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ɸʥʥʦʪʘʮʠʷ. ʀʩʩʣʝʜʫʶʪʩʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ, ʢʦʪʦʨʳʤ ʧʦʜʯʠʥʷʶʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʳʝ 

ʯʘʩʪʦʪʳ ʜʣʠʥ ʩʣʦʚ, ʝʩʣʠ ʨʘʟʙʠʪʴ ʚʝʩʴ ʨʷʜ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʯʘʩʪʦʪ ʥʘ ʥʝʩʢʦʣʴʢʦ ʦʪʨʝʟʢʦʚ. 

ɺ ʩʣʫʯʘʝ ʠʩʧʘʥʩʢʦʛʦ ̫ ʟʳʢʘ ʦʪʨʝʟʢʦʚ ʯʝʪʳʨʝ: ʜʣʠʥʳ 1ï2 (ʣʠʥʝʡʥʘʷ ʬʫʥʢʮʠʷ Ù Á ÁÎ 
ʩ ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʥʘʢʣʦʥʦʤ); ʜʣʠʥʳ 3ï5 (ʧʦʣʠʥʦʤ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ Ù Á ÁÎ ÁÎ ʩ 

ʚʝʪʚʷʤʠ, ʥʘʧʨʘʚʣʝʥʥʳʤʠ ʚʚʝʨʭ); ʜʣʠʥʳ 6ï11 (ʣʠʥʝʡʥʘʷ ʬʫʥʢʮʠʷ ʩ ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʥʘʢʣʦʥʦʤ); 

ʜʣʠʥʳ 12 ʠ ʙʦʣʝʝ (ʛʝʦʤʝʪʨʠʯʝʩʢʘʷ ʧʨʦʛʨʝʩʩʠʷ Ù ÁÑ ʩʦ ʟʥʘʤʝʥʘʪʝʣʝʤ ʤʝʥʴʰʝ 1). ɿʜʝʩʴ n ð 

ʜʣʠʥʘ ʩʣʦʚʘ (ʯʠʩʣʦ ʙʫʢʚ ʚ ʥʝʤ). 

ɺ ʩʣʫʯʘʝ ʠʪʘʣʴʷʥʩʢʦʛʦ ̫ ʟʳʢʘ ʦʪʨʝʟʢʦʚ ʪʦʞʝ ʯʝʪʳʨʝ: ʜʣʠʥʳ 1ï3 ʠ 4ï6 (ʧʦʣʠʥʦʤʳ ʚʪʦʨʦʛʦ 

ʧʦʨʷʜʢʘ ʩ ʚʝʪʚʷʤʠ, ʥʘʧʨʘʚʣʝʥʥʳʤʠ ʚʥʠʟ); ʜʣʠʥʳ 7ï11 (ʛʝʦʤʝʪʨʠʯʝʩʢʘʷ ʧʨʦʛʨʝʩʩʠʷ ʩʦ 

ʟʥʘʤʝʥʘʪʝʣʝʤ ʤʝʥʴʰʝ 1); ʜʣʠʥʳ 12 ʠ ʙʦʣʝʝ (ʛʝʦʤʝʪʨʠʯʝʩʢʘʷ ʧʨʦʛʨʝʩʩʠʷ ʩʦ ʟʥʘʤʝʥʘʪʝʣʝʤ 

ʤʝʥʴʰʝ 1). 

ɺ ʩʣʫʯʘʝ ʰʚʝʜʩʢʦʛʦ ʷʟʳʢʘ ʦʪʨʝʟʢʦʚ ʪʨʠ: ʜʣʠʥʳ 1ï3 (ʧʦʣʠʥʦʤ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʩ ʚʝʪʚʷʤʠ, 

ʥʘʧʨʘʚʣʝʥʥʳʤʠ ʚʚʝʨʭ); ʜʣʠʥʳ 4ï6 (ʧʦʣʠʥʦʤ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʩ ʚʝʪʚʷʤʠ, ʥʘʧʨʘʚʣʝʥʥʳʤʠ 

ʚʥʠʟ); ʜʣʠʥʳ 7 ʠ ʙʦʣʝʝ (ʛʝʦʤʝʪʨʠʯʝʩʢʘʷ ʧʨʦʛʨʝʩʩʠʷ ʩʦ ʟʥʘʤʝʥʘʪʝʣʝʤ ʤʝʥʴʰʝ 1). 

ʂʦʵʬʬʠʮʠʝʥʪʳ ʫʨʘʚʥʝʥʠʡ ð ɻ ʪʦ ʧʘʨʘʤʝʪʨʳ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʜʣʷ ʜʘʥʥʦʛʦ ʪʝʢʩʪʘ 

ʥʘ ʦʩʥʦʚʘʥʠʠ ʝʛʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ʈʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʧʷʪʴ ʪʝʢʩʪʦʚ ʥʘ ʠʩʧʘʥʩʢʦʤ ʠ ʰʚʝʜʩʢʦʤ ʷʟʳʢʘʭ ʠ ʰʝʩʪʴ ʪʝʢʩʪʦʚ ʥʘ 

ʠʪʘʣʴʷʥʩʢʦʤ ʷʟʳʢʝ. ɿʘʪʝʤ ʚʩʝ ʪʝʢʩʪʳ ʥʘ ʜʘʥʥʦʤ ʷʟʳʢʝ ʦʙʲʝʜʠʥʷʣʠʩʴ ʚ ʦʜʠʥ ʪʝʢʩʪ ʠ 

ʨʘʩʩʤʘʪʨʠʚʘʣʦʩʴ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʯʘʩʪʦʪ ʜʣʠʥ ʩʣʦʚ ʚ ʪʘʢʦʤ ʦʙʲʝʜʠʥʝʥʥʦʤ 

ʪʝʢʩʪʝ. 

 

Abstract. We study regularities, to which the relative frequencies of the word lengths are 

subject, if the entire series of relative frequencies is divided into several segments. 

In the case of the Spanish language, there are four segments: lengths 1ï2 (linear function ώ
ὥ ὥὲ with positive slope); Lengths 3ï5 (a polynomial of the second order ώ ὥ ὥὲ ὥὲ 

with branches directed upwards); Lengths 6ï11 (linear function with negative slope); Length 12 and 

more (geometric progression ώ ὥή with a denominator less than 1). Here n is the length of the 

word (the number of letters in it). 

In the case of the Italian language, there are also four lengths: lengths 1ï3 and 4ï6 (polynomials 

of the second order with branches directed downwards); Length 7ï11 (geometric progression with 
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denominator less than 1); Length 12 and more (geometric progression with a denominator less 

than 1). 

In the case of the Swedish language, there are three segments: lengths 1ï3 (a secondïorder 

polynomial with branches pointing upwards); Length 4ï6 (secondïorder polynomial with branches 

directed downwards); Length 7 and more (geometric progression with a denominator less than 1). 

Coefficients of equations are parameters that can be estimated for a given text on the basis of 

its statistical characteristics. 

Five texts in Spanish and Swedish and six texts in Italian were considered. Then all the texts in 

the given language were combined into one text and distribution was considered. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʝʢʩʪ ʥʘ ʠʩʧʘʥʩʢʦʤ ʷʟʳʢʝ, ʪʝʢʩʪ ʥʘ ʠʪʘʣʴʷʥʩʢʦʤ ʷʟʳʢʝ, ʪʝʢʩʪ ʥʘ 

ʰʚʝʜʩʢʦʤ ʷʟʳʢʝ, ʜʣʠʥʳ ʩʣʦʚ, ʧʘʨʘʤʝʪʨʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʣʠʥʳ ʩʣʦʚ. 

 

Keywords: text in Spanish, text in Italian, text in Swedish, word length, parametric model of 

word-length distribution. 

 

ʄʳ ʧʨʦʜʦʣʞʘʝʤ ʥʘʯʘʪʦʝ ʚ ʨʘʙʦʪʘʭ [1ï2] ʠʩʩʣʝʜʦʚʘʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ, ʧʦʟʚʦʣʷʶʱʠʭ 

ʦʧʠʩʘʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʯʘʩʪʦʪ ʜʣʠʥ ʩʣʦʚ ʚ ʜʘʥʥʦʤ ʷʟʳʢʝ ʧʨʠ ʧʦʤʦʱʠ 

ʥʝʩʢʦʣʴʢʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ. 

ʀʩʩʣʝʜʦʚʘʣʠʩʴ ʣʠʪʝʨʘʪʫʨʥʳʝ ʪʝʢʩʪʳ ʥʘ ʠʩʧʘʥʩʢʦʤ, ʠʪʘʣʴʷʥʩʢʦʤ ʠ ʰʚʝʜʩʢʦʤ ʷʟʳʢʘʭ. ɺ 

ʪʝʢʩʪʳ ʙʳʣʠ ʚʥʝʩʝʥʳ ʥʝʢʦʪʦʨʳʝ ʠʟʤʝʥʝʥʠʷ. ɸʧʦʩʪʨʦʬ ʚ ʪʝʢʩʪʘʭ ʥʘ ʠʪʘʣʴʷʥʩʢʦʤ ʷʟʳʢʝ 

ʩʯʠʪʘʣʩʷ ʙʫʢʚʦʡ. ʂʨʦʤʝ ʪʦʛʦ, ʠʟ ʪʝʢʩʪʦʚ ʙʳʣʠ, ʧʦ ʚʦʟʤʦʞʥʦʩʪʠ, ʫʜʘʣʝʥʳ ʠʥʠʮʠʘʣʳ ʠ 

ʩʦʢʨʘʱʝʥʠʷ ʠ ʥʝʢʦʪʦʨʳʝ ʜʨʫʛʠʝ ʧʦʩʪʦʨʦʥʥʠʝ ʚʢʣʶʯʝʥʠʷ.  

ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʪʝʢʩʪʦʚ ʧʨʠʚʝʜʝʥ ʚ ʊʘʙʣʠʮʝ 1. ɺʩʝ ʪʝʢʩʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ 

ʩʘʡʪʝ gutenberg.org. 

ʆʪʥʦʩʠʪʝʣʴʥʳʝ ʯʘʩʪʦʪʳ ʜʣʠʥ ʩʣʦʚ ʪʝʢʩʪʦʚ 1ï8 ʧʨʠʚʝʜʝʥʳ ʚ ʊʘʙʣʠʮʝ 2; ʪʝʢʩʪʦʚ 9ï16 ð 

ʚ ʊʘʙʣʠʮʝ 3. ʄʘʢʩʠʤʘʣʴʥʘʷ ʜʣʠʥʘ ʩʣʦʚ, ʫʢʘʟʘʥʥʘʷ ʚ ʊʘʙʣʠʮʘʭ 2ï3, ʨʘʚʥʘ 25, ʥʦ ʚ ʪʝʢʩʪʝ 

çʏʝʣʦʚʝʢ ʙʝʟ ʶʤʦʨʘè ʝʩʪʴ ʦʜʥʦ ʩʣʦʚʦ ʜʣʠʥʳ 28, ʦʥʦ ʚ ʊʘʙʣʠʮʫ 3 ʥʝ ʚʦʰʣʦ. ʆʪʥʦʩʠʪʝʣʴʥʳʝ 

ʯʘʩʪʦʪʳ ʫʢʘʟʘʥʳ ʩ ʧʷʪʴʶ ʟʥʘʢʘʤʠ ʧʦʩʣʝ ʟʘʧʷʪʦʡ. 
 

ʊʘʙʣʠʮʘ 1. 

ʀʉʇʆʃʔɿʆɺɸʅʅʓɽ ʊɽʂʉʊʓ 

 ̄ ʗʟʳʢ ɸʚʪʦʨ ʅʘʟʚʘʥʠʝ ʏʠʩʣʦ ʩʣʦʚ 

1 ʀʩʧʘʥʩʢʠʡ ʍ. ʂ. ɼʘʚʘʣʦʩ ʉʘʣʴʪʘ 29832 

2 ʀʩʧʘʥʩʢʠʡ ʄ. ʜʝ ʉʝʨʚʘʥʪʝʩ ɼʦʥ ʂʠʭʦʪ 376491 

3 ʀʩʧʘʥʩʢʠʡ ɺ. ɹʣʘʩʢʦ ʀʙʘʥʴʝʩ ʂʨʦʚʴ ʠ ʧʝʩʦʢ 111357 

4 ʀʩʧʘʥʩʢʠʡ ʃ. ɸʣʘʩ ʠ ʋʨʝʥʴʷ ɽʜʠʥʩʪʚʝʥʥʳʡ ʩʳʥ 89347 

5 ʀʩʧʘʥʩʢʠʡ ʕ. ʍʦʫʧ ʋʟʥʠʢ ɿʝʥʜʳ (ʧʝʨʝʚʦʜ ʥʘ ʠʩʧʘʥʩʢʠʡ ʷʟʳʢ) 50959 

6 ʀʪʘʣʴʷʥʩʢʠʡ ɸ. ɸʣʴʙʝʨʪʘʮʮʠ ʉʪʘʨʠʥʥʳʝ ʠʩʪʦʨʠʠ ʦ ʣʶʙʚʠ 28603 

7 ʀʪʘʣʴʷʥʩʢʠʡ ɸ. ʄʘʥʜʟʦʥʠ ʆʙʨʫʯʝʥʥʳʝ 214861 

8 ʀʪʘʣʴʷʥʩʢʠʡ ɸ. ɺʠʚʘʥʪʠ ʇʦʛʣʦʪʠʪʝʣʠ 103217 

9 ʀʪʘʣʴʷʥʩʢʠʡ ɸ. ɹʘʨʨʠʣʠ ʅʦʯʴ ʢʦʤʘʥʜʦʨʘ 108042 

10 ʀʪʘʣʴʷʥʩʢʠʡ ʈ. ɼʞʝʨʦʣʘʤʦ ʄʘʪʴ ʩʢʦʨʙʷʱʘʷ 125966 

11 ʀʪʘʣʴʷʥʩʢʠʡ ʀ. ɹʘʯʯʠʥʠ ʈʘʩʩʢʘʟʳ ʜʣʷ ʜʝʪʝʡ 30783 

12 ʐʚʝʜʩʢʠʡ ɸ. ʕʥʛʩʪʨʝʤ ʄʦʷ ʞʠʟʥʴ ʠ ʚʨʝʤʝʥʘ 39558 

13 ʐʚʝʜʩʢʠʡ ɼ. ɸʥʜʝʨʩʩʦʥ ʅʘʩʣʝʜʠʝ ɼʘʚʠʜʘ ʈʘʤʤ 52148 

14 ʐʚʝʜʩʢʠʡ ɻ. ɻʝʡʝʨʩʪʘʤ ʂʥʠʛʘ ʦ ʤʘʣʝʥʴʢʦʤ ʙʨʘʪʮʝ 47399 

15 ʐʚʝʜʩʢʠʡ ʕ. ɻ. ʍʝʣʴʩʪʨʝʤ ʏʝʣʦʚʝʢ ʙʝʟ ʶʤʦʨʘ, ʪ. 1 93387 

16 ʐʚʝʜʩʢʠʡ ʉ. ʃʘʛʝʨʣʝʬ ʀʟʛʥʘʥʥʠʢ 76063 

 

 

http://www.bulletennauki.com/


 

 

ɹʶʣʣʝʪʝʥʴ ʥʘʫʢʠ ʠ ʧʨʘʢʪʠʢʠ ð Bulletin of Science and Practice

ʥʘʫʯʥʳʡ ʞʫʨʥʘʣ (scientific journal)   ˉ8 2017 ʛ. 
http://www.bulletennauki.com 

 

 

 

12 

 

 

 

ʊʘʙʣʠʮʘ 2. 

ʆʊʅʆʉʀʊɽʃʔʅʓɽ ʏɸʉʊʆʊʓ ɼʃʀʅ ʉʃʆɺ ɺ ʊɽʂʉʊɸʍ 1ï8 

ɼʣʠʥʘ 
ʩʣʦʚʘ 

ʊʝʢʩʪ 1 ʊʝʢʩʪ 2 ʊʝʢʩʪ 3 ʊʝʢʩʪ 4 ʊʝʢʩʪ 5 ʊʝʢʩʪ 6 ʊʝʢʩʪ 7 ʊʝʢʩʪ 8 

1 0,05833 0,07695 0,05594 0,06495 0,06548 0,10684 0,07175 0,07476 

2 0,25637 0,23421 0,24402 0,24662 0,24751 0,17135 0,17236 0,17125 

3 0,14401 0,17421 0,15495 0,15109 0,14096 0,14740 0,16452 0,14227 

4 0,08115 0,09645 0,08582 0,09305 0,09708 0,08569 0,08619 0,09658 

5 0,11219 0,12028 0,10897 0,12404 0,12306 0,13624 0,14376 0,16604 

6 0,09553 0,09647 0,09161 0,08953 0,08878 0,10317 0,10903 0,10478 

7 0,08474 0,07854 0,08452 0,07579 0,09013 0,09038 0,08493 0,09182 

8 0,06587 0,05268 0,06860 0,05625 0,06176 0,06569 0,05978 0,05889 

9 0,04029 0,03431 0,04222 0,04434 0,03713 0,04129 0,03939 0,03680 

10 0,02903 0,01934 0,02922 0,02674 0,02198 0,02765 0,03107 0,02620 

11 0,01606 0,00845 0,01753 0,01357 0,01277 0,01339 0,01782 0,01377 

12 0,00962 0,00457 0,00910 0,00685 0,00665 0,00675 0,00950 0,00860 

13 0,00379 0,00221 0,00419 0,00395 0,00347 0,00255 0,00513 0,00422 

14 0,00198 0,00090 0,00213 0,00207 0,00224 0,00119 0,00249 0,00220 

15 0,00070 0,00029 0,00075 0,00094 0,00075 0,00028 0,00147 0,00109 

16 0,00027 0,00011 0,00037 0,00015 0,00016 0,00010 0,00048 0,00041 

17 0,00003 0,00002 0,00005 0,00003 0,00004 0,00003 0,00017 0,00020 

18 0,00003 5,31E-06 0 0,00003 0,00006 ð 0,00010 0,00009 

19 ð 5,31E-06 8,98E-06 ð ð ð 0,00003 0,00003 

20 ð 0 ð ð ð ð 0,00001 9,68E-06 

21 ð 2,66E-06 ð ð ð ð ð  

 
ʊʘʙʣʠʮʘ 3. 

ʆʊʅʆʉʀʊɽʃʔʅʓɽ ʏɸʉʊʆʊʓ ɼʃʀʅ ʉʃʆɺ ɺ ʊɽʂʉʊɸʍ 9-16 

ɼʣʠʥʘ 

ʩʣʦʚʘ 

ʊʝʢʩʪ 9 ʊʝʢʩʪ 10 ʊʝʢʩʪ 11 ʊʝʢʩʪ 12 ʊʝʢʩʪ 13 ʊʝʢʩʪ 14 ʊʝʢʩʪ 15 ʊʝʢʩʪ 16 

1 0,06316 0,06120 0,07693 0,02945 0,02142 0,01658 0,02623 0,01742 

2 0,18708 0,17741 0,19121 0,13906 0,13308 0,10726 0,13218 0,12079 

3 0,16109 0,15103 0,13475 0,28960 0,33296 0,35497 0,30588 0,34929 

4 0,08716 0,07734 0,08917 0,12020 0,13866 0,15513 0,14350 0,15750 

5 0,13317 0,15002 0,14888 0,12193 0,12710 0,14694 0,12894 0,12687 

6 0,10457 0,10954 0,10860 0,09978 0,09180 0,10268 0,09173 0,09546 

7 0,08973 0,09330 0,08826 0,06250 0,05613 0,04243 0,06227 0,04450 

8 0,06357 0,06233 0,05860 0,04724 0,03829 0,02838 0,03691 0,02980 

9 0,04184 0,04394 0,04132 0,03029 0,02479 0,01985 0,02609 0,02411 

10 0,03214 0,03463 0,02920 0,02230 0,01607 0,01247 0,01706 0,01362 

11 0,01842 0,01912 0,01530 0,01287 0,00886 0,00650 0,01041 0,00920 

12 0,00938 0,01022 0,00926 0,01037 0,00462 0,00340 0,00708 0,00572 

13 0,00478 0,00490 0,00455 0,00580 0,00265 0,00152 0,00436 0,00256 

14 0,00251 0,00292 0,00240 0,00345 0,00155 0,00089 0,00289 0,00116 

15 0,00094 0,00139 0,00088 0,00218 0,00067 0,00057 0,00188 0,00101 

16 0,00026 0,00039 0,00055 0,00124 0,00058 0,00021 0,00086 0,00039 

17 0,00013 0,00025 0,00010 0,00048 0,00023 0,00017 0,00054 0,00030 

18 0,00004 0,00003 0,00003 0,00053 0,00021 0,00002 0,00036 0,00021 

19 0,00003 0,00002 ð 0,00035 0,00013 0,00002 0,00048 0,00001 

20 0 0,00003 ð 0,00015 0,00010 0 0,00014 0,00001 

21 0 ð ð 0,00005 0,00004 0 0,00011 0,00001 

22 0,00003 ð ð 0,00008 0,00004 0,00002 0,00007 0,00001 

23 ð ð ð 0,00005 0 ð 0,00001 0 

24 ð ð ð 0,00005 0 ð 0 0,00001 

25 ð ð ð ð 0,00002 ð 0,00002 ð 
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ʅʘ ʈʠʩʫʥʢʘʭ 1ï16 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʯʘʩʪʦʪ ʜʣʠʥ ʩʣʦʚ ʪʝʢʩʪʦʚ 1ï16. ʄʘʩʩʠʚʳ 

ʜʣʠʥ ʩʣʦʚ ʨʘʟʙʠʪʳ ʥʘ ʥʝʩʢʦʣʴʢʦ ʦʪʨʝʟʢʦʚ. ɼʣʷ ʢʘʞʜʦʛʦ ʦʪʨʝʟʢʘ ʧʦʩʪʨʦʝʥ ʩʚʦʡ ʪʨʝʥʜ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʯʘʩʪʦʪ ʜʣʠʥ ʩʣʦʚ ʥʘ ʵʪʦʤ ʦʪʨʝʟʢʝ, 

ʧʨʠʚʝʜʝʥʳ ʫʨʘʚʥʝʥʠʝ ʪʨʝʥʜʘ ʠ ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʝʪʝʨʤʠʥʘʮʠʠ, ʘʚʪʦʤʘʪʠʯʝʩʢʠ 

ʨʘʩʩʯʠʪʘʥʥʳʝ MS EXCEL. ʅʘ ʈʠʩʫʥʢʘʭ 17ï19 ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʝ ʞʝ ʜʘʥʥʳʝ, ʢʦʛʜʘ ʧʷʪʴ ʪʝʢʩʪʦʚ 

ʥʘ ʠʩʧʘʥʩʢʦʤ ʷʟʳʢʝ, 6 ʪʝʢʩʪʦʚ ʥʘ ʠʪʘʣʴʷʥʩʢʦʤ ʷʟʳʢʝ, 5 ʪʝʢʩʪʦʚ ʥʘ ʰʚʝʜʩʢʦʤ ʷʟʳʢʝ 

ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʢʘʢ ʦʜʠʥ ʪʝʢʩʪ (ʪʝʢʩʪʳ 17, 18, 19 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). 

 
ʈʠʩʫʥʦʢ 1. ʍ.ʂ. ɼʘʚʘʣʦʩ, ʉʘʣʴʪʘ. ʆʪʥʦʩʠʪʝʣʴʥʳʝ ʯʘʩʪʦʪʳ ʜʣʠʥ ʩʣʦʚ 

 

 
ʈʠʩʫʥʦʢ 2. ʄ. ʜʝ ʉʝʨʚʘʥʪʝʩ, ɼʦʥ ʂʠʭʦʪ. ʆʪʥʦʩʠʪʝʣʴʥʳʝ ʯʘʩʪʦʪʳ ʜʣʠʥ ʩʣʦʚ 

 

y = 0,198x - 0,1397
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ʈʠʩʫʥʦʢ 3. ɺ. ɹʣʘʩʢʦ ʀʙʘʥʴʝʩ, ʂʨʦʚʴ ʠ ʧʝʩʦʢ. ʆʪʥʦʩʠʪʝʣʴʥʳʝ ʯʘʩʪʦʪʳ ʜʣʠʥ ʩʣʦʚ 

 

ʈʠʩʫʥʦʢ 4. ʃ. ɸʣʘʩ ʠ ʋʨʝʥʴʷ, ɽʜʠʥʩʪʚʝʥʥʳʡ ʩʳʥ. ʆʪʥʦʩʠʪʝʣʴʥʳʝ ʯʘʩʪʦʪʳ ʜʣʠʥ ʩʣʦʚ 

 
ʈʠʩʫʥʦʢ 5. ʕ. ʍʦʫʧ, ʋʟʥʠʢ ɿʝʥʜʳ (ʧʝʨʝʚʦʜ ʥʘ ʠʩʧʘʥʩʢʠʡ). ʆʪʥʦʩʠʪʝʣʴʥʳʝ ʯʘʩʪʦʪʳ ʜʣʠ ʩʣʦʚ 
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y = 0,1817x - 0,1167

y = 0,0445x2 - 0,3696x + 0,8593

y = -0,0154x + 0,1819
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ʈʠʩʫʥʦʢ 6. ɸ. ɸʣʴʙʝʨʪʘʮʮʠ, ʉʪʘʨʠʥʥʳʝ ʠʩʪʦʨʠʠ ʦ ʣʶʙʚʠ. ʆʪʥʦʩʠʪʝʣʴʥʳʝ ʯʘʩʪʦʪʳ ʜʣʠʥ ʩʣʦʚ 

ʈʠʩʫʥʦʢ 7. ɸ. ʄʘʥʜʟʦʥʠ, ʆʙʨʫʯʝʥʥʳʝ. ʆʪʥʦʩʠʪʝʣʴʥʳʝ ʯʘʩʪʦʪʳ ʜʣʠʥ ʩʣʦʚ 

ʈʠʩʫʥʦʢ 8. ɸ. ɺʠʚʘʥʪʠ, ʇʦʛʣʦʪʠʪʝʣʠ ʆʪʥʦʩʠʪʝʣʴʥʳʝ ʯʘʩʪʦʪʳ ʜʣʠʥ ʩʣʦʚ 
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ʈʠʩʫʥʦʢ 9. ɸ. ɹʘʨʨʠʣʠ, ʅʦʯʴ ʢʦʤʘʥʜʦʨʘ. ʆʪʥʦʩʠʪʝʣʴʥʳʝ ʯʘʩʪʦʪʳ ʜʣʠʥ ʩʣʦʚ 

 

 
ʈʠʩʫʥʦʢ 10. ʈ. ɼʞʝʨʦʣʘʤʦ, ʄʘʪʴ ʩʢʦʨʙʷʱʘʷ. ʆʪʥʦʩʠʪʝʣʴʥʳʝ ʯʘʩʪʦʪʳ ʜʣʠʥ ʩʣʦʚ 

 
ʈʠʩʫʥʦʢ 11. ʀ. ɹʘʯʯʠʥʠ, ʈʘʩʩʢʘʟʳ ʜʣʷ ʜʝʪʝʡ. ʆʪʥʦʩʠʪʝʣʴʥʳʝ ʯʘʩʪʦʪʳ ʜʣʠʥ ʩʣʦʚ 
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ʈʠʩʫʥʦʢ 12. ɸ. ʕʥʛʩʪʨʝʤ, ʄʦʷ ʞʠʟʥʴ ʠ ʚʨʝʤʝʥʘ. ʆʪʥʦʩʠʪʝʣʴʥʳʝ ʯʘʩʪʦʪʳ ʜʣʠʥ ʩʣʦʚ 

ʈʠʩʫʥʦʢ 13. ɼ. ɸʥʜʝʨʩʩʦʥ, ʅʘʩʣʝʜʠʝ ɼʘʚʠʜʘ ʈʘʤʤ. ʆʪʥʦʩʠʪʝʣʴʥʳʝ ʯʘʩʪʦʪʳ ʜʣʠʥ ʩʣʦʚ 

 
ʈʠʩʫʥʦʢ 14. ɻ. ɻʝʡʝʨʩʪʘʤ, ʂʥʠʛʘ ʦ ʤʘʣʝʥʴʢʦʤ ʙʨʘʪʮʝ. ʆʪʥʦʩʠʪʝʣʴʥʳʝ ʯʘʩʪʦʪʳ ʜʣʠʥ ʩʣʦʚ 
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ʈʠʩʫʥʦʢ 15. ʕ. ɻ. ʍʝʣʴʩʪʨʝʤ, ʏʝʣʦʚʝʢ ʙʝʟ ʶʤʦʨʘ. ʆʪʥʦʩʠʪʝʣʴʥʳʝ ʯʘʩʪʦʪʳ ʜʣʠʥ ʩʣʦʚ 

 

 
ʈʠʩʫʥʦʢ 16. ʉ. ʃʘʛʝʨʣʝʬ, ʀʟʛʥʘʥʥʠʢ. ʆʪʥʦʩʠʪʝʣʴʥʳʝ ʯʘʩʪʦʪʳ ʜʣʠʥ ʩʣʦʚ 

ʈʠʩʫʥʦʢ 17. ʀʩʧʘʥʩʢʠʡ ʷʟʳʢ, ʦʙʲʝʜʠʥʝʥʠʝ 5 ʪʝʢʩʪʦʚ. ʆʪʥʦʩʠʪʝʣʴʥʳʝ ʯʘʩʪʦʪʳ ʜʣʠʥ ʩʣʦʚ 
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ʈʠʩʫʥʦʢ 18. ʀʪʘʣʴʷʥʩʢʠʡ ʷʟʳʢ, ʦʙʲʝʜʠʥʝʥʠʝ 6 ʪʝʢʩʪʦʚ. ʆʪʥʦʩʠʪʝʣʴʥʳʝ ʯʘʩʪʦʪʳ ʜʣʠʥ ʩʣʦʚ 

 

 
ʈʠʩʫʥʦʢ 19. ʐʚʝʜʩʢʠʡ ʷʟʳʢ, ʦʙʲʝʜʠʥʝʥʠʝ 5 ʪʝʢʩʪʦʚ. ʆʪʥʦʩʠʪʝʣʴʥʳʝ ʯʘʩʪʦʪʳ ʜʣʠʥ ʩʣʦʚ 

 

 

ʇʫʩʪʴ ʚʝʩʴ ʤʘʩʩʠʚ ʜʣʠʥ ʩʣʦʚ ʨʘʟʙʠʪ ʥʘ Ὧ ʦʪʨʝʟʢʦʚ ὲȟὲ ȟὭ ρȟỄȟὯ; 
Ὢ  ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ, ʧʦ ʢʦʪʦʨʦʡ ʚʳʯʠʩʣʷʶʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʯʘʩʪʦʪʳ 

ʜʣʠʥ, ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʦʪʨʝʟʢʫ ʩ ʥʦʤʝʨʦʤ Ὥ. 
ʊʦʛʜʘ ʜʦʣʞʥʦ ʚʳʧʦʣʥʷʪʴʩʷ ʨʘʚʝʥʩʪʚʦ 

В В Ὢὲ ρ      (1) 

ʂʦʵʬʬʠʮʠʝʥʪʳ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʧʦʜʙʠʨʘʣʠʩʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. 

ʇʦʣʠʥʦʤʘʤʠ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ Ὢὲ ὥ ὥὲ ὥὲ ʦʧʠʩʳʚʘʣʦʩʴ ʧʦʚʝʜʝʥʠʝ ʯʘʩʪʦʪ ʥʘ 

ʦʪʨʝʟʢʘʭ ʜʣʠʥ ʩʣʦʚ, ʚʢʣʶʯʘʶʱʠʭ ʪʨʠ ʜʣʠʥʳ. ʊʨʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʵʪʠʭ ʧʦʣʠʥʦʤʦʚ ʦʜʥʦʟʥʘʯʥʦ 

ʚʳʯʠʩʣʷʶʪʩʷ ʧʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʜʘʥʥʳʤ. ʊʘʢ ʞʝ ʦʜʥʦʟʥʘʯʥʦ ʚʳʯʠʩʣʷʶʪʩʷ ʜʚʘ 
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ʢʦʵʬʬʠʮʠʝʥʪʘ ʣʠʥʝʡʥʦʛʦ ʫʨʘʚʥʝʥʠʷ, ʝʩʣʠ ʥʫʞʥʦ ʩʦʝʜʠʥʠʪʴ ʦʪʨʝʟʢʦʤ ʜʚʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʪʦʯʢʠ. 

ʂʦʵʬʬʠʮʠʝʥʪʳ ʣʠʥʝʡʥʦʛʦ ʫʨʘʚʥʝʥʠʷ Ὢὲ ὥ ὥὲ, ʢʦʛʜʘ ʯʠʩʣʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 
ʪʦʯʝʢ ʙʦʣʴʰʝ ʜʚʫʭ, ʥʘʭʦʜʠʣʠʩʴ ʧʦ ʤʝʪʦʜʫ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ.  

ʂʦʵʬʬʠʮʠʝʥʪʳ ʫʨʘʚʥʝʥʠʷ Ὢὲ ὥὩ  ʚ ʩʣʫʯʘʝ ʦʪʨʝʟʢʘ ʜʣʠʥ ʩʣʦʚ, ʥʝ ʷʚʣʷʶʱʝʛʦʩʷ 

ʧʦʩʣʝʜʥʠʤ, ʚʳʯʠʩʣʷʣʠʩʴ ʧʦ ʤʝʪʦʜʫ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ. 

ɺʦ ʚʩʝʭ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʪʝʢʩʪʘʭ ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʯʘʩʪʦʪʳ ʜʣʠʥ ʩʣʦʚ, ʥʘʯʠʥʘʷ ʩ ʜʣʠʥʳ 12 

(ʜʣʠʥʳ 7 ʜʣʷ ʰʚʝʜʩʢʦʛʦ ʷʟʳʢʘ), ʫʙʳʚʘʶʪ ʧʨʠʤʝʨʥʦ ʧʦ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʧʨʦʛʨʝʩʩʠʠ. 

ʂʦʵʬʬʠʮʠʝʥʪʳ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʧʨʦʛʨʝʩʩʠʠ Ὢὲ ὥή  ʦʧʨʝʜʝʣʷʣʠʩʴ ʜʣʷ 

ʦʙʲʝʜʠʥʝʥʥʳʭ ʪʝʢʩʪʦʚ 17, 18, 19 ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʉʥʘʯʘʣʘ ʧʦʜʙʠʨʘʣʦʩʴ ʟʥʘʯʝʥʠʝ ὦ
ὥή  ὥή ̅̌ ̠̙̃̆̅̒̋̏̄̏ ̠̜̈̋.́ ʕʪʦ ʟʥʘʯʝʥʠʝ ʧʦʜʙʠʨʘʣʦʩʴ ʪʘʢ, ʯʪʦʙʳ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ 

ʩʫʤʤʫ ʢʚʘʜʨʘʪʦʚ ʦʪʢʣʦʥʝʥʠʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʯʘʩʪʦʪ ʦʪ ʯʘʩʪʦʪ, 

ʦʧʨʝʜʝʣʷʝʤʳʭ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʧʨʦʛʨʝʩʩʠʝʡ y ὥή . ʀʤʝʥʥʦ ʧʦʜʙʠʨʘʣʦʩʴ, ʧʦʪʦʤʫ ʯʪʦ 

ʚʳʚʝʩʪʠ ʬʦʨʤʫʣʫ ʧʦʜʩʯʝʪʘ ʢʦʵʬʬʠʮʠʝʥʪʘ b, ʢʘʢ ʵʪʦ ʜʝʣʘʝʪʩʷ ʧʦ ʤʝʪʦʜʫ ʥʘʠʤʝʥʴʰʠʭ 

ʢʚʘʜʨʘʪʦʚ ʜʣʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʣʠʥʝʡʥʦʡ ʬʫʥʢʮʠʠ, ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ. ɿʘʪʝʤ, 

ʠʩʭʦʜʷ ʠʟ ʫʩʣʦʚʠʷ (1), ʚʳʯʠʩʣʷʣʦʩʴ ʟʥʘʯʝʥʠʝ ὧ В ὥή ὦȾρ ήȢ  

ʊʦʛʜʘ ή ρ ȟὥ Ȣ 

ɺ ʊʘʙʣʠʮʝ 4 ʫʢʘʟʘʥʳ ʥʘʡʜʝʥʥʳʝ ʟʥʘʯʝʥʠʷ a ʠ q ʜʣʷ ʪʝʢʩʪʦʚ 17-19 ʠ ʚʝʣʠʯʠʥʳ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʜʝʪʝʨʤʠʥʘʮʠʠ (R2). ɺ ʢʘʞʜʦʤ ʠʟ ʪʨʝʭ ʩʣʫʯʘʝʚ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʜʝʪʝʨʤʠʥʘʮʠʠ ʧʦʯʪʠ ʥʝ ʦʪʣʠʯʘʶʪʩʷ ʦʪ 1, ʟʥʘʯʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʯʘʩʪʦʪ 

ʜʣʠʥ ʩʣʦʚ ʙʣʠʟʢʠ ʟʥʘʯʝʥʠʷʤ, ʢʦʪʦʨʳʝ ʟʘʜʘʶʪʩʷ ʬʦʨʤʫʣʦʡ y ὥή. ʆʪʥʦʩʠʪʝʣʴʥʳʝ ʯʘʩʪʦʪʳ 

ʜʣʠʥ ʩʣʦʚ, ʢʦʛʜʘ n > 11 ʤʘʣʳ (ʪʳʩʷʯʥʳʝ, ʜʝʩʷʪʠʪʳʩʷʯʥʳʝ), ʧʦʵʪʦʤʫ ʦʩʦʙʝʥʥʦ ʧʦʜʚʝʨʞʝʥʳ 

ʚʣʠʷʥʠʶ ʩʣʫʯʘʡʥʦʩʪʠ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʚʩʝ ʟʥʘʯʝʥʠʷ R2 ʙʦʣʴʰʝ 0,99.  
 

ʊʘʙʣʠʮʘ 4. 

ɸʇʇʈʆʂʉʀʄɸʎʀʗ ɿʅɸʏɽʅʀʁ ʆʊʅʆʉʀʊɽʃʔʅʓʍ ʏɸʉʊʆʊ ɼʃʀʅ ʉʃʆɺ 

ɻɽʆʄɽʊʈʀʏɽʉʂʆʁ ʇʈʆɻʈɽʉʉʀɽʁ 

ˉ ʪʝʢʩʪʘ ɼʣʠʥʘ ʩʣʦʚʘ n ʗʟʳʢ a q R2 

17 ὲ ρς ʀʩʧʘʥʩʢʠʡ 92,16 0,448 0,9959 

18 ὲ ρς ʀʪʘʣʴʷʥʩʢʠʡ 80,92 0,469 0,9948 

19 ὲ χ ʐʚʝʜʩʢʠʡ 1,146 0,646 0,9977 

 

ʅʝʢʦʪʦʨʳʝ ʚʳʚʦʜʳ 

ʇʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʝʨʦʷʪʥʳʤ, ʯʪʦ ʚʳʷʚʣʝʥʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʧʦʚʝʜʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʳʭ 

ʯʘʩʪʦʪ ʜʣʠʥ ʩʣʦʚ ʥʝ ʷʚʣʷʶʪʩʷ ʩʣʫʯʘʡʥʳʤʠ ʠ ʧʨʠʩʫʱʠ ʚ ʪʦʡ ʠʣʠ ʠʥʦʡ ʩʪʝʧʝʥʠ ʚʩʝʤ 

ʣʠʪʝʨʘʪʫʨʥʳʤ ʪʝʢʩʪʘʤ ʥʘ ʜʘʥʥʦʤ ʷʟʳʢʝ. ʏʪʦʙʳ ʚʳʚʦʜʳ ʩʪʘʣʠ ʦʧʨʝʜʝʣʝʥʥʝʝ, ʥʫʞʥʦ 

ʠʩʩʣʝʜʦʚʘʪʴ ʜʘʞʝ ʥʝ ʜʝʩʷʪʢʠ, ʘ ʩʦʪʥʠ ʣʠʪʝʨʘʪʫʨʥʳʭ ʪʝʢʩʪʦʚ. 

 

ʇʨʦʛʨʘʤʤʳ, ʧʦʟʚʦʣʠʚʰʠʝ ʧʨʦʚʝʩʪʠ ʜʘʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ, ʥʘʧʠʩʘʥʳ ʩʪʫʜʝʥʪʘʤʠ 

ʬʘʢʫʣʴʪʝʪʘ çʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷè ʉʠʙɸɼʀ ʄ. ʉ. ʇʝʪʨʦʚʦʡ ʠ 

ʉ. ɺ. ʉʫʪʦʨʤʠʥʳʤ. 
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ʕʌʌɽʂʊ çʅɸʂʆʇʃɽʅʀʗè ɺ ʅɽʇʈʆɿʈɸʏʅʆʄ ɺʆʃʔʌʈɸʄɽ ʇʈʀ 

ʄʅʆɻʆʂʈɸʊʅʆʄ ɺʆɿɼɽʁʉʊɺʀʀ ʉʂʆʃʔɿʗʑʀʄ ʀɿʃʋʏɽʅʀɽʄ ʃɸɿɽʈɸ 

 

ACCUMULATION EFFECT IN THE OPAQUE TUNGST EN WITH A MULTIPLE 

IMPACT SLIDING RADIA TION OF LASER  

 

Éʄʘʪʥʘʟʘʨʦʚ ɸ. ʈ. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʩʚʷʟʠ ʩ ʨʘʟʚʠʪʠʝʤ ʨʘʙʦʪ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʣʘʟʝʨʥʦʡ ʧʣʘʟʤʳ ʢʘʢ ʠʩʪʦʯʥʠʢʘ 

ʄɿʀ ʚ ʫʩʢʦʨʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʝ ʠ ʠʥʝʨʮʠʘʣʴʥʦʤʫ ʪʝʨʤʦʷʜʝʨʥʦʤʫ ʩʠʥʪʝʟʫ ʣʘʟʝʨʦʚ ʥʘ 

ʤʥʦʛʦʟʘʨʷʜʥʳʭ ʠʦʥʘʭ, ʧʣʘʟʤʝʥʥʳʭ ʣʘʟʝʨʦʚ, ʥʝʣʠʥʝʡʥʳʭ ʦʧʪʠʯʝʩʢʠʭ ʩʨʝʜ ʘʢʪʫʘʣʴʥʳʤ 

ʚʦʧʨʦʩʦʤ ʩʦʚʨʝʤʝʥʥʦʡ ʦʧʪʠʢʠ ʠ ʣʘʟʝʨʥʦʡ ʬʠʟʠʢʠ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʝʭʘʥʠʟʤʘ ʥʘʛʨʝʚʘ 

ʠ ʦʙʨʘʟʦʚʘʥʠʷ ʧʣʘʟʤʳ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʠʟʣʫʯʝʥʠʷ ʣʘʟʝʨʘ ʩ ʪʚʝʨʜʳʤʠ ʪʝʣʘʤʠ.  

ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʚʳʧʦʣʥʝʥʦ ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʨʘʙʦʪ, ʜʘʶʱʠʭ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ, ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʣʘʟʝʨʥʦʡ ʧʣʘʟʤʝ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʦʮʝʩʩ ʝʝ ʦʙʨʘʟʦʚʘʥʠʷ ʟʘʚʠʩʠʪ ʥʝ ʪʦʣʴʢʦ ʦʪ ʧʣʦʪʥʦʩʪʠ ʤʦʱʥʦʩʪʠ ʩʚʝʪʦʚʦʛʦ 

ʧʦʪʦʢʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʠʰʝʥʠ, ʥʦ ʠ ʦʪ ʜʨʫʛʠʭ ʥʘʯʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʢʘʢ ʦʪ ʜʣʠʥʳ ʚʦʣʥʳ, 

ʫʛʣʘ ʧʘʜʝʥʠʷ ð ʪʘʢ ʠ ʦʪ ʵʥʝʨʛʠʠ ʩʚʷʟʠ ʜʝʬʝʢʪʥʦʩʪʠ ʩʪʨʫʢʪʫʨʳ ʠ ʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʤʠʰʝʥʠ.  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʟʫʯʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʧʝʢʪʨʘ ʤʥʦʛʦʟʘʨʷʜʥʳʭ ʠʦʥʦʚ W 

ʧʨʠ ʤʥʦʛʦʢʨʘʪʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʩʢʦʣʴʟʷʱʝʛʦ ʠʟʣʫʯʝʥʠʷ ʣʘʟʝʨʘ. 

 

Abstract. In this article the plate of tungsten (W), multiïcharged plasma obtained by laser 

radiation. The investigations of features produced multiïcharged ions spectra of tungsten at single 

and multiply influence of sliding laser radiation. Al results were investigated by massïspectrometry, 

collector, laser and optical methods. 

Features of produced multiïcharged ions spectra of tungsten obtaining at interaction of sliding 

laser radiation for the first time are investigated; it was found that, massïcharge spectra of plasma 

ions formed sliding single laser radiation, contain not only W ions peaks, but also peaks of the ions 

present in a sample as superficial inclusions; dependence of absorption of laser radiation from an 

angle of incidence on a target surface is shown; the effect of accumulation in opaque W dependence 

on multiply irradiation it was found. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʣʘʟʝʨ, ʣʘʟʝʨʥʘʷ ʧʣʘʟʤʘ, ʠʦʥʠʟʘʮʠʷ, ʨʝʢʦʤʙʠʥʘʮʠʷ, ʫʛʦʣ ʧʘʜʝʥʠʷ 

ʠʟʣʫʯʝʥʠʷ ʣʘʟʝʨʘ, ʤʥʦʛʦʟʘʨʷʜʥʳʝ ʠʦʥʳ, ʩʧʝʢʪʨʳ ʠʦʥʦʚ, ʤʘʩʩïʟʘʨʷʜʦʚʳʝ ʩʧʝʢʪʨʳ. 

 

Keywords: a laser, laser plasma, ionization, recombination, angle of incidence laser radiation, 

ion spectra, massïcharge spectra. 

 

ʄʘʩʩïʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʠʟʫʯʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʧʝʢʪʨʘ ʠ 

ʚʣʠʷʥʠʝ ʵʬʬʝʢʪʘ çʥʘʢʦʧʣʝʥʠʷè ʥʘ ʦʧʪʠʯʝʩʢʠ ʥʝʧʨʦʟʨʘʯʥʦʝ ʪʚʝʨʜʦʝ ʪʝʣʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʯʠʩʣʘ ʠ ʫʛʣʘ ʧʘʜʝʥʠʷ ʣʘʟʝʨʥʳʭ ʠʤʧʫʣʴʩʦʚ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʜʦʧʦʨʦʛʦʚʦʡ (108ï109 ɺʪ/ʩʤ2) 

ʦʙʣʘʩʪʠ q ʣʘʟʝʨʘ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʫʛʣʘ ʧʘʜʝʥʠʷ (a=18Áï85Á) ʠʟʣʫʯʝʥʠʷ ʣʘʟʝʨʘ, ʠ ʚ 
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ʩʚʝʨʭʧʦʨʦʛʦʚʦʡ (q >1010 ɺʪ/ʩʤ2) ʦʙʣʘʩʪʠ ʧʨʠ ʪʦʣʴʢʦ ʩʢʦʣʴʟʷʱʝʤ ʧʘʜʝʥʠʠ (a=85Á) ʠʟʣʫʯʝʥʠʷ 

ʣʘʟʝʨʘ, ʦʪʯʝʪʣʠʚʦ ʥʘʙʣʶʜʘʶʪʩʷ ʨʦʣʴ ʵʬʬʝʢʪʘ çʥʘʢʦʧʣʝʥʠʷè ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʩʧʝʢʪʨʘ ʚ ʫʚʝʣʠʯʝʥʠʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʢʨʘʪʥʦʩʪʠ ʟʘʨʷʜʘ (Zmax) ʠʦʥʦʚ W, ʘ ʪʘʢʞʝ ʚ ʫʤʝʥʴʰʝʥʠʠ 

ʢʦʣʠʯʝʩʪʚʘ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʨʠʤʝʩʥʳʭ ʠʦʥʦʚ. ʇʨʠ ʦʩʪʨʦʡ ʬʦʢʫʩʠʨʦʚʢʝ (a=180) ʠʟʣʫʯʝʥʠʷ 

ʣʘʟʝʨʘ ʚ ʩʚʝʨʭʧʦʨʦʛʦʚʦʡ ʦʙʣʘʩʪʠ ʝʛʦ ʨʦʣʴ ʥʝ ʦʙʥʘʨʫʞʝʥʘ. ʅʘ ʦʩʥʦʚʝ ʩʢʦʣʴʟʷʱʝʛʦ ʧʘʜʝʥʠʷ 

ʠʟʣʫʯʝʥʠʷ ʣʘʟʝʨʘ ʨʘʟʨʘʙʦʪʘʥ ʣʘʙʦʨʘʪʦʨʥʳʡ ʧʨʠʙʦʨ çʃʘʟʝʨʥʳʡ ʤʥʦʛʦʟʘʨʷʜʥʳʡ ʤʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨ ʜʣʷ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʪʚʝʨʜʳʭ ʪʝʣè [1].  

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥ ʵʬʬʝʢʪ çʥʘʢʦʧʣʝʥʠʷè ʚ ʥʝʧʨʦʟʨʘʯʥʦʤ W ʧʨʠ 

ʤʥʦʛʦʢʨʘʪʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʩʢʦʣʴʟʷʱʠʤ ʠʟʣʫʯʝʥʠʝʤ ʣʘʟʝʨʘ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʣʫʯʝʥʳ 

ʜʘʥʥʳʝ ʦʙ ʵʬʬʝʢʪʝ çʥʘʢʦʧʣʝʥʠʷè, ʘ ʪʘʢʞʝ ʦ ʚʣʠʷʥʠʠ ʵʬʬʝʢʪʘ çʥʘʢʦʧʣʝʥʠʷè ʥʘ ʧʨʦʮʝʩʩ 

ʣʘʟʝʨʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ W ʤʠʰʝʥʠ ʠ ʦʙʨʘʟʦʚʘʥʠʷ ʤʥʦʛʦʟʘʨʷʜʥʳʭ ʠʦʥʦʚ ʧʨʠ ʤʥʦʛʦʢʨʘʪʥʦʤ 

ʦʙʣʫʯʝʥʠʠ. ʇʨʠ ʵʪʦʤ ʵʬʬʝʢʪ çʥʘʢʦʧʣʝʥʠʷè ʠʤʝʝʪ ʤʝʩʪʦ ʢʘʢ ʚ ʜʦʧʦʨʦʛʦʚʦʡ (q=108ï109 ɺʪ/ʩʤ2), 

ʪʘʢ ʠ ʚ ʩʚʝʨʭʧʦʨʦʛʦʚʦʡ (q>1010 ɺʪ/ʩʤ2) ʦʙʣʘʩʪʷʭ ʧʣʦʪʥʦʩʪʠ ʤʦʱʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ ʣʘʟʝʨʘ, ʘ 

ʪʘʢʞʝ ʟʘʚʠʩʠʪ ʦʪ ʫʛʣʘ ʧʘʜʝʥʠʷ (a=18Áī85Á) ʠʟʣʫʯʝʥʠʷ ʣʘʟʝʨʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʤʠʰʝʥʠ. 

ɺʣʠʷʥʠʝ ʵʬʬʝʢʪʘ çʥʘʢʦʧʣʝʥʠʷè ʥʘ ʣʘʟʝʨʥʦʝ ʨʘʟʨʫʰʝʥʠʝ ʠ ʦʙʨʘʟʦʚʘʥʠʝ ʤʥʦʛʦʟʘʨʷʜʥʳʭ 

ʠʦʥʦʚ ʚ ʜʦʧʦʨʦʛʦʚʦʡ ʠ ʩʚʝʨʭʧʦʨʦʛʦʚʦʡ ʦʙʣʘʩʪʷʭ ʧʣʦʪʥʦʩʪʠ ʤʦʱʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ ʣʘʟʝʨʘ ʙʦʣʝʝ 

ʦʪʯʝʪʣʠʚʦ ʧʨʦʷʚʣʷʝʪʩʷ ʧʨʠ ʩʢʦʣʴʟʷʱʝʤ (a=85Á) ʧʘʜʝʥʠʠ ʠʟʣʫʯʝʥʠʷ ʣʘʟʝʨʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ 

ʪʚʝʨʜʦʛʦ ʪʝʣʘ. ɺ ʜʦʧʦʨʦʛʦʚʦʡ (q=5Ā108 ɺʪ/ʩʤ2) ʦʙʣʘʩʪʠ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʫʛʣʘ ʧʘʜʝʥʠʷ ʠʟʣʫʯʝʥʠʷ 

ʣʘʟʝʨʘ, ʵʬʬʝʢʪ çʥʘʢʦʧʣʝʥʠʷè ʧʨʦʷʚʣʷʝʪʩʷ ʩ ʧʷʪʦʛʦ ʚʳʩʪʨʝʣʘ (ʩ ʧʝʨʚʦʛʦ ʧʦ ʯʝʪʚʝʨʪʳʡ ʚʳʩʪʨʝʣ 

ʣʘʟʝʨʘ ʠʦʥʥʳʝ ʩʠʛʥʘʣʳ ʥʝ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ) ʠʟʣʫʯʝʥʠʷ ʣʘʟʝʨʘ, ʪ. ʝ. ʥʘ ʠʦʥʠʟʘʮʠʦʥʥʦʤ 

ʩʦʩʪʘʚʝ ʥʘʙʣʶʜʘʝʪʩʷ ʦʜʥʦʟʘʨʷʜʥʳʡ W1+ ʠʦʥʥʳʡ ʧʠʢ ʩʣʘʙʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ. ʉ ʨʦʩʪʦʤ 

ʢʦʣʠʯʝʩʪʚʘ ʚʳʩʪʨʝʣʦʚ, ʥʘʧʨʠʤʝʨ ʜʦ ʜʝʩʷʪʠ, W1+ ʧʠʢ ʩʦʭʨʘʥʷʝʪʩʷ ʠ ʨʘʩʪʝʪ ʠʭ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

(ʈʠʩʫʥʦʢ 1). ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʙʣʘʛʦʜʘʨʷ ʵʬʬʝʢʪʫ çʥʘʢʦʧʣʝʥʠʷè, ʩ ʧʦʷʚʣʝʥʠʝʤ ʥʘ 

ʠʦʥʠʟʘʮʠʦʥʥʦʤ ʩʦʩʪʘʚʝ ʠʦʥʦʚ W1+ ʧʣʘʟʤʳ ʧʨʠ ʤʥʦʛʦʢʨʘʪʥʦʤ ʦʙʣʫʯʝʥʠʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ Wï

ʤʠʰʝʥʠ ʥʘʙʣʶʜʘʝʪʩʷ ʣʘʟʝʨʥʦʝ ʨʘʟʨʫʰʝʥʠʝ ʨʘʟʤʝʨʘʤʠ: ʜʣʠʥʘ 5 ʤʤ, ʰʠʨʠʥʘ 0,5 ʤʤ.  

ɺ ʩʚʝʨʭʧʦʨʦʛʦʚʦʡ ʦʙʣʘʩʪʠ (q > 1010 ɺʪ/ʩʤ2) ʵʬʬʝʢʪ çʥʘʢʦʧʣʝʥʠʷè ʩʠʣʴʥʦ ʟʘʚʠʩʠʪ ʦʪ ʫʛʣʘ 

ʧʘʜʝʥʠʷ ʠʟʣʫʯʝʥʠʷ ʣʘʟʝʨʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʤʠʰʝʥʠ. ʀʟïʟʘ ʵʬʬʝʢʪʘ çʥʘʢʦʧʣʝʥʠʷè ʧʨʠ 

ʤʥʦʛʦʢʨʘʪʥʦʤ ʦʙʣʫʯʝʥʠʠ ʤʠʰʝʥʠ ʩʢʦʣʴʟʷʱʠʤ (a=85Á) ʠʟʣʫʯʝʥʠʝʤ ʣʘʟʝʨʘ ʩ q=5Ā1011 ɺʪ/ʩʤ2 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʘʷ ʢʨʘʪʥʦʩʪʴ ʟʘʨʷʜʘ ʠʦʥʦʚ W ʩ Zmax=3 ʜʦ Zmax=4 (ʈʠʩʫʥʦʢ). 

ʍʘʨʘʢʪʝʨʥʦ ʪʦ, ʯʪʦ ʧʨʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʠʤʧʫʣʴʩʦʚ ʠʟʣʫʯʝʥʠʷ ʣʘʟʝʨʘ ʥʘ ʦʜʥʦ ʠ 

ʪʦ ʞʝ ʤʝʩʪʦ Wïʤʠʰʝʥʴ ʧʦʜ ʫʛʣʦʤ a=85Á ʫʤʝʥʴʰʘʝʪʩʷ ʢʘʢ ʯʠʩʣʦ, ʪʘʢ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʦʥʥʳʭ 

ʩʠʛʥʘʣʦʚ ʵʣʝʤʝʥʪʦʚïʧʨʠʤʝʩʝʡ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʚʦʟʨʘʩʪʘʶʪ ʘʤʧʣʠʪʫʜʘ ʩʠʛʥʘʣʦʚ ʠʦʥʦʚ W ʠ 

ʢʨʘʪʥʦʩʪʴ ʝʛʦ ʟʘʨʷʜʘ. ʅʘʧʨʠʤʝʨ, ʧʦʩʣʝ ʧʝʨʚʦʛʦ ʠʤʧʫʣʴʩʘ ʣʘʟʝʨʘ ʚ ʠʦʥʠʟʘʮʠʦʥʥʦʤ ʩʦʩʪʘʚʝ 

ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ ʩʧʝʢʪʨʳ ʠʦʥʦʚ ʧʨʠʤʝʩʥʳʭ ʵʣʝʤʝʥʪʦʚ ʆ1+, ʆ2+, ʉ1+, N1+, Na1+, K1+, K2+, S1+, 

Co1+, Co2+, Co3+, ʘ ʤʘʢʩʠʤʘʣʴʥʘʷ ʢʨʘʪʥʦʩʪʴ  ʟʘʨʷʜʘ ʠʦʥʦʚ W ʥʝ ʧʨʝʚʳʰʘʝʪ Zmax=3. ʇʦʩʣʝ 

ʪʨʝʪʴʝʛʦ ʠʤʧʫʣʴʩʘ Zmax ʠʦʥʦʚ W ʜʦʭʦʜʠʪ ʜʦ 4, ʘ ʠʟ ʧʨʠʤʝʩʥʳʭ ʵʣʝʤʝʥʪʦʚ ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ 

ʣʠʰʴ ʠʦʥʳ C ʠ O. ʇʨʠ ʵʪʦʤ ʨʘʟʤʝʨʳ (ʜʣʠʥʘ ʠ ʰʠʨʠʥʘ) ʣʘʟʝʨʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

W ʦʩʪʘʶʪʩʷ ʪʘʢʠʤʠ ʞʝ, ʢʘʢ ʠ ʚ ʜʦʧʦʨʦʛʦʚʦʡ ʦʙʣʘʩʪʠ, ʦʜʥʘʢʦ ʛʣʫʙʠʥʘ ʢʨʘʪʝʨʘ ʟʘʤʝʪʥʦ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʩʚʝʨʭʧʦʨʦʛʦʚʦʡ ʦʙʣʘʩʪʠ ʧʨʠ ʤʥʦʛʦʢʨʘʪʥʦʤ 

ʦʙʣʫʯʝʥʠʠ Wïʤʠʰʝʥʠ ʠʟʣʫʯʝʥʠʝʤ ʣʘʟʝʨʘ, ʢʦʛʜʘ ʫʛʦʣ ʧʘʜʝʥʠʷ ʣʫʯʘ ʨʘʚʝʥ a=18Á, ʨʦʣʴ ʵʬʬʝʢʪʘ 

çʥʘʢʦʧʣʝʥʠʷè ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʤʘʩʩïʟʘʨʷʜʦʚʦʛʦ ʩʧʝʢʪʨʘ ʠʦʥʦʚ W ʥʝ ʦʙʥʘʨʫʞʝʥʘ. ʇʨʠ ʵʪʦʤ ʥʘ 

ʧʨʦʪʷʞʝʥʠʠ ʜʝʩʷʪʠ ʠʤʧʫʣʴʩʦʚ ʤʘʩʩï ʟʘʨʷʜʦʚʳʡ ʩʦʩʪʘʚ ʩʧʝʢʪʨʘ ʠʦʥʦʚ W ʧʨʘʢʪʠʯʝʩʢʠ 

ʠʜʝʥʪʠʯʝʥ, ʪ. ʝ. ʤʘʢʩʠʤʘʣʴʥʘʷ ʢʨʘʪʥʦʩʪʴ ʟʘʨʷʜʘ ʠʦʥʦʚ W Zmax=6 ʠ ʧʨʠʤʝʩʥʳʡ ʩʦʩʪʘʚ ʉ
1+, ʆ1+ 

ʩʦʭʨʘʥʷʶʪʩʷ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʦʩʣʝ ʤʥʦʛʦʢʨʘʪʥʦʛʦ ʦʙʣʫʯʝʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ Wïʤʠʰʝʥʠ 

ʦʙʨʘʟʫʝʪʩʷ ʣʦʢʘʣʴʥʦʝ ʨʘʟʨʫʰʝʥʠʝïʣʫʥʢʘ ʩ ʜʠʘʤʝʪʨʦʤ 33 ʤʤ ʧʨʠ ʫʩʣʦʚʠʷʭ a=18Á ʠ q = 5Ā1011 

ɺʪ/ʩʤ2. ɸʥʘʣʠʟ ʤʦʨʬʦʣʦʛʠʠ ʣʘʟʝʨʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʦ ʢʨʫʛʫ ʦʩʥʦʚʥʦʡ ʣʫʥʢʠ 

ʯʝʪʢʦ ʚʳʨʘʞʝʥ ʨʝʣʴʝʬ ʩ ʚʧʘʜʠʥʘʤʠ ʠ ʚʳʧʫʢʣʦʩʪʷʤʠ. ʂʨʘʷ ʦʩʥʦʚʥʦʡ ʣʫʥʢʠ ʥʝʩʢʦʣʴʢʦ 

ʚʦʟʚʳʰʘʶʪʩʷ ʥʘʜ ʧʣʦʩʢʦʩʪʴʶ ʤʠʰʝʥʠ, ʯʪʦ ʚʳʟʚʘʥʦ ʚʳʙʨʦʩʦʤ ʤʝʪʘʣʣʘ ʠʟ ʣʫʥʢʠ ʠ ʝʛʦ 

ʦʩʘʞʜʝʥʠʝʤ ʥʘ ʝʝ ʢʨʘʷʭ. ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʠʦʥʠʟʘʮʠʦʥʥʳʭ ʩʦʩʪʘʚʘʭ ʩʧʝʢʪʨʦʚ ʠʦʥʦʚ W ʠ 
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ʧʨʠʤʝʩʝʡ ʚ ʜʦʧʦʨʦʛʦʚʦʡ ʠ ʩʚʝʨʭʧʦʨʦʛʦʚʦʡ ʦʙʣʘʩʪʷʭ ʧʣʦʪʥʦʩʪʠ ʤʦʱʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ ʣʘʟʝʨʘ 

ʧʦʩʪʨʦʝʥʳ ʠʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʩʧʝʢʪʨʳ. 

 

 
 

ʈʠʩʫʥʦʢ. ɿʘʚʠʩʠʤʦʩʪʴ ʤʘʢʩʠʤʘʣʴʥʦʡ ʢʨʘʪʥʦʩʪʠ ʟʘʨʷʜʘ Zmax ʠʦʥʦʚ W ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʚʳʩʪʨʝʣʦʚ 

ʠʟʣʫʯʝʥʠʷ ʣʘʟʝʨʘ, ʛʜʝ a ð ʜʦʧʦʨʦʛʦʚʘʷ ʦʙʣʘʩʪʴ q=5Ā108 ɺʪ/ʩʤ2 ʧʨʠ a=18Á ʠ a=85Á ;    b ð 

ʩʚʝʨʭʧʦʨʦʛʦʚʘʷ ʦʙʣʘʩʪʴ q=5Ā1011 ɺʪ/ʩʤ2 ʧʨʠ a=85Á; c ð ʩʚʝʨʭʧʦʨʦʛʦʚʘʷ ʦʙʣʘʩʪʴ q=5Ā1011 ɺʪ/ʩʤ2 ʧʨʠ 

a=18Á. 

 

ʕʥʝʨʛʝʪʠʯʝʩʢʠʡ ʩʧʝʢʪʨ ʠʦʥʦʚ W1+, ʦʙʨʘʟʦʚʘʥʥʳʡ ʚ ʜʦʧʦʨʦʛʦʚʦʡ ʦʙʣʘʩʪʠ ʙʣʘʛʦʜʘʨʷ 

ʵʬʬʝʢʪʫ çʥʘʢʦʧʣʝʥʠʷè, ʠʤʝʝʪ ʜʦʚʦʣʴʥʦ ʫʟʢʠʡ ʜʠʘʧʘʟʦʥ (50ï500ʵɺ) ʩ ʦʜʥʠʤ ʤʘʢʩʠʤʫʤʦʤ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ. ɺ ʩʚʝʨʭʧʦʨʦʛʦʚʦʡ ʦʙʣʘʩʪʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʩʧʝʢʪʨʳ ʠʦʥʦʚ W ʠ ʧʨʠʤʝʩʝʡ 

ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʷʪ ʦʪ ʫʛʣʘ ʧʘʜʝʥʠʷ ʠʟʣʫʯʝʥʠʷ ʥʘ ʤʠʰʝʥʴ. ʇʨʠ ʩʢʦʣʴʟʷʱʝʤ (a=85Á) ʧʘʜʝʥʠʠ 

ʠʟʣʫʯʝʥʠʷ ʣʘʟʝʨʘ, ʜʠʘʧʘʟʦʥ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ, ʯʝʤ ʧʨʠ 

ʦʩʪʨʳʭ (a=18Á) ʫʛʣʘʭ ʧʘʜʝʥʠʷ. ʅʘʧʨʠʤʝʨ, ʵʥʝʨʛʠʷ Emax ʠʦʥʦʚ W1+ ʠ W4+, ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʠ 

a=85Á, ʥʝ ʧʨʝʚʳʰʘʝʪ 500 ʵɺ ʠ 1,0 ʢʵɺ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʨʠ a=18Á ʵʥʝʨʛʠʷ Emax 

ʵʪʠʭ ʠʦʥʦʚ (W1+ïW6+) ʜʦʩʪʠʛʘʝʪ ~ 4,0 ʢʵɺ. ʅʘʨʷʜʫ ʩ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ ʩʧʝʢʪʨʘʤʠ ʠʦʥʦʚ W 

ʦʧʨʝʜʝʣʝʥʥʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʩʧʝʢʪʨʳ ʠʦʥʦʚ ʧʨʠʤʝʩʝʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʤʠʰʝʥʠ ʧʨʠ ʫʛʣʘʭ ʧʘʜʝʥʠʷ ʠʟʣʫʯʝʥʠʷ ʣʘʟʝʨʘ a=85Á. ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʩʧʝʢʪʨʦʚ ʜʘʣ 

ʚʦʟʤʦʞʥʦʩʪʴ ʫʩʪʘʥʦʚʠʪʴ, ʯʪʦ ʩʧʝʢʪʨʳ ʧʨʠʤʝʩʥʳʭ ʠʦʥʦʚ (ʆ1+, Na1+, S1+, K1+, Co1+) ʠʤʝʶʪ ʫʟʢʠʡ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʜʠʘʧʘʟʦʥ (ʢʨʦʤʝ ʠʦʥʦʚ C1+) ʠ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʦʙʣʘʩʪʠ ʥʠʟʢʠʭ ʵʥʝʨʛʠʡ, ʧʨʠʯʝʤ 

ʩʧʝʢʪʨʳ ʠʦʥʦʚ ʩ ʦʜʥʠʤ ʤʘʢʩʠʤʫʤʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʘʟʣʠʯʘʶʪʩʷ ʟʥʘʯʝʥʠʷʤʠ Emax, ʘ ʪʘʢʞʝ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ. ʆʪʤʝʪʠʤ, ʯʪʦ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʩʧʝʢʪʨʳ ʧʨʠʤʝʩʥʳʭ 

ʜʚʫʭʟʘʨʷʜʥʳʭ ʠʦʥʦʚ ʆ2+, K2+, Co2+ ʠ ʪʨʝʭʟʘʨʷʜʥʦʛʦ ʠʦʥʘ Co3+ ʪʘʢʞʝ ʠʤʝʶʪ ʫʟʢʠʡ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʜʠʘʧʘʟʦʥ ʠ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʥʠʟʢʦʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʦʙʣʘʩʪʠ. ʄʘʢʩʠʤʘʣʴʥʳʝ 

ʵʥʝʨʛʠʠ ʧʨʠʤʝʩʥʳʭ ʠʦʥʦʚ Emax, ʢʘʢ ʦʜʥʦʟʘʨʷʜʥʳʭ, ʪʘʢ ʠ ʜʚʫʭʟʘʨʷʜʥʳʭ, ʥʝ ʧʨʝʚʳʰʘʶʪ 

ʟʥʘʯʝʥʠʷ ð 1,0 ʢʵɺ.  

ʊʝʧʝʨʴ ʦʩʪʘʥʦʚʠʤʩʷ ʥʘ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. ɺ ʥʘʯʘʣʝ ʦ ʟʘʚʠʩʠʤʦʩʪʠ 

ʵʬʬʝʢʪʘ çʥʘʢʦʧʣʝʥʠʷè  ʦʪ ʫʛʣʘ ʧʘʜʝʥʠʷ ʠʟʣʫʯʝʥʠʷ ʣʘʟʝʨʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʤʠʰʝʥʠ. ʂʦʛʜʘ 

ʠʟʣʫʯʝʥʠʝ ʣʘʟʝʨʘ ʩʬʦʢʫʩʠʨʦʚʘʥʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʠʰʝʥʠ ʧʦʜ ʦʩʪʨʳʤ ʫʛʣʦʤ (a=18Á), ʪʦ ʧʨʠ 

ʩʚʝʨʭʧʦʨʦʛʦʚʦʡ ʦʙʣʘʩʪʠ (q>1010 ɺʪ/ʩʤ2)  ʠ ʜʣʠʪʝʣʴʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ 10-8 ʩ ʩʣʦʡ ʤʘʪʝʨʠʘʣʘ 

ʤʠʰʝʥʠ ʚ ʪʝʯʝʥʠʝ ʦʯʝʥʴ ʤʘʣʦʛʦ ʚʨʝʤʝʥʠ ʧʦʣʫʯʘʝʪ ʵʥʝʨʛʠʶ, ʥʘʤʥʦʛʦ ʧʨʝʚʳʰʘʶʱʫʶ ʪʝʧʣʦʪʫ 

ʠʩʧʘʨʝʥʠʷ ʠʩʩʣʝʜʫʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʆʙʨʘʟʦʚʘʥʥʳʡ ʧʝʨʝʛʨʝʪʳʡ ʩʣʦʡ ʜʝʡʩʪʚʫʝʪ ʥʘ ʦʩʥʦʚʫ 

ʤʠʰʝʥʠ ʧʦʜʦʙʥʦ ʚʟʨʳʚʯʘʪʦʤʫ ʚʝʱʝʩʪʚʫ. ɺ ʛʣʫʙʠʥʫ ʤʠʰʝʥʠ ʩʦ ʩʢʦʨʦʩʪʴʶ V<108 ʩʤ/ʩ 
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ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʫʜʘʨʥʘʷ ʚʦʣʥʘ, ʧʨʠʚʦʜʷʱʘʷ ʢ ʠʩʧʘʨʝʥʠʶ ʤʘʪʝʨʠʘʣʘ (ʚʦʣʥʘ ʨʘʟʛʨʫʟʢʠ). 

ʋʚʝʣʠʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʘʨʘ ʧʨʠʚʦʜʠʪ ʢ ʝʛʦ ʠʦʥʠʟʘʮʠʠ ʠ ʙʳʩʪʨʦʤʫ ʨʦʩʪʫ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʧʦʛʣʦʱʝʥʠʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʠʩʭʦʜʠʪ ʵʢʨʘʥʠʨʦʚʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʤʠʰʝʥʠ ʦʪ ʠʟʣʫʯʝʥʠʷ 

ʣʘʟʝʨʘ, ʠ ʧʨʠ ʵʪʦʤ ʚʥʫʪʨʝʥʥʷʷ ʵʥʝʨʛʠʷ ʦʙʨʘʟʫʶʱʝʡʩʷ ʧʣʘʟʤʳ ʚʦʟʨʘʩʪʘʝʪ. ʅʘ ʦʙʨʘʟʦʚʘʥʠʝ ʩʣʦʷ 

ʧʣʘʟʤʳ ʟʘʪʨʘʯʠʚʘʝʪʩʷ ʦʯʝʥʴ ʤʘʣʦ ʚʨʝʤʝʥʠ, ʠ ʧʦʵʪʦʤʫ ʚʝʩʴ ʭʦʜ ʧʨʦʮʝʩʩʘ ʫʧʨʘʚʣʷʝʪʩʷ ʚ 

ʦʩʥʦʚʥʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʠʟʣʫʯʝʥʠʷ ʣʘʟʝʨʘ ʩ ʧʣʘʟʤʦʡ. ʕʪʦ ʷʚʣʝʥʠʝ ʪʘʢʞʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʪʝʤ, ʯʪʦ ʩ ʨʦʩʪʦʤ ʧʣʦʪʥʦʩʪʠ ʤʦʱʥʦʩʪʠ ʠ ʯʠʩʣʘ ʠʤʧʫʣʴʩʦʚ ʠʟʣʫʯʝʥʠʷ ʣʘʟʝʨʘ 

ʚʝʣʠʯʠʥʘ ʠʩʧʘʨʝʥʥʦʡ ʤʘʩʩʳ ʦʩʪʘʚʘʣʘʩʴ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʠʟʤʝʥʥʦʡ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʙʣʘʛʦʜʘʨʷ 

ʵʪʦʤʫ çʵʢʨʘʥʠʨʦʚʘʥʠʶè ʧʦʚʝʨʭʥʦʩʪʠ ʤʠʰʝʥʠ ʧʣʘʟʤʳ ʦʪ ʠʟʣʫʯʝʥʠʷ ʣʘʟʝʨʘ ʵʬʬʝʢʪ 

çʥʘʢʦʧʣʝʥʠʷè ʚ ʩʚʝʨʭʧʦʨʦʛʦʚʦʡ ʦʙʣʘʩʪʠ ʥʝ ʦʙʥʘʨʫʞʝʥ.  

ʇʨʠ ʩʢʦʣʴʟʷʱʝʤ (a=85Á) ʧʘʜʝʥʠʠ ʠʟʣʫʯʝʥʠʷ ʣʘʟʝʨʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ W ʢʘʢ ʚ ʜʦʧʦʨʦʛʦʚʦʡ, 

ʪʘʢ ʠ ʚ ʩʚʝʨʭʧʦʨʦʛʦʚʦʡ ʦʙʣʘʩʪʷʭ q ʣʘʟʝʨʘ ʥʘʙʣʶʜʘʝʪʩʷ ʨʦʣʴ ʵʬʬʝʢʪʘ çʥʘʢʦʧʣʝʥʠʷè ʚ 

ʦʙʨʘʟʦʚʘʥʠʠ ʤʥʦʛʦʟʘʨʷʜʥʳʭ ʠʦʥʦʚ W ʠ ʧʨʠʤʝʩʝʡ. ʊʘʢʞʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʩ ʨʦʩʪʦʤ ʧʣʦʪʥʦʩʪʠ ʤʦʱʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ ʣʘʟʝʨʘ ʠʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ ʵʬʬʝʢʪʘ çʵʢʨʘʥʠʨʦʚʘʥʠʷè 

ʧʦʚʝʨʭʥʦʩʪʠ ʤʠʰʝʥʠ ʧʣʘʟʤʦʡ ʦʪ ʠʟʣʫʯʝʥʠʷ ʣʘʟʝʨʘ, ʚʝʣʠʯʠʥʘ ʠʩʧʘʨʝʥʥʦʡ ʤʘʩʩʳ ʩ ʧʦʚʝʨʭʥʦʩʪʠ 

W ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʂʨʦʤʝ ʪʦʛʦ, ʤʥʦʛʦʢʨʘʪʥʦʝ ʦʙʣʫʯʝʥʠʝ ʤʠʰʝʥʠ ʠʤʧʫʣʴʩʘʤʠ ʣʘʟʝʨʘ 

ʧʨʠʚʦʜʠʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ W1+ ʠʦʥʦʚ ʚ ʜʦʧʦʨʦʛʦʚʦʡ ʦʙʣʘʩʪʠ, ʘ ʚ 

ʩʚʝʨʭʧʦʨʦʛʦʚʦʡ ʦʙʣʘʩʪʠ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʠʦʥʦʚ W4+ ʢ ʫʤʝʥʴʰʝʥʠʶ ʧʨʠʤʝʩʥʳʭ ʠʦʥʦʚ ʦʪ ʆ1+, 

Na1+, ʉ1+, N1+, S1+, K1+, Co1+, ʆ2+, K2+, Co2+, Co3+ ʜʦ ʉ1+, ʉ2+, ʆ1+ , ʘ ʪʘʢʞʝ ʢ ʥʝʦʙʨʘʪʠʤʳʤ 

ʠʟʤʝʥʝʥʠʷʤ ʤʠʰʝʥʠ ʚ ʦʙʣʘʩʪʠ ʣʘʟʝʨʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ (ʨʘʟʨʫʰʝʥʠʷ). ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ, 

ʧʦʣʫʯʝʥʥʳʭ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʤʠ ʠ ʤʘʩʩïʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ, ʘ ʪʘʢʞʝ ʥʘ ʦʩʥʦʚʝ 

ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪ [2ï6], ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʠʟʣʫʯʝʥʠʷ ʣʘʟʝʨʘ ʩ ʦʧʪʠʯʝʩʢʠ ʧʨʦʟʨʘʯʥʳʤʠ 

(ʩʠʣʠʢʘʪʥʦʝ ʩʪʝʢʣʦ) ʠ ʦʧʪʠʯʝʩʢʠ ʥʝ ʧʨʦʟʨʘʯʥʳʤʠ (ʤʝʪʘʣʣʘʤʠ) ʪʚʝʨʜʳʤʠ ʪʝʣʘʤʠ ʧʦʢʘʟʘʣ, ʯʪʦ 

ʧʨʠ ʤʥʦʛʦʢʨʘʪʥʦʤ ʦʙʣʫʯʝʥʠʠ ʤʦʱʥʳʤ ʠʟʣʫʯʝʥʠʝʤ ʣʘʟʝʨʘ ʦʙʦʠʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘʙʣʶʜʘʝʪʩʷ 

ʷʚʣʝʥʠʝ ʵʬʬʝʢʪʘ çʥʘʢʦʧʣʝʥʠʷè. ʕʬʬʝʢʪ çʥʘʢʦʧʣʝʥʠʷè ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʠʨʦʜʳ ʪʚʝʨʜʦʛʦ 

ʪʝʣʘ ʠʤʝʝʪ ʦʙʱʠʝ ʠ ʦʪʣʠʯʠʪʝʣʴʥʳʝ ʩʪʦʨʦʥʳ. ʆʙʱʠʝ ʩʪʦʨʦʥʳ ʵʬʬʝʢʪʘ çʥʘʢʦʧʣʝʥʠʷè 

ʢʦʥʢʨʝʪʥʦ ʧʨʦʷʚʣʷʶʪʩʷ, ʚ ʯʘʩʪʥʦʩʪʠ, ʚ ʩʣʝʜʫʶʱʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ: ʥʘʙʣʶʜʘʝʪʩʷ 

ʥʝʦʙʨʘʪʠʤʦʝ ʨʘʟʨʫʰʝʥʠʝ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʣʫʯʝʤ ʣʘʟʝʨʘ; ʨʘʟʨʫʰʝʥʠʝ ʠʤʝʝʪ ʧʦʨʦʛʦʚʳʡ ʭʘʨʘʢʪʝʨ; 

ʠʟʤʝʥʷʝʪʩʷ ʣʫʯʝʚʘʷ ʩʪʦʡʢʦʩʪʴ, ʦʙʲʝʤ ʠ ʢʦʣʠʯʝʩʪʚʦ ʠʩʧʘʨʷʝʤʦʛʦ ʚʝʱʝʩʪʚʘ. ʆʪʣʠʯʠʪʝʣʴʥʳʝ 

ʩʪʦʨʦʥʳ ʵʬʬʝʢʪʘ çʥʘʢʦʧʣʝʥʠʷè ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ: ʚ ʩʣʫʯʘʝ ʦʧʪʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʠʤʧʫʣʴʩʦʚ ʣʘʟʝʨʘ (ʥʘ ʦʜʥʦ ʠ ʪʦ ʞʝ ʤʝʩʪʦ ʤʠʰʝʥʠ) ʫʚʝʣʠʯʠʚʘʝʪʩʷ 

ʦʙʲʝʤ ʨʘʟʨʫʰʝʥʠʷ ʠ ʢʦʣʠʯʝʩʪʚʦ ʠʩʧʘʨʷʝʤʦʛʦ ʚʝʱʝʩʪʚʘ, ʫʤʝʥʴʰʘʝʪʩʷ ʧʦʨʦʛ ʨʘʟʨʫʰʝʥʠʷ, 

ʣʫʯʝʚʘʷ ʩʪʦʡʢʦʩʪʴ ʠ ʠʦʥʠʟʘʮʠʦʥʥʳʡ ʩʦʩʪʘʚ ʧʣʘʟʤʳ, ʨʘʟʨʫʰʝʥʠʝ ʧʦ ʭʘʨʘʢʪʝʨʫ ʧʝʨʝʭʦʜʠʪ ʦʪ 

ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʢ ʦʙʲʝʤʥʦʤʫ. ɸ ʚ ʩʣʫʯʘʝ ʤʝʪʘʣʣʘ W (ʦʧʪʠʯʝʩʢʠ ʥʝʧʨʦʟʨʘʯʥʦʛʦ) ʫʤʝʥʴʰʘʝʪʩʷ 

ʦʙʲʝʤ ʨʘʟʨʫʰʝʥʠʷ, ʢʦʣʠʯʝʩʪʚʦ ʠʩʧʘʨʷʝʤʦʛʦ ʚʝʱʝʩʪʚʘ ʠ ʢʦʣʠʯʝʩʪʚʦ ʠʦʥʠʟʘʮʠʦʥʥʦʛʦ ʩʦʩʪʘʚʘ 

ʧʨʠʤʝʩʝʡ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʦʨʦʛ ʨʘʟʨʫʰʝʥʠʷ, ʣʫʯʝʚʘʷ ʩʪʦʡʢʦʩʪʴ (ʠʟ-ʟʘ ʣʫʯʝʚʦʡ ʠ ʪʝʧʣʦʚʦʡ 

ʟʘʢʘʣʢʠ ʚʝʱʝʩʪʚʘ) ʠ ʤʘʢʩʠʤʘʣʴʥʘʷ ʢʨʘʪʥʦʩʪʴ ʟʘʨʷʜʘ ʤʘʪʝʨʠʘʣʘ ʤʠʰʝʥʠ, ʘ ʨʘʟʨʫʰʝʥʠʝ ʧʦ 

ʭʘʨʘʢʪʝʨʫ ʧʝʨʝʭʦʜʠʪ ʦʪ ʦʙʲʝʤʥʦʛʦ ʢ ʧʦʚʝʨʭʥʦʩʪʥʦʤʫ. ʀʩʭʦʜʷ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ, ʢʦʛʜʘ ʚ 

ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʘ ʩʣʫʞʠʪ ʤʝʪʘʣʣ, ʵʬʬʝʢʪ çʥʘʢʦʧʣʝʥʠʷè ʤʦʞʥʦ ʥʘʟʚʘʪʴ ʵʬʬʝʢʪʦʤ çʟʘʢʘʣʢʠè 

ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʧʨʠ ʤʥʦʛʦʢʨʘʪʥʦʤ ʦʙʣʫʯʝʥʠʠ ʠʟʣʫʯʝʥʠʝʤ ʣʘʟʝʨʘ, ʪ. ʝ. ʚ ʟʦʥʝ ʜʝʡʩʪʚʠʷ ʠʟʣʫʯʝʥʠʷ 

ʣʘʟʝʨʘ ʚʝʱʝʩʪʚʦ ʟʘʢʘʣʠʚʘʝʪʩʷ ʣʫʯʝʤ ʠ ʪʝʧʣʦʤ ʩ ʨʦʩʪʦʤ ʢʦʣʠʯʝʩʪʚʘ ʠʤʧʫʣʴʩʦʚ ʣʘʟʝʨʘ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʙʣʘʛʦʜʘʨʷ ʵʬʬʝʢʪʫ çʥʘʢʦʧʣʝʥʠʷè ʧʨʠ ʤʥʦʛʦʢʨʘʪʥʦʤ ʦʙʣʫʯʝʥʠʠ Wïʤʠʰʝʥʠ 

ʠʟʣʫʯʝʥʠʝʤ ʣʘʟʝʨʘ, ʧʨʦʠʩʭʦʜʠʪ ʫʤʝʥʴʰʝʥʠʝ ʦʙʲʝʤʘ ʠ ʢʦʣʠʯʝʩʪʚʘ ʠʩʧʘʨʷʝʤʦʛʦ ʚʝʱʝʩʪʚʘ, 

ʢʦʪʦʨʦʝ ʧʨʠʚʦʜʠʪ ʢ ʨʦʩʪʫ ʧʣʦʪʥʦʩʪʠ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʠʦʥʠʟʦʚʘʥʥʦʛʦ ʚʝʱʝʩʪʚʘ. ɺ ʢʦʥʝʯʥʦʤ 

ʠʪʦʛʝ, ʵʪʠ ʧʨʦʮʝʩʩʳ, ʧʨʦʪʝʢʘʶʱʠʝ ʟʘ ʩʯʝʪ ʵʬʬʝʢʪʘ çʥʘʢʦʧʣʝʥʠʷè, ʫʚʝʣʠʯʠʚʘʶʪ 

ʠʦʥʠʟʘʮʠʦʥʥʳʡ ʩʦʩʪʘʚ W (ʪ. ʝ. ʧʨʠʚʦʜʷʪ ʢ ʨʦʩʪʫ Zmax ʠʦʥʦʚ W).  
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ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʟʘʢʣʶʯʝʥʠʝ ʦʪʤʝʪʠʤ, ʯʪʦ ʵʬʬʝʢʪ çʥʘʢʦʧʣʝʥʠʷè ʫʤʝʥʴʰʘʝʪ ʧʨʠʤʝʩʥʳʡ ʩʦʩʪʘʚ ʠ ʤʘʩʩʫ 

ʠʩʧʘʨʝʥʥʦʛʦ ʚʝʱʝʩʪʚʘ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʠ ʫʚʝʣʠʯʠʚʘʝʪ ʣʘʟʝʨʥʫʶ ʩʪʦʡʢʦʩʪʴ 

ʪʚʝʨʜʦʛʦ ʪʝʣʘ, ʤʘʢʩʠʤʘʣʴʥʫʶ ʢʨʘʪʥʦʩʪʴ ʟʘʨʷʜʘ ʠʦʥʦʚ W ʚ ʜʦʧʦʨʦʛʦʚʦʡ ʠ ʩʚʝʨʭʧʦʨʦʛʦʚʦʡ 

ʦʙʣʘʩʪʠ ʧʣʦʪʥʦʩʪʠ ʤʦʱʥʦʩʪʠ ʣʘʟʝʨʘ, ʥʝ ʪʨʝʙʫʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʵʥʝʨʛʠʠ ʠʟʣʫʯʝʥʠʷ ʣʘʟʝʨʘ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʦʙʣʘʩʪʠ ʧʣʘʟʤʝʥʥʦʡ ʦʧʪʠʢʠ, ʬʠʟʠʢʠ 

ʣʘʟʝʨʘ ʠ ʧʣʘʟʤʳ, ʷʜʝʨʥʦʡ ʠ ʬʠʟʠʯʝʩʢʦʡ ʵʣʝʢʪʨʦʥʠʢʠ, ʤʝʪʝʦʨʦʣʦʛʠʠ. 
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ɸʥʥʦʪʘʮʠʷ. ʉʪʨʫʢʪʫʨʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʚʦʜʳ ʠ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʷʚʣʷʝʪʩʷ ʥʝ ʜʦ ʢʦʥʮʘ ʠʟʫʯʝʥʥʦʡ. ʅʘʢʦʧʣʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ 

ʧʦʟʚʦʣʠʪ ʨʘʩʰʠʨʠʪʴ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʩʪʨʫʢʪʫʨʝ ʞʠʜʢʠʭ ʩʨʝʜ. ɺ ʨʘʙʦʪʝ 

ʤʝʪʦʜʘʤʠ ʜʠʵʣʝʢʪʨʦʤʝʪʨʠʠ, ʠʤʧʝʜʘʥʩʘ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 20 Áʉ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʯʘʩʪʦʪʳ ʨʝʘʢʪʠʚʥʦʛʦ ʪʦʢʘ ʦʪ 1 ʜʦ 3000 ʢɻʮ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʝʤʢʦʩʪʴ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʳ 

ʤʥʦʛʦʢʨʘʪʥʦ ʩʥʠʞʘʝʪʩʷ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʩʫʱʝʩʪʚʦʚʘʥʠʝʤ ʚ ʚʦʜʝ ʩʪʨʫʢʪʫʨʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ð 

ʘʩʩʦʮʠʘʪʦʚ ʤʦʣʝʢʫʣ ʚʦʜʳ, ʚ ʢʦʪʦʨʳʭ ʯʘʩʪʦʪʳ ʢʦʣʝʙʘʥʠʡ ʜʠʧʦʣʝʡ ʚʦʜʳ ʥʠʞʝ ʯʘʩʪʦʪ ʚʥʝʰʥʝʛʦ 
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ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ. ʄʥʦʛʦʢʨʘʪʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʝʤʢʦʩʪʠ ʨʘʩʪʚʦʨʦʚ  ʭʣʦʨʥʦʛʦ 

ʞʝʣʝʟʘ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ, ʚʝʨʦʷʪʥʦ, ʦʙʫʩʣʦʚʣʝʥʦ ʧʨʦʮʝʩʩʘʤʠ 

ʯʘʩʪʠʯʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ ʘʩʩʦʮʠʘʪʦʚ ʤʦʣʝʢʫʣ ʚʦʜʳ ʚ ʨʘʩʪʚʦʨʘʭ ʠ ʛʠʜʨʘʪʘʮʠʠ ʠʦʥʦʚ. 

ɺʦʟʨʘʩʪʘʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʝʤʢʦʩʪʠ, ʧʨʦʚʦʜʠʤʦʩʪʠ, ʜʦʙʨʦʪʥʦʩʪʠ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʢʦʥʪʫʨʘ 

ʟʦʣʝʡ ʛʠʜʨʦʢʩʠʜʘ ʞʝʣʝʟʘ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʭʦʜʥʳʤʠ ʨʘʩʪʚʦʨʘʤʠ ʭʣʦʨʥʦʛʦ ʞʝʣʝʟʘ, ʦʯʝʚʠʜʥʦ, 

ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʤ, ʯʪʦ ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʤʠʮʝʣʣ ʚ ʨʘʩʪʚʦʨʘʭ ʧʨʦʠʩʭʦʜʠʪ ʜʘʣʴʥʝʡʰʝʝ 

ʨʘʟʨʫʰʝʥʠʝ ʘʩʩʦʮʠʘʪʦʚ ʤʦʣʝʢʫʣ ʚʦʜʳ, ʯʘʩʪʠʯʥʘʷ ʦʨʠʝʥʪʘʮʠʷ ʚʳʩʚʦʙʦʞʜʘʶʱʠʭʩʷ ʧʨʠ ʵʪʦʤ 

ʜʠʧʦʣʝʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʠʮʝʣʣ ʠ ʫʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʚʦʙʦʜʥʳʭ ʜʠʧʦʣʝʡ ʚʦʜʳ, 

ʠʤʝʶʱʠʭ ʤʘʢʩʠʤʘʣʴʥʫʶ ʧʦʜʚʠʞʥʦʩʪʴ. ʇʨʝʜʣʦʞʝʥʥʳʝ ʤʝʪʦʜʳ ʠ ʢʦʥʩʪʨʫʢʮʠʠ ʠʟʤʝʨʠʪʝʣʴʥʳʭ 

ʷʯʝʝʢ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʠʟʫʯʝʥʠʷ ʩʪʨʫʢʪʫʨʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʚʦʜʳ, ʚʦʜʥʳʭ 

ʨʘʩʪʚʦʨʦʚ ʠ ʢʦʣʣʦʠʜʥʳʭ ʩʠʩʪʝʤ.  

 

Abstract. The structural organization of water and water solutions is not until the end of studied 

now. Accumulation of the experimental data in this area will allow to expand theoretical ideas of 

structure of the liquid environments. In operation by methods of dielectrometry, an impedance it is 

shown that at a temperature of 20 ÁC with increase in frequency of reactive current from 1 to 3000 

kHz the electrical capacity of the distilled water repeatedly decreases that is caused by existence in 

water of structural educations ï associates of molecules of water in which oscillation frequencies of 

dipoles of water are lower than frequencies of an outside electric field. Repeated increase in electrical 

capacity of solutions of chloric iron, in comparison with the distilled water is probably caused by 

processes of the partial corrupting of associates of molecules of water in solutions and hydration of 

ions. Increase of electrical capacity, conductivity, good quality of an oscillating circuit of sols of 

hydroxide of iron, in comparison with the initial solutions of chloric iron, obviously, is caused by the 

fact that in case of formation of micelles in solutions there is a further corrupting of associates of 

molecules of water, the partial orientation of the dipoles which are released at the same time to 

surfaces of micelles and increase in concentration of the free dipoles of water having the maximum 

mobility. The offered methods and constructions of measuring cells can be used for a study of 

structural features of water, water solutions and the colloid systems. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʪʨʫʢʪʫʨʘ ʚʦʜʳ, ʢʦʣʣʦʠʜʥʳʭ ʠ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ, ʟʦʣʴ, ʵʣʝʢʪʨʠʯʝʩʢʘʷ 

ʝʤʢʦʩʪʴ, ʨʝʟʦʥʘʥʩ, ʧʨʦʚʦʜʠʤʦʩʪʴ, ʛʠʜʨʘʪʘʮʠʷ ʠʦʥʦʚ. 

 

Keywords: water structure, the structure of aqueous and colloidal solutions, electric capacity, 

resonance, conduction, hydration of ions. 

 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʤʦʣʝʢʫʣʘ ʚʦʜʳ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʘʪʦʤʘ ʢʠʩʣʦʨʦʜʘ ʠ ʜʚʫʭ ʘʪʦʤʦʚ ʚʦʜʦʨʦʜʘ, 

ʠʤʝʝʪ ʩʤʝʱʝʥʠʝ ʮʝʥʪʨʦʚ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʠ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʟʘʨʷʜʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʘ. 

ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʘʪʦʤʳ ʚʦʜʦʨʦʜʘ ʤʦʣʝʢʫʣʳ ʚʦʜʳ ʤʦʛʫʪ ʦʙʨʘʟʦʚʳʚʘʪʴ ʚʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ ʩ 

ʘʪʦʤʘʤʠ ʢʠʩʣʦʨʦʜʘ ʩʦʩʝʜʥʠʭ ʤʦʣʝʢʫʣ ʚʦʜʳ. 

ʉʦʚʨʝʤʝʥʥʳʡ ʚʟʛʣʷʜ ʥʘ ʩʪʨʫʢʪʫʨʫ ʚʦʜʳ ʚ ʞʠʜʢʦʤ ʩʦʩʪʦʷʥʠʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʚ 

ʥʝʡ ʩʫʱʝʩʪʚʫʝʪ ʣʘʙʠʣʴʥʘʷ, ʩʪʨʫʢʪʫʨʥʦ ʠ ʜʠʥʘʤʠʯʝʩʢʠ ʥʝʦʜʥʦʨʦʜʥʘʷ ʪʨʝʭʤʝʨʥʘʷ ʩʝʪʢʘ, 

ʦʙʨʘʟʦʚʘʥʥʘʷ ʤʦʣʝʢʫʣʘʤʠ ʚʦʜʳ, ʩʦʝʜʠʥʝʥʥʳʤʠ ʚʦʜʦʨʦʜʥʳʤʠ ʩʚʷʟʷʤʠ [1]. ʉʨʝʜʥʝʝ ʚʨʝʤʷ 

ʞʠʟʥʠ ʚʦʜʦʨʦʜʥʳʭʩʚʷʟʝʡ ʩʦʩʪʘʚʣʷʝʪ ~10-12 ʩ.   

ʅʘʣʠʯʠʝ  ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʚ ʚʦʜʝ ʠ ʝʝ ʨʘʩʪʚʦʨʘʭ ʧʨʦʠʩʭʦʜʠʪ 

ʥʝʧʨʝʨʳʚʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʠ ʨʘʟʨʫʰʝʥʠʝ ʘʩʩʦʮʠʘʪʦʚ ʤʦʣʝʢʫʣ ʚʦʜʳ [2ï4]. ɸʩʩʦʮʠʘʪ 

ʤʠʥʠʤʘʣʴʥʦʛʦ ʨʘʟʤʝʨʘ ï ʢʣʘʩʪʝʨ ʩʦʩʪʦʠʪ ʠʟ 6 ʤʦʣʝʢʫʣ ʚʦʜʳ [5]. ʈʘʟʤʝʨ ʢʣʘʩʪʝʨʘ ʚ 

ʧʦʧʝʨʝʯʥʠʢʝ ð ʦʢʦʣʦ 1 ʥʤ. 

ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʤʧʣʝʢʩʘ ʨʘʟʣʠʯʥʳʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ ʧʨʠʩʫʪʩʪʚʫʶʪ ʥʘʥʦʨʘʟʤʝʨʥʳʝ ʤʦʣʝʢʫʣʷʨʥʳʝ ʘʩʩʦʮʠʘʪʳ ʩ ʨʘʟʤʝʨʘʤʠ ʜʦ 400 

ʥʤ [6], ʘ ʪʘʢʞʝ ʢʣʘʩʪʝʨʳ ʩ ʨʘʟʤʝʨʘʤʠ ʦʪ 10 ʤʢʤ ʜʦ 100 ʤʢʤ (ʛʠʛʘʥʪʩʢʠʝ ʛʝʪʝʨʦʬʘʟʥʳʝ ʢʣʘʩʪʝʨʳ 
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ʚʦʜʳ ð ɻɻʂɺ), ʦʮʝʥʝʥʳ ʠʭ ʬʦʨʤʘ,  ʜʠʥʘʤʠʢʘ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʨʘʟʨʫʰʝʥʠʷ [2ï4]. ʉ ʫʯʝʪʦʤ 

ʤʘʣʳʭ ʜʣʠʪʝʣʴʥʦʩʪʝʡ ʞʠʟʥʠ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʠ ʧʨʠ ʧʦʩʪʦʷʥʥʳʭ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʫʩʣʦʚʠʷʭ, ʦʯʝʚʠʜʥʦ, ʤʦʞʥʦ ʛʦʚʦʨʠʪʴ ʠ ʦ ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʫʩʨʝʜʥʝʥʥʦʛʦ ʩʪʨʫʢʪʫʨʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʚʦʜʳ. 

ʈʘʩʧʨʝʜʝʣʝʥʥʳʝ ʚ ʞʠʜʢʦʡ (ʢʦʥʪʠʥʫʘʣʴʥʦʡ) ʬʘʟʝ ɻɻʂɺ ʦʙʨʘʟʫʶʪʩʷ ʠ ʨʘʟʨʫʰʘʶʪʩʷ ʚ 

ʪʝʯʝʥʠʝ 1ï2 ʩʝʢʫʥʜ [2, 3], ʘ  ʨʘʟʤʝʨʳ ʢʣʘʩʪʝʨʦʚ ʟʘʚʠʩʷʪ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʩʪʚʦʨʘ [7], 

ʪʝʤʧʝʨʘʪʫʨʳ, ʚʦʟʜʝʡʩʪʚʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ [8], ʨʅ [9] ʠ ʜʨʫʛʠʭ ʬʘʢʪʦʨʦʚ. ʊʘʢ ʧʨʠ ʦʙʨʘʙʦʪʢʝ 

ʚʦʜr ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ ʚ ʥʝʡ ʧʨʦʠʩʭʦʜʠʪ ʩʥʠʞʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ɻɻʂɺ (ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ 

ʢʨʫʧʥʳʭ ʨʘʟʤʝʨʦʚ) [8].  

ɺ ʨʷʜʝ ʨʘʙʦʪ [10ï12] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʪʨʫʢʪʫʨʘ ʚʦʜʳ ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʭʠʤʠʯʝʩʢʠʭ 

ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ, ʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʠʤʝʶʪ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʝ 

ʟʥʘʯʝʥʠʝ. ɺ ʨʷʜʝ ʜʨʫʛʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʚʦʟʜʝʡʩʪʚʠʷʭ ʥʘ ʚʦʜʫ ʥʘʙʣʶʜʘʣʠ 

ʠʟʤʝʥʝʥʠʝ ʩʚʦʡʩʪʚ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʥʷ, ʙʝʪʦʥʘ [13], ʧʦʚʳʰʝʥʠʝ ʫʨʦʞʘʡʥʦʩʪʠ ʨʘʩʪʝʥʠʡ ʠ 

ʠʟʤʝʥʝʥʠʝ ʠʭ ʩʦʩʪʘʚʘ [14]. ʆʜʥʘʢʦ, ʘʚʪʦʨʳ ʵʪʠʭ ʨʘʙʦʪ ʥʘʙʣʶʜʘʝʤʳʝ ʵʬʬʝʢʪʳ ʥʝ ʦʮʝʥʠʚʘʣʠ 

ʢʘʢ ʧʦʩʣʝʜʩʪʚʠʷ ʠʟʤʝʥʝʥʠʡ ʩʪʨʫʢʪʫʨʳ ʚʦʜʳ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʟʚʝʩʪʝʥ ʩʧʦʩʦʙ ʦʮʝʥʢʠ ʩʪʨʫʢʪʫʨʳ ʚʦʜʳ ʠ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ [15], 

ʧʦʟʚʦʣʷʶʱʠʡ ʦʧʨʝʜʝʣʷʪʴ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʝʤʢʦʩʪʴ ʨʘʩʪʚʦʨʦʚ ʚ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ ʦʪ  ʦʪ 100 ɻʮ 

ʜʦ 3 ʤɻʮ. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʪʦʛʦ ʩʧʦʩʦʙʘ ʧʦʩʣʝ ʨʘʟʣʠʯʥʳʭ  ʚʦʟʜʝʡʩʪʚʠʡ ʚʳʷʚʝʥʳ 

ʤʥʦʛʦʢʨʘʪʥʳʝ ʠ ʚʦʩʧʨʦʠʟʚʦʜʠʤʳʝ ʠʟʤʝʥʝʥʠʷ ʚʝʣʠʯʠʥʳ ʨʝʘʢʪʠʚʥʦʛʦ ʪʦʢʘ ʯʝʨʝʟ 

ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʷʯʝʡʢʠ, ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʝʤʢʦʩʪʠ ʚʦʜʳ ʠ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ, ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʣʦ  ʦʙ ʠʟʤʝʥʝʥʠʷʭ ʚ ʠʭ ʩʪʨʫʢʪʫʨʝ.  

ʎʝʣʴ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʜʘʣʴʥʝʡʰʝʤ ʠʟʫʯʝʥʠʠ ʩʪʨʫʢʪʫʨʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʘʩʪʚʦʨʦʚ 

ʥʘ ʧʨʠʤʝʨʝ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʭʣʦʨʥʦʛʦ ʞʝʣʝʟʘ ʠ ʟʦʣʷ ʪʨʝʭʚʘʣʝʥʪʥʦʛʦ ʞʝʣʝʟʘ.  

 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ɺ ʦʧʳʪʘʭ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʘʷ ʚʦʜʘ ʩ ʧʨʦʚʦʜʠʤʦʩʪʴʶ ʧʨʠ 20 Áʉ ʦʪ 1,2 ʜʦ 2 

ʤʢCʤ/cʤ, ʘ ʪʘʢʞʝ  ʚʦʜʥʳʝ ʨʘʩʪʚʦʨʳ ʭʣʦʨʠʜʘ ʞʝʣʝʟʘ ʚ ʢʦʥʮʝʥʪʨʘʮʠʷʭ 1Ĭ10ī3 ʄ ʠ 1Ĭ10ī2 ʄ ʠ 

ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ ʭʣʦʨʠʜʘ ʥʘʪʨʠʷ ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 1Ĭ10ī2 ʄ. ɿʦʣʴ ʛʠʜʨʦʢʩʠʜʘ ʞʝʣʝʟʘ ʧʦʣʫʯʘʣʠ 

ʧʫʪʝʤ ʢʠʧʷʯʝʥʠʷ ʨʘʩʪʚʦʨʘ FeCl3 ʫʢʘʟʘʥʥʳʭ ʚʳʰʝ ʢʦʥʮʝʥʪʨʘʮʠʡ ʚ ʪʝʯʝʥʠʝ 3 ʤʠʥʫʪ ʜʦ 

ʦʙʨʘʟʦʚʘʥʠʷ  ʞʠʜʢʦʩʪʠ ʢʨʘʩʥʦïʢʦʨʠʯʥʝʚʦʛʦ ʮʚʝʪʘ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʝʜʝʥʳ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʞʠʜʢʦʩʪʝʡ 20 Áʉ.  

ʇʝʨʚʘʷ ʠʟʤʝʨʠʪʝʣʴʥʘʷ ʷʯʝʡʢʘ (ʈʠʩʫʥʦʢ 1ɸ) ʚʢʣʶʯʘʝʪ ʩʪʘʥʜʘʨʪʥʫʶ ʩʪʝʢʣʷʥʥʫʶ ʧʨʦʙʠʨʢʫ 

ʜʠʘʤʝʪʨʦʤ 20 ʤʤ ʠ ʜʣʠʥʦʡ 200 ʤʤ, ʚ ʢʦʪʦʨʳʡ ʧʦʤʝʱʘʶʪ ʠʩʩʣʝʜʫʝʤʳʝ ʞʠʜʢʦʩʪʠ, ʘ ʪʘʢʞʝ ʜʚʝ 

ʦʙʢʣʘʜʢʠ ʢʦʥʜʝʥʩʘʪʦʨʘ ʠʟ ʥʝʤʘʛʥʠʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ (ʧʣʦʱʘʜʴʶ 22 ʩʤ2 ʢʘʞʜʘʷ). 

ʆʙʢʣʘʜʢʠ ʢʦʥʜʝʥʩʘʪʦʨʘ ʩʤʝʱʝʥʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʘ ʚ ʧʘʨʘʣʣʝʣʴʥʳʭ ʧʣʦʩʢʦʩʪʷʭ ʠ 

ʥʝ ʠʤʝʶʪ ʧʦʚʝʨʭʥʦʩʪʠ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʥʘʧʨʦʪʠʚ ʜʨʫʛ ʜʨʫʛʘ.  ɺʪʦʨʘʷ ʠʟʤʝʨʠʪʝʣʴʥʘʷ ʷʯʝʡʢʘ 

(ʈʠʩʫʥʦʢ 1ɹ) ʚʢʣʶʯʘʝʪ ʮʠʣʠʥʜʨʠʯʝʩʢʠʡ ʩʪʝʢʣʷʥʥʳʡ ʩʦʩʫʜ ʝʤʢʦʩʪʴʶ100 ʤʣ, ʘ ʪʘʢʞʝ ʜʚʘ 

ʧʣʦʩʢʠʭ ʵʣʝʢʪʨʦʜʘ ʠʟ ʥʝʤʘʛʥʠʪʥʦʡ ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ (ʧʣʦʱʘʜʴʶ 2 ʩʤ2 ʢʘʞʜʳʡ), 

ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʞʠʜʢʦʩʪʠ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 20 ʤʤ.   

ʅʘʧʨʷʞʝʥʠʝ ʢ ʠʟʤʝʨʠʪʝʣʴʥʳʤ ʷʯʝʡʢʘʤ ʧʦʜʘʝʪʩʷ ʦʪ ʛʝʥʝʨʘʪʦʨʘ ʩʠʥʫʩʦʠʜʘʣʴʥʳʭ 

ʢʦʣʝʙʘʥʠʡ AFG 2025, ʩʠʛʥʘʣ ʩ ʷʯʝʝʢ ʫʩʠʣʠʚʘʝʪʩʷ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʤ ʫʩʠʣʠʪʝʣʝʤ ʥʘ ʦʩʥʦʚʝ 

ʤʠʢʨʦʩʭʝʤʳ AD8067 ʠ ʠʟʤʝʨʷʝʪʩʷ ʥʘ ʦʩʮʠʣʣʦʛʨʘʬʝ PDS5022S.  

ɺʝʣʠʯʠʥʘ ʥʘʧʨʷʞʝʥʠʷ ʛʝʥʝʨʘʪʦʨʘ ʩʠʥʫʩʦʠʜʘʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ, ʧʦʜʚʦʜʠʤʦʛʦ ʢ 

ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʷʯʝʡʢʝ ɸ, ʫʤʝʥʴʰʘʝʪʩʷ ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʝʛʦ ʯʘʩʪʦʪʝ. ʕʪʦ, ʚʦ-ʧʝʨʚʳʭ, 

ʫʤʝʥʴʰʘʝʪ ʟʘʚʠʩʠʤʦʩʪʴ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ ʯʝʨʝʟ ʠʟʤʝʨʠʪʝʣʴʥʫʶ ʷʯʝʡʢʫ ʦʪ ʝʛʦ ʯʘʩʪʦʪʳ, ʯʪʦ 

ʩʥʠʞʘʝʪ ʚʣʠʷʥʠʝ ʚʝʣʠʯʠʥʳ ʨʝʘʢʪʠʚʥʦʛʦ ʪʦʢʘ ʥʘ ʩʪʨʫʢʪʫʨʫ ʞʠʜʢʦʩʪʝʡ. ɺʦ-ʚʪʦʨʳʭ, ʪʘʢʘʷ 

ʢʦʥʩʪʨʫʢʮʠʷ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʷʯʝʡʢʠ ʫʚʝʣʠʯʠʚʘʶʪ ʜʠʥʘʤʠʯʝʩʢʠʡ ʜʠʘʧʘʟʦʥ ʠʟʤʝʥʝʥʠʷ ʩʠʛʥʘʣʘ 

ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʩʪʨʫʢʪʫʨʳ ʚʦʜʳ ʠ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ. 
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ʈʠʩʫʥʦʢ 1. ʀʟʤʝʨʠʪʝʣʴʥʳʝ ʷʯʝʡʢʠ. ɸ ð ʦʙʢʣʘʜʢʠ ʢʦʥʜʝʥʩʘʪʦʨʘ ʥʘ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʷʯʝʡʢʝ ʩʤʝʱʝʥʳ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʘ ʚ ʧʘʨʘʣʣʝʣʴʥʳʭ ʧʣʦʩʢʦʩʪʷʭ ʠ ʥʝ ʠʤʝʶʪ ʧʦʚʝʨʭʥʦʩʪʠ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ 

ʥʘʧʨʦʪʠʚ ʜʨʫʛ ʜʨʫʛʘ. ɹ ð ʜʚʘ ʧʣʦʩʢʠʭ ʵʣʝʢʪʨʦʜʘ ʠʟ ʥʝʤʘʛʥʠʪʥʦʡ ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ ʨʘʟʤʝʱʝʥʳ  

ʚ ʩʪʝʢʣʷʥʥʦʡ ʝʤʢʦʩʪʠ. 1 ð ʝʤʢʦʩʪʴ ʜʣʷ ʞʠʜʢʦʩʪʠ, 2 ð ʠʩʩʣʝʜʫʝʤʘʷ ʞʠʜʢʦʩʪʴ, 3 ʠ 4 ð ʦʙʢʣʘʜʢʠ 

ʢʦʥʜʝʥʩʘʪʦʨʘ; 5 ð ʢʣʝʤʤʳ ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ ʩʠʛʥʘʣʘ ʦʪ ʛʝʥʝʨʘʪʦʨʘ ʩʠʥʫʩʦʠʜʘʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ 

 

ʇʣʦʪʥʦʩʪʴ ʪʦʢʘ ʥʘ ʦʙʢʣʘʜʢʘʭ ʢʦʥʜʝʥʩʘʪʦʨʘ ʧʨʠ ʠʟʤʝʨʝʥʠʠ ʝʤʢʦʩʪʠ ʥʝ ʧʨʝʚʳʰʘʝʪ 50 

ʥA/ʩʤ2, ʘ ʯʘʩʪʦʪʘ ʠʟʤʝʥʷʝʪʩʷ ʦʪ 1 ʢɻʮ ʜʦ 3000 ʢɻʮ. ʇʨʠ ʠʟʤʝʨʝʥʠʠ ʜʦʙʨʦʪʥʦʩʪʠ 

ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʢʦʥʪʫʨʘ ʚʝʣʠʯʠʥʳ ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʥʘ ʫʨʦʚʥʝ, ʧʦʟʚʦʣʷʶʱʝʤ 

ʧʦʣʫʯʠʪʴ ʨʝʟʦʥʘʥʩʥʫʶ ʯʘʩʪʦʪʫ 100 ʢɻʮ. ʇʣʦʪʥʦʩʪʴ ʪʦʢʘ  ʥʘ ʦʙʢʣʘʜʢʘʭ ʢʦʥʜʝʥʩʘʪʦʨʘ ʧʨʠ ʵʪʦʤ 

ʥʝ ʧʨʝʚʳʰʘʝʪ 110 ʥA/ʩʤ2. ʇʨʦʚʦʜʠʤʦʩʪʴ ʨʘʩʪʚʦʨʦʚ ʠ ʟʦʣʝʡ ʭʣʦʨʥʦʛʦ ʞʝʣʝʟʘ ʠʟʤʝʨʷʣʠ ʥʘ 

ʯʘʩʪʦʪʝ 1 ʢɻʮ. ɼʝʪʘʣʠ ʤʝʪʦʜʠʢʠ ʦʧʠʩʘʥʳ ʨʘʥʝʝ ʚ ʨʘʙʦʪʝ [15]. 

  

ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ  

ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 20 Áʉ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʯʘʩʪʦʪʳ ʨʝʘʢʪʠʚʥʦʛʦ ʪʦʢʘ ʦʪ 1 ʜʦ 100 ʢɻʮ 

ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʝʤʢʦʩʪʴ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʳ ʤʥʦʛʦʢʨʘʪʥʦ (ʜʦ 8% ʦʪ ʠʩʭʦʜʥʦʛʦ ʫʨʦʚʥʷ, 

ʈ<0,001) ʩʥʠʞʘʝʪʩʷ (ʈʠʩʫʥʦʢ 2).  

ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ ʧʦʚʳʰʝʥʠʠ ʯʘʩʪʦʪʳ ʜʦ 3000 ʢɻʮ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʝʤʢʦʩʪʴ ʧʨʘʢʪʠʯʝʩʢʠ 

ʥʝ ʠʟʤʝʥʷʝʪʩʷ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʫʞʝ ʧʨʠ ʯʘʩʪʦʪʝ 3 ʢɻʮ ʝʤʢʦʩʪʴ ʩʥʠʞʘʝʪʩʷ ʜʦ 44% ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʯʘʩʪʦʪʦʡ 1 ʢɻʮ (ʈ<0,001). 

ʕʣʝʢʪʨʠʯʝʩʢʘʷ ʝʤʢʦʩʪʴ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ FeCl3 ʧʦʚʳʰʘʝʪʩʷ ʢʘʢ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ, ʪʘʢ ʠ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʩʪʚʦʨʘ. ʊʘʢ, ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ FeCl3 ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 1Ĭ10ī3 ʄ ʤʥʦʛʦʢʨʘʪʥʦʝ ʚʦʟʨʘʩʪʘʥʠʝ 

ʝʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʝʤʢʦʩʪʠ  (ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʝʤʢʦʩʪʴʶ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʳ)  ʥʘʙʣʶʜʘʝʪʩʷ 

ʥʘ ʯʘʩʪʦʪʘʭ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 3 ʢɻʮ ʜʦ 3000 ʢɻʮ (ʈ<0,001 ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ).  ʇʨʠ ʧʦʚʳʰʝʥʠʠ ʞʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ FeCl3 ʦʪ 1Ĭ10ī3 ʄ ʜʦ 1Ĭ10ī2 ʄ ʧʨʦʠʩʭʦʜʠʪ ʚʦʟʨʘʩʪʘʥʠʝ  

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʝʤʢʦʩʪʠ ʥʘ ʯʘʩʪʦʪʘʭ 300 ʢɻʮ 1000 ʢɻʮ ʠ 3000 ʢɻʮ ʥʘ 24%, 150% ʠ 300% 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʈ<0,001 ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ), ʧʦʚʳʰʝʥʠʝ ʜʦʙʨʦʪʥʦʩʪʠ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʢʦʥʪʫʨʘ 

ʥʘ 240% ʠ ʧʨʦʚʦʜʠʤʦʩʪʠ ʨʘʩʪʚʦʨʘ ʙʦʣʝʝ, ʯʝʤ ʚ 2 ʨʘʟʘ.  

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʝʣʠʯʠʥʳ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʝʤʢʦʩʪʠ (ʈʠʩʫʥʦʢ 2) ʠ ʜʦʙʨʦʪʥʦʩʪʠ 

ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʢʦʥʪʫʨʘ 1Ĭ10ī2 ʄ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʭʣʦʨʠʜʘ ʥʘʪʨʠʷ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 1Ĭ10ī2 ʄ 
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ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʭʣʦʨʠʜʘ ʞʝʣʝʟʘ ʙʳʣʠ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ. ʊʘʢ, ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʝʤʢʦʩʪʴ 

1Ĭ10ī2 ʄ ʚʦʜʥʦʛʦ  ʨʘʩʪʚʦʨʘ  ʭʣʦʨʠʜʘ  ʥʘʪʨʠʷ  ʙʳʣʘ ʤʝʥʴʰʝ  ʥʘ  ʯʘʩʪʦʪʘʭ 300 ʢɻʮ, 1000 ʢɻʮ ʠ 

3000 ʢɻʮ  ʥʘ 8%, 34%  ʠ 58%, ʘ ʜʦʙʨʦʪʥʦʩʪʴ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʢʦʥʪʫʨʘ ʥʘ ʯʘʩʪʦʪʝ 100 ʢɻʮ ð ʥʘ 

53%  (ʈ<0,001 ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ). 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 2. ɿʘʚʠʩʠʤʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʝʤʢʦʩʪʠ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʳ, ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ FeCl3  

ʠ ʟʦʣʝʡ ʛʠʜʨʦʢʩʠʜʘ ʞʝʣʝʟʘ ʦʪ ʯʘʩʪʦʪʳ ʨʝʘʢʪʠʚʥʦʛʦ ʪʦʢʘ: 1 ð ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʘʷ ʚʦʜʘ; 2 ð 10ī3 ʄ 

ʨʘʩʪʚʦʨ FeCl3; 3 ð ʟʦʣʴ ʛʠʜʨʦʢʩʠʜʘ ʞʝʣʝʟʘ, ʧʦʣʫʯʝʥʥʳʡ ʠʟ 10ī3 ʄ ʨʘʩʪʚʦʨʘ FeCl3; 4 ð 10ī2 ʄ ʨʘʩʪʚʦʨ 

FeCl3; 5 ð ʟʦʣʴ ʛʠʜʨʦʢʩʠʜʘ ʞʝʣʝʟʘ, ʧʦʣʫʯʝʥʥʳʡ ʠʟ 10ī2ʄ ʨʘʩʪʚʦʨʘ FeCl3, 6 ð 10ī2ʄ ʨʘʩʪʚʦʨ NaCl 

 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʵʢʚʠʤʦʣʷʨʥʳʭ ʠ ʨʘʟʣʠʯʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ 

ʨʘʩʪʚʦʨʦʚ ʩʦʣʝʡ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʜʘʥʥʳʤʠ, ʧʦʣʫʯʝʥʥʳʤ ʨʘʥʝʝ [15], ʠ ʧʦʟʚʦʣʷʶʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, 

ʯʪʦ ʚ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʝ ʝʝ ʤʦʣʝʢʫʣʳ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʯʥʦ ʩʚʷʟʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ ʚ 

ʨʘʟʣʠʯʥʳʝ ʘʩʩʦʮʠʘʪʳ. ʕʪʦ ʩʥʠʞʘʝʪ ʧʦʜʚʠʞʥʦʩʪʴ ʜʠʧʦʣʝʡ ʚʦʜʳ ʦʩʦʙʝʥʥʦ ʥʘ ʚʳʩʦʢʠʭ ʯʘʩʪʦʪʘʭ.  

ʇʨʠ ʧʦʚʳʰʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʩʪʚʦʨʦʚ FeCl3 ʧʦʜʚʠʞʥʦʩʪʴ ʜʠʧʦʣʝʡ ʚʦʜʳ ʚ ʥʠʭ, ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ, ʧʦʚʳʰʘʝʪʩʷ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʢʦʥʮʝʥʪʨʘʮʠʠ. ʕʪʦ, 

ʦʯʝʚʠʜʥʦ, ʦʙʫʩʣʦʚʣʝʥʦ  ʯʘʩʪʠʯʥʳʤ ʨʘʟʨʫʰʝʥʠʝʤ ʢʨʫʧʥʳʭ ʢʣʘʩʪʝʨʦʚ ʚʦʜʳ ʫʞʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʮʝʩʩʦʚ ʛʠʜʨʘʪʘʮʠʠ ʠʦʥʦʚ, ʯʪʦ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʫʚʝʣʠʯʝʥʠʠ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʝʤʢʦʩʪʠ ʨʘʩʪʚʦʨʦʚ, ʦʩʦʙʝʥʥʦ ʥʘ ʚʳʩʦʢʠʭ ʯʘʩʪʦʪʘʭ, ʘ ʪʘʢʞʝ ʚ ʧʦʚʳʰʝʥʠʠ 

ʜʦʙʨʦʪʥʦʩʪʠ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʢʦʥʪʫʨʘ ʥʘ ʯʘʩʪʦʪʝ 100 ʢɻʮ ʠ ʧʨʦʚʦʜʠʤʦʩʪʠ ʨʘʩʪʚʦʨʦʚ. 

ʇʦʜʦʙʥʳʡ ʵʬʬʝʢʪ ʨʘʟʨʫʰʝʥʠʷ ʢʣʘʩʪʝʨʦʚ  ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ NaCl ʦʧʠʩʘʥ ʚ ʨʘʙʦʪʘʭ ʜʨʫʛʠʭ 

ʘʚʪʦʨʦʚ [7, 16].   
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ʈʠʩʫʥʦʢ 3. ʆʪʥʦʩʠʪʝʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ (ʚ %) ʧʨʦʚʦʜʠʤʦʩʪʠ ʧʨʠ ʯʘʩʪʦʪʝ 1 ʢɻʮ ʠ ʜʦʙʨʦʪʥʦʩʪʠ 

ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʢʦʥʪʫʨʘ (Q) ʧʨʠ ʯʘʩʪʦʪʝ 100 ʢɻʮ: 1 ð ʧʦʚʳʰʝʥʠʝ ʧʨʦʚʦʜʠʤʦʩʪʠ ʟʦʣʷ ʛʠʜʨʦʢʩʠʜʘ 

ʞʝʣʝʟʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʠʟ 10ī3 ʄ ʨʘʩʪʚʦʨʘ FeCl3 ʧʦ ʩʨʘʚʥʝʥʠʶ c 10ī3 ʄ ʨʘʩʪʚʦʨʦʤ FeCl3; 2 ð 

ʧʦʚʳʰʝʥʠʝ ʧʨʦʚʦʜʠʤʦʩʪʠ  ʟʦʣʷ  ʛʠʜʨʦʢʩʠʜʘ ʞʝʣʝʟʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʠʟ 10ī2 ʄ ʨʘʩʪʚʦʨʘ FeCl3 ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ 10ī2 ʄ ʨʘʩʪʚʦʨʦʤ FeCl3;  3 ð ʧʦʚʳʰʝʥʠʝ ʜʦʙʨʦʪʥʦʩʪʠ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʢʦʥʪʫʨʘ (Q) ʩ 

ʟʦʣʝʤ ʛʠʜʨʦʢʩʠʜʘ ʞʝʣʝʟʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʠʟ 10ī3ʄ ʨʘʩʪʚʦʨʘ FeCl3 ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 10ī3 ʄ ʨʘʩʪʚʦʨʦʤ 

FeCl3; 4 ð ʧʦʚʳʰʝʥʠʝ ʜʦʙʨʦʪʥʦʩʪʠ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʢʦʥʪʫʨʘ (Q) ʩ ʟʦʣʝʤ ʛʠʜʨʦʢʩʠʜʘ ʞʝʣʝʟʘ, 

ʧʦʣʫʯʝʥʥʦʛʦ ʠʟ 10ī2 ʄ ʨʘʩʪʚʦʨʘ FeCl3 ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 10ī2 ʄ ʨʘʩʪʚʦʨʦʤ FeCl3 

 

ʉ ʫʯʝʪʦʤ ʦʪʤʝʯʝʥʥʳʭ ʚʳʰʝ ʠʟʤʝʥʝʥʠʡ ʩʪʨʫʢʪʫʨʳ ʨʘʩʪʚʦʨʦʚ ʟʥʘʯʠʪʝʣʴʥʳʡ ʠʥʪʝʨʝʩ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʮʝʥʢʘ ʩʪʨʫʢʪʫʨʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʢʦʣʣʦʠʜʥʳʭ ʩʠʩʪʝʤ, ʠʤʝʶʱʠʭ ʦʜʠʥʘʢʦʚʳʡ 

ʢʘʯʝʩʪʚʝʥʥʳʡ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ʩʦʩʪʘʚ ʩ ʨʘʩʪʚʦʨʘʤʠ ʚʦʜʥʳʭ ʩʦʣʝʡ, ʥʦ ʦʪʣʠʯʘʶʱʠʭʩʷ 

ʩʪʨʫʢʪʫʨʥʦʡ ʦʨʛʘʥʠʟʘʮʠʝʡ ʩʠʩʪʝʤʳ. ʅʘ ʈʠʩʫʥʢʘʭ 2 ʠ 3 ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʦʮʝʥʢʠ 

ʩʪʨʫʢʪʫʨʥʳʭ ʠʟʤʝʥʝʥʠʡ ʚ ʟʦʣʷʭ ʛʠʜʨʦʢʩʠʜʘ ʞʝʣʝʟʘ, ʧʦʣʫʯʝʥʥʳʭ ʧʦʩʣʝ ʥʘʛʨʝʚʘʥʠʷ ʠ 

ʧʦʩʣʝʜʫʶʱʝʛʦ ʦʩʪʳʚʘʥʠʷ ʨʘʩʪʚʦʨʘ FeCl3 

ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʝʤʢʦʩʪʴ ʟʦʣʷ ʛʠʜʨʦʢʩʠʜʘ ʞʝʣʝʟʘ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʨʘʩʪʚʦʨʦʤ FeCl3 ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 1Ĭ10ī3 ʄ ʚʦʟʨʘʩʪʘʣʘ ʥʘ ʯʘʩʪʦʪʘʭ ʦʪ 300 ʢɻʮ 

ʜʦ 3000 ʢɻʮ. ʇʨʠ ʵʪʦʤ ʜʦʙʨʦʪʥʦʩʪʴ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʢʦʥʪʫʨʘ ʫʚʝʣʠʯʠʚʘʣʘʩʴ ʥʘ 71%, ʘ 

ʧʨʦʚʦʜʠʤʦʩʪʴ ð ʥʘ 48% (ʈ<0,001 ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ). ɸʥʘʣʦʛʠʯʥʳʝ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ 

ʥʘʙʣʶʜʘʣʠʩʴ ʠ ʧʨʠ  ʠʩʩʣʝʜʦʚʘʥʠʠ ʟʦʣʷ ʛʠʜʨʦʢʩʠʜʘ ʞʝʣʝʟʘ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ 

ʨʘʩʪʚʦʨʦʤ FeCl3 ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 1Ĭ10ī2 ʄ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʝʤʢʦʩʪʴ ʟʦʣʷ 

ʚʦʟʨʘʩʪʘʣʘ ʥʘ ʯʘʩʪʦʪʘʭ 1000 ʢɻʮ ʠ 3000 ʢɻʮ, ʜʦʙʨʦʪʥʦʩʪʴ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʢʦʥʪʫʨʘ ʠ 

ʧʨʦʚʦʜʠʤʦʩʪʴ ʫʚʝʣʠʯʠʚʘʣʠʩʴ ʥʘ 38% ʠ 35% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʈ<0,001 ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ). 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʷʶʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʟʦʣ ̫ʛʠʜʨʦʢʩʠʜʘ 

ʞʝʣʝʟʘ ʥʘʙʣʶʜʘʝʪʩʷ ʩʚʷʟʳʚʘʥʠʝ ʠ ʦʨʠʝʥʪʘʮʠʷ ʤʦʣʝʢʫʣ ʚʦʜʳ ʚ ʘʜʩʦʨʙʮʠʦʥʥʦʤ ʠ 

ʜʠʬʬʫʟʠʦʥʥʦʤ ʩʣʦʷʭ  ʤʠʮʝʣʣʳ. ʉʭʝʤʘʪʠʯʥʦ ʧʨʦʮʝʩʩ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʫʨʘʚʥʝʥʠʝʤ:  

{m[Fe(OH)3] n Fe3+ (3n-x)Cl- ĬyH2O}3x+ 3Cl ï ĬzH2O 

ʇʨʠ ʵʪʦʤ ʩʦʚʝʨʰʝʥʥʦ ʦʯʝʚʠʜʥʦ, ʯʪʦ ʧʦʜʚʠʞʥʦʩʪʴ ʜʠʧʦʣʝʡ ʚʦʜʳ ʚ ʜʠʬʬʫʟʥʦʤ ʩʣʦʝ 

ʥʘʤʥʦʛʦ ʚʳʰʝ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʭ ʧʦʜʚʠʞʥʦʩʪʴʶ ʚ ʘʜʩʦʨʙʮʠʦʥʥʦʤ ʩʣʦʝ. ʉʧʦʩʦʙʥʦʩʪʴ ʤʦʣʝʢʫʣ 

ʚʦʜʳ ʚ ʜʠʬʬʫʟʥʦʤ ʩʣʦʝ ʩʚʦʙʦʜʥʦ ʦʙʤʝʥʠʚʘʪʴʩʷ ʩ ʜʠʩʧʝʨʩʥʦʡ ʩʨʝʜʦʡ ʧʨʠʚʦʜʠʪ ʢ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʤʫ ʨʘʟʨʫʰʝʥʠʶ ʘʩʩʦʮʠʘʪʦʚ ʤʦʣʝʢʫʣ ʚʦʜʳ (ʢʣʘʩʪʝʨʦʚ), ʯʪʦ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʧʦʚʳʰʝʥʠʝʤ ʧʦʜʚʠʞʥʦʩʪʠ ʜʠʧʦʣʝʡ ʚʦʜʳ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚʦʟʨʘʩʪʘʥʠʝʤ ʟʥʘʯʝʥʠʡ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʝʤʢʦʩʪʠ, ʧʨʦʚʦʜʠʤʦʩʪʠ ʟʦʣʝʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʭʦʜʥʳʤʠ ʚʦʜʥʳʤʠ ʨʘʩʪʚʦʨʘʤʠ   

ʭʣʦʨʠʜʘ  ʞʝʣʝʟʘ ʠ ʫʚʝʣʠʯʝʥʠʝʤ ʟʥʘʯʝʥʠʡ ʜʦʙʨʦʪʥʦʩʪʠ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʢʦʥʪʫʨʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʧʨʦʚʝʜʝʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʟʦʣʝʡ 

ʛʠʜʨʦʢʩʠʜʘ ʞʝʣʝʟʘ ʧʨʦʠʩʭʦʜʷʪ ʚʳʨʘʞʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʧʦʜʚʠʞʥʦʩʪʠ ʜʠʧʦʣʝʡ ʚʦʜʳ ʠ, 
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ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʝʝ ʩʪʨʫʢʪʫʨʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ, ʘ ʤʝʪʦʜ ʜʠʵʣʝʢʪʨʦʤʝʪʨʠʠ, ʨʝʟʦʥʘʥʩʥʳʡ ʠ 

ʠʤʧʝʜʘʥʩʥʳʡ ʤʝʪʦʜʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʠʟʫʯʝʥʠʷ ʩʪʨʫʢʪʫʨʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʚ 

ʚʦʜʝ, ʚʦʜʥʦïʩʦʣʝʚʳʭ ʨʘʩʪʚʦʨʘʭ ʠ ʜʠʩʧʝʨʩʥʳʭ ʩʠʩʪʝʤʘʭ.  

 

ɺʳʚʦʜʳ 

1. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 20 Áʉ ʫʤʝʥʴʰʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʝʤʢʦʩʪʠ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʳ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʯʘʩʪʦʪʳ ʪʦʢʘ ʦʪ 1 ʜʦ 100 ʢɻʮ ʦʙʫʩʣʦʚʣʝʥʦ ʩʫʱʝʩʪʚʦʚʘʥʠʝʤ ʚ ʚʦʜʝ ʩʪʨʫʢʪʫʨʥʳʭ 

ʦʙʨʘʟʦʚʘʥʠʡ ð ʘʩʩʦʮʠʘʪʦʚ ʤʦʣʝʢʫʣ ʚʦʜʳ, ʚ ʢʦʪʦʨʳʭ ʯʘʩʪʦʪʳ ʢʦʣʝʙʘʥʠʡ ʜʠʧʦʣʝʡ ʚʦʜʳ ʥʠʞʝ 

ʯʘʩʪʦʪ ʚʥʝʰʥʝʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ.  

2. ʄʥʦʛʦʢʨʘʪʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʝʤʢʦʩʪʠ ʨʘʩʪʚʦʨʦʚ  ʭʣʦʨʥʦʛʦ ʞʝʣʝʟʘ, ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ, ʦʙʫʩʣʦʚʣʝʥʦ ʧʨʦʮʝʩʩʘʤʠ ʯʘʩʪʠʯʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ 

ʘʩʩʦʮʠʘʪʦʚ ʤʦʣʝʢʫʣ ʚʦʜʳ ʚ ʨʘʩʪʚʦʨʘʭ ʠ ʛʠʜʨʘʪʘʮʠʠ ʠʦʥʦʚ. 

3. ɺʦʟʨʘʩʪʘʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʝʤʢʦʩʪʠ, ʧʨʦʚʦʜʠʤʦʩʪʠ, ʜʦʙʨʦʪʥʦʩʪʠ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ 

ʢʦʥʪʫʨʘ ʟʦʣʝʡ ʛʠʜʨʦʢʩʠʜʘ ʞʝʣʝʟʘ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʭʦʜʥʳʤʠ ʨʘʩʪʚʦʨʘʤʠ ʭʣʦʨʥʦʛʦ ʞʝʣʝʟʘ, 

ʚʝʨʦʷʪʥʦ, ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʤ, ʯʪʦ ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʤʠʮʝʣʣ ʚ ʨʘʩʪʚʦʨʘʭ ʧʨʦʠʩʭʦʜʠʪ ʨʘʟʨʫʰʝʥʠʷ 

ʘʩʩʦʮʠʘʪʦʚ ʤʦʣʝʢʫʣ ʚʦʜʳ, ʯʘʩʪʠʯʥʘʷ ʦʨʠʝʥʪʘʮʠʷ ʚʳʩʚʦʙʦʞʜʘʶʱʠʭʩʷ ʧʨʠ ʵʪʦʤ ʜʠʧʦʣʝʡ ʚ 

ʩʪʨʫʢʪʫʨʝ ʤʠʮʝʣʣ r ʠ ʫʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʚʦʙʦʜʥʳʭ ʜʠʧʦʣʝʡ ʚʦʜʳ, ʠʤʝʶʱʠʭ 

ʤʘʢʩʠʤʘʣʴʥʫʶ ʧʦʜʚʠʞʥʦʩʪʴ. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʟʫʯʘʝʪʩʷ ʨʝʘʢʮʠʷ ʘʮʠʣʠʨʦʚʘʥʠʷ ʘʥʠʟʦʣʘ ʫʢʩʫʩʥʳʤ 

ʘʥʛʠʜʨʠʜʦʤ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ ð ʧïʤʝʪʦʢʩʠʘʮʝʪʦʬʝʥʦʥʘ ʠ 

ʤ-ʤʝʪʦʢʩʠʘʮʝʪʦʬʝʥʦʥʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ: ʭʣʦʨʠʜʦʚ ʘʣʶʤʠʥʠʷ, ʞʝʣʝʟʘ, 

ʢʦʙʘʣʴʪʘ, ʘ ʪʘʢʞʝ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʮʝʦʣʠʪʘ, ʢʦʙʘʣʴʪïʩʦʜʝʨʞʘʱʠʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ 

ʦʩʥʦʚʝ ʦʢʩʠʜʦʚ ʘʣʶʤʠʥʠʷ ʠ ʢʨʝʤʥʠʷ. 

 

Abstract. In the current work, the reaction of acylation of anisole with acetic anhydride is 

studied in order to obtain biologically active substancesïpïmethoxyacetophenone and mï

methoxyacetophenone using aluminum, iron, cobalt chloride catalysts, as well as zeoliteïbased 

catalysts, cobaltïcontaining catalysts based on alumina and silica. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʝʘʢʮʠʷ ʌʨʠʜʝʣʷïʂʨʘʬʪʩʘ, ʘʮʠʣʠʨʦʚʘʥʠʝ, ʤʝʪʦʢʩʠʘʮʝʥʪʦʬʝʥʦʥ. 

 

Keywords: FriedelïCrafts reaction, acylation, methoxyacetophenone. 

 

ʧïʄʝʪʦʢʩʠʘʮʝʪʦʬʝʥʦʥ ð ʧʨʦʜʫʢʪ ʨʝʘʢʮʠʠ ʌʨʠʜʝʣʷïʂʨʘʬʪʩʘ ð ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʙʝʩʮʚʝʪʥʳʝ ʢʨʠʩʪʘʣʣʳ ʩ ʟʘʧʘʭʦʤ ʮʚʝʪʦʚ ʛʝʣʠʦʪʨʦʧʘ ʠ ʙʦʷʨʳʰʥʠʢʘ, ʣʝʛʢʦ ʨʘʩʪʚʦʨʷʶʱʠʝʩʷ ʚ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ ʠ ʧʣʦʭʦ ï ʚ ʚʦʜʝ. ʕʪʦ ʚʝʱʝʩʪʚʦ ʠʤʝʝʪ ʚʘʞʥʦʝ ʧʨʘʢʪʠʯʝʩʢʦʝ 

ʟʥʘʯʝʥʠʝ. ʧïʄʝʪʦʢʩʠʘʮʝʪʦʬʝʥʦʥ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʨʘʟʥʳʭ ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʚʢʣʶʯʘʷ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʜʫʰʠʩʪʳʭ ʚʝʱʝʩʪʚ ʠ ʩʠʥʪʝʟ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ 

(http://www.xumuk.ru/encyklopedia/2598.html; http://essentiale.ru/products/instruction). 

ɸʮʠʣʠʨʦʚʘʥʠʝ ʧʦ ʨʝʘʢʮʠʠ ʌʨʠʜʝʣʷïʂʨʘʬʪʩʘ ð ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʡ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ 

ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʠ ʞʠʨʥʦïʘʨʦʤʘʪʠʯʝʩʢʠʭ ʢʝʪʦʥʦʚ, ʙʦʣʴʰʠʥʩʪʚʦ ʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʧʝʨʝʭʦʜʥʳʝ ʧʨʦʜʫʢʪʳ ʚ ʠʟʛʦʪʦʚʣʝʥʠʠ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠʭ ʧʨʝʧʘʨʘʪʦʚ, ʨʘʟʣʠʯʥʳʭ ʢʨʘʩʠʪʝʣʝʡ. 

ɺ ʨʝʘʢʮʠʶ ʩ ʪʨʫʜʦʤ ʚʩʪʫʧʘʶʪ ʨʝʘʛʝʥʪʳ, ʚʢʣʶʯʘʶʱʠʝ ʚ ʩʝʙʷ ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʳʝ 

ʛʨʫʧʧʠʨʦʚʢʠ (ʥʘʧʨʠʤʝʨ, -NO2) ʠ ʥʝ ʚʩʪʫʧʘʶʪ ʨʝʘʛʝʥʪʳ, ʚʢʣʶʯʘʶʱʠʝ ʚ ʩʝʙʷ ʛʨʫʧʧʠʨʦʚʢʠ, 

ʩʧʦʩʦʙʥʳʝ ʩʚʷʟʳʚʘʪʴ ʢʠʩʣʦʪʳ ʃʴʶʠʩʘ (ʥʘʧʨʠʤʝʨ, -OH, -NH2). ʈʝʘʢʮʠʠ ʌʨʠʜʝʣʷïʂʨʘʬʪʩʘ ð 

ʵʪʦ ʪʠʧʠʯʥʘʷ ʨʝʘʢʮʠʷ ʵʣʝʢʪʨʦʬʠʣʴʥʦʛʦ ʟʘʤʝʱʝʥʠʷ ʚ ʙʝʥʟʦʣʴʥʦʤ ʮʠʢʣʝ [1ï3].  
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ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ 

ɸʮʠʣʠʨʦʚʘʥʠʝ ʘʥʠʟʦʣʘ ʫʢʩʫʩʥʳʤ ʘʥʛʠʜʨʠʜʦʤ ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʣʘʙʦʨʘʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʝ 

(ʈʠʩʫʥʦʢ 1), ʩʦʩʪʦʷʱʝʡ ʠʟ ʢʨʫʛʣʦʜʦʥʥʦʡ ʢʦʣʙʳ, ʦʙʨʘʪʥʦʛʦ ʭʦʣʦʜʠʣʴʥʠʢʘ, ʢʦʣʙʦʥʘʛʨʝʚʘʪʝʣʷ ʠ 

ʩʪʝʢʣʷʥʥʦʡ ʯʝʪʳʨʝʭʣʦʧʘʩʪʥʦʡ ʤʝʰʘʣʢʠ, ʧʨʠʚʦʜʠʤʦʡ ʚ ʜʝʡʩʪʚʠʝ ʩ ʧʦʤʦʱʴʶ 

ʘʚʪʦʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʃɸʊʈ-2ʄ. ʇʨʦʮʝʩʩ ʧʨʦʚʦʜʠʣʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 100 Áʉ. ɺ ʪʠʧʠʯʥʦʤ 

ʵʢʩʧʝʨʠʤʝʥʪʝ ʚ ʢʦʣʙʫ ʚʥʦʩʠʣʠʩʴ 5 ʤʣ ʘʥʠʟʦʣʘ ʠ 0,1 ʛ ʢʘʪʘʣʠʟʘʪʦʨʘ. ʇʦʩʣʝ ʜʦʩʪʠʞʝʥʠʷ 

ʟʘʜʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʢ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʜʦʙʘʚʣʷʣʩʷ ʘʣʢʠʣʠʨʫʶʱʠʡ ʘʛʝʥʪ ï ʫʢʩʫʩʥʳʡ 

ʘʥʛʠʜʨʠʜ ï ʚ ʢʦʣʠʯʝʩʪʚʝ 10 ʤʣ. ʇʨʦʙʳ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʦʪʙʠʨʘʣʠʩʴ ʯʝʨʝʟ ʢʘʞʜʳʝ 30 ʤʠʥʫʪ 

ʠ ʘʥʘʣʠʟʠʨʦʚʘʣʠʩʴ ʤʝʪʦʜʦʤ ʛʘʟʦʚʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ (GSMS-QP2010S, 

SHIMADZU, ʗʧʦʥʠʷ). ɺ ʨʘʙʦʪʝ ʧʨʦʚʦʜʠʣʦʩʴ ʪʝʩʪʠʨʦʚʘʥʠʝ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʨʘʟʣʠʯʥʦʡ ʧʨʠʨʦʜʳ: 

AlCl 3, FeCl3, CoCl2, FeïHZSH, Co/SiO2 ʠ Co/Al 2O3, ð ʧʨʠʤʝʥʷʶʱʠʭʩʷ ʚ ʨʝʘʢʮʠʠ ʌʨʠʜʝʣʷï

ʂʨʘʬʪʩʘ. 

 

 
 

ʈʠʩʫʥʦʢ 1. ʃʘʙʦʨʘʪʦʨʥʘʷ ʫʩʪʘʥʦʚʢʘ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʘʮʠʣʠʨʦʚʘʥʠʶ ʘʥʠʟʦʣʘ  

 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʷ 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʥʚʝʨʩʠʠ, ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʠ ʢʦʥʝʯʥʦʡ ʢʦʥʚʝʨʩʠʠ ʧʨʠ 

ʧʨʠʤʝʥʝʥʠʠ ʨʘʟʣʠʯʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʊʘʙʣʠʮʝ 1. 
ʊʘʙʣʠʮʘ 1. 

ʉɽʃɽʂʊʀɺʅʆʉʊʔ ʇʆ ʧ-ʄɽʊʆʂʉʀɸʎɽʊʆʌɽʅʆʅʋ (S) ʀ ʂʆʅɽʏʅɸʗ ʂʆʅɺɽʈʉʀʗ (Kʢʦʥ.) (ʚ %) 

ɺ ʈɽɸʂʎʀʀ ʌʈʀɼɽʃʗ-ʂʈɸʌʊʉɸ ɼʃʗ ɸʅʀɿʆʃɸ 

ʇʈʀ ʀʉʇʆʃʔɿʆɺɸʅʀʀ ʈɸɿʃʀʏʅʓʍ ʂɸʊɸʃʀɿɸʊʆʈʆɺ 

ʂʘʪʘʣʠʟʘʪʦʨ S, %* Kʢʦʥ., % 

AlCl 3 65 95 

FeCl3 50 96 

CoCl2 55 96 

Fe-HZSH 92 98 

Co/SiO2 70 93 

Co/Al2O3 91 99 

* ʉʝʣʝʢʪʠʚʥʦʩʪʴ ʜʘʥʘ ʧʨʠ 70% ʢʦʥʚʝʨʩʠʠ ʘʥʠʟʦʣʘ. 
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ʃʴʶʠʩʦʚʳ ʢʠʩʣʦʪʳ (ʭʣʦʨʠʜʳ ʘʣʶʤʠʥʠʷ, ʞʝʣʝʟʘ, ʢʦʙʘʣʴʪʘ) ʥʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʳʩʦʢʦʡ 

ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ ʨʝʘʢʮʠʠ ð ʧ-ʤʝʪʦʢʩʠʘʮʝʪʦʬʝʥʦʥʘ ð ʟʘ ʩʯʝʪ ʦʜʠʥʘʢʦʚʦʛʦ 

ʫʚʝʣʠʯʝʥʠʷ ʩʢʦʨʦʩʪʠ ʮʝʣʝʚʦʡ ʠ ʧʦʙʦʯʥʦʡ ʨʝʘʢʮʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʤïʤʝʪʦʢʩʠʘʮʝʪʦʬʝʥʦʥʘ. 

ʂʘʪʘʣʠʟʘʪʦʨ Co/SiO2 ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʝʩʢʦʣʴʢʦ ʤʝʥʴʰʫʶ ʢʦʥʚʝʨʩʠʶ ʘʥʠʟʦʣʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʜʨʫʛʠʤʠ ʠʩʧʦʣʴʟʫʝʤʳʤʠ ʢʘʪʘʣʠʟʘʪʦʨʘʤʠ ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʟʘ ʩʯʝʪ ʤʝʥʴʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʣʴʶʠʩʦʚʩʢʠʭ ʢʠʩʣʦʪʥʳʭ ʮʝʥʪʨʦʚ. ʅʠʟʢʘʷ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʮʝʣʝʚʦʤʫ ʧʨʦʜʫʢʪʫ 

ʜʣʷ ʜʘʥʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʚʝʨʦʷʪʥʦ, ʩʚʷʟʘʥʘ ʩ ʫʩʢʦʨʝʥʠʝʤ ʧʦʙʦʯʥʦʡ ʨʝʘʢʮʠʠ. ʅʘʠʙʦʣʴʰʘʷ 

ʩʪʝʧʝʥʴ ʢʦʥʚʝʨʩʠʠ ʘʥʠʟʦʣʘ, ʪʘʢ ʞʝ ʢʘʢ ʠ ʥʘʠʙʦʣʴʰʘʷ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʦ ʧïʤʝʪʦʢʩʠʘʮʝʪʦʬʝʥʦʥʫ 

ʥʘʙʣʶʜʘʝʪʩʷ ʜʣʷ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʮʝʦʣʠʪʘ (FeïHZSM) ʠ ʢʦʙʘʣʴʪïʩʦʜʝʨʞʘʱʝʛʦ 

ʢʘʪʘʣʠʟʘʪʦʨʘ ʥʘ ʦʩʥʦʚʝ ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʜʘʥʥʳʝ ʥʦʩʠʪʝʣʠ ʩʦʜʝʨʞʘʪ ʥʘ ʩʚʦʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʢʠʩʣʦʪʥʳʭ ʮʝʥʪʨʦʚ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʫʶ ʩʢʦʨʦʩʪʴ ʨʝʘʢʮʠʠ 

ʌʨʠʜʝʣʷïʂʨʘʬʪʩʘ.  

ʆʪʥʦʰʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ ð ʧïʤʝʪʦʢʩʠʘʮʝʪʦʬʝʥʦʥʘ ʠ ʤï

ʤʝʪʦʢʩʠʘʮʝʪʦʬʝʥʦʥʘ ð ʜʣʷ ʢʘʞʜʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʊʘʙʣʠʮʝ 2, ʘ ʪʘʢʞʝ ʥʘ 

ʈʠʩʫʥʢʘʭ 2ï7. 

 
ʊʘʙʣʠʮʘ 2. 

ʇʈʆʎɽʅʊʅʓɽ ʉʆʆʊʅʆʐɽʅʀʗ ʇʆʃʋʏɽʅʅʓʍ ʇʈʆɼʋʂʊʆɺ ʈɽɸʂʎʀʀ ʌʈʀɼɽʃʗï

ʂʈɸʌʊʉɸ ɼʃʗ ɸʅʀɿʆʃɸ ð ʧïʄɽʊʆʂʉʀɸʎɽʊʆʌɽʅʆʅɸ ʀ ʤïʄɽʊʆʂʉʀɸʎɽʊʆʌɽʅʆʅɸ 

ɼʃʗ ʂɸɾɼʆɻʆ ʆʇʓʊɸ 

ʂʘʪʘʣʠʟʘʪʦʨ ʇʄɸʌ/ʄʄɸʌ*, % 

AlCl 3 62/33 

FeCl3 48/48 

CoCl2 53/43 

Fe-HZSH 90/8 

Co/SiO2 65/28 

Co/Al2O3 90/9 

* ʇʄɸʌ ð ʧïʤʝʪʦʢʩʠʘʮʝʪʦʬʝʥʦʥ, ʄʄɸʌ ð ʤïʤʝʪʦʢʩʠʘʮʝʪʦʬʝʥʦʥ 
 

 

 
 

ʈʠʩʫʥʦʢ 2. ʂʠʥʝʪʠʯʝʩʢʠʝ ʢʨʠʚʳʝ ʨʘʩʭʦʜʦʚʘʥʠʷ ʘʥʠʟʦʣʘ ʠ ʥʘʢʦʧʣʝʥʠʷ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ  

ʚ ʧʨʠʩʫʪʩʪʚʠʠ AlCl 3 
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ʈʠʩʫʥʦʢ 3. ʂʠʥʝʪʠʯʝʩʢʠʝ ʢʨʠʚʳʝ ʨʘʩʭʦʜʦʚʘʥʠʷ ʘʥʠʟʦʣʘ ʠ ʥʘʢʦʧʣʝʥʠʷ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ  

ʚ ʧʨʠʩʫʪʩʪʚʠʠ FeCl3 

 

 
 

ʈʠʩʫʥʦʢ 4. ʂʠʥʝʪʠʯʝʩʢʠʝ ʢʨʠʚʳʝ ʨʘʩʭʦʜʦʚʘʥʠʷ ʘʥʠʟʦʣʘ ʠ ʥʘʢʦʧʣʝʥʠʷ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ  

ʚ ʧʨʠʩʫʪʩʪʚʠʠ CoCl2 

 

 
 

ʈʠʩʫʥʦʢ 5. ʂʠʥʝʪʠʯʝʩʢʠʝ ʢʨʠʚʳʝ ʨʘʩʭʦʜʦʚʘʥʠʷ ʘʥʠʟʦʣʘ ʠ ʥʘʢʦʧʣʝʥʠʷ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ  

ʚ ʧʨʠʩʫʪʩʪʚʠʠ FeïHZSH 

0,00

20,00

40,00

60,00

80,00

100,00

120,00

0,0 30,0 60,0 90,0 120,0

ʘʥʠʟʦʣ

ʧ-ʤʝʪʦʢʩʠʘʮʝʪʦʬʝʥʦʥ

ʤ-ʤʝʪʦʢʩʠʘʮʝʪʦʬʝʥʦʥ

0,00

20,00

40,00

60,00

80,00

100,00

120,00

0,0 30,0 60,0 90,0 120,0

ʘʥʠʟʦʣ

ʧ-ʤʝʪʦʢʩʠʘʮʝʪʦʬʝʥʦʥ

ʤ-ʤʝʪʦʢʩʠʘʮʝʪʦʬʝʥʦʥ

0,00

20,00

40,00

60,00

80,00

100,00

120,00

0,0 30,0 60,0 90,0 120,0

ʘʥʠʟʦʣ

ʧ-ʤʝʪʦʢʩʠʘʮʝʪʦʬʝʥʦʥ

ʤ-ʤʝʪʦʢʩʠʘʮʝʪʦʬʝʥʦʥ

http://www.bulletennauki.com/


 

 

ɹʶʣʣʝʪʝʥʴ ʥʘʫʢʠ ʠ ʧʨʘʢʪʠʢʠ ð Bulletin of Science and Practice

ʥʘʫʯʥʳʡ ʞʫʨʥʘʣ (scientific journal)   ˉ8 2017 ʛ. 
http://www.bulletennauki.com 

 

 

 

41 

 

 

 

 
 

ʈʠʩʫʥʦʢ 6. ʂʠʥʝʪʠʯʝʩʢʠʝ ʢʨʠʚʳʝ ʨʘʩʭʦʜʦʚʘʥʠʷ ʘʥʠʟʦʣʘ ʠ ʥʘʢʦʧʣʝʥʠʷ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ  

ʚ ʧʨʠʩʫʪʩʪʚʠʠ Co/SiO2 

 
 

ʈʠʩʫʥʦʢ 7. ʂʠʥʝʪʠʯʝʩʢʠʝ ʢʨʠʚʳʝ ʨʘʩʭʦʜʦʚʘʥʠʷ ʘʥʠʟʦʣʘ ʠ ʥʘʢʦʧʣʝʥʠʷ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ  

ʚ ʧʨʠʩʫʪʩʪʚʠʠ Co/Al 2O3 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʩʭʦʜʥʳʭ ʚʝʱʝʩʪʚ ʠ ʮʝʣʝʚʳʭ ʧʨʦʜʫʢʪʦʚ 

ʨʝʘʢʮʠʠ ʚ ʦʧʨʝʜʝʣʝʥʥʳʝ ʧʨʦʤʝʞʫʪʢʠ ʚʨʝʤʝʥʠ ʜʣʷ ʢʘʞʜʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʦʪʣʠʯʥʘ ʠ 

ʩʧʝʮʠʬʠʯʥʘ. ʅʘʠʙʦʣʴʰʘʷ ʥʘʯʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʨʘʩʭʦʜʦʚʘʥʠʷ ʘʥʠʟʦʣʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʢʘʪʘʣʠʟʘʪʦʨʫ Co/Al 2O3, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʝʛʦ ʘʢʪʠʚʥʦʩʪʴ ʚʳʰʝ, ʯʝʤ ʘʢʪʠʚʥʦʩʪʴ ʦʩʪʘʣʴʥʳʭ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ (AlCl3, FeCl3, CoCl2, FeïHZSH, Co/SiO2). ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʚʨʝʤʝʥʠ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʨʦʠʩʭʦʜʠʪ ʩʥʠʞʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʢʘʪʘʣʠʟʘʪʦʨʘ: ʵʪʦ ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʧʦ 

ʧʦʩʪʝʧʝʥʥʦʤʫ ʦʙʨʝʪʝʥʠʶ ʣʠʥʠʠ ʢʨʠʚʦʡ ʛʠʧʝʨʙʦʣʠʯʝʩʢʦʛʦ ʚʠʜʘ. ɼʘʥʥʦʝ ʷʚʣʝʥʠʝ ʥʘ ʢʦʥʝʯʥʦʤ 

ʧʝʨʠʦʜʝ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩʦ ʩʣʝʜʫʶʱʠʤʠ ʬʘʢʪʦʨʘʤʠ: 

1. ʅʘʩʳʱʝʥʠʝ ʢʠʩʣʦʪʥʳʭ ʮʝʥʪʨʦʚ; 

2. ʆʪʨʘʚʣʝʥʠʝ ʢʘʪʘʣʠʟʘʪʦʨʘ; 

3. ʅʘʩʳʱʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʪʘʣʠʟʘʪʦʨʘ ʧʨʦʜʫʢʪʦʤ ʨʝʘʢʮʠʠ (ʜʝʩʦʨʙʮʠʷ ʧʨʦʜʫʢʪʘ ʠʜʝʪ 

ʤʝʜʣʝʥʥʝʝ, ʯʝʤ ʨʝʘʢʮʠʠ; ʘʜʩʦʨʙʮʠʷ ʨʝʘʛʝʥʪʘ). 

 

ɺʳʚʦʜʳ 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʠ ʘʣʢʠʣʠʨʦʚʘʥʠʷ ʘʥʠʟʦʣʘ ʫʢʩʫʩʥʳʤ ʘʥʛʠʜʨʠʜʦʤ ʥʘʠʙʦʣʝʝ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʠʤʝʥʝʥʠʝ ʥʝ ʢʣʘʩʩʠʯʝʩʢʠʭ ʢʠʩʣʦʪ ʃʴʶʠʩʘ, ʘ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ (ʥʘʧʨʠʤʝʨ, ʛʝʪʝʧʦʣʠʢʠʩʣʦʪʳ, ʮʝʦʣʠʪʳ), ʧʦʩʢʦʣʴʢʫ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 
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ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʚʝʣʠʯʝʥʠʶ ʨʘʩʭʦʜʦʚʘʥʠʷ ʠʩʭʦʜʥʦʛʦ ʧʨʦʜʫʢʪʘ ʥʘ ʥʘʯʘʣʴʥʳʭ ʵʪʘʧʘʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʘ ʟʥʘʯʠʪ, ʠ ʫʚʝʣʠʯʝʥʠʶ ʚʳʭʦʜʘ ʮʝʣʝʚʳʭ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ ð ʧï

ʤʝʪʦʢʩʠʘʮʝʪʦʬʝʥʦʥʘ ʠ ʤïʤʝʪʦʢʩʠʘʮʝʪʦʬʝʥʦʥʘ. ʅʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʳʤ ʢʘʪʘʣʠʟʘʪʦʨʦʤ 

ʨʝʘʢʮʠʠ ʌʨʠʜʝʣʷïʂʨʘʬʪʩʘ ʜʣʷ ʘʮʠʣʠʨʦʚʘʥʠʷ ʘʥʠʟʦʣʘ ʷʚʣʷʝʪʩʷ ʢʦʙʘʣʴʪïʩʦʜʝʨʞʘʱʠʡ 

ʢʘʪʘʣʠʟʘʪʦʨ ʥʘ ʦʩʥʦʚʝ ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ Co/Al2O3, ʧʦʩʢʦʣʴʢʫ ʝʤʫ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʘʠʙʦʣʴʰʘʷ 

ʥʘʯʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʨʘʩʭʦʜʦʚʘʥʠʷ ʠʩʭʦʜʥʦʛʦ ʚʝʱʝʩʪʚʘ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ 

ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ 90% ʚʳʭʦʜ ʧïʤʝʪʦʢʩʠʘʮʝʪʦʬʝʥʦʥʘ ʧʨʠ 99% ʢʦʥʚʝʨʩʠʠ ʘʥʠʟʦʣʘ. 
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ɸʥʥʦʪʘʮʠʷ. ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʤʝʭʘʥʠʟʤ ʨʝʘʢʮʠʠ ʘʣʢʠʣʠʨʦʚʘʥʠʷ ʘʨʦʤʘʪʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ ʧʦ ʌʨʠʜʝʣʶïʂʨʘʬʪʩʫ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʨʝʘʢʮʠʠ ʘʮʠʣʠʨʦʚʘʥʠʷ, ʘʣʢʠʣʠʨʦʚʘʥʠʝ 

ʷʚʣʷʝʪʩʷ ʦʙʨʘʪʠʤʳʤ ʧʨʦʮʝʩʩʦʤ. ʆʙʱʠʡ ʧʨʠʥʮʠʧ ʨʝʘʢʮʠʠ ʩʦʩʪʦʠʪ ʚ ʧʨʦʤʝʞʫʪʦʯʥʦʤ 

ʦʙʨʘʟʦʚʘʥʠʠ ʢʘʨʙʝʥʠʝʚʳʭ ʠʦʥʦʚ, ʩʧʦʩʦʙʥʳʭ ʨʝʘʛʠʨʦʚʘʪʴ ʢʘʢ ʵʣʝʢʨʦʬʠʣ ʚ ʘʨʦʤʘʪʠʯʝʩʢʠʭ 

ʨʝʘʢʮʠʷʭ ʵʣʝʢʪʨʦʬʠʣʴʥʦʛʦ ʟʘʤʝʱʝʥʠʷ. ʋʩʪʘʥʘʚʣʠʚʘʝʪʩʷ, ʯʪʦ ʤʝʭʘʥʠʟʤ ʜʘʥʥʦʡ ʨʝʘʢʮʠʠ 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʦʙʥʘʨʫʞʝʥʠʝʤ ůïʢʦʤʧʣʝʢʩʘ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʛʦ ʚʘʨʠʘʥʪʘ ʘʣʢʠʣʠʨʦʚʘʥʠʷ ʌʨʠʜʝʣʷï

ʂʨʘʬʪʩʘ, ʦʪʤʝʯʘʶʪʩʷ ʦʛʨʘʥʠʯʝʥʠʷ ʧʨʠʤʝʥʠʤʦʩʪʠ ʨʝʘʢʮʠʠ ʚ ʮʝʣʦʤ. 

 

Abstract. The mechanism of the reaction of alkylation of aromatic compounds according to 

FriedelïCrafts is considered. Unlike the acylation reaction, alkylation is a reversible process. The 

general principle of the reaction is the intermediate formation of carbenium ions capable of reacting 

as an electrophile in the aromatic reactions of electrophilic substitution. It is established that the 

mechanism of this reaction is ensured by the detection of the ůïcomplex at low temperatures. The 

possibility of using the intramolecular variant of FriedelïCrafts alkylation is considered; limitations 

of the applicability of the reaction as a whole are noted. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʝʘʢʮʠʷ ʌʨʠʜʝʣʷïʂʨʘʬʪʩʘ, ʘʣʢʠʣʠʨʦʚʘʥʠʝ, ʤʝʭʘʥʠʟʤ. 

 

Keywords: FriedelïCrafts reaction, alkylation, mechanism. 

 

ɸʣʢʠʣʠʨʦʚʘʥʠʝ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʧʨʦʪʝʢʘʝʪ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʝʘʢʮʠʝʡ (1): 

 

                                         (1) 
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ʉʠʥʪʝʟ ʘʣʢʠʣʠʨʦʚʘʥʥʦʛʦ ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʩʦʝʜʠʥʝʥʠʷ 3 ʧʦʩʨʝʜʩʪʚʦʤ ʨʝʘʢʮʠʠ 

ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʩʫʙʩʪʨʘʪʘ 1 ʩ ʘʣʢʠʣʛʘʣʦʛʝʥʠʜʦʤ 2, ʢʘʪʘʣʠʟʠʨʫʝʤʦʡ ʢʠʩʣʦʪʦʡ ʃʴʶʠʩʘ, 

ʥʘʟʳʚʘʶʪ ʨʝʘʢʮʠʝʡ ʘʣʢʠʣʠʨʦʚʘʥʠʷ ʧʦ ʌʨʠʜʝʣʶ-ʂʨʘʬʪʩʫ [1-4]. ɼʘʥʥʳʡ ʤʝʪʦʜ ʪʝʩʥʦ ʩʚʷʟʘʥ ʩ 

ʘʮʠʣʠʨʦʚʘʥʠʝʤ ʧʦ ʌʨʠʜʝʣʶ-ʂʨʘʬʪʩʫ. ɺʤʝʩʪʦ ʪʦʛʦ ʘʣʢʠʣʛʘʣʦʛʝʥʠʜʘ ʚ ʢʘʯʝʩʪʚʝ ʨʝʘʛʝʥʪʘ ʜʣʷ 

ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʩʫʙʩʪʨʘʪʘ ʚ ʫʩʣʦʚʠʷʭ ʨʝʘʢʮʠʠ ʌʨʠʜʝʣʷ-ʂʨʘʬʪʩʘ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ 

ʩʧʠʨʪ ʠʣʠ ʘʣʢʝʥ. ʆʙʱʠʡ ʧʨʠʥʮʠʧ ʩʦʩʪʦʠʪ ʚ ʧʨʦʤʝʞʫʪʦʯʥʦʤ ʦʙʨʘʟʦʚʘʥʠʠ ʚʠʜʘ ʢʘʨʙʝʥʠʝʚʳʭ 

ʠʦʥʦʚ, ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʥʳ ʨʝʘʛʠʨʦʚʘʪʴ ʢʘʢ ʵʣʝʢʪʨʦʬʠʣ ʚ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʨʝʘʢʮʠʷʭ 

ʵʣʝʢʪʨʦʬʠʣʴʥʦʛʦ ʟʘʤʝʱʝʥʠʷ. 

ʇʝʨʚʳʤ ʰʘʛʦʤ ʷʚʣʷʝʪʩʷ ʩʦʛʣʘʩʦʚʘʥʠʝ ʘʣʢʠʣʛʘʣʦʛʝʥʠʜʘ 2 c ʢʠʩʣʦʪʦʡ ʃʴʶʠʩʘ ʩ 

ʧʦʣʫʯʝʥʠʝʤ ʢʦʤʧʣʝʢʩʘ 4 (ʨʝʘʢʮʠʷ 2). ʇʦʣʷʨʥʳʡ ʢʦʤʧʣʝʢʩ 4 ʤʦʞʝʪ ʨʝʘʛʠʨʦʚʘʪʴ ʢʘʢ 

ʵʣʝʢʪʨʦʬʠʣʴʥʳʡ ʨʝʘʛʝʥʪ. ɺ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʛʨʫʧʧʘ R ʤʦʞʝʪ ʦʙʨʘʟʦʚʳʚʘʪʴ ʩʪʘʙʠʣʴʥʳʡ 

ʢʘʨʙʝʥʠʝʚʳʡ ʠʦʥ, ʥʘʧʨʠʤʝʨ ʪʨʝʪ-ʙʫʪʠʣʦʚʳʡ ʢʘʪʠʦʥ, ʦʥʘ, ʚʟʘʤʝʥ ʢʦʤʧʣʝʢʩʘ, ʤʦʞʝʪ 

ʜʝʡʩʪʚʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʵʣʝʢʪʨʦʬʠʣʴʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ. ʉʪʝʧʝʥʴ ʧʦʣʷʨʠʟʘʮʠʠ ʠʣʠ ʜʘʞʝ 

ʨʘʩʱʝʧʣʝʥʠʷ ʩʚʷʟʠ RïX ʟʘʚʠʩʠʪ ʦʪ ʩʪʨʫʢʪʫʨʳ R, ʘ ʪʘʢʞʝ ʦʪ ʠʩʧʦʣʴʟʫʝʤʦʡ ʢʠʩʣʦʪʳ ʃʴʶʠʩʘ. 

ɼʦʙʘʚʣʝʥʠʝ ʚʠʜʘ ʢʘʨʙʝʥʠʝʚʳʭ ʠʦʥʦʚ ʢ ʘʨʦʤʘʪʠʯʝʩʢʦʤʫ ʨʝʘʛʝʥʪʫ, ʥʘʧʨʠʤʝʨ ʙʝʥʟʦʣʫ 1, 

ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ů-ʢʦʤʧʣʝʢʩʘ, ʥʘʧʨʠʤʝʨ ʮʠʢʣʦʛʝʢʩʘʜʠʝʥʠʣʴʥʦʛʦ ʢʘʪʠʦʥʘ 6, ʠʟ 

ʢʦʪʦʨʦʛʦ ʘʨʦʤʘʪʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʪ ʧʫʪʝʤ ʧʦʪʝʨʠ ʧʨʦʪʦʥʘ (ʨʝʘʢʮʠʷ 3): 

   (2) 

 

 

   (3) 

 

ɼʘʥʥʳʡ ʤʝʭʘʥʠʟʤ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʦʙʥʘʨʫʞʝʥʠʝʤ ʪʘʢʠʭ ů-ʢʦʤʧʣʝʢʩʦʚ ʧʨʠ ʥʠʟʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ [5, 6]. ɸʥʘʣʦʛʠʯʥʳʡ ʤʝʭʘʥʠʟʤ ʤʦʞʝʪ ʙʳʪʴ ʦʩʫʱʝʩʪʚʣʝʥ ʩ ʧʦʣʷʨʠʟʦʚʘʥʥʳʤ 

ʩʦʝʜʠʥʝʥʠʝʤ 4 ʚʤʝʩʪʦ ʩʚʦʙʦʜʥʦʛʦ ʢʘʨʙʝʥʠʝʚʦʛʦ ʠʦʥʘ 5. 

ɽʩʣʠ ʘʣʢʠʣʛʘʣʦʛʝʥʠʜ ʩʦʜʝʨʞʠʪ ʙʦʣʝʝ ʦʜʥʦʛʦ ʮʝʥʪʨʘ Cïʛʘʣʦʛʝʥ, ʪʦ ʦʥʠ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʙʫʜʫʪ ʨʝʘʛʠʨʦʚʘʪʴ ʚ ʨʘʚʥʦʡ ʩʪʝʧʝʥʠ ʢʘʢ ʦʜʥʘ ʤʦʣʝʢʫʣʘ ʘʣʢʠʣʛʘʣʦʛʝʥʠʜʘ ʢ ʦʜʥʦʡ ʤʦʣʝʢʫʣʝ 

ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʩʫʙʩʪʨʘʪʘ. ʅʘʧʨʠʤʝʨ, ʜʠʭʣʦʨʤʝʪʘʥ ʨʝʘʛʠʨʫʝʪ ʩ ʙʝʥʟʦʣʦʤ ʩ ʧʦʣʫʯʝʥʠʝʤ 

ʜʠʬʝʥʠʣʤʝʪʘʥʘ, ʠ ʭʣʦʨʦʬʦʨʤ ʜʘʩʪ ʪʨʠʬʝʥʠʣʤʝʪʘʥ. ʆʜʥʘʢʦ, ʨʝʘʢʮʠʷ ʪʝʪʨʘʭʣʦʨʤʝʪʘʥʘ ʩ 

ʙʝʥʟʦʣʦʤ ʧʨʝʢʨʘʱʘʝʪʩʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʪʨʠʬʝʥʠʣʭʣʦʨʤʝʪʘʥʘ 7 (ʪʨʠʪʠʣʭʣʦʨʠʜʘ), ʧʦʪʦʤʫ ʯʪʦ 

ʜʘʣʴʥʝʡʰʘʷ ʨʝʘʢʮʠʷ ʩʪʝʨʠʯʝʩʢʠ ʟʘʪʨʫʜʥʝʥʘ (ʨʝʘʢʮʠʷ 4): 

   (4) 
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ɺʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʡ ʚʘʨʠʘʥʪ [3] ʨʝʘʢʮʠʠ ʌʨʠʜʝʣʷ-ʂʨʘʬʪʩʘ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ 

ʩʠʥʪʝʪʠʯʝʩʢʠ ʧʨʠʛʦʜʥʳʤ, ʦʩʦʙʝʥʥʦ ʜʣʷ ʟʘʢʨʳʪʠʷ ʰʝʩʪʠʯʣʝʥʥʳʭ ʢʦʣʝʮ, ʥʘʧʨʠʤʝʨ, ʩʠʥʪʝʟ 

ʪʝʪʨʘʣʠʥʘ 8; ʥʦ ʧʷʪʠ- ʠ ʩʝʤʠʯʣʝʥʥʳʝ ʢʦʣʴʮʘ ʪʘʢʞʝ ʜʦʩʪʫʧʥʳ (ʨʝʘʢʮʠʷ 5): 

 

   (5) 

 

ɸʣʢʠʣʠʨʦʚʘʥʠʝ ʩ ʘʣʢʝʥʘʤʠ ʤʦʞʝʪ ʙʳʪʴ ʢʘʪʘʣʠʟʠʨʦʚʘʥʦ ʧʨʦʪʦʥʘʤʠ. ʋʛʣʝʨʦʜ-ʫʛʣʝʨʦʜʥʘʷ 

ʜʚʦʡʥʘʷ ʩʚʷʟʴ ʘʣʢʝʥʘ ʧʨʦʪʦʥʠʨʫʝʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʘʚʠʣʦʤ ʄʘʨʢʦʚʥʠʢʦʚʘ ʩ ʧʦʣʫʯʝʥʠʝʤ 

ʢʘʨʙʝʥʠʝʚʦʛʦ ʠʦʥʘ 10, ʢʦʪʦʨʳʡ ʟʘʪʝʤ ʚʩʪʫʧʘʝʪ ʚ ʨʝʘʢʮʠʶ ʧʦ ʦʧʠʩʘʥʥʦʤʫ ʤʝʭʘʥʠʟʤʫ ʩ 

ʚʳʜʝʣʝʥʠʝʤ ʘʣʢʠʣʠʨʦʚʘʥʥʦʛʦ ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʧʨʦʜʫʢʪʘ 11 (ʨʝʘʢʮʠʷ 6): 

 

 (6) 

 

ʉʧʠʨʪʳ ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʚʨʘʱʝʥʳ ʚ ʘʢʪʠʚʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʧʫʪʝʤ ʨʝʘʢʮʠʠ ʩ ʢʠʩʣʦʪʦʡ 

ʃʴʶʠʩʘ, ʥʘʧʨʠʤʝʨ AlCl3, ʠʣʠ ʧʫʪʝʤ ʧʨʦʪʦʥʠʨʦʚʘʥʠʷ ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʧʦʪʝʨʝʡ H2O ʩ 

ʧʦʣʫʯʝʥʠʝʤ ʠʦʥʘ ʢʘʨʙʝʥʠʷ 12 (ʨʝʘʢʮʠʠ 7 ʠ 8). 

 

  (7) 

 

 

 

    (8) 

 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʘʮʠʣʠʨʦʚʘʥʠʷ ʧʦ ʌʨʠʜʝʣʶïʂʨʘʬʪʩʫ, ʘʣʢʠʣʠʨʦʚʘʥʠʝ ʷʚʣʷʝʪʩʷ ʦʙʨʘʪʠʤʦʡ 

ʨʝʘʢʮʠʝʡ. ʕʪʦ ʢʘʯʝʩʪʚʦ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʣʷ ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʦʛʦ ʩʠʥʪʝʟʘ ʟʘʤʝʱʝʥʥʳʭ 

ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʧʨʦʠʟʚʦʜʥʳʭ [6]. ʊʨʝʪïʙʫʪʠʣʦʚʘʷ ʛʨʫʧʧʘ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʚ ʢʘʯʝʩʪʚʝ 

ʢʨʫʧʥʦʡ ʟʘʱʠʪʥʦʡ ʛʨʫʧʧʳ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ ʫʜʘʣʝʥʘ ʧʦʟʜʥʝʝ. ɺ ʩʣʝʜʫʶʱʝʤ ʧʨʠʤʝʨʝ 

ʜʦʣʞʝʥ ʙʳʪʴ ʩʠʥʪʝʟʠʨʦʚʘʥ ʦʨʪʦ-ʟʘʤʝʱʝʥʥʳʡ ʬʝʥʦʣ: ʙʝʟ ʪʨʝʪ-ʙʫʪʠʣʦʚʦʡ ʛʨʫʧʧʳ ʥʘʙʣʶʜʘʝʪʩʷ 

ʧʘʨʘïʟʘʤʝʱʝʥʥʦʝ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʟʘʤʝʩʪʠʪʝʣʶ R, ʦʙʳʯʥʘʷ ʨʝʘʢʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʚʭʦʜʷʱʝʤʫ ʚʪʦʨʦʤʫ ʟʘʤʝʩʪʠʪʝʣʶ, ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʩʤʝʩʠ ʠʣʠ ʦʪʜʝʣʴʥʦ ʢ ʦʨʪʦï 

ʠ ʧʘʨʘ-ʟʘʤʝʱʝʥʥʳʤ ʧʨʦʜʫʢʪʘʤ. ʉ ʧʦʤʦʱʴʶ ʪʨʝʪ-ʙʫʪʠʣʦʚʦʡ ʛʨʫʧʧʳ, ʙʣʦʢʠʨʫʶʱʝʡ ʧʘʨʘï

ʧʦʣʦʞʝʥʠʝ, ʩʫʣʴʬʠʨʦʚʘʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʪʦʣʴʢʦ ʚ ʦʨʪʦïʧʦʣʦʞʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ R. ʇʦʩʣʝ 

ʧʨʝʚʨʘʱʝʥʠʷ ʩʫʣʴʬʦʥʦʚʦʡ ʢʠʩʣʦʪʳ ʚ ʬʝʥʦʣ ʠ ʫʜʘʣʝʥʠʷ ʪʨʝʪïʙʫʪʠʣʦʚʦʡ ʛʨʫʧʧʳ ʜʦʩʪʠʛʘʝʪʩʷ 

ʧʦʣʫʯʝʥʠʝ ʦʨʪʦïʟʘʤʝʱʝʥʥʦʛʦ ʬʝʥʦʣʘ 13 (ʨʝʘʢʮʠʷ 9): 
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  (9) 

 

ʇʨʠʤʝʥʠʤʦʩʪʴ ʨʝʘʢʮʠʠ ʘʣʢʠʣʠʨʦʚʘʥʠʷ ʌʨʠʜʝʣʷïʂʨʘʬʪʩʘ ʚ ʦʨʛʘʥʠʯʝʩʢʦʤ ʩʠʥʪʝʟʝ 

ʥʝʩʢʦʣʴʢʦ ʦʛʨʘʥʠʯʝʥʦ ʧʦ ʧʨʠʯʠʥʘʤ, ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʤ ʜʘʣʝʝ. ʀʟ-ʟʘ ʘʢʪʠʚʠʨʫʶʱʝʛʦ ʵʬʬʝʢʪʘ 

ʘʣʢʠʣʴʥʦʡ ʛʨʫʧʧʳ, ʩʚʷʟʘʥʥʦʡ ʩ ʘʨʦʤʘʪʠʯʝʩʢʠʤ ʢʦʣʴʮʦʤ, ʤʦʥʦʘʣʢʠʣʠʨʦʚʘʥʥʳʝ ʧʨʦʜʫʢʪʳ 

ʨʝʘʢʮʠʠ ʷʚʣʷʶʪʩʷ ʙʦʣʝʝ ʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʳʤʠ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʵʣʝʢʪʨʦʬʠʣʴʥʦʛʦ ʟʘʤʝʱʝʥʠʷ, 

ʯʝʤ ʧʝʨʚʦʥʘʯʘʣʴʥʦʝ ʠʩʭʦʜʥʦʝ ʩʦʝʜʠʥʝʥʠʝ. ʕʪʦʪ ʵʬʬʝʢʪ ʩʧʦʩʦʙʩʪʚʫʝʪ ʦʙʨʘʟʦʚʘʥʠʶ ʜʠï ʠʣʠ 

ʜʘʞʝ ʧʦʣʠʟʘʤʝʱʝʥʥʳʭ ʧʨʦʜʫʢʪʦʚ. ʄʘʩʰʪʘʙ ʨʝʘʢʮʠʠ ʦʨʛʘʥʠʯʝʥ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ 

ʥʝʢʦʪʦʨʳʭ ʠʩʭʦʜʥʳʭ ʚʝʱʝʩʪʚ. ʅʘʬʪʘʣʠʥʳ ʠ ʨʦʜʩʪʚʝʥʥʳʝ ʧʦʣʠʮʠʢʣʠʯʝʩʢʠʝ ʘʨʦʤʘʪʠʯʝʩʢʠʝ 

ʩʫʙʩʪʨʘʪʳ ʤʦʛʫʪ ʧʦʜʚʝʨʛʘʪʴʩʷ ʧʦʙʦʯʥʳʤ ʨʝʘʢʮʠʷʤ ʠʟ-ʟʘ ʠʭ ʚʳʩʦʢʦʡ ʨʝʘʢʮʠʦʥʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʢʘʪʘʣʠʟʘʪʦʨʫ ʠ ʜʘʶʪ ʥʠʟʢʠʝ ʚʳʭʦʜʳ ʤʦʥʦʘʣʢʠʣʠʨʦʚʘʥʥʦʛʦ 

ʧʨʦʜʫʢʪʘ. ʄʥʦʛʠʝ ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʛʝʪʝʨʦʮʠʢʣʳ ʥʝ ʷʚʣʷʶʪʩʷ ʧʦʜʭʦʜʷʱʠʤʠ ʩʫʙʩʪʨʘʪʘʤʠ ʜʣʷ 

ʘʣʢʠʣʠʨʦʚʘʥʠʷ ʧʦ ʌʨʠʜʝʣʶ-ʂʨʘʬʪʩʫ. ʌʫʥʢʮʠʦʥʘʣʴʥʳʝ ʛʨʫʧʧʳ ʪʠʧʘ ïOH, ïNH2 ʠ ïOR, 

ʢʦʪʦʨʳʝ ʢʦʦʨʜʠʥʠʨʫʶʪʩʷ ʩ ʢʠʩʣʦʪʦʡ ʃʴʶʠʩʘ, ʪʘʢʞʝ ʥʝ ʜʦʣʞʥʳ ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ ʚ 

ʘʨʦʤʘʪʠʯʝʩʢʦʤ ʢʦʣʴʮʝ. ɽʱʝ ʦʜʥʦʡ ʧʨʦʙʣʝʤʦʡ ʷʚʣʷʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʝʨʝʩʪʨʦʝʥʥʳʭ 

ʧʨʦʜʫʢʪʦʚ ʚ ʨʝʟʫʣʴʪʘʪʝ ʣʠʙʦ ʨʝʘʢʮʠʠ ʧʝʨʝʩʪʨʦʝʥʥʳʭ ʢʘʨʙʝʥʠʝʚʳʭ ʠʦʥʦʚ, ʣʠʙʦ ʤʠʛʨʘʮʠʠ 

ʘʣʢʠʣʴʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʘʨʦʤʘʪʠʯʝʩʢʦʤ ʢʦʣʴʮʝ [7]. ʂʦʛʜʘ ʙʝʥʟʦʣ 1 ʧʦʜʚʝʨʛʘʶʪ ʚʦʟʜʝʡʩʪʚʠʶ 

1-ʙʨʦʤʧʨʦʧʘʥʘ ʧʨʠ ʫʩʣʦʚʠʷʭ ʨʝʘʢʮʠʠ ʌʨʠʜʝʣʷ-ʂʨʘʬʪʩʘ, ʧʝʨʝʩʪʨʦʝʥʥʳʡ ʠʟʦʧʨʦʧʠʣʙʝʥʟʦʣ 

(ʢʫʤʦʣ) 15 ʧʦʣʫʯʘʶʪ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʧʨʦʜʫʢʪʘ ʚʤʝʩʪʝ ʩ ʧʨʝʜʧʦʣʘʛʘʝʤʳʤ ʥï

ʧʨʦʧʠʣʙʝʥʟʦʣʦʤ 14 (ʨʝʘʢʮʠʷ 10): 

 

                  (10) 

 

ʊʘʢ ʢʘʢ ʨʝʘʢʮʠʷ ʘʣʢʠʣʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʦʙʨʘʪʠʤʦʡ, ʤʦʞʝʪ ʠʤʝʪʴ ʤʝʩʪʦ 

ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʘ ʠʩʭʦʜʥʦʛʦ ʧʨʦʜʫʢʪʘ ʘʣʢʠʣʠʨʦʚʘʥʠʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʤʠʛʨʘʮʠʠ ʘʣʢʠʣʴʥʦʡ 

ʛʨʫʧʧʳ ʚ ʘʨʦʤʘʪʠʯʝʩʢʦʤ ʢʦʣʴʮʝ. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʣʷ ʧʨʝʜʥʘʤʝʨʝʥʥʦʡ 

ʠʟʦʤʝʨʠʟʘʮʠʠ ʘʣʢʠʣʠʨʦʚʘʥʥʳʭ ʧʨʦʜʫʢʪʦʚ. ɺʚʠʜʫ ʜʘʥʥʳʭ ʦʩʣʦʞʥʝʥʠʡ, ʵʪʦ ʤʦʞʝʪ ʙʳʪʴ ʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʦ ʜʣʷ ʧʦʜʛʦʪʦʚʢʠ ʘʣʢʠʣʠʨʦʚʘʥʥʦʛʦ ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʧʨʦʠʟʚʦʜʥʦʛʦ ʧʦ ʧʝʨʚʦʡ 

ʧʨʦʚʦʜʠʤʦʡ ʨʝʘʢʮʠʠ ʘʮʠʣʠʨʦʚʘʥʠʷ ʌʨʠʜʝʣʷïʂʨʘʬʪʩʘ, ʘ ʟʘʪʝʤ ʜʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʢʝʪʦʛʨʫʧʧʳ ʚ ʤʝʪʠʣʝʥʦʚʫʶ ʛʨʫʧʧʫ, ʜʣʷ ʪʦʛʦ ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʘʣʢʠʣʴʥʫʶ ʙʦʢʦʚʫʶ ʮʝʧʴ. 

ɼʘʥʥʳʡ ʧʫʪʴ ʠʤʝʝʪ ʦʜʠʥ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʰʘʛ, ʥʦ ʧʦʟʚʦʣʷʝʪ ʠʟʙʝʞʘʪʴ ʥʝʜʦʩʪʘʪʢʠ, ʫʞʝ 

ʫʧʦʤʷʥʫʪʳʝ ʚʳʰʝ. 

ɺ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʠʩʧʦʣʴʟʫʶʪ ʢʠʩʣʦʪʳ ʃʴʶʠʩʘ ʪʠʧʘ AlCl3, TiCl4, SbF5, BF3, ZnCl2 

ʠʣʠ FeCl3. ʊʘʢʞʝ ʧʨʠʤʝʥʷʶʪ ʧʨʦʪʦʥʥʳʝ ʢʠʩʣʦʪʳ, ʥʘʧʨʠʤʝʨ H2SO4 ʠʣʠ HF, ʦʩʦʙʝʥʥʦ ʚ 

ʨʝʘʢʮʠʷʭ ʩ ʘʣʢʝʥʘʤʠ ʠʣʠ ʩʧʠʨʪʘʤʠ. ʅʝʜʘʚʥʠʝ ʨʘʟʨʘʙʦʪʢʠ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 
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ʢʠʩʣʳʭ ʧʦʣʠʤʝʨʥʳʭ ʩʤʦʣ, ʥʘʧʨʠʤʝʨ ʅʘʬʠʦʥïʅ, ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʜʣʷ ʘʣʢʠʣʠʨʦʚʘʥʠʷ 

ʧʦ ʌʨʠʜʝʣʶïʂʨʘʬʪʩʫ [8] ʠ ʧʨʠʤʝʥʝʥʠʝ ʘʩʠʤʤʝʪʨʠʯʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ [9]. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ: 

1. Friedel C., Crafts J. M. Organic chemistry // Journal of the Chemical Society. 1877. V. 32. 

P. 725-791. 

2. Price C. C. The Alkylation of Aromatic Compounds by the Friedel-Crafts Method // Organic 

Reactions. 1946. V. 3. P. 1-82. 

3. Olah G. A. Friedel-Crafts and Related Reactions // Wiley, New York. 1963. V. 1; 1964. V. 2. 

4. Taylor R. Electrophilic Aromatic Substitution // Wiley, New York. 1990. P. 187-203. 

5. Olah G. A., Kuhn S. J. Aromatic Substitution. VI. Intermediate Complexes and the Reaction 

Mechanism of Friedel-Crafts Alkylations and Acylations // Journal of the American Chemical 

Society. 1958. V. 80. P. 6541-6545. 

6. Effenberger F. Neues ¿ber die elektrophile Aromatensubstitution // Chemie in unserer Zeit. 

1979. V. 13. P. 87-94. 

7. Yakobson G. G., Furin G. G. Antimony Pentahalides as Catalysts of Friedel-Crafts Type 

Reactions // Synthesis. 1980. V. 5. P. 345-364. 

8. Olah G. A., Iyer P. S., Prakash G. K. S. Perfluorinated Resinsulfonic Acid (Nafion-HÈ) 

Catalysis in Synthesis // Synthesis. 1986. V. 7. P. 513-531. 

9. Jorgensen K. A. Asymmetric Friedel-Crafts Reactions: Catalytic Enantioselective Addition 

of Aromatic and Heteroaromatic C-H Bonds to Activated Alkenes, Carbonyl Compounds, and Imines 

// Synthesis. 2003. V. 7. P. 1117-1125. 

 

References: 

1. Friedel, C., & Crafts, J. M. (1877). Organic chemistry. Journal of the Chemical Society, 32, 

725-791 

2. Price, C. C. (1946). The Alkylation of Aromatic Compounds by the Friedel-Crafts Method. 

Organic Reactions, 3, 1-82 

3. Olah, G. A. (1963; 1964). Friedel-Crafts and Related Reactions. Wiley, 1; 2. 

4. Taylor, R. (1990). Electrophilic Aromatic Substitution. Wiley, 187-203 

5. Olah, G. A., & Kuhn, S. J. (1958). Aromatic Substitution. VI. Intermediate Complexes and 

the Reaction Mechanism of Friedel-Crafts Alkylations and Acylations. Journal of the American 

Chemical Society, 80, 6541-6545 

6. Effenberger, F. (1979). Neues ¿ber die elektrophile Aromatensubstitution. Chemie in unserer 

Zeit, 13. 87-94 

7. Yakobson, G. G., & Furin, G. G. (1980). Antimony Pentahalides as Catalysts of Friedel-

Crafts Type Reactions. Synthesis, 5, 345-364. 

8. Olah, G. A., Iyer, P. S., & Prakash, G. K. S. (1986). Perfluorinated Resinsulfonic Acid 

(Nafion-HÈ) Catalysis in Synthesis. Synthesis, 7, 513-531 

9. Jorgensen, K. A. (2003). Asymmetric Friedel-Crafts Reactions: Catalytic Enantioselective 

Addition of Aromatic and Heteroaromatic C-H Bonds to Activated Alkenes, Carbonyl Compounds, 

and Imines. Synthesis, 7, 1117-1125 

 

 

 
ʈʘʙʦʪʘ ʧʦʩʪʫʧʠʣʘ  

ʚ ʨʝʜʘʢʮʠʶ 22.07.2017 ʛ.  

 ʇʨʠʥʷʪʘ ʢ ʧʫʙʣʠʢʘʮʠʠ 

26.07.2017 ʛ. 

 

_____________________________________________________________________ 

 

http://www.bulletennauki.com/


 

 

ɹʶʣʣʝʪʝʥʴ ʥʘʫʢʠ ʠ ʧʨʘʢʪʠʢʠ ð Bulletin of Science and Practice

ʥʘʫʯʥʳʡ ʞʫʨʥʘʣ (scientific journal)   ˉ8 2017 ʛ. 
http://www.bulletennauki.com 

 

 

 

48 

 

 

 

ʉʩʳʣʢʘ ʜʣʷ ʮʠʪʠʨʦʚʘʥʠʷ: 

ɼʤʠʪʨʠʝʚʘ ɸ. ɸ., ʉʪʝʧʘʯʝʚʘ ɸ. ɸ. ɸʣʢʠʣʠʨʦʚʘʥʠʝ ʧʦ ʌʨʠʜʝʣʶ-ʂʨʘʬʪʩʫ // ɹʶʣʣʝʪʝʥʴ 

ʥʘʫʢʠ ʠ ʧʨʘʢʪʠʢʠ. ʕʣʝʢʪʨʦʥ. ʞʫʨʥ. 2017. ˉ8 (21). ʉ. 43-48. ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

http://www.bulletennauki.com/dmitrieva-1 (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 15.08.2017). 

 

Cite as (APA): 

Dmitrieva, A., & Stepacheva, A. (2017). Friedel-Krafts alkylation. Bulletin of Science and 

Practice, (8), 43-48 

  

http://www.bulletennauki.com/


 

 

ɹʶʣʣʝʪʝʥʴ ʥʘʫʢʠ ʠ ʧʨʘʢʪʠʢʠ ð Bulletin of Science and Practice

ʥʘʫʯʥʳʡ ʞʫʨʥʘʣ (scientific journal)   ˉ8 2017 ʛ. 
http://www.bulletennauki.com 

 

 

 

49 

 

 

 

ɹʀʆʃʆɻʀʏɽʉʂʀɽ ʅɸʋʂʀ / BIOLOGICAL SCIENCES 

________________________________________________________________________________________________ 

 

ʋɼʂ 582.263:631.4(476.2-21) 

 

ʇʆʏɺɽʅʅʓɽ ɿɽʃɽʅʓɽ ɺʆɼʆʈʆʉʃʀ ʂʃɸʉʉʆɺ TREBOUXIOPHYCEAE, 

CHAROPHYCEAE ʀ ULVOPHYCEAE ʇʈʀɼʆʈʆɾʅʓʍ ɻɸɿʆʅʆɺ  

ʅɽʂʆʊʆʈʓʍ ʋʃʀʎ ɻ. ɻʆʄɽʃʗ 

 

SOIL  GREEN ALGAE  OF CLASSES TREBOUXIOPHYCEAE , CHAROPHYCEAE  AND 

ULVOPHYCEAE  OF GOMEL  SOME STREETS ROADSIDE LAWNS 

 

Éʉʫʢʘʣʠʥʘ ʊ. ʉ. 

ɻʦʤʝʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʌ. ʉʢʦʨʠʥʳ  

ʛ. ɻʦʤʝʣʴ, ɹʝʣʘʨʫʩʴ, sukalina_tatiana@mail.ru 

ÉSukalina T. 

Skorina Gomel State University 

Gomel, Belarus, sukalina_tatiana@mail.ru 

Éɹʘʯʫʨʘ ʖ. ʄ. 

ʢʘʥʜ. ʙʠʦʣ. ʥʘʫʢ 

ɻʦʤʝʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʌ. ʉʢʦʨʠʥʳ 

ʛ. ɻʦʤʝʣʴ, ɹʝʣʘʨʫʩʴ, julia_bachura@mail.ru 

ÉBachura Yu. 

Ph.D., Skorina Gomel State University 

 Gomel, Belarus, julia_bachura@mail.ru 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʠʟʫʯʝʥʠʷ ʩʦʩʪʘʚʘ ʟʝʣʝʥʳʭ ʚʦʜʦʨʦʩʣʝʡ 

ʢʣʘʩʩʦʚ Trebouxiophyceae, Charophyceae ʠ Ulvophyceae ʧʦʯʚ ʧʨʠʜʦʨʦʞʥʳʭ ʛʘʟʦʥʦʚ ʥʝʢʦʪʦʨʳʭ 

ʫʣʠʮ ʛʦʨʦʜʘ ɻʦʤʝʣʷ. 

ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʧʦʣʝʚʳʝ, ʣʘʙʦʨʘʪʦʨʥʳʝ ʠ ʢʫʣʴʪʫʨʘʣʴʥʳʝ. 

ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʚ ʧʦʯʚʘʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʫʣʠʮ ʛʦʨʦʜʘ ɻʦʤʝʣʷ ʚʳʷʚʣʝʥʦ 27 ʚʠʜʦʚ ʟʝʣʝʥʳʭ 

ʚʦʜʦʨʦʩʣʝʡ ʠʟ 16 ʨʦʜʦʚ, 13 ʩʝʤʝʡʩʪʚ, 9 ʧʦʨʷʜʢʦʚ ʢʣʘʩʩʦʚ Trebouxiophyceae, Charophyceae ʠ 

Ulvophyceae. ʊʘʢʩʦʥʦʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ ʧʨʝʦʙʣʘʜʘʥʠʝ ʪʨʝʙʫʢʩʠʦʬʠʮʠʝʚʳʭ ʚʦʜʦʨʦʩʣʝʡ 

(66,7%); ʥʘʠʤʝʥʝʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʙʳʣʠ ʫʣʴʚʦʬʠʮʠʝʚʳʝ ð 3,7%. ɺ ʩʝʤʝʡʩʪʚʝʥʥʦʤ ʩʧʝʢʪʨʝ 

ʧʨʝʦʙʣʘʜʘʣʠ Chlorellaceae (22,0%); ʟʥʘʯʠʪʝʣʴʥʘ ʙʳʣʘ ʜʦʣʷ ʚʦʜʦʨʦʩʣʝʡ ʠʟ Choricystidaceae ʠ 

Klebsormidiaceae (ʧʦ 11,0%). ɹʦʣʴʰʠʥʩʪʚʦ ʩʝʤʝʡʩʪʚ ʷʚʣʷʣʠʩʴ ʜʚʫʭï ʠʣʠ ʦʜʥʦʚʠʜʦʚʳʤʠ, ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʫʧʨʦʱʝʥʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʚʦʜʦʨʦʩʣʝʚʳʭ ʩʦʦʙʱʝʩʪʚ. ɺ ʵʢʦʣʦʛʠʯʝʩʢʦʤ 

ʦʪʥʦʰʝʥʠʠ ʧʨʝʦʙʣʘʜʘʣʠ ʵʜʘʬʦʬʠʣʴʥʳʝ ʧʨʝʜʩʪʘʚʠʪʝʣʠ Chï ʠ ʅïʞʠʟʥʝʥʥʳʭ ʬʦʨʤ (50,0% ʠ 

40,9% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʪʘʢʩʦʥʦʤʠʯʝʩʢʘʷ ʠ ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʩʦʦʙʱʝʩʪʚ ʟʝʣʝʥʳʭ 

ʚʦʜʦʨʦʩʣʝʡ ʧʨʠʜʦʨʦʞʥʳʭ ʛʘʟʦʥʦʚ ʟʘʚʠʩʠʪ ʦʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʦʪʦʢʘ ʠ 

ʫʜʘʣʝʥʥʦʩʪʠ ʧʨʦʙʥʳʭ ʧʣʦʱʘʜʦʢ ʦʪ ʧʨʦʝʟʞʝʡ ʯʘʩʪʠ. 

ʇʦ ʤʝʨʝ ʠʟʤʝʥʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʦʡ ʥʘʛʨʫʟʢʠ ʦʪʤʝʯʝʥʘ ʧʝʨʝʩʪʨʦʡʢʘ ʪʘʢʩʦʥʦʤʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʳ ʚʦʜʦʨʦʩʣʝʚʳʭ ʩʦʦʙʱʝʩʪʚ. ʉ ʫʤʝʥʴʰʝʥʠʝʤ ʪʨʘʥʩʧʦʨʪʥʦʡ ʥʘʛʨʫʟʢʠ ʚ 2014 ʠ 2015 

ʛʦʜʘʭ ʧʦʢʘʟʘʥʦ ʫʚʝʣʠʯʝʥʠʝ ʚʠʜʦʚʦʛʦ ʙʦʛʘʪʩʪʚʘ ʠ ʨʘʩʰʠʨʝʥʠʝ ʪʘʢʩʦʥʦʤʠʯʝʩʢʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ 

ʟʝʣʝʥʳʭ ʚʦʜʦʨʦʩʣʝʡ, 2016 ʛʦʜʫ ð ʥʘ ʥʘʯʘʣʴʥʳʭ ʵʪʘʧʘʭ ʥʘʙʣʶʜʘʣʦʩʴ ʨʘʩʰʠʨʝʥʠʝ ʚʠʜʦʚʦʛʦ 

ʙʦʛʘʪʩʪʚʘ ʚʦʜʦʨʦʩʣʝʡ ʠʩʩʣʝʜʫʝʤʳʭ ʢʣʘʩʩʦʚ, ʘ ʟʘʪʝʤ ð ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʩʦʢʨʘʱʝʥʠʝ. ʉ 

ʫʚʝʣʠʯʝʥʠʝʤ ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʧʨʦʝʟʞʝʡ ʯʘʩʪʠ ʚʳʷʚʣʝʥʦ ʨʘʩʰʠʨʝʥʠʝ ʚʠʜʦʚʦʛʦ ʩʦʩʪʘʚʘ 

ʚʦʜʦʨʦʩʣʝʡ. ɺ ʵʢʦʣʦʛʠʯʝʩʢʦʤ ʦʪʥʦʰʝʥʠʠ ʦʙʱʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʩʧʝʢʪʨʦʚ 

ʚʦʜʦʨʦʩʣʝʡ ʦʪʤʝʯʝʥʳ ʪʦʣʴʢʦ ʧʨʠ ʩʨʝʜʥʝʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʪʨʘʥʩʧʦʨʪʥʦʡ ʥʘʛʨʫʟʢʠ: ʩ 
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ʫʚʝʣʠʯʝʥʠʝʤ ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʧʨʦʝʟʞʝʡ ʯʘʩʪʠ ʧʦʢʘʟʘʥʦ ʩʦʢʨʘʱʝʥʠʝ ʜʦʣʠ ʚʦʜʦʨʦʩʣʝʡ Chïʬʦʨʤʳ 

ʠ ʫʚʝʣʠʯʝʥʠʝ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʅïʞʠʟʥʝʥʥʦʡ ʬʦʨʤʳ. 

 

ɸbstract. In this article considers the results of the study the composition of green algae classes 

Trebouxiophyceae, Charophyceae and Ulvophyceae of roadside lawns of some streets of Gomel. 

Research methods: field, laboratory and cultural. 

Total in the soils of the studied streets in the city of Gomel identified 27 species of green algae, 

belonging to 16 genera, 13 families, 9 orders of the classes Trebouxiophyceae, Ulvophyceae and 

Charophyceae. Taxonomic analysis showed the predominance Trebouxiophyceae (66.7%), were least 

represented Ulvophyceae ð 3.7%. Among the families dominated Chlorellaceae ð 22.0%; 

Choricystidaceae and Klebsormidiaceae amounted to 11,0%. Most of the families included the 1-2 

species, indicating a simplified organization of algal communities. Ecological analysis showed the 

predominance of soil algae Hï and Chïlife forms (50.0% and 40.9% respectively). 

Taxonomic and ecological analysis of algal communities of the investigated soils is made. It is 

shown that the taxonomic and ecological structure of green algae in soils of roadside lawns depends 

on the degree of anthropogenic load. 

The restructuring of the taxonomic structure of algal communities with a change in the transport 

load. With the decrease of the transport load in 2014 and 2015 years shows an increase in species 

richness and expansion of the taxonomic diversity of green algae, 2016 year ð in the early stages, 

there has been an increase of species richness of algae classes studied, followed by a slight decrease. 

With increasing distance from the roadway identified the expansion of species richness of algae. In 

the ecological respect the general patterns of algal community structure changes are noted with an 

average transport load intensity, as the distance from the roadway increases, the proportion of Chï

form algae decreases and the number of representatives of the Hïlife form increases. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʟʝʣʝʥʳʝ ʚʦʜʦʨʦʩʣʠ, ʧʦʯʚʘ, ʧʨʠʜʦʨʦʞʥʳʝ ʛʘʟʦʥʳ, ʞʠʟʥʝʥʥʳʝ ʬʦʨʤʳ. 

 

Keywords: green algae, soil, lifeforms, roadside lawns. 

 

ɺ ʫʩʣʦʚʠʷʭ ʛʦʨʦʜʘ, ʚ ʤʝʩʪʦʦʙʠʪʘʥʠʷʭ ʩ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʟʘʛʨʷʟʥʝʥʠʷ ʪʦʢʩʠʯʝʩʢʠʤʠ 

ʚʝʱʝʩʪʚʘʤʠ ʠ ʥʘʨʫʰʝʥʠʝʤ ʧʦʯʚʝʥʥʦ-ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ, ʧʦʯʚʝʥʥʳʝ ʚʦʜʦʨʦʩʣʠ ʠʛʨʘʶʪ 

ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʧʦʜʜʝʨʞʘʥʠʠ ʩʪʘʙʠʣʴʥʦʩʪʠ ʥʘʟʝʤʥʳʭ ʵʢʦʩʠʩʪʝʤ. ʗʚʣʷʷʩʴ ʵʢʩʧʣʝʨʝʥʪʘʤʠ ʧʦ 

ʞʠʟʥʝʥʥʦʡ ʩʪʨʘʪʝʛʠʠ, ʦʥʠ ʩʧʦʩʦʙʥʳ ʙʳʩʪʨʦ ʦʩʚʘʠʚʘʪʴ ʩʚʦʙʦʜʥʳʝ ʧʨʦʩʪʨʘʥʩʪʚʘ; ʫʯʘʩʪʚʫʶʪ ʚ 

ʩʦʟʜʘʥʠʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ, ʩʪʠʤʫʣʷʮʠʠ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʦʯʚʝʥʥʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʚ 

ʧʨʦʮʝʩʩʘʭ ʩʘʤʦʦʯʠʱʝʥʠʷ ʠ ʟʘʢʨʝʧʣʝʥʠʷ ʧʦʯʚʳ [1, 2]. Chlorophyta ʥʘʠʙʦʣʝʝ ʤʥʦʛʦʯʠʩʣʝʥʥʡr 

ʦʪʜʝʣ ʧʦʯʚʝʥʥʳʭ ʚʦʜʦʨʦʩʣʝʡ, ʧʨʝʦʙʣʘʜʘʥʠʝ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʢʦʪʦʨʦʛʦ ʚ ʚʠʜʦʚʦʤ ʩʦʩʪʘʚʝ 

ʘʣʴʛʦʬʣʦʨʳ ʦʪʤʝʯʝʥʦ ʜʣʷ ʈʦʩʩʠʠ, ʋʢʨʘʠʥʳ, ʄʦʣʜʦʚʳ ʠ ɹʝʣʘʨʫʩʠ [1, 3ï6]. 

ʎʝʣʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ð ʠʟʫʯʝʥʠʝ ʠ ʘʥʘʣʠʟ ʩʦʩʪʘʚʘ ʟʝʣʝʥʳʭ ʚʦʜʦʨʦʩʣʝʡ ʢʣʘʩʩʦʚ 

Trebouxiophyceae, Charophyceae ʠ Ulvophyceae ʧʨʠʜʦʨʦʞʥʳʭ ʛʘʟʦʥʦʚ ʥʝʢʦʪʦʨʳʭ ʫʣʠʮ ʛʦʨʦʜʘ 

ɻʦʤʝʣʷ. 

ʆʪʙʦʨ ʦʙʨʘʟʮʦʚ ʜʣʷ ʘʣʴʛʦʣʦʛʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠ ʚ 2014ï2016 ʛʛ. ʥʘ 

ʥʝʧʦʣʠʚʥʳʭ ʛʘʟʦʥʘʭ ʫʣʠʮ ʛ. ɻʦʤʝʣʷ, ʦʪʣʠʯʘʶʱʠʭʩʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʦʪʦʢʘ: 

1 ʢʘʪʝʛʦʨʠʷ ð ʫʣʠʮʳ ʩ ʚʳʩʦʢʦʡ ʪʨʘʥʩʧʦʨʪʥʦʡ ʥʘʛʨʫʟʢʦʡ: ʫʣʠʮʘ ɹʘʨʳʢʠʥʘ (ɹʈ), ʧʨʦʩʧʝʢʪ 

ʆʢʪʷʙʨʷ (ʇʆ), ʫʣʠʮʘ ʍʘʪʘʝʚʠʯʘ (ʍʊ); 2 ʢʘʪʝʛʦʨʠʷ ð ʫʣʠʮʳ ʩʦ ʩʨʝʜʥʝʡ ʪʨʘʥʩʧʦʨʪʥʦʡ 

ʥʘʛʨʫʟʢʦʡ: ʧʨʦʩʧʝʢʪ ʈʝʯʠʮʢʠʡ (ʈʇ), ʫʣʠʮʘ 60 ʣʝʪ ʉʉʉʈ (ʃʉ), ʫʣʠʮʘ ʉʚʠʨʠʜʦʚʘ (ʉɺ); 

3 ʢʘʪʝʛʦʨʠʷ ð ʫʣʠʮʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ ʥʠʟʢʦʡ ʪʨʘʥʩʧʦʨʪʥʦʡ ʥʘʛʨʫʟʢʦʡ: ʫʣʠʮʘ ɾʫʢʦʚʘ 

(ɾʂ), ʫʣʠʮʘ ʄʝʣʝʞʘ (ʄʃ), ʫʣʠʮʘ ʄʘʢʘʝʥʢʘ (ʄʂ). ʆʪʙʦʨ ʧʦʯʚʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʧʨʦʚʦʜʠʣʠ ʧʦ 

ʦʙʱʝʧʨʠʥʷʪʦʡ ʚ ʧʦʯʚʝʥʥʦʡ ʘʣʴʛʦʣʦʛʠʠ ʤʝʪʦʜʠʢʝ ʚ ʪʨʝʭ ʧʦʚʪʦʨʥʦʩʪʷʭ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 1 ʠ 5 

ʤʝʪʨʦʚ ʦʪ ʧʨʦʝʟʞʝʡ ʯʘʩʪʠ. 
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ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʚʠʜʦʚʦʛʦ ʩʦʩʪʘʚʘ ʚʦʜʦʨʦʩʣʝʡ ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʝʪʦʜ ʧʦʯʚʝʥʥʳʭ ʢʫʣʴʪʫʨ ʩʦ 

ʩʪʝʢʣʘʤʠ ʦʙʨʘʩʪʘʥʠʷ. ʂʫʣʴʪʠʚʠʨʦʚʘʣʠ ʚʦʜʦʨʦʩʣʠ ʚ ʢʣʠʤʘʪʦʩʪʘʪʝ ʂʉ-200 ʧʨʠ ʧʦʩʪʦʷʥʥʳʭ 

ʫʩʣʦʚʠʷʭ: ʧʝʨʠʦʜʠʯʝʩʢʦʝ ʦʩʚʝʱʝʥʠʝ ʩ 14/10-ʯʘʩʦʚʳʤ ʯʝʨʝʜʦʚʘʥʠʝʤ ʩʚʝʪʦʚʦʡ ʠ ʪʝʤʥʦʚʦʡ ʬʘʟ, 

ʠ ʪʝʤʧʝʨʘʪʫʨ +25ʦ ʠ +18 ʦʉ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʀʜʝʥʪʠʬʠʢʘʮʠʶ ʚʦʜʦʨʦʩʣʝʡ ʦʩʫʱʝʩʪʚʣʷʣʠ ʩ 

ʧʦʤʦʱʴʶ ʤʠʢʨʦʩʢʦʧʦʚ XSP-136 ʠ Nikon Eclipse 80i (ʫʚʝʣʠʯʝʥʠʷ Ĭ400, Ĭ1000). ɾʠʟʥʝʥʥʳʝ 

ʬʦʨʤʳ ʚʦʜʦʨʦʩʣʝʡ ʧʨʠʚʦʜʠʣʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʣʘʩʩʠʬʠʢʘʮʠʝʡ, ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʕ. ɸ. 

ʐʪʠʥʦʡ  ʠ ʄ. ʄ. ɻʦʣʣʝʨʙʘʭʦʤ [7ï8]. 

ɺ ʭʦʜʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʦ ʚʳʷʚʣʝʥʦ 27 ʚʠʜʦʚ ʟʝʣʝʥʳʭ ʚʦʜʦʨʦʩʣʝʡ, 

ʦʪʥʦʩʷʱʠʭʩʷ ʢ 16 ʨʦʜʘʤ, 13 ʩʝʤʝʡʩʪʚʘʤ, 9 ʧʦʨʷʜʢʘʤ ʢʣʘʩʩʦʚ Trebouxiophyceae, Charophyceae 

ʠ Ulvophyceae. 

ɺʦʜʦʨʦʩʣʠ ʢʣʘʩʩʘ Trebouxiophyceae ʦʙʲʝʜʠʥʠʣʠ 66,7% ʦʪ ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʚʠʜʦʚ; 

Charophyceae ʩʦʩʪʘʚʠʣʠ 29,6%, Ulvophyceae ð 3,7%. ʅʘʠʙʦʣʝʝ ʧʨʝʜʩʪʘʚʣʝʥʥʳʤʠ ʧʦ 

ʢʦʣʠʯʝʩʪʚʫ ʚʠʜʦʚ ʙʳʣʠ ʧʦʨʷʜʢʠ: Chlorellales (9 ʚʠʜʦʚ); Trebouxiales, Microthamniales, 

Choricystidales, Klebsormidiales ʠ Zygnematales (ʧʦ 3 ʚʠʜʘ). ɺ ʩʝʤʝʡʩʪʚʝʥʥʦʤ ʩʧʝʢʪʨʝ 

ʧʨʝʦʙʣʘʜʘʣʠ Chlorellaceae (22,0%); ʟʥʘʯʠʪʝʣʴʥʘ ʙʳʣʘ ʜʦʣʷ ʚʦʜʦʨʦʩʣʝʡ ʠʟ Choricystidaceae ʠ 

Klebsormidiaceae (ʧʦ 11,0%). ɹʦʣʴʰʠʥʩʪʚʦ ʩʝʤʝʡʩʪʚ ʷʚʣʷʣʠʩʴ ʜʚʫʭï ʠʣʠ ʦʜʥʦʚʠʜʦʚʳʤʠ, ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʫʧʨʦʱʝʥʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʚʦʜʦʨʦʩʣʝʚʳʭ ʩʦʦʙʱʝʩʪʚ [6]. 

ɺʳʷʚʣʝʥʥʳʝ ʚʠʜʳ ʚʭʦʜʷʪ ʚ ʩʦʩʪʘʚ 16 ʨʦʜʦʚ: Chlorella, Klebsormidium, Pseudococcomyxa, 

Stichococcus, Cylindrocystis, Leptosira, Myrmecia, Elliptochloris, ʉoccomyxa, Characium, 

Trebouxia, Chlorokybus, Mesotaenium, Ulotrix, Microthamnion, Gloeotila. ʅʘʠʙʦʣʝʝ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʤ ʧʦ ʯʠʩʣʫ ʚʠʜʦʚ ʙʳʣ ʨʦʜ Chlorella, ʚʢʣʶʯʘʚʰʠʡ 6 ʚʠʜʦʚ. 

ɺ ʵʢʦʣʦʛʠʯʝʩʢʦʤ ʦʪʥʦʰʝʥʠʠ ʚ ʩʦʩʪʘʚʝ ʩʦʦʙʱʝʩʪʚ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʵʜʘʬʦʬʠʣʴʥʳʝ 

(92,6%) ʠ ʘʤʬʠʙʠʘʣʴʥʳʝ (7,4%) ʚʠʜʳ. ʕʜʘʬʦʬʠʣʴʥʳʝ ʚʦʜʦʨʦʩʣʠ ʚʢʣʶʯʘʣʠ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ 

ʉhï, Hï ʠ Xïʞʠʟʥʝʥʥʳʭ ʬʦʨʤ. ɼʦʣʷ ʚʠʜʦʚ Chïʞʠʟʥʝʥʥʦʡ ʬʦʨʤʳ ʩʦʩʪʘʚʠʣʘ 50,0% 

(ʦʜʥʦʢʣʝʪʦʯʥʳʝ ʠ ʢʦʣʦʥʠʘʣʴʥʳʝ ʟʝʣʝʥʳʝ ʠ ʞʝʣʪʦʟʝʣʝʥʳʝ ʚʦʜʦʨʦʩʣʠ, ʦʙʠʪʘʶʱʠʝ ʦʙʳʯʥʦ ʚ 

ʪʦʣʱʝ ʧʦʯʚʳ, ʦʪʣʠʯʘʶʱʠʝʩʷ ʠʩʢʣʶʯʠʪʝʣʴʥʦʡ ʚʳʥʦʩʣʠʚʦʩʪʴʶ ʢ ʨʘʟʣʠʯʥʳʤ ʵʢʩʪʨʝʤʘʣʴʥʳʤ 

ʫʩʣʦʚʠʷʤ ʠ ʦʙʳʯʥʦ ʦʙʦʟʥʘʯʘʝʤʳʝ ʢʘʢ ʫʙʠʢʚʠʩʪʳ). ʇʨʝʜʩʪʘʚʠʪʝʣʠ ʅïʞʠʟʥʝʥʥʦʡ ʬʦʨʤʳ 

ʦʙʲʝʜʠʥʠʣʠ 40,9% ʦʪ ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʚʳʷʚʣʝʥʥʳʭ ʚʠʜʦʚ (ʥʠʪʝʚʠʜʥʳʝ ʟʝʣʝʥʳʝ ʠ 

ʞʝʣʪʦʟʝʣʝʥʳʝ ʚʦʜʦʨʦʩʣʠ, ʥʝʫʩʪʦʡʯʠʚʳʝ ʧʨʦʪʠʚ ʟʘʩʫʭʠ ʠ ʩʠʣʴʥʦʛʦ ʥʘʛʨʝʚʘʥʠʷ; ʞʠʚʫʪ 

ʨʘʩʩʝʷʥʥʦ ʩʨʝʜʠ ʧʦʯʚʝʥʥʳʭ ʯʘʩʪʠʮ). ɺʠʜʳ ʩ ʍïʬʦʨʤʦʡ ʩʦʩʪʘʚʠʣʠ 4,5% (ʦʜʥʦʢʣʝʪʦʯʥʳʝ 

ʞʝʣʪʦʟʝʣʝʥʳʝ ʠ ʤʥʦʛʠʝ ʟʝʣʝʥʳʝ, ʧʨʝʜʧʦʯʠʪʘʶʱʠʝ ʫʩʣʦʚʠʷ ʞʠʟʥʠ ʩʨʝʜʠ ʧʦʯʚʝʥʥʳʭ ʯʘʩʪʠʮ, 

ʪʝʥʝʚʳʥʦʩʣʠʚʳʝ, ʥʦ ʥʝʫʩʪʦʡʯʠʚʳʝ ʧʨʦʪʠʚ ʟʘʩʫʭʠ ʠ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨ) [7, 8]. 

ʉʦʛʣʘʩʥʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ [1, 6], ʚ ʧʦʯʚʘʭ ʚʜʦʣʴ ʜʦʨʦʛ ʪʨʘʥʩʧʦʨʪ ʩʪʘʣ ʟʘʥʠʤʘʪʴ 

ʚʪʦʨʦʝ ʤʝʩʪʦ ʩʨʝʜʠ ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʟʘʛʨʷʟʥʝʥʠʷ ʧʦʩʣʝ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, 

ʧʦʩʢʦʣʴʢʫ ʧʦʩʪʘʚʣʷʝʪ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʦʛʨʦʤʥʳʝ ʤʘʩʩʳ ʧʳʣʠ, ʩʘʞʠ, ʦʪʨʘʙʦʪʘʥʥʳʭ ʛʘʟʦʚ, 

ʤʘʩʝʣ, ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʠ ʤʥʦʞʝʩʪʚʦ ʜʨʫʛʠʭ ʚʝʱʝʩʪʚ, ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʢʦʪʦʨʳʭ ʦʪʥʦʩʠʪʩʷ 

ʢ ʪʦʢʩʠʢʘʥʪʘʤ. ʇʦʜʦʙʥʳʝ ʚʦʟʜʝʡʩʪʚʠʷ ʧʨʠʚʦʜʷʪ ʢ ʥʘʨʫʰʝʥʠʶ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 

ʚʦʜʦʨʦʩʣʝʚʳʭ ʩʦʦʙʱʝʩʪʚ, ʩʦʩʪʘʚ ʠ ʩʪʨʫʢʪʫʨʘ ʢʦʪʦʨʳʭ ʤʝʥʷʶʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʝʧʝʥʠ 

ʪʨʘʥʩʧʦʨʪʥʦʡ ʥʘʛʨʫʟʢʠ. 

ʉʨʘʚʥʝʥʠʝ ʪʘʢʩʦʥʦʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʟʝʣʝʥʳʭ ʚʦʜʦʨʦʩʣʝʡ ʠʩʩʣʝʜʫʝʤʳʭ ʢʣʘʩʩʦʚ ʚ ʧʦʯʚʝ 

ʧʨʠʜʦʨʦʞʥʳʭ ʛʘʟʦʥʦʚ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʫʣʠʮ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʈʠʩʫʥʢʝ 1. 
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ʈʠʩʫʥʦʢ 1. ʉʨʘʚʥʝʥʠʝ ʪʘʢʩʦʥʦʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʟʝʣʝʥʳʭ ʚʦʜʦʨʦʩʣʝʡ 

 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ, ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʦ ʤʝʨʝ ʫʤʝʥʴʰʝʥʠʷ 

ʪʨʘʥʩʧʦʨʪʥʦʡ ʥʘʛʨʫʟʢʠ ʚ 2014 ʛʦʜʫ (ɹʈŸʈʇŸɾʂ) ʧʨʦʠʩʭʦʜʠʣʦ ʥʝʢʦʪʦʨʦʝ ʫʚʝʣʠʯʝʥʠʝ 

ʚʠʜʦʚʦʛʦ ʙʦʛʘʪʩʪʚʘ ʠ ʨʘʩʰʠʨʝʥʠʝ ʪʘʢʩʦʥʦʤʠʯʝʩʢʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʟʝʣʝʥʳʭ ʚʦʜʦʨʦʩʣʝʡ; ʚ 2015 

ʛʦʜʫ (ʇʆŸʃʉŸʄʃ) ʦʪʤʝʯʝʥʦ ʪʦʣʴʢʦ ʨʘʩʰʠʨʝʥʠʝ ʪʘʢʩʦʥʦʤʠʯʝʩʢʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ, ʚʠʜʦʚʦʝ 

ʙʦʛʘʪʩʪʚʦ ʠʟʤʝʥʷʣʦʩʴ ʥʝʟʥʘʯʠʪʝʣʴʥʦ; ʚ 2016 ʛʦʜʫ (ʍʊŸʉɺŸʄʂ) ʥʘ ʥʘʯʘʣʴʥʳʭ ʵʪʘʧʘʭ 

ʥʘʙʣʶʜʘʣʦʩʴ ʨʘʩʰʠʨʝʥʠʝ ʚʠʜʦʚʦʛʦ ʙʦʛʘʪʩʪʚʘ ʚʦʜʦʨʦʩʣʝʡ ʠʩʩʣʝʜʫʝʤʳʭ ʢʣʘʩʩʦʚ, ʘ ʟʘʪʝʤ ï 

ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʩʦʢʨʘʱʝʥʠʝ. ʇʨʠ ʵʪʦʤ ʚ ʧʦʯʚʝ ʚʩʝʭ ʫʣʠʮ ʜʦʤʠʥʠʨʫʶʱʠʝ ʧʦʣʦʞʝʥʠʝ 

ʩʦʭʨʘʥʠʣʠ ʦʜʥʦʢʣʝʪʦʯʥʳʝ ʚʦʜʦʨʦʩʣʠ ʉhïʞʠʟʥʝʥʥʦʡ ʬʦʨʤʳ ʩʝʤʝʡʩʪʚʘ Chlorellaceae, ʜʦʣʷ 

ʢʦʪʦʨʳʭ ʚʘʨʴʠʨʦʚʘʣʘ ʚ ʧʨʝʜʝʣʘʭ 23,5ï40,0%. ʇʦʜʦʙʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ 

ʛʝʪʝʨʦʛʝʥʥʦʩʪʠ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ ʚ ʫʩʣʦʚʠʷʭ ʛʦʨʦʜʘ ʠ ʪʨʝʙʫʝʪ ʜʘʣʴʥʝʡʰʝʛʦ ʠʟʫʯʝʥʠʷ ʜʣʷ 

ʚʳʷʚʣʝʥʠʷ ʦʙʱʠʭ ʪʝʥʜʝʥʮʠʡ ʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ. 

ʂʘʢ ʠʟʚʝʩʪʥʦ [1, 3], ʧʨʦʝʟʞʘʷ ʯʘʩʪʴ ʧʦʜʚʝʨʛʘʝʪʩʷ ʩʠʣʴʥʦʤʫ ʧʨʦʛʨʝʚʘʥʠʶ ʠ ʩʣʘʙʦʤʫ 

ʠʩʧʘʨʝʥʠʶ, ʜʝʡʩʪʚʠʶ ʫʩʠʣʝʥʥʦʛʦ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʪʦʢʘ, ʨʷʜʘ ʪʦʢʩʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ, 

ʧʦʧʘʜʘʶʱʠʭ ʚ ʘʪʤʦʩʬʝʨʫ ʩ ʚʳʭʣʦʧʥʳʤʠ ʛʘʟʘʤʠ, ʯʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʩʦʟʜʘʥʠʝ ʦʩʦʙʳʭ 

ʤʠʢʨʦʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʠ ʥʘ ʧʨʠʣʝʛʘʶʱʝʡ ʢ ʥʝʡ ʪʝʨʨʠʪʦʨʠʠ, ʪ. ʝ ʧʨʦʠʩʭʦʜʠʪ ʠʟʤʝʥʝʥʠʝ 

ʘʙʠʦʪʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʥʘʨʷʜʫ ʩ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʠ. 

ʉʨʘʚʥʝʥʠʝ ʩʦʩʪʘʚʘ ʟʝʣʝʥʳʭ ʚʦʜʦʨʦʩʣʝʡ ʠʩʩʣʝʜʫʝʤʳʭ ʢʣʘʩʩʦʚ ʥʘ ʨʘʟʣʠʯʥʦʤ ʨʘʩʩʪʦʷʥʠʠ 

ʦʪ ʧʨʦʝʟʞʝʡ ʯʘʩʪʠ ʧʨʠʚʝʜʝʥʦ ʚ ʊʘʙʣʠʮʝ. 
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ʊʘʙʣʠʮʘ. 

ʉʈɸɺʅɽʅʀɽ ʉʆʉʊɸɺɸ ɺʆɼʆʈʆʉʃɽʁ  

ʅɸ ʈɸɿʅʆʄ ʈɸʉʉʊʆʗʅʀʀ ʆʊ ʇʈʆɽɿɾɽʁ ʏɸʉʊʀ 

ɻʦʜ ʅʘʛʨʫʟʢʘ ʋʯʘʩʪʢʠ 
ʊʘʢʩʦʥʦʤʠʯʝʩʢʘʷ 

ʩʪʨʫʢʪʫʨʘ 
ʕʢʦʣʦʛʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ 

ɺʩʝʛʦ 

ʚʠʜʦʚ 

2
0

1
4 

ɺʳʩʦʢʘʷ 
ɹʈ_1 Treb75,0 Char12,5 Ulv12,5 Ch62,5 H37,5 8 

ɹʈ_5 Treb63,6 Char27,3 Ulv9,1 Ch63,6 H36,4 11 

ʉʨʝʜʥʷʷ 
ʈʇ_1 Treb83,3 Char16,7 Ch66,6 H16,7 X16,7 6 

ʈʇ_5 Treb77,8 Char11,1 Ulv11,1 Ch55,6 H33,3 X11,1 9 

ʅʠʟʢʘʷ 
ɾʂ_1 Treb62,5 Char25,0 Ulv12,5 Ch50,0 H37,5 amph12,5 82 

ɾʂ_5 Treb63,6 Char27,3 Ulv9,1 Ch63,6 H36,4 11 

2
0

1
5 

ɺʳʩʦʢʘʷ 
ʇʆ_1 Treb80,0 Ulv20,0 Ch60,0 H20,0 amph20,0 5 

ʇʆ_5 Treb57,1 Char42,9 Ch57,1 H42,9 7 

ʉʨʝʜʥʷʷ 
ʃʉ_1 Treb66,6 Char16,7 Ulv16,7 Ch50,0 H33,3 X16,7 6 

ʃʉ_5 Treb60,0 Char30,0 Ulv10,0 Ch40,0 H40,0 X10,0 amph10,0 10 

ʅʠʟʢʘʷ 
ʄʃ_1 Treb57,1 Char28,6 Ulv14,3 Ch57,2 H42,8 7 

ʄʃ_5 Treb71,4 Char28,6 Ch57,1 H28,6 amph14,3 7 

2
0

1
6 

ɺʳʩʦʢʘʷ 
ʍʊ_1 Treb72,7 Char18,2 Ulv9,1 Ch63,6 H18,2X9,1 amph9,1 11 

ʍʊ_5 Treb69,2 Char23,1 Ulv7,7 Ch69,2 H15,4X7,7 amph7,7 13 

ʉʨʝʜʥʷʷ 
ʉɺ_1 Treb76,9 Char23,1 Ch69,2 H15,4 X7,7 amph7,7 13 

ʉɺ_5 Treb53,3 Char40,0 Ulv6,7 Ch40,0 H46,6X6,7 amph6,7 15 

ʅʠʟʢʘʷ 
ʄʂ_1 Treb61,5 Char30,8 Ulv7,7 Ch61,5 H23,1 X7,7 amph7,7 13 

ʄʂ_5 Treb71,4 Char21,4 Ulv7,1 Ch57,2 H28,6 X7,1 amph7,1 14 

ʇʨʠʤʝʯʘʥʠʝ: ʠʥʜʝʢʩʳ ʫʢʘʟʳʚʘʶʪ % ʦʪ ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʚʠʜʦʚ; Treb ð Trebouxiophyceae, Char ð 

Charophyceae, Ulv ð Ulvophyceae; Ch, H, X, amph ð ʞʠʟʥʝʥʥʳʝ ʬʦʨʤʳ [6ï7] 

 

ʉʦʛʣʘʩʥʦ ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʜʘʥʥʳʤ, ʚ ʧʦʯʚʝ ʧʨʠʜʦʨʦʞʥʳʭ ʛʘʟʦʥʦʚ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʭ 

ʫʣʠʮ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʧʨʦʝʟʞʝʡ ʯʘʩʪʠ ʦʪʤʝʯʘʝʪʩʷ ʨʘʩʰʠʨʝʥʠʝ ʚʠʜʦʚʦʛʦ ʙʦʛʘʪʩʪʚʘ 

ʚʦʜʦʨʦʩʣʝʡ, ʯʪʦ, ʚʝʨʦʷʪʥʦ, ʦʙʫʩʣʦʚʣʝʥʦ ʫʣʫʯʰʝʥʠʝʤ ʫʩʣʦʚʠʡ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʜʣʷ ʚʦʜʦʨʦʩʣʝʡ 

[2, 6]. 

ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʧʨʦʝʟʞʝʡ ʯʘʩʪʠ ʧʨʠ ʚʳʩʦʢʦʡ ʟʘʛʨʫʞʝʥʥʦʩʪʠ ʫʣʠʮ 

ʪʨʘʥʩʧʦʨʪʦʤ ʥʘʙʣʶʜʘʝʪʩʷ ʩʦʢʨʘʱʝʥʠʝ ʜʦʣʠ ʪʨʝʙʫʢʩʠʦʬʠʮʠʝʚʳʭ ʚʦʜʦʨʦʩʣʝʡ ʠ ʨʘʩʰʠʨʝʥʠʝ 

ʫʯʘʩʪʠʷ ʭʘʨʦʬʠʮʠʝʚʳʭ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʚ ʩʦʩʪʘʚʝ ʚʦʜʦʨʦʩʣʝʚʳʭ ʩʦʦʙʱʝʩʪʚ. ʇʨʠ ʩʨʝʜʥʝʡ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʪʨʘʥʩʧʦʨʪʥʦʡ ʥʘʛʨʫʟʢʠ ʦʪʤʝʯʝʥʦ ʩʥʠʞʝʥʠʝ ʜʦʣʠ ʚʦʜʦʨʦʩʣʝʡ ʢʣʘʩʩʘ 

Trebouxiophyceae ʚ ʩʦʩʪʘʚʝ ʘʣʴʛʦʩʦʦʙʱʝʩʪʚ, ʘ ʧʨʠ ʥʠʟʢʦʡ ʥʘʛʨʫʟʢʝ ï ʫʚʝʣʠʯʝʥʠʝ ʜʦʣʠ 

ʪʨʝʙʫʢʩʠʦʬʠʮʠʝʚʳʭ ʚʠʜʦʚ ʠ ʩʦʢʨʘʱʝʥʠʝ ʫʯʘʩʪʠʷ ʫʣʴʚʦʬʠʮʠʝʚʳʭ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʚ 

ʚʦʜʦʨʦʩʣʝʚʳʭ ʩʦʦʙʱʝʩʪʚʘʭ. ʇʦʜʦʙʥʦʝ ʠʟʤʝʥʝʥʠʝ ʪʘʢʩʦʥʦʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ 

ʦ ʚʣʠʷʥʠʠ ʩʪʝʧʝʥʠ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʪʘʢʩʦʥʦʤʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ ʘʣʴʛʦʩʦʦʦʙʱʝʩʪʚ. 

ɺ ʵʢʦʣʦʛʠʯʝʩʢʦʤ ʦʪʥʦʰʝʥʠʠ ʦʙʱʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʩʧʝʢʪʨʦʚ ʚʦʜʦʨʦʩʣʝʡ 

ʦʪʤʝʯʝʥʳ ʪʦʣʴʢʦ ʧʨʠ ʩʨʝʜʥʝʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʪʨʘʥʩʧʦʨʪʥʦʡ ʥʘʛʨʫʟʢʠ: ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʧʨʦʝʟʞʝʡ ʯʘʩʪʠ ʧʦʢʘʟʘʥʦ ʩʦʢʨʘʱʝʥʠʝ ʜʦʣʠ ʚʦʜʦʨʦʩʣʝʡ Chïʬʦʨʤʳ ʠ ʫʚʝʣʠʯʝʥʠʝ 

ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʅïʞʠʟʥʝʥʥʦʡ ʬʦʨʤʳ. 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʩʦʩʪʘʚʘ ʚʦʜʦʨʦʩʣʝʡ ʧʦʟʚʦʣʠʣ ʚʳʷʚʠʪʴ ʚʠʜʳ, ʧʨʠʛʦʜʥʳʝ ʜʣʷ 

ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ ʧʨʠʜʦʨʦʞʥʳʭ ʛʘʟʦʥʦʚ: 

1. ʚʠʜʳ, ʚʝʛʝʪʠʨʫʶʱʠʝ ʥʘ ʚʩʝʭ ʫʯʘʩʪʢʘʭ (ʠʥʜʠʬʬʝʨʝʥʪʳ): Chlorella minutissima; 

2. ʚʠʜʳ, ʨʘʟʚʠʚʘʶʱʠʝ ʚ ʧʦʯʚʝ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 1 ʤʝʪʨʘ ʦʪ ʧʨʦʝʟʞʝʡ ʯʘʩʪʠ (ʫʩʪʦʡʯʠʚʳʝ): 

Chlorella mirabilis, Elliptochloris sp.; 

3. ʚʠʜʳ, ʨʘʟʚʠʚʘʶʱʠʝ ʚ ʧʦʯʚʝ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 5 ʤʝʪʨʦʚ ʦʪ ʧʨʦʝʟʞʝʡ ʯʘʩʪʠ 

(ʯʫʚʩʪʚʠʪʝʣʴʥʳʝ): Stichococcus chlorelloides, Chlorokybus athmophyticus, Cylindrocystis 
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brebissonii var. brebissonii, Cylindrocystis sp., Mesotaenium sp. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 5 ʤʝʪʨʦʚ ʦʪ ʧʨʦʝʟʞʝʡ ʯʘʩʪʠ ʧʨʦʠʟʦʰʣʦ ʥʝ ʪʦʣʴʢʦ 

ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʧʨʠʫʨʦʯʝʥʥʳʭ ʢ ʫʯʘʩʪʢʘʤ ʚʠʜʦʚ, ʥʦ ʠ ʨʘʩʰʠʨʝʥʠʝ ʩʧʝʢʪʨʘ ʞʠʟʥʝʥʥʳʭ 

ʬʦʨʤ. ʇʦʜʦʙʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʩʦʩʪʘʚʝ ʛʨʫʧʧ ʚʦʜʦʨʦʩʣʝʡ ʝʱʝ ʨʘʟ ʧʦʜʪʚʝʨʞʜʘʶʪ ʫʣʫʯʰʝʥʠʝ 

ʫʩʣʦʚʠʡ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʜʣʷ ʚʦʜʦʨʦʩʣʝʡ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʚʝʜʝʥʥʳʡ ʥʘʤʠ ʘʥʘʣʠʟ ʩʦʩʪʘʚʘ ʟʝʣʝʥʳʭ ʚʦʜʦʨʦʩʣʝʡ ʢʣʘʩʩʦʚ 

Trebouxiophyceae, Charophyceae ʠ Ulvophyceae ʧʦʢʘʟʘʣ, ʯʪʦ ʪʘʢʩʦʥʦʤʠʯʝʩʢʘʷ ʠ ʵʢʦʣʦʛʠʯʝʩʢʘʷ 

ʩʪʨʫʢʪʫʨʘ ʩʦʦʙʱʝʩʪʚ ʟʝʣʝʥʳʭ ʚʦʜʦʨʦʩʣʝʡ ʧʨʠʜʦʨʦʞʥʳʭ ʛʘʟʦʥʦʚ ʟʘʚʠʩʠʪ ʦʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʦʪʦʢʘ ʠ ʫʜʘʣʝʥʥʦʩʪʠ ʧʨʦʙʥʳʭ ʧʣʦʱʘʜʦʢ ʦʪ ʧʨʦʝʟʞʝʡ ʯʘʩʪʠ. 
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ɸʥʥʦʪʘʮʠʷ. ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʠʜʦʚʦʛʦ ʩʦʩʪʘʚʘ ʠ ʩʪʨʫʢʪʫʨʳ 

ʮʠʘʥʦʙʘʢʪʝʨʠʘʣʴʥʳʭ ʩʦʦʙʱʝʩʪʚ ʧʦʯʚ ʧʨʠʜʦʨʦʞʥʳʭ ʛʘʟʦʥʦʚ ʥʝʢʦʪʦʨʳʭ ʫʣʠʮ ʛʦʨʦʜʘ ɻʦʤʝʣʷ. 

ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʧʦʣʝʚʳʝ, ʣʘʙʦʨʘʪʦʨʥʳʝ ʠ ʢʫʣʴʪʫʨʘʣʴʥʳʝ. 

ʇʨʠ ʠʟʫʯʝʥʠʠ ʩʪʨʫʢʪʫʨʳ ʮʠʘʥʦʙʘʢʪʝʨʠʘʣʴʥʳʭ ʩʦʦʙʱʝʩʪʚ ʠʩʩʣʝʜʫʝʤʳʭ ʧʦʯʚ 

ʧʨʠʜʦʨʦʞʥʳʭ ʛʘʟʦʥʦʚ ʙʳʣʦ ʚʳʷʚʣʝʥʦ 34 ʚʠʜʘ ʮʠʘʥʦʙʘʢʪʝʨʠʡ ʢʣʘʩʩʘ ʮʠʘʥʦʬʠʮʠʝʚʳʝ, 

ʦʪʥʦʩʷʱʠʭʩʷ ʢ 3 ʧʦʨʷʜʢʘʤ, 7 ʩʝʤʝʡʩʪʚʘʤ ʠ 13 ʨʦʜʘʤ. ʅʘ ʜʦʣʶ ʧʦʨʷʜʢʘ Oscillatoriales 

ʧʨʠʭʦʜʠʣʦʩʴ 61,8%, Croococcales ʩʦʩʪʘʚʠʣʠ 20,5%, Nostocales ð 17,7%. ɺ ʩʧʝʢʪʨʝ ʩʝʤʝʡʩʪʚ 

ʧʨʝʦʙʣʘʜʘʣʠ Phormidiaceae (47,1%), ʟʥʘʯʠʪʝʣʴʥʘ ʙʳʣʘ ʜʦʣʷ ʚʠʜʦʚ ʠʟ Nostocaceae ð 20,5%. ɺ 

ʨʦʜʦʚʦʤ ʩʧʝʢʪʨʝ ʜʦʤʠʥʠʨʦʚʘʣʠ Phorsidium (38,0%), Nostoc (11,8%), Cyanothece, Borzia ʠ 

Microcoleus (ʧʦ 8,9 %). 

ʕʢʦʣʦʛʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʚʩʝ ʚʳʷʚʣʝʥʥʳʝ ʮʠʘʥʦʙʘʢʪʝʨʠʠ ʷʚʣʷʶʪʩʷ 

ʵʜʘʬʦʬʠʣʴʥʳʤʠ. ʅʘʠʙʦʣʴʰʝʝ ʯʠʩʣʦ ʚʠʜʦʚ ʷʚʣʷʣʠʩʴ ʧʨʝʜʩʪʘʚʠʪʝʣʷʤʠ ʈïʞʠʟʥʝʥʥʦʡ ʬʦʨʤʳ ð 

52,9% (ʚʠʜʳ ʨʦʜʦʚ Phormidium, Borzia, Oscillatoria ʠ Plectonema). ʅʘ ʜʦʣʶ ʚʦʜʦʨʦʩʣʝʡ 
ʉïʬʦʨʤʳ ʧʨʠʭʦʜʠʣʦʩʴ 26,5% (ʚʠʜʳ ʨʦʜʦʚ Anabaena, Nostoc, Cylindrospermum, Nodularia, 

Aphanocapsa, Microcystis). ʉʨʝʜʠ ʚʦʜʦʨʦʩʣʝʡ ʉïʬʦʨʤʳ ʚʳʷʚʣʝʥʳ ʚʠʜʳ ʩ ʛʝʪʝʨʦʮʠʩʪʘʤʠ 

ʩʧʦʩʦʙʥʳʝ ʢ ʘʟʦʪʬʠʢʩʘʮʠʠ (ʨʨ. Anabaena, Nostoc, Cylindrospermum, Nodularia). ɼʦʣʷ 

ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ Chïʬʦʨʤʳ ʩʦʩʪʘʚʠʣʘ 11,7% (ʨʨ. Cyanothece, Synechocystis). ʅʘʠʤʝʥʴʰʝʝ 

ʯʠʩʣʦ ʚʠʜʦʚ ʷʚʣʷʣʠʩʴ ʧʨʝʜʩʪʘʚʠʪʝʣʷʤʠ ʄïʬʦʨʤʳ ð 8,9% (ʚʠʜʳ ʨʦʜʘ Microcoleus). 

ɺʠʜʦʚʦʝ ʙʦʛʘʪʩʪʚʦ ʩʦʦʙʱʝʩʪʚ ʮʠʘʥʦʙʘʢʪʝʨʠʡ ʚʘʨʴʠʨʦʚʘʣʦ ʚ ʧʨʝʜʝʣʘʭ 12ï25 ʚʠʜʦʚ, ʚ 

ʩʦʩʪʘʚʝ ʩʦʦʙʱʝʩʪʚ ʮʠʘʥʝʡ ʚʩʝʭ ʫʣʠʮ ʩʦʭʨʘʥʠʣʦʩʴ ʜʦʤʠʥʠʨʦʚʘʥʠʝ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʈï

ʞʠʟʥʝʥʥʦʡ ʬʦʨʤʳ (50ï68%). ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʪʘʢʩʦʥʦʤʠʯʝʩʢʘʷ ʠ ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ 

ʮʠʘʥʦʙʘʢʪʝʨʠʘʣʴʥʳʭ ʩʦʦʙʱʝʩʪʚ ʧʨʠʜʦʨʦʞʥʳʭ ʛʘʟʦʥʦʚ ʟʘʚʠʩʠʪ ʦʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʦʪʦʢʘ ʠ ʫʜʘʣʝʥʥʦʩʪʠ ʧʨʦʙʥʳʭ ʧʣʦʱʘʜʦʢ ʦʪ ʧʨʦʝʟʞʝʡ ʯʘʩʪʠ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ 

ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʧʨʦʝʟʞʝʡ ʯʘʩʪʠ ʚʳʷʚʣʝʥʦ ʨʘʩʰʠʨʝʥʠʝ ʚʠʜʦʚʦʛʦ ʙʦʛʘʪʩʪʚʘ ʚʦʜʦʨʦʩʣʝʡ. 

 

Abstract. The results of a study of the species composition and structure of cyanobacterial 

communities of soils of roadside lawns of some streets of the city of Gomel are presented. 

Research methods: field, laboratory and cultural. 
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Total in the soils studied city of Gomel found 34 species of soil cyanobacteria belonging to 13 

genera, 7 families, 3 orders of 1 classes. Oscillatoriales were 61.8%, Croococcales ð 20.5%, 

Nostocales ð 17.7 %. In the family spectrum Phormidiaceae prevailed (47.1%), a significant 

proportion of the species from Nostocaceae ð 20.5%. Among the genera Phormidium dominated 

(38.0%), Nostoc (11.8%), Cyanothece, Borzia and Microcoleus (8.9% each). 

Ecological analysis showed that all the cyanobacteria detected are edaphophilic. 

The largest number of species were representatives of the Pïlife form ð 52.9% (species of the 

genera Phormidium, Borzia, Oscillatoria and Plectonema). Cïform algae accounted for 26.5% 

(genera Anabaena, Nostoc, Cylindrospermum, Nodularia, Aphanocapsa, Microcystis). Among the 

algae of the Cïform, species with heterocysts capable of nitrogen fixation have been identified 

(species of the genera Anabaena, Nostoc, Cylindrospermum, Nodularia). The share of Chïform 

representatives was 11.7% (species of the genera Cyanothece, Synechocystis). The smallest number 

of species were representatives of the Mïform ð 8.9% (species of the genus Microcoleus). 

The species richness of the cyanobacterial communities varied within 12ï25 species, the 

composition of cyanobacterial communities of all the streets retained the dominance of 

representatives of the Pïlife form (50ï68%). The analysis of taxonomical and ecological structure of 

cyanobacterial communities on the intensity of transport flow and distance of trial areas from the 

roadway were conducted. With increasing distance from the roadway identified the expansion of 

species richness of algae. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʮʠʘʥʦʙʘʢʪʝʨʠʠ, ʩʪʨʫʢʪʫʨʘ ʩʦʦʙʱʝʩʪʚ, ʧʨʠʜʦʨʦʞʥʳʝ ʛʘʟʦʥʳ, ʧʦʯʚʘ. 

 

Keywords: cyanobacteria, community structure, roadside lawns, soil. 

 

ɺ ʩʦʩʪʘʚʝ ʧʦʯʚʝʥʥʦʡ ʙʠʦʪʳ ʮʠʘʥʦʙʢʪʝʨʠʠ ʷʚʣʷʶʪʩʷ ʚʘʞʥʦʡ ʛʨʫʧʧʦʡ ʬʦʪʦʘʚʪʦʪʨʦʬʥʳʭ 

ʧʨʦʢʘʨʠʦʪʠʯʝʩʢʠʭ ʦʨʛʘʥʠʟʤʦʚ. ʆʩʦʙʝʥʥʦʩʪʠ ʧʨʦʪʦʧʣʘʩʪʘ, ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʝ ʨʘʟʤʝʨʳ, 

ʘʚʪʦʪʨʦʬʥʦʩʪʴ, ʩʧʦʩʦʙʥʦʩʪʴ ʬʠʢʩʠʨʦʚʘʪʴ ʘʪʤʦʩʬʝʨʥʳʡ ʘʟʦʪ ʠ çʵʬʝʤʝʨʥʦʩʪʴè ʚʝʛʝʪʘʮʠʠ 

ʧʦʟʚʦʣʷʶʪ ʠʤ ʩʫʱʝʩʪʚʦʚʘʪʴ ʜʘʞʝ ʚ ʢʨʘʡʥʝ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʫʩʣʦʚʠʷʭ. ʎʠʘʥʝʠ ʩʧʦʩʦʙʥʳ 

ʙʳʩʪʨʦ ʦʩʚʘʠʚʘʪʴ ʩʚʦʙʦʜʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʦʩʦʙʝʥʥʦ ʚ ʥʘʨʫʰʝʥʥʳʭ ʥʘʟʝʤʥʳʭ ʵʢʦʩʠʩʪʝʤʘʭ, 

ʛʜʝ ʣʠʤʠʪʠʨʫʶʱʠʝ ʬʘʢʪʦʨʳ ʟʥʘʯʠʪʝʣʴʥʦ ʦʛʨʘʥʠʯʠʚʘʶʪ ʨʘʟʚʠʪʠʝ ʚʳʩʰʠʭ ʨʘʩʪʝʥʠʡ. 

ɻʦʨʦʜʩʢʠʝ ʧʦʯʚʳ ʦʪʣʠʯʘʶʪʩʷ ʚʳʩʦʢʦʡ ʛʝʪʝʨʦʛʝʥʥʦʩʪʴʶ, ʥʘʭʦʜʷʪʩʷ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʨʷʜʘ 

ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʬʘʢʪʦʨʦʚ, ʦʜʥʠʤ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʪʨʘʥʩʧʦʨʪ. ɸʚʪʦʤʦʙʠʣʴʥʳʝ ʜʦʨʦʛʠ ï 

ʥʝʦʪʲʝʤʣʝʤʘʷ ʯʘʩʪʴ ʛʦʨʦʜʩʢʦʛʦ ʣʘʥʜʰʘʬʪʘ, ʦʙʫʩʣʘʚʣʠʚʘʶʱʘʷ ʧʦʧʘʜʘʥʠʝ ʚ ʦʢʨʫʞʘʶʱʫʶ 

ʩʨʝʜʫ ʙʦʣʝʝ 200 ʠʥʛʨʝʜʠʝʥʪʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʦʙʣʘʜʘʶʱʠʭ ʪʦʢʩʠʯʥʦʩʪʴʶ [1ï3]. ʇʨʦʝʟʞʘʷ ʯʘʩʪʴ 

ʧʦʜʚʝʨʛʘʝʪʩʷ ʩʠʣʴʥʦʤʫ ʧʨʦʛʨʝʚʘʥʠʶ ʠ ʩʣʘʙʦʤʫ ʠʩʧʘʨʝʥʠʶ, ʜʝʡʩʪʚʠʶ ʫʩʠʣʝʥʥʦʛʦ 

ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʪʦʢʘ, ʯʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʩʦʟʜʘʥʠʝ ʦʩʦʙʳʭ ʤʠʢʨʦʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʠ ʥʘ 

ʧʨʠʣʝʛʘʶʱʝʡ ʢ ʥʝʡ ʪʝʨʨʠʪʦʨʠʠ. ʀʟʫʯʝʥʠʝ ʩʦʩʪʘʚʘ ʠ ʦʨʛʘʥʠʟʘʮʠʠ ʮʠʘʥʦʙʘʢʪʝʨʠʘʣʴʥʳʭ 

ʩʦʦʙʱʝʩʪʚ ʧʦʯʚ ʥʝʢʦʪʦʨʳʭ ʧʨʠʜʦʨʦʞʥʳʭ ʛʘʟʦʥʦʚ ʛ. ɻʦʤʝʣʷ ʠ ʷʚʣʷʣʦʩʴ ʮʝʣʴʶ ʥʘʩʪʦʷʱʝʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʇʨʦʙʳ ʜʣʷ ʘʣʴʛʦʣʦʛʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʪʙʠʨʘʣʠ ʚ 2014ï2016 ʛʛ. ʥʘ ʥʝʧʦʣʠʚʥʳʭ 

ʛʘʟʦʥʘʭ ʥʝʢʦʪʦʨʳʭ ʫʣʠʮ ʛ. ɻʦʤʝʣʷ, ʦʪʣʠʯʘʶʱʠʭʩʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʦʪʦʢʘ: 

ʥʘʠʙʦʣʝʝ ʟʘʛʨʫʞʝʥʥʳʤ ʪʨʘʥʩʧʦʨʪʥʳʤ ʧʦʪʦʢʦʤ ʫʣʠʮʘʤ ɹʘʨʳʢʠʥʘ (ɹʈ) ʠ ʍʘʪʘʝʚʠʯʘ (ʍʊ), 

ʧʨʦʩʧʝʢʪʫ ʆʢʪʷʙʨʷ (ʇʆ), ʫʣʠʮʘʤ ʩʦ ʩʨʝʜʥʝʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʜʚʠʞʝʥʠʷ 

ʉʚʠʨʠʜʦʚʘ (ʉɺ), 60 ʣʝʪ ʉʉʉʈ (ʃʉ) ʠ ʧʨʦʩʧʝʢʪʫ ʈʝʯʠʮʢʦʤʫ (ʈʇ), ʘ ʪʘʢʞʝ ʥʘ ʫʣʠʮʘʭ ʩ ʥʠʟʢʦʡ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʦʪʦʢʘ: ɾʫʢʦʚʘ (ɾʂ), ʄʝʣʝʞʘ (ʄʃ) ʠ ʄʘʢʘʝʥʢʘ (ʄʂ). ʆʪʙʦʨ 

ʦʙʨʘʟʮʦʚ ʧʨʦʚʦʜʠʣʠ ʧʦ ʦʙʱʝʧʨʠʥʷʪʦʡ ʚ ʧʦʯʚʝʥʥʦʡ ʘʣʴʛʦʣʦʛʠʠ ʤʝʪʦʜʠʢʝ ʚ ʪʨʝʭ ʧʦʚʪʦʨʥʦʩʪʷʭ 

[3]. ɼʣʷ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʚʦʜʦʨʦʩʣʝʡ ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʝʪʦʜ ʧʦʯʚʝʥʥʳʭ ʢʫʣʴʪʫʨ ʩʦ çʩʪʝʢʣʘʤʠ 

ʦʙʨʘʩʪʘʥʠʷè. ʀʜʝʥʪʠʬʠʢʘʮʠʶ ʚʦʜʦʨʦʩʣʝʡ ʦʩʫʱʝʩʪʚʣʷʣʠ ʩ ʧʦʤʦʱʴʶ ʤʠʢʨʦʩʢʦʧʦʚ XSP-136 ʠ 

Nikon Eclipse 80i (ʫʚʝʣʠʯʝʥʠʷ Ĭ400, Ĭ1000) ʠ ʦʧʨʝʜʝʣʠʪʝʣʝʡ. ɾʠʟʥʝʥʥʳʝ ʬʦʨʤʳ ʚʦʜʦʨʦʩʣʝʡ 

ʧʨʠʚʝʜʝʥʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʣʘʩʩʠʬʠʢʘʮʠʝʡ, ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʐʪʠʥʦʡ ʕ. ɸ. ʠ ɻʦʣʣʝʨʙʘʭʦʤ 
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ʄ. ʄ. [1, 4ï5]. 

ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘʤʠ ʙʳʣʦ ʚʳʷʚʣʝʥʦ 34 ʚʠʜʘ ʮʠʘʥʦʙʘʢʪʝʨʠʡ, ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ 13 

ʨʦʜʦʚ, 7 ʩʝʤʝʡʩʪʚ ʠ 3 ʧʦʨʷʜʢʦʚ ʢʣʘʩʩʘ Cyanophyceae. ʅʘ ʜʦʣʶ ʧʦʨʷʜʢʘ Oscillatoriales 

ʧʨʠʭʦʜʠʣʦʩʴ 61,8%, Croococcales ʩʦʩʪʘʚʠʣʠ 20,5%, Nostocales ð 17,7%. ɺ ʩʧʝʢʪʨʝ ʩʝʤʝʡʩʪʚ 

ʧʨʝʦʙʣʘʜʘʣʠ Phormidiaceae (47,1% ʦʪ ʦʙʱʝʛʦ ʯʠʩʣʘ ʚʠʜʦʚ), ʟʥʘʯʠʪʝʣʴʥʘ ʙʳʣʘ ʜʦʣʷ ʚʠʜʦʚ ʠʟ 

Nostocaceae ð 20,5%. ɺ ʨʦʜʦʚʦʤ ʩʧʝʢʪʨʝ ʜʦʤʠʥʠʨʦʚʘʣʠ Phormidium (38,0%). Nostoc (11,8%). 

Cyanothece, Borzia ʠ Microcoleus (ʧʦ 8,9%). 

ʕʢʦʣʦʛʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʚʩʝ ʚʳʷʚʣʝʥʥʳʝ ʮʠʘʥʦʙʘʢʪʝʨʠʠ ʷʚʣʷʶʪʩʷ 

ʵʜʘʬʦʬʠʣʴʥʳʤʠ. ʅʘʠʙʦʣʴʰʝʝ ʯʠʩʣʦ ʚʠʜʦʚ ʷʚʣʷʣʠʩʴ ʧʨʝʜʩʪʘʚʠʪʝʣʷʤʠ ʈïʞʠʟʥʝʥʥʦʡ ʬʦʨʤʳ ð 

52,9% (ʚʠʜʳ ʨʦʜʦʚ Phormidium, Borzia, Oscillatoria ʠ Plectonema). ʂʘʢ ʠʟʚʝʩʪʥʦ [4], ʚʦʜʦʨʦʩʣʠ 

ʜʘʥʥʦʡ ʬʦʨʤʳ ð ʥʠʪʝʚʠʜʥʳʝ ʮʠʘʥʝʠ, ʥʝ ʦʙʨʘʟʫʶʱʠʝ ʩʣʠʟʠ, ʨʘʩʩʝʷʥʳ ʚ ʪʦʣʱʝ ʧʦʯʚʳ, 

ʦʧʣʝʪʘʶʪ ʧʦʯʚʝʥʥʳʝ ʯʘʩʪʠʮʳ. ʅʘ ʜʦʣʶ ʚʦʜʦʨʦʩʣʝʡ ʉïʬʦʨʤʳ ʧʨʠʭʦʜʠʣʦʩʴ 26,5% (ʚʠʜʳ ʨʦʜʦʚ 

Anabaena, Nostoc, Cylindrospermum, Nodularia, Aphanocapsa, Microcystis). ʕʪʦ ʦʜʥʦʢʣʝʪʦʯʥʳʝ, 

ʢʦʣʦʥʠʘʣʴʥʳʝ ʠʣʠ ʥʠʪʯʘʪʳʝ ʬʦʨʤʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʦʙʨʘʟʦʚʳʚʘʪʴ ʦʙʠʣʴʥʫʶ ʩʣʠʟʴ; ʦʙʠʪʘʶʪ ʚ 

ʪʦʣʱʝ ʧʦʯʚʳ ʠ ʥʘ ʝʝ ʧʦʚʝʨʭʥʦʩʪʠ [1]. ʉʨʝʜʠ ʚʦʜʦʨʦʩʣʝʡ ʉïʬʦʨʤʳ ʚʳʷʚʣʝʥʳ ʚʠʜʳ ʩ 

ʛʝʪʝʨʦʮʠʩʪʘʤʠ ʩʧʦʩʦʙʥʳʝ ʢ ʘʟʦʪʬʠʢʩʘʮʠʠ (ʨʨ. Anabaena, Nostoc, Cylindrospermum, Nodularia). 

ɼʦʣʷ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ Chïʬʦʨʤʳ ʩʦʩʪʘʚʠʣʘ 11,7% (ʨʨ.  Cyanothece, Synechocystis); ʵʪʦ 

ʦʜʥʦʢʣʝʪʦʯʥʳʝ ʠ ʢʦʣʦʥʠʘʣʴʥʳʝ ʚʦʜʦʨʦʩʣʠ, ʦʙʠʪʘʶʱʠʝ ʚ ʪʦʣʱʝ ʧʦʯʚʳ, ʠʥʦʛʜʘ 

ʨʘʟʨʘʩʪʘʶʱʠʝʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʯʚʳ [5]. ʅʘʠʤʝʥʴʰʝʝ ʯʠʩʣʦ ʚʠʜʦʚ ʷʚʣʷʣʠʩʴ 

ʧʨʝʜʩʪʘʚʠʪʝʣʷʤʠ ʄïʬʦʨʤʳ ð 8,9% (ʚʠʜʳ ʨʦʜʘ Microcoleus); ʵʪʦ ʚʦʜʦʨʦʩʣʠ ʚ ʚʠʜʝ ʩʣʠʟʠʩʪʳʭ 

ʥʠʪʝʡ, ʦʙʨʘʟʫʶʱʠʝ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠ ʟʘʤʝʪʥʳʝ ʢʦʨʦʯʢʠ ʠʣʠ ʜʝʨʥʦʚʠʥʢʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʦʯʚʳ [1]. 

ʉʨʘʚʥʝʥʠʝ ʚʠʜʦʚʦʛʦ ʙʦʛʘʪʩʪʚʘ ʮʠʘʥʝʡ ʠʩʩʣʝʜʫʝʤʳʭ ʫʣʠʮ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʈʠʩʫʥʢʝ 1. 

 

 

 
 

ʈʠʩʫʥʦʢ 1. ʉʨʘʚʥʝʥʠʝ ʪʘʢʩʦʥʦʤʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʩʦʦʙʱʝʩʪʚ ʮʠʘʥʝʡ 
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ʉʦʛʣʘʩʥʦ ʧʦʣʫʯʝʥʥʳʤ ʜʘʥʥʳʤ, ʚʠʜʦʚʦʝ ʙʦʛʘʪʩʪʚʦ ʩʦʦʙʱʝʩʪʚ ʮʠʘʥʦʙʘʢʪʝʨʠʡ ʚ 2014ï

2016 ʛʦʜʘʭ ʚʘʨʴʠʨʦʚʘʣʦ ʚ ʧʨʝʜʝʣʘʭ 12ï25 ʚʠʜʦʚ. ɺ 2014 ʠ 2016 ʛʦʜʘʭ ʧʦ ʤʝʨʝ ʫʤʝʥʴʰʝʥʠʷ 

ʪʨʘʥʩʧʦʨʪʥʦʡ ʥʘʛʨʫʟʢʠ (ɹʈ Ÿ ʈʇ Ÿ ɾʂ ʠ ʍʊ Ÿ ʉɺ Ÿ ʄʂ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) ʥʘʙʣʶʜʘʣʠ 

ʩʦʢʨʘʱʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʮʠʘʥʝʡ ʚ ʧʦʯʚʝ, ʘ ʟʘʪʝʤ ʫʚʝʣʠʯʝʥʠʝ ʠʭ ʚʠʜʦʚʦʛʦ ʙʦʛʘʪʩʪʚʘ. ɺ 2015 ʛʦʜʫ 

ʦʪʤʝʯʝʥ çʵʬʬʝʢʪ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʥʘʨʫʰʝʥʠʷè: ʤʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʠʜʦʚ ʦʪʤʝʯʝʥʦ 

ʧʨʠ ʩʨʝʜʥʝʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʥʘʛʨʫʟʢʠ [2, 6]. ʇʦʜʦʙʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ 

ʛʝʪʝʨʦʛʝʥʥʦʩʪʠ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ ʛʦʨʦʜʘ ʠ ʪʨʝʙʫʝʪ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʉʦʛʣʘʩʥʦ 

ʧʦʣʫʯʝʥʥʳʤ ʜʘʥʥʳʤ, ʚ ʩʦʩʪʘʚʝ ʮʠʘʥʦʙʘʢʪʝʨʠʘʣʴʥʳʭ ʩʦʦʙʱʝʩʪʚ ʚʩʝʭ ʫʣʠʮ ʩʦʭʨʘʥʠʣʦʩʴ 

ʧʨʝʚʘʣʠʨʦʚʘʥʠʝ ʚʦʜʦʨʦʩʣʝʡ ʧʦʨʷʜʢʘ Oscillatoriales. ʉ ʫʤʝʥʴʰʝʥʠʝʤ ʩʪʝʧʝʥʠ ʪʨʘʥʩʧʦʨʪʥʦʡ 

ʥʘʛʨʫʟʢʠ ʚʳʷʚʣʝʥʦ ʨʘʩʰʠʨʝʥʠʝ ʜʦʣʠ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʧʦʨʷʜʢʦʚ Nostocales ʠ Croococcales. ɺ 

ʧʦʯʚʝ ʚʩʝʭ ʫʣʠʮ ʙʳʣʠ ʚʳʷʚʣʝʥʳ: Phormidium molle, Phormidium autumnale, Cyanothece 

aeruginosa ð ʠʥʜʠʬʬʝʨʝʥʪʥʳʝ ʚʠʜʳ, ʩʧʦʩʦʙʥʳʝ ʩʫʱʝʩʪʚʦʚʘʪʴ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ 

ʜʝʡʩʪʚʫʶʱʠʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ. ɺ ʧʦʯʚʝ ʚʩʝʭ ʫʣʠʮ ʩ ʚʳʩʦʢʦʡ ʪʨʘʥʩʧʦʨʪʥʦʡ ʥʘʛʨʫʟʢʦʡ 

ʦʪʤʝʯʝʥʳ Phormidium dimorphum ʠ Phormidium cf. boryanum, ʚ ʧʦʯʚʝ ʚʩʝʭ ʫʣʠʮ ʩʦ ʩʨʝʜʥʝʡ 

ʥʘʛʨʫʟʢʦʡ ï Microcystis sp., ʚ ʧʦʯʚʝ ʚʩʝʭ ʫʣʠʮ ʩ ʥʠʟʢʦʡ ʥʘʛʨʫʟʢʦʡ ð Borzia sp. ʠ Oscillatoria 

sp. 

ʕʢʦʣʦʛʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʮʠʘʥʦʙʘʢʪʝʨʠʘʣʴʥʳʭ ʩʦʦʙʱʝʩʪʚ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʫʣʠʮ 

ʧʨʠʚʝʜʝʥʘ ʥʘ ʈʠʩʫʥʢʝ 2. 

 

 
ʈʠʩʫʥʦʢ 2. ʕʢʦʣʦʛʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʮʠʘʥʦʙʘʢʪʝʨʠʘʣʴʥʳʭ ʩʦʦʙʱʝʩʪʚ 

 

ɺ ʩʦʩʪʘʚʝ ʩʦʦʙʱʝʩʪʚ ʮʠʘʥʝʡ ʚʩʝʭ ʫʣʠʮ ʩʦʭʨʘʥʠʣʦʩʴ ʜʦʤʠʥʠʨʦʚʘʥʠʝ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ 
ʈ-ʞʠʟʥʝʥʥʦʡ ʬʦʨʤʳ (50ï68%), ʯʝʪʢʠʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʠʟʤʝʥʝʥʠʷ ʩʧʝʢʪʨʦʚ ʵʢʦʙʠʦʤʦʨʬ 

ʮʠʘʥʦʙʘʢʪʝʨʠʡ ʥʝ ʚʳʷʚʣʝʥʦ. 

ʉʨʘʚʥʝʥʠʝ ʚʠʜʦʚʦʛʦ ʙʦʛʘʪʩʪʚʘ ʮʠʘʥʦʙʘʢʪʝʨʠʘʣʴʥʳʭ ʩʦʦʙʱʝʩʪʚ ʚ 1 ʤʝʪʨʝ ʠ ʚ 5 ʤʝʪʨʘʭ ʦʪ 

ʧʨʦʝʟʞʝʡ ʯʘʩʪʠ ʧʦʟʚʦʣʠʣʦ ʚʳʷʚʠʪʴ ʪʝʥʜʝʥʮʠʶ ʨʘʩʰʠʨʝʥʠʷ ʚʠʜʦʚʦʛʦ ʩʦʩʪʘʚʘ ʮʠʘʥʦʙʘʢʪʝʨʠʡ 

ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʧʨʦʝʟʞʝʡ ʯʘʩʪʠ. ʂ ʫʯʘʩʪʢʘʤ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 1 ʤʝʪʨʘ ʦʪ ʧʨʦʝʟʞʝʡ 
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ʯʘʩʪʠ ʪʷʛʦʪʝʣʠ ʚʠʜʳ: Phormidium molle, Phormidium sp.1, Plectonema sp. ʂ ʫʯʘʩʪʢʘʤ ʚ 5 ʤʝʪʨʘʭ 

ʦʪ ʜʦʨʦʞʥʦʛʦ ʧʦʣʦʪʥʘ: Cyanothece aeruginosa, Borzia sp., Aphanocapsa sp., Phormidium cf. 

boryanum, Nostoc punctiforme, Cyanothece sp., Microcoleus paludosus, Nodularia sp., Phormidium 

angustissima. 

ʉʨʘʚʥʝʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʩʦʦʙʱʝʩʪʚ ʮʠʘʥʦʙʘʢʪʝʨʠʡ ʥʘ ʨʘʟʣʠʯʥʦʤ 

ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʧʨʦʝʟʞʝʡ ʯʘʩʪʠ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʊʘʙʣʠʮʝ. 
 

ʊʘʙʣʠʮʘ. 

ʉʇɽʂʊʈʓ ɾʀɿʅɽʅʅʓʍ ʌʆʈʄ ʎʀɸʅɽʁ  

ʅɸ ʈɸɿʅʆʄ ʈɸʉʉʊʆʗʅʀʀ ʆʊ ʇʈʆɽɿɾɽʁ ʏɸʉʊʀ 

ɻʦʜ ʋʣʠʮʘ 
ʈʘʩʩʪʦʷʥʠʝ ʦʪ ʧʨʦʝʟʞʝʡ ʯʘʩʪʠ 

1 ʤ 5 ʤ 

2
0

1
4 

ɹʈ ʈ68,8 ʄ6,2 ʉ25,0 ʈ57,1 ʄ9,5 ʉ28,6 ʉh4,8 

ʈʇ ʈ81,8 ʉ9,1 ʉh9,1 ʈ60,0 ʉ25,0 ʉh15,0 

ɾʂ ʈ71,5 ʄ7,1 ʉ14,3 ʉh7,1 ʈ50,0 ʄ11,1 ʉ22,2 ʉh16,7 

2
0

1
5 

ʇʆ ʈ83,3 ʉ16,7 ʈ33,3 ʄ16,7 ʉ33,3 ʉh16,7 

ʃʉ ʈ83,3 ʉ16,7 ʈ57,1 ʄ14,3 ʉ14,3 ʉh14,3 

ʄʃ ʈ80,0 ʉh20,0 ʈ55,6 ʉ22,2 ʉh22,2 

2
0

1
6 

ʍʊ ʈ77,8 ʄ11,1 ʉh 11,1 ʈ73,3ʄ6,7 ʉ13,3 ʉh 6,7 

ʉɺ ʈ42,8 ʄ14,4 ʉ42,8 ʈ55,6 ʄ 11,1 ʉ22,2ʉh 11,1 

ʄʂ ʈ61,5 ʄ23,1 ʉh15,4 ʈ54,6 ʄ9,0 ʉ31,8 ʉh 4,6 

ʇʨʠʤʝʯʘʥʠʝ: ʈ, ʉ, ʉh, ʄ ð ʞʠʟʥʝʥʥʳʝ ʬʦʨʤʳ;  

ʠʥʜʝʢʩʳ ʫʢʘʟʳʚʘʶʪ ʧʨʦʮʝʥʪ ʦʪ ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʚʠʜʦʚ ʥʘ ʫʯʘʩʪʢʝ 

 

ɸʥʘʣʠʟ ʩʧʝʢʪʨʦʚ ʞʠʟʥʝʥʥʳʭ ʬʦʨʤ ʧʦʢʘʟʘʣ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʧʨʦʝʟʞʝʡ 

ʥʘʙʣʶʜʘʝʪʩʷ ʪʝʥʜʝʥʮʠʷ ʩʦʢʨʘʱʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʮʠʘʥʝʡ ʈïʞʠʟʥʝʥʥʦʡ ʬʦʨʤʳ; ʥʘʠʙʦʣʝʝ 

ʩʫʱʝʩʪʚʝʥʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʜʦʣʠ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʈïɻ ʢʦʙʠʦʤʦʨʬʳ ʦʪʤʝʯʝʥʳ ʜʣʷ 

ʮʠʘʥʦʙʘʢʪʝʨʠʘʣʴʥʳʭ ʩʦʦʙʱʝʩʪʚ ʫʣʠʮ ʩ ʥʠʟʢʦʡ ʪʨʘʥʩʧʦʨʪʥʦʡ ʥʘʛʨʫʟʢʦʡ (ɾʫʢʦʚʘ, ʄʝʣʝʞʘ, 

ʄʘʢʘʝʥʢʘ). 

ɺ ʧʦʯʚʝ, ʦʪʦʙʨʘʥʥʦʡ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 5 ʤʝʪʨʦʚ ʦʪ ʜʦʨʦʞʥʦʛʦ ʧʦʣʦʪʥʘ, ʧʨʘʢʪʠʯʝʩʢʠ ʥʘ ʚʩʝʭ 

ʫʣʠʮʘʭ ʥʘʙʣʶʜʘʣʠ ʫʚʝʣʠʯʝʥʠʝ ʜʦʣʠ ʚʠʜʦʚ ʩ ʉïʞʠʟʥʝʥʥʦʡ ʬʦʨʤʦʡ, ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʢʦʪʦʨʦʡ 

ʜʦʩʪʘʪʦʯʥʦ ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ ʘʥʪʨʦʧʦʛʝʥʥʳʤ ʥʘʛʨʫʟʢʘʤ [5, 7].  

ʈʘʩʰʠʨʝʥʠʝ ʪʘʢʩʦʥʦʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʠ ʩʧʝʢʪʨʦʚ ʞʠʟʥʝʥʥʳʭ ʬʦʨʤ 

ʮʠʘʥʦʙʘʢʪʝʨʠʘʣʴʥʳʭ ʩʦʦʙʱʝʩʪʚ ʚ 5 ʤʝʪʨʘʭ ʦʪ ʧʨʦʝʟʞʝʡ ʯʘʩʪʠ ʫʢʘʟʳʚʘʝʪ ʥʘ ʫʣʫʯʰʝʥʠʝ 

ʫʩʣʦʚʠʡ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʜʣʷ ʮʠʘʥʦʙʘʢʝʨʠʡ [2, 8]. 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʜʘʥʥʳʭ ʧʦʟʚʦʣʠʣ ʚʳʜʝʣʠʪʴ ʚʠʜʳ ʧʨʠʛʦʜʥʳʝ ʜʣʷ ʠʥʜʠʢʘʮʠʠ 

ʩʦʩʪʦʷʥʠʷ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ ʫʣʠʮ ʛ. ɻʦʤʝʣʷ:  

1. ʚʠʜʳ, ʘʢʪʠʚʥʦ ʚʝʛʝʪʠʨʫʶʱʠʝ ʧʨʘʢʪʠʯʝʩʢʠ ʥʘ ʚʩʝʭ ʫʯʘʩʪʢʘʭ (Phormidium molle, 

Phormidium autumnale) ð ʚʠʜïrʠʥʜʠʬʬʝʨʝʥʪʳ (ʈʠʩʫʥʦʢ. 3);  
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ʈʠʩʫʥʦʢ 3. ʄʠʢʨʦʬʦʪʦʛʨʘʬʠʠ ʮʠʘʥʝʡ: ʘ ð Phormidium molle, ʙ ð Phormidium autumnale,  

ʚ ð Plectonema sp., ʛ ð Nostoc sp. 1, ʜ ð Nostoc sp. 2, ʝ ð Nodularia sp.  

 

2. ʚʠʜʳ, ʦʙʥʘʨʫʞʝʥʥʳʝ ʪʦʣʴʢʦ ʚ ʧʦʯʚʝʥʥʳʭ ʦʙʨʘʟʮʘʭ, ʦʪʦʙʨʘʥʥʳʭ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 1 ʤʝʪʨʘ 

ʦʪ ʧʨʦʝʟʞʝʡ ʯʘʩʪʠ (Plectonema sp.) ð ʫʩʪʦʡʯʠʚʳʡ ʚʠʜ;  
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