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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 
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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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RĮ = 0,9613

0

0,05

0,1

0,15

0,2

0,25

0,3

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

ʆ
ʪ
ʥ
ʦ
ʩ
ʠ
ʪ
ʝ
ʣ
ʴ
ʥ
ʘ
ʷ
 
ʯ
ʘ
ʩ
ʪ
ʦ
ʪ
ʘ

ɼʣʠʥʘ ʩʣʦʚʘ

y = 0,1573x - 0,0803

y = 0,0508x2 - 0,4334x + 1,0171

y = -0,0182x + 0,2028

RĮ = 0,9836
y = 5327,9e-1,131x

RĮ = 0,9842

0

0,05

0,1

0,15

0,2

0,25

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

ʆ
ʪ
ʥ
ʦ
ʩ
ʠ
ʪ
ʝ
ʣ
ʴ
ʥ
ʘ
ʷ
 
ʯ
ʘ
ʩ
ʪ
ʦ
ʪ
ʘ

ɼʣʠʥʘ ʩʣʦʚʘ

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 

 

 

 

14 

 

 

 

 
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
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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 
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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]. 
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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. 

 

 

 

 

 

 

 

11 11

13

10
9 9

11

20

18

0

5

10

15

20

25

ɹʈ ʈʇ ɾʂ ʇʆ ʃʉ ʄʃ ʍʊ ʉɺ ʄʂ

ʂ
ʦ
ʣ
ʠ
ʯ
ʝ
ʩ
ʪ
ʚ
ʦ
 
ʚ
ʠ
ʜ
ʦ
ʚ

ʋʣʠʮʳ

ʂʣʘʩʩʦʚʇʦʨʷʜʢʦʚʉʝʤʝʡʩʪʚʈʦʜʦʚɺʠʜʦʚ

2014 2015 2016

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 

 

 

 

53 

 

 

 

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 

http://www.bulletennauki.com/
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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;  

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 

 

 

 

62 

 

 

 

3. ʚʠʜʳ, ʚʝʛʝʪʠʨʫʶʱʠʝ ʪʦʣʴʢʦ ʚ ʧʦʯʚʘʭ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 5 ʤʝʪʨʦʚ ʦʪ ʧʨʦʝʟʞʝʡ ʯʘʩʪʠ ð 

ʯʫʚʩʪʚʠʪʝʣʴʥʳʝ (Phormidium ambiguum, Nostoc sp.1, Nostoc sp. 2, Nodularia sp., Synechocystis 

sp., Phormidium jadinianum). ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʩʦʩʪʘʚ ʜʘʥʥʦʡ ʛʨʫʧʧʳ ʚʦʰʣʠ ʚʠʜʳï

ʘʟʦʪʬʠʢʩʘʪʦʨʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ ʛʝʪʝʨʦʮʠʪʥʳʤʠ ʪʨʠʭʦʤʘʤʠ ʠ ʦʪʥʦʩʷʱʠʝʩʷ ʢ 
ʉïʞʠʟʥʝʥʥʦʡ ʬʦʨʤʝ. ɺʝʨʦʷʪʥʦ, ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʜʘʥʥʦʡ ʵʢʦʙʠʦʤʦʨʬʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ 

ʩʧʦʩʦʙʥʦʩʪʴʶ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʣʠʟʠ [1], ʥʝ ʤʦʛʫʪ ʩʫʱʝʩʪʚʦʚʘʪʴ ʚ ʫʩʣʦʚʠʷʭ ʩʠʣʴʥʦʛʦ 

ʧʨʦʛʨʝʚʘʥʠʷ ʠ ʩʣʘʙʦʛʦ ʠʩʧʘʨʝʥʠʷ, ʜʝʡʩʪʚʠʷ ʫʩʠʣʝʥʥʦʛʦ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʪʦʢʘ ʠ ʨʷʜʘ 

ʪʦʢʩʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ, ʧʦʧʘʜʘʶʱʠʭ ʚ ʘʪʤʦʩʬʝʨʫ ʩ ʚʳʭʣʦʧʥʳʤʠ ʛʘʟʘʤʠ [2], ʢʦʪʦʨʳʤʠ 

ʦʪʣʠʯʘʶʪʩʷ ʫʯʘʩʪʢʠ ʚ 1 ʤʝʪʨʝ ʦʪ ʧʨʦʝʟʞʝʡ ʯʘʩʪʠ. 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʭʦʜʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʦ ʚʳʷʚʣʝʥʦ 34 ʚʠʜʘ ʮʠʘʥʝʡ, 

ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ 1 ʢʣʘʩʩʘ, 3 ʧʦʨʷʜʢʦʚ, 7 ʩʝʤʝʡʩʪʚ, 13 ʨʦʜʦʚ, 4 ʯʝʪʳʨʝʭ ʞʠʟʥʝʥʥʳʭ ʬʦʨʤ. ɺ 

ʩʦʩʪʘʚʝ ʩʦʦʙʱʝʩʪʚ ʚʩʝʭ ʫʯʘʩʪʢʦʚ ʦʪʤʝʯʝʥʦ ʧʨʝʦʙʣʘʜʘʥʠʝ ʫʩʪʦʡʯʠʚʳʭ ʦʩʮʠʣʣʘʪʦʨʠʘʣʴʥʳʭ 

ʮʠʘʥʝʡ ʈïʞʠʟʥʝʥʥʦʡ ʬʦʨʤʳ, ʤʝʭʘʥʠʯʝʩʢʠ ʦʧʣʝʪʘʶʱʠʭ ʧʦʯʚʝʥʥʳʝ ʯʘʩʪʠʮʳ ʠ 

ʩʧʦʩʦʙʩʪʚʫʶʱʠʭ ʫʣʫʯʰʝʥʠʶ ʩʪʨʫʢʪʫʨʳ ʧʦʯʚʳ. ʇʦʢʘʟʘʥʦ, ʨʘʩʰʠʨʝʥʠʝ ʪʘʢʩʦʥʦʤʠʯʝʩʢʦʡ ʠ 

ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʮʠʘʥʦʙʘʢʪʝʨʠʘʣʴʥʳʭ ʩʦʦʙʱʝʩʪʚ ʧʨʠʜʦʨʦʞʥʳʭ ʛʘʟʦʥʦʚ ʧʦ ʤʝʨʝ 

ʩʥʠʞʝʥʠʷ ʫʨʦʚʥʷ ʪʨʘʥʩʧʦʨʪʥʦʡ ʥʘʛʨʫʟʢʠ ʠ ʫʚʝʣʠʯʝʥʠʷ ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʧʨʦʝʟʞʝʡ ʯʘʩʪʠ. 

ɺʳʷʚʣʝʥʦ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳ ʚ ʧʦʯʚʘʭ ʧʨʠʜʦʨʦʞʥʳʭ ʛʘʟʦʥʦʚ ʛ. ɻʦʤʝʣʷ ʧʨʝʜʩʪʘʚʠʪʝʣʠ 

ʮʠʘʥʦʙʘʢʪʝʨʠʘʣʴʥʦʡ ʬʣʦʨʳ ʩ ʛʦʤʦʮʠʪʥʳʤʠ ʪʨʠʭʦʤʘʤʠ, ʥʘʠʙʦʣʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳʤʠ ð ʚʠʜïr

ʘʟʦʪʬʠʢʩʘʪʦʨʳ ʩ ʛʝʪʝʨʦʮʠʪʥʳʤʠ ʪʨʠʭʦʤʘʤʠ. 
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ɸʥʥʦʪʘʮʠʷ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʘʢʪʫʘʣʴʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʝʪʩʷ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʙʠʦʪʦʧʣʠʚʘ ʠʟ ʚʦʟʦʙʥʦʚʣʷʝʤʦʛʦ ʩʳʨʴʷ. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʢʦʧʘʝʤʳʤ ʚʠʜʦʤ 

ʪʦʧʣʠʚʘ ʵʪʘʥʦʣ, ʧʦʣʫʯʝʥʥʳʡ ʠʟ ʨʘʩʪʝʥʠʡ, ʢʣʠʤʘʪʠʯʝʩʢʠ ʥʝʡʪʨʘʣʝʥ ʠ ʥʝ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʘʥʪʨʦʧʦʛʝʥʥʦʤʫ ʧʘʨʥʠʢʦʚʦʤʫ ʵʬʬʝʢʪʫ. ɺ ʊʚʝʨʩʢʦʤ ʨʝʛʠʦʥʝ ʩʳʨʴʝʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʙʠʦʵʪʘʥʦʣʘ ʷʚʣʷʝʪʩʷ ʪʦʨʬ. ʊʦʨʬʷʥʳʝ ʛʠʜʨʦʣʠʟʘʪʳ ʩʦʜʝʨʞʘʪ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʩʘʭʘʨʦʚ, ʢʦʪʦʨʳʝ 

ʚʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ɺ ʨʘʙʦʪʝ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ 

ʠ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ, ʦʙʥʘʨʫʞʝʥʥʳʝ ʚ ʪʦʨʬʷʥʳʭ ʧʦʯʚʘʭ. ɹʳʣʠ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʤʝʪʦʜʳ ʧʦʩʝʚʘ ʠ  ʤʠʢʨʦʩʢʦʧʠʨʦʚʘʥʠʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʥʢʨʝʪʥʳʭ ʩʚʝʜʝʥʠʡ ʦ 

ʨʦʜʘʭ ʧʦʯʚʝʥʥʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʭ. ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʧʦʯʚʝʥʥʳʝ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ ʠʟ ʪʦʨʬʘ, ʘ ʠʤʝʥʥʦ ʤʠʢʨʦʤʠʮʝʪʳ ʨʦʜʘ Penicillium ʠ ʊrichderma. ʘ ʪʘʢʞʝ 

ʘʢʪʠʥʦʤʠʮʝʪʳ ʨʦʜʘ Actinomyces ʠ ʙʘʢʪʝʨʠʠ ʨʦʜʘ Bacillus. ɻʠʜʨʦʣʠʪʠʯʝʩʢʘʷ ʜʝʩʪʨʫʢʮʠʷ 

ʧʦʣʫʯʝʥʥʦʡ ʢʫʣʴʪʫʨʘʣʴʥʦʡ ʞʠʜʢʦʩʪʠ ʙʳʣʘ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʠʟʫʯʝʥʘ ʧʦʜ ʚʣʠʷʥʠʝʤ 

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 

 

 

 

65 

 

 

 

ʛʠʜʨʦʤʦʜʫʣʷ. ʂʦʣʠʯʝʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ ʨʝʘʢʮʠʦʥʥʦʡ ʤʘʩʩʳ ʧʨʦʚʦʜʠʣʩʷ ʤʝʪʦʜʦʤ 

ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʦʡ ʞʠʜʢʦʩʪʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ. 

 

Abstract. Nowadays, the production of biofuel from renewable raw materials is the topical 

research field. As compared to fossil fuels, ethanol derived from plants is climate neutral and does 

not contribute to anthropogenic greenhouse effect. In the Tver region, peat is one of the raw materials 

that can be used for bioethanol production. Peat hydrolysates contain a wide range of sugars, which 

can be used in various industries. In this work, microorganisms found in peat soils were investigated 

and identified. Methods of sowing and microscopy were used to obtain specific information on the 

genus of soil microorganisms. During the work, soil microorganisms were isolated from peat, namely 

micromycetes of the genus Penicillium and Trichderma and actinomycetes of the genus Actinomyces 

and bacteria of the genus Bacillus. The hydrolytic destruction of the resulting culture liquid was 

further studied under the influence of the hydromodule. Quantitative analysis of the reaction mass 

was carried out by highïperformance liquid chromatography. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʙʠʦʵʪʘʥʦʣ, ʪʦʨʬ, ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ, ʙʠʦʪʨʘʥʩʬʦʨʤʘʮʠʷ, ʛʣʶʢʦʟʘ. 

 

Keywords: bioethanol, peat, microorganisms, biotransformation, glucose. 

 

ʋʯʠʪʳʚʘʷ ʨʘʩʪʫʱʠʝ ʮʝʥʳ ʥʘ ʥʝʬʪʴ ʠ ʙʫʜʫʱʠʡ ʝʝ ʜʝʬʠʮʠʪ, ʘ ʪʘʢʞʝ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ 

ʥʝʬʪʝʜʦʙʳʚʘʶʱʠʭ ʢʨʫʧʥʳʭ ʨʝʛʠʦʥʦʚ ʠ ʧʨʝʞʜʝ ʚʩʝʛʦ ʦʪ ʚʨʝʜʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʚʳʙʨʦʩʦʚ 

ʜʠʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʞʠʛʘʥʠʷ ʦʙʳʯʥʦʛʦ ʪʦʧʣʠʚʘ ʩʪʘʣʦ ʥʝʦʙʭʦʜʠʤʳʤ ʦʩʚʘʠʚʘʪʴ 

ʥʦʚʳʝ ʨʝʛʝʥʝʨʘʪʠʚʥʳʝ ʠʩʪʦʯʥʠʢʠ ʵʥʝʨʛʠʠ. ʆʜʥʠʤ ʠʟ ʪʘʢʠʭ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʚʠʜʦʚ ʪʦʧʣʠʚʘ, 

ʢʦʪʦʨʦʝ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʧʨʠʦʙʨʝʣʦ ʟʥʘʯʝʥʠʝ, ʷʚʣʷʝʪʩʷ ʙʠʦʵʪʘʥʦʣ [1]. ɹʠʦʵʪʘʥʦʣ, 

ʧʦʣʫʯʘʝʤʳʡ ʠʟ ʚʦʟʦʙʥʦʚʣʷʝʤʦʛʦ ʩʳʨʴʷ, ʤʦʞʥʦ ʩʤʝʰʠʚʘʪʴ ʩ ʙʝʥʟʠʥʦʤ ʠ ʤʦʞʥʦ ʩʞʠʛʘʪʴ ʚ 

ʦʙʳʯʥʳʭ ʙʝʥʟʠʥʦʚʳʭ ʜʚʠʛʘʪʝʣʷʭ ʩ ʜʦʣʝʡ ʜʦ 20%. ʕʪʦ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ ʘʚʪʦʤʦʙʠʣʠ ʩ ʛʠʙʢʠʤ 

ʚʳʙʦʨʦʤ ʪʦʧʣʠʚʘ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʜʚʠʛʘʪʝʣʴ ʠ ʤʦʛʫʪ ʨʘʙʦʪʘʪʴ ʩ 

ʩʦʜʝʨʞʘʥʠʝʤ ʵʪʘʥʦʣʘ ʜʦ 95%, ʥʦ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʙʳʯʥʳʡ ʙʝʥʟʠʥ.  

ʊʘʢ ʢʘʢ ʙʠʦʵʪʘʥʦʣ ð ʵʪʦ ʩʪʦʧʨʦʮʝʥʪʥʦʝ ʙʠʦʛʝʥʥʦʝ ʪʦʧʣʠʚʦ, ʪʦ ʢʨʫʛʦʚʦʨʦʪ ʜʠʦʢʩʠʜʘ 

ʫʛʣʝʨʦʜʘ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʟʘʤʢʥʫʪʳʤ. ʇʨʠ ʩʛʦʨʘʥʠʠ ʙʠʦʵʪʘʥʦʣʘ ʦʙʨʘʟʫʝʪʩʷ ʩʪʦʣʴʢʦ ʞʝ 

ʜʠʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ, ʩʢʦʣʴʢʦ ʙʳʣʦ ʩʚʷʟʘʥʦ ʚʦ ʚʨʝʤʷ ʨʦʩʪʘ ʨʘʩʪʠʪʝʣʴʥʳʤ ʩʳʨʴʝʤ ʩ ʧʦʤʦʱʴʶ 

ʬʦʪʦʩʠʥʪʝʟʘ. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʢʦʧʘʝʤʳʤ ʚʠʜʦʤ ʪʦʧʣʠʚʘ ʵʪʘʥʦʣ, ʧʦʣʫʯʝʥʥʳʡ ʠʟ ʨʘʩʪʝʥʠʡ, 

ʢʣʠʤʘʪʠʯʝʩʢʠ ʥʝʡʪʨʘʣʝʥ ʠ ʥʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʘʥʪʨʦʧʦʛʝʥʥʦʤʫ ʧʘʨʥʠʢʦʚʦʤʫ ʵʬʬʝʢʪʫ [2]. 

ɺ ʢʘʯʝʩʪʚʝ ʩʫʙʩʪʨʘʪʘ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʙʠʦʪʦʧʣʠʚʘ ʚ ʊʚʝʨʩʢʦʡ ʦʙʣʘʩʪʠ ʧʨʠʥʠʤʘʶʪʩʷ ʚʦ 

ʚʥʠʤʘʥʠʝ ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʩʳʨʴʷ, ʢʦʪʦʨʳʤʠ ʙʦʛʘʪ ʊʚʝʨʩʢʦʡ ʨʝʛʠʦʥ, ʘ ʠʤʝʥʥʦ ʜʨʝʚʝʩʠʥʘ ʠ ʝʝ 

ʦʪʭʦʜʳ ʧʝʨʝʨʘʙʦʪʢʠ, ʘ ʪʘʢʞʝ ʙʦʣʴʰʠʝ ʟʘʣʝʞʠ ʪʦʨʬʘ. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʟʘʣʝʞʝʡ ʪʦʨʬʘ 

ʷʚʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ʠʟ ʛʠʜʨʦʣʠʟʘʪʘ ʪʦʨʬʘ ʙʠʦʵʪʘʥʦʣʘ [3].  

ʄʠʢʨʦʦʨʛʘʥʠʟʤʳ, ʞʠʚʫʱʠʝ ʚ ʧʦʯʚʝ, ʪʨʘʥʩʬʦʨʤʠʨʫʶʪ ʨʘʩʪʠʪʝʣʴʥʳʝ ʦʩʪʘʪʢʠ, ʫʯʘʩʪʚʫʶʪ 

ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʩʪʨʫʢʪʫʨʳ ʧʦʯʚʳ, ʦʙʨʘʟʦʚʘʥʠʠ ʛʫʤʫʩʘ ʠ ʝʛʦ ʤʠʥʝʨʘʣʠʟʘʮʠʠ.  
ʆʩʥʦʚʥʳʤ ʛʝʦʭʠʤʠʯʝʩʢʠʤ ʮʠʢʣʦʤ ʧʦʯʚʳ ʷʚʣʷʝʪʩʷ ʦʙʨʘʱʝʥʠʝ ʫʛʣʝʨʦʜʘ, ʩʦʩʪʘʚʣʷʶʱʠʤʠ 

ʢʦʪʦʨʦʛʦ ʷʚʣʷʶʪʩʷ ʩʠʥʪʝʟ ʬʦʪʦʪʨʦʬʥʳʭ ʦʨʛʘʥʠʟʤʦʚ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʠʟ ʫʛʣʝʢʠʩʣʦʛʦ 

ʛʘʟʘ ʠ ʝʝ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʚ ʧʨʦʩʪʳʝ ʩʦʝʜʠʥʝʥʠ.̫ ʇʦʜ ʚʣʠʷʥʠʝʤ ʚʥʝʩʝʥʠʷ ʨʘʩʪʠʪʝʣʴʥʳʭ 

ʦʩʪʘʪʢʦʚ ʚ ʧʦʯʚʝ ʥʘʙʣʶʜʘʝʪʩʷ ʚʩʧʳʰʢʘ ʢʦʣʠʯʝʩʪʚʘ ʨʘʟʣʠʯʥʳʭ ʛʨʫʧʧ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʠ 

ʧʦʚʳʰʝʥʠʷ ʠʭ ʙʠʦʭʠʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ. ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʫʛʣʝʨʦʜʩʦʜʝʨʞʘʱʠʤ 

ʩʦʝʜʠʥʝʥʠʝʤ ʚ ʧʨʠʨʦʜʝ ʷʚʣʷʝʪʩʷ ʮʝʣʣʶʣʦʟʘ [4]. 

ʋʛʣʝʚʦʜʥʳʡ ʢʦʤʧʣʝʢʩ ʪʦʨʬʘ ʩʦʜʝʨʞʠʪ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʝ ʠ ʣʝʛʢʦʛʠʜʨʦʣʠʟʫʝʤʳʝ 

ʚʝʱʝʩʪʚʘ ʚ ʢʦʣʠʯʝʩʪʚʝ ʦʪ 6,9% ʜʦ 63%. ɺ ʥʠʭ ʚʭʦʜʷʪ ʨʘʟʣʠʯʥʳʝ ʢʣʘʩʩʳ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ (ʧʝʥʪʦʟʳ, ʫʨʦʥʦʚʳʝ ʢʠʩʣʦʪʳ, ʛʝʢʩʦʟʳ). ʎʝʣʣʶʣʦʟʘ ʪʦʨʬʘ ʦʪʥʦʩʠʪʩʷ ʢ 

ʪʨʫʜʥʦʛʠʜʨʦʣʠʟʫʝʤʳʤ ʚʝʱʝʩʪʚʘʤ, ʝʝ ʩʦʜʝʨʞʘʥʠʝ ʠʟʤʝʥʷʝʪʩʷ ʦʪ 0,2% ʜʦ 20%. 

http://www.bulletennauki.com/
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ɺ ʝʩʪʝʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʮʝʣʣʶʣʦʟʳ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʠ ʫʯʘʩʪʠʠ ʛʨʫʧʧ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ. ɿʥʘʯʠʪʝʣʴʥʘʷ ʨʦʣʴ ʚ ʵʪʦʤ ʧʨʦʮʝʩʩʝ ʧʨʠʥʘʜʣʝʞʠʪ ʛʨʠʙʘʤ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʩʘʧʨʦʪʨʦʬʥʳʤ ʧʨʝʜʩʪʘʚʠʪʝʣʷʤ ʨʦʜʦʚ ʊrichderma, ʉhaetomium, Dicoccum, Stachybotrys, 

ʈʝnicillium ʠ ɸspergillus. ʇʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʛʨʠʙʦʚ ʚ ʪʦʨʬʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩʦʜʝʨʞʘʥʠʝ 

ʙʝʣʢʦʚʳʭ ʚʝʱʝʩʪʚ. ʏʘʩʪʠʯʥʦʝ ʨʘʟʣʦʞʝʥʠʝ ʪʦʨʬʘ ʜʝʨʝʚʦʨʘʟʨʫʰʘʶʱʠʤʠ ʛʨʠʙʘʤʠ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʦʙʦʛʘʱʝʥʠʶ ʝʛʦ ʠ ʣʝʛʢʦʛʠʜʨʦʣʠʟʫʝʤʳʤʥ ʩʦʝʜʠʥʝʥʠʷʤʠ (https://goo.gl/iGj5Lb). 

ɺ ʛʠʜʨʦʣʠʟʘʪʘʭ ʪʦʨʬʘ ʦʙʥʘʨʫʞʝʥ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʩʘʭʘʨʦʚ, ʘʤʠʥʦʢʠʩʣʦʪ, ʢʘʨʙʦʥʦʚʳʭ, 

ʫʨʦʥʦʚʳʭ ʢʠʩʣʦʪ, ʛʫʤʠʥʦʚʳʭ ʚʝʱʝʩʪʚ ʠ ʜʨʫʛʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʩʧʦʩʦʙʥʳʭ ʘʢʪʠʚʠʟʠʨʦʚʘʪʴ ʠʣʠ 

ʠʥʛʠʙʠʨʦʚʘʪʴ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ. ʂʦʥʝʯʥʳʤʠ ʧʨʦʜʫʢʪʘʤʠ ʷʚʣʷʶʪʩʷ 

ʦʩʘʭʘʨʝʥʥʳʡ ʪʦʨʬ, ʢʦʨʤʦʚʘʷ ʤʝʣʘʩʩʘ, ʙʝʣʢʦʚʳʝ ʢʦʨʤʦʚʳʝ ʜʨʦʞʞʠ.  

 

ʄʘʪʝʨʠʘʣ ʠ ʤʝʪʦʜʠʢʘ 

ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʩ ̫ʪʦʨʬ, ʧʦʣʫʯʝʥʥʳʡ ʠʟ ʪʦʨʬʷʥʳʭ ʟʘʣʝʞʝʡ ʊʚʝʨʩʢʦʡ ʦʙʣʘʩʪʠ. 

ʊʦʨʬ, ʧʨʦʩʫʰʝʥ ʜʦ ʚʣʘʞʥʦʩʪʠ ʤʝʥʝʝ 6%, ʧʦʜʚʝʨʛʥʫʪ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʤʫ ʠʟʤʝʣʴʯʝʥʠʶ ʠ 

ʧʨʦʩʝʠʚʘʥʠʶ ʜʦ ʨʘʟʤʝʨʦʚ ʤʝʥʝʝ 1 ʤʤ. ɼʘʣʝʝ ʧʨʝʜʦʙʨʘʙʦʪʘʥʥʳʡ ʪʦʨʬ, ʘ ʠʤʝʥʥʦ ʝʛʦ 

ʛʠʜʨʦʣʠʟʘʪ, ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʚ ʢʘʯʝʩʪʚʝ ʩʫʙʩʪʨʘʪʘ ʜʣʷ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʧʦʯʚʝʥʥʳʭ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ,  ʠʭ ʠʜʝʥʪʠʬʠʢʘʮʠʠ, ʘ ʪʘʢʞʝ ʜʘʣʴʥʝʡʰʝʡ ʧʝʨʝʨʘʙʦʪʢʠ ʢʫʣʴʪʫʨʘʣʴʥʦʡ 

ʞʠʜʢʦʩʪʠ ʩ ʮʝʣʴʶ ʠʟʫʯʝʥʠʷ ʚʣʠʷʥʠʷ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʥʘ ʫʛʣʝʚʦʜʥʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ ʪʦʨʬʘ ʠ 

ʝʝ ʜʝʩʪʨʫʢʮʠʶ. 

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʠʩʧʦʣʴʟʦʚʘʥʥʦʛʦ ʪʦʨʬʘ ʦʧʨʝʜʝʣʷʣʩʷ ʧʦ ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʦʡ ʤʝʪʦʜʠʢʝ, 

ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ ʫʜʘʣʝʥʠʠ ʠʟ ʙʠʦʤʘʩʩʳ ʵʢʩʪʨʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ, 

ʛʝʤʠʮʝʣʣʶʣʦʟ ʠ ʣʠʛʥʠʥʘ. 

ʉʨʝʜʠ ʤʝʪʦʜʦʚ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʪʦʨʬʘ ʥʘ ʥʘʣʠʯʠʝ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʥʘʠʙʦʣʝʝ 

ʦʙʲʝʢʪʠʚʥʳʤ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ ʧʨʷʤʦʛʦ ʤʠʢʨʦʩʢʦʧʠʨʦʚʘʥʠʷ. ʇʨʠ ʵʪʦʤ ʩʧʦʩʦʙʝ ʛʦʪʦʚʠʣʘʩʴ 

ʧʦʯʚʝʥʥʘ ̫ʩʫʩʧʝʥʟʠʷ, ʠ ʚ ʦʧʨʝʜʝʣʝʥʥʦʤ ʦʙʲʝʤʝ ʝʝ ʩ ʧʦʤʦʱʴʶ ʤʠʢʨʦʩʢʦʧʘ ʧʦʜʩʯʠʪʳʚʘʣʦʩʴ 

ʦʙʱʝʝ ʯʠʩʣʦ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ. ʇʦʩʣʝʜʫʶʱʠʤ ʧʝʨʝʩʯʝʪʦʤ ʤʦʞʥʦ ʫʩʪʘʥʦʚʠʪʴ, ʩʢʦʣʴʢʦ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʧʨʠʭʦʜʠʪʩʷ ʥʘ 1 ʛ ʠʩʩʣʝʜʫʝʤʦʡ ʧʦʯʚʳ. ʊʘʢʠʤ ʤʝʪʦʜʦʤ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, 

ʯʪʦ ʚ ʜʘʥʥʦʤ ʦʙʨʘʟʮʝ ʥʘʭʦʜʷʪʩʷ ʧʘʣʦʯʢʦʚʠʜʥʳʝ ʙʘʢʪʝʨʠʠ, ʦʙʨʳʚʢʠ ʤʠʮʝʣʠʷ ʛʨʠʙʦʚ ʠ 

ʘʢʪʠʥʦʤʠʮʝʪʦʚ. 

ʇʨʠ ʧʦʩʝʚʝ ʧʦʯʚʝʥʥʦʡ ʩʫʩʧʝʥʟʠʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʧʣʦʪʥʳʭ ʩʨʝʜ ʥʘ ʯʘʰʢʘʭ ʇʝʪʨʠ 

ʧʦʣʫʯʘʶʪʩʷ ʠʟʦʣʠʨʦʚʘʥʥʳʝ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʢʦʣʦʥʠʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʯʠʩʪʦʡ 

ʢʫʣʴʪʫʨʳ ʤʘʪʝʨʠʘʣ, ʚʟʷʪʳʡ ʧʝʪʣʝʡ ʠʟ ʦʪʜʝʣʴʥʦʡ ʢʦʣʦʥʠʠ, ʧʝʨʝʥʦʩʷʪ ʚ ʩʚʝʞʫʶ ʧʠʪʘʪʝʣʴʥʫʶ 

ʩʨʝʜʫ ʠ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʷʶʪ ʰʧʘʪʝʣʝʤ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ.  

ʇʫʪʝʤ ʦʪʩʝʚʘ ʠʟ ʵʪʠʭ ʢʦʣʦʥʠʡ ʧʦʣʫʯʘʶʪ ʯʠʩʪʳʝ ʢʫʣʴʪʫʨʳ. ʏʠʩʪʦʪʫ ʚʳʜʝʣʝʥʥʦʡ 

ʢʫʣʴʪʫʨʳ ʧʨʦʚʝʨʷʶʪ ʩʣʝʜʫʶʱʠʤ ʤʝʪʦʜʦʤ: ʨʘʩʩʝʚʘʶʪ ʢʫʣʴʪʫʨʫ ʠʩʪʦʥʯʘʶʱʠʤʩʷ ʰʪʨʠʭʦʤ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʴ ʧʣʦʪʥʦʡ ʩʨʝʜʳ, ʩʣʝʜʷʪ ʟʘ ʭʘʨʘʢʪʝʨʦʤ ʠ ʦʜʥʦʨʦʜʥʦʩʪʴʶ ʨʦʩʪʘ ʢʦʣʦʥʠʡ, 

ʢʦʥʪʨʦʣʠʨʫʶʪ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠ. 

ɿʘʩʝʷʥʥʳʝ ʧʦʯʚʝʥʥʦʡ ʩʫʩʧʝʥʟʠʝʡ ʯʘʰʢʠ ʧʨʦʩʤʘʪʨʠʚʘʶʪ, ʥʘʯʠʥʘʷ ʩ 3ï5 ʩʫʪ. 

ʆʢʦʥʯʘʪʝʣʴʥʳʡ ʫʯʝʪ ʧʨʦʠʟʚʦʜʷʪ ʯʝʨʝʟ 3ï4 ʥʝʜʝʣʠ [5]. 

ɼʠʘʛʥʦʩʪʠʢʘ ʠ ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʛʨʠʙʦʚ ʧʨʦʚʦʜʷʪʩʷ ʥʘ ʦʩʥʦʚʘʥʠʠ ʩʪʨʦʝʥʠʷ ʠ ʩʧʦʩʦʙʦʚ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʝʧʨʦʜʫʢʪʠʚʥʳʭ ʦʨʛʘʥʦʚ, ʠʤʝʶʪ ʟʥʘʯʝʥʠʝ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʠ ʢʫʣʴʪʫʨʘʣʴʥʳʝ 

ʧʨʠʟʥʘʢʠ. 

ʄʦʨʬʦʣʦʛʠʶ ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʢʣʝʪʦʢ ʠʟʫʯʘʶʪ ʚ ʧʨʝʧʘʨʘʪʘʭ çʨʘʟʜʘʚʣʝʥʥʘʷ ʢʘʧʣʷè, 

ʤʠʢʨʦʩʢʦʧʠʨʫʷ ʠʭ ʧʨʠ ʙʦʣʴʰʦʤ ʫʚʝʣʠʯʝʥʠʠ ʩ ʠʤʤʝʨʩʠʦʥʥʳʤ ʦʙʲʝʢʪʠʚʦʤ (Ĭ90) ʠʣʠ ʧʦ 

ɻʨʘʤʤʫ. 

ɼʣʷ ʜʝʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʘʩʢʦʤʠʮʝʪʦʚ ʧʦʣʫʯʘʶʪ ʠʭ ʚʳʨʘʱʠʚʘʶʪ ʥʘ ʧʨʝʜʤʝʪʥʳʭ ʠʣʠ 

ʧʦʢʨʦʚʥʳʭ ʩʪʝʢʣʘʭ. ʀʩʧʦʣʴʟʫʶʪ ʤʝʪʦʜ çʞʝʣʦʙʢʘè. 

ɼʠʘʛʥʦʩʪʠʢʘ ʠ ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʙʘʢʪʝʨʠʡ ʠ ʘʢʪʠʥʦʤʠʮʝʪʦʚ ʧʨʦʚʦʜʠʪʩʷ ʥʘ ʦʩʥʦʚʘʥʠʠ 

ʢʫʣʴʪʫʨʘʣʴʥʳʭ, ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ, ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʠ ʭʝʤʦʪʘʢʩʦʥʦʤʠʯʝʩʢʠʭ ʧʨʠʟʥʘʢʦʚ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʆʧʨʝʜʝʣʠʪʝʣʷ ʙʘʢʪʝʨʠʡ ɹʝʨʜʞʠ [6]. 
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ɻʠʜʨʦʣʠʪʠʯʝʩʢʘʷ ʜʝʩʪʨʫʢʮʠʷ ʧʦʣʫʯʝʥʥʦʡ ʢʫʣʴʪʫʨʘʣʴʥʦʡ ʞʠʜʢʦʩʪʠ ʙʳʣʘ ʜʦʧʦʣʥʠʪʝʣʴʥʦ 

ʠʟʫʯʝʥʘ ʧʦʜ ʚʣʠʷʥʠʝʤ ʛʠʜʨʦʤʦʜʫʣʷ ʠ ʧʦʜʚʝʨʛʥʫʪʘ ʪʝʨʤʦʣʠʟʫ ʧʨʠ 120 Áʉ ʚ ʨʝʘʢʪʦʨʝ Parr 

Instruments 4848 (ʉʐɸ), ʩ ʦʙʱʠʤ ʦʙʲʝʤʦʤ ʢʦʣʙʳ 300 ʩʤ3 ʠ ʤʘʢʩʠʤʘʣʴʥʳʤ ʨʘʙʦʯʠʤ ʜʘʚʣʝʥʠʝʤ 

200 ʘʪʤ. ʇʝʨʝʤʝʰʠʚʘʥʠʝ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʨʦʪʦʨʥʦʡ ʯʝʪʳʨʝʭʣʦʧʘʩʪʥʦʡ ʤʝʰʘʣʢʦʡ, ʧʨʠʚʦʜʠʤʦʡ 

ʚ ʜʚʠʞʝʥʠʝ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʤ (ʤʘʢʩʠʤʘʣʴʥʦʝ ʯʠʩʣʦ ʦʙʦʨʦʪʦʚ ʚ ʤʠʥʫʪʫ ð 700). ʂʦʥʪʨʦʣʴ 

ʜʘʚʣʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʤʘʥʦʤʝʪʨʘ. ʊʝʨʤʦʩʪʘʪʠʨʦʚʘʥʠʝ ʨʝʘʢʪʦʨʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʥʘʛʨʝʚʘʪʝʣʴʥʳʤ ʙʣʦʢʦʤ ʩ ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʤ ʢʦʥʪʨʦʣʣʝʨʦʤ. ʊʦʯʥʦʩʪʴ ʧʦʜʜʝʨʞʘʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ʩʦʩʪʘʚʣʷʝʪ 0,1Áʉ. 

ʂʦʣʠʯʝʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ ʨʝʘʢʮʠʦʥʥʦʡ ʤʘʩʩʳ ʧʨʦʚʦʜʠʣʩʷ ʤʝʪʦʜʦʤ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʦʡ 

ʞʠʜʢʦʩʪʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ. ɺ ʭʦʜʝ ʘʥʘʣʠʟʘ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ 

çʍʨʦʤʘʪʵʢïʂʨʠʩʪʘʣʣè, ʩʥʘʙʞʝʥʥʘʷ ʚʘʢʫʫʤʥʳʤ ʜʝʛʘʟʘʪʦʨʦʤ, ʠʟʦʢʨʘʪʠʯʝʩʢʠʤ ʥʘʩʦʩʦʤ, 

ʪʝʨʤʦʩʪʘʪʦʤ ʢʦʣʦʥʦʢ ʠ ʨʝʬʨʘʢʪʦʤʝʪʨʠʯʝʩʢʠʤ ʜʝʪʝʢʦʪʦʨʦʤ. ɺ ʢʘʯʝʩʪʚʝ ʧʦʜʚʠʞʥʦʡ ʬʘʟʳ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʚʦʜʘ, ʧʦʜʢʠʩʣʝʥʥʘʷ ʩʝʨʥʦʡ ʢʠʩʣʦʪʦʡ. ʉʢʦʨʦʩʪʴ ʧʦʜʘʯʠ ʵʣʶʝʥʪʘ 0,5 ʤʣ/ʤʠʥ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʘʭʘʨʦʚ ʧʨʦʚʦʜʠʣʦʩʴ ʧʦ ʩʪʘʥʜʘʨʪʥʳʤ ʚʝʱʝʩʪʚʘʤ ʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʢʘʣʠʙʨʦʚʦʯʥʳʤ ʟʘʚʠʩʠʤʦʩʪʷʤ. 

 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʧʦʯʚʝʥʥʳʝ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ ʠʟ ʪʦʨʬʘ, ʘ ʠʤʝʥʥʦ 

ʤʠʢʨʦʤʠʮʝʪʳ ʨʦʜʘ ʈʝnicillium ʠ ʊrichderma. ʘ ʪʘʢʞʝ ʘʢʪʠʥʦʤʠʮʝʪʳ ʨʦʜʘ Actinomyces ʠ 

ʙʘʢʪʝʨʠʠ ʨʦʜʘ Bacillus. 

ʅʘʠʙʦʣʝʝ ʙʣʘʛʦʧʨʠʷʪʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʜʣʷ ʘʢʪʠʚʥʦʡ ʙʠʦʪʨʘʥʩʬʦʨʤʘʮʠʠ ʪʦʨʬʘ 

ʢʦʣʝʙʘʣʘʩʴ ʦʪ 20 ʜʦ 40 Áʉ. ʇʨʠ ʵʪʦʤ ʙʦʣʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳʤ ʢ ʠʟʤʝʥʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨʳ 

ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʦʢʘʟʘʣʩʷ ʛʨʠʙ ʨʦʜʘ ʈʝnicillium. ʀʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʩʢʘʟʳʚʘʣʦʩʴ ʠ ʥʘ 

ʫʩʚʦʝʥʠʠ ʛʨʠʙʘʤʠ ʮʝʣʣʶʣʦʟʳ. ɽʩʣʠ ʛʨʠʙ ʨʦʜʘ ʊrichderma ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦ ʨʘʩʱʝʧʣʷʣ 

ʩʫʙʩʪʨʘʪ ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ, ʪʦ ʙʦʣʝʝ ʘʢʪʠʚʥʘʷ ʜʝʛʨʘʜʘʮʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ 

ʛʨʠʙʦʤ ʨʦʜʘ ʈʝnicillium ʥʘʙʣʶʜʘʣʘʩʴ ʧʨʠ 25ï30 Áʉ. 

ʉʫʤʤʘʨʥʘʷ ʮʝʣʣʶʣʘʟʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʧʨʦʷʚʣʷʣʘʩʴ ʫʞʝ ʥʘ 4ï5-ʝ ʩʫʪʢʠ. ʇʦ ʤʝʨʝ ʨʦʩʪʘ 

ʛʨʠʙʦʚ ʫʨʦʚʝʥʴ ʘʢʪʠʚʥʦʩʪʠ ʮʝʣʣʶʣʘʟʳ ʧʦʚʳʰʘʣʩʷ. 

ɺ ʧʝʨʚʳʝ ʩʫʪʢʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʠʜʝʪ ʠʥʪʝʥʩʠʚʥʳʡ ʨʦʩʪ ʛʨʠʙʦʚ, ʘ ʘʢʪʠʚʥʦʝ ʨʘʟʨʫʰʝʥʠʝ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʩʫʙʩʪʨʘʪʘ ʚ ʙʦʣʝʝ ʧʦʟʜʥʠʝ ʩʨʦʢʠ (15ï22-ʝ ʩʫʪʢʠ) ʜʝʣʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʨʝʜʧʦʣʘʛʘʪʴ, ʯʪʦ ʥʘʢʦʧʣʝʥʠʝ ʙʠʦʤʘʩʩʳ ʛʨʠʙʦʚ ʚ ʥʘʯʘʣʝ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʠʜʝʪ ʚ ʦʩʥʦʚʥʦʤ ʟʘ 

ʩʯʝʪ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʪʦʨʬʘ, ʘ ʠʤʝʥʥʦ ʛʝʤʠʮʝʣʣʶʣʦʟʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ.  

ɼʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʚʳʭʦʜʘ ʩʘʭʘʨʦʚ ʙʳʣʦ  ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʛʠʜʨʦʤʦʜʫʣʷ ʥʘ ʢʘʯʝʩʪʚʦ 

ʪʦʨʬʷʥʦʛʦ ʩʫʙʩʪʨʘʪʘ. ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʛʠʜʨʦʤʦʜʫʣʷ ʥʘ ʚʳʭʦʜ ʩʘʭʘʨʦʚ ʠʟ 

ʛʠʜʨʦʣʠʟʘʪʘ ʪʦʨʬʘ (ʈʠʩʫʥʦʢ) ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʩʝʨʠʷ ʦʧʳʪʦʚ ʩ ʢʫʣʴʪʫʨʘʣʴʥʦʡ ʞʠʜʢʦʩʪʴʶ, 

ʧʦʣʫʯʝʥʥʦʡ ʥʘ ʦʩʥʦʚʝ ʪʦʨʬʘ, ʧʨʠ ʚʘʨʴʠʨʦʚʘʥʠʠ ʢʦʣʠʯʝʩʪʚʘ ʚʦʜʳ ʦʪ 50 ʜʦ 250 ʤʣ. 
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ʈʠʩʫʥʦʢ. ɺʣʠʷʥʠʝ ʛʠʜʨʦʤʦʜʫʣʷ ʥʘ ʢʦʥʮʝʥʪʨʘʮʠʶ ʛʣʶʢʦʟʳ ʚ ʛʠʜʨʦʣʠʟʘʪʝ ʪʦʨʬʘ 

 

ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʛʠʜʨʦʤʦʜʫʣʷ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʩʢʦʨʦʩʪʠ 

ʛʠʜʨʦʣʠʟʘ, ʦʜʥʘʢʦ ʧʨʠ ʵʪʦʤ ʤʘʢʩʠʤʘʣʴʥʳʡ ʚʳʭʦʜ ʩʘʭʘʨʦʚ 10ï15 ʤʘʩʩ. % ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ 150 

ʤʣ ʚʦʜʳ, ʯʪʦ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʜʝʩʪʨʫʢʮʠʝʡ ʛʣʶʢʦʟʳ ʧʨʠ ʙʦʣʴʰʝʤ ʛʠʜʨʦʤʦʜʫʣʝ ʠ 

ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʢʦʥʚʝʨʩʠʝʡ ʪʦʨʬʘ ʧʨʠ ʙʦʣʝʝ ʤʘʣʦʤ ʢʦʣʠʯʝʩʪʚʝ ʚʦʜʳ. 

 

ɺʳʚʦʜʳ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʦʨʬʷʥʦïʙʦʣʦʪʥʳʝ ʧʦʯʚʳ ʠʛʨʘʶʪ ʨʦʣʴ ʩʨʝʜ,r ʧʦʜʭʦʜʷʱʝʡ ʜʣʷ ʨʘʟʚʠʪʠʷ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʪʘʢʩʦʥʦʤʠʯʝʩʢʠʭ ʠ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʛʨʫʧʧ. ʊʝʤ ʥʝ ʤʝʥʝʝ 

ʯʠʩʣʝʥʥʦʩʪʴ, ʢʘʯʝʩʪʚʝʥʥʳʡ ʩʦʩʪʘʚ ʠ ʘʢʪʠʚʥʦʩʪʴ ʤʠʢʨʦʬʣʦʨʳ ʟʥʘʯʠʪʝʣʴʥʦ ʟʘʚʠʩʷʪ ʦʪ ʩʚʦʡʩʪʚ 

ʧʦʯʚ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ. 

ʈʷʜ ʚʳʜʝʣʝʥʥʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʩʧʦʩʦʙʥʳ ʩ ʧʦʤʦʱʴʶ ʬʝʨʤʝʥʪʦʚ ʨʘʟʨʫʰʘʪʴ ʩʫʙʩʪʨʘʪ 

ʜʦ ʩʘʭʘʨʦʚ, ʢʦʪʦʨʳʝ ʚʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʛʦ ʩʳʨʴʷ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʙʠʦʵʪʘʥʦʣʘ. 

ʇʦʵʪʦʤʫ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʠʟʫʯʝʥʠʶ ʩʧʦʩʦʙʦʚ ʦʙʨʘʙʦʪʢʠ ʣʠʛʥʦʮʝʣʣʶʣʦʟʥʦʛʦ ʩʳʨʴʷ, ʘ 

ʠʤʝʥʥʦ ʪʦʨʬʘ, ʩʧʦʩʦʙʩʪʚʫʝʪ ʦʧʪʠʤʠʟʘʮʠʠ ʫʩʣʦʚʠʡ ʧʦʣʫʯʝʥʠʷ ʩʘʭʘʨʦʚ ʠʟ ʚʦʟʦʙʥʦʚʣʷʝʤʦʛʦ 

ʩʳʨʴʷ. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʌʌʀ ˉ16-08-00158. 
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ɸʥʥʦʪʘʮʠʷ. ʉʦʛʣʘʩʥʦ ʩʦʚʨʝʤʝʥʥʳʤ ʜʘʥʥʳʤ, ʦʢʦʣʦ 80% ʥʘʩʝʣʝʥʠʷ, ʧʨʦʞʠʚʘʶʱʝʛʦ ʚ 

ʨʘʟʥʳʭ ʩʪʨʘʥʘʭ, ʧʦʣʫʯʘʝʪ ʤʘʛʥʠʡ ʚ ʥʝʜʦʩʪʘʪʦʯʥʦʤ ʢʦʣʠʯʝʩʪʚʝ. ʅʝʜʦʩʪʘʪʦʢ ʤʘʛʥʠʷ 

ʦʪʨʠʮʘʪʝʣʴʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʬʫʥʢʮʠʷʭ ʮʝʥʪʨʘʣʴʥʦʡ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ, ʩʝʨʜʮʘ ʠ ʩʦʩʫʜʦʚ, 

ʥʘʜʧʦʯʝʯʥʠʢʦʚ, ʱʠʪʦʚʠʜʥʦʡ ʠ ʧʦʜʞʝʣʫʜʦʯʥʦʡ ʞʝʣʝʟʳ ʠ ʜʨ. ʦʨʛʘʥʦʚ. ɼʝʬʠʮʠʪ ʤʘʛʥʠʷ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʚʦʟʨʘʩʪʦʤ ʯʝʣʦʚʝʢʘ. ʉʦʜʝʨʞʘʥʠʝ ʝʛʦ ʥʝʜʦʩʪʘʪʦʯʥʦ ʚ ʨʘʮʠʦʥʝ ʧʨʝʩʪʘʨʝʣʳʭ ʠ 

ʤʘʣʦ ʦʙʝʩʧʝʯʝʥʥʳʭ ʣʶʜʝʡ.   

ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʣʦʩʴ ʠʟʫʯʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʦʙʦʛʘʱʝʥʠʷ ʤʘʛʥʠʝʤ ʷʛʦʜ 

ʨʘʟʣʠʯʥʳʭ ʢʫʣʴʪʫʨ ʩʧʦʩʦʙʦʤ ʚʥʝʢʦʨʥʝʚʦʡ ʦʙʨʘʙʦʪʢʠ ʨʘʩʪʝʥʠʡ ʚʦ ʚʨʝʤʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʷʛʦʜ. 

ʆʙʲʝʢʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʷʛʦʜʳ ʞʠʤʦʣʦʩʪʠ ʩʦʨʪʘ ɿʠʤʦʨʦʜʦʢ, ʟʝʤʣʷʥʠʢʠ ʩʦʨʪʘ ʂʦʨʦʥʘ, 

ʘʢʪʠʥʠʜʠʠ ʢʦʣʦʤʠʢʪʘ ʩʦʨʪʘ ʉʦʨʦʢʘ. ʆʙʦʛʘʱʝʥʠʝ ʧʨʦʚʦʜʠʣʠ ʤʝʪʦʜʦʤ ʦʜʥʦʢʨʘʪʥʦʡ 

ʚʥʝʢʦʨʥʝʚʦʡ ʦʙʨʘʙʦʪʢʠ ʨʘʩʪʝʥʠʡ ʚʦʜʥʳʤ ʨʘʩʪʚʦʨʦʤ ʩʫʣʴʬʘʪʘ ʤʘʛʥʠʷ ʨʘʟʣʠʯʥʳʭ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʚ ʚʘʨʠʘʥʪʘʭ ʦʧʳʪʘ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʛʘʰʝʥʦʡ ʠʟʚʝʩʪʠ ʚʦ ʠʟʙʝʞʘʥʠʝ ʦʞʦʛʘ 

ʨʘʩʪʝʥʠʡ. ʅʦʨʤʘ ʨʘʩʭʦʜʘ ʨʘʩʪʚʦʨʘ ʟʘʚʠʩʝʣʘ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʨʘʩʪʝʥʠʡ ʥʘ 1 ʛʘ ʠ ʚʦʟʨʘʩʪʘ 

ʥʘʩʘʞʜʝʥʠʡ. ʂʦʥʪʨʦʣʴʥʳʝ ʦʙʨʘʟʮʳ ʦʧʨʳʩʢʠʚʘʣʠ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ. ʉʦʜʝʨʞʘʥʠʝ 

ʤʘʛʥʠʷ ʚ ʷʛʦʜʘʭ ʦʧʨʝʜʝʣʷʣʠ ʧʦ ɻʆʉʊ ʈ 51429-99. ʈʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʧʝʨʚʳʝ ʛʦʜʳ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʦʟʚʦʣʠʣʠ ʦʧʨʝʜʝʣʠʪʴ ʦʧʪʠʤʘʣʴʥʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʨʘʩʪʚʦʨʘ, ʠʩʧʦʣʴʟʫʝʤʦʛʦ 

ʜʣʷ ʦʙʦʛʘʱʝʥʠʷ ʷʛʦʜ ʤʘʛʥʠʝʤ, ʩʦʩʪʘʚʠʚʰʫʶ 20,0 ʛ/ʣ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʦʛʦ ʩʧʦʩʦʙʘ 

ʦʙʦʛʘʱʝʥʠʷ ʧʦʢʘʟʘʣʦ ʧʦʣʦʞʠʪʝʣʴʥʫʶ ʪʝʥʜʝʥʮʠʶ ʥʘʢʦʧʣʝʥʠʷ ʤʘʛʥʠʷ ʨʘʩʪʝʥʠʷʤʠ. 

ʉʦʜʝʨʞʘʥʠʝ ʤʘʛʥʠʷ ʚ ʷʛʦʜʘʭ ʚʦʟʨʘʩʪʘʝʪ, ʧʨʠ ʵʪʦʤ ʧʨʦʩʣʝʞʠʚʘʣʘʩʴ ʩʣʝʜʫʶʱʘʷ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ: ʫʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʩʪʚʦʨʘ ʚ ʚʘʨʠʘʥʪʘʭ ʦʧʳʪʘ ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ 

ʙʦʣʴʰʝʤʫ ʩʦʜʝʨʞʘʥʠʶ ʝʛʦ ʚ ʷʛʦʜʘʭ. ʈʝʟʫʣʴʪʘʪʳ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʦʢʘʟʳʚʘʶʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʫʚʝʣʠʯʝʥʠʷ ʧʨʠʨʦʜʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʤʘʛʥʠʷ ʚ ʷʛʦʜʘʭ ʞʠʤʦʣʦʩʪʠ, ʟʝʤʣʷʥʠʢʠ ʠ 

ʘʢʪʠʥʠʜʠʠ ʚ 1,7ï6,3 ʨʘʟʘ. ʇʦ ʩʧʦʩʦʙʥʦʩʪʠ ʘʢʢʫʤʫʣʠʨʦʚʘʪʴ ʤʘʛʥʠʡ  ʣʠʜʠʨʫʝʪ ʞʠʤʦʣʦʩʪʴ ð 

626,5% ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʢʦʥʪʨʦʣʶ. ɺ ʷʛʦʜʘʭ ʟʝʤʣʷʥʠʢʠ ʤʘʛʥʠʡ ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʚ ʥʝʩʢʦʣʴʢʦ 

ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ ð 308,9%. ɼʣʷ ʷʛʦʜ ʘʢʪʠʥʠʜʠʠ ʢʦʣʦʤʠʢʪʘ ʭʘʨʘʢʪʝʨʥʦ ʚʳʩʦʢʦʝ ʧʨʠʨʦʜʥʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʤʘʛʥʠʷ, ʥʦ ʥʠʟʢʘʷ ʘʢʢʫʤʫʣʠʨʫʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʝʛʦ ʥʘʢʦʧʣʝʥʠʷ ð 172,1% ʚ 
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ʩʨʝʜʥʝʤ ʟʘ ʪʨʠ ʛʦʜʘ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʦʙʦʛʘʱʝʥʥʳʭ ʷʛʦʜ ʚ ʧʠʪʘʥʠʠ ʙʫʜʝʪ 

ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʧʨʦʬʠʣʘʢʪʠʢʝ ʜʝʬʠʮʠʪʘ ʤʘʛʥʠʷ ʚ ʦʨʛʘʥʠʟʤʝ. 

 

Abstract. According to modern data, about 80% of the population living in different countries, 

receives magnesium in insufficient quantities. The lack of magnesium adversely affects the functions 

of the central nervous system, heart and blood vessels, adrenals, thyroid and pancreas, and other 

organs. The magnesium deficiency increases with the age of the person. Its content is not enough in 

the diet of the elderly and poorly provided people. 

The purpose of the research was to study the possibility of enriching of berries  with magnesium 

enriched berries of various crops by the method of foliar treatment of plants during the formation of 

berries. The objects of research were the berries of the honeysuckle variety of Zimorodok, the 

strawberry variety of the Korona, the variegatedïleaf hardy kiwi variety of Soroka. Enrichment was 

carried out by the method of single root foliar treatment of plants with an aqueous solution of 

magnesium sulphate of various concentrations in variants of the experiment with the addition of 

hydrated lime in order to avoid the burning of plants. The rate of consumption of the solution 

depended on the number of plants per hectare and the age of plantations. Control samples were 

sprayed with distilled water. The magnesium content in the berries was determined in accordance 

with GOST R 51429-99. The results obtained in the first years of the study allowed to determine the 

optimal concentration of the solution used to enrich the berries with magnesium, which was 20.0 g/l. 

The use of this method of enrichment showed a positive tendency of magnesium accumulation by 

plants. The magnesium content in berries increases, while the following regularity was observed: an 

increase in the concentration of the solution in the variants of the experiment contributed to its greater 

content in the berries. The results of further studies prove the possibility of increasing the natural 

content of magnesium in honeysuckle, strawberry and variegatedïleaf hardy kiwi in 1.7ï6.3 times. 

According to the ability to accumulate magnesium, honeysuckle leads ð 626.5% in relation to 

control. In the strawberries, magnesium accumulates to a somewhat lesser extent ð 308.9%. 

Variegatedïleaf hardy kiwi berries are characterized by a high natural content of magnesium, but low 

accumulating capacity of its accumulation is 172.1% on average over three years of research. The use 

of fortified berries in the diet will help to prevent the deficiency of magnesium in the body. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʠʥʝʨʘʣʴʥʳʝ ʵʣʝʤʝʥʪʳ, ʤʘʛʥʠʡ, ʟʥʘʯʝʥʠʝ ʚ ʧʠʪʘʥʠʠ,  ʩʧʦʩʦʙ 

ʦʙʦʛʘʱʝʥʠʷ, ʷʛʦʜʳ ʞʠʤʦʣʦʩʪʠ, ʷʛʦʜʳ ʟʝʤʣʷʥʠʢʠ, ʷʛʦʜʳ ʘʢʪʠʥʠʜʠʠ. 

 

Keywords: mineral elements, magnesium, value in diet, the method of enrichment, honeysuckle 

berries, strawberries, variegatedïleaf hardy kiwi berries. 

 

ʄʘʛʥʠʡ ʦʪʥʦʩʠʪʩʷ ʢ ʵʩʩʝʥʮʠʘʣʴʥʳʤ ʤʘʢʨʦʵʣʝʤʝʥʪʘʤ ʜʣʷ ʯʝʣʦʚʝʢʘ. ʆʥ ʷʚʣʷʝʪʩʷ 

ʢʦʬʘʢʪʦʨʦʤ ʤʥʦʛʠʭ ʬʝʨʤʝʥʪʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʤʝʪʘʙʦʣʠʟʤʘ, ʫʯʘʩʪʚʫʝʪ ʚ ʩʠʥʪʝʟʝ 

ʙʝʣʢʦʚ, ʥʫʢʣʝʠʥʦʚʳʭ ʢʠʩʣʦʪ, ʦʙʣʘʜʘʝʪ ʩʪʘʙʠʣʠʟʠʨʫʶʱʠʤ ʜʝʡʩʪʚʠʝʤ ʜʣʷ ʤʝʤʙʨʘʥ, ʥʝʦʙʭʦʜʠʤ 

ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʛʦʤʝʦʩʪʘʟʘ ʢʘʣʴʮʠʷ, ʢʘʣʠʷ ʠ ʥʘʪʨʠʷ. ʄʘʛʥʠʡ ʪʝʩʥʦ ʩʚʷʟʘʥ ʩ ʩʠʥʪʝʟʦʤ ʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ɸʊʌ, ʧʦʵʪʦʤʫ ʦʢʘʟʳʚʘʝʪ ʠʩʢʣʶʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʦʙʤʝʥ 

ʦʨʛʘʥʠʟʤʘ. ʋʯʘʩʪʚʫʝʪ ʚ ʨʘʙʦʪʝ ʦʢʦʣʦ 300 ʬʝʨʤʝʥʪʦʚ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ, ʥʝʦʙʭʦʜʠʤ ʜʣʷ 

ʘʢʪʠʚʠʟʘʮʠʠ ʬʝʨʤʝʥʪʦʚ ʚ 50% ʩʣʫʯʘʝʚ. ʆʙʣʘʜʘʝʪ ʧʨʦʪʠʚʦʪʦʢʩʠʯʥʳʤ ʠ 

ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʳʤ ʜʝʡʩʪʚʠʝʤ, ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʟʘʙʦʣʝʚʘʥʠʷ ʩʝʨʜʝʯʥʦʩʦʩʫʜʠʩʪʦʡ 

ʩʠʩʪʝʤʳ, ʥʦʨʤʘʣʠʟʫʝʪ ʬʫʥʢʮʠʶ ʧʘʨʘʱʠʪʦʚʠʜʥʳʭ ʞʝʣʝʟ, ʟʘʱʠʱʘʝʪ ʦʪ ʠʦʥʠʟʠʨʫʶʱʝʛʦ 

ʠʟʣʫʯʝʥʠʷ, ʨʝʛʫʣʠʨʫʝʪ ʪʝʤʧʝʨʘʪʫʨʫ, ʧʦʤʦʛʘʝʪ ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ ʭʦʣʦʜʫ. ʄʘʛʥʠʡ ʥʝʦʙʭʦʜʠʤ ʥʘ 

ʚʩʝʭ ʵʪʘʧʘʭ ʩʠʥʪʝʟʘ ʙʝʣʢʦʚʦʡ ʤʦʣʝʢʫʣʳ, ʧʦʵʪʦʤʫ ʧʨʠ ʠʩʪʦʱʝʥʠʠ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʛʦ ʤʘʛʥʠʷ 

ʩʥʠʞʘʝʪʩʷ ʩʢʦʨʦʩʪʴ ʩʠʥʪʝʟʘ ʙʝʣʢʘ. ʉʪʠʤʫʣʠʨʫʝʪ ʬʘʛʦʮʠʪʦʟ ʠ ʧʨʠʥʠʤʘʝʪ ʫʯʘʩʪʠʝ ʚ ʩʠʥʪʝʟʝ 

ʘʥʪʠʪʝʣ, ʷʚʣʷʝʪʩʷ ʧʨʦʪʠʚʦʘʣʣʝʨʛʠʯʝʩʢʠʤ ʠ ʧʨʦʪʠʚʦʘʥʘʬʠʣʘʢʪʠʯʝʩʢʠʤ ʬʘʢʪʦʨʦʤ. ʅʝʦʙʭʦʜʠʤ 

ʜʣʷ ʫʢʨʝʧʣʝʥʠʷ ʩʢʝʣʝʪʘ ʠ ʧʨʦʬʠʣʘʢʪʠʢʠ ʦʩʪʝʦʧʦʨʦʟʘ, ʥʦʨʤʘʣʴʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 
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ʥʝʨʚʥʦʡ ʪʢʘʥʠ. ʄʘʛʥʠʡ ʫʯʘʩʪʚʫʝʪ ʚ ʧʝʨʝʜʘʯʝ ʥʝʨʚʥʦʛʦ ʠʤʧʫʣʴʩʘ, ʫʩʧʦʢʘʠʚʘʝʪ ʮʝʥʪʨʘʣʴʥʫʶ 

ʥʝʨʚʥʫʶ ʩʠʩʪʝʤʫ, ʧʦʤʦʛʘʝʪ ʚ ʙʦʨʴʙʝ ʩ ʜʝʧʨʝʩʩʠʝʡ. ʇʨʝʜʫʧʨʝʞʜʘʝʪ ʧʦʷʚʣʝʥʠʝ ʢʘʤʥʝʡ ʚ 

ʧʦʯʢʘʭ, ʷʚʣʷʝʪʩʷ ʩʪʨʦʠʪʝʣʴʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʜʣʷ ʪʢʘʥʝʡ ʣʝʛʢʠʭ [1ï3], (https://goo.gl/4C7Bi8; 

https://goo.gl/eow5mR). 

 ʄʘʛʥʠʡ ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʥʦʨʤʘʣʴʥʦʡ ʨʘʙʦʪʳ ʚʠʪʘʤʠʥʦʚ ɺ1 ʠ ɺ6, ʘʢʪʠʚʠʟʠʨʫʝʪ ʚʠʪʘʤʠʥ ʅ 

(ʙʠʦʪʠʥ), ʥʝʦʙʭʦʜʠʤʳʡ ʜʣʷ ʵʥʝʨʛʝʪʠʢʠ ʦʨʛʘʥʠʟʤʘ ʠ ʨʦʩʪʘ ʢʣʝʪʦʢ. ɺʠʪʘʤʠʥ ɼ ʩʪʠʤʫʣʠʨʫʝʪ 

ʚʩʘʩʳʚʘʥʠʝ ʤʘʛʥʠʷ ʚ ʦʨʛʘʥʠʟʤʝ, ʘ ʥʝʜʦʩʪʘʪʦʢ ʚʠʪʘʤʠʥʘ ɽ ʤʦʞʝʪ ʚʳʟʚʘʪʴ ʜʝʬʠʮʠʪ ʤʘʛʥʠʷ ʚ 

ʪʢʘʥʷʭ. ʃʫʯʰʝ ʚʩʝʛʦ ʜʝʡʩʪʚʫʝʪ ʤʘʛʥʠʡ ʚʤʝʩʪʝ ʩ ʚʠʪʘʤʠʥʘʤʠ ɸ, ʉ ʠ ʈ. 

ʉʨʝʜʥʝʝ ʧʦʪʨʝʙʣʝʥʠʝ ʤʘʛʥʠʷ ʚ ʨʘʟʥʳʭ ʩʪʨʘʥʘʭ 210ï350 ʤʛ/ʩʫʪʢʠ, ʚ ʈʌ 300 ʤʛ/ʩʫʪʢʠ. 

ʉʦʛʣʘʩʥʦ ʥʦʨʤʘʤ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʧʦʪʨʝʙʥʦʩʪʝʡ ʚ ʵʥʝʨʛʠʠ ʠ ʧʠʱʝʚʳʭ ʚʝʱʝʩʪʚʘʭ ʜʣʷ 

ʨʘʟʣʠʯʥʳʭ ʛʨʫʧʧ ʥʘʩʝʣʝʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʚ ʦʨʛʘʥʠʟʤ ʚʟʨʦʩʣʦʛʦ ʯʝʣʦʚʝʢʘ 

ʝʞʝʩʫʪʦʯʥʦ ʜʦʣʞʥʦ ʧʦʩʪʫʧʘʪʴ 400 ʤʛ ʤʘʛʥʠʷ (1). ʇʨʠ ʥʝʢʦʪʦʨʳʭ ʟʘʙʦʣʝʚʘʥʠʷʭ ʧʦʪʨʝʙʥʦʩʪʴ ʚ 

ʤʘʛʥʠʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚʜʚʦʝ ʠ ʜʘʞʝ ʚʪʨʦʝ.  

ʉʦʛʣʘʩʥʦ ʩʦʚʨʝʤʝʥʥʳʤ ʜʘʥʥʳʤ, ʦʢʦʣʦ 80% ʥʘʩʝʣʝʥʠʷ, ʧʨʦʞʠʚʘʶʱʝʛʦ ʚ ʨʘʟʥʳʭ ʩʪʨʘʥʘʭ, 

ʧʦʣʫʯʘʝʪ ʤʘʛʥʠʡ ʚ ʥʝʜʦʩʪʘʪʦʯʥʦʤ ʢʦʣʠʯʝʩʪʚʝ [4]. ɼʝʬʠʮʠʪ ʤʘʛʥʠʷ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʚ ʧʠʱʝʚʦʤ ʩʪʘʪʫʩʝ ʯʝʣʦʚʝʢʘ [5ï7]. ʕʧʠʜʝʤʠʦʣʦʛʠʯʝʩʢʠʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʚʝʜʝʥʥʳʝ ʚ ʈʦʩʩʠʠ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʠ ʜʝʬʠʮʠʪʘ 

ʤʘʛʥʠʷ ʫ 47,8% ʧʘʮʠʝʥʪʦʚ, ʦʙʨʘʪʠʚʰʠʭʩʷ ʚ ʣʝʯʝʙʥʳʝ ʫʯʨʝʞʜʝʥʠʷ [8], ʚ ʇʦʣʴʰʝ ð ʫ 46 % 

ʥʘʩʝʣʝʥʠʷ [9]. ɺ ʉʐɸ, ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʴ ʥʝʜʦʩʪʘʪʦʯʥʦʛʦ ʧʦʪʨʝʙʣʝʥʠʷ ʤʘʛʥʠʷ ʚʟʨʦʩʣʦʛʦ 

ʥʘʩʝʣʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ  67% ʩʨʝʜʠ ʞʝʥʱʠʥ ʠ 64% ʩʨʝʜʠ ʤʫʞʯʠʥ, ʘ  ʩʨʝʜʠ ʣʠʮ ʚ ʚʦʟʨʘʩʪʝ ʙʦʣʝʝ 

71 ʛʦʜʘ ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʚʦʟʨʘʩʪʘʝʪ ʜʦ 82 ʠ 81% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [10]. 

ɼʝʬʠʮʠʪ ʤʘʛʥʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ  ʠʰʝʤʠʯʝʩʢʦʡ ʙʦʣʝʟʥʠ ʩʝʨʜʮʘ, ʘʨʪʝʨʠʘʣʴʥʦʡ 

ʛʠʧʝʨʪʝʥʟʠʠ,  ʠʥʩʫʣʴʪʝ, ʩʘʭʘʨʥʦʤ ʜʠʘʙʝʪʝ, ʩʝʨʜʝʯʥʦʡ ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʠ [11]. 

ʇʨʠ ʥʝʭʚʘʪʢʝ ʤʘʛʥʠʷ ʚ ʦʨʛʘʥʠʟʤʝ ʥʘʙʣʶʜʘʶʪʩʷ ʧʦʪʝʨʷ ʘʧʧʝʪʠʪʘ, ʥʘʨʫʰʝʥʠʝ ʩʝʨʜʝʯʥʦʛʦ 

ʨʠʪʤʘ (ʚʢʣʶʯʘʷ ʪʘʭʠʢʘʨʜʠʶ), ʧʦʚʳʰʝʥʥʘʷ ʨʘʟʜʨʘʞʠʪʝʣʴʥʦʩʪʴ, ʫʪʦʤʣʷʝʤʦʩʪʴ, 

ʛʦʣʦʚʦʢʨʫʞʝʥʠʝ, ʫʛʥʝʪʝʥʥʦʝ ʧʩʠʭʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʠ ʩʪʨʘʭ ʠ ʥʝʢʦʪʦʨʳʝ ʜʨʫʛʠʝ ʩʠʤʧʪʦʤʳ. 

ʂʨʦʤʝ ʪʦʛʦ, ʥʝʜʦʩʪʘʪʦʢ ʤʘʛʥʠʷ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ ʨʠʩʢʘ ʨʘʟʚʠʪʠʷ ʛʠʧʝʨʪʦʥʠʠ, ʙʦʣʝʟʥʝʡ 

ʩʝʨʜʮʘ, ʤʦʟʛʘ, ʙʝʣʦʢʨʦʚʠʷ.  

ʆʜʥʠʤ ʠʟ ʠʩʪʦʯʥʠʢʦʚ ʧʦʩʪʫʧʣʝʥʠʷ ʤʘʛʥʠʷ ʚ ʦʨʛʘʥʠʟʤ ʷʚʣʷʝʪʩʷ ʞʝʩʪʢʘʷ ʧʠʪʴʝʚʘʷ ʚʦʜʘ. 

ʄʷʛʢʘʷ ʧʠʪʴʝʚʘʷ ʚʦʜʘ, ʪ. ʝ. ʚʦʜʘ ʩ ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʩʦʣʝʡ ʢʘʣʴʮʠʷ ʠ ʤʘʛʥʠʷ, ʷʚʣʷʝʪʩʷ 

ʵʢʦʣʦʛʠʯʝʩʢʠʤ ʬʘʢʪʦʨʦʤ ʨʠʩʢʘ ʩʝʨʜʝʯʥʦʩʦʩʫʜʠʩʪʦʡ ʧʘʪʦʣʦʛʠʠ ʠ ʜʨʫʛʠʭ ʰʠʨʦʢʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʳʭ ʨʝʛʠʦʥʦʚ ʈʦʩʩʠʠ ʠ ɽʚʨʦʧʳ. ʊʘʢ, ʚ ʉʘʥʢʪ-

ʇʝʪʝʨʙʫʨʛʝ, ʛʜʝ ʚʦʜʦʧʨʦʚʦʜʥʘʷ ʚʦʜʘ ʤʷʛʢʘʷ, ʯʠʩʣʦ ʩʝʨʜʝʯʥʦʩʦʩʫʜʠʩʪʳʭ ʟʘʙʦʣʝʚʘʥʠʡ ʚʳʰʝ, 

ʯʝʤ ʚ ʨʝʛʠʦʥʘʭ ʩ ʞʝʩʪʢʦʡ ʚʦʜʦʧʨʦʚʦʜʥʦʡ ʚʦʜʦʡ. ʉʦʛʣʘʩʥʦ ʵʧʠʜʝʤʠʦʣʦʛʠʯʝʩʢʠʤ 

ʠʩʩʣʝʜʦʚʘʥʠʷʤ, ʧʨʦʚʝʜʝʥʥʳʤ ʚ ʤʠʨʝ ʠ ʥʝʢʦʪʦʨʳʭ ʛʦʨʦʜʘʭ ʈʦʩʩʠʠ ʧʦ ʝʜʠʥʦʡ ʧʨʦʛʨʘʤʤʝ ʧʦʜ 

ʵʛʠʜʦʡ ɺʆɿ, ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʴ ʛʠʧʝʨʪʦʥʠʯʝʩʢʦʡ ʙʦʣʝʟʥʠ ʚ ʨʝʛʠʦʥʘʭ, ʩʥʘʙʞʘʝʤʳʭ 

ʤʘʣʦʤʠʥʝʨʘʣʠʟʦʚʘʥʥʦʡ ʧʠʪʴʝʚʦʡ ʚʦʜʦʡ, ʟʥʘʯʠʪʝʣʴʥʦ (ʜʦ 25ï30%) ʧʨʝʚʳʰʘʝʪ ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ 

ʜʣʷ ʨʝʛʠʦʥʦʚ ʩ ʚʦʜʦʡ ʥʦʨʤʘʣʴʥʦʡ ʞʝʩʪʢʦʩʪʠ. 

ʀʟʙʝʞʘʪʴ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʧʦʩʣʝʜʩʪʚʠʡ ʭʨʦʥʠʯʝʩʢʦʛʦ ʫʧʦʪʨʝʙʣʝʥʠʷ 

ʤʘʣʦʤʠʥʝʨʘʣʠʟʦʚʘʥʥʦʡ ʧʠʪʴʝʚʦʡ ʚʦʜʳ ʤʦʞʥʦ ʩ ʧʦʤʦʱʴʶ ʤʠʥʝʨʘʣʴʥʳʭ ʜʦʙʘʚʦʢ ʩʝʨʠʠ 

çʉʝʚʝʨʷʥʢʘè. ʕʪʠ ʜʦʙʘʚʢʠ ʨʘʟʨʘʙʦʪʘʥʳ ʢʦʣʣʝʢʪʠʚʦʤ ʫʯʝʥʳʭ ʀʥʩʪʠʪʫʪʘ ʬʠʟʠʦʣʦʛʠʠ ʧʦʜ 

ʨʫʢʦʚʦʜʩʪʚʦʤ ʧʨʦʬʝʩʩʦʨʘ ʉ. ʂ. ʏʫʨʠʥʦʡ; ʦʥʠ ʠʟʛʦʪʘʚʣʠʚʘʶʪʩʷ ʚ ʉʘʥʢʪïʇʝʪʝʨʙʫʨʛʝ ʆʆʆ 

çʕʢʦïʇʨʦʜʫʢʪè ʧʦ ʣʠʮʝʥʟʠʠ ʠ ʧʦʜ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʤ ʢʦʥʪʨʦʣʝʤ ʨʘʟʨʘʙʦʪʯʠʢʦʚ. 

ʄʠʥʝʨʘʣʴʥʘʷ ʜʦʙʘʚʢʘ çʉʝʚʝʨʷʥʢʘè ʢʦʤʧʝʥʩʠʨʫʝʪ ʜʝʬʠʮʠʪ ʢʘʣʴʮʠʷ ʠ ʤʘʛʥʠʷ ʚ ʧʠʪʴʝʚʦʡ 

ʚʦʜʝ, ʦʙʦʛʘʱʘʷ ʝʝ ʫʢʘʟʘʥʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʚ ʣʝʛʢʦ ʫʩʚʦʷʝʤʦʡ, ʙʠʦʣʦʛʠʯʝʩʢʠ ʜʦʩʪʫʧʥʦʡ ʬʦʨʤʝ 

ʩʚʦʙʦʜʥʳʭ ʠʦʥʦʚ. çʉʝʚʝʨʷʥʢʘè ʧʦ ʩʚʦʝʤʫ ʩʦʩʪʘʚʫ ʘʥʘʣʦʛʠʯʥʘ ʢʦʤʧʦʟʠʮʠʠ ʤʠʥʝʨʘʣʴʥʳʭ ʩʦʣʝʡ 

çʏʫʨʠʥʩʢʘʷè ð  ʜʚʫʭʢʦʤʧʦʥʝʥʪʥʘʷ ʤʠʥʝʨʘʣʴʥʘʷ ʜʦʙʘʚʢʘ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʦʪʜʝʣʴʥʳʭ ʨʘʩʪʚʦʨʦʚ 

ʩʦʣʝʡ ʢʘʣʴʮʠʷ ʠ ʤʘʛʥʠʷ. ʂ ʩʦʞʘʣʝʥʠʶ, ʜʘʥʥʳʝ ʥʘʧʠʪʢʠ ʥʝ ʚʩʪʨʝʪʠʰʴ ʥʘ ʧʨʠʣʘʚʢʘʭ ʚ ʛʦʨʦʜʘʭ 

ʠ ʥʝʙʦʣʴʰʠʭ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʘʭ, ʦʪʜʘʣʝʥʥʳʭ ʦʪ ʛ. ʉʘʥʢʪïʇʝʪʝʨʙʫʨʛʘ, ʛʜʝ ʦʥʠ ʧʨʦʠʟʚʦʜʷʪʩʷ 

[12], (http://www.ikar.udm.ru/sb/sb18-3.htm). 
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ʇʦʣʫʯʠʪʴ ʤʘʛʥʠʡ ʤʦʞʥʦ ʩ ʞʝʩʪʢʦʡ ʧʠʪʴʝʚʦʡ ʚʦʜʦʡ ʠ ʧʠʱʝʡ.  ʅʘʠʙʦʣʝʝ ʙʦʛʘʪʳ ʤʘʛʥʠʝʤ 

ʭʣʝʙ ʠʟ ʮʝʣʴʥʦʛʦ ʟʝʨʥʘ, ʦʪʨʫʙʠ, ʦʨʝʭʠ, ʛʨʝʯʥʝʚʘʷ ʢʨʫʧʘ, ʦʚʩʷʥʢʘ, ʩʦʷ, ʬʘʩʦʣʴ. ɹʦʣʴʰʝ ʚʩʝʛʦ 

ʤʘʛʥʠʷ ʚ ʢʘʢʘʦ ð 440 ʤʛ ʥʘ 100 ʛ ʧʨʦʜʫʢʪʘ. ʉʦʜʝʨʞʠʪʩʷ ʤʘʛʥʠʡ ʠ ʚ ʩʚʝʞʠʭ, ʥʝ ʧʦʜʚʝʨʛʰʠʭʩʷ 

ʦʙʨʘʙʦʪʢʝ ʦʚʦʱʘʭ. ʆʜʥʘʢʦ ʜʘʞʝ ʫʧʦʪʨʝʙʣʝʥʠʝ ʧʠʱʠ, ʙʦʛʘʪʦʡ ʤʘʛʥʠʝʤ,  ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝ ʤʦʞʝʪ 

ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʚʦʩʧʦʣʥʠʪʴ ʩʫʱʝʩʪʚʫʶʱʠʡ ʜʝʬʠʮʠʪ.  

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʜʦʙʘʚʦʢ (ɹɸɼ) ʢ ʧʠʱʝ, ʩʦʜʝʨʞʘʱʠʭ ʤʘʛʥʠʡ ʚ 

ʨʘʟʣʠʯʥʦʡ ʬʦʨʤʝ ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʘʪʦʯʥʦ ʙʳʩʪʨʦ ʣʠʢʚʠʜʠʨʦʚʘʪʴ ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʴ ʤʘʛʥʠʷ ʠ 

ʯʝʪʢʦ ʜʦʟʠʨʦʚʘʪʴ ʧʦʪʨʝʙʣʝʥʠʝ ʤʠʢʨʦʥʫʪʨʠʝʥʪʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʝʧʝʥʠ ʠʤʝʶʱʝʛʦʩʷ 

ʜʝʬʠʮʠʪʘ, ʧʨʠʯʝʤ ʨʳʥʦʢ ʤʘʛʥʠʡʩʦʜʝʨʞʘʱʠʭ ɹɸɼ ʧʨʝʜʩʪʘʚʣʝʥ ʰʠʨʦʢʠʤ ʘʩʩʦʨʪʠʤʝʥʪʦʤ. ʊʘʢ, 

ʚ ʌʝʜʝʨʘʣʴʥʳʡ ʈʝʝʩʪʨ ɹɸɼʦʚ, ʧʨʦʰʝʜʰʠʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʫʶ ʨʝʛʠʩʪʨʘʮʠʶ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʚʭʦʜʷʪ ʪʨʠʜʮʘʪʴ ʧʷʪʴ ɹɸɼ, ʩʦʜʝʨʞʘʱʠʭ ʤʘʛʥʠʡ (2). ʆʜʥʘʢʦ ʠʭ ʮʝʥʳ ʚʳʩʦʢʠ ʠ ʥʝʜʦʩʪʫʧʥʳ ʜʣʷ 

ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʥʘʩʝʣʝʥʠʷ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʥʝ ʧʦʟʚʦʣʷʝʪ ʨʝʰʠʪʴ ʚʦʧʨʦʩ ʜʝʬʠʮʠʪʘ ʤʘʛʥʠʷ. 

ʄʠʨʦʚʦʡ ʠ ʦʪʝʯʝʩʪʚʝʥʥʳʡ ʦʧʳʪ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʠ 

ʵʢʦʥʦʤʠʯʝʩʢʠ ʜʦʩʪʫʧʥʳʤ ʩʧʦʩʦʙʦʤ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ ʥʘʩʝʣʝʥʠʷ 

ʤʠʢʨʦʥʫʪʨʠʝʥʪʘʤʠ, ʚ ʪ. ʯ. ʤʘʛʥʠʝʤ, ʷʚʣʷʝʪʩʷ ʚʢʣʶʯʝʥʠʝ ʚ ʨʘʮʠʦʥ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ 

ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ, ʦʙʦʛʘʱʝʥʥʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ ʜʦ ʫʨʦʚʥʷ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʤ ʧʦʪʨʝʙʥʦʩʪʷʤ ʯʝʣʦʚʝʢʘ. ʇʦʵʪʦʤʫ ʘʢʪʫʘʣʴʥʦʡ ʩʪʘʥʦʚʠʪʩʷ 

ʟʘʜʘʯʘ ʦʙʦʛʘʱʝʥʠʷ ʷʛʦʜ ʤʘʛʥʠʝʤ,  ʜʣʷ ʨʘʮʠʦʥʘʣʠʟʘʮʠʠ ʧʠʪʘʥʠʷ ʠ ʜʦʩʪʘʚʢʠ ʚ ʦʨʛʘʥʠʟʤ 

ʥʝʜʦʩʪʘʶʱʠʭ ʤʘʢʨʦʥʫʪʨʠʝʥʪʦʚ.  

ʎʝʣʴʶ ʜʘʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʣʦʩʴ ʠʟʫʯʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʦʙʦʛʘʱʝʥʠʷ ʤʘʛʥʠʝʤ ʷʛʦʜ 

ʨʘʟʣʠʯʥʳʭ ʢʫʣʴʪʫʨ ʩʧʦʩʦʙʦʤ ʚʥʝʢʦʨʥʝʚʦʡ ʦʙʨʘʙʦʪʢʠ ʨʘʩʪʝʥʠʡ ʚʦ ʚʨʝʤʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʷʛʦʜ.  

 

ʄʘʪʝʨʠʘʣ ʠ ʤʝʪʦʜʳ 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʢʦʤʧʣʝʢʩʥʦʡ ʦʮʝʥʢʠ ʷʛʦʜ ʠ ʧʣʦʜʦʚ, ʚʳʨʘʱʝʥʥʳʭ ʚ ʫʩʣʦʚʠʷʭ 

ʎʝʥʪʨʘʣʴʥʦïʏʝʨʥʦʟʝʤʥʦʛʦ ʨʝʛʠʦʥʘ ʈʦʩʩʠʠ, ʧʨʦʚʝʜʝʥʥʦʡ ʧʦ ʰʠʨʦʢʦʤʫ ʧʝʨʝʯʥʶ 

ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ, ʥʘʤʠ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʮʝʥʥʳʝ ʙʦʪʘʥʠʯʝʩʢʠʝ ʩʦʨʪʘ ʠʩʩʣʝʜʫʝʤʳʭ 

ʢʫʣʴʪʫʨ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʠ ʟʘʨʫʙʝʞʥʦʡ ʩʝʣʝʢʮʠʠ, ʦʙʣʘʜʘʶʱʠʝ ʚʳʩʦʢʦʡ ʧʠʱʝʚʦʡ ʮʝʥʥʦʩʪʴʶ, ʩ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʤ ʧʨʝʚʘʣʠʨʦʚʘʥʠʝʤ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ [13ï16]. ʕʪʦ ʷʛʦʜʳ ʞʠʤʦʣʦʩʪʠ ʩʲʝʜʦʙʥʦʡ ʩʦʨʪʘ ɿʠʤʦʨʦʜʦʢ, ʟʝʤʣʷʥʠʢʠ ʩʘʜʦʚʦʡ 

ʩʦʨʪʘ ʂʦʨʦʥʘ, ʘʢʪʠʥʠʜʠʠ ʢʦʣʦʤʠʢʪʘ ʩʦʨʪʘ ʉʦʨʦʢʘ, ʷʚʠʚʰʠʝʩʷ ʦʙʲʝʢʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ.   

ʆʙʦʛʘʱʝʥʠʝ ʤʘʛʥʠʝʤ  ʧʨʦʚʦʜʠʣʠ ʤʝʪʦʜʦʤ ʦʜʥʦʢʨʘʪʥʦʡ ʚʥʝʢʦʨʥʝʚʦʡ ʦʙʨʘʙʦʪʢʠ  

ʨʘʩʪʝʥʠʡ ʚʦʜʥʳʤ ʨʘʩʪʚʦʨʦʤ ʩʫʣʴʬʘʪʘ ʤʘʛʥʠʷ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʛʘʰʝʥʦʡ ʠʟʚʝʩʪʠ ʚʦ ʠʟʙʝʞʘʥʠʝ 

ʦʞʦʛʘ ʨʘʩʪʝʥʠʡ ʚʦ ʚʨʝʤʷ ʤʘʩʩʦʚʦʛʦ ʥʘʣʠʚʘ  ʷʛʦʜ. ʉʨʦʢʠ ʧʨʦʚʝʜʝʥʠʷ ʦʙʨʘʙʦʪʢʠ: ʜʣʷ ʞʠʤʦʣʦʩʪʠ 

ð ʧʝʨʚʘʷ ʜʝʢʘʜʘ ʤʘʷ; ʜʣʷ ʟʝʤʣʷʥʠʢʠ ï ʚʪʦʨʘʷ ʜʝʢʘʜʘ ʤʘʷ; ʘʢʪʠʥʠʜʠʠ ð 1 ʜʝʢʘʜʘ ʠʶʣʷ. 

ʇʨʠʛʦʪʦʚʣʝʥʥʳʤ ʨʘʩʪʚʦʨʦʤ ʦʧʨʳʩʢʠʚʘʣʠ ʣʠʩʪʴʷ ʨʘʩʪʝʥʠʡ. ʆʧʨʳʩʢʠʚʘʥʠʝ ʧʨʦʚʦʜʠʣʠ  ʨʘʥʦ 

ʫʪʨʦʤ, ʚ ʚʝʯʝʨʥʝʝ ʚʨʝʤʷ ʠʣʠ ʜʥʝʤ ʚ ʧʘʩʤʫʨʥʫʶ, ʥʦ ʥʝ ʜʦʞʜʣʠʚʫʶ ʧʦʛʦʜʫ, ʯʪʦʙʳ ʨʘʩʪʚʦʨ ʥʘ 

ʣʠʩʪʴʷʭ ʙʳʩʪʨʦ ʥʝ ʚʳʩʳʭʘʣ. ʅʦʨʤʘ ʨʘʩʭʦʜʘ ʨʘʙʦʯʝʛʦ ʨʘʩʪʚʦʨʘ ʟʘʚʠʩʝʣʘ ʦʪ ʢʦʣʠʯʝʩʪʚʘ 

ʨʘʩʪʝʥʠʡ ʥʘ 1 ʛʘ ʠ ʚʦʟʨʘʩʪʘ ʥʘʩʘʞʜʝʥʠʡ, ʠ ʩʦʩʪʘʚʠʣʘ: 750 ʣ/ʛʘ ð ʜʣʷ ʟʝʤʣʷʥʠʢʠ ʩʘʜʦʚʦʡ, 1000 

ʣ/ʛʘ ð ʜʣʷ ʞʠʤʦʣʦʩʪʠ ʩʲʝʜʦʙʥʦʡ ʠ ʘʢʪʠʥʠʜʠʠ ʢʦʣʦʤʠʢʪʘ. ʂʦʥʪʨʦʣʴʥʳʝ ʦʙʨʘʟʮʳ ʦʧʨʳʩʢʠʚʘʣʠ 

ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ [17]. 

ɺʘʨʠʘʥʪʳ ʦʧʳʪʘ: 

1 ʚʘʨʠʘʥʪ ð ʦʜʥʦʢʨʘʪʥʘʷ ʚʥʝʢʦʨʥʝʚʘʷ ʦʙʨʘʙʦʪʢʘ ʨʘʩʪʝʥʠʡ ʚʦ ʚʨʝʤʷ ʤʘʩʩʦʚʦʛʦ ʥʘʣʠʚʘ 

ʷʛʦʜ ʚʦʜʥʳʤ ʨʘʩʪʚʦʨʦʤ ʩʫʣʴʬʘʪʘ ʤʘʛʥʠʷ ʠ ʛʘʰʝʥʦʡ ʠʟʚʝʩʪʠ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 12 ʛ/ʣ; 

2 ʚʘʨʠʘʥʪ ð ʦʜʥʦʢʨʘʪʥʘʷ ʚʥʝʢʦʨʥʝʚʘʷ ʦʙʨʘʙʦʪʢʘ ʨʘʩʪʝʥʠʡ ʚʦ ʚʨʝʤʷ ʤʘʩʩʦʚʦʛʦ ʥʘʣʠʚʘ 

ʷʛʦʜ ʚʦʜʥʳʤ ʨʘʩʪʚʦʨʦʤ ʩʫʣʴʬʘʪʘ ʤʘʛʥʠʷ ʠ ʛʘʰʝʥʦʡ ʠʟʚʝʩʪʠ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 16 ʛ/ʣ; 

3 ʚʘʨʠʘʥʪ ð ʦʜʥʦʢʨʘʪʥʘʷ ʚʥʝʢʦʨʥʝʚʘʷ ʦʙʨʘʙʦʪʢʘ ʨʘʩʪʝʥʠʡ ʚʦ ʚʨʝʤʷ ʤʘʩʩʦʚʦʛʦ ʥʘʣʠʚʘ 

ʷʛʦʜ ʚʦʜʥʳʤ ʨʘʩʪʚʦʨʦʤ ʩʫʣʴʬʘʪʘ ʤʘʛʥʠʷ ʠ ʛʘʰʝʥʦʡ ʠʟʚʝʩʪʠ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 20 ʛ/ʣ; 

ʢʦʥʪʨʦʣʴ ð ʦʜʥʦʢʨʘʪʥʘʷ ʚʥʝʢʦʨʥʝʚʘʷ ʦʙʨʘʙʦʪʢʘ ʨʘʩʪʝʥʠʡ ʚʦ ʚʨʝʤʷ ʤʘʩʩʦʚʦʛʦ ʥʘʣʠʚʘ 

ʷʛʦʜ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ. 
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ʀʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʝʥʳ ʚ 2012ï2016 ʛʛ. ʥʘ ʙʘʟʝ ʌɻɹʆʋ ɺʆ ʄʠʯʫʨʠʥʩʢʦʛʦ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʘʛʨʘʨʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ; ʢʦʣʣʝʢʮʠʦʥʥʦʛʦ ʫʯʘʩʪʢʘ ʦʪʜʝʣʘ ʷʛʦʜʥʳʭ ʢʫʣʴʪʫʨ 

ʌɻɹʅʋ çʌʅʎ ʠʤ. ʀ. ɺ. ʄʠʯʫʨʠʥʘè (ʊʘʤʙʦʚʩʢʘʷ ʦʙʣʘʩʪʴ, ʛ. ʄʠʯʫʨʠʥʩʢ); ʧʣʦʜʦʥʦʩʷʱʝʡ 

ʧʣʘʥʪʘʮʠʠ ʟʝʤʣʷʥʠʢʠ ʩʘʜʦʚʦʡ ʆʆʆ çʉʅɽɾɽʊʆʂè ʇʝʨʚʦʤʘʡʩʢʦʛʦ ʨʘʡʦʥʘ ʊʘʤʙʦʚʩʢʦʡ 

ʦʙʣʘʩʪʠ. ʆʪʤʝʪʠʤ, ʯʪʦ ʟʘ ʩʯʝʪ ʚʥʝʢʦʨʥʝʚʦʡ ʦʙʨʘʙʦʪʢʠ ʨʘʩʪʝʥʠʡ ʟʝʤʣʷʥʠʢʠ, ʞʠʤʦʣʦʩʪʠ, 

ʘʢʪʠʥʠʜʠʠ, ʨʷʙʠʥʳ ʢʨʘʩʥʦʡ ʠ ʯʝʨʥʦʧʣʦʜʥʦʡ ʚʦʜʥʳʤʠ ʨʘʩʪʚʦʨʘʤʠ ʩʝʣʝʥʘʪʘ ʥʘʪʨʠʷ ʠ 

ʡʦʜʠʩʪʦʛʦ ʢʘʣʠʷ   ʧʦʚʳʩʠʣʦʩʴ ʧʨʠʨʦʜʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʩʝʣʝʥʘ ʠ ʡʦʜʘ ʚ ʷʛʦʜʘʭ ʜʘʥʥʳʭ ʢʫʣʴʪʫʨ 

[18ï20]. 

ʉʦʜʝʨʞʘʥʠʝ ʤʘʛʥʠʷ ʚ ʷʛʦʜʘʭ ʠʩʩʣʝʜʫʝʤʳʭ ʢʫʣʴʪʫʨ ʦʧʨʝʜʝʣʷʣʠ ʧʦ ɻʆʉʊ ʈ 51429-99 (3).  

 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ɺ ʊʘʙʣʠʮʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʘʥʥʳʝ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʤʘʛʥʠʷ ʚ ʷʛʦʜʘʭ ʠʩʩʣʝʜʫʝʤʳʭ 

ʢʫʣʴʪʫʨ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʧʦʜʙʦʨʝ ʦʧʪʠʤʘʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʙʦʯʝʛʦ ʨʘʩʪʚʦʨʘ. 

 
 

ʊʘʙʣʠʮʘ 1.  

ʉʆɼɽʈɾɸʅʀɽ ʄɸɻʅʀʗ ɺ ʗɻʆɼɸʍ ʀ ʇʃʆɼɸʍ  

ʀʉʉʃɽɼʋɽʄʓʍ ʂʋʃʔʊʋʈ ʇʈʀ ʈɸɿʃʀʏʅʓʍ ɺɸʈʀɸʅʊɸʍ ʆɹʆɻɸʑɽʅʀʗ (MÑm) 

ʅʘʠʤʝʥʦʚʘʥʠʝ 

ʦʙʨʘʟʮʘ 

ʉʦʜʝʨʞʘʥʠʝ ʤʘʛʥʠʷ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʚʘʨʠʘʥʪʘʭ ʦʙʦʛʘʱʝʥʠʷ, ʤʛ/100ʛ, 

(ʩʦʜʝʨʞʘʥʠʝ ʤʘʛʥʠʷ, % ʢ ʢʦʥʪʨʦʣʶ) 

ʢʦʥʪʨʦʣʴ 1 ʚʘʨʠʘʥʪ 2 ʚʘʨʠʘʥʪ 3 ʚʘʨʠʘʥʪ 

ʗʛʦʜʳ ʞʠʤʦʣʦʩʪʠ 

ʩʲʝʜʦʙʥʦʡ 

21,4Ñ1,3 58,8Ñ1,5 98,0Ñ1,7 138,8Ñ1,5 

100,0 274,8 457,9 633,3 

ʗʛʦʜʳ ʟʝʤʣʷʥʠʢʠ 

ʩʘʜʦʚʦʡ 

18,3Ñ1,2 35,5Ñ1,2 50,8Ñ1,4 57,2Ñ1,5 

100,0 193,9 277,6 312,6 

ʗʛʦʜʳ ʘʢʪʠʥʠʜʠʠ 

ʢʦʣʦʤʠʢʪʘ 

32,9Ñ1,5 41,8Ñ1,7 51,1Ñ1,7 57,2Ñ1,5 

100,0 127,1 155,3 173,9 

 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʠʟʫʯʘʝʤʦʛʦ ʩʧʦʩʦʙʘ ʦʙʦʛʘʱʝʥʠʷ ʷʛʦʜ ʤʘʛʥʠʝʤ ʧʦʢʘʟʳʚʘʝʪ 

ʧʦʣʦʞʠʪʝʣʴʥʫʶ ʪʝʥʜʝʥʮʠʶ ʥʘʢʦʧʣʝʥʠʷ ʜʘʥʥʦʛʦ ʤʘʢʨʦʵʣʝʤʝʥʪʘ ʨʘʩʪʝʥʠʷʤʠ. ʉʦʜʝʨʞʘʥʠʝ 

ʤʘʛʥʠʷ ʚ ʷʛʦʜʘʭ ʚʦʟʨʘʩʪʘʝʪ, ʧʨʠ ʵʪʦʤ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʩʣʝʜʫʶʱʘʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ - 

ʫʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʨʘʩʪʚʦʨʘ ʚ ʠʩʩʣʝʜʫʝʤʳʭ ʚʘʨʠʘʥʪʘʭ ʦʧʳʪʘ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʙʦʣʴʰʝʤʫ ʩʦʜʝʨʞʘʥʠʶ ʝʛʦ ʚ ʷʛʦʜʘʭ.  ɽʩʣʠ ʧʨʦʚʝʩʪʠ ʨʘʥʞʠʨʦʚʘʥʠʝ ʷʛʦʜ ʧʦ 

ʩʧʦʩʦʙʥʦʩʪʠ ʥʘʢʘʧʣʠʚʘʪʴ ʤʘʛʥʠʡ, ʩʠʪʫʘʮʠʷ ʚʳʛʣʷʜʠʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʇʝʨʚʦʝ ʤʝʩʪʦ 

ʟʘʥʠʤʘʶʪ ʷʛʦʜʳ ʞʠʤʦʣʦʩʪʠ, ʩʦʜʝʨʞʘʥʠʝ ʤʘʛʥʠʷ ʚ ʢʦʪʦʨʳʭ ʚ ʠʩʩʣʝʜʫʝʤʳʭ ʚʘʨʠʘʥʪʘʭ ʦʧʳʪʘ 

ʩʦʩʪʘʚʠʣʦ 274,8ï633,3%. ʗʛʦʜʳ ʟʝʤʣʷʥʠʢʠ ʩʘʜʦʚʦʡ ʟʘʥʠʤʘʶʪ ʚʪʦʨʦʝ ʤʝʩʪʦ, ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʧʨʠʨʦʜʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʤʘʛʥʠʷ ʥʘ 193,9ï312,6%, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʧʦ ʭʦʨʦʰʫʶ 

ʘʢʢʫʤʫʣʠʨʫʶʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʜʘʥʥʦʛʦ ʨʘʩʪʝʥʠʷ. ʗʛʦʜʳ ʘʢʪʠʥʠʜʠʠ ʢʦʣʦʤʠʢʪʘ ʥʘʭʦʜʷʪʩʷ ʥʘ 

ʪʨʝʪʴʝʤ ʤʝʩʪʝ ʩ ʩʘʤʦʡ ʥʠʟʢʦʡ ʘʢʢʫʤʫʣʠʨʫʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ð 127,1%; 155,3% ʠ 173,9% ʚ 

ʠʩʩʣʝʜʫʝʤʳʭ ʚʘʨʠʘʥʪʘʭ ʦʧʳʪʘ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʠʣʠ ʦʧʨʝʜʝʣʠʪʴ  ʦʧʪʠʤʘʣʴʥʫʶ 

ʢʦʥʮʝʥʪʨʘʮʠʶ ʨʘʙʦʯʝʛʦ ʨʘʩʪʚʦʨʘ, ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʜʣʷ ʦʙʦʛʘʱʝʥʠʷ ʷʛʦʜ ʤʘʛʥʠʝʤ, 

ʩʧʦʩʦʙʩʪʚʫʶʱʫʶ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʥʘʢʦʧʣʝʥʠʶ ʜʘʥʥʦʛʦ ʤʘʢʨʦʵʣʝʤʝʥʪʘ, ʩʦʩʪʘʚʠʚʰʫʶ  20,0 ʛ/ʣ, 

ʪ. ʝ. 3 ʚʘʨʠʘʥʪ ʦʧʳʪʘ. ʇʦʵʪʦʤʫ ʚ ʜʘʣʴʥʝʡʰʝʤ ʨʘʙʦʪʘʣʠ ʩ ʫʢʘʟʘʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ. ɺ ʊʘʙʣʠʮʝ 

2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʧʦʩʣʝʜʫʶʱʠʝ ʛʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʡ.  

ʆʪʤʝʪʠʤ, ʯʪʦ ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʜʪʚʝʨʞʜʘʶʪ ʨʘʥʝʝ ʧʦʣʫʯʝʥʥʳʝ ʠ 

ʜʦʢʘʟʳʚʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʫʚʝʣʠʯʝʥʠʷ ʧʨʠʨʦʜʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʤʘʛʥʠʷ ʚ ʷʛʦʜʘʭ ʞʠʤʦʣʦʩʪʠ, 

ʟʝʤʣʷʥʠʢʠ ʠ ʘʢʪʠʥʠʜʠʠ. ʇʦ ʩʧʦʩʦʙʥʦʩʪʠ ʘʢʢʫʤʫʣʠʨʦʚʘʪʴ ʜʘʥʥʳʡ ʤʘʢʨʦʵʣʝʤʝʥʪ ʧʦ-ʧʨʝʞʥʝʤʫ 

ʣʠʜʠʨʫʝʪ ʞʠʤʦʣʦʩʪʴ. ɺ ʝʝ ʷʛʦʜʘʭ ʩʦʜʝʨʞʘʥʠʝ ʤʘʛʥʠʷ ʫʚʝʣʠʯʠʣʦʩʴ ʥʘ 626,5%. ɺ ʷʛʦʜʘʭ 

ʟʝʤʣʷʥʠʢʠ ʤʘʛʥʠʡ ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʚ ʥʝʩʢʦʣʴʢʦ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ ð 308,9%. ɼʣʷ ʷʛʦʜ 
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ʘʢʪʠʥʠʜʠʠ ʢʦʣʦʤʠʢʪʘ ʭʘʨʘʢʪʝʨʥʦ ʚʳʩʦʢʦʝ ʧʨʠʨʦʜʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʤʘʛʥʠʷ, ʥʦ  ʥʠʟʢʘʷ 

ʘʢʢʫʤʫʣʠʨʫʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʝʛʦ ʥʘʢʦʧʣʝʥʠʷ ð 172,1% ʚ ʩʨʝʜʥʝʤ ʟʘ ʪʨʠ ʛʦʜʘ ʠʩʩʣʝʜʦʚʘʥʠʡ.  
 

ʊʘʙʣʠʮʘ 2. 

ʉʆɼɽʈɾɸʅʀɽ ʄɸɻʅʀʗ ɺ ʗɻʆɼɸʍ ʀʉʉʃɽɼʋɽʄʓʍ ʂʋʃʔʊʋʈ  

ʇʈʀ ʀʉʇʆʃʔɿʆɺɸʅʀʀ 3 ɺɸʈʀɸʅʊɸ ʆɹʆɻɸʑɽʅʀʗ (MÑm) 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʦʙʨʘʟʮʘ ʉʦʜʝʨʞʘʥʠʝ ʤʘʛʥʠʷ 

ʤʛ/100 ʛ % ʢ ʢʦʥʪʨʦʣʶ 

ʢʦʥʪʨʦʣʴ 3 ʚʘʨʠʘʥʪ 

ʗʛʦʜʳ ʞʠʤʦʣʦʩʪʠ ʩʲʝʜʦʙʥʦʡ 21,9Ñ1,2 137,2Ñ2,5 626,5 

ʗʛʦʜʳ ʟʝʤʣʷʥʠʢʠ ʩʘʜʦʚʦʡ 16,9Ñ1,1 52,2Ñ1,7 308,9 

ʗʛʦʜʳ ʘʢʪʠʥʠʜʠʠ ʢʦʣʦʤʠʢʪʘ 32,6Ñ1,3 52,1Ñ1,5 172,1 

 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʜʠʥʘʤʠʢʝ ʥʘʢʦʧʣʝʥʠʷ ʤʘʛʥʠʷ 

ʨʘʩʪʝʥʠʷʤʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʙʦʛʘʱʘʪʴ ʵʩʩʝʥʮʠʘʣʴʥʳʤ ʤʘʢʨʦʵʣʝʤʝʥʪʦʤ ʷʛʦʜʳ ʠʩʩʣʝʜʫʝʤʳʭ 

ʢʫʣʴʪʫʨ. 

ʈʘʩʩʤʦʪʨʠʤ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʢʨʳʪʠʷ ʩʫʪʦʯʥʦʡ ʧʦʪʨʝʙʥʦʩʪʠ  ʦʨʛʘʥʠʟʤʘ ʚ ʤʘʛʥʠʠ ʧʨʠ 

ʫʧʦʪʨʝʙʣʝʥʠʠ 100 ʛ ʦʙʦʛʘʱʝʥʥʳʭ ʷʛʦʜ ʠ ʧʣʦʜʦʚ ð ʈʠʩʫʥʦʢ (ʧʦ ʩʨʝʜʥʠʤ ʟʥʘʯʝʥʠʷʤ ʟʘ ʪʨʠ ʛʦʜʘ 

ʠʩʩʣʝʜʦʚʘʥʠʡ).  

 
ʈʠʩʫʥʦʢ. ʉʦʜʝʨʞʘʥʠʝ ʤʘʛʥʠʷ ʚ 100 ʛ ʦʙʦʛʘʱʝʥʥʳʭ ʷʛʦʜ, % ʦʪ ʩʫʪʦʯʥʦʡ ʧʦʪʨʝʙʥʦʩʪʠ: 

1 ð ʷʛʦʜʳ ʞʠʤʦʣʦʩʪʠ; 2 ð ʷʛʦʜʳ ʟʝʤʣʷʥʠʢʠ; 3 ð ʷʛʦʜʳ ʘʢʪʠʥʠʜʠʠ 

 

ɺ ʥʘʠʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʧʦʢʨʳʪʠʶ ʩʫʪʦʯʥʦʡ ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʤʘʛʥʠʠ ʙʫʜʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ 

ʫʧʦʪʨʝʙʣʝʥʠʝ ʷʛʦʜ ʞʠʤʦʣʦʩʪʠ ð 34,2%. ʗʛʦʜʳ ʘʢʪʠʥʠʜʠʠ ʢʦʣʦʤʠʢʪʘ ʠ ʟʝʤʣʷʥʠʢʠ ʩʘʜʦʚʦʡ  

ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʩʫʪʦʯʥʫʶ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʜʘʥʥʦʤ ʤʠʢʨʦʵʣʝʤʝʥʪʝ ʥʘ 14% ʠ 13,1% 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʫʢʘʟʘʥʥʳʡ ʩʧʦʩʦʙ ʦʙʦʛʘʱʝʥʠʷ 

ʤʘʛʥʠʝʤ, ʤʦʞʥʦ ʧʨʠʤʝʥʷʪʴ ʜʣʷ ʷʛʦʜʥʦʛʦ ʩʳʨʴʷ. ʉʪʘʥʦʚʠʪʩʷ ʚʦʟʤʦʞʥʳʤ ʧʦʚʳʩʠʪʴ ʧʨʠʨʦʜʥʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʤʘʛʥʠʷ ʚ ʷʛʦʜʘʭ ʞʠʤʦʣʦʩʪʠ, ʟʝʤʣʷʥʠʢʠ ʩʘʜʦʚʦʡ ʠ ʘʢʪʠʥʠʜʠʠ ʢʦʣʦʤʠʢʪʘ ʚ 1,7ï6,3 

ʨʘʟʘ. ʇʨʠ ʵʪʦʤ ʥʘʠʙʦʣʝʝ ʦʪʟʳʚʯʠʚʦʡ ʢʫʣʴʪʫʨʦʡ ʷʚʣʷʝʪʩʷ ʞʠʤʦʣʦʩʪ,ɹ ʥʘʠʤʝʥʝʝ ð ʘʢʪʠʥʠʜʠʷ. 

ʋʧʦʪʨʝʙʣʝʥʠʝ ʚ ʧʠʱʫ ʦʙʦʛʘʱʝʥʥʳʭ ʤʘʛʥʠʝʤ ʷʛʦʜ ʙʫʜʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʧʨʦʬʠʣʘʢʪʠʢʝ 

ʜʝʬʠʮʠʪʘ ʤʘʛʥʠʷ ʚ ʦʨʛʘʥʠʟʤʝ. ɺʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʤʘʢʨʦʵʣʝʤʝʥʪʘ ʚ ʠʩʩʣʝʜʫʝʤʳʭ ʷʛʦʜʘʭ, ʘ 
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ʪʘʢʞʝ ʠʭ ʙʦʛʘʪʳʡ ʧʨʠʨʦʜʥʳʡ ʚʠʪʘʤʠʥʥʦ-ʤʠʥʝʨʘʣʴʥʳʡ ʢʦʤʧʣʝʢʩ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ 

ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʠ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʥʦʚʳʭ ʚʠʜʦʚ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʧʨʦʜʫʢʪʦʚ. 
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ɸʥʥʦʪʘʮʠʷ. ʅʘʤʠ ʙʳʣʦ ʠʟʫʯʝʥʦ 497 ʩʦʨʪʦʦʙʨʘʟʮʦʚ ʤʷʛʢʦʡ ʧʰʝʥʠʮʳ ʠʟ 21 ʩʪʨʘʥʳ ʤʠʨʘ, 

ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʯʝʪʳʨʝʤ ʨʘʟʥʦʚʠʜʥʦʩʪʷʤ. ɿʘ ʛʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʟʫʯʘʣʘʩʴ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ 

ʚʝʛʝʪʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ ʩʦʨʪʦʚ, ʠʟ ʢʦʪʦʨʳʭ 390 ʠʣʠ 78,5% ʦʙʨʘʟʮʦʚ ʧʦ ʩʨʦʢʘʤ ʩʦʟʨʝʚʘʥʠʷ 

ʦʢʘʟʘʣʠʩʴ ʩʨʝʜʥʝʩʧʝʣʳʤʠ, 70 ʠʣʠ 14,1% ʨʘʥʥʝʩʧʝʣʳʤʠ ʠ 37 ʠʣʠ 7,4% ʧʦʟʜʥʝʩʧʝʣʳʤʠ. 

ʀʟʫʯʝʥʳ ʟʠʤʦʩʪʦʡʢʦʩʪʴ ʠ ʟʘʩʫʭʦʫʩʪʦʡʯʠʚʦʩʪʴ ʩʦʨʪʦʦʙʨʘʟʮʦʚ. ʆʧʨʝʜʝʣʝʥ 61 ʩʦʨʪʦʦʙʨʘʟʝʮ ʩ 

ʚʳʩʦʢʦʡ ʟʠʤʦʩʪʦʡʢʦʩʪʴʶ ʠ 31 ʟʘʩʫʭʦʫʩʪʦʡʯʠʚʳʡ ʩʦʨʪʦʦʙʨʘʟʝʮ ʤʷʛʢʦʡ ʧʰʝʥʠʮʳ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʟʘʩʫʭʘ ʦʪʨʠʮʘʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʨʝʧʨʦʜʫʢʪʠʚʥʳʭ ʦʨʛʘʥʦʚ, 

ʩʥʠʞʘʷ ʫʨʦʞʘʡʥʦʩʪʴ ʥʘ 25ï60%. ʆʧʨʝʜʝʣʝʥʦ 82 ʩʦʨʪʦʦʙʨʘʟʮʘ ʤʷʛʢʦʡ ʧʰʝʥʠʮʳ ʩ ʚʳʩʦʢʦʡ 

ʫʨʦʞʘʡʥʦʩʪʴʶ. ɺ ʥʘʰʠʭ ʦʧʳʪʘʭ ʫʨʦʞʘʡʥʦʩʪʴ ʢʦʣʝʙʘʣʘʩʴ ʚ ʩʨʝʜʥʝʤ, ʦʪ 20,0 ʜʦ 79,5 ʮ/ʛʘ. 

ɺʳʷʚʣʝʥʦ, ʯʪʦ ʚʥʝʩʝʥʠʝ ʛʝʨʙʠʮʠʜʦʚ ʨʝʟʢʦ ʩʥʠʞʘʝʪ ʯʠʩʣʝʥʥʦʩʪʴ ʩʦʨʥʷʢʦʚ ʠ ʧʦʚʳʰʘʝʪ ʫʨʦʞʘʡ 

ʦʟʠʤʦʡ ʤʷʛʢʦʡ ʧʰʝʥʠʮʳ. ʇʨʠʙʘʚʢʘ ʫʨʦʞʘʷ ʩʦʩʪʘʚʠʣʘ ʚ ʩʨʝʜʥʝʤ 18,0%. ʀʟʫʯʝʥʦ ʢʘʯʝʩʪʚʦ 

ʟʝʨʝʥ ʩʦʨʪʦʦʙʨʘʟʮʦʚ ʤʷʛʢʦʡ ʧʰʝʥʠʮʳ. ɺʳʷʩʥʝʥʦ, ʯʪʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʦʨʪʦʚ ʩʦʜʝʨʞʘʥʠʝ ʢʣʝʡʢʦʚʠʥʳ ʚ ʟʝʨʥʝ ʚʘʨʴʠʨʫʝʪ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ: ʚ 

ʩʨʝʜʥʝʤ ʫ ʦʙʨʘʟʮʦʚ ʦʥʦ ʢʦʣʝʙʘʣʦʩʴ ʦʪ 18,8% ʜʦ 50,7%. 
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Abstract. During 497 bread wheat accessions from 21 countries belonged to four botanical 

varieties were studied by us. In the years of experiment duration of the vegetation period of varieties 

was investigated, 390 or 78.5% of accessions were middleïripening for the maturity time, 70 or 

14.1% were earlyïripening and 37 or 7.4% were lateïripening. Winter hardiness and drought 

resistance of accessions were also studied. 61 accessions with the high winter hardiness and 31 

accessions with droughtïesistance were defined. It was determined, that the drought negatively 

affects the formation of reproductive organs, decreasing productivity by 25-60%. 82 bread wheat 

accessions with high productivity were determined. In our experiments the productivity ranged on 

the average, from 20.0 to 79.5 c/ha. It was revealed, that the addition of herbicides sharply reduced 

the number of weeds and increased the yield in winter bread wheat. The increase in the yield in 

average was 18.0%. The grain quality of bread wheat accessions was also investigated. It was 

determined that, depending on the individual features of varieties the content of gluten in the grain 

varied within wide range: on the average it ranged from 18.8 to 50.7% in studied accessions.  

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤ̫ ʛʢʘʷ ʠ ʪʚʝʨʜʘʷ ʧʰʝʥʠʮʘ, ʟʠʤʦʩʪʦʡʢʦʩʪʴ, ʟʘʩʫʭʦʫʩʪʦʡʯʠʚʦʩʪʴ, 

ʫʨʦʞʘʡʥʦʩʪʴ, ʢʘʯʝʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ, ʛʠʙʨʠʜʠʟʘʮʠʷ, ʥʦʚʳʝ ʩʦʨʪʘ. 

 

Keywords: soft and hard wheat, winter hardiness, drought resistance, yield, qualitative analysis, 

hybridization, new varieties. 

 

ʅʘʭʠʯʝʚʘʥʩʢʘʷ ɸʚʪʦʥʦʤʥʘʷ ʈʝʩʧʫʙʣʠʢʘ ɸʟʝʨʙʘʡʜʞʘʥʘ ʨʘʩʧʦʣʦʞʝʥʘ ʚ ʶʛʦ-ʟʘʧʘʜʥʦʡ 

ʯʘʩʪʠ ʄʘʣʦʛʦ ʂʘʚʢʘʟʘ ʠ ʣʝʞʠʪ ʤʝʞʜʫ 38Á31'ï39Á47' ʩ. ʰ. ʠ 44Á46'ī46Á10' ʚ. ʜ. ʂʣʠʤʘʪ ʦʪʥʦʩʠʪʩʷ 

ʢ ʪʠʧʫ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʛʦ ʩ ʞʘʨʢʠʤ ʣʝʪʦʤ ʠ ʩʫʨʦʚʦʡ ʟʠʤʦʡ. ʉʨʝʜʥʷʷ ʛʦʜʦʚʘʷ ʪʝʤʧʝʨʘʪʫʨʘ 

ʨʘʚʥʘ 10ï14 Áʉ, ʘʤʧʣʠʪʫʜʘ ʢʦʣʝʙʘʥʠʷ ð ʜʦ 30 Áʉ ʠ ʙʦʣʝʝ. ɾʘʨʢʠʭ ʠ ʟʘʩʫʰʣʠʚʳʭ ʤʝʩʷʮʝʚ 

ʙʳʚʘʝʪ 4 ʠ ʙʦʣʝʝ. ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʚʣʘʞʥʦʩʪʴ ʚʦʟʜʫʭʘ ʚ ʨʘʟʣʠʯʥʳʭ ʯʘʩʪʷʭ ʥʝʦʜʠʥʘʢʦʚʘ. 

ʂʦʣʝʙʣʝʪʩʷ ʦʪ 39 ʜʦ 76%. ʆʩʥʦʚʥʘʷ ʤʘʩʩʘ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ ʚʳʧʘʜʘʝʪ ʚʝʩʥʦʡ. ɺ 

ʥʝʠʟʤʝʥʥʦʡ ʯʘʩʪʠ ʟʘ ʛʦʜ ʚʳʧʘʜʘʝʪ 210ï308 ʤʤ ʦʩʘʜʢʦʚ, ʚ ʩʨʝʜʥʝʛʦʨʥʦʡ ð 365ï553 ʤʤ, ʘ 

ʚʳʩʦʢʦʛʦʨʥʦʡ ʟʦʥʝ ð 660 ʤʤ [1, ʩ. 5ï34]. 

ʆʙʱʝʥʘʮʠʦʥʘʣʴʥʳʡ ʣʠʜʝʨ ɸʟʝʨʙʘʡʜʞʘʥʘ ɻʝʡʜʘʨ ɸʣʠʝʚ, ʫʯʠʪʳʚʘʷ ʛʝʦʧʦʣʠʪʠʯʝʩʢʦʝ 

ʧʦʣʦʞʝʥʠʝ ʅʘʭʠʯʝʚʘʥʩʢʦʡ ɸʚʪʦʥʦʤʥʦʡ ʈʝʩʧʫʙʣʠʢʠ ʠ ʧʦʩʪʦʷʥʥʦ ʫʜʝʨʞʠʚʘʷ ʚ ʮʝʥʪʨʝ 

ʚʥʠʤʘʥʠʷ ʚʦʧʨʦʩ ʨʘʟʚʠʪʠʷ ʥʘʫʢʠ, 7 ʘʚʛʫʩʪʘ 2002 ʛʦʜʘ ʧʦʜʧʠʩʘʣ ʨʘʩʧʦʨʷʞʝʥʠʝ ʦ ʩʦʟʜʘʥʠʠ 

ʅʘʭʠʯʝʚʘʥʩʢʦʛʦ ʆʪʜʝʣʝʥʠʷ ʅʘʮʠʦʥʘʣʴʥʦʡ ʘʢʘʜʝʤʠʠ ʅʘʫʢ ɸʟʝʨʙʘʡʜʞʘʥʘ. ʆʪʜʝʣʝʥʠʝ 

ʦʭʚʘʪʳʚʘʝʪ 6 ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʠʥʩʪʠʪʫʪʦʚ. ɺ 2005 ʛʦʜʫ ʩʜʘʥʦ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ 

ʦʪʚʝʯʘʶʱʝʝ ʧʦʩʣʝʜʥʠʤ ʪʨʝʙʦʚʘʥʠʷʤ ʟʜʘʥʠʝ ʀʥʩʪʠʪʫʪʘ ʙʠʦʨʝʩʫʨʩʦʚ, ʚ ʢʦʪʦʨʦʤ ʜʝʡʩʪʚʫʝʪ 7 

ʦʪʜʝʣʝʥʠʝ ʠ ʣʘʙʦʨʘʪʦʨʠʠ.   

ʆʩʥʦʚʥʦʝ ʥʘʧʨʘʚʣʝʥʠʷ ʜʝʷʪʝʣʴʥʦʩʪʠ  ʣʘʙʦʨʘʪʦʨʠʠ çɿʝʨʥʦʚʳʭ, ʙʦʙʦʚʳʭ ʠ ʪʝʭʥʠʯʝʩʢʠʭ 

ʢʫʣʴʪʫʨè ð ʵʪʦ ʩʝʣʝʢʮʠʷ ʠ ʩʝʤʝʥʦʚʦʜʩʪʚʦ ʧʦʣʝʚʳʭ ʢʫʣʴʪʫʨ, ʥʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ 

ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ ʠ ʚʥʝʜʨʝʥʠʝ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʎʝʣʴ ʩʝʣʝʢʮʠʦʥʥʳʭ ʨʘʙʦʪ ʣʘʙʦʨʘʪʦʨʠʠ ð 

ʩʦʟʜʘʥʠʝ ʚʟʘʠʤʥʦ ʜʦʧʦʣʥʷʶʱʝʛʦ ʢʦʤʧʣʝʢʩʘ ʘʜʘʧʪʠʨʦʚʘʥʥʳʭ ʩʦʨʪʦʚ ʜʣʷ ʅʘʭʠʯʝʚʘʥʩʢʦʡ 

ɸʚʪʦʥʦʤʥʦʡ ʈʝʩʧʫʙʣʠʢʠ ɸʟʝʨʙʘʡʜʞʘʥʘ. ʅʦʚʳʝ ʩʦʨʪʘ ʜʦʣʞʥ  rʧʦʣʥʦʩʪʴʶ ʨʘʩʢʨʳʚʘʪʴ ʩʚʦʠ 

ʚʦʟʤʦʞʥʦʩʪʠ ʚ ʟʦʥʝ ʩʚʦʝʛʦ ʩʦʟʜʘʥʠʷ. ʉʨʝʜʠ ʦʩʥʦʚʥʳʭ ʧʨʠʟʥʘʢʦʚ, ʥʘʜ ʫʣʫʯʰʝʥʠʝʤ ʠ 

ʩʦʟʜʘʥʠʝʤ ʥʦʚʳʭ ʩʦʨʪʦʚ ʢʦʪʦʨʳʭ ʥʘʰʘ ʣʘʙʦʨʘʪʦʨʠʷ ʧʦʩʪʦʷʥʥʦ ʨʘʙʦʪʘʝʪ ʵʪʦ ð 

ʟʘʩʫʭʦʫʩʪʦʡʯʠʚʦʩʪʴ, ʟʠʤʦʩʪʦʡʢʦʩʪʴ ʘʜʘʧʪʠʚʥʦʩʪʴ, ʧʣʘʩʪʠʯʥʦʩʪʴ, ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ 

ʘʙʠʦʪʠʯʝʩʢʠʤ ʩʪʨʝʩʩʘʤ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʢʘʯʝʩʪʚʘ ʠ ʮʝʣʳʡ ʢʦʤʧʣʝʢʩ ʜʨʫʛʠʭ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ 

ʧʨʠʟʥʘʢʦʚ ʠ ʩʚʦʡʩʪʚ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʩʦʦʪʚʝʪʩʪʚʠʷ ʩʦʚʨʝʤʝʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 90% ʚʩʝʭ ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ 

ʠʟʛʦʪʘʚʣʠʚʘʶʪʩʷ ʠʟ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 120 ʚʠʜʦʚ. ɹʦʣʝʝ 60% ʧʦʪʨʝʙʣʷʝʤʳʭ ʯʝʣʦʚʝʢʦʤ ʢʘʣʦʨʠʡ 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʟʘ ʩʯʝʪ ʚʩʝʛʦ ʪʨʝʭ ʢʫʣʴʪʫʨ ð ʨʠʩʘ, ʧʰʝʥʠʮʳ ʠ ʢʫʢʫʨʫʟʳ.  

ʇʰʝʥʠʮʘ ð ʚʘʞʥʝʡʰʘʷ ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʘʷ ʢʫʣʴʪʫʨʘ, ʣʠʜʠʨʫʶʱʘʷ ʧʦ ʧʦʩʝʚʥʳʤ 

ʧʣʦʱʘʜʷʤ ʩʨʝʜʠ ʚʦʟʜʝʣʳʚʘʝʤʳʭ ʢʫʣʴʪʫʨ. ʇʰʝʥʠʮʘ ʙʳʣʘ ʦʜʥʠʤ ʠʟ ʧʝʨʚʳʭ ʦʜʦʤʘʰʥʝʥʥʳʭ 
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ʟʣʘʢʦʚ [6, ʩ. 7ï17]. ʆʟʠʤʘʷ ʤʷʛʢʘʷ ʠ ʪʚʝʨʜʘʷ ʧʰʝʥʠʮʘ ʚ ʅʘʭʠʯʝʚʘʥʩʢʦʡ ɸʚʪʦʥʦʤʥʦʡ 

ʈʝʩʧʫʙʣʠʢʝ ɸʟʝʨʙʘʡʜʞʘʥʘ ʚʩʝʛʜʘ ʙʳʣʘ ʠ ʦʩʪʘʝʪʩʷ ʦʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʭʣʝʙʘ. ʆʪ 

ʜʨʝʚʥʝʡʰʠʭ ʚʨʝʤʝʥ ʠ ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʪʚʝʨʜʘʷ ʧʰʝʥʠʮʘ ʧʦʩʣʝ ʤʷʛʢʦʡ ʧʰʝʥʠʮʳ 

ʟʘʥʠʤʘʝʪ ʚʪʦʨʦʝ ʤʝʩʪʦ ʧʦ ʧʦʩʝʚʥʳʤ ʧʣʦʱʘʜʷʤ ʚ ɸʟʝʨʙʘʡʜʞʘʥʝ, ʠ ʚ ʪʦʤ ʯʠʩʣʝ, ʚ 

ʅʘʭʠʯʝʚʘʥʩʢʦʡ ɸʚʪʦʥʦʤʥʦʡ ʈʝʩʧʫʙʣʠʢʝ. ʇʨʦʚʝʜʝʥʥʳʤʠ ʘʨʭʝʦʣʦʛʠʯʝʩʢʠʤʠ ʨʘʩʢʦʧʢʘʤʠ ʙʳʣʦ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʅʘʭʯʳʚʘʥʩʢʦʡ ɸʈ ʟʝʨʥʦʚʳʝ ʢʫʣʴʪʫʨʳ ʥʘʯʘʣʠ ʚʦʟʜʝʣʳʚʘʪʴ ʟʘ 

VïIV ʪʳʩ. ʣʝʪ ʜʦ ʥ. ʵ. [7, ʩ. 215ï217].  

ʃʘʙʦʨʘʪʦʨʠʷ ʦʙʣʘʜʘʝʪ ʩʚʦʠʤ ʠʩʭʦʜʥʳʤ ʠ ʩʝʣʝʢʮʠʦʥʥʳʤ ʤʘʪʝʨʠʘʣʦʤ (ʙʦʣʝʝ 500 ʩʦʨʪʦʚ 

ʦʟʠʤʦʡ ʤʷʛʢʦʡ ʧʰʝʥʠʮʳ ʠʟ 21 ʩʪʨʘʥʳ ʤʠʨʘ ʠ ʙʦʣʝʝ 300 ʩʦʨʪʦʚ ʦʟʠʤʦʡ ʪʚʝʨʜʦʡ ʧʰʝʥʠʮʳ), 

ʥʝʦʙʭʦʜʠʤʳʤ ʜʣʷ ʧʦʣʥʦʮʝʥʥʦʡ ʩʝʣʝʢʮʠʠ ʦʟʠʤʦʡ ʤʷʛʢʦʡ ʠ ʪʚʝʨʜʦʡ  ʧʰʝʥʠʮʳ. 

ʏʪʦʙʳ ʩʦʟʜʘʪʴ ʩʦʨʪ, ʚʦ-ʧʝʨʚʳʭ, ʥʝʦʙʭʦʜʠʤʦ ʚʳʙʨʘʪʴ ʥʘʧʨʘʚʣʝʥʠʝ ʜʚʠʞʝʥʠʷ ʩʝʣʝʢʮʠʠ, 

ʦʧʨʝʜʝʣʠʪʴʩʷ ʩ ʤʦʜʝʣʴʶ ʠʜʝʘʣʴʥʦʛʦ ʩʦʨʪʘ, ʦʮʝʥʠʪʴ ʚʢʣʘʜ ʦʩʥʦʚʥʳʭ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ 

ʧʨʠʟʥʘʢʦʚ ʚ ʙʫʜʫʱʠʡ ʩʦʨʪ, ʩʙʘʣʘʥʩʠʨʦʚʘʪʴ ʚʳʨʘʞʝʥʥʦʩʪʴ ʢʘʞʜʦʛʦ ʠʟ ʥʠʭ [2, ʩ. 3ï14].  

ʅʫʞʥʦ ʧʦʜʦʙʨʘʪʴ ʨʦʜʠʪʝʣʴʩʢʠʝ ʬʦʨʤʳ, ʧʦʩʣʝ ʪʱʘʪʝʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ ʤʥʦʛʦʯʠʩʣʝʥʥʦʛʦ 

ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʦ ʨʘʟʣʠʯʥʳʤ ʧʨʠʟʥʘʢʘʤ ʠ ʩʚʦʡʩʪʚʘʤ ʥʘʡʪʠ ʠʩʪʦʯʥʠʢʠ ʠ ʜʦʥʦʨʳ ʠ ʝʱʝ 

ʤʥʦʛʦʝ ʜʨʫʛʦʝ, ʯʪʦ ʜʝʣʘʝʪ ʵʪʦʪ ʧʨʦʮʝʩʩ ʚʝʩʴʤʘ ʩʣʦʞʥʳʤ ʠ ʤʘʣʦ ʧʨʝʜʩʢʘʟʫʝʤʳʤ. ʅʘ ʵʪʦ ʫʭʦʜʠʪ 

ʜʦʩʪʘʪʦʯʥʦ ʤʥʦʛʦ ʣʝʪ ʢʨʦʧʦʪʣʠʚʦʡ ʨʘʙʦʪʳ ʩʝʣʝʢʮʠʦʥʝʨʘ. ʄʥʦʛʠʝ ʫʯʝʥʳʝ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʅʠʢʦʣʘʡ ʀʚʘʥʦʚʠʯ ɺʘʚʠʣʦʚ, ʩʯʠʪʘʣʠ, ʯʪʦ çʩʝʣʝʢʮʠʷ ð ʵʪʦ ʥʝ ʪʦʣʴʢʦ ʥʘʫʢʘ, ʥʦ ʠ ʠʩʢʫʩʩʪʚʦè. 

ʀʤʝʥʥʦ ʠʩʢʫʩʩʪʚʦ ʦʪʙʦʨʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʜʠʚʠʜʫʘʣʴʥʦʩʪʴ ʢʘʞʜʦʛʦ ʩʝʣʝʢʮʠʦʥʝʨʘ. ʀʥʪʝʨʝʩʥʦ, 

ʯʪʦ ʜʘʞʝ ʩ ʣʘʪʳʥʠ ʩʣʦʚʦ selection ʧʝʨʝʚʦʜʠʪʩʷ ʢʘʢ çʚʳʙʦʨè ʠʣʠ çʦʪʙʦʨè. ʇʦʵʪʦʤʫ ʦʪʙʦʨ 

ʵʣʠʪʥʳʭ ʢʦʣʦʩʴʝʚ ð ʦʩʥʦʚʘ ʙʫʜʫʱʠʭ ʩʦʨʪʦʚ. ʂʦʥʝʯʥʦ, ʵʪʦ ʜʦʩʪʘʪʦʯʥʦ ʦʙʲʝʤʥʘʷ ʨʘʙʦʪʘ, ʥʦ 

ʦʯʝʥʴ ʚʘʞʥʘʷ.  

ɺ ʪʝʯʝʥʠʝ 2007ï2011 ʛʛ. ʘʚʪʦʨʘʤʠ ʙʳʣʦ ʠʟʫʯʝʥʦ 497 ʩʦʨʪʦʦʙʨʘʟʮʦʚ ʤʷʛʢʦʡ ʧʰʝʥʠʮʳ ʠʟ 

21 ʩʪʨʘʥʳ ʤʠʨʘ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʯʝʪʳʨʝʤ ʨʘʟʥʦʚʠʜʥʦʩʪʷʤ Erythrospermum (Koern.) Mansf., 

Ferrugineum (Alef.) Mansf., Graecum (Koern.) Mansf., Lutescens (Alef.) Mansf. ɿʘ ʛʦʜʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʟʫʯʘʣʘʩʴ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʚʝʛʝʪʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ ʩʦʨʪʦʚ, ʠʟ ʢʦʪʦʨʳʭ 390 

ʠʣʠ 78,5% ʦʙʨʘʟʮʦʚ ʧʦ ʩʨʦʢʘʤ ʩʦʟʨʝʚʘʥʠʷ ʦʢʘʟʘʣʠʩʴ ʩʨʝʜʥʝʩʧʝʣʳʤʠ, 70 ʠʣʠ 14,1% 

ʨʘʥʥʝʩʧʝʣʳʤʠ ʠ 37 ʠʣʠ 7,4% ʧʦʟʜʥʝʩʧʝʣʳʤʠ.  

ʀʟʫʯʝʥʳ ʟʠʤʦʩʪʦʡʢʦʩʪʴ ʩʦʨʪʦʦʙʨʘʟʮʦʚ. ʆʧʨʝʜʝʣʝʥ 61 ʩʦʨʪʦʦʙʨʘʟʝʮ ʩ ʚʳʩʦʢʦʡ 

ʟʠʤʦʩʪʦʡʢʦʩʪʴʶ [10, ʩ. 15ï18]. ʉʨʝʜʠ ʩʦʨʪʦʚ ʦʪʥʦʩʠʚʰʠʭʩʷ ʫ ʨʘʟʥʦʚʠʜʥʦʩʪʠ Graecum (Koern.) 

Mansf., ɿʘʥʜʝʨ-6, ʗʢʘʨ, ɺʦʨʦʥʘ, ʅʫʨʣʫ-99, ɻʦʙʫʩʪʘʥ, ʈʫʟʠ-84 ʠ ɽʩʢʠʥʘ-8; ʫ ʨʘʟʥʦʚʠʜʥʦʩʪʠ 

Lutescens (Alef.) Mansf. ʌʘʢʪʦʨ, ʐʘʢʠ-1, ʉʘʨʘʪʦʚʩʢʘʷ-29, ɹʠʟʣʠʢ, ɸʨʘʥ, ʃʶʪʝʩʮʝʥʩ-0135, 

ʃʶʪʝʩʮʝʥʩ-28, ʃʶʪʝʩʮʝʥʩ-ʊ-92, ʃʶʪʝʩʮʝʥʩ-086, ʃʶʪʝʩʮʝʥʩ ʊ-90, ʋʛʫʨ, ʋʤʤʘʥʢʘ, ɼʘʬʠʥʘ; ʫ 

ʨʘʟʥʦʚʠʜʥʦʩʪʠ Erythrospermum (Koern.) Mansf. ɹʣʦʫʧʘʥ, ʍʘʟʘʨ, ʉʠʪʘʨʠ-9; ʫ ʨʘʟʥʦʚʠʜʥʦʩʪʠ 

Ferrugineum (Alef.) Mansf. ʌʝʨʨʫʛʠʥʝʫʤ, ʅʝʠʨʠʥʦʚʢʘ-52, ɹʦʣ ʙʫʛʜʘ, ɸʨʟʫ ʦʪʣʠʯʘʣʠʩʴ ʚʳʩʦʢʦʡ 

ʟʠʤʦʩʪʦʡʢʦʩʪʴʶ. 

ɿʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʪʝʨʨʠʪʦʨʠʠ ʅʘʭʠʯʝʚʘʥʩʢʦʡ ɸʈ ʥʘʭʦʜʠʪʩʷ ʚ ʟʦʥʘʭ ʥʝʜʦʩʪʘʪʦʯʥʦʛʦ 

ʫʚʣʘʞʥʝʥʠʷ. ʅʘʙʣʶʜʝʥʠʷ ʟʘ ʨʘʩʪʝʥʠʷʤʠ ʚ ʧʦʣʝ ʚ ʧʝʨʠʦʜ ʟʘʩʫʭʠ ʤʦʛʫʪ ʜʘʪʴ ʥʝʢʦʪʦʨʦʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʩʪʝʧʝʥʠ ʟʘʩʫʭʦʫʩʪʦʡʯʠʚʦʩʪʠ ʩʦʨʪʦʚ. ʏʝʤ ʤʝʥʴʰʝ ʩʥʠʞʘʝʪʩ ̫ʫʨʦʞʘʡ ʩʦʨʪʘ 

ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʧʦʯʚʝʥʥʦʡ ʠʣʠ ʘʪʤʦʩʬʝʨʥʦʡ ʟʘʩʫʭʠ, ʪʝʤ ʦʥ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʦʣʝʝ 

ʟʘʩʫʭʦʫʩʪʦʡʯʠʚ  [8, ʩ. 32ï33]. ɺ ɸʟʝʨʙʘʡʜʞʘʥʝ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʳʝ ʩʝʣʝʢʮʠʦʥʥʳʝ ʨʘʙʦʪʳ ʧʦ 

ʩʦʟʜʘʥʠʶ ʟʘʩʫʭʦʫʩʪʦʡʯʠʚʳʭ ʩʦʨʪʦʚ ʦʟʠʤʦʡ ʧʰʝʥʠʮʳ ʧʨʦʚʦʜʷʪʩʷ ʜʘʚʥʦ. ʇʨʦʚʦʜʠʤʳʝ ʥʘʫʯʥʦ-

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ ʨʘʙʦʪʳ ʚ ʦʙʣʘʩʪʠ ʟʘʩʫʭʦʫʩʪʦʡʯʠʚʦʩʪʠ ʧʰʝʥʠʮʳ ʦʪʨʘʞʘʶʪ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ - ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʝ, ʙʠʦʭʠʤʠʯʝʩʢʠʝ ʠ ʜʨʫʛʠʝ ʘʩʧʝʢʪʳ ʟʘʩʫʭʦʫʩʪʦʡʯʠʚʦʩʪʠ 

ʵʪʦʡ ʢʫʣʴʪʫʨʳ [3, ʩ. 5ï20; 4, ʩ. 30ï40; 5, ʩ. 206ï209; 9, ʩ. 7ï12 ]. 

ɹʳʣʦ ʠʟʫʯʝʥʦ 57 ʩʦʨʪʦʦʙʨʘʟʮʦʚ ʤʷʛʢʦʡ ʧʰʝʥʠʮʳ ʥʘ ʟʘʩʫʭʦʫʩʪʦʡʯʠʚʦʩʪʴ ʚ ʫʩʣʦʚʠʷʭ 

ʥʝʧʦʣʠʚʥʦʛʦ ʨʝʞʠʤʘ (ʊʘʙʣʠʮʘ 1). ʆʙʨʘʟʮʳ ʦʪʦʙʨʘʥʳ ʠʟ 497 ʛʝʥʦʬʦʥʜʘ, ʠʥʪʨʦʜʫʮʠʨʦʚʘʥʥʳʝ 

ʠʟ ʨʝʛʠʦʥʘʣʴʥʳʭ ʮʝʥʪʨʦʚ. ʈʘʩʪʝʥʠʷ ʚʳʨʘʱʝʥʳ ʚ ʧʦʣʝʚʳʭ ʫʩʣʦʚʠʷʭ ʧʨʠ ʥʦʨʤʘʣʴʥʦʤ 

ʚʦʜʦʦʙʝʩʧʝʯʝʥʠʠ ʠ ʧʨʠ ʩʠʣʴʥʦʤ ʚʦʜʥʦʤ ʜʝʬʠʮʠʪʝ.  
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ʊʘʙʣʠʮʘ 1. 

ʆʎɽʅʂɸ ʈɽɸʂʎʀʀ ʄʗɻʂʆʁ ʇʐɽʅʀʎʓ ʅɸ ɿɸʉʋʍʆʋʉʊʆʁʏʀɺʆʉʊʀ 

 (2015-2017 ʛʛ.)  

ʈʘʟʥʦʚʠʜʥʦʩʪʴ 

ʆʙʱʝʝ 

ʢʦʣʠʯʝʩʪʚʦ 

ʦʙʨʘʟʮʦʚ, ʰʪ. 

ɿʘʩʫʭʦʫʩʪʦʡʯʠʚʦʩʪʴ, 

ʙʘʣ 

ʢʦʣʠʯʝʩʪʚʦ 

ʦʙʨʘʟʮʦʚ, 

ʰʪ 

ɺ % 

Graecum (Koern.) Mansf.  

11 

1ð ʦʯʝʥʴ ʩʣʘʙʘʷ 

3 ð ʩʣʘʙʘʷ 

5 ð ʩʨʝʜʥʷʷ 

1 

5 

5 

9,0 

45,5 

45,5 

Lutescens (Alef.) Mansf.  

19 

1ð ʦʯʝʥʴ ʩʣʘʙʘʷ 

3 ð ʩʣʘʙʘʷ 

5 ð ʩʨʝʜʥʷʷ 

ð 

7 

12 

ð 

36,8 

63,2 

Erythrospermum (Koern.) 

Mansf. 

 

20 

1ð ʦʯʝʥʴ ʩʣʘʙʘʷ 

3 ð ʩʣʘʙʘʷ 

5 ð ʩʨʝʜʥʷʷ 

1 

13 

6 

5,0 

65 

30 

Ferrugineum (Alef.) Mansf.  

7 

1ð ʦʯʝʥʴ ʩʣʘʙʘʷ 

3 ðʩʣʘʙʘʷ 

5ð ʩʨʝʜʥʷʷ 

1 

6 

ð 

14,3 

85,7 

ð 

 

ʆʧʨʝʜʝʣʝʥ 31 ʟʘʩʫʭʦʫʩʪʦʡʯʠʚʳʡ ʩʦʨʪʦʦʙʨʘʟʝʮ ʤʷʛʢʦʡ ʧʰʝʥʠʮʳ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʟʘʩʫʭʘ ʦʪʨʠʮʘʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʨʝʧʨʦʜʫʢʪʠʚʥʳʭ ʦʨʛʘʥʦʚ, ʩʥʠʞʘʷ ʫʨʦʞʘʡʥʦʩʪʴ 

ʥʘ 25ï60%. 

ʆʧʨʝʜʝʣʝʥʦ 82 ʩʦʨʪʦʦʙʨʘʟʮʘ ʤʷʛʢʦʡ ʧʰʝʥʠʮʳ ʩ ʚʳʩʦʢʦʡ ʫʨʦʞʘʡʥʦʩʪʴʶ. ɺ ʥʘʰʠʭ ʦʧʳʪʘʭ 

ʫʨʦʞʘʡʥʦʩʪʴ ʢʦʣʝʙʘʣʘʩʴ ʚ ʩʨʝʜʥʝʤ, ʦʪ 20,0 ʜʦ 85,3 ʮ/ʛʘ. ɺʳʷʚʣʝʥʦ, ʯʪʦ ʚʥʝʩʝʥʠʝ ʛʝʨʙʠʮʠʜʦʚ 

ʨʝʟʢʦ ʩʥʠʞʘʝʪ ʯʠʩʣʝʥʥʦʩʪʴ ʩʦʨʥʷʢʦʚ ʠ ʧʦʚʳʰʘʝʪ ʫʨʦʞʘʡ ʦʟʠʤʦʡ ʤʷʛʢʦʡ ʧʰʝʥʠʮʳ. ʇʨʠʙʘʚʢʘ 

ʫʨʦʞʘʷ ʦʪ ʵʪʦʛʦ ʩʦʩʪʘʚʠʣʘ ʚ ʩʨʝʜʥʝʤ 18,0%. 

ʀʟʫʯʝʥʦ ʢʘʯʝʩʪʚʦ ʟʝʨʝʥ ʩʦʨʪʦʦʙʨʘʟʮʦʚ ʤʷʛʢʦʡ ʧʰʝʥʠʮʳ. ɺʳʷʩʥʝʥʦ, ʯʪʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʦʨʪʦʚ ʩʦʜʝʨʞʘʥʠʝ ʢʣʝʡʢʦʚʠʥʳ ʚ ʟʝʨʥʝ ʚʘʨʴʠʨʫʝʪ ʚ 

ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ: ʚ ʩʨʝʜʥʝʤ ʫ ʦʙʨʘʟʮʦʚ ʦʥʦ ʢʦʣʝʙʘʣʦʩʴ ʦʪ 18,8 ʜʦ 50,7% (ʊʘʙʣʠʮʘ 2). 

ʀʟʫʯʝʥʘ ʩʪʝʧʝʥʴ ʟʘʨʘʞʝʥʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ʤʷʛʢʦʡ ʧʰʝʥʠʮʳ ʙʦʣʝʟʥʷʤʠ ʠ ʚʨʝʜʠʪʝʣʷʤʠ 

ʟʝʨʥʦʚʳʭ ʢʫʣʴʪʫʨ. ʆʧʨʝʜʝʣʝʥʦ 73 ʫʩʪʦʡʯʠʚʳʭ ʩʦʨʪʦʦʙʨʘʟʮʘ ʢ ʨʞʘʚʯʠʥʝ, 58 ʩʦʨʪʦʙʨʘʟʮʦʚ 

ʪʚʝʨʜʦʡ ʢ ʛʦʣʦʚʥʝ ʠ 61 ʩʦʨʪʦʦʙʨʘʟʝʮ ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ ʧʦʚʨʝʞʜʘʝʤʳʡ ʚʨʝʜʠʪʝʣʷʤʠ. 

ɺʳʷʩʥʝʥʦ, ʯʪʦ ʚʨʝʜʠʪʝʣʠ ʥʘʥʦʩʷʪ ʤʝʥʴʰʝ ʚʨʝʜʘ ʦʙʨʘʟʮʘʤ ʠʟ ʨʘʟʥʦʚʠʜʥʦʩʪʠ Graecum ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʨʘʟʥʦʚʠʜʥʦʩʪʷʤʠ. 

ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʛʠʙʨʠʜʥʳʭ ʢʦʤʙʠʥʘʮʠʡ ʧʦʢʘʟʘʣ, ʯʪʦ ʢʦʛʜʘ ʚ 

ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʥʩʢʦʡ ʬʦʨʤʳ ʙʝʨʫʪʩʷ ʤʝʩʪʥʳʝ ʩʦʨʪʘ, ʟʘʚʷʟʳʚʘʝʤʦʩʪʴ ʛʠʙʨʠʜʥʳʭ ʟʝʨʝʥ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʰʝ, ʯʝʤ ʚ ʦʙʨʘʪʥʳʭ ʢʦʤʙʠʥʘʮʠʷʭ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʀʥʩʪʠʪʫʪʝ ʙʠʦʨʝʩʫʨʩʦʚ ʠʤʝʝʪʩʷ ʙʦʣʝʝ 60 ʛʠʙʨʠʜʦʚ ʤʷʛʢʦʡ ʠ 120 

ʪʚʝʨʜʦʡ ʧʰʝʥʠʮʳ ʨʘʟʥʳʭ ʢʦʤʙʠʥʘʮʠʡ. ʅʘʯʠʥʘʷ ʩ 2011 ʛ. ʚ ʫʩʣʦʚʠʷʭ ʅʘʭʠʯʝʚʘʥʩʢʦʡ 

ɸʚʪʦʥʦʤʥʦʡ ʈʝʩʧʫʙʣʠʢʠ ʧʨʦʚʦʜʪ̫ʩʷ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ ʨʘʙʦʪʳ ʧʦ ʵʪʠʤ ʛʠʙʨʠʜʘʤ ʤʷʛʢʦʡ ʠ 

ʪʚʝʨʜʦʡ ʧʰʝʥʠʮʳ. ʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ ʨʘʙʦʪʳ ʧʨʦʚʦʜʪ̫ʩʷ ʥʘ ʦʧʳʪʥʦʤ ʫʯʘʩʪʢʝ 

ʀʥʩʪʠʪʫʪʘ ɹʠʦʨʝʩʫʨʩʦʚ ʚ ʫʩʣʦʚʠʷʭ ʦʨʦʰʝʥʠʷ. ʀʟʫʯʘʪʁʩʷ ʭʦʟʷʡʩʪʚʝʥʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ 

ʛʠʙʨʠʜʦʚ, ʩʨʘʚʥʠʚʘʪʁʩʷ ʤʝʞʜʫ ʩʦʙʦʡ.  

 

 
 

 

 

 

 

 

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 

 

 

 

83 

 

 

 

ʊʘʙʣʠʮʘ 2. 

ʂɸʏɽʉʊɺɽʅʅʓʁ ɸʅɸʃʀɿ ʅɽʂʆʊʆʈʓʍ ʆɹʈɸɿʎʆɺ ʄʗɻʂʆʁ ʆɿʀʄʆʁ ʇʐɽʅʀʎʓ 

ʉ
ʦ
ʨ
ʪ
ʘ

 

ʋ
ʨ
ʦ
ʞ
ʘ
ʡ
ʥ
ʦ
ʩ
ʪ
ʴ
,
 
ʛ
/
ʤ

2
 (
ʩ
ʨ
.
 
ʟ
ʘ
 
5
 

ʣ
ʝ
ʪ
)

 

ʄ
ʘ
ʩ
ʩ
ʘ
 
1
0
0
0
 
ʩ
ʝ
ʤ
ʷ
ʥ
,
 
ʛ

 

(
ʩ
ʨ
.
 
ʟ
ʘ
 
5
 
ʣ
ʝ
ʪ
)

 

ʂ
ʣ
ʝ
ʡ
ʢ
ʦ
ʚ
ʠ
ʥ
ʘ
 
,
 
%

 

ʈ
ʘ
ʩ
ʪ
ʷ
ʞ
ʠ
ʤ
ʦ
ʩ
ʪ
ʴ
,
 
ʩ
ʤ

 

ʮ
ʚ
ʝ
ʪ

 

ʇ
ʦ
ʢ
ʘ
ʟ
ʘ
ʪ
ʝ
ʣ
ʠ
 
I
D
ʂ

-1
 

ʄ
ʘ
ʩ
ʩ
ʘ
 
ʥ
ʘ
ʪ
ʫ
ʨ
ʳ
,
 
ʛ
/
ʣ

 

ʉ
ʪ
ʝ
ʢ
ʣ
ʦ
ʚ
ʠ
ʜ
ʥ
ʦ
ʩ
ʪ
ʴ
,
 
 
%

 

 

Graecum (Koern.) Mansf. 

Sw 89 Borl 95 643 40 32,8 30 ʪ. ʩʝʨʳʡ 120,0 848 64 

Kar-1 748 43 35,0 11 ʩ. ʞʝʣʪʳʡ 87,2 824 66 

P1/ hn 4 750 40 30,6 13 ʞʝʣʪʳʡ 100,0 856 70 

Atay-85 700 42 30,6 5 ʩ. ʩʝʨʳʡ 90,0 790 65 

6507 (ʪʫʨʮʠʷ) 730 42 35,8 21 ʩ. ʞʝʣʪʳʡ  102,5 824 68 

Eskina-8 678 42 28,0 22 ʩʝʨʳʡ 120,0 808 74 

 

Lutescens (Alef.) Mansf. 

KSI15 X Akinchi 853 43 31,4 5 ʞʝʣʪʳʡ 97,5 800 70 

BUL 5121.1 758 40 42,6 29 ʪ. ʩʝʨʳʡ 117,5 884 68 

Lutessens 088712 809 42 30,5 10 ʪ. ʞʝʣʪʳʡ  97,5 792 69 

Ormil 739 41 40,4 13 ʪ. ʞʝʣʪʳʡ 95,0 792 66 

Lutessens T-91 716 41 42,2 10 ʞʝʣʪʳʡ 105,0 844 74 

Lutessens T-90 723 42 29,6 15 ʩʝʨʳʡ 120,0 870 72 

 

Erythrospermum (Koern.) Mansf. 

CTY* 3/ta 2460 713 41 18,8 19 ʪ. ʩʝʨʳʡ 120,0 835 73 

OK 81306/star 781 44 28,3 7 ʩ. ʩʝʨʳʡ 82,5 820 64 

1D 13.1/mkt 684 44 50,7 14 ʩʝʨʳʡ 82,5 844 72 

Fow-1/florkwa-3 606 49 35,4 9 ʞʝʣʪʳʡ 95,0 856 75 

Albatros 678 40 43,7 6 ʩ. ʩʝʨʳʡ 95,5 816 76 

 

Ferrugineum (Alef.) Mansf. 

Jagger-4 482 39 43,2 6 ʪ. ʞʝʣʪʳʡ 80,0 790 67 

Milturum 0889 475 45 34,4 12 ʩ. ʩʝʨʳʡ 102,5 785 69 

Arzu 484 42 41,0 11 ʩ. ʞʝʣʪʳʡ 100,0 800 70 

Sb-360-1 499 42 31,5 5,5 ʩʝʨʳʡ 92,5 750 67 

55.1744/MEX 67 481 40 33,6 16 ʩʝʨʳʡ 115,0 796 69 

 

ɿʘ ʧʦʩʣʝʜʥʠʝ 3 ʛʦʜʘ ʣʘʙʦʨʘʪʦʨʠʷ ʧʦʣʫʯʠʣʘ 2 ʧʘʪʝʥʪʘ ʠ ʘʚʪʦʨʩʢʠʝ ʩʚʠʜʝʪʝʣʴʩʪʚʘ ʥʘ ʩʦʨʪʘ 

ʥʫʪʘ (Qilchiqli-85) ʠ (Qaracha-85) ʩʦʨʪʘ ʷʯʤʝʥʷ. ɺ 2016ï2017 ʛʛ. ʧʝʨʝʜʘʥʦ ʚ ʛʦʩʢʦʤʠʩʩʠ ʁʪʨʠ 

ʛʠʙʨʠʜʘ: ʧʦ ʤʷʛʢʦʡ ʧʰʝʥʠʮʝ Eskina-8 X (6507 ʊʫʨʮʠʷ) ʠ ʧʦ ʪʚʝʨʜʦʡ ʧʰʝʥʠʮʝ (Alincha-84 X 

Zatino), ʧʦ ʜʚʫʨʷʜʥʦʤʫ ʷʯʤʝʥ ʁ(Arpachay). 

 

ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʌʦʥʜʘ ʈʘʟʚʠʪʠʷ ʅʘʫʢʠ ʧʨʠ 

ʇʨʝʟʠʜʝʥʪʝ ɸʟʝʨʙʘʡʜʞʘʥʩʢʦʡ ʈʝʩʧʫʙʣʠʢʠ - ɻʨʘʥʪ ˉ EIF-KETPL-2-2015-1(25)-56/39/3 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʦʩʥʦʚʥʳʝ ʧʨʦʙʣʝʤʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʠʦʤʘʩʩʳ 

(ʚ ʪʦʤ ʯʠʩʣʝ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʦʪʭʦʜʦʚ) ʚ ʤʠʨʝ, ʧʫʪʠ ʨʝʰʝʥʠʷ ʵʪʠʭ ʧʨʦʙʣʝʤ, ʠʟ ʢʦʪʦʨʳʭ 

ʦʩʥʦʚʥʳʤ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ. ʂʨʘʪʢʦ ʦʧʠʩʳʚʘʶʪʩʷ 

ʦʩʥʦʚʥʳʝ ʦʪʨʘʩʣʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʩʦʩʪʘʚ, ʩʪʨʫʢʪʫʨʘ ʣʠʛʥʦʮʝʣʣʶʣʦʟʥʦʡ ʙʠʦʤʘʩʩʳ. 

ʇʨʠʚʦʜʷʪʩʷ ʤʝʪʦʜʠʢʠ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʩʦʣʦʤʳ ʧʰʝʥʠʮʳ: 

ʚʣʘʞʥʦʩʪʠ, ʟʦʣʴʥʦʩʪʠ, ʵʢʩʪʨʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ ð ʩ ʨʘʩʯʝʪʥʳʤʠ ʬʦʨʤʫʣʘʤʠ, ʘ ʪʘʢʞʝ 

ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ʆʩʫʱʝʩʪʚʣʷʝʪʩʷ ʘʥʘʣʠʟ ʩʦʚʨʝʤʝʥʥʳʭ ʩʪʘʪʝʡ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʣʦʤʳ ʧʰʝʥʠʮʳ ʠ ʩʨʘʚʥʝʥʠʝ ʦʧʳʪʥʳʭ ʜʘʥʥʳʭ ʩʪʘʪʝʡ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʥʘʫʯʥʦ-

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʳ.  

 

Abstract. In the work, the main problems of biomass (particularly the agricultural wastes) 

utilization in the world practice are considered. One of the ways to solve the indicated problems is 

the biomass application as the renewable energy source. The main fields of the lignocellulosic 

biomass use and its structure and composition are also described. In the paper the methods of the 

quantitative analysis of moisture, ashïcontent, extractive compounds for wheat straw are presented. 

The paper contains the analysis results and their comparison with the literature data. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʦʣʦʤʘ ʧʰʝʥʠʮʳ, ʚʣʘʞʥʦʩʪʴ, ʟʦʣʴʥʦʩʪʴ, ʵʢʩʪʨʘʢʪʠʚʥʳʝ ʚʝʱʝʩʪʚʘ. 
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ʈʘʩʪʫʱʠʝ ʦʧʘʩʝʥʠʷ ʧʦ ʧʦʚʦʜʫ ʫʚʝʣʠʯʝʥʠʷ ʧʦʪʨʝʙʥʦʩʪʝʡ ʚ ʵʥʝʨʛʠʠ ʠ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ 

ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʩʢʦʧʘʝʤʳʭ ʚʠʜʦʚ ʪʦʧʣʠʚʘ ʧʨʠʚʝʣʠ ʢ 

ʧʦʷʚʣʝʥʠʶ ʧʨʠʟʳʚʦʚ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 

ʵʥʝʨʛʠʠ. ɽʚʨʦʧʝʡʩʢʠʡ ʩʦʶʟ (ɽʉ) ʥʘʤʝʨʝʥ ʫʚʝʣʠʯʠʪʴ ʜʦʣʶ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ 

ʵʥʝʨʛʠʠ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʪʝʧʣʘ ʠ ʪʨʘʥʩʧʦʨʪʘ ʜʦ 20% ʚ 2020 ʛʦʜʫ ʠ 27% ʚ 

2030 ʛʦʜʫ. ʂ 2020 ʛʦʜʫ ɽʉ ʩʪʨʝʤʠʪʩʷ ʜʦʩʪʠʯʴ ʪʘʢʦʛʦ ʫʨʦʚʥʷ, ʢʦʛʜʘ 10% ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʪʦʧʣʠʚʘ 

ʚ ʢʘʞʜʦʡ ʩʪʨʘʥʝ ɽʉ ʧʦʩʪʫʧʘʝʪ ʠʟ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʪʘʢʠʭ ʢʘʢ ʙʠʦʪʦʧʣʠʚʦ. ɺ ʵʪʦʤ 

ʢʦʥʪʝʢʩʪʝ ʨʘʩʪʝʪ ʠʥʪʝʨʝʩ ʢ ʧʝʨʝʨʘʙʦʪʢʝ ʙʠʦʤʘʩʩʳ ʚ ʦʙʣʘʩʪʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʪʦʧʣʠʚ, 

ʭʠʤʠʯʝʩʢʠʭ ʪʦʚʘʨʦʚ ʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʥʝʨʛʠʠ [1]. 

ʇʨʝʠʤʫʱʝʩʪʚʘʤʠ ʙʠʦʤʘʩʩʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʳʯʥʳʤʠ ʠʩʢʦʧʘʝʤʳʤʠ ʚʠʜʘʤʠ ʪʦʧʣʠʚʘ 

ʷʚʣʷʶʪʩʷ ʥʠʟʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʩʝʨʳ ʠ ʘʟʦʪʘ ʠ ʦʪʩʫʪʩʪʚʠʝ ʯʠʩʪʳʭ ʚʳʙʨʦʩʦʚ CO2 ʚ ʘʪʤʦʩʬʝʨʫ. 

ʈʝʩʫʨʩʳ ʙʠʦʤʘʩʩʳ ʦʭʚʘʪʳʚʘʶʪ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʤʘʪʝʨʠʘʣʦʚ, ʪʘʢʠʭ ʢʘʢ ʣʝʩʥʳʝ ʦʪʭʦʜʳ, 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʢʫʣʴʪʫʨʳ, ʦʨʛʘʥʠʯʝʩʢʠʝ ʦʪʭʦʜʳ, ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʝ ʦʪʭʦʜʳ ʠ ʪ. ʜ. 

ʉʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʝ ʦʪʭʦʜʳ, ʣʝʛʢʦʜʦʩʪʫʧʥʘʷ ʙʠʦʤʘʩʩʘ, ʝʞʝʛʦʜʥʦ ʦʙʨʘʟʫʶʪʩʷ ʚʦ ʚʩʝʤ ʤʠʨʝ 

[2]. 

ɺ ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʩʪʨʘʥʘʭ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʦʪʭʦʜʦʚ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʣʠʙʦ ʚ ʢʘʯʝʩʪʚʝ ʩʳʨʴʷ ʜʣʷ ʙʫʤʘʞʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʣʠʙʦ ʚ 

ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʦʚ ʢʦʨʤʦʚ ʜʣʷ ʞʠʚʦʪʥʳʭ. ʅʦ ʚ ʮʝʣʦʤ, ʧʦʩʢʦʣʴʢʫ ʩʙʦʨ ʠ ʫʜʘʣʝʥʠʝ ʵʪʠʭ 

ʦʩʪʘʪʢʦʚ ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ ʙʦʣʝʝ ʩʣʦʞʥʳʤ ʠ ʜʦʨʦʛʦʩʪʦʷʱʠʤ, ʝʛʦ ʦʩʪʘʚʣʷʶʪ ʥʝʠʩʧʦʣʴʟʦʚʘʥʥʳʤʠ 

ʚ ʢʘʯʝʩʪʚʝ ʦʪʭʦʜʦʚ ʠʣʠ ʧʨʦʩʪʦ ʩʞʠʛʘʶʪ ʚ ʧʦʣʷʭ, ʪʝʤ ʩʘʤʳʤ ʩʦʟʜʘʚʘʷ ʟʥʘʯʠʪʝʣʴʥʳʝ 

ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ. 

ʃʠʛʥʦʮʝʣʣʶʣʦʟʥʘʷ ʙʠʦʤʘʩʩʘ, ʚ ʦʩʥʦʚʥʦʤ, ʩʦʩʪʦʠʪ ʠʟ ʛʝʤʠʮʝʣʣʶʣʦʟ, ʮʝʣʣʶʣʦʟʳ ʠ 

ʣʠʛʥʠʥʘ (ʈʠʩʫʥʦʢ). ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʝʚʝʩʠʥʦʡ, ʦʩʪʘʪʢʠ ʚʩʝʡ ʙʳʩʪʨʦʨʘʩʪʫʱʝʡ ʙʠʦʤʘʩʩʳ, 

ʪʘʢʠʝ ʢʘʢ ʩʦʣʦʤʘ ʠ ʪʨʘʚʘ, ʠʤʝʶʪ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʟʦʣʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʦʚʳʰʝʥʥʫʶ 

ʢʦʥʮʝʥʪʨʘʮʠʶ ʩʦʣʝʡ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ ʠ ʭʣʦʨʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʦʥʠ ʩʪʘʥʦʚʷʪʩʷ 

ʧʨʦʙʣʝʤʘʪʠʯʥʳʤ ʩʳʨʴʝʤ. ɿʦʣʴʥʦʩʪʴ ʠ ʢʦʥʮʝʥʪʨʘʮʠʷ ʱʝʣʦʯʥʳʭ ʩʦʣʝʡ ʠ ʭʣʦʨʘ ʚ ʩʳʨʴʝ ʟʘʚʠʩʷʪ 

ʦʪ ʪʠʧʘ ʠ ʤʝʪʦʜʦʚ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʙʠʦʤʘʩʩʳ. ɹʦʣʝʝ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʟʦʣʳ ʤʦʞʝʪ ʚʳʟʚʘʪʴ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʠ ʙʣʘʛʦʧʨʠʷʪʩʪʚʦʚʘʪʴ ʦʙʨʘʟʦʚʘʥʠʶ ʦʪʣʦʞʝʥʠʡ ʠ ʰʣʘʢʦʚ, ʘ ʪʘʢʞʝ 

ʢʦʨʨʦʟʠʠ [2]. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʣʘʞʥʦʩʪʠ ʩʦʣʦʤʳ ʧʰʝʥʠʮʳ ʚ ʩʫʰʠʣʴʥʳʡ ʰʢʘʬ, ʥʘʛʨʝʪʳʡ ʜʦ 150 Áʉ, 

ʙʳʩʪʨʦ ʧʦʤʝʩʪʠʣʠ ʥʘ 1,5 ʯʘʩʘ ʜʚʘ ʚʟʚʝʰʝʥʥʳʭ ʥʘ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʚʝʩʘʭ ʠ ʧʦʜʛʦʪʦʚʣʝʥʥʳʭ ʪʠʛʣʷ 

ʩ ʥʘʚʝʩʢʘʤʠ ʩʳʨʴʷ ʤʘʩʩʦʡ 0,5000 ʛ, ʠʟʤʝʣʴʯʝʥʥʦʛʦ ʥʘ ʤʝʣʴʥʠʮʝ ʠ ʧʨʦʩʝʷʥʥʦʛʦ ʯʝʨʝʟ ʩʠʪʦ ʩ 

ʨʘʟʤʝʨʦʤ ʷʯʝʝʢ ʤʝʥʝʝ 0,45 ʤʤ. ɿʘ ʚʨʝʤʷ ʚʳʩʫʰʠʚʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʰʢʘʬʫ ʫʧʘʣʘ ʜʦ 99 Áʉ. 

ʇʦ ʦʢʦʥʯʘʥʠʠ ʜʘʥʥʦʛʦ ʚʨʝʤʝʥʠ ʪʠʛʣʠ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʳʭ ʱʠʧʮʦʚ ʠʟʚʣʝʢʣʠ ʠʟ 

ʩʫʰʠʣʴʥʦʛʦ ʰʢʘʬʘ ʠ ʧʦʤʝʩʪʠʣʠ ʚ ʵʢʩʠʢʘʪʦʨ. ʆʭʣʘʞʜʝʥʥʳʝ ʪʠʛʣʠ ʚʟʚʝʩʠʣʠ ʥʘ ʘʥʘʣʠʪʠʯʝʩʢʠʭ 

ʚʝʩʘʭ, ʟʘʪʝʤ ʩʥʦʚʘ ʧʦʣʦʞʠʣʠ ʚ ʩʫʰʠʣʴʥʳʡ ʰʢʘʬ ʥʘ 30 ʤʠʥ. ʇʦʩʣʝ ʦʭʣʘʞʜʝʥʠʷ ʚ ʵʢʩʠʢʘʪʦʨʝ ʠ 

ʧʦʚʪʦʨʥʦʛʦ ʚʟʚʝʰʠʚʘʥʠʷ ʠʟʤʝʥʝʥʠʷ ʤʘʩʩʳ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ: ʨʘʟʥʠʮʘ ʤʝʞʜʫ ʚʟʚʝʰʠʚʘʥʠʷʤʠ 

ʧʦʩʣʝ 1,5 ʯʘʩʦʚ ʠ 30 ʤʠʥ ʚʳʩʫʰʠʚʘʥʠʷ ʥʝ ʧʨʝʚʳʩʠʣʘ 0,0005 ʛ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʪʝʨʷ ʤʘʩʩʳ ʧʨʠ 

ʚʳʩʫʰʠʚʘʥʠʠ ʜʚʫʭ ʥʘʚʝʩʦʢ ʩʦʣʦʤʳ ʧʰʝʥʠʮʳ ʜʦ ʘʙʩʦʣʶʪʥʦ ʩʫʭʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩʦʩʪʘʚʠʣʘ 

0,4628 ʛ ʠ 0,4656 ʛ. 
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ʈʠʩʫʥʦʢ. ʉʪʨʫʢʪʫʨʘ ʠ ʢʦʤʧʦʥʝʥʪʳ ʣʠʛʥʦʮʝʣʣʶʣʦʟʥʦʡ ʙʠʦʤʘʩʩʳ 

 

 

 

ɺʣʘʞʥʦʩʪʴ ʩʳʨʴʷ (X) ʚ ʧʨʦʮʝʥʪʘʭ ʙʳʣʘ ʚʳʯʠʩʣʝʥʘ ʧʦ ʬʦʨʤʫʣʝ 1: 

 

( )
m

mm
=X

1001-
,     (1) 

 

ʛʜʝ m ï ʤʘʩʩʘ ʩʳʨʴʷ ʜʦ ʚʳʩʫʰʠʚʘʥʠʷ, ʛ; m1 ï ʤʘʩʩʘ ʩʳʨʴʷ ʧʦʩʣʝ ʚʳʩʫʰʠʚʘʥʠʷ, ʛ (1). 

 

 

ɿʘ ʦʢʦʥʯʘʪʝʣʴʥʳʡ ʨʝʟʫʣʴʪʘʪ ʧʨʠʥʷʣʠ ʩʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʨʝʟʫʣʴʪʘʪʦʚ ʜʚʫʭ 

ʦʧʨʝʜʝʣʝʥʠʡ: ʦʥʦ ʩʦʩʪʘʚʠʣʦ 7,16%. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʟʦʣʴʥʦʩʪʠ, ʢʘʢ ʠ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʚʣʘʞʥʦʩʪʠ, ʠʩʧʦʣʴʟʦʚʘʣʠ ʥʘʚʝʩʢʫ 

ʩʦʣʦʤʳ ʧʰʝʥʠʮʳ, ʠʟʤʝʣʴʯʝʥʥʦʡ ʚ ʤʝʣʴʥʠʮʝ ʠ ʧʨʦʩʝʷʥʥʦʡ ʯʝʨʝʟ ʩʠʪʦ ʩ ʨʘʟʤʝʨʦʤ ʷʯʝʝʢ ʤʝʥʝʝ 

0,45 ʤʤ. ɼʚʘ ʧʦʜʛʦʪʦʚʣʝʥʥʳʭ ʪʠʛʣʷ ʠ 0,5000 ʛ ʥʘʚʝʩʢʠ ʩʳʨʴʷ ʩ ʪʠʛʣʷʤʠ ʚʟʚʝʩʠʣʠ ʥʘ 

ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʚʝʩʘʭ. ɿʘʪʝʤ ʪʠʛʣʠ ʩ ʩʦʣʦʤʦʡ ʥʘʢʨʳʣʠ ʢʦʥʫʩʦʤ ʙʝʟʟʦʣʴʥʦʛʦ ʬʠʣʴʪʨʘ ʩ 

ʦʪʚʝʨʩʪʠʝʤ ʜʣʷ ʜʦʩʪʫʧʘ ʚʦʟʜʫʭʘ ʠ ʧʝʨʝʥʝʩʣʠ ʚ ʤʫʬʝʣʴʥʫʶ ʧʝʯʴ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʨʦʢʘʣʝʥʥʫʶ 

ʧʨʠʤʝʨʥʦ ʜʦ 550ï650 Áʉ (ʜʦ ʢʨʘʩʥʦʛʦ ʢʘʣʝʥʠʷ), ʥʘ 1 ʯʘʩ. ʇʦ ʦʢʦʥʯʘʥʠʠ ʵʪʦʛʦ ʚʨʝʤʝʥʠ ʪʠʛʣʠ 

ʧʨʠ ʧʦʤʦʱʠ ʩʧʝʮʠʘʣʴʥʳʭ ʱʠʧʮʦʚ ʠʟʚʣʝʢʣʠ ʠʟ ʧʝʯʠ, ʦʭʣʘʜʠʣʠ ʩʥʘʯʘʣʘ ʥʘ ʚʦʟʜʫʭʝ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʪʝʯʝʥʠʝ 5 ʤʠʥ, ʧʦʩʣʝ ï ʚ ʵʢʩʠʢʘʪʦʨʝ ʚ ʪʝʯʝʥʠʝ 15 ʤʠʥ. ʆʭʣʘʞʜʝʥʥʳʝ 

ʪʠʛʣʠ ʚʟʚʝʩʠʣʠ ʥʘ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʚʝʩʘʭ, ʟʘʪʝʤ ʩʥʦʚʘ ʧʦʤʝʩʪʠʣʠ ʚ ʤʫʬʝʣʴʥʫʶ ʧʝʯʴ. ʇʦ 

ʧʨʦʰʝʩʪʚʠʠ 30 ʤʠʥ, ʪʠʛʣʠ ʠʟʚʣʝʢʣʠ ʠʟ ʧʝʯʠ ʱʠʧʮʘʤʠ, ʦʭʣʘʜʠʣʠ ʥʘ ʚʦʟʜʫʭʝ ʠ ʚ ʵʢʩʠʢʘʪʦʨʝ ʠ 

ʚʟʚʝʩʠʣʠ ʥʘ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʚʝʩʘʭ. ʇʦʩʣʝ ʧʦʚʪʦʨʥʦʛʦ ʚʟʚʝʰʠʚʘʥʠʷ ʠʟʤʝʥʝʥʠʷ ʤʘʩʩʳ ʥʝ 

ʥʘʙʣʶʜʘʣʦʩʴ: ʨʘʟʥʠʮʘ ʤʝʞʜʫ ʚʟʚʝʰʠʚʘʥʠʷʤʠ ʧʦʩʣʝ 1 ʯʘʩʘ ʠ 30 ʤʠʥ ʧʨʦʢʘʣʠʚʘʥʠʷ ʩʳʨʴʷ ʥʝ 

ʧʨʝʚʳʩʠʣʘ 0,0005 ʛ. 
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ʉʦʜʝʨʞʘʥʠʝ ʦʙʱʝʡ ʟʦʣʳ (X1) ʚ ʧʨʦʮʝʥʪʘʭ ʚ ʘʙʩʦʣʶʪʥʦ ʩʫʭʦʤ ʩʳʨʴʝ ʙʳʣʦ ʚʳʯʠʩʣʝʥʦ ʧʦ 

ʬʦʨʤʫʣʝ 2: 

 

( )Wm
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1 ,      (2) 

 

ʛʜʝ m1 ð ʤʘʩʩʘ ʟʦʣʳ, ʛ; m2 ð ʤʘʩʩʘ ʩʳʨʴʷ, ʛ; W ð ʧʦʪʝʨʷ ʚ ʤʘʩʩʝ ʧʨʠ ʚʳʩʫʰʠʚʘʥʠʠ 

ʩʳʨʴʷ, % (3). 

 

ɿʘ ʦʢʦʥʯʘʪʝʣʴʥʳʡ ʨʝʟʫʣʴʪʘʪ ʧʨʠʥʷʣʠ ʩʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʨʝʟʫʣʴʪʘʪʦʚ ʜʚʫʭ 

ʦʧʨʝʜʝʣʝʥʠʡ: ʦʥʦ ʩʦʩʪʘʚʠʣʦ 4,73%. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʵʢʩʪʨʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ ʥʘʚʝʩʢʫ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷ, 

ʠʟʤʝʣʴʯʝʥʥʦʛʦ ʚ ʤʝʣʴʥʠʮʝ ʠ ʧʨʦʩʝʷʥʥʦʛʦ ʯʝʨʝʟ ʩʠʪʦ ʩ ʨʘʟʤʝʨʦʤ ʷʯʝʝʢ ʤʝʥʝʝ 0,45 ʤʤ, 

ʧʦʤʝʩʪʠʣʠ ʚ ʢʦʥʠʯʝʩʢʫʶ ʢʦʣʙʫ ʠ ʧʨʠʣʠʣʠ 50 ʤʣ 70%-ʦʛʦ ʩʧʠʨʪʘ. ʂʦʣʙʫ ʟʘʢʨʳʣʠ ʧʨʦʙʢʦʡ, 

ʚʟʚʝʩʠʣʠ ʠ ʦʩʪʘʚʠʣʠ ʥʘ 1 ʯʘʩ. ɿʘʪʝʤ ʢʦʣʙʫ ʧʨʠʩʦʝʜʠʥʠʣʠ ʢ ʦʙʨʘʪʥʦʤʫ ʭʦʣʦʜʠʣʴʥʠʢʫ, ʥʘʛʨʝʣʠ 

ʜʦ ʢʠʧʝʥʠʷ ʠ ʢʠʧʷʪʠʣʠ 2 ʯʘʩʘ, ʥʝ ʜʦʧʫʩʢʘʷ ʩʠʣʴʥʦʛʦ ʢʠʧʝʥʠʷ. ʇʦ ʠʩʪʝʯʝʥʠʠ ʜʘʥʥʦʛʦ ʚʨʝʤʝʥʠ, 

ʢʦʣʙʫ ʩ ʩʦʜʝʨʞʠʤʳʤ ʦʭʣʘʜʠʣʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʩʥʦʚʘ ʟʘʢʨʳʣʠ ʪʦʡ ʞʝ ʧʨʦʙʢʦʡ, 

ʚʟʚʝʩʠʣʠ ʠ ʧʦʪʝʨʶ ʚ ʤʘʩʩʝ ʜʦʧʦʣʥʠʣʠ 70%-ʳʤ ʩʧʠʨʪʦʤ. ʉʦʜʝʨʞʠʤʦʝ ʪʱʘʪʝʣʴʥʦ ʚʟʙʦʣʪʘʣʠ ʠ 

ʦʪʬʠʣʴʪʨʦʚʘʣʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʫʭʦʛʦ ʙʫʤʘʞʥʦʛʦ ʬʠʣʴʪʨʘ ʚ ʢʦʥʠʯʝʩʢʫʶ ʢʦʣʙʫ ʦʙʲʝʤʦʤ 

150ï200 ʤʣ (2). 

ʌʘʨʬʦʨʦʚʫʶ ʯʘʰʢʫ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʚʳʩʫʰʠʣʠ ʧʨʠ 105 Áʉ ʜʦ ʧʦʩʪʦʷʥʥʦʡ ʤʘʩʩʳ ʠ 

ʚʟʚʝʩʠʣʠ ʥʘ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʚʝʩʘʭ. ɺ ʧʦʜʛʦʪʦʚʣʝʥʥʫʶ ʯʘʰʢʫ ʧʝʨʝʥʝʩʣʠ ʬʠʣʴʪʨʘʪ ʚ ʢʦʣʠʯʝʩʪʚʝ 

25 ʤʣ, ʚʳʧʘʨʠʣʠ ʥʘ ʚʦʜʷʥʦʡ ʙʘʥʝ ʜʦʩʫʭʘ ʠ ʩʫʰʠʣʠ ʧʨʠ 115 Áʉ ʚ ʪʝʯʝʥʠʝ ʧʦʣʫʪʦʨʘ ʯʘʩʦʚ ʚ 

ʣʘʙʦʨʘʪʦʨʥʦʤ ʩʫʰʠʣʴʥʦʤ ʰʢʘʬʫ. ʇʦ ʠʩʪʝʯʝʥʠʠ ʚʨʝʤʝʥʠ ʬʘʨʬʦʨʦʚʫʶ ʯʘʰʢʫ ʦʭʣʘʜʠʣʠ ʚ 

ʵʢʩʠʢʘʪʦʨʝ ʠ ʙʳʩʪʨʦ ʚʟʚʝʩʠʣʠ. 

ʂʦʣʠʯʝʩʪʚʦ ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʩʳʨʴʝ ʵʢʩʪʨʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ ʚ ʧʨʦʮʝʥʪʘʭ (x) ʚ ʨʘʩʯʝʪʝ ʥʘ 

ʘʙʩʦʣʶʪʥʦ ʩʫʭʦʝ ʩʳʨʴʝ ʙʳʣʦ ʚʳʯʠʩʣʝʥʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʬʦʨʤʫʣʳ 3: 

 

( )Wm

m
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-100

100200

1

,     (3) 

 

ʛʜʝ m ð ʤʘʩʩʘ ʩʫʭʦʛʦ ʦʩʪʘʪʢʘ, ʛ; m1 ð ʤʘʩʩʘ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷ, ʛ; W ð ʫʪʨʘʪʘ ʤʘʩʩʳ 

ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʳʩʫʰʠʚʘʥʠʷ ʩʳʨʴʷ, ʛ [4]. 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʣʠʯʝʩʪʚʦ ʵʢʩʪʨʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ ʚ ʥʘʚʝʩʢʝ 

ʩʦʣʦʤʳ ʧʰʝʥʠʮʳ, ʠʟʤʝʣʴʯʝʥʥʦʡ ʥʘ ʤʝʣʴʥʠʮʝ ʠ ʧʨʦʩʝʷʥʥʦʡ ʯʝʨʝʟ ʩʠʪʦ ʩ ʨʘʟʤʝʨʦʤ ʷʯʝʝʢ ʤʝʥʝʝ 

0,45 ʤʤ, ʩʦʩʪʘʚʠʣʦ 7,48%. 

ʇʦʩʢʦʣʴʢʫ ʚʦʧʨʦʩ ʧʝʨʝʨʘʙʦʪʢʠ ʦʩʪʘʪʢʦʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ ʷʚʣʷʝʪʩʷ 

ʘʢʪʫʘʣʴʥʳʤ, ʧʨʠʚʝʜʝʥʦ ʤʥʦʞʝʩʪʚʦ ʨʘʙʦʪ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʙʠʦʤʘʩʩʳ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʠ ʩʦʣʦʤʳ ʧʰʝʥʠʮʳ. 

B. Biswas ʠ ʜʨ. ʦʧʨʝʜʝʣʠʣʠ ʠ ʩʨʘʚʥʠʣʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ 

ʦʩʪʘʪʢʦʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ, ʘ ʠʤʝʥʥʦ: ʢʫʢʫʨʫʟʥʦʛʦ ʧʦʯʘʪʢʘ, ʩʦʣʦʤʳ ʧʰʝʥʠʮʳ, 

ʩʦʣʦʤʳ ʨʠʩʘ ʠ ʨʠʩʦʚʦʡ ʰʝʣʫʭʠ. ʆʮʝʥʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʚʣʘʛʠ ʚ ʦʩʪʘʪʢʝ ʙʠʦʤʘʩʩʳ ʩʝʣʴʩʢʦʛʦ 

ʭʦʟʷʡʩʪʚʘ ʧʦʢʘʟʘʣʦ ʥʝʩʢʦʣʴʢʦ ʨʘʟʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʦʩʪʘʪʢʦʚ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʙʠʦʤʘʩʩʳ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʦʣʦʤʳ ʧʰʝʥʠʮʳ ʩʣʝʜʫʶʱʠʝ: 

ʚʣʘʞʥʦʩʪʴ ʩʳʨʴʷ ʩʦʩʪʘʚʠʣʘ 12,81% (ʥʦʨʤʘʣʴʥʳʡ ʧʦʢʘʟʘʪʝʣʴ), ʟʦʣʴʥʦʩʪʴ ð 6,63% (ʥʠʟʢʠʡ 

ʧʦʢʘʟʘʪʝʣʴ). ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʯʘʩʪʠʮʳ ʩʦʣʦʤʳ ʧʰʝʥʠʮʳ 

ʨʘʟʤʝʨʦʚ ʦʪ 0,5 ʜʦ 2 ʤʤ [2]. 
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A. Aqsha ʠ ʜʨ. ʧʨʝʜʩʪʘʚʠʣʠ ʩʣʝʜʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʷʤʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʣʦʤʳ 

ʧʰʝʥʠʮʳ: ʚʣʘʞʥʦʩʪʴ ʩʦʩʪʘʚʠʣʘ 3,67% (ʥʠʟʢʠʡ ʧʦʢʘʟʘʪʝʣʴ), ʟʦʣʴʥʦʩʪʴ ð 12,13% (ʥʦʨʤʘʣʴʥʳʡ 

ʧʦʢʘʟʘʪʝʣʴ) [3]. ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ ʙʠʦʤʘʩʩʳ ʩʦʣʦʤʳ ʧʰʝʥʠʮʳ ʫʯʝʥʳʝ ʧʨʦʚʦʜʠʣʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘʪʦʨʘ. ɺʩʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʩʦʩʪʦʷʣʠ ʠʟ ʪʨʝʭ 

ʵʪʘʧʦʚ: ʩʫʰʢʘ, ʫʜʘʣʝʥʠʝ ʣʝʪʫʯʠʭ ʚʝʱʝʩʪʚ ʚ ʠʥʝʨʪʥʦʡ ʘʪʤʦʩʬʝʨʝ ʘʟʦʪʘ ʠ ʛʦʨʝʥʠʷ ʩ ʚʦʟʜʫʭʦʤ 

[3]. 

K. Lazdovica ʠ ʜʨ. ʧʦʣʫʯʠʣʠ ʩʣʝʜʫʶʱʠʝ ʟʥʘʯʝʥʠʷ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʩʦʣʦʤʳ 

ʧʰʝʥʠʮʳ: ʟʦʣʴʥʦʩʪʴ ʩʦʩʪʘʚʠʣʘ 5,1% (ʥʦʨʤʘʣʴʥʳʡ ʧʦʢʘʟʘʪʝʣʴ), ʚʣʘʞʥʦʩʪʴ ð 9,1% (ʥʠʟʢʠʡ 

ʧʦʢʘʟʘʪʝʣʴ), ʩʦʜʝʨʞʘʥʠʝ ʵʢʩʪʨʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ ð 1,2% [4]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟ ʘʥʘʣʠʟʘ ʦʧʳʪʥʳʭ ʜʘʥʥʳʭ ʤʦʞʥʦ ʫʚʠʜʝʪʴ, ʯʪʦ ʟʥʘʯʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ 

ʚʣʘʞʥʦʩʪʠ, ʟʦʣʴʥʦʩʪʠ ʩʦʣʦʤʳ ʧʰʝʥʠʮʳ ʤʦʛʫʪ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʟʣʠʯʘʪʴʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ. ɺʣʘʞʥʦʩʪʴ ʠ ʟʦʣʴʥʦʩʪʴ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʥʦʡ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʩʦʣʦʤʳ 

ʩʦʩʪʘʚʠʣʠ ʥʠʟʢʠʝ ʟʥʘʯʝʥʠʷ 7,16% ʠ 4,73% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʘ ʢʦʣʠʯʝʩʪʚʦ ʵʢʩʪʨʘʢʪʠʚʥʳʭ 

ʚʝʱʝʩʪʚ ð 7,48%, ʯʪʦ ʥʘ 6,38% ʚʳʰʝ ʟʥʘʯʝʥʠʷ, ʜʘʥʥʦʛʦ ʚ ʩʪʘʪʴʝ [4]. 

 

ʀʩʪʦʯʥʠʢʠ: 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʜʘʥʘ ʦʮʝʥʢʘ ʤʦʣʦʯʥʦʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʨʦʜʦʥʘʯʘʣʴʥʠʮ ʩʝʤʝʡʩʪʚ, 

ʤʦʣʦʯʥʘʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʢʦʨʦʚ ʩʝʤʝʡʩʪʚ ʧʦ ʩʨʝʜʥʝʤʫ ʫʜʦʶ ʟʘ ʣʘʢʪʘʮʠʠ, ʩʨʘʚʥʝʥʠʝ ʤʦʣʦʯʥʦʡ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʢʦʨʦʚ ʩʝʤʝʡʩʪʚ ʨʘʟʥʳʭ ʧʦʢʦʣʝʥʠʡ.  

ʀʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʚ 2017 ʛʦʜʫ ʚ ɸʆ çʋʯʭʦʟ ʀʶʣʴʩʢʦʝ ʀʞɻʉʍɸè 

ʋʜʤʫʨʪʩʢʦʡ ʈʝʩʧʫʙʣʠʢʠ ʥʘ ʞʠʚʦʪʥʳʭ ʯʝʨʥʦ-ʧʝʩʪʨʦʡ ʧʦʨʦʜʳ. ɺ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʤʘʪʝʨʠʘʣʳ ʟʦʦʪʝʭʥʠʯʝʩʢʦʛʦ ʠ ʧʣʝʤʝʥʥʦʛʦ ʫʯʝʪʘ ʟʘ ʧʝʨʠʦʜ 1990ï2016 ʛʦʜʳ. ʅʘ 

ʙʘʟʝ çʩʪʘʨʳʭè ʟʘʚʦʜʩʢʠʭ ʩʝʤʝʡʩʪʚ ʥʘʤʠ ʩʬʦʨʤʠʨʦʚʘʥʦ 10 çʥʦʚʳʭè ʚʝʜʫʱʠʭ ʟʘʚʦʜʩʢʠʭ 

ʩʝʤʝʡʩʪʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭʩʷ ʚʳʩʦʢʦʡ ʤʦʣʦʯʥʦʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴʶ ʠ ʜʣʠʪʝʣʴʥʳʤ ʩʨʦʢʦʤ 

ʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ɺ ʦʙʨʘʙʦʪʢʫ ʚʦʰʣʠ ʞʠʚʦʪʥʳʝ, ʠʤʝʶʱʠʝ ʜʦʩʪʦʚʝʨʥʦʝ 

ʧʨʦʠʩʭʦʞʜʝʥʠʝ. 

ʇʨʠ ʠʟʫʯʝʥʠʠ ʛʝʥʝʘʣʦʛʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʩʪʘʜʘ ʙʳʣʦ  ʚʳʜʝʣʝʥʦ  ʚ ʮʝʣʦʤ ʟʘ ʠʩʪʦʨʠʶ 

ʨʘʟʚʠʪʠʷ ʧʣʝʤʟʘʚʦʜʘ ʙʦʣʝʝ 40 ʤʘʪʦʯʥʳʭ ʩʝʤʝʡʩʪʚ, ʥʘʩʯʠʪʳʚʘʶʱʠʭ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ  5ï9 

ʧʦʢʦʣʝʥʠʡ ʧʦʪʦʤʢʦʚ ʠ ʙʦʣʝʝ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʥʦʛʠʝ ʩʝʤʝʡʩʪʚʘ ʫʪʨʘʪʠʣʠ ʩʚʦʝ ʟʥʘʯʝʥʠʝ 

ʚʚʠʜʫ ʦʪʩʫʪʩʪʚʠʷ ʧʨʦʜʦʣʞʘʪʝʣʴʥʠʮ, ʪʘʢ ʢʘʢ ʤʥʦʛʠʝ ʧʦʪʦʤʢʠ ð ʪʝʣʦʯʢʠ ʙʳʣʠ ʧʨʦʜʘʥʳ ʚ 

ʜʨʫʛʠʝ ʭʦʟʷʡʩʪʚʘ ʠʣʠ ʚʳʙʳʣʠ, ʠʣʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʦʪ ʢʦʨʦʚ ʩʝʤʝʡʩʪʚʘ ʚ ʦʩʥʦʚʥʦʤ ʙʳʯʢʠ. 

ɸʥʘʣʠʟ ʤʘʪʦʯʥʳʭ ʩʝʤʝʡʩʪʚ ʚ ɸʆ çʋʯʭʦʟ ʀʶʣʴʩʢʦʝ ʀʞɻʉʍɸè ʧʦʢʘʟʘʣ, ʯʪʦ ʠʟ  ʚʳʜʝʣʝʥʥʳʭ ʚ 

ʧʨʦʰʣʦʤ ʤʘʪʦʯʥʳʭ ʩʝʤʝʡʩʪʚ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʦʭʨʘʥʠʣʦʩʴ 4 ʩʝʤʝʡʩʪʚʘ, ʢʨʦʤʝ ʵʪʦʛʦ ʠʟ 

ʩʝʤʝʡʩʪʚʘ ʇʦʚʷʟʢʠ, ʚʳʜʝʣʝʥʦ ʥʦʚʦʝ ʩʝʤʝʡʩʪʚʦ ɼʶʘʥʳ, ʠʟ ʩʝʤʝʡʩʪʚʘ ʉʤʝʪʘʥʳ ð ʩʝʤʝʡʩʪʚʦ 

ʉʤʝʰʠʥʢʠ, ʠ ʩʬʦʨʤʠʨʦʚʘʥʦ 10 ʥʦʚʳʭ ʩʝʤʝʡʩʪʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʡ ʨʘʙʦʪʳ ʩ ʩʝʤʝʡʩʪʚʘʤʠ ʚ ʤʦʣʦʯʥʦʤ ʩʢʦʪʦʚʦʜʩʪʚʝ, ʫʚʝʣʠʯʝʥʠʝ ʤʘʪʦʯʥʦʛʦ 

ʧʦʛʦʣʦʚʴʷ ʠʟ ʣʫʯʰʠʭ ʩʝʤʝʡʩʪʚ ʚ ʧʣʝʤʝʥʥʳʭ ʩʪʘʜʘʭ ʙʫʜʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʨʦʩʪʫ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʦʣʦʢʘ. 

 

Abstract. In the article the estimation of the milk production of ancestors of families, the milk 

yield of cows of families at the average yield of milk per lactation, a comparison of milk productivity 

of cows of families of different generations. 
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Studies have been conducted in 2017, JSC Uchkhoz Iyulskoye IzhGSKhA of the Udmurt 

Republic on animals of blackïmotley breed. In the authors used materials of the zootechnical and 

pedigree accounting for the period 1990ï2016 years. On the basis of old factory collections us formed 

10 new factory of the leading families characterized by high milk yield and long term economic use. 

In the processing of the entered animals having reliable origin. 

In the study of the genealogical structure of the herd was allocated in General for the history of 

the stud farm for more than 40 uterine families, currently composed of 5 to 9 generations of 

descendants and more. Currently, many families have lost their value in the absence of the successor, 

as many descendants Chicks were sold to other farms or dropped out, or were obtained from cows of 

the family mostly gobies. Analysis of uterine families in JSC Uchkhoz Iyulskoye IzhGSKhA showed 

that of the last of the fallopian collections, now preserved 4 of the family, except this family Povyazka 

selected a new family Dyuana from family Smetana family Smeshinka, and formed 10 new families. 

Thus, the obtained data indicate the need for targeted work with families in dairy cattle, 

increasing the breeding stock of the best families in the stud the stud will boost the productivity and 

efficiency of milk production. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʘʪʦʯʥʳʝ ʩʝʤʝʡʩʪʚʘ, ʨʦʜʦʥʘʯʘʣʴʥʠʮʳ, ʧʦʢʦʣʝʥʠʷ, ʤʦʣʦʯʥʘʷ  

ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ. 

 

Keywords: cows family, progenitor cow, generation, milk productivity. 

 

ɺʘʞʥʝʡʰʝʝ ʫʩʣʦʚʠʝ ʫʩʧʝʰʥʦʛʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʧʣʝʤʝʥʥʳʭ ʩʪʘʜ ð ɻ ʪʦ ʜʣʠʪʝʣʴʥʦʩʪʴ 

ʠ ʥʝʧʨʝʨʳʚʥʦʩʪʴ ʥʘʧʨʘʚʣʝʥʥʦʡ ʩʝʣʝʢʮʠʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʠʩʪʝʤʳ ʨʘʙʦʪʳ ʩ 

ʣʠʥʠʷʤʠ ʠ ʩʝʤʝʡʩʪʚʘʤʠ [1ï2]. 

ʄʘʪʦʯʥʳʝ ʩʝʤʝʡʩʪʚʘ ʷʚʣʷʶʪʩʷ ʥʝʦʙʭʦʜʠʤʦʡ ʩʪʨʫʢʪʫʨʥʦʡ ʝʜʠʥʠʮʝʡ ʧʣʝʤʝʥʥʳʭ ʩʪʘʜ ʠ 

ʩʦʩʪʘʚʣʷʶʪ ʦʩʥʦʚʫ ʜʣʷ ʠʭ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ [3]. 

ʉʝʣʝʢʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʩ ʤʘʪʦʯʥʳʤʠ ʩʝʤʝʡʩʪʚʘʤʠ ʥʦʩʠʪ ʠʥʜʠʚʠʜʫʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ. ɺ 

ʤʦʣʦʯʥʦʤ ʩʢʦʪʦʚʦʜʩʪʚʝ ʟʘʚʦʜʩʢʠʝ ʩʝʤʝʡʩʪʚʘ ʬʦʨʤʠʨʫʶʪʩʷ ʜʦʚʦʣʴʥʦ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ. 

ʆʮʝʥʢʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʨʦʜʦʥʘʯʘʣʴʥʠʮʳ ʩʝʤʝʡʩʪʚʘ ʟʘ ʨʷʜ ʣʘʢʪʘʮʠʡ ʠ ʝʝ ʜʦʯʝʨʝʡ ʧʦ ʧʝʨʚʳʤ 

ʣʘʢʪʘʮʠʷʤ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʦʚʧʘʜʘʝʪ ʚʦ ʚʨʝʤʝʥʠ ʠ ʧʨʦʚʦʜʠʪʩʷ ʚ ʪʝʯʝʥʠʝ 5ï6 ʣʝʪ ʞʠʟʥʠ ʜʦʯʝʨʝʡ 

[4ï5]. 

ʅʘʰʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʚ 2017 ʛʦʜʫ ʚ ɸʆ çʋʯʭʦʟ ʀʶʣʴʩʢʦʝ ʀʞɻʉʍɸè 

ʋʜʤʫʨʪʩʢʦʡ ʈʝʩʧʫʙʣʠʢʠ ʥʘ ʞʠʚʦʪʥʳʭ ʯʝʨʥʦïʧʝʩʪʨʦʡ ʧʦʨʦʜʳ. ɺ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʤʘʪʝʨʠʘʣʳ ʟʦʦʪʝʭʥʠʯʝʩʢʦʛʦ ʠ ʧʣʝʤʝʥʥʦʛʦ ʫʯʝʪʘ ʟʘ ʧʝʨʠʦʜ 1990ï2016 ʛʦʜʳ. ʅʘ 

ʙʘʟʝ çʩʪʘʨʳʭè ʟʘʚʦʜʩʢʠʭ ʩʝʤʝʡʩʪʚ ʥʘʤʠ ʩʬʦʨʤʠʨʦʚʘʥʦ 10 çʥʦʚʳʭè ʚʝʜʫʱʠʭ ʟʘʚʦʜʩʢʠʭ 

ʩʝʤʝʡʩʪʚʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭʩʷ ʚʳʩʦʢʦʡ ʤʦʣʦʯʥʦʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴʶ ʠ ʜʣʠʪʝʣʴʥʳʤ ʩʨʦʢʦʤ 

ʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ɺ ʦʙʨʘʙʦʪʢʫ ʚʦʰʣʠ ʞʠʚʦʪʥʳʝ, ʠʤʝʶʱʠʝ ʜʦʩʪʦʚʝʨʥʦʝ 

ʧʨʦʠʩʭʦʞʜʝʥʠʝ. 

ʇʨʠ ʠʟʫʯʝʥʠʠ ʛʝʥʝʘʣʦʛʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʩʪʘʜʘ ʙʳʣʦ  ʚʳʜʝʣʝʥʦ  ʚ ʮʝʣʦʤ ʟʘ ʠʩʪʦʨʠʶ 

ʨʘʟʚʠʪʠʷ ʧʣʝʤʟʘʚʦʜʘ ʙʦʣʝʝ 40 ʤʘʪʦʯʥʳʭ ʩʝʤʝʡʩʪʚ, ʥʘʩʯʠʪʳʚʘʶʱʠʭ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ  5ï9 

ʧʦʢʦʣʝʥʠʡ ʧʦʪʦʤʢʦʚ ʠ ʙʦʣʝʝ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʥʦʛʠʝ ʩʝʤʝʡʩʪʚʘ ʫʪʨʘʪʠʣʠ ʩʚʦʝ ʟʥʘʯʝʥʠʝ 

ʚʚʠʜʫ ʦʪʩʫʪʩʪʚʠʷ ʧʨʦʜʦʣʞʘʪʝʣʴʥʠʮ, ʪʘʢ ʢʘʢ ʤʥʦʛʠʝ ʧʦʪʦʤʢʠ ð ʪʝʣʦʯʢʠ ʙʳʣʠ ʧʨʦʜʘʥʳ ʚ 

ʜʨʫʛʠʝ ʭʦʟʷʡʩʪʚʘ ʠʣʠ ʚʳʙʳʣʠ, ʠʣʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʦʪ ʢʦʨʦʚ ʩʝʤʝʡʩʪʚʘ ʚ ʦʩʥʦʚʥʦʤ ʙʳʯʢʠ. 

ɸʥʘʣʠʟ ʤʘʪʦʯʥʳʭ ʩʝʤʝʡʩʪʚ ʚ ɸʆ çʋʯʭʦʟ ʀʶʣʴʩʢʦʝ ʀʞɻʉʍɸè ʧʦʢʘʟʘʣ, ʯʪʦ ʠʟ  ʚʳʜʝʣʝʥʥʳʭ ʚ 

ʧʨʦʰʣʦʤ  ʤʘʪʦʯʥʳʭ ʩʝʤʝʡʩʪʚ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʦʭʨʘʥʠʣʦʩʴ 4 ʩʝʤʝʡʩʪʚʘ, ʢʨʦʤʝ ʵʪʦʛʦ ʠʟ 

ʩʝʤʝʡʩʪʚʘ ʇʦʚʷʟʢʠ, ʚʳʜʝʣʝʥʦ ʥʦʚʦʝ ʩʝʤʝʡʩʪʚʦ ɼʶʘʥʳ, ʠʟ ʩʝʤʝʡʩʪʚʘ ʉʤʝʪʘʥʳ ð ʩʝʤʝʡʩʪʚʦ 

ʉʤʝʰʠʥʢʠ, ʠ  ʩʬʦʨʤʠʨʦʚʘʥʦ 10 ʥʦʚʳʭ ʩʝʤʝʡʩʪʚ.  

ʂʦʣʠʯʝʩʪʚʦ ʢʦʨʦʚ ʚ ʩʝʤʝʡʩʪʚʘʭ ʨʘʟʣʠʯʥʦʝ ʠ ʥʘʩʯʠʪʳʚʘʝʪ ʦʪ 20 ʜʦ 65 ʛʦʣʦʚ, ʥʦ 

ʢʦʣʠʯʝʩʪʚʦ ʣʘʢʪʠʨʫʶʱʠʭ ʢʦʨʦʚ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ ð ʦʪ 15 ʜʦ 27 ʛʦʣʦʚ, ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, 

http://www.bulletennauki.com/
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ʯʪʦ ʯʘʩʪʴ ʜʦʯʝʨʝʡ ʙʳʣʘ ʧʨʦʜʘʥʘ ʚ ʜʨʫʛʠʝ ʭʦʟʷʡʩʪʚʘ, ʠ ʯʘʩʪʴ ʜʦʯʝʨʝʡ, ʝʱʝ ʥʝ ʥʘʯʘʣʘ 

ʣʘʢʪʠʨʦʚʘʪʴ ʠʣʠ ʠʤʝʝʪ ʥʝʟʘʢʦʥʯʝʥʥʫʶ ʣʘʢʪʘʮʠʶ ʥʘ ʤʦʤʝʥʪ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʈʦʜʦʥʘʯʘʣʴʥʠʮʘʤʠ ʩʝʤʝʡʩʪʚ ʷʚʣʷʶʪʩʷ ʢʦʨʦʚʳ, ʦʙʣʘʜʘʶʱʠʝ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʡ 

ʤʦʣʦʯʥʦʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴʶ, ʚ ʩʨʘʚʥʝʥʠʠ ʩʦ ʩʨʝʜʥʝʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴʶ ʧʦ ʩʪʘʜʫ (ʊʘʙʣʠʮʘ 1).  

 
ʊʘʙʣʠʮʘ 1. 

ʍɸʈɸʂʊɽʈʀʉʊʀʂɸ ʇʈʆɼʋʂʊʀɺʅʓʍ ʂɸʏɽʉʊɺ ʈʆɼʆʅɸʏɸʃʔʅʀʎ ï  

ʆʉʅʆɺʅʓʍ ʄɸʊʆʏʅʓʍ ʉɽʄɽʁʉʊɺ 

ʂʣʠʯʢʘ ʠ  

ˉ ʨʦʜʦʥʘʯʘʣʴʥʠʮʳ 

ʂʦʣʠʯʝʩʪʚʦ 

ʣʘʢʪʘʮʠʠ 

ʇʦʞʠʟʥʝʥʥʳʡ 

ʫʜʦʡ, ʢʛ 

ʇʨʦʜʫʢʪʠʚʥʦʩʪʴ ʟʘ 305 ʜʥʝʡ ʥʘʠʚʳʩʰʝʡ 

ʣʘʢʪʘʮʠʠ, ˉ ʣʘʢʪʘʮʠʠ / ʫʜʦʡ, ʢʛ / ʄɼɾ, % / 

ʄɼɹ, % 

ʆʧʣʘʪʘ 2033 7 35144 4 / 6722 / 4,14 / 3,10 

ɸʧʨʝʣʴʢʘ 3004 11 52642 3 / 5146 / 3,94 / 

ʊʝʣʝʛʘ 3210 8 41897 2 / 6016 / 3,95 

ʉʠʤʧʘʪʠʷ 3363 7 41946 5 / 6186 / 4,58 / 

ɼʶʘʥʘ 3442 7 46949 7 / 7736 / 4,07 / 3,0 

ʉʤʝʪʘʥʘ 2421 8 65990 7 / 7791 / 4,56 / 3, 04 

ʉʫʜʘʨʳʥʷ 3353 9 52009 8 / 6664 / 4,38 / 

ɿʦʣʘ 2154 7 44786 5 / 7365 / 4,58 /3,04 

ʉʚʠʪʘ 4331 6 40329 2 / 6020 / 4,20 / 

ʉʪʨʝʣʘ 3449 5 42027 5 /  8896 / 4,04 / 3,09 

ʈʝʚʥʠʚʘʷ 2143 10 45796 8 / 5369 / 4,81 / 3,02 

ʈʫʪʘ 3944 6 64896 4 / 11734 / 3,99 / 3,02 

ʄʦʨʢʦʚʦʯʢʘ 3609 4 36611 4 / 10701 / 3,80 / 2,99 

ɿʦʨʴʢʘ 4777 9 41178 8 / 5247 / 4,65 / 3,04 

ɿʘʟʫʣʷ 3522 6 33713 4 / 6449 / 3,88 / 3,14 

 

ʇʦʞʠʟʥʝʥʥʳʡ ʫʜʦʡ ʨʦʜʦʥʘʯʘʣʴʥʠʮ ʩʝʤʝʡʩʪʚ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 33713 ʢʛ ʜʦ 65990 ʢʛ ʤʦʣʦʢʘ. 

ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʪ 4 ʜʦ 11 ʣʘʢʪʘʮʠʡ. ʇʨʦʜʫʢʪʠʚʥʦʩʪʴ ʨʦʜʦʥʘʯʘʣʴʥʠʮ 

ʩʝʤʝʡʩʪʚ ʧʦ ʥʘʠʚʳʩʰʝʡ ʣʘʢʪʘʮʠʠ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 5146 ʢʛ ʤʦʣʦʢʘ ʫ ɸʧʨʝʣʴʢʠ 3004 ʜʦ 11734 ʢʛ 

ʤʦʣʦʢʘ ʫ ʈʫʪʳ 3944, ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʦʣʦʜʦʡ ʨʦʜʦʥʘʯʘʣʴʥʠʮʳ ʩʝʤʝʡʩʪʚʘ.  

ʇʨʦʜʫʢʪʠʚʥʦʩʪʴ ʢʦʨʦʚ ʨʘʟʥʳʭ ʩʝʤʝʡʩʪʚ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʊʘʙʣʠʮʝ 2. 

 

ɸʥʘʣʠʟ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʢʦʨʦʚ ʨʘʟʥʳʭ ʩʝʤʝʡʩʪʚ (ʊʘʙʣʠʮʘ 2) ʧʦʢʘʟʘʣ, ʯʪʦ ʥʘʠʙʦʣʴʰʫʶ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʠʤʝʶʪ ʢʦʨʦʚ ʤʦʣʦʜʦʛʦ ʩʝʤʝʡʩʪʚʘ ʄʦʨʢʦʚʦʯʢʠ 3609ï8086 ʢʛ ʤʦʣʦʢʘ, ʭʦʪʷ ʵʪʦ 

ʩʝʤʝʡʩʪʚʦ ʝʱʝ ʥʝ ʤʥʦʛʦʯʠʩʣʝʥʥʦ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʢʦʣʠʯʝʩʪʚʦ ʣʘʢʪʠʨʫʶʱʠʭ ʞʠʚʳʭ ʢʦʨʦʚ 

ʩʦʩʪʘʚʣʷʝʪ 5 ʠʟ 7 ʢʦʨʦʚ. ɹʦʣʝʝ 7000 ʢʛ ʤʦʣʦʢʘ ʚ ʩʨʝʜʥʝʤ ʧʦ ʩʝʤʝʡʩʪʚʫ ʧʦʣʫʯʝʥʦ ʚ 6 ʩʝʤʝʡʩʪʚʘʭ. 

ʅʘʠʤʝʥʴʰʝʝ ʩʦʜʝʨʞʘʥʠʝ ʞʠʨʘ ʚ ʤʦʣʦʢʝ ʦʪʤʝʯʝʥʦ ʚ ʩʝʤʝʡʩʪʚʘʭ ʄʦʨʢʦʚʦʯʢʠ 3609, ʉʤʝʪʘʥʳ 

2421. ʉʦʜʝʨʞʘʥʠʝ ʙʝʣʢʘ ʚ ʤʦʣʦʢʝ ʚ ʩʝʤʝʡʩʪʚʘʭ ʥʘʭʦʜʠʪʩʷ ʥʘ ʫʨʦʚʥʝ ʩʨʝʜʥʝʛʦ ʧʦ ʩʪʘʜʫ. 

ʇʨʦʜʫʢʪʠʚʥʦʩʪʴ ʧʦʪʦʤʢʦʚ ʨʘʟʥʳʭ ʧʦʢʦʣʝʥʠʡ ʩʝʤʝʡʩʪʚ ʜʦʩʪʘʪʦʯʥʦ ʥʝʨʘʚʥʦʟʥʘʯʥʘ ʠ 

ʠʤʝʝʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʢʦʣʝʙʘʥʠʷ. ɺ ʩʝʤʝʡʩʪʚʘʭ ʈʝʚʥʠʚʦʡ 2143, ɿʦʨʴʢʠ 4777, ʆʧʣʘʪʳ 2033, 

ɸʧʨʝʣʴʢʠ 3004 ʜʦʯʝʨʠ ʥʘ 1454, 1571, 2351, 619 ʢʛ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠʤʝʶʪ ʚʳʰʝ ʫʜʦʡ, ʯʝʤ ʫ 

ʨʦʜʦʥʘʯʘʣʴʥʠʮʳ.  

ʇʨʦʜʫʢʪʠʚʥʦʩʪʴ ʚʥʫʯʝʢ ʙʳʣʘ ʚʳʰʝ, ʯʝʤ ʫ ʤʘʪʝʨʝʡ ʚ ʩʝʤʝʡʩʪʚʘʭ ʉʫʜʘʨʳʥʷ 3353, ʊʝʣʝʛʘ 

3210, ʉʚʠʪʘ 4331, ɸʧʨʝʣʴʢʘ 3004, ɼʶʘʥʘ 3443, ɿʦʣʘ 2154, ʉʠʤʧʘʪʠʷ 3363. ʅʘʠʙʦʣʴʰʘʷ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʩʨʝʜʠ ʧʦʢʦʣʝʥʠʷ ʚʥʫʯʝʢ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʩʝʤʝʡʩʪʚʘʭ ʉʠʤʧʘʪʠʷ 3363 (8608 ð 

4,31 ð 3,02), ʆʧʣʘʪʘ 2033 (7985,8 ð 4,06 ð 3,02).  
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ʊʘʙʣʠʮʘ 2. 

ʍɸʈɸʂʊɽʈʀʉʊʀʂɸ ʃʋʏʐʀʍ ʉɽʄɽʁʉʊɺ  

ʇʆ ʇʈʆɼʋʂʊʀɺʅʆʉʊʀ ɺ ʉʈɽɼʅɽʄ ɿɸ 305 ɼʅɽʁ ʃɸʂʊɸʎʀʀ 

ʉʝʤʝʡʩʪʚʦ ʂʦʣʠʯʝʩʪʚʦ 

ʢʦʨʦʚ, ʛʦʣ 

ʋʜʦʡ, ʢʛ ʄɼɾ,% ʄɼɹ,% 

ʆʧʣʘʪʘ 2033 17 7361,1 4,14 3,05 

ɸʧʨʝʣʴʢʘ 3004 17 6746,4 4,03 3,07 

ʊʝʣʝʛʘ 3210 24 6966,6 4,28 3,05 

ʉʠʤʧʘʪʠʷ 3363 27 6977 4,22 3,05 

ɼʶʘʥʘ 3442 15 7168,4 4,16 3,04 

ʉʤʝʪʘʥʘ 2421 7 7714,4 3,68 3,09 

ʉʫʜʘʨʳʥʷ 3353 21 6905,0 4,29 3,04 

ɿʦʣʘ 2154 7 6447,1 4,10 3,07 

ʉʚʠʪʘ 4331 20 6962,5 4,21 3,05 

ʉʪʨʝʣʘ 3449 11 7640,2 4,11 3,05 

ʈʝʚʥʠʚʘʷ 2143 11 6477,5 4,29 3,07 

ʈʫʪʘ 3944 3 7223,0 4,10 3,11 

ʄʦʨʢʦʚʦʯʢʘ 3609 7 8086,4 3,67 3,03 

ɿʦʨʴʢʘ 4777 25 7095,4 4,16 3,04 

ɿʘʟʫʣʷ 3522 12 6554,7 4,21 3,03 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʡ ʨʘʙʦʪʳ ʩ ʩʝʤʝʡʩʪʚʘʤʠ ʚ ʤʦʣʦʯʥʦʤ ʩʢʦʪʦʚʦʜʩʪʚʝ, ʫʚʝʣʠʯʝʥʠʝ ʤʘʪʦʯʥʦʛʦ 

ʧʦʛʦʣʦʚʴʷ ʠʟ ʣʫʯʰʠʭ ʩʝʤʝʡʩʪʚ ʚ ʧʣʝʤʝʥʥʳʭ ʩʪʘʜʘʭ ʙʫʜʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʨʦʩʪʫ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʦʣʦʢʘ. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʨʘʙʦʪʝ ʦʧʠʩʘʥʳ ʦʩʥʦʚʥʳʝ ʬʦʨʤʳ ʛʥʦʡʥʦʛʦ ʚʦʩʧʘʣʝʥʠʷ ʫ ʢʨʫʧʥʦʛʦ 

ʨʦʛʘʪʦʛʦ ʩʢʦʪʘ. ʀʟʫʯʝʥʳ ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʝ ʠ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʤʷʩʘ ʠ 

ʩʫʙʧʨʦʜʫʢʪʦʚ, ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʤʷʩʘ, ʦʧʨʝʜʝʣʝʥʳ ʬʠʟʠʢʦïʭʠʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʤʷʩʘ 

ʫʙʦʡʥʳʭ ʞʠʚʦʪʥʳʭ ʜʚʫʭ ʛʨʫʧʧ: ʢʦʥʪʨʦʣʴʥʦʡ ð ʢʣʠʥʠʯʝʩʢʠ ʟʜʦʨʦʚʳʭ ʞʠʚʦʪʥʳʭ, ʠ ʦʧʳʪʥʦʡ 

ð ʞʠʚʦʪʥʳʭ ʧʦʨʘʞʝʥʥʳʭ ʛʥʦʡʥʦïʥʝʢʨʦʪʠʯʝʩʢʠʤʠ ʚʦʩʧʘʣʝʥʠʷʤʠ.  

 

Abstract. The main forms of purulent inflammation of cattle are described in the current work. 

The organoleptic and microbiological indices of meat and by-products, the chemical composition of 

meat, physicochemical indices of meat of slaughter animals of two groups were determined: control 

ð healthy animals, and experimental animals ð infected with purulentïnecrotic inflammations. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʘʥʠʪʘʨʥʳʡ ʢʦʥʪʨʦʣʴ, ʢʨʫʧʥʳʡ ʨʦʛʘʪʳʡ ʩʢʦʪ, ʛʥʦʡʥʦ-ʥʝʢʨʦʪʠʯʝʩʢʠʝ 

ʚʦʩʧʘʣʝʥʠʷ.  

 

Keywords: Sanitary control, cattle, purulent-necrotic inflammation. 

 

ʊʝʭʥʦʣʦʛʠʠ ʚʝʜʝʥʠʷ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ ʥʘ ʩʦʚʨʝʤʝʥʥʦʤ ʰʘʛʝ ʩʦʙʩʪʚʝʥʥʦʛʦ ʨʘʟʚʠʪʠʷ 

ʪʨʝʙʫʝʪ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʣʝʯʝʙʥʦïʧʨʦʬʠʣʘʢʪʠʯʝʩʢʦʡ ʨʘʙʦʪʳ. ʇʨʝʞʜʝ ʚʩʝʛʦ, ʵʪʦ 

ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʤ, ʯʪʦ ʟʘʙʦʣʝʚʘʝʤʦʩʪʴ, ʚʳʥʫʞʜʝʥʥʳʡ ʫʙʦʡ ʠ ʩʤʝʨʪʴ ʞʠʚʦʪʥʳʭ ʦʪ ʥʝʟʘʨʘʟʥʦʡ 

ʧʘʪʦʣʦʛʠʠ, ʧʦ ʩʝʡ ʜʝʥʴ ʦʩʪʘʶʪʩʷ ʜʦʚʦʣʴʥʦ ʚʳʩʦʢʠʤʠ. ɽʩʣʠ ʚʝʨʠʪʴ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ, 

ʭʠʨʫʨʛʠʯʝʩʢʘʷ ʧʘʪʦʣʦʛʠʷ, ʦʩʣʦʞʥʝʥʥʘʷ, ʛʥʦʡʥʦïʥʝʢʨʦʪʠʯʝʩʢʠʤʠ ʚʦʩʧʘʣʠʪʝʣʴʥʳʤʠ 

ʧʨʦʮʝʩʩʘʤʠ ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ 10ï87%. ʏʘʩʪʳʤʠ ʬʘʢʪʦʨʘʤʠ ʛʥʦʡʥʦ-ʥʝʢʨʦʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠ 

ʜʨʫʛʠʭ ʚʦʩʧʘʣʠʪʝʣʴʥʳʭ ʨʝʘʢʮʠʡ ʩʦ ʩʪʦʨʦʥʳ ʞʠʚʦʪʥʳʭ, ʷʚʣʷʶʪʩʷ ʪʨʘʚʤʘʪʠʟʤ, ʥʝʩʦʦʪʚʝʪʩʪʚʠʝ 

ʢʨʠʪʝʨʠʡ ʩʦʜʝʨʞʘʥʠʷ ʠ ʧʠʪʘʥʠʷ ʩʢʦʪʘ. ʀ ʧʦʷʚʣʷʶʱʠʝʩʷ ʥʘ ʵʪʦʤ ʬʦʥʝ ʧʦʥʠʞʝʥʠʝ 

ʵʥʝʨʛʠʯʥʦʩʪʠ ʠʤʤʫʥʥʳʭ ʬʘʢʪʦʨʦʚ ʟʘʱʠʪʳ ʦʨʛʘʥʠʟʤʘ. 

ʉ ʚʥʝʜʨʝʥʠʝʤ ʚ ʧʨʘʢʪʠʢʫ ʥʘʧʨʷʞʝʥʥʳʭ ʩʧʦʩʦʙʦʚ ʚʝʜʝʥʠʷ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ ʥʘ 

ʧʨʦʤʳʰʣʝʥʥʦʡ ʦʩʥʦʚʝ, ʩ ʙʝʟʚʳʛʫʣʴʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʞʠʚʦʪʥʳʭ, ʙʦʣʝʟʥʠ ʢʦʥʝʯʥʦʩʪʝʡ 
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ʦʪʤʝʯʘʶʪʩʷ ʯʘʱʝ. ʕʪʦ ʧʨʠʥʦʩʠʪ ʭʦʟʷʡʩʪʚʘʤ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʫʱʝʨʙ ʠ ʪʦʨʤʦʟʠʪ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ (http://www.fsvps.ru/). 

ɻʥʦʡʥʦïʚʦʩʧʘʣʠʪʝʣʴʥʳʝ ʙʦʣʝʟʥʠ ʚʳʟʳʚʘʶʪʩʷ ʨʘʟʣʠʯʥʳʤʠ ʚʠʜʘʤʠ ʚʦʟʙʫʜʠʪʝʣʝʡ: 

ʛʨʘʤʧʦʣʦʞʠʪʝʣʴʥʳʤʠ ʠ ʛʨʘʤʦʪʨʠʮʘʪʝʣʴʥʳʤʠ, ʘʵʨʦʙʥʳʤʠ ʠ ʘʥʘʵʨʦʙʥʳʤʠ, 

ʩʧʦʨʦʦʙʨʘʟʫʶʱʠʤʠ ʠ ʥʝʩʧʦʨʦʦʙʨʘʟʫʶʱʠʤʠ ʠ ʠʥʳʤʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤʠ, ʘ ʪʘʢʞʝ 

ʧʘʪʦʛʝʥʥʳʤʠ ʛʨʠʙʘʤʠ, ʘ ʠʤʝʥʥʦ: 

1. ʉʪʘʬʠʣʦʢʦʢʢʠ 

2. ʉʪʨʝʧʪʦʢʦʢʢʠ 

3. ʇʥʝʚʥʦʢʦʢʢʠ 

4. ɻʦʥʦʢʦʢʢʠ 

5. ʂʠʰʝʯʥʘʷ ʧʘʣʦʯʢʘ 

6. ʇʨʦʪʝʡ 

7. ʉʠʥʝʛʥʦʡʥʘʷ ʧʘʣʦʯʢʘ 

8. ʉʧʦʨʦ ʠ ʥʝʩʧʦʨʦʦʙʟʨʘʟʫʶʱʠʝ ʘʥʘʵʨʦʙʳ 

ʈʘʩʧʦʟʥʘʶʪ 3 ʛʣʘʚʥʳʝ ʬʦʨʤʳ ʛʥʦʡʥʦʛʦ ʚʦʩʧʘʣʝʥʠʷ: ʘʙʩʮʝʩʩ, ʬʣʝʛʤʦʥʘ, ʵʤʧʠʝʤʘ. 

ɸʙʩʮʝʩʩ (ʦʪ ʣʘʪ. Abscessus ð ʥʘʨʳʚ, ʛʥʦʡʥʠʢ) ð ʦʯʘʛ ʛʥʦʡʥʦʛʦ ʚʦʩʧʘʣʝʥʠʷ, 

ʦʙʫʩʣʦʚʣʝʥʥʳʡ ʨʘʩʧʣʘʚʣʝʥʠʝʤ ʢʘʢʦʡ-ʣʠʙʦ ʯʘʩʪʠ ʚ ʦʪʜʝʣʴʥʦʤ ʦʨʛʘʥʝ. ɺ ʘʙʩʮʝʩʩʝ ʬʦʨʤʠʨʫʝʪʩʷ 

ʩʪʝʥʢʘ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʚʥʝʰʥʝʛʦ ʬʠʙʨʦʟʥʦʛʦ ʩʣʦʷ ʠ ʧʠʦʛʝʥʥʦʡ ʤʝʤʙʨʘʥʳ, ʠʟ ʢʦʪʦʨʦʡ ʚ ʧʦʣʦʩʪʴ 

ʛʥʦʡʥʠʢʘ ʧʨʦʪʝʢʘʝʪ ʥʝʠʟʤʝʥʥʘʷ ʤʠʛʨʘʮʠʷ ʣʝʡʢʦʮʠʪʦʚ. ɸʙʩʮʝʩʩ ʤʦʞʝʪ ʧʦʷʚʣʷʪʴʩʷ, ʢʘʢ ʠ ʙʝʟ 

ʧʦʤʦʱʠ ʜʨʫʛʠʭ, ʪʘʢ ʠ ʦʪʷʛʦʱʝʥʠʝ ʠʥʦʛʦ ʟʘʙʦʣʝʚʘʥʠʷ (ʚʦʩʧʘʣʝʥʠʝ ʣʝʛʢʠʭ, ʪʨʘʚʤʘ, ʘʥʛʠʥʘ ð 

ʟʘʛʣʦʪʦʯʥʳʡ ʘʙʩʮʝʩʩ) 

ʕʤʧʠʝʤʘ (ʦʪ ʛʨʝʯ. enï ʚ + pyon ʛʥʦʡ, ʛʥʦʡʥʠʢ, ʥʘʨʳʚ) ð ʩʢʦʧʣʝʥʠʝ ʛʥʦʷ ʚ ʧʦʣʦʩʪʠ ʪʝʣʘ, 

ʧʦʣʦʤ ʦʨʛʘʥʝ, ʢ ʧʨʠʤʝʨʫ ð ʚ ʧʣʝʚʨʝ, ʧʝʨʠʢʘʨʜʝ, ʚ ʧʘʟʫʭʘʭ. ʊʝʨʤʠʥ çʵʤʧʠʝʤʘè ʠʩʧʦʣʴʟʫʶʪ ʩ 

ʫʢʘʟʘʥʠʝʤ ʧʦʨʘʞʝʥʥʦʛʦ ʦʨʛʘʥʘ ʣʠʙʦ ʧʦʣʦʩʪʠ ʪʝʣʘ. ʕʤʧʠʝʤʫ ʥʫʞʥʦ ʨʘʟʣʠʯʘʪʴ ʦʪ ʘʙʩʮʝʩʩʘ, 

ʢʦʪʦʨʳʡ ʨʘʟʤʝʱʘʝʪʩʷ ʚ ʪʦʣʱʝ ʪʢʘʥʝʡ ʠ ʦʛʨʘʥʠʯʝʥ ʧʠʦʛʝʥʥʦʡ ʤʝʤʙʨʘʥʦʡ. ʄʦʨʬʦʣʦʛʠʯʝʩʢʠʝ 

ʢʦʥʬʠʛʫʨʘʮʠʠ ʧʨʠ ʵʤʧʠʝʤʝ ʧʦʜʭʦʜʷʪ ʢʘʨʪʠʥʝ ʛʥʦʡʥʦʛʦ ʚʦʩʧʘʣʝʥʠʷ. ʇʨʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʤ ʠ 

ʪʷʞʝʣʦʤ ʪʝʯʝʥʠʠ ʚʦʩʧʘʣʠʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʩʣʠʟʠʩʪʘʷ (ʩʠʥʦʚʠʘʣʴʥʘʷ ʣʠʙʦ ʩʝʨʦʟʥʘʷ) 

ʦʙʦʣʦʯʢʘ, ʘ ʧʦʪʦʤ ʠ ʛʣʫʙʞʝʣʝʞʘʱʠʝ ʪʢʘʥʠ ʠʤʝʶʪ ʚʩʝ ʰʘʥʩʳ ʩʫʱʝʩʪʚʦʚʘʪʴ ʦʪʯʘʩʪʠ ʣʠʙʦ 

ʚʧʦʣʥʝ ʨʘʟʨʫʰʝʥʳ. 

ʌʣʝʛʤʦʥʘ (ʦʪ ʛʨʝʯ. phlegmone ʚʦʩʧʘʣʝʥʠʝ) ð ʦʩʪʨʦʝ ʚʦʩʧʘʣʝʥʠʝ ʨʳʭʣʦʡ ʩʦʝʜʠʥʠʪʝʣʴʥʦʡ 

ʪʢʘʥʠ ʩʦ ʩʢʣʦʥʥʦʩʪʴʶ ʢ ʜʠʬʬʫʟʥʦʤʫ ʨʘʩʰʠʨʝʥʠʶ ʠ ʥʝʢʨʦʟʫ ʪʢʘʥʝʡ; ʛʣʘʚʥʳʡ ʚʦʟʙʫʜʠʪʝʣʴ 

Streptococcus pyogenes. ʈʘʩʧʦʟʥʘʶʪ ʧʝʨʚʠʯʥʫʶ ʬʣʝʛʤʦʥʫ, ʚʦʟʥʠʢʘʶʱʫʶ ʥʘ ʬʦʥʝ ʧʨʠʢʨʳʪʳʭ 

ʠʥʬʠʮʠʨʦʚʘʥʥʳʭ ʪʨʘʚʤ ʠ ʨʘʥ, ʦʪʢʨʳʪʳʭ ʧʝʨʝʣʦʤʦʚ, ʦʩʪʘʣʴʥʳʭ ʧʦʚʨʝʞʜʝʥʠʡ, ʠ ʚʪʦʨʠʯʥʫʶ 

ʬʣʝʛʤʦʥʫ, ʨʘʟʚʠʚʘʶʱʫʶʩʷ ʢʘʢ ʦʩʣʦʞʥʝʥʠʝ ʧʨʠ ʣʦʢʘʣʠʟʦʚʘʥʥʦʡ ʦʩʪʨʦʡ ʠʥʬʝʢʮʠʠ (ʬʫʨʫʥʢʫʣ, 

ʢʘʨʙʫʥʢʫʣ, ʘʙʩʮʝʩʩ, ʛʥʦʡʥʳʡ ʘʨʪʨʠʪ, ʦʩʪʝʦʤʠʝʣʠʪ ʠ ʜʨ.), ʙʦʣʝʟʥʷʭ ʢʦʞʠ (ʵʢʟʝʤʘ, ʜʝʨʤʘʪʠʪ ʠ 

ʜʨ.), ʤʝʪʘʩʪʘʟʠʨʦʚʘʥʠʠ ʠʥʬʝʢʪʘ ʠ ʚʩʧʳʰʢʝ ʜʨʝʤʣʶʱʝʡ ʠʥʬʝʢʮʠʠ. 
 

ʊʘʙʣʠʮʘ 1. 

ʇʆʂɸɿɸʊɽʃʀ ʆʈɻɸʅʆʃɽʇʊʀʏɽʉʂʀʍ ʀʉʉʃɽɼʆɺɸʅʀʁ 

ʇʦʢʘʟʘʪʝʣʠ 
ʄʳʰʮʳ 

ʂʦʥʪʨʦʣʴʥʘʷ ʛʨʫʧʧʘ ʆʧʳʪʥʘʷ ʛʨʫʧʧʘ 

ɺʥʝʰʥʠʡ ʚʠʜ 8,4 πȟτς 7,6 0,36 

ʎʚʝʪ ʥʘ ʨʘʟʨʝʟʝ 8,2 πȟτρ 7,4 0,35 

ɿʘʧʘʭ ψȟπ 0,4 7,2 0,33 

ɺʢʫʩ ψȟς 0,41 7,5 0,35 

ʂʦʥʩʠʩʪʝʥʮʠʷ (ʥʝʞʥʦʩʪʴ, ʞʝʩʪʢʦʩʪʴ) ψȟπ 0,4 7,4 0,34 

ʉʦʯʥʦʩʪʴ 7,8 0,39 7,5 0,34 

ʆʙʱʘʷ ʦʮʝʥʢʘ ʢʘʯʝʩʪʚʘ ψȟρ 0,41 7,4 0,34 

 

 

 

http://www.bulletennauki.com/
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ʊʘʙʣʠʮʘ 2. 

ʈɽɿʋʃʔʊɸʊʓ ʄʀʂʈʆɹʀʆʃʆɻʀʏɽʉʂʆɻʆ ʀʉʉʃɽɼʆɺɸʅʀʗ  

ʄʓʐɽʏʅʆʁ ʊʂɸʅʀ ʇʈʀ ɸɹʉʎɽʉʉɸʍ 

 ʧʦʢʘʟʘʪʝʣʠ 
ʄʳʰʝʯʥʘʷ 

ʪʢʘʥʴ 

ʉʝʨʜʝʯʥʘʷ 

ʤʳʰʮʘ 
ʇʦʯʢʠ ʇʝʯʝʥʴ 

ʂ
ʦ
ʥ
ʪ
ʨ
ʦ

-

ʣ
ʴ
ʥ
ʘ
ʷ
 

ʛ
ʨ
ʫ
ʧ
ʧ
ʘ

 ʂʄɸʌɸʥʄ, 

ʂʆɽ/ʛ 
(1,07 0,05)Ĭρπ (2,4 0,12)Ĭρπ (3,0 0,14)Ĭρπ (1,6 0,08 )Ĭρπ 

ɹɻʂʇ 

(ʢʦʣʠʤʦʨʬʳ) ʚ 1 ʛ 
ð ð ð ð 

ʆ
ʧ
ʳ
ʪ
ʥ
ʘ
ʷ
 

ʛ
ʨ
ʫ
ʧ
ʧ
ʘ

 ʂʄɸʌɸʥʄ, 

ʂʆɽ/ʛ 
(5,9 0,3)Ĭρπ (6,44 0,3)Ĭρπ (5,38 0,27)Ĭρπ (2,6 0,12)Ĭρπ 

ɹɻʂʇ 

(ʢʦʣʠʤʦʨʬʳ) ʚ 1 ʛ 
ð ð + + 

 

ʊʘʙʣʠʮʘ 3. 

ʇʆʂɸɿɸʊɽʃʀ ʍʀʄʀʏɽʉʂʆɻʆ ʉʆʉʊɸɺɸ ʇʈʆɼʋʂʊʆɺ ʋɹʆʗ 

 ʇʦʢʘʟʘʪʝʣʠ  ʉʝʨʜʮʝ ʃʝʛʢʠʝ ʇʝʯʝʥʴ ʇʦʯʢʠ 

ʂ
ʦ
ʥ
ʪ
ʨ
ʦ
ʣ
ʴ
ʥ
ʘ
ʷ
 

ʛ
ʨ
ʫ
ʧ
ʧ
ʘ

 

ʄʘʩʩʦʚʘʷ ʜʦʣʷ ʚʣʘʛʠ, % 78,52 77,92 72,62 80,72 

ʄʘʩʩʦʚʘʷ ʜʦʣʷ ʙʝʣʢʘ, % 15,57 15,27 17,41 14,61 

ʄʘʩʩʦʚʘʷ ʜʦʣʷ ʞʠʨʘ, % 3,27 4,38 3,48 2,41 

ʄʘʩʩʦʚʘʷ ʜʦʣʷ ʵʢʩʪʨʘʪʠʚʥʳʭ ʚʝʱʝʩʪ, % 1,58 1,47 5,41 1,16 

ʄʘʩʩʦʚʘʷ ʜʦʣʷ ʟʦʣʳ, % 1,06 0,96 1,08 1,10 

ʆ
ʧ
ʳ
ʪ
ʥ
ʘ
ʷ
 

ʛ
ʨ
ʫ
ʧ
ʧ
ʘ

 

ʄʘʩʩʦʚʘʷ ʜʦʣʷ ʚʣʘʛʠ, % 79,16 78,23 73,27 80,97 

ʄʘʩʩʦʚʘʷ ʜʦʣʷ ʙʝʣʢʘ, % 15,23 15,19 17,29 14,52 

ʄʘʩʩʦʚʘʷ ʜʦʣʷ ʞʠʨʘ, % 3,11 4,26 3,27 2,36 

ʄʘʩʩʦʚʘʷ ʜʦʣʷ ʵʢʩʪʨʘʪʠʚʥʳʭ ʚʝʱʝʩʪ, % 1,46 1,38 5,11 1,07 

ʄʘʩʩʦʚʘʷ ʜʦʣʷ ʟʦʣʳ, % 1,04 0,94 1,06 1,08 

 

ʊʘʙʣʠʮʘ 4. 

ʇʆʂɸɿɸʊɽʃʀ ʌʀɿʀʂʆ-ʍʀʄʀʏɽʉʂʆɻʆ ʀʉʉʃɽɼʆɺɸʅʀʗ 

ʇʦʢʘʟʘʪʝʣʠ ʂʦʥʪʨʦʣʴʥʘʷ ʛʨʫʧʧʘ ʆʧʳʪʥʘʷ ʛʨʫʧʧʘ 

ʈʝʘʢʮʠʷ ʥʘ ʧʝʨʦʢʩʠʜʘʟʫ ʇʦʣʦʞʠʪʝʣʴʥʘʷ ʆʪʨʠʮʘʪʝʣʴʥʘʷ 

ʌʦʨʤʘʣʴʥʘʷ ʧʨʦʙʘ ʆʪʨʠʮʘʪʝʣʴʥʘʷ ʆʪʨʠʮʘʪʝʣʴʥʘʷ 

ʈʝʘʢʮʠʷ ʩ ʩʝʨʥʦʢʠʩʣʦʡ ʤʝʜʴʶ ɹʫʣʴʦʥ ʧʨʦʟʨʘʯʝʥ ɹʫʣʴʦʥ ʧʨʦʟʨʘʯʝʥ 

ɸʤʠʥʦïʘʤʠʘʯʥʳʡ ʘʟʦʪ, ʤʛ/% 27,04 0,8 42,86 1,3 

ʃɾʂ, ʤʛ/KOH 3,9 0,39 5,4 1,07 

pH 6,2 0,32 6,7 0,35 

 

ɹʳʣʦ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ, ʦʩʥʦʚʥʳʝ ʮʝʣʠ ʢʦʪʦʨʦʛʦ: 

ï ʠʟʫʯʠʪʴ ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʤʷʩʘ ʠ ʩʫʙʧʨʦʜʫʢʪʦʚ, 

ï ʠʟʫʯʠʪʴ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʤʷʩʘ ʠ ʩʫʙʧʨʦʜʫʢʪʦʚ, 

ï ʠʟʫʯʠʪʴ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʤʷʩʘ, 

ï ʦʧʨʝʜʝʣʠʪʴ ʬʠʟʠʢʦïʭʠʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʤʷʩʘ,  

ï ʜʘʪʴ ʟʘʢʣʶʯʝʥʠʝ ʦ ʚʝʪʝʨʠʥʘʨʥʦïʩʘʥʠʪʘʨʥʦʤ ʩʦʩʪʦʷʥʠʠ ʤʷʩʘ [1ï3]. 

ʋ ʢʨʫʧʥʦʛʦ ʨʦʛʘʪʦʛʦ ʩʢʦʪʘ ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʧʨʦʙʳ ʦʨʛʘʥʦʚ ʠ ʪʢʘʥʝʡ: ʤʳʰʮʳ, ʩʝʨʜʝʯʥʘʷ 

ʤʳʰʮʘ, ʧʦʯʢʠ, ʧʝʯʝʥʴ, ʩʝʨʜʮʝ, ʣʝʛʢʠʝ. ʀʩʩʣʝʜʫʝʤʳʭ ʞʠʚʦʪʥʳʭ ʨʘʟʜʝʣʠʣʠ ʥʘ 2 ʛʨʫʧʧʳ ʧʦ 10 

ʩʨʝʜʥʠʭ ʧʨʦʙ ʚ ʢʘʞʜʦʡ. ʂʦʥʪʨʦʣʴʥʘʷ ʛʨʫʧʧʘ ð ʢʣʠʥʠʯʝʩʢʠ ʟʜʦʨʦʚʳʝ ʞʠʚʦʪʥʳʝ, ʦʧʳʪʥʘʷ 

ʛʨʫʧʧʘ ð ʧʦʨʘʞʝʥʥʳʝ ʛʥʦʡʥʦïʥʝʢʨʦʪʠʯʝʩʢʠʤʠ ʚʦʩʧʘʣʝʥʠʷʤʠ.  

 

ʇʦ ʧʦʣʫʯʝʥʥʳʤ ʜʘʥʥʳʤ ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ: 

1. ʆʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʧʨʦʜʫʢʪʦʚ ʫʙʦʷ ʞʠʚʦʪʥʳʭ ʧʨʠ ʛʥʦʡʥʦ-ʥʝʢʨʦʪʠʯʝʩʢʠʭ 

ʚʦʩʧʘʣʝʥʠʷʭ ʧʦʥʠʞʝʥʳ. ʆʙʱʘʷ ʦʮʝʥʢʘ ʢʘʯʝʩʪʚʘ ʥʠʞʝ ʥʘ 0,4ï0,7 ʙʘʣʣʘ 

http://www.bulletennauki.com/
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2. ʄʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʤʷʩʦ ʦʧʳʪʥʦʡ ʛʨʫʧʧʳ ʠʤʝʝʪ 

ʙʦʣʴʰʫʶ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʫʶ ʟʘʛʨʷʟʥʝʥʥʦʩʪʴ, ʯʝʤ ʢʦʥʪʨʦʣʴʥʘʷ ʛʨʫʧʧʘ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʦʙʥʘʨʫʞʝʥʘ ʢʠʰʝʯʥʘʷ ʧʘʣʦʯʢʘ ʯʪʦ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʦʧʨʝʜʝʣʝʥʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʧʨʠ ʠʭ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʧʠʱʝʚʳʭ ʮʝʣʷʭ. 

3. ʄʷʩʦ ʠ ʩʫʙʧʨʦʜʫʢʪʳ ʦʧʳʪʥʦʡ ʛʨʫʧʧʳ ʟʘʤʝʪʥʦ ʦʪʣʠʯʘʶʪ ʦʪ ʢʦʥʪʨʦʣʴʥʦʡ. ɺ ʤʷʩʝ 

ʙʦʣʴʥʳʭ ʞʠʚʦʪʥʳʭ ʧʦʚʳʰʘʝʪʩʷ ʩʦʜʝʨʞʘʥʠʝ ʚʣʘʛʠ, ʫʤʝʥʴʰʘʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ ʙʝʣʢʘ ʠ ʞʠʨʘ. 

4. ʄʷʩʦ ʠ ʩʫʙʧʨʦʜʫʢʪʳ ʢʨʫʧʥʦʛʦ ʨʦʛʘʪʦʛʦ ʩʢʦʪʘ ʧʦ ʬʠʟʠʢʦïʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ 

ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʢʦʥʪʨʦʣʴʥʦʡ. ɺ ʤʷʩʝ ʙʦʣʴʥʳʭ ʞʠʚʦʪʥʳʭ ʧʦʚʳʰʘʝʪʩʷ pH, ʃɾʂ, ʘʤʠʥʦï

ʘʤʠʘʯʥʳʡ ʘʟʦʪ. 

ʄʷʩʦ ʧʦ ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʤ ʧʦʢʘʟʘʪʝʣʷʤ ʧʦʧʘʜʘʝʪ ʧʦʜ ʢʨʠʪʝʨʠʡ çʍʦʨʦʰʠʡè. ʀʟ-ʟʘ 

ʫʤʝʥʴʰʝʥʠʷ ʢʦʣʠʯʝʩʪʚʦ ʙʝʣʢʘ, ʞʠʨʘ ʠ ʧʦʚʳʰʝʥʠʷ ʚʣʘʛʠ ʚ ʤʷʩʝ ʧʠʱʝʚʘʷ ʮʝʥʥʦʩʪʴ 

ʩʫʱʝʩʪʚʝʥʥʦ ʥʠʞʝ, ʯʝʤ ʫ ʤʷʩʘ ʟʜʦʨʦʚʳʭ ʞʠʚʦʪʥʳʭ. ʇʦ ʦʬʠʮʠʘʣʴʥʳʤ ʧʨʘʚʠʣʘʤ çʇʨʘʚʠʣʘ 

ʚʝʪʝʨʠʥʘʨʥʦʛʦ ʦʩʤʦʪʨʘ ʫʙʦʡʥʳʭ ʞʠʚʦʪʥʳʭ ʠ ʚʝʪʝʨʠʥʘʨʥʦ-ʩʘʥʠʪʘʨʥʦʡ ʵʢʩʧʝʨʪʠʟʳ ʤʷʩʘ ʠ 

ʤʷʩʥʳʭ ʧʨʦʜʫʢʪʦʚè ʤʦʞʥʦ ʩʢʘʟʘʪʴ ʩʣʝʜʫʶʱʝʝ: 

ʋʙʦʡ ʞʠʚʦʪʥʳʭ ʠʤʝʶʱʠʭ ʛʥʦʡʥʳʝ ʚʦʩʧʘʣʝʥʠʷ ʧʨʠʥʠʤʘʶʪ ʦʪʜʝʣʴʥʦ ʦʪ ʟʜʦʨʦʚʳʭ ʠ 

ʥʘʧʨʘʚʣʷʶʪ ʥʘ ʩʘʥʠʪʘʨʥʫʶ ʙʦʡʥʶ. ʇʨʠ ʩʚʝʞʠʭ ʪʨʘʚʤʘʭ, ʧʝʨʝʣʦʤʘʭ ʝʩʣʠ ʫ ʞʠʚʦʪʥʦʛʦ ʧʝʨʝʜ 

ʫʙʦʝʤ ʥʦʨʤʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʦʪʩʫʪʩʪʚʠʝ ʚʦʩʧʘʣʠʪʝʣʴʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ʚ ʦʢʨʫʞʘʶʱʠʭ 

ʪʢʘʥʷʭ ʠ ʣʠʤʬ ʫʟʣʘʭ, ʚʩʝ ʧʨʦʧʠʪʘʥʥʦʝ ʢʨʦʚʴʶ ʫʜʘʣʷʶʪ, ʪʫʰʫ ʚʳʧʫʩʢʘʶʪ ʙʝʟ ʦʛʨʘʥʠʯʝʥʠʡ. 

ʇʨʠ ʦʙʥʘʨʫʞʝʥʠʠ ʚ ʧʘʨʝʥʭʠʤʘʪʦʟʥʳʭ ʦʨʛʘʥʘʭ ʤʥʦʞʝʩʪʚʝʥʥʳʝ ʘʙʩʮʝʩʩʳ ʧʦʨʘʞʝʥʥʳʝ ʦʨʛʘʥʳ 

ʥʘ ʫʪʠʣʠʟʘʮʠʶ, ʪʫʰʫ ʥʘ ʙʘʢʪʝʨʠʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ. ʃʝʛʢʠʝ, ʞʝʣʫʜʦʢ, ʢʠʰʝʯʥʠʢ, ʚʳʤʷ 

ʦʪʧʨʘʚʣʷʶʪ ʥʘ ʫʪʠʣʠʟʘʮʠʶ. ʇʝʯʝʥʴ (ʝʜʠʥʠʯʥʳʝ ʘʙʩʮʝʩʩʳ ʫʜʘʣʷʶʪ, ʦʩʪʘʣʴʥʦʝ ʚʳʧʫʩʢʘʶʪ ʙʝʟ 

ʦʛʨʘʥʠʯʝʥʠʡ, ʧʨʠ ʚʳʨʘʞʝʥʥʦʤ ʛʥʦʡʥʦʤ ʚʦʩʧʘʣʝʥʠʠ ʦʪʧʨʘʚʣʷʶʪ ʥʘ ʫʪʠʣʠʟʘʮʠʶ, ʧʨʠ 

ʦʙʥʘʨʫʞʝʥʠʠ ʬʣʝʛʤʦʥʳ ʥʘ ʦʪʧʨʘʚʣʷʶʪ ʥʘ ʫʪʠʣʠʟʘʮʠʶ).  
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ʆ ʌʆʈʄʀʈʆɺɸʅʀʀ ʅɽʌʈʆʅʆɺ ɺ ʕʄɹʈʀʆɻɽʅɽɿɽ 

 

ABOUT FORMATION OF N EPHRONS IN EMBRYOGENESIS 

 

Éʇʝʪʨʝʥʢʦ ɺ. ʄ. 

ʜ-ʨ ʤʝʜ. ʥʘʫʢ, ʆʆʆ çʆʃʄɽè 

ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ, deptanatomy@hotmail.com 

 ÉPetrenko V. 

Dr. habil., OLME 

St. Petersburg, Russia, deptanatomy@hotmail.com 

 

ɸʥʥʦʪʘʮʠʷ. ʄʦʨʬʦʛʝʥʝʟ ʥʝʬʨʦʥʦʚ ʚ ʵʤʙʨʠʦʥʘʣʴʥʦʡ ʧʦʯʢʝ ʧʨʦʪʝʢʘʝʪ ʩʭʦʜʥʳʤ ʦʙʨʘʟʦʤ 

ʩ ʤʦʨʬʦʛʝʥʝʟʦʤ ʢʠʰʝʯʥʳʭ ʚʦʨʩʠʥʦʢ ʠ ʢʨʠʧʪ, ʘ ʪʘʢʞʝ ʧʘʥʢʨʝʘʪʠʯʝʩʢʠʭ ʜʦʣʝʢ ʠ ʘʮʠʥʫʩʦʚ ʚ 

ʵʤʙʨʠʦʛʝʥʝʟʝ. ʅʝʩʤʦʪʨʷ ʥʘ ʦʨʛʘʥʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʩʪʨʦʝʥʠʷ ʠ ʨʘʟʚʠʪʠʷ ʫʢʘʟʘʥʥʳʭ ʩʪʨʫʢʪʫʨ, 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʭʦʜʥʳʝ ʧʨʦʮʝʩʩʳ ʚ ʤʝʭʘʥʠʢʝ ʠʭ ʨʘʟʚʠʪʠʷ ð ʬʦʨʤʠʨʦʚʘʥʠʝ ʠ ʜʝʛʝʥʝʨʘʮʠʷ 

ʣʦʞʥʦʡ ʤʥʦʛʦʨʷʜʥʦʩʪʠ ʵʧʠʪʝʣʠʷ ʠʣʠ ʙʣʘʩʪʝʤʳ ʚ ʟʘʢʣʘʜʢʝ ʦʨʛʘʥʘ, ʧʨʠʯʝʤ ʵʧʠʪʝʣʠʡ ʠʛʨʘʝʪ 

ʚʝʜʫʱʫʶ ʨʦʣʴ ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʭ ʩ ʦʢʨʫʞʘʶʱʝʡ ʤʝʟʝʥʭʠʤʦʡ. ʆʩʦʙʝʥʥʦʩʪʠ ʧʨʦʠʩʭʦʞʜʝʥʠʷ 

(ʠʟ ʵʥʪʦʜʝʨʤʳ ʠʣʠ ʤʝʟʦʜʝʨʤʳ) ʠ ʧʝʨʩʧʝʢʪʠʚʳ, ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʨʘʟʚʠʪʠʷ ʵʧʠʪʝʣʠʷ (ʧʦʢʨʦʚʥʳʡ 

ʠʣʠ ʞʝʣʝʟʠʩʪʳʡ) ʜʝʪʝʨʤʠʥʠʨʫʶʪ ʦʨʛʘʥʥʳʝ ʠ ʣʦʢʘʣʴʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʥʘʙʣʶʜʘʝʤʳʭ 

ʧʨʦʮʝʩʩʦʚ, ʥʦ ʚʦʚʩʝ ʥʝ ʠʩʢʣʶʯʘʶʪ ʦʙʱʠʝ ʯʝʨʪʳ ʨʘʟʚʠʪʠʷ ʵʧʠʪʝʣʠʝʚ ʨʘʟʥʳʭ ʦʨʛʘʥʦʚ. ʀʟʫʯʝʥʠʝ 

ʮʠʪʦʣʦʛʠʠ ʠ ʮʠʪʦʭʠʤʠʠ, ʤʦʣʝʢʫʣʷʨʥʦʡ ʙʠʦʣʦʛʠʠ ʫʢʘʟʘʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʥʝ ʦʪʤʝʥʷʝʪ ʪʘʢʠʭ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʨʘʟʚʠʪʠʷ ʥʝʬʨʦʥʦʚ, ʘ ʣʠʰʴ ʫʪʦʯʥʷʝʪ ʝʛʦ ʜʝʪʘʣʠ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʫʨʦʚʥʷʭ ʦʨʛʘʥʠʟʘʮʠʠ ʙʠʦʩʠʩʪʝʤʳ.  

 

Abstract. Morphogenesis of nephrons passes in embryonal kidney similarly with 

morphogenesis of intestinal villuses and crypts, and pancreatic lobules and acinuses in embryogenesis 

too. Despite on organic features of construction and development of these structures, it is determined 

similar processes in mechanics of their development ð formation and degeneration of 

pseudostratified epithelium or blastema in bud of organ, moreover epithelium plays leading role in 

the interactions with surrounding mesenchyme. Features of origin (from entoderma or from 

mesoderma) and prospects, purposefuiness of development of epithelium (the surface or the 

glandular) determine organic and local features of observing processes, but quite not exclude general 

traits of epitheliumôs development in different organs. Study by cytology and cytochemistry, 

molecular biology of these not abolishes such lawïgoverned nature of nephronogenesis, and only 

makes more precise its details on corresponding levels of organization of biosystem.  

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʦʯʢʘ, ʥʝʬʨʦʥ, ʩʪʨʦʝʥʠʝ, ʵʤʙʨʠʦʛʝʥʝʟ.  

 

Keywords:  kidney, nephron, structure, embryogenesis. 

 

ʆ ʨʘʟʚʠʪʠʠ ʧʦʯʝʢ ʠ ʠʭ ʥʝʬʨʦʥʦʚ ʚ ʵʤʙʨʠʦʛʝʥʝʟʝ ʥʘʧʠʩʘʥʦ ʥʝʤʘʣʦ ʨʘʙʦʪ [1ï7], ʥʦ 

ʠʟʣʦʞʝʥʥʳʝ ʚ ʣʠʪʝʨʘʪʫʨʝ ʜʘʥʥʳʝ ʥʝ ʧʦʟʚʦʣʷʶʪ ʘʨʛʫʤʝʥʪʠʨʦʚʘʥʦ ʦʙʲʷʩʥʠʪʴ ʤʦʨʬʦʛʝʥʝʟ 

ʥʝʬʨʦʥʦʚ. ʍʦʪʷ ʬʦʨʤʘʣʴʥʦ ʤʦʨʬʦʛʝʥʝʟ ʥʝʬʨʦʥʦʚ ʦʧʠʩʘʥ ʧʦʜʨʦʙʥʦ ʠ ʧʦʥʷʪʥʦ. ɹʦʣʝʝ ʪʦʛʦ, 

ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʩʪʘʚʷʪ ʧʝʨʝʜ ʩʦʙʦʡ ʟʘʜʘʯʫ ʫʩʪʘʥʦʚʠʪʴ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʥʝʬʨʦʥʦʛʝʥʝʟʘ ʠ 

ʦʩʦʙʝʥʥʦʩʪʠ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʤʝʟʦʜʝʨʤʳ ʧʨʠ ʵʪʦʤ [2, 7, 9, 10].  
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ʂʣʘʩʩʠʯʝʩʢʠʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʥʝʬʨʦʥʦʛʝʥʝʟʝ ʦʢʦʥʯʘʪʝʣʴʥʦʡ ʧʦʯʢʠ ʩʚʦʜʷʪʩʷ ʚʢʨʘʪʮʝ ʢ 

ʩʣʝʜʫʶʱʝʤʫ [4, 5]. ʆʢʦʣʦ ʩʣʝʧʦʛʦ ʢʦʥʮʘ ʩʦʙʠʨʘʶʱʝʛʦ ʧʨʦʪʦʢʘ ʦʙʨʘʟʫʶʪʩʷ ʥʝʙʦʣʴʰʠʝ 

ʧʫʟʳʨʴʢʠ ʠʟ ʢʣʝʪʦʢ ʤʝʪʘʥʝʬʨʦʛʝʥʥʦʡ ʙʣʘʩʪʝʤʳ. ʂʘʞʜʘʷ ʠʟ ʛʨʫʧʧ ʵʪʠʭ ʢʣʝʪʦʢ ʦʙʨʘʟʫʝʪ 

ʜʣʠʥʥʳʡ ʠ ʩʠʣʴʥʦ ʠʟʚʠʪʦʡ ʢʘʥʘʣʝʮ, ʚʧʘʜʘʶʱʠʡ ʚ ʩʦʙʠʨʘʶʱʠʡ ʧʨʦʪʦʢ ʚ ʤʝʩʪʝ, ʛʜʝ ʚʦʟʥʠʢʘʝʪ 

ʜʫʛʦʦʙʨʘʟʥʳʡ ʠʟʛʠʙ. ɼʨʫʛʦʡ ʢʦʥʝʮ ʠʟʚʠʪʦʛʦ ʢʘʥʘʣʴʮʘ ʚʩʪʫʧʘʝʪ ʚ ʢʦʥʪʘʢʪ ʩ ʘʨʪʝʨʠʦʣʷʨʥʦʡ 

ʚʝʪʚʴʶ ʧʦʯʝʯʥʦʡ ʘʨʪʝʨʠʠ. ɸʨʪʝʨʠʦʣʘ ʟʘʢʘʥʯʠʚʘʝʪʩʷ ʢʣʫʙʦʯʢʦʤ, ʟʘʢʣʶʯʝʥʥʳʤ ʚ ʢʘʧʩʫʣʫ, 

ʦʙʨʘʟʦʚʘʥʥʳʤ ʜʠʩʪʘʣʴʥʳʤ ʢʦʥʮʦʤ ʢʘʥʘʣʴʮʘ. ɺʳʜʝʣʝʥʦ 4 ʵʪʘʧʘ ʛʠʩʪʦʛʝʥʝʟʘ ʤʝʪʘʥʝʬʨʦʩʘ: 

1) ʜʠʭʦʪʦʤʠʯʝʩʢʦʝ ʚʝʪʚʣʝʥʠʝ ʤʝʪʘʥʝʬʨʘʣʴʥʦʛʦ ʜʠʚʝʨʪʠʢʫʣʘ ʠ ʦʙʨʘʟʦʚʘʥʠʝ ʢʘʥʘʣʴʮʝʚ ʥʘ 

ʢʦʥʮʝ ʢʘʞʜʦʡ ʚʝʪʚʠ ʜʠʚʝʨʪʠʢʫʣʘ;  

2) ʦʙʨʘʟʦʚʘʥʠʝ ʜʫʛʦʦʙʨʘʟʥʳʭ ʥʝʬʨʦʥʦʚ ʩʦʝʜʠʥʷʶʱʠʭ ʧʨʦʪʦʢʦʚ;  

3) ʜʘʣʴʥʝʡʰʝʝ ʬʦʨʤʠʨʦʚʘʥʠʝ ʥʝʬʨʦʥʦʚ, ʢʦʪʦʨʳʝ ʚʩʪʫʧʘʶʪ ʚ ʢʦʥʪʘʢʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩ 

ʩʦʙʠʨʘʶʱʠʤʠ ʧʨʦʪʦʢʘʤʠ;  

4) ʫʜʣʠʥʝʥʠʝ ʪʘʢʠʭ ʧʨʦʪʦʢʦʚ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʧʝʨʠʬʝʨʠʠ ʚʝʱʝʩʪʚʘ ʧʦʯʢʠ ʧʦʩʣʝ 

ʟʘʚʝʨʰʝʥʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʝʬʨʦʥʦʚ.  

 

ɹʦʣʝʝ ʪʦʯʥʦʝ ʦʧʠʩʘʥʠʝ ʨʘʟʚʠʪʠʷ ʧʦʯʢʠ ʯʝʣʦʚʝʢʘ, ʩ ʤʦʝʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʧʨʠʚʝʣ ʀ. ʉʪʘʥʝʢ 

[6]. ɺ ʢʦʥʮʝ 4-ʡ ʥʝʜ ʵʤʙʨʠʦʛʝʥʝʟʘ ʚʦʟʥʠʢʘʝʪ ʤʝʪʘʥʝʬʨʘʣʴʥʳʡ ʜʠʚʝʨʪʠʢʫʣ ʠʟ ʚʦʣʴʬʦʚʘ 

ʧʨʦʪʦʢʘ, ʧʦʟʜʥʝʝ ʦʥ ʤʝʰʢʦʦʙʨʘʟʥʦ ʨʘʩʰʠʨʷʝʪʩʷ. ʀʟ ʨʘʩʰʠʨʝʥʠʷ ʬʦʨʤʠʨʫʶʪʩʷ ʧʦʯʝʯʥʳʝ 

ʣʦʭʘʥʢʘ ʠ ʯʘʰʢʠ, ʩʦʩʦʯʢʦʚʳʝ ʧʨʦʪʦʢʠ ʠ ʩʦʙʠʨʘʪʝʣʴʥʳʝ ʢʘʥʘʣʴʮʳ, ʠʟ ʙʦʣʝʝ ʫʟʢʦʡ ʪʨʫʙʦʯʢʠ, 

ʦʪʭʦʜʷʱʝʡ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʦʪ ʚʦʣʴʬʦʚʘ ʧʨʦʪʦʢʘ, ʚʦʟʥʠʢʘʝʪ ʤʦʯʝʪʦʯʥʠʢ. ʂ ʨʘʩʰʠʨʝʥʥʦʤʫ 

ʢʦʥʮʫ ʧʦʯʝʯʥʦʡ ʣʦʭʘʥʢʠ ʧʨʠʣʝʞʠʪ ʚ ʚʠʜʝ ʢʦʣʧʦʯʢʘ ʤʝʪʘʥʝʬʨʦʛʝʥʥʘʷ ʙʣʘʩʪʝʤʘ. ɺ ʥʝʝ ʠʟ 

ʨʘʩʰʠʨʝʥʠʷ ʥʘʯʠʥʘʶʪ ʚʨʘʩʪʘʪʴ ʩʥʘʯʘʣʘ ʜʚʘ ʦʪʨʦʩʪʢʘ, ʢʨʘʥʠʘʣʴʥʳʡ ʠ ʢʘʫʜʘʣʴʥʳʡ ʧʦʣʶʩʥʳʝ 

ʢʘʥʘʣʴʮʳ. ʄʝʞʜʫ ʥʠʤʠ ʚʦʟʥʠʢʘʶʪ ʩʣʝʜʫʶʱʠʝ ʦʪʨʦʩʪʢʠ, ʮʝʥʪʨʘʣʴʥʳʝ ʢʘʥʘʣʴʮʳ. ʀʟ ʜʚʫʭ 

ʛʣʘʚʥʳʭ ʧʦʣʶʩʥʳʭ, ʧʝʨʚʠʯʥʳʭ ʢʘʥʘʣʴʮʝʚ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʰʠʨʝʥʠʷ ʦʙʨʘʟʫʶʪʩʷ ʙʦʣʴʰʠʝ 

ʧʦʯʝʯʥʳʝ ʯʘʰʢʠ, ʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʭ ʚʝʪʚʣʝʥʠʷ ð ʤʘʣʳʝ ʧʦʯʝʯʥʳʝ ʯʘʰʢʠ. ʀʭ ʚʝʪʚʠ, 

ʧʦʩʣʝʜʫʶʱʠʝ ʨʘʜʠʘʣʴʥʳʝ ʢʘʥʘʣʴʮʳ ʧʨʦʥʠʢʘʶʪ ʚ ʤʝʪʘʥʝʬʨʦʛʝʥʥʫʶ ʪʢʘʥʴ, ʛʜʝ ʤʥʦʛʦʢʨʘʪʥʦ 

ʜʝʣʷʪʩʷ ʠ ʜʘʶʪ ʥʘʯʘʣʦ ʩʦʩʦʯʢʦʚʳʤ ʧʨʦʪʦʢʘʤ ʠ ʩʦʙʠʨʘʪʝʣʴʥʳʤ ʢʘʥʘʣʴʮʘʤ. ʊʘʢ ʬʦʨʤʠʨʫʝʪʩʷ 

ʦʩʥʦʚʥʘʷ ʯʘʩʪʴ ʤʦʟʛʦʚʦʛʦ ʚʝʱʝʩʪʚʘ ʧʦʯʢʠ, ʘ ʪʘʢʞʝ ʣʫʯʠʩʪʫʶ ʯʘʩʪʴ ʢʦʨʢʦʚʦʛʦ ʚʝʱʝʩʪʚʘ 

(ʨʘʜʠʘʣʴʥʦ ʠʜʫʱʠʝ ʩʦʙʠʨʘʪʝʣʴʥʳʝ ʢʘʥʘʣʴʮʳ). ʀʟ ʚʥʫʪʨʝʥʥʝʛʦ ʩʣʦʷ ʤʝʪʘʥʝʬʨʦʛʝʥʥʦʡ ʪʢʘʥʠ 

ʨʘʟʚʠʚʘʶʪʩʷ ʩʝʢʨʝʪʦʨʥʳʝ ʪʨʫʙʦʯʢʠ ʥʝʬʨʦʥʦʚ ʠ ʙʦʫʤʝʥʦʚʳ ʢʘʧʩʫʣʳ. ɺ çʰʘʧʦʯʢʝè  

ʤʝʪʘʥʝʬʨʦʛʝʥʥʦʡ ʪʢʘʥʠ ʥʘ ʩʣʝʧʳʭ ʢʦʥʮʘʭ ʩʦʙʠʨʘʪʝʣʴʥʳʭ ʢʘʥʘʣʴʮʝʚ, ʢʣʝʪʦʯʥʳʭ ʫʟʝʣʢʘʭ, 

ʚʦʟʥʠʢʘʶʪ ʧʦʣʦʩʪʠ. ʊʘʢʠʝ ʤʝʰʦʯʢʠ ʨʘʟʨʘʩʪʘʶʪʩʷ ʧʦ ʦʙʝ ʩʪʦʨʦʥʳ ʦʪ ʩʣʝʧʳʭ ʢʦʥʮʦʚ 

ʩʦʙʠʨʘʪʝʣʴʥʳʭ ʢʘʥʘʣʴʮʝʚ ʠ ʦʙʨʘʟʫʶʪ Sïʦʙʨʘʟʥʳʝ ʪʨʫʙʦʯʢʠ. ʉʣʝʧʳʝ ʢʦʥʮʳ ʩʦʙʠʨʘʪʝʣʴʥʦʛʦ 

ʢʘʥʘʣʴʮʘ ʨʘʟʚʝʪʚʣʷʶʪʩʷ ʠ ʩʦʝʜʠʥʷʶʪʩʷ ʚʪʦʨʠʯʥʦ ʩ ʧʨʦʩʚʝʪʦʤ Sïʦʙʨʘʟʥʳʭ ʪʨʫʙʦʯʝʢ. ʂʦʥʝʮ 

ʥʝʬʨʦʛʝʥʥʦʡ ʟʘʢʣʘʜʢʠ ʟʘʢʘʥʯʠʚʘʝʪʩʷ ʩʣʝʧʦ, ʝʝ ʩʪʝʥʢʘ ʚʧʷʯʠʚʘʝʪʩʷ ʠ ʪʘʢ ʚʦʟʥʠʢʘʝʪ ʷʤʢʘ, ʚ 

ʢʦʪʦʨʦʡ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʩʦʩʫʜʠʩʪʳʡ ʢʣʫʙʦʯʝʢ ð ʦʙʨʘʟʫʝʪʩʷ ʧʦʯʝʯʥʦʝ ʪʝʣʴʮʝ. ɿʘʪʝʤ ʧʦʯʝʯʥʳʡ 

ʢʘʥʘʣʝʮ ʠʥʪʝʥʩʠʚʥʦ ʫʜʣʠʥʷʝʪʩʷ, ʠʟʚʠʚʘʝʪʩʷ, ʦʙʨʘʟʫʝʪ ʧʝʪʣʶ ɻʝʥʣʝ.     

ʎʠʪʦʣʦʛʠʯʝʩʢʠʝ ʠ ʮʠʪʦʙʠʦʭʠʤʠʯʝʩʢʠʝ ʜʝʪʘʣʠ ʥʝʬʨʦʥʦʛʝʥʝʟʘ ʦʧʠʩʘʥʳ ʚ ʮʝʣʦʤ ʨʷʜʝ 

ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʨʘʙʦʪ [1ï3], ʢʦʪʦʨʳʝ ʫʯʠʪʳʚʘʶʪ ʠ ʟʘʨʫʙʝʞʥʳʝ ʜʘʥʥʳʝ.    

ʊʘʢ, ʩʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʃ. ɺ. ɺʠʭʘʨʝʚʦʡ [2], ʦʨʛʘʥʦʛʝʥʝʟ ʦʢʦʥʯʘʪʝʣʴʥʦʡ ʧʦʯʢʠ ʥʘʯʠʥʘʝʪʩʷ 

ʩ 6 ʥʝʜ ʵʤʙʨʠʦʛʝʥʝʟʘ ʯʝʣʦʚʝʢʘ, ʢʦʛʜʘ ʧʨʦʠʩʭʦʜʠʪ ʚʨʘʩʪʘʥʠʝ ʩʦʝʜʠʥʠʪʝʣʴʥʦʡ ʪʢʘʥʠ ʤʝʞʜʫ 

ʩʢʦʧʣʝʥʠʷʤʠ ʤʝʪʘʥʝʬʨʦʛʝʥʥʦʡ ʪʢʘʥʠ. ɸʢʪʠʚʥʦʝ ʤʠʪʦʪʠʯʝʩʢʦʝ ʜʝʣʝʥʠʝ ʢʣʝʪʦʢ ʚ ʟʦʥʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʚʫʭ ʤʝʟʦʜʝʨʤʘʣʴʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ (ʤʝʪʘʥʝʬʨʦʪʠʯʝʩʢʦʛʦ ʧʨʦʪʦʢʘ ʠ 

ʤʝʪʘʥʝʬʨʦʛʝʥʥʦʡ ʪʢʘʥʠ) ʧʨʠ ʬʠʢʩʘʮʠʠ ʦʜʥʦʡ ʠʟ ʩʪʝʥʦʢ ʟʘʯʘʪʢʘ ʢ ʢʘʥʘʣʴʮʝʚʦʡ ʩʪʨʫʢʪʫʨʝ, 

ʧʨʠʚʦʜʠʪ ʢ ʤʠʛʨʘʮʠʠ ʢʣʝʪʦʢ, ʬʦʨʤʠʨʦʚʘʥʠʶ ʢʣʝʪʦʯʥʦʛʦ ʥʘʧʣʳʚʘ, ʢʦʪʦʨʳʡ ʚʜʘʝʪʩʷ ʚ ʧʦʣʦʩʪʴ 

ʧʫʟʳʨʴʢʘ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʢʦʥʬʠʛʫʨʘʮʠʠ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʡ ʩʪʝʥʢʠ ʧʫʟʳʨʴʢʘ ʠ 

ʧʦʷʚʣʝʥʠʶ ʚʜʘʚʣʝʥʠʷ, ʘ ʟʘʪʝʤ ʠ ʩʢʣʘʜʢʠ ʵʧʠʪʝʣʠʷ, ʢʦʪʦʨʘʷ ʚʤʝʩʪʝ ʩ ʤʝʟʝʥʭʠʤʦʡ ʧʦʛʨʫʞʘʝʪʩʷ 

ʚ ʧʦʣʦʩʪʴ ʵʪʦʛʦ ʧʫʟʳʨʴʢʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʬʦʨʤʠʨʫʝʪʩʷ Sïʦʙʨʘʟʥʳʡ ʟʘʯʘʪʦʢ ʥʝʬʨʦʥʘ, ʢʦʛʜʘ 

ʚʦʟʥʠʢʘʶʪ ʜʚʘ ʟʥʘʯʠʤʳʭ ʠʟʤʝʥʝʥʠʷ ʦʙʲʝʤʥʦʡ ʩʪʨʫʢʪʫʨʳ ʢʣʝʪʦʯʥʦʛʦ ʧʫʟʳʨʴʢʘ: 

1) ʠʥʚʘʛʠʥʘʮʠʷ ʩʪʝʥʢʠ ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʚʨʘʩʪʘʥʠʝʤ ʤʝʟʝʥʭʠʤʳ ʚʝʪʚʠ ʜʠʚʝʨʪʠʢʫʣʘ; 
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2) ʧʦʷʚʣʝʥʠʝ ʮʠʨʢʫʣʷʨʥʦʡ ʩʢʣʘʜʢʠ ʵʧʠʪʝʣʠʷ ʠʣʠ ʚʜʘʚʣʝʥʠʷ ʚ ʚʝʨʭʥʝʤ ʧʦʣʶʩʝ ʟʘʯʘʪʢʘ ʚ ʟʦʥʝ 

ʝʛʦ ʧʨʠʣʝʛʘʥʠʷ ʢ ʢʘʥʘʣʴʮʫ, ʧʨʦʠʟʚʦʜʥʦʤʫ ʤʝʪʘʥʝʬʨʘʣʴʥʦʛʦ ʧʨʦʪʦʢʘ. ʇʝʨʚʳʡ ʧʨʦʮʝʩʩ ʘʚʪʦʨ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʢʘʢ ʥʘʯʘʣʦ ʤʦʨʬʦʛʝʥʝʟʘ ʧʦʯʝʯʥʳʭ ʪʝʣʝʮ, ʘ ʚʪʦʨʦʡ ʧʨʦʮʝʩʩ ð ʢʘʢ ʥʘʯʘʣʦ 

ʚʳʜʝʣʝʥʠʷ ʢʘʥʘʣʴʮʝʚʦʡ ʯʘʩʪʠ ʥʝʬʨʦʥʘ.  

ʆʜʥʘʢʦ ʥʠʢʪʦ ʜʦ ʩʠʭ ʧʦʨ ʥʝ ʩʪʘʚʠʣ ʟʘʜʘʯʫ ʧʦʠʩʢʘ ʦʙʱʝʛʦ ʚ ʵʤʙʨʠʦʥʘʣʴʥʦʤ ʨʘʟʚʠʪʠʠ 

ʥʝʬʨʦʥʦʚ ʠ ʩʪʨʫʢʪʫʨ ʜʨʫʛʠʭ ʦʨʛʘʥʦʚ ʯʝʣʦʚʝʢʘ ʠʣʠ ʣʘʙʦʨʘʪʦʨʥʳʭ ʞʠʚʦʪʥʳʭ.  

 

ʄʘʪʝʨʠʘʣ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʈʘʙʦʪʘ ʧʨʦʚʝʜʝʥʘ ʥʘ 30 ʵʤʙʨʠʦʥʘʭ ʠ ʧʣʦʜʘʭ ʯʝʣʦʚʝʢʘ 5ï40 ʤʤ ʪʝʤʝʥʥʦïʢʦʧʯʠʢʦʚʦʡ 

ʜʣʠʥʳ (4ï9 ʥʝʜ). ʇʦʩʣʝ ʬʠʢʩʘʮʠʠ ʚ ʞʠʜʢʦʩʪʠ ɹʫʵʥʘ ʷ ʟʘʣʠʚʘʣ ʤʘʪʝʨʠʘʣ ʚ ʧʘʨʘʬʠʥ, 

ʠʟʛʦʪʘʚʣʠʚʘʣ ʩʝʨʠʡʥʳʝ ʩʨʝʟʳ ʪʦʣʱʠʥʦʡ 5ï7 ʤʢʤ ʚ ʪʨʝʭ ʦʩʥʦʚʥʳʭ ʧʣʦʩʢʦʩʪʷʭ. ʉʨʝʟʳ  

ʦʢʨʘʰʠʚʘʣ ʛʝʤʘʪʦʢʩʠʣʠʥʦʤ ʠ ʵʦʟʠʥʦʤ, ʧʦ ʄʘʣʣʦʨʠ, ʘ ʪʘʢʞʝ ʧʦ ʨʷʜʫ ʜʨʫʛʠʭ ʤʝʪʦʜʠʢ, 

ʠʩʧʦʣʴʟʦʚʘʚʰʠʭʩʷ ʜʣʷ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ʜʠʬʬʝʨʝʥʮʠʨʫʶʱʠʭʩʷ ʪʢʘʥʝʚʳʭ ʟʘʯʘʪʢʦʚ ʠ 

ʵʤʙʨʠʦʥʘʣʴʥʳʭ ʪʢʘʥʝʡ [11], ʚ ʪ. ʯ. ʠʤʧʨʝʛʥʠʨʦʚʘʣ ʩʦʣʷʤʠ ʩʝʨʝʙʨʘ ʧʦ ʂʘʨʫʧʫ.   

 

ʆʩʥʦʚʥʳʝ ʵʪʘʧʳ ʵʤʙʨʠʦʥʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ ʧʦʯʝʢ 

ɺʥʘʯʘʣʝ ʢʨʘʪʢʦ ʦʧʠʰʫ ʥʘʯʘʣʴʥʳʝ ʵʪʘʧʳ ʨʘʟʚʠʪʠʷ ʦʢʦʥʯʘʪʝʣʴʥʦʡ ʠʣʠ ʚʪʦʨʠʯʥʦʡ ʧʦʯʢʠ ʚ 

ʵʤʙʨʠʦʛʝʥʝʟʝ ʯʝʣʦʚʝʢʘ. ʋ ʵʤʙʨʠʦʥʘ 5 ʤʤ ʜʣʠʥʳ (4 ʥʝʜ) ʧʦʷʚʣʷʝʪʩʷ ʜʦʨʩʘʣʴʥʳʡ ʚʳʨʦʩʪ ʥʘ  

ʧʨʦʪʦʢʝ ʢʘʞʜʦʛʦ ʠʟ ʜʚʫʭ ʤʝʟʦʥʝʬʨʦʩʦʚ, ʧʨʠʯʝʤ ʢʘʫʜʘʣʴʥʝʝ ʙʠʬʫʨʢʘʮʠʠ ʥʠʩʭʦʜʷʱʝʡ ʘʦʨʪʳ ʠ 

ʝʝ ʢʦʥʝʯʥʳʭ ʚʝʪʚʝʡ, ʜʚʫʭ ʧʫʧʦʯʥʳʭ ʘʨʪʝʨʠʡ, ʘ ʪʘʢʞʝ ʢʘʫʜʘʣʴʥʳʭ ʢʦʥʮʦʚ ʤʝʟʦʥʝʬʨʦʩʦʚ, 

ʧʦʚʦʨʘʯʠʚʘʶʱʠʭ ʚʤʝʩʪʝ ʩ ʭʚʦʩʪʦʤ ʵʤʙʨʠʦʥʘ ʚ ʚʝʥʪʨʦʤʝʜʠʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. ʊʘʢ ʥʘ ʫʨʦʚʥʝ 

ʧʨʠʤʝʨʥʦ IV ʧʦʷʩʥʠʯʥʦʛʦ ʩʦʤʠʪʘ ʦʙʨʘʟʫʝʪʩʷ ʧʘʨʥʘʷ ʟʘʢʣʘʜʢʘ ʪʘʟʦʚʦʡ ʧʦʯʢʠ. ʆʥʘ  ʟʘʤʝʪʥʦ 

ʨʘʩʰʠʨʷʝʪʩʷ ʫ ʵʤʙʨʠʦʥʦʚ 6-ʡ ʥʝʜ ð ʵʪʦ ʧʦʯʝʯʥʘʷ ʣʦʭʘʥʢʘ, ʢʦʪʦʨʘʷ ʚʝʪʚʠʪʩʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʧʦʯʝʯʥʳʭ ʯʘʰʝʢ. ʀʭ ʦʢʨʫʞʘʝʪ ʧʣʦʪʥʦʝ ʩʢʦʧʣʝʥʠʝ ʤʝʟʦʜʝʨʤʘʣʴʥʳʭ ʢʣʝʪʦʢ, ʤʝʪʘʥʝʬʨʦʛʝʥʥʘʷ 

ʙʣʘʩʪʝʤʘ. ʇʦ ʤʝʨʝ ʨʦʩʪʘ ʵʪʠ ʙʳʩʪʨʦ ʫʚʝʣʠʯʠʚʘʶʱʠʝʩʷ ʟʘʢʣʘʜʢʠ ʪʘʟʦʚʳʭ  ʧʦʯʝʢ ʩʙʣʠʞʘʶʪʩʷ 

ʩʚʦʠʤʠ ʢʨʘʥʠʘʣʴʥʳʤʠ ʢʦʥʮʘʤʠ ʦʢʦʣʦ ʙʠʬʫʨʢʘʮʠʠ ʘʦʨʪʳ, ʘ ʟʘʪʝʤ ʚ ʢʦʥʮʝ 6-ʡ ʥʝʜ çʚʦʩʭʦʜʷʪè 

ʢʨʘʥʠʘʣʴʥʝʝ ʝʝ ʫʨʦʚʥʷ ʠ ʦʢʘʟʳʚʘʶʪʩʷ ʚ ʙʨʶʰʥʦʡ ʧʦʣʦʩʪʠ, ʤʝʞʜʫ, ʥʦ ʜʦʨʩʘʣʴʥʝʝ 

ʤʝʟʦʥʝʬʨʦʩʦʚ, ʪ.ʝ. ʨʘʩʪʫʪ ʯʝʨʝʟ ʟʦʥʳ ʧʨʦʭʦʞʜʝʥʠʷ ʘʨʪʝʨʠʡ ʤʝʟʦʥʝʬʨʦʩʦʚ. ʗ ʩʦʛʣʘʩʝʥ ʩ ɹ. 

ʂʘʨʣʩʦʥʦʤ [4], ʯʪʦ ʢʘʞʫʱʘʷʩʷ ʢʨʘʥʠʘʣʴʥʘʷ ʤʠʛʨʘʮʠʷ ʧʦʯʝʢ ʚʳʟʚʘʥʘ ʙʳʩʪʨʳʤ ʨʦʩʪʦʤ ʪʦʡ 

ʯʘʩʪʠ ʪʝʣʘ, ʢʦʪʦʨʘʷ ʥʘʭʦʜʠʪʩʷ ʢʘʫʜʘʣʴʥʝʝ ʠʭ, ʪ. ʝ. ʦʙʣʘʩʪʠ ʧʦʷʩʥʠʯʥʳʭ ʩʦʤʠʪʦʚ. 

ʋʜʣʠʥʷʶʱʠʝʩʷ ʧʦʷʩʥʠʯʥʘʷ ʠ ʭʚʦʩʪʦʚʘʷ ʯʘʩʪʠ ʪʝʣʘ ʵʤʙʨʠʦʥʘ ʧʦʩʪʝʧʝʥʥʦ ʨʘʟʛʠʙʘʶʪʩʷ. ʂʨʦʤʝ 

ʪʦʛʦ, ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʚ ʨʘʟʤʝʨʘʭ ʩʘʤʠ ʧʦʯʢʠ, ʫʜʣʠʥʷʝʪʩʷ ʜʦʨʩʘʣʴʥʘʷ ʘʦʨʪʘ. 

ʋ ʵʤʙʨʠʦʥʘ 5 ʤʤ ʜʣʠʥʳ (4 ʥʝʜ) ʙʫʣʘʚʦʚʠʜʥʦʝ ʨʘʩʰʠʨʝʥʠʝ ʤʝʪʘʥʝʬʨʘʣʴʥʦʛʦ  

ʜʠʚʝʨʪʠʢʫʣʘ ʦʢʨʫʞʝʥʦ ʤʝʪʘʥʝʬʨʦʛʝʥʥʦʡ ʙʣʘʩʪʝʤʦʡ (ʈʠʩʫʥʦʢ 1). ʆʥʘ ʧʦʢʨʳʚʘʝʪ ʘʧʠʢʘʣʴʥʫʶ 

ʯʘʩʪʴ ʙʫʣʘʚʳ, ʪʦʯʥʝʝ ð ʝʝ ʜʦʨʩʦʢʨʘʥʠʘʣʴʥʫʶ ʧʦʣʫʦʢʨʫʞʥʦʩʪʴ ʥʘ ʩʨʝʟʝ, ʪ. ʝ. ʟʦʥʫ ʘʢʪʠʚʥʦʛʦ 

ʨʦʩʪʘ. ʀ ʵʧʠʪʝʣʠʘʣʴʥʘʷ ʩʪʝʥʢʘ ʤʝʪʘʥʝʬʨʦʪʠʯʝʩʢʦʛʦ ʜʠʚʝʨʪʠʢʫʣʘ ʠ ʙʣʘʩʪʝʤʘ ʠʤʝʶʪ ʩʪʨʦʝʥʠʝ 

ʢʘʢ ʫ ʣʦʞʥʦʤʥʦʛʦʨʷʜʥʦʛʦ ʢʠʰʝʯʥʦʛʦ ʵʧʠʪʝʣʠʷ: ʷʜʨʘ ʠʭ ʢʣʝʪʦʢ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʥʝʩʢʦʣʴʢʦ 

ʨʷʜʦʚ. ʆʢʦʣʦ ʩʪʝʥʢʠ ʜʠʚʝʨʪʠʢʫʣʘ ʥʘʭʦʜʷʪʩʷ ʢʣʝʪʢʠ ʙʫʣʘʚʦʚʠʜʥʦʡ ʬʦʨʤʳ: ʠʭ ʷʜʨʘ ʫʜʘʣʝʥʳ ʦʪ 

ʧʦʚʝʨʭʥʦʩʪʠ ʙʫʣʘʚʳ ʜʠʚʝʨʪʠʢʫʣʘ, ʘ ʩʫʞʝʥʥʳʝ ʯʘʩʪʠ ʚʳʭʦʜʷʪ ʠʟ ʝʛʦ ʩʪʝʥʢʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʤʝʪʘʥʝʬʨʦʛʝʥʥʘʷ ʙʣʘʩʪʝʤʘ ʬʦʨʤʠʨʫʝʪʩʷ ʧʫʪʝʤ ʤʠʛʨʘʮʠʠ ʤʝʟʦʜʝʨʤʘʣʴʥʳʭ ʢʣʝʪʦʢ ʠʟ 

ʤʝʪʘʥʝʬʨʘʣʴʥʦʛʦ ʜʠʚʝʨʪʠʢʫʣʘ. ʊʝʤʥʳʡ ʤʘʩʩʠʚ ʤʝʪʘʥʝʬʨʘʣʴʥʦʛʦ ʜʠʚʝʨʪʠʢʫʣʘ ʠ ʧʨʠʣʝʛʘʶʱʝʡ 

ʙʣʘʩʪʝʤʳ ʦʢʨʫʞʘʝʪ ʩʚʝʪʣʘʷ ʤʝʟʝʥʭʠʤʘ ʩ ʷʚʥʦ ʙʦʣʝʝ ʤʝʣʢʠʤʠ ʢʣʝʪʢʘʤʠ. ʆʥʠ ʦʙʨʘʟʫʶʪ 

ʮʠʨʢʫʣʷʨʥʳʝ ʮʝʧʦʯʢʠ ʚʦʢʨʫʛ ʤʘʩʩʠʚʘ ʩ ʨʘʜʠʘʣʴʥʦ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤʠ ʢʣʝʪʢʘʤʠ. 
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ʈʠʩʫʥʦʢ 1. ʕʤʙʨʠʦʥ ʯʝʣʦʚʝʢʘ 5 ʤʤ ʜʣʠʥʳ (4 ʥʝʜʝʣʴ), ʩʘʛʠʪʪʘʣʴʥʳʡ ʩʨʝʟ: 1ï4 ð ʩʚʷʟʴ ʢʣʝʪʦʢ 

ʤʝʪʘʥʝʬʨʦʛʝʥʥʦʡ ʙʣʘʩʪʝʤʳ ʩʦ ʩʪʝʥʢʦʡ ʤʝʪʘʥʝʬʨʠʯʝʩʢʦʛʦ ʜʠʚʝʨʪʠʢʫʣʘ, ʚʳʩʝʣʷʶʱʠʝʩʷ ʢʨʫʧʥʳʝ 

ʙʦʢʘʣʦʚʠʜʥʳʝ ʢʣʝʪʢʠ ʠʤʝʶʪ ʨʘʜʠʘʣʴʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ; 6, 7 ð ʮʠʨʢʫʣʷʨʥʳʝ ʮʝʧʦʯʢʠ ʤʝʣʢʠʭ 

ʤʝʟʝʥʭʠʤʥʳʭ ʢʣʝʪʦʢ. ɻʝʤʘʪʦʢʩʠʣʠʥ ʠ ʵʦʟʠʥ. ʋʚ. 600 

 

 

ʋ ʵʤʙʨʠʦʥʘ 7 ʤʤ ʜʣʠʥʳ (5 ʥʝʜ) ʙʫʣʘʚʦʚʠʜʥʦʝ ʨʘʩʰʠʨʝʥʠʝ ʤʝʪʘʥʝʬʨʘʣʴʥʦʛʦ  

ʜʠʚʝʨʪʠʢʫʣʘ ʚʳʪʷʛʠʚʘʝʪʩʷ, ʚ ʪ. ʯ. ʨʫʯʢʘ ʠ ʛʦʣʦʚʢʘ ʙʫʣʘʚʳ, ʛʦʣʦʚʢʘ ʩʤʝʥʷʝʪ ʦʢʨʫʛʣʫʶ ʥʘ ʩʨʝʟʝ 

ʬʦʨʤʫ ʥʘ ʦʚʘʣʴʥʫʶ. ʐʠʨʠʥʘ, ʧʦʣʦʞʝʥʠʝ ʠ ʩʪʨʫʢʪʫʨʘ ʤʝʪʘʥʝʬʨʦʛʝʥʥʦʡ ʙʣʘʩʪʝʤʳ ʥʘ ʵʪʦʤ 

ʵʪʘʧʝ ʨʘʟʚʠʪʠʷ ʩʫʱʝʩʪʚʝʥʥʦ ʥʝ ʠʟʤʝʥʷʶʪʩʷ (ʈʠʩʫʥʦʢ 2).  

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 

 

 

 

105 

 

 

 

 
 

ʈʠʩʫʥʦʢ 2. ʕʤʙʨʠʦʥ ʯʝʣʦʚʝʢʘ 7 ʤʤ ʜʣʠʥʳ (5 ʥʝʜʝʣʴ), ʩʘʛʠʪʪʘʣʴʥʳʡ ʩʨʝʟ: 1ï3 ð ʩʚʷʟʴ ʢʣʝʪʦʢ 

ʤʝʪʘʥʝʬʨʦʛʝʥʥʦʡ ʙʣʘʩʪʝʤʳ ʩʦ ʩʪʝʥʢʦʡ ʤʝʪʘʥʝʬʨʠʯʝʩʢʦʛʦ ʜʠʚʝʨʪʠʢʫʣʘ.  

ɻʝʤʘʪʦʢʩʠʣʠʥ ʠ ʵʦʟʠʥ. ʋʚ. 600 

 

ɺ ʩʝʨʝʜʠʥʝ 6-ʡ ʥʝʜ ʵʤʙʨʠʦʛʝʥʝʟʘ ʤʝʪʘʥʝʬʨʘʣʴʥʳʡ ʜʠʚʝʨʪʠʢʫʣ ʨʘʟʜʝʣʷʝʪʩʷ ʥʘ ʧʦʯʝʯʥʫʶ 

ʣʦʭʘʥʢʫ ʪʨʝʫʛʦʣʴʥʦʡ ʬʦʨʤʳ ʠ ʙʦʣʴʰʠʝ ʧʦʯʝʯʥʳʝ ʯʘʰʢʠ. ʆʥʠ ʦʙʨʘʟʫʶʪʩʷ ʥʘ  ʛʦʣʦʚʢʝ ʙʫʣʘʚʳ 

ʤʝʪʘʥʝʬʨʘʣʴʥʦʛʦ ʜʠʚʝʨʪʠʢʫʣʘ, ʩʠʣʴʥʦ ʚʳʪʷʛʠʚʘʶʱʝʡʩʷ ʚ ʚʠʜʝ ʚʦʛʥʫʪʦʡ ʧʣʘʩʪʠʥʢʠ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʧʦʯʝʯʥʦʡ ʣʦʭʘʥʢʝ (ʈʠʩʫʥʦʢ 3). ʊʦʣʴʢʦ ʧʣʘʩʪʠʥʢʘ ʦʢʨʫʞʝʥʘ 

ʤʝʪʘʥʝʬʨʦʛʝʥʥʦʡ ʙʣʘʩʪʝʤʦʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʯʝʯʥʳʝ ʯʘʰʢʠ ʦʙʨʘʟʫʶʪʩʷ ʠʟ ʛʦʣʦʚʢʠ 

ʙʫʣʘʚʦʚʠʜʥʦʛʦ ʤʝʪʘʥʝʬʨʘʣʴʥʦʛʦ ʜʠʚʝʨʪʠʢʫʣʘ, ʧʦʯʝʯʥʘʷ ʣʦʭʘʥʢʘ ð ʠʟ ʝʛʦ ʨʘʩʰʠʨʷʶʱʝʡʩʷ 

ʥʦʞʢʠ (ʨʫʯʢʠ ʙʫʣʘʚʳ). ɺ ʢʦʥʮʝ 6-ʡ ʥʝʜ ʵʤʙʨʠʦʛʝʥʝʟʘ ʧʦʷʚʣʷʶʪʩʷ ʤʘʣʳʝ ʧʦʯʝʯʥʳʝ ʯʘʰʢʠ. ʀʭ 

ʚʝʪʚʣʝʥʠʝ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʦʩʦʯʢʦʚʳʭ ʧʨʦʪʦʢʦʚ ʠ ʠʭ ʘʤʧʫʣ ʚ ʥʘʯʘʣʝ 7-ʡ ʥʝʜ 

ʵʤʙʨʠʦʛʝʥʝʟʘ, ʢʦʪʦʨʳʝ ʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʩʦʙʠʨʘʪʝʣʴʥʳʝ ʪʨʫʙʢʠ. ʇʨʠʯʝʤ ʚʝʩʴ ʵʪʦʪ ʢʦʤʧʣʝʢʩ 

ʦʢʨʫʞʝʥ ʤʝʪʘʥʝʬʨʦʛʝʥʥʦʡ ʙʣʘʩʪʝʤʦʡ (ʈʠʩʫʥʦʢ 4). ʄʝʞʜʫ ʝʝ ʬʨʘʛʤʝʥʪʘʤʠ ʥʘ ʩʨʝʟʝ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʝʪʴ ʪʦʥʢʠʭ ʨʝʪʠʢʫʣʷʨʥʳʭ ʚʦʣʦʢʦʥ (ʈʠʩʫʥʦʢ 5).  
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ʈʠʩʫʥʦʢ 3. ʕʤʙʨʠʦʥ ʯʝʣʦʚʝʢʘ 10,5 ʤʤ ʜʣʠʥʳ (5,5 ʥʝʜʝʣʴ), ʩʘʛʠʪʪʘʣʴʥʳʡ ʩʨʝʟ: 1 ð ʧʦʯʝʯʥʘʷ ʣʦʭʘʥʢʘ;  

2, 3 ð ʙʦʣʴʰʠʝ ʧʦʯʝʯʥʳʝ ʯʘʰʢʠ; 4, 6 ð ʟʘʜʥʷʷ ʠ ʩʨʝʜʥʷʷ ʢʠʰʢʘ; 5 ð ʚʝʨʭʥʷʷ ʙʨʳʞʝʝʯʥʘʷ ʘʨʪʝʨʠʷ  

ʚ ʙʨʳʞʝʡʢʝ ʧʫʧʦʯʥʦʡ ʢʠʰʝʯʥʦʡ ʧʝʪʣʠ. ɻʝʤʘʪʦʢʩʠʣʠʥ ʠ ʵʦʟʠʥ. ʋʚ. 50 

 

 
 

ʈʠʩʫʥʦʢ 4. ʕʤʙʨʠʦʥ ʯʝʣʦʚʝʢʘ 14 ʤʤ ʜʣʠʥʳ (ʥʘʯʘʣʦ 7-ʡ ʥʝʜʝʣʠ), ʩʘʛʠʪʪʘʣʴʥʳʡ ʩʨʝʟ. ʄʝʪʘʥʝʬʨʦʛʝʥʥʘʷ 

ʙʣʘʩʪʝʤʘ ʚʦʢʨʫʛ ʩʦʩʦʯʢʦʚʳʭ ʧʨʦʪʦʢʦʚ, ʠʭ ʘʤʧʫʣ ʠ ʩʦʙʠʨʘʪʝʣʴʥʳʭ ʪʨʫʙʦʯʝʢ (1).  

ɻʝʤʘʪʦʢʩʠʣʠʥ ʠ ʵʦʟʠʥ. ʋʚ. 200 
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ʈʠʩʫʥʦʢ 5. ʕʤʙʨʠʦʥ ʯʝʣʦʚʝʢʘ 14 ʤʤ ʜʣʠʥʳ (ʥʘʯʘʣʦ 7-ʡ ʥʝʜʝʣʠ), ʩʘʛʠʪʪʘʣʴʥʳʡ ʩʨʝʟ.  

ʏʝʨʥʘʷ ʤʝʪʘʥʝʬʨʦʛʝʥʥʘʷ ʙʣʘʩʪʝʤʘ ʚʦʢʨʫʛ ʘʤʧʫʣ ʩʦʩʦʯʢʦʚʳʭ ʧʨʦʪʦʢʦʚ ʠ ʩʦʙʠʨʘʪʝʣʴʥʳʭ ʪʨʫʙʦʯʝʢ (1). 

ʄʝʞʜʫ ʬʨʘʛʤʝʥʪʘʤʠ ʯʝʨʥʦʡ ʙʣʘʩʪʝʤʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʝʪʴ ʪʦʥʢʠʭ ʨʝʪʠʢʫʣʷʨʥʳʭ ʚʦʣʦʢʦʥ.  

ʉʝʨʝʙʨʝʥʠʝ ʧʦ ʂʘʨʫʧʫ. ʋʚ. 200 

 

ɺ ʪʝʯʝʥʠʝ 7ï9-ʡ ʥʝʜ ʵʤʙʨʠʦʛʝʥʝʟʘ ʧʦʩʪʝʧʝʥʥʦ ʜʠʬʬʝʨʝʥʮʠʨʫʶʪʩʷ ʧʦʯʝʯʥʳʝ ʪʝʣʴʮʘ ʠ Sï

ʦʙʨʘʟʥʳʝ ʧʦʯʝʯʥʳʝ ʢʘʥʘʣʴʮʳ ʧʝʨʚʳʭ ʥʝʬʨʦʥʦʚ (ʈʠʩʫʥʢʠ 6ï10). ʕʪʦʪ ʧʨʦʮʝʩʩ ʧʦʜʨʦʙʥʦ 

ʦʧʠʩʘʥ ʚ ʣʠʪʝʨʘʪʫʨʝ, ʚ ʪ. ʯ. ʚ ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʩ ʨʘʟʚʠʪʠʝʤ ʤʝʟʦʥʝʬʨʦʥʦʚ [1ï6]. ʅʦ ʤʥʝ ʥʝ 

ʫʜʘʣʦʩʴ ʥʘʡʪʠ ʨʘʙʦʪ, ʚ ʢʦʪʦʨʳʭ ʤʦʨʬʦʛʝʥʝʟ ʥʝʬʨʦʥʦʚ ʠʟ ʤʝʪʘʥʝʬʨʦʛʝʥʥʦʡ ʙʣʘʩʪʝʤʳ 

ʩʨʘʚʥʠʚʘʣʩʷ ʙʳ ʩ ʨʘʟʚʠʪʠʝʤ ʢʠʰʝʯʥʦʡ ʩʣʠʟʠʩʪʦʡ ʯʝʨʝʟ ʩʪʘʜʠʶ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʡ ʘʪʨʝʟʠʠ ʠʣʠ 

ʚʝʱʝʩʪʚʘ ʧʦʜʞʝʣʫʜʦʯʥʦʡ ʞʝʣʝʟʳ, ʭʦʪʷ ʬʦʨʤʘʣʴʥʳʝ ʧʨʠʟʥʘʢʠ ʵʪʠʭ ʨʘʟʥʳʭ ʧʨʦʮʝʩʩʦʚ 

ʦʯʝʚʠʜʥʳ ð ʦʯʘʛʦʚʳʝ ʩʛʫʱʝʥʠʷ ʵʧʠʪʝʣʠʷ (ʵʥʪʦʜʝʨʤʳ ʠʣʠ ʤʝʟʦʜʝʨʤʳ) ʨʘʟʥʳʭ ʨʘʟʤʝʨʦʚ ʠ 

ʧʦʩʣʝʜʫʶʱʠʝ ʠʭ ʨʘʟʨʷʞʝʥʠʷ, ʧʦʷʚʣʝʥʠʝ ʩʪʨʫʢʪʫʨ ʜʝʬʠʥʠʪʠʚʥʦʛʦ ʪʠʧʘ (ʥʝʬʨʦʥʳ, ʢʠʰʝʯʥʳʝ 

ʚʦʨʩʠʥʢʠ, ʧʘʥʢʨʝʘʪʠʯʝʩʢʠʝ ʜʦʣʴʢʠ ʠ ʘʮʠʥʫʩʳ). 

 

 
 

ʈʠʩʫʥʦʢ 6. ʕʤʙʨʠʦʥ ʯʝʣʦʚʝʢʘ 20 ʤʤ ʜʣʠʥʳ (7 ʥʝʜʝʣʴ), ʧʦʧʝʨʝʯʥʳʡ ʩʨʝʟʝ: 1 ð ʩʦʙʠʨʘʪʝʣʴʥʳʝ 

ʪʨʫʙʦʯʢʠ; 2 ð ʧʝʨʚʳʝ ʧʦʯʝʯʥʳʝ ʪʝʣʴʮʘ; 3 ð ʧʨʠʥʦʩʷʱʠʡ ʩʦʩʫʜ. ɻʝʤʘʪʦʢʩʠʣʠʥ ʠ ʵʦʟʠʥ. ʋʚ. 400 
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ʈʠʩʫʥʦʢ 7. ʕʤʙʨʠʦʥ ʯʝʣʦʚʝʢʘ 28 ʤʤ ʜʣʠʥʳ (8 ʥʝʜʝʣʴ), ʧʦʧʝʨʝʯʥʳʡ ʩʨʝʟ: 1 ð ʤʘʣʘʷ ʧʦʯʝʯʥʘʷ ʯʘʰʢʘ;  

2 ð ʨʘʟʜʚʦʝʥʠʝ ʩʦʩʦʯʢʦʚʦʛʦ ʧʨʦʪʦʢʘ ʥʘ ʩʦʙʠʨʘʪʝʣʴʥʳʝ ʪʨʫʙʦʯʢʠ; 3 ð ʠʟʚʠʪʦʡ ʧʦʯʝʯʥʳʡ ʢʘʥʘʣʝʮ;  

4 ð ʤʝʪʘʥʝʬʨʦʛʝʥʥʘʷ ʙʣʘʩʪʝʤʘ, ʢʣʝʪʢʠ ʢʦʪʦʨʦʡ ʚʳʭʦʜʷʪ ʠʟ ʩʪʝʥʢʠ ʩʦʙʠʨʘʪʝʣʴʥʦʡ ʪʨʫʙʦʯʢʠ; 

 5 ð ʧʦʯʝʯʥʦʝ ʪʝʣʴʮʝ. ɻʝʤʘʪʦʢʩʠʣʠʥ ʠ ʵʦʟʠʥ. ʋʚ. 250 

 

 
ʈʠʩʫʥʦʢ 8. ʕʤʙʨʠʦʥ ʯʝʣʦʚʝʢʘ 30 ʤʤ ʜʣʠʥʳ (8 ʥʝʜʝʣʴ), ʬʨʦʥʪʘʣʴʥʳʡ ʩʨʝʟ: 1 ð ʩʦʙʠʨʘʪʝʣʴʥʘʷ 

ʪʨʫʙʦʯʢʘ; 2 ð ʠʟʚʠʪʦʡ ʧʦʯʝʯʥʳʡ ʢʘʥʘʣʝʮ; \ ð ʧʝʨʝʭʦʜ ʤʝʞʜʫ ʩʦʙʠʨʘʪʝʣʴʥʦʡ ʪʨʫʙʦʯʢʦʡ ʠ ʠʟʚʠʪʳʤ 

ʧʦʯʝʯʥʳʤ ʢʘʥʘʣʴʮʝʤ; 3 ðʧʦʯʝʯʥʦʝ ʪʝʣʴʮʝ ʠ ʦʢʨʫʞʘʶʱʘʷ ʤʝʪʘʥʝʬʨʦʛʝʥʥʘʷ ʙʣʘʩʪʝʤʘ.  
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ʈʠʩʫʥʦʢ 9. ʕʤʙʨʠʦʥ ʯʝʣʦʚʝʢʘ 36 ʤʤ ʜʣʠʥʳ (8,5 ʥʝʜʝʣʴ), ʧʦʧʝʨʝʯʥʳʡ ʩʨʝʟ: 1 ð ʧʦʯʝʯʥʘʷ ʣʦʭʘʥʢʘ;  

2, 3 ð ʙʦʣʴʰʘʷ ʠ ʤʘʣʘʷ ʧʦʯʝʯʥʳʝ ʯʘʰʢʠ; 4 ð ʩʦʩʦʯʢʦʚʳʡ ʧʨʦʪʦʢ; 5 ð ʩʦʙʠʨʘʪʝʣʴʥʘʷ ʪʨʫʙʦʯʢʘ;  

6 ð ʠʟʚʠʪʦʡ ʧʦʯʝʯʥʳʡ ʢʘʥʘʣʝʮ; 7 ð ʧʦʯʝʯʥʦʝ ʪʝʣʴʮʝ ʠ ʦʢʨʫʞʘʶʱʘʷ ʤʝʪʘʥʝʬʨʦʛʝʥʥʘʷ ʙʣʘʩʪʝʤʘ.  

ɻʝʤʘʪʦʢʩʠʣʠʥ ʠ ʵʦʟʠʥ. ʋʚ. 80 

 

 
ʈʠʩʫʥʦʢ 10. ʕʤʙʨʠʦʥ ʯʝʣʦʚʝʢʘ 36 ʤʤ ʜʣʠʥʳ (8,5 ʥʝʜʝʣʴ), ʧʦʧʝʨʝʯʥʳʡ ʩʨʝʟ (ʫʚʝʣʠʯʝʥʥʳʡ ʬʨʘʛʤʝʥʪ 

ʈʠʩʫʥʢʘ 8): 4 ð ʩʦʩʦʯʢʦʚʳʡ ʧʨʦʪʦʢ; 5 ð ʩʦʙʠʨʘʪʝʣʴʥʘʷ ʪʨʫʙʦʯʢʘ; 6 ð ʠʟʚʠʪʦʡ ʧʦʯʝʯʥʳʡ ʢʘʥʘʣʝʮ; 7 

ð ʧʦʯʝʯʥʦʝ ʪʝʣʴʮʝ ʠ ʦʢʨʫʞʘʶʱʘʷ ʤʝʪʘʥʝʬʨʦʛʝʥʥʘʷ ʙʣʘʩʪʝʤʘ. ɻʝʤʘʪʦʢʩʠʣʠʥ ʠ ʵʦʟʠʥ. ʋʚ. 200 
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