠʙʝʥʟʠʣʦʚʦʛʦ ʩʧʠʨʪʫ). 

ʂʽʥʝʪʠʢʫ ʨʝʘʢʮʽʾ ʚʝʨʘʪʨʦʚʦʛʦ ʩʧʠʨʪʫ ʟ ʦʢʠʩʣʝʥʦʶ ʬʦʨʤʦʶ ɸɹʊʉ ʜʦʩʣʽʜʞʫʚʘʣʠ 

ʤʝʪʦʜʦʤ ʮʠʢʣʽʯʥʦʾ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʽʾ (ʎɺɸ), ʘ ʢʽʥʝʪʠʢʫ ʨʝʘʢʮʽʾ ʚʝʨʘʪʨʦʚʦʛʦ ʩʧʠʨʪʫ ʟ 

ɸɹʊʉ ʫ ʧʨʠʩʫʪʥʦʩʪʽ ʣʘʢʢʘʟʠ ʚʠʚʯʘʣʠ ʤʝʪʦʜʦʤ UV-VIS ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʽʾ. ʂʘʪʘʣʽʟʦʚʘʥʝ 

ʣʘʢʢʘʟʦʶ ʦʢʠʩʥʝʥʥʷ ʚʝʨʘʪʨʦʚʦʛʦ ʩʧʠʨʪʫ ʧʨʦʚʦʜʠʣʠ ʚ ʮʠʪʨʘʪʥʽʡ ʙʫʬʝʨʥʽʡ ʩʠʩʪʝʤʽ 

(ʨʅ 4.5) ʟʘ ʘʪʤʦʩʬʝʨʥʦʛʦ ʪʠʩʢʫ ʪʘ ʪʝʤʧʝʨʘʪʫʨʠ 35 ÜC. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʩʧʦʯʘʪʢʫ ʤʝʪʦʜʦʤ ʎɺɸ ʙʫʣʦ ʚʠʚʯʝʥʦ ʢʽʥʝʪʠʢʫ ʚʟʘʻʤʦʜʽʾ ʦʢʠʩʣʝʥʦʾ 

ʬʦʨʤʠ ʤʝʜʽʘʪʦʨʘ (ɸɹʊʉ2+), ʦʪʨʠʤʘʥʦʾ ʚ ʨʝʟʫʣʴʪʘʪʽ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʾ ʨʝʘʢʮʽʾ, ʟ ʚʝʨʘʪʨʦʚʠʤ 

ʩʧʠʨʪʦʤ, ʽ ʚʠʟʥʘʯʝʥʦ ʢʦʥʩʪʘʥʪʫ ʰʚʠʜʢʦʩʪʽ ʨʝʘʢʮʽʾ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ ʤʽʞ ɸɹʊʉ2+ ̔  ɺʉ, ʷʢʘ 

ʜʦʨʽʚʥʶʻ kcat = 282.7 ʄ
-1Ŀʩ-1.  

ʄʝʪʦʜʦʤ UV-VIS-ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʽʾ ʙʫʣʠ ʚʠʟʥʘʯʝʥʽ ʩʧʝʢʪʨʘʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʨʦʟʯʠʥʽʚ ʚʝʨʘʪʨʦʚʦʛʦ ʩʧʠʨʪʫ, ʣʘʢʢʘʟʠ, ɸɹʊʉ ʪʘ ʢʘʪʽʦʥ-ʨʘʜʠʢʘʣʘ ɸɹʊʉǒ+ ʫ ʚʦʜʥʦ-

ʦʨʛʘʥʽʯʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ (ʯʝʨʝʟ ʥʠʟʴʢʫ ʨʦʟʯʠʥʥʽʩʪʴ ʚʝʨʘʪʨʦʚʦʛʦ ʩʧʠʨʪʫ ʫ ʚʦʜʽ ʜʣʷ 

ʧʨʠʛʦʪʫʚʘʥʥʷ ʡʦʛʦ ʚʦʜʥʦʛʦ ʨʦʟʯʠʥʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʥʝʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʘʮʝʪʦʥʽʪʨʠʣʫ). 

ɼʣʷ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʟʜʘʪʥʦʩʪʽ ʣʘʢʢʘʟʠ ʢʘʪʘʣʽʟʫʚʘʪʠ ʨʝʘʢʮʽʶ ʦʢʠʩʥʝʥʥʷ ɸɹʊʉ ʟ 

ʫʪʚʦʨʝʥʥʷʤ ʢʘʪʽʦʥ-ʨʘʜʠʢʘʣʘ ɸɹʊʉǒ+, ʷʢʠʡ ʧʦʪʽʤ ʙʫʜʝ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʠʪʨʘʯʘʪʠʩʷ ʥʘ 

ʦʢʠʩʣʝʥʥʷ ʚʝʨʘʪʨʦʚʦʛʦ ʩʧʠʨʪʫ, ʜʦʩʣʽʜʞʫʚʘʣʠ ʢʽʥʝʪʠʢʫ ʨʝʘʢʮʽʾ ʚʠʪʨʘʯʘʥʥʷ ʤʦʣʝʢʫʣʷʨʥʦʾ 

ʬʦʨʤʠ ɸɹʊʉ ʧʨʠ 342 ʥʤ, ʪʘ ʥʘʢʦʧʠʯʝʥʥʷ ʢʘʪʽʦʥ-ʨʘʜʠʢʘʣʘ ɸɹʊʉǒ+ ʧʨʠ 730 ʥʤ.  

ɸʥʘʣʽʟ ʦʜʝʨʞʘʥʠʭ ʢʽʥʝʪʠʯʥʠʭ ʢʨʠʚʠʭ ʧʦʢʘʟʘʚ, ʱʦ ʽʩʥʫʻ ʟʘʣʝʞʥʽʩʪʴ ʰʚʠʜʢʦʩʪʽ 

ʨʝʘʢʮʽʾ ʣʘʢʢʘʟʥʦʛʦ ʦʢʠʩʥʝʥʥʷ ʚʝʨʘʪʨʦʚʦʛʦ ʩʧʠʨʪʫ ʫ ʧʨʠʩʫʪʥʦʩʪʽ ʤʝʜʽʘʪʦʨʘ ɸɹʊʉ ʚʽʜ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʚʝʨʘʪʨʦʚʦʛʦ ʩʧʠʨʪʫ: ʯʠʤ ʙʽʣʴʰʝ ʢʦʥʮʝʥʪʨʘʮʽʷ ʚʝʨʘʪʨʦʚʦʛʦ ʩʧʠʨʪʫ, ʪʠʤ 

ʚʠʱʝ ʰʚʠʜʢʽʩʪʴ ʨʝʘʢʮʽʾ. 

ʅʘ ʞʘʣʴ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʪʽʣʴʢʠ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʥʠʡ ʤʝʪʦʜ ʘʥʘʣʽʟʫ, ʥʝ ʤʦʞʥʘ 

ʜʦʚʝʩʪʠ, ʱʦ ʚʝʨʘʪʨʦʚʠʡ ʩʧʠʨʪ ʦʢʠʩʥʶʻʪʴʩʷ ʩʘʤʝ ʜʦ ʘʣʴʜʝʛʽʜʫ, ʦʩʢʽʣʴʢʠ ʩʤʫʛʠ 

ʧʦʛʣʠʥʘʥʥʷ ʚ ʋʌ-ʩʧʝʢʪʨʘʭ ʚʝʨʘʪʨʦʚʦʛʦ ʩʧʠʨʪʫ ʪʘ ʡʦʛʦ ʘʣʴʜʝʛʽʜʫ ʧʝʨʝʢʨʠʚʘʶʪʴʩʷ. ʊʦʤʫ 

ʧʦʜʘʣʴʰʽ ʜʦʩʣʽʜʞʝʥʥʷ ʦʮʽʥʢʠ ʟʜʘʪʥʦʩʪʽ ɸɹʊʉ ʧʽʜʩʠʣʶʚʘʪʠ ʜʽʶ ʣʘʢʢʘʟʠ ʚ ʨʝʘʢʮʽʾ 

ʦʢʠʩʥʝʥʥʷ ʚʝʨʘʪʨʦʚʦʛʦ ʩʧʠʨʪʫ ʧʦʪʨʝʙʫʶʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʰʠʭ ʤʝʪʦʜʽʚ. 
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ʌɽʅʆʃʔʅɯ ʉʇʆʃʋʂʀ ɽʊɸʅʆʃʔʅʀʍ ɽʂʉʊʈɸʂʊɯɺ  

ɻʈʀɹɯɺ LENTINU S EDODES 

ʈʷʙʦʰʘʧʢʦ ʆ. ʃ.1, ʃʝʩʠʰʠʥʘ ʖ. ʆ.1, ʎʷʧʘʣʦ ʆ. ʉ.1, ʂʫʙʣʠʥʩʴʢʘ ɯ. ɸ.2 
1ɼʦʥʝʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɺʘʩʠʣʷ ʉʪʫʩʘ 

2ɺʽʥʥʠʮʴʢʠʡ ʪʦʨʛʦʚʝʣʴʥʦ-ʝʢʦʥʦʤʽʯʥʠʡ ʢʦʣʝʜʞ ʂʅʊɽʋ 

 

ɺʠʱʽ ʛʨʠʙʠ ʤʘʶʪʴ ʚʝʣʠʢʠʡ ʧʦʪʝʥʮʽʘʣ ʷʢ ʜʞʝʨʝʣʦ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʙʽʦʣʦʛʽʯʥʦ 

ʘʢʪʠʚʥʠʭ ʨʝʯʦʚʠʥ ʜʣʷ ʤʝʜʠʯʥʦʾ ʽ ʬʘʨʤʘʮʝʚʪʠʯʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. ɹʝʟʧʝʨʝʯʥʠʤ ʣʽʜʝʨʦʤ 

ʩʝʨʝʜ ʣʽʢʘʨʩʴʢʠʭ ʛʨʠʙʽʚ ʻ Lentinus edodes (ʷʧʦʥʩʴʢʠʡ ʛʨʠʙ, ʰʠʾʪʘʢʝ). ɹʽʦʣʦʛʽʯʥʫ 

ʘʢʪʠʚʥʽʩʪʴ Lentinus edodes ʚʠʟʥʘʯʘʶʪʴ ʧʦʣʽʛʣʶʢʘʥʠ, ʷʢʽ ʤʘʶʪʴ ʚʠʨʘʞʝʥʽ ʧʨʦʪʠʧʫʭʣʠʥʥʽ 

ʪʘ ʽʤʫʥʦʤʦʜʝʣʶʶʯʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʘ ʪʘʢʦʞ ʬʝʥʦʣʴʥʽ ʩʧʦʣʫʢʠ (ʤʝʣʘʥʽʥʠ ʪʘ ʽʥ.) ʟ ʰʠʨʦʢʠʤ 

ʩʧʝʢʪʨʦʤ ʬʘʨʤʘʢʦʣʦʛʽʯʥʦʾ ʜʽʾ: ʧʨʦʪʠʧʨʦʤʝʥʝʚʦʾ, ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʾ, ʧʨʦʪʠʚʽʨʫʩʥʦʾ ʪʦʱʦ. 

ʄʝʪʘ ʜʘʥʦʾ ʨʦʙʦʪʠ ʧʦʣʷʛʘʣʘ ʫ ʚʠʟʥʘʯʝʥʥʽ ʷʢʽʩʥʦʛʦ ʽ ʢʽʣʴʢʽʩʥʦʛʦ ʩʢʣʘʜʫ ʬʝʥʦʣʴʥʠʭ 

ʩʧʦʣʫʢ ʛʨʠʙʽʚ Lentinus edodes, ʢʫʣʴʪʠʚʦʚʘʥʠʭ ʚ ʋʢʨʘʾʥʽ. 

ʆʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʪʦʥʢʦʧʦʜʨʽʙʥʝʥʠʡ ʧʦʨʦʰʦʢ ʚʠʩʫʰʝʥʠʭ ʛʨʠʙʽʚ Lentinus 

edodes. ɺʠʜʽʣʝʥʥʷ ʬʝʥʦʣʴʥʠʭ ʩʧʦʣʫʢ ʟ ʧʦʨʦʰʢʫ ʛʨʠʙʽʚ ʧʨʦʚʦʜʠʣʠ ʝʢʩʪʨʘʢʮʽʻʶ 70 %- ʪʘ 

96 %-ʚʠʤ ʝʪʘʥʦʣʦʤ ʥʘ ʚʦʜʷʥʽʡ ʙʘʥʽ ʚ ʢʦʣʙʽ ʟ ̔ʟʚʦʨʦʪʥʽʤ ʭʦʣʦʜʠʣʴʥʠʢʦʤ ʧʨʦʪʷʛʦʤ 2 ʛʦʜ 

ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ ʢʠʧʽʥʥʷ ʝʢʩʪʨʘʛʝʥʪʫ. ʂʽʣʴʢʽʩʪʴ ʝʢʩʪʨʘʢʪʠʚʥʠʭ ʨʝʯʦʚʠʥ ʭʘʨʘʢʪʝʨʠʟʫʚʘʣʠ 

ʚʝʣʠʯʠʥʦʶ ʩʫʭʦʛʦ ʟʘʣʠʰʢʫ (Wʩ.ʟ), ʷʢʠʡ ʚʠʟʥʘʯʘʣʠ ʤʝʪʦʜʦʤ ʛʨʘʚʽʤʝʪʨʽʾ. ʗʢʽʩʥʠʡ ʩʢʣʘʜ ʽ 

ʢʽʣʴʢʽʩʥʠʡ ʚʤʽʩʪ ʬʝʥʦʣʴʥʠʭ ʩʧʦʣʫʢ ʚ ʝʢʩʪʨʘʢʪʘʭ (ʫ ʧʝʨʝʨʘʭʫʥʢʫ ʥʘ ʢʚʝʨʮʝʪʠʥ) ʚʠʟʥʘʯʘʣʠ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʝʮʠʬʽʯʥʠʭ ʢʦʣʴʦʨʦʚʠʭ ʨʝʘʢʮʽʡ, ʘ ʪʘʢʦʞ ʤʝʪʦʜʦʤ ʋʌ-ʩʧʝʢʪʨʦ-

ʬʦʪʦʤʝʪʨʽʾ. ʂʽʣʴʢʽʩʪʴ ʬʣʘʚʦʥʦʾʜʽʚ (Wʬʣʘʚʦʥʦʾʜʽʚ) ï ʤʝʪʦʜʦʤ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʾ ʩʧʝʢʪʨʦʬʦʪʦ-

ʤʝʪʨʽʾ, ʱʦ ʙʘʟʫʻʪʴʩʷ ʥʘ ʨʝʘʢʮʽʾ ʢʦʤʧʣʝʢʩʦʫʪʚʦʨʝʥʥʷ ʬʝʥʦʣʽʚ ʟ ʡʦʥʘʤʠ Al 3+; ʟʘʛʘʣʴʥʠʡ 

ʚʤʽʩʪ ʬʝʥʦʣʴʥʠʭ ʩʧʦʣʫʢ (Wʬʝʥʦʣʽʚ) ï ʤʝʪʦʜʦʤ ʌʦʣʽʥʘ-ʏʠʢʦʣʴʪʝ. 

ɽʪʘʥʦʣʴʥʽ ʝʢʩʪʨʘʢʪʠ ʧʦʨʦʰʢʫ ʛʨʠʙʽʚ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʧʨʦʟʦʨʫ ʨʽʜʠʥʫ ʟ ʜʫʞʝ 

ʩʣʘʙʢʠʤ ʚʽʜʪʽʥʢʦʤ ʩʚʽʪʣʦ-ʙʝʞʝʚʦʛʦ ʢʦʣʴʦʨʫ. ʇʨʠ ʚʟʘʻʤʦʜʽʾ ʟ ʨʦʟʯʠʥʘʤʠ ʣʫʛʫ, ʘʤʦʥʽʘʢʫ, 

ʢʘʨʙʦʥʘʪʫ ʥʘʪʨʽʶ ʝʢʩʪʨʘʢʪʠ ʟʘʙʘʨʚʣʶʶʪʴʩʷ ʚ ʞʦʚʪʠʡ ʢʦʣʽʨ, ʱʦ ʤʦʞʝ ʩʚʽʜʯʠʪʠ ʧʨʦ 

ʥʘʷʚʥʽʩʪʴ ʫ ʾʭ ʩʢʣʘʜʽ ʬʣʘʚʦʥʦʾʜʽʚ, ʭʨʦʤʦʥʽʚ, ʢʫʤʘʨʠʥʽʚ ʪʦʱʦ. ʇʨʠ ʜʦʜʘʚʘʥʥʽ ʜʦ 70 %-ʦʛʦ 

ʝʪʘʥʦʣʴʥʦʛʦ ʝʢʩʪʨʘʢʪʫ ʨʦʟʯʠʥʫ ʭʣʦʨʠʜʫ ʘʣʶʤʽʥʽʶ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʘʙʘʨʚʣʝʥʥʷ 

ʝʢʩʪʨʘʢʪʫ ʫ ʷʩʢʨʘʚʦ-ʞʦʚʪʠʡ ʢʦʣʽʨ ʟ ʟʝʣʝʥʫʚʘʪʦʶ ʬʣʫʦʨʝʩʮʝʥʮʽʻʶ, ʱʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ 

ʬʣʘʚʦʥʽʚ ʽ ʬʣʘʚʦʥʦʣʽʚ. 

ɺ ʋʌ-ʩʧʝʢʪʨʽ ʮʴʦʛʦ ʝʢʩʪʨʘʢʪʫ ʻ ʚʣʘʩʪʠʚʽ ʬʣʘʚʦʥʦʾʜʘʤ ʜʚʽ ʩʤʫʛʠ ʧʦʛʣʠʥʘʥʥʷ ʟ 

ʤʘʢʩʠʤʫʤʘʤʠ ʧʨʠ 270 ʽ 350 ʥʤ, ʚʽʜʧʦʚʽʜʥʦ. ɼʦʜʘʚʘʥʥʷ ʜʦ ʝʢʩʪʨʘʢʪʫ ʨʦʟʯʠʥʫ ʭʣʦʨʠʜʫ 

ʘʣʶʤʽʥʽʶ ʧʨʠʚʦʜʠʪʴ ʜʦ ʙʘʪʦʭʨʦʤʥʦʛʦ ʟʩʫʚʫ ʜʦʚʛʦʭʚʠʣʴʦʚʦʾ ʩʤʫʛʠ ʧʦʛʣʠʥʘʥʥʷ, ʱʦ 

ʩʚʽʜʯʠʪʴ ʧʨʦ ʧʨʠʩʫʪʥʽʩʪʴ ʚ ʝʢʩʪʨʘʢʪʽ ʬʣʘʚʦʥʦʾʜʽʚ, ʷʢʽ ʤʽʩʪʷʪʴ ʚ ʩʚʦʻʤʫ ʩʢʣʘʜʽ ʦʨʪʦ- ʽ 

ʧʝʨʠ-ʦʢʩʠʢʘʨʙʦʥʽʣʴʥʽ ʛʨʫʧʠ. 

ʈʝʟʫʣʴʪʘʪʠ ʘʥʘʣʽʟʫ ʢʽʣʴʢʽʩʥʦʛʦ ʚʤʽʩʪʫ ʬʝʥʦʣʴʥʠʭ ʩʧʦʣʫʢ ʝʪʘʥʦʣʴʥʠʭ ʝʢʩʪʨʘʢʪʽʚ 

ʛʨʠʙʽʚ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ. 

ʊʘʙʣʠʮʷ 

ʆʙôʻʤʥʘ ʯʘʩʪʢʘ ʝʪʘʥʦʣʫ,% Wʩ.ʟ, % *Wʬʝʥʦʣʽʚ, %  *Wʬʣʘʚʦʥʦʾʜʽʚ, % 

70 13.4Ñ0.6 1.12Ñ0.04 0,038Ñ0,004 

96 6.4Ñ0.6 1.58 Ñ0.10 ï 
* ʚʽʜ ʩʫʤʠ ʝʢʩʪʨʘʢʪʠʚʥʠʭ ʨʝʯʦʚʠʥ. 

 

ʆʪʞʝ, ʚʠʭʽʜ ʝʢʩʪʨʘʢʪʠʚʥʠʭ ʨʝʯʦʚʠʥ ʟ ʛʨʠʙʽʚ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʷʢ ʝʢʩʪʨʘʛʝʥʪʫ 

70 %-ʦʛʦ ʝʪʘʥʦʣʫ ʚ 2 ʨʘʟʠ ʚʠʱʠʡ, ʥʽʞ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ 96 %-ʦʛʦ ʝʪʘʥʦʣʫ. ɿʘʛʘʣʴʥʠʡ ʚʤʽʩʪ 

ʬʝʥʦʣʴʥʠʭ ʩʧʦʣʫʢ ʫ ʩʢʣʘʜʽ 70 %-ʦʛʦ ʝʪʘʥʦʣʴʥʦʛʦ ʝʢʩʪʨʘʢʪʫ ʛʨʠʙʽʚ ʚ 1,5 ʨʘʟʠ ʚʠʱʠʡ 

ʧʦʨʽʚʥʷʥʦ ʟ 96 %-ʚʠʤ ʝʪʘʥʦʣʴʥʠʤ ʝʢʩʪʨʘʢʪʦʤ.  

ɺ ʧʝʨʩʧʝʢʪʠʚʽ ʧʣʘʥʫʻʪʴʩʷ ʦʧʪʠʤʽʟʫʚʘʪʠ ʧʨʦʮʝʩ ʚʠʜʽʣʝʥʥʷ ʬʝʥʦʣʴʥʠʭ ʩʧʦʣʫʢ ʟ 

ʧʦʨʦʰʢʫ ʛʨʠʙʽʚ Lentinus edodes ʽ ʜʦʩʣʽʜʠʪʠ ʾʭ ʘʥʪʠʦʢʩʠʜʘʥʪʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. 
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ʉʇʆʅʊɸʅʅʀʁ ʈʆɿʇɸɼ ʌʊɸʃɯʄɯɼ-N-ʆʂʉʀʃʔʅʀʍ ʈɸɼʀʂɸʃɯɺ ʈɯɿʅʆɰ 
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ʉʪʝʧʘʥʝʥʢʦ ɻ. ʄ.1, ɸʥʜʨʻʻʚ ʆ. ɺ.1, ʃʽʪʚʽʥʦʚ ʖ. ɭ.2, ʂʦʤʧʘʥʝʮʴ ʄ. ʆ.2,  
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2ɯʥʩʪʠʪʫʪ ʬʽʟʠʢʦ-ʦʨʛʘʥʽʯʥʦʾ ʭʽʤʽʾ ʽ ʚʫʛʣʝʭʽʤʽʾ ʽʤ. ʃ. ʄ. ʃʠʪʚʠʥʝʥʢʘ ʅɸʅ ʋʢʨʘʾʥʠ 
3ɺʽʜʜʽʣʝʥʥʷ ʬʽʟʠʢʦ-ʭʽʤʽʾ ʛʦʨʶʯʠʭ ʢʦʧʘʣʠʥ ɯʥʌʆɺ ʽʤ. ʃ. ʄ. ʃʠʪʚʠʥʝʥʢʘ ʅɸʅ ʋʢʨʘʾʥʠ 
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N-ʛʽʜʨʦʢʩʠʬʪʘʣʽʤʽʜ (NHPI) ʧʨʦʷʚʣʷʻ ʚʠʩʦʢʫ ʢʘʪʘʣʽʪʠʯʥʫ ʘʢʪʠʚʥʽʩʪʴ ʪʘ 

ʩʝʣʝʢʪʠʚʥʽʩʪʴ ʜʽʾ ʚ ʨʝʘʢʮʽʷʭ ʦʢʠʩʥʝʥʥʷ ʩʫʙʩʪʨʘʪʽʚ ʤʦʣʝʢʫʣʷʨʥʠʤ ʢʠʩʥʝʤ. ʆʩʥʦʚʥʠʤ ʡʦʛʦ 

ʥʝʜʦʣʽʢʦʤ, ʱʦ ʟʚʫʞʫʻ ʩʬʝʨʫ ʟʘʩʪʦʩʫʚʘʥʥʷ, ʻ ʩʧʦʥʪʘʥʥʠʡ ʨʦʟʧʘʜ ʬʪʘʣʽʤʽʜ-N-ʦʢʩʠʣʴʥʠʭ 

ʨʘʜʠʢʘʣʽʚ (PINO), ʷʢʽ ʫʪʚʦʨʶʶʪʴʩʷ in situ ʽ ʻ ʢʣʶʯʦʚʠʤʠ ʽʥʪʝʨʤʝʜʽʘʪʘʤʠ ʫ ʪʘʢʠʭ 

ʧʨʦʮʝʩʘʭ. ɼʦʩʣʽʜʞʝʥʥʷ ʨʝʘʢʮʽʡ ʧʝʨʝʪʚʦʨʝʥʥʷ ʨʘʜʠʢʘʣʽʚ PINO ʻ ʚʘʞʣʠʚʠʤ ʜʣʷ ʜʠʟʘʡʥʫ 

ʩʪʨʫʢʪʫʨ ʥʦʚʠʭ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʭ ʢʘʪʘʣʽʟʘʪʦʨʽʚ ʢʣʘʩʫ N-ʛʽʜʨʦʢʩʠʽʤʽʜʽʚ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ 

ʦʢʠʩʥʶʚʘʣʴʥʠʭ ʧʨʦʮʝʩʽʚ ʟʘ ʡʦʛʦ ʫʯʘʩʪʶ. 

ʅʘʤʠ ʩʠʥʪʝʟʦʚʘʥʦ ʽ ʜʦʩʣʽʜʞʝʥʦ ʟʘʤʽʱʝʥʽ NHPI ʟ ʝʣʝʢʪʨʦʥʦʜʦʥʦʨʥʠʤʠ ʽ 

ʝʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʠʤʠ ʟʘʤʽʩʥʠʢʘʤʠ ʚ ʙʝʥʟʦʣʴʥʦʤʫ ʢʽʣʴʮʽ. ʇʨʦʚʝʜʝʥʦ ʧʦʨʽʚʥʷʥʥʷ 

ʨʽʟʥʠʭ ʤʝʪʦʜʽʚ ʛʝʥʝʨʫʚʘʥʥʷ PINO ʰʣʷʭʦʤ ʦʢʠʩʥʝʥʥʷ N-ʛʽʜʨʦʢʩʠʬʪʘʣʽʤʽʜʫ ʪʘʢʠʤʠ 

ʦʢʠʩʥʠʢʘʤʠ ʷʢ: ʧʝʨʤʘʥʛʘʥʘʪ ʢʘʣʽʶ (ʫ ʚʦʜʽ), ʮʝʨʽʡ (IV) ʘʤʤʦʥʽʡ ʥʽʪʨʘʪ, ʡʦʜʙʝʥʟʦʣ 

ʜʽʘʮʝʪʘʪ (ʚ ʘʮʝʪʦʥʽʪʨʠʣʽ). ʅʘʢʦʧʠʯʝʥʥʷ ʽ ʚʠʪʨʘʪʫ ʨʘʜʠʢʘʣʘ ʬʽʢʩʫʚʘʣʠ ʤʝʪʦʜʦʤ ʋʌ-

ʩʧʝʢʪʨʦʩʢʦʧʽʾ. ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʢʽʥʝʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʨʘʜʠʢʘʣʠ PINO ʛʝʥʝʨʫʚʘʣʠ 

ʰʣʷʭʦʤ ʦʢʠʩʥʝʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ NHPI ʜʽʘʮʝʪʘʪ ʡʦʜʙʝʥʟʦʣʦʤ PhJ(OAc)2: 
O

O

NOH

O

O

NOI(OAc)
2

I

2 + 2
.

+ + 2 CH3COOH

 
ʇʨʠ ʜʦʜʘʚʘʥʥʽ ʦʢʠʩʥʠʢʘ ʜʦ ʨʦʟʯʠʥʫ 

ʟʘʤʽʱʝʥʠʭ NHPI, ʫ ʚʠʜʠʤʽʡ ʦʙʣʘʩʪʽ 

ʟôʚ̫ʣʷʶʪʴʩʷ ʩʤʫʛʠ ʧʦʛʣʠʥʘʥʥʷ 

ʥʽʪʨʦʢʩʠʣʴʥʠʭ ʨʘʜʠʢʘʣʽʚ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ 

ʥʘʢʦʧʠʯʝʥʥʷ PINO. ɿ ʯʘʩʦʤ ʧʦʛʣʠʥʘʥʥʷ 

ʟʤʝʥʰʫʻʪʴʩʷ ʯʝʨʝʟ ʚʠʪʨʘʪʫ ʨʘʜʠʢʘʣʽʚ ʚ 

ʨʝʘʢʮʽʾ ʨʦʟʧʘʜʫ (ʜʠʚ. ʨʠʩ.), ʢʽʥʝʪʠʢʘ ʨʝʘʢʮʽʾ 

ʦʧʠʩʫʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ. 

ɼʣʷ ʨʽʟʥʠʭ ʟʘ ʩʪʨʫʢʪʫʨʦʶ ʨʘʜʠʢʘʣʽʚ 

ʚʠʟʥʘʯʝʥʦ lmax, ʨʦʟʨʘʭʦʚʘʥʦ ʢʦʥʩʪʘʥʪʠ 

ʰʚʠʜʢʦʩʪʽ ʨʦʟʧʘʜʫ. ʗʢ ʚʠʜʥʦ ʟ 

ʧʨʝʜʩʪʘʚʣʝʥʦʛʦ ʨʠʩʫʥʢʘ, ʩʪʨʫʢʪʫʨʘ 

ʨʘʜʠʢʘʣʘ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʻ ʥʘ ʰʚʠʜʢʦʩʪʽ ʨʝʘʢʮʽʡ ʫʪʚʦʨʝʥʥʷ ʽ ʨʦʟʧʘʜʫ ʨʘʜʠʢʘʣʽʚ. 

ʅʘʧʨʠʢʣʘʜ, 4,5-ʜʠʭʣʦʨ-PINO ʜʫʞʝ ʰʚʠʜʢʦ ʥʘʢʦʧʠʯʫʻʪʴʩʷ, ʘʣʝ ʽ ʰʚʠʜʢʦ ʚʠʪʨʘʯʘʻʪʴʩʷ ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʨʦʟʢʣʘʜʘʥʥʷ. ʅʘʡʤʝʥʰʽ ʢʦʥʩʪʘʥʪʠ ʰʚʠʜʢʦʩʪʽ ʨʦʟʧʘʜʫ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʜʣʷ 

ʥʝʟʘʤʽʱʝʥʦʛʦ PINO ʽ 3,4,5,6-ʪʝʪʨʘʬʝʥʽʣ-PINO. ɺʠʟʥʘʯʝʥʦ ʢʦʥʩʪʘʥʪʠ ʰʚʠʜʢʦʩʪʽ ʨʝʘʢʮʽʡ 

ʨʦʟʧʘʜʫ ʥʝʟʘʤʽʱʝʥʦʛʦ ʬʪʘʣʽʤʽʜ-N-ʦʢʩʠʣʴʥʦʛʦ ʨʘʜʠʢʘʣʘ ʟʘ ʨʽʟʥʠʭ ʪʝʤʧʝʨʘʪʫʨ ʽ 

ʨʦʟʨʘʭʦʚʘʥʦ ʘʢʪʠʚʘʮʽʡʥʽ ʧʘʨʘʤʝʪʨʠ ʨʝʘʢʮʽʾ ï ʝʥʝʨʛʽʶ ʘʢʪʠʚʘʮʽʾ ʽ ʧʝʨʝʜʝʢʩʧʦʥʝʥʮʽʡʥʠʡ 

ʤʥʦʞʥʠʢ. ɼʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ ʨʦʟʯʠʥʥʠʢʽʚ ʥʘ ʢʽʥʝʪʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʨʝʘʢʮʽʾ ʨʦʟʧʘʜʫ 

ʥʝʟʘʤʽʱʝʥʦʛʦ PINO. ʋ ʨʦʟʯʠʥʥʠʢʘʭ ʟ ʚʠʩʦʢʠʤ ʜʦʥʦʨʥʠʤ ʯʠʩʣʦʤ ï ʘʮʝʪʦʥʽʪʨʠʣʽ, 

ʝʪʠʣʘʮʝʪʘʪʽ, ʦʮʪʦʚʽʡ ʢʠʩʣʦʪʽ, ʢʦʥʩʪʘʥʪʠ ʨʝʘʢʮʽʡ ʨʦʟʧʘʜʫ ʤʘʶʪʴ ʥʝʚʠʩʦʢʽ ʟʥʘʯʝʥʥʷ ʽ 

ʟʤʽʥʶʶʪʴʩʷ ʫ ʤʝʞʘʭ ʧʦʭʠʙʢʠ. ʋ ʥʽʪʨʦʤʝʪʘʥʽ, ʷʢʠʡ ʤʘʻ ʥʠʟʴʢʝ ʜʦʥʦʨʥʝ ʯʠʩʣʦ, ʰʚʠʜʢʽʩʪʴ 

ʨʦʟʧʘʜʫ ʨʽʟʢʦ ʟʨʦʩʪʘʻ, ʱʦ ʙʫʜʝ ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʩʫʪʪʻʚʦʛʦ ʩʢʦʨʦʯʝʥʥʷ ʯʘʩʫ ʡʦʛʦ ʜʽʾ ʚ 

ʧʨʦʮʝʩʘʭ ʨʽʜʠʥʥʦ-ʬʘʟʥʦʛʦ ʨʘʜʠʢʘʣʴʥʦʛʦ ʦʢʠʩʥʝʥʥʷ ʤʦʣʝʢʫʣʷʨʥʠʤ ʢʠʩʥʝʤ. 
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ʇʦʢʘʟʘʥʦ, ʯʪʦ (R)-4-ʤʝʥʪʝʥʦʥ, ʷʚʣʷʶʱʠʡʩʷ ʫʜʦʙʥʳʤ ʠʩʭʦʜʥʳʤ ʜʣʷ ʩʠʥʪʝʟʘ 

ʮʝʣʦʛʦ ʩʧʝʢʪʨʘ ʬʝʨʦʤʦʥʦʚ, ʦʙʣʘʜʘʝʪ ʥʝʦʙʳʯʥʦʡ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʚ ʩʨʘʚʥʝʥʠʠ 

ʩ ʜʨʫʛʠʤʠ ʝʥʦʥʦʚʳʤʠ ʩʠʩʪʝʤʘʤʠ. ʅʝʦʙʳʯʥʦʝ ʧʦʚʝʜʝʥʠʝ (R)-4-ʤʝʥʪʝʥʦʥʘ ʤʦʞʝʪ ʙʳʪʴ 

ʩʚʷʟʘʥʦ ʩ ʦʛʨʘʥʠʯʝʥʥʦʩʪʴʶ ʚʨʘʱʝʥʠʷ iPr ʛʨʫʧʧʳ ʠ ʝʝ ʩʪʝʨʠʯʝʩʢʠʤ ʚʣʠʷʥʠʝʤ ʥʘ 

ʜʦʩʪʫʧʥʦʩʪʴ ʵʣʝʢʪʨʦʥʦʚ ʉ=ʉ ʩʚʷʟʠ. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʭ 

ʥʝʵʤʧʨʠʨʠʯʝʩʢʠʭ ʧʨʠʙʣʠʞʝʥʠʡ ʨʘʟʣʠʯʥʦʛʦ ʫʨʦʚʥʷ ʩʣʦʞʥʦʩʪʠ ʦʮʝʥʝʥʘ ʦʪʥʦʩʠʪʝʣʴʥʘʷ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʢʦʥʬʦʨʤʘʮʠʡ (R)4ʤʝʥʪʝʥʦʥʘ. 

 
 

 
 

ʉʘʤʡr ʫʩʪʦʡʯʠʚʳʡ ʢʦʥʬʦʨʤʝʨ cis(-) ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ 

ʦʨʠʝʥʪʘʮʠʝʡ ʤʝʪʠʣʴʥʦʡ ʛʨʫʧʧʳ ʚ 4 ʧʦʣʦʞʝʥʠʠ ʠ ʜʠʵʜʨʘʣʴʥʳʤ ʫʛʣʦʤ iPr ʛʨʫʧʧʳ 

ʅʉʉʉ(=ʆ) 24ʦ. ʆʯʝʚʠʜʥʦ ʧʨʠ ʪʘʢʦʤ ʟʥʘʯʝʥʠʠ ʫʛʣʘ iPr ʛʨʫʧʧʘ ʦʢʘʟʳʚʘʝʪ ʥʘʠʙʦʣʴʰʝ 

ʵʢʨʘʥʠʨʫʶʱʝʝ ʚʣʠʷʥʠʝ ʥʘ ʉ=ʉ ʩʚʷʟʴ ʚ ʮʠʢʣʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʬʦʨʤʝʨʘʤʠ trans(+) ʠ 

trans(-).  
 ȹG298, ʢɼʞ/ʤʦʣʴ 

ʩis(+)-cis(-) trans(+)-trans(-) trans(+)-cis(+) trans(-)-cis(-) 

B3LYP/6-31G(d,p) 5.96 5.88 1.06 1.13 

MP2/6-31G(d,p) 2.40 2.27 0.10 0.16 

B3LYP/6-311++G(2d,p) 5.41 5.60 2.57 2.37 

MP2/6-311++G(d,p) 8.31 8.00 1.54 1.85 

G4 (MP2) 4.04 3.79 2.64 2.87 

ɺʩʝ ʦʩʪʘʣʴʥʳʝ ʢʦʥʬʦʨʤʝʨʳ ʤʝʥʝʝ ʚʳʛʦʜʥʳ, ʦʜʥʘʢʦ ʨʘʟʥʠʮʘ ʚ ʵʥʝʨʛʠʠ ʤʝʞʜʫ 

ʥʠʤʠ ʩʦʩʪʘʚʣʷʝʪ ʥʝ ʙʦʣʝʝ 8,3 ʢɼʞ/ʤʦʣʴ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʩʧʦʣʴʟʦʚʘʥʥʦʛʦ ʤʝʪʦʜʘ 

ʨʘʩʯʝʪʘ. ʀʥʪʝʨʝʩʥʦ ʦʪʤʝʪʠʪʴ, ʨʘʩʯʝʪʥʳʝ ʟʥʘʯʝʥʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʤʝʪʦʜʘʭ DFT ʥʘʠʙʦʣʝʝ 

ʙʣʠʟʢʠ ʢ ʨʝʟʫʣʴʪʘʪʘʤ ʚʳʩʦʢʦʪʦʯʥʦʛʦ ʢʦʤʧʦʟʠʪʥʦʛʦ ʤʝʪʦʜʘ G4(MP2).  

ʅʝʩʤʦʪʨʷ ʥʘ ʥʝʟʥʘʯʠʪʝʣʴʥʫʶ ʨʘʟʥʦʩʪʴ ʵʥʝʨʛʠʡ, ʟʘʩʝʣʝʥʥʦʩʪʠ ʫʢʘʟʘʥʥʳʭ 

ʢʦʥʬʦʨʤʝʨʦʚ ʟʘʤʝʪʥʦ ʦʪʣʠʯʘʶʪʩʷ. ʊʘʢ ʜʦʣʷ ʥʘʠʙʦʣʝʝ ʫʩʪʦʡʯʠʚʦʛʦ ʢʦʥʬʦʨʤʝʨʘ Cis(-) 

ʧʦʯʪʠ ʚ 2 ʨʘʟʘ ʙʦʣʴʰʝ ʩʫʤʤʘʨʥʦʡ ʜʦʣʠ ʚʩʝʭ ʦʩʪʘʣʴʥʳʭ ʢʦʥʬʦʨʤʝʨʦʚ ʠ ʚ 3 ʨʘʟʘ ʙʦʣʴʰʝ 

ʙʣʠʞʘʡʰʝʛʦ ʧʦ ʫʩʪʦʡʯʠʚʦʩʪʠ Trans(-), ʥʦ ʦʙʣʘʜʘʶʱʝʛʦ ʠʥʦʡ ʦʨʠʝʥʪʘʮʠʝʡ iPr ʛʨʫʧʧʳ 

(ʊʘʙʣ. 1). 

ʊʘʙʣʠʮʘ 1. ɿʘʩʝʣʝʥʥʦʩʪʴ ʢʦʥʬʦʨʤʝʨʦʚ ʧʨʠ 298ʂ ʧʦ ʜʘʥʥʳʤ ʨʘʩʩʯʝʪʦʚ ʚ G4 (MP2) 

ʂʦʥʬʦʨʤʝʨ Cis(-) Trans(-) Cis(+) Trans(+) 

w (%) 63.4 19.9 12.4 4.3 
  

cis(+) 

cis(-) 

trans(-) 

trans(+) 
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CRYSTAL GROWTH MORPHOLOGY AS A CRITERION OF IMPACT 

SENSITIVITY FOR POLYCRYSTALLINE EXPLOSIVES  

Bondarchuk S. V. 

Bogdan Khmelnitsky Cherkasy National University 

bondchem@cdu.edu.ua 

 

An important property of a solid explosive is its impact sensitivity. This determines a 

minimum force (or energy) which is needed for initiation of detonation. To measure impact 

sensitivity one can apply conventional drop weight test. The result of such experiment, the h50 

value (cm), determines a minimum drop height which is needed to reproduce 50 % of successful 

trials. Previously, a number of the quantitative structure-activity relationships (QSAR), 

including very complex artificial neutral networks, were developed to predict the h50 values. 

These models are based on estimation of the molecular features (topological, electrostatic 

potential, volume, orbital information, etc) and provide satisfactory results. 

On the other hand, the abovementioned QSAR models do not account the solid-state-

derived properties of explosives. Conventional appearance of the drop weight test sample is 

granulated polycrystalline form. Thus, when dropped on the sample surface, the mechanical 

energy is shared through the contact points between separated neighboring crystals. The 

pressure formed upon dropping weight is extremely high in these points, which leads to changes 

in electronic band structure of the solid. Thus, it is clear that the crystal habit shape should 

affect the energy distribution efficiency and, subsequently, the impact sensitivity. 

Hypothetically, the most closely packed polycrystalline materials should have ideally 

spherical habit shape. The real crystal habits are more or less deviated from the ideal spherical 

shape. Thus, the more the crystal habit deviates from sphericity, the more compressibility of 

this polycrystalline material is; graphically, this can be illustrated as in Fig. 1 a, b.  

In the present report we introduce a measure of such deviation of the crystal habit shape 

(ɗ). This is based on the relation between the volume-surface ratio in an ideal sphere and a real 

crystal sample. Thus, if V1 = V2 and R is the radius of the sphere with V1 (Fig. 1 a, b) than the 

crystal shape deviation (ɗ) can be expressed as the following. 
2

1

4

cryst

R

V

p
q= ; 

2

cryst

cryst

S

V
q= ; 2

2/3 2/3 1/3

1 6

cryst

cryst

S

V

q
q
q p
= =  

In order to support this hypothesis, we have applied a series of calculations of the crystal 

morphology using the known crystal structures of the TKX-50 family explosives with the 

measured impact sensitivity. Figure 1 demonstrates the calculated results for highly explosive 

phenyldiazonium chloride (c) and insensitive tetrafluoroborate (d) as preliminary models. On 

the basis of the calculated results for the TKX-50 family explosives we can safely conclude that 

a dependence exists between the crystal habit shape and the corresponding h50 value. 

 

 
 

Fig. 1. The influence of the crystal habit shape on the energy distribution (a, b) and the 

calculated crystal habits for phenyldiazonium chloride (c) and tetrafluoroborate (d) 
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ʆʢʩʠʨʘʥ ʪʘ ʡʦʛʦ ʧʦʭʽʜʥʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʥʘʜʟʚʠʯʘʡʥʦ ʚʠʩʦʢʦʶ ʨʝʘʢʮʽʡʥʦʶ 

ʟʜʘʪʥʽʩʪʶ. ʈʝʘʢʮʽʷ ʦʢʩʠʨʘʥʽʚ ʟ ʛʽʜʨʦʢʩʠʣʚʤʽʩʥʠʤʠ ʨʝʘʛʝʥʪʘʤʠ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ 

ʩʠʥʪʝʟʽ ʣʽʢʘʨʩʴʢʠʭ ʧʨʝʧʘʨʘʪʽʚ, ʝʧʦʢʩʠʜʥʠʭ ʩʧʦʣʫʢ, ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʧʦʣʽʤʝʨʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ, ʷʢʽ ʤʘʶʪʴ ʚʠʩʦʢʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʧʦʢʘʟʥʠʢʠ ʪʘ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʷʢ 

ʧʣʘʩʪʠʬʽʢʘʪʦʨʠ, ʛʝʨʤʝʪʠʢʠ, ʛʽʜʨʦʽʟʦʣʷʪʦʨʠ, ʢʣʝʾ ʫ ʝʣʝʢʪʨʦʥʽʮʽ. ʆʩʦʙʣʠʚʝ ʟʥʘʯʝʥʥʷ ʤʘʻ 

ʨʝʘʢʮʽʷ ʭʣʦʨʤʝʪʠʣʦʢʩʠʨʘʥʫ (ʝʧʽʭʣʦʨʛʽʜʨʠʥ ï ɽʍɻ) ʟ ʢʘʨʙʦʥʦʚʠʤʠ ʢʠʩʣʦʪʘʤʠ 

(ʧʨʦʪʦʥʦʚʤʽʩʥʽ ʥʫʢʣʝʦʬʽʣʴʥʽ ʨʝʘʛʝʥʪʠ), ʱʦ, ʢʨʽʤ ʰʠʨʦʢʦʛʦ ʧʨʘʢʪʠʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ, ʻ 

ʤʦʜʝʣʴʥʦʶ ʜʣʷ ʚʠʚʯʝʥʥʷ ʤʝʭʘʥʽʟʤʫ ʥʫʢʣʝʦʬʽʣʴʥʦʛʦ ʨʦʟʢʨʠʪʪʷ ʦʢʩʠʨʘʥʦʚʦʛʦ ʮʠʢʣʫ. 

ʇʝʨʩʧʝʢʪʠʚʥʠʤ  ʥʘʧʨʷʤʢʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʚʠʚʯʝʥʥʷ ʘʮʠʜʦʣʽʟʫ ɽʍɻ ʧʦʣʽʢʘʨʙʦʥʦʚʠʤʠ 

ʢʠʩʣʦʪʘʤʠ, ʧʨʦʜʫʢʪʠ ʚʟʘʻʤʦʜʽʾ ʷʢʦʛʦ ʻ ʦʩʥʦʚʦʶ ʧʦʣʽʤʝʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟ 

ʬʣʝʢʩʽʙʽʣʽʟʫʶʯʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ: 

 

(1) 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʚʝʜʽʥʢʠ ʜʚʦʭʦʩʥʦʚʥʦʾ ʢʘʨʙʦʥʦʚʦʾ ʢʠʩʣʦʪʠ ʚ 

ʨʝʘʢʮʽʾ (1). ʆʙôʻʢʪʘʤʠ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʧʨʦʪʦʥʦʚʤʽʩʥʽ ʥʫʢʣʝʦʬʽʣʴʥʽ ʨʝʘʛʝʥʪʠ: ʧʨʦʧʘʥʜʽʦʚʘ 

ʢʠʩʣʦʪʘ, ʾʾ ʤʝʪʠʣʦʚʠʡ ʝʩʪʝʨ ʪʘ ʦʢʩʠʨʘʥ: ʭʣʦʨʤʝʪʠʣʦʢʩʠʨʘʥ. ʄʝʪʦʜʘʤʠ ʢʚʘʥʪʦʚʦʾ ʭʽʤʽʾ 

ʟʥʘʡʜʝʥʦ ʨʽʚʥʦʚʘʞʥʽ ʢʦʥʬʽʛʫʨʘʮʽʾ ʧʝʨʝʭʽʜʥʠʭ ʩʪʘʥʽʚ (ʇʉ) ʥʘ ʰʣʷʭʫ ʨʝʘʢʮʽʾ (1) 

ʆʧʪʠʤʽʟʘʮʽʶ ʇʉ ʽ ʨʦʟʨʘʭʫʥʦʢ ʯʘʩʪʦʪ ʢʦʣʠʚʘʣʴʥʦʛʦ ʩʧʝʢʪʨʫ ʧʨʦʚʝʜʝʥʦ ʤʝʪʦʜʦʤ DFT ʫ 

ʥʘʙʣʠʞʝʥʥʽ B3LYP/6-31+G** ʜʣʷ ʚʘʢʫʫʤʫ. ʈʦʟʨʘʭʫʥʢʠ ʟʜʽʡʩʥʝʥʦ ʫ ʧʨʦʛʨʘʤʥʦʤʫ 

ʢʦʤʧʣʝʢʩʽ PC FIREFLY 7.1.G. ʅʘʣʝʞʥʽʩʪʴ ʣʦʢʘʣʽʟʦʚʘʥʠʭ ʇʉ ʚʽʜʧʦʚʽʜʥʽʡ ʨʝʘʢʮʽʾ 

ʜʦʚʝʜʝʥʘ ʩʧʫʩʢʘʤʠ ʟʘ ʧʨʦʮʝʜʫʨʦʶ IRC ʫ ʜʦʣʠʥʠ ʨʝʘʢʪʘʥʪʽʚ ʽ ʧʨʦʜʫʢʪʽʚ. ɿʥʘʡʜʝʥʦ 

ʨʽʚʥʦʚʘʞʥʽ ʢʦʥʬʽʛʫʨʘʮʽʾ ʇʉ ʘʥʽʦʥʽʚ ʧʨʦʧʘʥʜʽʦʚʦʾ ʢʠʩʣʦʪʠ (ʘ) ʪʘ ʾʾ ʤʝʪʠʣʦʚʦʛʦ ʝʩʪʝʨʫ (ʙ) 

ʟ ɽʍɻ ʫ ʚʠʧʘʜʢʫ ʪʠʣʦʚʦʾ ʘʪʘʢʠ ʥʘ Ŭ-ʘʪʦʤ ʂʘʨʙʦʥʫ (ʨʠʩ. 1).  

 

 

 

ʘ ʙ 

ʈʠʩ. 1. ʇʉ ʟ ʘʥʽʦʥʽʚ ʧʨʦʧʘʥʜʽʦʚʦʾ ʢʠʩʣʦʪʠ (ʘ) ʪʘ ʾʾ ʤʝʪʠʣʦʚʦʛʦ ʝʩʪʝʨʫ(ʙ) ʟ ɽʍɻ 

 

ʈʦʟʨʘʭʦʚʘʥʦ ʛʝʦʤʝʪʨʠʯʥʽ ʪʘ ʘʢʪʠʚʘʮʽʡʥʽ ʧʘʨʘʤʝʪʨʠ ʇʉ (ʘ) ʪʘ (ʙ). ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ 

ʝʥʝʨʛʽʷ ʘʢʪʠʚʘʮʽʾ ʫ ʚʠʧʘʜʢʫ ʇʉ ʟ ʘʥʽʦʥʦʤ ʤʝʪʠʣʦʚʦʛʦ ʝʩʪʝʨʫ ʧʨʦʧʘʥʜʽʦʚʦʾ ʢʠʩʣʦʪʠ 

ʤʝʥʰʘ, ʥʽʞ ʫ ʚʠʧʘʜʢʫ ʇʉ ʟ ʘʥʽʦʥʦʤ ʧʨʦʧʘʥʜʽʦʚʦʾ ʢʠʩʣʦʪʠ. ʎʝ ʜʦʟʚʦʣʷʻ ʧʨʠʧʫʩʪʠʪʠ, ʱʦ 

ʩʪʘʜʽʷ ʝʩʪʝʨʠʬʽʢʘʮʽʾ ʜʨʫʛʦʾ ʢʘʨʙʦʢʩʠʣʴʥʦʾ ʛʨʫʧʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʰʚʠʜʰʝ, ʥʽʞ ʧʝʨʰʦʾ. 

ʆʜʝʨʞʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʥʘʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʢʽʥʝʪʠʯʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ 

ʨʦʟʢʨʠʪʪʷ ʦʢʩʠʨʘʥʦʚʦʛʦ ʮʠʢʣʫ ɽʍɻ ʜʚʦʭʦʩʥʦʚʥʠʤʠ  ʢʘʨʙʦʥʦʚʠʤʠ ʢʠʩʣʦʪʘʤʠ ʪʘ ʾʭ 

ʝʩʪʝʨʘʤʠ. 
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ʂɺɸʅʊʆɺʆ-ʍʀʄʀʏɽʉʂʀʁ ɸʅɸʃʀɿ ʉʊʈʋʂʊʋʈʓ 

ʊɽʊʈɸʕɼʈʀʏɽʉʂʆɻʆ ʇʈʆʄɽɾʋʊʆʏʅʆɻʆ ʇʈʆɼʋʂʊɸ 

ɺ ʈɽɸʂʎʀʗʍ ʈɸʉʑɽʇʃɽʅʀʗ ʕʌʀʈʆɺ ʋʂʉʋʉʅʆʁ ʂʀʉʃʆʊʓ 

1,3-ɼʀʄɽʊʀʃ-2-(ɻʀɼʈʆʂʉʀʄʀʅʆʄɽʊʀʃ)ʀʄʀɼɸɿʆʃʀʁ ʁʆɼʀɼʆʄ 

ʄʠʭʝʝʥʢʦ ɺ. ʄ.1, ʉʝʨʜʶʢ ɸ. ɸ.2,3, ʂʘʧʠʪʘʥʦʚ ʀ. ɺ.2,3 
1ɼʦʥʙʘʩʩʢʘʷ ʥʘʮʠʦʥʘʣʴʥʘʷ ʘʢʘʜʝʤʠʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʘʨʭʠʪʝʢʪʫʨʳ 

2ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʦ-ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠ ʫʛʣʝʭʠʤʠʠ ʠʤ. ʃ. ʄ. ʃʠʪʚʠʥʝʥʢʦ ʅɸʅʋ 
3ʊʘʣʣʠʥʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ivkapitanov@gmail.com 

 

ɺ ʨʝʘʢʮʠʷʭ ʨʘʩʱʝʧʣʝʥʠʷ ʵʬʠʨʦʚ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ 1,3-ʜʠʤʝʪʠʣ-2-

(ʛʠʜʨʦʢʩʠʤʠʥʦʤʝʪʠʣ)ʠʤʠʜʘʟʦʣʠʡ ʡʦʜʠʜʦʤ ʚ ʱʝʣʦʯʥʳʭ ʩʨʝʜʘʭ ʚʦʟʤʦʞʥʘ ʨʝʘʣʠʟʘʮʠʷ 

ʜʚʫʭ ʨʝʘʢʮʠʦʥʥʳʭ ʤʘʨʰʨʫʪʦʚ (ʩʤ. ʨʝʘʢʮʠʠ ɸ ʠ ɺ ʥʘ ʩʭʝʤʝ 1). ʇʨʠ ʵʪʦʤ ʢʣʶʯʝʚʳʤ 

ʠʥʪʝʨʤʝʜʠʘʪʦʤ ʷʚʣʷʝʪʩʷ ʪʝʪʨʘʵʜʨʠʯʝʩʢʠʡ ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʧʨʦʜʫʢʪ (ʊʇʇ), ʩʪʨʫʢʪʫʨʘ 

ʢʦʪʦʨʦʛʦ ʦʧʨʝʜʝʣʷʝʪ ʥʘʧʨʘʚʣʝʥʠʝ ʜʘʣʴʥʝʡʰʠʭ ʧʨʝʚʨʘʱʝʥʠʡ. 

 

 
ʉʭʝʤʘ 1 

 

ʉ ʮʝʣʴʶ ʫʩʪʘʥʦʚʣʝʥʠʷ ʦʩʦʙʝʥʥʦʩʪʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʊʇʇ ʥʘʤʠ ʩ 

ʧʦʤʦʱʴʶ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʧʘʢʝʪʝ ʧʨʦʛʨʘʤʤ Gaussian 09 (ʙʘʟʠʩ 

B3LYP 6-31+G(d); ʨʘʩʯʝʪ ʚʳʧʦʣʥʷʣʩʷ ʩ ʫʯʝʪʦʤ ʚʣʠʷʥʠʷ ʚʦʜʳ ʢʘʢ ʨʘʩʪʚʦʨʠʪʝʣʷ) 

ʧʨʦʚʝʜʝʥʘ ʦʧʪʠʤʠʟʘʮʠʷ ʝʛʦ ʩʪʨʫʢʪʫʨʳ (ʩʤ. ʨʠʩ. 1) ʠ ʧʦʣʫʯʝʥʳ ʢʣʶʯʝʚʳʝ ʧʘʨʘʤʝʪʨʳ, 

ʧʦʟʚʦʣʷʶʱʠʝ ʧʨʦʚʝʩʪʠ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʊʇʇ ʚ ʧʨʦʜʫʢʪʳ ʨʝʘʢʮʠʠ ʩ 

ʫʯʝʪʦʤ ʜʚʫʭ ʚʦʟʤʦʞʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʧʨʦʪʝʢʘʥʠʷ ʧʨʦʮʝʩʩʘ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ 

ʩʪʘʙʠʣʠʟʘʮʠʠ ʊʇʇ ʙʦʣʴʰʫʶ ʨʦʣʴ ʠʛʨʘʝʪ ʦʙʨʘʟʦʚʘʥʠʝ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʩ ʤʦʣʝʢʫʣʘʤʠ 

ʚʦʜʳ (ʤʝʞʜʫ ʘʪʦʤʘʤʠ (27)HĀĀĀ(31)O, (30)HĀĀĀ(21)O ʠ (36)HĀĀĀ(16)O; ʩʤ. ʨʠʩ. 1). ʋʯʝʪ 

ʥʘʣʠʯʠʷ ʵʪʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʧʨʠ ʨʘʩʯʝʪʝ ʩʪʨʫʢʪʫʨʳ ʊʇʇ ʷʚʣʷʝʪʩʷ ʧʨʠʥʮʠʧʠʘʣʴʥʦ 

ʚʘʞʥʳʤ. 

 
ʈʠʩ. 1. ʆʧʪʠʤʠʟʠʨʦʚʘʥʥʘʷ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠ ʩʪʨʫʢʪʫʨʘ ʩʦʣʴʚʘʪʘ ʊʇʇ 
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ʈɸʉʏɽʊ ʊɽʈʄʆɼʀʅɸʄʀʏɽʉʂʀʍ ʍɸʈɸʂʊɽʈʀʉʊʀʂ ʀ ʄʆʃɽʂʋʃʗʈʅʆʁ 

ɻɽʆʄɽʊʈʀʀ ɼʃʗ ʊɸʋʊʆʄɽʈʅʓʍ ʌʆʈʄ ɸʅʊʈʆʅɸ 

ʂɺɸʅʊʆɺʆ-ʍʀʄʀʏɽʉʂʀʄʀ ʄɽʊʆɼɸʄʀ 

ʉʝʨʜʶʢ ɸ. ɸ.1,2, ʇʘʩʪʝʨʥʘʢ ɽ. ʅ.3,4, ʂʘʩʷʥʯʫʢ ʄ. ɻ.3,4 
1ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʦ-ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠ ʫʛʣʝʭʠʤʠʠ ʠʤ. ʃ. ʄ. ʃʠʪʚʠʥʝʥʢʦ ʅɸʅʋ 

2ʊʘʣʣʠʥʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 
3ʄʘʨʠʫʧʦʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

4ʆʪʜʝʣʝʥʠʝ ʬʠʟʠʢʦ-ʭʠʤʠʠ ʛʦʨʶʯʠʭ ʠʩʢʦʧʘʝʤʳʭ ʀʥʩʪʠʪʫʪʘ ʬʠʟʠʢʦ-ʦʨʛʘʥʠʯʝʩʢʦʡ 

ʭʠʤʠʠ ʠ ʫʛʣʝʭʠʤʠʠ ʠʤ. ʃ. ʄ. ʃʠʪʚʠʥʝʥʢʦ ʅɸʅʋ 

ganna.serdyuk@gmail.com 

 

ʂʝʪʦ-ʝʥʦʣʴʥʘʷ ʪʘʫʪʦʤʝʨʠʷ ʠʛʨʘʝʪ ʩʫʱʝʩʪʚʝʥʥʫʶ ʨʦʣʴ ʚ ʨʝʘʢʮʠʷʭ ʦʢʠʩʣʝʥʠʷ, 

ʧʨʦʪʝʢʘʶʱʠʭ ʧʦ ʠʦʥʥʦʤʫ ʤʝʭʘʥʠʟʤʫ ʚ ʦʩʥʦʚʥʳʭ ʩʨʝʜʘʭ. ɸʥʪʨʦʥʫ, ʚʝʱʝʩʪʚʫ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʝʤʫ ʠʥʪʝʨʝʩ ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʚʳʨʘʞʝʥʥʦʡ ʘʥʪʠʧʩʦʨʠʘʟʥʦʡ ʘʢʪʠʚʥʦʩʪʠ, 

ʧʨʠʩʫʱʘ ʢʝʪʦ-ʝʥʦʣʴʥʘʷ ʪʘʫʪʦʤʝʨʠʷ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ ʝʛʦ ʨʝʘʢʮʠʦʥʥʫʶ 

ʩʧʦʩʦʙʥʦʩʪʴ. ʆʜʥʠʤ ʠʟ ʩʧʦʩʦʙʦʚ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʪʘʫʪʦʤʝʨʠʠ ʥʘ ʩʢʦʨʦʩʪʠ ʠ ʤʝʭʘʥʠʟʤʳ 

ʦʢʠʩʣʠʪʝʣʴʥʳʭ ʧʨʝʚʨʘʱʝʥʠʡ ʘʥʪʨʦʥʘ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʜʣʷ ʝʛʦ ʪʘʫʪʦʤʝʨʥʳʭ ʬʦʨʤ ʚ ʨʘʟʣʠʯʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ ʢʚʘʥʪʦʚʦ-

ʭʠʤʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ. ɺ ʨʘʤʢʘʭ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʦʚ ʈʄ6 ʠ 

B3LYP ʧʨʦʚʝʜʝʥ ʨʘʩʯʝʪ ʧʘʨʘʤʝʪʨʦʚ ʜʣʷ ʩʪʨʫʢʪʫʨ ʘʥʪʨʦʥʘ ʠ ʘʥʪʨʦʣʘ (ʪʘʙʣ. 1). 
 

ʊʘʙʣʠʮʘ 1. ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʘʥʪʨʦʥʘ ʠ ʘʥʪʨʦʣʘ ʚ ʨʘʟʣʠʯʥʳʭ ʩʨʝʜʘʭ 

ʇʘʨʘʤʝʪʨ ɸʥʪʨʦʥ ɸʥʪʨʦʣ 

PM6 

 ɺʘʢʫʫʤ MeCN ɼʄʉʆ ɺʘʢʫʫʤ MeCN ɼʄʉʆ 

ɽe, ʢɼʞ/ʤʦʣʴ 41.4 17.6 17.3 68.7 49.7 49.5 

S, ʢɼʞ/(ʤʦʣʴĀK) 0.441 0.449 0.448 0.431 0.431 0.431 

GÁ, ʢɼʞ/ʤʦʣ ɹ -90.1 -116.4 -116.5 -59.8 -78.8 -79.0 

Õ, D 4.1 6.1 6.1 1.2 1.8 1.8 

B3LYP 6-311G(d,p) 

E, ʘ.ʦ. -614.91 ï -614.91 -614.90 ï -614.90 

GÁ, ʘ.ʦ. -614.75 ï -614.75 -614.74 ï -614.74 

S, ʢʘʣ/(ʤʦʣʴĀK) 102.8 ï 103.0 105.3 ï 101.8 

Õ, D 3.6 ï 5.4 1.3 ï 1.8 
 

ɺ ʨʘʩʯʝʪʘʭ ʚʳʧʦʣʥʷʣʘʩʴ ʧʦʣʥʘʷ ʦʧʪʠʤʠʟʘʮʠʷ ʧʘʨʘʤʝʪʨʦʚ ʤʦʣʝʢʫʣʷʨʥʦʡ 

ʛʝʦʤʝʪʨʠʠ ʦʙʲʝʢʪʘ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʚʳʯʠʩʣʝʥʠʝʤ ʯʘʩʪʦʪ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ. 

ɺ ʧʨʠʙʣʠʞʝʥʠʠ ʠʟʦʣʠʨʦʚʘʥʥʦʡ ʯʘʩʪʠʮʳ ʠ ʩ ʫʯʝʪʦʤ ʚʣʠʷʥʠʷ ʨʘʩʪʚʦʨʠʪʝʣʷ ʚ ʨʘʤʢʘʭ 

ʤʦʜʝʣʠ ʈʉʄ ʚʳʧʦʣʥʝʥʘ ʦʮʝʥʢʘ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʢʪʨʦʥʥʦʛʦ ʩʪʨʦʝʥʠʷ ʘʥʪʨʦʥʘ ʠ 

ʘʥʪʨʦʣʘ (ʨʠʩ. 1). 
 

ɸʥʪʨʦʥ ɸʥʪʨʦʣ 

  
ʈʠʩ. 1. ʈʘʚʥʦʚʝʩʥʘʷ ʩʪʨʫʢʪʫʨʘ ʠ 2D-ʢʘʨʪʘ ʄɽʈ ʘʥʪʨʦʥʘ ʠ ʘʥʪʨʦʣʘ (ʤʝʪʦʜ ʨʘʩʯʝʪʘ ʈʄ6) 

 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʷʪ ʚ ʜʘʣʴʥʝʡʰʝʤ ʧʨʦʚʦʜʠʪʴ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʤʝʭʘʥʠʟʤʦʚ ʨʝʘʢʮʠʡ ʦʢʠʩʣʝʥʠʷ ʘʥʪʨʦʥʘ ʚ ʨʘʟʣʠʯʥʳʭ ʩʨʝʜʘʭ. 
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ʂɺɸʅʊʆɺʆ-ʍɯʄɯʏʅɽ ʄʆɼɽʃʖɺɸʅʅʗ ɻʆʄʆʃɯɿʋ HOONO2 ï  

ʂʆʄʇʆʅɽʅʊɸ ʌʆʊʆʍɯʄɯʏʅʆɻʆ ʉʄʆɻʋ 

ʇʘʩʪʝʨʥʘʢ ʆ. ʄ., ʉʝʨʙʽʥ ɺ. ʉ. 

ʄʘʨʽʫʧʦʣʴʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʫʥ̔ʚʝʨʩʠʪʝʪ 

o.pasternak@mdu.in.ua 

 

ɼʦʩʣʽʜʞʝʥʥʷ ʬʦʪʦʭʽʤʽʯʥʦʛʦ ʩʤʦʛʫ ʪʘ ʤʝʭʘʥʽʟʤʫ ʨʘʜʠʢʘʣʴʥʠʭ ʨʝʘʢʮʽʡ, ʱʦ 

ʧʨʦʪʽʢʘʶʪʴ ʚ ʘʪʤʦʩʬʝʨʽ, ʩʪʠʤʫʣʶʚʘʣʠ ʨʦʟʚʠʪʦʢ ʭʽʤʽʾ ʧʝʨʦʢʩʠʥʽʪʨʘʪʽʚ, ʷʢʽ ʚʠʷʚʣʝʥʽ ʚ 

ʘʪʤʦʩʬʝʨʽ ʥʘʚʽʪʴ ʝʢʦʣʦʛʽʯʥʦ ʯʠʩʪʠʭ ʨʘʡʦʥʽʚ. ɺʦʥʠ ʻ ʧʨʠʨʦʜʥʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ 

ʘʪʤʦʩʬʝʨʠ ʽ ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʫ ʭʽʤʽʯʥʠʭ ʧʨʦʮʝʩʘʭ ʫ ʷʢʦʩʪʽ çʧʦʩʪʘʯʘʣʴʥʠʢʽʚè ʥʽʪʨʦʛʝʥ 

ʦʢʩʠʜʽʚ ï ʜʞʝʨʝʣʘ ʚʽʣʴʥʠʭ ʨʘʜʠʢʘʣʽʚ. ʆʜʝʨʞʘʥʥʷ ʜʘʥʠʭ ʧʨʦ ʚʽʜʥʦʩʥʫ ʘʢʪʠʚʥʽʩʪʴ 

ʦʨʛʘʥʽʯʥʠʭ ʩʧʦʣʫʢ ʫ ʧʨʦʮʝʩʘʭ ʩʤʦʛʦʫʪʚʦʨʝʥʥʷ, ʚʠʟʥʘʯʝʥʥʷ ʢʽʥʝʪʠʯʥʠʭ ʢʦʥʩʪʘʥʪ 

ʰʚʠʜʢʦʩʪʽ ʦʢʨʝʤʠʭ ʝʣʝʤʝʥʪʘʨʥʠʭ ʨʝʘʢʮʽʡ, ʜʝʪʘʣʴʥʦʛʦ ʤʝʭʘʥʽʟʤʫ ʨʘʜʠʢʘʣʴʥʠʭ ʨʝʘʢʮʽʡ, 

ʱʦ ʧʨʦʪʽʢʘʶʪʴ ʚ ʘʪʤʦʩʬʝʨʽ ʽ ʧʦʙʫʜʦʚʘ ʥʘ ʮʽʡ ʦʩʥʦʚʽ ʤʘʪʝʤʘʪʠʯʥʠʭ ʪʘ ʤʦʣʝʢʫʣʷʨʥʠʭ 

ʤʦʜʝʣʝʡ ʬʦʪʦʭʽʤʽʯʥʦʛʦ ʩʤʦʛʫ ʜʦʟʚʦʣʷʶʪʴ ʧʨʦʛʥʦʟʫʚʘʪʠ ʮʝʡ ʧʨʦʮʝʩ ʽ ʫʧʨʘʚʣʷʪʠ ʡʦʛʦ 

ʭʦʜʦʤ, ʟʦʢʨʝʤʘ ʫʪʚʦʨʝʥʥʷʤ ʽ ʨʦʟʧʘʜʦʤ ʧʝʨʦʢʩʠʥʽʪʨʘʪʽʚ. 

ʇʨʦʚʝʜʝʥʦ ʢʚʘʥʪʦʚʦ-ʭʽʤʽʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʥʝʽʟʦʜʝʩʤʽʯʥʠʭ ʨʝʘʢʮʽʡ (1, 2) ʨʦʟʧʘʜʫ 

ʧʝʨʦʢʩʠʘʟʦʪʥʦʾ ʢʠʩʣʦʪʠ HOONO2 (ʇɸʂ), ʷʢʫ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʧʝʨʰʠʡ ʯʣʝʥ 

ʛʦʤʦʣʦʛʽʯʥʦʛʦ ʨʷʜʫ ʧʝʨʦʢʩʠʥʽʪʨʘʪʽʚ ROONO2 (R = H).  

HOONO2  HOÅ + ÅONO2 (1) 

HOONO2  HOOÅ + ÅNO2 (2) 

ɺʩʽ ʦʙʯʠʩʣʝʥʥʷ ʚʠʢʦʥʘʥʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʦʤʧʣʝʢʩʫ ʧʨʦʛʨʘʤ ʩʪʨʫʢʪʫʨʥʦʾ ʭʽʤʽʾ 

çGaussian 09è. ʉʪʨʫʢʪʫʨʥʽ ʧʘʨʘʤʝʪʨʠ, ʯʘʩʪʦʪʠ ʛʘʨʤʦʥʽʡʥʠʭ ʢʦʣʠʚʘʥʴ ʽ ʢʦʣʠʚʘʣʴʥʠʡ 

ʚʥʝʩʦʢ ʚ ʝʥʝʨʛʽʶ ʥʫʣʴʦʚʠʭ ʢʦʣʠʚʘʥʴ ʦʜʝʨʞʫʚʘʣʠ ʧʽʩʣʷ ʧʦʚʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ ʤʝʪʦʜʦʤ EF. 

ʇʦʚʥʫ ʝʣʝʢʪʨʦʥʥʫ ʝʥʝʨʛʽʶ ʨʦʟʨʘʭʦʚʫʚʘʣʠ ʚ ʥʘʙʣʠʞʝʥʥʽ MP2/6-311G(d,p). 

ʐʣʷʭ ʤʽʥʽʤʘʣʴʥʦʾ ʝʥʝʨʛʽʾ ʛʦʤʦʣʽʪʠʯʥʦʛʦ ʨʦʟʨʠʚʫ ʧʝʨʦʢʩʠʜʥʦʛʦ ʟʚôʷʟʢʫ ʇɸʂ 

ʧʨʦʭʦʜʠʪʴ ʢʨʽʟʴ ʤʘʢʩʠʤʫʤ. ʃʦʢʘʣʽʟʦʚʘʥʠʡ ʤʘʢʩʠʤʫʤ ʚʽʜʧʦʚʽʜʘʻ ʚʠʜʦʚʞʝʥʥʶ 

ʧʝʨʦʢʩʠʜʥʦʛʦ ʟʚôʷʟʢʫ ʚʽʜ 1.4 ¡ ʜʦ 

2.4 ¡ ʥʘ ʱʣʷʭʫ ʨʝʘʢʮʽʾ 1 ʽ 

ʚʽʜʧʦʚʽʜʥʦ ʚʽʜ 1.4 ¡ ʜʦ 2.7 ¡ ʥʘ 

ʱʣʷʭʫ ʨʝʘʢʮʽʾ 2. ɼʦʧʫʩʢʘʻʤʦ, ʱʦ 

ʢʨʠʪʠʯʥʘ ʢʦʥʬʽʛʫʨʘʮʽʷ ʇɸʂ ʟ 

ʤʘʢʩʠʤʘʣʴʥʦʶ ʝʥʝʨʛʽʻʶ ʚʽʜʧʦ-

ʚʽʜʘʻ ʧʝʨʝʭʽʜʥʦʤʫ ʩʪʘʥʫ ʨʝʘʢʮʽʾ. 

ɺʝʣʠʯʠʥʘ ʝʥʪʘʣʴʧʽʾ ʘʢʪʠʚʘʮʽʾ 

ʛʦʤʦʣʽʟʫ ʇɸʂ ʱʣʷʭʦʤ ʨʝʘʢʮʽʾ (1) 

ʩʢʣʘʜʘʻ 243 ʢɼʞĿʤʦʣʴ-1, ʘ ʰʣʷ-

ʭʦʤ ʨʝʘʢʮʽʾ (2) ʚʩʴʦʛʦ ʣʠʰʝ 

77,1 ʢɼʞĿʤʦʣʴ-1. ɽʥʪʨʦʧʽʷ ʘʢʪʠ-

ʚʘʮʽʾ ʨʝʘʢʮʽʡ 1 ʽ 2 ʤʘʻ ʟʥʘʯʝʥʥʷ 

21 ʽ 19 ɼʞ/(ʤʦʣʴĀK) ʚʽʜʧʦʚʽʜʥʦ.  

ɺʠʜʦʚʞʝʥʥʷ ʧʝʨʦʢʩʠʜ-

ʥʦʛʦ ʟʚôʷʟʢʫ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ 

ʩʪʨʫʢʪʫʨʥʠʤʠ ʟʤʽʥʘʤʠ ʨʝʘʢʮʽʡʥʦʛʦ ʮʝʥʪʨʫ ʤʦʣʝʢʫʣʠ. ɺʽʜʙʫʚʘʻʪʴʩʷ ʧʦʩʪʫʧʦʚʝ 

ʟʙʽʣʴʰʝʥʥʷ ʚʝʣʠʯʠʥʠ ʪʦʨʩʽʡʥʦʛʦ ʛʽʜʨʦʧʝʨʦʢʩʠʜʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ʚʽʜ 88Á ʜʦ 180Á ʫ 

ʧʝʨʝʭʽʜʥʦʤʫ ʩʪʘʥʽ ʨʝʘʢʮʽʾ 1. ɺʟʜʦʚʞ ʢʦʦʨʜʠʥʘʪʠ ʨʝʘʢʮʽʾ 1 ʧʦʤʽʪʥʦ ʟʤʽʥʶʻʪʴʩʷ ʜʦʚʞʠʥʘ 

ʆïN ʟʚôʷʟʢʫ ʛʽʜʨʦʧʝʨʦʢʩʠʜʥʦʛʦ ʬʨʘʛʤʝʥʪʫ ʇɸʂ ʚʽʜ 1.532 ¡ ʚ ʨʽʚʥʦʚʘʞʥʦʤʫ ʩʪʘʥʽ ʜʦ 

1.324 ¡ ʚ ʧʝʨʝʭʽʜʥʦʤʫ ʩʪʘʥʽ.  

ʆʙʨʫʥʪʦʚʫʻʪʴʩʷ ʩʪʨʫʢʪʫʨʥʦ-ʭʽʤʽʯʥʘ ʢʦʥʮʝʧʮʽʷ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʥʝʽʟʦʜʝʩʤʽʯʥʠʭ 

ʨʝʘʢʮʽʡ ʧʝʨʦʢʩʠʥʽʪʨʘʪʽʚ ï ʢʦʤʧʦʥʝʥʪʽʚ ʘʪʤʦʩʬʝʨʥʦʛʦ ʬʦʪʦʭʽʤʽʯʥʦʛʦ ʩʤʦʛʫ. 

  

1.2 1.5 1.8 2.1 2.4 2.7 3.0

-355.29

-355.26

-355.23

-355.20
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# 
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Í 
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#
 

Etot, a.e 

rx-y, ¡ 

ȹH1
#
 

1 
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ɹɸʈôɭʈʀ ɯʅɺɽʈʉɯɰ ɸʊʆʄɸ N ɺ N-ɿɸʄɯʑɽʅʅʀʍ ʌʆʈʄɸʃʔɼɯʄɯʅɸʍ: 

ɺɿɸɭʄʆɿɺôʗɿʆʂ ɿ ɻɽʆʄɽʊʈʀʏʅʀʄʀ ʊɸ ɿɸʈʗɼʆɺʀʄʀ ʇɸʈɸʄɽʊʈɸʄʀ 
ʏʝʨʪʠʭʽʥʘ ʖ. ɸ., ʂʫʮʠʢ-ʉʘʚʯʝʥʢʦ ʅ. ɺ., ʃʽʙ ʆ. ʉ., ʇʨʦʩʷʥʠʢ ʆ. ɺ. 

ʋʢʨʘʾʥʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʭʽʤʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ɼʥʽʧʨʦ 

sulfamid25@yandex.ua 

 

ʄʝʪʦʜʦʤ DFT (B3LYP/6-311+G(d,p)) ʚ ʨʘʤʢʘʭ NBO ʨʦʟʨʘʭʦʚʘʥʽ ʛʝʦʤʝʪʨʠʯʥʽ, 

ʝʣʝʢʪʨʦʥʥʽ ʪʘ ʝʥʝʨʛʝʪʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʦʩʥʦʚʥʠʭ (ʆʉ) ʽ ʧʝʨʝʭʽʜʥʠʭ (ʇʉ) ʩʪʘʥʽʚ ʽʥʚʝʨʩʽʾ 

ʘʪʦʤʘ ʅʽʪʨʦʛʝʥʫ ʚ ʽʟʦʝʣʝʢʪʨʦʥʥʠʭ ʬʦʨʤʘʣʴʜʽʤʽʥʘʭ CH2= Nʍ, ʜʝ ʍ = ɽʅ:̔ 

X (ˉ) 
NLP, 

e 

qN, 

e 

qC, 

e 

qɽ, 

e 

lC=N, 

¡ 

ɗʉ=Nïʍ, 

ę 

ȹEi
Í, 

ʢɼʞ/ʤʦʣʴ 

Me 

(1) 

ʆʉ 1,91 -0,426 -0,044 -0,394 1,262 118,1 
117,9 

ʇʉ 1,81 -0,471 0,034 -0,361 1,236 179,3 

NH2 

(2) 

ʆʉ 1,92 -0,248 -0,157 -0,619 1,273 118,5 
141,8 

ʇʉ 1,81 -0,271 -0,139 -0,539 1,252 178,5 

ʆʅ 

(3) 

ʆʉ 1,96 -0,142 -0,125 -0,569 1,268 111,5 
237,6 

ʇʉ 1,85 -0,172 -0,081 -0,443 1,243 179,1 

F 

(4) 

ʆʉ 1,97 -0,005 -0,109 -0,284 1,263 109,1 
311,7 

ʇʉ 1,86 -0,083 -0,043 -0,123 1,240 180,0 

SiH3 

(5) 

ʆʉ 1,89 -0,802 0,022 1,018 1,262 124,5 
30,9 

ʇʉ 1,81 -0,875 0,092 1,057 1,246 179,5 

PH2 

(6) 

ʆʉ 1,90 -0,685 -0,021 0,491 1,265 123,5 
47,3 

ʇʉ 1,80 -0,789 0,031 0,590 1,251 172,6 

SH 

(7) 

ʆʉ 1,94 -0,543 -0,070 0,156 1,270 117,4 
89,6 

ʇʉ 1,82 -0,673 -0,033 0,368 1,253 175,8 

Cl 

(8) 

ʆʉ 1,96 -0,374 -0,055 0,054 1,265 113,4 
194,4 

ʇʉ 1,87 -0,567 0,025 0,288 1,243 180,0 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʝʣʠʯʠʥʠ ʙʘʨô̒ ʨʽʚ ʽʥʚʝʨʩʽʾ (ȹEi
Í) ʽʤʽʥʽʚ 1ï8 ʟʘʜʦʚʽʣʴʥʦ 

ʢʦʨʝʣʶʶʪʴ ʣʠʰʝ ʽʟ ʟʥʘʯʝʥʥʷʤʠ ʟʘʨʷʜʫ ʥʘ ʘʪʦʤʽ N (qN) ʚ ʆʉ, ʟʤʽʥʶʶʪʴʩʷ ʩʠʤʙʘʪʥʦ 

ʚʝʣʠʯʠʥʘʤ qN ʚ ʇʉ, ʟʥʘʯʝʥʥʷʤ ʟʘʩʝʣʝʥʦʩʪʽ ʥʝʧʦʜʽʣʝʥʥʦʾ ʝʣʝʢʪʨʦʥʥʦʾ ʧʘʨʠ ʘʪʦʤʘ N (NLP)) 

ʚ ʆʉ ʽ ʇʉ ʪʘ ʚʘʣʝʥʪʥʦʛʦ ʢʫʪʘ ʧʨʠ ʘʪʦʤʽ N (ɗʉ=Nïʍ) ʚ ʆʉ; ʥʝ ʚʠʷʚʣʷʶʪʴ ʟʘʣʝʞʥʦʩʪʝʡ ʚʽʜ 

ʟʘʨʷʜʽʚ ʥʘ ʽʤʽʥʥʦʤʫ ʘʪʦʤʽ ʉ (qC) ʘʙʦ ʥʘ a-ʘʪʦʤʽ ʟʘʤʽʩʥʠʢʘ ʧʨʠ ʘʪʦʤʽ N (ɽ, qɽ) ʽ ʜʦʚʞʠʥ 

ʟʚô̫ ʟʢʽʚ ʉ=N (lC=N). ʇʨʠ ʦʢʨʝʤʦʤʫ ʨʦʟʛʣʷʜʽ ʽʤʽʥʽʚ 1ï4 ʪʘ 5ï8 ʢʦʨʝʣʷʮʽʾ ʟʥʘʯʝʥʴ ȹEi
Í ʟ 

ʚʝʣʠʯʠʥʘʤʠ NLP, qN ʚ ʆʉ ʪʘ ʇʉ ʽ ɗʉ=Nïʍ, q
C ʚ ʆʉ ʟʥʘʯʥʦ ʧʦʣʽʧʰʫʶʪʴʩʷ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʨʦʟʛʣʷʜʫ ʮʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʣʠʰʝ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʙʽʣʷ ʘʪʦʤʘ N ʝʣʝʤʝʥʪʽʚ (ɽ) 

ʦʜʥʦʛʦ ʧʝʨʽʦʜʫ. ʇʨʠ ʮʴʦʤʫ, ʙʘʨôʻʨʠ ʽʥʚʝʨʩʽʾ ʟʨʦʩʪʘʶʪʴ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʟʥʘʯʝʥʴ NLP, 

ʟʤʝʥʰʝʥʥʽ ʥʝʛʘʪʠʚʥʠʭ ʟʘʨʷʜʽʚ ʥʘ ʘʪʦʤʽ N ʪʘ ʚʘʣʝʥʪʥʦʛʦ ʢʫʪʘ ʧʨʠ ʥʴʦʤʫ, ʪʦʙʪʦ, ʟʽ 

ʟʨʦʩʪʘʥʥʷʤ ʝʣʝʢʪʨʦʥʝʛʘʪʠʚʥʦʩʪʽ ʟʘʤʽʩʥʠʢʘ ʍ. ɿʥʘʯʝʥʥʷ ȹEi
Í, ʚ ʮʽʣʦʤʫ, ʜʣʷ ʝʣʝʤʝʥʪʽʚ 

ʜʨʫʛʦʛʦ ʧʝʨʽʦʜʫ ʟʨʦʩʪʘʶʪʴ ʽʟ ʟʤʝʥʰʝʥʥʷʤ ʜʦʚʞʠʥʠ ʟʚôʷʟʢʫ ʉ=N ʪʘ ʥʝʛʘʪʠʚʥʠʭ ʟʘʨʷʜʽʚ 

qC ʪʘ qɽ, ʪʦʜʽ ʷʢ ʜʣʷ ʝʣʝʤʝʥʪʽʚ ʪʨʝʪʴʦʛʦ ʧʝʨʽʦʜʫ ï ʥʘʚʧʘʢʠ, ʟ ʾʭ ʟʨʦʩʪʘʥʥʷʤ. ɸʣʝ ʚʽʜʤʽʥʥʘ 

ʢʦʨʝʣʷʮʽʷ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʣʠʰʝ ʜʣʷ ʽʤʽʥʽʚ 2ï4 ʪʘ 5ï7. ʎʝ ʷʚʠʱʝ ʜʣʷ ʽʤʽʥʽʚ 2ï4 

ʧʦʷʩʥʶʻʪʴʩʷ ʟʤʝʥʰʝʥʥʷʤ p-ʜʦʥʦʨʥʦʾ ʟʜʘʪʥʦʩʪʽ ʝʣʝʤʝʥʪʽʚ ʧʨʠ ʧʝʨʝʤʽʱʝʥʥʽ ʧʦ ʧʝʨʽʦʜʫ 

ʟʣʽʚʘ ʥʘʧʨʘʚʦ ʚʥʘʩʣʽʜʦʢ ʟʨʦʩʪʘʥʥʷ ʾʭ ʝʣʝʢʪʨʦʥʝʛʘʪʠʚʥʦʩʪʽ; ʽʤʽʥ 1 ʧʦʛʽʨʰʫʻ ʮʶ 

ʟʘʣʝʞʥʽʩʪʴ, ʪʘʢ ʷʢ ʤʝʪʠʣʴʥʘ ʛʨʫʧʘ ʥʝ ʻ p-ʜʦʥʦʨʦʤ. ʋ ʚʠʧʘʜʢʫ ʽʤʽʥʽʚ 5ï7, ʥʘʧʨʦʪʠ, ʧʨʠ 

ʮʴʦʤʫ p-ʜʦʥʦʨʥʘ ʘʢʪʠʚʥʽʩʪʴ ʝʣʝʤʝʥʪʽʚ ʟʨʦʩʪʘʻ, ʱʦ ʧʨʠʚʦʜʠʪʴ ʜʦ ʧʦʜʦʚʞʝʥʥʷ ʟʚôʷʟʢʫ 

ʉ=N, ʟʨʦʩʪʘʥʥʷ ʥʝʛʘʪʠʚʥʦʛʦ ʟʘʨʷʜʫ ʥʘ ʽʤʽʥʥʦʤʫ ʘʪʦʤʽ ʂʘʨʙʦʥʫ ʪʘ ʟʤʝʥʰʝʥʥʷ 

ʧʦʟʠʪʠʚʥʦʛʦ ʟʘʨʷʜʫ ʥʘ a-ʘʪʦʤʽ ʟʘʤʽʩʥʠʢʘ ʙʽʣʷ ʘʪʦʤʘ ʅʽʪʨʦʛʝʥʫ; ʚʠʢʣʶʯʝʥʥʷ ʩʪʘʥʦʚʠʪʴ 

ʘʪʦʤ ʍʣʦʨʫ, ʷʢ ʥʘʡʙʽʣʴʰ ʝʣʝʢʪʨʦʥʝʛʘʪʠʚʥʠʡ ʝʣʝʤʝʥʪ ʪʨʝʪʴʦʛʦ ʧʝʨʽʦʜʫ.  
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ɽʧʽʭʣʦʨʛʽʜʨʠʥ (1-ʭʣʦʨ-2,3-ʝʧʦʢʩʠʧʨʦʧʘʥ, ɽʍɻ) ï 

ʧʝʨʩʧʝʢʪʠʚʥʠʡ ʤʦʥʦʤʝʨ ʜʣʷ ʩʠʥʪʝʟʫ ʝʧʦʢʩʠʜʥʠʭ ʩʤʦʣ, ʱʦ ʻ 

ʦʩʥʦʚʦʶ ʢʣʝʾʚ, ʥʦʚʽʪʥʽʭ ʧʦʣʽʤʝʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʘ ʪʘʢʦʞ ʩʠʥʪʦʥ ʫ 

ʩʠʥʪʝʟʽ ʨʝʯʦʚʠʥ ʣʽʢʘʨʩʴʢʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ, ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʠʭ 

ʘʥʩʘʤʙʣʽʚ. ʁʦʛʦ ʚʠʩʦʢʘ ʨʝʘʢʮʽʡʥʘ ʟʜʘʪʥʽʩʪʴ ʦʙʫʤʦʚʣʝʥʘ ʟʥʘʯʥʦʶ 

ʥʘʧʨʫʞʝʥʽʩʪʶ ʪʨʴʦʭʯʣʝʥʥʦʛʦ ʮʠʢʣʫ, ʟʘʚʜʷʢʠ ʷʢʽʡ ʣʝʛʢʦ ʨʦʟʨʠʚʘʻʪʴʩʷ ʟʚôʷʟʦʢ CïO. 

ʊʨʘʥʩʬʦʨʤʘʮʽʷ ʮʠʢʣʫ ɽʍɻ ʤʦʞʝ ʚʽʜʙʫʚʘʪʠʩʷ ʧʽʜ ʜʽʻʶ ʥʫʢʣʝʦʬʽʣʴʥʠʭ ʨʝʘʛʝʥʪʽʚ, ʟʦʢʨʝʤʘ, 

ʘʥʽʦʥʽʚ ʥʝʦʨʛʘʥʽʯʥʠʭ ʪʘ ʦʨʛʘʥʽʯʥʠʭ ʩʦʣʝʡ (ʛʘʣʦʛʝʥʽʜʽʚ, ʘʮʝʪʘʪʽʚ, ʙʝʥʟʦʘʪʽʚ ʪʦʱʦ). 

ʈʝʘʢʮʽʡʥʘ ʟʜʘʪʥʽʩʪʴ ʪʘʢʠʭ ʩʧʦʣʫʢ ʪʨʘʜʠʮʽʡʥʦ ʧʦʷʩʥʶʻʪʴʩʷ ʟ ʧʦʟʠʮʽʡ ʜʠʩʦʮʽʘʮʽʾ ʩʦʣʝʡ, ʟʽ 

ʟʨʦʩʪʘʥʥʷʤ ʩʪʫʧʝʥʷ ʷʢʦʾ ʟʙʽʣʴʰʫʻʪʴʩʷ ʾʭ ʥʫʢʣʝʦʬʽʣʴʥʽʩʪʴ. ʆʜʥʘʢ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ 

ʩʚʽʜʯʘʪʴ ʧʨʦ ʥʝʟʥʘʯʥʫ ʜʠʩʦʮʽʘʮʽʶ ʩʦʣʝʡ ʚ ɽʍɻ ʽ ʾʭ ʧʝʨʝʚʘʞʥʝ ʧʝʨʝʙʫʚʘʥʥʷ ʫ ʬʦʨʤʽ 

ʽʦʥʥʠʭ ʧʘʨ. ʆʪʞʝ, ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʫ ʧʦʰʫʢʫ ʥʦʚʠʭ ʛʽʧʦʪʝʟ, ʷʢʽ ʙ ʚʨʘʭʦʚʫʚʘʣʠ ʩʪʘʥ 

ʥʫʢʣʝʦʬʽʣʘ ʫ ʩʢʣʘʜʽ ʽʦʥʥʦʾ ʧʘʨʠ ʽ ʤʦʞʣʠʚʝ ʝʣʝʢʪʨʦʬʽʣʴʥʝ ʩʧʨʠʷʥʥʷ ʢʘʪʽʦʥʘ.  

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʚʩʪʘʥʦʚʣʝʥʥʷ ʚʧʣʠʚʫ ʧʨʠʨʦʜʠ ʢʘʪʽʦʥʫ ʥʘ ʧʝʨʝʙʽʛ ʨʝʘʢʮʽʾ ʙʨʦʤʽʜʽʚ 

ʟ ɽʍɻ ʢʚʘʥʪʦʚʦ-ʭʽʤʽʯʥʠʤʠ ʤʝʪʦʜʘʤʠ. ʆʙôʻʢʪʘʤʠ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʩʝʨʽʷ ʙʨʦʤʽʜʽʚ ʣʫʞʥʠʭ 

ʤʝʪʘʣʽʚ: LiBr, NaBr, KBr. ʈʦʟʨʘʭʫʥʦʢ ʧʨʦʚʝʜʝʥʦ ʤʝʪʦʜʦʤ DFT ʚ ʥʘʙʣʠʞʝʥʥʽ B3LYP/6-

31+G** (ʛʘʟʦʚʘ ʬʘʟʘ). ʅʘʣʝʞʥʽʩʪʴ ʣʦʢʘʣʽʟʦʚʘʥʠʭ ʧʝʨʝʭʽʜʥʠʭ ʩʪʘʥʽʚ ʚʽʜʧʦʚʽʜʥʽʡ ʨʝʘʢʮʽʾ 

ʜʦʚʝʜʝʥʘ ʩʧʫʩʢʘʤʠ ʟʘ ʧʨʦʮʝʜʫʨʦʶ IRC ʫ ʜʦʣʠʥʠ ʨʝʘʛʝʥʪʽʚ ʽ ʧʨʦʜʫʢʪʽʚ. ʈʦʟʛʣʷʥʫʪʦ ʪʠʣʦʚʫ 

ʘʪʘʢʫ ʙʨʦʤʽʜ-ʘʥʽʦʥʦʤ ʚʽʜʥʦʩʥʦ Ŭ-ʂʘʨʙʦʥʫ, ʦʩʢʽʣʴʢʠ ʮʝʡ ʥʘʧʨʷʤʦʢ ʻ ʧʨʽʦʨʠʪʝʪʥʠʤ, ʟʛʽʜʥʦ 

ʟ ʧʦʧʝʨʝʜʥʽʤʠ ʜʘʥʠʤʠ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʢʘʪʽʦʥ ʤʝʪʘʣʫ ʚ ʫʤʦʚʘʭ ʨʝʘʢʮʽʾ ʣʝʞʠʪʴ ʥʝ ʚ 

ʧʣʦʱʠʥʽ ʮʠʢʣʫ ɽʍɻ, ʘ ʚʽʜʭʠʣʷʻʪʴʩʷ ʚʽʜ ʥʝʾ. ʇʨʠ ʮʴʦʤʫ ʤʦʞʣʠʚʽ ʜʚʘ ʚʘʨʽʘʥʪʠ (ʨʠʩ. 1): 

ʢʘʪʽʦʥ ʽ ʭʣʦʨʤʝʪʠʣʴʥʘ ʛʨʫʧʘ ɽʍɻ ʟʥʘʭʦʜʷʪʴʩʷ ʧʦ ʦʜʠʥ ʙʽʢ ʧʣʦʱʠʥʠ ʮʠʢʣʫ 

(Z-ʢʦʥʬʽʛʫʨʘʮʽʷ); ʢʘʪʽʦʥ ʽ ʭʣʦʨʤʝʪʠʣʴʥʘ ʛʨʫʧʘ ɽʍɻ ʟʥʘʭʦʜʷʪʴʩʷ ʧʦ ʨʽʟʥʽ ʙʦʢʠ ʧʣʦʱʠʥʠ 

ʮʠʢʣʫ (E-ʢʦʥʬʽʛʫʨʘʮʽʷ).  

  
ʈʠʩ. 1. ʇʦʣʦʞʝʥʥʷ ʢʘʪʽʦʥʫ ʚʽʜʥʦʩʥʦ ʝʧʦʢʩʠʜʥʦʛʦ ʮʠʢʣʫ ʥʘ ʧʨʠʢʣʘʜʽ Li+ 

 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʝʣʠʯʠʥʠ ʝʥʝʨʛʝʪʠʯʥʠʭ ʙʘʨôʻʨʽʚ ʜʣʷ ʢʦʥʬʽʛʫʨʘʮʽʡ Z ʽ E ʚ ʤʝʞʘʭ 

ʦʜʥʦʛʦ ʢʘʪʽʦʥʫ ʻ ʜʫʞʝ ʙʣʠʟʴʢʠʤʠ. ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ ʦʙôʻʤʫ ʢʘʪʽʦʥʫ ʝʥʝʨʛʽʷ ʘʢʪʠʚʘʮʽʾ 

ʤʦʥʦʪʦʥʥʦ ʟʥʠʞʫʻʪʴʩʷ, ʪʦʤʫ ʧʝʨʝʜʙʘʯʫʚʘʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʟʢʨʠʪʪʷ ʝʧʦʢʩʠʜʥʦʛʦ ʮʠʢʣʫ 

ʥʘʡʙʽʣʴʰʘ ʜʣʷ KBr. ʇʝʨʝʭʽʜʥʽ ʩʪʘʥʠ ʻ ʧʨʦʜʫʢʪʦʧʦʜʽʙʥʠʤʠ, ʝʥʪʘʣʴʧʽʷ ʨʝʘʢʮʽʾ 

ʟʤʝʥʰʫʻʪʴʩʷ ʘʥʘʣʦʛʽʯʥʦ ʝʥʝʨʛʽʾ ʘʢʪʠʚʘʮʽʾ, ʪʦʙʪʦ ʚʽʜ LiBr  ʜʦ KBr. ʊʘʢʠʤ ʯʠʥʦʤ, ʜʦʚʝʜʝʥʦ 

ʚʧʣʠʚ ʢʘʪʽʦʥʘ ʥʘ ʰʚʠʜʢʽʩʪʴ ʨʦʟʢʨʠʪʪʷ ʦʢʩʠʨʘʥʦʚʦʛʦ ʮʠʢʣʫ ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʨʝʘʢʮʽʡʥʦʾ 

ʟʜʘʪʥʦʩʪʽ ʩʦʣʝʡ. ʆʪʨʠʤʘʥʽ ʨʦʟʨʘʭʫʥʢʦʚʽ ʜʘʥʽ ʻ ʙʘʟʦʚʠʤʠ ʜʣʷ  ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʢʽʥʝʪʠʯʥʠʭ 

ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʨʦʟʢʨʠʪʪʷ ʦʢʩʠʨʘʥʦʚʦʛʦ ʮʠʢʣʫ ɽʍɻ ʚ ʧʨʠʩʫʪʥʦʩʪʽ ʙʨʦʤʽʜʽʚ ʣʫʞʥʠʭ 

ʤʝʪʘʣʽʚ.  
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ʉʧʦʨʽʜʥʝʥʽʩʪʴ ʜʦ ʝʣʝʢʪʨʦʥʫ ï ʝʥʝʨʛʝʪʠʯʥʝ ʚʠʨʘʞʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʽ ʭʽʤʽʯʥʦʾ 

ʯʘʩʪʠʥʢʠ (ʤʦʣʝʢʫʣʠ, ʘʪʦʤʘ, ʨʘʜʠʢʘʣʘ) ʧʨʠʻʜʥʫʚʘʪʠ ʝʣʝʢʪʨʦʥ ʽ ʫʪʚʦʨʶʚʘʪʠ ʘʥʽʦʥ (ʘʥʽʦʥ-

ʨʘʜʠʢʘʣ). ɺʠʟʥʘʯʝʥʥʷ ʮʽʻʾ ʚʝʣʠʯʠʥʠ ʧʨʦʚʦʜʠʪʴʩʷ ʪʝʦʨʝʪʠʯʥʠʤʠ ʨʦʟʨʘʭʫʥʢʦʚʠʤʠ 

ʤʝʪʦʜʘʤʠ, ʟʦʢʨʝʤʘ, ʤʝʪʦʜʘʤʠ ʢʚʘʥʪʦʚʦʾ ʭʽʤʽʾ. ʇʨʷʤʠʡ ʨʦʟʨʘʭʫʥʦʢ ʩʧʦʨʽʜʥʝʥʦʩʪʽ ʜʦ 

ʝʣʝʢʪʨʦʥʫ ʻ ʤʦʞʣʠʚʠʤ ʫ ʛʘʟʦʚʽʡ ʬʘʟʽ. 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʚʩʪʘʥʦʚʣʝʥʥʷ ʩʧʦʨʽʜʥʝʥʦʩʪʽ ʜʦ ʝʣʝʢʪʨʦʥʫ ʨʷʜʫ ʦʨʛʘʥʽʯʥʠʭ ʢʠʩʣʦʪ 

ʢʚʘʥʪʦʚʦ-ʭʽʤʽʯʥʠʤʠ ʤʝʪʦʜʘʤʠ. ʆʙôʻʢʪʠ ʜʦʩʣʽʜʞʝʥʥʷ: ʤʘʣʝʾʥʦʚʘ ʽ ʙʫʨʰʪʠʥʦʚʘ ʢʠʩʣʦʪʘ ʽ 

ʾʭ ʘʥʽʦʥʠ, ʤʦʥʦʤʝʪʠʣʦʚʽ ʝʩʪʝʨʠ ʤʘʣʝʾʥʦʚʦʾ ʽ ʙʫʨʰʪʠʥʦʚʦʾ ʢʠʩʣʦʪʠ ʽ ʾʭ ʘʥʽʦʥʠ. ɺʠʙʽʨ 

ʦʙôʻʢʪʽʚ ʦʙˇʨʫʥʪʦʚʘʥʦ ʟʜʘʪʥʽʩʪʶ ʢʘʨʙʦʥʦʚʠʭ ʢʠʩʣʦʪ ʜʦ ʜʠʩʦʮʽʘʮʽʾ (1).  

 

(1) 

ʆʧʪʠʤʽʟʘʮʽʶ ʙʫʜʦʚʠ ʢʠʩʣʦʪ ʽ ʘʥʽʦʥʽʚ, ʘ ʪʘʢʦʞ ʨʦʟʨʘʭʫʥʦʢ ʯʘʩʪʦʪ ʢʦʣʠʚʘʣʴʥʦʛʦ 

ʩʧʝʢʪʨʫ ʧʨʦʚʝʜʝʥʦ ʤʝʪʦʜʦʤ DFT ʚ ʥʘʙʣʠʞʝʥʥʽ B3LYP/6-31+G** (ʛʘʟʦʚʘ ʬʘʟʘ). 

ʉʧʦʨʽʜʥʝʥʽʩʪʴ ʜʦ ʝʣʝʢʪʨʦʥʫ (EA) ʚʠʟʥʘʯʘʣʠ ʟʘ ʬʦʨʤʫʣʦʶ (2), ʜʝ Etot (ʄ) ï ʧʦʚʥʘ ʝʥʝʨʛʽʷ 

ʢʠʩʣʦʪʠ, ʢɼʞ/ʤʦʣʴ; Etot (ʄ
ï) ï ʧʦʚʥʘ ʝʥʝʨʛʽʷ ʘʥʽʦʥʘ, ʢɼʞ/ʤʦʣʴ. ɼʘʥʽ ʨʦʟʨʘʭʫʥʢʫ ʥʘʚʝʜʝʥʽ 

ʫ ʪʘʙʣ. 1. ɼʣʷ ʢʠʩʣʦʪ ʚʠʟʥʘʯʝʥʦ ʧʝʨʰʫ ʩʧʦʨʽʜʥʝʥʽʩʪʴ ʟʘ ʝʣʝʢʪʨʦʥʦʤ, ʪʦʙʪʦ ʜʣʷ ʜʠʩʦʮʽʘʮʽʾ 

ʟʘ ʦʜʥʽʻʶ ʢʘʨʙʦʢʩʠʣʴʥʦʶ ʛʨʫʧʦʶ. 

 

ɽɸ = Etot (ʄ
ī) ï Etot (ʄ) (2) 

 

ʊʘʙʣʠʮʷ. 1. ʊʝʨʤʦʜʠʥʘʤʽʯʥʽ ʧʘʨʘʤʝʪʨʠ ʪʘ ʩʧʦʨʽʜʥʝʥʽʩʪʴ ʜʦ ʝʣʝʢʪʨʦʥʫ ʜʚʦʭʦʩʥʦʚʥʠʭ 

ʢʠʩʣʦʪ ʽ ʾʭ ʘʥʽʦʥʽʚ 

ʅʘʟʚʘ ʩʧʦʣʫʢʠ 
Etot, 

ʢɼʞ/ʤʦʣʴ 

ȹH, 

ʢɼʞ/ʤʦʣʴ 

ȹG, 

ʢɼʞ/ʤʦʣ ɹ

ȹS, 

ɼʞ/ʤʦʣʴĿK 

ɽɸ, 

ʢɼʞ/ʤʦʣʴ 

ʄʘʣʝʾʥʦʚʘ ʢʠʩʣʦʪʘ 229,479 231,957 120,853 372,645 
-35,138 

ʄʘʣʝʾʥʘʪ-ʘʥʽʦʥ 194,341 196,820 84,789 110,065 

ʄʝʪʠʣʤʘʣʝʾʥʘʪ 301,645 304,124 189,311 385,084 
-34,188 

ɸʥʽʦʥ ʤʝʪʠʣʤʘʣʝʾʥʘʪʫ 267,457 269,936 143,812 423,020 

ɹʫʨʰʪʠʥʦʚʘ ʢʠʩʣʦʪʘ 287,315 289,794 178,240 374,153 
-37,982 

ʉʫʢʮʠʥʘʪ-ʘʥʽʦʥ 249,333 251,812 148,340 347,049 

ʄʝʪʠʣʩʫʢʮʠʥʘʪ 362,351 364,830 246,221 397,815 
-33,233 

ɸʥʽʦʥ ʤʝʪʠʣʩʫʢʮʠʥʘʪʫ 329,118 331,597 210,347 406,672 

 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʩʧʦʨʽʜʥʝʥʽʩʪʴ ʜʦʩʣʽʜʞʝʥʠʭ ʢʠʩʣʦʪ ʪʘ ʾʭ ʝʩʪʝʨʽʚ ʜʦ ʝʣʝʢʪʨʦʥʫ 

ʜʦʩʠʪʴ ʥʠʟʴʢʘ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʾʭ ʩʣʘʙʢʽ ʦʢʠʩʣʶʚʘʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. ɿʥʘʯʝʥʥʷ ʝʥʝʨʛʽʾ 

ʩʧʦʨʽʜʥʝʥʦʩʪʽ ʜʦ ʝʣʝʢʪʨʦʥʫ ʜʣʷ ʜʚʦʭʦʩʥʦʚʥʠʭ ʢʘʨʙʦʥʦʚʠʭ ʢʠʩʣʦʪ ʪʘ ʾʭ ʝʩʪʝʨʽʚ ʜʫʞʝ 

ʙʣʠʟʴʢʽ, ʨʽʟʥʠʮʷ ʤʽʞ ʥʠʤʠ ʥʝ ʧʝʨʝʚʠʱʫʻ 5 ʢɼʞ/ʤʦʣʴ. ʆʪʞʝ, ʚʚʝʜʝʥʥʷ ʝʩʪʝʨʥʦʾ ʛʨʫʧʠ ʥʝ 

ʯʠʥʠʪʴ ʩʫʪʪʻʚʦʛʦ ʚʧʣʠʚʫ ʥʘ ʧʨʦʮʝʩ ʜʠʩʦʮʽʘʮʽʾ ʜʚʦʭʦʩʥʦʚʥʦʾ ʢʠʩʣʦʪʠ ʽ ʣʝʛʢʽʩʪʴ ʫʪʚʦʨʝʥʥʷ 

ʘʥʽʦʥʘ.  
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DEVELOPMENT OF IDENTIFICATION TESTS FOR COMPOUNDED  

PREPARATIONS CONTAINING FUROSEMIDE  

Alfred-Ugbenbo D., Taran K. A., Zdoryk O. A. 

National University of Pharmacy, Kharkiv, Ukraine 

audeghinmotei@gmail.com 

 

The development of rapid test systems for in-pharmacy control of compounded 

preparations and introduction to practice is of significant importance. Active pharmaceutical 

ingredients registered in Ukraine as pharmaceutical substances and finished medicinal products 

(tablets, capsules, ointments etc) may be used for extemporaneous preparation of drugs in the 

pharmacy. The use of finished medicinal products for compounding may complicate chemical 

control of the compounded drug due to the presence of excipients. 

Aim: The aim of our study was to verify the possibility of using test strips treated with 

salts of heavy metals for identification of furosemide in single component compounded 

suspensions containing furosemide substance or furosemide tablets in simple syrup USP and to 

determine if excipients will significantly affect the desired result.  

Materials and methods: 2mg/ml and 5mg/ml suspensions consisting of syrup USP and 

furosemide were compounded separately for both substance and crushed commercial tablets 

(brand ñArteriumò, excipients: lactose monohydrate, magnesium stearate, potato starch). 0.1 M 

sodium hydroxide solution R was used as a solvent. Test strips impregnated with metal salts of 

copper (II) sulfate R, iron (III) chloride R2 and cobalt (II) nitrate R were used as reagents. To 

determine the reliability of the analytical effect, the suspensions were dissolved in the solvent 

at syrup-solvent ratios ranging from 1:0.1 to 1:1.6 (ml), shaken and allowed to stand for several 

minutes. A drop each of syrup, furosemide in syrup, 0.1 M sodium hydroxide solution R and 

mixture of furosemide suspension with sodium hydroxide were deposited on the test strips. 

Results: Simple syrup and furosemide suspension in simple syrup had no changes on 

any of the treated strips. A drop of the solvent on the strip treated with copper (II) sulfate showed 

a blue spot. On the strips treated with iron (III) chloride an orange spot representing ferric 

hydroxide was seen. Sodium hydroxide solution produced a green spot corresponding to cobalt 

(II) hydroxide on the strips treated with cobalt (II) nitrate. When a drop of the mixture of 

furosemide suspension with 0.1 M sodium hydroxide was added to the copper (II) sulfate and 

iron (III) chloride treated strips, green and red spots respectively were seen. On cobalt (II) 

nitrate treated strips, very faint pink and relatively insignificant change was observed. These 

changes were the same for both samples of furosemide substance and powdered tablets 

suspensions in 0.1 M sodium hydroxide. No positive changes were observed with samples from 

2 mg/ml furosemide suspension. The minimum concentration of furosemide in syrup USP for 

which identification on test strips treated with Copper sulphate R and Ferric Chloride R2 

yielded positive results was 5 mg/ml. In the 5 mg/ml sample, the minimum syrup-0.1 M sodium 

hydroxide ratio for which the identification test were positive was 1 ml:0.1 ml, while the 

maximum volume was 1 ml:0.3 ml for test strips treated with Ferric Chloride R2. The minimum 

syrup-0.1 M sodium hydroxide ratio for which the identification test were positive was 

1 ml:0.1 ml, while at volume ratio of 1 ml:1.6 ml a positive result was still observed for test 

strips treated with Copper sulphate R. 

Conclusion: The study has proven the possibility of using test strips treated with copper 

(II) sulfate and iron (III) chloride for identification of furosemide in single component 

compounded suspensions of furosemide in syrup USP at a minimum concentration of 5 mg/ml 

in pharmacies. The excipients from the tablets did not interfere with the results of the test. 

Optimum suspension-0.1 M sodium hydroxide volume ratio required for positive reaction of 

test strips was 1 ml:0.2 ml. This identification test may be introduced to practice after 

validation.  
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DEVELOPMENT OF QUANTITATIVE DETERM INATION METHOD FOR 

SPIRONOLACTONE IN COMPOUNDED SYRUPS  

Alfred-Ugbenbo D., Zdoryk O. A. 

National University of Pharmacy, Kharkiv, Ukraine 

audeghinmotei@gmail.com 

 

Spironolactone is a potassium-sparing diuretic used in congestive heart failure, oedema, 

hepatic cirrhosis, nephrotic syndrome, hypokalaemia and management of hypertension. The 

range of its indications makes it a regularly prescribed drug in most health service facilities 

both for paediatric and geriatric patients. Compounded syrups of spironolactone from pure 

substances and manufactured (capsules, tablets etc.) are common to many countries. Although 

some pharmacopoeias recommend liquid chromatography and ultraviolet spectroscopy for 

substance and tablet forms of spironolactone, there isnôt an assay method for the increasingly 

popular compounded forms such as syrups.  

Therefore, the aim of our work was to develop method for quantitative determination of 

spironolactone in compounded syrups.  

For the purpose of this study spironolactone substance (Tianjin Jinjin Pharmaceutical 

Co., Ltd batch SA0456) as reference and manufactured spironolactone tablets (Darnitsa, 

Ukraine batch 4-823006-400706) were obtained. 5 mg/ml syrups of pharmaceutical substance 

spironolactone and crushed spironolactone tablets were compounded using simple syrup USP. 

Appropriate quantity of the samples containing 25 mg spironolactone equivalent was shaken 

with 35 ml of 96 % ethanol in a 50 ml volumetric flask for 4 minutes, allowed to stand for 10 

minutes and then filled to the mark. Apart from the solution of the reference substance, other 

samples were filtered. The first 10 ml of the filtrate was discarded and 2 ml aliquots each were 

dissolved separately in 100 ml of the same solvent to form 0.01 mg/ml solutions. The 

absorbance of 0.01 mg/ml analytical solutions of these samples in 96 % ethanol were measured 

at a wavelength of 238 nm, using an ultraviolet spectrometer (çEvolution 60sè). 96 % ethanol 

was used as blank. Each sample was measured in replicates of five. Laboratory temperature18ï

20 ÁC. 

Results of the assay show that the content of the spironolactone was within the 

recommended limits (substance: 97.5ï102 %; tablets: 95ï105 %). After five measurements the 

spironolactone percentage content (p = 0.05) of 101.62Ñ0.29 %, 101.10Ñ0.29 %, 

100.84Ñ0.63 % and 100.60Ñ0.25 % corresponding to samples of the pharmaceutical substance, 

spironolactone tablets, compounded syrups from substance and the commercial tablets was 

obtained. 

This method could be used for quantitative determination of spironolactone in syrups 

since the excipients in tablets and simple syrup seem not to significantly affect the results 

obtained using UV-spectrometry. To further prove the possibility of using this method in 

pharmaceutical analysis its subsequent validation is required. 
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ʉʝʨʝʜ ʫʩʴʦʛʦ ʨʽʟʥʦʤʘʥʽʪʪʷ ʜʽʘʛʥʦʩʪʠʯʥʠʭ ʤʝʪʦʜʽʚ ʫ ʩʫʯʘʩʥʽʡ ʤʝʜʠʮʠʥʽ ʚʽʜʤʽʥʥʦʶ 

ʨʠʩʦʶ ʤʘʛʥʽʪʥʦ-ʨʝʟʦʥʘʥʩʥʦʾ ʪʦʤʦʛʨʘʬʽʾ (ʄʈʊ) ʻ ʾʾ ʫʥʽʢʘʣʴʥʘ ʤʦʞʣʠʚʽʩʪʴ 

ʙʘʛʘʪʦʬʘʢʪʦʨʥʦʛʦ ʧʨʠʞʠʪʪʻʚʦʛʦ ʥʝʽʥʚʘʟʠʚʥʦʛʦ ʚʠʚʯʝʥʥʷ ʩʪʨʫʢʪʫʨ ʣʶʜʩʴʢʦʛʦ ʪʽʣʘ. 

ʆʜʥʘʢ ʟʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ ʧʘʪʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʥʝʜʦʩʪʘʪʥʴʦ ʜʦʙʨʝ ʚʽʟʫʘʣʽʟʫʻʪʴʩʷ ʥʘ 

ʤʘʛʥʽʪʥʦ-ʨʝʟʦʥʘʥʩʥʠʭ ʟʦʙʨʘʞʝʥʥʷʭ ʫ ʩʠʣʫ ʾʭ ʽʟʦʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ 

ʥʘʚʢʦʣʠʰʥʴʦʾ ʟʜʦʨʦʚʦʾ ʪʢʘʥʠʥʠ. ʉʘʤʝ ʪʦʤʫ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʄʈʊ ʯʘʩʪʦ ʚʠʥʠʢʘʶʪʴ 

ʧʦʢʘʟʘʥʥʷ ʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʥʪʨʘʩʪʥʠʭ ʘʛʝʥʪʽʚ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʟôʷʩʫʚʘʪʠ ʭʘʨʘʢʪʝʨ 

ʧʨʦʮʝʩʫ, ʪʘ ʫ ʪʘʢʠʡ ʩʧʦʩʽʙ ʟʚʫʟʠʪʠ ʢʦʣʦ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʜʽʘʛʥʦʟʫ.  

ʉʴʦʛʦʜʥʽ ʫ ʜʽʘʛʥʦʩʪʠʯʥʽʡ ʧʨʘʢʪʠʮʽ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʤʘʢʨʦʤʦʣʝʢʫʣʷʨʥʽ 

ʧʘʨʘʤʘʛʥʽʪʥʽ ʢʦʥʪʨʘʩʪʥʽ ʘʛʝʥʪʠ. ʆʩʥʦʚʥʘ ʧʨʦʙʣʝʤʘ ʩʠʥʪʝʟʫ ʪʘʢʠʭ ʢʦʥʪʨʘʩʪʥʠʭ 

ʧʨʝʧʘʨʘʪʽʚ ʧʦʣʷʛʘʻ ʫ ʧʦʰʫʢʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʙʘʣʘʥʩʫ ʤʽʞ ʾʭ ʧʘʨʘʤʘʛʥʽʪʥʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʪʘ ʪʦʢʩʠʯʥʽʩʪʶ. ɯʜʝʘʣʴʥʠʡ ʢʦʥʪʨʘʩʪ-ʧʘʨʘʤʘʛʥʝʪʠʢ ʧʦʚʠʥʝʥ ʚʦʣʦʜʽʪʠ 

ʤʘʢʩʠʤʘʣʴʥʦʶ ʝʬʝʢʪʠʚʥʽʩʪʶ ʧʨʠ ʧʨʘʢʪʠʯʥʦ ʚʽʜʩʫʪʥʽʡ ʪʦʢʩʠʯʥʦʩʪʽ. ʅʘ ʜʘʥʠʡ ʤʦʤʝʥʪ ʥʘ 

ʧʨʘʢʪʠʮʽ ʟʘʟʚʠʯʘʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʨʝʧʘʨʘʪ ɻʘʜʦʚʽʩʪ, ʱʦ ʚʦʣʦʜʽʻ ʙʽʣʴʰʦʶ 

ʦʩʤʦʣʷʨʥʽʩʪʶ ʧʨʠ ʧʦʨʽʚʥʷʥʥʽ ʟ ʽʥʰʠʤʠ ʧʨʝʧʘʨʘʪʘʤʠ ʪʘ ʜʦʚʝʜʝʥʦʶ ʝʬʝʢʪʠʚʥʽʩʪʶ ʫ 

ʚʽʟʫʘʣʽʟʘʮʽʾ ʜʝʷʢʠʭ ʚʘʞʢʠʭ ʧʘʪʦʣʦʛʽʡ. ʇʽʜʚʠʱʝʥʥʷ ʢʦʥʪʨʘʩʪʥʦʩʪʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ɻʘʜʦʚʽʩʪʘ 

ʦʙʫʤʦʚʣʝʥʦ ʘʢʪʠʚʥʠʤ ʢʦʤʧʦʥʝʥʪʦʤ ʛʘʜʦʙʫʪʨʦʣʦʤ, ʷʢʠʡ ʷʚʣʷʻ ʩʦʙʦʶ ʥʝʡʪʨʘʣʴʥʠʡ 

ʢʦʤʧʣʝʢʩ ʛʘʜʦʣʽʥʽʶ (Gd3+) ʟ ʤʘʢʨʦʮʠʢʣʽʯʥʠʤ ʣʽʛʘʥʜʦʤ. 

 
ʈʠʩ. 1. ʇʦʩʣʽʜʦʚʥʠʡ ʩʠʥʪʝʟ ʛʘʜʦʙʫʪʨʦʣʫ 

 

ʅʘ ʩʭʝʤʽ (ʨʠʩʫʥʦʢ 1) ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʧʦʩʣʽʜʦʚʥʠʡ ʩʠʥʪʝʟ ʛʘʜʦʙʫʪʨʦʣʫ ʟ 

1,4,7,10-ʪʝʪʨʘʘʟʘʮʠʢʣʦʜʦʜʝʢʘʥʫ (I) ʪʘ 4,4-ʜʠʤʝʪʠʣ-3,5,8-ʪʨʠʦʢʩʦʙʽʮʠʢʣʦ[5,1,0]ʦʢʪʘʥʫ 

(II). ɼʣʷ ʧʨʦʪʽʢʘʥʥʷ ʮʽʻʾ ʨʝʘʢʮʽʾ ʧʦʪʨʽʙʥʦ ʚʟʷʪʠ ʭʣʦʨʠʜ ʣʽʪʽʶ ʪʘ ʽʟʦʧʨʦʧʽʣʦʚʠʡ ʩʧʠʨʪ, ʧʨʠ 

ʮʴʦʤʫ ʧʨʦʪʷʛʦʤ 22 ʛʦʜʠʥ ʟʜʽʡʩʥʶʻʪʴʩʷ ʨʝʮʠʨʢʫʣʷʮʽʷ ʟ ʤʝʪʦʶ ʟʙʽʣʴʰʝʥʥʷ ʚʠʭʦʜʫ ʮʠʢʣʝʥ-

ʧʨʦʤʽʞʥʦʾ ʩʧʦʣʫʢʠ (III). ʆʪʨʠʤʘʥʫ ʨʝʯʦʚʠʥʫ ʧʽʜʜʘʶʪʴ ʛʽʜʨʦʣʽʟʫ ʰʣʷʭʦʤ ʜʦʜʘʚʘʥʥʷ ʚʦʜʠ 

ʽ ʧʨʦʧʫʩʢʘʶʪʴ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 65 ÁC ʢʨʽʟʴ ʛʽʜʨʦʢʩʠʜ ʥʘʪʨʽʶ ʪʘ ʤʦʥʦʭʣʦʨʦʮʪʦʚʫ ʢʠʩʣʦʪʫ, 

ʫ ʷʢʽʡ ʛʽʜʨʦʢʩʠʜ ʥʘʪʨʽʶ ʚʠʩʪʫʧʘʻ ʚ ʷʢʦʩʪʽ ʢʦʣʝʢʪʦʨʫ. ʇʽʩʣʷ ʮʴʦʛʦ ʫ ʪʽʡ ʩʘʤʽʡ ʧʦʩʫʜʠʥʽ 

ʧʨʦʚʦʜʠʪʴʩʷ ʧʽʜʢʠʩʣʝʥʥʷ ʩʦʣʷʥʦʶ ʢʠʩʣʦʪʦʶ ʪʘ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 100 ÁC ʢʦʤʧʣʝʢʩʦ-

ʫʪʚʦʨʝʥʥʷ ʟ ʛʘʜʦʣʽʥʽʻʤ, ʟ ʤʝʪʦʶ ʦʪʨʠʤʘʥʥʷ ʮʽʣʴʦʚʦʾ ʨʝʯʦʚʠʥʠ ʛʘʜʦʙʫʪʨʦʣʫ (IV). 

ʂʦʤʧʣʝʢʩ ʛʘʜʦʣʽʥʽʶ ʚʠʧʘʜʘʻ ʚ ʦʩʘʜ ʧʨʠ ʚʠʜʘʣʝʥʥʽ ʨʦʟʯʠʥʥʠʢʘ ʚʽʜʛʦʥʢʦʶ ʪʘ 

ʚʠʧʘʨʶʚʘʥʥʷʤ, ʫ ʪʘʢʠʡ ʩʧʦʩʽʙ ʟʜʽʡʩʥʶʶʯʠ ʦʩʪʘʪʦʯʥʫ ʢʨʠʩʪʘʣʽʟʘʮʽʶ ʛʘʜʦʙʫʪʨʦʣʫ.  

ʇʝʨʝʚʘʛʘʤʠ ʮʴʦʛʦ ʤʝʪʦʜʫ ʩʠʥʪʝʟʫ ʛʘʜʦʙʫʪʨʦʣʫ ʻ ʚʠʩʦʢʘ ʧʨʦʧʫʩʢʥʘ ʩʧʨʦʤʦʞʥʽʩʪʴ 

ʙʝʟ ʧʦʪʨʝʙʠ ʚʠʜʽʣʝʥʥʷ ʪʘ ʦʯʠʱʝʥʥʷ ʧʨʦʤʽʞʥʠʭ ʩʧʦʣʫʢ. ʂʨʽʤ ʮʴʦʛʦ, ʦʧʠʩʘʥʠʡ ʩʧʦʩʽʙ ʥʝ 

ʚʠʢʦʨʠʩʪʦʚʫʻ ʽʦʥʦʦʙʤʽʥʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʱʦ ʜʦʟʚʦʣʷʻ ʫʥʠʢʥʫʪʠ ʧʨʦʤʽʞʥʦʛʦ ʚʠʜʽʣʝʥʥʷ 

ʙʫʪʨʦʣ-ʣʽʛʘʥʜʫ ʫ ʚʽʣʴʥʽʡ ʬʦʨʤʽ ʘʙʦ ʫ ʚʠʛʣʷʜʽ ʢʦʤʧʣʝʢʩʫ ʣʽʪʽʶ. ʎʝ ʟʘʙʝʟʧʝʯʫʻ ʦʧʪʠʤʘʣʴʥʝ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʘʛʝʥʪʽʚ ʽ ʜʦʟʚʦʣʷʻ ʙʝʟʧʝʨʝʨʚʥʦ ʧʨʦʚʦʜʠʪʠ ʧʨʦʮʝʩ ʩʠʥʪʝʟʫ. 
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ɿʄɯʐɸʅɯ ʇʆɼɺɯʁʅɯ ɻɯɼʈʆʂʉʀɼʀ ʅɸ ʆʉʅʆɺɯ Mg-Ce ʊɸ Mg-La 

ʗʂ ʇɽʈʉʇɽʂʊʀɺʅɯ ʉʆʈɹɽʅʊʀ ɼʃʗ ɺʀʃʋʏɽʅʅʗ ʅɸɼʃʀʐʂʋ ʌʆʉʌɸʊɯɺ 

ɿ ʆʈɻɸʅɯɿʄʋ ʃʖɼʀʅʀ 
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ʌʦʩʬʦʨ ʚ ʦʨʛʘʥʽʟʤʽ ʣʶʜʠʥʠ ʚʽʜʽʛʨʘʻ ʚʘʞʣʠʚʫ ʨʦʣʴ ʫ ʤʝʪʘʙʦʣʽʯʥʠʭ ʪʘ 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʨʦʮʝʩʘʭ, ʚʭʦʜʠʪʴ ʜʦ ʩʢʣʘʜʫ ɸʊʌ, ʘ ʪʘʢʦʞ ʻ ʙʫʜʽʚʝʣʴʥʠʤ ʤʘʪʝʨʽʘʣʦʤ ʜʣʷ 

ʢʽʩʪʦʢ ʪʘ ʟʫʙʽʚ. ʅʝʧʦʚʥʝ ʚʠʚʝʜʝʥʥʷ ʥʘʜʣʠʰʢʫ ʬʦʩʬʘʪʽʚ, ʷʢ ʽ ʥʘʜʤʽʨʥʝ ʾʭ ʚʞʠʚʘʥʥʷ, ʻ 

ʥʘʡʙʽʣʴʰ ʨʦʟʧʦʚʩʶʜʞʝʥʦʶ ʧʨʠʯʠʥʦʶ ʨʦʟʚʠʪʢʫ ʛʽʧʝʨʬʦʩʬʘʪʝʤʽʾ. ɺʘʞʣʠʚʦʶ ʟʘʜʘʯʝʶ ʻ 

ʩʪʚʦʨʝʥʥʷ ʤʝʜʠʯʥʠʭ ʩʦʨʙʝʥʪʽʚ, ʷʢʽ ʙʫʣʠ ʙ ʙʽʦʙʝʟʧʝʯʥʠʤʠ ʪʘ ʥʝʪʦʢʩʠʯʥʠʤʠ ʜʣʷ ʢʦʥʪʨʦʣʶ 

ʘʥʽʦʥʽʚ ʬʦʩʬʘʪʫ ʚ ʙʽʦʣʦʛʽʯʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ ʦʨʛʘʥʽʟʤʫ ʣʶʜʠʥʠ, ʦʩʦʙʣʠʚʦ ʜʣʷ ʥʠʨʢʦʚʠʭ 

ʭʚʦʨʠʭ. 

ɺ ʨʦʙʦʪʽ ʧʨʝʜʩʪʘʚʣʝʥʽ ʜʝʷʢʽ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʟʤʽʰʘʥʠʭ ʧʦʜʚʽʡʥʠʭ 

ʛʽʜʨʦʢʩʠʜʽʚ Mg-Ce ʪʘ Mg-La ʟ ʘʪʦʤʥʠʤ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ 2:1 ʪʘ 1:1 ʽ ʪʝʨʤʦʦʙʨʦʙʣʝʥʠʭ 

ʧʨʠ ʨʽʟʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ʇʨʠ ʮʴʦʤʫ ʦʩʥʦʚʥʫ ʫʚʘʛʫ ʟʚʝʨʥʝʥʦ ʥʘ ʜʦʩʣʽʜʞʝʥʥʷ ʘʥʽʦʥʦ ï 

ʦʙʤʽʥʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʮʠʭ ʤʘʪʝʨʽʘʣʽʚ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʘʥʽʦʥʽʚ ʬʦʩʬʘʪʫ. ɺʠʙʨʘʥʠʡ 

ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ ʩʦʨʙʝʥʪʚ̔ ʦʙʫʤʦʚʣʝʥʠʡ ʾʭ ʥʝʪʦʢʩʠʯʥʩ̔ʪʶ, ʘ ʯʝʨʝʟ ʮʝ ʤʦʞʣʠʚʽʩʪʶ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ̫ʢʦʩʪʽ ʤʝʜʠʯʥʠʭ ʩʦʨʙʝʥʪʽʚ ʜʣʷ ʢʦʥʪʨʦʣʶ ʬʦʩʬʘʪ ï ʘʥʽʦʥʽʚ ʚ ʦʨʛʘʥʽʟʤʽ 

ʣʶʜʠʥʠ. 

ʉʦʨʙʝʥʪʠ ʧʽʜʜʘʚʘʣʠʩʴ ʪʝʨʤʦʦʙʨʦʙʮʽ ʚ ʜʽʘʧʘʟʦʥʽ ʪʝʤʧʝʨʘʪʫʨ 110ï900 ʦʉ ʟ ʤʝʪʦʶ 

ʧʦʢʨʘʱʝʥʥʷ ʾʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. ʅʘʡʙʽʣʴʰʘ ʩʦʨʙʮʽʡʥʘ ʻʤʥʽʩʪʴ 2MgCe ʟʥʘʡʜʝʥʘ ʜʣʷ ʟʨʘʟʢʘ 

ʪʝʨʤʦʦʙʨʦʙʣʝʥʦʛʦ ʧʨʠ 500 ʦʉ, ʜʣʷ MgCe ï ʧʨʠ 700 ʦʉ, ʘ ʜʣʷ 2MgLa ʪʘ MgLa ʧʽʜʚʠʱʝʥʥʷ 

ʨʽʚʥʷ ʧʦʛʣʠʥʘʥʥʷ ʬʦʩʬʘʪʫ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 500ï900 ʦʉ. ʅʘʡʙʽʣʴʰʫ 

ʻʤʥʽʩʪʴ ï 2,2 ʤʤʦʣʴ ʬʦʩʬʘʪ-ʘʥʽʦʥʽʚ ʥʘ ʛʨʘʤ ʩʦʨʙʝʥʪʫ ʧʦʢʘʟʘʚ ʟʨʘʟʦʢ 2MgCe  

ʪʝʨʤʦʦʙʨʦʙʣʝʥʠʡ ʧʨʠ 500 ʦʉ.  

ɹʫʣʠ ʚʠʟʥʘʯʝʥʽ ʦʙôʻʤ ʧʦʨ (Vs) ʪʘ ʧʠʪʦʤʘ ʧʦʚʝʨʭʥʷ (Sʧʠʪ) ʩʦʨʙʝʥʪʽʚ. ʋ ʟʨʘʟʢʽʚ  Mg-

Ce ʧʠʪʦʤʘ ʧʦʚʝʨʭʥʷ ʪʘ ʦʙôʻʤ ʧʦʨ ʙʽʣʴʰʽ ʥʽʞ ʫ Mg-La. ʋ ʟʨʘʟʢʽʚ 2MgCe ʟʥʘʯʝʥʥʷ Sʧʠʪ ʪʘ 

Vs ʙʽʣʴʰʽ ʥʽʞ ʫ MgCe. ʊʘʢʘ ʞ ʟʘʢʦʥʦʤʽʨʥʽʩʪʴ ʭʘʨʘʢʪʝʨʥʘ ʽ ʜʣʷ 2MgLa ʪʘ MgLa. ɹʫʣʠ ʟʥʷʪʽ 

ʜʠʬʨʘʢʪʦʛʨʘʤʠ ʟʨʘʟʢʽʚ Mg-Ce ʪʘ Mg-La ʪʝʨʤʦʦʙʨʦʙʣʝʥʠʭ ʧʨʠ 110ï700 ʦʉ. ɺʠʤʽʨʷʥʠʡ 

ʜʟʝʪʘ (ɕ) ʧʦʪʝʥʮʽʘʣ ʜʣʷ ʚʩʽʭ ʯʦʪʠʨʴʦʭ ʟʨʘʟʢʽʚ, ʚʽʜʧʦʚʽʜʥʦ ʙʫʚ 2MgCe = -10.6, 

MgCe = -12.9, 2MgLa = 13.5, MgLa = 16.7 mV.  

ʊʝʨʤʽʯʥʠʡ ʘʥʘʣʽʟ TG ï DTA ʧʨʦʚʦʜʠʚʩʷ ʚ ʜʽʘʧʘʟʦʥʽ ʪʝʤʧʝʨʘʪʫʨ 25ï900 ʦʉ ʽ 

ʧʦʢʘʟʘʚ, ʱʦ ʟʨʘʟʢʠ Mg-Ce ʚʪʨʘʯʘʶʪʴ 21ï22,7 %, ʘ Mg-La 16,5ï19 % ʚʽʜ ʧʦʯʘʪʢʦʚʦʾ ʚʘʛʠ. 

ɺʪʨʘʪʘ ʚʘʛʠ ʩʫʧʨʦʚʦʜʞʫʚʘʣʘʩʷ ʝʥʜʦʪʝʨʤʽʯʥʠʤʠ ʝʬʝʢʪʘʤʠ ʧʨʠ ʨʽʟʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʘ 

ʚʩʽʭ ʯʦʪʠʨʴʦʭ ʟʨʘʟʢʘʭ. 

ʄʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʜʦʩʣʽʜʞʝʥʽ ʟʤʽʰʘʥʽ ʧʦʜʚʽʡʥʽ ʛʽʜʨʦʢʩʠʜʠ ʤʘʶʪʴ 

ʚʠʩʦʢʫ ʩʦʨʙʮʽʡʥʫ ʻʤʥʽʩʪʴ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʬʦʩʬʘʪ ï ʘʥʽʦʥʽʚ, ʽ ʪʦʤʫ ʤʦʞʫʪʴ ʙʫʪʠ 

ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʷʢ ʧʝʨʩʧʝʢʪʠʚʥʽ ʩʦʨʙʝʥʪʠ ʜʣʷ ʚʠʜʘʣʝʥʥʷ ʥʘʜʣʠʰʢʫ ʬʦʩʬʘʪ ï ʘʥʽʦʥʽʚ ʟ 

ʦʨʛʘʥʽʟʤʫ ʣʶʜʠʥʠ. ʎʝ ʚʘʞʣʠʚʦ ʜʣʷ ʣʽʢʫʚʘʥʥʷ ʧʘʮʽʻʥʪʽʚ ʟ ʥʠʨʢʦʚʦʶ ʥʝʜʦʩʪʘʪʥʽʩʪʶ. 

ʆʢʨʽʤ ʪʦʛʦ, ʮʽ ʩʦʨʙʝʥʪʠ ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʽ ʜʣʷ ʦʯʠʱʝʥʥʷ ʩʪʽʯʥʠʭ, ʧʦʙʫʪʦʚʠʭ ʪʘ 

ʧʨʠʨʦʜʥʠʭ ʚʦʜ ʚʽʜ ʬʦʩʬʘʪʽʚ. 
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ɯʥʪʝʥʩʠʚʥʝ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʨʽʜʠʥ ʚ ʫʣʴʪʨʘʟʚʫʢʦʚʦʤʫ ʧʦʣʽ, ʟʜʘʪʥʽʩʪʴ ʫʣʴʪʨʘʟʚʫʢʫ 

ʜʨʦʙʠʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʫʜʘʨʥʠʭ ʭʚʠʣʴ ʪʚʝʨʜʽ ʯʘʩʪʠʥʢʠ ʽ ʢʨʘʧʣʽ ʥʝʨʦʟʯʠʥʥʠʭ ʫ ʥʽʡ ʨʽʜʠʥ 

ʥʘ ʥʘʡʜʨʽʙʥʽʰʽ ʬʨʘʛʤʝʥʪʠ ʨʦʙʣʷʪʴ ʫʣʴʪʨʘʟʚʫʢʦʚʽ ʤʝʪʦʜʠ ʥʝʟʘʤʽʥʥʠʤʠ ʽ ʚʝʣʴʤʠ 

ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʫ ʚʠʨʦʙʥʠʮʪʚʽ ʣʽʢʽʚ. ʈʦʟʯʠʥʝʥʥʷ, ʜʠʩʧʝʨʛʫʚʘʥʥʷ, ʝʤʫʣʴʛʫʚʘʥʥʷ ʡ 

ʝʢʩʪʨʘʛʫʚʘʥʥʷ ʤʦʞʫʪʴ ʙʫʪʠ ʟʥʘʯʥʦ ʧʨʠʩʢʦʨʝʥʽ ʽ ʧʦʣʝʛʰʝʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʫʣʪɹʨʘʟʚʫʢʫ. 

ʋʣʴʪʨʘʟʚʫʢʦʚʝ ʜʠʩʧʝʨʛʫʚʘʥʥʷ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʫʚʘʪʠ ʚʠʩʦʢʦʜʠʩʧʝʨʩʥʽ, ʦʜʥʦʨʽʜʥʽ ʽ 

ʭʽʤʽʯʥʦ ʯʠʩʪʽ ʩʫʤʽʰʽ (ʩʫʩʧʝʥʟʽʾ) ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ ʫ ʨʽʜʠʥʘʭ. ʇʨʠ ʫʣʴʪʨʘʟʚʫʢʦʚʦʤʫ 

ʜʠʩʧʝʨʛʫʚʘʥʥ ̔ʩʫʩʧʝʥʟʽʡ ʜʠʩʧʝʨʩʥʽʩʪʴ ʧʨʦʜʫʢʪʫ ʟʙʽʣʴʰʫʻʪʴʩʷ ʥʘ ʜʝʢʽʣʴʢʘ ʧʦʨʷʜʢʽʚ ʫ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʪʨʘʜʠʮʽʡʥʠʤ ʤʝʭʘʥʽʯʥʠʤ ʧʦʜʨʽʙʥʝʥʥʷʤ. ʋʣʴʪʨʘʟʚʫʢʦʚʝ ʝʤʫʣʴʛʫʚʘʥʥʷ 

ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʫʚʘʪʠ ʚʠʩʦʢʦʜʠʩʧʝʨʩʥʽ, ʩʪʽʡʢʽ, ʧʨʘʢʪʠʯʥʦ ʦʜʥʦʨʽʜʥʽ ʝʤʫʣʴʩʽʾ ʙʝʟ 

ʜʦʜʘʚʘʥʥʷ ʝʤʫʣʴʛʘʪʦʨʽʚ, ʩʪʘʙʽʣʽʟʘʪʦʨʽʚ ʽ ʽʥʰʠʭ ʭʽʤʽʯʥʠʭ ʨʝʯʦʚʠʥ. 

ʆʢʨʽʤ ʬʘʨʤʘʮʝʚʪʠʢʠ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫʣʴʪʨʘʟʚʫʢʫ ʽ ʫ ʪʘʢʽʡ ʛʘʣʫʟʽ 

ʤʝʜʠʮʠʥʠ, ʷʢ  ʚʽʡʩʴʢʦʚʘ ʭʽʨʫʨʛʽʷ. 

ʇʦʰʠʨʝʥʽʩʪʴ ʚʦʛʥʝʧʘʣʴʥʠʭ ʧʦʨʘʥʝʥʴ ʫ ʩʫʯʘʩʥʦʤʫ ʩʚʽʪʽ ʧʦʚôʷʟʘʥʘ ʟ 

ʢʨʠʤʽʥʘʣʽʟʘʮʽʻʶ ʩʫʩʧʽʣʴʩʪʚʘ, ʪʝʨʦʨʠʩʪʠʯʥʠʤʠ ʟʘʛʨʦʟʘʤʠ, ʟʙʽʣʴʰʝʥʥʷʤ ʯʠʩʣʘ ʣʦʢʘʣʴʥʠʭ 

ʚʽʡʩʴʢʦʚʠʭ ʢʦʥʬʣʽʢʪʽʚ ʽ ʛʨʦʤʘʜʩʴʢʠʭ ʟʘʚʦʨʫʰʝʥʴ. ʆʩʪʘʥʥʽʤ ʜʝʩʷʪʠʣʽʪʪʷʤ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʙʫʨʭʣʠʚʠʡ ʧʨʦʛʨʝʩ ʚ ʨʦʟʨʦʙʮʽ ʙʽʣʴʰ ʜʦʩʢʦʥʘʣʠʭ ʚʠʜʽʚ ʦʟʙʨʦʻʥʥʷ, ʱʦ 

ʦʙʫʤʦʚʠʣʦ ʟʥʘʯʥʠʡ ʨʽʩʪ ʪʷʞʢʦʩʪʽ ʚʦʛʥʝʧʘʣʴʥʦʾ ʙʦʡʦʚʦʾ ʪʨʘʚʤʠ, ʟʙʽʣʴʰʠʣʦ ʯʘʩʪʦʪʫ 

ʧʦʨʘʥʝʥʴ ʪʘ ʦʙôʻʤ ʫʰʢʦʜʞʝʥʴ. 

ʆʩʥʦʚʥʠʤ ʤʝʪʦʜʦʤ ʧʦʧʝʨʝʜʞʝʥʥʷ ʨʦʟʚʠʪʢʫ ʚʘʞʢʠʭ ʽʥʬʝʢʮʽʡʥʠʭ ʫʩʢʣʘʜʥʝʥʴ 

ʚʦʛʥʝʧʘʣʴʥʠʭ ʧʦʨʘʥʝʥʴ ʻ ʧʝʨʚʠʥʥʘ ʭʽʨʫʨʛʽʯʥʘ ʦʙʨʦʙʢʘ ʨʘʥ. ʇʦʰʫʢ ʽ ʨʦʟʨʦʙʢʘ ʤʝʪʦʜʽʚ 

ʟʥʠʞʝʥʥʷ ʢʨʦʚʦʚʪʨʘʪʠ, ʧʨʠʩʢʦʨʝʥʥʷ ʟʘʛʦʻʥʥʷ ʧʽʩʣʷʦʧʝʨʘʮʽʡʥʠʭ ʨʘʥ ʽ ʨʦʟʩʤʦʢʪʫʚʘʥʥʷ 

ʨʫʙʮʽʚ ʻ ʚʘʞʣʠʚʠʤʠ ʟʘʚʜʘʥʥʷʤʠ ʩʫʯʘʩʥʦʾ ʭʽʨʫʨʛʽʾ, ʨʽʰʝʥʥʶ ʷʢʠʭ ʩʧʨʠʷʻ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʫʣʴʪʨʘʟʚʫʢʫ. ʋʣʴʪʨʘʟʚʫʢʦʚʠʡ ʚʧʣʠʚ ʚʠʷʚʣʷʻ ʟʥʘʯʥʫ ʘʥʪʠʙʘʢʪʝʨʽʘʣʴʥʫ ʜʽʶ, ʱʦ ʜʘʻ 

ʤʦʞʣʠʚʽʩʪʴ ʧʨʠ ʭʽʨʫʨʛʽʯʥʦʤʫ ʚʪʨʫʯʘʥʥʽ ʚʠʢʦʥʫʚʘʪʠ ʘʥʪʠʩʝʧʪʠʯʥʫ ʦʙʨʦʙʢʫ, ʥʝ 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʘʥʪʠʙʽʦʪʠʢʠ ʪʘ ʨʽʟʥʽ ʭʽʤʽʯʥʽ ʢʦʤʧʦʥʝʥʪʠ. 

ɸʚʪʦʨʘʤʠ ʚʝʜʫʪʴʩʷ ʨʦʟʨʦʙʢʠ ʪʝʦʨʝʪʠʯʥʠʭ ʦʩʥʦʚ ʧʨʦʝʢʪʫʚʘʥʥʷ ʧôʻʟʦʝʣʝʢʪʨʠʯʥʠʭ 

ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʪʘ ʨʦʟʨʦʙʢʘ ʥʘ ʮʽʡ ʦʩʥʦʚʽ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠʭ ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʠʭ 

ʫʣʴʪʨʘʟʚʫʢʦʚʠʭ ʢʦʣʠʚʘʣʴʥʠʭ ʩʠʩʪʝʤ ʨʽʟʥʦʾ ʬʽʟʠʯʥʦʾ ʧʨʠʨʦʜʠ ʜʣʷ ʬʘʨʤʘʮʝʚʪʠʢʠ ʪʘ 

ʤʝʜʠʯʥʦʛʦ ʧʨʠʣʘʜʦʙʫʜʫʚʘʥʥʷ, ʟʦʢʨʝʤʘ ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʦʛʦ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ 

ʭʽʨʫʨʛʽʯʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʘʨʽʶ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʝʨʝʜʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʷʢʽ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ 

ʫ ʚʽʡʩʴʢʦʚʽʡ ʪʘ ʮʠʚʽʣʴʥʽʡ ʤʝʜʠʮʠʥʽ. ɼʣʷ ʮʴʦʛʦ ʨʦʟʨʦʙʣʝʥʘ ʥʦʚʘ ʪʝʭʥʦʣʦʛʽʷ ʧʨʦʝʢʪʫʚʘʥʥʷ 

ʫʣʴʪʨʘʟʚʫʢʦʚʠʭ ʚʠʧʨʦʤʽʥʶʚʘʯʽʚ ʜʣʷ ʤʝʜʠʮʠʥʠ ʪʘ ʤʝʜʠʯʥʦʛʦ ʧʨʠʣʘʜʦʙʫʜʫʚʘʥʥʷ ʪʘ 

ʪʝʭʥʦʣʦʛʽʷ ʧʽʜʚʠʱʝʥʥʷ ʘʤʧʣʽʪʫʜʠ ʨʝʟʦʥʘʥʩʥʠʭ ʢʦʣʠʚʘʥʴ ʨʽʞʫʯʦʾ ʯʘʩʪʠʥʠ ʭʽʨʫʨʛʽʯʥʦʛʦ 

ʽʥʩʪʨʫʤʝʥʪʫ. 

ʈʦʙʦʪʘ ʚʠʢʦʥʫʻʪʴʩʷ ʚ ʨʘʤʢʘʭ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʨʦʟʨʦʙʢʠ çʉʪʚʦʨʝʥʥʷ 

ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʦʛʦ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʜʣʷ ʨʦʟʨʦʙʢʠ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ 

ʧ'ʻʟʦʝʣʝʢʪʨʠʯʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʜʣʷ ʧʨʠʣʘʜʦʙʫʜʫʚʘʥʥʷ, ʤʝʜʠʮʠʥʠ ʪʘ ʨʦʙʦʪʦʪʝʭʥʽʢʠè, ʱʦ 

ʚʝʜʝʪʴʩʷ ʥʘ ʢʘʬʝʜʨʽ ʢʦʤʧôʶʪʝʨʠʟʦʚʘʥʠʭ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʫ 

ʧʨʠʣʘʜʦʙʫʜʫʚʘʥʥʽ. 

ʅʘʩʪʫʧʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʜʫʪʴ ʥʘʧʨʘʚʣʝʥʽ ʥʘ ʩʪʚʦʨʝʥʥʷ ʪʝʦʨʝʪʠʯʥʠʭ ʧʦʣʦʞʝʥʴ 

ʟ'ʻʜʥʘʥʥʷ ʪʘ ʫʟʛʦʜʞʝʥʥʷ ʢʦʣʠʚʘʣʴʥʠʭ ʩʠʩʪʝʤ (ʢʦʤʧʦʥʝʥʪʽʚ) ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʤʝʜʠʯʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ ʨʽʟʥʦʾ ʬʽʟʠʯʥʦʾ ʧʨʠʨʦʜʠ (ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʠʭ, ʝʣʝʢʪʨʠʯʥʠʭ, ʤʝʭʘʥʽʯʥʠʭ 

ʪʦʱʦ). 
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ɹʦʭʘʥ ʖ. ɺ., ɹʘʨʤʘʢ ɯ. ʄ. 

ʂʽʨʦʚʦʛʨʘʜʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʧʝʜʘʛʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɺʦʣʦʜʠʤʠʨʘ ɺʠʥʥʠʯʝʥʢʘ 

yuliya.bohan@mail.ru 

 

ʊʶʪʶʥʦʧʘʣʽʥʥʷ ʻ ʦʩʥʦʚʥʠʤ ʤʦʜʠʬʽʢʦʚʘʥʠʤ ʬʘʢʪʦʨʦʤ ʨʠʟʠʢʫ ʨʦʟʚʠʪʢʫ ʩʝʨʮʝʚʦï

ʩʫʜʠʥʥʠʭ, ʨʝʩʧʽʨʘʪʦʨʥʠʭ, ʦʥʢʦʣʦʛʽʯʥʠʭ ʭʚʦʨʦʙ, ʧʝʨʝʜʯʘʩʥʦʾ ʽʥʚʘʣʽʜʥʦʩʪʽ ʪʘ ʩʤʝʨʪʥʦʩʪʽ. 

ʅʽʢʦʪʠʥ (ʦʩʥʦʚʥʘ ʜʽʶʯʘ ʨʝʯʦʚʠʥʘ ʪʶʪʶʥʫ) ï ʨʝʯʦʚʠʥʘ, ʱʦ ʟʜʘʪʥʘ ʚʠʢʣʠʢʘʪʠ ʚʠʨʘʞʝʥʫ 

ʣʽʢʘʨʩʴʢʫ (ʪʶʪʶʥʦʚʫ, ʥʽʢʦʪʠʥʦʚʫ) ʟʘʣʝʞʥʽʩʪʴ, ʪʘʢ ʷʢ, ʩʘʤʝ ʮʷ ʨʝʯʦʚʠʥʘ ʤʘʻ ʧʩʠʭʦʪʨʦʧʥʫ 

ʜʽʶ. ɹʽʣʴʰʘ ʯʘʩʪʠʥʘ ʥʽʢʦʪʠʥʫ (90 %), ʱʦ ʧʦʪʨʘʧʣʷʻ ʚ ʦʨʛʘʥʽʟʤ ʟʘʟʥʘʻ ʙʽʦʪʨʘʥʩʬʦʨʤʘʮʽʾ 

ʫ ʧʝʯʝʥʮʽ, ʪʘʢʦʞ ʚʽʥ ʤʝʪʘʙʦʣʽʟʫʻʪʴʩʷ ʫ ʣʝʛʝʥʷʭ ʪʘ ʥʠʨʢʘʭ. ɯʥʪʝʥʩʠʚʥʽʩʪʴ 

ʙʽʦʪʨʘʥʩʬʦʨʤʘʮʽʾ ʥʽʢʦʪʠʥʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʝʪʥʽʯʥʦʾ ʥʘʣʝʞʥʦʩʪʽ, ʩʪʘʪʽ, ʭʘʨʯʦʚʠʭ ʟʚʠʯʝʢ, 

ʛʝʥʝʪʠʯʥʠʭ ʬʘʢʪʦʨʽʚ, ʭʚʦʨʦʙ ʪʦʱʦ. ɺʠʟʥʘʯʝʥʥʷ ʥʽʢʦʪʠʥʫ ʪʘ ʡʦʛʦ ʤʝʪʘʙʦʣʽʪʽʚ ʥʝʦʙʭʽʜʥʦ 

ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ ʘʢʪʠʚʥʦʛʦ ʪʘ ʧʘʩʠʚʥʦʛʦ ʪʶʪʶʥʦʧʘʣʽʥʥʷ ʫ ʧʽʜʣʽʪʢʦʚʦʤʫ ʩʝʨʝʜʦʚʠʱʽ, ʫ 

ʤʦʣʦʜʦʤʫ ʚʽʮʽ, ʚ ʤʦʤʝʥʪ ʬʦʨʤʫʚʘʥʥʷ ʪʶʪʶʥʦʚʦʾ ʟʘʣʝʞʥʦʩʪʽ. ʊʘʢʦʞ ʚʠʟʥʘʯʝʥʥʷ ʥʽʢʦʪʠʥʫ 

ʪʘ ʡʦʛʦ ʤʝʪʘʙʦʣʽʪʽʚ ʽ ʾʭ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʧʝʨʩʧʝʢʪʠʚʥʦ ʜʣʷ ʧʦʙʫʜʦʚʠ ʪʝʨʘʧʝʚʪʠʯʥʦʾ 

ʧʨʦʛʨʘʤʠ ʨʝʘʙʽʣʽʪʘʮʽʾ ʜʦʨʦʩʣʠʭ ʥʽʢʦʪʠʥʦʟʘʣʝʞʥʠʭ ʧʘʮʽʻʥʪʽʚ. ʉʧʦʩʦʙʠ ʷʢʽʩʥʦʛʦ 

ʚʠʟʥʘʯʝʥʥʷ ʥʽʢʦʪʠʥʫ ʫ ʙʽʦʨʽʜʠʥʘʭ ʜʦʟʚʦʣʷʶʪʴ ʢʦʥʩʪʘʪʫʚʘʪʠ ʬʘʢʪ ʪʶʪʶʥʦʧʘʣʽʥʥʷ, ʘʣʝ ʥʝ 

ʜʘʶʪʴ ʤʦʞʣʠʚʦʩʪʽ ʚʠʟʥʘʯʠʪʠ ʢʽʣʴʢʽʩʪʴ ʪʦʢʩʠʯʥʠʭ ʨʝʯʦʚʠʥ, ʱʦ ʧʦʪʨʘʧʣʷʶʪʴ ʚ ʦʨʛʘʥʽʟʤ 

ʣʶʜʠʥʠ ʨʘʟʦʤ ʽʟ ʪʶʪʶʥʦʚʠʤ ʜʠʤʦʤ. ʄʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʜʦʤʠʭ ʤʝʪʦʜʽʚ 

ʢʽʣʴʢʽʩʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ (ʛʘʟʦʚʘ ʭʨʦʤʘʪʦʛʨʘʬʽʷ, ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʽʷ) ʥʽʢʦʪʠʥʫ ʪʘ 

ʧʨʦʜʫʢʪʽʚ ʡʦʛʦ ʤʝʪʘʙʦʣʽʟʤʫ ʫ ʙʽʦʨʽʜʠʥʘʭ ʦʙʤʝʞʝʥʘ, ʦʢʨʽʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʧʝʮʽʘʣʴʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ, ʬʘʢʪʦʤ ʰʚʠʜʢʦʾ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʥʽʢʦʪʠʥʫ ʚ ʦʨʛʘʥʽʟʤʽ ʣʶʜʠʥʠ ï ʤʝʥʰʝ 

4 ʛʦʜʠʥ.  

ʋ ʨʦʙʦʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʦʜʠʬʽʢʦʚʘʥʫ ʤʝʪʦʜʠʢʫ ʥʘʧʽʚʢʽʣʴʢʽʩʥʦʛʦ ʘʥʘʣʽʟʫ ʚʤʽʩʪʫ 

ʪʽʦʮʽʘʥʽʜʽʚ (ʨʦʜʘʥʽʜʽʚ), ʷʢ ʢʨʠʪʝʨʽʡ ʨʽʚʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʦʨʛʘʥʽʟʤʫ ʚʥʘʩʣʽʜʦʢ 

ʪʶʪʶʥʦʧʘʣʽʥʥʷ. ɺʨʘʭʦʚʫʶʯʠ, ʱʦ ʨʦʜʘʥʽʜʠ ï ʩʪʘʙʽʣʴʥʽ ʤʝʪʘʙʦʣʽʪʠ, ʪʦ ʩʘʤʝ ʟʘ ʾʭ ʨʽʚʥʝʤ 

ʥʘʢʦʧʠʯʝʥʥʷ ʫ ʙʽʦʣʦʛʽʯʥʠʭ ʨʽʜʠʥʘʭ (ʩʣʠʥʘ, ʢʨʦʚ) ʤʦʞʥʘ ʚʠʟʥʘʯʘʪʠ ʽʥʪʝʥʩʠʚʥʽʩʪʴ 

ʤʝʪʘʙʦʣʽʟʤʫ ʥʽʢʦʪʠʥʫ. ʈʦʜʘʥʽʜʠ ʩʣʠʥʠ ʽʜʝʥʪʠʬʽʢʫʚʘʣʠ ʝʢʩʧʨʝʩïʪʝʩʪïʤʝʪʦʜʦʤ. ʅʘ 

ʧʦʧʝʨʝʜʥʴʦ ʧʽʜʛʦʪʦʚʣʝʥʫ ʪʝʩʪïʤʘʪʨʠʮʶ, ʱʦ ʤʽʩʪʠʪʴ ʨʦʟʯʠʥ ʬʝʨʫʤ (ɯɯɯ) ʭʣʦʨʠʜʫ ʪʘ 

ʭʣʦʨʠʜʥʫ ʢʠʩʣʦʪʫ ʥʘʥʦʩʠʣʠ ʜʦʩʣʽʜʞʫʚʘʥʫ ʩʣʠʥʫ. ʆʮʽʥʢʫ ʪʝʩʪʫ ʧʨʦʚʦʜʠʣʠ ʟʘ ʢʨʠʪʝʨʽʷʤʠ, 

ʥʘʚʝʜʝʥʠʤʠ ʫ ʪʘʙʣ. 1. 

 

ʊʘʙʣʠʮʷ 1. ʂʨʠʪʝʨʽʾ ʦʮʽʥʢʠ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʪʶʪʶʥʦʧʘʣʽʥʥʷ ʟʘ ʟʘʧʨʦʧʦʥʦʚʘʥʦʶ ʝʢʩʧʨʝʩï

ʤʝʪʦʜʠʢʦʶ ʚʠʟʥʘʯʝʥʥʷ ʪʽʦʮʽʦʥʘʪʽʚ 

ʃʶʜʠ, ʱʦ ʥʝ ʧʘʣʷʪʴ 
ʃʶʜʠ, ʱʦ ʤʘʣʦ ʯʠ 

ʧʝʨʽʦʜʠʯʥʦ ʧʘʣʷʪʴ 

ʃʶʜʠ, ʱʦ ʙʘʛʘʪʦ ʪʘ ʯʘʩʪʦ 

ʧʘʣʷʪʴ 

ʚʽʜʩʫʪʥʽʩʪʴ ʟʘʙʘʨʚʣʝʥʥʷ ʯʠ 

ʥʘʷʚʥʽʩʪʴ ʩʣʘʙʢʦï

ʨʦʞʝʚʦʛʦ ʟʘʙʘʨʚʣʝʥʥʷ 

ʪʝʩʪïʟʘʩʦʙʫ 

ʯʝʨʚʦʥʝ ʟʘʙʘʨʚʣʝʥʥʷ ʪʝʩʪï

ʟʘʩʦʙʫ 

ʬʽʦʣʝʪʦʚʦïʯʝʨʚʦʥʝ 

ʟʘʙʘʨʚʣʝʥʥʷ 

 

ɼʣʷ ʥʘʧʽʚʢʽʣʴʢʽʩʥʦʾ ʦʮʽʥʢʠ ʚʤʽʩʪʫ ʨʦʜʘʥʽʜʽʚ ʧʦʧʝʨʝʜʥʴʦ ʙʫʣʘ ʚʠʛʦʪʦʚʣʝʥʘ 

ʩʪʘʥʜʘʨʪʥʘ ʢʦʣʴʦʨʦʚʘ ʰʢʘʣʘ ʪʘ ʧʦʙʫʜʦʚʘʥʠʡ ʛʨʘʜʫʡʦʚʘʣʴʥʠʡ ʛʨʘʬʽʢ. ɼʣʷ ʧʦʙʫʜʦʚʠ 

ʛʨʘʜʫʡʦʚʘʥʦʛʦ ʛʨʘʬʽʢʫ ʚʠʢʦʨʠʩʪʘʥʦ ʮʠʬʨʦʚʽ ʪʝʭʥʦʣʦʛʽʾ, ʪʝʩʪïʟʘʩʦʙʠ ʦʙʨʦʙʣʷʣʠ ʚ 

ʛʨʘʬʽʯʥʦʤʫ ʨʝʜʘʢʪʦʨʽ Abobe Photoshop ̔  ʙʫʜʫʚʘʣʠ ʛʨʘʜʫʡʦʚʘʥʽ ʟʘʣʝʞʥʦʩʪʽ ʚ ʢʦʦʨʜʠʥʘʪʘʭ 

ʷʩʢʨʘʚʽʩʪʴ ʦʜʥʦʛʦ ʽʟ ʚʠʙʨʘʥʠʭ ʢʘʥʘʣʽʚ (R, G, ʘʙʦ B) ï ʢʦʥʮʝʥʪʨʘʮʽʷ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ 

ʢʦʤʧʦʥʝʥʪʫ. ɿʘ ʟʘʧʨʦʧʦʥʦʚʘʥʦʶ ʤʝʪʦʜʠʢʦʶ ʧʨʦʚʝʜʝʥʘ ʧʦʨʽʚʥʷʣʴʥʘ ʦʮʽʥʢʘ ʚʤʽʩʪʫ 

ʨʦʜʘʥʽʜʽʚ ʫ ʩʣʠʥʽ ʩʪʫʜʝʥʪʽʚ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʩʪʘʪʽ, ʬʘʢʪʦʨʽʚ ʢʫʨʽʥʥʷ ʪʘ ʥʘʷʚʥʦʩʪʽ ʚʽʨʫʩʥʠʭ 

ʟʘʭʚʦʨʶʚʘʥʴ ʪʦʱʦ.  
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Near-infrared cyanine dyes have found numerical applications in biomedical research. 

For example, these probes have been employed as noncovalent labels for detection of proteins, 

nuclear acids, lipids due to their high extinction coefficients and long-wavelength absorption 

maxima. Notably, strong van der Waals, H-bonding, electrostatic, steric, hydrophobic and 

stacking intermolecular interactions give rise to the formation of the dye self-associates in 

solution. Specific type of protein aggregates ï amyloid fibrils, have been considered as one of 

the predominant pharmaceutical targets for early detection and treatment of a number of human 

pathologies, including Alzheimerôs disease, systemic amyloidosis, type II diabetes, etc. The 

present study was aimed at developing of the new approach for bioimaging applications, based 

on the shift of the monomerïaggregate equilibria of heptamethine dyes AK7-5 and AK7-6 upon 

their binding to lysozyme amyloid fibrils, as well as the investigating the molecular mechanism 

of the dye-protein complexation. Indeed, disruption of the H-aggregates was observed upon the 

dye complexation with fibrillar lysozyme, resulting in the substantial reduction of the H-

aggregate absorption band and the enhancement of the monomer absorption band. Analysis of 

the absorbance changes induced by the dye titration with fibrillar lysozyme, taking into account 

the dye monomerïaggregate equilibria in buffer, revealed high values of association constants 

for the dye binding to the protein aggregates (ca. ~ 6 ÕM-1), suggesting their potential to be 

amyloid markers, and associate with specific fibril sites ï grooves, running parallel to the fibril 

axis. It was also suggested that only the dye monomers could insert into the surface grooves 

because of steric constraints. To study the mechanism of AK7-5, AK7-6 binding to protein 

aggregates the PatchDock algorithm was employed. The online-available program calculated 

10 optimal structures of protein-ligand complexes, corresponding to the maximized surface 

shape complementarity and minimized number of steric clashes. It appeared that the AK7-5 

was bound to the Q75ïN59 groove, while AK7-6 was incorporated into the S60ïW62,G54ï

L56 groove of the lysozyme fibril core. Despite similar lipophilicity of AK7-5 and AK7-6, the 

latter inserts into the more hydrophobic fibril groove, probably due to the strong ˊ-stacking 

interactions between tryptophan residues and phenyl rings of AK7-6. Indeed, aromatic side 

chains of the Y-ladders were particularly favorable binding sites for classical amyloid marker ï 

Thioflavin T, as revealed by fluorescence measurements. In turn, molecular dynamics 

simulations suggested high Thioflavin T affinity for the fibril grooves formed by Y and L 

residues. Furthermore, hydrophobic, van der Waals and aromatic interactions between Congo 

Red and prion protein Sup35 disrupted stacking of the protein ɓ-sheets, resulting in inhibition 

of amyloid fibril formation. As follows from the above, novel dyes could be involved in 

hydrophobic, ˊ-stacking and H-bonding interactions with amyloid fibrils. Interestingly, 

docking studies revealed that AK7-5 and AK7-6 dimer species occupy the non-specific sites, 

lying perpendicular to the amyloid fibril axis due to steric constraints. Similarly, stacking of 

only Thiazole Orange monomers with DNA bases was revealed. The observed tendency of 

AK7-5 and AK7-6 to form J-aggregates in the presence of native lysozyme could be associated 

with their binding to the deep cleft of lysozyme molecule, allowing hydrophobic and 

electrostatic dye-protein interactions. Indeed, our docking studies showed that there is enough 

space for a dimer insertion into lysozyme cleft. In conclusion, the novel potential amyloid 

markers AK7-5 and AK7-6 were revealed and mechanism of their binding to lysozyme amyloid 

fibrils was suggested.  
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ʅʘʤʠ ʨʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ ʩʫʣʴʬʘʤʠʜʥʳʭ ʧʨʝʧʘʨʘʪʦʚ, ʩʦʜʝʨʞʘʱʠʭ 

ʧʝʨʬʪʦʨʘʣʢʦʢʩʠʛʨʫʧʧʳ. ʇʨʠ ʚʚʝʜʝʥʠʠ ʬʪʦʨʟʘʤʝʱʝʥʥʳʭ ʨʘʜʠʢʘʣʦʚ ʚ ʤʦʣʝʢʫʣʳ 

ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʚʝʱʝʩʪʚ ʣʠʧʦʬʠʣʴʥʦʩʪʴ ʧʦʩʣʝʜʥʠʭ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʯʪʦ ʫʣʫʯʰʘʝʪ ʝʛʦ 

ʫʩʚʦʷʝʤʦʩʪʴ ʦʨʛʘʥʠʟʤʦʤ ʠ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʜʝʡʩʪʚʠʷ 

ʬʪʦʨʦʛʨʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʚ ʢʘʯʝʩʪʚʝ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ.  

ʅʘʤʠ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ ʧʝʨʚʠʯʥʳʭ ʘʤʠʥʦʚ, ʩʦʜʝʨʞʘʱʠʭ 

ʧʝʨʬʪʦʨʘʣʢʦʢʩʠʛʨʫʧʧʳ. 

 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʵʪʠʭ ʘʤʠʥʦʚ ʜʣʷ ʩʠʥʪʝʟʘ ʩʫʣʴʬʘʤʠʜʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʧʦʟʚʦʣʠʣʦ 

ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʬʪʦʨʩʦʜʝʨʞʘʱʠʝ ʩʫʣʴʬʘʥʠʣʘʤʠʜʳ.  

 

ʇʦʣʫʯʝʥʥʳʝ ʩʫʣʴʬʘʤʠʜʥʳʝ ʧʨʝʧʘʨʘʪʳ, ʩʦʜʝʨʞʘʱʠʝ ʧʝʨʬʪʦʨʘʣʢʦʢʩʠʛʨʫʧʧʳ, 

ʦʪʧʨʘʚʣʝʥʳ ʥʘ ʠʩʧʳʪʘʥʠʷ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ.  
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ʇʆʐʋʂ ʇʆʊɽʅʎɯʁʅʀʍ ɿɸʉʆɹɯɺ ʄɽʊɸɹʆʃɯʏʅʆɰ ɼɯɰ ʉɽʈɽɼ 

2,5-ɼʀɿɸʄɯʑɽʅʀʍ ʇʆʍɯɼʅʀʍ 1,3,4-ʊɯɸɼɯɸɿʆʃʋ 
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ɸʥʘʣʽʟ ʣʽʪʝʨʘʪʫʨʠ ʦʩʪʘʥʥʽʭ ʨʦʢʽʚ ʧʦʢʘʟʘʚ, ʱʦ ʘʟʦʪʦʚʤʽʩʥʽ ʛʝʪʝʨʦʮʠʢʣʽʯʥʽ ʩʠʩʪʝʤʠ 

ʟʘʡʤʘʶʪʴ ʦʜʥʝ ʟ ʧʨʦʚʽʜʥʠʭ ʤʽʩʮʴ ʷʢ ʙʘʟʦʚʽ ʩʪʨʫʢʪʫʨʠ ʜʣʷ ʧʦʰʫʢʫ ʥʦʚʠʭ ʣʽʢʘʨʩʴʢʠʭ 

ʟʘʩʦʙʽʚ. ʗʩʢʨʘʚʠʤʠ ʧʨʝʜʩʪʘʚʥʠʢʘʤʠ ʮʴʦʛʦ ʢʣʘʩʫ ʩʧʦʣʫʢ ʻ ʧʦʭʽʜʥʽ 1,3,4-ʪʽʘʜʽʘʟʦʣʫ.  

ʄʝʪʦʶ ʥʘʰʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʧʨʦʚʝʜʝʥʥʷ ʨʝʮʝʧʪʦʨʥʦ-ʦʨʽʻʥʪʦʚʘʥʦʛʦ 

ʚʽʨʪʫʘʣʴʥʦʛʦ ʩʢʨʠʥʽʥʛʫ ʚʠʙʽʨʢʠ ʟ 80 ʩʧʦʣʫʢ 2,5-ʜʠʟʘʤʽʱʝʥʠʭ ʧʦʭʽʜʥʠʭ 1,3,4-ʪʽʘʜʽʘʟʦʣʫ 

ʜʦ ʘʢʪʠʚʥʦʛʦ ʮʝʥʪʨʫ ʛʘʤʤʘ-ʙʫʪʠʨʦʙʝʪʘʾʥʛʽʜʨʦʢʩʠʣʘʟʠ ʟ ʤʝʪʦʶ ʩʧʨʷʤʦʚʘʥʦʛʦ ʧʦʰʫʢʫ 

ʽʥʛʽʙʽʪʦʨʽʚ ʮʴʦʛʦ ʬʝʨʤʝʥʪʫ ʷʢ ʧʦʪʝʥʮʽʡʥʠʭ ʟʘʩʦʙʽʚ ʤʝʪʘʙʦʣʽʯʥʦʾ ʜʽʾ.  

ʄʘʪʝʨʽʘʣʠ ʽ ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ. ɼʣʷ ʨʝʮʝʧʪʦʨʥʦ-ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʛʥʫʯʢʦʛʦ 

ʜʦʢʽʥʛʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʧʘʢʝʪ ʧʨʦʛʨʘʤ Autodock 4.2.6. ʗʢ ʙʽʦʣʦʛʽʯʥʫ ʤʽʰʝʥʴ 

ʚʠʢʦʨʠʩʪʘʥʦ ʤʘʢʨʦʤʦʣʝʢʫʣʫ ʟ Protein Data Bank ʬʝʨʤʝʥʪ ʛʘʤʤʘ-

ʙʫʪʠʨʦʙʝʪʘʾʥʛʽʜʨʦʢʩʠʣʘʟʠ PDB ID: 3O2G. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʦʩʥʦʚʥʠʭ ʚʟʘʻʤʦʜʽʡ ʙʫʣʦ 

ʧʨʦʚʝʜʝʥʦ ʜʦʢʽʥʛ ʚ ʘʢʪʠʚʥʠʡ ʮʝʥʪʨ ʬʝʨʤʝʥʪʘ PDB ID: 3O2G ʨʝʬʝʨʝʥʩ ʧʨʝʧʘʨʘʪʚ̔ 

ʤʽʣʜʨʦʥʘʪʫ ʪʘ L-ʢʘʨʥʽʪʠʥʫ. ʆʜʝʨʞʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʦʨʽʚʥʶʚʘʣʠʩʴ ʟʽ ʟʥʘʯʝʥʥʷʤʠ 

ʩʢʦʨʠʥʛʦʚʠʭ ʬʫʥʢʮʽʡ ʨʝʬʝʨʝʥʩ ʧʨʝʧʘʨʘʪʽʚ ʤʽʣʜʨʦʥʘʪʫ ʪʘ L-ʢʘʨʥʽʪʠʥʫ: 

EDoc -5.68 kcal/mol ʪʘ EDoc -5.41 kcal/mol ʚʽʜʧʦʚʽʜʥʦ. ɺʩʽ ʨʝʟʫʣʴʪʘʪʠ ʙʫʣʠ ʨʘʥʞʦʚʘʥʽ 

ʩʢʦʨʠʥʛʦʚʦʶ ʬʫʥʢʮʽʻʶ ʧʨʦʛʨʘʤʠ Autodock 4.2.6 ʪʘ ʚʽʟʫʘʣʴʥʦ ʦʮʽʥʝʥʽ ʟʘ ʥʘʷʚʥʽʩʪʶ 

ʢʣʶʯʦʚʠʭ ʚʟʘʻʤʦʜʽʡ ʽʟ ʘʢʪʠʚʥʠʤ ʩʘʡʪʦʤ ʬʝʨʤʝʥʪʫ PDB ID: 3O2G. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʜʦʩʣʽʜʞʝʥʥʷ ʘʬʽʥʥʦʩʪʽ ʨʝʯʦʚʠʥ ʜʦ ʘʢʪʠʚʥʦʛʦ ʩʘʡʪʫ ʛʘʤʤʘ-ʙʫʪʠʨʦʙʝʪʘʾʥʛʽʜʨʦʢʩʠʣʘʟʠ 

ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʜʦʩʣʽʜʞʫʚʘʥʽ ʧʦʭʽʜʥʽ 1,3,4-ʪʽʘʜʽʘʟʦʣʫ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʚʠʩʦʢʠʤ ʨʽʚʥʝʤ 

ʨʦʟʨʘʭʦʚʘʥʦʾ ʘʬʽʥʥʦʩʪʽ ʜʦ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʤʽʰʝʥʽ ʩʧʽʚʤʽʨʥʦʶ ʟ ʢʣʘʩʠʯʥʠʤʠ ʽʥʛʽʙʽʪʦʨʘʤʠ. 

ʅʘ ʦʩʥʦʚʽ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʚʽʜʽʙʨʘʥʽ 3 ʧʝʨʩʧʝʢʪʠʚʥ ̔ʩʧʦʣʫʢʠ. 
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ʆʪʨʠʤʘʥʽ ʜʘʥʽ ʜʘʶʪʴ ʧʽʜʩʪʘʚʠ ʚʚʘʞʘʪʠ ʾʭ ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʧʦʰʫʢʫ ʟʘʩʦʙʽʚ ʤʝʪʘʙʦʣʽʯʥʦʾ ʜʽʾ. 
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SYNTHESIS OF N,N'-DISUBSTITUTE D THIOUREAS  AS INTERMEDIATES 

FOR SYNTHESIS OF 1,3-THIAZOL -2(3H)-IMINE DERIVATIVES  

Yeromina H. O., Perekhoda L. O., Ieromina Z. G., Sych I. A., Grinevich L. A. 

National University of Pharmacy 

annerem2012@gmail.com 

 

The Hantzsch condensation reaction was the first method employed for the synthesis of 

2-aminothiazole moiety using an Ŭ-haloketone and thiourea as starting materials. N-alkylated 

imino-thiazolines could be obtained by replacing thioureas with mono and N,N-disubstituted 

thioureas under different reaction conditions.  

In continuation of our work on searching for biologically active substances among 2-R-

phenylʽmʽno-1,3-thʽazoline derivatives we planned to combine 2-R-phenylʽmʽno-1,3-thʽazoline 

and N-methylpiperazine moiety in one molecule and synthezise a series of 4-(R-phenyl)-N-(R -̀

phenyl)-3-(4-methyl-1-piperazinyl)-1,3-thiazol-2(3H)-imine derivatives. To achieve this 

purpose we planned to synthezise the intermediates ï 1-(4-methylpiperazin-1-yl)-3-R-

phenylthioureas for synthesis of target compounds. 

The purpose of present work is synthesis of N,N'-disubstituted thioureas ï 

1-(4-methylpiperazin-1-yl)-3-R-phenylthioureas as intermediates for Hantzsch condensation 

reaction.  

According to the literature the most widely used method of synthesis of 

N,N'-disubstituted thioureas involves using as the starting compounds N-nucleophiles ï amines 

by treating them with different isocyanates. This method is quite simple and required short time 

to complete. So we decided to use it in our work. 

The synthesis of 1-(4-methylpiperazin-1-yl)-3-R-phenylthioureas 3 (1-5) has been 

carried out by interaction of different R-phenylisothiocyanates 1 (1-5) and 4-methylpiperazin-

1-amine 2 (Scheme): 
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where for compounds 1, 3: 

R=H, R=4-OC2H5, R=2,3-(CH3)2, R=3-CH3, R=4-OCH3 R=4-OC2H5  
 

The reaction was conducted at room temperature in dry dioxane medium while reaction 

monitoring by thin-layer chromatography with good products yields. 

Structures and purity of synthesized compounds 3 (1-5) were confirmed by 1ʅ NMR-

spectra, melting points and elemental analysis.  

Analysis of 1ʅ NMR-spectra of 1-(4-methylpiperazin-1-yl)-3-R-phenylthioureas 3 (1-

5) are displayed well defined general resonance signals of the aromatic protons as multiplets at 

ŭ = 6.81ï7.86 ppm and downfield signals at ŭ = 8.95ï9.40 ppm as two singlets of both NH-

groups. The signals of N-methylpiperazine residue protons for all compounds are presented at 

spectra as multiplets at ŭ = 2.25ï2.95 ppm (piperazine) and as singlets ŭ = 2.20 ppm (methyl 

group of piperazine). 
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N-ɹɽʅɿʀʃʊɯɸɿʆʃɯɭɺɯ ʉʆʃɯ ʗʂ ɯʅɻɯɹɯʊʆʈʀ ɸʎɽʊʀʃʍʆʃɯʅɽʉʊɽʈɸɿʀ 

ɯ ɹʋʊʀʈʀʃʍʆʃɯʅɽʉʊɽʈɸɿʀ 

ʆʯʝʨʝʪʥʶʢ ɸ. ɼ., ʂʦʙʟʘʨ ʆ. ʃ., ɺʦʚʢ ɸ. ɯ. 

ɯʥʩʪʠʪʫʪ ʙʽʦʦʨʛʘʥʽʯʥʦʾ ʭʽʤʽʾ ʪʘ ʥʘʬʪʦʭʽʤʽʾ ʅɸʅ ʋʢʨʘʾʥʠ  

vovk@bpci.kiev.ua 

 

ɺʽʜʦʤʦ, ʱʦ ʽʥʛʽʙʽʪʦʨʠ ʘʮʝʪʠʣʭʦʣʽʥʝʩʪʝʨʘʟʠ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʷʢ ʣʽʢʠ ʧʨʠ 

ʭʚʦʨʦʙʽ ɸʣʴʮʛʝʡʤʝʨʘ, ʟʘʙʝʟʧʝʯʫʶʪʴ ʟʙʽʣʴʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʘʮʝʪʠʣʭʦʣʽʥʫ ʚ 

ʧʨʝʩʠʥʘʧʪʠʯʥʽʡ ʜʽʣʷʥʮʽ, ʱʦ ʧʨʠʚʦʜʠʪʴ ʜʦ ʧʦʢʨʘʱʝʥʥʷ ʧʝʨʝʜʘʯʽ ʥʝʨʚʦʚʠʭ ʽʤʧʫʣʴʩʽʚ. ʇʨʠ 

ʮʴʦʤʫ ʚʘʞʣʠʚʠʤ ʻ ʪʘʢʦʞ ʽʥʛʽʙʫʚʘʥʥʷ ʙʫʪʠʨʠʣʭʦʣʽʥʝʩʪʝʨʘʟʠ, ʘʢʪʠʚʥʽʩʪʴ ʷʢʦʾ ʟʨʦʩʪʘʻ ʚ 

ʧʦʭʠʣʦʤʫ ʚʽʮʽ ʽ  ʧʦʚ`ʷʟʫʻʪʴʩʷ ʟ ʫʪʚʦʨʝʥʥʷʤ ʘʤʽʣʦʾʜʥʠʭ ʙʣʷʰʦʢ.  

ʄʝʪʦʶ ʮʴʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʚ ʧʦʰʫʢ ʥʦʚʠʭ ʽʥʛʽʙʽʪʦʨʽʚ ʭʦʣʽʥʝʩʪʝʨʘʟ ʥʘ 

ʤʦʣʝʢʫʣʷʨʥʽʡ ʧʣʘʪʬʦʨʤʽ 5-(2-ʛʽʜʨʦʢʩʠʝʪʠʣ)-4-ʤʝʪʠʣʪʽʘʟʦʣʽʻʚʦʛʦ ʽʦʥʫ, ʱʦ ʤʦʜʝʣʶʻ 

ʬʨʘʛʤʝʥʪ ʤʦʣʝʢʫʣʠ ʪʽʘʤʽʥʫ. ʊʽʘʤʽʥ (ʚʽʪʘʤʽʥ ɺ1) ʻ ʚʘʞʣʠʚʠʤ ʨʝʛʫʣʷʪʦʨʦʤ ʤʝʪʘʙʦʣʽʯʥʠʭ 

ʧʨʦʮʝʩʽʚ ʮʝʥʪʨʘʣʴʥʦʾ ʥʝʨʚʦʚʦʾ ʩʠʩʪʝʤʠ, ʧʨʦʪʝ ʧʨʠ ʬʽʟʽʦʣʦʛʽʯʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʷʭ ʥʝ 

ʚʧʣʠʚʘʻ ʥʘ ʘʢʪʠʚʥʽʩʪʴ  ʘʮʝʪʠʣʭʦʣʽʥʝʩʪʝʨʘʟʠ ʽ ʙʫʪʠʨʠʣʭʦʣʽʥʝʩʪʝʨʘʟʠ.  

 

 
 

ʅʘʤʠ ʙʫʣʦ ʩʠʥʪʝʟʦʚʘʥʦ ʽ ʚʠʚʯʝʥʦ ʧʦʭʽʜʥʽ 3-ʙʝʥʟʠʣ-5-(2-ʙʝʥʟʦʾʣʦʢʩʠʝʪʠʣ)-4-

ʤʝʪʠʣʪʽʘʟʦʣʽʡ ʭʣʦʨʠʜʫ, ʱʦ ʚʠʷʚʣʷʶʪʴ ʽʥʛʽʙʫʚʘʣʴʥʫ ʜʽʶ ʥʘ ʘʢʪʠʚʥʽʩʪʴ ʭʦʣʽʥʝʩʪʝʨʘʟ in 

vitro. ɼʦʩʣʽʜʞʝʥʦ ʘʢʪʠʚʥʽʩʪʴ ʨʷʜʫ ʩʧʦʣʫʢ ʟ ʙʝʥʟʠʣʴʥʠʤ, ʭʣʦʨʙʝʥʟʠʣʴʥʠʤ ʽ 

ʤʝʪʠʣʙʝʥʟʠʣʴʥʠʤ ʟʘʤʽʩʥʠʢʘʤʠ ʚ ʧʦʣʦʞʝʥʥʽ 3 ʪʘ ʟʘʤʽʱʝʥʠʤ ʙʝʥʟʦʾʣʦʢʩʠʝʪʠʣʴʥʠʤ 

ʬʨʘʛʤʝʥʪʦʤ ʚ ʧʦʣʦʞʝʥʥʽ 5 ʪʽʘʟʦʣʽʻʚʦʛʦ ʮʠʢʣʫ. ɯʥʛʽʙʫʚʘʣʴʥʠʡ ʚʧʣʠʚ ʥʘ 

ʙʫʪʠʨʠʣʭʦʣʽʥʝʩʪʝʨʘʟʫ ʦʧʠʩʫʚʘʚʩʷ ʟʥʘʯʝʥʥʷʤʠ IC50 ʚ ʽʥʪʝʨʚʘʣʽ ʚʽʜ 0,21 ʤʢʄ ʜʦ 15 ʤʢʄ 

(ʢʦʥʮʝʥʪʨʘʮʽʷ ʩʫʙʩʪʨʘʪʫ 0,5 ʤʄ). ʇʨʠ ʮʴʦʤʫ ʟʥʘʯʝʥʥʷ IC50 ʜʣʷ ʽʥʛʽʙʫʚʘʥʥʷ 

ʘʮʝʪʠʣʭʦʣʽʥʝʩʪʝʨʘʟʠ ʩʢʣʘʜʘʣʠ ʚʽʜ 0,1 ʤʢʄ ʜʦ 3,5 ʤʢʄ (ʢʦʥʮʝʥʪʨʘʮʽʷ ʩʫʙʩʪʨʘʪʫ 0,1 ʤʄ). 

ɿʘʛʘʣʦʤ ʮʽ ʩʧʦʣʫʢʠ ʚʠʷʚʣʷʣʠ ʩʝʣʝʢʪʠʚʥʽʩʪʴ ʷʢ ʽʥʛʽʙʽʪʦʨʠ ʘʮʝʪʠʣʭʦʣʽʥʝʩʪʝʨʘʟʠ. ʆʜʥʘʢ, 

ʘʥʘʣʽʟ ʟʘʣʝʞʥʦʩʪʽ ʘʢʪʠʚʥʦʩʪʽ ʚʽʜ ʩʪʨʫʢʪʫʨʠ ʧʦʭʽʜʥʠʭ ʪʽʘʟʦʣʽʶ ʩʚʽʜʯʠʪʴ ʧʨʦ ʤʦʞʣʠʚʽʩʪʴ 

ʩʝʣʝʢʪʠʚʥʦʛʦ ʽʥʛʽʙʫʚʘʥʥʷ ʙʫʪʠʨʠʣʭʦʣʽʥʝʩʪʝʨʘʟʠ. ʆʪʞʝ, 3-ʙʝʥʟʠʣ-5-(2-ʛʽʜʨʦʢʩʠʝʪʠʣ)-4-

ʤʝʪʠʣʪʽʘʟʦʣʽʡ ʭʣʦʨʠʜ ʤʦʞʝ ʙʫʪʠ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʩʢʘʬʦʣʜʦʤ ʜʣʷ ʢʦʥʩʪʨʫʶʚʘʥʥʷ 

ʩʝʣʝʢʪʠʚʥʠʭ ʽʥʛʽʙʽʪʦʨʽʚ ʭʦʣʽʥʝʩʪʝʨʘʟ.  
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ɺʇʃʀɺ ɽʊʀʃʉʋʃʔʌɸʅɯʃʔʅʆɻʆ ʌʈɸɻʄɽʅʊʋ ɺ ʇʆʃʆɾɽʅʅɯ 5 

1,3-ʆʂʉɸɿʆʃ-4-ɯʃʊʈʀʌɽʅɯʃʌʆʉʌʆʅɯɭɺʀʍ ʉʆʃɽʁ ʅɸ ɰʍ 

ɸʅʊʀɹɸʂʊɽʈɯɸʃʔʅɯ ɺʃɸʉʊʀɺʆʉʊɯ  

ʊʨʫʰ ʄ. ʄ., ɻʦʣʦʚʯʝʥʢʦ ʆ. ɺ., ɹʨʦʚʘʨʝʮʴ ɺ. ʉ., ʂʘʣʘʰʥʽʢʦʚʘ ʃ. ɭ., ʄʝʪʝʣʠʮʷ ʃ. ʆ. 

ɯʥʩʪʠʪʫʪ ʙʽʦʦʨʛʘʥʽʯʥʦʾ ʭʽʤʽʾ ʪʘ ʥʘʬʪʦʭʽʤʽʾ ʅɸʅ ʋʢʨʘʾʥʠ 

maria.m.trush@gmail.com 

 

ʆʥʽʻʚʽ ʩʦʣʽ ʷʢ ʙʽʦʣʦʛʽʯʥʦ ʘʢʪʠʚʥʽ ʩʧʦʣʫʢʠ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʥʘʫʢʦʚʦ- 

ʚʠʨʦʙʥʠʯʠʭ ʧʨʦʮʝʩʘʭ ʟʘʚʜʷʢʠ ʩʚʦʾʤ ʫʥʽʢʘʣʴʥʠʤ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʤ ʚʣʘʩʪʠʚʦʩʪʷʤ [Rogers 

R.D., 2003; Hough W.L., 2007]. ʆʩʦʙʣʠʚʝ ʟʥʘʯʝʥʥʷ ʦʥʽʻʚʽ ʩʦʣʽ ʥʘʙʫʚʘʶʪʴ ʫ ʙʽʦʣʦʛʽʾ ʪʘ 

ʤʝʜʠʮʠʥʽ ʷʢ ʝʬʝʢʪʠʚʥʽ ʙʽʦʮʠʜʠ ʟ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʘʥʪʠʤʽʢʨʦʙʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

[Docherty K.M., 2005; Shamshina J., 2013]. 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʥʷ ʟʘʣʝʞʥʦʩʪʽ ʘʥʪʠʙʘʢʪʝʨʽʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

[5-(ʝʪʠʣʩʫʣʴʬʘʥʽʣ)-2-(4-ʤʝʪʠʣʬʝʥʽʣ)-1,3-ʦʢʩʘʟʦʣ-4-ʽʣ]ʪʨʠʬʝʥʽʣʬʦʩʬʦʥʽʡ ʡʦʜʠʜʫ (1) ʪʘ 

{5-[(4-ʭʣʦʨʦʬʝʥʽʣ)ʩʫʣʴʬʘʥʽʣ]-2-(4-ʤʝʪʠʣʬʝʥʽʣ)-1,3-ʦʢʩʘʟʦʣ-4-̔ ʣ}ʪʨʠʬʝʥʽʣʬʦʩʬʦʥʽʡ ʧʝʨ-

ʭʣʦʨʘʪʫ (2) [Golovchenko O.V., 2004] ʚʽʜ ʦʩʦʙʣʠʚʦʩʪʝʡ ʾʭ ʭʽʤʽʯʥʦʾ ʙʫʜʦʚʠ. 

  
ɼʦʩʣʽʜʞʝʥʥʷ ʘʥʪʠʙʘʢʪʝʨʽʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʧʦʣʫʢ ʧʨʦʚʦʜʠʣʠ ʚ ʢʦʥʮʝʥʪʨʘʮʽʷʭ 

1,0 % ʪʘ 0,1 % ʜʠʩʢʦ-ʜʠʬʫʟʽʡʥʠʤ ʤʝʪʦʜʦʤ [Bauer A.W., 1966] ʟʘ ʜʽʘʤʝʪʨʘʤʠ ʟʦʥ ʟʘʪʨʠʤʢʠ 

ʨʦʩʪʫ ʢʫʣʴʪʫʨ ʛʨʘʤ-ʧʦʟʠʪʠʚʥʦʛʦ ʰʪʘʤʫ Bacillus subtilis ATCC 6633 ʪʘ ʛʨʘʤ-ʥʝʛʘʪʠʚʥʦʛʦ 

ʰʪʘʤʫ Escherichia coli ɸʊʉʉ 25922 (ʪʘʙʣʠʮʷ). 

ʊʘʙʣʠʮʷ. ɸʥʪʠʙʘʢʪʝʨʽʘʣʴʥʘ ʘʢʪʠʚʥiʩʪʴ ʜʦʩʣʽʜʞʝʥʠʭ ʩʧʦʣʫʢ 

ʂʦʥʮʝʥʪʨʘʮʽʷ 

ʩʧʦʣʫʢ, % 

ɼʽʘʤʝʪʨʠ ʟʦʥ ʟʘʪʨʠʤʢʠ 

ʨʦʩʪʫ ʢʫʣʴʪʫʨ (ʤʤ) 

ɽ. coli B. subtilis 

1 
1 28 31 

0,1 24 25 

2 
1 16 19 

0,1 12 16 

 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʚʠʚʯʝʥʥʷ ʘʥʪʠʙʘʢʪʝʨʽʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʜʦʩʣʽʜʞʝʥʠʭ 

ʬʦʩʬʦʥʽʻʚʠʭ ʩʦʣʝʡ ʩʚʽʜʯʘʪʴ, ʱʦ ʙʽʦʮʠʜʥʘ ʘʢʪʠʚʥʽʩʪʴ ʩʧʦʣʫʢʠ 1, ʱʦ ʤʽʩʪʠʪʴ ʫ ʧʦʣʦʞʝʥʥʽ 

5 ʝʪʠʣʩʫʣʴʬʘʥʽʣʴʥʠʡ ʟʘʣʠʰʦʢ, ʤʘʡʞʝ ʫ 2 ʨʘʟʠ ʚʠʱʘ ʟʘ ʘʢʪʠʚʥʽʩʪʴ ʩʧʦʣʫʢʠ 2 ʷʢ ʧʨʦʪʠ 

ʛʨʘʤ-ʧʦʟʠʪʠʚʥʦʛʦ ʰʪʘʤʫ Bacillus subtilis, ʪʘʢ ʽ ʛʨʘʤ-ʥʝʛʘʪʠʚʥʦʛʦ ʰʪʘʤʫ Escherichia coli. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚʢʣʶʯʝʥʥʷ ʫ 1,3-ʦʢʩʘʟʦʣ-4-ʽʣʬʦʩʬʦʥʽʻʚʽ ʩʦʣʽ ʝʪʠʣʩʫʣʴʬʘʥʽʣʴʥʦʛʦ 

ʬʨʘʛʤʝʥʪʫ ʤʘʻ ʢʣʶʯʦʚʝ ʟʥʘʯʝʥʥʷ, ʪʘʢ ʷʢ ʚʽʜʦʤʦ [Garcia M.T., 2005], ʱʦ ʪʠʧ ʘʥʽʦʥʫ ʥʝ 

ʚʧʣʠʚʘʻ ʥʘ ʘʥʪʠʙʘʢʪʝʨʽʘʣʴʥʫ ʘʢʪʠʚʥʽʩʪʴ ʦʥʽʻʚʠʭ ʩʧʦʣʫʢ. 
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THE STUDY OF HIGH -QUALITY VALUES GEL "LAGODEN"  

Fazliyev S. A. 

Tashkent pharmaceutical Institute, Tashkent, Uzbekistan 

sunnnatullofazliyev@mail.ru 

 

The relevance of work: the study of quality indicators of any drug is the main criteria 

for their production. Study uniformity, pH environment, mechanical and the temperature 

stability of soft dosage forms of is as theoretical as well as practical interest, as they are the 

objective characteristics of quality. 

The purpose of work is a study of high-quality indicators gel "Lagoden". 

Materials and methods: studies used gel "Lagoden" composition: Lagoden ï active 

substance carbopol ï gelling agent, sodium hydroxide ï neutralizing agent, glycerin ï 

component, improves absorption of the current substance mixture nipagin and nipasol ï 

preservative. Active substance is obtained from the substance plant ï Lagochilus Inebrians 

Bunge. Lagoden is sodium salt of labdan acid (Fig. 1). 

 

 
Fig. 1. The structure of Lagoden 

 

In the experiments using chemical methods qualitative analysis of drugs. pH 

environment identified in the potentiometer EV-74. Stability identified in centrifuge SUM-1.  

Results and their discussions: in order to study of homogeneity gel took 4 sample on 

0,02ï0,03 g and caused to the surface subject mirrors, closed with other glass. Slowly pressing 

the glass have created a spot in diameter 2 see and checked the presence of prominent particles 

with eyes. Any public cases not observed visible particles. pH gel identified potentiometric by: 

5,00 g gel was heated to 323ï333 K with 50 ml water, and then intermixed in the magnetic 

mixing machine. Filtered the contents of the flask through the "ash-free filter" and identified 

pH environment filtrate potentiometer (calomel reference electrode). Set the value of pH gel is 

7,82. Stability gels to centrifugation defined as follows: 5,00 g hitch gel was centrifuged a 

machine SUM-1 at 1500 rpm / minutes for 5 min. It was no bundle gel or allocation of the liquid 

part of the gel. For the study of the impact of temperature on the gel 10,00 g gel was placed in 

a closed, dried porcelain cup diameter 4ï5 cm and left in the thermostat at a temperature of 

333 K 2ï3 minutes. As a result of heating no change in the structure and appearance drug not 

observed. 

To determine the authenticity made two reactions. The presence of diterpenes skeleton 

proved the reaction of the drug mass 0,2 g with 1 ml concentrated sulfuric acid on the water 

bath at a temperature of 333 K to 2ï3 minute. At the same time there was a yellow color, to 

your queue passed in red, then in the dark red. In another experiment 1,2 g gel was stirred with 

2 ml water and added 2 ml 20 % solution of sulfuric acid. As a result of the reaction was formed 

white precipitate was that proves the presence of lacton ring.  

Conclusions: according to the results carried out analyzes (determination of uniformity, 

pH environment, mechanical and the temperature stability) found that gel "Lagoden" has a 

satisfactory quality values. 
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ʇʦʪʨʽʡʥʽ ʩʠʩʪʝʤʠ RïTïC (R = ʨʽʜʢʽʩʥʦʟʝʤʝʣʴʥʠʡ ʤʝʪʘʣ, T = 3d-ʤʝʪʘʣ) 

ʧʨʠʚʝʨʪʘʶʪʴ ʽʥʪʝʨʝʩ, ʦʩʢʽʣʴʢʠ ʚ ʥʠʭ ʫʪʚʦʨʶʶʪʴʩʷ ʪʝʨʥʘʨʥʽ ʩʧʦʣʫʢʠ ʟ ʮʽʢʘʚʠʤʠ 

ʬʽʟʠʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. ʆʩʦʙʣʠʚʠʡ ʽʥʪʝʨʝʩ ʩʪʘʥʦʚʣʷʪʴ ʩʠʩʪʝʤʠ ʟ ʎʝʨʽʻʤ, ʷʢʠʡ ʤʦʞʝ 

ʧʨʦʷʚʣʷʪʠ ʫ ʩʧʦʣʫʢʘʭ ʧʨʦʤʽʞʥʫ ʚʘʣʝʥʪʥʽʩʪʴ. 

ʄʝʪʦʜʘʤʠ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ, ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ (ʈʉɸ), ʤʽʢʨʦʩʪʨʫʢʪʫʨʥʦʛʦ 

ʘʥʘʣʽʟʽʚ ʪʘ ʝʥʝʨʛʦʜʠʩʧʝʨʩʽʡʥʦʾ ʨʝʥʪʛʝʥʽʚʩʴʢʦʾ ʩʧʝʢʪʨʦʩʢʦʧʽʾ ʚʠʚʯʝʥʦ ʬʘʟʦʚʽ ʨʽʚʥʦʚʘʛʠ ʫ 

ʩʠʩʪʝʤʽ CeïCuïC ʧʨʠ 600 Áʉ ʪʘ 400 Áʉ ʽ ʧʦʙʫʜʦʚʘʥʦ ʽʟʦʪʝʨʤʽʯʥʽ ʧʝʨʝʨʽʟʠ ʜʽʘʛʨʘʤʠ ʩʪʘʥʫ 

ʚ ʢʦʥʮʝʥʪʨʘʮʽʡʥʦʤʫ ʽʥʪʝʨʚʘʣʽ 0ï40,0 ʘʪ. % ʉe ʪʘ 40,0ï100 ʘʪ. % ʉe, ʚʽʜʧʦʚʽʜʥʦ (ʈʠʩ). 

ʌʦʪʦʛʨʘʬʽʾ ʤʽʢʨʦʰʣʽʬʽʚ ʦʢʨʝʤʠʭ ʩʧʣʘʚʽʚ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʈʠʩ. (ʘ, ʙ). ʇʽʜʪʚʝʨʜʞʝʥʦ 

ʽʩʥʫʚʘʥʥʷ ʜʚʦʭ ʙʽʥʘʨʥʠʭ ʢʘʨʙʽʜʽʚ ï Ŭ-CeC2 ʪʘ Ce2C3 ʫ ʧʦʜʚʽʡʥʽʡ ʩʠʩʪʝʤʽ CeïC ʪʘ ʧôʷʪʴʦʭ 

ʙʽʥʘʨʥʠʭ ʩʧʦʣʫʢ ï CeCu6, CeCu5, CeCu4, CeCu2 ʪʘ CeCu ʫ ʧʦʜʚʽʡʥʽʡ ʩʠʩʪʝʤʽ  CeïCu. ʇʨʠ 

ʜʦʩʣʽʜʞʝʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʨʦʟʯʠʥʥʽʩʪʴ ʪʨʝʪʴʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʫ ʙʽʥʘʨʥʠʭ ʩʧʦʣʫʢʘʭ 

ʩʠʩʪʝʤ CeïCu ʪʘ CeïC ʫ ʧʦʪʨʽʡʥʽʡ ʩʠʩʪʝʤʽ ʧʨʘʢʪʠʯʥʦ ʚʽʜʩʫʪʥʷ. ʇʨʦ ʮʝ ʩʚʽʜʯʠʪʴ 

ʥʝʟʤʽʥʥʽʩʪʴ ʧʘʨʘʤʝʪʨʽʚ ʢʦʤʽʨʦʢ ʙʽʥʘʨʥʠʭ ʩʧʦʣʫʢ ʫ ʜʦʩʣʽʜʞʝʥʠʭ ʧʦʪʨʽʡʥʠʭ ʩʧʣʘʚʘʭ. ʋ 

ʧʦʜʚʽʡʥʽʡ ʩʠʩʪʝʤʽ CuïC ʙʽʥʘʨʥʽ ʩʧʦʣʫʢʠ ʥʝ ʚʠʷʚʣʝʥʽ, ʘ ʚʟʘʻʤʥʘ ʨʦʟʯʠʥʥʽʩʪʴ ʢʦʤʧʦʥʝʥʪʽʚ 

ʧʨʘʢʪʠʯʥʦ ʚʽʜʩʫʪʥʷ. ʊʝʨʥʘʨʥʽ ʩʧʦʣʫʢʠ ʧʨʠ ʜʦʩʣʽʜʞʝʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʪʘ 

ʢʦʥʮʝʥʪʨʘʮʽʡʥʠʭ ʽʥʪʝʨʚʘʣʘʭ ʫ ʧʦʪʨʽʡʥʽʡ ʩʠʩʪʝʤʽ ʚʽʜʩʫʪʥʽ. 

 

 
ʈʠʩ. ɯʟʦʪʝʨʤʽʯʥʽ ʧʝʨʝʨʽʟʠ ʜʽʘʛʨʘʤʠ ʩʪʘʥʫ ʩʠʩʪʝʤʠ CeïCuïC ʧʨʠ 600 Áʉ ʪʘ 400 Áʉ 

ʚ ʢʦʥʮʝʥʪʨʘʮʽʡʥʠʭ ʽʥʪʝʨʚʘʣʘʭ 0ï40,0 ʘʪ. % ʉe ʪʘ 40,0ï100 ʘʪ. % ʉe, ʚʽʜʧʦʚʽʜʥʦ. 

ʌʦʪʦʛʨʘʬʽʾ ʤʽʢʨʦʰʣʽʬʽʚ: ʘ ï Ce5Cu90C5, ʙ ï Ce13Cu15C72 
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ʅʘʥʦʨʦʟʤʽʨʥʽ ʢʨʠʩʪʘʣʽʯʥʽ ʩʪʨʫʢʪʫʨʠ ʥʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʟʥʘʭʦʜʷʪʴ ʰʠʨʦʢʝ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ ʥʘʫʢʠ, ʪʦʤʫ ʚʠʟʥʘʯʝʥʥʷ ʪʘʢʠʭ ʚʘʞʣʠʚʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʥʘʥʦʦʙ'ʻʢʪʽʚ, ʷʢ ʾʭ ʨʦʟʤʽʨ ʪʘ ʨʦʟʧʦʜʽʣ ʟʘ ʨʦʟʤʽʨʘʤʠ, ʻ ʧʦʚʩʷʢʜʝʥʥʦʶ ʧʦʪʨʝʙʦʶ. ɯʩʥʫʻ 

ʜʝʢʽʣʴʢʘ ʩʧʦʩʦʙʽʚ ʚʠʟʥʘʯʝʥʥʷ ʨʦʟʤʽʨʽʚ ʥʘʥʦʯʘʩʪʠʥʦʢ: ʩʢʘʥʫʶʯʘ, ʧʨʦʩʚʽʯʫʶʯʘ ʝʣʝʢʪʨʦʥʥʘ 

ʤʽʢʨʦʩʢʦʧʽʷ, ʩʢʘʥʫʶʯʘ ʟʦʥʜʦʚʘ ʤʽʢʨʦʩʢʦʧʽʷ. ʇʨʦʪʝ ʚʩʽ ʮʽ ʤʝʪʦʜʠʢʠ ʻ ʢʦʰʪʦʚʥʠʤʠ ʪʘ 

ʚʠʤʘʛʘʶʪʴ ʩʢʣʘʜʥʦʾ ʧʦʧʝʨʝʜʥʴʦʾ ʧʽʜʛʦʪʦʚʢʠ ʟʨʘʟʢʽʚ. 

ʄʝʪʦʜ ʥʘʥʦʪʨʝʢʽʥʛʫ ʘʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʥʝ ʣʠʰʝ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʦʩʥʦʚʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʢʦʣʦʾʜʽʚ ʥʘʥʦʯʘʩʪʠʥʦʢ, ʟʦʢʨʝʤʘ, ʨʦʟʤʽʨʫ ʪʘ ʨʦʟʧʦʜʽʣʫ ʟʘ ʨʦʟʤʽʨʘʤʠ, ʘʣʝ ʪʘʢʦʞ 

ʽ ʜʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʚʽʜʥʦʩʥʦʛʦ ʧʦʢʘʟʥʠʢʘ ʟʘʣʦʤʣʝʥʥʷ, ʜʦʩʣʽʜʞʝʥʥʷ ʬʣʫʦʨʝʩʮʝʥʪʥʠʭ 

ʯʘʩʪʠʥʦʢ, ʚʠʟʥʘʯʝʥʥʷ ʜʟʝʪʘ-ʧʦʪʝʥʮʽʘʣʫ. ʂʨʽʤ ʪʦʛʦ, ʚʠʭʦʜʷʯʠ ʟ ʚʽʜʦʤʦʛʦ ʦʙ'ʻʤʫ ʦʙʣʘʩʪʽ 

ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʽ ʢʽʣʴʢʦʩʪʽ ʥʘʥʦʯʘʩʪʠʥʦʢ, ʧʦʨʘʭʦʚʘʥʠʭ ʫ ʥʽʡ, ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʘʙʩʦʣʶʪʥʘ 

ʢʦʥʮʝʥʪʨʘʮʽʷ ʢʦʞʥʦʾ ʟ ʬʨʘʢʮʽʡ.  

ʋ ʨʦʙʦʪʽ ʨʦʟʨʦʙʣʝʥʦ ʧʽʜʭʽʜ ʜʣʷ ʟʘʜʘʥʥʷ ʷʢʦʤʦʛʘ ʪʦʯʥʽʰʠʭ ʧʘʨʘʤʝʪʨʽʚ ʜʣʷ 

ʦʪʨʠʤʘʥʥʷ ʜʦʩʪʦʚʽʨʥʠʭ ʪʘ ʚʽʜʪʚʦʨʶʚʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʩʝʨʝʜʥʴʦʛʦ ʟʥʘʯʝʥʥʷ ʨʦʟʤʽʨʽʚ 

ʥʘʥʦʯʘʩʪʠʥʦʢ ʪʘ ʨʦʟʧʦʜʽʣʫ ʾʭ ʟʘ ʨʦʟʤʽʨʘʤʠ ʜʣʷ ʩʬʝʨʠʯʥʠʭ, ʜʝʢʘʝʜʨʠʯʥʠʭ ʪʘ 

ʧʨʠʟʤʘʪʠʯʥʠʭ ʥʘʥʦʯʘʩʪʠʥʦʢ ʩʨʽʙʣʘ.  

ʈʦʟʨʦʙʣʝʥʦ ʥʘʩʪʫʧʥʽ ʝʪʘʧʠ ʥʘʣʘʰʪʫʚʘʥʥʷ ʩʠʩʪʝʤʠ: 

1) ʚʠʙʽʨ ʤʦʥʦʜʠʩʧʝʨʩʥʦʛʦ ʨʦʟʯʠʥʫ ʥʘʥʦʯʘʩʪʠʥʦʢ ʩʨʽʙʣʘ ʩʬʝʨʠʯʥʦʾ ʬʦʨʤʠ ʟ ʪʦʯʥʦ 

ʚʽʜʦʤʠʤʠ ʨʦʟʤʽʨʘʤʠ;  

2) ʟʥʷʪʠ ʷʢʽʩʥʽ ʚʽʜʝʦ ʙʨʦʫʥʽʚʩʴʢʦʛʦ ʨʫʭʫ ʥʘʥʦʯʘʩʪʠʥʦʢ ʩʨʽʙʣʘ;  

3) ʧʦʟʙʫʪʠʩʴ ʰʫʤʽʚ ʥʘ ʚʽʜʝʦ ʩʧʨʠʯʠʥʝʥʠʭ ʚʽʜʝʦʢʘʤʝʨʦʶ ʜʣʷ ʪʦʯʥʽʰʦʛʦ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʢʦʦʨʜʠʥʘʪ ʢʦʞʥʦʾ ʦʢʨʝʤʦʾ ʪʦʯʢʠ (ʥʘʥʦʯʘʩʪʠʥʢʠ) ʥʘ ʧʽʢʩʝʣʴʥʽʡ ʩʠʩʪʝʤʽ 

ʢʦʦʨʜʠʥʘʪ;  

4) ʟʘʜʘʪʠ ʧʘʨʘʤʝʪʨʠ ʧʦʰʫʢʫ ʪʦʯʦʢ (ʥʘʥʦʯʘʩʪʠʥʦʢ) ʥʘ ʢʦʞʥʦʤʫ ʥʘʩʪʫʧʥʦʤʫ ʢʘʜʨʽ, 

ʜʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʾʭ ʪʦʯʥʦʾ ʪʨʘʻʢʪʦʨʽʾ ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʝʩʢʣʘʜʥʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ 

ʤʘʥʽʧʫʣʷʮʽʡ, ʚʩʪʘʥʦʚʠʚʰʠ ʢʽʣʴʢʽʩʪʴ ʪʦʯʦʢ ʪʘ ʟʘʛʘʣʴʥʫ ʧʣʦʱʫ ʧʦʣʦʪʥʘ ʧʽʢʩʝʣʴʥʦʾ ʩʠʩʪʝʤʠ 

ʢʦʦʨʜʠʥʘʪ;  

5) ʧʦʙʫʜʫʚʘʪʠ ʛʽʩʪʦʛʨʘʤʫ ʨʦʟʧʦʜʽʣʫ ʥʘʥʦʯʘʩʪʠʥʦʢ ʟʘ ʨʦʟʤʽʨʘʤʠ;  

6) ʧʦʨʽʚʥʷʪʠ ʛʽʩʪʦʛʨʘʤʫ ʪʘ ʚʩʪʘʥʦʚʣʝʥʝ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʨʦʟʤʽʨʽʚ ʯʘʩʪʠʥʦʢ ʫ 

ʢʦʣʦʾʜʥʦʤʫ ʨʦʟʯʠʥʽ ʟ ʽʩʪʠʥʥʠʤ.  

ɼʣʷ ʪʝʩʪʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʙʫʣʦ ʦʙʨʘʥʦ ʢʦʣʦʾʜʠ ʩʨʽʙʣʘ ʩʬʝʨʠʯʥʦʾ ʬʦʨʤʠ ʨʦʟʤʽʨʦʤ 

106 ʥʤ. ʈʦʟʤʽʨ ʥʘʥʦʯʘʩʪʠʥʦʢ ʚʠʟʥʘʯʝʥʦ ʤʝʪʦʜʦʤ ʝʣʝʢʪʨʦʥʥʦʾ ʤʽʢʨʦʩʢʦʧʽʾ. ɺʩʪʘʥʦʚʣʝʥʦ, 

ʱʦ ʨʝʟʫʣʴʪʘʪʠ ʚʠʟʥʘʯʝʥʥʷ ʩʝʨʝʜʥʴʦʛʦ ʨʦʟʤʽʨʫ ʯʘʩʪʠʥʦʢ ʩʨʽʙʣʘ ʪʘ ʨʦʟʢʠʜʫ ʟʘ ʨʦʟʤʽʨʘʤʠ 

ʦʪʨʠʤʘʥʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʠʩʪʝʤʠ ʜʣʷ ʪʨʝʢʽʥʛʫ ʥʘʥʦʯʘʩʪʠʥʦʢ ʻ ʩʧʽʚʤʽʨʥʠʤʠ ʽʟ ʜʘʥʠʤʠ 

ʝʣʝʢʪʨʦʥʥʦʾ ʤʽʢʨʦʩʢʦʧʽʾ ʽ ʯʠʩʝʣʴʥʦ ʜʦʨʽʚʥʶʻ 100Ñ10 ʥʤ.  

ɼʣʷ ʧʝʨʝʨʘʭʫʥʢʫ ʚʠʟʥʘʯʝʥʦʛʦ ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʛʦ ʜʽʘʤʝʪʨʫ ʫ ʨʝʘʣʴʥʽ ʨʦʟʤʽʨʠ 

ʥʘʥʦʯʘʩʪʠʥʦʢ ʧʨʠʟʤʘʪʠʯʥʦʾ ʪʘ ʜʝʢʘʝʜʨʠʯʥʦʾ ʬʦʨʤ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʤʦʜʝʣʴ ʚʽʜʧʦʚʽʜʥʠʭ ʧʨʦʝʢʮʽʡ ʯʘʩʪʠʥʦʢ ʚʧʠʩʘʥʠʭ ʫ ʢʦʣʦ. ʎʝ ʜʦʟʚʦʣʷʻ ʟ ʚʠʩʦʢʦʶ ʪʦʯʥʽʩʪʶ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʤʝʪʦʜ ʥʘʥʦʪʨʝʢʽʥʛʫ ʜʣʷ ʝʢʩʧʨʝʩ ʘʥʘʣʽʟʫ ʚ ʪʦʤʫ ʯʠʩʣʽ ʥʝʩʬʝʨʠʯʥʠʭ 

ʥʘʥʦʯʘʩʪʠʥʦʢ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘʥʦʪʨʝʢʽʥʛ ʫ ʚʠʧʘʜʢʫ ʧʨʘʚʠʣʴʥʦʾ ʢʘʣʽʙʨʦʚʢʠ ʻ ʫʩʧʽʰʥʠʤ, 

ʜʦʩʪʦʚʽʨʥʠʤ ʪʘ ʚʽʜʪʚʦʨʶʚʘʥʠʤ ʤʝʪʦʜʦʤ ʘʥʘʣʽʟʫ ʢʦʣʦʾʜʽʚ ʤʝʪʘʣʽʚ, ʧʝʨʝʚʘʛʦʶ ʷʢʦʛʦ ʻ 

ʜʝʰʝʚʠʟʥʘ, ʧʨʦʩʪʦʪʘ ʪʘ ʢʦʨʦʪʢʘ ʪʨʠʚʘʣʽʩʪʴ ʜʦʩʣʽʜʞʝʥʥʷ. 

  



Inorganic Chemistry  ʅʝʦʨʛʘʥʽʯʥʘ ʭʽʤʽʷ 

82 
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ɺ ʈɽɸʂʎɯɰ ʈʆɿʂʃɸɼɸʅʅʗ ʆɿʆʅʋ 

ɼʞʠʛʘ ɻ., ʐʝʚʯʝʥʢʦ ʊ. 
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ʈʦʟʨʦʙʢʘ ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʢʘʪʘʣʽʟʘʪʦʨʽʚ ʦʯʠʱʝʥʥʷ ʧʦʚʽʪʨʷ ʚʽʜ ʜʝʢʽʣʴʢʦʭ 

ʛʘʟʦʧʦʜʽʙʥʠʭ ʪʦʢʩʠʯʥʠʭ ʨʝʯʦʚʠʥ ʻ ʘʢʪʫʘʣʴʥʘ ʟʘʜʘʯʘ ʚ ʛʘʣʫʟʽ ʢʘʪʘʣʽʟʫ. ɺʽʜʦʤʽ 

ʢʘʪʘʣʽʟʘʪʦʨʠ ʦʢʠʩʥʝʥʥʷ ʤʦʥʦʦʢʩʠʜʫ ʚʫʛʣʝʮʶ, ʜʦ ʩʢʣʘʜʫ ̫ ʢʠʭ ʚʭʦʜʷʪʴ K2PdCl4, Cu(NO3)2, 

KBr ʪʘ ʢʠʩʣʦʪʥʦ-ʤʦʜʠʬʽʢʦʚʘʥʽ ʙʝʥʪʦʥʽʪʠ, ʦʜʥʘʢ, ʜʘʥʽ ʧʨʦ ʢʘʪʘʣʽʪʠʯʥʫ ʘʢʪʠʚʥʽʩʪʴ ʮʠʭ 

ʢʘʪʘʣʽʟʘʪʦʨʽʚ ʚ ʨʝʘʢʮʽʾ ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʦʟʢʣʘʜʘʥʥʷ ʦʟʦʥʫ ʚʽʜʩʫʪʥʽ.  ʆʩʦʙʣʠʚʠʡ 

ʽʥʪʝʨʝʩ ʧʨʠ ʚʠʚʯʝʥʥʽ ʘʢʪʠʚʥʦʩʪʽ ʟʘʢʨʽʧʣʝʥʠʭ ʤʝʪʘʣʦʢʦʤʧʣʝʢʩʥʠʭ ʢʘʪʘʣʽʟʘʪʦʨʽʚ 

ʧʨʝʜʩʪʘʚʣʷʻ ʜʦʩʣʽʜʞʝʥʥʷ ʾʭ ʟʘʭʠʩʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʱʦ ʥʝʦʙʭʽʜʥʦ, ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʫʤʦʚ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʢʣʘʜʥʠʭ ʢʦʤʧʦʟʠʮʽʡ ʫ ʟʘʩʦʙʘʭ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʟʘʭʠʩʪʫ ʦʨʛʘʥʽʚ ʜʠʭʘʥʥʷ. 

ɺ ʨʦʙʦʪʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʙʝʥʪʦʥʽʪ ɼʘʰʫʢʦʚʩʴʢʦʛʦ ʨʦʜʦʚʠʱʘ ï 

ʇ-ɹʝʥʪ (ʊʋʋ 14.2-00223941-006:2010). ʂʠʩʣʦʪʥʦ-ʤʦʜʠʬʽʢʦʚʘʥʫ ʬʦʨʤʫ ʙʝʥʪʦʥʽʪʫ 

ʦʪʨʠʤʫʚʘʣʠ ʢʠʧôʷʪʽʥʥʷʤ ʚ 3ʄ HNO3 ʚʧʨʦʜʦʚʞ 1 ʛʦʜʠʥʠ ï 3ʅ-ɹʝʥʪ-1, ʧʽʩʣʷ ʯʦʛʦ ʢʠʩʣʦʪʫ 

ʟʣʠʚʘʣʠ, ʘ ʪʚʝʨʜʠʡ ʟʘʣʠʰʦʢ ʚʽʜʤʠʚʘʣʠ ʭʦʣʦʜʥʦʶ ʚʦʜʦʶ ʜʦ ʥʝʛʘʪʠʚʥʦʾ ʨʝʘʢʮʽʾ ʥʘ ʥʽʪʨʘʪ-

ʽʦʥ. ʂʘʪʘʣʽʟʘʪʦʨʠ ʨʦʟʢʣʘʜʘʥʥʷ ʦʟʦʥʫ ʦʪʨʠʤʫʚʘʣʠ ʤʝʪʦʜʦʤ ʽʤʧʨʝʛʥʫʚʘʥʥʷ ʟʘ 

ʚʦʣʦʛʦʻʤʥʽʩʪʶ ʚʦʜʥʦ-ʩʧʠʨʪʦʚʠʤ ʨʦʟʯʠʥʦʤ ʚʽʜʧʦʚʽʜʥʠʭ ʩʦʣʝʡ.  

ʅʘ ʨʠʩ. ʧʨʝʜʩʪʘʚʣʝʥʽ ʜʘʥʽ, ʱʦ 

ʜʝʤʦʥʩʪʨʫʶʪʴ ʘʢʪʠʚʥʽʩʪʴ ʧʦʣʽʢʦʤ-

ʧʦʥʝʥʪʥʠʭ ʢʦʤʧʦʟʠʮʽʡ ʥʘ ʦʩʥʦʚʽ 

ʧʨʠʨʦʜʥʦʛʦ ʪʘ ʢʠʩʣʦʪʥʦ-ʤʦʜʠʬʽ-

ʢʦʚʘʥʦʛʦ ʙʝʥʪʦʥʽʪʫ ʚ ʨʝʘʢʮʽʾ ʨʦʟʢʣʘ-

ʜʘʥʥʷ ʤʽʢʨʦʢʦʥʮʝʥʪʨʘʮʽʡ ʦʟʦʥʫ. 

ɺʠʜʥʦ, ʱʦ ʧʨʠʨʦʜʥʠʡ (ʢʨʠʚʘ 1) ʽ 

ʢʠʩʣʦʪʥʦ-ʤʦʜʠʬʽʢʦʚʘʥʠʡ (ʢʨʠʚʘ 2) 

ʙʝʥʪʦʥʽʪʠ ʥʝ ʘʢʪʠʚʥʽ ʚ ʨʝʘʢʮʽʾ 

ʨʦʟʢʣʘʜʘʥʥʷ ʦʟʦʥʫ. ʂʦʤʧʣʝʢʩʠ 

ʟʘʢʨʽʧʣʝʥʽ ʥʘ ʧʨʠʨʦʜʥʦʤʫ ʙʝʥʪʦʥʽʪʽ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʦʚʥʝ ʨʦʟʢʣʘʜʘʥʥʷ 

ʦʟʦʥʫ, ʘ ʯʘʩ ʟʘʭʠʩʥʦʾ ʜʽʾ ʩʢʣʘʜʘʻ 

ʧʦʥʘʜ 30 ʛʦʜ, ʧʨʠ ʮʴʦʤʫ ʚ ʦʙʦʭ 

ʚʠʧʘʜʢʘʭ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʩʪʘʮʽʦ-

ʥʘʨʥʠʡ ʨʝʞʠʤ. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ 

ʘʥʘʣʦʛʽʯʥʽ ʢʦʤʧʦʟʠʮʽʾ, ʟʘʢʨʽʧʣʝʥʽ ʥʘ 

ʢʠʩʣʦʪʥʦ-ʤʦʜʠʬʽʢʦʚʘʥʦʤʫ ʙʝʥʪʦ-

ʥʽʪʽ ʧʦʚʥʽʩʪʶ ʚʪʨʘʯʘʶʪʴ ʩʚʦʶ ʘʢʪʠʚʥʽʩʪʴ. ʊʘʢʠʤ ʯʠʥʦʤ, ʘʢʪʠʚʥʽʩʪʴ ʧʘʣʘʜʽʡ-ʙʨʦʤʽʜʥʠʭ 

ʪʘ ʧʘʣʘʜʽʡ-ʢʫʧʨʫʤ-ʙʨʦʤʽʜʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʩʫʪʪʻʚʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʨʠʨʦʜʠ ʥʦʩʽʷ. ʆʩʢʽʣʴʢʠ 

ʢʘʪʘʣʽʟʘʪʦʨ ʂ2ʈdCl4-Cu(NO3)2-KBr/ʇ-ɹʝʥʪ ʧʣʘʥʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ 

ʩʧʦʨʷʜʞʝʥʥʷ ʧʘʪʨʦʥʥʠʭ ʨʝʩʧʽʨʘʪʦʨʽʚ, ʪʦ ʜʦʮʽʣʴʥʦ ʧʨʦʚʘʨʽʶʚʘʪʠ ʝʬʝʢʪʠʚʥʠʡ ʯʘʩ 

ʢʦʥʪʘʢʪʫ ʟʨʘʟʢʘ ʚ ʨʝʘʢʮʽʾ ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʦʟʢʣʘʜʫ ʦʟʦʥʫ ʧʨʠ ʧ

3ʆ
ʉ = 1 ʤʛ/ʤ3. ɺ 

ʨʝʟʫʣʴʪʘʪʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʠ ʝʬʝʢʪʠʚʥʦʤʫ ʯʘʩʽ ʢʦʥʪʘʢʪʫ 0,60 ʩ 

ʢʘʪʘʣʽʟʘʪʦʨ ʟʘʙʝʟʧʝʯʫʻ ʦʯʠʩʪʢʫ ʧʦʚʽʪʨʷ ʜʦ ɻʇʂ ʧʦʥʘʜ 35 ʛʦʜʠʥ. ʊʘʢʠʤ ʯʠʥʦʤ, ʜʘʥʠʡ 

ʢʘʪʘʣʽʟʘʪʦʨ ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʦʟʢʣʘʜʘʥʥʷ ʦʟʦʥʫ ʤʦʞʝ ʙʫʪʠ ʨʝʢʦʤʝʥʜʦʚʘʥʠʡ ʜʣʷ 

ʩʧʦʨʷʜʞʝʥʥʷ ʧʘʪʨʦʥʥʠʭ ʨʝʩʧʽʨʘʪʦʨʽʚ ʚ ʟʘʩʦʙʘʭ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʟʘʭʠʩʪʫ ʦʨʛʘʥʽʚ ʜʠʭʘʥʥʷ 

(ɿɯɿʆɼ). 

  

ɻʇʂ 

ʈʠʩ. ɿʤʽʥʘ  ʫ ʯʘʩʽ ʧʨʠ ʨʦʟʢʣʘʜʘʥʥʽ ʦʟʦʥʫ 

ʟʨʘʟʢʘʤʠ: 1 ï ʇ-ɹʝʥʪ(ɼ); 2 ï 3ʅ-ɹʝʥʪ-1; 

3 ï Pd(II)-KBr/ʇ-ɹʝʥʪ(ɼ); 4 ï Pd(II)-KBr/3ʅ-ɹʝʥʪ-1; 

5 ï Pd(II)-Cu(II)-KBr/ʇ-ɹʝʥʪ(ɼ); 

6 ï Pd(II)-Cu(II)-KBr/3ʅ-ɹʝʥʪ-1 
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ɼʆʉʃɯɼɾɽʅʅʗ ʇʈʆʎɽʉʋ ɺʀʃʋʏɽʅʅʗ ʉʄʆʃʀʉʊʀʍ ʈɽʏʆɺʀʅ 

ɿ ʇʈʆʄʀʉʃʆɺʀʍ ʉʊɯʏʅʀʍ ɺʆɼ ʄɽʊʆɼʆʄ ʈɽɸɻɽʅʊʅʆɰ ʌʃʆʊɸʎɯɰ 

ɿʽʥʯʝʥʢʦ ɯ. ɺ., ɯʚʘʥʯʝʥʢʦ ɸ. ɺ., ɭʣʘʪʦʥʮʝʚ ɼ. ʆ. 

ɼʥʽʧʨʦʚʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 
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ʂʦʢʩʦʭʽʤʽʯʥʘ ʧʨʦʤʠʩʣʦʚʽʩʪʴ ï ʛʘʣʫʟʴ ʚʘʞʢʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʱʦ ʟʜʽʡʩʥʶʻ ʭʽʤʽʯʥʫ 

ʧʝʨʝʨʦʙʢʫ ʢʘʤ'ʷʥʦʛʦ ʚʫʛʽʣʣʷ ʤʝʪʦʜʦʤ ʢʦʢʩʫʚʘʥʥʷ. ʅʘ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʨʦʮʝʩʠ ʮʽ 

ʧʽʜʧʨʠʻʤʩʪʚʘ ʧʦʪʨʝʙʫʶʪʴ ʚʝʣʠʯʝʟʥʦʾ ʢʽʣʴʢʦʩʪʽ ʚʦʜ, ʷʢʽ ʚ ʧʨʦʮʝʩʽ ʚʠʨʦʙʥʠʮʪʚʘ 

ʟʘʙʨʫʜʥʶʶʪʴʩʷ ʨʽʟʥʠʤʠ ʜʦʤʽʰʢʘʤʠ. ʉʪʽʯʥʽ ʚʦʜʠ ʢʦʢʩʦʭʽʤʽʯʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʤʽʩʪʷʪʴ 

ʧʽʜʚʠʱʝʥʫ ʢʽʣʴʢʽʩʪʴ ʩʤʦʣ ʪʘ ʤʘʩʝʣ, ʚ ʦʩʥʦʚʥʦʤʫ ʫ ʚʠʛʣʷʜʽ ʝʤʫʣʴʩʽʡ. ʅʘʷʚʥʽʩʪʴ ʩʤʦʣ ʪʘ 

ʤʘʩʝʣ ʫ ʩʪʽʯʥʠʭ ʚʦʜʘʭ ʫʩʢʣʘʜʥʶʻ ʝʢʩʧʣʫʘʪʘʮʽʶ ʦʙʣʘʜʥʘʥʥʷ, ʪʘ ʟʥʠʞʫ ̒ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ. ɺʤʽʩʪ ʩʤʦʣ ʪʘ ʤʘʩʝʣ ʫ ʚʦʜʘʭ ʧʝʨʝʜ ʙʽʦʭʽʤʦʯʠʩʪʢʦʶ ʥʘ ʨʘʟʽ 

ʧʝʨʝʚʠʱʫ ̒ʜʦʧʫʩʪʠʤ̔ ʥʦʨʤʠ ʬʘʢʪʠʯʥʦ ʫ 5,5 ʨʘʟʽʚ ʽ ʪʦʤʫ ʟʥʘʭʦʜʞʝʥʥʷ ʥʦʚʠʭ ʝʬʝʢʪʠʚʥʠʭ 

ʤʝʪʦʜʽʚ ʚʠʣʫʯʝʥʥʷ ʩʤʦʣʠʩʪʠʭ ʨʝʯʦʚʠʥ ʟʽ ʩʪʽʯʥʠʭ ʚʦʜ ʢʦʢʩʦʭʽʤʽʯʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʻ 

ʙʝʟʩʫʤʥʽʚʥʦ ʘʢʪʫʘʣʴʥʠʤ ʧʠʪʘʥʥʷʤ, ʱʦ ʧʦʪʨʝʙʫʻ ʥʘʫʢʦʚʦʛʦ ʚʠʨʽʰʝʥʥʷ. ʇʨʦʙʣʝʤʘ 

ʦʯʠʩʪʢʠ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʡ ʩʪʽʯʥʠʭ ʚʦʜ ʚʽʜ ʩʤʦʣʠʩʪʠʭ ʨʝʯʦʚʠʥ, ʤʘʩʝʣ ʻ ʩʧʽʣʴʥʦʶ ʜʣʷ 

ʙʘʛʘʪʴʦʭ ʛʘʣʫʟʝʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. ɺʠʙʽʨ ʤʝʪʦʜʫ ʟʘʣʝʞʠʪʴ ʥʝ ʪʽʣʴʢʠ ʚʽʜ ʚʠʤʦʛ, ʱʦ 

ʧʨʝʜôʷʚʣʷʶʪʴʩʷ ʜʦ ʷʢʦʩʪʽ ʚʦʜʠ, ʘ ʡ ʚʽʜ ʧʨʠʨʦʜʠ ʩʤʦʣ ʪʘ ʤʘʩʝʣ. ɺ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʤʠ 

ʦʙʨʘʣʠ ʬʣʦʪʘʮʽʶ. ʌʣʦʪʘʮʽʷ ï ʻ ʦʩʥʦʚʥʠʤ ʧʨʦʮʝʩʦʤ ʦʙʨʦʙʢʠ ʬʝʥʦʣʴʥʠʭ ʩʪʽʯʥʠʭ ʚʦʜ ʥʘ 

ʩʪʘʜʽʾ ʤʝʭʘʥʽʯʥʦʾ ʦʯʠʩʪʢʠ ʘʙʩʦʣʶʪʥʦʾ ʙʽʣʴʰʦʩʪʽ ʢʦʢʩʦʭʽʤʽʯʥʠʭ ʟʘʚʦʜʽʚ. ɺʦʥʘ ʜʦʟʚʦʣʷʻ 

ʜʦʩʷʛʪʠ ʧʦʪʨʽʙʥʦʛʦ ʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʢʘʤôʷʥʦʚʫʛʽʣʴʥʠʭ ʩʤʦʣ ʜʣʷ ʥʘʩʪʫʧʥʦʾ ʩʪʘʜʽʾ  

ʙʽʦʣʦʛʽʯʥʦʾ ʦʯʠʩʪʢʠ ʟʘ ʫʤʦʚʠ ʜʦʜʘʚʘʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʨʝʘʛʝʥʪʽʚ (ʢʦʘʛʫʣʷʥʪʽʚ). ʌʣʦʪʘʮʽʻʶ 

ʥʘʟʠʚʘʻʪʴʩʷ ʩʧʦʩʽʙ ʚʠʣʫʯʝʥʥʷ ʜʠʩʧʝʨʩʥʠʭ ʯʘʩʪʠʥʦʢ ʟ ʨʽʜʠʥʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʫʭʠʨʮʽʚ 

ʧʦʚʽʪʨʷ. ʅʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦʶ ʽ ʝʢʦʥʦʤʽʯʥʦʶ ʻ ʧʦʚʽʪʨʷʥʘ (ʧʽʥʥʘ) ʬʣʦʪʘʮʽʷ.  

ɸʝʨʘʮʽʷ ʚʦʜʠ ʫ ʬʣʦʪʘʪʦʨʽ ʟʜʽʡʩʥʶʻʪʴʩʷ ʰʣʷʭʦʤ ʧʦʜʘʯʽ ʧʦʚʽʪʨʷ ʧʽʜ ʧʦʚʝʨʭʥʶ ʚʦʜʠ. 

ɿʘʣʝʞʥʦ ʚʽʜ ʪʠʧʫ ʘʝʨʘʪʦʨʘ, ʱʦ ʟʘʩʪʦʩʦʚʫʶʪʴ, ʨʦʟʨʽʟʥʷʶʪʴ: ʜʨʽʙʥʦʙʫʣʴʙʘʰʢʦʚʫ ʘʝʨʘʮʽʶ, 

ʟ ʢʨʫʧʥʽʩʪʶ ʙʫʣʴʙʘʰʦʢ ʧʦʚʽʪʨʷ 1ï4 ʤʤ (ʫ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʢʝʨʘʤʽʯʥʽ, 

ʪʢʘʥʠʥʥʽ ʪʘ ʧʣʘʩʪʠʢʦʚʽ ʘʝʨʘʪʦʨʠ);  ʩʝʨʝʜʥʴʦʙʫʣʴʙʘʰʢʦʚʫ, ʧʨʠ ʷʢʽʡ ʢʨʫʧʥʽʩʪʴ ʙʫʣʴʙʘʰʦʢ 

ʩʪʘʥʦʚʠʪʴ 5ï10 ʤʤ (ʜʣʷ ʮʴʦʛʦ ʟʘʩʪʦʩʦʚʫʶʪʴ ʧʝʨʬʦʨʦʚʘʥʽ ʪʨʫʙʠ, ʱʽʣʠʥʥʽ ʘʝʨʘʪʦʨʠ; 

ʢʨʫʧʥʦʙʫʣʴʙʘʰʢʦʚʫ, ʟ ʢʨʫʧʥʽʩʪʶ ʙʫʣʴʙʘʰʦʢ ʙʽʣʴʰʝ 10 ʤʤ, (ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚʽʜʢʨʠʪʽ 

ʟʥʠʟʫ ʪʨʫʙʠ ʽ ʩʦʧʣʘ). 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʢʨʫʧʥʦʩʪʽ ʙʫʣʴʙʘʰʦʢ ʧʦʚʽʪʨʷ ʥʘ ʚʝʣʠʯʠʥʫ 

ʚʠʣʫʯʝʥʥʷ ʩʤʦʣ ʟ ʬʝʥʦʣʴʥʠʭ ʩʪʽʯʥʠʭ ʚʦʜ ʧʨʠ ʨʝʘʛʝʥʪʥʽʡ ʬʣʦʪʘʮʽʾ ʽ ʜʦʚʝʜʝʥʥʷ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʦʩʪʘʥʥʽʭ ʜʦ ʥʦʨʤʘʪʠʚʥʠʭ ʟʥʘʯʝʥʴ. 

ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʟʘʜʘʯʽ ʥʘʤʠ ʩʪʚʦʨʝʥʦ ʣʘʙʦʨʘʪʦʨʥʫ ʬʣʦʪʘʮʽʡʥʫ 

ʫʩʪʘʥʦʚʢʫ ʥʘ ʷʢʽʡ ʧʨʦʚʝʜʝʥʦ ʩʝʨʽʶ ʚʠʧʨʦʙʫʚʘʥʴ ʨʝʘʛʝʥʪʽʚ Al2(OH)5Cl ʪʘ FeCl3 ʥʘ ʧʨʝʜʤʝʪ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʟ ʪʦʯʢʫ ʟʦʨʫ ʚʠʣʫʯʝʥʥʷ ʩʤʦʣ ʪʘ ʤʘʩʝʣ ʟʽ ʩʪʦʢʽʚ.  

ɺ ʨʝʟʫʣʴʪʘʪʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʠʟʥʘʯʝʥʦ, ʱʦ ʥʘʡʚʠʱʦʶ 

ʝʬʝʢʪʠʚʥʽʩʪʶ ʚʦʣʦʜʽʶʪʴ ʭʣʦʨʠʜ ʬʝʨʫʤʫ (ɯɯɯ) FeCl3 ʪʘ ʦʢʩʠʭʣʦʨʠʜ ʘʣʶʤʽʥʽʁ  Al2(OH)5Cl 

ʧʨʠ ʜʽʘʤʝʪʨʽ ʬʽʣʴʪʨʦʩʥʦʾ ʪʨʫʙʠ 5 ʤʤ. ʉʫʪʪʻʚʠʤ ʥʝʜʦʣʽʢʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʣʽʟʦʚʤʽʩʥʠʭ 

ʢʦʘʛʫʣʷʥʪʽʚ ʻ ʟʥʘʯʥʝ ʟʙʽʣʴʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʢʦʨʦʟʽʾ ʩʪʘʣʝʚʦʾ ʘʧʘʨʘʪʫʨʠ ʫ ʩʝʨʝʜʦʚʠʱʽ 

ʬʝʥʦʣʴʥʠʭ ʩʪʽʯʥʠʭ ʚʦʜ, ʪʦʤʫ ʥʘʤʠ ʨʝʢʦʤʝʥʜʦʚʘʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʫ ʧʨʦʤʠʩʣʦʚʠʭ ʫʤʦʚʘʭ 

ʩʘʤʝ ʦʢʩʠʭʣʦʨʠʜ ʘʣʶʤʽʥʽʶ Al2(OH)5Cl. ʎʝʡ ʨʝʘʛʝʥʪ ʚʦʣʦʜʽʻ ʚʠʩʦʢʦʶ ʝʬʝʢʪʠʚʥʽʩʪʶ ʚ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʽʥʰʠʤʠ ʢʦʘʛʫʣʷʥʪʘʤʠ, ʥʘʡʤʝʥʰ ʢʦʨʦʟʽʡʥʦ ʘʢʪʠʚʥʠʡ, ʥʝ ʚʠʢʣʠʢʘʻ ʟʥʠʞʝʥʥʷ 

ʨʅ ʪʘ ʧʨʘʮʶʻ ʚ ʰʠʨʦʢʦʤʫ ʽʥʪʝʨʚʘʣʽ ʟʥʘʯʝʥʴ ʪʝʤʧʝʨʘʪʫʨ. 
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ʂʘʣʘʥʯʘ ɺ. ʆ.1, ɯʚʘʥʦʚʘ-ʊʦʣʧʽʥʮʝʚʘ ɸ. ʆ.1, ɺʦʡʪʦʚʠʯ ʉ. ɸ.2, ʍʘʣʘʚʢʘ ʖ. ɹ.1 
1ʏʝʨʥʽʚʝʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʖʨʽʷ ʌʝʜʴʢʦʚʠʯʘ 

2ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʤʝʜʠʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ. 
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ʄʦʞʣʠʚʽʩʪʴ ʬʦʨʤʫʚʘʥʥʷ ʥʘʥʦʯʘʩʪʠʥʦʢ ʙʣʘʛʦʨʦʜʥʠʭ ʤʝʪʘʣʽʚ ʙʘʞʘʥʦʛʦ ʩʢʣʘʜʫ, 

ʨʦʟʤʽʨʫ ʽ ʬʦʨʤʠ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʪʝ, ʱʦ ʚʣʘʩʪʠʚʦʩʪʽ ʦʪʨʠʤʘʥʠʭ ʯʘʩʪʠʥʦʢ ʤʦʞʫʪʴ ʙʫʪʠ 

ʨʝʛʫʣʴʦʚʘʥʽ ʽ ʮʝ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʦ ʫ ʙʘʛʘʪʴʦʭ ʛʘʣʫʟʷʭ ʚʽʜ ʤʝʜʠʮʠʥʠ ʜʦ ʝʣʝʢʪʨʦʥʽʢʠ. 

ʇʝʨʩʧʝʢʪʠʚʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʚʽʪʣʘ ʜʣʷ ʢʦʥʪʨʦʣʶ ʨʝʘʢʮʽʡ ʟʘ ʫʯʘʩʪʽ ʥʘʥʦʯʘʩʪʠʥʦʢ ʻ ʜʫʞʝ 

ʧʨʠʚʘʙʣʠʚʦʶ, ʪʦʤʫ ʱʦ ʩʚʽʪʣʦ ʤʦʞʝ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʪʠ ʥʘ ʨʽʩʪ ʯʘʩʪʠʥʦʢ. ʎʝ ʟʫʤʦʚʣʝʥʦ 

ʟʜʘʪʥʽʩʪʶ ʥʘʥʦʯʘʩʪʠʥʦʢ ʧʦʛʣʠʥʘʪʠ ʩʚʽʪʣʦ ʧʝʚʥʦʾ ʜʦʚʞʠʥʠ ʭʚʠʣʽ. ʊʘʢʦʞ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʧʨʠʨʦʜʫ ʩʚʽʪʣʘ, ʤʦʞʥʘ ʩʠʥʪʝʟʫʚʘʪʠ ʦʜʥʦʨʽʜʥʫ ʧʦʧʫʣʷʮʽʶ ʥʘʥʦʯʘʩʪʠʥʦʢ 

ʽʟ ʥʝʦʜʥʦʨʽʜʥʦʾ ʚʠʭʽʜʥʦʾ ʧʦʧʫʣʷʮʽʾ. ʅʘʡʢʨʘʱʠʤ ʧʨʠʢʣʘʜʦʤ ʮʴʦʛʦ ʻ ʬʦʪʦʩʪʠʤʫʣʴʦʚʘʥʠʡ 

ʩʠʥʪʝʟ ʥʘʥʦʯʘʩʪʠʥʦʢ, ʚ ʷʢʦʤʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚʠʜʠʤʝ ʩʚʽʪʣʦ ʜʣʷ ʦʧʨʦʤʽʥʝʥʥʷ ʽ 

ʟʙʫʜʞʝʥʥʷ ʧʣʘʟʤʦʥʥʠʭ ʢʦʣʠʚʘʥʴ ʜʣʷ ʚʽʜʥʦʚʣʝʥʥʷ Ag+ ʟʘ ʜʦʧʦʤʦʛʦʶ ʮʠʪʨʘʪʫ. ʇʽʩʣʷ 

ʚʽʜʢʨʠʪʪʷ ʬʦʪʦʽʥʜʫʢʦʚʘʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʩʬʝʨʠʯʥʠʭ ʥʘʥʦʯʘʩʪʠʥʦʢ ʫ ʥʘʥʦʧʨʠʟʤʠ, 

ʬʦʪʦʩʪʠʤʫʣʴʦʚʘʥʠʡ ʩʠʥʪʝʟ ʩʪʘʚ ʚʠʩʦʢʦ ʢʦʥʪʨʦʣʴʦʚʘʥʠʤ ʤʝʪʦʜʦʤ ʧʨʠʛʦʪʫʚʘʥʥʷ ʨʽʟʥʠʭ 

ʥʘʥʦʯʘʩʪʠʥʦʢ ʩʨʽʙʣʘ ʪʘ Au-Ag ʙʽʤʝʪʘʣʽʯʥʠʭ ʩʪʨʫʢʪʫʨ ʟ ʪʦʯʥʠʤ ʢʦʥʪʨʦʣʝʤ ʬʦʨʤʠ. 

ʌʦʪʦʬʽʟʠʯʥʽ ʝʬʝʢʪʠ ʧʣʘʟʤʦʥʥʦʛʦ ʨʝʟʦʥʘʥʩʫ, ʷʢʽ ʻ ʥʘʡʙʽʣʴʰ ʘʢʪʫʘʣʴʥʠʤʠ ʜʣʷ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʬʦʪʦʩʪʠʤʫʣʴʦʚʘʥʦʤʫ ʩʠʥʪʝʟʽ ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʥʘ ʪʨʠ ʢʘʪʝʛʦʨʽʾ: 

1) ʣʦʢʘʣʽʟʦʚʘʥʝ ʥʘʛʨʽʚʘʥʥʷ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚ ʷʢʦʤʫ ʟʥʘʭʦʜʷʪʴʩʷ 

ʥʘʥʦʯʘʩʪʠʥʢʠ; 

2) ʢʦʥʮʝʥʪʨʫʚʘʥʥʷ ʧʘʜʘʶʯʦʛʦ ʩʚʽʪʣʘ ʧʦʙʣʠʟʫ ʧʦʚʝʨʭʥʽ ʯʘʩʪʠʥʦʢ, ʱʦ ʟʙʽʣʴʰʫʻ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʝ ʧʦʣʝ ʽ ʧʦʪʽʢ ʬʦʪʦʥʽʚ ʜʣʷ ʤʦʣʝʢʫʣ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʚ ʪʠʭ ʤʝʞʘʭ;  

3) ʩʪʚʦʨʝʥʥʷ ʘʢʪʠʚʥʠʭ ʝʣʝʢʪʨʦʥʥʦ-ʜʽʨʢʦʚʠʭ ʧʘʨ, ʷʢʽ ʤʦʞʫʪʴ ʙʨʘʪʠ ʫʯʘʩʪʴ ʚ 

ʨʝʘʢʮʽʷʭ ʧʝʨʝʥʦʩʫ ʟʘʨʷʜʫ ʤʽʞ ʯʘʩʪʢʦʶ ʽ ʩʫʩʽʜʥʽʤʠ ʤʦʣʝʢʫʣʘʤʠ. 

ʇʨʦʪʝ, ʦʩʪʘʪʦʯʥʦʛʦ ʫʷʚʣʝʥʥʷ ʧʨʦ ʤʝʭʘʥʽʟʤ ʫʪʚʦʨʝʥʥʷ ʥʘʥʦʯʘʩʪʠʥʦʢ ʜʦʩʽ ʥʝʤʘʻ.  

ʉʠʥʪʝʟ ʥʘʥʦʯʘʩʪʠʥʦʢ ʟʜʽʡʩʥʶʚʘʣʠ ʫ ʜʚʘ ʝʪʘʧʠ ï ʧʽʩʣʷ ʚʽʜʥʦʚʣʝʥʥʷ ʡʦʥʽʚ 

ʘʨʛʝʥʪʫʤʫ ʥʘʪʨʽʡ ʙʦʨʦʛʽʜʨʠʜʦʤ ʚ ʧʨʠʩʫʪʥʦʩʪʽ ʥʘʪʨʽʡ ʮʠʪʨʘʪʫ ʪʘ ʧʦʣʽʚʽʥʽʣʧʽʨʦʣʽʜʦʥʫ 

ʟʜʽʡʩʥʶʚʘʣʠ ʾʭ ʦʧʨʦʤʽʥʝʥʥʷ ʫ ʨʘʜʽʘʣʴʥʦʤʫ ʦʧʨʦʤʽʥʶʚʘʯʽ ʥʘ ʦʩʥʦʚʽ 24 RGB-ʜʽʦʜʽʚ ʟ 

ʜʦʚʞʠʥʦʶ ʭʚʠʣʽ 468 ʥʤ ï ʜʣʷ ʩʠʥʴʦʛʦ ʩʚʽʪʣʘ, 520 ʥʤ ï ʜʣʷ ʟʝʣʝʥʦʛʦ ʩʚʽʪʣʘ, 636 ʥʤ ï ʜʣʷ 

ʯʝʨʚʦʥʦʛʦ ʩʚʽʪʣʘ ʧʨʦʪʷʛʦʤ 6 ʜʽʙ. ɺʽʟʫʘʣʴʥʦ ʤʦʞʥʘ ʙʫʣʦ ʟʘʬʽʢʩʫʚʘʪʠ ʟʤʽʥʫ ʢʦʣʴʦʨʫ 

ʨʦʟʯʠʥʫ ʤʝʥʰʝ ʥʽʞ 24 ʛʦʜʠʥʠ, ʱʦ ʩʚʽʜʯʠʣʦ ʧʨʦ ʟʤʽʥʫ ʬʦʨʤʠ ʥʘʥʦʯʘʩʪʠʥʦʢ ʟʘ ʨʘʭʫʥʦʢ 

ʬʦʪʦʭʽʤʽʯʥʦʛʦ ʨʦʟʢʣʘʜʫ ʮʠʪʨʘʪ-ʡʦʥʽʚ ʽ ʚʽʜʥʦʚʣʝʥʥʷ ʡʦʥʽʚ ɸʨʛʝʥʪʫʤʫ ʥʘ ʧʦʚʝʨʭʥʽ 

ʩʬʝʨʠʯʥʠʭ ʟʘʨʦʜʢʽʚ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʦʧʨʦʤʽʥʝʥʥʷ ʩʠʥʽʤ ʩʚʽʪʣʦʤ ʧʨʠʟʚʦʜʠʴ ʜʦ 

ʫʪʚʦʨʝʥʥʷ ʥʘʥʦʯʘʩʪʠʥʦʢ ʜʝʢʘʝʜʨʠʯʥʦʾ ʬʦʨʤʠ (ʨʠʩ. 1ʘ), ʘ ʟʝʣʝʥʠʤ ʪʘ ʯʝʨʚʦʥʠʤ ï 

ʧʨʠʟʤʘʪʠʯʥʦʾ ʬʦʨʤʠ (ʨʠʩ. 1ʙ). 

 

  
ʈʠʩ. 1. ʇʨʦʩʚʽʯʫʶʯʽ ʝʣʝʢʪʨʦʥʥʽ ʤʽʢʨʦʬʦʪʦʛʨʘʬʽʾ ʥʘʥʦʯʘʩʪʠʥʦʢ ʩʨʽʙʣʘ ʦʜʝʨʞʘʥʠʭ 

ʧʨʠ ʦʧʨʦʤʽʥʝʥʥʽ  ʩʚʽʪʣʦʤ ʟ ʜʦʚʞʠʥʦʶ ʭʚʠʣʽ 468 ʥʤ (ʘ) ʪʘ 520 ʥʤ (ʙ). 

ɿʙʽʣʴʰʝʥʥʷ ï 128 000 ʪʘ 32 000 ʚʽʜʧʦʚʽʜʥʦ 

  



Inorganic Chemistry  ʅʝʦʨʛʘʥʽʯʥʘ ʭʽʤʽʷ 

85 

ʌɸɿʆʆɹʈɸɿʆɺɸʅʀɽ ɺ ʉʀʉʊɽʄɽ Ni2+  K2WO4  H+(Z = 1,00)  H2O 
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ʉ ʤʦʤʝʥʪʘ ʦʧʠʩʘʥʠʷ ʚ 1970 ʛʦʜʫ ʧʝʨʚʦʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ 

ʛʝʪʝʨʦʧʦʣʠʩʦʣʠ Na3[Cr(OH)6Mo6O18]Ā8H2O ʙʳʣʦ ʦʧʫʙʣʠʢʦʚʘʥʦ ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʨʘʙʦʪ 

ʧʦʩʚʷʱʝʥʥʳʭ ʩʠʥʪʝʟʫ ʠ ʠʟʫʯʝʥʠʶ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ʩʦʣʝʡ, ʩʦʜʝʨʞʘʱʠʭ ʩ 

ʘʥʠʦʥ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ɸʥʜʝʨʩʦʥʘ [X(OH)6M6O18]
nï (M = Mo, W) ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʛʝʪʝʨʦʘʪʦʤʘʤʠ X. ɻʝʪʝʨʦʧʦʣʠʩʦʝʜʠʥʝʥʠʷ ʩ ʧʦʜʦʙʥʳʤʠ ʘʥʠʦʥʘʤʠ ʠ ʨʘʟʥʦʦʙʨʘʟʥʳʤʠ 

ʢʘʪʠʦʥʘʤʠ d- ʠ f-ʵʣʝʤʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʨʠʜʘʚʘʪʴ ʧʦʣʠʦʢʩʦʤʝʪʘʣʣʘʪʘʤ 

ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʠʣʠ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ, ʯʘʱʝ ʚʩʝʛʦ ʧʦʣʫʯʘʶʪ ʧʦ ʦʙʤʝʥʥʦʡ ʨʝʘʢʮʠʠ 

ʠʟ ʨʘʥʝʝ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʨʘʩʪʚʦʨʠʤʳʭ ʩʦʣʝʡ ʩ ʢʘʪʠʦʥʘʤʠ s-ʵʣʝʤʝʥʪʦʚ ʠʣʠ ʘʤʤʦʥʠʷ, 

ʭʦʨʦʰʘʷ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʢʦʪʦʨʳʭ ʪʘʢ ʞʝ ʚʘʞʥʘ ʝʱʝ ʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʛʝʪʝʨʦʧʦʣʠʩʦʣʝʡ ʚ ʢʘʪʘʣʠʟʝ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʠʪʦʛʠ ʩʠʥʪʝʟʘ ʠʟʦʧʦʣʠʩʦʝʜʠʥʝʥʠʷ 

K6Ni2[W12O40(OH)2]Ā22H2O ʩ ʘʥʠʦʥʦʤ ʧʘʨʘʚʦʣʴʬʨʘʤʘʪʘ ɹ ʠ ʛʝʪʝʨʦʧʦʣʠʩʦʝʜʠʥʝʥʠʷ 

K3Ni0,5[Ni(OH)6W6O18]Ā12H2O ʩ ʘʥʠʦʥʦʤ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ɸʥʜʝʨʩʦʥʘ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʩʘʤʦʩʙʦʨʢʠ ʚ ʧʦʜʢʠʩʣʝʥʥʦʤ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʩʠʩʪʝʤʳ K2WO4ïNi(NO3)2ïHNO3ïH2O ʧʨʠ 

Z = ɜ(H+)/ɜ(WO4
2ï) = 1,00. ʋʩʪʘʥʦʚʣʝʥʥʳʡ ʬʘʢʪ ʩʦʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʜʚʫʭ ʥʦʚʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʧʦʜʪʚʝʨʞʜʘʝʪ ʛʠʧʦʪʝʟʫ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʧʨʠʩʫʪʩʪʚʠʷ ʛʝʪʝʨʦʧʦʣʠ- ʠ 

ʠʟʦʧʦʣʠʚʦʣʴʬʨʘʤʘʪ-ʘʥʠʦʥʦʚ ʚ ʨʘʩʪʚʦʨʝ. ɺʳʜʝʣʝʥʥʳʝ ʩʦʣʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʤʝʪʦʜʘʤʠ 

ʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʠ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ. ʉʦʝʜʠʥʝʥʠʝ 

K6Ni2[W12O40(OH)2]Ā22H2O ʩʦʩʪʦʠʪ ʠʟ ʮʝʥʪʨʦʩʠʤʤʝʪʨʠʯʥʳʭ ʧʘʨʘʚʦʣʴʬʨʘʤʘʪ ɹ-ʘʥʠʦʥʦʚ, 

ʦʢʪʘʵʜʨʦʚ NiO6 ʠ ʜʚʫʭ ʪʠʧʦʚ ʧʦʣʠʵʜʨʦʚ ʢʘʣʠʷ ʂʆ8 ʠ ʂʆ10 (ʨʠʩ. 1ʘ). ɺ ʩʦʝʜʠʥʝʥʠʠ 

K3Ni0,5[Ni(OH)6W6O18]Ā12H2O  ʛʝʪʝʨʦʧʦʣʠʘʥʠʦʥʳ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ɸʥʜʝʨʩʦʥʘ, ʥʘʭʦʜʷʪʩʷ ʚ 

ʦʙʱʝʤ ʧʦʣʦʞʝʥʠʠ, ʠ ʚʤʝʩʪʝ ʩ ʧʦʣʠʵʜʨʘʤʠ ʂʆ8, ʩ ʢʦʪʦʨʳʤʠ ʦʥʠ ʩʦʝʜʠʥʝʥʳ ʟʘ ʩʯʝʪ ʦʙʱʠʭ 

ʚʝʨʰʠʥ ʠ ʨʝʙʝʨ, ʦʙʨʘʟʫʶʪ ʜʚʫʤʝʨʥʳʝ ʩʣʦʠ ʚ ʩʪʨʫʢʪʫʨʝ, ʢʦʪʦʨʳʝ ʩʦʝʜʠʥʝʥʳ ʦʢʪʘʵʜʨʘʤʠ 

NiO6 ʠ ʚʦʜʦʨʦʜʥʳʤʠ ʩʚʷʟʷʤʠ ʤʦʣʝʢʫʣ ʚʦʜʳ (ʨʠʩ. 1ʙ). 

 

 
 

ʘ) ʙ) 

ʈʠʩ. 1. ʐʘʨʦʩʪʝʨʞʥʝʚʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʘ) K6Ni2[W12O40(OH)2]Ā22H2O; 

ʙ) K3Ni0,5[Ni(OH)6W6O18]Ā12H2O 
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ʉʦ ʩʪʦʨʦʥʳ ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʠ ʧʦʪʨʝʙʠʪʝʣʝʡ ʧʨʦʮʝʩʩʦʚ ʮʠʥʢʦʚʘʥʠʷ ʠ 

ʦʮʠʥʢʦʚʘʥʥʳʭ ʠʟʜʝʣʠʡ ʧʦʚʳʰʝʥʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʧʦʚʳʰʝʥʠʶ ʢʦʨʨʦʟʠʦʥʥʦʡ 

ʩʪʦʡʢʦʩʪʠ ʮʠʥʢʦʚʳʭ ʧʦʢʨʳʪʠʡ. ʀʤʝʥʥʦ ʫʩʪʦʡʯʠʚʦʩʪʴ ʧʦʢʨʳʪʠʡ ʢ ʢʦʨʨʦʟʠʠ ʦʧʨʝʜʝʣʷʝʪ 

ʜʣʠʪʝʣʴʥʦʩʪʴ ʟʘʱʠʪʳ ʦʮʠʥʢʦʚʘʥʥʳʭ ʠʟʜʝʣʠʡ (ʚ ʦʩʥʦʚʥʦʤ ʠʟ ʫʛʣʝʨʦʜʠʩʪʦʡ ʠ 

ʥʠʟʢʦʣʝʛʠʨʦʚʘʥʥʦʡ ʩʪʘʣʠ) ʦʪ ʢʦʨʨʦʟʠʦʥʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʦʮʠʥʢʦʚʘʥʥʳʭ ʠʟʜʝʣʠʡ ʚ ʟʘʤʢʥʫʪʳʭ ʢʦʨʨʦʟʠʦʥʥʳʭ ʩʨʝʜʘʭ ʘʢʪʫʘʣʴʥʦʡ ʷʚʣʷʝʪʩʷ 

ʠʥʛʠʙʠʪʦʨʥʘʷ ʟʘʱʠʪʘ. 

ʎʝʣʴ ʨʘʙʦʪʳ ï ʠʩʩʣʝʜʦʚʘʥʠʝ ʠʥʛʠʙʠʪʦʨʥʦʡ ʟʘʱʠʪʳ ʛʘʣʴʚʘʥʠʯʝʩʢʠʭ ʮʠʥʢʦʚʳʭ 

ʧʦʢʨʳʪʠʡ ʚ ʥʝʡʪʨʘʣʴʥʦʡ ʭʣʦʨʠʜʩʦʜʝʨʞʘʱʝʡ ʩʨʝʜʝ ʚʘʥʘʜʘʪʦʤ ʥʘʪʨʠʷ Na3VO4. ʄʝʪʦʜʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʚʝʩʦʚʦʡ ʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ. ʆʙʲʝʢʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʛʘʣʴʚʘʥʠʯʝʩʢʠʝ 

ʮʠʥʢʦʚʳʝ ʧʦʢʨʳʪʠʷ ʥʘ ʫʛʣʝʨʦʜʠʩʪʦʡ ʩʪʘʣʠ 08ʢʧ, ʦʩʘʞʜʝʥʥʳʝ ʩʣʘʙʦʢʠʩʣʳʤ ʮʠʥʢʦʚʘʥʠʝʤ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʣʝʢʪʨʦʣʠʪʘ ʃɻ-50. ʇʦʢʨʳʪʠʷ ʥʘʥʦʩʠʣʠ ʧʨʠ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ 2 A/ʜʤ2 ʚ 

ʦʜʠʥ ʩʣʦʡ ʪʦʣʱʠʥʘʤʠ 9 ʤʢʤ ʜʣʷ ʩʥʷʪʠʷ ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʭ ʢʨʠʚʳʭ ʠ 18 ʤʢʤ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʚʝʩʦʚʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʢʦʨʨʦʟʠʠ. ʇʘʩʩʠʚʘʮʠʶ ʮʠʥʢʦʚʳʭ ʧʦʢʨʳʪʠʡ ʥʝ 

ʧʨʦʚʦʜʠʣʠ. ʂʦʨʨʦʟʠʦʥʥʳʝ ʠʩʧʳʪʘʥʠʷ ʚʝʩʦʚʳʤ ʤʝʪʦʜʦʤ ʧʨʦʚʦʜʠʣʠ ʚ 3 % ʨʘʩʪʚʦʨʝ 

ʭʣʦʨʠʜʘ ʥʘʪʨʠʷ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʚʘʥʘʜʘʪʘ ʥʘʪʨʠʷ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʚ ʜʠʘʧʘʟʦʥʝ (0,5ï

3)Ĭ10-4 ʄ ʚ ʪʝʯʝʥʠʝ 24ï96 ʯ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʚʝʩʦʚʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʢʦʨʨʦʟʠʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʚʘʥʘʜʘʪʘ ʥʘʪʨʠʷ Na3VO4 ʠ ʚʨʝʤʝʥʠ ʠʩʧʳʪʘʥʠʡ ʧʦʢʘʟʘʣʦ, ʯʪʦ:  

1) ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʠʩʧʳʪʘʥʠʡ ʩʢʦʨʦʩʪʴ ʢʦʨʨʦʟʠʠ ʚʦʟʨʘʩʪʘʝʪ ʢʘʢ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʠʥʛʠʙʠʪʦʨʘ, ʪʘʢ ʠ ʙʝʟ ʥʝʛʦ;  

2) ʥʘʠʤʝʥʴʰʘʷ ʩʢʦʨʦʩʪʴ ʢʦʨʨʦʟʠʠ ʠ ʥʘʠʙʦʣʴʰʠʡ ʟʘʱʠʪʥʳʡ ʵʬʬʝʢʪ ʠʥʛʠʙʠʪʦʨʘ 

ʦʪʤʝʯʘʣʩʷ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʷʭ Na3VO4 0,0001 ʠ 0,0002 ʄ;  

3) ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʷʭ 0,00005 ʠ 0,0003 M ʠ ʜʣʠʪʝʣʴʥʦʤ ʚʨʝʤʝʥʠ ʠʩʧʳʪʘʥʠʡ (72 ʠ 

96 ʯ) Na3VO4 ʧʦʢʘʟʘʣ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʟʘʱʠʪʥʳʡ ʵʬʬʝʢʪ, ʪ. ʝ. ʫʚʝʣʠʯʠʣ ʩʢʦʨʦʩʪʴ 

ʢʦʨʨʦʟʠʠ.  

ʆʧʨʝʜʝʣʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ ʢʦʨʨʦʟʠʠ ʧʦʢʨʳʪʠʡ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʠʟ 

ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʭ ʢʨʠʚʳʭ ʧʨʠ ʨʘʟʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʚʘʥʘʜʘʪʘ ʥʘʪʨʠʷ Na3VO4 ʚ 3 % 

ʨʘʩʪʚʦʨʝ ʭʣʦʨʠʜʘ ʥʘʪʨʠʷ ʪʘʢ ʞʝ, ʢʘʢ ʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚʝʩʦʚʦʛʦ ʤʝʪʦʜʘ, ʧʦʢʘʟʘʣʦ 

ʥʘʠʤʝʥʴʰʫʶ ʩʢʦʨʦʩʪʴ ʢʦʨʨʦʟʠʠ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʷʭ 0,0001 ʠ 0,0002 ʄ. 

ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʡ ʤʝʪʦʜ ʯʝʪʢʦ ʧʦʢʘʟʳʚʘʝʪ ʟʘʱʠʪʥʳʡ ʵʬʬʝʢʪ ʚʘʥʘʜʘʪʘ ʥʘʪʨʠʷ Na3VO4 

ʧʨʠ ʚʩʝʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ. ʇʣʦʪʥʦʩʪʴ ʪʦʢʘ ʢʦʨʨʦʟʠʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʥʘʯʘʣʴʥʫʶ ʩʢʦʨʦʩʪʴ 

ʢʦʨʨʦʟʠʠ ʠ ʧʦʪʦʤʫ ʢʘʯʝʩʪʚʝʥʥʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʭʘʨʘʢʪʝʨʦʤ ʠʟʤʝʥʝʥʠʷ ʤʘʩʩʦʚʦʛʦ 

ʧʦʢʘʟʘʪʝʣʷ ʢʦʨʨʦʟʠʠ ʧʨʠ ʩʘʤʦʤ ʤʘʣʦʤ ʚʨʝʤʝʥʠ ʠʩʧʳʪʘʥʠʡ 24 ʯ. ɿʘʱʠʪʥʳʡ ʵʬʬʝʢʪ 

ʠʥʛʠʙʠʪʦʨʘ, ʦʧʨʝʜʝʣʝʥʥʳʡ ʧʦ ʪʦʢʘʤ ʢʦʨʨʦʟʠʠ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʚʘʥʘʜʘʪʘ ʥʘʪʨʠʷ 

0,0001 M ʠ ʙʦʣʝʝ, ʩʦʩʪʘʚʣʷʝʪ 93,2ï95,1 %. ʈʘʩʩʯʠʪʘʥʥʳʡ ʥʘ ʦʩʥʦʚʘʥʠʠ ʚʝʩʦʚʳʭ 

ʠʟʤʝʨʝʥʠʡ ʤʘʢʩʠʤʘʣʴʥʳʡ ʟʘʱʠʪʥʳʡ ʵʬʬʝʢʪ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʥʛʠʙʠʪʦʨʘ 0,0001 ʄ ʠ 

ʚʨʝʤʝʥʠ ʠʩʧʳʪʘʥʠʡ 24 ʯ ʩʦʩʪʘʚʣʷʝʪ ~75 %. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʜʚʫʭ ʥʝʟʘʚʠʩʠʤʳʭ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʥʛʠʙʠʪʦʨʥʦʡ ʟʘʱʠʪʳ 

ʦʮʠʥʢʦʚʘʥʥʦʡ ʩʪʘʣʠ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʦʧʪʠʤʘʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʨʘʩʪʚʦʨʠʤʦʛʦ 

ʠʥʛʠʙʠʪʦʨʘ ʢʦʨʨʦʟʠʠ Na3VO4 ʚ 3 % ʨʘʩʪʚʦʨʝ ʭʣʦʨʠʜʘ ʥʘʪʨʠʷ ʣʝʞʠʪ ʚ ʜʠʘʧʘʟʦʥʝ 0,0001ï

0,0002 ʄ. 
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ʇʨʠʨʦʜʥʳʡ ʢʣʠʥʦʧʪʠʣʦʣʠʪ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ ʠ ʚʦʟʜʫʭʘ, ʘ 

ʪʘʢʞʝ ʚ ʢʘʯʝʩʪʚʝ ʥʦʩʠʪʝʣʷ ʘʢʪʠʚʥʦʡ ʬʘʟʳ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʨʝʜʦʢʩ-ʨʝʘʢʮʠʡ ʩ ʫʯʘʩʪʠʝʤ 

ʛʘʟʦʦʙʨʘʟʥʳʭ ʪʦʢʩʠʯʥʳʭ ʚʝʱʝʩʪʚ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʨʝʘʢʮʠʠ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʦʢʠʩʣʝʥʠʷ ʤʦʥʦʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ ʢʠʩʣʦʨʦʜʦʤ ʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʧʘʣʣʘʜʠʡ-

ʤʝʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʠʪ ʦʪ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠ ʩʪʨʫʢʪʫʨʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʣʠʥʦʧʪʠʣʦʣʠʪʘ, ʚʣʠʷʶʱʠʭ ʥʘ ʩʦʩʪʘʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. ɼʣʷ 

ʦʧʪʠʤʠʟʘʮʠʠ ʩʚʦʡʩʪʚ ʥʦʩʠʪʝʣʷ ʢʣʠʥʦʧʪʠʣʦʣʠʪ ʧʦʜʚʝʨʛʘʶʪ ʢʠʩʣʦʪʥʦ-ʪʝʨʤʘʣʴʥʦʤʫ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʶ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʢʦʪʦʨʦʛʦ ʟʘʚʠʩʠʪ ʦʪ ʧʨʠʨʦʜʳ ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʢʠʩʣʦʪʳ, ʚʨʝʤʝʥʠ ʢʦʥʪʘʢʪʘ ʢʠʩʣʦʪʳ ʩ ʦʙʨʘʟʮʦʤ, ʢʨʘʪʥʦʩʪʠ ʦʙʨʘʙʦʪʦʢ, ʘ ʪʘʢʞʝ 

ʩʦʦʪʥʦʰʝʥʠʷ ʪʚʝʨʜʦʡ ʠ ʞʠʜʢʦʡ ʬʘʟ. ʇʦʩʣʝ ʢʠʩʣʦʪʥʦ-ʪʝʨʤʘʣʴʥʦʛʦ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ 

ʩʫʱʝʩʪʚʝʥʥʦ ʠʟʤʝʥʷʶʪʩʷ ʧʨʦʪʦʣʠʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʣʠʥʦʧʪʠʣʦʣʠʪʘ. ɺ ʨʘʙʦʪʝ 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʧʨʠʨʦʜʥʳʡ ʢʣʠʥʦʧʪʠʣʦʣʠʪ (ʇ-ʂʣ) (ɿʘʢʘʨʧʘʪʩʢʘʷ ʦʙʣ., ʉʦʢʠʨʥʠʮʢʦʝ 

ʤʝʩʪʦʨʦʞʜʝʥʠʝ, ʊʋ ʋ 14.5-00292540.001-2001) ʩʣʝʜʫʶʱʝʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ 

(ʤʘʩ. %): SiO2 ï 71,5, Al2O3 ï 13,1, Fe2O3 ï 0,9, TiO2 ï 0,5, CaO ï 3,44, MgO ï 0,68, K2O ï

Na2O ï 3,03. ʀʩʩʣʝʜʫʝʤʳʝ ʦʙʨʘʟʮʳ ʧʦʣʫʯʘʣʠ ʢʠʧʷʯʝʥʠʝʤ 50 ʛ ʠʩʭʦʜʥʦʛʦ ʮʝʦʣʠʪʘ 

ʬʨʘʢʮʠʠ 0,5ï1,0 ʤʤ ʚ 100 ʤʣ 0,25; 0,5; 1 ʠ 3 ʄ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʳ ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥʫʪ. 

ʆʙʨʘʟʮʳ ʦʪʤʳʚʘʣʠ ʙʠʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ ʜʦ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʨʝʘʢʮʠʠ ʥʘ NO3
-
-ʠʦʥʳ. 

ɼʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʪʦʣʠʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ ʧʦʚʝʨʭʥʦʩʪʠ 

ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʨʘʚʥʦʚʝʩʥʦʝ ʟʥʘʯʝʥʠʝ ʨʅ ʧʨʠ ʢʦʥʪʘʢʪʝ 0,2 ʛ ʧʨʠʨʦʜʥʦʛʦ ʠʣʠ ʢʠʩʣʦʪʥʦ-

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʢʣʠʥʦʧʪʠʣʦʣʠʪʘ ʩ 20 ʤʣ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʳ. ʆʧʨʝʜʝʣʝʥʠʝ ʨʅ 

ʧʨʦʚʦʜʠʣʠ ʩ ʧʦʤʦʱʴʶ ʧʨʠʙʦʨʘ ʨʅ-340 ʩʦ ʩʪʝʢʣʷʥʥʳʤ ʣɻʝʢʪʨʦʜʦʤ ʤʘʨʢʠ ʕʉʃ 43-07 ʠ 

ʭʣʦʨ-ʩʝʨʝʙʨʷʥʳʤ ʵʣʝʢʪʨʦʜʦʤ ʤʘʨʢʠ ʕɺʃ 1ʄɿ ʧʨʠ 20 ʉ̄ ʠ ʧʦʩʪʦʷʥʥʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ 

ʩʫʩʧʝʥʟʠʠ. ɺʝʣʠʯʠʥʫ ʩʫʩʧʝʥʟʠʦʥʥʦʛʦ ʵʬʬʝʢʪʘ (æʨʅs) ʨʘʩʩʯʠʪʳʚʘʣʠ ʧʦ ʫʨʘʚʥʝʥʠʶ: 

æʨʅs = ʨʅʨ ï ʨʅ0, ʛʜʝ ʨʅ0, ʨʅʨ ï ʟʥʘʯʝʥʠʷ ʨʅ ʩʫʩʧʝʥʟʠʠ, ʠʟʤʝʨʝʥʥʳʝ ʯʝʨʝʟ 15 ʩ ʠ ʧʦʩʣʝ 

ʜʦʩʪʠʞʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʨʦʪʦʣʠʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʣʠʥʦʧʪʠʣʦʣʠʪʘ 

ʩʫʱʝʩʪʚʝʥʥʦ ʠʟʤʝʥʷʶʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʝʛʦ ʢʠʩʣʦʪʥʦʛʦ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ (ʪʘʙʣ.). 

 

ʊʘʙʣʠʮʘ  

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʢʠʩʣʦʪʥʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠʨʦʜʥʦʛʦ ʠ ʢʠʩʣʦʪʥʦ-ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ 

ʢʣʠʥʦʧʪʠʣʦʣʠʪʘ 

ʆʙʨʘʟʝʮ pH0 pHʨ ȹpHs 

ʇ-ʂʣ 7,45 8,05 0,6 

0,25ʅ-ʂʣ-0,5 5,78 5,57 -0,21 

0,5ʅ-ʂʣ-0,5 5,60 5,35 -0,25 

1ʅ-ʂʣ-0,5 5,42 5,18 -0,24 

3ʅ-ʂʣ-0,5 4,38 4,13 -0,25 

 

ʀʟʤʝʥʝʥʠʝ ʚʝʣʠʯʠʥʳ ʨʅ ʚ ʦʧʨʝʜʝʣʝʥʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʠʧ 

ʘʧʨʦʪʦʥʥʳʭ ʮʝʥʪʨʦʚ. ɺ ʩʣʫʯʘʝ ʧʨʠʨʦʜʥʦʛʦ ʢʣʠʥʦʧʪʠʣʦʣʠʪʘ ȹpHs > 0, ʪ. ʝ. ʧʨʝʦʙʣʘʜʘʶʪ 

ʮʝʥʪʨʳ ʃʴʶʠʩʘ ʦʩʥʦʚʥʦʛʦ ʭʘʨʘʢʪʝʨʘ. ɺ ʩʣʫʯʘʝ ʢʠʩʣʦʪʥʦ-ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʬʦʨʤ 

ȹpHs < 0, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʘʣʠʯʠʠ ʢʠʩʣʦʪʥʳʭ ʮʝʥʪʨʦʚ ʃʴʶʠʩʘ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʫʞʝ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʢʣʠʥʦʧʪʠʣʦʣʠʪʘ 0,25 ʄ HNO3 ʟʥʘʯʝʥʠʝ ʨʅʨ ʧʦʥʠʞʘʝʪʩʷ ʦʪ 8,05 ʜʦ 

5,57. ɼʘʣʝʝ, ʧʨʠ ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʠʥʘʢʦʚʦʤ ʟʥʘʯʝʥʠʠ ȹpHs, ʩʫʱʝʩʪʚʝʥʥʦʝ ʧʦʥʠʞʝʥʠʝ ʨʅʨ 

ʫʩʪʘʥʦʚʣʝʥʦ ʜʣʷ ʦʙʨʘʟʮʘ 3ʅ-ʂʣ-0,5. 
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ɸɼʉʆʈɹʎɯʗ ɯʆʅɯɺ ʉu2+ ɿ ɺʆɼʅʀʍ ʈʆɿʏʀʅɯɺ  

ɺʀʉʆʂʆɼʀʉʇɽʈʉʅʀʄ ʂʈɽʄʅɽɿɽʄʆʄ  

ʊɸ ʂʆʄʇʆɿʀʊʆʄ SiO2/ʄɽɿʆ-2,3-ɼʀʄɽʈʂɸʇʊʆʉʋʂʎʀʅʆɺɸ ʂʀʉʃʆʊɸ 

ʂʘʤʽʥʩʴʢʠʡ ʆ. ʄ.1, ʂʫʩʷʢ ʅ. ɺ.1, ʂʠʨʠʯʫʢ ʄ. ʖ.1, ɻʦʨʙʠʢ ʇ. ʇ.2 
1ɾʠʪʦʤʠʨʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤ. ɯʚʘʥʘ ʌʨʘʥʢʘ  

2ɯʥʩʪʠʪʫʪ ʭʽʤʽʾ ʧʦʚʝʨʭʥʽ ʅɸʅ ʋʢʨʘʾʥʠ ʽʤ. ʆ. ʆ. ʏʫʡʢʘ 
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ʉʝʨʝʜ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʘʜʩʦʨʙʝʥʪʽʚ ʜʦʩʪʦʡʥʝ ʤʽʩʮʝ ʧʦʩʽʜʘʻ ʢʨʝʤʥʝʟʝʤ ʪʘ 

ʢʦʤʧʦʟʠʪʠ ʥʘ ʡʦʛʦ ʦʩʥʦʚʽ, ʷʢʽ ʤʘʶʪʴ ʜʦʙʨʝ ʨʦʟʚʠʥʫʪʫ ʧʦʚʝʨʭʥʶ, ʱʦ ʩʧʨʠʷʻ 

ʧʨʦʭʦʜʞʝʥʥʶ ʘʜʩʦʨʙʮʽʾ ʨʽʟʥʠʭ ʨʝʯʦʚʠʥ, ʚ ʪʦʤʫ ʯʠʩʣʽ, ʢʘʪʽʦʥʽʚ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ. ʂʨʽʤ ʪʦʛʦ, 

ʢʨʝʤʥʝʟʝʤ ʪʘ ʢʦʤʧʦʟʠʪʠ ʥʘ ʡʦʛʦ ʦʩʥʦʚʽ ʚʦʣʦʜʽʶʪʴ ʙʽʦʩʫʤʽʩʥʽʩʪʶ. ʄʦʜʠʬʽʢʫʚʘʥʥʷ ʽ 

ʬʫʥʢʮʽʦʥʘʣʽʟʘʮʽʷ ʧʦʚʝʨʭʥʽ ʘʜʩʦʨʙʝʥʪʽʚ ʜʦʟʚʦʣʷʻ ʢʝʨʫʚʘʪʠ ʾʭ ʚʣʘʩʪʠʚʦʩʪʷʤʠ, 

ʧʨʠʩʪʦʩʦʚʫʚʘʪʠ ʜʦ ʝʢʩʧʣʫʘʪʘʮʽʾ ʚ ʩʧʝʮʠʬʽʯʥʠʭ ʬʽʟʠʯʥʠʭ, ʭʽʤʽʯʥʠʭ ʽ ʙʽʦʣʦʛʽʯʥʠʭ ʫʤʦʚʘʭ.  

ʄʝʪʦʶ ʥʘʰʦʾ ʨʦʙʦʪʠ ʩʪʘʣʦ ʚʠʚʯʝʥʥʷ ʚʧʣʠʚʫ ʧʨʠʨʦʜʠ ʧʦʚʝʨʭʥʽ ʥʘʥʦʩʪʨʫʢʪʫʨ 

ʧʽʨʦʛʝʥʥʦʛʦ ʢʨʝʤʥʝʟʝʤʫ (SiO2) ʪʘ ʡʦʛʦ ʥʘʥʦʢʦʤʧʦʟʠʪʫ ʩʢʣʘʜʫ SiO2/ʤʝʟʦ-2,3-

ʜʠʤʝʨʢʘʧʪʦʩʫʢʮʠʥʦʚʘ ʢʠʩʣʦʪʘ (ɼʄʉʂ) ʥʘ ʘʜʩʦʨʙʮʽʶ ʽʦʥʽʚ ʉu2+. ʋ ʷʢʦʩʪʽ ʟʨʘʟʢʽʚ ʜʣʷ 

ʜʦʩʣʽʜʞʝʥʴ ʚʠʢʦʨʠʩʪʘʥʦ ʧʽʨʦʛʝʥʥʠʡ ʥʘʥʦʨʦʟʤʽʨʥʠʡ ʥʝʧʦʨʠʩʪʠʡ ʢʨʝʤʥʝʟʝʤ (SiO2) ʤʘʨʢʠ 

ɸ-300 ʚʠʨʦʙʥʠʮʪʚʘ ʂʘʣʫʩʴʢʦʛʦ ʜʦʩʣʽʜʥʦ-ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʟʘʚʦʜʫ ɯʥʩʪʠʪʫʪʫ ʭʽʤʽʾ 

ʧʦʚʝʨʭʥʽ ʽʤ. ʆ. ʆ. ʏʫʡʢʘ ʅɸʅ ʋʢʨʘʾʥʠ. ʇʠʪʦʤʘ ʧʦʚʝʨʭʥʷ ʚʠʩʦʢʦʜʠʩʧʝʨʩʥʦʛʦ 

ʢʨʝʤʥʝʟʝʤʫ ʩʪʘʥʦʚʠʣʘ S ~280 ʤ2/ʛ, ʢʦʥʮʝʥʪʨʘʮʽʷ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʆʅïʛʨʫʧ ~7ï

9,5 ʤʢʤʦʣʴ/ʤ2. ɼʦʩʣʽʜʞʝʥʥʷʤʠ ʤʦʨʬʦʣʦʛʽʾ ʚʠʷʚʣʝʥʦ ʚʽʜʩʫʪʥʽʩʪʴ ʧʦʨʠʩʪʦʩʪʽ ʧʝʨʚʠʥʥʠʭ 

ʯʘʩʪʠʥʦʢ ʪʘ ʾʭ ʩʭʠʣʴʥʽʩʪʴ ʜʦ ʘʛʨʝʛʘʮʽʾ ʽ ʘʛʣʦʤʝʨʘʮʽʾ.  

ʄʦʜʠʬʽʢʫʚʘʥʥʷ ʧʦʚʝʨʭʥʽ ʥʘʥʦʯʘʩʪʠʥʦʢ ʢʨʝʤʥʝʟʝʤʫ ɼʄʉʂ ʧʨʦʚʦʜʠʣʠ 

ʩʫʩʧʝʥʜʫʚʘʥʥʷʤ ʯʘʩʪʠʥʦʢ SiO2 ʫ ʪʦʣʫʦʣʽ ʟ ʚʽʜʧʦʚʽʜʥʦʶ ʢʽʣʴʢʽʩʪʶ ʤʦʜʠʬʽʢʘʪʦʨʘ,  

ʨʦʟʯʠʥʝʥʦʛʦ ʚ ʜʠʤʝʪʠʣʩʫʣʴʬʦʢʩʠʜʽ ʟʘ ʢʽʤʥʘʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʧʨʦʪʷʛʦʤ ʜʦʙʠ. ɼʄʉʂ 

ʧʨʠʻʜʥʫʻʪʴʩʷ ʜʦ ʢʨʝʤʥʝʟʝʤʫ ʰʣʷʭʦʤ ʫʪʚʦʨʝʥʥʷ ʟʚ'ʷʟʢʫ ʢʘʨʙʦʢʩʠʣʴʥʦʾ ʛʨʫʧʠ ʟ 

ʛʽʜʨʦʢʩʠʣʴʥʦʶ ʛʨʫʧʦʶ ʧʦʚʝʨʭʥʽ ʟʘ ʨʝʘʢʮʽʻʶ: 

SiO2///ï2OH + HOOCï(CHSH)2ïCOOH Ÿ SiO2///ï(OOC)2ï(CHSH)2. 

ʆʜʝʨʞʘʥʠʡ ʟʦʣʴ ʥʘʥʦʯʘʩʪʠʥʦʢ SiO2, ʧʦʢʨʠʪʠʭ ɼʄʉʂ, ʻ ʩʪʘʙʽʣʴʥʠʤ ʫ ʰʠʨʦʢʠʭ 

ʤʝʞʘʭ ʨʅ (3ï11), ʫ ʚʦʜʥʠʭ ʪʘ ʬʦʩʬʘʪʥʠʭ ʙʫʬʝʨʥʠʭ ʩʠʩʪʝʤʘʭ ʙʝʟ ʘʛʨʝʛʘʮʽʾ. 

ʄʽʞʤʦʣʝʢʫʣʷʨʥʽ ʜʠʩʫʣʴʬʽʜʥʽ ʟʚôʷʟʢʠ ʧʦʚʝʨʭʥʝʚʦ ʟʚôʷʟʘʥʦʾ ɼʄʉʂ ʧʽʜʚʠʱʫʶʪʴ 

ʩʪʘʙʽʣʴʥʽʩʪʴ ʧʦʢʨʠʪʪʷ. ɸʜʩʦʨʙʮʽʡʥʫ ʻʤʥʽʩʪʴ (ɸ) ʥʘ ʧʦʚʝʨʭʥʽ ʚʠʭʽʜʥʦʛʦ ʪʘ 

ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʢʨʝʤʥʝʟʝʤʫ ʚʠʟʥʘʯʘʣʠ ʚʠʤʽʨʶʚʘʥʥʷʤ ʢʦʥʮʝʥʪʨʘʮʽʾ ʽʦʥʽʚ ʽʟ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʘʪʦʤʥʦ-ʘʙʩʦʨʙʮʽʡʥʦʛʦ ʤʝʪʦʜʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʘ ʉ-115 ʄ 

ʫ ʧʦʣʫʤôʷʥʽʡ ʩʫʤʽʰʽ ʘʮʝʪʠʣʝʥ-ʧʦʚʽʪʨʷ. ɺʠʤʽʨʶʚʘʥʥʷ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʜʦʚʞʠʥʽ ʭʚʠʣʽ 

324,7 ʥʤ. ɼʣʷ ʜʦʩʣʽʜʞʝʥʴ ʚʠʢʦʨʠʩʪʘʣʠ ʚʦʜʥʽ ʨʦʟʯʠʥʠ ʉu2+ ʟ ʜʽʘʧʘʟʦʥʦʤ ʢʦʥʮʝʥʪʨʘʮʽʡ 10ï

200 ʤʛ/ʣ.  

ʆʜʝʨʞʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʩʚʽʜʯʠʣʠ ʧʨʦ ʟʘʣʝʞʥʽʩʪʴ ʘʜʩʦʨʙʮʽʡʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʧʦʚʝʨʭʥʽ 

ʱʦʜʦ ʉu2+. ɺ ɿʨʦʩʪʘʥʥʷ ʨʽʚʥʦʚʘʞʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʉu2+ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʘʜʩʦʨʙʮʽʡʥʦʛʦ 

ʥʘʩʠʯʝʥʥʷ ʤʦʥʦʰʘʨʫ ʧʦʚʝʨʭʥʽ ʘʜʩʦʨʙʝʥʪʽʚ. ʊʘʢʘ ʬʦʨʤʘ ʽʟʦʪʝʨʤ ʤʦʞʝ ʙʫʪʠ ʦʧʠʩʘʥʘ 

ʨʽʚʥʷʥʥʷʤ ʃʝʥʛʤʶʨʘ. ɯʟʦʪʝʨʤʠ ʘʜʩʦʨʙʮʽʾ ʩʚʽʜʯʘʪʴ ʧʨʦ ʚʠʩʦʢʫ ʘʜʩʦʨʙʮʽʡʥʫ ʩʧʦʨʽʜʥʝʥʽʩʪʴ 

ʢʨʝʤʥʝʟʝʤʫ ʪʘ ʥʘʥʦʢʦʤʧʦʟʠʪʫ SiO2/ɼʄʉʂ ʱʦʜʦ ʽʦʥʽʚ ʉu2+. ɺʝʣʠʯʠʥʠ ɸmax (ʧʨʠ ʉ0 = 

200 ʤʛ/ʣ, m = 0,03 ʛ, V = 5 ʤʣ, ʊ = 298 ʂ, ʨʅ = 7,8), ʦʜʝʨʞʘʥʽ ʟ ʚʽʜʧʦʚʽʜʥʠʭ ʽʟʦʪʝʨʤ, 

ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʤʝʞʘʭ 19,31 ʤʛ/ʛ ʪʘ 21,55 ʤʛ/ʛ ʚʽʜʧʦʚʽʜʥʦ. ʉʪʫʧʽʥʴ ʚʠʣʫʯʝʥʥʷ (R) ʉu2+ 

ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʤʝʞʘʭ 73 % ʜʣʷ SiO2
 ʪʘ 78 % ʜʣʷ SiO2/ɼʄʉʂ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʫʯʘʩʪʴ 

ʚʚʝʜʝʥʠʭ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ SH-ʛʨʫʧ, ʭʦʯʘ ʣʠʰʝ ʧʦʣʦʚʠʥʘ ʉu2+ ʘʜʩʦʨʙʫʻʪʴʩʷ ʟʘ ʧʝʨʰʽ 60ï

90 ʭʚʠʣʠʥ. ʇʨʘʢʪʠʯʥʦ ʯʝʨʝʟ 90 ʭʚ ʥʘʩʪʘʻ ʨʽʚʥʦʚʘʛʘ ʘʜʩʦʨʙʮʽʡʥʦʛʦ ʧʨʦʮʝʩʫ ʚʠʣʫʯʝʥʥʷ 

ʽʦʥʽʚ ʉu2+ ʟ ʚʦʜʥʠʭ ʨʦʟʯʠʥʽʚ ʧʦʚʝʨʭʥʝʶ SiO2/ɼʄʉʂ, ʱʦ ʜʦʙʨʝ ʫʟʛʦʜʞʫʻʪʴʩʷ ʽʟ 

ʦʪʨʠʤʘʥʠʤʠ ʢʽʥʝʪʠʯʥʠʤʠ ʜʘʥʠʤʠ. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʩʚʽʜʯʘʪʴ ʧʨʦ ʧʝʨʩʧʝʢʪʠʚʥʽʩʪʴ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʽʨʦʛʝʥʥʦʛʦ ʥʘʥʦʨʦʟʤʽʨʥʦʛʦ ʢʨʝʤʥʝʟʝʤʫ ʪʘ ʥʘʥʦʢʦʤʧʦʟʠʪʫ SiO2/ɼʄʉʂ ʚ 

ʷʢʦʩʪʽ ʘʜʩʦʨʙʝʥʪʽʚ ʢʘʪʽʦʥʽʚ ʟ ʚʦʜʥʠʭ ʨʦʟʯʠʥʽʚ ʜʣʷ ʪʝʭʥʽʯʥʦʛʦ, ʝʢʦʣʦʛʽʯʥʦʛʦ ʪʘ ʤʝʜʠʢʦ-

ʙʽʦʣʦʛʽʯʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ.   
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ʇʦʜʚʽʡʥʽ ʩʠʣʽʢʘʪʠ ʟ ʨʽʜʢʽʩʥʦʟʝʤʝʣʴʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʪʘ ʣʫʞʥʠʤ ʤʝʪʘʣʦʤ ʟʽ 

ʩʪʨʫʢʪʫʨʦʶ ʘʧʘʪʠʪʫ ʚ ʦʩʪʘʥʥʽ ʨʦʢʠ ʧʨʠʚʝʨʪʘʶʪʴ ʫʚʘʛʫ ʜʦʩʣʽʜʥʠʢʽʚ, ʷʢ ʧʝʨʩʧʝʢʪʠʚʥʽ 

ʤʘʪʝʨʽʘʣʠ ʜʣʷ ʧʘʣʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʱʦ ʻ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠʤʠ ʽ ʝʢʦʣʦʛʽʯʥʦ ʯʠʩʪʠʤʠ 

ʜʞʝʨʝʣʘʤʠ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ. ʇʦʜʚʽʡʥʽ ʩʠʣʽʢʘʪʠ ʟʽ ʩʪʨʫʢʪʫʨʦʶ ʘʧʘʪʠʪʫ ʤʦʞʫʪʴ ʙʫʪʠ 

ʚʠʢʦʨʠʩʪʘʥʽ ʧʨʠ ʩʪʚʦʨʝʥʥʽ ʣʶʤʽʥʝʩʮʝʥʪʥʠʭ ʽ ʣʘʟʝʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

ɸʧʘʪʠʪ NaGd9(SiO4)6O2  ʙʫʚ ʩʠʥʪʝʟʦʚʘʥʠʡ ʟʦʣʴ-ʛʝʣʴ ʤʝʪʦʜʦʤ. ɼʣʷ ʡʦʛʦ ʚʠʚʯʝʥʥʷ 

ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ ʤʝʪʦʜʠ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʽʟʫ ʽ ʨʘʩʪʨʦʚʦʾ ʝʣʝʢʪʨʦʥʥʦʾ ʤʽʢʨʦʩʢʦʧʽʾ. 

ʉʠʥʪʝʟ ʧʨʦʚʦʜʠʣʠ ʧʨʠ  ʪʝʤʧʝʨʘʪʫʨʽ 1100 Áʉ. ʊʝʤʧʝʨʘʪʫʨʘ ʩʧʽʢʘʥʥʷ ʟʨʘʟʢʘ ʩʧʨʠʷʣʘ 

ʟʘʧʦʙʽʛʘʥʥʶ ʩʫʙʣʽʤʘʮʽʾ ʦʢʩʠʜʫ ʥʘʪʨʽʶ ʽ ʦʜʝʨʞʘʥʥʶ ʩʧʦʣʫʢʠ ʟʽ ʩʪʨʫʢʪʫʨʦʶ ʘʧʘʪʠʪʫ 

ʟʘʜʘʥʦʛʦ ʩʢʣʘʜʫ. ɿʘ ʜʘʥʠʤʠ ʝʣʝʢʪʨʦʥʥʦʾ ʤʽʢʨʦʩʢʦʧʽʾ ʝʣʝʤʝʥʪʠ ʧʨʘʢʪʠʯʥʦ ʨʽʚʥʦʤʽʨʥʦ 

ʨʦʟʧʦʜʽʣʝʥʽ ʧʦ ʧʦʚʝʨʭʥʽ ʯʘʩʪʠʥʢʠ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʫʪʚʦʨʝʥʥʷ ʦʜʥʦʨʽʜʥʦʛʦ ʟʨʘʟʢʘ. ʅʘ 

ʨʝʥʪʛʝʥʦʛʨʘʤʽ ʟʨʘʟʢʘ, ʷʢʠʡ ʙʫʚ ʦʪʨʠʤʘʥʠʡ ʚ ʟʘʟʥʘʯʝʥʠʭ ʚʠʱʝ ʫʤʦʚʘʭ, ʧʨʠʩʫʪʥʽ ʪʽʣʴʢʠ 

ʨʝʬʣʝʢʩʠ ʩʪʨʫʢʪʫʨʠ ʘʧʘʪʠʪʫ. 

ɼʣʷ NaGd9(SiO4)6O2 ʙʫʣʠ ʚʠʤʽʨʷʥʽ ʧʘʨʘʤʝʪʨʠ ʝʣʝʤʝʥʪʘʨʥʠʭ ʢʦʤʽʨʦʢ. ʆʪʨʠʤʘʥʽ 

ʜʘʥʽ ʚʽʜʩʪʘʥʝʡ GdïGd (3,85 ¡) ʩʚʽʜʯʘʪʴ ʧʨʦ ʤʦʞʣʠʚʽʩʪʴ ʽʩʥʫʚʘʥʥʷ ʣʶʤʽʥʝʩʮʝʥʪʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʜʣʷ ʜʘʥʦʛʦ ʟʨʘʟʢʘ.  
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It is well known that different doping components have the influence on physical and 

chemical properties of materials. Different literature data confirm that Li decreases the 

corrosion and improves hydrogen absorption, Mg improves the hydrogen absorption and 

hydrogen desorption rate. 

From our previous studies we knew that pure binary phase Tb2Ni17 absorbed 0.55 H/f.u. 

by passing 8 mAĿh of electricity (the efficiency of the inverse hydrogenation reached ~50 %). 

The ternary derivative phase containing Sn absorbed 0.63 H/f.u. (the efficiency reached ~53 %), 

and the phase containing Mg absorbed 1.14 H/f.u. (the efficiency reached ~76 % at the same 

conditions). These results we used for further study and investigated how the doping by Li and 

Mg affect the electrochemical hydrogenation properties of the alloys. 

The alloys were synthesized by arc melting of pressed pellets that contained the mixture 

of pure metals and further annealing at 400 C̄. They were tested as anode materials in 

prototypes of the Ni-MH batteries. Electrochemical hydrogenation was carried out in 

Swagelok-type cell. As negative electrodes we used the powders of alloys with nominal 

composition Tb10.5Ni84.2Li 5.3 and Tb10.5Ni78.9Li 6.3Mg4.3. X-ray phase analysis and EDX 

microprobe analysis showed that the samples contained expected phases with Th2Ni17-type 

structure (space group P63/mmc) (see Table). As a positive electrode we used the powder of 

Ni(OH)2 with graphite for better conductivity. A separator soaked in electrolyte (6 M KOH) 

was placed between the electrodes. During the charge process 10 mA h of electric charge passed 

through electrodes. 

Electrochemical reactions that occurred on the electrodes (M) were the following:  

M + zH2O + zʝ ½½½½½½½ ­«
-dischargecharge

 MHz + zOH- 

Ni(OH)2 + zOH- - zʝ ½½½½½½½ ­«
-dischargecharge

 NiOOH + zH2O 

In case of Li and Mg combination as the doping component we observed the 

improvement of the efficiency of electrochemical hydrogenation. The amount of absorbed 

hydrogen remained unchanged over 30 charge-discharge cycles. We suppose that H-atoms 

occupy octahedral holes 6h (x; 2x; 1/4) in the structure of the materials. Intercalation of 

hydrogen into tetrahedral voids is possible at amount of absorbed hydrogen more than 3 H/f.u. 

Electrode materials on the basis of studied alloys showed stability during the reversible 

hydrogenation process without side effect of corrosion or decomposition of the original 

structure. SEM of the materials has showed that after 30 cycles of electrochemical 

sorption/desorption of hydrogen the morphology of the powders has changed and the size of 

the grains has significantly reduced. 

 

Phase / hydride a, ¡ c, ¡ V, ¡3 ȹV/V, % H/f.u. 
Q, 

mAĿh 
ɖ, % 

Tb2Ni17-xLi x 8.3148(2) 8.0388(3) 481.32(2) 
1.24 ~1.43 ~8.6 ~86.0 

Tb2Ni17-xLi xHz 8.3540(3) 8.0624(5) 487.29(3) 

Tb2Ni17-x-yLi xMgy 8.3129(4) 8.0384(4) 481.08(4) 
1.12 ~1.50 ~9.5 ~95.0 

Tb2Ni17-x-yLi xMgyHz 8.3488(5) 8.0593(6) 486.49(6) 
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ʉʀʅʊɽɿ ʉʂʃɸɼʅʆɿɸʄɯʑɽʅʀʍ ʂɸʃʔʎɯʁ ʌʆʉʌɸʊɯɺ ʋ ɺʆɼʅʀʍ 

ʈʆɿʏʀʅɸʍ ʉʘ2+-Cs+-M+-PO4
3--CO3

2- (M+ - Na, K) ʊɸ ɰʍ ɼʆʉʃɯɼɾɽʅʅʗ 
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ʉʢʣʘʜʥʽ ʬʦʩʬʘʪʠ ʢʘʣʴʮʽʶ (ʘʧʘʪʠʪʦʚʦʛʦ ʪʘ ʚʽʪʣʦʢʽʪʦʚʦʛʦ ʪʠʧʽʚ) ʧʦʩʽʜʘʶʪʴ ʚʘʞʣʠʚʝ 

ʤʽʩʮʝ ʩʝʨʝʜ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʩʢʣʘʜʥʦʦʢʩʠʜʥʠʭ ʩʧʦʣʫʢ, ʱʦ ʦʙʫʤʦʚʣʝʥʦ ʾʭ ʤʝʭʘʥʽʯʥʠʤʠ, 

ʪʝʨʤʽʯʥʠʤʠ ʪʘ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ, ʟʘʚʜʷʢʠ ʷʢʠʤ ʚʦʥʠ ʟʥʘʭʦʜʷʪʴ ʧʨʘʢʪʠʯʥʝ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʦʙʣʘʩʪʷʭ ʤʝʜʠʮʠʥʠ, ʢʘʪʘʣʽʟʫ, ʚ ʷʢʦʩʪʽ ʩʦʨʙʝʥʪʽʚ, ʣʶʤʽʥʦʬʦʨʽʚ ʪʦʱʦ. 

çɻʥʫʯʢʽʩʪʴè ʟʘʟʥʘʯʝʥʠʭ ʢʨʠʩʪʘʣʽʯʥʠʭ ʢʘʨʢʘʩʽʚ ʜʦʟʚʦʣʷʻ ʨʝʘʣʽʟʫʚʘʪʠ ʽʟʦ- ʪʘ 

ʛʝʪʝʨʦʚʘʣʝʥʪʥʽ ʟʘʤʽʱʝʥʥʷ ʚ ʢʘʪʽʦʥʥʽʡ ʽ ʘʥʽʦʥʥʽʡ ʧʽʜʛʨʘʪʮʽ ʜʣʷ ʚʧʣʠʚʫ ʥʘ ʚʣʘʩʪʠʚʦʩʪʽ 

ʤʘʪʝʨʽʘʣʽʚ. ɸ ʟʘʚʜʷʢʠ ʭʽʤʽʯʥʽʡ ʩʪʘʙʽʣʴʥʦʩʪʽ ʪʘ ʤʝʭʘʥʽʯʥʽʡ ʩʪʽʡʢʦʩʪʽ ʪʘʢʽ ʩʧʦʣʫʢʠ ʤʦʞʫʪʴ 

ʚʽʜʽʛʨʘʚʘʪʠ ʨʦʣʴ ʢʨʠʩʪʘʣʽʯʥʠʭ ʤʘʪʨʠʮʴ ʜʣʷ ʫʪʠʣʽʟʘʮʽʾ ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʽʟʦʪʦʧʽʚ. 

ʂʨʽʤ ʟʘʟʥʘʯʝʥʦʛʦ, ʢʘʣʴʮʽʡ ʬʦʩʬʘʪʠ ʽ ʾʭ ʩʢʣʘʜʥʦʟʘʤʽʱʝʥʽ ʘʥʘʣʦʛʠ ʤʘʶʪʴ ʚʠʩʦʢʫ 

ʩʦʨʙʮʽʡʥʫ ʻʤʥʽʩʪʴ ʱʦʜʦ ʽʦʥʽʚ ʨʽʟʥʦʚʘʣʝʥʪʥʠʭ ʤʝʪʘʣʽʚ. ʇʨʠ ʮʴʦʤʫ ʤʝʭʘʥʽʟʤʠ ʚʠʣʫʯʝʥʥʷ 

ʤʝʪʘʣʫ ʟ ʨʦʟʯʠʥʽʚ ʤʦʞʫʪʴ ʙʫʪʠ ʨʽʟʥʠʤʠ: ʽʦʥʥʠʡ ʦʙʤʽʥ, ʢʦʤʧʣʝʢʩʦʫʪʚʦʨʝʥʥʷ ʥʘ ʧʦʚʝʨʭʥʽ, 

ʨʦʟʯʠʥʝʥʥʷ ʘʧʘʪʠʪʽʚ ʽ ʫʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʬʦʩʬʘʪʽʚ ʤʝʪʘʣʽʚ, ʘʣʝ ʚʥʝʩʦʢ ʢʦʞʥʦʛʦ ʟ ʥʠʭ ʻ 

ʜʠʩʢʫʩʽʡʥʠʤ. ʊʦʤʫ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʽʚ ʚʢʣʶʯʝʥʥʷ ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʽʟʦʪʦʧʽʚ ʜʦ ʩʢʣʘʜʫ 

ʢʨʠʩʪʘʣʽʯʥʠʭ ʤʘʪʨʠʮʴ ʘʧʘʪʠʪʽʚ ʯʠ ʚʽʪʣʦʢʽʪʽʚ ʤʘʻ ʟʥʘʯʥʠʡ ʽʥʪʝʨʝʩ ʜʣʷ ʨʦʟʚʠʪʢʫ ʤʝʪʦʜʽʚ 

ʦʯʠʱʝʥʥʷ ʨʽʜʢʠʭ ʚʽʜʭʦʜʽʚ ʽ ʾʭ ʫʪʠʣʽʟʘʮʽʾ, ʘ ʪʘʢʦʞ ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʜʣʷ ʭʨʦʤʘʪʦʛʨʘʬʽʾ.  

ɺ ʧʨʝʜʩʪʘʚʣʝʥʽʡ ʨʦʙʦʪʽ ʜʦʩʣʽʜʞʝʥʦ ʦʩʦʙʣʠʚʦʩʪʽ ʚʢʣʶʯʝʥʥʷ ʡʦʥʽʚ ʮʝʟʽʶ ʜʦ ʩʢʣʘʜʫ 

ʘʧʘʪʠʪʽʚ. ʉʠʥʪʝʟ ʩʢʣʘʜʥʦʟʘʤʽʱʝʥʠʭ ʢʘʣʴʮʽʡ ʬʦʩʬʘʪʽʚ ʟʜʽʡʩʥʝʥʦ ʤʝʪʦʜʦʤ ʩʧʽʚʦʩʘʜʞʝʥʥʷ 

ʟ ʚʦʜʥʠʭ ʨʦʟʯʠʥʽʚ ʩʠʩʪʝʤʠ ʉʘ2+-Cs+-M+-PO4
3--CO3

2-(M+ ï Na, K) ʟʘ ʟʥʘʯʝʥʴ ʤʦʣʴʥʠʭ 

ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʉʘ/ʈ = 1,67, PO4
3-/CO3

2- = 1,0 ʽ 2,0. ʄʝʪʦʜʠʢʘ ʝʢʩʧʝʨʠʤʝʥʪʫ ʧʝʨʝʜʙʘʯʘʣʘ 

ʟʤʽʰʫʚʘʥʥʷ ʚʦʜʥʠʭ ʨʦʟʯʠʥʽʚ, ʱʦ ʤʽʩʪʠʣʠ ʡʦʥʠ ʢʘʣʴʮʽʶ ʪʘ ʩʫʤʽʰ ʬʦʩʬʘʪʫ ʟ ʢʘʨʙʦʥʘʪʦʤ 

ʣʫʞʥʦʛʦ ʤʝʪʘʣʫ ʧʨʠ ʨʅ = 12. ʆʜʝʨʞʘʥʽ ʦʩʘʜʠ ʚʽʜʬʽʣʴʪʨʦʚʫʚʘʣʠ, ʚʠʩʫʰʫʚʘʣʠ ʧʨʠ 100 Áʉ 

ʪʘ ʥʘʛʨʽʚʘʣʠ ʜʦ 700 Áʉ. ɺ ʧʦʜʘʣʴʰʦʤʫ ʧʨʦʜʫʢʪʠ ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ ʘʥʘʣʽʟʫʚʘʣʠ ʤʝʪʦʜʘʤʠ 

ʧʦʨʦʰʢʦʚʦʾ ʨʝʥʪʛʝʥʦʛʨʘʬʽʾ, ʽʥʬʨʘʯʝʨʚʦʥʦʾ ʩʧʝʢʪʨʦʩʢʦʧʽʾ, ʩʢʘʥʫʶʯʦʾ ʝʣʝʢʪʨʦʥʥʦʾ 

ʤʽʢʨʦʩʢʦʧʽʾ ʪʘ ʝʥʝʨʛʦʜʠʩʧʝʨʩʽʡʥʦʾ ʨʝʥʪʛʝʥʽʚʩʴʢʦʾ ʩʧʝʢʪʨʦʩʢʦʧʽʾ. 

ɿʘ ʜʘʥʠʤʠ ʧʦʨʦʰʢʦʚʦʾ ʨʝʥʪʛʝʥʦʛʨʘʬʽʾ ʚʩʪʘʥʦʚʣʝʥʦ ʬʦʨʤʫʚʘʥʥʷ ʤʦʥʦʬʘʟʥʠʭ 

ʢʘʣʴʮʽʡ ʬʦʩʬʘʪʽʚ ʘʧʘʪʠʪʦʚʦʛʦ ʪʠʧʫ, ʱʦ ʥʘʣʝʞʘʪʴ ʜʦ ʛʝʢʩʘʛʦʥʘʣʴʥʦʾ ʩʠʥʛʦʥʽʾ, ʘ 

ʨʦʟʨʘʭʦʚʘʥʽ ʧʘʨʘʤʝʪʨʠ ʢʦʤʽʨʦʢ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʤʝʞʘʭ ʟʥʘʯʝʥʴ: ʘ = 9,42ï9,44 ¡ ʪʘ ʩ = 6,88ï

6,90 ¡. ɸʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʝʥʝʨʛʦʜʠʩʧʝʨʩʽʡʥʦʾ ʨʝʥʪʛʝʥʽʚʩʴʢʦʾ ʩʧʝʢʪʨʦʩʢʦʧʽʾ ʧʦʢʘʟʘʚ 

ʚʤʽʩʪ ʮʝʟʽʶ ʚʽʜ 0,2 ʜʦ 1,5 ʤʘʩ. % ʚ ʩʢʣʘʜʽ ʘʧʘʪʠʪʽʚ. ɺʽʜʤʽʯʝʥʦ, ʱʦ ʟʨʦʩʪʘʥʥʷ ʢʽʣʴʢʦʩʪʽ 

ʢʘʨʙʦʥʘʪʫ ʫ ʚʠʭʽʜʥʦʤʫ ʨʦʟʯʠʥʽ ʩʧʨʠʷʻ ʥʝ ʣʠʰʝ ʨʝʘʣʽʟʘʮʽʾ ʘʥʽʦʥʥʦʛʦ ʟʘʤʽʱʝʥʥʷ ʬʦʩʬʘʪʫ 

ʢʘʨʙʦʥʘʪʦʤ, ʘʣʝ ʡ ʛʝʪʝʨʦʚʘʣʝʥʪʥʦʤʫ ʟʘʤʽʱʝʥʥʶ ʘʪʦʤʽʚ ʢʘʣʴʮʽʶ ʮʝʟʽʻʤ, ʱʦ ʦʩʦʙʣʠʚʦ 

ʧʨʦʷʚʣʷʻʪʴʩʷ ʫ ʚʠʧʘʜʢʫ ʢʘʣʽʡʚʤʽʩʥʦʛʦ ʨʦʟʯʠʥʫ. 
ʊʘʢʠʤ ʯʠʥʦʤ, ʦʜʝʨʞʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʚʢʘʟʫʶʪʴ ʥʘ ʧʝʨʩʧʝʢʪʠʚʠ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʘʧʘʪʠʪʦʚʠʭ ʤʘʪʨʠʮʴ ʜʣʷ ʚʢʣʶʯʝʥʥʷ ʜʦ ʾʭ ʩʢʣʘʜʫ ʮʝʟʽʶ, ʱʦ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʦ ʧʨʠ 

ʨʦʟʨʦʙʮʽ ʝʬʝʢʪʠʚʥʠʭ ʧʽʜʭʦʜʽʚ ʱʦʜʦ ʫʪʠʣʽʟʘʮʽʾ ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ. 
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ʗʄʈ-ʉʇɽʂʊʈʀ ɻɽʊɽʈʆʃɯɻɸʅɼʅʀʍ ʂʆʄʇʃɽʂʉɯɺ ʃɸʅʊɸʅʆɰɼɯɺ, 
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ɺʘʞʣʠʚʠʤ ʥʘʧʨʷʤʢʦʤ ʩʫʯʘʩʥʦʾ ʢʦʦʨʜʠʥʘʮʽʡʥʦʾ ʭʽʤʽʾ ʻ ʚʠʚʯʝʥʥʷ ʢʦʦʨʜʠʥʘʮʽʡʥʦ-

ʭʽʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʘʤʧʦʣʽʜʝʥʪʘʪʥʠʭ ʭʝʣʘʪʫʶʯʠʭ ʣʽʛʘʥʜʽʚ ï ʩʧʦʣʫʢ, ʷʢʽ ʤʽʩʪʷʪʴ ʢʽʣʴʢʘ 

ʜʦʥʦʨʥʠʭ ʮʝʥʪʨʽʚ ʪʘ, ʷʢ ʧʨʘʚʠʣʦ, ʬʦʨʤʫʶʪʴ ʜʦʩʠʪʴ ʤʽʮʥʽ ʢʦʤʧʣʝʢʩʠ, ʥʘʡʙʽʣʴʰ ʧʨʠʜʘʪʥʽ 

ʜʣʷ ʧʨʘʢʪʠʯʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ. ɺʠʩʦʢʘ ʢʦʤʧʣʝʢʩʦʫʪʚʦʨʶʶʯʘ ʟʜʘʪʥʽʩʪʴ ʜʘʻ ʟʤʦʛʫ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʮʽ ʨʝʯʦʚʠʥʠ ʜʣʷ ʨʦʟʜʽʣʝʥʥʷ ʤʝʪʘʣʽʚ ʪʘ ʦʪʨʠʤʘʥʥʷ ʚʠʩʦʢʦ ʯʠʩʪʠʭ ʨʝʯʦʚʠʥ, 

ʚʧʣʠʚʘʪʠ ʥʘ ʩʧʝʢʪʨʘʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʧʪʠʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʩʪʚʦʨʝʥʠʭ ʥʘ ʦʩʥʦʚʽ 

ʢʦʤʧʣʝʢʩʽʚ ʤʝʪʘʣʽʚ, ʘ ʪʘʢʦʞ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʾʭ ʫ ʷʢʦʩʪʽ ʚʠʭʽʜʥʠʭ ʩʧʦʣʫʢ ʚ ʧʨʦʮʝʩʘʭ 

ʛʘʟʦʬʘʟʦʚʦʛʦ ʦʩʘʜʞʝʥʥʷ (MOCVD) ʪʦʥʢʠʭ ʧʣʽʚʦʢ ʪʘ ʧʦʢʨʠʪʪʽʚ. 

ɿ 1993 ʨʦʢʫ ʥʘ ʢʘʬʝʜʨʽ ʥʝʦʨʛʘʥʽʯʥʦʾ ʭʽʤʽʾ ʭʽʤʽʯʥʦʛʦ ʬʘʢʫʣʴʪʝʪʫ ʂʠʾʚʩʴʢʦʛʦ 

ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʽʤʝʥʽ ʊʘʨʘʩʘ ʐʝʚʯʝʥʢʘ ʨʦʟʧʦʯʘʪʦ ʩʠʩʪʝʤʘʪʠʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʢʦʤʧʣʝʢʩʦʫʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʘʤʽʜʦʬʦʩʬʘʪʥʠʭ ʣʽʛʘʥʜʽʚ ʟ ʽʦʥʘʤʠ s-, p-, d- ʪʘ f-ʝʣʝʤʝʥʪʽʚ. ɿʘ 

ʦʩʪʘʥʥʽ ʜʝʩʷʪʠʣʽʪʪʷ ʩʠʥʪʝʟʦʚʘʥʦ ʪʘ ʜʦʩʣʽʜʞʝʥʦ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʤʦʥʦ-, ʙʽ- ʪʘ 

ʧʦʣʽʷʜʝʨʥʠʭ ʢʦʦʨʜʠʥʘʮʽʡʥʠʭ ʩʧʦʣʫʢ ʨʽʟʥʦʤʘʥʽʪʥʦʾ ʙʫʜʦʚʠ.  

ɺ ʭʦʜʽ ʜʘʥʦʾ ʨʦʙʦʪʠ ʩʠʥʪʝʟʦʚʘʥʦ ʜʚʘ ʨʷʜʠ ʥʦʚʠʭ ʢʦʤʧʣʝʢʩʽʚ ʟ ʣʽʛʘʥʜʦʤ 

ʢʘʨʙʘʮʠʣʘʤʽʜʦʬʦʩʬʘʪʥʦʛʦ (ʂɸʌ, CAPh) ʪʠʧʫ ʜʠʤʝʪʠʣ-N-ʪʨʠʭʣʦʨʘʮʝʪʠʣ-

ʘʤʽʜʦʬʦʩʬʘʪʦʤ CCl3C(O)NHP(O)(OCH3)2 (ʅL) ʩʢʣʘʜʫ [LnL3ĿBipy] ʪʘ [LnL3ĿPhen] (ʜʝ 

Ln = La ï Nd, Sm ï Yb, Bipy - Ŭ,Ŭô-ʜʠʧʽʨʠʜʠʣ, Phen ï 1,10-ʬʝʥʘʥʪʨʦʣʽʥ). ʉʢʣʘʜ ʪʘ ʙʫʜʦʚʫ 

ʧʽʜʪʚʝʨʜʞʝʥʦ ʤʝʪʦʜʘʤʠ ʝʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʽʟʫ, 1H-NMR, 31ʈ-NʄR, ʪʘ FT-IR ʩʧʝʢʪʨʦʩʢʦʧʽʾ. 

ʉʪʨʫʢʪʫʨʫ ʢʦʤʧʣʝʢʩʫ ʟ Ŭ,Ŭô-ʜʠʧʽʨʠʜʠʣʦʤ [ErL3ĿDipy] ʨʦʟʰʠʬʨʦʚʘʥʦ ʤʝʪʦʜʦʤ ʧʦʚʥʦʛʦ 

ʈʉʪɸ. 

ʋ ʩʧʝʢʪʨʘʭ ʇʄʈ ʘʮʝʪʦʥʦʚʠʭ ʨʦʟʯʠʥʽʚ [LnL3ĿDipy] ʜʣʷ Ln = La ï Sm, Yb 

ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʚʽʜ ʤʝʪʠʣʴʥʠʭ ʧʨʦʪʦʥʽʚ ʧʦ ʦʜʥʦʤʫ ʩʠʛʥʘʣʫ ʫ ʚʠʛʣʷʜʽ ʜʫʙʣʝʪʽʚ, ʪʦʜʽ ʷʢ 

ʜʣʷ ʢʦʤʧʣʝʢʩʥʠʭ ʩʧʦʣʫʢ ʽʥʰʠʭ ʣʘʥʪʘʥʦʾʜʽʚ ʜʘʥʠʡ ʩʠʛʥʘʣ ʬʽʢʩʫʻʪʴʩʷ ʫ ʬʦʨʤʽ ʫʰʠʨʝʥʦʛʦ 

ʩʠʥʛʣʝʪʫ. ɸʥʘʣʦʛʽʯʥʘ ʢʘʨʪʠʥʘ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʽ ʜʣʷ [LnL3ĿPhen] ʨʷʜʫ. ʄʘʛʥʽʪʥʘ 

ʥʝʝʢʚʽʚʘʣʝʥʪʥʽʩʪʴ ʧʨʦʪʦʥʽʚ ʤʝʪʠʣʴʥʠʭ ʛʨʫʧ ʤʦʞʝ ʙʫʪʠ ʧʦʷʩʥʝʥʘ ʫʩʝʨʝʜʥʝʥʥʷʤ 

ʧʦʣʦʞʝʥʥʷ ʤʝʪʠʣʴʥʠʭ ʛʨʫʧ ʚʽʜʥʦʩʥʦ ʛʦʣʦʚʥʦʾ ʤʘʛʥʽʪʥʦʾ ʦʩʽ ʢʦʤʧʣʝʢʩʫ ʪʘ ʥʘʷʚʥʽʩʪʶ 

ʜʝʷʢʦʛʦ ʢʦʥʪʘʢʪʥʦʛʦ ʚʢʣʘʜʫ ʚ ʽʟʦʪʨʦʧʥʠʡ ʭʽʤʽʯʥʠʡ ʟʩʫʚ. ʋ ʩʧʝʢʪʨʘʭ NʄR 31P 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʦʜʠʥ ʩʠʥʛʣʝʪ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʤʘʛʥʽʪʥʫ ʝʢʚʽʚʘʣʝʥʪʥʽʩʪʴ ʚʩʽʭ ʘʪʦʤʽʚ 

ʬʦʩʬʦʨʫ ʚ ʤʦʣʝʢʫʣʽ. ɿ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʽʟʥʠʭ ʤʝʪʦʜʽʚ ʨʦʟʜʽʣʝʥʥʷ ʽʟʦʪʨʦʧʥʦʛʦ ʭʽʤʽʯʥʦʛʦ 

ʟʩʫʚʫ ʥʘ ʢʦʥʪʘʢʪʥʫ ʪʘ ʧʩʝʚʜʦʢʦʥʪʘʢʪʥʫ ʩʢʣʘʜʦʚʽ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚ ʘʮʝʪʦʥʦʚʠʭ ʨʦʟʯʠʥʘʭ 

[LnL3ĿPhen] ʽʩʥʫʶʪʴ ʜʚʘ ʨʷʜʠ ʽʟʦʤʦʨʬʥʠʭ ʢʦʤʧʣʝʢʩʽʚ: ʜʣʷ ʣʝʛʢʠʭ ʣʘʥʪʘʥʦʾʜʽʚ (Ce, Pr, Nd 

ʪʘ Sm) ʢʦʥʩʪʘʥʪʘ ʥʘʜʪʦʥʢʦʾ ʚʟʘʻʤʦʜʽʾ (ʅʊɺ) Ln-P ʩʢʣʘʜʘʻ 0.18 ʄɻʮ, ʜʣʷ ʚʘʞʢʠʭ (Tb, Dy, 

Ho ʪʘ Er) ï 0.13 ʄɻʮ (ʜʠʚ. ʊʘʙʣ.). 

ʊʘʙʣʠʮʷ. ɯʟʦʪʨʦʧʥʽ ʭʽʤʽʯʥʽ ʟʩʫʚʠ ʗʄʈ 1H ʪʘ 31P ʢʦʤʧʣʝʢʩʥʠʭ ʩʧʦʣʫʢ ʣʘʥʪʘʥʦʾʜʽʚ ʩʢʣʘʜʫ 

[LnL3ĿPhen], * F(d, j) = g2J(J+1)(2J-1)(2J+3)a(2,J); ** KJg = 2pb(3kTgN)-1J(J+1)g(g-1) 

Ln F(d, j)* 106DH 106DP 10-4DH/KJg , ɻʮ 10-4DP/KJg, ɻʮ 108TKJg **, ɻʮ-1ʂ 

Ce -11.8 -1.85 -39.11 4.10644 8.68123 -1.32 

Pr -20.7 -4.18 -69.91 2.94621 5.57867 -4.157 

Nd -8.02 -1.23 -60.61 0.56514 2.78481 -6.377 

Sm 0.94 -0.32 -24.65# 0.40414 3.1776 -2.32 

Tb -157.5 -16.06 73.99# -1.15003 0.52983 40.917 

Dy -187 -30.36 -39.61 -2.41699 -0.31534 36.804 

Er 58.8 3.71 118.03 0.54696 1.7401 19.874 
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ʅʆɺɸ ʉʇʆʃʋʂɸ Tb4Co2C5 ʋ ʉʀʉʊɽʄɯ TbïCoïC 

ʄʘʣʽʻʥʢʦ ʈ. ʂ., ʃʝʚʠʮʴʢʠʡ ɺ. ʆ. 
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ɼʦʩʣʽʜʞʝʥʥʷ ʩʠʩʪʝʤʠ TbïCoïC ʫ ʧʦʚʥʦʤʫ ʢʦʥʮʝʥʪʨʘʮʽʡʥʦʤʫ ʽʥʪʝʨʚʘʣʽ ʻ 

ʯʘʩʪʠʥʦʶ ʩʠʩʪʝʤʘʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʪʨʠʢʦʤʧʦʥʝʥʪʥʠʭ ʩʠʩʪʝʤ RïʊïC (R = 

ʨʽʜʢʽʩʥʦʟʝʤʝʣʴʥʠʡ ʝʣʝʤʝʥʪ, ʊ = ʧʝʨʝʭʽʜʥʠʡ 3d-ʝʣʝʤʝʥʪ). ʋ ʮʽʡ ʩʠʩʪʝʤʽ ʧʨʠ 800 Áʉ 

ʨʝʥʪʛʝʥʽʚʩʴʢʠʤʠ ʜʠʬʨʘʢʮʽʡʥʠʤʠ ʤʝʪʦʜʘʤʠ ʚʠʷʚʣʝʥʦ ʥʦʚʽ ʪʝʨʥʘʨʥʽ ʩʧʦʣʫʢʠ ʟ ʥʝʚʽʜʦʤʦʶ 

ʢʨʠʩʪʘʣʽʯʥʦʶ ʩʪʨʫʢʪʫʨʦʶ. ɼʣʷ ʦʜʥʽʻʾ ʟ ʥʠʭ ʧʨʦʚʝʜʝʥʦ ʧʝʨʰʠʡ ʝʪʘʧ ʜʦʩʣʽʜʞʝʥʥʷ 

ʢʨʠʩʪʘʣʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʤʝʪʦʜʦʤ ʧʦʨʦʰʢʫ, ʨʝʟʫʣʴʪʘʪʠ ʷʢʦʛʦ ʥʘʚʦʜʷʪʴʩʷ. 

ɿʨʘʟʢʠ ʩʠʥʪʝʟʫʚʘʣʠ ʤʝʪʦʜʦʤ ʝʣʝʢʪʨʦʜʫʛʦʚʦʾ ʧʣʘʚʢʠ ʟ ʧʦʜʘʣʴʰʠʤ ʛʦʤʦʛʝʥʽʟʫʶʯʠʤ 

ʚʽʜʧʘʣʶʚʘʥʥʷʤ ʫ ʚʘʢʫʫʤʦʚʘʥʠʭ ʢʚʘʨʮʦʚʠʭ ʘʤʧʫʣʘʭ ʧʨʠ 800 Áʉ ʪʨʠʚʘʣʽʩʪʶ 30 ʜʽʙ, ʷʢʽ 

ʟʘʛʘʨʪʦʚʫʚʘʣʠ ʫ ʧʨʦʪʦʯʥʽʡ ʭʦʣʦʜʥʽʡ ʚʦʜʽ. ʌʘʟʦʚʠʡ ʘʥʘʣʽʟ ʟʨʘʟʢʽʚ ʧʨʦʚʦʜʠʣʠ ʟʘ 

ʜʠʬʨʘʢʪʦʛʨʘʤʘʤʠ, ʦʜʝʨʞʘʥʠʤʠ ʥʘ ʧʦʨʦʰʢʦʚʦʤʫ ʜʠʬʨʘʢʪʦʤʝʪʨʽ ɼʈʆʅ-2.0ʄ (FeKŬ-

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ). ʅʘʡʙʽʣʴʰʠʡ ʚʤʽʩʪ ʥʝʚʽʜʦʤʦʾ ʬʘʟʠ ʙʫʚ ʚʠʷʚʣʝʥʠʡ ʫ ʟʨʘʟʢʫ ʩʢʣʘʜʫ 

Tb42Co16C42, ʷʢʠʡ ʜʦʜʘʪʢʦʚʦ ʤʽʩʪʠʚ ʩʧʦʣʫʢʫ Tb4C5. ʉʧʦʣʫʢʘ Tb4C5 ï ʥʝʩʪʽʡʢʘ ʥʘ ʧʦʚʽʪʨʽ, 

ʰʚʠʜʢʦ ʘʤʦʨʬʽʟʫʻʪʴʩʷ ʚ ʟʚôʷʟʢʫ ʟ ʛʽʜʨʦʣʽʟʦʤ, ʚ ʪʦʡ ʯʘʩ ʷʢ ʥʝʚʽʜʦʤʘ ʬʘʟʘ ʻ ʙʽʣʴʰ ʩʪʽʡʢʦʶ. 

ʆʜʥʫ ʜʠʬʨʘʢʪʦʛʨʘʤʫ ʙʫʣʦ ʦʜʝʨʞʘʥʦ ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʽ ɼʈʆʅ-2.0ʄ ʟ ʨʦʟʪʝʨʪʦʛʦ ʚ 

ʧʦʨʦʰʦʢ ʟʨʘʟʢʘ ʧʽʩʣʷ 30 ʭʚ ʚʠʪʨʠʤʢʠ ʡʦʛʦ ʥʘ ʧʦʚʽʪʨʽ, ʱʦʙ ʧʦʟʙʫʪʠʩʷ ʜʠʬʨʘʢʮʽʡʥʠʭ 

ʚʽʜʙʠʪʴ Tb4C5. ʏʘʩʪʠʥʫ ʟʨʘʟʢʘ ʙʫʣʦ ʨʦʟʪʝʨʪʦ ʚ ʧʝʪʨʦʣʝʡʥʦʤʫ ʝʬʽʨʽ, ʟʘʧʘʢʦʚʘʥʦ ʧʽʜ 

ʘʨʛʦʥʦʤ ʚ ʢʘʧʽʣʷʨ (ʃʽʥʜʝʤʘʥʘ) ʽ ʟʥʷʪʦ ʥʘ ʧʦʨʦʰʢʦʚʦʤʫ ʜʠʬʨʘʢʪʦʤʝʪʨʽ STOE STADI P 

(MoKŬ1-ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ) ʜʣʷ ʧʦʨʽʚʥʷʥʥʷ. ʉʧʽʚʩʪʘʚʠʚʰʠ ʦʙʠʜʚʽ ʜʠʬʨʘʢʪʦʛʨʘʤʠ, ʚʜʘʣʦʩʷ 

ʚʠʜʽʣʠʪʠ ʜʠʬʨʘʢʮʽʡʥʽ ʚʽʜʙʠʪʪʷ, ʷʢʽ ʥʘʣʝʞʘʪʴ ʥʝʚʽʜʦʤʽʡ ʩʧʦʣʫʮʽ. ɯʥʜʝʢʩʫʚʘʥʥʷ 

ʜʠʬʨʘʢʮʽʡʥʠʭ ʧʽʢʽʚ (ʨʠʩ.) ʧʨʦʚʝʜʝʥʦ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʦʛʨʘʤʠ CellCSD: ʨʦʤʙʽʯʥʘ 

ʩʠʥʛʦʥʽʷ, a = 13.114(3), b = 14.141(3), c = 3,6401(9) ¡, V = 675(2) ¡3. ɸʥʘʣʽʟ ʩʠʩʪʝʤʘʪʠʯʥʠʭ 

ʧʦʛʘʰʝʥʴ ʚʢʘʟʫʻ ʥʘ ʧʨʠʤʽʪʠʚʥʠʡ ʪʠʧ ˇʨʘʪʢʠ ɹʨʘʚʝ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʝʣʝʤʝʥʪʥʦʛʦ ʩʢʣʘʜʫ 

ʟʘʩʪʦʩʦʚʘʥʦ ʤʝʪʦʜ ʝʥʝʨʛʦʜʠʩʧʝʨʩʽʡʥʦʾ ʨʝʥʪʛʝʥʽʚʩʴʢʦʾ ʩʧʝʢʪʨʦʩʢʦʧʽʾ. ɼʣʷ ʮʴʦʛʦ ʙʫʣʦ 

ʚʠʛʦʪʦʚʣʝʥʦ ʤʽʢʨʦʰʣʽʬ ʽ ʧʨʦʚʝʜʝʥʦ ʡʦʛʦ ʘʥʘʣʽʟ ʥʘ ʝʣʝʢʪʨʦʥʥʦʤʫ ʤʽʢʨʦʩʢʦʧʽ-

ʤʽʢʨʦʘʥʘʣʽʟʘʪʦʨʽ ʈɽʄʄɸ-102-02 (ʚʠʟʥʘʯʝʥʦ ʚʤʽʩʪ ʝʣʝʤʝʥʪʽʚ-ʤʝʪʘʣʽʚ, ʦʩʢʽʣʴʢʠ ʢʘʨʙʦʥ 

ʣʝʞʠʪʴ ʟʘ ʤʝʞʘʤʠ ʚʠʟʥʘʯʫʚʘʥʦʩʪʽ ʧʨʠʣʘʜʫ). ʅʘ ʤʽʢʨʦʩʪʨʫʢʪʫʨʽ ʟʨʘʟʢʘ (ʨʠʩ.) ʚʠʜʥʦ 

ʥʘʷʚʥʽʩʪʴ ʜʚʦʭ ʬʘʟ: ʥʝʚʽʜʦʤʦʾ ʽ Tb4C5. ɿʛʽʜʥʦ ʟ ʦʪʨʠʤʘʥʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʘʪʦʤʥʝ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ Tb:Co = 2:1 ʫ ʥʦʚʽʡ ʩʧʦʣʫʮʽ, Tb4C5 ʨʦʟʯʠʥʷʻ ʥʝ ʙʽʣʴʰʝ 1 ʘʪ. % Co. 

ɺʨʘʭʦʚʫʶʯʠ ʝʬʝʢʪʠʚʥʽ ʘʪʦʤʥʽ ʨʘʜʽʫʩʠ ʝʣʝʤʝʥʪʽʚ ʪʝʨʙʽʶ, ʢʦʙʘʣʴʪʫ ʪʘ ʢʘʨʙʦʥʫ ʫ ʚʽʜʦʤʠʭ 

ʩʧʦʣʫʢʘʭ TbCoC ̔  TbCoC2 ʚʠʟʥʘʯʝʥʦ ʧʨʠʙʣʠʟʥʠʡ ʩʢʣʘʜ ʥʦʚʦʾ ʬʘʟʠ ñTb4Co2C5ò, ʟʥʘʡʜʝʥʘ 

ʝʣʝʤʝʥʪʘʨʥʘ ʢʦʤʽʨʢʘ ʤʽʩʪʠʪʴ 4 ʬʦʨʤʫʣʴʥʠʭ ʦʜʠʥʠʮʽ. 

ʋʪʦʯʥʝʥʥʷ ʢʨʠʩʪʘʣʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ñTb4Co2C5ò ʙʫʜʝ ʧʨʝʜʤʝʪʦʤ ʥʘʰʠʭ ʧʦʜʘʣʴʰʠʭ 

ʜʦʩʣʽʜʞʝʥʴ. 

 
ʘ) 

 
ʙ) 

ʈʠʩ.: ʘ) ʬʨʘʛʤʝʥʪ ʜʠʬʨʘʢʪʦʛʨʘʤʠ (FeKŬ-ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ). ɺʢʘʟʘʥʦ ʽʥʜʝʢʩʠ ʄʽʣʣʝʨʘ; 

ʙ) ʤʽʢʨʦʩʪʨʫʢʪʫʨʘ ʟʨʘʟʢʘ. ʆʩʥʦʚʥʘ ʬʘʟʘ (ʩʚʽʪʣʘ) ï ʥʦʚʘ ʩʧʦʣʫʢʘ ñTb4Co2C5ò; ʜʨʫʛʘ 

ʬʘʟʘ (ʩʽʨʘ) ï Tb4C5; ʯʦʨʥʽ ʧʣʷʤʠ ï ʜʝʬʝʢʪʠ ʧʦʚʝʨʭʥʽ 
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ʂʈʀʉʊɸʃɯʏʅɸ ʉʊʈʋʂʊʋʈɸ ʉʆʃɯ ʂɸʃɯʖ ɿ ɸʅɯʆʅʆʄ 

ʇɸʈɸɺʆʃʔʌʈɸʄɸʊʋ ɹ, K10[W 12O40(ʆʅ)2]Ā13H2O 

ʄʘʨʽʡʯʘʢ ʆ. ʖ.1, ɹʘʫʤʝʨ ɺ. ʄ.2, ʈʘʜʽʦ ʉ. ɺ.1 
1ɼʦʥʝʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɺʘʩʠʣʷ ʉʪʫʩʘ, ɺʽʥʥʠʮʷ, ʋʢʨʘʾʥʘ 

2ʅʊʂ çɯʥʩʪʠʪʫʪ ʤʦʥʦʢʨʠʩʪʘʣʽʚè ʅɸʅ ʋʢʨʘʾʥʠ, ʍʘʨʢʽʚ, ʋʢʨʘʾʥʘ 

o.marijchak@donnu.edu.ua 

 

ʉʠʥʪʝʟʦʚʘʥʦ ʪʘ ʤʝʪʦʜʘʤʠ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʽʟʫ (ʈʉɸ) ʪʘ ɯʏ-

ʩʧʝʢʪʨʦʩʢʦʧʽʾ ʜʦʩʣʽʜʞʝʥʦ ʢʨʠʩʪʘʣʠ ʢʘʣʽʶ ʧʘʨʘʚʦʣʴʬʨʘʤʘʪʫ ɹ ï K10[W12O40(ʆʅ)2]Ā13H2O. 

ʄʝʪʦʜʦʤ ʈʉɸ ʧʦʢʘʟʘʥʦ, ʱʦ ʧʘʨʘʚʦʣʴʬʨʘʤʘʪ ɹ-ʘʥʽʦʥ ʚ K10[W12O40(ʆʅ)2]Ā13H2O 

ʤʘʻ ʮʝʥʪʨʦʩʠʤʝʪʨʠʯʥʫ ʙʫʜʦʚʫ, ʪʘʢ ʩʘʤʦ, ʷʢ ʽ ʫ ʨʘʥʽʰʝ ʦʧʠʩʘʥʠʭ ʢʘʣʽʶ 

ʧʘʨʘʚʦʣʴʬʨʘʤʘʪʘʭ ɹ K10[W12O40(ʆʅ)2]Ā7,5H2O [1] ʪʘ K10[W12O40(ʆʅ)2]Ā10H2O [2]. 

ɻʦʣʦʚʥʽ ʚʽʜʤʽʥʥʦʩʪʽ ʢʨʠʩʪʘʣʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʧʦʣʷʛʘʶʪʴ ʫ ʪʦʤʫ, ʱʦ ʢʨʠʩʪʘʣʠ 

K10[W12O40(ʆʅ)2]Ā13H2O ʤʘʶʪʴ ʤʦʥʦʢʣʽʥʥʫ ʩʠʥʛʦʥʽʶ ʪʘ ʚʩʽ ʤʦʣʝʢʫʣʠ ʅ2ʆ ʚʭʦʜʷʪʴ ʜʦ 

ʢʦʦʨʜʠʥʘʮʽʡʥʦʾ ʩʬʝʨʠ ʽʦʥʽʚ ʂʘʣʽʶ. ʂʨʽʤ ʪʦʛʦ, ʩʪʨʫʢʪʫʨʘ K10[W12O40(ʆʅ)2]Ā13H2O ʻ 

ʰʘʨʫʚʘʪʦʶ. ʋ ʥʽʡ ʧʘʨʘʚʦʣʴʬʨʘʤʘʪ ɹ-ʘʥʽʦʥʠ ʨʦʟʪʘʰʦʚʫʶʪʴʩʷ ʰʘʨʘʤʠ ʚ ʧʣʦʱʠʥʘʭ ʭ = 0.5 

ʩʧʽʣʴʥʦ ʟ ʯʘʩʪʠʥʦʶ ʧʦʣʽʝʜʨʽʚ ʂʘʣʽʶ, ʷʢʽ ʚʠʩʪʫʧʘʶʪʴ çʤʽʩʪʢʘʤʠè ʤʽʞ ʘʥʽʦʥʘʤʠ. ɹʫʜʦʚʫ 

ʪʘʢʦʛʦ ʰʘʨʫ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1. 

 

 
ʈʠʩ. 1. ɹʫʜʦʚʘ ʰʘʨʫ ʚ ʩʪʨʫʢʪʫʨʽ K10[W12O40(ʆʅ)2]Ā13H2O 

 

ʍʘʨʘʢʪʝʨ ʢʦʣʠʚʘʥʴ ʚ ɯʏ-ʩʧʝʢʪʨʽ K10[W12O40(ʆʅ)2]Ā13H2O ʻ ʘʥʘʣʦʛʽʯʥʠʤ ʽʥʰʠʤ 

ʩʦʣʷʤ ʽʟ ʘʥʽʦʥʦʤ ʧʘʨʘʚʦʣʴʬʨʘʤʘʪʫ ɹ [3]. ʇʦʨʽʚʥʷʥʥʷʤ ʧʘʨʘʤʝʪʨʽʚ ʟʚôʷʟʢʽʚ ʚ ʘʥʽʦʥʽ ʫ 

ʩʢʣʘʜʽ ʧʘʨʘʚʦʣʴʬʨʘʤʘʪʽʚ ɹ ʢʘʣʽʶ ʟ ʨʽʟʥʠʤ ʚʤʽʩʪʦʤ ʢʨʠʩʪʘʣʽʟʘʮʽʡʥʦʾ ʚʦʜʠ ʧʦʢʘʟʘʥʦ, ʱʦ 

ʟʤʽʥʠ ʚ ʛʽʜʨʘʪʥʦʤʫ ʩʢʣʘʜʽ ʥʝ ʚʧʣʠʚʘʶʪʴ ʥʘ ʟʥʘʯʝʥʥʷ ʜʦʚʞʠʥ ʟʚôʷʟʢʫ WðO ʪʘ ʚʘʣʝʥʪʥʠʭ 

ʢʫʪʽʚ OðWðO ʫ [W12O40(OH)2]
10ï. 
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ʌʆʉʌɸʊʅɯ ɯʅɻɯɹɯʊʆʈʀ ʂʆʈʆɿɯɰ ɺʋɻʃɽʎɽɺʆɰ ʉʊɸʃɯ Cʪ3ʩʧ5  

ʊɸ ʅʀɿʔʂʆʃɽɻʆɺɸʅʆɰ ʉʊɸʃɯ 09ɻ2ʉ 

ʉʤʠʨʥʦʚ ʆ. ʆ.1, ʇʘʥʯʝʚʘ ɻ. ʄ.2, ʇʨʦʩʢʫʨʽʥʘ ɺ. ʆ.2, ʇʠʣʠʧʝʥʢʦ ʆ. ɯ.2 

1ʇʫʙʣʽʯʥʝ ʘʢʮʽʦʥʝʨʥʝ ʪʦʚʘʨʠʩʪʚʦ çʋʢʨʘʾʥʩʴʢʠʡ ʽʥʩʪʠʪʫʪ ʟ ʧʨʦʝʢʪʫʚʘʥʥʷ 

ʥʘʬʪʦʧʝʨʝʨʦʙʥʠʭ ʪʘ ʥʘʬʪʦʭʽʤʽʯʥʠʭ ʚʠʨʦʙʥʠʮʪʚè 
2ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʍʘʨʢʽʚʩʴʢʽʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪè 

panchevaana@mail.ru 

 

ʇʨʦʮʝʩʠ ʢʦʨʦʟʽʾ ʩʪʘʣʝʡ ʚ ʘʪʤʦʩʬʝʨʽ ʽ ʥʝʡʪʨʘʣʴʥʠʭ ʨʦʟʯʠʥʘʭ ʻ ʥʘʡʙʽʣʴʰ 

ʧʦʰʠʨʝʥʠʤ ʚʠʧʘʜʢʘʤʠ ʨʫʡʥʫʚʘʥʥʷ ʤʝʪʘʣʽʚ, ʪʦʤʫ ʨʦʟʨʦʙʮʽ ʩʧʦʩʦʙʽʚ ʟʘʭʠʩʪʫ ʚʽʜ ʥʠʭ 

ʧʨʠʜʽʣʷʻʪʴʩʷ ʚʝʣʠʢʘ ʫʚʘʛʘ. ɽʬʝʢʪʠʚʥʠʤ ʽ ʜʦʩʠʪʴ ʝʢʦʥʦʤʽʯʥʠʤ ʟʘʩʦʙʦʤ ʟʘʭʠʩʪʫ ʻ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʛʽʙʽʪʦʨʽʚ ʨʽʟʥʠʭ ʪʠʧʽʚ. ɼʣʷ ʟʘʭʠʩʪʫ ʤʝʪʘʣʽʚ ʚʽʜ ʘʪʤʦʩʬʝʨʥʦʾ ʢʦʨʦʟʽʾ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʢʦʥʪʘʢʪʥʽ ʽʥʛʽʙʽʪʦʨʠ, ʷʢʽ ʥʘʥʦʩʷʪʴ ʥʘ ʧʦʚʝʨʭʥʶ ʚʠʨʦʙʫ, ʽ ʣʝʪʶʯʽ, ʟʜʘʪʥʽ 

ʚʠʧʘʨʦʚʫʚʘʪʠʩʷ ʽ ʩʘʤʦʩʪʽʡʥʦ ʧʦʪʨʘʧʣʷʪʠ ʥʘ ʧʦʚʝʨʭʥʶ ʤʝʪʘʣʫ. 

ɺ ʥʝʡʪʨʘʣʴʥʠʭ ʚʦʜʥʠʭ ʨʦʟʯʠʥʘʭ ʩʪʘʣʠ ʟʘʭʠʱʘʶʪʴ ʜʦʜʘʚʘʥʥʷʤ ʦʢʠʩʥʠʢʽʚ-

ʧʘʩʠʚʘʪʦʨʽʚ: ʩʦʣʝʡ ʭʨʦʤʦʚʦʾ ʘʙʦ ʥʽʪʨʘʪʥʦʾ ʢʠʩʣʦʪ. ɰʭ ʟʘʭʠʩʥʘ ʜʽʷ ʧʦʣʷʛʘʻ ʚ ʫʪʚʦʨʝʥʥʽ 

ʧʦʚʝʨʭʥʝʚʦʾ ʦʢʩʠʜʥʦʾ ʧʣʽʚʢʠ. ʍʨʦʤʘʪʠ ʽ ʙʽʭʨʦʤʘʪʠ ʤʘʶʪʴ ʚʠʩʦʢʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʽ ʜʦʚʛʠʡ 

ʯʘʩ ʙʫʣʠ ʻʜʠʥʠʤʠ ʩʧʦʣʫʢʘʤʠ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʜʣʷ ʟʘʭʠʩʪʫ ʚʽʜ ʢʦʨʦʟʽʾ ʦʜʥʦʯʘʩʥʦ 

ʯʦʨʥʠʭ ʽ ʢʦʣʴʦʨʦʚʠʭ ʤʝʪʘʣʽʚ.  

ʆʜʥʘʢ ʚʦʥʠ ʤʘʶʪʴ ʽʩʪʦʪʥʽ ʥʝʜʦʣʽʢʠ: 1) ʤʝʭʘʥʽʟʤ ʜʽʾ ʦʢʠʩʥʠʢʽʚ ʧʦʣʷʛʘʻ ʚ 

ʛʘʣʴʤʫʚʘʥʥʽ ʘʥʦʜʥʦʛʦ ʧʨʦʮʝʩʫ ʽ ʧʨʠ ʾʭ ʥʝʜʦʩʪʘʪʥʽʡ ʢʦʥʮʝʥʪʨʘʮʽʾ ʚʠʢʣʠʢʘʻ ʧʦʷʚʫ 

ʧʽʪʠʥʛʦʚʦʾ ʢʦʨʦʟʽʾ; 2) ʽʩʪʦʪʥʠʤ ʥʝʜʦʣʽʢʦʤ ʥʽʪʨʠʪʽʚ, ʘ ʦʩʦʙʣʠʚʦ ï  ʭʨʦʤʘʪʽʚ ʽ ʙʽʭʨʦʤʘʪʽʚ, ʻ 

ʾʭ ʪʦʢʩʠʯʥʽʩʪʴ, ʱʦ ʦʙʫʤʦʚʣʶʻ ʧʦʩʪʫʧʦʚʝ ʦʙʤʝʞʝʥʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʠʭ ʨʝʯʦʚʠʥ ʚ ʢʨʘʾʥʘʭ 

ɭʚʨʦʩʦʶʟʫ. 

ɼʦʩʠʪʴ ʧʦʰʠʨʝʥʠʤʠ ʽʥʛʽʙʽʪʦʨʘʤʠ ʢʦʨʦʟʽʾ ʻ ʦʜʥʦ-, ʜʚʦ- ʽ ʪʨʠʟʘʤʽʱʝʥʽ ʬʦʩʬʘʪʠ, ʘ 

ʪʘʢʦʞ ʧʦʣʽʬʦʩʬʘʪʠ. ɰʭ ʧʝʨʝʚʘʛʘʤʠ ʻ ʥʝʪʦʢʩʠʯʥʽʩʪʴ, ʜʦʩʪʫʧʥʽʩʪʴ, ʜʝʰʝʚʠʟʥʘ, ʘ ʪʘʢʦʞ 

ʤʦʞʣʠʚʽʩʪʴ ʧʦʧʝʨʝʜʞʝʥʥʷ ʫʪʚʦʨʝʥʥʷ ʩʦʣʴʦʚʠʭ ʢʘʨʙʦʥʘʪʥʠʭ ʚʽʜʢʣʘʜʝʥʴ. ɯʥʛʽʙʫʚʘʥʥʷ 

ʢʦʨʦʟʽʾ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʨʪʦ- ̔  ʧʦʣʽʬʦʩʬʘʪʽʚ ʟʜʽʡʩʥʶʻʪʴʩʷ ʨʽʟʥʠʤʠ ʰʣʷʭʘʤʠ. ʆʨʪʦʬʦʩʬʘʪʠ 

ʻ ʘʥʦʜʥʠʤʠ ʽʥʛʽʙʽʪʦʨʘʤʠ. ʅʝʜʦʣʽʢʦʤ ʦʨʪʦʬʦʩʬʘʪʽʚ ʻ ʥʝʙʝʟʧʝʢʘ ʧʦʷʚʠ ʣʦʢʘʣʴʥʦʾ ʢʦʨʦʟʽʾ 

ʧʨʠ ʤʘʣʦʤʫ ʜʣʷ ʧʦʚʥʦʾ ʧʘʩʠʚʘʮʽʾ ʚʤʽʩʪʽ.  

ɹʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʣʷ ʟʘʭʠʩʪʫ ʤʝʪʘʣʽʚ ʚʽʜ ʢʦʨʦʟʽʾ 

ʧʦʣʽʬʦʩʬʘʪʽʚ. ʇʦʣʽʬʦʩʬʘʪʠ ʽʥʽʮʽʶʶʪʴ ʫʪʚʦʨʝʥʥʷ ʟʘʭʠʩʥʦʾ ʧʣʽʚʢʠ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʩʫʤʽʰʽ ɔ-Fe2ʆ3 ʽ FePO4Ā2H2O. ɺ ʥʝʡʪʨʘʣʴʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ ʧʦʣʽʬʦʩʬʘʪʠ ʤʘʶʪʴ ʨʷʜ 

ʧʝʨʝʚʘʛ, ʩʝʨʝʜ ʷʢʠʭ ʦʩʥʦʚʥʠʤʠ ʻ ʥʘʩʪʫʧʥʽ: ʤʦʞʣʠʚʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʥʝʚʝʣʠʢʽʡ 

ʢʽʣʴʢʦʩʪʽ, ʥʘʜʽʡʥʠʡ ʟʘʭʠʩʪ ʚʽʜ ʣʦʢʘʣʴʥʦʾ ʢʦʨʦʟʽʾ, ʥʘʷʚʥʽʩʪʴ ʝʬʝʢʪʫ ʧʽʩʣʷʜʽʾ, ʟʘʧʦʙʽʛʘʥʥʷ 

ʫʪʚʦʨʝʥʥʶ ʦʩʘʜʽʚ ʢʘʨʙʦʥʘʪʽʚ. 

ʐʠʨʦʢʦ ʧʦʰʠʨʝʥʠʤʠ ʽʥʛʽʙʽʪʦʨʘʤʠ ʢʦʨʦʟʽʾ ʻ ʩʦʣʽ ʘʤʽʥʽʚ (ʘʣʽʬʘʪʠʯʥʦʛʦ, ʮʠʢʣʽʯʥʦʛʦ 

ʪʘ ʛʝʪʝʨʦʮʠʢʣʽʯʥʦʛʦ ʨʷʜʫ). ɹʽʣʴʰʽʩʪʴ ʟ ʥʠʭ ʧʨʠ ʛʽʜʨʦʣʽʟʽ ʽ ʜʠʩʦʮʽʘʮʽʾ ʚʠʜʽʣʷʶʪʴ ʚʽʣʴʥʠʡ 

ʘʤʽʥ ʽ ʡʦʛʦ ʛʽʜʨʦʢʩʠʣʴʥʫ ʛʨʫʧʫ. ʆʨʛʘʥʽʯʥʽ ʘʤʽʥʠ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʷʢ ʩʘʤʦʩʪʽʡʥʽ ʟʘʩʦʙʠ 

ʟʘʭʠʩʪʫ ʚʽʜ ʢʦʨʦʟʽʾ, ʪʘʢ ʽ ʚ ʧʦʻʜʥʘʥʥʽ ʟ ʽʥʰʠʤʠ ʽʥʛʽʙʽʪʦʨʘʤʠ. ʅʘʧʨʠʢʣʘʜ, 

3,5-ʜʽʥʽʪʨʦʙʝʥʟʦʘʪ ʧʽʧʝʨʠʜʠʥʫ (ʇ-4) ʻ ʦʜʥʠʤ ʟ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʭ ʟʘʩʦʙʽʚ ʜʣʷ ʟʘʭʠʩʪʫ 

ʤʝʪʘʣʽʚ ʪʘ ʾʭ ʩʧʣʘʚʽʚ ʚʽʜ ʢʦʨʦʟʽʾ. ʇʨʠ ʧʨʦʤʠʩʣʦʚʦʤʫ ʟʘʩʪʦʩʫʚʘʥʥʽ ʡʦʛʦ ʨʦʟʧʠʣʶʶʪʴ ʥʘ 

ʦʙôʻʢʪʠ ʫ ʚʠʛʣʷʜʽ ʨʦʟʯʠʥʫ (ʚʦʜʥʦʛʦ ʘʙʦ ʩʧʠʨʪʦʚʦʛʦ) ʘʙʦ ʟʘʧʦʚʥʶʶʪʴ ʾʤ ʚʠʨʽʙ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʦʛʣʷʜ ʽʥʛʽʙʽʪʦʨʽʚ ʢʦʨʦʟʽʾ ʧʦʢʘʟʘʚ, ʱʦ ʜʣʷ ʢʦʥʩʝʨʚʘʮʽʾ ʢʦʥʩʪʨʫʢʮʽʡ ʟ 

ʚʫʛʣʝʮʝʚʦʾ ʩʪʘʣʽ ʤʘʨʢʠ Cʪ3ʩʧ5 ʽ ʥʠʟʴʢʦʣʝʛʦʚʘʥʦʾ ʩʪʘʣʽ ʤʘʨʢʠ 09ɻ2ʉ ʧʝʨʩʧʝʢʪʠʚʥʝ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʬʦʩʬʘʪʽʚ ʽ ʘʤʽʥʽʚ. ʂʦʨʦʟʽʡʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʠ ʧʨʦʚʝʜʝʥʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʧʨʦʩʪʦʛʦ ʽ ʧʦʜʚʽʡʥʦʛʦ ʩʫʧʝʨʬʦʩʬʘʪʫ, ʛʝʢʩʘʤʝʪʘʬʦʩʬʘʪʫ ʥʘʪʨʽʶ, ʪʨʠʧʦʣʽʬʦʩʬʘʪʫ ʥʘʪʨʽʶ, 

3,5-ʜʽʥʽʪʨʦʙʝʥʟʦʘʪʫ ʧʽʧʝʨʠʜʠʥʫ, ʥʽʪʨʘʪʫ ʥʘʪʨʽʶ.  
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tpanchenko88@gmail.com 

 

ʆʩʥʦʚʠ ʐʠʬʬʘ ʚ ʩʫʯʘʩʥʽʡ ʢʦʦʨʜʠʥʘʮʽʡʥʽʡ ʭʽʤʽʾ ʚʠʢʦʥʫʶʪʴ ʨʦʣʴ ʫʥʽʚʝʨʩʘʣʴʥʠʭ 

ʣʽʛʘʥʜʽʚ. ʂʦʤʧʣʝʢʩʥʽ ʩʧʦʣʫʢʠ ʥʘ ʾʭ ʦʩʥʦʚʽ ʚʦʣʦʜʽʶʪʴ ʮʽʥʥʠʤʠ ʧʨʘʢʪʠʯʥʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ: ʘʥʪʠʙʘʢʪʝʨʽʘʣʴʥʠʤʠ, ʢʘʪʘʣʽʪʠʯʥʠʤʠ, ʝʣʝʢʪʨʠʯʥʠʤʠ ʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʚ ʷʢʦʩʪʽ ʧʨʝʢʫʨʩʦʨʽʚ. ʉʝʤʠʢʘʨʙʘʟʦʥ ʩʘʣʽʮʠʣʦʚʦʛʦ ʘʣʴʜʝʛʽʜʫ (ʅ2L) ʫʪʚʦʨʶʻ ʨʽʟʥʦʤʘʥʽʪʥʽ 

ʢʦʤʧʣʝʢʩʥʽ ʩʧʦʣʫʢʠ ʟ ʢʘʪʽʦʥʘʤʠ ʧʝʨʝʭʽʜʥʠʭ ʤʝʪʘʣʽʚ, ʚ ʷʢʠʭ ʚʽʥ ʚʠʩʪʫʧʘʻ ʤʦʥʦ- ʪʘ 

ʙʽʜʝʥʪʘʪʥʠʤ ʣʽʛʘʥʜʦʤ. 

ʈʘʥʽʰʝ ʥʘʤʠ ʩʠʥʪʝʟʦʚʘʥʦ ʥʦʚʽ ʛʝʪʝʨʦʤʝʪʘʣʝʚʽ ʢʦʦʨʜʠʥʘʮʽʡʥʽ ʩʧʦʣʫʢʠ Cu(ɯɯ) ʘʙʦ 

Ni(ɯɯ) ʽ ʣʫʞʥʦ-ʟʝʤʝʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ ʟ N,N'-ʙʽʩ(ʩʘʣʽʮʠʣʽʜʝʥ)ʩʝʤʠ-, ʘʙʦ ʪʽʦʩʝʤʠʢʘʨʙʘʟʠ-ʜʦʤ 

ʟʘʛʘʣʴʥʦʾ ʬʦʨʤʫʣʠ ɽ[ʄL']2
 Ŀ ʭʅ2ʆ (ʄ

2+ = Cu, Ni; E2+ = Ca, Sr, Ba; ʭ = 1, 3 ï 5; ʅ3L' = N,N'-

ʙʽʩ(ʩʘʣʽʮʠʣʽʜʝʥ)ʩʝʤʠ-, ʘʙʦ ʪʽʦʩʝʤʠʢʘʨʙʘʟʠʜ) ʪʘ ʜʦʩʣʽʜʞʝʥʽ ʾʭ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. 

ɿ ʤʝʪʦʶ ʨʦʟʰʠʨʝʥʥʷ ʥʦʤʝʥʢʣʘʪʫʨʠ ʩʠʥʪʝʟʦʚʘʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʽ ʧʦʜʘʣʴʰʦʛʦ ʚʠʚʯʝʥʥʷ ʾʭ 

ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʥʘʤʠ ʙʫʣʦ ʜʦʜʘʪʢʦʚʦ ʚʚʝʜʝʥʦ ʚ ʨʝʘʢʮʽʶ ʩʠʥʪʝʟʫ ʩʧʦʣʫʢʫ 

ʢʘʜʤʽʶ(ɯɯ). ʆʜʥʘʢ, ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʢʘʜʤʽʡ(ɯɯ) ʭʣʦʨʠʜʫ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʩʚʽʪʣʦ-ʞʦʚʪʽ 

ʢʨʠʩʪʘʣʠ, ʷʢʽ ʟʘ ʜʘʥʠʤʠ ʝʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʽʟʫ, ɯʏ-ʩʧʝʢʪʨʦʩʢʦʧʽʯʥʦʛʦ ʪʘ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʜʦʩʣʽʜʞʝʥʴ ʚʽʜʧʦʚʽʜʘʣʠ ʢʦʤʧʣʝʢʩʫ ʢʘʜʤʽʶ ʟ ʩʝʤʠʢʘʨʙʘʟʦʥʦʤ 

ʩʘʣʽʮʠʣʦʚʦʛʦ ʘʣʴʜʝʛʽʜʫ (ʅ2L) ʩʢʣʘʜʫ [Cd ʅ2L H2O Cl2], ʘ ʥʝ ʙʘʞʘʥʦʤʫ ʛʝʪʝʨʦʤʝʪʘʣʝʚʦʤʫ 

ʢʦʤʧʣʝʢʩʫ, ʘʥʘʣʦʛʽʯʥʦʛʦ ʨʘʥʽʰʝ ʦʪʨʠʤʘʥʠʤ.  

ʂʨʠʩʪʘʣʽʯʥʫ ʩʪʨʫʢʪʫʨʫ ʢʦʤʧʣʝʢʩʫ ʢʘʜʤʽʶ(II) ʜʦʩʣʽʜʞʝʥʦ ʤʝʪʦʜʦʤ ʈʉɸ. ʂʨʠʩʪʘʣʠ 

ʪʨʠʢʣʠʥʥʽ, a = 6.6359(3), b = 6.9465(2), c = 14.0811(5)¡; a = 77.641(3), ɓ = 76.833(3), 

g = 78.015(3)Á, ʧʨʦʩʪʦʨʦʚʘ ʛʨʫʧʘ 1P , Z = 2. ʅʘ ʨʠʩ. ʧʦʢʘʟʘʥʦ ʩʭʝʤʫ ʥʫʤʝʨʘʮʽʾ ʘʪʦʤʽʚ ʚ 

ʩʪʨʫʢʪʫʨʽ ʽ ʝʣʽʧʩʦʾʜʠ ʪʝʧʣʦʚʠʭ ʢʦʣʠʚʘʥʴ ʚ ʥʝʟʘʣʝʞʥʽʡ ʯʘʩʪʠʥʽ ʢʦʤʽʨʢʠ.  

 
ʈʠʩ. ʄʦʣʝʢʫʣʷʨʥʘ ʩʪʨʫʢʪʫʨʘ ʢʦʤʧʣʝʢʩʫ [Cd H2L H2O Cl2] 

ɿʘ ʜʘʥʠʤʠ ʈʉɸ (ʨʠʩ.) ʚ ʥʝʟʘʣʝʞʥʽʡ ʯʘʩʪʠʥʽ ʢʦʤʽʨʢʠ ʟʥʘʭʦʜʠʪʴʩʷ ʘʪʦʤ ʢʘʜʤʽʶ, ʜʚʘ 

ʘʪʦʤʠ ʭʣʦʨʫ, ʤʦʣʝʢʫʣʘ ʥʝʡʪʨʘʣʴʥʦʛʦ ʣʽʛʘʥʜʫ C8H9N3O2  (ʅ2L) ʽ ʤʦʣʝʢʫʣʘ ʚʦʜʠ. ʇʨʠ 

ʮʴʦʤʫ ʚ ʧʦʣʽʝʜʨʽ ʚʠʢʨʠʚʣʝʥʦʛʦ ʦʢʪʘʝʜʨʘ ʘʪʦʤ ʢʘʜʤʽʶ ʢʦʦʨʜʠʥʦʚʘʥʠʡ ʜʚʦʤʘ ʘʪʦʤʘʤʠ 

ʦʢʩʠʛʝʥʫ ʚʦʜʠ ʽ ʢʘʨʙʘʤʽʜʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ʣʽʛʘʥʜʫ ʅ2L, ʨʦʟʪʘʰʦʚʘʥʠʭ ʚ ʮʠʩ-ʧʦʣʦʞʝʥʥʷʭ, 

ʽʥʰʽ ʯʦʪʠʨʠ ʧʦʣʦʞʝʥʥʷ ʟʘʡʥʷʪʽ ʘʪʦʤʘʤʠ ʭʣʦʨʫ (ʢʦʦʨʜʠʥʘʮʽʡʥʠʡ ʚʫʟʦʣ CdO4Cl2), ʷʢʽ 

ʩʢʣʘʜʘʶʪʴ ʜʚʘ ʨʝʙʨʘ ʩʫʩʽʜʥʽʭ ʦʢʪʘʝʜʨʽʚ ʽ ʫʪʚʦʨʶʶʪʴ ʥʝʩʢʽʥʯʝʥʥʽ ʟʠʛʟʘʛʦʧʦʜʽʙʥʽ 

ʣʘʥʮʶʞʢʠ ʦʢʪʘʝʜʨʽʚ ʫʟʜʦʚʞ ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʦʾ ʦʩʽ ʍ. ʂʦʦʨʜʠʥʘʮʽʡʥʝ ʯʠʩʣʦ ʢʘʜʤʽʶ ʚ 

ʧʦʣʽʝʜʨʽ ʚʠʢʨʠʚʣʝʥʦʛʦ ʦʢʪʘʝʜʨʘ 6. ʄʦʣʝʢʫʣʘ ʅ2L ʻ ʧʣʦʩʢʦʶ, ʟʘʚʜʷʢʠ ʥʘʷʚʥʦʩʪʽ 

ʚʥʫʪʨʽʰʥʴʦʤʦʣʝʢʫʣʷʨʥʦʛʦ ʚʦʜʥʝʚʦʛʦ ʟʚ'ʷʟʢʫ.   
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ɺʀʃʋʏɽʅʅʗ ʂɸʊɯʆʅɯɺ Hg2+ ɿ ɺʆɼʅʀʍ ʈʆɿʏʀʅɯɺ ʇʆɺɽʈʍʅɽʖ 

ʄɸɻɯʅɯʊʆʏʋʊʃʀɺʀʍ ʂʆʄʇʆɿʀʊɯɺ Fe3O4/SiO2 ʊɸ Fe3O4/ʊiO2 

ʇʦʜʟʶʙʘʥʯʫʢ ɯ. ʆ.1, ʂʫʩʷʢ ɸ. ʇ.1, ʂʫʩʷʢ ʅ. ɺ.1, ɻʦʨʙʠʢ ʇ. ʇ.2 
1ɾʠʪʦʤʠʨʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤ. ɯʚʘʥʘ ʌʨʘʥʢʘ  

2ɯʥʩʪʠʪʫʪ ʭʽʤʽʾ ʧʦʚʝʨʭʥʽ ʅɸʅ ʋʢʨʘʾʥʠ ʽʤ. ʆ. ʆ. ʏʫʡʢʘ 

illia1223@ukr.net 

 

ʄʘʛʥʽʪʦʯʫʪʣʠʚʽ ʢʦʤʧʦʟʠʪʠ ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʽ ʜʣʷ ʦʯʠʱʝʥʥʷ ʰʪʫʯʥʠʭ, 

ʧʨʠʨʦʜʥʠʭ ʪʘ ʙʽʦʛʝʥʥʠʭ ʩʝʨʝʜʦʚʠʱ ʚʽʜ ʰʢʽʜʣʠʚʠʭ ʨʝʯʦʚʠʥ, ʜʦʤʽʰʦʢ, ʚʽʨʫʩʽʚ ʪʦʱʦ. 

ʇʦʣʽʬʫʥʢʮʽʦʥʘʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʪʘʢʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟʘʙʝʟʧʝʯʫʶʪʴʩʷ ʩʪʨʫʢʪʫʨʥʠʤʠ 

ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʾʭ ʯʘʩʪʠʥʦʢ ʪʘ ʽʻʨʘʨʭʽʯʥʦʶ ʙʫʜʦʚʦʶ. ɺʠʙʽʨ ʽʦʥʽʚ Hg2+ ʚ ʷʢʦʩʪʽ ʦʙ'ʻʢʪʘ 

ʘʜʩʦʨʙʮʽʡʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʧʦʚʝʨʭʦʥʴ Fe3O4/SiO2 ʪʘ Fe3O4/ʊiO2 ʧʦʚ'ʷʟʘʥʠʡ ʽʟ 

ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʪʦʢʩʠʢʦʢʽʥʝʪʠʢʠ ʪʘ ʪʦʢʩʠʢʦʜʠʥʘʤʽʢʠ ʮʴʦʛʦ ʢʘʪʽʦʥʫ. 

ʉʘʤʝ ʪʦʤʫ ʤʠ ʩʠʥʪʝʟʫʚʘʣʠ ʚʠʩʦʢʦʜʠʩʧʝʨʩʥʽ ʢʦʤʧʦʟʠʮʽʡʥʽ ʤʘʪʝʨʽʘʣʠ ʥʘ ʦʩʥʦʚʽ 

ʤʘʛʥʝʪʠʪʫ, ʚʠʙʽʨ ʪʝʪʨʘʝʪʦʢʩʠʩʠʣʘʥʫ ʽ ʥ-ʙʫʪʠʣʦʨʪʦʪʠʪʘʥʘʪʫ ʚ ʷʢʦʩʪʽ ʤʦʜʠʬʽʢʘʪʦʨʽʚ 

ʦʙʫʤʦʚʣʝʥʠʡ ʤʦʞʣʠʚʽʩʪʶ ʫʪʚʦʨʝʥʥʷ ʧʦʣʽʤʝʨʥʠʭ ʦʙʦʣʦʥʦʢ, ʷʢʽ ʙ ʜʦʟʚʦʣʠʣʠ ʧʦʣʽʧʰʠʪʠ 

ʘʜʩʦʨʙʮʽʡʥʽ ʧʦʢʘʟʥʠʢʠ ʢʦʤʧʦʟʠʪʽʚ. ʉʠʥʪʝʟ ʤʘʛʥʝʪʠʪʫ ʧʨʦʚʦʜʠʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʛʝʣʴ-ʟʦʣʴ 

ʤʝʪʦʜʘ ɽʣʤʦʨʘ. ɼʣʷ ʤʦʜʠʬʽʢʘʮʽʾ ʚʠʢʦʨʠʩʪʘʣʠ ʤʘʛʥʝʪʠʪ ʟ ʧʠʪʦʤʦʶ ʧʦʚʝʨʭʥʝʶ 99ï

100 ʤ2/ʛ ʽ ʨʦʟʤʽʨʦʤ ʢʨʠʩʪʘʣʽʪʽʚ 30ï50 ʥʤ. ɼʦʩʣʽʜʞʝʥʦ ʚʣʘʩʪʠʚʦʩʪʽ ʘʜʩʦʨʙʮʽʾ-ʜʝʩʦʨʙʮʽʾ 

ʢʦʤʧʦʟʠʪʽʚ ʱʦʜʦ ʽʦʥʽʚ ʟ ʚʦʜʥʠʭ ʨʦʟʯʠʥʽʚ ʚ ʜʠʥʘʤʽʯʥʦʤʫ ʨʝʞʠʤʽ ʧʨʠ ʢʽʤʥʘʪʥʽʡ 

ʪʝʤʧʝʨʘʪʫʨʽ. ɺʦʜʥʽ ʨʦʟʯʠʥʠ Hg2+ ʚʽʜʧʦʚʽʜʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʟ ʩʦʣʝʡ 

Hg(NO3)2. ʅʘʚʘʞʢʠ (0,03 ʛ) ʟʘʣʠʚʘʣʠ ʨʦʟʯʠʥʦʤ (ʉ(Hg2+) = 42 ʤʛ/ʣ), V = 5 ʤʣ ʚ ʜʽʘʧʘʟʦʥʽ 

ʨʅ = 2,7ï7,7. ɺʠʢʦʨʠʩʪʘʣʠ ʘʮʝʪʘʪʥʦ-ʘʤʽʘʯʥʠʡ ʙʫʬʝʨʥʠʡ ʨʦʟʯʠʥ. ɼʣʷ ʚʠʚʯʝʥʥʷ ʢʽʥʝʪʠʢʠ 

ʘʜʩʦʨʙʮʽʾ (ʉ(Hg2+) = 36 ʤʛ/ʣ, ʨʅ = 2,7) ʯʘʩ ʢʦʥʪʘʢʪʫ ʩʪʘʥʦʚʠʚ 15ï180 ʭʚʠʣʠʥ. ʈʦʟʯʠʥʠ ʟ 

ʉ(Hg2+) = 1ï40 ʤʛ/ʣ ʛʦʪʫʚʘʣʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʘʜʩʦʨʙʮʽʡʥʦʾ ʻʤʥʦʩʪʽ. ɼʝʩʦʨʙʮʽʶ 

ʟʜʽʡʩʥʶʚʘʣʠ ʧʽʩʣʷ ʘʜʩʦʨʙʮʽʾ ʚ ʚʦʜʥʦʤʫ ʨʦʟʯʠʥʽ ʪʘ ʚ 0,1 ʥ, 0,5 ʥ ʪʘ 1 ʥ ʨʦʟʯʠʥʘʭ ʅNO3. 

ɼʣʷ ʚʩʽʭ ʧʦʚʝʨʭʦʥʴ ʤʘʢʩʠʤʘʣʴʥʠʡ ʧʦʢʘʟʥʠʢ ʩʪʫʧʝʥʷ ʚʠʣʫʯʝʥʥʷ (R, %) 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʨʠ ʨʅ = 2,7. ʇʽʜʚʠʱʝʥʥʷ ʨʅ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ R ̔  ʘʜʩʦʨʙʮʽʡʥʦʾ 

ʟʜʘʪʥʦʩʪʽ. ʅʘ ʚʩʽʭ ʧʦʚʝʨʭʥʷʭ ʤʘʢʩʠʤʘʣʴʥʽ ʧʦʢʘʟʥʠʢʠ R ʜʦʩʷʛʘʻʪʴʩʷ ʜʦʩʠʪʴ ʰʚʠʜʢʦ, 

ʧʨʦʪʷʛʦʤ 30ï60 ʭʚʠʣʠʥ. ɼʣʷ  Fe3O4  ʧʨʠ 298 ʂ ɸmax = 3,5 ʤʛ/ʛ, ʟʘ ʜʘʥʥʠʭ ʫʤʦʚ ʧʨʦʚʝʜʝʥʥʷ 

ʝʢʩʧʝʨʠʤʝʥʪʫ. ʇʽʩʣʷ ʤʦʜʠʬʽʢʫʚʘʥʥʷ ʤʘʛʥʝʪʠʪʫ ʪʝʪʨʘʝʪʦʢʩʠʩʠʣʘʥʦʤ, ʘʜʩʦʨʙʮʽʡʥʘ 

ʻʤʥʽʩʪʴ ʧʦʚʝʨʭʥʽ ʥʘʥʦʢʦʤʧʦʟʠʪʫ ʜʝʱʦ ʟʙʽʣʴʰʫʻʪʴʩʷ ɸmax = 4,2 ʤʛ/ʛ.  ʉʧʦʩʪʝʨʽʛʘʶʪʴʩʷ 

ʚʠʩʦʢʽ ʘʜʩʦʨʙʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʦʚʝʨʭʥʽ Fe3O4/TiO2 (ɸmax = 5,8 ʤʛ/ʛ, 298 ʂ). ʍʘʨʘʢʪʝʨʥʦʶ 

ʦʩʦʙʣʠʚʽʩʪʶ ʽʟʦʪʝʨʤ (ʨʠʩ.), ʱʦ ʦʧʠʩʫʶʪʴ ʧʨʦʮʝʩ ʘʜʩʦʨʙʮʽʾ, ʻ ʥʘʷʚʥʽʩʪʴ ʚʦʛʥʫʪʦʾ 

ʧʦʯʘʪʢʦʚʦʾ ʜʽʣʷʥʢʠ ʪʘ ʜʚʦʭ ʧʣʘʪʦ, ʱʦ ʫʪʚʦʨʶʶʪʴʩʷ ʧʨʠ ʧʽʜʚʠʱʝʥʥʽ ʢʦʥʮʝʥʪʨʘʮʽʡ Hg2+, 

ʦʩʢʽʣʴʢʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʘʩʠʯʝʥʥʷ ʤʦʥʦʰʘʨʫ ʪʘ ʫʪʚʦʨʝʥʥʷ ʧʦʣʽʤʦʣʝʢʫʣʷʨʥʦʛʦ ʰʘʨʫ ʟʘ 

ʨʘʭʫʥʦʢ ʢʦʤʧʣʝʢʩʦʫʪʚʦʨʝʥʥʷ ʥʘ ʧʦʚʝʨʭʥʽ ʘʜʩʦʨʙʝʥʪʫ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʷʚʠ ʜʨʫʛʦʛʦ 

ʧʣʘʪʦ. ʊʘʢʠʡ ʭʘʨʘʢʪʝʨ ʘʜʩʦʨʙʮʽʾ ʥʘʢʣʘʜʘʻ 

ʧʝʚʥʠʡ ʚʽʜʙʠʪʦʢ ʽ ʥʘ R ʽʦʥʽʚ Hg2+. ʇʨʠ 

ʥʠʟʴʢʠʭ ʢʦʥʮʝʥʪʨʘʮʽʷʭ ʽʦʥʽʚ Hg2+ 

ʩʧʦʩʪʝʨʽʛʘʻʤʦ ʜʝʷʢʝ ʧʽʜʚʠʱʝʥʥʷ ʩʪʫʧʝʥʷ 

ʚʠʣʫʯʝʥʥʷ. 

ʇʨʠ ʧʦʜʘʣʴʰʦʤʫ ʧʽʜʚʠʱʝʥʥʽ ʢʦʥʮʝʥ-

ʪʨʘʮʽʾ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʤʝʥʰʝʥʥʷ R. ʇʨʠ 

ʢʦʥʮʝʥʪʨʘʮʽʷʭ ʽʦʥʽʚ ʉ(Hg2+) = 10 ʤʛ/ʣ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʥʘʯʥʝ ʟʙʽʣʴʰʝʥʥʷ ʧʦʢʘʟʥʠ-

ʢʘ R ʜʣʷ ʧʦʚʝʨʭʥʽ  Fe3O4 ʜʦ 70 %. ʇʦʚʝʨʭʥʽ 

Fe3O4/SiO2 ʪʘ Fe3O4/ʊiO2 ʪʘʢʦʞ ʭʘʨʘʢʪʝʨʠʟʫ-

ʶʪʴʩʷ ʧʝʚʥʠʤ ʟʙʽʣʴʰʝʥʥʷʤ ʧʦʢʘʟʥʠʢʘ R ʟʽ 

ʟʙʽʣʴʰʝʥʥʷʤ ʢʦʥʮʝʥʪʨʘʮʽʾ ʽʦʥʽʚ Hg 2+.  

 
ʈʠʩ. ɯʟʦʪʝʨʤʠ ʘʜʩʦʨʙʮʽʾ Hg2+ ʥʘ 

ʧʦʚʝʨʭʥʷʭ Fe3O4 (1), Fe3O4/SiO2 (2) ʪʘ 

Fe3O4/ʊiO2 (3) 
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ʇɯɼɺʀʑɽʅʅʗ ɽʌɽʂʊʀɺʅʆʉʊɯ ʊɽʍʅɯʏʅʀʍ ʄʀʁʅʀʍ ɿɸʉʆɹɯɺ 

ɼʃʗ ʆʏʀʑɽʅʅʗ ʊɺɽʈɼʀʍ ʇʆɺɽʈʍʆʅʔ 
ʇʨʦʢʦʬôʻʚʘ ɻ. ʄ., ʉʝʥʥʽʢ ɸ. ʉ., ɹʽʣʦʫʩʦʚʘ ʅ. ɸ., ʂʥʠʰ ʅ. ɺ. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ 

çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè  

03056, ʤ. ʂʠʾʚ, ʧʨʦʩʧ. ʇʝʨʝʤʦʛʠ. 37, ʢʦʨʧʫʩ 4  
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ʆʜʥʠʤ ʽʟ ʛʦʣʦʚʥʠʭ ʥʘʧʨʷʤʽʚ ʟʙʽʣʴʰʝʥʥʷ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʱʦ ʝʢʩʧʣʫʘʪʫʻʪʴʩʷ ʚ ʛʘʟʦʚʽʡ, ʭʽʤʽʯʥʽʡ, ʥʘʬʪʦʧʝʨʝʨʦʙʥʽʡ, 

ʤʘʰʠʥʦʙʫʜʽʚʥʽʡ, ʘʚʽʘʮʽʡʥʽʡ ʪʘ ʽʥʰʠʭ ʛʘʣʫʟʷʭ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʻ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʡʦʛʦ ʦʯʠʱʝʥʥʷ ʚʽʜ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʟʘʙʨʫʜʥʝʥʴ. 

ʋʩʧʽʰʥʝ ʨʽʰʝʥʥʷ ʮʠʭ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʧʦ ʟʤʽʩʪʫ ʟʘʜʘʯ ʤʦʞʝ ʙʫʪʠ ʜʦʩʷʛʥʫʪʦ ʥʘ 

ʻʜʠʥʽʡ ʤʝʪʦʜʦʣʦʛʽʯʥʽʡ ʦʩʥʦʚʽ, ʷʢʘ ʚʢʣʶʯʘʻ ʩʠʥʪʝʟ ʝʬʝʢʪʠʚʥʠʭ ʩʠʩʪʝʤ ʧʨʦʤʠʚʦʢ ʪʘ 

ʨʦʟʨʦʙʢʠ ʝʢʦʣʦʛʽʯʥʦ ʙʝʟʧʝʯʥʠʭ ʪʝʭʥʽʯʥʠʭ ʤʠʡʥʠʭ ʟʘʩʦʙʽʚ (ʊʄɿ) ʟ ʚʠʩʦʢʦʶ ʤʠʡʥʦʶ 

ʟʜʘʪʥʽʩʪʶ, ʥʠʟʴʢʦʶ ʢʦʨʦʟʽʡʥʦʶ ʘʢʪʠʚʥʽʩʪʶ ʽ ʥʠʟʴʢʠʤ ʚʤʽʩʪʦʤ ʽʥʛʨʝʜʽʻʥʪʽʚ 

ʧʦʣʽʬʫʥʢʮʽʡʥʦʾ ʜʽʾ. 

ɿ ʮʽʻʶ ʤʝʪʦʶ ʥʘʤʠ ʨʽʟʥʠʤʠ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʤʠ ʤʝʪʦʜʘʤʠ (ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʽʷ, ɯʏ-

ʩʧʝʢʪʨʦʩʢʦʧʽʷ, ʝʣʝʢʪʨʦʥʥʦ-ʧʘʨʘʤʘʛʥʽʪʥʠʡ ʨʝʟʦʥʘʥʩ, ʷʜʝʨʥʦ-ʤʘʛʥʽʪʥʠʡ ʨʝʟʦʥʘʥʩ, 

ʧʦʣʷʨʠʟʘʮʽʡʥʦʛʦ ʦʧʦʨʫ) ʜʦʩʣʽʜʞʝʥʽ ʧʨʦʮʝʩʠ ʢʦʤʧʣʝʢʩʦʫʪʚʦʨʝʥʥʷ ʫ ʩʠʩʪʝʤʘʭ çFe(III )-

ʥʝʽʦʥʦʛʝʥʥʽ ʇɸʈè. ɺ ʷʢʦʩʪʽ ʇɸʈ ʙʫʣʦ ʚʠʚʯʝʥʦ ʩʝʨʽʶ ʝʬʽʨʽʚ ʛʽʜʨʦʢʩʦʝʪʠʣʮʝʣʶʣʦʟʠ ʟ 

ʨʽʟʥʦʶ ʜʦʚʞʠʥʦʶ ʚʫʛʣʝʚʦʜʥʝʚʦʛʦ ʣʘʥʮʶʛʘ ʉ1ïʉ10 ʪʘ N-ʤʝʪʠʣʧʽʨʦʣʽʜʦʥ (N-ʄʇ) ʷʢ 

ʘʥʪʠʬʨʠʟʥʠʡ ʪʘ ʘʥʪʠʢʦʨʦʟʽʡʥʠʡ ʽʥʛʨʝʜʽʻʥʪ. ɿʘʣʽʟʦ ʚ ʟʥʘʯʥʽʡ ʤʽʨʽ ʚʭʦʜʠʪʴ ʜʦ ʩʢʣʘʜʫ 

ʟʘʙʨʫʜʥʝʥʴ, ʱʦ ʩʧʨʠʷʻ ʧʨʦʮʝʩʘʤ ʨʝʩʦʨʙʮʽʾ ʧʨʠ ʦʯʠʱʝʥʽ ʦʙʣʘʜʥʘʥʥʷ, ʪʦʤʫ ʧʨʝʜʩʪʘʚʣʝʥʦ 

ʽʥʪʝʨʝʩ ʚʠʚʯʝʥʥʷ ʡʦʛʦ ʧʦʚʝʜʽʥʢʠ ʫ ʧʨʠʩʫʪʥʦʩʪʽ ʽʥʛʨʝʜʽʻʥʪʽʚ, ʱʦ ʜʦʩʣʽʜʞʫʚʘʣʠʩʴ. ʎʴʦʤʫ 

ʥʝʛʘʪʠʚʥʦʤʫ ʷʚʠʱʫ ʤʦʞʥʘ ʟʘʧʦʙʽʛʪʠ ʧʝʨʝʚʦʜʦʤ ʽʦʥʽʚ Fe(III ) ʚ ʨʦʟʯʠʥʝʥʽ ʢʦʤʧʣʝʢʩʥʽ 

ʩʧʦʣʫʢʠ ʟ ʽʥʛʨʝʜʽʻʥʪʘʤʠ ʤʠʡʥʠʭ ʨʦʟʯʠʥʽʚ. 

ʉʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʣʝʞʥʦʩʪʝʡ ʩʚʽʪʣʦʧʦʛʣʠʥʘʥʥʷ ʚʽʜ ʜʦʚʞʠʥʠ 

ʭʚʠʣʽ ʜʣʷ ʨʦʟʯʠʥʽʚ ʉ1ïʉ10 ʩʚʽʜʯʘʪʴ ʧʨʦ ʫʪʚʦʨʝʥʥʷ ʦʜʥʽʻʾ çʨʦʟʤʠʪʦʾè ʧʦʣʦʩʠ 

ʩʚʽʪʣʦʧʦʛʣʠʥʘʥʥʷ ʧʨʠ ɚmax = 240ï270 ʥʤ. ʉʣʽʜ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʩʤʫʛʠ ʩʚʽʪʣʦʧʦʛʣʠʥʘʥʥʷ 

ʯʠʩʪʠʭ ʨʦʟʯʠʥʽʚ ʝʬʽʨʽʚ ʛʽʜʨʦʢʩʠʝʪʠʣʮʝʣʶʣʦʟʠ ʟʤʽʱʫʚʘʣʠʩʴ ʚ ʜʦʚʛʦʭʚʠʣʴʦʚʫ ʦʙʣʘʩʪʴ ʟʽ 

ʟʙʽʣʴʰʝʥʥʷʤ ʚʫʛʣʝʮʝʚʦʛʦ ʣʘʥʮʶʛʘ. 

ʉʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʜʚʽʡʥʠʭ ʪʘ ʧʦʪʨʽʡʥʠʭ ʩʠʩʪʝʤ Fe(III )-ʉʽ, 

Fe(III )-ʉ-̔N-ʄʇ ʚʽʜʧʦʚʽʜʥʦ ʪʘʢʦʞ ʭʘʨʘʢʪʝʨʠʟʫʚʘʣʠʩʴ ʦʜʥʽʻʶ ʙʽʣʴʰ ʽʥʪʝʥʩʠʚʥʦʶ ʩʤʫʛʦʶ 

ʩʚʽʪʣʦʧʦʛʣʠʥʘʥʥʷ. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʫʤʦʚ ʢʦʤʧʣʝʢʩʦʫʪʚʦʨʝʥʥʷ ʚʠʚʯʝʥʦ ʚʧʣʠʚ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʣʽʛʘʥʜʽʚ ʪʘ ʢʠʩʣʦʪʥʦ-ʣʫʞʥʠʭ ʩʝʨʝʜʦʚʠʱ ʥʘ ʟʚôʷʟʫʚʘʥʥʷ ʽʦʥʽʚ Fe(III ). 

ʇʨʦʚʝʜʝʥʠʤʠ ʜʦʩʣʽʜʘʤʠ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʥʘʡʙʽʣʴʰ ʧʦʚʥʝ ʟʚôʷʟʫʚʘʥʥʷ ʽʦʥʽʚ Fe(III ) 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ ʡʦʛʦ 10-ʢʨʘʪʥʦʤʫ ʥʘʜʣʠʰʢʫ. 

ɼʦ ʚʘʞʣʠʚʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʊʄɿ ʧʨʠ ʦʮʽʥʮʽ ʩʪʨʦʢʫ ʩʣʫʞʙʠ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ ʚʽʜʥʦʩʠʪʴʩʷ ʡʦʛʦ ʢʦʨʦʟʽʡʥʘ ʘʢʪʠʚʥʽʩʪʴ, ʷʢʘ ʜʦʩʣʽʜʞʫʚʘʣʘʩʴ ʜʣʷ ʯʠʩʪʠʭ 

ʨʦʟʯʠʥʽʚ ʉ1ïʉ10 ʪʘ ʫ ʧʨʠʩʫʪʥʦʩʪʽ N-ʄʇ ʤʝʪʦʜʦʤ ʧʦʣʷʨʠʟʘʮʽʡʥʦʛʦ ʦʧʦʨʫ. ɺʚʝʜʝʥʥʷ 

N-ʄʇ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʻ ʥʘ ʟʤʝʥʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʢʦʨʦʟʽʾ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʧʦʢʣʘʜʝʥʽ ʚ ʦʩʥʦʚʫ ʨʦʟʨʦʙʦʢ ʪʝʭʥʽʯʥʠʭ ʤʠʡʥʠʭ 

ʢʦʤʧʦʟʠʮʽʡ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʠʩʦʢʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʽ ʝʢʦʣʦʛʽʯʥʫ ʙʝʟʧʝʢʫ, ʧʽʜʚʠʱʫʶʪʴ 

ʧʦʪʫʞʥʽʩʪʴ ʪʫʨʙʦʘʛʨʝʛʘʪʽʚ, ʟʥʠʞʫʶʪʴ ʚʠʪʨʘʪʫ ʛʘʟʫ ʥʘ ʚʣʘʩʥʽ ʧʦʪʨʝʙʠ ʪʘ ʩʦʙʽʚʘʨʪʽʩʪʴ 

ʧʨʦʮʝʩʽʚ ʧʨʦʤʠʚʢʠ.  
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ɽʂʉʇɽʈʀʄɽʅʊɸʃʔʅɽ ʄʆɼɽʃʖɺɸʅʅʗ ɸʃʍɯʄɯʏʅʀʍ ʈɽɸʃɯʁ:  

çɹʆɾɽʉʊɺɽʅʅɸ ɺʆɼɸè ɿʆʉʀʄʀ ʇɸʅʆʇʆʃɯʊɸʅʉʔʂʆɻʆ 

ʈʦʜʠʛʽʥ ʂ. ʄ.1, ʈʦʜʠʛʽʥ ʄ. ʖ.2 
1ɼʦʥʝʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɺʘʩʠʣʷ ʉʪʫʩʘ, ʤ. ɺʽʥʥʠʮʷ 

2ɯʥʩʪʠʪʫʪ ʦʨʛʘʥʽʯʥʦʾ ʭʽʤʽʾ ʅɸʅ ʋʢʨʘʾʥʠ, 

ɯʥʩʪʠʪʫʪ ʬʽʟʠʢʦ-ʦʨʛʘʥʽʯʥʦʾ ʭʽʤʽʾ ʽ ʚʫʛʣʝʭʽʤʽʾ ʽʤ. ʃ. ʄ. ʃʠʪʚʠʥʝʥʢʘ ʅɸʅ ʋʢʨʘʾʥʠ, 

ʤ. ʂʠʾʚ 
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ʉʬʦʨʤʫʣʴʦʚʘʥʘ ʝʣʣʽʥʽʩʪʠʯʥʠʤʠ ʘʣʭʽʤʽʢʘʤʠ ʩʭʝʤʘ ɺʝʣʠʢʦʛʦ ɼʽʷʥʥʷ ʚʢʣʶʯʘʣʘ 

ʯʦʪʠʨʠ ʩʪʘʜʽʾ, ʧʦʚôʷʟʘʥʽ ʟ ʨʽʟʥʦʢʦʣʴʦʨʦʚʠʤ ʟʘʙʘʨʚʣʝʥʥʷʤ ʘʣʭʽʤʽʯʥʦʾ ʩʫʙʩʪʘʥʮʽʾ ï 

ʤʝʣʘʥʦʟʠʩ (ʯʦʨʥʠʡ), ʘʨʛʽʨʦʧʝʷ (ʙʽʣʠʡ), ʭʨʠʟʦʧʝʷ (ʞʦʚʪʠʡ), ʽʦʟʠʩ (ʬʽʦʣʝʪʦʚʠʡ). 

ɯʥʪʝʨʧʨʝʪʘʮʽʡʥʠʡ ʧʦʪʝʥʮʽʘʣ ʩʭʝʤʠ ʜʦʟʚʦʣʷʻ ʪʣʫʤʘʯʠʪʠ ʾʾ ʷʢ ʫ ʤʽʬʦʣʦʛʽʯʥʦʤʫ, 

ʥʘʪʫʨʬʽʣʦʩʦʬʩʴʢʦʤʫ, ʧʩʠʭʦʣʦʛʽʯʥʦʤʫ ʢʣʶʯʽ, ʪʘʢ ʽ ʟ ʧʦʟʠʮʽʡ ʧʽʜʭʦʜʫ ʭʽʤʽʯʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ. ɸ. ɼʞ. ɻʦʧʢʽʥʩ ʚʩʪʘʥʦʚʠʚ, ʱʦ ʥʘ ʩʪʘʜʽʷʭ ʤʝʣʘʥʦʟʠʩʫ, ʭʨʠʟʦʧʝʾ ʪʽ ʽʦʟʠʩʫ 

ʧʝʨʝʜʙʘʯʘʣʦʩʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʝʧʘʨʘʪʫ, ʚʽʜʦʤʦʛʦ ʚ ʘʣʭʽʤʽʾ ʷʢ çʩʽʨʯʘʥʘ (ʩʽʨʯʠʩʪʘ)è ʘʙʦ 

çʙʦʞʝʩʪʚʝʥʥʘ ʚʦʜʘè (ʛʨʝʮʴʢʦʶ ʤʦʚʦʶ ʥʘʟʚʠ ʩʧʽʚʟʚʫʯʥʽ). ɿʦʩʠʤʘ ʇʘʥʦʧʦʣʽʪʘʥʩʴʢʠʡ 

ʥʘʜʘʚʘʚ çʙʦʞʝʩʪʚʝʥʥʽʡ ʚʦʜʽè ʚʝʣʠʢʫ ʚʘʛʫ ʡ ʧôʷʪʥʘʜʮʷʪʫ ʩʭʦʜʠʥʢʫ ʧʝʨʝʜ çʪʨʦʥʦʤ 

ʜʦʩʢʦʥʘʣʦʩʪʽè. ʉʝʥʩ ʪʝʨʤʽʥʫ ʪʨʠʚʘʣʠʡ ʯʘʩ ʟʘʣʠʰʘʚʩʷ ʥʝʷʩʥʠʤ, ʧʦʢʠ ʚ ʃʝʡʜʝʥʩʴʢʦʤʫ 

ʧʘʧʽʨʫʩʽ ʥʝ ʙʫʣʦ ʚʠʷʚʣʝʥʦ ʤʝʪʦʜʫ ʟʜʦʙʫʪʪʷ ʧʨʝʧʘʨʘʪʫ. ɿʛʦʜʦʤ ʄ. ɹʝʨʪʣʦ ʟʥʘʡʰʦʚ ʫ 

ʧʨʘʮʷʭ ɿʦʩʠʤʠ ʯʽʪʢʽʰʠʡ ʦʧʠʩ ʧʨʦʮʝʩʫ. çɿʤʽʰʘʡ ʚʘʧʥʦ ʟ ʪʘʢʦʶ ʩʘʤʦʶ ʢʽʣʴʢʽʩʪʶ ʩʽʨʢʠ ʚ 

ʜʨʽʙʥʦʤʫ ʧʦʨʦʰʢʫ, ʧʦʤʽʩʪʠ ʚ ʧʦʩʫʜʠʥʫ ʟ <é> ʩʝʯʝʶ ʜʠʪʠʥʠ. ʅʘʛʨʽʚʘʡ ʟʥʠʟʫ, ʧʦʢʠ 

ʨʽʜʠʥʘ ʥʝ ʩʪʘʥʝ ʢʨʠʚʘʚʦ-ʯʝʨʚʦʥʦʶ. ɿʣʠʡ ʦʙʝʨʝʞʥʦ ʽ ʟʘʩʪʦʩʦʚʫʡè. ʋ çʂʥʠʟʽ ʪʘʻʤʥʠʮʽ 

ʪʘʻʤʥʠʮʴè ʈʘʟʝʩ ʥʘʚʦʜʠʪʴ ʘʥʘʣʦʛʽʯʥʫ ʤʝʪʦʜʠʢʫ, ʘʣʝ ʧʨʦʚʦʜʠʪʠ ʧʨʦʮʝʩ ʧʨʦʧʦʥʫʻ ʫ ʚʦʜʽ. 

ʇʨʠ ʚʽʜʪʚʦʨʝʥʥʽ ʤʝʪʦʜʠʢ ʈʘʟʝʩʘ ʽ ɿʦʩʠʤʠ ʽʩʪʦʪʥʠʭ ʚʽʜʤʽʥʥʦʩʪʝʡ ʚ ʭʦʜʽ ʧʨʦʮʝʩʽʚ 

ʥʝ ʩʧʦʩʪʝʨʽʛʘʣʦʩʷ. ɺʽʜʙʫʚʘʣʘʩʷ ʟʤʽʥʘ ʢʦʣʴʦʨʫ ʨʦʟʯʠʥʫ ʚʽʜ ʞʦʚʪʦʛʦ ʯʝʨʝʟ ʧʦʤʘʨʘʥʯʝʚʠʡ 

ʜʦ ʯʝʨʚʦʥʦʛʦ, ʟʘʟʥʘʯʝʥʦʛʦ ɿʦʩʠʤʦʶ. ʇʨʦʜʫʢʪ ʩʠʥʪʝʟʫ ʧʨʠʙʣʠʟʥʦ ʚʽʜʧʦʚʽʜʘʻ 

ʛʽʧʦʪʝʪʠʯʥʦʤʫ ʩʢʣʘʜʫ CaS3. ʆʜʥʘʢ ʨʦʣʴ ʩʝʯʽ, ʟʛʘʜʘʥʦʾ ɿʦʩʠʤʦʶ, ʟʘʣʠʰʘʻʪʴʩʷ 

ʥʝʟʨʦʟʫʤʽʣʦʶ. ʄʦʞʣʠʚʦ, ʮʝ ʧʨʦʷʚ ʪʝʥʜʝʥʮʽʾ çʙʽʦʣʦʛʽʟʘʮʽʾè ʘʣʭʽʤʽʯʥʦʾ ʧʨʘʢʪʠʢʠ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʬʽʣʦʩʦʬʩʴʢʠʭ ʫʷʚʣʝʥʴ ʧʨʦ ʻʜʥʽʩʪʴ ʤʘʢʨʦʢʦʩʤʫ-ʚʩʝʩʚʽʪʫ ʪʘ ʤʽʢʨʦʢʦʩʤʫ-

ʣʶʜʠʥʠ. 

ʆʜʥʘʢ ʧʨʠ ʜʠʩʪʠʣʷʮʽʾ çʩʽʨʯʘʥʦʾ ʚʦʜʠè ʧʨʦʙʣʝʤʘ ʜʦʮʽʣʴʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʝʯʽ 

ʧʦʩʪʘʻ ʚ ʽʥʰʦʤʫ ʨʘʢʫʨʩʽ. ʆʧʠʩʠ ʧʨʦʮʝʩʫ ʤʽʩʪʷʪʴʩʷ ʫ ʤʘʥʫʩʢʨʠʧʪʘʭ, ʧʨʝʜʩʪʘʚʣʝʥʠʭ 

ʄ. ɹʝʨʪʣʦ ʚ çCollection des Alchimistes Grecsè, ʽ ʪʝʢʩʪʽ ɿʦʩʠʤʠ çʂʣʶʯʽ ʤʫʜʨʦʩʪʽè. 

ʇʨʠʧʫʱʝʥʥʷ, ʱʦ çʙʦʞʝʩʪʚʝʥʥʘ ʚʦʜʘè, ʟʜʦʙʫʪʘ ʰʣʷʭʦʤ ʧʝʨʝʛʦʥʢʠ çʩʽʨʯʘʥʦʾ ʚʦʜʠè, ʻ 

ʨʦʟʯʠʥʦʤ ʩʽʨʢʦʚʦʜʥʶ, ʧʽʜʪʚʝʨʜʞʝʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʨʠ ʚʽʜʪʚʦʨʝʥʥʽ ʤʝʪʦʜʠʢʠ 

ʈʘʟʝʩʘ. ɺʽʜʤʽʥʥʽ ʨʝʟʫʣʴʪʘʪʠ ʦʪʨʠʤʘʥʦ ʧʨʠ ʜʠʩʪʠʣʷʮʽʾ çʩʽʨʯʘʥʦʾ ʚʦʜʠè, ʧʨʠʛʦʪʦʚʘʥʦʾ ʟʘ 

ʤʝʪʦʜʠʢʦʶ ɿʦʩʠʤʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʝʯʽ. ʊʨʠʚʘʣʝ ʢʠʧôʷʪʽʥʥʷ ʩʝʯʽ ʟ ʚʘʧʥʦʤ ʧʨʠʟʚʦʜʠʣʦ 

ʜʦ ʛʽʜʨʦʣʽʟʫ ʩʝʯʦʚʠʥʠ (ʨʝʘʣʽʟʫʻʪʴʩʷ ʥʘ 73ï95 %) ʽ ʟʜʦʙʫʪʪʷ ʧʨʦʜʫʢʪʫ, ʚʽʜʦʤʦʛʦ ʚ ʘʣʭʽʤʽʾ 

ʷʢ çʩʠʣʴʥʘè ʘʙʦ çʾʜʢʘ ʚʦʜʘè. ɺʘʧʥʦ ʟʚôʷʟʫʻ ʢʘʨʙʦʥʘʪ-ʽʦʥʠ ʪʘ ʩʧʨʠʷʻ ʚʽʜʛʦʥʮʽ ʘʤʦʥʽʘʢʫ. 

ɼʠʩʪʠʣʷʪʦʤ ʻ ʥʝ ʨʦʟʯʠʥ ʘʤʦʥʽʡ ʛʽʜʨʦʢʘʨʙʦʥʘʪʫ, ʷʢ ʫ ʚʠʧʘʜʢʫ ʜʠʩʪʠʣʷʮʽʾ ʩʝʯʽ, ʘ ʚʦʜʥʠʡ 

ʘʤʦʥʽʘʢ. ʇʘʨʘʣʝʣʴʥʦ ʟ ʛʽʜʨʦʣʽʟʦʤ ʩʝʯʦʚʠʥʠ ʡʜʫʪʴ ʨʝʘʢʮʽʾ ʟʘ ʫʯʘʩʪʽ ʩʽʨʢʠ, ʱʦ 

ʩʫʧʨʦʚʦʜʞʫʶʪʴʩʷ ʚʠʜʽʣʝʥʥʷʤ ʩʽʨʢʦʚʦʜʥʶ. ɿʨʝʰʪʦʶ, ʧʨʠ ʧʝʨʝʛʦʥʮʽ çʩʽʨʯʘʥʦʾ ʚʦʜʠè, 

ʧʨʠʛʦʪʦʚʘʥʦʾ ʟʘ ʤʝʪʦʜʦʤ ɿʦʩʠʤʠ, ʫʪʚʦʨʶʻʪʴʩʷ ʨʦʟʯʠʥ ʥʝ ʩʽʨʢʦʚʦʜʥʶ, ʷʢ ʚʚʘʞʘʣʦʩʷ 

ʨʘʥʽʰʝ, ʘ ʘʤʦʥʽʡ ʛʽʜʨʦʩʫʣʴʬʽʜʫ ʪʘ ʩʫʣʴʬʽʜʫ (ʢʽʣʴʢʽʩʥʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʩʦʣʝʡ ʪʘ ʾʭ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʟʤʽʥʶʶʪʴʩʷ ʚ ʰʠʨʦʢʠʭ ʤʝʞʘʭ ʟʘʣʝʞʥʦ ʚʽʜ ʚʠʭʽʜʥʦʾ ʢʽʣʴʢʦʩʪʽ ʩʝʯʽ, ʥʝ 

ʨʝʛʣʘʤʝʥʪʦʚʘʥʦʾ ʧʨʦʧʠʩʦʤ). 

ɸʤʦʥʽʡ ʩʫʣʴʬʽʜ ï ʜʘʚʥʽʡ ʘʣʭʽʤʽʯʥʠʡ ʧʨʦʜʫʢʪ ï ʩʫʪʪʻʚʦ ʚʧʣʠʥʫʚ ʥʘ ʨʦʟʚʠʪʦʢ 

ʭʽʤʽʯʥʦʾ ʥʘʫʢʠ ʡ ʜʦʩʽ ʻ ʚʘʞʣʠʚʠʤ ʨʝʘʛʝʥʪʦʤ ʘʥʘʣʽʪʠʯʥʦʾ ʭʽʤʽʾ. ʁʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʣʝʞʠʪʴ 

ʚ ʦʩʥʦʚʽ ʨʝʘʢʮʽʾ ɿʽʥʽʥʘ ï ʫʥʽʚʝʨʩʘʣʴʥʦʛʦ ʤʝʪʦʜʫ ʩʠʥʪʝʟʫ ʘʤʽʥʽʚ ʽʟ ʥʽʪʨʦʘʨʝʥʽʚ. ʐʠʨʦʪʘ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʤʦʥʽʡ ʩʫʣʴʬʽʜʫ ʚ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ ʭʽʤʽʾ ʧʝʨʝʢʦʥʣʠʚʦ ʽʣʶʩʪʨʫʻ ʩʧʘʜʢʦʚʽʩʪʴ 

ʨʦʟʚʠʪʢʫ ʭʽʤʽʯʥʠʭ ʟʥʘʥʴ ʟ ʯʘʩʽʚ ʝʣʣʽʥʽʩʪʠʯʥʦʾ ʘʣʭʽʤʽʾ ʡ ʧʦʥʠʥʽ.  
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ʂʘʨʙʘʮʠʣʘʤʽʜʦʬʦʩʬʘʪʠ (ʂɸʌ, CAPh) ï ʚ̔ ʜʦʤʠʡ ʢʣʘʩ ʭʝʣʘʪʫʶʯʠʭ ʣʽʛʘʥʜʽʚ, ʷʢʽ ʻ 

ʩʪʨʫʢʪʫʨʥʠʤʠ ʘʥʘʣʦʛʘʤʠ ɓ-ʜʠʢʝʪʦʥʽʚ ʪʘ ʚʦʣʦʜʽʶʪʴ ʚʠʩʦʢʦʶ ʩʧʦʨʽʜʥʝʥʽʩʪʶ ʜʦ 

ʨʽʜʢʦʟʝʤʝʣʴʥʠʭ ʪʘ ʪʨʘʥʩʫʨʘʥʦʚʠʭ ʝʣʝʤʝʥʪʽʚ. ʂʦʤʧʣʝʢʩʠ ʣʘʥʪʘʥʽʜʽʚ ʥʘ ʾʭ ʦʩʥʦʚʽ ʩʧʦʣʫʢ 

ʂɸʌ-ʪʠʧʫ ʽʥʪʝʥʩʠʚʥʦ ʜʦʩʣʽʜʞʫʶʪʴʩʷ ʫ ʷʢʦʩʪʽ ʦʩʥʦʚʠ ʜʣʷ ʣʶʤʽʥʝʩʮʝʥʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʪʘ 

ʩʝʥʩʦʨʥʠʭ ʩʠʩʪʝʤ. ʌʫʥʢʮʽʷ ʣʽʛʘʥʜʫ ʧʦʣʷʛʘʻ ʥʝ ʣʠʰʝ ʫ ʢʦʦʨʜʠʥʘʮʽʾ ʜʦ ʡʦʥʫ ʤʝʪʘʣʫ ʽ 

ʩʝʥʩʠʙʽʣʽʟʘʮʽʾ 4f-ʣʶʤʽʥʝʩʮʝʥʮʽ,ʾ ʘ, ʯʘʩʦʤ, ʡ ʫ ʟʘʙʝʟʧʝʯʝʥʥʽ ʩʧʝʮʠʬʽʯʥʦ ʾʤʽʞʤʦʣʝʢʫʣʷʨʥʦʾ 

ʚʟʘʻʤʦʜʽʾ, ʥʘʧʨʠʢʣʘʜ, ʜʦʜʘʪʢʦʚʦ ʾ ʢʦʦʨʜʠʥʘʮʽ ʾ ʽʦʥʽʚ ʤʝʪʘʣʽʚ, ʙʽʦʤʦʣʝʢʫʣ, ʦʙô̒ ʤʥʠʭ 

ʢʘʪʽʦʥʽʚ-ʩʝʥʩʠʙʽʣʽʟʘʪʦʨʽʚ/ʛʘʩʽʾʚ ʣʶʤʽʥʝʩʮʝʥʮʽʾ, ʪʦʱʦ. 

ɺʽʜʦʤʽ ʥʘ ʩʴʦʛʦʜʥʽ ʂɸʌ ʣʽʛʘʥʜʠ ʤʦʞʥʘ ʧʦʜʽʣʠʪʠ ʥʘ ʢʽʣʴʢʘ ʪʠʧʽʚ: ʽʟ ʟʘʤʽʩʥʠʢʘʤʠ 

ʘʨʠʣʴʥʦʾ ʧʨʠʨʦʜʠ, ʘʤʽʜʥʠʤʠ ʪʘ ʝʩʪʝʨʥʠʤʠ ʟʘʤʽʩʥʠʢʘʤʠ ʙʽʣʷ ʘʪʦʤʫ ʬʦʩʬʦʨʫ. ɺ ʨʷʜʽ ʨʦʙʽʪ 

ʙʫʣʦ ʧʦʢʘʟʘʥʦ, ʱʦ ʚʦʥʠ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʟʘ ʩʚʦʻʶ ʢʦʦʨʜʠʥʘʮʽʡʥʦ-ʭʽʤʽʯʥʦʶ ʧʦʚʝʜʽʥʢʦʶ. 

ʃʠʰʝ ʜʣʷ ʜʝʷʢʠʭ ʽʟ ʥʠʭ ʚʜʘʣʦʩʷ ʦʜʝʨʞʘʪʠ ʪʝʪʨʘʢʽʩ-ʢʦʤʧʣʝʢʩʠ ʽ ʚʽʜʦʤʦʩʪʽ ʧʨʦ ʥʠʭ ʻ 

ʦʙʤʝʞʝʥʠʤʠ. ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʙʫʣʠ ʩʠʥʪʝʟʦʚʘʥʽ ʪʘ ʜʦʩʣʽʜʞʝʥʽ ʘʥʽʦʥʥ ̔ ʪʝʪʨʘʢʽʩ- 

ʢʦʤʧʣʝʢʩʠ ʣʘʥʪʘʥʦʾʜʽʚ (Ln3+ = La, Nd, Eu, Tb, Lu) ʟ ʙʽʜʝʥʪʘʪʥʦ-ʭʝʣʘʪʫʶʯʠʤ ʂɸʌ-

ʣʽʛʘʥʜʦʤ ʜʠʬʝʥʽʣ-N-ʪʨʠʭʣʦʨʘʮʝʪʘʤʽʜʦʬʦʩʬʘʪʦʤ (ʅWoph) ʪʘ ʪʝʪʨʘʬʝʥʽʣʬʦʩʬʦʥʽʡ-

ʢʘʪʽʦʥʦʤ.  

ʄʦʥʦʢʨʠʩʪʘʣʠ PPh4[La(Woph)4] ʦʜʝʨʞʘʥʦ ʤʝʪʦʜʦʤ ʧʦʚʽʣʴʥʦʾ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʟ 

ʥʝʚʦʜʥʦʛʦ (ʘʮʝʪʦʥ:ʽʟʦʧʨʦʧʘʥʦʣ = 1:4) ʨʦʟʯʠʥʫ ʪʘ ʜʦʩʣʽʜʞʝʥʦ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦ. ʂʏ 

ʘʪʦʤʫ La ʜʦʨʽʚʥʶʻ 8 (4ʆ (ʉʆ) + 4ʆ(ʈʆ)), ʨʠʩ. 1ʘ. ɼʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʬʦʨʤʠ ʢʦʦʨʜʠʥʘ-

ʮʽʡʥʦʛʦ ʧʦʣʽʝʜʨʫ ʙʫʣʠ ʟʘʩʪʦʩʦʚʘʥʽ ʢʨʠʪʝʨʽʾ ʃʽʧʧʘʨʜʘ-ʈʘʩʩʘ ʪʘ ŭ-ʢʨʠʪʝʨʽʡ. ɺ ʷʢʦʩʪʽ 

ʦʩʥʦʚʥʦʛʦ ʧʘʨʘʤʝʪʨʫ ʙʫʚ ʚʠʢʦʨʠʩʪʘʥʠʡ ʢʫʪ ɤ ʤʽʞ ʪʽʣʝʩʥʦ-ʜʽʘʛʦʥʘʣʴʥʠʤʠ 

ʯʦʪʠʨʠʢʫʪʥʠʢʘʤʠ ʆ2ʆ1ʆ1ʆ2 ʪʘ ʆ2ôʆ1ôʆ1ôʆ2ô (ʨʠʩ. 1ʙ), ʷʢʽ ʤʘʶʪʴ ʬʦʨʤʫ ʪʨʘʧʝʮʦʾʜʽʚ. 

ɼʣʷ ʩʧʦʣʫʢʠ PPh4[La(Woph)4] ʢʫʪ ɤ ʩʢʣʘʜʘʻ 90,000(4929), ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʽʜʝʘʣʴʥʦʤʫ 

ʜʦʜʝʢʘʝʜʨʫ ʍʦʨʜʘ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʛʝʦʤʝʪʨʽʾ ʟʘ ŭ-ʢʨʠʪʝʨʽʻʤ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʯʦʪʠʨʠ 

ʢʫʪʠ ʤʽʞ ʛʨʘʥʷʤʠ ʪʠʧʫ ʆ2ʆ1ʆ2ô ʪʘ ʆ2ʆ1ôO2ô (ʨʠʩ. 1ʙ). ɼʣʷ ʢʦʦʨʜʠʥʘʮʽʡʥʦʾ ʩʧʦʣʫʢʠ 

ʣʘʥʪʘʥʫ ʚʽʜʧʦʚʽʜʥʽ ʢʫʪʠ ʩʢʣʘʜʘʶʪʴ 30,172Á, ʱʦ ʚʢʘʟʫʻ ʥʘ ʥʝʟʥʘʯʥʽ ʚʠʢʨʠʚʣʝʥʥʷ ʧʦʣʽʝʜʨʘ, 

ʘʜʞʝ ʜʣʷ ʽʜʝʘʣʴʥʦʛʦ ʜʦʜʝʢʘʝʜʨʘ ʍʦʨʜʘ ŭ-ʢʫʪ ʩʢʣʘʜʘʻ 29,5Á.  

 

 

ʘ ʙ 

ʈʠʩ. 1. (ʘ) ɹʫʜʦʚʘ ʩʧʦʣʫʢʠ PPh4[La(Woph)4] (ʘʪʦʤʠ ʛʽʜʨʦʛʝʥʫ ʬʝʥʦʣʴʥʠʭ ʟʘʤʽʩʥʠʢʽʚ 

ʂɸʌ-ʣʽʛʘʥʜʫ ʥʝ ʥʘʚʝʜʝʥʽ ʜʣʷ ʟʨʫʯʥʦʩʪʽ); (ʙ) ʢʦʦʨʜʠʥʘʮʽʡʥʠʡ ʧʦʣʽʝʜʨ La3+ 
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Cʀʅʊɽɿ ʊɸ ʂʈʀʉʊɸʃɯʏʅɸ ɹʋɼʆɺɸ -́ʂʆʄʇʃɽʂʉɯɺ Ag(I )  

ɿ ɸʃɯʃʔʅʀʄʀ ʇʆʍɯɼʅʀʄʀ 1,3,4-ʊɯɸɼɯɸɿʆʃʋ 

ʉʣʠʚʢʘ ʖ. ɯ., ʃʫʢôʷʥʦʚ ʄ. ʖ., ʇʘʚʣʶʢ ʆ. ɺ., ʄʠʩʴʢʽʚ ʄ. ɻ. 

ʃʴʚʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɯʚʘʥʘ ʌʨʘʥʢʘ, 

 ʚʫʣ. ʂʠʨʠʣʘ ʽ ʄʝʬʦʜʽʷ, 8, 79005 ʃʴʚʽʚ, ʋʢʨʘʾʥʘ 

yura_slyvka@ukr.net 

 

ɸʣʽʣʥʽ ʧʦʭʽʜʥʽ ʛʝʪʝʨʦʮʠʢʣʽʯʥʠʭ ʩʧʦʣʫʢ ʚʽʜʽʛʨʘʶʪʴ ʚʘʞʣʠʚʫ ʨʦʣʴ ʫ ʢʨʠʩʪʘʣʽʯʥʽʡ 

ʽʥʞʝʥʝʨʽʾ ʢʫʧʨʫʤ(ɯ)-ʦʣʝʬʽʥʦʚʠʭ ʢʦʤʧʣʝʢʩʽʚ, ʩʧʨʠʷʶʯʠ ʬʦʨʤʫʚʘʥʥʶ ʨʽʜʢʽʩʥʠʭ ʽ ʜʦʩʽ 

ʥʝʚʽʜʦʤʠʭ ʥʝʦʨʛʘʥʽʯʥʠʭ ʬʨʘʛʤʝʥʪʽʚ. ʋ ʟʚôʷʟʢʫ ʟ ʤʝʥʰʦʶ ʝʬʝʢʪʠʚʥʽʩʪʶ ˊ-ʚʟʘʻʤʦʜʽʾ Ag-

(C=C), ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʉu-(C=C), ʘʨˇʝʥʪʫʤ(ɯ)-ʦʣʝʬʽʥʦʚʽ ʩʧʦʣʫʢʠ ʻ ʤʝʥʰ ʯʠʩʣʝʥʥʠʤʠ, ʤʘʣʦ 

ʚʠʚʯʝʥʠʤʠ ʘʙʦ ʽ ʟʦʚʩʽʤ ʥʝ ʜʦʩʣʽʜʞʝʥʠʤʠ ʫ ʚʠʧʘʜʢʫ ʘʣʽʣʴʥʠʭ ʧʦʭʽʜʥʠʭ ʜʝʷʢʠʭ 

ʛʝʪʝʨʦʮʠʢʣʽʯʥʠʭ ʩʧʦʣʫʢ. ɺʧʝʨʰʝ ʟ ʤʝʪʦʶ ʚʠʚʯʝʥʥʷ ʢʦʦʨʜʠʥʘʮʽʡʥʦʾ ʧʦʚʝʜʽʥʢʠ 

ʘʣʽʣʟʘʤʽʱʝʥʠʭ 1,3,4-ʪʽʘʜʽʘʟʦʣʽʚ ʱʦʜʦ Ag(I) ʩʠʥʪʝʟʦʚʘʥʦ ʪʘ ʩʪʨʫʢʪʫʨʥʦ ʜʦʩʣʽʜʞʝʥʦ ʪʨʠ 

-́ʢʦʤʧʣʝʢʩʠ ʘʨˇʝʥʪʫʤʫ(ɯ) ʟ ʪʘʢʠʤʠ ʣʽʛʘʥʜʘʤʠ, ʷʢ 2-ʘʣʽʣʘʤʽʥʦ-5-ʬʝʥʽʣ-1,3,4-ʪʽʘʜʽʘʟʦʣ 

(L1), 2-ʘʣʽʣʘʤʽʥʦ-5-(2,4-ʜʠʭʣʦʨʬʝʥʽʣ)-1,3,4-ʪʽʘʜʽʘʟʦʣ (L2) ʪʘ 2,5-ʜʠ(ʘʣʽʣʪʽʦ)-1,3,4-

ʪʽʘʜʽʘʟʦʣ (L3). ʆʪʨʠʤʘʥʽ ʩʧʦʣʫʢʠ 1-3 (ʪʘʙʣʠʮʷ 1) ʜʦʩʣʽʜʞʝʥʦ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦ ï 

ʤʝʪʦʜʦʤ ʤʦʥʦʢʨʠʩʪʘʣʫ. 

ʊʘʙʣʠʮʷ 1. ɼʝʷʢʽ ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʽ ʜʘʥʽ ˊ-ʢʦʤʧʣʝʢʩʽʚ Ag(I) ʟ ʣʽʛʘʥʜʘʤʠ L1ïL3 

 ʉʢʣʘʜ ʢʦʤʧʣʝʢʩʫ ʇʨ. ʛʨ. V, ¡3 Z 
ɻʫʩʪʠʥʘ, 

ʛ/ʩʤ3 

ʊʠʧ 

ʢ-ʮʽʾ 

1 [Ag2(L1)2(H2O)(NO3)](NO3)ĿH2O P-1 1427(1) 2 1.46 ˊ, ů 

2 [Ag2(L2)2(ClO4)2] P21/n 1573(1) 2 1.62 ˊ, ů 

3 [Ag2(L3)2(ClO4)2]Ŀ0.5ʉ2H5OH P21/n 2923(2) 4 2.04 ˊ, ů 

 

ʋ ʚʩʽʭ ʪʨʴʦʭ ʩʪʨʫʢʪʫʨʘʭ ʤʦʣʝʢʫʣʘ 1,3,4-ʪʽʘʜʽʘʟʦʣʫ L ʚʠʢʦʥʫʻ ʬʫʥʢʮʽʶ ʤʽʩʪʢʦʚʦ-

ʭʝʣʘʪʥʦʛʦ ˊ,ů-ʣʽʛʘʥʜʫ, ʢʦʦʨʜʠʥʫʶʯʠʩʴ ʜʦ ʘʪʦʤʘ ʤʝʪʘʣʫ ʧʦʜʚʽʡʥʠʤ ʟʚôʷʟʢʦʤ ʉ=ʉ ʘʣʽʣʴʥʦʾ 

ʛʨʫʧʠ ʪʘ ʜʚʦʤʘ ʘʪʦʤʘʤʠ ʥʽʪʨʦʛʝʥʫ ʛʝʪʝʨʦʮʠʢʣʽʯʥʦʛʦ ʷʜʨʘ. ɺ ʩʪʨʫʢʪʫʨʘʭ 1 ʪʘ 2 ʘʪʦʤʠ 

ʘʨˇʝʥʪʫʤʫ(ɯ) ʟʚôʷʟʫʶʪʴ ʜʚʽ ʤʦʣʝʢʫʣʠ L ʚ ʮʝʥʪʨʦʩʠʤʝʪʨʠʯʥʽ ʜʠʤʝʨʠ {Ag2(L)2}
2+ ʟ 

ʜʦʜʘʪʢʦʚʠʤʠ ʚʽʜʧʦʚʽʜʥʠʤʠ ʤʦʣʝʢʫʣʘʤʠ ʚʦʜʠ ʘʙʦ ʘʥʽʦʥʘʤʠ NO3
ï ʚ 1 ʪʘ ClO4

ï ʚ 2. 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ 1 ʪʘ 2, ʚ ʩʪʨʫʢʪʫʨʽ ʢʦʤʧʣʝʢʩʫ 3 ʥʘʷʚʥʽ ʜʚʽ ʨʽʟʥʽ ʤʦʣʝʢʫʣʠ L3. ʆʜʥʘ 

ʟ ʥʠʭ ʚʠʢʦʥʫʻ ʨʦʣʴ ʯʦʪʠʨʠʜʝʥʪʘʪʥʦʛʦ ʣʽʛʘʥʜʫ, ʟʚôʷʟʫʶʯʠʩʴ ʟ Ag+ ʘʪʦʤʘʤʠ N3 ʪʘ N4 

ʪʽʘʜʽʘʟʦʣʴʥʦʛʦ ʷʜʨʘ ʪʘ ʜʚʦʤʘ ʟʚôʷʟʢʘʤʠ ʉ=ʉ ʜʚʦʭ S-ʘʣʽʣʴʥʠʭ ʛʨʫʧ. ɯʥʰʘ ʤʦʣʝʢʫʣʘ L3 

ʢʦʦʨʜʠʥʦʚʘʥʘ ʜʦ ʘʪʦʤʽʚ ʤʝʪʘʣʫ ʚʠʢʣʶʯʥʦ ʜʚʦʤʘ ʘʪʦʤʘʤʠ ʥʽʪʨʦʛʝʥʫ ʛʝʪʝʨʦʮʠʢʣʫ.  

ɼʚʘ ʘʪʦʤʘ ʘʨʛʝʥʪʫʤʫ(ɯ) ʚ 3 ʜʦʧʦʚʥʶʶʪʴ ʩʚʦʻ 

ʢʦʦʨʜʠʥʘʮʽʡʥʝ ʦʪʦʯʝʥʥʷ ʜʦ ʯʦʪʠʨʴʦʭ ʘʙʦ ʘʪʦʤʦʤ 

ʦʢʩʠʛʝʥʫ ʧʝʨʭʣʦʨʘʪ ʘʥʽʦʥʫ, ʘʙʦ ʘʪʦʤʦʤ ʩʫʣʴʬʫʨʫ 

ʘʣʽʣʪʽʦʣʴʥʦʾ ʛʨʫʧʠ ʩʫʩʽʜʥʴʦʛʦ ʤʝʪʘʣʦʦʨʛʘʥʽʯʥʦʛʦ 

ʬʨʘʛʤʝʥʪʫ (ʈʠʩ. 1). ʗʢ ʥʘʩʣʽʜʦʢ, ʦʜʠʥʠʮʽ 

[Ag2(L3)2(ClO4)2] ʦʙôʻʜʥʫʶʪʴʩʷ ʜʚʦʤʘ ʤʽʩʪʢʘʤʠ 

AgïS ʫ ʮʝʥʪʨʦʩʠʤʝʪʨʠʯʥʽ ʬʨʘʛʤʝʥʪʠ 

{Ag 2(L3)2(ClO4)2} 2. 

ʉʧʽʣʴʥʠʤ ʜʣʷ ʩʧʦʣʫʢ 1-3 ʻ ʬʦʨʤʫʚʘʥʥʷ 

ʩʪʘʙʽʣʴʥʠʭ ʰʝʩʪʠʯʣʝʥʥʠʭ ʮʠʢʣʽʚ {Ag2N4}, 

ʫʪʚʦʨʝʥʠʭ ʜʚʦʤʘ ʘʪʦʤʘʤʠ ʤʝʪʘʣʫ ʪʘ ʘʪʦʤʘʤʠ 

ʥʽʪʨʦʛʝʥʫ ʜʚʦʭ ʩʫʩʽʜʥʽʭ 1,3,4-ʪʽʘʜʽʘʟʦʣʴʥʠʭ ʷʜʝʨ. 

ʊʦʧʦʣʦʛʽʯʥʦ ʩʭʦʞʽ ʤʝʪʘʣʦʦʨʛʘʥʽʯʥʽ ʬʨʘʛʤʝʥʪʠ ʨʘʥʽʰʝ ʙʫʣʠ ʚʠʷʚʣʝʥʽ ʫ ˊ-ʢʦʤʧʣʝʢʩʘʭ 

ʢʫʧʨʫʤʫ(ɯ) ʟ ʘʣʽʣʴʥʠʤʠ ʧʦʭʽʜʥʠʤʠ 1,3,4-ʪʽʘʜʽʘʟʦʣʫ, ʪʝʪʨʘʟʦʣ-5-ʪʽʦʣʫ ʪʘ 1,2,4-ʪʨʽʘʟʦʣ-2-

ʪʽʦʣʫ.  

  

 
ʈʠʩ. 1. ʌʨʘʛʤʝʥʪ 

[Ag2(L3)2(ClO4)2] ʚ ʩʪʨʫʢʪʫʨʽ 3 
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ʀɿʋʏɽʅʀɽ ɺɿɸʀʄʆɼɽʁʉʊɺʀʗ ʪʨʘʥʩ-Re2(C10H15COO)2Cl4 ʉʆ ʉɺʆɹʆɼʅʓʄ 

2,2ïɼʀʌɽʅʀʃ-1-ʇʀʂʈʀʃɻʀɼʈɸɿʀʃʔʅʓʄ ʈɸɼʀʂɸʃʆʄ 

ʊʨʝʪʷʢ ʉ. ʖ., ɻʦʣʠʯʝʥʢʦ ɸ. ɸ., ʐʪʝʤʝʥʢʦ ɸ. ɺ. 

ɻɺʋɿ çʋʢʨʘʠʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʭʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 

ɼʥʝʧʨ, ʋʢʨʘʠʥʘ 

tretyak.svetlana@ukr.net 

 

ʇʦʠʩʢ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ, ʦʙʣʘʜʘʶʱʠʭ ʘʥʪʠʨʘʜʠʢʘʣʴʥʦʡ ʠ 

ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ, ʷʚʣʷʝʪʩʷ ʚʝʩʴʤʘ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ. ʇʦʩʢʦʣʴʢʫ 

ʥʘʨʫʰʝʥʠʝ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩʚʦʙʦʜʥʦʨʘʜʠʢʘʣʴʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʧʨʠʚʦʜʠʪ ʢ 

ʥʘʨʫʰʝʥʠʶ ʩʪʨʫʢʪʫʨʳ ʙʠʦʤʦʣʝʢʫʣ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʜʠʩʬʫʥʢʮʠʠ ʢʣʝʪʦʢ ʠ ʪʢʘʥʝʡ 

ʦʨʛʘʥʠʟʤʘ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʘʞʥʫʶ ʨʦʣʴ ʠʛʨʘʝʪ ʠʟʫʯʝʥʠʝ ʚʝʱʝʩʪʚ, ʧʨʦʷʚʣʷʶʱʠʭ 

ʘʥʪʠʦʢʩʠʜʘʥʪʥʳʝ ʩʚʦʡʩʪʚʘ, ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʥʳ ʩʪʘʙʠʣʠʟʠʨʦʚʘʪʴ ʩʪʨʫʢʪʫʨʫ ʠ ʬʫʥʢʮʠʠ 

ʢʣʝʪʦʯʥʳʭ ʤʝʤʙʨʘʥ ʦʨʛʘʥʠʟʤʘ ʚ ʫʩʣʦʚʠʷʭ ʧʘʪʦʣʦʛʠʠ. 
ʀʩʩʣʝʜʦʚʘʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʪʨʘʥʩ-Re2(C10H15COO)2Cl4 (ʨʠʩ. 1, ʘ) ʩʦ ʩʚʦʙʦʜʥʳʤ 

ʜʠʬʝʥʠʣʧʠʢʨʠʣʛʠʜʨʘʟʠʣʴʥʳʤ ʨʘʜʠʢʘʣʦʤ (ɼʌʇɻ) (ʨʠʩ. 1, ʙ) ʚ 1,2-ʜʠʭʣʦʨʵʪʘʥʝ. ɼʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʘʥʪʠʨʘʜʠʢʘʣʴʥʳʭ ʩʚʦʡʩʪʚ ʢʣʘʩʪʝʨʘ ʨʝʥʠʷ ʨʘʩʪʚʦʨ ɼʌʇɻ ʨʘʜʠʢʘʣʘ, 

ʠʥʪʝʥʩʠʚʥʦ ʬʠʦʣʝʪʦʚʦʛʦ ʮʚʝʪʘ, ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 0,634Ā10-4 ʤʦʣʴ/ʣ ʩʤʝʰʘʣʠ ʩ ʨʘʩʪʚʦʨʦʤ 

ʪʨʘʥʩ-Re2(C10H15COO)2Cl4, ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʦʪʦʨʦʛʦ ʩʦʩʪʘʚʣʷʣʘ 0,315Ā10
-4 ʤʦʣʴ/ʣ ʠ 

ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʕʉʇ ʚʦ ʚʨʝʤʝʥʠ. ɺ ʕʉʇ ʨʝʘʢʮʠʦʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʙʳʣʦ ʟʘʬʠʢʩʠʨʦʚʘʥʦ 

ʧʦʩʪʝʧʝʥʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʤʘʢʩʠʤʫʤʘ ʧʦʛʣʦʱʝʥʠʷ ʧʨʠ 540 ʥʤ, ʢʦʪʦʨʳʡ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ɼʌʇɻ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʨʘʟʨʫʰʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʨʘʜʠʢʘʣʘ. ɸʥʘʣʠʟ ʜʘʥʥʳʭ ʕʉʇ 

ʧʦʢʘʟʘʣ, ʯʪʦ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʪʨʘʥʩ-Re2(C10H15COO)2Cl4 ʧʦʣʥʘʷ ʥʝʡʪʨʘʣʠʟʘʮʠʷ ɼʌʇɻ 

ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʪʝʯʝʥʠʝ 60 ʤʠʥʫʪ. 

 

  
ʘ) ʙ) 

ʈʠʩ. 1. ʘ) ʉʪʨʦʝʥʠʝ ʪʨʘʥʩ-Re2(C10H15COO)2Cl4; ʙ) ʉʪʨʦʝʥʠʝ ɼʌʇɻ-ʨʘʜʠʢʘʣʘ 

 

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʪʨʘʥʩ-Re2(C10H15COO)2Cl4 ʦʙʣʘʜʘʝʪ 

ʘʥʪʠʨʘʜʠʢʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʢʦʪʦʨʳʝ ʦʙʫʩʣʦʚʣʝʥʳ ʥʘʣʠʯʠʝʤ ŭ-ʢʦʤʧʦʥʝʥʪʳ 

ʯʝʪʚʝʨʥʦʡ ʩʚʷʟʠ ʨʝʥʠʡ-ʨʝʥʠʡ, ʩʧʦʩʦʙʥʦʡ ʚʳʩʪʫʧʘʪʴ çʣʦʚʫʰʢʦʡè ʩʚʦʙʦʜʥʳʭ ʨʘʜʠʢʘʣʦʚ. 

ʂʨʦʤʝ ʪʦʛʦ, ʚ ʕʉʇ ʨʝʘʢʮʠʦʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʧʦʩʣʝ ʨʘʟʨʫʰʝʥʠʷ ʨʘʜʠʢʘʣʘ ʩʦʭʨʘʥʷʝʪʩʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʡ ʤʘʢʩʠʤʫʤ ʧʦʛʣʦʱʝʥʠʷ ʜʣʷ ʪʨʘʥʩ-Re2(C10H15COO)2Cl4, ʯʪʦ 

ʧʦʜʪʚʝʨʞʜʘʝʪ ʩʦʭʨʘʥʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʢʣʘʩʪʝʨʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʧʦʩʣʝ ʧʨʦʭʦʞʜʝʥʠʷ 

ʨʝʘʢʮʠʠ ʠ ʧʦʟʚʦʣʷʝʪ ʢʦʤʧʣʝʢʩʘʤ ʨʝʥʠʷ ʥʝʡʪʨʘʣʠʟʦʚʘʪʴ ʟʥʘʯʠʪʝʣʴʥʳʝ ʠʟʙʳʪʢʠ ʨʘʜʠʢʘʣʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʷʜ ʧʦʣʫʯʝʥʥʳʭ ʥʘʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʥʘ ʧʨʠʤʝʨʝ ʪʨʘʥʩ-

Re2(C10H15COO)2Cl4 ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʢʦʤʧʣʝʢʩʳ ʨʝʥʠʷ ʤʦʛʫʪ 

ʚʳʩʪʫʧʘʪʴ ʢʘʢ ʚʝʱʝʩʪʚʘ, ʦʙʣʘʜʘʶʱʠʝ ʘʥʪʠʨʘʜʠʢʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʤʥʦʛʦʨʘʟʦʚʦʛʦ 

ʜʝʡʩʪʚʠʷ. 
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ʀʉʇʆʃʔɿʆɺɸʅʀɽ ʆʊʈɸɹʆʊɸʅʅʓʍ ʀʆʅʆʆɹʄɽʅʅʓʍ ʉʄʆʃ  

ɼʃʗ ʆʏʀʉʊʂʀ ʇʈʀʈʆɼʅʓʍ ɺʆɼ ʆʊ ʉʆɽɼʀʅɽʅʀʁ ɾɽʃɽɿɸ 

ʌʝʜʯʝʥʢʦ ʅ. ɸ., ʐʠʙʝʢʘ ʃ. ɸ. 

ʋʯʨʝʞʜʝʥʠʝ ʦʙʨʘʟʦʚʘʥʠʷ çɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ 

ʫʥʠʚʝʨʩʠʪʝʪè 
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ʇʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʞʝʣʝʟʘ ʚ ʧʦʜʟʝʤʥʳʭ ʚʦʜʘʭ ʈʝʩʧʫʙʣʠʢʠ ɹʝʣʘʨʫʩʴ 

ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʦʙʱʝʠʟʚʝʩʪʥʳʭ ʧʨʦʙʣʝʤ. ʉʣʦʞʥʦʩʪʴ ʫʜʘʣʝʥʠʷ ʩʦʝʜʠʥʝʥʠʡ ʞʝʣʝʟʘ ʠʟ 

ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʦʙʫʩʣʦʚʣʝʥʘ ʥʘʣʠʯʠʝʤ ʚ ʥʠʭ ʪʨʫʜʥʦ ʠʟʚʣʝʢʘʝʤʳʭ ʢʣʘʩʩʠʯʝʩʢʠʤʠ 

ʤʝʪʦʜʘʤʠ ʦʯʠʩʪʢʠ ʢʦʤʧʣʝʢʩʦʚ ʛʫʤʠʥʦʚʦʢʠʩʣʦʛʦ ʞʝʣʝʟʘ. ɺ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʧʦʠʩʢ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʫʜʘʣʝʥʠʷ ʢʦʤʧʣʝʢʩʦʚ 

ʞʝʣʝʟʘ ʩ ʛʫʤʠʥʦʚʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ. 

ʎʝʣʴ ʨʘʙʦʪʳ ʩʦʩʪʦʷʣʘ ʚ ʠʟʫʯʝʥʠʠ ʧʨʦʮʝʩʩʦʚ ʦʯʠʩʪʢʠ ʚʦʜʳ ʦʪ ʩʦʝʜʠʥʝʥʠʡ ʞʝʣʝʟʘ 

ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʛʫʤʠʥʦʚʳʭ ʚʝʱʝʩʪʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʪʨʘʙʦʪʘʥʥʳʭ ʠʦʥʦʦʙʤʝʥʥʳʭ ʩʤʦʣ.  

ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʦʪʨʘʙʦʪʘʥʥʳʝ ʠʟʤʝʣʴʯʝʥʥʳʝ (ʜʦ 1 ʤʤ) ʠʦʥʦʦʙʤʝʥʥʳʝ 

ʩʤʦʣʳ: ʘʥʠʦʥʠʪ ʤʘʨʢʠ ɸɺ-17-8 ʠ ʢʘʪʠʦʥʠʪ ʤʘʨʢʠ ʂʋ-2-8. ɼʘʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʦʙʨʘʟʫʶʪʩʷ 

ʧʨʠ ʚʦʜʦʧʦʜʛʦʪʦʚʢʝ ʥʘ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ʠ ʧʦʩʣʝ ʤʥʦʛʦʢʨʘʪʥʦʛʦ 

ʧʨʠʤʝʥʝʥʠʷ ʧʝʨʝʭʦʜʷʪ ʚ ʢʘʪʝʛʦʨʠʶ ʦʪʭʦʜʦʚ, ʢʦʪʦʨʳʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʝ 

ʠʩʧʦʣʴʟʫʶʪʩʷ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʣʘʩʩʠʬʠʢʘʪʦʨʦʤ ʦʪʭʦʜʦʚ ʈʝʩʧʫʙʣʠʢʠ ɹʝʣʘʨʫʩʴ 

ʦʪʨʘʙʦʪʘʥʥʳʝ ʠʦʥʦʦʙʤʝʥʥʳʝ ʩʤʦʣʳ ʠʤʝʶʪ 3 (ʦʪʨʘʙʦʪʘʥʥʳʡ ʘʥʠʦʥʠʪ ʤʘʨʢʠ ɸɺ-17) ʠ 4 

(ʦʪʨʘʙʦʪʘʥʥʳʡ ʢʘʪʠʦʥʠʪ ʤʘʨʢʠ ʂʋ-2) ʢʣʘʩʩ ʦʧʘʩʥʦʩʪʠ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʠ ʥʘ ʤʦʜʝʣʴʥʳʭ ʨʘʩʪʚʦʨʘʭ. ʂʦʥʮʝʥʪʨʘʮʠʷ ʠʦʥʦʚ ʞʝʣʝʟʘ ʚ 

ʨʘʩʪʚʦʨʝ ʩʦʩʪʘʚʣʷʣʘ 20ï100 ʤʛ/ʜʤ3. ʂʦʥʮʝʥʪʨʘʮʠʶ ʠʦʥʦʚ ʞʝʣʝʟʘ (III) ʦʧʨʝʜʝʣʷʣʠ 

ʬʦʪʦʢʦʣʦʨʠʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʩ ʩʫʣʴʬʦʩʘʣʠʮʠʣʦʚʦʡ ʢʠʩʣʦʪʦʡ. ʂʦʥʮʝʥʪʨʘʮʠʷ 

ʠʟʤʝʣʴʯʝʥʥʳʭ ʠʦʥʦʦʙʤʝʥʥʳʭ ʩʤʦʣ ʚ ʨʘʩʪʚʦʨʝ ʩʦʩʪʘʚʣʷʣʘ 0,4 ʛ/ʜʤ3. ʕʬʬʝʢʪʠʚʥʦʩʪʴ 

ʦʯʠʩʪʢʠ ʚʦʜʳ ʦʮʝʥʠʚʘʣʠ ʧʫʪʝʤ ʨʘʩʯʝʪʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʠʟʚʣʝʯʝʥʠʷ (ʂʠ), ʧʦʢʘʟʳʚʘʶʱʝʛʦ 

ʢʦʣʠʯʝʩʪʚʦ ʠʦʥʦʚ ʞʝʣʝʟʘ (ʤʛ), ʠʟʚʣʝʢʘʝʤʳʭ ʠʟ ʨʘʩʪʚʦʨʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʛʫʤʠʥʦʚʳʝ 

ʚʝʱʝʩʪʚʘ, 1 ʛ ʥʘʚʝʩʢʠ ʠʟʤʝʣʴʯʝʥʥʦʡ ʠʦʥʦʦʙʤʝʥʥʦʡ ʩʤʦʣʳ.  

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʜʠʘʧʘʟʦʥʝ ʢʦʥʮʝʥʪʨʘʮʠʡ ʠʦʥʦʚ ʞʝʣʝʟʘ 

ʥʘʠʙʦʣʴʰʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʠʟʣʝʯʝʥʠʷ ʠʦʥʦʚ ʞʝʣʝʟʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʛʫʤʠʥʦʚʳʭ ʚʝʱʝʩʪʚ, 

ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʚʝʨʭʦʚʦʛʦ ʪʦʨʬʘ, ʩʦʩʪʘʚʣʷʝʪ 177 ʤʛ/ʛ ʦʪʨʘʙʦʪʘʥʥʦʛʦ ʠʟʤʝʣʴʯʝʥʥʦʛʦ 

ʢʘʪʠʦʥʠʪʘ. ʅʘʠʤʝʥʴʰʝʝ ʟʥʘʯʝʥʠʝ ʂʠ ʠʤʝʝʪ ʤʝʩʪʦ ʜʣʷ ʦʪʨʘʙʦʪʘʥʥʦʛʦ ʠʟʤʝʣʴʯʝʥʥʦʛʦ 

ʘʥʠʦʥʠʪʘ ï 30 ʤʛ/ʛ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʷʚʣʷʶʪʩʷ ʟʘʢʦʥʦʤʝʨʥʳʤʠ, ʪʘʢ ʢʘʢ ʚ ʩʦʩʪʘʚʝ 

ʦʪʨʘʙʦʪʘʥʥʦʛʦ ʢʘʪʠʦʥʠʪʘ ʧʨʠʩʫʪʩʪʚʫʶʪ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʛʨʫʧʧʳ, ʩʧʦʩʦʙʥʳʝ ʚʩʪʫʧʘʪʴ 

ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʢʘʢ ʩ ʠʦʥʘʤʠ ʞʝʣʝʟʘ, ʧʨʠʩʫʪʩʪʚʫʶʱʠʤʠ ʚ ʧʨʦʙʝ, ʪʘʢ ʠ ʩ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ ʛʫʤʠʥʦʚʳʭ ʚʝʱʝʩʪʚ, ʢʦʪʦʨʳʝ ʚ ʧʦʩʣʝʜʫʶʱʝʤ ʤʦʛʫʪ ʪʘʢʞʝ 

ʠʟʚʣʝʢʘʪʴ ʠʦʥʳ ʞʝʣʝʟʘ ʠʟ ʨʘʩʪʚʦʨʘ.  

ʇʨʠʤʝʥʝʥʠʝ ʩʤʝʩʝʡ ʦʪʨʘʙʦʪʘʥʥʳʭ ʠʦʥʠʪʦʚ (ʢʘʪʠʦʥʠʪʘ (ʂ) ʠ ʘʥʠʦʥʠʪʘ (ɸ) ʧʨʠ ʠʭ 

ʤʘʩʩʦʚʦʤ ʩʦʦʪʥʦʰʝʥʠʠ 1:1, 2:1, 3:1 ʠ 4:1 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʞʝʣʝʟʘ ʚ ʧʨʦʙʝ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʂʠ, ʜʦʩʪʠʛʘʷ 69 ʤʛ/ʛ (ʜʣʷ ʩʤʝʩʝʡ ʂ:ɸ ʨʘʚʥʳʭ 3:1 

ʠ 4:1). ʋʚʝʣʠʯʝʥʠʝ ʜʦʣʠ ʢʘʪʠʦʥʠʪʘ ʚ ʩʤʝʩʠ ʠʦʥʦʦʙʤʝʥʥʳʭ ʩʤʦʣ ʥʝ ʧʨʠʚʦʜʠʪ ʢ 

ʟʘʢʦʥʦʤʝʨʥʦʤʫ ʨʦʩʪʫ ʂʠ. ɺʝʨʦʷʪʥʦ, ʦʧʨʝʜʝʣʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʪʘʢʞʝ ʩʦʦʪʥʦʰʝʥʠʝ 

ʩʚʦʙʦʜʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ ʚ ʠʦʥʠʪʘʭ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʩʣʦʞʥʳʭ 

ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʘʟʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ ʩ ʫʯʘʩʪʠʝʤ ʢʘʪʠʦʥʠʪʘ, ʘʥʠʦʥʠʪʘ, 

ʛʫʤʠʥʦʚʳʭ ʚʝʱʝʩʪʚ ʠ ʠʦʥʦʚ ʞʝʣʝʟʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟʤʝʣʴʯʝʥʥʳʝ ʦʪʨʘʙʦʪʘʥʥʳʝ ʠʦʥʦʦʙʤʝʥʥʳʝ ʩʤʦʣʳ ʤʦʛʫʪ ʥʘʡʪʠ 

ʧʨʠʤʝʥʝʥʠʝ ʚ ʧʨʦʮʝʩʩʘʭ ʦʯʠʩʪʢʠ ʚʦʜʳ ʦʪ ʠʦʥʦʚ ʞʝʣʝʟʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʛʫʤʠʥʦʚʳʭ 

ʚʝʱʝʩʪʚ.  
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ɿɸʉʊʆʉʋɺɸʅʅʗ ʌʆʉʌʆʈʆɺʄɯʉʅʀʍ ɻɸɿɯɺ ɼʃʗ ʆɼɽʈɾɸʅʅʗ 

ʉʋʃʔʌɯɼɯɺ ʌʆʉʌʆʈʋ 

ʍʫʜʦʷʨʦʚʘ ʆ. ʉ., ʏʦʨʥʘ ʆ. ʄ. 

ɺʽʥʥʠʮʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʧʝʜʘʛʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤ. ʄʠʭʘʡʣʘ ʂʦʮʶʙʠʥʩʴʢʦʛʦ 

olgakhudoyarova@yandex.ru 

 

ʇʨʠ ʚʠʨʦʙʥʠʮʪʚʽ 1 ʪ ʞʦʚʪʦʛʦ ʬʦʩʬʦʨʫ ʫʪʚʦʨʶʻʪʴʩʷ ʜʦ 8ï12 ʪ ʰʣʘʢʽʚ, ʜʦ 150 ʢʛ 

ʬʝʨʦʬʦʩʬʦʨʫ, ʜʦ 150ï200 ʢʛ ʢʦʪʨʝʣʴʥʦʛʦ ʧʠʣʫ, ʜʦ 3000 ʤ3 ʧʽʯʥʠʭ ʛʘʟʽʚ, ʷʢʽ ʤʽʩʪʷʪʴ 

ʦʢʩʠʜʠ ʚʫʛʣʝʮʶ (ʜʦ 85 %), ʘʟʦʪ (ʜʦ 10 %), ʧʘʨʠ ʚʦʜʠ (2ï3 %), ʬʦʩʬʽʥ, ʬʦʩʬʦʨ, 

ʩʽʨʢʦʚʦʜʝʥʴ ʪʘ ʽʥʰʽ ʛʘʟʠ.  

ɼʦ ʩʢʣʘʜʫ ʧʽʯʥʦʛʦ ʛʘʟʫ ʚʭʦʜʷʪʴ ʬʦʩʬʽʥ, ʜʠʬʦʩʬʽʥ ʪʘ ʥʠʞʯʽ ʦʢʩʠʜʠ ʬʦʩʬʦʨʫ, ʷʢʽ 

ʥʘʚʽʪʴ ʧʨʠ ʥʠʟʴʢʠʭ ʢʦʥʮʝʥʪʨʘʮʽʷʭ ʻ ʜʦʩʠʪʴ ʪʦʢʩʠʯʥʠʤʠ ʪʘ ʚʠʙʫʭʦʥʝʙʝʟʧʝʯʥʠʤʠ. 

ɽʬʝʢʪʠʚʥʘ ʫʪʠʣʽʟʘʮʽʷ ʪʘʢʠʭ ʛʘʟʽʚ ʟʜʽʡʩʥʶʻʪʴʩʷ ʰʣʷʭʦʤ ʢʦʥʜʝʥʩʘʮʽʾ ʫ ʚʠʛʣʷʜʽ ʰʣʘʤʫ ʟ 

ʡʦʛʦ ʥʘʩʪʫʧʥʠʤ ʩʧʘʣʶʚʘʥʥʷʤ ʪʘ ʦʢʠʩʥʝʥʥʷʤ ʫ ʩʝʨʝʜʦʚʠʱʽ ʩʫʣʴʬʘʪʽʚ ʥʘʪʨʽʶ ʪʘ ʢʘʣʽʶ, 

ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʘʯʥʦʛʦ ʟʥʠʞʝʥʥʷ ʨʽʚʥʷ ʮʠʭ ʛʘʟʽʚ.  

ʇʨʦʜʫʢʪʠ ʧʝʨʝʨʦʙʢʠ ʪʘ ʨʝʰʪʢʠ ʛʘʟʽʚ ʧʝʨʝʭʦʜʷʪʴ ʫ ʛʘʟʦʚʫ ʬʘʟʫ ʪʘ ʥʘʧʨʘʚʣʷʶʪʴʩʷ 

ʥʘ ʬʘʢʝʣ ʜʣʷ ʦʩʪʘʪʦʯʥʦʾ ʫʪʠʣʽʟʘʮʽʾ. ʂʦʥʮʝʥʪʨʘʮʽʷ ʬʦʩʬʽʥʫ ʪʘ ʜʠʬʦʩʬʽʥʫ ʥʘ ʚʠʭʦʜʽ ʥʝ 

ʧʦʚʠʥʥʘ ʧʝʨʝʚʠʱʫʚʘʪʠ ʾʭ ʛʨʘʥʠʯʥʦ ʜʦʧʫʩʪʠʤʽ ʢʦʥʮʝʥʪʨʘʮʽʾ. 

ʉʫʯʘʩʥʝ ʬʦʩʬʦʨʥʝ ʚʠʨʦʙʥʠʮʪʚʦ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʙʘʛʘʪʴʤʘ ʥʝʩʧʨʠʷʪʣʠʚʠʤʠ 

ʝʢʦʣʦʛʽʯʥʠʤʠ ʬʘʢʪʦʨʘʤʠ, ʷʢʽ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʚʧʣʠʚʘʶʪʴ ʥʘ ʩʪʘʥ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʷʢ ʫ ʤʽʩʮʝʚʠʭ, ʪʘʢ ʽ ʫ ʛʣʦʙʘʣʴʥʠʭ ʤʘʩʰʪʘʙʘʭ. ʅʦʚʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʨʽʰʝʥʥʷ ʚ 

ʧʝʨʝʨʦʙʮʽ ʛʘʟʦʚʠʭ ʚʽʜʭʦʜʽʚ ʬʦʩʬʦʨʥʠʭ ʚʠʨʦʙʥʠʮʪʚ ʟʘʙʝʟʧʝʯʘʪʴ ʟʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ 

ʚʽʜʭʦʜʽʚ ʪʘ ʫ ʟʥʘʯʥʽʡ ʤʽʨʽ ʟʥʽʚʝʣʶʻ ʾʭ ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʥʘ ʧʦʚʽʪʨʷ, ˇʨʫʥʪʠ ʪʘ ʩʪʽʯʥʽ ʚʦʜʠ. 

ʄʠ ʧʨʦʚʝʣʠ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦ ʚʠʢʦʨʠʩʪʘʥʥʶ ʝʣʝʤʝʥʪʥʦʛʦ ʬʦʩʬʦʨʫ ʽ ʡʦʛʦ ʣʝʪʢʠʭ 

ʩʧʦʣʫʢ, ʷʢʽ ʤʽʩʪʷʪʴʩʷ ʚ ʛʘʟʦʚʠʭ ʚʽʜʭʦʜʘʭ ʬʦʩʬʦʨʥʠʭ ʚʠʨʦʙʥʠʮʪʚ,  ʜʣʷ ʚʽʜʥʦʚʣʝʥʥʷ 

ʩʫʣʴʬʘʪʽʚ ʤʝʪʘʣʽʚ ʟ ʦʜʝʨʞʘʥʥʷʤ ʩʫʣʴʬʽʜʽʚ ʬʦʩʬʦʨʫ ʽ ʬʦʩʬʘʪʥʠʭ ʩʦʣʝʡ.  

ɽʣʝʤʝʥʪʥʠʡ ʬʦʩʬʦʨ ʽ ʡʦʛʦ ʣʝʪʢʽ ʩʧʦʣʫʢʠ ʤʘʶʪʴ ʚʠʩʦʢʽ ʚʽʜʥʦʚʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. 

ɺʝʣʠʯʝʟʥʽ ʟʘʧʘʩʠ ʩʫʣʴʬʘʪʥʦʾ ʩʠʨʦʚʠʥʠ, ʚʠʩʦʢʘ ʚʽʜʥʦʚʥʘ ʘʢʪʠʚʥʽʩʪʴ 

ʬʦʩʬʦʨʦʚʤʽʩʥʠʭ ʛʘʟʦʚʠʭ ʚʽʜʥʦʚʥʠʢʽʚ, ʩʫʪʪʻʚʽ ʧʝʨʝʚʘʛʠ ʛʘʟʦʚʽʜʥʦʚʥʠʭ ʧʨʦʮʝʩʽʚ ʥʘʜ 

ʨʽʜʢʦʬʘʟʥʠʤʠ ʤʦʞʫʪʴ ʣʷʛʪʠ ʚ ʦʩʥʦʚʫ ʨʦʟʨʦʙʢʠ ʥʦʚʦʾ ʪʝʭʥʦʣʦʛʽʾ ʦʜʝʨʞʘʥʥʷ  ʩʫʣʴʬʽʜʽʚ 

ʬʦʩʬʦʨʫ. 

ɼʣʷ ʦʮʽʥʢʠ ʤʦʞʣʠʚʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʫʣʴʬʘʪʽʚ ʣʫʞʥʠʭ ʤʝʪʘʣʽʚ ʜʣʷ ʫʪʠʣʽʟʘʮʽʾ 

ʬʦʩʬʦʨʫ ʽ ʡʦʛʦ ʣʝʪʢʠʭ ʩʧʦʣʫʢ ʥʘʤʠ ʙʫʚ ʧʨʦʚʝʜʝʥʠʡ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʡ ʘʥʘʣʽʟ ʨʝʘʢʮʽʡ 

ʚʟʘʻʤʦʜʽʾ ʝʣʝʤʝʥʪʥʦʛʦ ʬʦʩʬʦʨʫ ʽ ʬʦʩʬʽʥʫ ʽʟ ʩʫʣʴʬʘʪʘʤʠ ʥʘʪʨʽʶ ʽ ʢʘʣʽʶ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʽʜʥʦʚʣʝʥʥʷ ʥʘʪʨʽʡ ʩʫʣʴʬʘʪʫ ʝʣʝʤʝʥʪʥʠʤ ʬʦʩʬʦʨʦʤ ʽ ʡʦʛʦ 

ʟʚôʷʟʫʚʘʥʥʷ ʚ ʩʫʣʴʬʽʜʠ ʽʥʪʝʥʩʠʚʥʦ ʧʨʦʭʦʜʠʪʴ ʚ ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ 450ï600 ʉ̄. 

ɺʢʘʟʘʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʟʘʙʝʟʧʝʯʫʻ ʧʨʘʢʪʠʯʥʦ ʧʦʚʥʝ ʦʢʠʩʣʝʥʥʷ ʬʦʩʬʦʨʫ ʪʘ ʡʦʛʦ ʣʝʪʢʠʭ 

ʩʧʦʣʫʢ ʽ ʟʚôʷʟʫʚʘʥʥʷ ʦʢʠʩʣʝʥʠʭ ʧʨʦʜʫʢʪʽʚ ʚ ʪʚʝʨʜʦʬʘʟʥʽ ʩʧʦʣʫʢʠ. 

ʅʘ ʦʩʥʦʚʽ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʭ ʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟʘʧʨʦʧʦʥʦʚʘʥʦ 

ʤʝʪʦʜ ʦʜʝʨʞʘʥʥʷ ʩʫʣʴʬʽʜʽʚ ʬʦʩʬʦʨʫ, ʱʦ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʩʧʨʦʩʪʠʪʠ ʪʝʭʥʦʣʦʛʽʶ 

ʦʜʝʨʞʘʥʥʷ ʩʫʣʴʬʽʜʽʚ ʬʦʩʬʦʨʫ, ʟʤʝʥʰʠʪʠ ʾʭ ʩʦʙʽʚʘʨʪʽʩʪʴ ʪʘ ʦʜʝʨʞʫʚʘʪʠ ʜʦʜʘʪʢʦʚʦ 

ʬʦʩʬʦʨʦʚʤʽʩʥʽ ʩʦʣʽ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʦʜʝʨʞʘʥʥʷ ʤʠʶʯʠʭ ʟʘʩʦʙʽʚ, 

ʤʽʥʝʨʘʣʴʥʠʭ ʜʦʙʨʠʚ, ʯʠ ʷʢ ʥʘʧʽʚʧʨʦʜʫʢʪ ʜʣʷ ʦʜʝʨʞʘʥʥʷ ʪʝʨʤʦʬʦʩʬʘʪʽʚ. 

ʈʝʟʫʣʴʪʘʪʠ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʦʢʘʟʘʣʠ ʥʘ ʤʦʞʣʠʚʽʩʪʴ ʟʤʽʥʠ ʪʝʭʥʦʣʦʛʽʾ 

ʦʜʝʨʞʘʥʥʷ ʩʫʣʴʬʽʜʽʚ ʬʦʩʬʦʨʫ. 
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ɺʊʆʈʀʏʅɸʗ ʇɽʈʀʆɼʀʏʅʆʉʊʔ ʍɸʈɸʂʊɽʈʀʉʊʀʏɽʉʂʀʍ ʇʆʃʆʉ 

ʇʆɻʃʆʑɽʅʀʗ ɺ ʀʂ-ʉʇɽʂʊʈɸʍ 

ɻɽʊɽʈʆʇʆʃʀɻɽʂʉɸɺʆʃʔʌʈɸʄʆʅʀʂɽʃɸʊʆɺ(ɯɯ) ʃɸʅʊɸʅʀɼʆɺ 

ʋʩʘʯʝʚ ʆ. ʄ.1, ʉʝʨʛʝʝʚ ɸ. ʄ.1, ɻʫʤʝʨʦʚʘ ʅ. ʀ.1, ʈʘʜʠʦ ʉ. ɺ.1, ʈʦʟʘʥʮʝʚ ɻ. ʄ.1 

ɼʦʥʝʮʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ɺʘʩʳʣʷ ʉʪʫʩʘ 
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ʇʦʣʠʦʢʩʦʤʝʪʘʣʣʘʪʳ (ʇʆʄ) ï ʵʪʦ ʙʦʣʴʰʦʡ ʢʣʘʩʩ ʧʦʣʠʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, 

ʧʦʩʪʨʦʝʥʥʳʭ ʠʟ ʦʢʪʘʵʜʨʦʚ MO6 (M = ʮʝʥʪʨʘʣʴʥʳʡ ʘʪʦʤ, ʥʘʧʨʠʤʝʨ, WVI, MoVI, VV), 

ʢʦʪʦʨʳʝ ʩʦʝʜʝʥʝʥʥʳ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʟʘ ʩʯʝʪ ʦʙʱʠʭ ʚʝʨʰʠʥ ʠʣʠ ʨʝʙʝʨ. ʐʠʨʦʢʘʷ 

ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʜʝʣʠʪ ʇʆʄ ʥʘ ʠʟʦʧʦʣʠʘʥʠʦʥʳ ([HXMyOz]
n-) ʠ ʛʝʪʝʨʦʧʦʣʠʘʥʠʦʥʳ 

([X xMmOy]
q-, X = ʛʝʪʝʨʦʘʪʦʤ, ʥʘʧʨʠʤʝʨ, ʧʝʨʝʭʦʜʥʳʝ ʤʝʪʘʣʣʳ ʧʝʨʚʦʛʦ ʨʷʜʘ). 

ɻʝʪʝʨʦʧʦʣʠʘʥʠʦʥʳ (ɻʇɸ) ʩʦ ʩʪʨʫʢʪʫʨʦʡ ɸʥʜʝʨʩʦʥʘ [ʍ(OH)6ʄ6O18]
nï (X ï ʛʝʪʝʨʦʘʪʦʤ, 

ʄ ï ʄʦ, W), ʙʣʘʛʦʜʘʨʷ ʠʭ ʩʪʘʙʠʣʴʥʦʩʪʠ ʢʘʢ ʚ ʪʚʝʨʜʦʡ ʬʘʟʝ, ʪʘʢ ʚ ʚʦʜʥʳʭ ʠ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʨʘʩʪʚʦʨʠʪʝʣʷʭ, ʦʙʨʘʟʫʶʪ ʰʠʨʦʢʫʶ ʛʘʤʤʫ ʩʦʝʜʠʥʝʥʠʡ ʩ ʥʝʦʨʛʘʥʠʯʝʩʢʠʤʠ, 

ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʠ ʢʦʤʧʣʝʢʩʥʳʤʠ ʢʘʪʠʦʥʘʤʠ, ʷʚʣʷʶʱʠʝʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʜʣʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜʠʢʠ ʩʠʥʪʝʟʘ 14 ʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ 

Ln4[Ni(OH)6W6O18]3ĿnH2O (Ln = La, Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu) ʧʦ 

ʨʝʘʢʮʠʠ ʧʦʣʠʢʦʥʜʝʥʩʘʮʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʭ ʢʦʣʠʯʝʩʪʚ Ln(NO3)3, 

Ni(NO3)2, Na2WO4 ʠ HNO3 ʧʨʠ Z = ɜ(H+)/ɜ(WO4
2ï) = 1,00 ʧʦ ʨʝʘʢʮʠʠ: 

1,33Ln3+ + Ni2+ + 6WO4
2- + 6H+ + nH2O Ÿ Ln1.33[Ni(OH)6W6O18]ĿnH2OŹ 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʥʘ ʟʘʚʠʩʠʤʦʩʪʷʭ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʧʨʠ 470ï488 ʩʤï1 ʚ ʩʧʝʢʪʨʘʭ 

ʛʝʪʝʨʦʧʦʣʠʛʝʢʩʘʚʦʣʴʬʨʘʤʦʥʠʢʝʣʘʪʦʚ(II) ʣʘʥʪʘʥʠʜʦʚ ʦʪ ʟʥʘʯʝʥʠʡ ʤʫʣʴʪʠʧʣʝʪʥʦʩʪʠ ʠ 

ʫʛʣʦʚʦʛʦ ʤʦʤʝʥʪʘ ʥʘʙʣʶʜʘʝʪʩʷ ʛʘʜʦʣʠʥʠʝʚʳʡ ʠʟʣʦʤ ʠ ʪʝʪʨʘʜʥʳʡ ʵʬʬʝʢʪ (ʈʠʩ. 1), ʘ ʥʘ 

ʟʘʚʠʩʠʤʦʩʪʷʭ ʧʦʣʦʩ ʧʨʠ 470ï488 ʩʤï1 ʠ 876ï886 ʩʤï1 ʦʪ ʦʨʙʠʪʘʣʴʥʦʛʦ ʤʦʤʝʥʪʘ ʪʦʣʴʢʦ 

ʪʝʪʨʘʜʥʳʡ ʵʬʬʝʢʪ. 
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ʈʠʩ. 1. ɿʘʚʠʩʠʤʦʩʪʴ ʤʫʣʴʪʠʧʣʝʪʥʦʩʪʠ (ʘ) ʠ ʫʛʣʦʚʦʛʦ ʤʦʤʝʥʪʘ (ʙ) ʦʪ ʧʦʣʦʞʝʥʠʷ ʯʘʩʪʦʪ 

ʚ ʀʂ-ʩʧʝʢʪʨʘʭ Ln4[Ni(OH)6W6O18)3]ȚnH2O ʧʨʠ 470ï488 ʩʤï1 
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ʉʀʅʊɽɿ, ʉʊʈʆɽʅʀɽ ʀ ʉɺʆʁʉʊɺɸ ʅʆɺʆʁ ʂɸʊʀʆʅ-ʈɸɼʀʂɸʃʔʅʆʁ ʉʆʃʀ 

ʉ ɾɽʃɽɿʆʂɸʈɹʆʈɸʅʆɺʓʄ ɸʅʀʆʅʆʄ (ET)2[8,8ô-Cl2-3,3ô-Fe(1,2-C2B9H10)2] 

ʏʫʜʘʢ ɼ. ʄ., ʂʨʘʚʯʝʥʢʦ ɸ. ɺ. 

ʍʘʨʴʢʦʚʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ɺ. ʅ. ʂʘʨʘʟʠʥʘ 

denchudak@mail.ru 

 

ʂʘʪʠʦʥ-ʨʘʜʠʢʘʣʴʥʳʝ ʩʦʣʠ (ʂʈʉ) ʧʨʠʚʣʝʢʘʶʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʠʥʪʝʨʝʩ ʚ ʩʚʷʟʠ ʩ 

ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʚʦʡʩʪʚ. ʕʪʠ ʥʠʟʢʦʨʘʟʤʝʨʥʳʝ ʦʙʲʝʢʪʳ 

ʧʨʦʷʚʣʷʶʪ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʧʨʦʚʦʜʷʱʠʝ ʠ ʦʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʩʧʦʩʦʙʥʳ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʤʘʛʥʠʪʥʦʫʧʦʨʷʜʦʯʝʥʥʳʭ ʩʪʨʫʢʪʫʨ. ʀʭ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʤʦʛʫʪ ʨʘʜʠʢʘʣʴʥʦ 

ʠʟʤʝʥʷʪʴʩʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ, ʜʘʚʣʝʥʠʷ ʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʇʨʦʚʦʜʷʱʠʝ ʂʈʉ 

ʥʘ ʦʩʥʦʚʝ ʬʫʣʴʚʘʣʝʥʦʚ ï ʵʪʦ ʩʣʦʠʩʪʳʝ ʩʪʨʫʢʪʫʨʳ, ʚ ʩʦʩʪʘʚ ʢʦʪʦʨʳʭ ʚʭʦʜʷʪ ʩʣʦʠ ʢʘʪʠʦʥ-

ʨʘʜʠʢʘʣʦʚ ʠ ʘʥʠʦʥʦʚ. ʇʝʨʩʧʝʢʪʠʚʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʂʈʉ ʷʚʣʷʶʪʩʷ ʩʣʦʞʥʳʝ ʘʥʠʦʥʥʳʝ 

ʢʦʤʧʣʝʢʩʳ ʤʝʪʘʣʣʦʚ ʠ ʤʝʪʘʣʣʦʢʘʨʙʦʨʘʥʦʚʳʝ ʢʦʤʧʣʝʢʩʳ ʩ ʣʠʛʘʥʜʦʤ [ʉ2ɺ9ʅ11]
2- ʠ ʝʛʦ 

ʧʨʦʠʟʚʦʜʥʳʤʠ. 

ʄʝʪʦʜʦʤ ʵʣʝʢʪʦʩʠʥʝʟʘ ʧʦʣʫʯʝʥʳ ʤʦʥʦʢʨʠʩʪʘʣʣʳ ʥʦʚʦʡ ʂʈʉ 

ʙʠʩ(ʵʪʠʣʝʥʜʠʪʠʦ)ʪʝʪʨʘʪʠʦʬʫʣʴʚʘʣʝʥʘ (ɽʊ) ʩ ʜʠʭʣʦʨʦʧʨʦʠʟʚʦʜʥʳʤ ʙʠʩ(1,2-

ʜʠʢʘʨʙʦʣʣʠʜʘ)ʞʝʣʝʟʘ(III ) (ET)2[8,8ô-Cl2-3,3ô-Fe(1,2-C2B9H10)2]. ʆʧʨʝʜʝʣʝʥʘ ʝʸ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ. ʀʟʤʝʨʝʥʳ ʫʜʝʣʴʥʘʷ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʠ 

ʤʘʛʥʠʪʥʘʷ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ ʚ ʰʠʨʦʢʦʤ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ. ʂʈʉ ʷʚʣʷʝʪʩʷ 

ʧʘʨʘʤʘʛʥʠʪʳʤ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʤ. ʇʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʝʝ ʧʨʦʚʦʜʷʱʠʭ ʩʚʦʡʩʪʚ ʩ 

ʠʟʦʩʪʨʫʢʪʫʨʥʳʤʠ ʤʦʥʦʢʨʠʩʪʘʣʣʘʤʠ ʂʈʉ ɽʊ ʩ ʘʥʠʦʥʘʤʠ ʙʠʩ(1,2-ʜʠʢʘʨʙʦʣʣʠʜʘ)ʞʝʣʝʟʘ ʠ 

ʜʠʭʣʦʨʧʨʦʠʟʚʦʜʥʦʛʦ ʙʠʩ(1,2-ʜʠʢʘʨʙʦʣʣʠʜʘ)ʢʦʙʘʣʴʪʘ.  
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ʍɽʄʆʉʆʈɹʎʀʆʅʅʆ-ʂɸʊɸʃʀʊʀʏɽʉʂɸʗ ʆʏʀʉʊʂɸ ɺʆɿɼʋʍɸ 

ʆʊ ɼʀʆʂʉʀɼɸ ʉɽʈʓ ʄʆʅʆ- ʀ ɹʀʄɽʊɸʃʃʔʅʓʄʀ ʂʆʄʇʆɿʀʎʀʗʄʀ, 

ʅɸʅɽʉɽʅʅʓʄʀ ʅɸ ʇʈʀʈʆɼʅʓʁ ɹɽʅʊʆʅʀʊ  

ɻʦʣʫʙʯʠʢ ʂ. ʆ., ʐʫʣʴʛʘ ɸ. ɹ., ʉʫʩʣʦʚʘ ɽ. ʄ. 

ʆʜʝʩʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʀ. ʀ. ʄʝʯʥʠʢʦʚʘ 

golubchikko@gmail.com  

 

ʇʨʠʨʦʜʥʳʝ ʩʦʨʙʝʥʪʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʙʝʥʪʦʥʠʪ, ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʦʯʠʩʪʢʠ ʚʦʟʜʫʭʘ 

ʦʪ ʜʠʦʢʩʠʜʘ ʩʝʨʳ. ʆʜʥʘʢʦ ʧʨʠ ʥʠʟʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ SO2 (150ï300 ʤʛ/ʤ3) ʪʘʢʠʝ 

ʩʦʨʙʝʥʪʳ ʠʤʝʶʪ ʥʝʧʨʦʜʦʣʞʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʟʘʱʠʪʥʦʛʦ ʜʝʡʩʪʚʠʷ ï Űʇɼʂ ï ʚʨʝʤʷ, ʚ ʪʝʯʝʥʠʝ 

ʢʦʪʦʨʦʛʦ ʢʦʥʝʯʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ SO2 ʥʠʞʝ ʇɼʂ (10 ʤʛ/ʤ
3). ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʜʘʥʥʳʝ ʧʦ ʚʣʠʷʥʠʶ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ ʧʨʠʨʦʜʥʦʛʦ ʙʝʥʪʦʥʠʪʘ ʠʦʥʘʤʠ ʧʝʨʝʭʦʜʥʳʭ 

ʤʝʪʘʣʣʦʚ ʥʘ ʝʛʦ ʭʝʤʦʩʦʨʙʮʠʦʥʥʦ-ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʜʠʦʢʩʠʜʫ 

ʩʝʨʳ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʨʦʜʥʦʛʦ ʩʦʨʙʝʥʪʘ ʠ ʥʦʩʠʪʝʣʷ ʩʣʦʞʥʳʭ ʭʝʤʦʩʦʨʙʮʠʦʥʥʦ-

ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʢʦʤʧʦʟʠʮʠʡ ʠʩʧʦʣʴʟʦʚʘʣʠ ʙʝʥʪʦʥʠʪ ɼʘʰʫʢʦʚʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʋʢʨʘʠʥʳ (ʇ-ɹʝʥʪ(ɼ)) (ʊʋ ʋ 14.2-00223941-006:2010). ʄʦʥʦ-(Cu(II)/ʇ-ɹʝʥʪ(ɼ), 

Pd(II)/ʇ-ɹʝʥʪ(ɼ)) ʠ ʙʠʤʝʪʘʣʣʴʥʳʝ (ʉu(II)-Pd(II)/ʇ-ɹʝʥʪ(ɼ)) ʢʦʤʧʦʟʠʮʠʠ ʧʦʣʫʯʘʣʠ 

ʤʝʪʦʜʦʤ ʠʤʧʨʝʛʥʠʨʦʚʘʥʠʷ ʥʦʩʠ-

ʪʝʣʷ ʧʦ ʚʣʘʛʦʝʤʢʦʩʪʠ ʚʦʜʥʳʤʠ 

ʨʘʩʪʚʦʨʘʤʠ ʧʨʠ ʟʘʜʘʥʥʳʭ 

ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʘʢʪʠʚʥʳʭ ʢʦʤʧʦ-

ʥʝʥʪʦʚ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʩʪʘʜʠʝʡ 

çʩʦʟʨʝʚʘʥʠʷè ʚ ʪʝʯʝʥʠʝ 20 ʯʘʩʦʚ ʠ 

ʩʫʰʢʦʡ ʧʨʠ 110 ʉ̄ ʜʦ ʧʦʩʪʦʷʥʥʦʡ 

ʤʘʩʩʳ. ɺʩʝ ʦʙʨʘʟʮʳ ʙʳʣʠ 

ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʤʝʪʦʜʘʤʠ ʈʌɸ, 

ʀʂ ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʪʝʨʤʦʛʨʘʚʠ-

ʤʝʪʨʠʠ. ʇʦʣʠʬʘʟʥʦʩʪʴ ʥʦʩʠʪʝʣʷ 

ʫʩʪʘʥʦʚʣʝʥʘ ʤʝʪʦʜʦʤ ʈʌɸ ʠ 

ʧʦʜʪʚʝʨʞʜʝʥʘ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠ-

ʯʝʩʢʠ. ʆʩʥʦʚʥʦʡ ʬʘʟʦʡ ʙʝʥʪʦʥʠʪʘ 

ʷʚʣʷʝʪʩʷ ʤʦʥʪʤʦʨʠʣʣʦʥʠʪ, ʢʦʪʦ-

ʨʳʡ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥ ʤʝʪʦʜʦʤ 

ʈʌɸ ʧʦ ʙʘʟʦʚʳʤ ʦʪʨʘʞʝʥʠʤ̫ ʧʨʠ 

2ɗ,  ̄(d, ¡) 5,739 (15,387); 19,743 

(4,493) ʠ 61,710 (1,501). ʂʨʦʤʝ 

ʥʝʛʦ, ʚ ʦʙʨʘʟʮʝ ʧʨʠʩʫʪʩʪʚʫʶʪ 

Ŭ-ʢʚʘʨʮ ʠ ʢʘʣʴʮʠʪ. ɺʩʝ ʦʙʨʘʟʮʳ 

ʙʳʣʠ ʧʨʦʪʝʩʪʠʨʦʚʘʥʳ ʚ ʧʨʦʮʝʩʩʝ 

ʦʯʠʩʪʢʠ ʚʦʟʜʫʭʘ ʦʪ ʜʠʦʢʩʠʜʘ ʩʝʨʳ 

(ʉ
ʥ

SO2
= 150 ʤʛ/ʤ3) ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʧʘʨʦʚ ʚʦʜʳ. ʅʘ ʨʠʩ. ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʠʥʝʪʠʯʝʩʢʠʝ ʢʨʠʚʳʝ ʚ ʢʦʦʨʜʠʥʘʪʘʭ ʉʢ
2SO ï Ű, 

ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʜʠʦʢʩʠʜʘ ʩʝʨʳ ʩ ʧʨʠʨʦʜʥʳʤ ʙʝʥʪʦʥʠʪʦʤ (1), 

ʉu(II)/ʇ-ɹʝʥʪ(ɼ) (2), Pd(II )/ʇ-ɹʝʥʪ(ɼ) (3) ʠ ʉu(II)-Pd(II)/ʇ-ɹʝʥʪ(ɼ) (4) ʢʦʤʧʦʟʠʮʠʡ. 

ɺʠʜʥʦ, ʯʪʦ ʢʠʥʝʪʠʢʘ ʧʨʦʮʝʩʩʘ ʨʝʟʢʦ ʤʝʥʷʝʪʩʷ ʚ ʩʣʫʯʘʝ ʙʠʤʝʪʘʣʣʴʥʦʡ ʢʦʤʧʦʟʠʮʠʠ: ʚ ʝʝ 

ʧʨʠʩʫʪʩʪʚʠʠ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʩʪʘʮʠʦʥʘʨʥʳʡ ʨʝʞʠʤ ʦʯʠʩʪʢʠ ʚʦʟʜʫʭʘ ʦʪ ʜʠʦʢʩʠʜʘ ʩʝʨʳ, 

ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʠʩʪʠʥʥʦ ʢʘʪʘʣʠʪʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ. ʋʩʪʘʥʦʚʣʝʥʦ ʪʘʢʞʝ, ʯʪʦ 

ʙʠʤʝʪʘʣʣʴʥʘʷ ʢʦʤʧʦʟʠʮʠʷ ʉu(II)-Pd(II)/ʇ-ɹʝʥʪ(ɼ) ʦʙʥʘʨʫʞʠʚʘʝʪ ʤʘʢʩʠʤʘʣʴʥʦʝ ʚʨʝʤʷ 

ʟʘʱʠʪʥʦʛʦ ʜʝʡʩʪʚʠʷ (tʇɼʂ = 140 ʤʠʥ).

t, ʤʠʥ 

ʈʠʩ. ʀʟʤʝʥʝʥʠʝ ʉ ʚʦ ʚʨʝʤʝʥʠ ʚ ʧʨʦʮʝʩʩʝ 

ʭʝʤʦʩʦʨʙʮʠʦʥʥʦ-ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʦʯʠʩʪʢʠ 

ʚʦʟʜʫʭʘ ʦʪ SO2 ʧʨʠʨʦʜʥʳʤ ʙʝʥʪʦʥʠʪʦʤ (1) ʠ 

ʢʦʤʧʦʟʠʮʠʷʤʠ: ʉu(II)/ʇ-ɹʝʥʪ(ɼ) (2), 

Pd(II)/ʇ-ɹʝʥʪ(ɼ) (3), ʉu(II)-Pd(II)/ʇ-ɹʝʥʪ(ɼ) (4). 

ʉCu(II) = 5,9Ö10-5; ʉPd(II) 
= 2,72Ŀ10

-5 ʤʦʣʴ/ʛ, 

t = 20 ̄ʉ. ʉ= 150 ʤʛ/ʤ
3 

ʉ , ʤʛ/ʤ3 
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ɺɿɸɭʄʆɼɯʗ 1-ɸʎʀʃɸʄɯʅʆ-2,2-

ɼʀʍʃʆʈʆɽʊɽʅɯʃʊʈʀʌɽʅɯʃʌʆʉʌʆʅɯɭɺʀʍ ʉʆʃɽʁ ɿ ɸʄɯʅʆʉʇʀʈʊɸʄʀ 

ɸʙʜʫʨʘʭʤʘʥʦʚʘ ɽ. ʈ., ɻʦʣʦʚʯʝʥʢʦ ʆ. ɺ., ɹʨʦʚʘʨʝʮʴ ɺ. ʉ. 

ɯʥʩʪʠʪʫʪ ʙʽʦʦʨʛʘʥʽʯʥʦʾ ʭʽʤʽʾ ʪʘ ʥʘʬʪʦʭʽʤʽʾ ʅɸʅ ʋʢʨʘʾʥʠ  

02660, ʂʠʾʚ-94, ʚʫʣ. ʄʫʨʤʘʥʩʴʢʘ, 1 

brovarets@bpci.kiev.ua 

 

ʍʽʤʽʷ ʘʟʦʪʠʩʪʠʭ ʛʝʪʝʨʦʮʠʢʣʽʚ ʜʦʙʨʝ ʨʦʟʚʠʥʝʥʘ, ʘʣʝ ʾʭ ʤʦʜʠʬʽʢʘʮʽʷ 

ʨʽʟʥʦʤʘʥʽʪʥʠʤʠ ʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ ʛʨʫʧʘʤʠ ʥʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʟʘʣʠʰʘʻʪʴʩʷ 

ʘʢʪʫʘʣʴʥʠʤ ʟʘʚʜʘʥʥʷʤ ʜʣʷ ʭʽʤʽʢʽʚ-ʩʠʥʪʝʪʠʢʽʚ. ʉʝʨʝʜ ʟʥʘʯʥʦʾ ʢʽʣʴʢʦʩʪʽ ʥʽʪʨʦʛʝʥʦʚʤʽʩʥʠʭ 

ʛʝʪʝʨʦʮʠʢʣʽʯʥʠʭ ʩʧʦʣʫʢ ʦʩʦʙʣʠʚʫ ʫʚʘʛʫ ʧʨʠʚʝʨʪʘʶʪʴ ʧʦʭʽʜʥʽ 1,3-ʦʢʩʘʟʦʣʫ, ʩʝʨʝʜ ʷʢʠʭ ʟʘ 

ʦʩʪʘʥʥʽ ʜʝʢʽʣʴʢʘ ʜʝʩʷʪʠʣʽʪʴ ʟʥʘʡʜʝʥʦ ʟʥʘʯʥʫ ʢʽʣʴʢʽʩʪʴ ʙʽʦʨʝʛʫʣʷʪʦʨʽʚ ʨʽʟʥʦʾ ʜʽʾ. ɿ ʤʝʪʦʶ 

ʢʦʥʩʪʨʫʶʚʘʥʥʷ  ʤʦʜʝʣʴʥʠʭ ʩʧʦʣʫʢ ʜʣʷ ʚʠʚʯʝʥʥʷ ʾʭ ʜʽʾ ʥʘ ʚʥʫʪʨʽʰʥʴʦʢʣʽʪʠʥʥʽ ʧʨʦʮʝʩʠ 

ʚʚʝʜʝʥʥʷ ʚʠʩʦʢʦʣʽʧʦʬʽʣʴʥʠʭ ʬʦʩʬʦʨʦʚʤʽʩʥʠʭ ʟʘʤʽʩʥʠʢʽʚ ʚ ʩʪʨʫʢʪʫʨʫ 1,3-ʦʢʩʘʟʦʣʫ ʻ 

ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʥʘʧʨʷʤʢʦʤ ʜʣʷ ʤʦʜʠʬʽʢʘʮʽʾ ʦʢʩʘʟʦʣʴʥʦʛʦ ʢʽʣʴʮʷ. ʊʨʠʬʝʥʽʣʬʦʩʬʦʥʽʻʚʘ 

ʛʨʫʧʘ ʟʘʚʜʷʢʠ ʟʜʘʪʥʦʩʪʽ ʣʝʛʢʦ ʧʨʦʥʠʢʘʪʠ ʯʝʨʝʟ ʢʣʽʪʠʥʥʽ ʤʝʤʙʨʘʥʠ ʻ ʦʜʥʽʻʶ ʟ ʪʘʢʠʭ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʛʨʫʧ, ʱʦ ʧʦʚʥʽʩʪʶ ʚʽʜʧʦʚʽʜʘʻ ʚʠʱʝ ʥʘʚʝʜʝʥʠʤ ʚʠʤʦʛʘʤ. ɺʚʝʜʝʥʥʷ 

ʙʽʦʘʢʪʠʚʥʠʭ ʘʤʽʥʦʩʧʠʨʪʽʚ ʪʘʢʦʞ ʚʠʢʣʠʢʘʻ ʙʝʟʩʫʤʥʽʚʥʠʡ ʽʥʪʝʨʝʩ, ʦʩʢʽʣʴʢʠ ʪʘʢʘ 

ʤʦʜʠʬʽʢʘʮʽʷ ʧʨʠʚʦʜʠʪʴ ʜʦ ʧʽʜʩʠʣʝʥʥʷ ʘʙʦ ʚʠʥʠʢʥʝʥʥʷ ʥʦʚʠʭ ʚʠʜʽʚ ʙʽʦʘʢʪʠʚʥʦʩʪʽ. ʇʨʠ 

ʮʴʦʤʫ ʟʤʝʥʰʫʻʪʴʩʷ ʪʦʢʩʠʯʥʘ ʜʽʷ ʥʘ ʦʨʛʘʥʽʟʤ ʽ ʟʥʘʯʥʦ ʟʙʽʣʴʰʫʻʪʴʩʷ ʚʦʜʦʨʦʟʯʠʥʥʽʩʪʴ. 

ʊʦʤʫ ʜʦʮʽʣʴʥʠʤ ʻ ʨʦʟʨʦʙʢʘ ʟʨʫʯʥʠʭ ʧʨʝʧʘʨʘʪʠʚʥʠʭ ʤʝʪʦʜʽʚ ʩʠʥʪʝʟʫ ʩʘʤʝ ʪʘʢʠʭ ʩʧʦʣʫʢ. 
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ɺʠʷʚʠʣʦʩʷ, ʱʦ ʨʝʘʛʝʥʪʠ 1 ʜʘʶʪʴ 4-ʬʦʩʬʦʨʠʣʴʦʚʘʥʽ 1,3-ʦʢʩʘʟʦʣʠ 2 ʣʠʰʝ ʟ ʪʘʢʠʤʠ 

ʘʤʽʥʦʩʧʠʨʪʘʤʠ, ʷʢʽ ʤʽʩʪʷʪʴ ʧʝʨʚʠʥʥʫ ʘʤʽʥʦʛʨʫʧʫ. ʅʘʪʦʤʽʩʪʴ, ʟ N-ʟʘʤʽʱʝʥʠʤʠ 

ʘʤʽʥʦʩʧʠʨʪʘʤʠ ʚ ʦʩʥʦʚʥʦʤʫ ʫʪʚʦʨʶʚʘʣʠʩʷ 2-ʤʝʪʠʣʽʜʝʥ-1,3-ʦʢʩʘʟʦʣʽʜʠʥʠ 4, ʷʢ ʨʝʟʫʣʴʪʘʪ 

ʜʽʾ ʜʚʦʭ ʥʫʢʣʝʦʬʽʣʴʥʠʭ ʮʝʥʪʨʽʚ ʘʤʽʥʦʩʧʠʨʪʫ ʥʘ ʜʠʭʣʦʨʦʤʝʪʠʣʝʥʦʚʠʡ ʬʨʘʛʤʝʥʪ ʨʝʘʛʝʥʪʽʚ 

1. ʇʨʠ ʮʴʦʤʫ ʪʨʠʬʝʥʽʣʬʦʩʬʦʥʽʻʚʘ ʛʨʫʧʘ ʚ ʧʨʦʜʫʢʪʘʭ 4 ʥʝ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟʚôʷʟʘʥʘ ʟ 

ʛʝʪʝʨʦʮʠʢʣʦʤ, ʘ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʙʽʯʥʦʤʫ ʣʘʥʮʶʟʽ. ɹʫʜʦʚʫ ʧʨʦʜʫʢʪʽʚ 2 ʪʘ 4 ʦʜʥʦʟʥʘʯʥʦ 

ʜʦʚʝʜʝʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʽʟʫ.  
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ʉʊɽʈɽʆʉɽʃɽʂʊʀɺʅɯʉʊʔ ʈɽɸʂʎɯɰ ʈʆɿʂʈʀʊʊʗ ʆʂʉʀʈɸʅʆɺʆɻʆ ʎʀʂʃʋ 

ɽʇɯʍʈʆʈɻɯɼʈʀʅʋ ɹɽʅɿʆɸʊ-ɸʅɯʆʅʆʄ  ɿɸ ʇʈɸɺʀʃʆʄ ʂʈɸʉʋʉʔʂʆɻʆ 

ɹʘʭʘʣʦʚʘ ɭ. ɸ., ɹʝʩʧʘʣʴʢʦ ʖ. ʄ., ʉʠʪʥʠʢ ʅ. ʉ. 

ɼʦʥʝʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɺʘʩʠʣʷ ʉʪʫʩʘ 

bahalova.j@yandex.ua 

 

ʈʝʘʢʮʽʾ ʤʽʞ ʢʘʨʙʦʥʦʚʠʤʠ ʢʠʩʣʦʪʘʤʠ ʽ ʦʢʩʠʨʘʥʘʤʠ, ʢʨʽʤ ʟʥʘʯʥʦʛʦ ʪʝʦʨʝʪʠʯʥʦʛʦ 

ʽʥʪʝʨʝʩʫ ʤʘʻ ʰʠʨʦʢʝ ʧʨʘʢʪʠʯʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʦʪʨʠʤʘʥʠʭ ʧʨʦʜʫʢʪʽʚ. ɻʽʜʨʦʢʩʠʘʣʢʽʣʝʬʽʨʠ 

ʢʘʨʙʦʥʦʚʠʭ ʢʠʩʣʦʪ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʷʢ ʢʦʤʧʦʥʝʥʪʠ ʬʘʨʙ ʽ ʧʦʢʨʠʪʪʽʚ, ʬʘʨʙ ʜʣʷ 

ʧʨʠʥʪʝʨʽʚ, ʣʽʢʘʨʩʴʢʠʭ ʧʨʝʧʘʨʘʪʽʚ, ʪʚʝʨʜʥʠʢʽʚ ʧʽʱʘʥʠʭ ʩʫʤʽʰʝʡ ʚ ʤʝʪʘʣʫʨʛʽʾ, ʢʦʤʧʦʥʝʥʪʠ 

ʦʭʦʣʦʜʞʫʶʯʠʭ ʘʛʝʥʪʽʚ ʜʣʷ ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʠʭ ʧʨʦʮʝʩʽʚ, ʨʦʟʯʠʥʥʠʢʠ ʜʣʷ ʬʘʨʙʫʚʘʥʥʷ 

ʢʦʤʧʦʟʠʮʽʡ, ʢʦʤʧʦʥʝʥʪʠ ʘʥʪʠʢʦʨʦʟʽʡʥʦʛʦ ʧʦʢʨʠʪʪʷ ʽ ʮʝʤʝʥʪʥʠʭ ʤʦʜʠʬʽʢʘʪʦʨʽʚ. ɺʘʞʣʠʚʫ 

ʨʦʣʴ ʚʽʜʽʛʨʘʻ ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʽʩʪʴ ʨʝʘʢʮʽʾ ʨʦʟʢʨʠʪʪʷ ʦʢʩʠʨʘʥʦʚʦʛʦ ʮʠʢʣʫ 

ʥʫʢʣʝʦʬʽʣʴʥʠʤʠ ʨʝʘʛʝʥʪʘʤʠ, ʦʩʢʽʣʴʢʠ ʻ ʜʚʘ ʚʘʨʽʘʥʪʘ ʘʪʘʢʠ ʥʘ Ŭ-ʘʪʦʤ ʢʘʨʙʦʥʫ 

ʝʧʽʭʣʦʨʛʽʜʨʠʥʫ: ʪʠʣʦʚʘ ʘʪʘʢʘ ʪʘ ʬʨʦʥʪʘʣʴʥʘ.  Ŭ-ʨʦʟʨʠʚ ʧʨʦʪʽʢʘʻ ʟʛʽʜʥʦ  ʧʨʘʚʠʣʘ 

ʂʨʘʩʫʩʴʢʦʛʦ. 

ʄʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʻ ʚʠʚʯʝʥʥʷ ʧʝʨʝʪʚʦʨʝʥʴ ʚ ʩʠʩʪʝʤʽ, ʜʝ ʙʝʥʟʦʘʪ-ʘʥʽʦʥ ʟʜʽʡʩʥʶʻ 

ʘʪʘʢʫ ʥʘ Ŭ-ʘʪʦʤ ʢʘʨʙʦʥʫ ʝʧʽʭʣʦʨʛʽʜʨʠʥʫ  ʤʝʪʦʜʘʤʠ ʢʚʘʥʪʦʚʦʾ ʭʽʤʽʾ: 
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ʂʚʘʥʪʦʚʦ-ʭʽʤʽʯʥʽ ʨʦʟʨʘʭʫʥʢʠ ʧʨʦʚʝʜʝʥʦ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʤʧʣʝʢʩʫ 

PC FIREFLY 7.1.G. ɺʠʟʥʘʯʝʥʥʷ ʪʦʧʦʣʦʛʽʯʥʠʭ ʩʪʨʫʢʪʫʨ ʤʦʞʣʠʚʠʭ ʧʝʨʝʭʽʜʥʠʭ ʩʪʘʥʽʚ 

(ʇʉ) ʥʘ ʰʣʷʭʫ ʨʝʘʢʮʽʾ ʟʜʽʡʩʥʝʥʦ ʚ ʥʘʙʣʠʞʝʥʥʽ B3LYP/6-31+G** ʜʣʷ ʚʘʢʫʫʤʫ. 

ʅʘʣʝʞʥʽʩʪʴ ʟʥʘʡʜʝʥʠʭ ʇʉ ʚʽʜʧʦʚʽʜʥʽʡ ʨʝʘʢʮʽʾ ʜʦʚʝʜʝʥʦ ʩʧʫʩʢʘʤʠ ʟʘ ʧʨʦʮʝʜʫʨʦʶ IRC ʚ 

ʜʦʣʠʥʠ ʨʝʘʢʪʘʥʪʽʚ ʽ ʧʨʦʜʫʢʪʽʚ. ʇʦʨʽʛ ʧʦ ʛʨʘʜʽʻʥʪʫ ʝʥʝʨʛʽʾ ʫ ʚʩʽʭ ʨʦʟʨʘʭʫʥʢʘʭ ʩʢʣʘʜʘʻ 

10-4 (a.u./bohr.). ʄʘʩʰʪʘʙʫʶʯʠʡ ʤʥʦʞʥʠʢ ï 0,96. ʃʦʢʘʣʽʟʦʚʘʥʦ ʇʉ, ʚ ʷʢʠʭ ʘʪʘʢʫʶʯʠʡ 

ʥʫʢʣʝʦʬʽʣ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʧʣʦʱʠʥʽ ʦʢʩʠʨʘʥʦʚʦʛʦ ʮʠʢʣʫ. ɿʥʘʡʜʝʥʽ ʨʽʚʥʦʚʘʞʥʽ ʢʦʥʬʽʛʫʨʘʮʽʾ 

ʧʝʨʝʭʽʜʥʠʭ ʩʪʘʥʽʚ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʨʽʟʥʠʤ ʚʘʨʽʘʥʪʘʤ ʘʪʘʢʠ ʙʝʥʟʦʘʪ-ʘʥʽʦʥʦʤ ʥʘ Ŭ-ʘʪʦʤ 

ʚʫʛʣʝʮʶ  2-(ʭʣʦʨʤʝʪʠʣ)ʦʢʩʠʨʘʥʫ, ʾʭ ʛʝʦʤʝʪʨʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʽ ʘʢʪʠʚʘʮʽʡʥʽ 

ʧʘʨʘʤʝʪʨʠ ʚʽʜʧʦʚʽʜʥʠʭ ʨʝʘʢʮʽʡ ʨʦʟʢʨʠʪʪʷ ʦʢʩʠʨʘʥʦʚʦʛʦ ʮʠʢʣʫ. ɺʩʪʘʥʦʚʣʝʥʥʦ, ʱʦ 

ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʽʩʪʴ ʨʝʘʢʮʽʾ ʨʦʟʢʨʠʪʪʷ ʦʢʩʠʨʘʥʦʚʦʛʦ ʮʠʢʣʫ ʙʽʣʴʰ ʩʧʨʠʷʪʣʠʚʘ ʧʨʠ 

ʪʠʣʦʚʽʡ ʘʪʘʮʽ. 
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ʆɼɽʈɾɸʅʅʗ ʇʆɺɽʈʍʅɽɺʆ-ɸʂʊʀɺʅʀʍ ʉʇʆʃʋʂ ʅɸ ʆʉʅʆɺɯ 

ɼʀɿɸʄɯʑɽʅʆɻʆ ʆʂʉɽʊɸʅʋ 

ɹʦʙʨʦʚʘ ʂ. ɯ., ʌʣʝʡʯʫʢ ʈ. ɯ., ɻʝʚʫʩʴ ʆ. ɯ. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʃʴʚʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè 
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ʇʦʭʽʜʥʽ ʧʝʥʪʘʝʨʠʪʨʠʪʫ, ʟʦʢʨʝʤʘ ʜʠʟʘʤʽʱʝʥʽ ʦʢʩʝʪʘʥʠ ʥʘ ʡʦʛʦ ʦʩʥʦʚʽ, ʟʘʚʜʷʢʠ 

ʨʝʘʢʮʽʡʥʦʟʜʘʪʥʽʡ ʛʽʜʨʦʢʩʠʣʴʥʽʡ ʛʨʫʧʽ ʘʙʦ ʘʪʦʤʫ ʛʘʣʦʛʝʥʫ ʻ ʮʽʢʘʚʠʤʠ ʩʧʦʣʫʢʘʤʠ ʜʣʷ 

ʦʜʝʨʞʘʥʥʷ ʥʦʚʠʭ ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʠʭ ʩʧʦʣʫʢ. 

ʄʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʙʫʣʦ ʦʜʝʨʞʘʥʥʷ ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʠʭ ʩʧʦʣʫʢ ʥʝʡʦʥʦʛʝʥʥʦʛʦ 

ʪʠʧʫ ʥʘ ʦʩʥʦʚʽ ʦʣʝʾʥʦʚʦʾ ʢʠʩʣʦʪʠ ʪʘ ʜʠʟʘʤʽʱʝʥʦʛʦ ʦʢʩʝʪʘʥʫ, ʚʠʚʯʝʥʥʷ ʾʭ ʧʦʚʝʨʭʥʝʚʦ-

ʘʢʪʠʚʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ.  

ʅʦʚʽ ʇɸʈ ʦʪʨʠʤʫʚʘʣʠ ʫ ʜʝʢʽʣʴʢʘ ʩʪʘʜʽʡ. ʉʧʝʨʰʫ ʧʨʠ ʚʟʘ̒ʤʦʜʽ ʾʦʣʝʾʥʦʚʦʾ ʢʠʩʣʦʪʠ 

ʪʘ ʜʠʟʘʤʽʱʝʥʦʛʦ ʦʢʩʝʪʘʥʫ ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʜʠʝʩʪʝʨ 2. ʅʘʩʪʫʧʥʠʤ ʢʨʦʢʦʤ ʙʫʣʦ ʨʦʟʤʠʢʘʥʥʷ 

ʦʢʩʝʪʘʥʦʚʦʛʦ ʮʠʢʣʫ ʦʪʨʠʤʘʥʦʛʦ ʜʠʝʩʪʝʨʫ ʤʦʥʦʝʪʠʣʦʚʠʤ ʝʪʝʨʦʤ ʇɽ-̂750: 

 
ʅʝʦʙʭʽʜʥʦ ʟʚʝʨʥʫʪʠ ʫʚʘʛʫ ʥʘ ʙʘʛʘʪʦʩʪʘʜʽʡʥʽʩʪʴ ʧʨʦʮʝʩʫ ʦʜʝʨʞʘʥʥʷ ʮʽʣʴʦʚʦ ʾʇɸʈ, 

ʱʦ ʧʨʠʚʦʜʠʪʴ ʜʦ ʟʥʠʞʝʥʥʷ ʚʠʭʦʜʫ ʚʥʘʩʣʽʜʦʢ ʚʪʨʘʪ ʥʘ ʝʪʘʧʘʭ ʚʠʜʽʣʝʥʥʷ ʪʘ ʦʯʠʱʝʥʥʷ.  

ʉʠʥʪʝʟʦʚʘʥʘ ʩʧʦʣʫʢʘ ʻ ʪʠʧʦʚʦʶ ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʦʶ ʨʝʯʦʚʠʥʦʶ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ 

ʟʤʝʥʰʫʻ ʧʦʚʝʨʭʥʝʚʠʡ ʥʘʪʷʛ ʚʦʜʠ. ɯʟʦʪʝʨʤʘ ʧʦʚʝʨʭʥʝʚʦʛʦ ʥʘʪʷʛʫ ʥʘ ʤʝʞʽ ʧʦʚʽʪʨʷ - 

ʚʦʜʥʠʡ ʨʦʟʯʠʥ ʜʣʷ ʦʪʨʠʤʘʥʦʾ ʩʧʦʣʫʢʠ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʫ. 
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ʈʠʩ. 1 

 

ɿ ʨʠʩʫʥʢʘ ʚʠʜʥʦ, ʱʦ ʚʝʣʠʯʠʥʘ ʂʂʄ ʻ ʜʦʩʪʘʪʥʴʦ ʥʠʟʴʢʦʶ. ʅʘ ʥʘʰʫ ʜʫʤʢʫ, ʮʝ 

ʧʦʚ'ʷʟʘʥʦ ʟ ʥʘʷʚʥʽʩʪʶ ʚ ʡʦʛʦ ʤʦʣʝʢʫʣʽ ʜʚʦʭ ʜʦʚʛʠʭ ʟʘʣʠʰʢʽʚ ʦʣʝʾʥʦʚʦʾ ʢʠʩʣʦʪʠ, ʷʢʽ 

ʧʽʜʚʠʱʫʶʪʴ ʛʽʜʨʦʬʦʙʥʠʡ ʭʘʨʘʢʪʝʨ ʤʦʣʝʢʫʣʠ, ʱʦ ʟʥʠʞʫʻ ʨʦʟʯʠʥʥʽʩʪʴ ʤʦʥʦʤʝʨʘ ʫ ʚʦʜʽ, ʫ 

ʟʚ'ʷʟʢʫ ʟ ʯʠʤ ʚʽʥ ʧʦʯʠʥʘʻ ʫʪʚʦʨʶʚʘʪʠ ʤʽʮʝʣʠ ʧʨʠ ʜʫʞʝ ʥʠʟʴʢʠʭ ʢʦʥʮʝʥʪʨʘʮʽʷʭ. 

ɹʫʜʦʚʘ ʦʜʝʨʞʘʥʠʭ ʩʧʦʣʫʢ ʧʽʜʪʚʝʨʜʞʝʥʘ ʜʘʥʠʤʠ ɯʏ ʪʘ ʗʄʈ1ʅ ʩʧʝʢʪʨʦʩʢʦʧʽʾ. 
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ʆʉʆɹʃʀɺʆʉʊɯ ɺɿɸɭʄʆɼɯɰ 3-(2-ɻɯɼʈʆʂʉʀʌɽʅɯʃ)ɽʅɸʄɯʅʆʂɽʊʆʅɯɺ 

ɿ 8-ɼʀʄɽʊʀʃɸʄɯʅʆʄɽʊʀʃʋʄɹɽʃɯʌɽʈʆʅʆʄ  

ɹʦʥʜʘʨʝʥʢʦ ʅ. ɺ.1, ɺʦʡʪʝʥʢʦ ɿ. ɺ.1, ʄʨʫʛ ɻ. ʇ.2, ʌʨʘʩʠʥʶʢ ʄ. ʉ.2 
1ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʊʘʨʘʩʘ ʐʝʚʯʝʥʢʘ, ʂʠʾʚ 

2ɯʥʩʪʠʪʫʪ ʙʽʦʦʨʛʘʥʽʯʥʦʾ ʭʽʤʽʾ ʽ ʥʘʬʪʦʭʽʤʽʾ ʅɸʅ ʋʢʨʘʾʥʠ, ʂʠʾʚ 

natalia.bondarenko2802@ukr.net 

 

ʆʙʝʨʥʝʥʘ ʟʘ ʝʣʝʢʪʨʦʥʥʠʤʠ ʚʠʤʦʛʘʤʠ ʨʝʘʢʮʽʷ ɼʽʣʴʩʘ-ɸʣʴʜʝʨʘ ʻ ʧʨʠʚʘʙʣʠʚʠʤ 

ʢʣʘʩʦʤ ʨʝʘʢʮʽʡ ʮʠʢʣʦʧʨʠʻʜʘʥʥʷ. ʊʝʦʨʝʪʠʯʥʽ ʘʩʧʝʢʪʠ ʮʴʦʛʦ ʢʣʘʩʫ ʨʝʘʢʮʽʡ ʻ ʮʽʢʘʚʠʤʠ ʟ 

ʪʦʯʢʠ ʟʦʨʫ ʨʽʟʥʠʭ ʬʘʢʪʦʨʽʚ, ʪʘʢʠʭ ʷʢ ʩʪʝʨʠʯʥʘ ʪʘ ʝʣʝʢʪʨʦʥʥʘ ʙʫʜʦʚʘ ʚʠʭʽʜʥʠʭ ʨʝʯʦʚʠʥ, 

ʷʢʽ ʡ ʚʠʟʥʘʯʘʶʪʴ ʤʝʭʘʥʽʟʤ ʚʟʘʻʤʦʜʽʾ.  

ɺʨʘʭʦʚʫʶʯʠ ʚʠʩʦʢʠʡ ʩʠʥʪʝʪʠʯʥʠʡ ʧʦʪʝʥʮʽʘʣ ʦʩʥʦʚ ʄʘʥʥʽʭʘ ʬʝʥʦʣʴʥʠʭ ʩʧʦʣʫʢ, 

ʦʙʫʤʦʚʣʝʥʠʡ ʾʭ ʟʜʘʪʥʽʩʪʶ ʜʦ ʛʝʥʝʨʘʮʽʾ ʦʨʪʦ-ʭʽʥʦʥ ʤʝʪʠʜʽʚ, ʜʣʷ ʩʠʥʪʝʟʫ ʥʦʚʠʭ 

ʛʝʪʝʨʦʮʠʢʣʽʯʥʠʭ ʧʦʭʽʜʥʠʭ ʤʠ ʚʠʢʦʨʠʩʪʘʣʠ 8-ʜʠʤʝʪʠʣʘʤʽʥʦʤʝʪʠʣʴʥʫ ʧʦʭʽʜʥʫ 

ʧʨʠʨʦʜʥʦʛʦ ʢʫʤʘʨʠʥʫ ʫʤʙʝʣʽʬʝʨʦʥʫ. 

ʄʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʙʫʣʦ ʜʦʩʣʽʜʞʝʥʥʷ ʚʟʘʻʤʦʜʽʾ 3-(2-ʛʽʜʨʦʢʩʠʬʝʥʽʣ)-

ʝʥʘʤʽʥʦʢʝʪʦʥʽʚ 3a-d ʟ 8-ʜʠʤʝʪʠʣʘʤʽʥʦʤʝʪʠʣʫʙʝʣʽʬʝʨʦʥʦʤ (1) ʚ ʫʤʦʚʘʭ ʦʙʝʨʥʝʥʦʾ ʟʘ 

ʝʣʝʢʪʨʦʥʥʠʤʠ ʚʠʤʦʛʘʤʠ ʨʝʘʢʮʽʾ ɼʽʣʴʩʘ-ɸʣʴʜʝʨʘ.  

ʗʢ ʚʠʷʚʠʣʦʩʴ, ʚʟʘʻʤʦʜʽʷ ʦʩʥʦʚʠ ʄʘʥʥʽʭʘ ʫʤʙʝʣʽʬʝʨʦʥʫ ʟ ʜʘʥʠʤʠ ʨʝʘʛʝʥʪʘʤʠ 

ʣʝʛʢʦ ʧʨʦʪʽʢʘʻ ʧʨʠ ʥʘʛʨʽʚʘʥʥʽ ʚ ɼʄʌɸ.  
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ʊʘʢ, ʚʥʘʩʣʽʜʦʢ ʪʝʨʤʽʯʥʦʾ ʛʝʥʝʨʘʮʽʾ ʦʨʪʦ-ʭʽʥʦʥ ʤʝʪʠʜʫ 2 ʪʘ ʧʦʜʘʣʴʰʦʾ ʡʦʛʦ 

ʚʟʘʻʤʦʜʽʾ ʟ 3-(2-ʛʽʜʨʦʢʩʠʬʝʥʽʣ)ʝʥʘʤʽʥʦʢʝʪʦʥʘʤʠ 3a-d ʫʪʚʦʨʶʶʪʴʩʷ ʘʜʜʫʢʪʠ ʛʝʪʝʨʦ-

ʨʝʘʢʮʽʾ ɼʽʣʴʩʘ-ɸʜʴʜʝʨʘ 4a-d ʥʘʧʽʚʘʤʽʥʘʣʴʥʦʾ ʙʫʜʦʚʠ. ʇʦʜʘʣʴʰʝ ʡʤʦʚʽʨʥʝ ʝʣʽʤʽʥʫʚʘʥʥʷ 

Me2NH ʤʦʞʝ ʧʨʠʚʦʜʠʪʠ ʜʦ ʫʪʚʦʨʝʥʥʷ ʟʘʤʽʱʝʥʠʭ 9-(2-ʛʽʜʨʦʢʩʠʙʝʥʟʦʾʣ)-2ʅ,9ʅ-

ʧʽʨʘʥʦ[2,3-f]ʭʨʦʤʝʥ-2-ʦʥʽʚ 6a-d, ʯʠ ʧʦʭʽʜʥʠʭ 8-(4-ʦʢʩʦ-4ʅ-ʭʨʦʤʝʥ-3-ʽʣ)ʤʝʪʠʣʫʤʙʝʣʽ-

ʬʝʨʦʥʫ 5a-d ʚʥʘʩʣʽʜʦʢ ʚʥʫʪʨʽʰʥʴʦʤʦʣʝʢʫʣʷʨʥʦʾ ʘʪʘʢʠ ʬʝʥʦʣʴʥʦʛʦ ʛʽʜʨʦʢʩʠʣʫ 

ʥʘʧʽʚʘʤʽʥʘʣʴʥʦʛʦ ʘʪʦʤʫ ʂʘʨʙʦʥʫ ʪʘ ʥʘʩʪʫʧʥʦʛʦ ʝʣʽʤʽʥʫʚʘʥʥʷ Me2NH. ɺʘʨʪʦ ʚʽʜʤʽʪʠʪʠ, 

ʱʦ ʩʧʦʣʫʢʠ 5a-d ʙʫʣʠ ʻʜʠʥʠʤʠ ʧʨʦʜʫʢʪʘʤʠ ʚʢʘʟʘʥʦʾ ʨʝʘʢʮʽʾ, ʱʦ ʤʦʞʝ ʙʫʪʠ ʪʘʢʦʞ 

ʥʘʩʣʽʜʢʦʤ ʚʥʫʪʨʽʰʥʴʦʤʦʣʝʢʫʣʷʨʥʦʛʦ ʧʝʨʝʛʨʫʧʫʚʘʥʥʷ ʩʧʦʣʫʢ 6a-d.  

ʉʪʨʫʢʪʫʨʘ ʩʧʦʣʫʢ 5a-d ʜʦʚʝʜʝʥʘ ʟʘ ʜʦʧʦʤʦʛʦʶ 2D ʗʄʈ ʩʧʝʢʪʨʦʩʢʦʧʽʾ.  
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ʉʀʅʊɽɿ ɻɽʊɽʈʆʎʀʂʃɯʏʅʀʍ ʇʆʍɯɼʅʀʍ ʅɸ ʆʉʅʆɺɯ 

ʊɯʆʉɽʄɯʂɸʈɹɸɿʆʅʋ 3-(4-ɸʎɽʊʀʃʌɽʅɯʃ)-1-ʄɽʊʀʃ-2(1ʅ)-ʍɯʅʆʃʆʅʋ 

ʈʫʩʥʘʢ ʆ. ɺ., ɹʫʣʠʛʘ ʆ. ɯ., ʉʢʨʠʧʩʴʢʘ ʆ. ɺ., ʗʛʦʜʠʥʝʮʴ ʇ. ɯ. 

ʏʝʨʥʽʚʝʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʖʨʽʷ ʌʝʜʴʢʦʚʠʯʘ 

olha_skrypska@mail.ru 

 

ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʫʚʘʛʫ ʜʦʩʣʽʜʥʠʢʽʚ ʧʨʠʚʝʨʪʘʶʪʴ ʙʽʛʝʪʝʨʦʮʠʢʣʽʯʥʽ ʩʠʩʪʝʤʠ, ʱʦ 

ʤʽʩʪʷʪʴ ʭʽʥʦʣʦʥʦʚʠʡ ʪʘ ʪʽʘʟʦʣʴʥʠʡ ʮʠʢʣʠ. ʊʘʢʽ ʩʧʦʣʫʢʠ ʚʠʷʚʣʷʶʪʴ ʚʠʨʘʞʝʥʫ 

ʙʘʢʪʝʨʠʮʠʜʥʫ ʘʢʪʠʚʥʽʩʪʴ. ʌʨʘʛʤʝʥʪ 2-ʭʽʥʦʣʦʥʫ ʚʭʦʜʠʪʴ ʜʦ ʩʢʣʘʜʫ ʙʘʛʘʪʴʦʭ ʘʣʢʘʣʦʾʜʽʚ ʽ 

ʙʽʦʣʦʛʽʯʥʦ ʘʢʪʠʚʥʠʭ ʩʧʦʣʫʢ.  

ʇʨʠʚʘʙʣʠʚʠʤ ʦʙôʻʢʪʦʤ ʜʣʷ ʭʽʤʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʻ 3-ʬʝʥʽʣ-2-ʭʽʥʦʣʦʥ, ʷʢʠʡ 

ʤʽʩʪʠʪʴ ʫ ʯʝʪʚʝʨʪʦʤʫ ʧʦʣʦʞʝʥʥʽ ʬʝʥʽʣʴʥʦʛʦ ʨʘʜʠʢʘʣʘ ʘʮʝʪʠʣʴʥʫ ʛʨʫʧʫ. ɺʽʥ ʻ 

ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʨʝʘʛʝʥʪʦʤ ʜʣʷ ʦʨʛʘʥʽʯʥʦʛʦ ʩʠʥʪʝʟʫ, ʪʘʢ ʷʢ ʥʘʷʚʥʽʩʪʴ ʘʮʝʪʠʣʴʥʦʾ ʛʨʫʧʠ 

ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʾʾ ʬʫʥʢʮʽʦʥʘʣʽʟʘʮʽʾ ʟ ʤʝʪʦʶ ʦʜʝʨʞʘʥʥʷ ʨʽʟʥʠʭ ʛʝʪʝʨʦʮʠʢʣʽʯʥʠʭ ʧʦʭʽʜʥʠʭ 

ʷʢ ʧʦʪʝʥʮʽʡʥʠʭ ʙʽʦʣʦʛʽʯʥʦ ʘʢʪʠʚʥʠʭ ʨʝʯʦʚʠʥ.  

ɿʘʚʜʘʥʥʷʤ ʜʘʥʦʾ ʨʦʙʦʪʠ ʙʫʣʦ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʱʦʜʦ ʩʠʥʪʝʟʫ ʥʦʚʠʭ 

ʧʦʭʽʜʥʠʭ ʪʽʘʟʦʣʫ ʥʘ ʦʩʥʦʚʽ 3-(4-ʘʮʝʪʠʣʬʝʥʽʣ)-1-ʤʝʪʠʣ-2(1ʅ)-ʭʽʥʦʣʦʥʫ. ʉʠʥʪʝʟ ʷʢʦʛʦ 

ʟʜʽʡʩʥʝʥʦ ʨʝʘʢʮʽʻʶ ʘʨʠʣʶʚʘʥʥʷ 1-ʤʝʪʠʣʭʽʥʦʣʽʥ-2(1ʅ)-ʦʥʫ ʜʽʘʟʦʪʦʚʘʥʠʤ 4-ʘʤʽʥʦ-

ʘʮʝʪʦʬʝʥʦʥʦʤ ʚ ʫʤʦʚʘʭ ʢʫʧʨʦʢʘʪʘʣʽʟʫ. ɺʟʘʻʤʦʜʽʻʶ ʚʠʭʽʜʥʦʾ ʩʧʦʣʫʢʠ ʟ 

ʪʽʦʩʝʤʽʢʘʨʙʘʟʠʜʦʤ ʚ ʦʮʪʦʚʽʡ ʢʠʩʣʦʪʽ ʩʠʥʪʝʟʦʚʘʥʦ ʪʽʦʩʝʤʽʢʘʨʙʘʟʦʥ 1, ʷʢʠʡ ʚʠʢʦʨʠʩʪʘʥʦ ʚ 

ʮʠʢʣʦʢʦʥʜʝʥʩʘʮʽʾ ʟ ʤʦʥʦʭʣʦʨʦʮʪʦʚʦʶ ʢʠʩʣʦʪʦʶ. ʈʝʘʢʮʽʷ ʧʨʦʪʽʢʘʻ ʧʨʠ ʥʘʛʨʽʚʘʥʥʽ 

ʨʝʘʛʝʥʪʽʚ ʚ ʘʮʝʪʦʥʽʪʨʠʣʽ ʟ ʫʪʚʦʨʝʥʥʷʤ ʩʧʦʣʫʢʠ 2, ʷʢʘ ʤʽʩʪʠʪʴ ʪʽʘʟʦʣʽʜʠʥʦʥʦʚʠʡ ʮʠʢʣ.  

ClCH
2
COOH

CH
2

S

O
NH

N O

N
NH

CH
3

CH
3

NH
2

S

N O

N
N

CH
3

CH
3

1 2  
 

ʅʘʤʠ ʧʦʢʘʟʘʥʘ ʤʦʞʣʠʚʽʩʪʴ ʬʦʨʤʫʚʘʥʥʷ ʪʽʘʟʦʣʴʥʦʛʦ ʮʠʢʣʫ ʥʘ ʦʩʥʦʚʽ 

ʪʨʠʢʦʤʧʦʥʝʥʪʥʠʭ ʨʝʘʢʮʽʡ. ɼʣʷ ʦʜʝʨʞʘʥʥʷ ʧʦʭʽʜʥʠʭ ʪʽʘʟʦʣʫ ʚʠʢʦʨʠʩʪʘʥʘ ʨʝʘʢʮʽʷ 

3-(4-ʘʮʝʪʠʣʬʝʥʽʣ)-1-ʤʝʪʠʣʭʽʥʦʣʽʥ-2(1ʅ)-ʦʥʫ ʟ ʪʽʦʩʝʤʽʢʘʨʙʘʟʠʜʦʤ ʽ 4-ʭʣʦʨʦʬʝʥʘʮʠʣ-

ʙʨʦʤʽʜʦʤ (ʘʙʦ 3-(2-ʙʨʦʤʦʘʮʝʪʠʣ)ʢʫʤʘʨʠʥʦʤ), ʷʢʘ ʧʨʦʪʽʢʘʻ ʟʘ ʥʘʷʚʥʦʩʪʽ ʘʮʝʪʘʪʥʦʾ 

ʢʠʩʣʦʪʠ ʫ ʝʪʠʣʦʚʦʤʫ ʩʧʠʨʪʽ ʟ ʫʪʚʦʨʝʥʥʷʤ 2,4-ʜʠʟʘʤʽʱʝʥʠʭ ʪʽʘʟʦʣʽʚ 3, 4. 
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ʜʝ R = 1-ʤʝʪʠʣ-2-ʭʽʥʦʣʦʥ-3-ʽʣ. 

ɯʥʜʠʚʽʜʫʘʣʴʥʽʩʪʴ ʦʜʝʨʞʘʥʠʭ ʩʧʦʣʫʢ ʧʽʜʪʚʝʨʜʞʝʥʦ ʤʝʪʦʜʦʤ ʪʦʥʢʦʰʘʨʦʚʦʾ 

ʭʨʦʤʘʪʦʛʨʘʬʽʾ, ʩʢʣʘʜ - ʨʝʟʫʣʴʪʘʪʘʤʠ ʢʽʣʴʢʽʩʥʦʛʦ ʝʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʽʟʫ, ʘ ʙʫʜʦʚʘ - ʜʘʥʠʤʠ 

ʚʠʤʽʨʽʚ ɯʏ ʪʘ ʗʄʈ 1ʅ ʩʧʝʢʪʨʽʚ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʘʥʪʠʤʽʢʨʦʙʥʦʾ ʪʘ ʬʫʥʛʽʮʠʜʥʦʾ ʜʽʾ ʥʘ ʰʪʘʤʘʭ ʙʘʢʪʝʨʽʡ S.typhimurium 

4414, P.mirabilis 410, S.aureus ATCC 25923, P.aeruginosa ATCC 27853, B.subtilis ATCC 

6633, C.albicans ʪʘ S.cerevisiae 61 ʧʦʢʘʟʘʣʠ, ʱʦ ʜʝʷʢʽ ʽʟ ʩʠʥʪʝʟʦʚʘʥʠʭ ʨʝʯʦʚʠʥ ʚʠʷʚʣʷʶʪʴ 

ʧʦʤʽʨʥʫ ʘʢʪʠʚʥʽʩʪʴ. 
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ɹʫʯʢʦʚʩʴʢʘ ʆ. ʉ., ʃʷʚʠʥʝʮʴ ʆ. ʉ., ʏʦʙʘʥ ɸ. ʌ. 

ʏʝʨʥʽʚʝʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʖʨʽʷ ʌʝʜʴʢʦʚʠʯʘ 

buchkovska.olena@gmail.com 
 

ʇʦʣʽʘʥʽʣʽʥ (ʇɸʥ) ʟʘʚʜʷʢʠ ʩʚʦʾʤ ʫʥʽʢʘʣʴʥʠʤ ʚʣʘʩʪʠʚʦʩʪʷʤ ʥʘʙʫʚ ʚʘʛʦʤʦʛʦ 

ʥʘʫʢʦʚʦʛʦ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʟʥʘʯʝʥʥʷ. ʊʦʤʫ ʘʢʪʫʘʣʴʥʠʤʠ ʻ ʜʦʩʣʽʜʞʝʥʥʷ, ʷʢʽ ʩʧʨʷʤʦʚʘʥʽ 

ʥʘ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʽʩʥʫʶʯʠʭ ʽ ʨʦʟʨʦʙʣʝʥʥʷ ʥʦʚʠʭ ʤʝʪʦʜʽʚ ʡʦʛʦ ʩʠʥʪʝʟʫ. ʆʜʥʠʤ ʟ ʚʽʜʦʤʠʭ 

ʤʝʪʦʜʽʚ ʦʜʝʨʞʘʥʥʷ ʇɸʥ ʻ ʨʝʘʢʮʽʷ ʦʢʠʩʥʶʚʘʣʴʥʦʾ ʧʦʣʽʤʝʨʠʟʘʮʽʾ ʘʥʽʣʽʥʫ ʟʘ ʧʨʠʩʫʪʥʦʩʪʽ 

ʽʥʽʮʽʘʪʦʨʽʚ ʚʽʣʴʥʦ-ʨʘʜʠʢʘʣʴʥʠʭ ʨʝʘʢʮʽʡ.  

ʅʘʤʠ ʧʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʮʽʻʾ ʨʝʘʢʮʽʾ. ʗʢ ʚʠʭʽʜʥʽ ʨʝʯʦʚʠʥʠ ʚʠʢʦʨʠʩʪʘʥʽ 

ʘʥʽʣʽʥ, ʘʥʽʣʽʥ ʛʽʜʨʦʭʣʦʨʠʜ ʪʘ ʘʥʽʣʽʥ ʛʽʜʨʦʩʫʣʴʬʘʪ; ʽʥʽʮʽʘʪʦʨʠ ï ʘʤʦʥʽʡ ʧʝʨʩʫʣʴʬʘʪ ʽ 

ʙʝʥʟʦʾʣʧʝʨʦʢʩʠʜ.  

ʋ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʠʭʽʜ ʇɸʥ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʪʝʤʧʝʨʘʪʫʨʠ ʧʨʦʮʝʩʫ, ʤʦʣʷʨʥʦʛʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʨʝʘʛʝʥʪʽʚ (ʘʥʽʣʽʥ ʘʙʦ ʡʦʛʦ ʩʽʣʴ ï 

ʽʥʽʮʽʘʪʦʨ), ʧʨʠʨʦʜʠ ʚʠʭʽʜʥʦʾ ʨʝʯʦʚʠʥʠ ʪʘ ʽʥʽʮʽʘʪʦʨʘ. ʈʝʟʫʣʴʪʘʪʠ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ. 

 

ʊʘʙʣʠʮʷ. ɺʠʭʽʜ ʧʦʣʽʘʥʽʣʽʥʫ ʟʘʣʝʞʥʦ ʚʽʜ ʫʤʦʚ ʧʨʦʚʝʜʝʥʥʷ ʩʠʥʪʝʟʫ. 

ʊʨʠʚʘʣʽʩʪʴ ʩʠʥʪʝʟʫ ï 2 ʛʦʜʠʥʠ 

ʊʝʤʧʝʨʘ-

ʪʫʨʘ, ʂ 

ʄʦʣʷʨʥʝ ʩʧʽʚ-

ʚʽʜʥʦʰʝʥʥʷ 

ʨʝʘʛʝʥʪʽʚ 

ɺʠʭʽʜ ʇɸʥ, % 

ʈʝʘʢʮ. ʩʠʩʪʝʤʘ: 

C6H5NH3Cl - 

(NH4)2S2O8 

ɺʠʭʽʜ ʇɸʥ, % 

ʈʝʘʢʮ. ʩʠʩʪʝʤʘ: 

C6H5NH3HSO4  - 

(NH4)2S2O8 

ɺʠʭʽʜ ʇɸʥ, % 

ʈʝʘʢʮ. ʩʠʩʪʝʤʘ: 

C6H5NH2- 

(ʉ6H5COO)2 

293 
1:1,25 63 47 51 

1:1,5 74 53 56 

323 
1:1,25 60 46 48 

1:1,5 70 49 53 

 

ʗʢ ʚʠʜʥʦ ʟ ʪʘʙʣʠʮʽ, ʟ ʧʽʜʚʠʱʝʥʥʷʤ ʥʘʜʣʠʰʢʫ ʘʤʦʥʽʡ ʧʝʨʩʫʣʴʬʘʪʫ ʚʠʭʽʜ 

ʧʦʣʽʘʥʽʣʽʥʫ  ʟʨʦʩʪʘʻ, ʘ ʟ ʧʽʜʚʠʱʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ - ʟʥʠʞʫʻʪʴʩʷ, ʱʦ ʟʫʤʦʚʣʝʥʦ, ʥʘ ʥʘʰʫ 

ʜʫʤʢʫ, ʥʝʧʨʦʜʫʢʪʠʚʥʦʶ ʚʠʪʨʘʪʦʶ ʽʥʽʮʽʘʪʦʨʘ. ɺʠʭʽʜ ʧʦʣʽʘʥʽʣʽʥʫ ʩʫʪʪʻʚʦ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʧʨʠʨʦʜʠ ʨʝʘʢʮʽʡʥʦʾ ʩʠʩʪʝʤʠ. ɺʽʥ ʥʘʡʚʠʱʠʡ ʫ ʚʠʧʘʜʢʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʩʪʝʤʠ ʘʥʽʣʽʥ 

ʛʽʜʨʦʭʣʦʨʠʜ ï ʘʤʦʥʽʡ ʧʝʨʩʫʣʴʬʘʪ, ʽ ʥʘʡʤʝʥʰʠʡ ʜʣʷ ʨʝʘʢʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʘʥʽʣʽʥ 

ʛʽʜʨʦʩʫʣʴʬʘʪ - ʘʤʦʥʽʡ ʧʝʨʩʫʣʴʬʘʪ. ʆʪʞʝ, ʧʨʦʮʝʩ ʦʢʠʩʥʶʚʘʣʴʥʦʾ ʧʦʣʽʤʝʨʠʟʘʮʽʾ ʩʦʣʝʡ 

ʘʥʽʣʽʥʫ ʩʫʪʪʻʚʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʨʠʨʦʜʠ ʘʥʽʦʥʫ. ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʷʢ ʚʠʭʽʜʥʠʭ ʨʝʘʛʝʥʪʽʚ 

ʘʥʽʣʽʥʫ ʽ ʙʝʥʟʦʾʣʧʝʨʦʢʩʠʜʫ ʚʠʭʽʜ ʇɸʥ ʧʨʘʢʪʠʯʥʦ ʥʝ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʡʦʛʦ ʟʥʘʯʝʥʥʷ ʜʣʷ 

ʩʠʩʪʝʤʠ ʘʥʽʣʽʥ ʛʽʜʨʦʩʫʣʴʬʘʪ - ʘʤʦʥʽʡ ʧʝʨʩʫʣʴʬʘʪ.  

ʅʘʩʪʫʧʥʠʤ ʝʪʘʧʦʤ ʥʘʰʠʭ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ ʚʠʚʯʝʥʥʷ ʢʽʥʝʪʠʢʠ ʚʠʪʨʘʪʠ ʽʥʽʮʽʘʪʦʨʘ 

ʡʦʜʦʤʝʪʨʠʯʥʠʤ ʤʝʪʦʜʦʤ ʚ ʩʠʩʪʝʤʽ ʘʥʽʣʽʥ ʛʽʜʨʦʭʣʦʨʠʜ ï ʘʤʦʥʽʡ ʧʝʨʩʫʣʴʬʘʪ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʜʘʥʠʡ ʧʨʦʮʝʩ ʦʧʠʩʫʻʪʴʩʷ ʢʽʥʝʪʠʯʥʠʤ ʨʽʚʥʷʥʥʷʤ ʨʝʘʢʮʽʾ 1-ʛʦ ʧʦʨʷʜʢʫ: 

W = k[(NH4)2S2O8] 

ʄʝʪʦʜʦʤ ʥʘʧʽʚʣʦʛʘʨʠʬʤʽʯʥʠʭ ʘʥʘʤʦʨʬʦʟ ʨʦʟʨʘʭʦʚʘʥʝ ʟʥʘʯʝʥʥʷ ʢʦʥʩʪʘʥʪʠ 

ʰʚʠʜʢʦʩʪʽ, ʷʢʘ ʧʨʠ 293 ʂ ʨʽʚʥʘ 5,9Ö10-2 ʭʚ-1. 

ɺʠʷʚʣʝʥʦ, ʱʦ ʟʘ ʜʘʥʠʭ ʫʤʦʚ ʽʥʽʮʽʘʪʦʨ ʤʘʡʞʝ ʧʦʚʥʽʩʪʶ ʚʠʪʨʘʯʘʻʪʴʩʷ ʚʧʨʦʜʦʚʞ 

ʧʝʨʰʦʾ ʛʦʜʠʥʠ ʧʨʦʮʝʩʫ. 

ʆʪʞʝ, ʫ ʨʝʟʫʣʴʪʘʪʽ ʜʦʩʣʽʜʞʝʥʥʷ ʩʠʥʪʝʟʫ ʧʦʣʽʘʥʽʣʽʥʫ ʚʠʟʥʘʯʝʥʽ ʦʧʪʠʤʘʣʴʥʽ ʫʤʦʚʠ 

ʡʦʛʦ ʦʪʨʠʤʘʥʥʷ: ʪʝʤʧʝʨʘʪʫʨʘ 293 ʂ, ʤʦʣʷʨʥʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʨʝʘʛʝʥʪʽʚ 1:1,5, ʨʝʘʢʮʽʡʥʘ 

ʩʠʩʪʝʤʘ ʘʥʽʣʽʥ ʛʽʜʨʦʭʣʦʨʠʜ ï ʘʤʦʥʽʡ ʧʝʨʩʫʣʴʬʘʪ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʢʽʥʝʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʪʨʠʚʘʣʽʩʪʴ ʩʠʥʪʝʟʫ ʟ 2 ʛʦʜʠʥ ʤʦʞʥʘ ʟʥʠʟʠʪʠ ʜʦ 1 ʛʦʜʠʥʠ.  
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ʆɿʆʅʆɺʄɯʉʅʀʄʀ ɻɸɿɸʄʀ ʋ ʈɯɼʂɯʁ ʌɸɿɯ 

ɹʫʰʫ̒ʚ ɸ. ʉ., ʂʦʣʙʘʩʶʢ ʆ. ʆ. 

ɯʥʩʪʠʪʫʪ ʭʽʤʽʯʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʉʭʽʜʥʦʫʢʨʘʾʥʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ  

ʽʤʝʥʽ ɺʦʣʦʜʠʤʠʨʘ ɼʘʣʷ (ʤ. ʈʫʙʽʞʥʝ) 

bas131982@mail.ru 

 

ʗʢ ʚʽʜʦʤʦ ʟ ʣʽʪʝʨʘʪʫʨʠ, ʦʢʠʩʥʝʥʥʷ ʝʪʠʣʙʝʥʟʝʥʫ ʻ ʜʦʙʨʝ ʚʽʜʦʤʠʤ ʧʨʦʮʝʩʦʤ, ʧʨʦʪʝ 

ʤʝʪʦʜʠ ʩʠʥʪʝʟʫ ʡʦʛʦ ʦʢʩʠʛʝʥʦʚʤʽʩʥʠʭ ʧʦʭʽʜʥʠʭ, ʟʦʢʨʝʤʘ ʤʝʪʠʣʬʝʥʽʣʢʘʨʙʽʥʦʣʫ, 

ʟʘʣʠʰʘʶʪʴʩʷ ʥʝ ʜʦʩʢʦʥʘʣʠʤʠ ʚ ʟʚôʷʟʢʫ ʟ ʚʠʩʦʢʦʶ ʨʝʘʢʮʽʡʥʦʶ ʟʜʘʪʥʽʩʪʶ ʦʩʪʘʥʥʴʦʛʦ ʘʙʦ 

ʞ ʟʘʣʫʯʝʥʥʷʤ ʢʦʰʪʦʚʥʠʭ ʦʢʠʩʥʠʢʽʚ ʪʘ ʞʦʨʩʪʢʠʭ ʫʤʦʚ ʩʠʥʪʝʟʫ. ɼʣʷ ʟôʷʩʫʚʘʥʥʷ 

ʤʦʞʣʠʚʦʩʪʽ ʦʪʨʠʤʘʥʥʷ ʤʝʪʠʣʬʝʥʽʣʢʘʨʙʽʥʦʣʫ ʚ ʤôʷʢʠʭ ʫʤʦʚʘʭ ʪʘ ʚʜʦʩʢʦʥʘʣʝʥʥʷ 

ʽʩʥʫʶʯʠʭ ʦʢʠʩʣʶʚʘʣʴʥʠʭ ʤʝʪʦʜʽʚ ʦʩʦʙʣʠʚʠʡ ʽʥʪʝʨʝʩ ʚʠʢʣʠʢʘʻ ʜʦʩʣʽʜʞʝʥʥʷ ʨʝʘʢʮʽʾ 

ʦʢʠʩʥʝʥʥʷ ʘʨʦʤʘʪʠʯʥʦʛʦ ʩʧʠʨʪʫ ʦʟʦʥʦʚʤʽʩʥʠʤʠ ʛʘʟʘʤʠ  ʫ ʨʽʜʢʽʡ ʬʘʟʽ.  

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʠ ʦʢʠʩʥʝʥʥʽ ʝʪʠʣʙʝʥʟʝʥʫ 

ʦʟʦʥʦʧʦʚʽʪʨʷʥʦʶ ʩʫʤʽʰʰʶ ʟʘ Ŭ-ʚʫʛʣʝʮʝʚʠʤ ʘʪʦʤʦʤ ʝʪʠʣʴʥʦ ʾ ʛʨʫʧʠ ʫ ʧʦʯʘʪʢʦʚʠʡ 

ʤʦʤʝʥʪ ʯʘʩʫ ʫʪʚʦʨʶʻʪʴʩʷ ʤʝʪʠʣʬʝʥʽʣʢʘʨʙʽʥʦʣ. ʉʧʠʨʪ ʥʘʢʦʧʠʯʫʻʪʴʩʷ ʧʨʘʢʪʠʯʥʦ ʚʽʜʨʘʟʫ 

ʟ ʧʦʯʘʪʢʦʤ ʦʢʠʩʥʝʥʥʷ ʝʪʠʣʙʝʥʟʝʥʫ ʽ ʻ ʧʨʦʤʽʞʥʠʤ ʥʘʧʽʚʧʨʦʜʫʢʪʦʤ ʜʦ ʘʮʝʪʦʬʝʥʦʥʫ. ʗʢ 

ʧʦʢʘʟʘʣʠ ʜʦʩʣʽʜʞʝʥʥʷ ʤʝʪʠʣʬʝʥʽʣʢʘʨʙʽʥʦʣ ʦʢʠʩʣʶʻʪʴʩʷ ʜʦʩʠʪʴ ʰʚʠʜʢʦ. ɿʘ 60 ʭʚʠʣʠʥ 

ʦʢʠʩʥʝʥʥʷ ʦʟʦʥʦʧʦʚʽʪʨʷʥʦʶ ʩʫʤʽʰʰʶ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 15 Áʉ ʪʘ ʢʦʥʮʝʥʪʨʘʮʽʾ [O3]o = 

5,2Ā10-4 ʤʦʣʴĿ ʣ-1 ʩʪʫʧʽʥʴ ʧʝʨʝʪʚʦʨʝʥʥʷ ʘʨʦʤʘʪʠʯʥʦʛʦ ʩʧʠʨʪʫ ʜʦʩʷʛʘʻ 98 %. ɿʘ ʜʘʥʠʡ ʯʘʩ 

ʤʝʪʠʣʬʝʥʽʣʢʘʨʙʽʥʦʣ ʤʘʡʞʝ ʢʽʣʴʢʽʩʥʦ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʚ ʘʮʝʪʦʬʝʥʦʥ, ʢʦʪʨʠʡ ʫʪʚʦʨʶʻʪʴʩʷ 

ʟ ʚʠʭʦʜʦʤ 97,5 %. ʆʢʨʽʤ ʘʮʝʪʦʬʝʥʦʥʫ, ʢʦʪʨʠʡ ʻ ʦʩʥʦʚʥʠʤ ʧʨʦʜʫʢʪʦʤ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʤʝʪʠʣʬʝʥʽʣʢʘʨʙʽʥʦʣʫ, ʚ ʨʝʘʢʮʽʡʥʽʡ ʤʘʩʽ ʽʜʝʥʪʠʬʽʢʫʶʪʴʩʷ çʩʣʽʜʦʚʽè ʢʽʣʴʢʦʩʪʽ ʧʨʦʜʫʢʪʽʚ 

ʦʢʠʩʥʶʚʘʣʴʥʦʾ ʜʝʩʪʨʫʢʮʽʾ ʢʘʨʙʽʥʦʣʫ ʪʘ ʥʝʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʜʚʦʦʢʠʩʫ ʚʫʛʣʝʮʶ ʫ 

ʚʽʜʭʦʜʷʱʠʭ ʛʘʟʘʭ.  

ɼʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʢʽʥʝʪʠʢʫ ʦʢʠʩʥʝʥʥʷ ʤʝʪʠʣʬʝʥʽʣʢʘʨʙʽʥʦʣʫ 

ʦʟʦʥʦʧʦʚʽʪʨʷʥʦʶ ʩʫʤʽʰʰʶ ʚ ʦʮʪʦʚʽʡ ʢʠʩʣʦʪʽ ʧʦʢʘʟʘʣʦ, ʱʦ ʪʝʤʧʝʨʘʪʫʨʘ ʚʧʣʠʚʘʻ ʥʘ 

ʢʽʥʝʪʠʢʫ ʦʢʠʩʥʝʥʥʷ ʩʧʠʨʪʫ ʚ ʤʝʥʰʽʡ ʤʽʨʽ, ʥʽʞ ʥʘ ʢʽʥʝʪʠʢʫ ʦʢʠʩʥʝʥʥʷ ʝʪʠʣʙʝʥʟʝʥʫ, ʽ 

ʤʘʡʞʝ ʥʝ ʚʧʣʠʚʘʻ ʥʘ ʩʝʣʝʢʪʠʚʥʽʩʪʴ ʦʢʠʩʥʝʥʥʷ ʟʘ ʙʽʯʥʠʤ ʣʘʥʮʶʛʦʤ (ʨʠʩ.). 

 

 
ʈʠʩ. ɺʧʣʠʚ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʢʽʥʝʪʠʢʫ ʦʢʠʩʥʝʥʥʷ ʤʝʪʠʣʬʝʥʽʣʢʘʨʙʽʥʦʣʫ ʦʟʦʥʦʧʦʚʽʪʨʷʥʦʶ 

ʩʫʤʽʰʰʶ ʚ ʦʮʪʦʚʽʡ ʢʠʩʣʦʪʽ: ʚʠʪʨʘʪʘ ʤʝʪʠʣʬʝʥʽʣʢʘʨʙʽʥʦʣʫ (ʘ); ʥʘʢʦʧʠʯʝʥʥʷ 

ʘʮʝʪʦʬʝʥʦʥʫ (ʙ) ʪʘ ʟʘʣʝʞʥʽʩʪʴ log r ï 1/TĀ103 (ʚ). [O3]o = 5,2 Ā 10
-4, [ʄʌʂ]ʦ = 0,4 ʤʦʣʴȚʣ

-1, 

ɤ = 30 ʣȚʛʦʜ-1, Vp. = 10 ʤʣ. ʊʝʤʧʝʨʘʪʫʨʘ: 15 (1), 20 (2), 30 (3), 40 Áʉ (4) 

 

ʇʨʠ ʧʽʜʚʠʱʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʟ 15 ʜʦ 40 Áʉ ʩʝʣʝʢʪʠʚʥʽʩʪʴ ʟʘ ʘʮʝʪʦʬʝʥʦʥʦʤ 

ʟʥʠʞʫʻʪʴʩʷ ʟ 95 ʜʦ 88 %, ʱʦ ʚʦʯʝʚʠʜʴ ʧʦʚôʷʟʘʥʝ ʟ ʧʦʜʘʣʴʰʠʤ ʦʢʠʩʥʝʥʥʷʤ ʘʮʝʪʦʬʝʥʦʥʫ. 

ʇʨʦ ʮʝ ʩʚʽʜʯʠʪʴ ʽ ʧʽʜʚʠʱʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʆ3 ʟ 1,3 ʤʦʣʴ ʧʨʠ 15 Áʉ ʜʦ 1,4 ʤʦʣʴ ʥʘ ʤʦʣʴ 

ʧʝʨʝʪʚʦʨʝʥʦʛʦ ʤʝʪʠʣʬʝʥʽʣʢʘʨʙʽʥʦʣʫ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʨʦʟʛʣʷʥʫʪʽ ʩʭʝʤʠ ʤʦʞʣʠʚʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʤʝʪʠʣʬʝʥʽʣʢʘʨʙʽʥʦʣʫ, ʢʦʪʨʽ ʧʝʨʝʜʙʘʯʘʶʪʴ 

ʫʯʘʩʪʴ ʦʟʦʥʫ ʣʠʰʝ ʥʘ ʩʪʘʜʽʾ ʙʝʟʧʦʩʝʨʝʜʥʴʦʾ ʡʦʛʦ ʫʯʘʩʪʽ ʫ ʨʝʘʢʮʽʾ ʟʽ ʩʧʠʨʪʦʤ, ʧʨʦ ʱʦ 

ʩʚʽʜʯʘʪʴ ʽ ʚʠʪʨʘʪʠ ʦʟʦʥʫ ʥʘ ʨʽʚʥʽ 1,3 ʤʦʣʴ ʥʘ ʤʦʣʴ ʧʨʦʨʝʘʛʦʚʘʥʦʛʦ ʩʫʙʩʪʨʘʪʫ.  
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ɼʆʄʀʅʆ-ʈɽɸʂʎʀʗ ɻɽʄʀʅɸʃʔʅʓʍ 1,3-ɹɽʅɿ(ʅɸʌʊ)ʆʂʉɸɿʀʅʆɺ 

ɺʘʨʝʥʠʯʝʥʢʦ ʉ. ɸ.1, ʍʠʤʠʰʝʥʝʮʴ ʀ. ɺ.1, ɿʘʛʦʨʫʣʴʢʦ ʉ. ʇ.1, ʌʘʨʘʪ ʆ. ʂ.2, ʄʘʨʢʦʚ ɺ. ʀ.1 
1ɻɺʋɿ çʋʢʨʘʠʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʭʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 

2ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʄ. ɺ. ʃʦʤʦʥʦʩʦʚʘ 

varenich2@mail.ru 

 

ʈʘʥʝʝ ʥʘʤʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʥʦʚʦʡ ʨʝʘʢʮʠʠ ʧʨʦʠʟʚʦʜʥʳʭ 1,3-ʙʝʥʟʦʢʩʘʟʠʥ-4(3ʅ)-ʦʥʦʚ 

1a-h ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʬʦʨʤʠʣʠʨʫʶʱʝʛʦ ʘʛʝʥʪʘ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʦʣʠʬʫʥʢʮʠʦʥʘʣʴʥʳʝ 

ʧʨʦʠʟʚʦʜʥʳʝ ʢʩʘʥʪʝʥʦʚ 2a-f ʠ ʭʨʦʤʝʥʦʚ 3g-h.  
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a ï R1=R2=(CH2)3, R=H; b ï R1=R2=(CH2)4, R=H; c ï R1=R2=(CH2)3, R=i-Pr; 

d ï R1=R2=(CH2)4, R=i-Pr;  

e ï R1=R2=(CH2)3, R=I; f ï R1=R2=(CH2)4, R=I; g ï R1=R2=CH3, R=H; 

h ï R1=R2=CH3, R=i-Pr 

 

ɸʥʘʣʦʛʠʯʥʳʝ ʧʨʝʚʨʘʱʝʥʠʷ ʠʟʫʯʝʥʳ ʥʘ ʧʨʠʤʝʨʘʭ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʠ ʛʝʤʠʥʘʣʴʥʳʭ 

1,3-ʥʘʬʪʦʢʩʘʟʠʥʦʚ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʠʩʭʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 4a-ʩ ʩ ʬʦʨʤʠʣʠʨʫʶʱʠʤ 

ʘʛʝʥʪʦʤ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʦʞʠʜʘʝʤʳʭ ʪʝʪʨʘʮʠʢʣʠʯʝʩʢʠʭ ʧʨʦʠʟʚʦʜʥʳʭ 5a-b ʠ 

ʜʠʬʦʨʤʠʣʴʥʦʛʦ ʧʨʦʠʟʚʦʜʥʦʛʦ ʙʝʥʟʦ[g]ʭʨʦʤʝʥʘ 6. ɼʘʥʥʫʶ ʨʝʘʢʮʠʶ ʤʦʞʥʦ 

ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʢʘʢ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʧʨʠʤʝʨ AERORC-ʧʨʦʮʝʩʩʘ (addition of 

electrophilʝ, ring opening and ring closure) ï ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʠ ʦʢʩʘʟʠʥʦʚʦʛʦ ʮʠʢʣʘ 

ʙʣʘʛʦʜʘʨʷ ʧʨʠʩʦʝʜʠʥʝʥʠʶ ʝʣʝʢʪʨʦʬʠʣʘ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʨʝʮʠʢʣʠʟʘʮʠʝʡ.  
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a ï R1=R2=(CH2)3; b ï R1=R2=(CH2)4; ʩ ï R1=R2=CH3 

 

ʇʦʩʢʦʣʴʢʫ ʧʦʣʫʯʝʥʥʳʝ ʘʣʴʜʝʛʠʜʳ 5a-b ʧʨʦʷʚʣʷʶʪ ʞʝʣʪʦ-ʟʝʣʝʥʫʶ 

ʬʣʫʦʨʝʩʮʝʥʮʠʶ ʚ ʨʘʩʪʚʦʨʘʭ ʧʨʝʜʩʪʘʚʣʷʣʦ ʠʥʪʝʨʝʩ ʧʦʣʫʯʠʪʴ ʧʨʦʠʟʚʦʜʥʳʝ ʩ ʙʦʣʝʝ 

ʜʣʠʥʥʦʡ ʮʝʧʴʶ ʩʦʧʨʷʞʝʥʠʷ. ʉ ʵʪʦʡ ʮʝʣʴʶ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʧʨʦʜʫʢʪʳ ʨʝʘʢʮʠʠ 

ʂʥʝʚʝʥʘʛʝʣʷ 7a-d ʠ ʦʩʥʦʚʘʥʠʷ ʐʠʬʬʘ 8a-c.  
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7: a ï n=1, R=CN; b ï n=1, R=CO2Et; c ï n=2, R=CN; d ï n=2, R=CO2Et;  

8: a ï Ar=Ph; b ï Ar=2-CO2H-C6H4; c ï  Ar=2-naphthylamine  
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ʉʀʅʊɽɿ ɸʄʀʅʆʇʈʆʀɿɺʆɼʅʓʍ ʅɸ ʆʉʅʆɺɽ 5-ʄɽʊʀʃʊɽʊʈɸɿʆʃʆɺ 

ɻʠʶʢ ɺ. ʅ.1, ɻʣʘʜʢʦʚ ɽ. ʉ.2, ʏʝʙʘʥʦʚ ɺ. ɸ.1, 2 
1ʍʘʨʴʢʦʚʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɺ. ʅ. ʂʘʨʘʟʠʥʘ 

2ʅʊʂ çʀʥʩʪʠʪʫʪ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚè ʅɸʅ ʋʢʨʘʠʥʳ 

aldimir994@gmail.com 

 

ʀʟ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʨʷʜʦʚ ʛʝʪʝʨʦʮʠʢʣʦʚ ʪʝʪʨʘʟʦʣʳ ʷʚʣʷʶʪʩʷ ʦʙʲʝʢʪʘʤʠ 

ʠʥʪʝʥʩʠʚʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʧʨʠʢʣʘʜʥʳʭ ʨʘʟʨʘʙʦʪʦʢ. ɺ ʥʘʠʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ 

ʟʘʩʣʫʞʠʚʘʶʪ ʚʥʠʤʘʥʠʷ Nʅ-ʥʝʟʘʤʝʱʝʥʥʳʝ ʪʝʪʨʘʟʦʣʳ, ʚ ʨʷʜʫ ʢʦʪʦʨʳʭ ʥʘʡʜʝʥʳ 

ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʝ ʣʝʢʘʨʩʪʚʝʥʥʳʝ ʩʨʝʜʩʪʚʘ, ʩʪʘʚʰʠʝ ʦʙʲʝʢʪʘʤʠ ʧʨʦʤʳʰʣʝʥʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ (ʥʘʧʨʠʤʝʨ, ʣʦʟʘʨʪʘʥ, Dup-753). 

ʂʨʦʤʝ ʪʦʛʦ, ʦʥʠ ʷʚʣʷʶʪʩʷ ʢʣʶʯʝʚʳʤʠ ʩʫʙʩʪʨʘʪʘʤʠ ʚ ʵʣʝʢʪʨʦʬʠʣʴʥʳʭ ʨʝʘʢʮʠʷʭ, 

ʧʨʠʚʦʜʷʱʠʭ ʢ N-ʟʘʤʝʱʝʥʥʳʤ ʪʝʪʨʘʟʦʣʘʤ ʨʘʟʣʠʯʥʦʛʦ ʩʪʨʦʝʥʠʷ, ʘ ʪʘʢʞʝ ʩʦʣʷʤ 

ʪʝʪʨʘʟʦʣʠʷ. ʊʝʪʨʘʟʦʣʴʥʳʡ ʮʠʢʣ ʤʦʞʝʪ ʫʯʘʩʪʚʦʚʘʪʴ ʚ ʨʝʘʢʮʠʷʭ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʦʡ ʨʘʙʦʪʳ ʥʘʤʠ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʨʘʥʝʝ ʥʝʦʧʠʩʘʥʥʳʝ 

ʘʤʠʥʦʧʨʦʠʟʚʦʜʥʳʝ ʥʘ ʦʩʥʦʚʝ 5-ʤʝʪʠʣʪʝʪʨʘʟʦʣʦʚ 

ɺʩʝ ʠʩʭʦʜʥʳʝ ʠ ʮʝʣʝʚʳʝ ʩʦʝʜʠʥʝʥʠʷ ʧʦʣʫʯʝʥʳ ʧʦ ʦʙʱʝʡ ʩʭʝʤʝ: 
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ɸʤʠʥʦʥʠʪʨʠʣʳ (1) ʧʦʣʫʯʘʣʠ ʠʟ ʩʦʦʪʚʝʪʩʚʫʶʱʠʭ ʢʘʨʙʦʥʠʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʝʤ ʩ 

ʧʦʤʦʱʴʶ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʨʝʘʢʮʠʡ ʐʪʨʝʢʝʨʘ.  

5-ʟʘʤʝʱʝʥʥʳʝ ʪʝʪʨʘʟʦʣʳ (4) ʷʚʣʷʣʠʩʴ ʧʨʦʜʫʢʪʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʠʪʨʠʣʦʚ ʩ 

ʘʟʠʜʦʤ ʚ ʩʧʠʨʪʦʚʦʡ ʩʨʝʜʝ. ɼʘʥʥʳʡ ʧʨʦʮʝʩʩ ʧʨʦʪʝʢʘʝʪ ʧʦ ʤʝʭʘʥʠʟʤʫ 1,3-ʜʠʧʦʣʷʨʥʦʛʦ 

ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ. 

ʂʦʥʚʝʨʩʠʶ ʧʨʦʭʦʞʜʝʥʠʷ ʨʝʘʢʮʠʡ ʢʦʥʪʨʦʣʠʨʦʚʘʣʠ ʤʝʪʦʜʦʤ ʪʦʥʢʦʩʣʦʡʥʦʡ 

ʭʨʦʤʘʪʦʛʨʘʬʠʠ. ʉʪʨʫʢʪʫʨʳ ʮʝʣʝʚʳʭ ʠ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʦʜʪʚʝʨʞʜʝʥʳ 

ʜʘʥʥʳʤʠ 1ʅ ʗʄʈ- ʠ 13ʉ ʗʄʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ʅʘʠʙʦʣʝʝ ʠʥʬʦʨʤʘʪʠʚʥʳʤ ʤʝʪʦʜʦʤ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʝʨʝʭʦʜʘ ʘʤʠʥʦʥʠʪʨʠʣʘ ʚ ʪʝʪʨʘʟʦʣ ʦʢʘʟʘʣʘʩʴ 13ʉ ʗʄʈ ʩʧʝʢʪʨʦʩʢʦʧʠʷ.  
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ʄʆɼʀʌɯʂɸʎɯʗ ɼʆʈʆɾʅɯʍ ɹɯʊʋʄɯɺ ɽʇʆʂʉʀɼɸʄʀ  

ʅɸ ʆʉʅʆɺɯ ɺɯɼʅʆɺʃʖɺɸʅʆɰ ʉʀʈʆɺʀʅʀ 

ɻʨʠʥʯʫʢ ʖ. ʄ., ʄʘʮʽʧʫʨʘ ʇ. ɸ. 

ʂʘʬʝʜʨʘ ʟʘʛʘʣʴʥʦʾ ʭʽʤʽʾ, 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʃʴʚʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè 

yura_gym@ukr.net 

 

ʗʢ ʧʦʢʘʟʫʻ ʩʚʽʪʦʚʘ ʧʨʘʢʪʠʢʘ, ʦʜʥʠʤ ʽʟ ʩʧʦʩʦʙʽʚ ʧʦʢʨʘʱʝʥʥʷ ʷʢʦʩʪʽ ʜʦʨʽʛ ʻ 

ʤʦʜʠʬʽʢʘʮʽʷ ʙʽʪʫʤʽʚ, ʟ ʷʢʠʭ ʦʜʝʨʞʫʶʪʴ ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʽ ʩʫʤʽʰʽ ʘ ʚʽʜʪʘʢ ʽ ʜʦʨʦʞʥʽ 

ʧʦʢʨʠʪʪʷ. 

ɺ ʥʘʰ ʯʘʩ, ʦʩʦʙʣʠʚʫ ʘʢʪʫʘʣʴʥʽʩʪʴ ʥʘʙʫʚʘʻ ʧʨʦʙʣʝʤʘ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʜʦʨʦʞʥʽʭ 

ʙʽʪʫʤʽʚ, ʚʠʨʽʰʝʥʥʷ ʷʢʦʛʦ ʜʦʟʚʦʣʠʪʴ ʧʨʦʜʦʚʞʠʪʠ ʪʝʨʤʽʥ ʩʣʫʞʙʠ ʜʦʨʦʞʥʽʭ 

ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʠʭ ʧʦʢʨʠʪʪʽʚ ʽ ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʽʪ ʟ ʾʭʥʴʦʛʦ ʙʫʜʽʚʥʠʮʪʚʘ ʡ 

ʨʝʤʦʥʪʫ [1]. 

 

 
 

ɽʬʝʢʪʠʚʥʠʤ ʟʘʩʦʙʦʤ ʧʽʜʚʠʱʝʥʥʷ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʜʦʨʦʞʥʽʭ ʧʦʢʨʠʪʪʽʚ ʚʚʘʞʘʻʪʴʩʷ 

ʟʘʩʪʦʩʫʚʘʥʥʷ  ʙʽʪʫʤʽʚ, ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʝʧʦʢʩʠʜʥʠʤʠ ʩʧʦʣʫʢʘʤʠ [2].  

ɼʣʷ ʜʦʩʣʽʜʽʚ ʤʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʜʦʨʦʞʥʽʡ ʙʽʪʫʤ ʤʘʨʢʠ ɹʅɼ 60/90, ɹʅɼ 90/130 ʟ 

ʨʽʟʥʠʤ ʚʤʽʩʪʦʤ ʝʧʦʢʩʠʜʫ. ɿʨʘʟʢʠ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʙʽʪʫʤʫ ʘʥʘʣʽʟʫʚʘʣʠ ʟʘ ʥʘʩʪʫʧʥʠʤʠ 

ʧʦʢʘʟʥʠʢʘʤʠ: ʪʝʧʝʨʘʪʫʨʘ ʨʦʟʤô̫ ʢʰʝʥʥʷ, ʧʝʥʝʪʨʘʮʷ, ʘʜʛʝʟʽʷ, ʜʫʢʪʠʣʴʥʽʩʪʴ, ʪʦʱʦ.  

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʤʦʜʠʬʽʢʘʮʽʷ ʜʦʨʦʞʥʽʭ ʙʽʪʫʤʽʚ ʝʧʦʢʩʠʜʥʠʤʠ ʩʧʦʣʫʢʘʤʠ ʥʘ 

ʦʩʥʦʚʽ ʚʽʜʥʦʚʣʶʚʘʥʦʾ ʩʠʨʦʚʠʥʠ ʜʦʟʚʦʣʷʻ ʧʦʢʨʘʱʠʪʠ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʜʦʨʦʞʥʽʭ ʧʦʢʨʠʪʪʽʚ, ʧʨʠʯʦʤʫ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʤʽʩʪʫ ʜʦʙʘʚʢʠ ʽ ʩʧʦʩʦʙʫ ʡʦʛʦ ʚʚʝʜʝʥʥʷ 

ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʙʽʪʫʤʠ ʟ ʨʽʟʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ: ʤʘʣʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʜʦʙʘʚʢʠ (1ï2 %) 

ʧʽʜʚʠʱʫʶʪʴ ʘʜʛʝʟʽʶ ʤʘʡʞʝ ʚ ʜʚʘ ʨʘʟʠ ʧʨʠ ʧʦʥʠʞʝʥʥʽ ʧʝʥʝʪʨʘʮʾ, ʪʦʜʽ ʷʢ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʜʦʙʘʚʢʠ 5ï10 % ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʨʦʩʪʘʥʥʷ ʧʝʥʝʪʨʘʮʾ, ʘ ʘʜʛʝʟʽʷ ʟʘʣʠʰʘʻʪʴʩʷ ʧʨʘʢʪʠʯʥʦ 

ʥʝʟʤʽʥʥʦʶ. 

 

ʃʽʪʝʨʘʪʫʨʘ 

1. ɻʨʫʜʥʠʢʦʚ ʀ.ɹ. ʇʨʦʠʟʚʦʜʩʪʚʦ ʥʝʬʪʷʥʳʭ ʙʠʪʫʤʦʚ. ʄ., ʍʠʤʠʷ, 1983. 188 ʩ. 

2. ɻʨʠʥʯʫʢ ʖ.ʄ., ʅʠʢʠʧʘʥʯʫʢ ʄ.ɺ. çɽʧʦʢʩʠʜʥʽ ʩʧʦʣʫʢʠ ʥʘ ʦʩʥʦʚʽ ʨʽʧʘʢʦʚʦʾ ʦʣʽʾ ʷʢ 
ʤʦʜʠʬʽʢʘʪʦʨʠ ʜʣʷ ʜʦʨʦʞʥʽʭ ʙʽʪʫʤʽʚè, ɺʽʩʥʠʢ ʅʋ çʃʴʚʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè. 

3. ɾʫʨʥʘʣ çɼʦʨʦʞʥʷ ʛʘʣʫʟʴ ʋʢʨʘʾʥʠè #3 /2007. 

  

mailto:yura_gym@ukr.net


Organic Chemistry  ʆʨʛʘʥʽʯʥʘ ʭʽʤʽʷ 

120 

ɺʀɺʏɽʅʅʗ ʈɯʉʊ ʈɽɻʋʃʖʖʏʆɰ ɸʂʊʀɺʅʆʉʊɯ ʅʆɺʀʍ ʇʆʍɯɼʅʀʍ 

ʇɯʈʀɼʀʅʆɺʀʍ ʉʆʃɽʁ ɿ ɸʅɯʆʅʆʄ N-ʆʂʉʀʌʊɸʃɯʄɯɼʋ 

ɻʨʠʱʝʥʢʦ ɻ. ʆ.1, ʂʨʘʤʘʨʴʦʚ ʉ. ʄ.2 

1ʇʨʠʜʥʽʧʨʦʚʩʴʢʘ ʜʝʨʞʘʚʥʘ ʘʢʘʜʝʤʽʷ ʙʫʜʽʚʥʠʮʪʚʘ ʪʘ ʘʨʭʽʪʝʢʪʫʨʠ,  

ʤ. ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ 
2ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʘʛʨʦ-ʝʢʦʥʦʤʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ,  

ʤ. ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ 

anna-hryshchenko@mail.ru 

 

ʉʝʨʝʜ ʽʩʥʫʶʯʠʭ ʥʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʯʘʩ ʤʝʪʦʜʽʚ ʩʠʥʪʝʟʫ ʧʦʭʽʜʥʠʭ ʧʽʨʠʜʠʥʦʚʠʭ 

ʩʦʣʝʡ, ʚʘʞʣʠʚʠʡ ʚʥʝʩʦʢ ʚ ʘʢʪʫʘʣʴʥʽʩʪʴ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʧʨʦʜʦʚʞʫʶʪʴ 

ʚʥʦʩʠʪʠ ʧʨʦʩʪʦʪʘ ʽ ʜʦʩʪʫʧʥʽʩʪʴ ʚʠʭʽʜʥʠʭ ʩʧʦʣʫʢ, ʾʭ ʝʢʦʣʦʛʽʯʥʽʩʪʴ, ʘ ʪʘʢʦʞ ʰʚʠʜʢʽʩʪʴ 

ʧʨʦʮʝʩʫ ʪʘ ʚʠʩʦʢʠʡ ʚʠʭʽʜ ʧʨʦʜʫʢʪʽʚ ʨʝʘʢʮʽʡ.  

ɹʽʣʴʰʽʩʪʴ ʧʦʭʽʜʥʠʭ ʩʧʦʣʫʢ ʽʟ ʧʽʨʠʜʠʥʦʚʠʤ ʢʽʣʴʮʝʤ ʚʽʜʦʤʽ ʩʚʦʻʶ ʨʽʟʥʦʶ ʩʝʨʮʝʚʦ-

ʩʫʜʠʥʥʦʶ ʚʽʜʥʦʚʣʶʚʘʥʦʶ ʚʣʘʩʪʠʚʽʩʪʶ. ʇʦʭʽʜʥʽ ʧʽʨʠʜʠʥʦʚʠʭ ʩʦʣʝʡ ʤʘʶʪʴ ʰʠʨʦʢʠʡ 

ʩʧʝʢʪʨ ʙʽʦʣʦʛʽʯʥʦʾ ʜʽʾ ʜʣʷ ʦʨʛʘʥʽʟʤʫ ʣʶʜʠʥʠ, ʪʦʤʫ ʜʘʥʽ ʨʝʯʦʚʠʥʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚ 

ʤʝʜʠʮʠʥʽ (ʚʭʦʜʷʪʴ ʜʦ ʩʢʣʘʜʫ ʨʽʟʥʠʭ ʣʽʢʘʨʩʴʢʠʭ ʧʨʝʧʘʨʘʪʽʚ). ɼʘʥʠʡ ʘʨʩʝʥʘʣ ʜʽʡ 

ʧʨʠʚʦʣʽʢʘʻ ʟʥʘʯʥʠʡ ʽʥʪʝʨʝʩ ʜʦʩʣʽʜʥʠʢʽʚ ʨʽʟʥʠʭ ʩʬʝʨ ʥʘʫʢʠ. 

ɺʧʝʨʰʝ ʥʘʤʠ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʥʦʚʠʭ ʩʦʣʝʡ ʧʽʨʠʜʠʥʽʶ ʚ ʩʬʝʨʽ 

ʘʛʨʘʨʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. 

ʈʘʥʽʰʝ ʥʘʤʠ ʙʫʣʦ ʚʠʢʦʥʘʥʦ ʩʠʥʪʝʟ ʽʟ ʦʪʨʠʤʘʥʥʷ ʥʦʚʠʭ ʧʦʭʽʜʥʠʭ N-ʟʘʤʽʱʝʥʠʭ 

ʧʽʨʠʜʠʥʦʚʠʭ ʩʦʣʝʡ ʥʽʢʦʪʠʥʘʤʽʜʫ ʟ ʘʥʽʦʥʦʤ N-ʦʢʩʠʬʪʘʣʽʤʽʜʫ, ʷʢʽ ʦʪʨʠʤʘʣʠ ʧʨʠ ʚʟʘʻʤʦʜʽʾ 

ʧʽʨʠʜʠʥʦʚʠʭ ʩʦʣʝʡ ʟ N-ʦʢʩʠʬʪʘʣʽʤʽʜʫ ʥʘʪʨʽʶ ʪʘ ʘʨˇʝʥʪʫʤʫ.  

ɼʦʩʣʽʜʞʝʥʥʷ ʘʨʦʤʘʪʠʯʥʠʭ ʩʧʦʣʫʢ ʧʨʦʚʦʜʠʣʠ ʟʘ ʥʦʨʤʘʣʴʥʠʭ ʫʤʦʚ, ʧʨʠ ʢʽʤʥʘʪʥʽʡ 

ʪʝʤʧʝʨʘʪʫʨʽ (18ï23) Áʉ ʪʘ ʧʦʩʪʽʡʥʦʤʫ ʧʝʨʝʤʽʰʫʚʘʥʥʽ ʤʘʛʥʽʪʥʦʶ ʤʽʰʘʣʢʦʶ (300ï

400 ʦʙ/ʭʚ) ʚ ʘʙʩʦʣʶʪʥʦʤʫ ʤʝʪʠʣʦʚʦʤʫ ʩʧʠʨʪʽ ʧʨʦʪʷʛʦʤ 60 ʭʚʠʣʠʥ. 

ɹʫʣʦ ʟʜʽʡʩʥʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʟ ʚʠʚʯʝʥʥʷ ʨʽʩʪ ʨʝʛʫʣʶʶʯʦʾ ʘʢʪʠʚʥʦʩʪʽ ʩʠʥʪʝʟʦʚʘʥʦʾ 

ʦʜʥʽʻʾ ʥʦʚʦʾ ʦʨʛʘʥʽʯʥʦʾ ʨʝʯʦʚʠʥʠ ʛʨʫʧʠ ʧʽʨʠʜʠʥʦʚʠʭ ʩʦʣʝʡ N-ʙʝʥʟʠʣʧʽʨʠʜʠʥʽʡ 

3-ʢʘʨʙʦʢʩʘʤʽʜ ʬʪʘʣʽʤʽʜ-N-ʦʢʩʠʣʫ ʥʘ ʪʝʩʪʦʚʽʡ ʢʫʣʴʪʫʨʽ ʷʯʤʽʥʴ ʷʨʠʡ ʩʦʨʪʫ ɼʦʥʝʮʴʢʠʡ 12. 

ɯʟ ʥʦʚʦʾ ʩʢʣʘʜʥʦʾ ʩʧʦʣʫʢʠ N-ʙʝʥʟʠʣʧʽʨʠʜʠʥʽʡ 3-ʢʘʨʙʦʢʩʘʤʽʜ ʬʪʘʣʽʤʽʜ-N-ʦʢʩʠʣ 

ʙʫʣʠ ʧʨʠʛʦʪʦʚʣʝʥʽ ʨʽʟʥʽ ʚʦʜʥʽ ʨʦʟʯʠʥʠ ʪʘ ʚʟʷʪʦ ʪʽʣʴʢʠ ʪʨʠ ʧʨʦʮʝʥʪʥ ̔ʢʦʥʮʝʥʪʨʘʮʽʡ (0,001; 

0,002; 0,004), ʷʢʽ ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʜʣʷ ʽʥʢʨʫʩʪʘʮʽʾ ʥʘʩʽʥʥʷ ʮʽʻʾ ʪʝʩʪʦʚʦʾ ʢʫʣʴʪʫʨʠ. 

ɿ ʦʪʨʠʤʘʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʙʫʣʦ ʟôʷʩʦʚʘʥʦ, ʱʦ ʬʽʪʦʛʦʨʤʦʥʘʣʴʥʘ ʜʽʷ 

ʜʘʥʦʾ ʨʝʯʦʚʠʥʠ ʧʨʦʷʚʣʷʻʪʴʩʷ ʣʠʰʝ ʟʘ ʾʾ ʢʦʥʮʝʥʪʨʘʮʽʾ 0,001 % ʚʦʜʥʦʛʦ ʨʦʟʯʠʥʫ.  

ʌʽʪʦʛʦʨʤʦʥʘʣʴʥʘ ʜʽʷ N-ʙʝʥʟʠʣʧʽʨʠʜʠʥʽ ʁ 3-ʢʘʨʙʦʢʩʘʤʽʜ ʬʪʘʣʽʤʽʜ-N-ʦʢʩʠʣʫ 

ʧʦʯʘʣʘ ʧʨʦʷʚʣʷʪʠʩʷ ʟ ʧʨʦʨʦʩʪʘʥʥʷ ʥʘʩʽʥʥʷ ʽ ʧʨʦʜʦʚʞʫʚʘʣʘʩʷ ʚ ʧʦʜʘʣʴʰʦʤʫ ʚ ʧʦʯʘʪʢʦʚʽʡ 

ʬʘʟʽ ʦʥʪʦʛʝʥʝʟʫ ʧʨʦʨʦʩʪʽʚ ʮʽʻʾ ʨʝʯʦʚʠʥʠ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʩʠʥʪʝʟʦʚʘʥʘ ʥʦʚʘ ʦʨʛʘʥʽʯʥʘ ʘʨʦʤʘʪʠʯʥʘ ʨʝʯʦʚʠʥʘ ʧʦʭʽʜʥʠʭ 

ʧʽʨʠʜʠʥʦʚʠʭ ʩʦʣʝʡ N-ʙʝʥʟʠʣʧʽʨʠʜʠʥʽʡ 3-ʢʘʨʙʦʢʩʘʤʽʜ ʬʪʘʣʽʤʽʜ-N-ʦʢʩʠʣ ʟʘ 

ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʚʦʜʥʦʛʦ ʨʦʟʯʠʥʫ 0,001 % ʧʨʦʷʚʣʷʻ ʪʝʥʜʝʥʮʽʶ ʜʦ ʨʽʩʪ ʨʝʛʫʣʶʶʯʦʾ 

ʘʢʪʠʚʥʦʩʪʽ ʨʦʩʪʦʚʠʭ ʧʨʦʮʝʩʽʚ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʚ ʜʘʥʽʡ ʦʙʣʘʩʪʽ ʧʨʦʜʦʚʞʫʶʪʴʩʷ. 
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ʉʫʱʝʩʪʚʫʶʱʠʝ ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ ʨʷʜʘ ʙʠʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʘʟʦʪʩʦʜʝʨʞʘʱʠʭ 

ʩʦʝʜʠʥʝʥʠʡ ʪʠʧʘ 2-ʘʣʢʦʢʩʠ- ʠ 2-(N,N-ʜʠʘʣʢʠʣʘʤʠʥʦ)- ʵʪʠʣʘʤʠʥʦʚ, ʢʦʪʦʨʳʝ ʦʙʣʘʜʘʶʪ 

ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʧʦʣʝʟʥʳʭ ʩʚʦʡʩʪʚ, ʠʩʩʣʝʜʦʚʘʥʳ ʣʠʰʴ ʬʨʘʛʤʝʥʪʘʨʥʦ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʨʘʟʨʘʙʦʪʢʠ ʜʦʩʪʫʧʥʦʛʦ ʠ 

ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʦʛʦ ʧʨʦʮʝʩʩʘ ʩʠʥʪʝʟʘ ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʧʨʦʜʫʢʪʦʚ, ʢʦʪʦʨʳʡ ʙʳ ʤʦʛ 

ʩʪʘʪʴ ʦʩʥʦʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ, ʦʩʥʦʚʘʥʦʛʦ ʥʘ ʨʝʘʢʮʠʠ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ 

ʛʠʜʨʦʘʤʠʥʠʨʦʚʘʥʠʷ 2-ʟʘʤʝʱʝʥʥʦʛʦ ʵʪʠʣʦʚʦʛʦ ʩʧʠʨʪʘ ʘʤʤʠʘʢʦʤ ʠ ʝʛʦ ʧʨʦʠʟʚʦʜʥʳʤʠ: 

 

X-CH2CH2OH +NHR2 X-CH2CH2-NR2  + H2O
kat.

 
ʛʜʝ ʍ = ʉ2ʅ5ʆ- (ʘ); (Alk)2N- (b); R = H, C2H5, -(CH2)5-. 

 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʧʨʠʛʦʪʦʚʣʝʥʳ ʦʙʨʘʟʮʳ ʤʘʪʝʨʠʘʣʦʚ, ʩʦʜʝʨʞʘʱʠʝ ʚ 

ʢʘʯʝʩʪʚʝ ʘʢʪʠʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʩʦʝʜʠʥʝʥʠʷ ʤʝʜʠ (ʠ ʮʠʥʢʘ) ʠʣʠ ʥʠʢʝʣʷ. ɼʣʷ ʢʘʞʜʦʛʦ ʠʟ 

ʥʠʭ ʭʘʨʘʢʪʝʨʥʳ ʩʚʦʠ ʦʩʦʙʝʥʥʦʩʪʠ. ʊʘʢ, ʚ ʯʘʩʪʥʦʩʪʠ, ʨʷʜ ʢʦʥʪʘʢʪʦʚ ʧʨʠʛʦʪʦʚʣʝʥ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʳʩʦʢʦʛʣʠʥʦʟʝʤʠʩʪʦʛʦ ʮʝʤʝʥʪʘ ï ʪʘʣʶʤʘ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʩʤʝʩʴʶ 

ʤʦʥʦʘʣʶʤʠʥʘʪʘ ʢʘʣʴʮʠʷ ʉʘAl2O4 ʠ ʜʠʘʣʶʤʠʥʘʪʘ ʢʘʣʴʮʠʷ ʉʘAl4O7 ʚ ʩʦʦʪʥʦʰʝʥʠʠ 

ʉʘAl2O4 / ʉʘAl4O7 = 0,25õ0,35. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʧʨʠʩʫʪʩʪʚʠʝ ʉʘʆ ʧʦʚʳʰʘʝʪ ʪʝʨʤʦ-

ʩʪʘʙʠʣʴʥʦʩʪʴ ʥʦʚʳʭ ʦʙʨʘʟʮʦʚ, ʘ ʚʚʝʜʝʥʠʝ ʦʢʩʠʜʘ ʭʨʦʤʘ ʚ ʩʦʩʪʘʚ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʜʦʣʞʥʦ 

ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʧʦʚʳʰʝʥʠʶ ʠʭ ʘʢʪʠʚʥʦʩʪʠ. ʉʦʩʪʘʚʣʷʶʱʠʤʠ ʢʦʥʪʘʢʪʦʚ ʙʳʣʠ ʪʘʢʞʝ 

ʦʢʩʠʜʳ ʘʣʶʤʠʥʠʷ ʠ ʪʠʪʘʥʘ. 

ʀʩʧʳʪʘʥʠʷ ʥʦʚʳʭ ʦʙʨʘʟʮʦʚ (ʟʝʨʥʝʥʥʷʤ 0,25ï0,50 ʤʤ) ʥʘ ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʣʘʙʦʨʘʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʝ ʩ ʨʝʘʢʪʦʨʦʤ ʧʨʦʪʦʯʥʦʛʦ ʪʠʧʘ 

(ʚʥʫʪʨʝʥʥʠʡ ʜʠʘʤʝʪʨ ʪʨʫʙʢʠ 15 ʤʤ). ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ ʢʘʪʘʣʠʟʘʪʦʨʳ ʧʦʜʚʝʨʛʘʣʠʩʴ 

ʦʧʝʨʘʮʠʷʤ ʩʫʰʢʠ ʠ ʘʢʪʠʚʘʮʠʠ ʚʦʜʦʨʦʜʦ-ʘʟʦʪʥʦʡ ʩʤʝʩʴʶ. 

ʆʧʳʪʳ ʧʦ ʤʦʜʝʣʴʥʦʤʫ ʘʤʠʥʠʨʦʚʘʥʠʶ 2-ʵʪʦʢʩʠʵʪʘʥʦʣʘ (1) ʘʤʤʠʘʢʦʤ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʚʦʜʦʨʦʜʘ ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ ʥʘʛʨʫʟʢʝ ʜʘʥʥʦʛʦ ʨʝʘʛʝʥʪʘ 0,5 ʛ/(ʛʢʘʪĬʯ), 

ʤʦʣʷʨʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ (1) : NH3 : H2 = 1 : 3 : 2, ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 180ï240 ʦʉ.  

ɺʳʷʚʣʝʥʦ, ʯʪʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʠʨʦʜʳ ʢʘʪʘʣʠʟʘʪʦʨʘ ʠ ʫʩʣʦʚʠʡ ʧʨʦʚʝʜʝʥʠʷ 

ʧʨʦʮʝʩʩʘ, ʧʨʝʞʜʝ ʚʩʝʛʦ ʩ ʧʦʚʳʰʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ, ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʦʪʝʢʘʥʠʝ ʨʷʜʘ 

ʧʦʙʦʯʥʳʭ ʨʝʘʢʮʠʡ. ʊʘʢ, ʮʝʣʝʚʦʡ 2-ʵʪʦʢʩʠʵʪʠʣʘʤʠʥ (2) ʘʤʠʥʠʨʫʝʪ ʜʘʣʝʝ (1) ʩ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʚʘʥʠʝʤ ʚʪʦʨʠʯʥʦʛʦ ʠ ʯʘʩʪʠʯʥʦ ʪʨʝʪʠʯʥʦʛʦ ʘʤʠʥʦʚ.  

ɻʠʜʨʦʛʝʥʦʣʠʟ (1) ʚ ʵʪʘʥʦʣ (3) ʠ ʘʤʠʥʠʨʦʚʘʥʠʝ ʧʦʩʣʝʜʥʝʛʦ ï ʠʩʪʦʯʥʠʢ ʜʨʫʛʠʭ 

ʥʝʞʝʣʘʪʝʣʴʥʳʭ ʨʝʘʢʮʠʡ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʠʢʝʣʝʚʳʡ ʢʘʪʘʣʠʟʘʪʦʨ ʥʘ ʘʣʶʤʦʢʘʣʴʮʠʝʚʦʡ ʦʩʥʦʚʝ ʠʤʝʝʪ 

ʟʘʤʝʪʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʚ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʦ (2) ʧʝʨʝʜ ʢʦʥʪʘʢʪʘʤʠ ʥʘ ʜʨʫʛʠʭ 

ʥʦʩʠʪʝʣʷʭ. ɺ ʦʧʪʠʤʘʣʴʥʠʭ ʫʩʣʦʚʠʷʭ, ʥʘʧʨʠʤʝʨ ʧʨʠ 190 ʦʉ, ʝʛʦ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 

ʜʦʩʪʠʛʘʝʪ 0,00414 ʤʦʣʴ 2-ʵʪʦʢʩʠʵʪʠʣʘʤʠʥʘ/(ʛNiOĬʯ), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʣʷ ʥʠʢʝʣʝʚʦʛʦ 

ʢʦʥʪʘʢʪʘ Harshaw Company Ni-0104 ʧʨʠ 190ï195 ʦʉ ʠ ʦʜʠʥʘʢʦʚʦʤ ʤʦʣʷʨʥʦʤ 

ʩʦʦʪʥʦʰʝʥʠʠ ʨʝʘʛʝʥʪʦʚ ʦʥʘ ʩʦʩʪʘʚʣʷʝʪ 0,002691 ʤʦʣʴ 2-ʤʝʪʦʢʩʠʵʪʠʣʘʤʠʥʘ/(ʛNiOĬʯ). ʊʦ 

ʝʩʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʧʦ ʧʝʨʚʠʯʥʦʤʫ ʘʤʠʥʫ ʥʘ ʧʨʠʛʦʪʦʚʣʝʥʥʦʤ ʥʘʤʠ ʦʙʨʘʟʮʝ ʚ 1,54 

ʨʘʟʘ ʚʳʰʝ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʠʟʚʝʩʪʥʳʤ ʟʘʨʫʙʝʞʥʳʤ ʘʥʘʣʦʛʦʤ. 
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We report here the investigation of the individual V2O5, binary V2O5-SnO2, V2O5-TiO2, 

and ternary V2O5-TiO2-SnO2 catalysts in oxidation of 4-methylpyridine (4-MP) to isonicotinic 

acid (INA). The experimental results were interpreted by the quantum chemical computation 

(Gaussian 09 W). We studied the influence of oxide-modifiers on the nucleophilic properties 

of vanadyl oxygen and also on the deprotonation enthalpy of methyl group of chemisorbed 

substrate. 

According to experimental data, conversion of 4-MP increases in the following row of 

the catalysts: V2O5<V2O5-SnO2<V2O5-TiO2. In the same row, reactivity of the methyl 

substituent was increasing, indicated by the position of maximum yield of pyridine-4-aldehyde 

and INA at variation of the reaction temperature. Thereby, it shows that modification of V2O5 

with dioxides of tin and titanium brings to increasing the catalytic activity. 

The activity of the ternary V2O5-TiO2-SnO2 catalytic system is possible to estimate by 

the shifting of maximum yield of pyridine-4-aldehyde and INA to the low-temperature area, 

and also by decreasing in temperature at which aldehyde intermediate disappears as a product 

of the reaction. 

It is known, that SnO2 may increase mobility of the V=O bond in the V2O5 lattice, thus 

contributing to the intensification of its dissociation and reduction to VO2. One may consider 

that in the vanadium-titanium catalysts with SnO2 addition, this function of tin dioxide has not 

manifested itself, because an extent of V2O5 reduction in the three-component V2O5-TiO2-SnO2 

system has been approximately the same, and even less, than that in the two-component V2O5-

TiO2 catalysts without SnO2 additions. Probably it depends on the fact that SnO2 may play a 

role of an oxidizer in relation to the low vanadium oxides. Due to this function of SnO2 in the 

VO2-SnO2 system an oxygen rearrangement was observed: SnO2 was reduced to SnO, giving 

off its oxygen for oxidation of VO2 into V2O5, and the formed SnO was easily and rapidly 

oxidized by the air oxygen again to SnO2. Hence, it follows that SnO2 may stabilize the structure 

of the three-component V2O5-SnO2-TiO2 system, giving off its oxygen to vanadium and 

facilitating reoxidation of the catalyst by the gas phase oxygen.   

The obtained results demonstrate that TiO2 gives to V2O5 new catalytic properties in an 

oxidizing process. Increasing activity of the vanadium oxide catalyst under the influence of 

TiO2 additives, in our opinion, is associated with the change of chemical and phase composition 

of the catalyst during its preparation. This change influences on the reactionary ability of V2O5 

oxygen. Titan dioxide, apparently, weakens the V=O bond in the lattice of V2O5 and promotes 

both acceleration of V2O5 transformation to VO2, and formation the new active centers on the 

surface of the catalyst, increasing its oxidizing and selective ability.  

Modifying V2O5 with simultaneous addition of SnO2 and TiO2 leads to an increase in 

activity of the ternary catalytic system in the oxidation reaction of 4-MP in comparison with 

binary contacts. 
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Nicotinic acid and its amide are vitally important vitamin B3, etc. Catalytic vapor phase 

oxidation of 3-methylpyridine is a promising method for obtaining nicotinic acid. Individual 

vanadia is not sufficiently active and selective in oxidation of 3-methylpyridine. It has been 

established that modification of V2O5 by additions of zirconium and titanium dioxides results 

in an increase in activity of binary catalysts. A transfer from binary catalysts to triple V-Ti-

Zr-O system is accompanied by the improvement of catalytic properties. For a gas-phase 

oxidation of 3-methylpyridine it is possible to use air oxygen and carry out this synthesis in 

one-step. 

We have compared a catalytic activity of three-component catalytic systems in oxidation 

and relative reactivity of 3-methylpyridine. It has been established that for synthesis of nicotinic 

acid from a less reactive 3-methylpyridine a more active V-Ti-Zr-O catalyst is the best one (the 

yield of nicotinic acid was 75 % mol. at 265 Üʉ). Thus, for obtaining relatively low-melting 

nicotinic acid (235.5 Üʉ), a more active V-Ti-Zr-O catalyst is required. 

A decisive influence upon catalytic activity and selectivity of the studied triple systems 

is produced by their chemical composition. TiO2-anatase has been used for the preparation of a 

V-Ti-Zr-O catalyst. X-ray phase analysis has found only the phases V2O5/anatase or 

V2O5/rutile. It is established that the dissociation rate of V2O5 increases when using titanium 

dioxide in crystal modification of anatase. It increases its catalytic activity in oxidation of 

3-methylpyridine. ZrO2 stabilizes TiO2-anatase, preventing its polymorphic transformation into 

rutile. 

Advantages of using this method of receiving nicotinic acid from 3-methylpyridine, in 

comparison with other methods, such as liquid-phase oxidation of 3-methylpyridine by nitric 

acid or oxidative ammonolysis of 3-methylpyridine with hydrolysis of the formed nitrile, are 

follows: 

- One-step process; 

- Using air oxygen as an oxidizer instead of nitric acid; 

- Using water as a solvent; 

- Lack of fluid and solid waste (the principle of "green" chemistry); 

- The process is carried out in the continuous regime. 

The optimal composition and wasteless technology of the modified vanadium oxide 

catalyst with high activity in oxidation of 3-methylpyridine to nicotinic acid is developed. This 

catalyst was tested on laboratory installations. The yield of the target product was 75 % in case 

of complete conversion of 3-methylpyridine. 

Even with the best modified vanadium oxide catalysts, binary or ternary, the maximum 

yield of nicotinic acid does not exceed 75 % mol. Therefore the current problem is to research 

a new catalyst of the direct oxidation of 3-methylpyridine to nicotinic acid with higher yield. 
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ɸʅʊʀʆʂʉʀɼɸʅʊʅɯ ɺʃɸʉʊʀɺʆʉʊɯ ɸʄʆʅɯʁʅʀʍ ʇʆʍɯɼʅʀʍ  

3,4-ɼʀɻɯɼʈʆʇɯʈʀʄɯɼʀʅ-2-ʆʅʋ 
ɯʚʘʩʶʢ ɯ. ʄ., ʂʦʰʦʚʘ ʗ. ɯ., ʃʷʚʠʥʝʮʴ ʆ. ʉ. 

ʏʝʨʥʽʚʝʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʖʨʽʷ ʌʝʜʴʢʦʚʠʯʘ 

Ira-ivasiuk14@ukr.net 

 

ɼʦʩʣʽʜʞʝʥʦ ʛʘʟʦʤʝʪʨʠʯʥʠʤ ʤʝʪʦʜʦʤ ʘʥʪʠʦʢʩʠʜʘʥʪʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʜʝʷʢʠʭ ʧʦʭʽʜ-

ʥʠʭ 3,4-ʜʠʛʽʜʨʦʧʽʨʠʤʽʜʠʥ-2-ʦʥʫ, ʷʢʽ ʤʽʩʪʷʪʴ ʫ 6-ʤʫ-ʧʦʣʦʞʝʥʥʽ ʜʠʛʽʜʨʦʧʽʨʠʤʽʜʠʥʦʥʦʚʦʛʦ 

ʮʠʢʣʫ ʯʝʪʚʝʨʪʠʥʥʝ ʘʤʦʥʽʡʥʝ ʫʛʨʫʧʦʚʘʥʥʷ. (ʩʧʦʣʫʢʠ I -IV ): 

                              
              I                                      II                                    III                                   IV  

 

ʆʩʢʽʣʴʢʠ ʩʧʦʣʫʢʠ I -IV  ʚ ʢʫʤʝʥʽ ʥʝʨʦʟʯʠʥʥʽ, ʪʦ ʜʣʷ ʛʦʤʦʛʝʥʽʟʘʮʽʾ ʨʝʘʢʮʽʡʥʦʾ 

ʩʠʩʪʝʤʠ ʚʠʢʦʨʠʩʪʘʥʦ ʜʦʙʘʚʢʫ ʪʨʠʤʝʪʠʣʬʦʩʬʘʪʫ (ʊʄʌ). ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʜʘʥʽ ʩʧʦʣʫʢʠ 

ʧʨʘʢʪʠʯʥʦ ʥʝ ʚʧʣʠʚʘʶʪʴ ʥʘ ʪʨʠʚʘʣʽʩʪʴ ʧʝʨʽʦʜʫ ʽʥʜʫʢʮʽʾ ʪʘ ʰʚʠʜʢʽʩʪʴ ʧʦʛʣʠʥʘʥʥʷ ʢʠʩʥʶ 

ʫ ʥʴʦʤʫ ʧʦʨʽʚʥʷʥʦ ʟ ʢʦʥʪʨʦʣʴʥʠʤ ʜʦʩʣʽʜʦʤ. ɺʦʜʥʦʯʘʩ ʰʚʠʜʢʽʩʪʴ ʦʢʠʩʥʝʥʥʷ ʫ ʧʝʨʽʦʜʽ 

ʨʦʟʚʠʥʫʪʦʛʦ ʧʨʦʮʝʩʫ ʟʥʠʞʫʻʪʴʩʷ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʚʝʣʠʯʠʥʠ ʥʝʛʘʪʠʚʥʦʛʦ ʽʥʜʫʢʪʠʚʥʦʛʦ 

ʝʬʝʢʪʫ ʟʘʤʽʩʥʠʢʽʚ ʫ ʙʝʥʟʝʥʦʚʦʤʫ ʢʽʣʴʮʽ, ʷʢʝ ʟʥʘʭʦʜʠʪʴʩʷ ʫ 4-ʦʤʫ ʧʦʣʦʞʝʥʥʽ 

ʜʠʛʽʜʨʦʧʽʨʠʤʽʜʠʥʦʥʦʚʦʛʦ ʮʠʢʣʫ. 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʧʨʠʩʫʪʥʽʩʪʴ ʊʄʌ, ʨʝʘʢʮʽʡʥʘ ʩʠʩʪʝʤʘ ʥʝ ʻ ʧʦʚʥʽʩʪʶ ʛʦʤʦʛʝʥʥʦʶ. 

ʆʩʦʙʣʠʚʽʩʪʶ ʧʨʦʮʝʩʫ ʽʥʽʮʽʡʦʚʘʥʦʛʦ ʦʢʠʩʥʝʥʥʷ ʢʫʤʝʥʫ ʟʘ ʜʘʥʠʭ ʫʤʦʚ ʻ ʡʦʛʦ ʧʦʚʥʝ 

ʛʘʣʴʤʫʚʘʥʥʷ ʯʝʨʝʟ 20 ʭʚ. ʄʦʞʥʘ ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʟʘ ʚʢʘʟʘʥʠʡ ʧʝʨʽʦʜ ʯʘʩʫ ʩʧʦʣʫʢʠ I -IV  

ʧʦʚʥʽʩʪʶ ʨʦʟʯʠʥʷʶʪʴʩʷ ʽ ʜʘʣʽ ʛʘʣʴʤʫʶʪʴ ʜʦʩʣʽʜʞʫʚʘʥʠʡ ʧʨʦʮʝʩ. 

ɼʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ ʥʘ ʽʥʽʮʽʡʦʚʘʥʝ ʦʢʠʩʥʝʥʥʷ ʢʫʤʝʥʫ ʩʧʦʣʫʢʠ V, ʫ ʷʢʦʾ 

ʜʠʛʽʜʨʦʧʽʨʠʤʽʜʠʥʦʥʦʚʠʡ ʮʠʢʣ ʚʽʜʩʫʪʥʽʡ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʩʧʦʣʫʢʘ V ʧʨʘʢʪʠʯʥʦ ʥʝ  

                                            
                                 V                                                                 VI  

ʚʧʣʠʚʘʻ ʥʘ ʢʽʥʝʪʠʢʫ ʧʨʦʮʝʩʫ ʦʢʠʩʥʝʥʥʷ, ʱʦ ʧʽʜʪʚʝʨʜʞʫʻ ʨʘʥʽʰʝ ʟʨʦʙʣʝʥʠʡ ʚʠʩʥʦʚʦʢ ʧʨʦ 

ʚʘʛʦʤʫ ʨʦʣʴ ʜʠʛʽʜʨʦʧʽʨʠʤʽʜʠʥʦʥʦʚʦʛʦ ʮʠʢʣʫ ʚ ʨʝʘʢʮʽʷʭ ʦʙʨʠʚʫ ʣʘʥʮʶʛʽʚ. 

ʆʩʪʘʥʥʽʡ ʝʪʘʧ ʜʦʩʣʽʜʞʝʥʴ ï ʚʠʚʯʝʥʥʷ ʘʥʪʠʦʢʩʠʜʘʥʪʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ VI . 

ɺʠʷʚʣʝʥʦ, ʱʦ ʩʧʦʣʫʢʘ VI  ʩʫʪʪʻʚʦ ʩʧʦʚʽʣʴʥʶʻ ʽʥʽʮʽʡʦʚʘʥʝ ʦʢʠʩʥʝʥʥʷ ʢʫʤʝʥʫ. ɿʘ ʾʾ 

ʢʦʥʮʝʥʪʨʘʮʽʾ 2,5Ā10-3 ʤʦʣʴ/ʣ ʪʨʠʚʘʣʽʩʪʴ ʧʝʨʽʦʜʫ ʽʥʜʫʢʮʽʾ ʟʙʽʣʴʰʫʻʪʴʩʷ ʤʘʡʞʝ ʫ 3,5 ʨʘʟʠ, 

ʘ ʰʚʠʜʢʽʩʪʴ ʧʦʛʣʠʥʘʥʥʷ ʢʠʩʥʶ ʧʨʠ ʮʴʦʤʫ ʟʤʝʥʰʫʻʪʴʩʷ ʚ 4,5 ʨʘʟʠ. ʂʽʥʝʪʠʢʘ ʨʦʟʚʠʥʫʪʦʛʦ 

ʧʨʦʮʝʩʫ ʥʝ ʟʤʽʥʶʻʪʴʩʷ. ɿʘ ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʝʯʦʚʠʥʠ VI, ʨʽʚʥʽʡ 5,0Ā10-3 ʤʦʣʴ/ʣ ʧʝʨʽʦʜ 

ʽʥʜʫʢʮʽʾ ʟʨʦʩʪʘʻ ʱʝ ʫʜʚʽʯʽ ʧʨʠ ʥʝʟʤʽʥʥʽʡ ʰʚʠʜʢʦʩʪʽ ʧʦʛʣʠʥʘʥʥʷ ʢʠʩʥʶ. ʆʜʥʘʢ ʧʨʠ ʮʴʦʤʫ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʩʧʦʚʽʣʴʥʝʥʥʷ ʧʨʦʮʝʩʫ ʦʢʠʩʥʝʥʥʷ ʢʫʤʝʥʫ ʚ ʨʦʟʚʠʥʝʥʦʤʫ ʧʨʦʮʝʩʽ ʚ 2,5 ʨʘʟ 

ʧʦʨʽʚʥʷʥʦ ʟ ʢʦʥʪʨʦʣʴʥʠʤ ʜʦʩʣʽʜʦʤ. ʆʪʞʝ, ʩʧʦʣʫʢʘ VII  ʻ ʜʦʩʠʪʴ ʝʬʝʢʪʠʚʥʠʤ ʽʥʛʽʙʽʪʦʨʦʤ 

ʧʨʦʮʝʩʽʚ ʚʽʣʴʥʦ-ʨʘʜʠʢʘʣʴʥʦʛʦ ʦʢʠʩʥʝʥʥʷ ʦʨʛʘʥʽʯʥʠʭ ʨʝʯʦʚʠʥ. 
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ɸʅʊʀʆʂʉʀɼɸʅʊʅɯ ɺʃɸʉʊʀɺʆʉʊɯ ʇʆʍɯɼʅʀʍ 3-ɻɯɼʈʆʂʉʀʂʋʄɸʈʀʅʋ 

ʈʫʩʥʘʢ ʆ. ɺ., ʂʘʧʘʨʯʫʢ ʂ. ɺ., ɸʥʜʨʽʡʯʫʢ ʖ. ʄ., ʉʢʨʠʧʩʴʢʘ ʆ. ɺ., ʗʛʦʜʠʥʝʮʴ ʇ. ɯ. 

ʏʝʨʥʽʚʝʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʖʨʽʷ ʌʝʜʴʢʦʚʠʯʘ 
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ʆʜʥʽʻʶ ʟ ʦʩʥʦʚʥʠʭ ʧʨʠʯʠʥ ʥʘʡʙʽʣʴʰ ʥʝʙʝʟʧʝʯʥʠʭ ʟʘʭʚʦʨʶʚʘʥʴ ʣʶʜʠʥʠ ʻ 

ʥʘʢʦʧʠʯʝʥʥʷ ʚʽʣʴʥʠʭ ʨʘʜʠʢʘʣʽʚ ʚ ʦʨʛʘʥʽʟʤʽ. ʂʦʥʮʝʥʪʨʘʮʽʷ ʚʽʣʴʥʠʭ ʨʘʜʠʢʘʣʽʚ 

ʧʽʜʚʠʱʫʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʟʥʠʞʝʥʥʷ ʘʢʪʠʚʥʦʩʪʽ ʧʨʠʨʦʜʥʦʾ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʾ ʩʠʩʪʝʤʠ 

ʣʶʜʠʥʠ, ʧʦʚôʷʟʘʥʦʾ ʟ ʜʽʻʶ ʨʘʜʽʘʮʽʾ, ʋʌ-ʦʧʨʦʤʽʥʝʥʥʷ, ʧʘʣʽʥʥʷ, ʘʣʢʦʛʦʣʽʟʤʫ, ʧʦʩʪʽʡʥʠʭ 

ʩʪʨʝʩʽʚ, ʽʥʬʝʢʮʽʡʥʠʭ ʟʘʭʚʦʨʶʚʘʥʴ, ʥʝʷʢʽʩʥʦʛʦ ʭʘʨʯʫʚʘʥʥʷ. ɿʘ ʨʘʭʫʥʦʢ ʰʢʽʜʣʠʚʦʾ ʜʽʾ 

ʚʽʣʴʥʠʭ ʨʘʜʠʢʘʣʽʚ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦʰʢʦʜʞʝʥʥʷ ʢʣʽʪʠʥʥʠʭ ʩʪʨʫʢʪʫʨ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʧʘʪʦʣʦʛʽʯʥʠʭ ʟʤʽʥ, ʦʥʢʦʣʦʛʽʯʥʠʭ ʟʘʭʚʦʨʶʚʘʥʴ, ʘ ʪʘʢʦʞ ʧʝʨʝʜʯʘʩʥʦʛʦ ʩʪʘʨʽʥʥʷ. 

ɸʢʪʠʚʽʟʫʚʘʪʠ ʨʦʙʦʪʫ ʟʘʭʠʩʥʠʭ ʩʠʣ ʦʨʛʘʥʽʟʤʫ ʤʦʞʥʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʾ 

ʪʝʨʘʧʽʾ. ʋ ʮʴʦʤʫ ʢʦʥʪʝʢʩʪʽ ʘʢʪʫʘʣʴʥʠʤ ʻ ʧʦʰʫʢ ʦʨʛʘʥʽʯʥʠʭ ʩʧʦʣʫʢ, ʟʜʘʪʥʠʭ ʧʨʦʷʚʣʷʪʠ 

ʘʥʪʠʦʢʩʠʜʘʥʪʥʫ ʘʢʪʠʚʥʽʩʪʴ.  

ʉʧʦʣʫʢʠ, ʷʢʽ ʤʽʩʪʷʪʴ ʢʫʤʘʨʠʥʦʚʠʡ ʮʠʢʣ, ʚʦʣʦʜʽʶʪʴ ʨʽʟʥʦʧʣʘʥʦʚʠʤʠ ʬʘʨʤʘʢʦ-

ʣʦʛʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. ʂʨʽʤ ʪʦʛʦ, 6- ʽ 7-ʛʽʜʨʦʢʩʠ-3-ʘʨʠʣʢʫʤʘʨʠʥʠ, 4,7-ʜʠʛʽʜʨʦʢʩʠ-

3-ʘʨʠʣʢʫʤʘʨʠʥʠ ʚʠʷʚʣʷʶʪʴ ʘʥʪʠʦʢʩʠʜʘʥʪʥʫ ʘʢʪʠʚʥʽʩʪʴ ʚ ʫʤʦʚʘʭ in vitro. ɼʣʷ ʜʦʩʣʽʜʞʝʥʴ 

ʘʥʪʠʦʢʩʠʜʘʥʪʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʽʥʪʝʨʝʩ ʧʦʭʽʜʥʽ 3-ʛʽʜʨʦʢʩʠ-

4-ʘʨʠʣʢʫʤʘʨʠʥʫ. 

ɺʠʭʽʜʥʦʶ ʩʧʦʣʫʢʦʶ ʜʣʷ ʩʠʥʪʝʟʫ ʩʣʫʛʫʚʘʚ 4-(4-ʙʨʦʤʘʮʝʪʠʣʬʝʥʽʣ)-

3-ʛʽʜʨʦʢʩʠʢʫʤʘʨʠʥ 1, ʷʢʠʡ ʦʜʝʨʞʘʥʠʡ ʙʨʦʤʫʚʘʥʥʷʤ ʚʽʜʧʦʚʽʜʥʦʛʦ ʘʮʝʪʠʣʧʦʭʽʜʥʦʛʦ. ʅʘ 

ʦʩʥʦʚʽ a-ʙʨʦʤʦʢʝʪʦʥʫ 1 ʽ 4-ʤʝʪʠʣʧʽʨʠʜʠʥʫ, ʭʽʥʦʣʽʥʫ ʪʘ ʪʨʠʬʝʥʽʣʬʦʩʬʽʥʫ ʦʪʨʠʤʘʥʦ 

ʚʽʜʧʦʚʽʜʥʽ 4-ʘʨʠʣʢʫʤʘʨʠʥʦʚʤʽʩʥʽ ʯʝʪʚʝʨʪʠʥʥʽ ʩʦʣʽ 2-4. ʇʨʠ ʦʙʨʦʙʮʽ 

ʜʠʤʝʪʠʣʬʦʨʤʘʤʽʜʥʦʛʦ ʨʦʟʯʠʥʫ ʬʦʩʬʦʥʽʻʚʦʾ ʩʦʣʽ 4 ʚʦʜʥʠʤ ʨʦʟʯʠʥʦʤ ʢʘʣʽʡ ʢʘʨʙʦʥʘʪʫ 

ʣʝʛʢʦ ʫʪʚʦʨʶʻʪʴʩʷ ʪʨʠʬʝʥʽʣʬʦʩʬʦʨʽʣʽʜ 5. 
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ɸʥʪʠʦʢʩʠʜʘʥʪʥʫ ʘʢʪʠʚʥʽʩʪʴ ʦʪʨʠʤʘʥʠʭ ʩʧʦʣʫʢ ʜʦʩʣʽʜʞʫʚʘʣʠ in vitro ʤʝʪʦʜʦʤ 

ʧʦʛʣʠʥʘʥʥʷ 2,2-ʜʠʬʝʥʽʣ-1-ʧʽʢʨʠʣʛʽʜʨʘʟʠʣ-ʨʘʜʠʢʘʣʫ. ɿôʷʩʦʚʘʥʦ, ʱʦ ʟʜʘʪʥʽʩʪʴ ʩʧʦʣʫʢ ʜʦ 

ʽʥʛʽʙʫʚʘʥʥʷ ʚʽʣʴʥʦʛʦ ʨʘʜʠʢʘʣʫ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʤʝʞʘʭ 31,2ï36,5 %, ʱʦ ʧʨʠʙʣʠʟʥʦ ʚʜʚʽʯʽ 

ʤʝʥʰʝ ʟʘ ʮʝʡ ʧʦʢʘʟʥʠʢ ʜʣʷ ʽʦʥʦʣʫ (66,7 %).  
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ʄʀʎɽʃʃʗʈʅʓɽ ʕʌʌɽʂʊʓ ʌʋʅʂʎʀʆʅɸʃʀɿʀʈʆɺɸʅʅʓʍ ʇɸɺ 

ʉ ɺɸʈʔʀʈʋɽʄʆʁ ʇʈʀʈʆɼʆʁ ɻʆʃʆɺʅʆʁ ɻʈʋʇʇʓ ʀ ɻʀɼʈʆʌʆɹʅʆʉʊʔʖ 

ɺ ʈɽɸʂʎʀʗʍ ʇɽʈɽʅʆʉɸ ʌʆʉʌʆʅʀʃʔʅʆʁ ɻʈʋʇʇʓ 

ʂʘʧʠʪʘʥʦʚ ʀ. ɺ., ʐʫʤʝʡʢʦ ɸ. ɽ., ɹʝʣʦʫʩʦʚʘ ʀ. ɸ., ʂʦʩʪʨʠʢʠʥ ʄ. ʃ., ʉʝʨʜʶʢ ɸ. ɸ., 

ʊʫʨʦʚʩʢʘʷ ʄ. ʂ., ʈʘʟʫʤʦʚʘ ʅ. ɻ., ʇʨʦʢʦʧʴʝʚʘ ʊ. ʄ. 

ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʦ-ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠ ʫʛʣʝʭʠʤʠʠ ʠʤ. ʃ. ʄ. ʃʠʪʚʠʥʝʥʢʦ ʅɸʅʋ 

ivkapitanov@gmail.com 

 

ʉʠʥʪʝʟʠʨʦʚʘʥʘ ʩʝʨʠʷ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʇɸɺ (IïIV) ʩ ʚʘʨʴʠʨʫʝʤʦʡ 

ʧʨʠʨʦʜʦʡ ʛʦʣʦʚʥʦʡ ʛʨʫʧʧʳ ʠ ʛʠʜʨʦʬʦʙʥʦʩʪʴʶ. ʀʟʫʯʝʥʘ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʘ ʠʭ 

ʨʝʘʢʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʚ ʧʨʦʮʝʩʩʘʭ ʨʘʩʱʝʧʣʝʥʠʷ 4-ʥʠʪʨʦʬʝʥʠʣʜʠʵʪʠʣʬʦʩʬʦʥʘʪʘ (V). 

 

 
 

ɼʣʷ ʚʩʝʭ ʠʟʫʯʝʥʥʳʭ ʩʠʩʪʝʤ ʫʚʝʣʠʯʝʥʠʝ ʜʣʠʥʳ ʛʠʜʨʦʬʦʙʥʦʛʦ ʘʣʢʠʣʴʥʦʛʦ 

ʟʘʤʝʩʪʠʪʝʣʷ (Alk) ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʥʘʙʣʶʜʘʝʤʳʭ ʤʠʮʝʣʣʷʨʥʳʭ ʵʬʬʝʢʪʦʚ. ɸʥʘʣʠʟ 

ʧʦʣʫʯʝʥʥʳʭ ʢʠʥʝʪʠʯʝʩʢʠʭ ʧʨʦʬʠʣʝʡ ʚ ʨʘʤʢʘʭ ʧʩʝʚʜʦʬʘʟʥʦʡ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʡ ʤʦʜʝʣʠ 

ʧʦʟʚʦʣʠʣ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ, ʯʪʦ ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʧʝʨʝʭʦʜ ʦʪ ʟʘʤʝʩʪʠʪʝʣʷ ʉ12ʅ25 ʢ 

ʟʘʤʝʩʪʠʪʝʣʶ ʉ16ʅ33 ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʚʷʟʳʚʘʥʠʷ ʛʠʜʨʦʬʦʙʥʦʛʦ 

ʬʦʩʬʦʨʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʫʙʩʪʨʘʪʘ ʤʠʮʝʣʣʘʤʠ ʇɸɺ ʚ 2ï3 ʨʘʟʘ ʠ ʧʨʦʠʩʭʦʜʠʪ ʩʥʠʞʝʥʠʝ 

ʢʨʠʪʠʯʝʩʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʠʮʝʣʣʦʦʙʨʘʟʦʚʘʥʠʷ ʧʨʠʤʝʨʥʦ ʚ 10 ʨʘʟ. 

ʊʝʥʜʝʥʮʠʠ ʠʟʤʝʥʝʥʠʷ ʥʫʢʣʝʦʬʠʣʴʥʦʩʪʠ ʦʢʩʠʤʘʪʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ʧʨʠ ʵʪʦʤ ʙʦʣʝʝ 

ʩʣʦʞʥʳ: ʜʣʷ ʠʟʫʯʝʥʥʳʭ ʩʠʩʪʝʤ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʢʘʢ ʦʪʩʫʪʩʪʚʠʝ ʚʣʠʷʥʠʷ ʜʣʠʥʳ 

ʛʠʜʨʦʬʦʙʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ ʥʘ ʥʫʢʣʝʦʬʠʣʴʥʦʩʪʴ ʇɸɺ, ʪʘʢ ʠ ʝʝ ʠʟʤʝʥʝʥʠʝ, ʦʜʥʘʢʦ ʦʥʦ ʥʝ 

ʧʨʝʚʳʰʘʣʦ 2 ʨʘʟ. 

ɺ ʮʝʣʦʤ, ʥʫʢʣʝʦʬʠʣʴʥʦʩʪʴ ʇɸɺ ʩʣʝʜʫʝʪ ʠʭ ʦʩʥʦʚʥʦʩʪʠ, ʦʜʥʘʢʦ ʜʣʷ ʘʤʤʦʥʠʝʚʳʭ 

ʧʨʦʠʟʚʦʜʥʳʭ IV ʥʘʙʣʶʜʘʝʪʩʷ ʦʪʢʣʦʥʝʥʠʝ ʦʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʟʘʚʠʩʠʤʦʩʪʠ ɹʨʝʥʩʪʝʜʘ 

ʜʣʷ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʇɸɺ. ʕʪʦʪ ʬʘʢʪ ʜʝʤʦʥʩʪʨʠʨʫʝʪ, ʯʪʦ ʚ ʦʪʜʝʣʴʥʳʭ ʩʣʫʯʘʷʭ 

ʧʨʠʨʦʜʘ ʢʘʪʠʦʥʥʦʛʦ ʮʝʥʪʨʘ ʚ ʩʪʨʫʢʪʫʨʝ ʤʦʣʝʢʫʣʳ ʜʝʪʝʨʛʝʥʪʘ ʤʦʞʝʪ ʦʢʘʟʳʚʘʪʴ ʚʣʠʷʥʠʝ 

ʥʘ ʝʝ ʨʝʘʢʮʠʦʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ. ʅʘʙʣʶʜʘʝʤʦʝ ʦʪʢʣʦʥʝʥʠʝ ʤʦʞʥʦ ʩʚʷʟʘʪʴ ʩ ʙʦʣʝʝ 

ʪʝʩʥʳʤ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʤʝʞʜʫ ʦʢʩʠʤʥʦʡ ʛʨʫʧʧʦʡ ʠ ʘʤʤʦʥʠʝʚʳʤ 

ʮʝʥʪʨʦʤ, ʢʦʪʦʨʦʝ ʚʨʷʜ ʣʠ ʤʦʞʝʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʦ ʚ ʦʩʪʘʣʴʥʳʭ ʩʣʫʯʘʷʭ ʠʟ-ʟʘ 

ʜʝʣʦʢʘʣʠʟʘʮʠʠ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʟʘʨʷʜʘ ʠ ʢʦʥʬʦʨʤʘʮʠʦʥʥʦʡ ʞʝʩʪʢʦʩʪʠ 

ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʢʘʪʠʦʥʦʚ ʚ ʩʦʝʜʠʥʝʥʠʷʭ IïIII . 
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ʄʆɼʀʌɯʂʆɺɸʅɯ ʉʇɯʈʆʇɯʈɸʅʆʅɽʆʌʃɸɺʆʅʀ 

ʂʨʘʩʠʣʦʚ I. ɺ., ʄʦʩʢʚiʥʘ ɺ. ʉ., ʍʠʣʷ ɺ. ʇ. 

 ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʊʘʨʘʩʘ ʐʝʚʯʝʥʢʘ 

01033, ʂʠʾʚ, ʚʫʣ. ɺʦʣʦʜʠʤʽʨʩʴʢʘ, 64 

v.moskvina@gmail.com 

 

ɺ ʩʪʨʫʢʪʫʨʽ ʧʨʠʨʦʜʥʠʭ ʥʝʦʬʣʘʚʦʥʽʚ (4-ʘʨʠʣʢʫʤʘʨʠʥʽʚ), ʦʢʨʽʤ ʛʽʜʨʦʢʩʠʣʴʥʠʭ, 

ʘʣʢʽʣʴʥʠʭ, ʘʮʠʣʴʥʠʭ, ʛʣʽʢʦʟʠʜʥʠʭ ʟʘʣʠʰʢʽʚ, ʯʘʩʪʦ ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʽ ʘʥʝʣʴʦʚʘʥʽ 

ʛʝʪʝʨʦʮʠʢʣʽʯʥʽ ʩʠʩʪʝʤʠ ʧʽʨʘʥʫ ʪʘ ʧʽʨʘʥʦʥʫ. ɿ ʨʦʩʣʠʥʥʦʾ ʩʠʨʦʚʠʥʠ ʽʟʦʣʴʦʚʘʥʽ 

ʧʽʨʘʥʦʢʫʤʘʨʠʥʠ ʛʨʘʚʝʦʣʦʥ (I) ï ʟ Anethum graveolens ʽ Pituranthos tortuosus ʪʘ ʢʣʘʫʩʝʥʽʥ 

(II ) ï ʟ Clausena heptaphylla ʽ C. Excavatʘ. 

 

 
 

ʉʠʥʪʝʟ ʧʦʭʽʜʥʠʭ ʥʝʦʬʣʘʚʦʥʽʚ ʪʘʢʦʾ ʙʫʜʦʚʠ ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤ, ʦʩʢʽʣʴʢʠ ʷʢ ʧʨʠʨʦʜʥʽ 

ʧʽʨʘʥʦʢʫʤʘʨʠʥʠ, ʪʘʢ ʽ ʾʭ ʩʠʥʪʝʪʠʯʥʽ ʘʥʘʣʦʛʠ ʤʘʶʪʴ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʙʽʦʣʦʛʽʯʥʦʾ  ʜʽʾ ʪʘ 

ʚʝʣʠʢʠʡ ʧʦʪʝʥʮʽʘʣ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʭʽʤʽʯʥʦʾ ʤʦʜʠʬʽʢʘʮʽʾ. 

ɺʠʭʽʜʥʽ ʩʧʽʨʦʧʽʨʘʥʦʢʫʤʘʨʠʥʠ ʣʽʥʽʡʥʦʾ ʙʫʜʦʚʠ ʦʪʨʠʤʘʥʽ ʰʣʷʭʦʤ ʜʦʙʫʜʦʚʠ ʧʽʨʘʥ-

4-ʦʥʦʚʦʛʦ ʮʠʢʣʫ ʢʦʥʜʝʥʩʘʮʽʻʶ ʂʘʙʙʝ. ɺʽʜʦʤʦ, ʱʦ ʚʟʘʻʤʦʜʽʷ ʢʫʤʘʨʠʥʽʚ ʟ ʥʫʢʣʝʦʬʽʣʴʥʠʤʠ 

ʨʝʘʛʝʥʪʘʤʠ ʤʦʞʝ ʧʨʦʭʦʜʠʪʠ ʟ ʫʪʚʦʨʝʥʥʷʤ ʨʽʟʥʠʭ ʧʨʦʜʫʢʪʽʚ ʟʘʤʽʱʝʥʥʷ ʪʘ ʨʦʟʢʨʠʪʪʷʤ 

ʙʝʥʟʦʧʽʨʘʥ-2-ʦʥʦʚʦʛʦ ʮʠʢʣʫ. ʅʘʤʠ ʜʦʩʣʽʜʞʝʥʘ ʧʦʚʝʜʽʥʢʘ ʩʧʽʨʦʧʽʨʘʥʦʥʝʦʬʣʘʚʦʥʽʚ ʚ 

ʨʝʘʢʮʽʷʭ ʟ ʩʦʣʷʥʦʢʠʩʣʠʤ ʛʽʜʨʦʢʩʠʣʘʤʽʥʦʤ ʪʘ ʛʽʜʨʘʟʠʥʦʤ ʧʨʠ ʨʽʟʥʦʤʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ 

ʨʝʘʛʝʥʪʽʚ. ʇʦʢʘʟʘʥʦ, ʱʦ ʜʘʥʽ ʨʝʘʢʮʽʾ ʧʨʦʭʦʜʷʪʴ ʚʠʢʣʶʯʥʦ ʧʦ ʘʪʦʤʫ ʉ-6 ʟ ʫʪʚʦʨʝʥʥʷʤ 

ʦʢʩʠʤʫ ʪʘ ʛʽʜʨʘʟʦʥʫ ʩʧʽʨʦʧʽʨʘʥʦʥʝʦʬʣʘʚʦʥʽʚ ʽʟ ʚʠʩʦʢʠʤ ʚʠʭʦʜʦʤ. 

 

 
 

ɼʦʩʣʽʜʞʝʥʽ ʰʣʷʭʠ ʤʦʜʽʬʽʢʘʮʽʾ ʦʪʨʠʤʘʥʠʭ ʦʢʩʠʤʫ ʪʘ ʛʽʜʨʘʟʦʥʫ ʩʧʽʨʦʧʽʨʘʥʦ-

ʥʝʦʬʣʘʚʦʥʽʚ ʚ ʨʝʘʢʮʽʷʭ ʚʽʜʥʦʚʣʝʥʥʷ ʪʘ ʘʣʢʽʣʫʚʘʥʥʷ. 

ɹʫʜʦʚʘ ʦʪʨʠʤʘʥʠʭ ʩʧʦʣʫʢ ʥʘʜʽʡʥʦ ʜʦʚʝʜʝʥʘ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʤʝʪʦʜʠ ʗʄʈ-

ʩʧʝʢʪʨʦʩʢʦʧʽʾ ʪʘ ʤʘʩ-ʩʧʝʢʪʨʦʤʝʪʨʽʾ. 
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ʀʉʉʃɽɼʆɺɸʅʀɽ ʅɸʇʆʃʅɽʅʅʓʍ ʇʆʈʆʐʂɸʄʀ ʀɿ ʈɽɿʀʅ 

ʕʃɸʉʊʆʄɽʈʅʓʍ ʂʆʄʇʆɿʀʎʀʁ 

ɽʚʜʦʢʠʤʝʥʢʦ ʅ. ʄ., ʂʫʯʤʘ ɸ. ɺ. 

ɻɺʋɿ çʋʢʨʘʠʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʭʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 

49600, ʛ. ɼʥʝʧʨʦʧʝʪʨʦʚʩʢ, ʧʨ. ɻʘʛʘʨʠʥʘ, 8 ʪʝʣ/ʬʘʢʩ (0562) 47-33-25 
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ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʝʪʩʷ ʧʦʨʦʰʦʢ (ʇʈ) ʤʘʨʢʠ ʇʈʊʀ-ʐʈ ʊʋ ʋ 25.1-

31523315-002-2004, ʢʦʪʦʨʳʡ ʠʟʛʦʪʘʚʣʠʚʘʣʠ ʤʝʪʦʜʦʤ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʩʜʚʠʛʦʚʦʛʦ 

ʠʟʤʝʣʴʯʝʥʠʷ ʚʫʣʢʘʥʠʟʘʪʦʨʦʚ ʚ ʨʦʪʦʨʥʦʤ ʜʠʩʧʝʨʛʘʪʦʨʝ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʇʈ ʩ ʨʘʟʤʝʨʘʤʠ ʯʘʩʪʠʮ ʦʪ 0,20 ʜʦ 0,45 ʤʤ, ʧʦʣʫʯʝʥʥʳʡ ʠʟʚʝʩʪʥʳʤʠ 

ʩʧʦʩʦʙʘʤʠ ʧʨʠ ʧʝʨʝʨʘʙʦʪʢʝ ʠʟʥʦʰʝʥʥʳʭ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʧʦʢʨʳʰʝʢ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ 

ʢʘʯʝʩʪʚʝ ʜʦʙʘʚʢʠ (ʦʪ 5 ʜʦ 25 ʤʘʩʩ. %) ʚ ʨʝʟʠʥʦʚʳʝ ʩʤʝʩʠ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʥʦʚʳʭ 

ʘʚʪʦʧʦʢʨʳʰʝʢ ʠ ʥʝʢʦʪʦʨʳʭ ʚʠʜʦʚ ʜʨʫʛʠʭ ʨʝʟʠʥʦʪʝʭʥʠʯʝʩʢʠʭ ʠʟʜʝʣʠʡ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚ 

ʢʘʯʝʩʪʚʝ ʥʘʧʦʣʥʠʪʝʣʷ 10ï40 ʤʘʩʩ. % ʘʢʪʠʚʥʦʛʦ ʇʈ ʜʠʩʢʨʝʪʥʦ ʜʝʚʫʣʢʘʥʠʟʦʚʘʥʥʦʡ 

ʰʠʥʥʦʡ ʨʝʟʠʥʳ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʨʝʟʠʥ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʟʘʤʝʪʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʠʩʭʦʜʥʳʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʫʧʨʫʛʦʧʨʦʯʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʨʝʢʦʤʝʥʜʫʝʪʩʷ 

ʧʨʠʤʝʥʷʪʴ ʚʚʝʜʝʥʠʝ ʘʢʪʠʚʥʳʭ ʇʈ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʥʝʦʪʚʝʪʩʪʚʝʥʥʳʭ ʈʊʀ ʪʠʧʘ ʵʢʨʘʥʦʚ, 

ʙʣʦʢʦʚ, ʥʘʧʦʣʴʥʦʡ ʧʣʠʪʢʠ, ʦʙʫʚʥʳʭ ʧʣʘʩʪʠʥ ʠ ʪ.ʜ. ʆʪʩʫʪʩʪʚʠʝ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʧʦ 

ʩʚʦʡʩʪʚʘʤ ʨʝʟʠʥ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʠʟ ʨʝʟʠʥʦʚʦʡ ʩʤʝʩʠ ʩ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʥʘʧʦʣʥʝʥʠʷ ʇʈ 

ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʩʥʠʞʝʥʠʝʤ ʫʨʦʚʥʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʨʠ ʚʚʝʜʝʥʠʠ ʇʈ ʚ 

ʨʝʟʠʥʦʚʫʶ ʩʤʝʩʴ. 

ʇʨʝʜʩʪʘʚʠʣʦ ʠʥʪʝʨʝʩ ʦʧʨʝʜʝʣʠʪʴ ʚʝʨʭʥʠʡ ʧʨʝʜʝʣ ʥʘʧʦʣʥʝʥʠʷ ʨʝʟʠʥʦʚʦʡ ʩʤʝʩʠ 

ʇʈ ʠ ʚʟʘʠʤʦʩʚʷʟʴ ʩʦʩʪʘʚʘ ʫʧʨʫʛʦʧʨʦʯʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ ʨʝʟʠʥ ʚ ʠʥʪʝʨʚʘʣʝ 50ï200 ʤʘʩʩ. %, 

ʘ ʪʘʢʞʝ ʩʪʦʡʢʦʩʪʴ ʪʘʢʠʭ ʨʝʟʠʥ ʢ ʨʘʟʣʠʯʥʳʤ ʚʠʜʘʤ ʩʪʘʨʝʥʠʷ ʠ ʛʘʨʘʥʪʠʡʥʳʝ ʩʨʦʢʠ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʈʊʀ. 

ɺ ʨʘʙʦʪʝ ʚ ʢʘʯʝʩʪʚʝ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʳ ʜʣʷ ʚʚʝʜʝʥʠʷ ʜʦʙʘʚʦʢ ʇʈ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʪʘʥʜʘʨʪʥʳʝ ʠ ʩʝʨʠʡʥʳʝ ʩʤʝʩʠ ʥʘ ʦʩʥʦʚʝ ʙʫʪʘʜʠʝʥʤʝʪʠʣʩʪʠʨʦʣʴʥʦʛʦ 

ʢʘʫʯʫʢʘ ʉʂʉʄ-30 ɸʈʂʄ-15. 

ʀʩʭʦʜʷ ʠʟ ʪʦʛʦ, ʯʪʦ ʠʩʩʣʝʜʫʝʤʳʝ ʇʈ ʠʟʛʦʪʘʚʣʠʚʘʣʠ ʠʟ ʰʠʥʥʳʭ ʨʝʟʠʥ, ʥʘʠʙʦʣʝʝ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʧʨʝʜʩʪʘʚʣʷʣʦʩʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʳ ʜʣʷ 

ʚʚʝʜʝʥʠʷ ʠʩʩʣʝʜʫʝʤʳʭ ʪʦʥʢʦʜʠʩʧʝʨʩʥʳʭ ʧʦʨʦʰʢʦʚ ʚ ʨʝʟʠʥʦʚʦʡ ʩʤʝʩʠ ʥʘ ʦʩʥʦʚʝ 

ʉʂʉʄ-30 ɸʈʂʄ-15. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʩʪʘʥʦʚʣʝʥʦ ʦʧʪʠʤʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ 

ʨʝʞʠʤʘ ʠʟʛʦʪʦʚʣʝʥʠʷ ʨʝʟʠʥʦʚʦʡ ʩʤʝʩʠ ʩ ʜʦʙʘʚʢʘʤʠ ʇʈ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʜʠʥʘʤʠʯʝʩʢʠʭ ʠ ʫʧʨʫʛʦʧʨʦʯʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ ʚʫʣʢʘʥʠʟʘʪʦʚ, 

ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʇʈʊʀ-ʐʈ ʚ ʨʝʟʠʥʦʚʳʭ ʩʤʝʩʷʭ ʥʘ ʦʩʥʦʚʝ ʢʘʫʯʫʢʘ  

ʉʂʄʉ-ɿ0ɸʈʂʄ-15 ʩ ʥʘʧʦʣʥʝʥʠʝʤ ʜʦ 150ï200 ʤʘʩʩ. ʯ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʚʳʩʦʢʦʛʦ 

ʫʨʦʚʥʷ ʫʧʨʫʛʦʧʨʦʯʥʦʩʪʥʳʭ ʨʝʟʠʥ, ʥʘʧʦʣʥʝʥʥʳʭ ʇʈ ʪʨʝʙʫʝʪʩʷ ʢʦʨʨʝʢʪʠʨʦʚʢʘ ʩʦʩʪʘʚʘ 

ʚʫʣʢʘʥʠʟʫʶʱʝʡ ʛʨʫʧʧʳ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʚʚʝʜʝʥʠʷ ʧʣʘʩʪʠʬʠʢʘʪʦʨʘ. 
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ɺɿɸɭʄʆɼɯʗ N-[ɸʈʀʃʉʋʃʔʌʆʅɯʃɯʄɯʅʆ(ʄɽʊʀʃ)ʄɽʊʀʃ]-

1,4 ɹɽʅɿʆʍɯʅʆʅʄʆʅʆɯʄɯʅɯɺ ɿ ʈʆɼɸʅɯɼʆʄ ʂɸʃɯʖ ʊɸ ʊɯʆʉɽʏʆɺʀʅʆʖ 

ʃʠʩʝʥʢʦ ʆ. ʄ., ʂʦʥʦʚʘʣʦʚʘ ʉ. ʆ., ɸʚʜʻʻʥʢʦ ɸ. ʇ. 

ɼʦʥʙʘʩʴʢʘ ʜʝʨʞʘʚʥʘ ʤʘʰʠʥʦʙʫʜʽʚʥʘ ʘʢʘʜʝʤʽʷ, ʤ. ʂʨʘʤʘʪʦʨʩʴʢ 

chimist@dgma.donetsk.ua 

 

ʅʘ ʦʩʥʦʚʽ N-ʟʘʤʽʱʝʥʠʭ 1,4-ʙʝʥʟʦʭʽʥʦʥʤʦʥʦʽʤʽʥʽʚ ʤʦʞʫʪʴ ʙʫʪʠ ʦʜʝʨʞʘʥʽ 

ʨʽʟʥʦʤʘʥʽʪʥʽ ʛʝʪʝʨʦʮʠʢʣʽʯʥʽ ʩʧʦʣʫʢʠ, ʱʦ ʤʘʪʁʴ ʚʠʩʦʢʫ ʙʽʦʣʦʛʽʯʥʫ ʘʢʪʠʚʥʽʩʪ.ɹ ʆʜʠʥ ʽʟ 

ʥʘʧʨʷʤʢʽʚ ʩʠʥʪʝʟʫ ʪʘʢʠʭ ʧʦʭʽʜʥʠʭ ʧʦʣʷʛʘʻ ʫ ʚʟʘʻʤʦʜʽʾ N-ʟʘʤʽʱʝʥʠʭ 

1,4-ʙʝʥʟʦʭʽʥʦʥʤʦʥʦʽʤʽʥʽʚ ʟ ʨʦʜʘʥʽʜʦʤ ʢʘʣʽʶ ʟ ʫʪʚʦʨʝʥʥʷʤ ʧʦʭʜ̔ʥʠʭ 1,3-ʙʝʥʟʦʢʩʘʪʽʦʣ-

2-ʦʥʫ, ʘʣʝ ʥʝ ʟʘʚʞʜʠ ʤʦʞʣʠʚʦ ʙʫʣʦ ʦʪʨʠʤʘʪʠ ʽʥʜʠʚʽʜʫʘʣʴʥʽ ʩʧʦʣʫʢʠ. ɼʨʫʛʠʡ ʥʘʧʨʷʤʦʢ 

ʚʢʣʶʯʘʻ ʨʝʘʢʮʽʶ N-ʟʘʤʽʱʝʥʠʭ 1,4-ʙʝʥʟʦʭʽʥʦʥʤʦʥʦʽʤʽʥʽʚ ʽʟ ʪʽʦʩʝʯʦʚʠʥʦʶ ï ʨʘʥʽʰʝ ʥʘ 

ʦʩʥʦʚʽ 1,4-ʭʽʥʦʥʽʚ ʚ ʩʝʨʝʜʦʚʠʱʽ ʦʮʪʦʚʦʾ ʢʠʩʣʦʪʠ ʦʪʨʠʤʘʥʽ ʧʦʭʽʜʥʽ 1,3-ʙʝʥʟʦʢʩʘʪʽʦʣ-2-ʦʥʫ 

ʪʘ 2-ʘʤʽʥʦ-1,3-ʙʝʥʟʦʪʽʘʟʦʣʫ. 

ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʜʦʩʣʽʜʞʝʥʦ ʨʝʘʢʮʽʶ N-[ʘʨʠʣʩʫʣʴʬʦʥʽʣʽʤʽʥʦ(ʤʝʪʠʣ)ʤʝʪʠʣ]-

1,4-ʙʝʥʟʦʭʽʥʦʥʤʦʥʦʽʤʽʥʽʚ I  ʟ ʨʦʜʘʥʽʜʦʤ ʢʘʣʽʶ ʚ ʦʮʪʦʚʽʡ ʢʠʩʣʦʪʽ ʟʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ 

ʨʝʘʛʝʥʪʽʚ 1:2 ʪʘ ʟ ʪʽʦʩʝʯʦʚʠʥʦʶ ʚ ʝʪʘʥʦʣʽ ʟʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʨʝʘʛʝʥʪʽʚ 1:6,5 ʫ 

ʧʨʠʩʫʪʥʦʩʪʽ HCl. ɺ ʨʝʟʫʣʴʪʘʪʽ ʟʘ ʦʙʦʤʘ ʥʘʧʨʷʤʢʘʤʠ ʚʠʜʽʣʝʥʽ ʪʽʣʴʢʠ ʧʦʭʽʜʥʽ 

1,3-ʙʝʥʟʦʢʩʘʪʽʦʣ-2-ʦʥʫ II . 
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R1=Me, R2=Me, i-Pr, Ar=Ph, 4-Tol. 

ʅʘ ʦʩʥʦʚʽ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʘʥʠʭ ʤʦʞʥʘ ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʫʪʚʦʨʝʥʥʷ ʧʦʭʽʜʥʠʭ 

1,3-ʙʝʥʟʦʢʩʘʪʽʦʣ-2-ʦʥʫ II ʚ ʨʝʘʢʮʽʾ 1,4-ʙʝʥʟʦʭʽʥʦʥʤʦʥʦʽʤʽʥʽʚ I  ʟ ʨʦʜʘʥʽʜʦʤ ʢʘʣʽʶ 

ʦʙʫʤʦʚʣʝʥʦ ʣʘʥʮʶʛʦʤ ʧʝʨʝʪʚʦʨʝʥʴ (I)Ÿ(A)Ÿ(C)Ÿ(II ), ʘ ʫ ʚʠʧʘʜʢʫ ʨʝʘʢʮʽʾ ʟ 

ʪʽʦʩʝʯʦʚʠʥʦʶ ï ʧʝʨʝʪʚʦʨʝʥʥʷʤʠ ʟʘ ʰʣʷʭʦʤ (I)Ÿ(B)Ÿ(C)Ÿ(II ). ʇʝʨʰʘ ʩʪʘʜʽʷ ʨʝʘʢʮʡ̔ ʚ 

ʦʙʦʭ ʚʠʧʘʜʢʘʭ ʧʝʨʝʙʽʛʘʻ ʯʝʨʝʟ 1,4-ʧʨʠʻʜʥʘʥʥʷ ʟʽ ʚʭʦʜʞʝʥʥʷʤ ʘʥʽʦʥʫ ʥʫʢʣʝʦʬʽʣʘ ʚ ʦʨʪʦ-

ʧʦʣʦʞʝʥʥʷ ʜʦ ʢʘʨʙʦʥʽʣʴʥʦʛʦ ʘʪʦʤʘ ʂʘʨʙʦʥʫ ʭʽʥʦʾʜʥʦʛʦ ʷʜʨʘ. ʋ ʟʚô̫ ʟʢʫ ʟ ʮʠʤ, ʨʝʘʢʮʽʾ ʟ 

ʨʦʜʘʥʽʜʦʤ ʢʘʣʽʶ ʪʘ ʪʽʦʩʝʯʦʚʠʥʦʶ ʤʦʞʣʠʚʽ ʣʠʰʝ ʜʣʷ 1,4-ʙʝʥʟʦʭʽʥʦʥʤʦʥʦʽʤʽʥʽʚ ʟ ʚʽʣʴʥʠʤ 

ʧʦʣʦʞʝʥʥʷʤ 2 ʭʽʥʦʾʜʥʦʛʦ ʷʜʨʘ. ɹʫʜʦʚʫ ʩʠʥʪʝʟʦʚʘʥʠʭ ʩʧʦʣʫʢ ʜʦʚʝʜʝʥʦ ʥʘ ʦʩʥʦʚʽ ʜʘʥʠʭ 

ʩʧʝʢʪʨʽʚ ʗʄʈ 1ʅ, ɯʏ ʪʘ ʝʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʽʟʫ. 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʚ ʨʝʟʫʣʴʪʘʪʽ ʨʝʘʢʮʽʾ ʟ ʪʽʦʩʝʯʦʚʠʥʦʶ ʦʜʝʨʞʘʥʽ ʙʽʣʴʰ ʯʠʩʪʽ 

ʧʨʦʜʫʢʪʠ ʟ ʙʽʣʴʰ ʚʠʩʦʢʠʤʠ ʚʠʭʦʜʘʤʠ.  
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ʈɽɸʂʎʀʗ N-ʌɽʅʀʃɸʄʀʅʆʂɸʈɹʆʅʀʃ-1,4-ɹɽʅɿʆʍʀʅʆʅʄʆʅʆʀʄʀʅʆɺ 

ʉ ʕʊʀʃʆɺʓʄ ʕʌʀʈʆʄ ɹɽʅɿʆʀʃʋʂʉʋʉʅʆʁ ʂʀʉʃʆʊʓ 

ʃʳʩʝʥʢʦ ɽ. ʅ.1, ʂʦʥʦʚʘʣʦʚʘ ʉ. ɸ.1, ɸʚʜʝʝʥʢʦ ɸ. ʇ.1, ʆʙʫʰʘʢ ʄ. ɼ.2 
1ɼʦʥʙʘʩʩʢʘʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʘʷ ʘʢʘʜʝʤʠʷ, ʛ. ʂʨʘʤʘʪʦʨʩʢ 

2ʃʴʚʦʚʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʀʚʘʥʘ ʌʨʘʥʢʦ, ʛ. ʃʴʚʦʚ 

chimist@dgma.donetsk.ua 

 

ʇʨʦʠʟʚʦʜʥʳʝ ʙʝʥʟʦʬʫʨʘʥʘ ʦʙʣʘʜʘʶʪ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʙʠʦʣʦʛʠʯʝʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ï ʧʨʦʷʚʣʷʶʪ ʛʠʧʦʪʝʥʟʠʚʥʫʶ, ʘʥʪʠʘʥʛʠʥʘʣʴʥʫʶ ʠ ʘʥʪʠʘʨʠʪʤʠʯʝʩʢʫʶ 

ʘʢʪʠʚʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʘʥʘʣʴʛʝʪʠʯʝʩʢʦʝ, ʩʧʘʟʤʦʣʠʪʠʯʝʩʢʦʝ, ʤʝʩʪʥʦʘʥʝʩʪʝʟʠʨʫʶʱʝʝ ʠ 

ʧʨʦʪʠʚʦʤʠʢʨʦʙʥʦʝ ʜʝʡʩʪʚʠʝ. ʆʜʥʦ ʠʟ ʥʘʧʨʘʚʣʝʥʠʡ ʩʠʥʪʝʟʘ ʙʝʥʟʦʬʫʨʘʥʦʚ ʚʢʣʶʯʘʝʪ 

ʨʝʘʢʮʠʶ ʄʠʭʘʵʣʷ ï ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ N-ʟʘʤʝʱʝʥʥʳʭ 1,4-ʙʝʥʟʦʭʠʥʦʥʤʦʥʦʠʤʠʥʦʚ ʩ ʉʅ-

ʢʠʩʣʦʪʘʤʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʩ ʵʪʠʣʦʚʳʤ ʵʬʠʨʦʤ ʙʝʥʟʦʠʣʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ. 

ʈʘʥʝʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʢʮʠʠ 1,4-ʭʠʥʦʥʦʚ, 1,4-ʭʠʥʦʥʜʠʠʤʠʥʦʚ ʠ ʥʝʟʘʤʝʱʝʥʥʦʛʦ ʚ 

ʭʠʥʦʠʜʥʦʤ ʷʜʨʝ 1,4-ʙʝʥʟʦʭʠʥʦʥʤʦʥʦʠʤʠʥʘ ʩ ʵʪʠʣʦʚʳʤ ʵʬʠʨʦʤ ʙʝʥʟʦʠʣʫʢʩʫʩʥʦʡ 

ʢʠʩʣʦʪʳ ʧʦʣʫʯʝʥʳ ʨʘʟʣʠʯʥʳʝ ʘʜʜʫʢʪʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ. 

ʆʜʥʘʢʦ, ʩʠʥʪʝʟ ʧʨʦʠʟʚʦʜʥʳʭ ʙʝʥʟʦʬʫʨʘʥʘ ʚʢʣʶʯʘʣ ʥʝʩʢʦʣʴʢʦ ʩʪʘʜʠʡ ʠ ʪʨʝʙʦʚʘʣ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʨʦʜʫʢʪʦʚ ʧʨʠʩʦʝʜʠʥʝʥʠʷ, ʘ ʘʣʢʠʣʟʘʤʝʱʝʥʥʳʝ ʚ ʭʠʥʦʠʜʥʦʤ 

ʷʜʨʝ ʧʨʦʠʟʚʦʜʥʳʝ ʥʝ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʚʦʦʙʱʝ.  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʟʫʯʝʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʦʥʦ- ʠ ʜʠʘʣʢʠʣʟʘʤʝʱʝʥʥʳʭ ʚ 

ʭʠʥʦʠʜʥʦʤ ʷʜʨʝ N-ʬʝʥʠʣʘʤʠʥʦʢʘʨʙʦʥʠʣ-1,4-ʙʝʥʟʦʭʠʥʦʥʠʤʠʥʦʚ I  ʩ ʵʪʠʣʦʚʳʤ ʵʬʠʨʦʤ 

ʙʝʥʟʦʠʣʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ II. ʈʝʘʢʮʠʶ ʧʨʦʚʦʜʠʣʠ ʚ ʩʨʝʜʝ ʜʠʦʢʩʘʥʘ ʩ ʢʘʪʘʣʠʪʠʯʝʩʢʠʤ 

ʢʦʣʠʯʝʩʪʚʦʤ ʤʝʪʠʣʘʪʘ ʥʘʪʨʠʷ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ, ʘ ʪʘʢʞʝ ʧʨʠ 

ʢʠʧʷʯʝʥʠʠ ʚ ʩʨʝʜʝ ʜʠʭʣʦʨʵʪʘʥʘ ʩ ʦʪʛʦʥʢʦʡ ʨʘʩʪʚʦʨʠʪʝʣʷ ʠ ʧʨʠ ʢʠʧʷʯʝʥʠʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʤʝʪʠʣʘʪʘ ʥʘʪʨʠʷ. ʕʢʩʧʝʨʠʤʝʥʪ ʧʦʢʘʟʘʣ, ʯʪʦ ʩʪʨʦʝʥʠʝ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ ʩʫʱʝʩʪʚʝʥʥʦ 

ʟʘʚʠʩʠʪ ʦʪ ʫʩʣʦʚʠʡ ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʠ ï ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʘ ʠ ʥʘʣʠʯʠʷ 

ʢʘʪʘʣʠʟʘʪʦʨʘ. 
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ʇʨʦʜʫʢʪʳ 1,4-ʧʨʠʩʦʝʜʠʥʝʥʠʷ III  ʧʦʣʫʯʝʥʳ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ 

ʭʠʥʦʥʤʦʥʦʠʤʠʥʦʚ I  ʩ ʵʪʠʣʦʚʳʤ ʵʬʠʨʦʤ ʙʝʥʟʦʠʣʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ II  ʚ ʩʨʝʜʝ ʜʠʦʢʩʘʥʘ ʩ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʤʝʪʠʣʘʪʘ ʥʘʪʨʠʷ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʘ ʪʘʢʞʝ ʧʨʠ 

ʢʠʧʷʯʝʥʠʠ ʚ ʩʨʝʜʝ ʜʠʭʣʦʨʵʪʘʥʘ ʩ ʦʪʛʦʥʢʦʡ ʨʘʩʪʚʦʨʠʪʝʣʷ. 

ʇʨʦʚʝʜʝʥʠʝ ʨʝʘʢʮʠʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʤʝʪʠʣʘʪʘ ʥʘʪʨʠʷ 

ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʢʘʢ ʚ ʜʠʦʢʩʘʥʝ, ʪʘʢ ʠ ʚ ʜʠʭʣʦʨʵʪʘʥʝ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʧʨʦʠʟʚʦʜʥʳʭ ʙʝʥʟʦʬʫʨʘʥʘ V, ʯʪʦ ʷʚʣʷʝʪʩʷ ʦʯʝʥʴ ʫʜʦʙʥʳʤ ʤʝʪʦʜʦʤ ʠʭ ʩʠʥʪʝʟʘ ʚ ʦʜʥʫ 

ʩʪʘʜʠʶ, ʪʨʝʙʫʝʪ ʤʝʥʴʰʝ ʚʨʝʤʝʥʥʳʭ ʠ ʤʘʪʝʨʠʘʣʴʥʳʭ ʟʘʪʨʘʪ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʧʨʝʜʣʦʞʝʥʥʳʤʠ ʨʘʥʝʝ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʮʠʢʣʠʟʘʮʠʷ 

ʧʨʦʜʫʢʪʦʚ 1,4-ʧʨʠʩʦʝʜʠʥʝʥʠʷ III  ʚ ʧʨʦʠʟʚʦʜʥʳʝ ʙʝʥʟʦʬʫʨʘʥʘ V ʚ ʭʦʜʝ ʨʝʘʢʮʠʠ 

ʧʨʦʪʝʢʘʝʪ ʯʝʨʝʟ ʩʪʨʫʢʪʫʨʫ IV, ʦʙʨʘʟʦʚʘʥʠʝ ʢʦʪʦʨʦʡ ʪʘʢʞʝ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʜʘʥʥʳʤʠ 

ʩʧʝʢʪʨʦʚ ʗʄʈ 1ʅ ʨʝʘʢʮʠʦʥʥʳʭ ʩʤʝʩʝʡ. 

ʉʪʨʦʝʥʠʝ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʜʦʢʘʟʘʥʦ ʥʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ ʩʧʝʢʪʨʦʚ 

ʗʄʈ 1ʅ, 13ʉ, ʀʂ ʠ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ.  
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ʋɼʆʉʂʆʅɸʃɽʅʅʗ ɽʃɽʂʊʈʆʍɯʄɯʏʅʆɻʆ ʉʀʅʊɽɿʋ 

ʄɽʊɸʅʉʋʃʔʌʆʅʆɺʆɰ ʂʀʉʃʆʊʀ 
ʄʘʪʨʫʥʯʠʢ ʆ. ʃ., ʊʫʣʴʩʴʢʠʡ ɻ. ɻ. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʍʘʨʢʽʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪè 

Olenka_mail.22@mail.ru 

 

ʄʝʪʘʥʩʫʣʴʬʦʢʠʩʣʦʪʘ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʚ ʷʢʦʩʪʽ ʢʘʪʘʣʽʟʘʪʦʨʫ ʨʝʘʢʮʽʡ 

ʥʽʪʨʫʚʘʥʥʷ, ʝʪʝʨʠʬʽʢʘʮʽʾ, ʘʮʠʣʶʚʘʥʥʷ, ʧʦʣʽʤʝʨʠʟʘʮʽʾ ʦʣʝʬʽʥʽʚ,ʘ ʪʘʢʦʞ ʤʦʞʝ ʙʫʪʠ 

ʚʠʢʦʨʠʩʪʘʥʘ ʜʣʷ ʧʨʠʛʦʪʫʚʘʥʥʷ ʝʣʝʢʪʨʦʣʽʪʽʚ ʽ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʨʽʟʥʠʭ ʬʘʨʤʘʮʝʚʪʠʯʥʠʭ 

ʧʨʝʧʘʨʘʪʽʚ, ʚ ʭʽʤʽʯʥʽʡ, ʝʣʝʢʪʨʦʥʥʽʡ ʪʘ ʨʘʜʽʦʪʝʭʥʽʯʥʽʡ ʛʘʣʫʟʷʭ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʝʣʝʢʪʨʦʣʽʪʽʚ ʥʘ ʦʩʥʦʚʽ ʤʝʪʘʥʩʫʣʴʬʦʢʠʩʣʦʪʠ ʛʘʣʴʤʫʻʪʴʩʷ ʯʝʨʝʟ ʚʝʣʠʢʫ ʾʾ 

ʚʘʨʪʽʩʪʴ. ʊʦʤʫ ʜʦʩʣʽʜʞʝʥʥʷ, ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʨʦʟʨʦʙʢʫ ʝʬʝʢʪʠʚʥʦʾ ʪʝʭʥʦʣʦʛʽʾ 

ʤʝʪʘʥʩʫʣʴʬʦʢʠʩʣʦʪʠ, ʻ ʘʢʪʫʘʣʴʥʠʤʠ. 

ʄʝʪʘʥʩʫʣʴʬʦʢʠʩʣʦʪʫ ʪʨʘʜʠʮʽʡʥʦ ʦʪʨʠʤʫʶʪʴ ʭʽʤʽʯʥʠʤ ʩʧʦʩʦʙʦʤ ï ʰʣʷʭʦʤ 

ʦʢʠʩʣʝʥʥʷ ʜʠʤʝʪʠʣʜʠʩʫʣʴʬʽʜʫ ʩʫʣʴʬʘʪʥʦʶ ʢʠʩʣʦʪʦʶ. ʆʩʢʽʣʴʢʠ ʮʝʡ ʤʝʪʦʜ ʧʦʪʨʝʙʫʻ 

ʜʦʜʘʪʢʦʚʠʭ ʚʠʭʽʜʥʠʭ ʨʝʯʦʚʠʥ ʢʽʥʮʝʚʠʡ ʧʨʦʜʫʢʪ ʟʘʙʨʫʜʥʶʻʪʴʩʷ ʥʠʤʠ. ɸʣʴʪʝʨʥʘʪʠʚʥʦʶ 

ʻ ʝʣʝʢʪʨʦʭʽʤʽʯʥʘ ʪʝʭʥʦʣʦʛʽʷ. ʉʠʥʪʝʟ ʤʝʪʘʥʩʫʣʴʬʦʢʠʩʣʦʪʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʽʜ ʯʘʩ ʧʝʨʝʙʽʛʫ 

ʘʥʦʜʥʦʾ ʨʝʘʢʮʽʾ ï ʦʢʠʩʥʝʥʥʷ ʜʠʤʝʪʠʣʩʫʣʴʬʦʢʩʠʜʫ (ɼʄʉʆ). ʉʠʥʪʝʟ ʤʝʪʘʥʩʫʣʴʬʦʥʦʚʦʾ 

ʢʠʩʣʦʪʠ ʧʝʨʝʙʽʛʘʻ ʧʨʠ ʚʠʩʦʢʠʭ ʟʥʘʯʝʥʥʷʭ ʘʥʦʜʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ (ʙʽʣʴʰ ʧʦʟʠʪʠʚʥʠʡ ʟʘ 

1,8 ɺ). ʊʘʢʽ ʚʠʩʦʢʽ ʘʥʦʜʥʽ ʧʦʪʝʥʮʽʘʣʠ ʤʦʞʥʘ ʨʝʘʣʽʟʫʚʘʪʠ ʥʘ ʝʣʝʢʪʨʦʜʘʭ ʚʠʛʦʪʦʚʣʝʥʠʭ ʟ 

ʤʘʪʝʨʽʘʣʽʚ, ʱʦ ʤʘʶʪʴ ʚʠʩʦʢʫ ʧʝʨʝʥʘʧʨʫʛʫ ʩʫʤʽʱʝʥʦʛʦ ʧʨʦʮʝʩʫ ï ʚʠʜʽʣʝʥʥʷ ʢʠʩʥʶ. 

ʊʘʢʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ ʻ Pt/PtO ʘʙʦ PbO2. ʇʣʘʪʠʥʦʚʠʡ ʘʥʦʜ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʽʥʰʠʤʠ 

ʜʦʩʣʽʜʥʠʢʘʤʠ ʽ ʧʦʢʘʟʘʚ ʩʚʦʶ ʝʬʝʢʪʠʚʥʽʩʪʴ. ʅʝʜʦʣʽʢʦʤ ʧʣʘʪʠʥʠ ʻ ʚʠʩʦʢʘ ʚʘʨʪʽʩʪʴ. 

ɼʽʦʢʩʠʜ ʩʚʠʥʮʶ ʤʘʻ ʚʠʩʦʢʫ ʢʘʪʘʣʽʪʠʯʥʫ ʘʢʪʠʚʥʽʩʪʴ ʚ ʨʝʘʢʮʽʷʭ ʘʥʦʜʥʦʛʦ 

ʦʢʠʩʣʝʥʥʷ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʥʝʦʨʛʘʥʽʯʥʠʭ ʽ ʦʨʛʘʥʽʯʥʠʭ ʨʝʯʦʚʠʥ, ʩʪʽʡʢʽʩʪʶ ʧʨʠ ʘʥʦʜʥʽʡ 

ʧʦʣʷʨʠʟʘʮʽʾ ʚ ʦʢʠʩʣʶʚʘʣʴʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ, ʚʠʩʦʢʫ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʴ ʤʝʪʘʣʝʚʦʛʦ ʪʠʧʫ 

ʽ ʥʝʚʠʩʦʢʫ ʚʘʨʪʽʩʪʴ. ɸʥʦʜʠ ʚʠʛʦʪʦʚʣʝʥʽ ʟ ʪʠʪʘʥʫ ɺʊ 1-0, ʥʘ ʧʦʚʝʨʭʥʶ ʷʢʦʛʦ ʙʫʣʦ 

ʥʘʥʝʩʝʥʦ ʢʘʪʘʣʽʪʠʯʥʦ ʘʢʪʠʚʥʝ ʧʦʢʨʠʪʪʷ ʟ ʧʽʜʰʘʨʦʤ. ʈʦʙʦʯʘ ʧʦʚʝʨʭʥʷ ʘʥʦʜʘ ʩʢʣʘʣʘ 4 ʩʤ2. 

ʇʝʨʝʜ ʥʘʥʝʩʝʥʥʷʤ ʧʽʜʰʘʨʫ ʪʠʪʘʥʦʚʫ ʧʦʚʝʨʭʥʶ ʟʥʝʞʠʨʶʚʘʣʘʩʴ ʚ ʚʦʜʥʦ-ʣʫʞʥʦʤʫ ʨʦʟʯʠʥʽ 

ʽ ʧʽʜʜʘʚʘʣʘʩʷ ʪʨʘʚʣʝʥʥʶ ʚ 50 % ʩʽʨʯʘʥʽʡ ʢʠʩʣʦʪʽ ʧʨʦʪʷʛʦʤ 15 ʭʚ. ʇʽʜʰʘʨ ʥʘʥʦʩʠʣʠ 

ʤʝʪʦʜʦʤ ʪʝʨʤʽʯʥʦʛʦ ʨʦʟʢʣʘʜʘʥʥʷ ʧʦʢʨʠʚʥʠʭ ʨʦʟʯʠʥʽʚ, ʱʦ ʤʽʩʪʷʪʴ ʦʢʩʠʭʣʦʨʠʜ ʨʫʪʝʥʽʶ ʽ 

ʯʦʪʠʨʠʭʣʦʨʠʩʪʠʡ ʪʠʪʘʥ ʟ ʨʽʟʥʦʶ ʢʦʥʮʝʥʪʨʘʮʽʻʶ. ʉʢʣʘʜ ʧʦʢʨʠʚʥʦʛʦ ʨʦʟʯʠʥʫ (ʛÖʜʤ-3): 

Ru(OH)Cl3 ï 150, TiCl4 ï 522, HCl ï 36, ʽʟʦʧʨʦʧʠʣʦʚʠʡ ʩʧʠʨʪ ï 3. 

ɽʣʝʢʪʨʦʩʠʥʪʝʟ ʟʜʽʡʩʥʶʚʘʣʠ ʚ ʻʣʝʢʪʨʦʣʽʟʝʨʽ ʟ ʨʦʟʜʽʣʴʥʠʤ ʢʘʪʦʜʥʠʤ ʽ ʘʥʦʜʥʠʤ 

ʧʨʦʩʪʦʨʦʤ ʢʘʪʽʦʥʽʪʦʚʦʶ ʤʝʤʙʨʘʥʦʶ. ʂʘʪʦʜ ʩʪʘʣʴʥʠʡ. ʂʦʥʮʝʥʪʨʘʮʽʷ ɼʄʉʆ (ʤʦʣʴ/ʜʤ3): 

0,1, 0,5, 1, 2, 3, 4, ʫ ʷʢʦʩʪʽ  ʬʦʥʦʚʦʛʦ ʝʣʝʢʪʨʦʣʽʪʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ 0,2 ʤʦʣʴ/ʜʤ3 H2SO4. 

ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʤʝʪʦʜʠ ʮʠʢʣʽʯʥʦʾ ʚʦʣʴʘʤʧʝʨʦʤʝʪʨʽʾ ʪʘ ʚʠʤʽʨʫ ʝʤʥʦʩʪʽ 

ʥʘ ʛʨʘʥʠʮʽ ʝʣʝʢʪʨʦʜ-ʝʣʝʢʪʨʦʣʽʪ. ʂʽʣʴʢʽʩʥʝ ʚʠʟʥʘʯʝʥʥʷ ʤʝʪʘʥʩʫʣʴʬʦʢʠʩʣʦʪʠ ʧʨʦʚʦʜʠʣʠ 

ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʠʤ ʪʠʪʨʫʚʘʥʥʷʤ ʽ ʛʨʘʚʽʤʝʪʨʠʯʥʠʤ ʤʝʪʦʜʦʤ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʡ ʩʠʥʪʝʟ ʤʝʪʘʥʩʫʣʴʬʦʢʠʩʣʦʪʠ ʧʝʨʝʙʽʛʘʻ ʟ 

ʚʠʩʦʢʠʤʠ ʚʠʭʦʜʘʤʠ ʟʘ ʩʪʨʫʤʦʤ (ʙʽʣʴʰʝ ʟʘ 95 %), ʷʢ ʥʘ Pt/PtO ʪʘʢ ʽ ʥʘ PbO2. ɸʣʝ 

ʘʜʩʦʨʙʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ PbO2  ʝʣʝʢʪʨʦʜʘ ʻ ʚʠʱʠʤʠ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʧʣʘʪʠʥʦʚʠʤ.  

ɼʣʷ ʧʦʜʘʣʴʰʠʭ ʙʘʣʘʥʩʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʙʫʣʠ ʦʙʨʘʥʽ ʨʦʟʯʠʥʠ ɼʄʉʆ ʟ 

ʢʦʥʮʝʥʪʨʘʮʽʻʶ 3 ʤʦʣʴ/ʜʤ3. ɻʫʩʪʠʥʘ ʩʪʨʫʤʫ ʦʙʨʘʥʘ ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 0,1 ʜʦ 0,2 ɸ/ʩʤ2. 

ʇʨʦʚʦʜʠʣʠʩʷ ʜʦʩʣʽʜʠ ʟ ʚʠʚʯʝʥʥʷ ʧʨʦʜʫʢʪʫ ʝʣʝʢʪʨʦʦʢʠʩʣʝʥʥʷ ɼʄʉʆ ʧʨʠ ʢʦʥʪʨʦʣʴʦʚʘʥʽʡ 

ʛʫʩʪʠʥʽ ʩʪʨʫʤʫ. ɽʣʝʢʪʨʦʜʦʤ ʧʦʨʽʚʥʷʥʥʷ ʩʣʫʞʠʚ ʥʘʩʠʯʝʥʠʡ ʭʣʦʨʠʜ ʩʨʽʙʥʠʡ ʝʣʝʢʪʨʦʜ. 

ʇʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʥʝ ʜʦʟʚʦʣʠʣʠ ʚʩʪʘʥʦʚʠʪʠ ʤʝʭʘʥʽʟʤ ʘʥʦʜʥʦʛʦ ʧʨʦʮʝʩʫ ʚ 

ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʤʫ ʩʠʥʪʝʟʽ ʤʝʪʘʥʩʫʣʴʬʦʢʠʩʣʦʪʠ. ʇʦʜʘʣʴʰʽ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʜʫʪʴ 

ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʚʠʟʥʘʯʝʥʥʷ, ʯʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʝʣʝʢʪʨʦʭʽʤʽʯʥʝ ʦʢʠʩʥʝʥʥʷ ɼʄʉʆ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ ʘʥʦʜʽ, ʯʠ ʰʣʷʭʦʤ ʦʢʠʩʥʝʥʥʷ ʟʘ ʨʘʭʫʥʦʢ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʛʦ ʩʠʥʪʝʟʫ 

ʢʘʪʘʣʽʟʘʪʦʨʘ ʧʝʨʝʥʦʩʥʠʢʘ ï ʧʝʨʦʢʩʠʜʫ ʚʦʜʥʶ.  
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ʉʀʅʊɽɿ ɸʄɯʅʆ-1,2,3-ʊʈʀɸɿʆʃɯʃʂɸʈɹʆʅʆɺʀʍ ʂʀʉʃʆʊ ʊɸ ɰʍ ʇʆʍɯɼʅʀʍ 

ɿ ɺʀʂʆʈʀʉʊɸʅʅʗʄ ʄʆɼʀʌɯʂʆɺɸʅʆɰ ʈɽɸʂʎɯɰ ʍʔʖʉɻɽʅɸ 

ʆʥʽʧʢʦ ʆ. ɺ.1, ɻʣʘʜʢʦʚ ɭ. ʉ.2, ʏʝʙʘʥʦʚ ɺ. ɸ.1,2 
1ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɺ. ʅ. ʂʘʨʘʟʽʥʘ 

2ɼʅʋ ʅʊʂ çɯʥʩʪʠʪʫʪ ʤʦʥʦʢʨʠʩʪʘʣʽʚè ʅɸʅ ʋʢʨʘʾʥʠ, ʤ. ʍʘʨʢʽʚ 

onipko_o@outlook.com 

 

ɼʦʩʣʽʜʞʝʥʥʷ ʙʽʦʣʦʛʽʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʧʦʭʽʜʥʠʭ 1,2,3-ʪʨʠʘʟʦʣʫ ʧʦʢʘʟʫʶʪʴ 

ʤʦʞʣʠʚʽʩʪʴ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʣʽʢʘʨʩʴʢʠʭ ʧʨʝʧʘʨʘʪʽʚ. ʂʨʽʤ ʪʦʛʦ ʮʽ 

ʨʝʯʦʚʠʥʠ ʘʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʷʢ ʛʝʨʙʽʮʠʜʠ, ʽʥʛʽʙʽʪʦʨʠ ʢʦʨʦʟʽʾ, ʣʽʛʘʥʜʠ ʚ 

ʤʝʪʘʣʦʦʨʛʘʥʽʯʥʠʭ ʢʦʤʧʣʝʢʩʘʭ, ʦʧʪʠʯʥʽ ʚʽʜʙʽʣʶʚʘʯʽ, ʢʘʪʘʣʽʟʘʪʦʨʠ. ɺ ʪʦʡ ʞʝ ʯʘʩ, ʚʚʝʜʝʥʥʷ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʛʨʫʧ ʜʦ ʩʢʣʘʜʫ ʤʦʣʝʢʫʣ, ʷʢʽ ʤʽʩʪʷʪʴ ʪʨʠʘʟʦʣʴʥʠʡ ʮʠʢʣ, ʥʘʜʘʻ ʰʠʨʦʢʽ 

ʤʦʞʣʠʚʦʩʪʽ ʾʭ ʤʦʜʠʬʽʢʘʮʽʾ ʪʘ ʩʠʥʪʝʟʫ ʨʷʜʫ ʥʦʚʠʭ ʩʧʦʣʫʢ. ɼʣʷ ʩʠʥʪʝʟʫ ʧʦʭʽʜʥʠʭ 

1,2,3-ʪʨʠʘʟʦʣʫ ʥʘʤʠ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʨʝʘʢʮʽʶ ʘʟʠʜ-ʘʣʢʽʥʦʚʦʛʦ ʮʠʢʣʦʧʨʠʻʜʥʘʥʥʷ, ʱʦ 

ʢʘʪʘʣʽʟʫʻʪʴʩʷ ʩʦʣʷʤʠ ʤʽʜʽ (CuAAC), ʤʦʜʠʬʽʢʘʮʽʷ ʢʣʘʩʠʯʥʦʾ ʨʝʘʢʮʽʾ ʍʴʶʩʛʝʥʘ, ʷʢʘ ʻ 

ʦʜʥʠʤ ʽʟ ʥʘʡʥʘʜʽʡʥʽʰʠʭ ʰʣʷʭʽʚ ʩʠʥʪʝʟʫ 1,4-ʜʠʟʘʤʽʱʝʥʠʭ 1,2,3-ʪʨʠʘʟʦʣʽʚ ʽ ʚʽʜʥʦʩʠʪʴʩʷ 

ʜʦ ʛʨʫʧʠ çʢʣʽʢ-ʨʝʘʢʮʽʡè ï ʧʦʪʫʞʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʦʨʛʘʥʽʯʥʦʛʦ ʩʠʥʪʝʟʫ. 

ɺ ʨʘʤʢʘʭ ʥʘʰʦʾ ʨʦʙʦʪʠ ʙʫʣʦ ʩʠʥʪʝʟʦʚʘʥʦ ʥʠʟʢʫ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʧʦʭʽʜʥʠʭ 

1,2,3-ʪʨʠʘʟʦʣʫ, ʷʢʽ ʤʽʩʪʷʪʴ ʨʽʟʥʽ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʛʨʫʧʠ. ʉʠʥʪʝʟ ʮʽʣʴʦʚʠʭ ʪʨʠʘʟʦʣʽʚ 

ʟʜʽʡʩʥʶʚʘʚʩʷ ʚ ʜʚʽ ʩʪʘʜʽʾ ï ʩʠʥʪʝʟ ʘʟʠʜʽʚ (ʚ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʙʝʟ ʚʠʜʽʣʝʥʥʷ ʘʟʠʜʫ ʟ 

ʨʦʟʯʠʥʥʠʢʘ) ʪʘ ʩʘʤʘ ʨʝʘʢʮʽʷ ʛʝʪʝʨʦʮʠʢʣʽʟʘʮʽʾ ʧʦ ʪʠʧʫ ʘʟʠʜ-ʘʣʢʽʥʦʚʦʛʦ ʮʠʢʣʦʧʨʠʻʜʥʘʥʥʷ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʟʘʭʠʩʥʠʭ ʛʨʫʧ ʜʦʟʚʦʣʠʣʦ ʥʘʤ ʦʪʨʠʤʘʪʠ ʘʤʽʥʦ- ʪʘ ʛʽʜʨʦʢʩʠ- ʧʦʭʽʜʥʽ ʟ 

ʟʘʜʦʚʽʣʴʥʠʤʠ ʚʠʭʦʜʘʤʠ. 
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ɹʫʜʦʚʫ ʮʽʣʴʦʚʠʭ ʽ ʧʨʦʤʽʞʥʠʭ ʩʧʦʣʫʢ ʜʦʚʝʜʝʥʦ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 1ʅ ʪʘ 13ʉ 

ʩʧʝʢʪʨʦʩʢʦʧʽʾ ʗʄʈ ʪʘ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʽʾ. 
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ʆʉʆɹɽʅʅʆʉʊʀ 1ʅ ʗʄʈ ʉʇɽʂʊʈʆɺ ʉɽʈʀʀ ʇʈʆʀɿɺʆɼʅʓʍ 

[1,4]ɼʀʆʂʉɸʅʆ[2,3-f]ɹɽʅɿʀʄʀɼɸɿʆʃɸ 

ʆʨʣʦʚ ʄ. ɸ. 

ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʦ-ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠ ʫʛʣʝʭʠʤʠʠ ʠʤ. ʃ. ʄ. ʃʠʪʚʠʥʝʥʢʦ ʅɸʅʋ 
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ɺ 1ʅ ʗʄʈ ʩʧʝʢʪʨʘʭ ʧʨʦʠʟʚʦʜʥʳʭ [1,4]ʜʠʦʢʩʘʥʦ[2,3-f]ʙʝʥʟʠʤʠʜʘʟʦʣʘ (IïIV) 

ʠʤʝʝʪʩʷ ʨʷʜ ʭʘʨʘʢʪʝʨʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ, ʟʥʘʥʠʝ ʢʦʪʦʨʳʭ ʩʫʱʝʩʪʚʝʥʥʦ ʦʙʣʝʛʯʘʝʪ ʠʭ 

ʠʜʝʥʪʠʬʠʢʘʮʠʶ ʠ ʧʦʟʚʦʣʷʝʪ ʣʝʛʢʦ ʫʩʪʘʥʦʚʠʪʴ ʯʠʩʪʦʪʫ. 

 

 
 

ʊʘʢ, ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ I, II  ʥʘʙʣʶʜʘʶʪʩʷ ʭʘʨʘʢʪʝʨʥʳʝ ʩʠʛʥʘʣʳ ʤʝʪʠʣʝʥʦʚʳʭ ʛʨʫʧʧ 

ʜʠʦʢʩʘʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ (4.21ï4.23 ʤ. ʜ.), ʤʝʟʦ-ʧʨʦʪʦʥʘ ʠʤʠʜʘʟʦʣʘ I (8.03 ʤ. ʜ.) ʠ NH-

ʧʨʦʪʦʥʦʚ ʠʤʠʜʘʟʦʣʪʠʦʥʘ II (12.20 ʤ. ʜ.). ɺ 1ʅ ʗʄʈ ʩʧʝʢʪʨʘʭ ʩʦʣʝʡ III  aïg ʬʨʘʛʤʝʥʪ 

1,4-ʙʝʥʟʦʜʠʦʢʩʘʥʘ OCH2CH2O ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʩʠʥʛʣʝʪʘ ʧʨʠ 4.32ï4.33 ʤ. ʜ. ɼʣʷ 

ʪʠʨʘʥʦʚ IV aïg ʦʥ ʩʤʝʱʘʝʪʩʷ ʚ ʩʠʣʴʥʦʝ ʧʦʣʝ (4.17ï4.19 ʤ. ʜ.), ʯʪʦ ʷʚʣʷʝʪʩʷ ʟʘʢʦʥʦʤʝʨʥʳʤ 

ʩʣʝʜʩʪʚʠʝʤ ʠʟʤʝʥʝʥʠʷ ʟʘʨʷʜʘ ʤʦʣʝʢʫʣʳ. 

ʍʘʨʘʢʪʝʨʠʩʪʠʯʥʳʤʠ ʜʣʷ ʩʦʣʝʡ III  aïg ʷʚʣʷʶʪʩʷ ʩʠʛʥʘʣʳ ʧʨʦʪʦʥʦʚ HO-ʛʨʫʧʧʳ ʚ 

ʦʙʣʘʩʪʠ 6.05ï6.26 ʤ. ʜ., ʩʠʛʥʘʣʳ ʪʠʘʟʠʥʦʚʦʛʦ ʮʠʢʣʘ (3.48ï3.66 ʤ. ʜ. ʜʣʷ ʛʨʫʧʧʳ CH2S, 

4.25ï4.46 ʤ. ʜ. ʜʣʷ ʛʨʫʧʧʳ NCH2 ʠ 4.64ï4.74 ʤ. ʜ. ʜʣʷ ʧʨʦʪʦʥʘ CHOʅ) ʠ ʤʝʪʠʣʝʥʦʚʦʡ 

ʛʨʫʧʧʳ ʟʘʤʝʩʪʠʪʝʣʝʡ (5.50ï5.57 ʤ. ʜ. ʜʣʷ ʙʝʥʟʠʣʴʥʳʭ ʠ 6.10ï6.19 ʤ. ʜ. ʜʣʷ ʬʝʥʘʮʠʣʴʥʳʭ 

ʧʨʦʠʟʚʦʜʥʳʭ). 

ɼʣʷ 2,3-ʵʧʠʪʠʦʧʨʦʧʠʣʴʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ʩʦʝʜʠʥʝʥʠʡ IV aïg ʭʘʨʘʢʪʝʨʥʳ 

ʤʫʣʴʪʠʧʣʝʪ (2.46ï2.54 ʤ. ʜ.) ʠ ʜʫʙʣʝʪ (2.57ï2.59 ʤ. ʜ.) ʪʠʠʨʘʥʦʚʦʛʦ ʮʠʢʣʘ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ 

ʛʝʤʠʥʘʣʴʥʳʤ ʠ ʚʠʮʠʥʘʣʴʥʳʤ ʨʘʩʱʝʧʣʝʥʠʷʤʠ ʧʨʦʪʦʥʦʚ, ʘ ʪʘʢʞʝ ʜʚʘ ʜʫʙʣʝʪʘ ʜʫʙʣʝʪʦʚ 

ʧʨʦʪʦʥʦʚ ʬʨʘʛʤʝʥʪʘ NCH2 (3.93ï4.11 ʤ. ʜ.) ʠ ʤʫʣʴʪʠʧʣʝʪ ʧʨʦʪʦʥʘ CHS (3.19ï3.29 ʤ. ʜ.). 
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ʀɿʋʏɽʅʀɽ ʆʉʆɹɽʅʅʆʉʊɽʁ ʉʊɸɹʀʃʀɿɸʎʀʀ ʇɽʈɽʍʆɼʅʓʍ ʉʆʉʊʆʗʅʀʁ 

ʈɽɸʂʎʀʀ ʇʈʀʅʉɸ ʅɸ ʂʃɸʉʊɽʈɸʍ ʀɿ ʋɻʃɽʈʆɼʅʓʍ ʀ ɹʆʈʅʀʊʈʀɼʅʓʍ 

ʅɸʅʆʊʈʋɹʆʂ 

ʇʘʩʴʢʦ ʇ. ɸ.1, ɺʘʢʫʣʠʥ ʀ. ɺ.1, ɿʘʡʪʫʥʦʚʘ ɻ. ɻ.1, ɺʘʢʫʣʠʥʘ ɸ. ʀ.2 
1ɹʘʰʢʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʋʬʘ, ʈʦʩʩʠʷ 

2ʋʆʈ ˉ1, ʛ. ɺ. ʇʳʰʤʘ, ʈʦʩʩʠʷ 

pasko.pav62@gmail.com 

 

ʄʝʪʦʜʘʤʠ ʢʚʘʥʪʦʚʦʡ ʭʠʤʠʠ ʠ ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠ ʠʟʫʯʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʦʚʳʰʝʥʠʷ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʦʙʨʘʟʦʚʘʥʠʷ 4,4-ʜʠʤʝʪʠʣ-1,3-ʜʠʦʢʩʘʥʘ ʨʝʘʢʮʠʠ ʇʨʠʥʩʘ, 

ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʧʦʣʫʧʨʦʜʫʢʪʦʤ ʚ ʩʠʥʪʝʟʝ ʠʟʦʧʨʝʥʘ ʧʦ çʜʠʦʢʩʘʥʦʚʦʤʫè 

ʤʝʪʦʜʫ. ʅʘʤʠ ʙʳʣʘ ʨʘʩʩʤʦʪʨʝʥʘ ʩʪʘʙʠʣʠʟʘʮʠʷ ʇʉ ʚ ʢʣʘʩʪʝʨʘʭ ʥʘʥʦʪʨʫʙʦʢ, ʢʦʪʦʨʳʝ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʩʘʡʪʦʤ ʩʪʘʙʠʣʠʟʘʮʠʠ ʇʉ. 

ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʢʣʘʩʪʝʨʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʥʘʥʦʪʨʫʙʢʠ ʩ ʥʘʡʜʝʥʥʳʤ ʨʘʥʝʝ 

ʦʧʪʠʤʘʣʴʥʳʤ ʜʠʘʤʝʪʨʦʤ. ɺ ʪʘʙʣʠʮʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʝʯʝʥʠʷ ʧʦʣʦʩʪʠ, ʚʦʟʥʠʢʘʶʱʝʡ 

ʤʝʞʜʫ ʪʨʫʙʢʘʤʠ ʚ ʢʣʘʩʪʝʨʝ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʨʘʩʩʪʦʷʥʠʷʭ ʤʝʞʜʫ ʩʪʝʥʢʘʤʠ ʪʨʫʙʦʢ.  

ʉʝʯʝʥʠʝ ʧʦʣʦʩʪʠ D ʤʝʞʜʫ ʥʘʥʦʪʨʫʙʢʘʤʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʠʘʤʝʪʨʘ ʪʨʫʙʢʠ ʠ 

ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʩʪʝʥʢʘʤʠ, ¡. 

 

d opt 
L (ʤʝʞʜʫ ʩʪʝʥʢʘʤʠ) 

3,35 6,00 9,00 12,00 

9.49 (BNNT) 12,82 15,89 19,35 22,81 

9.52 (CNT) 12,86 15,92 19,39 22,85 

10.18 (CNT, BNNT) 13,62 16,68 20,15 23,61 

10.85 (BNNT) 14,39 17,46 20,92 24,38 

12.23(CNT, BNNT) 15,99 19,05 22,51 25,98 

 

ɺʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʩʪʘʙʠʣʠʟʘʮʠʷ ʧʝʨʝʭʦʜʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚʥʫʪʨʠ ʪʨʫʙʢʠ ʦʢʘʟʳʚʘʝʪʩʷ 

ʙʦʣʝʝ ʚʳʛʦʜʥʦʡ, ʯʝʤ ʩʪʘʙʠʣʠʟʘʮʠʷ ʚ ʧʦʣʦʩʪʠ ʤʝʞʜʫ ʩʪʝʥʢʘʤʠ. ʕʪʦ ʩʦʦʪʥʦʰʝʥʠʝ 

ʩʧʨʘʚʝʜʣʠʚʦ ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʝʭʘʥʠʟʤʘ ʦʙʨʘʟʦʚʘʥʠʷ ʛʠʜʨʠʨʦʚʘʥʥʳʭ ʬʫʨʘʥʦʚ ʠ 

ʩʪʨʦʝʥʠʷ ʥʘʥʦʪʨʫʙʦʢ. 

ʀʥʪʝʨʝʩʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʳʛʦʜʥʦʩʪʴ ʩʪʘʙʠʣʠʟʘʮʠʠ ʧʝʨʝʭʦʜʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʤʝʞʜʫ 

ʩʪʝʥʦʢ ʪʘʢʞʝ ʠʤʝʝʪ ʵʢʩʪʨʝʤʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ, ʦʜʥʘʢʦ ʤʘʢʩʠʤʫʤ ʩʪʘʙʠʣʠʟʘʮʠʠ 

ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʙʦʣʴʰʠʭ ʟʥʘʯʝʥʠʷʭ ʩʝʯʝʥʠʷ ʧʦʣʦʩʪʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʠʘʤʝʪʨʦʤ 

ʥʘʥʦʪʨʫʙʢʠ (14ï16 ¡), ʘ ʵʥʝʨʛʠʷ ʪʘʢʦʛʦ ʚʘʨʠʘʥʪʘ ʩʪʘʙʠʣʠʟʘʮʠʠ ʚ 1,5ï2 ʨʘʟʘ ʤʝʥʴʰʝ. 

 

 
(CNT)7 (BNNT)7 

dopt, ¡ Estab D, ¡ Estab dopt, ¡ Estab D, ¡ Estab 

ʇʉALK(ʙʫʪʝʥ-1) 9,52 -43,2 11,14 -8,0 9,49 -42,8 11,11 -20,0 

ʇʉALK(ʙʫʪʝʥ-2) 10,18 -37,9 14,80 -13,0 10,18 -37,9 11,80 -19,7 

ʇʉDXL(ʙʫʪʝʥ-1) 12,23 -42,1 13,85 -14,0 12,23 -45,7 13,21 -20,5 

ʇʉDXL(ʙʫʪʝʥ-2) 10,18 -53,0 11,80 -24,5 10,85 -49,9 12,47 -25,0 
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ʈɸɿʈɸɹʆʊʂɸ ʇʋʊɽʁ ʇʆɺʓʐɽʅʀʗ ʕʌʌɽʂʊʀɺʅʆʉʊʀ ʇʈʆʀɿɺʆɼʉʊɺɸ 

ʀɿʆʇʈɽʅɸ ʇʆ çɼʀʆʂʉɸʅʆɺʆʄʋè ʄɽʊʆɼʋ ɺ ʇʈʀʉʋʊʉʊɺʀʀ 

ʋɻʃɽʈʆɼʅʓʍ ʅɸʅʆʊʈʋɹʆʂ ʈɸɿʃʀʏʅʆɻʆ ɼʀɸʄɽʊʈɸ 

ʇʘʩʴʢʦ ʇ. ɸ.1, ɺʘʢʫʣʠʥ ʀ. ɺ.1, ɿʘʡʪʫʥʦʚʘ ɻ. ɻ.1, ɺʘʢʫʣʠʥʘ ɸ. ʀ.2 
1ɹʘʰʢʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʋʬʘ, ʈʦʩʩʠʷ 

2ʋʆʈ ˉ 1, ʛ. ɺ. ʇʳʰʤʘ, ʈʦʩʩʠ ̫

pasko.pav62@gmail.com 

 

ɓ-ʟʘʤʝʱʝʥʥʳʝ ʛʠʜʨʠʨʦʚʘʥʥʳʝ ʬʫʨʘʥʳ ʠ ʠʭ ʧʨʦʠʟʚʦʜʥʳʝ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʙʦʣʴʰʦʡ 

ʧʨʘʢʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ. ʆʜʥʘʢʦ ʦʪʩʫʪʩʪʚʠʝ ʫʜʦʙʥʳʭ ʤʝʪʦʜʦʚ ʠʭ ʩʠʥʪʝʟʘ ʟʘʪʨʫʜʥʷʝʪ 

ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʫʢʘʟʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʄʝʪʦʜʘʤʠ ʢʚʘʥʪʦʚʦʡ ʭʠʤʠʠ ʠ 

ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠ ʠʟʫʯʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʚʳʰʝʥʠʷ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʦʙʨʘʟʦʚʘʥʠʷ 

4,4-ʜʠʤʝʪʠʣ-1,3-ʜʠʦʢʩʘʥʘ ʨʝʘʢʮʠʠ ʇʨʠʥʩʘ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʧʦʣʫʧʨʦʜʫʢʪʦʤ 

ʚ ʩʠʥʪʝʟʝ ʠʟʦʧʨʝʥʘ ʧʦ çʜʠʦʢʩʘʥʦʚʦʤʫè ʤʝʪʦʜʫ. 

ʀʟʙʠʨʘʪʝʣʴʥʘʷ ʩʪʘʙʠʣʠʟʘʮʠʷ ʇʉ ʜʘʥʥʦʡ ʨʝʘʢʮʠʠ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ 

ʮʝʦʣʠʪʘʤʠ ʠ ʫʛʣʝʨʦʜʥʳʤʠ ʥʘʥʦʪʨʫʙʢʘʤʠ ʠ ʥʝ ʪʨʝʙʫʝʪ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ, 

ʩʦʜʝʨʞʘʱʠʭ ʧʦʣʦʩʪʠ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʩʪʨʦʝʥʠʷ. ʅʘʤʠ ʙʳʣʠ ʚ ʨʘʩʩʤʦʪʨʝʥʳ ʫʛʣʝʨʦʜʥʳʝ 

ʥʘʥʦʪʨʫʙʢʠ ʨʘʟʣʠʯʥʳʭ ʜʠʘʤʝʪʨʦʚ ʠ ʢʣʘʩʪʝʨʳ ʥʘ ʠʭ ʦʩʥʦʚʝ. ʅʠʞʝ ʧʨʝʜʩʪʘʚʣʝʥʳ 
ʟʘʚʠʩʠʤʦʩʪʠ ʵʥʝʨʛʠʠ ʩʪʘʙʠʣʠʟʘʮʠʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʧʝʨʝʭʦʜʥʳʭ ʇʉ ʦʪ ʜʠʘʤʝʪʨʘ 

ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ. 
 

 
 

ɺʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʦʥʠ ʠʤʝʶʪ ʵʢʩʪʨʝʤʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ ʜʣʷ ʦʙʦʠʭ ʨʘʩʩʤʦʪʨʝʥʥʳʭ 

ʤʝʭʘʥʠʟʤʦʚ. ʇʨʠ ʵʪʦʤ ʚ ʩʣʫʯʘʝ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʡ ʮʠʢʣʠʟʘʮʠʠ ʥʝʥʘʩʳʱʝʥʥʳʭ 

ʘʣʢʦʢʩʠʢʘʨʙʝʥʠʝʚʳʝʭ ʠʦʥʦʚ ʥʘʠʙʦʣʝʝ ʟʘʤʝʪʥʳʡ ʩʪʘʙʠʣʠʟʠʨʫʶʱʠʡ ʵʬʬʝʢʪ ʜʣʷ 

ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ ʜʦʣʞʝʥ ʥʘʙʣʶʜʘʪʴʩʷ ʚ ʠʥʪʝʨʚʘʣʝ ʟʥʘʯʝʥʠʡ ʜʠʘʤʝʪʨʦʚ 9,50ï

12,23 ¡. ɺ ʩʣʫʯʘʝ ʧʝʨʝʮʠʢʣʠʟʘʮʠʠ ʜʠʦʢʩʦʣʝʥʠʚʳʝʭ ʠʦʥʦʚ ʠʥʪʝʨʚʘʣ ʥʝʩʢʦʣʴʢʦ ʩʤʝʱʝʥ ʚ 

ʦʙʣʘʩʪʴ ʙʦʣʴʰʠʭ ʟʥʘʯʝʥʠʡ ʠ ʩʦʩʪʘʚʣʷʝʪ 10,18ï12,23 ¡. ʆʯʝʚʠʜʥʦ, ʠʤʝʥʥʦ ʚ ʜʘʥʥʦʤ 

ʠʥʪʝʨʚʘʣʝ ʟʥʘʯʝʥʠʡ ʜʠʘʤʝʪʨʦʚ ʬʦʨʤʠʨʦʚʘʥʠʝ ʇʉ ʧʨʦʠʩʭʦʜʠʪ ʫʞʝ ʚʥʫʪʨʠ ʪʨʫʙʢʠ. 
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ɸʈʀʃɻɯɼɸʅʊʆɰʅʀ ɺ ʉʀʅʊɽɿɯ  3-ɻɯɼʈʆʂʉʀ(Aʃʂʆʂʉʀ)-

5-ɸʈʀʃɻɯɼɸʅʊʆɰʅɯɺ, 2-Tɯʆɻɯɼɸʅʊʆɰʅɯɺ ɯ ɹɽʅɿʆɰʅɯɺ 

ʂʨʘʚʯʝʥʢʦ ʉ. ɺ.1, ʈʝʤʝʟ A. ʆ.1, ʐʪʘʤʙʫʨʛ ɺ. ɺ.2 
1ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʘʛʨʘʨʥʦ-ʝʢʦʥʦʤʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

2ʋʢʨʘʾʥʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʭʽʤʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

svtailor@ukr.net 

 

ʇʨʠ ʚʟʘʻʤʦʜʽʾ ʘʨʠʣʛʣʽʦʢʩʘʣʝʡ ʟ N-ʛʽʜʨʦʢʩʠʩʝʯʦʚʠʥʘʤʠ ʽ N-ʘʣʢʦʢʩʠʩʝʯʦʚʠʥʘʤʠ ʚ 

ʦʮʪʦʚʽʡ ʢʠʩʣʦʪʽ ʧʨʠ ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʩʝʣʝʢʪʠʚʥʦ ʫʪʚʦʨʶʶʪʴʩʷ 3-ʛʽʜʨʦʢʩʠ-

5-ʘʨʠʣʽʤʽʜʘʟʦʣʽʜʽʥ-2,4-ʜʽʦʥʠ 1 ʪʘ 3-ʘʣʢʦʢʩʠ-5-ʘʨʠʣʽʤʽʜʘʟʦʣʽʜʽʥ-2,4 ʜʽʦʥʠ 2, ʚʽʜʧʦʚʽʜʥʦ. ɺ 

ʪʠʭ ʞʝ ʫʤʦʚʘʭ ʘʨʠʣʛʣʽʦʢʩʘʣʽ ʚʟʘʻʤʦʜʽʶʪʴ ʟ ʪʽʦʩʝʯʦʚʠʥʘʤʠ. ʋʪʚʦʨʶʶʪʴʩʷ 

5-ʘʨʠʣʽʤʽʜʘʟʦʣʽʜʽʥ-4-ʦʥ-2-ʪʽʦʥʠ 3. ʇʝʨʝʪʚʦʨʝʥʥʷ ʘʨʠʣʛʣʽʦʢʩʘʣʝʡ ʟ 2-ʤʝʪʠʣʬʫʨʘʥʦʤ ʚ 

ʦʮʪʦʚʽʡ ʢʠʩʣʦʪʽ ï ʮʝ ʥʘʡʧʨʦʩʪʽʰʠʡ ʩʧʦʩʽʙ ʦʜʝʨʞʘʥʥʷ ʘʩʠʤʝʪʨʠʯʥʠʭ 

ʘʨʠʣʬʫʨʠʣʙʝʥʟʦʾʥʽʚ 4. 

 

OH

OH

O

H

X

N
H

O

NH
2

OH

N

O

O

OHN
H

H

X

63-95%  1

X = H, Cl,Br,F, Me, OMe,Ph, CO
2
H

N

H O

O

ORN

Ar

H
69-99% 2

Ar = C
6
H

4
X, C

4
H

3
S

R =  Me, Et, Bu

AcOH,r.t.

80-92%  4

X = H, Cl,Br,F,NO
2
,  CO

2
H, OMe

AcOH,r.t.

O
Me

O Me

O

H

O

X

H

H
2
NC(O)NHOR

N

H O

S

HN

Ar

H
65-86% 3

X = H, Cl,Br,F, Me, OMe, NO
2

(H
2
N)

2
CS

OH

OH

O

H

X

N

O

S

MeN
H

H

X

5

X = H, Cl,Br,F, Me, OMe,Ph,NO
2

N

O

S

MeN

Ar

H

O
Ar

OH
H

6

H
2
O,boiling

Ar=C
6
H

4
F

+

N

O

S

Me

N Ar

H

N

N

Ar

O

S

Me

H
7

MeOH-H
2
O

MeNHC(S)NH
2

MeNHC(S)NH
2

 
 

3-ʄʝʪʠʣ-5-ʘʨʠʣʽʤʽʜʘʟʦʣʽʜʽʥ-4-ʦʥ-2-ʪʽʦʥʠ 5 ʫʪʚʦʨʶʶʪʴʩʷ ʧʨʠ ʚʟʘʻʤʦʜʽʾ 

ʘʨʠʣʛʣʽʦʢʩʘʣʝʡ ʟ N-ʤʝʪʠʣʪʽʦʩʝʯʦʚʠʥʦʶ ʚ ʢʠʧʣʷʯʽʡ ʚʦʜʽ. ʋ ʚʦʜʥʦʤʫ MeOH ʧʨʠ 10 C̄ 

4-ʬʣʫʦʨʦʬʝʥʽʣʛʣʽʦʢʩʘʣʴ ʚʟʘʻʤʦʜʽʻ ʟ N-ʤʝʪʠʣʪʽʦʩʝʯʦʚʠʥʦʶ. ʇʨʠ ʮʴʦʤʫ ʫʪʚʦʨʶʶʪʴʩʷ 

ʧʨʦʜʫʢʪʠ  6 ʪʘ 7. ʉʪʨʫʢʪʫʨʫ ʩʧʦʣʫʢ  1-7 ʙʫʣʦ ʜʦʚʝʜʝʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʝʥʪʛʝʥʦ-

ʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʽʟʫ. 
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ɸʅʊʀʆʂʉʀɼɸʅʊʅɯ ɺʃɸʉʊʀɺʆʉʊɯ 4-ʄɽʊʀʃ-5-ɽʊʆʂʉʀʂɸʈɹʆʅɯʃ-

6-ʁʆɼʆʄɽʊʀʃ-3,4-ɼʀɻɯɼʈʆʇɯʈʀʄɯɼʀʅ-2-ʆʅʋ 
ʈʠʧʪʠʢ ɸ. ɯ., ʃʷʚʠʥʝʮʴ ʆ. ʉ. 

ʏʝʨʥʽʚʝʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʖʨʽʷ ʌʝʜʴʢʦʚʠʯʘ 

nyutka.riptik@gmail.com 

 

ʇʦʭʽʜʥʽ 3,4-ʜʠʛʽʜʨʦʧʽʨʠʤʽʜʠʥ-2-ʦʥʫ ʟʜʘʪʥʽ ʧʨʦʷʚʣʷʪʠ ʘʥʪʠʦʢʩʠʜʘʥʪʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʷʢ ʟʘ ʨʘʭʫʥʦʢ ʩʝʯʦʚʠʥʥʦʛʦ ʬʨʘʛʤʝʥʪʫ ʫ ʜʠʛʽʜʨʦʧʽʨʠʤʽʜʠʥʦʥʦʚʦʤʫ ʮʠʢʣʽ, ʪʘʢ ʽ ʟʘ ʨʘʭʫʥʦʢ 

ʟʘʤʽʩʥʠʢʽʚ ʨʽʟʥʦʾ ʧʨʠʨʦʜʠ ʫ ʥʴʦʤʫ. 

ʇʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʚʧʣʠʚʫ ʥʘ ʨʦʟʢʣʘʜ ʛʽʜʨʦʧʝʨʦʢʩʠʜʫ ʢʫʤʝʥʫ (ɻʇʂ) ʧʦʭʽʜʥʠʭ 3,4-

ʜʠʛʽʜʨʦʧʽʨʠʤʽʜʠʥ-2-ʦʥʫ, ʷʢʽ ʤʽʩʪʷʪʴ ʫ 6-ʤʫ ʧʦʣʦʞʝʥʥʽ ʜʠʛʽʜʨʦʧʽʨʠʤʽʜʠʥʦʥʦʚʦʛʦ ʮʠʢʣʫ 

ʛʘʣʦʛʝʥʦʤʝʪʠʣʴʥʫ ʛʨʫʧʫ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʫ ʚʠʧʘʜʢʫ ʚʠʢʦʨʠʩʪʘʥʥʷ 4-ʤʝʪʠʣ-5-

ʝʪʦʢʩʠʢʘʨʙʦʥʽʣ-6-ʡʦʜʦʤʝʪʠʣ-3,4-ʜʠʛʽʜʨʦʧʽʨʠʤʽʜʠʥ-2-ʦʥʫ ʜʦʩʣʽʜʞʫʚʘʥʠʡ ʧʨʦʮʝʩ 

ʧʦʚʥʽʩʪʶ ʛʘʣʴʤʫʻʪʴʩʷ.  

ɺʠʭʦʜʷʯʠ ʟ ʮʴʦʛʦ, ʥʘʤʠ ʜʦʩʣʽʜʞʝʥʦ ʘʥʪʠʦʢʩʠʜʘʥʪʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 4-ʤʝʪʠʣ-5-

ʝʪʦʢʩʠʢʘʨʙʦʥʽʣ-6-ʤʝʪʠʣ-3,4-ʜʠʛʽʜʨʦʧʽʨʠʤʽʜʠʥ-2-ʦʥʫ (I) ʽ 4-ʤʝʪʠʣ-5-ʝʪʦʢʩʠʢʘʨʙʦʥʽʣ-6-

ʡʦʜʦʤʝʪʠʣ-3,4-ʜʠʛʽʜʨʦʧʽʨʠʤʽʜʠʥ-2-ʦʥʫ (II) ʚʦʣʶʤʦʤʝʪʨʠʯʥʠʤ ʤʝʪʦʜʦʤ. 

ɺʢʘʟʘʥʽ ʩʧʦʣʫʢʠ ʦʜʝʨʞʫʚʘʣʠ ʟʘ ʪʨʠʢʦʤʧʦʥʝʥʪʥʦʶ ʨʝʘʢʮʽʻʶ ɹʽʜʞʠʥʝʣʣʽ. 
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ɼʣʷ ʪʝʩʪʫʚʘʥʥʷ ʽʥʛʽʙʽʪʦʨʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʢʘʟʘʥʠʭ ʩʧʦʣʫʢ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʷ 

ʤʦʜʝʣʴʥʘ ʩʠʩʪʝʤʘ ʨʽʜʠʥʥʦʬʘʟʥʦʛʦ ʦʢʠʩʥʝʥʥʷ ʢʫʤʝʥʫ ʟʘ ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʗʢ 

ʝʪʘʣʦʥʥʠʡ ʽʥʽʮʽʘʪʦʨ ʜʣʷ ʜʘʥʦʾ ʩʠʩʪʝʤʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ 2,2-ʘʟʦʙʽʩʽʟʦʙʫʪʠʨʦʥʽʪʨʠʣ 

(ɸɯɹʅ). ɼʦʩʣʽʜʠ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 343 ʂ, ʢʦʥʮʝʥʪʨʘʮʽʷ ʽʥʽʮʽʘʪʦʨʘ ʩʢʣʘʜʘʣʘ 

1Ŀ10-2 ʤʦʣʴ/ʣ; ʢʦʥʮʝʥʪʨʘʮʽʷ ʘʥʪʠʦʢʩʠʜʘʥʪʘ ʟʤʽʥʶʚʘʣʘʩʷ ʚ ʤʝʞʘʭ 1Ŀ10-3ï2,5Ŀ10-5 ʤʦʣʴ/ʣ. 

ʈʝʟʫʣʴʪʘʪʠ ʥʘʚʝʜʝʥʽ ʫ ʪʘʙʣʠʮʽ. 

ʉʧʦʣʫʢʘ 

ʂʦʥʮʝʥʪʨʘʮʽʷ 

ʩʧʦʣʫʢʠ 

104, ʤʦʣʴ/ʣ 

ʐʚʠʜʢʽʩʪʴ ʦʢʠʩʥʝʥʥʷ 

ʢʫʤʝʥʫ ʧʽʩʣʷ ʚʠʭʦʜʫ ʟ 

ʧʝʨʽʦʜʫ ʽʥʜʫʢʮʽʾ 

WĿ103, ʤʦʣʴ/ʣÖʩ 

ʊʨʠʚʘʣʽʩʪʴ 

ʧʝʨʽʦʜʫ ʽʥʜʫʢʮʽʾ, 

ʭʚ 

ð ð 5,6 ð 

ɯ 5,0 4,2 9 ʭʚ 

ɯɯ 10,0 ʇʦʛʣʠʥʘʥʥʷ ʢʠʩʥʶ ʚʚʽʜʩʫʪʥʻ > 60 ʭʚ 

ɯɯ 5,0 ʇʦʛʣʠʥʘʥʥʷ ʢʠʩʥʶ ʚʚʽʜʩʫʪʥʻ > 60 ʭʚ 

ɯɯ 2,5 ʇʦʛʣʠʥʘʥʥʷ ʢʠʩʥʶ ʚʚʽʜʩʫʪʥʻ > 60 ʭʚ 

ɯɯ 1,0 0,35 50 ʭʚ 

ɯɯ 0,5 0,35 25 ʭʚ 

ɯɯ 0,25 0,40 15 ʭʚ 

ʗʢ ʚʠʜʥʦ ʟ ʪʘʙʣʠʮʽ, 4-ʤʝʪʠʣ-5-ʝʪʦʢʩʠʢʘʨʙʦʥʽʣ-6-ʡʦʜʦʤʝʪʠʣ-3,4-ʜʠʛʽʜʨʦ-

ʧʽʨʠʤʽʜʠʥ-2-ʦʥ ʧʦʚʥʽʩʪʶ ʛʘʣʴʤʫʻ ʽʥʽʮʽʡʦʚʘʥʝ ʦʢʠʩʥʝʥʥʷ ʢʫʤʝʥʫ. ɺ ʽʥʪʝʨʚʘʣʽ ʡʦʛʦ 

ʢʦʥʮʝʥʪʨʘʮʽʡ (2,5ï10)Ŀ10-4 ʤʦʣʴ/ʣ ʧʝʨʽʦʜ ʽʥʜʫʢʮʽʾ ʧʝʨʝʚʠʱʫʻ 60 ʭʚ. ʇʨʠ ʟʤʽʥʽ 

ʢʦʥʮʝʥʪʨʘʮʽʾ II  ʚʽʜ 1,0Ŀ10-4 ʤʦʣʴ/ʣ ʜʦ 2,5Ŀ10-5 ʤʦʣʴ/ʣ ʧʝʨʽʦʜ ʽʥʜʫʢʮʽʾ ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ 50 ʜʦ 

15 ʭʚʠʣʠʥ. ɻʘʣʴʤʫʚʘʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʦʙʨʠʚʫ ʣʘʥʮʶʛʽʚ ʧʨʠ ʚʟʘʻʤʦʜʽʾ ʟ 

ʚʽʣʴʥʠʤʠ ʨʘʜʠʢʘʣʘʤʠ.  
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ʆʉʆɹʃʀɺʆʉʊɯ ʇʈɽʇɸʈɸʊʀɺʅʆɻʆ ʅɯʊʈʋɺɸʅʅʗ ʇɸʈɸ-ʂʉʀʃʆʃʋ 

ʈʦʜʠʛʽʥ ʄ. ʖ.1, ɹʦʥʜʘʨʝʥʢʦ ʆ. ɺ.1, ɹʦʨʦʜʢʽʥ ʗ. ʉ.1,  

ʂʦʚʘʣʴ ʊ. ʉ.1, ʉʪʝʧʘʥʦʚʘ ɼ. ʉ.1, ʖʪʽʣʦʚʘ ʂ. ʉ.2 
1ɯʥʩʪʠʪʫʪ ʦʨʛʘʥʽʯʥʦʾ ʭʽʤʽʾ ʅɸʅ ʋʢʨʘʾʥʠ, ɯʥʩʪʠʪʫʪ ʬʽʟʠʢʦ-ʦʨʛʘʥʽʯʥʦʾ ʭʽʤʽʾ ʽ ʚʫʛʣʝʭʽʤʽʾ 

ʽʤ. ʃ. ʄ. ʃʠʪʚʠʥʝʥʢʘ ʅɸʅ ʋʢʨʘʾʥʠ, ʤ. ʂʠʾʚ 
2ɼʦʥʝʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɺʘʩʠʣʷ ʉʪʫʩʘ, ʤ. ɺʽʥʥʠʮʷ 

rodygin@ukr.net 

 

ʇʦʭʽʜʥʽ ʧʘʨʘ-ʢʩʠʣʦʣʫ ʥʠʥʽ ʥʘʙʫʣʠ ʥʝ ʣʠʰʝ ʟʥʘʯʝʥʥʷ ʩʠʨʦʚʠʥʠ ʙʘʛʘʪʦʪʦʥʘʞʥʦʾ 

ʭʽʤʽʯʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʘʣʝ ʡ ʚʘʞʣʠʚʠʭ ʧʨʝʢʫʨʩʦʨʽʚ ʚ ʙʘʛʘʪʴʦʭ ʧʨʦʮʝʩʘʭ ʦʨʛʘʥʽʯʥʦʛʦ 

ʩʠʥʪʝʟʫ, ʟʦʢʨʝʤʘ ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʜʠʤʝʪʠʣʟʘʤʽʱʝʥʠʭ ʛʝʪʝʨʦʮʠʢʣʽʯʥʠʭ ʩʠʩʪʝʤ ʟ 

ʧʦʪʝʥʮʽʡʥʦʶ ʙʽʦʣʦʛʽʯʥʦʶ ʘʢʪʠʚʥʽʩʪʶ. 

ʇʝʨʰʦʶ ʩʪʘʜʽʻʶ ʬʫʥʢʮʽʦʥʘʣʽʟʘʮʽʾ ʧʘʨʘ-ʢʩʠʣʦʣʫ ʻ ʧʨʦʮʝʩ ʥʽʪʨʫʚʘʥʥʷ ʰʣʷʭʦʤ 

ʧʦʚʽʣʴʥʦʛʦ ʜʦʜʘʚʘʥʥʷ 4ï5-ʢʨʘʪʥʦʛʦ ʥʘʜʣʠʰʢʫ (ʱʦ, ʚʦʯʝʚʠʜʴ, ʦʙʫʤʦʚʣʝʥʦ ʛʽʜʨʘʪʘʮʽʻʶ 

ʢʠʩʣʦʪʠ ʚʦʜʦʶ, ʫʪʚʦʨʝʥʦʶ ʚ ʨʝʟʫʣʴʪʘʪʽ ʨʝʘʢʮʽʾ) ʜʠʤʣʷʯʦʾ ʥʽʪʨʘʪʥʦʾ ʢʠʩʣʦʪʠ ʜʦ 

ʦʭʦʣʦʜʞʝʥʦʛʦ (T Ò 5 ÜC) ʩʫʙʩʪʨʘʪʫ (ʰʣʷʭ ɯ). ʇʨʦʮʝʩ ʜʦʟʚʦʣʷʻ ʟʜʦʙʫʪʪʷ 2-ʥʽʪʨʦ-ʧʘʨʘ-

ʢʩʠʣʦʣʫ ʟ ʧʨʝʧʘʨʘʪʠʚʥʠʤʠ ʚʠʭʦʜʘʤʠ 60ï72 %, ʘʣʝ ʻ ʫʩʢʣʘʜʥʝʥʠʤ ʙʘʛʘʪʴʤʘ ʬʘʢʪʦʨʘʤʠ, 

ʟʦʢʨʝʤʘ, ʟʥʘʯʥʦʶ ʝʢʟʦʪʝʨʤʽʯʥʽʩʪʶ ʨʝʘʢʮʽʾ, ʚʽʜʯʫʪʥʠʤ ʚʥʝʩʢʦʤ ʦʢʠʩʥʝʥʥʷ ʪʘ ʩʤʦʣʫʚʘʥʥʷ 

ʩʫʙʩʪʨʘʪʫ ʡ ʙʽʯʥʠʭ ʧʨʦʜʫʢʪʽʚ ʥʘ ʧʦʯʘʪʢʦʚʠʭ ʝʪʘʧʘʭ, ʢʦʣʠ ʚʟʘʻʤʦʜʽʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ 

ʫʤʦʚʘʭ ʬʘʢʪʠʯʥʦ ʛʝʪʝʨʦʛʝʥʥʦʾ ʩʠʩʪʝʤʠ (ʪʝʤʧʝʨʘʪʫʨʘ ʨʝʘʢʮʽʾ ʻ ʥʠʞʯʦʶ ʟʘ ʪʝʤʧʝʨʘʪʫʨʫ 

ʪʦʧʣʝʥʥʷ ʧʘʨʘ-ʢʩʠʣʦʣʫ). 
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ʗʢ ʘʣʴʪʝʨʥʘʪʠʚʫ ʜʣʷ ʫʩʫʥʝʥʥʷ ʥʝʛʘʪʠʚʥʠʭ ʚʧʣʠʚʽʚ ʛʝʪʝʨʦʬʘʟʠ ʙʫʣʦ ʦʧʨʘʮʴʦʚʘʥʦ 

ʤʝʪʦʜʠʢʫ ʽʟ ʟʚʦʨʦʪʥʽʤ ʜʦʜʘʚʘʥʥʷʤ ʩʫʙʩʪʨʘʪʫ ʪʘ ʨʝʘʛʝʥʪʫ (ʰʣʷʭ ɯɯ). ʈʝʘʢʮʽʷ ʥʝ ʤʘʻ 

ʚʠʨʘʞʝʥʦʛʦ ʝʢʟʦʪʝʨʤʽʯʥʦʛʦ ʝʬʝʢʪʫ, ʘʣʝ ʧʨʠʟʚʦʜʠʪʴ (ʟʘ ʜʘʥʠʤʠ ʘʥʘʣʽʟʫ 1ʅ-ʗʄʈ-

ʩʧʝʢʪʨʽʚ) ʜʦ ʫʪʚʦʨʝʥʥʷ ʩʫʤʽʰʽ ʱʦʥʘʡʤʝʥʰʝ ʯʦʪʠʨʴʦʭ ʧʨʦʜʫʢʪʽʚ, ʱʦ ʩʢʣʘʜʥʦ ʧʦʷʩʥʠʪʠ ʚ 

ʤʝʞʘʭ ʫʷʚʣʝʥʴ ʱʦʜʦ ʩʫʪʦ ʧʨʦʮʝʩʫ ʥʽʪʨʫʚʘʥʥʷ. ɼʦʤʽʥʫʶʯʠʤ ʧʨʦʜʫʢʪʦʤ, ʚʦʯʝʚʠʜʴ, ʻ 

2,5-ʜʠʥʽʪʨʦ-ʧʘʨʘ-ʢʩʠʣʦʣ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʧʨʝʚʘʣʶʚʘʥʥʷ ʝʣʝʢʪʨʦʥʦʜʦʥʦʨʥʦʛʦ ʚʧʣʠʚʫ 

ʤʝʪʠʣʴʥʦʾ ʛʨʫʧʠ ʥʘ ʟʘʤʽʱʝʥʥʷ ʚ ʧʦʣʦʞʝʥʥʷ-4 ʥʘʜ ʫʟʛʦʜʞʝʥʠʤ ʝʬʝʢʪʦʤ 1-ʄʝ- ʪʘ 2-NO2-

ʛʨʫʧ ʦʨʽʻʥʪʘʮʽʾ ʚ ʧʦʣʦʞʝʥʥʷ-6. ʄʦʞʥʘ ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʚ ʜʘʥʽʡ ʩʠʪʫʘʮʽʾ ʩʫʪʪʻʚʠʤ ʻ ʬʘʢʪʦʨ 

ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʾ ʩʪʘʙʽʣʴʥʦʩʪʽ ʩʠʤʝʪʨʠʯʥʦʾ ʩʪʨʫʢʪʫʨʠ 2,5-ʜʠʥʽʪʨʦʧʦʭʽʜʥʦʛʦ. 
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ɸʅʊʀʆʂʉʀɼɸʅʊʅɯ ɺʃɸʉʊʀɺʆʉʊɯ ʌʆʉʌʆʅɯɭɺʀʍ ʇʆʍɯɼʅʀʍ  

3,4-ɼʀɻɯɼʈʆʇɯʈʀʄɯɼʀʅ-2-ʆʅʋ 
ʈʦʤʘʥʝʥʢʦ ʍ. ɺ., ɺʝʣʽʛʽʥʘ ɭ. ʉ., ʃʷʚʠʥʝʮʴ ʆ. ʉ. 

ʏʝʨʥʽʚʝʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʖʨʽʷ ʌʝʜʴʢʦʚʠʯʘ 

romanenko_k_2016@ukr.net 

 

ʇʦʰʫʢ ʥʦʚʠʭ ʪʠʧʽʚ ʘʥʪʠʦʢʩʠʜʘʥʪʽʚ ʪʘ ʚʠʚʯʝʥʥʷ ʤʝʭʘʥʽʟʤʫ ʾʭ ʜʽʾ ʻ ʜʦʩʠʪʴ 

ʘʢʪʫʘʣʴʥʠʤ ʽ ʚʘʞʣʠʚʠʤ ʟʘʚʜʘʥʥʷʤ. ʇʝʨʩʧʝʢʪʠʚʥʠʤʠ ʫ ʮʴʦʤʫ ʧʣʘʥʽ ʚʠʷʚʠʣʠʩʷ ʧʦʭʽʜʥʽ 

3,4-ʜʠʛʽʜʨʦʧʽʨʠʤʽʜʠʥ-2-ʦʥʫ.  

ɼʦʩʣʽʜʞʝʥʦ ʛʘʟʦʤʝʪʨʠʯʥʠʤ ʤʝʪʦʜʦʤ ʘʥʪʠʦʢʩʠʜʘʥʪʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʬʦʩʬʦʥʽʻʚʠʭ 

ʩʦʣʝʡ ʥʘ ʦʩʥʦʚʽ 6-ʛʘʣʦʛʝʥʦʤʝʪʠʣʴʥʠʭ ʧʦʭʽʜʥʠʭ 3,4-ʜʠʛʽʜʨʦʧʽʨʠʤʽʜʠʥ-2-ʦʥʫ (ʩʧʦʣʫʢʠ Iï

III ), ʘ ʪʘʢʦʞ ʩʧʦʣʫʢʠ (ɯV). 
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ʉʧʦʣʫʢʠ IïIII  ʚ ʢʫʤʝʥʽ ʥʝʨʦʟʯʠʥʥʽ. ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʾʭ ʨʦʟʯʠʥʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʽ 

ʜʦʙʘʚʢʠ ʜʠʧʦʣʷʨʥʠʭ ʘʧʨʦʪʦʥʥʠʭ ʨʦʟʯʠʥʥʠʢʽʚ (ɼɸʈ): ʜʠʤʝʪʠʣʬʦʨʤʘʤʽʜʫ (ɼʄʌɸ), 

ʘʮʝʪʦʥʽʪʨʠʣʫ (ɸʅ), ʛʝʢʩʘʤʝʪʠʣʬʦʩʬʦʨʪʨʠʘʤʽʜʫ (ɻʄʌɸ) ʽ ʪʨʠʤʝʪʠʣʬʦʩʬʘʪʫ (ʊʄʌ). 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʽ ɼɸʈ ʨʽʟʥʦʶ ʤʽʨʦʶ, ʘʣʝ ʩʧʦʚʽʣʴʥʶʶʪʴ ʽʥʽʮʽʡʦʚʘʥʝ 

ʦʢʠʩʥʝʥʥʷ ʢʫʤʝʥʫ. ɰʭ ʩʧʦʚʽʣʴʥʶʶʯʘ ʜʽʷ ʥʘ ʧʨʦʮʝʩ ʽʥʽʮʽʡʦʚʘʥʦʛʦ ʦʢʠʩʥʝʥʥʷ ʢʫʤʝʥʫ 

ʟʨʦʩʪʘʻ ʫ ʪʘʢʦʤʫ ʨʷʜʫ: ʊʄʌ < ɸʅ < ɻʄʌɸ < ɼʄʌɸ.  

ʅʘʡʢʨʘʱʘ ʛʦʤʦʛʝʥʽʟʘʮʽʷ ʨʝʘʢʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʤʘʻ ʤʽʩʮʝ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʊʄʌ ʽ 

ɼʄʌɸ. ʋ ʚʠʧʘʜʢʫ ɸʎ ʽ ɻʄʌɸ ʨʝʘʢʮʽʡʥʘ ʩʠʩʪʝʤʘ ʟʘʣʠʰʘʣʘʩʷ ʤʫʪʥʦʶ. ɺʠʢʦʨʠʩʪʘʥʥʷ 

ɼʄʌɸ ʥʝʜʦʮʽʣʴʥʝ, ʦʩʢʽʣʴʢʠ ʚʽʥ ʜʫʞʝ ʩʠʣʴʥʦ ʩʧʦʚʽʣʴʥʶʻ ʦʢʠʩʥʝʥʥʷ ʢʫʤʝʥʫ. ʊʦʤʫ ʜʘʣʽ ʟ 

ʤʝʪʦʶ ʛʦʤʦʛʝʥʽʟʘʮʽʾ ʨʝʘʢʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʚʠʢʦʨʠʩʪʘʥʦ ʊʄʌ. ʈʝʟʫʣʴʪʘʪʠ ʥʘʚʝʜʝʥʽ ʚ 

ʪʘʙʣʠʮʽ. 

ʊʘʙʣʠʮʷ. ʊʨʠʚʘʣʽʩʪʴ ʧʝʨʽʦʜʫ ʽʥʜʫʢʮʽʾ, ʰʚʠʜʢʽʩʪʴ ʧʦʛʣʠʥʘʥʥʷ ʢʠʩʥʶ ʚ ʩʠʩʪʝʤʽ  

ʢʫʤʝʥ (9 ʤʣ)+ʊʄʌ (1 ʤʣ) ʧʨʠ ʽʥʽʮʽʡʦʚʘʥʦʤʫ ʦʢʠʩʥʝʥʥʽ ʢʫʤʝʥʫ ʟʘ ʧʨʠʩʫʪʥʦʩʪʽ  

ʩʧʦʣʫʢ I -III  ʪʘ ʩʧʦʣʫʢʠ IV  ʚ ʢʫʤʝʥ.̔ 

ʊ = 343K, [ɸɯɹʅ] = 1Ŀ10-2 ʤʦʣʴ/ʣ, [ʩʧʦʣʫʢʘ] = 1,0Ŀ10-3 ʤʦʣʴ/ʣ 

ʉʧʦʣʫʢʘ t̔ʥʜ, ʭʚ W(O2) ʚ ʧʝʨʽʦʜʽ ʽʥʜʫʢʮʽʾ, ʤʣ/ʭʚ 
W(O2) ʚ ʨʦʟʚʠʥʝʥʝʥʦʤʫ 

ʧʨʦʮʝʩʽ, ʤʣ/ʭʚ 

ï 4 0,14 0,39 

I  14 0,07 0,35 

II  4 0 0,33 

III  12 0 0,27 

 

ʢʫʤʝʥ 4 0,18 0,42 

IV  19 0,08 0,20 

ʗʢ ʚʠʜʥʦ ʟ ʪʘʙʣʠʮʽ, ʛʘʣʴʤʫʶʯʘ ʜʽʷ ʬʦʩʬʦʥʽʻʚʠʭ ʧʦʭʽʜʥʠʭ 3,4-ʜʠʛʽʜʨʦʧʽʨʠʤʽʜʠʥ-

2-ʦʥʫ ʫ ʧʨʦʮʝʩʽ ʽʥʽʮʽʡʦʚʘʥʦʛʦ ʦʢʠʩʥʝʥʥʷ ʢʫʤʝʥʫ ʟʨʦʩʪʘʻ ʫ ʪʘʢʦʤʫ ʨʷʜʫ: ɯI < ɯɯɯ < I . 

ʅʘʡʚʠʱʽ ʘʥʪʠʦʢʩʠʜʘʥʪʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʨʦʷʚʠʣʘ ʩʧʦʣʫʢʘ IV  ï 4-(ʧ-ʛʽʜʨʦʢʩʠʬʝʥʽʣ)-

5-ʝʪʦʢʩʠʢʘʨʙʦʥʽʣ-6-ʤʝʪʠʣ-3,4-ʜʠʛʽʜʨʦʧʽʨʠʤʽʜʠʥ-2-ʦʥ. ʎʝ ʧʦʚôʷʟʘʥʦ ʟ ʪʠʤ, ʱʦ ʜʦ ʾʾ 

ʩʢʣʘʜʫ ʚʭʦʜʠʪʴ ʬʝʥʦʣʴʥʝ ʫʛʨʫʧʦʚʘʥʥʷ.  
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ʉʀʅʊɽɿ ʅʆɺʀʍ ʇʆʍɯɼʅʀʍ ʇɯʈʆʃʆ[3,4-b]ʍɯʅʆʃɯʅʋ 

ɯ ʇɯʈʆʃʆ[3ô,4ô:5,6]ʇɯʈʀɼʆ[2,3-d]ʇɯʈʀʄɯɼʀʅʋ ʊɸ ɼʆʉʃɯɼɾɽʅʅʗ 

ɰʍ ɸʅʊʀʈɸɼʀʂɸʃʔʅʆɰ ɸʂʊʀɺʅʆʉʊɯ 

ʈʫʩʥʘʢ ɺ., ʂʫʰʥʽʨ ʆ. ɺ. 

ʏʝʨʥʽʚʝʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʖʨʽʷ ʌʝʜʴʢʦʚʠʯʘ, ʏʝʨʥʽʚʮʽ 

o.kushnir@chnu.edu.ua 

 

ʇʽʨʦʣʦ[3,4-b]ʭʽʥʦʣʽʥʦʚʠʡ ʬʨʘʛʤʝʥʪ ʰʠʨʦʢʦ ʟʫʩʪʨʽʯʘʻʪʴʩʷ ʩʝʨʝʜ ʧʨʠʨʦʜʥʠʭ 

ʧʨʦʜʫʢʪʽʚ ʘʣʢʘʣʦʾʜʽʚ, ʟʦʢʨʝʤʘ, ʪʘʢʠʭ ʷʢ ʉamptothecin ʪʘ Luotonin A. Cʧʦʣʫʢʠ ʪʘʢʦʛʦ ʪʠʧʫ 

ʚʦʣʦʜʽʶʪʴ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʙʽʦʣʦʛʽʯʥʦʾ ʪʘ ʬʘʨʤʘʢʦʣʦʛʽʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ.  

ɓ-ɭʥʘʤʽʥʦ ʽʤʽʜʠ ʻ ʧʦʣʽʜʝʥʪʘʥʪʥʠʤʠ ʨʝʘʛʝʥʪʘʤʠ, ʭʦʯʘ ʜʦ ʮʴʦʛʦ ʯʘʩʫ ʥʝ ʟʥʘʡʰʣʠ 

ʰʠʨʦʢʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʩʠʥʪʝʪʠʯʥʽʡ ʦʨʛʘʥʽʯʥʽʡ ʭʽʤʽʾ. ɺ ʟʚô̫ ʟʢʫ ʟ ʮʠʤ ʦʩʦʙʣʠʚʦʛʦ 

ʟʥʘʯʝʥʥʷ ʥʘʙʫʚʘʶʪʴ ʩʠʥʪʝʪʠʯʥʽ ʤʝʪʦʜʠ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʦʪʨʠʤʫʚʘʪʠ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ 

ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʩʧʦʣʫʢ. ɼʦ ʮʴʦʛʦ ʪʠʧʫ ʨʝʘʢʮʽʡ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʤʫʣʴʪʠʢʦʤʧʦʥʝʥʪʥʽ 

ʢʦʥʜʝʥʩʘʮʽʾ, ʦʜʥʦʨʝʘʢʪʦʨʥʽ ʩʠʥʪʝʟʠ, ʢʘʩʢʘʜʥʽ ʮʠʢʣʽʟʘʮʽʾ ʽ ʧʝʨʝʛʨʫʧʫʚʘʥʥʷ, ʱʦ 

ʜʦʟʚʦʣʶʷʪʴ ʦʪʨʠʤʫʚʘʪʠ ʮʽʣʴʦʚʽ ʩʧʦʣʫʢʠ ʟʘ ʤʝʥʰʫ ʢʽʣʴʢʽʩʪʴ ʩʪʘʜʽʡ. 

ʅʘʤʠ ʚʠʩʚʽʪʣʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʧʦ ʦʜʝʨʞʘʥʥʶ ʬʫʥʢʮʽʦʥʘʣʽʟʦʚʘʥʠʭ ʧʽʨʦʣʦʭʽʥʦʣʽʥʽʚ 1 

ʪʨʠʢʦʤʧʦʥʝʥʪʥʦʶ ʮʠʢʣʦʢʦʥʜʝʥʩʘʮʽʻʶ ʟʘ ʫʯʘʩʪʶ ɓ-ʻʥʘʤʽʥʦ ʽʤʽʜʽʚ, ʘʨʦʤʘʪʠʯʥʠʭ 

ʘʣʴʜʝʛʽʜʽʚ ʪʘ ʜʠʤʝʜʦʥʫ ʚ ʪʦʣʫʝʥʽ ʚ ʧʨʠʩʫʪʥʦʩʪʽ ʪʨʠʬʪʦʨʦʮʪʦʚʦʾ ʢʠʩʣʦʪʠ ʧʨʠ 2 ʛʦʜ 

ʥʘʛʨʽʚʘʥʥʽ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 70 Áʉ.  ʊʘʢʦʞ ʥʘʤʠ ʧʨʦʜʝʤʦʥʩʪʨʦʚʘʥʦ ʤʦʞʣʠʚʽʩʪʴ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʪʘʢʽʡ ʪʨʠʢʦʤʧʦʥʝʥʪʥʽʡ ʨʝʘʢʮʽʾ ʽ ʽʥʰʦʾ 1,3-ʜʠʢʘʨʙʦʥʽʣʴʥʦʾ ʩʧʦʣʫʢʠ ï

ʙʘʨʙʽʪʫʨʦʚʦʾ ʢʠʩʣʦʪʠ. ʇʨʠ ʮʴʦʤʫ ʚʟʘʻʤʦʜʽʷ ʟ ʙʘʨʙʽʪʫʨʦʚʦʶ ʢʠʩʣʦʪʦʶ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʪʠʭ 

ʩʘʤʠʭ ʨʝʘʢʮʽʡʥʠʭ ʫʤʦʚʘʭ ʧʨʠ 6 ʛʦʜ ʥʘʛʨʽʚʘʥʥʽ ʟ ʫʪʚʦʨʝʥʥʷʤ ʧʽʨʦʣʦ[3ô,4ô:5,6]-

ʧʽʨʠʜʦ[2,3-d]ʧʽʨʠʤʽʜʠʥʦʚʦʾ ʩʠʩʪʝʤʠ 2. 
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R = Me, Bn; R1 = 4-MeC6H4, 4-BrC6H4; Ar = 3-NO2C6H4, 4-NO2C6H4, 4-ClC6H4, 4-MeC6H4 

 

ɼʦʩʣʽʜʞʝʥʦ ʘʥʪʠʦʢʩʠʜʘʥʪʥʫ ʘʢʪʠʚʥʽʩʪʴ ʦʪʨʠʤʘʥʠʭ ʩʧʦʣʫʢ ʤʝʪʦʜʦʤ ʧʦʛʣʠʥʘʥʥʷ 

2,2-ʜʠʬʝʥʽʣ-1-ʧʽʢʨʠʣʛʽʜʨʘʟʠʣ ʨʘʜʠʢʘʣʫ (ɼʌʇɻ). ɿôʷʩʦʚʘʥʦ, ʱʦ ʧʦʭʽʜʥʽ ʧʽʨʦʣʦ[3ô,4ô:5,6]-

ʧʽʨʠʜʦ[2,3-d]ʧʽʨʠʤʽʜʠʥʽʚ 2 ʚʠʷʚʣʷʶʪʴ ʚʠʩʦʢʫ ʘʥʪʠʨʘʜʠʢʘʣʴʥʫ ʜʽʶ (73ï77 %) ʽ ʟʘ ʮʠʤ 

ʧʦʢʘʟʥʠʢʦʤ ʪʽʣʴʢʠ ʪʨʦʭʠ ʧʦʩʪʫʧʘʶʪʴʩʷ ʘʩʢʦʨʙʽʥʦʚʽʡ ʢʠʩʣʦʪʽ (90 %). 

ɯʥʜʠʚʽʜʫʘʣʴʥʽʩʪʴ ʪʘ ʩʢʣʘʜ ʚʩʽʭ ʦʪʨʠʤʘʥʠʭ ʩʧʦʣʫʢ ʜʦʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʘʤʠ ʭʨʦʤʘʪʦ-

ʤʘʩ-ʩʧʝʢʪʨʦʤʝʪʨʽʾ ʪʘ ʝʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʽʟʫ, ʘ ʙʫʜʦʚʘ ɯʏ-, ʗʄʈ 1H ʪʘ 13ʉ ʩʧʝʢʪʨʦʩʢʦʧʽʻʶ. 
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ʉʀʅʊɽɿ ʅʆɺʀʍ ɸʄʆʅɯɭɺʀʍ ʉʆʃɽʁ 3,4-ɼʀɻɯɼʈʆʇɯʈʀʄɯɼʀʅ-2-ʆʅʋ 

ʊɸ ɼʆʉʃɯɼɾɽʅʅʗ ɰʍ ɺʇʃʀɺʋ ʅɸ ɯʅɻɯɹʋɺɸʅʅʗ ʇʈʆʎɽʉɯɺ 

ʌʆʊʆɼɽɻʈɸɼɸʎɯɰ ʅɸʅʆʏɸʉʊʀʅʆʂ CDTE 

ʉʪʨʘʪʽʡʯʫʢ ɸ. ʆ., ʃʷʚʠʥʝʮʴ ʆ. ʉ., ʂʫʰʥʽʨ ʆ. ɺ. 

ʏʝʨʥʽʚʝʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʖʨʽʷ ʌʝʜʴʢʦʚʠʯʘ, ʏʝʨʥʽʚʮʽ 

o.kushnir@chnu.edu.ua 

 

ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʜʣʷ ʭʽʤʽʾ ʛʝʪʝʨʦʮʠʢʣʽʯʥʠʭ ʩʧʦʣʫʢ ʭʘʨʘʢʪʝʨʥʝ ʧʦʛʣʠʙʣʝʥʝ 

ʚʠʚʯʝʥʥʷ ʩʠʩʪʝʤ, ʱʦ ʤʽʩʪʷʪʴ ʫ ʩʚʦʾʡ ʩʪʨʫʢʪʫʨʽ ʧʽʨʠʤʽʜʠʥʦʚʝ ʷʜʨʦ. ʊʘʢʽ ʪʠʧʠ 

ʛʝʪʝʨʦʮʠʢʣʽʚ ʧʨʠʚʝʨʪʘʶʪʴ ʟʥʘʯʥʠʡ ʽʥʪʝʨʝʩ ʩʚʦʻʶ ʙʣʠʟʴʢʽʩʪʶ ʜʦ ʧʨʠʨʦʜʥʠʭ ʩʧʦʣʫʢ, ʘ 

ʪʘʢʦʞ ʾʭ ʨʽʟʥʦʙʽʯʥʠʤ ʚʠʢʦʨʠʩʪʘʥʥʷʤ, ʟʦʢʨʝʤʘ, ʚ ʤʝʜʠʯʥʽʡ ʪʘ ʙʽʦʦʨʛʘʥʽʯʥʽʡ ʭʽʤʽʾ.  

ʅʘʷʚʥʽʩʪʴ ʚ ʩʪʨʫʢʪʫʨʽ 4-ʘʨʠʣ-5-ʝʪʦʢʩʠʢʘʨʙʦʥʽʣ-6-ʙʨʦʤʦʤʝʪʠʣ-3,4-ʜʠʛʽʜʨʦʧʽʨʠʤʽ-

ʜʠʥ-2(1H)-ʦʥʽʚ 1 ʝʢʟʦʮʠʢʣʽʯʥʠʭ ʝʪʦʢʩʠʢʘʨʙʦʥʽʣʴʥʦʾ ʪʘ ʙʨʦʤʦʦʤʝʪʠʣʴʥʦʾ ʛʨʫʧ, ʚʽʜʢʨʠʚʘʻ 

ʰʣʷʭ ʜʦ ʩʧʦʣʫʢ, ʷʢʽ ʤʦʞʫʪʴ ʟʥʘʡʪʠ ʧʨʘʢʪʠʯʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ.  

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʩʧʦʣʫʢʠ 1 ʧʨʠ ʚʟʘʻʤʦʜʽʾ ʟ ʦʨʛʘʥʽʯʥʠʤʠ ʦʩʥʦʚʘʤʠ ʚ ʨʦʟʯʠʥʽ 

ʜ̔ ʦʢʩʘʥʫ ʫʪʚʦʨʶʶʪʴ ʟ ʚʠʩʦʢʠʤʠ ʚʠʭʦʜʘʤʠ ʨʷʜ ʯʝʪʚʝʨʪʠʥʥʠʭ ʘʤʦʥʽʻʚʠʭ ʩʧʦʣʫʢ 2 ʘï̒:  
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2, ʘ) (Me)2N(CH2)2OH, Ar = C6H5, R = H; ʙ) Ar = 4-MeOC6H4, R = Me; ʚ) Ar = 4-ClC6H4, 

R = H; ʛ) Ar = 4-BrC6H4, R = H; ʜ) (Me)2N(CH2)3OH, Ar = 4-NO2C6H4, R = Me; ʝ) Ar = 2,4-

(MeO)2C6H3, R = H; ʻ) Ar = 4-HO-3-MeOC6H4, R = H. 

 

ɺ ʧʦʜʘʣʴʰʦʤʫ ʤʠ ʧʨʦʚʦʜʠʣʠ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʩʠʥʪʝʟʦʚʘʥʠʭ ʘʤʦʥʽʻʚʠʭ ʩʦʣʝʡ 

3,4-ʜʠʛʽʜʨʦʧʽʨʠʤʽʜʠʥ-2-ʦʥʫ 2 ʘï̒ ʥʘ ʧʨʦʮʝʩʠ ʬʦʪʦʜʝʛʨʘʜʘʮʽʾ ʥʘʥʦʯʘʩʪʠʥʦʢ. ʉʫʩʧʝʥʟʽʶ 

ʥʘʥʦʯʘʩʪʦʢ CdTe (30 ʥʤ) ʟʘ ʥʘʷʚʥʦʩʪʽ ʩʠʥʪʝʟʦʚʘʥʠʭ ʩʧʦʣʫʢ ʽ ʙʝʟ ʥʠʭ ʦʧʨʦʤʽʥʶʚʘʣʠ 

ʣʘʟʝʨʦʤ (405 ʥʤ) ʫʧʨʦʜʦʚʞ 1 ʛʦʜ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʧʦʣʫʢ 2ʘ,ʚ,ʝ ʩʫʪʪʻʚʦ 

ʩʧʦʚʽʣʴʥʶʻ ʧʘʜʽʥʥʷ ʽʥʪʝʛʨʘʣʴʥʦʾ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʬʦʪʦʣʶʤʽʥʝʩʮʝʥʮʽʾ ʧʽʜ ʯʘʩ 

ʦʧʨʦʤʽʥʶʚʘʥʥʷ, ʧʦʨʽʚʥʷʥʦ ʽʟ ʽʥʰʠʤʠ ʚʦʜʦʨʦʟʯʠʥʥʠʤʠ ʽʥʛʽʙʽʪʦʨʘʤʠ 2ʙ,ʛ,ʜ,ʻ ʚʟʷʪʠʭ ʫ ʪʠʭ 

ʩʘʤʠʭ ʢʦʥʮʝʥʪʨʘʮʽʷʭ. ʊʘʢʦʞ, ʧʽʩʣʷ ʦʧʨʦʤʽʥʝʥʥʷ ʨʦʟʯʠʥʽʚ ʚʠʟʥʘʯʠʣʠ 

ʬʦʪʦʣʶʤʽʥʝʩʮʝʥʮʽʶ, ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʩʫʚ ʫ ʙʘʪʦʭʨʦʤʥʫ ʩʪʦʨʦʥʫ: ʙʝʟ ʽʥʛʽʙʽʪʦʨʘ ï16 ʥʤ, 

ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ, ʷʢ ʽʥʛʽʙʽʪʦʨʽʚ 2 ʘï̒ ʟʩʫʚ ʢʦʣʠʚʘʚʩʷ ʫ ʤʝʞʘʭ 6ï12 ʥʤ. ɯʥʛʽʙʫʶʯʠʡ ʚʧʣʠʚ 

ʩʧʦʣʫʢ 2 ʘï̒ ʥʘ ʬʦʪʦʦʢʠʩʥʝʥʥʷ ʩʫʩʧʝʥʟʽʾ ʥʘʥʦʯʘʩʪʦʢ CdTe ʧʦʚôʷʟʫʻʤʦ ʟ ʣʘʢʪʘʤ-

ʣʘʢʪʠʤʥʦʶ ʪʘʫʪʦʤʝʨʽʻʶ ʪʘ ʧʦʟʠʪʠʚʥʠʤ ʟʘʨʷʜʦʤ ʥʘ ʘʪʦʤʽ ʥʽʪʨʦʛʝʥʫ. 

ɯʥʜʠʚʽʜʫʘʣʴʥʽʩʪʴ ʪʘ ʩʢʣʘʜ ʚʩʽʭ ʦʪʨʠʤʘʥʠʭ ʩʧʦʣʫʢ ʜʦʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʘʤʠ ʭʨʦʤʘʪʦ-

ʤʘʩ-ʩʧʝʢʪʨʦʤʝʪʨʽʾ ʪʘ ʝʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʽʟʫ, ʘ ʙʫʜʦʚʘ ɯʏ ʪʘ ʗʄʈ 1H ʩʧʝʢʪʨʘʤʠ. 
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ʉʀʅʊɽɿ ʊɸ ʇʈʆʊʀʇʋʍʃʀʅʅɸ ɸʂʊʀɺʅɯʉʊʔ N-(5-R-ɹɽʅɿʀʃ-1,3-ʊɯɸɿʆʃ-

2-ɯʃ)ʊɯʆʌɽʅ-2- ʊɸ N-(5-R-ɹɽʅɿʀʃ-1,3-ʊɯɸɿʆʃ-2-ɯʃ)-4-ɹʈʆʄʆʊɯʆʌɽʅ-

2-ʂɸʈɹʆʂʉɸʄɯɼɯɺ 

ʌʨʦʣʦʚ ɼ. ɸ., ʄʘʪʽʡʯʫʢ ɺ. ʉ. 

ʃʴʚʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɯʚʘʥʘ ʌʨʘʥʢʘ 

dimaf@i.ua 

 

ɼʦʩʣʽʜʞʝʥʦ ʧʨʦʪʠʧʫʭʣʠʥʥʫ ʘʢʪʠʚʥʽʩʪʴ ʧʦʭʽʜʥʠʭ N-(5-R-ʙʝʥʟʠʣ-1,3-ʪʽʘʟʦʣ-

2-ʽʣ)ʪʽʦʬʝʥ-2-ʢʘʨʙʦʢʩʘʤʽʜʽʚ 5aïh ʪʘ N-(5-R-ʙʝʥʟʠʣ-1,3-ʪʽʘʟʦʣ-2-ʽʣ)-4-ʙʨʦʤʦʪʽʦʬʝʥ-

2-ʢʘʨʙʦʢʩʘʤʽʜʽʚ 6aïf. ɺʠʭʽʜʥʠʤʠ ʨʝʯʦʚʠʥʘʤʠ ʜʣʷ ʾʭ ʩʠʥʪʝʟʫ  ʩʣʫʛʫʚʘʣʠ 5-(R-ʙʝʥʟʠʣ)-

1,3-ʪʽʘʟʦʣ-2-ʘʤʽʥʠ 4aïj. ɰʭ ʩʠʥʪʝʟʫʚʘʣʠ ʚʟʘʻʤʦʜʽʻʶ 3-ʘʨʠʣ-2-ʭʣʦʨʦʧʨʦʧʘʥʘʣʽʚ 2aïj  ʟ 

ʪʽʦʩʝʯʦʚʠʥʦʶ. 3-ɸʨʠʣ-2-ʭʣʦʨʦʧʨʦʧʘʥʘʣʽ ʚ ʩʚʦʶ ʯʝʨʛʫ ʦʪʨʠʤʘʥʦ ʘʨʠʣʶʚʘʥʥʷʤ ʘʢʨʦʣʝʾʥʫ 

ʘʨʝʥʜʽʘʟʦʥʽʻʚʠʤʠ ʩʦʣʷʤʠ. ɸʮʠʣʶʚʘʥʥʷ 5-(R-ʙʝʥʟʠʣ)-1,3-ʪʽʘʟʦʣ-2-ʘʤʽʥʽʚ ʟʜʽʡʩʥʶʚʘʣʠ 

ʢʣʘʩʠʯʥʠʤ ʤʝʪʦʜʦʤ ʟʘ ʜʦʧʦʤʦʛʦʶ ʭʣʦʨʘʥʛʽʜʨʠʜʽʚ ʪʽʦʬʝʥ-2- ʪʘ 4-ʙʨʦʤʦʪʽʦʬʝʥ-

2-ʢʘʨʙʦʥʦʚʠʭ ʢʠʩʣʦʪ.  
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5 a-h R = 3-CH3(a), 2-F(b), 4-F(c), 2-Cl(d), 3-Cl(e), 2,4-Cl2(f), 2,5-Cl2(g), 2-Cl,5-CF3(h) 

6 a-f R = 4-CH3(a), 4-(CH3)2CH(b), 3-Cl(c), 2,4-Cl2(d), 3,4-Cl2(e), 2-Cl,5-CF3(f) 

1-4 a-g 3-CH3(a), 4-CH3(b),  4-(CH3)2CH(c), 2-F(d), 4-F(e), 2-Cl(f), 3-Cl(g), 2,4-Cl2(h), 2,5-Cl2(i)

2-Cl,5-CF3(j)

 
 

ʇʨʦʪʠʨʘʢʦʚʫ ʘʢʪʠʚʥʽʩʪʴ ʩʠʥʪʝʟʦʚʘʥʠʭ ʩʧʦʣʫʢ ʚʠʚʯʘʣʠ ʤʝʪʦʜʦʤ 

ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʦʛʦ ʙʽʦʣʦʛʽʯʥʦʛʦ ʩʢʨʠʥʽʥʛʫ ʟʛʽʜʥʦ ʤʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦʾ ʧʨʦʛʨʘʤʠ 

ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʽʥʩʪʠʪʫʪʫ ʟʜʦʨʦʚôʷ ʉʐɸ ï DTP (Developmental Therapeutic Program) 

ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʽʥʩʪʠʪʫʪʫ ʨʘʢʫ (ɹʝʪʝʟʜʘ, ʄʝʨʽʣʝʥʜ, ʉʐɸ). 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʴ ʧʨʦʪʠʨʘʢʦʚʦʾ ʘʢʪʠʚʥʦʩʪʽ ʽʜʝʥʪʠʬʽʢʦʚʘʥʦ ʩʧʦʣʫʢʫ-

ʣʽʜʝʨ ï N-[5-(2,4-ʜʠʭʣʦʨʦʙʝʥʟʠʣ)-1,3-ʪʽʘʟʦʣ-2-ʽʣ]ʪʽʦʬʝʥ-2-ʢʘʨʙʦʢʩʘʤʽʜ 5f. ɺʩʪʘʥʦʚʣʝʥʦ, 

ʱʦ ʚʽʥ ʻ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠʤ ʱʦʜʦ ʣʽʥʽʾ ʤʝʣʘʥʦʤʠ MDA-MB-435: GP = -29.41 % ʪʘ ʣʽʥʽʾ 

ʣʝʡʢʝʤʽʾ SR: GP = -5.59. ɺʘʨʪʽ ʫʚʘʛʠ ʡ ʽʥʰʽ ʨʝʟʫʣʴʪʘʪʠ ʧʨʝʩʢʨʠʥʽʥʛʫ 5f: MDA-MB-468 

(ʨʘʢ ʤʦʣʦʯʥʦʾ ʟʘʣʦʟʠ) GP = 4.08 %; K-562 (ʣʝʡʢʝʤʽʷ): GP = 10.18 %; HT29 (ʨʘʢ ʪʦʚʩʪʦʾ 

ʢʠʰʢʠ): GP =12.26 %.  
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ʄɽʊʆɼʀ ʅʋʂʃɽʆʌɯʃʔʅʆɻʆ ɿɸʄɯʑɽʅʅʗ ɹʈʆʄʋ ɺ ɹʈʆʄɸʄɯʅʆɺɯʁ 

ʂʀʉʃʆʊɯ ʈɯɿʅʀʄʀ ɺʀɼɸʄʀ ɸʄɯʅɯɺ 

ʐʫʧʝʥʶʢ ɺ. ɯ., ʊʘʨʘʩ ʊ. ʄ. 

ʇʨʠʢʘʨʧʘʪʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɺʘʩʠʣʷ ʉʪʝʬʘʥʠʢʘ 

76000, ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢ, ʚʫʣ. ʐʝʚʯʝʥʢʘ, 57 

taras.tanya.if@gmail.com 

 

4-ɹʨʦʤ-1-ʘʤʽʥʦ-9,10-ʜʽʦʢʩʠ-9,10-ʜʠʛʽʜʨʦʘʥʪʨʘʮʝʥ-2-ʩʫʣʴʬʦʢʠʩʣʦʪʘ (ʪʝʭʥʽʯʥʘ 

ʥʘʟʚʘ ï ʙʨʦʤʘʤʽʥʦʚʘ ʢʠʩʣʦʪʘ) ʤʘʻ ʚʝʣʠʢʝ ʟʥʘʯʝʥʥʷ ʷʢ ʥʘʧʽʚʧʨʦʜʫʢʪ ʜʣʷ ʩʠʥʪʝʟʫ 

ʢʠʩʣʦʪʥʠʭ, ʜʠʩʧʝʨʩʥʠʭ ʽ ʘʢʪʠʚʥʠʭ ʘʥʪʨʘʭʽʥʦʥʦʚʠʭ ʙʘʨʚʥʠʢʽʚ. ɼʣʷ ʚʠʨʦʙʥʠʮʪʚʘ 

ʘʥʪʨʘʭʽʥʦʥʦʚʠʭ ʙʘʨʚʥʠʢʽʚ ʟʘʩʪʦʩʦʚʫʶʪʴ ʨʝʘʢʮʽʶ ʥʫʢʣʝʦʬʽʣʴʥʦʛʦ ʟʘʤʽʱʝʥʥʷ ʨʫʭʣʠʚʦʛʦ 

ʘʪʦʤʫ ʙʨʦʤʫ ʥʘ ʘʨʠʣ- ʪʘ ʘʣʢʽʣʘʤʽʥʦʛʨʫʧʠ ʚ ʫʤʦʚʘʭ ʨʝʘʢʮʽʾ ʋʣʴʤʘʥʘ. ʈʦʟʨʦʙʣʷʶʯʠ 

ʤʝʪʦʜʠʢʫ ʦʜʝʨʞʘʥʥʷ ʥʽʪʨʦʛʝʥʦʚʤʽʩʥʠʭ ʧʦʭʽʜʥʠʭ, ʤʠ ʧʨʦʘʥʘʣʽʟʫʚʘʣʠ ʽʩʥʫʶʯʽ ʜʚʘ 

ʢʣʘʩʠʯʥʠʭ ʤʝʪʦʜʠ ɸ ʽ ɺ ʟʘʤʽʱʝʥʥʷ ʙʨʦʤʫ ʪʘ ʧʨʦʚʝʣʠ ʩʝʨʽʶ ʩʠʥʪʝʟʽʚ ʟ ʤʦʥʦʝʪʘʥʦʣʘʤʽʥʦʤ 

ʪʘ ʙʨʦʤʘʤʽʥʦʚʦʶ ʢʠʩʣʦʪʦʶ ʟʘ ʨʽʟʥʠʭ ʫʤʦʚ. 

ɿʘ ʤʝʪʦʜʦʤ ɸ ʟʘʤʽʱʝʥʥʷ ʧʨʦʭʦʜʠʣʦ ʚ ʬʦʩʬʘʪʥʦʤʫ ʙʫʬʝʨʽ ʥʘ ʤʽʜʥʽʡ ʧʣʘʩʪʠʥʮʽ, 

ʧʨʦʪʝ ʚʠʭʽʜ ʦʩʥʦʚʥʦʛʦ ʧʨʦʜʫʢʪʫ ʟʤʝʥʰʫʚʘʚʩʷ ʯʝʨʝʟ ʦʢʠʩʥʦ-ʚʽʜʥʦʚʥʫ ʨʝʘʢʮʽʶ ʟ 

ʫʪʚʦʨʝʥʥʷʤ ʧʨʦʜʫʢʪʫ ʙʝʟ-ʙʨʦʤʫ. 

 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʫ ɺ ʟ ʙʽʬʫʥʢʮʽʦʥʘʣʴʥʠʤ ʢʘʪʘʣʽʟʘʪʦʨʦʤ (ʉuSO4 ʽ FeSO4) ʚ 

ʚʦʜʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʚ ʧʨʠʩʫʪʥʦʩʪʽ Na2CO3, ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʯʘʩʫ ʨʝʘʢʮʽʾ ʽ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʚʠʭʦʜʫ ʦʩʥʦʚʥʦʛʦ ʧʨʦʜʫʢʪʫ 4-ʟʘʤʽʱʝʥʦʛʦ ʤʦʥʦʝʪʘʥʦʣʘʤʽʥʫ (ɯ). 

 

ɿʘ ʜʘʥʦʶ ʤʝʪʦʜʠʢʦʶ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʥʫʢʣʝʦʬʽʣʴʥʝ ʟʘʤʽʱʝʥʥʷ ʽ ʽʥʰʠʤʠ ʘʤʽʥʘʤʠ 

ʟʦʢʨʝʤʘ ʟ ʽʤʽʜʘʟʦʣʦʤ (ɯɯ) ʨʝʘʢʮʽʷ ʧʨʦʭʦʜʠʣʘ ʢʽʣʴʢʽʩʥʦ. ʇʨʦʪʝ, ʫ ʚʠʧʘʜʢʫ ʟ ʛʣʽʮʠʥʦʤ (ɯV) 

ʨʝʘʢʮʽʷ ʧʨʦʭʦʜʠʣʘ ʟ ʩʫʪʪʻʚʠʤ ʟʙʽʣʴʰʝʥʥʷʤ ʚʠʭʦʜʫ ʛʽʜʨʦʢʩʠ ʧʦʭʽʜʥʦʛʦ (V), ʯʝʨʝʟ 

ʢʦʥʢʫʨʝʥʮʽʶ ʟ ʙʦʢʫ ʆʅ-ʛʨʫʧʠ ʽ ʩʣʘʙʦʦʩʥʦʚʥʽʩʪʴ ʘʤʽʥʦ ʧʦʭʽʜʥʦʛʦ. ʋ ʚʠʧʘʜʢʫ ʟ 

ʤʦʨʬʦʣʽʥʦʤ (ɯɯɯ) ʫʪʚʦʨʶʚʘʣʘʩʴ ʩʫʤʽʰ ʧʨʦʜʫʢʪʽʚ. ɹʫʜʦʚʘ ʦʜʝʨʞʘʥʠʭ ʩʧʦʣʫʢ ʜʦʚʝʜʝʥʘ 

ʤʝʪʦʜʘʤʠ ʗʄʈ ʅ1 ʩʧʝʢʪʨʦʩʢʦʧʽʾ, ʭʨʦʤʘʪʦʤʘʩʩ-ʩʧʝʢʪʨʦʩʢʦʧʽʾ ʪʘ ʝʣʝʤʝʥʪʥʠʤ ʘʥʘʣʽʟʦʤ. 
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ʂʆʄʇʆɿʀʊʀ ʅɸʅʆʏɸʉʊʀʅʆʂ ʇɸʃɸɼɯʖ ʊɸ ʇʆʈʀʉʊʆɻʆ 

ʂʆʆʈɼʀʅɸʎɯʁʅʆɻʆ ʇʆʃɯʄɽʈʋ MIL -101 ʊɸ ɰʍ ʂɸʊɸʃɯʊʀʏʅɸ 

ɸʂʊʀɺʅɯʉʊʔ ʋ ʈɽɸʂʎɯɰ ʉʋɿʋʂɯ 

ɹʠʢʦʚʘ ʆ. ʉ.1, ʆʨʜʠʥʩʴʢʠʡ ɺ. ɺ.1, ɻʘʚʨʠʣʝʥʢʦ ʂ. ʉ.2,3, ʂʘʣʽʰʠʥ ɭ. ʖ.1, ʂʦʣʦʪʽʣʦʚ ʉ. ɺ.1 
1ɯʥʩʪʠʪʫʪ ʬʽʟʠʯʥʦʾ ʭʽʤʽʾ ʽʤ. ʃ. ɺ. ʇʠʩʘʨʞʝʚʩʴʢʦʛʦ ʅɸʅ ʋʢʨʘʾʥʠ, ʇʨʦʩʧʝʢʪ ʅʘʫʢʠ 31, 

ʂʠʾʚ, 03028, ʋʢʨʘʾʥʘ 
2ʅʘʫʢʦʚʦ-ʚʠʨʦʙʥʠʯʠʡ ʭʽʤʽʢʦ-ʙʽʦʣʦʛʽʯʥʠʡ ʮʝʥʪʨ, ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

ʽʤʝʥʽ ʊʘʨʘʩʘ ʐʝʚʯʝʥʢʘ, ʚʫʣ. ʏʝʨʚʦʥʦʪʢʘʮʴʢʘ 61, 03022, ʂʠʾʚ, ʋʢʨʘʾʥʘ 
3ʊʆɺ çʅʘʫʢʦʚʦ-ɺʠʨʦʙʥʠʯʝ ʇʽʜʧʨʠʻʤʩʪʚʦ çɭʅɸʄɯʅè, ʚʫʣ. ɸ. ʄʘʪʨʦʩʦʚʘ 23, 

ʂʠʾʚ 01103, ʋʢʨʘʾʥʘ 

helgaby13@gmail.com 

 

ʂʦʤʧʦʟʠʪʠ ʧʦʨʠʩʪʠʭ ʢʦʦʨʜʠʥʘʮʽʡʥʠʭ ʧʦʣʽʤʝʨʽʚ ʟ ʽʤʤʦʙʽʣʽʟʦʚʘʥʠʤʠ ʥʘ ʥʠʭ 

ʥʘʥʦʯʘʩʪʠʥʢʘʤʠ ʧʘʣʘʜʽʶ ʧʨʠʚʝʨʪʘʶʪʴ ʫʚʘʛʫ ʷʢ ʢʘʪʘʣʽʟʘʪʦʨʠ ʨʝʘʢʮʽʾ ʘʨʦʤʘʪʠʯʥʦʛʦ ʢʨʦʩʩ-

ʩʧʦʣʫʯʝʥʥʷ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʫ ʪʦʥʢʦʤʫ ʦʨʛʘʥʽʯʥʦʤʫ ʩʠʥʪʝʟʽ ʜʣʷ ʦʜʝʨʞʘʥʥʷ 

ʙʽʦʣʦʛʽʯʥʦ-ʘʢʪʠʚʥʠʭ ʨʝʯʦʚʠʥ ʜʣʷ ʧʦʪʨʝʙ ʬʘʨʤʘʮʝʚʪʠʢʠ, ʘʛʨʦʭʽʤʽʾ ʪʦʱʦ. ɿʘʚʜʷʢʠ ʩʚʦʾʤ 

ʚʣʘʩʪʠʚʦʩʪʷʤ ï ʚʝʣʠʢʽʡ ʧʣʦʱʽ ʧʦʚʝʨʭʥʽ, ʤʦʞʣʠʚʦʩʪʽ ʧʨʦʷʚʫ ʨʦʟʤʽʨʥʦʛʦ ʝʬʝʢʪʫ ʪʘ 

ʚʘʨʽʶʚʘʥʥʷ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʤʧʦʟʠʪʫ ï ʪʘʢʽ ʤʘʪʝʨʽʘʣʠ ʤʦʞʫʪʴ 

ʧʨʦʷʚʣʷʪʠ ʚʠʩʦʢʫ ʢʘʪʘʣʽʪʠʯʥʫ ʘʢʪʠʚʥʽʩʪʴ, ʘ ʪʘʢʦʞ ʚʠʩʦʢʫ ʩʝʣʝʢʪʠʚʥʽʩʪʴ ʱʦʜʦ ʟʘʤʽʱʝʥʥʷ  

ʧʝʚʥʦʛʦ ʘʪʦʤʫ ʛʘʣʦʛʝʥʫ ʚ ʧʦʣʽʛʘʣʦʛʝʥʘʨʦʤʘʪʠʯʥʽʡ ʩʧʦʣʫʮʽ. 

ʆʜʝʨʞʘʥʦ ʩʝʨʽʶ ʢʦʤʧʦʟʠʪʽʚ ʥʘʥʦʯʘʩʪʠʥʦʢ ʧʘʣʘʜʽʶ ʟ ʧʦʨʠʩʪʠʤ ʢʦʦʨʜʠʥʘʮʽʡʥʠʤ 

ʧʦʣʽʤʝʨʦʤ (ʇʂʇ) ʩʪʨʫʢʪʫʨʥʦʛʦ ʪʠʧʫ MIL-101 ʬʦʨʤʫʣʠ [Cr3(OH)(H2O)2O(bdc)3]n. 

ʅʘʥʦʯʘʩʪʠʥʢʠ ʧʘʣʘʜʽʶ ʥʘʥʦʩʠʣʠ ʥʘ MIL-101 ʟ ʢʦʣʦʾʜʥʦʛʦ ʨʦʟʯʠʥʫ, ʦʜʝʨʞʘʥʦ ʩʝʨʽʶ 

ʢʦʤʧʦʟʠʪʽʚ ʟ ʨʦʟʤʽʨʦʤ ʥʘʥʦʯʘʩʪʠʥʦʢ ʚ ʜʽʘʧʘʟʦʥʽ 2,9ï4,6 ʥʤ (ʈʠʩ. 1). ʇʦʢʘʟʘʥʦ, ʱʦ ʧʨʠ 

ʥʘʛʨʽʚʘʥʥʽ ʢʦʤʧʦʟʠʪʫ ʚ ʝʪʘʥʦʣʽ ʥʘʥʦʯʘʩʪʠʥʢʠ ʥʝ ʧʝʨʝʭʦʜʷʪʴ ʚ ʨʦʟʯʠʥ. 

ɼʦʩʣʽʜʞʝʥʽ ʢʦʤʧʦʟʠʪʠ ʧʨʦʷʚʣʷʶʪʴ ʢʘʪʘʣʽʪʠʯʥʫ ʘʢʪʠʚʥʽʩʪʴ ʫ ʨʝʘʢʮʽʾ 

ʘʨʦʤʘʪʠʯʥʦʛʦ ʩʧʦʣʫʯʝʥʥʷ ʬʝʥʽʣʙʦʨʥʦʾ ʢʠʩʣʦʪʠ ʪʘ ʙʨʦʤʙʝʥʟʦʣʫ ʫ ʧʨʠʩʫʪʥʦʩʪʽ ʢʠʩʥʶ 

ʧʦʚʽʪʨʷ, ʚʠʭʽʜ ʜʦʩʷʛʘʻ 36 % ʟʘ ʢʽʤʥʘʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ (ʈʠʩ. 2) ʪʘ 80 % ʟʘ 80 Üʉ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʨʠʨʦʜʠ ʦʩʥʦʚʠ, ʷʢʘ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ 

ʨʝʘʢʮʽʾ, ʚʠʭʽʜ ʧʨʦʜʫʢʪʫ ʚʘʨʽʶʻʪʴʩʷ ʚ ʤʝʞʘʭ ʚʽʜ 0 ʜʦ 80 % ʟʘ ʢʽʤʥʘʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ. ʇʨʠ 

ʧʦʚʪʦʨʥʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʢʦʤʧʦʟʠʪʫ ʷʢ ʢʘʪʘʣʽʟʘʪʦʨʫ ʚʠʭʽʜ ʧʨʦʜʫʢʪʫ ʟʤʝʥʰʫʻʪʴʩʷ ʥʘ 2ï

3 %. 

 

 
ʈʠʩ. 1. ʄʽʢʨʦʬʦʪʦʛʨʘʬʽʷ (ʊɽʄ) ʜʣʷ 

ʢʦʤʧʦʟʠʪʫ Pd/MIL-101 Cr(III) ʟ ʩʝʨʝʜʥʽʤ 

ʨʦʟʤʽʨʦʤ ʥʘʥʦʯʘʩʪʠʥʦʢ Pd 4,6Ñ0,8 ʥʤ 

ʈʠʩ. 2. ɺʠʭʽʜ ʮʽʣʴʦʚʦʛʦ ʧʨʦʜʫʢʪʫ ʨʝʘʢʮʽʾ 

ʩʧʦʣʫʯʝʥʥʷ ʬʝʥʽʣʙʦʨʥʦʾ ʢʠʩʣʦʪʠ ʟ 

ʙʨʦʤʙʝʥʟʦʣʦʤ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʯʘʩʫ 

ʨʝʘʢʮʽʾ ʟʘ ʢʽʤʥʘʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ 
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ɼʆʉʃɯɼɾɽʅʅʗ ʇʆʈʀʉʊʆɻʆ ɺʋɻʃɽʎʖ, ʆʊʈʀʄɸʅʆɻʆ ɿ ʈɯɿʅʀʍ ɺʀɼɯɺ 

ʈʆʉʃʀʅʅʆɰ ʉʀʈʆɺʀʅʀ 

ʖʨʮʝʥʶʢ ʅ. ʉ., ɹʦʣʝʜʟʶʢ ɺ. ɹ., ʉʝʤʝʥʯʫʢ ɯ. ɯ., ʐʝʚʯʠʢ ɺ. ɺ. 

ɯʥʩʪʠʪʫʪʫ ʧʨʦʙʣʝʤ ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʘ ʽʤ. ɯ. ʄ. ʌʨʘʥʮʝʚʠʯʘ 

ʅʘʮʽʦʥʘʣʴʥʦʾ ɸʢʘʜʝʤʽʾ ʥʘʫʢ ʋʢʨʘʾʥʠ, ʏʝʨʥʽʚʝʮʴʢʝ ʚʽʜʜʽʣʝʥʥʷ 

chimsp@ukrpost.ua 

 

ʇʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʝʞʠʤʽʚ ʢʘʨʙʦʥʽʟʘʮʽʾ ʪʘ ʘʢʪʠʚʘʮʽʾ 

ʚʫʛʣʝʮʝʚʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʦʪʨʠʤʘʥʠʭ ʤʝʪʦʜʦʤ ʧʽʨʦʣʽʟʫ ʟ ʦʨʛʘʥʽʯʥʦʾ ʩʠʨʦʚʠʥʠ ʨʦʩʣʠʥʥʦʛʦ 

ʧʦʭʦʜʞʝʥʥʷ ʪʘ ʚʧʣʠʚʫ ʦʙʨʦʙʢʠ ʚʠʭʽʜʥʦʛʦ ʧʨʝʢʫʨʩʦʨʘ,  ʢʘʨʙʦʥʽʟʦʚʘʥʦʛʦ ʪʘ ʘʢʪʠʚʦʚʘʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ ʥʘ ʧʘʨʘʤʝʪʨʠ ʚʠʭʽʜʥʦʛʦ ʧʨʦʜʫʢʪʫ ʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʫʧʝʨʢʦʥʜʝʥʩʘʪʦʨʘ ʟ 

ʚʦʜʥʠʤ ʨʦʟʯʠʥʦʤ ʝʣʝʢʪʨʦʣʽʪʫ (30 % ʂʆʅ) ʟʽʙʨʘʥʠʭ ʥʘ ʦʩʥʦʚʽ ʦʪʨʠʤʘʥʠʭ ʚʫʛʣʝʮʝʚʠʭ 

ʤʘʪʝʨʽʘʣʽʚ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʯʘʩ ʽʟʦʪʝʨʤʽʯʥʦʾ ʚʠʪʨʠʤʢʠ ʧʨʠ ʨʦʙʦʯʽʡ ʪʝʤʧʝʨʘʪʫʨʽ (900 Áʉ) ʽ 

ʜʣʷ ʨʽʟʥʠʭ ʚʠʜʽʚ ʨʦʩʣʠʥʥʦʾ ʩʠʨʦʚʠʥʠ ʻ ʦʧʪʠʤʘʣʴʥʠʤ ʚ ʛʨʘʥʠʮʷʭ ʚʽʜ 50 ʭʚ. ʜʦ 3-ʭ ʛʦʜ. 

ɿʙʽʣʴʰʝʥʥʷ ʧʝʨʽʦʜʫ ʽʟʦʪʝʨʤʽʯʥʦʾ ʚʠʪʨʠʤʢʠ ʧʨʠʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʧʠʪʦʤʦʾ ʻʤʥʦʩʪʽ. ʎʝ 

ʧʦʷʩʥʶʻʪʴʩʷ ʪʠʤ, ʱʦ ʚʠʪʨʠʤʢʘ ʧʨʠ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʨʠʚʦʜʠʪʴ ʜʦ ʟʥʘʯʥʦʛʦ 

ʦʙʛʘʨʫ ï ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦʩʪʫʧʦʚʝ ʚʠʛʦʨʘʥʥʷ ʪʦʥʢʠʭ ʩʪʽʥʦʢ, ʱʦ ʨʦʟʜʽʣʷʪʴ ʧʦʨʠ, ʘ ʮʝ 

ʧʨʠʚʦʜʠʪʴ ʜʦ ʟʨʦʩʪʘʥʥʷ ʾʭ ʨʦʟʤʽʨʽʚ ʽ ʪʠʤ ʩʘʤʠʤ ʜʦ ʟʤʝʥʰʝʥʥʷ ʚʝʣʠʯʠʥʠ ʧʠʪʦʤʦʾ 

ʚʥʫʪʨʽʰʥʴʦʾ ʧʦʚʝʨʭʥʽ. ʎʝ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʷʢ ʟʤʝʥʰʝʥʥʷʤ ʧʠʪʦʤʦʾ ʻʤʥʦʩʪʽ ʥʘ ʤʘʢʝʪʘʭ 

ʩʫʧʝʨʢʦʥʜʝʥʩʘʪʦʨʽʚ, ʪʘʢ ʽ ʚʠʤʽʨʶʚʘʥʥʷʤ ʩʫʤʘʨʥʦʾ ʚʥʫʪʨʽʰʥʴʦʾ ʧʦʚʝʨʭʥʽ (ʤʝʪʦʜ ɹɽʊ). 

ʊʘʢ, ʜʣʷ ʧʨʠʢʣʘʜʫ, ʧʠʪʦʤʘ ʻʤʥʽʩʪʴ ʚʫʛʣʝʮʝʚʦʛʦ ʤʘʪʝʨʽʘʣʫ ʟ ʢʫʢʫʨʫʜʟʷʥʠʭ ʨʠʣʝʮʴ ʧʨʠ 

ʟʨʦʩʪʘʥʥʽ ʯʘʩʫ ʽʟʦʪʝʨʤʽʯʥʦʾ ʚʠʪʨʠʤʢʠ ʚʽʜ 1 ʛʦʜ. ʜʦ 2-ʭ ʛʦʜ. ʟʤʝʥʰʫʻʪʴʩʷ ʟ 206 ʌ/ʛ ʜʦ 

77 ʌ/ʛ, ʘ ʧʠʪʦʤʘ ʚʥʫʪʨʽʰʥʷ ʧʦʚʝʨʭʥʷ ʧʦ ɹɽʊ ï ʟ 1573 ʤ2/ʛ ʜʦ 721 ʤ2/ʛ. 

ʂʽʣʴʢʽʩʥʽ ʟʥʘʯʝʥʥʷ ʩʫʤʘʨʥʦʾ ʧʠʪʦʤʦʾ ʚʥʫʪʨʽʰʥʴʦʾ ʧʦʚʝʨʭʥʽ ʪʘ ʧʠʪʦʤʦʾ ʻʤʥʦʩʪʽ 

ʚʩʽʭ ʚʠʜʽʚ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʪʫʪ ʥʝ ʧʨʠʚʦʜʷʪʴʩʷ ʟʘ ʦʙʤʝʞʝʥʦʩʪʽ ʦʙ'ʻʤʫ ʚʠʢʣʘʜʫ. 

ɼʣʷ ʧʨʠʢʣʘʜʫ: ʦʧʪʠʤʘʣʴʥʠʡ ʯʘʩ ʽʟʦʪʝʨʤʽʯʥʦʾ ʚʠʪʨʠʤʢʠ ʧʨʠ ʢʘʨʙʦʥʽʟʘʮʽʾ (ʨʦʙʦʯʘ 

ʪʝʤʧʝʨʘʪʫʨʘ 900 ʦʉ) ʩʢʣʘʜʘʻ 50 ʭʚ. õ 1 ʛʦʜ., ʘ ʜʣʷ ʜʝʨʝʚʠʥʠ ʙʫʢʘ (ʚʠʭʽʜʥʘ ʩʠʨʦʚʠʥʘ ʫ 

ʚʠʛʣʷʜʽ ʪʠʨʩʠ) ʚʽʜʧʦʚʽʜʥʦ 2 õ 2,5 ʛʦʜ. ʗʢʱʦ ʜʝʨʝʚʠʥʫ ʙʫʢʘ (ʥʝʦʙʨʦʙʣʝʥʫ) ʚʟʷʪʠ ʫ ʚʠʛʣʷʜʽ 

ʱʝʧʠ, ʪʦ ʮʝʡ ʯʘʩ ʟʨʦʩʪʘʻ ʤʘʡʞʝ ʚʜʚʽʯʽ. ʎʝ ʚʢʘʟʫʻ ʥʘ ʪʝ, ʱʦ ʭʽʤʽʯʥʘ ʚʟʘʻʤʦʜʽʷ 

ʩʣʘʙʦʟʚ'ʷʟʘʥʠʭ ʘʪʦʤʽʚ ʚʫʛʣʝʮʶ ʟ ʨʝʘʛʝʥʪʘʤʠ, ʷʢʽ ʫʪʚʦʨʶʶʪʴʩʷ ʧʨʠ ʪʝʨʤʽʯʥʽʡ ʜʝʩʪʨʫʢʮʽʾ 

ʨʦʩʣʠʥʥʦʾ ʩʠʨʦʚʠʥʠ, ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʥʘʧʨʷʤʢʫ ʚʽʜ ʧʦʚʝʨʭʥʽ ʚ ʛʣʠʙʠʥʫ ʤʘʪʝʨʽʘʣʫ. 

ʆʙʨʦʙʢʘ ʚʠʭʽʜʥʦʛʦ ʧʨʝʢʫʨʩʦʨʘ ʚ ʭʽʤʽʯʥʠʭ ʨʝʘʛʝʥʪʘʭ (NaOH, KOH, H3HO4 ʪʘ ʽʥ.) 

ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʦʙôʻʜʥʘʪʠ ʧʨʦʮʝʩʠ ʢʘʨʙʦʥʽʟʘʮʽʾ ʪʘ ʘʢʪʠʚʘʮʽʾ ʽ ʧʨʦʚʦʜʠʪʠ ʾʭ ʦʜʥʦʯʘʩʥʦ. 

ɸʣʝ ʚ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ, ʦʪʨʠʤʘʥʠʡ ʚʫʛʣʝʮʝʚʠʡ ʤʘʪʝʨʽʘʣ ʧʦʪʨʝʙʫʻ ʙʘʛʘʪʦʩʪʘʜʽʡʥʦʾ 

ʬʽʥʽʰʥʦʾ ʦʯʠʩʪʢʠ, ʱʦ ʜʦ ʜʝʷʢʦʾ ʤʽʨʠ ʫʩʢʣʘʜʥʶʻ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ. 

ɸʢʪʠʚʦʚʘʥʠʡ ʚʫʛʣʝʮʝʚʠʡ ʤʘʪʝʨʽʘʣ ʧʽʩʣʷ ʧʦ-ʩʪʘʜʽʡʥʠʭ ʧʨʦʮʝʩʽʚ ʢʘʨʙʦʥʽʟʘʮʽʾ ʪʘ 

ʘʢʪʠʚʘʮʽʾ ʧʽʜʜʘʚʘʚʩʷ ʢʠʧôʷʪʽʥʥʶ ʚ ʜʠʩʪʠʣʴʦʚʘʥʽʡ ʚʦʜʽ ʥʘ ʧʨʦʪʷʟʽ 15 ʭʚ. ʎʝ ʧʨʠʚʦʜʠʪʴ ʜʦ 

ʟʨʦʩʪʘʥʥʷ ʧʠʪʦʤʦʾ ʻʤʥʦʩʪʽ ʥʘ ~12ï15 % ʟʘ ʨʘʭʫʥʦʢ ʚʠʤʠʚʘʥʥʷ ʟ ʧʦʨ ʨʦʟʯʠʥʥʠʭ ʫ ʚʦʜʽ 

ʧʨʦʜʫʢʪʽʚ ʧʽʨʦʣʽʟʫ.  

ʗʢ ʧʦʢʘʟʘʣʠ ʧʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ, ʧʽʨʦʣʽʟʥʠʡ ʧʦʨʠʩʪʠʡ ʚʫʛʣʝʮʴ, ʦʪʨʠʤʘʥʠʡ ʟ 

ʦʨʛʘʥʽʯʥʦʾ  ʩʠʨʦʚʠʥʠ ʨʦʩʣʠʥʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ, ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʝʣʝʢʪʨʦʜʥʠʤ ʤʘʪʝʨʽʘʣʦʤ 

ʩʫʧʝʨʢʦʥʜʝʥʩʘʪʦʨʽʚ, ʘ ʪʘʢʦʞ, ʧʨʠ ʚʽʜʧʦʚʽʜʥʽʡ ʦʙʨʦʙʮʽ, ʤʦʞʝ ʝʬʝʢʪʠʚʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʚ Li-ʽʦʥʥʠʭ ʜʞʝʨʝʣʘʭ ʩʪʨʫʤʫ, ʧʝʨʰ ʟʘ ʚʩʝ ʟʘʚʜʷʢʠ ʜʦʩʪʫʧʥʦʩʪʽ ʪʘ 

ʥʠʟʴʢʽʡ ʩʦʙʽʚʘʨʪʦʩʪʽ.  
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ɺʇʃʀɺ ɼʆɹɸɺʆʂ ʉɯʈʂʀ ʊɸ ʆʃʆɺɸ ʅɸ ʆʇʊʀʏʅɯ, ʊɽʂʉʊʋʈʅɯ, 

ʉʊʈʋʂʊʋʈʅɯ ʊɸ ʌʆʊʆʂɸʊɸʃɯʊʀʏʅɯ ʍɸʈɸʂʊɽʈʀʉʊʀʂʀ  

ʂʆʄʇʆɿʀʊʋ ʊʽʆ2/ʉ 

ɹʦʥʜʘʨʝʥʢʦ ʄ. ɺ.1, ʍʘʣʷʚʢʘ ʊ. ʆ.1, ʇʝʪʨʠʢ ɯ. ʉ.2, ʑʝʨʙʘʥʴ ʅ. ɼ.3, ʂʘʤʠʰʘʥ ʉ. ɺ.1 
1ɯʥʩʪʠʪʫʪ ʩʦʨʙʮʽʾ ʪʘ ʧʨʦʙʣʝʤ ʝʥʜʦʝʢʦʣʦʛʽʾ ʅɸʅ ʋʢʨʘʾʥʠ, 

ʚʫʣ. ʛʝʥʝʨʘʣʘ ʅʘʫʤʦʚʘ, 13, 03164 ʂʠʾʚ, ʋʢʨʘʾʥʘ 
2ɯʥʩʪʠʪʫʪ ʭʽʤʽʾ ʧʦʚʝʨʭʥʽ ʽʤ. ʆ. ʆ. ʏʫʡʢʘ ʅɸʅ ʋʢʨʘʾʥʠ, 

ʚʫʣ. ɻʝʥʝʨʘʣʘ ʅʘʫʤʦʚʘ, 17, 03164 ʂʠʾʚ, ʋʢʨʘʾʥʘ 
3ɯʥʩʪʠʪʫʪ ʬʽʟʠʯʥʦʾ ʭʽʤʽʾ ʽʤʝʥʽ ʃ. ɺ. ʇʠʩʘʨʞʝʚʩʴʢʦʛʦ ʅɸʅ ʋʢʨʘʾʥʠ, 

ʧʨ. ʅʘʫʢʠ, 31, 03028 ʂʠʾʚ, ʋʢʨʘʾʥʘ 

bondarenko_maryna@ukr.net 

 

ʅʘʥʦʢʦʤʧʦʟʠʪʠ ʥʘ ʦʩʥʦʚʽ TiO2 ʽ ʚʫʛʣʝʮʝʚʠʭ ʤʘʪʝʨʽʘʣʽʚ (ʉ) ʻ ʰʠʨʦʢʦ ʚʽʜʦʤʠʤʠ 

ʬʦʪʦʢʘʪʘʣʽʟʘʪʦʨʘʤʠ, ʪʦʤʫ ʱʦ ʚʦʥʠ ʧʦʻʜʥʫʶʪʴ ʚ ʩʦʙʽ ʧʝʨʝʚʘʛʠ TiO2 (ʚʠʩʦʢʘ 

ʬʦʪʦʢʘʪʘʣʽʪʠʯʥʘ ʘʢʪʠʚʥʽʩʪʴ ʧʨʠ ʋʌ ʦʧʨʦʤʽʥʝʥʥʽ, ʥʠʟʴʢʘ ʚʘʨʪʽʩʪʴ ʽ ʩʪʽʡʢʽʩʪʴ) ʪʘ ʚʫʛʣʝʮʶ 

(ʘʜʩʦʨʙʮʽʡʥʘ ʟʜʘʪʥʽʩʪʴ). ʂʨʽʤ ʪʦʛʦ, ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʜʦʜʘʚʘʥʥʷ ʦʣʦʚʘ ʪʘ ʩʽʨʢʠ ʜʦ 

ʜʽʦʢʩʠʜʫ ʪʠʪʘʥʫ ʧʽʜʚʠʱʫʻ ʪʘ ʨʦʟʰʠʨʶʻ ʡʦʛʦ ʬʦʪʦʢʘʪʘʣʽʪʠʯʥʫ ʘʢʪʠʚʥʽʩʪʴ ʫ ʚʠʜʠʤʫ 

ʦʙʣʘʩʪʴ ʩʧʝʢʪʨʫ. ʊʦʤʫ ʤʝʪʦʶ ʥʘʰʦʾ ʨʦʙʦʪʠ ʙʫʣʦ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʜʦʙʘʚʦʢ ʩʽʨʢʠ ʪʘ 

ʦʣʦʚʘ ʥʘ ʦʧʪʠʯʥʽ, ʩʪʨʫʢʪʫʨʥʽ, ʪʝʢʩʪʫʨʥʽ ʪʘ ʬʦʪʦʢʘʪʘʣʽʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʢʦʤʧʦʟʠʪʫ ʥʘ 

ʦʩʥʦʚʽ ʜʽʦʢʩʠʜʫ ʪʠʪʘʥʫ ʪʘ ʢʘʨʙʦʥʫ.  

ʇʦʨʦʰʢʠ ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʝʪʨʘʙʫʪʦʢʩʠʪʠʪʘʥʫ, ʪʽʦʩʝʯʦʚʠʥʠ, 

ʭʣʦʨʠʜʫ ʦʣʦʚʘ ʪʘ ʟʨʘʟʢʽʚ ʢʘʨʙʦʥʫ ʟ ʨʽʟʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʆʜʝʨʞʘʥʽ ʤʘʪʝʨʽʘʣʠ 

ʜʦʩʣʽʜʞʝʥʦ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʽʚ ʈʌɸ, ʉɽʄ, ʊɽʄ, ɺɽʊ, ʋʌ ʪʘ ʚʠʜʠʤʦʾ 

ʩʧʝʢʪʨʦʩʢʦʧʽʾ, ʘ ʪʘʢʦʞ ɯʏ-ʩʧʝʢʪʨʦʩʢʦʧʽʾ.  

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʤʦʜʠʬʽʢʫʚʘʥʥʷ ʢʦʤʧʦʟʠʪʫ ʊʽʆ2/ʉ ʦʣʦʚʦʤ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʫʪʚʦʨʝʥʥʷ ʪʨʠʢʫʪʥʠʭ ʘʛʣʦʤʝʨʘʪʽʚ, ʨʦʟʤʽʨʘʤʠ ʙʣʠʟʴʢʦ 5ï10 ʤʢʤ, ʘ ʤʦʜʠʬʽʢʫʚʘʥʥʷ 

ʧʦʨʦʰʢʫ ʊʽʆ2/ʉ/Sn ï ʜʦ ʫʪʚʦʨʝʥʥʷ ʘʛʣʦʤʝʨʘʪʽʚ ʜʚʦʭ ʚʠʜʽʚ ï ʪʨʠʢʫʪʥʠʭ (10ï15 ʤʢʤ) ʪʘ 

ʩʬʝʨʠʯʥʠʭ ï 1ï2 ʤʢʤ. ʈʦʟʤʽʨʠ ʯʘʩʪʦʢ ʚ ʘʛʣʦʤʝʨʘʪʘʭ ʊʽʆ2/ʉ/Sn ʪʘ ʊʽʆ2/ʉ/Sn/S 

ʟʙʽʣʴʰʫʶʪʴʩʷ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʊʽʆ2/ʉ. 

 

   
ʊʽʆ2/ʉ ʊʽʆ2/ʉ/Sn ʊʽʆ2/ʉ/Sn/S 

 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʪʨʽʡʥʠʭ ʩʠʩʪʝʤ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʽʟʫ ʚʢʘʟʫʻ ʥʘ 

ʦʪʨʠʤʘʥʥʷ ʚʠʩʦʢʦʢʨʠʩʪʘʣʽʟʦʚʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟ ʽʥʪʝʥʩʠʚʥʠʤʠ ʧʽʢʘʤʠ ʘʥʘʪʘʟʫ. ʇʽʢʽʚ, 

ʭʘʨʘʢʪʝʨʥʠʭ ʜʣʷ ʬʘʟ ʨʫʪʠʣʫ ʪʘ ʙʨʫʢʽʪʫ, ʥʝ ʩʧʦʩʪʝʨʽʛʘʣʦʩʷ ʚ ʞʦʜʥʦʤʫ ʚʠʧʘʜʢʫ.  

ɺʠʷʚʣʝʥʘ ʤʝʟʦʧʦʨʠʩʪʘ ʩʪʨʫʢʪʫʨʘ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʩʽʨʢʦʶ ʪʘ ʦʣʦʚʦʤ ʢʦʤʧʦʟʠʪʽʚ, 

ʱʦ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʥʘʷʚʥʽʩʪʶ ʧʝʪʣʽ ʛʽʩʪʝʨʝʟʠʩʫ ʚ ʽʟʦʪʝʨʤʘʭ ʩʦʨʙʮʽʾ-ʜʝʩʦʨʙʮʽʾ ʘʟʦʪʫ 

ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʧʦʨʦʰʢʽʚ. ɰʭ ʧʠʪʦʤʘ ʧʦʚʝʨʭʥʷ ʪʘ ʩʝʨʝʜʥʽʡ ʦʙô̒ ʤ ʧʦʨ ʟʙʽʣʴʰʫʶʪʴʩʷ ʫ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʢʦʤʧʦʟʠʪʦʤ ʊʽʆ2/ʉ.  

ʋ ʩʧʝʢʪʨʘʭ ʧʦʛʣʠʥʘʥʥʷ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʥʘʥʦʢʦʤʧʦʟʠʪʽʚ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʩʫʚ ʫ 

ʚʠʜʠʤʫ ʦʙʣʘʩʪʴ. ʄʦʜʠʬʽʢʦʚʘʥʽ ʟʨʘʟʢʠ ʧʨʦʷʚʠʣʠ ʬʦʪʦʢʘʪʘʣʽʪʠʯʥʫ ʘʢʪʠʚʥʽʩʪʴ ʚ ʜʝʩʪʨʫʢʮʽʾ 

ʦʨʛʘʥʽʯʥʠʭ ʙʘʨʚʥʠʢʽʚ ʩʘʬʨʘʥʽʥʘ ʊ ʪʘ ʨʦʜʘʤʽʥʘ ʧʨʠ ʋʌ ʪʘ ʚʠʜʠʤʦʤʫ ʪʘ ʋʌ ʦʧʨʦʤʽʥʝʥʥʽ.  
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ɸʅʊʀʈɸɼʀʂɸʃʔʅɸʗ ɸʂʊʀɺʅʆʉʊʔ ʕʂʉʊʈɸʂʊɸ ɿɺɽʈʆɹʆʗ, 

ʇʆʃʋʏɽʅʅʆɻʆ ɺ ʉʈɽɼɽ ʉʋɹʂʈʀʊʀʏɽʉʂʆʁ ɺʆɼʓ ʀ ʄɽʊʆɼʆʄ 

ʄɸʎɽʈɸʎʀʀ 

ɺʦʣʦʜʯʝʥʢʦ ʀ. ʀ.1, ʃʝʩʠʰʠʥʘ ʖ. ʆ.2 

1ɼʦʥʝʮʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʤʝʜʠʮʠʥʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 
2ɼʦʥʝʮʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ɺʘʩʣrʷ ʉʪʫʩʘ 

xiriska@mail.ru 

 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʠʟʫʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʩʦʩʪʘʚʘ ʵʢʩʪʨʘʢʪʦʚ ʟʚʝʨʦʙʦʷ, 

ʧʦʣʫʯʝʥʥʦʛʦ ʚ ʩʨʝʜʝ ʩʫʙʢʨʠʪʠʯʝʩʢʦʡ ʚʦʜʳ (ʉɹʕ) ʠ ʧʦʣʫʯʝʥʥʦʛʦ ʤʝʪʦʜʦʤ ʤʘʮʝʨʘʮʠʠ, 

ʦʮʝʥʢʘ ʠʭ ʘʥʪʠʨʘʜʠʢʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ (ɸʈɸ). 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ: ʪʨʘʚʘ ʟʚʝʨʦʙʦʷ ʧʨʦʜʳʨʷʚʣʝʥʥʦʛʦ. ʄʝʪʦʜʠʢʘ ʧʨʦʚʝʜʝʥʠʷ 

ʵʢʩʪʨʘʢʮʠʠ ʚ ʩʫʙʢʨʠʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʙʳʣʘ ʨʘʥʝʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ [1]. ʄʘʮʝʨʘʮʠʷ ʚ 

ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʝ ʧʨʦʚʦʜʠʣʘʩʴ ʧʦ ʩʪʘʥʜʘʨʪʥʦʡ ʤʝʪʦʜʠʢʝ. ʉʦʜʝʨʞʘʥʠʝ 

ʵʢʩʪʨʘʢʪʠʚʥʳʡ ʚʝʱʝʩʪʚ ʦʧʨʝʜʝʣʷʣʠ ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ; ʩʦʜʝʨʞʘʥʠʝ ʬʝʥʦʣʴʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ï ʤʝʪʦʜʦʤ ʅʝʡʙʘʫʵʨʘ-ʃʝʚʝʥʪʘʣʷ; ʬʣʘʚʦʥʦʠʜʦʚ ï ʤʝʪʦʜʦʤ ʜʠʬʬʝʨʝʥʮʠ-

ʘʣʴʥʦʡ ʩʧʝʢʪʨʦʬʦʪʦʤʝʨʠʠ. ɸʈɸ ʉɹʕ ʠ ʤʘʮʝʨʘʪʦʚ ʦʮʝʥʠʚʘʣʠ ʧʦ ʚʝʣʠʯʠʥʝ ʥʘʯʘʣʴʥʦʡ 

ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʠ ʢʘʢ ʧʝʨʚʦʡ ʧʨʦʠʟʚʦʜʥʦʡ ʢʠʥʝʪʠʯʝʩʢʦʡ ʢʨʠʚʦʡ ʧʘʜʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʩʪʘʙʠʣʴʥʦʛʦ ʨʘʜʠʢʘʣʘ ʜʠʬʝʥʠʣʧʠʢʨʠʣʛʠʜʨʘʟʠʣʘ (ɼʌʇɻ) ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ ʚ 

ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʩ ʧʦʤʦʱʴʶ ʇʆ STATISTICA.  

ʂʠʥʝʪʠʯʝʩʢʠʝ ʢʨʠʚʳʝ ʧʘʜʝʥʠʷ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ɼʌʇɻ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ 

ʩ ʨʘʩʪʠʪʝʣʴʥʳʤʠ ʵʢʩʪʨʘʢʪʘʤʠ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʦʧʠʩʳʚʘʶʪʩʷ ʬʫʥʢʮʠʝʡ ʚʠʜʘ:  

, 

ʛʜʝ Dʜʬʧʛ ï ʦʧʪʠʯʝʩʢʘʷ ʧʣʦʪʥʦʩʪʴ ʨʘʩʪʚʦʨʘ ʧʨʠ ɚ = (515õ520) ʥʤ, t ï ʚʨʝʤʷ ʦʪ 

ʥʘʯʘʣʘ ʨʝʘʢʮʠʠ, DÐ, ɸ1 ɸ2, ɸ3, ʘ 1 ʘ2, ʘ3 ï ʧʘʨʘʤʝʪʨʳ, ʧʦʜʙʠʨʘʝʤʳʝ ʢʦʤʧʴʶʪʝʨʥʦʡ 

ʧʨʦʛʨʘʤʤʦʡ. ʀʟʤʝʥʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ɼʌʇɻ ʦʧʨʝʜʝʣʷʣʠ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠʤ 

ʤʝʪʦʜʦʤ ʧʨʠ ʊ = 290 ʂ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ: 

 

ʊʘʙʣʠʮʘ 1. ʈʝʟʫʣʴʪʘʪʳ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ɸʈɸ ʵʢʩʪʨʘʢʪʦʚ 

ʟʚʝʨʦʙʦʷ 

ʕʢʩʪʨʘʢʪ 
ʉʫʭʦʡ 

ʦʩʪʘʪʦʢ*, % 

ʉʦʜʝʨʞʘʥʠʝ 

ʬʝʥʦʣʦʚ*, % 

ʉʦʜʝʨʞʘʥʠʝ 

ʬʣʘʚʦʥʦʠʜʦʚ*, % 

V0, 

(ʣ/ʩʝʢĿʤʦʣʴ) 

ʄʘʮʝʨʘʪ 16,6 Ñ 0,6 1,69 Ñ 0,05 0,18 Ñ 0,02 9.0Ŀ10-2 

ʕʪʘʥʦʣʴʥʘʷ 

ʬʨʘʢʮʠʷ ʉɹʕ 
5,7 Ñ 0,6 2,35 Ñ 0,02 1,84 Ñ 0,07 1,0Ŀ10-2 

ɺʦʜʥʘʷ ʬʨʘʢʮʠʷ 

ʉɹʕ 
22,6 Ñ 1,3 2,7 Ñ 0,1 0,46 Ñ0,02 9,3Ŀ10-3 

*ʚ ʧʝʨʝʩʯʝʪʝ ʥʘ ʚʦʟʜʫʰʥʦ-ʩʫʭʦʝ ʩʳʨʴʝ 

 

ʕʢʩʪʨʘʢʮʠʷ ʚ ʩʫʙʢʨʠʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʧʦʟʚʦʣʷʝʪ ʠʟʚʣʝʢʘʪʴ ʚ 1,5 ʨʘʟʘ ʙʦʣʴʰʝ 

ʬʝʥʦʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʚ 3 (ʜʣʷ ʚʦʜʥʦʡ ʬʨʘʢʮʠʠ) ʠ 10 (ʜʣʷ ʵʪʘʥʦʣʴʥʦʡ ʬʨʘʢʮʠʠ) 

ʙʦʣʴʰʝ ʬʣʘʚʦʥʦʠʜʦʚ ʠʟ ʪʨʘʚʳ ʟʚʝʨʦʙʦʷ ʧʨʦʜʳʨʷʚʣʝʥʥʦʛʦ, ʯʝʤ ʧʨʠ ʤʘʮʝʨʘʮʠʠ. 

ʅʘʯʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʨʝʘʢʮʠʠ ʜʣʷ ʵʪʘʥʦʣʴʥʦʡ ʠ ʚʦʜʥʦʡ ʬʨʘʢʮʠʡ ʉɹʕ ʤʝʥʴʰʝ, ʯʝʤ ʜʣʷ 

ʤʘʮʝʨʘʪʦʚ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʣʷ ʉɹʕ ɸʈɸ ʚʳʰʝ. 

 

1. ɸ. ʌ. ɼʤʠʪʨʫʢ, ʖ. ʆ. ʃʝʩʠʰʠʥʘ, ʀ. ʀ. ɺʦʣʦʜʯʝʥʢʦ ɸʥʪʠʨʘʜʠʢʘʣʴʥʘʷ ʘʢʪʠʚ-

ʥʦʩʪʴ ʨʘʩʪʠʪʝʣʴʥʳʭ ʵʢʩʪʨʘʢʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʩʨʝʜʝ ʩʫʙʢʨʠʪʠʯʝʩʢʦʡ ʚʦʜʳ // 

ʉʚʝʨʭʢʨʠʪʠʯʝʩʢʠʝ ʌʣʶʠʜʳ: ʊʝʦʨʠʷ ʠ ʇʨʘʢʪʠʢʘ, 2012. ï ʊ. 7, ̄  1. ï ʉ. 13ï20. 
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ɯʆʅʅʆ-ʄʆʃɽʂʋʃʗʈʅʀʁ ʉʂʃɸɼ ʈʆɿʏʀʅɯɺ ʉʆʃɽʁ ʃɯʊɯʖ 

ɺ ɼʀʄɽʊʀʃʉʋʃʔʌʆʂʉʀɼɯ, ʇʈʆʇɯʃɽʅʂɸʈɹʆʅɸʊɯ 

ʊɸ ɼʀʄɽʊʀʃʂɸʈɹʆʅɸʊɯ ɿɸ ɼɸʅʀʄʀ ʂʆʄɹɯʅɸʎɯʁʅʆɻʆ ʈʆɿʉɯʖɺɸʅʅʗ 

ɻʦʨʦʙʝʮʴ ʄ. ɯ. 

ʄʽʞʚʽʜʦʤʯʝ ʚʽʜʜʽʣʝʥʥʷ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʾ ʝʥʝʨʛʝʪʠʢʠ ʅɸʅ ʋʢʨʘʾʥʠ 

gmi.konst@mail.ru 

 

ɺʩʪʘʥʦʚʣʝʥʥʷ ʚʟʘʻʤʦʟʚ'ʷʟʢʫ ʤʽʞ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʦʨʛʘʥʽʯʥʠʭ 

ʝʣʝʢʪʨʦʣʽʪʽʚ ʥʘ ʦʩʥʦʚʽ ʩʦʣʝʡ ʣʽʪʽʶ ʚ ʘʧʨʦʪʦʥʥʠʭ ʨʦʟʯʠʥʥʠʢʘʭ ʪʘ ʾʭ ʽʦʥʥʦ-ʤʦʣʝʢʫʣʷʨʥʠʤ 

ʩʢʣʘʜʦʤ ʻ ʘʢʪʫʘʣʴʥʦʶ ʟʘʜʘʯʝʶ ʩʴʦʛʦʜʝʥʥʷ. ɺʘʞʣʠʚʽʩʪʴ ʪʘʢʠʭ ʜʦʩʣʽʜʞʝʥʴ ʦʙʫʤʦʚʣʝʥʘ 

ʢʣʶʯʦʚʦʶ ʨʦʣʣʶ, ʷʢʫ ʚʽʜʽʛʨʘʶʪʴ ʪʘʢʽ ʝʣʝʢʪʨʦʣʽʪʠ ʧʨʠ ʨʦʟʨʦʙʮʽ ʣʽʪʽʡ-ʽʦʥʥʠʭ 

ʘʢʫʤʫʣʷʪʦʨʽʚ (ʃɯɸ). ʂʦʣʠʚʘʣʴʥʘ ʩʧʝʢʪʨʦʩʢʦʧʽʷ ʻ ʧʦʪʫʞʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʚʠʟʥʘʯʠʪʠ ʽʦʥʥʦ-ʤʦʣʝʢʫʣʷʨʥʠʡ ʩʢʣʘʜ ʨʦʟʯʠʥʽʚ, ʟʥʘʡʪʠ ʢʨʠʪʝʨʽʾ ʫʪʚʦʨʝʥʥʷ ʽʦʥʥʠʭ ʧʘʨ ʪʘ 

ʪʘʢʠʤ ʯʠʥʦʤ ʚʩʪʘʥʦʚʠʪʠ, ʷʢʽ ʯʘʩʪʠʥʢʠ ʻ ʚʽʜʧʦʚʽʜʘʣʴʥʠʤʠ ʟʘ ʧʝʨʝʥʝʩʝʥʥʷ ʟʘʨʷʜʫ ʚ 

ʨʦʟʯʠʥʘʭ. 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʘʥʘʣʽʟʫ ʩʧʝʢʪʨʽʚ ʢʦʤʙʽʥʘʮʽʡʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ ʜʦʩʣʽʜʞʝʥʦ ʷʚʠʱʘ 

ʩʦʣʴʚʘʪʘʮʽʾ ʪʘ ʘʩʦʮʽʘʮʽʾ ʚ ʩʠʩʪʝʤʘʭ, ʱʦ ʤʽʩʪʷʪʴ ʩʽʣʴ ʣʽʪʽʶ ï ʘʧʨʦʪʦʥʥʠʡ ʨʦʟʯʠʥʥʠʢ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚ ʨʦʟʯʠʥʘʭ ʩʦʣʝʡ ʣʽʪʽʶ ʚ ʜʠʤʝʪʠʣʩʫʣʴʬʦʢʩʠʜʽ (ɼʄʉʆ), 

ʧʨʦʧʽʣʝʥʢʘʨʙʦʥʘʪʽ (ʇʂ) ʪʘ ʜʠʤʝʪʠʣʢʘʨʙʦʥʘʪʽ (ɼʄʂ) ʩʝʨʝʜʥʽ ʯʠʩʣʘ ʩʦʣʴʚʘʪʘʮʽʾ ʢʘʪʽʦʥʽʚ 

ʧʦʩʪʽʡʥʽ ʪʘ ʙʣʠʟʴʢʽ ʜʦ ʜʚʦʭ. ʇʦʢʘʟʘʥʦ, ʱʦ ʚʽʜʤʽʥʥʽʩʪʴ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʚʽʜ 

ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʘʥʠʭ ʚʠʥʠʢʘʻ ʚʥʘʩʣʽʜʦʢ ʫʨʘʭʫʚʘʥʥʷ ʨʽʚʥʦʚʘʛ, ʱʦ ʤʘʶʪʴ ʤʽʩʮʝ ʚ 

ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʨʦʟʯʠʥʥʠʢʘʭ, ʘ ʩʘʤʝ, ʜʠʤʝʨʠʟʘʮʽʾ ʚ ɼʄʉʆ ʪʘ ʇʂ, ʫʪʚʦʨʝʥʥʷ ʚʦʜʥʝʚʠʭ 

ʟʚ'ʷʟʢʽʚ ʚ ʇʂ, ʽ ʢʦʥʬʦʨʤʘʮʽʡʥʠʭ ʨʽʚʥʦʚʘʛ ʚ ɼʄʂ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʥʝʭʪʫʚʘʥʥʷ ʨʽʚʥʦʚʘʛʘʤʠ 

ʚ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʨʦʟʯʠʥʥʠʢʘʭ ʤʦʞʝ ʧʨʠʚʝʩʪʠ ʜʦ ʟʥʘʯʥʦʛʦ ʟʙʽʣʴʰʝʥʥʷ ʨʦʟʨʘʭʫʥʢʦʚʦʾ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʩʦʣʴʚʘʪʦʚʘʥʠʭ ʽʦʥʽʚ ʽ, ʦʪʞʝ, ʜʦ ʙʽʣʴʰ ʚʠʩʦʢʠʭ (ʪʦʙʪʦ ʧʦʤʠʣʢʦʚʠʭ) ʟʥʘʯʝʥʴ 

ʯʠʩʝʣ ʩʦʣʴʚʘʪʘʮʽʾ. ʎʝʡ ʨʝʟʫʣʴʪʘʪ ʤʘʻ ʜʝʷʢʽ ʘʥʘʣʦʛʽʾ ʚ ʜʦʩʣʽʜʞʝʥʥʷʭ ʤʦʣʝʢʫʣʷʨʥʦʾ 

ʜʠʥʘʤʽʢʠ ʽʦʥʥʦʾ ʩʦʣʴʚʘʪʘʮʽʾ ʪʘ, ʡʤʦʚʽʨʥʦ, ʚʠʤʘʛʘʻ ʧʝʨʝʛʣʷʜʫ ʽʩʥʫʶʯʠʭ ʜʘʥʠʭ ʩʪʦʩʦʚʥʦ 

ʯʠʩʝʣ ʩʦʣʴʚʘʪʘʮʽʾ. 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʢʘʪʽʦʥʽʚ, ʩʝʨʝʜʥʽ ʯʠʩʣʘ ʩʦʣʴʚʘʪʘʮʽʾ ʘʥʽʦʥʽʚ ʟʤʝʥʰʫʶʪʴʩʷ ʟʽ 

ʟʙʽʣʴʰʝʥʥʷʤ ʚʤʽʩʪʫ ʩʦʣʽ ʽ ʥʘʙʣʠʞʘʶʪʴʩʷ ʜʦ ʜʚʦʭ ʫ ʢʦʥʮʝʥʪʨʦʚʘʥʠʭ ʨʦʟʯʠʥʘʭ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚ ʨʦʟʯʠʥʘʭ ʩʦʣʝʡ ʣʽʪʽʶ ʚ ɼʄʉʆ ʧʨʠʩʫʪʥʽ ʷʢ ʩʦʣʴʚʘʪʦʚʘʥʽ ʡʦʥʠ, 

ʽʦʥʥʽ ʧʘʨʠ, ʨʦʟʜʽʣʝʥʽ ʨʦʟʯʠʥʥʠʢʦʤ (ɯʇʈʈ) ʪʘ ʢʦʥʪʘʢʪʥʽ ʽʦʥʥʽ ʧʘʨʠ (ʂɯʇ), ʚʠʟʥʘʯʝʥʦ 

ʢʦʥʮʝʥʪʨʘʮʽʡʥʽ ʟʘʣʝʞʥʦʩʪʽ ʢʽʣʴʢʦʩʪʽ ʯʘʩʪʠʥʦʢ ʢʦʞʥʦʛʦ ʪʠʧʫ ʚ ʩʠʩʪʝʤʽ.  

ʂʦʥʮʝʥʪʨʘʮʽʷ ʂɯʇ ʚ ʨʦʟʯʠʥʘʭ ʩʦʣʝʡ ʣʽʪʽʶ ɼʄʉʆ ʟʤʝʥʰʫʻʪʴʩʷ ʚ ʨʷʜʫ ʘʥʽʦʥʽʚ: 
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3 =>=>º>> . ʎʽʢʘʚʦ, ʱʦ ʝʥʝʨʛʽʾ 

ʜʠʩʦʮʽʘʮʽʾ ʽʦʥʥʠʭ ʧʘʨ Li+A-, ʦʪʨʠʤʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʚʘʥʪʦʚʦ-ʭʽʤʽʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ 

(ʤʝʪʦʜ B3LYP/6-311+G*) ʤʦʞʫʪʴ ʙʫʪʠ ʨʦʟʪʘʰʦʚʘʥʽ ʚ ʪʦʤʫ ʞ ʧʦʨʷʜʢʫ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ 

ʽʩʥʫʻ ʤʽʥʽʤʘʣʴʥʘ ʧʦʪʝʥʮʽʡʥʘ ʝʥʝʨʛʽʷ ʧʘʨʥʠʭ ʚʟʘʻʤʦʜʽʡ (580 ʢɼʞ/ʤʦʣʴ-1), ʥʠʞʯʝ ̫ʢʦʾ 

ʢʦʥʪʘʢʪʥʘ ʽʦʥʥʘ ʧʘʨʘ ʥʝ ʤʦʞʝ ʙʫʪʠ ʩʬʦʨʤʦʚʘʥʘ, ʘ ʢʽʣʴʢʽʩʪʴ ʂɯʇ ʚ ʨʦʟʯʠʥʘʭ ʩʦʣʝʡ ʚ 

ɼʄʉʆ ʚʠʟʥʘʯʘʻʪʴʩʷ ʝʥʝʨʛʽʻʶ ʜʠʩʦʮʽʘʮʽʾ ʂɯʇ.  

ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʚ ʩʠʩʪʝʤʘʭ LiClO4 ï ʇʂ ʪʘ LiClO4 ï ɼʄʂ ʩʦʣʴʚʘʪʦʚʘʥʽ ʡʦʥʠ 

ʚʽʜʩʫʪʥʽ, ʘ ʧʨʦʚʽʜʥʽʩʪʴ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʽʦʥʥʠʤʠ ʧʘʨʘʤʠ, ʨʦʟʜʽʣʝʥʠʤʠ ʨʦʟʯʠʥʥʠʢʦʤ. ʎʝʡ 

ʚʠʩʥʦʚʦʢ ʥʝ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʟʥʘʯʝʥʥʷʤʠ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ ʨʦʟʯʠʥʥʠʢʘ, ʪʘʢ ʷʢ 

ɼʄʉʆ ʽ ʇʂ ʤʘʶʪʴ ʥʘʙʘʛʘʪʦ ʚʠʱʫ ʜʽʝʣʝʢʪʨʠʯʥʫ ʧʨʦʥʠʢʥʽʩʪʴ, ʥʽʞ ɼʄʂ. ʊʦʤʫ ʙʫʣʠ 

ʧʨʦʘʥʘʣʽʟʦʚʘʥʽ ʜʦʥʦʨʥʽ ʯʠʩʣʘ, ʷʢʽ ʜʣʷ ʇʂ ʽ ɼʄʂ ʻ ʚʜʚʽʯʽ ʚʠʱʠʤʠ ʟʘ ɼʄʉʆ. ʆʪʞʝ, ʚ 

ɼʄʉʆ ʧʝʨʝʚʘʞʘʶʪʴ ʝʬʝʢʪʠ ʩʦʣʴʚʘʪʘʮʽʾ, ʪʦʜʽ ʷʢ ʚ ʇʂ ʽ ɼʄʂ ʧʝʨʰʦʯʝʨʛʦʚʠʤ ʻ ʫʪʚʦʨʝʥʥʷ 

ʢʦʥʪʘʢʪʥʠʭ ʽʦʥʥʠʭ ʧʘʨ. 

  



Physical Chemistry  ʌʽʟʠʯʥʘ ʭʽʤʽʷ 

151 

ɺʇʃʀɺ ʉɽʈɽɼʆɺʀʑɸ ʅɸ ʈɽɸʂʎɯʖ N-ɻɯɼʈʆʂʉʀʉʋʂʎʀʅɯʄɯɼʋ 

ɿ ʇɽʈʄɸʅɻɸʅɸʊʆʄ ʂɸʃɯʖ 

ɻʨʠʥʜʘ ʖ. ʄ.1, ʍʘʚʫʥʢʦ ʆ. ʖ.1, ʗʢʠʤʦʚʠʯ ɸ. ɹ.2, ʆʧʝʡʜʘ ʃ. ɯ.1, ɻʝʚʫʩʴ ʆ. ɯ.2 
1ɺʽʜʜʽʣʝʥʥʷ ʬʽʟʠʢʦ-ʭʽʤʽʾ ʛʦʨʶʯʠʭ ʢʦʧʘʣʠʥ ɯʥʩʪʠʪʫʪʫ ʬʽʟʠʢʦ-ʦʨʛʘʥʽʯʥʦʾ ʭʽʤʽʾ ʽ ʚʫʛʣʝʭʽʤʽʾ 

ʽʤ. ʃ. ʄ. ʃʠʪʚʠʥʝʥʢʘ ʅɸʅ ʋʢʨʘʾʥʠ 
2ʂʘʬʝʜʨʘ ʦʨʛʘʥʽʯʥʦʾ ʭʽʤʽʾ ɯʥʩʪʠʪʫʪʫ ʭʽʤʽʾ ʪʘ ʭʽʤʽʯʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʅʘʮʽʦʥʘʣʴʥʦʛʦ 

ʫʥʽʚʝʨʩʠʪʝʪʫ çʃʴʚʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè 

yuriy.grynda@gmail.com 

 

ɺ ʦʩʪʘʥʥʽ ʨʦʢʠ ʟʨʽʩ ʥʘʫʢʦʚʠʡ ʽʥʪʝʨʝʩ ʜʦ ʟʘʤʽʥʠ ʦʨʛʘʥʽʯʥʠʭ ʨʦʟʯʠʥʥʠʢʽʚ, ʱʦ 

ʧʝʨʝʚʘʞʥʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʧʨʦʮʝʩʘʭ ʦʢʠʩʥʝʥʥʷ ʥʘ çʟʝʣʝʥʠʡè ʨʦʟʯʠʥʥʠʢ ï ʚʦʜʫ ʽ 

ʚʠʚʯʝʥʥʷ ʜʽʾ ʢʘʪʘʣʽʪʠʯʥʠʭ ʩʠʩʪʝʤ ʫ ʚʦʜʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. ɿʦʢʨʝʤʘ ʚʚʘʞʘʶʪʴʩʷ 

ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʧʨʦʮʝʩʠ ʦʢʠʩʥʝʥʥʷ ʧʨʠʨʦʜʥʦʾ ʩʠʨʦʚʠʥʠ, ʢʘʪʘʣʽʟʦʚʘʥʽ ʩʠʩʪʝʤʘʤʠ 

ʛʽʜʨʦʢʩʠʽʤʽʜ ï ʩʽʣʴ ʧʝʨʝʭʽʜʥʦʛʦ ʤʝʪʘʣʫ, ʱʦ ʧʨʦʚʦʜʷʪʴʩʷ ʫ ʚʦʜʥʽʡ ʬʘʟʽ. ʊʘʢʽ ʩʠʩʪʝʤʠ 

ʢʘʪʘʣʽʟʫʶʪʴ ʦʢʠʩʥʝʥʥʷ ʚ ʧʨʦʤʠʩʣʦʚʠʭ ʧʨʦʮʝʩʘʭ, ʘ ʪʘʢʦʞ ʻ ʚʘʞʣʠʚʠʤʠ in vivo, ʱʦ ʽ 

ʩʧʦʥʫʢʘʻ ʧʦʜʘʣʴʰʝ ʚʠʚʯʝʥʥʷ ʮʠʭ ʨʝʘʢʮʽʡ ʫ ʚʦʜʽ. 

ʋ ʨʦʙʦʪʽ ʜʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ ʨʦʟʯʠʥʥʠʢʘ ʥʘ ʨʝʘʢʮʽʶ N-ʛʽʜʨʦʢʩʠʩʫʢʮʠʥʽʤʽʜʫ (NHSI) 

ʟ ʧʝʨʤʘʥʛʘʥʘʪʦʤ ʢʘʣʽʶ (KMnO4) ʧʨʠ 298 ʂ. ɿʘ ʢʽʥʝʪʠʢʦʶ ʚʠʪʨʘʯʘʥʥʷ MnO4
- ʩʪʝʞʠʣʠ 

ʬʦʪʦʢʦʣʦʨʠʤʝʪʨʠʯʥʦ. ɺʠʷʚʣʝʥʦ ʩʫʪʪʻʚʝ ʟʙʽʣʴʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʦʢʠʩʣʝʥʥʷ NHSI ʧʨʠ 

ʟʨʦʩʪʘʥʥʽ ʢʠʩʣʦʪʥʦʩʪʽ ʚʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʦʩʦʙʣʠʚʦ ʥʘ ʧʦʯʘʪʢʦʚʽʡ ʩʪʘʜʽʾ ʨʝʘʢʮʽʾ, ʜʝ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʽʟʢʝ ʧʘʜʽʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʧʝʨʤʘʥʛʘʥʘʪ-ʡʦʥʽʚ. ʆʮʽʥʢʘ ʤʝʪʦʜʦʤ ʢʚʘʥʪʦʚʦʾ 

ʭʽʤʽʾ (ʈʄ6) ʨʝʘʢʮʽʡʥʦʾ ʟʜʘʪʥʦʩʪʽ ʯʘʩʪʠʥʦʢ, ʷʢʽ ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʫ ʨʝʘʢʮʽʾ ʚʽʜʨʠʚʫ ʅ-ʘʪʦʤʘ 

ʚʽʜ ʟʚôʷʟʢʫ NO-H, ʧʦʢʘʟʘʣʘ ʜʦʤʽʥʫʶʯʫ ʨʦʣʴ ʫ ʮʴʦʤʫ ʧʨʦʮʝʩʽ ʧʨʦʪʦʥʦʚʘʥʦʾ ʬʦʨʤʠ Mn-

ʚʤʽʩʥʦʾ ʯʘʩʪʠʥʢʠ (ʪʘʙʣ. 1). 

ʊʘʙʣʠʮʷ 1. ɺʧʣʠʚ ʢʠʩʣʦʪʥʦʩʪʽ ʩʝʨʝʜʦʚʠʱʘ ʥʘ ʝʥʪʘʣʴʧʽʶ (DH) ʧʝʨʰʦʾ ʩʪʘʜʽʾ ʦʢʠʩʥʝʥʥʷ 

NHSI ï ʚʽʜʨʠʚ ʅ-ʘʪʦʤʘ ʯʘʩʪʠʥʢʘʤʠ, ʱʦ ʫʪʚʦʨʶʶʪʴʩʷ ʧʨʠ ʜʠʩʦʮʽʘʮʽʾ ʪʘ ʧʨʦʪʦʥʫʚʘʥʥʽ 

ʧʝʨʤʘʥʛʘʥʘʪʘ (ʧʽʜ ʬʦʨʤʫʣʦʶ ʢʦʞʥʦʛʦ ʨʝʘʛʝʥʪʘ ʥʘʚʝʜʝʥʘ ʩʪʘʥʜʘʨʪʥʘ ʝʥʪʘʣʴʧʽʷ 

ʫʪʚʦʨʝʥʥʷ, ʢʢʘʣ/ʤʦʣʴ, SINO ï ʩʫʢʮʠʥʽʤʽʜ-N-ʦʢʩʠʣʴʥʠʡ ʨʘʜʠʢʘʣ) 

ʈʝʘʢʪʘʥʪʠ ʇʨʦʜʫʢʪʠ DH, ʢʢʘʣ/ʤʦʣʴ 

MnO4(-) NHSI HMnO4(-) SINO  

-168,8 -88,8 -166,3 -64,6 26,7 

HMnO4 NHSI H2MnO4 SINO  

-131,1 -88,8 -144,1 -64,6 11,2 

H2MnO4(+) NHSI H3MnO4(+) SINO  

27,8 -88,8 11,8 -64,6 8,2 

 

ʇʨʠʩʫʪʥʽʩʪʴ ʦʨʛʘʥʽʯʥʦʛʦ ʨʦʟʯʠʥʥʠʢʘ (ʘʮʝʪʦʥʽʪʨʠʣʫ) ʫ ʧʽʜʢʠʩʣʝʥʽʡ ʚʦʜʥʽʡ 

ʨʝʘʢʮʽʡʥʽʡ ʩʫʤʽʰʽ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʫʧʦʚʽʣʴʥʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʨʝʘʢʮʽʾ ʦʢʠʩʣʝʥʥʷ 

N-ʛʽʜʨʦʢʩʠʩʫʢʮʠʥʽʤʽʜʫ ʧʝʨʤʘʥʛʘʥʘʪʦʤ ʢʘʣʽʶ (ʪʘʙʣ. 2), ʷʢʠʡ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʚʧʣʠʚʦʤ 

ʛʽʜʨʘʪʘʮʽʾ ʥʘ ʨʝʘʢʮʽʶ ʫʪʚʦʨʝʥʥʷ ʧʨʦʪʦʥʦʚʘʥʠʭ ʬʦʨʤ ʅMnO4. 

ʊʘʙʣʠʮʷ 2. ɿʘʣʝʞʥʽʩʪʴ ʢʦʥʩʪʘʥʪʠ ʰʚʠʜʢʦʩʪʽ (k) ʨʝʘʢʮʽʾ  NHSI ʟ KMnO4
 

 ʚʽʜ ʚʣʘʩʪʠʚʦʩʪʝʡ ʨʦʟʯʠʥʥʠʢʘ 

ʈʦʟʯʠʥʥʠʢ 
[KMnO4], 

ʤʦʣʴ/ʣ 

[NHSI], 

ʤʦʣʴ/ʣ 

[CH3COOH], 

ʤʦʣʴ/ʣ 
k, ʭʚ-1 

ʅ2ʆ 2,5Ŀ10-4 5,0Ŀ10-3 6,55 0,46 

ʅ2ʆ : CH3CN = 1 : 4 2,5Ŀ10-4 5,0Ŀ10-3 6,55 1,7Ŀ10-2 

ʅ2ʆ 2,5Ŀ10-4 5,0Ŀ10-3 4,37 2,8Ŀ10-2 

ʅ2ʆ : CH3CN = 1 : 2 2,5Ŀ10-4 5,0Ŀ10-3 4,37 2,3Ŀ10-2 

CH3CN 2,5Ŀ10-4 8,0Ŀ10-4 1,16 4,1Ŀ10-3 
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ʂʈʀʉʊɸʃʃʀʏɽʉʂɸʗ ʉʊʈʋʂʊʋʈɸ ʀ ʀʂ-ʉʇɽʂʊʈʓ  

ʊɺɽʈɼʓʍ ʈɸʉʊɺʆʈʆɺ ʌɽʈʈʀʊʆɺ Bi2īʭPrʭFe4O9 

ɼʠʛʘʣʝʥʷ ɸ. ʂ., ɼʫʜʯʠʢ ɻ. ʇ., ɺʝʣʠʢʘʥʦʚʘ ʀ. ɸ., ɻʣʠʥʩʢʘʷ ɸ. ɸ. 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʄʠʥʩʢ 

vialikanava@belstu.by 

 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʚʦʡʩʪʚ ʘʥʪʠʬʝʨʨʦʤʘʛʥʝʪʠʢʘ Bi2Fe4O9 ʠ ʪʚʝʨʜʳʭ 

ʨʘʩʪʚʦʨʦʚ ʥʘ ʝʛʦ ʦʩʥʦʚʝ ʦʙʲʷʩʥʷʝʪʩʷ ʥʝʩʢʦʣʴʢʠʤʠ ʬʘʢʪʦʨʘʤʠ. ʇʨʠ ʩʠʥʪʝʟʝ 

ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʤʫʣʴʪʠʬʝʨʨʦʠʢʘ ï ʬʝʨʨʠʪʘ ʚʠʩʤʫʪʘ BiFeO3 ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʟ ʦʢʩʠʜʦʚ 

ʚʠʩʤʫʪʘ ʠ ʞʝʣʝʟʘ ʤʫʣʣʠʪ Bi2Fe4O9 ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʛʜʘ ʦʙʨʘʟʫʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ 

ʥʝʞʝʣʘʪʝʣʴʥʦʡ ʧʨʠʤʝʩʥʦʡ ʬʘʟʳ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʜʘʚʥʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ 

Bi2Fe4O9 ʪʘʢʞʝ ʧʨʦʷʚʣʷʝʪ ʩʝʛʥʝʪʦʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ, ʠʟʫʯʝʥʠʝ ʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʡ ʠʥʪʝʨʝʩ. ʀ ʥʘʢʦʥʝʮ, ʢʘʢ ʫʩʪʘʥʦʚʣʝʥʦ ʚ ʥʘʰʠʭ ʨʘʙʦʪʘʭ, ʪʚʝʨʜʳʝ 

ʨʘʩʪʚʦʨʳ ʥʘ ʦʩʥʦʚʝ Bi2Fe4O9 ʩ ʯʘʩʪʠʯʥʳʤ ʟʘʤʝʱʝʥʠʝʤ ʠʦʥʦʚ Bi3+ ʠʦʥʘʤʠ 

ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ (Ln3+ = Pr3+, La3+) ʷʚʣʷʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʠʩʭʦʜʥʳʤʠ 

ʩʦʝʜʠʥʝʥʠʷʤʠ (ʧʨʝʢʫʨʩʦʨʘʤʠ) ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʤʫʣʴʪʠʬʝʨʨʦʠʢʦʚ ʩʦʩʪʘʚʘ Bi1īʭLnʭFeO3 

ʧʫʪʝʤ ʪʚʝʨʜʦʬʘʟʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʨʝʢʫʨʩʦʨʦʚ ʩ ʦʢʩʠʜʦʤ Bi2O3. ʊʘʢʠʤ ʤʝʪʦʜʦʤ 

ʫʜʘʝʪʩʷ ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʦʙʨʘʟʮʳ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʤʫʣʴʪʠʬʝʨʨʦʠʢʦʚ Bi1īʭLnʭFeO3, 

ʩʚʦʙʦʜʥʳʝ ʦʪ ʧʨʠʤʝʩʥʳʭ ʬʘʟ, ʯʪʦ ʥʝ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʩʠʥʪʝʟʝ ʠʭ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʟ 

ʦʢʩʠʜʦʚ Bi2O3, Fe2O3 ʠ Ln2O3. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʚʧʝʨʚʳʝ ʪʚʝʨʜʦʬʘʟʥʳʤ ʤʝʪʦʜʦʤ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʪʚʝʨʜʳʝ 

ʨʘʩʪʚʦʨʳ ʥʘ ʦʩʥʦʚʝ Bi2Fe4O9 ʩʦʩʪʘʚʘ Bi2īʭPrʭFe4O9 (0 Ò x Ò 0,4), ʚ ʢʦʪʦʨʳʭ ʧʨʦʚʝʜʝʥʦ 

ʯʘʩʪʠʯʥʦʝ ʟʘʤʝʱʝʥʠʝ ʠʦʥʦʚ Bi3+ ʠʦʥʘʤʠ Pr3+. 

ʈʝʟʫʣʴʪʘʪʳ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʟʘʤʝʱʝʥʠʝ ʦʪ 5 ʜʦ 20 ʤʦʣ. % ʠʦʥʦʚ ʚʠʩʤʫʪʘ Bi3+ ʠʦʥʘʤʠ ʧʨʘʟʝʦʜʠʤʘ Pr3+ 

ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ Bi2īʭPrʭFe4O9. ʆʜʥʘʢʦ ʚ 

ʜʘʥʥʳʭ ʦʙʨʘʟʮʘʭ ʦʙʥʘʨʫʞʝʥʦ ʧʨʠʩʫʪʩʪʚʠʝ ʥʝʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʨʠʤʝʩʥʦʡ ʬʘʟʳ 

BiFeO3, ʩʦʜʝʨʞʘʥʠʝ ʢʦʪʦʨʦʡ, ʧʦ ʜʘʥʥʳʤ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ, ʧʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ 

ʩʪʝʧʝʥʠ ʟʘʤʝʱʝʥʠʷ ʠʦʥʦʚ Bi3+ ʠʦʥʘʤʠ Pr3+ ʦʩʪʘʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʠʟʤʝʥʥʳʤ. ʇʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ ʙʳʣ ʧʨʦʚʝʜʝʥ ʨʘʩʯʝʪ ʧʘʨʘʤʝʪʨʦʚ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʬʝʨʨʠʪʦʚ Bi2ïxPrxFe4O9, ʨʝʟʫʣʴʪʘʪʳ 

ʢʦʪʦʨʦʛʦ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ ʜʣʷ Bi2Fe4O9. 

ʅʘ ʦʙʨʘʟʦʚʘʥʠʝ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʫʢʘʟʳʚʘʶʪ ʥʝ ʪʦʣʴʢʦ ʨʝʟʫʣʴʪʘʪʳ 

ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ (ʠʟʤʝʥʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʘ, b, ʩ, ʩ/ʘ ʠ V ʜʣʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʨʝʰʝʪʢʠ ʤʫʣʣʠʪʘ), ʥʦ ʠ ʜʘʥʥʳʝ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ʇʨʦʷʚʣʷʶʱʠʝʩʷ ʚ ʩʧʝʢʪʨʘʭ ʧʦʣʦʩʳ 

ʧʦʛʣʦʱʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʚʦʣʥʦʚʳʭ ʯʠʩʝʣ 812 ʩʤï1, 668 ʩʤï1 ʠ 637 ʩʤï1 ʭʘʨʘʢʪʝʨʠʟʫʶʪ 

ʚʘʣʝʥʪʥʳʝ ʢʦʣʝʙʘʥʠʷ ʩʚʷʟʝʡ Fe(2)īO ʚ ʪʝʪʨʘʵʜʨʘʭ Fe(2)O4. ʕʪʠ ʤʠʥʠʤʫʤʳ ʦʩʪʘʶʪʩʷ 

ʟʘʤʝʪʥʳʤʠ ʧʨʠ ʟʘʤʝʱʝʥʠʠ ʠʦʥʦʚ ʚʠʩʤʫʪʘ ʠʦʥʘʤʠ ʧʨʘʟʝʦʜʠʤʘ, ʧʨʠ ʵʪʦʤ ʥʘʙʣʶʜʘʝʪʩʷ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʚʦʟʨʘʩʪʘʥʠʝ ʠʭ ʯʘʩʪʦʪ. ʇʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʧʨʠ 602 ʩʤï1 ʠ 575 ʩʤï1 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʜʝʬʦʨʤʘʮʠʦʥʥʳʤ ʢʦʣʝʙʘʥʠʷʤ ʩʚʷʟʝʡ Fe(2)īOīFe(2), ʘ ʧʨʠ 522 ʩʤï1 ʠ 

494 ʩʤï1 ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʜʝʬʦʨʤʘʮʠʦʥʥʳʝ ʢʦʣʝʙʘʥʠʷ ʩʚʷʟʝʡ OīFe(2)īO ʚ 

ʪʝʪʨʘʵʜʨʠʯʝʩʢʠʭ ʧʘʨʘʭ Fe(2)O4 ʜʠʤʝʨʘ Fe2O7. ʏʘʩʪʦʪʳ ʚ 471 ʩʤï1 ʠ 439 ʩʤï1  ʦʪʚʝʯʘʶʪ 

ʚʘʣʝʥʪʥʳʤ ʢʦʣʝʙʘʥʠʷʤ ʩʚʷʟʝʡ Fe(1)īO ʚ ʦʢʪʘʵʜʨʘʭ Fe(1)O6. ʇʨʠ ʟʘʤʝʱʝʥʠʠ ʧʨʦʠʩʭʦʜʠʪ 

ʩʤʝʱʝʥʠʝ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ ʚ ʚʳʩʦʢʦʯʘʩʪʦʪʥʫʶ ʦʙʣʘʩʪʴ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʩʣʝʜʩʪʚʠʝʤ 

ʫʤʝʥʴʰʝʥʠʷ ʜʣʠʥ ʩʚʷʟʝʡ Feïʆ, ʦʩʦʙʝʥʥʦ ʚ ʪʝʪʨʘʵʜʨʠʯʝʩʢʠʭ ʧʘʨʘʭ Fe(2)O4 ʜʠʤʝʨʘ Fe2O7, 

ʠ ʫʤʝʥʴʰʝʥʠʝʤ ʫʛʣʦʚ OīFe(2)īO. ʇʨʠ ʵʪʦʤ ʭʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʯʘʩʪʦʪ ʧʦʛʣʦʱʝʥʠʷ, 

ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʚʘʣʝʥʪʥʳʤʠ ʠ ʜʝʬʦʨʤʘʮʠʦʥʥʳʤʠ ʢʦʣʝʙʘʥʠʷʤʠ, ʧʦʜʪʚʝʨʞʜʘʝʪ 

ʦʙʨʘʟʦʚʘʥʠʝ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ. 
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ʗʄʈ ʉʇɽʂʊʈʆʉʂʆʇɯʏʅɽ ɼʆʉʃɯɼɾɽʅʅʗ ʊɸʋʊʆʄɽʈʅʀʍ ʈɯɺʅʆɺɸɻ 

ʆʉʅʆɺʀ ʐʀʌʌɸ ɻʆʉʉʀʇʆʃʋ ɿ 3-ɸʄɯʅʆ-5-ʄɽʊʀʃɯɿʆʂʉɸɿʆʃʆʄ 

ɼʠʢʫʥ ʆ. ʄ.1, ʈʝʜʴʢʦ ɸ. ʄ.1, ʈʠʙʘʯʝʥʢʦ ɺ. ɯ.1, ʏʦʪʽʡ ʂ. ʖ.1, ɯʣʴʢʝʚʠʯ ʅ. ʉ.2 
1ɯʥʩʪʠʪʫʪ ʬʽʟʠʢʦ-ʦʨʛʘʥʽʯʥʦʾ ʭʽʤʽʾ ʽ ʚʫʛʣʝʭʽʤʽʾ ʽʤ. ʃ. ʄ. ʃʠʪʚʠʥʝʥʢʘ ʅɸʅ ʋʢʨʘʾʥʠ 

2ɾʠʪʦʤʠʨʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤ. ɯʚʘʥʘ ʌʨʘʥʢʘ 

amdykun@gmail.com 

 

ʄʝʪʦʜʘʤʠ 1ʅ ʽ 13ʉ ʗʄʈ ʩʧʝʢʪʨʦʩʢʦʧʽʾ ʙʫʣʦ ʜʦʩʣʽʜʞʝʥʦ ʪʘʫʪʦʤʝʨʥʽ ʨʽʚʥʦʚʘʛʠ 

ʦʩʥʦʚʠ ʐʠʬʬʘ ʛʦʩʩʠʧʦʣʫ ʟ 3-ʘʤʽʥʦ-5-ʤʝʪʠʣʽʟʦʢʩʘʟʦʣʦʤ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʚʠʚʯʝʥʠʭ ʨʘʥʽʰʝ 

ʽʤʽʥʦʧʦʭʽʜʥʠʭ ʛʦʩʩʠʧʦʣʫ, ʮʷ ʩʧʦʣʫʢʘ ʽʩʥʫʻ ʚ ʨʦʟʯʠʥʽ ʦʜʥʦʯʘʩʥʦ ʫ ʜʚʦʭ ʪʘʫʪʦʤʝʨʥʠʭ 

ʬʦʨʤʘʭ: ʜʽʻʥʘʤʽʥʥʽʡ ʽ ʜʽʽʤʽʥʥʽʡ (ʨʠʩ. 1). 

 
ʈʠʩ. 1. ɹʫʜʦʚʘ ʪʘʫʪʦʤʝʨʽʚ ʽ ʥʫʤʝʨʘʮʽʷ ʘʪʦʤʽʚ ʦʩʥʦʚʠ ʐʠʬʬʘ ʛʦʩʩʠʧʦʣʫ 

ʟ 3-ʘʤʽʥʦ-5-ʤʝʪʠʣʽʟʦʢʩʘʟʦʣʦʤ 

 

ɸʥʘʣʽʟ 1H ʗʄʈ ʩʧʝʢʪʨʽʚ ʦʩʥʦʚʠ ʐʠʬʬʘ ʛʦʩʩʠʧʦʣʫ ʟ 3-ʘʤʽʥʦ-5-ʤʝʪʠʣʽʟʦʢʩʘʟʦʣʦʤ 

ʩʚʽʜʯʠʪʴ, ʱʦ ʚʤʽʩʪ ʜʽʻʥʘʤʽʥʥʦʾ ʪʘʫʪʦʤʝʨʥʦʾ ʬʦʨʤʠ ʧʨʠ 293 ʂ ʚ ʉDCl3 ʩʢʣʘʜʘʻ 100 %, ʚ 

ɼʄʌɸ d7 ~60 %, ʘ ʚ ɼʄʉʆ d6 ~10 %. ɺʤʽʩʪ ʪʘʫʪʦʤʝʨʥʠʭ ʬʦʨʤ ʚʠʟʥʘʯʘʣʠ ʟʽ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʝʡ ʩʠʛʥʘʣʽʚ ʧʨʦʪʦʥʽʚ C(11)ïH ʜʽʻʥʘʤʽʥʥʦʾ ʬʦʨʤʠ (ʚ ʉDCl3 

ŭ = 10,02 ʤ. ʯ.; ʚ ɼʄʌɸ d7 ŭ = 10,51 ʤ. ʯ.; ʚ ɼʄʉʆ d6 ŭ = 10,19 ʤ. ʯ.) ʽ C(14)ïH (ʚ ʉDCl3 

ŭ = 5,97 ʤ. ʯ.; ʚ ɼʄʌɸ d7 ŭ = 5,96 ʤ. ʯ.; ʚ ɼʄʉʆ d6 ŭ = 5,70 ʤ. ʯ.) ʛʨʫʧ. ɺ 1H ʗʄʈ ʩʧʝʢʪʨʽ 

ʚ ɼʄʉʆ d6 ʧʨʠʩʫʪʥʽʡ ʩʠʥʛʣʝʪ ʧʨʦʪʦʥʘ ʉ(7)-OH ʛʨʫʧʠ (ŭ = 9,85 ʤ. ʯ.). ʉʠʛʥʘʣʠ ʧʨʠ 

ŭ = 14,42 ʤ. ʯ. ʽ ŭ = 10,19 ʤ. ʯ. ʚʽʜʥʝʩʝʥʽ ʜʦ ʧʨʦʪʦʥʽʚ N(12)ïH ʽ C(11)ïH ʛʨʫʧ ʜʽʻʥʘʤʽʥʥʦʾ 

ʪʘʫʪʦʤʝʨʥʦʾ ʬʦʨʤʠ, ʚʽʜʧʦʚʽʜʥʦ (3J(HC, NH) = 10,9 ɻʮ). ʉʠʛʥʘʣ ʧʨʦʪʦʥʘ C(11)ïH ʛʨʫʧʠ 

ʜʽʽʤʽʥʥʦʾ ʪʘʫʪʦʤʝʨʥʦʾ ʬʦʨʤʠ ʟʥʘʯʥʦ ʟʤʽʱʝʥʠʡ ʚ ʩʠʣʴʥʝ ʧʦʣʝ (ŭ = 7,20 ʤ. ʯ.) ʫ ʧʦʨʽʚʥʷʥʥʽ 

ʟ ʘʥʘʣʦʛʽʯʥʠʤ ʩʠʛʥʘʣʦʤ ʜʽʻʥʘʤʽʥʥʦʾ ʪʘʫʪʦʤʝʨʥʦʾ ʬʦʨʤʠ (ŭ = 10,19 ʤ. ʯ.). ʇʨʠ ʟʤʽʥʽ 

ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʽʥʪʝʨʚʘʣʽ 293ï353 ʂ ʚ ɼʄʉʆ d6 ʚʤʽʩʪ ʜʽʻʥʘʤʽʥʥʦʾ ʬʦʨʤʠ ʟʙʽʣʴʰʫʻʪʴʩʷ ʚʽʜ 

~10 % ʜʦ ~80 %. 

ɺ 13ʉ ʗʄʈ ʩʧʝʢʪʨʽ ʧʨʠ 293 ʂ ʚ ɼʄʉʆ d6 ʧʨʠʩʫʪʥʽ ʩʠʛʥʘʣʠ ʘʪʦʤʽʚ ʉ(1), ʉ(6), ʉ(7) 

ʽ C(11) ʜʽʽʤʽʥʥʦʾ ʪʘʫʪʦʤʝʨʥʦʾ ʬʦʨʤʠ (ŭ = 146,5 ʤ. ʯ.; ŭ = 139,1 ʤ. ʯ.; ŭ = 155,3 ʤ. ʯ. ʽ 

ŭ = 167,7 ʤ. ʯ., ʚʽʜʧʦʚʽʜʥʦ). ʉʠʛʥʘʣʠ ʮʠʭ ʘʪʦʤʽʚ ʜʽʻʥʘʤʽʥʥʦʾ ʪʘʫʪʦʤʝʨʥʦʾ ʬʦʨʤʠ 

ʨʝʻʩʪʨʫʶʪʴʩʷ ʟ ʤʝʥʰʦʶ ʽʥʪʝʥʩʠʚʥʽʩʪʶ (ŭ = 154,1 ʤ. ʯ.; ŭ = 146,3 ʤ. ʯ.; ŭ = 175,8 ʤ. ʯ. ʽ 

ŭ = 150,7 ʤ. ʯ., ʚʽʜʧʦʚʽʜʥʦ). ɺʽʜʥʝʩʝʥʥʷ ʩʠʛʥʘʣʽʚ 13ʉ ʗʄʈ ʩʧʝʢʪʨʘ ʚʠʢʦʥʘʥʝ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʜʚʦʤʽʨʥʠʭ ʤʝʪʦʜʠʢ HMBC  ̔HSQC. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʦʩʥʦʚʘ ʐʠʬʬʘ ʛʦʩʩʠʧʦʣʫ ʟ 3-ʘʤʽʥʦ-5-

ʤʝʪʠʣʽʟʦʢʩʘʟʦʣʦʤ ʚ ʉDCl3 ʽʩʥʫʻ ʷʢ ʜʽʻʥʘʤʽʥ, ʘ ʚ ɼʄʉʆ d6 ʪʘ ɼʄʌɸ d7 ʫ ʚʠʛʣʷʜʽ ʩʫʤʽʰʽ 

ʜʚʦʭ ʪʘʫʪʦʤʝʨʥʠʭ ʬʦʨʤ. 
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ʈɽɸɻɽʅʊʅɸ ʆʏʀʉʊʂɸ ʄɯʉʔʂʀʍ ʉʊʆʂɯɺ ɺɯɼ ɯʆʅɯɺ ɸʄʆʅɯʖ 

ʊɸ ʌʆʉʌɸʊ-ɯʆʅɯɺ 

ɭʣʽʩʻʻʚʘ ɼ. ʉ., ɺʘʩʠʣʽʥʠʯ ʊ. ʄ. 

ɺʽʥʥʠʮʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʧʝʜʘʛʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʄ. ʂʦʮʶʙʠʥʩʴʢʦʛʦ 

beata0403@mail.ru 

 

ʅʘʜʭʦʜʞʝʥʥʷ ʙʽʦʛʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʜʦ ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜ ʚʽʜʙʫʚʘʻʪʴʩʷ ʯʝʨʝʟ 

ʧʨʠʨʦʜʥʽ ʯʠʥʥʠʢʠ (ʚʠʤʠʚʘʥʥʷ ʟ ʚʝʨʭʥʴʦʛʦ ʰʘʨʫ ˇʨʫʥʪʫ, ʘʪʤʦʩʬʝʨʥʽ ʦʧʘʜʠ, ʧʨʦʤʠʩʣʦʚʽ 

ʪʘ ʛʦʩʧʦʜʘʨʩʴʢʦ-ʧʦʙʫʪʦʚʽ ʩʪʽʯʥʽ ʚʦʜʠ, ʩʪʦʢʠ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʫʛʽʜʴ ʪʘ ʪʚʘʨʠʥʥʠʭ 

ʢʦʤʧʣʝʢʩʽʚ). ɿʤʝʥʰʝʥʥʷ ʚʤʽʩʪʫ ʙʽʦʛʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʫ ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜʘʭ ʪʘ 

ʪʨʘʥʩʬʦʨʤʘʮʽʷ ʩʧʦʣʫʢ ʘʟʦʪʫ ʧʦʚôʷʟʘʥʝ ʟ ʧʨʦʮʝʩʘʤʠ ʜʝʥʽʪʨʠʬʽʢʘʮʽʾ, ʩʧʦʞʠʚʘʥʥʷʤ 

ʚʦʜʥʠʤʠ ʨʦʩʣʠʥʘʤʠ, ʬʽʪʦʧʣʘʥʢʪʦʥʦʤ ʪʘ ʬʽʪʦʙʝʥʪʦʩʦʤ. ɿʘ ʦʩʪʘʥʥʽ 20ï30 ʨʦʢʽʚ ʫ ʚʦʜʦʡʤʠ 

ʥʘʜʭʦʜʷʪʴ ʩʪʦʢʠ, ʱʦ ʤʽʩʪʷʪʴ ʙʘʛʘʪʦ ʩʧʦʣʫʢ ʘʟʦʪʫ ʽ ʬʦʩʬʦʨʫ. ʅʘʡʙʽʣʴʰ ʯʘʩʪʦ ʚʠʥʠʢʘʻ 

ʧʨʦʙʣʝʤʘ ʚʠʜʘʣʝʥʥʷ ʟ ʚʦʜʠ ʘʤʦʥʽʡʥʦʛʦ ʘʟʦʪʫ. ɸʤʦʥʽʡʥʠʡ ʘʟʦʪ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʚʦʜʽ, 

ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ, ʧʨʠ ʨʅ 6ï8. ɺʽʥ ʤʦʞʝ ʧʦʪʨʘʧʣʷʪʠ ʫ ʧʦʚʝʨʭʥʝʚʽ ʚʦʜʠ ʟʽ ʩʪʽʯʥʠʤʠ ʚʦʜʘʤʠ; 

ʚ ʨʝʟʫʣʴʪʘʪʽ ʘʤʦʥʽʬʽʢʘʮʽʾ; ʨʦʟʢʣʘʜʘʥʥʷ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʘʟʦʪʦʚʤʽʩʥʠʭ ʦʨʛʘʥʽʯʥʠʭ ʩʧʦʣʫʢ 

(ʙʽʣʢʽʚ, ʩʝʯʦʚʠʥʠ, ʥʫʢʣʝʾʥʦʚʠʭ ʢʠʩʣʦʪ ʪʦʱʦ), ʘ ʪʘʢʦʞ ʚʥʘʩʣʽʜʦʢ ʚʥʝʩʝʥʥʷ ʜʦʙʨʠʚ ʫ ˇʨʫʥʪ. 

ʅʘʷʚʥʽʩʪʴ ʫ ʚʦʜʽ ʽʦʥʽʚ ʘʤʦʥʽʶ ʩʧʽʣʴʥʦ ʟ ʥʽʪʨʘʪʘʤʠ ʩʚʽʜʯʠʪʴ ʧʨʦ ʥʝʱʦʜʘʚʥʻ ʟʘʙʨʫʜʥʝʥʥʷ 

ʚʦʜʠ ʧʦʙʫʪʦʚʠʤʠ ʩʪʽʯʥʠʤʠ ʚʦʜʘʤʠ. 

ɻʨʘʥʠʯʥʦ ʜʦʧʫʩʪʠʤʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʫ ʚʦʜʽ ʚʦʜʦʡʤ ʛʦʩʧʦʜʘʨʩʴʢʦ-ʧʠʪʥʦʛʦ ʽ 

ʢʫʣʴʪʫʨʥʦ-ʧʦʙʫʪʦʚʦʛʦ ʚʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ (ɻɼʂʚ) ʚʩʪʘʥʦʚʣʝʥʘ ʚ ʨʦʟʤʽʨʽ 2 ʤʛ/ʜʤ3 ʧʦ ʘʟʦʪʽ 

ʘʙʦ 2,6 ʤʛ/ʜʤ3 ʫ ʚʠʜʽ ʽʦʥʘ NH4
+. ʊʦʢʩʠʯʥʽʩʪʴ ʘʤʦʥʽʶ ʟʨʦʩʪʘʻ ʟ ʧʽʜʚʠʱʝʥʥʷʤ pʅ 

ʩʝʨʝʜʦʚʠʱʘ.  

ʈʦʟʨʦʙʢʘ ʥʦʚʠʭ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʩʭʝʤ ʦʯʠʩʪʢʠ ʚʦʜʠ ʥʘ ʽʩʥʫʶʯʠʭ 

ʦʯʠʩʥʠʭ ʩʧʦʨʫʜʘʭ, ʘ ʪʘʢʦʞ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʽʩʥʫʶʯʠʭ ʩʭʝʤ ʦʯʠʩʪʢʠ ʩʪʦʢʽʚ ʻ ʦʜʥʠʤ ʽʟ 

ʩʧʦʩʦʙʽʚ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʩʢʠʜʫ ʥʝʜʦʩʪʘʪʥʴʦ ʦʯʠʱʝʥʠʭ ʩʪʽʯʥʠʭ ʚʦʜ ʫ ʚʦʜʥʽ ʦʙôʻʢʪʠ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʥʽʪʨʠ-ʜʝʥʽʪʨʠʬʽʢʘʮʽʾ ʚ ʧʦʻʜʥʘʥʥʽ ʟ ʜʝʬʦʩʬʘʪʠʟʘʮʽʻʶ ʚʠʤʘʛʘʻ 

ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʨʝʘʛʝʥʪʥʦʾ ʦʯʠʩʪʢʠ ʩʪʦʢʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʝʪʘʣʴʥʦʛʦ ʚʠʚʯʝʥʥʷ ʧʨʦʮʝʩʫ 

ʫʪʚʦʨʝʥʥʷ ʩʣʘʙʢʦʨʦʟʯʠʥʥʦʛʦ ʦʨʪʦʬʦʩʬʘʪʫ ʤʘʛʥʽʶ-ʘʤʦʥʽʶ MgNH4PO4Ŀ6H2O, ʱʦ ʻ 

ʮʽʥʥʠʤ ʜʦʙʨʠʚʦʤ. 

ɹʫʣʠ ʧʨʦʚʝʜʝʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʥʘ ʤʦʜʝʣʴʥʠʭ ʨʦʟʯʠʥʘʭ ʤʝʪʦʜʦʤ ʭʽʤʽʯʥʦʛʦ 

ʦʩʘʜʞʝʥʥʷ ʟ ʦʜʥʦʯʘʩʥʠʤ ʚʠʣʫʯʝʥʥʷʤ ʽʦʥʽʚ ʘʤʦʥʽʶ ʪʘ ʬʦʩʬʘʪ-ʽʦʥʽʚ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʦʧʪʠʤʘʣʴʥʠʭ ʫʤʦʚ ʦʩʘʜʞʝʥʥʷ ʘʤʦʥʽʡʥʦʛʦ ʘʟʦʪʫ ʝʢʩʧʝʨʠʤʝʥʪʠ ʧʨʦʚʦʜʠʣʠʩʴ ʟʘ ʨʽʟʥʠʭ 

ʩʪʝʭʽʦʤʝʪʨʠʯʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʴ Mg2+: NH4
+: PO4

3- (1:1:1; 1,5:1:1; 1:1:1,5; 1,5:1:1,5; 

1:1,5:1). pH ʨʝʘʢʮʽʡʥʦʾ ʤʘʩʠ ʟʤʽʥʶʚʘʣʠ ʚ ʤʝʞʘʭ ʚʽʜ 7 ʜʦ 11.  

ɿʘʣʠʰʢʦʚʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʙʫʣʠ ʚʩʪʘʥʦʚʣʝʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʠʢ ʬʦʪʦʤʝʪʨʠʯʥʦʛʦ 

ʚʠʟʥʘʯʝʥʥʷ ʽʦʥʽʚ ʘʤʦʥʽʶ ʥʘ ʦʩʥʦʚʽ ʚʟʘʻʤʦʜʽʾ ʟ ʨʝʘʢʪʠʚʦʤ ʅʝʩʣʝʨʘ ʪʘ ʬʦʩʬʘʪ-ʽʦʥʽʚ ʧʨʠ 

ʚʟʘʻʤʦʜʽʾ ʟ ʚʘʥʘʜʽʡ-ʤʦʣʽʙʜʘʪʥʠʤ ʨʦʟʯʠʥʦʤ. 

ɸʥʘʣʽʟʫʶʯʠ ʨʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ 

ʥʘʡʙʽʣʴʰ ʦʧʪʠʤʘʣʴʥʠʤʠ ʫʤʦʚʠ ʧʨʦʮʝʩʫ ʨʝʘʛʝʥʪʥʦʛʦ ʦʩʘʜʞʝʥʥʷ ʘʤʦʥʽʡʥʦʛʦ ʘʟʦʪʫ ʧʨʠ 

ʧʦʯʘʪʢʦʚʽʡ ʢʦʥʮʝʥʪʨʘʮʽʾ NH4
+

 -N ï 550 ʤʛ/ʣ ʻ pH 9 ʪʘ ʩʪʝʭʽʦʤʝʪʨʠʯʥʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 

Mg2+: NH4
+: PO4

3- = 1,5:1:1,5. ʇʨʠ ʮʴʦʤʫ ʯʘʩʪʢʘ ʘʜʩʦʨʙʦʚʘʥʠʭ ʽʦʥʽʚ ʩʪʘʥʦʚʠʪʴ NH4
+
 -N ï 

52,69 %, PO4
3- ï 96,6 %. ʊʘʢʦʞ ʚʩʪʘʥʦʚʣʝʥʦ ʚʦʣʦʛʽʩʪʴ ʧʨʠ ʚʠʩʫʰʫʚʘʥʥʽ ʤʽʥʝʨʘʣʴʥʦʛʦ 

ʜʦʙʨʠʚʘ, ʷʢʘ ʟʘ ʦʧʪʠʤʘʣʴʥʠʭ ʫʤʦʚ (Mg2+: NH4
+: PO4

3- = 1,5:1: 1,5, pH = 9) ʜʦʨʽʚʥʶʻ ï 

33,07 %, ʦʪʞʝ, ʬʦʨʤʫʣʘ ʢʨʠʩʪʘʣʦʛʽʜʨʘʪʫ MgNH4PO4Ö4H2O.   
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ʂʆɸɻʋʃʗʎɯʗ ɻɯɼʈʆɿʆʃɽʁ ɼɽʊʆʅɸʎɯʁʅʀʍ ʅɸʅʆɼɯɸʄɸʅʊɯɺ 

ʍʃʆʈʀɼʆʄ ʅɸʊʈɯʖ 

ɭʨʤʦʣʝʥʢʦ ɻ. ʖ., ʂʘʤʥʻʚʘ ʅ. ʄ. 

ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤ. ɺ. ʅ. ʂʘʨʘʟʽʥʘ 

ni2@mail.ru 

 

ʅʘʥʦʜʽʘʤʘʥʪʠ ʜʝʪʦʥʘʮʽʡʥʦʛʦ ʩʠʥʪʝʟʫ (ɼʅɼ) ʻ ʦʜʥʠʤ ʟ ʥʘʡʙʽʣʴʰ ʩʢʣʘʜʥʠʭ ʽ 

ʮʽʢʘʚʠʭ ʦʙ'ʻʢʪʽʚ ʩʝʨʝʜ ʯʠʩʣʝʥʥʠʭ ʥʦʚʠʭ ʫʣʴʪʨʘʜʠʩʧʝʨʩʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʆʩʥʦʚʦʶ ʚʩʽʭ 

ʾʭʥʽʭ ʮʽʥʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʻ ʪʝ, ʱʦ ʚʦʥʠ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʢʨʠʩʪʘʣʽʯʥʫ ʩʪʨʫʢʪʫʨʫ 

ʥʘʥʦʤʝʪʨʦʚʦʛʦ ʨʦʟʤʽʨʫ. ɼʽʘʧʘʟʦʥ ʨʦʟʤʽʨʽʚ ʮʠʭ ʩʪʨʫʢʪʫʨ ʜʦʚʦʣʽ ʚʫʟʴʢʠʡ: 2ï10 ʥʤ.  

ɺʣʘʩʪʠʚʦʩʪʽ ʧʦʚʝʨʭʥʽ ɼʅɼ ʟʘʣʝʞʘʪʴ ʚʽʜ ʧʨʦʮʝʜʫʨʠ ʚʠʜʽʣʝʥʥʷ  ʧʝʨʚʠʥʥʠʭ 

ʯʘʩʪʠʥʦʢ ʘʣʤʘʟʽʚ ʽ ʦʯʠʱʝʥʥʷ ʩʠʨʦʛʦ ʤʘʪʝʨʽʘʣʫ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʦʢʠʩʥʶʚʘʯʽʚ, ʤʽʥʝʨʘʣʴʥʠʭ 

ʢʠʩʣʦʪ ʽ ʣʫʛʽʚ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ ʨʽʟʥʠʭ ʧʦʚʝʨʭʥʝʚʠʭ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʛʨʫʧ. ʊʦʤʫ 

ʥʘʚʽʪʴ ʪʘʢʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ, ʷʢ ʟʥʘʢ ʧʦʚʝʨʭʥʝʚʦʛʦ ʟʘʨʷʜʫ ʤʦʞʝ ʙʫʪʠ 

ʨʽʟʥʦʶ. ʅʘʧʨʠʢʣʘʜ, ʚ ɼʅɼ ʟ ʧʦʚʝʨʭʥʝʚʠʤʠ -ʉʆʆʅ ʛʨʫʧʘʤʠ ʜʝʤʦʥʩʪʨʫʶʪʴ ʥʝʛʘʪʠʚʥʠʡ 

ʜʟʝʪʘ-ʧʦʪʝʥʮʽʘʣ (ɕ). ʋ ʨʘʟʽ ʯʘʩʪʠʥʦʢ ʟ ɕ > 0, ʤʦʞʣʠʚʘ ʥʘʷʚʥʽʩʪʴ ʧʨʦʪʦʥʦʚʘʥʠʭ 

ʘʤʽʥʦʢʠʩʣʦʪ, ʝʬʽʨʽʚ ʯʠ ʛʽʜʨʘʪʦʚʘʥʠʭ ʧʨʦʪʦʥʽʚ ʥʘ ʧʦʚʝʨʭʥʽ ʥʘʥʦʜʽʘʤʘʥʪʽʚ.  

ɿʨʘʟʦʢ, ʷʢʠʡ ʙʫʣʦ ʚʟʷʪʦ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ, ʙʫʚ ʧʨʠʛʦʪʦʚʣʝʥʠʡ ʚ ʥʘʫʢʦʚʦ-

ʜʦʩʣʽʜʥʦʤʫ ʽʥʩʪʠʪʫʪʽ Nanocarbon Research (ʗʧʦʥʽʷ) ʙʝʟ ʟʘʩʪʦʩʫʚʘʥʥʷ ʙʫʜʴ-ʷʢʠʭ ʭʽʤʽʢʘʪʽʚ. 

ʈʦʟʤʽʨ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʯʘʩʪʠʥʦʢ ʙʫʚ ʚʠʟʥʘʯʝʥʠʡ ʤʝʪʦʜʦʤ ʜʠʥʘʤʽʯʥʦʛʦ 

ʩʚʽʪʣʦʨʦʟʩʽʶʚʘʥʥʷ (Zetasizer Nano ZS Malvern Instruments). ʉʝʨʝʜʥʽʡ ʨʦʟʤʽʨ ʯʘʩʪʠʥʦʢ ʫ 

0,01 %-ʤʫ (ʤʘʩ./ʦʙ.)  ʛʽʜʨʦʟʦʣʽ ʩʪʘʥʦʚʠʪʴ 48Ñ4 ʥʤ (ʨʦʟʧʦʜʽʣ ʯʘʩʪʠʥʦʢ ʟʘ ʽʥʪʝʥʩʠʚʥʽʩʪʶ) ʽ 

41Ñ2 ʥʤ (ʨʦʟʧʦʜʽʣ ʧʦ ʯʠʩʣʫ ʯʘʩʪʠʥʦʢ). ɿʘʨʷʜ ʯʘʩʪʠʥʦʢ ɼʅɼ ʫ ʚʦʜʥʠʭ ʨʦʟʯʠʥʘʭ 

ʧʦʟʠʪʠʚʥʠʡ. ɿʥʘʯʝʥʥʷ ʜʟʝʪʘ-ʧʦʪʝʥʮʽʘʣʫ ʢʦʣʠʚʘʶʪʴʩʷ ʚ ʜʽʘʧʘʟʦʥʽ +(30ï40) ʤɺ. 

ʂʦʘʛʫʣʷʮʽʷ ʥʝʦʨʛʘʥʽʯʥʠʤʠ ʩʦʣʷʤʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟʽ ʟʥʘʢʦʤ ʟʘʨʷʜʫ 

ʢʦʣʦʾʜʥʠʭ ʯʘʩʪʠʥʦʢ. ʂʣʘʩʠʯʥʝ ʧʨʘʚʠʣʦ ʐʫʣʴʮʝïɻʘʨʜʽ ʧʨʦʛʥʦʟʫʻ ʨʽʟʢʝ ʟʙʽʣʴʰʝʥʥʷ 

ʧʦʨʦʛʫ ʰʚʠʜʢʦʾ ʢʦʘʛʫʣʷʮʽʾ (ʇʐʂ) ʙʘʛʘʪʦʟʘʨʷʜʥʠʤʠ ʜʦʙʨʝ ʛʽʜʨʘʪʦʚʘʥʠʤʠ ʥʝʦʨʛʘʥʽʯʥʠʤʠ 

ʘʥʽʦʥʘʤʠ ʚ ʨʘʟʽ ʛʽʟʜʨʦʟʦʣʶ ʟ ʧʦʟʠʪʠʚʥʠʤ ʜʟʝʪʘ-ʧʦʪʝʥʮʽʘʣʦʤ. 

 

 
ʈʠʩ. 1 ɿʘʣʝʞʥʦʩʪʽ ʨʦʟʤʽʨʫ ʯʘʩʪʠʥʦʢ ɼʅɼ ʚʽʜ ʯʘʩʫ ʜʣʷ 0.01 % ʛʽʜʨʦʟʦʣʶ: 

1 ï ʙʝʟ ʜʦʜʘʚʘʥʥʷ NaCl, 2 ï ʟ ʜʦʜʘʚʘʥʥʷʤ 1 ʤʤʦʣʴ/ʣ NaCl, 3 ï 3 ʤʤʦʣʴ/ʣ, 4 ï 4 ʤʤʦʣʴ/ʣ 

 

ʇʦʚʝʜʽʥʢʘ ʛʽʜʨʦʟʦʣʝʡ ɼʅɼ ʚ ʧʨʠʩʫʪʥʦʩʪʽ ʝʣʝʢʪʨʦʣʽʪʫ NaCl ʧʦʷʩʥʶʻʪʴʩʷ ʟ ʪʦʯʢʠ 

ʟʦʨʫ ʢʦʣʦʾʜʥʦʾ ʭʽʤʽʾ ʛʽʜʨʦʬʦʙʥʠʭ ʜʠʩʧʝʨʩʽʡ. ʇʐʂ ʧʨʠ ʜʦʜʘʚʘʥʥʽ ʨʦʟʯʠʥʫ NaCl ʙʫʚ 

ʚʠʟʥʘʯʝʥʠʡ ʤʝʪʦʜʦʤ ʜʠʥʘʤʽʯʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ ʩʚʽʪʣʘ ʚ ʫʤʦʚʘʭ ʩʪʨʽʤʢʦʛʦ ʟʨʦʩʪʘʥʥʷ 

ʨʦʟʤʽʨʫ ʯʘʩʪʠʥʦʢ. ʏʘʩʦʚʽ ʟʘʣʝʞʥʦʩʪʽ ʟʥʘʯʝʥʥʷ ʨʦʟʤʽʨʫ ʯʘʩʪʠʥʦʢ 0,01 % ʛʽʜʨʦʟʦʣʶ ɼʅɼ 

ʧʨʠ ʜʦʜʘʚʘʥʥʽ ʨʦʟʯʠʥʽʚ NaCl ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 1. ʎʽ ʜʘʥʽ ʜʦʟʚʦʣʷʶʪʴ ʦʮʽʥʠʪʠ ʧʦʨʽʛ 

ʢʦʘʛʫʣʷʮʽʾ ʛʽʜʨʦʟʦʣʶ: ʇʐʂ = 2 ʤʤʦʣʴ/ʣ.  
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ɺʋɻʃɽʎɽɺɽ ɺʆʃʆʂʅʆ, ʗʂ ʅʆʉɯʁ ɼʃʗ Fe-Co ʂɸʊɸʃɯɿɸʊʆʈɯɺ ʈɽɸʂʎɯɰ 

ʄɽʊɸʅʋɺɸʅʅʗ ʉʆ2 

ɾʣʫʜʝʥʢʦ ʄ. ɻ., ɻʨʠʥʴʢʦ ɺ. ʉ., ɻʘʡʜʘʡ ʉ. ɺ., ɼʷʯʝʥʢʦ ɸ. ɻ., ɯʱʝʥʢʦ ʆ. ɺ. 

ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʊʘʨʘʩʘ ʐʝʚʯʝʥʢʘ 

zhlunik@mail.ru 

 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʙʫʣʦ ʜʦʩʣʽʜʞʝʥʥʷ ʢʘʪʘʣʽʪʠʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ Fe-Co ʩʠʩʪʝʤʠ, 

ʥʘʥʝʩʝʥʦʾ ʥʘ ʚʫʛʣʝʮʝʚʝ ʚʦʣʦʢʥʦ ʨʽʟʥʦʾ ʤʦʨʬʦʣʦʛʽʾ ʫ ʨʝʘʢʮʽʾ ʤʝʪʘʥʫʚʘʥʥʷ ʉʆ2. 

ʇʝʨʝʜ ʥʘʥʝʩʝʥʥʷʤ ʥʘ ʥʴʦʛʦ ʘʢʪʠʚʥʦʾ Fe-Co ʬʘʟʠ ʚʫʛʣʝʮʝʚʝ ʚʦʣʦʢʥʦ ʧʽʜʜʘʚʘʣʦʩʷ 

ʨʽʟʥʠʤ ʤʝʪʦʜʘʤ ʦʙʨʦʙʢʠ:  

1) ʆʯʠʱʝʥʥʷ. ɺʫʛʣʝʮʝʚʝ ʚʦʣʦʢʥʦ ʚʠʪʨʠʤʫʚʘʣʦʩʷ ʚ ʘʪʤʦʩʬʝʨʽ ʘʨʛʦʥʫ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʽ 400 Áʉ ʚʧʨʦʜʦʚʞ 4 ʛʦʜʠʥ. 

2) ʆʯʠʱʝʥʥʷ ʪʘ ʦʢʠʩʥʝʥʥʷ. ʇʦʧʝʨʝʜʥʴʦ ʦʯʠʱʝʥʝ ʚʦʣʦʢʥʦ ʢʠʧô̫ ʪʠʣʠ ʫ 30 % 

ʨʦʟʯʠʥʽ HNO3 ʧʨʦʪʷʛʦʤ 2 ʛʦʜʠʥ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 110 Áʉ.  

3) ʆʯʠʱʝʥʥʷ ʪʘ ʚʽʜʥʦʚʣʝʥʥʷ. ʇʽʩʣʷ ʦʯʠʱʝʥʥʷ ʟʨʘʟʦʢ ʚʫʛʣʝʮʝʚʦʾ ʪʢʘʥʠʥʠ 

ʚʠʪʨʠʤʫʚʘʚʩʷ ʫ ʛʘʟʦʚʽʡ ʩʫʤʽʰʽ (50 ʦʙ% ʅ2 ï 50 ʦʙ% ʅʝ) ʟʘ ʘʪʤʦʩʬʝʨʥʦʛʦ ʪʠʩʢʫ ʧʨʦʪʷʛʦʤ 

6 ʛʦʜʠʥ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 700 Áʉ. 

ɸʢʪʠʚʥʫ ʬʘʟʫ (30 % ʚʽʜ ʤʘʩʠ ʥʦʩʽʷ) ʥʘʥʦʩʠʣʠ ʰʣʷʭʦʤ ʨʽʚʥʦʤʽʨʥʦʛʦ ʧʨʦʩʦʯʫʚʘʥʥʷ 

ʧʦʚʝʨʭʥʽ ʥʦʩʽʷ ʨʦʟʯʠʥʦʤ ʥʽʪʨʘʪʽʚ ʤʝʪʘʣʽʚ (Fe:Co = 86 %ʤʘʩ:14 %ʤʘʩ) ʟ ʧʦʜʘʣʴʰʠʤ 

ʚʠʩʫʰʫʚʘʥʥʷʤ ʟʘ ʢʽʤʥʘʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ. ɺʽʜʥʦʚʣʝʥʥʷ ʢʘʪʘʣʽʟʘʪʦʨʽʚ ʧʨʦʚʦʜʠʣʠ ʫ 

ʚʦʜʥʝʚʦ-ʛʝʣʽʻʚʦʤʫ ʧʦʪʦʮʽ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 300 Áʉ ʚʧʨʦʜʦʚʞ 3 ʛʦʜʠʥ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʢʘʪʘʣʽʪʠʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʦʙôʻʤʥʦʛʦ ʪʘ ʥʘʥʝʩʝʥʠʭ Fe-Co 

ʢʘʪʘʣʽʟʘʪʦʨʽʚ ʥʘʚʝʜʝʥʽ ʫ ʊʘʙʣʠʮʽ, ʜʝ tʭ ï ʪʝʤʧʝʨʘʪʫʨʘ ʤʘʢʩʠʤʘʣʴʥʦʾ ʢʦʥʚʝʨʩʽʾ ʉʆ2, 

XCO2, % ï ʩʪʫʧʽʥʴ ʧʝʨʝʪʚʦʨʝʥʥʷ ʉʆ2, SCH4 ʪʘ SCO, % ï ʩʝʣʝʢʪʠʚʥʽʩʪʴ ʟʘ ʤʝʪʘʥʦʤ ʪʘ 

ʤʦʥʦʢʩʠʜʦʤ ʢʘʨʙʦʥʫ ʚʽʜʧʦʚʽʜʥʦ. 

 

ˉ ɿʨʘʟʦʢ 

ʊʝʤʧʝʨʘʪʫʨʘ 

ʚʽʜʥʦʚʣʝʥʥʷ 

ʘʢʪʠʚʥʦʾ ʤʘʩʠ, Áʉ 

tʭ, Áʉ XCO2, % 
SCH4, 

% 

SCO, 

% 

1 Fe-Co (ʦʙô̒ ʤʥʠʡ) 300 450 71 8 92 

2 
Fe-Co/ʦʯʠʱʝʥʝ 

ʚʦʣʦʢʥʦ 
300 390 65 88 12 

3 
Fe-Co/ʦʢʠʩʥʝʥʝ 

ʦʯʠʱʝʥʝ ʚʦʣʦʢʥʦ 
300 450 24 29 71 

4 
Fe-Co/ʚʽʜʥʦʚʣʝʥʝ 

ʦʯʠʱʝʥʝ ʚʦʣʦʢʥʦ 
300 400 45 66 34 

 

ɯʟ ʚʠʱʝʥʘʚʝʜʝʥʠʭ ʜʘʥʠʭ ʚʠʜʥʦ, ʱʦ ʥʘʡʢʨʘʱʽ ʧʦʢʘʟʥʠʢʠ ʢʘʪʘʣʽʪʠʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ 

t65 = 390 ÁC ̔ ʟ S(CH4) = 88 % ʧʦʢʘʟʘʚ ʟʨʘʟʦʢ Fe:ʉʦ = 86:14, 30 ʤʘʩ. % ʷʢʦʛʦ ʙʫʣʦ ʥʘʥʝʩʝʥʦ 

ʥʘ ʦʯʠʱʝʥʝ ʚʫʛʣʝʮʝʚʝ ʚʦʣʦʢʥʦ. 
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ɽʄɯʊɽʈʀ ʉɺɯʊɯʅʅʗ ʇʈʀ ɸɺʊʆʆʂʀʉʅɽʅʅɯ  

ʄɽʊʀʃ- ʊɸ ʍʃʆʈʇʆʍɯɼʅʀʍ ɻɯɼʈʆʍɯʅʆʅʋ 

ʂʘʣ̔ʥʽʯʝʥʢʦ ɭ. ʆ., ʂʘʥʽʙʦʣʦʮʴʢʘ ʃ. ɺ., ʐʝʥʜʨʠʢ ʆ. ʄ. 

ɼʦʥʝʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɺʘʩʠʣʷ ʉʪʫʩʘ, ʤ. ɺʽʥʥʠʮʷ 

E.A.Kalinichenko@gmail.com 

 

ɺ ʧʨʦʮʝʩʽ ʘʚʪʦʦʢʠʩʥʝʥʥʷ ʧ- ʪʘ ʦ-ʜʠʛʽʜʨʦʢʩʠʙʝʥʟʦʣʽʚ ʫ ʣʫʞʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ 

ʫʪʚʦʨʶʶʪʴʩʷ ʨʘʜʠʢʘʣʴʥʽ ʽʥʪʝʨʤʝʜʽʘʪʠ ʪʘ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʭʝʤʽʣʶʤʽʥʝʩʮʝʥʪʥʝ ʩʚʽʪʽʥʥʷ 

(ʍʃʉ), ʦʜʥʘʢ ʧʨʠʨʦʜʘ ʝʤʽʪʝʨʽʚ ʩʚʽʪʽʥʥʷ ʥʘʨʘʟʽ ʥʝ ʚʩʪʘʥʦʚʣʝʥʘ. 

ʄʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʙʫʣʘ ʨʦʟʨʦʙʢʘ ʤʝʪʦʜʫ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʚʠʟʥʘʯʝʥʥʷ 

ʩʧʝʢʪʨʘʣʴʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʝʤʽʪʝʨʫ ʩʚʽʪʽʥʥʷ, ʱʦ ʫʪʚʦʨʶʻʪʴʩʷ ʧʨʠ ʦʢʠʩʥʝʥʥʽ 

ʛʽʜʨʦʭʽʥʦʥʫ (p-QH2) ʪʘ ʡʦʛʦ ʭʣʦʨ- ʪʘ ʤʝʪʠʣʧʦʭʽʜʥʠʭ (ClQH2 ʪʘ MeQH2, ʚʽʜʧʦʚʽʜʥʦ) ʫ 

ʚʦʜʥʦ-ʣʫʞʥʠʭ ʨʦʟʯʠʥʘʭ. 

ʉʧʝʢʪʨʘʣʴʥʠʡ ʘʥʘʣʽʟ ʩʤʫʛʠ ʝʤʽʪʝʨʫ ʍʃʉ ʧʨʦʚʦʜʠʚʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʘʙʦʨʫ ʟʽ 

100 ʩʪʘʥʜʘʨʪʥʠʭ ʩʢʣʷʥʠʭ ʩʚʽʪʣʦʬʽʣʴʪʨʽʚ (LF) ʫ ʬʦʩʬʘʪʥʽʡ ʙʫʬʝʨʥʽʡ ʩʠʩʪʝʤʽ ʨʅ 8.0,  

308 ʂ. 

ɹʫʣʦ ʧʦʢʘʟʘʥʦ, ʱʦ ʝʤʽʪʝʨ ʩʚʽʪʽʥʥʷ ʚ ʩʠʩʪʝʤʽ ʦʜʠʥ. ʗʢ ʧʘʨʘʤʝʪʨ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 

ʩʧʝʢʪʨʫ ʍʃʉ (L) ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚʽʜʥʦʰʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʩʚʽʪʽʥʥʷ ʫ 

ʤʘʢʩʠʤʫʤʽ ʩʤʫʛʠ ʍʃʉ ʟ LF ʜʦ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʙʝʟ LF. 

ʄʘʢʩʠʤʫʤʠ ʩʤʫʛ ʍʃ-ʩʚʽʪʽʥʥʷ ʚ ʧʨʦʮʝʩʽ ʘʚʪʦʦʢʠʩʥʝʥʥʷ p-QH2, ClQH2 ʪʘ MeQH2 ʚ 

ʌɹʉ ʨʅ 8.0 ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʦʙʣʘʩʪʽ ʟʝʣʝʥʦʛʦ ʢʦʣʴʦʨʫ: 548Ñ14, 547Ñ8 ʪʘ 545Ñ10 ʥʤ, 

ʚʽʜʧʦʚʽʜʥʦ (ʜʠʚ. ʨʠʩ.). 

 
ʈʠʩ. ʉʤʫʛʠ ʝʤʽʩʽʾ ʍʃʉ ʧʨʠ ʘʚʪʦʦʢʠʩʥʝʥʥʽ p-QH2 (ʘ), ClQH2 (ʙ), MeQH2 (ʚ) 

 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʩʚʽʪʽʥʥʷ, ʷʢʝ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚ ʧʨʦʮʝʩʽ ʘʚʪʦʦʢʠʩʥʝʥʥʷ 

ʛʽʜʨʦʭʽʥʦʥʽʚ ʫ ʚʦʜʥʦ-ʣʫʞʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ, ʦʙʫʤʦʚʣʝʥʝ ʨʝʣʘʢʩʘʮʽʻʶ ʪʨʠʧʣʝʪʥʦʾ 

ʤʦʣʝʢʫʣʠ ʙʝʥʟʦʭʥ̔ʦʥ̔ʚ (Q*) ʟʘ ʨʝʘʢʮʽʾ ʨʝʢʦʤʙʠʥʘʮʽʾ ʩʝʤʠʭʥ̔ʦʥʥʦʛʦ ʨʘʜʽʢʘʣʫ: 

hvQQHHOHOQ
OHOH

+½­½½½½½ ­½++
-

+¶¶-¶ *

)(2
222

)(  

ʊʘʢʠʤ ʯʠʥʦʤ, ʨʦʟʨʦʙʣʝʥʠʡ ʤʝʪʦʜ ʜʦʟʚʦʣʷʻ ʦʮʽʥʠʪʠ ʬʦʨʤʫ ʪʘ ʧʦʣʦʞʝʥʥ ̫

ʤʘʢʩʠʤʫʤʫ ʩʤʫʛʠ ʩʚʽʪʽʥʥʷ ʝʤ̔ʪʝʨʘ ʍʃʉ ʚ ʧʨʦʮʝʩʽ ʘʚʪʦʦʢʠʩʥʝʥʥʷ ʛʽʜʨʦʭʽʥʦʥʽʚ ʚ ʩʠʩʪʝʤʘʭ 

ʙʝʟ ʘʢʪʠʚʘʪʦʨʚ̔ ʭʝʤʣ̔ʶʤ̔ʥʝʩʮʝʥʮʽʾ. ɸ ʪʘʢʦʞ ʡʦʛʦ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ 

ʧʨʦʚʝʜʝʥʥ̫  ʩʧʝʢʪʨʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʽʥʰʠʭ ʩʠʩʪʝʤ ʟʽ ʥʘʜʩʣʘʙʢʠʤ ʩʚʽʪʽʥʥʷʤ.  

  

ʘ) ʙ) ʚ) 
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ʎʝʣɹ ʨʘʙʦʪʳ ï ʩʠʥʪʝʟ ʠʥʜʘʪʦʚ ʜʚʦʡʥʦʡ ʩʠʩʪʝʤʳ DyInO3 ï LaInO3 ʠ ʠʟʫʯʝʥʠʝ ʠʭ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ, ʪʝʧʣʦʚʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʠ ʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. 

ʀʥʜʘʪʳ DyʭLa1ïxInO3 (ʭ = 0,03ï0,15), La0,95Dy0,05In0,98Sb0,02O3 ʠ ʠʥʜʘʪ ʣʘʥʪʘʥʘ 

LaInO3 ʧʦʣʫʯʘʣʠ ʢʝʨʘʤʠʯʝʩʢʠʤ ʜʚʫʩʪʘʜʠʡʥʳʤ ʤʝʪʦʜʦʤ ʠʟ ʦʢʩʠʜʦʚ Dy2O3, La2O3, In2O3, 

Sb2O3. ʆʙʞʠʛ ʧʨʦʚʦʜʠʣʠ ʥʘ ʚʦʟʜʫʭʝ ʧʨʠ 1523 ʂ. ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ: 

ʨʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ, ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʧʦʛʣʦʱʝʥʠʷ, ʜʠʣʘʪʦʤʝʪʨʠʷ, ʪʝʨʤʠʯʝʩʢʠʡ 

ʘʥʘʣʠʟ, ʣʶʤʠʥʝʩʮʝʥʪʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʜʚʦʡʥʦʡ 

ʩʠʩʪʝʤʝ ʭ DyInO3 ï (1ïʭ) LaInO3 ʚ ʜʠʘʧʘʟʦʥʝ ʢʦʥʮʝʥʪʨʘʮʠʡ ʭ = 0,0ï0,15 ʥʘʙʣʶʜʘʝʪʩʷ 

ʦʙʨʘʟʦʚʘʥʠʝ ʥʝʧʨʝʨʳʚʥʦʛʦ ʨʷʜʘ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ, ʢʨʠʩʪʘʣʣʠʟʫʶʱʠʭʩʷ ʚ ʩʪʨʫʢʪʫʨʝ 

ʦʨʪʦʨʦʤʙʠʯʝʩʢʠ ʠʩʢʘʞʝʥʥʦʛʦ ʧʝʨʦʚʩʢʠʪʘ. ʇʦʣʦʞʝʥʠʝ ʤʘʢʩʠʤʫʤʦʚ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʣʠʥʠʡ 

ʦʩʥʦʚʥʦʡ ʬʘʟʳ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʩʪʝʧʝʥʠ ʟʘʤʝʱʝʥʠʷ x ʠʦʥʦʚ ʣʘʥʪʘʥʘ La3+ ʠʦʥʘʤʠ ʠʦʥʘʤʠ 

ʜʠʩʧʨʦʟʠʷ Dy3+ ʚ ʠʥʜʘʪʝ LaInO3 ʧʦʩʪʝʧʝʥʥʦ ʩʤʝʱʘʣʦʩʴ ʚ ʩʪʦʨʦʥʫ ʤʝʥʴʰʠʭ ʫʛʣʦʚ, ʯʪʦ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ ʥʝʧʨʝʨʳʚʥʦʛʦ ʨʷʜʘ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ 

ʩʪʝʧʝʥʠ ʟʘʤʝʱʝʥʠʷ ʭ ʠʦʥʦʚ ʣʘʥʪʘʥʘ La3+ ʠʦʥʘʤʠ ʜʠʩʧʨʦʟʠʷ Dy3+ ʤʝʥʴʰʝʛʦ ʨʘʜʠʫʩʘ 

ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʥʝʤʦʥʦʪʦʥʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ b ʠ c, ʵʣʝʤʝʥʪʘʨʥʦʡ 

ʷʯʝʡʢʠ ʦʨʪʦʨʦʤʙʠʯʝʩʢʠ ʠʩʢʘʞʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʧʝʨʦʚʩʢʠʪʘ ʠʥʜʘʪʦʚ DyʭLa1ïxInO3, ʯʪʦ 

ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʘʥʘʣʠʟʘ ʀʂïʩʧʝʢʪʨʦʚ ʧʦʛʣʦʱʝʥʠʷ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʳʤ ʧʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʩʪʝʧʝʥʠ ʟʘʤʝʱʝʥʠʷ x ʠʦʥʦʚ ʣʘʥʪʘʥʘ La3+ ʠʦʥʘʤʠ ʜʠʩʧʨʦʟʠʷ Dy3+ ʧʨʦʠʩʭʦʜʠʪ 

ʧʦʩʪʝʧʝʥʥʦʝ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʯʘʩʪʦʪ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ 

ʚʘʣʝʥʪʥʳʤʠ ʢʦʣʝʙʘʥʠʷʤʠ ʩʚʷʟʝʡ Dy (La) ï O ʠ In ï O. ʆʙʨʘʟʝʮ La0,95Dy0,05In0,98Sb0,02O3 

ʣʝʛʠʨʦʚʘʥʥʳʡ ʧʘʨʦʡ ʠʦʥʦʚ Dy3+ïSb3+ ʩʦʜʝʨʞʘʣ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʨʠʤʝʩʥʦʡ 

ʬʘʟʫ LaSbO3. 

ʈʘʩʩʯʠʪʘʥʥʳʝ ʠʟ ʫʰʠʨʝʥʠʡ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʧʠʢʦʚ ʧʦ ʬʦʨʤʫʣʝ 

ɼʝʙʘʷ-ʐʝʨʨʝʨʘ ʨʘʟʤʝʨʳ ʦʙʣʘʩʪʝʡ ʢʦʛʝʨʝʥʪʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʢʝʨʘʤʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ ʥʝ 

ʚʳʭʦʜʷʪ ʟʘ ʧʨʝʜʝʣʳ 2 ʤʢʤ. ʅʘ ʧʦʣʫʯʝʥʥʳʭ ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʷʭ ʩʧʝʯʝʥʥʳʭ ʢʝʨʘʤʠʯʝʩʢʠʭ 

ʦʙʨʘʟʮʦʚ ʚʠʜʥʦ, ʯʪʦ ʯʘʩʪʠʮʳ ʠʤʝʶʪ ʩʬʝʨʠʯʝʩʢʫʶ ʬʦʨʤʫ, ʘ ʠʭ ʨʘʟʤʝʨ ʥʝ ʧʨʝʚʳʰʘʝʪ 

1 ʤʢʤ, ʯʪʦ ʩʦʛʣʘʩʥʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʠʩʪʦʯʥʠʢʘʤ, ʷʚʣʷʝʪʩʷ ʬʘʢʪʦʨʦʤ, ʧʦʟʚʦʣʷʶʱʠʤ 

ʦʞʠʜʘʪʴ, ʯʪʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʙʫʜʝʪ 

ʚʳʩʦʢʦʡ. 

ʈʘʩʩʯʠʪʘʥʥʳʝ ʤʝʪʦʜʦʤ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ ʩʨʝʜʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʣʠʥʝʡʥʦʛʦ 

ʪʝʧʣʦʚʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 400ï1100 ʂ ʜʣʷ ʢʝʨʘʤʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ 

ʠʥʜʘʪʦʚ DyʭLa1ïxInO3 ʩʦ ʟʥʘʯʝʥʠʷʤʠ ʩʪʝʧʝʥʠ ʟʘʤʝʱʝʥʠʷ ʭ = 0,03; 0,05; 0,07 ʨʘʚʥʳ 

7,94Ŀ10-6 ʂ-1
, 7,77Ŀ10-6 ʂ-1

 ʠ 7,51Ŀ10-6 ʂ-1
 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʦʪʤʝʯʝʥʥʳʤ 

ʨʘʥʝʝ ʫʤʝʥʴʰʝʥʠʝʤ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ DyʭLa1ïxInO3 

ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʩʪʝʧʝʥʠ ʟʘʤʝʱʝʥʠʷ x.  

ɺʦ ʚʩʝʭ ʩʧʝʢʪʨʘʭ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʠʥʜʘʪʦʚ DyʭLa1ïxInO3, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʜʣʠʥʘʭ ʚʦʣʥ ʚʦʟʙʫʞʜʝʥʠʷ (275, 333, 362 ʠ 455 ʥʤ), ʥʘʙʣʶʜʘʝʪʩʷ ʫʟʢʘʷ ʧʦʣʦʩʘ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʠ ʤʘʢʩʠʤʫʤʦʤ ʧʨʠ 544 ʥʤ, ʨʘʩʧʦʣʦʞʝʥʥʘʷ ʚ ʟʝʣʝʥʦʡ ʦʙʣʘʩʪʠ ʚʠʜʠʤʦʛʦ 

ʩʧʝʢʪʨʘ. ʇʨʠ ʚʦʟʙʫʞʜʝʥʠʠ ʋʌ-ʠʟʣʫʯʝʥʠʝʤ (275, 333 ʠ 362 ʥʤ) ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʦʙʣʘʜʘʶʪ ʦʙʨʘʟʮʳ ʠʥʜʘʪʦʚ DyʭLa1ïxInO3 ʩ 

ʩʦʜʝʨʞʘʥʠʝʤ ʠʦʥʦʚ ʜʠʩʧʨʦʟʠʷ ʭ = 0,03 ʠ 0,05. 
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ʀʉʉʃɽɼʆɺɸʅʀɽ ʈɸʉʊɺʆʈʀʄʆʉʊʀ ʕʌʀʈʆɺ L-ʌɽʅʀʃɸʃɸʅʀʅɸ ɺ ɺʆɼɽ 

ʂʘʧʠʪʘʥʦʚ ʀ. ɺ., ʉʝʨʜʶʢ ɸ. ɸ., ʂʘʨʧʠʯʝʚ ɽ. ɸ. 

ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʦ-ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠ ʫʛʣʝʭʠʤʠʠ ʠʤ. ʃ. ʄ. ʃʠʪʚʠʥʝʥʢʦ ʅɸʅʋ 

ʊʘʣʣʠʥʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ivkapitanov@gmail.com 

 

ʕʬʠʨʳ L-ʬʝʥʠʣʘʣʘʥʠʥʘ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤʠ ʠʟ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʤʝʪʘʙʦʣʠʪʦʚ 

ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʢʣʘʩʩʘ L-ʬʝʥʠʣʘʣʘʥʠʥʦʚʳʭ ʠʦʥʥʳʭ ʞʠʜʢʦʩʪʝʡ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʚʦʟʤʦʞʥʳʭ ʧʫʪʝʡ ʠʭ ʙʠʦʜʝʛʨʘʜʘʮʠʠ ʠ ʦʮʝʥʢʠ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʪʦʢʩʠʯʥʦʩʪʠ 

ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʚʘʞʥʦʡ ʷʚʣʷʝʪʩʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʚ ʚʦʜʝ ʢʘʢ ʩʘʤʠʭ ʠʦʥʥʳʭ 

ʞʠʜʢʦʩʪʝʡ, ʪʘʢ ʠ ʧʨʦʜʫʢʪʦʚ ʠʭ ʙʠʦʪʨʘʥʩʬʦʨʤʘʮʠʠ. 

 

 
 

ʉ ʧʦʤʦʱʴʶ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʥʘʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʦʧʨʝʜʝʣʝʥʘ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʚ ʜʝʠʦʥʠʟʠʨʦʚʘʥʥʦʡ ʚʦʜʝ ʦʢʪʠʣʦʚʦʛʦ, ʜʝʮʠʣʦʚʦʛʦ ʠ 

ʜʦʜʝʮʠʣʦʚʦʛʦ ʵʬʠʨʦʚ L-ʬʝʥʠʣʘʣʘʥʠʥʘ. ɼʣʷ ʙʫʪʠʣʦʚʦʛʦ ʠ ʛʝʢʩʠʣʦʚʦʛʦ ʵʬʠʨʦʚ 

ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʨʘʩʩʯʠʪʘʥʘ ʠʩʭʦʜʷ ʠʟ ʘʥʘʣʠʟʘ ʪʝʥʜʝʥʮʠʡ ʠʟʤʝʥʝʥʠʷ ʨʘʩʪʚʦʨʠʤʦʩʪʠ 

ʘʣʠʬʘʪʠʯʝʩʢʠʭ ʩʧʠʨʪʦʚ ʚ ʚʦʜʝ ʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʚ 

ʠʟʤʝʥʝʥʠʠ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʚʳʩʰʠʭ ʛʦʤʦʣʦʛʦʚ ʵʪʦʡ ʛʨʫʧʧʳ ʩʦʝʜʠʥʝʥʠʡ. ʈʝʟʫʣʴʪʘʪʳ 

ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ. 

 

ʊʘʙʣʠʮʘ. ʈʘʩʪʚʦʨʠʤʦʩʪʴ ʵʬʠʨʦʚ L-ʬʝʥʠʣʘʣʘʥʠʥʘ ʚ ʚʦʜʝ (25 ʦʉ) 

 

ɿʘʤʝʩʪʠʪʝʣʴ 
ʄʦʣ. ʤʘʩʩʘ 

ʩʦʝʜʠʥʝʥʠʷ 

ʈʘʩʪʚʦʨʠʤʦʩʪʴ 
ʄʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ 

ʤʦʣʴ/ʣ ʛ/ʣ 

C4H9 221.30 0.28 61.3 ʕʢʩʪʨʘʧʦʣʷʮʠʷ 

C6H13 249.35 0.015 3.64 ʕʢʩʪʨʘʧʦʣʷʮʠʷ 

C8H17 277.41 0.00089 0.25 ʉʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʷ 

C10H21 305.46 0.00067 0.20 ʉʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʷ 

C12H25 333.52 0.00021 0.07 ʉʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʷ 

 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʫʩʣʦʚʠʡ ʧʨʦʚʝʜʝʥʠʷ 

ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ ʵʬʠʨʦʚ L-ʬʝʥʠʣʘʣʘʥʠʥʘ ʥʘ ʪʦʢʩʠʯʥʦʩʪʴ ʠ 

ʙʠʦʨʘʟʣʘʛʘʝʤʦʩʪʴ ʢʘʢ ʠʟ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʤʝʪʘʙʦʣʠʪʦʚ L-ʬʝʥʠʣʘʣʘʥʠʥʦʚʳʭ ʠʦʥʥʳʭ 

ʞʠʜʢʦʩʪʝʡ. 
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ʆʇʈɽɼɽʃɽʅʀɽ ʂʆʕʌʌʀʎʀɽʅʊʆɺ ʕʂʉʊʀʅʂʎʀʀ  

ʕʊʀʃʆɺʆɻʆ ʕʌʀʈɸ L-ʌɽʅʀʃɸʃɸʅʀʅɸ ɺ ɺʆɼɽ 

ʂʘʧʠʪʘʥʦʚ ʀ. ɺ., ʉʝʨʜʶʢ ɸ. ɸ., ʂʘʨʧʠʯʝʚ ɽ. ɸ. 

ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʦ-ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠ ʫʛʣʝʭʠʤʠʠ ʠʤ. ʃ. ʄ. ʃʠʪʚʠʥʝʥʢʦ ʅɸʅʋ 

ʊʘʣʣʠʥʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 
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ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʫʩʪʘʥʦʚʣʝʥʠʷ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʵʬʠʨʦʚ L-ʬʝʥʠʣʘʣʘʥʠʥʘ 

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʥʝʦʙʭʦʜʠʤʦ ʠʤʝʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ ʢʦʵʬʬʠʮʠʝʥʪʘʭ 

ʵʢʩʪʠʥʢʮʠʠ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ. ʇʦʩʢʦʣʴʢʫ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʜʣʠʥʳ ʘʣʢʠʣʴʥʦʛʦ ʟʘʤʝʩʪʠʪʝʣʷ 

ʵʣʝʢʪʨʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʠʩʩʣʝʜʫʝʤʳʭ ʤʦʣʝʢʫʣ ʤʝʥʷʶʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦ, ʵʪʦ ʜʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʨʝʜʝʣʠʪʴ ʢʦʵʬʬʠʮʠʝʥʪ ʵʢʩʪʠʥʢʮʠʠ ʥʘ ʦʜʥʦʤ ʠʟ ʛʦʤʦʣʦʛʦʚ ʠ ʜʘʣʝʝ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʛʦ ʜʣʷ ʦʩʪʘʣʴʥʳʭ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʩʦʝʜʠʥʝʥʠʡ ʵʪʦʡ ʛʨʫʧʧʳ. 

ʅʘʤʠ ʚʳʧʦʣʥʝʥʦ ʦʧʨʝʜʝʣʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʵʢʩʪʠʥʢʮʠʠ ʜʣʷ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ 

ʦʩʥʦʚʘʥʠʷ ʵʪʠʣʦʚʦʛʦ ʵʬʠʨʘ L-ʬʝʥʠʣʘʣʘʥʠʥʘ (ʨʠʩ. 1) ʠ ʝʛʦ ʛʠʜʨʦʭʣʦʨʠʜʘ (ʨʠʩ. 2). 

 

    
ʈʠʩ. 1. ʉʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʠ ʢʘʣʠʙʨʦʚʦʯʥʳʡ ʛʨʘʬʠʢ (ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 257.8 nm) ʜʣʷ 

ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʵʪʠʣʦʚʦʛʦ ʵʬʠʨʘ L-ʬʝʥʠʣʘʣʘʥʠʥʘ (ʚ ʬʦʨʤʝ ʦʩʥʦʚʘʥʠʷ); 25 ʦʉ 

    
ʈʠʩ. 2. ʉʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʠ ʢʘʣʠʙʨʦʚʦʯʥʳʡ ʛʨʘʬʠʢ (ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 257.2 nm) ʜʣʷ 

ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʛʠʜʨʦʭʣʨʠʜʘ ʵʪʠʣʦʚʦʛʦ ʵʬʠʨʘ L-ʬʝʥʠʣʘʣʘʥʠʥʘ; 25 ʦʉ 

 

ʇʦʩʪʨʦʝʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʩʧʝʢʪʨʦʚ ʧʦʛʣʦʱʝʥʠʷ ʢʘʣʠʙʨʦʚʦʯʥʳʝ ʛʨʘʬʠʢʠ 

ʧʦʟʚʦʣʠʣʠ ʨʘʩʩʯʠʪʘʪʴ ʢʦʵʬʬʠʮʠʝʥʪʳ ʵʢʩʪʠʥʢʮʠʠ ʦʩʥʦʚʘʥʠʷ ʵʪʠʣʦʚʦʛʦ ʵʬʠʨʘ L-ʬʝʥʠʣ-

ʘʣʘʥʠʥʘ ʠ ʝʛʦ ʛʠʜʨʦʭʣʦʨʠʜʘ, ʢʦʪʦʨʳʝ ʩʦʩʪʘʚʣʷʶʪ 193 ʣĀʤʦʣʴï1Āʩʤï1 ʠ 200 ʣĀʤʦʣʴï1Āʩʤï1, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 
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ʂʆʃʃʆʀɼʅʓɽ ʈɸʉʊɺʆʈʓ ʌʋʃʃɽʈɽʅɸ ʉ60 ɺ ɺʆɼɽ ʀ ʀʍ 

ɺɿɸʀʄʆɼɽʁʉʊɺʀɽ ʉ ʂɸʊʀʆʅʅʓʄʀ ʂʈɸʉʀʊɽʃʗʄʀ 

ʂʣʦʯʘʥʶʢ ʆ. ʈ., ʏʝʡʧʝʰ ʊ. ɸ., ʍʘʨʯʝʥʢʦ ɸ. ʖ. 

ʍʘʨʴʢʦʚʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ɺ. ʅ. ʂʘʨʘʟʠʥʘ 

ʢʘʬʝʜʨʘ ʬʠʟʠʯʝʩʢʦʡ ʭʠʤʠʠ  

triumfaria12@mail.ru 

 

ʌʫʣʣʝʨʝʥ ʉ60 ï ʤʦʣʝʢʫʣʷʨʥʦʝ ʩʦʝʜʠʥʝʥʠʝ, ʦʜʥʘ ʠʟ ʘʣʣʦʪʨʦʧʥʳʭ ʤʦʜʠʬʠʢʘʮʠʡ 

ʫʛʣʝʨʦʜʘ, ʠʤʝʶʱʘʷ ʙʣʠʟʢʫʶ ʢ ʩʬʝʨʠʯʝʩʢʦʡ ʬʦʨʤʫ ʚʳʧʫʢʣʦʛʦ ʤʥʦʛʦʛʨʘʥʥʠʢʘ, 

ʩʦʩʪʦʷʱʝʛʦ ʠʟ 12 ʧʝʥʪʘʛʦʥʦʚ ʠ 20 ʛʝʢʩʘʛʦʥʦʚ.  

ɺ çʧʣʦʭʠʭè ʨʘʩʪʚʦʨʠʪʝʣʷʭ, ʢ ʯʠʩʣʫ ʢʦʪʦʨʳʭ ʦʪʥʦʩʠʪʩʷ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʚʦʜʘ, 

ʬʫʣʣʝʨʝʥ ʦʙʨʘʟʫʝʪ ʢʦʣʣʦʠʜʥʳʝ ʨʘʩʪʚʦʨʳ, ʢʦʪʦʨʳʝ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʜʠʩʧʝʨʛʘʮʠʦʥʥʳʤ ʤʝʪʦʜʦʤ ʧʦ ʠʟʚʝʩʪʥʦʡ ʤʝʪʦʜʠʢʝ (S. Deguchi, et al., 2009). ɺ ʢʘʯʝʩʪʚʝ 

ʩʪʘʙʠʣʠʟʘʪʦʨʘ ʚʳʩʪʫʧʘʣ ʨʘʩʪʚʦʨ ʥ-ʜʦʜʝʮʠʣʩʫʣʴʬʘʪʘ ʥʘʪʨʠʷ (ʠʩʭʦʜʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʢʦʪʦʨʦʛʦ ʩʦʩʪʘʚʣʷʣʘ 0,04 ʤʦʣʴ/ʣ). ʇʦ ʜʘʥʥʳʤ ʤʝʪʦʜʘ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʚʝʪʦʨʘʩʩʝʷʥʠʷ, 

ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ ʯʘʩʪʠʮ ʧʦʣʫʯʝʥʥʳʭ ʩʠʩʪʝʤ ʩʦʩʪʘʚʣʷʣ ʦʪ 139 ʜʦ 168 ʥʤ (ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʧʦ ʠʥʪʝʥʩʠʚʥʦʩʪʠ). ʊʘʢʞʝ ʙʳʣʦ ʚʳʷʩʥʝʥʦ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ ʩʠʩʪʝʤʳ ʩʦʭʨʘʥʷʶʪ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʜʝʡʩʪʚʠʶ ʵʣʝʢʪʨʦʣʠʪʦʚ ʜʦ ʢʦʥʮʝʥʪʨʘʮʠʡ 750 ʤʤʦʣʴ/ʣ ʠ 50 ʤʤʦʣʴ/ʣ NaCl 

ʠ HCl ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʀʟʚʝʩʪʥʦ, ʯʪʦ 

ʧʦʚʝʨʭʥʦʩʪʴ ʢʦʣʣʦʠʜʥʳʭ ʯʘʩʪʠʮ ʉ60 ʚ ʚʦʜʝ 

ʦʙʣʘʜʘʝʪ ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʟʘʨʷʜʦʤ, ʯʪʦ 

ʧʦʜʪʚʝʨʞʜʝʥʦ ʧʨʠ ʠʟʤʝʨʝʥʠʠ ɕ-ʧʦʪʝʥʮʠ-

ʘʣʘ, ʚʝʣʠʯʠʥʘ ʢʦʪʦʨʦʛʦ ʩʦʩʪʘʚʠʣʘ ʦʪ ï49 

ʜʦ ï62 ʤɺ (ʚʝʨʦʷʪʥʦ, ʟʥʘʯʠʪʝʣʴʥʳʡ ʚʢʣʘʜ 

ʧʨʠ ʵʪʦʤ ʚʥʦʩʷʪ ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʝ ʘʥʠʦʥʳ 

ʇɸɺ). ʕʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʜʝʣʘʝʪ 

ʚʦʟʤʦʞʥʳʤ ʩʚʷʟʳʚʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʴʶ 

ʢʦʣʣʦʠʜʥʳʭ ʯʘʩʪʠʮ ʢʘʪʠʦʥʥʳʭ ʤʦʣʝʢʫʣ, ʚ 

ʯʘʩʪʥʦʩʪʠ ʢʨʘʩʠʪʝʣʝʡ.  

ɺ ʢʘʯʝʩʪʚʝ ʢʘʪʠʦʥʥʳʭ ʢʨʘʩʠʪʝʣʝʡ 

ʙʳʣʠ ʚʳʙʨʘʥʳ ʥʝʡʪʨʘʣʴʥʳʡ ʢʨʘʩʥʳʡ 

(3-ʘʤʠʥʦ-7-ʜʠʤʝʪʠʣʘʤʠʥʦ-2-ʤʝʪʠʣʬʝʥʘʟʠ-

ʥʘ ʛʠʜʨʦʭʣʦʨʠʜ, ʜʘʣʝʝ ʅʂ) ʠ ʧʩʝʚʜʦ-

ʠʟʦʮʠʘʥʠʥ (1,1-ʜʠʵʪʠʣ-2,2-ʮʠʘʥʠʥ ʠʦʜʠʜ, 

ʜʘʣʝʝ ʇʀʎ). ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʜʘʞʝ ʧʨʠ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʉ60 4,8Ŀ10
-2 ʤʛ/ʣ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʥʘʙʣʶʜʘʝʪʩʷ ʩʜʚʠʛ ʤʘʢʩʠʤʫʤʘ 

ʧʦʛʣʦʱʝʥʠʷ ʢʨʘʩʠʪʝʣʝʡ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʛʠʧʩʦʭʨʦʤʥʳʡ ʜʣʷ ʢʠʩʣʦʡ ʬʦʨʤʳ ʅʂ ʠ 

ʙʘʪʦʭʨʦʤʥʳʡ ʜʣʷ ʱʝʣʦʯʥʦʡ ʧʩʝʚʜʦʠʟʦʮʠʘʥʠʥʘ ʇʀʎ (ʨʠʩ. 1).  
ɼʣʷ ʠʩʩʣʝʜʫʝʤʳʭ ʢʨʘʩʠʪʝʣʝʡ ʧʨʠ ʧʦʤʦʱʠ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʙʳʣ 

ʧʦʣʫʯʝʥ ʨʷʜ ʧʦʢʘʟʘʪʝʣʝʡ ʢʦʥʩʪʘʥʪ ʢʠʩʣʦʪʥʦʩʪʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʉ60 

(ʪʘʙʣ. 1).  

 

ʊʘʙʣʠʮʘ 1. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʩʤʝʰʘʥʥʦʡ ʢʦʥʩʪʘʥʪʳ ʢʠʩʣʦʪʥʦʩʪʠ ʧʩʝʚʜʦʠʟʦʮʠʘʥʠʥʘ 

C(C60), ʤʛ/ʣ 

NaCl, ʤʦʣʴ/ʣ 0,48 0,048 0 

0 3,3 Ñ 0,1 3,4 Ñ 0,2 3,76 Ñ 0,04 

0,3 3,96 Ñ 0,09 1,97 Ñ 0,05 4,58 

 

ʅʘʡʜʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʥʩʪʘʥʪ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʟʥʘʯʝʥʠʡ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ. ʕʪʦ 

ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʧʦʣʥʦʤ ʠʣʠ ʯʘʩʪʠʯʥʦʤ ʩʚʷʟʳʚʘʥʠʠ ʢʨʘʩʠʪʝʣʷ ʩ ʉ60.  

 
ʈʠʩ. 1. ʉʧʝʢʪʨ ʱʝʣʦʯʥʦʡ ʬʦʨʤʳ ʇʀʎ ï 

(1), (2) ʠ ʢʠʩʣʦʡ ʬʦʨʤʳ ʅʂ ï (3), (4) ʚ 

ʚʦʜʝ ï (1), (3) ʠ ʧʦʩʣʝ ʜʦʙʘʚʣʝʥʠʷ 

ʢʦʣʣʦʠʜʥʳʭ ʯʘʩʪʠʮ ʉ60 (2), (4) 
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ʌɸɿʆɺɯ ʈɯɺʅʆɺɸɻʀ ɺ ʇʆɼɺɯʁʅʀʍ ʉʀʉʊɽʄɸʍ La2O3-Sm2O3(Gd2O3) 

ʂʦʨʥʽʻʥʢʦ ʆ. ɸ.1, ɸʥʜʨʽʻʚʩʴʢʘ ʆ. ʈ.1,2, ɹʠʢʦʚ ʆ. ɯ.1, ɹʦʛʘʪʠʨʴʦʚʘ ɾ. ɼ.3 

1ɯʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʘ ʽʤʝʥʽ ɯ. ʄ. ʌʨʘʥʮʝʚʠʯʘ ʅɸʅ ʋʢʨʘʾʥʠ  
2ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪè  

3ʌʽʟʠʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʤʝʪʘʣʽʚ ʪʘ ʩʧʣʘʚʽʚ ʅɸʅ ʋʢʨʘʾʥʠ, ʂʠʾʚ 

Kornienkooksana@ukr.net 

 

ʅʦʚʘ ʪʝʭʥʽʢʘ ʧʨʝʜ'ʷʚʣʷʻ ʙʽʣʴʰ ʞʦʨʩʪʢʽ ʚʠʤʦʛʠ ʜʦ ʤʘʪʝʨʽʘʣʽʚ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʪʘ ʩʧʦʩʦʙʽʚ ʾʭ ʦʪʨʠʤʘʥʥʷ, ʪʦʤʫ ʧʦʰʫʢ ʥʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʩʧʦʩʦʙʽʚ ʾʭ 

ʦʪʨʠʤʘʥʥʷ ʪʘ ʤʝʪʦʜʠ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʜʦ ʨʦʟʜʽʣʫ 

ʚʘʞʣʠʚʠʭ ʥʘʫʢʦʚʠʭ ʪʘ ʚʠʨʦʙʥʠʯʠʭ ʟʘʜʘʯ. ʆʢʩʠʜʠ ʨʽʜʢʽʩʥʦʟʝʤʝʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ ʻ 

ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʫ ʜʽʾ, 

ʱʦ ʚ ʩʚʦʶ ʯʝʨʛʫ ʚʠʟʥʘʯʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʜʦʩʣʽʜʞʝʥʥʷ ʬʘʟʦʚʠʭ ʨʽʚʥʦʚʘʛ ʚ 

ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʠʭ ʦʢʩʠʜʥʠʭ ʩʠʩʪʝʤʘʭ. 

ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʚʧʝʨʰʝ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʽʚ ʈʌɸ ʪʘ ʧʝʪʨʦʛʨʘʬʽʾ ʜʦʩʣʽʜʞʝʥʦ 

ʬʘʟʦʚʽ ʨʽʚʥʦʚʘʛʠ ʪʘ ʬʽʟʠʢʦ-ʭʽʤ̔ʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʬʘʟ ʫʪʚʦʨʝʥʠʭ ʚ ʧʦʜʚʽʡʥʠʭ ʩʠʩʪʝʤʘʭ 

La2O3-Sm2O3 ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 1500 ʉ̄ (50 ʛʦʜ.) ʪʘ 1100 ʉ̄ (13500 ʛʦʜ.) ʽ La2O3-Gd2O3 

ʧʨʠ 1500 ʉ̄ (225 ʛʦʜ.) ʪʘ 1100 ʉ̄ (9820 ʛʦʜ.) ʥʘ ʧʦʚʽʪʨʽ ʫ ʚʩʴʦʤʫ ʽʥʪʝʨʚʘʣʽ ʢʦʥʮʝʥʪʨʘʮʽʡ. 

ɺ ʷʢʦʩʪʽ ʚʠʭʽʜʥʠʭ ʨʝʯʦʚʠʥ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ La2O3, Sm2O3, Gd2O3 ʟ ʚʤʽʩʪʦʤ ʦʩʥʦʚʥʦʛʦ 

ʢʦʤʧʦʥʝʥʪʫ 99.99 % ʪʘ ʘʟʦʪʥʫ ʢʠʩʣʦʪʫ ʤʘʨʢʠ çʏɼɸè. ɿʨʘʟʢʠ ʛʦʪʫʚʘʣʠ ʟ ʢʦʥʮʝʥʪʨʘʮʽʡʥʠʤ 

ʢʨʦʢʦʤ 5 ʤʦʣ. % ʟ ʨʦʟʯʠʥʽʚ ʘʟʦʪʥʦʢʠʩʣʠʭ ʩʦʣʝʡ ʟ ʧʦʩʣʽʜʫʶʯʠʤ ʚʠʧʘʨʶʚʘʥʥʷʤ, ʩʫʰʢʦʶ 

ʪʘ ʧʨʦʞʘʨʶʚʘʥʥʷʤ ʧʨʠ 1200 C̄ ʧʨʦʪʷʛʦʤ 2 ʛʦʜ. ʇʦʨʦʰʢʠ ʧʨʝʩʫʚʘʣʠ ʚ ʪʘʙʣʝʪʢʠ 

ʜʽʘʤʝʪʨʦʤ 5 ʪʘ ʚʠʩʦʪʦʶ 4 ʤʤ ʧʽʜ ʪʠʩʢʦʤ 10 ʄʇʘ.  

ɺʠʚʯʝʥʥʷ ʚʟʘʻʤʦʜʽʾ La2O3 (ʛʝʢʩʘʛʦʥʘʣʴʥʘ ʤʦʜʠʬʽʢʘʮʽʷ, ɸ) ʪʘ Sm2O3 (Gd2O3) 

(ʤʦʥʦʢʣʽʥʥʘ ʤʦʜʠʬʽʢʘʮʽʷ, ɺ) ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 1100, 1500 Áʉ ʧʦʢʘʟʘʣʠ, ʱʦ ʚ ʩʠʩʪʝʤʘʭ 

La2O3-Sm2O3 (Gd2O3) ʫʪʚʦʨʶʶʪʴʩʷ ʜʚʘ ʪʠʧʠ ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ: ʥʘ ʦʩʥʦʚʽ ʛʝʢʩʘʛʦʥʘʣʴʥʦʾ 

ʤʦʜʠʬʽʢʘʮʽʾ ɸ-La2O3 ʪʘ ʤʦʥʦʢʣʽʥʥʦʾ ʤʦʜʠʬʽʢʘʮʽʾ ɺ-Sm2O3 (Gd2O3), ʷʢʽ ʨʦʟʜʽʣʝʥʽ 

ʜʚʦʬʘʟʥʠʤ ʧʦʣʝʤ (A + ɺ). ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟ ʧʦʥʠʞʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ ʛʝʪʝʨʦʛʝʥʥʘ 

ʦʙʣʘʩʪʴ ʨʦʟʰʠʨʶʻʪʴʩʷ. 

ɻʨʘʥʠʮʽ ʦʙʣʘʩʪʝʡ ʛʦʤʦʛʝʥʥʦʩʪʽ ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ ʥʘ ʦʩʥʦʚʽ A-La2O3, B-Sm2O3 ʚ 

ʩʠʩʪʝʤʽ La2O3-Sm2O3 ʧʨʠ 1100 ʉ̄ ʚʠʟʥʘʯʝʥʽ ʩʢʣʘʜʘʤʠ, ʱʦ ʤʽʩʪʷʪʴ 15-20 ʤʦʣ. % Sm2O3 ʪʘ 

40ï45 ʤʦʣ. % Sm2O3, ʚʽʜʧʦʚʽʜʥʦ. ʈʦʟʯʠʥʥʽʩʪʴ La2O3 ʚ B-ʤʦʜʠʬʽʢʘʮʽʾ Sm2O3 ʩʢʣʘʜʘʻ 

~15 ʤʦʣ. %. ʇʘʨʘʤʝʪʨʠ ʝʣʝʤʝʥʪʘʨʥʦʾ ʢʦʤʽʨʢʠ ʟʙʽʣʴʰʫʶʪʴʩʷ ʚʽʜ a = 1.3918 ʥʤ, 

b = 0.3619 ʥʤ, c = 0.8852 ʥʤ, ɓ = 94.38 ʜʣʷ ʯʠʩʪʦʛʦ Sm2O3 ʜʦ a = 1.4360 ʥʤ, b = 0.3678 ʥʤ, 

c = 0.8909 ʥʤ, ɓ = 96.33 (1100 ÁC) ʜʣʷ ʛʨʘʥʠʯʥʦʛʦ ʩʢʣʘʜʫ ʪʚʝʨʜʦʛʦ ʨʦʟʯʠʥʫ, ʱʦ ʤʽʩʪʠʪʴ 

20 ʤʦʣ. % La2O3-80 ʤʦʣ. % Sm2O3.  

ɿ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʝʪʨʦʛʨʘʬʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʨʘʟʢʠ ʷʢʽ ʤʽʩʪʷʪʴ 

ʚʽʜ 80 ʜʦ 20 ʤʦʣ. % La2O3 (1100 ÁC) ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʥʘʷʚʥʽʩʪʶ ʜʚʦʭ ʘʥʽʟʦʪʨʦʧʥʠʭ ʬʘʟ. 

ɻʝʢʩʘʛʦʥʘʣʴʥʘ ʤʦʜʠʬʽʢʘʮʽʷ A-La(OH)3 ʧʨʦʷʚʣʷʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʧʨʦʟʦʨʠʭ ʧʣʘʩʪʠʥʦʢ ʟ 

ʥʠʟʴʢʠʤʠ ʢʦʣʴʦʨʘʤʠ ʽʥʪʝʨʬʝʨʝʥʮʽʾ (ʚʽʜ ʩʽʨʦʛʦ ʜʦ ʞʦʚʪʦʛʦ). ɺ ʪʦʡ ʯʘʩ, ʷʢ ʤʦʥʦʢʣʽʥʥʘ 

ʤʦʜʠʬʽʢʘʮʽʷ ɺ-La2O3 ʢʨʠʩʪʘʣʽʟʫʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʘʛʣʦʤʝʨʘʪʽʚ, ʱʦ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʜʨʽʙʥʠʭ 

ʯʘʩʪʠʥʦʢ. 

ʈʦʟʯʠʥʥʽʩʪʴ Sm2O3 ʚ ʛʝʢʩʘʛʦʥʘʣʴʥʽʡ ʤʦʜʠʬʽʢʘʮʽʾ ɸ-La2O3 ʩʢʣʘʜʘʻ ~20 ʤʦʣ. % ʧʨʠ 

1100 Áʉ. ʇʘʨʘʤʝʪʨʠ ʝʣʝʤʝʥʪʘʨʥʦʾ ʢʦʤʽʨʢʠ ʟʙʽʣʴʰʫʶʪʴʩʷ ʚʽʜ a = 0.6523 ʥʤ, c = 0.3855 ʥʤ 

ʜʣʷ ʯʠʩʪʦʛʦ La2O3 ʜʦ a = 0.6494 ʥʤ, c = 0.3821 ʥʤ ʜʣʷ ʛʨʘʥʠʯʥʦʛʦ ʩʢʣʘʜʫ ʪʚʝʨʜʦʛʦ 

ʨʦʟʯʠʥʫ, ʱʦ ʤʽʩʪʠʪʴ 85 ʤʦʣ. % La2O3-15 ʤʦʣ. % Sm2O3 (1100 Áʉ). 
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ɽʃɽʂʊʈʆʍɯʄɯʏʅɯ ʍɸʈɸʂʊɽʈʀʉʊʀʂʀ LiNi0.5Mn1.5O4 ɺ ʐʀʈʆʂɯʁ ʆɹʃɸʉʊɯ 

ʇʆʊɽʅʎɯɸʃɯɺ 

ʂʦʩʠʣʦʚ ɺ. ɺ., ʂʠʨʠʣʣʦʚ ʉ. ɸ. 
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ʉʪʫʧʽʥʴ ʜʝʛʨʘʜʘʮʽʾ ʢʘʪʦʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʧʨʠ ʧʝʨʝʨʦʟʨʷʜʞʝʥʥʽ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʧʨʠʨʦʜʦʶ ʪʘ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʢʘʪʦʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʷʢʽ ʚ ʩʚʦʶ ʯʝʨʛʫ 

ʤʦʞʫʪʴ ʩʫʪʪʻʚʦ ʚʽʜʨʽʟʥʷʪʠʩʷ ʫ ʨʽʟʥʠʭ ʚʠʨʦʙʥʠʢʽʚ. ʅʘʤʠ ʜʦʩʣʽʜʞʫʻʪʴʩʷ ʚʧʣʠʚ 

ʧʝʨʝʨʦʟʨʷʜʞʝʥʥʷ ʥʘ ʝʣʝʢʪʨʦʭʽʤʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʘʪʦʜʫ ʥʘ ʦʩʥʦʚʽ ʢʦʤʝʨʮʽʡʥʦʛʦ 

ʟʨʘʟʢʫ ʰʧʽʥʝʣʽ LiNi0.5Mn1.5O4 (SP-10) ʬʽʨʤʠ NEI. 

ɽʣʝʢʪʨʦʭʽʤʽʯʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʧʨʦʚʦʜʠʣʠ ʫ ʤʘʢʝʪʘʭ ˇʫʜʟʠʢʦʚʦʛʦ ʪʠʧʫ ʚ ʛʘʙʘʨʠʪʘʭ 

2016 ʟ ʣʽʪʽʻʤ ʫ ʷʢʦʩʪʽ ʜʦʧʦʤʽʞʥʦʛʦ ʝʣʝʢʪʨʦʜʫ ʪʘ ʝʣʝʢʪʨʦʜʫ ʧʦʨʽʚʥʷʥʥʷ ʪʘ ʟ ʝʣʝʢʪʨʦʣʽʪʦʤ 

1ʄ LiPF6 ʚ EC+DMC (1:1). ʂʘʪʦʜʠ ʚʠʛʦʪʦʚʣʷʣʠ ʰʣʷʭʦʤ ʥʘʥʝʩʝʥʥʷ ʩʫʩʧʝʥʟʽʾ ʩʢʣʘʜʫ 80 % 

ʘʢʪʠʚʥʦʾ ʨʝʯʦʚʠʥʠ + 12 % ʩʪʨʫʤʦʧʨʦʚʽʜʥʦʾ ʜʦʤʽʰʢʠ + 8 % PVdF ʫ N-ʤʝʪʠʣʧʽʨʦʣʽʜʦʥʽ ʥʘ 

ʘʣʶʤʽʥʽʻʚʫ ʬʦʣʴʛʫ. ɽʣʝʢʪʨʦʭʽʤʽʯʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʧʨʦʚʦʜʠʣʠ ʥʘ ʘʚʪʦʤʘʪʠʯʥʦʤʫ ʩʪʝʥʜʽ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ (CC-CV) ʮʠʢʣʫʚʘʥʥʷ. 

ʗʢ ʚʠʧʣʠʚʘʻ ʽʟ ʨʠʩʫʥʢʫ ɸ, ʧʠʪʦʤʘ ʻʤʥʽʩʪʴ LiNi0,5Mn1,5O4 ʧʨʠ ʮʠʢʣʫʚʘʥʥʽ ʫ 

ʩʪʘʥʜʘʨʪʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʧʦʪʝʥʮʽʘʣʽʚ 3.5ï5.0 ɺ ʥʘ ʧʨʦʪʷʟʽ 46 ʮʠʢʣʽʚ ʧʦʩʪʫʧʦʚʦ 

ʟʙʽʣʴʰʫʻʪʴʩʷ. ʎʠʢʣʫʚʘʥʥʷ ʟ ʧʝʨʝʨʦʟʨʷʜʞʝʥʥʷʤ ʜʦ 2.25 ɺ (ʮʠʢʣʠ 50ï74) ʧʦʢʘʟʘʣʦ 

ʧʦʯʘʪʢʦʚʝ ʧʽʜʚʠʱʝʥʥʷ ʧʠʪʦʤʦʾ ʻʤʥʦʩʪʽ ʜʦ 150 ʤɸĿʛʦʜ/ʛ, ʦʜʥʘʢ ʧʦ ʤʽʨʽ ʮʠʢʣʫʚʘʥʥʷ ʾʾ 

ʟʥʘʯʝʥʥʷ ʟʥʠʞʫʻʪʴʩʷ. ʇʦʚʝʨʥʝʥʥʷ ʜʦ ʩʪʘʥʜʘʨʪʥʦʛʦ ʜʽʘʧʘʟʦʥʫ (ʮʠʢʣʠ 80ï176) ʧʦʢʘʟʘʣʦ 

ʩʪʘʙʽʣʴʥʝ ʟʥʘʯʝʥʥʷ ʧʠʪʦʤʦʾ ʻʤʥʦʩʪʽ 105 ʤɸĿʛʦʜ/ʛ. ʇʦʜʘʣʴʰʝ ʧʦʚʪʦʨʝʥʥʷ ʩʝʨʽʡ ʟ 

ʧʝʨʝʨʦʟʨʷʜʞʝʥʥʷʤ ʧʽʜʪʚʝʨʜʠʣʦ ʦʪʨʠʤʘʥʫ ʟʘʢʦʥʦʤʽʨʥʽʩʪʴ: ʟʥʠʞʝʥʥʷ ʧʠʪʦʤʦʾ ʻʤʥʦʩʪʽ ʧʨʠ 

ʮʠʢʣʫʚʘʥʥʽ ʜʦ ʧʦʪʝʥʮʽʘʣʫ ʨʦʟʨʷʜʞʝʥʥʷ 2.25 ɺ ʽ ʩʪʘʙʽʣʽʟʘʮʽʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʠ 

ʧʦʚʝʨʥʝʥʥʽ ʫ ʩʪʘʥʜʘʨʪʥʠʡ ʜʽʘʧʘʟʦʥ. ʊʘʢʦʞ ʚʠʜʥʦ, ʱʦ ʧʽʩʣʷ ʢʦʞʥʦʾ ʩʝʨʽʾ ʮʠʢʣʫʚʘʥʥʷ ʟ 

ʧʝʨʝʨʦʟʨʷʜʞʝʥʥʷʤ ʜʦ 2.25 ɺ ʧʠʪʦʤʘ ʻʤʥʽʩʪʴ ʟʥʠʞʫʻʪʴʩʷ ʩʘʤʝ ʫ ʚʠʩʦʢʦʚʦʣʴʪʥʦʤʫ 

ʜʽʘʧʘʟʦʥʽ. ɸʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʨʠʩʫʥʢʫ ɹ ʚʢʘʟʫʻ ʥʘ ʪʝ, ʱʦ ʧʠʪʦʤʘ ʻʤʥʽʩʪʴ ʥʠʟʴʢʦʚʦʣʴʪʥʦʾ 

ʜʽʣʷʥʢʠ ʨʦʟʨʷʜʞʝʥʥʷ (ʢʨʠʚʽ 51 ʪʘ 170) ʟʘʣʠʰʘʻʪʴʩʷ ʧʨʘʢʪʠʯʥʦ ʧʦʩʪʽʡʥʦʶ, ʘ ʟʥʠʞʝʥʥʷ 

ʟʘʛʘʣʴʥʦʾ ʻʤʥʦʩʪʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʟʥʠʞʝʥʥʷ ʻʤʥʦʩʪʽ ʚʠʩʦʢʦʚʦʣʴʪʥʦʛʦ ʧʨʦʮʝʩʫ. 

 

  

 
 

ʋ ʧʨʘʢʪʠʯʥʦʤʫ ʚʽʜʥʦʰʝʥʥʽ ʤʦʞʥʘ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʘʪʦʜʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ LiNi0.5Mn1.5O4 ʜʣʷ ʨʦʙʦʪʠ ʫ ʃɯɸ ʟ ʨʦʟʨʷʜʞʝʥʥʷʤ ʜʦ 2.25 ɺ ʥʝʜʦʮʽʣʴʥʦ. ʇʨʠ 

ʮʴʦʤʫ ʧʦʦʜʠʥʦʢʽ ʧʝʨʝʨʦʟʨʷʜʞʝʥʥʷ ʢʘʪʦʜʫ ʥʝ ʧʨʠʚʦʜʷʪʴ ʜʦ ʢʨʠʪʠʯʥʦʛʦ ʟʥʠʞʝʥʥʷ ʡʦʛʦ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 
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of Ukraine, 38ʘ Vernadsky Avenue, Kiev, 03680 Ukraine 
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The interaction between natural alumosilicate, iron powder and iron oxides in the self-

heating chemical mixtures containing graphite and a mixture of iron oxides was studied using 

DTG analysis in inert atmosphere and in presence of oxygen. The thermochemical changes in 

inert conditions (atmosphere of He) of the investigated objects have shown that iron and 

metastable compounds regulate the implementation of oxidative exothermic reaction in such 

way: FeŸFeOŸFe3O4 (FeOĿFe2O3) in the wide temperature range (19ï80 ÁC) (fig. 1). 
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Fig. 1. Energy map of the thermochemical 

reaction in the atmosphere of He 

Fig. 2. Energy map of the thermochemical 

reaction in the presence of oxygen 

 

The presence of oxygen blocks the bulk exotermic reaction due the high surface activity 

of the metastable iron oxides. In this case the stable Fe2O3 were formed. Formation of such 

structures on the wustite surface decreased the temperature range of the exotermic reaction. It 

became 20ï32 ÁC (fig. 2). 
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ʉʴʦʛʦʜʥʽ ʦʜʥʠʤ ʽʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʧʦʢʘʟʥʠʢʽʚ ʙʫʜʴ-ʷʢʦʾ ʝʢʦʥʦʤʽʢʠ ʻ ʩʧʦʞʠʚʘʥʥʷ 

ʢʨʘʾʥʦʶ ʨʽʜʢʦʟʝʤʝʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ (ʈɿɽ) ʫ ʨʽʟʥʠʭ ʩʬʝʨʘʭ. ʎʽ ʤʘʪʝʨʽʘʣʠ ʘʙʩʦʣʶʪʥʦ 

ʟʤʽʥʶʶʪʴ ʚʣʘʩʪʠʚʦʩʪʽ ʚʠʛʦʪʦʚʣʝʥʠʭ ʧʨʦʜʫʢʪʽʚ.  

ɹʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʈɿɽ ʥʝʤʦʞʣʠʚʦ ʫʷʚʠʪʠ ʩʪʚʦʨʝʥʥʷ ʥʦʚʽʪʥʽʭ ʪʝʭʥʦʣʦʛʽʡ ʜʣʷ 

ʢʦʩʤʽʯʥʦʾ ʽ ʚʽʡʩʴʢʦʚʦʾ ʪʝʭʥʽʢʠ, ʣʘʟʝʨʽʚ, ʄʈʊ-ʪʦʤʦʛʨʘʬʽʚ, ʦʧʪʠʯʥʠʭ ʧʨʠʣʘʜʽʚ ʪʘ ʽʥʰ. 

ʉʪʽʡʢʝ ʟʨʦʩʪʘʥʥʷ ʧʦʪʨʝʙʠ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʚ ʈɿɽ, ʘ ʪʘʢʦʞ ʚ ʾʭ ʯʠʩʪʠʭ ʟ'ʻʜʥʘʥʥʷʭ, 

ʚʠʤʘʛʘʻ ʟʘʣʫʯʝʥʥʷ ʚ ʧʝʨʝʨʦʙʢʫ ʙʽʜʥʦʾ ʥʘ ʚʤʽʩʪ ʈɿɽ ʤʽʥʝʨʘʣʴʥʦʾ ʩʠʨʦʚʠʥʠ. ɼʣʷ ʚʠʜʽʣʝʥʥʷ 

ʮʽʣʴʦʚʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʝʬʝʢʪʠʚʥʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʤʝʪʦʜ ʨʽʜʠʥʥʦʾ ʝʢʩʪʨʘʢʮʽʾ. ʂʣʘʩʠʯʥʘ 

ʝʢʩʪʨʘʢʮʽʷ  ʈɿɽ  ʟ ʘʟʦʪʥʦʢʠʩʣʠʤ ʩʝʨʝʜʦʚʠʱ ʪʨʠʙʫʪʠʣʬʦʩʬʘʪʦʤ (ʊɹʌ) ï ʜʦʙʨʝ ʚʠʚʯʝʥʠʡ 

ʧʨʦʮʝʩ. ɸʣʝ ʚʠʣʫʯʝʥʥʷ ʈɿɽ ʊɹʌʪʦʤ ʟ ʨʦʟʯʠʥʽʚ ʨʽʟʥʦʾ ʢʠʩʣʦʪʥʦʩʪʽ ʥʝ ʟʘʚʞʜʠ ʜʦʩʪʘʪʥʴʦ 

ʝʬʝʢʪʠʚʥʝ. ɺ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʦʰʫʢʫ ʥʦʚʠʭ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ 

ʝʢʩʪʨʘʛʝʥʪʽʚ.  

ʇʝʨʩʧʝʢʪʠʚʥʠʤ ʥʘʧʨʷʤʢʦʤ ʨʦʟʨʦʙʢʠ ʤʝʪʦʜʽʚ ʚʠʣʫʯʝʥʥʷ ʈɿɽ ʟ ʚʦʜʥʠʭ ʨʦʟʯʠʥʽʚ ʻ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʚʝʨʜʦʬʘʟʥʠʭ ʝʢʩʪʨʘʛʝʥʪʽʚ (ʊɺɽʂʉ), ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʩʪʨʫʢʪʫʨʥʦ 

ʞʦʨʩʪʢʠʤʠ ʬʦʩʬʦʨʠʣʴʥʠʤʠ ʪʽʘʢʘʣʽʢʩ[4]ʘʨʝʥʘʤʠ. ʊʽʘʢʘʣʽʢʩʘʨʝʥʠ ʟʜʘʪʥʽ ʢʦʦʧʝʨʘʪʠʚʥʦ 

ʟʚôʷʟʫʚʘʪʠ ʽʦʥʠ ʤʝʪʘʣʽʚ ʷʢ ʈ=ʆ ʛʨʫʧʘʤʠ ʚʝʨʭʥʴʦʛʦ ʚʽʥʮʷ, ʪʘʢ ʽ ʟʜʘʪʥʦʩʪʽ ʭʝʣʘʪʫʚʘʪʠ ʾʭ 

ʧʨʦʩʪʦʨʦʚʦ ʟʙʣʠʞʝʥʠʤʠ ʘʪʦʤʘʤʠ ʩʽʨʢʠ ʪʘ ʢʠʩʥʶ ʥʠʞʥʴʦʛʦ ʚʽʥʮʷ ʤʘʢʨʦʮʠʢʣʫ. ʊʦʤʫ 

ʚʝʣʠʢʠʡ ʽʥʪʝʨʝʩ ʚʠʢʣʠʢʘʻ ʩʪʚʦʨʝʥʥʷ ʩʦʨʙʝʥʪʽʚ ʥʘ ʦʩʥʦʚʽ ʪʘʢʠʭ ʧʦʣʽʜʝʥʪʘʪʥʠʭ ʣʽʛʘʥʜʽʚ. 

ʄʝʪʘ ʜʘʥʦʾ ʨʦʙʦʪʠ ï ʟʽʩʪʘʚʣʝʥʥʷ ʝʢʩʪʨʘʢʮʽʡʥʦʾ ʟʜʘʪʥʦʩʪʽ ʜʦ ʮʝʨʽʶ ʊɺɽʂʉ 

ʽʤʧʨʝʛʥʦʚʘʥʦʛʦ ʪʨʠʙʫʪʽʣʬʦʩʬʘʪʦʤ (ʊɺɽʂʉ-ʊɹʌ) ʪʘ ʊɺɽʂʉ ʽʤʧʨʝʛʥʦʚʘʥʠʭ 

ʬʦʩʬʦʨʠʣʴʦʚʘʥʠʤʠ ʪʽʘʢʘʣʽʢʩʘʨʝʥʘʤʠ (ʊɺɽʂʉ-ʪʽʘʢʘʣʽʢʩ[4]ʘʨʝʥ) ʪʘ ʚʠʟʥʘʯʝʥʥʷ 

ʦʧʪʠʤʘʣʴʥʠʭ ʫʤʦʚ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʪʚʝʨʜʦʬʘʟʥʦʾ ʝʢʩʪʨʘʢʮʽʾ. 

ʉʠʥʪʝʟʦʚʘʥʽ ʊɺɽʂʉʠ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʩʦʙʦʶ ʪʚʝʨʜʽ ʧʦʨʫʚʘʪʽ ʛʨʘʥʫʣʠ, ʷʢʽ ʤʽʩʪʷʪʴ 

ʝʢʩʪʨʘʛʝʥʪ. ɺʣʘʩʪʠʚʦʩʪʽ ʊɺɽʂʉʽʚ ʟʘʙʝʟʧʝʯʫʶʪʴʩʷ ʚʤʽʩʪʦʤ 46ï60 % ʝʢʩʪʨʘʛʝʥʪʫ  ̔20ï

25 % ʜʠʚʽʥʽʣʙʝʥʟʦʣʫ ʚ ʧʦʣʽʤʝʨʥʽʡ ʤʘʪʨʠʮʽ, ʘ ʝʢʩʪʨʘʛʝʥʪ, ʷʢʠʡ ʫʪʨʠʤʫʻʪʴʩʷ ʚ ʧʦʨʘʭ 

ʬʽʟʠʯʥʠʤʠ ʩʠʣʘʤʠ ʫ ʚʠʛʣʷʜʽ ʧʦʣʽʤʦʣʝʢʫʣʷʨʥʦʛʦ ʘʜʩʦʨʙʦʚʘʥʦʛʦ ʰʘʨʫ, ʧʦʚʥʽʩʪʶ 

ʜʦʩʪʫʧʥʠʡ ʜʣʷ ʚʟʘʻʤʦʜʽʾ ʟ ʢʦʤʧʦʥʝʥʪʘʤʠ, ʷʢʽ ʝʢʩʪʨʘʛʫʶʪʴʩʷ. 

ɽʢʩʪʨʘʢʮʽʡʥʘ ʟʜʘʪʥʽʩʪʴ ʧʨʝʧʘʨʘʪʽʚ ʊɺɽʂʉ ï ʊɹʌ ʪʘ ʊɺɽʂʉ-ʪʽʘʢʘʣʽʢʩ[4]ʘʨʝʥ 

ʱʦʜʦ ʽʦʥʽʚ ʮʝʨʽʶ ʚʠʚʯʘʣʘʩʷ ʚ ʩʪʘʪʠʯʥʠʭ ʫʤʦʚʘʭ ʤʝʪʦʜʦʤ ʦʙʤʝʞʝʥʦʛʦ ʦʙôʻʤʫ ʚ ʜʽʘʧʘʟʦʥʽ 

ʨʅ ʚʽʜ 2 ʜʦ 9 ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 298,15 ʂ. ʇʦʪʨʽʙʥʝ ʟʥʘʯʝʥʥʷ ʨʅ ʚʩʪʘʥʦʚʣʶʚʘʣʠ ʨʦʟʯʠʥʘʤʠ 

ʛʽʜʨʦʢʩʠʜʫ ʥʘʪʨʽʶ ʪʘ ʥʽʪʨʘʪʥʦʾ ʢʠʩʣʦʪʠ, ʢʦʥʪʨʦʣʴ ʚʤʽʩʪʫ ʽʦʥʽʚ ʮʝʨʽʶ ʚ ʨʦʟʯʠʥʽ  ʨʦʚʦʜʠʣʠ 

ʜʦ ʪʘ ʧʽʩʣʷ ʝʢʩʪʨʘʢʮʽʾ ʤʝʪʦʜʦʤ ʘʪʦʤʥʦ-ʝʤʽʩʽʡʥʦʾ ʩʧʝʢʪʨʦʤʝʪʨʽʷ ʟ ʽʥʜʫʢʪʠʚʥʦ ʟʚôʷʟʘʥʦʶ 

ʘʨʛʦʥʦʚʦʶ ʧʣʘʟʤʦʶ. 

ɺ ʭʦʜʽ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʚʠʷʚʣʝʥʦ, ʱʦ ʚ ʢʠʩʣʦʤʫ ʩʝʨʝʜʦʚʠʱʽ (ʧʨʠ ʨʅ = 2) 

ʝʢʩʪʨʘʢʮʽʷ ʽʦʥʽʚ ʮʝʨʽʶ ʥʝʟʥʘʯʥʘ ʽ ʩʢʣʘʜʘʻ ʚʽʜ 1 ʜʦ 10 %. ɼʝʱʦ ʧʦʣʽʧʰʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ 

ʝʢʩʪʨʘʢʮʽʾ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʨʠ ʨʅ = 4.4 ʜʦ 20ï30 %. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʫʩʽ ʊɺɽʂʉ-

ʪʽʘʢʘʣʽʢʩ[4]ʘʨʝʥʠ ʝʬʝʢʪʠʚʥʦ ʝʢʩʪʨʘʛʫʶʪʴ ʽʦʥʠ ʮʝʨʽʶ ʟ ʣʫʞʥʠʭ ʩʝʨʝʜʦʚʠʱ. ʇʨʠ 

ʟʥʘʯʝʥʥʷʭ ʨʅ 6 ʪʘ 9. ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʤʘʢʩʠʤʫʤ ʝʢʩʪʨʘʢʮʽʾ (50ï80) % ʚʠʣʫʯʝʥʥʷ ʮʝʨʽʶ. 

ʇʦʢʘʟʘʥʦ, ʱʦ ʟʘ ʝʬʝʢʪʠʚʥʽʩʪʶ ʝʢʩʪʨʘʢʮʽʾ ʮʝʨʽʶ ʊɺɽʂʉ ï ʊɹʌ-ʪʽʘʢʘʣʽʢʩ[4]ʘʨʝʥ 

ʧʝʨʝʚʝʨʰʫʻ ʘʥʘʣʦʛʽʯʥʠʡ ʪʚʝʨʜʠʡ ʝʢʩʪʨʘʛʝʥʪ ʥʘ ʦʩʥʦʚʽ ʊɹʌ  ʽ ʤʦʞʝ ʙʫʪʠ ʨʝʢʦʤʝʥʜʦʚʘʥʠʡ 

ʜʣʷ ʡʦʛʦ ʚʠʣʫʯʝʥʥʷ ʟ ʚʦʜʥʠʭ ʨʦʟʯʠʥʽʚ. 
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ɹʘʨʚʥʠʢʠ ʻ ʧʦʰʠʨʝʥʦʶ ʤʦʜʝʣʣʶ ʧʨʠ ʚʠʚʯʝʥʥʽ ʽ ʨʦʟʨʦʙʮʽ ʧʨʦʮʝʩʽʚ ʚʦʜʦʦʯʠʱʝʥʥʷ. 

ʆʢʠʩʣʝʥʥʷ ʙʘʨʚʥʠʢʽʚ ʩʪʘʥʦʚʠʪʴ ʥʝ ʪʽʣʴʢʠ ʤʝʪʦʜʠʯʥʠʡ, ʘ ʡ ʧʨʘʢʪʠʯʥʠʡ ʽʥʪʝʨʝʩ, ʦʩʢʽʣʴʢʠ 

ʤʘʻ ʚʝʣʠʢʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʟʥʠʞʝʥʥʷ ʚʧʣʠʚʫ ʚʽʜʭʦʜʽʚ ʪʝʢʩʪʠʣʴʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʥʘ 

ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ. ɺ ʢʣʘʩʠʯʥʽʡ ʩʠʩʪʝʤʽ ʌʝʥʪʦʥʘ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʽʦʥʠ ʟʘʣʽʟʘ (ɯɯ) 

ʜʣʷ ʢʘʪʘʣʽʪʠʯʥʦʛʦ ʨʘʜʠʢʘʣʴʥʦʛʦ ʨʦʟʧʘʜʫ ʧʝʨʦʢʩʠʜʫ ʚʦʜʥʶ. ʄʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʙʫʣʠ 

ʧʦʰʫʢ ʽ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʨʝʘʢʮʽʾ ʦʢʠʩʣʝʥʥʷ ʦʨʛʘʥʽʯʥʠʭ ʩʧʦʣʫʢ ʨʝʘʢʪʠʚʦʤ 

ʌʝʥʪʦʥʘ ʥʘ ʧʨʠʢʣʘʜʽ ʙʘʨʚʥʠʢʘ ʤʝʪʠʣʦʚʦʛʦ ʬʽʦʣʝʪʦʚʦʛʦ ʧʨʠ ʨʽʟʥʠʭ ʫʤʦʚʘʭ ʧʨʦʚʝʜʝʥʥʷ 

ʨʝʘʢʮʽʾ. 

ʉʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʥʠʤ ʤʝʪʦʜʦʤ ʜʦʩʣʽʜʞʝʥʦ ʢʽʥʝʪʠʢʫ ʦʢʩʠʜʘʪʠʚʥʦʾ ʜʝʩʪʨʫʢʮʽʾ 

ʙʘʨʚʥʠʢʘ ʤʝʪʠʣʦʚʦʛʦ ʬʽʦʣʝʪʦʚʦʛʦ (ʄʌ) ʧʝʨʦʢʩʠʜʦʤ ʚʦʜʥʶ ʚ ʧʨʠʩʫʪʥʦʩʪʽ ʽʦʥʽʚ 

ʟʘʣʽʟʘ (ɯɯ). ʇʦʢʘʟʘʥʦ, ʱʦ ʟʥʝʙʘʨʚʣʝʥʥʷ ʨʦʟʯʠʥʫ ʩʫʙʩʪʨʘʪʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʫ ʜʚʘ ʝʪʘʧʠ: 

ʧʝʨʰʠʡ, ʙʽʣʴʰ ʰʚʠʜʢʠʡ (1ï2 ʭʚ), ʽ ʜʨʫʛʠʡ ï ʫ ~4 ʨʘʟʠ ʧʦʚʽʣʴʥʽʰʠʡ. ʐʚʠʜʢʽʩʪʴ ʢʦʞʥʦʛʦ 

ʝʪʘʧʫ ʩʫʪʪʻʚʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʢʦʤʧʦʥʝʥʪʽʚ ʨʝʘʢʮʽʡʥʦʾ ʩʫʤʽʰʽ. ʇʦʢʘʟʘʥʦ, ʱʦ 

ʧʦʯʘʪʢʦʚʘ ʰʚʠʜʢʽʩʪʴ ʦʢʩʠʜʘʪʠʚʥʦʾ ʜʝʩʪʨʫʢʮʽʾ ʙʘʨʚʥʠʢʘ ʪʘ ʢʦʥʚʝʨʩʽʷ ʫ ʯʘʩʽ ʟʤʽʥʶʶʪʴʩʷ 

ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʢʦʥʮʝʥʪʨʘʮʽʾ ʢʦʞʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ (ʩʫʙʩʪʨʘʪʫ, ʧʝʨʦʢʩʠʜʫ ʚʦʜʥʶ, Fe2+), ʘ 

ʪʘʢʦʞ ʟʽ ʟʤʽʥʦʶ ʨʅ ʩʝʨʝʜʦʚʠʱʘ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʘʨʽʶʚʘʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʧʝʨʦʢʩʠʜʫ ʚʦʜʥʶ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʻ ʥʘ 

ʧʦʯʘʪʢʦʚʫ ʰʚʠʜʢʽʩʪʴ ʨʝʘʢʮʽʾ ʦʢʠʩʣʝʥʥʷ ʙʘʨʚʥʠʢʘ. ʋ ʚʠʧʘʜʢʫ ʧʦʨʽʚʥʷʥʦ ʥʝʚʠʩʦʢʠʭ 

ʢʦʥʮʝʥʪʨʘʮʽʡ ʧʝʨʦʢʩʠʜʫ ʚʦʜʥʶ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʚʠʩʦʢʽ ʧʦʯʘʪʢʦʚʽ ʰʚʠʜʢʦʩʪʽ, ʱʦ 

ʟʨʦʩʪʘʶʪʴ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʡʦʛʦ ʢʦʥʮʝʥʪʨʘʮʽʾ ʚʽʜ 2,5Ŀ10-4 ʜʦ 20Ŀ10-4 ʄ. ʂʦʣʠ ʞ 

ʢʦʥʮʝʥʪʨʘʮʽʶ ʅ2ʆ2 ʟʙʽʣʴʰʠʣʠ ʟʥʘʯʥʦ (ʜʦ 0,02 ʄ), ʭʘʨʘʢʪʝʨ ʢʽʥʝʪʠʯʥʦʾ ʢʨʠʚʦʾ ʩʫʪʪʻʚʦ 

ʟʤʽʥʠʚʩʷ: ʧʦʯʘʪʢʦʚʘ ʰʚʠʜʢʽʩʪʴ ʫʧʘʣʘ, ʘʣʝ ʚʦʥʘ ʟʙʝʨʽʛʘʻʪʴʩʷ ʤʘʡʞʝ ʧʦʩʪʽʡʥʦʶ ʚʧʨʦʜʦʚʞ 

ʫʩʴʦʛʦ ʧʝʨʽʦʜʫ ʚʠʤʽʨʶʚʘʥʴ. ʎʝ ʤʦʞʝ ʩʚʽʜʯʠʪʠ ʧʨʦ ʥʝʧʨʦʜʫʢʪʠʚʥʠʡ (ʟ ʪʦʯʢʠ ʟʦʨʫ 

ʫʪʚʦʨʝʥʥʷ ʨʘʜʠʢʘʣʽʚ Åʆʅ, ʷʢʽ ʻ ʦʩʥʦʚʥʠʤʠ ʧʨʠ ʜʝʛʨʘʜʘʮʽʾ ʙʘʨʚʥʠʢʘ) ʨʦʟʧʘʜ ʧʝʨʦʢʩʠʜʫ 

ʚʦʜʥʶ ʚ ʮʠʭ ʫʤʦʚʘʭ. ɿʤʽʥʘ ʢʦʥʮʝʥʪʨʘʮʽʾ ʜʨʫʛʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʨʝʘʢʪʠʚʫ ʌʝʥʪʦʥʘ ʪʘʢʦʞ 

ʚʧʣʠʚʘʻ ʥʘ ʩʪʫʧʽʥʴ ʢʦʥʚʝʨʩʽʾ ʙʘʨʚʥʠʢʘ. ʇʦʢʘʟʘʥʦ, ʱʦ ʚ ʽʥʪʝʨʚʘʣʽ [Fe2+] = (2,5ï20)Ŀ10-4 ʄ 

ʯʝʨʝʟ 5 ʭʚ ʚʽʜ ʧʦʯʘʪʢʫ ʧʨʦʮʝʩʫ ʦʢʠʩʣʝʥʥʷ ʢʦʥʚʝʨʩʽʷ ʙʘʨʚʥʠʢʘ ʩʪʘʥʦʚʠʪʴ ʚʽʜ 40 ʜʦ 75 %. 

ɿʤʽʥʘ ʮʴʦʛʦ ʧʘʨʘʤʝʪʨʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʝʣʽʥʽʡʥʦ, ʩʷʛʘʶʯʠ ʤʘʢʩʠʤʫʤʫ ʜʣʷ [Fe2+] = 1Ŀ10-3 ʄ. 

ɼʣʷ ʮʽʻʾ ʩʠʩʪʝʤʠ ʢʦʥʚʝʨʩʽʷ ʟʘ 30 ʭʚ ʩʪʘʥʦʚʠʪʴ 80 %. ɿʙʽʣʴʰʝʥʥʷ ʚʤʽʩʪʫ ʮʴʦʛʦ ʢʦʤʧʦʥʝʥʪʘ 

ʫ 20 ʨʘʟʽʚ ([Fe2+] = 2Ŀ10-2 ʄ) ʥʝ ʧʨʠʚʦʜʠʪʴ ʜʦ ʽʩʪʦʪʥʦʛʦ ʟʨʦʩʪʘʥʥʷ ʢʦʥʚʝʨʩʽʾ ʙʘʨʚʥʠʢʘ ʫ 

ʯʘʩʽ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʨʅ ʥʘ ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʙʽʛʫ ʧʨʦʮʝʩʫ ʦʢʠʩʣʝʥʥʷ ʄʌ ʧʦʢʘʟʘʣʠ, 

ʱʦ ʚ ʩʠʣʴʥʦʢʠʩʣʦʤʫ ʩʝʨʝʜʦʚʠʱʽ (ʨʅ 1,6ï2,2) ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷ ʧʦʯʘʪʢʦʚʦʾ 

ʰʚʠʜʢʦʩʪʽ ʦʢʠʩʣʝʥʥʷ ʄʌ. ʇʨʠ ʧʽʜʚʠʱʝʥʥʽ ʨʅ ʜʦ 3,0ï5,2 ʧʦʯʘʪʢʦʚʘ ʰʚʠʜʢʽʩʪʴ ʦʢʠʩʣʝʥʥʷ 

ʻ ʤʝʥʰʦʶ, ʧʨʦʪʝ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʙʽʣʴʰ ʚʠʩʦʢʘ ʢʦʥʚʝʨʩʽʷ ʙʘʨʚʥʠʢʘ ʟʘ 30 ʭʚ. ʅʘʡʚʠʱʠʡ 

ʩʪʫʧʽʥʴ ʧʝʨʝʪʚʦʨʝʥʥʷ ʄʌ ʜʦʩʷʛʘʻʪʴʩʷ ʧʨʠ ʨʅ = 3,0. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚʩʪʘʥʦʚʣʝʥʦ ʦʧʪʠʤʘʣʴʥʽ ʧʘʨʘʤʝʪʨʠ ʦʢʠʩʣʝʥʥʷ, ʧʨʠ ʷʢʠʭ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʥʘʡʰʚʠʜʰʝ ʟʥʝʙʘʨʚʣʝʥʥʷ ʤʝʪʠʣʦʚʦʛʦ ʬʽʦʣʝʪʦʚʦʛʦ: [Mʌ] > 1,5Ŀ10-5 ʄ; 

[Fe2+] = 1Ŀ10-3 M; [H2O2] = 2Ŀ10
-3 M; ʨʅ = 3,0. ʇʦʢʘʟʘʥʘ ʚʘʞʣʠʚʽʩʪʴ ʨʝʘʢʮʽʾ Fe3+ ʚ 

ʟʥʝʙʘʨʚʣʝʥʥʽ ʄʌ. 
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ɺʇʃʀɺ ʂʆʅʎɽʅʊʈɸʎɯɰ ʇʆʃɯ (4-ʉʊʀʈɽʅʉʋʃʔʌʆʅɸʊʋ ʅɸʊʈɯʖ) 

ʅɸ ʇʈʆʊʆʃɯʊʀʏʅɯ ɺʃɸʉʊʀɺʆʉʊɯ ʈʆɼɸʄɯʅʋ ɹ ʊɸ ʄɽʊʀʃʆɺʆɻʆ 

ɾʆɺʊʆɻʆ ʋ ɺʆɼʅʀʍ ʈʆɿʏʀʅɸʍ 

ʄʘʨʬʫʥʽʥ ʄ. ʆ., ʍʘʨʯʝʥʢʦ ɸ. ʖ. 

ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤ. ɺ. ʅ. ʂʘʨʘʟʽʥʘ, ʢʘʬʝʜʨʘ ʬʽʟʠʯʥʦʾ ʭʽʤʽʾ 

1_spamer_1@mail.ru 

 

ʇʦʣʽʝʣʝʢʪʨʦʣʽʪʠ (ʇɽ) ï ʧʦʣʽʤʝʨʥʽ ʨʝʯʦʚʠʥʠ, ʱʦ ʤʘʶʪʴ ʫ ʩʚʦʾʡ ʩʪʨʫʢʪʫʨʽ 

ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʛʨʫʧʠ, ʟʜʘʪʥʽ ʜʦ ʚʽʜʱʝʧʣʝʥʥʷ ʤʘʣʠʭ ʽʦʥʽʚ ʧʨʠ ʨʦʟʯʠʥʝʥʥʽ. ɺʟʘʻʤʦʜʽʶ ʤʽʞ 

ʧʦʣʽʽʦʥʘʤʠ ʪʘ ʥʠʟʴʢʦʤʦʣʝʢʫʣʷʨʥʠʤʠ ʦʨʛʘʥʽʯʥʠʤʠ ʨʝʘʛʝʥʪʘʤʠ ï ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʠʤʠ 

ʽʥʜʠʢʘʪʦʨʥʠʤʠ ʙʘʨʚʥʠʢʘʤʠ ï ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʢʽʣʴʢʽʩʥʦʛʦ ʘʥʘʣʽʟʫ ʇɽ ʫ ʚʦʜʽ, ʘ ʪʘʢʦʞ 

ʜʣʷ ʩʪʚʦʨʝʥʥʷ pH-ʩʝʥʩʦʨʽʚ. 

ʄʦʣʝʢʫʣʠ ʽʥʜʠʢʘʪʦʨʘ ʤʦʞʫʪʴ ʟʚôʷʟʫʚʘʪʠʩʷ ʟ ʇɽ ʟʘ ʜʚʦʤʘ ʤʝʭʘʥʽʟʤʘʤʠ. ʇʝʨʰʠʡ ï 

ʟʚôʷʟʫʚʘʥʥʷ ʟʘ ʨʘʭʫʥʦʢ ʢʫʣʦʥʽʚʩʴʢʠʭ ʩʠʣ, ʘ ʜʨʫʛʠʡ ï ʟʘ ʨʘʭʫʥʦʢ ʛʽʜʨʦʬʦʙʥʠʭ ʚʟʘʻʤʦʜʽʡ 

ʘʙʦ ˊ-ʩʪʝʢʽʥʛʫ (ʷʢʱʦ ʇɽ ʪʘ ʽʥʜʠʢʘʪʦʨ ʤʘʶʪʴ ʘʨʦʤʘʪʠʯʥʽ ʢʽʣʴʮʷ, ʧʨʦʩʪʦʨʦʚʦ ʜʦʩʪʫʧʥʽ ʜʦ 

ʚʟʘʻʤʦʜʽʾ). ʍʘʨʘʢʪʝʨ ʟʚôʷʟʫʚʘʥʥʷ ʽʥʜʠʢʘʪʦʨʘ ʟ ʇɽ ʻ ʚʘʞʣʠʚʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʾʭ 

ʚʟʘʻʤʦʜʽʾ. ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʟʚôʷʟʫʚʘʥʥʷ ʽʥʜʠʢʘʪʦʨʘ çʧʦʚʝʨʭʥʝʶè ʧʦʣʽʽʦʥʘ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

çʢʦʣʦʾʜʥʦʾ ʧʦʤʠʣʢʠè, ʱʦ ʚʠʢʣʠʢʘʥʘ ʟʤʽʥʦʶ ʧʨʦʪʦʣʽʪʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʽʥʜʠʢʘʪʦʨʘ. 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʥʷ ʟʘʣʝʞʥʦʩʪʝʡ ʧʦʢʘʟʥʠʢʽʚ çʫʷʚʥʠʭè ʢʦʥʩʪʘʥʪ ʽʦʥʽʟʘʮʽʾ, 
a

apK , ʽʥʜʠʢʘʪʦʨʽʚ ʟ ʨʽʟʥʠʤ ʪʠʧʦʤ ʟʚôʷʟʫʚʘʥʥʷ ʚʽʜ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʡ, ʩ, ʇɽ ʪʘ 

ʙʘʨʚʥʠʢʘ, P : D. ʎʽ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜʦʙʨʘʞʘʶʪʴ ʷʢ ʟʤʽʥʫ ʧʨʦʪʦʣʽʪʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʪʘʢ ʽ 

ʭʘʨʘʢʪʝʨ ʟʚôʷʟʫʚʘʥʥʷ ʽʥʜʠʢʘʪʦʨʘ. ʋ ʨʦʙʦʪʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʇɽ ʧʦʣʽ 

(4-ʩʪʠʨʝʥʩʫʣʴʬʦʥʘʪ ʥʘʪʨʽʶ) (Naʇʉʉ, 70000 ʛ/ʤʦʣʴ), ʽʥʜʠʢʘʪʦʨʠ ʤʝʪʠʣʦʚʠʡ ʞʦʚʪʠʡ 

(ʄɾ) ʪʘ ʨʦʜʘʤʽʥ ɹ (ʈɹ). ʈɹ ʤʘʻ ʜʦʩʪʫʧʥʝ ʜʣʷ ˊ-ʩʪʝʢʽʥʛʫ ʘʨʦʤʘʪʠʯʥʝ ʢʽʣʴʮʝ, ʨʦʟʪʘʰʦʚʘʥʝ 

ʧʽʜ ʢʫʪʦʤ ʜʦ ʧʣʦʱʠʥʠ ʤʦʣʝʢʫʣʠ. ɺʘʨʽʶʚʘʥʥʷ P : D ʟʜʽʡʩʥʶʚʘʣʠ, ʟʤʽʥʶʶʯʠ ʩ (Naʇʉʉ). 

ɸ)    ɹ)    ɺ) 

ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʥʽ ʬʦʨʤʫʣʠ Naʇʉʉ (ɸ); ʄɾ (ɹ) ʪʘ ʈɹ (ɺ) ï ʜʝʧʨʦʪʦʥʦʚʘʥʽ ʬʦʨʤʠ  

 

ɸ)      ɹ) 

ʈʠʩ. 2. ʇʨʠʢʣʘʜʠ ʩʧʝʢʪʨʽʚ ʩʚʽʪʣʦʧʦʛʣʠʥʘʥʥʷ ʧʨʠ P : D = 300 (A) ʪʘ ʟʘʣʝʞʥʦʩʪʽ 
a

apK  ʚʽʜ 

P : D (ɹ) ʜʣʷ ʄɾ ʪʘ ʈɹ ʧʨʠ I = 0.05 (NaCl), ʩ (ʙʘʨʚʥʠʢʽʚ) ~ (6ï10)³10ï5 

ɿʥʘʯʝʥʥʷ 
a

apK  ʈɹ ʻ ʧʦʩʪʽʡʥʠʤ ʧʨʠ P : D Ó 200, ʜʣʷ ʄɾ ʧʨʠ P : D > 100 ʟʙʝʨʽʛʘʻʪʴʩʷ 

ʧʦʚʽʣʴʥʠʡ ʨʽʩʪ ʧʦʢʘʟʥʠʢʘ ʢʦʥʩʪʘʥʪʠ ʽʦʥʽʟʘʮʽʾ. ɻʦʨʠʟʦʥʪʘʣʴʥʝ ʧʣʘʪʦ ʜʣʷ ʈɹ ʡʤʦʚʽʨʥʦ 

ʟʫʤʦʚʣʝʥʦ ʙʽʣʴʰʦʶ ʟʜʘʪʥʽʩʪʶ ʜʦ ʟʚôʷʟʫʚʘʥʥʷ ʡʦʛʦ ʥʝʟʘʨʷʜʞʝʥʦʾ ʬʦʨʤʠ (ʟʘ ʨʘʭʫʥʦʢ 

-́ʩʪʝʢʽʥʛʫ). ɺʠʭʽʜ ʥʘ ʧʣʘʪʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʧʦʚʥʦʪʫ ʟʚôʷʟʫʚʘʥʥʷ ʽʥʜʠʢʘʪʦʨʽʚ ʧʨʠ ʜʦʩʪʘʪʥʴʦ 

ʚʠʩʦʢʠʭ P : D. ʂʠʩʣʦʪʥʘ ʩʠʣʘ ʦʙʦʭ ʽʥʜʠʢʘʪʦʨʽʚ ʟʥʘʯʥʦ ʟʤʝʥʰʫʻʪʴʩʷ ʥʘ çʧʦʚʝʨʭʥʽè ʇɽ.  
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ʂʀʅɽʊʀʂɸ ʀ ʇʈʆɼʋʂʊʓ ʆʂʀʉʃɽʅʀʗ ʅɸʉʓʑɽʅʅʓʍ  

ʋɻʃɽɺʆɼʆʈʆɼʆɺ ɺ 94 %-ʥʦʡ ʉɽʈʅʆʁ ʂʀʉʃʆʊɽ 

ʄʝʨʟʣʠʢʠʥʘ ʄ. ɸ., ɺʦʣʢʦʚʘ ʃ. ʂ. 

ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʦ-ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠ ʫʛʣʝʭʠʤʠʠ ʠʤ. ʃ. ʄ. ʃʠʪʚʠʥʝʥʢʦ  

ʅɸʅ ʋʢʨʘʠʥʳ, ʛ. ʂʠʝʚ 

L.K.Volkova@nas.gov.ua 

 

ʉʨʝʜʠ ʩʠʩʪʝʤ ʘʢʪʠʚʥʳʭ ʚ ʦʢʠʩʣʝʥʠʠ ʩʚʷʟʠ ʉïʅ ʥʘʩʳʱʝʥʥʳʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ (RH) 

ʰʠʨʦʢʦ ʠʟʫʯʝʥʳ ʩʝʨʥʦʢʠʩʣʦʪʥʳʝ ʨʘʩʪʚʦʨʳ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʦʚ, ʦʢʠʩʣʠʪʝʣʝʡ ʠ 

ʨʘʜʠʢʘʣʦʚ. ɼʣʷ ʚʳʷʩʥʝʥʠʷ ʤʝʭʘʥʠʟʤʘ ʵʪʠʭ ʧʨʝʚʨʘʱʝʥʠʡ ʚʘʞʥʦ ʦʮʝʥʠʪʴ ʚʢʣʘʜ ʤʘʨʰʨʫʪʘ 

ʩ ʩʘʤʦʡ ʩʝʨʥʦʡ ʢʠʩʣʦʪʦʡ.  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʩ ʧʦʤʦʱʴʶ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʛʦ ʤʝʪʦʜʘ ʠʟʫʯʝʥʳ 

ʢʠʥʝʪʠʢʘ ʠ ʧʨʦʜʫʢʪʳ ʨʝʘʢʮʠʡ ʚ ʫʩʣʦʚʠʷʭ ʢʦʥʢʫʨʝʥʪʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʚ 93,9 %-ʥʦʡ ʩʝʨʥʦʡ 

ʢʠʩʣʦʪʝ ʧʨʠ 80 ʉ̄ ʚ ʦʧʳʪʝ ˉ1 ʠʟʦʧʝʥʪʘʥʘ (i-C5H12), 2,3-ʜʠʤʝʪʠʣʙʫʪʘʥʘ (2,3-ɼʄɹ), 

2-ʤʝʪʠʣʛʝʢʩʘʥʘ (i-C7H16), 3-ʤʝʪʠʣʛʝʧʪʘʥʘ (i-C8H18) ʠ ʚ ʦʧʳʪʝ ˉ2 i-C5H12, 

ʤʝʪʠʣʮʠʢʣʦʧʝʥʪʘʥʘ (ʄʝʎʇ), i-C8H18. ʅʘʯʘʣʴʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ RH ([RH]0) ʚ ʵʪʠʭ ʦʧʳʪʘʭ 

ʧʨʠʤʝʨʥʦ ʦʜʠʥʘʢʦʚʳ, ʘ [2,3-ɼʄɹ]0 ʚ ʦʧʳʪʝ ˉ1 ʚ ~ 7ï8 ʨʘʟ ʚʳʰʝ.  

ɺ ʦʧʳʪʝ ˉ1 ʚ ʨʝʘʢʪʦʨ ʩ ʩʝʨʥʦʡ ʢʠʩʣʦʪʦʡ ʚʚʦʜʠʣʠ ʩʤʝʩʴ ʧʘʨʦʚ i-C5H12, i-C7H16, 
i-C8H18, ʩʧʫʩʪʷ 30 ʤʠʥ ï ʧʘʨʳ 2,3-ɼʄɹ. ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʨʠʩʫʥʢʘ ʫʙʳʣʴ 2,3-ɼʄɹ 

ʦʧʠʩʳʚʘʝʪʩʷ 1-ʤ ʧʦʨʷʜʢʦʤ ʧʦ [2,3-ɼʄɹ]. ʂʠʥʝʪʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʚ ʢʦʦʨʜʠʥʘʪʘʭ 

1-ʦʛʦ ʧʦʨʷʜʢʘ ʧʦ RH ʜʣʷ i-C8H18, ʠ ʦʩʦʙʝʥʥʦ ʯʝʪʢʦ ʜʣʷ i-C7H16, i-C5H12, ʧʝʨʝʜʘʶʪʩʷ ʜʚʫʤʷ 

ʧʨʷʤʳʤʠ. ʇʝʨʚʳʡ ʫʯʘʩʪʦʢ ï ʤʝʜʣʝʥʥʘʷ ʫʙʳʣʴ (ʠʥʜʫʢʮʠʦʥʥʳʡ ʧʝʨʠʦʜ (ʀʇ) ʜʦ 100 ʤʠʥ), 

ʚʪʦʨʦʡ ï ʙʳʩʪʨʘʷ ʫʙʳʣʴ RH. ʉʧʫʩʪʷ ʧʦʣʯʘʩʘ ʧʦʩʣʝ ʚʚʦʜʘ 2,3-ɼʄɹ ʧʦʷʚʣʷʝʪʩʷ ʧʠʢ, ʚʨʝʤʷ 

ʫʜʝʨʞʠʚʘʥʠʷ (Űʫʜ) ʢʦʪʦʨʦʛʦ ʩʦʚʧʘʜʘʝʪ ʩ Űʫʜ ʜʣʷ ʠʟʦʙʫʪʘʥʘ (i-C4H10). ʅʘʢʦʧʣʝʥʠʝ i-C4H10 

ʠʜʝʪ ʧʦ ʥʫʣʝʚʦʤʫ ʧʦʨʷʜʢʫ, ʜʘʣʝʝ ʟʘʤʝʜʣʷʝʪʩʷ ʠ ʚʳʭʦʜʠʪ ʥʘ ʧʣʘʪʦ, ʛʜʝ [i-C4H10] ʥʘ 

ʧʦʨʷʜʦʢ ʥʠʞʝ, ʯʝʤ [2,3-ɼʄɹ]0, ʠ ʩʦʠʟʤʝʨʠʤʘ ʩ [RH]0 ʜʣʷ ʦʩʪʘʣʴʥʳʭ ʩʫʙʩʪʨʘʪʦʚ.  

 

 

ʈʠʩ. ʂʠʥʝʪʠʢʘ ʢʦʥʢʫʨʝʥʪʥʦʛʦ ʦʢʠʩ-

ʣʝʥʠʷ 2,3-ɼʄɹ (ʣʠʥʠʷ 1), i-C5H12 (2), 

i-C7H16 (3), i-C8H18 (4) ʠ ʥʘʢʦʧʣʝʥʠʷ 

i-C4H10 (5) ʚ 94 % H2SO4 ʧʨʠ 80 ̄ ʉ. 

ɺʝʣʠʯʠʥʳ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʢʦʥʮʝʥʪʨʘ-

ʮʠʡ ʩʫʙʩʪʨʘʪʦʚ ([RH]ʦʪʥ), ʧʨʦʧʦʨʮʠ-

ʦʥʘʣʴʥʳʝ ʦʪʥʦʰʝʥʠʶ ʚʩrʦʪ ʭʨʦʤʘ-

ʪʦʛʨʘʬʠʯʝʩʢʠʭ ʧʠʢʦʚ RH ʠ ʩʪʘʥʜʘʨʪʘ 

ʤʝʪʘʥʘ, ʧʨʠʚʝʜʝʥʳ ʢ ʦʜʥʦʤʫ 

ʤʘʩʰʪʘʙʫ; ʜʣʷ i-C5H12 ʦʪʣʦʞʝʥʦ 

(ln[RH]ʦʪʥ+1) 

 

ɺ ʦʧʳʪʝ  ̄2 ʤʝʪʠʣʮʠʢʣʦʧʝʥʪʘʥ, i-C8H18 ʠ i-C5H12 ʦʢʠʩʣʷʶʪʩʷ ʙʝʟ ʀʇ, ʢʠʥʝʪʠʢʘ 

ʩʣʝʜʫʝʪ 1-ʤʫ ʧʦʨʷʜʢʫ ʧʦ [RH], ʥʘʢʦʧʣʝʥʠʝ ʠʟʦʙʫʪʘʥʘ ʥʝ ʦʪʤʝʯʝʥʦ. 

ʉʦʛʣʘʩʥʦ ʢʘʨʙʦʮʝʧʥʦʤʫ ʤʝʭʘʥʠʟʤʫ ʧʨʠ ʦʢʠʩʣʝʥʠʠ 2,3-ɼʄɹ ʤʦʛʫʪ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ    

ʪʨʝʪ-ʙʫʪʠʣʴʥʳʝ ʠ ʪʨʝʪ-ʘʤʠʣʴʥʳʝ ʢʘʪʠʦʥʳ, ʢʦʪʦʨʳʝ ʧʨʠ ʥʘʣʠʯʠʠ ʠʩʪʦʯʥʠʢʘ ʛʠʜʨʠʜ ʠʦʥʘ 

ʅï, ʥʘʧʨʠʤʝʨ, ʩʘʤʦʛʦ 2,3-ʜʠʤʝʪʠʣʙʫʪʘʥʘ, ʤʦʛʫʪ ʧʨʝʚʨʘʱʘʪʴʩʷ ʚ ʠʟʦʙʫʪʘʥ ʠ ʠʟʦʧʝʥʪʘʥ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʊʘʢ, ʚ ʦʧʳʪʝ ˉ1 ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʠʟʦʙʫʪʘʥ. ʀʩʧʦʣʴʟʫʝʤʳʡ ʤʝʪʦʜ ɻɾʍ ʥʝ 

ʧʦʟʚʦʣʷʝʪ ʨʘʟʜʝʣʠʪʴ ʠʟʦʧʝʥʪʘʥ, ʚʚʝʜʝʥʥʳʡ ʚ ʨʝʘʢʪʦʨ ʢʘʢ ʩʫʙʩʪʨʘʪ ʠ ʦʙʨʘʟʫʶʱʠʡʩʷ ʚ 

ʭʦʜʝ ʨʝʘʢʮʠʠ ʢʘʢ ʧʨʦʜʫʢʪ. ɺ ʦʧʳʪʝ ˉ 2 ʧʨʠ ʤʘʣʳʭ ʠʩʭʦʜʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ RH 

ʦʙʨʘʟʫʶʱʠʝʩʷ ʢʘʨʙʦʢʘʪʠʦʥʳ ʧʨʝʪʝʨʧʝʚʘʶʪ ʛʣʫʙʦʢʠʝ ʧʨʝʚʨʘʱʝʥʠʷ ʙʝʟ ʧʝʨʝʭʦʜʘ ʚ 

ʠʟʦʙʫʪʘʥ ʠ ʠʟʦʧʝʥʪʘʥ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʠʟʦʙʫʪʘʥ ʥʝ ʦʙʥʘʨʫʞʝʥ, ʘ ʢʦʥʩʪʘʥʪʘ ʩʢʦʨʦʩʪʠ 

ʨʝʘʢʮʠʠ (k) ʜʣʷ i-C5H12 ʧʨʘʢʪʠʯʝʩʢʠ ʩʦʚʧʘʜʘʝʪ ʩ ʚʝʣʠʯʠʥʦʡ k ʜʣʷ ʠʟʦʧʝʥʪʘʥʘ ʚ ʦʧʳʪʝ ˉ 1 

ʥʘ ʫʯʘʩʪʢʝ ʙʳʩʪʨʦʡ ʫʙʳʣʠ ʧʦʩʣʝ ʀʇ. 
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ʊɽʈʄʆɼɽʉʆʈɹʎʀʆʅʅʆɽ ʀʉʉʃɽɼʆɺɸʅʀɽ ʉʆʉʊʆʗʅʀʗ ʇʆɺɽʈʍʅʆʉʊʀ 

Ni-Fe ʂɸʊɸʃʀɿɸʊʆʈʆɺ ʈɽɸʂʎʀʀ ʄɽʊɸʅʀʈʆɺɸʅʀʗ CO2 

ʄʝʰʢʠʥʠʬʘʨ ʈ. ʉ., ɹʝʜʘ ɸ. ɸ., ɼʷʯʝʥʢʦ ɸ. ɻ., ʀʱʝʥʢʦ ɽ. ɺ. 

ʂʠʝʚʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʊʘʨʘʩʘ ʐʝʚʯʝʥʢʘ 

r.meshkinifar@gmail.com 

 

ʇʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ Ni-Fe ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʚ ʨʝʘʢʮʠʠ 

ʤʝʪʘʥʠʨʦʚʘʥʠʷ CO2. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʘʢʪʠʚʥʳʝ ʦʙʨʘʟʮʳ ʥʘʭʦʜʷʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 

ʚʳʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ Ni ʧʨʠ ʢʦʪʦʨʳʭ, ʚ ʫʩʣʦʚʠʷʭ ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʠ, ʩʦʭʨʘʥʷʝʪʩʷ 

ʩʪʨʫʢʪʫʨʘ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ɔïFeNi3. ɸʥʘʣʠʟ ʩʦʩʪʦʷʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʦʜʦʤ 

ʪʝʨʤʦʧʨʦʛʨʘʤʤʠʨʦʚʘʥʥʦʡ ʜʝʩʦʨʙʮʠʦʥʥʦʡ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ (ʊʇɼ ʄʉ) ʘʢʪʠʚʥʦʛʦ 

(Ni80Fe20) ʠ ʥʝʘʢʪʠʚʥʦʛʦ (Ni75Fe25) ʦʙʨʘʟʮʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ ʥʘ NiïFe ʢʘʪʘʣʠʟʘʪʦʨʘʭ ʧʨʦʮʝʩʩ 

ʤʝʪʘʥʠʨʦʚʘʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʤʝʭʘʥʠʟʤʫ ʧʨʷʤʦʛʦ ʛʠʜʨʦʛʝʥʠʨʦʚʘʥʠʷ ʉʆ2 ʚ ʤʝʪʘʥ. ʅʘ 

ʨʠʩʫʥʢʝ ʧʨʠʚʝʜʝʥʳ ʊɼ ʧʨʦʬʠʣʠ ʉʆ, CO2 ʠ H2O ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʵʪʠʭ ʦʙʨʘʟʮʦʚ. 

 

  

ʈʠʩ. ʊɼ ʩʧʝʢʪʨʳ  ʉʆ (m/z = 28), CO2 (m/z = 44) ʠ H2O (m/z =18) ʩ ʧʦʚʝʨʭʥʦʩʪʠ 

ʦʙʨʘʟʮʦʚ: Ni80 Fe20 (ʘ) ʪʘ Ni75Fe25 (ʙ) 

 

ʊɼ ʘʥʘʣʠʟ ʧʦʚʝʨʭʥʦʩʪʠ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ Ni80Fe20 ʠ Ni75Fe25 ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʠ ʧʦ ʤʝʭʘʥʠʟʤʫ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʭ ʥʘ 

ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʘʭ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ ʠ ʢʠʩʣʦʨʦʜʘ. ʅʘ ʨʠʩʫʥʢʝ ʚʠʜʥʦ, ʯʪʦ ʜʝʩʦʨʙʮʠʦʥʥʳʝ 

ʧʠʢʠ ʉʆ ʠ ʉʆ2 ʠʤʝʶʪ ʩʠʤʤʝʪʨʠʯʥʳʡ ʚʠʜ, ʘ ʵʪʦ ʟʥʘʯʠʪ, ʯʪʦ ʠʭ ʜʝʩʦʨʙʮʠʷ ʩ ʧʦʚʝʨʭʥʦʩʪʠ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʧʨʦʪʝʢʘʝʪ ʧʦ ʚʪʦʨʦʤʫ ʧʦʨʷʜʢʫ. ʊʦ ʝʩʪʴ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʭʦʜʷʪʩʷ ʚ 

ʘʜʩʦʨʙʠʨʦʚʘʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʘʪʦʤʳ ʉ ʠ O, ʢʦʪʦʨʳʝ ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ ʨʝʢʦʤʙʠʥʠʨʫʶʪ ʚ ʉʆ 

ʠ ʉʆ2 ʧʨʠ ʜʝʩʦʨʙʮʠʠ ʩ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʇʦʩʢʦʣʴʢʫ ʥʘ ʊɼ ʩʧʝʢʪʨʘʭ ʥʝ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʥʠ ʦʜʥʦʛʦ ʠʟ ʚʦʟʤʦʞʥʳʭ 

ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʩʦʝʜʠʥʝʥʠʡ (ʉʅʆ*, ʉʅ2ʆ
*, ʉʅ*, ʉʅ2

*, ʉʅ3
*), ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ 

ʥʘ Ni-Fe ʢʘʪʘʣʠʟʘʪʦʨʘʭ ʧʨʦʮʝʩʩ ʤʝʪʘʥʠʨʦʚʘʥʠʷ ʧʨʦʪʝʢʘʝʪ ʧʦ ʤʝʭʘʥʠʟʤʫ ʩ ʧʨʷʤʳʤ 

ʛʠʜʨʠʨʦʚʘʥʠʝʤ ʉʆ2 ʚ ʤʝʪʘʥ. ʊʦ ʝʩʪʴ, ʉʆ2 ʭʝʤʦʩʦʨʙʫʝʪʩʷ ʥʘ ʘʢʪʠʚʥʦʤ ʮʝʥʪʨʝ 

ʢʘʪʘʣʠʟʘʪʦʨʘ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʬʘʟ, ʩ ʧʦʣʥʦʡ ʜʠʩʩʦʮʠʘʮʠʝʡ ʜʦ ʉʘʜʩ ʠ 

ʆʘʜʩ. ʇʦʩʣʝ ʵʪʦʛʦ ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʡ ʫʛʣʝʨʦʜ ʨʝʘʛʠʨʫʝʪ ʩ ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʤ ʚʦʜʦʨʦʜʦʤ 

ʠʣʠ ʚʦʜʦʨʦʜʦʤ ʠʟ ʛʘʟʦʚʦʡ ʬʘʟʳ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʜʝʩʦʨʙʮʠʝʡ ʦʩʥʦʚʥʦʛʦ ʧʨʦʜʫʢʪʘ ʨʝʘʢʮʠʠ, 

ʤʝʪʘʥʘ. ɺ ʵʪʦʤ ʧʨʦʮʝʩʩʝ ʣʠʤʠʪʠʨʫʶʱʝʡ ʷʚʣʷʝʪʩʷ ʩʪʘʜʠʷ ʜʠʩʩʦʮʠʘʮʠʠ ʉʆ2 ʥʘ ʘʢʪʠʚʥʦʤ 

ʮʝʥʪʨʝ ʚ ʉʘʜʩ ʠ ʆʘʜʩ. 

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ ʥʠʟʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʦʙʨʘʟʮʘ Ni75Fe25 ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʝʛʦ 

ʧʦʚʝʨʭʥʦʩʪʴ ʟʘʙʣʦʢʠʨʦʚʘʥʘ ʭʝʤʦʩʦʨʙʦʚʘʥʠʤ ʉʆ, ʢʦʪʦʨʳʡ ʪʦʨʤʦʟʠʪ ʧʨʦʮʝʩʩ 

ʛʠʜʨʠʨʦʚʘʥʠʷ ʉʆ2. ʆʙ ʵʪʦʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʜʘʥʥʳʝ ʊɼ ʘʥʘʣʠʟʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ.  
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ɿɸɺʀʉʀʄʆʉʊʔ ʂʀʉʃʆʊʅʆʁ ʉʀʃʓ ʅɽʁʊʈɸʃʔʅʆɻʆ ʂʈɸʉʅʆɻʆ  

ʆʊ ʂʆʅʎɽʅʊʈɸʎʀʀ ʌʆʅʆɺʆɻʆ ʕʃɽʂʊʈʆʃʀʊɸ  

ɺ ʉʈɽɼɽ ʇʆʃʀ (4-ʉʊʀʈʆʃʉʋʃʔʌʆʅɸʊɸ ʅɸʊʈʀʗ) 

ʄʦʩʢʘʝʚʘ ɽ. ɻ., ʍʘʨʯʝʥʢʦ ɸ. ʖ. 

ʍʘʨʴʢʦʚʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ɺ. ʅ. ʂʘʨʘʟʠʥʘ, 

ʢʘʬʝʜʨʘ ʬʠʟʠʯʝʩʢʦʡ ʭʠʤʠʠ 

HoldHelena@gmail.com 

 

ʈʘʩʪʚʦʨʳ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʦʚ ʚ ʚʦʜʝ ʷʚʣʷʶʪʩʷ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠ ʫʩʪʦʡʯʠʚʳʤʠ 

ʢʦʣʣʦʠʜʥʦ-ʜʠʩʧʝʨʩʥʳʤʠ ʩʠʩʪʝʤʘʤʠ. ʉʧʝʢʪʨʳ ʦʧʪʠʯʝʩʢʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʠʥʜʠʢʘʪʦʨʥʳʭ 

ʢʨʘʩʠʪʝʣʝʡ, ʚʚʝʜʝʥʥʳʭ ʚ ʪʘʢʠʝ ʩʠʩʪʝʤʳ, ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʠʭ ʩʧʝʢʪʨʦʚ ʚ ʚʦʜʝ. ʕʪʦ ʚʳʟʚʘʥʦ 

ʠʟʤʝʥʝʥʠʝʤ ʤʠʢʨʦʦʢʨʫʞʝʥʠʷ ʠ ʢʠʩʣʦʪʥʦʡ ʩʠʣʳ ʠʥʜʠʢʘʪʦʨʘ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʥʘ 

çʧʦʚʝʨʭʥʦʩʪʠè ʢʦʣʣʦʠʜʥʦʡ ʯʘʩʪʠʮʳ.  

ʅʘ ʟʥʘʯʝʥʠʝ çʢʘʞʫʱʝʡʩʷè (çapparentè) ʢʦʥʩʪʘʥʪʳ ʠʦʥʠʟʘʮʠʠ ʢʨʘʩʠʪʝʣʷ, 
a

aK , 

ʚʣʠʷʝʪ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ ʥʘ çʧʦʚʝʨʭʥʦʩʪʠè ʤʘʢʨʦʤʦʣʝʢʫʣʳ ʠ ʥʝʚʦʜʥʳʡ ʭʘʨʘʢʪʝʨ 

ʤʠʢʨʦʦʢʨʫʞʝʥʠʷ ʠʥʜʠʢʘʪʦʨʘ. ʉʦʩʪʦʷʥʠʝ ʤʘʢʨʦʤʦʣʝʢʫʣʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʝʝ ʢʦʥʬʦʨʤʘʮʠʷ, 

ʟʘʚʠʩʠʪ ʦʪ ʠʦʥʥʦʡ ʩʠʣʳ ʨʘʩʪʚʦʨʘ ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʘ. ʆʜʥʘʢʦ ʜʦʩʪʘʪʦʯʥʦ 

ʚʳʩʦʢʘʷ ʠʦʥʥʘʷ ʩʠʣʘ (M001.0² ) ʧʦʜʜʝʨʞʠʚʘʝʪ ʢʦʥʬʦʨʤʘʮʠʶ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʩʪʦʷʥʥʦʡ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʘ, ʥʘ ʟʥʘʯʝʥʠʷ a

apK  ʙʫʜʝʪ 

ʚʣʠʷʪʴ ʢʦʥʮʝʥʪʨʘʮʠʷ ʬʦʥʦʚʦʡ ʩʦʣʠ, ʟʘ ʩʯʝʪ ʠʟʤʝʥʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʟʘʨʷʜʘ ʥʘ 

ʤʘʢʨʦʤʦʣʝʢʫʣʝ.  

ʎʝʣʴʶ ʨʘʙʦʪʳ ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʢʘʞʫʱʠʭʩʷ ʢʦʥʩʪʘʥʪ ʠʦʥʠʟʘʮʠʠ 

ʠʥʜʠʢʘʪʦʨʘ ʥʝʡʪʨʘʣʴʥʦʛʦ ʢʨʘʩʥʦʛʦ (ʅʂ) ʚ ʩʨʝʜʝ ʧʦʣʠ (4-ʩʪʠʨʦʣʩʫʣʴʬʦʥʘʪʘ ʥʘʪʨʠʷ) 

(Naʇʉʉ, Mw = 70 000 ʛ/ʤʦʣʴ) ʦʪ ʠʦʥʥʦʡ ʩʠʣʳ ʨʘʩʪʚʦʨʘ, I, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʡ ʙʳʣʠ 

ʦʮʝʥʝʥʳ ʧʘʨʘʤʝʪʨʳ ʩʚʷʟʳʚʘʥʠʷ ʧʨʦʪʠʚʦʠʦʥʦʚ. ʇʦʜ ʩʨʝʜʦʡ Naʇʉʉ ʧʦʜʨʘʟʫʤʝʚʘʝʪʩʷ 

ʧʩʝʚʜʦʬʘʟʘ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʦʪʜʝʣʴʥʳʭ ʤʘʢʨʦʤʦʣʝʢʫʣ, ʨʘʟʤʝʨʳ ʢʦʪʦʨʳʭ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ 

ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ NaCl ʤʝʪʦʜʦʤ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʘʩʩʝʷʥʠʷ ʩʚʝʪʘ ʩ ʧʦʤʦʱʴʶ 

ʧʨʠʙʦʨʘ Zetasizer Nano ZS Malvern Instruments. ʇʨʠ ʩ (NaCl) Ó 0.01 ʄ ʨʘʟʤʝʨ 

ʤʘʢʨʦʤʦʣʝʢʫʣ ʦʩʪʘʝʪʩʷ ʧʦʩʪʦʷʥʥʳʤ, ʯʪʦ ʤʦʞʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʦʜʪʚʝʨʞʜʘʪʴ ʦʪʩʫʪʩʪʚʠʝ 

ʠʟʤʝʥʝʥʠʷ ʢʦʥʬʦʨʤʘʮʠʠ ʧʦʣʠʠʦʥʦʚ ʧʨʠ ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʬʦʥʦʚʦʛʦ ʵʣʝʢʪʨʦʣʠʪʘ.  

         
ʈʠʩ. 1. ɿʘʚʠʩʠʤʦʩʪʴ ʨʘʟʤʝʨʦʚ ʯʘʩʪʠʮ Naʇʉʉ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ NaCl 

ʧʨʠ ʩ(NaPSS) = 0.001 M (ʩʣʝʚʘ) ʠ ʟʘʚʠʩʠʤʦʩʪʴ 
a

apK  ʜʣʷ ʅʂ ʦʪ log (I) 

ɿʘʚʠʩʠʤʦʩʪʴ 
a

apK  ʜʣʷ ʅʂ ʦʪ log (I) ʣʠʥʝʡʥʘ (ʚ ʧʨʝʜʝʣʘʭ I = 0.01 ʄ ï 0.50 ʄ), ʢʘʢ ʠ 

ʜʣʷ ʤʠʮʝʣʣʷʨʥʳʭ ʩʨʝʜ ʘʥʠʦʥʥʳʭ ʇɸɺ. ɺʝʣʠʯʠʥʳ ʥʘʢʣʦʥʦʚ ʧʨʷʤʳʭ ʩʦʩʪʘʚʠʣʠ -0.58 

ʠ -0.67, ʧʨʠ ʦʪʥʦʰʝʥʠʷʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʘ ʠ ʢʨʘʩʠʪʝʣʷ (P : D), ʨʘʚʥʳʭ 60 

ʠ 100, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɸʥʘʣʦʛʠʯʥʦ ʤʠʮʝʣʣʷʨʥʳʤ ʩʠʩʪʝʤʘʤ, ʤʦʞʝʤ ʧʨʠʥʷʪʴ ʵʪʠ 

ʟʥʘʯʝʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʩʪʝʧʝʥʠ ʩʚʷʟʳʚʘʥʠʷ ʧʨʦʪʠʚʦʠʦʥʦʚ ʢʦʣʣʦʠʜʥʳʤʠ ʯʘʩʪʠʮʘʤʠ Naʇʉʉ. 

ɹʳʣʦ ʟʘʤʝʯʝʥʦ, ʯʪʦ ʧʨʠ ʚʳʩʦʢʠʭ ʟʥʘʯʝʥʠʷʭ ʠʦʥʥʦʡ ʩʠʣʳ ʨʘʩʪʚʦʨʘ (I > 1 M), 

ʥʘʙʣʶʜʘʶʪʩʷ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʣʠʥʝʡʥʦʩʪʠ, ʯʪʦ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʟʘ ʩʯʝʪ ʚʳʪʝʩʥʝʥʠʷ 

ʤʦʣʝʢʫʣ ʢʨʘʩʠʪʝʣʷ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʘ ʢʘʪʠʦʥʦʤ ʬʦʥʦʚʦʡ ʩʦʣʠ. 
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ʀʉʉʃɽɼʆɺɸʅʀɽ ʉɺʆʁʉʊɺ ʉʆʈɹɽʅʊʆɺ, ʇʆʃʋʏɽʅʅʓʍ ʅɸ ʆʉʅʆɺɽ 

ʆɹʈɸɹʆʊɸʅʅʆʁ ʑɽʃʆʏʔʖ ɹɽʃʆʁ ɻʃʀʅʓ 

ʆʨʣʦʚ ʄ. ɸ. 

ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʦ-ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠ ʫʛʣʝʭʠʤʠʠ ʠʤ. ʃ. ʄ. ʃʠʪʚʠʥʝʥʢʦ ʅɸʅʋ 

orlovinfou@yandex.ru 

 

ʉʦʨʙʝʥʪʳ ʨʘʟʣʠʯʥʦʛʦ ʪʠʧʘ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʤʝʜʠʮʠʥʝ. ʆʜʥʠʤ ʠʟ 

ʚʘʞʥʝʡʰʠʭ ʘʩʧʝʢʪʦʚ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʷʚʣʷʝʪʩʷ ʣʝʯʝʥʠʝ ʦʪʨʘʚʣʝʥʠʡ ʨʘʟʣʠʯʥʳʭ ʵʪʠʦʣʦʛʠʡ, 

ʧʨʠʯʝʤ ʫʩʧʝʭ ʪʝʨʘʧʠʠ ʚʦ ʤʥʦʛʦʤ ʟʘʚʠʩʠʪ ʦʪ ʩʚʦʡʩʪʚ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʩʦʨʙʝʥʪʘ. 

ʅʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʤ ʠ ʭʦʨʦʰʦ ʟʘʨʝʢʦʤʝʥʜʦʚʘʚʰʠʤ ʩʝʙʷ ʩʦʨʙʝʥʪʦʤ ʷʚʣʷʝʪʩʷ 

ʤʝʜʠʮʠʥʩʢʠʡ ʘʢʪʠʚʠʨʦʚʘʥʥʳʡ ʫʛʦʣʴ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʙʳʪʴ ʩ ʫʩʧʝʭʦʤ ʠʩʧʦʣʴʟʦʚʘʥ 

ʧʨʘʢʪʠʯʝʩʢʠ ʧʨʠ ʚʩʝʭ ʦʩʥʦʚʥʳʭ ʚʠʜʘʭ ʦʪʨʘʚʣʝʥʠʡ. 

ʅʝʜʦʩʪʘʪʢʦʤ ʘʢʪʠʚʠʨʦʚʘʥʥʦʛʦ ʫʛʣʷ ʚ ʩʣʫʯʘʝ ʪʝʨʘʧʠʠ ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʦʪʨʘʚʣʝʥʠʡ 

ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʩʦʚʤʝʩʪʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʩ ʘʥʪʠʙʠʦʪʠʢʘʤʠ, ʦʥ ʩʦʨʙʠʨʫʝʪ ʥʝ 

ʪʦʣʴʢʦ ʙʘʢʪʝʨʠʘʣʴʥʳʝ ʪʦʢʩʠʥʳ, ʥʦ ʠ ʩʘʤ ʘʥʪʠʙʠʦʪʠʢ, ʯʪʦ ʩʥʠʞʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʪʘʢʦʛʦ 

ʣʝʯʝʥʠʷ. 

ɸʣʴʪʝʨʥʘʪʠʚʥʳʤ ʠ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʩʦʨʙʝʥʪʦʤ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʤʦʞʝʪ 

ʚʳʩʪʫʧʠʪʴ ʩʦʨʙʝʥʪ, ʢʦʪʦʨʳʡ ʩʦʜʝʨʞʠʪ ʚ ʩʚʦʝʡ ʩʪʨʫʢʪʫʨʝ ʪʦʣʴʢʦ ʙʦʣʴʰʠʝ ʧʦʨʳ ʠ 

ʚʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʥʝ ʩʚʷʟʳʚʘʶʱʠʡ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʝ ʩʦʝʜʠʥʝʥʠʷ. ʀʤʝʥʥʦ ʪʘʢʠʤʠ 

ʩʚʦʡʩʪʚʘʤʠ ʦʙʣʘʜʘʶʪ ʩʦʨʙʝʥʪʳ ʥʘ ʦʩʥʦʚʝ ʙʝʣʦʡ ʛʣʠʥʳ. 

ʉ ʮʝʣʴʶ ʥʘʭʦʞʜʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʫʯʝʥʠʷ ʪʘʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠʟ 

ʧʨʠʨʦʜʥʦʡ ʙʝʣʦʡ ʛʣʠʥʳ ʥʘʤʠ ʙʳʣʠ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʩʦʨʙʮʠʦʥʥʦʡ ʝʤʢʦʩʪʠ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʬʝʥʦʣʫ (ʤʦʜʝʣʠʨʫʝʪ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʦʝ ʩʦʝʜʠʥʝʥʠʝ) ʠ ʤʝʜʠʮʠʥʩʢʦʡ 

ʞʝʣʯʠ (ʤʦʜʝʣʠʨʫʝʪ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʝ ʙʝʣʢʦʚʳʝ ʪʦʢʩʠʥʳ) ʩʣʝʜʫʶʱʠʭ ʦʙʨʘʟʮʦʚ: 1) 

ʤʝʜʠʮʠʥʩʢʦʛʦ ʘʢʪʠʚʠʨʦʚʘʥʥʦʛʦ ʫʛʣʷ; 2) ʧʨʠʨʦʜʥʦʡ ʙʝʣʦʡ ʛʣʠʥʳ; 3) ʙʝʣʦʡ ʛʣʠʥʳ, 

ʘʢʪʠʚʠʨʦʚʘʥʥʦʡ 20 % ʨʘʩʪʚʦʨʦʤ ʛʠʜʨʦʢʩʠʜʘ ʥʘʪʨʠʷ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ (ʪʠʧ I); 

4) ʙʝʣʦʡ ʛʣʠʥʳ, ʘʢʪʠʚʠʨʦʚʘʥʥʦʡ ʧʫʪʝʤ ʩʧʣʘʚʣʝʥʠʡ ʩ ʛʠʜʨʦʢʩʠʜʦʤ ʥʘʪʨʠʷ ʧʨʠ 650 ʦʉ ʩ 

ʧʦʩʣʝʜʫʶʱʝʡ ʦʪʤʳʚʢʦʡ ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʦʜʫʢʪʘ ʚʦʜʦʡ (ʪʠʧ II). ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ 

ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

 

ʊʘʙʣʠʮʘ 1. ʉʦʨʙʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʩʦʨʙʝʥʪʦʚ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʬʝʥʦʣʫ 

ʠ ʤʝʜʠʮʠʥʩʢʦʡ ʞʝʣʯʠ 

 

ʉʦʨʙʝʥʪ ʉʦʨʙʮʠʷ ʬʝʥʦʣʘ, % ʉʦʨʙʮʠʷ ʞʝʣʯʠ, % 

ɸʢʪʠʚʠʨʦʚʘʥʥʳʡ ʫʛʦʣʴ 100 100 

ʇʨʠʨʦʜʥʘʷ ʙʝʣʘʷ ʛʣʠʥʘ 10 8 

ɸʢʪʠʚʠʨʦʚʘʥʥʘʷ ʙʝʣʘʷ ʛʣʠʥʘ (ʪʠʧ I) 6 82 

ɸʢʪʠʚʠʨʦʚʘʥʥʘʷ ʙʝʣʘʷ ʛʣʠʥʘ (ʪʠʧ II) 5 9 

 

ʀʟ ʘʥʘʣʠʟʘ ʪʘʙʣʠʮʳ 1 ʩʣʝʜʫʝʪ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʳʤ ʩʧʦʩʦʙʦʤ ʘʢʪʠʚʘʮʠʠ 

ʙʝʣʦʡ ʛʣʠʥʳ ʷʚʣʷʝʪʩʷ ʚʳʜʝʨʞʠʚʘʥʠʝ ʝʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʩ ʨʘʩʪʚʦʨʦʤ 

ʛʠʜʨʦʢʩʠʜʘ ʥʘʪʨʠʷ (ʘʢʪʠʚʘʮʠʷ ʧʦ ʪʠʧʫ I). ɼʘʥʥʘʷ ʧʨʦʮʝʜʫʨʘ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪ ʩʦʨʙʝʥʪ, 

ʩʝʣʝʢʪʠʚʥʦ ʧʦʛʣʦʱʘʶʱʠʡ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʝ ʩʦʝʜʠʥʝʥʠʷ. ʉʦʨʙʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ 

ʙʝʣʦʡ ʛʣʠʥʳ, ʘʢʪʠʚʠʨʦʚʘʥʥʦʡ ʧʦ ʪʠʧʫ II, ʢʘʢ ʠ ʥʝʘʢʪʠʚʠʨʦʚʘʥʥʦʡ ʧʨʠʨʦʜʥʦʡ ʛʣʠʥʳ, 

ʦʢʘʟʘʣʠʩʴ ʥʝʚʳʩʦʢʠʤʠ. 
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ʂʆʂʉʆʋʊɺʆʈɽʅʅʗ ʋ ʂʈɽʂɯʅɿɯ ɻɽʇʊɽʅʋ 

ʇʝʨʪʢʦ ʆ. ʇ.1, ʇʘʪʨʠʣʷʢ ʃ. ʂ.1, ɻʘʥʟʶʢ ʆ. ɺ.2 
1ɯʥʩʪʠʪʫʪ ʙʽʦʦʨʛʘʥʽʯʥʦʾ ʭʽʤʽʾ ʪʘ ʥʘʬʪʦʭʽʤʽʾ ʅɸʅ ʋʢʨʘʾʥʠ 

2ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʇɯ ʽʤ. ɯ. ʉʽʢʦʨʩʴʢʦʛʦè 

o.pertko@gmail.com 

 

ʐʚʠʜʢʘ ʜʝʟʘʢʪʠʚʘʮʽʷ ʢʘʪʘʣʽʟʘʪʦʨʽʚ ʟʘ ʨʘʭʫʥʦʢ ʢʦʢʩʦʫʪʚʦʨʝʥʥʷ ʥʘʜʟʚʠʯʘʡʥʦ 

ʩʠʣʴʥʦ ʚʧʣʠʚʘʻ ʥʘ ʫʤʦʚʠ ʨʦʙʦʪʠ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʠʭ ʢʘʪʘʣʽʟʘʪʦʨʽʚ, ʦʩʦʙʣʠʚʦ ʮʝ 

ʘʢʪʫʘʣʴʥʦ ʜʣʷ ʢʘʪʘʣʽʟʘʪʦʨʘ ʢʨʝʢʽʥʛʫ, ʷʢʠʡ ʚʠʤʘʛʘʻ ʧʦʩʪʽʡʥʠʭ ʨʝʛʝʥʝʨʘʮʽʡ. ʇʨʠ 

ʢʘʪʘʣʽʪʠʯʥʦʤʫ ʨʦʟʱʝʧʣʝʥʥʽ ʥʘʬʪʦʚʠʭ ʬʨʘʢʮʽʡ ʚʘʞʯʘ ʚʫʛʣʝʚʦʜʥʝʚʘ ʩʠʨʦʚʠʥʘ ʢʨʝʢʫʻʪʴʩʷ 

ʥʘ ʙʽʣʴʰ ʥʠʟʴʢʦʤʦʣʝʢʫʣʷʨʥʽ ʧʨʦʜʫʢʪʠ, ʩʝʨʝʜ ʷʢʠʭ ʦʙʦʚôʷʟʢʦʚʠʤʠ ʩʢʣʘʜʦʚʠʤʠ 

ʚʠʩʪʫʧʘʶʪʴ ʦʣʝʬʽʥʠ. ʆʩʪʘʥʥʽ, ʙʫʜʫʯʠ ʚʠʩʦʢʦ ʨʝʘʢʮʽʡʥʦʟʜʘʪʥʠʤʠ, ʦʩʦʙʣʠʚʦ ʩʠʣʴʥʦ 

ʩʧʨʠʷʶʪʴ ʟʘʨʦʜʞʝʥʥʶ ʪʘ ʧʦʜʘʣʴʰʦʤʫ ʨʦʟʨʦʩʪʘʥʥʶ ʚʫʛʣʠʩʪʠʭ ʚʽʜʢʣʘʜʝʥʴ, ʱʦ 

ʜʝʟʘʢʪʠʚʫʶʪʴ ʢʠʩʣʦʪʥʽ ʮʝʥʪʨʠ ʢʘʪʘʣʽʟʘʪʦʨʘ. 

ʊʦʤʫ ʤʝʪʦʶ ʨʦʙʦʪʠ ʙʫʣʘ ʦʮʽʥʢʘ ʦʩʦʙʣʠʚʦʩʪʝʡ ʫʪʚʦʨʝʥʥʷ ʢʦʢʩʫ ʥʘ ʮʝʦʣʽʪʽ ʪʠʧʫ 

ʧʝʥʪʘʩʠʣʫ ʧʨʠ ʧʝʨʝʪʚʦʨʝʥʥʽ ʥ-ʛʝʧʪʝʥʫ-1. 

ɺʦʜʥʝʚʫ ʬʦʨʤʫ ʮʝʦʣʽʪʫ ʚʠʩʦʢʦʤʦʜʫʣʴʥʦʛʦ (Si/Al  = 20,5, ɸʊ çʉʦʨʙʝʥʪè, ʈʌ) 

ʦʜʝʨʞʫʚʘʣʠ ʰʣʷʭʦʤ ʪʨʠʢʨʘʪʥʦʛʦ ʽʦʥʥʦʛʦ ʦʙʤʽʥʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʽʪʨʘʪʫ ʘʤʦʥʽʶ ʪʘ 

ʥʘʩʪʫʧʥʦʛʦ ʧʨʦʞʘʨʶʚʘʥʥʷ ʟʘ 500 Áʉ. 

ɼʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ ʫʪʚʦʨʶʚʘʥʦʛʦ ʥ-ʛʝʧʪʝʥʦʤ-1 ʢʦʢʩʫ ʙʫʣʦ ʟʜʽʡʩʥʝʥʦ 

ʟʘʢʦʢʩʫʚʘʥʥʷ ʮʝʦʣʽʪʫ 3-ʤʘ (ʟʨʘʟʦʢ 1) ʪʘ 7-ʤʘ (ʟʨʘʟʦʢ 2) ʧʦʩʣʽʜʦʚʥʠʤʠ ʽʤʧʫʣʴʩʘʤʠ 

ʚʫʛʣʝʚʦʜʥʶ (ʧʦ 2 ʤʢʣ ʢʦʞʝʥ) ʧʨʠ 500 Áʉ. ʂʦʥʚʝʨʩʽʷ ʛʝʧʪʝʥʫ ʧʨʠ ʮʴʦʤʫ ʩʪʘʥʦʚʠʣʘ 75ï

80 %. ʋʪʚʦʨʝʥʽ ʚʫʛʣʠʩʪʽ ʚʽʜʢʣʘʜʝʥʥʷ ʚʠʧʘʣʶʚʘʣʠ ʰʣʷʭʦʤ ʧʦʜʘʯʽ ʽʤʧʫʣʴʩʽʚ ʢʠʩʥʶ (1 ʤʣ) 

ʟʘ 500 Áʉ ʟ ʭʨʦʤʘʪʦʛʨʘʬʽʯʥʠʤ ʘʥʘʣʽʟʦʤ ʧʨʦʜʫʢʪʽʚ ʟʛʦʨʷʥʥʷ ʧʽʩʣʷ ʢʦʞʥʦʛʦ ʽʤʧʫʣʴʩʫ 

ʢʠʩʥʶ.  

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʢʽʣʴʢʽʩʪʴ ʢʦʢʩʫ, ʚʠʧʘʣʝʥʦʛʦ ʧʽʩʣʷ ʧʦʜʘʯʽ 7-ʤʠ ʽʤʧʫʣʴʩʽʚ 

ʚʫʛʣʝʚʦʜʥʶ, ʚ 1,5 ʨʘʟʠ ʙʽʣʴʰʘ ʟʘ ʢʽʣʴʢʽʩʪʴ ʢʦʢʩʫ, ʫʪʚʦʨʝʥʦʛʦ ʧʽʩʣʷ ʧʦʜʘʯʽ 3-ʭ ʽʤʧʫʣʴʩʽʚ 

(202 ʪʘ 330 ʤʢʛ ʥʘ 0,1 ʛ ʟʨʘʟʢʘ ʚʽʜʧʦʚʽʜʥʦ). ɼʣʷ ʟʨʘʟʢʘ 1 ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʅ/ʉ ʩʢʣʘʜʘʻ ʚ 

ʩʝʨʝʜʥʴʦʤʫ 0,4, ʪʦʜʽ ʷʢ ʜʣʷ ʟʨʘʟʢʘ 2 ʚʦʥʦ ʧʨʠʥʘʡʤʥʽ ʚʜʚʽʯʽ ʙʽʣʴʰʝ. ʎʝ ʤʦʞʝ ʙʫʪʠ 

ʩʧʨʠʯʠʥʝʥʦ ʪʠʤ, ʱʦ ʛʝʧʪʝʥ, ʙʫʜʫʯʠ ʚʝʣʴʤʠ ʨʝʘʢʮʽʡʥʦʟʜʘʪʥʦʶ ʩʧʦʣʫʢʦʶ, ʩʧʦʯʘʪʢʫ 

ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʢʨʝʢʫʻʪʴʩʷ ʟ ʫʪʚʦʨʝʥʥʷʤ ʧʨʦʜʫʢʪʽʚ, ʷʢʽ ʥʘʩʠʯʫʶʪʴʩʷ ʚʦʜʥʝʤ ʟʘ ʨʘʭʫʥʦʢ 

ʟʙʽʜʥʝʥʥʷ ʥʠʤ ʢʦʢʩʫ. ʇʦʜʘʣʴʰʘ ʞ ʧʦʜʘʯʘ ʦʣʝʬʽʥʫ ʩʧʨʠʷʻ ʨʦʟʨʦʩʪʘʥʥʶ ʫʪʚʦʨʝʥʠʭ 

ʢʦʢʩʦʚʠʭ ʤʦʣʝʢʫʣ ʰʣʷʭʦʤ ʘʣʢʽʣʫʚʘʥʥʷ ʦʩʪʘʥʥʽʭ, ʽ ʷʢ ʨʝʟʫʣʴʪʘʪ (ʅ/ʉ)ʩʝʨ ʟʨʦʩʪʘʻ. 

ʂʨʠʚʽ ʚʠʧʘʣʶʚʘʥʥʷ ʢʦʢʩʫ ʤʘʶʪʴ ʭʘʨʘʢʪʝʨʥʽ ʩʧʣʝʩʢʠ ʪʘ ʫʧʦʚʽʣʴʥʝʥʥʷ ʛʦʨʽʥʥʷ, ʟʘ 

ʷʢʠʤʠ ʤʦʞʥʘ ʛʦʚʦʨʠʪʠ ʧʨʦ ʣʦʢʘʣʽʟʘʮʽʶ ʢʦʢʩʫ ʥʘ ʟʦʚʥʽʰʥʽʡ ʧʦʚʝʨʭʥʽ ʽ ʚʩʝʨʝʜʠʥʽ 

ʮʝʦʣʽʪʥʦʾ ʩʪʨʫʢʪʫʨʠ. ʅʘ ʟʨʘʟʢʫ 1 ʽʟ ʟʦʚʥʽʰʥʴʦʾ ʧʦʚʝʨʭʥʽ ʚʠʧʘʣʝʥʦ 14 ʤʢʛ ʢʦʢʩʫ, ʪʦʜʽ ʷʢ 

ʥʘ ʟʨʘʟʢʫ 2 ʢʽʣʴʢʽʩʪʴ ʪʘʢʦʛʦ ʢʦʢʩʫ ʩʢʣʘʜʘʻ 89 ʤʢʛ. 

ʆʜʝʨʞʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʧʨʠ ʜʝʟʘʢʪʠʚʘʮʽʾ 

ʦʣʝʬʽʥʦʤ ʮʝʦʣʽʪʫ ʪʠʧʫ ʅʎɺʄ ʢʦʢʩ ʟʘʨʦʜʞʫʻʪʴʩʷ ʚʩʝʨʝʜʠʥʽ ʧʦʨʠʩʪʦʾ ʩʪʨʫʢʪʫʨʠ, ʘʣʝ ʚ 

ʤʽʨʫ ʡʦʛʦ ʥʘʢʦʧʠʯʝʥʥʷ ʧʦʯʠʥʘʻ ʟʘʪʨʠʤʫʚʘʪʠʩʷ ʽ ʥʘ ʟʦʚʥʽʰʥʽʡ ʧʦʚʝʨʭʥʽ. 
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ʅʘ ʩʴʦʛʦʜʥʽ ʮʝʦʣʽʪʠ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚ ʨʦʣʽ ʩʦʨʙʝʥʪʽʚ ʪʘ ʢʘʪʘʣʽʟʘʪʦʨʽʚ. 

ʉʝʨʝʜ ʤʝʪʦʜʽʚ ʾʭ ʤʦʜʠʬʽʢʘʮʽʾ ʟʘʩʪʦʩʦʚʫʶʪʴ ʛʽʜʨʦʪʝʨʤʘʣʴʥʠʡ ʽʦʥʥʠʡ ʦʙʤʽʥ ʚ ʨʽʜʢʽʡ ʬʘʟʽ, 

ʪʚʝʨʜʦʬʘʟʥʠʡ ʽʦʥʥʠʡ ʦʙʤʽʥ, ʽʤʧʨʝʛʥʫʚʘʥʥʷ. ʆʜʥʠʤ ʽʟ ʧʨʦʤʠʩʣʦʚʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ 

ʮʝʦʣʽʪʽʚ ʻ ʮʝʦʣʽʪ ʪʠʧʫ ʧʝʥʪʘʩʠʣʫ ï ZSM-5. ʅʽʢʝʣʴ, ʙʫʜʫʯʠ ʝʣʝʤʝʥʪʦʤ VIII  ʛʨʫʧʠ, ʫ 

ʤʝʪʘʣʽʯʥʦʤʫ ʩʪʘʥʽ ʧʨʦʷʚʣʷʻ ʛʽʜʨʫʶʯʝ-ʜʝʛʽʜʨʫʶʯʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʦʜʽʙʥʦ ʜʦ ʧʣʘʪʠʥʠ ʪʘ 

ʧʘʣʘʜʽʶ.  

ʊʦʤʫ ʤʝʪʦʶ ʨʦʙʦʪʠ ʙʫʣʘ ʦʮʽʥʢʘ ʟʤʽʥʠ ʧʦʨʠʩʪʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʮʝʦʣʽʪʫ ZSM-5 ʚ 

ʧʨʦʮʝʩʽ ʚʚʝʜʝʥʥʷ ʜʦ ʡʦʛʦ ʩʢʣʘʜʫ ʨʽʟʥʦʾ ʢʽʣʴʢʦʩʪʽ ʥʽʢʝʣʶ ʰʣʷʭʦʤ ʽʤʧʨʝʛʥʫʚʘʥʥʷ. 

ɺʦʜʥʝʚʫ ʬʦʨʤʫ ʦʜʝʨʞʫʚʘʣʠ ʥʘ ʦʩʥʦʚʽ ʮʝʦʣʽʪʫ ZSM-5 ʚʠʨʦʙʥʠʮʪʚʘ ɸʊ çʉʦʨʙʝʥʪè 

(ʤ. ʅʠʞʥʽʡ ʅʦʚʛʦʨʦʜ, ʈʌ, Si/Al  = 20,5) ʰʣʷʭʦʤ ʪʨʠʢʨʘʪʥʦʛʦ ʽʦʥʥʦʛʦ ʦʙʤʽʥʫ ʥʽʪʨʘʪʦʤ 

ʘʤʦʥʽʶ ʟ ʧʦʜʘʣʴʰʠʤ ʧʨʦʞʘʨʶʚʘʥʥʷʤ ʧʨʠ 500 Áʉ. ʇʨʦʩʦʯʫʚʘʥʥʷ ʥʽʪʨʘʪʦʤ ʥʽʢʝʣʶ 

ʧʨʦʚʦʜʠʣʠ ʽʟ ʨʦʟʨʘʭʫʥʢʫ 1, 5 ʪʘ 15 % ʤʘʩ. ʥʽʢʝʣʶ ʥʘ ʜʝʛʽʜʨʘʪʦʚʘʥʠʡ ʟʨʘʟʦʢ ʮʝʦʣʽʪʫ. 

ʇʦʨʠʩʪʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʠʟʥʘʯʘʣʠ ʟʘ ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʦʶ ʘʜʩʦʨʙʮʽʻʶ/ʜʝʩʦʨʙʮʽʻʶ 

ʘʟʦʪʫ (ï196 Áʉ) ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʘʥʘʣʽʟʘʪʦʨʘ Quantachrome.  

ʆʜʝʨʞʘʥʽ ʽʟʦʪʝʨʤʠ ʘʜʩʦʨʙʮʽʾ/ʜʝʩʦʨʙʮʽʾ (ʨʠʩ. 1) ʻ ʪʠʧʦʚʠʤʠ ʜʣʷ ʤʽʢʨʦʧʦʨʠʩʪʠʭ 

ʩʦʨʙʝʥʪʽʚ, ʜʣʷ ʷʢʠʭ ʭʘʨʘʢʪʝʨʥʠʡ ʢʨʫʪʠʡ ʧʽʜʡʦʤ ʚ ʦʙʣʘʩʪʽ ʥʠʟʴʢʠʭ ʈ/ʈ0. ɯʟʦʪʝʨʤʠ 

ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ɯVa ʪʠʧʫ ʟ ʧʝʪʣʝʶ ʛʽʩʪʝʨʝʟʠʩʫ ʅ4 ʟʘ ʢʣʘʩʠʬʽʢʘʮʽʻʶ IUPAC. ʌʦʨʤʘ 

ʽʟʦʪʝʨʤʠ ʪʘ ʧʝʪʣʽ ʛʽʩʪʝʨʝʟʠʩʫ ʩʚʽʜʯʘʪʴ ʧʨʦ ʘʜʩʦʨʙʮʽʶ ʥʝ ʣʠʰʝ ʚ ʤʽʢʨʦʧʦʨʘʭ, ʘʣʝ ʡ ʥʘ 

ʟʦʚʥʽʰʥʽʡ ʧʦʚʝʨʭʥʽ ʢʨʠʩʪʘʣʽʚ ʪʘ ʚ  ʤʝʟʦʧʦʨʘʭ.  

ʗʢ ʚʠʜʥʦ ʽʟ ʨʦʟʪʘʰʫʚʘʥʥʷ ʽʟʦʪʝʨʤ ʪʘ ʧʨʠʚʝʜʝʥʠʭ ʫ ʪʘʙʣ. 1 ʜʘʥʠʭ ʧʨʦʮʝʩ 

ʽʤʧʨʝʛʥʫʚʘʥʥʷ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʻ ʥʘ ʧʦʨʠʩʪʽʩʪʴ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʟʨʘʟʢʽʚ. ɺʚʝʜʝʥʥʷ ʫʞʝ 1 % 

ʤʘʩ. ʥʽʢʝʣʶ ʟʤʝʥʰʫʻ ʧʠʪʦʤʫ ʧʦʚʝʨʭʥʶ ʥʘ 50 ʤ2/ʛ. ɼʦʚʝʜʝʥʥʷ ʚʤʽʩʪʫ ʥʽʢʝʣʶ ʜʦ 15 % ʤʘʩ. 

ʚʠʢʣʠʢʘʻ ʟʤʝʥʰʝʥʥʷ ʧʦʚʝʨʭʥʽ ʤʘʡʞʝ ʫ 3 ʨʘʟʠ. ʇʨʠʯʦʤʫ ʟʘʢʦʥʦʤʽʨʥʦ, ʱʦ ʧʨʠ ʮʴʦʤʫ ʚ 

ʦʩʥʦʚʥʦʤʫ ʧʘʜʘʻ ʧʦʚʝʨʭʥʷ ʤʽʢʨʦʧʦʨ ʟ 373 ʜʦ 125 ʤ2/ʛ, ʪʦʜʽ ʷʢ ʟʦʚʥʽʰʥʷ ʧʦʚʝʨʭʥʷ 

ʟʤʝʥʰʫʻʪʴʩʷ ʣʠʰʝ ʥʘ 10 %.  

 ɿʘʛʘʣʴʥʠʡ ʦʙ'ʻʤ ʧʦʨ ʟʤʝʥʰʫʻʪʴʩʷ ʚ 2,3 ʨʘʟʠ, ʪʦʜʽ ʷʢ ʦʙ'ʻʤ ʤʽʢʨʦʧʦʨ ʚ 3 ʨʘʟʠ. 

ʉʝʨʝʜʥʽʡ ʨʘʜʽʫʩ ʧʦʨ ʟʘ ʨʘʭʫʥʦʢ ʥʘʷʚʥʦʾ ʤʝʟʦʧʦʨʠʩʪʦʩʪʽ ʩʢʣʘʜʘʻ ʚʽʜ 14 ʜʦ 18 ¡. ʊʦʜʽ ʷʢ 

ʨʦʟʤʽʨ ʤʽʢʨʦʧʦʨ ʥʘʡʙʣʠʞʯʠʡ ʜʦ ʮʝʦʣʽʪʫ ZSM-5 (5,4ʭ5,6 ¡) ʟʥʘʡʜʝʥʦ ʟʘ ʪʝʦʨʽʻʶ DFT ï 

6,4 ¡. ʊʦʜʽ ʷʢ ʟʘ ʪʝʦʨʽʷʤʠ ɼʫʙʽʥʽʥʘ-ʈʘʜʫʰʢʝʚʠʯʘ, ʍʦʚʘʨʜʘ-ʂʘʚʘʟʦʝ, ʉʘʡʪʦ-ʌʦʣʝʽ ʪʘ 

ɼʫʙʽʥʽʥʘ-ɸʩʪʘʭʦʚʘ ʦʜʝʨʞʫʶʪʴ ʩʫʪʪʻʚʦ ʥʠʞʯʽ ʨʝʟʫʣʴʪʘʪʠ ï 2ï4 ¡. ʎʽʢʘʚʦ, ʱʦ ʨʦʟʤʽʨ ʧʦʨ 

ʧʨʘʢʪʠʯʥʦ ʥʝ ʟʤʽʥʶʻʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʽʤʧʨʝʛʥʫʚʘʥʥʷ ʩʦʣʽ ʥʽʢʝʣʶ. ɿʘ ɹʘʨʨʝʪʦʤ-

ɼʞʦʡʥʝʨʦʤ-ʍʘʣʝʥʜʦʶ ʨʦʟʤʽʨ ʤʝʟʦʧʦʨ  ʩʢʣʘʜʘʻ 15ï18 ¡. ɺʨʘʭʦʚʫʶʯʠ  ʩʫʪʪʻʚʝ ʧʘʜʽʥʥʷ 

ʦʙ'ʻʤʫ ʤʽʢʨʦʧʦʨ ʧʨʠ ʚʽʜʩʫʪʥʦʩʪʽ ʚʠʜʠʤʠʭ ʟʤʽʥ ʫ ʾʭ ʨʦʟʤʽʨʘʭ ʜʦʚʦʜʠʪʴʩʷ ʧʨʠʧʫʩʢʘʪʠ 

ʧʦʚʥʝ ʟʘʧʦʚʥʝʥʥʷ  ʯʘʩʪʠʥʠ ʟ ʥʠʭ ʥʽʪʨʘʪʦʤ ʥʽʢʝʣʶ.  
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ʈʠʩ. 1. ɯʟʦʪʝʨʤʠ ʘʜʩʦʨʙʮʽʾ/ʜʝʩʦʨʙʮʽʾ ʘʟʦʪʫ ʥʘ ʟʨʘʟʢʘʭ  ʥʽʢʝʣʴʚʤʽʩʥʦʛʦ ʮʝʦʣʽʪʫ HZSM-5: 

1 ï HZSM-5; 2 ï NiHZSM-1 %; 3 ï NiHZSM-5 %; 4 ï NiHZSM-15 % 

 

ʊʘʙʣʠʮʷ 1. ɸʜʩʦʨʙʮʽʡʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʽʢʝʣʴʚʤʽʩʥʠʭ ʧʝʥʪʘʩʠʣʽʚ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ 
ɿʨʘʟʦʢ 

HZSM-5 NiHZSM-1% NiHZSM-5% NiHZSM-15% 

Sʧʠʪ ʟʘ ɹET, ʤ2/ʛ 405 355 204 144 

Sʟʦʚʥ. (t-ʤʝʪʦʜ), ʤ
2/ʛ 32 26 23 19 

Sʤʽʢʨ. (t-ʤʝʪʦʜ), ʤ2/ʛ 373 329 180 125 

ɿʘʛʘʣʴʥʠʡ ʦʙ'ʻʤ ʧʦʨ, ʩʤ3/ʛ  0,30 0,29 0,18 0,13 

ʆʙ'ʻʤ ʤʽʢʨʦʧʦʨ (t-ʤʝʪʦʜ) 0,16 0,14 0,07 0,05 

Rʩʝʨ., ¡ 14.8 16.3 17.7 17.5 

R ʟʘ DR/DA, ¡ 2.9/4.2 2.6/4.0 2.9/4.2 3.2/4.4 

R ʟʘ HK/SF, ¡ 2.2/2.3 2.2/2.3 2.2/2.3 2.2/2.3 

R ʟʘ BJH ʘʜ./ʜʝʩ., ¡  15.6/18.8 15.6/18.8 15.6/18.8 17.4/18.8 

R ʟʘ DFT, ¡ 6.4 6.4 6.4 6.4 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʽʤʧʨʝʛʥʫʚʘʥʥʷ ʮʝʦʣʽʪʫ ʪʠʧʫ ZSM-5 ʥʽʪʨʘʪʦʤ ʥʽʢʝʣʶ ʩʫʪʪʻʚʦ 

ʚʧʣʠʚʘʻ ʥʘ ʧʦʨʠʩʪʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʩʪʘʥʥʴʦʛʦ ʟʤʝʥʰʫʶʯʠ ʧʦʚʝʨʭʥʶ ʪʘ ʦʙ'ʻʤ ʤʽʢʨʦʧʦʨ 

ʧʨʘʢʪʠʯʥʦ ʥʝ ʚʧʣʠʚʘʶʯʠ ʧʨʠ ʮʴʦʤʫ ʥʘ ʾʭ ʨʦʟʤʽʨ.  

 

1. ɻʨʝʛ C. ɸʜʩʦʨʙʮʠʷ, ʫʜʝʣʴʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ, ʧʦʨʠʩʪʦʩʪʴ / ɻʨʝʛ C., ʉʠʥʛ ʂ. // ʇʝʨ. 

ʩ ʘʥʛ. ï ʄ: ʄʠʨ, 1984. 

2. Rouquerol F. Adsorption by powders and porous solids. Principles, methodology and 

applications / Rouquerol F., Rouquerol J., Sing K. // San Diego: Academic Press. ï 1999. 
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ɸʅʊʀʆʂʉʀɼɸʅʊʅɯ ɺʃɸʉʊʀɺʆʉʊɯ 7,8-ɼɯʆʂʉʀ-4-ʆʂʉʀʄɽʊʀʃʂʋʄɸʈʀʅʋ 

ʇʨʠʱʝʧ ʄ. ʄ.1, ʃʝʩʠʰʠʥʘ ʖ. ʆ.1, ʌʨʘʩʠʥʶʢ ʄ. ʉ.2, ʐʝʥʜʨʠʢ ʆ. ʄ.1  
1ɼʦʥʝʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɺʘʩʠʣʷ ʉʪʫʩʘ 
2ɯʥʩʪʠʪʫʪ ʙʽʦʦʨʛʘʥʽʯʥʦʾ ʭʽʤʽʾ ʪʘ ʥʘʬʪʦʭʽʤʽʾ ʅɸʅ ʋʢʨʘʾʥʠ 

ju.lesyshyna@donnu.edu.ua 

 

ʄʝʪʘ ʨʦʙʦʪʠ ʧʦʣʷʛʘʣʘ ʫ ʜʦʩʣʽʜʞʝʥʥʽ ʘʥʪʠʦʢʩʠʜʘʥʪʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʧʝʨʰʝ 

ʩʠʥʪʝʟʦʚʘʥʦʛʦ 7,8-ʜʽʦʢʩʠ-4-ʦʢʩʠʤʝʪʠʣʢʫʤʘʨʠʥʫ ʚ ʨʝʘʢʮʽʾ ʡʦʛʦ ʽʥʛʽʙʦʚʘʥʦʛʦ 

ʘʚʪʦʦʢʠʩʥʝʥʥʷ ʫ ʚʦʜʥʦ-ʣʫʞʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʪʘ ʚʠʟʥʘʯʝʥʥʶ ʢʽʥʝʪʠʯʥʠʡ ʧʘʨʘʤʝʪʨʽʚ ʮʽʻʾ 

ʨʝʘʢʮʽʾ ï ʧʝʨʽʦʜʫ ʽʥʜʫʢʮʽʾ (Ű) ʽ  ʰʚʠʜʢʦʩʪʽ ʟʘʨʦʜʞʝʥʥʷ ʨʘʜʠʢʘʣʽʚ (Vi) ʢʫʤʘʨʠʥʫ. 

ʂʽʥʝʪʠʢʫ ʨʝʘʢʮʽʾ ʦʢʠʩʥʝʥʥʷ 7,8-ʜʽʦʢʩʠ-4-ʦʢʩʠʤʝʪʠʣʢʫʤʘʨʠʥʫ ʤʦʣʝʢʫʣʷʨʥʠʤ 

ʢʠʩʥʝʤ ʚ ʧʨʠʩʫʪʥʦʩʪʽ ʽʥʛʽʙʽʪʦʨʘ L-ʘʩʢʦʨʙʽʥʦʚʦʾ ʢʠʩʣʦʪʠ (AscH2) ʜʦʩʣʽʜʞʫʚʘʣʠ ʤʝʪʦʜʦʤ 

UV-VIS-ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʽʾ. ʈʝʘʢʮʽʶ ʧʨʦʚʦʜʠʣʠ ʫ ʢʘʨʙʦʥʘʪʥʦʤʫ ʙʫʬʝʨʥʽʡ ʩʠʩʪʝʤʽ (ʂɹʉ) 

ʟ ʨʅ 9.2 ʟʘ ʘʪʤʦʩʬʝʨʥʦʛʦ ʪʠʩʢʫ ʪʘ ʪʝʤʧʝʨʘʪʫʨʠ 35 ÜC. ʋʨʘʭʦʚʫʶʯʠ ʥʠʟʴʢʫ ʨʦʟʯʠʥʥʽʩʪʴ 

7,8-ʜʽʦʢʩʠ-4-ʦʢʩʠʤʝʪʠʣʢʫʤʘʨʠʥʫ ʫ ʚʦʜʽ, ʜʣʷ ʧʨʠʛʦʪʫʚʘʥʥʷ  ʡʦʛʦ ʚʦʜʥʦʛʦ ʨʦʟʯʠʥʫ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʥʝʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʜʠʤʝʪʠʣʩʫʣʴʬʦʢʩʠʜʫ (ɼʄʉʆ) ï 2 %(ʦʙ.). 

ɺ UV-ʩʧʝʢʪʨʽ ʨʦʟʯʠʥʫ 7,8-ʜʽʦʢʩʠ-4-ʦʢʩʠʤʝʪʠʣʢʫʤʘʨʠʥʫ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʜʚʽ 

ʽʥʪʝʥʩʠʚʥʽ ʩʤʫʛʠ ʧʦʛʣʠʥʘʥʥʷ ʟ ʤʘʢʩʠʤʫʤʘʤʠ ʧʨʠ 260 ʽ 325 ʥʤ, ʚʽʜʧʦʚʽʜʥʦ. ʆʢʠʩʥʝʥʥʷ 

7,8-ʜʽʦʢʩʠ-4-ʦʢʩʠʤʝʪʠʣʢʫʤʘʨʠʥʫ ʫ ʂɹʉ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʟʩʫʚʦʤ ʤʘʢʩʠʤʫʤʫ ʧʨʠ 260 ʥʤ 

ʥʘ 20 ʥʤ ʽ ʧʦʷʚʦʶ ʧʣʝʯʘ ʟ ʤʘʢʩʠʤʫʤʦʤ ʚ ʦʙʣʘʩʪʽ 370 ʥʤ ʟ ʧʦʩʪʫʧʦʚʠʤ ʟʤʝʥʰʝʥʥʷʤ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʦʙʦʭ ʩʤʫʛ ʧʦʛʣʠʥʘʥʥʷ ʧʨʦʪʷʛʦʤ ʦʜʥʽʻʾ ʛʦʜʠʥʠ ʙʝʟ ʧʦʜʘʣʴʰʠʭ ʟʤʽʥ.  

ʅʘ ʨʠʩʫʥʢʫ 1 ʥʘʚʝʜʝʥʽ ʢʽʥʝʪʠʯʥʽ ʢʨʠʚʽ ʚʠʪʨʘʯʘʥʥʷ ʢʫʤʘʨʠʥʫ ʫ ʧʨʠʩʫʪʥʦʩʪʽ 

L-ʘʩʢʦʨʙʽʥʦʚʦʾ ʢʠʩʣʦʪʠ ʨʽʟʥʦʾ ʢʦʥʮʝʥ-

ʪʨʘʮʽʾ ʫ ʂɹʉ ʧʨʠ 370 ʥʤ, ʜʝ: 

1) ʉ(AscH2) = 6Ā10-5 ʄ; 2) ʉ(AscH2) = 

5Ā10-5 ʄ; 3) ʉ(AscH2)=2Ā10
-5 ʄ;  

4) ʙʝʟ AscH2. 
ʇʨʷʤʦʣʽʥʽʡʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʘ 

ʜʽʣʷʥʢʘ ʥʘ ʢʽʥʝʪʠʯʥʠʭ ʢʨʠʚʠʭ ʚʽʜʧʦʚʽʜʘʻ 

ʧʝʨʽʦʜʫ ʽʥʜʫʢʮʽʾ (Ű) ʨʝʘʢʮʽʾ ʘʚʪʦʦʢʠʩ-

ʥʝʥʥʷ ʢʫʤʘʨʠʥʫ ï ʯʘʩʫ, ʢʦʣʠ ʢʫʤʘʨʠʥ ʥʝ 

ʦʢʠʩʥʶʻʪʴʩʷ.  

ɺʠʭʦʜʷʯʠ ʟʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ 

ʚʝʣʠʯʠʥʦʶ ʧʝʨʽʦʜʫ ʽʥʜʫʢʮʽʾ ʨʝʘʢʮʽʾ 

ʦʢʠʩʥʝʥʥʷ ʢʫʤʘʨʠʥʫ ʽ ʢʦʥʮʝʥʪʨʘʮʽʻʶ 

ʽʥʛʽʙʽʪʦʨʘ (ʨʠʩʫʥʦʢ 2), ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʨʽʚʥʷʥʥʷ 
[ ]
t

0InHf
Vi

Ö
= , (ʜʝ f ï 

ʩʪʝʭʽʦʤʝʪʨʠʯʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʨʝʘʢʮʽʾ, ʱʦ 

ʜʦʨʽʚʥʶʻ 1) ʙʫʣʘ ʨʦʟʨʘʭʦʚʘʥʘ ʰʚʠʜʢʽʩʪʴ 

ʟʘʨʦʜʞʝʥʥʷ ʨʘʜʠʢʘʣʽʚ (Vi) ʢʫʤʘʨʠʥʫ, ʷʢʘ 

ʚʽʜʧʦʚʽʜʘʻ ʪʘʥʛʝʥʩʫ ʢʫʪʘ ʥʘʭʠʣʫ ʥʘ 

ʛʨʘʬʽʢʫ ʽ ʜʦʨʽʚʥʶʻ 1.31Ā10-7 ʄĀʩ. 

ɼʣʷ ʧʦʨʽʚʥʷʥʥʷ ʨʝʘʢʮʽʡʥʦʾ 

ʟʜʘʪʥʦʩʪʽ 7,8-ʜʽʦʢʩʠ-4-ʦʢʩʠʤʝʪʠʣʢʫʤʘ-

ʨʠʥʫ ʟʘ ʪʠʭ ʩʘʤʠʭ ʫʤʦʚ ʙʫʣʠ ʚʠʟʥʘʯʝʥʥʽ 

ʢʽʥʝʪʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʨʝʘʢʮʽʾ ʘʚʪʦʦʢʠʩ-

ʥʝʥʥʷ ʘʥʪʠʦʢʩʠʜʘʥʪʫ ʧʨʠʨʦʜʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ ï ʬʣʘʚʦʥʦʾʜʫ ʢʚʝʨʮʝʪʠʥʫ, ʜʣʷ ʷʢʦʛʦ Vi = 

9.69Ā10-8 ʄĀʩ, ʱʦ ʚ 1,3 ʨʘʟʠ ʤʝʥʰʝ, ʥʽʞ Vi ʢʫʤʘʨʠʥʫ. 

  

ʈʠʩ. 1. 

ʈʠʩ. 2. 



Physical Chemistry  ʌʽʟʠʯʥʘ ʭʽʤʽʷ 

176 

ʀɿʄɽʅɽʅʀɽ ʂɸɾʋʑʀʍʉʗ ʂʆʅʉʊɸʅʊ ʀʆʅʀɿɸʎʀʀ ɸʅʀʆʅʅʓʍ 

ʂʈɸʉʀʊɽʃɽʁ ɺ ʉʈɽɼɸʍ ʇʆʃʀɻɽʂʉɸʄɽʊʀʃɽʅɻʋɸʅʀɼʀʅ-

ɻʀɼʈʆʍʃʆʈʀɼɸ ʀ ʇʆʃʀɼʀʕʊʀʃɽʅɸʄʀʅɻʋɸʅʀɼʀʅ-ɻʀɼʈʆʍʃʆʈʀɼɸ 

ʈʦʤʘʭ ʄ. ɸ., ʍʘʨʯʝʥʢʦ ɸ. ʖ. 

ʍʘʨʴʢʦʚʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɺ. ʅ. ʂʘʨʘʟʠʥʘ, 

ʢʘʬʝʜʨʘ ʬʠʟʠʯʝʩʢʦʡ ʭʠʤʠʠ 

masha1997romah@gmail.com 

 

ʇʦʣʠʵʣʝʢʪʨʦʣʠʪʳ (ʇʕ) ï ʧʦʣʠʤʝʨʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʟʚʝʥʴʷ ʢʦʪʦʨʳʭ ʩʦʜʝʨʞʘʪ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʛʨʫʧʧʳ, ʩʧʦʩʦʙʥʳʝ ʢ ʦʪʱʝʧʣʝʥʠʶ ʤʘʣʳʭ ʠʦʥʦʚ. ɺ ʨʘʙʦʪʝ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʢʘʪʠʦʥʥʳʝ ʇʕ ï ʧʦʣʠʛʝʢʩʘʤʝʪʠʣʝʥʛʫʘʥʠʜʠʥ-ʛʠʜʨʦʭʣʦʨʠʜ (ʇɻʄɻ) ʠ 

ʧʦʣʠʜʠʵʪʠʣʝʥʘʤʠʥʛʫʘʥʠʜʠʥ-ʛʠʜʨʦʭʣʦʨʠʜ (ʇɼʕɻ) ʩʦ ʩʨʝʜʥʠʤʠ ʤʦʣʝʢʫʣʷʨʥʳʤʠ ʤʘʩʩʘʤʠ 

10000 ʛ/ʤʦʣʴ ʠ 8000 ʛ/ʤʦʣʴ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʕʪʠ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʳ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ 

ʚ ʋʢʨʘʠʥʩʢʦʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʭʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ. 

ʘ)               ʙ) 

 

ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʘ ʤʦʥʦʤʝʨʘ ʇɻʄɻ (ʘ) ʠ ʇɼʕɻ (ʙ) 
 

ʂʘʪʠʦʥʥʳʝ ʇʕ ʷʚʣʷʶʪʩʷ ʘʥʘʣʦʛʘʤʠ ʧʨʠʨʦʜʥʳʭ ʧʦʣʠʤʝʨʦʚ, ʧʦʵʪʦʤʫ ʚʘʞʥʦ 

ʠʟʫʯʠʪʴ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʨʝʘʛʝʥʪʘʤʠ. ʀʥʜʠʢʘʪʦʨʥʳʝ ʢʨʘʩʠʪʝʣʠ 

ʷʚʣʷʶʪʩʷ ʧʦʜʭʦʜʷʱʠʤʠ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʨʝʘʛʝʥʪʘʤʠ, ʪʘʢ ʢʘʢ ʠʭ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ 

ʩʠʣʴʥʦ ʠʟʤʝʥʷʶʪʩʷ ʚ ʩʨʝʜʝ ʇʕ. ʎʝʣʴʶ ʥʘʰʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʙʨʦʤʬʝʥʦʣʦʚʦʛʦ ʩʠʥʝʛʦ (ɹʌʉ) ʠ ʙʨʦʤʢʨʝʟʦʣʦʚʦʛʦ ʧʫʨʧʫʨʥʦʛʦ (ɹʂʇ) ʩ ʫʢʘʟʘʥʥʳʤʠ 

ʚʳʰʝ ʇʕ ʩ ʧʦʤʦʱʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʞʫʱʠʭʩʷ ʢʦʥʩʪʘʥʪ ʠʦʥʠʟʘʮʠʠ, a

apK .  

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 
a

apK  ʥʝʦʙʭʦʜʠʤʦ ʠʩʢʣʶʯʠʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʦʣʝʢʫʣ ʢʨʘʩʠʪʝʣʷ 

ʤʝʞʜʫ ʩʦʙʦʡ, ʢʦʪʦʨʦʝ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʟʥʘʯʝʥʠʡ ʩʦʦʪʥʦʰʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʇʕ ʠ 

ʢʨʘʩʠʪʝʣʷ, P : D, ʙʣʠʟʢʠʭ ʢ 1. ɺ ʩʨʝʜʝ ʇɻʄɻ ʜʣʷ ɹʌʉ ʠ ɹʂʇ ʠ ʚ ʩʨʝʜʝ ʇɼʕɻ ʜʣʷ ɹʌʉ 

ʥʘʙʣʶʜʘʝʪʩʷ ʠʟʤʝʥʝʥʠʝ ʩʧʝʢʪʨʦʚ, ʘʥʘʣʦʛʠʯʥʦʝ ʧʦʢʘʟʘʥʥʦʤʫ ʥʘ ʈʠʩ. 2ʘ. ʇʦʵʪʦʤʫ ʙʳʣʠ 

ʚʟʷʪʳ P : D Ó 100. ʇʦʣʫʯʝʥʳ ʟʥʘʯʝʥʠʷ 
a

apK  ʜʣʷ ɹʂʇ: 4.92 Ñ 0.03 ʠ 6.19 Ñ 0.16 ʚ ʩʨʝʜʘʭ 

ʇɻʄɻ ʠ ʇɼʕɻ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɼʣʷ ɹʌʉ 
a

apK  ʙʳʣʦ ʦʮʝʥʝʥʦ ʢʘʢ 2.51 ʚ ʩʨʝʜʝ ʇɻʄɻ ʠ 

3.35 ʚ ʩʨʝʜʝ ʇɼʕɻ. ʊʦʯʥʦʝ ʟʥʘʯʝʥʠʝ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʧʦʣʫʯʠʪʴ ʥʝ ʫʜʘʝʪʩʷ ʠʟ-ʟʘ 

ʧʦʷʚʣʝʥʠʷ ʦʩʘʜʢʘ ʢʨʘʩʠʪʝʣʷ ʜʘʞʝ ʧʨʠ P : D Ó 100. ʆʧʨʝʜʝʣʝʥʠʝ 
a

apK  ʧʨʦʚʦʜʠʣʦʩʴ ʧʨʠ 

ʠʦʥʥʦʡ ʩʠʣʝ I = 0.05 M. ɺ ʚʦʜʝ ʜʣʷ ɹʌʉ ï 
w

apK  = 4.20, ʜʣʷ ɹʂʇ ï 
w

apK = 6.30.  

ʘ)       ʙ) 

ʈʠʩ. 2. ʉʧʝʢʪʨʳ ɹʂʇ ʚ ʨʘʩʪʚʦʨʝ ʇɻʄɻ ʧʨʠ ʨʘʟʥʳʭ P : D, P : D = 1 ï ʘʛʨʝʛʘʮʠʷ 

ʢʨʘʩʠʪʝʣʷ (a) ʠ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ɹʂʇ ʚ ʩʨʝʜʝ ʇɻʄɻ ʧʨʠ ʨʘʟʥʳʭ pH, P : D = 140 

 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʫʢʘʟʳʚʘʶʪ ʥʘ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʩʠʣʝʥʠʝ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʘʤʠ 

ʢʠʩʣʦʪʥʦʩʪʠ ʢʨʘʩʠʪʝʣʝʡ. ʇɻʄɻ ʦʢʘʟʳʚʘʝʪ ʙʦʣʝʝ ʩʠʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʧʦʣʦʞʝʥʠʝ 

ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʢʨʘʩʠʪʝʣʝʡ.  
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ɹɯʌʋʅʂʎɯʆʅɸʃʔʅɯ ʄɽɿʆʇʆʈʀʉʊɯ ʌʆʉʌʆʈ-/ ʉɯʈʂʆɺʄɯʉʅɯ 

ʂʈɽʄʅɽɿɽʄʀ: ʉʀʅʊɽɿ ɯ ɺʃɸʉʊʀɺʆʉʊɯ 

ʊʦʤʽʥ O. O., ɼʫʜʘʨʢʦ ʆ. ɸ. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ 

ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè, ʧʨ. ʇʝʨʝʤʦʛʠ, 37, ʂʠʾʚ, 03056, ʋʢʨʘʾʥʘ 

ɯʥʩʪʠʪʫʪ ʭʽʤʽʾ ʧʦʚʝʨʭʥʽ ʽʤ. ʆ. ʆ. ʏʫʡʢʘ ʅɸʅ ʋʢʨʘʾʥʠ, 

ʚʫʣ. ɻʝʥʝʨʘʣʘ ʅʘʫʤʦʚʘ, 17, ʂʠʾʚ, 03680, ʋʢʨʘʾʥʘ 

alexxfoxx1@gmail.com 

 

ʆʜʥʦʯʘʩʥʘ ʧʨʠʩʫʪʥʽʩʪʴ ʚ ʧʦʚʝʨʭʥʝʚʦʤʫ ʰʘʨʽ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʛʨʫʧ ʨʽʟʥʦʾ ʧʨʠʨʦʜʠ 

ʽ ʨʦʟʤʽʨʽʚ ʤʦʞʝ ʚʠʟʥʘʯʠʪʠ ʩʧʝʮʠʬʽʯʥʫ ʩʪʨʫʢʪʫʨʫ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ. ʊʘʢʦʞ ʩʣʽʜ 

ʚʨʘʭʦʚʫʚʘʪʠ ʚʟʘʻʤʥʠʡ ʚʧʣʠʚ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʛʨʫʧ ʚ ʧʦʚʝʨʭʥʝʚʦʤʫ ʰʘʨʽ, ʱʦ ʤʦʞʝ 

ʚʠʢʣʠʢʘʪʠ ʢʫʤʫʣʷʪʠʚʥʠʡ ʝʬʝʢʪ.  

ʅʘʤʠ ʙʫʚ ʚʠʢʦʨʠʩʪʘʥʠʡ ʪʝʤʧʣʘʪʥʠʡ ʤʝʪʦʜ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʤʝʟʦʧʦʨʠʩʪʠʭ ʉɹɸ-15 

ʢʨʝʤʥʝʟʝʤʽʚ ʟ ʤʦʥʦʬʫʥʢʮʽʦʥʘʣʴʥʠʤ ʧʦʚʝʨʭʥʝʚʠʤ ʰʘʨʦʤ (ʄʂ), ʱʦ ʤʽʩʪʷʪʴ 

ʬʦʩʬʦʥʦʚʦʢʠʩʣʽ ʛʨʫʧʠ [=Si(CH2)2P(O)(OH)2] (ʈʅ (ʅ ʦʟʥʘʯʘʻ ʢʘʪʘʣʽʟʘʪʦʨ ʅʉlʢʦʥʮ.) ʪʘ ʈɸ 

(ɸ ï ʢʘʪʘʣʽʟʘʪʦʨ ʉH3COOHʢʦʥʮ.) ʽ ʟ ʙʽʬʫʥʢʮʽʦʥʘʣʴʥʠʤ ʧʦʚʝʨʭʥʝʚʠʤ ʰʘʨʦʤ (ɹʌʂ) 

[=Si(CH2)2P(O)(OH)2]/=Si(CH2)3SH] (ʈSʅ ʪʘ ʈSɸ). ʇʦʨʽʚʥʷʥʥʷ ʤʦʥʦ- ̔  ʙʽʬʫʥʢʮʽʦʥʘʣʴʥʠʭ 

ʟʨʘʟʢʽʚ ʧʨʦʚʦʜʠʣʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʽʟʥʠʭ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʤʝʪʦʜʽʚ. ɹʫʣʦ 

ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʚʧʣʠʚ ʜʦʜʘʪʢʦʚʠʭ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʛʨʫʧ ʥʘ ʩʪʨʫʢʪʫʨʥʽ ʧʘʨʘʤʝʪʨʠ ʟʨʘʟʢʽʚ 

ʽ ʚʧʣʠʚ ʨʅ ʥʘ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʽʘʣʽʚ. ɹʫʣʦ ʧʦʢʘʟʘʥʦ, ʱʦ ʜʦʜʘʚʘʥʥʷ 

SH-ʛʨʫʧ ʚʧʣʠʚʘʻ ʥʘ ʤʦʨʬʦʣʦʛʽʶ ʪʘ ʧʨʦʩʪʦʨʦʚʫ ʚʧʦʨʷʜʢʦʚʘʥʽʩʪʴ ʧʦʨʠʩʪʦʾ ʩʪʨʫʢʪʫʨʠ 

ʟʨʘʟʢʽʚ. 

 

   
ʘ ʙ ʩ 

ʈʠʩ. 1. ʇɽʄ ʟʦʙʨʘʞʝʥʥʷ ʙʽʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʟʨʘʟʢʽʚ ʩʠʥʪʝʟʦʚʘʥʠʭ ʧʨʠ ʨʅ Ò 1 (ʘ), 

ʧʨʠ ʨʅ å 3.5 (ʙ), ʜʠʬʨʘʢʪʦʛʨʘʤʠ ʄʂ ʪʘ ɹʌʂ (ʚ) 

 

ʆʜʥʦʩʪʘʜʽʡʥʠʡ ʪʝʤʧʣʘʪʥʠʡ ʩʠʥʪʝʟ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ ʜʣʷ ʦʪʨʠʤʘʥʥʷ 

ʙʽʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟ ʨʽʟʥʠʤʠ ʛʽʜʨʦʬʽʣʴʥʠʤʠ / ʛʽʜʨʦʬʦʙʥʠʤʠ ʧʦʚʝʨʭʥʝʚʠʤʠ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ ʛʨʫʧʘʤʠ, ʟ ʧʝʨʩʧʝʢʪʠʚʦʶ ʧʦʜʘʣʴʰʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʷʢʦʩʪʽ 

ʛʝʪʝʨʦʛʝʥʥʠʭ ʢʘʪʘʣʽʟʘʪʦʨʽʚ ʘʙʦ ʩʦʨʙʝʥʪʽʚ, ʟ ʨʦʟʚʠʥʝʥʦʶ ʧʠʪʦʤʦʶ ʧʣʦʱʝʶ ʧʦʚʝʨʭʥʽ, 

ʚʧʦʨʷʜʢʦʚʘʥʦʶ ʩʪʨʫʢʪʫʨʦʶ. ʆʜʝʨʞʘʥʦ ʤʝʟʦʧʦʨʠʩʪʽ ʤʘʪʝʨʽʘʣʠ ʉɹɸ-15 ʪʠʧʫ ʟ ʪʽʦʣʴʥʠʤʠ 

ʽ ʬʦʩʬʦʥʦʚʠʤʠ ʛʨʫʧʘʤʠ ʚ ʧʦʚʝʨʭʥʝʚʦʤʫ ʰʘʨʽ (SBET = 417ï789 ʤ2/ʛ, Vsp = 0.66ï1.01 ʩʤ3/ʛ, 

dʤ = 7.7ï8.9 ʥʤ).  

ʉʠʥʪʝʟʦʚʘʥʽ ʤʘʪʝʨʽʘʣʠ ʤʘʶʪʴ ʰʠʨʦʢʽ ʧʝʨʩʧʝʢʪʠʚʠ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ 

ʩʝʣʝʢʪʠʚʥʽʡ ʩʦʨʙʮʽʾ ʨʽʜʢʽʩʥʦʟʝʤʝʣʴʥʠʭ ʪʘ ʚʘʞʢʠʭ ʝʣʝʤʝʥʪʽʚ ʽʟ ʚʦʜʥʠʭ ʨʦʟʯʠʥʽʚ. 
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ʂʈɽʄʅɽɿɽʄɸʄʀ ʊʀʇɸ ʄʉʄ-41 

ʈʦʠʢ ʅ. ɺ., ʊʨʦʬʠʤʯʫʢ ʀ. ʅ., ɹʝʣʷʢʦʚʘ ʃ. ɸ.  

ʀʥʩʪʠʪʫʪ ʭʠʤʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʠʤ. ɸ. ɸ. ʏʫʡʢʦ ʅʘʮʠʦʥʘʣʴʥʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ ʋʢʨʘʠʥʳ, 

ʫʣ. ɻʝʥʝʨʘʣʘ ʅʘʫʤʦʚʘ, 17, ʂʠʝʚ, 03164, ʋʢʨʘʠʥʘ 

trofymchuk_iryna@ukr.net 

 

ɹʦʣʴʰʠʥʩʪʚʦ ʢʨʘʩʠʪʝʣʝʡ, ʧʦʧʘʜʘʶʱʠʭ ʚ ʩʪʦʯʥʳʝ ʚʦʜʳ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʥʝʩʦʚʝʨʰʝʥʩʪʚʘ ʦʯʠʩʪʠʪʝʣʴʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ, ʦʢʘʟʳʚʘʶʪ 

ʪʦʢʩʠʯʝʩʢʦʝ, ʤʫʪʘʛʝʥʥʦʝ ʠ ʢʘʥʮʝʨʦʛʝʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʞʠʚʳʝ ʦʨʛʘʥʠʟʤʳ. ɺ ʩʚʷʟʠ ʩ 

ʵʪʠʤ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʤʝʪʦʜʦʚ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʘʢʪʫʘʣʴʥʫʶ 

ʟʘʜʘʯʫ. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʘʢʠʤʠ ʤʝʪʦʜʘʤʠ ʦʯʠʩʪʢʠ ʢʘʢ ʬʣʦʪʘʮʠʷ, ʦʪʩʪʘʠʚʘʥʠʝ, 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ, ʬʦʪʦ- ʠ ʙʠʦʜʝʛʨʘʜʘʮʠʷ, ʩʦʨʙʮʠʦʥʥʦʝ ʠʟʚʣʝʯʝʥʠʝ 

ʢʨʘʩʠʪʝʣʝʡ ʠʤʝʝʪ ʷʚʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʙʣʘʛʦʜʘʨʷ ʚʦʟʤʦʞʥʦʩʪʠ ʫʜʘʣʝʥʠʷ ʠʟ ʚʦʜʳ ʜʘʞʝ 

ʩʣʝʜʦʚʳʭ  ʢʦʣʠʯʝʩʪʚ ʪʦʢʩʠʯʥʳʭ ʚʝʱʝʩʪʚ ʩ ʧʦʤʦʱʴʶ ʩʝʣʝʢʪʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʫʪʝʤ ʢʦʥʜʝʥʩʘʮʠʠ ʪʝʪʨʘʵʪʠʣʦʨʪʦʩʠʣʠʢʘʪʘ (ʊʕʆʉ) ʠ 

b-ʮʠʢʣʦʜʝʢʩʪʨʠʥʩʦʜʝʨʞʘʱʝʛʦ (b-ʎɼ) ʩʠʣʘʥʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʠʦʥʥʦʛʦ ʘʣʢʠʣʘʤʤʦʥʠʝʚʦʛʦ 

ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʦʛʦ ʚʝʱʝʩʪʚʘ ʩʠʥʪʝʟʠʨʦʚʘʥ ʦʨʛʘʥʦʢʨʝʤʥʝʟʝʤʥʳʡ ʩʦʨʙʝʥʪ 

b-ʎɼ-ʄʉʄ-41, ʩʦʜʝʨʞʘʱʠʡ ʭʠʤʠʯʝʩʢʠ ʟʘʢʨʝʧʣʝʥʥʳʝ ʦʣʠʛʦʩʘʭʘʨʠʜʥʳʝ ʠ 

ʘʤʠʥʦʧʨʦʧʠʣʴʥʳʝ ʛʨʫʧʧʳ (ʊʘʙʣʠʮʘ). ʍʠʤʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ʧʦʣʫʯʝʥʥʦʛʦ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʢʨʝʤʥʝʟʝʤʘ ʫʩʪʘʥʦʚʣʝʥʦ ʩ ʧʦʤʦʱʴʶ ʭʠʤʠʯʝʩʢʦʛʦ ʠ ʀʂ ʩʧʝʢʪʨʘʣʴʥʦʛʦ 

ʘʥʘʣʠʟʘ. ʇʘʨʘʤʝʪʨʳ ʝʛʦ ʧʦʨʠʩʪʦʡ ʩʪʨʫʢʪʫʨʳ ʦʧʨʝʜʝʣʝʥʳ ʤʝʪʦʜʘʤʠ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ 

ʘʜʩʦʨʙʮʠʠ-ʜʝʩʦʨʙʮʠʠ ʘʟʦʪʘ, ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ ʠ ʪʨʘʥʩʤʠʩʩʠʦʥʥʦʡ ʵʣʝʢʪʨʦʥʥʦʡ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ʇʦʣʫʯʝʥʥʳʡ ʦʨʛʘʥʦʢʨʝʤʥʝʟʝʤ ʠʤʝʝʪ ʛʝʢʩʘʛʦʥʘʣʴʥʦ ʫʧʦʨʷʜʦʯʝʥʥʫʶ 

ʤʝʟʦʧʦʨʠʩʪʫʶ ʩʪʨʫʢʪʫʨʫ ʩ ʯʝʪʢʦ ʚʳʨʘʞʝʥʥʳʤ ʜʘʣʴʥʠʤ ʧʦʨʷʜʢʦʤ. 

 

ʊʘʙʣʠʮʘ. ʍʠʤʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ʠ ʩʪʨʫʢʪʫʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʄʉʄ-41 ʢʨʝʤʥʝʟʝʤʦʚ 

 

ʂʨʝʤʥʝʟʝʤ 

ʉʦʜʝʨʞʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʳʭ 

ʛʨʫʧʧ 
d100, 

ʥʤ 

a, 

ʥʤ 

SBET, 

ʤ2/ʛ 

V, 

ʩʤ3/ʛ 

D, 

ʥʤ 
[b-CD], ʤʤʦʣʴ/ʛ [NH2], ʤʤʦʣʴ/ʛ 

ʄʉʄ-41 ï ï 4.17 4.82 995 0.75 3.7; 5.1 

b-ʎɼ-ʄʉʄ-41 0.07 0.11 3.93 4.54 512 0.60 2.5; 3.3; 5.1 

 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ b-ʎɼ-ʩʦʜʝʨʞʘʱʝʛʦ ʢʨʝʤʥʝʟʝʤʘ ʚ ʧʨʦʮʝʩʩʘʭ 

ʩʦʨʙʮʠʠ ʢʨʘʩʠʪʝʣʝʡ ʠʟʫʯʝʥʘ ʥʘ ʧʨʠʤʝʨʝ ʤʝʪʠʣʦʚʦʛʦ ʢʨʘʩʥʦʛʦ (ʄʂ) ʠ ʘʣʠʟʘʨʠʥʦʚʦʛʦ 

ʞʝʣʪʦʛʦ (ɸɾ). ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʝʣʠʯʠʥʘ ʩʦʨʙʮʠʠ ʠʥʜʠʢʘʪʦʨʥʳʭ ʢʨʘʩʠʪʝʣʝʡ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʄʉʄ-41 ʠ b-ʎɼ-ʄʉʄ-41 ʟʘʚʠʩʠʪ ʦʪ ʢʠʩʣʦʪʥʦʩʪʠ ʚʦʜʥʦʡ ʩʨʝʜʳ ʠ 

ʜʦʩʪʠʛʘʝʪ ʤʘʢʩʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʚ ʜʠʘʧʘʟʦʥʝ ʨʅ ʦʪ 3 ʜʦ 5. ɸʥʘʣʠʟ ʨʘʚʥʦʚʝʩʥʦʡ 

ʩʦʨʙʮʠʠ ʄʂ ʠ ɸɾ ʠʟ ʬʦʩʬʘʪʥʳʭ ʙʫʬʝʨʥʳʭ ʨʘʩʪʚʦʨʦʚ ʩ ʨʅ 7 ʦʩʫʱʝʩʪʚʣʷʣʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʜʝʣʝʡ ʃʝʥʛʤʶʨʘ, ʌʨʝʡʥʜʣʠʭʘ ʠ ʈʝʜʣʠʭʘ-ʇʝʪʝʨʩʦʥʘ. ʉʨʘʚʥʠʪʝʣʴʥʳʡ 

ʘʥʘʣʠʟ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʩʤʝʰʘʥʥʦʡ ʢʦʨʨʝʣʷʮʠʠ ʠ ʢʨʠʪʝʨʠʝʚ ʭʠ-ʢʚʘʜʨʘʪʦʚ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʨʘʚʥʦʚʝʩʥʘʷ ʩʦʨʙʮʠʷ ʄʂ ʠ ɸɾ ʥʘ ʄʉʄ-41 ʠ b-ʎɼ-ʄʉʄ-41 

ʧʨʠ ʨʅ 7 ʥʘʠʣʫʯʰʠʤ ʦʙʨʘʟʦʤ ʦʧʠʩʳʚʘʝʪʩʷ ʤʦʜʝʣʴʶ ʈʝʜʣʠʭʘ-ʇʝʪʝʨʩʦʥʘ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʚ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʠʥʜʠʢʘʪʦʨʥʳʝ ʢʨʘʩʠʪʝʣʠ ʩʦʨʙʠʨʫʶʪʩʷ ʥʘ ʵʥʝʨʛʝʪʠʯʝʩʢʠ ʥʝʨʘʚʥʦʮʝʥʥʳʭ 

ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʘʭ ʠʭ ʧʦʚʝʨʭʥʦʩʪʠ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʝʟʥʳ ʧʨʠ 

ʩʦʟʜʘʥʠʠ ʩʝʣʝʢʪʠʚʥʳʭ ʩʦʨʙʝʥʪʦʚ ʠʥʜʠʢʘʪʦʨʥʳʭ ʢʨʘʩʠʪʝʣʝʡ. 
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ɹʽʣʴʰʽʩʪʴ ʨʦʟʯʠʥʥʠʢʽʚ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʩʫʯʘʩʥʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʷʚʣʷʶʪʴ 

ʩʦʙʦʶ ʪʦʢʩʠʯʥʽ ʪʘ ʘʛʨʝʩʠʚʥʽ ʩʝʨʝʜʦʚʠʱʘ ,̔ ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʫʩʽ ʟʘʭʦʜʠ ʙʝʟʧʝʢʠ ʧʨʠ ʨʦʙʦʪʽ 

ʟ ʥʠʤʠ, ʥʝ ʟʘʚʞʜʠ ʚʜʘʻʪʴʩʷ ʫʥʠʢʥʫʪʠ ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʚʽʪʨʷ, ̌ ʨʫʥʪʫ, ʚʦʜʠ ʪʘ ʚʠʭʦʜʫ ʟ ʣʘʜʫ 

ʧʨʦʤʠʩʣʦʚʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. ɺʠʨʽʰʝʥʥʷʤ ʮʽʻʾ ʧʨʦʙʣʝʤʠ  ̒ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʦʚʠʭ ʪʠʧʽʚ 

ʽʦʥʥʠʭ ʨʽʜʠʥ ï ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʠʭ ʝʚʪʝʢʪʠʯʥʠʭ ʨʦʟʯʠʥʥʠʢʽʚ (DES), ʷʢ̔ ʚʦʣʦʜʽʶʪʴ 

ʜʫʞʝ ʥʠʟʴʢʠʤ ʪʠʩʢʦʤ ʥʘʩʠʯʝʥʦʾ ʧʘʨʠ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʘʤʽʥʠʪʠ ʥʠʤʠ ʣʝʪʢʽ ʪʦʢʩʠʯʥʽ 

ʨʦʟʯʠʥʥʠʢʠ. ʆʜʥʘʢ ʩʣʽʜ ʟʘʟʥʘʯʠʪʠ, ɦ ʦ ʧʦʚʥʦʤʘʩʰʪʘʙʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ DES ʫ ʟʥʘʯʥʽʡ ʤʽʨʽ 

ʩʪʨʠʤʫʻʪʴʩʷ ʚʽʜʩʫʪʥʽʩʪʶ ʜʝʪʘʣʴʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʟʘʟʥʘʯʝʥʠʭ ʨʦʟʯʠʥʥʠʢʽʚ.  

ʉʫʤʽʰʽ Ethaline  ̔ Reline ʛʦʪʫʚʘʣʠ ʰʣʷʭʦʤ ʟʤʽʰʫʚʘʥʥʷ ʭʦʣʽʥ ʭʣʦʨʠʜʫ ʟ 

ʝʪʠʣʝʥʛʣʽʢʦʣʝʤ ʫ ʤʦʣʷʨʥʦʤʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ 1 ʜʦ 2, ʭʦʣʽʥ ʭʣʦʨʠʜʫ ʟ ʢʘʨʙʘʤʽʜʦʤ ʫ ʪʦʤʫ 

ʞ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 75 Áʉ ʜʦ ʫʪʚʦʨʝʥʥʷ ʛʦʤʦʛʝʥʥʦʾ ʙʝʟʙʘʨʚʥʦʾ ʨʽʜʠʥʠ. ɼʣʷ 

ʪʝʨʤʦʩʪʘʪʫʚʘʥʥʷ ʟʘʩʪʦʩʦʚʫʚʘʣʠ ʪʝʨʤʦʩʪʘʪ Fl¿ssigkeits thermostate Baureihe U/UH8 

(Ñ0,01 C̄). ʏʝʨʝʟ 24 ʛʦʜʠʥʠ ʨʦʟʯʠʥʠ ʚʽʜʬʽʣʴʪʨʦʚʫʚʘʣʠ ʧʽʜ ʚʘʢʫʫʤʦʤ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʬʽʣʴʪʨʘ ʐʦʪʪʘ. 

ɻʫʩʪʠʥʫ ʜʦʩʣʽʜʞʫʚʘʥʠʭ DES ʚʠʟʥʘʯʘʣʠ ʧʽʢʥʦʤʝʪʨʠʯʥʠʤ ʤʝʪʦʜʦʤ. ɼʠʥʘʤʽʯʥʫ 

ʚô̫ʟʢʽʩʪʴ ï ʤʝʪʦʜʦʤ ʢʘʧʽʣʷʨʥʦʛʦ ʚʠʪʽʢʘʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʢʣʷʥʦʛʦ ʪʝʨʤʦʩʪʘʪʦʚʘʥʦʛʦ 

ʚʽʩʢʦʟʠʤʝʪʨʘ ɺʇɾ-3. ʆʧʽʨ ʩʫʤʽʰʝʡ Ethaline ʪʘ Reline ʚʠʟʥʘʯʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʨʝʦʭʦʨʜʥʦʛʦ ʤʽʩʪʢʘ ʂʦʣʴʨʘʫʰʘ ʈ-38 (ʯʘʩʪʦʪʘ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ 510 ɻʮ). 

ʇʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʧʨʠʚʦʜʠʪʴ ʜʦ ʣʽʥʽʡʥʦʛʦ ʟʤʝʥʰʝʥʥʷ ʛʫʩʪʠʥʠ ʨʦʟʯʠʥʽʚ 

Ethaline ʪʘ Reline, ʱʦ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʧʽʜʚʠʱʝʥʥʷʤ ʨʫʭʣʠʚʦʩʪʽ ʽʦʥʽʚ ʽ ʤʦʣʝʢʫʣ ʫ DES 

ʚʥʘʩʣʽʜʦʢ ʨʫʡʥʫʚʘʥʥʷ ʚʦʜʥʝʚʠʭ ʟʚôʷʟʢʽʚ ʤʽʞ ʥʠʤʠ. ɿʘʟʥʘʯʠʤʦ, ʱʦ ʚ ʫʩʴʦʤʫ ʽʥʪʝʨʚʘʣʽ 

ʚʠʢʦʨʠʩʪʘʥʠʭ ʪʝʤʧʝʨʘʪʫʨ ʛʫʩʪʠʥʘ ʜʣʷ ʨʦʟʯʠʥʫ Reline ʩʫʪʪʻʚʦ ʧʝʨʝʚʠʱʫʻ ʛʫʩʪʠʥʫ 

ʨʦʟʯʠʥʫ Ethaline. ʊʘʢʘ ʪʝʥʜʝʥʮʽʷ ʚʽʨʦʛʽʜʥʦ ʧʦʚôʷʟʘʥʘ ʟ ʨʽʟʥʠʤ ʭʘʨʘʢʪʝʨʦʤ ʪʘ ʩʠʣʦʶ 

ʚʟʘʻʤʦʜʽʾ ʢʦʤʧʦʥʝʥʪʽʚ, ʱʦ ʬʦʨʤʫʶʪʴ ʚʠʢʦʨʠʩʪʘʥʽ ʽʦʥʥʽ ʨʽʜʠʥʠ. ɺʽʜʦʤʦ, ʱʦ DES ʤʽʩʪʷʪʴ 

ʚʘʢʘʥʩʽʾ (ʪʘʢ ʟʚʘʥʽ çʜʽʨʢʠè), ʨʦʟʤʽʨ ʷʢʠʭ ʚʠʟʥʘʯʘʻ ʛʫʩʪʠʥʫ ʨʽʜʠʥʠ. ʊʘʢʠʤ ʯʠʥʦʤ, ʤʦʞʥʘ 

ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʨʦʟʯʠʥ Reline ʟ ʙʽʣʴʰʦʶ ʛʫʩʪʠʥʦʶ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʧʦʤʽʪʥʦ ʤʝʥʰʠʤʠ 

ʨʘʜʽʫʩʘʤʠ ʚʘʢʘʥʩʽʡ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʨʦʟʯʠʥʦʤ Ethaline.  

ɺôʷʟʢʽʩʪʴ ʨʦʟʯʠʥʫ Reline ʟʥʘʯʥʦ ʧʝʨʝʚʠʱʫʻ ʚôʷʟʢʽʩʪʴ ʩʫʤʽʰʽ Ethaline, ʦʩʦʙʣʠʚʦ 

ʧʦʤʽʪʥʘ ʮʷ ʨʽʟʥʠʮʷ ʧʨʠ ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ʇʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʨʦʟʯʠʥʽʚ ʩʧʨʠʷʻ 

ʟʘʢʦʥʦʤʽʨʥʦʤʫ ʟʥʠʞʝʥʥʶ ʧʘʨʘʤʝʪʨʫ ʚôʷʟʢʦʩʪʽ DES ʷʢ ʫ ʚʠʧʘʜʢʫ Reline, ʪʘʢ ʽ ʫ ʨʦʟʯʠʥʽ 

Ethaline. ɿʘ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ 70ï80 Áʉ ʚôʷʟʢʽʩʪʴ ʨʦʟʯʠʥʫ Reline ʥʘʙʣʠʞʫʻʪʴʩʷ ʜʦ 

ʚʽʜʧʦʚʽʜʥʦʛʦ ʟʥʘʯʝʥʥʷ ʚôʷʟʢʦʩʪʽ ʨʦʟʯʠʥʫ Ethaline. 

ɿʙʽʣʴʰʝʥʥʷ ʨʫʭʣʠʚʦʩʪʽ ʽʦʥʽʚ ʪʘ ʤʦʣʝʢʫʣ DES ʧʨʠ ʧʽʜʚʠʱʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ 

ʟʥʘʭʦʜʠʪʴ ʚʽʜʦʙʨʘʞʝʥʥʷ ʥʝ ʪʽʣʴʢʠ ʫ ʟʘʣʝʞʥʦʩʪʷʭ ʛʫʩʪʠʥʠ ʪʘ ʚôʷʟʢʦʩʪʽ ʨʦʟʯʠʥʽʚ ʚʽʜ 

ʪʝʤʧʝʨʘʪʫʨʠ, ʘ ʪʘʢʦʞ ʽ ʫ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʟʘʣʝʞʥʦʩʪʷʭ ʧʠʪʦʤʦʾ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ. 

ʇʠʪʦʤʘ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʴ ʨʦʟʯʠʥʫ Ethaline ʚ ʫʩʴʦʤʫ ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ ʩʫʪʪʻʚʦ 

ʧʝʨʝʚʠʱʫʻ ʟʥʘʯʝʥʥʷ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ ʨʦʟʯʠʥʫ Reline, ʱʦ ʙʝʟʫʤʦʚʥʦ ʪʘʢʦʞ ʻ 

ʥʘʩʣʽʜʢʦʤ ʨʽʟʥʦʾ ʚʟʘʻʤʦʜʽʾ ʢʦʤʧʦʥʝʥʪʽʚ ʽʦʥʥʠʭ ʨʽʜʠʥ ʪʘ ʚʽʜʤʽʥʥʦʩʪʷʤʠ ʫ ʨʦʟʤʽʨʘʭ ʾʭ 

ʚʘʢʘʥʩʽʡ. 

ɸʥʘʣʽʟʫʶʯʠ ʦʪʨʠʤʘʥʽ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʧʘʨʘʤʝʪʨʠ, ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ ʱʦʜʦ 

ʧʨʠʥʮʠʧʦʚʠʭ ʚʽʜʤʽʥʥʦʩʪʝʡ ʫ ʤʦʣʝʢʫʣʷʨʥʦ-ʽʦʥʥʠʭ ʚʟʘʻʤʦʜʽʷʭ ʤʽʞ ʢʦʤʧʦʥʝʥʪʘʤʠ 

ʜʦʩʣʽʜʞʫʚʘʥʠʭ DES.  
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ʆʭʦʨʦʥʘ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚʽʜ ʟʘʙʨʫʜʥʝʥʥʷ ʻ ʘʢʪʫʘʣʴʥʦʶ ʧʨʦʙʣʝʤʦʶ 

ʩʫʯʘʩʥʦʩʪʽ. ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʦʩʦʙʣʠʚʘ ʫʚʘʛʘ ʧʨʠʜʽʣʷʻʪʴʩʷ ʨʦʟʚʠʪʢʫ ʥʦʚʠʭ 

ʥʘʧʨʘʚʣʝʥʴ ʦʯʠʩʪʢʠ ʪʘ ʥʝʡʪʨʘʣʽʟʘʮʽʾ ʟʘʙʨʫʜʥʝʥʠʭ ʩʪʽʯʥʠʭ ʚʦʜ. ɺ ʦʩʪʘʥʥʽ ʨʦʢʠ ʟʥʘʯʥʠʡ 

ʽʥʪʝʨʝʩ ʚʠʢʣʠʢʘʻ ʤʝʪʦʜ, ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʦʙʨʦʙʮʽ ʩʪʽʯʥʠʭ ʚʦʜ ʨʝʘʢʪʠʚʦʤ ʌʝʥʪʦʥʘ (ʩʫʤʽʰ 

ʧʝʨʦʢʩʠʜʫ ʚʦʜʥʶ ʪʘ ʽʦʥʽʚ ʜʚʦʚʘʣʝʥʪʥʦʛʦ ʟʘʣʽʟʘ), ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʨʫʡʥʫʚʘʥʥʷ 

ʙʘʛʘʪʴʦʭ ʚʠʜʽʚ ʦʨʛʘʥʽʯʥʠʭ ʩʫʙʩʪʨʘʪʽʚ. ɺʠʚʯʝʥʥʷ ʜʽʾ ʨʝʘʢʪʠʚʫ ʌʝʥʪʦʥʘ ʯʘʩʪʦ ʧʨʦʚʦʜʷʪʴ ʽʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʦʜʝʣʴʥʠʭ ʩʠʩʪʝʤ, ʜʝ ʚ ʷʢʦʩʪʽ ʩʫʙʩʪʨʘʪʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʩʠʥʪʝʪʠʯʥʽ 

ʙʘʨʚʥʠʢʠ. ɿʤʽʥʶʶʯʠ ʨʽʟʥʽ ʧʘʨʘʤʝʪʨʠ, ʤʦʞʥʘ ʩʫʪʪʻʚʦ ʟʤʽʥʠʪʠ ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʙʽʛʫ 

ʧʨʦʮʝʩʫ. ʄʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʙʫʣʦ ʚʠʚʯʝʥʥʷ ʚʧʣʠʚʫ ʦʨʛʘʥʽʯʥʠʭ ʨʝʯʦʚʠʥ ʧʨʠʨʦʜʥʦʛʦ 

ʧʦʭʦʜʞʝʥʥʷ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʦʢʠʩʣʝʥʥʷ ʙʘʨʚʥʠʢʘ ʤʝʪʠʣʝʥʦʚʦʛʦ ʩʠʥʴʦʛʦ ʨʝʘʢʪʠʚʦʤ 

ʌʝʥʪʦʥʘ.  

ʉʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʥʠʤ ʤʝʪʦʜʦʤ ʜʦʩʣʽʜʞʝʥʦ ʢʽʥʝʪʠʢʫ ʦʢʠʩʣʝʥʥʷ ʙʘʨʚʥʠʢʘ 

ʤʝʪʠʣʝʥʦʚʦʛʦ ʩʠʥʴʦʛʦ (ʄʉ) ʨʝʘʢʪʠʚʦʤ ʌʝʥʪʦʥʘ ʚ ʧʨʠʩʫʪʥʦʩʪʽ ʨʝʯʦʚʠʥ ʧʨʠʨʦʜʥʦʛʦ 

ʧʦʭʦʜʞʝʥʥʷ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚ ʧʨʦʮʝʩʽ ʦʢʠʩʣʝʥʥʷ ʙʘʨʚʥʠʢʘ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʜʚʘ ʝʪʘʧʠ: 

ʧʝʨʰʠʡ (ʙʽʣʴʰ ʰʚʠʜʢʠʡ) ʪʨʠʚʘʻ ʜʦ 4ï5 ʭʚ, ʜʨʫʛʠʡ (ʧʦʚʽʣʴʥʽʰʠʡ) ʤʦʞʝ ʜʦʩʷʛʘʪʠ 60ï80 ʭʚ 

ʟʘʣʝʞʥʦ ʚʽʜ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʚʠʭʽʜʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʩʠʩʪʝʤʠ. ʇʦʢʘʟʘʥʦ, ʱʦ ʟ 

ʧʽʜʚʠʱʝʥʥʷʤ ʢʦʥʮʝʥʪʨʘʮʽʾ ʄʉ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷ ʧʦʯʘʪʢʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʡʦʛʦ 

ʦʢʠʩʣʝʥʥʷ, ʜʦʩʷʛʘʶʯʠ ʤʘʢʩʠʤʫʤʫ ʧʽʩʣʷ ʢʦʥʮʝʥʪʨʘʮʽʾ 3Ŀ10-5 ʄ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʠ 

ʟʙʽʣʴʰʝʥʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ H2O2 ʧʽʜʚʠʱʫʶʪʴʩʷ ʧʦʯʘʪʢʦʚʘ ʰʚʠʜʢʽʩʪʴ ʨʝʘʢʮʽʾ ʪʘ ʢʦʥʚʝʨʩʽʷ 

ʙʘʨʚʥʠʢʘ. ʇʦʢʘʟʘʥʦ, ʱʦ ʫ ʚʠʧʘʜʢʫ [H2O2]0 < [Fe2+]0 ʦʢʠʩʣʝʥʥʷ ʄʉ ʧʨʘʢʪʠʯʥʦ ʥʝ 

ʚʽʜʙʫʚʘʻʪʴʩʷ. ʆʧʪʠʤʘʣʴʥʠʤ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʢʦʤʧʦʥʝʥʪʽʚ ʨʝʘʢʪʠʚʫ ʌʝʥʪʦʥʘ, ʟʘ ʷʢʦʛʦ 

ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʚʽʜʥʦʩʥʦ ʰʚʠʜʢʠʡ ʧʝʨʝʙʽʛ ʨʝʘʢʮʽʾ ʦʢʠʩʣʝʥʥʷ ʙʘʨʚʥʠʢʘ, ʻ [ʅ2ʆ2]0:[Fe2+]0 = 

4:1. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʥʘ ʧʝʨʝʙʽʛ ʧʨʦʮʝʩʫ ʦʢʠʩʣʝʥʥʷ ʄʉ ʨʝʘʢʪʠʚʦʤ ʌʝʥʪʦʥʘ 

ʚʧʣʠʚʘʶʪʴ ʪʘʢʽ ʩʧʦʣʫʢʠ ʧʨʠʨʦʜʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ, ʷʢ ʘʤʽʥʦʢʠʩʣʦʪʠ, ʚʫʛʣʝʚʦʜʥʽ ʪʘ 

ʘʩʢʦʨʙʽʥʦʚʘ ʢʠʩʣʦʪʘ. ɿʽ ʟʙʽʣʴʰʝʥʥʷʤ ʢʦʥʮʝʥʪʨʘʮʽʾ ʜʦʙʘʚʢʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʽʜʚʠʱʝʥʥʷ 

ʧʦʯʘʪʢʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʦʢʠʩʣʝʥʥʷ ʪʘ ʩʪʫʧʝʥʷ ʢʦʥʚʝʨʩʽʾ ʙʘʨʚʥʠʢʘ. ɺʠʷʚʣʝʥʦ, ʱʦ ʟʘ 

ʝʬʝʢʪʠʚʥʽʩʪʶ ʚ ʨʝʘʢʮʽʾ ʌʝʥʪʦʥʘ ʧʨʠ ʦʢʠʩʣʝʥʥʽ ʄʉ ʜʦʩʣʽʜʞʝʥʽ ʩʧʦʣʫʢʠ ʧʨʠʨʦʜʥʦʛʦ 

ʧʦʭʦʜʞʝʥʥʷ ʤʦʞʫʪʴ ʙʫʪʠ ʨʦʟʪʘʰʦʚʘʥʽ ʫ ʥʘʩʪʫʧʥʠʡ ʨʷʜ ʟʘ ʟʨʦʩʪʘʥʥʷʤ ʚʽʜʥʦʩʥʦʾ 

ʧʦʯʘʪʢʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʦʢʠʩʣʝʥʥʷ ʪʘ ʢʦʥʚʝʨʩʽʾ ʙʘʨʚʥʠʢʘ ʟʘ 10 ʭʚ: ʘʣʘʥʽʥ < ʤʝʪʽʦʥʽʥ < 

ʛʣʶʢʦʟʘ < ʬʨʫʢʪʦʟʘ < ʘʩʢʦʨʙʽʥʦʚʘ ʢʠʩʣʦʪʘ. ʇʨʠ ʮʴʦʤʫ ʚʘʨʽʶʚʘʥʥʷʤ ʢʦʥʮʝʥʪʨʘʮʽʾ ʪʘʢʠʭ 

ʜʦʙʘʚʦʢ, ʷʢ ʬʨʫʢʪʦʟʘ ʡ ʘʩʢʦʨʙʽʥʦʚʘ ʢʠʩʣʦʪʘ, ʤʦʞʥʘ ʜʦʩʷʛʪʠ ʟʥʝʙʘʨʚʣʝʥʥʷ ʨʦʟʯʠʥʫ ʄʉ 

ʤʝʥʰ ʥʽʞ ʟʘ 10 ʭʚ. 
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ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʨʠʨʦʜʠ ʤʝʪʘʣʫ ʽ ʥʝʦʙʭʽʜʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʦʜʝʨʞʫʚʘʥʦʛʦ 

ʧʦʢʨʠʪʪʷ ʚ ʝʣʝʢʪʨʦʣʽʪʠ ʦʩʘʜʞʝʥʥʷ ʚʚʦʜʷʪʴʩʷ ʦʨʛʘʥʽʯʥʽ ʨʝʯʦʚʠʥʠ, ʷʢʽ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ 

ʥʘʡʨʽʟʥʦʤʘʥʽʪʥʽʰʠʭ ʢʣʘʩʽʚ ʩʧʦʣʫʢ. ɺʠʢʦʨʠʩʪʦʚʫʚʘʥʽ ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʽ ʨʝʯʦʚʠʥʠ 

ʧʦʚʠʥʥʽ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʟʤʽʥʫ ʫʤʦʚ ʝʣʝʢʪʨʦʢʨʠʩʪʘʣʽʟʘʮʽʾ ʤʝʪʘʣʽʚ ʰʣʷʭʦʤ ʘʜʩʦʨʙʮʽʾ ʥʘ ʾʭ 

ʧʦʚʝʨʭʥʽ. ʎʝʡ ʩʧʦʩʽʙ ʤʦʜʠʬʽʢʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʠ ʽ ʤʦʨʬʦʣʦʛʽʾ ʧʦʚʝʨʭʥʽ ʛʘʣʴʚʘʥʦʧʦʢʨʠʪʪʽʚ 

ʟʥʘʡʰʦʚ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʨʠ ʦʜʝʨʞʘʥʥʽ ʤʽʜʥʠʭ ʝʣʝʢʪʨʦʣʽʪʠʯʥʠʭ ʦʩʘʜʽʚ. ɿ ʪʦʯʢʠ 

ʟʦʨʫ ʧʨʘʢʪʠʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʥʘʫʢʦʤʽʩʪʢʠʭ ʛʘʣʫʟʷʭ ʚʠʨʦʙʥʠʮʪʚʘ ʤʽʜʥʽ ʧʦʢʨʠʪʪʷ ʩʣʽʜ 

ʚʽʜʥʝʩʪʠ ʜʦ ʩʪʨʘʪʝʛʽʯʥʦ ʚʘʞʣʠʚʠʭ ʽ ʟʘʪʨʝʙʫʚʘʥʠʭ ʚ ʩʫʯʘʩʥʽʡ ʝʣʝʢʪʨʦʥʽʮʽ ʪʘ ʨʦʙʦʪʦʪʝʭʥʽʮʽ. 

ʇʨʦʛʥʦʟʦʚʘʥʠʡ ʚʧʣʠʚ ʥʘ ʩʪʨʫʢʪʫʨʫ ʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʽʜʥʠʭ ʛʘʣʴʚʘʥʦʧʦʢʨʠʪʪʽʚ, 

ʰʣʷʭʦʤ ʚʚʝʜʝʥʥʷ ʚ ʝʣʝʢʪʨʦʣʽʪ ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʠʭ ʨʝʯʦʚʠʥ, ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ ʥʘʡʙʽʣʴʰ 

ʜʽʻʚʠʤ ʽ ʧʝʨʩʧʝʢʪʠʚʥʠʤ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʨʝʛʫʣʷʪʦʨʽʚ ʝʣʝʢʪʨʦʢʨʠʩʪʘʣʽʟʘʮʽʾ ʤʽʜʥʠʭ ʦʩʘʜʽʚ 

ʚʠʤʘʛʘʻ ʯʽʪʢʦʛʦ ʨʦʟʫʤʽʥʥʷ ʧʠʪʘʥʴ ʱʦ ʩʪʦʩʫʶʪʴʩʷ ʟʤʽʥʠ ʩʪʘʥʫ ʢʘʪʦʜʥʦʾ ʧʦʚʝʨʭʥʽ ʚ 

ʧʨʠʩʫʪʥʦʩʪʽ ʮʠʭ ʨʝʯʦʚʠʥ ʽ ʾʭ ʨʦʣʽ ʚ ʤʝʭʘʥʽʟʤʽ ʝʣʝʢʪʨʦʦʩʘʜʞʝʥʥʷ ʤʽʜʽ. 

ʅʝʦʙʭʽʜʥʠʤ ʢʦʤʧʦʥʝʥʪʦʤ ʝʣʝʢʪʨʦʣʽʪʽʚ ʤʽʜʥʝʥʥʷ ʻ ʚʠʨʽʚʥʶʶʯʽ ʜʦʙʘʚʢʠ. ɺʠʙʽʨ 

ʥʝʦʙʭʽʜʥʦʾ ʜʦʙʘʚʢʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʠʧʦʤ ʝʣʝʢʪʨʦʣʽʪʫ ʽ ʚʝʣʠʯʠʥʦʶ ʡʦʛʦ ʨʅ. ɸʢʪʫʘʣʴʥʠʤʠ 

ʻ ʜʦʩʣʽʜʞʝʥʥʷ ʘʜʩʦʨʙʮʽʡʥʦʾ ʧʦʚʝʜʽʥʢʠ ʪʘʢʠʭ ʟ'ʻʜʥʘʥʴ ʚ ʝʣʝʢʪʨʦʣʽʪʘʭ ʟ ʨʽʟʥʦʶ 

ʢʠʩʣʦʪʥʽʩʪʶ. 

ʋ ʜʘʥʽʡ ʨʦʙʦʪʽ ʚʩʪʘʥʦʚʣʝʥʘ ʘʜʩʦʨʙʮʽʡʥʘ ʘʢʪʠʚʥʽʩʪʴ ʧʦʣʽ-N,N'-ʜʠʤʝʪʠʣʩʘʬʨʘʥʽʥʘ ʽ 

ʧʦʣʽ-N,N'-ʜʠʝʪʠʣʩʘʬʨʘʥʽʥʘ ʥʘ ʤʽʜʥʦʤʫ ʝʣʝʢʪʨʦʜʽ ʚ ʩʫʣʴʬʘʪʥʠʭ ʝʣʝʢʪʨʦʣʽʪʘʭ. ɿʘʣʝʞʥʦʩʪʽ 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʾ ʻʤʥʦʩʪʽ ʧʦʜʚʽʡʥʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʰʘʨʫ ʤʽʜʥʦʛʦ ʝʣʝʢʪʨʦʜʘ ʚʽʜ 

ʧʦʪʝʥʮʽʘʣʫ, ʦʜʝʨʞʘʥʽ ʚ ʢʠʩʣʠʭ (ʨʅ 1,7) ʽ ʥʝʡʪʨʘʣʴʥʠʭ (ʨʅ 5,9) ʝʣʝʢʪʨʦʣʽʪʘʭ, ʩʚʽʜʯʘʪʴ ʧʨʦ 

ʪʝ, ʱʦ ʢʠʩʣʦʪʥʽʩʪʴ ʩʝʨʝʜʦʚʠʱʘ ʽʩʪʦʪʥʦ ʚʧʣʠʚʘʻ ʥʘ ʘʜʩʦʨʙʮʽʶ ʜʦʙʘʚʢʠ. ɺʝʣʠʢʫ 

ʘʜʩʦʨʙʮʽʡʥʫ ʘʢʪʠʚʥʽʩʪʴ ʜʦʩʣʽʜʞʫʚʘʥʽ ʦʨʛʘʥʽʯʥʽ ʨʝʯʦʚʠʥʠ ʚʠʷʚʣʷʶʪʴ ʫ ʢʠʩʣʦʤʫ ʨʦʟʯʠʥʽ. 

ʁʤʦʚʽʨʥʦʶ ʧʨʠʯʠʥʦʶ ʚʩʪʘʥʦʚʣʝʥʦʛʦ ʬʝʥʦʤʝʥʘ ʻ ʧʝʨʝʭʽʜ ʮʠʭ ʦʨʛʘʥʽʯʥʠʭ ʩʧʦʣʫʢ ʫ 

ʢʠʩʣʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʚ ʧʨʦʪʦʥʦʚʘʥʠʡ ʩʪʘʥ ʟ ʫʪʚʦʨʝʥʥʷʤ ʧʦʟʠʪʠʚʥʦ ʟʘʨʷʜʞʝʥʠʭ 

ʘʤʽʥʦʛʨʫʧ. ʂʘʪʽʦʥʥʽ ʛʨʫʧʠ ʜʦʙʘʚʦʢ ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʘ ʜʦʜʘʪʢʦʚʫ ʚʟʘʻʤʦʜʽʶ ʟ ʢʘʪʦʜʥʦʶ 

ʧʦʚʝʨʭʥʝʶ ʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʙʽʣʴʰ ʩʠʣʴʥʫ ʘʜʩʦʨʙʮʽʶ ʧʦʣʽ-N,N'-ʜʠʤʝʪʠʣʩʘʬʨʘʥʽʥʘ ʪʘ ʧʦʣʽ 

N,N'-ʜʠʝʪʠʣʩʘʬʨʘʥʽʥʘ ʥʘ ʤʽʜʥʦʤʫ ʝʣʝʢʪʨʦʜʽ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʥʝʡʪʨʘʣʴʥʠʤ ʩʫʣʴʬʘʪʥʠʤ 

ʝʣʝʢʪʨʦʣʽʪʦʤ. 

ʇʦʣʽ-N,N'-ʜʠʝʪʠʣʩʘʬʨʘʥʽʥ, ʷʢʠʡ ʤʘʻ ʙʽʣʴʰʫ ʤʦʣʝʢʫʣʷʨʥʫ ʤʘʩʫ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʧʦʣʽ-N,N'-ʜʠʤʝʪʠʣʩʘʬʨʘʥʽʥʦʤ, ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʙʽʣʴʰʦʶ ʘʜʩʦʨʙʮʽʡʥʦʶ ʟʜʘʪʥʽʩʪʶ. 

ʆʩʢʽʣʴʢʠ ʚʠʨʽʚʥʶʶʯʠ ʜʽʷ ʜʦʙʘʚʦʢ ʧʨʠ ʝʣʝʢʪʨʦʦʩʘʜʞʝʥʥʽ ʤʽʜʥʠʭ ʧʦʢʨʠʪʪʽʚ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʾʭ ʘʜʩʦʨʙʮʽʡʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ, ʪʦ ʩʣʽʜ ʦʯʽʢʫʚʘʪʠ, ʱʦ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤ ʚ ʮʴʦʤʫ 

ʧʨʦʮʝʩʽ ʚʠʷʚʠʪʴʩʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʣʽ-N,N'-ʜʠʝʪʠʣʩʘʬʨʘʥʽʥʘ ʧʨʠ ʥʠʟʴʢʠʭ ʟʥʘʯʝʥʥʷʭ ʨʅ 

ʝʣʝʢʪʨʦʣʽʪʽʚ ʤʽʜʥʝʥʥʷ. 
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ʋʇʆʈʗɼʂʆɺɸʅɯ ʎʀʂʃʆɼɽʂʉʊʈʀʅɺʄɯʉʅɯ ʂʈɽʄʅɽɿɽʄʀ ʗʂ 

ʇɽʈʉʇɽʂʊʀɺʅɯ ʉʆʈɹɽʅʊʀ ɼʃʗ ɺʀʃʋʏɽʅʅʗ ɸʈʆʄɸʊʀʏʅʀʍ ʉʇʆʃʋʂ 

ʊʨʦʬʠʤʯʫʢ ɯ. ʄ., ʈʦʾʢ ʅ. ɺ., ɹʻʣʷʢʦʚʘ ʃ. ʆ. 

ɯʥʩʪʠʪʫʪ ʭʽʤʽʾ ʧʦʚʝʨʭʥʽ ʽʤ.ʆ. ʆ. ʏʫʡʢʘ ʅʘʮʽʦʥʘʣʴʥʦʾ ʘʢʘʜʝʤʽʾ ʥʘʫʢ ʋʢʨʘʾʥʠ 

ʚʫʣ. ɻʝʥʝʨʘʣʘ ʅʘʫʤʦʚʘ, 17, ʂʠʾʚ, 03164, ʋʢʨʘʾʥʘ 

trofymchuk_iryna@ukr.net 

 

ʋ ʮʴʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ʟʜʽʡʩʥʝʥʦ ʪʝʤʧʣʘʪʥʠʡ ʟʦʣʴ-ʛʝʣʴ ʩʠʥʪʝʟ ʙʽʬʫʥʢʮʽʦʥʘʣʴʥʠʭ 

MCM-41 ʢʨʝʤʥʝʟʝʤʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ɓ-ʮʠʢʣʦʜʝʢʩʪʨʠʥ(ʎɼ)-ʚʤʽʩʥʦʛʦ ʩʠʣʘʥʫ ʽ 

ʪʝʪʨʘʝʪʦʢʩʠʩʠʣʘʥʫ (ʊɽʆʉ) ʚ ʧʨʠʩʫʪʥʦʩʪʽ ʮʝʪʠʣʪʨʠʤʝʪʠʣʘʤʦʥʽʡ ʙʨʦʤʽʜʫ. ɓ-ʎɼ-ʚʤʽʩʥʠʡ 

ʩʠʣʘʥ ʙʫʣʦ ʩʠʥʪʝʟʦʚʘʥʦ ʰʣʷʭʦʤ ʤʦʜʠʬʽʢʫʚʘʥʥʷ (3-ʘʤʽʥʦʧʨʦʧʽʣ)ʪʨʠʝʪʦʢʩʠʩʠʣʘʥʫ 

ʦʣʽʛʦʩʘʭʘʨʠʜʦʤ, ʷʢʠʡ ʘʢʪʠʚʫʚʘʣʠ ʫ ʧʨʠʩʫʪʥʦʩʪʽ N,N-ʢʘʨʙʦʥʽʣʜʠʽʤʽʜʘʟʦʣʫ. 

ʎɼ-ʄʉʄ-41-1 ʢʨʝʤʥʝʟʝʤ ʙʫʚ ʦʜʝʨʞʘʥʠʡ ʛʽʜʨʦʣʽʟʦʤ ʽ ʧʦʣʽʢʦʥʜʝʥʩʘʮʽʻʶ ʊɽʆʉ ʪʘ ɓ-ʎɼ-

ʚʤʽʩʥʦʛʦ ʩʠʣʘʥʫ ʚ ʧʨʠʩʫʪʥʦʩʪʽ ʧʨʦʜʫʢʪʽʚ ʨʝʘʢʮʽʡ ʘʢʪʠʚʘʮʽʾ ʽ ʟʰʠʚʘʥʥʷ, ʘ ʎɼ-ʄʉʄ-41-2 ï 

ʟʦʣʴ-ʛʝʣʴ ʨʝʘʢʮʽʻʶ ʤʽʞ ʊɽʆʉ ʪʘ ʩʠʥʪʝʟʦʚʘʥʠʤ ɓ-ʎɼ-ʚʤʽʩʥʠʤ ʩʠʣʘʥʦʤ. ʋʩʧʽʰʥʝ 

ʚʚʝʜʝʥʥʷ ɓ-ʎɼ ʬʨʘʛʤʝʥʪʽʚ ʫ ʢʨʝʤʥʝʟʝʤ ʙʫʣʦ ʧʽʜʪʚʝʨʜʞʝʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʌʫʨôʻ-

ɯʏ ʩʧʝʢʪʨʦʩʢʦʧʽʾ ʪʘ ʢʽʣʴʢʽʩʥʦʛʦ ʭʽʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ. ɼʣʷ ʧʦʨʽʚʥʷʣʴʥʦʛʦ ʚʠʚʯʝʥʥʷ ʚʧʣʠʚʫ 

ʟʘʢʨʽʧʣʝʥʠʭ ʧʦʚʝʨʭʥʝʚʠʭ ʛʨʫʧ ʥʘ ʩʦʨʙʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʢʨʝʤʥʝʟʝʤʽʚ ʪʘʢʦʞ ʙʫʣʦ 

ʩʠʥʪʝʟʦʚʘʥʦ ʄʉʄ-41 ʪʘ NH2-ʄʉʄ-41 ʢʨʝʤʥʝʟʝʤʠ ʟ ʩʠʣʘʥʦʣʴʥʠʤʠ ʪʘ ʘʤʽʥʦʧʨʦʧʽʣʴʥʠʤʠ 

ʛʨʫʧʘʤʠ ʚʽʜʧʦʚʽʜʥʦ. ʆʜʝʨʞʘʥʽ ʢʨʝʤʥʝʟʝʤʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʦ ʤʝʪʦʜʘʤʠ ʨʝʥʪʛʝʥʽʚʩʴʢʦʾ 

ʜʠʬʨʘʢʮʽʾ, ʪʨʘʥʩʤʽʩʽʡʥʦʾ ʝʣʝʢʪʨʦʥʥʦʾ ʤʽʢʨʦʩʢʦʧʽʾ ʪʘ ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʦʾ ʘʜʩʦʨʙʮʽʾ-

ʜʝʩʦʨʙʮʽʾ ʘʟʦʪʫ. ʉʪʨʫʢʪʫʨʥʽ ʧʘʨʘʤʝʪʨʠ ʩʠʥʪʝʟʦʚʘʥʠʭ ʢʨʝʤʥʝʟʝʤʽʚ ʧʦʜʘʥʽ ʫ ʪʘʙʣʠʮʽ.  
 

ʊʘʙʣʠʮʷ. ʉʪʨʫʢʪʫʨʥʽ ʧʘʨʘʤʝʪʨʠ ʩʠʥʪʝʟʦʚʘʥʠʭ ʤʝʟʦʧʦʨʠʩʪʠʭ ʢʨʝʤʥʝʟʝʤʽʚ 

ʂʨʝʤʥʝʟʝʤ 
d100, 

ʥʤ 

ʘ, 

ʥʤ 

SBET, 

ʤ2/ʛ 

V×, 

ʩʤ3/ʛ 

DDFT, 

ʥʤ 

[ī(CH2)3NH2]  [ɓ-ʎɼ]  

ʤʤʦʣʴ/ʛ ʤʢʤʦʣʴ/ʤ2 ʤʤʦʣʴ/ʛ ʤʢʤʦʣʴ/ʤ2 

ʄʉʄ-41 4,17 4,82 995 0,75 3,7 5,1 ī ī ī ī 

NH2-ʄʉʄ-41 4,02 4,64 523 0,86 3,7 5,1 0,44 0,84 ī ī 

ʎɼ-ʄʉʄ-41-1 4,11 4,75 812 1,06 3,9 5,1 0,05 0,06 0,018 0,022 

ʎɼ-ʄʉʄ-41-2 4,11 4,75 802 1,38 3,9 5,2 0,04 0,05 0,010 0,012 
 

ɺʠʚʯʝʥʦ ʘʜʩʦʨʙʮʽʶ ʙʝʥʟʝʥʫ ʪʘ ʬʝʥʦʣʫ ʟ ʚʦʜʥʠʭ ʨʦʟʯʠʥʽʚ ʥʘ MCM-41 ʢʨʝʤʥʝʟʝʤʘʭ 

ʫ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʨʠʚʘʣʦʩʪʽ ʢʦʥʪʘʢʪʫ ʪʘ ʨʽʚʥʦʚʘʞʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʘʜʩʦʨʙʪʠʚʫ. 

ʇʨʦʜʝʤʦʥʩʪʨʦʚʘʥʦ ʙʽʣʴʰʫ ʩʧʝʮʠʬʽʯʥʽʩʪʴ ʘʜʩʦʨʙʮʽʾ ʘʨʦʤʘʪʠʯʥʠʭ ʩʧʦʣʫʢ ʥʘ 

ɓ-ʎɼ-MCM-41 ʢʨʝʤʥʝʟʝʤʘʭ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʽʥʰʠʤʠ ʜʦʩʣʽʜʞʫʚʘʥʠʤʠ MCM-41 

ʤʘʪʝʨʽʘʣʘʤʠ ʚ ʦʙʣʘʩʪʽ ʨʽʚʥʦʚʘʞʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ ʜʦ 4 ʤʤʦʣʴ/ʣ (ʈʠʩʫʥʦʢ). 
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ʈʠʩ. ɯʟʦʪʝʨʤʠ ʘʜʩʦʨʙʮʽʾ ʙʝʥʟʝʥʫ (ʘ) ʪʘ ʬʝʥʦʣʫ (ʙ) ʟ ʚʦʜʥʠʭ ʨʦʟʯʠʥʽʚ ʥʘ ʄʉʄ-41 (1), 

NH2-ʄʉʄ-41 (2), ʎɼ-ʄʉʄ-41-1 (3) ʽ ʎɼ-ʄʉʄ-41-2 (4) ʢʨʝʤʥʝʟʝʤʘʭ 
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ɺɿɸɭʄʆɼɯʗ ʆʂʉʀɼʋ ɯʊʈɯʖ ɿ ʆʂʉʀɼɸʄʀ ʃɸʅʊɸʅʋ ʊɸ ʅɽʆɼʀʄʋ ʇʈʀ 

ʊɽʄʇɽʈɸʊʋʈɯ 1600 Áʉ 

ʏʫʜʽʥʦʚʠʯ ʆ. ɺ.1, ɸʥʜʨʽʻʚʩʴʢʘ ʆ. ʈ.1,2, ɹʦʛʘʪʠʨʴʦʚʘ ɾ. ɼ.3, ʉʧʘʩʴʦʥʦʚʘ ʃ. ʄ.2 
1ɯʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʘ ʽʤ. ɯ. ʄ. ʌʨʘʥʮʝʚʠʯʘ ʅɸʅ ʋʢʨʘʾʥʠ, ʂʠʾʚ, ʋʢʨʘʾʥʘ 

2 ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ 

ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè, ʂʠʾʚ, ʋʢʨʘʾʥʘ 
3ʌʽʟʠʢʦïʪʝʭʥʦʣʦʛʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʤʝʪʘʣʽʚ ʪʘ ʩʧʣʘʚʽʚ ʅɸʅ ʋʢʨʘʾʥʠ, ʂʠʾʚ 
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ʆʢʩʠʜʠ ʨʽʜʢʽʩʥʦʟʝʤʝʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ (ʈɿɽ) ʽ ʢʦʤʧʦʟʠʪʠ ʥʘ ʾʭ ʦʩʥʦʚʽ ʤʘʶʪʴ 

ʚʘʞʣʠʚʝ ʟʥʘʯʝʥʥʷ ʚ ʷʢʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ ʚ ʦʧʪʠʮʽ ʪʘ ʦʧʪʦʝʣʝʢʪʨʦʥʽʮʽ ʟʘ ʨʘʭʫʥʦʢ ʾʭ ʭʽʤʽʯʥʦʾ 

ʪʘ ʪʝʨʤʽʯʥʦʾ ʩʪʘʙʽʣʴʥʦʩʪʽ. ʂʝʨʘʤʽʯʥʽ ʧʦʨʦʰʢʠ ʟ ʨʝʛʫʣʴʦʚʘʥʦʶ ʤʦʨʬʦʣʦʛʽʻʶ ʽ ʚʫʟʴʢʠʤ 

ʨʦʟʧʦʜʽʣʦʤ ʯʘʩʪʠʥʦʢ ʥʝʟʘʤʽʥʥʽ ʷʢ ʣʶʤʽʥʦʬʦʨʠ ʫ ʧʣʦʩʢʠʭ ʜʠʩʧʣʝʷʭ. ʉʠʩʪʝʤʠ ʥʘ ʦʩʥʦʚʽ 

ʦʢʩʠʜʽʚ ʽʪʨʽʶ, ʣʘʥʪʘʥʫ ʪʘ ʥʝʦʜʠʤʫ ʧʝʨʩʧʝʢʪʠʚʥʽ ʜʣʷ ʨʦʟʨʦʙʢʠ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʽʦʥʥʠʭ 

ʧʨʦʚʽʜʥʠʢʽʚ, ʪʝʧʣʦʟʘʭʠʩʥʠʭ ʧʦʢʨʠʪʪʽʚ. ʃʝʛʫʚʘʥʥʷ ʦʢʩʠʜʫ ʽʪʨʽʶ ʦʢʩʠʜʘʤʠ ʣʘʥʪʘʥʫ ʪʘ ʈɿɽ 

ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʤʘʪʝʨʽʘʣʠ ʟ ʫʥʽʢʘʣʴʥʠʤʠ ʦʧʪʠʯʥʠʤʠ, ʣʶʤʽʥʝʩʮʝʥʪʥʠʤʠ ʪʘ 

ʜʽʝʣʝʢʪʨʠʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. ʇʦʪʨʽʡʥʘ ʩʠʩʪʝʤʘ La2O3ïY2O3ïNd2O3 ʻ ʮʽʢʘʚʦʶ ʪʘ 

ʧʝʨʩʧʝʢʪʠʚʥʦʶ ʩʠʩʪʝʤʦʶ ʜʣʷ ʚʠʚʯʝʥʥʷ. 

ʇʦʜʚʽʡʥʽ ʩʠʩʪʝʤʠ La2O3ïY2O3, La2O3ïNd2O3 ʜʦʩʣʽʜʞʝʥʽ ʫ ʰʠʨʦʢʦʤʫ ʽʥʪʝʨʚʘʣʽ 

ʪʝʤʧʝʨʘʪʫʨ (1300ï2400 Áʉ) ʽ ʢʦʥʮʝʥʪʨʘʮʽʡ (0ï100 %) ʜʦʩʪʘʪʥʴʦ ʜʦʙʨʝ, ʚʽʜʦʤʦʩʪʽ ʧʨʦ 

ʬʘʟʦʚʽ ʨʽʚʥʦʚʘʛʠ ʫ ʩʠʩʪʝʤʽ Nd2O3ïY2O3 ʧʦʪʨʝʙʫʶʪʴ ʫʪʦʯʥʝʥʥʷ. 

ʋ ʩʠʩʪʝʤ ̔ La2O3ïY2O3 ʧʨʠ 1600 C̄ ʫʪʚʦʨʶʶʪʴʩʷ ʪʚʝʨʜʽ ʨʦʟʯʠʥʠ ʥʘ ʦʩʥʦʚʽ 

ʛʝʢʩʘʛʦʥʘʣʴʥʦ ʾ(ɸ) ʚ ʥ̔ʪʝʨʚʘʣʽ ʚʽʜ 0 ʜʦ 27 ʤʦʣ. % Y2O3, ʤʦʥʦʢʣʥ̔ʥʦʾ (ɺ) ʚ ʥ̔ʪʝʨʚʘʣʽ ʚʽʜ 35 

ʜʦ 55 ʤʦʣ. % Y2O3, ʤʦʜʠʬʢ̔ʘʮ̔ʡ La2O3, ʢʫʙʽʯʥʦʾ (ʉ) ʤʦʜʠʬʽʢʘʮʽʾ Y2O3 ʚ ̔ʥʪʝʨʚʘʣʽ ʚʽʜ 85 

ʜʦ 100 ʤʦʣ. % Y2O3. ɺʩʪʘʥʦʚʣʝʥʦ ʽʩʥʫʚʘʥʥʷ ʰʠʨʦʢʠʭ ʜʚʦʬʘʟʥʠʭ ʦʙʣʘʩʪʝʡ (ɸ + ɺ) 27ï

35 ʤʦʣ. % Y2O3, (ɺ + ʉ) 55ï85 ʤʦʣ. % Y2O3. 

ʋ ʩʠʩʪʝʤʽ La2O3ïNd2O3 ʧʨʠ 1600 C̄ ʫʪʚʦʨʶʻʪʴʩʷ ʥʝʧʝʨʝʨʚʥʠʡ ʨʷʜ ʪʚʝʨʜʠʭ 

ʨʦʟʯʠʥʽʚ ʥʘ ʦʩʥʦʚʽ ʛʝʢʩʘʛʦʥʘʣʴʥʦʾ (ɸ) ʤʦʜʠʬʽʢʘʮʽʾ ʦʢʩʠʜʽʚ ʈɿɽ. 

ɼʣʷ ʩʠʩʪʝʤʠ Nd2O3ïY2O3 ʧʨʠ 1600 ̄ C ʭʘʨʘʢʪʝʨʥʘ ʥʘʷʚʥʽʩʪʴ ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ ʥʘ 

ʦʩʥʦʚ ̔ɸï  ̔ɺïʤʦʜʠʬʢ̔ʘʮ̔ʡ Nd2O3, ʉïʤʦʜʠʬʢ̔ʘʮ̔ʾ Y2O3  ̔ʜʚʦʬʘʟʥʠʭ ʦʙʣʘʩʪʝʡ (ɸ + ɺ, 

ɺ + ʉ). ɻʨʘʥʠʮʽ ʨʦʟʯʠʥʥʦʩʪʽ ʥʝ ʚʠʟʥʘʯʝʥʦ. 

ʋ ʧʨʝʜʩʪʘʚʣʝʥʽʡ ʨʦʙʦʪʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʽʚ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʽʟʫ ʪʘ 

ʧʝʪʨʦʛʨʘʬʽʾ ʚʧʝʨʰʝ ʜʦʩʣʽʜʞʝʥʦ ʬʘʟʦʚʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʪʘ ʬʽʟʠʢʦïʭʽʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʫʪʚʦʨʝʥʠʭ ʬʘʟ ʫ ʩʠʩʪʝʤʽ La2O3ïY2O3ïNd2O3 ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 1600 Áʉ (10 ʛʦʜ) ʥʘ ʧʦʚʽʪʨʽ 

ʪʘ ʫʪʦʯʥʝʥʦ ʛʨʘʥʠʮʽ ʜʣʷ ʩʠʩʪʝʤʠ Nd2O3ïY2O3 ʧʨʠ 1600 C̄. 

ɺ ʷʢʦʩʪʽ ʚʠʭʽʜʥʠʭ ʨʝʯʦʚʠʥ ʚʠʢʦʨʠʩʪʘʥʦ La2O3, Y2O3, Nd2O3 ʟ ʚʤʽʩʪʦʤ ʦʩʥʦʚʥʦʛʦ 

ʢʦʤʧʦʥʝʥʪʘ 99,99 % ʪʘ ʘʟʦʪʥʫ ʢʠʩʣʦʪʫ ʤʘʨʢʠ çʯ.ʜ.ʘ.è. ɿʨʘʟʢʠ ʧʨʠʛʦʪʦʚʣʝʥʦ ʟ 

ʢʦʥʮʝʥʪʨʘʮʽʡʥʠʤ ʢʨʦʢʦʤ 1ï5 ʤʦʣ. %. 

ʍʘʨʘʢʪʝʨ ʬʘʟʦʚʠʭ ʨʽʚʥʦʚʘʛ ʫ ʧʦʪʨʽʡʥʽʡ ʩʠʩʪʝʤ ̔ La2O3ïY2O3ïNd2O3 ʚʠʟʥʘʯʘʻ 

ʙʫʜʦʚʘ ʦʙʤʝʞʫʶʯʠʭ ʧʦʜʚʽʡʥʠʭ ʩʠʩʪʝʤ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʫ ʧʦʪʨʽʡʥʽʡ ʩʠʩʪʝʤʽ 

ʫʪʚʦʨʶʶʪɹʩʷ ʧʦʣʷ ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ ʥʘ ʦʩʥʦʚ ̔ɸï, ɺï  ̔ʉï ʢʨʠʩʪʘʣʽʯʥʠʭ ʤʦʜʠʬʢ̔ʘʮ̔ʡ 

ʚʠʭʽʜʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ. 

 

ʈʦʙʦʪʘ ʚʠʢʦʥʘʥʘ ʧʨʠ ʧʽʜʪʨʠʤʮʽ ɼʝʨʞʘʚʥʦʛʦ ʬʦʥʜʫ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

(ɼʌʌɼ) ʟʘ ʜʦʛʦʚʦʨʦʤ ˉ ʌ73/111-2016 ʪʘ ʄʆʅ ʋʢʨʘʥʾʠ ʟʘ ʜʦʛʦʚʦʨʦʤ  ̄ʄ/128-2016. 
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ʂɸʊɸʃʀʊʀʏɽʉʂʆɽ ʆʂʀʉʃɽʅʀɽ ɹɽʅɿʆʀʅʆɺ ɺ ʇʈʀʉʋʊʉʊɺʀʀ 

ʂʆʆʈɼʀʅɸʎʀʆʅʅʆɻʆ ʇʆʃʀʄɽʈɸ ʄɽɼʀ (ȽȽ) ʉ 1,3,5-ʂɸʈɹʆʂʉʀʃɸʊʆʄ 

ʖʨʯʝʥʢʦ ɼ. ɺ.1,2, ʂʦʣʦʪʠʣʦʚ ʉ. ɺ.1, ɻʘʚʨʠʣʝʥʢʦ ʂ. ʉ.2,3 

1ʀʥʩʪʠʪʫʪ ʬʠʟʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ʃ. ɺ. ʇʠʩʘʨʞʝʚʩʦʢʦʛʦ ʅɸʅ ʋʢʨʘʠʥʳ, 

ʧʨʦʩʧ. ʅʘʫʢʠ 31, ʂʠʝʚ, 03028, ʋʢʨʘʠʥʘ 
2ʊʆɺ çʅʘʫʯʥʦ-ʇʨʦʠʟʚʦʜʩʪʚʝʥʥʦʝ ʧʨʝʜʧʨʠʷʪʠʝ çɽʅɸʄʀʅè, 

ʫʣ. ɸ. ʄʘʪʨʦʩʦʚʘ 23, ʂʠʝʚ 01103, ʋʢʨʘʠʥʘ 
3ʅʘʫʯʥʦ-ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʭʠʤʠʢʦ-ʙʠʦʣʦʛʠʯʝʩʢʠʡ ʮʝʥʪʨ, ʂʠʝʚʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ 

ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʊʘʨʘʩʘ ʐʝʚʯʝʥʢʘ, ʫʣ. ʂʨʘʩʥʦʪʢʘʮʢʘʷ 61, 03022, ʂʠʝʚ, ʋʢʨʘʠʥʘ 
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ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʧʦʨʠʩʪʳʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʧʦʣʠʤʝʨʳ (ʇʂʇ) 3d ʤʝʪʘʣʣʦʚ 

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ. ʂ 

ʧʨʝʠʤʫʱʝʩʪʚʘʤ ʩʦʝʜʠʥʝʥʠʡ ʵʪʦʛʦ ʢʣʘʩʩʘ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʚʳʩʦʢʦʫʧʦʨʷʜʦʯʝʥʥʫʶ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ ʠ ʙʦʣʴʰʠʝ ʟʥʘʯʝʥʠʷ ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʦʙʲʝʤʘ ʧʦʨ, 

ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʛʘʪʴ ʚʳʩʦʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʦʚ, ʘ ʪʘʢʞʝ 

ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ.  

ʎʝʣʴ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʟʘʚʠʩʠʤʦʩʪʠ ʚʳʭʦʜʘ ʨʝʘʢʮʠʠ ʠ 

ʩʢʦʨʦʩʪʠ ʦʢʠʩʣʝʥʠʷ ʙʝʥʟʦʠʥʦʚ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʇʂʇ Cu3(BTC)2(H2O)3, (BTC ï 

1,3,5-ʙʝʥʟʦʣ-ʪʨʠʢʘʨʙʦʢʩʠʣʘʪ) ʦʪ ʩʪʨʦʝʥʠʷ ʩʫʙʩʪʨʘʪʘ ʠ ʫʩʣʦʚʠʡ ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʠ. 

ɺ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʥʦ ʢʘʪʘʣʠʪʠʯʝʩʢʦʝ ʦʢʠʩʣʝʥʠʝ 1,2-ʙʠʬʝʥʠʣ-2-ʛʠʜʨʦʢʩʠʵʪʘʥʦʥʘ, 

1,2-ʙʠʩ(4-ʙʨʦʤʬʝʥʠʣ)-2-ʛʠʜʨʦʢʩʠʵʪʘʥʦʥʘ, 1,2-ʙʠʩ(4-ʤʝʪʦʢʩʠʬʝʥʠʣ)-2-ʛʠʜʨʦʢʩʠʵʪʘʥʦʥʘ, 

1,2-ʙʠʩ(4-ʪʨʝʪ-ʙʫʪʠʣʬʝʥʠʣ)-2-ʛʠʜʨʦʢʩʠʵʪʘʥʦʥʘ ʠ 1,2-ʙʠʩ(2-ʥʘʬʪʠʣ)-2-ʛʠʜʨʦʢʩʠʵʪʘʥʦʥʘ 

ʧʝʨʝʢʠʩʴʶ ʚʦʜʦʨʦʜʘ ʚ ʨʘʩʪʚʦʨʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʇʂʇ Cu3(BTC)2(H2O)3 ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

20 Üʉ (ʈʠʩ. 1). ɺ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʚʚʦʜʠʣʠ 100-ʢʨʘʪʥʳʡ ʠʟʙʳʪʦʢ ʧʝʨʝʢʠʩʠ ʚʦʜʦʨʦʜʘ ʠ 

5 ʤʦʣʴʥʳʭ ʧʨʦʮʝʥʪʦʚ ʢʘʪʘʣʠʟʘʪʦʨʘ ʥʘ ʤʦʣʴ ʙʝʥʟʦʠʥʘ, ʨʝʘʢʮʠʶ ʧʨʦʚʦʜʠʣʠ ʚ ʪʝʯʝʥʠʝ 

3 ʯʘʩʦʚ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʇʂʇ ʥʝ ʨʘʩʪʚʦʨʷʝʪʩʷ, ʘ ʝʛʦ ʩʪʨʦʝʥʠʝ ʥʝ ʤʝʥʷʝʪʩʷ ʧʦʩʣʝ ʨʝʘʢʮʠʠ. 

ɺʳʭʦʜ ʧʨʦʜʫʢʪʘ ʠ ʩʢʦʨʦʩʪʴ ʨʝʘʢʮʠʠ, ʦʧʨʝʜʝʣʝʥʥʘʷ ʧʦ ʥʘʯʘʣʴʥʦʤʫ ʫʯʘʩʪʢʫ, ʣʠʥʝʡʥʦ 

ʨʘʩʪʫʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʅ2ʆ2, ʦʜʥʘʢʦ ʥʘ ʟʘʚʠʩʠʤʦʩʪʠ ʚʳʭʦʜʘ ʠ ʩʢʦʨʦʩʪʠ ʦʪ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʙʝʥʟʦʠʥʘ ʠ ʵʬʬʝʢʪʠʚʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʘʪʘʣʠʟʘʪʦʨʘ ʥʘʡʜʝʥʳ ʤʘʢʩʠʤʫʤʳ 

(ʨʠʩ. 2). ʅʘʡʜʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʤʦʛʫʪ ʦʙʲʷʩʥʷʪʴʩʷ ʙʣʦʢʠʨʦʚʘʥʠʝʤ ʢʘʪʘʣʠʪʠʯʝʩʢʠ-

ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ ʠʣʠ ʧʨʦʪʝʢʘʥʠʝʤ ʧʘʨʘʣʣʝʣʴʥʳʭ ʨʝʘʢʮʠʡ. 

 

 

 
ʈʠʩ. 1. ʈʝʘʢʮʠʷ ʦʢʠʩʣʝʥʠʷ ʙʝʥʟʦʠʥʦʚ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ HKUST 

ʈʠʩ. 2. ɿʘʚʠʩʠʤʦʩʪʴ ʚʳʭʦʜʘ ʙʝʥʟʦʡʥʦʡ 

ʢʠʩʣʦʪʳ ʦʪ ʵʬʬʝʢʪʠʚʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 
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ɿʘ ʜʘʥʠʤʠ ɼʝʨʞʘʚʥʦʾ ʩʣʫʞʙʠ ʩʪʘʪʠʩʪʠʢʠ, ʱʦʨʽʯʥʦ ʚ ʋʢʨʘʾʥʽ ʫʪʚʦʨʶʻʪʴʩʷ ʙʣʠʟʴʢʦ 

500 ʤʣʥ. ʪ ʧʦʙʫʪʦʚʠʭ ʪʘ ʧʨʦʤʠʩʣʦʚʠʭ ʚʽʜʭʦʜʽʚ (ʊʇɺ), ʥʘ ʧʦʣʽʛʦʥʘʭ ʾʭ ʥʘʢʦʧʠʯʝʥʦ 

12,5 ʤʽʣʴʷʨʜʽʚ ʪ. ɺʝʣʠʢʘ ʯʘʩʪʠʥʘ ʚʽʜʭʦʜʽʚ, ʚ ʦʩʥʦʚʥʦʤʫ ʚʽʜ ʤʽʩʴʢʦʛʦ ʥʘʩʝʣʝʥʥʷ, 

ʚʠʚʦʟʠʪʴʩʷ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʩʢʣʘʜʫʚʘʥʥʷ ʥʘ ʧʦʣʽʛʦʥʠ ʪʘ ʩʤʽʪʪʻʟʚʘʣʠʱʘ. ʇʨʠʙʣʠʟʥʦ 2 % 

ʩʧʘʣʶʻʪʴʩʷ ʥʘ ʜʚʦʭ ʩʤʽʪʪʻʩʧʘʣʶʚʘʣʴʥʠʭ ʟʘʚʦʜʘʭ ʽ ʤʝʥʰʝ 1 % ʚʽʜʙʠʨʘʻʪʴʩʷ ʜʣʷ 

ʧʦʚʪʦʨʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘ ʽʩʥʫʶʯʠʭ ʩʦʨʪʫʚʘʣʴʥʠʭ ʣʽʥʽʷʭ.  

ʇʦ ʧʽʜʨʘʭʫʥʢʘʤ ʄʽʥʽʩʪʝʨʩʪʚʘ ʝʢʦʣʦʛʽʾ, ʚ ʋʢʨʘʾʥʽ ʙʣʠʟʴʢʦ 10 ʪʠʩʷʯ ʟʘʢʦʥʥʠʭ ʪʘ 

ʥʝʣʝʛʘʣʴʥʠʭ ʟʚʘʣʠʱ, ʟʘʛʘʣʴʥʘ ʧʣʦʱʘ ʷʢʠʭ ʜʦʩʷʛʘʻ 10ï12 ʪʠʩʷʯ ʤ2, ʱʦ ʙʽʣʴʰʝ, ʥʘʧʨʠʢʣʘʜ, 

ʪʝʨʠʪʦʨʽʾ ʂʽʧʨʫ. ʅʘʡʙʽʣʴʰʘ ʢʽʣʴʢʽʩʪʴ ʩʤʽʪʪʻʟʚʘʣʠʱ ʪʘ ʧʦʣʽʛʦʥʽʚ ʪʚʝʨʜʠʭ ʧʦʙʫʪʦʚʠʭ 

ʚʽʜʭʦʜʽʚ ʝʢʩʧʣʫʘʪʫʻʪʴʩʷ ʫ ʂʠʾʚʩʴʢʽʡ, ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢʽʡ, ʇʦʣʪʘʚʩʴʢʽʡ,  ʆʜʝʩʴʢʽʡ, 

ʍʝʨʩʦʥʩʴʢʽʡ, ʏʝʨʥʽʛʽʚʩʴʢʽʡ, ɾʠʪʦʤʠʨʩʴʢʽʡ, ʉʫʤʩʴʢʽʡ, ɿʘʢʘʨʧʘʪʩʴʢʽʡ ʦʙʣʘʩʪʷʭ. 

ɺʽʜʭʦʜʠ ʥʘ ʟʚʘʣʠʱʘʭ ʧʝʨʝʙʫʚʘʶʪʴ ʚ ʯʘʩʪʢʦʚʦ ʘʥʘʝʨʦʙʥʠʭ ʫʤʦʚʘʭ, ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ 

ʛʝʥʝʨʫʶʪʴ ʙʽʦʛʘʟ, ʷʢʠʡ ʤʦʞʝ ʙʫʪʠ ʟʽʙʨʘʥʠʡ ʽ ʚʠʢʦʨʠʩʪʘʥʠʡ ʚ ʝʥʝʨʛʝʪʠʯʥʠʭ ʮʽʣʷʭ, ʮʝʡ 

ʙʦ̔ʛʘʟ ʤʽʩʪʠʪʴ 45ï55 % ʤʝʪʘʥʫ. ɺʠʨʦʙʥʠʮʪʚʦ ʤʝʪʘʥʫ ʥʘ ʧʦʣʽʛʦʥʘʭ ï ʮʝ ʧʦʚʽʣʴʥʠʡ ʧʨʦʮʝʩ, 

ʷʢʠʡ ʤʦʞʝ ʪʨʠʚʘʪʠ ʧʨʦʪʷʛʦʤ 30ï50 ʨʦʢʽʚ. ɿʙʽʣʴʰʝʥʥʷ ʧʦʪʝʥʮʽʘʣʫ ʛʝʥʝʨʘʮʽʾ ʽ 

ʝʥʝʨʛʝʪʠʯʥʦʾ ʫʪʠʣʽʟʘʮʽʾ ʙʽʦʛʘʟʫ ʟ ʊʇɺ ʤʦʞʝ ʙʫʪʠ ʧʦʚ'ʷʟʘʥʦ ʟ ʤʝʭʘʥʽʯʥʦ-ʙʽʦʣʦʛʽʯʥʠʤʠ 

ʤʝʪʦʜʘʤʠ ʾʭ ʦʙʨʦʙʢʠ ʚ ʩʧʝʮʽʘʣʴʥʠʭ ʨʝʘʢʪʦʨʘʭ, ʱʦ ʟʘʧʦʙʽʛʘʶʪʴ ʚʠʚʝʟʝʥʥʶ ʊʇɺ ʥʘ 

ʧʦʣʽʛʦʥʠ. ɹʽʦʛʘʟ, ʦʪʨʠʤʘʥʠʡ ʪʘʢʠʤ ʰʣʷʭʦʤ, ʤʽʩʪʠʪʴ ʜʦ 89 % ʤʝʪʘʥʫ.  

ʊʚʝʨʜʽ ʧʦʙʫʪʦʚʽ ʚʽʜʭʦʜʠ ʤʦʞʣʠʚʦ ʟʙʨʦʜʞʫʚʘʪʠ ʦʢʨʝʤʦ (ʪʘʙʣʠʮʷ 1) ʘʙʦ ʚ ʷʢʦʩʪʽ 

ʜʦʜʘʪʢʦʚʦʛʦ ʩʫʙʩʪʨʘʪʫ. 

 

ʊʘʙʣʠʮʷ 1. ɽʥʝʨʛʝʪʠʯʥʠʡ ʧʦʪʝʥʮʽʘʣ ʚʠʭʦʜʫ ʩʠʨʦʚʠʥʠ ʧʨʠ ʟʙʨʦʜʞʫʚʘʥʥʽ 

ʉʠʨʦʚʠʥʘ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʙʽʦʛʘʟʫ ɺʠʭʽʜ ʙʽʦʛʘʟʫ, ʤ3 ʥʘ ʪʦʥʫ ʩʠʨʦʚʠʥʠ 

ʚʽʜʭʦʜʠ ʪʚʘʨʠʥʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ (ʛʥʽʡ)  38ï94 

ʨʦʩʣʠʥʥʽ ʚʽʜʭʦʜʠ   200ï400 

ʦʚʦʯʝʚʠʡ ʪʘ ʬʨʫʢʪʦʚʠʡ ʞʦʤ 40ï70 

ʚʽʜʭʦʜʠ ʧʠʚʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ 50ï150 

ʊʚʝʨʜʠʡ ʟʘʣʠʰʦʢ ʩʪʽʯʥʠʭ ʚʦʜ 550ï580 

 

ɿʙʨʦʞʝʥʘ ʤʘʩʘ ʻ ʮʽʥʥʠʤ ʤʘʪʝʨʽʘʣʦʤ ʪʘ ʤʘʣʦ ʯʠʤ ʧʦʩʪʫʧʘʻʪʴʩʷ ʤʽʥʝʨʘʣʴʥʠʤ 

ʜʦʙʨʠʚʘʤ ʘʙʦ ʢʦʤʧʦʩʪʫ. ʎʽʥʥʽʩʪʴ ʪʘʢʦʾ ʤʘʩʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘʷʚʥʽʩʪʶ ʚ ʥʽʡ ʙʽʦʛʝʥʥʠʭ 

ʝʣʝʤʝʥʪʽʚ. ɺ ʧʝʨʝʨʘʭʫʥʢʫ ʥʘ ʩʫʭʫ ʨʝʯʦʚʠʥʫ ʚ ʟʙʨʦʞʝʥʽʡ ʤʘʩʽ ʟ ʊʇɺ ʤʽʩʪʠʪʴʩʷ 0,6ï

0,8 % N; 0,9 % ʂ2ʆ; 0,5ï0,6 % ʈ2ʆ5, ʜʦ 11 % ʉʘʆ. 

ʇʦʟʠʪʠʚʥʠʡ ʝʬʝʢʪ ʥʘ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʧʦʣʷʭ ʚʽʜ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʙʨʦʜʞʝʥʦʾ 

ʚ ʙʽʦʛʘʟʦʚʠʭ ʨʝʘʢʪʦʨʘʭ ʤʘʩʠ ʧʨʦʷʚʣʷʻʪʴʩʷ ʚ ʧʦʣʽʧʰʝʥʥʽ ʩʪʨʫʢʪʫʨʠ ˇʨʫʥʪʽʚ, ʨʝʛʝʥʝʨʘʮʽʾ 

ʪʘ ʧʽʜʚʠʱʝʥʥʽ ʾʭ ʨʦʜʶʯʦʩʪʽ ʟʘ ʨʘʭʫʥʦʢ ʚʥʝʩʝʥʥʷ ʧʦʞʠʚʥʠʭ ʨʝʯʦʚʠʥ ʦʨʛʘʥʽʯʥʦʛʦ 

ʧʦʭʦʜʞʝʥʥʷ. ʈʦʟʚʠʪʦʢ ʨʠʥʢʫ ʦʨʛʘʥʽʯʥʠʭ ʜʦʙʨʠʚ ʟ ʧʝʨʝʨʦʙʣʝʥʦʾ ʟʙʨʦʞʝʥʦʾ ʤʘʩʠ, 

ʩʧʨʠʷʪʠʤʝ ʨʦʟʚʠʪʢʫ ʨʠʥʢʫ ʝʢʦʣʦʛʽʯʥʦ ʯʠʩʪʦʾ ʧʨʦʜʫʢʮʽʾ ʩʽʣʴʩʴʢʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ ʚ 

ʋʢʨʘʾʥʽ. ʇʨʦʪʝ, ʚ ʜʘʥʠʡ ʯʘʩ ʪʝʭʥʦʣʦʛʽʾ ʦʪʨʠʤʘʥʥʷ ʙʽʦʛʘʟʫ ʪʘ ʜʦʙʨʠʚʘ ʟ ʊʇɺ ʚ ʋʢʨʘʾʥʽ ʥʝ 

ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ, ʦʜʥʘʢ ʚ ʤʘʡʙʫʪʥʴʦʤʫ ʦʯʽʢʫʻʪʴʩʷ ʾʭ ʨʦʟʚʠʪʦʢ ʫ ʟʚ'ʷʟʢʫ ʟ 

ʦʙʤʝʞʝʥʥʷʤ ʚʠʚʝʟʝʥʥʷ ʥʘ ʧʦʣʽʛʦʥʠ ʥʝʦʙʨʦʙʣʝʥʠʭ ʚʽʜʭʦʜʽʚ. 

ɿ ʤʝʪʦʶ ʜʝʪʘʣʴʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʙʣʝʤʠ ʫʪʠʣʽʟʘʮʽʾ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʊʇɺ ʚ 

ʷʢʦʩʪʽ ʜʦʙʨʠʚʘ, ʥʘ ʢʘʬʝʜʨʽ ʙʫʣʦ ʩʪʚʦʨʝʥʦ ʧʽʣʦʪʥʫ ʫʩʪʘʥʦʚʢʫ ʙʽʦʛʘʟʦʚʦʛʦ ʨʝʘʢʪʦʨʘ ʪʘ 

ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜʠʢʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. 
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The use of physical fields is quite cheap and safer method. Functional materials with 

distinct physical and chemical properties can be obtained. The resulting material can be used 

for the production of thermistors, switches ionic current elements of microelectronics and 

supercapacitors. But despite considerable interest of researchers the mechanism and magnetic 

and electric fields of polymeric materials is not well understood.  

Magnetic properties of substances are caused by spin and orbital magnetic moments of 

electrons and magnetic moments of atomic nuclei. In all the metals spin magnetic moment plays 

an important role in the creation of the magnetic moment of the atom. For the presence of the 

magnetic moment of the atom should be compensated by the magnetic moments of the spins. 

This is possible in atoms with unfilled shells. These are the elements of transition groups, and 

other rare earth elements. But the presence filled orbitals in an atom is still not sufficient 

condition for the existence of ferromagnetism. Between the spins of neighboring atoms should 

be strong electrical interaction quantum of mechanical nature (exchange forces). This leads to 

the spontaneous magnetization when the magnetic moments of the atoms are oriented in very 

small quantities (domains) in a single direction (ferromagnetic) or in opposite directions 

(antiferromagnetic). 

Samples of composites were formed from epoxy resin ED-20 (Russia) and hardener ï 

triethylenetetramine (ʊɽʊɸ) company "Fluka" (USA). Stoichiometric ratio was 1 mole of 

epoxy resins to 0,18 mol TETA. Powder metal oxides CdO, PbO and Cr2O3 company çMerck 

Chemicalsè (USA) and polyaniline (PANI) were used as fillers. Particle size of metal oxides 

evaluation was performed by laser granulometry on the device çZetasizer HS 1000è company 

Malvern (UK). The method of obtaining of composite materials has been presented in the 

manuscript [5]. The content of metal oxides was 3 vol. % and PANI ï 1 vol. %.  

Samples were subjected to hardening under normal conditions (NU), and under the 

influence a constant magnetic field (CMF) with intensity H = 2Ŀ105 A/m or constant electric 

field (CEF) tension E = 1.5Ŀ104 V/m for 24 hours and the temperature of 293 ï 297 K. Created 

polymeric composites subjected to temperature stabilization at 333 Ñ 2 K within 24 h, after 

which the sample was considered ready for research. There were determination of the sol-

fraction in the epoxy polymer samples and its composites with metal oxides formed under 

different conditions of curing. 

The specimens of polyepoxy and composites with fillers CdO, PbO, Cr2O3, or mixtures 

thereof in the presence of polyaniline have been studied by thermomechanical of method. The 

value of the activation energy is changed in samples from PbO more pronounced compared to 

CdO, due to different interaction of molecules polyepoxy and metals oxides. The introduction 

of the polyepoxy 3 vol. % metal oxides promotes certain chemical loosening grid and therefore 

reducing the activation energy, but also the appearance among polar polymer filler led to 

restrictions kinetic mobility of interstitial fragments manifested in the growth of glass transition 

temperature. Interestingly, the imposition of a similar system of physical fields from the 

beginning of the formation of chemical flow creates additional free grid capacity, and thus 

removes restrictions on the mobility of interstitial fragments, which leads to falling value of 

glass transition temperature composite of 360 K to 114 K, depending on the properties of the 

oxide metal. Also, the composite sol-fraction is kept constant in the range 99,2ï97,98 %. 
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Polymer nanocomposites are one of the most promising types of structural materials 

currently.  The main difference between these materials from the macro and micro are in great 

specific surface area filler-matrix and small average distance between the particles of the filler. 

The improvement of physical and mechanical properties such as tensile strength, puncture 

impact, modulus, elongation are observed in such nanocomposites. But it is important not only 

get certain properties of nanomaterials and also reduce the cost of the final product for large-

scale production. Unfortunately, at this stage innovation in polymer nanocomposites is price is 

quite high. This is primarily due to an innovative component of these products, the complexity 

of the stages of production. Therefore, the last decade of very active is the development 

direction of applied nanotechnology, namely the development and improvement of 

technologies for a variety of nanocomposite materials for consumer goods. Physical and 

mechanical properties of structural materials depend on each stage of the process. Getting a 

high physical and chemical characteristics uniformity depends on the uniform components 

distribution in the bulk polymer. Therefore, the mixing step is one of the most important in the 

processing of polymers. 

A new promising direction for the implementation of this process is using of combined 

or screw-disc extruders that combine the advantages of both screw and disc machines, 

providing: high plasticizing and homogenizing power; high degree of mixing; high 

productivity; possibility of the complex profile products obtaining. Combined extruders provide 

intensive melt degassing and allow a high degree of mixing and homogenization of the molten 

polymer. 

Model highly filled compositions based on low molecular weight rubber SKN-10Ktr 

and SKDM-80 were studied. NaCl formulation with following granulometric fractions was 

used as an excipient. Sunflower oil fatty acids, stearic and oleic acids were selected as 

surfactants. Worm-disc (combined) extruder was used. Its faced disc surface and body are 

inclined to the rotation axis normal and there is working gap between them. The minimum 

operating gap value is defined by the axis of rotation, constant for selected disc radius and 

depends on the angle values of end surfaces inclination to the axis rotation normal.  

Due to this structure, there is a shift of the relative movement of the melt particles from 

one to another strain plane. It is caused by the tension-compression strains, which are 

determined by changes in the working gap in one disc revolution at a constant minimum 

operating gap. Screw and disc rotation (R = 0,055 m) was carried out using DC motor with 

adjustable speed in the range of ɤ = 50ï200 rev/min. Test unit was equipped by the thermostatic 

cylinder system, screw, forming head with thermocouple and controlling devices for the coolant 

(water) temperature monitoring. Thermocouples were installed to the material cylinder for 

mixture temperature measuring.  

Consequently, the quality of mixing disk extruder determined absolute value of 

deformation is not true. High quality mixing in these machines driven by circulation flows 

arising in the working gap, making the profile octahedral deformation shifts repeatedly changes 

its direction, causing an increase in the interface and change its orientation. 

As a result of the research programs have been established, which can be used for 

determination the quality of polymer composition mixing. The experimental results support 

provided theoretical calculations (result convergence is near 96 %). 
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ʉʊʈʋʂʊʋʈɸ ʀ ʉɺʆʁʉʊɺɸ ʕʃɽʂʊʈʆʃʀʊʀʏɽʉʂʀʍ ʇʆʂʈʓʊʀʁ Ni-P, 

ʇʆʃʋʏɽʅʅʓʍ ʀɿ ʄɽʊɸʅʉʋʃʔʌʆʅɸʊʅʆɻʆ ʕʃɽʂʊʈʆʃʀʊɸ 

ɹʝʟʠʢ ɸ. ɸ., ʉʢʥʘʨ ʖ. ɽ., ʉʢʥʘʨ ʀ. ɺ., ʉʘʚʯʫʢ ɸ. ɸ. 
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ʕʣʝʢʪʨʦʦʩʘʞʜʝʥʠʝ ʥʠʢʝʣʴ-ʬʦʩʬʦʨʥʳʭ ʧʦʢʨʳʪʠʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʦʞʥʳʡ 

ʧʨʦʮʝʩʩ, ʢʦʪʦʨʳʡ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʨʷʜ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʠ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ. ʊʝʤ 

ʥʝ ʤʝʥʝʝ, ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʣʫʯʝʥʠ ̫ ʵʪʠʭ ʦʩʘʜʢʦʚ ʚ ʪʝʯʝʥʠʝ ʜʣʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ 

ʧʨʠʚʣʝʢʘʝʪ ʢ ʩʝʙʝ ʠʥʪʝʨʝʩ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʠʟ-ʟʘ ʫʥʠʢʘʣʴʥʳʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʧʦʢʨʳʪʠʡ ʩʧʣʘʚʦʤ Ni-P. ʂʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʥʠʢʝʣʷ ʩ ʬʦʩʬʦʨʦʤ ʦʙʣʘʜʘʶʪ 

ʭʦʨʦʰʝʡ ʢʦʨʨʦʟʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʴʶ ʚ ʘʛʨʝʩʩʠʚʥʳʭ ʩʨʝʜʘʭ, ʘ ʪʘʢʞʝ ʚʳʩʦʢʦʡ 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʜʣʷ ʤʥʦʛʠʭ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ, 

ʜʣʷ ʨʝʘʢʮʠʠ ʚʳʜʝʣʝʥʠʷ ʚʦʜʦʨʦʜʘ ʠ ʘʥʦʜʥʦʡ ʨʝʘʢʮʠʠ ʚʳʜʝʣʝʥʠʷ ʢʠʩʣʦʨʦʜʘ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʝʪʘʥʩʫʣʴʬʦʥʘʪʥʳʡ ʠ ʩʫʣʴʬʘʪʥʳʡ ʵʣʝʢʪʨʦʣʠʪʳ 

ʥʠʢʝʣʠʨʦʚʘʥʠʷ, ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʩʦʜʝʨʞʘʱʠʝ 0,12 ʤʦʣʴ/ʣ ʥʘʪʨʠʡ ʛʠʧʦʬʦʩʬʠʪʘ. 

ʕʣʝʢʪʨʦʦʩʘʞʜʝʥʠʝ ʛʘʣʴʚʘʥʦʧʦʢʨʳʪʠʡ Ni-P ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ 2 ɸ/ʜʤ2, 

ʚʝʣʠʯʠʥʝ ʨʅ ʨʘʚʥʦʡ 1 ʠ 3, ʪʝʤʧʝʨʘʪʫʨʝ ʊ = 333 ʂ. ʉʦʜʝʨʞʘʥʠʝ ʬʦʩʬʦʨʘ ʚ ʧʦʢʨʳʪʠʷʭ 

ʦʧʨʝʜʝʣʷʣʠ ʩ ʧʦʤʦʱʴʶ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʬʦʪʦʢʘʣʦʨʠʤʝʪʨʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʦʨʬʦʣʦʛʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʢʨʳʪʠʡ ʩʧʣʘʚʦʤ Niïʈ ʧʨʦʚʦʜʠʣʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʢʘʥʠʨʫʶʱʝʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ ZEISS EVO 40XVP. 

ʉʪʨʫʢʪʫʨʫ ʛʘʣʴʚʘʥʦʧʦʢʨʳʪʠʡ ʠʟʫʯʘʣʠ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ ʩ ʧʦʤʦʱʴʶ 

ʜʠʬʨʘʢʪʦʤʝʪʨʘ ɼʈʆʅ-3 ʚ ʤʦʥʦʭʨʦʤʘʪʠʟʠʨʦʚʘʥʥʦʤ CuKa-ʠʟʣʫʯʝʥʠʠ.  

ʈʘʩʯʝʪ ʨʘʟʤʝʨʦʚ ʢʨʠʩʪʘʣʣʠʪʦʚ ʧʨʦʚʦʜʠʣʠ ʧʦ ʬʦʨʤʫʣʝ ʐʝʨʨʝʨʘ: 

( )qbl cosÖÖ=kL , 

ʛʜʝ ɚ ï ʜʣʠʥʘ ʚʦʣʥ rʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ; ɓ ï ʫʰʠʨʝʥʠʝ ʣʠʥʠʠ ʦʙʨʘʟʮʘ, 

ʦʙʫʩʣʦʚʣʝʥʥʦʝ ʤʘʣʳʤʠ ʨʘʟʤʝʨʘʤʠ ʢʨʠʩʪʘʣʣʠʪʘ; k ï ʢʦʥʩʪʘʥʪʘ, ʙʣʠʟʢʘʷ ʢ ʝʜʠʥʠʮʝ; ɗ ï 

ʫʛʦʣ ʜʠʬʨʘʢʮʠʠ. 

ʄʠʢʨʦʪʚʝʨʜʦʩʪʴ ʧʦ ɺʠʢʢʝʨʩʫ ʠʟʤʝʨʷʣʠ ʧʨʠ ʧʦʤʦʱʠ ʧʨʠʙʦʨʘ ʇʄʊ-3 ʧʨʠ ʥʘʛʨʫʟʢʝ 

ʈ = 100 ʛ ʠ ʪʦʣʱʠʥʝ ʧʦʢʨʳʪʠʡ 25 ʤʢʤ. 

ʉʦʜʝʨʞʘʥʠʝ ʬʦʩʬʦʨʘ ʚ ʧʦʢʨʳʪʠʷʭ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʨʅ 1 ʚʳʰʝ, ʯʝʤ ʧʨʠ ʨʅ 3. 

ʅʠʢʝʣʴ-ʬʦʩʬʦʨʥʳʝ ʩʧʣʘʚʳ, ʦʩʘʞʜʝʥʥʳʝ ʠʟ ʩʫʣʴʬʘʪʥʦʛʦ ʵʣʝʢʪʨʦʣʠʪʘ, ʧʨʠ ʧʨʦʯʠʭ 

ʦʜʠʥʘʢʦʚʳʭ ʫʩʣʦʚʠʷʭ, ʩʦʜʝʨʞʘʪ ʙʦʣʴʰʝ ʬʦʩʬʦʨʘ, ʯʝʤ ʦʩʘʜʢʠ, ʧʦʣʫʯʝʥʥʳʝ ʠʟ 

ʤʝʪʘʥʩʫʣʴʬʦʥʘʪʥʦʛʦ ʵʣʝʢʪʨʦʣʠʪʘ. ʀʟʫʯʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʢʨʳʪʠʡ Niïʈ ʧʦʢʘʟʘʣʦ, ʯʪʦ 

ʦʥʠ ʦʙʣʘʜʘʪʁ ʚʝʩʴʤʘ ʪʦʥʢʦʡ ʩʪʨʫʢʪʫʨʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʤʘʣʳʤʠ ʟʝʨʥʘʤʠ ʧʣʦʪʥʦ 

ʧʨʠʣʝʛʘʶʱʠʤʠ ʜʨʫʛ ʢ ʜʨʫʛʫ. ʅʘ ʨʝʥʪʛʝʥʦʛʨʘʤʤʝ ʦʩʘʜʢʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʠʟ 

ʤʝʪʘʥʩʫʣʴʬʦʥʘʪʥʦʛʦ ʵʣʝʢʪʨʦʣʠʪʘ ʧʨʠ ʨʅ 1, ʥʘʙʣʶʜʘʝʪʩʷ ʧʠʢ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʝ ʥʠʢʝʣʷ, ʢʦʪʦʨʳʡ ʧʨʘʢʪʠʯʝʩʢʠ ʚʳʨʦʞʜʘʝʪʩʷ ʚ ʛʘʣʦ. ʈʘʟʤʝʨ 

ʢʨʠʩʪʘʣʣʠʪʦʚ ʧʨʠ ʵʪʦʤ ʨʘʚʝʥ 6 ʥʤ. ʉʭʦʜʥʳʡ ʚʠʜ ʠʤʝʝʪ ʨʝʥʪʛʝʥʦʛʨʘʤʤʘ ʦʩʘʜʢʘ, 

ʧʦʣʫʯʝʥʥʦʛʦ ʠʟ ʩʫʣʴʬʘʪʥʦʛʦ ʵʣʝʢʪʨʦʣʠʪʘ, ʩ ʪʝʤ ʦʪʣʠʯʠʝʤ, ʯʪʦ ʚ ʩʧʝʢʪʨʘʣʴʥʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ ʧʦʷʚʣʷʝʪʩʷ ʧʠʢ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʝʜʠʥʝʥʠʶ Ni2ʈ. 

ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʚʢʣʶʯʝʥʠʝ ʬʦʩʬʦʨʘ ʚ ʦʩʘʜʢʠ ʧʨʠʚʦʜʠʪ ʢ 

ʫʤʝʥʴʰʝʥʠʶ ʨʘʟʤʝʨʦʚ ʢʨʠʩʪʘʣʣʠʪʦʚ ʠ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʠʟʤʝʥʝʥʠʶ ʩʪʨʫʢʪʫʨʳ ʧʦʢʨʳʪʠʡ, 

ʯʪʦ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʚʣʠʷʝʪ ʥʘ ʤʠʢʨʦʪʚʝʨʜʦʩʪʴ ʧʦʣʫʯʘʝʤʳʭ ʦʩʘʜʢʦʚ. 

ʋʤʝʥʴʰʝʥʠʝ ʨʘʟʤʝʨʦʚ ʢʨʠʩʪʘʣʣʠʪʦʚ ʧʦʢʨʳʪʠʡ Niïʈ, ʦʯʝʚʠʜʥʦ, ʩʚʷʟʘʥʦ ʩ 

ʚʩʪʨʘʠʚʘʥʠʝʤ ʚ ʥʠʢʝʣʝʚʫʶ ʤʘʪʨʠʮʫ ʘʪʦʤʦʚ ʬʦʩʬʦʨʘ. ʉʪʨʫʢʪʫʨʥʳʝ ʠʟʤʝʥʝʥʠʷ, 

ʩʚʷʟʘʥʥʳʝ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʦʩʘʜʢʦʚ Niïʈ, ʧʨʠʚʦʜʷʪ ʢ ʧʦʚʳʰʝʥʠʶ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ 

ʧʦʢʨʳʪʠʡ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʥʠʢʝʣʝʚʳʤʠ ʦʩʘʜʢʘʤʠ. ɼʘʥʘʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʚ ʨʘʚʥʦʡ ʤʝʨʝ 

ʧʨʠʩʫʱʘ ʤʝʪʘʥʩʫʣʴʬʦʥʘʪʥʦʤʫ ʠ ʩʫʣʴʬʘʪʥʦʤʫ ʵʣʝʢʪʨʦʣʠʪʘʤ. 
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ɼʆʉʃɯɼɾɽʅʅʗ ɿʅɽʐʂʆɼɾɽʅʅʗ ʅɸɼʃʀʐʂʆɺʆɻʆ ɸʂʊʀɺʅʆɻʆ ʄʋʃʋ 

ʇʈʀ ɺʀʂʆʈʀʉʊɸʅʅɯ ʇʈʆʎɽʉʋ ɼɽʉʊʈʋʂʎɯɰ 

ɹʻʣʷʥʩʴʢʘ ʆ. ʈ., ʄʷʛʢʘ ʖ. ʆ., ɺʦʣʦʰʠʥ ʄ. ɼ. 

ɼʥʽʧʨʦʚʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 
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ɺ ʫʤʦʚʘʭ ʟʘʛʘʣʴʥʦʩʚʽʪʦʚʦʾ ʢʨʠʟʠ ʽ ʧʦʛʽʨʰʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʛʦ ʩʪʘʥʫ ʜʦʚʢʽʣʣʷ ʯʝʨʝʟ 

ʤʘʩʦʚʝ ʥʘʢʦʧʠʯʝʥʥʷ ʚʽʜʭʦʜʽʚ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʚʠʥʠʢʘʻ ʧʦʪʨʽʙʥʽʩʪʴ ʚ ʟʥʝʰʢʦʜʞʝʥʥʽ 

ʥʘʜʣʠʰʢʦʚʦʛʦ ʘʢʪʠʚʥʦʛʦ ʤʫʣʫ. ʇʝʨʝʜʙʘʯʘʻʪʴʩʷ, ʱʦ ʩʪʚʦʨʝʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʟʥʝʰʢʦʜʞʝʥʥʷ 

ʥʘʜʣʠʰʢʦʚʦʛʦ ʘʢʪʠʚʥʦʛʦ ʤʫʣʫ, ʚ ʷʢʽʡ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʧʨʦʮʝʩ ʜʝʩʪʨʫʢʮʽʾ, ʜʦʧʦʤʦʞʝ 

ʦʜʥʦʯʘʩʥʦ ʨʦʟʰʠʨʠʪʠ ʩʠʨʦʚʠʥʥʫ ʙʘʟʫ ʜʦʙʨʠʚ ʽ ʫʪʠʣʽʟʫʚʘʪʠ ʨʦʢʘʤʠ ʥʘʢʦʧʠʯʝʥʽ ʰʣʘʤʠ. ɺ 

ʜʦʩʣʽʜʞʝʥʥʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʧʽʣʦʪʥʫ ʫʩʪʘʥʦʚʢʫ ʜʝʩʪʨʫʢʮʽʾ ʘʢʪʠʚʥʦʛʦ ʤʫʣʫ, ʱʦ 

ʩʢʣʘʜʘʣʘʩʴ ʟ ʧʨʠʡʤʘʣʴʥʦʾ ʻʤʥʦʩʪʽ, ʬʨʝʟʝʨʥʦʾ ʤʽʰʘʣʢʠ, ʻʤʥʦʩʪʽ ʜʣʷ ʜʝʩʪʨʫʢʮʽʾ ʤʫʣʫ ʽ 

ʚʽʜʩʪʽʡʥʠʢʘ. ʉʪʚʦʨʝʥʦ ʤʝʪʦʜʠʢʫ ʜʝʩʪʨʫʢʮʽʾ ʘʢʪʠʚʥʦʛʦ ʤʫʣʫ, ʟʛʽʜʥʦ ʷʢʦʾ ʚ ʧʨʦʙʫ ʟ 

ʘʢʪʠʚʥʠʤ ʤʫʣʦʤ ʜʦʟʫʚʘʣʠ ʚʽʜʧʨʘʮʴʦʚʘʥʠʡ  ʢʘʣʴʮʽʻʚʤʽʩʥʠʡ ʰʣʘʤ, ʱʦ ʫʪʚʦʨʶʻʪʴʩʷ ʚ 

ʧʨʦʮʝʩʽ ʧʦʤôʷʢʰʝʥʥʷ ʨʽʯʢʦʚʦʾ ʚʦʜʠ ʚʘʧʥʦʤ, ʧʦʜʘʚʘʣʠ ʚ ʻʤʥʽʩʪʴ ʜʣʷ ʜʝʩʪʨʫʢʮʽʾ, 

ʧʝʨʝʤʽʰʫʚʘʣʠ ʚʧʨʦʜʦʚʞ 1 ʭʚʠʣʠʥʠ, ʟʣʠʚʘʣʠ ʫʪʚʦʨʝʥʫ ʩʫʤʽʰ ʫ ʚʽʜʩʪʽʡʥʠʢ. ɺʽʜʩʪʦʶʚʘʥʥʷ 

ʪʨʠʚʘʣʦ 2 ʛʦʜʠʥʠ. ʏʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ ʬʨʝʟʝʨʥʦʾ ʤʽʰʘʣʢʠ ï 17, ʩ-1; ʢʨʠʪʝʨʽʡ ʈʝʡʥʦʣʴʜʩʘ ï 

4,24Ŀ104; ʦʢʨʫʞʥʘ ʰʚʠʜʢʽʩʪʴ ʤʽʰʘʣʢʠ ï 3,04, ʤ/ʩ; ʧʦʪʫʞʥʽʩʪʴ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻ 

ʤʽʰʘʣʢʘ ï 2,017, ʢɺʪ. ʊʝʤʧʝʨʘʪʫʨʘ ʨʦʟʯʠʥʫ ʩʪʘʥʦʚʠʣʘ 288 ʂ. 

ɿʘʣʝʞʥʽʩʪʴ ʟʤʽʥʠ ʧʦʯʘʪʢʦʚʦʾ ʚʦʣʦʛʦʩʪʽ ʘʢʪʠʚʥʦʛʦ ʤʫʣʫ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʚʽʜʧʨʘʮʴʦʚʘʥʦʛʦ ʢʘʣʴʮʽʻʚʤʽʩʥʦʛʦ ʰʣʘʤʫ (ʧʽʩʣʷ ʡʦʛʦ ʤʝʭʘʥʦ-ʭʽʤʽʯʥʦʾ ʦʙʨʦʙʢʠ) ʧʨʠ 

ʽʥʪʝʥʩʠʚʥʦʤʫ ʧʝʨʝʤʽʰʫʚʘʥʥʽ ʫ ʬʨʝʟʝʨʥʽʡ ʤʽʰʘʣʮʽ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 1.  

 

 
 

ʈʠʩ. 1. ɿʘʣʝʞʥʽʩʪʴ ʟʤʽʥʠ ʧʦʯʘʪʢʦʚʦʾ ʚʦʣʦʛʦʩʪʽ ʘʢʪʠʚʥʦʛʦ ʤʫʣʫ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʚʽʜʧʨʘʮʴʦʚʘʥʦʛʦ ʢʘʣʴʮʽʻʚʤʽʩʥʦʛʦ ʰʣʘʤʫ: 1 ï ʧʨʠ ʜʦʜʘʚʘʥʥʽ ʚʽʜʧʨʘʮʴʦʚʘʥʦʛʦ 

ʢʘʣʴʮʽʻʚʤʽʩʥʦʛʦ ʰʣʘʤʫ, ʱʦ ʫʪʚʦʨʶʻʪʴʩʷ ʚ ʧʨʦʮʝʩʽ ʚʦʜʦʧʽʜʛʦʪʦʚʢʠ ʚ ʮʝʭʽ ʩʠʥʪʝʟʫ 

ʘʤʽʘʢʫ; 2 ï ʧʨʠ ʜʦʜʘʚʘʥʥʽ ʚʽʜʧʨʘʮʴʦʚʘʥʦʛʦ ʢʘʣʴʮʽʻʚʤʽʩʥʦʛʦ ʰʣʘʤʫ ʊɽʉ 

 

ʇʨʠ ʜʦʜʘʚʘʥʥʽ ʢʘʣʴʮʽʻʚʤʽʩʥʦʛʦ ʰʣʘʤʫ ʊɽʉ, ʱʦ ʫʪʚʦʨʶʻʪʴʩʷ ʧʨʠ ʧʦʤôʷʢʰʝʥʥʽ 

ʨʽʯʢʦʚʦʾ ʚʦʜʠ ʚʘʧʥʦʤ, ʤʦʞʣʠʚʦ ʟʥʠʟʠʪʠ ʧʦʯʘʪʢʦʚʫ ʚʦʣʦʛʽʩʪʴ ʤʫʣʫ ʟ 99,4 ʜʦ 88,4 % ʧʨʠ 

ʥʘʩʪʫʧʥʦʤʫ ʾʾ ʧʝʨʝʤʽʰʫʚʘʥʥʽ ʬʨʝʟʝʨʥʦʶ ʤʽʰʘʣʢʦʶ ʽ 2-ʭ ʛʦʜʠʥʥʦʤʫ ʚʽʜʩʪʦʶʚʘʥʥʽ. ʊʘʢʦʞ 

ʚʠʟʥʘʯʝʥʦ, ʱʦ ʢʦʥʮʝʥʪʨʘʮʽʷ ʚʽʜʧʨʘʮʴʦʚʘʥʦʛʦ ʢʘʣʴʮʽʻʚʤʽʩʥʦʛʦ ʰʣʘʤʫ, ʱʦ ʜʦʜʘʚʘʣʠ ʚ 

ʨʦʟʯʠʥ ʘʢʪʠʚʥʦʛʦ ʤʫʣʫ, ʧʨʠ ʽʥʪʝʥʩʠʚʥʦʤʫ ʧʝʨʝʤʽʰʫʚʘʥʥʽ ʬʨʝʟʝʨʥʦʶ ʤʽʰʘʣʢʦʶ, 

ʧʦʚʠʥʥʘ ʙʫʪʠ ʚ ʤʝʞʘʭ 30ï32 ʤʛ/ʜʤ3.  
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ɿɸʂʆʅʆʄɯʈʅɯʉʊʔ ɿʄɯʅʀ ʉʊʋʇɽʅɯ ɼʀʉʆʎɯɸʎɯɰ ɺ ʂʆʅʎɽʅʊʈʆɺɸʅʀʍ 

ɺʆɼʅʀʍ ʈʆɿʏʀʅɸʍ ʆʎʊʆɺʆɰ ʂʀʉʃʆʊʀ 

ɹʽʣʦʫʩ ʊ. ɸ., ʊʫʣʴʩʴʢʠʡ ɻ. ɻ. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʍʘʨʢʽʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪè 

beloustany@ukr.net  

 

ʇʝʨʦʢʩʠʦʮʪʦʚʘ ʢʠʩʣʦʪʘ (ʇʆʆʂ) ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʷʢ ʧʨʦʪʠʤʽʢʨʦʙʥʠʡ ʽ 

ʜʝʟʽʥʬʽʢʫʶʯʠʡ ʟʘʩʽʙ ʚ ʤʝʜʠʯʥʽʡ ʪʘ ʭʘʨʯʦʚʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʷʢ ʧʘʩʪʝʨʠʟʘʪʦʨ ʥʘ 

ʧʠʚʦʚʘʨʥʠʭ ʪʘ ʚʠʥʥʠʭ ʟʘʚʦʜʘʭ, ʚ ʷʢʦʩʪʽ ʚʠʙʽʣʶʚʘʣʴʥʦʛʦ ʘʛʝʥʪʫ ʚ ʮʝʣʶʣʦʟʥʦ-ʧʘʧʝʨʦʚʦʤʫ 

ʚʠʨʦʙʥʠʮʪʚʽ, ʚ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʜʣʷ ʩʠʥʪʝʟʫ ʝʧʦʢʩʠʜʽʚ ʽ ʪ.ʧ. 

ʐʠʨʦʢʦʤʫ ʨʦʟʧʦʚʩʶʜʞʝʥʥʶ ʧʝʨʝʰʢʦʜʞʘʻ ʾʾ ʚʠʩʦʢʘ ʚʘʨʪʽʩʪʴ ʧʦʚôʷʟʘʥʘ ʟ 

ʦʙʤʝʞʝʥʠʤ ʚʠʨʦʙʥʠʮʪʚʦʤ ʪʘ ʥʝʪʨʠʚʘʣʠʤ ʪʝʨʤʽʥʦʤ ʟʙʝʨʽʛʘʥʥʷ. ʗʢ ʚʽʜʦʤʦ, ʇʆʆʂ ʚ 

ʧʨʦʤʠʩʣʦʚʠʭ ʤʘʩʰʪʘʙʘʭ ʦʪʨʠʤʫʶʪʴ ʭʽʤʽʯʥʠʤ ʤʝʪʦʜʦʤ. 

ʅʘ ʦʩʥʦʚʽ ʚʠʱʝ ʩʢʘʟʘʥʦʛʦ ʚʠʥʠʢʘʻ ʽʥʪʝʨʝʩ ʚ ʩʪʚʦʨʝʥʽ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʾ ʪʝʭʥʦʣʦʛʽʾ, 

ʷʢʘ ʜʦʟʚʦʣʠʪʴ ʦʪʨʠʤʫʚʘʪʠ ʢʽʥʮʝʚʠʡ ʧʨʦʜʫʢʪ ʥʘ ʤʽʩʮʷʭ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʪʘʢʠʤ ʯʠʥʦʤ 

ʫʩʫʚʘʶʯʠ ʚʠʪʨʘʪʠ ʧʦʚôʷʟʘʥʽ ʟ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷʤ ʪʘ ʟʙʝʨʽʛʘʥʥʷʤ. 

ʄʝʪʘ ʜʘʥʠʭ ʜʦʩʣʽʜʞʝʥʴ: ʚʩʪʘʥʦʚʣʝʥʥʷ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʟʤʽʥʠ ʩʪʫʧʝʥʽ ʜʠʩʦʮʽʘʮʽʾ ʚ 

ʢʦʥʮʝʥʪʨʦʚʘʥʠʭ ʚʦʜʥʠʭ ʨʦʟʯʠʥʘʭ ʦʮʪʦʚʦʾ ʢʠʩʣʦʪʠ (ʆʂ), ʘ ʷʢ ʥʘʩʣʽʜʦʢ ʚʠʷʚʣʝʥʥʽ ʪʦʛʦ ʭʪʦ 

ʧʝʨʝʚʘʞʥʦ ʧʨʠʡʤʘʻ ʫʯʘʩʪʴ ʚ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʤʫ ʫʪʚʦʨʝʥʥʽ ʇʆʆʂ ʤʦʣʝʢʫʣʠ ʉʅ3ʉʆʆʅ ʯʠ 

ʽʦʥʠ ʉʅ3ʉʆʆ
-. 

ɿʘʣʝʞʥʽʩʪʴ ʩʪʫʧʝʥʽ ʜʠʩʦʮʽʘʮʽʾ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʦʟʙʘʚʣʝʥʠʭ ʨʦʟʯʠʥʽʚ ʉʅ3ʉʆʆʅ 

ʜʦʙʨʝ ʚʠʚʯʝʥʘ ʽ ʧʽʜʧʦʨʷʜʢʦʚʫʻʪʴʩʷ ʟʘʢʦʥʫ ʨʦʟʙʘʚʣʝʥʥʷ ʆʩʚʘʣʴʜʘ. ɼʣʷ ʙʽʣʴʰ 

ʢʦʥʮʝʥʪʨʦʚʘʥʠʭ ʨʦʟʯʠʥʽʚ ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢʠʭ ʙʽʣʴʰ ʜʦʮʽʣʴʥʝ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʇʆʆʂ ʪʘʢʽ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ ʚʽʜʩʫʪʥʽ. ʅʘ ʦʩʥʦʚʽ ʮʴʦʛʦ ʚʠʥʠʢʣʘ ʧʦʪʨʝʙʘ ʚ ʧʨʦʚʝʜʝʥʥʽ 

ʜʦʩʣʽʜʞʝʥʴ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ Ŭ ʚ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʢʦʥʮʝʥʪʨʘʮʽʡ ʆʂ. 

ɽʣʝʢʪʨʦʣʽʪʠ ʛʦʪʫʚʘʣʠ ʟ ʢʦʥʮʝʥʪʨʦʚʘʥʦʾ ʆʂ ʤʘʨʢʠ çʭʯè. ʨʅ ʨʦʟʯʠʥʽʚ ʉʅ3ʉʆʆʅ 

ʚʠʟʥʘʯʘʣʠ ʰʣʷʭʦʤ ʚʠʤʽʨʶʚʘʥʥʷ ʥʘ ʧʨʠʙʦʨʽ ʨʅ-150 ʄ. 

 

 
ʘ                                                             ʙ 

ʈʠʩ. 1. ɿʘʣʝʞʥʽʩʪʴ ʢʦʥʮʝʥʪʨʘʮʽʾ ʉʅ3ʉʆʆ
- (ʘ), ʩʪʫʧʝʥʽ ʜʠʩʦʮʽʘʮʽʾ (ʙ, ʢʨʠʚʘ 1) ʽ ʧʠʪʦʤʦʾ 

ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ (ʙ, ʢʨʠʚʘ 2) ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʆʂ 

 

ʅʘ ʦʩʥʦʚʽ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʚʩʪʘʥʦʚʣʝʥʦ: ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʢʦʥʮʝʥʪʨʘʮʽʾ ʆʂ 

ʢʽʣʴʢʽʩʪʴ ʽʦʥʽʚ ʉʅ3ʉʆʆ
- ʟʨʦʩʪʘʻ (ʨʠʩ. 1, ʘ); ʟʘʣʝʞʥʽʩʪʴ ʩʪʫʧʝʥʽ ʜʠʩʦʮʽʘʮʽʾ ʚʽʜ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʉʅ3ʉʆʆʅ ʤʘʻ ʤʽʥʽʤʫʤ (ʨʠʩ. 1, ʙ (ʢʨʠʚʘ 1)); ʤʽʥʽʤʫʤ ʜʣʷ Ŭ ʚʽʜʧʦʚʽʜʘʻ 

ʤʘʢʩʠʤʫʤʫ ʜʣʷ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ (ʨʠʩ. 1, ʙ); ʚ ʫʪʚʦʨʝʥʥʽ ʇʆʆʂ ʧʝʨʝʚʘʞʥʦ ʧʨʠʡʤʘʶʪʴ 

ʫʯʘʩʪʴ ʽʦʥʠ ʉʅ3ʉʆʆ
-. 
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ʂʆʈʆɿɯʁʅʀʁ ʄʆʅɯʊʆʈʀʅɻ ʉʊɸʃɯ ɺ ʅɸʌʊʆɺʄɯʑʋʖʏʀʍ 

ʉɽʈɽɼʆɺʀʑɸʍ 

ɹʦʡʢʦ ɸ. ʆ., ɸʤʽʨʫʣʣʦʝʚʘ ʅ. ɺ., ʅʝʡʢʦʚʩʴʢʠʡ ʉ. ɯ., ɻʦʣʫʙʯʝʥʢʦ ʊ. ʄ. 

ɼɺʅɿ çʇʨʠʜʥʽʧʨʦʚʩʴʢʘ ʜʝʨʞʘʚʥʘ ʘʢʘʜʝʤʽʷ ʙʫʜʽʚʥʠʮʪʚʘ ʪʘ ʘʨʭʽʪʝʢʪʫʨʠè 

namirulloeva@ukr.net 

 

ɺ ʜʘʥʠʡ ʯʘʩ ʚʠʢʣʠʢʘʻ ʽʥʪʝʨʝʩ ʨʦʟʨʦʙʢʘ ʟʘʩʦʙʽʚ ʪʝʭʥʽʯʥʦʛʦ ʢʦʥʪʨʦʣʶ ʽ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʘʭʠʩʪʫ ʢʦʥʩʪʨʫʢʮʽʡ ʪʘ ʫʩʪʘʪʢʫʚʘʥʥʷ ʚʽʜ ʢʦʨʦʟʽʾ ʤʝʪʘʣʽʚ ʽʥʛʽʙʽʪʦʨʘʤʠ. 

ʅʘʡʙʽʣʴʰ ʘʛʨʝʩʠʚʥʝ ʩʝʨʝʜʦʚʠʱʝ ʫʪʚʦʨʶʻʪʴʩʷ ʧʨʠ ʧʝʨʚʠʥʥʽʡ ʧʝʨʝʨʦʙʮʽ ʥʘʬʪʠ ʚ ʧʨʦʮʝʩʽ 

ʾʾ ʟʥʝʚʦʜʥʝʥʥʷ ʽ ʟʥʝʩʦʣʝʥʥʷ. 

ʄʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʙʫʣʘ ʨʦʟʨʦʙʢʘ ʤʝʪʦʜʠʢʠ ʢʦʨʦʟʽʡʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ 

ʢʦʥʩʪʨʫʢʮʽʡ ʟʽ ʩʪʘʣʽ ʢʫʣʦʥʦʩʪʘʪʠʯʥʠʤ ʤʝʪʦʜʦʤ ʚ ʫʤʦʚʘʭ ʽʥʛʽʙʦʚʘʥʦʛʦ ʟʘʭʠʩʪʫ ʩʧʦʣʫʢʘʤʠ 

ʥʘ ʦʩʥʦʚʽ ʢʘʪʽʦʥʥʠʭ ʧʦʣʽʝʣʝʢʪʨʦʣʽʪʽʚ ʪʘʢʠʭ ʷʢ ʧʦʣʽʛʝʢʩʘʤʝʪʠʣʛʫʘʥʽʜʠʥ (ʇɻ) ʪʘ ʡʦʛʦ 

ʤʦʜʠʬʽʢʘʮʽʾ ʬʪʘʣʝʚʠʤ ʘʥʛʽʜʨʠʜʦʤ (ʇɻ-ʌ) ʪʘ ʤʝʪʠʣʭʣʦʨʦʮʪʦʚʦʶ ʢʠʩʣʦʪʦʶ ʇɻ-ʂ). 

ʆʙ'ʻʢʪʦʤ ʢʦʨʦʟʽʡʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʙʫʚ ʝʣʝʢʪʨʦʜ ʟʽ ʩʪʘʣʽ ʉʪ.3 ʚ ʤʦʜʝʣʴʥʦʤʫ ʘʛʨʝʩʠʚʥʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ, ʧʦʜʽʙʥʦʤʫ ʜʦ ʨʦʟʯʠʥʽʚ ʧʽʩʣʷ ʜʝʝʤʫʣʴʛʘʮʽʽ ʥʘʬʪʠ: 0,8 % NaCl, 0,1 % MgCl2, 

0,1 % CaCl2.  

ɼʣʷ ʦʮʽʥʢʠ ʽʥʛʽʙʫʶʯʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʢʘʪʽʦʥʦʘʢʪʠʚʥʠʭ ʧʦʣʽʝʣʝʢʪʨʦʣʽʪʽʚ, ʷʢʽ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʚ ʷʢʦʩʪʽ ʽʥʛʽʙʽʪʦʨʽʚ, ʙʫʣʦ ʜʦʩʣʽʜʞʝʥʦ ʾʭʥʽ ʘʜʩʦʨʙʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʥʘ 

ʤʝʞʽ ʧʦʜʽʣʫ ʤʝʪʘʣ/ʨʦʟʯʠʥ. ɿ ʮʽʻʶ ʤʝʪʦʶ ʢʫʣʦʥʦʩʪʘʪʠʯʥʠʤ ʤʝʪʦʜʦʤ ʦʪʨʠʤʘʥʽ ʟʥʘʯʝʥʥʷ 

ʻʤʥʦʩʪʽ ʧʦʜʚʽʡʥʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʰʘʨʫ (ʇɽʐ) ʪʘ ʬʘʨʘʜʝʾʚʩʴʢʦʛʦ ʦʧʦʨʫ ʜʣʷ 

ʧʦʣʽʝʣʝʢʪʨʦʣʽʪʽʚ ʚ ʤʦʜʝʣʴʥʦʤʫ ʨʦʟʯʠʥʽ ʧʨʠ ʩʪʘʮʽʦʥʘʨʥʦʤʫ ʧʦʪʝʥʮʽʘʣʽ ʩʪʘʣʴʥʦʛʦ 

ʝʣʝʢʪʨʦʜʫ ɽ = ï0,49 ɺ ʪʘ ʊ = 293 ʂ. ʅʘ ʦʩʥʦʚʽ ʟʘʣʝʞʥʦʩʪʽ ʻʤʥʦʩʪʽ ʇɽʐ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʧʦʣʽʝʣʝʢʪʨʦʣʽʪʽʚ ʙʫʣʠ ʨʦʟʨʘʭʦʚʘʥʽ ʩʪʫʧʝʥʽ ʟʘʧʦʚʥʝʥʥʷ ʧʦʚʝʨʭʥʽ ʝʣʝʢʪʨʦʜʫ ʦʨʛʘʥʽʯʥʠʤ 

ʘʜʩʦʨʙʘʪʦʤ. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʮʽ ʜʘʥʽ ʙʫʣʠ ʧʦʙʫʜʦʚʘʥʽ ʽʟʦʪʝʨʤʠ ʘʜʩʦʨʙʮʽʾ ʦʣʽʛʦʤʝʨʽʚ ʥʘ 

ʟʘʣʽʟʥʦʤʫ ʝʣʝʢʪʨʦʜʽ, ʷʢʽ ʤʘʶʪʴ ʣʽʥʽʡʥʠʡ ʭʘʨʘʢʪʝʨ ʚ ʢʦʦʨʜʠʥʘʪʘʭ ʃʝʥʛʤʶʨʘ. ɸʥʘʣʽʟ 

ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʧʦʢʘʟʫʻ, ʱʦ ʢʦʥʩʪʘʥʪʘ ʘʜʩʦʨʙʮʽʡʥʦʾ ʨʽʚʥʦʚʘʛʠ ʪʘ ʚʽʣʴʥʘ ʻʥʝʨʛʽʷ 

ʘʜʩʦʨʙʮʽʾ ʟʙʽʣʴʰʫʻʪʴʩʷ ʚ ʨʷʜʫ: ʇɻ, ʇɻ-ʂ, ʇɻ-ʌ (ʪʘʙʣ.). 

 

ʊʘʙʣʠʮʷ. ʇʘʨʘʤʝʪʨʠ ʘʜʩʦʨʙʮʽʾ ʧʦʣʽʝʣʝʢʪʨʦʣʽʪʽʚ ʥʘ ʝʣʝʢʪʨʦʜʽ ʟʽ ʩʪʘʣʽ ʉʪ.3 

ʇʘʨʘʤʝʪʨ 
ʇʦʣʽʝʣʝʢʪʨʦʣʽʪ 

ʇɻ ʇɻ-ʂ ʇɻ-ʌ 

ɺ 10-5, ʣ/ʤʦʣʴ 3,3 7,3 11,3 

0

GD-  , ʢɼʞ/ʤʦʣ ɹ 40,7 42,7 43,7 

ʇʨʠ ʧʨʦʚʝʜʝʥʥʽ ʤʦʥʽʪʦʨʠʥʛʫ ʢʦʥʪʨʦʣʶʚʘʣʠʩʷ ʻʤʥʽʩʪʴ ʧʦʜʚʽʡʥʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ 

ʰʘʨʫ, ʧʦʣʷʨʠʟʘʮʽʡʥʠʡ ʦʧʽʨ, ʩʪʘʮʽʦʥʘʨʥʠʡ ʧʦʪʝʥʮʽʘʣ ʽ ʟʥʘʯʝʥʥʷ ʝʣʝʤʝʥʪʘ ʧʦʩʪʽʡʥʦʾ ʬʘʟʠ 

(n), ʷʢʝ ʚʠʟʥʘʯʘʣʦʩʷ ʟ ʜʘʥʠʭ, ʦʪʨʠʤʘʥʠʭ ʢʫʣʦʥʦʩʪʘʪʠʯʥʠʤ ʤʝʪʦʜʦʤ ʧʨʠ ʨʽʟʥʽʡ ʪʨʠʚʘʣʦʩʪʽ 

ʧʦʣʷʨʠʟʫʶʯʦʛʦ ʽʤʧʫʣʴʩʫ. ʇʨʠ ʚʚʝʜʝʥʥʽ ʽʥʛʽʙʽʪʦʨʘ ʢʦʨʦʟʽʾ ʥʘ ʦʩʥʦʚʽ ʇɻ-ʌ ̒ ʤʥʽʩʪʴ 

ʧʦʜʚʽʡʥʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʰʘʨʫ ʟʥʘʯʥʦ ʟʤʝʥʰʫʚʘʣʘʩʷ, ʘ ʧʦʣʷʨʠʟʘʮʽʡʥʠʡ ʦʧʽʨ ʨʽʟʢʦ 

ʟʙʽʣʴʰʫʚʘʚʩʷ, ʱʦ ʧʦʚ'ʷʟʘʥʦ ʟ ʘʜʩʦʨʙʮʽʻʶ ʦʣʛ̔ʦʤʝʨʘ ʥʘ ʩʪʘʣʝʚʦʤʫ ʝʣʝʢʪʨʦʜʽ. ʋ ʧʨʦʮʝʩʽ 

ʤʦʥʽʪʦʨʠʥʛʫ ʟʥʘʯʝʥʥʷ ʻʤʥʦʩʪʽ ʧʦʜʚʽʡʥʦʛʦ ʰʘʨʫ ʟʨʦʩʪʘʣʦ, ʘ ʩʪʘʮʽʦʥʘʨʥʠʡ ʧʦʪʝʥʮʽʘʣ 

ʧʨʘʢʪʠʯʥʦ ʥʝ ʟʤʽʥʶʚʘʚʩʷ. ʎʝ ʩʚʽʜʯʠʣʦ ʧʨʦ ʟʤʽʥʫ ʛʝʦʤʝʪʨʽʾ ʧʦʚʝʨʭʥʽ ʚ ʥʘʩʣʽʜʦʢ 

ʧʨʦʪʽʢʘʥʥʷ ʢʦʨʦʟʽʡʥʦʛʦ ʧʨʦʮʝʩʫ. ʆʪʨʠʤʘʥʦ ʟʘʣʝʞʥʦʩʪʽ ʧʘʨʘʤʝʪʨʘ n, ʧʦʚ'ʷʟʘʥʦʛʦ ʟ 

ʤʽʢʨʦʥʝʦʜʥʦʨʽʜʥʽʩʪʶ ʧʦʚʝʨʭʥʽ ʝʣʝʢʪʨʦʜʘ, ʚʽʜ ʯʘʩʫ ʢʦʨʦʟʽʾ ʩʪʘʣʽ. ɿʨʦʩʪʘʥʥʷ ʧʘʨʘʤʝʪʨʘ n 

ʦʙʫʤʦʚʣʝʥʦ ʚʠʨʽʚʥʶʚʘʥʥʷʤ ʤʽʢʨʦʥʝʦʜʥʦʨʽʜʥʦʩʪʝʡ ʚ ʧʨʦʮʝʩʽ ʢʦʨʦʟʽʾ ʩʪʘʣʽ. ʇʨʠ 

ʧʦʣʷʨʠʟʘʮʽʾ ʝʣʝʢʪʨʦʜʘ ʽʤʧʫʣʴʩʦʤ ʚʝʣʠʢʦʾ ʘʤʧʣʽʪʫʜʠ ʢʫʣʦʥʦʩʪʘʪʠʯʥʠʤ ʤʝʪʦʜʦʤ 

ʚʠʟʥʘʯʝʥʽ ʧʦʩʪʽʡʥʽ ʊʘʬʝʣʷ ʽ ʨʦʟʨʘʭʦʚʘʥʽ ʩʪʨʫʤʠ ʢʦʨʦʟʽʾ, ʷʢʽ ʟʤʝʥʰʫʚʘʣʠʩʷ ʚ ʯʘʩʽ ʽ ʧʨʠ 

ʜʦʜʘʚʘʥʥʽ ʽʥʛʽʙʽʪʦʨʘ.  
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ʂʦʩʤʝʪʠʯʥʽ ʟʘʩʦʙʠ ʜʣʷ ʥʝʤʦʚʣʷʪ ï ʮʝ ʦʢʨʝʤʘ ʥʽʰʘ ʢʦʩʤʝʪʠʯʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ.  

ʊʘʢʽ ʟʘʩʦʙʠ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʟʘʩʦʙʽʚ ʜʣʷ ʜʦʨʦʩʣʠʭ ʷʢ ʟʘ ʩʢʣʘʜʦʤ ʪʘʢ ʽ ʟʘ ʬʫʥʢʮʽʷʤʠ, ʷʢʽ 

ʚʦʥʠ ʚʠʢʦʥʫʶʪʴ. ʈʦʛʦʚʠʡ ʰʘʨ ʰʢʽʨʠ ʤʘʣʶʢʽʚ ʙʽʣʴʰ ʪʦʥʢʠʡ, ʥʽʞ ʫ ʜʦʨʦʩʣʦʛʦ ʽ 

ʩʢʣʘʜʘʻʪʴʩʷ ʣʠʰʝ ʟ ʜʚʦʭ-ʪʨʴʦʭ ʨʷʜʽʚ ʢʣʽʪʠʥ, ʷʢʽ ʩʣʘʙʢʦ ʟʚôʷʟʘʥʽ ʤʽʞ ʩʦʙʦʶ ʪʘ ʧʦʩʪʽʡʥʦ 

ʟʣʫʱʫʶʪʴʩʷ. ʆʩʥʦʚʥʠʡ ʰʘʨ ʨʦʟʚʠʥʝʥʠʡ ʩʠʣʴʥʽʰʝ ʽ ʚ ʥʴʦʤʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʝʥʝʨʛʽʡʥʠʡ 

ʧʦʜʽʣ ʝʧʽʪʝʣʽʘʣʴʥʠʭ ʢʣʽʪʠʥ. ʆʩʥʦʚʥʘ ʧʝʨʝʪʠʥʢʘ, ʱʦ ʨʦʟʜʽʣʷʻ ʝʧʽʜʝʨʤʽʩ ʽ ʜʝʨʤʫ, 

ʥʝʜʦʨʦʟʚʠʥʝʥʘ, ʥʽʞʥʘ ʪʘ ʨʠʭʣʘ. ʏʝʨʝʟ ʮʝ ʢʨʝʤ ʧʽʜ ʧʽʜʛʫʟʦʢ ʧʦʚʠʥʝʥ ʧʦʻʜʥʫʚʘʪʠ ʚ ʩʦʙʽ 

ʥʘʩʪʫʧʥʽ ʚʣʘʩʪʠʚʦʩʪʽ: ʧʦʞʠʚʥʫ, ʟʘʭʠʩʥʫ, ʧʦʤôʷʢʰʫʚʘʣʴʥʫ, ʧʨʦʪʠʟʘʧʘʣʴʥʫ, 

ʙʘʢʪʝʨʠʮʠʜʥʫ. ɸ ʪʘʢʦʞ ʟʘʩʽʙ ʧʦʚʠʥʝʥ ʟʤʝʥʰʫʚʘʪʠ ʚʽʜʣʫʱʝʥʥʷ ʝʧʽʜʝʨʤʽʩʫ, ʫʢʨʽʧʣʶʚʘʪʠ 

ʩʪʽʥʢʠ ʧʦʚʝʨʭʥʝʚʠʭ ʢʨʦʚʦʥʦʩʥʠʭ ʢʘʧʽʣʷʨʽʚ. 

ɼʠʪʷʯʽ ʢʨʝʤʠ ʧʦʜʽʣʷʶʪʴ ʥʘ ʧʨʦʬʽʣʘʢʪʠʯʥʽ, ʢʨʝʤʠ ʧʨʦʪʠ ʧʦʧʨʽʣʦʩʪʝʡ, ʪʘ ʪʘʢʽ, ʱʦ 

ʧʦʻʜʥʫʶʪʴ ʦʙʠʜʚʽ ʬʫʥʢʮʽʾ. ʇʦʧʨʽʣʦʩʪʽ ï ʮʝ ʟʘʧʘʣʝʥʥʷ ʥʘ ʜʽʣʷʥʢʘʭ ʰʢʽʨʠ, ʷʢʽ 

ʫʪʚʦʨʶʶʪʴʩʷ ʯʝʨʝʟ ʪʝʨʪʷ ʘʙʦ ʧʽʩʣʷ ʪʨʠʚʘʣʦʛʦ ʚʧʣʠʚʫ ʚʦʣʦʛʠ. ʂʨʝʤ ʧʽʜ ʧʽʜʛʫʟʦʢ ʧʦʚʠʥʝʥ 

ʧʦʤôʷʢʰʫʚʘʪʠ ʰʢʽʨʫ ʥʘ ʽʥʪʠʤʥʠʭ ʤʽʩʮʷʭ ʥʝʤʦʚʣʷʪʠ, ʘ ʪʘʢʦʞ ʧʽʜʩʫʰʫʚʘʪʠ ʧʨʠʱʠʢʠ ʽ 

ʨʽʟʥʽ ʚʠʩʠʧʘʥʥʷ, ʷʢʽ ʤʦʞʫʪʴ ʚʠʥʠʢʥʫʪʠ ʚʽʜ ʜʽʾ ʩʝʯʽ ʘʙʦ ʧʦʪʫ. ʂʨʽʤ ʣʽʢʫʚʘʣʴʥʠʭ ʪʘ 

ʚʽʜʥʦʚʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʢʦʩʤʝʪʠʢʘ ʜʣʷ ʥʦʚʦʥʘʨʦʜʞʝʥʠʭ ʤʘʻ ʙʫʪʠ ʘʙʩʦʣʶʪʥʦ 

ʥʝʰʢʽʜʣʠʚʦʶ, ʙʝʟ ʧʦʙʽʯʥʦʾ ʜʽʾ. ɺʦʥʘ ʥʝ ʧʦʚʠʥʥʘ ʥʘʢʦʧʠʯʫʚʘʪʠ ʰʢʽʜʣʠʚʽ ʨʝʯʦʚʠʥʠ ʚ 

ʪʢʘʥʠʥʘʭ ʰʢʽʨʠ ʜʠʪʠʥʠ. ʊʘʢʠʤʠ ʣʽʢʫʚʘʣʴʥʠʤʠ ʽ ʙʝʟʧʝʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʚʦʣʦʜʽʶʪʴ 

ʨʝʯʦʚʠʥʠ, ʱʦ ʥʘʡʯʘʩʪʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʢʦʩʤʝʪʠʯʥʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ: ʘʣʘʥʪʦʾʥ, 

ʦʢʩʠʜ ʮʠʥʢʫ ʪʘ ʧʘʥʪʝʥʦʣ. 

ɸʣʘʥʪʦʾʥ ï ʧʦʪʫʞʥʠʡ ʘʥʪʠʽʨʨʽʪʘʥʪ (ʟʥʽʤʘʻ ʧʦʜʨʘʟʥʝʥʥʷ ʰʢʽʨʠ), ʻ ʧʦʙʽʯʥʠʤ 

ʧʨʦʜʫʢʪʦʤ ʩʝʯʦʚʦʾ ʢʠʩʣʦʪʠ. ɸʣʘʥʪʦʾʥ ï ʧʦʧʫʣʷʨʥʠʡ ʢʦʩʤʝʪʠʯʥʠʡ ʽʥʛʨʝʜʽʻʥʪ ʟʘʚʜʷʢʠ 

ʡʦʛʦ ʚʠʩʦʢʽʡ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʥʠʟʴʢʽʡ ʚʘʨʪʦʩʪʽ. ɺʽʥ ʤʽʩʪʠʪʴʩʷ ʚ ʢʦʨʽʥʥʷʭ ʨʦʩʣʠʥʠ 
Symphytum officinale (ʞʠʚʦʢʽʩʪ ʣʽʢʘʨʩʴʢʠʡ). ɸʣʘʥʪʦʾʥ ʫ ʩʢʣʘʜʽ ʢʦʩʤʝʪʠʯʥʠʭ ʟʘʩʦʙʽʚ 

ʚʠʢʦʥʫʻ ʨʽʟʥʦʤʘʥʽʪʥʽ ʬʫʥʢʮʽʾ: ʚʽʜʣʫʱʫʚʘʯʘ, ʟʘʛʦʶʚʘʯʘ, ʘʥʪʠʦʢʩʠʜʘʥʪʘ, ʘʥʪʠʽʨʨʽʪʘʥʪʘ, 

ʚôʷʞʫʯʦʛʦ ʢʦʤʧʦʥʝʥʪʘ. ʏʝʨʝʟ ʮʝ ʘʣʘʥʪʦʾʥ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʨʽʟʥʠʭ 

ʢʦʩʤʝʪʠʯʥʠʭ ʟʘʩʦʙʘʭ: ʰʘʤʧʫʥʷʭ, ʢʨʝʤʘʭ, ʜʝʟʦʜʦʨʘʥʪʘʭ ʪʘ ʘʥʪʠʧʝʨʩʧʽʨʘʥʪʘʭ. ʅʘʡʙʽʣʴʰ 

ʝʬʝʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʮʶ ʨʝʯʦʚʠʥʫ ʫ ʜʠʪʷʯʠʭ ʢʨʝʤʘʭ, ʘʜʞʝ ʚʦʥʘ ʦʜʥʦʯʘʩʥʦ ʩʧʨʠʷʻ 

ʫʩʫʥʝʥʥʶ ʧʦʧʨʽʣʦʩʪʝʡ ʪʘ ʰʚʠʜʢʦʤʫ ʟʘʩʧʦʢʦʻʥʥʶ ʰʢʽʨʠ. 

ʆʢʩʠʜ ʮʠʥʢʫ ï ʮʝ ʽʥʝʨʪʥʠʡ ʤʽʥʝʨʘʣ. ɺ ʢʦʩʤʝʪʠʯʥʠʭ ʟʘʩʦʙʘʭ ʚʽʥ ʻ ʧʦʪʝʥʮʽʡʥʦ 

ʟʘʩʧʦʢʽʡʣʠʚʦʶ ʨʝʯʦʚʠʥʦʶ, ʱʦ ʟʥʽʤʘʻ ʧʦʜʨʘʟʥʝʥʥʷ ʰʢʽʨʠ, ʘ ʪʘʢʦʞ ʤʦʞʝ ʙʫʪʠ ʜʦʩʠʪʴ 

ʧʦʪʫʞʥʠʤ ʘʥʪʠʦʢʩʠʜʘʥʪʦʤ. ɿʜʘʪʥʠʡ ʫʪʚʦʨʶʚʘʪʠ ʥʘ ʰʢʽʨʽ ʟʘʭʠʩʥʠʡ ʰʘʨ, ʱʦ ʦʙʤʝʞʫʻ 

ʚʧʣʠʚ ʥʘ ʥʝʾ ʥʝʩʧʨʠʷʪʣʠʚʠʭ ʽ ʧʦʜʨʘʟʥʶʶʯʠʭ ʬʘʢʪʦʨʽʚ, ʥʘʧʨʠʢʣʘʜ, ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʧʨʝʧʘʨʘʪʽʚ ʮʠʥʢʫ ʧʨʠ ʧʝʣʶʰʢʦʚʦʤʫ ʜʝʨʤʘʪʠʪʽ ʟʘʧʦʙʽʛʘʻ ʚʧʣʠʚʫ ʩʝʯʽ ʥʘ ʰʢʽʨʫ. 

ʇʘʥʪʝʥʦʣ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʚ ʢʦʩʤʝʪʠʮʽ ʷʢ ʝʬʝʢʪʠʚʥʠʡ ʟʚʦʣʦʞʫʶʯʠʡ, 

ʚʦʣʦʛʦʫʪʨʠʤʫʶʯʠʡ ʽ ʧʦʤ'ʷʢʰʫʶʯʠʡ ʢʦʤʧʦʥʝʥʪ. ʇʘʥʪʝʥʦʣ ʚ ʟʘʩʦʙʘʭ ʜʣʷ ʰʢʽʨʠ ʣʝʛʢʦ 

ʚʩʤʦʢʪʫʻʪʴʩʷ, ʟʘʙʝʟʧʝʯʫʻ ʰʚʠʜʢʝ ʽ ʛʣʠʙʦʢʝ ʟʚʦʣʦʞʝʥʥʷ ʰʢʽʨʠ, ʩʧʨʠʷʻ ʟʘʛʦʻʥʥʶ ʨʘʥ ʽ 

ʦʧʽʢʽʚ, ʧʦʢʨʘʱʫʻ ʢʝʨʘʪʠʥʽʟʘʮʽʶ ʢʣʽʪʠʥ, ʟʤʝʥʰʫʻ ʩʚʝʨʙʽʞ ʽ ʧʦʜʨʘʟʥʝʥʥʷ ʰʢʽʨʠ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʜʦ ʨʦʟʨʦʙʢʠ ʨʝʮʝʧʪʫʨʠ ʪʘ ʢʦʥʪʨʦʣʶ ʷʢʦʩʪʽ ʢʦʩʤʝʪʠʯʥʠʭ ʟʘʩʦʙʽʚ ʜʣʷ 

ʥʝʤʦʚʣʷʪ ʥʝʦʙʭʽʜʥʦ ʧʽʜʭʦʜʠʪʠ ʙʽʣʴʰ ʚʽʜʧʦʚʽʜʘʣʴʥʦ. ʈʦʟʨʦʙʣʝʥʽ ʨʝʮʝʧʪʫʨʠ ʢʦʩʤʝʪʠʯʥʦʛʦ 

ʟʘʩʦʙʫ ʢʨʝʤʫ ʧʽʜ ʧʽʜʛʫʟʦʢ ʤʽʩʪʷʪʴ ʦʩʥʦʚʫ, ʨʦʩʣʠʥʥʽ ʝʢʩʪʨʘʢʪʠ ʯʝʨʝʜʠ ʪʘ ʢʘʣʝʥʜʫʣʠ, 

ʥʘʩʪʽʡ ʨʦʤʘʰʢʠ, ʩʫʤʽʰ ʚʽʪʘʤʽʥʽʚ ɸ ʪʘ ɽ, ʨʦʩʣʠʥʥʝ ʤʘʩʣʦ ʷʜʝʨ ʢʝʜʨʦʚʠʭ ʛʦʨʽʭʽʚ, ʚʽʜʜʫʰʢʫ. 

ɺ ʷʢʦʩʪʽ ʘʢʪʠʚʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʥʘʪʫʨʘʣʴʥʽ ʝʢʩʪʨʘʢʪʠ, ʷʢʽ ʨʦʙʣʷʪʴ ʟʘʩʽʙ 

ʙʽʣʴʰ ʧʨʠʚʘʙʣʠʚʠʤ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ. 

ʈʦʟʨʦʙʣʝʥʽ ʨʝʮʝʧʪʫʨʠ ʢʨʝʤʫ ʧʽʜ ʧʽʜʛʫʟʦʢ ʤʽʩʪʷʪʴ ʚ ʩʚʦʻʤʫ ʩʢʣʘʜʽ ʢʦʨʠʩʥʽ 

ʢʦʤʧʦʥʝʥʪʠ ʪʘ ʚʽʜʧʦʚʽʜʘʶʪʴ ʜʝʨʞʘʚʥʠʤ ʩʪʘʥʜʘʨʪʘʤ ʋʢʨʘʾʥʠ ʽ ʤʦʞʫʪʴ ʙʫʪʠ 

ʨʝʢʦʤʝʥʜʦʚʘʥʽ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʧʦʚʩʷʢʜʝʥʥʦʤʫ ʞʠʪʪʽ.  
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ɺʥʝʜʨʝʥʠʝ ʤʘʣʦʦʪʭʦʜʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʩʪʠʤʫʣʠʨʫʝʪ ʨʝʘʣʠʟʘʮʠʶ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ 

ʦʭʨʘʥʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ: ʚʳʷʚʣʝʥʠʝ ʨʝʩʫʨʩʥʦʡ ʮʝʥʥʦʩʪʠ ʠ ʧʦʣʝʟʥʳʭ ʩʚʦʡʩʪʚ 

ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʰʣʘʢʦʚ, ʦʙʦʩʥʦʚʘʥʠʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʠʭ ʫʪʠʣʠʟʘʮʠʠ ʚ ʢʘʯʝʩʪʚʝ 

ʩʦʨʙʝʥʪʦʚ ʧʨʠ ʦʯʠʩʪʢʝ ʧʨʦʤʳʰʣʝʥʥʳʭ ʩʪʦʯʥʳʭ ʚʦʜ ʠ ʜʨ.  

ɿʘʜʘʯʠ ʨʘʙʦʪʳ: ʦʙʦʩʥʦʚʘʥʠʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʪʘʣʣʫʨʛʠ-

ʯʝʩʢʠʭ ʰʣʘʢʦʚ ʆʆʆ ʇʦʙʫʞʩʢʦʛʦ ʬʝʨʨʦʥʠʢʝʣʝʚʦʛʦ ʢʦʤʙʠʥʘʪʘ (ʇʌʅʂ) ʠ ʇɸʆ 

ʅʠʢʦʧʦʣʴʩʢʦʛʦ ʟʘʚʦʜʘ ʬʝʨʨʦʩʧʣʘʚʦʚ (ʅɿʌ) ʚ ʢʘʯʝʩʪʚʝ ʘʜʩʦʨʙʝʥʪʦʚ, ʦʧʨʝʜʝʣʝʥʠʝ 

ʵʣʝʤʝʥʪʥʦʛʦ ʠ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʰʣʘʢʦʚ. 

ʄʠʥʝʨʘʣʦʛʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʰʣʘʢʦʚ. ʈʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ 

ʦʙʨʘʟʮʳ ʰʣʘʢʘ ʇʌʅʂ, ʩʫʭʦʡ ʠ ʚʳʤʦʯʝʥʥʳʡ ʚ ʚʦʜʝ ʚ ʪʝʯʝʥʠʝ 1 ʤʝʩ., ʧʦʜʦʙʥʳ ʜʨʫʛ ʜʨʫʛʫ 

ʠ ʩʦʜʝʨʞʘʪ ʜʠʦʧʩʠʜ ʉʘʆ.Mgʆ.2SiO2. ɺ ʚʳʤʦʯʝʥʥʦʤ ʦʙʨʘʟʮʝ ʰʣʘʢʘ ʜʦʧʦʣʥʠʪʝʣʴʥʦ 

ʦʙʥʘʨʫʞʝʥʳ ʢʚʘʨʮ SiO2 (3,1 %), ʤʘʨʛʘʨʠʪ Ca0,88Na0,12Al2(Si2,12Al1,88O10)(OH)2 (1,8 %), 

ʘʣʴʙʠʪ NaAlSi3O8 (1,9 %), ʠʣʣʠʪ K(Al4Si2O9(OH)3) (0,9 %). ɺʳʨʘʞʝʥʥʳʡ ʚʦʣʥʠʩʪʳʡ 

ʭʘʨʘʢʪʝʨ ʬʦʥʘ ʥʘ ʦʙʝʠʭ ʜʠʬʨʘʢʪʦʛʨʘʤʤʘʭ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʚ ʦʙʨʘʟʮʘʭ 

ʩʦʜʝʨʞʠʪʩʷ ʘʤʦʨʬʥʘʷ ʬʘʟʘ. 

ʆʙʨʘʟʝʮ ʰʣʘʢʘ ʅɿʌ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʧʣʘʚʦʚ FeSiMn ʩʦʜʝʨʞʠʪ 13,7 % ʪʠʪʘʥʠʪʘ 

Ca(Ti0,818Al 0,182)(O0,818F0,182)(SiO4) ʠ 86 % ʜʠʦʧʩʠʜʥʳʭ ʬʘʟ. ɺ ʦʙʨʘʟʮʘʭ ʰʣʘʢʘ ʅɿʌ 

ʧʨʦʠʟʚʦʜʩʪʚʘ FeMn ʧʨʠʩʫʪʩʪʚʫʶʪ ʬʘʟʳ: Fe4Mn77Si19 ï 13 %, Fe3C ï 38 %, Mn5C2 ï 41 %, 

Mn7C3 ï 4 %, Mn5SiC ï 3,8 %.  

ʕʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ ʰʣʘʢʘ ʇʌʅʂ, ʦʧʨʝʜʝʣʝʥʥʳʡ ʨʝʥʪʛʝʥʦʚʩʢʠʤ 

ʤʠʢʨʦʘʥʘʣʠʟʦʤ, ʧʦʢʘʟʘʣ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ Si, Al , Mg, Fe, K, Na, Mn ʠ 

ʥʝʢʦʪʦʨʳʭ ʜʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ. ʊʦʯʥʳʡ ʨʘʩʯʝʪ ʤʦʜʫʣʝʡ ʢʠʩʣʦʪʥʦʩʪʠ ʠ ʦʩʥʦʚʥʦʩʪʠ (ʄʢ ʠ 

ʄʦ) ʧʦʟʚʦʣʷʝʪ ʦʪʥʝʩʪʠ ʰʣʘʢ ʢ ʢʠʩʣʳʤ. ɼʣʷ ʰʣʘʢʘ ʅɿʌ ʧʨʦʠʟʚʦʜʩʪʚʘ FeSiMn ʥʝʩʢʦʣʴʢʦ 

ʟʘʚʳʰʝʥʦ ʩʦʜʝʨʞʘʥʠʝ S, Mn ʠ F. ɺ ʰʣʘʢʝ ʅɿʌ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʧʣʘʚʦʚ FeMn ʦʪʤʝʯʝʥʦ 

ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʵʣʝʤʝʥʪʦʚ Fe, Mn, S, ʧʨʠʩʫʪʩʪʚʠʝ ʵʣʝʤʝʥʪʦʚ ʈ ʠ Sr, ʧʨʘʢʪʠʯʝʩʢʦʝ 

ʦʪʩʫʪʩʪʚʠʝ ʩʪʝʢʣʦʬʘʟʳ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʰʣʘʢ ʅɿʌ ʩʧʣʘʚʦʚ FeMn ʥʝʣʴʟʷ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʧʝʨʩʧʝʢʪʠʚʥʳʡ ʰʣʘʢʦʚʳʡ ʩʦʨʙʝʥʪ. 

ʉʦʜʝʨʞʘʥʠʝ ʩʪʝʢʣʦʬʘʟʳ ʚ ʰʣʘʢʝ ʇʌʅʂ ʦʧʨʝʜʝʣʝʥʦ ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠʤ 

ʠʩʩʣʝʜʦʚʘʥʠʝʤ, %:  

ï ʧʠʨʦʢʩʝʥʳ (ʜʠʦʧʩʠʜïʛʝʜʝʥʙʝʨʛʠʪ ʉʘʆ.Mgʆ.2Sʽʆ2ïʉʘʆ
.Fʝʆ.2Sʽʆ2) å 40ï50;  

ï ʞʝʣʝʟʠʩʪʳʝ ʰʧʠʥʝʣʠʜʳ (ʦʪ (Mg,Fʝ)ʆ.(ɸl,Fʝ)2ʆ3 ʠ (Fʝ,Mg)ʆ.(Fʝ,ɸl)2ʆ3 ʜʦ 

ʤʘʛʥʝʪʠʪʘ Fʝʆ.Fʝ2ʆ3) å 10ï20; 

ï ʩʪʝʢʣʦʬʘʟʘ å 40ï50. 

ʇʦʛʣʦʪʠʪʝʣʴʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʰʣʘʢʦʚ ʢʘʢ ʩʦʨʙʝʥʪʦʚ ʚʦ ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʭʠʤʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ ʠ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʧʨʠʩʫʪʩʪʚʠʝʤ ʩʪʝʢʣʦʬʘʟʳ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʦʛʦ ʠ ʤʠʢʨʦʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʘʥʘʣʠʟʘ ʨʘʩʩʯʠʪʘʥʦ 

ʩʦʜʝʨʞʘʥʠʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʠ ʘʤʦʨʬʥʦʛʦ ʩʦʩʪʦʷʥʠʡ ʜʠʦʧʩʠʜʦʚʦʛʦ ʰʣʘʢʘ ʇʌʅʂ: 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʝ ï 47 %, ʘʤʦʨʬʥʦʝ ï 53 %. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʰʣʘʢ ʥʘʧʦʣʦʚʠʥʫ ʩʦʩʪʦʠʪ ʠʟ 

ʜʠʦʧʩʠʜʘ ʚ ʘʤʦʨʬʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʯʪʦ ʧʦʣʥʦʩʪʴʶ ʧʦʜʪʚʝʨʞʜʘʝʪ ʤʝʭʘʥʠʟʤ ʩʦʨʙʮʠʠ ʟʘ ʩʯʝʪ 

ʧʦʛʣʦʱʝʥʠʷ ʩʦʨʙʮʠʦʥʥʦ-ʘʢʪʠʚʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʰʣʘʢʘ.  

ʉʦʨʙʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʰʣʘʢʦʚ ʠʟʫʯʘʣʠ ʚ ʩʪʘʪʠʯʝʩʢʠʭ ʠ ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʫʩʣʦʚʠʷʭ ʧʦ ʠʟʤʝʥʝʥʠʶ ʢʦʥʮʝʥʪʨʘʮʠʡ ʧʦʛʣʦʱʘʝʤʳʭ ʚʝʱʝʩʪʚ ʚ ʨʘʩʪʚʦʨʝ, ʦʧʨʝʜʝʣʷʝʤʦʤʫ 

ʤʝʪʦʜʘʤʠ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠʤ, ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠʤ, ʬʣʫʦʨʠʤʝʪʨʠʯʝʩʢʠʤ.  
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ʂʆʈʈʆɿʀʆʅʅʓɽ ʉɺʆʁʉʊɺɸ ʕʃɽʂʊʈʆʃʀʊʀʏɽʉʂʀʍ ʇʆʂʈʓʊʀʁ 

ʉʇʃɸɺɸʄʀ d4-8 ʄɽʊɸʃʃʆɺ  

ɻʘʧʦʥ ʖ. ʂ.1, ʅʝʥʘʩʪʠʥʘ ʊ. ɸ.2, ʉʘʭʥʝʥʢʦ ʅ. ɼ.1, ɺʝʜʴ ʄ. ɺ.1 

1ʅʘʮʠʦʥʘʣʴʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ çʍʘʨʴʢʦʚʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪè 
2ʍʘʨʴʢʦʚʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʘʚʪʦʤʦʙʠʣʴʥʦ-ʜʦʨʦʞʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

nenastina@ukr.net 

 

ɻʘʣʴʚʘʥʠʯʝʩʢʠʝ ʧʦʢʨʳʪʠʷ ʩʧʣʘʚʘʤʠ ʟʘʯʘʩʪʫʶ ʧʨʝʚʦʩʭʦʜʷʪ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʝ 

ʘʥʘʣʦʛʠ ʧʦ ʫʨʦʚʥʶ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʚʦʡʩʪʚ ʙʣʘʛʦʜʘʨʷ ʬʦʨʤʠʨʦʚʘʥʠʶ 

ʪʝʢʩʪʫʨʠʨʦʚʘʥʥʦʛʦ ʩʣʦʷ ʟʘʜʘʥʥʦʛʦ ʩʦʩʪʘʚʘ ʠ ʪʦʣʱʠʥʳ. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʚʣʠʷʥʠʝʤ 

ʫʩʣʦʚʠʡ ʵʣʝʢʪʨʦʩʠʥʪʝʟʘ ʥʘ ʩʪʨʫʢʪʫʨʫ ʠ ʤʦʨʬʦʣʦʛʠʶ ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʪʝʨʠʘʣʦʚ. ʊʝʦʨʠʷ 

ʩʦʚʤʝʩʪʥʦʛʦ ʦʩʘʞʜʝʥʠʷ ʜʚʫʭ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʤʝʪʘʣʣʦʚ ʷʚʣʷʝʪʩʷ ʧʨʝʜʤʝʪʦʤ ʦʩʦʙʦʛʦ 

ʠʥʪʝʨʝʩʘ ʚ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʦʤʠʥʠʨʫʝʪ ʪʝʥʜʝʥʮʠʷ ʢ ʚʳʪʝʩʥʝʥʠʶ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʧʦʣʫʯʝʥʠʷ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʧʦʢʨʳʪʠʡ ʤʝʪʘʣʣʘʤʠ ʥʘ ʠʭ ʩʧʣʘʚʳ, 

ʠʤʝʶʱʠʝ ʙʦʣʝʝ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʩʚʦʡʩʪʚ. 

ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʪʝʭʥʦʣʦʛʠʠ ʧʦʟʚʦʣʷʶʪ ʛʠʙʢʦ ʫʧʨʘʚʣʷʪʴ ʩʦʜʝʨʞʘʥʠʝʤ 

ʩʧʣʘʚʦʦʙʨʘʟʫʶʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʩʢʦʨʦʩʪʴʶ ʠʭ ʩʦʦʩʘʞʜʝʥʠʷ ʠ ʩʦʩʪʦʷʥʠʝʤ ʧʦʚʝʨʭʥʦʩʪʠ 

ʟʘ ʩʯʝʪ ʚʘʨʴʠʨʦʚʘʥʠʷ ʢʘʢ ʩʦʩʪʘʚʘ ʵʣʝʢʪʨʦʣʠʪʦʚ, ʪʘʢ ʠ ʨʝʞʠʤʦʚ ʧʦʣʷʨʠʟʘʮʠʠ (ʦʪ 

ʛʘʣʴʚʘʥʦʩʪʘʪʠʯʝʩʢʦʛʦ ʜʦ ʠʤʧʫʣʴʩʥʦʛʦ ʠʣʠ ʨʝʚʝʨʩʥʦʛʦ). ʇʨʠʤʝʥʝʥʠʝ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ 

ʤʝʪʦʜʦʚ ʥʝ ʪʦʣʴʢʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʝʘʣʠʟʘʮʠʶ ʧʝʨʝʭʦʜʦʚ ʤʝʞʜʫ ʟʚʝʥʴʷʤʠ ʣʦʛʠʯʝʩʢʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ çʧʘʨʘʤʝʪʨʳ ʧʨʦʮʝʩʩʘ ï ʩʦʩʪʘʚ ʠ ʩʪʨʫʢʪʫʨʘ ʤʘʪʝʨʠʘʣʘ ï ʩʚʦʡʩʪʚʘ ï 

ʬʫʥʢʮʠʠ ï ʧʨʠʤʝʥʝʥʠʝè, ʥʦ ʠ ʷʚʣʷʝʪʩʷ ʙʘʟʦʡ ʜʣʷ ʠʭ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʫʧʨʘʚʣʝʥʠʷ. ɺ 

ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʚʳʙʨʘʥʳ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʛʘʣʴʚʘʥʠʯʝʩʢʠʝ ʩʧʣʘʚʳ ʥʘ 

ʦʩʥʦʚʝ ʢʦʙʘʣʴʪʘ ʩ ʚʦʣʴʬʨʘʤʦʤ ʠ ʤʦʣʠʙʜʝʥʦʤ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ 

ʚʦʣʴʬʨʘʤʘʪʦʚ ʠ ʤʦʣʠʙʜʘʪʦʚ ʜʦ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʨʠ ʵʣʝʢʪʨʦʣʠʟʝ ʚʦʜʥʳʭ 

ʨʘʩʪʚʦʨʦʚ ʧʨʝʧʷʪʩʪʚʫʝʪ ʨʝʘʢʮʠʷ ʚʳʜʝʣʝʥʠʷ ʚʦʜʦʨʦʜʘ, ʪʦʛʜʘ ʢʘʢ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʪʠʦʥʦʚ 

ʤʝʪʘʣʣʦʚ ʩʝʤʝʡʩʪʚʘ ʞʝʣʝʟʘ ʧʨʦʠʩʭʦʜʠʪ ʦʩʘʞʜʝʥʠʝ ʩʧʣʘʚʦʚ ʩʦ ʟʥʘʯʠʪʝʣʴʥʳʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʪʫʛʦʧʣʘʚʢʦʛʦ ʢʦʤʧʦʥʝʥʪʘ. ɺʚʝʜʝʥʠʝ ʚʦʣʴʬʨʘʤʘ ʠ ʤʦʣʠʙʜʝʥʘ ʚ ʩʦʩʪʘʚ 

ʦʩʘʜʢʘ ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʫʣʫʯʰʠʪʴ ʩʚʦʡʩʪʚʘ ʧʦʣʫʯʘʝʤʳʭ ʧʦʢʨʳʪʠʡ, ʧʦʚʳʩʠʪʴ ʠʭ 

ʪʚʝʨʜʦʩʪʴ, ʞʘʨʦʩʪʦʡʢʦʩʪʴ ʠ ʢʦʨʨʦʟʠʦʥʥʫʶ ʩʪʦʡʢʦʩʪʴ. ʂʦʨʨʦʟʠʦʥʥʫʶ ʩʪʦʡʢʦʩʪʴ 

ʦʩʘʞʜʝʥʥʳʭ ʧʦʢʨʳʪʠʡ ʦʧʨʝʜʝʣʷʣʠ ʤʝʪʦʜʦʤ ʧʦʣʷʨʠʟʘʮʠʦʥʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ï 

ʨʝʛʠʩʪʨʘʮʠʝʡ ʢʘʪʦʜʥʳʭ ʠ ʘʥʦʜʥʳʭ ʧʦʪʝʥʮʠʦʜʠʥʘʤʠʯʝʩʢʠʭ ʟʘʚʠʩʠʤʦʩʪʝʡ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʣʷ ʧʦʢʨʳʪʠʡ ʩʧʣʘʚʘʤʠ ʚʦʣʴʬʨʘʤʘ ʠ ʤʦʣʠʙʜʝʥʘ ʢʦʨʨʦʟʠʦʥʥʦʝ 

ʧʦʚʝʜʝʥʠʝ ʟʘʚʠʩʠʪ ʦʪ ʩʦʩʪʘʚʘ ʤʘʪʝʨʠʘʣʘ, ʤʦʨʬʦʣʦʛʠʠ ʧʦʢʨʳʪʠʷ ʠ ʢʠʩʣʦʪʥʦʩʪʠ ʩʨʝʜʳ 

(ʪʘʙʣ.) ʚ ʢʦʪʦʨʦʡ ʧʨʦʚʦʜʷʪ ʪʝʩʪʠʨʦʚʘʥʠʝ.  

 

ʊʘʙʣʠʮʘ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʨʨʦʟʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʧʦʢʨʳʪʠʡ ʩʧʣʘʚʘʤʠ Co ï ʄʦ ï W  

ʉʦʩʪʘʚ ʩʧʣʘʚʘ,% ʨʅ = 3 ʨʅ = 7 ʨʅ = 10,5 

Co Mo W 
Kh, 

ʤʤ/ʛʦʜ 

ɹʘʣʣ 

ʩʪʦʡʢʦʩʪʠ 

Kh, 

ʤʤ/ʛʦʜ 

ɹʘʣʣ 

ʩʪʦʡʢʦʩʪʠ 

Kh, 

ʤʤ/ʛʦʜ 

ɹʘʣʣ 

ʩʪʦʡʢʦʩʪʠ 

75 10 15 0,020 2 0,020 1 0,066 3 

70 16 14 0,010 2 0,032 2 0,08 3 

65 19 13 0,008 1 0,040 2 0,081 3 

 

ʇʦʣʫʯʝʥʥʳʝ ʧʦʢʨʳʪʠʷ ʧʨʦʷʚʣʷʶʪ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʢʦʨʨʦʟʠʦʥʥʫʶ ʩʪʦʡʢʦʩʪʴ ʚ 

ʩʨʝʜʘʭ ʨʘʟʣʠʯʥʦʡ ʢʠʩʣʦʪʥʦʩʪʠ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʤʘʪʝʨʠʘʣʦʤ ʦʩʥʦʚʳ. ɿʥʘʯʝʥʠʷ ʛʣʫʙʠʥʥʦʛʦ 

ʧʦʢʘʟʘʪʝʣʷ ʩʢʦʨʦʩʪʠ ʢʦʨʨʦʟʠʠ ʧʦʟʚʦʣʷʶʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʜʘʥʥʳʝ ʧʦʢʨʳʪʠʷ ʚ ʢʘʯʝʩʪʚʝ 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʦʪʠʚʦʢʦʨʨʦʟʠʦʥʥʦʡ ʟʘʱʠʪʳ ʜʣʷ ʜʝʪʘʣʝʡ, ʧʦʜʚʝʨʛʘʶʱʠʭʩʷ 

ʬʨʝʪʪʠʥʛ-ʢʦʨʨʦʟʠʠ. 
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ɼʆʉʃɯɼɾɽʅʅʗ ɻɯɼʈʆʊɽʈʄɸʃʔʅʆɻʆ ʉʇʆʉʆɹʋ ʋʊʀʃɯɿɸʎɯɰ 

ʌʆʉʌʆɻɯʇʉʋ 

ʃʘʨʠʯʝʚʘ ʃ. ʇ., ɻʫʰʫʣʝʡ ɻ. ʆ. 

ɼʥʽʧʨʦʚʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

lplaricheva@gmail.com 

 

ʋ ʭʽʤʽʯʥʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʫʪʚʦʨʶʶʪʴʩʷ ʪʚʝʨʜʽ ʚʽʜʭʦʜʠ, ʱʦ ʨʦʟʨʽʟʥʷʶʪʴʩʷ ʟʘ ʩʚʦʾʤ 

ʧʦʭʦʜʞʝʥʥʷʤ ʪʘ ʩʢʣʘʜʦʤ. ʌʦʩʬʦʛʽʧʩ, ʷʢʠʡ ʷʚʣʷʻ ʩʦʙʦʶ ʚʘʞʢʦʨʦʟʯʠʥʝʥʠʡ ʩʫʣʴʬʘʪ 

ʢʘʣʴʮʽʶ, ʻ ʚʽʜʭʦʜʦʤ ʫ ʚʠʨʦʙʥʠʮʪʚʽ ʝʢʩʪʨʘʢʮʽʡʥʦʾ ʬʦʩʬʘʪʥʦʾ ʢʠʩʣʦʪʠ. ɺʽʥ ʩʢʠʜʘʻʪʴʩʷ ʫ 

ʚʽʜʚʘʣʠ, ʟʘʙʨʫʜʥʶʻ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ,  ʟʘʡʤʘʻ ʟʥʘʯʥʫ ʧʣʦʱʫ ʟʝʤʝʣʴ ʥʘʚʢʦʣʦ 

ʧʽʜʧʨʠʻʤʩʪʚʘ.  

ɼʦʩʣʽʜʞʝʥʥʷ ʩʧʦʩʦʙʽʚ ʫʪʠʣʽʟʘʮʽʾ ʬʦʩʬʦʛʽʧʩʫ ʟ ʚʽʜʚʘʣʽʚ ɼʥʽʧʨʦʜʟʝʨʞʠʥʩʴʢʦʛʦ 

ʟʘʚʦʜʫ ʤʽʥʝʨʘʣʴʥʠʭ ʜʦʙʨʠʚ  ʧʨʦʚʦʜʠʣʦʩʷ ʫ ʥʘʤʨʷʤʢʫ ʛʽʜʨʦʪʝʨʤʘʣʴʥʦʾ ʦʙʨʦʙʢʠ  ʟ ʤʝʪʦʶ 

ʦʪʨʠʤʘʥʥʷ ʛʽʧʩʦʚʠʭ ʚôʷʞʫʯʠʭ ʜʣʷ ʧʦʪʝʙ ʙʫʜʽʚʝʣʴʥʦʛʦ ʪʘ ʽʥʰʽʭ ʚʠʨʦʙʥʠʮʪʚ. 

ʇʨʦʮʝʩ ʛʽʜʨʦʪʝʨʤʘʣʴʥʦʾ ʦʙʨʦʙʢʠ ʩʢʣʘʜʘʚʩʷ ʟ ʥʘʩʪʫʧʥʠʭ ʩʪʘʜʽʡ: ʧʽʜʛʦʪʦʚʢʘ ʰʣʘʤʫ 

ʜʠʛʽʜʨʘʪʫ-ʬʦʩʬʦʛʽʧʩʫ, ʧʦʧʝʨʝʜʥʷ ʚʠʪʨʠʤʢʘ ʜʠʛʽʜʨʘʪʫ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 50ï90 Áʉ, 

ʘʚʪʦʢʣʘʚʥʘ ʦʙʨʦʙʢʘ ʰʣʘʤʫ ʜʠʛʽʜʨʘʪʘ-ʬʦʩʬʦʛʽʧʩʫ ʜʦ Ŭ-ʥʘʧʽʚʛʽʜʨʘʪʫ, ʬʽʣʴʪʨʘʮʽʷ- 

ʟʥʝʚʦʜʥʝʥʥʷ ʰʣʘʤʫ Ŭ-ʥʘʧʽʚʛʽʜʨʘʪʫ, ʩʫʰʢʘ Ŭ-ʥʘʧʽʚʛʽʜʨʘʪʫ, ʨʦʟʤʝʣʶʚʘʥʥʷ ʩʫʭʦʛʦ 

Ŭ-ʥʘʧʽʚʛʽʜʨʘʪʫ, ʬʦʨʤʫʚʘʥʥʷ ʛʽʧʩʦʚʠʭ ʚʠʨʦʙʽʚ ʟ ʩʫʭʦʛʦ ʥʘʧʽʚʛʽʜʨʘʪʫ.  

ʇʽʜʛʦʪʦʚʢʘ ʰʣʘʤʫ ʬʦʩʬʦʛʽʧʩʫ-ʜʠʛʽʜʨʘʪʫ ʧʦʣʷʛʘʣʘ ʚ ʜʦʟʫʚʘʥʥʽ ʥʝʦʙʭʽʜʥʦʾ 

ʢʽʣʴʢʦʩʪʽ ʚʦʜʠ ʽ ʚʠʭʽʜʥʦʛʦ ʬʦʩʬʦʛʽʧʩʫ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʟʘʜʘʥʦʛʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʨʽʜʠʥʘ : 

ʪʚʝʨʜʝ (1:1 ʘʙʦ 1:1,5) ʘ ʪʘʢʦʞ ʚʚʝʜʝʥʥʽ ʚ ʰʣʘʤ ʩʧʝʮʽʘʣʴʥʠʭ ʜʦʙʘʚʦʢ (ʩʫʣʴʬʘʪʥʦʾ 

ʢʠʩʣʦʪʠ ï 0,172 ʘʙʦ 0,42 %, ʩʫʣʴʬʦʥʦʣʫ ï 0,15ï0,3 % ʚʽʜ ʩʫʭʦʾ ʨʝʯʦʚʠʥʠ,  

ʣʽʥʛʦʩʫʣʴʬʦʥʘʪʽʚ). ʋ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʧʝʨʝʜ ʘʚʪʦʢʣʘʚʥʦʶ ʦʙʨʦʙʢʦʶ ʰʣʘʤ ʧʦʧʝʨʝʜʥʴʦ 

ʧʨʦʛʨʽʚʘʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 50ï90 Áʉ ʚ ʩʫʰʠʣʴʥʽʡ ʰʘʬʽ ʧʨʦʪʷʛʦʤ 60ï90 ʭʚʠʣʠʥ. 

ɺʠʧʨʦʙʫʚʘʥʦ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʝʟʥʘʯʥʦʾ ʢʽʣʴʢʦʩʪʽ ʢʨʠʩʪʘʣʽʚ Ŭ-ʥʘʧʽʚʛʽʜʨʘʪʫ ʫ ʷʢʦʩʪʽ 

ʮʝʥʪʨʽʚ ʢʨʠʩʪʘʣʽʟʘʮʽʾ, ʷʢʠ ʚʚʦʜʠʣʠʩʷ ʚ ʧʦʧʝʨʝʜʥʴʦ ʧʽʜʽʛʨʽʪʠʡ ʰʣʘʤ ʜʠʛʽʜʨʘʪʫ. 

ɸʚʪʦʢʣʘʚʥʘ ʦʙʨʦʙʢʘ ʧʨʦʚʦʜʠʣʘʩʷ ʷʢ ʟ ʜʚʦʩʪʫʧʝʥʝʚʠʤ ʥʘʛʨʽʚʦʤ (ʚʽʜ 14 ʜʦ 220 Áʉ), 

ʪʘʢ ʽ ʧʨʠ ʰʚʠʜʢʦʤʫ ʧʨʦʛʨʽʚʘʥʥʽ ʤʘʪʝʨʽʘʣʫ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ 110ï115 Áʉ ʟ ʧʦʜʘʣʴʰʦʶ 

ʧʝʨʝʢʨʠʩʪʘʣʽʟʘʮʽʻʶ ʬʦʩʬʦʛʽʧʩʫ ʚ Ŭ-ʥʘʧʽʚʛʽʜʨʘʪ. ʂʨʠʩʪʘʣʠ ʬʦʩʬʦʛʽʧʩʘ-ʜʠʛʽʜʨʘʪʫ, ʷʢʽ 

ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʩʦʙʦʶ ʷʩʢʨʘʚʦ ʚʠʨʘʞʝʥʽ ʧʣʘʩʪʠʥʢʠ ï çʣʫʩʦʯʢʠè, ʚ ʧʨʦʮʝʩʽ 

ʘʚʪʦʢʣʦʚʫʚʘʥʥʷ ʧʝʨʝʪʚʦʨʶʚʘʣʠʩʷ ʚ ʢʨʠʩʪʘʣʠ ʧʨʠʟʤʘʪʠʯʥʦʾ ʬʦʨʤʠ Ŭ-ʛʽʧʩʫ-ʥʘʧʽʚʛʽʜʨʘʪʫ. 

ʂʦʥʪʨʦʣʴ ʧʝʨʝʭʦʜʫ ʜʠʛʽʜʨʘʪʫ ʚ ʥʘʧʽʚʛʽʜʨʘʪ ʟʜʽʡʩʥʶʚʘʚʩʷ ʚʽʟʫʘʣʴʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʤʽʢʨʦʩʢʦʧʫ. 

ɿ ʛʦʪʦʚʦʛʦ Ŭ-ʥʘʧʽʚʛʽʜʨʘʪʫ ʥʘʜʣʠʰʦʢ ʚʦʜʠ ʚʠʜʘʣʷʣʠ ʥʘ ʬʽʣʴʪʨʘʭ, ʧʽʩʣʷ ʯʦʛʦ 

ʟʜʽʡʩʥʶʚʘʣʠ ʩʫʰʠʥʥʷ ʦʪʨʠʤʘʥʦʾ ʤʘʩʠ. ɿ ʚʠʩʫʰʝʥʦʾ ʤʘʩʠ ʬʦʨʤʫʚʘʣʠ ʟʨʘʟʢʠ (ʙʘʣʦʯʢʠ) 

ʨʦʟʤʽʨʦʤ 20Ĭ20Ĭ80 ʤʤ, 20Ĭ20Ĭ20 ʤʤ,  ʷʢʠ ʚʠʧʨʦʙʫʚʘʣʠ ʥʘ ʧʦʢʘʟʥʠʢʠ, ʱʦ ʻ ʚʘʞʣʠʚʠʤʠ 

ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʷʢʦʩʪʽ ʚôʷʞʫʯʦʛʦ, ʘ ʩʘʤʝ:  ʩʪʨʦʢ ʩʭʦʧʣʝʥʥʷ ʤʘʩʠ, ʤʝʞʫ ʤʽʮʥʦʩʪʽ ʧʨʠ 

ʚʠʛʠʥʽ, ʤʝʞʫ ʤʽʮʥʦʩʪʽ ʧʨʠ ʩʪʠʩʥʝʥʥʽ, ʛʫʩʪʠʥʫ. ʇʨʠ ʮʴʦʤʫ ʛʫʩʪʠʥʘ ʩʫʭʦʛʦ ʧʨʦʜʫʢʪʫ 

ʩʢʣʘʜʘʣʘ ʚʽʜ 1350 ʜʦ 1650 ʢʛ/ʤ3, ʚʦʣʦʛʦʛʦ ï ʚʽʜ 1340 ʜʦ 1930 ʢʛ/ʤ3; ʤʝʞʘ ʤʽʮʥʦʩʪʽ ʧʨʠ 

ʚʠʛʠʥʽ ï 5,4ï5,7 ʄʇʘ ʜʣʷ ʩʫʭʦʛʦ ʧʨʦʜʫʢʪʫ ʽ ʚʽʜ 4,7 ʜʦ 16,2 ʄʇʘ ʜʣʷ ʚʦʣʦʛʦʛʦ; ʤʝʞʘ 

ʤʽʮʥʦʩʪʽ ʧʨʠ ʩʪʠʩʥʝʥʥʽ  ï ʚʽʜ 6,0 ʜʦ 19,0 ʄʇʘ ʜʣʷ ʩʫʭʦʛʦ ʧʨʦʜʫʢʪʫ ʪʘ ʚʽʜ 5,0 ʜʦ 18,0 ʄʇʘ 

ʜʣʷ ʚʦʣʦʛʦʛʦ. ʉʭʦʧʣʝʥʥʷ ʟʨʘʟʢʽʚ ʚô̫ ʞʫʯʦʛʦ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʫʤʦʚ ʝʢʩʧʝʨʠʤʝʥʪʫ 

ʚʽʜʙʫʚʘʣʦʩʷ ʚʧʨʦʜʦʚʞ 5ï60 ʭʚʠʣʠʥ.  

ɺ ʨʝʟʫʣʴʪʘʪʽ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʟ ʬʦʩʬʦʛʽʧʩʫ ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʚôʷʞʫʯʝ ʜʦʚʦʣʽ ʚʠʩʦʢʦʾ 

ʷʢʦʩʪʽ ʫ ʚʠʛʣʷʜʽ ʥʘʧʽʚʛʽʜʨʘʪʫ. ʅʘʡʢʨʘʱʽ ʧʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ ʚʠʷʚʠʣʠʩʷ ʫ ʟʨʘʟʢʽʚ, ʦʪʨʠʤʘʥʠʭ 

ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤʫ ʪʠʩʢʫ, ʪʝʤʧʝʨʘʪʫʨʽ  65ï78 Áʉ, ʨʅ = 3. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʛʽʜʨʦʪʝʨʤʘʣʴʥʘ ʦʙʨʦʙʢʘ ʬʦʩʬʦʛʽʧʩʫ ʜʦʟʚʦʣʠʪʴ ʧʝʨʝʨʦʙʣʷʪʠ 

ʦʩʪʘʥʥʽʡ ʫ ʧʨʦʜʫʢʪʠ ʜʣʷ ʧʦʪʨʝʙ ʥʘʨʦʜʥʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ, ʩʢʦʨʦʪʠʪʠ ʦʙʩʷʛʠ ʚʽʜʚʘʣʽʚ ʪʘ 

ʪʠʤ ʩʘʤʠʤ ʧʦʢʨʘʱʠʪʠ ʩʪʘʥ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. 
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ɺʀɺʏɽʅʅʗ ɽʌɽʂʊʀɺʅʆʉʊɯ ʄɯʅɽʈɸʃʔʅʆɻʆ ɺʆʃʆʂʅɸ ɼʃʗ ʆʏʀʑɽʅʅʗ 
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ʉʪʽʯʥʽ ʚʦʜʠ ʛʘʣʫʟʝʡ ʩʧʦʞʠʚʘʯʽʚ ʘʙʦ ʚʠʨʦʙʥʠʢʽʚ ʨʽʟʥʠʭ ʭʽʤʽʯʥʠʭ ʧʨʦʜʫʢʪʽʚ ʤʦʞʫʪʴ 

ʤʽʩʪʠʪʠ ʘʨʦʤʘʪʠʯʥʽ ʚʫʛʣʝʚʦʜʥʽ, ʟʦʢʨʝʤʘ ʙʝʥʟʦʣ. ɹʝʥʟʦʣ ʻ ʚʩʪʘʥʦʚʣʝʥʠʤ ʢʘʥʮʝʨʦʛʝʥʦʤ ʪʘ 

ʚʽʜʦʤʠʡ ʩʚʦʻʶ ʪʦʢʩʠʯʥʦʶ ʜʽʻʶ ʥʘ ʣʶʜʠʥʫ ʽ ʞʠʚʽ ʦʨʛʘʥʽʟʤʠ. 
ɯʩʥʫʶʯʽ ʘʜʩʦʨʙʮʽʡʥʽ ʤʝʪʦʜʠ ʦʯʠʱʝʥʥʷ ʚʦʜʥʠʭ ʩʠʩʪʝʤ ʚʽʜ ʘʨʦʤʘʪʠʯʥʠʭ 

ʚʫʛʣʝʚʦʜʥʽʚ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʚʠʩʦʢʦʶ ʚʘʨʪʽʩʪʶ, ʩʢʣʘʜʥʽʩʪʶ ʪʘ ʤʘʪʝʨʽʘʣʦʤʽʩʪʢʽʩʪʶ, ʱʦ 

ʨʦʙʠʪʴ ʘʢʪʫʘʣʴʥʠʤ ʧʦʰʫʢ ʥʦʚʠʭ ʵʬʝʢʪʠʚʥʳʭ ʘʜʩʦʨʙʝʥʪʽʚ. ʐʠʨʦʢʝ ʧʦʰʠʨʝʥʥʷ 

ʦʪʨʠʤʫʶʪʴ ʚʦʣʦʢʥʠʩʪʽ ʩʦʨʙʝʥʪʠ, ʱʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʨʦʟʚʠʥʝʥʦʶ ʧʦʚʝʨʭʥʝʶ, ʩʪʽʡʢʽʩʪʶ ʜʦ 

ʘʛʨʝʩʠʚʥʠʭ ʩʝʨʝʜʦʚʠʱ ʪʘ ʥʝʚʠʩʦʢʦʶ ʚʘʨʪʽʩʪʶ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʦʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠ ʤʘʪʝʨʽʘʣ ʤʽʥʝʨʘʣʴʥʦʛʦ ʚʦʣʦʢʥʘ ʚ ʷʢʦʩʪʽ 

ʧʦʪʝʥʮʽʡʥʦʛʦ ʘʜʩʦʨʙʝʥʪʫ ʜʣʷ ʦʯʠʱʝʥʥʷ ʚʦʜ, ʟʘʙʨʫʜʥʝʥʠʭ ʘʨʦʤʘʪʠʯʥʠʤʠ ʩʧʦʣʫʢʘʤʠ. ɼʣʷ 

ʮʴʦʛʦ ʚʠʢʦʨʠʩʪʘʥʦ ʩʫʯʘʩʥʽ ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ: ʉʢʘʥʫʶʯʘ ʝʣʝʢʪʨʦʥʥʘ ʤʽʢʨʦʩʢʦʧʽʷ 

(ʉɽʄ), ʪʝʨʤʦʛʨʘʚʽʤʝʪʨʠʯʥʠʡ ʘʥʘʣʽʟ (ʊɻɸ), ʜʠʬʝʨʝʥʮʽʡʥʠʡ ʪʝʨʤʽʯʥʠʡ ʘʥʘʣʽʟ (ɼʊɸ), 

ʈʝʥʪʛʝʥ-ʧʨʦʤʝʥʝʚʘ ʬʣʫʦʨʝʩʮʝʥʮʽʷ, ʌʣʫʦʨʠʤʝʪʨʠʯʥʠʡ ʘʥʘʣʽʟ. 

ɸʥʘʣʽʟ ʉɽʄ ʧʦʢʘʟʘʚ, ʱʦ ʧʦʚʝʨʭʥʷ ʤʘʪʝʨʽʘʣʫ ʦʜʥʦʨʽʜʥʘ, ʚʦʣʦʢʥʦ ʻ ʧʦʨʦʞʥʠʩʪʠʤ 

ʽ ʤʘʻ ʩʝʨʝʜʥʽʡ ʜʽʘʤʝʪʨ 11 ʥʤ. ʄʘʪʝʨʽʘʣ ʤʘʻ ʢʦʥʛʣʦʤʝʨʘʪʠ ʨʽʟʥʠʭ ʨʦʟʤʽʨʽʚ ʽ ʬʦʨʤ, ʾʭ 

ʜʦʚʞʠʥʘ ʢʦʣʠʚʘʻʪʴʩʷ ʚ ʤʝʞʘʭ 200ï250 ʥʤ, ʘ ʰʠʨʠʥʘ ʢʦʣʠʚʘʻʪʴʩʷ ʚ ʤʝʞʘʭ 80ï160 ʥʤ.  

 ʊɻɸ ʽ ɼʊɸ ʘʥʘʣʽʟʠ ʩʚʽʜʯʘʪʴ ʧʨʦ ʚʪʨʘʪʫ ʚʘʛʠ ʚʽʜ 100 Áʉ ʜʦ 1000 Áʉ ʚ ʘʪʤʦʩʬʝʨʽ N2, 

ʚʽʜ 200 ÁC ʜʦ 475 ÁC ʚ ʘʪʤʦʩʬʝʨʽ ʧʦʚʽʪʨʷ. ɼʘʥʽ ʚʢʘʟʫʶʪʴ ʥʘ ʚʪʨʘʪʫ ʚʦʜʠ ʥʠʞʯʝ 100 Áʉ. 

ʄʘʪʝʨʽʘʣ ʻ ʩʪʽʡʢʠʤ ʚ ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ ʚʽʜ 350 ÁC ʜʦ 955 ÁC. 

ʈʝʥʪʛʝʥ-ʧʨʦʤʝʥʝʚʘ ʬʣʫʦʨʝʩʮʝʥʮʽʷ ʧʦʢʘʟʘʣʘ, ʱʦ ʜʦʤʽʥʫʶʯʠʤʠ ʩʢʣʘʜʦʚʠʤʠ  

ʢʘʤ'ʷʥʦʛʦ ʚʦʣʦʢʥʘ ʻ SiO2, CaO, Na2O ʽ Al 2O3.  

ʄʘʢʩʠʤʘʣʴʥʘ ʩʦʨʙʮʽʡʥʘ ʻʤʥʽʩʪʴ ʤʽʥʝʨʘʣʴʥʦʛʦ ʚʦʣʦʢʥʘ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʙʝʥʟʦʣʫ 

ʟ ʚʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʩʢʣʘʣʘ 17 ʛ ʙʝʥʟʦʣʫ/ʛ ʚʦʣʦʢʥʘ. ʅʘ ʦʩʥʦʚʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ 

ʧʦʙʫʜʦʚʘʥʦ ʽʟʦʪʝʨʤʫ ʘʜʩʦʨʙʮʽʾ ʧʨʠ 20 Áʉ (ʨʠʩ. 1). 

 

                                
ʈʠʩ. 1. ɯʟʦʪʝʨʤʘ ʘʜʩʦʨʙʮʽʾ ʙʝʥʟʦʣʫ 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʤʽʥʝʨʘʣʴʥʝ ʚʦʣʦʢʥʦ ʩʢʣʘʜʘʻ ʧʝʨʩʧʝʢʪʠʚʫ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʡʦʛʦ ʚ 

ʦʯʠʱʝʥʥʽ ʩʪʽʯʥʠʭ ʚʦʜ ʚʽʜ ʙʝʥʟʦʣʫ. 
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ʂɯʅɽʊʀʏʅɯ ɼʆʉʃɯɼɾɽʅʅʗ ʇʈʆʎɽʉʋ ʉʋʃʔʌɸʊʀɿɸʎɯɰ ɿʄɯʅɽʅʆɻʆ 

ɯʃʔʄɽʅɯʊʋ ʄɸʃʀʐɽɺʉʔʂʆɻʆ ʈʆɼʆɺʀʑɸ 

ɼʫʙʝʥʢʦ ɸ. ɺ.1, ʅʽʢʦʣʝʥʢʦ ʄ. ɺ.1, ɹʘʣʘʞʘʢ ʖ. ɺ.1, ʉʫʱʠʥʩʴʢʠʡ ʆ. ɼ.2 
1ɼɺʅɿ çʋʢʨʘʾʥʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʭʽʤʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪè 

2ɼʇ çɼʅɼʇ ɯʥʩʪʠʪʫʪ ʪʠʪʘʥʫè 

anastasiia.dubenko@mail.ru 

 

ʇʦʧʝʨʝʜʥʽ ʜʦʩʣʽʜʞʝʥʥʷʤʠ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʤʝʭʘʥʽʯʥʦʾ ʘʢʪʠʚʘʮʽʾ ʽʣʴʤʝʥʽʪʫ 

ʄʘʣʠʰʝʚʩʴʢʦʛʦ ʨʦʜʦʚʠʱʘ ʚʩʪʘʥʦʚʠʣʠ, ʱʦ ʧʦʜʨʽʙʥʝʥʥʷ ʨʫʜʥʦʛʦ ʢʦʥʮʝʥʪʨʘʪʫ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʜʚʦʭ ʧʨʦʪʠʣʝʞʥʠʭ ʝʬʝʢʪʽʚ: ʟʙʽʣʴʰʫʻʪʴʩʷ ʰʚʠʜʢʽʩʪʴ ʡʦʛʦ ʨʦʟʯʠʥʝʥʥʷ ʚ 

ʩʫʣʴʬʘʪʥʽʡ ʢʠʩʣʦʪʽ ʽ ʦʜʥʦʯʘʩʥʦ ʟʥʠʞʫʻʪʴʩʷ ʩʪʫʧʽʥʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʫʜʥʦʾ ʩʠʨʦʚʠʥʠ ʟ 

ʧʨʠʯʠʥʠ ʧʽʜʚʠʱʝʥʥʷ ʚ ʥʝʾ ʯʘʩʪʢʠ ʥʝʨʦʟʯʠʥʥʦʛʦ ʨʫʪʠʣʫ.  

ɿ ʤʝʪʦʶ ʚʠʙʦʨʫ ʦʧʪʠʤʘʣʴʥʠʭ ʫʤʦʚ ʩʪʘʜʽʾ ʩʫʣʴʬʘʪʠʟʘʮʽʽ ʙʫʣʠ ʧʨʦʚʝʜʝʥʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʩʫʣʴʬʘʪʥʦʢʠʩʣʦʛʦ ʚʠʣʫʛʦʚʫʚʘʥʥʷ ʧʦʜʨʽʙʥʝʥʦʛʦ ʽʣʴʤʝʥʽʪʫ 

ʧʨʠ ʚʘʨʽʶʚʘʥʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʢʠʩʣʦʪʠ. ɽʢʩʧʝʨʠʤʝʥʪʠ ʧʦ ʩʫʣʴʬʘʪʠʟʘʮʽʽ ʧʨʦʚʦʜʠʣʠ ʚ 

ʽʟʦʪʝʨʤʽʯʥʠʭ ʫʤʦʚʘʭ ʧʨʠ ʤʘʩʦʚʦʤʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ ʊ:ʈ = 1:2. ʇʽʩʣʷ ʚʠʣʫʛʦʚʫʚʘʥʥʷ 

ʨʝʘʢʮʽʡʥʫ ʩʫʤʽʰ ʢʽʣʴʢʽʩʥʦ ʧʝʨʝʥʦʩʠʣʠ ʚ ʤʽʨʥʫ ʢʦʣʙʫ, ʟʤʠʚʘʶʯʠ ʾʾ ʨʦʟʯʠʥʦʤ 5 %-ʚʦʾ 

ʩʫʣʴʬʘʪʥʦʾ ʢʠʩʣʦʪʠ ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʛʽʜʨʦʣʽʟʫ ʩʧʦʣʫʢ ʪʠʪʘʥʫ. ɺʤʽʩʪ ʪʠʪʘʥʫ ʚ ʨʦʟʯʠʥʽ 

ʚʠʟʥʘʯʘʣʠ ʬʦʪʦʤʝʪʨʠʯʥʠʤ ʤʝʪʦʜʦʤ ʫ ʬʦʨʤʽ ʧʝʨʦʢʩʠʜʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʧʨʠ ʜʦʚʞʠʥʽ ʭʚʠʣʽ 

400 ʥʤ. ʇʨʠʩʫʪʥʽʩʪʴ ʌʝʨʫʤʫ ʤʘʩʢʫʚʘʣʠ ʬʦʩʬʦʨʥʦʶ ʢʠʩʣʦʪʦʶ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʢʽʥʝʪʠʢʠ ʧʨʦʮʝʩʫ ʩʫʣʴʬʘʪʠʟʘʮʽʾ ʟʤʽʥʝʥʦʛʦ ʽʣʴʤʝʥʽʪʫ  ʧʦʢʘʟʘʣʠ, ʱʦ 

ʤʦʜʝʣʴ çʩʪʠʩʢʘʶʯʦʾ ʩʬʝʨʠè ʜʦʙʨʝ ʧʽʜʭʦʜʠʪʴ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʧʝʨʰʦʛʦ ʝʪʘʧʫ ʮʴʦʛʦ 

ʧʨʦʮʝʩʫ, ʷʢʠʡ ʧʨʦʪʽʢʘʻ ʜʦ ʤʦʤʝʥʪʫ ʟʘʪʚʝʨʜʽʥʥʷ ʨʝʘʢʮʽʡʥʦʾ ʩʫʤʽʰʽ. ɿʥʘʡʜʝʥʦ, ʱʦ ʤʽʞ 

ʩʧʦʩʪʝʨʝʞʫʚʘʥʠʤʠ ʢʦʥʩʪʘʥʪʘʤʠ ʰʚʠʜʢʦʩʪʽ ʭʽʤʽʯʥʦʛʦ ʨʦʟʯʠʥʝʥʥʷ ʟʤʽʥʝʥʦʛʦ ʽʣʴʤʝʥʽʪʫ ʽ 

ʢʦʥʮʝʥʪʨʘʮʽʷʤʠ ʨʦʟʯʠʥʽʚ ʩʫʣʴʬʘʪʥʦʾ ʢʠʩʣʦʪʠ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʣʽʥʽʡʥʘ ʟʘʣʝʞʥʽʩʪʴ ʪʽʣʴʢʠ 

ʜʦ ʢʦʥʮʝʥʪʨʘʮʽʾ 85 ʤʘʩ. % ʽ ʧʨʠ ʧʦʜʘʣʴʰʦʤʫ ʾʾ ʟʙʽʣʴʰʝʥʥʽ ʢʦʥʩʪʘʥʪʘ ʰʚʠʜʢʦʩʪʽ ʨʽʟʢʦ 

ʟʥʠʞʫʻʪʴʩʷ (ʨʠʩ. 1). ɼʣʷ ʧʨʦʮʝʩʫ ʩʫʣʴʬʘʪʠʟʘʮʽʾ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 85 %-ʚʦʾ ʢʠʩʣʦʪʠ 

ʟʘʣʝʞʥʦʩʪʽ ʍ(t) ʤʘʶʪʴ ʬʦʨʤʫ ʚʠʧʫʢʣʠʭ ʢʨʠʚʠʭ, ʘʣʝ ʧʨʠ ʙʽʣʴʰʠʭ ʢʦʥʮʝʥʪʨʘʮʽʷʭ ʚʦʥʠ 

ʧʨʠʡʤʘʶʪʴ S-ʧʦʜʽʙʥʫ ʬʦʨʤʫ (ʨʠʩ. 2). ʊʘʢʠʡ ʭʘʨʘʢʪʝʨ ʟʤʽʥʠ ʍ ʚ ʧʨʦʮʝʩʽ ʩʫʣʴʬʘʪʠʟʘʮʽʾ 

ʧʨʠ ʉ(H2SO4) > 85 % ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʚʠʜʽʣʝʥʥʷʤ ʚʦʜʠ ʚ ʭʦʜʽ ʨʝʘʢʮʽʾ ʤʽʞ FeTiO3 ̔  H2SO4, 

ʱʦ ʩʧʨʠʯʠʥʷʻ ʨʦʟʙʘʚʣʝʥʥʷ ʨʦʟʯʠʥʫ ʢʠʩʣʦʪʠ ʽ ʧʽʜʚʠʱʫʻ ʰʚʠʜʢʽʩʪʴ ʧʨʦʮʝʩʫ. 

  

ʈʠʩ. 1. ɿʽʩʪʘʚʣʝʥʥʷ ʩʧʦʩʪʝʨʝʞʫʚʘʥʠʭ 

ʢʦʥʩʪʘʥʪ h ʚʠʜʢʦʩʪʽ ʧʨʦʮʝʩʫ ʩʫʣʴʬʘʪʠʟʘʮʽʾ 

ʽʣʴʤʝʥʽʪʘ ʟ ʢʦʥʮʝʥʪʨʘʮʽʷʤʠ ʨʦʟʯʠʥʽʚ H2SO4 

ʈʠʩ. 2. ɿʘʣʝʞʥʽʩʪʴ ʩʪʫʧʝʥʶ ʚʠʣʫʯʝʥʥʷ 

ʪʠʪʘʥʫ ʚʽʜ ʯʘʩʫ ʩʫʣʴʬʘʪʠʟʘʮʽʾ ʽʣʴʤʝʥʽʪʘ 

ʧʨʠ 100 ʉ̄ ʪʘ ʢʦʥʮʝʥʪʨʘʮʽʾ H2SO4: 

1 ï 85 %, 2 ï 90 %, 3 ï 96 % 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʜʦʚʝʜʝʥʦ, ɦ ʦ ʧʨʦʚʝʜʝʥʥʷ ʧʨʦʮʝʩʫ ʩʫʣʴʬʘʪʠʟʘʮʽʾ 

ʽʣʴʤʝʥʽʪʦʚʦʛʦ ʢʦʥʮʝʥʪʨʘʪʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 85 %-ʚʦʾ ʩʫʣʴʬʘʪʥʦʾ ʢʠʩʣʦʪʠ ʜʦʟʚʦʣʷʻ 

ʟʙʽʣʴʰʠʪʠ ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʪʚʦʨʝʥʥʷ ʨʫʜʥʦʾ ʩʠʨʦʚʠʥʠ ʚ 4 ʨʘʟʠ.  
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ʍɯʄɯʏʅɽ ʈʆɿʏʀʅɽʅʅʗ ɹɽʈʀʃɯɭɺʆɰ ɹʈʆʅɿʀ  

ɺ ʈʆɿʏʀʅɸʍ ʈɯɿʅʆɻʆ ʉʂʃɸɼʋ  

ɭʛʦʨʦʚʘ ʃ. ʄ. 

ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʘʚʪʦʤʦʙʽʣʴʥʦ-ʜʦʨʦʞʥʽʡ ʫʥʽʚʝʨʩʠʪʝʪ 

chemistry@khadi.kharkov.ua 

 

ʄʽʜʥʽ ʩʧʣʘʚʠ (ʣʘʪʫʥʴ, ʙʝʨʠʣʽʻʚʽ ʙʨʦʥʟʠ) ʻ ʪʝʭʥʽʯʥʦ ʚʘʞʣʠʚʠʤʠ ʚ ʤʘʰʠʥʦʙʫʜʽʚʥʽʡ, 

ʝʣʝʢʪʨʦʥʥʽʡ, ʘʚʽʘʮʽʡʥʽʡ ʽ ʽʥʰʠʭ ʛʘʣʫʟʝʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. ʉʢʣʘʜʥʦʱʽ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʧʨʠ 

ʘʥʦʜʥʽʡ ʦʙʨʦʙʮʽ ʧʦʚʝʨʭʥʽ ʤʽʜʥʠʭ ʩʧʣʘʚʽʚ, ʚʠʤʘʛʘʶʪʴ ʜʝʪʘʣʴʥʦʛʦ ʚʠʚʯʝʥʥʷ ʘʥʦʜʥʦʾ 

ʧʦʚʝʜʽʥʢʠ ʤʽʜʥʠʭ ʩʧʣʘʚʽʚ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʽ ʙʝʨʠʣʽʻʚʠʭ ʙʨʦʥʟ ʚ ʨʦʟʯʠʥʘʭ ʝʣʝʢʪʨʦʣʽʪʽʚ 

ʨʽʟʥʦʛʦ ʩʢʣʘʜʫ.  

ʍʽʤʽʯʥʝ ʪʨʘʚʣʝʥʥʷ ɹʨɹ2 ʚʠʚʯʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʤʝʪʦʜʽʚ 

ʜʦʩʣʽʜʞʝʥʥʷ: ʛʨʘʚʽʤʝʪʨʠʯʥʦʛʦ, ʝʣʝʢʪʨʦʥʦ-ʟʦʥʜʦʚʦʛʦ ʤʽʢʨʦʘʥʘʣʽʟʫ, ʘʪʦʤʥʦ-ʘʙʩʦʨʙʮʽʡʥʦʾ 

ʩʧʝʢʪʨʦʤʝʪʨʽʾ. 

ɼʣʷ ʟôʷʩʫʚʘʥʥʷ ʩʪʘʥʫ ʤʘʪʝʨʽʘʣʫ (ʩʧʣʘʚ ɹʨɹ2), ʘ ʩʘʤʝ ʟʘʛʘʨʪʦʚʘʥʠʡ ʘʙʦ ʟʽʩʪʘʨʝʥʠʡ 

ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʚʠʟʥʘʯʝʥʥʷ ʪʚʝʨʜʦʩʪʽ ʩʧʣʘʚʫ ɹʨɹ2 ʧʦ ɹʨʠʥʝʣʣʶ HB ʥʘ ʪʚʝʨʜʦʤʽʨʽ UIT-

HBW-1S ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʠ çɺʠʟʥʘʯʝʥʥʷ ʪʚʝʨʜʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ ʚʪʠʩʢʫʚʘʥʥʷʤ 

ʩʬʝʨʠʯʥʦʛʦ ʽʥʜʝʥʪʦʨʘè. ɺ ʦʩʥʦʚʽ ʧʨʦʛʨʘʤʠ, ʧʦ ʷʢʽʡ ʚʠʟʥʘʯʘʣʘʩʷ ʪʚʝʨʜʽʩʪʴ ʣʝʞʠʪʴ 

ɼʉʊʋISO 6506-1. ɹʫʣʦ ʚʠʟʥʘʯʝʥʦ, ʱʦ HB = 284,3 ï ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʟʽʩʪʘʨʝʥʦʤʫ ʩʪʘʥʫ 

ʙʝʨʠʣʽʻʚʦʾ ʙʨʦʥʟʠ. 

ʇʨʦʚʝʜʝʥʦ ʝʢʩʧʝʨʠʤʝʥʪ ʧʦ ʨʦʟʯʠʥʝʥʥʶ ʩʧʣʘʚʫ ɹʨɹ2 ʚ ʨʦʟʯʠʥʘʭ ʨʽʟʥʦʛʦ ʩʢʣʘʜʫ 

ʧʨʠ ʚʠʩʦʢʽʡ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʴ ʆɼɽ (ɤ = 74 ʦʙĿʩï1), ʱʦ ʜʦʟʚʦʣʷʻ ʽʤʽʪʫʚʘʪʠ 

ʛʽʜʨʦʜʠʥʘʤʽʯʥʽ ʫʤʦʚʠ ʩʪʨʫʡʥʦʛʦ ʪʨʘʚʣʝʥʥʷ ʪʘ ʟʥʷʪʠ ʜʠʬʫʟʽʡʥʽ ʦʙʤʝʞʝʥʥʷ ʧʦ ʚʽʜʚʝʜʝʥʥʶ 

ʧʨʦʜʫʢʪʽʚ ʨʦʟʯʠʥʝʥʥʷ ʤʽʜʥʦʾ ʩʢʣʘʜʦʚʦʾ ʚ ʦʙôʻʤ ʨʦʟʯʠʥʫ. ɺʠʙʽʨ ʩʢʣʘʜʫ ʪʨʘʚʠʣʴʥʠʭ 

ʨʦʟʯʠʥʽʚ ʙʫʚ ʦʙʫʤʦʚʣʝʥʠʡ ʾʭ ʧʨʘʢʪʠʯʥʠʤ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚ ʧʨʦʮʝʩʘʭ ʪʨʘʚʣʝʥʥʷ 

ʙʝʨʠʣʽʻʚʦʾ ʙʨʦʥʟʠ. 

ʈʝʟʫʣʴʪʘʪʠ ʧʦʢʘʟʘʣʠ, ʱʦ ʨʦʟʯʠʥʝʥʥʷ ʙʝʨʠʣʽʻʚʦʾ ʙʨʦʥʟʠ ʚ ʨʦʟʯʠʥʘʭ FeCl3 ʟʥʘʯʥʦ 

ʚʠʱʝ, ʥʽʞ ʚ ʽʥʰʠʭ ʝʣʝʢʪʨʦʣʽʪʘʭ, ʱʦ ʧʦʚôʷʟʘʥʦ ʟ ʚʠʩʦʢʦʶ ʦʢʠʩʣʶʚʘʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ ʽʦʥʽʚ 

Fe3+. ʊʦʤʫ ʟʘ ʦʩʥʦʚʥʠʡ ʨʦʟʯʠʥ ʙʫʣʦ ʦʙʨʘʥʦ ʨʦʟʯʠʥ FeCl3. ʅʘʡʙʽʣʴʰ ʚʠʩʦʢʘ ʰʚʠʜʢʽʩʪʴ 

ʨʦʟʯʠʥʝʥʥʷ ʩʧʣʘʚʫ ɹʨɹ2 ʫ 0,5 ʄ FeCl3. ʅʘ ʧʽʜʩʪʘʚʽ ʘʥʘʣʽʟʫ ʟʥʘʯʝʥʥʷ ʰʚʠʜʢʦʩʪʽ 

ʨʦʟʯʠʥʝʥʥʷ ʩʧʣʘʚʫ ɹʨɹ2 ʙʫʣʦ ʦʙʨʘʥʦ ʨʷʜ ʩʢʣʘʜʽʚ ʪʨʘʚʠʣʴʥʠʭ ʨʦʟʯʠʥʽʚ ʟ ʚʠʩʦʢʦʶ 

ʰʚʠʜʢʽʩʪʶ ʨʦʟʯʠʥʝʥʥʷ, ʫ ʷʢʠʭ ʜʦʩʣʽʜʞʝʥʘ ʩʝʣʝʢʪʠʚʥʽʩʪʴ ʨʦʟʯʠʥʝʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ 

ʙʝʨʠʣʽʻʚʦʾ ʙʨʦʥʟʠ ʨʠʩ. 1. 

 

 

1 ï 0,5 ʄ FeCl3; 2 ï 0,75 ʄ FeCl3; 

3 ï 1,0 ʄ FeCl3; 4 ï 0,5 ʄ FeCl3 + 1,5 

ʄ KNO3; 5 ï 0,5 ʄ FeCl3 + 1,5 ʄ 

KNO3 + 0,5 ʄ HCl; 6 ï  0,5 ʄ FeCl3 

+ 0,5 ʄ Fe(NO3)3; 7 ï 0,5 ʄ FeCl3 + 

0,5 ʄ Fe(NO3)3 + 0,25 ʄ H2SO4; 8 ï 

0,5 ʄ FeCl3 + 0,5 ʄ Fe(NO3)3 + 0,5 

ʄ HCl; 9 ï 0,5 ʄ FeCl3 + 0,5 ʄ 

Fe(NO3)3 + 0,5 ʄ HNO3 

ʈʠʩ. 1. ɻʽʩʪʦʛʨʘʤʘ ʟʘʣʝʞʥʦʩʪʽ ʰʚʠʜʢʦʩʪʽ ʪʘ ʩʝʣʝʢʪʠʚʥʦʩʪʽ ʨʦʟʯʠʥʝʥʥʷ ʩʧʣʘʚʫ ɹʨɹ2 ʚʽʜ 

ʩʢʣʘʜʫ ʪʨʘʚʠʣʴʥʦʛʦ ʨʦʟʯʠʥʫ, ʤʦʣʴ/ʣ 

 

ɿ ʛʽʩʪʦʛʨʘʤʠ ʟʘʣʝʞʥʦʩʪʽ ʰʚʠʜʢʦʩʪʽ ʪʘ ʩʝʣʝʢʪʠʚʥʦʩʪʽ ʨʦʟʯʠʥʝʥʥʷ ʩʧʣʘʚʫ ɹʨɹ2 ʚʽʜ 

ʩʢʣʘʜʫ ʪʨʘʚʠʣʴʥʦʛʦ ʨʦʟʯʠʥʫ (ʨʠʩ. 1) ʚʠʜʥʦ, ʱʦ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʝ ʪʘ ʨʽʚʥʦʤʽʨʥʝ 

ʨʦʟʯʠʥʝʥʥʷ ʩʧʣʘʚʫ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʫ ʨʦʟʯʠʥʘʭ ʩʢʣʘʜʫ 1 ʪʘ 7,8. 

ʆʙʨʘʥʦ ʩʢʣʘʜʠ ʨʦʟʯʠʥʽʚ ʜʣʷ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʦʛʦ ʪʨʘʚʣʝʥʥʷ ʙʝʨʠʣʽʻʚʦʾ ʙʨʦʥʟʠ ɹʨɹ2 ï 

0,5 ʄ FeCl3 + 1,5 ʄ KNO3 + 0,5 ʄ HCl ʪʘ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʦʛʦ ʨʽʚʥʦʤʽʨʥʦʛʦ ʪʨʘʚʣʝʥʥʷ ï 

0,5 ʄ FeCl3. 
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ʐʃʗʍʀ ʋʊʀʃɯɿɸʎɯɰ ɹɽʅʊʆʅɯʊʆɺʀʍ ʐʃɸʄɯɺ ʇɯʉʃʗ ɺʀʃʋʏɽʅʅʗ 

ʉʄʆʃʀʉʊʀʍ ʈɽʏʆɺʀʅ ɿ ʇʈʆʄʀʉʃʆɺʀʍ ʉʊɯʏʅʀʍ ɺʆɼ 

ɭʣʘʪʦʥʮʝʚ ɼ. ʆ., ɯʚʘʥʯʝʥʢʦ ɸ. ɺ. 

ɼʥʽʧʨʦʚʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

ya.nah2015@yandex.ru 

 

ʉʝʨʝʜ ʤʦʞʣʠʚʠʭ ʰʣʷʭʽʚ ʫʪʠʣʽʟʘʮʽʾ ʰʣʘʤʽʚ, ʢʦʪʨʽ ʫʪʚʦʨʶʶʪʴʩʷ ʧʨʠ ʦʯʠʱʝʥʥʽ 

ʩʪʽʯʥʠʭ ʚʦʜ ʢʦʢʩʦʭʽʤʽʯʥʠʭ ʚʠʨʦʙʥʠʮʪʚ ʟʘʙʨʫʜʥʝʥʠʭ ʩʤʦʣʠʩʪʠʤʠ ʨʝʯʦʚʠʥʘʤʠ (ʤʘʩʣʘʤʠ ʽ 

ʩʤʦʣʘʤʠ) ʟʘ ʜʦʧʦʤʦʛʦʶ ʙʝʥʪʦʥʽʪʦʚʦʾ ʛʣʠʥʠ ʟ ʜʦʙʘʚʢʦʶ ʬʣʦʢʫʣʷʥʪʫ, ʥʘʡʙʽʣʴʰ 

ʜʦʮʽʣʴʥʠʤʠ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʾʭ ʫ ʷʢʦʩʪʽ ʟʚôʷʟʫʶʯʦʾ ʜʦʙʘʚʢʠ (ʫ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʦʩʥʦʚʥʦʛʦ 

ʢʦʤʧʦʥʝʥʪʫ) ʜʦ ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʠʭ ʩʫʤʽʰʝʡ ʧʨʠ ʧʨʦʢʣʘʜʮʽ ʜʦʨʦʞʥʽʭ ʧʦʢʨʠʪʪʽʚ; 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʾʭ ʜʣʷ ʫʪʚʦʨʝʥʥʷ ʥʘʩʠʧʽʚ ʥʘʜ ʩʭʦʚʠʱʘʤʠ ʥʝʙʝʟʧʝʯʥʠʭ ʰʢʽʜʣʠʚʠʭ, ʫ ʪʦʤʫ 

ʯʠʩʣʽ ʨʘʜʽʦʘʢʪʠʚʥʠʭ, ʨʝʯʦʚʠʥ ʪʘ ʚʽʜʭʦʜʽʚ. ʋ ʦʩʪʘʥʥʴʦʤʫ ʥʘʧʨʷʤʽ ʚʝʜʫʪʴʩʷ ʜʦʩʣʽʜʞʝʥʥʷ 

ʫʢʨʘʾʥʩʴʢʠʤʠ ʥʘʫʢʦʚʮʷʤʠ, ʟʦʢʨʝʤʘ, ʟ ʅʋ çʃʴʚʽʚʩʴʢʘ ʇʦʣʽʪʝʭʥʽʢʘè.  

ʇʨʘʢʪʠʢʘ ʫʪʠʣʽʟʘʮʽʾ ʚʽʜʭʦʜʽʚ, ʟ ʜʦʙʨʠʤʠ ʚôʷʞʫʯʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʚʞʝ ʩʴʦʛʦʜʥʽ 

ʧʦʰʠʨʝʥʘ ʫ ʢʨʘʾʥʘʭ ʽʟ ʨʦʟʚʠʥʫʪʦʶ ʥʘʬʪʦʧʝʨʝʨʦʙʥʦʶ ʧʨʦʤʠʩʣʦʚʽʩʪʶ, ʙʘʛʘʪʠʭ 

ʧʨʠʨʦʜʥʠʤʠ ʧʦʢʣʘʜʘʤʠ ʙʝʥʪʦʥʽʪʦʚʠʭ ʛʣʠʥ ï ɹʣʠʟʴʢʠʡ ʉʭʽʜ, ʉʐɸ, ʜʝʷʢʽ ʢʨʘʾʥʠ 

ʧʽʚʜʝʥʥʦ-ʩʭʽʜʥʦʾ ɸʟʽʾ. ʋ ʥʘʟʚʘʥʠʭ ʢʨʘʾʥʘʭ ʙʝʥʪʦʥʽʪʦʚʠʡ ʰʣʘʤ, ʟʘʙʨʫʜʥʝʥʠʡ 

ʨʽʟʥʦʤʘʥʽʪʥʠʤʠ ʚʫʛʣʝʚʦʜʥʷʤʠ, ʢʦʪʨʠʡ ʫʪʚʦʨʶʻʪʴʩʷ ʧʨʠ ʦʯʠʩʪʮʽ ʩʪʽʯʥʠʭ ʚʦʜ ʧʝʨʝʨʦʙʢʠ 

ʥʘʬʪʠ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʧʨʦʢʣʘʜʢʠ ʜʦʨʦʞʥʽʭ ʧʦʢʨʠʪʪʽʚ. ɼʦʩʚʽʜ ʚʠʢʦʨʠʩʪʘʥʥʷ ʰʣʘʤʫ, 

ʟʘʙʨʫʜʥʝʥʦʛʦ ʚʫʛʣʝʚʦʜʥʷʤʠ ʢʦʢʩʦʭʽʤʽʯʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ ʧʦʢʠ ʱʦ ʤʘʣʦ ʜʦʩʣʽʜʞʝʥʠʡ, ʘʣʝ 

ʟʚʘʞʘʶʯʠ ʥʘ ʟʥʘʯʥʫ ʧʦʜʽʙʥʽʩʪʴ ʫ ʭʽʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʷʭ ʟʙʫʜʥʠʢʽʚ, ʮʝʡ ʰʣʷʭ ʫʪʠʣʽʟʘʮʽʾ 

ʜʘʥʦʾ ʨʝʯʦʚʠʥʠ ʩʣʽʜ ʚʚʘʞʘʪʠ ʤʦʞʣʠʚʠʤ. ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʧʨʘʢʪʠʯʥʦ ʨʝʘʣʽʟʫʻʪʴʩʷ 

ʧʨʠʥʮʠʧ ʢʦʤʧʣʝʢʩʥʦʛʦ ʝʢʦʣʦʛʽʯʥʦ-ʜʦʮʽʣʴʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽ ʫʪʠʣʽʟʘʮʽʾ ʩʠʨʦʚʠʥʠ, 

ʢʦʪʨʦʤʫ ʥʘʤʘʛʘʶʪʴʩʷ ʩʣʽʜʫʚʘʪʠ ʧʝʨʝʜʦʚʽ ʜʝʨʞʘʚʠ ʩʚʽʪʫ.  

ɿʘʣʝʞʥʦ ʚʽʜ ʪʦʛʦ, ʷʢʠʡ ʤʝʪʘʣ ʩʪʘʥʦʚʠʪʴ ʙʽʣʴʰʽʩʪʴ ʯʘʩʪʠʥʫ ʩʢʣʘʜʫ ʤʽʥʝʨʘʣʫ, 

ʨʦʟʨʽʟʥʷʶʪʴ ʜʚʘ ʦʩʥʦʚʥʠʭ ʪʠʧʠ ʙʝʥʪʦʥʽʪʫ: ʣʫʞʥʠʡ ʽ ʣʫʞʥʦʟʝʤʝʣʴʥʠʡ. ʈʝʥʪʛʝʥ-

ʬʣʫʦʨʝʩʮʝʥʪʥʠʡ ʘʥʘʣʽʟ ʟʨʘʟʢʽʚ ʙʝʥʪʦʥʽʪʫ ʨʽʟʥʠʭ ʪʠʧʽʚ ʧʦʢʘʟʘʚ, ʱʦ ʙʽʣʴʰʝ 90 % ʾʭ 

ʤʘʩʦʚʦʛʦ ʩʢʣʘʜʫ ʩʢʣʘʜʘʶʪʴ ʦʢʩʠʛʝʥʦʚʤʽʩʥʽ ʩʧʦʣʫʢʠ ʢʨʝʤʥʽʶ ʪʘ ʘʣʶʤʽʥʽʶ, ʢʦʪʨʽ, ʷʢ 

ʚʽʜʦʤʦ, ʩʢʣʘʜʘʶʪʴ ʦʩʥʦʚʫ ʙʽʣʴʰʦʩʪʽ ʙʫʜʽʚʝʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʠʧʫ, 

ʤʽʥʝʨʘʣʴʥʠʡ ʚʤʽʩʪ ʛʣʠʥʠ ʢʦʣʠʚʘʻʪʴʩʷ ʚʽʜ 75 ʜʦ 99 %, ʥʘʩʠʧʥʘ ʱʽʣʴʥʽʩʪʴ ï ʚʽʜ 0,4 ʜʦ 

1,1 ʛ/ʩʤ3. ʍʽʤʽʯʥʠʡ ʩʢʣʘʜ ʟʨʘʟʢʽʚ ʧʨʠʨʦʜʥʦʛʦ ʙʝʥʪʦʥʽʪʫ ʥʘʜʘʥʦ ʫ ʪʘʙʣ. 1. 

 

ʊʘʙʣʠʮʷ 1.  ʍʽʤʽʯʥʠʡ ʩʢʣʘʜ ʟʨʘʟʢʽʚ ʧʨʠʨʦʜʥʦʛʦ ʙʝʥʪʦʥʽʪʫ, % 

ʊʠʧ  Al 2ʆ3 Siʆ2 Na2O K2ʆ Caʆ Fe2ʆ3 Mnʆ2 Srʆ Tiʆ2 

ʃʫʞʥʠʡ ʨʘʟʦʢ 23,756 69,872 2,908 1,006 1,072 1,243 0,087 0,028 0,001 

ʃʫʞʥʦʟʝʤʝʣʴʥʠʡ 

ʟʨʘʟʦʢ 
19,512 66,988 0,262 0,211 2,341 7,927 0,094 0,055 2,572 

 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʜʦʚʝʜʝʥʦ ʚʠʩʦʢʫ ʦʯʠʩʥʫ ʟʜʘʪʥʽʩʪʴ ʧʨʠʨʦʜʥʦʾ ʣʫʞʥʦʾ 

ʙʝʥʪʦʥʽʪʦʚʦʾ ʛʣʠʥʠ ʱʦʜʦ ʚʠʣʫʯʝʥʥʷ ʩʤʦʣʠʩʪʠʭ ʨʝʯʦʚʠʥ ʟ ʚʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʧʨʠ 

ʜʦʙʘʚʮʽ ʢʘʪʽʦʥʥʦʛʦ ʬʣʦʢʫʣʷʥʪʫ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʫʪʚʦʨʶʶʪʴʩʷ ʰʣʘʤ, ʱʦ ʫ 3ï5 ʨʘʟʽʚ ʙʽʣʴʰʝ 

ʚʽʜ ʤʘʩʠ ʜʦʜʘʥʦʛʦ ʙʝʥʪʦʥʽʪʫ, ʷʢʠʡ ʧʽʩʣʷ ʚʠʩʠʭʘʥʥʷ ʥʘ ʧʦʚʽʪʨʽ ʪʚʝʨʜʽʻ, ʫʪʚʦʨʶʶʯʠ ʤʽʮʥʫ 

ʢʽʨʦʯʢʫ.  

ʇʨʠʡʤʘʶʯʠ ʜʦ ʫʚʘʛʠ ʧʦʪʫʞʥʽ ʧʦʢʣʘʜʠ ʙʝʥʪʦʥʽʪʦʚʠʭ ʛʣʠʥ ʋʢʨʘʾʥʠ (ʦʜʥʝ 

ʏʝʨʢʘʩʴʢʝ ʨʦʜʦʚʠʱʝ ʦʜʥʝ ʟ ʥʘʡʙʽʣʴʰʠʭ ʚ ɭʚʨʦʧʽ), ʘ ʪʘʢʦʞ ʟʘʛʘʣʴʥʦʜʝʨʞʘʚʥʫ ʛʦʩʪʨʫ 

ʧʦʪʨʝʙʫ ʚ ʷʢʽʩʥʠʭ ʜʦʨʦʞʥʽʭ ʧʦʢʨʠʪʪʷʭ ʚ ʫʤʦʚʘʭ ʝʢʦʥʦʤʽʯʥʦʾ ʢʨʠʟʠ, ʮʝʡ ʰʣʷʭ ʫʪʠʣʽʟʘʮʽʾ 

ʜʘʥʠʭ ʰʣʘʤʽʚ ʻ ʦʧʪʠʤʘʣʴʥʠʤ. 
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ʉʀʅʊɽɿ ɻɯɼʈʆʂʉʀɸʇɸʊʀʊʋ 

ɿʥʘʢ ɼ. ɸ., ɼʦʥʮʦʚʘ ʊ. ɸ. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪè 

dimaznak1994@gmail.com, dontsova@ua.fm 

 

ɺ ʦʩʪʘʥʥʽ ʨʦʢʠ ʟʥʘʯʥʘ ʫʚʘʛʘ ʧʨʠʜʽʣʷʻʪʴʩʷ ʩʪʚʦʨʝʥʥʶ ʬʦʩʬʘʪʥʦʢʘʣʴʮʽʻʚʠʤ 

ʤʘʪʝʨʽʘʣʘʤ ʯʝʨʝʟ ʾ ʭ ʚʠʩʦʢʫ ʙʽʦʩʫʤʽʩʥʽʩʪʴ ʪʘ ʙʽʦʘʢʪʠʚʥʽʩʪʴ, ʷʢʽ ʧʨʠʟʥʘʯʝʥʽ, ʚ ʧʝʨʰʫ ʯʝʨʛʫ, 

ʜʣʷ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʜʝʬʝʢʪʽʚ ʢʽʩʪʢʦʚʠʭ ʪʢʘʥʠʥ, ʱʦ ʫʪʚʦʨʶʶʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʧʘʪʦʣʦʛʽʯʥʠʭ 

ʟʤʽʥ ʚ ʦʨʛʘʥʽʟʤʽ, ʟʥʘʯʥʠʭ ʭʽʨʫʨʛʽʯʥʠʭ ʚʪʨʫʯʘʥʴ ʘʙʦ ʪʨʘʚʤ. ʈʦʟʨʦʙʣʝʥʦ ʪʘ ʚʠʚʯʝʥʦ ʙʘʛʘʪʦ 

ʚʘʨʽʘʥʪʽʚ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʝʨʘʤʽʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʦʩʥʦʚʽ ʬʦʩʬʘʪʽʚ ʢʘʣʴʮʽʶ ʚ ʦʨʛʘʥʽʟʤʽ: 

ʚʽʜ ʩʧʝʯʝʥʠʭ ʽʤʧʣʘʥʪʘʪʽʚ, ʥʝʩʫʯʠʭ ʬʽʟʽʦʣʦʛʽʯʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʜʦ ʮʝʤʝʥʪʽʚ, ʱʦ 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ ʧʣʘʩʪʠʢʠ ʢʽʩʪʢʦʚʠʭ ʜʝʬʝʢʪʽʚ, ʢʝʨʘʤʽʯʥʠʭ ʟʘʩʦʙʽʚ ʣʦʢʘʣʽʟʦʚʘʥʦʾ ʪʘ 

ʧʨʦʣʦʥʛʦʚʘʥʦʾ ʜʦʩʪʘʚʢʠ ʣʽʢʘʨʩʴʢʠʭ ʧʨʝʧʘʨʘʪʽʚ ʚ ʦʨʛʘʥʽʟʤ, ʙʽʦʘʢʪʠʚʥʠʭ ʧʦʢʨʠʪʪʽʚ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʽʥʪʝʛʨʘʮʽʶ ʽʤʧʣʘʥʪʘʪʫ ʟ ʢʽʩʪʢʦʚʦʶ ʪʢʘʥʠʥʦʶ, ʽ ʧʦʨʠʩʪʠʭ ʤʘʪʨʠʢʩʽʚ ʜʣʷ 

ʢʣʽʪʠʥʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʢʽʩʪʢʦʚʠʭ ʪʢʘʥʠʥ. ʉʝʨʝʜ ʚʝʣʠʢʦʛʦ ʨʽʟʥʦʤʘʥʽʪʪʷ 

ʛʽʜʨʦʢʩʠʘʧʘʪʠʪ (ɻɸʇ) ʻ ʥʘʡʙʽʣʴʰ ʙʘʞʘʥʠʤ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʧʝʨʝʣʽʯʝʥʠʭ ʥʘʧʨʷʤʢʘʭ. 

ʄʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʙʫʣʦ ʚʽʜʧʨʘʮʶʚʘʥʥʷ ʤʝʪʦʜʠʢʠ ʩʠʥʪʝʟʫ ɻɸʇ. ɼʣʷ ʩʠʥʪʝʟʫ 

ɻɸʇ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʥʘʩʪʫʧʥʽ ʨʝʘʢʪʠʚʽ: Caʆ, ʉ12ʅ22ʆ11 ʪʘ (NH4)2HPO4 ʢʚʘʣʽʬʽʢʘʮʽʾ 

çʭʯè. ʉʠʥʪʝʟ ʧʨʦʚʦʜʠʣʠ ʟʘ ʢʽʤʥʘʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʜʦʜʘʶʯʠ ʩʪʝʭʽʦʤʝʪʨʠʯʥʫ ʢʽʣʴʢʽʩʪʴ 

ʨʦʟʯʠʥʫ (NH4)2HPO4 ʽʟ ʤʘʣʦʶ ʰʚʠʜʢʽʩʪʶ ʜʦ ʧʦʧʝʨʝʜʥʴʦ ʧʨʠʛʦʪʦʚʘʥʦʛʦ ʨʦʟʯʠʥʫ 

Caʉ12ʅ20ʆ11 ʧʨʠ ʧʦʩʪʽʡʥʦʤʫ ʧʝʨʝʤʽʰʫʚʘʥʥʽ. ʇʽʩʣʷ ʫʪʚʦʨʝʥʥʷ ʦʩʘʜʫ ʡʦʛʦ 

ʚʽʜʬʽʣʴʪʨʦʚʫʚʘʣʠ ʥʘ ʚʘʢʫʫʤ-ʬʽʣʴʪʨʽ ʪʘ ʚʠʩʫʰʫʚʘʣʠ ʧʨʠ 80 Áʉ. ɼʘʣʽ ʦʪʨʠʤʘʥʠʡ ʧʦʨʦʰʦʢ 

ʧʨʦʞʘʨʶʚʘʣʠ ʚ ʤʫʬʝʣʴʥʽʡ ʧʝʯʽ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 500 Áʉ ʚʧʨʦʜʦʚʞ 1 ʛʦʜʠʥʠ. ʆʪʨʠʤʘʥʠʡ 

ʟʨʘʟʦʢ ʜʦʩʣʽʜʞʫʚʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʠʬʨʘʢʪʦʤʝʪʨʘ Ultima IV Rigaku, ʨʝʥʪʛʝʥʦʛʨʘʤʘ 

ʷʢʦʛʦ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʫ. 

 
ʈʠʩ. 1. ʈʝʥʪʛʝʥʦʛʨʘʤʘ ʦʪʨʠʤʘʥʦʛʦ ʟʨʘʟʢʘ 

 

ʇʨʝʜʩʪʘʚʣʝʥʘ ʨʝʥʪʛʝʥʦʛʨʘʤʘ ʙʫʣʘ ʘʚʪʦʤʘʪʠʯʥʦ ʧʨʦʘʥʘʣʽʟʦʚʘʥʘ ʧʘʢʝʪʦʤ ʧʨʦʛʨʘʤ 

PDXL ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʙʘʟ ʜʘʥʠʭ ICDD/PDF-2 ʽ COD ʪʘ ʟʛʽʜʥʦ ʢʘʨʪʮʽ 00-054-0022 (ʙʘʟʘ 

ICDD/PDF-2) ʟʨʘʟʦʢ ʙʫʚ ʽʜʝʥʪʠʬʽʢʦʚʘʥʠʡ ʷʢ ʯʠʩʪʠʡ ɻɸʇ. ɼʘʥʠʡ ʨʝʟʫʣʴʪʘʪ ʪʘʢʦʞ ʙʫʣʦ 

ʧʽʜʪʚʝʨʜʞʝʥʦ ɯʏ-ʩʧʝʢʪʨʦʩʢʦʧʽʻʶ. ʆʢʨʽʤ ʮʴʦʛʦ, ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʜʝʢʽʣʴʢʘ ʧʘʨʘʣʝʣʴʥʠʭ 

ʩʠʥʪʝʟʽʚ ʟʘ ʚʠʟʥʘʯʝʥʠʭ ʫʤʦʚ ʽ ʚ ʨʝʟʫʣʴʪʘʪʽ ʷʢʠʭ ʙʫʣʦ ʪʘʢʦʞ ʦʪʨʠʤʘʥʦ ɻɸʇ. ʊʘʢʠʤ ʯʠʥʦʤ, 

ʙʫʣʦ ʚʽʜʧʨʘʮʴʦʚʘʥʦ ʤʝʪʦʜʠʢʫ ʦʪʨʠʤʘʥʥʷ ɻɸʇ ʧʨʝʜʩʪʘʚʣʝʥʠʤ ʤʝʪʦʜʦʤ. 
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ʇʈʆɹʃɽʄʀ ʃɯʂɺɯɼɸʎɯɰ ɺɯɼʍʆɼɯɺ ɺɯɼɼɯʃɽʅʅʗ ɺʀʇɸʃʖɺɸʅʅʗ 

ɺɸʇʅʗʂʋ ʋ ɺʀʈʆɹʅʀʎʊɺɯ ʂɸʃʔʎʀʅʆɺɸʅʆɰ ʉʆɼʀ  

ʂʘʨʣʘʰ ɺ. ɯ., ɯʚʘʥʯʝʥʢʦ ɸ. ɺ. 

ɼʥʽʧʨʦʚʩʢʠʡ ʜʝʨʞʘʚʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ  

karlashvladimir94@mail.ru 

 

ɿ ʩʫʯʘʩʥʠʤ ʨʦʟʚʠʪʢʦʤ ʭʽʤʽʯʥʠʭ ʚʠʨʦʙʥʠʮʪʚ, ʘʢʪʫʘʣʴʥʦʶ ʩʪʘʣʘ ʧʨʦʙʣʝʤʘ 

ʫʪʠʣʽʟʘʮʽʾ ʚʽʜʭʦʜʽʚ. ɺʯʝʥʽ ʩʪʘʚʣʷʪʴ ʟʘ ʤʝʪʫ ʥʝ ʪʽʣʴʢʠ ʧʦʚʥʫ ʣʽʢʚʽʜʘʮʽʶ ʚʽʜʭʦʜʽʚ 

ʝʢʦʣʦʛʽʯʥʦ ʯʠʩʪʠʤ ʤʝʪʦʜʦʤ, ʘʣʝ ʡ ʜʦʮʽʣʴʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʣʠʰʢʽʚ ʫ ʚʣʘʩʥʦʤʫ ʘʙʦ ʫ 

ʽʥʰʠʭ ʚʠʨʦʙʥʠʮʪʚʘʭ. ʋ ʨʘʟʽ ʥʝʚʽʜʧʦʚʽʜʥʦʾ ʣʽʢʚʽʜʘʮʽʾ, ʚʽʜʭʦʜʠ  ʩʪʘʥʦʚʣʷʪʴ ʥʝʙʝʟʧʝʢʫ ʜʣʷ 

ʟʜʦʨʦʚËʷ ʧʨʘʮʶʶʯʦʛʦ ʧʝʨʩʦʥʘʣʫ ʚʠʨʦʙʥʠʮʪʚʘ.  

ʋ ʚʠʨʦʙʥʠʮʪʚʽ ʢʘʣʴʮʠʥʦʚʘʥʦʾ ʩʦʜʠ, ʟʦʢʨʝʤʘ ʫ ʚʽʜʜʽʣʝʥʥʽ ʚʠʧʘʣʶʚʘʥʥʷ ʚʘʧʥʷʢʫ, 

ʫʪʠʣʽʟʘʮʽʾ ʚʽʜʭʦʜʽʚ ʧʨʠʜʽʣʷʻʪʴʩʷ ʚʝʣʠʢʘ ʫʚʘʛʘ. ʆʩʥʦʚʥʠʤʠ ʚʽʜʭʦʜʘʤʠ ʮʴʦʛʦ ʚʽʜʜʽʣʝʥʥʷ ʻ 

ʚʘʧʥʷʢʦʚʠʡ ʘʙʦ ʚʘʧʥʷʥʠʡ ʜʨʽʙËʷʟʦʢ ʪʘ ʚʘʧʥʷʥʠʡ ʧʠʣ. ɺʘʧʥʷʥʠʡ ʜʨʽʙËʷʟʦʢ ʫʪʚʦʨʶʻʪʴʩʷ 

ʚʥʘʩʣʽʜʦʢ ʟʛʦʨʘʥʥʷ ʢʨʝʡʜʠ ʫ ʰʘʭʪʥʠʭ ʧʝʯʘʭ. ʆʩʢʽʣʴʢʠ ʜʨʽʙʥʝ ʚʘʧʥʦ  ʚʪʨʘʯʘʻ ʩʚʦʾ ʘʢʪʠʚʥʽ 

ʬʫʥʢʮʽʾ, ʡʦʛʦ ʧʦʪʨʽʙʥʦ ʫʪʠʣʽʟʫʚʘʪʠ ʚ ʽʥʰʝ ʚʠʨʦʙʥʠʮʪʚʦ, ʘ ʜʨʽʙʥʫ ʢʨʝʡʜʫ ʟʘʩʪʦʩʦʚʫʚʘʪʠ 

ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʚʘʧʥʘ. ɺʘʧʥʷʥʠʡ ʜʨʽʙËʷʟʦʢ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʘʪʠ ʫ ʚʠʨʦʙʥʠʮʪʚʽ  

ʙʫʜʽʚʝʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʪʘʢʠʭ ʷʢ ʮʝʤʝʥʪ ʪʘ ʟʤʝʣʝʥʘ ʢʨʝʡʜʘ, ʷʢʘ ʻ ʚʘʞʣʠʚʠʤ ʢʦʤʧʦʥʝʥʪʦʤ 

ʫ ʙʫʜʽʚʥʠʮʪʚʽ. ʇʠʣ, ʱʦ ʚʠʜʽʣʷʻʪʴʩʷ ʧʨʠ ʩʧʘʣʶʚʘʥʥʽ ʤʽʩʪʠʪʴ ʫ ʩʚʦʻʤʫ ʩʢʣʘʜʽ ʚʘʧʥʦ ʽ 

ʩʪʚʦʨʶʻ ʟʘʛʨʦʟʫ ʟʜʦʨʦʚôʶ ʧʨʘʮʽʚʥʠʢʽʚ, ʚʽʥ ʧʦʜʨʘʟʥʶʻ  ʚʦʣʦʛʫ ʰʢʽʨʫ ʪʘ ʦʨʛʘʥʠ ʜʠʭʘʥʥʷ, 

ʪʦʤʫ ʫ  ʤʽʩʮʷʭ ʚʠʜʽʣʝʥʥʷ ʚʘʧʥʷʥʦʛʦ ʧʠʣʫ ʧʦʪʨʽʙʥʦ ʚʩʪʘʥʦʚʣʶʚʘʪʠ ʧʠʣʦʚʩʤʦʢʪʫʶʯʽ 

ʥʘʩʦʩʠ ʘʙʦ ʦʙʨʦʙʣʷʪʠ ʘʛʨʝʛʘʪʠ ʨʝʯʦʚʠʥʘʤʠ, ʱʦ ʟʥʝʰʢʦʜʞʫʶʪʴ ʧʠʣ. ʂʨʽʤ ʪʦʛʦ, ʢʘʤʝʨʘ 

ʧʝʯʽ ʧʦʚʠʥʥʘ ʙʫʪʠ ʟʘʢʨʠʪʘ ʛʝʨʤʝʪʠʯʥʠʤʠ ʜʚʝʨʠʤʘ ʪʘ ʢʦʞʫʭʘʤʠ. ʅʘ ʟʘʚʘʥʪʘʞʫʚʘʣʴʥʠʭ 

ʤʘʡʜʘʥʯʠʢʘʭ ʰʘʭʪʥʠʭ ʧʝʯʝʡ ʚʝʣʠʢʠʤ ʨʠʟʠʢʦʤ ʪʘʢʦʞ ʻ ʦʪʨʫʻʥʥʷ ʚʫʛʣʝʢʠʩʣʠʤ ʛʘʟʦʤ ʪʘ 

ʦʢʠʩʦʤ ʚʫʛʣʝʮʶ. ʊʦʤʫ ʚʩʽ ʟʘʚʘʥʪʘʞʫʚʘʣʴʥʽ ʧʨʦʮʝʩʠ ʧʦʚʠʥʥʽ ʧʨʦʚʦʜʠʪʠʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʤʝʭʘʥʽʯʥʠʭ ʤʘʰʠʥ  ʪʘ ʟʚʦʜʠʪʠ ʜʦ ʤʽʥʽʤʫʤʫ ʧʨʠʩʫʪʥʽʩʪʴ ʥʘ ʤʘʡʜʘʥʯʠʢʫ ʣʶʜʝʡ.  

ɺ ʮʽʣʦʤʫ ʚʽʜʜʽʣʝʥʥʷ  ʚʠʧʘʣʶʚʘʥʥʷ ʚʘʧʥʷʢʫ ʫ  ʚʠʨʦʙʥʠʮʪʚʽ ʢʘʣʴʮʠʥʦʚʘʥʦʾ ʩʦʜʠ 

ʤʘʻ ʜʝʷʢʽ ʧʨʦʙʣʝʤʠ ʫʪʠʣʽʟʘʮʽʾ ʚʽʜʭʦʜʽʚ, ʘʣʝ ʚʩʽ ʚʦʥʠ ʚʠʨʽʰʫʶʪʴʩʷ ʰʣʷʭʦʤ ʨʘʮʽʦʥʘʣʴʥʦ 

ʙʝʟʧʝʯʥʦʾ ʣʽʢʚʽʜʘʮʽʾ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʮʠʭ ʟʘʣʠʰʢʽʚ ʫ ʚʣʘʩʥʦʤʫ ʘʙʦ ʫ ʽʥʰʠʭ 

ʚʠʨʦʙʥʠʮʪʚʘʭ. 
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ʀʉʉʃɽɼʆɺɸʅʀɽ ʇʈʆʎɽʉʉʆɺ ʍʀʄʀʏɽʉʂʆʁ ɸʂʊʀɺɸʎʀʀ 

ʆʊʈɸɹʆʊɸʅʅʆɻʆ ʎɽʆʃʀʊʉʆɼɽʈɾɸʑɽɻʆ ʂɸʊɸʃʀɿɸʊʆʈɸ 

ʂʦʟʣʦʚʩʢʘʷ ʀ. ʖ., ɼʦʨʦʰʢʦ ɽ. ʅ. 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

kozlowskaya.inna@yandex.ru 

 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʧʦʨʠʩʪʦʡ ʩʪʨʫʢʪʫʨʳ ʩʦʨʙʝʥʪʦʚ, 

ʠʟʤʝʥʝʥʠʷ ʭʠʤʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ ʧʦʚʝʨʭʥʦʩʪʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʦʚʦʜʠʪʴ ʠʭ ʘʢʪʠʚʘʮʠʶ. 

ʇʨʠ ʬʠʟʠʯʝʩʢʦʡ ʘʢʪʠʚʘʮʠʠ ʩʦʨʙʝʥʪʳ ʠʟʤʝʣʴʯʘʶʪ ʚ ʤʝʣʴʥʠʮʘʭ, ʧʦʜʚʝʨʛʘʶʪ ʚʘʢʫʫʤʥʦʡ 

ʩʫʰʢʝ, ʦʙʨʘʙʘʪʳʚʘʶʪ ʧʨʠ ʚʳʩʦʢʦʤ ʜʘʚʣʝʥʠʠ ʠ ʪʝʤʧʝʨʘʪʫʨʝ, ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʫʣɹʪʨʘʟʚʫʢʦʚʳʭ ʢʦʣʝʙʘʥʠʡ, ʨʘʜʠʘʮʠʠ ʠ ʪʦʢʘ ʚʳʩʦʢʦʡ ʯʘʩʪʦʪʳ. ʍʠʤʠʯʝʩʢʠʝ ʩʧʦʩʦʙʳ 

ʘʢʪʠʚʘʮʠʠ ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʝʘʛʝʥʪʦʚ, ʧʨʠ ʵʪʦʤ ʚʳʜʝʣʷʶʪ ʢʠʩʣʦʪʥʫʶ, 

ʱʝʣʦʯʥʫʶ, ʩʦʣʝʚʫʶ ʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʫʶ ʘʢʪʠʚʘʮʠʶ.  

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ʠʟʫʯʝʥʠʝ ʫʩʣʦʚʠʡ ʧʨʦʚʝʜʝʥʠʷ ʭʠʤʠʯʝʩʢʦʡ ʘʢʪʠʚʘʮʠʠ 

ʦʪʨʘʙʦʪʘʥʥʦʛʦ ʮʝʦʣʠʪʩʦʜʝʨʞʘʱʝʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʝʛʦ ʩʦʨʙʮʠʦʥʥʳʭ 

ʩʚʦʡʩʪʚ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʠʦʥʘʤ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ. ʆʪʨʘʙʦʪʘʥʥʳʡ ʢʘʪʘʣʠʟʘʪʦʨ ʷʚʣʷʝʪʩʷ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʤ ʤʘʪʝʨʠʘʣʦʤ, ʩʦʩʪʦʷʱʠʤ ʠʟ ʮʝʦʣʠʪʘ ʪʠʧʘ NaY (ʩʦʜʝʨʞʘʥʠʝ 30 %) 

ʨʘʩʧʨʝʜʝʣʝʥʥʦʛʦ ʚ ʘʣʶʤʦʩʠʣʠʢʘʪʥʦʡ ʤʘʪʨʠʮʝ. ʇʨʠ ʭʠʤʠʯʝʩʢʦʡ ʘʢʪʠʚʘʮʠʠ ʚʦʟʤʦʞʥʦ 

ʠʟʤʝʥʝʥʠʝ ʩʦʨʙʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ, ʢʘʢ ʮʝʦʣʠʪʘ, ʪʘʢ ʠ ʤʘʪʨʠʮʳ. 

ʂʠʩʣʦʪʥʫʶ ʦʙʨʘʙʦʪʢʫ ʦʪʨʘʙʦʪʘʥʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ ʧʨʦʚʦʜʠʣʠ ʨʘʩʪʚʦʨʘʤʠ 

ʩʦʣʷʥʦʡ, ʩʝʨʥʦʡ ʠ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪ ʩ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ 10 ʠ 20 %. ɼʣʷ ʱʝʣʦʯʥʦʡ ʘʢʪʠʚʘʮʠʠ 

ʧʨʠʤʝʥʷʣʠ ʨʘʩʪʚʦʨʳ ʛʠʜʨʦʢʩʠʜʘ ʥʘʪʨʠʷ, ʜʣʷ ʩʦʣʝʚʦʡ ï ʨʘʩʪʚʦʨʳ ʭʣʦʨʠʜʘ ʥʘʪʨʠʷ ʩ 

ʘʥʘʣʦʛʠʯʥʳʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ.  

ɼʣʷ ʧʦʣʫʯʝʥʥʳʭ ʩʦʨʙʝʥʪʦʚ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʵʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ, ʫʜʝʣʴʥʘʷ 

ʧʦʚʝʨʭʥʦʩʪʴ ʠ ʫʜʝʣʴʥʳʡ ʦʙʲʝʤ ʧʦʨ, ʜʠʩʧʝʨʩʥʳʡ ʩʦʩʪʘʚ, ʘ ʪʘʢʞʝ ʚʝʣʠʯʠʥʘ ʧʦʣʥʦʡ 

ʩʪʘʪʠʯʝʩʢʦʡ ʦʙʤʝʥʥʦʡ ʝʤʢʦʩʪʠ ʧʦ ʠʦʥʘʤ ʞʝʣʝʟʘ (III ).  

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʢʠʩʣʦʪʥʘʷ ʘʢʪʠʚʘʮʠʷ ʦʪʨʘʙʦʪʘʥʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʧʦʚʳʰʝʥʠʝʤ ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʫʜʝʣʴʥʦʛʦ ʦʙʲʝʤʘ ʠ ʧʦʨ. ʇʨʠ ʵʪʦʤ 

ʪʘʢʞʝ ʧʨʦʠʩʭʦʜʠʪ ʜʝʘʣʶʤʠʥʠʨʦʚʘʥʠʝ ʠʩʩʣʝʜʫʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʉʦʨʙʮʠʦʥʥʘʷ ʝʤʢʦʩʪʴ ʧʦ 

ʠʦʥʘʤ ʞʝʣʝʟʘ ʧʦʚʳʰʘʝʪʩʷ ʥʘ 29ï59 % (ʜʦ 1,12ï1,38 ʤʛ-ʵʢʚ/ʛ) ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʦʪʨʘʙʦʪʘʥʥʦʤʫ ʢʘʪʘʣʠʟʘʪʦʨʫ.  

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʧʨʠ ʘʢʪʠʚʘʮʠʠ ʱʝʣʦʯʘʤʠ ʚʦʟʤʦʞʥʦ ʦʙʨʘʟʦʚʘʥʠʝ ʥʦʚʳʭ ʬʘʟ 

(ʥʘʧʨʠʤʝʨ, ʘʣʶʤʦʩʠʣʠʢʘʪʦʚ), ʢʦʪʦʨʳʝ ʧʦ ʩʚʦʠʤ ʭʠʤʠʯʝʩʢʠʤ ʠ ʘʜʩʦʨʙʮʠʦʥʥʦ-

ʩʪʨʫʢʪʫʨʥʳʤ ʩʚʦʡʩʪʚʘʤ ʨʝʟʢʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʠʩʭʦʜʥʦʛʦ ʤʠʥʝʨʘʣʘ ʠ ʦʙʣʘʜʘʶʪ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʙʦʣʴʰʝʡ ʘʜʩʦʨʙʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ. ʆʜʥʘʢʦ ʚʳʤʳʚʘʥʠʝ ʤʝʣʢʠʭ ʬʨʘʢʮʠʡ 

ʩʦʨʙʝʥʪʘ, ʚʝʜʫʱʝʝ ʢ ʨʘʟʨʫʰʝʥʠʶ ʩʪʨʫʢʪʫʨʳ ʠ ʫʤʝʥʴʰʝʥʠʶ ʩʦʨʙʮʠʦʥʥʦʡ ʝʤʢʦʩʪʠ, 

ʦʛʨʘʥʠʯʠʚʘʝʪ ʧʨʠʤʝʥʝʥʠʝ ʱʝʣʦʯʥʦʡ ʘʢʪʠʚʘʮʠʠ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʱʝʣʦʯʥʘʷ ʦʙʨʘʙʦʪʢʘ 

ʧʨʠʚʦʜʠʪ ʢ ʧʝʨʝʚʦʜʫ ʚ ʨʘʩʪʚʦʨ ʘʣʶʤʠʥʠʷ ʠ ʢʨʝʤʥʠʷ, ʧʨʠ ʵʪʦʤ ʚʝʣʠʯʠʥʘ ʩʦʨʙʮʠʦʥʥʦʡ 

ʝʤʢʦʩʪʠ ʧʦʚʳʰʘʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦ (ʥʘ 13 %), ʘ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʦʥʦʚ 

ʞʝʣʝʟʘ (ʙʦʣʝʝ 30 ʤʛ/ʜʤ3) ï ʩʥʠʞʘʝʪʩʷ.  

ʇʨʦʚʝʜʝʥʠʝ ʩʦʣʝʚʦʡ ʘʢʪʠʚʘʮʠʠ ʦʪʨʘʙʦʪʘʥʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ ʙʳʣʦ ʦʙʫʩʣʦʚʣʝʥʦ 

ʚʝʨʦʷʪʥʦʩʪʴʶ ʦʙʤʝʥʘ ʠʦʥʦʚ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʝ 

ʮʝʦʣʠʪʘ ʥʘ ʠʦʥʳ ʥʘʪʨʠʷ, ʢʦʪʦʨʳʝ ʙʦʣʝʝ ʘʢʪʠʚʥʦ ʤʦʛʣʠ ʙʳ ʫʯʘʩʪʚʦʚʘʪʴ ʚ ʠʦʥʥʦ-ʦʙʤʝʥʥʳʭ 

ʨʝʘʢʮʠʷʭ ʧʨʠ ʩʦʨʙʮʠʠ. ʆʜʥʘʢʦ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ 

ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʪʘʢʦʡ ʦʙʨʘʙʦʪʢʠ, ʪ. ʢ. ʩʦʨʙʮʠʦʥʥʘʷ ʝʤʢʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʩʦʨʙʝʥʪʦʚ 

ʜʦʩʪʠʛʘʝʪ 0,2 ʤʛ-ʵʢʚ/ʛ, ʯʪʦ ʚ 4,4 ʨʘʟʘ ʥʠʞʝ, ʯʝʤ ʫ ʦʪʨʘʙʦʪʘʥʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʭʠʤʠʯʝʩʢʘʷ ʘʢʪʠʚʘʮʠʷ ʦʪʨʘʙʦʪʘʥʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ ʷʚʣʷʝʪʩʷ 

ʵʬʬʝʢʪʠʚʥʦʡ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʢʘʯʝʩʪʚʝ ʘʢʪʠʚʠʨʫʶʱʠʭ ʘʛʝʥʪʦʚ ʨʘʩʪʚʦʨʦʚ ʢʠʩʣʦʪ. 

ʇʦʣʫʯʝʥʥʳʡ ʩʦʨʙʝʥʪ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʪ ʦʪ ʠʦʥʦʚ ʪʷʞʝʣʳʭ 

ʤʝʪʘʣʣʦʚ. 
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ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʩʣʦʞʥʳʭ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʦʪʝʯʝʩʪʚʝʥʥʳʝ 

ʢʦʢʩʦʭʠʤʠʯʝʩʢʠʝ ʧʨʝʜʧʨʠʷʪʠʷ ʥʘʭʦʜʷʪʩʷ ʥʘ ʛʨʘʥʝ ʚʳʞʠʚʘʥʠʷ, ʪʘʢ ʢʘʢ ʚʳʥʫʞʜʝʥʳ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʰʠʭʪʝ ʜʣʷ ʢʦʢʩʦʚʘʥʠʷ ʙʦʣʝʝ 60 % ʜʦʨʦʛʦʩʪʦʷʱʠʭ ʠʤʧʦʨʪʥʳʭ ʫʛʣʝʡ, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʨʝʥʪʘʙʝʣʴʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ 

ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʚʳʧʫʩʢʘʝʤʦʡ ʧʨʦʜʫʢʮʠʠ, ʠ ʢ ʩʥʠʞʝʥʠʶ ʢʦʥʢʫʨʝʥʪʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ. 

ʊʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʠʩʭʦʜʠʪ ʨʦʩʪ ʧʦʪʨʝʙʣʝʥʠʷ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ. ɼʘʥʥʳʡ ʬʘʢʪ ʧʨʠʚʦʜʠʪ ʢ ʠʩʪʦʱʝʥʠʶ ʟʘʧʘʩʦʚ ʥʝʜʨ ʟʝʤʣʠ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʪʘʥʦʚʠʪʩʷ ʦʩʪʨʦ ʧʨʦʙʣʝʤʘ ʧʦʠʩʢʘ ʥʦʚʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʧʦ 

ʨʘʩʰʠʨʝʥʠʶ ʩʧʝʢʪʨʘ ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʰʠʭʪʝ ʜʣʷ ʢʦʢʩʦʚʘʥʠʷ ʩʧʝʢʘʶʱʠʭʩʷ ʫʛʣʝʡ. 

ʆʜʥʠʤ ʠʟ ʧʫʪʝʡ, ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ï ʵʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʰʠʭʪʝ ʜʣʷ 

ʢʦʢʩʦʚʘʥʠʷ ʩʣʘʙʦʩʧʝʢʘʶʱʠʭʩʷ ʤʘʣʦʤʝʪʘʤʦʨʬʠʟʠʨʦʚʘʥʥʳʭ ʫʛʣʝʡ. ʉʫʱʝʩʪʚʫʝʪ 

ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʙʦʪ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʚʚʝʜʝʥʠʝ ʚ ʰʠʭʪʫ ʜʣʷ 

ʢʦʢʩʦʚʘʥʠʷ ʩʣʘʙʦʩʧʝʢʘʶʱʠʭʩʷ ʫʛʣʝʡ. ɺ ʦʩʥʦʚʥʦʡ ʩʚʦʝʡ ʤʘʩʩʝ ʦʥʠ ʧʨʝʜʧʦʣʘʛʘʶʪ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʦʨʦʛʦʩʪʦʷʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʯʪʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʷʚʣʷʝʪʩʷ 

ʥʝʜʦʧʫʩʪʠʤʳʤ. ɹʦʣʝʝ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʥʘʧʨʘʚʣʝʥʠʝ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ 

ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʢʘʤʝʥʥʳʭ ʫʛʣʝʡ, ʪ. ʝ. ʚʳʜʝʣʝʥʠʷ ʠʟ ʩʣʘʙʦʩʧʝʢʘʶʱʠʭʩʷ ʫʛʣʝʡ 

ʬʨʘʢʮʠʡ, ʢʦʪʦʨʳʝ ʚʦʟʤʦʞʥʦ ʚʥʦʩʠʪʴ ʚ ʰʠʭʪʫ ʜʣʷ ʢʦʢʩʦʚʘʥʠʷ ʙʝʟ ʫʭʫʜʰʝʥʠʷ ʩʚʦʡʩʪʚ 

ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʢʦʢʩʘ. ʆʜʥʘʢʦ, ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʫʢʘʟʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʨʝʧʷʪʩʪʚʫʝʪ 

ʥʝʜʦʩʪʘʪʦʯʥʘʷ ʠʟʫʯʝʥʥʦʩʪʴ ʩʚʦʡʩʪʚ ʦʪʜʝʣʴʥʳʭ ʬʨʘʢʮʠʡ ʩʣʘʙʦʩʧʝʢʘʶʱʠʭʩʷ ʫʛʣʝʡ. 

ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʠʟʫʯʝʥʠʝ ʞʠʜʢʠʭ ʥʝʣʝʪʫʯʠʭ ʩʦʩʪʘʚʣʷʶʱʠʭ (ɾʅʉ) ʚ 

ʬʨʘʢʮʠʷʭ ʩʣʘʙʦʩʧʝʢʘʶʱʝʛʦʩʷ ʫʛʣʷ. 

ɼʣʷ ʚʳʜʝʣʝʥʠʷ ʫʛʦʣʴʥʳʭ ʬʨʘʢʮʠʡ ʠʟ ʩʣʘʙʦʩʧʝʢʘʶʱʝʛʦʩʷ ʫʛʣʷ ʤʘʨʢʠ ɼɻ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʝʪʦʜ ʨʘʟʜʝʣʝʥʠʷ ʫʛʦʣʴʥʦʛʦ ʢʦʥʮʝʥʪʨʘʪʘ ʚ ʪʷʞʝʣʳʭ ʩʨʝʜʘʭ ʭʣʦʨʠʩʪʦʛʦ 

ʮʠʥʢʘ (ZnCl2). ʆʧʨʝʜʝʣʝʥʠʝ ɾʅʉ ʚ ʬʨʘʢʮʠʷʭ ʩʣʘʙʦʩʧʝʢʘʶʱʝʛʦʩʷ ʫʛʣʷ, ʧʨʦʚʦʜʠʣʦʩʴ 

ʤʝʪʦʜʦʤ ʮʝʥʪʨʦʙʝʞʥʦʛʦ ʬʫʛʦʚʘʥʠʷ ʧʨʠ ʩʨʘʚʥʠʪʝʣʴʥʦ ʚʳʩʦʢʠʭ ʩʢʦʨʦʩʪʷʭ ʠ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʘʛʨʝʚʘ ʚ ʘʧʧʘʨʘʪʝ ʧʦ ʩʧʦʩʦʙʫ, ʨʘʟʨʘʙʦʪʘʥʥʦʤʫ ʍʘʨʴʢʦʚʩʢʠʤ 

ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʤ ʠʥʩʪʠʪʫʪʦʤ (ʍʇʀ) ï ɻʆʉʊ 17621-72. ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 
 

ʊʘʙʣʠʮʘ 1. ɺʳʭʦʜ ʧʨʦʜʫʢʪʦʚ ʪʝʨʤʠʯʝʩʢʦʡ ʜʝʩʪʨʫʢʮʠʠ ʬʨʘʢʮʠʡ ʩʣʘʙʦʩʧʝʢʘʶʱʝʛʦʩʷ 

ʫʛʣʷ ʚ ʮʝʥʪʨʦʙʝʞʥʦʤ ʧʦʣʝ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʍʇʀ 

 ̄
ʌʨʘʢʮʠʠ ʫʛʣʷ, 

ʛ/ʩʤį 

ʊʚʝʨʜʳʡ ʦʩʪʘʪʦʢ, 

% 

ɾʠʜʢʠʝ ʥʝʣʝʪʫʯʠʝ 

ʧʨʦʜʫʢʪʳ,% 

ɻʘʟʦʦʙʨʘʟʥʳʝ 

ʧʨʦʜʫʢʪʳ,  % 

1 
ʀʩʭʦʜʥʳʡ 

ʫʛʦʣʴ 
56,4 16,4 27,2 

2 <1,25 47,4 26,7 25,9 

3 1,25ï1.26 52,9 14,6 32,5 

4 1,26ï1,27 59,6 11,95 28,45 

5 1,27ï1,28 61,0 8,2 30,8 

6 1,28ï1,3 62,6 7,9 29,5 

7 >1,3 71,1 6,3 22,6 
 

ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚʳʭʦʜ ʞʠʜʢʠʭ 

ʥʝʣʝʪʫʯʠʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʠʤʝʶʪ ʧʦʣʠʥʦʤʠʘʣʴʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʩ ʠʥʪʝʥʩʠʚʥʳʤ 

ʩʥʠʞʝʥʠʝʤ ʥʘ ʧʝʨʚʳʭ ʬʨʘʢʮʠʷʭ. ɼʘʥʥʳʡ ʬʘʢʪ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʝʜʧʦʣʘʛʘʪʴ, ʯʪʦ 

ʠʤʝʥʥʦ ʩʨʝʜʥʠʝ ʬʨʘʢʮʠʠ ʤʦʛʫʪ ʦʙʝʩʧʝʯʠʚʘʪʴ ʜʦʩʪʘʪʦʯʥʫʶ ʩʧʝʢʘʝʤʦʩʪʴ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʫʛʦʣʴʥʳʭ ʰʠʭʪʘʭ. 
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ɺʇʃʀɺ ʉʂʃɸɼʋ ɽʃɽʂʊʈʆʃɯʊʋ ʊɸ ʇɸʈɸʄɽʊʈɯɺ ʉʊɸʎɯʆʅɸʈʅʆɻʆ 

ɽʃɽʂʊʈʆʃɯɿʋ ʅɸ ʉʂʃɸɼ ʇʆʂʈʀʊʊɯɺ Fe-Co-W  

ʃʘʛʜʘʥ ɯ. ɺ., ʉʘʭʥʝʥʢʦ ʄ. ɼ., ɭʨʤʦʣʝʥʢʦ ɯ. ʖ., ɺʝʜʴ ʄ. ɺ. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʍʘʨʢʽʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪè 

inna.lagdan.92@mail.ru 

 

ʉʫʯʘʩʥʠʡ ʨʦʟʚʠʪʦʢ ʽ ʝʬʝʢʪʠʚʥʝ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʙʘʛʘʪʴʦʭ ʛʘʣʫʟʝʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ 

ʥʝʤʦʞʣʠʚʝ ʙʝʟ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʽʩʥʫʶʯʠʭ ʪʘ ʨʦʟʨʦʙʢʠ ʥʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟ ʧʽʜʚʠʱʝʥʠʤʠ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. ɿ ʦʛʣʷʜʫ ʥʘ ʮʝ, ʙʘʛʘʪʴʦʭ ʜʦʩʣʽʜʥʠʢʽʚ ʽ ʪʝʭʥʦʣʦʛʽʚ 

ʧʨʠʚʘʙʣʶʶʪʴ ʛʘʣʴʚʘʥʽʯʥʽ ʧʦʢʨʠʪʪʷ ʩʧʣʘʚʘʤʠ ʤʝʪʘʣʽʚ ʪʨʽʘʜʠ ʟʘʣʽʟʘ ʟ ʪʫʛʦʧʣʘʚʢʠʤʠ 

ʢʦʤʧʦʥʝʥʪʘʤʠ ʤʦʞʣʠʚʽʩʪʶ ʧʦʻʜʥʘʥʥʷ ʢʦʤʧʣʝʢʩʫ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʧʨʠʪʘʤʘʥʥʠʭ 

ʩʧʣʘʚʦʫʪʚʦʨʶʶʯʠʤ ʢʦʤʧʦʥʝʥʪʘʤ, ʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʨʦʮʝʩʠ ʦʜʝʨʞʘʥʥʷ ʷʢʠʭ ʚʽʜʨʽʟʥʷʶʪʴʩʷ 

ʝʢʦʣʦʛʽʯʥʦʶ ʙʝʟʧʝʢʦʶ, ʝʥʝʨʛʦ- ʪʘ ʤʘʪʝʨʽʘʣʦʝʬʝʢʪʠʚʥʽʩʪʶ. 

ɺ ʨʦʙʦʪʽ ʦʙʛʦʚʦʨʶʶʪʴʩʷ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʚʧʣʠʚʫ ʢʦʥʮʝʥʪʨʘʮʽʾ ʣʽʛʘʥʜʫ ʚ 

ʝʣʝʢʪʨʦʣʽʪʽ ʪʘ ʛʫʩʪʠʥʠ ʩʪʨʫʤʫ ʩʪʘʮʽʦʥʘʨʥʦʛʦ ʝʣʝʢʪʨʦʣʽʟʫ ʥʘ ʩʢʣʘʜ ʧʦʢʨʠʪʪʷ Fe-Co-W. 

ʇʦʢʨʠʪʪʷ ʪʝʨʥʘʨʥʠʤʠ (Fe-Co-W) ʩʧʣʘʚʘʤʠ ʬʦʨʤʫʚʘʣʠ ʥʘ ʧʽʜʢʣʘʜʢʘʭ ʟ ʤʽʜʽ ʄ1 ʟ 

ʮʠʪʨʘʪʥʦʛʦ ʝʣʝʢʪʨʦʣʽʪʫ, ʱʦ ʤʽʩʪʠʪʴ, ʤʦʣʴ/ʜʤ3: 0,075 Fe2(SO4)3Ā9H2O; 0,2 CoSO4Ā7H2O; 

0,08 Na2WO4Ā2H2O; 0,4 0,5 Na3CitĀ2ʅ2ʆ; 0,1 Na2SO4; 0,1 H3BO3 (ʨʅ 4,3 4,6). ɽʣʝʢʪʨʦʣʽʟ 

ʧʨʦʚʦʜʠʣʠ ʚ ʩʢʣʷʥʽʡ ʢʦʤʽʨʮʽ ʟʘ ʜʚʦʭʝʣʝʢʪʨʦʜʥʦʶ ʩʭʝʤʦʶ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʘʜʽʘʣʴʥʦ 

ʨʦʟʪʘʰʦʚʘʥʠʭ ʝʣʝʢʪʨʦʜʽʚ ʟ ʥʝʨʞʘʚʽʶʯʦʾ ʩʪʘʣʽ 12ʍ18ʅ10ʊ ʚ ʛʘʣʴʚʘʥʦʩʪʘʪʠʯʥʦʤʫ ʨʝʞʠʤʽ 

ʧʨʠ ʛʫʩʪʠʥʽ ʩʪʨʫʤʫ 3 7 ɸ/ʜʤ2 ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʪʘʙʽʣʽʟʦʚʘʥʦʛʦ ʜʞʝʨʝʣʘ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ 

ʩʝʨʽʾ ɹ5-47. ʇʽʜʛʦʪʦʚʢʫ ʧʦʚʝʨʭʥʽ ʟʜʽʡʩʥʶʚʘʣʠ ʟʘ ʟʘʛʘʣʴʥʦʧʨʠʡʥʷʪʦʶ ʤʝʪʦʜʠʢʦʶ. 

ɽʣʝʤʝʥʪʥʠʡ ʩʢʣʘʜ ʧʦʢʨʠʪʪʽʚ ʚʠʟʥʘʯʘʣʠ ʤʝʪʦʜʦʤ EDX-ʩʧʝʢʪʨʦʩʢʦʧʽʾ.  

ʈʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ, 

ʦʪʨʠʤʘʥʠʭ ʧʨʠ ʦʜʝʨʞʘʥʽ ʧʦʢʨʠʪʪʷ Fe-Co-W ʚ 

ʛʘʣʴʚʘʥʦʩʪʘʪʠʯʥʦʤʫ ʨʝʞʠʤʽ, ʩʚʽʜʯʘʪʴ ʧʨʦ 

ʟʤʝʥʰʝʥʥʷ ʚʤʽʩʪʫ ʢʦʙʘʣʴʪʫ ʥʘ 5 7 ʘʪ.% ʪʘ 

ʚʦʣʴʬʨʘʤʫ ʥʘ 2 3 ʘʪ.% ʟʽ ʟʨʦʩʪʘʥʥʷʤ ʛʫʩʪʠʥʠ 

ʩʪʨʫʤʫ ʟ 3 ɸ/ʜʤ2 ʜʦ 7 ɸ/ʜʤ2 (ʨʠʩ. 1), 

ʦʯʝʚʠʜʥʦ, ʟʘ ʨʘʭʫʥʦʢ ʟʙʽʣʴʰʝʥʥʷ ʚʤʽʩʪʫ 

ʟʘʣʽʟʘ. ʎʝ ʩʚʽʜʯʠʪʴ ʧʨʦ ʢʦʥʢʫʨʝʥʪʥʝ 

ʚʽʜʥʦʚʣʝʥʥʷ ʢʦʙʘʣʴʪʫ ʽ ʚʦʣʴʬʨʘʤʫ ʟ ʟʘʣʽʟʦʤ 

ʪʘ ʧʦʚ'ʷʟʘʥʝ ʟ ʧʨʠʩʢʦʨʝʥʥʷʤ ʨʝʘʢʮʽʾ 

ʚʽʜʥʦʚʣʝʥʥʷ Fe(II) ʜʦ ʤʝʪʘʣʽʯʥʦʛʦ ʩʪʘʥʫ.  

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʚ 

ʨʦʟʯʠʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʣʽʛʘʥʜʫ (ʽʦʥʽʚ Cit 3) ʟ 

0,3 ʜʦ 0,4 ʤʦʣʴ/ʜʤ3 ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʥʠʞʝʥʥʷ 

ʚʤ̔ʩʪʫ ʢʦʙʘʣʴʪʫ ʚ ʧʦʢʨʠʪʪʽ ʧʨʘʢʪʠʯʥʦ ʥʘ 

10 ʘʪ.%, ʚʤʽʩʪ ʚʦʣʴʬʨʘʤʫ ʧʨʠ ʮʴʦʤʫ 

ʟʤʽʥʶʻʪʴʩʷ ʥʝʩʫʪʪʻʚʦ.  

 
ʈʠʩ. 1. ɺʧʣʠʚ ʛʫʩʪʠʥʠ ʩʪʨʫʤʫ ʥʘ ʚʤʽʩʪ 

ʣʝʛʫʶʯʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʫ ʧʦʢʨʠʪʪʽ Fe-

Co-W. ʂʦʥʮʝʥʪʨʘʮʽʷ ʣʽʛʘʥʜʫ ʚ 

ʝʣʝʢʪʨʦʣʽʪʽ ʩ(Cit3), ʤʦʣʴ/ʜʤ3: 

0,4 (1, 1/); 0,5 (2, 2/) 

ʇʦʢʘʟʘʥʦ, ʱʦ ʧʨʠ ʥʘʜʣʠʰʢʫ ʣʽʛʘʥʜʫ ʚ ʨʦʟʯʠʥʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʤʽʥʘ ʽʦʥʥʦʾ ʨʽʚʥʦʚʘʛʠ 

ʚ ʙʽʢ ʫʪʚʦʨʝʥʥʷ ʙʽʣʴʰʦʾ ʢʽʣʴʢʦʩʪʽ ʩʪʽʡʢʽʰʠʭ ʟʘ ʮʠʪʨʘʪʥʽ ʢʦʤʧʣʝʢʩʠ ʢʦʙʘʣʴʪʫ 

[CoCit]  (ʨʂʥ = 4,83) ʢʦʤʧʣʝʢʩʽʚ [FeHCit]+ (ʨʂʥ = 6,3) ʽ [FeCit] (ʨʂʥ = 11,7), ʟ ʷʢʠʭ (ʨʘʟʦʤ 

ʟ ʽʥʰʠʤʠ ʝʣʝʢʪʨʦʜʥʦʘʢʪʠʚʥʠʤʠ ʯʘʩʪʠʥʢʘʤʠ) ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʽʜʥʦʚʣʝʥʥʷ ʟʘʣʽʟʘ.  

ʆʪʞʝ, ʚʘʨʽʶʚʘʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʣʽʛʘʥʜʫ ʚ ʝʣʝʢʪʨʦʣʽʪʽ ʪʘ ʛʫʩʪʠʥʠ ʩʪʨʫʤʫ ʜʘʶʪʴ 

ʤʦʞʣʠʚʽʩʪʴ ʦʜʝʨʞʫʚʘʪʠ ʧʦʢʨʠʪʪʷ Fe-Co-W ʟ ʰʠʨʦʢʠʤ ʜʽʘʧʘʟʦʥʦʤ ʚʤʽʩʪʫ ʢʦʤʧʦʥʝʥʪʽʚ. 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʘʶʪʴ ʧʽʜʩʪʘʚʠ ʩʪʚʝʨʜʞʫʚʘʪʠ ʧʨʦ ʜʦʮʽʣʴʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʨʝʞʠʤʽʚ ʝʣʝʢʪʨʦʣʽʟʫ ʧʨʠ ʦʜʝʨʞʘʥʽ ʧʦʢʨʠʪʪʽʚ Fe-Co-W, ʱʦ ʥʘʜʘʩʪʴ 

ʤʦʞʣʠʚʦʩʪʽ ʙʽʣʴʰ ʛʥʫʯʢʦʛʦ ʢʝʨʫʚʘʥʥʷ ʦʢʨʝʤʠʤʠ ʩʪʘʜʽʷʤʠ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʛʦ ʧʨʦʮʝʩʫ.  
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ɽʂʉʊʈɸʂʊ ɿɽʈɽʅ ʇʐɽʅʀʎɯ ʋ ʉʂʃɸɼɯ ʐɸʄʇʋʅʖ ɼʃʗ ʄɸʃʖʂɯɺ 

ʃʘʩʪʝʞʝʥʢʦ ʂ. ʖ., ɸʚʜʽʻʥʢʦ ʊ. ʄ. 

ɼɺʅɿ çʋʢʨʘʾʥʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʭʽʤʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪè  

avdienkotn@gmail.com 

 

ʉʝʨʝʜ ʢʦʩʤʝʪʠʯʥʠʭ ʟʘʩʦʙʽʚ ʜʦʛʣʷʜʫ ʟʘ ʜʠʪʠʥʦʶ ʦʢʨʝʤʫ ʛʨʫʧʫ ʩʢʣʘʜʘʶʪʴ ʟʘʩʦʙʠ 

ʜʣʷ ʤʠʪʪʷ ʚʦʣʦʩʩʷ. ʐʢʽʨʘ ʽ ʚʦʣʦʩʩʷ ʜʠʪʠʥʠ ʽʩʪʦʪʥʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʰʢʽʨʠ ʽ ʚʦʣʦʩʩʷ 

ʜʦʨʦʩʣʦʾ ʣʶʜʠʥʠ. ʅʝ ʜʦ ʢʽʥʮʷ ʩʬʦʨʤʦʚʘʥʘ ʰʢʽʨʘ ʤʘʣʶʢʘ ʙʽʣʴʰ ʪʦʥʢʘ ʽ ʤʘʡʞʝ ʥʝ ʤʘʻ 

ʚʣʘʩʥʦʛʦ ʟʘʭʠʩʥʦʛʦ ʢʠʩʣʦʪʥʦʛʦ ʰʘʨʫ, ʪʦʤʫ ʚʦʥʘ ʚʨʘʟʣʠʚʘ ʜʣʷ ʙʘʢʪʝʨʽʡ ʽ ʰʢʽʜʣʠʚʠʭ 

ʨʝʯʦʚʠʥ. ʏʠʤ ʤʝʥʰʘ ʟʘ ʚʽʢʦʤ ʜʠʪʠʥʘ, ʪʠʤ ʨʝʪʝʣʴʥʽʰʝ ʧʦʪʨʽʙʥʦ ʟʘʭʠʱʘʪʠ ʰʢʽʨʫ ʪʘ 

ʫʚʘʞʥʽʰʝ ʩʪʘʚʠʪʠʩʷ ʜʦ ʚʠʙʦʨʫ ʜʦʧʦʤʽʞʥʠʭ ʢʦʩʤʝʪʠʯʥʠʭ ʟʘʩʦʙʽʚ. ɺʞʝ ʟ 2ï4-ʪʠʞʥʝʚʦʛʦ 

ʚʽʢʫ ʜʣʷ ʧʨʦʤʠʚʘʥʥʷ ʚʦʣʦʩʷʥʦʛʦ ʧʦʢʨʠʚʫ ʛʦʣʦʚʠ ʜʠʪʠʥʠ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʰʘʤʧʫʥʴ.  

ɼʠʪʷʯʽ ʰʘʤʧʫʥʽ ʧʦʚʠʥʥʽ ʤʽʩʪʠʪʠ ʪʽʣʴʢʠ ʤ'ʷʢʽ ʢʦʤʧʦʥʝʥʪʠ, ʷʢʽ ʥʝ ʧʦʜʨʘʟʥʶʶʪʴ 

ʩʣʠʟʦʚʫ ʦʙʦʣʦʥʢʫ ʦʯʝʡ, ʰʢʽʨʫ ʛʦʣʦʚʠ ʤʘʣʶʢʘ, ʘ ʪʘʢʦʞ ʥʝ ʚʠʢʣʠʢʘʶʪʴ ʘʣʝʨʛʽʯʥʠʭ 

ʨʝʘʢʮʽʡ. ʊʦʤʫ ʚʦʥʠ ʤʘʶʪʴ ʩʢʣʘʜʘʪʠʩʷ, ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ, ʟ ʥʘʪʫʨʘʣʴʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ; 

ʤʘʪʠ ʣʝʛʢʠʡ ʘʨʦʤʘʪ; ʨʽʚʝʥʴ ʨʅ ʜʠʪʷʯʦʛʦ ʰʘʤʧʫʥʶ ʧʦʚʠʥʝʥ ʤʘʪʠ ʩʣʘʙʢʦʢʠʩʣʫ ʨʝʘʢʮʽʶ ʽ 

ʟʥʘʭʦʜʠʪʠʩʷ ʚ ʤʝʞʘʭ 4,5ï5,5. ʐʘʤʧʫʥʽ ʤʘʶʪʴ ʙʫʪʠ ʛʽʧʦʘʣʝʨʛʝʥʥʠʤʠ, ʘ ʪʦʤʫ ʚ ʾʭ ʩʢʣʘʜʽ 

ʥʝ ʜʦʧʫʩʢʘʻʪʴʩʷ ʥʘʷʚʥʽʩʪʴ ʟʘʙʦʨʦʥʝʥʠʭ ʢʦʥʩʝʨʚʘʥʪʽʚ, ʷʩʢʨʘʚʠʭ ʙʘʨʚʥʠʢʽʚ, ʧʘʨʬʫʤʝʨʥʠʭ 

ʘʨʦʤʘʪʽʚ ʽ ʘʢʪʠʚʥʠʭ ʙʽʦʜʦʙʘʚʦʢ, ʽ ʚ ʪʦʡ ʞʝ ʯʘʩ ʚʦʥʠ ʧʦʚʠʥʥʽ ʙʫʪʠ ʝʬʝʢʪʠʚʥʠʤʠ.  

ʆʩʥʦʚʥʠʤ ʟʘʚʜʘʥʥʷʤ ʧʨʠ ʨʦʟʨʦʙʮʽ ʛʽʧʦʘʣʝʨʛʝʥʥʦʛʦ ʟʘʩʦʙʫ ʧʦ ʜʦʛʣʷʜʫ ʟʘ ʜʽʪʴʤʠ, 

ʷʢʠʡ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʱʦʜʝʥʥʦ, ʻ ʟʥʘʭʦʜʞʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 

ʦʩʥʦʚʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ. ʐʘʤʧʫʥʴ ʧʦʚʠʥʝʥ ʤʘʪʠ ʜʦʩʪʘʪʥʽʡ ʪʝʨʤʽʥ ʧʨʠʜʘʪʥʦʩʪʽ, ʧʨʠ ʷʢʦʤʫ 

ʚʽʥ ʟʙʝʨʽʛʘʻ ʩʚʦʾ ʧʦʞʠʚʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʪʘ ʻ ʙʝʟʧʝʯʥʠʤ ʜʣʷ ʜʠʪʷʯʦʛʦ ʟʜʦʨʦʚ'ʷ. ɿʘʚʜʘʥʥʷ 

ʚʠʨʽʰʫʻʪʴʩʷ ʚʠʙʦʨʦʤ ʨʝʮʝʧʪʫʨʠ ʜʠʪʷʯʦʛʦ ʰʘʤʧʫʥʶ, ʷʢʘ ʤʽʩʪʠʪʴ ʦʯʠʱʝʥʫ ʚʦʜʫ, ʣʘʫʨʠʣ 

ʛʣʶʢʦʟʠʜ, ʢʦʢʘʤʽʜʦʧʨʦʧʽʣ ʙʝʪʘʾʥ, ʥʘʪʨʽʡ ʢʦʢʦʽʣ ʽʟʦʪʽʦʥʘʪ, ʣʠʤʦʥʥʫ ʢʠʩʣʦʪʫ, ʨʦʩʣʠʥʥʽ 

ʝʢʩʪʨʘʢʪʠ, ʪʦʱʦ. 

ʂʦʢʘʤʽʜʦʧʨʦʧʽʣ ʙʝʪʘʾʥ (Cocamidopropyl Betaine) ï ʤ'ʷʢʘ ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʘ 

ʨʝʯʦʚʠʥʘ ʧʨʠʨʦʜʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ, ʷʢʘ ʚʠʨʦʙʣʷʻʪʴʩʷ ʟ ʞʠʨʥʠʭ ʢʠʩʣʦʪ ʢʦʢʦʩʦʚʦʾ ʦʣʽʾ.  

ʇʦʢʨʘʱʫʻ ʧʽʥʦʫʪʚʦʨʶʶʯʫ ʟʜʘʪʥʽʩʪʴ, ʤʘʻ ʚʣʘʩʪʠʚʦʩʪʽ ʢʦʥʜʠʮʽʦʥʝʨʫ ʪʘ ʘʥʪʠʩʪʘʪʠʯʥʠʡ 

ʝʬʝʢʪ. ɿʜʘʪʥʘ ʟʨʦʙʠʪʠ ʙʽʣʴʰ ʛʫʩʪʦʶ ʚʦʜʥʫ ʯʘʩʪʠʥʫ ʢʦʩʤʝʪʠʯʥʦʛʦ ʧʨʦʜʫʢʪʫ. ɿʥʠʞʫʻ 

ʧʦʚʝʨʭʥʝʚʠʡ ʥʘʪʷʛ ʩʢʣʘʜʦʚʠʭ ʢʦʩʤʝʪʠʯʥʠʭ ʟʘʩʦʙʽʚ, ʜʦʟʚʦʣʷʶʯʠ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦ 

ʦʯʠʱʘʪʠ ʰʢʽʨʫ. 

ɺ ʷʢʦʩʪʽ ʨʦʩʣʠʥʥʠʭ ʝʢʩʪʨʘʢʪʽʚ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʢʩʪʨʘʢʪʫ ʟʝʨʝʥ 

ʧʰʝʥʠʮʽ, ʷʢʠʡ ʤʽʩʪʠʪʴ ʟʥʘʯʥʫ ʢʽʣʴʢʽʩʪʴ ʙʽʣʢʽʚ, ʚʫʛʣʝʚʦʜʽʚ, ʥʝʟʘʤʽʥʥʠʭ ʞʠʨʥʠʭ ʢʠʩʣʦʪ 

(ʣʽʥʦʣʝʚʦʾ ʪʘ ʣʽʥʦʣʝʥʦʚʦʾ), 10 ʥʝʟʘʤʽʥʥʠʭ ʘʤʽʥʦʢʠʩʣʦʪ, ʤʽʥʝʨʘʣʴʥʽ ʨʝʯʦʚʠʥʠ (ʮʠʥʢ, 

ʟʘʣʽʟʦ, ʬʦʩʬʦʨ, ʢʘʣʽʡ, ʤʘʛʥʽʡ, ʩʝʣʝʥ), ʚʽʪʘʤʽʥʠ (A, B, D, E, F), ʬʝʨʤʝʥʪʠ, ʬʽʪʦʩʪʝʨʦʣʠ 

(ʩʽʪʦʩʪʝʨʦʣ, ʝʨʛʦʩʪʝʨʦʣ, ʢʘʤʧʝʩʪʝʨʦʣ), ʬʽʪʦʛʣʽʢʦʣʽʧʽʜʠ ʽ ʬʝʨʤʝʥʪ ʩʫʧʝʨʦʢʩʠʜʜʠʩʤʫʪʘʟʘ 

(ʉʆɼ). ɽʢʩʪʨʘʢʪ ʩʪʚʦʨʶʻ ʟʘʭʠʩʥʠʡ ʟʚʦʣʦʞʫʶʯʠʡ ʙʘʨ'ʻʨ, ʧʝʨʝʰʢʦʜʞʘʻ ʩʫʭʦʩʪʽ ʚʦʣʦʩʩʷ ʽ 

ʣʫʱʝʥʥʶ ʰʢʽʨʠ ʛʦʣʦʚʠ ʪʘ ʟʘʭʠʱʘʻ ʾʭ ʚʽʜ ʧʦʰʢʦʜʞʝʥʥʷ ʫʣʴʪʨʘʬʽʦʣʝʪʦʚʠʤ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ, ʩʪʠʤʫʣʶʻ ʦʙʤʽʥʥʽ ʧʨʦʮʝʩʠ ʚ ʢʣʽʪʠʥʘʭ ʰʢʽʨʠ ʽ ʚʦʣʦʩʩʷ, ʧʨʦʷʚʣʷʻ 

ʘʥʪʠʩʝʧʪʠʯʥʽ ʪʘ ʘʥʪʠʤʽʢʨʦʙʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʟʘʙʝʟʧʝʯʫʻ ʢʦʥʜʠʮʽʦʥʫʶʯʠʡ ʝʬʝʢʪ, ʥʘʜʘʻ 

ʙʣʠʩʢ ʽ ʝʣʘʩʪʠʯʥʽʩʪʴ ʚʦʣʦʩʩʶ.  

ʈʦʟʨʦʙʣʝʥʘ ʨʝʮʝʧʪʫʨʘ ʰʘʤʧʫʥʶ ʜʣʷ ʢʫʧʘʥʥʷ ʤʘʣʶʢʽʚ, ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ 

ʜʙʘʡʣʠʚʠʡ ʜʦʛʣʷʜ ʟʘ ʚʦʣʦʩʩʷʤ ʽ ʰʢʽʨʦʶ ʜʠʪʠʥʠ, ʟʥʠʞʫʻ ʘʣʝʨʛʽʯʥʽ ʧʨʦʷʚʠ ʧʨʠ ʯʘʩʪʦʤʫ 

ʚʠʢʦʨʠʩʪʘʥʥʽ. ʐʘʤʧʫʥʴ ʤʽʩʪʠʪʴ ʥʘʪʫʨʘʣʴʥʽ ʢʦʤʧʦʥʝʥʪʠ, ʷʢʽ ʽʜʝʘʣʴʥʦ ʧʽʜʭʦʜʷʪʴ ʜʣʷ 

ʱʦʜʝʥʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ. ʂʦʥʪʨʦʣʴ ʷʢʦʩʪʽ ʨʦʟʨʦʙʣʝʥʦʾ ʨʝʮʝʧʪʫʨʠ ʟʜʽʡʩʥʶʚʘʣʠ ʟʛʽʜʥʦ ʜʦ 

ɼʝʨʞʘʚʥʠʭ ʩʪʘʥʜʘʨʪʽʚ ʋʢʨʘʾʥʠ. 
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ʇʨʦʙʣʝʤʘ ʧʨʦʤʠʩʣʦʚʦʾ ʙʝʟʧʝʢʠ ʟʥʘʯʥʦ ʟʘʛʦʩʪʨʠʣʘʩʴ ʟ ʧʦʷʚʦʶ ʚʝʣʠʢʦʤʘʩʰʪʘʙʥʠʭ 

ʭʽʤʽʯʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʪʘ ʚʠʨʦʙʥʠʮʪʚ ʚ ʤʝʞʘʭ ʤʽʩʪʘ ʧʦʙʣʠʟʫ ʞʠʪʣʦʚʠʭ ʤʘʩʠʚʽʚ ʪʘ 

ʙʫʜʽʚʝʣʴ. ʆʩʥʦʚʫ ʭʽʤʽʯʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʩʢʣʘʜʘʶʪʴ ʚʠʨʦʙʥʠʮʪʚʘ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʮʠʢʣʫ, 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʷʢʠʭ ʥʝ ʤʘʻ ʦʙʤʝʞʝʥʴ. ʇʦʩʪʽʡʥʝ ʟʨʦʩʪʘʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʟʫʤʦʚʣʝʥʝ 

ʟʥʘʯʥʠʤʠ ʝʢʦʥʦʤʽʯʥʠʤʠ ʧʝʨʝʚʘʛʘʤʠ ʚʝʣʠʢʠʭ ʥʘʩʪʘʥʦʚ. ɺʥʘʩʣʽʜʦʢ ʟʨʦʩʪʘʻ ʚʤʽʩʪ 

ʥʝʙʝʟʧʝʯʥʠʭ ʨʝʯʦʚʠʥ ʚ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʘʧʘʨʘʪʘʭ, ʱʦ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʚʠʥʠʢʥʝʥʥʷʤ 

ʥʝʙʝʟʧʝʢ ʪʦʢʩʠʯʥʠʭ ʚʠʢʠʜʽʚ, ʧʦʞʝʞ, ʚʠʙʫʭʽʚ ʽ ʽʥʰʠʭ ʨʫʡʥʽʚʥʠʭ ʷʚʠʱ. ɿʥʘʯʥʫ ʥʝʙʝʟʧʝʢʫ 

ʩʪʘʥʦʚʣʷʪʴ ʧʦʞʝʞʽ ʪʘ ʚʠʙʫʭʠ. 

ɸʚʘʨʽʾ ʥʘ ʚʠʙʫʭʦʧʦʞʝʞʦʥʝʙʝʟʧʝʯʥʠʭ ʭʽʤʽʯʥʠʭ ʧʨʦʤʠʩʣʦʚʠʭ ʦʙ'ʻʢʪʘʭ ʽʩʪʦʪʥʦ 

ʨʦʟʨʽʟʥʷʶʪʴʩʷ ʷʢ ʟʘ ʤʘʩʰʪʘʙʘʤʠ ʫʨʘʞʝʥʥʷ, ʪʘʢ ʽ ʟʘ ʩʮʝʥʘʨʽʷʤʠ ʾʭ ʚʠʥʠʢʥʝʥʥʷ ʽ ʨʦʟʚʠʪʢʫ. 

ɯʩʥʫʶʪʴ ʾʭ ʟʘʛʘʣʴʥʽ ʨʠʩʠ:  ʫʩʽ ʘʚʘʨʽʾ ʤʘʶʪʴ ʧʦʯʘʪʢʦʚʠʡ ʝʪʘʧ, ʷʢʠʡ ʦʙʤʝʞʫʻʪʴʩʷ ʦʜʥʠʤ 

ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʧʨʦʮʝʩʦʤ, ʘʧʘʨʘʪʦʤ, ʜʽʣʷʥʢʦʶ ʪʨʫʙʦʧʨʦʚʦʜʫ ʽ ʪ.ʧ., ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʧʝʚʥʠʤ ʥʘʙʦʨʦʤ ʬʘʢʪʦʨʽʚ ʥʝʙʝʟʧʝʢʠ; ʨʽʚʝʥʴ ʨʦʟʚʠʪʢʫ ʘʚʘʨʽʡ ʽ ʤʘʩʰʪʘʙʽʚ ʫʨʘʞʝʥʥʷ ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʘʚʘʨʽʡ ʟʘʣʝʞʠʪʴ ʚʽʜ ʟʥʘʯʝʥʴ ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʦʪʝʥʮʽʘʣʽʚ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʙʣʦʢʽʚ 

(ʩʠʩʪʝʤ, ʜʽʣʷʥʦʢ); ʢʽʣʴʢʽʩʪʴ ʘʚʘʨʽʡ ʧʦʚ'ʷʟʘʥʠʭ ʟ ʚʠʙʫʭʦʚʠʤʠ ʭʽʤʽʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ ʚ 

ʟʘʤʢʥʫʪʠʭ ʦʙʩʷʛʘʭ ʘʧʘʨʘʪʫʨʠ ʽ ʧʦʚ'ʷʟʘʥʠʭ ʟ ʚʠʙʫʭʘʤʠ ʚ ʘʪʤʦʩʬʝʨʽ ʚʥʘʩʣʽʜʦʢ ʧʦʨʫʰʝʥʥʷ 

ʛʝʨʤʝʪʠʯʥʦʩʪʽ ʩʠʩʪʝʤ ʯʝʨʝʟ ʤʝʭʘʥʽʯʥʝ ʧʦʰʢʦʜʞʝʥʥʷ ʘʧʘʨʘʪʫʨʠ ʧʨʠʙʣʠʟʥʦ ʦʜʥʘʢʦʚʘ; 

ʟʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ ʘʚʘʨʽʡ, ʚʠʢʣʠʢʘʥʠʭ ʚʥʫʪʨʽʰʥʽʤʠ ʬʽʟʠʯʥʠʤʠ ʷʚʠʱʘʤʠ (ʙʝʟ ʭʽʤʽʯʥʠʭ 

ʧʝʨʝʪʚʦʨʝʥʴ), ʱʦ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʨʫʡʥʫʚʘʥʥʷ ʘʧʘʨʘʪʫʨʠ; ʤʦʞʣʠʚʽʩʪʴ ʣʘʥʮʶʛʦʚʦʛʦ 

ʨʦʟʚʠʪʢʫ ʘʚʘʨʽʡ ʟ ʚʠʢʠʜʘʤʠ ʪʦʢʩʠʯʥʠʭ ʧʨʦʜʫʢʪʽʚ ʚ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ ʥʘ 

ʧʨʦʤʠʩʣʦʚʠʭ ʭʽʤʽʯʥʠʭ ʦʙ'ʻʢʪʘʭ; ʚʟʘʻʤʦʟʘʣʝʞʥʽʩʪʴ ʚʠʥʠʢʥʝʥʥʷ (ʨʦʟʚʠʪʢʫ) ʚʠʙʫʭʽʚ ʽ 

ʧʦʞʝʞ; ʚʠʥʠʢʥʝʥʥʷ ʚʠʙʫʭʦʚʠʭ ʭʽʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʚʥʘʩʣʽʜʦʢ ʥʝʥʘʚʤʠʩʥʦʛʦ ʫʪʚʦʨʝʥʥʷ 

ʚʠʙʫʭʦʥʝʙʝʟʧʝʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʫ ʟʘʤʢʥʫʪʠʭ ʦʙʩʷʛʘʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʩʠʩʪʝʤ. 

ʇʨʠ ʚʠʙʫʭʘʭ ʚ ʘʧʘʨʘʪʫʨʽ ʩʪʚʦʨʶʶʪʴʩʷ ʫʤʦʚʠ ʜʣʷ ʚʝʣʠʢʠʭ ʟʘʣʧʦʚʠʭ ʚʠʢʠʜʽʚ 

ʛʦʨʁʯʠʭ ʽ ʚʠʙʫʭʦʥʝʙʝʟʧʝʯʥʠʭ ʧʨʦʜʫʢʪʽʚ ʚ ʘʪʤʦʩʬʝʨʫ ʟ ʥʝʤʠʥʫʯʠʤ ʨʦʟʚʠʪʢʦʤ ʘʚʘʨʽʡ ʟʘ 

ʤʝʞʽ ʘʚʘʨʽʡʥʦʛʦ ʦʙ'ʻʢʪʘ ʽ ʧʽʜʧʨʠʻʤʩʪʚʘ. ʋʤʦʚʠ ʫʪʚʦʨʝʥʥʷ ʚʠʙʫʭʦʥʝʙʝʟʧʝʯʥʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʚ ʘʧʘʨʘʪʫʨʽ ʜʫʞʝ ʨʽʟʥʦʤʘʥʽʪʥʽ ʽ ʟʘʣʝʞʘʪʴ ʚʽʜ ʭʘʨʘʢʪʝʨʫ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʧʨʦʮʝʩʫ. ʁʤʦʚʽʨʥʽʩʪʴ ʫʪʚʦʨʝʥʥʷ ʚʠʙʫʭʦʥʝʙʝʟʧʝʯʥʠʭ ʩʝʨʝʜʦʚʠʱ ʚ ʘʧʘʨʘʪʘʭ ʽ ʽʥʽʮʽʶʚʘʥʥʷ 

ʾʭ ʚʠ-ʙʫʭʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʭʘʨʘʢʪʝʨʥʠʤʠ ʜʣʷ ʢʦʞʥʦʛʦ ʢʦʥʢʨʝʪʥʦʛʦ ʧʨʦʮʝʩʫ ʧʦʨʫʰʝʥʥʷʤʠ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʨʝʞʠʤʫ. ʋ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʘʧʘʨʘʪʘʭ ʤʦʞʫʪʴ ʙʫʪʠ ʷʢ ʧʦʩʪʽʡʥʽ, ʪʘʢ ʽ 

ʚʠʧʘʜʢʦʚʽ ʜʞʝʨʝʣʘ ʟʘʡʤʘʥʥʷ ʪʘ ʽʥʽʮʽʶʚʘʥʥʷ ʚʠʙʫʭʽʚ. ɼʦ ʧʦʩʪʽʡʥʠʭ ʜʞʝʨʝʣ ʩʧʘʣʘʭʫʚʘʥʥʷ 

(ʚʠʙʫʭʫ) ʚʽʜʥʦʩʷʪʴʩʷ: ʚʽʜʢʨʠʪʠʡ ʚʦʛʦʥʴ; ʨʦʟʧʝʯʝʥʽ ʩʪʽʥʢʠ ʘʧʘʨʘʪʽʚ ʽ ʧʝʨʝʛʨʽʪʽ 

ʩʝʨʝʜʦʚʠʱʘ; ʫʜʘʨʠ ʽ ʪʝʨʪʷ ʤʝʪʘʣʝʚʠʭ ʜʝʪʘʣʝʡ ʤʘʰʠʥ ʽ ʘʧʘʨʘʪʽʚ; ʪʚʝʨʜʽ ʯʘʩʪʠʥʢʠ, ʱʦ 

ʧʝʨʝʤʽʱʘʶʪʴʩʷ ʟ ʛʘʟʦʚʠʤʠ ʧʦʪʦʢʘʤʠ ʧʦ ʪʨʫʙʦʧʨʦʚʦʜʘʤ; ʨʦʟʨʷʜʠ ʩʪʘʪʠʯʥʦʾ ʝʣʝʢʪʨʠʢʠ 

 ̔ʪ. ʧ. 

ʉʪʘʙʽʣʴʥʽʩʪʴ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʮʝʩʽʚ ʦʮʽʥʶʻʪʴʩʷ ʚʽʜʥʦʰʝʥʥʷʤ ʨʝʛʣʘʤʝʥʪʦʚʘʥʦʛʦ 

ʧʘʨʘʤʝʪʨʘ ʜʦ ʡʦʛʦ ʢʨʠʪʠʯʥʦʛʦ ʟʥʘʯʝʥʥʶ, ʧʨʠ ʷʢʦʤʫ ʚʠʥʠʢʘʻ ʘʚʘʨʽʡʥʘ ʦʙʩʪʘʥʦʚʢʘ. ʎʝ 

ʚʽʜʥʦʰʝʥʥʷ ʭʘʨʘʢʪʝʨʠʟʫʻ ʧʦʢʘʟʥʠʢ ʙʝʟʧʝʢʠ ʧʨʦʮʝʩʫ ʧʦ ʜʘʥʦʤʫ ʧʘʨʘʤʝʪʨʫ, ʷʢʠʡ ʫ ʚʩʽʭ 

ʚʠʧʘʜʢʘʭ ʧʦʚʠʥʝʥ ʙʫʪʠ ʤʝʥʰʝ ʦʜʠʥʠʮʽ. ʏʠʤ ʙʽʣʴʰʝ ʥʝʙʝʟʧʝʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʤʘʻ 

ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʽ ʯʠʤ ʙʽʣʴʰʝ ʯʠʩʣʦʚʽ ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʥʝʙʝʟʧʝʢʠ, ʪʠʤ ʥʝ 

ʙʝʟʧʝʯʥʽʰʠʤ ʻ ʽ ʩʘʤ ʧʨʦʮʝʩ. ɺʠʢʣʶʯʝʥʥʷ ʤʦʞʣʠʚʦʩʪʽ ʚʠʙʫʭʫ ʥʘʷʚʥʠʭ ʽ ʪʠʭ, ʱʦ 

ʚʠʧʘʜʢʦʚʦ ʫʪʚʦʨʶʶʪʴʩʷ ʚ ʘʧʘʨʘʪʽ ʚʠʙʫʭʦʥʝʙʝʟʧʝʯʥʠʭ ʨʝʯʦʚʠʥ ʙʘʛʘʪʦ ʚ ʯʦʤʫ 

ʟʫʤʦʚʣʶʻʪʴʩʷ ʧʨʘʚʠʣʴʥʠʤ ʚʠʙʦʨʦʤ ʦʩʥʦʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʮʝʩʫ ʽ ʩʪʘʙʽʣʴʥʽʩʪʶ ʾʭ 

ʨʝʛʫʣʶʚʘʥʥʷ ʚ ʟʘʜʘʥʠʭ ʤʝʞʘʭ.  
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ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʨʠʥʦʢ ʭʘʨʯʦʚʠʭ ʜʦʙʘʚʦʢ ʧʨʦʧʦʥʫʻ ʰʠʨʦʢʠʡ ʘʩʦʨʪʠʤʝʥʪ 

ʬʦʩʬʦʨʦʚʤʽʩʥʠʭ ʧʨʝʧʘʨʘʪʽʚ, ʷʢʽ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʷʢ ʦʢʨʝʤʽ ʬʦʩʬʘʪʠ, ʪʘʢ ʽ ʨʽʟʥʽ ʾʭ 

ʢʦʤʙʽʥʘʮʽʾ. ʌʦʩʬʘʪʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʷʢʦʩʪʽ ʩʪʘʙʽʣʽʟʘʪʦʨʫ, ʨʝʛʫʣʷʪʦʨʘ ʢʠʩʣʦʪʥʦʩʪʽ, 

ʨʦʟʧʫʰʫʚʘʯʘ, ʬʽʢʩʘʪʦʨʘ ʢʦʣʴʦʨʫ ʪʘ ʽʥ. ʋ ʧʝʨʝʨʦʙʮʽ ʤôʷʩʘ, ʧʪʠʮʽ, ʨʠʙʠ, ʬʨʫʢʪʽʚ ʽ ʦʚʦʯʽʚ, 

ʫ ʷʢʦʩʪʽ ʚʦʣʦʛʦʫʪʨʠʤʫʶʯʠʭ ʘʛʝʥʪʽʚ; ʫ ʚʠʨʦʙʥʠʮʪʚʽ ʩʠʨʽʚ ʽ ʤʦʣʦʯʥʠʭ ʧʨʦʜʫʢʪʽʚ ï 

ʝʤʫʣʴʛʫʶʯʠʭ ʩʦʣʝʡ, ʘʥʪʠʟʣʝʞʫʶʯʠʭ ʘʛʝʥʪʽʚ; ʭʣʽʙʦʙʫʣʦʯʥʠʭ ʚʠʨʦʙʘʭ ï ʨʦʟʧʫʰʫʚʘʯʘ. ʋ 

ʮʫʢʨʦʚʦʤʫ ʧʽʜʧʨʠʻʤʩʪʚʽ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʷʢʦʩʪʽ ʦʩʚʽʪʣʶʚʘʯʘ ʮʫʢʨʦʚʠʭ ʩʠʨʦʧʽʚ. ɼʦ 

ʩʢʣʘʜʫ ʙʘʛʘʪʴʦʭ ʧʨʦʜʫʢʪʽʚ ʜʦʜʘʶʪʴ ʬʦʩʬʘʪ ʥʘʪʨʽʶ. ɺʽʥ ʨʦʟʧʫʰʫʻ ʪʽʩʪʦ, ʨʦʙʠʪʴ 

ʦʜʥʦʨʽʜʥʠʤʠ ʩʠʨʠ, ʢʦʚʙʘʩʠ ʽ ʟʛʫʱʝʥʝ ʤʦʣʦʢʦ. ʆʩʦʙʣʠʚʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʬʦʩʬʘʪʽʚ ʫ 

ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ ʭʘʨʯʦʚʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʜʫʞʝ ʩʠʣʴʥʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ. ʅʘʧʨʠʢʣʘʜ, ʚ 

ʤ'ʷʩʥʦʤʫ ʽ ʨʠʙʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʭʘʨʯʦʚʽ ʬʦʩʬʘʪʠ ʟ ʚʠʩʦʢʦʶ 

ʨʦʟʯʠʥʥʽʩʪʶ ʫ ʚʦʜʽ ʽ ʩʦʣʴʦʚʠʭ ʨʦʟʯʠʥʘʭ. ʋʩʽ ʚʦʥʠ ʤʘʶʪʴ ʣʫʞʥʫ ʨʝʘʢʮʽʶ. ɰʭ ʜʦʜʘʚʘʥʥʷ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʨʅ, ʘ ʟʥʘʯʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʚʦʣʦʛʦʟʚôʷʟʫʶʯʦʾ ʟʜʘʪʥʦʩʪʽ 

ʙʽʣʢʽʚ. ɿʘʚʜʷʢʠ ʜʦʜʘʚʘʥʥʶ ʬʦʩʬʘʪʽʚ, ʟʙʽʣʴʰʫʻʪʴʩʷ ʚʠʭʽʜ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ, 

ʩʢʦʨʦʯʫʶʪʴʩʷ ʚʪʨʘʪʠ ʽ ʧʝʨʝʥʝʩʝʥʥʷ ʚʦʣʦʛʠ ʧʨʠ ʨʦʟʤʦʨʦʞʫʚʘʥʥʽ ʽ ʪʝʨʤʽʯʥʽʡ ʦʙʨʦʙʮʽ, 

ʩʢʦʨʦʯʫʻʪʴʩʷ ʪʨʠʚʘʣʽʩʪʴ ʟʘʩʦʣʫ, ʧʦʣʽʧʰʫʻʪʴʩʷ ʪʝʢʩʪʫʨʘ ʽ ʢʦʥʩʠʩʪʝʥʮʽʷ, ʢʦʣʽʨ ʽ ʩʤʘʢ 

ʛʦʪʦʚʠʭ ʤ'ʷʩʦ- ʽ ʨʠʙʦʧʨʦʜʫʢʪʽʚ, ʩʧʦʚʽʣʴʥʶʻʪʴʩʷ ʦʢʠʩʣʝʥʥʷ ʞʠʨʽʚ. ʇʦʪʨʝʙʘ ʚ ʪʘʢʠʭ 

ʬʦʩʬʘʪʘʭ ʙʝʟʧʝʨʝʨʚʥʦ ʟʨʦʩʪʘʻ ʽ ʪʦʤʫ ʩʪʘʥʦʚʠʪʴ ʽʥʪʝʨʝʩ ʨʦʟʨʦʙʠʪʠ ʚ ʋʢʨʘʾʥʽ ʚʣʘʩʥʽ 

ʪʝʭʥʦʣʦʛʽʾ ʭʘʨʯʦʚʠʭ ʬʦʩʬʘʪʽʚ. 

ɼʦ ʷʢʦʩʪʽ ʭʘʨʯʦʚʠʭ ʜʦʙʘʚʦʢ ʧʨʝʜ'ʷʚʣʷʶʪʴʩʷ ʧʽʜʚʠʱʝʥʽ ʚʠʤʦʛʠ, ʱʦ ʦʙʤʝʞʫʶʪʴ 

ʚʤʽʩʪ ʚ ʥʠʭ ʪʘʢʠʭ ʰʢʽʜʣʠʚʠʭ ʜʣʷ ʦʨʛʘʥʽʟʤʫ ʜʦʤʽʰʦʢ, ʷʢ ʬʪʦʨ, ʤʠʰ'ʷʢ, ʚʘʞʢʽ ʤʝʪʘʣʠ 

(ʩʚʠʥʝʮʴ, ʮʠʥʢ ʪʘ ʽʥ.). ʊʦʤʫ ʚ ʷʢʦʩʪʽ ʩʠʨʦʚʠʥʠ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʭʘʨʯʦʚʠʭ ʬʦʩʬʘʪʽʚ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʝʨʤʽʯʥʫ ʬʦʩʬʦʨʥʫ ʢʠʩʣʦʪʫ, ʷʢʘ ʧʨʘʢʪʠʯʥʦ ʥʝ ʤʽʩʪʠʪʴ ʜʦʤʽʰʦʢ. ʆʜʥʘʢ 

ʚʠʩʦʢʘ ʚʘʨʪʽʩʪʴ ʪʝʨʤʽʯʥʦʾ ʬʦʩʬʦʨʥʦʾ ʢʠʩʣʦʪʠ ʨʦʙʠʪʴ ʥʝʦʙʭʽʜʥʠʤ ʧʦʰʫʢ ʙʽʣʴʰ ʜʝʰʝʚʠʭ 

ʩʠʨʦʚʠʥʥʠʭ ʜʞʝʨʝʣ. ʅʘ ʥʘʰʫ ʜʫʤʢʫ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʢʩʪʨʘʢʮʽʡʥʦʾ ʬʦʩʬʦʨʥʦʾ ʢʠʩʣʦʪʠ ʚ 

ʚʠʨʦʙʥʠʮʪʚʽ ʯʠʩʪʠʭ ʬʦʩʬʦʨʥʠʭ ʩʦʣʝʡ ʜʦʟʚʦʣʠʪʴ ʨʽʟʢʦ ʟʥʠʟʠʪʠ ʩʦʙʽʚʘʨʪʽʩʪʴ ʧʨʦʜʫʢʮʽʾ. 

ʆʯʝʚʠʜʥʦ, ʱʦ ʦʩʥʦʚʥʦʶ ʧʨʦʙʣʝʤʦʶ, ʷʢʘ ʩʪʨʠʤʫʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʢʩʪʨʘʢʮʽʡʥʦʾ 

ʬʦʩʬʦʨʥʦʾ ʢʠʩʣʦʪʠ ʫ ʚʠʨʦʙʥʠʮʪʚʽ ʭʽʤʽʯʥʦ ʯʠʩʪʠʭ ʬʦʩʬʘʪʽʚ, ʻ ʦʯʠʱʝʥʥʷ ʾʾ, ʷʢ ʤʽʥʽʤʫʤ, 

ʚʽʜ ʬʪʦʨʫ ʽ ʤʠʰ'ʷʢʫ. ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʮʠʭ ʟʘʚʜʘʥʴ ʥʝʦʙʭʽʜʥʝ ʧʨʦʚʝʜʝʥʥʷ ʰʠʨʦʢʦʛʦ ʢʦʣʘ 

ʪʝʦʨʝʪʠʯʥʠʭ ʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. ʈʝʟʫʣʴʪʘʪʠ ʪʘʢʠʭ ʜʦʩʣʽʜʞʝʥʴ ʜʦʟʚʦʣʷʪʴ 

ʨʦʟʨʦʙʠʪʠ ʥʦʚʽ ʩʧʦʩʦʙʠ ʦʜʝʨʞʘʥʥʷ ʬʦʩʬʘʪʦʚʤʽʩʥʠʭ ʭʘʨʯʦʚʠʭ ʜʦʙʘʚʦʢ ʟ ʛʘʨʘʥʪʦʚʘʥʦ 

ʥʠʟʴʢʠʤ ʚʤʽʩʪʦʤ ʥʝʙʘʞʘʥʠʭ ʜʦʤʽʰʦʢ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʤʝʪʘ ʥʘʰʦʾ ʨʦʙʦʪʠ ʧʦʣʷʛʘʣʘ ʫ ʚʩʪʘʥʦʚʣʝʥʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ 

ʧʨʦʮʝʩʽʚ ʩʠʥʪʝʟʫ ʚʠʩʦʢʦʯʠʩʪʠʭ ʬʦʩʬʘʪʽʚ ʘʤʦʥʽʶ, ʥʘʪʨʽʶ, ʢʘʣʽʶ ʽ ʢʘʣʴʮʽʶ ʪʘ ʨʦʟʨʦʙʮʽ ʥʘ 

ʾʭ ʦʩʥʦʚʽ ʦʧʪʠʤʘʣʴʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʾʭ ʧʨʦʤʠʩʣʦʚʦʛʦ ʦʜʝʨʞʘʥʥʷ. ʅʘ 

ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʜʦʩʣʽʜʞʝʥʴ ʥʘʤʠ ʧʨʦʚʝʜʝʥʽ ʨʦʟʨʘʭʫʥʢʠ ʢʦʥʮʝʥʪʨʘʮʽʡʥʠʭ ʢʦʥʩʪʘʥʪ 

ʜʠʩʦʮʽʘʮʽʾ ʬʦʩʬʦʨʥʦʾ ʢʠʩʣʦʪʠ ʜʣʷ ʥʝʥʫʣʴʦʚʦʾ ʽʦʥʥʦʾ ʩʠʣʠ ʨʦʟʯʠʥʽʚ. ɼʣʷ ʨʦʟʯʠʥʽʚ 

ʬʦʩʬʦʨʥʦʾ ʢʠʩʣʦʪʠ ʟ ʢʦʥʮʝʥʪʨʘʮʽʷʤʠ ʙʽʣʴʰʠʭ 0,5 ʤʦʣʴ/ʣ ʢʦʥʩʪʘʥʪʠ ʜʠʩʦʮʽʘʮʽʾ 

ʨʦʟʨʘʭʦʚʫʚʘʣʠ ʽʟ ʟʥʘʯʝʥʴ ʨʅ ʪʦʯʦʢ ʝʢʚʽʚʘʣʝʥʪʥʦʩʪʽ ʥʘ ʢʨʠʚʠʭ ʪʠʪʨʫʚʘʥʥʷ, ʱʦ 

ʦʪʨʠʤʫʚʘʣʠ ʤʝʪʦʜʦʤ ʧʦʪʝʥʮʽʦʤʝʪʨʠʯʥʦʛʦ ʪʠʪʨʫʚʘʥʥʷ. ʅʘ ʦʩʥʦʚʽ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʙʫʣʠ 

ʨʦʟʨʘʭʦʚʘʥʽ ʜʽʘʛʨʘʤʠ ʨʦʟʧʦʜʽʣʫ ʽʦʥʥʠʭ ʬʦʨʤ ʬʦʩʬʦʨʥʦʾ ʢʠʩʣʦʪʠ ʪʘ ʚʠʟʥʘʯʝʥʽ ʽʥʪʝʨʚʘʣʠ 

ʨʅ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʜʦʤʽʥʘʥʪʥʦʤʫ ʚʤʽʩʪʫ ʫ ʨʦʟʯʠʥʘʭ ʽʦʥʽʚ H2PO4
-, HPO4

2- ʪʘ PO4
3-. ɿʘ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʪʘʢʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʚʠʟʥʘʯʝʥʽ ʫʤʦʚʠ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʦʩʘʜʽʚ ʜʽʛʽʜʨʦ- ʽ 

ʛʽʜʨʦʬʦʩʬʘʪʽʚ ʘʤʦʥʽʶ, ʥʘʪʨʽʶ, ʢʘʣʽʶ ʪʘ ʢʘʣʴʮʽʶ ʧʨʦʛʥʦʟʦʚʘʥʦʛʦ ʩʢʣʘʜʫ. 
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ɺʀɺʏɽʅʅʗ ɺʇʃʀɺʋ ɼʀʉʇɽʈʉʅʆʉʊɯ ʉʀʈʆɺʀʅʀ ɼʃʗ ɺʀɻʆʊʆɺʃɽʅʅʗ 

ʂʆʄɯʈʂʆɺʀʍ ɹɽʊʆʅɯɺ, ʗʂɯ ʄɯʉʊʗʊʔ ɺʊʆʈʀʅʅʋ ʉʀʈʆɺʀʅʋ 

ʇɯɼʇʈʀɭʄʉʊɺ ʇʈʀɼʅɯʇʈʆɺʉʔʂʆɻʆ ʈɽɻɯʆʅʋ 

ʄʫʩʽʥʘ ɸ. ʆ., ʉʪʘʜʥʽʢ ʊ. ʆ., ʉʽʛʫʥʦʚ ʆ. ʆ., ʂʨʘʚʯʝʥʢʦ ʊ. ɺ. 

ɼʝʨʞʘʚʥʠʡ ʚʠʱʠʡ ʥʘʚʯʘʣʴʥʠʡ ʟʘʢʣʘʜ 

çʋʢʨʘʾʥʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʭʽʤʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪè 
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ʂʦʤʽʨʢʦʚʽ ʙʝʪʦʥʠ ʟʥʘʭʦʜʷʪʴ ʚʩʝ ʙʽʣʴʰʝ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʙʫʜʽʚʥʠʮʪʚʽ 

ʟʘʚʜʷʢʠ ʩʚʦʾʤ ʩʧʝʮʠʬʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. ɺʦʥʠ ʚʦʣʦʜʽʶʪʴ ʤʘʣʦʶ ʦʙôʻʤʥʦʶ ʚʘʛʦʶ ʽ 

ʪʦʤʫ ʥʝʟʥʘʯʥʦʶ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʶ ʧʨʠ ʜʦʩʪʘʪʥʽʡ ʤʽʮʥʦʩʪʽ, ʪʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʚʠʩʦʢʦʶ 

ʤʦʨʦʟʦʩʪʽʡʢʽʩʪʶ. ɰʭ ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʫ ʷʢʦʩʪʽ ʩʪʽʥʦʚʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʫʪʝʧʣʶʚʘʯʘ 

ʧʦʢʨʠʪʪʽʚ ʧʨʦʤʠʩʣʦʚʠʭ ʙʫʜʠʥʢʽʚ, ʜʘʭʦʚʠʭ ʧʦʢʨʠʪʪʽʚ ʞʠʪʣʦʚʠʭ ʙʫʜʠʥʢʽʚ, ʪʝʧʣʦʪʨʘʩ ʪʘ ʽʥ.  

ɺ ʷʢʦʩʪʽ ʚôʷʞʫʯʦʛʦ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʢʦʤʽʨʢʦʚʠʭ ʙʝʪʦʥʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʮʝʤʝʥʪʠ, ʚʘʧʥʦ ʪʘ ʩʫʤʽʰ ʚʘʧʥʘ ʟ ʮʝʤʝʥʪʦʤ, ʚ ʷʢʦʩʪʽ ʢʨʝʤʥʝʟʝʤʠʩʪʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ï ʧʽʩʢʠ, 

ʟʦʣʫ-ʚʠʥʝʩʝʥʥʷ ʪʦʱʦ.  

ʆʩʥʦʚʥʦʶ ʤʝʪʦʶ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʮʴʢʦʾ ʨʦʙʦʪʠ ʻ ʧʽʜʙʽʨ ʨʘʮʽʦʥʘʣʴʥʠʭ 

ʜʠʩʧʝʨʩʥʦʩʪʝʡ ʩʢʣʘʜʦʚʠʭ ʛʘʟʦʙʝʪʦʥʽʚ, ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʠʤʧʣʝʢʩ-ʛʨʘʜʯʘʩʪʦʛʦ ʤʝʪʦʜʫ 

ʧʣʘʥʫʚʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ, ʷʢʽ ʜʦʟʚʦʣʷʪʴ ʦʪʨʠʤʘʪʠ ʷʢʽʩʥʠʡ ʧʨʦʜʫʢʪ ʧʨʠ ʦʜʥʦʯʘʩʥʦʤʫ 

ʟʤʝʥʰʝʥʥʽ ʝʥʝʨʛʦʚʠʪʨʘʪ. 

ʇʨʠ ʚʠʢʦʥʘʥʥʽ ʜʘʥʦʾ ʨʦʙʦʪʠ ʫ ʷʢʦʩʪʽ ʩʠʨʦʚʠʥʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʥʠʡ ʢʣʽʥʢʝʨ ʟʘʚʦʜʫ ɺɸʊ çɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢ ʎʝʤʝʥʪè, ʛʽʧʩʦʚʠʡ ʢʘʤʽʥʴ 

ɸʨʪʝʤʽʚʩʴʢʦʛʦ ʨʦʜʦʚʠʱʘ, ʟʦʣʫ-ʚʠʥʝʩʝʥʥʷ ʇʨʠʜʥʽʧʨʦʚʩʴʢʦʾ ʊɽʉ, ʚʘʧʥʦ 

ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢʦʛʦ ʙʫʜʽʚʝʣʴʥʦʛʦ ʟʘʚʦʜʫ ʩʪʽʥʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʨʽʯʢʦʚʠʡ ʧʽʩʦʢ. 

ɼʣʷ ʧʣʘʥʫʚʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ ʙʫʣʠ ʦʙʨʘʥʽ ʪʨʠ ʬʨʘʢʮʽʾ ʢʦʞʥʦʛʦ ʟ ʦʩʥʦʚʥʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ ʩʠʨʦʚʠʥʥʦʾ ʩʫʤʽʰʽ: 1. ï0,63õ+0,315 ʤʤ; 2. ï0,315õ+0,14 ʤʤ; 3. ï0,14 ʤʤ. 

ɺʢʘʟʘʥʽ ʽʥʪʝʨʚʘʣʠ ʜʠʩʧʝʨʩʥʦʩʪʽ ʚʠʩʪʫʧʘʣʠ ʫ ʷʢʦʩʪʽ ʟʤʽʥʥʠʭ ʍ1, ʍ2 ʪʘ ʍ3, ʚʽʜʧʦʚʽʜʥʦ. ɼʣʷ 

ʟʦʣʠ-ʚʠʥʝʩʝʥʥʷ, ʚʥʘʩʣʽʜʦʢ ʾʾ ʚʠʩʦʢʦʾ ʜʠʩʧʝʨʩʥʦʩʪʽ, ʧʽʜ ʯʘʩ ʧʣʘʥʫʚʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ 

ʙʫʣʘ ʦʙʨʘʥʘ ʤʦʥʦʬʨʘʢʮʽʷ ï0,14 ʤʤ. ɿʛʽʜʥʦ ʦʙʨʦʙʢʠ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʴ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʨʽʚʥʷʥʥʷ ʨʝʛʨʝʩʽʾ ʫ ʩʠʩʪʝʤʽ çʩʢʣʘʜï

ʚʣʘʩʪʠʚʽʩʪʴè. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʙʫʣʠ ʧʦʙʫʜʦʚʘʥʽ 

ʽʟʦʣʽʥʽʾ ʾʭ ʟʥʘʯʝʥʴ ʚ ʢʦʥʮʝʥʪʨʘʮʽʡʥʠʭ ʪʨʠʢʫʪʥʠʢʘʭ, ʨʦʟʨʘʭʦʚʘʥʽ ʢʦʦʨʜʠʥʘʪʠ ʪʦʯʦʢ 

ʽʟʦʣʽʥʽʡ ʽ ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʚʣʘʩʪʠʚʦʩʪʝʡ. 

ɸʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʚʧʣʠʚ ʜʠʩʧʝʨʩʥʦʩʪʽ ʩʢʣʘʜʦʚʠʭ ʢʦʤʧʦʟʠʮʽʾ 

ʥʘ ʾʾ ʱʽʣʴʥʽʩʪʴ ʜʦʟʚʦʣʷʻ ʚʽʜʤʽʪʠʪʠ ʥʘʩʪʫʧʥʝ. ʆʩʢʽʣʴʢʠ ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʢʦʤʽʨʢʦʚʠʭ 

ʙʝʪʦʥʽʚ ʦʩʥʦʚʥʠʡ ʘʢʮʝʥʪ ʨʦʙʠʪʴʩʷ ʥʘ ʟʤʝʥʰʝʥʥʷ ʚʘʛʠ ʢʦʤʧʦʟʠʮʽʾ, ʪʦ ʥʘʡʙʽʣʴʰ 

ʨʘʮʽʦʥʘʣʴʥʠʤʠ ʻ ʪʽ ʩʢʣʘʜʠ, ʷʢʽ ʤʘʶʪʴ ʤʝʥʰʫ ʱʽʣʴʥʽʩʪʴ. ʋ ʮʴʦʤʫ ʟʚôʷʟʢʫ, ʥʘʡʙʽʣʴʰ 

ʨʘʮ̔ʦʥʘʣʴʥʠʤʠ ʟʘ ʬʘʢʪʦʨʦʤ ʱʽʣʴʥʦʩʪʽ, ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʚʠʜʫ ʟʘʧʦʚʥʶʚʘʯʘ ʢʦʤʧʦʟʠʮʽʾ 

(ʧʽʩʦʢ ʘʙʦ ʟʦʣʘ-ʚʠʥʝʩʝʥʥʷ), ʚʠʩʪʫʧʘʶʪʴ ʛʘʟʦʙʝʪʦʥʠ, ʱʦ ʤʽʩʪʷʪʴ ʢʦʤʧʦʥʝʥʪʠ ʟ 

ʧʽʜʚʠʱʝʥʦʶ ʪʦʥʠʥʦʶ ʨʦʟʤʝʣʫ. 

ɸʥʘʣʽʟʫʶʯʠ ʩʢʣʘʜ ʽ ʜʠʩʧʝʨʩʥʽʩʪʴ ʩʢʣʘʜʦʚʠʭ ʮʠʭ ʢʦʤʧʦʟʠʮʽʡ, ʤʦʞʥʘ ʟʨʦʙʠʪʠ 

ʚʠʩʥʦʚʦʢ, ʱʦ ʨʘʮʽʦʥʘʣʴʥʠʤʠ ʽ ʦʙʦʚôʷʟʢʦʚʠʤʠ ʻ ʨʦʟʤʝʣ ʚʘʧʥʘ, ʧʽʩʢʫ, ʘʙʦ ʟʦʣʠ-ʚʠʥʝʩʝʥʥʷ 

ʜʦ ʚʠʩʦʢʦʾ ʜʠʩʧʝʨʩʥʦʩʪʽ (ʬʨʘʢʮʽʷ ʤʝʥʰʝ ï0,14 ʤʤ). ʇʨʠ ʮʴʦʤʫ ʜʠʩʧʝʨʩʥʽʩʪʴ ʚôʷʞʫʯʦʛʦ 

(ʮʝʤʝʥʪʫ) ʚ ʤʝʥʰʦʤʫ ʩʪʫʧʝʥʽ ʚʧʣʠʚʘʻ ʥʘ ʱʽʣʴʥʽʩʪʴ ʛʘʟʦʙʝʪʦʥʫ: ʨʦʟʤʝʣ ʮʝʤʝʥʪʫ ʤʦʞʥʘ 

ʚʠʢʦʥʫʚʘʪʠ ʚ ʙʽʣʴʰ ʰʠʨʦʢʦʤʫ ʽʥʪʝʨʚʘʣʽ. 
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ʅʘʟʘʨʝʥʢʦ ʆ. ɺ., ɯʚʘʥʯʝʥʢʦ ɸ. ɺ. 
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ɺʦʜʘ ʤʘʻ ʚʝʣʠʢʠʡ ʚʧʣʠʚ ʥʘ ʟʜʦʨʦʚ'ʷ ʣʶʜʠʥʠ. ɼʣʷ ʪʦʛʦ, ʱʦʙ ʜʦʙʨʝ ʩʝʙʝ ʧʦʯʫʚʘʪʠ 

ʣʶʜʠʥʘ ʧʦʚʠʥʥʘ ʚʞʠʚʘʪʠ ʷʢʽʩʥʫ ʧʠʪʥʫ ʚʦʜʫ. ɯʩʥʫʶʪʴ ʨʝʢʦʤʝʥʜʦʚʘʥʽ ʩʘʥʽʪʘʨʥʦ-ʛʽʛʽʻʥʽʯʥʽ 

ʥʦʨʤʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʷʢʦʩʪʽ ʧʠʪʥʦʾ ʚʦʜʠ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ɼʉʊʋ 7525:2014 ʟʘʛʘʣʴʥʠʡ 

ʩʦʣʝʚʤʽʩʪʫ ʧʠʪʥʠʭ ʚʦʜʘʭ, ʱʦ ʚʞʠʚʘʻ ʥʘʩʝʣʝʥʥʷ ʧʦʚʠʥʝʥ ʩʪʘʥʦʚʠʪʠ ʥʝ ʙʽʣʴʰʝ 

1000 ʤʛ/ʜʤ3. ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʛʘʣʴʥʦʛʦ ʩʦʣʝʚʤʽʩʪʫ ʫ ʧʠʪʥʽʡ ʚʦʜʽ  

ʨʽʟʥʠʭ ʨʘʡʦʥʽʚ ʤ. ʂʘʤôʷʥʩʴʢʝ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʟʘʛʘʣʴʥʦʛʦ ʩʦʣʝʚʤʽʩʪʫ ʫ ʧʠʪʥʠʭ ʚʦʜʘʭ 

ʚʠʢʦʨʠʩʪʘʥʦ ʩʫʯʘʩʥʠʡ ʧʨʠʣʘʜ TDS-ʤʝʪʨ.  

ʇʨʠʣʘʜ TDS-ʤʝʪʨ (ʩʦʣʝʤʽʨ) ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ 

ʩʦʣʝʡ ʫ ʚʦʜʽ. ɺʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʨʝʩ-ʘʥʘʣʽʟʫ ʚʦʜʠ ʟ ʙʫʜʴ-ʷʢʦʛʦ 

ʜʞʝʨʝʣʘ ʥʘ ʟʘʛʘʣʴʥʠʡ ʚʤʽʩʪ ʩʦʣʝʡ, ʢʦʥʪʨʦʣʶ ʨʦʙʦʪʠ ʩʠʩʪʝʤ ʬʽʣʴʪʨʘʮʽʾ ʚʦʜʠ, ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʪʝʨʤʽʥʽʚ ʟʘʤʽʥʠ ʬʽʣʴʪʨʫʶʯʠʭ ʝʣʝʤʝʥʪʽʚ. ʇʨʠʥʮʠʧ ʨʦʙʦʪʠ TDS-ʤʝʪʨʫ 

ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʚʣʘʩʪʠʚʦʩʪʽ ʚʦʜʠ ʧʨʦʚʦʜʠʪʠ ʝʣʝʢʪʨʠʯʥʠʡ ʩʪʨʫʤ, ʪʦʙʪʦ ʥʘ 

ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ. ʍʽʤʽʯʥʦ ʯʠʩʪʘ ʚʦʜʘ ï ʥʘʪʫʨʘʣʴʥʠʡ ʜʽʝʣʝʢʪʨʠʢ, ʽ ʪʽʣʴʢʠ ʧʨʠ ʥʘʷʚʥʦʩʪʽ 

ʽʦʥʽʚ ʽʥʰʠʭ ʨʝʯʦʚʠʥ, ʚʦʥʘ ʩʪʘʻ ʧʨʦʚʽʜʥʠʢʦʤ. ʏʠʤ ʙʽʣʴʰʝ ʪʘʢʠʭ ʽʦʥʽʚ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʚʦʜʽ, 

ʪʠʤ ʚʠʱʝ ʾʾ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʴ. ʉʦʣʝʤʽʨ ʧʦʢʘʟʫʻ ʢʽʣʴʢʽʩʪʴ ʤʽʣʽʛʨʘʤʽʚ ʩʦʣʝʡ ʟʥʘʭʦʜʠʪʴʩʷ 

ʚ 1 ʜʤ3 ʚʦʜʠ (ʤʛ /ʜʤ3). ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 1. 
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ʈɽʏʆɺʀʅ 

ʅʝʩʪʝʨʝʥʢʦ ʆ. ɺ., ɿʙʠʢʦʚʩʴʢʠʡ ɭ. ɯ. 

ɼʦʥʝʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ʇʦʢʨʦʚʩʴʢ  
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ʂʦʢʩ ʻʜʠʥʠʡ ʤʘʪʝʨʽʘʣ, ʷʢʠʡ ʟʘʣʠʰʘʻʪʴʩʷ ʫ ʪʚʝʨʜʽʡ ʬʘʟʽ ʥʘ ʥʠʞʥʽʭ ʛʦʨʠʟʦʥʪʘʭ 

ʜʦʤʝʥʥʦʾ ʧʝʯʽ, ʱʦ ʫʪʨʠʤʘʻ ʥʘ ʩʦʙʽ ʚʘʛʫ ʚʩʽʭ ʤʘʪʝʨʽʘʣʽʚ ʽ ʟʘʙʝʟʧʝʯʫʻ ʛʘʟʦʧʨʦʥʠʢʥʽʩʪʴ 

ʰʠʭʪʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʉʢʦʨʦʯʝʥʥʷ ʚʠʪʨʘʪ ʢʦʢʩʫ ʥʝ ʤʦʞʣʠʚʝ ʙʝʟ ʧʦʣʽʧʰʝʥʥʷ ʷʢʦʩʪʽ 

ʟʦʢʨʝʤʘ ʟʥʠʞʝʥʥʷ ʡʦʛʦ ʨʝʘʢʮʽʡʥʦʾ ʟʜʘʪʥʦʩʪʽ ʽ ʧʽʜʚʠʱʝʥʥʷ ʤʽʮʥʦʩʪʽ. ɼʦ ʦʩʥʦʚʥʠʭ 

ʧʦʢʘʟʥʠʢʽʚ ʢʦʢʩʫ ʚʽʜʥʦʩʠʪʴʩʷ ʚʦʣʦʛʽʩʪʴ, ʩʽʨʯʠʩʪʽʩʪʴ, ʟʦʣʴʥʽʩʪʴ, ʤʝʭʘʥʽʯʥʘ ʤʽʮʥʽʩʪʴ, ʘ 

ʪʘʢʦʞ ʽʥʜʝʢʩ ʨʝʘʢʮʽʡʥʦʾ ʟʜʘʪʥʦʩʪʽ  (ʉRɯ) ʽ ʤʽʮʥʽʩʪʴ ʟʘʣʠʰʢʫ ʢʦʢʩʫ ʧʽʩʣʷ ʨʝʘʢʮʽʾ ʟ ʉʆ2 

(CSR). ɺʠʤʦʛʠ  ʤʝʪʘʣʫʨʛʽʡʥʠʭ ʟʘʚʦʜʽʚ ʜʦ ʷʢʦʩʪʽ ʜʦʤʝʥʥʦʛʦ ʢʦʢʩʫ ʟʘ ʮʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ 

ʜʫʞʝ ʚʠʩʦʢʽ (ʉRɯ < 30 %, CSR > 60 %).  

ɺ ʦʩʥʦʚʫ ʜʦʩʣʽʜʞʝʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʧʦʢʣʘʜʝʥʠʡ ʚʧʣʠʚ ʥʘ ʜʦʤʝʥʥʠʡ ʢʦʢʩ 

ʥʝʦʨʛʘʥʽʯʥʠʤʠ ʨʝʯʦʚʠʥʘʤʠ, ʟʜʘʪʥʠʤʠ ʧʨʠ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʣʘʚʠʪʠʩʷ ʙʝʟ 

ʨʦʟʢʣʘʜʘʥʥʷ ʽ ʚʠʧʘʨʦʚʫʚʘʥʥʷ, ʪʘ ʥʝ ʧʦʛʽʨʰʫʚʘʪʠ ʷʢʽʩʪʴ ʤʝʪʘʣʫʨʛʽʡʥʦʾ ʧʨʦʜʫʢʮʽʾ.  

ʈʦʟʪʽʢʘʶʯʠʩʴ ʧʦ ʧʦʚʝʨʭʥʽ ʢʦʢʩʫ, ʘ ʪʘʢʦʞ ʧʨʦʥʠʢʘʶʯʠ ʚ ʧʦʨʠ ʽ ʪʨʽʱʠʥʠ, ʮʽ ʨʝʯʦʚʠʥʠ 

ʫʪʚʦʨʶʶʪʴ çʟʘʭʠʩʥʠʡ ʰʘʨè, ʩʪʽʡʢʠʡ ʜʦ ʜʽʾ ʦʢʠʩʣʶʚʘʣʴʥʠʭ ʛʘʟʽʚ (ʆ2, ʉʆ2 ʪʘ ʽʥ.) ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʘʭ > 1100 ÁC. ʎʝ ʟʘʧʦʙʽʛʘʻ ʧʝʨʝʜʯʘʩʥʝ ʨʫʡʥʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʠ ʢʦʢʩʫ ʽ 

ʚʽʜʧʦʚʽʜʥʦ ʧʽʜʚʠʱʠʪʴ ʡʦʛʦ ʛʘʨʷʯʫ ʤʽʮʥʽʩʪʴ (CSR).  

ɼʣʷ ʦʙʨʦʙʢʠ ʜʦʤʝʥʥʦʛʦ ʢʦʢʩʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʴ ʦʨʪʦʙʦʨʥʘ  ʢʠʩʣʦʪʘ (ʅ3ɺʆ3) ʪʘ 

ʾʾ ʩʦʣʽ ī ʙʦʨʘʪʠ. ʅʘʡʙʽʣʴʰ ʚʘʞʣʠʚʠʤʠ ʽ ʜʦʩʪʫʧʥʠʤʠ ʩʧʦʣʫʢʘʤʠ ʻ ʪʝʪʨʘʙʦʨʘʪ ʥʘʪʨʽʶ 

Na2B4O7ẗ10H2O (ʙʫʨʘ) ʽ Na2B4O7ẗ5H2O (ʶʚʝʣʽʨʥʘ ʙʫʨʘ). ʆʜʥʠʤ ʟ ʥʝʛʘʪʠʚʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʅ3ɺʆ3 ̒  ʾʾ ʣʝʪʶʯʽʩʪʴ ʟ ʧʘʨʘʤʠ ʚʦʜʠ ʥʘʚʽʪʴ ʧʨʠ ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ. ʊʦʤʫ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʣʷ ʦʙʨʦʙʢʠ ʜʦʤʝʥʥʦʛʦ ʢʦʢʩʫ ʨʦʟʯʠʥʽʚ ʙʦʨʥʦʾ ʢʠʩʣʦʪʠ ʥʝʜʦʮʽʣʴʥʦ. 

ʊʝʪʨʘʙʦʨʘʪ ʥʘʪʨʽʶ ï ʙʽʣʘ ʢʨʠʩʪʘʣʽʯʥʘ ʨʝʯʦʚʠʥʘ, ʟʥʝʚʦʜʥʶʻʪʴʩʷ ʧʨʠ 350 Áʉ, ʧʣʘʚʠʪʴʩʷ 

ʧʨʠ 742 Áʉ, ʢʠʧʠʪʴ ʧʨʠ 1575 Áʉ.  

ʅʘʤʠ ʨʦʟʨʦʙʣʝʥʦ ʪʝʭʥʦʣʦʛʽʶ ʚʥʝʧʽʯʥʦʾ ʦʙʨʦʙʢʠ ʜʦʤʝʥʥʦʛʦ ʢʦʢʩʫ ʚʦʜʥʠʤʠ 

ʨʦʟʯʠʥʘʤʠ ʩʧʦʣʫʢ ʙʦʨʫ, ʷʢʫ ʟʜʽʡʩʥʶʚʘʣʠ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: ʛʦʪʫʚʘʣʠ ʨʦʟʯʠʥ ʨʝʯʦʚʠʥʠ 

ʟʘʜʘʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ, ʥʝʦʙʭʽʜʥʫ ʢʽʣʴʢʽʩʪʴ ʨʦʟʯʠʥʫ ʥʘʥʦʩʠʣʠ ʥʘ ʛʘʨʷʯʫ (60ï80 Áʉ) 

ʧʦʚʝʨʭʥʶ ʢʦʢʩʫ ʰʣʷʭʦʤ ʡʦʛʦ ʨʦʟʙʨʠʟʢʫʚʘʥʥʷ ʯʝʨʝʟ ʬʦʨʩʫʥʢʫ. ɯʥʜʝʢʩ ʨʝʘʢʪʠʚʥʦʩʪʽ (CRI) 

ʽ ʛʘʨʷʯʫ ʤʽʮʥʽʩʪʴ (CSR) ʢʦʢʩʫ ʚʠʟʥʘʯʘʣʠ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ʤʽʞʥʘʨʦʜʥʠʤ ʩʪʘʥʜʘʨʪʦʤ ISO 

18894:2006.  

ʇʽʜ ʯʘʩ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʙʫʣʦ ʧʦʤʽʯʝʥʦ, ʱʦ ʧʨʠ ʨʦʟʙʨʠʟʢʫʚʘʥʥʽ ʚʦʜʥʦʛʦ ʨʦʟʯʠʥʫ 

Na2B4O7 ʥʘ ʰʤʘʪʢʠ ʢʦʢʩʫ ʥʝ ʚʩʽ ʢʨʘʧʣʽ ʨʦʟʪʽʢʘʶʪʴʩʷ ʧʦ ʡʦʛʦ ʧʦʚʝʨʭʥʽ ʽ ʰʚʠʜʢʦ 

ʚʙʠʨʘʶʪʴʩʷ ʚ ʦʙ'ʻʤ ʟʨʘʟʢʘ. ʊʦʤʫ ʧʨʠ ʦʙʨʦʙʮʽ ʢʦʢʩʫ ʚ ʧʨʦʮʝʩʽ ʡʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ ʧʦ 

ʢʦʥʚʝʻʨʫ ʯʘʩʪʠʥʘ ʢʨʘʧʝʣʴ ʨʦʟʯʠʥʫ ʨʝʘʛʝʥʪʫ ʩʪʽʢʘʻ ʟ ʰʤʘʪʢʘ ʢʦʢʩʫ ʽ ʥʝ ʩʪʚʦʨʶʻ ʟʘʭʠʩʥʦʛʦ 

ʰʘʨʫ. ɼʣʷ ʧʦʣʽʧʰʝʥʥʷ ʟʤʦʯʫʚʘʥʥʷ ʧʦʚʝʨʭʥʽ ʢʦʢʩʫ ʨʦʟʯʠʥʦʤ ʨʝʘʛʝʥʪʫ  ʙʫʣʦ  ʚʠʢʦʨʠʩʪʘʥʝ 

ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʘ ʨʝʯʦʚʠʥʘ  (ʇɸʈ), ʧʝʚʥʫ ʢʽʣʴʢʽʩʪʴ ʷʢʠʭ ʜʦʜʘʻʪʴʩʷ ʚ ʨʦʟʯʠʥ ʨʝʘʛʝʥʪʫ. 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʜʽʾ ʇɸʈ ʦʙʫʤʦʚʣʝʥʘ ʟʥʠʞʝʥʥʷʤ ʧʦʚʝʨʭʥʝʚʦʛʦ ʥʘʪʷʛʫ ʽ ʢʨʘʡʦʚʦʛʦ 

ʢʫʪʘ ʟʤʦʯʫʚʘʥʥʷ ʤʽʞ ʧʦʚʝʨʭʥʝʶ, ʷʢʘ ʟʤʦʯʫʻʪʴʩʷ, ʽ ʢʨʘʧʣʝʶ ʨʦʟʯʠʥʫ. ɺ ʷʢʦʩʪʽ ʟʤʦʯʫʚʘʯʽʚ 

ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ ʥʝʽʥʦʛʝʥʥʽ ʇɸʈ ʤʘʨʦʢ çɼɹè ʽ çʆʇ-10è ʚ ʩʠʣʫ  ʾʭ ʭʽʤʽʯʥʦʾ ʧʨʠʨʦʜʠ, 

ʜʦʩʪʫʧʥʦʩʪʽ, ʚʽʜʥʦʩʥʦ ʥʝʚʠʩʦʢʽʡ ʚʘʨʪʦʩʪʽ ʽ ʚʠʩʦʢʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ. 
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ʅʀɿʂʆʕʄʀʉʉʀʆʅʅʓɽ ʄɸɻʅɽʊʈʆʅʅʓɽ ʇʆʂʈʓʊʀʗ ɼʃʗ ʌʃʆɸʊ ï 

ʉʊɽʂʃɸ 

ʗʠʮʢʠʡ ʉ. ʅ., ɹʨʘʛʠʥʘ ʃ. ʃ., ʅʝʩʪʝʨʝʥʢʦ ɼ. ʆ. 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ çʍʘʨʴʢʦʚʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪè 

dimacik59@mail.ru 

 

ʉʦʚʨʝʤʝʥʥʦʝ ʨʘʟʚʠʪʠʝ ʘʨʭʠʪʝʢʪʫʨʥʦ-ʩʪʨʦʠʪʝʣʴʥʦʡ ʦʪʨʘʩʣʠ ʥʝʨʘʟʨʳʚʥʦ ʩʚʷʟʘʥʦ ʩ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʨʝʰʝʥʠʷ ʘʢʪʫʘʣʴʥʦʡ ʤʘʪʝʨʠʘʣʦʚʝʜʯʝʩʢʦʡ ʠ ʵʢʦʥʦʤʠʢʦ-ʵʢʦʣʦʛʠʯʝʩʢʦʡ 

ʧʨʦʙʣʝʤʳ ʩʦʟʜʘʥʠʷ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ ʪʝʧʣʦʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʭ ʥʠʟʢʦʵʤʠʩʩʠʦʥʥʳʭ 

ʙʝʩʮʚʝʪʥʳʭ ʠ ʦʢʨʘʰʝʥʥʳʭ ʩʪʝʢʦʣ. ʈʝʰʝʥʠʶ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʧʦʩʚʷʱʝʥʳ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ 

ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ ʠ ʧʨʦʝʢʪʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʨʘʙʦʪʳ, ʚʳʧʦʣʥʷʝʤʳʝ 

ʠʟʚʝʩʪʥʳʤʠ ʢʦʤʧʘʥʠʷʤʠ ʚ ʦʙʣʘʩʪʠ ʩʪʝʢʣʦʜʝʣʠʷ ɽʚʨʦʧʳ, ʉʐɸ, ʗʧʦʥʠʠ, ʠ ʜʨ.: 

KL¥PPER, VON ARDENNE, DIP-Tech, Eurotech Way, INTERMA, North Glass, Bystronic, 

VICTRALUX, GLASTON, FORVET FRANCESCA, Pilkington. ɺ ʋʢʨʘʠʥʝ ʧʦʜʦʙʥʳʝ 

ʨʘʟʨʘʙʦʪʢʠ ʚʳʧʦʣʥʷʶʪʩʷ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʥʘ ʚʝʜʫʱʝʤ ʦʪʝʯʝʩʪʚʝʥʥʦʤ ʧʨʝʜʧʨʠʷʪʠʠ ʧʦ 

ʧʨʦʠʟʚʦʜʩʪʚʫ ʠ ʧʝʨʝʨʘʙʦʪʢʝ ʣʠʩʪʦʚʦʛʦ ʬʣʦʘʪ-ʩʪʝʢʣʘ çʃʠʩʠʯʘʥʩʢʠʡ ʩʪʝʢʦʣʴʥʳʡ ʟʘʚʦʜ 

çʇʨʦʣʝʪʘʨʠʡè ʩʦʚʤʝʩʪʥʦ ʩ ʅʊʋ çʍʇʀè. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʠʣʩʷ ʘʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʧʦʣʫʯʝʥʠʶ 

ʤʥʦʛʦʩʣʦʡʥʳʭ ʥʠʟʢʦʵʤʠʩʩʠʦʥʥʳʭ ʧʦʢʨʳʪʠʡ ʜʣʷ ʬʣʦʘʪ-ʩʪʝʢʣʘ ʘʨʭʠʪʝʢʪʫʨʥʦ-

ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ.   

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʚʘ ʪʠʧʘ ʥʠʟʢʦʵʤʠʩʩʠʦʥʥʳʭ ʩʪʝʢʦʣ ʩ 

ʧʦʢʨʳʪʠʷʤʠ: ʩ ʤʷʛʢʠʤ (ʪʘʢ ʥʘʟʳʚʘʝʤʦʝ I-ʩʪʝʢʣʦ, ʠʣʠ Double Low-E) ʠ ʩ ʪʚʝʨʜʳʤ  

(ʂ-ʩʪʝʢʣʦ, ʠʣʠ Low-ɽ). ɼʣʷ ʧʨʠʜʘʥʠʷ ʬʣʦʘʪ-ʩʪʝʢʣʫ ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʭ ʩʚʦʡʩʪʚ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʴ ʝʱʝ ʛʦʨʷʯʝʛʦ ʩʪʝʢʣʘ ʤʝʪʦʜʦʤ ʧʠʨʦʣʠʟʘ ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʘ ʬʣʦʘʪ-

ʣʠʥʠʠ ʥʘʥʦʩʷʪ ʪʦʥʢʠʡ ʩʣʦʡ ʩʧʝʮʠʘʣʴʥʦʛʦ ʤʝʪʘʣʦʦʢʩʠʜʥʦʛʦ ʧʦʢʨʳʪʠʷ, ʢʦʪʦʨʦʝ, 

çʩʧʝʢʘʷʩʴè ʩʦ ʩʪʝʢʣʦʤ, ʦʪʣʠʯʘʝʪʩʷ ʦʩʦʙʦʡ ʧʨʦʯʥʦʩʪʴʶ ʠ ʧʦʪʦʤʫ ʥʘʟʳʚʘʝʪʩʷ ʪʚʝʨʜʳʤ. 

ʆʥʦ ʷʚʣʷʝʪʩʷ ʫʩʪʦʡʯʠʚʳʤ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʤʝʭʘʥʠʯʝʩʢʠʤ ʠ ʘʪʤʦʩʬʝʨʥʳʤ ʚʦʟʜʝʡʩʪʚʠʷʤ. 

ʉʪʝʢʣʦ ʩ ʪʘʢʠʤ ʧʦʢʨʳʪʠʝʤ ʤʦʞʥʦ ʟʘʢʘʣʷʪʴ, ʤʦʣʣʠʨʦʚʘʪʴ, ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠ 

ʠʟʛʦʪʦʚʣʝʥʠʠ ʤʥʦʛʦʩʣʦʡʥʳʭ ʩʠʩʪʝʤ ʦʩʪʝʢʣʝʥʠʷ. ʅʝʜʦʩʪʘʪʢʦʤ ʝʛʦ ʷʚʣʷʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ 

ʧʨʠ ʧʠʨʦʣʠʟʝ ʢʨʦʤʝ ʜʠʦʢʩʠʜʘ ʦʣʦʚʘ ʜʨʫʛʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʢʦʪʦʨʳʝ ʜʦʩʪʘʪʦʯʥʦ ʪʨʫʜʥʦ 

ʫʜʘʣʠʪʴ. I-ʩʪʝʢʣʦ ʠʤʝʝʪ ʣʫʯʰʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʂ-ʩʪʝʢʣʦʤ, ʚ ʯʘʩʪʥʦʩʪʠ 

ʙʦʣʴʰʫʶ ʩʚʝʪʦʧʨʦʧʫʩʢʘʶʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʠ ʙʦʣʝʝ ʥʠʟʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʠʟʣʫʯʘʪʝʣʴʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʠ. ɽʛʦ ʦʩʥʦʚʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʂ-ʩʪʝʢʣʦʤ ʝʩʪʴ ʤʝʥʴʰʘʷ 

ʘʙʨʘʟʠʚʥʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʤʷʛʢʦʛʦ ʧʦʢʨʳʪʠʷ, ʯʪʦ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʧʨʦʙʣʝʤʳ ʧʨʠ ʭʨʘʥʝʥʠʠ, 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ ʠ ʤʦʥʪʘʞʝ. ʅʦ ʝʩʣʠ ʪʘʢʦʝ ʧʦʢʨʳʪʠʝ ʥʘʭʦʜʠʪʩʷ ʚʥʫʪʨʠ ʩʪʝʢʣʦʧʘʢʝʪʘ, ʵʪʦ 

ʥʝ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʝʛʦ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚʘʭ. 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʪʝʭʥʦʣʦʛʠʡ ʧʦʣʫʯʝʥʠʷ ʬʣʦʘʪ-ʩʪʝʢʦʣ ʩ ʥʠʟʢʦ-

ʵʤʠʩʩʠʦʥʥʳʤʠ ʧʦʢʨʳʪʠʷʤʠ ʧʦʢʘʟʘʣ, ʯʪʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʠʙʦʣʴʰʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣ ʤʝʪʦʜ ʚʘʢʫʫʤʥʦʛʦ ʤʘʛʥʝʪʨʦʥʥʦʛʦ ʥʘʧʳʣʝʥʠʷ ʤʷʛʢʠʭ 

ʧʦʢʨʳʪʠʡ. ʕʪʦʪ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʪʦʥʢʠʝ ʧʣʝʥʢʠ ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ ʩ 

ʨʝʢʦʨʜʥʳʤʠ ʬʠʟʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ (ʪʦʣʱʠʥʘ, ʧʦʨʠʩʪʦʩʪʴ, ʘʜʛʝʟʠʷ ʠ ʧʨ.), ʘ 

ʪʘʢʞʝ ʧʨʦʚʦʜʠʪʴ ʧʦʩʣʦʡʥʳʡ ʩʠʥʪʝʟ ʥʦʚʳʭ ʩʪʨʫʢʪʫʨ (ʩʪʨʫʢʪʫʨʥʳʡ ʜʠʟʘʡʥ), ʩʦʟʜʘʚʘʷ 

ʧʣʝʥʢʫ ʙʫʢʚʘʣʴʥʦ ʥʘ ʫʨʦʚʥʝ ʘʪʦʤʥʳʭ ʧʣʦʩʢʦʩʪʝʡ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʦʩʪʘʶʪʩʷ 

ʚʝʩʴʤʘ ʘʢʪʫʘʣʴʥʳʤʠ ʚ ʩʚʷʟʠ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʩʦʟʜʘʥʠʷ ʙʦʣʝʝ ʜʝʰʝʚʳʭ ʠ ʫʧʨʦʯʥʝʥʥʳʭ 

ʧʦʢʨʳʪʠʡ ʩ ʫʣʫʯʰʝʥʥʳʤʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʥʘʥʦʩʠʤʳʭ ʧʦ 

ʨʘʩʩʤʦʪʨʝʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ.  
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ʂʆʈʆɿɯʁʅɸ ʉʊɯʁʂɯʉʊʔ ʂʆʄʆɿʀʎɯʁʅʀʍ ʇʆʂʈʀʊʊɯɺ ʅɸ ʆʉʅʆɺɯ ʄɯɼɯ, 

ʄʆɼʀʌɯʂʆɺɸʅʀʍ ʅɸʅʆʏɸʉʊʀʅʂɸʄʀ Al2O3 

ʆʚʯʘʨʝʥʢʦ ʆ. ʆ., ʉʘʭʥʝʥʢʦ ʄ. ɼ., ɺʝʜʴ ʄ. ɺ. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʍʘʨʢʽʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪè 

olgaovcharenko@kpi.kharkov.ua 

 

ʆʜʥʠʤ ʽʟ ʰʣʷʭʽʚ ʨʦʟʚôʷʟʘʥʥʷ ʧʨʠʢʣʘʜʥʠʭ ʽ ʥʘʫʢʦʚʠʭ ʧʨʦʙʣʝʤ ʱʦʜʦ 

ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʧʦʚʝʨʭʥʽ ʪʘ ʥʘʜʘʥʥʷ ʾʡ ʩʧʝʮʽʘʣʴʥʠʭ, ʟʦʢʨʝʤʘ ʘʜʩʦʨʙʮʽʡʥʠʭ, ʢʘʪʘʣʽʪʠʯʥʠʭ, 

ʘʥʪʠʢʦʨʦʟʽʡʥʠʭ ʪʘ ʽʥʰʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʭ 

ʧʦʢʨʠʪʪʽʚ (ʂɽʇ). ʂʦʤʧʦʟʠʪʠ ʦʪʨʠʤʫʶʪʴ ʰʣʷʭʦʤ ʝʣʝʢʪʨʦʣʽʟʫ ʟ ʝʣʝʢʪʨʦʣʽʪʽʚ-ʩʫʩʧʝʥʟʽʡ, 

ʜʠʩʧʝʨʩʥʦʶ ʬʘʟʦʶ ʷʢʠʭ ʻ ʯʘʩʪʠʥʢʠ ʤʘʪʝʨʽʘʣʽʚ ʽʥʰʦʾ ʧʨʠʨʦʜʠ, ʘ ʾʭ ʬʦʨʤʘ ʽ ʨʦʟʤʽʨ 

ʚʽʜʽʛʨʘʶʪʴ ʨʦʣʴ ʦʩʥʦʚʥʠʭ ʩʪʨʫʢʪʫʨʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. ɺʢʣʶʯʝʥʥʷ ʜʦ ʩʢʣʘʜʫ ʂɽʇ 

ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʯʘʩʪʠʥʦʢ, ʟʦʢʨʝʤʘ ʦʢʩʠʜʫ ʘʣʶʤʽʥʽʶ, ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʚʧʣʠʚʘʻ ʥʘ ʬʽʟʠʢʦ-

ʭʽʤʽʯʥʽ ʪʘ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʡ ʢʦʨʦʟʽʡʥʫ ʩʪʽʡʢʽʩʪʴ ʧʦʢʨʠʪʪʽʚ. 

ʌʦʨʤʫʚʘʥʥʷ ʂɽʇ ʥʘ ʦʩʥʦʚʽ ʤʽʜʽ ʟʜʽʡʩʥʶʚʘʣʠ ʟ ʜʠʬʦʩʬʘʪʥʦʛʦ ʝʣʝʢʪʨʦʣʽʪʫ ʧʨʠ 

ʛʫʩʪʠʥʽ ʩʪʨʫʤʫ 2ï3 ɸ/ʜʤ2, ʪʝʤʧʝʨʘʪʫʨʽ 20ï25 Áʉ ʧʨʦʪʷʛʦʤ 100ï120 ʭʚ. ɼʣʷ ʘʨʤʫʚʘʥʥʷ 

ʧʦʢʨʠʪʪʽʚ ʜʦ ʙʘʟʦʚʦʛʦ ʝʣʝʢʪʨʦʣʽʪʫ ʜʦʜʘʚʘʣʠ ʛʽʜʨʦʟʦʣʴ ʦʢʩʠʜʫ ʘʣʶʤʽʥʽʶ ʚ ʪʘʢʽʡ ʢʽʣʴʢʦʩʪʽ, 

ʱʦʙ ʚʤʽʩʪ ʥʘʥʦʨʦʟʤʽʨʥʦʛʦ Al2O3 ʚ ʝʣʝʢʪʨʦʣʽʪʽ ʩʢʣʘʜʘʚ 1,0ï2,5 ʛ/ʜʤ3. 

ɼʦʩʣʽʜʞʝʥʥʷ ʢʦʨʦʟʽʡʥʦʾ ʩʪʽʡʢʦʩʪʽ ʂɽʇ ʥʘ ʦʩʥʦʚʽ ʤʽʜʽ, ʘʨʤʦʚʘʥʠʭ ʥʘʥʦʨʦʟʤʽʨʥʠʤʠ 

ʯʘʩʪʠʥʢʘʤʠ ʦʢʩʠʜʫ ʘʣʶʤʽʥʽʶ, ʧʨʦʚʦʜʠʣʠ ʚ ʨʦʟʯʠʥʘʭ 0,001 ʤʦʣʴ/ʜʤ3 ʛʽʜʨʦʢʩʠʜʫ ʥʘʪʨʽʶ 

(ʨʅ = 11), 0,001 ʤʦʣʴ/ʜʤ3 ʩʫʣʴʬʘʪʥʦʾ ʢʠʩʣʦʪʠ (ʨʅ = 3) ʽ ʚ 3 %-ʤʫ ʨʦʟʯʠʥʽ ʭʣʦʨʠʜʫ ʥʘʪʨʽʶ 

(ʨʅ = 7) ʥʘ ʬʦʥʽ 1 ʤʦʣʴ/ʜʤ3 ʩʫʣʴʬʘʪʫ ʥʘʪʨʽʶ. 

 

   

ʘ ʙ ʚ 

ʈʠʩ. ʇʦʣʷʨʠʟʘʮʽʡʥʽ ʟʘʣʝʞʥʦʩʪʽ ʂɽʇ Cu-Al 2O3 (1) ʪʘ ʤʽʜʥʦʛʦ ʧʦʢʨʠʪʪʷ  (2) ʚ ʨʦʟʯʠʥʘʭ: 

3 %-ʚʦʤʫ ʭʣʦʨʠʜʫ ʥʘʪʨʽʶ (ʘ), 0,001 ʤʦʣʴ/ʜʤ3 ʩʫʣʴʬʘʪʥʦʾ ʢʠʩʣʦʪʠ (ʙ) 

ʪʘ 0,001 ʤʦʣʴ/ʜʤ3 ʛʽʜʨʦʢʩʠʜʫ ʥʘʪʨʽʶ (ʚ) 

 

ʅʘ ʧʽʜʩʪʘʚʽ ʘʥʘʣʽʟʫ ʧʦʣʷʨʠʟʘʮʽʡʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʩʪʘʥʦʚʣʝʥʽ 

ʛʫʩʪʠʥʠ ʩʪʨʫʤʫ ʢʦʨʦʟʽʾ ʪʘ ʛʣʠʙʠʥʥʽ ʧʦʢʘʟʥʠʢʠ ʰʚʠʜʢʦʩʪʽ ʢʦʨʦʟʽʾ kh ̫ ʢ ʜʣʷ ʘʨʤʦʚʘʥʠʭ, ʪʘʢ 

ʽ ʤʦʥʦʤʝʪʘʣʝʚʠʭ ʧʦʢʨʠʪʪʽʚ. ʈʝʟʫʣʴʪʘʪʠ ʢʦʨʦʟʽʡʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʂɽʇ ʚ ʥʝʡʪʨʘʣʴʥʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ ʚʢʘʟʫʶʪʴ ʥʘ ʟʩʫʚ ʧʦʪʝʥʮʽʘʣʫ ʢʦʨʦʟʽʾ ʥʘ 0,35 ɺ ʦʙʣʘʩʪʴ ʧʦʟʠʪʠʚʥʠʭ ʟʥʘʯʝʥʴ, 

ʱʦ ʧʽʜʪʚʝʨʜʞʫʻ ʧʽʜʚʠʱʝʥʥʷ ʱʽʣʴʥʦʩʪʽ ʧʦʢʨʠʪʪʽʚ ʪʘ ʧʝʨʝʢʨʠʚʘʥʥʷ ʧʦʨ ʟʘ ʨʘʭʫʥʦʢ 

ʚʢʣʶʯʝʥʥʷ ʘʨʤʫʚʘʣʴʥʦʾ ʬʘʟʠ Al2O3. ɺ ʢʠʩʣʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʧʦʢʘʟʥʠʢ ʰʚʠʜʢʦʩʪʽ ʢʦʨʦʟʽʾ 

ʟʘʣʠʰʘʻʪʴʩʷ ʥʝʟʤʽʥʥʠʤ ʚʥʘʩʣʽʜʦʢ ʨʦʟʯʠʥʝʥʥʷ ʷʢ ʤʦʥʦʤʝʪʘʣʝʚʦʛʦ, ʪʘʢ ʽ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ 

ʧʦʢʨʠʪʪʷ. ɺ ʣʫʞʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʽʜʚʠʱʝʥʥʷ ʙʘʣʫ ʩʪʽʡʢʦʩʪʽ ʧʨʠ ʤʘʡʞʝ 

ʥʝʟʤʽʥʥʦʤʫ ʧʦʪʝʥʮʽʘʣʽ ʢʦʨʦʟʽʾ, ʘ ʧʨʦʮʝʩ ʧʝʨʝʙʽʛʘʻ ʟʘ ʟʤʽʰʘʥʠʤ ʘʥʦʜʥʦ-ʢʘʪʦʜʥʠʤ 

ʢʦʥʪʨʦʣʝʤ.  

ʆʪʨʠʤʘʥʥʽ ʟʘʣʝʞʥʦʩʪʽ ʩʚʽʜʯʘʪʴ ʧʨʦ ʟʘʛʘʣʴʥʠʡ ʪʨʝʥʜ ʱʦʜʦ ʧʽʜʚʠʱʝʥʥʷ ʢʦʨʦʟʽʡʥʦʾ 

ʩʪʽʡʢʦʩʪʽ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʢʨʠʪʪʽʚ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʤʦʥʦʤʝʪʘʣʝʚʠʤʠ ʘʥʘʣʦʛʘʤʠ ʚʥʘʩʣʽʜʦʢ 

ʚʢʣʶʯʝʥʥʷ ʯʘʩʪʠʥʦʢ ʥʘʥʦʨʦʟʤʽʨʥʦʛʦ ʦʢʩʠʜʫ ʘʣʶʤʽʥʽʶ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ 

ʨʦʟʤʽʨʫ ʟʝʨʥʘ ʤʝʪʘʣʫ, ʷʢʝ, ʚ ʩʚʦʶ ʯʝʨʛʫ, ʧʦʟʠʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ ʢʦʨʦʟʽʡʥʫ ʩʪʽʡʢʽʩʪʴ 

ʧʦʢʨʠʪʪʽʚ.  
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ʂɯʅɽʊʀʂɸ ɻɯɼʈɸʊɸʎɯɰ ʉaʆ ɺ ʈʆɿʏʀʅɯ ʂɸʃʔʎɯʁ ʅɯʊʈɸʊʋ 

ʆʣʽʡʥʠʢ ʄ. ɸ., ʐʝʩʪʦʟʫʙ ɸ. ɹ., ɻʫʙʫʰʢʽʥʘ ɼ. ɽ. 

ɼʥʽʧʨʦʚʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

Olmyk@ua.fm 

 

ɻʽʜʨʘʪʘʮʽʶ ʉʘʆ ʚ 35 % ʨʦʟʯʠʥʽ ʉʘ(NO3)2 ʧʨʦʚʦʜʠʣʠ ʚ ʪʝʨʤʽʯʥʦ ʽʟʦʣʴʦʚʘʥʦʤʫ 

ʨʝʘʢʪʦʨʽ. ɼʣʷ ʮʴʦʛʦ ʙʨʘʣʠ 1 ʜʤ3 ʨʦʟʯʠʥʫ ʢʘʣʴʮʽʡ ʥʽʪʨʘʪʫ ʛʫʩʪʠʥʦʶ 1,31 ʛ/ʜʤ3 ʧʽʜʽʛʨʽʪʦʛʦ 

ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ 40 Üʉ. ʌʨʘʢʮʽʾ ʉʘʆ ʨʦʟʤʽʨʦʤ (0õ1; 3õ4; 7õ10) ʤʤ ʧʝʨʝʜ ʟʤʽʰʫʚʘʥʥʷʤ ʽʟ 

ʨʦʟʯʠʥʦʤ ʫ ʨʝʘʢʪʦʨʽ ʪʘʢʦʞ ʧʽʜʽʛʨʽʚʘʣʠ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ 40 Üʉ ʚ ʪʝʨʤʦʩʪʘʪʦʚʘʥʽʡ 

ʩʫʰʠʣʴʥʽʡ ʰʘʬʽ.  

ʇʨʦʮʝʩ ʛʽʜʨʘʪʘʮʽʾ ʧʨʦʚʦʜʠʚʩʷ ʧʨʠ ʧʦʩʪʽʡʥʦʤʫ ʧʝʨʝʤʽʰʫʚʘʥʥʽ ʣʦʧʘʪʝʚʦʶ 

ʤʽʰʘʣʢʦʶ. ʊʝʤʧʝʨʘʪʫʨʘ ʩʫʩʧʝʥʟʽʾ ʚʠʤʽʨʶʚʘʣʘʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʣʘʙʦʨʘʪʦʨʥʦʛʦ 

ʪʝʨʤʦʤʝʪʨʘ ʟ ʪʦʯʥʽʩʪʶ Ñ0,1 Üʉ ʯʝʨʝʟ ʚʠʙʨʘʥʽ ʧʨʦʤʽʞʢʠ ʯʘʩʫ. ɺʠʟʥʘʯʘʣʠ ʟʤʽʥʫ 

ʪʝʤʧʝʨʘʪʫʨʠ ʛʘʩʽʥʥʷ ʉʘʆ ʚ ʨʦʟʯʠʥʽ ʢʘʣʴʮʽʡ ʥʽʪʨʘʪʫ. 

ʇʨʠʡʥʷʚʰʠ ʜʦ ʫʚʘʛʠ, ʱʦ ʚʠʜʠʤʘ ʧʦʚʝʨʭʥʷ ʬʨʘʢʮʽʾ ʻ ʢʚʘʜʨʘʪʠʯʥʦʶ ʬʫʥʢʮʽʻʶ 

ʜʽʘʤʝʪʨʫ ʬʨʘʢʮʽʾ  (S = 4ˊR2) ʪʘʢʫ ʧʦʚʝʜʽʥʢʫ ʨʝʘʢʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʪʠʤ, ʱʦ 

ʘʛʨʝʛʘʪʠ ʉʘʆ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʤʝʥʰʠʭ ʯʘʩʪʦʯʦʢ ʉʘʆ ʟʽ ʩʣʘʙʢʠʤ ʟʚôʷʟʢʦʤ ʤʽʞ ʩʦʙʦʶ ʽ ʚ 

ʧʨʦʮʝʩʽ ʛʽʜʨʘʪʘʮʽʾ ʪʘ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʨʦʟʢʣʘʜʘʶʪʴʩʷ, ʫʪʚʦʨʶʶʯʠ ʧʨʠʙʣʠʟʥʦ ʦʜʥʘʢʦʚʫ 

ʧʦʚʝʨʭʥʶ ʪʚʝʨʜʦʾ ʬʘʟʠ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʜʽʘʤʝʪʨʫ ʬʨʘʢʮʽʡ, ʷʢʽ ʚʽʜʙʠʨʘʶʪʴʩʷ ʧʨʠ ʩʠʪʦʚʽʡ 

ʢʣʘʩʠʬʽʢʘʮʽʾ. ʊʝʤʧʝʨʘʪʫʨʘ ʛʽʜʨʘʪʘʮʽʾ t = (95,3; 93,2; 91,6) Áʉ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʚʠʜʠʤʦʛʦ 

ʜʽʘʤʝʪʨʫ ʬʨʘʢʮʽʾ ʜʝʱʦ ʟʤʝʥʰʫʻʪʴʩʷ, ʪʘʢʦʞ ʚʢʘʟʫʶʯʠ ʥʘ ʥʝʟʥʘʯʥʠʡ ʡʦʛʦ ʚʧʣʠʚ ʥʘ ʯʘʩ 

ʛʽʜʨʘʪʘʮʽʾ ʦʢʩʠʜʫ ʢʘʣʴʮʽʶ. 

ʆʩʢʽʣʴʢʠ ʧʨʠ ʚʝʣʠʢʽʡ ʰʚʠʜʢʦʩʪʽ ʧʨʦʮʝʩʫ ʛʽʜʨʘʪʘʮʽʾ ʧʨʷʤʝ ʚʠʟʥʘʯʝʥʥʷ ʩʪʫʧʝʥʶ 

ʧʝʨʝʪʚʦʨʝʥʥʷ  ʉʘʆ ʚ ʉʘ(ʆʅ)2 ʥʝʤʦʞʣʠʚʝ, ʚʠʢʦʨʠʩʪʘʣʠ ʜʣʷ ʦʮʽʥʢʠ ʩʪʫʧʝʥʶ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʪʝʧʣʦʚʠʡ ʙʘʣʘʥʩ ʧʨʦʮʝʩʫ, ʚʚʘʞʘʶʯʠ, ʱʦ ʪʝʧʣʦʪʘ ʛʽʜʨʘʪʘʮʽʾ ʚʠʪʨʘʯʘʻʪʴʩʷ  ʣʠʰʝ ʥʘ 

ʧʽʜʽʛʨʽʚ ʨʝʘʢʮʽʡʥʦʾ ʩʫʤʽʰʽ.  

ʆʪʞʝ ʧʨʠ ʜʦʪʨʠʤʘʥʥʽ ʫʤʦʚʠ ʪʝʨʤʦʽʟʦʣʴʦʚʘʥʦʛʦ ʨʝʘʢʪʦʨʘ: 

              Qʨo = Qʧ,                                                                                            (1.1) 
ʜʝ Qʨo ï ʪʝʧʣʦʪʘ, ʱʦ ʚʠʜʽʣʷʻʪʴʩʷ ʧʨʠ ʨʝʘʢʮʽʾ ʛʽʜʨʘʪʘʮʽʾ; 

     Qʧ ï ʪʝʧʣʦʪʘ ʧʽʜʽʛʨʽʚʫ ʨʝʘʢʮʽʡʥʦʾ ʤʘʩʠ ʨʝʘʢʪʦʨʘ. 

                 ̋ Ͻὗ̑ Ͻ̒ά̑ ϽЎὸ,                                                 (1.2) 

ʜʝ   ά̋  ï ʤʘʩʘ ʥʘʚʘʞʢʠ ʉʘʆ ʜʦ ʨʝʘʢʮʽʾ, ʛ; 

       ʄ ï ʤʦʣʷʨʥʘ ʤʘʩʘ ʉʘʆ, ʛ/ʤʦʣʴ; 

       Qʨo ï ʪʝʧʣʦʪʘ, ʱʦ ʚʠʜʽʣʷʻʪʴʩʷ ʧʨʠ ʨʝʘʢʮʽʾ ʛʽʜʨʘʪʘʮʽʾ, ɼʞ; 

       ʩ ï ʪʝʧʣʦʻʤʥʽʩʪʴ ʨʦʟʯʠʥʫ, ɼʞ/(ʛ Ŀ ʂ); 

       ά̑  ï ʤʘʩʘ ʨʦʟʯʠʥʫ, ʛ; 

       Ўὸ ï ʟʤʽʥʘ ʪʝʤʧʝʨʘʪʫʨʠ ʨʦʟʯʠʥʫ, Üʉ. 

ʍɸ = ̋  ̋

̋
;           mʢ = ä(Qʧ),                                     (1.3) 

ʜʝ   ά̋  ï ʤʘʩʘ ʉʘʆ, ʷʢʘ ʧʨʦʨʝʘʛʫʚʘʣʘ, ʛ; 

ʍɸ = ̐

̑̓
,                                                         (1.4) 

ʜʝ   Qʨʪ ï ʪʝʦʨʝʪʠʯʥʝ ʪʝʧʣʦ ʨʝʘʢʮʽʾ ʧʨʠ ʛʽʜʨʘʪʘʮʽʾ ʉʘʆ, ɼʞ; 

ɿʘ ʢʦʞʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʩʘʤʦʧʽʜʽʛʨʽʚʫ ʪʝʨʤʦʽʟʦʣʴʦʚʘʥʦʛʦ ʨʝʘʢʪʦʨʘ ʚʠʟʥʘʯʘʣʠ ʍɸ 
ʪʘ ά̋  ʧʽʩʣʷ ʯʦʛʦ ʦʙʯʠʩʣʶʚʘʣʠ ʬʦʨʤʘʣʴʥʫ ʰʚʠʜʢʽʩʪʴ ʨʝʘʢʮʽʾ ʪʘ ʢʦʝʬʽʮʽʻʥʪ ʧʨʘʚʠʣʘ ɺʘʥʪ-

ɻʦʬʬʘ, ʷʢʠʡ ʟʛʽʜʥʦ ʨʦʟʨʘʭʫʥʢʽʚ ʟʤʽʥʶʻʪʴʩʷ ʚ ʽʥʪʝʨʚʘʣʽ ʂʚ = 0,5õ0,7, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ 

ʣʽʤʽʪʫʶʯʫ ʜʠʬʫʟʽʡʥʫ ʩʪʘʜʽʶ ʧʨʦʮʝʩʫ ʛʽʜʨʘʪʘʮʽʾ ʉʘʆ. 
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ɽʃɽʂʊʈʆʍɯʄɯʏʅɽ ʆʂʉʀɼʋɺɸʅʅʗ ʊʀʊɸʅʆɺʀʍ ɯʄʇʃɸʅʊɸʊɯɺ 

ɿɯ ʉʇʃɸɺʋ ɺʊ-6 ʋ ʈʆɿʏʀʅɸʍ ʑɸɺʃɽɺʆɰ ʂʀʉʃʆʊʀ 

ʄʠʟʝʥʢʦ ʆ. ʆ., ɸʥʜʨʫʱʝʥʢʦ ʆ. ʆ., ʇʠʣʠʧʝʥʢʦ ʆ. ɯ. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʍʘʨʢʽʚʩʴʢʽʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪè 

opilipenko1984@gmail.com  

 

ʊʠʪʘʥ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʯʠʩʣʘ ʘʢʪʠʚʥʠʭ ʤʝʪʘʣʽʚ, ʪʦʤʫ ʚʽʥ ʧʦʚʠʥʝʥ ʣʝʛʢʦ ʢʦʨʦʜʫʚʘʪʠ 

ʫ ʙʽʣʴʰʦʩʪʽ ʩʝʨʝʜʦʚʠʱ. ʆʜʥʘʢ ʫ ʟʚʠʯʘʡʥʠʭ ʫʤʦʚʘʭ ʧʦʚʝʨʭʥʷ ʪʠʪʘʥʫ ʚʢʨʠʪʘ ʪʦʥʢʦʶ 

(0,005ï0,006 ʤʢʤ) ʦʢʩʠʜʥʦʶ ʧʣʽʚʢʦʶ Tiʆ2, ʱʦ ʦʙʫʤʦʚʣʶʻ ʧʝʨʝʭʽʜ ʤʝʪʘʣʫ ʚ ʧʘʩʠʚʥʠʡ 

ʩʪʘʥ. ʇʨʠʨʦʜʥʽ ʦʢʩʠʜʥʽ ʧʣʽʚʢʠ, ʯʝʨʝʟ ʤʘʣʫ ʪʦʚʱʠʥʫ, ʥʝ ʟʘʚʞʜʠ ʚ ʜʦʩʪʘʪʥʽʡ ʤʽʨʽ 

ʟʘʭʠʱʘʶʪʴ ʤʝʪʘʣ ʚʽʜ ʢʦʨʦʟʽʡʥʦʛʦ ʨʫʡʥʫʚʘʥʥʷ. ʆʩʦʙʣʠʚʦ ʮʝ ʩʪʦʩʫʻʪʴʩʷ ʩʧʣʘʚʽʚ ʪʠʪʘʥʫ, 

ʭʽʤʽʯʥʘ ʩʪʽʡʢʽʩʪʴ ʷʢʠʭ, ʷʢ ʧʨʘʚʠʣʦ, ʟʥʠʞʫʻʪʴʩʷ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʯʠʩʣʘ ʣʝʛʫʶʯʠʭ 

ʝʣʝʤʝʥʪʽʚ.  

ʆʢʩʠʜʥʽ ʧʣʽʚʢʠ, ʦʪʨʠʤʘʥʽ ʰʪʫʯʥʠʤ ʰʣʷʭʦʤ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʧʝʚʥʦʶ 

ʪʦʚʱʠʥʦʶ, ʦʜʥʦʨʽʜʥʽʩʪʶ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ, ʤʽʥʽʤʘʣʴʥʦʶ ʢʽʣʴʢʽʩʪʶ ʧʽʨ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʾʭ 

ʜʦʩʠʪʴ ʚʠʩʦʢʽ ʟʘʭʠʩʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. ɺ ʨʷʜʽ ʚʠʧʘʜʢʽʚ ʦʢʩʠʜʥʽ ʧʣʽʚʢʠ ʚʠʢʦʥʫʶʪʴ ʨʦʣʴ 

ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʧʦʢʨʠʪʪʷ. ʅʘʧʨʠʢʣʘʜ, ʢʦʣʴʦʨʦʚʝ ʦʢʩʠʜʫʚʘʥʥʷ ʫʩʧʽʰʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʢʦʨʦʟʽʡʥʦʾ ʩʪʽʡʢʦʩʪʽ ʚʠʨʦʙʽʚ ʟ ʪʠʪʘʥʫ, ʧʦʣʽʧʰʝʥʥʷ ʾʭ 

ʙʽʦʣʦʛʽʯʥʦʾ ʩʫʤʽʩʥʦʩʪʽ ʟ ʢʽʩʪʢʦʚʦʶ ʪʢʘʥʠʥʦʶ, ʘ ʪʘʢʦʞ ʤʘʨʢʫʚʘʥʥʷ ʚʠʨʦʙʽʚ ʤʝʜʠʯʥʦʛʦ 

ʧʨʠʟʥʘʯʝʥʥʷ. ʇʽʜʚʠʱʝʥʥʷ ʢʦʨʦʟʽʡʥʦʾ ʩʪʽʡʢʦʩʪʽ ʽ ʙʽʦʩʫʤʽʩʥʦʩʪʽ ʦʙʫʤʦʚʣʝʥʽ ʭʽʤʽʯʥʦʶ 

ʽʥʝʨʪʥʽʩʪʶ ʜʽʦʢʩʠʥʫ ʪʠʪʘʥʫ. ʂʨʽʤ ʪʦʛʦ, ʧʨʠ ʦʢʩʠʜʫʚʘʥʥʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʬʦʨʤʫʚʘʥʥʷ 

ʚʠʩʦʢʦʨʦʟʚʠʥʝʥʦʾ ʧʦʚʝʨʭʥʽ ʽʤʧʣʘʥʪʘʪʫ, ʱʦ ʜʦʟʚʦʣʷʻ ʧʦʢʨʘʱʠʪʠ ʡʦʛʦ ʢʦʥʪʘʢʪ ʟ 

ʢʽʩʪʢʦʚʦʶ ʪʢʘʥʠʥʦʶ.  

ʏʠʩʪʠʡ ʪʠʪʘʥ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʥʝʚʠʩʦʢʦʶ ʤʽʮʥʽʩʪʶ, ʱʦ ʚʠʢʣʶʯʘʻ ʤʦʞʣʠʚʽʩʪʴ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʠʨʦʙʽʚ ʟ ʥʴʦʛʦ ʧʨʠ ʨʦʙʦʪʽ ʚ ʫʤʦʚʘʭ ʤʝʭʘʥʽʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ. ʊʦʤʫ ʜʣʷ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʽʥʧʣʘʥʪʘʪʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʪʠʪʘʥʦʚʽ ʩʧʣʘʚʠ: ɺʊ5, ɺʊ6, ʆʊ4 ʽ ʽʥ. 

ʐʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʦʜʝʨʞʘʚ ʩʧʣʘʚ ɺʊ-6, (3,5ï5,3 % V, 5,3ï6,8 % Al), ʷʢʠʡ ʤʘʻ 

ʦʧʪʠʤʘʣʴʥʝ ʧʦʻʜʥʘʥʥʷ ʤʽʮʥʦʩʪʽ ʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʜʫʞʝ ʢʦʨʦʟʽʡʥʦʩʪʽʡʢʠʡ. 

ʆʢʩʠʜʫʚʘʥʥʷ (ʘʥʦʜʫʚʘʥʥʷ) ʚʠʨʦʙʽʚ ʟ ʮʴʦʛʦ ʩʧʣʘʚʫ ʟʤʝʥʰʫʻ ʡʤʦʚʽʨʥʽʩʪʴ ʾʭ ʧʦʚʝʨʭʥʝʚʦʛʦ 

ʨʫʡʥʫʚʘʥʥʷ, ʚʠʢʨʠʰʫʚʘʥʥʷ ʽ ʧʨʦʥʠʢʥʝʥʥʷ ʤʝʪʘʣʝʚʠʭ ʯʘʩʪʦʢ ʚ ʥʘʚʢʦʣʠʰʥʽ ʪʢʘʥʠʥʠ 

ʦʨʛʘʥʽʟʤʫ, ʱʦ ʦʙʤʝʞʫʻ ʪʝʨʤʽʥ ʩʣʫʞʙʠ ʽʤʧʣʘʥʪʘʪʽʚ ʪʘ ʤʦʞʝ ʚʠʢʣʠʢʘʪʠ ʧʦʷʚʫ ʟʘʧʘʣʴʥʠʭ 

ʧʨʦʮʝʩʽʚ ʧʽʩʣʷ ʦʧʝʨʘʮʽʾ.  

ɼʣʷ ʜʦʩʣʽʜʞʝʥʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʟʨʘʟʢʠ ʪʠʪʘʥʦʚʦʛʦ ʩʧʣʘʚʫ ɺʊ6 ʫ ʚʠʛʣʷʜʽ ʧʣʘʩʪʠʥ 

ʧʨʷʤʦʢʫʪʥʦʾ ʬʦʨʤʠ ʨʦʟʤʽʨʘʤʠ 70Ĭ20Ĭ5 ʤʤ. ʇʽʜʛʦʪʦʚʢʘ ʟʨʘʟʢʽʚ ʜʦ ʨʦʙʦʪʠ ʧʦʣʷʛʘʣʘ ʟʽ 

ʰʣʽʬʫʚʘʥʥʷ ʧʝʣʶʩʪʢʦʚʠʤ ʥʘʞʜʘʯʥʠʤ ʢʨʫʛʦʤ, ʪʨʘʚʣʝʥʥʷ ʚ ʩʫʤʽʰʽ HNO3 + HF (3:1), 

ʧʨʦʤʠʚʢʠ ʚʦʜʦʧʨʦʚʽʜʥʦʶ ʽ ʜʠʩʪʠʣʴʦʚʘʥʦʶ ʚʦʜʦʶ. ʗʢ ʜʦʧʦʤʽʞʥʠʡ ʝʣʝʢʪʨʦʜ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʩʚʠʥʝʮʴ. ʆʢʩʠʜʫʚʘʥʥʷ ʧʨʦʚʦʜʠʣʠ ʚ ʨʦʟʯʠʥʘʭ (HOOC)2 ʟʽ ʚʤʽʩʪʦʤ 

ʢʠʩʣʦʪʠ 5ï100 ʛĀʜʤï3, ʧʨʠʛʦʪʦʚʘʥʠʭ ʟ ʨʝʘʢʪʠʚʫ ʤʘʨʢʠ çʯ.è ʥʘ ʜʠʩʪʠʣʴʦʚʘʥʦʾ ʚʦʜʽ. ɿʨʘʟʢʠ 

ʘʥʦʜʫʚʘʣʠ ʫ ʛʘʣʴʚʘʥʦʩʪʘʪʠʯʥʦʤʫ ʨʝʞʠʤʽ, ʧʦʜʘʶʯʠ ʥʘ ʢʦʤʽʨʢʫ ʥʘʧʨʫʛʫ ʚʽʜ 10 ʜʦ 100 ɺ ʟ 

ʢʨʦʢʦʤ 10 ɺ. ʉʠʛʥʘʣʦʤ ʟʘʢʽʥʯʝʥʥʷ ʧʨʦʮʝʩʫ ʦʢʩʠʜʫʚʘʥʥʷ ʩʣʫʞʠʣʦ ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ ʨʝʣʝ 

ʧʝʨʝʤʠʢʘʥʥʷ ʜʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ ʟ ʨʝʞʠʤʫ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʚ ʨʝʞʠʤ ʧʦʩʪʽʡʥʦʾ ʥʘʧʨʫʛʠ. 

ʆʢʩʠʜʫʚʘʥʥʷ ʚ ʱʘʚʣʝʚʽʡ ʢʠʩʣʦʪʠ ʻ ʜʦʩʪʘʪʥʴʦ ʚʽʜʦʤʠʤ ʧʨʦʮʝʩʦʤ ʦʪʨʠʤʘʥʥʷ 

ʦʢʩʠʜʥʠʭ ʧʦʢʨʠʪʪʽʚ ʥʘ ʪʠʪʘʥʽ ʪʘ ʡʦʛʦ ʩʧʣʘʚʘʭ. ʇʨʠ ʦʢʩʠʜʫʚʘʥʥʽ ʥʘ ʜʝʪʘʣʷʭ ʬʦʨʤʫʶʪʴʩʷ 

ʢʦʣʴʦʨʦʚʽ ʧʣʽʚʢʠ ʪʦʚʱʠʥʦʶ ʜʦ 1 ʤʢʤ, ʷʢʽ ʟʘ ʩʚʦʻʶ ʧʨʠʨʦʜʦʶ ʥʘʣʝʞʘʪʴ ʜʦ 

ʽʥʪʝʨʬʝʨʝʥʮʽʡʥʦ-ʟʘʙʘʨʚʣʝʥʠʭ. ɺʠʟʥʘʯʘʣʴʥʠʡ ʚʧʣʠʚ ʥʘ ʪʦʚʱʠʥʫ ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʢʦʣʽʨ 

ʧʣʽʚʢʠ, ʢʨʽʤ ʩʢʣʘʜʫ ʩʧʣʘʚʫ, ʤʘʻ ʟʥʘʯʝʥʥʷ ʬʦʨʤʫʶʯʦʾ ʥʘʧʨʫʛʠ Uʬ.  

ʄʝʪʦʶ ʨʦʙʦʪʠ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʥʷ ʨʝʞʠʤʫ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʾ ʦʙʨʦʙʢʠ (ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʝʣʝʢʪʨʦʣʽʪʫ, ʚʝʣʠʯʠʥʠ Uʬ, ʘʥʦʜʥʦʾ ʛʫʩʪʠʥʠ ʩʪʨʫʤʫ ja) ʥʘ ʢʦʣʽʨ ʽ ʪʨʠʚʘʣʽʩʪʴ ʧʨʦʮʝʩʫ 

ʬʦʨʤʫʚʘʥʥʷ (ʯʘʩ ʜʦʩʷʛʥʝʥʥʷ ʛʨʘʥʠʯʥʦʾ ʪʦʚʱʠʥʠ ŭʛʨ) ʧʣʽʚʢʠ.  
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ɿɸʉʊʆʉʋɺɸʅʅʗ ʉʆʈɹɽʅʊɯɺ ɺ ʊɽʍʅʆʃʆɻɯʗʍ ʆʊʈʀʄɸʅʅʗ 

ɹɯʆʄɯʅɽʈɸʃʔʅʀʍ ɼʆɹʈʀɺ ʊɸ ɺʆɼʆʇɯɼɻʆʊʆɺʂʀ 

ɯʚʘʥʯʝʥʢʦ ɸ. ɺ., ʇʽʥʯʫʢ ɼ. ɺ. 

ɼʥʽʧʨʦʚʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

daha-dndz@mail.ru 

 

ɸʜʩʦʨʙʮʽʷ ï ʦʜʠʥ ʽʟ ʝʬʝʢʪʠʚʥʠʭ ʩʧʦʩʦʙʽʚ ʛʣʠʙʦʢʦʛʦ ʦʯʠʱʝʥʥʷ ʧʨʠʨʦʜʥʠʭ ʽ 

ʩʪʽʯʥʠʭ ʚʦʜ. ɸʜʩʦʨʙʮʽʡʥʽ ʤʝʪʦʜʠ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʶʪʴ ʧʨʠ ʦʯʠʱʝʥʥʽ ʚʽʜ ʨʦʟʯʠʥʝʥʠʭ 

ʦʨʛʘʥʽʯʥʠʭ ʨʝʯʦʚʠʥ ʧʽʩʣʷ ʙʽʦʭʽʤʽʯʥʦʛʦ ʦʯʠʱʝʥʥʷ, ʘ ʪʘʢʦʞ  ʣʦʢʘʣʴʥʠʭ ʫʩʪʘʥʦʚʢʘʭ, ʷʢʱʦ 

ʢʦʥʮʝʥʪʨʘʮʽʷ ʮʠʭ ʨʝʯʦʚʠʥ ʫ ʚʦʜʽ ʥʝʚʝʣʠʢʘ ʽ ʚʦʥʠ ʙʽʦʣʦʛʽʯʥʦ ʥʝ ʨʦʟʢʣʘʜʘʶʪʴʩʷ ʘʙʦ ʻ ʥʝ 

ʪʦʢʩʠʯʥʠʤʠ. ɸʜʩʦʨʙʮʽʶ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʟʥʝʰʢʦʜʞʝʥʥʷ ʩʪʽʯʥʠʭ ʚʦʜ ʚʽʜ ʬʝʥʦʣʽʚ, 

ʩʤʦʣʠʩʪʠʭ ʨʝʯʦʚʠʥ, ʘʨʦʤʘʪʠʯʥʠʭ ʥʽʪʨʦʩʧʦʣʫʢ, ʇɸʈ, ʬʦʩʬʘʪʽʚ, ʙʘʨʚʥʠʢʽʚ ʪʘ ʽʥ. 

ʇʝʨʝʚʘʛʦʶ ʤʝʪʦʜʫ ʻ ʚʠʩʦʢʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘ ʤʦʞʣʠʚʽʩʪʴ ʦʯʠʱʝʥʥʷ ʩʪʽʯʥʠʭ ʚʦʜ, ʱʦ 

ʤʽʩʪʷʪʴ ʜʝʢʽʣʴʢʘ ʨʝʯʦʚʠʥ ʦʜʥʦʯʘʩʥʦ. 

ʗʢ ʩʦʨʙʝʥʪʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʘʢʪʠʚʦʚʘʥʝ ʚʫʛʽʣʣʷ, ʩʠʥʪʝʪʠʯʥʽ ʩʦʨʙʝʥʪʠ ʽ ʜʝʷʢʽ 

ʚʽʜʭʦʜʠ ʚʠʨʦʙʥʠʮʪʚʘ (ʟʦʣʫ, ʰʣʘʢʠ, ʪʠʨʩʫ ʪʦʱʦ). ʩʠʣʽʢʘʛʝʣʽ, ʘʣʶʤʦʛʝʣʽ ʽ ʛʽʜʨʦʢʩʠʜʠ 

ʤʝʪʘʣʽʚ. ʆʩʦʙʣʠʚʘ ʫʚʘʛʘ ʥʘ ʨʘʟʽ ʧʨʠʜʽʣʷʻʪʴʩʷ ʧʨʠʨʦʜʥʠʤ ʩʦʨʙʝʥʪʘʤ, ʟʦʢʨʝʤʘ 

ʙʝʥʪʦʥʽʪʦʚʠʤ ʛʣʠʥʘʤ ʪʘ ʚʽʜʭʦʜʘʤ ʚʠʨʦʙʥʠʮʪʚʘ ʩʦʥʷʰʥʠʢʦʚʦʾ ʦʣʽʾ. 

ɸʜʩʦʨʙʝʥʪʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʧʦʛʣʠʥʘʣʴʥʦʶ, ʘʙʦ ʘʙʩʦʨʙʮʽʡʥʦʶ ʟʜʘʪʥʽʩʪʶ, ʷʢʘ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʘʜʩʦʨʙʪʠʚʫ ʚ ʦʜʠʥʠʮʽ ʤʘʩʠ ʘʙʦ ʦʙôʻʤʫ ʘʜʩʦʨʙʝʥʪʫ. 

ʉʪʨʫʢʪʫʨʘ ʘʜʩʦʨʙʝʥʪʫ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʚʠʟʥʘʯʘʻ ʡʦʛʦ ʧʠʪʦʤʫ ʚʠʪʨʘʪʫ, ʦʪʞʝ, ʚʧʣʠʚʘʻ ʥʘ 

ʝʢʦʥʦʤʽʯʥʽʩʪʴ ʪʝʭʥʦʣʦʛʽʾ ʘʜʩʦʨʙʮʽʡʥʦʛʦ ʦʯʠʱʝʥʥʷ. 

ɸʢʪʠʚʦʚʘʥʝ ʚʫʛʽʣʣʷ ï ʧʦʨʠʩʪʠʡ ʚʫʛʣʝʮʝʚʠʡ ʘʜʩʦʨʙʝʥʪ. ɿʘʩʪʦʩʦʚʫʶʪʴ ʢʽʣʴʢʘ ʤʘʨʦʢ 

ʘʢʪʠʚʦʚʘʥʦʛʦ ʚʫʛʽʣʣʷ, ʱʦ ʨʦʟʨʽʟʥʷʶʪʴʩʷ ʨʦʟʤʽʨʦʤ ʤʽʢʨʦʧʦʨ. ɸʢʪʠʚʦʚʘʥʝ ʚʫʛʽʣʣʷ 

ʚʽʜʧʦʚʽʜʥʦʾ ʤʘʨʢʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʘʜʩʦʨʙʮʽʾ ʨʽʟʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ (ʛʘʟʽʚ, ʣʝʪʢʠʭ 

ʨʦʟʯʠʥʥʠʢʽʚ ʪʘ ʽʥ), ʱʦ ʚʦʣʦʜʽʶʪʴ ʨʽʟʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. ʈʦʟʤʽʨ ʛʨʘʥʫʣ ʘʢʪʠʚʦʚʘʥʦʛʦ 

ʚʫʛʽʣʣʷ 1,0...6,0 ʤʤ, ʥʘʩʠʧʥʘ ʱʽʣʴʥʽʩʪʴ 380...600 ʢʛ/ʤ3. 

ɹʽʣʴʰʽʩʪʴ ʨʦʟʨʦʙʣʝʥʠʭ ʘʙʩʦʨʙʮʽʡʥʠʭ ʧʨʦʮʝʩʽʚ ʙʘʟʫʶʪʴʩʷ ʥʘ ʩʠʥʪʝʪʠʯʥʠʭ 

ʘʜʩʦʨʙʝʥʪʘʭ. ʊʠʤ ʯʘʩʦʤ, ʥʘʙʫʚʘʶʪʴ ʧʦʰʠʨʝʥʥʷ ʧʨʠʨʦʜʥʽ ʩʦʨʙʝʥʪʠ. ʇʝʨʩʧʝʢʪʠʚʠ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʨʠʨʦʜʥʠʭ ʘʜʩʦʨʙʝʥʪʽʚ ʚ ʥʘʨʦʜʥʦʤʫ ʛʦʩʧʦʜʘʨʩʪʚʽ ʜʦʩʠʪʴ ʩʧʨʠʷʪʣʠʚʽ. 

ʉʝʨʝʜ ʘʜʩʦʨʙʝʥʪʽʚ ʟʥʘʯʥʝ ʤʽʩʮʝ ʟʘʡʤʘʶʪʴ ʛʣʠʥʠʩʪʽ ʤʽʥʝʨʘʣʠ. ʋʥʽʢʘʣʴʥʽʩʪʴ 

ʧʨʠʨʦʜʥʠʭ ʛʣʠʥʠʩʪʠʭ ʤʽʥʝʨʘʣʽʚ ʧʦʣʷʛʘʻ ʥʝ ʣʠʰʝ ʫ ʚʠʩʦʢʽʡ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʩʝʣʝʢʪʠʚʥʦʩʪʽ 

ʩʦʨʙʮʽʡʥʠʭ ʧʨʦʮʝʩʽʚ, ʘ ʡ ʫ ʰʠʨʦʢʠʭ ʤʦʞʣʠʚʦʩʪʷʭ ʧʨʦʚʝʜʝʥʥʷ ʭʽʤʽʯʥʦʛʦ ʪʘ ʩʪʨʫʢʪʫʨʥʦʛʦ 

ʤʦʜʠʬʽʢʫʚʘʥʥʷ ʟ ʤʝʪʦʶ ʟʤʽʥʠ ʾʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʟ ʥʝʦʙʭʽʜʥʠʤʠ ʟʘʜʘʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. 

ʆʜʥʦʯʘʩʥʦ ʟ ʮʠʤ, ʧʨʦʙʣʝʤʘ ʚʠʨʦʙʥʠʮʪʚʘ ʬʦʩʬʦʨʥʠʭ ʜʦʙʨʠʚ ʚ ʋʢʨʘʾʥʽ ʧʦʚôʷʟʘʥʘ 

ʟ ʚʽʜʩʫʪʥʽʩʪʶ ʟʘʧʘʩʽʚ ʚʠʩʦʢʦʷʢʽʩʥʦʾ ʬʦʩʬʘʪʥʦʾ ʩʠʨʦʚʠʥʠ ʚ ʋʢʨʘʾʥʽ. ʅʘ ʚʠʨʦʙʥʠʮʪʚʦ 

ʬʦʩʬʘʪʚʤʽʩʥʠʭ ʤʽʥʝʨʘʣʴʥʠʭ ʜʦʙʨʠʚ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 80ï90 % ʚʠʜʦʙʫʪʠʭ ʬʦʩʬʘʪʥʠʭ 

ʨʫʜ. 

ʅʘ ʩʴʦʛʦʜʥʽ ʧʨʘʢʪʠʯʥʦ ʚʩʷ ʩʠʨʦʚʠʥʘ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʬʦʩʬʦʨʥʠʭ ʜʦʙʨʠʚ 

ʽʤʧʦʨʪʫʻʪʴʩʷ. 

ʅʦʚʠʤ ʝʢʦʥʦʤʽʯʥʦ ʚʠʛʽʜʥʠʤ ʩʧʦʩʦʙʦʤ  ʦʜʝʨʞʘʥʥʷ ʬʦʩʬʘʪʥʦʾ ʩʠʨʦʚʠʥʠ ʚ ʋʢʨʘʾʥʽ 

ʻ ʧʝʨʝʨʦʙʢʘ ʦʩʘʜʽʚ ʧʽʩʣʷ ʘʜʩʦʨʙʮʽʡʥʦʛʦ ʚʠʣʫʯʝʥʥʷ ʬʦʩʬʘʪʽʚ. ɸʜʞʝ ʚ ʥʘʰ ʯʘʩ ʥʘ ʙʽʣʴʰʽʩʪʴ 

ʤʽʩʴʢʠʭ ʦʯʠʩʥʠʭ ʩʧʦʨʫʜ ʋʢʨʘʾʥʠ ʩʪʽʯʥʽ ʚʦʜʠ ʧʦʪʨʘʧʣʷʶʪʴ ʟ ʧʽʜʚʠʱʝʥʠʤ ʚʤʽʩʪʦʤ 

ʬʦʩʬʘʪʽʚ (ʚʠʱʝ 20 ʤʛ/ʜʤ3). ɿʘ ʜʦʙʫ ʚʽʜ ʦʜʥʦʛʦ ʞʠʪʝʣʷ ʥʘʜʭʦʜʠʪʴ 10ï12 ʛ ʬʦʩʬʦʨʫ. ʆʩʘʜʠ, 

ʱʦ ʫʪʚʦʨʶʚʘʪʠʤʫʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʦʙʨʦʙʢʠ ʩʪʽʯʥʦʾ ʚʦʜʠ ʧʨʠʨʦʜʥʠʤʠ ʩʦʨʙʝʥʪʘʤʠ ʻ 

ʮʽʥʥʠʤʠ ʨʝʩʫʨʩʘʤʠ, ʱʦ ʤʽʩʪʷʪʴ ʬʦʩʬʦʨ. ʊʦʤʫ ʾʭ ʤʦʞʣʠʚʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʷʢ ʩʠʨʦʚʠʥʫ 

ʜʣʷ ʦʜʝʨʞʘʥʥʷ ʙʽʦʤʽʥʝʨʘʣʴʥʠʭ ʜʦʙʨʠʚ. 
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MICROWAVE ASSISTED METHOD OF SYNTHESIS OF LIFEPO 4/C COMPOSITE 

FOR LITHIUM -ION BATTERIES  

Mukhin V. V.1,2, Suslov M. M.1,2, Potapenko A. V.1 
1Joint Department of Electrochemical Energy Systems, Kyiv 
2Kyiv National University of Technologies and Design, Kyiv 

avoloshka@ukr.net 

 

LiFePO4 of olivine structure is widely applied as a cathode for modern lithium-ion 

batteries. The theoretical capacity of 170 mAhĀg-1, high potential of charge/discharge (3.4 V vs 

Li/Li +) and a long cycle life have been observed for this material. However, low electronic 

conductivity at the room temperature (10-9 SĀcm-1) and small coefficient of diffusion 

(1.8Ā10-14 cm2Āʩ-1) can be considered as disadvantages. 

Increasing conductivity and electrochemical characteristics due to surface modification 

of LiFePO4 by other conductive layers, first of all carbon coating, and decreasing the particle 

size by a microwave (MW) assisted method are employed in this communication. Li2CO3, 

(NH4)2HPO4, FeC2O4Ā2H2O and citric acid have been used for the synthesis of LiFePO4/C 

composite. MW radiation power of 700 W has been set during the experiment.  

Physico-chemical characteristics have been investigated by X-ray diffraction (CoKŬ 

radiation) and electron scanning microscopy (JSM-6700F, JEOL, Japan) methods. 

Electrochemical characteristics have been obtained in model CR2016 coin cells on an 

automated electrochemical workstation using cyclic voltammetry (CV) and galvanostatic 

charge/discharge cycling methods in the range of potentials 2.0ï4.2 V.  

X-ray diffraction data for synthesized samples confirm the presence of the olivine 

structure and agree with literature data. SEM micrograph of the LiFePO4/ʉ composite sample 

is given in Fig. 1 and the observed average particle size is of about 100 nm. Dependences of 

capacity retention on current loads for LiFePO4/ʉ composite samples with a carbon content of 

5 % obtained with and without MW radiation are presented in Fig. 2. It has been shown that the 

ability to sustain current loads of 1020 mA/g (6C) is better for LiFePO4/C composite electrode 

synthesized by the MW assisted method. In another words, the capacity retention for this 

material is 50 % higher than that for the material obtained without MW treatment. The 

ñmicrowaveò sample can endure current loads up to 2550 mA/g (15C) without degradation as 

control cycles after power tests show (Fig. 3). This means that the ñmicrowaveò material can 

be prospective for high-power lithium-ion battery applications.  

 

1     2     3 

 

 

 

 

 

 

 

 

Fig. 1. SEM micrograph of the LiFePO4/ʉ composite sample 

Fig. 2. Dependence of capacity retention on discharge current for LiFePO4/C electrodes  

Fig. 3. Charge/discharge characteristics of LiFePO4/C synthesized by MW assisted method  
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ɺʃʀʗʅʀɽ ʂʆʅʎɽʅʊʈɸʎʀʀ ʇʈʆʇʀʊʆʏʅʆɻʆ ʈɸʉʊɺʆʈɸ ɺ ʊɽʍʅʆʃʆɻʀʀ 

ʅɸʅɽʉɽʅʅʓʍ ʂɸʊɸʃʀɿɸʊʆʈʆɺ  

ʇʨʠʚʘʣʦʚʘ ɻ. ʉ., ɹʫʪʝʥʢʦ ɸ. ʅ., ɸʚʠʥʘ ʉ. ʀ. 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ çʍʘʨʴʢʦʚʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪè 

galyaboxx@gmail.com 

 

ʆʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʩʣʦʞʥʳʭ ʟʘʜʘʯ ʩʦʚʨʝʤʝʥʥʦʡ ʭʠʤʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ ʷʚʣʷʝʪʩʷ 

ʧʦʜʙʦʨ ʥʦʚʳʭ ʵʬʬʝʢʪʠʚʥʳʭ ʠ ʵʢʦʥʦʤʠʯʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʪʨʘʜʠʮʠʦʥʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʘʞʥʝʡʰʠʤ ʧʨʦʤʳʰʣʝʥʥʳʤ ʩʧʦʩʦʙʦʤ ʧʦʣʫʯʝʥʠʷ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʳ 

ʷʚʣʷʝʪʩʷ ʢʘʪʘʣʠʪʠʯʝʩʢʦʝ ʦʢʠʩʣʝʥʠʝ ʘʤʤʠʘʢʘ ʜʦ NO ʢʠʩʣʦʨʦʜʦʤ ʚʦʟʜʫʭʘ ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʧʦʛʣʦʱʝʥʠʝʤ ʧʦʣʫʯʝʥʥʳʭ ʦʢʩʠʜʦʚ ʘʟʦʪʘ ʚʦʜʦʡ. ʅʘʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʠ 

ʢʘʪʘʣʠʟʘʪʦʨʳ ʥʘ ʦʩʥʦʚʝ ʤʝʪʘʣʣʦʚ ʧʣʘʪʠʥʦʚʦʡ ʛʨʫʧʧʳ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʘʢʠʭ 

ʢʦʥʪʘʢʪʦʚ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʦʪʩʫʪʩʪʚʠʝ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

ʧʣʘʪʠʥʦʠʜʦʚ ʠ ʠʭ ʚʳʩʦʢʦʡ ʩʝʙʝʩʪʦʠʤʦʩʪʠ.  

ʆʜʥʠʤ ʠʟ ʧʫʪʝʡ ʩʥʠʞʝʥʠʷ ʟʘʪʨʘʪ ʧʨʠ ʩʦʟʜʘʥʠʠ ʢʘʪʘʣʠʟʘʪʦʨʘ ʜʣʷ ʜʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ 

ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʦʣʝʝ ʜʝʰʝʚʳʭ, ʚ ʯʘʩʪʥʦʩʪʠ ʦʢʩʠʜʥʳʭ ʩʠʩʪʝʤ, ʢʦʪʦʨʳʝ ʥʝ 

ʩʦʜʝʨʞʘʪ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʧʣʘʪʠʥʦʚʦʡ ʛʨʫʧʧʳ.  

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ ʥʦʩʠʪʝʣʝ ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʩʥʠʟʠʪʴ 

ʩʦʜʝʨʞʘʥʠʝ ʘʢʪʠʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʘ ʟʥʘʯʠʪ ʠ ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʢʦʥʪʘʢʪʘ, ʥʦ ʠ ʫʚʝʣʠʯʠʪʴ 

ʝʛʦ ʪʝʨʤʦʩʪʘʙʠʣʴʥʦʩʪʴ. 

ʇʦʣʫʯʝʥʠʝ ʥʘʥʝʩʝʥʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ ʦʩʫʱʝʩʪʚʣʷʣʠ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. 

ʉʥʘʯʘʣʘ ʬʨʘʢʮʠʦʥʠʨʦʚʘʣʠ ʥʦʩʠʪʝʣʴ ʥʘ ʦʩʥʦʚʝ ʜʠʘʪʦʤʠʪʘ ʩ ʦʪʙʦʨʦʤ ʛʨʘʥʫʣ 

ʥʝʦʙʭʦʜʠʤʦʛʦ ʨʘʟʤʝʨʘ. ʅʦʩʠʪʝʣʴ ʧʨʦʧʠʪʳʚʘʣʠ ʩʤʝʩʴʶ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʥʠʪʨʘʪʘ 

ʢʦʙʘʣʴʪʘ (ɯɯ) ʠ ʉrO3 ʩ ʫʯʝʪʦʤ ʩʦʦʪʥʦʰʝʥʠʷ ʚ ʧʝʨʝʩʯʝʪʝ ʥʘ Co3O4:Cr2O3 = 3:1. ʇʨʠ 

ʧʨʦʧʠʪʢʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʦʣʷʨʥʳʝ ʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʝ ʨʘʩʪʚʦʨʳ (ʦʢʦʣʦ 1750 ʛ/ʣ). 

ʇʦʣʫʯʝʥʥʳʡ ʢʘʪʘʣʠʟʘʪʦʨ ʧʨʦʩʫʰʠʚʘʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 378ï388 ʂ ʚ ʪʝʯʝʥʠʠ ʜʚʫʭ ʯʘʩʦʚ, 

ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʧʨʦʢʘʣʢʦʡ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1073ï1123 ʂ ʚ ʪʝʯʝʥʠʝ ʜʚʫʭ ʯʘʩʦʚ.  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʢʘʪʘʣʠʟʘʪʦʨʘ ʧʨʦʚʦʜʠʣʠ ʥʘ ʣʘʙʦʨʘʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʝ 

ʧʨʦʪʦʯʥʦʛʦ ʪʠʧʘ ʧʦʜ ʘʪʤʦʩʬʝʨʥʳʤ ʜʘʚʣʝʥʠʝʤ, ʪʝʤʧʝʨʘʪʫʨʝ 1073 ʂ ʠ ʣʠʥʝʡʥʦʡ ʩʢʦʨʦʩʪʠ 

1 ʤ/ʩ. ʉʦʜʝʨʞʘʥʠʝ ʘʤʤʠʘʢʘ ʚ ʘʟʦʪʥʦ-ʚʦʟʜʫʰʥʦʡ ʩʤʝʩʠ ʧʦʜʜʝʨʞʠʚʘʣʠ ʥʘ ʫʨʦʚʥʝ 10 % ʦʙ. 

ɺʳʩʦʪʘ ʩʣʦʷ ʢʘʪʘʣʠʟʘʪʦʨʘ 50 ʤʤ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʩʘʞʜʝʥʥʳʡ ʢʦʙʘʣʴʪ-ʭʨʦʤ ʦʢʩʠʜʥʳʡ ʢʘʪʘʣʠʟʘʪʦʨ ʧʨʦʷʚʣʷʝʪ 

ʘʢʪʠʚʥʦʩʪʴ 94,2 %, ʢʘʪʘʣʠʟʘʪʦʨʳ, ʧʨʦʧʠʪʘʥʥʳʝ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʤʠ ʠ ʤʦʣʷʨʥʳʤʠ 

ʨʘʩʪʚʦʨʘʤʠ, ï 93,9 % ʠ 79,1 % ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

ʇʨʦʮʝʩʩ ʦʢʠʩʣʝʥʠʷ ʘʤʤʠʘʢʘ ʥʘ ʥʝʧʣʘʪʠʥʦʚʦʤ ʢʘʪʘʣʠʟʘʪʦʨʝ ʧʨʦʪʝʢʘʝʪ ʚ ʦʙʣʘʩʪʠ 

ʚʥʝʰʥʝʡ ʜʠʬʬʫʟʠʠ. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʘʢʪʠʚʥʦʩʪʴ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʟʘʚʠʩʠʪ ʦʪ 

ʝʛʦ ʩʦʩʪʘʚʘ, ʘ ʥʝ ʦʪ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ (ʫʜʝʣʴʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʦʩʘʞʜʝʥʥʦʛʦ ʠ 

ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʦʧʠʪʢʦʡ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʤ ʨʘʩʪʚʦʨʦʤ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʩʦʩʪʘʚʣʷʝʪ ï 

21,2 ʤ2/ʛ ʠ 12,3 ʤ2/ʛ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). 

ʉʫʱʝʩʪʚʝʥʥʦʝ ʨʘʟʣʠʯʠʝ ʚ ʘʢʪʠʚʥʦʩʪʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʧʨʦʧʠʪʘʥʥʳʭ ʤʦʣʷʨʥʳʤʠ ʠ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʤʠ ʨʘʩʪʚʦʨʘʤʠ, ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʥʠʟʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʘʢʪʠʚʥʦʛʦ 

ʚʝʱʝʩʪʚʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʫʩʢʦʨʝʥʠʝʤ ʧʦʙʦʯʥʳʭ ʨʝʘʢʮʠʡ, ʧʨʦʪʝʢʘʶʱʠʭ ʥʘ ʯʘʩʪʷʭ 

ʧʦʚʝʨʭʥʦʩʪʠ ʥʦʩʠʪʝʣʷ, ʥʝ ʧʦʢʨʳʪʳʭ ʘʢʪʠʚʥʳʤ ʚʝʱʝʩʪʚʦʤ. 

ʇʨʦʮʝʩʩʳ, ʧʨʦʪʝʢʘʶʱʠʝ ʤʝʞʜʫ ʢʘʪʘʣʠʪʠʯʝʩʢʠ ʘʢʪʠʚʥʦʡ ʤʘʩʩʦʡ ʠ ʥʦʩʠʪʝʣʝʤ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʘʪʘʣʠʟʘʪʦʨʘ ʩʚʝʨʭ ʥʦʨʤʘʪʠʚʥʦʛʦ ʩʨʦʢʘ ʵʬʬʝʢʪʠʚʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ, 

ʦʩʣʦʞʥʷʶʪ ʨʝʛʝʥʝʨʘʮʠʶ ʠ ʧʦʚʪʦʨʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʥʪʘʢʪʘ. ʇʨʘʢʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ 

ʚʳʟʚrʘʝʪ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʪʨʘʙʦʪʘʥʥʳʭ ʥʘʥʝʩʝʥʥʳʭ ʢʦʙʘʣʴʪ-

ʭʨʦʤʦʚʳʭ ʦʢʩʠʜʥʳʭ ʢʦʥʪʘʢʪʦʚ ʜʣʷ ʩʠʥʪʝʟʘ ʢʝʨʘʤʠʯʝʩʢʠʭ ʧʠʛʤʝʥʪʦʚ ʩʧʝʮʠʘʣʴʥʦʛʦ 

ʥʘʟʥʘʯʝʥʠʷ.  
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ʉʊʈʋʂʊʋʈɸ ʆʂʉʀɼʅʓʍ ʇʃɽʅʆʂ ʉʇʃɸɺɸ ʎʀʈʂʆʅʀʗ 

ʇʨʦʩʝʢʠʥʘ ʇ. ʖ., ʐʪʝʬʘʥ ɺ. ɺ., ʈʫʜʴ ʈ. ɸ. 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ çʍʘʨʴʢʦʚʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪè 
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʥʦʛʠʝ ʩʪʨʘʥʳ ʚʝʜʫʪ ʨʘʙʦʪʳ ʧʦ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʮʠʨʢʦʥʠʝʚʳʭ ʩʧʣʘʚʦʚ ʠ ʩʦʟʜʘʥʠʶ ʥʦʚʳʭ, ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʥʳ ʜʦʣʛʦ ʠ 

ʥʘʜʝʞʥʦ ʨʘʙʦʪʘʪʴ ʚ ʨʝʘʢʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ. ʎʠʨʢʦʥʠʡ ʦʙʣʘʜʘʝʪ ʨʷʜʦʤ ʧʨʝʠʤʫʱʝʩʪʚ: 

ʤʘʣʦʝ ʩʝʯʝʥʠʝ ʟʘʭʚʘʪʘ ʪʝʧʣʦʚʳʭ ʥʝʡʪʨʦʥʦʚ, ʚʳʩʦʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ  

(t = 1852 ÁC), ʭʦʨʦʰʠʝ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠ ʚʳʩʦʢʘʷ ʢʦʨʨʦʟʠʦʥʥʘʷ ʩʪʦʡʢʦʩʪʴ. 

ʉʚʦʡʩʪʚʘ ʮʠʨʢʦʥʠʷ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʭʦʨʦʰʝʡ ʩʦʚʤʝʩʪʠʤʦʩʪʴʶ ʩ ʷʜʝʨʥʳʤ ʪʦʧʣʠʚʦʤ, 

ʩʨʘʚʥʠʪʝʣʴʥʦ ʚʳʩʦʢʠʤʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ (ʜʝʬʦʨʤʠʨʫʝʤʦʩʪʴ ʠ 

ʩʚʘʨʠʚʘʝʤʦʩʪʴ) ʜʝʣʘʶʪ ʝʛʦ ʚʝʩʴʤʘ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʜʣʷ ʷʜʝʨʥʳʭ ʨʝʘʢʪʦʨʦʚ. 

ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʦʙʨʘʟʮʳ 

ʩʧʣʘʚʘ ʮʠʨʢʦʥʠʷ ʤʘʨʢʠ ʕ110 ʚ ʚʠʜʝ ʧʨʫʪʢʦʚ ʜʣʠʥʦʡ 30 ʤʤ ʠ ʜʠʘʤʝʪʨʦʤ 10 ʤʤ ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʪʦʣʱʠʥʳ ʦʢʩʠʜʥʦʡ ʧʣʝʥʢʠ, ʢʦʪʦʨʫʶ ʧʦʣʫʯʘʣʠ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʤ ʦʢʠʩʣʝʥʠʝʤ ʚ ʚʦʜʷʥʦʤ ʧʘʨʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 700 Áʉ. ʆʙʨʘʟʮʳ 

ʧʝʨʝʜ ʠʩʧʳʪʘʥʠʷʤʠ ʤʝʭʘʥʠʯʝʩʢʠ ʰʣʠʬʦʚʘʣʠʩʴ ʩ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ ʫʤʝʥʴʰʝʥʠʝʤ 

ʨʘʟʤʝʨʘ ʘʙʨʘʟʠʚʥʦʛʦ ʟʝʨʥʘ ʜʦ 20 ʤʢʤ, ʦʙʝʟʞʠʨʠʚʘʣʠʩʴ ʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ 

(ʙʝʥʟʠʥ, ʵʪʠʣʦʚʳʡ ʩʧʠʨʪ), ʧʦʩʣʝ ʯʝʛʦ ʚʟʚʝʰʠʚʘʣʠʩʴ ʥʘ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʚʝʩʘʭ. 

ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʠʤʧʝʜʘʥʩʘ ʦʙʨʘʟʮʦʚ ʮʠʨʢʦʥʠʷ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ 2-ʭ ʵʣʝʢʪʨʦʜʥʘʷ 

ʩʭʝʤʘ. ʕʣʝʢʪʨʦʜʘʤʠ ʚʳʩʪʫʧʘʣʠ ʦʙʨʘʟʮʳ ʮʠʨʢʦʥʠʷ, ʧʨʦʪʠʚʦʵʣʝʢʪʨʦʜ ï ʧʣʘʪʠʥʦʚʘʷ ʩʝʪʢʘ. 

ʇʦʚʝʨʭʥʦʩʪʴ ʦʙʨʘʟʮʦʚ ʠʟʦʣʠʨʦʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʧʘʨʘʬʠʥʦ-ʚʦʩʢʦʚʦʡ ʩʤʝʩʠ. ʈʘʙʦʯʘʷ 

ʧʦʚʝʨʭʥʦʩʪʴ ʦʙʨʘʟʮʦʚ ʩʦʩʪʘʚʣʷʣʘ 1 ʩʤ2. 

ɼʣʷ ʠʟʫʯʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʧʦʣʫʯʝʥʥʳʭ ʦʢʩʠʜʥʳʭ ʧʣʝʥʦʢ ʠʩʧʦʣʴʟʦʚʘʥ ʤʝʪʦʜ 

ʠʤʧʝʜʘʥʩʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʚ 60 % ʨʘʩʪʚʦʨʝ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ. ʀʤʧʝʜʘʥʩʥʳʝ ʠʟʤʝʨʝʥʠʷ 

ʘʢʪʠʚʥʦʡ Rs ʠ ʝʤʢʦʩʪʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ 1/ɤCs (ɤ ï ʢʨʫʛʦʚʘʷ ʯʘʩʪʦʪʘ) ʧʨʦʚʦʜʠʣʠ ʩ 

ʧʦʤʦʱʴʶ ʤʦʩʪʘ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ ʈ-5083 ʚ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ ʦʪ 20 ɻʮ ʜʦ 100 ʢɻʮ. 

ʀʩʧʦʣʴʟʫʷ ʧʦʣʫʯʝʥʥʳʝ ʠʤʧʝʜʘʥʩʥʳʝ ʩʧʝʢʪʨʳ, ʜʣʷ ʦʙʨʘʟʮʦʚ ʩ ʨʘʟʣʠʯʥʦʡ 

ʪʦʣʱʠʥʦʡ ʦʢʩʠʜʥʳʭ ʧʣʝʥʦʢ, ʨʘʩʩʯʠʪʘʣʠ ʧʘʨʘʤʝʪʨʳ ʠʤʧʝʜʘʥʩʘ: ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

ʵʣʝʢʪʨʦʣʠʪʘ, ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʣʝʥʢʠ, ʝʤʢʦʩʪʴ ʜʚʦʡʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʣʦʷ (ɼʕʉ), 

ʪʘʥʛʝʩ ʫʛʣʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʨʴ.  

ʉ ʧʦʤʦʱʴʶ ʛʨʘʬʦʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʫʩʪʘʥʦʚʠʣʠ ʟʘʚʠʩʠʤʦʩʪʴ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʦʪ ʪʦʣʱʠʥʳ ʦʢʩʠʜʥʦʡ ʧʣʝʥʢʠ. ʉ ʨʦʩʪʦʤ ʪʦʣʱʠʥʳ ʦʢʩʠʜʥʦʡ ʧʣʝʥʢʠ ʩʦʧʨʦʪʠʚʣʝʥʠʝ Ry 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ, ʥʘʯʠʥʘʷ ʩ ʪʦʣʱʠʥʳ 0,9 ʤʢʤ ʧʣʝʥʢʘ, 

ʠʤʝʝʪ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʝ ʟʘʱʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʠ ʥʘʜʝʞʥʦ ʟʘʱʠʱʘʝʪ ʩʧʣʘʚ ʦʪ ʢʦʨʨʦʟʠʠ. 

ɽʤʢʦʩʪʴ ɼʕʉ C0 ʜʦ ʪʦʣʱʠʥʳ 0,33 ʤʢʤ ʩʥʘʯʘʣʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʘ ʜʦʩʪʠʛʥʫʚ ʪʦʣʱʠʥʳ 

0,9 ʤʢʤ ʫʤʝʥʴʰʘʝʪʩʷ. 

ʇʦʣʴʟʫʷʩʴ ʛʨʘʬʦʘʥʘʣʠʪʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ, ʫʩʪʘʥʦʚʠʣʠ ʟʘʚʠʩʠʤʦʩʪʴ ʪʘʥʛʝʥʩʘ ʫʛʣʘ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʨʴ tgŭϚ ʦʪ ʪʦʣʱʠʥʳ ʦʢʩʠʜʥʦʡ ʧʣʝʥʢʠ. ɼʦ ʟʥʘʯʝʥʠʷ ʪʦʣʱʠʥʳ 
ʦʢʩʠʜʥʦʡ ʧʣʝʥʢʠ 0,33 ʤʢʤ ʪʘʥʛʝʥʩ ʫʛʣʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʨʴ ʩʥʘʯʘʣʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, 

ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʠʟʤʝʥʝʥʠʠ ʜʝʬʝʢʪʥʦʩʪʠ ʧʣʝʥʢʠ, ʥʦ ʥʘʯʠʥʘʷ ʩʦ ʟʥʘʯʝʥʠʷ 

ʪʦʣʱʠʥʳ ʧʣʝʥʢʠ 0,9 ʤʢʤ ʟʥʘʯʝʥʠʝ tgŭϚ ʦʩʪʘʝʪʩʷ ʧʦʯʪʠ ʥʝʠʟʤʝʥʥʳʤ. ʕʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, 
ʯʪʦ ʜʘʣʴʥʝʡʰʝʝ ʫʚʝʣʠʯʝʥʠʝ ʪʦʣʱʠʥʳ ʦʢʩʠʜʥʦʡ ʧʣʝʥʢʠ ʥʝ ʤʝʥʷʝʪ ʝʝ ʜʝʬʝʢʪʥʦʩʪʠ. 
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ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʉʆʉʊɸɺɸ ʕʃɽʂʊʈʆʃʀʊʀʏɽʉʂʆɻʆ ʉʇʃɸɺɸ Fe-Co 

ʇʨʦʩʢʫʨʠʥʘ ɺ. ʆ., ɺʝʜʴ ʄ. ɺ., ɿʶʙʘʥʦʚʘ ʉ. ʀ. 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ çʍʘʨʴʢʦʚʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪè, 

ʛ. ʍʘʨʴʢʦʚ, ʋʢʨʘʠʥʘ 

voproskurina@gmail.com 

 

ɸʢʪʫʘʣʴʥʦʡ ʧʨʦʙʣʝʤʦʡ ʢʘʞʜʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʥʘ ʧʦʣʫʯʝʥʠʝ 

ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʷʚʣʷʝʪʩʷ ʫʩʪʘʥʦʚʣʝʥʠʝ ʚʟʘʠʤʦʩʚʷʟʠ çʫʩʣʦʚʠʷ ʩʠʥʪʝʟʘ ï ʩʦʩʪʘʚè [1]. 

ʈʝʰʝʥʠʝ ʪʘʢʦʡ ʟʘʜʘʯʠ ʩʦʩʪʦʠʪ ʚ ʘʥʘʣʠʟʝ ʯʠʩʣʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʣʠ ʢʘʯʝʩʪʚʝʥʥʳʭ 

ʩʚʦʡʩʪʚ ʦʙʲʝʢʪʘ ʤʝʪʦʜʘʤʠ ʘʧʧʨʦʢʩʠʤʘʮʠʠ [2], ʩʚʦʜʷ ʟʘʜʘʯʫ ʢ ʠʟʫʯʝʥʠʶ ʙʦʣʝʝ ʧʨʦʩʪʳʭ 

ʠʣʠ ʫʜʦʙʥʳʭ ʦʙʲʝʢʪʦʚ, ʥʘʧʨʠʤʝʨ, ʪʘʢʠʭ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʪʦʨʳʭ ʣʝʛʢʦ ʚʳʯʠʩʣʷʶʪʩʷ 

ʠʣʠ ʩʚʦʡʩʪʚʘ ʢʦʪʦʨʳʭ ʫʞʝ ʠʟʚʝʩʪʥʳ. ʇʨʠ ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʦʤ ʦʩʘʞʜʝʥʠʠ ʩʧʣʘʚʦʚ 

ʟʘʚʠʩʠʤʦʩʪʴ ʩʦʜʝʨʞʘʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʨʘʩʪʚʦʨʝ ʠ ʦʩʘʜʢʝ ʯʘʩʪʦ ʷʚʣʷʝʪʩʷ 

ʥʝʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʡ. ɺ ʧʦʜʦʙʥʦʤ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʧʦʩʦʙʘ ʘʧʧʨʦʢʩʠʤʘʮʠʠ 

ʷʚʣʷʝʪʩʷ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ, ʪʘʢ ʢʘʢ ʧʦʟʚʦʣʷʝʪ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʩʦʩʪʘʚ ʩʧʣʘʚʘ ʥʘ ʵʪʘʧʝ 

ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʨʘʩʪʚʦʨʘ.  

ʇʨʠʤʝʨʦʤ ʩʣʫʞʠʪ ʧʦʣʫʯʝʥʠʝ ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʠʭ ʧʦʢʨʳʪʠʡ Fe-Co ʠʟ ʮʠʪʨʘʪʥʦʛʦ 

ʵʣʝʢʪʨʦʣʠʪʘ. ɼʘʥʥʘʷ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʦʪʣʠʯʘʝʪʩʷ ʪʝʤ, ʯʪʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʞʝʣʝʟʘ ʚ ʨʘʩʪʚʦʨʝ ʩʦʜʝʨʞʘʥʠʝ ʝʛʦ ʚ ʩʧʣʘʚʝ ʤʝʥʷʝʪʩʷ ʥʝʣʠʥʝʡʥʦ. ɺ ʩʚʷʟʠ ʩ 

ʵʪʠʤ, ʜʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʩʚʷʟʠ ʤʝʞʜʫ ʢʦʣʠʯʝʩʪʚʦʤ ʞʝʣʝʟʘ ʚ ʨʘʩʪʚʦʨʝ ʠ ʝʛʦ ʩʦʜʝʨʞʘʥʠʝʤ 

ʚ ʧʦʢʨʳʪʠʠ ʥʘʠʙʦʣʝʝ ʧʨʠʝʤʣʝʤʳʤ ʦʢʘʟʘʣʩʷ ʩʧʦʩʦʙ ʚʳʨʘʚʥʠʚʘʥʠʷ ʧʦʣʫʯʝʥʥʳʭ 

ʟʘʚʠʩʠʤʦʩʪʝʡ ʘʧʧʨʦʢʩʠʤʘʮʠʝʡ:  

bxx

x
y

+
= .       (1) 

 
ʈʠʩ. ɿʘʚʠʩʠʤʦʩʪʴ ʩʦʜʝʨʞʘʥʠʷ ʞʝʣʝʟʘ 

ʚ ʧʦʢʨʳʪʠʷʭ FeïCo ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ 

Fe2+ ʚ ʮʠʪʨʘʪʥʦʤ ʵʣʝʢʪʨʦʣʠʪʝ ʧʨʠ 

ʩ(Co2+) = 0,2 ʤʦʣʴ/ʜʤ3; t = 25 Üʉ; 

i = 5 ɸ/ʜʤ2; ʪʦʯʢʠ ï ʵʢʩʧʝʨʠʤʝʥʪ, 

ʩʧʣʦʰʥʘʷ ʣʠʥʠʷ ï ʨʘʩʯʝʪ  

 ʋʩʪʘʥʦʚʣʝʥʠʝ ʯʠʩʣʝʥʥʳʭ ʟʥʘʯʝʥʠʡ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʝʛʦ 

ʫʨʘʚʥʝʥʠʷ ʧʨʦʚʦʜʠʣʠ ʧʫʪʝʤ ʣʠʥʝʘʨʠʟʘʮʠʠ 

ʟʘʚʠʩʠʤʦʩʪʠ ʩ ʫʯʝʪʦʤ ʟʘʤʝʥʳ:  

y

x
Y= ,  bxaY += .  (2) 

ʋʨʘʚʥʝʥʠʝ, ʩʚʷʟʳʚʘʶʱʝʝ ʩʦʜʝʨʞʘʥʠʝ ʞʝʣʝʟʘ ʚ 

ʩʧʣʘʚʝ ʩ ʝʛʦ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʚ ʨʘʩʪʚʦʨʝ  

1,0)(

)(
)(

2

2

+
=

+

+

Fec

Fec
Few ,  (3) 

ʷʚʣʷʝʪʩʷ ʘʜʝʢʚʘʪʥʳʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ 

ʟʘʚʠʩʠʤʦʩʪʷʤ (ʨʠʩ.) ʠ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʦʩʥʦʚʦʡ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʩʦʩʪʘʚʘ ʩʧʣʘʚʘ ʠ ʫʧʨʘʚʣʝʥʠʷ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʦʤ.  
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ELECTROCHEMICAL IMPEDANCE SPECTROSCOPY STUDY IN -SITU STATE 

OF HEALTH OF THE ALKALINE Zn -MnO 2 BATTERIES UNDER CHAN GING 

OF THERMAL MODES  

Boytchuk O. V., Riabokin O. L., Pershina K. D. 

Inter-Agency Department of Electrochemical Energy Systems NAS Ukraine 

katherinepersh@gmail.com 

 

Alkaline Zn-MnO2 elements are extensively used type of batteries today. Studies of the 

zinc oxidation mechanisms, the mechanisms of MnO2 reduction and influence of various 

chemical additives in the electrolytes have been used for significantly increasing of the lifetime 

of such systems in conditions of power loads. However, the available data does not allow to 

evaluate the degree of the changes in the composition and structure of the electrodes and 

electrolyte in the electrochemical current source as they are derived from compromising the 

integrity of the working element. Electrochemical impedance spectroscopy (EIS) is a powerful 

technique for electrode kinetic analysis. This is because it can give the individual impedance 

for each reaction process, including that of the electrolyte, the passivation layer, charge-transfer, 

and metal diffusion, provided that the individual time constants are separable. In current study 

was investigated the effect of temperature factor on the electrochemical characteristics of the 

charged commercial alkaline zinc-manganese batteries (Duracell AAA) in size (MN 2400). The 

EIS data were recorded in a two-electrode system using electrochemical module Autolab-30 

(PGSTAT302N Metrohm Autolab) that was equipped with an FRA (Frequency Response 

Analyzer) analyzer. In order to ensure the temperature measurement mode, was used an 

electromechanical medium temperature thermostat with the precision of temperature 

measurement Ñ 1 Áʉ.  
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Fig. 1. The energy contour map of the surface capacitances and voltage variations of alkaline 

zinc-manganese batteries 

 

The EIS data in Bode coordinates were used for determination of the values of the 

surface capacitances and voltage variations in an element for construction of the energy 

contours map (Figure 1) The temperature range (48ï54 ÁC) corresponding to Zn and MnO2 

irreversible hydrolysis reactions was fixed experimentally. It was determined the optimal range 

of frequencies (102ï105 Hz) for definition of the state of health of the studied elements. 
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ɺʀʂʆʈʀʉʊɸʅʅʗ ɺɯɼʍʆɼɯɺ ʂʆʂʉʆʍɯʄɯɰ ʇʈʀ ʉʋʄɯʉʅɯʁ ʂʆʅɺɽʈʉɯɰ 

ɿ ɺʋɻɯʃʃʗʄ ɺ ʄɯʎʅɯ ɺʋɻʃɽʎɽɺɯ ʉʆʈɹɽʅʊʀ 
ʉʘʙʻʨʦʚʘ ɺ. ʆ., ɹʦʚʘʥ ʃ. ɸ., ʐʝʥʜʨʽʢ ʊ. ɻ., ʐʝʚʢʦʧʣʷʩ ɺ. ʄ. 

ɯʥʩʪʠʪʫʪ ʬʽʟʠʢʦ-ʦʨʛʘʥʽʯʥʦʾ ʭʽʤʽʾ ʽ ʚʫʛʣʝʭʽʤʽʾ (ɯʥʌʆɺ) 

ʽʤ. ʃ. ʄ. ʃʠʪʚʠʥʝʥʢʘ ʅɸʅ ʋʢʨʘʾʥʠ 

shendrik@nas.gov.ua 

 

ɺʠʢʦʧʥʝ ʚʫʛʽʣʣʷ ʻ ʩʠʨʦʚʠʥʥʠʤ ʨʝʩʫʨʩʦʤ, ʷʢʠʡ ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ 

ʦʪʨʠʤʘʥʥʷ ʘʜʩʦʨʙʝʥʪʽʚ ʨʽʟʥʦʛʦ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ. ʆʜʥʽʻʶ ʟ ʘʢʪʫʘʣʴʥʠʭ 

ʟʘʜʘʯ ʻ ʟʥʠʞʝʥʥʷ ʚʘʨʪʦʩʪʽ ʘʢʪʠʚʦʚʘʥʦʛʦ ʚʫʛʽʣʣʷ (ɸɺ), ʱʦ ʜʦʩʷʛʘʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʜʝʰʝʚʠʭ ʚʠʜʽʚ ʩʠʨʦʚʠʥʠ ï ʥʠʟʴʢʦʤʝʪʘʤʦʨʬʽʟʦʚʘʥʦʛʦ ʚʫʛʽʣʣʷ (ɺ) ʘʙʦ/ʪʘ ʚʫʛʣʝʮʴʚʤʽʩʥʠʭ 

ʚʽʜʭʦʜʽʚ (ɺɺɺ). ʉʧʽʣʴʥʘ ʪʝʨʤʦʭʽʤʽʯʥʘ ʢʦʥʚʝʨʩʽʷ ʚʫʛʽʣʣʷ ʽ ɺɺɺ ʟʘʙʝʟʧʝʯʫ ̒ ʭʽʤʽʯʥʫ 

ʟʰʠʚʢʫ ʘʢʪʠʚʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʚʽʜʭʦʜʫ ʟ ʦʨʛʘʥʽʯʥʦʶ ʨʝʯʦʚʠʥʦʶ ʚʫʛʽʣʣʷ, ʩʪʚʦʨʝʥʥʷ ʧʨʠ 

ʮʴʦʤʫ ʤʽʮʥʦʛʦ ʚʫʛʣʝʮʝʚʦʛʦ ʢʘʨʢʘʩʫ ʪʘ ʜʦʟʚʦʣʷʻ ʦʙ'ʻʜʥʘʪʠ ʚʠʨʽʰʝʥʥʷ ʜʚʦʭ ʟʘʚʜʘʥʴ ï 

ʦʪʨʠʤʘʥʥʷ ɸɺ ʧʦʪʨʽʙʥʦʾ ʷʢʦʩʪʽ ʪʘ ʫʪʠʣʽʟʘʮʽʶ (ʧʨʠʥʘʡʤʥʽ, ʯʘʩʪʢʦʚʫ) ʦʨʛʘʥʽʯʥʠʭ ʚʽʜʭʦʜʽʚ. 

ɺ ʋʢʨʘʾʥʽ ʥʘʢʦʧʠʯʝʥʽ ʽ ʥʝ ʧʦʚʥʦʶ ʤʽʨʦʶ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚʽʜʭʦʜʠ ʢʦʢʩʦʭʽʤʽʯʥʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ (ʬʫʩʠ (ʌ) ï ʩʫʤʽʰ ʩʤʦʣʠ ʟ ʯʘʩʪʠʥʢʘʤʠ ʚʫʛʽʣʣʷ, ʢʦʢʩʫ ʪʘ ʥʘʧʽʚʢʦʢʩʫ; ʢʠʩʣʘ 

ʩʤʦʣʢʘ (ʂʉ) ʩʫʣʴʬʘʪʥʦʛʦ ʚʽʜʜʽʣʝʥʥʷ ʮʝʭʽʚ ʫʣʦʚʣʶʚʘʥʥʷ ʪʘ ʨʝʢʪʠʬʽʢʘʮʽʾ ʩʠʨʦʛʦ ʙʝʥʟʦʣʫ, 

ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʩʽʨʯʘʥʦʾ ʢʠʩʣʦʪʠ (15ï30 %), ʙʝʥʟʦʣʴʥʠʭ ʚʫʛʣʝʚʦʜʥʽʚ, ʧʨʦʜʫʢʪʽʚ 

ʧʦʣʽʤʝʨʠʟʘʮʽʾ ʣʝʛʢʦʢʠʧʣʷʯʠʭ ʥʝʥʘʩʠʯʝʥʠʭ ʩʧʦʣʫʢ (15ï30 %), ʩʫʣʴʬʦʩʧʦʣʫʢ (20ï60 %) ʽ 

ʚʦʜʠ (10ï20 %); ʢʫʙʦʚʽ ʟʘʣʠʰʢʠ (ʂɿ) ʮʝʭʫ ʨʝʢʪʠʬʽʢʘʮʽʾ ʩʠʨʦʛʦ ʙʝʥʟʦʣʫ ï ʧʨʦʜʫʢʪʠ 

ʧʦʣʽʤʝʨʠʟʘʮʽʾ ʚʠʩʦʢʦʢʠʧʣʷʯʠʭ ʥʝʥʘʩʠʯʝʥʠʭ ʩʧʦʣʫʢ; ʪʘ ʥʘʧʽʚʧʨʦʜʫʢʪʠ ï ʢʘʤôʷʥʦʚʫʛʽʣʴʥʘ 

ʩʤʦʣʘ (ʉʂʍɿ) ʽ ʧʦʣʽʤʝʨʠ (ʇ). ʎʽ ʚʽʜʭʦʜʠ ʪʘ ʥʘʧʽʚʧʨʦʜʫʢʪʠ ʫ ʚʝʣʠʢʠʭ ʦʙôʻʤʘʭ (ʜʦ 10ï

13 ʪʠʩ. ʪ ʥʘ ʨʽʢ) ʥʘʢʦʧʠʯʫʶʪʴʩʷ ʥʘ 13 ʧʨʘʮʶʶʯʠʭ ʂʍɿ ʋʢʨʘʾʥʠ.  

Cʭʝʤʘ ʩʦ-ʢʦʥʚʝʨʩʽʾ ʚʢʣʶʯʘʻ ʪʘʢʽ ʩʪʘʜʽʾ: 1) ʩʫʤʽʱʝʥʥʷ ʚʫʛʽʣʣʷ (ʤʘʨʢʘ ɼ) ʽ ʚʽʜʭʦʜʫ, 

2) ʪʝʨʤʦʣʽʟ ʩʫʤʽʰʝʡ ʟ ʦʜʝʨʞʘʥʥʷʤ ʢʘʨʙʦʥʽʟʦʚʘʥʦʛʦ ʧʨʦʜʫʢʪʫ, 3) ʘʢʪʠʚʘʮʽʷ ʢʘʨʙʦʥʽʟʘʪʽʚ 

ʚʦʜʷʥʦʶ ʧʘʨʦʶ, 4) ʭʘʨʘʢʪʝʨʠʟʘʮʽʷ ʘʢʪʠʚʦʚʘʥʠʭ ʟʨʘʟʢʽʚ. ɼʣʷ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʦʙʨʘʥʦ 

ʦʜʥʘʢʦʚʠʡ ʚʤʽʩʪ ʚʽʜʧʘʜʢʫ ï 15 %. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʠʭʽʜ ʢʘʨʙʦʥʽʟʘʪʫ 

ʪʘ ʡʦʛʦ ʤʝʭʘʥʽʯʥʘ ʤʽʮʥʽʩʪʴ ʟʚôʷʟʘʥʽ ʟʽ ʱʽʣʴʥʽʩʪʶ ʚʠʢʦʨʠʩʪʘʥʦʛʦ ʚʽʜʭʦʜʫ. ʇʦʨʠʩʪʘ 

ʩʪʨʫʢʪʫʨʘ ɸɺ ʪʘʢʦʞ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʠʧʫ ʚʽʜʭʦʜʫ ʪʘ ʤʝʪʦʜʫ ʨʦʟʨʘʭʫʥʢʫ (ʪʘʙʣ). 

 

ʊʘʙʣʠʮʷ. ʈʝʟʫʣʴʪʘʪʠ ʘʢʪʠʚʘʮʽʾ ʢʘʨʙʦʥʽʟʘʪʽʚ ʟ ʚʫʛʽʣʣʷ ɼ ʽ ʩʫʤʽʰʝʡ ʧʨʠ ʥʘʛʨʽʚʘʥʥʽ ʚʽʜ 20 

ʜʦ 800 Áʉ (ʙʝʟ ʽʟʦʪʝʨʤ. ʚʠʪʨʠʤʢʠ, ʰʚ. ʥʘʛʨ. 30 Áʉ/xʚ). ɸʜʩʦʨʙʮʽʷ N2, 77 K 

ɿʨʘʟʦʢ 
ʉʪʫʧʽʥʴ 

ʚʠʧʘʣʫ, % 

SBET, 

ʤ
2
/ʛ 

SDFT, 

ʤ
2
/ʛ 

Vtotal, 

ʩʤ3/ʛ 

Vmi, 

ʩʤ3/ʛ 

Vmezo, 
ʩʤ3/ʛ 

ɼ 9,5 117 116 0,073 0,051 0,013 

ɼïʂɿ 13,2 134 109 0,069 0,048 0,013 

ɼïʌ 13,5 226 447 0,139 0,123 0,017 

ɼïʉʂʍɿ 9,9 120 90 0,057 0,041 0,011 

ɼïʇ 9,0 155 195 0,086 0,068 0,014 

 

ʇʨʠ ʜʦʩʷʛʥʫʪʽʡ (ʟʘ 60 ʭʚ. ʘʢʪʠʚʘʮʽʾ) ʧʠʪʦʤʽʡ ʧʦʚʝʨʭʥʽ ʚ 500 ʤ2/ʛ ʤʝʭʘʥʽʯʥʘ 

ʤʽʮʥʽʩʪʴ ɸɺ, ʦʜʝʨʞʘʥʠʭ ʽʟ ʩʫʤʽʰʝʚʠʭ ʢʘʨʙʦʥʽʟʘʪʽʚ, ʩʫʪʪʻʚʦ ʚʠʱʘ, ʥʽʞ ɸɺ ʟ ʚʫʛʽʣʴʥʦʛʦ 

ʢʘʨʙʦʥʽʟʘʪʫ (80ï88 % ʧʨʦʪʠ 58 %), ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʨʝʘʣʴʥʽ ʧʝʨʩʧʝʢʪʠʚʠ ʟʘʣʫʯʝʥʥʷ 

ʢʦʢʩʦʭʽʤʽʯʥʠʭ ɺɺɺ ʚ ʧʨʦʮʝʩ ʦʜʝʨʞʘʥʥʷ ʜʝʰʝʚʠʭ ʩʦʨʙʝʥʪʽʚ ʟ ʦʧʪʠʤʘʣʴʥʠʤʠ ʩʦʨʙʮʽʡʥʦ- 

ʤʝʭʘʥʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. 
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ɺʃʀʗʅʀɽ ʨʅ ʄɽʊɸʅʉʋʃʔʌʆʅɸʊʅʆɻʆ ʕʃɽʂʊʈʆʃʀʊɸ ʅɸ ʉɺʆʁʉʊɺɸ 

ɻɸʃʔɺɸʅʆʇʆʂʈʓʊʀʁ ʉʇʃɸɺʆʄ Ni-P  

ʉʘʚʯʫʢ ɸ. ɸ., ʉʢʥʘʨ ʖ. ɽ., ʉʢʥʘʨ ʀ. ɺ., ɹʝʟʠʢ ɸ. ɸ. 
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ʈʘʟʨʘʙʦʪʢʘ ʪʝʭʥʦʣʦʛʠʡ ʦʩʘʞʜʝʥʠʷ ʩʧʣʘʚʦʚ ʷʚʣʷʝʪʩʷ ʧʨʝʜʤʝʪʦʤ ʦʩʦʙʦʛʦ ʠʥʪʝʨʝʩʘ 

ʚ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʚ ʪʝʭʥʠʢʝ ʠʤʝʝʪʩʷ ʪʝʥʜʝʥʮʠʷ ʢ ʚʳʪʝʩʥʝʥʠʶ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʤʝʪʘʣʣʦʚ 

ʠʭ ʩʧʣʘʚʘʤʠ, ʠʤʝʶʱʠʤʠ ʙʦʣʝʝ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʩʚʦʡʩʪʚ. ʉʧʣʘʚʳ Ni-P ʧʨʠʚʣʝʢʘʶʪ 

ʟʥʘʯʠʪʝʣʴʥʳʡ ʠʥʪʝʨʝʩ, ʢʘʢ ʚ ʪʝʦʨʝʪʠʯʝʩʢʦʤ, ʪʘʢ ʠ ʧʨʠʢʣʘʜʥʦʤ ʟʥʘʯʝʥʠʠ, ʚ ʩʚʷʟʠ ʩ ʠʭ 

ʠʩʢʣʶʯʠʪʝʣʴʥʳʤʠ ʤʝʭʘʥʠʯʝʩʢʠʤʠ, ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʠ ʤʘʛʥʠʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. 

ʅʠʢʝʣʴ-ʬʦʩʬʦʨʥʳʝ ʩʧʣʘʚʳ ʠ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʦʡ 

ʪʚʝʨʜʦʩʪʴʶ ʠ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴʶ, ʢʦʪʦʨʳʝ ʦʯʝʥʴ ʧʦʣʝʟʥʳ ʚ ʘʚʪʦʤʦʙʠʣʝʩʪʨʦʝʥʠʠ, 

ʘʚʠʘʩʪʨʦʝʥʠʠ, ʧʝʯʘʪʥʦʡ, ʭʠʤʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʷʭ ʠ ʜʨʫʛʠʭ ʦʙʣʘʩʪʷʭ 

ʧʨʦʠʟʚʦʜʩʪʚʘ. ʉʚʦʡʩʪʚʘ ʧʦʢʨʳʪʠʡ Ni-P ʟʘʚʠʩʷʪ ʦʪ ʩʦʜʝʨʞʘʥʠʷ ʚ ʥʠʭ ʬʦʩʬʦʨʘ ʠ ʫʩʣʦʚʠʡ 

ʧʦʣʫʯʝʥʠʷ ʦʩʘʜʢʦʚ. 

ʕʣʝʢʪʨʦʦʩʘʞʜʝʥʠʝ ʧʦʢʨʳʪʠʡ ʩʧʣʘʚʦʤ Niïʈ ʧʨʦʚʦʜʠʣʠ ʠʟ ʤʝʪʘʥʩʫʣʴʬʦʥʘʪʥʦʛʦ 

ʵʣʝʢʪʨʦʣʠʪʘ: 1 ʄ Ni(CH3SO3)2, 0,3 M NaCl, 0,7 M H3BO3, 0,12 ʄ NaH2PO2 ʠ ʩʫʣʴʬʘʪʥʦʛʦ 

ʵʣʝʢʪʨʦʣʠʪʘ: 1 ʄ NiSO4, 0,3 M NaCl, 0,7 M H3BO3, 0,12 ʄ NaH2PO2 ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

ʊ = 333 ʂ ʠ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ i = 2 ɸ/ʜʤ2. ɿʥʘʯʝʥʠʷ ʨʅ ʨʘʩʪʚʦʨʦʚ ʢʦʥʪʨʦʣʠʨʦʚʘʣʠ ʩ 

ʧʦʤʦʱʴʶ ʠʦʥʦʤʝʨʘ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʕɺ-74 ʩ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʤ ʵʣʝʢʪʨʦʜʦʤ 

ʕʉʂ-10601/7. ʉʦʜʝʨʞʘʥʠʝ ʬʦʩʬʦʨʘ ʚ ʧʦʢʨʳʪʠʷʭ ʦʧʨʝʜʝʣʷʣʠ ʨʝʥʪʛʝʥʦʬʣʫʦʨʝʩʮʝʥʪʥʳʤ 

ʤʝʪʦʜʦʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʩʧʝʢʪʨʦʤʝʪʨʘ 

ʉʕʌ-01-ʄ-1 çʉʇʈʋʊè. ʄʠʢʨʦʪʚʝʨʜʦʩʪʴ ʧʦ ɺʠʢʢʝʨʩʫ ʠʟʤʝʨʷʣʠ ʧʨʠ ʧʦʤʦʱʠ ʧʨʠʙʦʨʘ 

ʇʄʊ-3 ʧʨʠ ʥʘʛʨʫʟʢʝ ʈ = 100 ʛ ʠ ʪʦʣʱʠʥʝ ʧʦʢʨʳʪʠʷ 25 ʤʢʤ. ɺʥʫʪʨʝʥʥʠʝ 

ʥʘʧʨʷʞʝʥʠʷ ʥʠʢʝʣʴ-ʬʦʩʬʦʨʥʳʭ ʛʘʣʴʚʘʥʦʧʦʢʨʳʪʠʡ ʦʧʨʝʜʝʣʷʣʠ ʤʝʪʦʜʦʤ ʛʠʙʢʦʛʦ 

ʢʘʪʦʜʘ. ɹʣʝʩʢ ʧʦʢʨʳʪʠʡ ʠʟʤʝʨʷʣʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʝʨʝʙʨʷʥʦʛʦ ʟʝʨʢʘʣʘ ʧʨʠ ʧʦʤʦʱʠ 

ʙʣʝʩʢʦʤʝʨʘ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʌɹï2. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʨʅ ʵʣʝʢʪʨʦʣʠʪʘ ʥʘ ʩʦʩʪʘʚ ʩʧʣʘʚʘ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʩʦʜʝʨʞʘʥʠʝ 

ʬʦʩʬʦʨʘ ʚ ʦʩʘʜʢʘʭ ʧʘʜʘʝʪ ʧʨʠ ʩʥʠʞʝʥʠʠ ʢʠʩʣʦʪʥʦʩʪʠ, ʧʨʠʯʝʤ, ʧʦʢʨʳʪʠʷ, ʦʩʘʞʜʝʥʥʳʝ ʠʟ 

ʤʝʪʘʥʩʫʣʴʬʦʥʘʪʥʦʛʦ ʵʣʝʢʪʨʦʣʠʪʘ, ʩʦʜʝʨʞʘʪ ʤʝʥʴʰʝ ʬʦʩʬʦʨʘ, ʯʝʤ ʧʦʣʫʯʝʥʥʳʝ ʠʟ 

ʩʫʣʴʬʘʪʥʦʛʦ ʧʨʠ ʧʨʦʯʠʭ ʦʜʠʥʘʢʦʚʳʭ ʫʩʣʦʚʠʷʭ. ɺʚʝʜʝʥʠʝ ʬʦʩʬʦʨʘ ʚ ʩʪʨʫʢʪʫʨʫ 

ʥʠʢʝʣʝʚʳʭ ʧʦʢʨʳʪʠʡ ʚʳʟʳʚʘʝʪ ʟʘʤʝʪʥʦʝ ʧʦʚʳʰʝʥʠʝ ʚʥʫʪʨʝʥʥʠʭ ʥʘʧʨʷʞʝʥʠʡ 

ʨʘʩʪʷʞʝʥʠʷ ʦʩʘʜʢʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʠʤʠ ʧʦʢʨʳʪʠʷʤʠ ʥʠʢʝʣʷ. 

ɺʥʫʪʨʝʥʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʦʩʘʜʢʦʚ Niïʈ, ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʤʝʪʘʥʩʫʣʴʬʦʥʘʪʥʦʛʦ ʵʣʝʢʪʨʦʣʠʪʘ 

ʚʳʰʝ, ʯʝʤ ʚ ʩʣʫʯʘʝ ʧʦʢʨʳʪʠʡ, ʥʘʥʝʩʝʥʥʳʭ ʠʟ ʩʫʣʴʬʘʪʥʦʛʦ ʵʣʝʢʪʨʦʣʠʪʘ. ʋʚʝʣʠʯʝʥʠʝ 

ʩʦʜʝʨʞʘʥʠʷ ʬʦʩʬʦʨʘ ʚ ʧʦʢʨʳʪʠʷʭ, ʦʩʘʞʜʝʥʥʳʭ ʧʨʠ ʩʥʠʞʝʥʠʠ ʨʅ ʵʣʝʢʪʨʦʣʠʪʦʚ, 

ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʚʥʫʪʨʝʥʥʠʭ ʥʘʧʨʷʞʝʥʠʡ. ʇʦ-ʚʠʜʠʤʦʤʫ, ʥʘʙʣʶʜʘʝʤʳʡ ʵʬʬʝʢʪ 

ʩʚʷʟʘʥ ʩ ʧʦʷʚʣʝʥʠʝʤ ʚ ʧʦʢʨʳʪʠʷʭ ʤʠʢʨʦʪʨʝʱʠʥ. ʄʠʢʨʦʪʚʝʨʜʦʩʪʴ ʧʦʢʨʳʪʠʡ ʩʧʣʘʚʦʤ Niï

ʈ ʚʳʰʝ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʥʠʢʝʣʝʚʳʤʠ ʦʩʘʜʢʘʤʠ, ʟʥʘʯʝʥʠʷ ʢʦʪʦʨʳʭ ʩʣʘʙʦ ʟʘʚʠʩʷʪ ʦʪ ʨʅ 

ʵʣʝʢʪʨʦʣʠʪʘ. ɿʥʘʯʝʥʠʷ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʜʣʷ ʦʩʘʜʢʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʤʝʪʘʥʩʫʣʴʬʦʥʘʪʥʦʛʦ 

ʠ ʩʫʣʴʬʘʪʥʦʛʦ ʵʣʝʢʪʨʦʣʠʪʦʚ ʷʚʣʷʶʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʠʥʘʢʦʚʳʤʠ. ʇʦʢʨʳʪʠʷ, 

ʦʩʘʞʜʝʥʥʳʝ ʠʟ ʤʝʪʘʥʩʫʣʴʬʦʥʘʪʥʦʛʦ ʵʣʝʢʪʨʦʣʠʪʘ, ʦʢʘʟʘʣʠʩʴ ʙʦʣʝʝ ʙʣʝʩʪʷʱʠʤʠ, ʯʝʤ ʠʟ 

ʩʫʣʴʬʘʪʥʦʛʦ. ʇʦ-ʚʠʜʠʤʦʤʫ, ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʨʘʟʣʠʯʥʦʡ ʤʦʨʬʦʣʦʛʠʝʡ ʠʭ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʟʥʘʯʝʥʠʷ ʠʩʩʣʝʜʫʝʤʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʛʘʣʴʚʘʥʦʧʦʢʨʳʪʠʡ ʩʧʣʘʚʦʤ Niïʈ, ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʤʝʪʘʥʩʫʣʴʬʦʥʘʪʥʦʛʦ ʵʣʝʢʪʨʦʣʠʪʘ, 

ʚʳʰʝ, ʯʝʤ ʦʩʘʜʢʦʚ, ʥʘʥʝʩʝʥʥʳʭ ʠʟ ʩʫʣʴʬʘʪʥʦʛʦ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʤʝʪʘʥʩʫʣʴʬʦʥʘʪʥʦʛʦ ʵʣʝʢʪʨʦʣʠʪʘ ʧʦʟʚʦʣʷʝʪ ʧʨʠʜʘʪʴ ʦʩʘʜʢʘʤ Ni-ʈ ʟʘʜʘʥʥʳʝ ʩʚʦʡʩʪʚʘ 

ʧʨʠ ʤʝʥʴʰʝʤ ʩʦʜʝʨʞʘʥʠʠ ʬʦʩʬʦʨʘ, ʯʝʤ ʧʨʠ ʦʩʘʞʜʝʥʠʠ ʠʟ ʩʫʣʴʬʘʪʥʦʛʦ ʵʣʝʢʪʨʦʣʠʪʘ. 
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ɺʇʃʀɺ ʇɸʈɸʄɽʊʈɯɺ ɯʄʇʋʃʔʉʅʆɻʆ ɽʃɽʂʊʈʆʃɯɿʋ ʅɸ ʉʂʃɸɼ 

ʇʆʂʈʀʊʊɯɺ Fʝ-Cʦ-Mʦ 

ʉʘʯʘʥʦʚʘ ʖ. ɯ., ɭʨʤʦʣʝʥʢʦ ɯ. ʖ., ʉʘʭʥʝʥʢʦ ʄ. ɼ., ɺʝʜʴ ʄ. ɺ. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʍʘʨʢʽʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪè 

organick@ukr.net 

 

ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʽʜʚʠʱʝʥʘ ʟʘʮʽʢʘʚʣʝʥʽʩʪʴ ʜʦʩʣʽʜʥʠʢʽʚ ʜʦ 

ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʛʦ ʩʠʥʪʝʟʫ ʧʦʢʨʠʪʪʽʚ ʩʧʣʘʚʘʤʠ ʟʘʣʽʟʘ ʪʘ ʢʦʙʘʣʴʪʫ ʟ ʪʫʛʦʧʣʘʚʢʠʤʠ 

ʢʦʤʧʦʥʝʥʪʘʤʠ, ʟʦʢʨʝʤʘ Fe-Co-Mo, ʟʫʤʦʚʣʝʥʘ ʤʦʞʣʠʚʽʩʪʶ ʧʦʻʜʥʘʥʥʷ ʚ ʪʘʢʠʭ ʧʦʢʨʠʪʪʷʭ 

ʮʽʣʦʛʦ ʢʦʤʧʣʝʢʩʫ ʫʥʽʢʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʧʨʠʪʘʤʘʥʥʠʭ ʩʧʣʘʚʦʫʪʚʦʨʶʶʯʠʤ 

ʢʦʤʧʦʥʝʥʪʘʤ, ʱʦ ʜʦʟʚʦʣʷʻ ʩʫʪʪʻʚʦ ʨʦʟʰʠʨʠʪʠ ʛʘʣʫʟʽ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ.  

ʈʦʙʦʪʫ ʧʨʠʩʚʷʯʝʥʦ ʜʦʩʣʽʜʞʝʥʥʶ ʚʧʣʠʚʫ ʧʘʨʘʤʝʪʨʽʚ ʥʝʩʪʘʮʽʦʥʘʨʥʦʛʦ ʝʣʝʢʪʨʦʣʽʟʫ 

(ʪʨʠʚʘʣʽʩʪʴ ʽʤʧʫʣʴʩʫ ti, ʪʨʠʚʘʣʽʩʪʴ ʧʘʫʟʠ tʧ, ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ti/tʧ), ʯʘʩʪʦʪʘ ɡ ʥʘ ʩʢʣʘʜ 

ʧʦʢʨʠʪʪʷ Fe-Co-Mo.  
ʇʦʢʨʠʪʪʷ Fe-Co-Mo ʬʦʨʤʫʚʘʣʠ ʥʘ ʧʽʜʢʣʘʜʢʘʭ ʟ ʤʽʜʽ ʪʘ ʥʠʟʴʢʦ ʚʫʛʣʝʮʝʚʦʾ ʩʪʘʣʽ ʟ 

ʝʣʝʢʪʨʦʣʽʪʫ ʩʢʣʘʜʫ, ʤʦʣʴ/ʜʤ3: 0,075ĀFe2(SO4)3Ā9H2O, 0,15 0,2 CoSʆ4Ā7H2O, 0,15 Na2Sʆ4, 

0,1 H3BO3, 0,05 0,08 Na2MoO4Ā2H2O, 0,3 0,5 Na3C6H5O7Ā2H2O (ʨʅ 4,1 4,8). ɽʣʝʢʪʨʦʣʽʟ 

ʧʨʦʚʦʜʠʣʠ ʫʥʽʧʦʣʷʨʥʠʤ ʽʤʧʫʣʴʩʥʠʤ ʩʪʨʫʤʦʤ ʟ ʘʤʧʣʽʪʫʜʦʶ 2 5 ɸ/ʜʤ2 ʚ ʜʽʘʧʘʟʦʥʽ 

ʪʨʠʚʘʣʦʩʪʽ ʽʤʧʫʣʴʩʫ ti 2Ö10ï3ï5Ö10ï2 ʩ ʽ ʧʘʫʟʠ tʧ 2Ö10ï3ï5Ö10ï2 ʩ. ʇʽʜʛʦʪʦʚʢʫ ʟʨʘʟʢʽʚ 

ʟʜʽʡʩʥʶʚʘʣʠ ʟʘ ʩʪʘʥʜʘʨʪʥʦʶ ʤʝʪʦʜʠʢʦʶ. ɽʣʝʤʝʥʪʥʠʡ ʩʢʣʘʜ ʽ ʤʦʨʬʦʣʦʛʽʶ ʧʦʢʨʠʪʪʽʚ 

ʚʠʟʥʘʯʘʣʠ ʤʝʪʦʜʦʤ EDX-ʩʧʝʢʪʨʦʩʢʦʧʽʾ.  

ʈʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʜʝʤʦʥʩʪʨʫʶʪʴ, ʱʦ ʧʨʠ ʛʫʩʪʠʥʽ ʩʪʨʫʤʫ 

2 ɸ/ʜʤ2  ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʨʦʩʪʘʥʥʷ ʚʤʽʩʪʫ ʢʦʙʘʣʴʪʫ ʚ ʧʦʢʨʠʪʪʽ ʟ ʧʽʜʚʠʱʝʥʥʷʤ ʪʨʠʚʘʣʦʩʪʽ 

ʽʤʧʫʣʴʩʫ ʜʦ 20 ʤʩ, ʘʣʝ ʧʦʜʘʣʴʰʝ ʟʙʽʣʴʰʝʥʥʷ ti ʚʠʢʣʠʢʘʻ ʟʤʝʥʰʝʥʥʷ ʚʤʽʩʪʫ ʢʦʙʘʣʴʪʫ 

ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʪʨʠʚʘʣʦʩʪʽ ʧʘʫʟʠ.  
 

ɺʤʽʩʪ ʤʦʣʽʙʜʝʥʫ ʟʤʽʥʶʻʪʴʩʷ 

ʘʥʘʣʦʛʽʯʥʦ ʢʦʙʘʣʴʪʫ ʧʨʠ ʪʨʠʚʘʣʦʩʪʽ ʧʘʫʟʠ 10 

ʤʩ, ʧʨʦʪʝ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ tʧ (ʟʘʣʝʞʥʦʩʪʽ 2
/, 3/ ʥʘ 

ʨʠʩ. 1) ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʪʝʥʜʝʥʮʽʷ ʜʦ ʟʤʽʥʠ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʝʪʘʣʽʚ ʫ ʥʘʧʨʷʤʫ ʟʙʽʣʴʰʝʥʥʷ 

ʚʤʽʩʪʫ ʤʦʣʽʙʜʝʥʫ ʚ ʩʧʣʘʚʽ ʟ 7 8 ʘʪ.% ʜʦ 12

14 ʘʪ.%, ʚʦʯʝʚʠʜʴ, ʟʘ ʨʘʭʫʥʦʢ ʟʤʝʥʰʝʥʥʷ 

ʚʤʽʩʪʫ ʟʘʣʽʟʘ. ʎʝ ʧʦʚ'ʷʟʘʥʦ ʟ ʤʝʭʘʥʽʟʤʦʤ 

ʚʽʜʥʦʚʣʝʥʥʷ ʩʧʣʘʚʦʫʪʚʦʨʶʶʯʠʭ ʢʦʤʧʦʥʝʥʪʽʚ, 

ʘ ʩʘʤʝ: ʟʙʽʣʴʰʝʥʥʷ ʪʨʠʚʘʣʦʩʪʽ ʧʘʫʟʠ ʩʧʨʠʷʻ 

ʙʽʣʴʰ ʧʦʚʥʽʡ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʮʝʩʽʚ ʘʜʩʦʨʙʮʽʾ 

ʨʝʘʛʝʥʪʽʚ ʽ ʜʝʩʦʨʙʮʽʾ ʧʨʦʜʫʢʪʽʚ ʨʝʘʢʮʽʾ, 

ʭʽʤʽʯʥʦʛʦ ʚʽʜʥʦʚʣʝʥʥʷ ʧʨʦʤʽʞʥʠʭ ʦʢʩʠʜʽʚ 

ʤʦʣʽʙʜʝʥʫ ʘʜ-ʘʪʦʤʘʤʠ ʛʽʜʨʦʛʝʥʫ ʪʘ ʭʽʤʽʯʥʦʾ 

ʨʝʘʢʮʽʾ ʚʠʚʽʣʴʥʝʥʥʷ ʣʽʛʘʥʜʽʚ.  

 
ʈʠʩ. 1. ɿʘʣʝʞʥʽʩʪʴ ʚʤʽʩʪʫ ʢʦʤʧʦʥʝʥʪʽʚ 

ʫ ʩʧʣʘʚʽ Fe-Co-Mo ʚʽʜ ʪʨʠʚʘʣʦʩʪʽ 

ʽʤʧʫʣʴʩʫ ʧʨʠ tʧ, ʤʩ: 10 (1, 1/), 20 (2, 2/), 

50 (3, 3/);  ̔= 2 ɸ/ʜʤ2 

ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ ʛʫʩʪʠʥʠ ʩʪʨʫʤʫ ʜʦ 5 ɸ/ʜʤ2 ʦʟʥʘʯʝʥʘ ʪʝʥʜʝʥʮʽʷ ʜʦ ʢʦʥʢʫʨʝʥʪʥʦʛʦ 

ʚʽʜʥʦʚʣʝʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ ʩʧʣʘʚʫ ʟʙʝʨʽʛʘʻʪʴʩʷ, ʧʨʦʪʝ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷ ʚʤʽʩʪʫ 

ʤʦʣʽʙʜʝʥʫ ʜʦ å16 ʘʪ.%. ʇʨʠ ʮʴʦʤʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʦʮʝʩʫ ʧʝʨʝʜʙʘʯʫʚʘʥʝ ʟʤʝʥʰʫʻʪʴʩʷ 

ʚʥʘʩʣʽʜʦʢ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʧʘʨʘʣʝʣʴʥʦʾ ʨʝʘʢʮʽʾ ʚʽʜʥʦʚʣʝʥʥʷ ʛʽʜʨʦʛʝʥʫ ʟʘ ʧʽʜʚʠʱʝʥʠʭ 

ʛʫʩʪʠʥ ʩʪʨʫʤʫ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚʘʨʽʶʚʘʥʥʷ ʯʘʩʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ ʝʣʝʢʪʨʦʣʽʟʫ ʜʦʟʚʦʣʷʻ ʢʝʨʫʚʘʪʠ 

ʰʚʠʜʢʽʩʪʶ ʦʢʨʝʤʠʭ ʩʪʘʜʽʡ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʛʦ ʧʨʦʮʝʩʫ, ʘ, ʚʽʜʪʘʢ, ʩʢʣʘʜʦʤ ʽ ʚʣʘʩʪʠʚʦʩʪʷʤʠ 

ʦʜʝʨʞʘʥʠʭ ʧʦʢʨʠʪʪʽʚ.  
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ʀɿʋʏɽʅʀɽ ʕʂʆʃʆɻʀʏɽʉʂʆʁ ɹɽɿʆʇɸʉʅʆʉʊʀ ʄɽɼʅʆ-ʎʀʅʂʆɺʆɻʆ 

ɻɸʃʔɺɸʅʆʐʃɸʄɸ ʄɽʊʆɼʆʄ ɹʀʆʊɽʉʊʀʈʆɺɸʅʀʗ 

ʉʚʘʰʝʥʢʦ ʖ. ɺ., ɼʘʮʝʥʢʦ ɺ. ɺ. 

ʍʘʨʴʢʦʚʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʘʚʪʦʤʦʙʠʣʴʥʦ-ʜʦʨʦʞʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

chemistry@khadi.kharkov.ua 

 

ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʤʝʜʥʦ-ʮʠʥʢʦʚʦʛʦ ʛʘʣʴʚʘʥʦʰʣʘʤʘ 

ʤʝʪʦʜʦʤ ʙʠʦʪʝʩʪʠʨʦʚʘʥʠʷ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʪʝʭʥʦʛʝʥʥʘʷ ʤʠʛʨʘʮʠʷ ʤʝʜʠ ʠ ʮʠʥʢʘ ʚ 

ʩʠʩʪʝʤʝ çʛʘʣʴʚʘʥʦʰʣʘʤïʧʦʯʚʘè ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʧʝʮʠʬʠʢʦʡ ʠ ʦʙʲʷʩʥʷʝʪʩʷ ʚ ʧʝʨʚʫʶ 

ʦʯʝʨʝʜʴ ʭʠʤʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ ʛʘʣʴʚʘʥʦʰʣʘʤʘ. 

ɿʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʤʝʜʠ ʠ ʮʠʥʢʘ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦ ʛʣʫʙʠʥʝ ʚʦ 

ʚʩʝʭ ʩʣʦʷʭ ʠʩʩʣʝʜʫʝʤʳʭ ʧʦʯʚ ʚ ʫʩʣʦʚʠʷʭ ʵʢʩʧʝʨʠʤʝʥʪʘ. ʇʦ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʤʠʛʨʘʮʠʠ 

ʤʝʜʠ ʠ ʮʠʥʢʘ ʠʟ ʰʣʘʤʘ ʠ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʚ ʚʝʨʭʥʠʡ ʩʣʦʡ ʠʩʩʣʝʜʫʝʤʳʝ ʧʦʯʚʳ ʤʦʞʥʦ 

ʨʘʩʧʦʣʦʞʠʪʴ ʚ ʨʷʜ: ʯʝʨʥʦʟʝʤ ʪʠʧʠʯʥʳʡ ʩʨʝʜʥʝʩʤʳʪʳʡ ʪʷʞʝʣʦ-ʩʫʛʣʠʥʠʩʪʳʡ < ʜʝʨʥʦʚʦ 

ʦʧʦʜʟʦʣʝʥʥʘʷ ʩʚʷʟʥʦʧʝʩʯʘʥʘʷ < ʣʫʛʦʚʘʷ ʘʣʣʶʚʠʘʣʴʥʘʷ ʩʫʧʝʩʯʘʥʘʷ < ʣʫʛʦʚʦ-ʯʝʨʥʦʟʝʤʥʘʷ 

ʣʝʛʢʦʩʫʛʣʠʥʠʩʪʘʷ. 

ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʬʘʢʪʦʨʦʚ, ʫʧʨʘʚʣʷʶʱʠʤ ʚʳʱʝʣʘʯʠʚʘʥʠʝʤ ʤʝʜʠ ʠ ʮʠʥʢʘ ʠʟ 

ʛʘʣʴʚʘʥʦʰʣʘʤʘ, ʷʚʣʷʝʪʩʷ ʨʝʘʢʮʠʷ ʩʨʝʜʳ: ʚ ʢʠʩʣʦʡ ʠ ʩʣʘʙʦʢʠʩʣʦʡ ʩʨʝʜʝ ʛʘʣʴʚʘʥʦʰʣʘʤ 

ʩʧʦʩʦʙʝʥ ʩʦʟʜʘʚʘʪʴ ʠʤʧʘʢʪʥʳʝ, ʫʜʘʨʥʳʝ ʪʝʭʥʦʛʝʥʥʳʝ ʥʘʛʨʫʟʢʠ ʥʘ ʧʦʯʚʫ. 

ʇʦʯʚʳ, ʟʘʛʨʷʟʥʝʥʥʳʝ ʤʝʜʴʶ ʠ ʮʠʥʢʦʤ, ʦʢʘʟʳʚʘʶʪ ʢʦʤʧʣʝʢʩʥʳʡ ʬʠʪʦʪʦʢʩʠʯʝʩʢʠʡ 

ʵʬʬʝʢʪ. ʉʦʚʤʝʩʪʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʤʝʜʠ ʠ ʮʠʥʢʘ ʧʨʦʷʚʣʷʝʪʩʷ ʢʘʢ ʚ ʠʥʛʠʙʠʨʦʚʘʥʠʠ, ʪʘʢ ʠ 

ʩʪʠʤʫʣʠʨʦʚʘʥʠʠ ʨʦʩʪʦʚʳʭ ʧʨʦʮʝʩʩʦʚ ʠʩʩʣʝʜʫʝʤʳʭ ʪʝʩʪ-ʨʘʩʪʝʥʠʡ ï ʢʨʝʩʩ-ʩʘʣʘʪʘ ʠ ʦʚʩʘ 

ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʫʨʦʚʥʝʤ ʠ ʭʘʨʘʢʪʝʨʦʤ ʟʘʛʨʷʟʥʝʥʠʷ, ʩʚʦʡʩʪʚʘʤʠ ʧʦʯʚʳ ʠ 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʩʧʝʮʠʬʠʢʦʡ ʪʝʩʪ-ʢʫʣʴʪʫʨʳ. ɼʣʷ ʧʦʯʚʳ ʜʝʨʥʦʚʦ-ʦʧʦʜʟʦʣʝʥʥʦʡ 

ʩʚʷʟʥʦʧʝʩʯʘʥʦʡ ʭʘʨʘʢʪʝʨʥʦ ʠʥʛʠʙʠʨʦʚʘʥʠʝ ʨʘʟʚʠʪʠʷ ʪʝʩʪ-ʨʘʩʪʝʥʠʷ, ʘ ʜʣʷ ʯʝʨʥʦʟʝʤʘ 

ʪʠʧʠʯʥʦʛʦ ʩʨʝʜʥʝʩʤʳʪʦʛʦ ʪʷʞʝʣʦʩʫʛʣʠʥʠʩʪʦʛʦ, ʧʨʘʢʪʠʯʝʩʢʠ ʚʦ ʚʩʝʭ ʩʣʦʷʭ ʦʪʤʝʯʝʥʦ 

ʜʦʩʪʦʚʝʨʥʦʝ ʩʪʠʤʫʣʠʨʦʚʘʥʠʝ. 

ɺʣʠʷʥʠʝ ʤʝʜʠ ʠ ʮʠʥʢʘ ʠʤʝʝʪ ʚʳʨʘʞʝʥʥʳʡ ʜʦʟʦʟʘʚʠʩʠʤʳʡ ʭʘʨʘʢʪʝʨ ʠ ʩʨʝʜʥʠʝ 

ʟʥʘʯʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʝʚʳʰʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʪʠʭ ʤʝʪʘʣʣʦʚ ʚ ʧʦʯʚʘʭ ʧʨʠʚʦʜʷʪ ʢ 

ʵʬʬʝʢʪʫ ʩʪʠʤʫʣʷʮʠʠ ʨʦʩʪʘ ʫ ʦʙʝʠʭ ʪʝʩʪ-ʨʘʩʪʝʥʠʡ ʟʘ ʩʯʝʪ ʫʣʫʯʰʝʥʠʷ ʨʝʞʠʤʘ ʧʠʪʘʥʠʷ. ʅʘ 

ʥʘʯʘʣʴʥʳʭ ʩʨʦʢʘʭ ʨʘʟʚʠʪʠʷ ʩʝʤʝʥʘ ʪʝʩʪ-ʢʫʣʴʪʫʨʳ ʠʤʝʶʪ ʜʦʩʪʘʪʦʯʥʳʡ ʧʦʪʝʥʮʠʘʣ 

ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʜʣʷ ʧʦʜʘʚʣʝʥʠʷ ʚʣʠʷʥʠʷ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ. ʆʜʥʘʢʦ ʥʘ ʙʦʣʝʝ 

ʧʦʟʜʥʠʭ ʩʨʦʢʘʭ ʨʘʟʚʠʪʠʷ ʫʩʠʣʠʚʘʝʪʩʷ ʫʛʥʝʪʘʶʱʝʝ ʜʝʡʩʪʚʠʝ ʤʝʪʘʣʣʦʚ-ʪʦʢʩʠʢʘʥʪʦʚ. 

ʅʘʠʙʦʣʝʝ ʠʥʬʦʨʤʘʪʠʚʥʳʤʠ ʩʨʝʜʠ ʧʦʢʘʟʘʪʝʣʝʡ ʘʢʪʠʚʥʦʩʪʠ ʨʦʩʪʘ ʠ ʨʘʟʚʠʪʠʷ ʩʝʤʷʥ 

ʪʝʩʪ-ʨʘʩʪʝʥʠʡ ʚ ʫʩʣʦʚʠʷʭ ʤʦʜʝʣʴʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʧʦʯʚ ʊʄ ʦʢʘʟʘʣʠʩʴ ʠʭ ʨʦʩʪʦʚʳʝ 

ʧʦʢʘʟʘʪʝʣʠ ï ʚʩʭʦʞʝʩʪʴ, ʵʥʝʨʛʠʷ, ʜʨʫʞʥʦʩʪʴ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʨʦʨʘʩʪʘʥʠʷ. 

ɿʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʩʦʜʝʨʞʘʥʠʝʤ ʊʄ ʚ ʧʦʯʚʝ, ʧʨʝʚʳʰʘʶʱʠʭ ʠʭ ʇɼʂ, ʠ ʠʭ 

ʨʦʩʪʦʚʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʩʝʤʷʥ ʪʝʩʪ-ʨʘʩʪʝʥʠʡ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʪʝʩʪʠʨʫʝʤʳʝ ʧʦʯʚʳ ʥʝ 

ʷʚʣʷʶʪʩʷ ʬʠʪʦʪʦʢʩʠʯʥʳʤʠ, ʘ ʦʧʨʝʜʝʣʝʥʥʦʝ ʧʨʝʚʳʰʝʥʠʝ ʚ ʥʠʭ ʧʦʢʘʟʘʪʝʣʷ ʚʨʝʜʥʦʩʪʠ 

ʇɼʂ ʤʝʜʠ ʠ ʮʠʥʢʘ ʚ ʥʝʢʦʪʦʨʦʡ ʩʪʝʧʝʥʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʪʠʤʫʣʠʨʦʚʘʥʠʶ ʧʨʦʮʝʩʩʦʚ ʨʦʩʪʘ 

ʠ ʨʘʟʚʠʪʠʷ ʠʩʩʣʝʜʫʝʤʳʭ ʨʘʩʪʝʥʠʡ. 

ʉʝʤʝʥʘ ʦʚʩʘ ʠʤʝʶʪ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʘʢʪʠʚʥʦʩʪʠ ʨʦʩʪʘ ʠ ʨʘʟʚʠʪʠʷ ʚ 

ʩʨʘʚʥʝʥʠʠ ʩ ʘʥʘʣʦʛʠʯʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʫ ʢʨʝʩʩ-ʩʘʣʘʪʘ, ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʙʦʣʝʝ ʚʳʩʦʢʦʡ 

ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʩʪʴʶ ʚ ʥʠʭ ʟʘʧʘʩʦʚ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʠ ʙʦʣʝʝ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ 

ʬʠʪʦʛʦʨʤʦʥʘʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ. ʊʘʢʞʝ ʨʘʩʪʝʥʠʷ ʦʚʩʘ ʦʢʘʟʘʣʠʩʴ ʤʝʥʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳʤʠ ʢ 

ʪʦʢʩʠʯʝʩʢʦʤʫ ʜʝʡʩʪʚʠʶ ʤʝʜʠ ʠ ʮʠʥʢʘ, ʯʪʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʭ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ 

ʧʝʨʝʚʦʜʠʪʴ ʩʦʝʜʠʥʝʥʠʷ ʊʄ ʚ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠ ʥʝʘʢʪʠʚʥʦʝ ʩʦʩʪʦʷʥʠʝ. 
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Design of nano-scaled devices based on gold nanoparticles (AuNP) cross-linked with 

functional molecules received considerable attention during recent years. 2D and 3D arrays of 

AuNP allowed the creation of downscaled contact electrodes, touch sensors as well as 

optically-, chemically- and mechanically-controlled resistors. Herein we present a stepwise 

approach towards nanoswitches with optically modulated electron conductance. Such switches 

are a combination of two gold nanoelectrodes (modeled with AuNPs) linked by photochromic 

diarylethene molecules (DAE). DAE can be switched reversibly between low- (open-ring form) 

and higher (closed-ring form) electron conductance states under visible and UV light 

irradiation, respectively. However, developing of nanoswitches requires: (i) optimization of 

molecular structure, (ii) stress testing of DAE in contact with gold nanoelectrodes under 

alternating UV-/visible light irradiation, i.e. variance of conductance, (iii) development of 

suitable verification of opto-electronical properties of designed nanodevice.   

In contrast to widely used thiophene-based DAE, we use furan based DAE with oxygen 

instead of sulfur atoms in the photochromic core to suppress binding of molecules via the 

thiophene sulfur to the Au electrodes. A furan-based DAE with 4-mercaptophenyl-ethynyl 

linker-groups (Fig.1) showed sub-picosecond ring-closing kinetics under UV light irradiation, 

outperforming thiophene based switches in ethanol solution [1]. Moreover, in break-junction 

measurements reversible triggering of conductance was observed [2]. However, in a real circuit 

an assembly of DAE is expected to trigger conductance and to operate under ambient 

conditions. Experimental studies of an assembly of DAE sandwiched between a macroscopic, 

non-symmetric Auïreduced graphene-oxide electrode pair revealed excellent reversible 

conductance switching induced by UV-/visible light irradiation even under mechanical and 

thermal stress [3]. However, in electronic devices scaled to the nano size the occurrence of local 

plasmon resonance excitation (LSPR) in the Au-electrodes might interfere with the switching 

process since LSPR is stimulated at the wavelength of visible light which itself induces the 

formation of the low conductive open-state of DAE. Therefore, we study the effect of 

communication of AuNP (d ~18 nm) and furan-based DAE [4]. We found that reversible UV-

\visible light irradiation led to reversible light absorbance triggering of AuNP decorated with 

DAE. Apparently, molecules are able to be switched in presence of LSPR, even though the 

mechanism of interaction of LSPR and DAE remains unclear  
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ʉʪʚʦʨʝʥʥʷ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʭ ʧʦʢʨʠʪʪʽʚ ʻ ʦʜʥʠʤ ʟ ʘʢʪʫʘʣʴʥʠʭ 

ʥʘʧʨʷʤʽʚ ʩʫʯʘʩʥʦʾ ʛʘʣʴʚʘʥʦʪʝʭʥʽʢʠ. ʇʨʠʥʮʠʧ ʾʭ ʦʜʝʨʞʘʥʥʷ ʦʩʥʦʚʘʥʠʡ ʥʘ ʪʦʤʫ, ʱʦ ʽʟ 

ʩʫʩʧʝʥʟʽʡʥʠʭ ʝʣʝʢʪʨʦʣʽʪʽʚ ʨʘʟʦʤ ʟ ʤʝʪʘʣʘʤʠ ʩʧʽʚʦʩʘʜʞʫʶʪʴʩʷ ʜʠʩʧʝʨʩʥʽ ʯʘʩʪʠʥʢʠ. 

ɺʢʣʶʯʘʶʯʠʩʴ ʚ ʧʦʢʨʠʪʪʷ, ʯʘʩʪʠʥʢʠ ʩʫʪʪʻʚʦ ʧʦʢʨʘʱʫʶʪʴ ʾʭ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

(ʪʚʝʨʜʽʩʪʴ, ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ, ʢʦʨʦʟʽʡʥʫ ʩʪʽʡʢʽʩʪʴ) ʪʘ ʥʘʜʘʶʪʴ ʾʤ ʥʦʚʽ ʚʣʘʩʪʠʚʦʩʪʽ 

(ʘʥʪʠʬʨʠʢʮʽʡʥʽ, ʢʘʪʘʣʽʪʠʯʥʽ). ʆʩʦʙʣʠʚʠʡ ʽʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʢʦʤʧʦʟʠʪʠ ʥʘ ʦʩʥʦʚʽ 

ʥʽʢʝʣʶ ʽʟ ʜʠʦʢʩʠʜʦʤ ʪʠʪʘʥʫ. ɰʤ ʧʨʠʪʘʤʘʥʥʽ ʪʘʢʽ ʮʽʥʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʷʢ  ʬʦʪʦʢʘʪʘʣʽʪʠʯʥʘ 

ʘʢʪʠʚʥʽʩʪʴ, ʚʠʩʦʢʽ ʤʽʢʨʦʪʚʝʨʜʽʩʪʴ ʪʘ ʢʦʨʦʟʽʡʥʘ ʩʪʽʡʢʽʩʪʴ. ɺʩʪʘʥʦʚʣʝʥʥʷ ʚʟʘʻʤʦʟʚ'ʷʟʢʫ 

ʤʽʞ ʨʽʟʥʠʤʠ ʬʘʢʪʦʨʘʤʠ ʧʨʦʮʝʩʫ ʦʜʝʨʞʘʥʥʷ ʪʘʢʠʭ ʧʦʢʨʠʪʪʽʚ ʪʘ ʾʭ ʩʢʣʘʜʦʤ ʷʚʣʷʻʪʴʩʷ 

ʚʘʞʣʠʚʠʤ ʧʨʝʜʤʝʪʦʤ ʜʦʩʣʽʜʞʝʥʴ. 

ʂʦʤʧʦʟʠʮʽʡʥʽ ʧʦʢʨʠʪʪʷ ʦʜʝʨʞʫʚʘʣʠ ʽʟ ʤʝʪʠʣʩʫʣʴʬʦʥʘʪʥʦʛʦ ʝʣʝʢʪʨʦʣʽʪʫ ʽʟ ʨʽʟʥʠʤ 

ʚʤʽʩʪʦʤ TiO2 ʚ ʝʣʝʢʪʨʦʣʽʪʽ. ʇʦʧʝʨʝʜʥʷ ʧʽʜʛʦʪʦʚʢʘ ʩʫʩʧʝʥʟʽʡʥʦʛʦ ʝʣʝʢʪʨʦʣʽʪʫ ʧʝʨʝʜ 

ʜʦʩʣʽʜʞʝʥʥʷʤʠ ʧʦʣʷʛʘʣʘ ʫ ʡʦʛʦ ʧʝʨʝʤʽʰʫʚʘʥʥʽ ʧʨʦʪʷʛʦʤ 30 ʭʚʠʣʠʥ. ʆʩʘʜʠ ʦʜʝʨʞʫʚʘʣʠ 

ʧʨʠ ʧʝʨʝʤʽʰʫʚʘʥʥʽ ʝʣʝʢʪʨʦʣʽʪʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʘʛʥʽʪʥʦʾ ʤʽʰʘʣʢʠ. ʊʝʤʧʝʨʘʪʫʨʘ 

ʝʣʝʢʪʨʦʣʽʪʫ ʩʢʣʘʜʘʣʘ 333 ʂ. ɺʤʽʩʪ ʜʠʦʢʩʠʜʫ ʪʠʪʘʥʫ ʚ ʢʦʤʧʦʟʠʮʽʡʥʦʤʫ ʧʦʢʨʠʪʪʽ Ni-TiO2 

ʨʦʟʨʘʭʦʚʫʚʘʣʠ ʷʢ ʨʽʟʥʠʮʶ ʙʨʫʪʪʦ-ʤʘʩʠ ʢʦʤʧʦʟʠʪʫ ʪʘ ʥʽʢʝʣʶ. ʂʦʥʮʝʥʪʨʘʮʽʶ ʽʦʥʽʚ 

ʥʽʢʝʣʶ(II) ʚʠʟʥʘʯʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʷʤʦʛʦ ʢʦʤʧʣʝʢʩʦʥʦʤʝʪʨʠʯʥʦʛʦ ʤʝʪʦʜʫ. 

ɼʠʩʧʝʨʩʽʡʥʠʡ ʘʥʘʣʽʟ ʩʫʩʧʝʥʟʽʡʥʠʭ ʨʦʟʯʠʥʽʚ ʧʨʦʚʦʜʠʣʠ ʤʝʪʦʜʦʤ ʩʝʜʠʤʝʥʪʘʮʽʾ ʚ 

ʛʨʘʚʽʪʘʮʽʡʥʦʤʫ ʧʦʣʽ, ʷʢʠʡ ʧʦʣʷʛʘʻ ʫ ʚʠʤʽʨʶʚʘʥʥʽ ʰʚʠʜʢʦʩʪʽ ʦʩʽʜʘʥʥʷ ʯʘʩʪʠʥʦʢ ʚ ʨʽʜʢʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ. ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʚ ʷʢʦʩʪʽ ʨʽʜʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ 

ʤʝʪʠʣʩʫʣʴʬʦʥʘʪʥʽʡ ʝʣʝʢʪʨʦʣʽʪ ʟ ʨʅ 3. ɿʘ ʰʚʠʜʢʽʩʪʶ ʦʩʽʜʘʥʥʷ ʨʦʟʨʘʭʦʚʫʚʘʣʠ ʨʦʟʤʽʨʠ 

ʯʘʩʪʠʥʦʢ. ʆʙʨʦʙʢʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʧʨʦʚʦʜʠʣʠ ʘʥʘʣʽʪʠʯʥʠʤ ʤʝʪʦʜʦʤ 

ʄ. ʄ. ʎʶʨʫʧʠ. ʈʝʥʪʛʝʥʦʬʘʟʦʚʠʡ ʘʥʘʣʽʟ ʢʦʤʧʦʟʠʪʽʚ ʧʨʦʚʦʜʠʣʠ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʽʚʩʴʢʦʾ 

ʜʠʬʨʘʢʮʽʾ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʠʬʨʘʢʪʦʤʝʪʨʘ ɼʈʆʅ-3 ʚ ʤʦʥʦʭʨʦʤʘʪʠʟʦʚʘʥʦʤʫ CʦKa-

ʚʠʧʨʦʤʽʥʶʚʘʥʥʽ. 

ɺʤʽʩʪ ʜʠʩʧʝʨʩʥʦʾ ʬʘʟʠ ʚ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʢʨʠʪʪʷʭ ʟʙʽʣʴʰʫʻʪʴʩʷ ʧʨʠ ʧʽʜʚʠʱʝʥʥʽ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʧʦʨʦʰʢʫ ʚ ʝʣʝʢʪʨʦʣʽʪʽ. ɼʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʯʘʩʫ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʪʘ 

ʫʣʴʪʨʘʟʚʫʢʦʚʦʾ ʦʙʨʦʙʢʠ ʩʫʩʧʝʥʟʽʡʥʦʛʦ ʝʣʝʢʪʨʦʣʽʪʫ ʥʘ ʜʠʬʝʨʝʥʮʽʡʥʽ ʢʨʠʚʽ ʨʦʟʧʦʜʽʣʫ 

ʯʘʩʪʠʥʦʢ ʧʦʢʘʟʘʣʦ, ʱʦ ʽʩʪʦʪʥʦʛʦ ʧʦʜʨʽʙʥʝʥʥʷ ʯʘʩʪʠʥʦʢ ʪʘʢʘ ʦʙʨʦʙʢʘ ʝʣʝʢʪʨʦʣʽʪʫ ʥʝ 

ʟʘʙʝʟʧʝʯʫʻ. ɿʥʘʯʥʽ ʟʤʽʥʠ ʚ ʨʦʟʧʦʜʽʣʽ ʯʘʩʪʠʥʦʢ ʜʠʩʧʝʨʩʥʦʾ ʬʘʟʠ ʟʘ ʨʦʟʤʽʨʘʤʠ ʙʫʣʠ 

ʚʠʷʚʣʝʥʽ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʽʥʪʝʨʚʘʣʫ ʯʘʩʫ ʚʠʪʨʠʤʢʠ ʝʣʝʢʪʨʦʣʽʪʫ ʙʝʟ ʩʪʦʨʦʥʥʴʦʛʦ ʚʧʣʠʚʫ. 

ɿʙʽʣʴʰʝʥʥʷ ʯʘʩʫ ʚʠʪʨʠʤʢʠ ʝʣʝʢʪʨʦʣʽʪʫ ʧʝʨʝʜ ʩʝʜʠʤʝʥʪʘʮʽʡʥʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ ʩʧʨʠʷʻ 

ʟʚʫʞʝʥʥʶ ʜʽʘʧʘʟʦʥʫ ʟʥʘʯʝʥʴ ʨʘʜʽʫʩʽʚ ʯʘʩʪʠʥʦʢ ʽ ʜʦʩʷʛʥʝʥʥʶ ʨʽʚʥʦʚʘʞʥʠʭ ʨʦʟʤʽʨʽʚ 

ʯʘʩʪʠʥʦʢ TiO2, ʷʢʽ ʙʣʠʟʴʢʽ ʜʦ 1 ʤʢʤ. ʈʝʥʪʛʝʥʦʬʘʟʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ ʦʜʝʨʞʘʥʠʭ ʢʦʤʧʦʟʠʪʽʚ 

ʧʦʢʘʟʘʣʠ, ʱʦ ʚ ʩʧʝʢʪʨʽ ʧʨʠʩʫʪʥʽ ʩʣʘʙʢʽ ʣʽʥʽʾ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʜʠʦʢʩʠʜʫ ʪʠʪʘʥʫ. ɺʤʽʩʪ 

TiO2 ʚ ʢʦʤʧʦʟʠʪʘʭ ʩʪʘʥʦʚʠʪʴ ʚʽʜ 2 ʜʦ 5 % (ʤʘʩ.). 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚ ʭʦʜʽ ʨʦʙʦʪʠ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ ʦʧʪʠʤʘʣʴʥʽ ʫʤʦʚʠ ʦʜʝʨʞʘʥʥʷ 

ʚʽʜʪʚʦʨʶʚʘʥʥʷ ʜʘʥʠʭ ʱʦʜʦ ʩʢʣʘʜʫ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʢʨʠʪʪʽʚ Ni-TiO2, ʦʩʘʜʞʫʚʘʥʠʭ ʽʟ 

ʤʝʪʠʣʩʫʣʴʬʦʥʘʪʥʦʛʦ ʝʣʝʢʪʨʦʣʽʪʫ. ɹʫʣʦ ʚʠʨʽʰʝʥʦ ʦʜʝʨʞʫʚʘʪʠ ʦʩʘʜʠ ʯʝʨʝʟ ʩʽʤ ʜʽʙ ʧʽʩʣʷ 

ʧʨʠʛʦʪʫʚʘʥʥʷ ʩʫʩʧʝʥʟʽʾ, ʧʨʦʚʦʜʠʪʠ 30-ʭʚʠʣʠʥʥʝ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʝʣʝʢʪʨʦʣʽʪʫ ʧʝʨʝʜ 

ʦʩʘʜʞʝʥʥʷʤ ʪʘ ʥʘʥʦʩʠʪʠ ʧʦʢʨʠʪʪʷ ʪʦʚʱʠʥʦʶ ʧʨʠʙʣʠʟʥʦ 25 ʤʢʤ. 
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ɺʃʀʗʅʀɽ ʏɸʉʊʀʎ ɼʀʆʂʉʀɼɸ ʊʀʊɸʅɸ ʅɸ ʉɺʆʁʉʊɺɸ 

ʕʃɽʂʊʈʆʃʀʊʀʏɽʉʂʀʍ ʂʆʄʇʆɿʀʎʀʆʅʅʓʍ ʇʆʂʈʓʊʀʁ, 

ʆʉɸɾɼɽʅʅʓʍ ʀɿ ʄɽʊɸʅʉʋʃʔʌʆʅɸʊʅʆɻʆ ʕʃɽʂʊʈʆʃʀʊɸ 

ʉʢʥʘʨ ʖ. ɽ., ʉʢʥʘʨ ʀ. ɺ., ʉʘʚʯʫʢ ɸ. ɸ. 
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ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʚʳʰʝʥʥʳʡ ʠʥʪʝʨʝʩ ʢ ʩʠʥʪʝʟʫ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ 

ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʠʭ ʧʦʢʨʳʪʠʡ. ʂʦʤʧʦʟʠʪʳ Ni-TiO2 ʧʨʝʜʩʪʘʚʣʷʶʪ ʧʨʘʢʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ 

ʚ ʩʠʣʫ ʧʨʦʷʚʣʝʥʠʷ ʠʤʠ ʮʝʥʥʳʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ï ʚʳʩʦʢʦʡ ʪʚʝʨʜʦʩʪʠ, 

ʢʦʨʨʦʟʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʠ, ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠ ʪ.ʜ. 

ʂʦʤʧʦʟʠʮʠʦʥʥʳʝ ʧʦʢʨʳʪʠʷ ʧʦʣʫʯʘʣʠ ʠʟ ʤʝʪʘʥʩʫʣʴʬʦʥʘʪʥʦʛʦ ʵʣʝʢʪʨʦʣʠʪʘ: 

1,00 ʄ Ni(CH3SO3)2, 0,30 M NaCl, 0,70 M H3BO3, ʩʦʜʝʨʞʘʱʝʛʦ ʧʝʨʝʤʝʥʥʫʶ 

ʢʦʥʮʝʥʪʨʘʮʠʶ TiO2 (P 25 (Degussa)). ʕʣʝʢʪʨʦʦʩʘʞʜʝʥʠʝ ʧʨʦʚʦʜʠʣʠ ʚ ʛʘʣʴʚʘʥʦ-

ʩʪʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʧʨʠ ʧʣʦʪʥʦʩʪʷʭ ʪʦʢʘ, ɸ/ʜʤ2: 2, 3, 5, 7 ʚ ʫʩʣʦʚʠʷʭ ʥʝʧʨʝʨʳʚʥʦʛʦ 

ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʵʣʝʢʪʨʦʣʠʪʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʘʛʥʠʪʥʦʡ ʤʝʰʘʣʢʠ. ʊʝʤʧʝʨʘʪʫʨʘ 

ʵʣʝʢʪʨʦʣʠʪʘ ʩʦʩʪʘʚʣʷʣʘ 333 ʂ, ʨʅ 3. ʇʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʧʦʜʛʦʪʦʚʢʘ ʩʫʩʧʝʥʟʠʦʥʥʦʛʦ 

ʵʣʝʢʪʨʦʣʠʪʘ ʧʝʨʝʜ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥʫʪ. 

ʉʦʜʝʨʞʘʥʠʝ ʜʠʦʢʩʠʜʘ ʪʠʪʘʥʘ ʚ ʢʦʤʧʦʟʠʮʠʦʥʥʦʤ ʧʦʢʨʳʪʠʠ Ni-TiO2 ʨʘʩʩʯʠʪʳʚʘʣʠ ʢʘʢ 

ʨʘʟʥʦʩʪʴ ʙʨʫʪʪʦ-ʤʘʩʩʳ ʢʦʤʧʦʟʠʪʘ ʠ ʥʠʢʝʣʷ. ʂʦʥʮʝʥʪʨʘʮʠʶ ʠʦʥʦʚ ʥʠʢʝʣʷ(II) ʦʧʨʝʜʝʣʷʣʠ 

ʩ ʧʦʤʦʱʴʶ ʢʦʤʧʣʝʢʩʦʥʦʤʝʪʨʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʨʠʣʦʥʘ ɹ ʠ ʤʫʨʝʢʩʠʜʘ. 

ʄʠʢʨʦʪʚʝʨʜʦʩʪʴ ʧʦ ɺʠʢʢʝʨʩʫ ʠʟʤʝʨʷʣʠ ʧʨʠ ʧʦʤʦʱʠ ʧʨʠʙʦʨʘ ʇʄʊ-3 ʧʨʠ ʥʘʛʨʫʟʢʝ 

ʈ = 100 ʛ. ɺʥʫʪʨʝʥʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʧʦʢʨʳʪʠʡ ʦʧʨʝʜʝʣʷʣʠ ʤʝʪʦʜʦʤ 

ʛʠʙʢʦʛʦ ʢʘʪʦʜʘ. ʌʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʧʦʢʨʳʪʠʡ Ni-TiO2 ʦʮʝʥʠʚʘʣʠ ʧʦ 

ʚʣʠʷʥʠʶ ʝʛʦ ʥʘ ʬʦʪʦʨʘʟʨʫʰʝʥʠʝ ʢʨʘʩʠʪʝʣʷ ʤʝʪʠʣʦʚʦʛʦ ʦʨʘʥʞʝʚʦʛʦ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ 

ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠ ʩ ʧʦʤʦʱʴʶ 

ʣʘʤʧʳ EXO TERRA Repti Glo10, ʜʠʘʧʘʟʦʥ ʠʟʣʫʯʝʥʠʷ ʢʦʪʦʨʦʡ ʩʦʩʪʘʚʣʷʝʪ 280ï315 ʥʤ. 

ʀʟʤʝʥʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʨʘʩʠʪʝʣʷ ʦʧʨʝʜʝʣʷʣʠ ʬʦʪʦʢʦʣʦʨʠʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʂʌʂ-2-ʋʍʃ 4.2 ʧʨʠ ʜʣʠʥʝ ʚʦʣʥʳ 490 ʥʤ. 

ʇʦʚʳʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ TiO2 ʚ ʩʫʩʧʝʥʟʠʦʥʥʦʤ ʵʣʝʢʪʨʦʣʠʪʝ ʧʨʠʚʦʜʠʪ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʩʦʜʝʨʞʘʥʠʷ ʜʠʩʧʝʨʩʥʦʡ ʬʘʟʳ ʚ ʢʦʤʧʦʟʠʪʘʭ. ʄʝʞʜʫ ʪʝʤ, ʫʚʝʣʠʯʝʥʠʝ 

ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʪʥʦʤʫ ʵʬʬʝʢʪʫ, ʪʦ ʝʩʪʴ ʩʦʜʝʨʞʘʥʠʝ TiO2 ʚ ʦʩʘʜʢʘʭ 

ʩʥʠʞʘʝʪʩʷ. ɼʦʧʠʨʦʚʘʥʠʝ ʥʠʢʝʣʝʚʦʡ ʤʘʪʨʠʮʳ ʯʘʩʪʠʮʘʤʠ ʜʠʩʧʝʨʩʥʦʡ ʬʘʟʦʡ ʚʣʠʷʝʪ ʥʘ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʣʫʯʘʝʤʳʭ ʦʩʘʜʢʦʚ. ʋʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʜʠʦʢʩʠʜʘ 

ʪʠʪʘʥʘ ʚ ʧʦʢʨʳʪʠʷʭ ʧʦʚʳʰʘʝʪ ʚʥʫʪʨʝʥʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʨʘʩʪʷʞʝʥʠʷ ʦʩʘʜʢʦʚ. ɺʣʠʷʥʠʝ 

ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ ʥʘ ʵʪʠ ʟʘʚʠʩʠʤʦʩʪʠ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ. ɿʥʘʯʝʥʠʷ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʧʦʢʨʳʪʠʡ Ni-TiO2 ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ ʜʠʩʧʝʨʩʥʳʭ ʯʘʩʪʠʮ ʚ 

ʧʦʢʨʳʪʠʷʭ ʪʘʢʞʝ ʚʦʟʨʘʩʪʘʶʪ. ʋʤʝʥʴʰʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ TiO2 ʚ ʢʦʤʧʦʟʠʪʘʭ, ʥʘʙʣʶʜʘʝʤʦʝ 

ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ, ʦʪʨʘʞʘʝʪʩʷ ʠ ʥʘ ʚʝʣʠʯʠʥʝ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʧʦʣʫʯʘʝʤʳʭ 

ʦʩʘʜʢʦʚ, ʟʥʘʯʝʥʠʷ ʢʦʪʦʨʦʡ ʩʥʠʞʘʶʪʩʷ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʢʦʤʧʦʟʠʪʦʚ Ni-TiO2 ʧʦʢʘʟʘʣʦ, ʯʪʦ 

ʦʙʣʫʯʝʥʠʝ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʳʤ ʠʟʣʫʯʝʥʠʝʤ ʠʭ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʨʘʩʪʚʦʨ ʤʝʪʠʣʦʚʦʛʦ 

ʦʨʘʥʞʝʚʦʛʦ, ʧʨʠʚʦʜʠʪ ʢ ʯʘʩʪʠʯʥʦʡ ʜʝʩʪʨʫʢʮʠʠ ʢʨʘʩʠʪʝʣʷ. ʂʦʤʧʦʟʠʪʳ ʩ ʙʦʣʴʰʠʤ 

ʩʦʜʝʨʞʘʥʠʝʤ TiO2 ʧʨʦʷʚʣʷʶʪ ʣʫʯʰʠʝ ʬʦʪʘʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʜʠʦʢʩʠʜʘ ʪʠʪʘʥʘ ʚ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʧʦʢʨʳʪʠʷʭ Ni-TiO2, ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʤʝʪʘʥʩʫʣʴʬʦʥʘʪʥʦʛʦ ʵʣʝʢʪʨʦʣʠʪʘ, 

ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ ʪʚʝʨʜʦʩʪʠ ʠ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʦʢʨʳʪʠʡ.  
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ʂʆʄʇʃɽʂʉʆʋʊɺʆʈɽʅʅʗ ɺ ʉʀʉʊɽʄɯ Cu(II) ï H2C4H4O6 ï H2O 

ʉʴʦʤʢʽʥʘ ʆ. ɺ., ɹʘʡʨʘʯʥʠʡ ɹ. ɯ., ʂʨʘʤʘʨʝʥʢʦ ɸ. ɺ. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʍʘʨʢʽʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪè 

semkinaelena@mail.ru  

 

ʅʘʥʝʩʝʥʥʷ ʤʽʜʥʠʭ ʧʦʢʨʠʪʴ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʥʘʜʘʥʥʷ ʚʠʨʦʙʘʤ 

ʨʽʟʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʩʧʝʮʽʘʣʴʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʇʽʜ ʯʘʩ ʦʩʘʜʞʝʥʥʷ ʤʽʜʽ ʥʘ ʩʪʘʣʴʥʫ ʘʙʦ 

ʘʣʶʤʽʥʽʻʚʫ ʧʽʜʢʣʘʜʢʫ ʟ ʧʨʦʩʪʠʭ ʝʣʝʢʪʨʦʣʽʪʽʚ ʯʝʨʝʟ ʮʝʤʝʥʪʘʮʽʶ ʰʘʨ ʤʽʜʽ ʤʘʻ ʢʨʠʭʢʫ ʪʘ 

ʧʦʨʠʩʪʫ ʩʪʨʫʢʪʫʨʫ, ʱʦ ʧʝʨʝʰʢʦʜʞʘʻ ʜʦʙʨʽʡ ʘʜʛʝʟʽʾ. ɺ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʟʘʩʪʦʩʦʚʫʶʪʴ 

ʢʦʤʧʣʝʢʩʥʽ ʝʣʝʢʪʨʦʣʽʪʠ, ʧʝʨʝʚʘʛʦʶ ʷʢʠʭ ʻ ʥʝʚʠʩʦʢʘ ʪʦʢʩʠʯʥʽʩʪʴ, ʩʪʘʙʽʣʴʥʽʩʪʴ, ʧʨʦʩʪʦʪʘ 

ʫʪʠʣʽʟʘʮʽʾ. ɼʣʷ ʨʦʟʨʦʙʢʠ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʚʘʞʣʠʚʦ ʜʦʩʣʽʜʠʪʠ ʨʝʘʢʮʽʡ 

ʢʦʤʧʣʝʢʩʦʫʪʚʦʨʝʥʥʷ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʫ ʨʦʟʯʠʥʽ. 

ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʦʩʘʜʞʝʥʥʷ ʤʽʜʥʠʭ ʧʦʢʨʠʪʴ ʧʨʦʚʦʜʠʣʠ ʟ ʪʘʨʪʨʘʪʥʦʛʦ ʝʣʝʢʪʨʦʣʽʪʫ, ʚ 

ʷʢʦʤʫ ʽʦʥʠ ʤʽʜʽ ʤʦʞʫʪʴ ʟʥʘʭʦʜʠʪʠʩʴ ʫ ʚʠʛʣʷʜʽ ʢʦʤʧʣʝʢʩʥʠʭ ʩʧʦʣʫʢ ʨʽʟʥʦʾ ʩʪʽʡʢʦʩʪʽ ʪʘ 

ʨʽʟʥʠʭ ʬʦʨʤ ʣʽʛʘʥʜʘ, ʷʢʽ ʚʩʪʘʥʦʚʣʶʶʪʴ ʤʝʭʘʥʽʟʤ ʧʨʦʮʝʩʫ ʦʩʘʜʞʝʥʥʷ ʪʘ ʩʪʨʫʢʪʫʨʫ 

ʧʦʢʨʠʪʪʽʚ. ʈʝʜʦʢʩ-ʧʦʪʝʥʮʽʘʣ ʩʠʩʪʝʤʠ ʉu2+/ʉu ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʧʨʦʩʪʠʤʠ ʨʦʟʯʠʥʘʤʠ ʟʥʘʯʥʦ 

ʟʩʫʥʫʪʠʡ ʚ ʥʝʛʘʪʠʚʥʠʡ ʙʽʢ, ʘ ʢʦʤʧʣʝʢʩʦʫʪʚʦʨʝʥʥʷ ʜʦʧʦʤʘʛʘʻ ʫʩʫʥʫʪʠ ʩʪʚʦʨʝʥʥʷ 

ʛʽʜʨʦʢʩʠʜʽʚ ʤʝʪʘʣʫ ʚ ʣʫʞʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. 

ʊʘʨʪʨʘʪʥʘ ʢʠʩʣʦʪʘ ʚʽʜʦʤʘ ʷʢ ʙʽʜʝʥʪʘʪʥʠʡ ʣʽʛʘʥʜ, ʱʦ ʟʜʘʪʝʥ ʩʪʚʦʨʶʚʘʪʠ ʭʝʣʘʪʥʽ 

ʢʦʤʧʣʝʢʩʠ ʟ Cu (II) ʚ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʨʅ. ɰɰ ʬʦʨʤʫʣʘ ʤʦʞʝ ʙʫʪʠ ʟʘʧʠʩʘʥʘ H2Tart 

(ʧʨʠʩʫʪʥʽʩʪʴ ʜʚʦʭ ʨʫʭʣʠʚʠʭ ʧʨʦʪʦʥʽʚ ʚ ʢʘʨʙʦʢʩʠʣʴʥʠʭ ʛʨʫʧʘʭ). ʆʢʨʽʤ ʪʦʛʦ, ʚ ʣʫʞʥʠʭ 

ʩʝʨʝʜʦʚʠʱʘʭ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʠʚʽʣʴʥʝʥʥʷ ʪʨʝʪʴʦʛʦ ʧʨʦʪʦʥʘ ʟʘʚʜʷʢʠ ʜʠʩʦʮʽʘʮʽʾ ʆʅ-ʛʨʫʧʠ. 

ʅʘ ʧʽʜʩʪʘʚʽ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ, ʱʦ ʚʢʣʶʯʘ̒ ʟʘʢʦʥʠ ʜʽʶʯʠʭ ʤʘʩ, ʫʤʦʚʠ ʤʘʪʝʨʽʘʣʴʥʦʛʦ 

ʙʘʣʘʥʩʫ ʪʘ ʝʣʝʢʪʨʦʥʝʡʪʨʘʣʴʥʦʩʪʽ ʙʫʣʦ ʟʨʦʙʣʝʥʦ ʨʦʟʨʘʭʫʥʦʢ ʨʦʟʧʦʜʽʣʫ ʢʦʤʧʣʝʢʩʽʚ ʤʽʜʽ 

ʧʨʠ ʨʽʟʥʠʭ ʟʥʘʯʝʥʥʷʭ ʨʅ (ʜʠʚ. ʨʠʩʫʥʦʢ, c(Cu2+) = 0,05 M; c(Tart2ï) = 0,15 M). 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ 

ʚʟʘʻʤʦʜʽʷ ʽʦʥʽʚ ʤʽʜʽ ʟ 

ʪʘʨʪʨʘʪʦʤ ʧʦʯʠʥʘʻʪʴʩʷ ʚ 

ʢʠʩʣʽʡ ʦʙʣʘʩʪʽ, ʜʝ ʧʨʠʩʫʪʥʷ 

ʧʨʦʪʦʥʦʚʘʥʘ ʬʦʨʤʘ ʣʽʛʘʥʜʫ 

Cu(HTart)2, ʘ ʪʘʢʦʞ ʽʥʰʽ 

ʚʠʜʠ ʢʦʤʧʣʝʢʩʽʚ. ʇʦʯʠʥʘʶ-

ʯʠ ʟ ʨʅ = 3 ʩʪʘʥʦʚʠʪʴʩʷ 

ʡʤʦʚʽʨʥʠʤ ʫʪʚʦʨʝʥʥʷ 

ʛʽʜʨʦʢʩʦʪʘʨʪʨʘʪʥʠʭ ʢʦʤʧ-

ʣʝʢʩʽʚ. ɺ ʦʙʣʘʩʪʽ ʨʅ = 3õ8, 

ʱʦ ʤʽʩʪʠʪʴ ʥʘʡʙʽʣʴʰʝ ʬʦʨʤ 

ʣʽʛʘʥʜʘ, ʨʦʟʯʠʥ ʥʝʩʪʘʙʽʣʴ-

ʥʠʡ, ʨʅ ʣʝʛʢʦ ʟʩʫʚʘʻʪʴʩʷ ʧʨʠ 

ʜʦʜʘʚʘʥʥʽ ʥʝʟʥʘʯʥʠʭ ʢʽʣʴ-

ʢʦʩʪʝʡ ʢʠʩʣʦʪʠ ʯʠ ʣʫʛʫ. ɺ 

ʣʫʞʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʜʦʤʽ-

ʥʫʶʪʴ ʜʚʘ ʚʠʜʠ ʛʽʜʨʦʢʩʦ-

ʢʦʤʧʣʝʢʩʽʚ: Cu(OH)Tartï ʪʘ 

Cu(ʆH)2Tart2ï. ɽʣʝʢʪʨʦʭʽʤʽʯʥʝ ʚʽʜʥʦʚʣʝʥʥʷ ʤʽʜʽ ʚ ʦʙʣʘʩʪʽ ʨʅ = 9õ10 ʧʨʠʚʦʜʠʪʴ ʜʦ 

ʦʩʘʜʞʝʥʥʷ ʨʽʚʥʦʤʽʨʥʠʭ ʩʚʽʪʣʠʭ ʤʽʜʥʠʭ ʧʦʢʨʠʪʪʽʚ. 

ʆʪʨʠʤʘʥʽ ʜʘʥʥʽ ʨʦʟʧʦʜʽʣʫ ʢʦʤʧʣʝʢʩʽʚ ʚ ʩʫʢʫʧʥʦʩʪʽ ʟ ʢʽʥʝʪʠʯʥʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ 

ʜʦʟʚʦʣʠʣʠ ʨʦʟʨʦʙʠʪʠ ʪʘʨʪʨʘʪʥʠʡ ʝʣʝʢʪʨʦʣʽʪ ʜʣʷ ʥʘʥʝʩʝʥʥʷ ʤʽʜʥʠʭ ʧʦʢʨʠʪʪʽʚ ʥʘ ʩʪʘʣʴʥʫ 

ʧʽʜʢʣʘʜʢʫ ʪʘ ʧʽʜʽʙʨʘʪʠ ʦʧʪʠʤʘʣʴʥʽ ʫʤʦʚʠ ʝʣʝʢʪʨʦʣʽʟʫ.  

  

 

ʈʠʩ. 1. ʈʦʟʧʦʜʽʣ ʪʘʨʪʨʘʪʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʤʽʜʽ ʚ ʦʙô̒ ʤʽ 

ʨʦʟʯʠʥʫ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʨʅ 
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ʄʆɾʃʀɺɯʉʊʔ ɺʀʂʆʈʀʉʊɸʅʅʗ ɻʋʄɯʅʆɺʀʍ ʈɯʉʊɸʂʊʀɺɸʊʆʈɯɺ ʇʈʀ 

ɿʈʆʑʋɺɸʅʅɯ ɿɽʈʅʆɺʀʍ ʂʋʃʔʊʋʈ ɺ ɽʂʉʊʈɽʄɸʃʔʅʀʍ ɿʆʅɸʍ ʇʆɼɯʃʃʗ 

ʊʘʤʪʫʨʘ ʆ. ʃ., ʗʥʢʘʚʝʮʴ ʆ. ʆ. 

ʂʦʤʫʥʘʣʴʥʠʡ ʟʘʢʣʘʜ çʥʘʚʯʘʣʴʥʦ-ʚʠʭʦʚʥʠʡ ʢʦʤʧʣʝʢʩ:  

ʟʘʛʘʣʴʥʦʦʩʚʽʪʥʷ ʰʢʦʣʘ ɯïɯɯ ʩʪ. ï ʣʽʮʝʡ ˉ 7 ɺʽʥʥʠʮʴʢʦʾ ʤʽʩʴʢʦʾ ʨʘʜʠè 

yankavec88@mail.ru 

 

ʈʦʙʦʪʘ ʧʨʠʩʚʷʯʝʥʘ ʧʨʦʙʣʝʤʘʤ ʨʦʜʶʯʦʩʪʽ ʛʨʫʥʪʽʚ ʫ ʟʦʥʽ ʝʢʩʪʨʝʤʘʣʴʥʦʛʦ 

ʟʝʤʣʝʨʦʙʩʪʚʘ ʇʦʜʽʣʣʷ (ɺʽʥʥʠʮʴʢʦʾ ʦʙʣʘʩʪʽ). ʉʴʦʛʦʜʥʽ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʝ ʚʠʨʦʙʥʠʮʪʚʦ 

ʽ ʚ ʮʽʣʦʤʫ ʘʛʨʦʧʨʦʤʠʩʣʦʚʠʡ ʢʦʤʧʣʝʢʩ ʋʢʨʘʾʥʠ ʧʝʨʝʙʫʚʘʶʪʴ ʫ ʮʝʥʪʨʽ ʩʫʩʧʽʣʴʥʦʾ ʫʚʘʛʠ, 

ʦʩʢʽʣʴʢʠ ʽ ʙʝʟ ʪʦʛʦ ʥʝʙʘʛʘʪʠʡ ʥʘʰ ʩʪʽʣ ʦʩʪʘʥʥʽʤ ʯʘʩʦʤ ʦʩʦʙʣʠʚʦ ʟʙʽʜʥʽʚ, ʩʪʨʽʤʢʦ ʟʨʦʩʣʠ 

ʮʽʥʠ ʥʘ ʧʨʦʜʦʚʦʣʴʩʪʚʦ ï ʪʘʢʽ ʷʚʠʱʘ ʚʠʢʣʠʢʘʶʪʴ ʫ ʥʘʩʝʣʝʥʥʷ ʋʢʨʘʾʥʠ ʚʝʣʠʢʫ 

ʩʪʫʨʙʦʚʘʥʽʩʪʴ ʽ ʟʘʛʦʩʪʨʶʶʪʴ ʩʦʮʽʘʣʴʥʫ ʥʘʧʨʫʞʝʥʽʩʪʴ. 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʙʫʣʦ ʚʠʟʥʘʯʝʥʥʷ ʤʦʞʣʠʚʦʩʪi ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʫʤʽʥʦʚʠʭ ʨʝʯʦʚʠʥ ʧʨʠ 

ʚʠʨʦʱʫʚʘʥʥʽ ʟʝʨʥʦʚʠʭ ʢʫʣʴʪʫʨ (ʦʟʠʤʦʾ ʧʰʝʥʠʮʽ ʽ ʷʨʦʚʦʛʦ ʷʯʤʝʥʶ) ʥʘ ʛʨʫʥʪʘʭ ʇʦʜʽʣʣʷ, 

ʚʠʟʥʘʯʝʥʥʷ ʰʣʷʭʽʚ ʧʨʠʢʦʨʝʥʥʷ ʨʦʩʪʫ ʪʘ ʨʦʟʚʠʪʢʫ ʮʠʭ ʢʫʣʴʪʫʨ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʨʽʩʪ 

ʘʢʪʠʚʘʪʦʨʽʚ ʛʫʤʽʥʦʚʦʾ ʧʨʠʨʦʜʠ, ʟʥʘʭʦʜʞʝʥʥʷ ʰʣʷʭʽʚ ʧʨʠ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤ ʚʧʣʠʚʫ 

ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʩʪʨʝʩʫ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ. 

ɼʦ ʟʘʜʘʯ ʚʭʦʜʠʣʦ: 

ü ʚʠʟʥʘʯʝʥʥʷ ʚʩʭʦʞʦʩʪʽ ʟʝʨʝʥ; 

ü ʧʨʦʚʝʩʪʠ ʚʠʟʥʘʯʝʥʥʷ ʙʽʦʤʝʪʨʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʨʦʩʣʠʥ (ʧʘʨʘʤʝʪʨʠ ʧʨʦʨʦʩʪʢʽʚ ʪʘ 
ʣʽʥʽʡʥʽ ʧʘʨʘʤʝʪʨʠ 1-ʛʦ ʩʧʨʘʚʞʥʴʦʛʦ ʣʠʩʪʘ). 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʫʧʝʨʰʝ ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ ʤʦʞʣʠʚʽʩʪʴ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ɻʈ ʧʨʠ ʚʠʨʦʱʫʚʘʥʥʷ ʟʝʨʥʦʚʠʭ ʢʫʣʴʪʫʨ ʚ ʟʦʥʘʭ ʝʢʩʪʨʝʤʘʣʴʥʦʛʦ 

ʟʝʤʣʝʨʦʙʩʪʚʘ ʇʦʜʽʣʣʷ. 

ʇʽʩʣʷ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʥʘʩʪʫʧʥʽ ʨʝʟʫʣʴʪʘʪʠ ʽ 

ʩʬʦʨʤʫʣʴʦʚʘʥʽ ʥʘʩʪʫʧʥʽ ʚʠʩʥʦʚʢʠ: 

1. ʅʘ ʙʽʣʴʰʽʩʪʴ ʨʦʩʣʠʥ ʛʫʤʽʥʦʚʽ ʨʝʯʦʚʠʥʠ ʥʝ ʟʜʽʡʩʥʠʣʠ ʩʫʪʪʻʚʦʛʦ ʚʧʣʠʚʫ, ʘ 

ʥʘʚʧʘʢʠ ʟʤʝʥʴʰʠʣʠ ʜʝʷʢʽ ʧʘʨʘʤʝʪʨʠ ʨʦʩʣʠʥ. 

2. ʅʘʡʙʽʣʴʰʘ ʚʩʭʦʞʽʩʪʴ ʩʧʦʩʪʝʨʽʛʘʣʘʩʴ ʫ ʦʟʠʤʦʾ ʧʰʝʥʠʮʽ ʩʦʨʪʽʚ çɹʝʣʦʩʥʝʞʢʘè ʪʘ 

çɹʦʛʠʥʷè, ʘ ʥʘʡʤʝʥʰʘ ï ʫ ʨʦʩʣʠʥ ʷʨʦʚʦʛʦ ʷʯʤʝʥʶ. 

3. ʅʘʡʙʽʣʴʰʽ ʧʦʢʘʟʥʠʢʠ ʨʦʩʣʠʥ ʩʧʦʩʪʝʨʽʛʘʣʠʩʴ ʫ ʨʦʩʣʠʥ ʦʟʠʤʦʾ ʧʰʝʥʠʮʽ ʩʦʨʪʫ 

çɹʝʣʦʩʥʝʞʢʘè ʪʘ ʷʨʦʚʦʛʦ ʷʯʤʝʥʷ ʩʦʨʪʫ çɼʦʥʝʮʢʠʡ-14è, ʷʢ ʫ ʢʦʥʪʨʦʣʽ ʪʘʢ ʽ ʧʨʠ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʛʫʤʽʥʦʚʠʭ ʨʝʯʦʚʠʥ ʫ ʧʝʨʰʦʤʫ ʟʨʘʟʢʫ ʛʨʫʥʪʫ. 

  



Chemical Engineering  ʍʽʤʽʯʥʘ ʽʥʞʝʥʝʨʽʷ 

231 

ʂʆʄʇʆɿʀʊʅɯ ʄɽʄɹʈɸʅʅɯ ʂɸʊɸʃɯɿɸʊʆʈʀ ʇʈʆʎɽʉʋ ɻɯɼʈʋɺɸʅʅʗ 

ɼɺʆʆʂʉʀɼʋ ɺʋɻʃɽʎʖ 

ʊʨʝʧʷʜʴʢʦ ɼ. ʆ., ʂʦʨʞ ʈ. ɺ., ɹʦʨʪʠʰʝʚʩʴʢʠʡ ɺ. ɸ. 

ɯʥʩʪʠʪʫʪ ʙʽʦʦʨʛʘʥʽʯʥʦʾ ʭʽʤʽʾ ʪʘ ʥʘʬʪʦʭʽʤʽʾ ʅɸʅ ʋʢʨʘʾʥʠ 

trepyadko.d@gmail.com 

 

ʇʝʨʩʧʝʢʪʠʚʥʠʤʠ ʪʘ ʝʢʦʣʦʛʽʯʥʦ ʚʘʞʣʠʚʠʤʠ ʥʘ ʩʴʦʛʦʜʥʽ ʻ ʨʦʟʨʦʙʢʠ, ʧʨʠʩʚʷʯʝʥʽ 

ʦʪʨʠʤʘʥʥʶ ʨʽʜʢʠʭ ʚʫʛʣʝʚʦʜʥʽʚ ʽʟ ʩʠʥʪʝʟ-ʛʘʟʫ ʽʟ ʟʘʣʫʯʝʥʥʷʤ ʜʚʦʦʢʩʠʜʫ ʚʫʛʣʝʮʶ. 

ʇʝʨʝʪʚʦʨʝʥʥʷ ʉʆ2, ʷʢ ʫ ʚʠʛʣʷʜʽ ʢʦʤʧʦʥʝʥʪʘ ʜʦʙʘʚʢʠ ʜʦ ʉʆ, ʪʘʢ ʽ ʩʘʤʦʛʦ ʧʦ ʩʦʙʽ, ʫ ʮʽʥʥʽ 

ʧʨʦʜʫʢʪʠ ʤʦʞʝ ʚʽʜʙʫʚʘʪʠʩʷ ʯʝʨʝʟ ʩʠʥʪʝʟ ʌʽʰʝʨʘ-ʊʨʦʧʰʘ (ʌʊ). ʇʨʦʮʝʩ ʥʘ ʙʘʟʽ ʉʆ2 ʟʘ 

ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ (ʢʘʪʘʣʽʟʘʪʦʨʠ, ʪʝʤʧʝʨʘʪʫʨʥʽ ʽ ʪʠʩʢʦʚʽ ʫʤʦʚʠ, ʚʠʤʦʛʠ ʜʦ 

ʯʠʩʪʦʪʠ ʩʠʨʦʚʠʥʠ) ʙʣʠʟʴʢʠʡ ʜʦ ʚʽʜʧʦʚʽʜʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʥʘ ʦʩʥʦʚʽ ʉʆ, ʦʩʢʽʣʴʢʠ ʤʝʭʘʥʽʟʤ 

ʩʠʥʪʝʟʫ ʚʫʛʣʝʚʦʜʥʽʚ ʧʝʨʝʜʙʘʯʘʻ ʧʘʨʘʣʝʣʴʥʠʡ ʧʝʨʝʙʽʛ ʨʝʘʢʮʽʾ ʚʦʜʷʥʦʛʦ ʛʘʟʫ ʽ ʚʟʘʻʤʥʝ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʉʆ2źʉʆ ʚ ʫʤʦʚʘʭ ʩʠʥʪʝʟʽʚ. 

ʂʦʤʧʦʟʠʪʥʽ ʤʝʤʙʨʘʥʥʽ ʢʘʪʘʣʽʟʘʪʦʨʠ ʧʨʦʮʝʩʫ ʛʽʜʨʫʚʘʥʥʷ ʉʆ2 ʚʠʛʦʪʦʚʣʷʣʠ ʽʟ 

ʘʢʪʠʚʥʦʛʦ ʢʘʪʘʣʽʪʠʯʥʦʛʦ ʪʘ ʧʨʦʪʦʥʦʧʨʦʚʽʜʥʦʛʦ ʢʦʤʧʦʥʝʥʪʽʚ, ʥʘʥʝʩʝʥʠʭ ʥʘ ʪʝʨʤʦʩʪʽʡʢʠʡ 

ʥʦʩʽʡ. ʗʢ ʘʢʪʠʚʥʽ ʢʦʤʧʦʥʝʥʪʠ ʜʦʩʣʽʜʞʫʚʘʣʠ ʢʦʙʘʣʴʪ, ʟʘʣʽʟʦ ʽ ʥʽʢʝʣʴ, ʥʘʥʝʩʝʥʽ ʥʘ ɔ-ʦʢʩʠʜ 

ʘʣʶʤʽʥʽʶ. ɰʭ ʛʦʪʫʚʘʣʠ ʤʝʪʦʜʦʤ ʦʩʘʜʞʝʥʥʷ ʥʘ ʥʦʩʽʡ ʽʟ ʚʦʜʥʠʭ ʨʦʟʯʠʥʽʚ ʚʽʜʧʦʚʽʜʥʠʭ 

ʥʽʪʨʘʪʽʚ. ʋ ʚʠʧʘʜʢʫ ʤʽʜʥʦ-ʟʘʣʽʟʥʦʛʦ ʢʘʪʘʣʽʟʘʪʦʨʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʤʝʪʦʜʠʢʫ 

ʩʧʽʚʦʩʘʜʞʝʥʥʷ. ɼʣʷ ʮʴʦʛʦ ʨʦʟʯʠʥʠ ʉʦ(NO3)3, Fe(NO3)3, Cu(NO3)2 ʘʙʦ Ni(NO3)2, 

ʚʠʛʦʪʦʚʣʝʥʽ ʽʟ ʚʽʜʧʦʚʽʜʥʠʭ ʛʝʢʩʘʛʽʜʨʘʪʽʚ ʟʘʧʣʘʥʦʚʘʥʦʾ ʤʘʩʠ, ʟʤʽʰʫʚʘʣʠ ʟ ʥʘʚʘʞʢʦʶ 

ɔ-ɸl2O3 ʬʨʘʢʮʽʾ 0,4ï0,63 ʤʤ. ʆʪʨʠʤʘʥʽ ʩʫʩʧʝʥʟʽʾ ʧʦʚʽʣʴʥʦ ʧʽʜʩʫʰʫʚʘʣʠ ʧʨʠ 85 Áʉ 

12 ʛʦʜʠʥ. ɺʠʩʫʰʝʥʽ ʟʨʘʟʢʠ ʢʘʪʘʣʽʟʘʪʦʨʽʚ ʚʽʜʥʦʚʣʶʚʘʣʠ ʚ ʧʦʪʦʮʽ ʚʦʜʥʶ ʧʨʠ ʥʘʛʨʽʚʘʥʥʽ ʟ 

ʰʚʠʜʢʽʩʪʶ 5 Á/ʭʚ. ʜʦ ʟʘʜʘʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ, ʚʢʘʟʘʥʦʾ ʚ ʪʘʙʣ. 1, ʽ ʚʠʪʨʠʤʫʚʘʣʠ ʟʘ ʮʽʻʾ 

ʪʝʤʧʝʨʘʪʫʨʠ ʧʨʦʪʷʛʦʤ 3 ʛʦʜʠʥ. ɺʽʜʥʦʚʣʝʥʽ ʢʘʪʘʣʽʟʘʪʦʨʠ ʧʘʩʠʚʫʚʘʣʠ ʧʘʨʘʤʠ ʚʦʜʠ ʧʨʠ 

180 Áʉ ʧʨʦʪʷʛʦʤ 8 ʛʦʜʠʥ ʟ ʥʘʩʪʫʧʥʠʤ ʦʭʦʣʦʜʞʝʥʥʷʤ ʫ ʧʘʨʘʭ ʚʦʜʠ. 

 

ʊʘʙʣʠʮʷ 1. ʉʢʣʘʜ ʢʘʪʘʣʽʪʠʯʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʉʌʊ 

ʄʝʪʘʣ 
ʄʘʩʦʚʘ ʯʘʩʪʢʘ, %, ʫ 

ʧʝʨʝʨʘʭʫʥʢʫ ʥʘ ʚʽʜʥʦʚʣʝʥʠʡ 

ʊʝʤʧʝʨʘʪʫʨʘ 

ʚʽʜʥʦʚʣʝʥʥʷ, Áʉ 
ɺʤʽʩʪ ɔ-Al 2O3 

Co 14,2 370 84,54 

Fe 19,5 365 78,8 

Cu / Zn / Fe 29,4 / 14,7 / 1,8 240 52,94 

Ni 16,8 400 82,0 

 

ʗʢ ʧʨʦʪʦʥʦʧʨʦʚʽʜʥʠʡ ʤʘʪʝʨʽʘʣ ʜʣʷ ʢʦʤʧʦʟʠʪʥʠʭ ʢʘʪʘʣʽʟʘʪʦʨʽʚ ʩʠʥʪʝʟʫ ʌʊ ʦʙʨʘʥʦ 

ʧʨʦʜʫʢʪ ʦʢʠʩʣʶʚʘʣʴʥʦʾ ʜʝʛʽʜʨʦʧʦʣʽʢʦʥʜʝʥʩʘʮʽʾ ʘʮʝʪʠʣʝʥʫ. ʁʦʛʦ ʦʜʝʨʞʫʚʘʣʠ ʰʣʷʭʦʤ 

ʧʦʣʽʤʝʨʠʟʘʮʽʾ ʘʮʝʪʠʣʝʥʫ ʚ ʽʥʝʨʪʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʚ ʧʨʠʩʫʪʥʦʩʪʽ ʩʦʣʝʡ ʜʚʦʚʘʣʝʥʪʥʦʾ ʤʽʜʽ. 

ʉʠʥʪʝʟʦʚʘʥʠʡ ʧʦʣʽʤʝʨ ʟʙʝʨʽʛʘʻ ʩʚʦʶ ʩʪʨʫʢʪʫʨʫ ʜʦ 600 Áʉ ʚ ʽʥʝʨʪʥʽʡ ʘʙʦ ʚʽʜʥʦʚʣʶʚʘʣʴʥʽʡ 

ʘʪʤʦʩʬʝʨʽ. ʈʝʟʫʣʴʪʘʪʘʤʠ ʝʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʽʟʫ, ʌʫʨôʻ ɯʏ-ʩʧʝʢʪʨʦʩʢʦʧʽʾ, 

ʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʦʛʦ ʤʽʢʨʦʘʥʘʣʽʟʫ ʪʘ ʩʢʘʥʫʚʘʣʴʥʦʾ ʝʣʝʢʪʨʦʥʥʦʾ ʤʽʢʨʦʩʢʦʧʽʾ ʧʦʢʘʟʘʥʦ, 

ʱʦ ʚʽʥ ʤʽʩʪʠʪʴ ʫ ʩʚʦʾʡ ʩʪʨʫʢʪʫʨʽ ʩʠʩʪʝʤʠ ʩʧʨʷʞʝʥʠʭ ʟʚôʷʟʢʽʚ ʤʽʞ ʘʪʦʤʘʤʠ ʚʫʛʣʝʮʶ. ʗʢ 

ʛʥʫʯʢʠʡ ʥʦʩʽʡ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʢʦʤʧʦʟʠʪʥʠʭ ʤʝʤʙʨʘʥ ʚ ʨʦʙʦʪʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʪʢʘʥʠʥʫ 

ʥʘ ʦʩʥʦʚʽ ʘʨʘʤʽʜʥʦʛʦ ʚʦʣʦʢʥʘ ʢʝʚʣʘʨ (DuPont, ʉʐɸ) ʥʘ ʦʩʥʦʚʽ ʣʽʥʽʡʥʠʭ 

ʚʦʣʦʢʥʦʫʪʚʦʨʶʶʯʠʭ ʧʦʣʽʘʤʽʜʽʚ, ʫ ʷʢʠʭ ʥʝ ʤʝʥʰʝ 85 % ʘʤʽʜʥʠʭ ʛʨʫʧ =NH ʙʝʟʧʦʩʝʨʝʜʥʴʦ 

ʧʦʚôʷʟʘʥʽ ʟ ʜʚʦʤʘ ʘʨʦʤʘʪʠʯʥʠʤʠ ʢʽʣʴʮʷʤʠ. 

ɸʢʪʠʚʥʽʩʪʴ ʢʦʤʧʦʟʠʪʥʠʭ ʤʝʤʙʨʘʥʥʠʭ ʢʘʪʘʣʽʟʘʪʦʨʽʚ ʚ ʫʪʚʦʨʝʥʥʽ ʤʝʪʘʥʫ 

ʟʤʽʥʶʻʪʴʩʷ ʚ ʨʷʜʫ: Fe2O3 < CoO < CuO < CuO/Fe2O3 < NiO. ʌʦʨʤʫʚʘʥʥʷ ʚʠʱʠʭ ʘʣʢʘʥʽʚ 

ʙʫʣʦ ʚʽʜʤʽʯʝʥʦ ʣʠʰʝ ʜʣʷ ʢʦʙʘʣʴʪʦʚʠʭ ʟʨʘʟʢʽʚ, ʦʢʩʠʛʝʥʘʪʽʚ ï ʜʣʷ ʤʽʜʥʠʭ, ʘʣʢʝʥʽʚ ï ʜʣʷ 

ʟʘʣʽʟʥʠʭ. ʋʩʽ ʟʨʘʟʢʠ, ʤʦʜʠʬʽʢʦʚʘʥʽ ʧʣʘʪʠʥʦʶ, ʟʘʙʝʟʧʝʯʫʚʘʣʠ ʫʪʚʦʨʝʥʥʷ ʽʟʦʤʝʨʥʠʭ 

ʚʫʛʣʝʚʦʜʥʽʚ.  
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ʀʉʇʆʃʔɿʆɺɸʅʀɽ ʅʆɺʆɻʆ ɸʃʖʄʆʉʆɼɽʈɾɸʑɽɻʆ ʈɽɸɻɽʅʊɸ 

ɼʃʗ ɺʆɼʆʇʆɼɻʆʊʆɺʂʀ ɺ ʋʉʃʆɺʀʗʍ ʉɽɿʆʅʅʆɻʆ ʋʍʋɼʐɽʅʀʗ 

ʂɸʏɽʉʊɺɸ ɺʆɼʓ 

ʍʤʘʨʩʢʘʷ ʃ. ɸ. 

ɻɺʋɿ çʋʢʨʘʠʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʭʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 

liya1@ua.fm 

 

ʂʦʘʛʫʣʷʮʠʷ ʦʪʥʦʩʠʪʩʷ ʢ ʦʩʥʦʚʥʳʤ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤ ʤʝʪʦʜʘʤ ʦʯʠʩʪʢʠ ʚʦʜʳ. ɺ 

ʦʩʥʦʚʝ ʢʦʘʛʫʣʠʨʦʚʘʥʠʷ ʣʝʞʠʪ ʧʨʦʮʝʩʩ ʛʠʜʨʦʣʠʟʘ ʩʦʣʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʟʦʣʝʡ ʛʠʜʨʦʢʩʠʜʘ, 

ʢʦʪʦʨʳʡ ʠʤʝʝʪ ʚʳʩʦʢʠʝ ʘʜʩʦʨʙʮʠʦʥʥʳʝ ʠ ʘʜʛʝʟʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ, ʩʚʷʟʳʚʘʷ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʟʘʛʨʷʟʥʷʶʱʠʝ ʚʝʱʝʩʪʚʘ. ɺ ʢʘʯʝʩʪʚʝ ʢʦʘʛʫʣʷʥʪʦʚ ʯʘʱʝ ʚʩʝʛʦ ʠʩʧʦʣʴʟʫʶʪ 

ʩʫʣʴʬʘʪʳ ʠ ʛʠʜʨʦʢʩʠʭʣʦʨʠʜʳ ʘʣʶʤʠʥʠʷ, ʬʝʨʫʤʘ(III) ʠ ʬʝʨʫʤʘ(II), ʘ ʪʘʢʞʝ ʘʣʶʤʠʥʘʪʳ 

ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ. ʂʘʞʜʳʡ ʠʟ ʨʝʘʛʝʥʪʦʚ, ʢʘʢ ʧʨʘʚʠʣʦ, ʠʤʝʝʪ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ ʠ 

ʥʝʜʦʩʪʘʪʢʦʚ, ʯʪʦ ʦʧʨʝʜʝʣʷʝʪ ʫʩʣʦʚʠʷ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʦʯʠʩʪʢʠ ʚʦʜʳ. 

ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʚʦʜʳ ʚ ʋʢʨʘʠʥʝ ʷʚʣʷʝʪʩʷ ʨ. ɼʥʝʧʨ. ʇʦʵʪʦʤʫ 

ʩʝʟʦʥʥʳʝ ʢʦʣʝʙʘʥʠʷ ʢʘʯʝʩʪʚʘ ʚʦʜʳ (ʚʝʩʝʥʥʠʝ ʧʘʚʦʜʢʠ, ʣʝʪʥʝʝ ʮʚʝʪʝʥʠʝ) ʪʨʝʙʫʶʪ 

ʧʨʠʤʝʥʝʥʠʷ ʥʦʚʳʭ ʢʦʘʛʫʣʠʨʫʶʱʠʭ ʘʛʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʜʦʩʪʠʯʴ ʧʘʨʘʤʝʪʨʦʚ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ɻʉʘʥʇʠʅ 2.2.4-171-10 çɻʠʛʠʝʥʠʯʝʩʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʚʦʜʝ ʧʠʪʴʝʚʦʡ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʡ ʜʣʷ ʧʦʪʨʝʙʣʝʥʠʷ ʯʝʣʦʚʝʢʦʤè. 

ɺ 2013 ʛʦʜʫ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʧʨʦʤʳʰʣʝʥʥʳʝ ʠʩʧʳʪʘʥʠʷ ʥʘ ʦʯʠʩʪʥʳʭ 

ʩʦʦʨʫʞʝʥʠʷʭ ʦʜʥʦʛʦ ʠʟ ʛʦʨʦʜʦʚ ʋʢʨʘʠʥʳ, ʧʦʪʨʝʙʣʷʶʱʝʛʦ ʚʦʜʫ ʠʟ ʨ. ɼʥʝʧʨ. ʀʩʧʳʪʘʥʠʷ 

ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʧʝʨʠʦʜ ʩ ʷʥʚʘʨʷ ʧʦ ʠʶʥʴ. ʕʪʦʪ ʧʝʨʠʦʜ ʦʟʥʘʤʝʥʦʚʘʣʩʷ ʩʠʣʴʥʳʤʠ 

ʧʘʚʦʜʢʘʤʠ, ʯʪʦ ʠ ʧʦʚʣʝʢʣʦ ʟʘ ʩʦʙʦʡ ʫʭʫʜʰʝʥʠʝ ʩʦʩʪʦʷʥʠʷ ʚʦʜʳ ʚ ʨʝʢʝ. ʇʦʢʘʟʘʪʝʣʴ 

ʤʫʪʥʦʩʪʠ ʜʦʩʪʠʛ ʩʚʦʝʛʦ ʤʘʢʩʠʤʫʤʘ ʚ ʘʧʨʝʣʝ ï 4,65 ʤʛ/ʜʤ3. ʅʘ ʩʤʝʥʫ ʧʘʚʦʜʢʘʤ ʧʨʠʰʣʦ 

ʩʪʨʝʤʠʪʝʣʴʥʦʝ ʧʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʜʳ, ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʫʚʝʣʠʯʝʥʠʶ ʧʦʢʘʟʘʪʝʣʷ 

ʮʚʝʪʥʦʩʪʠ ʚʦʜʳ ʜʦ 80 ʛʨʘʜ. ʚ ʠʶʥʝ. ɺʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʚ ʨʝʯʥʦʡ 

ʚʦʜʝ ʩʧʨʦʚʦʮʠʨʦʚʘʣʦ ʟʥʘʯʠʪʝʣʴʥʳʡ ʨʦʩʪ ʧʝʨʤʘʥʛʘʥʘʪʥʦʡ ʦʢʠʩʣʷʝʤʦʩʪʠ, ʢʦʪʦʨʘʷ ʚ 

ʧʝʨʠʦʜ ʩ ʷʥʚʘʨʷ ʧʦ ʠʶʥʴ ʥʝ ʦʧʫʩʢʘʣʘʩʴ ʥʠʞʝ 10,8 ʤʛ ʆ2/ʜʤ
3. ʇʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʩʝ ʧʨʦʮʝʩʩʳ ʧʨʦʠʩʭʦʜʠʣʠ ʥʘ ʬʦʥʝ ʚʝʩʴʤʘ ʥʠʟʢʦʛʦ ʱʝʣʦʯʥʦʛʦ ʨʝʟʝʨʚʘ 

ʚʦʜʳ (ʧʦʩʣʝʜʩʪʚʠʷ ʦʙʠʣʴʥʦʛʦ ʪʘʷʥʠʷ ʩʥʝʛʘ). 

ɼʣʷ ʨʝʰʝʥʠʷ ʩʫʱʝʩʪʚʫʶʱʝʡ ʧʨʦʙʣʝʤʳ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʠ ʦʧʨʦʙʦʚʘʥ ʘʙʩʦʣʶʪʥʦ 

ʥʦʚʳʡ, ʥʝ ʠʤʝʶʱʠʡ ʘʥʘʣʦʛʦʚ ʧʨʦʜʫʢʪ çʇʦʣʚʘʢ 15/72è (ʇʍɿ çʂʦʘʛʫʣʷʥʪè). ʈʝʘʛʝʥʪ 

çʇʦʣʚʘʢ 15/72è ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʨʘʩʪʚʦʨ ʚʳʩʦʢʦʦʩʥʦʚʥʦʛʦ ʛʠʜʨʦʢʩʠʭʣʦʨʠʜʘ 

ʘʣʶʤʠʥʠʷ ʦʙʱʝʡ ʬʦʨʤʫʣʳ [Al(OH)3-xClx]n, ʛʜʝ ʭ = 0õ3. ʉʦʜʝʨʞʘʥʠʝ ʦʩʥʦʚʥʦʛʦ ʚʝʱʝʩʪʚʘ 

ʚ ʧʝʨʝʩʯʝʪʝ ʥʘ Al2O3 ʩʦʩʪʘʚʣʷʝʪ ʥʝ ʤʝʥʝʝ 15,3 %ʤʘʩ, ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʦʩʥʦʚʥʦʩʪʴ ï 72 %, 

ʩʦʜʝʨʞʘʥʠʝ ʭʣʦʨʠʜʦʚ ï 13,5 %ʤʘʩ. 
ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʦʛʦ ʢʦʘʛʫʣʷʥʪʘ ʩʧʦʩʦʙʩʪʚʫʝʪ ʦʙʨʘʟʦʚʘʥʠʶ ʟʦʣʷ ʩ ʤʝʥʴʰʝʡ 

ʫʩʪʦʡʯʠʚʦʩʪʴʶ, ʪ. ʝ. ʧʦʚʳʰʝʥʠʶ ʩʢʦʨʦʩʪʠ ʘʛʨʝʛʘʪʦʦʙʨʘʟʦʚʘʥʠʷ ʠ ʩʝʜʠʤʝʥʪʘʮʠʠ, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʡ ʦʯʠʩʪʢʠ ʠ ʜʦʩʪʠʞʝʥʠʶ ʥʦʨʤ 

ɻʉʘʥʇʠʅ 2.2.4-171-10 ʜʣʷ ʦʯʠʱʘʝʤʦʡ ʚʦʜʳ ʜʘʞʝ ʧʨʠ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʷʭ 

ʚʳʰʝʧʨʠʚʝʜʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ.  

ʇʨʝʜʣʦʞʝʥʥʘʷ ʤʝʪʦʜʠʢʘ ʦʯʠʩʪʢʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ çʇʦʣʚʘʢ 15/72è ʧʦʟʚʦʣʠʣʘ 

ʦʙʝʩʧʝʯʠʪʴ ʩʪʝʧʝʥʴ ʦʯʠʩʪʢʠ ʚʦʜʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʪʨʝʙʦʚʘʥʠʷʤʠ ʥʦʨʤ 

ɻʉʘʥʇʠʅ 2.2.4-171-10, ʘ ʠʤʝʥʥʦ, ʤʫʪʥʦʩʪʴ ʥʠʞʝ 0,58 ʤʛ/ʜʤ3, ʮʚʝʪʥʦʩʪʴ ʥʠʞʝ 20 ʛʨʘʜ., 

ʧʝʨʤʘʥʛʘʥʘʪʥʘʷ ʦʢʠʩʣʷʝʤʦʩʪʴ ʥʠʞʝ 5 ʤʛ/ʜʤ3, ʦʩʪʘʪʦʯʥʦʝ ʞʝʣʝʟʦ ʥʠʞʝ 0,3 ʤʛ/ʜʤ3.  
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ɺʃʀʗʅʀɽ ʉʆɽɼʀʅɽʅʀʁ ɾɽʃɽɿɸ ʅɸ ɹɽʃʀɿʅʋ ʇʀɻʄɽʅʊʆɺ, 

ʇʆʃʋʏɽʅʅʓʍ ʀɿ ʆʊʈɸɹʆʊɸʅʅʓʍ ʕʃɽʂʊʈʆʃʀʊʆɺ ʎʀʅʂʆɺɸʅʀʗ 

ʏʝʧʨʘʩʦʚʘ ɺ. ʀ., ɼʘʮʢʝʚʠʯ ɼ. ɺ., ɿʘʣʳʛʠʥʘ ʆ. ʉ. 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

zolha@tut.by 

 

ʆʜʥʦʡ ʠʟ ʚʘʞʥʝʡʰʠʭ ʧʨʦʙʣʝʤ ʛʘʣʴʚʘʥʠʯʝʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʷʚʣʷʝʪʩʷ 

ʦʙʨʘʟʦʚʘʥʠʝ ʦʪʨʘʙʦʪʘʥʥʳʭ ʨʘʩʪʚʦʨʦʚ ʵʣʝʢʪʨʦʣʠʪʦʚ, ʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʠʦʥʦʚ ʥʘʥʦʩʠʤʳʭ ʤʝʪʘʣʣʦʚ (ʜʦ 250 ʛ/ʣ). ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ 

ʚʦ ʚʩʝʤ ʤʠʨʝ ʷʚʣʷʶʪʩʷ ʮʠʥʢʦʚʳʝ ʧʦʢʨʳʪʠʷ ʙʣʘʛʦʜʘʨʷ ʠʭ ʚʳʩʦʢʠʤ ʟʘʱʠʪʥʳʤ ʩʚʦʡʩʪʚʘʤ 

ʠ ʥʠʟʢʦʡ ʩʪʦʠʤʦʩʪʠ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʦʪʨʘʙʦʪʘʥʥʳʝ ʨʘʩʪʚʦʨʳ 

ʵʣʝʢʪʨʦʣʠʪʦʚ ʩʙʨʘʩʳʚʘʶʪʩʷ ʩʦʚʤʝʩʪʥʦ ʩ ʨʘʟʙʘʚʣʝʥʥʳʤʠ ʧʨʦʤʳʚʥʳʤʠ ʩʪʦʯʥʳʤʠ 

ʚʦʜʘʤʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʝʨʠʦʜʠʯʝʩʢʦʤʫ ʧʦʚʳʰʝʥʠʶ ʢʦʥʮʝʥʪʨʘʮʠʠ ʟʘʛʨʷʟʥʷʶʱʠʭ 

ʚʝʱʝʩʪʚ ʚ ʥʠʭ ʠ ʟʘʪʨʫʜʥʷʝʪ ʨʘʙʦʪʫ ʦʯʠʩʪʥʳʭ ʩʦʦʨʫʞʝʥʠʡ. ʂʨʦʤʝ ʵʪʦʛʦ, ʩ ʥʠʤʠ ʪʝʨʷʝʪʩʷ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʮʠʥʢʘ. ʋʯʠʪʳʚʘʷ ʭʨʦʤʦʬʦʨʥʳʝ ʩʚʦʡʩʪʚʘ ʮʠʥʢʘ ʠ ʝʛʦ ʚʳʩʦʢʫʶ 

ʢʦʥʮʝʥʪʨʘʮʠʶ ʚ ʦʪʨʘʙʦʪʘʥʥʳʭ ʵʣʝʢʪʨʦʣʠʪʘʭ, ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʧʦʣʫʯʝʥʠʝ ʥʘ ʠʭ ʦʩʥʦʚʝ 

ʙʝʣʳʭ ʮʠʥʢʩʦʜʝʨʞʘʱʠʭ ʧʠʛʤʝʥʪʦʚ. ɺ ʧʨʝʜʳʜʫʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʚ ʢʘʯʝʩʪʚʝ ʦʩʘʜʠʪʝʣʷ 

ʮʠʥʢʘ ʙʳʣ ʚʳʙʨʘʥ ʬʦʩʬʘʪ ʥʘʪʨʠʷ Na3PO4Ā12H2O. ɹʳʣʠ ʧʦʜʦʙʨʘʥʳ ʫʩʣʦʚʠʷ ʦʩʘʞʜʝʥʠʷ 

ʮʠʥʢʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʝʛʦ ʠʟʚʣʝʯʝʥʠʝ ʠʟ ʦʪʨʘʙʦʪʘʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʵʣʝʢʪʨʦʣʠʪʘ ʙʦʣʝʝ, 

ʯʝʤ ʥʘ 99%. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʡ ʦʩʘʜʦʢ ʧʦʩʣʝ ʩʫʰʢʠ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ 

ʢʘʯʝʩʪʚʝ ʙʝʣʦʛʦ ʧʠʛʤʝʥʪʘ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʝʛʦ ʩʚʦʡʩʪʚʘʤʠ (ʤʘʩʣʦʝʤʢʦʩʪʴ I ʨʦʜʘ 44ï

102 ʛ ʥʘ 100 ʛ ʧʠʛʤʝʥʪʘ, ʫʢʨʳʚʠʩʪʦʩʪʴ 130ï180 ʛ/ʤ2, ʙʝʣʠʟʥʘ 94ï98 %). 

ɺ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʵʣʝʢʪʨʦʣʠʪʳ ʟʘʛʨʷʟʥʷʶʪʩʷ ʩʦʝʜʠʥʝʥʠʷʤʠ ʞʝʣʝʟʘ, ʢʦʪʦʨʳʝ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʭʨʦʤʦʬʦʨʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʦʛʫʪ ʦʢʘʟʳʚʘʪʴ 

ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʮʚʝʪʦʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʠʛʤʝʥʪʘ.  

ɼʣʷ ʠʟʫʯʝʥʠʷ ʚʣʠʷʥʠʷ ʩʦʝʜʠʥʝʥʠʡ ʞʝʣʝʟʘ ʥʘ ʙʝʣʠʟʥʫ ʧʠʛʤʝʥʪʦʚ ʙʳʣʠ 

ʧʨʠʛʦʪʦʚʣʝʥʳ ʤʦʜʝʣʴʥʳʝ ʵʣʝʢʪʨʦʣʠʪʳ ʮʠʥʢʦʚʘʥʠʷ (ʄʕʎ) ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ZnCl2 70 ʛ/ʣ, 

NH4Cl 100 ʛ/ʣ ʩ ʨʘʟʣʠʯʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ Fe3+. ʀʟ ʥʠʭ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʠʛʤʝʥʪʳ ʧʫʪʝʤ 

ʦʩʘʞʜʝʥʠʷ ʥʘʩʳʱʝʥʥʳʤ ʨʘʩʪʚʦʨʦʤ ʬʦʩʬʘʪʘ ʥʘʪʨʠʷ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʧʨʝʜʩʪʘʣʝʥʳ ʚ ʪʘʙʣʠʮʝ. 

 

ʊʘʙʣʠʮʘ. ɺʣʠʷʥʠʝ ʠʦʥʦʚ ʞʝʣʝʟʘ Fe3+ ʥʘ ʦʩʘʞʜʝʥʠʝ Zn2+ 

ʠ ʥʘ ʙʝʣʠʟʥʫ ʧʦʣʫʯʘʝʤʳʭ ʧʠʛʤʝʥʪʦʚ 

ʂʦʥʮʝʥʪʨʘ- 

ʮʠʷ Fe3+ ʚ 

ʄʕʎ*, ʤʛ/ʣ 

ʂʦʥʮʝʥʪʨʘʮʠʷ 

Fe3+ ʚ ʬʠʣʴʪʨʘʪʝ, 

ʤʛ/ʣ 

ʂʦʥʮʝʥʪʨʘʮʠʷ 

Zn2+ ʚ ʬʠʣʴʪʨʘʪʝ, 

ʤʛ/ʣ 

ɺʳʭʦʜ ʦʩʘʜʢʘ, 

ʛ/ʣ 

ɹʝʣʠʟʥʘ, 

% 

0 ʥʝ ʦʙʥʘʨʫʞʝʥʦ ʥʝ ʦʙʥʘʨʫʞʝʥʦ 88,2 98 

50 ʥʝ ʦʙʥʘʨʫʞʝʥʦ ʥʝ ʦʙʥʘʨʫʞʝʥʦ 88,3 98 

100 0,068   0,055 89,4 96 

150 0,087 0,147 86,9 95 

200 0,099 0,46 88,3 94 

250 0,115 2,15 88,9 92 

300 0,13 3,11 89,7 91 

 

ʀʟ ʪʘʙʣʠʮʳ ʚʠʜʥʦ, ʯʪʦ Fe3+ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ ʧʝʨʝʭʦʜʠʪ ʚ ʦʩʘʜʦʢ ʚ ʚʠʜʝ 

ʪʨʫʜʥʦʨʘʩʪʚʦʨʠʤʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʠ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ 

ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʦʩʘʜʢʘ. ʇʦʩʢʦʣʴʢʫ ʩʦʝʜʠʥʝʥʠʷ ʞʝʣʝʟʘ (III) ʦʙʣʘʜʘʶʪ ʷʨʢʦ ʚʳʨʘʞʝʥʥʳʤʠ 

ʭʨʦʤʦʬʦʨʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʩʥʠʞʘʝʪʩʷ ʙʝʣʠʟʥʘ ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʦʩʘʜʢʘ. ʉʦʛʣʘʩʥʦ 

ʊʋ 2329-0-002-12588040-95 ʙʝʣʳʝ ʧʠʛʤʝʥʪʳ ʜʦʣʞʥʳ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴʩʷ ʙʝʣʠʟʥʦʡ ʥʝ 

ʤʝʥʝʝ 92 %. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʠʝ ʧʠʛʤʝʥʪʦʚ ʪʨʝʙʫʝʤʦʡ ʙʝʣʠʟʥʳ ʚʦʟʤʦʞʥʦ ʧʨʠ 

ʩʦʜʝʨʞʘʥʠʠ ʠʦʥʦʚ Fe3+ ʚ ʦʪʨʘʙʦʪʘʥʥʳʭ ʵʣʝʢʪʨʦʣʠʪʘʭ ʚ ʢʦʣʠʯʝʩʪʚʝ ʜʦ 250 ʤʛ/ʣ. 
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ʂʆʄʇôʖʊɽʈʅɽ ʄʆɼɽʃʖɺɸʅʅʗ ʇʈʆʎɽʉʋ ʆʂʀʉʃʖɺɸʃʔʅʆɰ 
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ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ 

çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè 
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ɿʽ ʟʤʝʥʰʝʥʥʷʤ ʩʚʽʪʦʚʠʭ ʟʘʧʘʩʽʚ ʥʘʬʪʠ, ʣʶʜʩʪʚʦ ʧʦʯʘʣʦ ʰʫʢʘʪʠ ʘʣʴʪʝʨʥʘʪʠʚʥʽ 

ʜʞʝʨʝʣʘ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʦʨʛʘʥʽʯʥʠʭ ʧʨʦʜʫʢʪʽʚ, ʦʙôʻʤʠ ʚʠʨʦʙʥʠʮʪʚʘ ʷʢʠʭ ʟʨʦʩʪʘʶʪʴ 

ʱʦʨʦʢʫ. ɸʣʴʪʝʨʥʘʪʠʚʦʶ ʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘʬʪʠ ʤʦʞʝ ʙʫʪʠ ʧʨʠʨʦʜʥʠʡ ʛʘʟ, ʨʦʟʚʽʜʘʥʽ 

ʟʘʧʘʩʠ ʷʢʦʛʦ ʟʥʘʯʥʦ ʧʝʨʝʚʠʱʫʶʪʴ ʟʘʧʘʩʠ ʥʘʬʪʠ. ʂʨʽʤ ʮʠʭ ʧʨʠʨʦʜʥʠʭ ʨʝʩʫʨʩʽʚ ʰʠʨʦʢʦʛʦ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʘʙʫʚ ʝʪʠʣʝʥ. ʗʢ ʚʽʜʦʤʦ, ʝʪʠʣʝʥ ʟʘʩʪʦʩʫʻʪʴʩʷ ʫ ʚʠʨʦʙʥʠʮʪʚʽ ʪʘʢʠʭ 

ʦʨʛʘʥʽʯʥʠʭ ʧʨʦʜʫʢʪʽʚ, ʷʢ ʧʦʣʽʝʪʠʣʝʥ, ʧʦʣʽʚʽʥʽʣʭʣʦʨʠʜ, ʩʠʥʪʝʪʠʯʥʠʡ ʢʘʫʯʫʢ ʪʘ ʽʥ. ʉʘʤ 

ʝʪʠʣʝʥ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʮʝʩʫ ʦʢʠʩʣʶʚʘʣʴʥʦʾ ʢʦʥʜʝʥʩʘʮʽʾ ʤʝʪʘʥʫ 

(ʆʂʄ). ʅʘ ʜʘʥʠʡ ʤʦʤʝʥʪ ʤʝʪʦʜ ʧʨʷʤʦʛʦ ʢʘʪʘʣʽʪʠʯʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʤʝʪʘʥʫ ʜʦ 

ʝʪʠʣʝʥʫ ï ʦʢʠʩʣʶʚʘʣʴʥʦʾ ʢʦʥʜʝʥʩʘʮʽʾ ʤʝʪʘʥʫ ʥʝ ʜʦʩʷʛ ʩʚʦʻʾ ʧʨʘʢʪʠʯʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʫ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʥʘʚʽʪʴ ʧʦʧʨʠ ʪʝ, ʱʦ ʤʝʭʘʥʽʟʤʠ ʨʝʘʢʮʽʾ ʧʨʦʮʝʩʫ ʚʞʝ ʜʘʚʥʦ ʜʦʩʣʽʜʞʝʥʽ. 

ʋ ʜʘʥʽʡ ʨʦʙʦʪʽ ʙʫʣʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʧʨʦʮʝʩʫ ʦʪʨʠʤʘʥʥʷ ʝʪʠʣʝʥʫ ʦʢʠʩʣʶʚʘʣʴʥʦʶ ʢʦʥʜʝʥʩʘʮʽʻʶ ʤʝʪʘʥʫ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʧʨʦʛʨʘʤʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ChemCad 6.3.1. ʈʝʘʣʽʟʘʮʽʷ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʩʭʝʤʠ ʫ ʧʨʦʛʨʘʤʽ 

ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 1, ʘ ʤʘʪʝʨʽʘʣʴʥʠʡ ʙʘʣʘʥʩ ʧʨʝʜʩʪʘʚʣʝʥʦ ʫ ʪʘʙʣ. 1. 

 
ʈʠʩ. 1. ʉʭʝʤʘ ʧʨʦʮʝʩʫ ʆʂʄ, ʩʢʣʘʜʝʥʘ ʫ ʩʝʨʝʜʦʚʠʱʽ ChemCad 

 

ʊʘʙʣʠʮʷ 1. ʄʘʪʝʨʽʘʣʴʥʠʡ ʙʘʣʘʥʩ ʩʭʝʤʠ 

ʂʦʤʧʦʥʝʥʪʠ 
ʢʤʦʣʴ/ʛʦʜ ʢʛ/ʛʦʜ 

ɺʭʽʜ ɺʠʭʽʜ ɺʭʽʜ ɺʠʭʽʜ 

ɺʦʜʝʥʴ 8,929 29,574 18,0 59,6 

ʄʝʪʘʥ 39,893 0,000 640,0 0,0 

ɽʪʘʥ 0,698 0,000 21,0 0,0 

ɽʪʠʣʝʥ 0,000 20,645 0,0 579,2 

ɺʫʛʣʝʢʠʩʣʠʡ ʛʘʟ 0,477 0,477 21,0 21,0 

ʂʠʩʝʥʴ 10,000 0,000 320,0 0,0 

ɺʦʜʘ 0,000 19,946 0,0 359,3 

 B 59,998 70,643 1020,0 1019,1 

ʗʢ ʚʠʜʥʦ ʟ ʪʘʙʣʠʮʽ 1, ʤʘʪʝʨʽʘʣʴʥʠʡ ʙʘʣʘʥʩ ʧʨʦʮʝʩʫ ʩʭʦʜʠʪʴʩʷ, ʧʦʭʠʙʢʘ ʩʪʘʥʦʚʠʪʴ 

0,1 %. ʇʨʦʚʝʜʝʥʝ ʢʦʤʧôʶʪʝʨʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʤʦʞʝ ʙʫʪʠ ʢʦʨʠʩʥʠʤ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ 

ʚʜ̔ʧʦʚʽʜʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʝʪʠʣʝʥʫ.
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ɯʅɼʀɺɯɼʋɸʃɯɿɸʎɯʗ ʅɸɺʏɸʅʅʗ ɿ ʆʈɻɸʅɯʏʅʆɰ ʍɯʄɯɰ ʅɸ ʆʉʅʆɺɯ 

ʇʃɸʊʌʆʈʄʀ ɼʀʉʊɸʅʎɯʁʅʆɻʆ ʅɸɺʏɸʅʅʗ MOODLE  

ɸʥʪʦʥʦʚʘ ʇ. ɺ., ʉʪʘʥʢʝʚʠʯ ɯ. ɸ., ʐʚʝʜ ʆ. ʄ. 

ɼʦʥʝʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɺʘʩʠʣʷ ʉʪʫʩʘ 

polina.antonova.1996@mail.ru 

 

ɼʠʩʪʘʥʮʽʡʥʝ ʥʘʚʯʘʥʥʷ, ʧʦʙʫʜʦʚʘʥʝ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ɯʥʪʝʨʥʝʪ-ʪʝʭʥʦʣʦʛʽʡ, 

ʜʦʟʚʦʣʷʻ ʚʠʨʽʰʠʪʠ ʧʨʦʙʣʝʤʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʽʩʥʦʾ ʦʩʚʽʪʠ ʫ ʚʠʧʘʜʢʘʭ ʥʝʜʦʩʪʫʧʥʦʩʪʽ ʘʙʦ 

ʦʙʤʝʞʝʥʦʾ ʜʦʩʪʫʧʥʦʩʪʽ ʦʯʥʦʛʦ ʥʘʚʯʘʥʥʷ. Cʠʩʪʝʤʘ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʥʘʚʯʘʥʥʷ MOODLE 

(Modular Object Oriented Distance Learning Environment) ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʟʘʩʦʙʠ ʜʣʷ 

ʨʦʟʨʦʙʢʠ ʜʠʩʪʘʥʮʽʡʥʠʭ ʢʫʨʩʽʚ ʪʘ ʻ ʦʜʥʽʻʶ ʟ ʥʘʡʧʦʰʠʨʝʥʽʰʠʭ ʟ ʥʘʡʙʽʣʴʰʦʶ ʢʽʣʴʢʽʩʪʶ 

ʢʦʨʠʩʪʫʚʘʯʽʚ ʽ ʨʦʟʨʦʙʥʠʢʽʚ ʢʫʨʩʽʚ.  

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʨʦʟʨʦʙʢʘ ʢʦʥʪʨʦʣʶʶʯʠʭ ʪʘ ʽʥʪʝʨʘʢʪʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ ʢʫʨʩʫ 

çɺʫʛʣʝʚʦʜʥʽè ʜʣʷ ʚʠʚʯʝʥʥʷ ʥʦʨʤʘʪʠʚʥʦʾ ʜʠʩʮʠʧʣʽʥʠ çʆʨʛʘʥʽʯʥʘ ʭʽʤʽʷè ʩʪʫʜʝʥʪʘʤʠ 

ʜʝʥʥʦʾ ʽ ʟʘʦʯʥʦʾ ʬʦʨʤ ʥʘʚʯʘʥʥʷ ʩʪʫʧʝʥʷ çɹʘʢʘʣʘʚʨè ʩʧʝʮʽʘʣʴʥʦʩʪʽ çʍʽʤʽʷè ʚ ʩʠʩʪʝʤʽ 

MOODLE.  

ʆʩʥʦʚʦʶ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʢʫʨʩʫ ʻ ʣʝʢʮʽʡʥʠʡ ʤʘʪʝʨʽʘʣ, ʱʦ ʻ ʙʘʟʦʚʠʤ ʩʝʨʝʜ 

ʩʢʣʘʜʦʚʠʭ ʩʠʩʪʝʤʠ MOODLE ʪʘ ʚʢʣʶʯʘʻ ʪʝʢʩʪ ʣʝʢʮʽʾ ʚ ʢʣʘʩʠʯʥʦʤʫ ʨʦʟʫʤʽʥʥʽ, ʪʝʩʪʦʚʽ 

ʟʘʚʜʘʥʥʷ, ʟʘʜʘʯʽ ʜʣʷ ʨʦʟʚôʷʟʢʫ, ʛʣʦʩʘʨʽʾ. ɽʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʥʘ ʧʣʘʪʬʦʨʤʽ MOODLE 

ʟʥʘʯʥʦ ʚʠʱʘ, ʥʽʞ ʫ ʟʚʠʯʘʡʥʠʭ ʢʦʤʧôʶʪʝʨʥʠʭ ʧʦʩʽʙʥʠʢʘʭ, ʟʘʚʜʷʢʠ ʥʘʷʚʥʦʩʪʽ ʣʝʢʮʽʾ ʟ 

ʽʥʪʝʨʘʢʪʠʚʥʠʤʠ ʧʠʪʘʥʥʷʤʠ ʜʣʷ ʧʝʨʝʚʽʨʢʠ ʟʥʘʥʴ ʩʪʫʜʝʥʪʽʚ, ʦʨʛʘʥʽʟʘʮʽʾ ʯʘʪʽʚ ʪʘ ʬʦʨʫʤʽʚ 

ʜʣʷ ʩʧʽʣʢʫʚʘʥʥʷ ʩʪʫʜʝʥʪʽʚ ʟ ʚʠʢʣʘʜʘʯʝʤ. ɺʠʭʦʜʷʯʠ ʟ ʤʦʞʣʠʚʦʩʪʝʡ ʩʠʩʪʝʤʠ MOODLE, 

ʩʪʚʦʨʝʥʦ ʨʽʟʥʽ ʪʠʧʠ ʪʝʩʪʦʚʠʭ ʟʘʚʜʘʥʴ ʜʣʷ ʧʝʨʝʚʽʨʢʠ ʪʘ ʟʘʢʨʽʧʣʝʥʥʷ ʟʥʘʥʴ ʩʪʫʜʝʥʪʽʚ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟʜʽʡʩʥʝʥʦ ʬʦʨʤʘʪʫʚʘʥʥʷ ʣʝʢʮʽʡʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ (ʬʘʡʣʠ MS WORD) ʟʘ ʪʝʤʘʤʠ: çɽʣʝʢʪʨʦʥʥʽ ʟʤʽʱʝʥʥʷ ʚ ʦʨʛʘʥʽʯʥʠʭ 

ʤʦʣʝʢʫʣʘʭè, çɸʣʢʘʥʠè, çɸʣʢʝʥʠè, çɸʣʢʘʜʽʻʥʠè, çɸʣʢʽʥʠè, çɸʣʽʮʠʢʣʽʯʥʽ ʚʫʛʣʝʚʦʜʥʽè, 

çɸʨʦʤʘʪʠʯʥʽ ʩʧʦʣʫʢʠè ʟʛʽʜʥʦ ʚʠʤʦʛ ʧʣʘʪʬʦʨʤʠ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʥʘʚʯʘʥʥʷ MOODLE, ʷʢʘ 

ʚʨʘʭʦʚʫʻ ʦʩʦʙʣʠʚʦʩʪʽ ɯʥʪʝʨʥʝʪ-ʪʝʭʥʦʣʦʛʽʡ. ɺʩʽ ʪʝʤʠ ʜʦʧʦʚʥʝʥʥʦ ʟʘʜʘʯʘʤʠ, ʪʝʩʪʦʚʠʤʠ 

ʟʘʚʜʘʥʥʷʤʠ ʜʣʷ ʧʦʪʦʯʥʦʛʦ ʪʘ ʧʽʜʩʫʤʢʦʚʦʛʦ ʢʦʥʪʨʦʣʶ, ʛʣʦʩʘʨʽʷʤʠ ʪʝʨʤʽʥʽʚ, ʬʦʨʤʫʣ ʪʘ ʽʥ. 

ʈʦʟʨʦʙʣʝʥʠʡ ʢʫʨʩ ʥʘ ʧʣʘʪʬʦʨʤʽ MOODLE ʧʦʢʘʟʘʚ ʚʠʩʦʢʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚ ʪʘʢʦʤʫ 

ʝʣʝʤʝʥʪʽ ʢʫʨʩʫ ʷʢ ʚʟʘʻʤʦʜʽʷ ʚʠʢʣʘʜʘʯʽʚ ʪʘ ʩʪʫʜʝʥʪʽʚ ʫ ʟʨʫʯʥʠʡ ʜʣʷ ʢʦʞʥʦʛʦ ʯʘʩ.  

ʅʝʦʙʭʽʜʥʦʶ ʫʤʦʚʦʶ ʷʢʽʩʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʤʘʪʝʨʽʘʣʫ ʟ ʪʝʤ ʢʫʨʩʫ ʦʨʛʘʥʽʯʥʦʾ 

ʭʽʤʽʾ ʻ ʟʦʙʨʘʞʝʥʥʷ ʩʪʨʫʢʪʫʨʥʠʭ ʬʦʨʤʫʣ ʨʝʯʦʚʠʥ ʚ ʧʝʚʥʦʤʫ ʨʝʜʘʢʪʦʨʽ ï ʚ ʜʘʥʽʡ ʨʦʙʦʪʽ 

ʚʠʢʦʨʠʩʪʘʥʦ ʨʝʜʘʢʪʦʨ ChemDraw. ɼʣʷ ʚʠʢʦʥʘʥʥʷ ʧʨʠʥʮʠʧʫ ʻʜʥʦʩʪʽ, ʱʦ ʻ ʥʝʦʙʭʽʜʥʦʶ 

ʫʤʦʚʦʶ ʩʫʯʘʩʥʦʛʦ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʢʫʨʩʫ, ʤʘʪʝʨʽʘʣ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʻʜʠʥʽʡ ʢʦʣʴʦʨʦʚʽʡ 

ʧʘʣʽʪʨʽ, ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʦʜʥʘʢʦʚʦʛʦ ʟʘ ʨʦʟʤʽʨʦʤ ʰʨʠʬʪʫ, ʦʬʦʨʤʣʝʥʦ ʚ ʻʜʠʥʦʤʫ ʩʪʠʣʽ. 

ʊʘʢʠʤ ʯʠʥʦʤ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʢʦʥʪʨʦʣʶʶʯʽ ʪʘ ʽʥʪʝʨʘʢʪʠʚʥʽ ʝʣʝʤʝʥʪʠ 

ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʢʫʨʩʫ çʆʨʛʘʥʽʯʥʘ ʭʽʤʽʷ. ɺʫʛʣʝʚʦʜʥʽè ʥʘ ʦʩʥʦʚʽ ʧʣʘʪʬʦʨʤʠ ʜʠʩʪʘʥʮʽʡʥʦʛʦ 

ʥʘʚʯʘʥʥʷ MOODLE, ʱʦ ʜʦʟʚʦʣʷʻ ʦʨʛʘʥʽʟʫʚʘʪʠ ʦʮʽʥʶʚʘʥʥʷ ʥʘʚʯʘʣʴʥʠʭ ʜʦʩʷʛʥʝʥʴ 

ʤʘʡʙʫʪʥʽʭ ʬʘʭʽʚʮʽʚ ʪʘ ʚʽʜʧʦʚʽʜʘʻ ʦʩʥʦʚʥʠʤ ʧʨʠʥʮʠʧʘʤ ʪʘ ʚʠʤʦʛʘʤ ʩʫʯʘʩʥʦʾ ʧʝʜʘʛʦʛʽʯʥʦʾ 

ʪʝʭʥʦʣʦʛʽʾ.  
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ʈʆɿʈʆɹʂɸ ɽʃɽʂʊʈʆʅʅʀʍ ʅɸɺʏɸʃʔʅʀʍ ʂʋʈʉɯɺ  

ɿ ʍɯʄɯʏʅʀʍ ɼʀʉʎʀʇʃɯʅ ʅɸ ʇʃɸʊʌʆʈʄɯ MOODLE   

ɻʦʨʷʡʥʦʚʘ ʖ. ɸ. 

ɼʦʥʝʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʝʢʦʥʦʤʽʢʠ ʪʘ ʪʦʨʛʽʚʣʽ 

ʤ̔ʝʥʽ ʄʠʭʘʡʣʘ ʊʫʛʘʥ-ɹʘʨʘʥʦʚʩʴʢʦʛʦ 

kaum@dkt.dn.ua 

 

ɿʘ ʨʘʭʫʥʦʢ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʪʝʭʥʦʣʦʛʽʡ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʥʘʚʯʘʥʥʷ ʋʢʨʘʾʥʘ ʚʭʦʜʠʪʴ 

ʚ ʤʽʞʥʘʨʦʜʥʠʡ ʽʥʬʦʨʤʘʮʽʡʥʠʡ ʧʨʦʩʪʽʨ.  ɯ ʮʝ ʩʪʘʻ ʦʜʥʠʤ ʟ ʦʩʥʦʚʥʠʭ ʥʘʧʨʷʤʢʽʚ ʨʦʟʚʠʪʢʫ 

ʚʠʱʦʾ ʦʩʚʽʪʠ.  

ɽʣʝʢʪʨʦʥʥʠʡ ʥʘʚʯʘʣʴʥʠʡ ʢʫʨʩ (ɽʅʂ) ï ʢʦʤʧʣʝʢʩ ʥʘʚʯʘʣʴʥʦ-ʤʝʪʦʜʠʯʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʦʩʚʽʪʥʽʭ ʧʦʩʣʫʛ, ʩʪʚʦʨʝʥʠʭ ʜʣʷ ʦʨʛʘʥʽʟʘʮʽʾ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʪʘ ʛʨʫʧʦʚʦʛʦ 

ʥʘʚʯʘʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʠʩʪʘʥʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʧʽʜ ʢʝʨʽʚʥʠʮʪʚʦʤ ʚʠʢʣʘʜʘʯʘ, ʷʢʠʡ 

ʨʝʘʣʽʟʫʻʪʴʩʷ ʟʘʩʦʙʘʤʠ ɯʥʪʝʨʥʝʪ-ʪʝʭʥʦʣʦʛʽʡ, ʚʽʜʝʦ-ʢʦʥʬʝʨʝʥʮʽʡ, ʽʥʪʝʨʘʢʪʠʚʥʦʛʦ 

ʪʝʣʝʙʘʯʝʥʥʷ, ʽʥʰʠʭ ʽʥʪʝʨʘʢʪʠʚʥʠʭ ʟʘʩʦʙʽʚ ʽ ʚʠʤʘʛʘʻ ʘʢʪʠʚʥʦʛʦ ʩʧʽʣʢʫʚʘʥʥʷ ʚʠʢʣʘʜʘʯʽʚ ʟʽ 

ʩʪʫʜʝʥʪʘʤʠ, ʩʪʫʜʝʥʪʽʚ ʤʽʞ ʩʦʙʦʶ, ʫ ʷʢʦʤʫ  ʥʘʚʯʘʣʴʥʠʡ ʤʘʪʝʨʽʘʣ ʧʦʜʘʻʪʴʩʷ ʫ 

ʩʪʨʫʢʪʫʨʦʚʘʥʦʤʫ ʝʣʝʢʪʨʦʥʥʦʤʫ ʚʠʛʣʷʜʽ ʪʘ ʟʙʝʨʽʛʘʻʪʴʩʷ ʥʘ ʩʧʝʮʽʘʣʴʥʦʤʫ ʥʘʚʯʘʣʴʥʦʤʫ 

ʧʦʨʪʘʣʽ. 

ʄʝʪʘ ʜʘʥʦʾ ʨʦʙʦʪʠ ï ʨʦʟʨʦʙʢʘ ɽʅʂ çʍʘʨʯʦʚʘ ʭʽʤʽʷè ʪʘ çɹʽʦʭʽʤʽʷè ʥʘ ʧʣʘʪʬʦʨʤʽ 

Moodle ʜʣʷ ʩʪʫʜʝʥʪʽʚ ʥʘʧʨʷʤʫ ʧʽʜʛʦʪʦʚʢʠ 6.051701  çʍʘʨʯʦʚʽ ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʽʥʞʝʥʝʨʽʷè 

ʜʣʷ ʜʠʩʪʘʥʮʽʡʥʦʾ ʪʘ ʢʦʤʙʽʥʦʚʘʥʦʾ ʬʦʨʤ ʥʘʚʯʘʥʥʷ. 

ɼʣʷ ʩʪʚʦʨʝʥʠʭ ʚ ʩʠʩʪʝʤʽ Moodle ʝʣʝʢʪʨʦʥʥʠʭ ʥʘʚʯʘʣʴʥʠʭ ʢʫʨʩʽʚ ʙʫʣʦ ʦʙʨʘʥʦ 

ʬʦʨʤʘʪ çʉʪʨʫʢʪʫʨʘè, ʦʩʢʽʣʴʢʠ ʢʫʨʩʠ ʧʦʙʫʜʦʚʘʥʽ ʟʘ ʤʦʜʫʣʴʥʠʤ ʧʨʠʥʮʠʧʦʤ.  

ɺʩʪʫʧʥʘ ʯʘʩʪʠʥʘ ʢʦʞʥʦʛʦ ʟ ʢʫʨʩʽʚ ʤʽʩʪʠʪʴ ʚʽʟʠʪʢʫ, ʬʦʨʫʤ ʥʦʚʠʥ, ʨʦʙʦʯʫ 

ʧʨʦʛʨʘʤʫ, ʰʢʘʣʫ ʦʮʽʥʶʚʘʥʥʷ, ʣʽʪʝʨʘʪʫʨʫ, ʛʣʦʩʘʨʽʡ, ʟʘʩʦʙʠ ʜʣʷ ʦʨʛʘʥʽʟʘʮʽʾ ʩʧʽʣʢʫʚʘʥʥʷ 

(ʯʘʪ ï ʢʦʥʩʫʣʴʪʘʮʽʷ, ʬʦʨʫʤ ʟ ʘʢʪʫʘʣʴʥʠʭ ʧʠʪʘʥʴ), ʢʘʣʝʥʜʘʨʥʦ-ʪʝʤʘʪʠʯʥʠʡ ʧʣʘʥ, ʦʩʥʦʚʥʽ 

ʧʨʘʚʠʣʘ ʟ ʪʝʭʥʽʢʠ ʙʝʟʧʝʢʠ, ʚʠʙʽʨ ʟʘʚʜʘʥʴ ʉʈʉ. ɻʣʦʩʘʨʽʡ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʧʦʷʩʥʝʥʥʷ 

ʦʩʥʦʚʥʠʭ ʧʦʥʷʪʴ ʪʘ ʢʣʶʯʦʚʠʭ ʪʝʨʤʽʥʽʚ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʽ ʚ ʢʫʨʩʽ. ʊʠʧ ʛʣʦʩʘʨʽʶ ï 

ʦʩʥʦʚʥʠʡ, ʚʽʥ ʤʘʻ ʚʠʛʣʷʜ ʟʚʠʯʘʡʥʦʛʦ ʩʣʦʚʥʠʢʘ, ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ ʘʙʝʪʢʘ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ ʢʫʨʩʽʚ ʩʬʦʨʤʦʚʘʥʘ ʟ ʣʝʢʮʽʡ, ʤʝʪʦʜʠʢ ʚʠʢʦʥʘʥʥʷ ʣʘʙʦʨʘʪʦʨʥʠʭ 

ʨʦʙʽʪ, ʟʘʚʜʘʥʴ ʜʣʷ ʩʘʤʦʩʪʽʡʥʦʾ ʨʦʙʦʪʠ, ʚʽʜʝʦ-ʜʦʜʘʪʢʽʚ. ʃʝʢʮʽʾ ʟ ʛʽʧʝʨʧʦʩʠʣʘʥʥʷʤʠ ʥʘ 

ʛʣʦʩʘʨʽʡ ʨʦʟʨʦʙʣʝʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʝʩʫʨʩʫ çWeb-ʩʪʦʨʽʥʢʘè, ʘ ʪʘʢʦʞ ʚ ʬʦʨʤʘʪʽ PDF. 

ɺʽʜʝʦ-ʜʦʜʘʪʢʠ ʧʦʜʘʶʪʴʩʷ ʩʪʫʜʝʥʪʘʤ ʫ ʬʦʨʤʘʪʽ ʧʦʪʦʢʦʚʦʛʦ ʚʽʜʝʦ ï ʜʣʷ ʦʥʣʘʡʥ ʧʝʨʝʛʣʷʜʫ. 

ʇʽʩʣʷ ʦʧʨʘʮʶʚʘʥʥʷ ʣʝʢʮʽʡʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʩʪʫʜʝʥʪ ʤʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʥʘʪʠ 

ʣʘʙʦʨʘʪʦʨʥʫ (ʪʝʦʨʝʪʠʯʥʦ) ʪʘ ʽʥʜʠʚʽʜʫʘʣʴʥʫ ʨʦʙʦʪʠ ʟ ʚʽʜʧʦʚʽʜʥʦʾ ʪʝʤʠ ʪʘ ʥʘʜʽʩʣʘʪʠ 

ʝʣʝʢʪʨʦʥʥʠʡ ʚʘʨʽʘʥʪ ʟʚʽʪʫ, ʜʣʷ ʜʘʥʦʛʦ ʚʠʧʘʜʢʫ ʚ ʢʫʨʩʽ ʜʦ ʢʦʞʥʦʾ ʪʝʤʠ ʜʦʜʘʥʦ ʝʣʝʤʝʥʪ 

çɿʘʚʜʘʥʥʷè, ʘʜʞʝ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʜʦ ʞʫʨʥʘʣʫ ʦʮʽʥʦʢ ʘʚʪʦʤʘʪʠʯʥʦ ʜʦʜʘʻʪʴʩʷ ʩʪʦʚʙʝʮʴ ʟ 

ʦʮʽʥʢʦʶ ʜʣʷ ʮʴʦʛʦ ʚʠʜʫ ʨʦʙʦʪʠ. 

ʊʘʢʦʞ ʚ ʢʫʨʩʽ ʜʣʷ ʦʮʽʥʶʚʘʥʥʷ ʪʘ ʢʦʥʪʨʦʣʶ ʟʥʘʥʴ ʟ ʢʦʞʥʦʛʦ ʟʤʽʩʪʦʚʦʛʦ ʤʦʜʫʣʶ  

ʨʦʟʨʦʙʣʝʥʦ ʪʝʩʪʦʚʽ ʟʘʚʜʘʥʥʷ ʟʘʢʨʠʪʦʾ ʬʦʨʤʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʝʣʝʤʝʥʪʫ çʊʝʩʪè.  

ʎʽ ʝʣʝʢʪʨʦʥʥʽ ʥʘʚʯʘʣʴʥʽ ʢʫʨʩʠ ʚʞʝ ʧʨʦʡʰʣʠ ʘʧʨʦʙʘʮʽʶ, ʦʪʨʠʤʘʣʠ ʧʦʟʠʪʠʚʥʫ 

ʦʮʽʥʢʫ ʚʽʜ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʘʣʝ ʨʦʙʦʪʘ ʚ ʮʴʦʤʫ ʥʘʧʨʷʤʢʫ ʧʨʦʜʦʚʞʫʻʪʴʩʷ.   

ɿʚʠʯʘʡʥʦ, ʚʚʝʜʝʥʥʷ ʜʠʩʪʘʥʮʽʡʥʠʭ ʢʫʨʩʽʚ ʚ ʥʘʚʯʘʣʴʥʠʡ ʧʨʦʮʝʩ ʤʘʻ ʙʘʛʘʪʦ ʧʝʨʝʚʘʛ 

ʷʢ ʜʣʷ ʩʪʫʜʝʥʪʽʚ, ʪʘʢ ʽ ʜʣʷ ʚʠʢʣʘʜʘʯʽʚ. ɸʣʝ ʧʨʠ ʮʴʦʤʫ ʽʩʥʫʶʪʴ ʽ ʥʝʜʦʣʽʢʠ ʪʘʢʦʾ ʬʦʨʤʠ 

ʥʘʚʯʘʥʥʷ: ʥʝʤʘʻ ʙʝʟʧʦʩʝʨʝʜʥʴʦʛʦ ʩʧʽʣʢʫʚʘʥʥʷ ʚʠʢʣʘʜʘʯʘ ʪʘ ʩʪʫʜʝʥʪʘ; ʚʽʜʩʫʪʥʽʡ ʨʝʘʣʴʥʠʡ 

ʣʘʙʦʨʘʪʦʨʥʠʡ ʧʨʘʢʪʠʢʫʤ, ʷʢʠʡ ʦʙʦʚôʷʟʢʦʚʠʡ ʧʨʠ ʦʧʘʥʫʚʘʥʥʽ ʭʽʤʽʯʥʠʭ ʜʠʩʮʠʧʣʽʥ; 

ʥʝʤʦʞʣʠʚʽʩʪʴ ʨʝʘʣʴʥʦ ʦʮʽʥʠʪʠ ʨʽʚʝʥʴ ʟʥʘʥʴ ʪʠʭ, ʭʪʦ ʟʘʨʝʻʩʪʨʫʚʘʚʩʷ ʥʘ ʢʫʨʩ; ʪʨʫʜʥʦʱʽ, 

ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʧʝʨʝʥʝʩʝʥʥʽ ʭʽʤʽʯʥʠʭ ʬʦʨʤʫʣ ʪʘ ʨʽʚʥʷʥʴ ʨʝʘʢʮʽʡ ʚ ʝʣʝʢʪʨʦʥʥʠʡ 

ʥʘʚʯʘʣʴʥʠʡ ʢʫʨʩ ʥʘ ʧʣʘʪʬʦʨʤʽ Moodle. 
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ɼʀʇʃʆʄʅɯ ʈʆɹʆʊʀ ɼʆʉʃɯɼʅʀʎʔʂʆɻʆ ʍɸʈɸʂʊɽʈʋ ʍɯʄɯʂʆ-

ɽʂʆʃʆɻɯʏʅʆɻʆ ʅɸʇʈʗʄʋ 
ʂʘʤʥʻʚʘ ɺ. ɹ., ʂʘʤʥʻʚ ʄ. ʄ. 

ʉʣʦʚôʷʥʩʴʢʠʡ ʭʽʤʽʢʦ-ʤʝʭʘʥʽʯʥʠʡ ʪʝʭʥʽʢʫʤ 

k@cxmt.org 

 

ʅʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʮʴʢʘ ʜʽʷʣʴʥʽʩʪʴ ʩʪʫʜʝʥʪʽʚ ʻ ʦʜʥʠʤ ʽʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʟʘʩʦʙʽʚ 

ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʧʽʜʛʦʪʦʚʢʠ ʽ ʚʠʭʦʚʘʥʥʷ ʤʦʣʦʜʰʠʭ ʩʧʝʮʽʘʣʽʩʪʽʚ ʟʘ ʩʧʝʮʽʘʣʴʥʽʩʪʶ 

çɽʢʦʣʦʛʽʷè, ʧʽʜʛʦʪʦʚʢʠ ʾʭ ʜʦ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʫ ʚʠʱʠʭ ʥʘʚʯʘʣʴʥʠʭ ʟʘʢʣʘʜʘʭ 

3ï4 ʨʽʚʥʷ ʘʢʨʝʜʠʪʘʮʽʾ ʪʘ ʚʠʢʦʥʘʥʥʶ ʨʦʙʽʪ ʜʦʩʣʽʜʥʠʮʴʢʦʛʦ ʭʘʨʘʢʪʝʨʫ ʚ ʝʢʦʣʦʛʽʯʥʠʭ 

ʫʩʪʘʥʦʚʘʭ ʪʘ ʣʘʙʦʨʘʪʦʨʽʷʭ. 

ɺʠʙʽʨ ʪʝʤʠ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʞʝ ʙʫʪʠ ʧʦʚ'ʷʟʘʥʠʡ ʟ ʦʩʥʦʚʥʠʤʠ ʥʘʧʨʷʤʘʤʠ ʨʦʟʚʠʪʢʫ 

ʭʽʤʽʯʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʩʽʣʴʩʴʢʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ, ʪʨʘʥʩʧʦʨʪʥʦʾ ʛʘʣʫʟʽ ʪʦʱʦ. ʅʘʧʨʠʢʣʘʜ, 

ʜʠʧʣʦʤʥʦʶ ʨʦʙʦʪʦʶ ʟ ʚʠʚʯʝʥʥʷ ʧʨʦʙʣʝʤʠ ʟʘʙʨʫʜʥʝʥʥʷ ʘʪʤʦʩʬʝʨʠ ʚʠʭʣʦʧʥʠʤʠ ʛʘʟʘʤʠ 

ʘʚʪʦʤʦʙʽʣʽʚ ʧʨʦʧʦʥʫʻʪʴʩʷ ʧʝʨʝʚʝʜʝʥʥʷ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʦʾ ʪʝʭʥʽʢʠ ʟ ʧʘʣʴʥʦʛʦ - ʙʝʥʟʠʥ ʥʘ 

ʩʢʨʘʧʣʝʥʠʡ ʛʘʟ-ʤʝʪʘʥ. ɸʥʘʣʽʟʠ ʧʦʚʽʪʨʷ ʚʠʢʦʥʫʚʘʣʠʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʫʯʘʩʥʠʭ 

ʛʘʟʦʘʥʘʣʽʟʘʪʦʨʽʚ. ʇʽʜʨʘʭʫʥʢʦʤ ʝʬʝʢʪʫ ʚʽʜ ʮʴʦʛʦ ʟʘʭʦʜʫ ʧʦʢʘʟʘʥʦ,  ʱʦ ʟʤʝʥʰʫʻʪʴʩʷ 

ʚʠʪʨʘʪʘ ʧʘʣʠʚʘ ʪʘ ʚʠʢʠʜʠ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ. ɺʠʪʨʘʪʘ ʙʝʥʟʠʥʫ ʟʘ ʨʽʢ ʜʣʷ 

ʧʘʩʘʞʠʨʩʴʢʠʭ ʣʝʛʢʦʚʠʭ ʘʚʪʦʤʦʙʽʣʽʚ ʟʘʚʦʜʫ ʉʂʄɿ ʜʦʨʽʚʥʶʻ 9,10792 ʪʦʥʥʠ, ʘ ʚʠʪʨʘʪʘ ʛʘʟʫ 

ʤʝʪʘʥʫ ʜʦʨʽʚʥʶʻ 3,45091 ʪʦʥʥʠ. ʇʨʠ ʩʧʘʣʶʚʘʥʥʽ ʛʘʟʫ ʚʽʜʩʫʪʥʽ ʚʠʢʠʜʠ ʩʘʞʽ, ʩʫʣʴʬʫʨ (IV) 

ʦʢʩʠʜʫ ʪʘ ʧʣʶʤʙʫʤʫ.  

ɺʠʙʽʨ ʪʝʤʠ ʯʘʩʪʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʘʢʪʫʘʣʴʥʠʭ ʨʝʛʽʦʥʘʣʴʥʠʭ ʘʙʦ ʤʽʩʮʝʚʠʭ ʝʢʦʣʦʛʽʯʥʠʭ 

ʧʨʦʙʣʝʤ. ʇʦʣʽʛʦʥ ʧʦʙʫʪʦʚʠʭ ʚʽʜʭʦʜʽʚ ʫ ʤ. ʉʣʦʚôʷʥʩʴʢ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʤʽʢʨʦʨʘʡʦʥʽ 

ʇʽʚʥʽʯʥʠʡ ʪʘ ʡʦʛʦ ʤʝʞʽ ʚʞʝ ʧʽʜʽʡʰʣʠ ʜʦ ʥʘʩʝʣʝʥʦʛʦ ʧʫʥʢʪʫ. ʉʪʫʜʝʥʪʠ ʪʝʭʥʽʢʫʤʠ ʧʨʦʚʝʣʠ 

ʨʷʜ ʘʥʘʣʽʟʽʚ ʥʘ ʚʤʽʩʪ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ ʪʘ ʤʽʥʝʨʘʣʽʟʘʮʽʾ ʧʨʦʙ ʧʠʪʥʦʾ ʚʦʜʠ ʟ ʢʦʣʦʜʷʟʽʚ 

ʤʽʩʮʝʚʠʭ ʞʠʪʝʣʽʚ ʙʽʣʷ ʧʦʣʽʛʦʥʫ, ʥʘ ʚʽʜʩʪʘʥʽ 500 ʤ ʪʘ 1 ʢʤ. ʉʧʦʩʪʝʨʽʛʘʣʦʩʷ ʟʥʘʯʥʝ 

ʧʝʨʝʚʠʱʝʥʥʷ ʚʽʜ ʥʦʨʤ ʚʤʽʩʪʫ ʪʘʢʠʭ ʤʝʪʘʣʽʚ ʷʢ ʮʠʥʢ ʪʘ ʤʽʜʴ. ʈʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ ʙʫʣʠ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʚʠʛʣʷʜʽ ʟʘʭʠʩʪʫ ʜʠʧʣʦʤʥʠʭ ʨʦʙʽʪ, ʷʢʠʡ ʦʩʚʽʪʣʶʚʘʚʩʷ ʤʽʩʮʝʚʠʤ 

ʪʝʣʝʙʘʯʝʥʥʷʤ. ɼʦ ʨʝʯʽ, ʟ ʧʦʯʘʪʢʫ 2017 ʨʦʢʫ ʧʦʣʽʛʦʥ ʧʦʙʫʪʦʚʠʭ ʚʽʜʭʦʜʽʚ ʫ ʤʽʩʪʽ ʟʘʢʨʠʪʦ, 

ʘ ʚʽʜʭʦʜʠ ʪʠʤʯʘʩʦʚʦ ʚʽʜʚʦʟʷʪʴʩʷ ʜʦ ʢʨʘʤʘʪʦʨʩʴʢʦʛʦ ʧʦʣʽʛʦʥʫ.  

ɸʥʘʣʦʛʽʯʥʦʛʦ ʭʘʨʘʢʪʝʨʫ ʜʠʧʣʦʤʥʘ ʨʦʙʦʪʘ ʧʨʦʚʦʜʠʣʘʩʷ ʩʪʫʜʝʥʪʘʤʠ ʟ ʜʦʩʣʽʜʞʝʥʥʷ  

ʫ ʤ. ʂʦʩʪʷʥʪʠʥʽʚʢʘ ɼʦʥʝʮʴʢʦʾ ʦʙʣʘʩʪʽ ʥʘ ʧʦʣʽʛʦʥʽ ʧʨʦʤʠʩʣʦʚʠʭ ʚʽʜʭʦʜʽʚ ʇʇ çʈʫʪʘè ʟʘ 

ʧʦʢʘʟʥʠʢʘʤʠ ɔ-ʬʦʥ ʪʘ ɓ-ʘʢʪʠʚʥʽʩʪʴ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʦʨʽʚʥʷʣʠ ʟ ʥʦʨʤʘʪʠʚʘʤʠ, ʷʢʽ 

ʜʣʷ ʋʢʨʘʾʥʠ ʩʪʘʥʦʚʣʷʪʴ: ɔ-ʬʦʥ ï 25ï30 ʤʢʈ/ʛʦʜ, ɓ-ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ï 10 ʯʘʩʪʦʢ/ʩʤ2Ŀʭʚ ʽ 

ʟʨʦʙʠʣʠ ʚʠʩʥʦʚʦʢ, ʱʦ  ɓ-ʚʠʧʨʦʤʽʥʝʥʥʷ ʚ ʥʘʩʝʣʝʥʦʤʫ ʧʫʥʢʪʽ ɹʝʨʝʩʪʦʢ ʥʝ ʧʝʨʝʚʠʱʫʻ 

10 ʯʘʩʪʦʢ/ʩʤ2Ŀʭʚ, ʘ ɔ-ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʘ ʧʦʣʽʛʦʥʽ ʚ ʩʝʤʠ ʢʚʘʜʨʘʪʘʭ ʜʦʨʽʚʥʶʻ ʚʽʜ 31 ʜʦ 

43 ʤʢʈ/ʛʦʜ, ʱʦ ʧʝʨʝʚʠʱʫʻ ʥʦʨʤʠ. ʇʨʦʤʠʩʣʦʚʠʡ ʧʦʣʽʛʦʥ ʇʇ çʈʫʪʘè ʚʚʘʞʘʻʪʴʩʷ ʟʦʥʦʶ 

ʚʽʜʯʫʞʝʥʥʷ. ʉʪʫʜʝʥʪʢʦʶ ʙʫʣʦ ʨʝʢʦʤʝʥʜʦʚʘʥʦ ʧʨʦʚʝʜʝʥʥʷ ʧʨʦʮʝʩʽʚ ʜʝʟʘʢʪʠʚʘʮʽʾ.  

ɿʘ ʟʘʤʦʚʣʝʥʥʷʤ ʤʽʩʮʝʚʠʭ ʬʝʨʤʝʨʽʚ ʩʪʫʜʝʥʪʠ ʧʨʦʚʝʣʠ ʨʷʜ ʜʦʩʣʽʜʞʝʥʴ ʽʟ 

ʟʤʝʥʰʝʥʥʷ ʟʘʢʠʩʣʝʥʦʩʪʽ ˇʨʫʥʪʽʚ ʩʝʣʠʱʘ ʈʘʡʛʦʨʦʜʦʢ ʪʘ ʥʘʜʘʣʠ ʨʝʢʦʤʝʥʜʘʮʽʾ ʽ ʥʦʨʤʠ ʽʟ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʽʩʮʝʚʠʭ ʢʦʧʘʣʠʥ ʢʨʝʡʜʠ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʢʠʩʣʦʪʥʦʩʪʽ ˇʨʫʥʪʽʚ. ɿ ʮʽʻʾ ʪʝʤʠ 

ʟʘ ʚʠʟʥʘʯʝʥʥʷʤ ʨʽʟʥʠʭ ʧʦʢʘʟʥʠʢʽʚ (ʢʘʣʴʮʽʶ, ʤʘʛʥʽʶ, ʥʽʪʨʘʪʽʚ ʪʘ ʽʥ.) ʙʫʣʦ ʟʘʭʠʱʝʥʦ 

ʜʝʢʽʣʴʢʘ ʜʠʧʣʦʤʥʠʭ ʨʦʙʽʪ.  

ʗʢ ʝʢʦʣʦʛʠ ʪʘ ʛʨʦʤʘʜʷʥʠ ʋʢʨʘʾʥʠ, ʤʠ ʟʘʮʽʢʘʚʠʣʠʩʷ ʧʨʦʮʝʩʦʤ ʟʜʦʙʫʚʘʥʥʷ 

ʩʣʘʥʮʝʚʦʛʦ ʛʘʟʫ ʤʝʪʦʜʦʤ ʛʽʜʨʦʨʦʟʨʠʚʫ. ʇʨʘʢʪʠʯʥʠʡ ʽʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʨʦʙʦʪʠ 

ʩʪʫʜʝʥʪʽʚ ʽʟ ʜʦʩʣʽʜʞʝʥʥʷ ʷʢʦʩʪʽ ʚʦʜʠ ʚʽʜʩʪʽʡʥʠʢʽʚ ʫ ʇʝʨʚʦʤʘʡʩʴʢʦʤʫ ʨʘʡʦʥʽ ʥʘ ʚʤʽʩʪ 

ʥʘʬʪʦʧʨʦʜʫʢʪʽʚ, ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ (ʙʫʣʦ ʧʝʨʝʚʠʱʝʥʥʷ ʥʦʨʤ ʟʘ ʚʤʽʩʪʦʤ Cd2+, Mn2+, Pb2+, 

Fe2+), ʟʚʘʞʝʥʠʭ ʫ ʚʦʜʽ ʨʝʯʦʚʠʥ.  
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ʆʩʚʽʪʥʴʦ-ʧʨʦʬʝʩʽʡʥʘ ʧʨʦʛʨʘʤʘ ʩʧʝʮʽʘʣʴʥʦʩʪʽ çɽʢʦʣʦʛʽʷè ʨʽʚʥʷ çʙʘʢʘʣʘʚʨè 

ʧʝʨʝʜʙʘʯʘʻ ʚʠʚʯʝʥʥʷ ʜʠʩʮʠʧʣʽʥ ʮʠʢʣʫ ʧʨʦʬʝʩʽʡʥʦʾ ʧʽʜʛʦʪʦʚʢʠ çʍʽʤʽʷ ʟ ʦʩʥʦʚʘʤʠ 

ʙʽʦʛʝʦʭʽʤʽʾè, çʄʦʥʽʪʦʨʠʥʛ ʜʦʚʢʽʣʣʷè, ʦʩʪʘʥʥʷ, ʥʘ ʥʘʰ ʧʦʛʣʷʜ, ʤʘʻ ʥʘʡʙʽʣʴʰʫ ʭʽʤʽʯʥʦ 

ʦʨʽʻʥʪʦʚʘʥʫ ʩʢʣʘʜʦʚʫ ʩʝʨʝʜ ʝʢʦʣʦʛʽʯʥʠʭ ʜʠʩʮʠʧʣʽʥ. 

ɺʠʚʯʝʥʥʷ ʜʠʩʮʠʧʣʽʥʠ çʍʽʤʽʷ ʟ ʦʩʥʦʚʘʤʠ ʙʽʦʛʝʦʭʽʤʽʾè (1 ʩʝʤʝʩʪʨ) ʥʘʜʘʻ ʩʪʫʜʝʥʪʘʤ 

ʢʦʤʧʣʝʢʩ ʟʥʘʥʴ ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʥʘʫʢʦʚʦʛʦ ʨʦʟʫʤʽʥʥʷ ʷʚʠʱ ʧʨʠʨʦʜʠ ʽ ʚʠʨʽʰʝʥʥʷ 

ʧʨʘʢʪʠʯʥʠʭ ʝʢʦʣʦʛʽʯʥʠʭ ʧʨʦʙʣʝʤ. ɹʽʣʴʰʽʩʪʴ ʩʪʫʜʝʥʪʽʚ-ʝʢʦʣʦʛʽʚ ʥʝ ʩʢʣʘʜʘʣʠ ʟʦʚʥʽʰʥʻ 

ʥʝʟʘʣʝʞʥʝ ʦʮʽʥʶʚʘʥʥʷ ʟ ʭʽʤʽʾ, ʱʦ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʻ ʥʘ ʛʦʪʦʚʥʽʩʪʴ ʩʧʨʠʡʤʘʪʠ ʭʽʤʽʯʥʽ 

ʦʩʥʦʚʠ ʝʢʦʣʦʛʽʾ. ʆʩʥʦʚʥʝ ʟʘʚʜʘʥʥʷ ʚʠʢʣʘʜʘʯʘ ʜʦʧʦʤʦʛʪʠ ʩʪʫʜʝʥʪʘʤ ʧʦʜʦʣʘʪʠ ʩʠʥʜʨʦʤ 

çʭʽʤʽʦʬʦʙʽʾè, ʧʦʢʘʟʘʪʠ ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʥʘʥʥʷ ʦʩʥʦʚ ʟʘʛʘʣʴʥʦʾ, ʥʝʦʨʛʘʥʽʯʥʦʾ, ʦʨʛʘʥʽʯʥʦʾ, 

ʬʽʟʠʯʥʦʾ ʪʘ ʙʽʦʛʝʦʭʽʤʽʾ ʜʣʷ ʩʪʘʥʦʚʣʝʥʥʷ ʬʘʭʽʚʮʷ ʟ ʝʢʦʣʦʛʽʾ ʪʘ ʝʥʚʘʡʨʦʥʤʝʥʪʦʣʦʛʽʾ; 

ʥʘʚʯʠʪʠ ʨʦʟʚôʷʟʫʚʘʪʠ ʨʦʟʨʘʭʫʥʢʦʚʽ, ʩʠʪʫʘʮʽʡʥʽ, ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʟʘʜʘʯʽ; ʩʬʦʨʤʫʚʘʪʠ 

ʩʪʽʡʢʽ ʣʦʛʽʯʥʽ ʟʚôʷʟʢʠ ʤʽʞ ʧʦʥʷʪʽʡʥʦ-ʪʝʨʤʽʥʦʣʦʛʽʯʥʠʤ ʘʧʘʨʘʪʦʤ ʥʝʦʝʢʦʣʦʛʽʾ ʪʘ ʭʽʤʽʾ: 

çʢʠʩʣʦʪʥʽ ʜʦʱʽ ï ʥʽʪʨʦʛʝʥ ʦʢʩʠʜ, ʩʫʣʴʬʫʨ ʦʢʩʠʜè, çʧʘʨʥʠʢʦʚʠʡ ʝʬʝʢʪ ï ʢʘʨʙʦʥ (IV) 

ʦʢʩʠʜ, ʤʝʪʘʥè, çʦʟʦʥ çholeè ï ʥʘʩʠʯʝʥʽ ʘʣʽʬʘʪʠʯʥʽ ʛʘʣʦʛʝʥʦʚʤʽʩʥʽ ʚʫʛʣʝʚʦʜʥʽè, 

çʝʚʪʨʦʬʽʢʘʮʽʷ ʚʦʜʦʡʤ ï ʟʤʽʥʘ ʢʦʥʮʝʥʪʨʘʮʽʾ ʙʽʦʛʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʥʽʪʨʦʛʝʥʫ, ʬʦʩʬʦʨʫè, 

çʝʚʘʧʦʪʨʘʥʩʧʽʨʘʮʽʷ ï ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʚʦʜʠè, çʙʽʦʣʶʤʽʥʝʩʮʝʥʮʽʷ ï ʨʝʘʢʮʽʷ ʦʢʠʩʥʝʥʥʷè. 

ʇʽʩʣʷ ʚʠʚʯʝʥʥʷ ʜʠʩʮʠʧʣʽʥʠ çʍʽʤʽʷ ʟ ʦʩʥʦʚʘʤʠ ʙʽʦʛʝʦʭʽʤʽʾè ʩʪʫʜʝʥʪʠ ʧʦʚʠʥʥʽ ʟʥʘʪʠ 

ʭʽʤʽʯʥʽ ʦʩʥʦʚʠ ʤʝʭʘʥʽʟʤʽʚ ʜʽʾ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ ʪʘ ʤʽʛʨʘʮʽʾ ʟʘʙʨʫʜʥʝʥʴ ʚ 

ʝʢʦʩʠʩʪʝʤʘʭ, ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʧʨʦʮʝʩʠ ʚ ʛʝʦʩʬʝʨʘʭ, ʘ ʪʘʢʦʞ ʘʢʪʫʘʣʴʥʽ ʥʘʧʨʷʤʢʠ ʩʫʯʘʩʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʝʢʦʣʦʛʽʯʥʦʾ ʭʽʤʽʾ, ʾʾ ʨʦʣʴ ʚ ʨʦʟʫʤʽʥʥʽ ʪʘ ʚʠʨʽʰʝʥʥʽ ʝʢʦʣʦʛʽʯʥʠʭ ʧʨʦʙʣʝʤ. 

ʇʨʠʥʮʠʧʠ ʨʦʙʦʪʠ ʩʫʯʘʩʥʠʭ ʣʘʙʦʨʘʪʦʨʥʠʭ ʧʨʠʣʘʜʽʚ, ʤʝʪʦʜʠ ʪʘ ʟʘʩʦʙʠ 

ʚʠʤʽʨʶʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʤʝʪʦʜʠʢʠ ʧʨʦʚʝʜʝʥʥʷ ʧʦʣʴʦʚʠʭ 

ʜʦʩʣʽʜʞʝʥʴ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʤʦʥʽʪʦʨʠʥʛʦʚʠʭ ʪʘ ʝʢʩʧʝʨʪʥʠʭ ʦʮʽʥʢʘʭ ʷʢʦʩʪʽ 

ʜʦʚʢʽʣʣʷ, ʩʪʫʜʝʥʪʠ ʚʠʚʯʘʶʪʴ ʚ ʨʘʤʢʘʭ ʜʠʩʮʠʧʣʽʥʠ çʄʦʥʽʪʦʨʠʥʛ ʜʦʚʢʽʣʣʷè. ʋʩʧʽʰʥʝ 

ʟʘʩʚʦʻʥʥʷ ʜʠʩʮʠʧʣʽʥʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʦʪʨʝʙʫʻ ʪʝʦʨʝʪʠʯʥʠʭ ʟʥʘʥʴ ʟ ʭʽʤʽʾ ʪʘ ʬʽʟʠʢʦ-

ʭʽʤʽʯʥʠʭ ʤʝʪʦʜʽʚ ʘʥʘʣʽʟʫ ʜʦʚʢʽʣʣʷ. ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʥʘʦʯʥʦʩʪʽ ʪʝʦʨʝʪʠʯʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, 

ʷʢʠʡ ʤʘʡʙʫʪʥʽ ʝʢʦʣʦʛʠ ʦʪʨʠʤʫʶʪʴ ʥʘ ʣʝʢʮʽʡʥʠʭ ʟʘʥʷʪʪʷʭ, ʚ ʥʘʚʯʘʣʴʥʦʤʫ ʧʣʘʥʽ 

ʧʝʨʝʜʙʘʯʝʥʽ ʧʨʘʢʪʠʯʥʽ ʨʦʙʦʪʠ. ʇʨʦʛʨʘʤʠ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʧʨʘʢʪʠʢʫʤʫ ʪʘ ʩʘʤʦʩʪʽʡʥʦʾ 

ʨʦʙʦʪʠ ʩʪʫʜʝʥʪʽʚ ʤʘʶʪʴ ʙʫʪʠ ʩʧʨʷʤʦʚʘʥʠʤʠ ʥʘ ʦʪʨʠʤʘʥʥʷ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʦʾ ʽʥʬʦʨʤʘʮʽʾ, 

ʩʘʤʝ ʪʘʢʠʡ ʧʽʜʭʽʜ ʤʦʞʝ ʚʠʢʣʠʢʘʪʠ ʽ ʚʠʢʣʠʢʘʻ ʫ ʩʪʫʜʝʥʪʽʚ ʤʦʪʠʚʘʮʽʶ ʜʦ ʩʘʤʦʩʪʽʡʥʦʛʦ ʽ 

ʪʚʦʨʯʦʛʦ ʟʨʦʩʪʘʥʥʷ. ɺʘʞʣʠʚʠʤʠ ʻ ʟʘʥʷʪʪʷ, ʷʢʽ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʦʚôʷʟʘʥʽ ʟ ʧʨʦʬʝʩʽʡʥʦʶ 

ʜʽʷʣʴʥʽʩʪʶ: ʚʠʟʥʘʯʝʥʥʷ ʚʦʜʥʝʚʦʛʦ ʧʦʢʘʟʥʠʢʘ ʚʦʜʠ ʪʘ ʛʨʫʥʪʫ; ʚʠʟʥʘʯʝʥʥʷ ʟʘʛʘʣʴʥʦʾ 

ʪʚʝʨʜʦʩʪʽ, ʚʤʽʩʪʫ ʭʣʦʨʠʜʽʚ, ʩʫʣʴʬʘʪʽʚ ʚʦʜʠ; ʚʠʟʥʘʯʝʥʥʷ ʚʤʽʩʪʫ ʢʘʨʙʦʥ (IV) ʦʢʩʠʜʫ ʚ 

ʧʦʚʽʪʨʽ; ʢʘʨʙʦʥ (II) ʦʢʩʠʜʫ, ʥʽʪʨʦʛʝʥ ʦʢʩʠʜʽʚ ʚ ʧʦʚʽʪʨʽ ʨʦʙʦʯʦʾ ʟʦʥʠ; ʚʠʟʥʘʯʝʥʥʷ ʨʽʚʥʷ 

ʰʫʤʦʚʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʫʨʙʦʝʢʦʩʠʩʪʝʤʠ; ʚʠʟʥʘʯʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʝʢʚʽʚʘʣʝʥʪʥʦʾ ʜʦʟʠ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ʅʘʙʫʪʽ ʟʥʘʥʥʷ ʽ ʚʤʽʥʥʷ ʩʪʫʜʝʥʪʠ ʤʦʞʫʪʴ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʧʽʜ ʯʘʩ 

ʚʠʢʦʥʘʥʥʷ ʢʫʨʩʦʚʦʾ ʨʦʙʦʪʠ. 

ɺʚʘʞʘʻʤʦ, ʱʦ ʟʥʘʥʥʷ ʟ ʦʩʥʦʚʥʠʭ ʨʦʟʜʽʣʽʚ ʭʽʤʽʾ ʻ ʥʝʦʙʭʽʜʥʦʶ ʩʢʣʘʜʦʚʦʶ 

ʧʽʜʛʦʪʦʚʢʠ ʩʪʫʜʝʥʪʽʚ-ʝʢʦʣʦʛʽʚ, ʷʢʽ ʜʦʟʚʦʣʷʪʴ ʤʘʡʙʫʪʥʽʤ ʬʘʭʽʚʮʷʤ ʧʨʦʬʝʩʽʡʥʦ ʧʨʦʚʦʜʠʪʠ 

ʩʠʩʪʝʤʥʠʡ ʘʥʘʣʽʟ ʷʢʦʩʪʽ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʜʣ̫ ʥʘʫʢʦʚʦ ʦʙˇʨʫʥʪʦʚʘʥʦʛʦ 

ʧʣʘʥʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʧʨʠʨʦʜʦʦʭʦʨʦʥʥʠʭ ʟʘʭʦʜʽʚ ʽ ʟʘʩʦʙʽʚ ʧʽʜʪʨʠʤʘʥʥʷ ʨʽʚʥʦʚʘʛʠ ʤʽʞ 

ʧʨʠʨʦʜʥʠʤ, ʪʝʭʥʦʛʝʥʥʠʤ ʪʘ ʩʦʮʽʘʣʴʥʠʤ ʩʝʨʝʜʦʚʠʱʝʤ. 
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ɺ ʦʩʪʘʥʥʽ ʨʦʢʠ ʫ ʅʘʮʽʦʥʘʣʴʥʦʤʫ ʫʥʽʚʝʨʩʠʪʝʪʽ ʙʽʦʨʝʩʫʨʩʽʚ ʽ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ 

ʋʢʨʘʾʥʠ (ʅʋɹʽʇ ʋʢʨʘʾʥʠ) ʥʘ ʦʩʥʦʚʽ ʧʣʘʪʬʦʨʤʠ Moodle ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʨʦʩʪʘ, ʘʣʝ 

ʬʫʥʢʮʽʦʥʘʣʴʥʘ ʩʠʩʪʝʤʘ ʥʘʚʯʘʥʥʷ, ʷʢʘ ʥʘʜʘʻ ʯʫʜʦʚʫ ʤʦʞʣʠʚʽʩʪʴ ʩʪʚʦʨʝʥʥʷ ʥʘʚʯʘʣʴʥʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʟ ʥʘʙʦʨʦʤ ʥʘʚʯʘʣʴʥʠʭ ʝʣʝʢʪʨʦʥʥʠʭ ʢʫʨʩʽʚ. ɼʣʷ ʩʪʫʜʝʥʪʽʚ ʭʽʤʽʯʥʠʭ ʪʘ ʭʽʤʽʢʦ-

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʫʥʽʚʝʨʩʠʪʝʪʽʚ ʥʘ ʧʣʘʪʬʦʨʤʽ Moodle ʩʪʚʦʨʝʥʦ ʢʫʨʩʠ ʟ ʬʽʟʠʯʥʦʾ ʭʽʤʽʾ. ɸʣʝ 

ʚʦʥʠ ʥʝ ʚʨʘʭʦʚʫʶʪʴ ʩʧʝʮʠʬʽʢʫ ʥʘʚʯʘʥʥʷ ʩʪʫʜʝʥʪʽʚ ʘʛʨʘʨʥʦ-ʙʽʦʣʦʛʽʯʥʠʭ ʩʧʝʮʽʘʣʴʥʦʩʪʝʡ. 
ʄʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʩʪʘʣʘ ʨʦʟʨʦʙʢʘ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʢʫʨʩʫ ʜʠʩʪʘʥʮʽʡʥʦʛʦ 

ʥʘʚʯʘʥʥʷ ʟ ʜʠʩʮʠʧʣʽʥʠ çʌʽʟʠʯʥʘ ʪʘ ʢʦʣʦʾʜʥʘ ʭʽʤʽʷè ʜʣʷ ʩʪʫʜʝʥʪʽʚ ʩʧʝʮʽʘʣʴʥʦʩʪʽ çʍʘʨʯʦʚʽ 

ʪʝʭʥʦʣʦʛʽʾè ʥʘ ʧʣʘʪʬʦʨʤʽ Moodle. 

ʂʫʨʩ ʩʢʣʘʜʝʥʠʡ ʟʘ ʧʽʜʨʫʯʥʠʢʘʤʠ ʽ ʤʝʪʦʜʠʯʥʠʤʠ ʧʦʩʽʙʥʠʢʘʤʠ, ʷʢʽ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʚʠʢʣʘʜʘʥʥʷ ʫ ʅʋɹʽʇ ʋʢʨʘʾʥʠ ʜʠʩʮʠʧʣʽʥʠ çʌʽʟʠʯʥʘ ʪʘ ʢʦʣʦʾʜʥʘ 

ʭʽʤʽʷè ʜʣʷ ʩʪʫʜʝʥʪʽʚ ʩʧʝʮʽʘʣʴʥʦʩʪʽ çʍʘʨʯʦʚʽ ʪʝʭʥʦʣʦʛʽʾè. ʋ ʜʠʩʮʠʧʣʽʥʽ çʌʽʟʠʯʥʘ ʪʘ 

ʢʦʣʦʾʜʥʘ ʭʽʤʽʷè ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ ʘʫʜʠʪʦʨʥʘ (ʣʝʢʮʽʡʥʽ, ʣʘʙʦʨʘʪʦʨʥʽ ʟʘʥʷʪʪʷ, ʤʦʜʫʣʴʥʽ 

ʢʦʥʪʨʦʣʴʥʽ ʨʦʙʦʪʠ) ʽ ʩʘʤʦʩʪʽʡʥʘ ʨʦʙʦʪʘ ʩʪʫʜʝʥʪʽʚ. ʂʫʨʩ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʥʘʚʯʘʥʥʷ 

ʧʦʜʽʣʷʻʪʴʩʷ ʥʘ ʦʨʛʘʥʽʟʘʮʽʡʥʠʡ ʙʣʦʢ, ʰʽʩʪʴ ʪʝʤʘʪʠʯʥʠʭ ʙʣʦʢʽʚ ʽ ʢʦʥʪʨʦʣʶʶʯʠʡ ʙʣʦʢ. 

ʆʨʛʘʥʽʟʘʮʽʡʥʠʡ ʙʣʦʢ ʤʽʩʪʠʪʴ: ʨʦʙʦʯʫ ʧʨʦʛʨʘʤʫ ʥʘʚʯʘʣʴʥʦʾ ʜʠʩʮʠʧʣʽʥʠ ʟ ʦʧʠʩʦʤ 

ʩʪʨʫʢʪʫʨʠ ʢʫʨʩʫ, ʤʝʪʦʜʠʯʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʜʣʷ ʩʪʫʜʝʥʪʽʚ ʱʦʜʦ ʚʠʚʯʝʥʥʷ ʜʠʩʮʠʧʣʽʥʠ; 

ʛʣʦʩʘʨʽʡ; ʢʘʣʝʥʜʘʨʥʠʡ ʧʣʘʥ ʧʨʦʭʦʜʞʝʥʥʷ ʢʫʨʩʫ; ʜʨʫʢʦʚʘʥʽ ʪʘ ɯʥʪʝʨʥʝʪ ʜʞʝʨʝʣʘ; ʢʨʠʪʝʨʽʾ 

ʦʮʽʥʶʚʘʥʥʷ; ʥʦʚʠʥʠ; ʟʚʦʨʦʪʥʽʡ ʟʚ'ʷʟʦʢ. 

ʋ ʢʫʨʩʽ, ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʦʩʦʙʣʠʚʦʩʪʝʡ ʥʘʚʯʘʥʥʷ ʚ ʘʛʨʘʨʥʦʤʫ ʚʫʟʽ, ʟʘʧʨʦʧʦʥʦʚʘʥʦ 

ʪʘʢʽ ʪʝʤʘʪʠʯʥʽ ʙʣʦʢʠ: 1. ʍʽʤʽʯʥʘ ʪʝʨʤʦʜʠʥʘʤʽʢʘ; 2. ʂʽʥʝʪʠʢʘ ʪʘ ʢʘʪʘʣʽʟ; 3. ʈʦʟʯʠʥʠ; 

4. ɽʣʝʢʪʨʦʭʽʤʽʷ; 5. ʇʦʚʝʨʭʥʝʚʽ ʷʚʠʱʘ; 6. ɼʠʩʧʝʨʩʥʽ ʩʠʩʪʝʤʠ; 7. ʈʦʟʯʠʥʠ ɺʄʉ. ʂʦʞʥʠʡ 

ʪʝʤʘʪʠʯʥʠʡ ʙʣʦʢ ʚʢʣʶʯʘʻ ʣʝʢʮʽʾ, ʨʦʟʜʽʣʠ ʧʽʜʨʫʯʥʠʢʽʚ ʪʦʱʦ (ʤʦʜʫʣʴ ʂʥʠʛʘ). ʄʦʜʫʣʴ 

ʂʥʠʛʘ ʜʦʟʚʦʣʷʻ ʚʠʢʣʘʜʘʯʘʤ ʩʪʚʦʨʶʚʘʪʠ ʙʘʛʘʪʦʩʪʦʨʽʥʢʦʚʽ ʪʝʢʩʪʦʚʽ ʽʣʶʩʪʨʦʚʘʥʽ ʨʝʩʫʨʩʠ ʟ 

ʨʦʟʜʽʣʘʤʠ ʪʘ ʧʽʜʨʦʟʜʽʣʘʤʠ. ɺʽʥ ʤʦʞʝ ʤʽʩʪʠʪʠ ʤʫʣʴʪʠʤʝʜʽʡʥʽ ʬʘʡʣʠ, ʘ ʪʘʢʦʞ ʪʝʢʩʪ ʽ 

ʢʦʨʠʩʥʫ ʜʣʷ ʪʨʠʚʘʣʦʛʦ ʟʙʝʨʽʛʘʥʥʷ ʜʦʚʽʜʢʦʚʫ ʽʥʬʦʨʤʘʮʽʶ, ʷʢʘ ʤʦʞʝ ʙʫʪʠ ʨʦʟʙʠʪʘ ʥʘ 

ʨʦʟʜʽʣʠ. ʋ ʮʴʦʤʫ ʢʫʨʩʽ ʤʦʜʫʣʴ ʂʥʠʛʘ ʚʠʢʦʨʠʩʪʘʥʦ ʜʣʷ ʟʙʝʨʽʛʘʥʥʷ ʣʝʢʮʽʡ. ʋʩʽ ʦʩʥʦʚʥʽ 

ʧʦʥʷʪʪʷ, ʷʢʽ ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʫ ʣʝʢʮʽʷʭ, ʤʘʶʪʴ ʛʽʧʝʨʧʦʩʠʣʘʥʥʷ ʪʘ ʟʘʥʝʩʝʥʽ ʜʦ ʛʣʦʩʘʨʽʶ. 

ɿʘʧʠʩʠ ʛʣʦʩʘʨʽʶ ʤʦʞʫʪʴ ʙʫʪʠ ʧʝʨʝʛʣʷʥʫʪʽ ʟʘ ʘʣʬʘʚʽʪʦʤ ʘʙʦ ʟʘ ʢʘʪʝʛʦʨʽʷʤʠ, ʜʘʪʽ ʘʙʦ 

ʘʚʪʦʨʫ. ʇʽʩʣʷ ʚʠʚʯʝʥʥʷ ʪʝʦʨʝʪʠʯʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʜʣʷ ʧʝʨʝʚʽʨʢʠ ʩʪʫʜʝʥʪʘʤ ʧʨʦʧʦʥʫʻʪʴʩʷ 

ʧʨʦʡʪʠ ʪʝʩʪ ʧʦ ʟʘʜʘʥʽʡ ʪʝʤʽ. ʎʝʡ ʤʦʜʫʣʴ ʥʘʜʘʻ ʚʠʢʣʘʜʘʯʫ ʤʦʞʣʠʚʽʩʪʴ ʨʦʟʨʦʙʣʷʪʠ ʪʝʩʪʠ, 

ʷʢʽ ʤʦʞʫʪʴ ʤʽʩʪʠʪʠ ʧʠʪʘʥʥʷ ʨʽʟʥʠʭ ʪʠʧʽʚ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʤʥʦʞʠʥʥʦʛʦ ʚʠʙʦʨʫ, ʥʘ 

ʚʽʜʧʦʚʽʜʥʽʩʪʴ, ʟ ʢʦʨʦʪʢʦʶ ʘʙʦ ʯʠʩʣʦʚʦʶ ʚʽʜʧʦʚʽʜʷʤʠ. ʇʠʪʘʥʥʷ ʤʦʞʫʪʴ ʧʝʨʝʤʽʰʫʚʘʪʠʩʷ 

ʘʙʦ ʚʠʙʠʨʘʪʠʩʷ ʚʠʧʘʜʢʦʚʠʤ ʯʠʥʦʤ ʟ ʙʘʥʢʫ ʧʠʪʘʥʴ. ʊʘʢʦʞ ʤʦʞʝ ʙʫʪʠ ʚʩʪʘʥʦʚʣʝʥʦ 

ʦʙʤʝʞʝʥʥʷ ʯʘʩʫ ʥʘ ʧʨʦʭʦʜʞʝʥʥʷ ʪʝʩʪʫ. ʂʦʞʥʘ ʩʧʨʦʙʘ ʦʮʽʥʶʻʪʴʩʷ ʘʚʪʦʤʘʪʠʯʥʦ, ʽʟ 

ʟʘʧʠʩʦʤ ʫ ʞʫʨʥʘʣʽ ʦʮʽʥʦʢ. ʉʪʫʜʝʥʪʘʤ ʥʘʜʘʻʪʴʩʷ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʯʘʩ ʚʽʜʚʝʜʝʥʠʡ ʥʘ ʪʝʩʪ, 

ʤʘʢʩʠʤʘʣʴʥʫ ʦʮʽʥʢʫ ʽ ʢʽʣʴʢʽʩʪʴ ʩʧʨʦʙ, ʷʢʘ ʜʦʧʫʩʢʘʻʪʴʩʷ.  

ɺʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʦʛʦ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʢʫʨʩʫ ʘʢʪʠʚʽʟʫʻ ʩʘʤʦʩʪʽʡʥʫ ʨʦʙʦʪʫ ʩʪʫʜʝʥʪʽʚ, 

ʜʦʟʚʦʣʷʻ ʧʨʦʚʦʜʠʪʠ ʩʘʤʦʢʦʥʪʨʦʣʴ ʪʘ ʢʦʥʪʨʦʣʴ ʦʜʝʨʞʘʥʠʭ ʟʥʘʥʴ, ʟʙʽʣʴʰʫʚʘʪʠ ʢʽʣʴʢʽʩʪʴ 

ʩʣʫʭʘʯʽʚ ʜʠʩʮʠʧʣʽʥʠ. 
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ɺʇʈʆɺɸɼɾɽʅʅʗ ʅɸʋʂʆɺʆ-ɼʆʉʃɯɼʅʀʎʔʂʆɻʆ ʈʋʍʋ ʋ ʅɸɺʏɸʃʔʅʆ-

ɺʀʍʆɺʅʀʁ ʇʈʆʎɽʉ, ʇʈʀ ɺʀʂʃɸɼɸʅʅɯ ʂʋʈʉʋ ʍɯʄɯɰ ɼʃʗ ʋʏʅɯɺ 

ɿɸɻɸʃʔʅʆʆʉɺɯʊʅɯʍ ʆʈɻɸʅɯɿɸʎɯʁ, ʇʆɹʋɼʆɺɸʅʆɻʆ ʅɸ ʆʉʅʆɺɯ 

ɽʃɽʄɽʅʊɯɺ ɹɯʃɯʅɻɺɯʉʊʀʂʀ ʊɸ ʊʈɽɿ-ʊɽʍʅʆʃʆɻɯʁ, ʗʂ ʄɽʊʆɼɸ 

ʉɸʄʆʈɽɸʃɯɿɸʎɯɰ ʊɸ ʉɸʄʆɸʂʊʋɸʃɯɿɸʎɯɰ ʋʏʅɯɺ ʅɸ ʉʋʏɸʉʅʆʄʋ 

ʈʀʅʂʋ ɺʀʑʀʍ ʅɸɺʏɸʃʔʅʀʍ ɿɸʂʃɸɼɯɺ 

ʗʥʢʘʚʝʮʴ ʆ. ʆ. 

ʂʦʤʫʥʘʣʴʥʠʡ ʟʘʢʣʘʜ çʥʘʚʯʘʣʴʥʦ-ʚʠʭʦʚʥʠʡ ʢʦʤʧʣʝʢʩ:  

ʟʘʛʘʣʴʥʦʦʩʚʽʪʥʷ ʰʢʦʣʘ ɯïɯɯ ʩʪ. ï ʣʽʮʝʡ ˉ 7 ɺʽʥʥʠʮʴʢʦʾ ʤʽʩʴʢʦʾ ʨʘʜʠè 

yankavec88@mail.ru 

 

ʋ ʟʚôʷʟʢʫ ʟ ʨʦʟʚʠʪʢʦʤ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʪʘ ʬʽʥʘʥʩʦʚʦʾ ʥʝʩʧʨʦʤʦʞʥʦʩʪʽ 

ʜʝʨʞʘʚ ʟʘʙʝʟʧʝʯʠʪʠ ʟʘʢʣʘʜʠ ʦʩʚʽʪʠ ʽ ʫʯʥʽʚ ʩʫʯʘʩʥʠʤ ʜʦʩʣʽʜʥʠʮʴʢʠʤ ʦʙʣʘʜʥʘʥʥʷʤ, 

ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʘʜʞʝʪʽʚ ʧʽʜ ʯʘʩ ʟʘʥʷʪʪʷ ʽ ʚʘʨʽʘʥʪʠ ʩʭʝʤ, ʱʦ 

ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʷʢ ʫ ʧʨʦʝʢʪʥʽʡ, ʪʘʢ ʽ ʫ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʮʴʢʽʡ ʜʽʷʣʴʥʦʩʪʽ, ʪʘʢ ʽ 

ʧʽʜ ʯʘʩ ʟʘʥʷʪʪʷ. ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʫ ʨʦʟʚʠʪʢʫ ʧʽʟʥʘʚʘʣʴʥʠʭ ʽʥʪʝʨʝʩʽʚ ʽ 

ʪʚʦʨʯʦʩʪʽ ʫʯʥʽʚ, ʨʦʟʰʠʨʝʥʥʶ ʩʚʽʪʦʛʣʷʜʫ, ʥʘʙʫʪʪʷ ʥʘʚʠʯʦʢ ʩʘʤʦʩʪʽʡʥʦʾ ʨʦʙʦʪʠ ʪʘ 

ʟʘʣʫʯʝʥʥʷ ʫʯʥʽʚ ʜʦ ʥʘʫʢʦʚʦʛʦ ʧʦʰʫʢʫ ʽ ʘʢʪʠʚʥʦʾ ʫʯʘʩʪʽ ʚ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʮʴʢʦʤʫ ʞʠʪʪʽ 

ʩʚʦʻ ʢʨʘʾʥʠ ʟʘ ʨʘʭʫʥʦʢ ʧʨʦʬʝʩʽʡʥʦʛʦ ʩʘʤʦʚʠʟʥʘʯʝʥʥʷ ʡ ʨʘʥʥʴʦʾ ʧʨʦʬʝʩʽʡʥʦʾ ʦʨʽʻʥʪʘʮʽʾ 

ʥʘ ʟʘʥʷʪʪʷʭ ʟ ʭʽʤʽʾ, ʷʢʽ ʧʦʙʫʜʦʚʘʥʽ ʥʘ ʝʣʝʤʝʥʪʘʭ ʙʽʣʽʥʛʚʽʩʪʠʢʠ ʪʘ ʊʈɽɿ-ʪʝʭʥʦʣʦʛʽʡ, ʜʣʷ 

ʥʘʙʫʪʪʷ ʫʩʽʭ ʥʘʚʯʘʣʴʥʦ-ʚʠʭʦʚʥʠʭ ʢʚʽʥʪʝʩʝʥʩʽʡ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʙʽʣʽʥʛʚʽʩʪʠʢʘ ʥʘ ʟʘʥʷʪʪʷʭ ʟ ʭʽʤʽʾ, ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʮʴʢʘ ʨʦʙʦʪʘ, 

ʧʨʦʝʢʪʥʘ ʜʽʷʣʴʥʽʩʪʴ. 
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ɺʇʃʀɺ ʂʆʅʎɽʅʊʈɸʎɯɰ ʆʂʉʀɼʋ ɻʈɸʌɽʅʋ ʋ ɺʆɼʅɯʁ ʉʋʉʇɽʅɿɯɰ 

ʅɸ ʉʊʈʋʂʊʋʈʅɯ ʍɸʈɸʂʊɽʈʀʉʊʀʂʀ ɺɯɼʅʆɺʃɽʅʆɻʆ ʆʂʉʀɼʋ ɻʈɸʌɽʅʋ 

ɸʙʘʢʫʤʦʚ ʆ. ʆ., ɹʠʯʢʦ ɯ. ɹ., ʉʪʨʠʞʘʢ ʇ. ɭ. 

ɯʥʩʪʠʪʫʪ ʬʽʟʠʯʥʦʾ ʭʽʤʽʾ ʽʤ. ʃ. ɺ. ʇʠʩʘʨʞʝʚʩʴʢʦʛʦ ʅɸʅ ʋʢʨʘʾʥʠ 

abakumov0aa@gmail.com 

 

ɺʩʪʘʥʦʚʣʝʥʥʷ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʫʪʚʦʨʝʥʥʷ ʛʨʘʬʝʥʚʤʽʩʥʠʭ ʥʘʥʦʤʘʪʝʨʽʘʣʽʚ, 

ʟʦʢʨʝʤʘ ʚʽʜʥʦʚʣʝʥʦʛʦ ʦʢʩʠʜʫ ʛʨʘʬʝʥʫ (ɺʆɻ), ʷʢʠʡ ʻ ʧʨʦʜʫʢʪʦʤ ʚʽʜʥʦʚʣʝʥʥʷ ʦʢʩʠʜʫ 

ʛʨʘʬʝʥʫ (ʆɻ), ʧʨʝʜʩʪʘʚʣʷʻ ʽʥʪʝʨʝʩ ʫ ʟʚôʷʟʢʫ ʟ ʾʭ ʝʣʝʢʪʨʠʯʥʠʤʠ, ʤʘʛʥʽʪʥʠʤʠ, ʦʧʪʠʯʥʠʤʠ 

ʪʘ ʢʘʪʘʣʽʪʠʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ.  

ʉʝʨʽʶ ʟʨʘʟʢʽʚ ɺʆɻ ʦʪʨʠʤʘʥʦ ʟ ʦʢʩʠʜʫ ʛʨʘʬʽʪʫ (ʆɻʨ), ʩʠʥʪʝʟʦʚʘʥʦʛʦ ʟʘ ʤʝʪʦʜʦʤ 

ɼʞ. ʊʫʨʘ. ɹʫʣʦ ʧʨʠʛʦʪʦʚʣʝʥʦ ʚʦʜʥʽ ʩʫʩʧʝʥʟʽʾ ʆɻʨ ʟ ʤʘʩʦʚʠʤʠ ʢʦʥʮʝʥʪʨʘʮʽʷʤʠ 4, 6 ʪʘ 8 ʤʛ 

ʆɻʨ ʥʘ 1 ʤʣ, ʟ ʧʦʩʣʽʜʫʶʯʦʶ ʦʙʨʦʙʢʦʶ ʫʣʴʪʨʘʟʚʫʢʦʤ ʯʘʩʪʦʪʦʶ 22 ʢɻʮ ʧʦʪʫʞʥʽʩʪʶ 100 ɺʪ 

ʟʘʥʫʨʶʚʘʥʠʤ ʜʠʩʧʝʨʛʘʪʦʨʦʤ ʧʨʦʪʷʛʦʤ 20 ʭʚ. ɺʥʘʩʣʽʜʦʢ ʦʙʨʦʙʢʠ ʫʣʴʪʨʘʟʚʫʢʦʤ ʆɻʨ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʦʟʰʘʨʫʚʘʥʥʷ ʟ ʫʪʚʦʨʝʥʥʷʤ ʆɻ. ʉʫʩʧʝʥʟʽʾ ʆɻ ʚʽʜʥʦʚʣʶʚʘʣʠ ʛʽʜʨʘʟʠʥ-

ʛʽʜʨʘʪʦʤ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 90 ʦʉ ʧʨʦʪʷʛʦʤ 1 ʛʦʜʠʥʠ. ʇʽʩʣʷ ʯʦʛʦ ʧʨʦʜʫʢʪʠ ʚʽʜʥʦʚʣʝʥʥʷ 

ʚʠʪʨʠʤʫʚʘʣʠ ʚ ʘʪʤʦʩʬʝʨʽ ʚʦʜʥʶ ʟʘ 400 ʦʉ ʧʨʦʪʷʛʦʤ 1 ʛʦʜʠʥʠ. ʆʪʨʠʤʘʥʽ ʟʨʘʟʢʠ ɺʆɻ 

ʤʘʨʢʦʚʘʥʦ ɺʆɻ-4, ɺʆɻ-6 ʪʘ ɺʆɻ-8, ʜʝ ʯʠʩʣʦʚʠʡ ʽʥʜʝʢʩ ʚʽʜʧʦʚʽʜʘʻ ʤʘʩʦʚʽʡ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʆɻ ʚ ʩʫʩʧʝʥʟʽʾ. 

ʉʝʨʽʶ ɺʆɻ ʙʫʣʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʦ ʨʘʤʘʥʽʚʩʴʢʦʶ (ʈʉ) ʪʘ ʨʝʥʪʛʝʥʽʚʩʴʢʦʶ 

ʬʦʪʦʝʣʝʢʪʨʦʥʥʦʶ ʩʧʝʢʪʨʦʩʢʦʧʽʷʤʠ (ʈʌɽʉ), ʇʦʚʝʨʭʥʶ ʟʨʘʟʢʽʚ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ ʟʘ 

ʽʟʦʪʝʨʤʘʤʠ ʘʜʩʦʨʙʮʽʾ ʘʟʦʪʫ. ʈʝʟʫʣʴʪʘʪʠ ʘʥʘʣʽʟʽʚ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣʠʮʽ 1. ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ 

ʉ/ʆ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʈʌɽʉ ʟʤʽʥʶʻʪʴʩʷ ʘʥʪʠʙʘʪʥʦ ʧʽʜʚʠʱʝʥʥʶ ʢʦʥʮʝʥʪʨʘʮʽʾ ʆɻ ʚ 

ʜʠʩʧʝʨʩʽʾ. ɸʥʘʣʽʟ ʨʘʤʘʥʽʚʩʴʢʠʭ ʩʧʝʢʪʨʽʚ ʧʦʢʘʟʫʻ, ʱʦ ʧʘʨʘʤʝʪʨ ɚ(2Dô) ï 2ɚ(Dô) (ʨʽʟʥʠʮʷ 

ʤʽʞ ʯʘʩʪʦʪʦʶ 2Dô-ʣʽʥʽʾ ʪʘ ʧʦʜʚʦʻʥʦʶ ʯʘʩʪʦʪʦʶ Dô-ʣʽʥʽʾ) ʪʘʢʦʞ ʟʤʽʥʶʻʪʴʩʷ ʘʥʪʠʙʘʪʥʦ ʧʦ 

ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʚʝʣʠʯʠʥʠ ʢʦʥʮʝʥʪʨʘʮʽʾ ʩʫʩʧʝʥʟʽʾ ʆɻ, ʱʦ ʪʘʢʦʞ ʩʚʽʜʯʠʪʴ ʧʨʦ ʟʙʽʣʴʰʝʥʥʷ 

ʚʤʽʩʪʫ ʢʠʩʥʶ ʚ ʨʷʜʫ ʚʽʜ ɺʆɻ-4 ʜʦ ɺʆɻ-8 [King, A.A. et al. Sci.Rep. (2016), 6, 19491]. 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʫʟʛʦʜʞʫʶʪʴʩʷ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʈʌɽʉ. ʊʘʢʘ ʟʘʣʝʞʥʽʩʪʴ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʉ/ʆ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʆɻ ʤʦʞʝ ʙʫʪʠ ʦʙʫʤʦʚʣʝʥʘ ʩʪʝʨʠʯʥʦʶ ʜʦʩʪʫʧʥʽʩʪʶ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʛʨʫʧ ʥʘ ʧʦʚʝʨʭʥʽ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʰʘʨʽʚ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʚʽʜʥʦʚʥʠʢʘ. 

ʇʣʦʱʘ ʧʦʚʝʨʭʥʽ ʟʤʽʥʶʻʪʴʩʷ ʟ 610 ʜʦ 380 ʤ2/ʛ, ʱʦ ʤʦʞʝ ʙʫʪʠ ʥʘʩʣʽʜʢʦʤ ʨʝʩʪʝʢʽʥʛʫ, 

ʚʽʨʦʛʽʜʥʽʩʪʴ ʷʢʦʛʦ ʟʨʦʩʪʘʻ ʽʟ ʧʽʜʚʠʱʝʥʥʷʤ ʢʦʥʮʝʥʪʨʘʮʽʾ ʆɻ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚʤʽʩʪ ʢʠʩʥʶ ʫ ɺʆɻ ʪʘ ʚʝʣʠʯʠʥʘ ʡʦʛʦ ʧʦʚʝʨʭʥʽ ʩʫʪʪʻʚʦ ʟʘʣʝʞʘʪʴ ʚʽʜ 

ʢʦʥʮʝʥʪʨʘʮʽʷ ʆɻ ʚ ʩʫʩʧʝʥʟʽʾ ʟʘ ʽʥʰʠʭ ʨʽʚʥʠʭ ʫʤʦʚ. 

 

ʊʘʙʣʠʮʷ 1 

 
ʉ/ʆ 

(ʟʘ ʈʌɽʉ) 

ɚ(2Dô) ï 2ɚ(Dô) 

(ʟʘ ʈʉ) 

ʇʦʚʝʨʭʥʷ, 

ʤ2/ʛ 

ɺʆɻ-4 38 -9 610 

ɺʆɻ-6 20 -53 510 

ɺʆɻ-8 18 -45 380 
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ɻɽʆʄɽʊʈʀʏʅɸ ʌɸɿʆɺɸ ʄʆʈʌʆʃʆɻɯʗ ɻʋʄ 

ɭʚʜʦʢʠʤʝʥʢʦ ʅ. ʄ., ɸʟʘʨʦʚʘ ʖ. ʖ., ɿʽʥʯʝʥʢʦ ɸ. ʆ., ʆʚʯʠʥʥʠʢ ʄ. ʆ. 

ʋʢʨʘʾʥʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʭʽʤʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

yuliasha00@mail.ru 

 
ʉʴʦʛʦʜʥʽ ʥʝʤʘʻ ʞʦʜʥʦʾ ʛʘʣʫʟʽ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʜʝ ʙ ʥʝ ʟʘʩʪʦʩʦʚʫʚʘʣʠʩʷ ʝʣʘʩʪʦʤʝʨʥʽ 

ʢʦʤʧʦʟʠʪʠ. ɹʘʛʘʪʦʯʠʩʝʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʦʩʪʘʥʥʽʭ ʨʦʢʽʚ ʧʦʢʘʟʘʣʠ ʚʠʨʽʰʘʣʴʥʫ ʨʦʣʴ 

ʬʘʟʦʚʦʾ ʤʦʨʬʦʣʦʛʽʾ ʫ ʟʘʙʝʟʧʝʯʝʥʥʽ ʚʠʩʦʢʦʛʦ ʨʽʚʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʝʣʘʩʪʦʤʝʨʥʠʭ 

ʢʦʤʧʦʟʠʮʽʡ. ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʧʨʠʥʮʠʧʦʚʠʭ ʚʽʜʤʽʥʥʦʩʪʝʡ ʬʽʟʠʯʥʦʾ ʧʨʠʨʦʜʠ ʪʘʢʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʷʢ ʤʽʮʥʽʩʪʴ ʽ ʝʣʘʩʪʠʯʥʽʩʪʴ, ʛʝʦʤʝʪʨʠʯʥʫ ʬʘʟʦʚʫ ʤʦʨʬʦʣʦʛʽʶ ʥʝʦʙʭʽʜʥʦ 

ʚʠʟʥʘʯʘʪʠ ʷʢ ʤʘʪʨʠʯʥʫ ʩʪʨʫʢʪʫʨʫ ʜʠʩʧʝʨʩʽʡʥʝ ʝʣʘʩʪʠʯʥʝ ʩʝʨʝʜʦʚʠʱʝ ʚ ʷʢʦʤʫ 

ʨʦʟʧʦʚʩʶʜʞʝʥʘ ʜʠʩʧʝʨʩʥʘ ʬʘʟʘ ï ʝʣʝʤʝʥʪ ʩʠʩʪʝʤʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ 

ʤʽʞʤʦʣʝʢʫʣʷʨʥʦʾ ʚʟʘʻʤʦʜʽʾ. ʇʘʨʘʤʝʪʨʠ ʤʦʨʬʦʣʦʛʽʯʥʦʾ ʙʫʜʦʚʠ ʝʣʘʩʪʦʤʝʨʥʠʭ ʢʦʤʧʦʟʠʮʽʡ 

ʪʘ ʭʘʨʘʢʪʝʨ ʩʪʨʫʢʪʫʨʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʚʠʚʯʘʣʠ ʷʢ ʛʝʦʤʝʪʨʠʯʥʽ ʬʘʟʦʚʽ ʧʝʨʝʭʦʜʠ ʽʟ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʤʝʪʦʜʘ ʧʝʨʢʦʣʷʮʽʡʥʦʛʦ ʘʥʘʣʽʟʫ (ʨʠʩ. 1). ɸʥʘʣʽʟ ʫ ʟʘʜʘʯʘʭ ʧʝʨʢʦʣʷʮʽʾ 

ʜʦʟʚʦʣʷʻ ʦʮʽʥʠʪʠ ʚʧʣʠʚ ʤʦʨʬʦʣʦʛʽʯʥʦʾ ʙʫʜʦʚʠ ʝʣʘʩʪʦʤʝʨʥʠʭ ʢʦʤʧʦʟʠʪʽʚ ʥʘ ʚʣʘʩʪʠʚʦʩʪʽ 

ʷʢ ʽʤʦʚʽʨʥʽʩʪʴ ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʫ, ʚʠʭʦʜʷʯʠ ʽʟ ʫʤʦʚ ʟʚóʷʟʘʥʦʩʪʽ. 

 

 

ʈʠʩ. 1. ʇʨʠʢʣʘʜʠ ʧʝʨʢʦʣʷʮʽʡʥʠʭ ʢʦʥʬʽʛʫʨʘʮʽʡ ʥʘ ʢʚʘʜʨʘʪʥʽʡ ʨʝʰʽʪʮʽ: 

L ï ʨʦʟʤʽʨʥʠʩʪʴ ʨʝʰʽʪʢʠ, ʈʩ ï ʚʤʽʩʪ ʛʝʪʝʨʦʬʘʟʠ 
 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʽʤʦʚʽʨʥʽʩʪʴ ʛʝʦʤʝʪʨʠʯʥʠʭ ʬʘʟʦʚʠʭ ʧʝʨʝʭʦʜʽʚ ʈ, ʧʨʠ ʟʘʜʘʥʦʤʫ 

ʚʤʽʩʪʽ ʛʝʪʝʨʦʬʘʟʠ ʈʩ, ʨʽʟʢʦ ʟʤʝʥʰʫʻʪʴʩʷ ʫ ʚʠʧʘʜʢʫ ʟʤʝʥʰʝʥʥʷ ʨʦʟʤʽʨʫ ʯʘʩʪʦʢ 

ʛʝʪʝʨʦʬʘʟʠ (ʘ): 

ʈ = ʈʩ L = ʈʩ 1/ʘ, (1) 

ʜʝ ʈ ï ʽʤʦʚʽʨʥʽʩʪʴ ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʫ; ʈʩ ï ʦʙóʻʤʥʘ ʯʘʩʪʢʘ 

ʛʝʪʝʨʦʬʘʟʠ; L ï ʨʦʟʤʽʨʥʽʩʪʴ ʧʝʨʢʦʣʷʮʽʡʥʦʾ ʛʨʘʪʢʠ; ʘ ï ʨʦʟʤʽʨ ʯʘʩʪʦʢ ʛʝʪʝʨʦʬʘʟʠ. 

ʅʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʪʝʦʨʝʪʠʯʥʠʭ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʱʦʜʦ 

ʨʦʟʨʦʙʢʠ ʤʝʪʦʜʠʢʠ ʦʮʽʥʢʽ ʧʘʨʘʤʝʪʨʽʚ ʛʝʦʤʝʪʨʠʯʥʦʾ ʬʘʟʦʚʦʾ ʤʦʨʬʦʣʦʛʽʾ ʝʣʘʩʪʦʤʝʨʥʠʭ 

ʢʦʤʧʦʟʠʮʽʡ, ʷʢʘ ʙʘʟʫʻʪʴʩʷ ʥʘ ʨʝʟʫʣʴʪʘʪʘʭ ʘʥʘʣʽʟʫ ʚ ʟʘʜʘʯʘʭ ʧʝʨʢʦʣʷʮʽʾ ʪʘ 

ʜʠʬʝʨʝʥʮʽʡʥʦʤʫ ʨʽʚʥʷʥʥʽ ʇ. ʌ. ʌʝʨʭʶʣʴʩʪʘ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʽʤʦʚʽʨʥʽʩʪʴ ʛʝʦʤʝʪʨʠʯʥʠʭ 

ʬʘʟʦʚʠʭ ʧʝʨʝʭʦʜʽʚ, ʧʨʠ ʟʘʜʘʥʦʤʫ ʚʤʽʩʪʽ ʛʝʪʝʨʦʬʘʟʠ, ʨʽʟʢʦ ʟʤʝʥʰʫʻʪʴʩʷ ʫ ʚʠʧʘʜʢʫ 

ʟʤʝʥʰʝʥʥʷ ʨʦʟʤʽʨʫ ʯʘʩʪʦʢ ʛʝʪʝʨʦʬʘʟʠ. ɿʘ ʨʦʟʨʦʙʣʝʥʦʶ ʤʝʪʦʜʠʢʦʶ ʧʨʦʚʝʜʝʥʦ 

ʨʦʟʨʘʭʫʥʢʠ ʧʘʨʘʤʝʪʨʽʚ ʛʝʦʤʝʪʨʠʯʥʦʾ ʬʘʟʦʚʦʾ ʤʦʨʬʦʣʦʛʽʾ ʛʫʤʠ ʟ ʤʝʪʦʶ ʦʮʽʥʢʠ ʚʧʣʠʚʫ 

ʧʨʠʨʦʜʠ ʪʘ ʚʤʽʩʪʫ ʜʣʷ ʫʩʽʭ ʽʥʛʨʝʜʽʻʥʪʽʚ ʥʘ ʩʪʨʫʢʪʫʨʫ ʪʘ ʚʣʘʩʪʠʚʦʩʪʽ ʛʫʤʠ. ʈʦʟʨʦʙʣʝʥʦ 

ʧʨʠʥʮʠʧʠ ʧʦʙʫʜʦʚʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʢʣʘʜʫ ʝʣʘʩʪʦʤʝʨʥʠʭ ʩʠʩʪʝʤ.  
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ʈɽʆʃʆɻɯʏʅɯ ɺʃɸʉʊʀɺʆʉʊɯ ʂʆʄʇʆɿʀʎɯʁ ʅɸ ʆʉʅʆɺɯ ʇʆʃɯɺɯʅɯʃʆɺʆɻʆ 

ʉʇʀʈʊʋ ʊɸ ʄʆɼʀʌɯʂʆɺɸʅʆɻʆ ʄʆʅʊʄʆʈʀʃʆʅɯʊʋ 

ɸʥʪʦʥʶʢ ɺ. ɺ., ʂʨʘʩʽʥʩʴʢʠʡ ɺ. ɺ., ʍʘʤʫʣʘ ʅ. ɺ. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʃʴʚʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè 

antoniukviktoriav@gmail.com 

 

ɺʧʨʦʜʦʚʞ ʦʩʪʘʥʥʽʭ ʨʦʢʽʚ ʜʦʩʣʽʜʞʝʥʥʷ ʢʦʤʧʦʟʠʪʽʚ ʥʘ ʦʩʥʦʚʽ ʧʦʣʽʚʽʥʽʣʦʚʦʛʦ 

ʩʧʠʨʪʫ (ʇɺʉ) ʟ ʥʘʥʦʥʘʧʦʚʥʶʚʘʯʘʤʠ ʻ ʜʫʞʝ ʘʢʪʫʘʣʴʥʠʤʠ. ɺʽʥ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ 

ʰʪʫʯʥʠʡ ʧʦʣʽʤʝʨ, ʨʦʟʯʠʥʥʠʡ ʫ ʚʦʜʽ, ʷʢʠʡ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʚ ʧʨʦʤʠʩʣʦʚʠʭ, ʢʦʤʝʨʮʽʡʥʠʭ, 

ʤʝʜʠʯʥʠʭ ʪʘ ʧʨʦʜʦʚʦʣʴʯʠʭ ʛʘʣʫʟʷʭ ʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʚʠʨʦʙʽʚ 

ʨʽʟʥʦʤʘʥʽʪʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ. ɻʽʜʨʦʬʽʣʴʥʠʡ ʭʘʨʘʢʪʝʨ ʤʦʥʪʤʦʨʠʣʦʥʽʪʫ ʧʨʠ ʜʦʜʘʚʘʥʥʽ 

ʡʦʛʦ ʫ ʧʦʣʽʤʝʨʥʫ ʤʘʪʨʠʮʶ, ʟʦʢʨʝʤʘ ʇɺʉ, ʚʠʢʣʠʢʘʻ ʟʤʽʥʫ ʙʘʨôʻʨʥʠʭ ʪʘ ʤʝʭʘʥʽʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʢʦʤʧʦʟʠʪʫ ʚʥʘʩʣʽʜʦʢ ʫʪʚʦʨʝʥʥʷ ʥʦʚʦʾ ʢʨʠʩʪʘʣʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ. 

ʇʦʧʝʨʝʜʥʽʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ ʥʘʤʠ ʨʦʟʨʦʙʣʝʥʦ ʫʥʽʚʝʨʩʘʣʴʥʠʡ ʥʘʥʦʤʦʜʠʬʽʢʘʪʦʨ 

ʜʣʷ ʪʝʨʤʦʧʣʘʩʪʠʯʥʠʭ ʧʦʣʽʤʝʨʽʚ ï ʤʦʥʪʤʦʨʠʣʦʥʽʪ-ʧʦʣʽʚʽʥʽʣʧʽʨʦʣʽʜʦʥʦʚʫ ʩʫʤʽʰ (ʄʇʉ) ʪʘ 

ʜʦʩʣʽʜʞʝʥʦ ʡʦʛʦ ʩʪʨʫʢʪʫʨʫ ʽ ʚʣʘʩʪʠʚʦʩʪʽ. ʄʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʙʫʣʦ ʜʦʩʣʽʜʠʪʠ ʚʧʣʠʚ 

ʚʤʽʩʪʫ ʄʇʉ ʪʘ ʨʅ ʩʝʨʝʜʦʚʠʱʘ ʥʘ ʨʝʦʣʦʛʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʦʟʯʠʥʽʚ ʇɺʉ, ʱʦʙ 

ʚʩʪʘʥʦʚʠʪʠ ʦʧʪʠʤʘʣʴʥʠʡ ʩʢʣʘʜ ʪʘ ʫʤʦʚʠ ʦʜʝʨʞʘʥʥʷ ʷʢʽʩʥʠʭ ʚʦʜʦʩʪʽʡʢʠʭ ʧʣʽʚʦʢ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʣʽʚʢʠ ʦʜʝʨʞʘʥʽ ʟ ʚʦʜʥʠʭ ʨʦʟʯʠʥʽʚ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ 

ʧʦʣʽʚʽʥʽʣʦʚʦʛʦ ʩʧʠʨʪʫ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʧʦʚʥʦʶ ʨʦʟʯʠʥʥʽʩʪʶ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʚʤʽʩʪʫ 

ʄʇʉ. ɿ ʤʝʪʦʶ ʦʜʝʨʞʘʥʥʷ ʚʦʜʦʩʪʽʡʢʠʭ ʧʣʽʚʦʢ ʥʘ ʦʩʥʦʚʽ ʇɺʉ ʪʘ ʄʇʉ ʾʭ ʦʜʝʨʞʫʚʘʣʠ ʟ 

ʙʫʬʝʨʥʠʭ ʨʦʟʯʠʥʽʚ ʟ ʨʽʟʥʠʤ ʨʅ ʩʝʨʝʜʦʚʠʱʘ, ʟʦʢʨʝʤʘ ʚ ʢʠʩʣʦʤʫ ʪʘ ʣʫʞʥʦʤʫ. ʊʘʢʦʞ 

ʚʽʜʦʤʦ, ʱʦ ʜʣʷ ʩʪʨʫʢʪʫʨʫʚʘʥʥʷ ʧʣʽʚʦʢ ʥʘ ʦʩʥʦʚʽ ʇɺʉ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʪʝʪʨʘʙʦʨʘʪ ʥʘʪʨʽʶ (ʙʫʨʫ).  

ʊʦʤʫ ʜʦʩʣʽʜʞʫʚʘʣʠ ʚ ʧʝʨʰʫ ʯʝʨʛʫ ʚʧʣʠʚ ʨʅ ʩʝʨʝʜʦʚʠʱʘ, ʘ ʪʘʢʦʞ ʩʣʽʜʽʚ ʙʫʨʠ ʥʘ 

ʚ'ʷʟʢʽʩʪʴ ʨʦʟʨʦʙʣʝʥʠʭ ʢʦʤʧʦʟʠʮʽʡ. ɼʣʷ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ ʢʦʤʧʦʟʠʮʽʾ ʥʘ 

ʦʩʥʦʚʽ ʇɺʉ ʪʘ ʄʇʉ (ʇɺʇ:ʄʄʊ = 5:1) ʽʟ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʝʣʝʤʝʥʪʘʨʥʠʭ ʣʘʥʦʢ 

ʇɺʉ ʜʦ ʢʽʣʴʢʦʩʪʽ ʝʣʝʤʝʥʪʘʨʥʠʭ ʣʘʥʦʢ ʇɺʇ ʚ ʤʦʥʪʤʦʨʠʣʦʥʽʪ-ʧʦʣʽʚʽʥʽʣʧʽʨʦʣʽʜʦʥʦʚʽʡ 

ʩʫʤʽʰʽ ʷʢ 12:1. 

ʅʘʡʥʠʞʯʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʚʽʜʥʦʩʥʦʾ ʚ'ʷʟʢʦʩʪʽ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʪʠʧʫ ʩʝʨʝʜʦʚʠʱʘ 

ʚʽʜʟʥʘʯʘʶʪʴʩʷ ʨʦʟʯʠʥʠ ʯʠʩʪʦʛʦ ʇɺʉ. ɺʚʝʜʝʥʥʷ ʄʇʉ ʜʦ ʨʦʟʯʠʥʽʚ ʇɺʉ ʧʨʠʚʦʜʠʪʴ ʜʦ 

ʟʨʦʩʪʘʥʥʷ ʚ'ʷʟʢʦʩʪʽ ʢʦʤʧʦʟʠʮʽʡ, ʱʦ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʚʟʘʻʤʦʜʽʻʶ ʯʘʩʪʠʥʦʢ 

ʤʦʥʪʤʦʨʠʣʦʥʽʪ-ʧʦʣʽʚʽʥʽʣʧʽʨʦʣʽʜʦʥʦʚʦʾ ʩʫʤʽʰʽ ʟ ʧʦʣʽʤʝʨʦʤ ʧʽʜ ʜʽʻʶ ʫʣʴʪʨʘʟʚʫʢʫ (ʧʨʦ ʮʝ 

ʩʚʽʜʯʠʪʴ ʥʝʟʥʘʯʥʘ ʟʤʽʥʘ ʢʦʣʴʦʨʫ ʢʦʤʧʦʟʠʮʽʡ). 

ɿʘʢʦʥʦʤʽʨʥʦ, ʱʦ ʥʘʡʚʠʱʦʶ ʚôʷʟʢʽʩʪʶ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʨʦʟʯʠʥʠ ʢʦʤʧʦʟʠʮʽʡ ʟ 

ʩʣʽʜʘʤʠ ʪʝʪʨʘʙʦʨʘʪʫ ʥʘʪʨʽʶ. ʎʝ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʫʪʚʦʨʝʥʥʷʤ ʤʽʞʤʦʣʝʢʫʣʷʨʥʦʾ ʭʝʣʘʪʥʦʾ 

ʩʧʦʣʫʢʠ ʚʥʘʩʣʽʜʦʢ ʚʟʘʻʤʦʜʽʾ ʛʽʜʨʦʢʩʠʣʴʥʠʭ ʛʨʫʧ ʇɺʉ ʟ ʙʦʨʘʪ-ʽʦʥʘʤʠ. 

ʅʘʡʚʠʱʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʚʽʜʥʦʩʥʦʾ ʚ'ʷʟʢʦʩʪʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʢʦʤʧʦʟʠʮʽʾ 

ʦʜʝʨʞʘʥʽ ʫ ʣʫʞʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ, ʚ'ʷʟʢʽʩʪʴ ʘʥʘʣʦʛʽʯʥʠʭ ʨʦʟʯʠʥʽʚ ʢʦʤʧʦʟʠʮʽʡ ʫ 

ʥʝʡʪʨʘʣʴʥʦʤʫ ʪʘ ʢʠʩʣʦʤʫ ʩʝʨʝʜʦʚʠʱʘʭ ʧʨʘʢʪʠʯʥʦ ʦʜʥʘʢʦʚʘ. 

ʆʪʞʝ, ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ 

ʚʚʝʜʝʥʥʷʤ ʤʦʥʪʤʦʨʠʣʦʥʽʪ-ʧʦʣʽʚʽʥʽʣʧʽʨʦʣʽʜʦʥʦʚʦʾ ʩʫʤʽʰʽ ʪʘ ʟʤʽʥʦʶ ʨʅ-ʩʝʨʝʜʦʚʠʱʘ ʜʣʷ 

ʨʦʟʯʠʥʝʥʥʷ ʧʦʣʽʚʽʥʽʣʦʚʦʛʦ ʩʧʠʨʪʫ ʤʦʞʥʘ ʚ ʰʠʨʦʢʠʭ ʤʝʞʘʭ ʨʝʛʫʣʶʚʘʪʠ ʚ'ʷʟʢʽʩʪʴ 

ʢʦʤʧʦʟʠʮʽʡ, ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʥʘ ʾʭ ʦʩʥʦʚʽ ʤʦʞʥʘ ʦʜʝʨʞʫʚʘʪʠ ʚʦʜʦʨʦʟʯʠʥʥʽ ʘʙʦ ʚʦʜʦʩʪʽʡʢʽ 

ʧʣʽʚʢʠ, ʘ ʪʘʢʦʞ ʛʽʜʨʦʛʝʣʽ. 

 

ʈʦʙʦʪʘ ʚʠʢʦʥʘʥʘ ʚ ʤʝʞʘʭ ʜʝʨʞʙʶʜʞʝʪʥʦʾ ʪʝʤʠ 0116U004410 çʉʪʚʦʨʝʥʥʷ 

ʪʝʭʥʦʣʦʛʽʾ ʦʜʝʨʞʘʥʥʷ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʜʠʩʧʝʨʩʥʦ ʥʘʧʦʚʥʝʥʠʭ ʧʦʣʽʤʝʨʥʠʭ 

(ʥʘʥʦ)ʢʦʤʧʦʟʠʪʽʚè. 
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ʊʝʭʥʦʣʦʛʽʯʥʽ ʨʽʜʠʥʠ (ʊʈ) ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ. ʋ ʙʫʜʽʥʜʫʩʪʨʽʾ ʧʨʠ ʬʦʨʤʫʚʘʥʥʽ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʚʠʨʦʙʽʚ ʥʠʤʠ ʧʦʢʨʠʚʘʶʪʴ 

ʧʦʚʝʨʭʥʽ ʤʝʪʘʣʝʚʠʭ ʬʦʨʤ, ʟʘʧʦʙʽʛʘʶʯʠ ʧʨʠʣʠʧʘʥʥʶ ʙʝʪʦʥʫ ʜʦ ʬʦʨʤʠ ʽ ʟʘʭʠʱʘʶʯʠ 

ʬʦʨʤʠ ʚʽʜ ʢʦʨʦʟʽʾ.  

ʋ ʙʘʛʘʪʴʦʭ ʚʠʧʘʜʢʘʭ ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʽʜʠʥ ʟʘʣʝʞʠʪʴ ʥʝ ʪʽʣʴʢʠ ʚʽʜ ʾʭ 

ʨʝʮʝʧʪʫʨʠ, ʘʣʝ ʽ ʚʽʜ ʩʧʦʩʦʙʫ ʧʨʠʛʦʪʫʚʘʥʥʷ ʪʘ ʥʘʥʝʩʝʥʥʷ ʾʭ ʥʘ ʧʦʚʝʨʭʥʶ ʬʦʨʤʠ. 

ʊʝʭʥʦʣʦʛʽʯʥʽ ʨʽʜʠʥʠ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚ ʜʘʥʠʡ ʯʘʩ ʜʣʷ ʟʤʘʱʫʚʘʥʥʷ ʤʝʪʘʣʝʚʠʭ 

ʬʦʨʤ ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ ʙʝʪʦʥʥʠʭ ʽ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʚʠʨʦʙʽʚ (ɿɹɺ) ʧʦʪʨʝʙʫʶʪʴ 

ʫʜʦʩʢʦʥʘʣʝʥʥʷ. ɺʽʜ ʾʭ ʷʢʦʩʪʽ ʪʘ ʩʢʣʘʜʫ ʙʘʛʘʪʦ ʚ ʯʦʤʫ ʟʘʣʝʞʘʪʴ ʤʝʭʘʥʽʯʥʽ ʪʘ ʝʩʪʝʪʠʯʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʛʦʪʦʚʠʭ ʚʠʨʦʙʽʚ. ʆʜʝʨʞʘʥʥʷ ʊʈ ʟ ʟʘʟʜʘʣʝʛʽʜʴ ʟʘʜʘʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʻ 

ʜʦʩʠʪʴ ʘʢʪʫʘʣʴʥʠʤ ʟʘʚʜʘʥʥʷʤ. 

ʄʘʩʪʠʣʦ ʜʣʷ ʬʦʨʤ ɿɹɺ ʧʦʚʠʥʥʦ ʧʝʨʝʰʢʦʜʞʘʪʠ ʚʠʥʠʢʥʝʥʥʶ ʢʦʨʦʟʽʾ ʤʝʪʘʣʫ ʽ 

ʚʦʣʦʜʽʪʠ ʟʘʭʠʩʥʠʤʠ ʘʥʪʠʢʦʨʦʟʽʡʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ, ʥʝ ʤʘʶʯʠ ʧʨʠ ʮʴʦʤʫ ʚ ʩʢʣʘʜʽ 

ʰʢʽʜʣʠʚʠʭ ʜʣʷ ʟʜʦʨʦʚ'ʷ ʣʶʜʠʥʠ ʣʝʪʢʠʭ ʨʝʯʦʚʠʥ ʽ ʙʫʪʠ ʧʦʞʝʞʦʙʝʟʧʝʯʥʠʤ. 

ɼʣʷ ʧʨʠʛʦʪʫʚʘʥʥʷ ʤʘʩʪʠʣ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʤʽʥʝʨʘʣʴʥʫ ʦʣʠʚʫ ɯ-20ɸ, ʙʽʦʜʠʟʝʣʴ, 

ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʽ ʨʝʯʦʚʠʥʠ (ʇɸʈ), ʘ ʪʘʢʦʞ ʘʥʪʠʢʦʨʦʟʽʡʥʽ ʪʘ ʧʦʣʽʤʝʨʥʽ ʜʦʙʘʚʢʠ. 

ɺʨʘʭʦʚʫʶʯʠ ʪʝ, ʱʦ ʪʝʭʥʦʣʦʛʽʯʥʘ ʨʽʜʠʥʘ ʙʫʜʝ ʢʦʥʪʘʢʪʫʚʘʪʠ ʟ ʯʦʨʥʠʤʠ ʤʝʪʘʣʘʤʠ, 

ʟ ʷʢʠʭ ʚʠʛʦʪʦʚʣʷʶʪʴ ʬʦʨʤʠ, ʧʨʦʚʦʜʠʣʠ ʦʮʽʥʢʫ ʢʦʨʦʟʽʡʥʦʾ ʜʽʾ ʾʭ ʥʘ ʯʦʨʥʽ ʤʝʪʘʣʠ. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ ʩʚʽʜʯʘʪʴ, ʱʦ ʩʫʤʽʰ ʤʽʥʝʨʘʣʴʥʦʾ ʦʣʠʚʠ ʽ ʙʽʦʜʠʟʝʣʷ, ʘ ʪʘʢʦʞ 

ʯʠʩʪʠʡ ʙʽʦʜʠʟʝʣʴ ʻ ʩʣʘʙʦʢʦʨʦʟʽʡʥʠʤʠ ʨʝʘʛʝʥʪʘʤʠ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʯʦʨʥʠʭ ʤʝʪʘʣʽʚ, 

ʪʦʙʪʦ ʚ ʩʢʣʘʜ ʨʽʜʠʥʠ ʥʝʦʙʭʽʜʥʦ ʚʚʦʜʠʪʠ ʘʥʪʠʢʦʨʦʟʽʡʥʽ ʜʦʙʘʚʢʠ. 

ʂʦʥʮʝʥʪʨʘʪʠ ʝʤʫʣʴʩʽʡ ʛʦʪʦʚʠʣʠ ʟ ʦʩʥʦʚʠ ʽ ʇɸʈ ʤʘʨʢʠ çʆʉè ʽ çGD 70è. 

ʇʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʩʪʘʙʽʣʴʥʽʩʪʴ ʢʦʥʮʝʥʪʨʘʪʽʚ ʟʘʣʝʞʠʪʴ ʷʢ ʚʽʜ 

ʧʨʠʨʦʜʠ, ʪʘʢ ʽ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʇɸʈ.  

ɺʩʪʘʥʦʚʣʝʥʦ ʱʦ, ʩʪʘʙʽʣʴʥʽʩʪʴ ʢʦʥʮʝʥʪʨʘʪʽʚ, ʧʨʠʛʦʪʦʚʘʥʠʭ ʥʘ ʦʩʥʦʚʽ ʇɸʈ ʤʘʨʢʠ 

çGD 70è, ʘ ʪʘʢʦʞ ʽʟ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʥʝʨʘʣʴʥʘ ʦʣʠʚʘ ɯ-20ɸ ʽ ʙʽʦʜʠʟʝʣʴ 50:50 ʽ 

80:20 % ʤʘʩ. ʥʝʩʪʽʡʢʽ, ʘ ʪʦʤʫ ʚʦʥʠ ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʚ ʧʦʜʘʣʴʰʽʡ ʨʦʙʦʪʽ. 

ʅʘʡʙʽʣʴʰ ʩʪʘʙʽʣʴʥʽ ʝʤʫʣʴʩʽʾ ʫʪʚʦʨʶʶʪʴʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚ ʷʢʦʩʪʽ ʦʩʥʦʚʠ 

ʯʠʩʪʦʛʦ ʙʽʦʜʠʟʝʣʶ ʘʙʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʥʝʨʘʣʴʥʘ ʦʣʠʚʘ ɯ-20ɸ : ʙʽʦʜʠʟʝʣʴ, ʷʢ 

20:80 % ʤʘʩ., ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʦʶ ʨʝʯʦʚʠʥʦʶ çʆʉè (ʦʣʝʬʽʥʩʫʣʴʬʦʥʘʪ ʥʘʪʨʽʶ), 

ʘʥʪʠʢʦʨʦʟʽʡʥʦʶ ʜʦʙʘʚʢʦʶ ï ʪʨʠʧʦʣʽʬʦʩʬʘʪʦʤ ʥʘʪʨʽʶ, ʧʦʣʽʤʝʨʥʦʶ ʜʦʙʘʚʢʦʶ ï 

ʧʦʣʽʚʽʥʽʣʦʚʠʤ ʩʧʠʨʪʦʤ ʯʠ ʧʦʣʽʝʪʠʣʝʥʛʣʽʢʦʣʝʤ ʘʙʦ ʾʭ ʩʫʤʽʰʰʶ. 

ɿ ʦʪʨʠʤʘʥʠʭ ʢʦʥʮʝʥʪʨʘʪʽʚ ʛʦʪʫʚʘʣʠ ʚʦʜʥʽ ʝʤʫʣʴʩʽʾ, ʷʢʽ ʤʽʩʪʠʣʠ ʚʽʜ 5 ʜʦ 20 % ʤʘʩ. 

ʢʦʥʮʝʥʪʨʘʪʫ. 

ɽʤʫʣʴʩʽʶ ʛʦʪʫʚʘʣʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʛʦʤʦʛʝʥʽʟʘʪʦʨʘ ʤʘʨʢʠ MPW-302 ʟ ʯʠʩʣʦʤ 

ʦʙʝʨʪʽʚ 1 ʪʠʩ. ʦʙ/ʭʚ., ʯʘʩ ʛʦʤʦʛʝʥʽʟʘʮʽʾ ʩʢʣʘʜʘʚ ʚʽʜ 2 ʜʦ 3 ʭʚ.  

 

ɺʠʩʥʦʚʦʢ 

ɺ ʨʦʙʦʪʽ ʨʦʟʨʦʙʣʝʥʦ ʧʦʣʽʤʝʨʚʤʽʩʥʽ ʊʈ ʜʣʷ ʧʦʢʨʠʪʪʷ ʧʦʚʝʨʭʥʽ ʤʝʪʘʣʝʚʠʭ ʬʦʨʤ. 

ʈʦʟʨʦʙʣʝʥʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʤʘʩʪʠʣʘ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʩʦʙʦʶ ʝʤʫʣʴʩʽʾ ʪʠʧʫ çʤʘʩʣʦ-ʚʦʜʘè. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʩʢʣʘʜ ʦʩʥʦʚʠ ʧʦʚʠʥʝʥ ʩʢʣʘʜʘʪʠʩʷ ʽʟ ʙʽʦʜʠʟʝʣʶ ʘʙʦ ʤʽʥʝʨʘʣʴʥʦʾ 

ʦʣʠʚʠ ʽ ʙʽʦʜʠʟʝʣʷ ʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ 1:4,  ʚʢʣʶʯʘʪʠ ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʫ ʨʝʯʦʚʠʥʫ çʆʉè ʫ 

ʢʽʣʴʢʦʩʪʽ 5ï10 % ʤʘʩ., ʘʥʪʠʢʦʨʦʟʽʡʥʫ ʪʘ ʧʦʣʽʤʝʨʥʫ ʜʦʙʘʚʢʠ. ɼʣʷ ʧʨʠʛʦʪʫʚʘʥʥʷ ʝʤʫʣʴʩʽʾ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʛʦʤʦʛʝʥʽʟʘʪʦʨ ʤʘʨʢʠ MPW-302. 
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ʌʋʅʂʎɯʆʅɸʃɯɿɸʎɯʗ ʅɸʅʆʏɸʉʊʀʅʆʂ ʄɸɻʅɽʊʀʊʋ 

ɸʄɯʅʆʇʈʆʇɯʃʔʅʀʄʀ ɻʈʋʇɸʄʀ ɿ ɺʀʂʆʈʀʉʊɸʅʅʗʄ  

1,2-ɹɯʉ(ʊʈʀɽʊʆʂʉʀʉʀʃɯʃ)ɽʊɸʅʋ 

ɹʝʩʧʘʣʴʢʦ ʆ. ɺ.1,2, ʉʪʦʣʷʨʯʫʢ ʅ. ɺ.2, ʊʦʤʽʥʘ ɺ. ɺ.2, Vaclavikova ʄ.3, ʄʝʣʴʥʠʢ ɯ. ɺ.2,3 
1ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʂʠʻʚʦ-ʄʦʛʠʣʷʥʩʴʢʘ ʘʢʘʜʝʤʽʷè 

2ɯʥʩʪʠʪʫʪ ʭʽʤʽʾ ʧʦʚʝʨʭʥʽ ʽʤ. ʆ. ʆ. ʏʫʡʢʘ ʅɸʅ ʋʢʨʘʾʥʠ 
3ɯʥʩʪʠʪʫʪ ʛʝʦʪʝʭʥʽʢʠ ʉʣʦʚʘʮʴʢʦʾ ɸʅ 

obespalko.naukma@gmail.com 

 

ʂʦʤʧʦʟʠʪʠ ʥʘ ʦʩʥʦʚʽ ʥʘʥʦʯʘʩʪʦʢ ʤʘʛʥʝʪʠʪʫ ʽʟ ʟʘʢʨʽʧʣʝʥʠʤʠ ʘʤʽʥʦʛʨʫʧʘʤʠ ʯʘʩʪʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʷʢ ʘʜʩʦʨʙʝʥʪʠ ʜʣʷ ʚʠʣʫʯʝʥʥʷ ʡʦʥʽʚ ʚʘʞʢʠʭ ʪʘ ʙʣʘʛʦʨʦʜʥʠʭ ʤʝʪʘʣʽʚ ʟ 

ʨʦʟʯʠʥʽʚ. ʇʦʨʽʚʥʷʥʦ ʽʟ ʟʚʠʯʘʡʥʠʤʠ ʩʦʨʙʝʥʪʘʤʠ ʥʘ ʦʩʥʦʚʽ ʩʠʣʽʢʘʛʝʣʶ, ʥʘʷʚʥʽʩʪʴ 

ʤʘʛʥʽʪʥʦʛʦ ʷʜʨʘ ʜʦʟʚʦʣʷʻ ʰʚʠʜʢʦ ʪʘ ʝʬʝʢʪʠʚʥʦ ʚʠʣʫʯʘʪʠ ʩʦʨʙʝʥʪ ʟ ʨʦʙʦʯʠʭ ʨʦʟʯʠʥʽʚ 

ʧʽʩʣʷ ʩʦʨʙʮʽʾ. 

ʄʝʪʦʶ ʮʽʻʾ ʨʦʙʦʪʠ ʙʫʣʦ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʟʦʣʴ-ʛʝʣʴ ʤʝʪʦʜʫ ʧʨʦʚʝʩʪʠ 

ʬʫʥʢʮʽʦʥʘʣʽʟʘʮʽʶ ʥʘʥʦʯʘʩʪʠʥʦʢ ʤʘʛʥʝʪʠʪʫ ʘʤʽʥʦʧʨʦʧʽʣʴʥʠʤʠ ʛʨʫʧʘʤʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʚ ʷʢʦʩʪʽ ʩʪʨʫʢʪʫʨʫʶʯʦʛʦ ʘʛʝʥʪʫ 1,2-ʙʽʩ(ʪʨʠʝʪʦʢʩʠʩʠʣʽʣ)ʝʪʘʥʫ. 

 
ʈʠʩ. 1. ʉʭʝʤʘ ʬʫʥʢʮʽʦʥʘʣʽʟʘʮʽʾ Fe3O4 ʘʤʽʥʦʧʨʦʧʽʣʴʥʠʤʠ ʛʨʫʧʘʤʠ ʪʘ ɯʏ ʩʧʝʢʪʨ 

ʦʜʝʨʞʘʥʦʛʦ ʟʨʘʟʢʫ 

 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʦʛʦ ʙʽʩʩʠʣʘʥʫ ʜʦʟʚʦʣʠʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʜʦʜʘʪʢʦʚʠʡ ʚʧʣʠʚ ʥʘ 

ʧʨʠʨʦʜʫ ʧʦʚʝʨʭʥʽ ʦʜʝʨʞʘʥʠʭ ʯʘʩʪʦʢ ʟʘ ʨʘʭʫʥʦʢ ʚʚʝʜʝʥʥʷ ʦʨʛʘʥʽʯʥʦʛʦ ʤʽʩʪʢʘ ʪʘ 

ʧʦʢʨʘʱʠʪʴ ʜʦʩʪʫʧ ʜʦ ʘʤʽʥʦʧʨʦʧʽʣʴʥʠʭ ʛʨʫʧ ʟʘ ʨʘʭʫʥʦʢ ʟʙʽʣʴʰʝʥʥʷ ʚʽʜʩʪʘʥʽ ʤʽʞ ʥʠʤʠ. 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʉɽʄ ʪʘ ɯʏ ʙʫʣʦ ʜʦʩʣʽʜʞʝʥʦ ʤʦʨʬʦʣʦʛʽʶ ʯʘʩʪʦʢ ʪʘ ʩʢʣʘʜ ʾʭ 

ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ. ʇʦʢʘʟʘʥʦ, ʱʦ ʦʜʝʨʞʘʥʽ ʤʘʪʝʨʽʘʣʠ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʤʘʛʥʽʪʦʢʝʨʦʚʘʥʽ 

ʯʘʩʪʢʠ, ʱʦ ʤʽʩʪʷʪʴ ʥʘ ʧʦʚʝʨʭʥʽ ʩʠʣʦʢʩʘʥʦʚʽ ʟʚôʷʟʢʠ, ʦʨʛʘʥʽʯʥʽ ʤʽʩʪʢʠ, ʘʤʽʥʦʧʨʦʧʽʣʴʥʽ 

ʛʨʫʧʠ ʪʘ ʥʝʟʢʦʥʜʝʥʩʦʚʘʥʽ ʩʠʣʘʥʦʣʴʥʽ ʛʨʫʧʠ. ɼʦʩʣʽʜʞʝʥʥʷ ʩʦʨʙʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʚʢʘʟʫʻ ʥʘ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚ ʷʢʦʩʪʽ ʩʦʨʙʝʥʪʽʚ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ. 

ʇʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʩʚʽʜʯʘʪʴ ʧʨʦ ʤʦʞʣʠʚʽʩʪʴ ʬʫʥʢʮʽʦʥʘʣʽʟʘʮʽʾ ʥʘʥʦʯʘʩʪʠʥʦʢ 

ʤʘʛʥʝʪʠʪʫ ʽ ʽʥʰʠʤʠ ʛʨʫʧʘʤʠ.  

 

ɼʘʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʽʜʪʨʠʤʘʥʽ ʧʨʦʛʨʘʤʦʶ SASPRO (ʧʨʦʝʢʪ No. 1298/03/01).  
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ɹɯʆʉʆʈɹɽʅʊʀ ɿ ɺɯɼʍʆɼɯɺ ʍɸʈʏʆɺʆɰ ʇʈʆʄʀʉʃʆɺʆʉʊɯ 

ɹʽʣʷʚʩʴʢʠʡ ʉ. ʆ.1, ʉʘʨʘʭʤʘʥ ʈ. ɹ.1, ɻʘʣʠʰ ɺ. ɺ.1,2 
1ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ 

çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè 
2ɯʥʩʪʠʪʫʪʫ ʭʽʤʽʾ ʧʦʚʝʨʭʥʽ ʽʤ. ʆ. ʆ. ʏʫʡʢʘ ʅʘʮʽʦʥʘʣʴʥʦʾ ʘʢʘʜʝʤʽʾ ʥʘʫʢ ʋʢʨʘʾʥʠ 

v.galysh@gmail.com 

 

ɺ ʦʩʪʘʥʥʽ ʨʦʢʠ ʟʥʘʯʥʦ ʟʨʽʩ ʽʥʪʝʨʝʩ ʜʦ ʦʪʨʠʤʘʥʥʷ, ʪʘʢ ʟʚʘʥʠʭ, ʙʽʦʩʦʨʙʝʥʪʽʚ - 

ʧʦʛʣʠʥʘʶʯʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟ ʨʦʩʣʠʥʥʦʾ ʩʠʨʦʚʠʥʠ. ʗʢ ʜʦʩʪʫʧʥʽ ʪʘ ʜʝʰʝʚʽ ʜʞʝʨʝʣʘ 

ʟʘʟʥʘʯʝʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʨʽʟʥʽ ʧʨʦʜʫʢʪʠ ʨʦʩʣʠʥʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ. 

ʇʝʨʩʧʝʢʪʠʚʥʠʤ ʟ ʝʢʦʥʦʤʽʯʥʦʾ ʪʦʯʢʠ ʟʦʨʫ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢ ʩʦʨʙʝʥʪʽʚ ʚʽʜʭʦʜʽʚ 

ʘʛʨʦʧʨʦʤʠʩʣʦʚʦʛʦ ʢʦʤʧʣʝʢʩʫ. 

ʄʝʪʘ ʨʦʙʦʪʠ ï ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʫ ʤʦʜʠʬʽʢʫʚʘʥʥʷ ʣʽʛʥʦʮʝʣʶʣʦʟʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 

ʚ ʩʝʨʝʜʦʚʠʱʽ çʦʮʪʦʚʘ ʢʠʩʣʦʪʘ ï ʧʝʨʦʢʩʠʜ ʚʦʜʥʶè, ʚʠʚʯʝʥʥʷ ʩʪʨʫʢʪʫʨʥʦ-ʩʦʨʙʮʽʡʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʦʪʨʠʤʘʥʠʭ ʧʦʛʣʠʥʘʯʽʚ. 

ɼʣʷ ʦʜʝʨʞʘʥʥʷ ʣʽʛʥʦʮʝʣʶʣʦʟʥʠʭ ʙʽʦʩʦʨʙʝʥʪʽʚ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʰʢʘʨʘʣʫʧʫ 

ʛʦʨʽʭʫ ʟ ʚʤʽʩʪʦʤ ʦʩʥʦʚʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ: ʮʝʣʶʣʦʟʘ ï 41,2 %, ʣʽʛʥʽʥ ï 37,5 %, ʨʝʯʦʚʠʥʠ, 

ʱʦ ʝʢʩʪʨʘʛʫʶʪʴʩʷ ʚʦʜʦʶ ʪʘ 1 % ʨʦʟʯʠʥʦʤ ʣʫʛʫ ï 10,4 ʪʘ 25 % ʚʽʜʧʦʚʽʜʥʦ, ʩʤʦʣʠ, ʞʠʨʠ, 

ʚʦʩʢʠ ï 5,2 %, ʟʦʣʘ ï 2,3 %. ʄʦʜʠʬʽʢʫʚʘʥʥʷ ʚʠʭʽʜʥʦʾ ʩʠʨʦʚʠʥʠ ʧʨʦʚʦʜʠʣʠ ʚ ʩʝʨʝʜʦʚʠʱʽ 

çʦʮʪʦʚʘ ʢʠʩʣʦʪʘ ï ʧʝʨʦʢʩʠʜ ʚʦʜʥʶè ʧʨʦʪʷʛʦʤ 120 ʭʚ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 95 ʦʉ. 

ʇʽʜ ʯʘʩ ʤʦʜʠʬʽʢʫʚʘʥʥʷ ʰʢʘʨʘʣʫʧʠ ʛʦʨʽʭʫ ʟʘ ʧʽʜʚʠʱʝʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʚ 

ʩʝʨʝʜʦʚʠʱʽ ʦʮʪʦʚʦʾ ʢʠʩʣʦʪʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʛʽʜʨʦʣʽʟ ʥʠʟʴʢʦ- ʪʘ ʚʠʩʦʢʦʤʦʣʝʢʫʣʷʨʥʠʭ 

ʧʦʣʽʩʘʭʘʨʠʜʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʨʦʩʣʠʥʥʠʭ ʚʽʜʭʦʜʽʚ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʣʽʛʥʦʮʝʣʶʣʦʟʥʠʡ 

ʧʨʦʜʫʢʪ ʟʙʘʛʘʯʫʻʪʴʩʷ ʥʘ ʘʨʦʤʘʪʠʯʥʫ ʩʢʣʘʜʦʚʫ ï ʣʽʛʥʽʥ, ʚʤʽʩʪ ʷʢʦʛʦ ʩʷʛʘʻ 38 %. ʂʨʽʤ ʪʦʛʦ, 

ʢʠʩʣʦʪʥʠʡ ʛʽʜʨʦʣʽʟ ʩʧʨʠʷʻ ʙʽʣʴʰʦʤʫ ʚʠʜʘʣʝʥʥʶ ʤʽʥʝʨʘʣʴʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ, ʱʦ, ʚʦʯʝʚʠʜʴ, 

ʤʘʻ ʧʦʟʠʪʠʚʥʠʡ ʚʧʣʠʚ ʥʘ ʦʙô̒ ʤ ʧʦʨ ʩʦʨʙʝʥʪʫ, ʦʩʢʽʣʴʢʠ ʧʦʛʣʠʥʘʣʴʥʘ ʟʜʘʪʥʽʩʪʴ ʱʦʜʦ 

ʦʩʥʦӢʚʥʦʛʦ ʙʘʨʚʥʠʢʘ ʤʝʪʠʣʝʥʦʚʦʛʦ ʩʠʥʴʦʛʦ, ʷʢʠʡ ʻ ʤʘʨʢʝʨʦʤ ʩʝʨʝʜʥʴʦʤʦʣʝʢʫʣʷʨʥʠʭ 

ʪʦʢʩʠʢʘʥʪʽʚ ʦʨʛʘʥʽʯʥʦʾ ʧʨʠʨʦʜʠ, ʧʨʠ ʮʴʦʤʫ ʟʙʽʣʴʰʫʻʪʴʩʷ ʜʦ 81 %. ɺʠʭʽʜ ʧʨʦʜʫʢʪʫ ʟʘ ʮʠʭ 

ʫʤʦʚ ʩʢʣʘʜʘʻ 84 %. 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʴ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʙʽʣʴʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʧʝʨʦʢʩʠʜʫ 

ʚʦʜʥʶ ʚ ʨʦʟʯʠʥʽ ʜʣʷ ʤʦʜʠʬʽʢʫʚʘʥʥʷ ʜʦ 9 % ʩʧʨʠʷʻ ʚʠʜʘʣʝʥʥʶ ʙʽʣʴʰʦʾ ʯʘʩʪʢʠ ʨʝʯʦʚʠʥ 

ʘʨʦʤʘʪʠʯʥʦʛʦ ʭʘʨʘʢʪʝʨʫ, ʪʦʙʪʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʜʝʣʽʛʥʽʬʽʢʘʮʽʷ ʨʦʩʣʠʥʥʦʾ ʩʠʨʦʚʠʥʠ ʽ ʚʤʽʩʪ 

ʣʽʛʥʽʥʫ ʚ ʦʜʝʨʞʘʥʦʤʫ ʩʦʨʙʮʽʡʥʦʤʫ ʤʘʪʝʨʽʘʣʽ ʩʢʣʘʜʘʻ 0,8 %. ɺʽʜʧʦʚʽʜʥʦ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 

ʟʤʝʥʰʝʥʥʷ ʚʠʭʦʜʫ ʢʽʥʮʝʚʦʛʦ ʣʽʛʥʦʮʝʣʶʣʦʟʥʦʛʦ ʧʨʦʜʫʢʪʫ ʜʦ 40 %, ʚʤʽʩʪ ʧʦʣʽʩʘʭʘʨʠʜʫ ʚ 

ʙʽʦʩʦʨʙʝʥʪʘʭ ʧʨʠ ʮʴʦʤʫ ʟʙʽʣʴʰʫʻʪʴʩʷ. ʎʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘʚʜʷʢʠ ʪʦʤʫ, ʱʦ ʧʝʨʦʢʩʠʜ ʚʦʜʥʶ 

ʚ ʧʨʦʮʝʩʽ ʤʦʜʠʬʽʢʫʚʘʥʥʷ ʟʘ ʧʽʜʚʠʱʝʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʯʘʩʪʢʦʚʦ ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ ʫʪʚʦʨʝʥʥʷ 

ʧʝʨʦʮʪʦʚʦʾ ʢʠʩʣʦʪʠ, ʷʢʘ ʻ ʦʩʥʦʚʥʠʤ ʜʝʣʽʛʥʽʬʽʢʫʶʯʠʤ ʨʝʘʛʝʥʪʦʤ, ʱʦ ʦʢʠʩʥʶʻ ʣʽʛʥʽʥ ʽ 

ʧʝʨʝʚʦʜʠʪʴ ʡʦʛʦ ʜʦ ʨʦʟʯʠʥʫ. ɽʬʝʢʪʠʚʥʽʩʪʴ ʚʠʣʫʯʝʥʥʷ ʤʝʪʠʣʝʥʦʚʦʛʦ ʩʠʥʴʦʛʦ ʟ ʚʦʜʥʦʛʦ 

ʨʦʟʯʠʥʫ ʧʨʠ ʮʴʦʤʫ ʙʣʠʟʴʢʦ 50 %. 

ɺʠʟʥʘʯʝʥʥʷ ʢʽʥʝʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʦʨʙʮʽʾ ʢʘʪʽʦʥʥʦʛʦ ʙʘʨʚʥʠʢʘ ʧʦʢʘʟʫʶʪʴ, 

ʱʦ ʤʘʢʩʠʤʘʣʴʥʘ ʰʚʠʜʢʽʩʪʴ ʧʦʛʣʠʥʘʥʥʷ ʙʘʨʚʥʠʢʘ ʥʘ ʦʜʝʨʞʘʥʦʤʫ ʣʽʛʥʦʮʝʣʶʣʦʟʥʦʤʫ 

ʤʘʪʝʨʽʘʣʽ ʚʽʜʧʦʚʽʜʘʻ ʧʝʨʰʠʤ 60 ʭʚ ʢʦʥʪʘʢʪʫ, ʧʨʦʪʷʛʦʤ ʷʢʠʭ ʢʦʥʮʝʥʪʨʘʮʽʷ ʤʝʪʠʣʝʥʦʚʦʛʦ 

ʩʠʥʴʦʛʦ ʫ ʨʦʟʯʠʥʽ ʟʤʝʥʰʫʻʪʴʩʷ ʙʽʣʴʰʝ ʥʽʞ ʚʜʚʽʯʽ. ʉʦʨʙʮʽʡʥʘ ʨʽʚʥʦʚʘʛʘ ʜʦʩʷʛʘʻʪʴʩʷ 

ʧʨʦʪʷʛʦʤ 180 ʭʚ. 

ʆʜʝʨʞʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʙʫʜʫʪʴ ʧʦʢʣʘʜʝʥʽ ʚ ʦʩʥʦʚʫ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ, 

ʧʦʚôʷʟʘʥʠʭ ʟ ʚʠʟʥʘʯʝʥʥʷʤ ʧʦʛʣʠʥʘʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʦʜʝʨʞʘʥʠʭ ʣʽʛʥʦʮʝʣʶʣʦʟʥʠʭ 

ʙʽʦʩʦʨʙʝʥʪʽʚ ʥʘ ʦʩʥʦʚʽ ʰʢʘʨʘʣʫʧʠ ʛʦʨʽʭʫ ʱʦʜʦ ʪʦʢʩʠʢʘʥʪʽʚ ʦʨʛʘʥʽʯʥʦʛʦ ʪʘ ʥʝʦʨʛʘʥʽʯʥʦʛʦ 

ʧʦʭʦʜʞʝʥʥʷ. 
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ʌʪʦʨʚʤʽʩʥʽ ʧʦʣʽʤʝʨʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʥʠʟʢʦʶ ʢʦʨʠʩʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʪʘ 
ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʾʭ ʫʩʧʽʰʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʩʫʯʘʩʥʠʭ 
ʥʘʫʢʦʤʽʩʪʢʠʭ ʪʝʭʥʦʣʦʛʽʷʭ, ʚ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʛʘʣʫʟʷʭ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʤʝʜʠʮʠʥʽ. ɿʘʚʜʷʢʠ 
ʚʜʘʣʦʤʫ ʧʦʻʜʥʘʥʥʶ ʤʝʭʘʥʽʯʥʠʭ, ʘʥʪʠʢʦʨʦʟʽʡʥʠʭ, ʜʽʝʣʝʢʪʨʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʮʽ 
ʤʘʪʝʨʽʘʣʠ ʟʜʘʪʥʽ ʝʢʩʧʣʫʘʪʫʚʘʪʠʩʷ ʚ ʙʽʣʴʰ ʞʦʨʩʪʢʠʭ ʫʤʦʚʘʭ, ʧʨʠ ʷʢʠʭ ʽʥʰʽ ʧʦʣʽʤʝʨʠ ʥʝ 
ʟʙʝʨʽʛʘʶʪʴ ʩʚʦʾ ʚʣʘʩʪʠʚʦʩʪʽ. ʇʝʨʩʧʝʢʪʠʚʥʠʤʠ ʻ ʢʦʧʦʣʽʤʝʨʠ ʥʘ ʦʩʥʦʚʽ ʬʪʦʨʦʚʘʥʠʭ ʪʘ 
ʚʽʥʽʣʴʥʠʭ ʤʦʥʦʤʝʨʽʚ, ʙʫʜʦʚʫ ʽ ʚʣʘʩʪʠʚʦʩʪʽ ʷʢʠʭ ʤʦʞʥʘ ʚʘʨʽʶʚʘʪʠ ʰʣʷʭʦʤ ʟʤʽʥʠ ʩʢʣʘʜʫ 
ʧʦʯʘʪʢʦʚʦʾ ʩʫʤʽʰʽ ʤʦʥʦʤʝʨʽʚ, ʫʤʦʚ ʩʠʥʪʝʟʫ, ʧʦʻʜʥʫʶʯʠ ʚʣʘʩʪʠʚʦʩʪʽ ʞʦʨʩʪʢʦʛʦ ʧʦʣʽʤʝʨʫ 
ʪʘ ʝʣʘʩʪʦʤʝʨʫ. ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʚʠʚʯʘʣʠʩʴ ʢʽʥʝʪʠʯʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʢʦʧʦʣʽʤʝʨʠʟʘʮʽʾ 
1,1,3-ʪʨʠʛʽʜʨʦʧʝʨʬʪʦʨʧʨʦʧʠʣʤʝʪʘʢʨʠʣʘʪʫ (ʌ1), 1,1,5-ʪʨʠʛʽʜʨʦʧʝʨʬʪʦʨʘʤʽʣʤʝʪʘʢʨʠʣʘʪʫ 
(ʌ2), ʜʠ-(2,2,3,3,4,4,5,5-ʦʢʪʘʬʪʦʨʘʤʽʣʬʫʤʘʨʘʪʫ (ʌʌ) ʟ ʤʝʪʠʣʤʝʪʘʢʨʠʣʘʪʦʤ (ʄʄɸ) ʚ 
ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʽʥʪʝʨʚʘʣʽ 45ï90 ʦʉ ʫ ʧʨʠʩʫʪʥʦʩʪʽ ʽʥʽʮʽʘʪʦʨʽʚ ï ʧʝʨʦʢʩʠʜʫ ʣʘʫʨʠʣʫ, 
ʧʝʨʦʢʩʠʜʫ ʜʠʢʫʤʠʣʫ.  

ɼʣʷ ʘʥʘʣʽʟʫ ʚʧʣʠʚʫ ʜʦʚʞʠʥʠ ʬʪʦʨʘʣʢʽʣʴʥʦʛʦ ʟʘʤʽʩʥʠʢʘ ʪʘ ʢʽʣʴʢʦʩʪʽ ʬʪʦʨʦʚʘʥʦʛʦ 
ʢʦʤʧʦʥʝʥʪʫ ʚ ʩʫʤʽʰʽ ʤʦʥʦʤʝʨʽʚ ʥʘ ʧʨʦʮʝʩ ʢʦʧʦʣʽʤʝʨʠʟʘʮʽʾ ʚʠʚʯʘʣʠ ʩʪʘʜʽʶ ʽʥʽʮʽʶʚʘʥʥʷ  
ʧʦʣʽʤʝʨʥʦʛʦ ʣʘʥʮʶʛʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʫ ʽʥʛʽʙʽʪʦʨʽʚ. ʗʢ ʽʥʛʽʙʽʪʦʨ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ 
ʩʪʘʙʽʣʴʥʠʡ ʨʘʜʠʢʘʣ 2,2-ʜʠ-ʬʝʥʽʣ-1-ʧʽʢʨʽʣʛʽʜʨʘʟʠʣ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʰʚʠʜʢʽʩʪʴ 
ʽʥʽʮʽʶʚʘʥʥʷ ʧʨʠ ʢʦʧʦʣʽʤʝʨʠʟʘʮʽʽ ʬʪʦʨʤʝʪʘʢʨʠʣʘʪʽʚ ʟ ʄʄɸ ʟʤʝʥʰʫʻʪʴʩʷ ʚ 15 ʨʘʟʽʚ ʧʨʠ 
ʟʙʽʣʴʰʝʥʥʽ ʢʽʣʴʢʦʩʪʽ ʬʪʦʨʦʚʘʥʦʛʦ ʤʦʥʦʤʝʨʫ  ʫ ʧʦʯʘʪʢʦʚʽʡ ʩʫʤʽʰʽ ʚʽʜ 9 ʜʦ 67 % ʤʦʣʴ. 
ʇʨʠ ʢʦʧʦʣʽʤʝʨʠʟʘʮʽʾ ʌ1, ʌ2, ʌʌ ʟ ʄʄɸ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʦʥʠʞʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʨʝʘʢʮʽʾ 
ʽʟ ʟʙʽʣʴʰʝʥʥʷʤ ʢʦʥʮʝʥʪʨʘʮʽʾ ʬʪʦʨʦʚʘʥʦʛʦ ʤʦʥʦʤʝʨʫ, ʦʩʦʙʣʠʚʦ ʜʣʷ ʙʽʥʘʨʥʦʾ ʩʠʩʪʝʤʠ 
ʄʄɸ-ʌʌ. ʌʪʦʨʬʫʤʘʨʘʪ ʥʝ ʚʩʪʫʧʘʻ ʚ ʨʝʘʢʮʽʶ ʛʦʤʦʧʦʣ̔ʤʝʨʠʟʘʮʽʾ, ʱʦ ʧʦʚô̫ ʟʘʥʦ ʽʟ 
ʩʪʝʨʠʯʥʠʤʠ ʧʝʨʝʰʢʦʜʘʤʠ ʚ ʪʘʢʠʭ 1,2-ʟʘʤɦ̔ʝʥʠʭ ʝʪʠʣʝʥʘʭ. ʍʘʨʘʢʪʝʨ ʟʤʽʥʠ ʰʚʠʜʢʦʩʪʽ 
ʩʚʽʜʯʠʪʴ ʧʨʦ ʤʽʞʤʦʣʝʢʫʣʷʨʥʽ ʚʟʘʻʤʦʜʽʾ ʫ ʩʫʤʽʰʽ ʤʦʥʦʤʝʨʽʚ, ʱʦ ʦʙʫʤʦʚʣʝʥʽ 
ʘʩʦʮʽʘʪʠʚʥʦʶ ʧʨʠʨʦʜʦʶ ʬʪʦʨʘʣʢʽʣʤʝʪʘʢʨʠʣʘʪʽʚ. ʗʢ ʧʦʢʘʟʫʶʪʴ ʢʚʘʥʪʦʚʦ-ʭʽʤʽʯʥʽ 
ʨʦʟʨʘʭʫʥʢʠ ʪʝʧʣʦʪ ʫʪʚʦʨʝʥʥʷ ʘʩʦʮʽʘʪʽʚ ʤʦʣʝʢʫʣʘʤʠ ʜʘʥʠʭ ʤʦʥʦʤʝʨʽʚ, ʥʘʡʙʽʣʴʰ 

ʩʪʽʡʢʠʤʠ ʘʩʦʮʽʘʪʘʤʠ ʻ ʪʽ, ʚ ʷʢʠʭ ʨʦʟʤʽʱʝʥʥʷ ʧʦʜʚʽʡʥʠʭ ʟʚʯ̫ʟʢʽʚ ʥʝ ʩʧʨʠʷʻ ʨʝʘʢʮʽʾ ʨʦʩʪʫ 
ʧʦʣʽʤʝʨʥʦʛʦ ʣʘʥʮʶʛʘ. ɺʘʞʣʠʚʫ ʨʦʣʴ ʤʘʻ ʩʪʫʧʽʥʴ ʚʧʦʨʷʜʢʦʚʘʥʦʩʪʽ ʽʥʪʝʨʤʝʜʽʘʪʽʚ 
ʘʩʦʮʽʘʪʠʚʥʦʛʦ ʪʠʧʫ ʟʘ ʩʭʝʤʦʶ çʨʘʜʠʢʘʣʴʥʠʡ ʘʜʜʫʢʪ-ʤʦʥʦʤʝʨè, ʷʢʘ ʥʘʡʙʽʣʴʰ ʡʤʦʚʽʨʥʦ 
ʨʝʘʣʽʟʫʻʪʴʩʷ ʧʨʠ ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʨʦʮʝʩʫ. ʇʨʠ ʧʽʜʚʠʱʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ (ʧʦʥʘʜ 
65 Áʉ) ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʫʡʥʫʚʘʥʥʷ ʘʩʦʮʽʘʪʽʚ, ʱʦ ʩʧʨʠʷʶʪʴ ʨʝʘʢʮʽʾ ʢʦʧʦʣʽʤʝʨʠʟʘʮʽʾ. ʋ ʮʴʦʤʫ 
ʚʠʧʘʜʢʫ ʢʣʘʩʠʯʥʫ ʢʽʥʝʪʠʯʥʫ ʩʭʝʤʫ ʢʦʧʦʣʽʤʝʨʠʟʘʮʽʾ ʫ ʙʽʥʘʨʥʠʭ ʩʠʩʪʝʤʘʭ ʩʣʽʜ ʜʦʧʦʚʥʠʪʠ 
ʨʽʚʥʷʥʥʷʤʠ, ʷʢʽ ʦʧʠʩʫʶʪʴ ʫʪʚʦʨʝʥʥʷ, ʨʫʡʥʫʚʘʥʥʷ ʛʦʤʦ- ʘʙʦ ʛʝʪʝʨʦʘʩʦʮʽʘʪʽʚ. ʅʘ ʛʣʠʙʦʢʠʭ 
ʩʪʘʜʽʷʭ ʟʘʣʝʞʥʦʩʪʽ ʢʦʥʚʝʨʩʽʷ ʤʦʥʦʤʝʨʽʚ-ʯʘʩ ʨʝʘʢʮʽʾ ʜʣʷ ʚʩʽʭ ʧʘʨ ʤʦʥʦʤʝʨʽʚ ʤʘʶʪʴ 
S-ʧʦʜʽʙʥʠʡ ʭʘʨʘʢʪʝʨ. ɹʫʜʦʚʘ ʬʪʦʨʦʚʘʥʦʛʦ ʤʦʥʦʤʝʨʫ ʪʘ ʡʦʛʦ ʢʦʥʮʝʥʪʨʘʮʽʷ ʚ ʧʦʯʘʪʢʦʚʽʡ 
ʤʦʥʦʤʝʨʥʡ̔ ʩʫʤʽʰʽ ʚʧʣʠʚʘʻ ʥʝ ʪʣ̔ʴʢʠ ʥʘ ʚʝʣʠʯʠʥʫ ʤʘʢʩʠʤʘʣʴʥʦʾ ʰʚʠʜʢʦʩʪʽ 
ʢʦʧʦʣʤ̔ʝʨʠʟʘʮʽʾ, ʱʦ ʜʦʩʷʛʘʻʪʴʩʷ ʥʘ ʩʪʘʜʽʾ ʘʚʪʦʧʨʠʩʢʦʨʝʥʥʷ, ʘʣʝ ʽ ʥʘ ʟʥʘʯʝʥʥ ̔ʢʦʥʚʝʨʩʽʾ, 
ʧʨʠ ̫ʢʽʡ ʚʦʥʦ ʧʦʯʠʥʘʻʪʴʩʷ. ʏʠʤ ʙ̔ʣʴʠhʡ ʚʤʽʩʪ ʬʪʦʨʫ, ʪʠʤ ʨʘʥʽh ʝ ʧʦʯʠʥʘʪ̒ɹʩʷ 
ʘʚʪʦʧʨʠʩʢʦʨʝʥʥʷ ʽ ʪʠʤ ʥʠʞʯʘ ʤʘʢʩʠʤʘʣʴʥʘ ʰʚʠʜʢʽʩʪʴ ʨʝʘʢʮʽʾ ʥʘ ʩʪʘʜʽʾ ʛʝʣʴ-ʝʬʝʢʪʫ ʽ ʷʢʘ 
ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʨʠ ʙʽʣʴʰ ʚʠʩʦʢʠʭ ʢʦʥʚʝʨʩʽʷʭ. ʋʪʚʦʨʝʥʥʷ ʚ ʨʝʘʢʮʽʡʥʽʡ ʩʫʤʽʰʽ ʧʦʣʽʤʝʨʫ, 

ʱʦ ʤʽʩʪʠʪʴ ʘʪʦʤʠ ʬʪʦʨʫ ʚ ʜʦʩʪʘʪʥʴʦ ʦʙʯ̒ʤʥʠʭ ʙʦʢʦʚʠʭ ʟʘʤʽʩʥʠʢʘʭ, ʚô̫ ʟʢʽʩʪʴ ʩʠʩʪʝʤʠ ʙʫʜʝ 

ʟʙʽʣʴʰʫʚʘʪʠʩʴ ʥʝ ʪʽʣʴʢʠ ʚʥʘʩʣʽʜʦʢ ʧʨʠʩʫʪʥʦʩʪʽ ʧʦʣʽʤʝʨʥʠʭ ʤʦʣʝʢʫʣ, ʘʣʝ ʽ ʟʘ ʨʘʭʫʥʦʢ 
ʫʪʚʦʨʝʥʥʷ ʚʦʜʥʝʚʠʭ ʟʚô̫ ʟʢʽʚ ʤʽʞ ʙʦʢʦʚʠʤʠ ʛʨʫʧʘʤʠ ʩʫʩʽʜʥʽʭ ʤʘʢʨʦʤʦʣʝʢʫʣ. ʏʠʤ ʙ̔ʣʴʰʝ 
ʘʪʦʤʚ̔ ʬʪʦʨʫ ʚʭʦʜʠʪʴ ʫ ʩʢʣʘʜ ʤʘʢʨʦʤʦʣʝʢʫʣʠ, ʪʠʤ ʙ̔ʣɹ  hʩʠʣʴʥʽʰʦʶ ʙʫʜʝ ʚʟʘʻʤʦʜʽʷ. 
ʆʪʞʝ, ʫʪʚʦʨʝʥʥʷ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʚʦʜʥʝʚʠʭ ʟʚô̫ ʟʢʽʚ ʟʥʘʯʥʦ ʧʦʥʠʞʫʻ ʟʜʘʪʥʽʩʪʴ 
ʤʘʢʨʦʤʦʣʝʢʫʣ ʜʦ ʧʝʨʝʤʽʱʝʥʥʷ, ʧʨʠʚʦʜʠʪʴ ʜʦ ʨʦʩʪʫ ʤʢ̔ʨʦʚô̫ ʟʢʦʩʪʽ ʩʝʨʝʜʦʚʠʱʘ, ʪʦʤʫ 
ʘʚʪʦʧʨʠʩʢʦʨʝʥʥʷ ʨʝʘʢʮʽʾ ʥʘʩʪʫʧʘʻ ʥʘ ʙʽʣʴʰ ʨʘʥʥʽʭ ʩʪʘʜʽʷʭ.  
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High crosslink density Cyanate Ester Resins (CERs), which are known as 

polycyanurates, are commonly used in aerospace applications and electronic devices as high 

temperature polymer matrices, adhesives etc. CERs have unique combination of intrinsic 

properties, including thermal, fire, radiation and chemical resistance, high tensile moduli (3.1ï

3.4 GPa) and glass transition temperatures (Tg > 220 Áʉ), low dielectric constants (e ~ 2.6ï3.2), 

high adhesion to conductor metals and composites as well as low water/moisture uptake. 

Ionic liquids (ILs) are organic salts that typically consist of bulky, asymmetric organic 

cations and inorganic symmetric anions. The interest in ILs arises from their speciýc properties, 

including negligible vapour pressure, wide liquid-state temperature range, excellent thermal 

and chemical stability, tunable physico-chemical characteristics, selective dissolvability for 

many organic and inorganic materials, easy synthesis, and good stability to oxidative and 

reductive conditions. 

In this work, novel nanoporous CER films were generated by polycyclotrimerization of 

dicyanate ester of bisphenol E in the presence of varying contents (from 20 to 40 wt. %) of 

1-heptylpyridinium tetrafluoroborate ([HPyr][BF4]) as a porogen, followed by quantitative 

extraction of the IL after complete high temperature CER network formation. Thus, the main 

idea was to check the influence of the porogen content on thermal stability of the nanoporous 

materials synthesized. Using the TGA technique, the values of the degradation temperature 

onset (Td1), temperature of maximal degradation rate (Tdmax), temperature of 50 % mass loss 

(Td50%) and char residues were determined for all the nanoporous CER films synthesized. It was 

established that the films under investigation retained their chemical structure and thermal 

properties. One could conclude that the CER films could be promising materials for 

thermostable nanoporous membranes, selective adsorbents or filters, etc. 
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ʊʚʝʨʜʽ ʚʫʛʣʝʚʦʜʥʝʚʽ ʧʽʥʠ (ʧʝʢʦʚʽ ʧʽʥʠ) ï ʮʝ ʢʦʤʧʦʟʠʮʽʡʥʽ ʤʘʪʝʨʽʘʣʠ ʥʘ ʦʩʥʦʚʽ 

ʢʘʤ'ʷʥʦʚʫʛʽʣʴʥʦʛʦ ʧʝʢʫ, ʱʦ ʤʽʩʪʷʪʴ ʚ ʩʚʦʻʤʫ ʩʢʣʘʜʽ ʛʘʟʦʚʫ ʬʘʟʫ. ɺ ʷʢʦʩʪʽ ʧʦʣʽʤʝʨʥʦʾ 

ʤʘʪʨʠʮʽ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʚʫʛʣʝʚʦʜʥʝʚʠʭ ʧʽʥ ʝʢʦʥʦʤʽʯʥʦ ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʤʦʜʠʬʽʢʦʚʘʥʠʡ ʢʘʤ'ʷʥʦʚʫʛʽʣʴʥʠʡ ʧʝʢ, ʷʢʠʡ ʚʦʣʦʜʽʻ ʥʘʙʦʨʦʤ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʱʦ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʘʤʦʨʬʥʠʤ ʧʦʣʽʤʝʨʘʤ.  

ɼʣʷ ʩʪʚʦʨʝʥʥʷ ʧʦʨʠʩʪʦʾ ʩʪʨʫʢʪʫʨʠ ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ ʛʘʟʦʥʘʧʦʚʥʝʥʠʭ ʢʦʤʧʦʟʠʪʽʚ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʛʘʟʦʫʪʚʦʨʶʚʘʯʽ. ʇʨʦʘʥʘʣʽʟʫʚʘʚʰʠ ʚʣʘʩʪʠʚʦʩʪʽ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʧʝʢʫ 

ʜʦʮʽʣʴʥʦ ʧʨʦʚʦʜʠʪʠ ʩʧʽʥʶʚʘʥʥʷ ʭʽʤʽʯʥʠʤʠ ʛʘʟʦʫʪʚʦʨʶʚʘʯʘʤʠ (ʍɻʋ). 

ɸʟʦʜʽʢʘʨʙʦʥʘʤʽʜ (ʏʍɿ-21) ï ʨʝʯʦʚʠʥʘ ʦʨʘʥʞʝʚʦʛʦ ʢʦʣʴʦʨʫ, ʪʝʤʧʝʨʘʪʫʨʘ 

ʨʦʟʢʣʘʜʘʥʥʷ 190ï240 Á ʉ; ʛʘʟʦʚʝ ʯʠʩʣʦ 250 ʩʤ3 / ʛ. ʆʩʥʦʚʥʠʡ ʛʘʟ, ʱʦ ʚʠʜʽʣʷʻʪʴʩʷ ʧʽʜ ʯʘʩ 

ʧʝʨʝʨʦʙʢʠ ï ʘʟʦʪ. ʄʘʪʝʨʽʘʣ ʥʝ ʨʦʟʢʣʘʜʘʻʪʴʩʷ ʧʦʚʥʽʩʪʶ ʜʦ ʛʘʟʦʧʦʜʽʙʥʠʭ ʧʨʦʜʫʢʪʽʚ. ʇʨʠ 

ʨʦʟʢʣʘʜʘʥʥʽ ʫʪʚʦʨʶʻʪʴʩʷ 35 % ʛʘʟʫ, 40% ʪʚʝʨʜʦʛʦ ʟʘʣʠʰʢʫ, ʽ 25 % ʩʫʙʣʽʤʘʪʫ. ɻʘʟ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ 65 % ʘʟʦʪʫ, 32 % ʦʢʩʠʜʫ ʚʫʛʣʝʮʶ ʽ 3 % ʽʥʰʠʭ ʛʘʟʽʚ, ʚʢʣʶʯʘʶʯʠ ʘʤʽʘʢ ʽ 

ʜʽʦʢʩʠʜ ʚʫʛʣʝʮʶ. 

ʊʘʢ ʷʢ ʪʝʤʧʝʨʘʪʫʨʥʘ ʦʙʣʘʩʪʴ ʚʩʧʽʥʶʚʘʥʥʷ ʧʝʢʦʢʦʤʧʦʟʠʪʽʚ ʟʥʘʯʥʦ ʥʠʞʯʝ ʥʽʞ 

ʪʝʤʧʝʨʘʪʫʨʘ ʨʦʟʢʣʘʜʘʥʥʷ ʘʟʦʜʽʢʘʨʙʦʥʘʤʽʜʫ, ʪʦʤʫ ʚʠʨʽʰʝʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʘʟʦʜʽʢʘʨʙʦʥʘʤʽʜ ʟʽ ʩʧʝʮʽʘʣʴʥʠʤʠ ʜʦʙʘʚʢʘʤʠ, ʪʘʢ ʟʚʘʥʠʤʠ ʘʢʪʠʚʘʪʦʨʘʤʠ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ 

ʟʥʠʟʠʪʠ ʪʝʤʧʝʨʘʪʫʨʫ ʨʦʟʢʣʘʜʘʥʥʷ ʜʦ 150 Áʉ. ɿʥʠʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʨʦʟʢʣʘʜʘʥʥʷ ʚ 

ʧʨʠʩʫʪʥʦʩʪʽ ʘʢʪʠʚʘʪʦʨʽʚ ʥʘ ʦʩʥʦʚʽ ʩʦʣʝʡ ʤʝʪʘʣʽʚ ʟʘʟʚʠʯʘʡ ʧʦʚ'ʷʟʫʶʪʴ ʟ ʫʪʚʦʨʝʥʥʷʤ 

ʥʝʩʪʘʙʽʣʴʥʠʭ ʘʟʦʜʽʢʘʨʙʦʢʩʠʣʘʪʽʚ ʚʽʜʧʦʚʽʜʥʠʭ ʤʝʪʘʣʽʚ. ɺʠʙʽʨ ʤʝʪʘʣʫ ʚʽʜʽʛʨʘʻ ʦʩʥʦʚʥʫ 

ʨʦʣʴ, ʪʦʤʫ ʱʦ ʜʝʷʢʽ ʟ ʥʠʭ ʫʪʚʦʨʶʶʪʴ ʜʫʞʝ ʩʪʘʙʽʣʴʥʽ ʩʧʦʣʫʢʠ, ʱʦ ʥʝ ʨʦʙʣʷʪʴ ʚʧʣʠʚʫ ʥʘ 

ʧʨʦʮʝʩ ʨʦʟʢʣʘʜʘʥʥʷ. 

ɺ ʷʢʦʩʪʽ ʘʢʪʠʚʘʪʦʨʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʩʪʝʘʨʘʪ ʮʠʥʢʫ. ʂʽʥʝʪʠʢʘ ʨʦʟʢʣʘʜʘʥʥʷ 

ʏʍɿ-21 ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʩʪʝʘʨʘʪʘ ʮʠʥʢʫ ʥʘʚʝʜʝʥʦ ʛʨʘʬʽʯʥʦ ʥʠʞʯʝ.  

ɿʛʽʜʥʦ ʮʠʤ ʜʘʥʠʤ ʙʫʣʦ 

ʨʦʟʨʘʭʦʚʘʥʦ ʰʚʠʜʢʽʩʪʴ ʧʨʦʪʽʢʘʥʥʷ 

ʨʝʘʢʮʽʾ ʨʦʟʢʣʘʜʘʥʥʷ ʏʍɿ-21. ʗʢ 

ʚʠʜʥʦ ʟ ʛʨʘʬʽʢʘ ʧʨʠ ʚʤʽʩʪʽ ʩʪʝʘʨʘʪʘ 

ʮʠʥʢʫ ʫ ʢʽʣʴʢʦʩʪʽ 16,7 %  ʪʘ 28,6 % ʚ 

ʩʫʤʽʰʽ   ʰʚʠʜʢʽʩʪʴ ʨʝʘʢʮʽʾ ʤʘʻ 

ʣʽʥʽʡʥʠʡ ʭʘʨʘʢʪʝʨ ʪʘ ʩʢʣʘʜʘʻ 0,31 ʪʘ 

0,42 %/ʭʚ ʚʽʜʧʦʚʽʜʥʦ. ʐʚʠʜʢʽʩʪʴ 

ʨʝʘʢʮʽʾ ʧʨʠ ʚʤʽʩʪʽ ʩʪʝʘʨʘʪʘ ʮʠʥʢʫ 

37,5 % ʥʝ ʤʘʻ ʣʽʥʽʡʥʦʛʦ ʭʘʨʘʢʪʝʨʫ ʽ 

ʩʢʣʘʜʘʻ 3,67 %/ʭʚ, 0,71 %/ʭʚ, 

0,27 %/ʭʚ ʚʽʜʧʦʚʽʜʥʦ ʜʣʷ 5, 10, 15 ʭʚ. 

ɼʣʷ ʩʫʤʽʰʽ ʟ  ʚʤʽʩʪʦʤ ʩʪʝʘʨʘʪʘ ʮʠʥʢʫ  50 % ï 2,67 %/ʭʚ, 0,55 %/ʭʚ, 0,21 %/ʭʚ ʚʽʜʧʦʚʽʜʥʦ. 

ɸʥʘʣʽʟʫʶʯʠ ʨʦʟʨʘʭʦʚʘʥʽ ʨʝʟʫʣʴʪʘʪʠ, ʙʘʯʠʤʦ ʱʦ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʚʤʽʩʪʫ ʩʪʝʘʨʘʪʘ 

ʮʠʥʢʫ ʫ ʩʫʤʽʰʽ ʜʦ 37,5 % ʰʚʠʜʢʽʩʪʴ ʨʦʟʢʣʘʜʘʥʥʷ ʏʍɿ-21 ʟʨʦʩʪʘʻ. ɸ ʩʘʤʝ, ʟʥʘʯʝʥʥʷ 

ʰʚʠʜʢʦʩʪʽ ʥʘ 5 ʭʚʠʣʠʥʽ ʟʨʦʩʪʘʻ ʟ 0,42 %/ʭʚ ʜʦ 3,67 %/ʭʚ (ʚ 9 ʨʘʟʽʚ) ʧʨʠ ʟʙʽʣʴʰʝʥʽ 

ʢʽʣʴʢʦʩʪʽ ʩʪʝʘʨʘʪʘ ʟ 28,6 % ʜʦ 37,5 %. ʆʜʥʘʢ, ʧʨʠ ʢʽʣʴʢʦʩʪʽ ʩʪʝʘʨʘʪʘ 50 %  ʰʚʠʜʢʽʩʪʴ 

ʟʤʝʥʰʫʻʪʴʩʷ ʚʽʜʥʦʩʥʦ ʜʦ ʰʚʠʜʢʦʩʪʽ ʧʨʠ ʚʤʽʩʪʽ 37,5 % ʚ 1,5 ʨʘʟʠ. ʉʘʤʝ ʪʦʤʫ ʚʠʨʽʰʝʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚ ʷʢʦʩʪʽ ʛʘʟʦʫʪʚʦʨʶʚʘʯʘ ʜʣʷ ʚʩʧʽʥʶʚʘʥʥʷ ʧʝʢʦʢʦʤʧʦʟʠʪʽʚ ʩʫʤʽʰ 

ʏʍɿ-21 ʪʘ ʩʪʝʘʨʘʪʘ ʮʠʥʢʫ ʚ ʚʽʜʥʦʰʝʥʥʽ  62,5 : 37,5 %. 
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ʇʆʍɯɼʅɯ ɽʉʊɽʈɯɺ ɾʀʈʅʀʍ ʂʀʉʃʆʊ ʗʂ ʇʃɸʉʊʀʌɯʂɸʊʆʈʀ 

ɽʃɸʉʊʆʄɽʈʅʀʍ ʂʆʄʇʆɿʀʎɯʁ 

ɼʞʘʚʣʘʭ ʃ. ɸ., ɺʘʱʝʥʢʦ ʖ. ʄ. 

ɼʝʨʞʘʚʥʠʡ ʚʠʱʠʡ ʥʘʚʯʘʣʴʥʠʡ ʟʘʢʣʘʜ çʋʢʨʘʾʥʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʭʽʤʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʡ 

ʫʥʽʚʝʨʩʠʪʝʪè, ʤ. ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢ, ʋʢʨʘʾʥʘ 
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ʇʨʦʙʣʝʤʘ ʧʽʜʚʠʱʝʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʾ ʚʠʪʨʠʚʘʣʦʩʪʽ ʝʣʘʩʪʦʤʝʨʥʠʭ 

ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʧʨʠ ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʦʩʦʙʣʠʚʦ ʥʘ ʦʩʥʦʚʽ ʧʦʣʷʨʥʠʭ 

ʢʘʫʯʫʢʽʚ, ʻ ʘʢʪʫʘʣʴʥʦʶ ʦʩʢʽʣʴʢʠ ʧʣʘʩʪʠʬʽʢʘʪʦʨʠ, ʱʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ, ʻ ʜʝʬʽʮʠʪʥʠʤʠ ʪʘ 

ʚʘʨʪʽʩʥʠʤʠ ʨʝʯʦʚʠʥʘʤʠ. 

ʇʨʠ ʚʠʙʦʨʽ ʧʣʘʩʪʠʬʽʢʘʪʦʨʽʚ ʜʣʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʢʨʘʱʝʥʥʷ ʰʠʨʦʢʦʾ ʛʘʤʠ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʛʫʤ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʾʭ ʩʫʤʽʩʥʽʩʪʴ ʟ ʝʣʘʩʪʦʤʝʨʦʤ ʪʘ ʨʝʛʫʣʶʚʘʪʠ 

ʢʦʥʮʝʥʪʨʘʮʽʶ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦ ʩʪʚʦʨʶʚʘʣʠʩʷ ʫʤʦʚʠ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʛʝʪʝʨʦʛʝʥʥʦʾ 

ʩʪʨʫʢʪʫʨʠ ʝʣʘʩʪʦʤʝʨʥʦʾ ʤʘʪʨʠʮʽ, ʱʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʘ ʤʝʞʽ ʩʫʤʽʩʥʦʩʪʽ ʢʘʫʯʫʢʫ ʪʘ 

ʧʣʘʩʪʠʬʽʢʘʪʦʨʘ. ʇʨʠ ʮʴʦʤʫ, ʚʚʝʜʝʥʥʷ ʧʣʘʩʪʠʬʽʢʘʪʦʨʘ ʥʝ ʧʦʚʠʥʥʦ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʪʠ ʥʘ 

ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʢʦʤʧʦʟʠʪʽʚ. 

ɯʩʥʫʶʪʴ ʷʢ ʪʝʦʨʝʪʠʯʥʽ, ʪʘʢ ʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʤʝʪʦʜʠ ʦʮʽʥʢʠ ʩʫʤʽʩʥʦʩʪʽ ʧʦʣʽʤʝʨʫ 

ʟ ʧʦʣʽʤʝʨʦʤ ʘʙʦ ʧʦʣʽʤʝʨʫ ʟ ʧʣʘʩʪʠʬʽʢʘʪʦʨʦʤ. ɺʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʝʢʽʣʴʢʘ ʪʝʦʨʝʪʠʯʥʠʭ 

ʤʝʪʦʜʽʚ ʨʦʟʨʘʭʫʥʢʫ ʧʘʨʘʤʝʪʨʽʚ ʨʦʟʯʠʥʥʦʩʪʽ: ɻʽʣʴʜʝʙʨʘʥʜʘ-ʉʢʝʪʯʘʨʜʘ, ʍʘʥʩʝʥʘ, ɺʘʥ-

ʂʨʝʚʝʣʝʥʘ, ʍʦʷ, ʍʦʬʪʠʟʝʨʘïɺʘʥ ʂʨʝʚʝʣʝʥʘ, ʉʤʦʣʣʘ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʘʨʘʤʝʪʨ 

ʨʦʟʯʠʥʥʦʩʪʽ ʘʙʦ ʩʫʤʽʩʥʽʩʪʴ ʪʘʢʦʞ ʤʦʞʝ ʚʠʟʥʘʯʘʪʠʩʷ ʨʽʟʥʠʤʠ ʤʝʪʦʜʘʤʠ, ʥʘʧʨʠʢʣʘʜ, 

ʥʘʙʨʷʢʘʥʥʷʤ ʚ ʨʽʟʥʠʭ ʨʦʟʯʠʥʥʠʢʘʭ, ʦʙʝʨʥʝʥʦʶ ʛʘʟʦʚʦʶ ʭʨʦʤʘʪʦʛʨʘʬʽʻʶ ʪʘ ʽʥʰʽ.  

ʄʝʪʦʶ ʨʦʙʦʪʠ ʙʫʣʦ ʚʠʟʥʘʯʝʥʥʷ ʪʝʦʨʝʪʠʯʥʦʾ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʩʫʤʽʩʥʦʩʪʽ 

ʥʦʚʠʭ ʽʥʛʨʝʜʽʻʥʪʽʚ ʟ ʝʣʘʩʪʦʤʝʨʘʤʠ. 

ʗʢ ʧʣʘʩʪʠʬʽʢʘʪʦʨʠ ʚʠʚʯʝʥʽ ʧʦʭʽʜʥʽ ʝʩʪʝʨʽʚ ʞʠʨʥʠʭ ʢʠʩʣʦʪ, ʩʠʨʦʚʠʥʦʶ ʜʣʷ 

ʦʪʨʠʤʘʥʥʷ ʷʢʠʭ ʙʫʣʠ ʨʝʯʦʚʠʥʠ ʨʦʩʣʠʥʥʦʛʦ ʪʘ ʪʚʘʨʠʥʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ (ʩʦʥʷʰʥʠʢʦʚʘ, 

ʨʽʧʘʢʦʚʘ, ʩʦʻʚʘ ʦʣʽʾ, ʢʫʨʷʯʠʭ ʞʠʨ) (ʩʠʥʪʝʟʦʚʘʥʽ ʥʘ ʢʘʬʝʜʨʽ ʍʊɺʄʉ ɼɺʅɿ ʋɼʍʊʋ ʧʽʜ 

ʢʝʨʽʚʥʠʮʪʚʦʤ ʜ.ʪ.ʥ. ʏʝʨʚʘʢʦʚʘ ʆ. ɺ.). 

ʈʦʟʛʣʷʥʫʪʘ ʪʘʢʦʞ ʥʠʟʢʘ ʨʽʟʥʠʭ ʟʘ ʩʪʨʫʢʪʫʨʦʶ ʪʘ ʧʦʣʷʨʥʽʩʪʶ ʝʣʘʩʪʦʤʝʨʽʚ. ɺʠʚʯʝʥʽ 

ʙʫʪʘʜʽʻʥ-ʩʪʠʨʦʣʴʥʽ, ʙʫʪʘʜʽʻʥ-ʥʽʪʨʠʣʴʥʽ ʢʘʫʯʫʢʠ, ʧʦʣʽʽʟʦʧʨʝʥʠ ʪʘ ʧʦʣʽʙʫʪʘʜʽʻʥʠ, 

ʭʣʦʨʦʧʨʝʥʦʚʽ ʝʣʘʩʪʦʤʝʨʠ, ʝʪʠʣʝʥ-ʧʨʦʧʽʣʝʥʦʚʽ ʢʦʧʦʣʽʤʝʨʠ, ʬʪʦʨʢʘʫʯʫʢʠ. 

ɺ ʨʦʙʦʪʽ ʧʘʨʘʤʝʪʨ ʨʦʟʯʠʥʥʦʩʪʽ ʚʠʟʥʘʯʘʣʠ ʪʝʦʨʝʪʠʯʥʦ ʟʘ ʤʝʪʦʜʦʤ ʽʥʢʨʝʤʝʥʪʽʚ, 

ʟʘʩʪʦʩʦʚʫʚʘʣʠ ʪʘʢʦʞ ʨʦʟʨʘʭʫʥʦʢ ʧʘʨʘʤʝʪʨʽʚ ʨʦʟʯʠʥʥʦʩʪʽ ʍʘʥʩʝʥʘ, ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʧʘʨʘʤʝʪʨ ʨʦʟʯʠʥʥʦʩʪʽ ʚʠʟʥʘʯʘʣʠ ʥʘʙʨʷʢʘʥʥʷʤ ʝʣʘʩʪʦʤʝʨʽʚ ʚ ʧʣʘʩʪʠʬʽʢʘʪʦʨʘʭ ʷʢ 

ʜʦʩʣʽʜʥʠʭ, ʪʘʢ ʽ ʪʨʘʜʠʮʽʡʥʠʭ (ʜʠʙʫʪʠʣʬʪʘʣʘʪ ʪʘ ʜʠʙʫʪʠʣʩʝʙʘʮʠʥʘʪ). 

ʊʝʦʨʝʪʠʯʥʽ ʨʦʟʨʘʭʫʥʢʠ ʧʦʢʘʟʘʣʠ ʟʘʣʝʞʥʽʩʪʴ ʩʫʤʽʩʥʦʩʪʽ ʚʽʜ ʪʠʧʫ ʜʦʩʣʽʜʥʠʭ 

ʜʦʙʘʚʦʢ ʪʘ ʝʣʘʩʪʦʤʝʨʫ.  

ʇʨʦʚʝʜʝʥʽ ʪʝʦʨʝʪʠʯʥʽ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ ʜʦʙʨʫ 

ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʦʜʠʥ ʦʜʥʦʤʫ, ʘ ʪʘʢʦʞ ʚʦʥʠ ʻ ʧʽʜˇʨʫʥʪʷʤ ʜʦ ʧʦʜʘʣʴʰʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ 

ʜʦʩʣʽʜʥʠʭ ʜʦʙʘʚʦʢ ʫ ʩʢʣʘʜʽ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʦʩʥʦʚʽ ʨʽʟʥʠʭ ʪʠʧʽʚ ʝʣʘʩʪʦʤʝʨʽʚ. 
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New adsorbents, glycopolymers (GP) based on plant polysaccharide konjac 

glucomannan (KGM) cross-linked with blocked diisocyanates: 2,4-tolylene diisocyanate (TDI), 

4,4ǋ-methylene bis (phenyl isocyanate) (MDI)  or polyisocyanate (PIC) were synthesized and 

used for phenol adsorption from water solutions. The influence of isocyanate structure and 

functionality, polysaccharide hydroxyl group substitution degree, phenol concentration and pH 

solution on GP adsorption capacity was investigated. 

GPs based on cross-linked KGM exhibit good adsorption ability for phenols. Adsorption 

equilibrium for GP samples had been reached after 24 hours contact with phenol solution for 

all GP except GP(TDI), for which adsorption capacity had been remained unchanged after 48 

hours.  

Langmuir and Freundlich adsorption isotherm models can be used to describe phenol 

adsorption onto GP with correlation coefficients R2 of 1. 

 

Table. Constants of Langmuir and Freundlich equations and correlation coefficients 

GP 
Langmuir Freundlich 

ɸmax, mg/g KL, l/mol R2 1/n lgKF R2 

GP(PIC)-40  10,75 3,3Ŀ10
-2

 0,997 1,11 -0,38 0,996 

GP(PIC)-80  20,00 2,2Ŀ10
-2

 0,998 1,06 -0,31 0,998 

GP(TDI)-40  23,26 9Ŀ10
-2

 0,999 1,05 -0,3 0,998 

GP(TDI)-80  27,70 3,5Ŀ10
-2

 0,999 1,06 -0,35 0,998 

GP(MDI)-40  31,17 1,2Ŀ10
-2

 0,999 0,91 -0,36 0,999 

GP(MDI)-80 29,8 1,4Ŀ10
-2

 0,999 0,95 -0.37 0.997 

 

The highest adsorption capacity is observed for GP(MDI) and GP(PIC)-40 has the 

lowest value. Adsorption capacity of GP based on PIC and TDI rises with increasing of 

hydroxyl group substitution degree. In contrast to GP(PIC) and GP(TDI) adsorption capacity 

of GP based on MDI slightly decreases with increasing of hydroxyl groups substitution degree. 

According to Freundlich isotherm parameters listed in table KF stay almost unchanged 

and indicate that active sites for all GP have similar strength. The decreases of 1/n for GP based 

on MDI might be regarded as increased surface heterogeneity. 
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ʅʘ ʧʽʜʩʪʘʚʽ ʘʥʘʣʽʟʫ ʢʽʥʝʪʠʯʥʠʭ ʜʘʥʠʭ ʱʦʜʦ ʨʝʘʢʮʽʾ ʟʰʠʚʘʥʥʷ ʦʣʽʛʦʜʽʻʥʽʚ, ʱʦ 

ʨʽʟʥʷʪʴʩʷ ʨʦʟʪʘʰʫʚʘʥʥʷʤ ʢʘʨʙʦʢʩʠʣʴʥʠʭ ʛʨʫʧ, ʟ ʝʧʦʢʩʠʜʥʠʤʠ ʩʤʦʣʘʤʠ ʫ ʧʨʠʩʫʪʥʦʩʪʽ 

ʪʨʝʪʠʥʥʠʭ ʘʤʽʥʽʚ ʪʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʩʧʝʮʠʬʽʯʥʠʭ ʷʚʠʱ ʽ ʧʨʦʮʝʩʽʚ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʫ ʧʨʦʮʝʩʽ 

ʪʘʢʠʭ ʨʝʘʢʮʽʡ, ʚʠʷʚʣʝʥʦ ʤʽʢʨʦʛʝʪʝʨʦʛʝʥʥʠʡ ʤʝʭʘʥʽʟʤ ʧʨʦʪʽʢʘʥʥʷ ʪʘʢʠʭ ʨʝʘʢʮʽʡ.  

ʉʧʝʮʠʬʽʯʥʽ ʝʬʝʢʪʠ ʷʢʽ ʧʦʚôʷʟʘʥʽ ʟ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʤʽʢʨʦʛʝʪʝʨʦʛʝʥʥʦʛʦ ʤʝʭʘʥʽʟʤʫ 

ʩʧʦʩʪʝʨʽʛʘʻʤʦ ʚ ʧʨʦʮʝʩʽ ʨʝʘʢʮʽʾ ʟʰʠʚʘʥʥʷ (ʛʝʦʤʝʪʨʠʯʥʠʡ ʬʘʟʦʚʠʡ ʧʝʨʝʭʽʜ). 

ʅʘ ʦʩʥʦʚʽ ʤʽʢʨʦʛʝʪʝʨʦʛʝʥʥʦʛʦ ʤʝʭʘʥʽʟʤʫ ʨʝʘʢʮʽʾ ʟʰʠʚʘʥʥʷ ʪʘʢʠʭ ʩʠʩʪʝʤ 

ʧʝʨʝʜʙʘʯʝʥʦ ʩʧʝʮʠʬʽʯʥʽ ʷʚʠʱʘ, ʱʦ ʨʦʟʚʠʚʘʶʪʴʩʷ ʫ ʭʦʜʽ ʬʦʨʤʫʚʘʥʥʷ ʟʘʨʦʜʢʽʚ ï 

ʩʧʦʩʪʝʨʽʛʘʻʤʦ ʤʽʢʨʦʝʨʝʨʦʩʧʦʜʽʣ ʛʫʩʪʦʟʰʠʪʠʭ ʤʽʢʨʦʦʙʣʘʩʪʝʡ ʟ ʬʘʟʠ ʛʫʩʪʦʾ ʩʽʪʢʠ, ʩʪʫʧʽʥʴ 

ʟʰʠʚʘʥʥʷ ʷʢʦʾ ʧʝʨʝʚʠʱʫʻ ʢʨʠʪʠʯʥʫ ʚʝʣʠʯʠʥʫ ʟʘ ʌʣʦʨʽïʈʝʥʝʨʦʤ ʽ ʪʦʤʫ ʚʠʢʣʠʢʘʻ 

ʪʝʨʤʦʜʠʥʘʤʽʯʥʝ ʨʦʟʰʘʨʫʚʘʥʥʷ, ʚʠʜʽʣʷʻʪʴʩʷ ʥʘʜʣʠʰʦʢ ʥʝʩʫʤʽʩʥʠʭ ʤʽʢʨʦʦʙʣʘʩʪʝʡ. 

ɼʝʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʚʠʛʦʪʦʚʣʝʥʥʷ ʟʰʠʪʠʭ ʦʣʽʛʦʤʝʨʥʠʭ ʢʦʤʧʦʟʠʮʽʡ 

ʪʘ ʾʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʧʦʩʪʘʚʠʪʠ ʧʠʪʘʥʥʷ ʧʨʦ ʮʽʣʝʩʧʨʷʤʦʚʘʥʝ ʨʝʛʫʣʶʚʘʥʥʷ 

ʾʭ ʬʘʟʦʚʦʾ ʩʪʨʫʢʪʫʨʠ ʪʘ ʚʣʘʩʪʠʚʦʩʪʝʡ. ɼʣʷ ʙʽʣʴʰʦʩʪʽ ʦʣʽʛʦʤʝʨʥʠʭ ʩʫʤʽʰʝʡ ʭʘʨʘʢʪʝʨʥʦʶ 

ʻ ʦʜʥʦʬʘʟʥʘ ʩʪʨʫʢʪʫʨʘ, ʷʢʘ ʧʦʷʩʥʶʻʪʴʩʷ ʾʭ ʚʠʩʦʢʦʶ ʚʟʘʻʤʥʦʶ ʨʦʟʯʠʥʥʽʩʪʴ ʫ ʟʚôʷʟʢʫ ʟ 

ʤʘʣʦʶ ʤʦʣʝʢʫʣʷʨʥʦʶ ʤʘʩʦʶ, ʘʣʝ ʦʣʽʛʦʤʝʨʠ, ʱʦ ʟʥʘʯʥʦ ʩʫʪʪʻʚʦ ʨʽʟʥʷʪʴʩʷ ʩʪʨʫʢʪʫʨʦʶ, 

ʤʦʞʫʪʴ ʫʪʚʦʨʶʚʘʪʠ ʽ ʜʚʦʬʘʟʦʚʽ ʩʫʤʽʰʽ. ɺ ʧʨʠʥʮʠʧʽ ʟʤʽʰʫʚʘʥʥʷ ʩʫʤʽʰʝʡ ʦʣʽʛʦʤʝʨʽʚ, ʱʦ 

ʥʘ ʨʘʥʥʽʭ ʩʪʘʜʽʷʭ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʨʦʩʪʫ ʾʭ ʤʦʣʝʢʫʣʷʨʥʦʾ ʤʘʩʠ, ʤʦʞʝ ʟʤʽʥʶʚʘʪʠ ʾʭ ʚʟʘʻʤʥʫ 

ʨʦʟʯʠʥʥʽʩʪʴ, ʘ, ʦʪʞʝ, ʽ ʬʘʟʦʚʫ ʩʪʨʫʢʪʫʨʫ. 

ɺʣʘʩʪʠʚʦʩʪʽ ʪʘʢʠʭ ʩʫʤʽʰʝʡ ʚʠʟʥʘʯʘʶʪʴʩʷ ʽʤʦʚʽʨʥʽʩʪʶ ʬʘʟʦʚʠʭ ʧʝʨʝʭʦʜʽʚ, ʷʢʽ ʟʘ 

ʜʘʥʠʤʠ ʧʝʨʢʘʣʷʮʽʡʥʦʛʦ ʘʥʘʣʽʟʫ ʚʠʟʥʘʯʘʶʪʴʩʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʬʘʟ, ʾʭ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʪʘ 

ʨʦʟʤʽʨʦʤ ʯʘʩʪʦʢ ʛʝʪʝʨʦ ʬʘʟʠ, ʨʦʟʧʦʚʩʶʜʞʝʥʦʾ ʚ ʜʠʩʧʝʨʩʽʡʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. 
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ʉʀʅʊɽɿ ʇʆʃɯʄɽʊɸʂʈʀʃɸʄɯɼɸ ʄɽʊʆɼʆʄ ʂʆʅʊʈʆʃʔʆɺɸʅʆɰ 

ʈɸɼʀʂɸʃʔʅʆɰ ʇʆʃɯʄɽʈʀɿɸʎɯɰ ɺ ʇʈʀʉʋʊʅʆʉʊɯ ʊɽʄʇʆ 

ɭʤʝʣʴʷʥʦʚʘ ʊ. ʆ.1,2, ɻʫʙʽʥʘ ɸ. ɺ.1, ʂʣʝʧʢʦ ɺ. ɺ.1 
1ɯʥʩʪʠʪʫʪ ʭʽʤʽʾ ʚʠʩʦʢʦʤʦʣʝʢʫʣʷʨʥʠʭ ʩʧʦʣʫʢ ʅɸʅ ʋʢʨʘʾʥʠ 

ʍʘʨʢʽʚʩʴʢʝ ʰʦʩʝ, 48, 02160, ʂʠʾʚ, ʋʢʨʘʾʥʘ 
2ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʂʠʻʚʦ-ʄʦʛʠʣʷʥʩʴʢʘ ʘʢʘʜʝʤʽʷè 

ʚʫʣ. ɻ. ʉʢʦʚʦʨʦʜʠ, 2, ʂʠʾʚ, ʋʢʨʘʾʥʘ 

emeljanovatanja19@gmail.com 

 

ʇʦʣʽʤʝʨʠ ʥʘ ʦʩʥʦʚʽ ʧʦʣʽʩʘʭʘʨʠʜʽʚ ʟʥʘʭʦʜʷʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢ ʩʠʩʪʝʤʠ ʜʦʩʪʘʚʢʠ 

ʣʽʢʽʚ, ʤʘʪʝʨʽʘʣʠ ʜʣʷ ʪʢʘʥʠʥʥʦʾ ʽʥʞʝʥʝʨʽʾ ʪʘ ʽʥ. ɸʢʪʫʘʣʴʥʠʤ ʻ ʩʪʚʦʨʝʥʥʷ ʧʨʠʱʝʧʣʝʥʠʭ 

ʢʦʧʦʣʽʤʝʨʽʚ ʥʘ ʦʩʥʦʚʽ ʧʦʣʽʩʘʭʘʨʠʜʽʚ ʪʘ ʩʠʥʪʝʪʠʯʥʠʭ ʧʦʣʽʤʝʨʽʚ, ʟʦʢʨʝʤʘ ʙʽʦʩʫʤʽʩʥʠʭ 

ʧʦʣʽʤʝʨʽʚ ʪʘʢʠʭ, ʷʢ ʧʦʣʽʤʝʪʘʢʨʠʣʘʤʽʜ. ʆʩʥʦʚʥʦʶ ʧʨʦʙʣʝʤʦʶ ʧʨʠ ʦʜʝʨʞʘʥʽ ʧʦʣʽʤʝʨʽʚ 

ʤʝʪʦʜʦʤ ʨʘʜʠʢʘʣʴʥʦʾ ʧʦʣʽʤʝʨʠʟʘʮʽʾ ʻ ʟʦʢʨʝʤʘ ʰʠʨʦʢʠʡ ʤʦʣʝʢʫʣʷʨʥʦ-ʤʘʩʦʚʠʡ ʨʦʟʧʦʜʽʣ. 

ʅʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʨʦʙʦʪʠ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʧʦʣʽʤʝʪʘʢʨʠʣʘʤʽʜʫ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ 

ʤʝʪʦʜ ʪʝʨʤʽʯʥʦ ʽʥʽʮʽʡʦʚʘʥʦʾ ʨʘʜʠʢʘʣʴʥʦʾ ʧʦʣʽʤʝʨʠʟʘʮʽʾ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʘʟʦ-ʽʥʽʮʽʘʪʦʨʘ 

ɸɯɹʅ ʪʘ ʤʝʜʽʘʪʦʨʘ ʧʦʣʽʤʝʨʠʟʘʮʽʾ ʊɽʄʇʆ. ɹʫʣʦ ʩʠʥʪʝʟʦʚʘʥʦ ʨʷʜ ʧʦʣʽʤʝʨʽʚ ʟ ʨʽʟʥʠʤʠ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤʠ ʢʦʤʧʦʥʝʥʪʽʚ ʨʝʘʢʮʽʡʥʦʾ ʩʫʤʽʰʽ. ʆʜʝʨʞʘʥʽ ʧʦʣʽʤʝʨʠ ʙʫʣʦ ʜʦʩʣʽʜʞʝʥʦ 

ʤʝʪʦʜʘʤʠ ʅ1 ʗʄʈ ʩʧʝʢʪʨʦʩʢʦʧʽʾ, ɯʏ-ʩʧʝʢʪʨʦʩʢʦʧʽʾ ʟ ʌʫʨôʻ ʧʝʨʝʪʚʦʨʝʥʥʷʤ, ʷʢʽ 

ʧʽʜʪʚʝʨʜʠʣʠ ʫʪʚʦʨʝʥʥʷ ʧʦʣʽʤʝʪʘʢʨʠʣʘʤʽʜʫ ʷʢ ʚ ʧʨʠʩʫʪʥʦʩʪʽ ʊɽʄʇʆ ʪʘʢ ʽ ʙʝʟ ʥʴʦʛʦ. 

ʊʝʨʤʦʩʪʘʙʽʣʴʥʽʩʪʴ ʦʜʝʨʞʘʥʠʭ ʧʦʣʽʤʝʨʽʚ ʙʫʣʦ ʜʦʩʣʽʜʞʝʥʦ ʤʝʪʦʜʦʤ ʪʝʨʤʦʛʨʘʚʽʤʝʪʨʽʾ. ʇʨʠ 

ʮʴʦʤʫ ʪʝʨʤʦʛʨʘʤʠ ʊɽʄʇʆ-ʧʦʣʽʘʢʨʠʣʘʤʽʜʫ ʽ ʧʦʣʽʘʢʨʠʣʘʤʽʜʫ, ʩʠʥʪʝʟʦʚʘʥʦʛʦ ʙʝʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʜʽʘʪʦʨʘ, ʩʫʪʪʻʚʦ ʚʽʜʨʽʟʥʷʣʠʩʴ ʚ ʦʙʣʘʩʪʽ ʪʝʤʧʝʨʘʪʫʨ 110ï160 ʦʉ. ʊʘʢʠʡ 

ʭʘʨʘʢʪʝʨ ʪʝʨʤʽʯʥʦʛʦ ʨʦʟʢʣʘʜʫ ʊɽʄʇʆ-ʧʦʣʽʤʝʪʘʢʨʠʣʘʤʽʜʫ ʤʦʞʝ ʩʚʽʜʯʠʪʠ ʧʨʦ 

ʚʽʜʱʝʧʣʝʥʥʷ ʊɽʄʇʆ ʚʽʜ ʤʘʢʨʦʣʘʥʮʶʛʘ ʩʘʤʝ ʚ ʮʴʦʤʫ ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʽʥʪʝʨʚʘʣʽ.  
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ɺʃʀʗʅʀɽ ʉʆɼɽʈɾɸʅʀʗ ɺʆʃʆʂʅɸ ɺʅʀʀɺʃʆʅ ʅɸ ʇʈʆʏʅʆʉʊʔ 
ʇʈʀ ʉɾɸʊʀʀ ʆʈɻɸʅʆʇʃɸʉʊʀʂʆɺ ʅɸ ʆʉʅʆɺɽ ɸʈʆʄɸʊʀʏɽʉʂʆɻʆ 

ʇʆʃʀɸʄʀɼɸ ʌɽʅʀʃʆʅ ʉ-1 
ɹʫʨʷ ɸ. ʀ., ɽʨʸʤʝʥʢʦ ɸ. ɺ., ʊʦʤʠʥʘ ɸ.-ʄ. ɺ. 

ɼʥʝʧʨʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 
ol.burya@gmail.com 

 
ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʦʨʛʘʥʦʧʣʘʩʪʠʢʠ (ʆʇ) ʧʨʠʦʙʨʝʪʘʶʪ ʚʩʸ ʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ ʚ 

ʨʝʰʝʥʠʠ ʟʘʜʘʯ, ʩʪʦʷʱʠʭ ʧʝʨʝʜ ʠʥʞʝʥʝʨʘʤʠ ʠ ʢʦʥʩʪʨʫʢʪʦʨʘʤʠ ʧʦ ʫʚʝʣʠʯʝʥʠʶ 
ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʫʟʣʦʚ ʤʘʰʠʥ ʠ ʤʝʭʘʥʠʟʤʦʚ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʆʇ ʩ ʦʧʪʠʤʘʣʴʥʳʤʠ 
ʧʦʢʘʟʘʪʝʣʷʤʠ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʚʣʠʷʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʥʘʧʦʣʥʠʪʝʣʷ ʥʘ ʝʛʦ 
ʩʪʨʫʢʪʫʨʫ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ.  

ʋʯʠʪʳʚʘʷ ʵʪʦ ʮʝʣʴʶ ʨʘʙʦʪʳ ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʩʦʜʝʨʞʘʥʠʷ 
ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʦʣʦʢʦʥ ʥʘ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʆʇ.  

ɺ ʢʘʯʝʩʪʚʝ ʩʚʷʟʫʶʱʝʛʦ ʠʩʧʦʣʴʟʦʚʘʣʠ ʘʨʦʤʘʪʠʯʝʩʢʠʡ ʧʦʣʠʘʤʠʜ ʬʝʥʠʣʦʥ ʉ-1, 
ʥʘʧʦʣʥʠʪʝʣʴ ï ʪʝʨʤʦʩʪʦʡʢʦʝ ʘʨʘʤʠʜʥʦʝ ʚʦʣʦʢʥʦ ʚʥʠʠʚʣʦʥ. ʇʨʠʛʦʪʦʚʣʝʥʠʝ ʢʦʤʧʦʟʠʮʠʡ 
ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʚʦ ʚʨʘʱʘʶʱʝʤʩʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʧʦʩʨʝʜʩʪʚʦʤ ʥʝʨʘʚʥʦʦʩʥʳʭ 
ʬʝʨʨʦʤʘʛʥʠʪʥʳʭ ʯʘʩʪʠʮ ʜʣʠʥʦʡ 15 ʤʤ ʠ ʜʠʘʤʝʪʨʦʤ 1,5 ʤʤ. ʉʦʜʝʨʞʘʥʠʝ ʚʦʣʦʢʥʘ 
ʠʟʤʝʥʷʣʦʩʴ ʦʪ 5 ʜʦ 20 ʤʘʩʩ. %. ʇʦʣʫʯʝʥʥʳʝ ʢʦʤʧʦʟʠʮʠʠ ʧʝʨʝʨʘʙʘʪʳʚʘʣʠ ʤʝʪʦʜʦʤ 
ʢʦʤʧʨʝʩʩʠʦʥʥʦʛʦ ʧʨʝʩʩʦʚʘʥʠʷ. ʇʝʨʝʜ ʧʨʝʩʩʦʚʘʥʠʝʤ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʪʘʙʣʝʪʠʨʦʚʘʥʠʝ 
ʦʙʨʘʟʮʦʚ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʂʦʤʧʨʝʩʩʠʦʥʥʦʝ ʧʨʝʩʩʦʚʘʥʠʝ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʚ 
ʩʣʝʜʫʶʱʝʤ ʨʝʞʠʤʝ: ʟʘʛʨʫʟʢʘ ʚ ʬʦʨʤʫ ʧʨʠ 393 ʂ; ʚʳʜʝʨʞʢʘ ʙʝʟ ʜʘʚʣʝʥʠʷ ʚ ʬʦʨʤʝ ʧʨʠ 
593 ʂ ʚ ʪʝʯʝʥʠʝ 10 ʤʠʥ.; ʚʳʜʝʨʞʢʘ ʧʦʜ ʜʘʚʣʝʥʠʝʤ 50 ʄʇʘ ʧʨʠ 593 ʂ ʚ ʪʝʯʝʥʠʝ 10 ʤʠʥ.; 
ʨʘʩʧʨʝʩʩʦʚʢʘ ʦʙʨʘʟʮʦʚ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 523 ʂ. ʀʟʛʦʪʦʚʣʝʥʥʳʝ ʦʙʨʘʟʮʳ 
(Ï10 ʤʤ, h = 15 ʤʤ) ʠʩʧʳʪʳʚʘʣʠ ʥʘ ʤʘʰʠʥʝ ʀʄ-4ʈ. ʄʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʨʘʩʩʯʠʪʳʚʘʣʠ ʧʦ 
ʢʨʠʚʳʤ ůïŮ. 

ʅʘ ʨʠʩʫʥʢʝ ʧʨʠʚʝʜʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʜʝʬʦʨʤʘʮʠʷ (Ů) ï ʧʨʦʯʥʦʩʪʴ 
ʧʨʠ ʩʞʘʪʠʠ (ů). ʂʨʠʚʳʝ 1 (ʬʝʥʠʣʦʥ ʉ-1),2 ʠ 5 (ʦʨʛʘʥʦʧʣʘʩʪʠʢʠ ʥʘ ʝʛʦ ʦʩʥʦʚʝ, 
ʩʦʜʝʨʞʘʱʠʝ 5 ʠ 20 ʤʘʩʩ. % ʚʦʣʦʢʥʘ), ʩʦʛʣʘʩʥʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʍʝʨʮʙʝʨʛʘ ʦʪʥʦʩʷʪʩʷ ʢ V 
ʪʠʧʫ, ʢʦʪʦʨʳʡ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʫʧʨʫʛʦʝ ʛʝʪʝʨʦʛʝʥʥʦ ï ʧʣʘʩʪʠʯʝʩʢʦʝ ʧʦʚʝʜʝʥʠʝ, ʘ ʢʨʠʚʳʝ 
3,4 ʩʦʜʝʨʞʘʱʠʭ 10 ʠ 15 ʤʘʩʩ. % ʚʦʣʦʢʥʘ, ʦʪʥʦʩʷʪʩʷ ʢ ɯɯ ʪʠʧʫ ï ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʤʫ 
ʫʧʨʫʛʦʝ ʛʦʤʦʛʝʥʥʦ-ʧʣʘʩʪʠʯʝʩʢʦʝ ʧʦʚʝʜʝʥʠʝ. 
 
ʌʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʦʨʛʘʥʦʧʣʘʩʪʠʢʦʚ 

ʇʦʢʘʟʘʪʝʣʠ 
ʉʦʜʝʨʞʘʥʠʝ ʚʦʣʦʢʥʘ, ʤʘʩʩ. % 

0 5 10 15 20 

ɽ, ɻʇʘ 2,5 2,86 3,23 3,34 2,38 
ůʊ, ʄʇʘ 203,8 272,2 340,8 343,3 310 

 
ʀʩʭʦʜʷ ʠʟ ʧʨʠʚʝʜʝʥʥʳʭ ʚ ʪʘʙʣʠʮʝ ʜʘʥʥʳʭ 

ʚʠʜʥʦ, ʯʪʦ, ʘʨʤʠʨʦʚʘʥʠʝ ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ 
ʚʦʣʦʢʥʦʤ, ʙʣʘʛʦʧʨʠʷʪʥʦ ʚʣʠʷʝʪ ʥʘ ʧʨʦʯʥʦʩʪʥʳʝ 
ʩʚʦʡʩʪʚʘ ʆʇ. ʇʨʝʜʝʣ ʪʝʢʫʯʝʩʪʠ ʠ ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ 
ʧʨʠ ʩʞʘʪʠʠ ʧʦʚʳʰʘʶʪʩʷ ʧʨʠ ʩʦʜʝʨʞʘʥʠʠ 5ï
15 ʤʘʩʩ. % ʚʥʠʠʚʣʦʥʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚ 1,4ï1,7 ʠ 
1,3ï1,36 ʨʘʟʘ. ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ ʫʚʝʣʠʯʝʥʠʠ 
ʩʦʜʝʨʞʘʥʠʷ ʚʦʣʦʢʥʘ ʜʦ 20 ʤʘʩʩ. % ʥʘʙʣʶʜʘʝʪʩʷ 
ʧʘʜʘʥʠʝ ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʯʪʦ 
ʦʙʲʷʩʥʷʝʪʩʷ ʚʦʟʨʘʩʪʘʥʠʝʤ ʜʝʬʝʢʪʠʚʥʦʩʪʠ 
ʤʘʪʝʨʠʘʣʘ, ʦʙʫʩʣʦʚʣʝʥʥʦʝ ʪʝʤ, ʯʪʦ ʥʘ ʛʨʘʥʠʮʝ 
çʧʦʣʠʤʝʨ ï ʚʦʣʦʢʥʦè ʨʘʟʨʳʭʣʝʥʠʝ ʥʘʯʠʥʘʝʪ 
ʧʨʝʚʘʣʠʨʦʚʘʪʴ ʥʘʜ ʫʧʦʨʷʜʦʯʝʥʠʝʤ ʤʘʢʨʦʤʦʣʝʢʫʣ 
ʩʚʷʟʫʶʱʝʛʦ. 

 

 
ůïŮ-ʢʨʠʚʳʝ ʩʞʘʪʠʷ 
ʦʨʛʘʥʦʧʣʘʩʪʠʢʦʚ 
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ɺʃʀʗʅʀɽ ɼʆɹɸɺʆʂ ʇʆʃʀʉʀʃʆʂʉɸʅʆɺʓʍ ʅɸʅʆʏɸʉʊʀʎ 

ɺ ʕʇʆʂʉʀɼʅʓʁ ʇʆʃʀʄɽʈ ʅɸ ɽɻʆ ɺɿɸʀʄʆɼɽʁʉʊɺʀɽ 

ʉ ʇʆɺɽʈʍʅʆʉʊʔʖ ʄɽʊɸʃʃʆɺ 

ɾʠʣʴʮʦʚʘ ʉ. ɺ.1, ɻʘʚʨʠʣʦʚʘ ɺ. ʉ.2, ʐʪʦʤʧʝʣʴ ɺ. ʀ.3 
1ɼʦʥʝʮʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ɺʘʩʳʣʷ ʉʪʫʩʘ, ʛ. ɺʠʥʥʠʮʘ 

2ʀʥʩʪʠʪʫʪ ʩʚʝʨʭʪʚʝʨʜʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠʤ. ɺ. ʅ. ɹʘʢʫʣʷ ʅɸʅ ʋʢʨʘʠʥʳ, ʛ. ʂʠʝʚ 
3ʀʥʩʪʠʪʫʪ ʭʠʤʠʠ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʅɸʅ ʋʢʨʘʠʥʳ, ʛ. ʂʠʝʚ 

sv.zhiltsova@donnu.edu.ua 

 

ʕʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʥʘʥʝʩʝʥʥʳʭ ʥʘ 

ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʧʦʜʣʦʞʢʠ, ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʟʘʚʠʩʷʪ ʦʪ ʚʝʣʠʯʠʥʳ ʘʜʛʝʟʠʦʥʥʦʡ 

ʧʨʦʯʥʦʩʪʠ ʢʦʥʪʘʢʪʘ ʤʝʞʜʫ ʧʦʣʠʤʝʨʦʤ ʠ ʩʫʙʩʪʨʘʪʦʤ, ʢʦʪʦʨʘʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʠʜʦʤ ʠ 

ʩʪʝʧʝʥʴʶ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʤʘʢʨʦʤʦʣʝʢʫʣʘʤʠ ʧʦʣʠʤʝʨʘ ʠ ʧʦʚʝʨʭʥʦʩʪʥʳʤʠ 

ʘʪʦʤʘʤʠ ʤʝʪʘʣʣʦʚ. ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʦ ʠʟʫʯʝʥʠʝ ʤʝʪʦʜʦʤ ʰʠʨʦʢʦʫʛʣʦʚʦʛʦ 

ʨʘʩʩʝʷʥʠʷ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʣʫʯʝʡ ʦʩʦʙʝʥʥʦʩʪʝʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʵʧʦʢʩʠʜʥʦ-ʩʠʣʦʢʩʘʥʦʚʳʭ 

ʢʦʤʧʦʟʠʪʦʚ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʟʦʣʴ-ʛʝʣʴ ʤʝʪʦʜʦʤ, ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʧʦʜʣʦʞʝʢ ʠʟ ʩʪʘʣʠ 

(12ʍ18ʅ10ʊ), ʤʦʣʠʙʜʝʥʘ, ʩʧʣʘʚʦʚ ʘʣʶʤʠʥʠʷ (D16) ʠ ʪʠʪʘʥʘ (ɺʊ1-0).  

ɼʣ̫ ʧʦʣʫʯʝʥʠʷ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʳ ʢʦʤʧʦʟʠʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ EPONEX 1510, 

ʘʥʛʠʜʨʠʜʥʳʡ ʦʪʚʝʨʜʠʪʝʣʴ, ʫʩʢʦʨʠʪʝʣʴ ʋʇ-606/2. ʂʦʤʧʦʟʠʪʳ ʬʦʨʤʠʨʦʚʘʣʠ ʥʘ ʦʩʥʦʚʝ 

ʟʦʣʷ ʧʦʣʠʩʠʣʦʢʩʘʥʦʚʳʭ ʯʘʩʪʠʮ (ʇʉʏ) (ʧʦʣʫʯʝʥʥʦʛʦ ʠʟ ʪʝʪʨʘʵʪʦʢʩʠʩʠʣʘʥʘ ʠ 

3-ʛʣʠʮʠʜʦʢʩʠʧʨʦʧʠʣʪʨʠʵʪʦʢʩʠʩʠʣʘʥʘ), ʵʧʦʢʩʠʜʥʦʡ ʩʤʦʣʳ, ʦʪʚʝʨʜʠʪʝʣʷ ʠ ʫʩʢʦʨʠʪʝʣʷ. 

ɻʠʜʨʦʣʠʟ ʵʪʦʢʩʠʩʠʣʘʥʦʚ ʧʨʦʚʦʜʠʣʠ ʚ ʦʪʩʫʪʩʪʚʠʝ ʵʧʦʢʩʠʜʥʦʡ ʩʤʦʣʳ. ʉʦʜʝʨʞʘʥʠʝ 

ʧʦʣʠʩʠʣʦʢʩʘʥʦʚʳʭ ʯʘʩʪʠʮ (ʇʉʏ) ʚ ʩʠʩʪʝʤʝ ʚ ʧʝʨʝʩʯʝʪʝ ʥʘ ʜʠʦʢʩʠʜ ʢʨʝʤʥʠʷ (ʠʩʭʦʜʷ ʠʟ 

ʢʦʣʠʯʝʩʪʚʘ ʚʚʝʜʝʥʥʳʭ ʵʪʦʢʩʠʩʠʣʘʥʦʚ) ʩʦʩʪʘʚʣʷʣʦ 3 % (ʤʘʩ.). 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʤʝʪʦʜʦʤ ʰʠʨʦʢʦʫʛʣʦʚʦʛʦ ʨʘʩʩʝʷʥʠʷ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʣʫʯʝʡ 

ʧʨʦʚʦʜʠʣʠ ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʝ ɼʈʆʅ-4-07 ʚ CuKŬ-ʠʟʣʫʯʝʥʠʠ (ɚ = 0,154 ʥʤ), 

ʤʦʥʦʭʨʦʤʘʪʠʟʠʨʦʚʘʥʥʦʤ Ni-ʬʠʣʴʪʨʦʤ, ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 22Ñ2 Áʉ ʩ ʬʦʢʫʩʠʨʦʚʢʦʡ 

ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʛʦʥʠʦʤʝʪʨʘ ʧʦ ʤʝʪʦʜʫ ɹʨʝʛʛʘïɹʨʝʥʪʘʥʦ (ʥʘ ʦʪʨʘʞʝʥʠʝ ʧʝʨʚʠʯʥʦʛʦ ʧʫʯʢʘ 

ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʣʫʯʝʡ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ). 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʚʝʜʝʥʠʝ ʚ ʵʧʦʢʩʠʜʥʳʡ ʧʦʣʠʤʝʨ ʇʉʏ ʧʨʠʚʦʜʠʪ ʢ ʩʤʝʱʝʥʠʶ 

ʘʤʦʨʬʥʦʛʦ ʛʘʣʦ ʚ ʦʙʣʘʩʪʴ ʙʦʣʴʰʠʭ ʫʛʣʦʚ ʨʘʩʩʝʷʥʠʷ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʣʫʯʝʡ, ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʫʤʝʥʴʰʝʥʠʠ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʤʝʞʫʟʣʦʚʳʤʠ 

ʤʦʣʝʢʫʣʷʨʥʳʤʠ ʮʝʧʷʤʠ ʧʦʣʠʤʝʨʥʦʡ ʩʝʪʢʠ ʩ 0,54 ʜʦ 0,52 ʥʤ. 

ɸʥʘʣʠʟ ʜʠʬʨʘʢʪʦʛʨʘʤʤ ʧʦʚʝʨʭʥʦʩʪʝʡ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʧʦʜʣʦʞʝʢ ʧʦʢʘʟʘʣ, ʯʪʦ 

ʢʦʥʪʘʢʪ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʘʣʠ ʩ ʵʧʦʢʩʠʜʥʳʤʠ ʧʦʣʠʤʝʨʘʤʠ (ʕʇ) ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʝʝ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʠʟ-ʟʘ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ (ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ) ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʕʇïʩʪʘʣʴ, ʧʨʠʯʝʤ ʵʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʫʩʠʣʠʚʘʝʪʩʷ ʧʨʠ ʚʚʝʜʝʥʠʠ ʚ ʧʦʣʠʤʝʨ ʇʉʏ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʵʧʦʢʩʠʜʥʦʛʦ ʧʦʣʠʤʝʨʘ ʩ 

ʧʦʚʝʨʭʥʦʩʪʴʶ ʩʫʙʩʪʨʘʪʦʚ ʫʩʪʘʥʦʚʣʝʥʦ ʪʘʢʞʝ ʜʣʷ ʩʧʣʘʚʦʚ ʘʣʶʤʠʥʠʷ ʠ ʪʠʪʘʥʘ, ʧʨʠʯʝʤ, 

ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ ʩʦ ʩʪʘʣʴʶ, ʚʚʝʜʝʥʠʝ ʇʉʏ ʝʛʦ ʫʩʠʣʠʚʘʝʪ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ 

ʵʧʦʢʩʠʜʥʳʤ ʧʦʣʠʤʝʨʦʤ ʠ ʧʦʚʝʨʭʥʦʩʪʴʶ ʤʦʣʠʙʜʝʥʘ ʥʝ ʦʙʥʘʨʫʞʝʥʦ, ʥʦ ʚʚʝʜʝʥʠʝ ʇʉʏ ʚ 

ʧʦʣʠʤʝʨ ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʪʘʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʧʨʘʚʜʘ ʥʝʟʥʘʯʠʪʝʣʴʥʦʛʦ. 
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ʉʀʅʊɽɿ ʄʆɼʀʌɯʂʆɺɸʅʀʍ ʌɽʅʆʃʔʅʀʍ ʉʄʆʃ ɼʃʗ ɿɸʍʀʉʅʀʍ 

ʇʆʂʈʀʊʊɯɺ ɿ ʇʆʂʈɸʑɽʅʀʄʀ ɺʃɸʉʊʀɺʆʉʊʗʄʀ 

ɿʫʙʝʥʢʦ ɸ. ɽ., ɺʘʨʣʘʥ ʂ. ɭ. 

ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʆʣʝʩʷ ɻʦʥʯʘʨʘ 
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ɺʘʞʣʠʚʠʤ ʟʘʚʜʘʥʥʷʤ ʚ ʘʚʽʘʮʽʡʥʽʡ, ʨʘʢʝʪʥʽʡ ʪʘ ʘʚʪʦʤʦʙʽʣʴʥʽʡ ʛʘʣʫʟʷʭ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʻ ʧʽʜʚʠʱʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʚʫʟʣʽʚ ʽ ʤʝʭʘʥʽʟʤʽʚ ʜʦ ʚʧʣʠʚʫ ʘʛʨʝʩʠʚʥʠʭ 

ʩʝʨʝʜʦʚʠʱ. ɺʘʞʣʠʚʫ ʨʦʣʴ ʫ ʮʴʦʤʫ ʚʽʜʽʛʨʘʶʪʴ ʣʘʢʦʬʘʨʙʦʚʽ ʧʦʢʨʠʪʪʷ (ʃʌʇ), ʷʢʽ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʟʘʭʠʩʪ ʧʦʚʝʨʭʦʥʴ ʚʽʜ ʨʫʡʥʽʚʥʦʛʦ ʚʧʣʠʚʫ ʟʦʚʥʽʰʥʽʭ ʬʘʢʪʦʨʽʚ.  
ɺ ʫʤʦʚʘʭ ʟʨʦʩʪʘʶʯʠʭ ʚʠʤʦʛ ʜʦ ʽʩʥʫʶʯʠʭ ʟʘʭʠʩʥʠʭ ʧʦʢʨʠʪʪʽʚ, ʘ ʪʘʢʦʞ ʟʚʘʞʘʶʯʠ 

ʥʘ ʝʢʦʣʦʛʽʯʥʽ ʪʘ ʬʽʥʘʥʩʦʚʽ ʘʩʧʝʢʪʠ ʚʠʨʦʙʥʠʮʪʚʘ, ʜʦʩʠʪʴ ʛʦʩʪʨʦ ʧʦʩʪʘʻ ʧʠʪʘʥʥʷ ʨʦʟʨʦʙʢʠ 

ʥʦʚʠʭ ʪʘ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʽʩʥʫʶʯʠʭ ʃʌʇ, ʷʢʽ ʙ ʤʘʣʠ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʷʢʽʩʥʦ ʥʦʚʦʛʦ ʨʽʚʥʷ, ʚʽʜʧʦʚʽʜʘʣʠ ʰʠʨʦʢʦʤʫ ʩʧʝʢʪʨʫ ʚʠʤʦʛ ʨʽʟʥʠʭ ʩʧʦʞʠʚʘʯʽʚ ʪʘ 

ʚʽʜʧʦʚʽʜʘʣʠ ʤʽʞʥʘʨʦʜʥʠʤ ʝʢʦʣʦʛʽʯʥʠʤ ʩʪʘʥʜʘʨʪʘʤ.  

ʉʪʘʥʦʤ ʥʘ ʩʴʦʛʦʜʥʽ ʩʝʨʝʜ ʤʘʪʝʨʽʘʣʽʚ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʦʟʥʘʯʝʥʠʤ ʚʠʤʦʛʘʤ, 

ʰʠʨʦʢʦʛʦ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʥʘʙʫʣʠ ʃʌʇ ʟ ʧʣʽʚʢʦʫʪʚʦʨʶʚʘʣʴʥʠʤʠ ʩʧʦʣʫʢʘʤʠ ʥʘ ʦʩʥʦʚʽ 

ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʬʝʥʦʣʬʦʨʤʘʣʴʜʝʛʽʜʥʠʭ ʦʣʽʛʦʤʝʨʽʚ (ʌʆ). ʆʩʪʘʥʥʽ ʦʪʨʠʤʫʶʪʴ 

ʧʦʣʽʢʦʥʜʝʥʩʘʮʽʻʶ ʧʦʭʽʜʥʠʭ ʬʝʥʦʣʽʚ ʟ ʬʦʨʤʘʣʴʜʝʛʽʜʦʤ. ɿʦʢʨʝʤʘ ʥʘ ʦʩʥʦʚʽ ʦʣʽʻʨʦʟʯʠʥʥʠʭ 

ʌʆ ʦʪʨʠʤʫʶʪʴ ʘʥʪʠʢʦʨʦʟʽʡʥʽ ʟʘʭʠʩʥʽ ʟʘʩʦʙʠ, ʷʢʽ ʤʘʶʪʴ ʥʘʜʟʚʠʯʘʡʥʽ ʟʤʦʯʫʚʘʣʴʥʫ ʽ 

ʧʦʨʦʧʨʦʥʠʢʘʶʯʫ ʟʜʘʪʥʽʩʪʴ, ʧʣʠʥʥʽʩʪʴ, ʧʨʠʜʘʪʥʽʩʪʴ ʜʣʷ ʥʘʥʝʩʝʥʥʷ ʥʘ ʥʝʜʦʩʪʘʪʥʴʦ 

ʧʽʜʛʦʪʦʚʘʥʫ ʧʦʚʝʨʭʥʶ. ʇʦʻʜʥʘʥʥʷ ʢʦʤʧʣʝʢʩʫ ʮʽʥʥʠʭ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ï 

ʭʽʤʽʯʥʦʾ, ʪʝʧʣʦʚʦʾ, ʦʢʠʩʥʶʚʘʣʴʥʦʾ ʩʪʽʡʢʦʩʪʽ, ʚʠʩʦʢʠʭ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʽ ʪʝʧʣʦʬʽʟʠʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʦʙʫʤʦʚʣʶʻ ʰʠʨʦʢʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʠʭ ʤʘʪʝʨʽʘʣʽʚ ʫ ʷʢʦʩʪʽ ʟʘʭʠʩʥʠʭ 

ʧʦʢʨʠʪʪʽʚ. 

ʂʨʽʤ ʟʘʭʠʩʥʠʭ ʽ ʩʧʝʮʽʘʣʴʥʠʭ ʧʦʢʨʠʪʴ, ʣʘʢʽʚ, ʝʤʘʣʝʡ, ʌʆ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʫ 

ʚʠʨʦʙʥʠʮʪʚʽ ʢʣʝʾʚ, ʧʦʣʽʤʝʨʥʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʪʦʱʦ. 

ʉʫʪʪʻʚʠʤ ʥʝʜʦʣʽʢʦʤ ʪʝʭʥʦʣʦʛʽʾ ʚʠʨʦʙʥʠʮʪʚʘ ʌʆ ʻ ʫʪʚʦʨʝʥʥʷ ʟʥʘʯʥʠʭ ʦʙʩʷʛʽʚ 

ʰʢʽʜʣʠʚʠʭ ʚʽʜʭʦʜʽʚ. ɾʦʨʩʪʢʽ ʦʙʤʝʞʝʥʥʷ ʪʘ ʚʠʤʦʛʠ ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ ʜʦ ʛʨʘʥʠʯʥʠʭ 

ʢʦʥʮʝʥʪʨʘʮʽʡ ʰʢʽʜʣʠʚʠʭ ʨʝʯʦʚʠʥ ʫ ʧʨʦʤʠʩʣʦʚʠʭ ʩʪʦʢʘʭ ʪʘ ʘʪʤʦʩʬʝʨʥʠʭ ʚʠʢʠʜʘʭ 

ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʟʥʠʞʝʥʥʷ ʦʙʩʷʛʽʚ ʚʠʨʦʙʥʠʮʪʚʘ, ʱʦ ʥʝ ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʠʪʠ ʧʦʧʠʪ ʥʘ ʮʶ 

ʚʢʨʘʡ ʧʦʪʨʽʙʥʫ ʩʠʨʦʚʠʥʫ. ʂʨʽʤ ʪʦʛʦ, ʚ ʋʢʨʘʾʥʽ ʚʽʜʩʫʪʥʻ ʚʠʨʦʙʥʠʮʪʚʦ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʌʆ, 

ʧʦʪʨʽʙʥʠʭ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʃʌʇ ʟ ʚʠʱʝʥʘʚʝʜʝʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. ʊʦʤʫ ʻ ʜʦʮʽʣʴʥʠʤ 

ʧʦʰʫʢ ʥʦʚʠʭ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʌʆ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʧʦʢʨʠʪʴ ʽʟ ʢʦʤʧʣʝʢʩʦʤ 

ʩʧʝʮʽʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʘʙʦ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʽʩʥʫʶʯʠʭ ʃʌʇ.  

ɿ ʤʝʪʦʶ ʚʠʟʥʘʯʝʥʥʷ ʤʦʞʣʠʚʦʩʪʽ ʦʪʨʠʤʘʥʥʷ ʟʘʭʠʩʥʠʭ ʧʦʢʨʠʪʪʽʚ ʟ ʧʦʢʨʘʱʝʥʠʤʠ 

ʢʦʨʠʩʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʨʦʚʝʜʝʥʽ ʣʘʙʦʨʘʪʦʨʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʩʠʥʪʝʟʫ ʧʨʦʜʫʢʪʽʚ 

ʘʮʠʣʶʚʘʥʥʷ ʜʝʷʢʠʭ ʜʚʦʭʘʪʦʤʥʠʭ ʬʝʥʦʣʽʚ ʤʘʣʝʾʥʦʚʠʤ ʘʥʛʽʜʨʠʜʦʤ, ʪʘ ʢʦʥʜʝʥʩʘʮʽʾ ʡʦʛʦ ʟ 

ʬʦʨʤʘʣʴʜʝʛʽʜʦʤ. ɿʘ ʚʽʜʦʤʠʤʠ ʜʘʥʠʤʠ, ʜʝʷʢʽ ʜʚʦʭʘʪʦʤʥʽ ʬʝʥʦʣʠ, ʥʘʧʨʠʢʣʘʜ ʨʝʟʦʨʮʠʥ, ʻ 

ʤʝʥʰ ʰʢʽʜʣʠʚʠʤʠ, ʥʽʞ ʽʥʰʽ ʬʝʥʦʣʠ, ʘ ʤʘʣʝʾʥʽʟʘʮʽʷ ʦʢʨʝʤʠʭ ʧʣʽʚʢʦʫʪʚʦʨʶʚʘʣʴʥʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ ʥʘʜʘʻ ʧʦʢʨʠʪʪʷʤ ʥʘ ʾʭ ʦʩʥʦʚʽ ʧʽʜʚʠʱʝʥʽ ʘʜʛʝʟʽʶ, ʪʚʝʨʜʽʩʪʴ, ʩʧʨʦʪʠʚ ʜʦ 

ʘʙʨʘʟʠʚʥʦʛʦ ʟʥʦʩʫ, ʫʜʘʨʥʫ ʤʽʮʥʽʩʪʴ, 

ʇʦʢʘʟʘʥʦ, ʱʦ ʥʘ ʦʩʥʦʚʽ ʧʨʦʜʫʢʪʽʚ ʭʽʤʽʯʥʦʾ ʤʦʜʠʬʽʢʘʮʽʾ ʜʚʦʭʘʪʦʤʥʠʭ ʬʝʥʦʣʽʚ 

ʤʘʣʝʾʥʦʚʠʤ ʘʥʛʽʜʨʠʜʦʤ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʧʦʢʨʠʪʪʷ ʟ ʙʽʣʴʰ ʚʠʩʦʢʠʤʠ ʤʝʭʘʥʽʯʥʠʤʠ 

ʧʦʢʘʟʥʠʢʘʤʠ ʪʘ ʘʜʛʝʟʽʻʶ ʜʦ ʤʝʪʘʣʽʚ. ʆʪʨʠʤʘʥʽ ʧʨʦʜʫʢʪʠ ʤʦʞʥʘ ʟʘʧʨʦʧʦʥʫʚʘʪʠ ʫ ʷʢʦʩʪʽ 

ʤʦʜʠʬʽʢʘʪʦʨʽʚ ʽʩʥʫʶʯʠʭ ʟʘʭʠʩʥʠʭ ʧʦʢʨʠʪʴ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ.  
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ɺ ʦʩʪʘʥʥʽ ʨʦʢʠ ʥʘʙʫʚʘʻ ʧʦʰʠʨʝʥʥʷ ʨʦʟʨʦʙʢʘ ʧʦʣʽʤʝʨʥʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ (ʇʂʄ) ʬʦʪʦʭʽʤʽʯʥʦʛʦ ʩʪʨʫʢʪʫʨʫʚʘʥʥʷ, ʷʢʽ ʚ ʩʚʦʻʤʫ ʩʢʣʘʜʽ ʤʘʶʪʴ ʚʩʽ 

ʥʝʦʙʭʽʜʥʽ ʢʦʤʧʦʥʝʥʪʠ, ʥʝ ʧʦʪʨʝʙʫʶʪʴ ʾʭ ʜʦʟʫʚʘʥʥʷ ʽ ʟʤʽʰʫʚʘʥʥʷ. ʇʦʜʽʙʥʽ ʢʦʤʧʘʫʥʜʠ 

ʟʙʝʨʽʛʘʶʪʴʩʷ ʫ ʚʽʜʧʦʚʽʜʥʽʡ ʫʧʘʢʦʚʮʽ, ʷʢʘ ʚʠʢʣʶʯʘʻ ʤʦʞʣʠʚʽʩʪʴ ʧʦʧʘʜʘʥʥʷ ʥʘ ʥʠʭ ʩʚʽʪʣʘ. 

ʇʨʠ ʥʝʦʙʭʽʜʥʦʩʪʽ ʇʂʄ ʟʚʽʣʴʥʷʻʪʴʩʷ ʚʽʜ ʧʘʢʫʚʘʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʟ ʥʴʦʛʦ 

ʬʦʨʤʫʻʪʴʩʷ ʧʦʪʨʽʙʥʠʡ ʚʠʨʽʙ ʽ ʧʨʠ ʦʧʨʦʤʽʥʶʚʘʥʥʽ ʩʚʽʪʣʦʤ ʚʽʜʙʫʚʘʻʪʴʩʷ ʡʦʛʦ ʪʚʝʨʜʽʥʥʷ 

(ʩʪʨʫʢʪʫʨʫʚʘʥʥʷ). 

ʇʦʜʽʙʥʽ ʇʂʄ ʜʫʞʝ ʟʨʫʯʥʽ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʩʪʦʤʘʪʦʣʦʛʽʯʥʽʡ ʧʨʘʢʪʠʮʽ 

(ʽʥʜʠʚʽʜʫʘʣʴʥʽ ʚʽʜʙʠʪʢʦʚʽ ʣʦʞʢʠ), ʚ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽ ʜʣʷ ʫʩʫʥʝʥʥʷ ʜʝʬʝʢʪʽʚ ʣʠʪʪʷ, 

ʟʘʜʽʣʢʠ ʪʨʽʱʠʥ, ʣʽʢʚʽʜʘʮʽʾ ʪʝʯʽ ʚ ʨʘʜʽʘʪʦʨʘʭ ʪʘ ʽʥ. 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʙʫʣʦ ʩʪʚʦʨʝʥʥʷ ʇʂʄ ʬʦʪʦʭʽʤʽʯʥʦʛʦ ʩʪʨʫʢʪʫʨʫʚʘʥʥʷ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʽʪʯʠʟʥʷʥʦʾ ʩʠʨʦʚʠʥʠ. 

ɸʥʘʣʦʛʦʤ ʧʨʠʡʥʷʪʘ ʢʦʤʧʦʟʠʮʽʷ ʽʥʜʠʚʽʜʦ-ʣʶʢʩ (ʅʽʤʝʯʯʠʥʘ), ʦʩʥʦʚʦʶ ʷʢʦʾ ʻ 

ʦʣʽʛʦʝʬʽʨʘʢʨʠʣʘʪ, ʦʣʽʛʦʫʨʝʪʘʥʘʢʨʠʣʘʪ ʽ ʘʜʜʫʢʪ ʙʽʩʬʝʥʦʣʫ ɸ (ʜʽʬʝʥʽʣʦʣʧʨʦʧʘʥ) ʽ 

ʛʣʽʮʠʜʠʣʤʝʪʘʢʨʠʣʘʪʫ. 

ɼʣʷ ʩʪʚʦʨʝʥʥʷ ʇʂʄ ʚʠʢʦʨʠʩʪʘʥʽ: ʧʣʘʩʪʤʘʩʘ çɹʫʪʘʢʨʠʣè (ʢʦʧʦʣʽʤʝʨ 

ʤʝʪʠʣʤʝʪʘʢʨʠʣʘʪʫ ʽ ʙʫʪʠʣʤʝʪʘʢʨʠʣʘʪʫ), ʘʣʶʤʦʩʠʣʽʢʘʪʥʽ ʤʽʢʨʦʩʬʝʨʠ HGS-30, 

ʤʦʥʪʤʦʨʠʣʦʥʽʪ (Na,Ca) 0,33 (Al ,Mg)2(Si4O10)(OH)2ĀnH2O (ʨʦʜʦʚʠʱʝ ʩ. ʇʦʣʦʛʠ 

ɿʘʧʦʨʽʟʴʢʦʾ ʦʙʣ.), ʘ ʪʘʢʦʞ ʬʦʪʦʽʥʽʮʽʘʪʦʨʠ ʪʘ ʬʦʪʦʩʝʥʩʠʙʽʣʽʟʘʪʦʨʠ ï ʙʝʥʟʦʾʥ, ʤʝʪʠʣʦʚʽ 

ʝʬʽʨʠ ʙʝʥʟʦʾʥʫ, 2,2-ʜʠʤʝʪʦʢʩʠʘʮʝʪʦʬʝʥʦʥ. 

ɺʠʭʽʜʥʽ ʢʦʤʧʦʥʝʥʪʠ ʟʤʽʰʫʚʘʣʠ ʫ ʧʨʠʤʽʱʝʥʥʽ ʟ ʯʝʨʚʦʥʠʤ ʩʚʽʪʣʦʤ ʽ ʟʙʝʨʽʛʘʣʠ ʫ 

ʚʽʜʧʦʚʽʜʥʽʡ ʫʧʘʢʦʚʮʽ, ʷʢʘ ʚʠʢʣʶʯʘʻ ʧʦʧʘʜʘʥʥʷ ʩʚʽʪʣʘ.  

ɼʣʷ ʩʪʨʫʢʪʫʨʫʚʘʥʥʷ ʢʦʤʧʘʫʥʜʽʚ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʣʘʙʦʨʘʪʦʨʥʫ ʫʩʪʘʥʦʚʢʫ ʟ ʣʘʤʧ 

ʃʋʌ-40. ɹʫʣʠ ʜʦʩʣʽʜʞʝʥʽ ʯʘʩ ʬʦʪʦʭʽʤʽʯʥʦʛʦ ʩʪʨʫʢʪʫʨʫʚʘʥʥʷ ʢʦʤʧʘʫʥʜʽʚ, ʤʝʭʘʥʽʯʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ, ʩʪʫʧʽʥʴ ʩʪʨʫʢʪʫʨʫʚʘʥʥʷ (ʘʧʘʨʘʪ ʉʦʢʩʣʝʪʘ), ʚʦʜʦʧʦʛʣʠʥʘʥʥʷ ʪʘ ʽʥ. ʄʝʭʘʥʽʟʤ 

ʨʝʘʢʮʽʾ ʩʪʨʫʢʪʫʨʫʚʘʥʥʷ ʜʦʩʣʽʜʞʫʚʘʣʠ ɯʏ-ʩʧʝʢʪʨʦʩʢʦʧʽʻʶ. 

ɺʩʪʘʥʦʚʣʝʥʠʡ ʚʧʣʠʚ ʭʽʤʽʯʥʦʾ ʧʨʠʨʦʜʠ ʬʦʪʦʽʥʽʮʽʘʪʦʨʽʚ ʽ ʬʦʪʦʩʝʥʩʠʙʽʣʽʟʘʪʦʨʽʚ ʥʘ 

ʯʘʩ ʩʪʨʫʢʪʫʨʫʚʘʥʥʷ, ʜʦʩʣʽʜʞʝʥʠʡ ʚʧʣʠʚ ʨʽʟʥʠʭ ʥʘʧʦʚʥʶʚʘʯʽʚ ʽ ʧʦʣʽʤʝʨʥʠʭ 

ʤʦʜʠʬʽʢʘʪʦʨʽʚ ʥʘ ʚʣʘʩʪʠʚʦʩʪʽ ʇʂʄ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʪʘʢʠʭ ʢʦʤʧʦʟʠʮʽʡ ʫʪʚʦʨʶʻʪʴʩʷ ʩʪʨʫʢʪʫʨʘ ʪʠʧʫ 

çʟʤʽʡʢʘ ʚ ʢʣʽʪʮʽè, ʷʢʘ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʰʠʨʦʢʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʇʂʄ ʽ 

ʨʦʟʰʠʨʝʥʥʷ ʛʘʣʫʟʝʡ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ. 
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ʄʆɼʀʌɯʂɸʎɯʗ ɽʇʆʂʉʀɼʅʀʍ ɿɺôʗɿʅʀʍ ɼʃʗ ʉʂʃʆʇʃɸʉʊʀʂʆɺʀʍ ʊʈʋɹ 

ɿ ʄɽʊʆʖ ʇɯɼɺʀʑɽʅʅʗ ɰʍ ɻɽʈʄɽʊʀʏʅʆʉʊɯ 

ʂʘʨʘʥʜʘʰʦʚ ʆ. ɻ., ʅʠʢʦʥʯʫʢ ɼ. ʃ., ɸʚʨʘʤʝʥʢʦ ɺ. ʃ., ʇʽʜʛʦʨʥʘ ʃ. ʇ. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʍʘʨʢʽʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪè 

avramenko@kpi.Kharkov.ua 

 

 ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʩʢʣʦʧʣʘʩʪʠʢʦʚʠʭ ʪʨʫʙ ʜʣʷ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʚʦʜʠ ʪʘ ʨʽʟʥʠʭ 

ʭʽʤʽʯʥʠʭ ʩʝʨʝʜʦʚʠʱ ʧʽʜ ʚʠʩʦʢʠʤ ʪʠʩʢʦʤ ʧʦʩʪʘʻ ʧʨʦʙʣʝʤʘ ʧʽʜʚʠʱʝʥʥʷ ʾʭ ʛʝʨʤʝʪʠʯʥʦʩʪʽ 

ʪʘ ʟʤʝʥʰʝʥʥʷ ʢʨʠʭʢʦʩʪʽ.  

 ʎʷ ʟʘʜʘʯʘ ʚʠʨʽʰʫʚʘʣʘʩʴ ʥʘʤʠ ʰʣʷʭʦʤ ʜʦʜʘʚʘʥʥʷ ʨʷʜʫ ʤʦʜʠʬʽʢʘʪʦʨʽʚ ʜʦ ʩʢʣʘʜʫ 

ʝʧʦʢʩʠʜʥʠʭ ʟʚôʷʟʥʠʭ ʛʘʨʷʯʦʛʦ ʪʚʝʨʜʥʝʥʥʷ ʥʘ ʦʩʥʦʚʽ ʝʧʦʢʩʠʜʥʠʭ ʦʣʽʛʦʤʝʨʽʚ ʤʘʨʦʢ 

Epicote 828, CHS Epoxy 520, ʪʚʝʨʜʥʠʢʽʚ ʽʟʦʤʝʪʠʣʪʝʪʨʘʛʽʜʨʦʬʪʘʣʝʚʦʛʦ ʘʥʛʽʜʨʠʜʫ 

(ɯʄʊɻʌɸ) ʪʘ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ɯʄʊɻʌɸ ʤʘʨʢʠ ʍʊ-152ɹ, ʘ ʪʘʢʦʞ ʧʨʠʩʢʦʨʶʚʘʯʘ ʤʘʨʢʠ 

ʋʇ 606/2. ʄʦʜʠʬʽʢʘʪʦʨʘʤʠ ʙʫʣʠ ʦʙʨʘʥʽ ʧʦʣʽʫʨʝʪʘʥʦʚʽ ʦʣʽʛʦʤʝʨʠ ʤʘʨʦʢ ʇʣʘʩʪʫʨ ʽ ʋʈɽʇ, 

ʘ ʪʘʢʦʞ ʧʦʭʽʜʥʽ ʦʢʩʠʧʨʦʧʽʣʪʨʠʤʝʪʦʢʩʠʩʠʣʘʥʽʚ ʤʘʨʦʢ GLIMO ʪʘ MEMO. 

 ʉʢʣʦʧʣʘʩʪʠʢʦʚʽ ʪʨʫʙʠ ʜʽʘʤʝʪʨʦʤ 100 ʤʤ ʽ ʪʦʚʱʠʥʦʶ 2,2 ʤʤ ʚʠʨʦʙʣʷʣʠʩʴ ʤʝʪʦʜʦʤ 

ʙʝʟʧʝʨʝʨʚʥʦʾ ʢʦʩʦʰʘʨʦʚʦʾ ʧʦʟʜʦʚʞʥʴʦ-ʧʦʧʝʨʝʯʥʦʾ ʥʘʤʦʪʢʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 110 ʦʉ. 

 ɺʠʚʯʘʣʠ ʚʧʣʠʚ ʚʤʽʩʪʫ ʤʦʜʠʬʽʢʘʪʦʨʽʚ ʥʘ ʪʘʢʽ ʧʦʢʘʟʥʠʢʠ ʟʘʪʚʝʨʜʥʝʥʦʛʦ ʟʚôʷʟʥʦʛʦ, 

ʷʢ ʩʪʫʧʽʥʴ ʪʚʝʨʜʥʝʥʥʷ, ʫʜʘʨʥʘ ʚôʷʟʢʽʩʪʴ ʪʘ ʥʘ ʧʦʢʘʟʥʠʢʠ ʩʢʣʦʧʣʘʩʪʠʢʦʚʠʭ ʪʨʫʙ ï  

ʛʝʨʤʝʪʠʯʥʽʩʪʴ ʪʘ ʨʫʡʥʽʚʥʝ ʥʘʧʨʫʞʝʥʥʷ ʧʨʠ ʢʽʣʴʮʝʚʦʤʫ ʨʦʟʪʷʛʫ.  

ʈʫʡʥʽʚʥʝ ʥʘʧʨʫʞʝʥʥʷ ʧʨʠ ʢʽʣʴʮʝʚʦʤʫ ʨʦʟʪʷʛʫ ʚʠʟʥʘʯʘʣʠ ʰʣʷʭʦʤ ʨʦʟʪʷʛʥʝʥʥʷ 

ʢʽʣʴʮʝʚʠʭ ʟʨʘʟʢʽʚ ʩʢʣʦʧʣʘʩʪʠʢʦʚʠʭ ʪʨʫʙ ʧʦ ʾʭ ʧʣʦʱʠʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʥʫʪʨʽʰʥʴʦʛʦ 

ʪʠʩʢʫ, ʷʢʠʡ ʩʪʚʦʨʶʻʪʴʩʷ ʞʦʨʩʪʢʠʤʠ ʥʘʧʽʚʜʠʩʢʘʤʠ ʧʨʠʩʪʨʦʶ ʚʠʧʨʦʙʫʚʘʣʴʥʦʾ ʤʘʰʠʥʠ.  

ɻʝʨʤʝʪʠʯʥʽʩʪʴ ʪʘ ʢʨʠʭʢʽʩʪʴ ʪʨʫʙ ʦʮʽʥʶʚʘʣʠ ʧʨʠ ʚʠʧʨʦʙʫʚʘʥʥʷʭ ʥʘ ʛʽʜʨʦʩʪʝʥʜʽ 

ʉɻɯ-99. ʇʽʜ ʯʘʩ ʚʠʧʨʦʙʫʚʘʥʴ ʬʽʢʩʫʚʘʣʠ ʜʚʘ ʧʦʢʘʟʥʠʢʠ: 

1) ʇʦʢʘʟʥʠʢ ʥʘʧʨʫʞʝʥʥʷ çʧʝʨʰʦʛʦ ʪʨʽʩʢʫè ï ʚʥʫʪʨʽʰʥʻ ʥʘʧʨʫʞʝʥʥʷ ʫ 

ʪʨʫʙʦʧʨʦʚʦʜʽ, ʧʨʠ ʷʢʦʤʫ ʟʨʘʟʦʢ ʚʠʨʦʙʫ ʫʪʚʦʨʶʻ ʭʘʨʘʢʪʝʨʥʠʡ ʟʚʫʢ, ʷʢʠʡ ʩʚʽʜʯʠʪʴ ʧʨʦ 

ʧʦʨʫʰʝʥʥʷ ʮʽʣʽʩʥʦʩʪʽ ʚʠʨʦʙʫ. ʆʜʥʘʢ ʜʘʥʝ ʤʽʥʽʤʘʣʴʥʝ ʧʦʯʘʪʢʦʚʝ ʨʫʡʥʫʚʘʥʥʷ ʤʦʞʝ ʥʝ 

ʚʝʩʪʠ ʟʘ ʩʦʙʦʶ ʚʪʨʘʪʫ ʛʝʨʤʝʪʠʯʥʦʩʪʽ. 

2) ʇʨʠ ʧʦʜʘʣʴʰʦʤʫ ʧʽʜʚʠʱʝʥʥʽ ʥʘʧʨʫʞʝʥʥʷ, ʟʘʤʽʨʷʻʪʴʩʷ ʟʥʘʯʝʥʥʷ, ʧʨʠ ʷʢʦʤʫ 

ʥʘ ʧʦʚʝʨʭʥʽ ʩʢʣʦʧʣʘʩʪʠʢʦʚʦʾ ʪʨʫʙʠ ʚʠʷʚʣʷʶʪʴʩʷ ʧʝʨʰʽ ʩʣʽʜʠ ʚʠʧʦʪʽʚʘʥʥʷ (çʧʝʨʰʘ ʪʝʯʘè) 

ʘʙʦ ʧʦʷʚʘ ʩʚʠʱʽʚ, ʱʦ ʩʠʛʥʘʣʽʟʫʻ ʧʨʦ ʚʪʨʘʪʫ ʛʝʨʤʝʪʠʯʥʦʩʪʽ ʽ ʥʝʤʦʞʣʠʚʽʩʪʴ ʧʦʜʘʣʴʰʦʛʦ 

ʚʠʧʨʦʙʫʚʘʥʥʷ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʠʨʦʙʫ ʧʨʠ ʙʽʣʴʰ ʚʠʩʦʢʦʤʫ ʥʘʧʨʫʞʝʥʥʽ.  

 ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʧʦʢʘʟʘʣʠ, ʱʦ ʚʚʝʜʝʥʥʷ ʚʢʘʟʘʥʠʭ ʤʦʜʠʬʽʢʘʪʦʨʽʚ ʧʦʟʠʪʠʚʥʦ 

ʚʧʣʠʚʘʻ ʥʘ ʧʦʢʘʟʥʠʢʠ ʤʽʮʥʦʩʪʽ (ʾʭ ʟʥʘʯʝʥʥʷ ʟʨʦʩʪʘʻ ʥʘ 50ï80 %) ʪʘ ʚʜʚʽʯʽ ʧʽʜʚʠʱʫʻ 

ʧʦʢʘʟʥʠʢʠ ʛʝʨʤʝʪʠʯʥʦʩʪʽ. ɺʚʝʜʝʥʥʷ ʧʦʭʽʜʥʠʭ ʦʢʩʠʧʨʦʧʽʣʪʨʠʤʝʪʦʢʩʠʩʠʣʘʥʽʚ ʧʦʣʽʧʰʫʻ 

ʟʤʦʯʫʚʘʥʽʩʪʴ ʩʢʣʦʨʦʚʠʥʛʫ ʟʚôʷʟʥʠʤ, ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʙʽʣʴʰ ʱʽʣʴʥʫ ʩʪʨʫʢʪʫʨʫ 

ʩʢʣʦʧʣʘʩʪʠʢʘ ʪʘ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʽʜʚʠʱʝʥʥʷ ʛʝʨʤʝʪʠʯʥʦʩʪʽ ʪʨʫʙ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʨʦʟʨʦʙʣʝʥʽ ʩʢʣʘʜʠ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʝʧʦʢʩʠʜʥʠʭ ʟʚôʷʟʥʠʭ ʜʣʷ 

ʦʪʨʠʤʘʥʥʷ ʩʢʣʦʧʣʘʩʪʠʢʦʚʠʭ ʪʨʫʙ ʟ ʧʽʜʚʠʱʝʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʤʽʮʥʦʩʪʽ, ʧʽʜʚʠʱʝʥʦʶ 

ʛʝʨʤʝʪʠʯʥʽʩʪʶ ʪʘ ʟʥʠʞʝʥʦʶ ʢʨʠʭʢʽʩʪʶ, ʷʢʽ ʧʨʦʭʦʜʷʪʴ ʚʠʧʨʦʙʫʚʘʥʥʷ ʧʨʠ 

ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʽ ʩʝʨʝʜʦʚʠʱ ʟ ʧʽʜʚʠʱʝʥʠʤ ʪʠʩʢʦʤ (ʜʦ 6,7 ʄʇʘ). 
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ʊɽʈʂʆʇʆʃɯʄɽʈʀɿɸʎɯʗ ʅʆɺʆɻʆ ʄʆʅʆʄɽʈʋ ʅɸ ʆʉʅʆɺɯ 

ʊʈʀɻʃɯʎɽʈʀɼɯɺ ʆʃʀɺʂʆɺʆɰ ʆʃɯɰ ɿ ɺɯʅɯʃɸʎɽʊɸʊʆʄ ʊɸ ʄɸʃɽɰʅʆɺʀʄ 

ɸʅɻɯɼʈʀɼʆʄ 

ʂʽʨôʷʥʯʫʢ ɺ. ʌ.1, ɼʝʤʯʫʢ ɿ. ɯ.2, ʐʝʚʯʫʢ ʆ. ʄ.1, ɺʦʨʦʥʦʚ ʉ. ɸ.1,  

ʊʘʨʥʘʚʯʠʢ ɯ. ʊ.2, ʂʦʛʫʪ ɸ. ʄ.1, ɺʦʨʦʥʦʚ ɸ. ʉ.2 
1 ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʃʴʚʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ʚʫʣ. ʉ. ɹʘʥʜʝʨʠ 12, 79013, ʃʴʚʽʚ 

2ɼʝʚʞʘʚʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʇʽʚʥʽʯʥʦʾ ɼʘʢʦʪʠ, ʤ. ʌʘʨʛʦ, ʉʐɸ 

Vasuluna411@ukr.net 

 

ʄʝʪʘ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʫ ʩʠʥʪʝʟʽ ʪʝʨʢʦʧʦʣʽʤʝʨʫ ʥʘ ʦʩʥʦʚʽ ʚʽʥʽʣʘʮʝʪʘʪʫ, ʤʘʣʝʾʥʦʚʦʛʦ 

ʘʥʛʽʜʨʠʜʫ ʪʘ ʤʦʥʦʤʝʨʫ ʥʘ ʦʩʥʦʚʽ ʪʨʠʛʣʽʮʝʨʠʜʽʚ ʦʣʠʚʢʦʚʦʾ ʦʣʽʾ - (ʘʢʨʠʣʦʾʣ ʘʤʽʥʦ) ʝʪʠʣ 

ʦʣʝʘʪʫ, ʜʦʩʣʽʜʞʝʥʥʷ ʡʦʛʦ ʢʦʣʦʾʜʥʦ-ʭʽʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʘ ʤʦʞʣʠʚʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ 

ʷʢʦʩʪʽ ʩʦʣʶʙʽʣʽʟʘʪʦʨʘ. 

ʊʝʨʢʦʧʦʣʽʤʝʨʠʟʘʮʽʶ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʨʽʟʥʦʤʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ ʤʦʥʦʤʝʨʽʚ ʚ 

ʩʝʨʝʜʦʚʠʱʽ ʪʦʣʫʦʣʫ, ʟ ʧʦʩʪʫʧʦʚʠʤ ʚʚʝʜʝʥʥʷʤ ʤʦʥʦʤʝʨʫ ʥʘ ʦʩʥʦʚʽ ʦʣʠʚʢʦʚʦʾ ʦʣʽʾ ʚ 

ʨʝʘʢʮʽʡʥʫ ʤʘʩʫ, ʷʢ ʽʥʽʮʽʘʪʦʨ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʜʠʥʽʪʨʠʣ ʘʟʦ-ʙʽʩ-ʽʟʦʤʘʩʣʷʥʦʾ ʢʠʩʣʦʪʠ 

(ɼɸʂ). ʇʨʦʮʝʩ ʦʜʝʨʞʘʥʥʷ ʜʘʥʦʛʦ ʪʝʨʢʦʧʦʣʽʤʝʨʫ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʩʭʝʤʦʶ: 
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70ʦʉɼɸʂ,

 
 

ʉʪʨʫʢʪʫʨʫ ʦʜʝʨʞʘʥʠʭ ʪʝʨʢʦʧʦʣʽʤʝʨʽʚ ʧʽʜʪʚʝʨʜʞʝʥʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ɯʏ- ʪʘ ʗʄʈ-

ʩʧʝʢʪʨʦʩʢʦʧʽʾ. ʄʦʣʝʢʫʣʷʨʥʽ ʤʘʩʠ ʧʦʣʽʤʝʨʽʚ ʚʠʟʥʘʯʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʛʝʣʴ-ʧʨʦʥʠʢʥʦʾ 

ʭʨʦʤʘʪʦʛʨʘʬʽʾ.  

ɺʘʞʣʠʚʠʤ ʝʪʘʧʦʤ ʦʜʝʨʞʘʥʥʷ ʧʨʦʜʫʢʪʫ ʟ ʥʝʦʙʭʽʜʥʠʤʠ ʇɸɺ ʻ ʛʽʜʨʦʣʽʟ 

ʪʝʨʢʦʧʦʣʽʤʝʨʫ, ʷʢʠʡ ʧʨʦʚʦʜʠʚʩʷ ʫ ʩʣʘʙʦ-ʣʫʞʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʙʣʠʟʴʢʽʡ 

ʜʦ ʢʽʤʥʘʪʥʦʾ (30 Áʉ). ɹʫʜʦʚʫ ʥʝʛʽʜʨʦʣʽʟʦʚʘʥʦʛʦ ʪʘ ʛʽʜʨʦʣʽʟʦʚʘʥʦʛʦ ʪʝʨʢʦʧʦʣʽʤʝʨʫ 

ʧʽʜʪʚʝʨʜʞʫʚʘʣʠ ɯʏ-ʩʧʝʢʪʨʦʩʢʦʧʽʻʶ.  

ɺʠʭʦʜʷʯʠ ʟ ʜʘʥʠʭ ɯʏ- ʪʘ ʗʄʈ-ʩʧʝʢʪʨʦʩʢʦʧʽʾ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʤʦʣʴʥʠʭ ʯʘʩʪʦʢ 

ʤʦʥʦʤʝʨʽʚ ʨʦʟʨʘʭʦʚʘʥʦ ʛʽʜʨʦʬʽʣʴʥʦ-ʣʽʧʦʬʽʣʴʥʠʡ ʙʘʣʘʥʩ (ɻʃɹ) ʩʠʥʪʝʟʦʚʘʥʠʭ 

ʪʝʨʢʦʧʦʣʽʤʝʨʽʚ ʟʛʽʜʥʦ ɼʝʚʽʩʫ (ɻʃɹ = 6,2ï13,8). ɺʽʜʦʤʦ, ʱʦ ʟʘʣʝʞʥʦ ʚʽʜ ʟʥʘʯʝʥʥʷ ɻʃɹ 

ʧʦʣʽʤʝʨʫ ʚʘʨʽʶʶʪʴʩʷ ʩʬʝʨʠ ʡʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ. ʆʜʝʨʞʘʥʽ ʜʘʥʽ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʟʜʘʪʥʽʩʪʴ 

ʩʠʥʪʝʟʦʚʘʥʠʭ ʪʝʨʢʦʧʦʣʽʤʝʨʽʚ ʚʠʩʪʫʧʘʪʠ ʚ ʷʢʦʩʪʽ ʩʦʣʶʙʽʣʽʟʘʪʦʨʘ, ʘ ʪʘʢʦʞ ʤʦʞʣʠʚʽʩʪʴ ʾʭ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʩʠʩʪʝʤʘʭ ʜʦʩʪʘʚʢʠ ʣʽʢʽʚ. 

ɺʘʨʽʶʚʘʥʥʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʦʥʦʤʝʨʽʚ ʘʙʦ ʨʝʛʫʣʶʚʘʥʥʷ ʩʪʫʧʝʥʷ ʽʦʥʽʟʘʮʽʾ 

ʜʦʟʚʦʣʷʻ ʨʝʛʫʣʶʚʘʪʠ ʟʥʘʯʝʥʥʷ ʛʽʜʨʦʬʽʣʴʥʦ-ʣʽʧʦʬʽʣʴʥʦʛʦ ʙʘʣʘʥʩʫ, ʮʝ ʤʦʞʝ ʟʥʘʯʥʦ 

ʨʦʟʰʠʨʠʪʠ ʛʘʣʫʟʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʦʚʦʛʦ ʪʝʨʢʦʧʦʣʽʤʝʨʫ. 
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ɸʅɸʃɯɿ ɺ ɿɸɼɸʏɸʍ ʇɽʈʂʆʃʗʎɯɰ ʄʆʈʌʆʃʆɻɯʏʅʆɰ ɹʋɼʆɺʀ ʂʃɽʁʆɺʀʍ 

ʇʃɯɺʆʂ 

ɭʚʜʦʢʠʤʝʥʢʦ ʅ. ʄ., ʂʣʦʢʦʣ ʇ. ɺ. 

ʋʢʨʘʾʥʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʭʽʤʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 
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ʈʝʟʫʣʴʪʘʪʠ ʚʠʚʯʝʥʥʷ ʚʟʘʻʤʦʟʚôʷʟʢʫ ʩʢʣʘʜïʩʪʨʫʢʪʫʨʘïʚʣʘʩʪʠʚʦʩʪʽ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʽʚ, ʱʦ ʙʘʟʫʶʪʴʩʷ ʥʘ ʘʥʘʣʽʟʽ ʚ ʟʘʜʘʯʘʭ ʧʝʨʢʦʣʷʮʽʾ ʪʘ ʨʝʟʫʣʴʪʘʪʘʭ 

ʨʦʟʨʘʭʫʥʢʽʚ ʟʘ ʨʽʚʥʷʥʥʷʤ ʌʝʨʭʶʣʴʩʪʘ, ʜʦʟʚʦʣʷʶʪʴ ʧʨʦʛʥʦʟʫʚʘʪʠ ʦʧʪʠʤʘʣʴʥʠʡ ʩʢʣʘʜ 

ʚʠʩʦʢʦʢʦʥʮʝʥʪʨʦʚʘʥʠʭ ʨʦʟʯʠʥʽʚ ʟ ʥʠʟʴʢʦʶ ʚôʷʟʢʽʩʪʶ. 

ʅʘ ʧʽʜʩʪʘʚʽ ʜʘʥʠʭ ʧʝʨʢʦʣʷʮʽʡʥʦʛʦ ʘʥʘʣʽʟʫ ʨʦʟʨʦʙʣʝʥʦ ʧʨʠʥʮʠʧʠ ʧʦʙʫʜʦʚʠ 

ʦʧʪʠʤʘʣʴʥʠʭ ʨʝʮʝʧʪʫʨʘ ʢʣʝʡʦʚʠʭ ʢʦʤʧʦʟʠʮʽʡ ʪʘ ʨʝʞʠʤʽʚ ʾʭ ʚʠʛʦʪʦʚʣʝʥʥʷ, ʷʢʽ 

ˇʨʫʥʪʫʶʪʴʩʷ ʥʘ ʫʷʚʣʝʥʥʷ ʧʨʦ ʦʧʪʠʤʘʣʴʥʫ ʛʝʦʤʝʪʨʠʯʥʫ ʬʘʟʦʚʫ ʤʦʨʬʦʣʦʛʽʶ. 

ɸʢʪʫʘʣʴʥʦʶ ʧʨʦʙʣʝʤʦʶ ʩʫʯʘʩʥʦʾ ʪʝʭʥʽʢʠ ʻ ʧʨʦʙʣʝʤʘ ʨʦʟʨʦʙʢʠ ʢʣʝʾʚ ʜʣʷ 

ʥʘʥʝʩʝʥʥʷ ʤʝʪʦʜʦʤ ʨʦʟʧʠʣʝʥʥʷ ï ʨʦʟʧʠʣʝʥʥʷ ʢʣʝʾʚ ʩʪʠʩʣʠʤ ʧʦʚʽʪʨʷʤ ʜʦʟʚʦʣʷʻ 

ʘʚʪʦʤʘʪʠʟʫʚʘʪʠ ʧʨʦʮʝʩ ʩʢʣʝʶʚʘʥʥʷ, ʱʦ ʩʫʪʪʻʚʦ ʧʦʢʨʘʱʫʻ ʫʤʦʚʠ ʧʨʘʮʽ ʪʘ ʧʽʜʚʠʱʫʻ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʜʘʥʦʛʦ ʧʨʦʮʝʩʫ. 

ʇʨʠʥʮʠʧʦʚʦ ʩʢʣʘʜʥʦʶ ʧʨʦʙʣʝʤʦʶ ʧʨʠ ʥʘʥʝʩʝʥʥʽ ʢʣʝʾʚ ʤʝʪʦʜʦʤ ʨʦʟʧʠʣʝʥʥʷ ʻ 

ʥʠʪʢʦ ʫʪʚʦʨʝʥʥʷ. ʅʠʪʢʦʫʪʚʦʨʝʥʥʷ ï ʮʝ ʧʨʠʨʦʜʥʘ ʚʣʘʩʪʠʚʽʩʪʴ ʨʦʟʯʠʥʽʚ 

ʚʠʩʦʢʦʤʦʣʝʢʫʣʷʨʥʠʭ ʩʧʦʣʫʢ. ɺ ʣʽʪʝʨʘʪʫʨʽ ʚʽʜʩʫʪʥʽ ʜʘʥʥʽ ʧʨʦ ʰʣʷʭʠ ʟʥʠʞʝʥʥʷ ʥʠʪʢʦ 

ʫʪʚʦʨʝʥʥʷ ʟʘ ʨʘʭʫʥʦʢ ʟʤʽʥʠ ʩʢʣʘʜʫ ʢʣʝʾʚ. 

ɸʥʘʣʽʟ ʚ ʟʘʜʘʯʘʾ ʧʝʨʢʦʣʮʽʾ ʧʦʢʘʟʫʻ, ʱʦ ʧʨʦʙʣʝʤʫ ʥʠʪʢʦʫʪʚʦʨʝʥʥʷ ʤʦʞʥʘ ʚʠʨʽʰʠʪʠ 

ʰʣʷʭʦʤ ʩʪʚʦʨʝʥʥʷ ʢʣʝʶ ʟ ʢʦʤʧʦʟʠʮʽʡ, ʱʦ ʤʘʶʪʴ ʤʘʪʨʠʯʥʫ ʩʪʨʫʢʪʫʨʫ ï ʟ 

ʥʠʟʴʢʦʤʦʣʝʢʫʣʷʨʥʠʤ ʜʠʩʧʝʨʩʽʡʥʠʤ ʩʝʨʝʜʦʚʠʱʝʤ ʪʘ ʚʠʩʦʢʦʤʦʣʝʢʫʣʷʨʥʠʤʠ ʯʘʩʪʢʘʤʠ 

ʜʠʩʧʝʨʩʥʦʾ ʬʘʟʠ. 

ʂʣʝʡʦʚʽ ʢʦʤʧʦʟʠʮʽʾ ʟ ʪʘʢʦʶ ʤʦʨʬʦʣʦʛʽʻʶ ʤʘʶʪʴ ʫʥʽʢʘʣʴʥʠʡ ʢʦʤʧʣʝʢʩ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ï ʚʠʩʦʢʦʢʦʥʮʝʥʪʨʦʚʘʥʽ ʨʦʟʯʠʥʠ ʤʘʶʪʴ ʥʠʟʴʢʫ ʚôʷʟʢʽʩʪʴ. 

ʊʘʢʽ ʢʣʝʾ ʜʦʟʚʦʣʷʶʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʘʜʛʝʟʽʾ ʧʨʠ ʥʘʥʝʩʝʥʥʽ ʚʞʝ ʦʜʥʦʛʦ ʰʘʨʫ 

ʢʣʝʶ, ʘ ʘʥʦʤʘʣʴʥʦ ʥʠʟʴʢʘ ʚôʷʟʢʽʩʪʴ ʢʣʝʶ ʟʘʙʝʟʧʝʯʫʻ ʟʤʝʥʰʝʥʥʷ ʝʥʝʨʛʦʚʠʪʨʘʪ. 

ʆʩʦʙʣʠʚʽʩʪʴ ʨʦʟʧʠʣʝʥʥʷ ʢʣʝʶ ï ʚʽʜʩʫʪʥʽʩʪʴ ʥʠʪʢʦʫʪʚʦʨʝʥʥʷ. 
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ʉʀʅʊɽɿ ɸɿʆʉʆɼɽʈɾɸʑʀʍ ʇʆʃʀɸɿʆʄɽʊʀʅʆɺ 

ʉ ʇɽʈʌʊʆʈɸʈʆʄɸʊʀʏɽʉʂʀʄʀ ʀ ɸʃʀʌɸʊʀʏɽʉʂʀʄʀ ʌʈɸɻʄɽʅʊɸʄʀ 

ɺ ʆʉʅʆɺʅʆʁ ʎɽʇʀ 

ʂʦʚʘʣʴʯʫʢ ɸ. ʀ., ʂʦʙʟʘʨʴ ʗ. ʃ., ʉʠʜʦʨʝʥʢʦ ɸ. ɺ., ʊʢʘʯʝʥʢʦ ʀ. ʄ., ʐʝʢʝʨʘ ʆ. ɺ., 

ʐʝʚʯʝʥʢʦ ɺ. ɺ. 

ʀʥʩʪʠʪʫʪ ʭʠʤʠʠ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʅɸʅ ʋʢʨʘʠʥʳ 

ʍʘʨʴʢʦʚʩʢʦʝ ʰʦʩʩʝ 48, 02160, ʂʠʝʚ, ʋʢʨʘʠʥʘ 
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ʉʨʝʜʠ ʩʦʧʨʷʞʝʥʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʧʨʠʚʣʝʢʘʶʪ ʘʟʦ- ʠ 

ʘʟʦʤʝʪʠʥʦʚʳʝ ʛʨʫʧʧʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ ʚʳʩʦʢʦʡ ʬʦʪʦʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʠ ʙʣʠʟʢʠʤ 

ʜʠʘʧʘʟʦʥʦʤ ʧʦʛʣʦʱʝʥʠʷ ʩʚʝʪʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ. ɺ ʪʦʞʝ ʚʨʝʤʷ ʘʟʦ- ʠ ʘʟʦʤʝʪʠʥʦʚʘʷ ʛʨʫʧʧʘ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʨʷʜʦʤ ʦʪʣʠʯʠʪʝʣʴʥʳʭ ʩʚʦʡʩʪʚ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪ ʠʭ ʨʘʟʣʠʯʥʳʝ 

ʦʙʣʘʩʪʠ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ. ʆʜʥʦʚʨʝʤʝʥʥʦʝ ʩʦʯʝʪʘʥʠʝ ʘʟʦ- ʠ ʘʟʦʤʝʪʠʥʦʚʳʭ 

ʭʨʦʤʦʬʦʨʦʚ ʚ ʩʦʩʪʘʚʝ ʦʜʥʦʡ ʧʦʣʠʤʝʨʥʦʡ ʮʝʧʠ, ʥʘʨʷʜʫ ʩ ʙʘʪʦʭʨʦʤʥʳʤ ʩʜʚʠʛʦʤ ʧʦʣʦʩʳ 

ʧʦʛʣʦʱʝʥʠʷ ʩʚʝʪʘ, ʧʦʟʚʦʣʠʪ ʥʝ ʪʦʣʴʢʦ ʦʙʲʝʜʠʥʠʪʴ ʩʚʦʡʩʪʚʘ ʦʙʝʠʭ ʛʨʫʧʧ, ʥʦ ʠ ʠʭ 

ʫʩʠʣʠʪʴ. ɺ ʯʘʩʪʥʦʩʪʠ, ʩʣʝʜʫʝʪ ʦʞʠʜʘʪʴ, ʯʪʦ ʘʟʦʤʝʪʠʥʦʚʘʷ ʛʨʫʧʧʘ ʚ ʩʦʩʪʘʚʝ 

ʘʟʦʩʦʜʝʨʞʘʱʠʭ ʧʦʣʠʤʝʨʦʚ ʫʚʝʣʠʯʠʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʚʨʝʤʷ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʬʦʪʦʘʢʪʠʚʥʳʭ ʠ ʥʝʣʠʥʝʡʥʦ-ʦʧʪʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ (ʅʃʆ) ʟʘ ʩʯʝʪ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʘʟʦʤʝʪʠʥʦʚʦʡ ʛʨʫʧʧʳ. ʅʘʣʠʯʠʝ ʞʝ ʘʟʦʭʨʦʤʦʬʦʨʘ ʚ ʧʦʣʠʘʟʦʤʝʪʠʥʘʭ 

ʧʨʝʜʦʩʪʘʚʠʪ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʛʫʣʠʨʦʚʘʪʴ ʠʭ ʞʠʜʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ (ɾʂ) ʩʚʦʡʩʪʚʘ ʟʘ ʩʯʝʪ 

ʬʦʪʦʠʟʦʤʝʨʠʟʘʮʠʠ ʘʟʦʛʨʫʧʧʳ, ʧʦʣʠʘʟʦʤʝʪʠʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʤʝʪʘʣʣʘʤʠ. 

ʕʬʬʝʢʪʠʚʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʪʝʨʤʠʯʝʩʢʠʭ, ʬʦʪʦ- ʠ 

ʵʣʝʢʪʨʦʦʧʪʠʯʝʩʢʠʭ, ʞʠʜʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʣʠʤʝʨʦʚ, ʘ ʪʘʢʞʝ ʨʘʩʪʚʦʨʠʤʦʩʪʠ 

ʷʚʣʷʝʪʩʷ ʚʚʝʜʝʥʠʝ ʚ ʠʭ ʩʦʩʪʘʚ ʬʪʦʨʠʨʦʚʘʥʥʳʭ ʠ ʘʣʠʬʘʪʠʯʝʩʢʠʭ ʬʨʘʛʤʝʥʪʦʚ. ɺʤʝʩʪʝ ʩ 

ʪʝʤ, ʩʚʝʜʝʥʠʷ ʦ ʬʪʦʨʩʦʜʝʨʞʘʱʠʭ ʧʦʣʠʘʟʦʤʝʪʠʥʘʭ ʩ ʘʟʦʛʨʫʧʧʘʤʠ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʚ 

ʣʠʪʝʨʘʪʫʨʝ ʦʪʩʫʪʩʪʚʫʶʪ.  

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʥʘʤʠ ʨʘʟʚʠʚʘʝʪʩʷ ʥʘʧʨʘʚʣʝʥʠʝ ʩʠʥʪʝʟʘ ʘʟʦʩʦʜʝʨʞʘʱʠʭ 

ʧʦʣʠʘʟʦʤʝʪʠʥʦʚ (ɸʟʦ-ʇɸʄ), ʚ ʩʦʩʪʘʚ ʢʦʪʦʨʳʭ ʚʢʣʶʯʝʥʳ ʷʜʨʘ 1,4-ʪʝʪʨʘʬʪʦʨʙʝʥʟʦʣʘ ʠʣʠ 

4,4'-ʦʢʪʘʬʪʦʨʙʠʬʝʥʠʣʘ. ʉʠʥʪʝʟ ʧʦʣʠʤʝʨʦʚ (ɸʟʦ-ʇɸʄ-I ʠ ɸʟʦ-ʇɸʄ-II) ʧʨʦʚʦʜʠʣʠ 

ʨʝʘʢʮʠʝʡ ʘʟʦʩʦʜʝʨʞʘʱʠʭ ʙʠʩ-ʛʠʜʨʦʢʩʠʙʝʥʟʘʣʴʜʝʛʠʜʦʚ (ɸɹɸ-I ï ɸɹɸ-II) ʩ ʛʘʢʩʘʤʝʪʠʣʝʥ-

ʜʠʘʤʠʥʦʤ (ɻʄɼɸ) ʩʦʛʣʘʩʥʦ ʩʭʝʤʝ: 

 

, 

ʛʜʝ ʭ=1 ï ɸʟʦ-ʇɸʄ-I ʠ ɸɹɸ-I; ʭ=2 ï ɸʟʦ-ʇɸʄ-II  ʠ ɸɹɸ-II. 

 

ʇʦʣʫʯʝʥʥʳʝ ʧʦʣʠʤʝʨʳ ʨʘʩʪʚʦʨʠʤʳ ɼʄɸɸ ʠ ɼʄʌɸ, ʠʟ ʨʘʩʪʚʦʨʦʚ ʢʦʪʦʨʳʭ 

ʬʦʨʤʠʨʫʶʪ ʧʣʝʥʢʠ. ʉʪʨʦʝʥʠʝ ʧʝʨʬʪʦʨʠʨʦʚʘʥʥʳʭ ɸʟʦ-ʇɸʄ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʦ ʩ 

ʧʦʤʦʱʴʶ ʤʝʪʦʜʦʚ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ʄʝʪʦʜʘʤʠ ʪʝʨʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ (ɼʉʂ ʠ ʊɻɸ) ʠ 

ʚʠʩʢʦʟʠʤʝʪʨʠʝʡ ʧʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ɸʟʦ-

ʇɸʄ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʨʘʙʦʪʘʥ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʘʟʦʩʦʜʝʨʞʘʱʠʭ ʧʦʣʠʘʟʦʤʝʪʠʥʦʚ ʩ 

ʧʝʨʬʪʦʨʘʨʦʤʘʪʠʯʝʩʢʠʤʠ ʠ ʘʣʠʬʘʪʠʯʝʩʢʠʤʠ ʬʨʘʛʤʝʥʪʘʤʠ ʚ ʦʩʥʦʚʥʦʡ ʮʝʧʠ. 

ʉʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʧʦʣʠʤʝʨ rʧʝʨʩʧʝʢʪʠʚʥʳ ʜʣʷ ʩʦʟʜʘʥʠʷ ʥʘ ʠʭ ʦʩʥʦʚʝ ʪʝʨʤʦʩʪʦʡʢʠʭ 

ʬʦʪʦʨʝʚʝʨʩʠʚʥʳʭ ʅʃʆ ʠ ɾʂ ʤʘʪʝʨʠʘʣʦʚ. 
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ɺʀʂʆʈʀʉʊɸʅʅʗ ʇʈʆɼʋʂʊɯɺ ʇɽʈɽʈʆɹʂʀ ʈʆʉʃʀʅʅʆɰ ʉʀʈʆɺʀʅʀ 

ɼʃʗ ʆɹʈʆɹʃɽʅʅʗ ʇʆɺɽʈʍʅɯ ʇʆɼʈɯɹʅɽʅʆɻʆ ɺʋʃʂɸʅɯɿɸʊʋ 

ʃʘʛʫʥ ʆ. ɭ., ɻʨʠʧʘʩʴ ɸ. ʖ., ɿʫʙʘʣʴ ɼ. ʄ., ɻʨʝʯʢʦ ɺ. ʖ., ɺʘʱʝʥʢʦ ʖ. ʄ. 
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ʇʨʦʙʣʝʤʘ ʫʪʠʣʽʟʘʮʽʾ ʟʥʦʰʝʥʠʭ ʰʠʥ ʪʘ ʽʥʰʠʭ ʛʫʤʦʚʠʭ ʚʠʨʦʙʽʚ ʤʘʻ ʚʘʞʣʠʚʝ 

ʝʢʦʣʦʛʽʯʥʝ ʟʥʘʯʝʥʥʷ, ʦʩʢʽʣʴʢʠ ʰʠʥʠ, ʱʦ ʚʠʡʰʣʠ ʟ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʥʘʢʦʧʠʯʫʶʪʴʩʷ ʚ ʤʽʩʮʷʭ 

ʾʭ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ʆʜʥʠʤ ʟ ʰʣʷʭʽʚ ʫʪʠʣʽʟʘʮʽʾ ʛʫʤʦʚʠʭ ʚʠʨʦʙʽʚ ʻ ʾʭ ʧʦʜʨʽʙʥʝʥʥʷ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʧʨʦʜʫʢʪʽʚ ʧʦʜʨʽʙʥʝʥʥʷ ʫ ʩʢʣʘʜʽ ʛʫʤʦʚʠʭ ʩʫʤʽʰʝʡ. ɺʽʜʦʤʦ, ʱʦ ʜʦʜʘʚʘʥʥʷ ʧʦʜʨʽʙʥʝʥʦʛʦ 

ʚʫʣʢʘʥʽʟʘʪ (ʇɺ) ʜʦ ʝʣʘʩʪʦʤʝʨʥʠʭ ʢʦʤʧʦʟʠʮʽʡ ʧʨʠʚʦʜʠʪʴ ʜʦ ʟʥʠʞʝʥʥʷ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʫʣʢʘʥʽʟʘʪʽʚ. ʆʜʥʠʤ ʟ ʰʣʷʭʽʚ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʇɺ ʻ 

ʤʦʜʠʬʽʢʘʮʽʷ ʡʦʛʦ ʧʦʚʝʨʭʥʽ ʘʢʪʠʚʥʠʤʠ ʨʝʯʦʚʠʥʘʤʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʧʽʜʚʠʱʝʥʥʷ 

ʩʫʤʽʩʥʦʩʪʽ ʯʘʩʪʠʥʦʢ ʇɺ ʟ ʝʣʘʩʪʦʤʝʨʥʦʶ ʤʘʪʨʠʮʝʶ. 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʜʦʩʣʽʜʞʝʥʥʷ ʥʦʚʠʭ ʤʦʜʠʬʽʢʫʶʯʠʭ ʜʦʙʘʚʦʢ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʧʦʭʽʜʥʠʭ ʝʩʪʝʨʽʚ ʞʠʨʥʠʭ ʢʠʩʣʦʪ (ɾʂ), ʩʠʨʦʚʠʥʦʶ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʷʢʠʭ ʻ ʨʝʯʦʚʠʥʠ 

ʨʦʩʣʠʥʥʦʛʦ ʪʘ ʪʚʘʨʠʥʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ, ʘ ʪʘʢʦʞ ʢʦʤʧʣʝʢʩʥʠʭ ʜʦʙʘʚʦʢ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʬʦʩʬʘʪʠʜʥʦʛʦ ʢʦʮʝʥʪʨʘʪʫ ʜʣʷ ʦʙʨʦʙʣʝʥʥʷ ʧʦʚʝʨʭʥʽ ʧʦʜʨʽʙʥʝʥʦʛʦ ʚʫʣʢʘʥʽʟʘʪʫ (ʇɺ), ʷʢʠʡ 

ʦʪʨʠʤʘʥʦ ʟʽ ʟʥʦʰʝʥʠʭ ʰʠʥ, ʛʫʤʦʚʦʪʝʭʥʽʯʥʠʭ ʚʠʨʦʙʽʚ ʪʘ ʚʟʫʪʪʷ. 

ɻʫʤʦʚʘ ʢʨʠʭʪʘ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʘ ʚ ʨʦʙʦʪʽ, ʙʫʣʘ ʦʪʨʠʤʘʥʘ ʧʦʜʨʽʙʥʝʥʥʷʤ ʟʥʦʰʝʥʠʭ 

ʘʚʪʦʰʠʥ, ʥʝʢʦʥʜʠʮʽʡʥʠʭ ʛʫʤʦʚʦʪʝʭʥʽʯʥʠʭ ʚʠʨʦʙʽʚ ʪʘ ʧʽʜʦʰʦʚʥʦʾ ʥʝʢʦʥʜʠʮʽʡʥʦʾ ʛʫʤʠ. 

ʈʦʟʤʽʨ ʯʘʩʪʠʥʦʢ ʇɺ ʙʫʚ ʚʽʜ 0,8 ʤʤ ʜʦ 5ï8 ʤʤ. 

ʆʙʨʦʙʣʝʥʠʡ ʧʦʜʨʽʙʥʝʥʠʡ ʚʫʣʢʘʥʽʟʘʪ ʫ ʢʽʣʴʢʦʩʪʽ 25ï50 ʤʘʩ. ʯ. ʥʘ 100 ʤʘʩ. ʯ. 

ʢʘʫʯʫʢʫ ʜʦʩʣʽʜʞʝʥʦ ʫ ʩʢʣʘʜʽ ʝʣʘʩʪʦʤʝʨʥʠʭ ʢʦʤʧʦʟʠʮʽʡ ʨʽʟʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ. 

ɼʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʦʙʨʦʙʣʝʥʥʷ ʇɺ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʩʢʣʘʜʽ ʝʣʘʩʪʦʤʝʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʚʠʥʘʡʜʝʥʦ ʦʧʪʠʤʘʣʴʥʽ 

ʪʝʭʥʦʣʦʛʽʯʥʽ ʩʭʝʤʠ ʧʨʦʮʝʩʫ. ʆʙʨʦʙʣʝʥʥʷ ʇɺ ʧʨʦʚʦʜʠʣʠ ʟʘ ʨʽʟʥʠʤʠ ʩʭʝʤʘʤʠ: ʰʣʷʭʦʤ 

ʡʦʛʦ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʟ ʤʦʜʠʬʽʢʘʪʦʨʘʤʠ ʪʘ ʥʘʩʪʫʧʥʦʛʦ ʜʦʜʘʚʘʥʥʷ ʜʦ ʛʫʤʦʚʠʭ ʩʫʤʽʰʝʡ; 

ʪʝʨʤʦʦʙʨʦʙʣʝʥʥʷ ʧʽʩʣʷ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʇɺ ʟ ʤʦʜʠʬʽʢʘʪʦʨʘʤʠ ʪʘ ʜʦʜʘʚʘʥʥʷ ʡʦʛʦ ʘʙʦ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʜʦ ʛʫʤʦʚʦʾ ʢʦʤʧʦʟʠʮʽʾ ʘʙʦ ʧʽʩʣʷ ʚʘʣʴʮʶʚʘʥʥʷ ʩʠʩʪʝʤʠ ʇɺ+ʤʦʜʠʬʽʢʘʪʦʨ 

ʪʘ ʜʦʜʘʚʘʥʥʷ ʜʦ ʛʫʤʦʚʦʾ ʩʫʤʽʰʽ; ʚʚʝʜʝʥʥʷ ʤʦʜʠʬʽʢʘʪʦʨʽʚ ʧʨʠ ʦʙʨʦʙʣʝʥʥʽ ʇɺ ʥʘ 

ʚʘʣʢʦʚʦʤʫ ʦʙʣʘʜʥʘʥʥʽ. 

ɺʩʪʘʥʦʚʣʝʥʽ ʦʧʪʠʤʘʣʴʥʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʩʭʝʤʠ ʦʙʨʦʙʣʝʥʥʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʠʧʫ 

ʤʦʜʠʬʽʢʘʪʦʨʘ ʪʘ ʚʠʜʫ ʧʦʜʨʽʙʥʝʥʦʛʦ ʚʫʣʢʘʥʽʟʘʪʫ. 

ʇʦʢʘʟʘʥʦ, ʱʦ ʜʦʜʘʚʘʥʥʷ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʇɺ ʜʦ ʝʣʘʩʪʦʤʝʨʥʠʭ ʢʦʤʧʦʟʠʮʽʡ 

ʜʦʟʚʦʣʷʻ ʧʦʢʨʘʱʠʪʠ ʢʦʤʧʣʝʢʩ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʪʘ ʚʪʦʤʥʦ-ʤʽʮʥʽʩʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʫʣʢʘʥʽʟʘʪʽʚ, ʘ ʪʘʢʦʞ ʧʽʜʚʠʱʠʪʠ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ ʛʫʤ ʚʽʜʧʦʚʽʜʥʦʛʦ ʪʠʧʫ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʨʦʟʨʦʙʣʝʥʦ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʘʨʘʤʝʪʨʠ ʦʙʨʦʙʣʝʥʥʷ ʧʦʚʝʨʭʥʽ 

ʧʦʜʨʽʙʥʝʥʦʛʦ ʚʫʣʢʘʥʽʟʘʪʫ ʧʦʭʽʜʥʠʤʠ ʝʩʪʝʨʽʚ ʞʠʨʥʠʭ ʢʠʩʣʦʪ, ʩʠʨʦʚʠʥʦʶ ʜʣʷ ʦʪʨʠʤʘʥʥʷ 

ʷʢʠʭ ʻ ʨʝʯʦʚʠʥʠ ʨʦʩʣʠʥʥʦʛʦ ʪʘ ʪʚʘʨʠʥʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ, ʩʠʩʪʝʤ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʬʦʩʬʘʪʠʜʥʦʛʦ ʢʦʥʮʝʥʪʨʘʪʫ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʇɺ ʫ ʩʢʣʘʜʽ ʛʫʤ ʨʽʟʥʦʛʦ 

ʧʨʦʤʠʩʣʦʚʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʦʙʨʦʙʣʝʥʦʛʦ ʧʦʜʨʽʙʥʝʥʦʛʦ ʚʫʣʢʘʥʽʟʘʪʫ 

ʜʦʟʚʦʣʷʻ ʟʥʠʟʠʪʠ ʩʦʙʽʚʘʨʪʽʩʪʴ ʛʫʤʦʚʠʭ ʚʠʨʦʙʽʚ, ʧʦʢʨʘʱʠʪʠ ʾʭ ʝʢʩʧʣʫʘʪʘʮʽʡʥʫ ʥʘʜʽʡʥʽʩʪʴ, 

ʘ ʪʘʢʦʞ ʟʤʝʥʰʠʪʠ ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʚʪʦʨʠʥʥʠʭ ʧʨʦʜʫʢʪʽʚ ʩʧʦʞʠʚʘʥʥʷ ʛʫʤʦʚʠʭ ʚʠʨʦʙʽʚ 

(ʥʘʧʨʠʢʣʘʜ, ʟʥʦʰʝʥʠʭ ʰʠʥ) ʥʘ ʜʦʚʢʽʣʣʷ. 
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ʀʉʉʃɽɼʆɺɸʅʀɽ ʆʈɻɸʅʀʏɽʉʂʀʍ ʅɸʇʆʃʅʀʊɽʃɽʁ ɼʃʗ ɼʈɽɺɽʉʅʆ-

ʇʆʃʀʄɽʈʅʓʍ ʂʆʄʇʆɿʀʎʀʆʅʅʓʍ ʄɸʊɽʈʀɸʃʆɺ ʉʊʈʆʀʊɽʃʔʅʆɻʆ 

ʅɸɿʅɸʏɽʅʀʗ 

ʃʝʙʝʜʝʚ ɺ. ɺ.1, ʂʘʨʝʚ ɸ. ʀ.2, ɼʘʥʯʝʥʢʦ ʖ. ʄ.2 
1ʅʘʮʠʦʥʘʣʴʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ çʍʘʨʴʢʦʚʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪè 

2ʍʘʨʴʢʦʚʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʘʨʭʠʪʝʢʪʫʨʳ 

vladimirlebedev@bk.ru 

 

ɼʨʝʚʝʩʥʦ-ʧʦʣʠʤʝʨʥʳʝ ʢʦʤʧʦʟʠʪʳ (ɼʇʂ) ʥʘ ʦʩʥʦʚʝ ʚʪʦʨʠʯʥʳʭ ʧʦʣʠʦʣʝʬʠʥʦʚ 

ʷʚʣʷʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʩʪʨʦʠʪʝʣʴʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʩʫʱʝʩʪʚʝʥʥʳʤʠ 

ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ: ʙʝʟʦʧʘʩʥʦʩʪʴ, ʵʢʦʣʦʛʠʯʥʦʩʪʴ ʠ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʘʪʤʦʩʬʝʨʥʳʤ ʚʦʟʜʝʡʩʪʚʠʷʤ, ʚʦʟʤʦʞʥʦʩʪʴ ʫʪʠʣʠʟʘʮʠʠ ʦʪʭʦʜʦʚ, ʣʝʛʢʦʩʪʴ 

ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʠ ʚʳʩʦʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ʇʨʦʠʟʚʦʜʩʪʚʦ ɼʇʂ ï ɻ ʪʦ ʨʘʮʠʦʥʘʣʴʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʪʭʦʜʦʚ ʣʝʩʦʧʠʣʝʥʠʷ, ʤʝʙʝʣʴʥʦʛʦ 

ʠ ʜʝʨʝʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ ʧʨʦʠʟʚʦʜʩʪʚ, ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʠʟʢʦʩʦʨʪʥʦʡ ʜʨʝʚʝʩʠʥʳ, 

ʨʘʩʪʠʪʝʣʴʥʳʭ ʮʝʣʣʶʣʦʟʦʩʦʜʝʨʞʘʱʠʭ ʦʪʭʦʜʦʚ ʠ ʚʪʦʨʠʯʥʳʭ ʧʦʣʠʤʝʨʦʚ. ɸʢʪʫʘʣʴʥʳʤʠ 

ʥʘʫʯʥʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʷʚʣʷʶʪʩʷ ʨʘʟʨʘʙʦʪʢʠ ʪʝʭʥʦʣʦʛʠʡ ʧʨʦʠʟʚʦʜʩʪʚʘ ɼʇʂ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ ʥʘʧʦʣʥʠʪʝʣʝʡ ɼʇʂ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ 

ʨʘʩʪʠʪʝʣʴʥʦʡ ʙʠʦʤʘʩʩʳ, ʢʦʪʦʨʳʝ ʚ ʠʟʦʙʠʣʠʠ ʠʤʝʶʪʩʷ ʚ ʋʢʨʘʠʥʝ (ʩʦʣʦʤʳ, ʰʝʣʫʭʠ 

ʛʨʝʯʠʭʠ, ʨʠʩʘ, ʦʚʩʘ, ʧʦʜʩʦʣʥʝʯʥʠʢʘ, ʩʫʭʦʩʪʦʡ ʠ ʪ. ʧ.), ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʥʘʠʙʦʣʝʝ 

ʧʦʣʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʩʭʦʜʥʦʝ ʩʳʨʴʝ ʩ ʧʦʣʫʯʝʥʠʝʤ ʮʝʥʥʳʭ ʧʨʦʜʫʢʪʦʚ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠ ʩʨʘʚʥʠʪʝʣʴʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʩʪʨʫʢʪʫʨʥʦ-ʨʝʦʣʦʛʠʯʝʩʢʠʭ, ʧʦʚʝʨʭʥʦʩʪʥʳʭ, ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʪʝʨʤʠʯʝʩʢʦʡ ʜʝʩʪʨʫʢʮʠʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʜʠʩʧʝʨʩʥʳʭ ʥʘʧʦʣʥʠʪʝʣʝʡ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ɼʇʂ ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʘ ʪʘʢʞʝ ʧʦʠʩʢ ʢʦʨʨʝʣʷʮʠʠ ʵʪʠʭ ʩʚʦʡʩʪʚ ʩ ʠʭ 

ʭʠʤʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ. ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ʰʝʣʫʭʠ ʛʨʝʯʠʭʠ, 

ʰʝʣʫʭʠ ʦʚʩʘ, ʜʨʝʚʝʩʥʘʷ ʤʫʢʘ, ʤʫʢʘ ʭʚʦʠ. 

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʠʣʠ ʦʧʨʝʜʝʣʠʪʴ ʩʪʨʫʢʪʫʨʥʦ-ʨʝʦʣʦʛʠʯʝʩʢʠʝ, 

ʧʦʚʝʨʭʥʦʩʪʥʳʝ, ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʜʠʩʧʝʨʩʥʳʭ ʥʘʧʦʣʥʠʪʝʣʝʡ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʦʩʪʘʚʦʚ 

ɼʇʂ ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. ɺʳʷʚʣʝʥʦ, ʯʪʦ ʛʨʝʯʥʝʚʘʷ ʠ ʦʚʩʷʥʘʷ ʰʝʣʫʭʘ ʠʤʝʶʪ 

ʩʚʦʡʩʪʚʘ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʙʦʣʝʝ ʧʨʠʝʤʣʝʤʳʤʠ ʧʨʠ ʩʦʟʜʘʥʠʠ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʭ 

ɼʇʂ, ʯʝʤ ʜʨʝʚʝʩʥʘʷ ʤʫʢʘ ʠ ʤʫʢʘ ʭʚʦʠ. ʕʪʦ ʩʚʷʟʘʥʦ ʧʨʝʞʜʝ ʚʩʝʛʦ ʩ ʪʝʤ, ʯʪʦ ʰʝʣʫʭʘ ʥʝ 

ʧʦʜʣʝʞʠʪ ʟʘʤʝʪʥʦʡ ʜʝʩʪʨʫʢʮʠʠ ʜʦ ʜʦʩʪʠʞʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨ 200 Áʉ ʚ ʦʪʣʠʯʠʝ ʦʪ 

ʜʨʝʚʝʩʥʦʡ ʠ ʭʚʦʡʥʦʡ ʤʫʢʠ, ʢʦʪʦʨʘʷ ʨʘʟʣʘʛʘʝʪʩʷ ʧʨʠ ʊ = 160ï170 Áʉ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʛʨʝʯʥʝʚʦʡ ʠ ʦʚʩʷʥʦʡ ʰʝʣʫʭʠ ʧʦʟʚʦʣʠʪ ʩʫʱʝʩʪʚʝʥʥʦ ʫʤʝʥʴʰʠʪʴ 

ʩʪʦʠʤʦʩʪʴ ʠʟʜʝʣʠʡ ʠʟ ɼʇʂ, ʧʦʚʳʩʠʪʴ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʷʚʣʷʝʪʩʷ 

ʵʢʦʥʦʤʠʯʝʩʢʠ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ. 
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SYNTHESIS AND PROPERTIES OF SILVER NANOPARTICLES STABILIZED 

BY POLYTHIOCYANATOHYDROQUINONE  

Litvin V.  

Bohdan Khmelnitsky National University 

litvin_valentina@ukr.net 

 

The trend to miniaturization and necessity of improvement of technological processes 

during last 20 years have resulted in a fast increase of the researches devoted to study, 

functionalization and applications of metal nanoparticles. Their synthesis is one of the most 

promissing directions in modern nanotechnology that develops most dynamically.  

The silver nanoparticles (AgNPs) deserve a special interest because of their unique 

physicochemical properties, including optical, magnetic and electronic characteristics, catalytic 

activity and biological impact; all these features serve to increase the AgNPs applications in 

medicine, agriculture, environment, and industry. The AgNPs have a high potential as 

commercial nanomaterials and an effective antimicrobial agent. 

There are several methods proposed for the silver nanoparticles fabrication, including 

chemical and physical methods. Among them, the chemical reduction of silver ions in the 

presence of a protecting agent, is the most common and useful approach. In the chemical 

methods of the AgNP preparation the special attention is given to a choice of reducing and 

capping agent since the physicochemical properties of silver nanoparticles are strongly 

dependent on the incorporated capping agent molecules. Organic polymers are of especial 

interest because performing the reducer function the organic molecule can simultaneously be 

adsorbed on the nanoparticles thereby stabilizing them. 

 

 
Fig. The TEM images of PTHQ (a), AgNPs (b) and the corresponding size distribution 

histograms of AuNPs stabilized by PTHQ (c). By dotted line (b) the borders of PTHQ 

globule are shown 

 

This is the first report in the literature on the synthesis of silver nanoparticles by using 

polythiocyanatohydroquinone (PTHQ) as a reducing and stabilizing agent to form a small size 

and highly distributed AgNPs. The silver nanoparticles were characterized by different 

techniques such as UVïvis spectroscopy, FT-IR spectroscopy, X-ray diffraction and 

transmission electron microscopy. The presence of the absorption band at 400 nm indicates the 

presence of silver nanoparticles in solution. Transmission electron microscopy experiments 

indicate that these nanoparticles are formed with spherical shapes. The X-ray diffraction pattern 

shows a high purity and face centered cubic structure of silver nanoparticles. The FT-IR 

spectroscopy reveales that silver nanoparticles were functionalized with the PTHQ reagent 

which has various stabilizing functional groups. The presence of sulfer and nitrogen atoms in 

the PTHQ structure provides a perspective for possible applications in biotechnology because 

of tolerance and conjunction of the synthesized nanoparticles with biopolymers. 
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ɻɯɹʈʀɼʅɯ ʂʆʄʇʆɿʀʊʀ ʅɸ ʆʉʅʆɺɯ ʊɽʈʄʆʈɽɸʂʊʀɺʅʆɻʆ 

ɯ ʊɽʈʄʆʇʃɸʉʊʀʏʅʆɻʆ ʆʃɯɻʆʄɽʈɯɺ ʊɸ ʉʆʃɯ ʇɽʈʍʆʈɸʊʋ ʃɯʊɯʖ 

ʄʘʪʢʦʚʩʴʢʘ ʃ. ʂ.1,2, ʖʨʞʝʥʢʦ ʄ. ɺ.1 
1ɯʥʩʪʠʪʫʪ ʭʽʤʽʾ ʚʠʩʦʢʦʤʦʣʝʢʫʣʷʨʥʠʭ ʩʧʦʣʫʢ ʅɸʅ ʋʢʨʘʾʥʠ 

ʋʢʨʘʾʥʘ, 02160, ʂʠʾʚ-160, ʍʘʨʢʽʚʩʴʢʝ ʰʦʩʝ, 48 
2Universit® de Lyon, Universit® Lyon 1, Ing®nierie des Mat®riaux Polym̄ res, UMR CNRS 

5223, 15 Boulevard A. Latarjet, Villeurbanne Cedex 69 622, France 

lovemk@ukr.net  

 

ʆʩʪʘʥʥʽʤʠ ʜʝʩʷʪʠʣʽʪʪʷʤʠ ʨʦʟʨʦʙʢʘ ʥʦʚʠʭ ʪʚʝʨʜʠʭ ʧʦʣʽʤʝʨʥʠʭ ʝʣʝʢʪʨʦʣʽʪʽʚ ʙʫʣʘ 

ʪʘ ʟʘʣʠʰʘʻʪʴʩʷ ʚʘʞʣʠʚʠʤ ʟʘʚʜʘʥʥʷʤ (ʪʦʤʫ ʱʦ ʜʦʩʽ ʥʝ ʜʦʩʷʛʥʫʪʦ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʚʠʩʦʢʦʶ ʽʦʥʥʦʶ ʧʨʦʚʽʜʥʽʩʪʶ ʽ ʚʠʩʦʢʦʶ ʪʝʭʥʦʣʦʛʽʯʥʽʩʪʶ ʤʘʪʝʨʽʘʣʫ) 

ʫ ʟʚ'ʷʟʢʫ ʟ ʥʝʦʙʭʽʜʥʽʩʪʶ ʧʦʰʫʢʫ ʥʦʚʠʭ, ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʭ ʚʠʜʽʚ ʝʣʝʢʪʨʦʣʽʪʽʚ ʜʣʷ 

ʨʦʟʰʠʨʝʥʥʷ ʩʬʝʨʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʨʽʟʥʠʭ ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʭ ʧʨʠʩʪʨʦʷʭ. ʉʠʩʪʝʤʠ ʥʘ ʦʩʥʦʚʽ 

ʣʽʪʽʻʚʦʾ ʩʦʣʽ ʻ ʥʘʡʙʽʣʴʰ ʚʠʚʯʝʥʠʤ, ʪʘʢ ʷʢ ʢʘʪʽʦʥʠ Li+ ʻ ʥʘʡʤʝʥʰʠʤʠ ʟʘ ʨʦʟʤʽʨʦʤ ʪʘ ʟ 

ʥʘʡʚʠʱʦʶ ʝʣʝʢʪʨʦʧʦʟʠʪʠʚʥʽʩʪʶ, ʱʦ ʜʦʟʚʦʣʷʻ ʣʝʛʢʦ ʧʝʨʝʤʽʱʘʪʠʩʷ ʢʘʪʽʦʥʘʤ ʚ ʧʦʣʽʤʝʨʥʽʡ 

ʤʘʪʨʠʮʽ. ʅʘʷʚʥʽʩʪʴ ʝʬʽʨʥʠʭ ʘʪʦʤʽʚ ʢʠʩʥʶ ʚ ʧʦʣʽʤʝʨʥʠʭ ʣʘʥʮʶʛʘʭ ʝʧʦʢʩʠʜʥʦʛʦ 

ʦʣʽʛʦʤʝʨʠ ï ʜʠʛʣʽʮʠʜʠʣʦʚʦʛʦ ʝʬʽʨʫ ʧʦʣʽʝʪʠʣʝʥʛʣʽʢʦʣʶ (ɼɽɻ-1) ʨʦʙʠʪʴ ʡʦʛʦ ʩʪʨʫʢʪʫʨʘ 

ʩʭʦʞʦʶ ʥʘ ʩʪʨʫʢʪʫʨʫ ʧʦʣʽʝʪʠʣʝʥʦʢʩʠʜʫ (ʇɽʆ), ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʤʦʞʣʠʚʽʩʪʴ ʧʝʨʝʜʘʯʽ 

ʢʘʪʽʦʥʽʚ ʣʽʪʽʶ ʚ ʩʠʩʪʝʤʽ. ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʧʦʣʽʝʪʠʣʝʥʦʢʩʠʜ ʽ ʩʽʣʴ ʧʝʨʭʣʦʨʘʪʫ ʣʽʪʽʶ 

ʨʦʟʯʠʥʷʣʠ ʚ ɼɽɻ-1, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʷʢʦʩʪʽ ʧʣʘʩʪʠʬʽʢʘʪʦʨʘ ʜʣʷ ʟʤʝʥʰʝʥʥʷ 

ʩʪʫʧʝʥʷ ʢʨʠʩʪʘʣʽʯʥʦʩʪʽ ʇɽʆ-10000. ɺ ʷʢʦʩʪʽ ʦʪʚʝʨʜʞʫʚʘʯʘ ʙʫʚ ʚʠʢʦʨʠʩʪʘʥʠʡ 

ʧʦʣʽʝʪʠʣʝʥʧʦʣʽʘʤʽʥ. 

ʊʝʧʣʦʬʽʟʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʠʚʯʘʣʠ ʤʝʪʦʜʦʤ ʜʠʬʝʨʝʥʮʽʡʥʦʾ ʩʢʘʥʫʚʘʣʴʥʦʾ 

ʢʘʣʦʨʠʤʝʪʨʽʾ (ɼʉʂ) ʥʘ ʧʨʠʣʘʜʽ TA Instruments DSC Q2000 ʚ ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ ʚʽʜ -60 

ʜʦ +150 Üʉ ʟʽ ʰʚʠʜʢʽʩʪʶ ʥʘʛʨʽʚʘʥʥʷ 10 Üʉ/ʭʚ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ɼʉʂ ʙʫʣʦ ʚʠʷʚʣʝʥʦ 

ʟʥʠʞʝʥʥʷ ʢʨʠʩʪʘʣʽʯʥʦʩʪʽ ʇɽʆ ʚ ʧʦʣʽʤʝʨʥʽʡ ʩʠʩʪʝʤʽ. ɼʦʩʣʽʜʞʝʥʥʷ ʝʣʝʢʪʨʠʯʥʠʭ ʪʘ 

ʜʽʝʣʝʢʪʨʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʠʥʪʝʟʦʚʘʥʠʭ ʩʠʩʪʝʤ ʧʨʦʚʦʜʠʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʰʠʨʦʢʦʩʤʫʛʦʚʦʛʦ ʜʽʝʣʝʢʪʨʠʯʥʦʛʦ ʘʥʘʣʽʟʘʪʦʨʘ çNovocontrol Alphaè ʚʠʩʦʢʦʾ ʨʦʟʜʽʣʴʥʦʾ 

ʟʜʘʪʥʦʩʪʽ ʟ Novocontrol Quatro Cryosystem ʚ ʯʘʩʪʦʪʥʦʤʫ ʜʽʘʧʘʟʦʥʽ 10-1ï107 ɻʮ ʽ 

ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʽʥʪʝʨʚʘʣʽ ʚʽʜ -60 ʜʦ +180 Üʉ. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʠʞʯʝ ʪʝʤʧʝʨʘʪʫʨʠ 

ʩʢʣʫʚʘʥʥʷ ʜʽʝʣʝʢʪʨʠʯʥʘ ʧʨʦʥʠʢʥʽʩʪʴ ʤʘʻ ʥʠʟʴʢʽ ʟʥʘʯʝʥʥʷ ʪʘ ʤʘʡʞʝ ʥʝ ʟʤʽʥʶʻʪʴʩʷ ʽʟ 

ʯʘʩʪʦʪʦʶ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ çʙʣʦʢʫʚʘʥʥʷè ʚʽʣʴʥʠʭ ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʟʘ ʨʘʭʫʥʦʢ ʥʠʟʴʢʦʾ 

ʨʫʭʣʠʚʦʩʪʽ ʤʘʢʨʦʤʦʣʝʢʫʣʷʨʥʠʭ ʣʘʥʮʶʛʽʚ ʧʦʣʽʤʝʨʥʦʾ ʤʘʪʨʠʮʽ. ɺ ʮʴʦʤʫ ʞ ʜʽʘʧʘʟʦʥʽ 

ʪʝʤʧʝʨʘʪʫʨ ʟʥʘʯʝʥʥʷ ʜʽʡʩʥʦʾ ʯʘʩʪʠʥʠ ʢʦʤʧʣʝʢʩʥʦʾ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ ʟʤʽʥʶʶʪʴʩʷ 

ʣʽʥʽʡʥʦ ʟ ʯʘʩʪʦʪʦʶ, ʪʦʙʪʦ ʩʠʩʪʝʤʠ ʻ ʜʽʝʣʝʢʪʨʠʢʘʤʠ. ʇʨʠ ʟʨʦʩʪʘʥʥʽ ʪʝʤʧʝʨʘʪʫʨ ʚʠʱʝ Tʩʢ 

ʚʽʜʙʫʚʘʻʪʴʩʷ çʨʦʟʤʦʨʦʞʫʚʘʥʥʷè ʧʦʣʽʤʝʨʥʠʭ ʣʘʥʮʶʛʽʚ, ʱʦ ʧʨʠʚʦʜʠʪʴ ʜʦ ʚʠʚʽʣʴʥʝʥʥʷ 

ʢʘʪʽʦʥʽʚ ʣʽʪʽʶ ʪʘ ʟʨʦʩʪʘʥʥʷ ʟʥʘʯʝʥʴ Ů'. ʏʠʩʣʦ ʚʽʣʴʥʠʭ ʥʦʩʽʾʚ ʟʘʨʷʜʫ, ʘ ʩʘʤʝ Li+, ʷʢʽ 

ʧʦʜʦʣʘʪʠ ʝʥʝʨʛʝʪʠʯʥʠʡ ʙʘʨ'ʻʨ ʪʘ ʧʝʨʝʭʦʜʷʪʴ ʫ ʧʨʦʚʽʜʥʠʡ ʩʪʘʥ ʟʨʦʩʪʘʻ ʧʨʠ ʧʦʜʘʣʴʰʦʤʫ 

ʟʙʽʣʴʰʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ. ɿʥʘʯʥʝ ʟʙʽʣʴʰʝʥʥʷ ʽʦʥʥʦʾ ʧʨʦʚʽʜʥʦʩʪʽ ʽ ʜʽʝʣʝʢʪʨʠʯʥʦʾ 

ʧʨʦʥʠʢʥʦʩʪʽ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚʠʱʝ ʪʦʯʢʠ ʧʣʘʚʣʝʥʥʷ ʧʦʣʽʤʝʨʫ, ʪʘʢ ʷʢ ʩʠʩʪʝʤʘ ʩʪʘʻ 

ʘʤʦʨʬʥʦʶ, ʱʦ ʧʦʣʝʛʰʫʻ ʧʝʨʝʥʝʩʝʥʥʷ ʟʘʨʷʜʫ ʚ ʟʜʦʚʞ ʧʦʣʽʤʝʨʥʦʛʦ ʣʘʥʮʶʛʘ. ʆʪʨʠʤʘʥʽ 

ʛʽʙʨʠʜʥʽ ʧʦʣʽʤʝʨʠ ʤʘʶʪʴ ʟʥʘʯʝʥʥʷ ʽʦʥʥʦʾ ʧʨʦʚʽʜʥʦʩʪʽ (9,5Ŀ10-5 ʉʤ/ʩʤ) ʽ ʜʽʝʣʝʢʪʨʠʯʥʦʾ 

ʧʨʦʥʠʢʥʦʩʪʽ (~104) ʧʨʠ ʧʽʜʚʠʱʝʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (100 ʦʉ). ɺ ʨʝʟʫʣʴʪʘʪʽ 

ʪʝʨʤʦʛʨʘʚʽʤʝʪʨʠʯʥʦʛʦ ʘʥʘʣʽʟʫ, ʚʪʨʘʪʘ ʤʘʩʠ ʢʦʤʧʦʟʠʪʽʚ ʩʢʣʘʜʘʻ ʙʣʠʟʴʢʦ 2 % ʧʨʠ 100 Áʉ. 

ʎʽ ʛʽʙʨʠʜʥʽ ʢʦʤʧʦʟʠʪʥʽ ʤʘʪʝʨʽʘʣʠ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʽʥʪʝʨʝʩ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʚʠʚʯʝʥʥʷ ʽ 

ʤʦʜʠʬʽʢʘʮʽʾ ʚ ʷʢʦʩʪʽ ʪʚʝʨʜʠʭ ʧʦʣʽʤʝʨʥʠʭ ʝʣʝʢʪʨʦʣʽʪʽʚ. 
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Shape memory polymers (SMPs) have attracted increasing interest from both academia 

and industry. Such materials have a high innovation potential and can be formed in films for 

packaging, heat-shrinkable tubes, smart fabrics, intelligent medical devices, implants for 

minimally invasive surgery, self-deployable sun sails in spacecrafts and so on. 

A typical thermoset polymer is a mixture of many long, entangled molecular chains that 

are connected by net points created by either chemical cross-linking or physical cross-linking. 

At temperatures higher than the glass transition temperature, those polymer chains are flexible 

and a polymer is soft and is characterized by the rubbery state. The switch temperature (Tsw) 

between permanent and temporary shape of thermoset SMPs is usually related towards the glass 

transition temperature (Tg), so it is a key parameter defining the temperature range of their shape 

deformation and recovery.  

In our work we propose an approach to modify the basic epoxy resin (we used 

epoxyurethane resin) having high Tg value (114 ÁC) by poly(ethylene glycol) diglycidyl ether 

with low Tg value (-10 ÁC) in different ratios while content of curing agent was the same in all 

composites. We consider the compatibility of these components and a presence the sole glass 

transition in the range between mentioned Tg values. Such an approach allows us to create an 

epoxyurethane material with controlled temperature of memory shape effect in wide 

temperature range. 

The object of the research were polymer materials synthesized from reactive mixtures 

of two epoxy oligomers, aromatic and aliphatic: epoxyurethane resin (EPU) taken as a basic 

polymer and poly(ethylene glycol) diglycidyl ether (DEG-1 trademark) serving as modifier. 

Also we used polyethylene polyamine (PEPA) as hardener (10 % of reactive mixture). The ratio 

EPU/DEG-1 in reactive mixture was in a range 100/0 ï 70/30. 

EPU resin was produced as a result of reaction of aromatic diglycidyl ether of bisphenol 

A based resin (ED-20 trademark) with urethane oligomer macrodiisocyanate (MDI) with 

addition of 1.4-butandiole (BD) as lengthener of molecular chains in proportion 

ED-20/MDI/BD = 65/33/2. MDI was previously synthesized in reaction of polypropylene 

glycol having MM = 1052 with toluene diisocyanate taken in stoichiometric ratio 75/25. 

Reaction of synthesis was maintained up to achievement of ca. 6 % of free NCO-groups in the 

MDI product. Afterwards these NCO-groups reacted with OH-groups of epoxy resin providing 

integrated chemical structure of epoxy resin. EPU contains the rigid segments remained from 

the molecular structure of aromatic resin ED-20, namely the pairs of benzene rings. On the 

other hand, it also includes the flexible groups of MDI in the EPU molecules structure. 

Since the modifier DEG-1 resin includes the flexible ïCH2ïCH2ïOï groups the 

chemical structure of EPU/DEG-1 epoxy polymer contains in a mixture of rigid and flexible 

chains where part of rigid structure fragments of EPU is substituted by flexible DEG-1 chains. 

Bigger number of flexible chains with increasing of DEG-1 content in SMEPs imparts softer 

structure of polymer material with lower Tg value. 

It was found that alteration of EPU/DEG-1 ratio from 100/0 to 70/30 leads to the change 

of glass transition temperature Tg from 114 to ca 45 ÁC. Since Tg value is identified with 

switching temperature Tsw, such an approach makes possible to obtain the materials with shape 

memory effect in different temperature intervals that gives them the attractiveness for use in 

different applications, for example, materials with Tsw close to temperature of human body are 

of interest for applications in the biomedical fields. 
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ʉʆʈɹʎɯʗ ɹɸʈɺʅʀʂɯɺ ʅɸ ʃɯɻʅʆʎɽʃʖʃʆɿʅʀʍ ʉʆʈɹɽʅʊɸʍ 

ʄʫʢʘʣʦ ɭ. ʆ.1, ɻʘʣʠʰ ɺ. ɺ.1,2 
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ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè 
2ɯʥʩʪʠʪʫʪ ʭʽʤʽʾ ʧʦʚʝʨʭʥʽ ʽʤ. ʆ. ʆ. ʏʫʡʢʘ ʅʘʮʽʦʥʘʣʴʥʦʾ ʘʢʘʜʝʤʽʾ ʥʘʫʢ ʋʢʨʘʾʥʠ 
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ʇʣʦʜʦʚʽ ʢʽʩʪʦʯʢʠ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʱʦʨʽʯʥʦ ʧʦʥʦʚʣʶʚʘʥʦʾ ʩʠʨʦʚʠʥʠ, ʷʢʘ ʻ 

ʢʦʤʧʣʝʢʩʦʤ ʦʨʛʘʥʽʯʥʠʭ ʧʦʣʽʤʝʨʽʚ ʟ ʮʽʥʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʽ ʩʦʨʙʮʽʡʥʠʤʠ. 

ɺ ʥʝʦʙʨʦʙʣʝʥʦʤʫ ʚʠʛʣʷʜʽ ʪʘʢʽ ʤʘʪʝʨʽʘʣʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʥʠʟʴʢʠʤʠ ʩʦʨʙʮʽʡʥʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ. ʇʦʛʣʠʥʘʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʦʩʣʠʥʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟʘʣʝʞʘʪʴ ʚʽʜ ʾʭ 

ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʪʘ ʙʫʜʦʚʠ.  

ʄʝʪʘ ʨʦʙʦʪʠ ï ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʫ ʩʦʨʙʮʽʾ ʙʘʨʚʥʠʢʽʚ ʥʘ ʣʽʛʥʦʮʝʣʶʣʦʟʥʦʤʫ 

ʩʦʨʙʝʥʪʽ ʟʽ ʰʢʘʨʘʣʫʧʠ ʢʽʩʪʦʯʦʢ ʘʙʨʠʢʦʩʫ. 

ʗʢ ʩʦʨʙʝʥʪ ʙʘʨʚʥʠʢʽʚ ʚ ʨʦʙʦʪʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʣʽʛʥʦʮʝʣʶʣʦʟʥʠʡ ʤʘʪʝʨʽʘʣ ʟʽ 

ʰʢʘʨʘʣʫʧʠ ʢʽʩʪʦʯʦʢ ʘʙʨʠʢʦʩʫ ʟ ʚʤʽʩʪʦʤ ʮʝʣʶʣʦʟʠ 58,2 %, ʣʽʛʥʽʥʫ 12,1% ʪʘ ʟʦʣʠ 0,1 %. 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʚʠʣʫʯʝʥʥʷ ʙʘʨʚʥʠʢʽʚ ʤʝʪʠʣʝʥʦʚʦʛʦ ʩʠʥʴʦʛʦ, ʤʝʪʠʣʦʚʦʛʦ ʬʽʦʣʝʪʦʚʦʛʦ ʪʘ 

ʤʫʨʝʢʩʠʜʫ ʟ ʚʦʜʥʠʭ ʨʦʟʯʠʥʽʚ ʢʦʥʮʝʥʪʨʘʮʽʷʤʠ 100 ʤʛ/ʣ ʪʘʢʠʤ ʧʦʛʣʠʥʘʯʝʤ ʩʪʘʥʦʚʠʪʴ 90,8, 

52,4 ʪʘ 63,1 % ʚʽʜʧʦʚʽʜʥʦ. ʅʘ ʨʠʩ. ʧʨʝʜʩʪʘʚʣʝʥʽ ʽʟʦʪʝʨʤʠ ʩʦʨʙʮʽʾ ʦʨʛʘʥʽʯʥʠʭ ʙʘʨʚʥʠʢʽʚ ʥʘ 

ʣʽʛʥʦʮʝʣʶʣʦʟʥʦʤʫ ʤʘʪʝʨʽʘʣʽ. 

 
ʈʠʩ. ɯʟʦʪʝʨʤʠ ʘʜʩʦʨʙʮʽʾ ʙʘʨʚʥʠʢʽʚ: 1 ï ʤʝʪʠʣʝʥʦʚʠʡ ʩʠʥʽʡ (ʦʩʥʦӢʚʥʠʡ ʙʘʨʚʥʠʢ); 

2 ï ʤʝʪʠʣʦʚʠʡ ʬʽʦʣʝʪʦʚʠʡ (ʦʩʥʦӢʚʥʠʡ ʙʘʨʚʥʠʢ); 3 ï ʤʫʨʝʢʩʠʜ (ʢʠʩʣʦʪʥʠʡ ʙʘʨʚʥʠʢ) 

 

ʅʘʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʩʦʨʙʮʽʾ ʙʘʨʚʥʠʢʽʚ ʥʘ ʨʦʩʣʠʥʥʠʭ ʤʘʪʝʨʽʘʣʘʭ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʾʭ ʧʨʠʨʦʜʠ, ʤʦʣʝʢʫʣʷʨʥʦʾ ʤʘʩʠ ʽ ʧʨʦʩʪʦʨʦʚʦʾ ʙʫʜʦʚʠ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʢʽʥʝʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʦʨʙʮʽʾ ʦʨʛʘʥʽʯʥʠʭ ʧʦʢʘʟʫʶʪʴ, ʱʦ 

ʤʘʢʩʠʤʘʣʴʥʘ ʰʚʠʜʢʽʩʪʴ ʧʦʛʣʠʥʘʥʥʷ ʙʘʨʚʥʠʢʽʚ ʚʽʜʧʦʚʽʜʘʻ ʧʝʨʰʠʤ 10 ʭʚ ʢʦʥʪʘʢʪʫ, 

ʧʨʦʪʷʛʦʤ ʷʢʠʭ ʾʭ ʢʦʥʮʝʥʪʨʘʮʽʷ ʫ ʨʦʟʯʠʥʽ ʟʤʝʥʰʫʻʪʴʩʷ ʚʜʚʽʯʽ. ʉʦʨʙʮʽʡʥʘ ʨʽʚʥʦʚʘʛʘ 

ʜʦʩ̫ʛʘʻʪʴʩʷ ʧʨʦʪʷʛʦʤ 120 ʭʚ. 

ʆʜʝʨʞʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʩʚʽʜʯʘʪʴ ʧʨʦ ʚʠʩʦʢʽ ʩʦʨʙʮʽʡʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʜʝʨʞʘʥʦʛʦ 

ʣʽʛʥʦʮʝʣʶʣʦʟʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʱʦʜʦ ʝʢʦʪʦʢʩʠʢʘʥʪʽʚ ʦʨʛʘʥʽʯʥʦʾ ʧʨʠʨʦʜʠ. 
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ɺʀɺʏɽʅʅʗ ɸɼɻɽɿɯʁʅʆɰ ɿɼɸʊʅʆʉʊɯ  

ɻɯɼʈʆɻɽʃɽɺʆɻʆ ʇʆʂʈʀɺʅʆɻʆ ʐɸʈʋ  

ɿʝʤʢʝ ɺ., ʏʦʧʠʢ ʅ., ɹʨʘʪʠʯʘʢ ʄʠʭ., ʅʝʙʦʛʘ ɻ. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʃʴʚʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ʤ. ʃʴʚʽʚ 

viva-tori@freemail.ru 

 

ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʚ ʩʫʯʘʩʥʽʡ ʩʪʦʤʘʪʦʣʦʛʽʾ ʰʠʨʦʢʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʘʙʫʚʘʶʪʴ 

ʝʣʘʩʪʠʯʥʽ ʤʘʪʝʨʽʘʣʠ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥ ̫ʙʘʟʠʩʽʚ ʟʥʽʤʥʠʭ ʧʨʦʪʝʟʽʚ. ʇʦʰʫʢ ʧʽʜʚʠʱʝʥʥʷ 

ʤʽʮʥʦʩʪʽ ʟôʻʜʥʘʥʥʷ ʤʽʞ ʪʚʝʨʜʦʶ ʯʘʩʪʠʥʦʶ ʙʘʟʠʩʫ ʪʘ ʨʽʟʥʠʤʠ ʪʠʧʘʤʠ ʤôʷʢʠʭ ʧʽʜʢʣʘʜʦʢ ʻ 

ʘʢʪʫʘʣʴʥʠʤ ʥʘ ʜʘʥʠʡ ʯʘʩ. ʐʠʨʦʢʦʤʫ ʟʘʛʘʣʫ ʩʧʝʮʽʘʣʽʩʪʽʚ  ʚʽʜʦʤʽ ʝʣʘʩʪʠʯʥʽ ʧʣʘʩʪʤʘʩʠ ʟ 

ʧʦʣʽʤʝʪʠʣʤʝʪʘʢʨʠʣʘʪʫ, ʟʦʢʨʝʤʘ: Villacryl  Soft (ʇʦʣʴʰʘ) ʪʘ Latacryl-L (ʋʢʨʘʾʥʘ).  

ʄʝʪʦʶ ʨʦʙʦʪʠ ʙʫʣʦ ʚʠʚʯʝʥʥʷ ʤʦʞʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʽʜʨʦʛʝʣʝʚʦʾ ʧʽʜʢʣʘʜʢʠ 

ʷʢ ʧʦʢʨʠʚʥʦʛʦ ʰʘʨʫ ʙʘʟʠʩʽʚ ʟʥʽʤʥʠʭ ʧʨʦʪʝʟʽʚ ʟ ʚʠʟʥʘʯʝʥʥʷʤ ʤʽʮʥʦʩʪʽ ʡʦʛʦ ʟôʻʜʥʘʥʥʷ ʟ 

ʙʘʟʠʩʦʤ ʧʨʦʪʝʟʘ ʥʘ ʘʢʨʠʣʦʚʽʡ ʦʩʥʦʚʽ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʝʣʘʩʪʠʯʥʠʤʠ ʧʣʘʩʪʤʘʩʘʤʠ Villacryl  

Soft ʪʘ Latacryl-L. 

ɼʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʤôʷʢʠʭ ʧʽʜʢʣʘʜʦʢ ʥʘʤʠ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʢʦʤʧʦʟʠʮʽʷ ʥʘ ʦʩʥʦʚʽ 

ʧʦʣʽʚʽʥʽʣʧʽʨʦʣʽʜʦʥʫ ʪʘ 2-ʛʽʜʨʦʢʩʠʝʪʠʣʤʝʪʘʢʨʠʣʘʪʫ ʟ ʜʦʜʘʪʢʘʤʠ ʛʽʜʨʦʬʦʙʥʠʭ ʤʦʥʦʤʝʨʽʚ, 

ʨʦʟʨʦʙʣʝʥʫ ʥʘ ʢʘʬʝʜʨʽ ʍʊʇʇ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ çʃʴʚʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè. 

ʂʦʤʧʦʟʠʮʽʶ ʛʦʪʫʚʘʣʠ ʟ ʧʦʣʽʚʽʥʽʣʧʽʨʦʣʽʜʦʥʫ ʤʦʣʝʢʫʣʷʨʥʦʾ ʤʘʩʠ 12 ʪʠʩ., ʷʢ ʽʥʽʮʽʘʪʦʨ 

ʧʦʣʽʤʝʨʠʟʘʮʽʾ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʧʝʨʦʢʩʠʜ ʙʝʥʟʦʾʣʫ. 

ɿʨʘʟʢʠ ʜʦʩʣʽʜʞʫʚʘʣʠ ʥʘ ʘʜʛʝʟʽʡʥʫ ʤʽʮʥʦʩʪʴ ʥʘ ʟʩʫʚ ʟʛʽʜʥʦ ɻʆʉʊ 14759. 

ʇʽʜʛʦʪʦʚʣʝʥʽ ʢʦʤʧʦʟʠʮʽʾ ʥʘʥʦʩʠʣʠ ʥʘ ʧʣʘʩʪʠʥʠ, ʜʝ ʨʦʟʤʽʨ ʤʽʩʮʷ ʩʢʣʝʶʚʘʥʥʷ ʩʪʘʥʦʚʠʚ 

20³8 ʤʤ ʽ ʚʠʪʨʠʤʫʚʘʣʠ ʚ ʩʫʰʠʣʴʥʽʡ ʰʘʬʽ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 60°5 ʦʉ ʧʨʦʪʷʛʦʤ 2,5 ʛʦʜ. 

ʆʜʝʨʞʘʥʽ ʟʨʘʟʢʠ ʚʠʪʨʠʤʫʚʘʣʠ ʫ ʜʠʩʪʠʣʴʦʚʘʥʽʡ ʚʦʜʽ 2 ʜʦʙʠ, ʧʨʠ ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʘʜʛʝʟʽʡʥʦʾ ʤʽʮʥʽʩʪʽ ʛʽʜʨʦʛʝʣʝʚʦʾ ʧʽʜʢʣʘʜʢʠ ʟ ʘʢʨʠʣʦʚʦʶ ʧʣʘʩʪʠʥʦʶ 

ʟʜʽʡʩʥʶʚʘʣʠ ʥʘ ʨʦʟʨʠʚʥʽʡ ʤʘʰʠʥʽ ʤʘʨʢʠ 050/RT-601U ʬʽʨʤʠ çKimura Machineryè ʟʘ 

ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʤʽʱʝʥʥʷ ʨʫʭʦʤʦʾ ʪʨʘʚʝʨʩʠ 25 ʤʤ/ʭʚ. ɼʣʷ ʧʦʨʽʚʥʷʥʥʷ, ʘʢʨʠʣʦʚʽ ʧʣʘʩʪʠʥʠ 

ʟôʻʜʥʫʚʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʝʣʘʩʪʠʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ Villacryl  Soft ʪʘ Latacryl-L ʽ ʪʘʢʦʞ 

ʚʠʪʨʠʤʫʚʘʣʠ ʫ ʚʦʜʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʫʧʨʦʜʦʚʞ 2 ʜʽʙ. ʅʘ ʦʩʥʦʚʽ ʚʠʢʦʥʘʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʚʠʟʥʘʯʝʥʽ ʥʘʩʪʫʧʥʽ ʩʝʨʝʜʥʽ ʟʥʘʯʝʥʥʷ ʘʜʛʝʟʽʡʥʦʾ ʤʽʮʥʦʩʪʽ ʜʣʷ ʢʦʤʧʦʟʠʮʽʡ ʽʟ: Villacryl Softï

20,23 ʢʛʩ£ʩʤ2; Latacryl-Lï12,56 ʢʛʩ£ʩʤ2; ɻɽʄɸ:ʇɺʇ:ɻʌʄ > 22,5 ʢʛʩ£ʩʤ2 (ʨʫʡʥʫʚʘʥʥʷ 

ʟʨʘʟʢʘ 32,54 ʢʛʩ£ʩʤ2, ʧʣʦʱʘ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʟʨʘʟʢʘ S = 2,4 ʩʤ2). ʅʘ ʦʩʥʦʚʽ 

ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʞʥʘ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʤʽʮʥʽʩʪʴ ʢʣʝʻʥʦʛʦ ʰʚʘ ʢʦʤʧʦʟʠʮʽʾ 

ʇɺʇ:ɻɽʄɸ:ɻʌʄ ʻ ʙʽʣʴʰʦʶ ʟʘ ʤʽʮʥʽʩʪʴ ʘʢʨʠʣʘʪʥʠʭ ʧʣʘʩʪʠʥ, ʚʠʢʦʨʠʩʪʘʥʠʭ ʷʢ ʤʦʜʝʣʴʥʽ 

ʟʨʘʟʢʠ ʧʽʜʢʣʘʜʦʯʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. 

 ʊʘʢʦʞ ʧʨʦʚʝʣʠ ʜʦʩʣʽʜʞʝʥʥʷ ʟ ʚʠʟʥʘʯʝʥʥʷ ʘʜʛʝʟʽʡʥʦʾ ʤʽʮʥʦʩʪʽ ʢʣʝʡʦʚʦʛʦ ʰʚʘ ʥʘ 
ʚʽʜʨʠʚ ʟʛʽʜʥʦ ɻʆʉʊ 14760. ʉʫʪʴ ʤʝʪʦʜʫ ʧʦʣʷʛʘʻ ʫ ʚʠʟʥʘʯʝʥʥʽ ʧʦʢʘʟʥʠʢʘ ʨʫʡʥʽʚʥʦʾ ʩʠʣʠ 

ʧʨʠ ʨʦʟʪʷʛʫʚʘʥʥʽ ʩʪʘʥʜʘʨʪʥʦʛʦ ʟʨʘʟʢʫ ʩʢʣʝʻʥʦʛʦ ʚ ʩʪʠʢ ʟʫʩʠʣʣʷʤ ʥʘʧʨʘʚʣʝʥʠʤ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʜʦ ʧʣʦʱʠʥʠ ʩʢʣʝʶʚʘʥʥʷ. ɼʣʷ ʜʦʩʣʽʜʞʝʥʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʘʢʨʠʣʘʪʥʽ 

ʟʨʘʟʢʠ (çʛʨʠʙʢʠè) Å 20 ʤʤ ʽ ʚʠʩʦʪʦʶ 10 ʤʤ. ʋʤʦʚʠ ʚʠʧʨʦʙʫʚʘʥʴ ʘʥʘʣʦʛʽʯʥʽ. ʇʽʜ ʯʘʩ 

ʜʦʩʣʽʜʞʝʥʥʷ ʜʣʷ ʚʩʽʭ ʟʨʘʟʢʽʚ ʩʧʦʩʪʝʨʽʛʘʣʠ ʦʜʥʦʪʠʧʥʽ ʨʫʡʥʫʚʘʥʥʷ. ʄʽʮʥʽʩʪʴ ʢʣʝʻʚʦʛʦ ʰʚʘ 

ʢʦʤʧʦʟʠʮʽʾ ʥʘ ʦʩʥʦʚʽ ʧʦʣʽʚʽʥʽʣʧʽʨʦʣʽʜʦʥʫ ʥʘʩʪʽʣʴʢʠ ʚʠʩʦʢʘ, ʱʦ ʨʫʡʥʫʚʘʥʥʷ ʚʽʜʙʫʚʘʣʦʩʷ 

ʩʘʤʠʭ ʟʨʘʟʢʽʚ. ʂʣʝʻʚʠʡ ʰʘʨ ʟʘʣʠʰʘʚʩʷ ʥʝʫʰʢʦʜʞʝʥʠʤ. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʤʽʮʥʦʩʪʽ 

ʢʣʝʡʦʚʦʛʦ ʰʘʨʫ ʥʘ ʚʽʜʨʠʚ ʥʘʩʪʫʧʥʽ: Villacryl Soft ï 3,2 ʢʛʩ£ʩʤ2 ; Latacryl-L ï 3,15 ʢʛʩ£ʩʤ2 ; 

ɻɽʄɸ:ʇɺʇ:ɻʌʄ ï 5,97 ʢʛʩ£ʩʤ2 ï ʨʫʡʥʫʚʘʥʥʷ ʧʽʜʢʣʘʜʢʠ (S  = 7,2 ʩʤ
2). 

ʆʪʞʝ, ʥʘ ʦʩʥʦʚʽ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ, ʤʦʞʥʘ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʟʘʧʨʦʧʦʥʦʚʘʥʘ 

ʧʦʣʽʚʽʥʽʣʧʽʨʦʣʽʜʦʥ ï ʤʝʪʘʢʨʠʣʘʪʥʘ ʛʽʜʨʦʛʝʣʝʚʘ ʢʦʤʧʦʟʠʮʽʷ ʚʽʜʟʥʘʯʘʻʪʴʩʷ ʚʠʩʦʢʦʶ 

ʘʜʛʝʟʽʻʶ ʜʦ ʘʢʨʠʣʘʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʚʦʣʦʜʽʻ ʚʠʩʦʢʦʶ ʘʜʛʝʟʽʡʥʦʶ ʤʽʮʥʽʩʪʶ ʢʣʝʻʚʦʛʦ 

ʰʘʨʫ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʾʾ ʷʢ ʧʦʢʨʠʚʥʠʡ ʰʘʨ ʙʘʟʠʩʽʚ ʟʥʽʤʥʠʭ ʧʨʦʪʝʟʽʚ. 
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ʈʆɿʈʆɹʂɸ ʌʋʅʂʎɯʆʅɸʃʔʅʆ ʄʆɼʀʌɯʂʆɺɸʅʀʍ ʌʋʈɸʅʆ-ɽʇʆʂʉʀɼʅʀʍ 

ʂʆʄʇʆɿʀʊɯɺ ɺ ʈɸʄʂɸʍ ʂʆʅʎɽʇʎɯɰɰ çɿɽʃɽʅʆɰ ʍɯʄɯɰè 

ʅʝʤʯʝʥʢʦ ʄ. ʈ., ʈʘʩʩʦʭʘ ʆ. ʄ., ʏʝʨʢʘʰʠʥʘ ɻ. ʄ. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʍʘʨʢʽʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪè 

rassan2000@ukr.net 

 

  ʌʫʨʘʥʦ-ʝʧʦʢʩʠʜʥʽ ʧʦʣʽʤʝʨʥʽ ʢʦʤʧʦʟʠʮʽʡʥʽ ʤʘʪʝʨʽʘʣʠ, ʩʪʨʫʢʪʫʨʘ ʪʘ ʚʣʘʩʪʠʚʦʩʪʽ 

ʷʢʠʭ ʬʫʥʢʮʽʦʥʘʣʴʥʦ ʤʦʜʠʬʽʢʦʚʘʥʽ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʩʧʝʮʽʘʣʴʥʠʭ ʛʘʣʫʟʷʭ ʥʘʫʢʠ ʽ 

ʪʝʭʥʽʢʠ, ʚ ʦʩʪʘʥʥʽ ʨʦʢʠ  ʽʥʪʝʥʩʠʚʥʦ ʨʦʟʨʦʙʣʶʶʪʴʩʷ ʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʥʦʚʦʾ, ʽʥʥʦʚʘʮʽʡʥʦʾ 

ʢʦʥʮʝʧʮʽʾ çʟʝʣʝʥʦʾ ʭʽʤʽʾè (Green Chemistry). 

ʆʩʥʦʚʥʽ ʟʘʩʘʜʠ, ʥʘ ʷʢʠʭ ʙʘʟʫʻʪʴʩʷ ʢʦʥʮʝʧʮʽʷ çʟʝʣʝʥʦʾ ʭʽʤʽʾè, ʩʬʦʨʤʫʣʴʦʚʘʥʽ 

ʧʨʦʚʽʜʥʠʤʠ ʚʯʝʥʠʤʠïʜʦʩʣʽʜʥʠʢʘʤʠ ʇ.ʊ. ɸʥʘʩʪʘʩʦʤ ʪʘ ɼʞ. ʉ. ʋʦʨʥʝʨʦʤ ʚ 1998 ʨʦʮʽ ʫ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʽʡ ʧʨʘʮʽ çɿʝʣʝʥʘ ʭʽʤʽʷ: ʪʝʦʨʽʷ ʪʘ ʧʨʘʢʪʠʢʘè. (Anastas, P. T.; Warner, J. C. 

Green Chemistry: Theory and Practice, Oxford University Press: New York, 1998). 

ʂʦʥʮʝʧʮʽʷ çʟʝʣʝʥʦʾ ʭʽʤʽʾè ʧʨʠ ʩʪʚʦʨʝʥʥʽ ʧʦʣʽʤʝʨʥʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʻ 

ʧʨʠʥʮʠʧʦʚʦ ʥʦʚʠʤ ʽʥʥʦʚʘʮʽʡʥʠʤ  ʧʽʜʭʦʜʦʤ ʚ ʭʽʤʽʾ, ʭʽʤʽʯʥʦʾ  ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʽʥʞʝʥʝʨʽʾ ʪʘ 

ʘʢʮʝʥʪʫʻ ʫʚʘʛʫ ʜʦʩʣʽʜʥʠʢʽʚ ʥʘ ʟʘʧʦʙʽʛʘʥʥʽ ʫʪʚʦʨʝʥʥʷ ʽʥʛʨʝʜʽʻʥʪʽʚ, ʱʦ ʟʘʙʨʫʜʥʶʶʪʴ 

ʘʪʤʦʩʬʝʨʫ, ʛʽʜʨʦʩʬʝʨʫ, ʣʽʪʦʩʬʝʨʫ, ʥʘ ʧʝʨʚʠʥʥʠʭ ʩʪʘʜʽʷʭ çʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫè ʚʠʨʦʙʽʚ ʟ 

ʧʦʣʽʤʝʨʥʠʭ ʢʦʤʧʦʟʠʪʽʚ, ʚʢʣʶʯʘʶʯʠ ʝʪʘʧʠ ʧʣʘʥʫʚʘʥʥʷ ʨʝʮʝʧʪʫʨʥʦïʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʩʢʣʘʜʫ ʤʘʪʝʨʽʘʣʫ, ʟʜʽʡʩʥʝʥʥʷ ʭʽʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ (ʥʘʧʨʠʢʣʘʜ, ʩʪʨʫʢʪʫʨʫʚʘʥʥʷ ʨʝʘʢʮʽʡʥʦï

ʟʜʘʪʥʦʛʦ ʦʣʽʛʦʤʝʨʫ ʪʦʱʦ). 

ɺ ʨʘʤʢʘʭ ʮʽʻʾ ʢʦʥʮʝʧʮʽʾ ʚʠʨʦʙʥʠʢʠ ʧʦʚʥʽʩʪʶ ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʘ ʙʝʟʧʝʢʫ ʧʨʦʜʫʢʮʽʾ, 

ʷʢ ʥʘ ʩʪʘʜʽʾ ʚʠʨʦʙʥʠʮʪʚʘ, ʪʘʢ ʽ ʚʧʨʦʜʦʚʞ ʚʩʴʦʛʦ çʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫè ʚʠʨʦʙʽʚ ʟ ʬʫʨʘʥʦ-

ʝʧʦʢʩʠʜʥʠʭ ʢʦʤʧʦʟʠʪʽʚ, ʚʢʣʶʯʘʶʯʠ ʾʭ ʫʪʠʣʽʟʘʮʽʶ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʜʘʥʦʾ ʢʦʥʮʝʧʮʽʾ ʧʨʠ ʨʦʟʨʦʙʮʽ ʬʫʨʘʥʦ-ʝʧʦʢʩʠʜʥʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʽ ʧʨʦʝʢʪʫʚʘʥʥʷ ʚʠʨʦʙʽʚ ʾʭ ʦʩʥʦʚʽ ʙʘʟʫʻʪʴʩʷ ʥʘ ʧʨʠʥʮʠʧʘʭ ʨʝʩʫʨʩʦ- ʪʘ 

ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʟ ʤʽʥʽʤʽʟʘʮʽʻʶ ʟʘʙʨʫʜʥʝʥʥʷ ʜʦʚʢʽʣʣʷ. 

ɺ ʜʘʥʽʡ  ʜʦʩʣʽʜʥʠʮʴʢʦʾ ʨʦʙʦʪʽ ʚʠʢʦʨʠʩʪʘʥʽ ʽʥʛʨʝʜʽʻʥʪʠ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʽʜʭʦʜʠ, 

ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʬʦʨʤʫʚʘʪʠ ʧʦʣʽʤʝʨʥʽ ʢʦʤʧʦʟʠʮʽʡʥʽ ʤʘʪʝʨʽʘʣʠ ʪʘ ʢʦʥʩʪʨʫʢʮʽʡʥʽ ʚʠʨʦʙʠ ʟ 

ʥʠʭ ʟ ʢʦʥʢʨʝʪʥʠʤʠ ʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ: ʩʪʽʡʢʽʩʪʴ ʜʦ ʫʜʘʨʥʠʭ 

ʥʘʚʘʥʪʘʞʝʥʥʴ, ʪʝʨʤʦʩʪʘʙʽʣʴʥʽʩʪʴ, ʨʝʛʫʣʴʦʚʘʥʘ ʤʽʮʥʽʩʪʴ ʘʜʛʝʟʽʡʥʦʛʦ ʢʦʥʪʘʢʪʫ ʥʘ ʤʝʞʽ 

ʧʦʜʽʣʫ çʥʫʣʴʤʽʨʥʠʡ  ʥʘʧʦʚʥʶʚʘʯ ï ʬʫʨʘʥʦ-ʝʧʦʢʩʠʜʥʘ ʧʦʣʽʤʝʨʥʘ ʤʘʪʨʠʮʷè ʪʦʱʦ. 

ɿʛʽʜʥʦ ʟ ʧʨʠʥʮʠʧʘʤʠ çʟʝʣʝʥʦʾ ʭʽʤʽʾè ʚʠʭʽʜʥʠʤʠ ʽʥʛʨʝʜʽʻʥʪʘʤʠ ʧʦʣʽʤʝʨʥʠʭ 

ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʩʠʩʪʝʤ ʻ ʤʘʪʝʨʽʘʣʠ ʟ ʧʨʦʜʫʢʪʽʚ ʬʦʪʦʦʨʛʘʥʽʯʥʦʛʦ ʩʠʥʪʝʟʫ (ʥʘʧʨʠʢʣʘʜ, 

ʬʫʨʬʫʨʠʣʽʜʝʥʘʮʝʪʦʥʠ ï ʷʢʽ ʩʠʥʪʝʟʫʶʪʴʩʷ ʟ ʧʝʥʪʦʟʘʥʚʤʽʩʢʠʭ ʧʨʦʜʫʢʪʽʚ ʪʘ ʽʥʰ.), ʮʝ, ʷʢ 

ʧʨʘʚʠʣʦ, ʪʝʭʥʦʣʦʛʽʯʥʦ ʪʘ ʝʢʦʥʦʤʽʯʥʦ ʜʦʮʽʣʴʥʦ ʚ ʭʽʤʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʧʨʦʮʝʩʽ 

ʬʦʨʤʫʚʘʥʥʷ ʬʫʨʘʥʦ-ʝʧʦʢʩʠʜʥʠʭ ʢʦʤʧʦʟʠʪʽʚ. 

ʈʦʟʨʦʙʣʝʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʦʪʨʠʤʘʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʦ ʤʦʜʠʬʽʢʦʚʘʥʠʭ 

ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʣʽʤʝʨʥʠʭ ʩʠʩʪʝʤ çʩʧʨʦʝʢʪʦʚʘʥʠʡè ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦ ʚʩʽ ʭʽʤʽʯʥʦ 

ʘʢʪʠʚʥʽ ʽʥʛʨʝʜʽʻʥʪʠ ʨʝʘʢʮʽʡʥʦʟʜʘʪʥʦʾ ʩʠʩʪʝʤʠ ʟʽ ʩʪʫʧʝʥʝʤ ʢʦʥʚʝʨʩʽʾ 98,0ï99,5 % 

ʩʪʨʫʢʪʫʨʫʶʪʴʩʷ, ʪʦʙʪʦ ʤʘʢʩʠʤʘʣʴʥʦ ʧʝʨʝʭʦʜʷʪʴ ʚ ʢʽʥʮʝʚʠʡ ʧʨʦʜʫʢʪ (ʦʜʠʥ ʽʟ ʧʨʠʥʮʠʧʽʚ 

çʟʝʣʝʥʦʾ ʭʽʤʽʾè). 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʽʥʰʠʭ ʧʨʠʥʮʠʧʽʚ çʟʝʣʝʥʦʾ ʭʽʤʽʾè ʦʧʪʠʤʘʣʴʥʽ ʧʘʨʘʤʝʪʨʠ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʬʦʨʤʫʚʘʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʦ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʬʫʨʘʥʦ-ʝʧʦʢʩʠʜʥʠʭ 

ʢʦʤʧʦʟʠʪʽʚ ʚʽʜʧʦʚʽʜʘʶʪʴ çʢʽʤʥʘʪʥʽʡè ʪʝʤʧʝʨʘʪʫʨʽè (ʪʝʤʧʝʨʘʪʫʨʽ ʙʣʠʟʴʢʦʾ ʜʦ 

ʪʝʤʧʝʨʘʪʫʨʠ ʜʦʚʢʽʣʣʷ)  ʪʘ ʘʪʤʦʩʬʝʨʥʦʤʫ ʪʠʩʢʫ ʚʧʨʦʜʦʚʞ 28ï72 ʛʦʜ. 

ɺ ʨʦʟʨʦʙʣʝʥʦʤʫ ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʧʨʦʮʝʩʽ ʬʦʨʤʫʚʘʥʥʷ ʧʦʣʽʤʝʨʥʠʭ ʢʦʤʧʦʟʠʪʽʚ ʥʝ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʦʧʦʤʽʞʥʽ ʘʛʝʥʪʽ (ʪʦʢʩʠʯʥʽ ʦʨʛʘʥʽʯʥʽ ʨʦʟʯʠʥʥʠʢʠ, ʘʥʪʠʘʜʛʝʟʠʚʠ, 

ʙʣʦʢʫʶʯʠ ʘʛʝʥʪʠ ʥʘ ʧʨʦʤʽʞʥʠʭ ʭʽʤʽʯʥʠʭ ʩʪʘʜʽʷʭ ʧʨʦʮʝʩʫ ʪʦʱʦ), ɦ ʦ ʚʽʜʧʦʚʽʜʘʻ ʦʩʥʦʚʥʠʤ 

ʧʨʠʥʮʠʧʘʤ çʟʝʣʝʥʦʾ ʭʽʤʽʾè. ɺ ʨʦʙʦʪʽ ʧʽʜʚʝʜʝʥʠʡ ʧʽʜʩʫʤʢʦʚʠʡ ʚʠʩʥʦʚʦʢ. 
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ʉʪʚʦʨʝʥʥʷ ʝʬʝʢʪʠʚʥʠʭ ʩʝʥʩʦʨʽʚ ʥʘ ʧʘʨʠ ʦʨʛʘʥʽʯʥʠʭ ʨʦʟʯʠʥʥʠʢʽʚ ʥʘ ʩʴʦʛʦʜʥʽʰʥʽʡ 

ʜʝʥʴ ʟʘʣʠʰʘʻʪʴʩʷ ʘʢʪʫʘʣʴʥʠʤ ʟʘʚʜʷʢʠ ʰʠʨʦʢʦʤʫ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʶ ʚ ʤʝʜʠʮʠʥʽ, 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʤʦʥʽʪʦʨʠʥʛʫ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʦʱʦ. ʈʘʟʦʤ ʟ ʪʠʤ ʚʘʞʣʠʚʠʤ 

ʟʘʚʜʘʥʥʷʤ ʻ ʫʩʫʥʝʥʥʷ ʪʘʢʠʭ ʩʫʪʪʻʚʠʭ ʥʝʜʦʣʽʢʽʚ ʩʝʥʩʦʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʷʢ ʚʠʩʦʢʘ ʚʘʨʪʽʩʪʴ, 

ʥʠʟʴʢʘ ʝʬʝʢʪʠʚʥʽʩʪʴ, ʩʢʣʘʜʥʽʩʪʴ ʚʠʛʦʪʦʚʣʝʥʥʷ, ʥʝʩʪʘʙʽʣʴʥʽʩʪʴ, ʥʠʟʴʢʘ ʯʫʪʣʠʚʽʩʪʴ ʪʦʱʦ, 

ʷʢʽ ʟʥʘʯʥʦ ʦʙʤʝʞʫʶʪʴ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʨʝʟʠʩʪʠʚʥʠʭ ʩʝʥʩʦʨʽʚ ʥʘ ʦʩʥʦʚʽ ʧʦʣʽʤʝʨʥʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʩʪʘʻ ʚʩʝ ʙʽʣʴʰ ʧʦʰʠʨʝʥʠʤ. ʅʝ ʦʩʪʘʥʥʷ ʨʦʣʴ ʩʝʨʝʜ ʥʠʭ ʥʘʣʝʞʠʪʴ ʢʦʤʧʦʟʠʪʘʤ 

ʟ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʠʤʠ ʥʘʧʦʚʥʶʚʘʯʘʤʠ (ʯʘʩʪʦʯʢʠ ʤʝʪʘʣʽʚ ʪʘ ʾʭ ʩʧʦʣʫʢ, ʚʫʛʣʝʮʝʚʽ 

ʥʘʧʦʚʥʶʚʘʯʽ). 

ʋ ʜʘʥʽʡ ʨʦʙʦʪʽ ʙʫʣʦ ʜʦʩʣʽʜʞʝʥʦ ʯʫʪʣʠʚʽʩʪʴ ʨʝʟʠʩʪʠʚʥʠʭ ʩʝʥʩʦʨʽʚ ʥʘ ʦʩʥʦʚʽ 

ʧʦʣʽʝʪʠʣʝʥʛʣʽʢʦʣʶ ʟ ʤʦʣʝʢʫʣʷʨʥʦʶ ʤʘʩʦʶ 10 000 (ʇɽɻ) ʪʘ ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʪʨʫʙʦʢ 

(ɺʅʊ). ɺʅʊ ʚʚʦʜʠʣʠ ʚ ʧʦʣʽʤʝʨʥʫ ʤʘʪʨʠʮʶ ʚ ʢʽʣʴʢʦʩʪʽ 1.5 % ʤʘʩ. ʟʘ ʜʦʧʦʤʦʛʦʶ ʋɿ-

ʜʠʩʧʝʨʛʫʚʘʥʥʷ. ɺʠʤʽʨʶʚʘʣʠ ʦʧʽʨ ʩʝʥʩʦʨʽʚ (R) ʪʘ ʨʦʟʨʘʭʦʚʫʚʘʣʠ ʟʤʽʥʫ ʦʧʦʨʫ ʩʝʥʩʦʨʫ ((Rï

R0)/R0) ʧʨʠ ʩʦʨʙʮʽʾ ʧʘʨʽʚ ʝʪʘʥʦʣʫ. 

ɼʘʥʽ ʦʧʦʨʫ ʩʝʥʩʦʨʽʚ ʟʘʣʝʞʥʦ ʚʽʜ ʟʤʽʥʠ ʦʙôʻʤʫ ʧʘʨʽʚ ʝʪʘʥʦʣʫ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 1. 

ɼʘʥʽ ʟʤʽʥʠ ʚʽʜʥʦʩʥʦʛʦ ʦʧʦʨʫ ʩʝʥʩʦʨʽʚ ʧʽʜ ʯʘʩ ʩʦʨʙʮʽʾ ʧʘʨʽʚ ʝʪʘʥʦʣʫ ʟ ʦʙôʻʤʫ 0,2 ʤʣ 

ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 2. 

 

ɿ ʨʠʩ. 1 ʪʘ 2 ʚʠʜʥʦ, ʱʦ ʜʘʥʽ ʩʝʥʩʦʨʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʚʠʩʦʢʦʶ ʯʫʪʣʠʚʽʩʪʶ ʜʦ 

ʧʘʨʽʚ ʝʪʘʥʦʣʫ. ɿʙʽʣʴʰʝʥʥʷ ʦʙôʻʤʫ ʧʘʨʽʚ ʝʪʘʥʦʣʫ ʜʦ 0,5 ʤʣ ʚʝʜʝ ʜʦ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʦʛʦ 

ʨʦʩʪʫ ʦʧʦʨʫ ʩʝʥʩʦʨʽʚ. ʇʨʠ ʮʴʦʤʫ ʩʝʥʩʦʨʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʩʪʘʙʽʣʴʥʦʶ ʨʦʙʦʪʦʶ ʽ 

ʚʽʜʪʚʦʨʶʚʘʥʽʩʪʶ ʩʠʛʥʘʣʫ (ʨʠʩ. 2). ʐʚʠʜʢʽʩʪʴ ʚʽʜʛʫʢʫ, ʘ ʪʘʢʦʞ ʰʚʠʜʢʽʩʪʴ ʚʽʜʥʦʚʣʝʥʥʷ 

(ʜʝʩʦʨʙʮʽʾ) ʩʝʥʩʦʨʫ ʩʪʘʥʦʚʣʷʪʴ 3ï5 ʭʚ. 

ʆʪʞʝ, ʜʘʥʽ ʤʘʪʝʨʽʘʣʠ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʷʢ ʧʦʨʪʘʪʠʚʥʽ ʩʝʥʩʦʨʠ ʜʣʷ 

ʜʝʪʝʢʪʫʚʘʥʥʷ ʧʘʨʽʚ ʝʪʘʥʦʣʫ. 
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ʈʠʩ. 1. ɿʘʣʝʞʥʽʩʪʴ ʚʽʜʥʦʩʥʦʛʦ ʦʧʦʨʫ 

ʩʝʥʩʦʨʽʚ ʚʽʜ ʦʙôʻʤʫ ʧʘʨʽʚ ʝʪʘʥʦʣʫ 

ʈʠʩ. 2. ɿʤʽʥʘ ʚʽʜʥʦʩʥʦʛʦ ʦʧʦʨʫ ʩʝʥʩʦʨʽʚ 

ʥʘ ʧʘʨʠ ʝʪʘʥʦʣʫ 
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ʊɽʍʅʆʃʆɻɯʏʅɯ ʆʉʆɹʃʀɺʆʉʊɯ ʍɯʄɯʏʅʆɻʆ ɺɯɼʅʆɺʃɽʅʅʗ ʅɯʂɽʃʖ 

ʗʂ ʅɸʇʆɺʅʖɺɸʏɸ ʇʆʃɯʄɽʈʅʀʍ ɻɯɼʈʆɻɽʃɯɺ 

ʇʦʭʤʫʨʩʴʢʘ ɸ. ɺ., ɹʝʜʣʴʦʚʩʴʢʘ ʍ. ʄ., ɻʨʠʮʝʥʢʦ ʆ. ʄ., ʉʫʙʝʨʣʷʢ ʆ. ɺ. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʃʴʚʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè 

a.gaiduk92@gmail.com 

  

ɻʽʜʨʦʛʝʣʽ, ʥʘʧʦʚʥʝʥʽ ʤʝʪʘʣʘʤʠ, ʧʨʦʷʚʣʷʶʪʴ ʫʥʽʢʘʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʷʢʽ ʤʦʞʫʪʴ 

ʟʤʽʥʶʚʘʪʠʩʴ ʟʘʣʝʞʥʦ ʚʽʜ ʚʤʽʩʪʫ ʚʦʣʦʛʠ, ʪʠʩʢʫ, ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ pH ʩʝʨʝʜʦʚʠʱʘ, ʱʦ 

ʚʽʜʢʨʠʚʘʻ ʥʦʚʽ ʤʦʞʣʠʚʦʩʪʽ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ. ɼʘʥʘ ʨʦʙʦʪʘ ʻ ʦʜʥʠʤ ʟ ʝʪʘʧʽʚ ʨʦʟʨʦʙʣʝʥʥʷ 

ʛʽʜʨʦʛʝʣʝʚʠʭ ʤʝʪʘʣʦʥʘʧʦʚʥʝʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʦʩʥʦʚʽ ʢʦʧʦʣʽʤʝʨʽʚ 

2-ʛʽʜʨʦʢʩʽʝʪʠʣʤʝʪʘʢʨʠʣʘʪʫ (ɻɽʄɸ) ʟ ʧʦʣʽʚʽʥʽʣʧʽʨʦʣʽʜʦʥʦʤ (ʇɺʇ) ʤʝʪʦʜʦʤ ʩʫʤʽʱʝʥʥʷ 

ʧʨʦʮʝʩʽʚ ʧʦʣʽʤʝʨʠʟʘʮʽʾ ʪʘ ʭʽʤʽʯʥʦʛʦ ʚʽʜʥʦʚʣʝʥʥʷ ʤʝʪʘʣʫ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʻ ʧʨʠʚʘʙʣʠʚʠʤ ʷʢ 

ʟ ʧʨʘʢʪʠʯʥʦʾ, ʪʘʢ  ʽ ʟ ʥʘʫʢʦʚʦʾ ʪʦʯʢʠ ʟʦʨʫ, ʦʩʢʽʣʴʢʠ ʟʘʙʝʟʧʝʯʫʻ ʤʦʞʣʠʚʽʩʪʴ ʦʪʨʠʤʘʥʥʷ 

ʯʘʩʪʠʥʦʢ ʤʝʪʘʣʫ ʥʘʥʦ- ʪʘ ʤʽʢʨʦʨʦʟʤʽʨʽʚ ʦʜʥʦʯʘʩʥʦ ʟ ʬʦʨʤʫʚʘʥʥʷʤ ʧʦʣʽʤʝʨʥʦʾ ʤʘʪʨʠʮʽ, 

ʱʦ ʜʦʟʚʦʣʷʻ ʜʦʩʷʛʥʫʪʠ ʢʨʘʱʦʛʦ, ʨʽʚʥʦʤʽʨʥʦʛʦ ʾʭ ʨʦʟʧʦʜʽʣʫ, ʦʜʝʨʞʘʪʠ ʤʘʪʝʨʽʘʣ ʟ 

ʽʟʦʪʨʦʧʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ, ʘ ʪʘʢʦʞ ʧʦʟʙʘʚʣʷʻ ʙʘʛʘʪʴʦʭ ʧʽʜʛʦʪʦʚʯʠʭ ʪʘ ʟʘʚʝʨʰʘʣʴʥʠʭ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʩʪʘʜʽʡ ʧʨʦʮʝʩʫ ʦʜʝʨʞʘʥʥʷ ʢʦʤʧʦʟʠʪʽʚ. 

ʆʩʥʦʚʥʦʶ ʤʝʪʦʶ ʨʦʙʦʪʠ ʻ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʫʤʦʚ ʚʽʜʥʦʚʣʝʥʥʷ 

ʥʽʢʝʣʶ ʥʘ ʩʪʨʫʢʪʫʨʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʡʦʛʦ ʧʦʨʦʰʢʽʚ ʷʢ ʥʘʧʦʚʥʶʚʘʯʽʚ ɻɽʄɸ-ʇɺʇ 

ʢʦʧʦʣʽʤʝʨʽʚ ʪʘ ʛʽʜʨʦʛʝʣʽʚ ʥʘ ʾʭ ʦʩʥʦʚʽ. 

ɺʽʜʥʦʚʣʝʥʥʷ ʡʦʥʽʚ ʥʽʢʝʣʶ ʫ ʚʦʜʥʦʤʫ ʨʦʟʯʠʥʽ ʟʜʽʡʩʥʶʚʘʣʠ ʟʘ ʪʝʤʧʝʨʘʪʫʨ 60ï

90 Áʉ. ʗʢ ʦʢʠʩʥʠʢ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʩʫʣʴʬʘʪ ʥʽʢʝʣʶ (NiSO4Ŀ7H2O), ʷʢ ʚʽʜʥʦʚʥʠʢ ï 

ʛʽʧʦʬʦʩʬʽʪ ʥʘʪʨʽʶ (NaH2PO2ĿH2O). ʆʢʠʩʥʦ-ʚʽʜʥʦʚʥʫ ʩʠʩʪʝʤʫ ʦʜʝʨʞʫʚʘʣʠ ʜʦʜʘʚʘʥʥʷʤ ʜʦ 

ʚʦʜʠ ʫ ʧʝʚʥʦʤʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ ʩʫʣʴʬʘʪʫ ʥʽʢʝʣʶ (0,011ï1,1 ʤʦʣʴ/ʣ), ʘʮʝʪʘʪʫ ʥʘʪʨʽʶ 

(20 ʛ/ʣ) ʪʘ ʛʽʧʦʬʦʩʬʽʪʫ ʥʘʪʨʽʶ (0,024ï2,4 ʤʦʣʴ/ʣ). ɺʝʣʠʯʠʥʫ ʨʅ ʨʦʟʯʠʥʫ ʢʦʨʝʛʫʚʘʣʠ 

ʢʦʥʮʝʥʪʨʦʚʘʥʦʶ ʦʮʪʦʚʦʶ ʢʠʩʣʦʪʦʶ ʪʘ 25 % ʨʦʟʯʠʥʦʤ ʘʤʽʘʢʫ. ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ 

ʘʢʪʠʚʥʦʩʪʽ ʚʽʜʥʦʚʥʠʢʘ ʜʦ ʦʢʠʩʥʦ-ʚʽʜʥʦʚʥʦʾ ʩʠʩʪʝʤʠ ʚʚʦʜʠʣʠ ʘʢʪʠʚʘʪʦʨ ʚʽʜʥʦʚʣʝʥʥʷ, 

ʟʦʢʨʝʤʘ,  2 %-ʚʠʡ ʨʦʟʯʠʥ AgNO3. 

ɼʦʩʣʽʜʞʝʥʥʷ  ʜʠʩʧʝʨʩʥʦʩʪʽ  ʦʪʨʠʤʘʥʠʭ  ʧʦʨʦʰʢʽʚ  ʟʜʽʡʩʥʶʚʘʣʠ ʟʘ  ʜʦʧʦʤʦʛʦʶ  

ʝʣʝʢʪʨʦʥʥʦʾ  ʤʽʢʨʦʩʢʦʧʽʾ  ʪʘ ʩʝʜʠʤʝʥʪʘʮʽʡʥʦʛʦ  ʘʥʘʣʽʟʫ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʯʘʩʪʠʥʢʠ 

ʚʽʜʥʦʚʣʝʥʦʛʦ ʤʝʪʘʣʫ ʤʘʶʪʴ ʯʽʪʢʦ ʚʠʨʘʞʝʥʫ ʩʬʝʨʠʯʥʫ ʬʦʨʤʫ ʜʽʘʤʝʪʨ ʷʢʠʭ, ʟʘʣʝʞʥʦ ʚʽʜ 

ʨʅ ʩʝʨʝʜʦʚʠʱʘ ʩʪʘʥʦʚʠʪʴ 0,1ï1 ʤʢʤ. ʏʘʩʪʠʥʢʠ ʤʝʥʰʠʭ ʨʦʟʤʽʨʽʚ ʬʦʨʤʫʶʪʴʩʷ ʫ ʣʫʞʥʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ ʪʘ ʟʘ ʚʠʱʠʭ ʪʝʤʧʝʨʘʪʫʨ. ɺʠʷʚʣʝʥʦ, ʱʦ ʧʽʩʣʷ ʚʽʜʥʦʚʣʝʥʥʷ ʯʘʩʪʠʥʢʠ ʤʝʪʘʣʫ 

ʟʜʘʪʥʽ ʦʙôʻʜʥʫʚʘʪʠʩʴ ʚ ʘʛʣʦʤʝʨʘʪʠ ʟ ʨʦʟʤʽʨʘʤʠ 0,5ï3 ʤʢʤ. ɺʝʣʠʯʠʥʘ ʪʘʢʠʭ ʫʪʚʦʨʝʥʴ 

ʟʨʦʩʪʘʻ ʽʟ ʟʨʦʩʪʘʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʫ ʨʦʟʯʠʥʘʭ ʜʣʷ ʚʽʜʥʦʚʣʝʥʥʷ ʷʢ 

ʩʪʘʙʽʣʽʟʘʪʦʨʘ ʧʦʣʽʚʽʥʽʣʧʽʨʦʣʽʜʦʥʫ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʦʜʝʨʞʫʚʘʪʠ ʧʦʨʦʰʢʠ 

ʤʦʥʦʜʠʩʧʝʨʩʥʦʛʦ ʩʢʣʘʜʫ. ʇʽʜʪʚʝʨʜʞʝʥʦ ʚʧʣʠʚ ʨʅ ʥʘ ʚʤʽʩʪ ʬʦʩʬʦʨʫ ʫ ʩʠʥʪʝʟʦʚʘʥʠʭ 

ʧʦʨʦʰʢʘʭ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʽʟʫ ʧʦʢʘʟʘʥʦ, ʱʦ ʥʽʢʝʣʴ, 

ʚʽʜʥʦʚʣʝʥʠʡ ʚ ʢʠʩʣʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʟ ʚʠʩʦʢʠʤ ʚʤʽʩʪʦʤ ʬʦʩʬʦʨʫ ʤʘʻ ʘʤʦʨʬʥʫ ʩʪʨʫʢʪʫʨʫ.  

ʅʘ ʦʩʥʦʚʽ ʦʪʨʠʤʘʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʦʙˇʨʫʥʪʦʚʘʥʽ ʦʧʪʠʤʘʣʴʥʽ ʫʤʦʚʠ 

ʭʽʤʽʯʥʦʛʦ ʚʽʜʥʦʚʣʝʥʥʷ ʥʽʢʝʣʶ ʪʘ ʦʜʝʨʞʘʥʽ ʢʦʤʧʦʟʠʮʽʡʥʽ ʤʝʪʘʣʦʥʘʧʦʚʥʝʥʽ ʤʘʪʝʨʽʘʣʠ, ʷʢʽ 

ʚʽʜʟʥʘʯʘʶʪʴʩʷ ʛʦʤʦʛʝʥʥʽʩʪʶ ʩʪʨʫʢʪʫʨʠ ʪʘ ʤʦʥʦʜʠʩʧʝʨʩʥʽʩʪʶ ʚʽʜʥʦʚʣʝʥʠʭ ʯʘʩʪʠʥʦʢ 

ʤʝʪʘʣʫ, ʨʦʟʤʽʨ ʷʢʠʭ ʣʝʞʠʪʴ ʚ ʤʝʞʘʭ 0,5õ0,7 ʤʢʤ. ɼʦʢʘʟʦʤ  ʧʨʠʩʫʪʥʦʩʪʽ  ʤʝʪʘʣʽʚ  ʫ  

ʟʨʘʟʢʘʭ  ʩʠʥʪʝʟʦʚʘʥʠʭ  ʢʦʧʦʣʽʤʝʨʽʚ  ʚʞʝ  ʻ  ʾʭ  ʟʘʙʘʨʚʣʝʥʥʷ,  ʷʢʝ ʟʘʣʝʞʥʦ ʚʽʜ ʩʢʣʘʜʫ 

ʢʦʤʧʦʟʠʮʽʾ ʪʘ ʚʤʽʩʪʫ ʦʢʠʩʥʦ-ʚʽʜʥʦʚʥʦʾ ʩʠʩʪʝʤʠ ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ ʪʝʤʥʦ-ʩʽʨʦʛʦ ʜʦ ʯʦʨʥʦʛʦ, 

ʘ ʪʘʢʦʞ ʧʨʦʷʚ ʤʘʛʥʽʪʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. 

  



Chemistry of Polymers and Composites  ʍʽʤʽʷ ʧʦʣʽʤʝʨʽʚ ʽ ʢʦʤʧʦʟʠʪʽʚ 

275 

ʇʆʃɯʌʋʅʂʎɯʆʅɸʃʔʅɯ ɯʅɻʈɽɼɯɭʅʊʀ ʅɸ ʆʉʅʆɺɯ ɺɯɼʅʆɺʃʖɺɸʃʔʅʆɰ 

ʉʀʈʆɺʀʅʀ ɼʃʗ ɽʃɸʉʊʆʄɽʈʅʀʍ ʂʆʄʇʆɿʀʎɯʁʅʀʍ ʄɸʊɽʈɯɸʃɯɺ 

ʈʘʜʯʝʥʢʦ ʊ. ʆ., ɹʦʪʚʽʥʮʝʚʘ ɸ. ɻ., ɺʘʱʝʥʢʦ ʖ. ʄ. 

ɼʝʨʞʘʚʥʠʡ ʚʠʱʠʡ ʥʘʚʯʘʣʴʥʠʡ ʟʘʢʣʘʜ çʋʢʨʘʾʥʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʭʽʤʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʡ 

ʫʥʽʚʝʨʩʠʪʝʪè, ʤ. ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢ, ʋʢʨʘʾʥʘ 

elastomer2015@yandex.ua 

 

ʈʦʟʚʠʪʦʢ ʨʽʟʥʠʭ ʛʘʣʫʟʝʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʚʠʩʫʚʘʻ ʧʝʚʥʽ ʚʠʤʦʛʠ ʜʦ ʬʽʟʠʢʦ-

ʤʝʭʘʥʽʯʥʠʭ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʝʣʘʩʪʦʤʝʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʆʜʥʠʤ ʟ 

ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʰʣʷʭʽʚ ʧʽʜʚʠʱʝʥʥʷ ʾʭ ʷʢʦʩʪʽ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʾ ʥʘʜʽʡʥʦʩʪʽ ʻ 

ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ʪʘ ʚʣʘʩʪʠʚʦʩʪʝʡ ʝʣʘʩʪʦʤʝʨʥʠʭ ʢʦʤʧʦʟʠʮʽʡ ʟʘ ʨʘʭʫʥʦʢ ʥʝ ʪʽʣʴʢʠ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʝʬʝʢʪʠʚʥʠʭ ʽʥʛʨʝʜʽʻʥʪʽʚ, ʘʣʝ ʡ ʨʝʛʫʣʶʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʷʢ ʝʣʘʩʪʦʤʝʨʥʠʭ ʩʫʤʽʰʝʡ, ʪʘʢ ʽ ʢʦʤʧʣʝʢʩʥʠʭ ʜʦʙʘʚʦʢ. ʇʝʨʩʧʝʢʪʠʚʥʠʤ 

ʰʣʷʭʦʤ ʧʽʜʚʠʱʝʥʥʷ ʾʭ ʷʢʦʩʪʽ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʾ ʥʘʜʽʡʥʦʩʪʽ ʻ ʨʝʛʫʣʶʚʘʥʥʷ ʩʪʨʫʢʪʫʨʠ 

ʝʣʘʩʪʦʤʝʨʥʦʾ ʢʦʤʧʦʟʠʮʽʾ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʦʣʽʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʽʥʛʨʝʜʽʻʥʪʽʚ 

ʗʢ ʽʥʛʨʝʜʽʻʥʪʠ ʛʫʤʦʚʠʭ ʩʫʤʽʰʝʡ ʜʦʩʣʽʜʞʝʥʦ ʢʦʤʧʦʟʠʮʽʡʥʽ ʜʦʙʘʚʢʠ, ʷʢʽ ʤʽʩʪʷʪʴ 

ʧʦʭʽʜʥʽ ʨʝʯʦʚʠʥ ʨʦʩʣʠʥʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ, ʟʦʢʨʝʤʘ ʝʧʦʢʩʠʜʦʚʘʥʽ ʪʘ ʘʤʽʥʦʚʘʥʽ ʝʩʪʝʨʠ 

ʞʠʨʥʠʭ ʢʠʩʣʦʪ (ɽɾʂ) (ʩʠʥʪʝʟʦʚʘʥʽ ʥʘ ʢʘʬʝʜʨʽ ʍʊɺʄʉ ɼɺʅɿ çʋɼʍʊʋè ʧʽʜ 

ʢʝʨʽʚʥʠʮʪʚʦʤ ʜ.ʪ.ʥ. ʏʝʨʚʘʢʦʚʘ ʆ. ɺ.)  ʨʘʟʦʤ ʟ ʮʠʥʢʦʚʠʤʠ ʙʽʣʠʣʘʤʠ, ʘʨʦʤʘʪʠʯʥʠʤʠ 

ʜʽʘʤʽʥʘʤʠ ʪʘ ʩʽʨʢʦʚʤʽʩʥʠʤʠ ʬʝʥʦʣʬʦʨʤʘʣʴʜʝʛʽʜʥʠʤʠ ʦʣʽʛʦʤʝʨʘʤʠ. 

ɿ ʤʝʪʦʶ ʟʥʠʞʝʥʥʷ ʚʤʽʩʪʫ ʦʢʩʠʜʫ ʮʠʥʢʫ ʚ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʜʦʙʘʚʢʘʭ ʚʠʢʦʨʠʩʪʘʥʦ 

ʜʦʜʘʪʢʦʚʦ ʥʘʧʦʚʥʶʚʘʯʽ, ʪʘʢʽ ʷʢ, ʢʘʦʣʽʥ, ʪʘʫʨʠʪ ʪʘ ʢʘʨʝʣʽʪ. ʆʩʪʘʥʥʽ ʤʦʞʫʪʴ ʪʘʢʦʞ 

ʦʢʘʟʫʚʘʪʠ ʜʝʷʢʫ ʘʢʪʠʚʫʶʯʫ ʘʢʪʠʚʥʽʩʪʴ ʚ ʧʨʦʮʝʩʘʭ ʩʽʨʯʘʥʦʾ ʚʫʣʢʘʥʽʟʘʮʽʾ.  

ɼʦʙʘʚʢʠ ʦʪʨʠʤʫʚʘʣʠ ʰʣʷʭʦʤ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 60ï

110 Áʉ ʧʨʦʪʷʛʦʤ 10ï30 ʭʚ.  

ʂʦʤʧʦʟʠʮʽʡʥʽ ʜʦʙʘʚʢʠ ʜʦʩʣʽʜʞʝʥʦ ʫ ʩʢʣʘʜʽ ʤʦʜʝʣʴʥʠʭ ʝʣʘʩʪʦʤʝʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʥʘ ʦʩʥʦʚʽ ʙʫʪʘʜʽʻʥʤʝʪʠʩʪʠʨʦʣʴʥʦʛʦ ʢʘʫʯʫʢʫ ʪʠʧʫ SBR-1500 ʟ ʥʘʧʦʚʥʶʚʘʯʝʤ ʪʝʭʥʽʯʥʠʤ 

ʚʫʛʣʝʮʝʤ ʤʘʨʢʠ N220.  

ʆʮʽʥʝʥʦ ʚʧʣʠʚ ʜʦʩʣʽʜʥʠʭ ʜʦʙʘʚʦʢ ʥʘ ʢʽʥʝʪʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʧʨʦʮʝʩʫ ʚʫʣʢʘʥʽʟʘʮʽʾ, 

ʥʘ ʢʦʤʧʣʝʢʩ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʪʘ ʜʠʥʘʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʫʣʢʘʥʽʟʘʪʽʚ, ʥʘ ʩʪʽʡʢʽʩʪʴ 

ʝʣʘʩʪʦʤʝʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʦ ʪʝʨʤʽʯʥʦʛʦ ʩʪʘʨʽʥʥʷ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʤʦʜʝʣʴʥʠʭ ʝʣʘʩʪʦʤʝʨʥʠʭ ʢʦʤʧʦʟʠʮʽʡ ʧʦʢʘʟʘʣʠ 

ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʽʥʛʨʝʜʽʻʥʪʽʚ ʚ ʷʢʦʩʪʽ ʘʢʪʠʚʫʶʯʠʭ ʜʦʙʘʚʦʢ ʚ 

ʧʨʦʮʝʩʘʭ ʩʽʨʯʘʥʦʾ ʚʫʣʢʘʥʽʟʘʮʽʾ, ʩʪʘʙʽʣʽʟʫʶʯʦʾ ʩʠʩʪʝʤʠ, ʧʨʦʪʠʚʪʦʤʣʶʚʘʯʘ, ʘ ʪʘʢʦʞ 

ʜʦʙʘʚʢʠ, ʱʦ ʟʥʠʞʫʻ ʪʝʧʣʦʫʪʚʦʨʝʥʥʷ ʚʫʣʢʘʥʽʟʘʪʽʚ ʧʨʠ ʜʠʥʘʤʽʯʥʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ. 

ʇʦʢʘʟʘʥʦ, ʱʦ ʧʨʠ ʜʦʜʘʚʘʥʥʽ ʜʦʩʣʽʜʥʠʭ ʜʦʙʘʚʦʢ ʜʦ ʝʣʘʩʪʦʤʝʨʥʠʭ ʢʦʤʧʦʟʠʮʽʡ 

ʤʦʞʣʠʚʘ ʯʘʩʪʢʦʚʘ ʘʙʦ ʧʦʚʥʘ ʟʘʤʽʥʘ ʪʨʘʜʠʮʽʡʥʠʭ ʪʘ ʚʘʨʪʽʩʥʠʭ ʽʥʛʨʝʜʽʻʥʪʽʚ,  ʪʘʢʠʭ ʷʢ 

ʮʠʥʢʦʚʠʭ ʙʽʣʠʣ, ʩʪʝʘʨʠʥʦʚʦʾ ʢʠʩʣʦʪʠ, ʧʨʦʪʠʩʪʘʨʶʚʘʯʽʚ ʢʣʘʩʫ ʘʨʦʤʘʪʠʯʥʠʭ ʜʽʘʤʽʥʽʚ, 

ʥʘʧʨʠʢʣʘʜ, ʧʨʦʪʠʩʪʘʨʶʚʘʯʽ JPPG ʪʘ TMQ, ʪʘ ʽʥʰʝ. ʇʨʠ ʮʴʦʤʫ ʟʥʠʞʫʻʪʴʩʷ ʩʦʙʽʚʘʨʪʽʩʪʴ 

ʛʫʤʦʚʠʭ ʚʠʨʦʙʽʚ, ʘ ʚʣʘʩʪʠʚʦʩʪʽ ʚʫʣʢʘʥʽʟʘʪʽʚ ʥʝ ʟʤʝʥʰʫʶʪʴʩʷ, ʘ ʚ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ 

ʧʽʜʚʠʱʫʶʪʴʩʷ. 

ɺʠʥʘʡʜʝʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʻ ʧʽʜˇʨʫʥʪʷʤ ʜʦ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʰʠʨʝʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ 

ʧʦʣʽʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʢʦʤʧʣʝʢʩʥʠʭ ʜʦʙʘʚʦʢ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʦʭʽʜʛʠʭ ʝʩʪʝʨʽʚ ʞʠʨʥʠʭ 

ʢʠʩʣʦʪ, ʦʪʨʠʤʘʥʠʭ ʥʘ ʦʩʥʦʚʽ ʧʨʦʜʫʢʪʽʚ ʨʦʩʣʠʥʥʦʛʦ ʪʘ ʪʚʘʨʠʥʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ ʫ ʩʢʣʘʜʽ 

ʧʨʦʤʠʩʣʦʚʠʭ ʪʠʧʽʚ ʛʫʤ ʨʽʟʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ. 
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ɺʀʂʆʈʀʉʊɸʅʅʗ ʇʈʆɼʋʂʊɯɺ ʍɯʄɯʏʅʆɰ ɼɽʉʊʈʋʂʎɯɰ ʇɽʊ-ʇʃʗʐʆʂ 

ɿ ʇʆʃɯɽʊʀʃɽʅʊɽʈɽʌʊɸʃɸʊʋ ɺ ʂʆʄʇʆɿʀʎɯʗʍ ʅɸ ʆʉʅʆɺɯ 

ʆʃɯɻʆɹʋʊɸɼɯɭʅɼɯʆʃʋ 

ʂʫʥʰʝʥʢʦ ɹ. ɺ., ʇʫʰʢʘʨʴʦʚ ʖ. ʄ., ʉʘʡʪʘʨʣʠ ʉ. ɺ., ɻʨʽʥʚʘʣʴʜ ɺ. ɸ. 

ʆʜʝʩʴʢʽʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 
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ʈʦʟʛʣʷʥʫʪʦ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʨʦʰʢʦʧʦʜʽʙʥʠʭ ʧʨʦʜʫʢʪʽʚ ʭʽʤʽʯʥʦʾ 

ʜʝʩʪʨʫʢʮʽʾ ʇɽʊ-ʧʣʷʰʦʢ ʚ ʷʢʦʩʪʽ ʥʘʧʦʚʥʶʚʘʯʘ ʢʦʤʧʦʟʠʮʽʡ ʥʘ ʦʩʥʦʚʽ ʦʣʽʛʦʙʫʪʘʜʽʻʥʜʽʦʣʽʚ 

(ʆɹɼ), ʟʘʪʚʝʨʜʞʫʚʘʥʠʭ ʜʽʽʟʦʮʽʘʥʘʪʘʤʠ. ɺ ʧʨʦʮʝʩʽ ʭʽʤʽʯʥʦʾ ʜʝʩʪʨʫʢʮʽʾ ʇɽʊ ʤʝʪʦʜʦʤ 

ʘʤʦʥʦʣʽʟʫ ʧʽʩʣʷ ʚʽʜʤʠʚʢʠ ʚʽʜ ʝʪʠʣʝʥʛʣʽʢʦʣʶ, ʬʽʣʴʪʨʘʮʽʾ ʪʘ ʩʫʰʢʠ ʫʪʚʦʨʶʶʪʴʩʷ 

ʧʦʨʦʰʢʦʧʦʜʽʙʥʽ ʧʨʦʜʫʢʪʠ, ʱʦ ʤʽʩʪʷʪʴ ʪʝʨʝʬʪʘʣʝʚʫ ʢʠʩʣʦʪʫ (ʊʌʂ) ʪʘ ʾʾ ʘʤʽʜʥʽ ʧʦʭʽʜʥʽ. ɺ 

ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʠ ʚʚʝʜʝʥʥʽ ʧʨʦʜʫʢʪʽʚ ʜʝʩʪʨʫʢʮʽʾ 

ʇɽʊ ʚ ʢʦʤʧʦʟʠʮʽʾ ʥʘ ʦʩʥʦʚʽ ʆɹɼ ʤʘʨʢʠ çKRASOL-LBHè, ʱʦ ʟʘʪʚʝʨʜʞʫʶʪʴʩʷ 

ʥʘʜʣʠʰʢʦʤ ʜʽʽʟʦʮʽʘʥʘʪʫ (ʙʽʣʴʰ, ʥʽʞ 2:1), ʫʪʚʦʨʶʶʪʴʩʷ ʦʣʽʛʦʙʫʪʘʜʽʻʥʫʨʝʪʘʥʠ (ʆɹɼʋ) ʟ 

ʚʽʜʥʦʩʥʦʶ ʛʫʩʪʠʥʦʶ ʩʪʨʫʢʪʫʨʥʠʭ ʩʽʪʦʢ, ʨʦʟʨʘʭʦʚʘʥʠʭ ʥʘ ʧʽʜʩʪʘʚʽ ʟʦʣʴ-ʛʝʣʴ ʘʥʘʣʽʟʫ 

ʝʣʘʩʪʦʤʝʨʽʚ, ʟʥʘʯʥʦ ʚʠʱʝ (ʚ 3ï10 ʨʘʟ) ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʆɹɼʋ ʟ ʥʝʥʘʧʦʚʥʝʥʠʭ ʽ ʥʘʧʦʚʥʝʥʠʭ 

ʢʘʦʣʽʥʦʤ ʢʦʤʧʦʟʠʮʽʡ. 

ʄʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʠʢʠʜʥʦʾ ʧʘʢʫʚʘʣʴʥʦʾ ʪʘʨʠ ʟ ʧʦʣʽʝʪʠʣʝʥʪʝʨʝʬʪʘʣʘʪʫ 

(ʇɽʊ-ʧʣʷʰʦʢ) ʻ ʦʜʥʽʻʶ ʟ ʚʘʞʣʠʚʠʭ ʟʘʜʘʯ ʝʢʦʣʦʛʽʾ ʽ ʦʭʦʨʦʥʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʘʶʪʴ ʧʽʜʩʪʘʚʠ ʚʚʘʞʘʪʠ, ʱʦ ʚʚʝʜʝʥʥʷ ʧʨʦʜʫʢʪʽʚ ʜʝʩʪʨʫʢʮʽʾ, 

ʱʦ ʤʽʩʪʷʪʴ ʘʤʽʜʥʽ ʛʨʫʧʠ ʚ ʢʦʤʧʦʟʠʮʽʾ, ʱʦ ʟʘʪʚʝʨʜʞʫʪʴʩʷ ʜʽʽʟʦʮʽʘʥʘʪʘʤʠ, ʧʨʠʟʚʦʜʷʪʴ ʜʦ 

ʫʪʚʦʨʝʥʥʷ ʘʮʠʣʩʝʯʦʚʠʥʥʠʭ ʛʨʫʧ ʧʦ ʨʝʘʢʮʽʾ: 

 
ɼʦʩʠʪʴ ʨʫʭʣʠʚʽ ʘʪʦʤʠ ʛʽʜʨʦʛʝʥʫ ʚ ʘʮʠʣʩʝʯʦʚʠʥʥʠʭ ʩʪʨʫʢʪʫʨʘʭ ʧʨʠ ʚʟʘʻʤʦʜʽʾ ʟ 

NCO-ʛʨʫʧʘʤʠ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʧʦʧʝʨʝʯʥʠʭ ʟʚôʷʟʢʽʚ ʚʥʘʩʣʽʜʦʢ 

ʫʪʚʦʨʝʥʥʷ ʘʮʠʣʩʝʯʦʚʠʥʥʠʭ ʩʪʨʫʢʪʫʨ: 

 
ɺʟʘʻʤʦʜʽʷ ʢʘʨʙʦʢʩʠʣʴʥʠʭ ʛʨʫʧ ʊʌʂ ʟ NCO-ʛʨʫʧʘʤʠ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ 

ʩʝʯʦʚʠʥʥʠʭ ʩʪʨʫʢʪʫʨ ʟ ʚʠʜʽʣʝʥʥʷʤ ʉʆ2: 

 
ʅʘʷʚʥʽʩʪʴ ʚ ʧʨʦʜʫʢʪʘʭ  ʜʝʩʪʨʫʢʮʽʾ  ʇɽʊ  ʢʘʨʙʦʢʩʠʣʴʥʠʭ ʛʨʫʧ ʊʌʂ ʧʨʠ ʥʘʧʦʚʥʝʥʥʽ 

ʥʠʤʠ ʆɹɼ ʚʥʘʩʣʽʜʦʢ ʚʠʜʽʣʝʥʥʷ ʉʆ2 ʧʨʠʚʦʜʠʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ ʤʽʣʢʦʧʦʨʠʩʪʠʭ ʝʣʘʩʪʦʤʝʨʽʚ 

ʟ ʧʦʨʘʤʠ ʟʘʢʨʠʪʦʛʦ ʪʠʧʫ, ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʚʦʥʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʥʠʟʴʢʦʶ ʛʫʩʪʠʥʦʶ 

(0,92ï1,03 ʛ/ʩʤ3). ɺʚʝʜʝʥʥʷ ʚ ʢʦʤʧʦʟʠʮʽʾ ʩʽʨʢʠ (50 ʤʘʩ. ʯ. ʥʘ 100 ʤʘʩ. ʯ. ʆɹɼ) ʜʦʟʚʦʣʷʻ 

ʦʪʨʠʤʫʚʘʪʠ ʚ ʨʝʟʫʣʴʪʘʪʽ ʚʫʣʢʘʥʽʟʘʮʽʾ ʧʨʠ 150 Áʉ ʧʨʦʪʷʛʦʤ 1 ʛʦʜ. ʣʝʛʢʽ (ʛʫʩʪʠʥʘ 0,82ï

0,84 ʛ/ʩʤ3) ʽ ʚʠʩʦʢʦʤʽʮʥʽ (ʤʝʞʘ ʤʽʮʥʦʩʪʽ ʜʦ 102 ʄʇʘ ʧʨʠ ʨʦʟʨʠʚʽ) ʝʙʦʥʽʪʦʚʽ ʚʫʣʢʘʥʽʟʘʪʠ.  

ʊʘʢʠʤ ʯʠʥʦʤ ʧʨʦʜʫʢʪʠ ʜʝʩʪʨʫʢʮʽʾ ʇɽʊ, ʱʦ ʤʽʩʪʷʪʴ ïCONH2 ʽ ïCOOH ʛʨʫʧʠ, 

ʤʦʞʫʪʴ ʨʦʟʛʣʷʜʘʪʠʩʷ ʷʢ ʘʢʪʠʚʥʽ ʥʘʧʦʚʥʶʚʘʯʽ, ʷʢʽ ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʚ ʧʦʙʫʜʦʚʽ ʩʪʨʫʢʪʫʨʥʠʭ 

ʩʽʪʦʢ ʝʣʘʩʪʦʤʝʨʽʚ ʫʨʝʪʘʥʦʚʦʛʦ ʪʠʧʫ ʽ ʝʙʦʥʽʪʦʚʠʭ ʚʫʣʢʘʥʽʟʘʪʽʚ. 
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ɸʅʊʀʂʆʈʆɿɯʁʅɯ ʇʆʂʈʀʊʊʗ ʅɸ ʆʉʅʆɺɯ ʂʆʄʇʆʅɽʅʊɯɺ 

ɿ ɺɯɼʅʆɺʃʖɺɸʅʆɰ ʉʀʈʆɺʀʅʀ  

ʉʝʚʝʨʝʥʯʫʢ ɯ. ʄ., ɺʘʨʣʘʥ ʂ. ɭ., ʃʘʚʨʠʯʝʥʢʦ ɯ. ɺ. 

ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʆʣʝʩʷ ɻʦʥʯʘʨʘ 

konstvarlan@meta.ua 

 

ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʚ ʙʘʛʘʪʴʦʭ ʛʘʣʫʟʷʭ ʧʨʦʤʠʩʣʦʚʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ, ʟʦʢʨʝʤʘ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʦʣʽʤʝʨʽʚ ʪʘ ʩʠʥʪʝʪʠʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʧʽʜʩʠʣʶʻʪʴʩʷ ʪʝʥʜʝʥʮʽʷ ʱʦʜʦ 

ʦʨʽʻʥʪʘʮʽʾ ʥʘ ʙʝʟʧʝʯʥʽ ʜʣʷ ʜʦʚʢʽʣʣʷ ʪʝʭʥʦʣʦʛʽʾ, ʘ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʢʦʣʦʛʽʯʥʦ 

ʧʨʠʡʥʷʪʥʦʾ ʚʽʜʥʦʚʣʶʚʘʥʦʾ ʩʠʨʦʚʠʥʠ ʽ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʾʾ ʦʩʥʦʚʽ. ʎʝ ʦʙʫʤʦʚʣʝʥʦ 

ʧʨʦʛʥʦʟʦʚʘʥʠʤ ʩʢʦʨʦʯʝʥʥʷʤ ʫ ʥʝʜʘʣʝʢʦʤʫ ʤʘʡʙʫʪʥʴʦʤʫ ʪʨʘʜʠʮʽʡʥʠʭ ʚʠʢʦʧʥʠʭ 

ʩʠʨʦʚʠʥʥʠʭ ʨʝʩʫʨʩʽʚ, ʘ ʪʘʢʦʞ ʥʝʙʝʟʧʝʯʥʠʤ ʧʨʠʰʚʠʜʰʝʥʥʷʤ ʥʘʢʦʧʠʯʝʥʥʷ ʚʽʜʭʦʜʽʚ 

ʩʠʥʪʝʪʠʯʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ, ʷʢʽ ʥʘʪʫʨʘʣʴʥʠʤ ʰʣʷʭʦʤ ʨʦʟʢʣʘʜʘʶʪʴʩʷ ʜʫʞʝ ʧʦʚʽʣʴʥʦ. 

ʆʜʥʽʻʶ ʟ ʚʽʪʯʠʟʥʷʥʠʭ ʛʘʣʫʟʝʡ, ʜʝ ʥʘʦʯʥʦ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʦʩʪʫʧʦʚʠʡ ʧʝʨʝʭʽʜ ʥʘ 

ʥʝʰʢʽʜʣʠʚʫ ʩʠʨʦʚʠʥʫ ʽ ʧʨʦʜʫʢʮʽʶ, ʻ ʣʘʢʦʬʘʨʙʦʚʘ ʧʨʦʤʠʩʣʦʚʽʩʪʴ. ɼʣʷ ʨʦʟʰʠʨʝʥʥʷ 

ʘʩʦʨʪʠʤʝʥʪʫ ʽ ʟʙʽʣʴʰʝʥʥʷ ʦʙʩʷʛʽʚ ʚʠʨʦʙʥʠʮʪʚʘ ʝʢʦʣʦʛʽʯʥʠʭ ʣʘʢʦʬʘʨʙʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ 

(ʃʌʄ) ʰʫʢʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʟʘʤʽʥʠ ʽʥʛʨʝʜʽʻʥʪʽʚ ʩʠʥʪʝʪʠʯʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ ʥʘ ʧʨʦʜʫʢʪʠ 

ʧʝʨʝʨʦʙʢʠ ʨʦʩʣʠʥʥʦʾ ʩʠʨʦʚʠʥʠ. ɼʦ ʪʘʢʠʭ ʧʨʦʜʫʢʪʽʚ, ʧʝʨʰ ʟʘ ʚʩʝ, ʩʣʽʜ ʚʽʜʥʝʩʪʠ ʨʦʩʣʠʥʥʽ 

ʦʣʽʾ ʽ ʧʨʦʜʫʢʪʠ ʾʭ ʭʽʤʽʯʥʦʾ ʤʦʜʠʬʽʢʘʮʽʾ: ʝʧʦʢʩʠʜʫʚʘʥʥʷ, ʤʘʣʝʾʥʽʟʘʮʽʾ ʪʦʱʦ.  

ʉʝʨʝʜ ʃʌʄ, ʱʦ ʤʽʩʪʷʪʴ ʟʥʘʯʥʽ ʢʽʣʴʢʦʩʪʽ ʧʣʽʚʢʦʫʪʚʦʨʶʚʘʣʴʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ 

ʨʦʩʣʠʥʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ, ʚʽʜʦʤʽ ʘʥʪʠʢʦʨʦʟʽʡʥʽ ʟʘʭʠʩʥʽ ʟʘʩʦʙʠ, ʷʢʽ ʤʘʶʪʴ ʥʘʜʟʚʠʯʘʡʥʽ 

ʟʤʦʯʫʚʘʣʴʥʫ ʽ ʧʦʨʦʧʨʦʥʠʢʘʶʯʫ ʟʜʘʪʥʽʩʪʴ, ʧʣʠʥʥʽʩʪʴ, ʧʨʠʜʘʪʥʽʩʪʴ ʜʣʷ ʥʘʥʝʩʝʥʥʷ ʥʘ 

ʥʝʜʦʩʪʘʪʥʴʦ ʧʽʜʛʦʪʦʚʘʥʫ ʧʦʚʝʨʭʥʶ. ʎʝ ʪʘʢ ʟʚʘʥʽ ʟʘʩʦʙʠ ʩʦʬʝʽʟʘʮʽʾ. ɸʣʝ ʾʭ ʚʠʨʦʙʥʠʮʪʚʦ 

ʩʪʠʩʢʘʻʪʴʩʷ ʟ ʧʝʚʥʠʤʠ ʫʩʢʣʘʜʥʝʥʥʷʤʠ. ʇʣʽʚʢʦʫʪʚʦʨʶʚʘʣʴʥʫ ʦʩʥʦʚʫ ʮʠʭ ʟʘʩʦʙʽʚ 

ʩʢʣʘʜʘʶʪʴ ʜʝʬʽʮʠʪʥʽ ʽʤʧʦʨʪʦʚʘʥʽ ʩʧʦʣʫʢʠ, ʩʝʨʝʜ ʷʢʠʭ ʪʫʥʛʦʚʘ ʦʣʽʷ ʽ ʝʧʦʢʩʠʜʽʘʥʦʚʘ 

ʩʤʦʣʘ. ʊʦʤʫ ʟʘʚʜʘʥʥʷʤ ʮʴʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʘʣʦ ʟ'ʷʩʫʚʘʥʥʷ ʤʦʞʣʠʚʦʩʪʽ 

ʽʤʧʦʨʪʦʟʘʤʽʱʝʥʥʷ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʤʽʩʪʴ ʢʦʤʧʦʥʝʥʪʽʚ ʽʟ ʩʠʥʪʝʪʠʯʥʦʾ ʩʠʨʦʚʠʥʠ ʩʧʦʣʫʢ, 

ʦʪʨʠʤʘʥʠʭ ʟ ʚʽʜʥʦʚʣʶʚʘʥʦʾ ʩʠʨʦʚʠʥʠ. 

ʋ ʷʢʦʩʪʽ ʦʙ'ʻʢʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʚ ʚʠʙʨʘʥʠʡ ʟʘʩʽʙ ʩʦʬʝʽʟʘʮʽʾ R-101 

ʊʋ  ʋ  00393703.002-95. ɿ ʤʝʪʦʶ ʟʤʝʥʰʝʥʥʷ ʚʤʽʩʪʫ ʜʝʬʽʮʠʪʥʦʾ ʪʫʥʛʦʚʦʾ ʦʣʽʾ ʫ ʨʝʮʝʧʪʫʨʽ 

ʧʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʾʾ ʯʘʩʪʢʦʚʦʾ ʟʘʤʽʥʠ ʨʦʩʣʠʥʥʠʤʠ ʦʣʽʷʤʠ ʚʽʪʯʠʟʥʷʥʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ, ʟʦʢʨʝʤʘ ʣʣʷʥʦʶ. ɺʠʟʥʘʯʝʥʦ, ʱʦ ʟʘʤʽʥʘ ʪʨʝʪʠʥʠ ʪʫʥʛʦʚʦʾ ʦʣʽʾ ʥʘ ʣʣʷʥʫ 

ʧʦʟʠʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʦʢʨʠʪʴ: ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʤʝʥʰʝʥʥʷ 

ʚ'ʷʟʢʦʩʪʽ ʟʘʩʦʙʫ, ʟʤʝʥʰʝʥʥʷ ʯʘʩʫ ʚʠʩʠʭʘʥʥʷ ʪʘ ʟʙʽʣʴʰʝʥʥʷ ʪʚʝʨʜʦʩʪʽ ʧʣʽʚʢʠ. ɿʽ 

ʟʙʽʣʴʰʝʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʟʘʤʽʥʝʥʦʾ ʦʣʽʾ ʜʦ 50 % ʚʣʘʩʪʠʚʦʩʪʽ ʧʦʛʽʨʰʫʶʪʴʩʷ. ʊʘʢʦʞ ʧʦʢʘʟʘʥʦ, 

ʱʦ ʟʘʤʽʥʘ ʚ ʙʘʟʦʚʽʡ ʨʝʮʝʧʪʫʨʽ ʝʧʦʢʩʠʜʽʘʥʦʚʦʾ ʩʤʦʣʠ ʥʘ ʝʢʚʽʚʘʣʝʥʪʥʫ ʢʽʣʴʢʽʩʪʴ 

ʝʧʦʢʩʠʜʦʚʘʥʠʭ ʩʦʻʚʦʾ ʘʙʦ ʩʦʥʷʰʥʠʢʦʚʦʾ ʦʣʽʾ ʥʝ ʧʦʛʽʨʰʫʻ ʚʣʘʩʪʠʚʦʩʪʽ ʧʦʢʨʠʪʴ. 

ʆʢʨʝʤʠʤ ʟʘʚʜʘʥʥʷʤ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʩʧʨʦʱʝʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʝʧʦʢʩʠʜʫʚʘʥʥʷ 

ʨʦʩʣʠʥʥʠʭ ʦʣʽʡ. ʈʘʟʦʤ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʚʽʜʦʤʦʾ ʤʝʪʦʜʠʢʠ ʝʧʦʢʩʠʜʫʚʘʥʥʷ ʩʫʤʽʰʰʶ 

ʧʝʨʝʢʠʩʫ ʚʦʜʥʶ ʽ ʤʫʨʘʰʠʥʦʾ ʢʠʩʣʦʪʠ, ʜʦʩʣʽʜʞʝʥʘ ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʚʝʜʝʥʥʷ ʩʠʥʪʝʟʫ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʝʨʝʢʠʩʫ ʚʦʜʥʶ ʚ ʧʨʠʩʫʪʥʦʩʪʽ ʢʘʪʘʣʽʟʘʪʦʨʽʚ ʥʘ ʦʩʥʦʚʽ ʩʠʥʪʝʪʠʯʥʠʭ 

ʘʥʽʦʥʽʪʽʚ ʚʽʪʯʠʟʥʷʥʠʭ ʤʘʨʦʢ. ʇʦʢʘʟʘʥʦ, ʱʦ ʫ ʧʨʠʩʫʪʥʦʩʪʽ ʜʦʩʣʽʜʞʝʥʠʭ ʢʘʪʘʣʽʟʘʪʦʨʽʚ 

ʤʦʞʥʘ ʟʜʽʡʩʥʶʚʘʪʠ ʨʝʛʫʣʴʦʚʘʥʝ ʝʧʦʢʩʠʜʫʚʘʥʥʷ ʽʟ ʟʘʙʝʟʧʝʯʝʥʥʷʤ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʝʧʦʢʩʠʜʥʠʭ ʽ ʥʝʥʘʩʠʯʝʥʠʭ ʛʨʫʧ ʫ ʩʪʨʫʢʪʫʨʽ ʧʨʦʜʫʢʪʫ. ʎʝ ʚʽʜʢʨʠʚʘʻ 

ʤʦʞʣʠʚʦʩʪʽ ʜʦ ʩʪʚʦʨʝʥʥʷ ʥʘ ʦʩʥʦʚʽ ʨʦʩʣʠʥʥʠʭ ʦʣʽʡ ʽʥʛʨʝʜʽʻʥʪʽʚ ʢʦʤʙʽʥʦʚʘʥʦʾ ʜʽʾ 

ʜʣʷ  ʃʌʄ. 
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ɻɯɹʈʀɼʅɯ ʆʈɻɸʅʆ-ʅɽʆʈɻɸʅɯʏʅɯ ʄɽɿʆʇʆʈʋɺɸʊɯ ʂʈɽʄʅɽɿɽʄʀ, 

ʌʋʅʂʎɯʆʅɸʃɯɿʆɺɸʅɯ ʇʈʗʄʀʄ ʊɽʄʇʃɸʊʅʀʄ ʄɽʊʆɼʆʄ 

ɯɿ ɺʀʂʆʈʀʉʊɸʅʅʗʄ ʇɸʈ ï PLURONIC ʈ123 

ʉʣʻʩʘʨʝʥʢʦ ɺ. ɺ., ɼʫʜʘʨʢʦ ʆ. ɸ., ʌʝʪʽʩʦʚʘ ʖ. ʉ., ɿʫʙ ʖ. ʃ. 

ɯʥʩʪʠʪʫʪ ʭʽʤʽʾ ʧʦʚʝʨʭʥʽ ʽʤ. ʆ. ʆ.ʏʫʡʢʘ ʅɸʅ ʋʢʨʘʾʥʠ 

sliesarenko@isc.gov.ua 

 

ɿʘ ʦʩʪʘʥʥʽ 20 ʨʦʢʽʚ ʘʢʪʠʚʥʦ ʧʨʦʚʦʜʠʣʠʩʴ ʜʦʩʣʽʜʞʝʥʥʷ ʤʝʟʦʧʦʨʫʚʘʪʠʭ 

ʢʨʝʤʥʝʟʝʤʽʚ, ʦʜʝʨʞʘʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʝʤʧʣʘʪʥʦʛʦ ʤʝʪʦʜʫ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʧʦʣʦʢʩʘʤʝʨʽʚ (ʥʝʽʦʥʥʠʭ ʇɸʈ). ʅʘʡʟʥʘʯʥʽʰʝ ʤʽʩʮʝ ʩʝʨʝʜ ʷʢʠʭ ʟʘʡʤʘʻ ʪʨʠʙʣʦʯʥʠʡ 

ʩʧʽʚʧʦʣʽʤʝʨ Pluronic ʈ123, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʣʘʥʮʶʛʽʚ ʛʽʜʨʦʬʦʙʥʦʛʦ 

ʧʦʣʽʧʨʦʧʽʣʝʥʦʢʩʠʜʫ, ʦʪʦʯʝʥʦʛʦ ʟ ʜʚʦʭ ʩʪʦʨʽʥ ʛʽʜʨʦʬʽʣʴʥʠʤ ʧʦʣʽʝʪʠʣʝʥʦʢʩʠʜʦʤ. ʉʘʤʝ 

ʮʝʡ ʧʦʣʦʢʩʘʤʝʨ ʜʦʟʚʦʣʷʻ ʦʜʝʨʞʫʚʘʪʠ ʥʘʡʙʽʣʴʰ ʚʧʦʨʷʜʢʦʚʘʥʽ ʤʘʪʝʨʽʘʣʠ ʽʟ 

ʛʝʢʩʘʛʦʥʘʣʴʥʦʶ ʩʪʨʫʢʪʫʨʦʶ (ʨʠʩ. 1). ʇʝʨʰʦʯʝʨʛʦʚʦ, ʤʝʪʦʜ ʙʫʚ ʨʦʟʨʦʙʣʝʥʠʡ ʜʣʷ 

ʦʜʝʨʞʘʥʥʷ ʢʨʝʤʥʝʟʝʤʥʠʭ ʤʘʪʨʠʮʴ, ʱʦ ʤʘʣʠ ʚʠʩʦʢʽ ʟʥʘʯʝʥʥʷ ʧʠʪʦʤʦʾ ʧʦʚʝʨʭʥʽ (700ï

900 ʤ2/ʛ) ʪʘ ʦʜʥʦʨʽʜʥʠʡ ʨʦʟʧʦʜʽʣ ʧʦʨ ʟʘ ʨʦʟʤʽʨʦʤ (5ï9 ʥʤ). ʆʩʢʽʣʴʢʠ ʮʽ ʤʘʪʝʨʽʘʣʠ ʙʫʣʠ 

ʦʜʝʨʞʘʥʽ ʚ ʤʽʩʪʽ ʉʘʥʪʘ-ɹʘʨʙʘʨʘ, ʪʦ ʙʫʣʠ ʥʘʟʚʘʥʽ SBA-15. ɼʣʷ ʥʠʭ ʭʘʨʘʢʪʝʨʥʘ ʥʘʷʚʥʽʩʪʴ 

ʜʦʩʪʘʪʥʴʦ ʪʦʚʩʪʠʭ ʩʪʽʥʦʢ 3ï6 ʥʤ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʩʪʽʡʢʽʩʪʴ ʾʭ ʩʪʨʫʢʪʫʨʠ ʧʨʦʪʷʛʦʤ ʜʦʚʛʦʛʦ 

ʯʘʩʫ ʫ ʚʽʜʥʦʩʥʦ ʞʦʨʩʪʢʠʭ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ.  

 

     
ʈʠʩ. 1. ʉʭʝʤʘʪʠʯʥʝ ʟʦʙʨʘʞʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ʛʝʢʩʘʛʦʥʘʣʴʥʦ ʚʧʦʨʷʜʢʦʚʘʥʠʭ ʤʝʟʦʧʦʨʫʚʘʪʠʭ 

ʢʨʝʤʥʝʟʝʤʽʚ (ʟʚʝʨʭʫ) ʪʘ ʤʽʢʨʦʬʦʪʦʛʨʘʬʽʾ ʇɽʄ ʟʨʘʟʢʫ, ʬʫʥʢʮʽʦʥʘʣʽʟʦʚʘʥʦʛʦ 

ʪʨʠʤʝʪʠʣʘʤʤʦʥʽʡʥʠʤʠ ʛʨʫʧʘʤʠ (ʟʥʠʟʫ) 

 

ʉʘʤʝ ʜʣʷ ʨʦʟʰʠʨʝʥʥʷ ʩʧʝʢʪʨʫ ʾʭ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʚʝʣʠʩʴ ʨʦʙʦʪʠ ʧʦ 

ʬʫʥʢʮʽʦʥʘʣʽʟʘʮʽʾ ʤʝʟʦʧʦʨʫʚʘʪʠʭ ʤʘʪʨʠʮʴ ʦʨʛʘʥʽʯʥʠʤʠ ʛʨʫʧʘʤʠ, ʟʜʘʪʥʠʤʠ ʚʩʪʫʧʘʪʠ ʚ 

ʽʦʥʦʦʙʤʽʥʥʽ ʪʘ ʢʘʪʘʣʽʪʠʯʥʽ ʨʝʘʢʮʽʾ. ʅʝ ʜʠʚʣʷʯʠʩʴ ʥʘ ʟʥʘʯʥʽ ʨʝʟʫʣʴʪʘʪʠ, ʟʘʣʠʰʠʚʩʷ ʨʷʜ 

ʥʝʚʠʨʽʰʝʥʠʭ ʧʠʪʘʥʴ. ʥʘʡʛʦʣʦʚʥʽʰʝ ʩʝʨʝʜ ʷʢʠʭ ï ʘʜʘʧʪʘʮʽʷ ʥʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ 

ʧʨʘʢʪʠʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ. ʊʘʢʦʞ, ʜʦ ʢʽʥʮʷ ʥʝ ʚʽʜʦʤʽ ʭʽʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʟʘʢʨʽʧʣʝʥʠʭ 

ʛʨʫʧ, ʪʦʙʪʦ ʚʧʣʠʚ ʚʽʜʩʪʘʥʽ ʤʽʞ ʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ ʛʨʫʧʘʤʠ ʥʘ ʾʭ ʚʟʘʻʤʦʜʽʶ ʽʟ 

ʘʜʩʦʨʙʪʠʚʦʤ. ʅʘʤʠ ʧʦʢʘʟʘʥʦ, ʱʦ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʦʛʦ, ʥʘ ʷʢʦʤʫ ʝʪʘʧʽ ʚʚʦʜʷʪʴʩʷ 

ʬʫʥʢʮʽʦʥʘʣʽʟʫʶʯʽ ʘʛʝʥʪʠ ʚ ʨʝʘʢʮʽʡʥʝ ʩʝʨʝʜʦʚʠʱʝ, ʤʦʞʥʘ ʚʧʣʠʚʘʪʠ ʥʘ ʚʧʦʨʷʜʢʦʚʘʥʽʩʪʴ 

ʩʪʨʫʢʪʫʨʠ, ʘ ʪʘʢʦʞ ʽ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʣʫʯʝʥʥʷ ʽʦʥʽʚ. ɼʣʷ ʧʝʨʝʚʽʨʢʠ ʩʦʨʙʮʽʡʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʙʫʣʠ ʧʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦ ʩʦʨʙʮʽʾ ʽʦʥʽʚ ʫʨʘʥʽʣʫ, ʩʚʠʥʮʶ, ʢʘʜʤʽʶ, 

ʭʨʦʤʫ ʪʘ ʨʽʜʢʽʩʥʦʟʝʤʝʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʪʘʢʠʭ ʷʢ ʜʠʩʧʨʦʟʽʡ, ʣʘʥʪʘʥ ʪʘ ʥʝʦʜʠʤ. 

  


