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ɺʣʠʷʥʠʝ ʤʝʜʠʢʦ-ʩʦʮʠʘʣʴʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʝʤʴʠ ʥʘ ʩʘʤʦʦʮʝʥʢʫ ʟʜʦʨʦʚʴʷ ʨʝʙʝʥʢʘ é.. 122ï129 

  

ʉʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʝ ʥʘʫʢʠ  

15. ʆʨʝʭʦʚ ɻ. ʀ., ʎʳʙʘʥʴ ɸ. ɸ., ɼʝʤʢʦ ɸ. ʅ. 
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ʂ ʈɸʉʏɽʊʋ ʃʋʏʀʉʊʓʍ ʊɽʇʃʆɺʓʍ ʇʆʊʆʂʆɺ ɺ ʊʈɽʍʄɽʈʅʆʁ 

ʇʈʗʄʆʋɻʆʃʔʅʆʁ ʆɹʃɸʉʊʀ ʄɽʊʆɼʆʄ ɼʀʉʂʈɽʊʅʓʍ ʆʈɼʀʅɸʊ 

 

TO CALCULATION OF RA DIATION HEAT FLUXES IN THREE -DIMENSIONAL  

RECTANGULAR E NCLOSURES BY METHOD OF DISCRE TE ORDINATES  
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ɸʥʥʦʪʘʮʠʷ. ɺ ʨʘʙʦʪʝ ʤʝʪʦʜ ʜʠʩʢʨʝʪʥʳʭ ʦʨʜʠʥʘʪ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ 

ʧʝʨʝʥʦʩʘ ʠʟʣʫʯʝʥʠʷ ʚ ʪʨʝʭʤʝʨʥʦʡ ʧʦʩʪʘʥʦʚʢʝ.  

ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ S8 ð ʧʨʠʙʣʠʞʝʥʠʷ, ʧʨʦʚʝʜʝʥʦ 

ʠʭ ʩʨʘʚʥʝʥʠʝ ʩ ʜʘʥʥʳʤʠ ʜʨʫʛʠʭ ʘʚʪʦʨʦʚ. 

 

Abstract. In work the method of discrete ordinates is applied to the solution of a problem of 

transfer of radiation in threeïdimensional statement.  

The results received with use of S8 ð an approximation are given, comparison with data of 

other authors is carried out them. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʟʣʫʯʝʥʠʷ, ʨʘʜʠʘʮʠʦʥʥʳʡ ʪʝʧʣʦʦʙʤʝʥ, ʢʦʥʪʨʦʣʴʥʳʡ 

ʦʙʲʝʤ. 

 

Keywords: intensity of radiation, radiation heat exchange, control volume. 

 

ɺ ʢʘʤʝʨʘʭ ʨʘʜʠʘʮʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʪʨʫʙʯʘʪʳʭ ʧʝʯʝʡ ʪʝʧʣʦʚʳʝ ʧʦʪʦʢʠ ʬʦʨʤʠʨʫʶʪʩʷ 

ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʦʚʤʝʩʪʥʦʛʦ ʜʝʡʩʪʚʠʷ ʚʩʝʭ ʤʝʭʘʥʠʟʤʦʚ ʧʝʨʝʥʦʩʘ ʵʥʝʨʛʠʠ: ʣʫʯʠʩʪʦʛʦ, 

ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʠ ʢʦʥʜʫʢʪʠʚʥʦʛʦ. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʪʨʫʙʯʘʪʳʭ ʧʝʯʝʡ 

ʥʝʬʪʝʭʠʤʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʣʫʯʠʩʪʳʡ ʪʝʧʣʦʦʙʤʝʥ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ. ʈʘʩʯʝʪ 

ʣʫʯʠʩʪʦʛʦ ʪʝʧʣʦʦʙʤʝʥʘ ʩʚʦʜʠʪʩʷ ʢ ʨʝʰʝʥʠʶ ʠʥʪʝʛʨʦïʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ 

ʧʝʨʝʥʦʩʘ ʠʟʣʫʯʝʥʠʷ (ʋʇʀ) ʧʨʠ ʠʟʚʝʩʪʥʦʤ ʧʦʣʝ ʪʝʤʧʝʨʘʪʫʨ. ɺ ʟʘʜʘʯʘʭ ʣʫʯʠʩʪʦʛʦ 

ʪʝʧʣʦʦʙʤʝʥʘ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʪʦʜ ʜʠʩʢʨʝʪʥʳʭ ʦʨʜʠʥʘʪ (ʄɼʆ).  

ʇʝʨʚʦʥʘʯʘʣʴʥʳʡ ʚʘʨʠʘʥʪ ʄɼʆ ʢʘʢ ʨʘʟʚʠʪʠʝ ʜʚʫʭʧʦʪʦʢʦʚʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ ʐʫʩʪʝʨʘ ʠ 

ʐʚʘʨʮʰʠʣʴʜʘ ʜʣʷ ʧʣʦʩʢʦʡ ʛʝʦʤʝʪʨʠʠ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ɺʠʢʦʤ [1] ʠ ʚ ʜʘʣʴʥʝʡʰʝʤ ʨʘʟʚʠʪ 

ʏʘʥʜʨʘʩʝʢʘʨʦʤ [2]. ʆʩʥʦʚʥʦʝ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʤʝʪʦʜʘ: ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʯʣʝʥʘ ʚ 

ʋʇʀ ʧʦ ʢʚʘʜʨʘʪʫʨʥʦʡ ʬʦʨʤʫʣʝ. ʄɼʆ ʧʦʣʫʯʠʣ ʨʘʟʚʠʪʠʝ ʚ ʨʘʙʦʪʘʭ ʟʘʨʫʙʝʞʥʳʭ ʠ 

ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʘʚʪʦʨʦʚ. ʆʥ ʫʜʘʯʥʦ ʦʙʲʝʜʠʥʷʝʪʩʷ ʩ ʘʣʛʦʨʠʪʤʘʤʠ, ʦʩʥʦʚʘʥʥʳʤʠ ʥʘ 
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ʧʨʠʤʝʥʝʥʠʠ ʢʦʥʪʨʦʣʴʥʳʭ ʦʙʲʝʤʦʚ. ʄʝʪʦʜ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʘʚʪʦʨʦʤ ʩʪʘʪʴʠ ʚ ʨʷʜʝ ʨʘʙʦʪ [3ï

4]. 

ʈʘʩʩʤʦʪʨʠʤ ʋʇʀ ʜʣʷ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʦʙʣʘʩʪʠ, ʧʦʢʘʟʘʥʥʦʡ ʥʘ ʈʠʩʫʥʢʝ 1. ɼʣʷ 

ʠʟʣʫʯʘʶʱʝʡ, ʧʦʛʣʦʱʘʶʱʝʡ ʠ ʨʘʩʩʝʠʚʘʶʱʝʡ ʩʝʨʦʡ ʩʨʝʜ rʫʨʘʚʥʝʥʠʝ ʠʤʝʝʪ ʚʠʜ 

 

ɛ +ɝ + ɖ
( , )I r

z

µ W

µ
=  ī + . (1) 

 

ɿʜʝʩʴ ɛ, ɝ, ɖ ð ʥʘʧʨʘʚʣʷʶʱʠʝ ʢʦʩʠʥʫʩʳ; ð ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʟʣʫʯʝʥʠʷ, 

ʟʘʚʠʩʷʱʘʷ ʦʪ ʧʦʣʦʞʝʥʠʷ ʠ ʥʘʧʨʘʚʣʝʥʠʷ; ð ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʦʛʣʦʱʝʥʠʷ ʠ ʨʘʩʩʝʷʥʠʷ 

ʩʨʝʜʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; ð ʠʥʜʠʢʘʪʨʠʩʘ ʨʘʩʩʝʷʥʠʷ; ð ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʟʣʫʯʝʥʠʷ 

ʯʝʨʥʦʛʦ ʪʝʣʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ .  

ɻʨʘʥʠʯʥʦʝ ʫʩʣʦʚʠʝ ʢ ʫʨʘʚʥʝʥʠʶ (1) ʩ ʫʯʝʪʦʤ ʜʠʬʬʫʟʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠ ʦʪʨʘʞʝʥʠʷ ʠʤʝʝʪ 

ʚʠʜ: 

= +                                       (2) 

ʜʣʷ ʪʘʢʠʭ ʥʘʧʨʘʚʣʝʥʠʡ , ʜʣʷ ʢʦʪʦʨʳʭ . ɿʜʝʩʴ ð ʥʘʧʨʘʚʣʝʥʠʝ 

ʧʘʜʘʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ, ð ʥʘʧʨʘʚʣʝʥʠʝ ʠʩʧʫʩʢʘʝʤʦʛʦ ʠʟʣʫʯʝʥʠʷ; ð ʩʪʝʧʝʥʴ ʯʝʨʥʦʪʳ 

ʛʨʘʥʠʯʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ; ð ʦʪʨʘʞʘʪʝʣʴʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ; ð ʝʜʠʥʠʯʥʳʡ 

ʚʝʢʪʦʨ ʚʥʫʪʨʝʥʥʝʡ ʥʦʨʤʘʣʠ ʢ ʛʨʘʥʠʮʝ. 

ɺ ʄɼʆ ʫʛʣʦʚʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ ʘʧʧʨʦʢʩʠʤʠʨʫʝʪʩʷ 

ʟʥʘʯʝʥʠʷʤʠ ʚʜʦʣʴ ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʚʳʜʝʣʝʥʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ  {m = 1, 2, é, N0} 

ʚ ʢʘʞʜʦʡ ʪʦʯʢʝ ʧʨʦʩʪʨʘʥʩʪʚʘ. ɼʣʷ ʪʨʝʭʤʝʨʥʦʛʦ ʧʦʣʷ ʠʟʣʫʯʝʥʠʷ ʵʪʠ ʥʘʧʨʘʚʣʝʥʠʷ ʟʘʜʘʶʪʩʷ 

ʥʘʙʦʨʦʤ ʫʛʣʦʚʳʭ ʢʦʦʨʜʠʥʘʪ {ɛm, ɝm, ɖm; m = 1, 2, é, N0}, ʨʘʚʥʳʭ ʚʝʣʠʯʠʥʝ ʧʨʦʝʢʮʠʠ 

ʝʜʠʥʠʯʥʦʛʦ ʚʝʢʪʦʨʘ ʥʘʧʨʘʚʣʝʥʠʷ  ʥʘ ʦʩʠ ʢʦʦʨʜʠʥʘʪ 0x, 0y, 0z ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʂʦʣʠʯʝʩʪʚʦ 

ʥʘʧʨʘʚʣʝʥʠʡ ʚ Sn ð ʧʨʠʙʣʠʞʝʥʠʠ ʨʘʚʥʦ N0=n(n+2), ʛʜʝ n ð ʧʦʨʷʜʦʢ ʧʨʠʙʣʠʞʝʥʠʷ. ʀʥʪʝʛʨʦï

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ (1) ʧʨʠʙʣʠʞʝʥʥʦ ʟʘʤʝʥʷʝʪʩʷ ʩʠʩʪʝʤʦʡ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ 

ʫʨʘʚʥʝʥʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ ʚʜʦʣʴ ʢʘʞʜʦʛʦ ʠʟ ʵʪʠʭ ʥʘʧʨʘʚʣʝʥʠʡ: 

 

( )m m m
m m m b m

I I I
I I

x y z

µ µ µ
m +x +h =a - a+b
µ µ µ

+ ,                               (3) 

m=1,2,3,é,No 

 

ʛʜʝ  ð ʫʛʣʦʚʳʝ ʚʝʩʦʚʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ. ʀʥʜʝʢʩʳ mô, m ʦʙʦʟʥʘʯʘʶʪ ʥʘʧʨʘʚʣʝʥʠʷ 

ʧʘʜʘʶʱʝʛʦ ʠ ʠʩʧʫʩʢʘʝʤʦʛʦ ʠʟʣʫʯʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʋʛʣʦʚʳʝ ʚʝʩʦʚʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ wm 

ʩʚʷʟʳʚʘʶʪ ʤʝʞʜʫ ʩʦʙʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ ʚʜʦʣʴ ʨʘʟʣʠʯʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ. ʕʪʠ 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʯʠʩʣʝʥʥʦ ʨʘʚʥʳ ʧʣʦʱʘʜʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʝʜʠʥʠʯʥʦʡ ʩʬʝʨʳ, ʦʪʩʝʢʘʝʤʦʡ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʥʘʧʨʘʚʣʝʥʠʶ  ʪʝʣʝʩʥʳʤ ʫʛʣʦʤ DW. ʂʦʵʬʬʠʮʠʝʥʪʳ  ʠ ʥʘʧʨʘʚʣʷʶʱʠʝ 

ʢʦʩʠʥʫʩʳ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʫʩʣʦʚʠʷʤ: 
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ʀʥʜʠʢʘʪʨʠʩʘ ʨʘʩʩʝʷʥʠʷ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷ ʨʘʩʩʝʷʥʠʝ ʣʫʯʠʩʪʦʡ ʵʥʝʨʛʠʠ ʤʝʣʴʯʘʡʰʠʤʠ 

ʯʘʩʪʠʮʘʤʠ ʩʘʞʠ ʚʦ ʚʩʝʭ ʥʘʧʨʘʚʣʝʥʠʷʭ ʟʘʧʠʩʳʚʘʝʪʩʷ ʚ ʫʧʨʦʱʝʥʥʦʤ ʚʠʜʝ:  

 

. 

 

ʂʦʵʬʬʠʮʠʝʥʪ , ʫʯʠʪʳʚʘʶʱʠʡ ʘʥʠʟʦʪʨʦʧʠʶ ʨʘʩʩʝʷʥʠʷ ʧʨʠ ʢʚʘʜʨʘʪʫʨʥʦʤ 

ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʯʣʝʥʘ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʚʳʨʘʞʝʥʠʶ 

 

=1+ . 

 

ʇʦʢʘʟʘʪʝʣʝʤ ʘʩʠʤʤʝʪʨʠʠ ʷʚʣʷʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪ g1, ʢʦʪʦʨʳʡ ʟʘʢʣʶʯʝʥ ʚ ʜʠʘʧʘʟʦʥʝ ð 1 

Òg1 Ò1. ɼʣʷ ʠʟʦʪʨʦʧʥʦʛʦ ʨʘʩʩʝʷʥʠʷ g1 = 0 ( =1).  

ɻʨʘʥʠʯʥʦʝ ʫʩʣʦʚʠʝ (2), ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʝ ʠʟʣʫʯʝʥʠʝ ʩʪʝʥʦʢ ʠ ʦʪʨʘʞʝʥʠʝ ʣʫʯʝʡ, 

ʧʘʜʘʶʱʠʭ ʩʦ ʚʩʝʭ ʥʘʧʨʘʚʣʝʥʠʡ, ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʩʪʝʥʦʢ ʘʧʧʨʦʢʩʠʤʠʨʫʝʪʩʷ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ: 

 

                                               (4) 

ʧʨʠ  ʭ = 0 ʜʣʷ  mm¡ < 0 ʠ mm > 0,  ʧʨʠ  ʭ = Lx  ʜʣ ̫ mm¡ > 0 ʠ mm< 0; 

                                                 (5) 

ʧʨʠ ʫ = 0 ʜʣʷ  xm¡ < 0 ʠ xm > 0,  ʧʨʠ ʫ = Ly  ʜʣʷ  xm¡  > 0 ʠ xm < 0; 

0

1

( )
N

m b w m m m
m

I I T w I¡ ¡ ¡
¡=

r
=e + h

p
ä                                              (6)  

ʧʨʠ z = 0 ʜʣʷ  ɖm¡ < 0 ʠ ɖm > 0,  ʧʨʠ z = Lz  ʜʣʷ  ɖm¡  > 0 ʠ ɖm < 0. 

 

ɺ ʚʳʨʘʞʝʥʠʷʭ (4)ï(6) ʚʪʦʨʳʤ ʯʣʝʥʦʤ ʚ ʧʨʘʚʳʭ ʯʘʩʪʷʭ ʦʧʠʩʳʚʘʝʪʩʷ ʦʪʨʘʞʝʥʥʳʡ ʧʦʪʦʢ 

ʣʫʯʠʩʪʦʡ ʵʥʝʨʛʠʠ, ʧʨʠ ʵʪʦʤ ʩʫʤʤʠʨʦʚʘʥʠʝ ʚʝʜʝʪʩʷ ʪʦʣʴʢʦ ʧʦ ʥʘʧʨʘʚʣʝʥʠʷʤ ʧʘʜʝʥʠʷ ʣʫʯʝʡ.  

ʆʙʣʘʩʪʴ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʧʦʢʨʦʝʤ ʢʦʥʝʯʥʦïʨʘʟʥʦʩʪʥʦʡ ʩʝʪʢʦʡ. ʋʨʘʚʥʝʥʠʝ (3) 

ʧʨʦʠʥʪʝʛʨʠʨʫʝʤ ʧʦ ʢʦʥʪʨʦʣʴʥʦʤʫ ʦʙʲʝʤʫ, ʧʦʢʘʟʘʥʥʦʤʫ ʥʘ ʈʠʩʫʥʢʝ 2. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʘʝʤ 

ʩʣʝʜʫʶʱʝʝ ʢʦʥʝʯʥʦïʨʘʟʥʦʩʪʥʦʝ ʫʨʘʚʥʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʠʟʣʫʯʝʥʠʷ ʚ 

ʫʟʣʦʚʳʭ ʪʦʯʢʘʭ: 

 

( ) ( ) ( )b d f e c a p
m p m m m p m m m p m m p p m pA I I B I I C I I F I Sm - +x - +h - = -y +.         (7) 

 

ɿʜʝʩʴ , , ,p p p pA B C y  ð ʬʫʥʢʮʠʠ ʢʦʦʨʜʠʥʘʪ ʠ ʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʩʨʝʜʳ ʚ ʪʦʯʢʝ P 

ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ D; pF  ð ʠʩʪʦʯʥʠʢʦʚʳʡ ʯʣʝʥ ʚ ʪʦʯʢʝ P, ʟʘʚʠʩʷʱʠʡ ʦʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʩʦʙʩʪʚʝʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʩʨʝʜʳ; pS ð ʠʩʪʦʯʥʠʢʦʚʳʡ ʯʣʝʥ, ʦʧʨʝʜʝʣʷʶʱʠʡ ʚʢʣʘʜ ʚ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʟʣʫʯʝʥʠʷ ʚ ʜʘʥʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʚʩʣʝʜʩʪʚʠʝ ʨʘʩʩʝʷʥʠʷ ʧʦ ʜʨʫʛʠʤ 

ʥʘʧʨʘʚʣʝʥʠʷʤ.  
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ʈʠʩʫʥʦʢ 1. ʉʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ.                               ʈʠʩʫʥʦʢ 2. ʂʦʥʪʨʦʣʴʥʳʡ ʦʙʲʝʤ. 

 

 

ɿʥʘʯʝʥʠʷ ʫʛʣʦʚʳʭ ʢʦʦʨʜʠʥʘʪ ʠ ʚʝʩʦʚʳʭ ʤʥʦʞʠʪʝʣʝʡ ʜʣʷ ʧʝʨʚʦʛʦ ʢʚʘʜʨʘʥʪʘ ʧʨʠʚʝʜʝʥʳ ʚ 

ʊʘʙʣʠʮʝ. 

ʈʝʰʝʥʠʝ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ (7) ʩʦʚʤʝʩʪʥʦ ʩ ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʥʘʭʦʜʠʪʩʷ 

ʠʪʝʨʘʮʠʦʥʥʳʤ ʤʝʪʦʜʦʤ. ɺ ʢʘʞʜʦʡ ʠʪʝʨʘʮʠʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʪʦʜ ʧʦʢʦʦʨʜʠʥʘʪʥʦʡ ʧʨʦʛʦʥʢʠ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʟʣʫʯʝʥʠʷ ʚ 

ʮʝʥʪʨʘʣʴʥʦʡ ʫʟʣʦʚʦʡ ʪʦʯʢʝ ʢʦʥʪʨʦʣʴʥʦʛʦ ʦʙʲʝʤʘ ʩʚʷʟʘʥʘ ʩʦ ʟʥʘʯʝʥʠʷʤʠ ʚ ʩʦʩʝʜʥʠʭ ʫʟʣʦʚʳʭ 

ʪʦʯʢʘʭ ʩʣʝʜʫʶʱʠʤʠ ʚʳʨʘʞʝʥʠʷʤʠ:  

 

(1 ) (1 ) (1 )p a c d b e f
m m m m m m mI I I I I I I=w + -w =w + -w =w + -w,                                 (8) 

 

ʛʜʝ ɤ ð ʠʥʪʝʨʧʦʣʷʮʠʦʥʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ. ʇʨʠ ɤ=0,5 ʧʦʣʫʯʘʝʤ çʨʦʤʙʦʚʠʜʥʫʶè ʩʭʝʤʫ, 

ʘ ʧʨʠ ɤ=1 ð çh ʘʛʦʚʫʶè ʩʭʝʤʫ ʠʣʠ ʩʭʝʤʫ çʧʨʦʪʠʚ ʧʦʪʦʢʘè. ʌʦʨʤʫʣʳ ʜʣʷ ʨʝʰʝʥʠʷ 

ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ ʧʦʣʫʯʘʶʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʈʘʩʩʤʦʪʨʠʤ ʥʘʧʨʘʚʣʝʥʠʝ 

ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ, ʜʣʷ ʢʦʪʦʨʦʛʦ ɛm > 0, ɝm > 0, ɖm > 0. ʀʟ ʫʨʘʚʥʝʥʠʷ (7) ʩ ʧʦʤʦʱʴʶ 

ʩʦʦʪʥʦʰʝʥʠʡ (8) ʠʩʢʣʶʯʠʤ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚ ʫʟʣʦʚʳʭ ʪʦʯʢʘʭ b, c, f. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʭʦʜʠʤ ʢ 

ʩʣʝʜʫʶʱʝʡ ʧʨʦʛʦʥʦʯʥʦʡ ʬʦʨʤʫʣʝ: 

 

( )d e a
m p m m p m m p m p pp

m
p m p m p m p

A I B I C I F S
I

A B C

m +x +h +w +
=

wy +m +x +h  

 

ɿʥʘʯʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚ ʫʟʣʦʚʳʭ ʪʦʯʢʘʭ b, c, f ʟʘʪʝʤ ʚʳʯʠʩʣʷʶʪʩʷ ʩ ʧʦʤʦʱʴʶ 

ʩʦʦʪʥʦʰʝʥʠʡ (8). ɼʣʷ ʜʨʫʛʠʭ ʟʥʘʯʝʥʠʡ ʫʛʣʦʚʳʭ ʢʦʦʨʜʠʥʘʪ ɛm, ɝm, ɖm ʧʦʣʫʯʘʶʪʩʷ 

ʘʥʘʣʦʛʠʯʥʳʝ ʚʳʨʘʞʝʥʠʷ. ʅʘʧʨʠʤʝʨ, ʝʩʣʠ ʚʳʧʦʣʥʷʝʪʩʷ ʨʘʩʯʝʪ ʚ ʦʪʨʠʮʘʪʝʣʴʥʦʤ ɝ ð 
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ʥʘʧʨʘʚʣʝʥʠʠ, ʪʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʨʝʢʫʨʨʝʥʪʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʜʣʷ 
p
mI  ʧʦʣʫʯʘʝʪʩʷ ʟʘʤʝʥʦʡ ɝ 

ʥʘ ð ɝ ʠ emI  ʥʘ 
f

mI . ɸʥʘʣʦʛʠʯʥʘʷ ʟʘʤʝʥʘ ʜʝʣʘʝʪʩʷ ʜʣʷ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ɖ ð ʥʘʧʨʘʚʣʝʥʠʷ. ɽʩʣʠ 

ʦʙʘ ʥʘʧʨʘʚʣʝʥʠʷ ʦʪʨʠʮʘʪʝʣʴʥʳ, ʪʦ ʜʝʣʘʶʪʩʷ ʦʙʝ ʟʘʤʝʥʳ ʠ ʪ. ʜ. ʕʪʠ ʟʘʤʝʥʳ ʷʚʣʷʶʪʩʷ 

ʨʝʟʫʣʴʪʘʪʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʫʨʘʚʥʝʥʠʷ (8) ʚ ʫʨʘʚʥʝʥʠʠ (7) ʧʨʠ ʥʘʭʦʞʜʝʥʠʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʠʟʣʫʯʝʥʠʷ.
 

 

ʊʘʙʣʠʮʘ. 

ʋɻʃʆɺʓɽ ʂʆʆʈɼʀʅɸʊʓ ʀ ɺɽʉʆɺʓɽ ʄʅʆɾʀʊɽʃʀ ɼʃʗ ʇɽʈɺʆɻʆ ʂɺɸɼʈɸʅʊɸ [5] 

m 
ʆʨʜʠʥʘʪʳ ɺʝʩʘ 

Õm ɝm ɖm wm  

S2 ð ʧʨʠʙʣʠʞʝʥʠʝ 

1 0,5773503 0,5773503 0,5773503 1,5707963 

S4 ð ʧʨʠʙʣʠʞʝʥʠʝ 

1 

2 

3 

0,2958759 0,9082483 

0,2958759 

0,2958759 0,2958759 

0,9082483 

0,9082483 0,2958759 

0,2958759 

0,5235987 

0,5235987 

0,5235987 

S6 ð ʧʨʠʙʣʠʞʝʥʠʝ 

1 

2 

3 

4 

5 

6 

0,1838670 0,6950514 

0,9656013 0,1838670 

0,6950514 0,1838670 

0,1838670 0,1838670 

0,1838670 0,6950514 

0,6950514 0,9656013 

0,9656013 0,6950514 

0,1838670 0,6950514 

0,1838670 0,1838670 

0,1609517 0,3626469 

0,1609517 0,3626469 

0,3626469 0,1609517 

S8 ð ʧʨʠʙʣʠʞʝʥʠʝ 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

0,1422555 0,5773503 

0,8040087 0,9795543 

0,1422555 0,5773503 

0,8040087 0,1422555 

0,5773503 0,1422555 

0,1422555 0,1422555 

0,1422555 0,1422555 

0,5773503 0,5773503 

0,5773503 0,8040087 

0,8040087 0,9795543 

0,9795543 0,8040087 

0,5773503 0,1422555 

0,8040087 0,5773503 

0,1422555 0,5773503 

0,1422555 0,1422555 

0,1712359 0,0992284 

0,0992284 0,1712359 

0,0992284 0,4617179 

0,0992284 0,0992284 

0,0992284 0,1712359 

 

ʀʪʝʨʘʮʠʦʥʥʳʡ ʧʨʦʮʝʩʩ ʜʣʷ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ (7) ʩʦʚʤʝʩʪʥʦ ʩ ʜʠʩʢʨʝʪʥʳʤʠ 

ʘʥʘʣʦʛʘʤʠ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ (4), (5), (6) ʨʝʘʣʠʟʫʝʪʩʷ ʧʦ ʩʣʝʜʫʶʱʝʡ ʩʭʝʤʝ: 

1) ɿʘʜʘʝʪʩʷ ʥʘʯʘʣʴʥʦʝ ʧʨʠʙʣʠʞʝʥʠʝ ʜʣʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ
 

p
mI  
ʚ ʫʟʣʦʚʳʭ ʪʦʯʢʘʭ 

ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ D; 

2) ɺ ʛʨʘʥʠʯʥʳʭ ʫʟʣʦʚʳʭ ʪʦʯʢʘʭ ʦʙʣʘʩʪʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʨʘʩʯʝʪ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ 

ʠʟʣʫʯʝʥʠʷ ʧʦ ʚʳʨʘʞʝʥʠʷʤ (4), (5), (6). ɺ ʧʝʨʚʦʡ ʠʪʝʨʘʮʠʠ ʛʨʘʥʠʮʳ ʩʯʠʪʘʶʪʩʷ ʯʝʨʥʳʤʠ, ʘ 

ʩʣʘʛʘʝʤʳʝ, ʦʧʠʩʳʚʘʶʱʠʝ ʨʘʩʩʝʷʥʠʝ ʠʟʣʫʯʝʥʠʷ ʚʦ ʚʥʫʪʨʝʥʥʠʝ ʷʯʝʡʢʠ, ʨʘʚʥʳʤʠ ʥʫʣʶ. ɺ 

ʧʦʩʣʝʜʫʶʱʠʭ ʠʪʝʨʘʮʠʷʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʟʘʜʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʩʪʝʧʝʥʠ ʯʝʨʥʦʪʳ ʩʪʝʥʦʢ ʠ 

ʫʯʠʪʳʚʘʶʪʩʷ ʯʣʝʥʳ, ʦʧʠʩʳʚʘʶʱʠʝ ʨʘʩʩʝʷʥʠʝ ʠʟʣʫʯʝʥʠʷ ʥʘ ʯʘʩʪʠʮʘʭ ʩʘʞʠ; 

3) ɼʣʷ ʢʘʞʜʦʛʦ ʦʨʜʠʥʘʪʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ (ɛm, ɝm, ɖm) (m=1, 2, 3, é, N0) ʦʙʭʦʜʷʪʩʷ ʚʩʝ 

ʫʟʣʳ ʨʘʟʥʦʩʪʥʦʡ ʩʝʪʢʠ ʠ ʚʳʯʠʩʣʷʶʪʩʷ ʟʥʘʯʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ
 

p
mI  ʧʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 

ʧʨʦʛʦʥʦʯʥʦʡ ʬʦʨʤʫʣʝ ʩ ʫʯʝʪʦʤ ʟʥʘʢʦʚ ɛm, ɝm, ɖm ;  
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4) ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ
 

p
mI  ʧʨʠʥʠʤʘʶʪʩʷ ʟʘ ʥʘʯʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʜʣʷ 

ʩʣʝʜʫʶʱʝʛʦ ʰʘʛʘ ʠʪʝʨʘʮʠʠ ʠ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʭʦʜ ʢ ʧʫʥʢʪʫ 2. ʀʪʝʨʘʮʠʦʥʥʳʡ ʧʨʦʮʝʩʩ 

ʧʨʦʜʦʣʞʘʝʪʩʷ ʜʦ ʚʳʧʦʣʥʝʥʠʷ ʫʩʣʦʚʠʷ: 
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ʦʙʲʝʤʥʘʷ ʧʣʦʪʥʦʩʪʴ ʵʥʝʨʛʠʠ ʠʟʣʫʯʝʥʠʷ ʚ ʪʦʯʢʝ P. 

ʇʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʠʪʝʨʘʮʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʢʦʤʧʦʥʝʥʪʳ ʚʝʢʪʦʨʘ ʧʣʦʪʥʦʩʪʠ 

ʨʝʟʫʣʴʪʠʨʫʶʱʝʛʦ ʧʦʪʦʢʘ ʠʟʣʫʯʝʥʠʷ Rq  ʚ ʥʘʧʨʘʚʣʝʥʠʷʭ x, y, z ʚ ʫʟʣʦʚʳʭ ʪʦʯʢʘʭ ʨʘʩʯʝʪʥʦʡ 

ʦʙʣʘʩʪʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʫʤʤʠʨʦʚʘʥʠʝʤ ʧʦ ʚʩʝʤ ʥʘʧʨʘʚʣʝʥʠʷʤ: 
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ʋʇʀ ʨʝʰʝʥʦ ʜʣʷ ʝʜʠʥʠʯʥʦʡ ʢʫʙʠʯʝʩʢʦʡ ʦʙʣʘʩʪʠ (Lx =1 ʤ, Ly=1 ʤ, Lz=1 ʤ), ʧʦʢʘʟʘʥʥʦʡ 

ʥʘ ʈʠʩʫʥʢʝ 1, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ S2, S4, S6, S8 ð ʧʨʠʙʣʠʞʝʥʠʡ ʄɼʆ ʠ ʧʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʩ 

ʯʠʩʣʝʥʥʳʤ ʨʝʰʝʥʠʝʤ ʨʘʙʦʪʳ [6], ʧʦʣʫʯʝʥʥʳʤ ʟʦʥʥʳʤ ʤʝʪʦʜʦʤ. ʆʛʨʘʥʠʯʠʚʘʶʱʠʝ ʦʙʣʘʩʪʴ 

ʩʪʝʥʢʠ ʩʯʠʪʘʣʠʩʴ ʯʝʨʥʳʤʠ Ů=1. ʀʟʣʫʯʘʝʤʘʷ ʤʦʱʥʦʩʪʴ ʙʳʣʘ ʝʜʠʥʠʯʥʦʡ ʧʨʠ x=1, y=1, z=0 ʠ 

ʥʫʣʝʚʦʡ ʥʘ ʦʩʪʘʣʴʥʳʭ ʩʪʝʥʢʘʭ. ʉʨʝʜʘ ʥʘʭʦʜʠʪʩʷ ʚ ʨʘʚʥʦʚʝʩʠʠ ʩ ʠʟʣʫʯʝʥʠʝʤ. ʂʦʵʬʬʠʮʠʝʥʪ 

ʧʦʛʣʦʱʝʥʠʷ ʩʨʝʜʳ 1,0a=  ʤī1, ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʩʩʝʷʥʠʷ ɓ=0 ʤī1.  

ʋʛʣʦʚʳʝ ʢʦʦʨʜʠʥʘʪʳ ʠ ʚʝʩʦʚʳʝ ʤʥʦʞʠʪʝʣʠ ʪʘʢʠʝ ʞʝ, ʯʪʦ ʚ ʨʘʙʦʪʝ [5]. ʉʫʤʤʘ ʚʝʩʦʚ 

ʨʘʚʥʘ 4ˊ, ʟʥʘʯʝʥʠʷ ʦʨʜʠʥʘʪ ʩʠʤʤʝʪʨʠʯʥʳ. ɺ ʨʘʩʯʝʪʘʭ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ çʨʦʤʙʦʚʠʜʥʘʷè 

ʨʘʟʥʦʩʪʥʘʷ ʩʭʝʤʘ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʪʦʯʥʦʩʪʠ. ʏʠʩʣʝʥʥʳʝ ʨʝʰʝʥʠʷ ʧʦʣʫʯʝʥʳ ʥʘ ʩʝʪʢʘʭ 5 Ĭ 5 Ĭ 

5 ʠ 11 Ĭ 11 Ĭ 11.  

ʈʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʚ S8 ð ʧʨʠʙʣʠʞʝʥʠʠ, ʧʨʠʚʝʜʝʥʳ ʥʘ 

ʈʠʩʫʥʢʘʭ 3, 4, 5. ʅʘ ʈʠʩʫʥʢʘʭ 3 ʠ 4 ʧʦʢʘʟʘʥʘ ʠʟʣʫʯʘʝʤʘʷ ʤʦʱʥʦʩʪʴ ʥʘ ʧʣʦʩʢʦʩʪʷʭ z=0,5 ʤ ʠ 

z=0,9 ʤ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʨʝʰʝʥʠʝʤ [6]. ʇʣʦʪʥʦʩʪʠ ʣʫʯʠʩʪʳʭ ʪʝʧʣʦʚʳʭ ʧʦʪʦʢʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ 

ʧʨʠ z=1,0 ʤ ʧʨʠʚʝʜʝʥʳ ʥʘ ʈʠʩʫʥʢʝ 5. ʄʘʢʩʠʤʘʣʴʥʳʝ ʦʰʠʙʢʠ ʥʘʙʣʶʜʘʶʪʩʷ ʧʨʠ z=1,0 ʤ ʚ ʫʛʣʫ 

ʧʨʠ x=0 ʠ x=1. 
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ʈʠʩʫʥʦʢ 3. ʀʟʣʫʯʘʝʤʘʷ ʤʦʱʥʦʩʪʴ ʥʘ ʧʣʦʩʢʦʩʪʠ z=0,5 ʤ. 
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ʈʠʩʫʥʦʢ 4. ʀʟʣʫʯʘʝʤʘʷ ʤʦʱʥʦʩʪʴ ʥʘ ʧʣʦʩʢʦʩʪʠ z=0,9 ʤ. 
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ʈʠʩʫʥʦʢ 5. ʈʝʟʫʣʴʪʠʨʫʶʱʠʝ ʧʦʪʦʢʠ ʪʝʧʣʘ ʥʘ ʩʪʝʥʢʫ z=1,0 ʤ. 

 

ʇʨʝʠʤʫʱʝʩʪʚʦʤ ʄɼʆ, ʢʘʢ ʚʳʰʝ ʙʳʣʦ ʦʪʤʝʯʝʥʦ, ʷʚʣʷʝʪʩʷ ʩʦʯʝʪʘʝʤʦʩʪʴ ʩ ʘʣʛʦʨʠʪʤʘʤʠ, 

ʦʩʥʦʚʘʥʥʳʤʠ ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʢʦʥʪʨʦʣʴʥʳʭ ʦʙʲʝʤʦʚ. ʂʨʦʤʝ ʵʪʦʛʦ ʚʘʞʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ 

ʄɼʆ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʜʣʷ ʧʝʨʝʭʦʜʘ ʦʪ ʥʠʟʰʝʛʦ ʧʨʠʙʣʠʞʝʥʠʷ ʢ ʙʦʣʝʝ ʚʳʩʦʢʦʤʫ ʧʨʠʙʣʠʞʝʥʠʶ 
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ʜʦʩʪʘʪʦʯʥʦ ʠʟʤʝʥʠʪʴ ʚ ʨʘʩʯʝʪʥʦʡ ʧʨʦʛʨʘʤʤʝ ʤʘʩʩʠʚʳ ɛm, ɝm, ɖm,  (m=1, 2, 3, é, N0). 

ʇʨʠʤʝʥʷʝʤʳʝ ʜʣʷ ʨʘʩʯʝʪʘ ʣʫʯʠʩʪʦʛʦ ʪʝʧʣʦʦʙʤʝʥʘ ʚ ʪʦʧʢʘʭ ʧʝʯʝʡ ʤʝʪʦʜ ʩʬʝʨʠʯʝʩʢʠʭ 

ʛʘʨʤʦʥʠʢ (ʄʉɻ) [7, 8] ʠ ʟʦʥʘʣʴʥʳʡ ʤʝʪʦʜ [9] ʙʦʣʝʝ ʪʨʫʜʦʝʤʢʠ. ʂʨʦʤʝ ʪʦʛʦ, ʚ 

ʥʝʨʘʩʩʝʠʚʘʶʱʠʭ ʩʨʝʜʘʭ ʄʉɻ ʜʘʝʪ ʥʝʢʦʨʨʝʢʪʥʳʝ ʨʝʟʫʣʴʪʘʪʳ [7].  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ S8 ð ʧʨʠʙʣʠʞʝʥʠʝ ʄɼʆ ʜʘʝʪ 

ʧʨʠʝʤʣʝʤʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʣʷ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʦʙʣʘʩʪʠ. ɼʦʩʪʠʛʥʫʪʦ ʩʦʛʣʘʩʦʚʘʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ 

ʨʘʩʯʝʪʦʚ ʩ ʯʠʩʣʝʥʥʳʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘʤʠ ʜʨʫʛʠʭ ʘʚʪʦʨʦʚ. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʳʯʠʩʣʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʚʝʨʦʷʪʥʦʩʪʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʣʫʯʘʡʥʳʭ ʷʚʣʝʥʠʡ, ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʦʧʪʠʤʠʟʘʮʠʠ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. ʇʨʠʚʝʜʝʥʳ ʧʨʠʤʝʨʳ ʨʘʩʯʝʪʘ ʚʝʨʦʷʪʥʦʩʪʝʡ ʥʘʛʨʫʟʢʠ ʥʝʦʙʭʦʜʠʤʦʡ 

ʤʦʱʥʦʩʪʠ ʫʯʘʩʪʢʘ ʮʝʧʠ. ʊʘʢʞʝ ʨʘʩʩʤʦʪʨʝʥʘ ʟʘʜʘʯʘ ʚʳʙʦʨʘ ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʨʝʟʝʨʚʥʳʭ ʤʦʱʥʦʩʪʝʡ ʚ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ. 

 

Abstract. The calculation of the various probabilistic characteristics of random phenomena 

occurring in solving power system optimization are considered in this work. Examples of 

calculation of probability required power load subcircuit. The problem of choosing the most optimal 

number of reserve capacities in the power system is also considered. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ɻ ʥʝʨʛʝʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ, ʪʝʦʨʝʤʳ ʪʝʦʨʠʠ ʚʝʨʦʷʪʥʦʩʪʝʡ, ʚʝʨʦʷʪʥʦʩʪʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʟʘʜʘʯʠ ʦʧʪʠʤʠʟʘʮʠʠ ʵʥʝʨʛʦʩʠʩʪʝʤʳ. 

 

Keywords: power system, theorems of probability theory, probabilistic characteristics, 

optimization of the power system. 

 

ɺʚʝʜʝʥʠʝ 

ʕʥʝʨʛʝʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʦʙʲʝʜʠʥʷʶʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʟʥʦʦʙʨʘʟʥʳʭ 

ʪʝʭʥʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ, ʢʦʪʦʨʳʝ ʛʝʥʝʨʠʨʫʶʪ, ʧʝʨʝʜʘʶʪ ʠ ʧʨʝʦʙʨʘʟʫʶʪ ʵʥʝʨʛʠʶ. ʋʩʣʦʚʠʷ 

ʨʘʙʦʪʳ ʙʦʣʴʰʦʡ ʩʦʚʦʢʫʧʥʦʩʪʠ ʜʘʞʝ ʦʜʥʦʪʠʧʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ ʤʦʛʫʪ ʩʠʣʴʥʦ 

ʦʪʣʠʯʘʪʴʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʢʘʢ ʥʝʢʦʪʦʨʦʡ 

ʩʦʚʦʢʫʧʥʦʩʪʠ ʥʦʩʷʪ ʩʣʫʯʘʡʥʳʡ ʭʘʨʘʢʪʝʨ. 
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ʉʥʠʞʝʥʠʝ ʨʘʩʧʦʣʘʛʘʝʤʦʡ ʤʦʱʥʦʩʪʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, ʢʘʢ ʠ ʘʚʘʨʠʡʥʳʝ 

ʧʦʚʨʝʞʜʝʥʠʷ ʝʝ ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʪʘʢ ʞʝ ʷʚʣʷʶʪʩʷ ʩʣʫʯʘʡʥʳʤʠ ʩʦʙʳʪʠʷʤʠ, ʢʦʪʦʨʳʝ 

ʤʦʛʫʪ ʚʦʟʥʠʢʘʪʴ ʚ ʨʝʟʫʣʴʪʘʪʝ ʥʘʣʦʞʝʥʠʷ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʯʠʩʣʘ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʫʩʣʦʚʠʡ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚʝʨʦʷʪʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʣʫʯʘʡʥʳʭ ʷʚʣʝʥʠʡ ʚ ʨʘʟʣʠʯʥʳʭ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ ʪʘʢʞʝ ʠʤʝʝʪ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʧʦʠʩʢʘ 

ʦʧʪʠʤʘʣʴʥʳʭ ʨʝʰʝʥʠʡ. ɺʩʣʝʜʩʪʚʠʝ ʯʝʛʦ, ʦʧʨʝʜʝʣʝʥʥʘʷ ʯʘʩʪʴ ʟʘʜʘʯ, ʚʦʟʥʠʢʘʶʱʘʷ ʧʨʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʨʝʰʘʝʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʪʝʦʨʝʤ 

ʪʝʦʨʠʠ ʚʝʨʦʷʪʥʦʩʪʝʡ [1ï2].  

ʇʨʠ ʙʦʣʴʰʦʤ ʯʠʩʣʝ ʘʛʨʝʛʘʪʦʚ ʦʯʝʥʴ ʯʘʩʪʦ ʚʦʟʥʠʢʘʝʪ ʟʘʜʘʯʘ ʚʳʯʠʩʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ 

ʚʳʭʦʜʘ ʠʟ ʩʪʨʦʷ ʠʣʠ ʜʚʫʭ, ʠʣʠ ʪʨʝʭ, ʠʣʠ ʙʦʣʴʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʫʩʪʨʦʡʩʪʚ. ɺ ʥʝʢʦʪʦʨʳʭ 

ʩʣʫʯʘʷʭ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʠ ʦʪʩʫʪʩʪʚʠʷ ʢʘʢʠʭ-ʣʠʙʦ 

ʧʦʚʨʝʞʜʝʥʠʡ ʚ ʵʥʝʨʛʦʩʠʩʪʝʤʝ, ʧʦʩʢʦʣʴʢʫ ʵʪʘ ʚʝʣʠʯʠʥʘ ʜʘʝʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʥʘʜʝʞʥʦʩʪʠ 

ʨʘʙʦʪʳ ʚʩʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚʳʙʦʨʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʝʰʝʥʠʷ, 

ʩʚʷʟʘʥʥʦʛʦ ʩ ʛʘʨʘʥʪʠʝʡ ʥʘʜʝʞʥʦʩʪʠ ʨʘʙʦʪʳ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, ʠʣʠ ʦʙʝʩʧʝʯʝʥʠʝʤ 

ʥʘʜʝʞʥʦʩʪʠ ʧʠʪʘʥʠʷ ʦʪʜʝʣʴʥʳʭ ʧʦʪʨʝʙʠʪʝʣʝʡ, ʠʣʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʵʥʝʨʛʦʩʠʩʪʝʤʳ ʩʚʦʜʠʪʩʷ ʢ 

ʩʦʩʪʘʚʣʝʥʠʶ ʠ ʨʝʰʝʥʠʶ ʦʧʪʠʤʠʟʘʮʠʦʥʥʳʭ ʟʘʜʘʯ ʩ ʧʦʤʦʱʴʶ ʚʝʨʦʷʪʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ʈʘʩʩʤʦʪʨʠʤ ʥʝʢʦʪʦʨʳʝ ʠʟ ʪʘʢʠʭ ʟʘʜʘʯ. 

 

ɿʘʜʘʯʘ 1. ʏʝʪʳʨʝ ʛʨʫʧʧʳ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ ʮʝʭʘ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ 

ʧʦʣʫʯʘʶʪ ʧʠʪʘʥʠʝ ʦʪ ʤʘʛʠʩʪʨʘʣʴʥʦʡ ʢʘʙʝʣʴʥʦʡ ʣʠʥʠʠ. ʇʨʠ ʵʪʦʤ ʚ ʧʝʨʚʦʡ ʛʨʫʧʧʝ 

 ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ, ʚʦ ʚʪʦʨʦʡ ð , ʚ ʪʨʝʪʴʝʡ ð , ʚ ʯʝʪʚʝʨʪʦʡ  

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ. ʇʦʪʨʝʙʣʷʝʤʘʷ ʤʦʱʥʦʩʪʴ ʢʘʞʜʦʛʦ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʚ ʦʧʨʝʜʝʣʝʥʥʦʡ 

ʛʨʫʧʧʝ ʦʜʠʥʘʢʦʚʘ ʠ ʨʘʚʥʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ  ʢɺɸ,  ʢɺɸ,  ʢɺɸ,  ʢɺɸ. 

ɺʝʨʦʷʪʥʦʩʪʴ ʚʢʣʶʯʝʥʠʷ ʚ ʨʘʙʦʪʫ ʢʘʞʜʦʛʦ ʜʚʠʛʘʪʝʣʷ ʚ ʛʨʫʧʧʘʭ ʨʘʚʥʘ , , 

, . ʊʨʝʙʫʝʪʩʷ ʦʧʨʝʜʝʣʠʪʴ ʚʝʨʦʷʪʥʦʩʪʠ ʥʘʛʨʫʟʢʠ ʛʦʣʦʚʥʦʛʦ ʫʯʘʩʪʢʘ ʮʝʧʠ ʚ 

ʜʚʫʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʥʘʛʨʫʟʢʘ ʙʫʜʝʪ ʦʪʩʫʪʩʪʚʦʚʘʪʴ , ʠ ʚ ʤʦʤʝʥʪ, ʢʦʛʜʘ ʥʘʛʨʫʟʢʘ ʙʫʜʝʪ ʥʝ 

ʙʦʣʝʝ 36 ʢɺɸ, ʪ. ʝ.  ʢɺɸ. 

ʅʘ ʈʠʩʫʥʢʝ ʧʨʠʚʝʜʝʥʘ ʩʭʝʤʘ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʛʦʣʦʚʥʦʛʦ ʫʯʘʩʪʢʘ ʮʝʧʠ. 

 

1 2 3 4

S1=3 S2=5 S3=2 S4=5
 

 

ʈʠʩʫʥʦʢ. ʉʭʝʤʘ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ. 

 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʠʩʢʦʤʳʭ ʚʝʨʦʷʪʥʦʩʪʝʡ ʥʘʛʨʫʟʢʠ ʛʦʣʦʚʥʦʛʦ ʫʯʘʩʪʢʘ ʮʝʧʠ 

ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʩʭʝʤʘ ʥʝʟʘʚʠʩʠʤʳʭ ʠʩʧʳʪʘʥʠʡ ð ʙʠʥʦʤʠʘʣʴʥʳʡ ʟʘʢʦʥ ʨʘʩʧʨʝʜʝʣʝʥʠʷ.  

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʠ ʥʘʛʨʫʟʢʠ ʛʦʣʦʚʥʦʛʦ ʫʯʘʩʪʢʘ, ʨʘʚʥʦʡ ʥʫʣʶ (ʵʪʦ 

ʧʨʦʠʟʦʡʜʝʪ ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʥʠ ʦʜʠʥ ʜʚʠʛʘʪʝʣʴ ʥʝ ʧʦʜʢʣʶʯʝʥ ʢ ʣʠʥʠʠ) ʙʳʣʘ ʧʦʣʫʯʝʥʘ 

ʬʦʨʤʫʣʘ: 

21=n 32=n 23=n 54=n

31=S 52=S 23=S 54=S

85,01=p 55,02=p

605,03=p 74,04=p

01=H

362¢H
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, 

ʛʜʝ  ð ʚʝʨʦʷʪʥʦʩʪʴ ʦʪʢʣʶʯʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ -ʛʦ ʜʚʠʛʘʪʝʣʷ. 

ɺʳʧʦʣʥʷʷ ʚʳʯʠʩʣʝʥʠʷ, ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʚʝʨʦʷʪʥʦʩʪʴ ʦʪʩʫʪʩʪʚʠʷ ʥʘʛʨʫʟʢʠ ʚ ʛʦʣʦʚʥʦʤ 

ʫʯʘʩʪʢʝ ʮʝʧʠ . 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʠ  ʥʝʦʙʭʦʜʠʤʦ ʦʧʠʩʘʪʴ ʚʩʝ ʪʝ ʩʣʫʯʘʠ, ʢʦʛʜʘ 

ʥʘʛʨʫʟʢʘ ʛʦʣʦʚʥʦʛʦ ʫʯʘʩʪʢʘ ʩʦʩʪʘʚʣʷʝʪ ʥʝ ʙʦʣʝʝ 36 ʢɺɸ ʠ ʚʳʯʠʩʣʠʪʴ ʵʪʠ ʚʝʨʦʷʪʥʦʩʪʠ. 

ɺʝʨʦʷʪʥʦʩʪʴ ʥʘʛʨʫʟʢʠ ʛʦʣʦʚʥʦʛʦ ʫʯʘʩʪʢʘ  ʦʧʨʝʜʝʣʷʝʪʩʷ ʬʦʨʤʫʣʦʡ: 

, ʛʜʝ  ð ʯʠʩʣʦ ʩʣʫʯʘʝʚ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʭ ʧʦʩʪʘʚʣʝʥʥʦʤʫ 

ʫʩʣʦʚʠʶ . 

ʇʦʩʢʦʣʴʢʫ ʯʠʩʣʦ ʩʣʫʯʘʝʚ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʭ ʩʦʙʳʪʠʶ , ʦʯʝʥʴ ʚʝʣʠʢʦ, ʪʦ 

ʧʦʩʪʘʚʣʝʥʥʫʶ ʟʘʜʘʯʫ ʩʣʝʜʫʝʪ ʨʝʰʘʪʴ, ʫʯʠʪʳʚʘʷ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʝ ʩʦʙʳʪʠʝ, ʪ.ʝ. 

. ʊʦʛʜʘ ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʘʥʘʣʦʛʠʯʥʦʡ ʬʦʨʤʫʣʦʡ:  

 

,  

ʛʜʝ  ð ʯʠʩʣʦ ʩʣʫʯʘʝʚ, ʢʦʪʦʨʳʝ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʫʩʣʦʚʠʶ . 

 

ɼʣʷ ʫʜʦʙʩʪʚʘ ʚʳʯʠʩʣʝʥʠʡ ʨʘʩʯʝʪʳ ʚʳʧʦʣʥʠʤ ʚ ʪʘʙʣʠʯʥʦʤ ʧʨʦʮʝʩʩʦʨʝ MS Excel. ɹʳʣʦ 

ʚʳʷʚʣʝʥʦ 34 ʩʣʫʯʘʷ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʭ ʫʩʣʦʚʠʶ . ɼʣʷ ʢʘʞʜʦʛʦ ʧʦʜʭʦʜʷʱʝʛʦ ʩʣʫʯʘʷ 

ʙʳʣʦ ʩʦʩʪʘʚʣʝʥʦ ʧʨʦʠʟʚʝʜʝʥʠʝ ʧʦ ʬʦʨʤʫʣʝ ɹʝʨʥʫʣʣʠ. ʀʪʘʢ, 

 

 

 

 

 

 

. 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʫʩʣʦʚʠʷʭ ʜʘʥʥʦʡ ʟʘʜʘʯʠ, ʚʝʨʦʷʪʥʦʩʪʴ ʥʘʛʨʫʟʢʠ ʛʦʣʦʚʥʦʛʦ ʫʯʘʩʪʢʘ, 

ʢʦʛʜʘ ʥʘʛʨʫʟʢʘ ʙʫʜʝʪ ʥʝ ʙʦʣʝʝ 36 ʢɺɸ, ʩʦʩʪʘʚʣʷʝʪ 0,612. 

ʅʘ ʧʨʘʢʪʠʢʝ ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʦʨʠʠ ʚʝʨʦʷʪʥʦʩʪʝʡ ʤʦʞʝʪ ʙʳʪʴ 

ʨʘʩʩʤʦʪʨʝʥʘ ʟʘʜʘʯʘ ʦ ʚʳʙʦʨʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʝʟʝʨʚʘ ʤʦʱʥʦʩʪʠ ʚ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ. 

 

ɿʘʜʘʯʘ 2. ʕʥʝʨʛʝʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʩʦʜʝʨʞʠʪ ʜʚʘʜʮʘʪʴ ʘʛʨʝʛʘʪʦʚ, ʤʦʱʥʦʩʪʴ ʢʘʞʜʦʛʦ ʠʟ 

ʢʦʪʦʨʳʭ 200 ʄɺʪ. ʇʨʠ ʵʪʦʤ ʢʘʞʜʳʡ ʘʛʨʝʛʘʪ ʤʦʞʝʪ ʥʘʭʦʜʠʪʴʩʷ ʚ ʨʘʙʦʯʝʤ ʩʦʩʪʦʷʥʠʠ ʩ 

ʚʝʨʦʷʪʥʦʩʪʴʶ  ʠ ʚ ʘʚʘʨʠʡʥʦʤ ʩʦʩʪʦʷʥʠʠ ʩ ʚʝʨʦʷʪʥʦʩʪʴʶ . ʄʘʢʩʠʤʘʣʴʥʘʷ 

ʥʘʛʨʫʟʢʘ ʵʥʝʨʛʦʩʠʩʪʝʤʳ ʩʦʩʪʘʚʣʷʝʪ 4000 ʄɺʪ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʵʪʦʡ 

ʥʘʛʨʫʟʢʠ ʭʚʘʪʘʝʪ ʜʚʘʜʮʘʪʠ ʘʛʨʝʛʘʪʦʚ, ʠʤʝʶʱʠʭʩʷ ʚ ʥʘʣʠʯʠʠ. ʊʨʝʙʫʝʪʩʷ ʦʧʨʝʜʝʣʠʪʴ 

ʦʧʪʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʨʠʦʙʨʝʪʝʥʥʳʭ ʠ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʘʛʨʝʛʘʪʦʚ, ʝʩʣʠ 
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ʠʟʚʝʩʪʥʦ, ʯʪʦ ʫʱʝʨʙ ʦʪ ʥʝʜʦʦʪʧʫʩʢʘ ʵʥʝʨʛʠʠ ʙʫʜʝʪ ʩʦʩʪʘʚʣʷʪʴ 0,8 ʫ. ʜ. ʝ./(ʢɺʪĿʯ), ʘ ʨʘʩʯʝʪʥʳʝ 

ʟʘʪʨʘʪʳ ʥʘ ʢʘʞʜʳʡ ʚʥʦʚʴ ʧʨʠʦʙʨʝʪʝʥʥʳʡ ʘʛʨʝʛʘʪ ʥʘʩʯʠʪʳʚʘʶʪ 10 ʫ. ʜ. ʝ. ʚ ʛʦʜ. 

ʈʘʩʩʯʠʪʳʚʘʝʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ ʫʱʝʨʙʘ ʜʣʷ ʩʣʫʯʘʷ, ʢʦʛʜʘ ʨʝʟʝʨʚ ʦʪʩʫʪʩʪʚʫʝʪ. 

ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʚʳʯʠʩʣʠʪʴ ʚʝʨʦʷʪʥʦʩʪʠ ʚʳʭʦʜʘ ʠʟ ʨʘʙʦʯʝʛʦ ʩʦʩʪʦʷʥʠʷ ʦʜʥʦʛʦ, ʜʚʫʭ ʠ 

ʙʦʣʝʝ ʘʛʨʝʛʘʪʦʚ. 

ʇʦ ʬʦʨʤʫʣʝ ɹʝʨʥʫʣʣʠ  ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʚʝʨʦʷʪʥʦʩʪʠ ʧʦʪʝʨʠ  

ʘʛʨʝʛʘʪʦʚ ʠʟ ʜʚʘʜʮʘʪʠ ʠʤʝʶʱʠʭʩʷ. ɼʣʷ ʫʜʦʙʩʪʚʘ ʚʳʯʠʩʣʝʥʠʡ ʨʘʩʯʝʪʳ ʚʳʧʦʣʥʷʶʪʩʷ ʩ 

ʧʦʤʦʱʴʶ ʪʘʙʣʠʯʥʦʛʦ ʧʨʦʮʝʩʩʦʨʘ MS Excel. 

 

 

ɼʣʷ ʥʘʠʙʦʣʴʰʝʛʦ ʫʜʦʙʩʪʚʘ ʛʨʘʬʠʢ ʥʘʛʨʫʟʢʠ 

ʧʨʠʥʠʤʘʝʪʩʷ ʩʪʫʧʝʥʯʘʪʳʤ, ʢʘʞʜʘʷ ʠʟ ʩʪʫʧʝʥʝʡ ʧʦ 

200 ʄɺʪ. ɺʝʨʦʷʪʥʦʩʪʠ ʥʘʛʨʫʟʢʠ ʩʠʩʪʝʤʳ 4000, 3800, 

3600, 3400, 3200, 3000 ʄɺʪ ʧʦʣʘʛʘʶʪʩʷ ʨʘʚʥʳʤʠ 

; ; ; 

; ; . 

ɼʘʣʝʝ ʥʝʦʙʭʦʜʠʤʦ ʚʳʯʠʩʣʠʪʴ ʚʝʨʦʷʪʥʦʩʪʴ ʜʝʬʠʮʠʪʘ 

ʤʦʱʥʦʩʪʠ ʚ 200 ʄɺʪ ʚ ʩʣʫʯʘʝ, ʝʩʣʠ ʨʝʟʝʨʚ 

ʦʪʩʫʪʩʪʚʫʝʪ. 

 

ʊʘʢʦʡ ʜʝʬʠʮʠʪ ʤʦʞʝʪ ʚʦʟʥʠʢʥʫʪʴ, ʢʦʛʜʘ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʥʘʛʨʫʟʢʝ ʩʠʩʪʝʤʳ 

(4000 ʄɺʪ) ʦʜʠʥ ʠʟ ʘʛʨʝʛʘʪʦʚ ʦʢʘʞʝʪʩʷ ʚ ʘʚʘʨʠʡʥʦʤ ʩʦʩʪʦʷʥʠʠ. ʇʨʠ ʥʘʛʨʫʟʢʝ ʩʠʩʪʝʤʳ ʚ 

3800 ʄɺʪ ʚ ʘʚʘʨʠʡʥʦʤ ʩʦʩʪʦʷʥʠʠ ʦʢʘʞʫʪʩʷ ʜʚʘ ʘʛʨʝʛʘʪʘ ʠ ʪ. ʜ. ʈʘʩʩʯʠʪʳʚʘʝʪʩʷ ʚʝʨʦʷʪʥʦʩʪʴ 

ʜʝʬʠʮʠʪʘ ʚ 200 ʄɺʪ. ʆʥʘ ʩʦʩʪʘʚʠʪ . 

ɸʥʘʣʦʛʠʯʥʦ ʚʳʯʠʩʣʷʶʪʩʷ ʚʝʨʦʷʪʥʦʩʪʠ ʜʝʬʠʮʠʪʦʚ ʚ 400, 600, 800 ʠ 1000 ʄɺʪ: 

; ; ; . 

ʊʦʛʜʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ ʥʝʜʦʦʪʧʫʩʢʘ ʵʥʝʨʛʠʠ ʟʘ ʛʦʜ ʩʦʩʪʘʚʠʪ  

ʤʣʥ ʢɺʪÖʯ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ ʫʱʝʨʙʘ ʟʘ ʛʦʜ ʩʦʩʪʘʚʠʪ: 

 ʫ. ʜ. ʝ. ʚ ʛʦʜ. 

ɼʝʣʘʝʪʩʷ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʫʩʪʘʥʦʚʢʠ ʝʱʝ ʦʜʥʦʛʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ 

ʘʛʨʝʛʘʪʘ, ʤʦʱʥʦʩʪʴ ʢʦʪʦʨʦʛʦ ʩʦʩʪʘʚʣʷʝʪ ʪʘʢʞʝ 200 ʄɺʪ. ʆʧʨʝʜʝʣʷʶʪʩʷ ʥʦʚʳʝ ʟʥʘʯʝʥʠʷ 

ʚʝʨʦʷʪʥʦʩʪʝʡ, ʢʦʛʜʘ ʩʦʚʝʨʰʘʝʪʩʷ ʘʚʘʨʠʡʥʳʡ ʚʳʭʦʜ ʠʟ ʩʪʨʦʷ ʨʘʟʣʠʯʥʦʛʦ ʯʠʩʣʘ ʘʛʨʝʛʘʪʦʚ 

ɼʘʣʝʝ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʚʝʨʦʷʪʥʦʩʪʠ ʜʝʬʠʮʠʪʦʚ ʤʦʱʥʦʩʪʠ ʚ 200, 400, 600 ʠ 800 ʄɺʪ. 

ʇʨʠ ʵʪʦʤ ʧʦʣʫʯʘʶʪʩʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ: ; ; ; 

; . 
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ʂʦʛʜʘ ʧʨʦʠʟʦʡʜʝʪ ʘʚʘʨʠʡʥʳʡ ʚʳʭʦʜ ʦʜʥʦʛʦ ʠʟ ʘʛʨʝʛʘʪʦʚ ʚ 

ʤʦʤʝʥʪ ʤʘʢʩʠʤʘʣʴʥʦʡ ʥʘʛʨʫʟʢʠ ʜʝʬʠʮʠʪʘ ʥʝ ʙʫʜʝʪ, 

ʧʦʩʢʦʣʴʢʫ ʦʥ ʙʫʜʝʪ ʢʦʤʧʝʥʩʠʨʦʚʘʪʴʩʷ ʠʩʧʨʘʚʥʦʡ ʨʘʙʦʪʦʡ 

ʨʝʟʝʨʚʥʦʛʦ ʘʛʨʝʛʘʪʘ. ɼʝʬʠʮʠʪ 200 ʄɺʪ ʚʦʟʥʠʢʘʝʪ ʚ ʪʦʤ 

ʩʣʫʯʘʝ, ʝʩʣʠ ʧʨʠ ʥʘʛʨʫʟʢʝ 4000 ʄɺʪ ʚ ʘʚʘʨʠʡʥʦʤ 

ʩʦʩʪʦʷʥʠʠ ʙʫʜʫʪ ʥʘʭʦʜʠʪʴʩʷ ʜʚʘ ʘʛʨʝʛʘʪʘ, ʧʨʠ ʥʘʛʨʫʟʢʝ 

3800 ʄɺʪ ð ʪʨʠ ʘʛʨʝʛʘʪʘ ʠ ʪ. ʜ.  

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ ʫʱʝʨʙʘ ʦʪ 

ʥʝʜʦʦʪʧʫʩʢʘ ʩʦʩʪʘʚʠʪ  ʤʣʥ ʢɺʪÖʯ., ʯʝʤʫ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ ʫʱʝʨʙʘ 

 ʫ. ʜ. ʝ. ʚ ʛʦʜ. 

 

ɸʥʘʣʦʛʠʯʥʦ ʦʧʨʝʜʝʣʷʶʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʦʞʠʜʘʥʠʷ ʫʱʝʨʙʘ ʧʨʠ ʫʩʪʘʥʦʚʢʝ ʜʚʫʭ, ʪʨʝʭ 

ʠ ʯʝʪʳʨʝʭ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʘʛʨʝʛʘʪʦʚ ʤʦʱʥʦʩʪʴʶ 200 ʄɺ 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʊʘʙʣʠʮʝ. 

 

ʊʘʙʣʠʮʘ. 

ʏʠʩʣʦ 

ʘʛʨʝʛʘʪʦʚ 

ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ 

ʦʞʠʜʘʥʠʝ ʫʱʝʨʙʘ ʟʘ 

ʛʦʜ, ʫ. ʜ. ʝ. 

ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ 

ʨʘʩʯʝʪʥʳʝ ʟʘʪʨʘʪʳ ʟʘ 

ʛʦʜ, ʫ. ʜ. ʝ. 

ʍʦʟʷʡʩʪʚʝʥʥʳʝ ʟʘʪʨʘʪʳ, ʨʘʚʥʳʝ 

ʩʫʤʤʝ ʫʱʝʨʙʘ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ 

ʨʘʩʯʝʪʥʳʝ ʟʘʪʨʘʪʳ, ʫ. ʜ. ʝ. 

20 110,05 0 110,05 

21 25,1 10 35,1 

22 9,6 20 29,6 

23 5,2 30 35,2 

24 2,1 40 42,1 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʫʩʪʘʥʦʚʢʘ 22 ʘʛʨʝʛʘʪʦʚ ʷʚʣʷʝʪʩʷ 

ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʳʤ ʚʘʨʠʘʥʪʦʤ, ʧʦʩʢʦʣʴʢʫ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʩʘʤʳʝ 

ʤʠʥʠʤʘʣʴʥʳʝ ʩʫʤʤʘʨʥʳʝ ʟʘʪʨʘʪʳ (ʦʥʠ ʩʦʩʪʘʚʠʣʠ 29,6 ʫ. ʜ. ʝ.). ɺ ʩʣʫʯʘʝ, ʝʩʣʠ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ 

ʥʝ ʧʨʝʜʫʩʤʦʪʨʝʥ ʨʝʟʝʨʚ ʤʦʱʥʦʩʪʠ, ʪʦ ʧʦʣʫʯʘʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʳʡ ʧʝʨʝʨʘʩʭʦʜ (ʚ 80,45 ʫ. ʜ. ʝ. ʚ 

ʛʦʜ) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʧʪʠʤʘʣʴʥʳʤ ʚʘʨʠʘʥʪʦʤ. ʋʩʪʘʥʦʚʢʘ ʪʨʝʭ ʠʣʠ ʯʝʪʳʨʝʭ ʨʝʟʝʨʚʥʳʭ 

ʘʛʨʝʛʘʪʦʚ ʜʘʝʪ ʧʝʨʝʨʘʩʭʦʜ 5,6 ʠ 12,5 ʫ. ʜ. ʝ. ʚ ʛʦʜ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʦʧʪʠʤʘʣʴʥʳʡ ʨʝʟʝʨʚ ʤʦʱʥʦʩʪʠ ʩʦʩʪʘʚʣʷʝʪ 10%. 

 

ɿʘʢʣʶʯʝʥʠʝ 

ʀʪʘʢ, ʦʩʥʦʚʥʳʝ ʫʩʣʦʚʠʷ ʨʘʙʦʪʳ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, ʢ ʢʦʪʦʨʳʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ, 

ʥʘʧʨʠʤʝʨ, ʫʩʣʦʚʠʷ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʚʝʣʠʯʠʥʳ ʩʫʤʤʘʨʥʦʛʦ ʩʧʨʦʩʘ ʤʦʱʥʦʩʪʠ, ʘ ʪʘʢʞʝ 

ʩʫʤʤʘʨʥʦ ʨʘʩʧʦʣʘʛʘʝʤʦʡ ʤʦʱʥʦʩʪʠ ʜʣʷ ʝʛʦ ʧʦʢʨʳʪʠʷ, ʦʧʨʝʜʝʣʷʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʤ ʯʠʩʣʦʤ 

ʩʣʫʯʘʡʥʳʭ ʩʦʙʳʪʠʡ. ʏʪʦʙʳ ʧʨʘʚʠʣʴʥʦ ʦʧʨʝʜʝʣʠʪʴ ʩʫʤʤʘʨʥʫʶ ʚʝʣʠʯʠʥʫ ʩʧʨʦʩʘ, ʚʝʣʠʯʠʥʫ 

ʥʝʦʙʭʦʜʠʤʦʛʦ ʨʝʟʝʨʚʘ ʤʦʱʥʦʩʪʝʡ ʠ ʜʨ., ʪʨʝʙʫʝʪʩʷ ʫʤʝʪʴ ʚʳʯʠʩʣʷʪʴ ʥʝʦʙʭʦʜʠʤʳʝ 

ʚʝʨʦʷʪʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʟʣʠʯʥʳʭ ʩʣʫʯʘʡʥʳʭ ʩʦʙʳʪʠʡ. 

ɺ ʵʥʝʨʛʝʪʠʢʝ ʦʯʝʥʴ ʚʘʞʥʦ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʧʦʠʩʢʘ ʦʧʪʠʤʘʣʴʥʳʭ ʨʝʰʝʥʠʡ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʬʦʨʤʫʣʳ ʠ ʪʝʦʨʝʤʳ ʪʝʦʨʠʠ ʚʝʨʦʷʪʥʦʩʪʝʡ ʜʣʷ ʨʘʩʯʝʪʘ ʚʝʨʦʷʪʥʦʩʪʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʣʫʯʘʡʥʳʭ ʷʚʣʝʥʠʡ.  

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ, ʧʨʦʝʢʪ ˉ16-08-00558 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʢʦʤʧʣʝʢʩʘ 

ʤʫʣʴʪʠʬʠʟʠʯʝʩʢʠʭ ʧʨʦʛʨʘʤʤ ʥʘ ʧʨʠʤʝʨʝ ANSYS ʠ Comsol Multiphysics.  

ɹʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʇʆ, ʘ ʪʘʢʞʝ ʦʩʥʦʚʥʳʝ ʦʪʣʠʯʠʷ. ʇʨʠ 

ʧʦʤʦʱʠ ʜʘʥʥʳʭ ʧʨʦʛʨʘʤʤ ʧʨʦʚʝʜʝʥʦ ʨʝʰʝʥʠʝ ʪʠʧʦʚʦʡ ʪʝʩʪʦʚʦʡ ʟʘʜʘʯʠ.  

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʦʧʦʩʪʘʚʣʝʥʳ ʤʝʞʜʫ ʩʦʙʦʡ, ʘ ʪʘʢʞʝ ʩʦʧʦʩʪʘʚʣʝʥʳ ʩ 

ʘʥʘʣʠʪʠʯʝʩʢʠʤʠ ʨʘʩʯʝʪʘʤʠ. 

 

Abstract. This paper presents a comparative analysis of the complex of multiphysical 

programs, for example, ANSYS and Comsol Multiphysics.  

The advantages and disadvantages of the software, as well as the main differences were 

considered.  

With the help of these programs, the solution of a typical test problem is carried out. The 

results are compared with each other and compared with analytical calculations. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʝʪʦʜ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ANSYS, 

Comsol Multiphysics, ʟʘʜʘʯʘ ʂʠʨʰʘ. 
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Keywords: finite element method, software, ANSYS, Comsol Multiphysics, Kirsch problem. 

 

ɺʚʝʜʝʥʠʝ 

ɺ ʭʦʜʝ ʦʩʚʦʝʥʠʷ ʜʠʩʮʠʧʣʠʥ, ʪʘʢʠʭ ʢʘʢ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʬʠʟʠʢʘ, ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʥʝʧʨʝʨʳʚʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʘ ʪʘʢʞʝ ʧʨʠ ʨʘʩʯʝʪʝ ʥʘ ʧʨʦʯʥʦʩʪʴ ʵʣʝʤʝʥʪʦʚ 

ʢʦʥʩʪʨʫʢʮʠʡ ʠ ʩʠʩʪʝʤ, ʧʨʝʜʣʘʛʘʶʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʨʘʙʦʪʳ, ʢʦʪʦʨʳʝ ʚʳʧʦʣʥʷʶʪʩʷ ʚ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʤ ʧʨʦʛʨʘʤʤʥʦʤ ʦʙʝʩʧʝʯʝʥʠʠ, ʪʝʤ ʩʘʤʳʤ ʦʙʝʩʧʝʯʠʚʘʷ ʥʘʛʣʷʜʥʦʩʪʴ ʠ 

ʨʘʩʢʨʳʚʘʝʪ ʦʩʦʙʝʥʥʦʩʪʠ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʧʨʦʮʝʩʩʘ. ɺ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ 

ʧʨʦʚʦʜʠʪʴ ʨʝʘʣʴʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦʨʦʡ ʙʳʚʘʝʪ ʩʣʠʰʢʦʤ ʟʘʪʨʘʪʥʦ. 

ʆʩʥʦʚʥʳʤʠ ʣʠʜʝʨʘʤʠ ʩʨʝʜʠ ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʧʨʦʛʨʘʤʤ ʷʚʣʷʶʪʩʷ ANSYS Multiphysics ʠ 

Comsol Multiphysics. ɼʘʥʥʳʝ ʧʨʦʛʨʘʤʤʳ ʫʞʝ ʜʘʚʥʦ ʟʘʨʝʢʦʤʝʥʜʦʚʘʣʠ ʩʝʙʷ ʢʘʢ ʥʘʠʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʳʝ ʧʨʦʜʫʢʪʳ ʚ ʩʚʦʝʤ ʢʣʘʩʩʝ. ʏʪʦʙʳ ʥʘʛʣʷʜʥʦ ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʪʴ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ 

ʥʝʜʦʩʪʘʪʢʠ ANSYS ʠ Comsol Multiphysics, ʩʨʘʚʥʠʤ ʧʨʦʛʨʘʤʤʳ ʧʦ ʨʷʜʫ ʧʘʨʘʤʝʪʨʦʚ: 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ, ʠʥʪʝʨʬʝʡʩ, ʩʠʩʪʝʤʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʇʆ, ʩʪʦʠʤʦʩʪʴ ʣʠʮʝʥʟʠʠ, ʘ ʪʘʢʞʝ 

ʧʨʦʚʝʨʠʪʴ ʧʨʦʛʨʘʤʤʳ ʚ ʪʝʩʪʘʭ. 

 

ʌʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ 

ʇʘʢʝʪ ʧʨʦʛʨʘʤʤ ANSYS ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʨʘʩʯʝʪʦʚ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʙʦʣʴʰʠʥʩʪʚʘ 

ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʪʘʢʠʭ ʢʘʢ: ʵʣʝʢʪʨʦʤʘʛʥʝʪʠʟʤ, ʪʝʧʣʦʦʙʤʝʥ, ʛʠʜʨʦʜʠʥʘʤʠʢʘ, 

ʥʘʧʨʷʞʝʥʥʦïʜʝʬʦʨʤʠʨʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʪʝʣʘ, ʘ ʪʘʢʞʝ ʧʦʟʚʦʣʷʝʪ ʤʦʜʝʣʠʨʦʚʘʪʴ ʥʝʢʦʪʦʨʳʝ 

ʭʠʤʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ (1). ʉʭʦʞʠʤ ʬʫʥʢʮʠʦʥʘʣʦʤ ʦʙʣʘʜʘʝʪ ʧʨʠʢʣʘʜʥʦʡ ʧʘʢʝʪ Comsol 

Multiphysics, ʧʦʤʠʤʦ ʚʩʝʛʦ ʧʨʦʯʝʛʦ, ʦʥ ʠʤʝʝʪ ʤʦʜʫʣʴ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʙʠʦʠʥʞʝʥʝʨʠʠ (2), [1]. ɺ 

ʢʘʞʜʦʡ ʠʟ ʧʨʦʛʨʘʤʤ ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʜʚʘ ʦʩʥʦʚʥʳʭ ʩʧʦʩʦʙʘ ʨʝʘʣʠʟʘʮʠʠ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ: 

ʯʝʨʝʟ ʛʨʘʬʠʯʝʩʢʠʡ ʠʥʪʝʨʬʝʡʩ ʠʣʠ ʯʝʨʝʟ ʥʘʧʠʩʘʥʠʝ ʢʦʜʘ, ʜʣʷ ʵʪʦʛʦ ʚ ANSYS ʩʫʱʝʩʪʚʫʝʪ 

ʩʦʙʩʪʚʝʥʥʳʡ ʷʟʳʢ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ANSYS Parametric Design Language (APDL), ʘ ʚ Comsol 

ʠʥʪʝʛʨʘʮʠʷ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʜʘ ʨʝʘʣʠʟʦʚʘʥʘ ʧʦʩʨʝʜʩʪʚʘʤ ʩʢʨʠʧʪʦʚ Matlab. 

 

ʀʥʪʝʨʬʝʡʩ 

ʇʨʠ ʚʳʙʦʨʝ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʘʢʝʪʘ ʥʝ ʤʘʣʦʚʘʞʥʳʤ ʬʘʢʪʦʨʦʤ ʷʚʣʷʝʪʩʷ 

ʫʜʦʙʩʪʚʦ ʠ ʧʦʥʷʪʥʦʩʪʴ ʥʝ ʪʦʣʴʢʦ ʠʥʪʝʨʬʝʡʩʘ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʥʦ ʠ ʟʘʣʦʞʝʥʥʳʭ 

ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʦʩʥʦʚ ʜʣʷ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʭʦʯʝʪʩʷ ʚʳʜʝʣʠʪʴ ʧʘʢʝʪ 

Comsol Multiphysics. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ANSYS ʦʥ ʠʤʝʝʪ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ:  

- Comsol Multiphysics ð ɻ ʪʦ ʝʜʠʥʳʡ ʧʨʦʜʫʢʪ, ʚ ʦʪʣʠʯʠʝ ʦʪ ANSYS, ʢʦʪʦʨʳʡ ʨʘʟʜʨʦʙʣʝʥ 

ʥʘ ʮʝʣʦʝ ʩʝʤʝʡʩʪʚʦ ʧʦʜʧʨʦʛʨʘʤʤ; 

- ʀʥʪʫʠʪʠʚʥʦ ʧʦʥʷʪʥʳʡ ʠʥʪʝʨʬʝʡʩ ʦʪ ʟʘʜʘʥʠʷ ʛʝʦʤʝʪʨʠʠ ʜʦ ʚʠʟʫʘʣʠʟʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ, 

ʦʜʥʘʢʦ ʚʩʝʛʜʘ ʥʘ ʧʦʤʦʱʴ ʤʦʞʝʪ ʧʨʠʡʪʠ Help; 

- ʆʯʝʥʴ ʙʦʣʴʰʘʷ ʚʩʪʨʦʝʥʥʘʷ ʙʠʙʣʠʦʪʝʢʘ ʤʘʪʝʨʠʘʣʦʚ; 

- ʅʘ ʦʬʠʮʠʘʣʴʥʦʤ ʩʘʡʪʝ Comsol ʠʤʝʝʪʩʷ ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʙʫʯʘʶʱʠʭ ʚʝʙʠʥʘʨʦʚ ʠ 

ʫʞʝ ʨʝʰʝʥʥʳʭ ʟʘʜʘʯ ʥʘ ʨʫʩʩʢʦʤ ʷʟʳʢʝ; 

 

ʊʝʩʪʳ 

ɼʘʥʥʳʝ ʧʨʦʛʨʘʤʤʳ ʫʞʝ ʜʘʚʥʦ ʘʧʨʦʙʠʨʦʚʘʥʳ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ [2ï5] ʠ ʧʨʝʜʦʩʪʘʚʣʷʣʠ 

ʚʧʦʣʥʝ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʝ ʯʠʩʣʝʥʥʳʝ ʨʝʰʝʥʠʷ. ʆʙʘ ʧʨʠʢʣʘʜʥʳʭ ʧʘʢʝʪʘ ʨʝʘʣʠʟʦʚʘʥʳ 

ʧʦʩʨʝʜʩʪʚʦʤ ʤʝʪʦʜʘ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʄʂʕ). ʄʂʕ ð ʦʜʠʥ ʠʟ ʥʘʠʙʦʣʝʝ ʫʥʠʚʝʨʩʘʣʴʥʳʭ 

ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ ʨʝʰʝʥʠʷ ʠʥʪʝʛʨʘʣʴʥʳʭ ʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʩ ʟʘʜʘʥʥʳʤʠ 

ʢʨʘʝʚʳʤʠ ʫʩʣʦʚʠʷʤʠ. ɼʘʥʥʳʡ ʤʝʪʦʜ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ 
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ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʬʠʟʠʢʠ. ʅʘ ʦʩʥʦʚʝ ʵʪʦʛʦ ʤʝʪʦʜʘ ʠ ʦʩʥʦʚʘʥʦ ʨʝʰʝʥʠʝ ʟʘʜʘʯ ʢʘʢ ʚ Comsol 

Multiphysics, ʪʘʢ ʠ ʚ ANSYS [6], ʦʜʥʘʢʦ, ʥʘʜʦ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʇʆ ʷʚʣʷʶʪʩʷ 

ʩʣʦʞʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʠ ʧʨʘʚʠʣʴʥʦʝ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʨʝʙʫʝʪ ʭʦʨʦʰʝʡ ʪʝʦʨʝʪʠʯʝʩʢʦʡ 

ʧʦʜʛʦʪʦʚʢʠ ʚ ʦʙʣʘʩʪʠ ʤʦʜʝʣʠʨʫʝʤʦʛʦ ʧʨʦʮʝʩʩʘ [7]. 

ʊʘʢʞʝ ʭʦʯʝʪʩʷ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ANSYS ʠ Comsol Multiphysics 

ʦʪʣʠʯʘʶʪʩʷ ʧʦ ʩʚʦʝʡ ʢʦʥʮʝʧʮʠʠ. ɺ Comsol Multiphysics ʚʩʝʛʜʘ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʣʶʙʦʛʦ 

ʤʦʜʫʣʷ, ʯʝʪʢʦ ʚʠʜʥʳ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ, ʫʨʘʚʥʝʥʠʷ, ʦʧʠʩʳʚʘʶʱʠʝ ʧʨʦʮʝʩʩ, ʠ ʢʨʘʝʚʳʝ 

ʫʩʣʦʚʠʷ ʚ ʷʚʥʦʤ ʚʠʜʝ, ʘ ʪʘʢʞʝ ʝʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʜʦʙʘʚʣʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʩʚʦʠʭ ʫʩʣʦʚʠʡ. 

ɺ ANSYS, ʥʘʧʨʦʪʠʚ, ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʧʦʩʪʘʥʦʚʢʘ ʩʢʨʳʪʘ ʦʪ ʧʦʣʴʟʦʚʘʪʝʣʷ ʠ ʦʯʝʥʴ ʧʨʠʚʷʟʘʥʘ ʢ 

ʚʳʙʦʨʫ ʪʠʧʘ ʵʣʝʤʝʥʪʘ. ɺ Comsol Multiphysics ʚʳʙʦʨ ʵʣʝʤʝʥʪʘ ʥʠ ʢ ʯʝʤʫ ʥʝ ʦʙʷʟʳʚʘʝʪ, 

ʫʨʘʚʥʝʥʠʷ ʟʘʜʘʶʪʩʷ ʦʪʜʝʣʴʥʦ ʧʨʠ ʚʳʙʦʨʝ ʤʦʜʫʣʷ ʠʣʠ ʟʘʜʘʥʠʝʤ ʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʠ 

ʢʦʥʩʪʘʥʪ. ɺʳʙʦʨ ʵʣʝʤʝʥʪʘ ʚ ANSYS ʦʟʥʘʯʘʝʪ ʚʳʙʦʨ ʫʨʘʚʥʝʥʠʡ, ʦʧʠʩʳʚʘʶʱʠʭ ʧʨʦʮʝʩʩ. 

ʆʜʥʘʢʦ ʩ ʚʳʙʦʨʦʤ ʵʣʝʤʝʥʪʦʚ ʥʫʞʥʦ ʙʳʪʴ ʦʩʪʦʨʦʞʥʳʤ ʠ ʯʝʪʢʦ ʧʦʥʠʤʘʪʴ ʥʘ ʢʘʢʦʡ ʪʝʦʨʠʠ ʦʥʠ 

ʧʦʩʪʨʦʝʥʳ, ʟʘ ʯʘʩʪʫʶ, ʚʳʙʨʘʚ ʫʩʪʘʨʝʚʰʠʡ ʪʠʧ ʵʣʝʤʝʥʪʘ, ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʦʰʠʙʦʯʥʳʡ 

ʨʝʟʫʣʴʪʘʪ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʚʩʝʤ ʠʟʚʝʩʪʥʦʡ ʟʘʜʘʯʠ ʂʠʨʰʘ, ʦʙ ʦʜʥʦʦʩʥʦʤ 

ʨʘʩʪʷʞʝʥʠʠ ʙʝʩʢʦʥʝʯʥʦʡ ʧʣʘʩʪʠʥʳ ʩ ʢʨʫʛʣʳʤ ʦʪʚʝʨʩʪʠʝʤ ʧʦʩʝʨʝʜʠʥʝ, ʚ ANSYS ʤʦʞʥʦ 

ʧʦʜʦʡʪʠ ʢ ʨʝʰʝʥʠʶ ʟʘʜʘʯʠ ʨʘʟʥʳʤʠ ʩʧʦʩʦʙʘʤʠ. ʇʨʠ ʟʘʜʘʥʠʠ ʵʣʝʤʝʥʪʘ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʪʠʧ ʣʠʙʦ PLANE182, ʣʠʙʦ ʯʝʪʳʨʝʭ ʫʟʣʦʚʳʝ ʵʣʝʤʝʥʪʳ SOLID, ʦʜʥʘʢʦ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʧʨʠ 

ʨʘʟʙʠʝʥʠʠ ʦʙʣʘʩʪʠ ʵʣʝʤʝʥʪʳ ʪʠʧʘ SOLID ʙʫʜʫʪ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʨʝʦʙʨʘʟʦʚʘʥʳ ʚ ʪʠʧ 

PLANE182, ʪʘʢʠʝ ʪʦʥʢʦʩʪʠ ʤʦʛʫʪ ʟʘʧʫʪʘʪʴ ʥʝʦʧʳʪʥʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ. ɺ Comsol Multiphysics 

ʪʘʢʦʛʦ ʥʝʪ, ʠ ʧʨʠ ʤʠʥʠʤʘʣʴʥʳʭ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʟʥʘʥʠʷʭ ʜʘʥʥʫʶ ʟʘʜʘʯʫ ʤʦʞʥʦ ʩ ʣʝʛʢʦʩʪʴʶ 

ʩʤʦʜʝʣʠʨʦʚʘʪʴ ʩ çʥʫʣʷè ʙʝʟ ʧʦʩʪʦʨʦʥʥʝʡ ʧʦʤʦʱʠ, ʯʝʛʦ ʥʝ ʩʢʘʞʝʰʴ ʦʙ ANSYS. ɺʧʨʦʯʝʤ, 

ʝʩʣʠ ʩʨʘʚʥʠʪʴ ʪʦʯʥʦʩʪʴ ʨʝʰʝʥʠʷ ʚʳʰʝʫʢʘʟʘʥʥʦʡ ʟʘʜʘʯʠ, ʪʦ ʦʙʘ ʧʘʢʝʪʘ ʭʦʨʦʰʦ ʧʦʢʘʟʘʣʠ ʩʝʙʷ. 

ʂʘʢ ʠʟʚʝʩʪʥʦ ʘʥʘʣʠʪʠʯʝʩʢʠ ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʘʧʨʷʞʝʥʠʡ ʥʘ ʛʨʘʥʠʮʝ ʦʪʚʝʨʩʪʠʷ ʚʳʨʘʞʘʝʪʩʷ 

ʬʦʨʤʫʣʦʡ [8]:  

ρ ςϽÃÏÓςὼȟ̄ ̅ ̆ὼ πȟ. 

 

 
 

ʈʠʩʫʥʦʢ. ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʧʨʷʞʝʥʠʡ ʦʪ ʜʣʠʥʳ ʜʫʛʠ ʦʪʚʝʨʩʪʠʷ. 
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ʂʘʢ ʚʠʜʥʦ ʠʟ ʈʠʩʫʥʢʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʚʳʰʝ, ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ, ʧʦʣʫʯʝʥʥʳʝ ʚ 

ANSYS ʠ Comsol, ʧʨʘʢʪʠʯʝʩʢʠ ʩʦʚʧʘʜʘʶʪ, ʘ ʪʘʢʞʝ ʩʦʚʧʘʜʘʶʪ ʩ ʘʥʘʣʠʪʠʯʝʩʢʠʤ ʨʝʰʝʥʠʝʤ. ɺ 

ʜʦʙʘʚʦʢ ʭʦʯʝʪʩʷ ʦʪʤʝʪʠʪʴ, ʤʘʢʩʠʤʘʣʴʥʦʝ ʩʫʤʤʘʨʥʦʝ ʢʚʘʜʨʘʪʠʯʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʦʪ 

ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ ʩʦʩʪʘʚʠʣʦ ʤʝʥʝʝ 1%. ʉʪʦʠʪ ʧʨʠʟʥʘʪʴ, ʯʪʦ ʨʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʟʘʜʘʯʘ 

ʧʨʦʩʪʘʷ ʚ ʧʣʘʥʝ ʛʝʦʤʝʪʨʠʠ ʠ ʧʦʩʪʘʥʦʚʢʠ. ʆʜʥʘʢʦ, ʧʨʠ ʨʝʰʝʥʠʠ ʙʦʣʝʝ ʩʣʦʞʥʳʭ ʟʘʜʘʯ [9] 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʨʘʩʯʝʪʦʚ ʤʦʞʝʪ ʟʘʪʷʥʫʪʴʩʷ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʯʘʩʦʚ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʥʝʜʝʣʴ. ɺʦ 

ʤʥʦʛʦʤ ʵʪʦ ʟʘʚʠʩʠʪ ʦʪ ʩʣʦʞʥʦʩʪʠ ʛʝʦʤʝʪʨʠʠ ʠ ʢʘʯʝʩʪʚʘ ʨʘʟʙʠʝʥʠʷ.  

 

ʃʠʮʝʥʟʠʷ 

ʅʝʤʘʣʦʚʘʞʥʳʤ ʬʘʢʪʦʨʦʤ ʜʣʷ ʚʳʙʦʨʘ ʪʦʡ ʠʣʠ ʠʥʦʡ ʧʨʦʛʨʘʤʤʳ ʷʚʣʷʝʪʩʷ ʩʪʦʠʤʦʩʪʴ 

ʣʠʮʝʥʟʠʠ, ʘ ʪʘʢʞʝ ʤʠʥʠʤʘʣʴʥʳʝ ʩʠʩʪʝʤʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʜʣʷ ʧʝʨʩʦʥʘʣʴʥʦʛʦ ʢʦʤʧʴʶʪʝʨʘ. ɺ 

ʵʪʦʤ ʩʣʫʯʘʝ ʭʦʯʝʪʩʷ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦ ʜʘʥʥʳʤ ʥʘ 2016 ʛʦʜ, ʩʪʦʠʤʦʩʪʴ ʣʠʮʝʥʟʠʦʥʥʦʛʦ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ Comsol, ʨʘʩʩʯʠʪʘʥʥʦʛʦ ʥʘ ʦʜʠʥ ʫʯʝʙʥʳʡ ʢʣʘʩʩ, ʩʦʩʪʘʚʣʷʝʪ 

ʧʦʨʷʜʢʘ 3995 ʝʚʨʦ (3) ʙʝʟ ʫʯʝʪʘ ʥʘʣʦʛʦʚ ʠ ʩʙʦʨʦʚ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʘʥʘʣʦʛʠʯʥʘʷ ʩʙʦʨʢʘ 

ANSYS ʦʙʦʡʜʝʪʩʷ ʧʦʯʪʠ ʚ 4 ʨʘʟʘ ʜʦʨʦʞʝ (4). ɺ ʵʪʫ ʩʪʦʠʤʦʩʪʴ ʚʦʜʠʪ ʙʝʩʩʨʦʯʥʘʷ ʣʠʮʝʥʟʠʷ, ʘ 

ʪʘʢʞʝ ʦʙʥʦʚʣʝʥʠʷ ʠ ʪʝʭʥʠʯʝʩʢʘʷ ʧʦʜʜʝʨʞʢʘ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 12 ʤʝʩʷʮʝʚ ʩ ʤʦʤʝʥʪʘ ʧʦʢʫʧʢʠ. 

ʉʨʝʜʠ ʥʝʜʦʩʪʘʪʢʦʚ Comsol Multiphysics ʤʦʞʥʦ ʚʳʷʚʠʪʴ ʦʪʩʫʪʩʪʚʠʝ ʧʫʙʣʠʯʥʦʡ 

ʩʪʫʜʝʥʯʝʩʢʦʡ ʚʝʨʩʠʠ ʚ ʰʠʨʦʢʦʤ ʜʦʩʪʫʧʝ, ʩʫʱʝʩʪʚʫʝʪ ʣʠʰʴ ʧʨʦʙʥʘʷ 2-ʭ ʥʝʜʝʣʴʥʘʷ ʣʠʮʝʥʟʠʷ. 

ɺ ʦʪʣʠʯʠʝ ʦʪ ANSYS, ʫ ʢʦʪʦʨʦʛʦ ʙʝʩʧʣʘʪʥʘʷ ʩʪʫʜʝʥʯʝʩʢʘʷ ʚʝʨʩʠʷ ʦʙʣʘʜʘʝʪ 90% ʬʫʥʢʮʠʦʥʘʣʘ 

ʦʩʥʦʚʥʦʡ ʚʝʨʩʠʠ ʧʨʦʜʫʢʪʘ ʠ ʧʨʠ ʵʪʦʤ ʥʝ ʠʤʝʝʪ ʦʛʨʘʥʠʯʝʥʠʡ ʧʦ ʚʨʝʤʝʥʠ. 

 

ʉʠʩʪʝʤʥʳʝ ʪʨʝʙʦʚʘʥʠʷ 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʤʦʤʝʥʪ ʥʦʚʝʡʰʠʝ ʚʝʨʩʠʠ Comsol Multiphysics 5.3a ʠ ANSYS 19.0 

ʠʤʝʶʪ ʩʣʝʜʫʶʱʠʝ ʧʦʢʘʟʘʪʝʣʠ (1, 2): 

 

ʊʘʙʣʠʮʘ. 

ʄʀʅʀʄɸʃʔʅʓɽ ʉʀʉʊɽʄʅʓɽ ʊʈɽɹʆɺɸʅʀʗ ʇʆ. 

 ʆʧʝʨʘʮʠʦʥʥʳʝ 

ʩʠʩʪʝʤʳ 

ʆʙʲʝʤ ʦʧʝʨʘʪʠʚʥʦʡ 

ʧʘʤʷʪʠ, ɻʙ 

ʆʙʲʝʤ ʚʠʜʝʦʧʘʤʷʪʠ, 

ɻʙ 

ANSYS 
Windows; 

Linux; 
2 1 

Comsol Multiphysics 

Windows; 

Linux; 

macOS; 

4 1 

 

ʇʨʠ ʵʪʦʤ ʚʳʰʝʫʢʘʟʘʥʥʳʝ ʧʨʦʛʨʘʤʤʳ ʧʦʜʜʝʨʞʠʚʘʶʪ ʣʠʰʴ 64-ʨʘʟʥʷʜʥʳʝ ʦʧʝʨʘʮʠʦʥʥʳʝ 

ʩʠʩʪʝʤʳ. ʂʘʩʘʝʤʦ ʩʚʦʙʦʜʥʦʛʦ ʤʝʩʪʘ ʥʘ ʞʝʩʪʢʦʤ ʜʠʩʢʝ, ʦʥʦ ʤʦʞʝʪ ʚʘʨʴʠʨʦʚʘʪʴʩʷ ʦʪ 2 ʜʦ 

~10ɻʙ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʙʦʨʘ ʧʨʦʜʫʢʪʦʚ ʠ ʚʘʨʠʘʥʪʦʚ ʫʩʪʘʥʦʚʢʠ. ʂʘʢ ʚʠʜʥʦ, ʪʨʝʙʦʚʘʥʠʷ ʜʣʷ 

ʨʘʙʦʪʳ ʦʙʝʠʭ ʧʨʦʛʨʘʤʤ ʥʝ ʤʥʦʛʠʤ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʤʠʥʠʤʘʣʴʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʩʘʤʦʡ 

ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ. ʆʜʥʘʢʦ, ʜʣʷ ʫʩʢʦʨʝʥʠʷ ʚʳʯʠʩʣʝʥʠʡ ʠ ʦʙʨʘʙʦʪʢʠ ʨʝʟʫʣʴʪʘʪʦʚ 

ʥʝʦʙʭʦʜʠʤ ʙʦʣʝʝ ʤʦʱʥʳʡ ʇʂ. 

 

ɺʳʚʦʜʳ 

ʇʦʜʚʦʜʷ ʠʪʦʛ, ʭʦʯʝʪʩʷ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʙʝ ʧʨʦʛʨʘʤʤʳ ʠʤʝʶʪ ʨʷʜ ʜʦʩʪʦʠʥʩʪʚ ʠ 

ʥʝʜʦʩʪʘʪʢʦʚ. ɺ ʦʙʱʝʤ ʠ ʮʝʣʦʤ, ʩʦ ʩʚʦʠʤʠ ʦʩʥʦʚʥʳʤʠ ʟʘʜʘʯʘʤʠ, ʘ ʠʤʝʥʥʦ, ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ ʠ 

ʨʘʩʯʝʪʘʤʠ, ʧʨʦʛʨʘʤʤʳ ʩʧʨʘʚʣʷʶʪʩʷ ʦʜʠʥʘʢʦʚʦ ʭʦʨʦʰʦ. ʆʜʥʘʢʦ, ʝʩʣʠ ʙʨʘʪʴ ʚʦ ʚʥʠʤʘʥʠʝ 

ʦʩʪʘʣʴʥʳʝ ʘʩʧʝʢʪʳ ʜʘʥʥʦʛʦ ʩʨʘʚʥʝʥʠʷ, ʪʦ ʧʘʢʝʪ Comsol Multiphysics ̫ ʚʣʷʝʪʩʷ ʙʦʣʝʝ 
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ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤ. ɺʦ ʤʥʦʛʦʤ ʵʪʦ ʩʚʷʟʘʥʦ ʩʦ ʩʪʦʠʤʦʩʪʴʶ ʧʨʦʜʫʢʪʘ, ʢʦʪʦʨʘʷ ʚ ʨʘʟʳ ʤʝʥʴʰʝ, 

ʯʝʤ ʫ ANSYS, ʘ ʪʘʢʞʝ Comsol ʠʤʝʝʪ ʙʦʣʝʝ ʧʨʠʷʪʥʳʡ ʠ ʧʦʥʷʪʥʳʡ ʠʥʪʝʨʬʝʡʩ. 
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ɸʥʥʦʪʘʮʠʷ. ʃʁ ʙʦʡ ʤʥʦʛʦʢʣʝʪʦʯʥʳʡ ʦʨʛʘʥʠʟʤ ʩʦʩʪʦʠʪ ʠʟ ʤʥʦʞʝʩʪʚʘ ʢʣʝʪʦʢ ʨʘʟʥʳʭ 

ʚʠʜʦʚ, ʢʦʪʦʨʳʝ ʦʙʨʘʟʫʶʪ ʜʚʘ ʠʣʠ ʪʨʠ ʦʩʥʦʚʥʳʭ ʩʣʦʷ ʚ ʝʛʦ ʪʝʣʝ. ʃʶʙʦʝ ʤʥʦʛʦʢʣʝʪʦʯʥʦʝ 

ʞʠʚʦʪʥʦʝ ʚ ʦʥʪʦʛʝʥʝʟʝ ʠ ʚ ʵʚʦʣʶʮʠʠ ʠʤʝʝʪ, ʚʝʨʦʷʪʥʦ, ʩʣʝʜʫʶʱʠʡ ʦʙʱʠʡ ʧʣʘʥ ʩʪʨʦʝʥʠʷ: 

ʧʦʛʨʘʥʠʯʥʳʝ ʩʣʦʠ ʢʣʝʪʦʢ, ʘ ʟʘʪʝʤ ʪʢʘʥʠ (ʵʧʠʪʝʣʠʠ, ʤʝʟʦʪʝʣʠʠ, ʵʥʜʦʪʝʣʠʠ) ʦʙʲʝʜʠʥʝʥʳ ʠʭ 

ʧʨʦʠʟʚʦʜʥʳʤʠ ʚ ʪʦʤ ʠʣʠ ʠʥʦʤ ʚʠʜʝ, ʚ ʪ. ʯ. ʧʨʦʤʝʞʫʪʦʯʥʳʤʠ ʢʣʝʪʢʘʤʠ ʠʣʠ ʠʭ ʩʢʦʧʣʝʥʠʷʤʠ, 

ʩʠʩʪʝʤʘʤʠ (ʤʝʟʦʛʣʝʷ, ʤʝʟʦʙʣʘʩʪ, ʩʦʝʜʠʥʠʪʝʣʴʥʳʝ ʪʢʘʥʠ ʠ ʪ. ʧ.). ɺ ʭʦʜʝ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ 

ʨʘʟʚʠʪʠʷ ʧʨʦʠʩʭʦʜʠʪ ʫʩʣʦʞʥʝʥʠʝ ʚʥʫʪʨʝʥʥʝʛʦ ʩʪʨʦʝʥʠʷ ʪʝʣʘ ʚ ʩʚʷʟʠ ʩ ʝʛʦ ʚʥʝʰʥʝʡ ʬʦʨʤʦʡ 

(ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʦʙʱʠʝ ʠ ʤʝʩʪʥʳʝ ʜʝʬʦʨʤʘʮʠʠ) ʚ ʨʝʟʫʣʴʪʘʪʝ (ʧʫʪʝʤ) ʥʝʨʘʚʥʦʤʝʨʥʦʛʦ ʨʦʩʪʘ ʠ 

ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʝʛʦ ʯʘʩʪʝʡ ʩ ʜʚʫʭï ʠʣʠ ʪʨʝʭʩʣʦʡʥʳʤ ʩʪʨʦʝʥʠʝʤ. ʕʪʦ ʥʝ ʠʟʤʝʥʷʝʪ ʦʙʱʝʝ 

ʫʩʪʨʦʡʩʪʚʦ (ʦʙʱʠʡ ʧʣʘʥ ʩʪʨʦʝʥʠʷ) ʪʝʣʘ ʞʠʚʦʪʥʦʛʦ, ʜʚʫʭï ʠʣʠ ʪʨʝʭʩʣʦʡʥʦʝ. 

 

Abstract. Any multicellular organism consists of many cells of different types, which form 

two or three main layers in the body. Any Metazoa has, probably, next general plan of construction 

in ontogenesis and evolution: border layers of cells, and then tissues (epitheliumôs, mesotheliumôs, 

endotheliumôs) are united by their derivatives in one or another form, including intermediate cells 

or their congestion, systems such as mesoglea, mesoblast, connective tissues. Complication of inner 

border structure comes during individual development in connection with external border form 

(different general and local deformations) in result (by means of) uneven growth and differentiation 

of their parts with twoï or threeïlayer structure. This is no change the general design (general plan 

of border structure) of animal, the twoï or threeïlayer.  

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʨʛʘʥʠʟʤ, ʢʣʝʪʢʘ, ʫʩʪʨʦʡʩʪʚʦ.  
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ɺʚʝʜʝʥʠʝ 

ʅʘʫʢʘ ʧʦʩʪʦʷʥʥʦ ʠ ʩʦ ʚʩʝ ʙʦʣʝʝ ʚʦʟʨʘʩʪʘʶʱʝʡ ʩʢʦʨʦʩʪʴʶ ʜʚʠʞʝʪʩʷ ʚʧʝʨʝʜ, 

ʩʪʨʝʤʠʪʝʣʴʥʦ ʨʘʟʜʚʠʛʘʷ ʛʨʘʥʠʮʳ ʟʥʘʥʠʡ ʯʝʣʦʚʝʢʘ, ʚ ʪ. ʯ. ʠ ʦ ʥʝʤ ʩʘʤʦʤ. ʋʩʪʨʝʤʣʷʷ ʩʚʦʡ ʚʟʦʨ 

ʢ ʫʙʝʛʘʶʱʝʤʫ ʢʫʜʘ-ʪʦ ʚʜʘʣʴ ʛʦʨʠʟʦʥʪʫ ʩʚʦʝʛʦ ʧʦʟʥʘʥʠʷ, ʯʝʣʦʚʝʢ ʩʚʳʩʦʢʘ ʩʤʦʪʨʠʪ ʥʘ 

ʦʢʨʫʞʘʶʱʠʡ ʝʛʦ ʤʠʨ, ʦʙʲʷʚʣʷʝʪ ʩʝʙʷ ʮʘʨʝʤ ʟʚʝʨʝʡ ʠ ʛʦʩʧʦʜʠʥʦʤ ʧʨʠʨʦʜʳ. ʅʝʢʦʪʦʨʳʝ 

ʫʯʝʥʳʝ ʜʘʞʝ ʩʦʤʥʝʚʘʶʪʩʷ ʚ ʩʧʨʘʚʝʜʣʠʚʦʩʪʠ ʪʝʦʨʠʠ ʵʚʦʣʶʮʠʠ ʏʘʨʣʴʟʘ ɼʘʨʚʠʥʘ ʠ ʚ ʩʚʦʝʤ 

ʧʨʦʠʩʭʦʞʜʝʥʠʠ ʦʪ ʦʙʝʟʴ̫ ʥʳ, ʦʙʨʘʱʘʷʩʴ ʢ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ ʦ ʢʦʩʤʠʯʝʩʢʠʭ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘʭ 
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ʯʝʣʦʚʝʢʘ. ʅʦ ʪʘʢ ʦʥʠ ʧʨʦʩʪʦ ʦʪʦʜʚʠʛʘʶʪ ʧʦʜʘʣʴʰʝ ʠʟʚʝʯʥʫʶ ʜʠʣʝʤʤʫ ʪʝʦʣʦʛʠʯʝʩʢʦʛʦ ʠʣʠ 

ʤʘʪʝʨʠʘʣʠʩʪʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ ʚʦʧʨʦʩʘ. ɺʦʟʨʦʞʜʘʶʪʩʷ ʩʪʘʨʠʥʥʳʝ ʪʝʦʨʠʠ ʧʨʝʬʦʨʤʠʟʤʘ, 

ʢʦʥʝʯʥʦ, ʚ ʧʨʝʩʪʠʞʥʦʡ ʦʙʝʨʪʢʝ ʩʦʚʨʝʤʝʥʥʳʭ, ʚʧʦʣʥʝ ʩʝʙʝ ʥʘʫʯʥʳʭ ʪʝʨʤʠʥʦʚ (ʪʠʧʘ 

ʢʦʥʮʝʧʮʠʡ ʠʥʜʝʪʝʨʤʠʥʠʟʤʘ ʠʣʠ ʘʧʦʧʪʦʟʘ). ʅʦ ʧʦʯʝʤʫ ʵʪʦ ʧʨʦʠʩʭʦʜʠʪ? ʏʘʩʪʥʳʝ ʧʨʠʯʠʥʳ 

ʨʘʟʥʳʝ. ʅʦ ʛʣʘʚʥʦʝ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʩʝʛʦʜʥʷ ʣʶʜʠ ʯʘʩʪʦ çʪʦʥʫʪè ʚ ʙʫʨʥʦʤ ʧʦʪʦʢʝ 

ʥʘʢʘʧʣʠʚʘʶʱʠʭʩʷ ʬʘʢʪʦʚ, ʢʦʪʦʨʳʤ ʥʝ ʚʩʝʛʜʘ ʝʩʪʴ ʦʙʲʷʩʥʝʥʠʝ ʩ ʧʦʟʠʮʠʡ ʩʫʱʝʩʪʚʫʶʱʠʭ 

ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ ʤʠʨʝ. ʇʴʝʨ ʉʠʤʦʥ ʃʘʧʣʘʩ ʜʘʚʥʦ ʫʞʝ ʚʳʩʢʘʟʘʣʩʷ ʧʦ ʵʪʦʤʫ ʧʦʚʦʜʫ: çɽʩʣʠ ʙʳ 

ʯʝʣʦʚʝʢ ʦʛʨʘʥʠʯʠʚʘʣʩʷ ʦʜʥʠʤ ʩʦʙʠʨʘʥʠʝʤ ʬʘʢʪʦʚ, ʥʘʫʢʘ ʙʳʣʘ ʙʳ ʙʝʩʧʣʦʜʥʦʡ 

ʥʦʤʝʥʢʣʘʪʫʨʦʡ, ʠ ʥʠʢʦʛʜʘ ʯʝʣʦʚʝʢ ʥʝ ʧʦʟʥʘʣ ʙʳ ʚʝʣʠʢʠʭ ʟʘʢʦʥʦʚ ʧʨʠʨʦʜʳè. ʇ. ʌ. ʃʝʩʛʘʬʪ 

ʧʠʩʘʣ, ʨʘʩʢʨʳʚʘʷ ʩʤʳʩʣ ʟʘʷʚʣʝʥʠʷ ʃʘʧʣʘʩʘ: çɺʩʢʨʳʚʘʡʪʝ ʥʦʞʦʤ, ʨʘʩʩʝʢʘʡʪʝ ʤʳʩʣʴʶé 

ʆʧʨʝʜʝʣʠʪʴ ʠ ʠʩʩʣʝʜʦʚʘʪʴ ʦʪʥʦʰʝʥʠʝ ʬʦʨʤʳ ʠ ʬʫʥʢʮʠʠ, ʟʥʘʯʝʥʠʝ ʜʘʥʥʦʡ ʬʦʨʤʳ, ʦʩʥʦʚʥʫʶ 

ʠʜʝʶ ʧʦʩʪʨʦʝʥʠʷ ʪʝʣʘ ʯʝʣʦʚʝʢʘ ð ʚʦʪ ʠʩʪʠʥʥʳʝ ʟʘʜʘʯʠ ʘʥʘʪʦʤʠʠ ʯʝʣʦʚʝʢʘ, ʢʦʪʦʨʳʝ 

ʧʦʜʥʠʤʘʶʪ ʦʧʠʩʘʥʠʝ ʜʦ ʥʘʫʢʠ ʠ ʚʣʠʚʘʶʪ ʞʠʟʥʴ ʚ ʤʝʨʪʚʳʡ ʤʘʪʝʨʠʘʣ, ʜʝʣʘʷ ʝʛʦ ʧʨʠʛʦʜʥʳʤ 

ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷè [1]. 

ʉʪʫʜʝʥʪʳ ʠ ʜʘʞʝ ʧʨʝʧʦʜʘʚʘʪʝʣʠ ʯʘʩʪʦ ʟʘʜʘʚʘʣʠ ʤʥʝ ʪʘʢʦʡ ʚʦʧʨʦʩ (ʚ ʪʦʡ ʠʣʠ ʠʥʦʡ 

ʬʦʨʤʝ): ʚ ʯʝʤ ʧʨʠʥʮʠʧʠʘʣʴʥʦʝ ʨʘʟʣʠʯʠʝ ʤʝʞʜʫ ʧʨʘʢʪʠʯʝʩʢʠʤ ʟʘʥʷʪʠʝʤ ʠ ʣʝʢʮʠʝʡ ʧʦ 

ʘʥʘʪʦʤʠʠ ʯʝʣʦʚʝʢʘ. ʗ ʦʪʚʝʯʘʣ, ʯʪʦ ʣʝʢʪʦʨ ʦʙʷʟʘʥ ʥʘʨʠʩʦʚʘʪʴ ʧʨʝʞʜʝ ʚʩʝʛʦ ʦʙʱʫʶ ʢʘʨʪʠʥʫ 

ʩʪʨʦʝʥʠʷ ʯʝʣʦʚʝʢʘ, ʝʛʦ ʪʝʣʘ, ʩʠʩʪʝʤ ʝʛʦ ʦʨʛʘʥʦʚ. ʕʪʦʪ ʦʩʪʦʚ çʦʙʨʘʩʪʘʝʪè ʤʥʦʞʝʩʪʚʦʤ ʜʝʪʘʣʝʡ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʟʥʘʥʠʡ ʥʘ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʥʷʪʠʷʭ. ɺ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʩʪʫʜʝʥʪʳ ʤʦʛʫʪ 

çʫʪʦʥʫʪʴè ʚ ʤʦʨʝ ʤʝʣʦʯʝʡ, ʥʝ ʚʠʜʷ ʛʣʘʚʥʦʛʦ. ʕʪʦ ʫʪʚʝʨʞʜʝʥʠʝ ʩʦʚʝʨʰʝʥʥʦ ʩʧʨʘʚʝʜʣʠʚʦ ʠ ʜʣʷ 

ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʯʪʦ ʦʯʝʥʴ ʚʘʞʥʦ ʫʩʚʦʠʪʴ ʥʘʯʠʥʘʶʱʝʤʫ ʠʩʩʣʝʜʦʚʘʪʝʣʶ.  

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʧʦʢʘʟʘʪʴ ʦʙʱʠʡ ʧʣʘʥ ʩʪʨʦʝʥʠʷ ʤʥʦʛʦʢʣʝʪʦʯʥʳʭ ʞʠʚʦʪʥʳʭ, ʧʨʝʞʜʝ 

ʚʩʝʛʦ ʭʦʨʜʦʚʳʭ. 

 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ. 

çé ʚ ʧʨʠʨʦʜʝ ʚʩʝ ʙʝʩʧʨʝʩʪʘʥʥʦ ʠʟʤʝʥʷʝʪʩʷ, ʧʝʨʝʩʪʨʘʠʚʘʝʪʩʷ, ʩʦʚʝʨʰʝʥʩʪʚʫʝʪʩʷ, ʥʦ 

ʚʤʝʩʪʝ ʩ ʪʝʤé ʦʩʥʦʚʥʘʷ ʬʦʨʤʘ ʪʝʣʘ ʞʠʚʦʪʥʳʭ ʩʦʭʨʘʥʷʝʪʩʷ ʥʝʠʟʤʝʥʥʦʡé ʜʝʣʦ ʠʜʝʪ ʦʙ 

ʦʩʥʦʚʥʦʡ ʬʦʨʤʝ ʠʣʠ ʦʩʥʦʚʥʦʤ ʧʣʘʥʝ ʧʦʩʪʨʦʝʥʠʷ ʦʨʛʘʥʠʟʤʘ, ʪ.ʝ. ʦ ʥʝʠʟʤʝʥʥʦ ʟʘʢʦʥʦʤʝʨʥʦʤ 

ʨʘʟʤʝʱʝʥʠʠ ʚʥʫʪʨʝʥʥʠʭ ʠ ʥʘʨʫʞʥʳʭ ʦʨʛʘʥʦʚé ʄʦʞʥʦ ʨʘʟʣʠʯʠʪʴ ʪʨʠ ʦʩʥʦʚʥʳʭ ʬʦʨʤʳ 

ʞʠʚʦʪʥʳʭ ʦʨʛʘʥʠʟʤʦʚ: ʩʬʝʨʦʠʜʘʣʴʥʫʶ, ʣʫʯʠʩʪʫʶ ʠ ʜʚʫʩʪʦʨʦʥʥʝʩʠʤʤʝʪʨʠʯʥʫʶè [2]. 

ʆʩʥʦʚʘʪʝʣʴ ʩʦʚʨʝʤʝʥʥʦʡ ʩʨʘʚʥʠʪʝʣʴʥʦʡ ʘʥʘʪʦʤʠʠ ɾ. ʂʶʚʴʝ ʨʘʟʜʝʣʠʣ ʚʩʝ ʞʠʚʦʪʥʦʝ ʮʘʨʩʪʚʦ 

ʥʘ ʥʝʩʢʦʣʴʢʦ ʪʠʧʦʚ, ʧʦʩʪʨʦʝʥʥʳʭ ʧʦ ʦʩʦʙʦʤʫ ʧʣʘʥʫ. ɽʛʦ ʩʦʚʨʝʤʝʥʥʠʢ ʕ. ɾ. ʉʝʥʪïʀʣʝʨ 

ʦʙʲʷʩʥʷʣ ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʝ ʩʭʦʜʩʪʚʦ çʝʜʠʥʩʪʚʦʤ ʧʣʘʥʘè, ʣʝʞʘʱʝʛʦ ʚ ʦʩʥʦʚʝ ʩʪʨʦʝʥʠʷ ʞʠʚʳʭ 

ʩʫʱʝʩʪʚ, ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʧʦ ʤʝʥʴʰʝʡ ʤʝʨʝ ʢ ʦʜʥʦʤʫ ʪʠʧʫ [3]. ʅʦ ʟʘʛʣʷʥʠʪʝ ʚ ʩʦʚʨʝʤʝʥʥʳʝ 

ʫʯʝʙʥʠʢʠ ʧʦ ʘʥʘʪʦʤʠʠ, ʧʨʠʟʚʘʥʥʦʡ ʠʟʫʯʘʪʴ ʩʪʨʦʝʥʠʝ ʪʝʣʘ ʯʝʣʦʚʝʢʘ ʠ ʞʠʚʦʪʥʳʭ. ʄʥʦʛʦ ʣʠ ʚʳ 

ʥʘʡʜʝʪʝ ʚ ʥʠʭ ʠʥʬʦʨʤʘʮʠʠ ʦ ʬʦʨʤʝ ʠ ʦʙʱʝʤ ʧʣʘʥʝ ʩʪʨʦʝʥʠʷ ʠʭ ʪʝʣʘ? ɺ ʣʫʯʰʝʤ ʩʣʫʯʘʝ ð 

ʢʨʘʪʢʦʝ ʦʧʠʩʘʥʠʝ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ ʪʠʧʘʭ ʪʝʣʦʩʣʦʞʝʥʠʷ ʢʘʢ ʦ ʨʘʟʥʳʭ ʧʨʦʧʦʨʮʠʷʭ ʪʝʣʘ, 

ʩʦʦʪʥʦʰʝʥʠʷʭ ʝʛʦ ʯʘʩʪʝʡ. ɿʘʪʦ ʦʙʷʟʘʪʝʣʴʥʦ ʫʟʥʘʝʪʝ ʦ ʢʣʝʪʦʯʥʦʡ ʪʝʦʨʠʠ, ʦ ʢʣʶʯʝʚʦʡ ʨʦʣʠ 

ʢʣʝʪʢʠ ʚ ʦʨʛʘʥʠʟʘʮʠʠ ʠʥʜʠʚʠʜʘ, ʦ ʝʝ ʩʪʨʫʢʪʫʨʥʦʡ ʠʝʨʘʨʭʠʠ (ʢʣʝʪʢʠ ð ʪʢʘʥʠ ð ʦʨʛʘʥʳ ð 

ʩʠʩʪʝʤʳ ʦʨʛʘʥʦʚ ð ʠʥʜʠʚʠʜ). ʇʦʥʷʪʥʦ, ʯʪʦ ʚʩʝ ʞʠʚʳʝ ʩʫʱʝʩʪʚʘ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʣʠʙʦ 

ʦʜʠʥʦʯʥʳʝ ʢʣʝʪʢʠ, ʣʠʙʦ ʘʛʨʝʛʘʪʳ ʦʙʲʝʜʠʥʝʥʥʳʭ ʢʣʝʪʦʢ [4]. ʀ ʯʪʦ ʚ ʤʥʦʛʦʢʣʝʪʦʯʥʦʤ 

ʦʨʛʘʥʠʟʤʝ, ʩʣʦʞʥʦʤ ʘʥʩʘʤʙʣʝ ʢʣʝʪʦʢ, ʢʣʝʪʢʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʳ ʧʦ ʚʳʧʦʣʥʷʝʤʳʤ ʬʫʥʢʮʠʷʤ, 

ʦʙʲʝʜʠʥʝʥʳ ʚ ʮʝʣʦʩʪʥʳʝ ʩʠʩʪʝʤʳ ʪʢʘʥʝʡ ʠ ʦʨʛʘʥʦʚ, ʩʚʷʟʘʥʥʳʝ ʤʝʞʜʫ ʩʦʙʦʡ ʨʘʟʣʠʯʥʳʤʠ 

ʬʦʨʤʘʤʠ ʨʝʛʫʣʷʮʠʠ [5]. ʂ ʙʦʣʴʰʦʤʫ ʩʦʞʘʣʝʥʠʶ, ʩʦʚʨʝʤʝʥʥʘʷ ʥʘʫʢʘ ʦʙʳʯʥʦ ʩʪʨʦʠʪʩʷ ʧʦ 

ʟʘʧʘʜʥʦʤʫ ʦʙʨʘʟʮʫ ð ʦʛʨʘʥʠʯʝʥʥʦʛʦ çʘʥʘʣʠʪʠʯʝʩʢʦʛʦè ʧʦʥʠʤʘʥʠʷ, ʩʪʨʝʤʣʝʥʠʷ ʩʚʝʩʪʠ 

ʢʘʯʝʩʪʚʘ ʠʟʫʯʘʝʤʳʭ ʚʝʱʝʡ ʢ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤ ʢʦʥʬʠʛʫʨʘʮʠʷʤ, ʯʪʦ ʟʘʪʨʫʜʥʷʝʪ ʦʮʝʥʢʫ 
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ʠʩʪʠʥʥʦʡ ʧʨʠʨʦʜʳ ʵʪʠʭ ʢʘʯʝʩʪʚ ʤʝʪʦʜʘʤʠ ʥʘʫʢʠ [4]. ʀʥʘʯʝ ʛʦʚʦʨʷ, ʮʝʣʦʩʪʥʦʝ ʚʦʩʧʨʠʷʪʠʝ 

ʦʨʛʘʥʠʟʤʘ ʠ ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʥʝʤ ʧʨʦʮʝʩʩʦʚ ʥʘʭʦʜʠʪʩʷ ʚ ʣʫʯʰʝʤ ʩʣʫʯʘʝ ʥʘ ʚʪʦʨʦʤ ʧʣʘʥʝ, 

ʛʣʘʚʥʦʝ ð çʨʘʟʦʙʨʘʪʴè ʝʛʦ ʥʘ çʢʠʨʧʠʯʠʢʠè, ʥʘʡʪʠ ʩʪʨʫʢʪʫʨʥʳʝ, ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʠʣʠ 

ʩʪʨʫʢʪʫʨʥʦïʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʝʜʠʥʠʮʳ ʦʨʛʘʥʠʟʤʘ. ʊʘʢʦʚʦʡ ʫʞʝ ʜʘʚʥʦ ʧʨʠʟʥʘʥʘ ʢʣʝʪʢʘ ð ʩʦ 

ʚʨʝʤʝʥ ʙʦʪʘʥʠʢʘ ʄ. ʐʣʝʡʜʝʥʘ ʠ ʟʦʦʣʦʛʘ ʊ. ʐʚʘʥʥʘ. ɸ ʧʦʪʦʤ ʚʦʟʥʠʢʣʘ ʧʨʦʙʣʝʤʘ ð ʢʘʢ 

ʦʙʲʝʜʠʥʠʪʴ ʤʥʦʞʝʩʪʚʦ ʢʣʝʪʦʢ ʚ ʦʜʠʥ, ʮʝʣʦʩʪʥʳʡ ʦʨʛʘʥʠʟʤ? ʀʟʜʘʚʥʘ ʩʫʱʝʩʪʚʫʶʪ ʜʚʝ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʝ ʪʦʯʢʠ ʟʨʝʥʠʷ ʚ ʦʮʝʥʢʝ ʷʚʣʝʥʠʡ ʞʠʟʥʠ ð ʤʝʭʘʥʠʮʠʟʤ ʠ ʚʠʪʘʣʠʟʤ 

(ʤʘʪʝʨʠʘʣʠʩʪʠʯʝʩʢʦʝ ʠ ʠʜʝʘʣʠʩʪʠʯʝʩʢʦʝ ʚʦʩʧʨʠʷʪʠʷ). ʄʘʰʠʥʥʘʷ ʪʝʦʨʠʷ, ʦʜʠʥ ʠʟ ʚʘʨʠʘʥʪʦʚ 

ʤʝʭʘʥʠʮʠʟʤʘ, ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʞʠʟʥʝʥʥʳʝ ʧʨʦʮʝʩʩʳ ʢʘʢ ʩʫʤʤʫ ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʠʣʠ 

ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʤʥʦʛʦʢʣʝʪʦʯʥʦʤ ʦʨʛʘʥʠʟʤʝ, ʩʚʦʜʠʪ ʦʨʛʘʥʠʟʤ ʢ ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʫʤʤʝ 

ʢʣʝʪʦʢ [6]. ʂʦʥʝʯʥʦ, ʤʦʞʥʦ ʥʘʡʪʠ ʙʦʣʝʝ ʩʦʚʨʝʤʝʥʥʳʝ ʠ ʙʦʣʝʝ ʟʘʚʫʘʣʠʨʦʚʘʥʥʳʝ ʬʦʨʤʳ 

ʤʝʭʘʥʠʮʠʟʤʘ. ʉʫʪʴ ʧʨʦʙʣʝʤʳ ʦʪ ʵʪʦʛʦ ʥʝ ʠʟʤʝʥʷʝʪʩʷ, ʧʨʦʙʣʝʤʘ ʪʦʣʴʢʦ ʫʩʫʛʫʙʣʷʝʪʩʷ. 

ɺʧʨʦʯʝʤ, ʥʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʧʨʦʜʦʣʞʘʶʪʩʷ. ʋʞʝ ʜʘʚʥʦ ʧʨʠʟʥʘʥʦ, ʯʪʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ (ʢʦʥʪʘʢʪʳ) ʠ ʜʚʠʞʝʥʠʷ ʢʣʝʪʦʢ ʣʝʞʘʪ ʚ ʦʩʥʦʚʝ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ 

ʤʥʦʛʦʢʣʝʪʦʯʥʦʛʦ ʦʨʛʘʥʠʟʤʘ ʠ ʝʛʦ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ, ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʦʨʛʘʥʦʚ ʠ ʧʝʨʝʭʦʜʘ ʢ 

ʦʨʛʘʥʠʟʤʝʥʥʦʤʫ ʫʨʦʚʥʶ [7ï11].  

ɽʱʝ ɸ. ʈʘʫʙʝʨ [12] ʧʠʩʘʣ, ʯʪʦ ʘʥʘʪʦʤʠʷ ʝʩʪʴ ʥʘʫʢʘ ʦ ʬʦʨʤʝ ʠ ʩʪʨʦʝʥʠʠ ʪʝʣʝʩʥʦʛʦ ʤʠʨʘ. 

ɸʥʘʪʦʤʠʷ ʯʝʣʦʚʝʢʘ ð ʣʠʰʴ ʯʘʩʪʴ ʩʨʘʚʥʠʪʝʣʴʥʦʡ ʘʥʘʪʦʤʠʠ ʞʠʚʦʪʥʳʭ. ʉʪʨʦʝʥʠʝ ʯʝʣʦʚʝʢʘ ʥʝ 

ʧʦʥʷʪʴ ʙʝʟ ʟʥʘʥʠʡ ʧʦ ʩʨʘʚʥʠʪʝʣʴʥʦʡ ʘʥʘʪʦʤʠʠ, ʠʩʪʦʨʠʠ ʨʘʟʚʠʪʠʷ (ʦʥʪʦʛʝʥʝʟʘ ʯʝʣʦʚʝʢʘ) ʠ 

ʩʨʘʚʥʠʪʝʣʴʥʦʡ ʠʩʪʦʨʠʠ ʨʘʟʚʠʪʠʷ (ʵʚʦʣʶʮʠʠ ʞʠʚʦʪʥʳʭ). ʍʫʜʦʞʥʠʢʠ ʧʝʨʚʳʝ ʧʦʥʷʣʠ ʚʘʞʥʦʝ 

ʟʥʘʯʝʥʠʝ ʠʟʤʝʨʝʥʠʡ ʪʝʣʘ ʯʝʣʦʚʝʢʘ ʠ ʝʛʦ ʯʘʩʪʝʡ, ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʦʧʦʨʮʠʡ ʪʝʣʘ ʜʣʷ ʦʮʝʥʢʠ ʝʛʦ 

ʬʦʨʤʳ. ʅʦ ʜʣʷ ʵʪʦʛʦ ʦʜʥʠʭ ʠʟʤʝʨʝʥʠʡ ʥʝʜʦʩʪʘʪʦʯʥʦ. ʉʚʝʜʝʥʠʝ ʬʦʨʤʳ ʪʝʣʘ ʯʝʣʦʚʝʢʘ ʢ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʤ ʬʠʛʫʨʘʤ ʥʝʢʦʨʨʝʢʪʥʦ. H. Lotze ʩʯʠʪʘʣ, ʯʪʦ ʬʦʨʤʘ ʪʝʣʘ ʝʩʪʴ ʚʥʝʰʥʷʷ ʛʨʘʥʠʮʘ 

ʚʥʫʪʨʝʥʥʝʡ ʦʨʛʘʥʠʟʘʮʠʠ: çʄʥʦʛʠʝ, ʦʜʥʘʢʦ, ʫʧʫʩʢʘʶʪ ʠʟ ʚʠʜʫ, ʯʪʦ ʪʝʣʦ ʷʚʣʷʝʪʩʷ 

ʥʘʧʦʣʥʝʥʥʳʤ ʧʨʦʩʪʨʘʥʩʪʚʦʤ, ʚʥʫʪʨʝʥʥʷʷ ʩʪʨʫʢʪʫʨʘ ʢʦʪʦʨʦʛʦ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʥʘʨʫʞʥʫʶ 

ʬʦʨʤʫè [12]. ʇ. ʌ. ʃʝʩʛʘʬʪ ʧʠʩʘʣ, ʯʪʦ, ʝʩʣʠ ʤʳ ʭʦʪʠʤ ʥʝ ʧʨʦʩʪʦ ʩʦʩʪʘʚʠʪʴ ʠʥʚʝʥʪʘʨʥʫʶ 

ʢʥʠʛʫ ʙʦʣʴʰʦʛʦ ʭʦʟʷʡʩʪʚʘ ʦʨʛʘʥʠʟʤʘ ʯʝʣʦʚʝʢʘ, ʘ ʧʦʥʷʪʴ ʬʦʨʤʳ ʠ ʚʥʫʪʨʝʥʥʝʝ ʫʩʪʨʦʡʩʪʚʦ ʝʛʦ 

ʪʝʣʘ, ʥʘʜʦ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʠ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ çʦʩʚʝʪʠʪʴ ʠ ʚʳʷʩʥʠʪʴ ʩʚʷʟʴ ʤʝʞʜʫ 

ʥʘʙʣʶʜʘʝʤʦʡ ʚʥʝʰʥʝʡ ʬʦʨʤʦʡ ʠ ʦʣʠʮʝʪʚʦʨʷʝʤʦʡ ʝʶ ʜʝʷʪʝʣʴʥʦʩʪʴʶè [1].  

ɼʣʷ ʨʝʰʝʥʠʷ ʚʦʧʨʦʩʘ ʦ ʧʣʘʥʝ ʩʪʨʦʝʥʠʷ ʯʝʣʦʚʝʢʘ ɸ. ʈʘʫʙʝʨ [12] ʧʨʝʜʣʘʛʘʣ ʦʙʨʘʪʠʪʴʩʷ ʢ 

ʩʨʘʚʥʠʪʝʣʴʥʦʡ ʘʥʘʪʦʤʠʠ ʠ ʠʩʪʦʨʠʠ ʨʘʟʚʠʪʠʷ, ʢʦʪʦʨʳʝ ʚʟʘʠʤʦʩʚʷʟʘʥʳ. ɿʘ ʠʩʭʦʜʥʫʶ ʪʦʯʢʫ 

ʙʳʣʘ ʚʟʷʪʘ ʦʧʣʦʜʦʪʚʦʨʝʥʥʘʷ ʷʡʮʝʢʣʝʪʢʘ ʣʘʥʮʝʪʥʠʢʘ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʨʘʩʩʤʦʪʨʝʥʠʝʤ ʝʛʦ 

ʨʘʟʚʠʪʠʷ ʧʦ ʤʘʪʝʨʠʘʣʘʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ɸ. ʆ. ʂʦʚʘʣʝʚʩʢʦʛʦ. ʀʭ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʠʣʠ ʩʜʝʣʘʪʴ 

ʚʳʚʦʜ, ʯʪʦ ʬʦʨʤʘ ʪʝʣʘ ʞʠʚʦʪʥʦʛʦ ʠʟʤʝʥʷʝʪʩʷ ʚ ʩʚʷʟʠ ʩ ʠʟʤʝʥʝʥʠʷʤʠ ʝʛʦ ʚʥʫʪʨʝʥʥʝʛʦ 

ʩʪʨʦʝʥʠʷ. ɸ. ʈʘʫʙʝʨ ʜʘʣʝʝ ʦʪʤʝʪʠʣ, ʯʪʦ ʨʘʟʚʠʪʠʝ ʚʳʩʰʠʭ ʧʦʟʚʦʥʦʯʥʳʭ ʠ ʯʝʣʦʚʝʢʘ ʠʤʝʝʪ 

ʤʥʦʛʦ ʠ ʦʪʯʘʩʪʠ ʟʥʘʯʠʪʝʣʴʥʳʭ ʦʪʣʠʯʠʡ. ʆʜʥʘʢʦ ʚʩʝ ʵʪʠ ʨʘʟʣʠʯʠʷ, ʢʘʢ ʙʳ ʚʝʣʠʢʠ ʦʥʠ ʥʝ ʙʳʣʠ, 

ʥʝ ʢʘʩʘʶʪʩʷ ʦʩʥʦʚ ʧʣʘʥʘ ʩʪʨʦʝʥʠʷ, ʢʦʪʦʨʳʝ ʦʜʠʥʘʢʦʚʳ ʠ ʜʣʷ ʧʦʟʚʦʥʦʯʥʳʭ ʞʠʚʦʪʥʳʭ, ʠ ʜʣʷ 

ʯʝʣʦʚʝʢʘ. ʇʨʠʨʦʜʘ ʥʝ ʠʟʙʠʨʘʝʪ ʥʦʚʦʛʦ ʧʫʪʠ. ɺʩʝʤ ʤʥʦʛʦʢʣʝʪʦʯʥʳʤ ʧʨʠʩʫʱʠ ʜʚʘ 

ʟʘʨʦʜʳʰʝʚʳʭ ʣʠʩʪʢʘ ʛʘʩʪʨʫʣʳ. ʀʟ ʥʘʨʫʞʥʦʛʦ ʣʠʩʪʢʘ ʦʙʨʘʟʫʶʪʩʷ ʵʧʠʜʝʨʤʠʩ ʠ ʩʚʷʟʘʥʥʳʝ ʩ 

ʥʠʤ ʩʪʨʫʢʪʫʨʳ, ʛʣʘʚʥʳʝ ʯʘʩʪʠ ʦʨʛʘʥʦʚ ʯʫʚʩʪʚ ʠ ʥʝʨʚʥʘʷ ʩʠʩʪʝʤʘ, ʘ ʠʟ ʚʥʫʪʨʝʥʥʝʛʦ ʣʠʩʪʢʘ ð 

ʚʩʝ ʦʩʪʘʣʴʥʳʝ ʯʘʩʪʠ ʪʝʣʘ. ʋʞʝ ʥʝʡʨʫʣʘ ʠʤʝʝʪ ʚ ʩʝʙʝ ʛʣʘʚʥʳʝ, ʦʩʥʦʚʥʳʝ ʯʝʨʪʳ ʧʣʘʥʘ ʩʪʨʦʝʥʠʷ 

ʧʦʟʚʦʥʦʯʥʳʭ ʠ ʯʝʣʦʚʝʢʘ, ʘ ʚʦ ʤʥʦʛʦʤ ð ʠ ʙʝʩʧʦʟʚʦʥʦʯʥʳʭ.  

ɺ ʣʠʪʝʨʘʪʫʨʝ ʜʘʚʥʦ ʮʠʨʢʫʣʠʨʫʝʪ ʧʦʥʷʪʠʝ ʢʦʥʩʪʠʪʫʮʠʠ ʯʝʣʦʚʝʢʘ ʠ ʞʠʚʦʪʥʳʭ. ʅʦ ʵʪʦ 

ʬʝʥʦʪʠʧʠʯʝʩʢʘʷ ʢʦʥʩʪʠʪʫʮʠʷ ʠʥʜʠʚʠʜʘ (ʬʝʥʦʪʠʧ ð ɻ ʪʦ ʩʦʚʦʢʫʧʥʦʩʪʴ ʚʩʝʭ ʧʨʠʟʥʘʢʦʚ ʠ 

ʩʚʦʡʩʪʚ ʦʨʛʘʥʠʟʤʘ, ʩʬʦʨʤʠʨʦʚʘʚʰʠʭʩʷ ʚ ʧʨʦʮʝʩʩʝ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ). ɸ ʢʘʢ ʙʳʪʴ ʩ 

ʥʘʜʳʥʜʠʚʠʜʫʘʣʴʥʦʡ, ʚʩʝʦʙʱʝʡ ʠʣʠ ʭʦʪʷ ʙʳ ʪʠʧʦʚʦʡ ʢʦʥʩʪʠʪʫʮʠʝʡ? ʋʞʝ ʚ ʵʤʙʨʠʦʥʘʣʴʥʦʤ 
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ʧʝʨʠʦʜʝ ʨʘʟʚʠʪʠʷ ʯʝʣʦʚʝʢʘ (ʠ ʥʝ ʪʦʣʴʢʦ) ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʙʱʠʡ ʧʣʘʥ ʝʛʦ ʩʪʨʦʝʥʠʷ [13]. 

ʅʘʯʘʣʴʥʳʝ ʵʪʘʧʳ ʤʦʨʬʦʛʝʥʝʟʘ ʪʝʣʘ ʟʘʨʦʜʳʰʘ ʯʝʣʦʚʝʢʘ ʦʪʨʘʞʘʶʪ ʪʘʢʦʚʳʝ ʚ ʵʚʦʣʶʮʠʠ 

ʤʥʦʛʦʢʣʝʪʦʯʥʳʭ ʞʠʚʦʪʥʳʭ:  

1) ʙʣʘʩʪʦʮʠʩʪʘ ð ʢʣʝʪʦʯʥʳʡ ʫʟʝʣʦʢ (ʵʤʙʨʠʦʙʣʘʩʪ) ʚʥʫʪʨʠ ʧʫʟʳʨʴʢʘ ~ ʛʠʧʦʪʝʪʠʯʝʩʢʦʝ 

ʧʦʩʪʢʦʣʦʥʠʘʣʴʥʦʝ, ʦʜʥʦʩʣʦʡʥʦʝ ʞʠʚʦʪʥʦʝ;  

2) ʛʘʩʪʨʫʣʘ ð ʟʘʨʦʜʳʰʝʚʳʡ ʱʠʪʦʢ, ʚ ʪ. ʯ. 2ʘ) ʜʚʫʭʩʣʦʡʥʘʷ ~ ʜʚʫʭʩʣʦʡʥʦʝ ʞʠʚʦʪʥʦʝ 

(ʢʠʰʝʯʥʦʧʦʣʦʩʪʥʳʝ), 2ʙ) ʪʨʝʭʩʣʦʡʥʘʷ ~ ʪʨʝʭʩʣʦʡʥʦʝ ʞʠʚʦʪʥʦʝ (ʚʳʩʰʠʝ ʯʝʨʚʠ). ɼʘʣʴʥʝʡʰʠʝ 

ʫʩʣʦʞʥʝʥʠʷ ʪʝʣʘ ʵʤʙʨʠʦʥʘ ʯʝʣʦʚʝʢʘ ʚ ʧʨʦʮʝʩʩʝ ʥʦʪʦʛʝʥʝʟʘ ʠ ʵʤʙʨʠʦʥʘʣʴʥʦʛʦ ʦʨʛʘʥʦʛʝʥʝʟʘ 

(ʞʠʚʦʪʥʦʛʦ ʚ ʵʚʦʣʶʮʠʠ) ʩʚʷʟʘʥʳ ʩ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷʤʠ ʟʘʨʦʜʳʰʝʚʳʭ ʣʠʩʪʢʦʚ (ʧʝʨʚʠʯʥʳʭ 

ʩʣʦʝʚ ʪʝʣʘ), ʨʘʟʚʠʪʠʝʤ ʨʘʟʥʳʭ ʪʠʧʦʚ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ, ʩʢʝʣʝʪʘ ʠ ʪ. ʜ., ʚʢʣʶʯʘʷ 

ʩʝʛʤʝʥʪʠʨʦʚʘʥʠʝ ʪʝʣʘ (ʩʦʤʠʪʳ ʵʤʙʨʠʦʥʘ ʠ ʯʣʝʥʠʢʠ ʢʦʣʴʯʘʪʳʭ ʯʝʨʚʝʡ, ʯʣʝʥʠʩʪʦʥʦʛʠʭ).  

 

ɺ ʵʤʙʨʠʦʛʝʥʝʟʝ ʯʝʣʦʚʝʢʘ ʠ ʧʦʟʚʦʥʦʯʥʳʭ ʞʠʚʦʪʥʳʭ (ʠ ʥʝ ʪʦʣʴʢʦ) ʦʙʨʘʟʫʶʪʩʷ 2ï3 ʧʣʘʩʪʘ 

ʢʣʝʪʦʢ ð ʟʘʨʦʜʳʰʝʚʳʝ ʣʠʩʪʢʠ. ʇʨʦʤʝʞʫʪʢʠ ʤʝʞʜʫ ʥʠʤʠ ʟʘʧʦʣʥʷʝʪ ʤʝʟʝʥʭʠʤʘ. ɽʝ 

ʧʦʣʠʧʦʪʝʥʪʥʳʝ, ʧʦʣʠʤʦʨʬʥʳʝ ʢʣʝʪʢʠ ʚʳʩʝʣʷʶʪʩʷ ʠʟ ʟʘʨʦʜʳʰʝʚʳʭ ʣʠʩʪʢʦʚ, 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʠʟ ʩʨʝʜʥʝʛʦ ʣʠʩʪʢʘ, ʠʟ ʤʝʟʦʜʝʨʤʳ. ɺʤʝʩʪʝ ʩ ʤʝʟʝʥʭʠʤʦʡ ʟʘʨʦʜʳʰʝʚʳʝ 

ʣʠʩʪʢʠ, ʠʭ ʧʨʦʠʟʚʦʜʥʳʝ ʩʦʩʪʘʚʣʷʶʪ ʟʘʢʣʘʜʢʠ ʵʤʙʨʠʦʥʘʣʴʥʳʭ ʦʨʛʘʥʦʚ, ʢʦʪʦʨʳʝ ʦʙʳʯʥʦ 

ʥʘʯʠʥʘʶʪʩʷ ʩ ɻ ʧʠʪʝʣʠʘʣʴʥʳʭ ʟʘʯʘʪʢʦʚ. ʀʭ ʦʢʨʫʞʘʝʪ ʤʝʟʝʥʭʠʤʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʦʨʛʘʥʥʳʭ 

ʟʘʢʣʘʜʦʢ. ʈʘʥʥʠʡ ʵʤʙʨʠʦʥ (3ï3,5 ʥʝʜ ʫ ʯʝʣʦʚʝʢʘ) ʠʤʝʝʪ ʜʚʝ ʦʩʥʦʚʥʳʝ ʯʘʩʪʠ ʩ ʪʨʝʭʩʣʦʡʥʳʤ 

ʩʪʨʦʝʥʠʝʤ:  

1) ʪʝʣʦ ð ɻ ʢʪʦʜʝʨʤʘ, ʤʝʟʝʥʭʠʤʘ, ʤʝʟʦʜʝʨʤʘ (ʮʝʣʦʤʠʯʝʩʢʠʡ ʵʧʠʪʝʣʠʡ, ʧʘʨʠʝʪʘʣʴʥʳʡ 

ʣʠʩʪʦʢ);  

2) ʧʝʨʚʠʯʥʘʷ ʢʠʰʢʘ ð ɻ ʥʪʦʜʝʨʤʘ, ʤʝʟʝʥʭʠʤʘ, ʤʝʟʦʜʝʨʤʘ (ʮʝʣʦʤʠʯʝʩʢʠʡ ʵʧʠʪʝʣʠʡ, 

ʚʠʩʮʝʨʘʣʴʥʳʡ ʣʠʩʪʦʢ).  

ʀʟ ʤʝʟʝʥʭʠʤʳ ʧʨʠ ʫʯʘʩʪʠʠ ʵʧʠʪʝʣʠʘʣʴʥʳʭ ʩʣʦʝʚ (ʧʨʦʠʟʚʦʜʥʳʭ ʟʘʨʦʜʳʰʝʚʳʭ ʩʣʦʝʚ) 

ʜʠʬʬʝʨʝʥʮʠʨʫʶʪʩʷ ʜʝʬʠʥʠʪʠʚʥʳʝ ʩʣʦʠ (ʦʙʦʣʦʯʢʠ) ʚ ʩʪʝʥʢʘʭ ʧʦʣʳʭ ʦʨʛʘʥʦʚ ʠʣʠ ʜʦʣʠ, 

ʜʦʣʴʢʠ ʠ ʘʮʠʥʫʩʳ ʚ ʧʘʨʝʥʭʠʤʘʪʦʟʥʳʭ ʦʨʛʘʥʘʭ. ɺ ʪʦʣʱʝ ʤʝʟʝʥʭʠʤʳ ʧʦʷʚʣʷʶʪʩʷ ʦʙʨʘʟʦʚʘʥʠʷ 

(ʥʝʨʚʥʘʷ ʪʨʫʙʢʘ, ʭʦʨʜʘ, ʞʝʣʝʟʳ ʠ ʪ. ʜ.), ʢʦʪʦʨʳʝ ʚ ʧʨʦʮʝʩʩʝ ʨʦʩʪʘ ʥʘʨʫʰʘʶʪ ʩʪʘʥʜʘʨʪʥʦʝ 

ʪʨʝʭʩʣʦʡʥʦʝ ʩʪʨʦʝʥʠʝ ʩʦʤʳ, ʧʝʨʚʠʯʥʦʡ ʢʠʰʢʠ ʠ ʟʘʨʦʜʳʰʘ ʚ ʮʝʣʦʤ [13ï15].  

ɺ ʩʚʦʠʭ ʣʝʢʮʠʷʭ ʧʦ ʘʥʘʪʦʤʠʠ ʯʝʣʦʚʝʢʘ [16] ʷ ʦʙʷʟʘʪʝʣʴʥʦ ʩʦʦʙʱʘʶ, ʯʪʦ ʪʝʣʦ ʯʝʣʦʚʝʢʘ 

ʩʦʩʪʦʠʪ ʠʟ ʩʦʤʳ (ʩʦʙʩʪʚʝʥʥʦ ʪʝʣʘ) ʠ ʚʠʩʮʝʨʳ (ʚʥʫʪʨʝʥʥʦʩʪʝʡ), ʢʦʪʦʨʘʷ ʧʦʤʝʱʘʝʪʩʷ ʚ 

ʢʨʫʧʥʳʭ ʧʦʣʦʩʪʷʭ ʪʝʣʘ ð ʛʨʫʜʥʦʡ, ʙʨʶʰʥʦʡ ʠ ʪʘʟʦʚʦʡ. ʆʨʛʘʥʳ, ʦʩʦʙʝʥʥʦ ʩ ʢʨʫʧʥʳʤʠ 

ʩʦʙʩʪʚʝʥʥʳʤʠ ʧʦʣʦʩʪʷʤʠ (ʥʘʧʨʠʤʝʨ ð ʚʥʫʪʨʝʥʥʠʝ ʧʦʣʳʝ), ʩʦʩʪʦʷʪ ʠʟ ʪʨʝʭ ʩʣʦʝʚ, ʭʦʪʷ ʠ ʩ 

ʨʘʟʥʦʡ ʠʭ ʩʪʨʫʢʪʫʨʦʡ. ʉʪʝʥʢʘ ʩʦʤʳ ʪʘʢʞʝ ʩʦʩʪʦʠʪ ʠʟ ʪʨʝʭ ʩʣʦʝʚ ð ʥʘʨʫʞʥʳʡ (ʦʙʱʠʡ) ʠ 

ʚʥʫʪʨʝʥʥʠʡ (ʩʝʨʦʟʥʳʡ) ʧʦʢʨʦʚʳ, ʤʝʞʜʫ ʥʠʤʠ ʥʘʭʦʜʷʪʩʷ ʩʦʝʜʠʥʠʪʝʣʴʥʳʝ ʠ ʜʨʫʛʠʝ ʪʢʘʥʠ. 

ʄʦʞʥʦ ʝʱʝ ʙʦʣʝʝ ʫʧʨʦʩʪʠʪʴ ʩʭʝʤʫ ʦʙʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ ʯʝʣʦʚʝʢʘ: ʪʨʠ ʧʦʛʨʘʥʠʯʥʳʝ ʪʢʘʥʠ 

(ʵʧʠʜʝʨʤʠʩ, ʤʝʟʦʪʝʣʠʡ, ʵʧʠʪʝʣʠʠ ʚʠʩʮʝʨʘʣʴʥʳʭ ʪʨʘʢʪʦʚ), ʛʦʤʦʣʦʛʠʯʥʳʝ ʪʨʝʤ ʟʘʨʦʜʳʰʝʚʳʤ 

ʣʠʩʪʢʘʤ; ʤʝʞʜʫ ʥʠʤʠ ʥʘʭʦʜʷʪʩʷ ʨʘʟʣʠʯʥʳʝ ʩʦʝʜʠʥʠʪʝʣʴʥʳʝ ʠ ʤʳʰʝʯʥʳʝ ʪʢʘʥʠ, 

ʧʨʦʠʟʚʦʜʥʳʝ ʵʤʙʨʠʦʥʘʣʴʥʦʡ ʤʝʟʝʥʭʠʤʳ; ʠʭ ʩʦʯʝʪʘʥʠʷ ʧʨʝʜʩʪʘʚʣʷʶʪ ʪʨʠ ʦʩʥʦʚʥʳʭ ʩʣʦʷ ʪʝʣʘ 

ð ʦʙʱʠʡ ʠ ʩʝʨʦʟʥʳʡ ʧʦʢʨʦʚʳ, ʩʣʠʟʠʩʪʳʝ ʦʙʦʣʦʯʢʠ. ʆʥʠ ʤʝʩʪʘʤʠ ʠʩʢʨʠʚʣʝʥʳ ʚ ʨʘʟʥʦʡ 

ʩʪʝʧʝʥʠ (ʚʢʣʶʯʘʷ ʦʪʚʝʪʚʣʝʥʠʷ ʞʝʣʝʟ) ʠʣʠ ʨʘʩʱʝʧʣʝʥʳ (ʩʝʨʦʟʥʳʝ ʤʝʰʢʠ), ʠʣʠ ʩʨʘʱʝʥʳ, 

ʚʧʣʦʪʴ ʜʦ ʧʦʣʥʦʡ ʨʝʜʫʢʮʠʠ (ʘʜʚʝʥʪʠʮʠʘʣʴʥʳʝ ʦʙʦʣʦʯʢʠ ʚʥʫʪʨʝʥʥʠʭ ʦʨʛʘʥʦʚ ʥʘ ʤʝʩʪʝ 

ʩʝʨʦʟʥʦʛʦ ʧʦʢʨʦʚʘ ʚ ʤʝʩʪʘʭ ʚʪʦʨʠʯʥʳʭ ʩʨʘʱʝʥʠʡ ʙʨʶʰʠʥʳ ʠʣʠ ʵʤʙʨʠʦʥʘʣʴʥʦʛʦ ʩʤʝʱʝʥʠʷ 

ʙʨʳʞʝʝʢ). ʊʝʤ ʩʘʤʳʤ ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʩʦʭʨʘʥʝʥʠʝ ʦʙʱʝʛʦ ʧʣʘʥʘ ʩʪʨʦʝʥʠʷ ʪʝʣʘ ʯʝʣʦʚʝʢʘ, 

ʥʘʯʠʥʘʷ ʩʦ ʩʪʘʜʠʠ ʝʛʦ ʨʘʥʥʝʛʦ ʨʘʟʚʠʪʠʷ (ʛʘʩʪʨʫʣʷʮʠʠ ʠ ʥʦʪʦʛʝʥʝʟʘ): ʩʦʤʘ ~ ʮʝʣʦʤ, 

ʚʥʫʪʨʝʥʥʦʩʪʠ ~ ʧʝʨʚʠʯʥʘʷ ʢʠʰʢʘ, ʧʝʨʝʭʦʜʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ~ ʙʨʳʞʝʡʢʠ. ɺ ʧʦʩʣʝʜʫʶʱʝʤ 
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ʧʨʦʠʩʭʦʜʷʪ ʫʩʣʦʞʥʝʥʠʷ ʩʪʨʦʝʥʠʷ ʯʝʣʦʚʝʢʘ ʧʫʪʝʤ ʦʙʨʘʟʦʚʘʥʠʷ ʚ ʦʩʥʦʚʥʳʭ ʩʣʦʷʭ ʝʛʦ ʪʝʣʘ 

ʥʦʚʳʭ ʯʘʩʪʝʡ ʩ ʨʘʟʥʳʤ ʩʪʨʦʝʥʠʝʤ ʠ ʩʦʧʨʷʞʝʥʥʳʭ ʠʟʤʝʥʝʥʠʡ ʬʦʨʤʳ ʪʝʣʘ: (ʜʠʬʬʝʨʝʥʮʠʘʮʠʷ 

ź ʤʦʨʬʦʛʝʥʝʟ) Ÿ ʪʦʧʦʛʨʘʬʠʷ ~ ʬʫʥʢʮʠʠ. ʇʨʠʤʝʨʳ: 1) ʥʝʨʚʥʘʷ ʩʠʩʪʝʤʘ ~ ʥʝʨʚʥʘʷ ʪʨʫʙʢʘ ð 

ʧʨʦʠʟʚʦʜʥʘʷ ʵʢʪʦʜʝʨʤʳ; 2) ʩʦʤʘ, ʩʨʝʜʥʠʡ ʩʣʦʡ (ʩʢʝʣʝʪ, ʩʢʝʣʝʪʥʳʝ ʤʳʰʮʳ, ʜʝʨʤʘ) ~ ʩʦʤʠʪʳ 

ð ʧʨʦʠʟʚʦʜʥʳʝ ʜʦʨʩʘʣʴʥʦʡ ʤʝʟʦʜʝʨʤʳ. ʍʦʨʜʘ, ʘʥʛʠʦʙʣʘʩʪ (ʠʩʪʦʯʥʠʢ ʩʦʩʫʜʠʩʪʦʛʦ ʵʥʜʦʪʝʣʠʷ 

ʚ ʪʝʣʝ ʵʤʙʨʠʦʥʘ, ʚʢʣʶʯʘʷ ʩʝʨʜʮʝ) ʠ ʜʘʞʝ ʤʝʟʦʜʝʨʤʘ ʷʚʣʷʶʪʩʷ ʧʨʦʠʟʚʦʜʥʳʤʠ ʧʝʨʚʠʯʥʦʡ 

ʧʦʣʦʩʢʠ ʠ ʝʝ ʛʦʣʦʚʥʦʛʦ ʫʟʝʣʢʘ, ʘ ʩʘʤʘ ʧʝʨʚʠʯʥʘʷ ʧʦʣʦʩʢʘ ʚʦʟʥʠʢʘʝʪ ʠʟ ʵʧʠʙʣʘʩʪʘ 

ʜʚʫʭʩʣʦʡʥʦʡ ʛʘʩʪʨʫʣʳ. ɽʩʪʴ ʦʩʦʙʳʝ ʩʣʫʯʘʠ ʵʤʙʨʠʦʥʘʣʴʥʦʛʦ ʛʠʩʪʦï ʠ ʦʨʛʘʥʦʛʝʥʝʟʘ, 

ʥʘʧʨʠʤʝʨ: ʧʘʨʝʥʭʠʤʘ ʛʦʥʘʜ ʚʦʟʥʠʢʘʝʪ ʠʟ ʧʝʨʚʠʯʥʳʭ ʧʦʣʦʚʳʭ ʢʣʝʪʦʢ, ʢʦʪʦʨʳʝ ʤʠʛʨʠʨʫʶʪ ʠʟ 

ʪʨʦʬʦʙʣʘʩʪʘ ʚ ʩʪʝʥʢʠ ʞʝʣʪʦʯʥʦʛʦ ʤʝʰʢʘ, ʘ ʦʪʪʫʜʘ ð ʚ ʮʝʣʦʤʠʯʝʩʢʠʡ ʵʧʠʪʝʣʠʡ ʤʝʟʦʥʝʬʨʦʩʘ 

[13]. ʅʦ ʠ ʚ ʪʘʢʦʤ ʩʣʫʯʘʝ, ʢʘʢ ʚʠʜʠʤ, ʦʢʦʥʯʘʪʝʣʴʥʘʷ ʟʘʢʣʘʜʢʘ ʜʝʬʠʥʠʪʠʚʥʦʛʦ ʦʨʛʘʥʘ ʩʚʷʟʘʥʘ ʩ 

ʧʨʦʠʟʚʦʜʥʳʤʠ ʟʘʨʦʜʳʰʝʚʳʭ ʣʠʩʪʢʦʚ.  

 

ɿʘʢʣʶʯʝʥʠʝ 

ʀʪʘʢ, ʣʶʙʦʡ ʞʠʚʦʡ ʦʨʛʘʥʠʟʤ (ʨʘʩʪʝʥʠʷ, ʞʠʚʦʪʥʳʝ, ʛʨʠʙʳ ʠ ʪ. ʜ.) ʩʦʩʪʦʠʪ ʠʟ ʦʜʥʦʡ ʠʣʠ 

ʙʦʣʝʝ ʢʣʝʪʦʢ ʠʣʠ ʠʭ ʛʦʤʦʣʦʛʦʚ (ʚʠʨʫʩʳ ʠ ʪ. ʧ.).  

ʏʝʣʦʚʝʢ ʦʪʥʦʩʠʪʩʷ ʢ ʤʥʦʛʦʢʣʝʪʦʯʥʳʤ ʦʨʛʘʥʠʟʤʘʤ, ʧʨʠʯʝʤ ʞʠʚʦʪʥʳʤ. 

ʃʁ ʙʦʝ ʤʥʦʛʦʢʣʝʪʦʯʥʦʝ ʞʠʚʦʪʥʦʝ ʚ ʦʥʪʦʛʝʥʝʟʝ ʠ ʚ ʵʚʦʣʶʮʠʠ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ ʦʙʱʠʡ 

ʧʣʘʥ ʩʪʨʦʝʥʠʷ: ʧʦʛʨʘʥʠʯʥʳʝ ʩʣʦʠ ʢʣʝʪʦʢ, ʦʥʠ ʠʣʠ ʙʦʣʝʝ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ, 

ʧʦʛʨʘʥʠʯʥʳʝ ʪʢʘʥʠ (ɻ ʧʠʪʝʣʠʠ, ʤʝʟʦʪʝʣʠʠ, ʵʥʜʦʪʝʣʠʠ) ʦʙʲʝʜʠʥʝʥʳ ʠʭ ʧʨʦʠʟʚʦʜʥʳʤʠ ʚ ʪʦʤ 

ʠʣʠ ʠʥʦʤ ʚʠʜʝ, ʚ ʪ.ʯ. ʧʨʦʤʝʞʫʪʦʯʥʳʤʠ ʢʣʝʪʢʘʤʠ ʠʣʠ ʠʭ ʩʢʦʧʣʝʥʠʷʤʠ, ʩʠʩʪʝʤʘʤʠ (ʤʝʟʦʛʣʝʷ, 

ʤʝʟʦʙʣʘʩʪ, ʩʦʝʜʠʥʠʪʝʣʴʥʳʝ ʪʢʘʥʠ ʠ ʪ. ʧ.) (ʈʠʩʫʥʦʢ 1, 2). 
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ʈʠʩʫʥʦʢ 1. ʆʙʱʠʡ ʧʣʘʥ ʩʪʨʦʝʥʠʷ ʞʠʚʦʪʥʳʭ ʥʘ ʧʦʧʝʨʝʯʥʦʤ ʩʨʝʟʝ (ʩʭʝʤʘ): ɸ ð ʚ ʮʝʣʦʤ; ɹ ð 

ʫʯʘʩʪʦʢ ʩʪʝʥʢʠ, ʝʝ ʚʥʫʪʨʝʥʥʠʡ (ʟʝʣʝʥʳʡ), ʩʨʝʜʥʠʡ (ʢʨʘʩʥʳʡ) ʠ ʥʘʨʫʞʥʳʡ (ʩʠʥʠʡ) ʩʣʦʠ. ʋ 

ʜʚʫʭʩʣʦʡʥʳʭ ʞʠʚʦʪʥʳʭ ʩʨʝʜʥʠʡ ʙʝʩʩʪʨʫʢʪʫʨʥʳʡ ʩʣʦʡ (ʤʝʟʦʛʣʝʷ) ʤʦʞʝʪ ʠʤʝʪʴ ʨʘʟʥʫʶ ʪʦʣʱʠʥʫ, ʫ 

ʛʠʜʨʳ ð ʵʪʦ ʪʦʥʢʘʷ ʥʝʢʣʝʪʦʯʥʘʷ ʦʧʦʨʥʘʷ ʧʣʘʩʪʠʥʢʘ, ʫ ʤʝʜʫʟ ð ʦʙʰʠʨʥʘʷ ʟʦʥʘ ʩʪʫʜʝʥʠʩʪʦʛʦ 

ʚʝʱʝʩʪʚʘ, ʩʦʩʪʘʚʣʷʶʱʘʷ ʙʦʣʴʰʫʶ ʯʘʩʪʴ ʪʝʣʘ. ʋ ʪʨʝʭʩʣʦʡʥʳʭ ʞʠʚʦʪʥʳʭ ʚʩʝ ʪʨʠ ʩʣʦʷ ʫʪʦʣʱʘʶʪʩʷ ʠ 

ʫʩʣʦʞʥʷʶʪʩʷ ʧʦ ʩʪʨʦʝʥʠʶ, ʩʨʝʜʥʠʡ ʩʣʦʡ ʩʦʩʪʦʠʪ ʠʟ ʢʣʝʪʦʢ. 

 

ɺ ʵʤʙʨʠʦʛʝʥʝʟʝ ʧʦʟʚʦʥʦʯʥʳʭ ʞʠʚʦʪʥʳʭ (ʠ ʥʝ ʪʦʣʴʢʦ) ʦʙʨʘʟʫʶʪʩʷ 2ï3 ʧʣʘʩʪʘ ʢʣʝʪʦʢ ð 

ʟʘʨʦʜʳʰʝʚʳʝ ʣʠʩʪʢʠ. ʇʨʦʤʝʞʫʪʢʠ ʤʝʞʜʫ ʥʠʤʠ ʟʘʧʦʣʥʷʝʪ ʤʝʟʝʥʭʠʤʘ. ɽʝ ʧʦʣʠʧʦʪʝʥʪʥʳʝ, 

ʧʦʣʠʤʦʨʬʥʳʝ ʢʣʝʪʢʠ ʚʳʩʝʣʷʶʪʩʷ ʠʟ ʚʩʝʭ ʟʘʨʦʜʳʰʝʚʳʭ ʣʠʩʪʢʦʚ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʠʟ 

ʩʨʝʜʥʝʛʦ. ɺʤʝʩʪʝ ʩ ʤʝʟʝʥʭʠʤʦʡ ʧʨʦʠʟʚʦʜʥʳʝ ʟʘʨʦʜʳʰʝʚʳʭ ʣʠʩʪʢʦʚ ʩʦʩʪʘʚʣʷʶʪ ʟʘʢʣʘʜʢʠ 

ʵʤʙʨʠʦʥʘʣʴʥʳʭ ʦʨʛʘʥʦʚ, ʢʦʪʦʨʳʝ ʦʙʳʯʥʦ ʥʘʯʠʥʘʶʪʩʷ ʩ ʵʧʠʪʝʣʠʘʣʴʥʳʭ ʟʘʯʘʪʢʦʚ. ʀʭ 

http://www.bulletennauki.com/


 

 
ɹʶʣʣʝʪʝʥʴ ʥʘʫʢʠ ʠ ʧʨʘʢʪʠʢʠ ð Bulletin of Science and Practice

ʥʘʫʯʥʳʡ ʞʫʨʥʘʣ (scientific journal)   ʊ. 4. ̄ 5. 2018 ʛ. 
 http://www.bulletennauki.com  

 

 

 

 

42 

 

 

ʦʢʨʫʞʘʝʪ ʤʝʟʝʥʭʠʤʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʦʨʛʘʥʥʳʭ ʟʘʢʣʘʜʦʢ. ɼʝʬʠʥʠʪʠʚʥʳʝ ʩʣʦʠ ʚ ʩʪʝʥʢʘʭ ʵʪʠʭ 

ʦʨʛʘʥʦʚ ʜʠʬʬʝʨʝʥʮʠʨʫʶʪʩʷ ʠʟ ʤʝʟʝʥʭʠʤʳ ʧʨʠ ʫʯʘʩʪʠʠ ʵʧʠʪʝʣʠʘʣʴʥʳʭ ʩʣʦʝʚ.  

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 2. ʉʭʝʤʘ ʤʘʛʠʩʪʨʘʣʴʥʦʡ ʮʠʨʢʫʣʷʮʠʠ ʞʠʜʢʦʩʪʝʡ ʚ ʦʨʛʘʥʠʟʤʝ ʧʦʟʚʦʥʦʯʥʦʛʦ: ʪʨʠ 

ʢʦʥʪʫʨʘ (~ ʪʨʠ ʟʘʨʦʜʳʰʝʚʳʭ ʣʠʩʪʢʘ) ʙʝʟ ʦʪʚʝʪʚʣʝʥʠʡ ð ʥʘʨʫʞʥʳʡ (ʩʦʤʘ), ʚʥʫʪʨʝʥʥʠʡ (ʚʠʩʮʝʨʘ), 

ʩʨʝʜʥʠʡ (ʩʦʩʫʜʠʩʪʦʝ ʨʫʩʣʦ). ɿʘʤʢʥʫʪʳʡ ʢʦʥʪʫʨ ʩʦʤʳ ʧʨʦʙʦʜʘʝʪ ʠ ʧʨʦʭʦʜʠʪ ʢʘʤʝʨʫ ʪʝʣʘ ʨʘʟʦʤʢʥʫʪʳʡ 

ʮʝʥʪʨʘʣʴʥʳʡ ʪʨʫʙʦʧʨʦʚʦʜ ʚʠʩʮʝʨʳ ʩ ʧʨʦʥʠʮʘʝʤʳʤʠ ʥʘ ʦʧʨʝʜʝʣʝʥʥʦʤ ʧʨʦʪʷʞʝʥʠʠ ʩʪʝʥʢʘʤʠ, 

ʩʦʦʙʱʘʶʱʠʡʩʷ ʩ ʚʥʝʰʥʝʡ ʩʨʝʜʦʡ. ʇʦ ʧʠʪʘʶʱʝʤʫ ʮʝʥʪʨʘʣʴʥʦʤʫ ʢʘʥʘʣʫ ʧʨʦʪʝʢʘʝʪ ʨʘʩʪʚʦʨ, ʦʥ 

ʦʙʤʝʥʠʚʘʝʪʩʷ ʩ ʩʦʜʝʨʞʠʤʳʤ ʚʥʫʪʨʝʥʥʝʡ ʩʨʝʜʳ ʢʘʤʝʨʳ ʪʝʣʘ. ɺʦʢʨʫʛ ʮʝʥʪʨʘʣʴʥʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʘ, 

ʤʝʞʜʫ ʥʠʤ ʠ ʩʪʝʥʢʘʤʠ ʢʘʤʝʨʳ ʪʝʣʘ ʧʨʦʭʦʜʠʪ ʚʥʫʪʨʝʥʥʠʡ ʪʨʫʙʦʧʨʦʚʦʜ ʩʦʩʫʜʦʚ, ʟʘʤʢʥʫʪʳʡ ʚ ʢʨʫʛ. 

ʉʣʝʧʳʝ ʦʪʚʝʪʚʣʝʥʠʷ ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʫʙʦʧʨʦʚʦʜʘ (ʟʝʣʝʥʦʛʦ ʮʚʝʪʘ) ʠʤʝʶʪ ʚʳʩʦʢʦʧʨʦʥʠʮʘʝʤʳʝ ʩʪʝʥʢʠ 

ʜʣʷ ʦʙʤʝʥʘ ʢʨʦʚʠ ʩ ʩʦʜʝʨʞʠʤʳʤ ʢʘʤʝʨʳ ʪʝʣʘ. ʋʩʣʦʞʥʝʥʠʷ ʪʘʢʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʩʦʩʪʦʷʪ ʚ 

ʨʘʟʚʝʪʚʣʝʥʠʷʭ ʫʢʘʟʘʥʥʳʭ ʢʦʥʪʫʨʦʚ.  

 

ʊʝʣʦ ʚʟʨʦʩʣʦʛʦ ʞʠʚʦʪʥʦʛʦ ʩʦʩʪʦʠʪ ʠʟ ʤʥʦʞʝʩʪʚʘ ʪʢʘʥʝʡ, ʧʦʛʨʘʥʠʯʥʳʭ ʠ 

ʩʦʝʜʠʥʠʪʝʣʴʥʳʭ (ʈʠʩʫʥʦʢ 3). ʀʭ ʩʦʯʝʪʘʥʠʷ ʩʦʩʪʘʚʣʷʶʪ ʦʩʥʦʚʥʳʝ ʩʣʦʠ ʪʝʣʘ ʠ ʝʛʦ ʯʘʩʪʝʡ, 

ʦʨʛʘʥʦʚ. ʇʦʛʨʘʥʠʯʥʳʝ ʪʢʘʥʠ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʵʧʠʪʝʣʠʠ:  

1) ʧʦʢʨʦʚʦʚ, ʥʘʨʫʞʥʦʛʦ (ʵʧʠʜʝʨʤʠʩ ~ ʵʢʪʦʜʝʨʤʘ) ʠ ʚʥʫʪʨʝʥʥʝʛʦ (ʵʧʠʪʝʣʠʘʣʴʥʳʝ 

ʚʳʩʪʠʣʢʠ ʧʠʱʝʚʘʨʠʪʝʣʴʥʦʛʦ, ʜʳʭʘʪʝʣʴʥʦʛʦ, ʤʦʯʝʚʦʛʦ ʠ ʧʦʣʦʚʳʭ ʪʨʘʢʪʦʚ ~ ʵʥʪʦʜʝʨʤʘ);  

2) ʧʨʦʤʝʞʫʪʦʯʥʳʝ (ʤʝʟʦʪʝʣʠʠ, ʵʥʜʦʪʝʣʠʠ ~ ʤʝʟʦʜʝʨʤʘ).  

 

ʉʫʱʝʩʪʚʫʶʪ ʧʝʨʝʭʦʜʥʳʝ ʟʦʥʳ ʚʠʩʮʝʨʘʣʴʥʳʭ ʪʨʘʢʪʦʚ ʵʢʪʦʜʝʨʤʘʣʴʥʦʛʦ (ʵʧʠʪʝʣʠʡ 

ʨʦʪʦʚʦʡ ʠ ʘʥʘʣʴʥʦʡ ʙʫʭʪ) ʠʣʠ ʤʝʟʦʜʝʨʤʘʣʴʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ (ʵʧʠʪʝʣʠʠ ʤʦʯʝʚʦʡ ʠ 

ʧʦʣʦʚʳʭ ʩʠʩʪʝʤ). ʆʩʪʘʣʴʥʳʝ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʢʣʝʪʢʠ ʠ ʪʢʘʥʠ (ʥʝʨʚʥʳʝ, ʤʳʰʝʯʥʳʝ, 

ʚʥʝʰʥʷʷ 

ʩʨʝʜʘ 

ʚʥʝʰʥʷʷ 

ʩʨʝʜʘ 
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ʵʥʜʦʢʨʠʥʥʳʝ ʠ ʪ. ʧ.) ʷʚʣʷʶʪʩʷ ʧʨʦʠʟʚʦʜʥʳʤʠ ʧʦʛʨʘʥʠʯʥʳʭ ʠ ʩʦʝʜʠʥʠʪʝʣʴʥʳʭ ʪʢʘʥʝʡ ʠʣʠ ʠʭ 

ʵʤʙʨʠʦʥʘʣʴʥʳʭ ʟʘʯʘʪʢʦʚ. ʈʘʟʥʠʮʘ ʤʝʞʜʫ ʨʘʥʥʠʤ ʵʤʙʨʠʦʥʦʤ ʠ ʜʝʬʠʥʠʪʠʚʥʳʤ ʦʨʛʘʥʠʟʤʦʤ 

ʩʦʩʪʦʠʪ ʚ ʢʦʣʠʯʝʩʪʚʝ ʠ ʨʘʟʤʝʨʘʭ ʢʣʝʪʦʢ, ʠʭ ʢʦʥʪʘʢʪʦʚ ʠ ʩʦʯʝʪʘʥʠʡ, ʩʪʝʧʝʥʠ ʠʭ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦʩʪʠ, ʢʦʣʠʯʝʩʪʚʝ ʠʭ ʚʠʜʦʚ, ʨʘʟʤʝʱʝʥʠʠ ʠ ʪ. ʜ., ʠ ʪ. ʧ. ɺ ʭʦʜʝ 

ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ ʧʨʦʠʩʭʦʜʠʪ ʫʩʣʦʞʥʝʥʠʝ ʚʥʫʪʨʝʥʥʝʛʦ ʩʪʨʦʝʥʠʷ (ʠ ʬʫʥʢʮʠʡ) ʪʝʣʘ ʚ 

ʩʚʷʟʠ ʩ ʝʛʦ ʚʥʝʰʥʝʡ ʬʦʨʤʦʡ (ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʦʙʱʠʝ ʠ ʤʝʩʪʥʳʝ ʜʝʬʦʨʤʘʮʠʠ) ʚ ʨʝʟʫʣʴʪʘʪʝ 

(ʧʫʪʝʤ) ʥʝʨʘʚʥʦʤʝʨʥʦʛʦ ʨʦʩʪʘ ʠ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʝʛʦ ʯʘʩʪʝʡ ʩ ʜʚʫʭï ʠʣʠ ʪʨʝʭʩʣʦʡʥʳʤ 

ʩʪʨʦʝʥʠʝʤ. ʕʪʦ ʥʝ ʠʟʤʝʥʷʝʪ ʦʙʱʝʝ ʫʩʪʨʦʡʩʪʚʦ (ʦʙʱʠʡ ʧʣʘʥ ʩʪʨʦʝʥʠʷ) ʪʝʣʘ ʞʠʚʦʪʥʦʛʦ, ʜʚʫʭï 

ʠʣʠ ʪʨʝʭʩʣʦʡʥʦʝ.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 3. ʉʪʨʦʝʥʠʝ ʪʝʣʘ ʯʝʣʦʚʝʢʘ ʥʘ ʧʦʧʝʨʝʯʥʦʤ ʨʘʟʨʝʟʝ, ʩʣʝʚʘ ð ʞʠʚʦʪ, ʩʧʨʘʚʘ ð ʛʨʫʜʴ 

(ʩʭʝʤʘ): 1, 27, 2 ð ʦʩʪʠʩʪʳʡ ʠ ʧʦʧʝʨʝʯʥʳʡ ʦʪʨʦʩʪʢʠ, ʜʫʛʘ ʧʦʟʚʦʥʢʘ; 3 ð ʤʝʜʠʘʣʴʥʳʡ ʠ ʣʘʪʝʨʘʣʴʥʳʡ 

ʪʨʘʢʪʳ ʩʧʠʥʥʳʭ ʤʳʰʮ; 4, 9 ð ʟʘʜʥʷʷ ʠ ʧʝʨʝʜʥʷʷ ʟʫʙʯʘʪʳʝ ʤʳʰʮʳ; 5 ð ʨʝʙʨʦ; 6 ð ʰʠʨʦʢʘʷ ʤʳʰʮʘ 

ʩʧʠʥʳ; 7 ð ʨʦʤʙʦʚʠʜʥʘʷ ʤʳʰʮʘ; 8 ð ʚʥʫʪʨʝʥʥʷʷ ʠ ʥʘʨʫʞʥʘʷ ʤʝʞʨʝʙʝʨʥʳʝ ʤʳʰʮʳ; 10 ð ʣʦʧʘʪʢʘ; 

11, 13 ð ʧʣʝʯʝʚʳʝ ʤʳʰʮʳ; 12 ð ʧʣʝʯʝʚʘʷ ʢʦʩʪʴ; 14 ð ʙʦʣʴʰʘʷ ʛʨʫʜʥʘʷ ʤʳʰʮʘ; 15 ð ʧʦʜʢʣʶʯʠʯʥʘʷ 

ʤʳʰʮʘ; 16 ð ʢʣʶʯʠʮʘ; 17 ð ʧʦʧʝʨʝʯʥʘʷ ʤʳʰʮʘ ʛʨʫʜʠ; 18 ð ʛʨʫʜʠʥʘ; 19, 22ï24 ð ʧʨʷʤʘʷ, 

ʥʘʨʫʞʥʘʷ ʠ ʚʥʫʪʨʝʥʥʷʷ ʢʦʩʳʝ, ʧʦʧʝʨʝʯʥʘʷ ʤʳʰʮʳ ʞʠʚʦʪʘ; 20 ð ʢʠʰʢʘ; 21 ð ʢʨʫʛʦʚʘʷ ʠ ʧʨʦʜʦʣʴʥʘʷ 

ʤʫʩʢʫʣʘʪʫʨʘ ʢʠʰʝʯʥʠʢʘ; 25 ð ʙʨʳʞʝʡʢʘ; 26 ð ʧʦʷʩʥʠʯʥʘʷ ʤʳʰʮʘ; 28 ð ʩʧʠʥʥʦïʧʦʷʩʥʠʯʥʘʷ 

ʬʘʩʮʠʷ; 29 ð ʭʦʨʜʘ ʚ ʪʝʣʝ ʧʦʟʚʦʥʢʘ. ɺʩʝ ʧʨʝʜʩʪʘʚʣʝʥʥʦʝ ʥʘ ʩʭʝʤʝ ʤʥʦʛʦʦʙʨʘʟʠʝ ʩʪʨʫʢʪʫʨ ʩʨʝʜʥʝʛʦ 

ʩʣʦʷ (~ ʤʝʟʦʜʝʨʤʘ ʵʤʙʨʠʦʥʘ) ʚ ʩʦʤʝ ʯʝʣʦʚʝʢʘ ʤʦʞʥʦ ʦʙʦʙʱʠʪʴ ʢʘʢ ʢʦʩʪʥʦïʤʳʰʝʯʥʘʷ ʦʙʦʣʦʯʢʘ, ʚ 

ʢʠʰʢʝ ð ʢʘʢ ʤʳʰʝʯʥʘʷ ʦʙʦʣʦʯʢʘ. 

 

ʗ ʥʝ ʫʪʚʝʨʞʜʘʶ, ʯʪʦ ʦʧʠʩʘʣ ʪʦʯʥʫʶ ʤʦʜʝʣʴ ʦʙʱʝʡ ʢʦʥʩʪʠʪʫʮʠʠ (ʯʝʨʝʟ ʤʦʨʬʦʪʠʧ ʠʣʠ 

ʩʦʤʘʪʦʪʠʧ) ʭʦʪʷ ʙʳ ʦʜʥʦʛʦ ʪʠʧʘ ʞʠʚʦʪʥʳʭ ð ʭʦʨʜʦʚʳʭ, ʥʝ ʛʦʚʦʨʷ ʫʞʝ ʦ ʤʥʦʛʦʢʣʝʪʦʯʥʳʭ 

ʦʨʛʘʥʠʟʤʘʭ ʚʩʝʭ ʠʟʚʝʩʪʥʳʭ ʮʘʨʩʪʚ ʞʠʚʦʛʦ ʤʠʨʘ. ʅʦ, ʜʫʤʘʶ, ʯʪʦ ʧʨʝʜʣʦʞʠʣ ʧʨʘʚʠʣʴʥʦʝ 

ʥʘʧʨʘʚʣʝʥʠʝ ʜʣʷ ʝʝ ʧʨʦʜʫʢʪʠʚʥʦʛʦ ʧʦʠʩʢʘ. 
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ɸʥʥʦʪʘʮʠʷ. ʉ ʮʝʣʴʶ ʚʳʷʚʣʝʥʠʷ ʛʝʥʝʪʠʯʝʩʢʦʡ ʦʨʠʛʠʥʘʣʴʥʦʩʪʠ ʛʝʥʦʬʦʥʜʦʚ ʧʨʦʚʝʜʝʥʦ 

ʠʟʫʯʝʥʠʝ 7 ʧʦʧʫʣʷʮʠʡ ʪʦʧʦʣʷ ʜʨʦʞʘʱʝʛʦ (ʠʣʠ ʦʩʠʥʳ) Populus tremula L., Salicaceae ʠ 9 

ʧʦʧʫʣʷʮʠʡ ʣʠʩʪʚʝʥʥʠʮʳ ʩʠʙʠʨʩʢʦʡ Larix sibirica Ledeb., Pinaceae, ʘ ʠʤʝʥʥʦ ʝʝ ʟʘʧʘʜʥʦʡ ʨʘʩʳ 

ʥʘ ʋʨʘʣʝ. ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʧʦʧʫʣʷʮʠʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʜʚʫʭ ʫʢʘʟʘʥʥʳʭ ʚʠʜʦʚ ʨʘʩʪʝʥʠʡ ʙʳʣ 

ʧʨʠʤʝʥʝʥ ISSRïʤʝʪʦʜ ʬʠʥʛʝʨʧʨʠʥʪʠʥʛʘ. ʋ P. tremula ʘʤʧʣʠʬʠʮʠʨʦʚʘʥʳ 119 ISSRïPʉR 

ʤʘʨʢʝʨʦʚ, ʘ ʫ L. sibirica ð 121 ISSRïPʉR ʤʘʨʢʝʨʘ. ʆʧʨʝʜʝʣʝʥʳ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʛʨʫʧʧʳ 

ʛʝʥʝʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘ ʫʨʦʚʥʝ ʧʦʧʫʣʷʮʠʡ. ɼʣʷ ʘʥʘʣʠʟʘ ʛʝʥʦʬʦʥʜʦʚ ʦʙʳʯʥʦ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʯʠʩʣʦ ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʘʨʢʝʨʦʚ, ʜʦʣʶ ʧʦʣʠʤʦʨʬʥʳʭ ʣʦʢʫʩʦʚ, ʦʞʠʜʘʝʤʫʶ 

ʛʝʪʝʨʦʟʠʛʦʪʥʦʩʪʴ, ʯʠʩʣʦ ʨʝʜʢʠʭ ʠ ʫʥʠʢʘʣʴʥʳʭ ʘʣʣʝʣʝʡ. ɹʦʣʝʝ ʠʥʬʦʨʤʘʪʠʚʥʳʤʠ ʜʣʷ ʦʮʝʥʢʠ 

ʩʧʝʮʠʬʠʢʠ ʛʝʥʦʬʦʥʜʦʚ ʧʨʠʟʥʘʥʳ ʫʥʠʢʘʣʴʥʳʝ ʘʣʣʝʣʠ. ɼʣʷ ʦʧʠʩʘʥʠʷ ʩʧʝʮʠʬʠʢʠ ʛʝʥʦʬʦʥʜʦʚ 

ʨʘʩʪʝʥʠʡ ʤʦʞʥʦ ʨʝʢʦʤʝʥʜʦʚʘʪʴ ʧʦʢʘʟʘʪʝʣʴ ʚʥʫʪʨʠʧʦʧʫʣʷʮʠʦʥʥʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ɛ, ʥʦ ʦʥ 

ʧʦʢʘʟʳʚʘʝʪ ʪʦʣʴʢʦ ʨʘʚʥʦʤʝʨʥʦʩʪʴ ʨʘʩʩʨʝʜʦʪʦʯʝʥʠʷ ʯʘʩʪʦʪ ʘʣʣʝʣʝʡ. ʆʧʨʝʜʝʣʝʥʠʝ 

ʛʝʥʝʪʠʯʝʩʢʦʡ ʦʨʠʛʠʥʘʣʴʥʦʩʪʠ ʧʦʧʫʣʷʮʠʦʥʥʳʭ ʛʝʥʦʬʦʥʜʦʚ ʤʦʞʥʦ ʧʨʦʚʦʜʠʪʴ ʩ ʧʦʤʦʱʴʶ 
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ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʧʝʮʠʬʠʢʠ ʛʝʥʦʬʦʥʜʦʚ, ʢʘʢ ʢʦʵʬʬʠʮʠʝʥʪ ʛʝʥʝʪʠʯʝʩʢʦʡ ʦʨʠʛʠʥʘʣʴʥʦʩʪʠ 

ʨʘʩʪʝʥʠʡ (ʂɻʆʨ), ʥʦ ʩ ʫʯʝʪʦʤ ʧʨʠʩʫʪʩʪʚʠʷ ʠ ʢʦʣʠʯʝʩʪʚʘ ʫʥʠʢʘʣʴʥʳʭ ʘʣʣʝʣʝʡ. ʋ 2 ʠʟʫʯʝʥʥʳʭ 

ʚʠʜʦʚ ʨʘʩʪʝʥʠʡ (P. tremula ʠ L. sibirica) ʫʢʘʟʘʥʳ ʥʘ ʋʨʘʣʝ ʧʦʧʫʣʷʮʠʠ ʩ ʙʘʟʦʚʳʤ ʠ 

ʩʧʝʮʠʬʠʯʥʳʤ ʛʝʥʦʬʦʥʜʘʤʠ ʠ ʦʪʦʙʨʘʥʳ ʧʦʧʫʣʷʮʠʠ ʜʣʷ ʠʭ ʩʦʭʨʘʥʝʥʠʷ.  

 

Abstract. To identify the genetic originality of species of woody plant gene pools was 

conducted the research of 7 populations of trembling poplar or aspen Populus tremula L., 

Salicaceae and 9 populations of Siberian Larch Larix sibirica Ledeb., Pinaceae; namely of West 

race on Ural. To determine the genetic diversity of populations two species of woody plant was used 

ISSRïmethod of fingerprinting. In P. tremula were revealed 119 ISSRïPCR markers, in L. sibirica 

ð 121 ISSRïPʉR markers. The groups of genetic characteristics at the level of populations were 

determined and analyzed. For the analysis of gene pools, the number of molecular markers, the 

proportion of polymorphic loci, the expected heterozygosity, the number of rare and unique alleles 

are usually determined. Unique alleles are recognized as more informative for assessing the 

specificity of gene pools. To describe the specificity of plant gene pools, one can recommend the 

indicator of the intrapopulation variety ɛ, but it shows only the uniformity of the dispersion of allele 

frequencies. Determination of the genetic originality of population gene pools can be carried out 

with the help of characteristics of the specificity of gene pools, as the coefficient of genetic 

originality of plants (CGO) but taking into account the presence and number of unique alleles. In 2 

studied plant species (P. tremula and L. sibirica), populations in the Urals with basic and specific 

gene pools are indicated and populations are selected for their conservation. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: Populus tremula L., Larix sibirica Ledeb., ʋʨʘʣ, ISSR-PCR ʤʘʨʢʝʨʳ, 

ʂɻʆʨ, ʛʝʥʦʬʦʥʜʳ. 

 

Keywords: Populus tremula L., Larix sibirica Ledeb., Ural, ISSR-PCR markers, CGO, gene 

pool. 

 

ɺ ʣʝʩʥʳʭ ʵʢʦʩʠʩʪʝʤʘʭ ʥʘʭʦʜʠʪʩʷ ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʚʩʝʛʦ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʷ ʉʝʚʝʨʥʦʛʦ 

ʧʦʣʫʰʘʨʠʷ. ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʣʝʩʥʳʭ ʜʨʝʚʝʩʥʳʭ ʨʘʩʪʝʥʠʡ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʤ 

ʫʨʦʚʥʝʤ ʚʥʫʪʨʠʚʠʜʦʚʦʡ ʛʝʥʝʪʠʯʝʩʢʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ, ʢʦʪʦʨʘʷ ʥʘʭʦʜʠʪʩʷ, ʚ ʦʩʥʦʚʥʦʤ, ʚ 

ʧʨʝʜʝʣʘʭ ʧʦʧʫʣʷʮʠʡ [1ï2]. ʇʦʥʠʞʝʥʠʝ ʚʥʫʪʨʠʚʠʜʦʚʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ ʩʦʢʨʘʱʘʝʪ ʘʜʘʧʪʠʚʥʳʡ 

ʧʦʪʝʥʮʠʘʣ ʨʘʩʪʝʥʠʡ [3ï4]. ɸʥʪʨʦʧʦʛʝʥʥʦʝ ʚʣʠʷʥʠʝ, ʚʢʣʶʯʘʷ ʚʳʨʫʙʢʫ ʜʝʨʝʚʴʝʚ, ʦʢʘʟʳʚʘʶʪ 

ʥʝʛʘʪʠʚʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʜʨʝʚʝʩʥʳʝ ʨʘʩʪʝʥʠʷ ʠʟ-ʟʘ ʩʦʢʨʘʱʝʥʠʷ ʠʭ ʘʨʝʘʣʦʚ ʠ ʬʨʘʛʤʝʥʪʘʮʠʠ, 

ʩʥʠʞʝʥʠʷ ʦʙʱʝʡ ʠ ʵʬʬʝʢʪʠʚʥʦʡ ʯʠʩʣʝʥʥʦʩʪʠ ʠ ʧʣʦʪʥʦʩʪʠ ʧʦʧʫʣʷʮʠʡ, ʚʧʣʦʪʴ ʜʦ 

ʠʩʯʝʟʥʦʚʝʥʠʷ ʦʪʜʝʣʴʥʳʭ ʣʦʢʘʣʴʥʳʭ ʧʦʧʫʣʷʮʠʡ. ʈʫʙʢʠ ʣʝʩʘ ʣʠʢʚʠʜʠʨʫʶʪ ʯʘʩʪʴ ʛʝʥʦʪʠʧʦʚ, 

ʯʪʦ ʥʝʤʠʥʫʝʤʦ ʧʨʠʚʦʜʠʪ ʢ ʛʝʥʝʪʠʯʝʩʢʦʤʫ ʦʙʝʜʥʝʥʠʶ ʧʦʧʫʣʷʮʠʡ [5].  

ʅʘ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʥʝ ʨʝʰʝʥʘ ʛʣʘʚʥʘʷ ʧʨʦʙʣʝʤʘ ʚ ʩʦʭʨʘʥʝʥʠʠ ʛʝʥʝʪʠʯʝʩʢʦʛʦ 

ʢʦʤʧʦʥʝʥʪʘ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʷ ð ʧʨʦʙʣʝʤʘ ʚʳʙʦʨʘ ʧʦʧʫʣʷʮʠʡ ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ, 

ʩʦʭʨʘʥʝʥʠʷ ʠ ʤʦʙʠʣʠʟʘʮʠʠ ʛʝʥʝʪʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ ʨʘʩʪʝʥʠʡ. ɼʣʷ ʦʧʠʩʘʥʠʷ ʛʝʥʦʬʦʥʜʦʚ 

ʨʝʢʦʤʝʥʜʦʚʘʥʳ ʧʦʢʘʟʘʪʝʣʠ ʨʘʟʥʦʦʙʨʘʟʠʷ ʧʦʧʫʣʷʮʠʡ, ʚʳʷʚʣʷʝʤʳʝ ʩ ʧʦʤʦʱʴʶ ʜʦʤʠʥʘʥʪʥʳʭ ʠ 

ʢʦʜʦʤʠʥʘʥʪʥʳʭ ʤʘʨʢʝʨʦʚ. ɹʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʟʫʯʝʥʠʝ ʨʘʟʥʦʦʙʨʘʟʠʷ ʧʦʧʫʣʷʮʠʡ 

ʥʘ ʥʫʢʣʝʦʪʠʜʥʦʤ ʫʨʦʚʥʝ [6]. ʅʘʯʠʥʘʝʪ ʨʘʟʚʠʚʘʪʴʩʷ ʥʦʚʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʧʦʧʫʣʷʮʠʦʥʥʦʡ 

ʛʝʥʝʪʠʢʠ ð ʛʝʥʦʤʥʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ ʧʦʧʫʣʷʮʠʡ [7]. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʨʘʟʥʦʦʙʨʘʟʠʷ ʛʝʥʦʪʠʧʦʚ 

ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʤʘʨʢʠʨʦʚʘʥʠʷ (AFLPïʤʝʪʦʜ) ʩ ʦʧʨʝʜʝʣʝʥʠʝʤ ʂɻʆ 

(ʢʦʵʬʬʠʮʠʝʥʪ ʛʝʥʝʪʠʯʝʩʢʦʡ ʦʨʠʛʠʥʘʣʴʥʦʩʪʠ) ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ɽ. ʂ. ʇʦʪʦʢʠʥʦʡ ʠ ʊ. ɻ. 
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ɸʣʝʢʩʘʥʜʨʦʚʦʡ [8]. ʆʙʲʝʢʪʘʤʠ ʠʟʫʯʝʥʠʷ ʷʚʣʷʣʠʩʴ ʩʦʨʪʘ ʚʠʢʠ ʧʦʩʝʚʥʦʡ Vicia sativa L. ʅʘ 

ʦʩʥʦʚʘʥʠʠ ʵʪʦʛʦ ʧʦʜʭʦʜʘ ʩ ʫʯʝʪʦʤ ʤʘʣʦʡ ʯʠʩʣʝʥʥʦʩʪʠ ʧʦʧʫʣʷʮʠʡ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʧʦʜʭʦʜ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʪʠʧʠʯʥʦʩʪʠ/ʩʧʝʮʠʬʠʯʥʦʩʪʠ ʛʝʥʦʬʦʥʜʦʚ ʨʝʜʢʠʭ ʚʠʜʦʚ ʪʨʘʚʷʥʠʩʪʳʭ ʨʘʩʪʝʥʠʡ 

[9]. ʆʧʨʝʜʝʣʝʥʠʝ ʦʨʠʛʠʥʘʣʴʥʦʩʪʠ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʩʦʨʪʦʚ ʨʘʩʪʝʥʠʡ [10] ʠ ʜʘʞʝ 

ʧʦʨʦʜ ʞʠʚʦʪʥʳʭ [11] ʚʝʩʴʤʘ ʘʢʪʫʘʣʴʥʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʩ ʫʯʝʪʦʤ ʜʦʩʪʠʞʝʥʠʡ ʩʝʣʝʢʮʠʠ.  

ʇʦʧʫʣʷʮʠʠ ʜʨʝʚʝʩʥʳʭ ʨʘʩʪʝʥʠʡ ʟʘʥʠʤʘʶʪ ʙʦʣʴʰʠʝ ʧʣʦʱʘʜʠ ʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʛʝʥʦʪʠʧʳ 

ʠʭ ʨʘʩʪʝʥʠʡ ʙʦʣʝʝ ʦʜʥʦʪʠʧʥʳ ʧʨʠ ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʩ ʧʦʧʫʣʷʮʠʷʤʠ ʪʨʘʚʷʥʠʩʪʳʭ ʨʘʩʪʝʥʠʡ. 

ɼʨʝʚʝʩʥʳʝ ʨʘʩʪʝʥʠʷ ʠʤʝʶʪ ʙʦʣʴʰʫʶ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʞʠʟʥʠ. ʕʪʠ ʦʩʦʙʝʥʥʦʩʪʠ 

ʜʨʝʚʝʩʥʳʭ ʨʘʩʪʝʥʠʡ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ ʛʝʥʦʬʦʥʜʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʨʠ 

ʦʧʠʩʘʥʠʠ ʠʭ ʩʧʝʮʠʬʠʯʥʦʩʪʠ. 

ʋ ʜʨʝʚʝʩʥʳʭ ʨʘʩʪʝʥʠʡ, ʘ ʠʤʝʥʥʦ ʫ ʣʠʩʪʚʝʥʥʳʭ, ʤʦʜʝʣʴʥʳʤ ʨʦʜʦʤ ʜʣʷ ʛʝʥʝʪʠʯʝʩʢʦʛʦ 

ʘʥʘʣʠʟʘ ʩʯʠʪʘʝʪʩʷ ʨʦʜ ʪʦʧʦʣʴ Populus L., ʪʘʢ ʦʥ ʦʙʣʘʜʘʝʪ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʠʤ ʧʦ 

ʨʘʟʤʝʨʫ ʛʝʥʦʤʦʤ ʠ ʙʦʣʴʰʠʤ ʘʜʘʧʪʠʚʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ. ʇʝʨʚʳʤ ʚʠʜʦʤ ʠʟ ʜʨʝʚʝʩʥʳʭ 

ʨʘʩʪʝʥʠʡ, ʛʝʥʦʤ ʢʦʪʦʨʦʛʦ ʧʦʯʪʠ ʧʦʣʥʦʩʪʴʶ ʩʝʢʚʝʥʠʨʦʚʘʣʠ, ʙʳʣ ʩʝʚʝʨʦʘʤʝʨʠʢʘʥʩʢʠʡ ʚʠʜ 

ʪʦʧʦʣʷ P. trichocarpa [12]. ʅʘ ʋʨʘʣʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥ Populus tremula L. (ʪʦʧʦʣʴ ʜʨʦʞʘʱʠʡ ʠʣʠ 

ʞʝ ʦʩʠʥʘ), ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʣʝʩʦʦʙʨʘʟʫʶʱʠʤ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʤ ʚʠʜʦʤ. 

ʋ ʭʚʦʡʥʳʭ ʞʝ ʚʠʜʦʚ ʜʨʝʚʝʩʥʳʭ ʨʘʩʪʝʥʠʡ ʠʟʙʨʘʥ ʚʠʜ ʠʟ ʨʦʜʘ Larix Mill., ʚ ʩʚʷʟʠ ʩ ʪʝʤ, 

ʯʪʦ ʦʥ ʩʯʠʪʘʝʪʩʷ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʚʦ ʚʩʝʤ ʤʠʨʝ, ʚʢʣʶʯʘʷ ʠ ʈʦʩʩʠʡʩʢʫʶ 

ʌʝʜʝʨʘʮʠʶ [13]. ʅʘ ʋʨʘʣʝ ʨʦʜ Larix ʧʨʝʜʩʪʘʚʣʝʥ ʟʘʧʘʜʥʦʡ ʨʘʩʦʡ ʣʠʩʪʚʝʥʥʠʮʳ ʩʠʙʠʨʩʢʦʡ 

Larix sibirica Ledeb. [14]. ʅ. ɺ. ɼʳʣʠʩ [15] ʦʧʠʩʘʣ ʣʠʩʪʚʝʥʥʠʮʫ ʉʫʢʘʯʝʚʘ (Larix sukaczewii 

Dyl.) ʢʘʢ ʦʪʜʝʣʴʥʳʡ ʚʠʜ. ʀʟʫʯʝʥʥʳʝ ʥʘʤʠ ʧʦʧʫʣʷʮʠʠ ʦʧʨʝʜʝʣʝʥʳ ʥʘʤʠ ʢʘʢ ʟʘʧʘʜʥʘʷ ʨʘʩʘ 

ʣʠʩʪʚʝʥʥʠʮʳ ʩʠʙʠʨʩʢʦʡ Larix sibirica Ledeb. (L. sukaczewii) ʠ ʩʦʢʨʘʱʝʥʥʦ ʦʙʦʟʥʘʯʝʥʘ ʢʘʢ L. 

sibirica. ɺ. ʇ. ʇʫʪʝʥʠʭʠʥ ʠ ɿ. ʍ. ʐʠʛʘʧʦʚʳʤ ʩ ʩʦʘʚʪʦʨʘʤʠ [13, 16] ʠʩʩʣʝʜʦʚʘʣʠ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʠʟʦʬʝʨʤʝʥʪʥʳʭ ʤʘʨʢʝʨʦʚ ʛʝʥʝʪʠʯʝʩʢʫʶ ʠʟʤʝʥʯʠʚʦʩʪʴ ʧʨʠʨʦʜʥʳʭ ʧʦʧʫʣʷʮʠʡ 

L. sukaczewii ʥʘ ʉʨʝʜʥʝʤ ʋʨʘʣʝ. ɺ. ʃ. ʉʝʤʝʨʠʢʦʚ ʩ ʩʦʘʚʪʦʨʘʤʠ [17] ʩ ʧʨʠʤʝʥʝʥʠʝʤ AFLPï

ʤʘʨʢʝʨʦʚ, ʠʟʦʬʝʨʤʝʥʪʥʳʭ, ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʳʭ ʠ ʭʣʦʨʦʧʣʘʩʪʥʳʭ, ʘ ʪʘʢʞʝ ʩ ʚʳʷʚʣʝʥʠʝʤ 

ʥʫʢʣʝʦʪʠʜʥʦʛʦ ʧʦʣʠʤʦʨʬʠʟʤʘ ʫ ʦʪʜʝʣʴʥʳʭ ʧʦʪʝʥʮʠʘʣʴʥʦ ʘʜʘʧʪʠʚʥʦïʟʥʘʯʠʤʳʭ ʛʝʥʦʚ, ʠʟʫʯʠʣ 

ʛʝʥʝʪʠʯʝʩʢʫʶ ʠʟʤʝʥʯʠʚʦʩʪʴ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʘʥʘʣʠʟʘ ʚʦʧʨʦʩʦʚ ʬʠʣʦʛʝʥʠʠ, ʥʘ 

ʇʨʠʧʦʣʷʨʥʦʤ ʋʨʘʣʝ ʠ ʥʘ ʚʦʩʪʦʯʥʦʤ ʤʘʢʨʦʩʢʣʦʥʝ ʋʨʘʣʴʩʢʠʭ ʛʦʨ. ɻʝʥʝʪʠʯʝʩʢʠʡ ʢʦʤʧʦʥʝʥʪ 

ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʧʦʧʫʣʷʮʠʡ L. sibirica ʟʘʧʘʜʥʦʛʦ ʤʘʢʨʦʩʢʣʦʥʘ ʋʨʘʣʴʩʢʠʭ ʛʦʨ ʥʘ 

ʦʩʥʦʚʘʥʠʠ ʧʦʣʠʤʦʨʬʠʟʤʘ ɼʅʂïʤʘʨʢʝʨʦʚ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʫʯʝʥ. 

ʆʨʠʛʠʥʘʣʴʥʦʩʪʴ ʠ ʪʠʧʠʯʥʦʩʪʴ/ʩʧʝʮʠʬʠʯʥʦʩʪʴ ʛʝʥʦʬʦʥʜʦʚ ʧʨʠʨʦʜʥʳʭ ʧʦʧʫʣʷʮʠʡ ʜʚʫʭ 

ʠʟʙʨʘʥʥʳʭ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʠʜʦʚ (P. tremula ʠ L. sibirica) ʨʘʥʝʝ ʥʝ ʦʧʨʝʜʝʣʷʣʘʩʴ ʩ ʫʯʝʪʦʤ 

ʩʦʚʦʢʫʧʥʦʩʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʩ ʮʝʣʴʶ ʦʪʙʦʨʘ ʧʦʧʫʣʷʮʠʡ ʜʣʷ 

ʩʦʭʨʘʥʝʥʠʷ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʷ. 

ʎʝʣʴ ʠʟʫʯʝʥʠʷ ð ʦʧʨʝʜʝʣʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʝʥʝʪʠʯʝʩʢʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ ʥʘ ʫʨʦʚʥʝ 

ʧʦʧʫʣʷʮʠʡ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʛʝʥʝʪʠʯʝʩʢʦʡ ʦʨʠʛʠʥʘʣʴʥʦʩʪʠ, ʫʩʪʘʥʦʚʣʝʥʠʝ ʙʘʟʦʚʳʭ ʠ 

ʩʚʦʝʦʙʨʘʟʥʳʭ ʛʝʥʦʬʦʥʜʦʚ ʧʦʧʫʣʷʮʠʡ ʜʚʫʭ ʚʠʜʦʚ ʜʨʝʚʝʩʥʳʭ ʨʘʩʪʝʥʠʡ (P. tremula ʠ L. sibirica) 

ʥʘ ʉʨʝʜʥʝʤ ʠ ʉʝʚʝʨʥʦʤ ʋʨʘʣʝ ʜʣʷ ʦʪʙʦʨʘ ʧʦʧʫʣʷʮʠʡ ʩ ʮʝʣʴʶ ʨʝʢʦʤʝʥʜʘʮʠʡ ʤʝʨ ʦʭʨʘʥʳ 

ʛʝʥʦʬʦʥʜʦʚ ʩ ʫʯʝʪʦʤ ʠʭ ʪʠʧʠʯʥʦʩʪʠ ʠ ʩʧʝʮʠʬʠʢʠ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʥʦʛʦ ʨʘʡʦʥʘ. 

 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʦʚ ʜʣ ̫ʠʟʫʯʝʥʠʷ ʚʳʙʨʘʥʳ 7 ʧʦʧʫʣʷʮʠʡ ʪʦʧʦʣʷ ʜʨʦʞʘʱʝʛʦ ʠʣʠ ʞʝ 

ʦʩʠʥʳ (Populus tremula L., Salicaceae), ʢʦʪʦʨʳʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʥʘ ʉʨʝʜʥʝʤ ʋʨʘʣʝ, ʚ ʨʘʟʣʠʯʥʳʭ 

ʣʝʩʥʠʯʝʩʪʚʘʭ ʇʝʨʤʩʢʦʛʦ ʢʨʘʷ: ɺeʨʭʥeïʂʫʨʴʠʥʩʢʦʤ (Ptr1), ɼʦʙʨʷʥʩʢʦʤ (Ptr2), ʂʫʥʛʫʨʩʢʦʤ 
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(Ptr3), ʉʫʢʩʫʥʩʢʦʤ (Ptr4), ʏʘʩʪʠʥʩʢʦʤ (Ptr5), ʏeʨʤʦʟʩʢʦʤ (Ptr6) ʠ ɻʫʙʘʭʠʥʩʢʦʤ (Ptr7). ɼʝʚʷʪʴ 

ʧʦʧʫʣʷʮʠʡ ʟʘʧʘʜʥʦʡ ʨʘʩʳ ʣʠʩʪʚʝʥʥʠʮʳ ʩʠʙʠʨʩʢʦʡ (Larix sibirica Ledeb., Pinaceae) 

ʨʘʟʤʝʱʘʶʪʩʷ ʥʘ ʉʨʝʜʥʝʤ ʠ ʉʝʚʝʨʥʦʤ ʋʨʘʣʝ, ʚʦʩʝʤʴ ʠʟ ʥʠʭ ʚ ʇʝʨʤʩʢʦʤ ʢʨʘʝ: ʚ 

ʤʫʥʠʮʠʧʘʣʴʥʦʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʟʘʧʦʚʝʜʥʠʢʝ çɺʠʰʝʨʩʢʠʡè (Lsb1, Lsb2), ʘ ʝʱʝ ʚ 

ʣʝʩʥʠʯʝʩʪʚʘʭ: ʂʨʘʩʥʦʚʠʰʝʨʩʢʦʤ (Lsb3); ʏʝʨʜʳʥʩʢʦʤ (Lsb4), ʚ ɻʘʡʥʩʢʦʤ (Lsb5), 

ʇʦʣʘʟʥʝʥʩʢʦʤ (Lsb7), ʆʩʠʥʩʢʦʤ (Lsb8), ʂʠehʨʪʩʢʦʤ (Lsb9). ʆʜʥʘ ʧʦʧʫʣʷʮʠʷ L. sibirica 

ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚ ʉʚʝʨʜʣʦʚʩʢʦʡ ʦʙʣʘʩʪʠ ʚ ʂʘʯʢʘʥʘʨʩʢʦʤ ʫʯʘʩʪʢʦʚʦʤ ʣʝʩʥʠʯʝʩʪʚʝ (Lsb6). 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʤʦʣʝʢʫʣʷʨʥʦïʛʝʥʝʪʠʯʝʩʢʦʛʦ ʠʟʫʯʝʥʠʷ ʣʠʩʪʴʷ (ʫ L. sibirica ʭʚʦʷ) 

ʩʦʙʨʘʥʳ ʩ ʢʘʞʜʦʛʦ ʠʟ 28ï30 ʜʝʨʝʚʴʝʚ ʚʦ ʚʩʝʭ ʠʟʫʯʝʥʥʳʭ 16 ʧʦʧʫʣʷʮʠʷʭ. ɼʅʂ ʚʳʜʝʣʷʣʠ ʧʦ 

ʤʝʪʦʜʠʢʝ ʉ. ʈʦʜʞʝʨʩʘ ʩ ʩʦʘʚʪʦʨʘʤʠ [18] ʩ ʤʦʜʠʬʠʢʘʮʠʷʤʠ ʜʣʷ ʭʚʦʡʥʳʭ ʨʘʩʪʝʥʠʡ [19]. 

ʂʘʯʝʩʪʚʦ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ɼʅʂ ʦʧʨʝʜʝʣʷʣʠ ʥʘ ʧʨʠʙʦʨʝ SpectrofotometrTM NanoDrop 2000 

(Thermo scientific, USA). ʄʦʣʝʢʫʣʷʨʥʦïʛʝʥʝʪʠʯʝʩʢʦʝ ʠʟʫʯʝʥʠʝ ʧʦʧʫʣʷʮʠʡ ʜʚʫʭ ʚʠʜʦʚ ʙʳʣʠ 

ʧʨʦʚʝʜʝʥʳ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ISSR (Inter Simple Sequence Repeats [20]) ð ʤʝʪʦʜʘ ʧʦʣʠʤʦʨʬʠʟʤʘ 

ɼʅʂ. ʉʤʝʩʴ ʜʣʷ ʇʎʈ ʦʙʲʝʤʦʤ 25 ʤʢʣ ʩʦʜʝʨʞʘʣʘ: 2 ʝʜʠʥʠʮʳ Taqïʧʦʣʠʤʝʨʘʟʳ; 2,5 ʤʢʣ 10ʭ 

ʙʫʬʝʨʘ + MgCl2 (çʉʠʣʝʢʩ ʄè, ʈʦʩʩʠʷ); 25 ʧʄ ʧʨʘʡʤʝʨʘ (çʉʠʥʪʦʣè, ʈʦʩʩʠʷ); 0,25 ʤM dNTP 

(ñFermentasò, ʃʠʪʚʘ); 5 ʤʢʣ ɼʅʂ. ɸʤʧʣʠʬʠʢʘʮʠʶ ɼʅʂ ʧʨʦʚʦʜʠʣʠ ʚ ʪʝʨʤʦʮʠʢʣʝʨʝ GeneAmp 

PCR System 9700 (Applied Biosystems, USA) ʩ ʧʷʪʴʶ ISSRïʧʨʘʡʤʝʨʘʤʠ, ʵʬʬʝʢʪʠʚʥʳʤʠ ʜʣʷ 

P. tremula (M1 (AC)8CG, M27 (GA)8C, X9 (ACC)6G, X10 (AGC)6C, ʍ11 (AGC)6G); ʠ ʩ ʧʷʪʴʶ 

ʞʝ ISSRïʧʨʘʡʤʝʨʘʤʠ, ʥʦ ʢʦʪʦʨʳʝ ʵʬʬʝʢʪʠʚʥʳ ʜʣʷ L. sibirica (ʄ3 (AC)8CT, ʍ10 (AGC)6C, 

ʍ11 (AGC)6G, ISSR-8 (GAG)6C, CR-215 (CA)6GT). ɼʣʷ ʜʚʫʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʚʠʜʦʚ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 2 ʦʜʠʥʘʢʦʚʳʭ ISSRïʧʨʘʡʤʝʨʘ X10 (AGC)6C ʠ ʍ11 (AGC)6G, ʠʤʝʶʱʠʝ ʦʜʠʥ ʠ 

ʪʦʪ ʞʝ ʪʨʠʥʫʢʣʝʦʪʠʜʥʳʡ ʧʦʚʪʦʨ, ʥʦ ʨʘʟʣʠʯʘʶʱʠʡʩʷ ç̫ ʢʦʨʥʳʤè ʥʫʢʣʝʦʪʠʜʦʤ ʥʘ ʢʦʥʮʝ 

ʧʨʘʡʤʝʨʘ. ɺ ʧʨʦʮʝʩʩʝ ʇʎʈ ʧʨʦʙʳ ɼʅʂ ʘʤʧʣʠʬʠʮʠʨʦʚʘʣʠʩʴ ʧʦ ʦʙʱʝʧʨʠʥʷʪʦʡ ʜʣʷ ISSRï

ʤʝʪʦʜʘ ʧʨʦʛʨʘʤʤʝ: ʥʘʯʘʣʴʥʘʷ ʜʝʥʘʪʫʨʘʮʠʷ 94 ÁC, 2 ʤʠʥ.; ʧʝʨʚʳʝ 5 ʮʠʢʣʦʚ 94 Áʉ, 20 ʩʝʢ.; tÁ 

ʦʪʞʠʛʘ, 10 ʩʝʢ.; 72 Áʉ, 10 ʩʝʢ.; ʚ ʜʘʣʴʥʝʡʰʠʭ 35 ʮʠʢʣʘʭ 94 Áʉ, 5 ʩʝʢ.; tÁ ʦʪʞʠʛʘ, 5 ʩʝʢ.; 72 Áʉ, 

5 ʩʝʢ. ʊʝʤʧʝʨʘʪʫʨʘ ʦʪʞʠʛʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ G/C ʩʦʩʪʘʚʘ ʧʨʘʡʤʝʨʦʚ ʠʟʤʝʥʷʣʘʩʴ ʦʪ 46Áʉ ʜʦ 

56 Áʉ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʯʠʩʪʦʪʳ ʨʝʘʢʪʠʚʦʚ ʚ ʢʘʯʝʩʪʚʝ ʂï ʚ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʜʦʙʘʚʣʷʣʠ 

ʚʟʘʤʝʥ ɼʅʂ 5 ʤʢʣ ʜʝʠʦʥʠʟʠʨʦʚʘʥʥʦʡ ʚʦʜʳ. ɸʤʧʣʠʢʦʥʳ ʨʘʟʲʝʜʠʥʷʣʠ ʵʣʝʢʪʨʦʬʦʨʝʟʦʤ ʚ 1,7% 

ʘʛʘʨʦʟʥʦʤ ʛʝʣʝ ʚ 1Ĭ TBE ʙʫʬʝʨʝ, ʦʢʨʘʰʠʚʘʣʠ ʙʨʦʤʠʩʪʳʤ ʵʪʠʜʠʝʤ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʜʣʠʥ 

ʘʤʣʠʢʦʥʦʚ ʚʳʙʨʘʣʠ ʤʘʨʢʝʨ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʳ (100 bp +1.5 + 3 ʂb DNA Ladder, (ʆʆʆ 

çʉʠʙʕʥʟʠʤïʄè, ʄʦʩʢʚʘ). ʌʦʪʦʛʨʘʬʠʨʦʚʘʥʠʝ ʠ ʧʦʜʩʯʝʪ ʜʣʠʥ ʘʤʧʣʠʢʦʥʦʚ ʧʨʦʚʦʜʠʣʠ ʩ 

ʧʦʤʦʱʴʶ ʩʠʩʪʝʤʳ ʛʝʣʴïʜʦʢʫʤʝʥʪʘʮʠʠ GelDoc, ʘ ʪʘʢʞʝ ʧʨʦʛʨʘʤʤʳ Quantity One (çBioïRadè, 

USA). ʇʨʦʚʝʜʝʥʦ ʤʦʣʝʢʫʣʷʨʥʦïʛʝʥʝʪʠʯʝʩʢʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ 119 ISSRïPʉR ʤʘʨʢʝʨʦʚ ʫ 206 

ʜʝʨʝʚʴʝʚ P. tremula, ʘ ʪʘʢʞʝ 121 ISSRïPʉR ʤʘʨʢʝʨʦʚ ʫ 298 ʜʝʨʝʚʴʝʚ L. sibirica; ʚ ʤʘʪʨʠʮʝ 

ʨʘʩʩʤʦʪʨʝʥʳ 62 168 ʧʦʟʠʮʠʡ.  

ɺ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʨʘʙʦʪʝ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʣʠʰʴ ʪʦʣʴʢʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʢʘʟʘʪʝʣʝʡ 

ʛʝʥʝʪʠʯʝʩʢʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ ʧʦʧʫʣʷʮʠʡ, ʢʦʪʦʨʳʝ ʚʘʞʥʳ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʩʚʦʡʩʪʚʘ ʪʠʧʠʯʥʦʩʪʠ 

ʠ ʩʧʝʮʠʬʠʢʠ ʠʭ ʛʝʥʦʬʦʥʜʦʚ. ɺʳʷʚʣʝʥʠʝ ʧʦʣʠʤʦʨʬʠʟʤʘ ɼʅʂ ʧʨʦʚʝʜʝʥʦ ʩ ʧʦʜʜʝʨʞʢʦʡ 

ʦʙʱʝʧʨʠʟʥʘʥʥʳʭ ʢʦʤʧʴʶʪʝʨʥʳʭ ʧʨʦʛʨʘʤʤ POPGENE 1.31 ʠ ʩʧʝʮ ʤʘʢʨʦʩʘ GenAlEĬ6 ʜʣʷ 

MSïExcel ʩ ʦʧʨʝʜʝʣʝʥʠʝʤ ʜʦʣʠ (P95) ʧʦʣʠʤʦʨʬʥʳʭ ʣʦʢʫʩʦʚ [21], ʦʞʠʜʘʝʤʦʡ (HE) 

ʛʝʪʝʨʦʟʠʛʦʪʥʦʩʪʠ [22]. ʇʨʠ ʘʥʘʣʠʟʝ ʛʝʥʝʪʠʯʝʩʢʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ ʚʥʫʪʨʠ ʧʦʧʫʣʷʮʠʦʥʥʳʭ 

ʩʠʩʪʝʤ ʃ. ɸ. ɾʠʚʦʪʦʚʩʢʠʡ [23] ʚʥʝʩ ʧʨʝʜʣʦʞʝʥʠʝ ʫʩʪʘʥʦʚʠʪʴ ʩʣʝʜʫʶʱʠʝ ʧʦʢʘʟʘʪʝʣʠ: ʜʦʣʷ 

ʨʝʜʢʠʭ ʤʦʨʬ h (ʦʙʦʟʥʘʯʝʥʥʘʷ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʠ ʘʥʘʣʠʟʝ ʨʝʜʢʠʭ ʘʣʣʝʣʝʡ ʢʘʢ hr); ʧʦʢʘʟʘʪʝʣʴ 

ʚʥʫʪʨʠʧʦʧʫʣʷʮʠʦʥʥʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ ɛ (ʦʙʦʟʥʘʯʝʥʥʳʡ ʢʘʢ ɛr). ʉʧʝʮʠʬʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ 

ʛʝʥʦʬʦʥʜʦʚ ʙʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ ʧʦ ʤʝʪʦʜʠʢʝ, ʘʚʪʦʨʘʤʠ ʢʦʪʦʨʦʡ ʷʚʣʷʶʪʩʷ ɽ. ʂ. ʇʦʪʦʢʠʥʘ, ɽ. ɻ. 

ɸʣʝʢʩʘʥʜʨʦʚʘ [8], ʢʦʪʦʨʘʷ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʧʦʜʩʯʝʪ ʂɻʆ. ɺ ʵʪʫ ʤʝʪʦʜʠʢʫ ʚ ʩʚʷʟʠ ʩʦ 
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ʩʧʝʮʠʬʠʢʦʡ ʧʦʧʫʣʷʮʠʡ ʜʨʝʚʝʩʥʳʭ ʨʘʩʪʝʥʠʡ ʙʳʣʠ ʚʥʝʩʝʥʳ ʠʟʤʝʥʝʥʠʷ [9, 24]. ʕʪʘ ʩʪʘʪʴʷ ʥʝ 

ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʝʥʝʪʠʯʝʩʢʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ ʜʚʫʭ ʠʟʙʨʘʥʥʳʭ 

ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʠʜʦʚ ʠ, ʯʪʦ ʙʦʣʴʰʝ, ʥʝ ʧʨʝʪʝʥʜʫʝʪ ʥʘ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʛʝʥʝʪʠʯʝʩʢʦʡ 

ʠʟʤʝʥʯʠʚʦʩʪʠ ʧʦʧʫʣʷʮʠʡ ʤʝʞ ʭʚʦʡʥʳʤʠ ʠ ʣʠʩʪʚʝʥʥʳʤʠ ʨʘʩʪʝʥʠʷʤʠ ʚ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʚ ʥʝʡ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʘ ʛʝʥʝʪʠʯʝʩʢʘʷ ʠʟʤʝʥʯʠʚʦʩʪʴ ʧʦʧʫʣʷʮʠʡ ʣʠʰʴ ʫ 1-ʛʦ ʚʠʜʘ (P. tremula) ʠʟ 

ʦʪʜʝʣʘ ʮʚʝʪʢʦʚʳʝ ʨʘʩʪʝʥʠʷ Magnoliophyta ʠ ʝʱʝ ʣʠʰʴ ʫ 1-ʛʦ ʚʠʜʘ (L. sibirica) ʠʟ ʦʪʜʝʣʘ 

ʛʦʣʦʩʝʤʝʥʥʳʝ ʨʘʩʪʝʥʠʷ Pinophyta. 

 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ ʧʦʣʠʤʦʨʬʠʟʤʘ ʩʪʨʫʢʪʫʨʥʳʭ ʨʘʡʦʥʦʚ ʛʝʥʦʤʘ ʚʳʩʯʠʪʳʚʘʶʪʩʷ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʷ, ʛʣʘʚʥʦʡ ʠʟ 

ʢʦʪʦʨʳʭ ʩʣʫʞʠʪ ʯʘʩʪʦʪʘ ʘʣʣʝʣʷ. ʂʘʢ ʨʘʟ ʥʘ ʝʝ ʜʘʥʥʳʭ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʧʦʣʠʤʦʨʬʠʟʤʘ; ʧʦʵʪʦʤʫ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʛʝʥʝʪʠʯʝʩʢʦʡ 

ʦʨʠʛʠʥʘʣʴʥʦʩʪʠ ʧʦʧʫʣʷʮʠʦʥʥʳʭ ʛʝʥʦʬʦʥʜʦʚ ʥʫʞʥʦ ʩʥʘʯʘʣʘ ʚʳʷʩʥʠʪʴ ʛʣʘʚʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʝʥʝʪʠʯʝʩʢʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ ʥʘ ʧʦʧʫʣʷʮʠʦʥʥʦʤ ʫʨʦʚʥʝ, ʘ ʠʤʝʥʥʦ ʯʠʩʣʦ 

ʘʣʣʝʣʝʡ, ʯʠʩʣʦ ʧʦʣʠʤʦʨʬʥʳʭ ʚʳʷʚʣʝʥʥʳʭ ʘʣʣʝʣʝʡ ʠ ʠʭ ʧʨʦʮʝʥʪ ʠʣʠ ʜʦʣʶ, ʠ ʚ ʩʣʫʯʘʝ 

ʧʨʠʤʝʥʝʥʠʷ ʜʦʤʠʥʘʥʪʥʳʭ ʤʘʨʢʝʨʦʚ ð ʦʞʠʜʘʝʤʫʶ ʛʝʪʝʨʦʟʠʛʦʪʥʦʩʪʴ.  

ʇʨʠ ʠʟʫʯʝʥʠʠ 7 ʧʦʧʫʣʷʮʠʡ P. tremula ʚʳʷʚʣʝʥʦ 119 ʨʘʟʣʠʯʥʳʭ ISSRïPCR ʤʘʨʢʝʨʦʚ, ʠʟ 

ʥʠʭ ʯʠʩʣʦ ʧʦʣʠʤʦʨʬʥʳʭ ʨʘʟʣʠʯʥʳʭ ʤʘʨʢʝʨʦʚ ʧʦʜʩʯʠʪʘʥʦ ʢʘʢ 87, ʘ ʠʭ ʜʦʣʷ ð 0,731. ɼʣʷ ʚʩʝʭ 

ʘʥʘʣʠʟʠʨʫʝʤʳʭ 7 ʧʦʧʫʣʷʮʠʡ ʜʨʫʛʘʷ ʧʦʟʠʮʠʷ, ʘ ʠʤʝʥʥʦ ʦʞʠʜʘʝʤʘʷ ʜʦʣʷ ʛʝʪʝʨʦʟʠʛʦʪ (HE) 

ʦʩʠʥʳ ʥʠʟʢʘ ð 0,129. ʅʘʠʚʳʩʰʝʝ ʟʥʘʯʝʥʠʝ HE ʧʦʜʩʯʠʪʘʥʦ ʚ Ptr2 (HE=0,160), ʘ ʥʝʚʳʩʦʢʘʷ 

[25] ð ʚ Ptr7 (HE=0,088). ɹʦʣʴʰʠʤ ʤʥʦʛʦʦʙʨʘʟʠʝʤ ʛʝʥʝʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ (ʊʘʙʣʠʮʘ 1) 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ Ptr4 (P95=0,790; HE=0,138), ʘ ʤʠʥʠʤʘʣʴʥʳʤ ð Ptr5 (P95=0,565; HE =0,120). 

ɼʣʷ P. tremula ʚ ʣʠʪʝʨʘʪʫʨʝ ʧʨʠʚʝʜʝʥʳ ʧʨʝʜʝʣʳ ʚʘʨʴʠʨʦʚʘʥʠʷ ʦʞʠʜʘʝʤʦʡ ʛʝʪʝʨʦʟʠʛʦʪʥʦʩʪʠ 

ð ʦʪ 0,026 ʜʦ 0,834 [26]. ɺ ʠʟʫʯʝʥʥʳʭ ʧʦʧʫʣʷʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ P. tremula ʩʧʝʢʪʨ ʵʪʦʛʦ 

ʧʦʢʘʟʘʪʝʣʷ ʤʝʥʴʰʝ ð ʦʪ 0,088 (Ptr7) ʜʦ 0,160 (Ptr2).  

ʈʝʜʢʠʤʠ ʠʤʝʥʫʶʪʩʷ ʘʣʣʝʣʠ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʧʦʧʫʣʷʮʠʠ ʩ ʯʘʩʪʦʪʦʡ ʤʝʥʴʰʝ 5%. 

ʕʪʠ ʘʣʣʝʣʠ ʠʤʝʶʪ ʚʩʝ ʰʘʥʩʳ ʙʳʪʴ ʦʙʥʘʨʫʞʝʥʳ ʚ ʧʦʧʫʣʷʮʠʷʭ ʠʟʫʯʘʝʤʦʛʦ ʚʠʜʘ. ʇʦʤʠʤʦ 

ʵʪʦʛʦ, ʜʣʷ ʦʧʠʩʘʥʠʷ ʩʚʦʝʦʙʨʘʟʠʷ ʛʝʥʦʬʦʥʜʦʚ ʘʢʪʫʘʣʴʥʳ ʫʥʠʢʘʣʴʥʳʝ ʠʣʠ ʦʨʠʛʠʥʘʣʴʥʳʝ 

ʘʣʣʝʣʠ (ʠʣʠ ISSRïPCR ʚʳʷʚʣʝʥʥʳʝ ʤʘʨʢʝʨʳ), ʢʦʪʦʨʳʝ ʘʧʣʠʬʠʮʠʨʫʶʪʩʷ ʚ ʇʎʈ ʩ ʧʨʦʙʘʤʠ 

ɼʅʂ ʣʠʰʴ ʠʟ ʦʜʥʦʡ ʧʦʧʫʣʷʮʠʠ. ʆʥʠ ʜʦʧʦʣʥʷʶʪ ʠʤʝʥʥʦ ʥʘ ʧʦʧʫʣʷʮʠʦʥʥʦʤ ʫʨʦʚʥʝ ʦʧʠʩʘʥʠʝ 

ʦʨʠʛʠʥʘʣʴʥʦʩʪʠ ʛʝʥʦʬʦʥʜʘ. 

 

ʊʘʙʣʠʮʘ 1. 

ʍɸʈɸʂʊɽʈʀʉʊʀʂʀ ɻɽʅɽʊʀʏɽʉʂʆʁ ʀɿʄɽʅʏʀɺʆʉʊʀ 7 ʇʆʇʋʃʗʎʀʁ P. tremula 

ʇʦʧʫʣʷʮʠʠ/ 

ʧʦʢʘʟʘʪʝʣʠ 
Ptr1 Ptr2 Ptr3 Ptr4 Ptr5 Ptr6 Ptr7 

 0,530 0,785 0,733 0,790 0,565 0,727 0,686 

 
0,139 

(0,018) 

0,160 

(0,018) 

0,142 

(0,017) 

0,138 

(0,016) 

0,120 

(0,016) 

0,114 

(0,015) 

0,088 

(0,014) 

Un 1 5 5 1 5 1 1 

ʇʨʠʤʝʯʘʥʠʝ:  ð ʜʦʣʷ ʧʦʣʠʤʦʨʬʥʳʭ ʣʦʢʫʩʦʚ;  ð ʦʞʠʜʘʝʤʘʷ ʜʦʣʷ ʛʝʪʝʨʦʟʠʛʦʪ; Un ð 

ʯʠʩʣʦ ʦʨʠʛʠʥʘʣʴʥʳʭ (ʫʥʠʢʘʣʴʥʳʭ) ʘʣʣʝʣʝʡ; Ptr1, Ptr2, Ptr3, Ptr4, Ptr5, Ptr6, Ptr7 ð ʦʙʦʟʥʘʯʝʥʠʷ 

ʧʦʧʫʣʷʮʠʡ  

 

ɺ ʧʦʧʫʣʷʮʠʷʭ Ptr1, Ptr4, Ptr6, Ptr7 ʚʳʷʚʣʝʥʦ ʧʦ 1 ʦʨʠʛʠʥʘʣʴʥʦʤʫ ISSRïPCR ʤʘʨʢʝʨʫ, ʘ 

ʚ ʧʦʧʫʣʷʮʠʷʭ Ptr2, Ptr3, Ptr5 ð ʧʦ 5. ɼʣʷ Ptr1 ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʚ ʇʎʈ ʧʨʘʡʤʝʨʘ ʄ1 

95ʈ

ɽʅ

95ʈ ɽʅ

http://www.bulletennauki.com/


 

 
ɹʶʣʣʝʪʝʥʴ ʥʘʫʢʠ ʠ ʧʨʘʢʪʠʢʠ ð Bulletin of Science and Practice

ʥʘʫʯʥʳʡ ʞʫʨʥʘʣ (scientific journal)   ʊ. 4. ̄ 5. 2018 ʛ. 
 http://www.bulletennauki.com  

 

 

 

 

51 

 

 

ʘʤʧʣʠʬʠʮʠʨʦʚʘʥ ʦʨʠʛʠʥʘʣʴʥʳʡ ISSRïPCR ʤʘʨʢʝʨ ʜʣʠʥʦʡ 1190 ʧʥ ʩ ʯʘʩʪʦʪʦʡ 0,860. ʇʦ 

ʧʨʝʜʣʦʞʝʥʠʶ ʫʢʦʨʦʯʝʥʥʦʡ ʟʘʧʠʩʠ [9] ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʤʘʨʢʝʨʘ ʦʥ ʦʙʦʟʥʘʯʝʥ ʢʘʢ Ptr1un1190M1. 

ʉ ʧʨʠʤʝʥʝʥʠʝʤ ʧʨʘʡʤʝʨʘ ʍ9 ʚ Ptr7 ʦʩʠʥʳ ʫʩʪʘʥʦʚʣʝʥ ʦʨʠʛʠʥʘʣʴʥʳʡ ʤʘʨʢʝʨ ʜʣʠʥʦʡ 310 ʧʥ ʩ 

ʯʘʩʪʦʪʦʡ ʚʩʪʨʝʯʘʝʤʦʩʪʠ 0,530 (Ptr7un310ʍ9). ʇʨʠ ʘʥʘʣʠʟʝ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʚʥʫʪʨʠ 

ʧʦʧʫʣʷʮʠʡ ʧʦ ʧʨʝʜʣʦʞʝʥʠʶ ʃ. ɸ. ɾʠʚʦʪʦʚʩʢʦʛʦ [23], ʚ 7 ʧʦʧʫʣʷʮʠʷʭ ʦʩʠʥʳ ʫʩʪʘʥʦʚʣʝʥʦ, 

ʨʘʚʥʦʤʝʨʥʝʝ ʨʘʩʧʨʝʜʝʣʝʥʳ ʯʘʩʪʦʪʳ ʘʣʣʝʣʝʡ ʚ Ptr2 (ɛr=0,598), ʘ ʥʘʠʤʝʥʝʝ ʨʘʟʤʝʨʝʥʦ ð ʚ Ptr5 

(ɛr=0,301). ʇʦʢʘʟʘʪʝʣʴ hr ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʩʪʨʫʢʪʫʨʫ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʠʟʥʫʪʨʠ 

ʧʦʧʫʣʷʮʠʡ. ʇʦ ʩʚʝʜʝʥʠʷʤ ʃ. ɸ. ɾʠʚʦʪʦʚʩʢʦʛʦ [23], ʧʦʨʦʛʦʚʳʡ ʧʦʢʘʟʘʪʝʣʴ hr ʜʦʩʪʠʛʘʝʪ 0,3. 

ʏʝʤ ʤʝʥʴʰʝ ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʚ ʧʦʧʫʣʷʮʠʠ ʧʦʢʘʟʘʪʝʣʴ hr, ʪʝʤ ʙʦʣʴʰʝ ʩʙʘʣʘʥʩʠʨʦʚʘʥʘ 

ʩʪʨʫʢʪʫʨʘ ʨʘʟʥʦʦʙʨʘʟʠʷ ʚ ʧʦʧʫʣʷʮʠʠ, ʧʦʪʦʤʫ ʯʪʦ ʤʝʥʴʰʝ ʢʨʘʡʥʠʭ ʤʦʨʬ. ɺ ʩʣʫʯʘʝ, ʝʩʣʠ 

ʧʦʢʘʟʘʪʝʣʴ hr ʙʦʣʝʝ, ʯʝʤ 0,3; ʪʦ ʩʪʨʫʢʪʫʨʘ ʥʝ ʨʘʚʥʦʚʝʩʥʘ ʚ ʩʚʷʟʠ ʩ ʚʳʩʦʯʘʡʰʠʤ ʩʦʜʝʨʞʘʥʠʝʤ 

ʢʨʘʡʥʠʭ ʤʦʨʬ. ʇʦʢʘʟʘʪʝʣʴ hr ʠʤʝʝʪ ʙʦʣʝʝ ʚʳʩʦʢʦʝ ʟʥʘʯʝʥʠʝ, ʯʝʤ 0,3, ʫ 4 ʧʦʧʫʣʷʮʠʡ ʪʦʧʦʣʷ 

ʜʨʦʞʘʱʝʛʦ: Ptr3 (hr =0,603), Ptr4 (hr=0,586), Ptr5 (hr=0,582), Ptr1 (hr=0,422). ʇʦʢʘʟʘʪʝʣʴ hr 

ʥʠʞʝ 0,3 ʫ ʪʨʝʭ ʧʦʧʫʣʷʮʠʠ ʦʩʠʥʳ: Ptr3 (hr =0,204), Ptr6 (hr=0,185), Ptr7 (hr=0,185).  

ʇʨʠ ʠʟʫʯʝʥʠʠ 9 ʧʦʧʫʣʷʮʠʡ L. sibirica, ʘ ʠʤʝʥʥʦ ʝʝ ʟʘʧʘʜʥʦʡ ʨʘʩʳ, ʘʤʧʣʠʬʠʮʠʨʦʚʘʥʦ 

121 ISSRïPCR ʤʘʨʢʝʨʘ. ʂʘʢ ʧʦʣʠʤʦʨʬʥʳʝ ʫʢʘʟʘʥʳ 117 ʘʣʣʝʣʝʡ (=0,951). ʅʘ 

ʦʙʲʝʜʠʥʝʥʥʫʶ ʚʳʙʦʨʢʫ ʠʟ 9 ʧʦʧʫʣʷʮʠʡ, ʦʞʠʜʘʝʤʘʷ ʛʝʪʝʨʦʟʠʛʦʪʥʦʩʪʴ ʣʠʩʪʚʝʥʥʠʮʳ 

ʩʠʙʠʨʩʢʦʡ ʧʦʜʩʯʠʪʘʥʘ ʢʘʢ 0,202. ʂʘʢ ʫʩʪʘʥʦʚʠʣʘ ʖ. ʉ. ɺʘʩʠʣʴʝʚʘ [27], ʙʦʣʝʝ ʛʝʪʝʨʦʛʝʥʥʘ 

(ʈʠʩʫʥʦʢ) ʧʦʧʫʣʷʮʠʷ Lsb5 ( =0,868; =0,225), ʘ ʚ ʥʘʠʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ ð Lsb7 (

=0,741; =0,171). ɺ ʧʦʧʫʣʷʮʠʷʭ Lsb3, Lsb5 ʘʤʧʣʠʬʠʮʠʨʦʚʘʥʦ ʧʦ 1 ʦʨʠʛʠʥʘʣʴʥʦʤʫ (ʠʣʠ 

ʫʥʠʢʘʣʴʥʦʤʫ), ʘ ʚ ʧʦʧʫʣʷʮʠʠ Lsb6 ð 2 ʦʨʠʛʠʥʘʣʴʥʳʭ ISSRïPCR ʤʘʨʢʝʨʘ. ʂ ʧʨʠʤʝʨʫ, ʚ 

ʧʦʧʫʣʷʮʠʠ Lsb3 ʜʝʪʝʢʪʠʨʦʚʘʥ ʧʦʣʠʤʦʨʬʥʳʡ ʦʨʠʛʠʥʘʣʴʥʳʡ ʤʘʨʢʝʨ Lsb3p480IS8, ʢʦʪʦʨʳʡ 

ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʧʦʧʫʣʷʮʠʠ ʩ ʯʘʩʪʦʪʦʡ 0,467. 

ʇʨʠ ʩʨʘʚʥʝʥʠʠ ʦʧʠʩʘʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʟʫʯʝʥʥʦʛʦ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʩ 

ʫʢʘʟʘʥʥʳʤʠ ʚ ʣʠʪʝʨʘʪʫʨʝ ʜʘʥʥʳʤʠ ʥʫʞʥʦ ʦʙʷʟʘʪʝʣʴʥʦ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʧʦʢʘʟʘʪʝʣʠ, 

ʧʦʜʩʯʠʪʘʥʥʳʝ ʤʝʪʦʜʦʤ ISSRïʬʠʥʛʝʨʧʨʠʥʪʠʥʛʘ, ʪʘʢʪʠʯʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʣʠʰʴ ʪʦʣʴʢʦ ʩ 

ʜʘʥʥʳʤʠ, ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʪʘʢʠʭ ʞʝ ʜʦʤʠʥʘʥʪʥʳʭ ɼʅʂïʤʘʨʢʝʨʦʚ  
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ʇʦ ʩʚʝʜʝʥʠʷʤ ɺ. ʇ. ʇʫʪʝʥʠʭʠʥʘ ʠ ʝʛʦ ʩʦʘʚʪʦʨʦʚ [13] ʚ çʧʝʨʤʩʢʦïʢʘʤʩʢʦʡ 

ʧʨʝʜʫʨʘʣʴʩʢʦʡè ʠʟʦʣʠʨʦʚʘʥʥʦʡ ʧʦʧʫʣʷʮʠʡ ʣʠʩʪʚʝʥʥʠʮʳ ʉʫʢʘʯʝʚʘ ʚ ʇʨʠʢʘʤʴʝ ʥʘ ʦʩʥʦʚʘʥʠʠ 

ʧʦʣʠʤʦʨʬʠʟʤʘ ʠʟʦʬʝʨʤʝʥʪʦʚ ʫʩʪʘʥʦʚʣʝʥ ʧʦʚʳʰʝʥʥʳʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʨʘʡʦʥʘʤʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʫʨʦʚʝʥʴ ʛʝʥʝʪʠʯʝʩʢʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ [13]. ʉ ʧʨʠʤʝʥʝʥʠʝʤ ʤʠʢʨʦʩʘʪʝʣʣʠʪʦʚ 

ʫ L. sibirica, ʧʨʦʠʟʨʘʩʪʘʶʱʝʡ ʥʘ ʶʛʝ ʂʨʘʩʥʦʷʨʩʢʦʛʦ ʢʨʘʷ, ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʠʤʝʥʥʦ 

ʧʦʣʠʤʦʨʬʥʳʤʠ ʙʳʣʠ 91,3% ʣʦʢʫʩʦʚ [28].  

 

ʋ 9 ʦʙʩʣʝʜʦʚʘʥʥʳʭ ʧʦʧʫʣʷʮʠʡ ʣʠʩʪʚʝʥʥʠʮʳ ʩʠʙʠʨʩʢʦʡ ʙʦʣʴʰʝʡ ʨʘʚʥʦʤʝʨʥʦʩʪʴʶ 

ʨʘʩʩʨʝʜʦʪʦʯʝʥʠʷ ʯʘʩʪʦʪ ʘʣʣʝʣʝʡ ʦʙʣʘʜʘʣʘ Lsb5 (ɛr=1,774), ʘ ʥʘʠʤʝʥʴʰʝʡ ð Lsb7 (ɛr=1,626). 

ɺ ʦʪʣʠʯʠʠ ʦʪ P. tremula ʧʦʢʘʟʘʪʝʣʴ hr ʫ ʚʩʝʭ 9 ʧʦʧʫʣʷʮʠʡ L. sibirica ʤʝʥʴʰʝ 0,3; ʪʦ ʝʩʪʴ ʦʥʠ 

ʦʙʣʘʜʘʶʪ ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʢʨʘʡʥʠʭ ʤʦʨʬ ʠ ʨʘʚʥʦʚʝʩʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʨʘʟʥʦʦʙʨʘʟʠʷ. 

ʅʘʠʤʝʥʴʰʠʝ ʟʥʘʯʝʥʠʷ ʘʥʘʣʠʟʠʨʫʝʤʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʧʦʜʩʯʠʪʘʥʳ ʚ Lsb5 (hr = 0,113), ʘ ʩʘʤʳʝ 

ʙʦʣʴʰʠʝ ð ʚ Lsb7 (hr=0,187), ʧʦʵʪʦʤʫ ʦʥʘ ʠ ʥʘʠʤʝʥʝʝ ʨʘʚʥʦʚʝʩʥʘ. ʇʦʢʘʟʘʪʝʣʷ hr ʪʘʢʞʝ 

ʫʩʪʘʥʦʚʣʝʥ ʥʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʠʤʦʨʬʠʟʤʘ ʣʦʢʫʩʘ 4CL1-363 (ʛʝʥ 4-coumarateïCoA ligase, ID 

NCBI LOC18435511) ʫ L. sibirica [6]. ɺ ʢʘʯʝʩʪʚʝ ʤʦʨʬ ʧʨʠʥʷʪʳ ʛʘʧʣʦʪʠʧʳ. ɿʘʢʦʥʦʤʝʨʥʦʩʪʠ 

ʩʪʨʫʢʪʫʨʳ ʨʘʟʥʦʦʙʨʘʟʠʷ ʧʦʧʫʣʷʮʠʡ L. sibirica, ʦʙʥʘʨʫʞʝʥʥʳʝ ʥʘ ʦʩʥʦʚʘʥʠʠ ʧʘʨʘʤʝʪʨʦʚ 

ISSRïPCR ʤʘʨʢʝʨʦʚ ʠ ʧʦʜʩʯʠʪʘʥʥʳʝ ʧʦʩʨʝʜʩʪʚʦʤ hr, ʫʜʦʩʪʦʚʝʨʝʥʳ ʥʘ ʜʘʥʥʳʭ ʨʘʩʩʤʦʪʨʝʥʠʷ 

SNPïʤʘʨʢʝʨʦʚ. ɺ ʠʪʦʛʝ, ʠʟ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ 

ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʠʟ 16 ʧʦʧʫʣʷʮʠʡ ʜʚʫʭ ʚʠʜʦʚ ʥʘ ʋʨʘʣʝ ʩʚʦʝʦʙʨʘʟʠʝ ʛʝʥʦʬʦʥʜʦʚ 

ʧʦʧʫʣʷʮʠʡ ʤʦʞʝʪ ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʪʴ ʣʠʰʴ ʪʦʣʴʢʦ ʦʜʠʥ ʠʟ ʧʦʢʘʟʘʪʝʣʝʡ ð ʯʠʩʣʦ 

ʦʨʠʛʠʥʘʣʴʥʳʭ ʘʣʣʝʣʝʡ. ʀʟ ʚʥʫʪʨʝʥʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʟʥʦʦʙʨʘʟʠʷ ʧʦʧʫʣʷʮʠʡ ʜʣʷ 

ʚʳʷʚʣʝʥʠʷ ʦʨʠʛʠʥʘʣʴʥʦʩʪʠ ʛʝʥʦʬʦʥʜʦʚ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ ʧʦʢʘʟʘʪʝʣʴ ɛ, ʥʦ ʦʥ ʠʣʣʶʩʪʨʠʨʫʝʪ ʦ 

ʨʘʩʩʨʝʜʦʪʦʯʝʥʠʠ ʯʘʩʪʦʪ ʘʣʣʝʣʝʡ ʚ ʧʦʧʫʣʷʮʠʠ, ʥʝ ʫʢʘʟʳʚʘʷ ʥʘ ʠʭ ʩʧʝʮʠʬʠʢʫ. ɼʣʷ ʚʳʷʚʣʝʥʠʷ 

ʛʝʥʝʪʠʯʝʩʢʦʡ ʦʨʠʛʠʥʘʣʴʥʦʩʪʠ ʧʦʧʫʣʷʮʠʦʥʥʳʭ ʛʝʥʦʬʦʥʜʦʚ ʩʘʤʳʡ ʠʥʬʦʨʤʘʪʠʚʥʳʤ ʩʯʠʪʘʝʪʩʷ 

ʢʦʵʬʬʠʮʠʝʥʪ ʛʝʥʝʪʠʯʝʩʢʦʡ ʦʨʠʛʠʥʘʣʴʥʦʩʪʠ ð ʂɻʆ [8]. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʯʘʩʪʦʪʳ 

ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʧʨʦʠʟʚʦʜʷʪ çʚʟʚʝʰʠʚʘʥʠʝè, ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ, ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʘʣʣʝʣʝʡ. ʋ 

çʦʨʜʠʥʘʨʥʳʭè ʧʦʧʫʣʷʮʠʡ ʚʳʷʚʣʷʝʪʩʷ ʤʝʥʴʰʠʡ ʂɻʆ, ʪʘʢ ʢʘʢ ʫ ʥʠʭ ʢʦʤʧʣʝʢʪ ʯʘʩʪʦ 

ʚʩʪʨʝʯʘʶʱʠʭʩʷ ʚ ʠʩʩʣʝʜʫʝʤʦʡ ʛʨʫʧʧʳ ʘʣʣʝʣʝʡ. ʅʘʠʙʦʣʴʰʠʡ ʂɻʆ ʚʳʷʚʣʷʝʪʩʷ ʫ ʧʦʧʫʣʷʮʠʡ, 

ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʨʝʜʢʦ ʚʩʪʨʝʯʘʶʱʠʝʩʷ ʚ ʠʩʩʣʝʜʫʝʤʦʤ ʨʘʡʦʥʝ ʘʣʣʝʣʠ. 

ʄʝʪʦʜʠʢʘ ʧʦʜʩʯʝʪʘ ʂɻʆ ʨʘʟʨʘʙʦʪʘʥʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʘʨʢʝʨʦʚ ʩ ʜʦʤʠʥʘʥʪʥʳʤ ʪʠʧʦʤ 

ʥʘʩʣʝʜʦʚʘʥʠʷ ʠ ʨʘʟʨʝʰʘʝʪ ʦʪʤʝʪʠʪʴ ʙʘʟʠʩʥʳʝ ʠ ʩʚʦʝʦʙʨʘʟʥʳʝ ʛʝʥʦʬʦʥʜʳ.  

 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʂɻʆʨ ʧʦʧʫʣʷʮʠʡ ʜʨʝʚʝʩʥʳʭ ʚʠʜʦʚ ʨʘʩʪʝʥʠʡ ʚ ʦʙʱʝʧʨʠʥʷʪʫʶ 

ʤʝʪʦʜʠʢʫ [8] ʙʳʣʠ ʚʥʝʩʝʥʳ ʤʦʜʠʬʠʮʠʢʘʮʠʠ [9, 24], ʪʘʢ ʢʘʢ ʤʘʪʨʠʮʘ ʩʦʩʪʘʚʣʝʥʘ ʦʙʷʟʘʪʝʣʴʥʦ ʩ 

ʫʯʝʪʦʤ ʛʝʥʦʪʠʧʦʚ ʠʥʜʠʚʠʜʫʘʣʴʥʦ ʚʩʝʭ ʠʟʫʯʝʥʥʳʭ ʜʝʨʝʚʴʝʚ, ʘ ʥʝ ʜʣʷ ʧʦʧʫʣʷʮʠʠ ʚ ʮʝʣʦʤ, ʢʘʢ 

ʚ ʦʙʱʝʧʨʠʥʷʪʦʡ ʤʝʪʦʜʠʢʝ. ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʧʦʜʩʯʝʪʦʚ ʧʦ ʥʝʡ ʪʝʨʷʝʪʩʷ ʠʥʜʠʚʠʜʫʘʣʴʥʘʷ 

ʠʥʬʦʨʤʘʮʠʷ ʦ ʜʝʨʝʚʴʷʭ, ʢʦʪʦʨʘʷ ʧʨʠʥʮʠʧʠʘʣʴʥʘ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʜʨʝʚʝʩʥʳʭ ʨʘʩʪʝʥʠʡ. ɺ 

ʩʚʷʟʠ ʦʪʤʝʯʝʥʥʳʤʠ ʤʦʜʠʬʠʢʘʮʠʷʤʠ ʚ ʧʨʝʜʦʩʪʘʚʣʝʥʥʦʡ ʨʘʙʦʪʝ ʂɻʆ ʦʙʦʟʥʘʯʝʥ ʥʘʤʠ ʢʘʢ 

ʂɻʆʨ, ʪʦ ʝʩʪʴ ʂɻʆ ʜʣʷ ʜʨʝʚʝʩʥʳʭ ʨʘʩʪʝʥʠʡ. ɺ ʊʘʙʣʠʮʝ 2 ʧʨʝʜʩʪʘʚʣʝʥ ʠʪʦʛʦʚʳʡ ʧʦʜʩʯʝʪ 

ʂɻʆʨ ʜʣʷ 7 ʧʦʧʫʣʷʮʠʡ ʪʦʧʦʣʷ ʜʨʦʞʘʱʝʛʦ. ʉʘʤʳʝ ʙʦʣʴʰʠʝ ʂɻʆʨ ʦʙʥʘʨʫʞʝʥʳ ʚ ʧʦʧʫʣʷʮʠʷʭ 

ʦʩʠʥʳ: Ptr4 (ʂɻʆʨ=2,450); Ptr2 (ʂɻʆʨ=2,200), ʘ ʤʝʥʴʰʠʝ ð ʚ Ptr5 (ʂɻʆʨ=1,900). ɼʣʷ 

ʜʝʣʝʥʠʷ ʛʝʥʦʬʦʥʜʦʚ ʠʟʫʯʝʥʥʳʭ ʧʦʧʫʣʷʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʦʩʠʥʳ ʧʦ ʩʪʝʧʝʥʠ ʦʨʠʛʠʥʘʣʴʥʦʩʪʠ 

(ʩʧʝʮʠʬʠʯʥʦʩʪʠ) ʧʨʝʜʣʘʛʘʶʪʩʷ ʠʥʪʝʨʚʘʣʳ: ʩ ʂɻʆʨ ʦʪ 1,500 ʜʦ 1,900 ð ʪʠʧʠʯʥʳʡ; ʩ ʂɻʆʨ ʦʪ 

2,000 ʠ ʧʦʚʳʰʝ ð ʩʧʝʮʠʬʠʯʥʳʡ, ʥʦ ʩ ʫʯʝʪʦʤ ʫʥʠʢʘʣʴʥʳʭ ʠʣʠ ʦʨʠʛʠʥʘʣʴʥʳʭ ʘʣʣʝʣʝʡ. 

ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ, ʧʦʧʫʣʷʮʠʷ ʪʦʧʦʣʷ ʜʨʦʞʘʱʝʛʦ Ptr5 (ʂɻʆʨ=1,900) ʨʘʩʧʦʣʘʛʘʝʪ ʦʙʳʯʥʳʤ 

(ʙʘʟʦʚʳʤ) ʛʝʥʦʬʦʥʜʦʤ, ʘ ʧʦʧʫʣʷʮʠʠ Ptr4 (ʂɻʆʨ=2,450) ʠ Ptr2 (ʂɻʆʨ=2,200) ð 
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ʩʚʦʝʦʙʨʘʟʥʳʤ ʛʝʥʦʬʦʥʜʦʤ. ɺʳʩʦʯʘʡʰʠʝ ʂɻʆʨ ʧʦʜʪʚʝʨʞʜʘʶʪ ʧʨʠʩʫʪʩʪʚʠʝ ʚ ʛʝʥʦʬʦʥʜʝ 

ʨʝʜʢʠʭ ʜʣʷ ʨʘʡʦʥʘ ʠʟʳʩʢʘʥʠʡ ʘʣʣʝʣʝʡ, ʠʭ ʙʦʣʴʰʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʠ ʫʢʘʟʳʚʘʶʪ ʥʘ 

ʩʧʝʮʠʬʠʯʥʦʩʪʴ ʛʝʥʦʬʦʥʜʘ.  

 

ʇʦʧʫʣʷʮʠʠ ʞʝ ʩ ʥʘʠʤʝʥʴʰʠʤ ʂɻʆʨ ʠʤʝʶʪ ʥʝʚʳʩʦʢʠʝ ʯʘʩʪʦʪʳ ʠ ʩʦʜʝʨʞʘʥʠʝ ʨʝʜʢʠʭ 

ʘʣʣʝʣʝʡ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʘʣʠʯʠʝ ʚ ʧʦʧʫʣʷʮʠʠ ʙʘʟʠʩʥʦʛʦ ʛʝʥʦʬʦʥʜʘ. ʋ L. sibirica ʩʘʤʳʝ 

ʙʦʣɹh ʠʝ ʂɻʆʨ ʚʳʷʚʣʝʥʳ ʚ ʧʦʧʫʣʷʮʠʷ Lsb5 (ʂɻʆʨ=1,171); ʘ ʝʱʝ ʚ ʥʝʡ ʞʝ ʦʙʥʘʨʫʞʝʥʳ 

ʦʨʠʛʠʥʘʣʴʥʳʝ ʘʣʣʝʣʠ [27]. ʕʪʘ 5 ʧʦʧʫʣʷʮʠʷ ʥʘʭʦʜʠʪʩʷ ʚ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʇʝʨʤʩʢʦʛʦ ʢʨʘʷ ʠ ʥʘ 

ʟʥʘʯʠʪʝʣʴʥʦʤ ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʠʥʳʭ ʠʟʫʯʝʥʥʳʭ ʧʦʧʫʣʷʮʠʡ. ɺʧʦʣʥʝ ʚʝʨʦʷʪʥʦ, ʚʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ 

ʚ ʥʝʡ ʠ ʩʦʙʨʘʥʳ ʥʝʪʠʧʠʯʥʳʝ ʜʣʷ ʨʘʡʦʥʘ ʠʟʳʩʢʘʥʠʡ ʘʣʣʝʣʠ. ʄʝʥʴʰʠʡ ʂɻʆʨ ʧʦʜʩʯʠʪʘʥ ʫ 

Lsb4 (ʂɻʆʨ=0,587). ʆʥʘ ʦʙʣʘʜʘʝʪ ʙʘʟʠʩʥʳʤ ʜʣʷ ʨʘʡʦʥʘ ʠʟʳʩʢʘʥʠʡ ʛʝʥʦʬʦʥʜʦʤ. ʕʪʘ 

ʧʦʧʫʣʷʮʠʷ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʥʘ ʩʝʚʝʨʝ ʇʝʨʤʩʢʦʛʦ ʢʨʘʷ, ʚ ʮʝʥʪʨʝ ʨʝʛʠʦʥʘ ʩʨʝʜʥʝʪʘʝʞʥʳʭ ʣʝʩʦʚ, 

ʢʦʪʦʨʳʡ ʟʘʥʠʤʘʝʪ ʙʦʣʴʰʠʝ ʪʝʨʨʠʪʦʨʠʠ ʩ ʧʦʯʪʠ ʥʝʧʨʝʨʳʚʥʳʤ ʘʨʝʘʣʦʤ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 

ʟʘʪʨʦʥʫʪ ʚʣʠʷʥʠʝʤ ʯʝʣʦʚʝʢʘ. ɺʧʦʣʥʝ ʚʝʨʦʷʪʥʦ, ʵʪʦ ʠ ʩʣʫʞʠʪ ʦʜʥʠʤ ʠʟ ʬʘʢʪʦʨʦʚ ʪʠʧʠʯʥʦʩʪʠ 

ʛʝʥʦʬʦʥʜʘ Lsb4. ɺ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʧʦʧʫʣʷʮʠʠ ʥʝ ʥʘʡʜʝʥʳ ʦʨʠʛʠʥʘʣʴʥʳʝ ʘʣʣʝʣʠ.  

 

ʅʘʢʦʥʝʮ, ʜʣʷ ʰʢʘʣʠʨʦʚʘʥʠ ̫ʛʝʥʦʬʦʥʜʦʚ ʣʠʩʪʚʝʥʥʠʮʳ ʩʠʙʠʨʩʢʦʡ, ʪʦ ʝʩʪʴ ʝʝ ʟʘʧʘʜʥʦʡ 

ʨʘʩʳ, ʧʦ ʩʪʝʧʝʥʠ ʠʭ ʦʨʠʛʠʥʘʣʴʥʦʩʪʠ (ʩʧʝʮʠʬʠʯʥʦʩʪʠ) ʚ ʨʘʡʦʥʝ ʠʟʫʯʝʥʠʷ ʧʨʝʜʣʦʞʝʥʳ ʪʘʢʠʝ 

ʠʥʪʝʨʚʘʣʳ: ʩ ʂɻʆʨ ʦʪ 0,580 ʜʦ 0,930 ð ʪʠʧʠʯʥʳʡ; ʩ ʂɻʆʨ ʦʪ 0,930 ʠ ʧʦʚʳʰʝ ð 

ʩʧʝʮʠʬʠʯʥʳʡ. ʅʝ ʩʯʠʪʘʷ ʵʪʦʛʦ, ʧʨʠ ʚʳʷʚʣʝʥʠʠ ʩʧʝʮʠʬʠʢʠ ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʪʩʷ ʧʨʠʩʫʪʩʪʚʠʝ 

ʦʨʠʛʠʥʘʣʴʥʳʭ ʘʣʣʝʣʝʡ, ʦʙʥʘʨʫʞʝʥʥʳʭ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʚʩʝʚʦʟʤʦʞʥʳʭ ʪʠʧʦʚ ʤʘʨʢʝʨʦʚ. ʂ 

ʧʨʠʤʝʨʫ, ʚ ʧʦʧʫʣʷʮʠʠ Lsb7 ʩ ʂɻʆʨ=0,703 ʨʘʥʴʰʝ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ ʥʘʠʙʦʣʴʰʝʝ ʯʠʩʣʦ (5) 

ʦʨʠʛʠʥʘʣʴʥʳʭ SNPïʤʘʨʢʝʨʦʚ [6], ʚʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʛʝʥʦʬʦʥʜ ʵʪʦʡ ʧʦʧʫʣʷʮʠʠ ʚʦʟʤʦʞʥʦ 

ʦʪʥʝʩʪʠ ʢ ʩʧʝʮʠʬʠʯʝʩʢʠʤ. 

ʂʘʢ ʧʦʢʘʟʘʥʦ ʥʘ 16 ʧʦʧʫʣʷʮʠʡ ʜʚʫʭ ʚʠʜʦʚ ʨʘʩʪʝʥʠʡ, ʧʨʝʜʝʣʳ ʟʥʘʯʝʥʠʡ ʂɻʆʨ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʪʠʧʠʯʥʦʩʪʠ/ʩʧʝʮʠʬʠʯʥʦʩʪʠ ʛʝʥʦʪʠʧʦʚ ʦʪʣʠʯʘʶʪʩʷ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ 

ʨʘʩʪʝʥʠʡ ʠ ʠʭ ʥʫʞʥʦ ʧʦʜʩʯʠʪʘʪʴ ʜʣʷ ʣʶʙʦʛʦ ʚʠʜʘ ʦʪʜʝʣʴʥʦ ʚ ʨʘʡʦʥʝ ʠʟʫʯʝʥʠʷ. 

 

ɺ ʠʪʦʛʝ, ʧʨʝʜʣʦʞʝʥ ʧʨʠʥʮʠʧ ʦʪʙʦʨʘ ʦʙʲʝʢʪʦʚ ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ ʛʝʥʦʬʦʥʜʦʚ, ʘ ʠʤʝʥʥʦ 

ʨʝʢʦʤʝʥʜʦʚʘʥʦ ʚʳʙʠʨʘʪʴ ʧʦʧʫʣʷʮʠʠ ʢʘʢ ʩ ʙʘʟʦʚʳʤʠ (ʪʠʧʠʯʥʳʤʠ) ʛʝʥʦʬʦʥʜʘʤʠ, ʢʘʢ ʫ 

P. tremula ʧʦʧʫʣʷʮʠʷ Ptr5 (ʂɻʆʨ=1,900) ʠ ʫ L. sibirica ʧʦʧʫʣʷʮʠʷ Lsb4 (ʂɻʆʨ=0,587); ʢʨʦʤʝ 

ʵʪʦʛʦ, ʠ ʩʦ ʩʧʝʮʠʬʠʯʥʳʤʠ ʛʝʥʦʬʦʥʜʘʤʠ, ʢʘʢ ʫ P. tremula ʧʦʧʫʣʷʮʠʷ Ptr4 (ʂɻʆʨ=2,450); Ptr2 

(ʂɻʆʨ=2,200) ʠ ʫ L. sibirica ʧʦʧʫʣʷʮʠʠ Lsb5 (ʂɻʆʨ=1,171).  

 

ɿʘʢʣʶʯʝʥʠʝ 

ʄʦʣʝʢʫʣʷʨʥʦïʛʝʥʝʪʠʯʝʩʢʦʝ ʠʟʫʯʝʥʠʝ 7 ʧʦʧʫʣʷʮʠʡ P. tremula, ʚʳʷʚʠʣ 119 ISSRïPCR 

ʤʘʨʢʝʨʦʚ. ɼʣʷ P. tremula ʩʚʦʡʩʪʚʝʥʝʥ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ 

(P95=0,731; HE=0,129). ɹʦʣʝʝ ʛʝʥʝʪʠʯʝʩʢʠ ʨʘʟʥʦʦʙʨʘʟʥʘ Ptr4 (P95=0,790; HE =0,138), ʘ ʤʝʥʝʝ 

ð Ptr5 (P95=0,565; HE =0,120). ʇʦ 1 ʦʨʠʛʠʥʘʣʴʥʦʤʫ ʘʣʣʝʣʶ ʥʘʡʜʝʥʦ ʚ ʧʦʧʫʣʷʮʠʷʭ Ptr1, Ptr4, 

Ptr6, Ptr7, ʘ ʚ ʧʦʧʫʣʷʮʠʷʭ Ptr2, Ptr3, Ptr5 ð ʧʦ 5. ʏʘʩʪʦʪʳ ʘʣʣʝʣʝʡ ʙʦʣʝʝ ʨʘʚʥʦʤʝʨʥʦ 

ʨʘʩʧʨʝʜʝʣʝʥʳ ʚ Ptr2 (ɛr=0,598), ʘ ʥʘʠʤʝʥʝʝ ʨʘʚʥʦʤʝʨʥʦ ð ʚ Ptr5 (ɛr=0,301). 

ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ 9 ʧʦʧʫʣʷʮʠʡ L. sibirica ʚʳʷʚʣʝʥʦ 121 ISSRïPCR ʤʘʨʢʝʨʘ. ɼʦʣʷ 

ʧʦʣʠʤʦʨʬʠʟʤʘ ʤʘʨʢʝʨʦʚ, ʠ ʦʞʠʜʘʝʤʘʷ ʛʝʪʝʨʦʟʠʛʦʪʥʦʩʪʴ (P95=0,951; HE =0,202 ʚʳʰʝ ʫ ʵʪʦʛʦ 

ʚʠʜʘ), ʯʝʤ ʫ P. tremula. ʇʦʧʫʣʷʮʠʠ L. sibirica ʝʱʝ ʦʪʣʠʯʘʶʪʩʷ ʧʦ ʩʚʝʜʝʥʠʷʤ ʦ ʛʝʥʝʪʠʯʝʩʢʦʤ 

ʨʘʟʥʦʦʙʨʘʟʠʠ: ʚ ʧʦʧʫʣʷʮʠʠ Lsb5 ɻ ʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʳʩʦʯʘʡʰʠʝ (P95=0,868; HE =0,225), ʘ ʚ 

ʧʦʧʫʣʷʮʠʷ Lsb7 ð ʤʝʥʴʰʠʝ (P95=0,741; HE=0,171). ɺ ʧʦʧʫʣʷʮʠʷʭ L. sibirica Lsb3, Lsb5 

http://www.bulletennauki.com/


 

 
ɹʶʣʣʝʪʝʥʴ ʥʘʫʢʠ ʠ ʧʨʘʢʪʠʢʠ ð Bulletin of Science and Practice

ʥʘʫʯʥʳʡ ʞʫʨʥʘʣ (scientific journal)   ʊ. 4. ̄ 5. 2018 ʛ. 
 http://www.bulletennauki.com  

 

 

 

 

55 

 

 

ʚʳʷʚʣʝʥʦ ʧʦ 1 ʦʨʠʛʠʥʘʣʴʥʦʤʫ, ʘ ʚ ʧʦʧʫʣʷʮʠʠ Lsb6 ð 2 ʦʨʠʛʠʥʘʣʴʥʳʭ ISSRïPCR ʤʘʨʢʝʨʘ. 

ʇʨʠ ʵʪʦʤ, ʨʘʚʥʦʤʝʨʥʳʤ ʨʘʩʩʨʝʜʦʪʦʯʝʥʠʝʤ ʯʘʩʪʦʪ ʘʣʣʝʣʝʡ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ Lsb5 (ɛr=1,747), ʘ 

ʥʘʠʤʝʥʝʝ ʨʘʚʥʦʤʝʨʥʳʤ ð ʚ Lsb7 (ɛr=1,626). ɺʧʨʦʯʝʤ, ʜʘʥʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʧʦʢʘʟʳʚʘʝʪ ʣʠʰʴ 

ʪʦʣʴʢʦ ʥʘ ʤʝʨʥʦʩʪʴ ʨʘʩʩʨʝʜʦʪʦʯʝʥʠʷ ʯʘʩʪʦʪ ʘʣʣʝʣʝʡ ʚ ʧʦʧʫʣʷʮʠʠ, ʥʝ ʜʝʤʦʥʩʪʨʠʨʫʷ ʠʭ 

ʩʧʝʮʠʬʠʯʥʦʩʪʴ.  

ɺ ʟʘʢʣʶʯʝʥʠʝ, ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ ʦʧʠʩʘʥʥʳʭ ʛʝʥʦʬʦʥʜʦʚ ʧʦʧʫʣʷʮʠʡ ʠʟʫʯʝʥʥʳʭ ʜʚʫʭ 

ʚʠʜʦʚ ʦʪʦʙʨʘʥʳ ʧʦʧʫʣʷʮʠʠ ʢʘʢ ʩ ʪʠʧʠʯʥʳʤʠ ʛʝʥʦʬʦʥʜʘʤʠ, ʢʘʢ ʫ P. tremula ʧʦʧʫʣʷʮʠʷ Ptr5 

(ʂɻʆʨ=1,900) ʠ ʫ L. sibirica ʧʦʧʫʣʷʮʠʷ Lsb4 (ʂɻʆʨ=0,587); ʠ ʝʱʝ ʠ ʩʦ ʩʧʝʮʠʬʠʯʝʩʢʠʤʠ 

ʛʝʥʦʬʦʥʜʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ ʫ P. tremula ʧʦʧʫʣʷʮʠʷ Ptr4 (ʂɻʆʨ=2,450) ʠ Ptr2 (ʂɻʆʨ=2,200), ʘ ʫ 

L. sibirica ʧʦʧʫʣʷʮʠʷ Lsb5 (ʂɻʆʨ=1,171). ʉʧʝʮʠʬʠʢʫ ʛʝʥʦʬʦʥʜʦʚ ʜʦʧʦʣʥʷʶʪ ʝʱʝ ʠ 

ʦʨʠʛʠʥʘʣʴʥʳʝ (ʫʥʠʢʘʣʴʥʳʝ) ʘʣʣʝʣʠ. ʀʟʫʯʝʥʠʝ ʛʝʥʝʪʠʯʝʩʢʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ ʧʨʠʨʦʜʥʳʭ 

ʧʦʧʫʣʷʮʠʡ ʜʨʝʚʝʩʥʳʭ ʨʘʩʪʝʥʠʡ ʠ ʦʮʝʥʢʘ ʛʝʥʝʪʠʯʝʩʢʦʡ ʦʨʠʛʠʥʘʣʴʥʦʩʪʠ ʠʭ ʛʝʥʦʬʦʥʜʦʚ ʪʘʢʞʝ 

ʥʫʞʥʳ ʜʣʷ ʨʝʢʦʤʝʥʜʘʮʠʡ ʤʝʨ ʦʭʨʘʥʳ ʧʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʠ ʜʘʣʴʥʝʡʰʝʤʫ ʩʦʭʨʘʥʝʥʠʶ 

ʛʝʥʦʬʦʥʜʦʚ ʥʘ ʧʦʧʫʣʷʮʠʦʥʥʦʤ ʫʨʦʚʥʝ. 
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ɸʥʥʦʪʘʮʠʷ. ʇʨʠʨʦʜʥʳʝ ʫʩʣʦʚʠʷ ʣʝʩʦʚ ʚ ʅʘʭʠʯʝʚʘʥʩʢʦʡ ɸʚʪʦʥʦʤʥʦʡ ʈʝʩʧʫʙʣʠʢʝ 

ʧʨʘʢʪʠʯʝʩʢʠ ʠʜʝʥʪʠʯʥʳ ʠ ʙʣʘʛʦʧʨʠʷʪʩʪʚʫʶʪ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʶ ʜʠʢʦʨʘʩʪʫʱʠʭ ʧʣʦʜʦʚʦï 

ʷʛʦʜʥʳʭ ʚʠʜʦʚ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʠʭ ʬʘʢʪʠʯʝʩʢʘʷ ʫʨʦʞʘʡʥʦʩʪʴ ʧʦʯʪʠ ʚʜʚʦʝ ʥʠʞʝ ʙʠʦʣʦʛʠʯʝʩʢʠ 

ʚʦʟʤʦʞʥʦʛʦ ʫʨʦʚʥʷ.  

ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʧʨʦʠʟʨʘʩʪʘʝʪ ʩʚʳʰʝ 400 ʚʠʜʦʚ ʤʝʜʦʥʦʩʦʚ ʠ ʧʳʣʴʮʝʥʦʩʦʚ, ʙʦʣʝʝ 800 

ʚʠʜʦʚ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʨʘʩʪʝʥʠʡ ʠ ʙʦʣʝʝ 100 ʚʠʜʦʚ ʰʣʷʧʦʯʥʳʭ ʛʨʠʙʦʚ. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʠʤʝʥʝʥʠʷ ʚʩʝ ʚʠʜʳ ʧʦʣʝʟʥʳʭ ʨʘʩʪʝʥʠʡ ʙʳʣʠ ʦʪʥʝʩʝʥʳ ʢ 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʳʨʴʝʚʦʡ ʛʨʫʧʧʝ. 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʫʨʦʞʘʡʥʦʩʪʠ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʝʦʙʭʦʜʠʤʦ ʨʝʘʣʠʟʦʚʘʪʴ 

ʢʦʤʧʣʝʢʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʦʭʨʘʥʝ ʣʝʩʦʚ ʠ ʨʘʮʠʦʥʘʣʴʥʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ 

ʜʠʢʦʨʘʩʪʫʱʠʭ ʧʣʦʜʦʚʦï̫ ʛʦʜʥʳʭ ʚʠʜʦʚ. 

 

Abstract. The natural conditions of forest in the Nakhchivan Autonomous Republic are 

practically identical and favor the spread of wildïgrowing fruitïberry species. At the same time, 

their actual yield is almost twice lower than the biologically possible level.  

There are more than 400 species of honeyï and pollenïplants, more than 800 kinds of 

medicinal plants and more than 100 kinds of hatïshaped fungi. 

Depending on the use of all kinds of useful plants were assigned to a specific group of raw 

materials. 

To increase crop yields and production efficiency, it is necessary to implement a set of 

appropriate measures to protect forests and rational use of wild fruit and berry species. 
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ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʅʘʭʠʯʝʚʘʥʩʢʘʷ ɸʚʪʦʥʦʤʥʘʷ ʈʝʩʧʫʙʣʠʢʘ, ʣʝʩʥʘʷ ʵʢʦʩʠʩʪʝʤʘ, 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝʜʨʝʚʝʩʥʳʭ ʨʝʩʫʨʩʦʚ ʣʝʩʦʚ, ʨʘʮʠʦʥʘʣʴʥʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʧʨʠʨʦʜʥʳʭ 

ʨʝʩʫʨʩʦʚ, ʦʭʨʘʥʝ ʣʝʩʦʚ. 

 

Keywords: Nakhchivan Autonomous Republic, forest ecosystem, using non-wood resources 

of forests, rational use of natural resources, protection of forests. 

 

ʅʘʭʠʯʝʚʘʥʩʢʘʷ ɸʚʪʦʥʦʤʥʘʷ ʈʝʩʧʫʙʣʠʢʘ ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ɸʟʝʨʙʘʡʜʞʘʥʩʢʦʡ ʈʝʩʧʫʙʣʠʢʠ 

ʠ ʨʘʩʧʦʣʦʞʝʥʘ ʚ ʶʛʦïʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʄʘʣʦʛʦ ʂʘʚʢʘʟʘ. ʊʝʨʨʠʪʦʨʠʷ ɸʚʪʦʥʦʤʥʦʡ ʈʝʩʧʫʙʣʠʢʠ 

ʥʘʭʦʜʠʪʩʷ ʤʝʞʜʫ 38Á51Ëï 39Á41Ë ʩʝʚʝʨʥʦʡ ʰʠʨʦʪʳ ʠ 44Á46Ëï 46Á10Ë ʚʦʩʪʦʯʥʦʡ ʜʦʣʛʦʪʳ. 

ɽʩʪʝʩʪʚʝʥʥʳʤʠ ʛʨʘʥʠʮʘʤʠ ʝʝ ʩʣʫʞʘʪ ʥʘ ʶʛʝ ʠ ʶʛʦïʟʘʧʘʜʝ ʨʝʢʘ ɸʨʘʢʩ, ʘ ʥʘ ʩʝʚʝʨʦï

ʚʦʩʪʦʢʝ, ʩʝʚʝʨʦïʟʘʧʘʜʝ ɿʘʥʛʝʟʫʨʩʢʠʡ ʠ ɼʘʨʘʣʘʛʝʟʩʢʠʡ ʭʨʝʙʪʳ. ʅʘʭʠʯʝʚʘʥʩʢʘʷ ɸʚʪʦʥʦʤʥʘʷ 

ʈʝʩʧʫʙʣʠʢʘ ʟʘʥʠʤʘʝʪ ʧʣʦʱʘʜʴ 5,5 ʪʳʩ ʢʚ. ʢʠʣʦʤʝʪʨʦʚ, ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ ʙʦʣʝʝ ʰʝʩʪʠ ʧʨʦʮʝʥʪʦʚ 

ʚʩʝʡ ʧʣʦʱʘʜʠ ɸʟʝʨʙʘʡʜʞʘʥʩʢʦʡ ʈʝʩʧʫʙʣʠʢʠ [1]. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʅʘʭʠʯʝʚʘʥʩʢʦʡ ɸʚʪʦʥʦʤʥʦʡ ʈʝʩʧʫʙʣʠʢʝ ʣʝʩʦʚ ʦʯʝʥʴ ʤʘʣʦ, ʚ 

ʣʦʢʘʣʴʥʦʡ ʬʦʨʤʝ ʤʦʞʥʦ ʚʩʪʨʝʪʠʪʴ ʚʩʝʛʦ ʣʠʰʴ ʥʝʩʢʦʣʴʢʦ ʣʝʩʥʳʭ ʤʘʩʩʠʚʦʚ, ʢʦʪʦʨʳʝ 

ʥʘʭʦʜʷʪʩʷ ʚʦ ʚʟʘʠʤʦʩʚʷʟʠ ʩ ʢʩʝʨʦʬʠʪʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴʶ ʛʦʨ ʠ ʩʫʙʘʣʴʧʠʡʩʢʦʡ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʴʶ. ʆʙʨʘʟʫʶʪʩʷ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʬʦʨʤʘʮʠʠ ʣʝʩʥʳʭ ʩʦʦʙʱʝʩʪʚ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ 

ʵʪʦʛʦ ʨʝʛʠʦʥʘ. ʆʩʥʦʚʥʳʤʠ ʧʨʠʯʠʥʘʤʠ ʵʪʦʛʦ ʷʚʣʷʶʪʩʷ ʨʝʟʢʦ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʡ ʢʣʠʤʘʪ ʠ 

ʦʩʦʙʝʥʥʦʩʪʠ ʦʨʦʛʨʘʬʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ. ʇʦʜ ʣʝʩʘʤʠ ʜʘʥʥʦʛʦ ʨʘʡʦʥʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʣʝʛʘʶʪ 

ʛʦʨʥʦʣʝʩʥʳʝ ʧʦʯʚʳ. ʆʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʚʳʧʘʜʘʶʱʠʭ ʦʩʘʜʢʦʚ ʨʘʚʥʦ 660 ʤʤ. ɺ ʟʘʩʫʰʣʠʚʳʝ 

ʛʦʜʳ ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʩʥʠʞʘʝʪʩʷ ʜʦ 370ï400 ʤʤ.  

ʃʝʩʥʳʝ ʤʘʩʩʠʚʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʝʨʪʠʢʘʣʴʥʦʡ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʟʦʥʘʣʴʥʦʩʪʠ 

ʨʘʟʤʝʱʝʥʳ ʧʦ-ʨʘʟʥʦʤʫ. ʅʘ ʚʳʩʦʪʝ 1800ï2400 (2600) ʤ ð ʨʘʚʥʦʤʝʨʥʦ, ʦʪʜʝʣʴʥʳʤʠ ʧʷʪʥʘʤʠ 

ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʫʱʝʣʴʷʭ, ʘ ʥʘ ʩʢʣʦʥʘʭ ʛʦʨ ʩ ʢʨʫʪʠʟʥʦʡ 10ï40Á ʥʦʩʷʪ ʠʥʪʨʘʟʦʥʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ. 

ɻʦʨʥʳʝ ʣʝʩʥʳʝ ʬʦʨʤʘʮʠʠ ʢʨʘʷ ʟʘʥʠʤʘʶʪ ʚʩʝʛʦ 3376 ʛʘ [2].  

ɽʩʪʝʩʪʚʝʥʥʳʝ ʣʝʩʘ ʅʘʭʠʯʝʚʘʥʩʢʦʡ ɸʈ ʤʘʣʦʧʨʦʜʫʢʪʠʚʥʳ, ʥʠʟʢʙʦʥʠʪʝʪʥʳ ʠ 

ʤʘʣʦʧʨʠʛʦʜʥʳ ʜʣʷ ʭʦʟʷʡʩʪʚ, ʦʜʥʘʢʦ ʚ ʘʛʨʦʥʦʤʠʯʝʩʢʦʤ ʠ ʣʘʥʜʰʘʬʪʥʦʤ ʧʣʘʥʝ ʦʯʝʥʴ ʚʘʞʥʳ.  

ʃʝʩʘ, ʢʨʦʤʝ ʜʨʝʚʝʩʠʥʳ, ʭʨʘʥʷʪ ʠ ʜʨʫʛʠʝ ʙʦʛʘʪʩʪʚʘ, ʪʘʢ ʥʝʜʨʝʚʝʩʥʫʶ ʧʨʦʜʫʢʮʠʶ. 

ʇʨʝʞʜʝ ʚʩʝʛʦ, ʵʪʦ ð ʧʣʦʜʳ, ʷʛʦʜʳ, ʛʨʠʙʳ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʙʦʣʝʝ 40% ʣʝʢʘʨʩʪʚ 

ʠʟʛʦʪʘʚʣʠʚʘʝʪʩʷ ʠʟ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʨʦʠʟʨʘʩʪʘʶʱʝʛʦ ʚ ʣʝʩʫ. ɹʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʣʝʩʥʳʭ ʨʘʩʪʝʥʠʡïʤʝʜʦʥʦʩʦʚ ʩʦʟʜʘʝʪ ʥʘʜʝʞʥʫʶ ʢʦʨʤʦʚʫʶ ʙʘʟʫ ʜʣʷ ʧʯʝʣʦʚʦʜʩʪʚʘ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝʜʨʝʚʝʩʥʳʭ ʨʝʩʫʨʩʦʚ ʣʝʩʘ ʚ ʅʘʭʠʯʝʚʘʥʩʢʦʡ ɸʚʪʦʥʦʤʥʦʡ ʈʝʩʧʫʙʣʠʢʝ ʠʤʝʝʪ 

ʜʘʚʥʶʶ ʠʩʪʦʨʠʶ. ʇʨʠ ʧʣʘʥʦʚʦʡ ʩʠʩʪʝʤʝ ʚʝʜʝʥʠʷ ʭʦʟʷʡʩʪʚʘ ʟʘʛʦʪʘʚʣʠʚʘʣʠʩʴ ʜʝʩʷʪʢʠ ʚʠʜʦʚ 

ʜʠʢʦʨʘʩʪʫʱʠʭ ʨʘʩʪʝʥʠʡ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʚ ʧʠʱʝʚʦʡ, ʧʘʨʬʶʤʝʨʥʦʡ, ʭʠʤʠʯʝʩʢʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʚ ʤʝʜʠʮʠʥʝ. 

ʇʦ ʃʝʩʥʦʤʫ ʢʦʜʝʢʩʫ ɸʟʝʨʙʘʡʜʞʘʥʩʢʦʡ ʈʝʩʧʫʙʣʠʢʠ ʜʦʧʫʩʢʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʚʠʜʳ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʣʝʩʦʚ: ʟʘʛʦʪʦʚʢʘ ʜʨʝʚʝʩʠʥʳ, ʟʘʛʦʪʦʚʢʘ ʚʪʦʨʦʩʪʝʧʝʥʥʳʭ ʣʝʩʥʳʭ ʨʝʩʫʨʩʦʚ 

(ʧʥʝʡ, ʢʦʨʳ, ʩʪʚʦʣʦʚ ʚʳʩʦʭʰʠʭ ʜʝʨʝʚʴʝʚ ʠ ʜʨʫʛʠʭ), ʧʦʙʦʯʥʦʝ ʣʝʩʦʧʦʣʴʟʦʚʘʥʠʝ (ʩʝʥʦʢʦʰʝʥʠʝ, 

ʨʘʟʤʝʱʝʥʠʝ ʫʣʴʝʚ ʠ ʧʘʩʝʢ, ʟʘʛʦʪʦʚʢʘ ʠ ʩʙʦʨ ʜʠʢʦʨʘʩʪʫʱʠʭ ʧʣʦʜʦʚ, ʷʛʦʜ, ʦʨʝʭʦʚ ʛʨʠʙʦʚ, 

ʜʫʙʦʚʳʭ ʞʝʣʫʜʝʡ, ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʨʘʩʪʝʥʠʡ, ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʳʨʴʷ ʠ ʜʨʫʛʠʭ ʚʠʜʦʚ ʧʦʙʦʯʥʦʛʦ 

ʣʝʩʦʧʦʣʴʟʦʚʘʥʠʷ, ʧʝʨʝʯʝʥʴ ʢʦʪʦʨʳʭ ʫʪʚʝʨʞʜʘʝʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʦʨʛʘʥʦʤ 

ʠʩʧʦʣʥʠʪʝʣʴʥʦʡ ʚʣʘʩʪʠ), ʧʦʣʴʟʦʚʘʥʠʝ ʫʯʘʩʪʢʘʤʠ ʣʝʩʥʦʛʦ ʬʦʥʜʘ ʜʣʷ ʥʘʫʯʥʦï

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʮʝʣʝʡ, ʢʫʣʴʪʫʨʥʦïʦʟʜʦʨʦʚʠʪʝʣʴʥʳʭ, ʪʫʨʠʩʪʠʯʝʩʢʠʭ ʠ ʩʧʦʨʪʠʚʥʳʭ ʮʝʣʝʡ ʠ 

ʜʣʷ ʥʫʞʜ ʦʭʦʪʥʠʯʴʝʛʦ ʭʦʟʷʡʩʪʚʘ (1).  
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ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʩʪʘʣʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦ ʛʨʫʧʧʘʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʣʝʟʥʳʭ ʨʘʩʪʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ (ʦʨʝʭʦʚʳʝ, ʧʠʱʝʚʳʝ, ʦʚʦʱʥʳʝ, 

ʧʣʦʜʦʚʦï̫ ʛʦʜʥʳʝ, ʤʝʜʦʥʦʩʥʳʝ, ʣʝʢʘʨʩʪʚʝʥʥʳʝ) ʠ ʩʲʝʜʦʙʥʳʭ ʰʣʷʧʦʯʥʳʭ ʛʨʠʙʦʚ ʣʝʩʥʦʡ 

ʵʢʦʩʠʩʪʝʤʳ ʅʘʭʠʯʝʚʘʥʩʢʦʡ ɸʚʪʦʥʦʤʥʦʡ ʈʝʩʧʫʙʣʠʢʠ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʠʭ ʨʘʮʠʦʥʘʣʴʥʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ ʦʭʨʘʥʳ. 

 

ʄʘʪʝʨʠʘʣ ʠ ʤʝʪʦʜʠʢʘ 

ɺʩʝ ʚʠʜʳ ʧʦʣʝʟʥʳʭ ʨʘʩʪʝʥʠʡ (ʦʨʝʭʦʚʳʝ, ʧʠʱʝʚʳʝ, ʦʚʦʱʥʳʝ, ʧʣʦʜʦʚʦï̫ ʛʦʜʥʳʝ, 

ʤʝʜʦʥʦʩʥʳʝ, ʣʝʢʘʨʩʪʚʝʥʥʳʝ ʠ ʩʲʝʜʦʙʥʳʭ ʰʣʷʧʦʯʥʳʭ ʛʨʠʙʦʚ) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʠʤʝʥʝʥʠʷ 

ʙʳʣʠ ʦʪʥʝʩʝʥʳ ʢ ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʳʨʴʝʚʦʡ ʛʨʫʧʧʝ ʥʘ ʦʩʥʦʚʘʥʠʠ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ [3ï

8]. 

 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ʂ ʦʨʝʭʦʚʳʤ ʦʪʥʦʩʷʪʩʷ ʜʠʢʦʨʘʩʪʫʱʠʝ ʜʨʝʚʝʩʥʳʝ ʚʠʜʳ, ʠʥʦʛʜʘ ʢʫʩʪʘʨʥʠʢʠ ʠʣʠ 

ʪʨʘʚʷʥʠʩʪʳʝ ʨʘʩʪʝʥʠʷ, ʜʘʶʱʠʝ ʩʝʤʝʥʘ (ʧʣʦʜʳ): ʦʨʝʰʝʢ (ʩʦʩʥʘ ʂʦʭʘ), ʢʦʩʪʷʥʢʘ (ʦʨʝʭ 

ʛʨʝʯʝʩʢʠʡ), ʞʝʣʫʜʴ (ʜʫʙ). ʀʟ ʯʠʩʣʘ ʦʨʝʭʦʚʳʭ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʅʘʭʯrʚʘʥʩʢʦʡ ɸʚʪʦʥʦʤʥʦʡ 

ʈʝʩʧʫʙʣʠʢʠ ʧʨʦʠʟʨʘʩʪʘʶʪ 12 ʚʠʜʦʚ: Pinus kochiana Klotzsch ex K. Koch ð ʟʦʥʘ ʭʚʦʡʥʦï

ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʭ ʣʝʩʦʚ; Juglans regia L., J. nigra L. ð ʦʪʜʝʣʴʥʳʝ ʜʝʨʝʚʴʷ; Carpinus 

caucasica Grossh., C. orientalis Mill., Quercus boisseri Reut., Q. araxina (Trautv.) Grossh., Q. 

macranthera Fisch. et C. A. Mey. ex Hohen, Q. iberica Stev., Amygdalus fenzliana (Fritsch) 

Lipsky, A. nairica Fed.et Takht., Pistacia mutica Fisch. et C. A. Mey. ð h ʠʨʦʢʦʣʠʩʪʚʝʥʥʳʝ ʣʝʩʘ. 

ʅʘʠʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ ʢʘʢ ʧʠʱʝʚʳʝ ʨʝʩʫʨʩʳ ʠʤʝʶʪ ʛʨʝʯʝʩʢʠʡ ʦʨʝʭ ʠ ʤʠʥʜʘʣʴ, ʜʣʷ ʦʮʝʥʢʠ 

ʫʨʦʞʘʡʥʦʩʪʠ ʢʦʪʦʨʳʭ ʨʘʟʨʘʙʦʪʘʥʳ ʥʦʨʤʘʪʠʚʳ ʦʨʝʭʦʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʠ ʚʦʟʤʦʞʥʦʛʦ ʩʙʦʨʘ 

ʦʨʝʭʦʚ ʚ ʫʨʦʞʘʡʥʳʝ ʛʦʜʳ [9]. 

ɺ ʩʦʩʪʘʚ ʧʠʱʝʚʳʭ ʨʘʩʪʝʥʠʡ ʚʢʣʶʯʝʥʳ ʧʣʦʜʦʚʦï̫ ʛʦʜʥʳʝ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʩʝʤʝʡʩʪʚ 

Berberidaceae (Berberis L.), Juglandaceae (Juglans L.), Moraceae (Ficus L., Morus L.), 

Grossulariaceae (Ribes L.), Rosaceae (Amygdalus L., Armeniaca Mill., Cerasus L., Crataegus L., 

Malus Mill., Prunus L., Pyrus L., Rosa L., Rubus L., Sorbus L.), Punicaceae (Punica L.), 

Anacardiaceae (Pistacia L., Rhus L.), Elaeagnaceae (Elaeagnus L., Hippophae L.), Vitaceae (Vitis 

L.), Cornaceae (Cornus L.), Viburnaceae Viburnum L.). ʇʣʦʜʳ ʜʠʢʦʨʘʩʪʫʱʠʭ ʨʘʩʪʝʥʠʡ ʤʝʩʪʥʳʤ 

ʥʘʩʝʣʝʥʠʝʤ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʩʚʝʞʝʤ ʠ ʩʫʰʝʥʦʤ ʚʠʜʝ. ʕʪʦ ʧʨʠʨʦʜʥʦʝ ʩʳʨʴʝ ʪʘʢʞʝ 

ʷʚʣʷʝʪʩʷ ʮʝʥʥʳʤ ʜʣʷ ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 

ʂ ʦʚʦʱʥʳʤ ʦʪʥʦʩʷʪʩʷ ʨʘʩʪʝʥʠʷ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʫʧʦʪʨʝʙʣʷʪʴʩʷ ʚ ʧʠʱʫ ʮʝʣʠʢʦʤ ʠʣʠ 

ʯʘʩʪʠʯʥʦ ʚ ʩʚʝʞʝʤ ʠʣʠ ʧʝʨʝʨʘʙʦʪʘʥʥʦʤ ʚʠʜʝ. ʂ ʨʘʟʥʦʚʠʜʥʦʩʪʷʤ ʦʚʦʱʥʦʛʦ ʨʘʩʪʠʪʝʣʴʥʦʛʦ 

ʩʳʨʴʷ ʦʪʥʦʩʷʪʩʷ: ʢʣʫʙʥʠ (Alisma L., Equisetum L.); ʢʦʨʥʝʚʠʱʘ (Elytrigia Desv., Phragmites 

Adans., Typha L., Filipendula Mill., Rosa L., Scirpus setaceus L.); ʢʦʨʥʠ (Arctium L., Taraxacum 

Wigg., Cichorium L., Pastinaca L., Epilobium L., Butomus umbellatus L.); ʣʠʩʪʴʷ (Taraxacum 

Wigg., Carduus L., Berberis L., Heracleum L., Epilobium L., Sinapis arvensis L., Thlaspi L., 

Sedum L., Vitis sylvestris C. C. Gmel., Melissa officinalis L.); ʣʫʢʦʚʠʮʳ (Liliaceae Juss., Alliaceae 

J. Agardh.); ʤʦʣʦʜʳʝ ʧʦʙʝʛʠ (Sonchus L., Stellaria L., Rumex L., Epilobium L., Urtica L., 

Capsella bursa-pastoris (L.) Medik., Atriplex L., Chenopodium L., Equisetum L., Plantago L., 

Filipendula Mill., Lemna L., Asparagus officinalis L., Mentha aquatica L., Lamium album L.); 

ʧʣʦʜʳ (Ulmus L., Asparagus officinalis L.); ʧʦʯʢʠ (Equisetum L., Betula pendula Roth); 

ʧʨʦʨʦʩʪʢʠ (Phragmites Adans., Typha L.); ʨʘʭʠʩʳ (Dryopteris filix-mas (L.) Schott); ʩʝʤʝʥʘ 

(Lathyrus L., Echinochloa crusgalli (L.) Beauv., Carum carvi L.); ʩʦʧʣʦʜʠʷ (Humulus lupulus L.); 

ʩʦʮʚʝʪʠʷ (Melilotus Hill, Epilobium L., Filipendula Mill., Mentha aquatica L.); ʩʪʝʙʣʠ 

http://www.bulletennauki.com/


 

 
ɹʶʣʣʝʪʝʥʴ ʥʘʫʢʠ ʠ ʧʨʘʢʪʠʢʠ ð Bulletin of Science and Practice

ʥʘʫʯʥʳʡ ʞʫʨʥʘʣ (scientific journal)   ʊ. 4. ̄ 5. 2018 ʛ. 
 http://www.bulletennauki.com  

 

 

 

 

63 

 

 

(Polygonum L., Typha L., Rheum ribes L., Angelica purpurascens (Ave-Lall.) Gilli.,); ʮʚʝʪʢʠ 

(Taraxacum Wigg., Trifolium L., Rosa L.); ʯʝʨʝʰʢʠ (Heracleum L., Rheum ribes L., Angelica 

purpurascens (Ave-Lall.) Gilli.). ʀʟ ʥʠʭ ʠʟʫʯʝʥʳ ʠ ʥʘʠʙʦʣʝʝ ʫʧʦʪʨʝʙʠʪʝʣʴʥʳ ʚ ʢʘʯʝʩʪʚʝ 

ʦʚʦʱʥʳʭ ʚʠʜʳ ʩʝʤʝʡʩʪʚ Liliaceae Juss., Alliaceae J. Agardh. ʠ ʨʦʜʳ Heracleum L., Rheum L. 

ʜʣʷ ʢʦʪʦʨʳʭ ʨʘʟʨʘʙʦʪʘʥʳ ʥʦʨʤʘʪʠʚʳ ʦʮʝʥʢʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ. 

ʏʠʩʣʦ ʧʣʦʜʦʚʦï̫ ʛʦʜʥʳʭ ʨʘʩʪʝʥʠʡ ʅʘʭʠʯʝʚʘʥʩʢʦʡ ɸʚʪʦʥʦʤʥʦʡ ʈʝʩʧʫʙʣʠʢʠ ʜʦʩʪʠʛʘʝʪ 

152 ʚʠʜʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʦʢʦʣʦ 60 ð ɻ ʢʦʥʦʤʠʯʝʩʢʠ ʦʩʚʦʝʥʥʳʭ [9ï10]. ɺʩʝ ʜʠʢʦʨʘʩʪʫʱʠʝ 

ʷʛʦʜʥʳʝ ʨʘʩʪʝʥʠʷ ʫʩʣʦʚʥʦ ʜʝʣʷʪʩʷ ʥʘ ʩʣʝʜʫʶʱʠʝ ʛʨʫʧʧʳ: ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʧʣʦʜʘ (ʷʛʦʜʥʳʝ ʠ 

ʧʣʦʜʦʚʳʝ), ʧʦ ʞʠʟʥʝʥʥʳʤ ʬʦʨʤʘʤ (ʜʝʨʝʚʴʷ, ʢʫʩʪʘʨʥʠʢʠ, ʧʦʣʫʢʫʩʪʘʨʥʠʢʠ, ʢʫʩʪʘʨʥʠʯʢʠ, 

ʣʠʘʥʳ, ʪʨʘʚʳ), ʧʦ ʧʠʱʝʚʦʡ ʧʨʠʛʦʜʥʦʩʪʠ (ʙʝʟʫʩʣʦʚʥʦ ʩʲʝʜʦʙʥʳʝ, ʩʲʝʜʦʙʥʳʝ, ʫʩʣʦʚʥʦ 

ʩʲʝʜʦʙʥʳʝ, ʥʝʩʲʝʜʦʙʥʳʝ, ʫʩʣʦʚʥʦ ʷʜʦʚʠʪʳʝ ʠ ʙʝʟʫʩʣʦʚʥʦ ʷʜʦʚʠʪʳʝ), ʧʦ ʢʣʘʩʩʘʤ ʨʝʩʫʨʩʘ 

(ʚʳʩʦʢʦʛʦ, ʩʨʝʜʥʝʛʦ, ʥʠʟʢʦʛʦ, ʯʘʩʪʥʦʛʦ ʠ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ), ʧʦ ʛʨʫʧʧʘʤ ʦʩʚʦʝʥʠʷ 

(ʰʠʨʦʢʦ ʦʩʚʦʝʥʥʳʝ, ʩʣʘʙʦ ʦʩʚʦʝʥʥʳʝ, ʦʩʚʦʝʥʥʳʝ ʥʘʩʝʣʝʥʠʝʤ, ʦʩʚʦʝʥʥʳʝ ʦʪʜʝʣʴʥʳʤʠ 

ʩʙʦʨʱʠʢʘʤʠ, ʧʦʪʨʝʙʣʷʝʤʳʝ ʥʘ ʤʝʩʪʝ ʩʙʦʨʘ).  

ɹʝʟʫʩʣʦʚʥʦ, ʩʲʝʜʦʙʥʳʝ (ʧʦʪʨʝʙʣʷʶʪʩʷ ʚ ʩʚʝʞʝʤ ʚʠʜʝ ʙʝʟ ʦʛʨʘʥʠʯʝʥʠʡ): Vitis sylvestris 

C. C. Gmel., Ribes biebersteinii Berl. ex DC., R. orientale Desf., Rubus caesius L., R. ibericus Juz. 

ʉʲʝʜʦʙʥʳʝ (ʧʦʪʨʝʙʣʷʶʪʩʷ ʩʧʝʣʳʝ ʚ ʩʚʝʞʝʤ ʚʠʜʝ ʫʤʝʨʝʥʥʦ): ʚʠʜʳ Crataegus orientalis 

Pall. ex Bieb., C. pontica C.Koch, Amelanchier ovalis Medik., Armeniaca vulgaris Lam., Rubus 

caesius L., R. ibericus Juz., Sorbus L.), Ribes biebersteinii Berl. ex DC., R. orientale Desf., Morus 

alba L., M. nigra L., Padus avium Mill., Rosa canina L., R. corymbifera Borkh., R. brotherorum 

Chrshan., Pyrus caucasica Fed., P. medvedevii Rubtz., P. salicifolia Pall. 

ʋʩʣʦʚʥʦ ʩʲʝʜʦʙʥʳʝ (ʧʦʪʨʝʙʣʷʶʪʩʷ ʪʦʣʴʢʦ ʚ ʧʝʨʝʨʘʙʦʪʘʥʥʦʤ ʚʠʜʝ): Vitis sylvestris C. C. 

Gmel., Cerasus microcarpa (C. A. Mey.) Boiss., Pyrus acutiserrata Gladkova, P. nutans Rubtz., P. 

voronovii Rubtz., Viburnum lantana L., Cotoneaster melanocarpus Fisch. ex Blytt, Ribes 

biebersteinii Berl. ex DC., Prunus divaricata Ledeb., Malus orientalis Uglitzk., Lonicera 

bracteolaris Boiss. & Buhse. 

ʅʝʩʲʝʜʦʙʥʳʝ (ʚ ʧʠʱʫ ʥʝʧʨʠʛʦʜʥʳʝ): Sambucus ebulus L., Prunus divaricata Ledeb., 

Rhamnus cathartica L., Lonicera iberica Bieb., Polygonatum orientale Desf., Juniperus oblonga 

(Bieb.) Galushko, J. foetidissima Willd., J. sabina L., Sorbus roopiana Bordz., S. subfusca (Ledeb.) 

Boiss., S. boissieri Schneid., Cornus mas L., Padus avium Mill. Asparagus officinalis L. 

ʗʜʦʚʠʪʳʝ ð ʫʩʣʦʚʥʦ ʷʜʦʚʠʪʳʝ (ʫʧʦʪʨʝʙʣʝʥʠʝ ʚ ʧʠʱʫ ʦʧʘʩʥʦ ʜʣʷ ʟʜʦʨʦʚʴʷ): Rhamnus 

pallasii Fisch. et C. A. Mey., Rh. spathulifolia Fisch. et C. A. Mey., Solanum dulcamara L., S. 

persicum Willd.; ʙʝʟʫʩʣʦʚʥʦ ʷʜʦʚʠʪʳʝ (ʫʧʦʪʨʝʙʣʝʥʠʝ ʚ ʧʠʱʫ ʦʧʘʩʥʦ ʜʣʷ ʞʠʟʥʠ): Daphne 

mucronata Royle, D. transcaucasica Pobed. ʇʦ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʤ ʦʩʚʦʝʥʥʳʤ ʩʲʝʜʦʙʥʳʤ 

ʷʛʦʜʥʳʤ ʨʘʩʪʝʥʠʷʤ ʠʤʝʶʪʩʷ ʥʦʨʤʘʪʠʚʳ ʜʣʷ ʦʮʝʥʢʠ ʷʛʦʜʥʦʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ. 

ʂ ʤʝʜʦʥʦʩʥʦʡ ʬʣʦʨʝ (ʨʘʩʪʝʥʠʷʤïʤʝʜʦʥʦʩʘʤ) ʦʪʥʦʩʷʪʩʷ ʨʘʩʪʝʥʠʷ, ʚʳʜʝʣʷʶʱʠʝ: 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʝʢʪʘʨ (ʥʝʢʪʘʨʦʥʦʩʳ), ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʳʣʴʮʫ (ʧʝʨʛʘʥʦʩʳ), ʠ ʥʝʢʪʘʨ ʠ 

ʧʳʣʴʮʫ ʚ ʨʘʚʥʳʭ ʢʦʣʠʯʝʩʪʚʘʭ (ʩʦʙʩʪʚʝʥʥʦ ʤʝʜʦʥʦʩʳ). ʈʘʩʪʝʥʠʷïʤʝʜʦʥʦʩʳ (ʤʝʜʦʥʦʩʳ, 

ʥʝʢʪʘʨʦʥʦʩʳ ʠ ʧʳʣʴʮʝʥʦʩʳ) ʧʦ ʩʨʦʢʘʤ ʮʚʝʪʝʥʠʷ ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ 4 ʛʨʫʧʧʳ: 

ʨʘʥʥʝʚʝʩʝʥʥʠʝ, ʚʝʩʝʥʥʠʝ, ʣʝʪʥʠʝ ʠ ʧʦʟʜʥʝʣʝʪʥʠʝ.  

ʂ ʨʘʥʥʝʚʝʩʝʥʥʠʤ ʤʝʜʦʥʦʩʘʤ ʦʪʥʦʩʷʪʩʷ ʚʠʜʳ Tussilago farfara L., Ulmus minor Mill., 

Salix caprea L., S. aegyptiaca L. ʠ ʚʠʜʳ ʨʦʜʦʚ Potentilla L., Corydalis DC. ʠ Viola L.  

ʂ ʚʝʩʝʥʥʠʤ ʤʝʜʦʥʦʩʘʤ ʦʪʥʦʩʷʪʩʷ Armeniaca vulgaris Lam., Cerasus araxina Pojark., C. 

avium (L.) Moench, C. microcarpa (C.A.Mey.) Boiss., Prunus divaricata Ledeb., Acer campestre 

L., A. hyrcanum Fisch. et C. A. Mey., A. ibericum Bieb., Malus orientalis Uglitzk., Padus avium 

Mill., Sorbus aucuparia L., S. graeca (Spach) Lodd. ex Schauer, S. persica Hedl., Menyanthes 
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trifoliata L., Galega officinalis L., Lamium album L., Ledum palustre L., Dracocephalum nutans L., 

Taraxacum officinale L., (Spiraea crenata L., S. hypericifolia L., Ribes biebersteinii Berl. ex DC., 

R. orientale Desf., Berberis vulgaris L., B. densiflora Boiss. et Buhse, B. iberica Stev. et Fisch. ex 

DC., Lonicera iberica Bieb., L. caucasica Pall., Viburnum montana L. ʠ ʜʨ.  

ʂ ʣʝʪʥʠʤ ʤʝʜʦʥʦʩʘʤ ʦʪʥʦʩʷʪʩʷ ʚʠʜʳ Acer campestre L. Philadelphus caucasicus Kochne., 

Viburnum lantana L., Ribes ibericus Juz., Caragana grandiflora (Bieb.) DC., Filipendula ulmaria 

(L.) Maxim., F. vulgaris Moench, Clematis orientalis L., C. vitalba L. ʠ ʚʠʜʳ ʨʦʜʦʚ Trifolium L., 

Lamium L., Melilotus Hill, Geranium L., Crataegus L., Valeriana L., Sedum L., Veronica L., Rosa 

L., Heracleum L., Lathyrus L.  

ʂ ʧʦʟʜʥʝʣʝʪʥʠʤ ʦʪʥʦʩʷʪʩʷ ʚʠʜʳ Angelica purpurascens (Ave-Lall.) Gilli., Lythrum 

salicaria L., Bidens tripartita L., Odontites vulgaris Moench, Solidago armena Kem.-Nath. ex 

Grossh., Symphytum caucasicum Bieb., S. asperum Lepech., Serratula biebersteiniana (Iljin ex 

Grossh.) Takht., S. coriaceae Fisch. et C. A. Mey., S. haussknechtii Boiss., Arctium lappa L., A. 

palladinii (Marc.) Grossh., A. tomentosum Mill., Leonurus cardiaca L., L. quinquelobatus Gilib., L. 

turkestanicus V. Krecz. et Kuprian., Melampyrum arvense L., M. caucasicum Bunge, M. 

chlorostachyum Beauverd, Mentha aquatica L. ʠ ʚʠʜʳ ʨʦʜʦʚ Epilobium L., Hypericum L., 

Carduus L., Achillea L., Cirsium Hill, Sonchus L., Lotus L., Linaria Hill, Pedicularis L., Stachys L. 

ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʅʘʭʠʯʝʚʘʥʩʢʦʡ ɸʚʪʦʥʦʤʥʦʡ ʈʝʩʧʫʙʣʠʢʠ ʧʨʦʠʟʨʘʩʪʘʝʪ ʩʚʳʰʝ 400 ʚʠʜʦʚ 

ʤʝʜʦʥʦʩʦʚ ʠ ʧʳʣʴʮʝʥʦʩʦʚ, ʦʜʥʘʢʦ ʧʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʦʪʨʘʩʣʠ ʠʤʝʶʪ ʜʚʘïʪʨʠ ʜʝʩʷʪʢʘ 

ʠʟ ʥʠʭ. ʇʨʠ ʵʪʦʤ ʦʩʥʦʚʥʫʶ ʯʘʩʪʴ ʪʦʚʘʨʥʦʡ ʧʨʦʜʫʢʮʠʠ ʚ ʢʘʞʜʦʡ ʤʝʩʪʥʦʩʪʠ ʜʘʶʪ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʚʩʝʛʦ ʣʠʰʴ ʥʝʩʢʦʣʴʢʦ ʚʠʜʦʚ. ʂ ʥʠʤ ʦʙʳʯʥʦ ʦʪʥʦʩʷʪʩʷ ʤʝʜʦʥʦʩʳ, ʟʘʥʠʤʘʶʱʠʝ 

ʙʦʣʴʰʠʝ ʧʣʦʱʘʜʠ ʠ ʦʪʣʠʯʘʶʱʠʝʩʷ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʦʡ ʥʝʢʪʘʨʦʧʨʦʜʫʢʪʠʚʥʦʩʪʴʶ [11]. 

ɺ ʅʘʭʠʯʝʚʘʥʩʢʦʡ ɸʚʪʦʥʦʤʥʦʡ ʈʝʩʧʫʙʣʠʢʠ ʠʟʚʝʩʪʥʦ ʙʦʣʝʝ 800 ʚʠʜʦʚ ʣʝʢʘʨʩʪʚʝʥʥʳʭ 

ʨʘʩʪʝʥʠʡ. ʃʝʯʝʙʥʳʝ ʩʚʦʡʩʪʚʘ ʠʟʫʯʝʥʳ ʫ 300 ʚʠʜʦʚ, ʚ ʦʬʠʮʠʘʣʴʥʦʡ ʤʝʜʠʮʠʥʝ ʠʩʧʦʣʴʟʫʶʪʩʷ 

132 ʚʠʜʘ [13]. ʂ ʣʝʢʘʨʩʪʚʝʥʥʦʤʫ ʨʘʩʪʠʪʝʣʴʥʦʤʫ ʩʳʨʴʶ ʦʪʥʦʩʷʪʩʷ: ʪʨʘʚʳ (ʚʠʜʳ ʨʦʜʦʚ Adonis 

L., Parnassia L., Menyanthes L., Veronica L., Inula L., Dioscorea L., Epilobium L., Thymus L.); 

ʣʠʩʪʴʷ (Populus tremula L., Padus avium Mill., Berberis vulgaris L., Urtica dioica L., U. urens 

L.); ʮʚʝʪʢʠ ʠ ʩʦʮʚʝʪʠʷ (Aster alpinus L., A. ibericus Bieb., Calendula officinalis L., Tanacetum 

millefolium (L.) Tzvel.); ʧʣʦʜʳ ʠ ʩʝʤʝʥʘ (Juglans regia L., Sorbus aucuparia L., Padus avium 

Mill., Sambucus ebulus L., Viburnum lantana L., Juniperus communis L., J. sabina L., Rosa canina 

L., R. corymbifera Borkh., R. tomentosa Smith, R. zangezura P. Jarosch.); ʢʦʨʥʠ, ʢʦʨʥʝʚʠʱʘ, 

ʢʣʫʙʥʠ ʠ ʣʫʢʦʚʠʮʳ (Cornus mas L., Aconitum confertiflorum (DC.) Gayer, A. nasutum Fisch. ex 

Reichenb., Valeriana alliarifolia Adams.); ʢʦʨʘ (Betula pendula Roth, Quercus macranthera Fisch. 

et C. A. Mey. ex Hohen, Salix purpurea L., S. alba L., Populus tremula L.); ʧʦʯʢʠ (Pinus kochiana 

Klotzsch ex C.Koch, Betula pendula Roth, Populus nigra L., P. tremula L.).  

ʃʝʢʘʨʩʪʚʝʥʥʳʝ ʨʘʩʪʝʥʠʷ ʤʦʛʫʪ ʥʝ ʪʦʣʴʢʦ ʚʳʣʝʯʠʪʴ, ʥʦ ʠ ʧʦʜʜʝʨʞʠʚʘʪʴ ʥʘʰ ʦʨʛʘʥʠʟʤ ʚ 

ʭʦʨʦʰʝʤ ʪʦʥʫʩʝ, ʫʚʝʣʠʯʠʪʴ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ, ʚʳʩʚʦʙʦʜʠʪʴ ʪʝ ʨʝʩʫʨʩʳ, ʢʦʪʦʨʳʝ ʪʨʘʪʠʣ 

ʥʘʰ ʦʨʛʘʥʠʟʤ ʥʘ ʙʦʨʴʙʫ ʩ ʙʦʣʝʟʥʷʤʠ, ʫʣʫʯʰʠʪʴ ʢʘʯʝʩʪʚʦ ʞʠʟʥʠ. 

ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʅʘʭʠʯʝʚʘʥʩʢʦʡ ɸʚʪʦʥʦʤʥʦʡ ʈʝʩʧʫʙʣʠʢʠ ʝʩʪʝʩʪʚʝʥʥʦ ʧʨʦʠʟʨʘʩʪʘʝʪ 

ʙʦʣʝʝ 100 ʚʠʜʦʚ ʰʣʷʧʦʯʥʳʭ ʛʨʠʙʦʚ [7ï8], ʢʦʪʦʨʳʝ ʨʘʟʣʠʯʘʶʪʩʷ ʧʦ ʬʦʨʤʝ ʧʣʦʜʦʚʦʛʦ ʪʝʣʘ, 

ʩʧʦʩʦʙʘʤ ʩʫʱʝʩʪʚʦʚʘʥʠʷ, ʤʝʩʪʫ ʧʨʦʠʟʨʘʩʪʘʥʠʷ ʠ ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʤ ʩʚʦʡʩʪʚʘʤ. ʇʦ ʬʦʨʤʝ 

ʧʣʦʜʦʚʦʛʦ ʪʝʣʘ ʨʘʟʣʠʯʘʶʪ ʛʨʠʙʳ: ʪʨʫʙʯʘʪʳʝ (Boletus regius Krombh., B. luridis Shaeff.: Fr, 

Xerocomus subtomentosus (L.) Quel.), ʧʣʘʩʪʠʥʯʘʪʳʝ (Agaricus campestris L., A. silvaticus 

Schaeff., A. xanthodermus Genev., A. abruptibulbus Peck., Leucoagaricus carneifolius (Gillet) 

Wasser, L. leucothites (Vittad.) Wasser, L. nympharum (Kalchbr.) Bon, Macrolepiota procera 

(Scop.) Singer, M. excoriata (Schaeff.) M. M. Moser, M. mastoidea (Fr.) Singer, Marasmius 
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oreades (Bolton) Fr., M. scorodonius (Fr.) Fr., M. collinus (Scop.) Singer, Mycena polygramma 

(Bull.) Gray, M. pura (Pers.) P. Kumm., Armillaria mellea (Vahl) P. Kumm., Flammulina velutipes 

(Curtis) Singer, Pleurotus ostreatus (Jacq.) P. Kumm., P. eryngii (DC.) Quel., Volvariella 

bombycina (Schaeff.: Fr.) Singer, Russula fellea Fr., Coprinopsis atramentaria (Bull.) Redhead, 

Coprinellus disseminatus (Pers.) J. E. Lange, C. micaceus (Bull.) Vilgalys, C. xanthothrix 

(Romagn.) Vilgalys, Hopple et Jacq. Johnson; ʤʦʟʛʦʚʳʝ (Terfezia leonis Tul., Morchella esculenta 

(L.) Pers., M. conica Fr.); ʜʦʞʜʝʚʠʢʠ (Bovista plumbea Pers., Lycoperdon perlatum Pers., L. 

pyriforme Schaeff., L. decipiens Durieu et Mont., L. nigrescens Wahlenb., L. spadiceum Schaeff.). 

ʇʦ ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʛʨʠʙʳ ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʢʘʪʝʛʦʨʠʠ: ʩʲʝʜʦʙʥʳʝ, ʫʩʣʦʚʥʦ 

ʩʲʝʜʦʙʥʳʝ, ʥʝʩʲʝʜʦʙʥʳʝ, ʷʜʦʚʠʪʳʝ ʠ ʣʝʢʘʨʩʪʚʝʥʥʳʝ. ʉʲʝʜʦʙʥʳʝ ʛʨʠʙʳ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʦ 

ʧʠʱʝʚʦʡ ʮʝʥʥʦʩʪʠ ʜʝʣʷʪʩʷ ʥʘ ʢʘʪʝʛʦʨʠʠ: I ð ʪʨʶʬʝʣʴ, ʨʳʞʠʢʠ; II ð h ʘʤʧʠʥʴʦʥʳ, ʚʝʰʝʥʢʘ, 

ʛʨʠʙïʟʦʥʪʠʢ; III ð ʧʦʜʙʝʨʝʟʦʚʠʢ, ʩʤʦʨʯʢʠ, ʩʪʨʦʯʢʠ, ʣʠʩʠʯʢʠ, ʤʦʭʦʚʠʢʠ, ʦʧʷʪʘ, ʚʦʣʥʫʰʢʠ; IV 

ð ʨʷʜʦʚʢʠ, ʩʳʨʦʝʞʢʠ, ʛʦʨʴʢʫʰʢʠ, ʩʢʨʠʧʠʮʳ, ʤʣʝʯʥʠʢʠ [13].  

 

ɺʳʚʦʜʳ 

ʃʝʩʥʘʷ ʵʢʦʩʠʩʪʝʤʘ ʅʘʭʠʯʝʚʘʥʩʢʦʡ ɸʚʪʦʥʦʤʥʦʡ ʈʝʩʧʫʙʣʠʢʠ ʙʦʛʘʪʘ ʧʦʣʝʟʥʳʤʠ ð 

ʦʨʝʭʦʚʳʤʠ, ʧʠʱʝʚʳʤʠ, ʦʚʦʱʥʳʤʠ, ʧʣʦʜʦʚʦï̫ ʛʦʜʥʳʤʠ, ʤʝʜʦʥʦʩʥʳʤʠ, ʣʝʢʘʨʩʪʚʝʥʥʳʤʠ 

ʨʘʩʪʠʪʝʣʴʥʳʤʠ ʨʝʩʫʨʩʘʤʠ ʠ ʩʲʝʜʦʙʥʳʤʠ ʰʣʷʧʦʯʥʳʤʠ ʛʨʠʙʘʤʠ. 

ʅʝʜʨʝʚʝʩʥʳʝ ʣʝʩʥʳʝ ʙʦʛʘʪʩʪʚʘ ʠʟʜʘʚʥʘ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʝʩʪʥʳʤ ʥʘʩʝʣʝʥʠʝʤ, 

ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʥʘʨʦʜʥʦʡ ʠ ʦʬʠʮʠʘʣʴʥʦʡ ʤʝʜʠʮʠʥʝ. ɹʦʣʴʰʠʥʩʪʚʦ ʚʠʜʦʚ ʰʣʷʧʦʯʥʳʭ ʛʨʠʙʦʚ 

ʣʝʩʥʦʡ ʵʢʦʩʠʩʪʝʤʳ ʚʳʩʦʢʦ ʮʝʥʷʪʩʷ ʧʦ ʧʦʪʨʝʙʠʪʝʣʴʩʢʦʤʫ ʢʘʯʝʩʪʚʫ.   
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USE OF ANTIBIOTICS T O OPTIMIZE MICROPROP AGATION OF  BETULA PENDULA 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʨʘʙʦʪʝ ʠʩʩʣʝʜʫʝʪʩʷ ʟʘʚʠʩʠʤʦʩʪʴ ʨʝʛʝʥʝʨʘʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ 

ʦʜʥʦʧʦʯʝʯʥʳʭ ʩʝʛʤʝʥʪʦʚ ʧʦʙʝʛʦʚ Betula pendula Roth. var. carelica Merckl. ʦʪ ʥʘʣʠʯʠʷ 

ʥʝʢʦʪʦʨʳʭ ʘʥʪʠʙʠʦʪʠʢʦʚ ʚ ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʝ. 

ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʢʫʣʴʪʫʨʘ ʢʣʝʪʦʢ in vitro, ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ. 

ʅʘ ʵʪʘʧʝ ʤʫʣʴʪʠʧʣʠʢʘʮʠʠ ʚ ʢʫʣʴʪʫʨʝ in vitro ʢʘʨʝʣʴʩʢʦʡ ʙʝʨʝʟʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ 

ʢʘʯʝʩʪʚʝ ʵʢʩʧʣʘʥʪʦʚ ʦʜʥʦʧʦʯʝʯʥʳʭ ʩʝʛʤʝʥʪʦʚ ʧʦʙʝʛʦʚ ʦʧʪʠʤʘʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ɓï

ʣʘʢʪʘʤʥʳʭ ʘʥʪʠʙʠʦʪʠʢʦʚ. ɼʦʙʘʚʣʝʥʠʝ ʚ ʧʠʪʘʪʝʣʴʥʫʶ ʩʨʝʜʫ ʢʘʨʙʝʥʠʮʠʣʣʠʥʘ (500 ʤʛ/ʣ) ʠ/ʠʣʠ 

ʮʝʬʦʪʘʢʩʠʤʘ (500 ʤʛ/ʣ) ʧʦʟʚʦʣʷʝʪ ʧʦʜʜʝʨʞʠʚʘʪʴ ʚʠʟʫʘʣʴʥʦ ʯʠʩʪʫʶ ʢʫʣʴʪʫʨʫ ʪʢʘʥʝʡ, ʙʝʟ 

ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʥʝʛʘʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʤʠʢʨʦʨʘʩʪʝʥʠʡ ʠ 

ʠʭ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʴ.  

 

Abstract. Dependence of the regenerative capacity of single-bud segments of Betula pendula 

Roth. var. carelica Merckl. shoots on the presence of some antibiotics in a nutrient medium is 

discussed in the paper. 

Methods: cell culture in vitro; statistical analysis. 

ȸïlactam antibiotics are optimal at the stage of multiplication of Karelian birch in vitro with 

use of singleïbud shoot segments as explants. Addition of carbenicillin (500 mg/l) and/or 

cefotaxime (500 mg/l) to the growth medium allows to support visually clean tissue culture with no 

significant negative impact on morphometric parameters and viability of microïplants. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʝʛʝʥʝʨʘʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ, ʢʫʣʴʪʫʨʘ in vitro, ʘʥʪʠʙʠʦʪʠʢʠ, ʙʝʨʝʟʘ.  

 

Keywords: regenerative capacity, culture in vitro, antibiotics, birch. 

 

ʅʘʠʙʦʣʝʝ ʘʢʪʠʚʥʦ ʧʨʦʚʦʜʷʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʢʫʣʴʪʫʨʝ ʪʢʘʥʠ ʫ Betula ʨendula Roth. ʠ 

ʝʝ ʛʝʥʝʪʠʯʝʩʢʦʡ ʨʘʟʥʦʚʠʜʥʦʩʪʠ ð ʢʘʨʝʣʴʩʢʦʡ ʙʝʨʝʟʳ (B. pendula Roth. var. carelica Merckl.) 

[1], ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʜʣʷ ʜʝʨʝʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ɽʝ 

ʜʨʝʚʝʩʠʥʘ ʠʟ-ʟʘ ʩʚʦʝʡ ʫʟʦʨʯʘʪʦʩʪʠ ʷʚʣʷʝʪʩʷ ʦʯʝʥʴ ʮʝʥʥʦʡ, ʦʩʦʙʝʥʥʦ ʚ ʩʪʨʘʥʘʭ ʉʝʚʝʨʥʦʡ ʠ 

ʎʝʥʪʨʘʣʴʥʦʡ ɽʚʨʦʧʳ. ɹʝʣʘʨʫʩʴ ʦʪʥʦʩʠʪʩʷ ʢ ʩʪʨʘʥʘʤ ʩ ʙʦʛʘʪʳʤ ʝʩʪʝʩʪʚʝʥʥʳʤ ʛʝʥʝʪʠʯʝʩʢʠʤ 

ʧʦʪʝʥʮʠʘʣʦʤ ʠ ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʨʝʩʫʨʩʘʤʠ ʢʘʨʝʣʴʩʢʦʡ ʙʝʨʝʟʳ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʚ ʨʝʟʫʣʴʪʘʪʝ 
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ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʠ ʧʨʠʨʦʜʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ, ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʦʨʦʜʳ, ʥʘʩʘʞʜʝʥʠʷ 

ʢʘʨʝʣʴʩʢʦʡ ʙʝʨʝʟʳ ʩ ʢʘʞʜʳʤ ʛʦʜʦʤ ʫʤʝʥʴʰʘʶʪʩʷ [2].  

ɼʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʩʦʭʨʘʥʝʥʠʷ ʠ ʤʘʩʩʦʚʦʛʦ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʘ ʮʝʥʥʳʭ ʬʦʨʤ ʢʘʨʝʣʴʩʢʦʡ 

ʙʝʨʝʟʳ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʚʠʚʘʪʴ ʠ ʚʥʝʜʨʷʪʴ ʚ ʧʨʦʠʟʚʦʜʩʪʚʦ ʤʝʪʦʜ ʢʫʣʴʪʫʨʳ ʢʣʝʪʦʢ in vitro. ʇʨʠ 

ʵʪʦʤ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ ʢʣʦʥʘʣʴʥʦʛʦ ʨʘʟʤʥʦʞʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʫʜʝʣʷʪʴ ʚʥʠʤʘʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ 

ʧʦʣʫʯʝʥʠʷ ʠ ʧʦʜʜʝʨʞʘʥʠʷ ʩʪʝʨʠʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʀʥʬʠʮʠʨʦʚʘʥʠʝ ʢʣʝʪʦʯʥʳʭ ʢʫʣʴʪʫʨ 

ʚʦʟʥʠʢʘʝʪ ʧʦ ʨʘʟʥʳʤ ʧʨʠʯʠʥʘʤ. ʄʥʦʛʦʣʝʪʥʷʷ ʧʨʠʨʦʜʘ ʜʨʝʚʝʩʥʳʭ ʨʘʩʪʝʥʠʡ ʫʩʫʛʫʙʣʷʝʪ ʠʭ 

ʩʦʩʪʦʷʥʠʝ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʩʪʝʨʠʣʴʥʳʭ ʢʫʣʴʪʫʨ. ɺ ʧʨʘʢʪʠʢʝ ʤʠʢʨʦʢʣʦʥʘʣʴʥʦʛʦ ʨʘʟʤʥʦʞʝʥʠʷ 

ʜʣʷ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʩʪʝʨʠʣʠʟʘʮʠʠ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʨʝʜʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʘʥʪʠʙʠʦʪʠʢʠ, 

ʥʦ ʜʦʙʘʚʣʷʶʪʩʷ ʚ ʩʦʩʪʘʚ ʧʠʪʘʪʝʣʴʥʳʭ ʩʨʝʜ. ʀʩʩʣʝʜʦʚʘʪʝʣʶ ʚʘʞʥʦ ʟʥʘʪʴ ʠʭ ʚʣʠʷʥʠʝ ʥʘ 

ʤʦʨʬʦʛʝʥʝʪʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ ʢʣʝʪʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʢʦʥʢʨʝʪʥʦʛʦ ʚʠʜʘ, ʩʦʨʪʘ, ʢʣʦʥʘ 

ʨʘʩʪʝʥʠʡ. ʕʪʦ ʚʳʟʚʘʥʦ ʪʝʤ, ʯʪʦ, ʧʦ ʜʘʥʥʳʤ PhytoTechnology Laboratories (USA), 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢʫʣʴʪʫʨʳ ʪʢʘʥʝʡ ʨʘʟʥʳʭ ʚʠʜʦʚ ʨʘʩʪʝʥʠʡ ʢ ʦʜʥʠʤ ʠ ʪʝʤ ʞʝ ʘʥʪʠʙʠʦʪʠʢʘʤ 

ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʣʠʯʥʦʡ (1). ʆʜʥʘʢʦ, ʝʩʣʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʚʦʟʜʝʡʩʪʚʠʶ ʘʥʪʠʙʠʦʪʠʢʦʚ ʥʘ 

ʢʣʝʪʦʯʥʳʝ ʢʫʣʴʪʫʨʳ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʨʘʩʪʝʥʠʡ ʜʦʚʦʣʴʥʦ ʤʥʦʛʦʯʠʩʣʝʥʥʳ ʠ ʘʢʪʠʚʥʦ 

ʧʨʦʚʦʜʷʪʩʷ ʥʝ ʦʜʥʦ ʜʝʩʷʪʠʣʝʪʠʝ [3], ʪʦ ʚ ʢʫʣʴʪʫʨʝ ʜʨʝʚʝʩʥʳʭ ʨʘʩʪʝʥʠʡ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʘʥʪʠʙʠʦʪʠʢʦʚ ʯʘʱʝ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʛʝʥʥʦïʠʥʞʝʥʝʨʥʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ð ʠʟʫʯʝʥʠʝ ʵʬʬʝʢʪʘ ʥʝʢʦʪʦʨʳʭ ʜʦʙʘʚʣʝʥʥʳʭ ʚ ʧʠʪʘʪʝʣʴʥʫʶ ʩʨʝʜʫ 

ʘʥʪʠʙʠʦʪʠʢʦʚ ʥʘ ʧʨʦʮʝʩʩ ʨʝʛʝʥʝʨʘʮʠʠ ʫʟʣʦʚʳʭ ʩʝʛʤʝʥʪʦʚ ʧʦʙʝʛʦʚ ʨʘʟʣʠʯʥʳʭ ʢʣʦʥʦʚ Betula 

pendula var. carelica Merckl. ʥʘ ʵʪʘʧʝ ʤʫʣʴʪʠʧʣʠʢʘʮʠʠ ʧʨʠ ʢʣʦʥʘʣʴʥʦʤ ʨʘʟʤʥʦʞʝʥʠʠ. 

 

ʄʘʪʝʨʠʘʣ ʠ ʤʝʪʦʜʠʢʘ 

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʠʢʨʦʨʘʩʪʝʥʠʷ ʢʣʦʥʦʚ ʢʘʨʝʣʴʩʢʦʡ 

ʙʝʨʝʟʳ: 76, 81, 2ʘ.  

ʆʩʥʦʚʫ ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʳ ʩʦʩʪʘʚʣʷʣʘ ʩʤʝʩʴ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʣʝʡ, ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʘʷ 

ʜʣʷ ʜʨʝʚʝʩʥʳʭ (WPM) [4]. ʊʝʩʪʠʨʦʚʘʣʠ ʩʣʝʜʫʶʱʠʝ ʘʥʪʠʙʠʦʪʠʢʠ: ʮʝʬʦʪʘʢʩʠʤ (ʮʤ) (ʈʋʇ 

çɹʦʨʠʩʦʚʩʢʠʡ ʟʘʚʦʜ ʤʝʜʠʮʠʥʩʢʠʭ ʧʨʝʧʘʨʘʪʦʚè, ɹʝʣʘʨʫʩʴ); ʢʘʨʙʝʥʠʮʠʣʣʠʥ (ʢʥ) (ɿɸʆ 

çɹʨʳʥʮʘʣʦʚïɸè, ʈʦʩʩʠʷ); ʛʝʥʪʘʤʠʮʠʥ (ʛʥ) (ʈʋʇ çɹʝʣʤʝʜʧʨʝʧʘʨʘʪʳè, ɹʝʣʘʨʫʩʴ), 

ʩʪʨʝʧʪʦʤʠʮʠʥ (ɿɸʆ çɹʨʳʥʮʘʣʦʚïɸè, ʈʦʩʩʠʷ). ʇʨʠ ʚʳʙʦʨʝ ʢʦʥʮʝʥʪʨʘʮʠʡ ʘʥʪʠʙʠʦʪʠʢʦʚ 

ʠʩʭʦʜʠʣʠ ʠʟ ʠʥʬʦʨʤʘʮʠʠ, ʧʨʝʜʣʘʛʘʝʤʦʡ PhytoTechnology Laboratories, USA (1). ɺ ʢʘʯʝʩʪʚʝ 

ʢʦʥʪʨʦʣʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʫʶ ʩʨʝʜʫ WPM, ʙʝʟ ʜʦʙʘʚʣʝʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʠ 

ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ (WPM, ʙ/ʛ). ʄʘʪʝʨʠʘʣ ʢʫʣʴʪʠʚʠʨʦʚʘʣʠ ʚ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ.  

ʏʠʩʪʦʪʫ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʦʮʝʥʢʫ ʩʬʦʨʤʠʨʦʚʘʚʰʠʭʩʷ ʤʠʢʨʦʨʘʩʪʝʥʠʡï

ʨʝʛʝʥʝʨʘʥʪʦʚ ʩʧʫʩʪʷ 30 ʜʥʝʡ ʚʳʧʦʣʥʷʣʠ ʘʥʘʣʦʛʠʯʥʦ ʨʘʙʦʪʝ [5]. 

 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ɺʳʧʦʣʥʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʪʝʩʪʠʨʫʝʤʳʡ ʤʘʪʝʨʠʘʣ ʢʘʨʝʣʴʩʢʦʡ ʙʝʨʝʟʳ 

ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʩʷ ʥʘʢʦʧʣʝʥʠʝʤ ʚ ʪʢʘʥʷʭ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʠʥʬʝʢʮʠʠ. 

ʆʙ ʵʪʦʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʥʘʣʠʯʠʝ ʨʦʩʪʘ ʙʘʢʪʝʨʠʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʚ ʛʣʫʙʠʥʝ ʧʠʪʘʪʝʣʴʥʦʡ 

ʩʨʝʜʳ ʚ ʢʦʥʪʨʦʣʝ.  

ʇʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʵʢʩʧʣʘʥʪʦʚ ʥʘ ʩʨʝʜʘʭ, ʜʦʧʦʣʥʝʥʥʳʭ ʛʝʥʪʘʤʠʮʠʥʦʤ ʚ 

ʢʦʥʮʝʥʪʨʘʮʠʷʭ 100 ʠʣʠ 300 ʤʛ/ʣ, ʚʳʷʚʣʝʥʦ ʧʦʜʘʚʣʝʥʠʝ ʧʨʦʮʝʩʩʘ ʠʭ ʨʝʛʝʥʝʨʘʮʠʠ. ʋ 

ʤʠʢʨʦʨʘʩʪʝʥʠʡ ʢʣʦʥʦʚ 76 ʠ 81 ʥʘʙʣʶʜʘʣʠ ʭʣʦʨʦʟ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚ 100% ʠ 10ï30,0%. 

ɺʳʞʠʚʰʠʝ ʵʢʩʧʣʘʥʪʳ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ ʦʪʩʫʪʩʪʚʠʝʤ ʨʦʩʪʘ ʧʦʙʝʛʦʚ ʣʠʙʦ ʤʠʥʠʤʘʣʴʥʳʤ 

ʨʦʩʪʦʤ. ʀʤʝʶʱʠʝʩʷ ʣʠʩʪʴʷ ʫ ʧʝʨʚʠʯʥʦʛʦ ʵʢʩʧʣʘʥʪʘ ʪʝʨʷʣʠ ʟʝʣʝʥʫʶ ʦʢʨʘʩʢʫ, ʯʘʩʪʠʯʥʦ 

ʦʙʝʩʮʚʝʯʠʚʘʣʠʩʴ, ʣʠʙʦ ʞʝʣʪʝʣʠ, ʨʝʞʝ ð ʦʧʘʜʘʣʠ. ʀʥʜʫʢʮʠʷ ʢʦʨʥʝʡ ʦʪʩʫʪʩʪʚʦʚʘʣʘ ʫ ʚʩʝʭ 
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ʠʟʫʯʝʥʥʳʭ ʢʣʦʥʦʚ. ʋ ʢʣʦʥʘ 2ʘ ʦʪʤʝʯʘʣʠ ʥʝʢʨʦʟ ʚ 30ï70%. ɹʳʣ ʫʩʪʘʥʦʚʣʝʥ ʦʜʥʦʟʥʘʯʥʳʡ 

ʥʝʛʘʪʠʚʥʳʡ ʵʬʬʝʢʪ ʘʧʨʦʙʠʨʦʚʘʥʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʛʝʥʪʘʤʠʮʠʥʘ ʥʘ ʤʦʨʬʦʛʝʥʥʳʡ ʩʪʘʪʫʩ 

ʫʟʣʦʚʳʭ ʩʝʛʤʝʥʪʦʚ ʧʦʙʝʛʦʚ ʙʝʨʝʟʳ ʢʘʨʝʣʴʩʢʦʡ. 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʩʦʩʪʘʚʝ ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʳ ʩʪʨʝʧʪʦʤʠʮʠʥʘ ʚ ʢʦʣʠʯʝʩʪʚʝ 500 ʤʛ/ʣ 

ʫ ʢʣʦʥʘ 81 ʦʪʤʝʯʘʣʠ ʦʯʝʥʴ ʩʣʘʙʳʡ ʨʦʩʪ 40% ʵʢʩʧʣʘʥʪʦʚ, ʦʩʪʘʣʴʥʳʝ ʵʢʩʧʣʘʥʪʳ ʥʝ ʨʘʟʚʠʣʠʩʴ ʠ 

ʥʝʢʨʦʪʠʟʠʨʦʚʘʣʠ. ʅʘʙʣʶʜʘʣʠ ʧʦʷʚʣʝʥʠʝ ʚ ʪʦʣʱʝ ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʳ ʩʣʘʙʦ ʨʘʟʚʠʪʦʡ 

ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʠʥʬʝʢʮʠʠ ʫ ʦʩʥʦʚʘʥʠʡ ʫʟʣʦʚʳʭ ʩʝʛʤʝʥʪʦʚ ʧʦʙʝʛʦʚ. ʋʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʩʪʨʝʧʪʦʤʠʮʠʥʘ ʜʦ 1000 ʤʛ/ʣ ʚ ʢʫʣʴʪʫʨʘʣʴʥʦʡ ʩʨʝʜʝ, ʧʦʜʘʚʣʷʷ ʨʦʩʪ ʙʘʢʪʝʨʠʡ, ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ 

ʨʘʟʚʠʪʠʶ ʭʣʦʨʦʟʘ ʠ ʥʝʢʨʦʟʘ ʫ ʚʩʝʭ ʵʢʩʧʣʘʥʪʦʚ. 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʮʝʬʦʪʘʢʩʠʤʘ, ʢʘʨʙʝʥʠʮʠʣʣʠʥʘ ʠ ʠʭ ʩʦʚʤʝʩʪʥʦʡ ʢʦʤʙʠʥʘʮʠʠ ʥʝ 

ʫʩʪʘʥʦʚʣʝʥʦ ʥʝʛʘʪʠʚʥʦʝ ʠʭ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʨʘʟʚʠʪʠʝ ɻ ʢʩʧʣʘʥʪʦʚ ʫ ʢʣʦʥʦʚ 76 ʠ 81. ʅʘʙʣʶʜʘʣʠ 

ʜʦʩʪʘʪʦʯʥʦ ʘʢʪʠʚʥʳʡ ʨʦʩʪ ʧʦʙʝʛʦʚ ʚ ʚʳʩʦʪʫ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʟʝʣʝʥʳʭ ʣʠʩʪʴʝʚ, ʩʪʘʙʠʣʴʥʦʝ 

ʢʦʨʥʝʦʙʨʘʟʦʚʘʥʠʝ. ɺ ʙʦʣʴʰʝʡ ʤʝʨʝ ʜʝʡʩʪʚʠʝ ɓïʣʘʢʪʘʤʥʳʭ ʘʥʪʠʙʠʦʪʠʢʦʚ ʦʪʤʝʯʘʣʠ ʥʘ 

ʧʦʢʘʟʘʪʝʣʴ çʚʳʩʦʪʘ ʧʦʙʝʛʦʚè ʠ ʥʘ ʧʘʨʘʤʝʪʨʳ ʨʠʟʦʛʝʥʝʟʘ. ʏʘʱʝ ʚʩʝʛʦ ʢʘʨʙʝʥʠʮʠʣʣʠʥ ʠ 

ʮʝʬʦʪʘʢʩʠʤ, ʚʳʟʳʚʘʷ ʩʥʠʞʝʥʠʝ ʯʠʩʣʘ ʢʦʨʥʝʡ ʥʘ ʨʘʩʪʝʥʠʠ ʠ ʫʤʝʥʴʰʝʥʠʝ ʠʭ ʜʣʠʥʳ, 

ʩʪʠʤʫʣʠʨʦʚʘʣʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʙʦʣʝʝ ʤʦʱʥʳʭ ʢʦʨʥʝʡ, ʯʝʤ ʚ ʢʦʥʪʨʦʣʝ. ʆʜʥʘʢʦ ʩʣʝʜʫʝʪ 

ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʝʛʝʥʝʨʘʮʠʠ ʨʘʩʪʝʥʠʡ ʟʘʚʠʩʝʣʘ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʦʪ ʝʛʦ 

ʛʝʥʦʪʠʧʘ. ʅʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʳʤ ʜʣʷ ʨʝʛʝʥʝʨʘʮʠʠ ʵʢʩʧʣʘʥʪʦʚ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ɓï

ʣʘʢʪʘʤʥʳʭ ʘʥʪʠʙʠʦʪʠʢʦʚ ʜʣʷ ʢʣʦʥʘ 76, ʚ ʤʝʥʴʰʝʡ ʤʝʨʝ ð ʜʣʷ ʢʣʦʥʘ 81, ʠ ʧʨʘʢʪʠʯʝʩʢʠ 

ʥʝʵʬʬʝʢʪʠʚʥʦ ʜʣʷ ʢʣʦʥʘ 2ʘ. 

ʇʨʠ ʜʝʡʩʪʚʠʠ ɓïʣʘʢʪʘʤʥʳʭ ʘʥʪʠʙʠʦʪʠʢʦʚ ʢʦʵʬʬʠʮʠʝʥʪ ʤʫʣʴʪʠʧʣʠʢʘʮʠʠ ʧʨʠ ʫʩʣʦʚʠʠ 

ʧʨʠʤʝʥʝʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʵʢʩʧʣʘʥʪʦʚ ʦʜʥʦʧʦʯʝʯʥʳʭ ʩʝʛʤʝʥʪʦʚ ʧʦʙʝʛʦʚ ʫ ʢʣʦʥʦʚ 76 ʠ 81 

ʦʩʪʘʚʘʣʩʷ ʥʘ ʫʨʦʚʥʝ ʟʥʘʯʝʥʠʷ ʢʦʥʪʨʦʣʴʥʦʛʦ ʚʘʨʠʘʥʪʘ, ʫ ʢʣʦʥʘ 2ʘ ʩʥʠʞʘʣʩʷ ʩ 3 ʜʦ 2. 

ɻʝʥʪʘʤʠʮʠʥ ʚ ʪʝʩʪʠʨʫʝʤʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʣ ʥʘ ʩʥʠʞʝʥʠʝ ʟʥʘʯʝʥʠʷ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʤʫʣʴʪʠʧʣʠʢʘʮʠʠ ʩ 4ï5 ʜʦ 0 ʫ ʢʣʦʥʦʚ 76 ʠ 81, ʠ ʩ 3 ʜʦ 0 ʫ ʢʣʦʥʘ 2ʘ (ʈʠʩʫʥʦʢ 1). 

ɸʥʘʣʦʛʠʯʥʳʡ ʥʝʛʘʪʠʚʥʳʡ ʵʬʬʝʢʪ ʛʝʥʪʘʤʠʮʠʥʘ ʙʳʣ ʦʧʨʝʜʝʣʝʥ ʨʘʥʝʝ ʚ ʢʫʣʴʪʫʨʝ ʪʢʘʥʝʡ 

ʙʝʨʝʟʳ ʧʦʚʠʩʣʦʡ ʠ ʙʝʨʝʟʳ ʧʫʰʠʩʪʦʡ [5]. 

 
ʈʠʩʫʥʦʢ 1. ɺʣʠʷʥʠʝ ʘʥʪʠʙʠʦʪʠʢʦʚ ʥʘ ʢʦʵʬʬʠʮʠʝʥʪ ʤʫʣʴʪʠʧʣʠʢʘʮʠʠ. 
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ʉʨʝʜʥʷʷ ʤʘʩʩʘ ʤʠʢʨʦʨʘʩʪʝʥʠʡ ʥʘ ʩʨʝʜʘʭ, ʩʦʜʝʨʞʘʱʠʭ ʮʝʬʦʪʘʢʩʠʤ ʠ/ʠʣʠ 

ʢʘʨʙʝʥʠʮʠʣʣʠʥ, ʫ ʢʣʦʥʘ 76 ʚʦʟʨʘʩʪʘʣʘ ʚ 1,4 ʨʘʟʘ, ʫ ʢʣʦʥʘ 81 ʦʩʪʘʚʘʣʘʩʴ ʥʘ ʫʨʦʚʥʝ 

ʢʦʥʪʨʦʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ, ʫ ʢʣʦʥʘ 2ʘ ʫʩʪʘʥʦʚʣʝʥʦ ʩʥʠʞʝʥʠʝ ʜʘʥʥʦʛʦ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʛʦ 

ʧʦʢʘʟʘʪʝʣʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ ʙʦʣʝʝ ʯʝʤ ʚ 2ï3 ʨʘʟʘ (ʈʠʩʫʥʦʢ 2).  

ʇʨʠ ʧʦʩʣʝʜʫʶʱʝʤ ʩʫʙʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʘ ʙʝʟʛʦʨʤʦʥʘʣʴʥʳʝ 

ʩʨʝʜʳ ʙʳʣʘ ʚʠʟʫʘʣʴʥʦ ʦʮʝʥʝʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʘʥʪʠʙʠʦʪʠʢʦʚ ʜʣʷ ʠʟʙʘʚʣʝʥʠʷ 

ʤʘʪʝʨʠʘʣʘ ʦʪ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʠʥʬʝʢʮʠʠ. ɺ ʥʘʰʝʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʧʦʟʠʪʠʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʧʦʢʘʟʘʣʦ ʧʨʠʤʝʥʝʥʠʝ ʢʘʨʙʝʥʠʮʠʣʣʠʥʘ ʣʠʙʦ ʝʛʦ ʩʦʚʤʝʩʪʥʦʝ ʜʝʡʩʪʚʠʝ ʩ ʮʝʬʦʪʘʢʩʠʤʦʤ. ɺ 

ʜʘʣʴʥʝʡʰʝʤ ʧʦʷʚʣʝʥʠʝ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʠʥʬʝʢʮʠʠ ʥʘʙʣʶʜʘʣʠ ʩʧʫʩʪʷ 6ï9 ʧʘʩʩʘʞʝʡ. ʇʨʠ 

ʚʥʝʩʝʥʠʠ ʪʦʣʴʢʦ ʮʝʬʦʪʘʢʩʠʤʘ ʚ ʩʦʩʪʘʚ ʩʨʝʜʳ, ʠʥʬʝʢʮʠʷ ʧʦʷʚʣʷʣʘʩʴ ʯʝʨʝʟ 1ï3 ʧʘʩʩʘʞʘ. ʉ 

ʙʦʣʴʰʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ ʤʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ, 

ʦʙʣʘʜʘʶʱʠʭ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʳʤ ʜʝʡʩʪʚʠʝʤ, ʧʨʠ ʨʘʙʦʪʝ ʩ ʢʫʣʴʪʫʨʦʡ ʪʢʘʥʠ ʨʘʩʪʝʥʠʡ ʷʚʣʷʝʪʩʷ 

ʦʙʷʟʘʪʝʣʴʥʳʤ ʫʩʣʦʚʠʝʤ. 

 
 

ʈʠʩʫʥʦʢ 2. ɺʣʠʷʥʠʝ ʘʥʪʠʙʠʦʪʠʢʦʚ ʥʘ ʤʘʩʩʫ ʦʜʥʦʛʦ ʨʝʛʝʥʝʨʘʥʪʘ. 

 

ɼʘʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʭʦʜʥʳ ʩ ʤʘʪʝʨʠʘʣʦʤ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʤ ʨʘʥʝʝ Dodds J. H. ʩ 

ʩʦʘʚʪʦʨʘʤʠ ʥʘ ʢʫʣʴʪʫʨʝ ʪʢʘʥʝʡ ʨʘʩʪʝʥʠʡ [6]. ʊʘʢʦʡ ʧʦʜʭʦʜ ʥʝ ʪʦʣʴʢʦ ʧʦʟʚʦʣʠʪ ʨʘʩʰʠʨʠʪʴ 

ʩʧʝʢʪʨ ʜʝʡʩʪʚʠʷ ʘʥʪʠʙʠʦʪʠʢʦʚ ʥʘ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ, ʥʦ ʠ ʧʨʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʛʨʘʤʦʪʥʦʤ 

ʧʦʜʙʦʨʝ ʢʦʤʙʠʥʘʮʠʡ ʘʥʪʠʙʠʦʪʠʢʦʚ ʙʫʜʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʩʦʭʨʘʥʝʥʠʶ ʨʦʩʪʦʚʳʭ ʧʨʦʮʝʩʩʦʚ 

ʨʘʩʪʝʥʠʡ ʚ ʧʦʣʥʦʤ ʦʙʲʝʤʝ, ʢʘʢ ʵʪʦ ʙʳʣʦ ʚʳʷʚʣʝʥʦ ʜʣʷ ʢʘʨʝʣʴʩʢʦʡ ʙʝʨʝʟʳ ʚ ʥʘʰʝʤ ʦʧʳʪʝ. 

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʩʦʭʨʘʥʷʝʪʩʷ ʨʠʩʢ ʫʚʝʣʠʯʝʥʠʷ ʩʦʤʘʢʣʦʥʘʣʴʥʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʧʨʠʤʝʥʝʥʠʷ ʘʥʪʠʙʠʦʪʠʢʦʚ. ʀ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʠʭ ʪʦʢʩʠʯʥʦʩʪʴ ʥʝ ʪʦʣʴʢʦ ʥʘ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ, ʥʦ ʠ ʨʘʩʪʠʪʝʣʴʥʳʝ ʪʢʘʥʠ. 

 

ɺʳʚʦʜʳ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ: 

1. ɺʳʷʚʣʝʥʦ ʥʝʛʘʪʠʚʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʧʨʠʩʫʪʩʪʚʠʷ ʚ ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʝ ʛʝʥʪʘʤʠʮʠʥʘ ʚ 

ʢʦʥʮʝʥʪʨʘʮʠʠ 100 ʠ 300 ʤʛ/ʣ ʥʘ ʢʫʣʴʪʫʨʫ ʪʢʘʥʝʡ ʪʝʩʪʠʨʦʚʘʥʥʳʭ ʢʣʦʥʦʚ ʢʘʨʝʣʴʩʢʦʡ ʙʝʨʝʟʳ. 

ʇʦʩʣʝʜʫʶʱʝʝ ʩʫʙʢʫʣʴʪʠʚʠʨʦʚʘʥʠʝ ʵʢʩʧʣʘʥʪʦʚ ʥʘ ʩʚʝʞʠʝ ʙʝʟʛʦʨʤʦʥʘʣʴʥʳʝ ʩʨʝʜʳ 
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ʠʥʜʫʮʠʨʫʝʪ ʠʭ ʛʠʙʝʣʴ ʣʠʙʦ, ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʠ, ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʜʘʚʣʷʝʪ 

ʨʦʩʪʦʚʳʝ ʧʨʦʮʝʩʩʳ.  

2. ʅʘ ʵʪʘʧʝ ʤʫʣʴʪʠʧʣʠʢʘʮʠʠ ʧʦʙʝʛʦʚ ʢʘʨʝʣʴʩʢʦʡ ʙʝʨʝʟʳ ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʳʤ 

ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʮʝʬʦʪʘʢʩʠʤʘ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʢʘʨʙʝʥʠʮʠʣʣʠʥʦʤ, ʚ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʧʦ 500 

ʤʛ/ʣ. ʋʢʘʟʘʥʥʳʝ ʨʝʞʠʤʳ ʧʦʟʚʦʣʷʶʪ ʧʦʜʜʝʨʞʠʚʘʪʴ ʚʠʟʫʘʣʴʥʦ ʯʠʩʪʫʶ ʢʫʣʴʪʫʨʫ ʪʢʘʥʝʡ, ʙʝʟ 

ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʥʝʛʘʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʤʠʢʨʦʨʘʩʪʝʥʠʡ ʠ 

ʠʭ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʴ.  

3. ʇʨʠ ʨʘʙʦʪʝ ʩ ʢʫʣʴʪʫʨʦʡ ʢʣʝʪʦʢ ʠ ʪʢʘʥʝʡ ʨʘʩʪʝʥʠʡ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʝʝ ʩʪʝʨʠʣʴʥʦʩʪʠ ʚ 

ʪʝʯʝʥʠʝ ʜʣʠʪʝʣʴʥʦʛʦ ʧʝʨʠʦʜʘ ʚʨʝʤʝʥʠ ʩʣʝʜʫʝʪ ʧʨʠʜʝʨʞʠʚʘʪʴʩʷ ʢʦʥʮʝʧʮʠʠ ʩʦʚʤʝʩʪʥʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʝʩʢʦʣʴʢʠʭ ʚʠʜʦʚ ʘʥʪʠʙʠʦʪʠʢʦʚ, ʨʘʟʣʠʯʘʶʱʠʭʩʷ ʧʦ ʤʝʭʘʥʠʟʤʫ ʠʭ 

ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʙʘʢʪʝʨʠʘʣʴʥʫʶ ʢʣʝʪʢʫ ʠ ʩ ʨʘʟʥʳʤ ʩʧʝʢʪʨʦʤ ʜʝʡʩʪʚʠʷ ʥʘ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ, 

ʣʠʙʦ ʯʝʨʝʜʦʚʘʪʴ ʠʭ ʧʨʠʤʝʥʝʥʠʝ. ʅʝ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʘʥʪʠʙʠʦʪʠʢʠ ʚ ʢʘʞʜʦʤ 

ʧʘʩʩʘʞʝ ʧʨʠ ʨʫʪʠʥʥʦʤ ʨʘʟʤʥʦʞʝʥʠʠ. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ɻʇʅʀ (̄  ʪʝʤʳ ʄ16-33). 
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ʧʯʝʣʦʚʦʜʩʪʚʘ ʥʘ ʧʨʠʤʝʨʝ ʤʝʜʘ ʨʘʟʥʦʪʨʘʚʥʦʛʦ, ʧʨʦʠʟʚʝʜʝʥʥʦʛʦ ʚ ʨʘʟʣʠʯʥʳʭ ʨʝʛʠʦʥʘʭ. 

ʇʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ ʢʘʯʝʩʪʚʘ ʥʘʪʫʨʘʣʴʥʳʭ ʤʝʜʦʚ ʧʦ ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʤ, ʬʠʟʠʢʦïʭʠʤʠʯʝʩʢʠʤ 

ʧʦʢʘʟʘʪʝʣʷʤ. ʂʨʦʤʝ ʧʦʢʘʟʘʪʝʣʝʡ, ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥʥʳʭ ɻʆʉʊ ʈ 54644-2011, ʘ ʪʘʢʞʝ 

çʇʨʘʚʠʣʘʤʠ ʚʝʪʝʨʠʥʘʨʥʦïʩʘʥʠʪʘʨʥʦʡ ʵʢʩʧʝʨʪʠʟʳ ʤʝʜʘ ʧʨʠ ʧʨʦʜʘʞʝ ʥʘ ʨʳʥʢʝè, ʙʳʣʠ 

ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʯʠʩʣʝʥʥʦʩʪʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʠ ʘʥʪʠʤʠʢʨʦʙʥʳʭ 

ʩʚʦʡʩʪʚ ʤʝʜʘ.  

ɼʘʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʪʘʢʞʝ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʢʘʢ ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʢʘʯʝʩʪʚʦ ʤʝʜʘ ʠ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʝʛʦ ʮʝʥʥʦʩʪʴ.  

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʦʙʳ ʤʝʜʘ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʪʨʝʙʦʚʘʥʠʷʤ ʥʦʨʤʘʪʠʚʥʳʭ ʜʦʢʫʤʝʥʪʦʚ, ʠ 

ʧʨʦʷʚʣʷʶʪ ʙʘʢʪʝʨʠʦʩʪʘʪʠʯʝʩʢʦʝ ʜʝʡʩʪʚʠʝ ʚ ʦʪʥʦʰʝʥʠʠ ʪʝʩʪïʢʫʣʴʪʫʨ Serratia marcescens ʠ 

Pseudomonas aeruginosa. 

 

Abstract. This article examines the biological value of bee products using the example of 

honey mixed herbs produced in different regions. An assessment of the quality of natural honey on 

organoleptic, physicochemical indicators was carried out. In addition to the indicators regulated by 

GOST R 54644-2011, as well as the ñRules of veterinary and sanitary examination of honey for sale 

on the marketò, studies were conducted to determine the number of microorganisms and the 

antimicrobial properties of honey.  

These indicators were also considered as characterizing the quality of honey and, therefore, 

determining its value.  

It has been established that honey samples meet the requirements of regulatory documents and 

exhibit bacteriostatic action against the test cultures of Serratia marcescens and Pseudomonas 

aeruginosa. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʝʜ, ʢʘʯʝʩʪʚʦ, ʯʠʩʣʝʥʥʦʩʪʴ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʧʨʦʪʠʚʦʤʠʢʨʦʙʥʳʝ 

ʩʚʦʡʩʪʚʘ. 

 

Keywords: honey, quality, number of microorganisms, antimicrobial properties. 
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ʈʘʟʚʝʜʝʥʠʝʤ ʧʯʝʣ ʯʝʣʦʚʝʢ ʟʘʥʠʤʘʝʪʩʷ ʠʟʜʨʝʚʣʝ. ʀ ʥʝ ʪʦʣʴʢʦ ʧʦʪʦʤʫ, ʯʪʦ ʧʯʝʣʳ, ʦʧʳʣʷʷ 

ʨʘʩʪʝʥʠʷ, ʧʦʚʳʰʘʶʪ ʠʭ ʫʨʦʞʘʡʥʦʩʪʴ, ʫʣʫʯʰʘʶʪ ʢʘʯʝʩʪʚʦ ʧʦʣʫʯʘʝʤʳʭ ʩʝʤʷʥ, ʧʣʦʜʦʚ ʠ ʷʛʦʜ. 

ʆʩʥʦʚʥʳʝ ʧʨʦʜʫʢʪʳ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʧʯʝʣ, ʪʘʢʠʝ ʢʘʢ ʤʝʜ, ʧʝʨʛʘ, ʚʦʩʢ, ʧʨʦʧʦʣʠʩ, ʤʘʪʦʯʥʦʝ 

ʤʦʣʦʯʢʦ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʥʪʝʨʝʩ ʜʣʷ ʯʝʣʦʚʝʢʘ ʥʝ ʪʦʣʴʢʦ ʢʘʢ ʧʨʦʜʫʢʪʳ ʧʦʚʩʝʜʥʝʚʥʦʛʦ ʧʠʪʘʥʠʷ, 

ʥʦ ʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʣʝʢʘʨʩʪʚʝʥʥʦʡ ʮʝʥʥʦʩʪʠ [1]. 

ɹʦʛʘʪʳʡ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʧʨʦʜʫʢʪʦʚ ʧʯʝʣʦʚʦʜʩʪʚʘ ʧʨʝʜʦʧʨʝʜʝʣʷʝʪ ʤʥʦʛʦʦʙʨʘʟʠʝ ʠʭ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. ʅʘʫʯʥʦ ʜʦʢʘʟʘʥʦ, ʯʪʦ ʵʪʠ ʧʨʦʜʫʢʪʳ ʚʦʟʜʝʡʩʪʚʫʶʪ ʥʘ ʦʨʛʘʥʠʟʤ 

ʯʝʣʦʚʝʢʘ ʥʝ ʩʪʦʣʴʢʦ ʢʘʢʠʤ-ʪʦ ʦʜʥʠʤ ʦʪʜʝʣʴʥʳʤ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ, 

ʩʢʦʣʴʢʦ ʩʦʚʦʢʫʧʥʦʩʪʴʶ ʩʦʩʪʘʚʣʷʶʱʠʭ ʚʝʱʝʩʪʚ ʠ ʧʨʠʨʦʜʥʦʡ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʩʪʴʶ ʧʨʦʜʫʢʪʘ 

[2]. 

ʀʟ ʚʩʝʭ ʧʨʦʜʫʢʪʦʚ ʧʯʝʣʦʚʦʜʩʪʚʘ ʤʝʜ ʠʤʝʝʪ ʙʦʣʝʝ ʚʳʨʘʞʝʥʥʳʝ ʧʠʪʘʪʝʣʴʥʳʝ ʩʚʦʡʩʪʚʘ, ʘ 

ʪʘʢʞʝ ʦʙʣʘʜʘʝʪ ʦʙʰʠʨʥʳʤ ʩʧʝʢʪʨʦʤ ʣʝʯʝʙʥʳʭ, ʠʤʤʫʥʦʙʠʦʣʦʛʠʯʝʩʢʠʭ ʠ ʧʨʦʪʠʚʦʤʠʢʨʦʙʥʳʭ 

ʩʚʦʡʩʪʚ [3]. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʡ ð ʦʧʨʝʜʝʣʝʥʠʝ ʢʘʯʝʩʪʚʘ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʦʜʫʢʪʦʚ ʧʯʝʣʦʚʦʜʩʪʚʘ ʥʘ 

ʧʨʠʤʝʨʝ ʥʘʪʫʨʘʣʴʥʦʛʦ ʤʝʜʘ ʨʘʟʥʦʪʨʘʚʴʝ.  

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʠ ʙʳʣʠ ʧʦʩʪʘʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

ïʇʨʦʚʝʩʪʠ ʦʮʝʥʢʫ ʢʘʯʝʩʪʚʘ ʤʝʜʘ ʧʦ ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʤ ʠ ʬʠʟʠʢʦïʭʠʤʠʯʝʩʢʠʤ 

ʧʦʢʘʟʘʪʝʣʷʤ.  

ïʆʧʨʝʜʝʣʠʪʴ ʯʠʩʣʝʥʥʦʩʪʴ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʚ ʠʩʩʣʝʜʫʝʤʳʭ ʧʨʦʙʘʭ ʤʝʜʘ ʤʝʪʦʜʦʤ 

ʛʣʫʙʠʥʥʦʛʦ ʧʦʩʝʚʘ. 

ïʈʘʩʩʤʦʪʨʝʪʴ ʚʣʠʷʥʠʝ ʤʝʜʘ, ʧʨʦʠʟʚʝʜʝʥʥʦʛʦ ʚ ʨʘʟʥʳʭ ʨʝʛʠʦʥʘʭ, ʥʘ ʙʘʢʪʝʨʠʘʣʴʥʳʝ ʠ 

ʤʠʮʝʣʠʘʣʴʥʳʝ ʢʫʣʴʪʫʨʳ.  

 

ʄʘʪʝʨʠʘʣ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɺ ʨʘʤʢʘʭ ʥʘʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣ ʚʳʙʨʘʥ ʧʦʣʠʬʣʦʨʥʳʡ ʤʝʜ, ʘ ʠʤʝʥʥʦ ʤʝʜ ʮʚʝʪʦʯʥʳʡ 

ʨʘʟʥʦʪʨʘʚʴʝ.  

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʚʳʙʨʘʥʳ ʪʨʠ ʦʙʨʘʟʮʘ ʤʝʜʘ ʥʘʪʫʨʘʣʴʥʦʛʦ 

ʨʘʟʥʦʪʨʘʚʴʝ, ʧʨʦʠʟʚʝʜʝʥʥʳʭ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʨʝʩʧʫʙʣʠʢʠ ʂʘʙʘʨʜʠʥʦïɹʘʣʢʘʨʠʷ, ʘ ʪʘʢʞʝ 

ʉʘʨʘʪʦʚʩʢʦʡ ʠ ʇʝʥʟʝʥʩʢʦʡ ʦʙʣʘʩʪʝʡ. 

ʆʪʙʦʨ ʧʨʦʙ ʧʨʦʚʦʜʠʣʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ çʇʨʘʚʠʣ ʚʝʪʝʨʠʥʘʨʥʦï

ʩʘʥʠʪʘʨʥʦʡ ʵʢʩʧʝʨʪʠʟʳ ʤʝʜʘ ʧʨʠ ʧʨʦʜʘʞʝ ʥʘ ʨʳʥʢʘʭè (1).  

ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʭ ʠ ʬʠʟʠʢʦïʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʤʝʜʘ 

ʨʫʢʦʚʦʜʩʪʚʦʚʘʣʠʩʴ çʇʨʘʚʠʣʘʤʠ ʚʝʪʝʨʠʥʘʨʥʦïʩʘʥʠʪʘʨʥʦʡ ʵʢʩʧʝʨʪʠʟʳ ʤʝʜʘ ʧʨʠ ʧʨʦʜʘʞʝ ʥʘ 

ʨʳʥʢʘʭè, ʘ ʪʘʢʞʝ ɻʆʉʊ ʈ 54644-2011 çʄʝʜ ʥʘʪʫʨʘʣʴʥʳʡ. ʊʝʭʥʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷè (2).  

ʂʨʦʤʝ ʧʦʢʘʟʘʪʝʣʝʡ, ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥʥʳʭ ɻʆʉʊ ʈ 54644-2011, ʘ ʪʘʢʞʝ ʇʨʘʚʠʣʘʤʠ 

ʚʝʪʝʨʠʥʘʨʥʦïʩʘʥʠʪʘʨʥʦʡ ʵʢʩʧʝʨʪʠʟʳ, ʥʘʤʠ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ 

ʯʠʩʣʝʥʥʦʩʪʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʠ ʘʥʪʠʤʠʢʨʦʙʥʳʭ ʩʚʦʡʩʪʚ ʤʝʜʘ. ɼʘʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʪʘʢʞʝ 

ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʥʘʤʠ ʢʘʢ ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʢʘʯʝʩʪʚʦ ʤʝʜʘ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʯʠʩʣʝʥʥʦʩʪʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʚʥʦʩʠʣʠ ʧʦ 1 ʛ ʦʙʨʘʟʮʦʚ ʚ ʩʪʝʨʠʣʴʥʳʝ 

ʯʘʰʢʠ ʇʝʪʨʠ. ɿʘʪʝʤ ʟʘʣʠʚʘʣʠ ʚ ʯʘʰʢʠ ʧʦ 20 ʤʣ ʦʩʪʫʞʝʥʥʦʡ ʩʨʝʜʳ ʠ ʩʤʝʰʠʚʘʣʠ ʧʠʪʘʪʝʣʴʥʫʶ 

ʩʨʝʜʫ ʩ ʦʙʨʘʟʮʘʤʠ ʤʝʜʘ ʚʨʘʱʘʪʝʣʴʥʳʤ ʜʚʠʞʝʥʠʝʤ ʯʘʰʢʠ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʦʣʘ. ʇʦʩʣʝ ʵʪʦʛʦ 

ʯʘʰʢʠ ʦʩʪʘʚʣʷʣʠ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʧʦʣʦʞʝʥʠʠ ʜʦ ʟʘʩʪʳʚʘʥʠʷ ʩʨʝʜʳ. ʂʦʛʜʘ ʩʨʝʜʘ ʟʘʩʪʳʣʘ, 

ʯʘʰʢʠ ʇʝʪʨʠ ʚ ʧʝʨʝʚʝʨʥʫʪʦʤ ʩʦʩʪʦʷʥʠʠ ʧʦʤʝʱʘʣʠ ʚ ʪʝʨʤʦʩʪʘʪ [6].  

ʇʦʩʝʚʳ ʧʦʤʝʱʘʣʠ ʚ ʪʝʨʤʦʩʪʘʪ ʜʣʷ ʚʳʨʘʱʠʚʘʥʠʷ ʚ ʪʝʯʝʥʠʝ 1ï15 ʩʫʪʦʢ. ʊʘʢ ʢʘʢ ʜʨʦʞʞʠ, 

ʤʠʮʝʣʠʘʣʴʥʳʝ ʛʨʠʙʳ ʠ ʩʘʧʨʦʬʠʪʥʳʝ ʙʘʢʪʝʨʠʠ ʦʪʥʦʩʷʪʩʷ ʢ ʤʝʟʦʬʠʣʘʤ, ʪʦ ʜʣʷ ʠʥʢʫʙʠʨʦʚʘʥʠʷ 

ʦʧʪʠʤʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʩʯʠʪʘʝʪʩʷ 25ï30 ÁC. ʇʦʜʩʯʝʪ ʧʨʦʚʦʜʠʣʠ, ʥʝ ʦʪʢʨʳʚʘʷ ʯʘʰʢʠ (1).  
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ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʧʨʦʪʠʚʦʤʠʢʨʦʙʥʳʭ ʩʚʦʡʩʪʚ ʤʝʜʘ ʚ ʢʘʯʝʩʪʚʝ ʪʝʩʪïʦʙʲʝʢʪʦʚ ʙʳʣʠ 

ʚʳʙʨʘʥʳ ʢʦʣʣʝʢʮʠʦʥʥʳʝ ʙʘʢʪʝʨʠʘʣʴʥʳʝ ʢʫʣʴʪʫʨʳ: Pseudomonas aeruginosa, Proteus vulgaris, 

Bacillus subtilis, Serratia marcescens; ʠ ʤʠʮʝʣʠʘʣʴʥʳʝ ʢʫʣʴʪʫʨʳ: Aspergillus flavus, Alternaria 

sp. ɼʘʥʥʳʝ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ ʤʦʛʫʪ ʚʳʟʳʚʘʪʴ ʥʦʟʦʢʦʤʠʘʣʴʥʳʝ ʠʥʬʝʢʮʠʠ 

(ʚʥʫʪʨʠʙʦʣʴʥʠʯʥʳʝ), ʛʥʦʡʥʦïʚʦʩʧʘʣʠʪʝʣʴʥʳʝ ʟʘʙʦʣʝʚʘʥʠʷ (ʙʨʦʥʭʦʚ, ʤʦʯʝʚʦʛʦ ʪʨʘʢʪʘ, 

ʩʨʝʜʥʝʛʦ ʫʭʘ, ʛʣʘʟʘ, ʢʦʞʠ), ʘ ʪʘʢʞʝ ʪʦʢʩʠʢʦʠʥʬʝʢʮʠʠ [2ï3]. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʳʭ ʩʚʦʡʩʪʚ ʤʝʜʘ ʧʨʠʤʝʥʷʣʠ ʤʝʪʦʜ ʜʠʬʬʫʟʠʠ ʚ ʘʛʘʨ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʣʫʥʦʢ. ɼʣʷ ʵʪʦʛʦ ʯʘʰʢʫ ʇʝʪʨʠ ʩ ʟʘʩʪʳʚʰʝʡ ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʦʡ ʟʘʩʝʠʚʘʣʠ 

ʠʩʩʣʝʜʫʝʤʳʤ ʪʝʩʪïʦʙʲʝʢʪʦʤ. ɿʘʪʝʤ ʩʪʝʨʠʣʴʥʳʤ ʧʨʦʙʦʯʥʳʤ ʩʚʝʨʣʦʤ ʚʳʨʝʟʘʣʠ ʢʨʫʛʣʳʝ ʣʫʥʢʠ 

ʜʠʘʤʝʪʨʦʤ 8 ʤʤ, ʚʥʦʩʠʣʠ ʚ ʥʠʭ 1 ʛ ʤʝʜʘ ʠ ʦʩʪʘʚʣʷʣʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ (2).  

ʏʝʨʝʟ ʩʫʪʢʠ ʧʨʦʚʦʜʠʣʠ ʟʘʤʝʨʳ ʟʦʥʳ ʟʘʜʝʨʞʢʠ ʨʦʩʪʘ ʢʫʣʴʪʫʨ ʠ ʨʘʩʩʯʠʪʳʚʘʣʠ 

ʘʢʪʠʚʥʦʩʪʴ ʦʙʨʘʟʮʦʚ ʤʝʜʘ ʧʦ ʬʦʨʤʫʣʝ: 

 

ὃ  , 

 

ʛʜʝ A ð ʘʢʪʠʚʥʦʩʪʴ ʧʨʝʧʘʨʘʪʘ (ʚ ʫʩʣʦʚʥʳʭ ʝʜʠʥʠʮʘʭ), D ð ʜʠʘʤʝʪʨ ʟʦʥʳ ʟʘʜʝʨʞʢʠ 

ʨʦʩʪʘ ʢʫʣʴʪʫʨ (ʤʤ), d ð ʜʠʘʤʝʪʨ ʤʝʩʪʘ ʥʘʥʝʩʝʥʠʷ ʨʘʩʪʚʦʨʘ ʧʨʝʧʘʨʘʪʘ (ʤʤ), ʨʘʚʥʳʡ 10 ʤʤ. 

ʇʨʠ A = 1 ʧʨʝʧʘʨʘʪ ʥʝʵʬʬʝʢʪʠʚʝʥ ð ʟʦʥʘ ʟʘʜʝʨʞʢʠ ʨʦʩʪʘ ʥʝ ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ, ʧʨʠ A = 

2ï3 ʘʢʪʠʚʥʦʩʪʴ ʧʨʝʧʘʨʘʪʘ ʥʠʟʢʘʷ, ʧʨʠ A = 4 ʩʨʝʜʥʷʷ ʠ A  5 ʚʳʩʦʢʘʷ [5]. 

 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʷ 

ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʤʝʜʘ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʩʝ ʤʝʜʘ 

ʠʤʝʣʠ ʞʠʜʢʫʶ ʢʦʥʩʠʩʪʝʥʮʠʶ, ʧʨʠʷʪʥʳʡ ʘʨʦʤʘʪ, ʩʣʘʜʢʠʡ ʚʢʫʩ ʩ ʢʠʩʣʦʚʘʪʳʤ ʧʦʩʣʝʚʢʫʩʠʝʤ 

[1ï3]. ɿʘ ʠʩʢʣʶʯʝʥʠʝʤ ʧʨʦʙʳ ʤʝʜʘ ʠʟ ʉʘʨʘʪʦʚʩʢʦʡ ʦʙʣʘʩʪʠ, ʢʦʪʦʨʘʷ ʠʤʝʣʘ ʩʣʝʛʢʘ ʛʦʨʴʢʦʚʘʪʦʝ 

ʧʦʩʣʝʚʢʫʩʠʝ. ʎʚʝʪ ʤʝʜʦʚ ʠʟʤʝʥʷʣʩʷ ʦʪ ʞʝʣʪʦïʦʨʘʥʞʝʚʦʛʦ ʜʦ ʪʝʤʥʦï̫ ʥʪʘʨʥʦʛʦ.  

ʇʨʠʟʥʘʢʠ ʙʨʦʞʝʥʠʷ ʚʦ ʚʩʝʭ ʦʙʨʘʟʮʘʭ ʦʪʩʫʪʩʪʚʦʚʘʣʠ. ɼʘʥʥʳʝ ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʠ ʪʨʝʙʦʚʘʥʠʷʤ ɻʆʉʊ ʈ 54644-2011. 

ʈʝʟʫʣʴʪʘʪʳ ʬʠʟʠʢʦïʭʠʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʊʘʙʣʠʮʝ 1. 

 

ʊʘʙʣʠʮʘ 1. 

ʌʀɿʀʂʆïʍʀʄʀʏɽʉʂʀɽ ʇʆʂɸɿɸʊɽʃʀ ʆɹʈɸɿʎʆɺ ʄɽɼɸ 

ʅʘʠʤʝʥʦʚʘʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ  ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʊʨʝʙʦʚʘʥʠʷ ɻʆʉʊ ʈ 

54644-2011 ʇʝʥʟʝʥʩʢʘʷ 

ʦʙʣʘʩʪʴ 

ʉʘʨʘʪʦʚʩʢʘʷ 

ʦʙʣʘʩʪʴ 

ʂɹʈ 

ʄʘʩʩʦʚʘʷ ʜʦʣʷ ʚʦʜʳ, % 18,2 17,4 16,6 ʅʝ ʙʦʣʝʝ 20 

ɼʠʘʩʪʘʟʥʦʝ ʯʠʩʣʦ, ʝʜ. ɻʦʪʝ 13 8 10 ʅʝ ʤʝʥʝʝ 8 

ʆʙʱʘʷ ʢʠʩʣʦʪʥʦʩʪʴ, 

ʥʦʨʤʘʣʴʥʳʝ ʛʨʘʜʫʩʳ 

3,0 3,5 3,2 1ï4 

ʄʝʭʘʥʠʯʝʩʢʠʝ ʧʨʠʟʥʘʢʠ ʆʪʩʫʪʩʪʚʫʶʪ ʅʝ ʜʦʧʫʩʢʘʝʪʩʷ 

 

ʇʨʦʚʝʜʝʥʥʳʝ ʚ ʭʦʜʝ ʚʝʪʝʨʠʥʘʨʥʦïʩʘʥʠʪʘʨʥʦʡ ʵʢʩʧʝʨʪʠʟʳ ʬʠʟʠʢʦïʭʠʤʠʯʝʩʢʠʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʘʢʞʝ ʠʤʝʶʪ ʧʦʢʘʟʘʪʝʣʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʪʨʝʙʦʚʘʥʠʷʤ ʚʳʰʝʫʢʘʟʘʥʥʦʛʦ 

ɻʆʉʊʘ. 

ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʯʠʩʣʝʥʥʦʩʪʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʫ ʤʝʜʘ ʠʟ ʇʝʥʟʝʥʩʢʦʡ ʦʙʣʘʩʪʠ ʥʘ 

ʩʨʝʜʝ ʇɸ ʚʳʜʝʣʝʥʦ 1 ʂʆɽ/ʛ, ʥʘ ʩʨʝʜʝ ʉʘʙʫʨʦ ð ʪʘʢʞʝ 1 ʂʆɽ/ʛ, ʥʘ ʩʨʝʜʝ ʏʘʧʝʢʘ ʢʦʣʦʥʠʠ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʦʪʩʫʪʩʪʚʦʚʘʣʠ. 

http://www.bulletennauki.com/
https://ru.wikipedia.org/wiki/%D0%92%D0%BD%D1%83%D1%82%D1%80%D0%B8%D0%B1%D0%BE%D0%BB%D1%8C%D0%BD%D0%B8%D1%87%D0%BD%D1%8B%D0%B5_%D0%B8%D0%BD%D1%84%D0%B5%D0%BA%D1%86%D0%B8%D0%B8
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ʋ ʤʝʜʘ ʠʟ ʉʘʨʘʪʦʚʩʢʦʡ ʦʙʣʘʩʪʠ ʥʘ ʩʨʝʜʝ ʇɸ ʠ ʉʘʙʫʨʦ ʚʳʜʝʣʝʥʦ ʧʦ 1 ʂʆɽ/ʛ. ʅʘ ʩʨʝʜʝ 

ʏʘʧʝʢʘ ʢʦʣʦʥʠʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʦʪʩʫʪʩʪʚʦʚʘʣʠ. 

ɺ ʤʝʜʝ ʩ ʂʘʙʘʨʜʠʥʦïɹʘʣʢʘʨʩʢʦʡ ʈʝʩʧʫʙʣʠʢʠ (ʅʘʣʴʯʠʢ) ʥʘ ʩʨʝʜʝ ʇɸ ʚʳʜʝʣʝʥʦ 1 ʂʆɽ/ʛ, 

ʥʘ ʉʘʙʫʨʦ ð 3 ʂʆɽ/ʛ. ʅʘ ʩʨʝʜʝ ʏʘʧʝʢʘ ʨʦʩʪ ʢʦʣʦʥʠʡ ʪʘʢʞʝ ʦʪʩʫʪʩʪʚʦʚʘʣ.  

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʫʢʘʟʘʥʳ ʚ ʊʘʙʣʠʮʝ 2. 

 

ʊʘʙʣʠʮʘ 2. 

ʏʀʉʃɽʅʅʆʉʊʔ ɺʓɼɽʃɽʅʅʓʍ ʄʀʂʈʆʆʈɻɸʅʀɿʄʆɺ ɺ ʄɽɼɽ,  

ʇʈʆʀɿɺɽɼɽʅʅʓʍ ɺ ʈɸɿʃʀʏʅʓʍ ʈɽɻʀʆʅɸʍ 

ɺʳʜʝʣʝʥʥʳʝ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ  ʇʝʥʟʝʥʩʢʘʷ ʦʙʣʘʩʪʴ  ʉʘʨʘʪʦʚʩʢʘʷ 

ʦʙʣʘʩʪʴ 

ʛ. ʅʘʣʴʯʠʢ 

ʉʘʧʨʦʪʨʦʬʥʳʝ 2 2 4 

ʄʠʮʝʣʠʘʣʴʥʳʝ  ð ð ð 

ɼʨʦʞʞʠ  ð ð ð 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʠʩʩʣʝʜʫʝʤʳʭ ʧʨʦʙʘʭ ʤʝʜʘ ʦʪʤʝʯʝʥʦ ʥʘʣʠʯʠʝ ʝʜʠʥʠʯʥʳʭ ʢʣʝʪʦʢ 

ʩʘʧʨʦʪʨʦʬʥʳʭ ʙʘʢʪʝʨʠʡ, ʚʳʷʚʣʝʥʥʳʭ ʧʨʠ ʛʣʫʙʠʥʥʦʤ ʧʦʩʝʚʝ. ɺr ʷʚʣʝʥʥʳʝ ʤʝʪʦʜʦʤ 

ʛʣʫʙʠʥʥʦʛʦ ʧʦʩʝʚʘ ʙʘʢʪʝʨʠʠ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʨʘʤïʧʦʣʦʞʠʪʝʣʴʥʳʤʠ ʥʝʩʧʦʨʦʦʙʨʘʟʫʶʱʠʤʠ 

ʧʘʣʦʯʢʘʤʠ [4]. 

ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʧʨʦʪʠʚʦʤʠʢʨʦʙʥʳʭ ʩʚʦʡʩʪʚ ʤʝʜʘ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ 

ʨʝʟʫʣʴʪʘʪʳ: ʟʦʥʘ ʟʘʜʝʨʞʢʠ ʨʦʩʪʘ ʥʘʙʣʶʜʘʣʘʩʴ ʫ Serratia marcescens. ʂ ʜʘʥʥʦʡ ʪʝʩʪïʢʫʣʴʪʫʨʝ 

ʥʘʠʙʦʣʴʰʠʡ ʧʦʜʘʚʣʷʶʱʠʡ ʵʬʬʝʢʪ ʦʢʘʟʳʚʘʣ ʤʝʜ ʠʟ ʨʝʩʧʫʙʣʠʢʠ ʂʘʙʘʨʜʠʥʦïɹʘʣʢʘʨʠʷ. 

ɼʠʘʤʝʪʨ ʟʦʥʳ ʟʘʜʝʨʞʢʠ (D) ʨʦʩʪʘ ʙʳʣ ʨʘʚʝʥ 30 ʤʤ. ɸʢʪʠʚʥʦʩʪʴ (A) ʤʝʜʘ ʨʘʩʩʯʠʪʳʚʘʣʠ ʧʦ 

ʬʦʨʤʫʣʝ. ʇʦʣʫʯʘʝʤ ʘʢʪʠʚʥʦʩʪʴ ʧʨʝʧʘʨʘʪʘ ʨʘʚʥʫʶ ʪʨʝʤ ʫʩʣʦʚʥʳʤ ʝʜʠʥʠʮʘʤ. ʅʘʠʤʝʥʴʰʝʝ 

ʧʦʜʘʚʣʝʥʠʝ ʜʘʥʥʦʡ ʢʫʣʴʪʫʨʳ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʫ ʦʙʨʘʟʮʘ ʤʝʜʘ, ʧʨʦʠʟʚʝʜʝʥʥʦʛʦ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ʇʝʥʟʝʥʩʢʦʡ ʦʙʣʘʩʪʠ (D=14 ʤʤ; ɸ=1,4). ɸʢʪʠʚʥʦʩʪʴ ʤʝʜʘ, ʧʨʦʠʟʚʝʜʝʥʥʦʛʦ ʚ ʉʘʨʘʪʦʚʩʢʦʡ 

ʦʙʣʘʩʪʠ, ʨʘʚʥʘ ʜʚʫʤ ʫʩʣʦʚʥʳʤ ʝʜʠʥʠʮʘʤ. 

ʇʦ ʦʪʥʦʰʝʥʠʶ ʢ Pseudomonas aeruginosa ʥʘʠʙʦʣʴʰʝʝ ʧʦʜʘʚʣʝʥʠʝ ʦʢʘʟʘʣ ʦʙʨʘʟʝʮ ʤʝʜʘ 

ʠʟ ʇʝʥʟʝʥʩʢʦʡ ʦʙʣʘʩʪʠ (D=30 ʤʤ; ɸ=3). ʆʙʨʘʟʮʳ ʤʝʜʦʚ, ʧʨʦʠʟʚʝʜʝʥʥʳʭ ʚ ʉʘʨʘʪʦʚʩʢʦʡ 

ʦʙʣʘʩʪʠ ʠ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʨʝʩʧʫʙʣʠʢʠ ʂʘʙʘʨʜʠʥʦïɹʘʣʢʘʨʠʷ, ʪʘʢʞʝ ʦʢʘʟʳʚʘʣʠ 

ʙʘʢʪʝʨʠʦʩʪʘʪʠʯʝʩʢʦʝ ʜʝʡʩʪʚʠʝ ʢ ʚʳʰʝʫʢʘʟʘʥʥʦʡ ʢʫʣʴʪʫʨʝ, ʜʠʘʤʝʪʨ ʧʦʜʘʚʣʝʥʠʷ ʨʘʚʝʥ 25 ʤʤ ʠ 

24 ʤʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɺ ʦʪʥʦʰʝʥʠʠ ʪʘʢʠʭ ʢʫʣʴʪʫʨ ʢʘʢ Proteus vulgaris, Bacillus subtilis ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʦʝ 

ʜʝʡʩʪʚʠʝ ʤʝʜʘ ʥʝ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʪʘʢ ʢʘʢ ʟʘʜʝʨʞʢʘ ʨʦʩʪʘ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʚʙʣʠʟʠ ʣʫʥʦʢ 

ʦʪʩʫʪʩʪʚʦʚʘʣʘ. 

ʇʦ ʦʪʥʦʰʝʥʠʶ ʢ ʤʠʮʝʣʠʘʣʴʥʳʤ ʪʝʩʪïʢʫʣʴʪʫʨʘʤ, ʬʫʥʛʠʩʪʘʪʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ ʦʙʨʘʟʮʦʚ 

ʤʝʜʘ ʥʝ ʫʩʪʘʥʦʚʣʝʥʦ. 

ʀʩʩʣʝʜʫʝʤʳʝ ʧʨʦʙʳ ʤʝʜʘ, ʧʦ ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʤ ʠ ʬʠʟʠʢʦïʭʠʤʠʯʝʩʢʠʤ ʧʦʢʘʟʘʪʝʣʷʤ, 

ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʠ ʪʨʝʙʦʚʘʥʠʷʤ çʇʨʘʚʠʣ ʚʝʪʝʨʠʥʘʨʥʦïʩʘʥʠʪʘʨʥʦʡ ʵʢʩʧʝʨʪʠʟʳ ʤʝʜʘ ʧʨʠ 

ʧʨʦʜʘʞʝ ʥʘ ʨʳʥʢʝè ʠ ɻʆʉʊ 54644-2011 çʄʝʜ ʥʘʪʫʨʘʣʴʥʳʡ. ʊʝʭʥʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷè.  

ʄʠʥʠʤʘʣʴʥʘʷ ʚʣʘʞʥʦʩʪʴ ʫʩʪʘʥʦʚʣʝʥʘ ʫ ʧʨʦʙʳ ʤʝʜʘ, ʧʨʦʠʟʚʝʜʝʥʥʦʛʦ ʚ ʂʘʙʘʨʜʠʥʦï

ɹʘʣʢʘʨʩʢʦʡ ʈʝʩʧʫʙʣʠʢʝ, ʤʘʢʩʠʤʘʣʴʥʘʷ ð ʫ ʧʨʦʙʳ ʠʟ ʇʝʥʟʝʥʩʢʦʡ ʦʙʣʘʩʪʠ. ɺʩʝ ʧʦʢʘʟʘʪʝʣʠ 

ʥʘʭʦʜʷʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʥʦʨʤʳ. ɺʦʜʥʦʩʪʴ ʤʝʜʘ ʚʳʰʝ ʥʦʨʤʳ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʙʨʦʜʠʣʴʥʳʝ 

ʧʨʦʮʝʩʩʳ (ʧʨʦʠʩʭʦʜʠʪ ʟʘʢʠʩʘʥʠʝ).  

ɸʢʪʠʚʥʦʩʪʴ ʜʠʘʩʪʘʟʳ ʙʳʣʘ ʙʦʣʝʝ ʚʳʨʘʞʝʥʘ ʚ ʤʝʜʝ, ʧʨʦʠʟʚʝʜʝʥʥʦʤ ʚ ʇʝʥʟʝʥʩʢʦʡ 

ʦʙʣʘʩʪʠ, ʯʪʦ ʧʦʣʦʞʠʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ. 
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ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʪʠʚʦʤʠʢʨʦʙʥʳʭ ʩʚʦʡʩʪʚ ʤʝʜʘ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʥʘʠʙʦʣʝʝ 

ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʤʝʜʫ ʙʘʢʪʝʨʠʘʣʴʥʳʝ ʢʫʣʴʪʫʨʳ Serratia marcescens, 

Pseudomonas aeruginosa. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʜʘʥʥʳʝ ʧʨʦʙʳ ʤʝʜʘ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʪʨʝʙʦʚʘʥʠʷʤ 

ʥʦʨʤʘʪʠʚʥʳʭ ʜʦʢʫʤʝʥʪʦʚ, ʪ.ʝ. ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʢʘʯʝʩʪʚʝʥʥʳʝ ʧʨʦʜʫʢʪʳ, ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʷʚʣʷʶʪʩʷ ʙʠʦʣʦʛʠʯʝʩʢʠ ʮʝʥʥʳʤʠ ʧʨʦʜʫʢʪʘʤʠ ʧʯʝʣʦʚʦʜʩʪʚʘ. 
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ɺ ʜʘʥʥʦʤ ʦʙʟʦʨʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʥʘʠʙʦʣʝʝ ʠʥʬʦʨʤʘʪʠʚʥʳʝ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ 

ʣʫʯʝʚʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʨʘʢʘ ʤʦʣʦʯʥʦʡ ʞʝʣʝʟʳ. ɼʣʷ ʢʘʞʜʦʛʦ ʤʝʪʦʜʘ ʜʠʘʛʥʦʩʪʠʢʠ ʫʢʘʟʘʥʳ 

ʧʘʨʘʤʝʪʨʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʢʘʢ ʧʦʣʦʞʠʪʝʣʴʥʳʝ, ʪʘʢ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʩʪʦʨʦʥʳ ʢʘʞʜʦʛʦ ʠʟ 

ʤʝʪʦʜʦʚ ʜʠʘʛʥʦʩʪʠʢʠ. 

 

Abstract. Problems of early, and most importantly, timely diagnosis of breast cancer, despite 

the huge selection of modern techniques and diagnostic equipment, remains one of the key in 

oncology. This review examines the most diagnostic methods of radiation diagnosis of breast 

cancer. For each diagnostic method, the parameters characterizing both the positive and negative 

sides of each diagnostic method are indicated. 
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ʇʨʦʙʣʝʤʳ ʨʘʥʥʝʡ, ʘ ʩʘʤʦʝ ʛʣʘʚʥʦʝ ʠ ʩʚʦʝʚʨʝʤʝʥʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʨʘʢʘ ʤʦʣʦʯʥʦʡ 

ʞʝʣʝʟʳ (ʈʄɾ), ʥʝʩʤʦʪʨʷ ʥʘ ʦʛʨʦʤʥʳʡ ʚʳʙʦʨ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʠʢ ʠ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ, ʧʦ-ʧʨʝʞʥʝʤʫ ʦʩʪʘʝʪʩʷ ʦʜʥʦʡ ʠʟ ʢʣʶʯʝʚʳʭ ʚ ʦʥʢʦʣʦʛʠʠ [14, ʩ. 178]. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ 65ï85% ʠʥʬʦʨʤʘʮʠʠ, ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ ʧʦʩʪʘʥʦʚʢʠ ʜʠʘʛʥʦʟʘ 

ʈʄɾ, ʩʧʦʩʦʙʥʳ ʜʘʪʴ ʤʝʪʦʜʳ ʣʫʯʝʚʦʡ ʜʠʘʛʥʦʩʪʠʢʠ, ʭʦʪʷ ʜʦ ʧʦʷʚʣʝʥʠʷ ʩʧʝʮʠʘʣʴʥʳʭ 

ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʫʩʪʘʥʦʚʦʢ ʚʳʷʚʣʷʝʤʦʩʪʴ ʈʄɾ ʚ I ʩʪʘʜʠʠ ʙʳʣʘ ʥʝ ʙʦʣʝʝ 18ï20% [5, ʩ. 33]. 

ʄʝʜʠʮʠʥʩʢʘʷ ʚʠʟʫʘʣʠʟʘʮʠʷ ʩʝʛʦʜʥʷ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʩʣʝʜʫʶʱʠʭ ʬʠʟʠʯʝʩʢʠʭ ʷʚʣʝʥʠʷʭ: 

ʨʝʥʪʛʝʥʦʚʩʢʠʝ ʣʫʯʠ ʠ ʨʘʜʠʦʯʘʩʪʦʪʥʦʝ ʠʟʣʫʯʝʥʠʝ [3, ʩ. 53]. 

ɹʝʩʩʧʦʨʥʦ, ʯʪʦ ʨʝʟʫʣʴʪʘʪʳ ʪʝʨʘʧʠʠ ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʭ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʡ (ɿʂʅʆ) ʣʫʯʰʝ 

ʧʨʠ ʠʭ ʚʳʷʚʣʝʥʠʠ ʥʘ ʨʘʥʥʠʭ ʩʪʘʜʠʷʭ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʠ ʩʫʱʝʩʪʚʫʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʨʘʟʨʘʙʦʪʢʝ 

ʠ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʠ ʨʘʥʝʝ ʠʟʦʙʨʝʪʝʥʥʳʭ ʤʝʪʦʜʦʚ ʜʠʘʛʥʦʩʪʠʢʠ. ʅʫʞʥʳ ʤʝʪʦʜʳ, ʢʦʪʦʨʳʝ 

ʩʤʦʛʣʠ ʙʳ ʧʦʟʚʦʣʠʪʴ ʙʦʣʝʝ ʪʦʯʥʦ ʚʳʷʚʠʪʴ ʣʦʢʘʣʠʟʘʮʠʶ ɿʂʅʆ, ʧʦʨʘʞʝʥʠʝ ʨʝʛʠʦʥʘʨʥʳʭ 

ʣʠʤʬʘʪʠʯʝʩʢʠʭ ʫʟʣʦʚ (ʈʃʋ) ʠ ʥʘʣʠʯʠʝ ʤʝʪʘʩʪʘʟʦʚ. ʀʤʝʥʥʦ ʠ ʧʨʝʜʦʧʨʝʜʝʣʷʝʪ ʣʝʯʝʙʥʫʶ 

ʪʘʢʪʠʢʫ, ʯʪʦ ʩʧʦʩʦʙʥʦ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʩʠʪʴ ʢʘʯʝʩʪʚʦ ʞʠʟʥʠ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʞʠʟʥʠ ʫ 

ʪʘʢʠʭ ʧʘʮʠʝʥʪʦʚ [6, ʩ. 60]. 

ʉʝʛʦʜʥʷ, ʦʙʱʝʧʨʠʥʷʪʳʤ ʩʪʘʥʜʘʨʪʦʤ ʷʚʣʷʝʪʩʷ ʢʦʤʧʣʝʢʩʥʦʝ ʦʙʩʣʝʜʦʚʘʥʠʝ ʤʦʣʦʯʥʳʭ 

ʞʝʣʝʟ, ʚʢʣʶʯʘʶʱʝʝ ʢʣʠʥʠʢʦïʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʝ ʠ ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ [13, ʩ. 

352]. 

ʂ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʤ ʦʪʥʦʩʷʪʩʷ: ʨʝʥʪʛʝʥʦʚʩʢʘʷ ʤʘʤʤʦʛʨʘʬʠʷ, ʋɿʀ, ʜʦʧʧʣʝʨʦʛʨʘʬʠʷ, 

ʂʊ, ʄʈʊ ʠ ʜʨ. [11, ʩ. 51]. ʆʪʥʦʩʠʪʝʣʴʥʦ ʥʦʚʳʤ ʩʯʠʪʘʝʪʩʷ ʤʘʛʥʠʪʥʦïʨʝʟʦʥʘʥʩʥʘʷ 

ʤʘʤʤʦʛʨʘʬʠʷ (ʄʈʄ), ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʤʝʪʦʜʦʚ, 

ʩʧʦʩʦʙʥʳʭ ʦʧʨʝʜʝʣʷʪʴ ʠʤʝʥʥʦ ʠʥʚʘʟʠʚʥʳʝ ʦʧʫʭʦʣʝʚʳʝ ʦʙʨʘʟʦʚʘʥʠʷ. 

ʉʨʝʜʠ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʣʦʯʥʳʭ ʞʝʣʝʟ çʟʦʣʦʪʦʡ ʩʪʘʥʜʘʨʪè 

ʨʝʥʪʛʝʥʦʚʩʢʘʷ ʤʘʤʤʦʛʨʘʬʠʷ (ʈʄ), ʠ ʧʦʯʪʠ ʚʩʝ ʩʧʝʮʠʘʣʠʩʪʳ ʩʭʦʜʷʪʩʷ ʚʦ ʤʥʝʥʠʠ, ʯʪʦ ʈʄ 

ʧʦʤʦʛʘʝʪ ʚʳʷʚʣʷʪʴ ʨʘʥʥʠʝ ʬʦʨʤʳ ʈʄɾ. ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʠ ʈʄ, ʧʦ 

ʜʘʥʥʳʤ ʨʘʟʣʠʯʥʳʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʚʘʨʴʠʨʫʝʪ ʦʪ 75 ʜʦ 95%, ʧʨʠʯʝʤ ʚʝʨʦʷʪʥʦʩʪʴ ʦʰʠʙʦʢ ʧʨʠ 

ʈʄ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ ʠ 25% [6, ʩ. 65]. 

ʆʪʝʯʝʩʪʚʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʩʭʦʜʷʪʩʷ ʚ ʝʜʠʥʦʤ ʤʥʝʥʠʠ, ʯʪʦ ʈʄ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ 

ʢʣʶʯʝʚʦʡ ʤʝʪʦʜ ʜʠʘʛʥʦʩʪʠʢʠ ɿʂʅʆ ʤʦʣʦʯʥʦʡ ʞʝʣʝʟʳ, ʘ ʚ ʩʣʫʯʘʝ ʩʦʯʝʪʘʥʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ 

ʩʪʝʨʝʦʪʘʢʩʠʯʝʩʢʠʭ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʚʳʷʚʣʷʝʤʦʩʪʴ ʧʦʚʳʰʘʝʪʩʷ ʙʦʣʝʝ ʯʝʤ ʜʦ 90%. 
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ʇʦ ʜʘʥʥʳʤ ɺʦʣʯʝʥʢʦ ɸ. ɸ. ʠ ʩʦʘʚʪ. (2006) [3, ʩ. 53], ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʳʷʚʣʝʥʠʷ 

ʤʫʣʴʪʠʮʝʥʪʨʠʯʥʳʭ ʬʦʨʤ ʈʄɾ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʈʄ ʩʦʩʪʘʚʣʷʝʪ 95,3% [1, ʩ. 10], 

ʩʧʝʮʠʬʠʯʥʦʩʪʴ ð 88,78%, ʪʦʯʥʦʩʪʴ ð 93% [2, ʩ. 23]. 

ʀʩʭʦʜʷ ʠʟ ʜʘʥʥʳʭ ʦʬʠʮʠʘʣʴʥʦʡ ʩʪʘʪʠʩʪʠʢʠ ʈʄɾ ʬʠʛʫʨʠʨʫʝʪ ʢʘʢ ʦʜʥʘ ʠʟ ʦʩʥʦʚʥʳʭ 

ʧʨʠʯʠʥ ʩʤʝʨʪʠ ʫ ʞʝʥʱʠʥ ʚ ʚʦʟʨʘʩʪʝ 20ï60 ʣʝʪ [4, ʩ. 56; 7, ʩ. 38], ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʚʦʟʥʠʢʘʝʪ 

ʢʨʘʡʥʝ ʦʩʪʨʘʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʧʦʠʩʢʝ ʪʦʯʥʳʭ ʤʝʪʦʜʦʚ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ʤʦʣʦʯʥʳʭ ʞʝʣʝʟ ʫ 

ʞʝʥʱʠʥ ʚ ʵʪʦʤ ʚʦʟʨʘʩʪʥʦʤ ʧʨʦʤʝʞʫʪʢʝ. 

ʆʜʥʠʤ ʠʟ ʪʘʢʠʭ ʤʝʪʦʜʦʚ ʚʳʩʪʫʧʘʝʪ ʋɿʀ. ʋɿʀ ʦʙʣʘʜʘʝʪ ʨʷʜʦʤ ʧʨʝʠʤʫʱʝʩʪʚ, ʪʘʢʠʤʠ 

ʢʘʢ: ʚʳʩʦʢʘʷ ʧʨʦʧʫʩʢʘʷ ʠ ʨʘʟʨʝʰʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ, ʚʦʟʤʦʞʥʦʩʪʴ ʤʥʦʛʦʢʨʘʪʥʦʛʦ 

ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʜʫʨʳ (ʜʘʥʥʳʡ ʘʩʧʝʢʪ ʠʤʝʝʪ ʟʥʘʯʝʥʠʝ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʧʨʦʬʦʩʤʦʪʨʦʚ ʠ ʜʣʷ 

ʥʘʙʣʶʜʝʥʠʷ ʚ ʜʠʥʘʤʠʢʝ), ʧʦʚʳʰʝʥʠʝ ʚʦʟʤʦʞʥʦʡ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʫʟʣʦʚʳʭ 

ʦʙʨʘʟʦʚʘʥʠʡ [9, ʩ. 830]. ʇʦʤʠʤʦ ʪʦʛʦ, ʩʦʚʨʝʤʝʥʥʳʝ ʘʧʧʘʨʘʪʳ ʦʙʣʘʜʘʝʪ ʪʝʭʥʠʯʝʩʢʠʤʠ 

ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʥʪʝʨʚʝʥʮʠʦʥʥʦʡ ʩʦʥʦʛʨʘʬʠʠ, ʠ ʧʦʜ ʢʦʥʪʨʦʣʝʤ 

ʚʠʟʫʘʣʠʟʘʮʠʠ ʧʦʣʫʯʘʪʴ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʡ ʩʫʙʩʪʨʘʪ. ʀʥʬʦʨʤʘʪʠʚʥʦʩʪʴ ʤʝʪʦʜʘ ʚʘʨʴʠʨʫʝʪ ʦʪ 55 

ʜʦ 89% [10, c. 381]. ʉʦʛʣʘʩʥʦ ʜʝʡʩʪʚʫʶʱʠʤ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ ʢʣʠʥʠʯʝʩʢʠʤ ʧʨʦʪʦʢʦʣʘʤ ʋɿʀ 

ʚʳʩʪʫʧʘʝʪ ʚ ʢʘʯʝʩʪʚʝ ʘʣʴʪʝʨʥʘʪʠʚʳ ʈʄ ʫ ʞʝʥʱʠʥ ʜʦ 30 ʣʝʪ, ʙʝʨʝʤʝʥʥʳʭ ʠ ʢʦʨʤʷʱʠʭ. 

ʆʜʥʘʢʦ, ʋɿʀ ʥʘʠʙʦʣʝʝ ʠʥʬʦʨʤʘʪʠʚʥʦ ʚ ʤʦʣʦʜʦʤ ʚʦʟʨʘʩʪʝ ʠ ʧʨʠ ʤʘʩʪʦʧʘʪʠʷʭ, ʚ ʦʩʪʘʣʴʥʳʭ 

ʩʣʫʯʘʷʭ ʮʝʣʝʩʦʦʙʨʘʟʥʝʝ ʧʨʠʤʝʥʷʪʴ ʈʄ. ʊʝʭʥʠʯʝʩʢʠʡ ʧʨʦʛʨʝʩʩ ʥʝ ʩʪʦʠʪ ʥʘ ʤʝʩʪʝ, ʠ 

ʩʦʚʨʝʤʝʥʥʳʝ ʋɿ ʜʘʪʯʠʢʠ ʠ ʩʦʩʫʜʠʩʪʘʷ ʵʭʦʛʨʘʬʠʷ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʩʠʣʠ ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʴ 

ʋɿʀ ʤʦʣʦʯʥʳʭ ʞʝʣʝʟ [8, ʩ. 381]. ʊʘʢʞʝ, ʚ ʨʘʙʦʪʘʭ ʧʦʩʣʝʜʥʠʭ ʣʝʪ, ʘʢʪʠʚʥʦ ʦʙʩʫʞʜʘʝʪʩʷ 

ʧʨʠʤʝʥʝʥʠʝ ʜʦʧʧʣʝʨʦʩʦʥʦʛʨʘʬʠʠ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦ ʠ ʠʟʦʙʨʘʞʝʥʠʝ 

ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʠ ʮʚʝʪʦʚʦʝ ʦʪʦʙʨʘʞʝʥʠʝ ʢʨʦʚʦʪʦʢʘ ʚ ʨʝʛʠʦʥʘʨʥʦʡ ʩʦʩʫʜʠʩʪʦʡ ʩʝʪʠ. 

ʇʦ ʤʥʝʥʠʶ ɺ. ʇ. ʍʘʨʯʝʥʢʦ ʠ ʩʦʘʚʪ. (2006), ʪʦʯʥʦʩʪʴ ʧʦʩʪʘʥʦʚʢʠ ʜʠʘʛʥʦʟʘ ʈʄɾ (ʚ 

ʦʪʥʦʰʝʥʠʠ ʧʘʣʴʧʠʨʫʝʤʳʭ ʬʦʨʤ ʨʘʢʘ) ʧʦʩʨʝʜʩʪʚʘʤ ʋɿʀ ʜʦʩʪʠʛʘʝʪ 81ï93% [7, ʩ. 37], ʋɿʀ 

ʩʝʛʦʜʥʷ ʩʪʘʣ ʦʜʥʠʤ ʠʟ ʚʝʜʫʱʠʭ ʤʝʪʦʜʦʚ ʜʠʘʛʥʦʩʪʠʢʠ ʨʝʛʠʦʥʘʨʥʳʭ ʣʠʤʬʘʪʠʯʝʩʢʠʭ ʫʟʣʦʚ 

(ʈʃʋ). 

ɽʱʝ ʭʦʪʝʣʦʩʴ ʙʳ, ʩʢʘʟʘʪʴ ʥʝʩʢʦʣʴʢʦ ʩʣʦʚ ʚ ʦʪʥʦʰʝʥʠʠ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ 

ʨʘʜʠʦʥʫʢʣʠʜʦʚ ʠ ʤʝʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʜʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʠʪʴ ʠ ʘʥʘʪʦʤʦï

ʪʦʧʦʛʨʘʬʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ ʠ ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ ʦʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʭʦʪʷ ʦʩʥʦʚʥʘʷ ʟʘʜʘʯʘ 

ʨʘʜʠʦʥʫʢʣʠʜʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʚ ʦʥʢʦʣʦʛʠʯʝʩʢʦʡ ʧʨʘʢʪʠʢʝ ð ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʘʷ ʜʠʘʛʥʦʩʪʠʢʘ. 

ʉʝʛʦʜʥʷ ʚ ʢʣʠʥʠʯʝʩʢʦʡ ʧʨʘʢʪʠʢʝ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʄʈʊ, ʧʦʟʚʦʣʷʶʱʘʷ ʚʳʷʚʣʷʪʴ 

ʜʘʞʝ ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʨʘʟʣʠʯʠʷ ʚ ʘʥʘʪʦʤʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨʘʭ, ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʜʘʥʥʦʛʦ 

ʤʝʪʦʜʘ ʧʦ ʜʘʥʥʳʤ ʠʟ ʨʘʟʣʠʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʜʦʩʪʠʛʘʝʪ 97%. 

ʉʨʝʜʠ ʦʩʥʦʚʥʳʭ ʜʦʩʪʦʠʥʩʪʚ ʄʈʊ ð ʚʳʩʦʢʘʷ ʨʘʟʨʝʰʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ, 

ʥʝʠʥʚʘʟʠʚʥʦʩʪʴ ʤʝʪʦʜʘ, ʦʪʩʫʪʩʪʚʠʝ ʣʫʯʝʚʦʡ ʥʘʛʨʫʟʢʠ, ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʪʨʝʭʤʝʨʥʦʛʦ 

ʠʟʦʙʨʘʞʝʥʠʷ. ʆʩʦʙʝʥʥʦ ʄʈʊ ʠʥʬʦʨʤʘʪʠʚʥʘ ʧʨʠ ʚʳʷʚʣʝʥʠʠ ʚʥʫʪʨʠʢʠʩʪʦʟʥʳʭ ʦʧʫʭʦʣʝʡ. ʄʈʊ 

ʩ ʢʦʥʪʨʘʩʪʠʨʦʚʘʥʠʝʤ ʛʦʨʘʟʜʦ ʯʫʚʩʪʚʠʪʝʣʴʥʝʝ ʤʘʤʤʦʛʨʘʬʠʠ ʧʨʠ ʤʫʣʴʪʠʮʝʥʪʨʠʯʥʦʤ ʨʘʢʝ 

ʤʦʣʦʯʥʦʡ ʞʝʣʝʟʳ, ʧʦʩʢʦʣʴʢʫ ʧʦʟʚʦʣʷʝʪ ʚʳʚʠʪʴ ʜʦ 80% ʚʩʝʭ ʦʙʲʝʤʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ.  

ʂ ʦʜʥʠʤ ʠʟ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ, ʦʪʥʦʩʠʪʩʷ ʧʦʟʠʪʨʦʥʥʦïɻ ʤʠʩʩʠʦʥʥʘʷ ʪʦʤʦʛʨʘʬʠʷ 

(ʇʕʊ). ʉʫʪʴ ʤʝʪʦʜʠʢʠ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʚʚʝʜʝʥʥʳʝ ʧʦʟʠʪʨʦʥïʠʟʦʪʦʧʳ ʥʘʢʘʧʣʠʚʘʶʪʩʷ ʚ 

ʦʧʫʭʦʣʝʚʦʡ ʪʢʘʥʠ, ʚ ʜʘʣʴʥʝʡʰʝʤ ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʠʭ ʠʟʣʫʯʝʥʠʝ ʠ ʘʚʪʦʥʦʤʥʦʤ ʨʝʞʠʤʝ 

ʧʨʦʠʩʭʦʜʠʪ ʨʝʢʦʥʩʪʨʫʢʮʠʷ ʪʦʤʦʛʨʘʬʠʯʝʩʢʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ. ɿʜʝʩʴ ʢʣʶʯʝʚʳʤ ʘʩʧʝʢʪʦʤ 

ʚʳʩʪʫʧʘʝʪ ʩʪʘʜʠʨʦʚʘʥʠʝ ʟʘʙʦʣʝʚʘʥʠʷ, ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʇʕʊ ʚ ʩʣʫʯʘʝ ʧʝʨʚʠʯʥʦʛʦ ʚʳʷʚʣʝʥʠʷ 

50ï96%, ʩʧʝʮʠʬʠʯʥʦʩʪʴ ð ʦʪ 73% ʜʦ 100% [12, ʩ. 515]. ʂʘʢ ʠ ʧʨʠ ʄʈʊ, ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ 

ʇʕʊ ʚʦ ʤʥʦʛʦʤ ʟʘʚʠʩʠʪ ʦʪ ʨʘʟʤʝʨʦʚ ʦʯʘʛʘ. ʆʧʫʭʦʣʠ, ʨʘʟʤʝʨʳ ʢʦʪʦʨʳʭ ʩʦʩʪʘʚʣʷʶʪ ʤʝʥʝʝ 0,1 

ʩʤ ʚ ʜʠʘʤʝʪʨʝ, ʯʘʱʝ ʚʩʝʛʦ ʷʚʣʷʶʪʩʷ ʣʦʞʥʦʦʪʨʠʮʘʪʝʣʴʥʳʤʠ, ʪʘʢ ʢʘʢ ʠʭ ʚʳʷʚʣʝʥʠʝ 

http://www.bulletennauki.com/


 

 
ɹʶʣʣʝʪʝʥʴ ʥʘʫʢʠ ʠ ʧʨʘʢʪʠʢʠ ð Bulletin of Science and Practice

ʥʘʫʯʥʳʡ ʞʫʨʥʘʣ (scientific journal)   ʊ. 4. ̄ 5. 2018 ʛ. 
 http://www.bulletennauki.com  

 

 

 

 

83 

 

 

ʦʛʨʘʥʠʯʝʥʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ ʇʕʊïʩʢʘʥʝʨʦʚ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, 

ʯʪʦ ʇʕʊ ʦʪʥʦʩʠʪʩʷ ʢ ʦʯʝʥʴ ʜʦʨʦʛʠʤ ʤʝʪʦʜʘʤ ʜʠʘʛʥʦʩʪʠʢʠ. 

 

ʀʪʘʢ, ʧʨʠʤʝʥʷʝʤʳʝ ʩʝʛʦʜʥʷ ʤʝʪʦʜʳ ʣʫʯʝʚʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʩʚʷʟʘʥʥʳʝ ʩ ʥʠʤʠ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʝ ʧʨʦʮʝʜʫʨʳ ʥʝ ʷʚʣʷʶʪʩʷ ʩʦʚʝʨʰʝʥʥʳʤʠ. ʂ ʠʭ ʦʙʱʠʤ ʦʛʨʘʥʠʯʝʥʠʷʤ 

ʦʪʥʦʩʠʪʩʷ ʥʝʦʜʥʦʟʥʘʯʥʦʩʪʴ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʧʦʣʫʯʝʥʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ, ʦʙʫʩʣʦʚʣʝʥʥʦʛʦ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʩʪʨʦʝʥʠʷ ʠ ʤʦʨʬʦʣʦʛʠʝʡ ʤʦʣʦʯʥʦʡ ʞʝʣʝʟʳ. ʇʦʤʠʤʦ ʪʦʛʦ, 

ʚʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ ʥʘʠʙʦʣʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʤʝʪʦʜʦʚ ʄʈʊ ʠ ʇʕʊ ʥʝ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʠʭ ʚ ʩʢʨʠʥʠʥʛʦʚʳʭ ʧʨʦʛʨʘʤʤʘʭ. ɺ ʩʚʷʟʠ ʩ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʤ, ʥʝʦʙʭʦʜʠʤʳ ʧʦʠʩʢʠ ʥʦʚʳʭ 

ʤʝʪʦʜʦʚ ʜʠʘʛʥʦʩʪʠʢʠ, ʦʙʣʘʜʘʶʱʠʭ ʚʳʩʦʢʦʡ ʩʧʝʮʠʬʠʯʥʦʩʪʴʶ, ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ, ʥʠʟʢʦʡ 

ʩʪʦʠʤʦʩʪʴʶ ʠ ʧʦʟʚʦʣʷʶʱʠʝ ʚʳʷʚʣʷʪʴ ʨʘʥʥʠʝ ʩʪʘʜʠʠ ʨʘʟʚʠʪʠʷ ʦʧʫʭʦʣʝʚʦʛʦ ʧʨʦʮʝʩʩʘ. 
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Abstract. This article is of an overview nature and is devoted to one of the most popular areas 

of modern oncology ð prostate cancer. In this article, the current problems of diagnosing prostate 

cancer and the current state of the problem are highlighted, as well as the clinically important 

methods of radiation diagnosis. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʘʢ ʧʨʝʜʩʪʘʪʝʣʴʥʦʡ ʞʝʣʝʟʳ, ʣʫʯʝʚʘʷ ʜʠʘʛʥʦʩʪʠʢʘ, ʪʨʘʥʩʨʝʢʪʘʣʴʥʦʝ 

ʋɿʀ. 

Keywords: prostate cancer, radiation diagnosis, transrectal ultrasound. 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʘʢ ʧʨʝʜʩʪʘʪʝʣʴʥʦʡ ʞʝʣʝʟʳ (ʈʇɾ) ʟʘʥʠʤʘʝʪ 7ï8 ʤʝʩʪʦ ʚ ʩʪʨʫʢʪʫʨʝ 

ʦʙʱʝʡ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ, ʠ 9 ʤʝʩʪʦ ʚ ʩʪʨʫʢʪʫʨʝ ʩʤʝʨʪʥʦʩʪʠ ʦʪ ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʭ 

ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʡ (ɿʂʅʆ) ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʵʢʦʥʦʤʠʯʝʩʢʠ ʨʘʟʚʠʪʳʭ ʩʪʨʘʥʘʭ ʤʠʨʘ [1, ʩ. 112], ʥʦ 

ʥʝʣʴʟʷ ʦʩʪʘʚʠʪʴ ʙʝʟ ʚʥʠʤʘʥʠʷ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ ʚʝʩʴʤʘ ʥʠʟʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʜʠʘʛʥʦʩʪʠʢʠ ʈʇɾ ʫ ʥʘʩ ʚ ʩʪʨʘʥʝ, ʙʦʣʴʰʠʥʩʪʚʦ ʩʣʫʯʘʝʚ (45ï74%) ʈʇɾ ʚʳʷʚʣʷʝʪʩʷ ʥʘ 3ï4 

ʩʪʘʜʠʠ [2, ʩ. 129], ʙʦʣʝʝ ʯʝʤ ʚ 25% ʩʣʫʯʘʝʚ ʠʤʝʝʪʩʷ ʛʝʥʝʨʘʣʠʟʘʮʠʷ ʦʧʫʭʦʣʝʚʦʛʦ ʧʨʦʮʝʩʩʘ [9, 

ʩ. 117], ʘ ʧʦʩʪʦʷʥʥʦ ʧʨʦʛʨʝʩʩʠʨʫʶʱʘʷ ʪʝʥʜʝʥʮʠʷ ʢ ʨʦʩʪʫ ɿʂʅʆ ʧʨʝʜʦʧʨʝʜʝʣʷʝʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʟʚʠʪʠʷ ʤʝʪʦʜʦʚ ʜʠʘʛʥʦʩʪʠʢʠ ʚ ʦʪʥʦʰʝʥʠʠ ʜʘʥʥʦʡ ʧʘʪʦʣʦʛʠʠ, ʜʘ ʠ ʥʝ ʪʦʣʴʢʦ 

[3, ʩ. 564]. 

ɼʣʷ ʫʩʧʝʰʥʦʛʦ ʚʳʷʚʣʝʥʠʷ ʈʇɾ ʧʨʠʙʝʛʘʶʪ ʢ ʢʦʤʧʣʝʢʩʥʦʡ ʜʠʘʛʥʦʩʪʠʢʝ ʩʨʝʜʠ ʢʦʪʦʨʳʭ 

ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʩʢʨʠʥʠʥʛʦʚʳʝ ʤʝʪʦʜʳ (ʦʧʨʝʜʝʣʝʥʠʝ ʫʨʦʚʥʷ ʧʨʦʩʪʘʪʩʧʝʮʠʬʠʯʝʩʢʦʛʦ 

ʘʥʪʠʛʝʥʘ (ʇʉɸ), ʧʘʣʴʮʝʚʦʝ ʨʝʢʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ (ʇʈʀ), ʪʨʘʥʩʨʝʢʪʘʣʴʥʦʝ ʋɿʀ (ʊʋɿʀ) 

ʇɾ) ʠ ʫʪʦʯʥʷʶʱʠʝ ʤʝʪʦʜʳ (ʤʫʣʴʪʠʬʦʢʘʣʴʥʘʷ ʙʠʦʧʩʠʷ ʧʨʝʜʩʪʘʪʝʣʴʥʦʡ ʞʝʣʝʟʳ (ʄɹʇɾ), 

ʄʈʊ, ʩʧʠʨʘʣʴʥʘʷ ʂʊ, ʩʮʠʥʪʠʛʨʘʬʠʷ ʢʦʩʪʝʡ ʩʢʝʣʝʪʘ ʠ ʨʝʥʪʛʝʥʦʛʨʘʬʠʷ ʣʝʛʢʠʭ). 

ʇʦʞʘʣʫʡ, ʥʘʠʙʦʣʝʝ ʜʦʩʪʫʧʥʳʤ ʠ ʚʳʩʦʢʦ ʠʥʬʦʨʤʘʪʠʚʥʳʤ ʚ ʦʪʥʦʰʝʥʠʠ ɿʂʅʆ ʇɾ 

ʷʚʣʷʝʪʩʷ ʊʋɿʀ. ʃʠʪʝʨʘʪʫʨʥʳʝ ʜʘʥʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ, ʯʪʦ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʊʋɿʀ 

ʚʘʨʴʠʨʫʝʪ ʚ ʧʨʝʜʝʣʘʭ 51ï93% [8, ʩ. 116], ʧʨʠʯʝʤ ʩʧʝʮʠʬʠʯʥʦʩʪʴ ʜʦʩʪʠʛʘʝʪ 72ï95% [3, ʩ. 564; 

7, ʩ. 107]. ɺ ʢʦʥʩʦʣʠʜʠʨʦʚʘʥʥʦʤ ʢʦʤʧʣʝʢʩʝ ʩ ʊʋɿʀ ʧʨʠʤʝʥʷʝʪʩʷ ʄɹʇɾ, ʢʦʪʦʨʘʷ ʩʝʛʦʜʥʷ 

ʷʚʣʷʝʪʩʷ çʟʦʣʦʪʳʤ ʩʪʘʥʜʘʨʪʦʤè ʚ ʜʠʘʛʥʦʩʪʠʢʝ ʈʇɾ [5, ʩ. 212; 6, ʩ. 1155].  

ʉʨʝʜʠ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʊʋɿʀ ʚʳʜʝʣʷʶʪ ʊʋɿʀ ʩ ʧʦʩʪʨʦʝʥʠʝʤ 3-ʭ ʤʝʨʥʦʡ ʤʦʜʝʣʠ (3D 

ʊʋɿʀ) ʜʠʘʛʥʦʩʪʠʯʝʩʢʘʷ ʪʦʯʥʦʩʪʴ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 92%. 

ʅʝ ʤʝʥʝʝ ʟʥʘʯʠʤʳʤ ʚ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʤ ʧʣʘʥʝ ʷʚʣʷʝʪʩʷ 3-ʤʝʨʥʘʷ ʘʥʛʠʦʛʨʘʬʠʷ (3D-

ʘʥʛʠʦʛʨʘʬʠʷ), ʢʦʪʦʨʘʷ ʩʧʦʩʦʙʥʘ ʧʦʚʳʩʠʪʴ ʩʧʝʮʠʬʠʯʥʦʩʪʴ ʚʳʷʚʣʝʥʠʷ ʈʇɾ ʥʘ 10ï15%, ʥʦ 

ʚʩʝ-ʪʘʢʠ ʵʪʦ ʢʨʘʡʥʝ ʤʘʣʦ, ʯʪʦʙʳ ʧʦʣʥʦʩʪʴʶ ʦʪʢʘʟʘʪʴʩʷ ʦʪ ʛʠʩʪʦʣʦʛʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʙʠʦʧʪʘʪʘ. 

ʇʦʞʘʣʫʡ, ʩʨʝʜʠ ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʋɿïʩʢʘʥʠʨʦʚʘʥʠʷ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʩʦʥʦʵʣʘʩʪʦʛʨʘʬʠʶ, 

ʢʦʪʦʨʘʷ ʩʧʦʩʦʙʥʘ ʧʨʦʚʝʩʪʠ ʦʮʝʥʢʫ ʞʝʩʪʢʦʩʪʠ ʪʢʘʥʝʚʳʭ ʩʪʨʫʢʪʫʨ ʚ ʨʝʞʠʤʝ çrealïtimeè, 

ʧʨʠʯʝʤ ʚʝʩʴ ʧʨʠʥʮʠʧ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦʙʳ ʩʧʝʮʠʘʣʠʩʪ ʧʨʠ ʧʦʤʦʱʠ 

çʤʷʛʢʦʛʦ ʜʘʚʣʝʥʠʷè, ʢʦʪʦʨʦʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʩʨʝʜʩʪʚʘʤ ʩʪʘʥʜʘʨʪʥʦʛʦ ʋɿïʜʘʪʯʠʢʘ, 

ʦʩʫʱʝʩʪʚʣʷʝʤʦʛʦ ʩʪʘʥʜʘʨʪʥʳʤ ʫʣʴʪʨʘʟʚʫʢʦʚʳʤ ʜʘʪʯʠʢʦʤ; ʫʜʦʙʩʪʚʦ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ 

ʟʘʢʣʶʯʘʝʪʩʷ ʠ ʚ ʪʦʤ, ʯʪʦ ʧʨʠ ʜʘʥʥʦʡ ʧʨʦʮʝʜʫʨʝ ʥʝ ʪʨʝʙʫʝʪʩʷ ʥʠʢʘʢʦʛʦ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ (ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʩʦʩʪʘʚʣʷʝʪ 84%, ʘ ʩʧʝʮʠʬʠʯʥʦʩʪʴ ð 

88%), ʘ ʚ ʩʣʫʯʘʝ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʩ ʵʣʘʩʪʦʛʨʘʬʠʝʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʠ 

ʩʧʝʮʠʬʠʯʥʦʩʪʴ ʚʦʟʨʘʩʪʘʶʪ ʜʦ 90 ʠ 94% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʄʈʊ ʧʨʠ ʜʠʘʛʥʦʩʪʠʢʝ ʈʇɾ ʧʨʠʤʝʥʷʝʪʩʷ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʫʪʦʯʥʠʪʴ ʭʘʨʘʢʪʝʨ ʠ 

ʩʪʘʜʠʶ ʟʘʙʦʣʝʚʘʥʠʷ, ʦʮʝʥʠʪʴ ʠʥʚʘʟʠʚʥʦʩʪʴ ʢʘʧʩʫʣʳ, ʦʧʨʝʜʝʣʠʪʴ ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʝ 

ʦʩʦʙʝʥʥʦʩʪʠ ʦʙʨʘʟʦʚʘʥʠʡ ʚ ʧʘʨʝʥʭʠʤʝ, ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ʪʘʟʦʚʳʭ ʣʠʤʬʘʪʠʯʝʩʢʠʭ ʫʟʣʦʚ, ʥʦ 
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ʧʫʙʣʠʢʫʝʤʳʝ ʜʘʥʥʳʝ ʦ ʪʦʯʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʘʜʠʠ (ʩʦʛʣʘʩʥʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ TNM) ʢʨʘʡʥʝ 

ʜʠʩʢʫʪʘʙʝʣʴʥʳ ʠ ʥʝʦʜʥʦʟʥʘʯʥʳ, ʠ ʧʦ ʜʘʥʥʳʤ ʨʘʟʣʠʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʚʘʨʴʠʨʫʶʪ ʦʪ 35ï89% 

[8, ʩ. 118]. ʈʇɾ ʥʘ ʄʈïʪʦʤʦʛʨʘʤʤʘʭ ʙʦʣʝʝ ʯʝʤ ʚ 50% ʩʣʫʯʘʝʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ 

ʛʠʧʦʠʥʪʝʥʩʠʚʥʳʡ ʬʦʢʫʩ, ʩ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʜʝʬʝʢʪʘʤʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʄʈïʩʠʛʥʘʣʦʚ. 

ʇʨʠʯʝʤ ʩʧʝʮʠʬʠʯʥʦʩʪʴ ʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʩʦʧʦʩʪʘʚʠʤʳ ʚ ʧʨʝʜʝʣʘʭ 83ï85% 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʇʨʠ ʥʝʦʜʥʦʟʥʘʯʥʳʭ ʩʣʫʯʘʷʭ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ ʧʨʦʚʝʜʝʥʠʝ ʄʈʊï

ʠʩʩʣʝʜʦʚʘʥʠʷ ʩ ʢʦʥʪʨʘʩʪʥʳʤ ʫʩʠʣʝʥʠʝʤ. 

ʆʜʥʠʤ ʠʟ ʤʝʪʦʜʦʚ ʜʝʪʘʣʴʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʈʇɾ ʧʨʠʤʝʥʷʝʪʩʷ ʵʥʜʦʨʝʢʪʘʣʴʥʦʝ ʄʈʊ 

(ʕʄʈʊ), ʧʦʟʚʦʣʷʶʱʘʷ ʦʧʨʝʜʝʣʠʪʴ ʩʪʘʜʠʡʥʦʩʪʴ, ʘ ʩʘʤʦʝ ʛʣʘʚʥʦʝ ʣʦʢʘʣʠʟʘʮʠʶ ʦʧʫʭʦʣʠ, 

ʙʣʘʛʦʜʘʨʷ ʪʦʤʫ, ʯʪʦ ʧʦʤʦʛʘʝʪ ʜʦʧʦʣʥʠʪʴ ʢʣʠʥʠʯʝʩʢʠʝ ʧʨʦʷʚʣʝʥʠʷ ʚʠʟʫʘʣʠʟʘʮʠʝʡ ʟʦʥʳ 

ʦʧʫʭʦʣʠ.  

ɺ ʩʣʫʯʘʝ ʧʨʠʤʝʥʝʥʠʷ ʕʄʈʊ ʩʫʱʝʩʪʚʝʥʥʦ ʫʣʫʯʰʘʝʪʩʷ ʢʘʯʝʩʪʚʦ ʠʟʦʙʨʘʞʝʥʠʷ, ʠ 

ʧʦʚʳʰʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʷʚʠʪʴ ʵʢʩʪʨʘʢʘʧʩʫʣʷʨʥʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʠ ʬʘʢʪ ʠʥʚʘʟʠʠ 

ʩʝʤʝʥʥʳʭ ʧʫʟʳʨʴʢʦʚ. 

ʇʨʦʪʦʥʥʘʷ ʤʘʛʥʠʪʥʦïʨʝʟʦʥʘʥʩʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ (ʇʄʈʉ). ʇʄʈʉ ʧʦʟʚʦʣʷʝʪ 

ʥʝʠʥʚʘʟʠʚʥʦ ʦʮʝʥʠʪʴ ʪʢʘʥʝʚʦʡ ʤʝʪʘʙʦʣʠʟʤ ʇɾ (ʜʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʦʧʨʝʜʝʣʝʥʠʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʨʝʘʪʠʥʠʥʘ, ʧʦʣʠʘʤʠʥʘʟʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʭʦʣʠʥʘ ʠ ʮʠʪʨʘʪʘ), 

ʪʘʢ ʢʘʢ ʧʦʢʘʟʘʪʝʣʠ ʚ ʟʜʦʨʦʚʦʡ ʠ ʦʧʫʭʦʣʝʚʦʡ ʪʢʘʥʠ ʇɾ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʶʪʩʷ, ʵʪʦ ʠ 

ʧʦʟʚʦʣʷʝʪ ʩ ʙʦʣʴʰʝʡ ʜʦʩʪʦʚʝʨʥʦʩʪʴʶ ʣʦʢʘʣʠʟʦʚʘʪʴ ʦʧʫʭʦʣʴ (ʮʝʥʪʨʘʣʴʥʦʝ ʠʣʠ 

ʧʝʨʠʬʝʨʠʯʝʩʢʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ), ʧʦʚʳʰʘʷ ʪʘʢʞʝ ʦʧʨʝʜʝʣʝʥʠʝ ʵʢʩʪʨʘʢʘʧʩʫʣʷʨʥʦʛʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ. 

ʉʨʝʜʠ ʧʦʩʣʝʜʥʠʭ ʤʝʪʦʜʠʢ, ʢʦʪʦʨʳʝ ʜʦʩʪʦʚʝʨʥʦ ʧʦʚʳʰʘʶʪ ʚʳʷʚʣʝʥʠʝ ʈʇɾ, ʚʳʜʝʣʷʶʪ 

ʤʫʣʴʪʠʧʘʨʘʤʝʪʨʠʯʝʩʢʘʷ ʄʈʊ (ʄʄʈʊ), ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʩʦʯʝʪʘʥʠʝ ʢʦʤʧʣʝʢʩʘ ʧʝʨʝʯʠʩʣʝʥʥʳʭ 

ʚʳʰʝ ʤʝʪʦʜʠʢ ʄʈʊ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ ʜʠʘʛʥʦʩʪʠʢʠ ɿʂʅʆ. 

ʂʦʤʧʣʝʢʩʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʦʜʠʢ ʄʈʊ ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʠʪʴ ʧʦʨʘʞʝʥʠʝ ʦʨʛʘʥʦʚï

ʤʠʰʝʥʝʡ ʚ ʩʣʫʯʘʝ ʤʝʪʘʩʪʘʟʠʨʦʚʘʥʠʠ ʧʨʦʮʝʩʩʘ, ʘ ʪʘʢʞʝ ʧʦʨʘʞʝʥʠʝ ʨʝʛʠʦʥʘʨʥʳʭ 

ʣʠʤʬʘʪʠʯʝʩʢʠʭ ʫʟʣʦʚ ʤʘʣʦʛʦ ʪʘʟʘ. 

ʀʪʘʢ, ʥʘʠʙʦʣʝʝ ʧʦʣʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʭʘʨʘʢʪʝʨʝ ʧʘʪʦʣʦʛʠʯʝʩʢʦʛʦ ʦʯʘʛʘ, ʝʛʦ 

ʨʝʛʠʦʥʘʨʥʦʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʠ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʦʧʨʝʜʝʣʝʥʠʝʤ ʘʥʘʪʦʤʦïʪʦʧʦʛʨʘʬʠʯʝʩʢʦʡ 

ʣʦʢʘʣʠʟʘʮʠʝʡ ʦʯʘʛʘ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʫʨʦʚʥʷ ʟʜʦʨʦʚʳʭ ʪʢʘʥʝʡ, ʚ ʧʨʝʜʝʣʘʭ ʢʦʪʦʨʳʭ ʙʫʜʝʪ 

ʚʳʧʦʣʥʝʥʦ ʦʧʝʨʘʪʠʚʥʦʝ ʚʤʝʰʘʪʝʣʴʩʪʚʦ, ʤʦʞʥʦ ʚʳʷʚʠʪʴ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʚʩʝʛʦ 

ʢʦʤʧʣʝʢʩʘ ʣʫʯʝʚʳʭ ʤʝʪʦʜʦʚ ʜʠʘʛʥʦʩʪʠʢʠ. 

ʂʦʣʦʩʩʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʤʝʪʦʜʠʢ ʛʦʚʦʨʠʪ ʦ ʥʝʩʦʚʝʨʰʝʥʩʪʚʝ ʢʘʞʜʦʡ 

ʠʟ ʥʠʭ ʚ ʦʪʜʝʣʴʥʦʩʪʠ ʠ ʦ ʧʦʠʩʢʝ ʥʘʠʙʦʣʝʝ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʨʝʰʝʥʠʶ ʧʨʦʙʣʝʤ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʣʫʯʝʚʦʡ ʜʠʘʛʥʦʩʪʠʢʦʡ ʚ ʯʘʩʪʥʦʩʪʠ. ʅʝʢʦʪʦʨʳʝ ʠʟ ʤʝʪʦʜʠʢ, ʢʦʪʦʨʳʝ ʙʳʣʠ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʜʘʥʥʦʤ ʦʙʟʦʨʝ, ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʨʷʜʝ ʤʝʜʠʮʠʥʩʢʠʭ ʦʨʛʘʥʠʟʘʮʠʡ ʨʫʪʠʥʥʦ, 

ʜʨʫʛʘʷ ʯʘʩʪʴ ð ʚʳʩʦʢʦ ʵʢʩʢʣʶʟʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʢʦʪʦʨʳʝ ʠʤʝʶʪʩʷ ʚ ʘʨʩʝʥʘʣʝ ʫ ʢʨʫʧʥʳʭ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʮʝʥʪʨʘʭ. 

ʇʨʦʙʣʝʤʘ, ʩʚʷʟʘʥʥʘʷ ʩ ʤʫʞʩʢʠʤ ʟʜʦʨʦʚʴʝʤ, ʩʫʱʝʩʪʚʫʝʪ ʠ ʝʝ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʘʪʴ 

ʢʦʤʧʣʝʢʩʥʦ, ʚ ʪ. ʯ. ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʢʦʥʩʦʣʠʜʠʨʦʚʘʥʥʦʛʦ ʢʘʩʢʘʜʘ ʤʝʪʦʜʦʚ ʣʫʯʝʚʦʡ 

ʜʠʘʛʥʦʩʪʠʢʠ. 
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Abstract. In this literature review, the main etiological factors of intestinal obstruction, key 

aspects of a number of mechanisms of development of intestinal obstruction are considered. The 

problems of modern diagnostics of acute intestinal obstruction of various genesis are considered, 

including the erased picture of the disease on the basis of which the optimal therapeutic diagnostic 

algorithms were formed. 

Argumentation of methods of treatment proceeding from pathogenetic features of the given 

pathology is resulted. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʤ ʣʠʪʝʨʘʪʫʨʥʦʤ ʦʙʟʦʨʝ ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ ʵʪʠʦʣʦʛʠʯʝʩʢʠʝ 

ʬʘʢʪʦʨʳ ʢʠʰʝʯʥʦʡ ʥʝʧʨʦʭʦʜʠʤʦʩʪʠ, ʢʣʶʯʝʚʳʝ ʘʩʧʝʢʪʳ ʨʷʜʘ ʤʝʭʘʥʠʟʤʦʚ ʨʘʟʚʠʪʠʷ ʢʠʰʝʯʥʦʡ 

ʥʝʧʨʦʭʦʜʠʤʦʩʪʠ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʧʨʦʩʳ ʩʦʚʨʝʤʝʥʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʦʩʪʨʦʡ ʢʠʰʝʯʥʦʡ 

ʥʝʧʨʦʭʦʜʠʤʦʩʪʠ ʨʘʟʣʠʯʥʦʛʦ ʛʝʥʝʟʘ, ʚ ʪʦʤ ʯʠʩʣʝ, ʧʨʠ ʩʪʝʨʪʦʡ ʢʘʨʪʠʥʝ ʟʘʙʦʣʝʚʘʥʠʷ ʥʘ 

ʦʩʥʦʚʘʥʠʠ ʯʝʛʦ ʙʳʣʠ ʩʬʦʨʤʠʨʦʚʘʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʣʝʯʝʙʥʦïʜʠʘʛʥʦʩʪʠʯʝʩʢʠʝ ʘʣʛʦʨʠʪʤʳ. 

ʇʨʠʚʦʜʠʪʩʷ ʘʨʛʫʤʝʥʪʘʮʠʷ ʤʝʪʦʜʦʚ ʣʝʯʝʥʠʷ ʠʩʭʦʜʷ ʠʟ ʧʘʪʦʛʝʥʝʪʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʜʘʥʥʦʡ ʧʘʪʦʣʦʛʠʠ. 

 

Keywords: acute intestinal obstruction. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʩʪʨʘʷ ʢʠʰʝʯʥʘʷ ʥʝʧʨʦʭʦʜʠʤʦʩʪʴ. 

 

Acute intestinal obstruction (AIO) is the most formidable complication of both tumor and 

non-tumor etiology, which occurs in abdominal surgery. The reliability of this judgment is 

evidenced by constant examples of clinical practice, accompanied by a number of difficulties in the 

diagnostic and tactical plan. 

According to statistics, intestinal obstruction occurs in about 5 cases per 100,000 population. 

The share of diagnostic errors at the prehospital stage is about 51%, up to 19% in the hospital. The 

standardized mortality rate for this pathology is about 9ï13%, and in severe forms it can reach 50ï

70%, but at the present time there is a distinct tendency to decrease these values, but in spite of this, 

the pathology by the number of deaths in absolute figures occupies 1ï2 places among all acute 

conditions in abdominal surgery [14, ʨ. 147]. 

Currently, for classification of this pathological condition, the most relevant is the 

morphofunctional classification, according to which the dynamic (functional) and mechanical 

intestinal obstruction are distinguished according to the mechanism of origin. With dynamic 

obstruction, the motor function of the intestinal wall is broken without a mechanical obstruction to 

promote intestinal contents. There are two types of dynamic obstruction: spastic and paralytic [14, 

ʨ. 145]. 

With mechanical obstruction there is an occlusion of the intestinal tube at some level, which is 

the reason for the violation of intestinal transit [1, ʨ. 9]. 

With strangulation obstruction, the blood circulation of the intestinal tube involved in the 

pathological process first of all suffers. This is due to the compression of the mesenteric vessels due 

to infringement, curvature or nodulation, which causes a fairly rapid (within a few hours) 

development of necrobiotic processes in the intestinal tract. With obstructive intestinal obstruction, 

the circulatory of the above obstruction (leading) of the gut region is disturbed again due to its 

overgrowing with intestinal contents. Therefore, with obturation, necrosis of the intestine is 

possible, but for its development it is necessary not several hours, but several days. Obturation can 

be caused by malignant and benign tumors, feces and gallstones, foreign bodies, ascarids [15, ʨ. 

37]. 

Mixed forms of mechanical obstruction include invagination, in which the intestinal 

mesentery is involved in the invaginate [2, ʨ. 45], and the adhesion obstruction, which can occur 

both according to the strangulation type (compression of the intestine together with the mesentery), 

and by the type of obturation (kink in the form of a ñdoubleïbarreledò [3, ʨ. 3]. Diagnostic and 

therapeutic tactics largely depends on the localization of the obstruction in the intestine, in 

connection with this, the level of obstruction distinguishes between high (small intestine) and low 

(colonic) obstruction [6, ʨ. 235] 
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To date, the features of pathogenetic mechanisms play a decisive role in the choice of 

treatment tactics. There are more than 20 theories in which the complex of pathophysiological and 

morphofunctional foundations of this disease is considered [7, p. 40]. 

Pathogenetic features of the AIO is characterized by severe disorders that determine the 

severity of the course of this pathological process, and among them, key pathogenesis mechanisms 

can be identified: humoral disorders, motor and secretory bowel function and endotoxicosis [9, p. 

35]. 

At ʆʂʅ there is a violation of the passage of contents along the digestive tract in the direction 

from the stomach to the anus, due to a cascade of causes in the basis of which there are violations of 

a dynamic nature. The intestine is one of the internal organs, the position of which is characterized 

by relative freedom of movement in the abdominal cavity [10, p. 42], and this feature is due to the 

constant adaptation of its volume to the intensity of the motor activity to the nature of the contents. 

The mobility and freedom of movement of segments of the intestine in the abdominal cavity 

depends on the fixing apparatus. The conditions of adaptation of the intestine are violated when 

there are changes in the fixing apparatus of congenital or acquired genesis. The complex of these 

changes constitutes the main predisposing factor for the development of AIO [12, p. 4;]. 

Most authors believe that a predisposing factor in the development of IPC is increased intraï

abdominal pressure (IAP). Elevated IAP is a frequent companion of such a formidable complication 

as acute peritonitis, with the severity of peritonitis aggravated by the systemic effect of IAP [13, p. 

291]. As you know, the amount of pressure measured in the free abdominal cavity, the lumen of the 

bladder, the stomach cavity or the small intestine is approximately at the same level, given the 

reliability of the data obtained and the permissible error of measurement, so a deviation from these 

values leads to a cascade of pathological changes [14, p. 151]. 

Intestinal pressure increases the fluid and gas, which compress the vessels located in the 

thickness of the intestinal wall, there is a violation of blood and lymph circulation, resulting in 

edema and hypoxia of tissues [16, p. 36]. 

In the works of the last few years, which are devoted to restrictive processes in the intestine, 

the leading role of the disturbance of humoral factors of nonspecific immunity is noted, while the 

quantitative and qualitative ratio of immunocompetent cells and their regulatory substances is 

changing. It is well known that specific immune defense of the digestive tract is realized with the 

participation of lymphocytes, and in all lymphoid formations of the intestine there are 

subpopulations of Tïlymphocytes that take a direct part in the cellular immune response [17, p. 38]. 

In the case when there are dysbiotic disorders of the intestinal microbiota, a manifestation of the 

inflammatory process occurs, and the white blood cells circulating in the blood rush to the lesion 

with further mobilization of the pool of immune cells [18, p. 45]. The resulting violation of the 

integrity of the intestinal wall, favors such a phenomenon as the translocation of bacteria [20, ʨ. 69]. 

The possibility of penetration of bacteria is due not only to invasive properties [19, p. 17], but 

also a decrease in colonization resistance of normal microbiota. Bacteria begin to circulate through 

the blood and lymph flow into the mesenteric complex of lymph nodes, the liver, spleen, kidneys 

and systemic bloodstream, and secrete toxins. Toxins begin to be transported by the mechanism of 

diffuse transport, but they can spread from the intestine and in complexes with chylomicra. In this 

case, there is a violation of bile acid metabolism, which are natural detoxicants, increases toxin 

formation in the intestine [21, ʨ. 22], in addition, a deficiency of bile acids enhances the penetration 

of lipopolysaccharides through the wall of the intestinal tube, which ultimately leads to an increase 

in the phenomena of endotoxicosis [23, ʨ. 58]. 
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The role of the source of intoxication is determined by: a violation of the barrier function of 

the intestinal wall due to microcirculatory and hypoxic changes, a violation of the humoral factors 

of nonspecific immunity, the development of cavitary digestion with the participation of a 

microbiota, where the final product of metabolism will be unhydrolyzed protein products and 

biologically active polypeptides [25, ʨ. 228]. 

Among the immediate causes that can lead to AIO, in the presence of predisposing factors 

include, first of all, increased motor function of the intestine, associated with increased nutritional 

load, inflammatory changes in the gastrointestinal tract, drug stimulation, or increased VBD at 

physical stress [26, ʨ. 957]. 

With Ileus, the targeted mechanism that inhibits the motor activity of the intestine is the 

transfer of inhibitory impulses to the smooth muscles of the intestinal wall and to smooth muscle 

cells of the blood vessels [27, ʨ. 1927]. 

The main transformations that occur with AIO and affect the motor function of the digestive 

tube are directly related to the formation of interïdigestive motor activity [28, p. 158]. In the event 

of an obstacle in the passage of intestinal contents, the spread of the myoelectric complex 

terminates, and thus initiation takes place [5, p. 67] of the new complex. As a result, peristaltic 

movements are shortened along the length of the intestinal tube, but acquire a more intense 

character. Preservation of an obstacle can lead to the appearance of antiperistalsis, since the 

activation of the parasympathetic nervous system takes place. When hypersympathicotonia appears, 

suppression of the motor activity of the intestine occurs [18, p. 36]. Destructive changes in the walls 

of the digestive tube with AIO arise due to the factor of ischemia [12, p. 4]. The mechanism of 

circulatory disorders and ischemic disorders with AIO in most cases have a single similar 

development scenario, which is directly related to the violation of microcirculation, which 

eventually leads to circulatory hypoxia of the intestinal wall. With the development of ischemia of 

the intestinal wall, enterocytes, the main cells of the mucous membrane, are most affected [14, p. 

156]. Factors contributing to increased susceptibility of enterocytes to hypoxic damage are: low 

level of oxygen tension in tissues at the tops of villi due to reverse perfusion of oxygen [15, p. 36] 

(from tissue to blood) with the development of intestinal ischemia; concentration of active oxidants 

(xanthine dehydrogenase) in the development of hypoxia of the intestinal wall in the distal half of 

villi; a violation of the absorption of amino acids, glucose and electrolytes, which are most 

pronounced in enterocytes [12, p. 4]. The mucous membrane undergoes destructive changes up to 

the serous layer, this is manifested primarily by leukocyte infiltration. At the initial stages of 

development of the pathological process [5, ʨ. 67] there is edema, which increases the venous 

stagnation of blood, which leads to the predominance of edematous hemorrhagic and necrotic 

changes. With the activation of biogenic amines, the blood flow in the vessels of the 

microcirculatory bed is stopped and progression of ischemic paralysis of precapillary sphincters 

occurs. [13, p. 291]. 

Against the background of progressive ischemia, the effects of microbial and tissue 

endotoxins are attached, which entails necrobiotic changes in the intestinal wall, and then total 

necrosis of the involved site with perforation and attachment of peritonitis [7, p. 39]. It should be 

noted that the necrobiotic processes taking place in the intestinal wall develop within 1ï2 hours, 

provided that the venous vessels are compressed, and the arterial blood flow is preserved. In the 

case when the arterial blood flow is switched off together with the venous blood, necrosis occurs in 

4ï6 hours. In the pathogenesis of AIO, one of the key places is occupied by membraneï

destabilizing phenomena in the cellular structures of the intestinal wall, leading to the syndrome of 

enteral insufficiency. The development of enteral insufficiency, reflecting the severity of the 
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pathological process, is one of the main manifestations of multiïorgan failure, which, in turn, is the 

universal clinical and physiological basis of any critical condition. The process of its formation does 

not depend on the etiology of the critical state and is not specific. Early diagnosis of OCS, is one of 

the pre-decisive measures to achieve success in the treatment of this serious disease. 

For the AIO, the staging is typical with a definite clinical picture, which was repeatedly 

emphasized by many authors. The duration of the initial stage varies from 2 to 12 hours and is 

accompanied by a marked pain syndrome. The second ð an intermediate stage, which is based on 

ischemic disorders with a progressive disorder of intra-wall blood flow and endotoxicosis, lasts 

from 12 to 36 hours [13, p. 291]. Extremely severe is the late stage occurs after 36 hours, 

characterized by a severe systemic inflammatory response [10, p. 42], multiple organ dysfunction 

and progressive hemodynamic disorders. 

 The most difficult in the diagnostic plan is the initial period, because it is caused only by pain 

syndrome and local symptoms on the part of the abdomen, and the risk of infectious and 

inflammatory complications in this stage directly depends on the correct choice of treatment tactics. 

The basis for the urgent direction and hospitalization in the medical organization of the surgical 

profile is the very assumption that the patient has ileus. 

Formation of the program of medical and diagnostic measures is the key task of the surgeon, 

and it provides for parallels between diagnostic and early treatment measures [7, p. 40]. 

The gold standard of diagnosis is still the Xïray study, in order to confirm the diagnosis on a 

number of grounds. At the initial stage of the diagnosis, an overview radiography of the abdominal 

cavity organs is performed. At the same time, çintestinal archesè are characteristic signs of the 

presence of AIO. This symptom occurs when the small intestine is swollen with accumulating 

gases, while horizontal levels of liquid are visible in the lower arches of the arch, the width of 

which is inferior to the height of the gas column. Another manifestation of intestinal obstruction is 

the appearance on the roentgenogram of the ñClauber Bowlsò. This sign is given a key importance 

in the diagnosis of ileus, since it occurs only after 1 to 3 hours from the time of the onset of the 

obstruction, and indicates a deep paresis of the intestine [20, p. 69]. The neglect of the process can 

also be indicated by such a sign as a symptom of a periostic. This symptom is a consequence of 

edema and dilatation of the jejunum, and is manifested by transverse striation of the intestine in the 

form of a çstretched springè [13, p. 291]. Radiography is the optimal method for diagnosing AIO, 

which allows us to ascertain the presence of ileus, to make differential diagnostics and, on the basis 

of verification of the diagnosis, to determine the diagnostic algorithm [14, ʨ. 150]. In difficult 

situations and, if necessary, differentiation between different forms of intestinal obstruction, resort 

to radiopaque methods of examination of the gastrointestinal tract. The essence of this procedure is 

as follows: depending on the level of occlusion of the intestine, the radiopaque preparation is either 

given or taken rectally. Xïray control is performed every 3 hours to observe the passage of the xï

ray contrast preparation over the intestine with a timely evaluation of the result. With a delay in the 

stomach over 6 hours and 12 hours in the small intestine gives reason to suspect impaired patency 

or motor activity of the intestine [20, p. 69]. In the opinion of a number of authors, the use of the 

angiography method for suspected thrombosis of mesenteric vessels is promising, it is very 

effective, but is only available to specialized medical organizations. 

Ultrasound research in recent years is particularly popular because it has great 

informativeness in the diagnosis of a variety of diseases of the abdominal cavity. 

Ultrasound is most effective in diagnosing high intestinal obstruction, as well as in differential 

diagnosis. The results of ultrasound help determine the tactics of treatment, which is necessary to 

achieve the maximum effect. 
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For a long time there was a view that gasïcontaining structures visualization using ultrasound 

uninformative due to concomitant variations pneumatosis since ultrasound attenuates with fast 

speed in gassy structures and almost totally reflected at the gas ð the soft tissue. 

Beginning in 1983, a group of researchers led by G. Meiser in the experiment proved the 

expediency of using ultrasound with AIO and described in detail the ultrasound picture in this state, 

which is still very relevant to this day. 

With ileus, the following ultrasound signs are noted: an increase in the diameter of the 

intestinal tube, a çsequestration of the contentsè in its lumen, a swelling of the intestinal wall occurs 

as a result of edema, a free fluid in the abdominal cavity is determined [14, p. 152]. 

 The active introduction of modern methods of radiation diagnostics into clinical practice 

significantly improves the efficiency of diagnosing OCP [11, p. 51]. 

In the opinion of a number of authors, at the current stage of medical development, computed 

tomography (CT) is the most informative method that allows to establish with a high validity both 

the nature of the obstruction and the significantly shortened time of examination of the patient. 

There is a point of view that the use of CT in the diagnosis of OCOS at a preoperative stage is very 

promising, as this method of research allows you to get answers to many controversial questions, 

differentiate thin and large intestine with a confidence greater than 95% and establish the cause of 

obstruction. The presence of enlarged proximal and collapsed distal intestine with accompanying 

changes in the mesentery and adjacent organs, as well as ischemic parts of the intestinal tube with 

attached submucosal edema are the most typical signs of the CT scan of the AIO. 

Long-term studies of the use of CT techniques have shown in practice excellent results, which 

allow finding with high confidence the ischemic involvement of the intestinal wall, as well as the 

concomitant thickening of the intestinal wall in the zone subjected to necrobiotic changes. When 

diagnosing all types of intestinal obstruction of both tumor and non-tumor genesis, a very 

informative method is laparoscopy. Laparoscopy refers to invasive techniques and therefore has its 

limitations and contraindications, which are associated with overgrowing of the intestinal tube and a 

tendency to spike formation, which ultimately can lead to intestinal injuries and other serious 

complications [15, p. 36]. 

In the literature to this day, the question of the treatment of IPOs remains unclear, which 

provides an opportunity to search for the most optimal methods for diagnosis, treatment, and 

prognosis of postoperative complications. 

Currently, there is the concept of syndrome of the flow of AIO, which is used by all surgeons 

to determine the tactics of treatment in the intra- and postoperative periods. 

To date, there is no single effective method of pre-operative prognosis, prevention, and 

treatment of intestinal paresis that develops in the postoperative period. 

In the operational treatment of IPOs, first of all, it is necessary to solve the following 

problems: removal of a mechanical obstacle for the passage of intestinal contents; elimination of the 

disease that led to the development of the pathological condition; resection of the intestine with its 

non-viability; prevention of endotoxicosis increase in the postoperative period; prevention of 

recurrence of obstruction. 

The volume and nature of the surgical intervention in patients with ICD is determined by the 

type of mechanical obstruction and the degree of viability of the intestine, which subsequently 

determines the tactics of resection of the intestinal tube followed by the application of enterostomy 

or anastamosis, therefore, the removal of a mechanical obstacle must be considered as a primary 

goal. 
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When revising the abdominal cavity, it is necessary to reveal the exact localization of the 

intestinal obstruction and its cause. Approximately the location of this zone is judged by the state of 

the intestine: above the obstacle the bowel is inflated, overflowed with gas and liquid contents, its 

wall is usually thinned and differs in color from other sections (from purpleïcyanotic to dirty black 

color), the gut condition, its walls in the absence of peritonitis are not changed. It is important to 

remember that the obstacle that caused the development of obstruction can be in several places at 

different levels, which is why a thorough examination of the entire intestine is necessary: from the 

gatekeeper to the rectum. Often, the revision of the intestine, especially with ñrunningò obstruction, 

is difficult because of the swollen loops of the intestine, which literally fall out of the abdominal 

cavity. It is inadmissible to leave overgrown, filled with a large amount of liquid contents of the 

intestinal loops outside the abdominal cavity, due to the fact that under gravity they can 

significantly tighten the mesentery, which further aggravates the circulatory disturbances in them. 

During the revision of the intestine should be moved very carefully, wrapping them with a towel 

soaked in hot isotonic sodium chloride solution. 

Do not resort to attempts to direct them back into the abdominal cavity, as this can lead to 

rupture of the thinned intestinal wall. In such cases it is advisable first of all to empty the leading 

parts of the intestine from gases and liquid contents. It is best to immediately intubate the intestine 

by transnasal injection of a doubleïlobed MillerïAbbot probe, as it progresses, the absorption of 

intestinal contents is carried out. Nasointestinal intubation allows for an adequate revision of the 

abdominal cavity, provides emptying of the intestine on the operating table and in the postoperative 

period [11, p. 51]. 

With small intestinal obstruction, it is necessary to achieve complete elimination of the cause, 

up to resection of the intestine with the application of intercusive anastomosis. This can be 

dissection of adhesions, resection of the intestine during a tumor, enterotomy with removal of 

gallstone, etc. The aboveïmentioned principle of treatment is not standard and is not fully 

applicable in the treatment of colonic obstruction, since the primary application of intercusive 

anastomosis can lead to the development of peritonitis due to the failure of the sutures [16, p. 36]. 

There are many examples in the literature of similar surgical interventions, when resection of 

the sigmoid colon with the tumor is performed in connection with low obturation obstruction or 

elimination of strangulation obstruction against the background of infringement of the hernia of the 

anterior abdominal wall by hernia repair followed by plastic surgery of the hernial gates. Far from 

always such a radical intervention is possible, this can be affected by the nature of changes in the 

intestine and the severity of the patientôs condition. 

During the operation, in addition to eliminating the mechanical obstacle, it is necessary to 

assess the state of the intestine. Often in the surgical practice in the treatment of IPOs, one must 

resort to resection of the intestine, due to necrotic processes in the leading loop of the intestinal 

tube, this can occur with equal frequency both in strangulation and in obstructive obstruction. 

There is a point of view that the greatest difficulty in carrying out the operation is the 

definition of the limits of the viability of the intestinal tube. Basically assessment of viability of the 

gut is based on the presence of peristalsis, pulsation of vessels, color of the intestine, is not always 

reliable. In this type of operation, technical errors are quite common, leading to insolvency of the 

sutures and necrobiotic changes in the intestinal wall, which is the cause of peritonitis, and as the 

cause of death. The above complications are often observed with economical resection of the 

intestine, since the known methods for determining the viability of the intestinal tube are not faulty, 

which complicates the true definition of the size of the segment of the intestine being resected. 
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With AIO, the non-viable gut should be resected within healthy tissues. Given that necrotic 

changes occur first in the mucosa, and serous cover is affected in the last turn and can be changed 

little with extensive necrosis of the intestinal mucosa, resection is performed with mandatory 

removal of at least 30ï40 cm of the leading and 15ï20 cm of the diverting bowel loops they are 

measured from the strangulation furrows, the zone of obturation or from the boundaries of obvious 

gangrenous changes). With prolonged obstruction, a more extensive resection may be necessary, but 

the always removed site leading the department twice as long as the outgoing one. Any doubts 

about viability of the intestine in case of obstruction should incline the surgeon to active actions, 

that is, to resection of the intestine. If such concerns relate to the vast intestine, the resection of 

which the patient may not suffer, one can confine oneself to the removal of an obviously necrotic 

part of the intestine, do not impose an anastomosis, and the leading and withdrawing ends of the 

intestine are tightened tightly. The wound of the anterior abdominal wall is sutured with rare sutures 

through all the layers. With acute intestinal obstruction the probability of inconsistency of the 

intestinal suture is very high. This complication is observed in 2,9ï8,8% of cases with operations in 

the small intestine and 5ï33% ð on the thick. This raises the acute issue of creating optimal 

conditions for the healing of anastomoses and seams of the gastrointestinal tract. 

The tightness of the surgical suture depends on the processes both from the side of the crossï

linking organs and from extraorganic changes [7, p. 40]. 

There are the following reasons that affect the violation of the integrity of surgical sutures: 

pathomorphological processes occurring in the anastomosed organs; adverse factors under which 

the suturing takes place; technical features of anastomosis application. 

It is generally accepted that two absolutely opposite processes occur in the zone of the 

intestinal seam. The first is determined by the mechanical strength of the seam and having its 

maximum at the time of application depends more on the number of rows of superimposed seams 

[15, p. 38]. In the following days, strength and tightness rapidly decrease, reaching a maximum 

reduction of these properties on the 5thï6th day. This type of strength of the seam, according to 

some authors, reaches a maximum by the 11ï12th day. The second, opposite process is the 

biological strength of the seam, which is determined by the processes of collagen formation. 

Dissolution of collagen reaches its maximum also by 4ï6th day. The combination of these two 

factors and carries a threat of insolvency of the seam. 

One of the most important factors that reduces the tightness of the anastomosis is the infection 

of the zone of crossïlinked tissues. It arises as a result of the contact of suture material and seam 

channels (ligature infection) with the contents of the lumen of the organ, which facilitates the 

penetration of microflora into the thickness of the connected tissues, the development of 

inflammatory and necrotic processes in them. 

In the zone of ñfreshò anastomosis there are all favorable conditions for the reproduction of 

microflora ð ischemia of the intestinal wall, the presence of a nutrient medium in the form of 

remaining small blood clots, changes in pH, redox potentials, etc. Therefore, infection of the 

anastomosis zone can rightly be considered a natural process, which depends on the type of 

intestinal suture and the concentration of microbes in the lumen of the organ. 

After eliminating the obstruction, the question arises of evacuating the contents from the 

leading parts of the intestine, since the restoration of peristalsis and absorption from the lumen of 

the intestine of toxic contents in the postoperative period will certainly cause an aggravation of 

endotoxemia. There are several ways to solve this problem, namely, intubation of the intestinal tube 

through the nasal passages, pharynx, esophagus and stomach with the help of gastrostomy, 

cystostomy, appendicitis or through the anus. This procedure provides removal of toxic contents and 

http://www.bulletennauki.com/


 

 
ɹʶʣʣʝʪʝʥʴ ʥʘʫʢʠ ʠ ʧʨʘʢʪʠʢʠ ð Bulletin of Science and Practice

ʥʘʫʯʥʳʡ ʞʫʨʥʘʣ (scientific journal)   ʊ. 4. ̄ 5. 2018 ʛ. 
 http://www.bulletennauki.com  

 

 

 

 

99 

 

 

elimination of the consequences of intestinal paresis both during surgery and in the postoperative 

period [15, p. 38]. 

The restoration of intestinal motility remains a serious problem in the treatment of IPOs 

(Petrov V. V. et al., 2009). Early restoration of motor activity of the intestine and resumption of 

microcirculation [5, p. 67], as well as the removal of stagnant contents in the intestine is facilitated 

by the method of decompression of the intestinal tube. Currently, the widespread use of the bowel 

decompression method allows to achieve the removal of stagnant bowel contents, improve blood 

supply, microcirculation and early recovery of intestinal motor activity. There are many methods of 

intraoperative intubation of the small intestine, for which various designs of probes are proposed. 

Decompression is usually achieved by applying colostomy, in some cases, transrectal drainage 

of the colon by a thick tube. 

One of the promising directions of the development of surgical methods of intestinal 

decompression is now the introduction of sorbents in combination with the drainage of the small 

intestine [4, p. 36]. 

From the methods of intestinal drainage, the method of transnasal drainage of the small 

intestine is the most preferable, due to the minimal invasiveness, [14, p. 153]. 

This method is often called the name of T. Miller and W. Abbot or Wangensteen, although 

there are indications that the pioneers of transnasal intubation of the gut by the AbbotïMiller probe 

(1934) during the operation were G. A. Smith (1956) and J. C. Thurner (1958). The probe is carried 

into the small intestine during surgery and is used simultaneously for intraoperative and for 

prolonged decompression of the small intestine. The disadvantage of the method is the violation of 

nasal breathing, which can lead to a worsening of the condition in patients with chronic lung 

diseases or to provoke the development of pneumonia. 

The method proposed by J. M. Ferris and G. K. Smith in 1956 and described in detail in the 

domestic literature by Dederer Yu. M. (1962), which includes intubation of the small intestine 

through the gastrostomy, is free of this deficiency and is indicated in patients who, for whatever 

reason, cannot carry the probe through the nose, or the disruption of nasal breathing due to the 

probe increases the risk of postoperative pulmonary complications. 

To reduce peritoneal injury, it is necessary to select the most rational surgical techniques, 

which include gentle operation with the use of wide incisions, the use of atraumatic suture material. 

At the final stage of surgical intervention, it is necessary to take measures to prevent recurrence of 

obstruction. The deviation of the curvature eliminates the obstruction, but does not completely rule 

out the possibility of relapse, and it develops again in the immediate postoperative period. 

Performing primary resection of the sigmoid colon excludes the possibility of relapse, but if a 

radical operation is not possible, then it is necessary to resort to palliative interventions by 

dissecting the fusion that brings together the leading and diverting parts of the intestine and makes it 

possible to turn, perform mesosigmoplication.  

Reduction of postoperative inflammation is one of the key tasks in the treatment of IPOs, for 

this purpose, intraperitoneal administration of steroid hormones, hydrocortisone phonophoresis, 

nonsteroidal antiïinflammatory drugs, analogues of prostocycline, antihistamine drugs, 

physioprocedures. 

After surgery, complex corrective therapy is necessary. Conservative treatment of ileus should 

be directed to the main links of pathogenesis, including elimination of hypovolemia and elimination 

of waterïelectrolyte disorders and hemodynamic disorders, as well as correction of metabolic 

processes, restoration of metabolic processes, prevention of complications [1, p. 10]. 
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The volume of infusion therapy, carried out under the control of CVP and diuresis, is at least 

3ï4 liters. The key is replenishment of potassium deficiency, which helps to resolve intestinal 

paresis. With timely conservative treatment in the postoperative period, the function of the 

gastrointestinal tract is restored on the 4ï7th day. 

To eliminate disorders of regional hemodynamics, in addition to adequate rehydration, the 

effectiveness of the use of rheologically active agents improving microcirculation has been proved. 

In addition, it is highly desirable to normalize the protein balance by transfusion of protein 

hydrolysates, a mixture of amino acids, albumin, protein, and in severe cases, blood plasma. Very 

rational is the effect on the peristaltic activity of the intestine: with increased peristalsis and 

cramping abdominal pain, the appointment of antispasmodics is indicated. When paresis ð means 

that stimulate the motorïevacuation capacity of the intestine: intravenous injection of hypertonic 

sodium chloride solution, ganglion blockers, neostigmine methyl sulfate, etc. Conservative 

treatment, as a rule, suppresses the dynamic obstruction (it is possible to resolve certain types of 

mechanical obstruction: coprostasis, intussusception, sigmoid colon swelling, etc.). This is its role 

as a diagnostic and therapeutic agent. If obstruction is not permitted, the treatment performed serves 

as a measure of preoperative preparation, so necessary in this pathological condition [14, p. 150]. 
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Abstract. In this review, a disease such as chronic endometritis is considered. An attempt has 

been made to explain the pathophysiological mechanisms of the endometritis. The key aspects of 

this pathology affecting the development of infertility are reflected. 
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ɹʝʩʧʣʦʜʠʝ ð ʦʜʥʘ ʠʟ ʚʘʞʥʳʭ ʤʝʜʠʢʦïʩʦʮʠʘʣʴʥʳʭ ʧʨʦʙʣʝʤ, ʢʦʪʦʨʘʷ ʧʨʠʦʙʨʝʣʘ 

ʦʙʱʝʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʭʘʨʘʢʪʝʨ. ʏʘʩʪʦʪʘ ʙʝʩʧʣʦʜʥʳʭ ʧʘʨ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʠ ʧʦ ʜʘʥʥʳʤ ʠʟ 

ʨʘʟʣʠʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʚʘʨʴʠʨʫʝʪ ʦʪ 8 ʜʦ 17,8%, ʘ ʚ ʥʝʢʦʪʦʨʳʭ ʨʝʛʠʦʥʘʭ ʜʦʩʪʠʛʘʝʪ 18% [1, ʩ. 

120], ʯʪʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʝ ʪʦʣʴʢʦ ʧʨʦʙʣʝʤʫ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ, ʥʦ ʠ ʟʥʘʯʠʤʫʶ 

ʜʣʷ ʦʙʱʝʩʪʚʘ [2, ʩ. 132].  

ɿʥʘʯʝʥʠʝ ʵʥʜʦʤʝʪʨʠʷ ʚ ʨʝʧʨʦʜʫʢʮʠʠ ʙʝʩʩʧʦʨʥʦ ʠ ʥʝʦʩʧʦʨʠʤʦ, ʝʛʦ ʘʜʝʢʚʘʪʥʦʝ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʥʝʦʙʭʦʜʠʤʦ ʢʘʢ ʜʣʷ ʥʘʩʪʫʧʣʝʥʠʷ ʙʝʨʝʤʝʥʥʦʩʪʠ, ʪʘʢ ʠ ʜʣʷ ʫʩʧʝʰʥʦʛʦ 

ʚʳʥʘʰʠʚʘʥʠʷ ʙʝʨʝʤʝʥʥʦʩʪʠ. ʀʤʧʣʘʥʪʘʮʠʷ ʵʤʙʨʠʦʥʘ ð ɻ ʪʦ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʡ ʧʨʦʮʝʩʩ ʩ 

ʧʨʠʚʣʝʯʝʥʠʝʤ ʢʣʝʪʦʯʥʳʭ ʠ ʛʫʤʦʨʘʣʴʥʳʭ ʬʘʢʪʦʨʦʚ [5, ʩ. 389]. ɿʘʣʦʛ ʫʩʧʝʰʥʦʡ ʠʤʧʣʘʥʪʘʮʠʠ 

ʟʘʚʠʩʠʪ ʦʪ ʬʠʟʠʦʣʦʛʠʯʥʦ ʬʫʥʢʮʠʦʥʠʨʫʶʱʝʛʦ ʵʥʜʦʤʝʪʨʠʷ, ʘ ʪʘʢʞʝ ʠ ʦʪ ʩʦʩʪʦʷʥʠʷ ʵʤʙʨʠʦʥʘ. 

ɺ ʦʩʥʦʚʝ ʧʘʪʦʣʦʛʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʵʥʜʦʤʝʪʨʠʷ ʧʝʨʚʦʦʯʝʨʝʜʥʦʝ ʤʝʩʪʦ ʧʨʠʥʘʜʣʝʞʠʪ 

ʭʨʦʥʠʯʝʩʢʦʤʫ ʵʥʜʦʤʝʪʨʠʪʫ (ʍʕ), ʧʨʠʯʝʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʴ ʫ ʞʝʥʱʠʥ ʩ ʙʝʩʧʣʦʜʠʝʤ 

ʚʘʨʴʠʨʫʝʪ ʧʦ ʨʘʟʥʳʤ ʜʘʥʥʳʤ ʦʪ 4,8 ʜʦ 48% [4, ʩ. 7]. 

ʍʕ ð ʢʣʠʥʠʢʦïʤʦʨʬʦʣʦʛʠʯʝʩʢʠʡ ʩʠʥʜʨʦʤ, ʚ ʭʦʜʝ ʢʦʪʦʨʦʛʦ ʥʘʙʣʶʜʘʝʪʩʷ 

ʧʝʨʩʠʩʪʠʨʫʶʱʝʝ ʧʦʚʨʝʞʜʝʥʠʝ ʵʥʜʦʤʝʪʨʠʷ ʧʘʪʦʛʝʥʥʦʡ ʤʠʢʨʦʙʠʦʪʦʡ, ʠ ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ 

ʦʙʨʘʟʫʶʪʩʷ ʤʥʦʞʝʩʪʚʝʥʥʳʝ ʚʪʦʨʠʯʥʳʝ ʤʦʨʬʦïʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʧʝʨʝʩʪʨʦʡʢʠ, ʥʘʨʫʰʘʶʱʠʝ 

ʮʠʢʣʠʯʥʦʩʪʴ ʵʢʦʪʨʘʥʩʬʦʨʤʘʮʠʠ ʠ ʨʝʮʝʧʪʠʚʥʦʩʪʴ ʩʣʠʟʠʩʪʦʡ ʦʙʦʣʦʯʢʠ ʪʝʣʘ ʤʘʪʢʠ [6, ʩ. 172]. 

ɹʦʣʝʝ ʯʝʤ ʚ 85% ʩʣʫʯʘʝʚ ʍʕ ʷʚʣʷʝʪʩʷ ʧʝʨʚʠʯʥʳʤ, ʨʘʟʚʠʚʘʷʩʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʵʥ-

ʜʦʤʝʪʨʠʠ ʟʘ ʩʯʝʪ ʚʥʝʜʨʝʥʠʷ ʧʘʪʦʛʝʥʥʦʡ ʤʠʢʨʦʙʠʦʪʳ, ʧʝʨʝʜʘʶʱʝʡʩʷ ʧʦʣʦʚʳʤ ʧʫʪʝʤ, ʠʣʠ 

ʧʫʪʝʤ ʨʘʟʤʥʦʞʝʥʠʷ ʫʩʣʦʚʥʦïʧʘʪʦʛʝʥʥʦʡ ʤʠʢʨʦʙʠʦʪʳ ʚ ʵʥʜʦʤʝʪʨʠʠ ʧʦʩʣʝ ʚʥʫʪʨʠʤʘʪʦʯʥʳʭ ʠ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʤʘʥʠʧʫʣʷʮʠʡ [3], ʠ ʣʠʰʴ ʚ 5ï10% ʩʣʫʯʘʝʚ ʍʕ ʥʦʩʠʪ ʚʪʦʨʠʯʥʳʡ ʭʘʨʘʢʪʝʨ [7, 

ʩ. 12]. 

ʇʦ ʩʦʚʨʝʤʝʥʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʚʳʜʝʣʷʶʪ ʥʝʩʧʝʮʠʬʠʯʝʩʢʠʡ ʠ ʩʧʝʮʠʬʠʯʝʩʢʠʡ ʍʕ [6, ʩ. 

34; 12, ʩ. 317]. ɺʘʞʥʘʷ ʨʦʣʴ ʚ ʨʘʟʚʠʪʠʠ ʍʕ ʦʪʚʦʜʠʪʩʷ ʙʘʢʪʝʨʦʠʜʘʤ ʠ ʧʝʧʪʦʩʪʨʝʧʪʦʢʦʢʢʘʤ, ʘ 

ʪʘʢʞʝ ʤʠʢʨʦʘʵʨʦʬʘʛʘʤ, ʤʠʢʦʧʣʘʟʤʘʤ, ʛʘʨʜʥʝʨʝʣʣʘʤ ʠ ʩʪʨʝʧʪʦʢʦʢʢʘʤ ʛʨʫʧʧʳ ɺ [1, ʩ. 123]. 

ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʚ ʵʥʜʦʤʝʪʨʠʠ ʚ ʢʘʯʝʩʪʚʝ ʤʦʥʦʠʥʬʝʢʮʠʠ ʚʩʪʨʝʯʘʝʪʩʷ 

ʢʨʘʡʥʝ ʨʝʜʢʦ, ʧʨʠʯʝʤ ʜʘʞʝ ʥʝʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʥʦʨʤʘʣʴʥʦʡ ʤʠʢʨʦʙʠʦʪʳ ʤʦʛʫʪ ʧʨʠʥʷʪʴ 

ʫʯʘʩʪʠʝ ʚ ʩʪʘʥʦʚʣʝʥʠʠ ʠʥʬʝʢʮʠʦʥʥʦïʚʦʩʧʘʣʠʪʝʣʴʥʦʛʦ ʦʪʚʝʪʘ [1, ʩ. 122], ʚ ʛʝʥʝʟʝ ʍʕ 

ʟʥʘʯʝʥʠʝ ʠʤʝʶʪ ʪʘʢʞʝ ʠ ʧʝʨʩʠʩʪʠʨʫʶʱʠʝ ʚʠʨʫʩʳ. 

ʄʠʢʨʦʙʥʘʷ ʠʥʚʘʟʠʷ ʩʧʦʩʦʙʥʘ ʚʳʟʚʘʪʴ ʚ ʵʥʜʦʤʝʪʨʠʠ ʥʝʘʜʝʢʚʘʪʥʳʡ ʠʤʤʫʥʦï

ʚʦʩʧʘʣʠʪʝʣʴʥʳʡ ʦʪʚʝʪ, ʢʦʪʦʨʳʡ ʧʨʦʷʚʣʷʝʪʩʷ ʨʝʟʢʠʤ ʢʣʝʪʦʯʥʳʤ ʜʠʩʙʘʣʘʥʩʦʤ. ʇʦʚʳʰʝʥʠʝ 

ʪʠʪʨʘ ʧʨʦʚʦʩʧʘʣʠʪʝʣʴʥʳʭ ʮʠʪʦʢʠʥʦʚ ʩ ʠʥʠʮʠʘʮʠʝʡ ʩʠʥʪʝʟʘ ʩʫʣʴʬʘʪʘʟ ʧʨʠʚʦʜʠʪ ʢ ʫʩʠʣʝʥʥʦʡ 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʠʟʘʮʠʠ ʵʩʪʨʦʛʝʥʦʚ ʚ ʵʥʜʦʤʝʪʨʠʠ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʚʦʟʥʠʢʘʶʪ ʥʘʨʫʰʝʥʠʷ 

ʧʨʦʣʠʬʝʨʘʮʠʠ ʠ ʥʦʨʤʘʣʴʥʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʪʢʘʥʠ. ɺ ʭʦʜʝ ʤʝʜʠʘʪʦʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ 

ʧʨʦʠʩʭʦʜʠʪ ʚʦʩʧʘʣʝʥʠʝ ʚ ʵʥʜʦʤʝʪʨʠʠ, ʯʪʦ ʚʳʟʳʚʘʝʪ ʧʦʚʨʝʞʜʝʥʠʝ ʵʧʠʪʝʣʠʷ ʩ ʠʟʤʝʥʝʥʠʝʤ 

ʩʪʨʫʢʪʫʨʳ ʠ ʬʫʥʢʮʠʠ ʵʥʜʦʤʝʪʨʠʷ [5, ʩ. 389]. ɺ ʦʯʘʛʝ ʚʦʩʧʘʣʝʥʠʷ ʧʨʝʦʙʣʘʜʘʝʪ ʧʨʦʣʠʬʝʨʘʮʠʷ 

ʤʦʥʦʮʠʪʦʚ, ʢʦʪʦʨʳʝ ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ ʵʢʩʪʨʘʚʘʩʢʫʣʷʨʥʳʭ ʪʢʘʥʝʡ ʧʨʝʦʙʨʘʟʫʶʪʩʷ ʚ ʤʘʢʨʦʬʘʛʠ. 
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ɸʢʪʠʚʠʨʦʚʘʥʥʳʝ ʤʘʢʨʦʬʘʛʠ ʚ ʦʯʘʛʝ ʚʦʩʧʘʣʝʥʠʷ ʥʘʯʠʥʘʶʪ ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʢʘʩʢʘʜ 

ʧʨʦʚʦʩʧʘʣʠʪʝʣʴʥʳʭ ʮʠʪʦʢʠʥʦʚ ʪʘʢʠʭ, ʢʘʢ IL-1, IL-6, IL-8, ʠ TNFïA. ʄʘʢʨʦʬʘʛʠ ʩʧʦʩʦʙʥʳ 

ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʧʨʦʠʟʚʦʜʥʳʝ ʛʠʜʨʦʣʘʟ, ʣʠʧʘʟ, ʵʩʪʝʨʘʟ, ʵʣʘʩʪʘʟ, ʢʦʣʣʘʛʝʥʘʟ, ʢʦʪʦʨʳʝ ʚʳʟʳʚʘʶʪ 

ʜʝʩʪʨʫʢʮʠʶ ʵʢʩʪʨʘʮʝʣʣʶʣʷʨʥʦʛʦ ʤʘʪʨʠʢʩʘ, ʠʥʠʮʠʠʨʫʷ ʪʝʤ ʩʘʤʳʤ ʧʨʦʮʝʩʩʳ ʘʥʛʠʦʛʝʥʝʟʘ ʠ 

ʚʳʟʳʚʘʷ ʘʧʦʧʪʦʟ ʵʥʜʦʪʝʣʠʘʣʴʥʳʭ ʢʣʝʪʦʢ ʟʘ ʩʯʝʪ TNFïA [3, ʩ. 29]. 

ɼʣʠʪʝʣʴʥʦʝ ʧʝʨʩʠʩʪʠʨʦʚʘʥʠʝ ʤʠʢʨʦʙʥʳʭ ʘʛʝʥʪʦʚ ʚ ʵʥʜʦʤʝʪʨʠʠ ʧʨʠʚʦʜʠʪ ʢ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʘʥʪʠʛʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ [7, ʩ. 13]. ɺ ʭʦʜʝ ʯʝʛʦ ʬʦʨʤʠʨʫʝʪʩʷ ʥʝʘʜʝʢʚʘʪʥʳʡ 

ʠʤʤʫʥʥʳʡ ʦʪʚʝʪ [10, ʩ. 1536], ʧʨʠʚʦʜʷʱʠʡ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʣʦʢʘʣʴʥʳʭ ʤʠʢʨʦʪʨʦʤʙʦʟʦʚ ʠ 

ʠʥʬʘʨʢʪʦʚ ʚ ʦʙʣʘʩʪʠ ʧʣʘʮʝʥʪʘʮʠʠ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʦʪʩʣʦʡʢʦʡ ʧʣʘʮʝʥʪʳ [11, ʩ. 715]. ɺ ʨʝ-

ʟʫʣʴʪʘʪʝ ʵʪʦʛʦ ʚʦʟʥʠʢʘʝʪ ʧʦʨʦʯʥʳʡ ʢʨʫʛ ð ʜʣʠʪʝʣʴʥʘʷ ʧʝʨʩʠʩʪʝʥʮʠʷ ʠʥʬʝʢʮʠʦʥʥʳʭ ʘʛʝʥʪʦʚ 

ʚ ʵʥʜʦʤʝʪʨʠʠ ʚʳʟʳʚʘʝʪ ʩʦʩʪʦʷʥʠʝ ʚʪʦʨʠʯʥʦʛʦ ʠʤʤʫʥʦʜʝʬʠʮʠʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʢʦʪʦʨʦʝ ʚ 

ʩʚʦʶ ʦʯʝʨʝʜʴ, ʩʧʦʩʦʙʩʪʚʫʝʪ ʘʢʪʠʚʘʮʠʠ ʠʥʬʝʢʮʠʡ [3, ʩ. 29].  

ʉʨʝʜʠ ʤʝʭʘʥʠʟʤʦʚ ʨʘʟʚʠʪʠʷ ʍʕ ʠʤʝʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʬʘʢʪʦʨʦʚ ʩʙʦʝʚ ʨʝʮʝʧʪʠʚʥʦʩʪʠ 

ʵʥʜʦʤʝʪʨʠʷ ʠ ʥʝʙʣʘʛʦʧʨʠʷʪʥʦʛʦ ʧʨʦʛʥʦʟʘ ʚ ʭʦʜʝ ʨʝʘʣʠʟʘʮʠʠ ʨʝʧʨʦʜʫʢʪʠʚʥʦʡ ʬʫʥʢʮʠʠ [1, ʩ. 

121]: ʥʘʣʠʯʠʝ ʚ ʵʥʜʦʤʝʪʨʠʠ ʧʘʪʦʛʝʥʥʦʡ ʤʠʢʨʦʙʠʦʪʳ; ʤʦʨʬʦïʬʫʥʢʮʠʦʥʘʣʴʥʳʝ 

ʚʦʩʧʘʣʠʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʵʥʜʦʤʝʪʨʠʠ ʠ ʜʨ. ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʵʪʠʭ ʬʘʢʪʦʨʦʚ ʚʳʩʪʫʧʘʝʪ 

ʢʣʶʯʝʚʳʤ ʟʚʝʥʦʤ ʚ ʦʮʝʥʢʝ ʩʙʦʝʚ ʨʝʮʝʧʪʠʚʥʦʩʪʠ ʵʥʜʦʤʝʪʨʠʷ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠʩʭʦʜʦʚ 

ʙʝʨʝʤʝʥʥʦʩʪʠ. ɼʣʷ ʵʥʜʦʤʝʪʨʠʷ ʧʨʠʩʫʱʠ ʩʚʦʠ ʯʝʪʢʠʝ ʚʨʝʤʝʥʥʳʝ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ 

ʢʦʥʩʪʘʥʪʳ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʩʧʦʩʦʙʥʦʩʪʴ ʵʥʜʦʤʝʪʨʠʷ ʢ ʠʤʧʣʘʥʪʘʮʠʠ [9, ʩ. 376]. ɼʠʥʘʤʠʯʝʩʢʘʷ 

ʚʳʨʘʙʦʪʢʘ IGF-1, IGF-2, EGF, VEGF, ʘ ʪʘʢʞʝ bFGF ʠ TGF ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ 

ʵʥʜʦʤʝʪʨʠʷ ʢ ʠʤʧʣʘʥʪʠʨʫʶʱʝʡ ʙʣʘʩʪʦʮʠʩʪʝ ʚʦ ʚʨʝʤʷ çʦʢʥʘè ʠʤʧʣʘʥʪʘʮʠʠ [8, ʩ. 86]. 

ʉʧʝʮʠʬʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʠ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʩʦʩʪʘʚʘ ʩʫʙʧʦʧʫʣʷʮʠʠ 

ʠʤʤʫʥʥʳʭ ʢʣʝʪʦʢ, ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʟʘ ʩʯʝʪ ʜʝʡʩʪʚʠʷ ʬʘʢʪʦʨʦʚ ʨʦʩʪʘ. ʇʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ 

ʪʨʘʥʩʤʝʤʙʨʘʥʥʳʤʠ ʨʝʮʝʧʪʦʨʘʤʠ ʢʣʝʪʦʢïʤʠʰʝʥʝʡ ʬʘʢʪʦʨʳ ʨʦʩʪʘ ʧʨʦʷʚʣʷʶʪ ʩʚʦʠ 

ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳ, ʯʪʦ ʛʦʚʦʨʠʪ ʦʙ ʠʭ ʫʯʘʩʪʠʠ ʚ ʩʪʘʜʠʠ ʘʜʛʝʟʠʠ ʙʣʘʩʪʦʮʠʩʪʳ [1, ʩ. 120].  

ʈʝʘʢʮʠʠ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʙʣʘʩʪʦʮʠʩʪʳ ʢ ʵʥʜʦʤʝʪʨʠʶ ʧʨʝʜʰʝʩʪʚʫʝʪ ʵʢʩʧʨʝʩʩʠʷ EFG, 

ʢʦʪʦʨʳʡ ʨʦʣʴ ʤʝʜʠʘʪʦʨʘ ʚ ʨʦʩʪʝ, ʤʠʛʨʘʮʠʠ ʠ ʘʜʛʝʟʠʠ ʢʣʝʪʦʢ ʵʥʜʦʤʝʪʨʠʷ, ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʵʢʩʪʨʘʮʝʣʣʶʣʷʨʥʦʛʦ ʤʘʪʨʠʢʩʘ ʚ ʪʝʯʝʥʠʝ ʮʠʢʣʘ ʠ ʥʘ ʨʘʥʥʠʭ ʩʪʘʜʠʷʭ ʨʘʟʚʠʪʠʷ ʵʤʙʨʠʦʥʘ [1, ʩ. 

124]. TGF ð ʣʠʛʘʥʜ EGF, ʧʨʠʯʝʤ TGF ʩʦʙʩʪʚʝʥʥʦ ʠ ʚʣʠʷʝʪ ʥʘ ʧʨʦʣʠʬʝʨʘʮʠʶ ʵʥʜʦʤʝʪʨʠʷ [9, 

ʩ. 350]. ɺ ʭʦʜʝ ʠʥʚʘʟʠʚʥʳʭ ʧʨʦʮʝʩʩʦʚ ʧʨʠ ʠʤʧʣʘʥʪʘʮʠʠ ʥʝʦʙʭʦʜʠʤʘ ʩʫʧʨʝʩʩʠʷ ʵʬʬʝʢʪʦʚ 

ʤʝʪʘʣʣʦʧʨʦʪʝʠʥʘʟ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʩʪʘʙʠʣʴʥʦʩʪʠ ʪʢʘʥʠ [3, ʩ. 30], EGF ʠ FGF, ʥʘʧʨʦʪʠʚ ʞʝ, 

ʧʦʚʳʰʘʶʪ ʵʪʫ ʘʢʪʠʚʥʦʩʪʴ. 

ɹʣʘʛʦʧʦʣʫʯʥʦʝ ʥʘʩʪʫʧʣʝʥʠʝ ʠʤʧʣʘʥʪʘʮʠʠ ʠ ʜʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʙʝʨʝʤʝʥʥʦʩʪʠ 

ʥʝʜʦʩʪʠʞʠʤʦ ʙʝʟ ʠʥʠʮʠʘʮʠʠ ʥʝʦʘʥʛʠʦʛʝʥʝʟʘ [1, ʩ. 121]. ʂʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʨʝʛʫʣʷʮʠʠ 

ʘʥʛʠʦʛʝʥʝʟʘ ʚ ʤʘʪʢʝ ʠʛʨʘʝʪ bFGF ʬʘʢʪʦʨ, ʢʦʪʦʨʳʡ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʨʘʙʦʪʢʫ ʢʦʣʣʘʛʝʥʘʟʳ ʠ 

ʘʢʪʠʚʘʪʦʨʘ ʧʣʘʟʤʠʥʦʛʝʥʘ (ʩʦʙʩʪʚʝʥʥʦ ʦʥʠ ʠ ʩʧʦʩʦʙʩʪʚʫʶʪ ʚʘʟʦʜʠʣʘʪʘʮʠʠ ʠ ʧʦʚʳʰʝʥʠʶ 

ʨʠʩʢʘ ʨʘʟʚʠʪʠʷ ʢʨʦʚʦʪʝʯʝʥʠʡ) [7, ʩ. 14]. ʈʝʛʫʣʷʪʦʨʦʤ ʘʥʛʠʦʛʝʥʝʟʘ ʚʳʩʪʫʧʘʝʪ ʠ VEGF 

(ʵʢʩʧʨʝʩʩʠʶ ʢʦʪʦʨʦʛʦ ʦʙʝʩʧʝʯʠʚʘʶʪ ʢʣʝʪʦʯʥʳʝ ʩʪʨʫʢʪʫʨʳ ʞʝʣʝʟʠʩʪʦʛʦ ʵʧʠʪʝʣʠʷ ʠ ʩʪʨʦʤʳ 

ʵʥʜʦʤʝʪʨʠʷ). ʀʥʠʮʠʠʨʫʶʱʠʡ ʬʘʢʪʦʨ ʵʢʩʧʨʝʩʩʠʠ VEGF ð ʛʠʧʦʢʩʠʷ, ʧʨʦʚʦʩʧʘʣʠʪʝʣʴʥʳʝ 

ʮʠʪʦʢʠʥʳ, EGF ʠ TGFïʈ. ʕʢʩʧʨʝʩʩʠʷ VEGF ʦʪʨʘʞʘʝʪ ʮʠʢʣʠʯʥʦʩʪʴ ʧʨʠʨʦʜʳ ʦʚʘʨʠʘʣʴʥʦʛʦ 

ʘʥʛʠʦʛʝʥʝʟʘ [5, ʩ. 390]. 

ɺ ʭʦʜʝ ʠʤʧʣʘʥʪʘʮʠʠ ʧʨʠʥʠʤʘʝʪ ʫʯʘʩʪʠʝ ʠ ʩʝʤʝʡʩʪʚʦ TGFïP, ʢʦʪʦʨʳʝ ʚʣʠʷʶʪ ʥʘ 

ʘʩʧʝʢʪʳ, ʦʙʫʩʣʘʚʣʠʚʘʶʱʠʝ ʨʝʮʝʧʪʠʚʥʦʩʪʴ ʵʥʜʦʤʝʪʨʠʷ. ʉʨʝʜʠ ʧʨʠʯʠʥ ʩʥʠʞʝʥʥʦʛʦ 

ʠʤʧʣʘʥʪʘʮʠʦʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʵʤʙʨʠʦʥʦʚ, ʧʦʣʫʯʘʝʤʳʭ ʚ ʕʂʆ, ʚʦʟʥʠʢʘʝʪ ʚʩʣʝʜʩʪʚʠʝ 

ʥʘʨʫʰʝʥʠʷ ʵʢʩʧʨʝʩʩʠʠ ʪʨʦʤʙʦʮʠʪʘʨʥʦʛʦ ʬʘʢʪʦʨʘ ʨʦʩʪʘ (PDGF), ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʚʦʟʥʠʢʘʝʪ 

ʜʝʬʠʮʠʪ ʘʫʪʦʢʨʠʥʥʦʡ ʩʪʠʤʫʣʷʮʠʠ, ʯʪʦ ʩʦʙʩʪʚʝʥʥʦ ʠ ʚʣʠʷʝʪ ʥʘ ʚʳʞʠʚʘʝʤʦʩʪʴ ʵʤʙʨʠʦʥʦʚ. 
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ɹʦʣʴʰʠʥʩʪʚʦ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʩʭʦʜʷʪʩʷ ʚʦ ʤʥʝʥʠʠ, ʯʪʦ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʠ ʢʘʯʝʩʪʚʝʥʥʳʝ 

ʘʩʧʝʢʪʳ PDGF ʤʦʛʫʪ ʚʳʩʪʫʧʠʪʴ ʚ ʢʘʯʝʩʪʚʝ ʧʨʦʛʥʦʩʪʠʯʝʩʢʦʛʦ ʤʘʨʢʝʨʘ ʫʩʧʝʭʘ ʠʤʧʣʘʥʪʘʮʠʠ, ʘ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʢʘʯʝʩʪʚʘ ʧʦʣʫʯʝʥʥʳʭ ʵʤʙʨʠʦʥʦʚ ʚ ʧʨʦʛʨʘʤʤʝ ʕʂʆ [4, ʩ. 10]. 

LIF ̫ ʚʣʷʝʪʩʷ ʧʨʦʤʝʞʫʪʦʯʥʳʤ ʟʚʝʥʦʤ ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʤʝʞʜʫ ʤʘʪʝʨʠʥʩʢʠʤʠ 

ʜʝʮʠʜʫʘʣʴʥʳʤʠ ʣʝʡʢʦʮʠʪʘʤʠ ʠ ʚʥʝʜʨʷʶʱʠʤʩʷ ʪʨʦʬʦʙʣʘʩʪʦʤ. ʇʨʠ ʠʤʧʣʘʥʪʘʮʠʠ ʵʤʙʨʠʦʥʘ ʚ 

ʵʧʠʪʝʣʠʡ ʠ ʜʦʩʪʠʞʝʥʠʷ ʩʪʨʦʤʳ ʵʥʜʦʤʝʪʨʠʷ, ʧʨʦʠʩʭʦʜʠʪ ʚʳʨʘʙʦʪʢʘ IL-1, TNF, TGF-P, 

ʚʳʟʳʚʘʶʱʘʷ ʜʘʣʴʥʝʡʰʫʶ ʩʝʢʨʝʮʠʶ LIF ʩʪʨʦʤʘʣʴʥʳʤʠ ʢʣʝʪʢʘʤʠ [5, ʩ. 391]. 

ʕʥʜʦʤʝʪʨʠʡ ʩʦʜʝʨʞʠʪ ʢʦʣʦʩʩʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʤʤʫʥʦʢʦʤʧʝʪʝʥʪʥʳʭ ʢʣʝʪʦʢ, ʧʨʠ ʯʝʤ 

ʠʭ ʬʝʥʦʪʠʧʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʚʣʠʷʝʪ ʥʘ ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ ʠʤʤʫʥʦʣʦʛʠʯʝʩʢʠʡ çʜʠʘʣʦʛè ʤʝʞʜʫ 

ʵʥʜʦʤʝʪʨʠʝʤ ʠ ʧʣʦʜʥʳʤ ʷʡʮʦʤ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʚʳʩʪʫʧʘʝʪ ʛʘʨʘʥʪʦʤ ʫʩʧʝʰʥʦʡ 

ʠʤʧʣʘʥʪʘʮʠʠ ʠ ʧʣʘʮʝʥʪʘʮʠʠ. ʉʘʤʦʡ ʤʥʦʛʦʯʠʩʣʝʥʥʦʡ ʧʦʧʫʣʷʮʠʝʡ ʩʨʝʜʠ ʣʝʡʢʦʮʠʪʦʚ ʵʪʦ 

ʛʨʘʥʫʣʷʨʥʳʝ ʣʠʤʬʦʮʠʪʳ (CD56). CD56 ʚ ʢʦʤʧʣʝʢʩʝ ʩ ʊïʣʠʤʬʦʮʠʪʘʤʠ ð ʠʩʪʦʯʥʠʢʠ 

ʮʠʪʦʢʠʥʦʚ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʜʦʤʠʥʠʨʦʚʘʥʠʝ Th2 ʥʘʜ Th1. ɼʠʩʙʘʣʘʥʩ ʚ ʩʫʙʧʦʧʫʣʷʮʠʠ 

ʢʣʝʪʦʢ ʠ ʠʭ ʯʨʝʟʤʝʨʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʧʘʪʦʣʦʛʠʯʝʩʢʦʛʦ ʦʪʚʝʪʘ 

ʩʦ ʩʪʦʨʦʥʳ ʦʨʛʘʥʠʟʤʘ ʞʝʥʱʠʥʳ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʙʝʩʧʣʦʜʠʶ ʣʠʙʦ ʢ ʥʝʚʳʥʘʰʠʚʘʥʠʶ 

ʙʝʨʝʤʝʥʥʦʩʪʠ [5, ʩ. 392]. 

ʀʤʧʣʘʥʪʘʮʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʦʩʧʘʣʠʪʝʣʴʥʫʶ ʨʝʘʢʮʠʶ, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ 

ʧʨʠʢʨʝʧʣʝʥʠʝ ʠ ʠʥʚʘʟʠʶ ʵʤʙʨʠʦʥʘ ʚ ʵʥʜʦʤʝʪʨʠʡ, ʠ ʬʦʨʤʠʨʫʶʱʘʷ ʜʦʣʞʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʚ ʩʠʩʪʝʤʝ ʤʘʪʴïʧʣʘʮʝʥʪʘïʧʣʦʜ, ʩʙʦʡ ʚ ʢʦʪʦʨʦʡ ʤʦʞʝʪ ʦʙʝʨʥʫʪʴʩʷ ʙʝʩʧʣʦʜʠʝʤ [2, ʩ. 133]. 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʧʘʪʦʛʝʥʝʟʝ ʨʘʟʚʠʪʠʷ ʍʕ ʠʛʨʘʝʪ ʩʦʩʪʘʚ ʤʠʢʨʦʙʠʦʪʳ, ʘ ʪʘʢʞʝ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʵʥʜʦʤʝʪʨʠʡ, ʬʠʟʠʦʣʦʛʠʯʥʦʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ 

ʠʤʤʫʥʥʦʡ ʩʠʩʪʝʤʳ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʘʜʝʢʚʘʪʥʦʛʦ ʦʪʚʝʪʘ, ʯʪʦ ʙʫʜʝʪ ʧʨʦʷʚʣʷʪʴʩʷ ʚ 

ʚʘʨʠʘʮʠʦʥʥʳʭ ʠʟʤʝʥʝʥʠʷʭ ð ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ ʨʝʮʝʧʪʦʨʥʦʛʦ ʘʧʧʘʨʘʪʘ ʵʥʜʦʤʝʪʨʠʷ ʩ 

ʜʘʣʴʥʝʡʰʠʤ ʨʘʟʚʠʪʠʝʤ ʢʣʠʥʠʯʝʩʢʠʭ ʧʨʦʷʚʣʝʥʠʡ. 
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ɸʥʥʦʪʘʮʠʷ. ʆʩʥʦʚʥʘʷ ʮʝʣʴ ʨʘʙʦʪʳ ð ʜʝʤʦʥʩʪʨʘʮʠʷ ʚʦʟʤʦʞʥʦʩʪʝʡ ʠ ʧʦʣʦʞʠʪʝʣʴʥʳʭ 

ʤʦʤʝʥʪʦʚ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʠʤʫʣʷʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʧʨʦʮʝʩʩʝ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʧʨʘʢʪʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʩʪʫʜʝʥʪʘ, ʧʦʣʫʯʘʶʱʝʛʦ ʩʨʝʜʥʝʝ ʤʝʜʠʮʠʥʩʢʦʝ ʦʙʨʘʟʦʚʘʥʠʝ.  

ʂʘʢ ʫʤʝʥʴʰʠʪʴ ʥʝʜʦʩʪʘʪʢʠ ʩʫʱʝʩʪʚʫʶʱʝʡ ʩʠʩʪʝʤʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʦʤʧʝʪʝʥʪʥʦʩʪʠ 

ʩʪʫʜʝʥʪʦʚ? ʆʜʠʥ ʠʟ ʚʳʭʦʜʦʚ ð ʥʘʨʷʜʫ ʩ ʦʙʷʟʘʪʝʣʴʥʳʤ ʦʙʫʯʝʥʠʝʤ ʫ ʧʦʩʪʝʣʠ ʙʦʣʴʥʦʛʦ 

(ʪʨʘʜʠʮʠʦʥʥʦʝ ʦʙʫʯʝʥʠʝ) ʰʠʨʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʦʟʤʦʞʥʦʩʪʠ ʩʠʤʫʣʷʮʠʦʥʥʦʛʦ ʦʙʫʯʝʥʠʷ. 

ʉʠʩʪʝʤʘ ʩʠʤʫʣʷʮʠʦʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʜʦʣʞʥʘ ʙʳʪʴ ʤʥʦʛʦʫʨʦʚʥʝʚʦʡ ʠ ʩʢʚʦʟʥʦʡ, 

ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʚʝʩʴ ʧʝʨʠʦʜ ʦʙʫʯʝʥʠʷ ʠ ʜʘʣʴʥʝʡʰʫʶ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ ʚ 

ʫʩʣʦʚʠʷʭ ʤʘʢʩʠʤʘʣʴʥʦʡ ʧʨʠʙʣʠʞʝʥʥʦʩʪʠ ʢ ʨʝʘʣʴʥʦʡ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʩʨʝʜʝ.  

 

Abstract. The main purpose of the work is to demonstration the possibilities of simulation 

technologies in the process of practical skills formation of a student receiving secondary medical 

education. 

How to reduce the disadvantages of the traditional system of teaching students? One of the 

ways that together with mandatory training at the patient bedside (traditional learning) to use 

simulation technology. 

System simulation training needs to be multiïlevel and crossïcutting through the entire period 

of study and future professional career. Simulation technologies provide students with the 

opportunity to carry out training in conditions of maximum proximity to the real. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʠʤʫʣʷʮʠʦʥʥʦʝ ʦʙʫʯʝʥʠʝ, ʩʠʤʫʣʷʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʤʝʜʠʮʠʥʩʢʘʷ 

ʩʝʩʪʨʘ, ʧʨʘʢʪʠʯʝʩʢʠʝ ʥʘʚʳʢʠ, ʩʠʤʫʣʷʪʦʨʳ. 
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ɺʚʝʜʝʥʠʝ 

ʉʦʛʣʘʩʥʦ ʩʪʘʪʠʩʪʠʢʝ ʚ ʈʦʩʩʠʠ ʥʘ ʜʦʣʶ ʚʨʘʯʝʡ ʧʨʠʭʦʜʠʪʩʷ ʦʢʦʣʦ 31,2%, ʘ ʥʘ ʩʨʝʜʥʠʡ 

ʤʝʜʠʮʠʥʩʢʠʡ ʧʝʨʩʦʥʘʣ ð 68,8%, ʪʦ ʝʩʪʴ ʩʧʝʮʠʘʣʠʩʪʳ ʩʦ ʩʨʝʜʥʠʤ ʤʝʜʠʮʠʥʩʢʠʤ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʦʩʪʘʚʣʷʶʪ ʙʦʣʴʰʫʶ ʯʘʩʪʴ ʤʝʜʠʮʠʥʩʢʠʭ ʢʘʜʨʦʚʳʭ ʨʝʩʫʨʩʦʚ [1]. 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠʤʝʥʥʦ ʤʝʜʠʮʠʥʩʢʠʝ ʩʝʩʪʨʳ ʦʢʘʟʳʚʘʶʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʚʩʝʡ ʩʠʩʪʝʤʳ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ ʚ ʮʝʣʦʤ. ɺ 
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ʩʦʚʨʝʤʝʥʥʦʡ ʢʣʠʥʠʯʝʩʢʦʡ ʧʨʘʢʪʠʢʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʨʦʣʴ ʤʝʜʠʮʠʥʩʢʦʡ ʩʝʩʪʨʳ, ʧʦʩʢʦʣʴʢʫ ʥʘ 

ʥʝʡ, ʪʘʢʞʝ ʢʘʢ ʥʘ ʚʨʘʯʝ, ʣʝʞʠʪ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʟʘ ʢʘʯʝʩʪʚʝʥʥʦʝ ʠ ʙʝʟʦʧʘʩʥʦʝ ʚʳʧʦʣʥʝʥʠʝ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʦʧʝʨʘʪʠʚʥʳʭ ʚʤʝʰʘʪʝʣʴʩʪʚ, ʩʙʦʨʘ ʠ ʨʝʛʠʩʪʨʘʮʠʠ ʜʘʥʥʳʭ, 

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʧʘʮʠʝʥʪʦʤ ʚ ʭʦʜʝ ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʮʝʜʫʨ [2].  

ʋʚʝʣʠʯʠʚʰʠʡʩʷ ʦʙʲʝʤ ʨʘʙʦʪʳ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʦʙʷʟʘʥʥʦʩʪʝʡ ʜʝʣʘʝʪ ʩʦʚʨʝʤʝʥʥʫʶ 

ʤʝʜʠʮʠʥʩʢʫʶ ʩʝʩʪʨʫ ʥʝʟʘʤʝʥʠʤʳʤ ʧʦʤʦʱʥʠʢʦʤ ʚʨʘʯʘ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʚ ɺʝʣʠʢʦʙʨʠʪʘʥʠʠ, 

ʂʘʥʘʜʝ, ɻʝʨʤʘʥʠʠ ʠ ʉʐɸ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʜʝʣʘʶʪ ʘʢʪʠʚʥʳʝ ʧʦʧʳʪʢʠ ʨʘʩʰʠʨʠʪʴ ʩʬʝʨʫ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʤʝʜʠʮʠʥʩʢʠʭ ʩʝʩʪʝʨ ʚ ʵʥʜʦʩʢʦʧʠʯʝʩʢʦʡ ʧʨʘʢʪʠʢʝ. ʋʯʠʪʳʚʘʷ ʩʦʚʨʝʤʝʥʥʳʝ 

ʧʦʜʭʦʜʳ ʢ ʧʨʦʬʠʣʘʢʪʠʢʝ ʪʨʘʥʩʤʠʩʩʠʚʥʳʭ ʠʥʬʝʢʮʠʡ ʚ ʨʝʘʥʠʤʘʪʦʣʦʛʠʠ ʠ ʭʠʨʫʨʛʠʯʝʩʢʦʡ 

ʧʨʘʢʪʠʢʝ, ʨʦʣʴ ʤʝʜʠʮʠʥʩʢʦʡ ʩʝʩʪʨʳ, ʢʦʪʦʨʘʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʘ ʨʘʙʦʯʝʤ ʤʝʩʪʝ ʦʙʨʘʙʦʪʢʫ ʠ 

ʢʦʥʪʨʦʣʴ ʤʠʢʨʦʙʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʜʝʣʘʝʪ ʝʝ ʢʣʶʯʝʚʦʡ ʬʠʛʫʨʦʡ ʚ ɻʪʦʡ ʩʬʝʨʝ [3]. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʩʝʛʦʜʥʷ ʪʨʝʙʫʶʪʩʷ ʥʝ ʤʝʥʴʰʠʝ ʚʣʦʞʝʥʠʷ ʚ ʧʨʦʮʝʩʩ ʦʙʫʯʝʥʠʷ ʠ 

ʧʦʚʳʰʝʥʠʝ ʢʚʘʣʠʬʠʢʘʮʠʠ ʩʝʩʪʨʠʥʩʢʦʛʦ ʧʝʨʩʦʥʘʣʘ, ʯʝʤ ʚʦ ʚʨʘʯʝʙʥʳʡ. 

ʆʜʥʘʢʦ ʦʜʥʠʤ ʠʟ ʢʨʘʝʫʛʦʣʴʥʳʭ ʢʘʤʥʝʡ ʩʦʚʨʝʤʝʥʥʦʛʦ ʩʨʝʜʥʝʛʦ ʠ ʚʳʩʰʝʛʦ ʤʝʜʠʮʠʥʩʢʦʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʳʡ ʨʘʟʨʳʚ ʤʝʞʜʫ ʧʨʘʢʪʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʦʡ ʚʳʧʫʩʢʥʠʢʦʚ ʠ 

ʠʭ ʛʦʪʦʚʥʦʩʪʴʶ ʢ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʨʘʙʦʪʝ ʚ ʤʝʜʠʮʠʥʩʢʦʤ ʫʯʨʝʞʜʝʥʠʠ. ɿʘʯʘʩʪʫʶ ʤʦʣʦʜʦʡ 

ʩʧʝʮʠʘʣʠʩʪ, ʫʩʪʨʘʠʚʘʷʩʴ ʥʘ ʨʘʙʦʪʫ, ʬʦʨʤʠʨʫʝʪ ʤʥʦʛʠʝ ʧʨʘʢʪʠʯʝʩʢʠʝ ʫʤʝʥʠʷ ʠ ʥʘʚʳʢʠ çʧʦ 

ʭʦʜʫ ʜʝʣʘè ʥʘ ʨʘʙʦʯʝʤ ʤʝʩʪʝ, ʯʪʦ ʦʪʨʠʮʘʪʝʣʴʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʨʝʟʫʣʴʪʘʪʘʭ ʣʝʯʝʥʠʷ ʠ ʫʭʦʜʘ. 

ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʶʪ ʨʝʟʫʣʴʪʘʪʳ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʩʦʮʠʦʣʦʛʠʯʝʩʢʠʭ ʦʧʨʦʩʦʚ ʚʳʧʫʩʢʥʠʢʦʚ 

ʤʝʜʠʮʠʥʩʢʠʭ ʚʫʟʦʚ ʠ ʢʦʣʣʝʜʞʝʡ. ʆʮʝʥʢʘ ʨʝʩʧʦʥʜʝʥʪʘʤʠ ʩʚʦʝʛʦ ʫʨʦʚʥʷ ʦʙʱʝʡ ʧʦʜʛʦʪʦʚʢʠ:  

ïçʭʦʨʦʰʦè ð 20%; 

ïçʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦè ð 45%; 

ïçʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦè ð 35%. 

ʆʮʝʥʢʘ ʨʝʩʧʦʥʜʝʥʪʘʤʠ ʧʨʘʢʪʠʯʝʩʢʠʭ ʫʤʝʥʠʡ ʠ ʥʘʚʳʢʦʚ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʚ ʧʨʦʮʝʩʩʝ 

ʦʙʫʯʝʥʠʷ: 

ïçʭʦʨʦʰʦè ð 12%; 

ïçʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦè ð 36%; 

ïçʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦè ð 52%. 

 

ʇʨʠʯʠʥ ʵʪʦʤʫ ʥʝʩʢʦʣʴʢʦ. ʆʩʥʦʚʥʳʤ ʤʝʩʪʦʤ ʧʨʠʦʙʨʝʪʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠʭ ʥʘʚʳʢʦʚ ʜʣʷ 

ʩʪʫʜʝʥʪʘ ʤʝʜʠʢʘ ʷʚʣʷʝʪʩʷ ʢʣʠʥʠʢʘ, ʛʜʝ ʤʳ ʩʪʘʣʢʠʚʘʝʤʩʷ ʩ ʮʝʣʳʤ ʨʷʜʦʤ ʧʨʦʙʣʝʤ. ʉ 

ʚʥʝʜʨʝʥʠʝʤ ʚ ʦʪʝʯʝʩʪʚʝʥʥʫʶ ʩʠʩʪʝʤʫ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ ʩʪʨʘʭʦʚʦʡ ʤʝʜʠʮʠʥʳ, ʧʦʤʝʥʷʣʠʩʴ 

ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʧʘʮʠʝʥʪʦʤ, ʤʝʜʠʮʠʥʩʢʠʤ ʧʝʨʩʦʥʘʣʦʤ ʠ ʩʪʫʜʝʥʪʦʤ. ʇʘʮʠʝʥʪ ʠʤʝʝʪ 

ʧʨʘʚʦ ʦʪʢʘʟʘʪʴʩʷ ʦʪ ʫʯʘʩʪʠʷ ʚ ʤʝʜʠʮʠʥʩʢʦʡ ʧʦʤʦʱʠ ʩʪʫʜʝʥʪʦʚ.  

ɺʦ-ʚʪʦʨʳʭ, ʥʝ ʚʩʝʛʜʘ ʚ ʢʣʠʥʠʢʝ ʚʩʪʨʝʯʘʶʪʩʷ ʥʝʦʙʭʦʜʠʤʳʝ ʪʝʤʘʪʠʯʝʩʢʠʝ ʧʘʮʠʝʥʪʳ, ʠ 

ʝʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʦʪʨʘʙʦʪʘʪʴ ʥʘʚʳʢ ʜʦ ʘʚʪʦʤʘʪʠʟʤʘ. ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʵʪʦ ʢʘʩʘʝʪʩʷ ʥʘʚʳʢʦʚ 

ʦʢʘʟʘʥʠʷ ʥʝʦʪʣʦʞʥʦʡ ʠ ʵʢʩʪʨʝʥʥʦʡ ʧʦʤʦʱʠ, ʙʘʟʦʚʦʡ ʩʝʨʜʝʯʥʦïʣʝʛʦʯʥʦʡ ʨʝʘʥʠʤʘʮʠʠ, 

ʛʝʤʦʩʪʘʟʘ. ɼʘʣʝʢʦ ʥʝ ʢʘʞʜʳʡ ʩʪʫʜʝʥʪ, ʜʘʞʝ ʚʦ ʚʨʝʤʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʧʨʘʢʪʠʢʠ, ʠʤʝʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʠʪʴ ʪʘʢʦʡ ʦʧʳʪ, ʘ ʪʝʤ ʙʦʣʝʝ ʜʦʚʝʩʪʠ ʫʤʝʥʠʝ ʜʦ ʘʚʪʦʤʘʪʠʟʤʘ (ʥʘʚʳʢʘ).  

ʇʝʨʝʜ ʩʦʚʨʝʤʝʥʥʳʤ ʤʝʜʠʮʠʥʩʢʠʤ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʦʩʪʘʚʣʝʥʘ ʟʘʜʘʯʘ ð ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʧʦʣʥʦʩʪʴʶ ʛʦʪʦʚʦʛʦ ʢ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʘʙʦʪʝ ʩʧʝʮʠʘʣʠʩʪʘ ʚ ʫʩʣʦʚʠʷʭ 

ʩʦʚʨʝʤʝʥʥʦʛʦ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ʤʘʪʝʨʠʘʣʴʥʦïʪʝʭʥʠʯʝʩʢʦʡ ʦʩʥʘʱʝʥʥʦʩʪʠ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ.  

ʆʩʥʦʚʥʘʷ ʮʝʣʴ ʨʘʙʦʪʳ ð ʜʝʤʦʥʩʪʨʘʮʠʷ ʚʦʟʤʦʞʥʦʩʪʝʡ ʠ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʤʦʤʝʥʪʦʚ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʠʤʫʣʷʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʧʨʦʮʝʩʩʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʘʢʪʠʯʝʩʢʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ ʩʪʫʜʝʥʪʘ, ʧʦʣʫʯʘʶʱʝʛʦ ʩʨʝʜʥʝʝ ʤʝʜʠʮʠʥʩʢʦʝ ʦʙʨʘʟʦʚʘʥʠʝ.  
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ʂʘʢ ʫʤʝʥʴʰʠʪʴ ʥʝʜʦʩʪʘʪʢʠ ʩʫʱʝʩʪʚʫʶʱʝʡ ʩʠʩʪʝʤʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʦʤʧʝʪʝʥʪʥʦʩʪʠ 

ʩʪʫʜʝʥʪʦʚ? ʆʜʠʥ ʠʟ ʚʳʭʦʜʦʚ: ʥʘʨʷʜʫ ʩ ʦʙʷʟʘʪʝʣʴʥʳʤ ʦʙʫʯʝʥʠʝʤ ʫ ʧʦʩʪʝʣʠ ʙʦʣʴʥʦʛʦ 

(ʪʨʘʜʠʮʠʦʥʥʦʝ ʦʙʫʯʝʥʠʝ), ʰʠʨʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʦʟʤʦʞʥʦʩʪʠ ʩʠʤʫʣʷʮʠʦʥʥʦʛʦ ʦʙʫʯʝʥʠʷ. 

ɺʥʝʜʨʝʥʠʝ ʩʠʤʫʣʷʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʧʨʦʮʝʩʩ ʦʙʫʯʝʥʠʷ ʤʝʜʠʮʠʥʩʢʠʭ ʨʘʙʦʪʥʠʢʦʚ 

ʨʝʛʣʘʤʝʥʪʠʨʫʝʪʩʷ ʨʷʜʦʤ ʥʦʨʤʘʪʠʚʥʳʭ ʜʦʢʫʤʝʥʪʦʚ:  

ʇʨʠʢʘʟ ʄʠʥʟʜʨʘʚʩʦʮʨʘʟʚʠʪʠʷ ʈʌ ʦʪ 15.01.2007 ʛ. ˉ30 çʆʙ ʫʪʚʝʨʞʜʝʥʠʠ ʧʦʨʷʜʢʘ 

ʜʦʧʫʩʢʘ ʩʪʫʜʝʥʪʦʚ ʚʳʩʰʠʭ ʠ ʩʨʝʜʥʠʭ ʤʝʜʠʮʠʥʩʢʠʭ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʡ ʢ ʫʯʘʩʪʠʶ ʚ ʦʢʘʟʘʥʠʠ 

ʤʝʜʠʮʠʥʩʢʦʡ ʧʦʤʦʱʠ ʛʨʘʞʜʘʥʘʤè;  

ʇʨʠʢʘʟʳ ʄʠʥʟʜʨʘʚʩʦʮʨʘʟʚʠʪʠʷ ʈʌ ʦʪ 15.12.2011 ʛ. ˉ1475 ʠ ̄1476ʥ çʆʙ ʫʪʚʝʨʞʜʝʥʠʠ 

ʬʝʜʝʨʘʣʴʥʳʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʩʪʨʫʢʪʫʨʝ ʦʩʥʦʚʥʦʡ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʧʨʦʛʨʘʤʤʳ ʧʦʩʣʝʚʫʟʦʚʩʢʦʛʦ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷè; 

ʇʠʩʴʤʦ ʄʠʥʟʜʨʘʚʩʦʮʨʘʟʚʠʪʠʷ ʈʌ ʦʪ 18.04.2012 ʛ. ˉ16-2/10/2-3902 çʆ ʧʦʨʷʜʢʝ 

ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʧʨʦʚʝʜʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ ʧʦ ʦʩʥʦʚʥʳʤ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʤ 

ʧʨʦʛʨʘʤʤʘʤ ʩʨʝʜʥʝʛʦ, ʚʳʩʰʝʛʦ ʠ ʧʦʩʣʝʚʫʟʦʚʩʢʦʛʦ ʤʝʜʠʮʠʥʩʢʦʛʦ ʠʣʠ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʦʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʤ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʤ ʧʨʦʛʨʘʤʤʘʤè [4ï6]. 

ʉʠʤʫʣʷʮʠʦʥʥʳʡ ʮʝʥʪʨ ½ ɻ ʪʦ ʩʠʩʪʝʤʘ ʫʯʝʙʥʳʭ ʢʣʘʩʩʦʚ, ʦʩʥʘʱʝʥʥʳʭ ʤʘʥʝʢʝʥʘʤʠ ʠ 

ʩʠʤʫʣʷʪʦʨʘʤʠ, ʠʤʠʪʠʨʫʶʱʠʤʠ ʨʘʟʥʳʝ ʢʣʠʥʠʯʝʩʢʠʝ ʩʠʪʫʘʮʠʠ.  

ʆʩʥʦʚʥʳʝ ʟʘʜʘʯʠ ʩʠʤʫʣʷʮʠʦʥʥʦʛʦ ʮʝʥʪʨʘ: 

ïʨʘʟʚʠʪʠʝ ʩʠʩʪʝʤʳ ʩʠʤʫʣʷʮʠʦʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʠ ʠʥʪʝʛʨʘʮʠʷ ʝʝ ʚ ʫʯʝʙʥʳʡ ʧʨʦʮʝʩʩ ʥʘ 

ʚʩʝʭ ʫʨʦʚʥʷʭ ʧʦʜʛʦʪʦʚʢʠ ʩʧʝʮʠʘʣʠʩʪʘ; 

ïʢʦʥʪʨʦʣʴ ʢʘʯʝʩʪʚʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠʭ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʥʘʚʳʢʦʚ ʫ ʩʪʫʜʝʥʪʦʚ; 

ïʥʘʫʯʥʦʝ ʦʙʦʩʥʦʚʘʥʠʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʠʤʫʣʷʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʤʝʜʠʮʠʥʩʢʦʤ 

ʦʙʨʘʟʦʚʘʥʠʠ, ʦʙʦʙʱʝʥʠʝ ʠ ʧʫʙʣʠʢʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ. 

ʉʠʤʫʣʷʮʤʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʝ ʩʪʘʣʠ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʝʱʝ ʚʦ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʝ ʧʨʦʰʣʦʛʦ ʚʝʢʘ ʚ ʪʝʭ ʩʬʝʨʘʭ, ʚ ʢʦʪʦʨʳʭ ʜʦʧʫʱʝʥʥʳʝ 

ʦʰʠʙʢʠ ʧʨʠ ʦʙʫʯʝʥʠʠ ʚ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʤʦʛʫʪ ʙʳʪʴ ʬʘʪʘʣʴʥʳʤʠ: ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʡ 

ʪʨʘʥʩʧʦʨʪ, ʘʚʠʘʮʠʷ, ʘʪʦʤʥʘʷ ʵʥʝʨʛʝʪʠʢʘ [1]. ʅʝʤʥʦʛʦ ʧʦʟʜʥʝʝ ʩʠʤʫʣʷʮʠʷ ʩʪʘʣʘ ʘʢʪʠʚʥʦ 

ʚʥʝʜʨʷʪʴʩʷ ʚ ʤʝʜʠʮʠʥʩʢʦʝ ʦʙʨʘʟʦʚʘʥʠʝ [7]. ʉʝʛʦʜʥʷ ʩʠʤʫʣʷʮʠʦʥʥʦʝ ʦʙʫʯʝʥʠʝ ʚ ʤʝʜʠʮʠʥʩʢʦʤ 

ʦʙʨʘʟʦʚʘʥʠʠ ʵʪʦ ʠʥʥʦʚʘʮʠʦʥʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ. ʅʦ ʠʥʥʦʚʘʮʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʥʝ ʚʦ ʚʥʝʜʨʝʥʠʠ 

ʩʠʤʫʣʷʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʷʭ ʢʘʢ ʪʘʢʦʚʳʭ (ʵʪʦ ʙʳʣʦ ʩʜʝʣʘʥʦ ʨʘʥʝʝ), ʘ ʨʘʟʨʘʙʦʪʢʝ ʩʠʩʪʝʤʳ 

ʩʠʤʫʣʷʮʠʦʥʥʦʛʦ ʦʙʫʯʝʥʠʷ. ʏʪʦʙʳ ʧʦʣʫʯʠʪʴ ʭʦʨʦʰʠʡ ʨʝʟʫʣʴʪʘʪ, ʥʝʦʙʭʦʜʠʤʦ ʯʝʪʢʦʝ 

ʧʦʥʠʤʘʥʠʝ ʪʦʛʦ, ʢʪʦ ʜʦʣʞʝʥ ʫʯʠʪʴ, ʯʝʤʫ ʠ ʢʦʛʜʘ.  

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʩʠʩʪʝʤʳ ʩʠʤʫʣʷʮʠʦʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʦʧʠʨʘʪʴʩʷ ʥʘ ʥʝʩʢʦʣʴʢʦ 

ʙʘʟʦʚʳʭ ʧʨʠʥʮʠʧʦʚ:  

ïʬʦʨʤʠʨʦʚʘʥʠʝ ʧʨʘʢʪʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ çʦʪ ʧʨʦʩʪʦʛʦ ʢ ʩʣʦʞʥʦʤʫè;  

ïʩʢʚʦʟʥʘʷ ʩʠʩʪʝʤʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠʭ ʫʤʝʥʠʡ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʧʝʨʠʦʜʘ 

ʦʙʫʯʝʥʠʷ;  

ïʚʦʟʤʦʞʥʦʩʪʴ ʨʝʛʫʣʷʨʥʦʛʦ ʧʦʚʪʦʨʝʥʠʷ ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ ʥʘʚʳʢʘ.  

ɺ ʩʠʩʪʝʤʝ ʩʠʤʫʣʷʮʠʦʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʚ ʦʙʷʟʘʪʝʣʴʥʦʤ ʧʦʨʷʜʢʝ ʜʦʣʞʥʳ ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ 

ʵʣʝʤʝʥʪʳ: 

ïʬʦʨʤʠʨʦʚʘʥʠʝ ʙʘʟʦʚʳʭ ʤʘʥʫʘʣʴʥʳʭ ʥʘʚʳʢʦʚ (ʥʘʧʨʠʤʝʨ, ʠʥʲʝʢʮʠʠ, ʟʦʥʜʠʨʦʚʘʥʠʝ, 

ʢʘʪʝʪʝʨʠʟʘʮʠʷ), ʪʘʢ ʢʘʢ ʨʘʙʦʪʘ ʤʝʜʠʮʠʥʩʢʦʡ ʩʝʩʪʨʳ ʧʦ ʩʚʦʝʡ ʩʫʪʠ ð ɻ ʪʦ ʤʘʥʫʘʣʴʥʘʷ ʪʝʭʥʠʢʘ 

(ʈʠʩʫʥʦʢ 1). ʆʩʚʦʝʥʠʝ ʵʪʠʭ ʫʤʝʥʠʡ ʥʝ ʪʨʝʙʫʝʪ ʩʣʦʞʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʜʦʩʪʘʪʦʯʥʦ ʤʘʢʝʪʦʚ ʠ 

ʬʘʥʪʦʤʦʚ; 
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ʈʠʩʫʥʦʢ 1. ʇʨʦʤʳʚʘʥʠʝ ʞʝʣʫʜʢʘ ʪʦʣʩʪʳʤ ʟʦʥʜʦʤ. 

 

ïʪʨʝʥʠʥʛʠ ʢʦʤʘʥʜʥʦʡ ʨʘʙʦʪʳ (ʩʦʚʤʝʩʪʥʦʝ ʦʙʫʯʝʥʠʝ ʚʨʘʯʝʡ ʠ ʩʝʩʪʝʨ). ʕʪʦ ʩʝʛʦʜʥʷ ʥʦʚʦʝ 

ʥʘʧʨʘʚʣʝʥʠʝ ʚ ʤʝʜʠʮʠʥʩʢʦʤ ʦʙʨʘʟʦʚʘʥʠʠ. ɽʩʪʴ, ʢʦʥʝʯʥʦ, ʩʣʦʞʥʦʩʪʠ: ʦʙʫʯʝʥʠʝʤ ʚʨʘʯʝʡ ʠ 

ʩʨʝʜʥʝʛʦ ʤʝʜʠʮʠʥʩʢʦʛʦ ʧʝʨʩʦʥʘʣʘ ʟʘʥʠʤʘʶʪʩʷ ʨʘʟʥʳʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʫʯʨʝʞʜʝʥʠʷ ʠ 

ʩʦʚʤʝʩʪʥʦʝ ʦʙʫʯʝʥʠʝ ʧʨʦʛʨʘʤʤʘʤʠ ʥʝ ʧʨʝʜʫʩʤʦʪʨʝʥʦ, ʥʦ, ʚʦʟʤʦʞʥʦ, ʚ ʩʢʦʨʦʤ ʚʨʝʤʝʥʠ ʚʩʝ 

ʠʟʤʝʥʠʪʩʷ. ɺʝʜʫʱʠʝ ʚʫʟr ʩʪʨʘʥʳ ʫʞʝ ʘʢʪʠʚʥʦ ʨʘʙʦʪʘʶʪ ʚ ɻʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ; 

ïʧʦʜʛʦʪʦʚʢʘ ʧʦ ʦʢʘʟʘʥʠʶ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʦʡ ʤʝʜʠʮʠʥʩʢʦʡ ʧʦʤʦʱʠ. ʅʘʧʨʠʤʝʨ, ʚ 

ʭʠʨʫʨʛʠʠ ʩʝʛʦʜʥʷ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʵʥʜʦʩʢʦʧʠʯʝʩʢʠʝ ʪʝʭʥʦʣʦʛʠʠ, ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʠʭ ʥʘ 

ʨʝʘʣʴʥʳʭ ʧʘʮʠʝʥʪʘʭ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʥʝʛʘʪʠʚʥʳʤ ʤʦʤʝʥʪʘʤ. ʊʦʣʴʢʦ ʩʠʤʫʣʷʮʠʦʥʥʳʡ ʮʝʥʪʨ 

ʤʦʞʝʪ ʧʦʟʚʦʣʠʪʴ ʩʪʫʜʝʥʪʫ ʩʬʦʨʤʠʨʦʚʘʪʴ ʙʘʟʦʚʳʝ ʥʘʚʳʢʠ ʨʘʙʦʪʳ ʩ ʵʪʠʤ ʩʣʦʞʥʳʤ 

ʦʙʦʨʫʜʦʚʘʥʠʝʤ.  

ʌʦʨʤʠʨʦʚʘʥʠʝ ʥʘʚʳʢʦʚ ʜʦʚʨʘʯʝʙʥʦʡ ʤʝʜʠʮʠʥʩʢʦʡ ʧʦʤʦʱʠ ʧʨʠ ʥʝʦʪʣʦʞʥʳʭ ʠ 

ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʩʦʩʪʦʷʥʠʷʭ (ʈʠʩʫʥʦʢ 2).  

ɼʣʷ ʦʚʣʘʜʝʥʠʷ ʥʘʚʳʢʘʤʠ ʵʢʩʪʨʝʥʥʦʡ ʤʝʜʠʮʠʥʩʢʦʡ ʧʦʤʦʱʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʩʠʤʫʣʷʪʦʨʦʚ ʧʘʮʠʝʥʪʘ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʵʪʠʭ ʩʠʤʫʣʷʪʦʨʦʚ ʯʨʝʟʚʳʯʘʡʥʦ ʚʘʞʥʦ, ʧʦʩʢʦʣʴʢʫ ʦʥʠ 

ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʰʘʶʪ ʨʝʘʣʠʩʪʠʯʥʦʩʪʴ ʫʯʝʙʥʦʡ ʩʨʝʜʳ ʠ ʧʦʟʚʦʣʷʶʪ ʦʙʲʝʢʪʠʚʥʦ ʦʮʝʥʠʪʴ 

ʫʨʦʚʝʥʴ ʧʦʣʫʯʝʥʥʳʭ ʟʥʘʥʠʡ. ʉʠʤʫʣʷʪʦʨ ʧʘʮʠʝʥʪʘ ʩʧʦʩʦʙʝʥ ʠʤʠʪʠʨʦʚʘʪʴ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ 

ʩʝʨʜʝʯʥʦïʩʦʩʫʜʠʩʪʦʡ, ʜʳʭʘʪʝʣʴʥʦʡ, ʤʦʯʝʚʳʜʝʣʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤ, ʤʦʞʝʪ ʜʘʚʘʪʴ 

ʘʚʪʦʤʘʪʠʯʝʩʢʫʶ ʨʝʘʢʮʠʶ ʥʘ ʚʳʧʦʣʥʝʥʠʝ ʩʪʫʜʝʥʪʦʤ ʪʝʭ ʠʣʠ ʠʥʳʭ ʜʝʡʩʪʚʠʡ, ʚ ʪ. ʯ. ʠ ʥʘ 

ʚʚʝʜʝʥʠʝ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʝʧʘʨʘʪʦʚ. çʇʘʮʠʝʥʪè ʪʘʢ ʞʝ, ʢʘʢ ʯʝʣʦʚʝʢ ʦʪʚʝʪʠʪ ʥʘ 

ʧʝʨʝʜʦʟʠʨʦʚʢʫ ʠ ʧʨʦʜʝʤʦʥʩʪʨʠʨʫʝʪ ʧʦʙʦʯʥʳʝ ʵʬʬʝʢʪʳ. çʇʘʮʠʝʥʪè ʤʦʨʛʘʝʪ, ʠʤʝʝʪ 

ʨʝʘʣʠʩʪʠʯʥʳʡ ʢʦʞʥʳʡ ʧʦʢʨʦʚ, ʤʦʞʝʪ ʨʘʟʛʦʚʘʨʠʚʘʪʴ ʠ ʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʢʣʠʥʠʯʝʩʢʠʝ 

ʩʠʤʧʪʦʤʳ, ʥʘʧʨʠʤʝʨ, ʦʜʳʰʢʫ, ʢʘʰʝʣʴ, ʮʠʘʥʦʟ, ʢʨʦʚʦʪʝʯʝʥʠʝ, ʟʨʘʯʢʦʚʳʡ ʨʝʬʣʝʢʩ. ɺʘʞʥʳʤ 

ʤʦʤʝʥʪʦʤ ʷʚʣʷʝʪʩʷ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʩ ʩʠʤʫʣʷʪʦʨʦʤ ʧʘʮʠʝʥʪʘ ʚʦʟʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʝʘʣʴʥʦʛʦ ʤʝʜʠʮʠʥʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʯʪʦ ʜʝʣʘʝʪ ʧʨʦʮʝʩʩ ʝʱʝ ʙʦʣʝʝ 

ʨʝʘʣʠʩʪʠʯʥʳʤ. 
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ʈʠʩʫʥʦʢ 2 ʆʪʨʘʙʦʪʢʘ ʥʘʚʳʢʦʚ ʢʦʤʘʥʜʥʦʡ ʨʘʙʦʪʳ. 

 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʥʘʚʳʢʦʚ ʢʨʠʪʠʯʝʩʢʦʛʦ ʤʳʰʣʝʥʠʷ. ʉʝʛʦʜʥʷ ʤʝʜʠʮʠʥʩʢʘʷ ʩʝʩʪʨʘ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʝʬʦʨʤʦʡ ʩʝʩʪʨʠʥʩʢʦʛʦ ʜʝʣʘ ʜʦʣʞʥʘ ʥʝ ʪʦʣʴʢʦ ʚʳʧʦʣʥʷʪʴ ʧʨʷʤʳʝ ʫʢʘʟʘʥʠʷ 

ʚʨʘʯʘ, ʢʘʢ ʝʛʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʡ ʧʦʤʦʱʥʠʢ, ʥʦ ʠ ʦʩʫʱʝʩʪʚʣʷʪʴ ʥʝʟʘʚʠʩʠʤʳʝ ʜʝʡʩʪʚʠʷ ʚ 

ʨʘʤʢʘʭ ʩʚʦʝʡ ʢʦʤʧʝʪʝʥʮʠʠ. ʄʝʜʩʝʩʪʨʘ ð ɻ ʪʦ ʥʝ ʧʨʦʩʪʦʡ ʤʘʥʠʧʫʣʷʪʦʨ, ʘ ʩʧʝʮʠʘʣʠʩʪ, ʨʘʤʢʠ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʢʦʪʦʨʦʛʦ ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʩʰʠʨʠʣʠʩʴ: ʩʝʩʪʨʠʥʩʢʦʝ 

ʦʙʩʣʝʜʦʚʘʥʠʝ ʧʘʮʠʝʥʪʘ, ʦʧʨʝʜʝʣʝʥʠʝ ʝʛʦ ʧʦʪʨʝʙʥʦʩʪʝʡ, ʚʳʷʚʣʝʥʠʝ ʧʨʦʙʣʝʤ, ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʧʣʘʥʘ ʫʭʦʜʘ, ʦʮʝʥʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʫʭʦʜʘ. 

ʈʘʟʥʦʦʙʨʘʟʠʝ ʩʠʤʫʣʷʮʠʦʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʨʘʟʣʠʯʥʦʛʦ ʫʨʦʚʥʷ ʨʝʘʣʠʩʪʠʯʥʦʩʪʠ ʚ 

ʫʩʣʦʚʠʷʭ ʩʠʤʫʣʷʮʠʦʥʥʦʛʦ ʮʝʥʪʨʘ ʧʦʟʚʦʣʷʶʪ ʤʦʜʝʣʠʨʦʚʘʪʴ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʝ ʩʠʪʫʘʮʠʠ ʧʦ 

ʩʣʝʜʫʶʱʠʤ ʥʘʧʨʘʚʣʝʥʠʷʤ: 

ïçʆʙʱʠʡ ʫʭʦʜ ʟʘ ʙʦʣʴʥʳʤè (ʈʠʩʫʥʦʢ 3); 

ïçʉʝʩʪʨʠʥʩʢʦʝ ʜʝʣʦ ʚ ʧʝʜʠʘʪʨʠʠè (ʈʠʩʫʥʦʢ 4); 

ïçʉʝʩʪʨʠʥʩʢʦʝ ʜʝʣʦ ʚ ʪʝʨʘʧʠʠè (ʈʠʩʫʥʦʢ 5); 

ïçʉʝʩʪʨʠʥʩʢʦʝ ʜʝʣʦ ʚ ʭʠʨʫʨʛʠʠè (ʈʠʩʫʥʦʢ 6); 

ïçɸʢʫʰʝʨʩʢʦʝ ʜʝʣʦè (ʈʠʩʫʥʦʢ 7); 

ïçʉʢʦʨʘʷ ʠ ʥʝʦʪʣʦʞʥʘʷ ʧʦʤʦʱʴè (ʈʠʩʫʥʦʢ 8). 
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ʈʠʩʫʥʦʢ 3. ʆʯʠʩʪʠʪʝʣʴʥʘʷ ʢʣʠʟʤʘ. 

 

 
 

ʈʠʩʫʥʦʢ 4. ʋʭʦʜ ʟʘ ʥʦʚʦʨʦʞʜʝʥʥʳʤ. 
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ʈʠʩʫʥʦʢ 5. ʌʠʟʠʢʘʣʴʥʦʝ ʦʙʩʣʝʜʦʚʘʥʠʝ ʧʘʮʠʝʥʪʘ. 

 

 
 

ʈʠʩʫʥʦʢ 6. ʇʣʝʚʨʘʣʴʥʘʷ ʧʫʥʢʮʠʷ. 
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ʈʠʩʫʥʦʢ 7. ʇʨʠʝʤ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʨʦʜʦʚ. 

 

 

 

 
 

ʈʠʩʫʥʦʢ 8. ʉʝʨʜʝʯʥʦïʣʝʛʦʯʥʘʷ ʨʝʘʥʠʤʘʮʠʷ. 

 

ʉʠʩʪʝʤʘ ʩʠʤʫʣʷʮʠʦʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʜʦʣʞʥʘ ʙʳʪʴ ʤʥʦʛʦʫʨʦʚʥʝʚʦʡ ʠ ʩʢʚʦʟʥʦʡ, ʩʢʚʦʟʴ 

ʚʝʩʴ ʧʝʨʠʦʜ ʦʙʫʯʝʥʠʷ ʠ ʜʘʣʴʥʝʡʰʫʶ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ. 

4 ʫʨʦʚʥʷ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʦʙʫʯʝʥʠʷ: 

1 ʫʨʦʚʝʥʴ (ʜʦʢʣʠʥʠʯʝʩʢʠʡ). ʅʘ ʵʪʦʤ ʫʨʦʚʥʝ ʤʦʛʫʪ ʙʳʪʴ ʩʬʦʨʤʠʨʦʚʘʥʳ 

ʦʙʱʝʤʝʜʠʮʠʥʩʢʠʝ ʥʘʚʳʢʠ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʫʥʠʚʝʨʩʘʣʴʥʳʤʠ ʜʣʷ ʚʩʝʭ ʩʧʝʮʠʘʣʴʥʦʩʪʝʡ. 

ʕʪʦʪ ʵʪʘʧ ʦʙʷʟʘʪʝʣʴʥʦ ʜʦʣʞʝʥ ʧʨʝʜʰʝʩʪʚʦʚʘʪʴ ʪʝʤʘʪʠʯʝʩʢʠʤ ʧʨʘʢʪʠʯʝʩʢʠʤ ʟʘʥʷʪʠʷʤ ʚ 

ʢʣʠʥʠʢʝ, ʫ çʧʦʩʪʝʣʠ ʧʘʮʠʝʥʪʘè. ʕʪʦ ʜʘʝʪ ʩʪʫʜʝʥʪʫ ʫʚʝʨʝʥʥʦʩʪʴ ʚ ʩʚʦʠʭ ʩʠʣʘʭ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ 
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çʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʧʘʮʠʝʥʪʘè ʢ ʨʝʘʣʴʥʦʤʫ ʠ ʩʥʠʞʘʝʪ ʨʠʩʢ ʨʘʟʚʠʪʠʷ ʥʝʛʘʪʠʚʥʳʭ ʧʦʩʣʝʜʩʪʚʠʡ 

ʜʣʷ ʙʦʣʴʥʦʛʦ. 

2 ʫʨʦʚʝʥʴ ð ʢʣʠʥʠʯʝʩʢʠʡ. ʅʘ ʵʪʦʤ ʵʪʘʧʝ ʜʦʣʞʥʳ ʙʳʪʴ ʩʬʦʨʤʠʨʦʚʘʥʳ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʧʨʘʢʪʠʯʝʩʢʠʝ ʫʤʝʥʠʷ ʠ ʥʘʚʳʢʠ ʠ ʦʩʥʦʚʳ ʦʢʘʟʘʥʠʷ ʥʝʦʪʣʦʞʥʦʡ ʧʦʤʦʱʠ 

ʧʨʠ ʦʩʥʦʚʥʳʭ ʢʨʠʪʠʯʝʩʢʠʭ ʩʦʩʪʦʷʥʠʷʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʙʘʟʦʚʳʡ ʨʝʘʥʠʤʘʮʠʦʥʥʳʡ ʢʦʤʧʣʝʢʩ. 

3 ʫʨʦʚʝʥʴ ð çɼʝʣʦʚʳʝ ʠʛʨʳè. ʅʘ ʵʪʦʤ ʵʪʘʧʝ ʠʜʝʪ ʘʢʪʠʚʥʦʝ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʢʣʠʥʠʯʝʩʢʦʛʦ ʤʳʰʣʝʥʠʷ ʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʥʘʚʳʢʦʚ. ɼʣʷ 

ʵʬʬʝʢʪʠʚʥʦʡ ʨʘʙʦʪʳ ʩʦʚʨʝʤʝʥʥʦʤʫ ʤʝʜʠʮʠʥʩʢʦʤʫ ʨʘʙʦʪʥʠʢʫ ʪʨʝʙʫʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʪʝʭʥʠʢʘ 

(ʤʘʥʫʘʣʴʥʦʝ ʤʘʩʪʝʨʩʪʚʦ), ʥʦ ʠ ʥʝʪʝʭʥʠʯʝʩʢʠʝ ʥʘʚʳʢʠ, ʪʦ ʝʩʪʴ ʫʤʝʥʠʝ ʨʘʙʦʪʘʪʴ ʚ ʢʦʤʘʥʜʝ, 

ʩʧʦʩʦʙʥʦʩʪʴ ʧʨʠʥʠʤʘʪʴ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʝ ʨʝʰʝʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʩʠʣʴʥʦʛʦ ʩʪʨʝʩʩʘ ʠ ʜʝʬʠʮʠʪʘ 

ʚʨʝʤʝʥʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʭʦʜʝ ʩʠʤʫʣʷʮʠʠ ʤʝʪʦʜʠʢʠ çɼʝʣʦʚʘʷ ʠʛʨʘè ʧʦʟʚʦʣʷʝʪ 

ʩʤʦʜʝʣʠʨʦʚʘʪʴ ʢʦʥʢʨʝʪʥʫʶ ʩʠʪʫʘʮʠʶ ʠ ʦʢʫʥʫʪʴ ʩʪʫʜʝʥʪʘ ʚ ʩʣʦʞʥʫʶ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʫʶ 

ʟʘʜʘʯʫ. ɺ ʙʝʟʦʧʘʩʥʳʭ ʠ ʜʣʷ ʩʝʙʷ, ʠ ʜʣʷ ʧʘʮʠʝʥʪʘ ʩʠʤʫʣʠʨʦʚʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʫ ʩʪʫʜʝʥʪʘ 

ʧʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʬʦʨʤʠʨʦʚʘʪʴ ʩʪʨʘʪʝʛʠʶ, ʧʨʠʥʠʤʘʪʴ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʝ ʨʝʰʝʥʠʷ ʠ 

ʥʝʩʪʠ ʟʘ ʥʠʭ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ. ʅʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʞʠʚʦʪʥʳʭ, ʥʠ ʨʘʙʦʪʘ ʥʘ ʪʨʫʧʥʦʤ ʤʘʪʝʨʠʘʣʝ 

ʥʝ ʧʦʟʚʦʣʠʪ ʙʫʜʫʱʝʤʫ ʩʧʝʮʠʘʣʠʩʪʫ ʧʦʣʫʯʠʪʴ ʪʘʢʦʡ ʧʨʘʢʪʠʯʝʩʢʠʡ ʦʧʳʪ. 

4 ʫʨʦʚʝʥʴ ð ʧʦʩʪʜʠʧʣʦʤʥʳʡ ʵʪʘʧ ʦʙʨʘʟʦʚʘʥʠʷ. ʆʙʫʯʝʥʠʝ ʯʝʨʝʟ ʚʩʶ ʞʠʟʥʴ. ʉʠʩʪʝʤʘ 

ʩʠʤʫʣʷʮʠʦʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʜʦʣʞʥʘ ʠʜʪʠ ʩʢʚʦʟʴ ʚʝʩʴ ʧʝʨʠʦʜ ʦʙʫʯʝʥʠʷ ʠ ʜʘʣʴʥʝʡʰʫʶ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ.  

 

ɽʜʠʥʠʮʝʡ ʩʠʤʫʣʷʮʠʦʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʷʚʣʷʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʦʝ ʟʘʥʷʪʠʝ ʚ ʬʦʨʤʝ ʪʨʝʥʠʥʛʘ. 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʧʦʜʛʦʪʦʚʢʘ ʜʦʣʞʥʘ ʧʨʝʜʰʝʩʪʚʦʚʘʪʴ ʟʘʥʷʪʠʶ ʚ ʩʠʤʫʣʷʮʠʦʥʥʦʤ ʮʝʥʪʝ. ɿʘʥʷʪʠʝ 

ʚ ʩʠʤʫʣʷʮʠʦʥʥʦʤ ʢʣʘʩʩʝ ʥʘʯʠʥʘʝʪʩʷ ʩ ʢʦʥʪʨʦʣʷ ʠʩʭʦʜʥʦʛʦ ʫʨʦʚʥʷ ʟʥʘʥʠʡ, ʧʦʩʣʝ ʵʪʦʛʦ 

ʩʣʝʜʫʝʪ ʧʨʘʢʪʠʯʝʩʢʘʷ ʯʘʩʪʴ. ɺʘʞʥʳʤ ʤʦʤʝʥʪʦʤ ʷʚʣʷʝʪʩʷ ʟʥʘʢʦʤʩʪʚʦ ʩʪʫʜʝʥʪʘ ʩ ʫʯʝʙʥʳʤ 

ʩʠʤʫʣʷʮʠʦʥʥʳʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ, ʝʛʦ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʠ ʧʨʠʥʮʠʧʘʤʠ ʨʘʙʦʪʳ.  

ʇʦʩʣʝ ʵʪʦʛʦ, ʧʨʝʧʦʜʘʚʘʪʝʣʴ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʘʣʛʦʨʠʪʤ ʚʳʧʦʣʥʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʥʘʚʳʢʘ 

ʥʘ ʠʤʠʪʘʮʠʦʥʥʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ, ʢʦʤʤʝʥʪʠʨʫʷ ʢʘʞʜʦʝ ʜʝʡʩʪʚʠʝ, ʘʢʮʝʥʪʠʨʫʷ ʚʥʠʤʘʥʠʝ ʥʘ 

ʩʣʦʞʥʳʭ ʤʦʤʝʥʪʘʭ. ʆʯʝʥʴ ʚʘʞʥʦ, ʯʪʦʙʳ ʟʥʘʢʦʤʩʪʚʦ ʩ ʤʘʥʫʘʣʴʥʦʡ ʪʝʭʥʠʢʦʡ ʥʘʯʘʣʦʩʴ ʩ 

ʵʪʘʣʦʥʥʦʛʦ ʚʳʧʦʣʥʝʥʠʷ. ɽʩʣʠ ʩʪʫʜʝʥʪ ʟʥʘʢʦʤʠʪʩʷ ʩ ʥʘʚʳʢʦʤ ʚ ʢʣʠʥʠʢʝ, ʦʥ ʤʦʞʝʪ ʫʚʠʜʝʪʴ 

ʥʝʧʨʘʚʠʣʴʥʫʶ ʚʝʨʩʠʶ ʤʘʥʠʧʫʣʷʮʠʠ ʠ ʧʝʨʝʫʯʠʪʴ ʝʛʦ ʙʫʜʝʪ ʦʯʝʥʴ ʩʣʦʞʥʦ, ʪʘʢ ʢʘʢ ʧʝʨʚʦʝ 

ʚʧʝʯʘʪʣʝʥʠʝ ʩʘʤʦʝ ʩʠʣʴʥʦʝ.  

ʇʦʩʣʝ ʵʪʦʛʦ ʠʜʝʪ ʩʘʤʦʩʪʦʷʪʝʣʴʥʘʷ ʦʪʨʘʙʦʪʢʘ ʩʪʫʜʝʥʪʦʤ ʫʤʝʥʠʷ ʥʘ ʠʤʠʪʘʮʠʦʥʥʦʤ 

ʦʙʦʨʫʜʦʚʘʥʠʠ ʧʦʜ ʢʦʥʪʨʦʣʝʤ ʧʨʝʧʦʜʘʚʘʪʝʣʷ. ʆʯʝʥʴ ʚʘʞʥʦ, ʯʪʦ ʩʪʫʜʝʥʪ ʤʦʞʝʪ ʩʜʝʣʘʪʴ 

ʩʪʦʣʴʢʦ ʧʦʚʪʦʨʦʚ, ʩʢʦʣʴʢʦ ʝʤʫ ʥʫʞʥʦ ʙʝʟ ʫʱʝʨʙʘ ʜʣʷ ʟʜʦʨʦʚʴʷ ʧʘʮʠʝʥʪʘ. 

ʆʩʦʙʝʥʥʦʩʪʴ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʥʷʪʠʡ ʚ ʩʠʤʫʣʷʮʠʦʥʥʦʤ ʮʝʥʪʨʝ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʥʘ 

ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʨʘʟʙʦʨ ʤʘʪʝʨʠʘʣʘ ʦʪʚʦʜʠʪʩʷ ʤʠʥʠʤʫʤ ʚʨʝʤʝʥʠ, ʘ ʥʘ ʩʘʤʦʩʪʦʷʪʝʣʴʥʫʶ 

ʦʪʨʘʙʦʪʢʫ ʥʘʚʳʢʘ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʚʨʝʤʝʥʠ. 

ɺʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠʦʙʨʝʪʘʶʪ ʩʠʤʫʣʷʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʥʘ ʵʪʘʧʝ ʢʦʥʪʨʦʣʷ 

ʧʨʘʢʪʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ ʩʪʫʜʝʥʪʘ (ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʠ ʠʪʦʛʦʚʳʝ ʠʩʧʳʪʘʥʠʷ). ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

ʩʠʤʫʣʷʮʠʦʥʥʳʭ ʢʣʘʩʩʦʚ, ʠʤʠʪʠʨʫʶʱʠʭ ʨʘʙʦʯʝʝ ʤʝʩʪʦ, ʧʦʟʚʦʣʷʝʪ ʦʙʲʝʢʪʠʚʥʦ ʦʮʝʥʠʪʴ 

ʫʨʦʚʝʥʴ ʩʬʦʨʤʠʨʦʚʘʥʥʦʩʪʠ ʫʤʝʥʠʷ. ʉʠʤʫʣʷʪʦʨʳ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʨʝʘʣʠʩʪʠʯʥʦʩʪʠ ʩ 

ʚʦʟʤʦʞʥʦʩʪʴʶ ʵʣʝʢʪʨʦʥʥʦʛʦ ʢʦʥʪʨʦʣʷ ʬʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ ʠʩʢʣʶʯʘʶʪ ʩʫʙʲʝʢʪʠʚʠʟʤ 

ʧʨʝʧʦʜʘʚʘʪʝʣʷ ʚ ʭʦʜʝ ʵʢʟʘʤʝʥʘʮʠʦʥʥʳʭ ʟʘʥʷʪʠʡ. 
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ɺʳʚʦʜʳ 

ɹʦʣʴʰʠʥʩʪʚʦ ʩʦʚʨʝʤʝʥʥʳʭ ʩʪʫʜʝʥʪʦʚ ʚʳʨʦʩʣʠ ʥʘ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʷʭ ʠ ʦʞʠʜʘʶʪ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʘʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʧʨʠ ʦʙʫʯʝʥʠʠ. ʇʨʘʢʪʠʯʝʩʢʠʝ ʟʘʥʷʪʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʠʤʫʣʷʮʠʦʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʜʝʣʦʚʦʡ ʠʛʨʳ ʩʧʦʩʦʙʩʪʚʫʶʪ ʧʦʚʳʰʝʥʠʶ ʤʦʪʠʚʘʮʠʠ 

ʩʪʫʜʝʥʪʦʚ ʢ ʦʙʫʯʝʥʠʶ, ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʱʫʪʠʪʴ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʟʘ ʩʚʦʠ ʦʰʠʙʦʯʥʳʝ 

ʜʝʡʩʪʚʠʷ. 

ʉʠʤʫʣʷʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʩʪʫʜʝʥʪʫ ʚʦʟʤʦʞʥʦʩʪʴ ʦʩʫʱʝʩʪʚʠʪʴ 

ʦʙʫʯʝʥʠʝ ʚ ʫʩʣʦʚʠʷʭ ʤʘʢʩʠʤʘʣʴʥʦʡ ʧʨʠʙʣʠʞʝʥʥʦʩʪʠ ʢ ʨʝʘʣʴʥʳʤ. ʉʠʤʫʣʷʮʠʷ ʧʦʟʚʦʣʷʝʪ 

ʩʦʟʜʘʚʘʪʴ ʘʢʪʫʘʣʴʥʫʶ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʫʶ ʧʨʦʙʣʝʤʫ ʠ ʨʝʰʘʪʴ ʝʝ ʙʝʟ ʨʠʩʢʘ ʜʣʷ ʧʘʮʠʝʥʪʘ ʠ 

ʠʟʣʠʰʥʝʛʦ ʩʪʨʝʩʩʘ ʜʣʷ ʦʙʫʯʘʶʱʝʛʦʩʷ.  

ʌʦʨʤʠʨʦʚʘʥʠʝ ʧʦʥʠʤʘʥʠʷ ʪʝʭʥʦʣʦʛʠʠ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʫʤʝʥʠʷ (ʪʝʭʥʠʯʝʩʢʦʛʦ ʠʣʠ 

ʥʝʪʝʭʥʠʯʝʩʢʦʛʦ) ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʷʚʣʝʥʠʶ ʫʚʝʨʝʥʥʦʩʪʠ ʩʪʫʜʝʥʪʘ ʚ ʩʚʦʠʭ ʚʦʟʤʦʞʥʦʩʪʷʭ, 

ʦʙʣʝʛʯʘʝʪ ʧʝʨʝʭʦʜ ʦʪ ʪʝʦʨʠʠ ʢ ʧʨʘʢʪʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. 

ɺʥʝʜʨʝʥʠʝ ʩʠʤʫʣʷʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʜʦʩʪʘʪʦʯʥʦ ʢʨʦʧʦʪʣʠʚʳʡ ʠ ʜʦʨʦʛʦʩʪʦʷʱʠʡ 

ʧʨʦʮʝʩʩ, ʩʚʷʟʘʥʥʳʡ ʩ ʧʨʠʦʙʨʝʪʝʥʠʝʤ ʩʦʚʨʝʤʝʥʥʦʛʦ ʜʦʨʦʛʦʩʪʦʷʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ 

ʧʦʩʪʦʷʥʥʳʤ ʝʛʦ ʧʦʧʦʣʥʝʥʠʝʤ ʠ ʦʙʥʦʚʣʝʥʠʝʤ, ʥʦ, ʚ ʪʦ ʞʝ ʚʨʝʤʷ, ̫ ʚʣʷʝʪʩʷ ʦʯʝʥʴ 

ʵʬʬʝʢʪʠʚʥʳʤ ʧʦ ʩʦʟʜʘʥʠʶ ʫʩʣʦʚʠʡ ʤʘʢʩʠʤʘʣʴʥʦ ʧʨʠʙʣʠʞʝʥʥʳʭ ʢ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʤʝʜʠʮʠʥʩʢʦʛʦ ʩʧʝʮʠʘʣʠʩʪʘ. 

ʉʠʩʪʝʤʘ ʩʠʤʫʣʷʮʠʦʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʜʦʣʞʥʘ ʙʳʪʴ ʤʥʦʛʦʫʨʦʚʥʝʚʦʡ ʠ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ 

ʚʝʩʴ ʧʝʨʠʦʜ ʦʙʫʯʝʥʠʷ ʠ ʜʘʣʴʥʝʡʰʫʶ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʩʦʚʨʝʤʝʥʥʦʡ ʈʦʩʩʠʠ ʩʝʤʴʷ ð ɻ ʪʦ ʬʫʥʜʘʤʝʥʪʘʣʴʥʘʷ ʦʩʥʦʚʘ ʦʙʱʝʩʪʚʘ. ʅʘ 

ʩʦʩʪʦʷʥʠʝ ʟʜʦʨʦʚʴʷ ʜʝʪʩʢʦʛʦ ʥʘʩʝʣʝʥʠʷ ʚʣʠʷʝʪ ʤʥʦʞʝʩʪʚʦ ʬʘʢʪʦʨʦʚ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʚʝʜʫʱʝʝ 

ʤʝʩʪʦ ʟʘʥʠʤʘʶʪ ʬʘʢʪʦʨʳ ʦʙʨʘʟʘ ʞʠʟʥʠ. ʇʦʚʳʰʝʥʥʳʝ ʥʘʛʨʫʟʢʠ ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ 

ʫʯʨʝʞʜʝʥʠʷʭ, ʥʠʟʢʦʝ ʢʘʯʝʩʪʚʦ ʠ ʥʝʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʩʪʴ ʧʠʪʘʥʠʷ, ʤʘʣʦʧʦʜʚʠʞʥʳʡ ʦʙʨʘʟ 

ʞʠʟʥʠ, ʫʧʦʪʨʝʙʣʝʥʠʝ ʘʣʢʦʛʦʣʴʥʳʭ ʥʘʧʠʪʢʦʚ, ʪʘʙʘʢʦʢʫʨʝʥʠʝ ʠ ʤʥʦʛʠʝ ʜʨʫʛʠʝ ʬʘʢʪʦʨʳ 

ʩʦʟʜʘʶʪ ʨʠʩʢ ʟʜʦʨʦʚʴʶ ʜʝʪʩʢʦʛʦ ʥʘʩʝʣʝʥʠʷ ʠ ʚʝʜʫʪ ʢ ʨʦʩʪʫ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ ʜʝʪʝʡ ʚ 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. ʉ ʮʝʣʴʶ ʠʟʫʯʝʥʠʷ ʚʣʠʷʥʠʷ ʤʝʜʠʢʦïʩʦʮʠʘʣʴʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʩʝʤʴʠ, ʚ ʢʦʪʦʨʦʡ ʚʦʩʧʠʪʳʚʘʝʪʩʷ ʨʝʙʝʥʦʢ, ʥʘ ʩʘʤʦʦʮʝʥʢʫ ʝʛʦ ʟʜʦʨʦʚʴʷ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ 

ʘʥʦʥʠʤʥʦʝ ʘʥʢʝʪʠʨʦʚʘʥʠʝ 106 hʢʦʣʴʥʠʢʦʚ 7ï11 ʢʣʘʩʩʦʚ, ʧʨʦʞʠʚʘʶʱʠʭ ʚ ʩʝʣʴʩʢʦʡ 

ʤʝʩʪʥʦʩʪʠ. ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʢʦʪʦʨʦʝ ʧʨʦʚʦʜʠʣʦʩʴ ʤʝʪʦʜʦʤ ʦʩʥʦʚʥʦʛʦ ʤʘʩʩʠʚʘ, ʙʳʣʦ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʦʩʪʘʚ ʩʝʤʴʠ, ʤʘʪʝʨʠʘʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ ʠ ʯʠʩʣʦ ʜʝʪʝʡ ʚ ʩʝʤʴʝ ʚʣʠʷʶʪ ʥʘ 
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ʦʮʝʥʢʫ ʜʝʪʴʤʠ ʩʦʩʪʦʷʥʠʷ ʩʚʦʝʛʦ ʟʜʦʨʦʚʴʷ. ʏʝʤ ʚʳʰʝ ʜʦʣʷ ʧʦʣʥʳʭ ʩʝʤʝʡ ʠ ʣʫʯʰʝ 

ʤʘʪʝʨʠʘʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ, ʪʝʤ ʚʳʰʝ ʩʘʤʦʦʮʝʥʢʘ ʜʝʪʴʤʠ ʩʦʩʪʦʷʥʠʷ ʟʜʦʨʦʚʴʷ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ 

ʩʣʫʯʘʝʚ ʜʝʪʠ ʠʟ ʩʝʤʝʡ, ʛʜʝ ʦʜʠʥ ʠʣʠ ʜʚʦʝ ʜʝʪʝʡ ʭʫʞʝ ʦʮʝʥʠʚʘʶʪ ʩʚʦʝ ʟʜʦʨʦʚʴʝ, ʯʝʤ ʜʝʪʠ ʠʟ 

ʤʥʦʛʦʜʝʪʥʳʭ ʩʝʤʝʡ.  

 

Abstract. In modern Russia, the family is the fundamental basis of society. The health of the 

child population is affected by a number of factors, among which leading factors are lifestyle 

factors. Excessive workload in educational institutions, poor quality and imbalance in nutrition, 

sedentary lifestyle, consumption of alcoholic beverages, tobacco smoking and many other factors 

create a risk to the health of the child population and lead to an increase in the incidence of children 

in the Russian Federation. In order to study the influence of the medical and social characteristics of 

the family in which the child is brought up, anonymous questioning of 106 schoolchildren of grades 

7ï11 living in rural areas was conducted on the self-assessment of his health. In the study, which 

was conducted using the main massif method, it was found that the composition of the family, 

financial situation and the number of children in the family affect the evaluation of childrenôs health 

status. The higher the proportion of complete families and the better financial situation, the higher 

the self-esteem of childrenôs health status. In most cases, children from families where one or two 

children have a worse health rating than children from large families. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: h ʢʦʣʴʥʠʢʠ, ʤʝʜʠʢʦ-ʩʦʮʠʘʣʴʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ, ʦʮʝʥʢʘ ʟʜʦʨʦʚʴʷ, 

ʩʝʤʴʷ, ʩʝʣʴʩʢʘʷ ʤʝʩʪʥʦʩʪʴ, ʤʘʪʝʨʠʘʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ. 

 

Keywords: schoolchildren, medical and social characteristics, health assessment, family, rural 

areas, financial situation. 

 

ʌʝʜʝʨʘʣʴʥʳʤ ʟʘʢʦʥʦʤ ʦʪ 21 ʥʦʷʙʨʷ 2011 ʛ. ˉ323-ʌɿ çʆʙ ʦʩʥʦʚʘʭ ʦʭʨʘʥʳ ʟʜʦʨʦʚʴʷ 

ʛʨʘʞʜʘʥ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠè ʟʘʢʨʝʧʣʝʥ ʧʨʠʦʨʠʪʝʪ ʦʭʨʘʥʳ ʟʜʦʨʦʚʴʷ ʜʝʪʝʡ. ɻʦʩʫʜʘʨʩʪʚʦ 

ʧʨʠʟʥʘʝʪ ʦʭʨʘʥʫ ʟʜʦʨʦʚʴʷ ʜʝʪʝʡ ʢʘʢ ʦʜʥʦ ʠʟ ʚʘʞʥʝʡʰʠʭ ʠ ʥʝʦʙʭʦʜʠʤʳʭ ʫʩʣʦʚʠʡ ʠʭ 

ʬʠʟʠʯʝʩʢʦʛʦ ʠ ʧʩʠʭʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ. ɼʝʪʠ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʠʭ ʩʝʤʝʡʥʦʛʦ ʠ ʩʦʮʠʘʣʴʥʦʛʦ 

ʙʣʘʛʦʧʦʣʫʯʠʷ ʧʦʜʣʝʞʘʪ ʦʩʦʙʦʡ ʦʭʨʘʥʝ, ʚʢʣʶʯʘʷ ʟʘʙʦʪʫ ʦʙ ʠʭ ʟʜʦʨʦʚʴʝ ʠ ʥʘʜʣʝʞʘʱʫʶ 

ʧʨʘʚʦʚʫʶ ʟʘʱʠʪʫ ʚ ʩʬʝʨʝ ʦʭʨʘʥʳ ʟʜʦʨʦʚʴʷ, ʠ ʠʤʝʶʪ ʧʨʠʦʨʠʪʝʪʥʳʝ ʧʨʘʚʘ ʧʨʠ ʦʢʘʟʘʥʠʠ 

ʤʝʜʠʮʠʥʩʢʦʡ ʧʦʤʦʱʠ (1). ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ɿʘʢʦʥʦʤ ʈʌ çʆʙ ʦʙʨʘʟʦʚʘʥʠʠè ʟʜʦʨʦʚʴʝ 

ʰʢʦʣʴʥʠʢʦʚ ʦʪʥʦʩʠʪʩʷ ʢ ʧʨʠʦʨʠʪʝʪʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʦʣʠʪʠʢʠ ʚ ʩʬʝʨʝ 

ʦʙʨʘʟʦʚʘʥʠʷ. ɺʳʩʦʢʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʫʯʨʝʞʜʝʥʠʷʭ 

ʚʝʜʝʪ ʢ ʫʭʫʜʰʝʥʠʶ ʟʜʦʨʦʚʴʷ ʜʝʪʝʡ ʰʢʦʣʴʥʦʛʦ ʚʦʟʨʘʩʪʘ [3, 5]. ɺ ʈʦʩʩʠʠ ʟʘ ʧʦʩʣʝʜʥʠʝ 

ʜʝʩʷʪʠʣʝʪʠʷ ʟʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʠʣʦʩʴ ʯʠʩʣʦ ʟʜʦʨʦʚʳʭ ʜʝʪʝʡ ʠ ʧʦʜʨʦʩʪʢʦʚ, ʘ ʢʦʣʠʯʝʩʪʚʦ 

ʭʨʦʥʠʯʝʩʢʠ ʙʦʣʴʥʳʭ ʰʢʦʣʴʥʠʢʦʚ ʨʝʟʢʦ ʚʦʟʨʦʩʣʦ. ʇʨʘʢʪʠʯʝʩʢʠ ʟʜʦʨʦʚʳʤʠ (Ƚ ʛʨʫʧʧʘ 

ʟʜʦʨʦʚʴʷ) ʧʦ ʜʘʥʥʳʤ ʜʠʩʧʘʥʩʝʨʠʟʘʮʠʠ 2016 ʛʦʜʘ ʙʳʣʠ ʧʨʠʟʥʘʥʳ 30,1% ʜʝʪʝʡ, ʠʤʝʣʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʥʘʨʫʰʝʥʠʷ (ȽȽ ʛʨʫʧʧʘ) ð 56,2%, ʠʤʝʣʠ ʭʨʦʥʠʯʝʩʢʠʝ ʟʘʙʦʣʝʚʘʥʠʷ (ȽȽȽ 

ʛʨʫʧʧʘ) ð 12,1%, ʠʤʝʣʠ ʟʘʙʦʣʝʚʘʥʠʷ, ʚʝʜʫʱʠʝ ʢ ʠʥʚʘʣʠʜʠʟʘʮʠʠ (ȽV ʛʨʫʧʧʘ) ð 0,7%, ʘ 0,9% 

ʜʝʪʝʡ ʩʦʩʪʘʚʠʣʠ ʜʝʪʠïʠʥʚʘʣʠʜʳ (V ʛʨʫʧʧʘ). 

ʅʘ ʩʦʩʪʦʷʥʠʝ ʟʜʦʨʦʚʴʷ ʜʝʪʩʢʦʛʦ ʥʘʩʝʣʝʥʠʷ ʚʣʠʷʝʪ ʤʥʦʞʝʩʪʚʦ ʬʘʢʪʦʨʦʚ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ 

ʚʝʜʫʱʝʝ ʤʝʩʪʦ ʟʘʥʠʤʘʶʪ ʬʘʢʪʦʨʳ ʦʙʨʘʟʘ ʞʠʟʥʠ [6]. ʇʦʚʳʰʝʥʥʳʝ ʥʘʛʨʫʟʢʠ ʚ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʫʯʨʝʞʜʝʥʠʷʭ, ʥʠʟʢʦʝ ʢʘʯʝʩʪʚʦ ʠ ʥʝʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʩʪʴ ʧʠʪʘʥʠʷ, 

ʤʘʣʦʧʦʜʚʠʞʥʳʡ ʦʙʨʘʟ ʞʠʟʥʠ, ʫʧʦʪʨʝʙʣʝʥʠʝ ʘʣʢʦʛʦʣʴʥʳʭ ʥʘʧʠʪʢʦʚ, ʪʘʙʘʢʦʢʫʨʝʥʠʝ ʠ ʤʥʦʛʠʝ 

ʜʨʫʛʠʝ ʬʘʢʪʦʨʳ ʩʦʟʜʘʶʪ ʨʠʩʢ ʜʝʪʩʢʦʤʫ ʟʜʦʨʦʚʴʶ ʠ ʚʝʜʫʪ ʢ ʨʦʩʪʫ ʫʨʦʚʥʷ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ 
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ʜʝʪʝʡ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ [2, 4]. ʉ ʮʝʣʴʶ ʫʣʫʯʰʝʥʠʷ ʟʜʦʨʦʚʴʷ ʜʝʪʩʢʦʛʦ ʥʘʩʝʣʝʥʠʷ 

ʧʨʠʥʠʤʘʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʝ ʧʨʦʛʨʘʤʤʳ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʩʦʭʨʘʥʝʥʠʝ ʠ 

ʫʢʨʝʧʣʝʥʠʝ ʟʜʦʨʦʚʴʷ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʤʦʪʠʚʘʮʠʠ ʜʣʷ ʚʝʜʝʥʠʷ ʟʜʦʨʦʚʦʛʦ ʦʙʨʘʟʘ ʞʠʟʥʠ [1]. ʅʦ 

ʥʠ ʦʜʥʘ ʧʨʦʛʨʘʤʤʘ ʥʝ ʜʘʝʪ ʨʝʟʫʣʴʪʘʪʦʚ, ʝʩʣʠ ʦʥʘ ʥʘʮʝʣʝʥʘ ʪʦʣʴʢʦ ʥʘ ʜʝʪʝʡ. ɺ ʩʦʚʨʝʤʝʥʥʦʡ 

ʈʦʩʩʠʠ ʩʝʤʴʷ ð ɻ ʪʦ ʬʫʥʜʘʤʝʥʪʘʣʴʥʘʷ ʦʩʥʦʚʘ ʦʙʱʝʩʪʚʘ. ʇʦʵʪʦʤʫ ʚʣʠʷʥʠʝ ʩʝʤʴʠ ʥʘ ʚʩʝ 

ʩʬʝʨʳ ʞʠʟʥʠ ʨʝʙʝʥʢʘ ʥʝʦʩʧʦʨʠʤʦ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʫʣʫʯʰʝʥʠʝ ʧʦʣʦʞʝʥʠʷ ʩʝʤʴʠ ʚ 

ʥʘʩʪʦʷʱʝʤ, ʜʘʩʪ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʨʝʟʫʣʴʪʘʪ ʚ ʩʦʩʪʦʷʥʠʠ ʟʜʦʨʦʚʴʷ ʜʝʪʩʢʦʛʦ ʥʘʩʝʣʝʥʠʷ ʚ 

ʙʫʜʫʱʝʤ. 

 

ʄʘʪʝʨʠʘʣ ʠ ʤʝʪʦʜʠʢʘ 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʤʝʪʦʜʦʤ ʦʩʥʦʚʥʦʛʦ ʤʘʩʩʠʚʘ ʧʫʪʝʤ ʘʥʢʝʪʠʨʦʚʘʥʠʷ 106 

ʰʢʦʣʴʥʠʢʦʚ 7ï11 ʢʣʘʩʩʦʚ ʚ ʚʦʟʨʘʩʪʝ ʦʪ 12 ʜʦ 18 ʣʝʪ, ʦʙʫʯʘʶʱʠʭʩʷ ʚ ʄʆʋ çʉʨʝʜʥʷʷ 

ʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʘʷ ʰʢʦʣʘ ˉ1è ʛ. ɼʥʦ ʇʩʢʦʚʩʢʦʡ ʦʙʣʘʩʪʠ. ɼʣʷ ʦʮʝʥʢʠ ʟʜʦʨʦʚʴʷ 

ʰʢʦʣʴʥʠʢʦʚ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʩʧʝʮʠʘʣʴʥʘʷ ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʬʦʨʤʘ çɸʥʢʝʪʘ ʰʢʦʣʴʥʠʢʘè. 

ɸʥʢʝʪʠʨʦʚʘʥʠʝ ʥʦʩʠʣʦ ʜʦʙʨʦʚʦʣʴʥʳʡ ʭʘʨʘʢʪʝʨ ʠ ʙʳʣʦ ʩʪʨʦʛʦ ʘʥʦʥʠʤʥʳʤ. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ 

ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣ ʚʟʷʪ ʦʙʲʝʤ ʚʳʙʦʨʢʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʩʨʝʜʥʝʡ 

ʪʦʯʥʦʩʪʠ ʩ ʜʦʚʝʨʠʪʝʣʴʥʳʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ, ʨʘʚʥʳʤ 2, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʝʨʦʷʪʥʦʩʪʠ 0,954. 

ʈʝʧʨʝʟʝʥʪʘʪʠʚʥʦʩʪʴ ʜʘʥʥʦʡ ʚʳʙʦʨʢʠ ʙʳʣʘ ʧʨʦʚʝʨʝʥʘ ʧʦ ʤʝʪʦʜʠʢʝ ʧʨʦʬʝʩʩʦʨʘ ɸ. ʄ. ʄʝʨʢʦʚʘ 

ʠ ʤʝʨʘ ʪʦʯʥʦʩʪʠ ʩʦʩʪʘʚʠʣʘ 0,03, ʦʰʠʙʢʘ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʥʝ ʧʨʝʚʳʰʘʝʪ 3%, ʯʪʦ ʚʧʦʣʥʝ 

ʜʦʧʫʩʪʠʤʦ. ɺ ʢʘʯʝʩʪʚʝ ʘʧʧʘʨʘʪʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʨʘʙʦʯʠʝ ʩʪʘʥʮʠʠ 

(ʢʦʤʧʴʶʪʝʨʳ) ʩ ʧʨʦʮʝʩʩʦʨʦʤ ʢʣʘʩʩʘ Intel Core 2 Duo. ɼʣʷ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʠ 

ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʠʤʝʥʷʣʠʩʴ ʧʘʢʝʪʳ Microsoft Office 2010 ʠ STATISTICA 

5.0. 

 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ʇʨʦʚʝʜʝʥʥʦʝ ʘʥʦʥʠʤʥʦʝ ʘʥʢʝʪʠʨʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʩʨʝʜʥʠʡ ʚʦʟʨʘʩʪ ʜʝʪʝʡ, 

ʦʙʫʯʘʚʰʠʭʩʷ ʚ 7ï11 ʢʣʘʩʩʘʭ ʰʢʦʣʳ ˉ1 ʩʦʩʪʘʚʠʣ 14,72Ñ0,2 ʣʝʪ. ʄʘʣʴʯʠʢʦʚ ʙʳʣʦ 47,2%, 

ʜʝʚʦʯʝʢ ð 52,8%. ʆʮʝʥʢʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʝʪʝʡ, ʦʙʫʯʘʶʱʠʭʩʷ ʚ 7ï11 ʢʣʘʩʩʘʭ ʧʦ ʚʦʟʨʘʩʪʫ 

ʚʳʷʚʠʣʘ, ʯʪʦ ʜʝʪʝʡ 12-ʪʠ ʣʝʪ ʙʳʣʦ 1,9%, 13-ʪʠ ð 18,9%, 14-ʪʠ ʣʝʪ ð 19,8%, 15-ʪʠ ʣʝʪ ð 

32,0%, 16-ʪʠ ʣʝʪ ð 17,0% ʠ 17-ʪʠ ʣʝʪ ð 10,4%.  

ʇʦ ʢʣʘʩʩʘʤ ʰʢʦʣʴʥʠʢʠ, ʫʯʘʩʪʚʦʚʘʚʰʠʝ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ, ʨʘʩʧʨʝʜʝʣʠʣʠʩʴ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ: 7 ʢʣʘʩʩ ð 17,9%, 8 ʢʣʘʩʩ ð 19,8%, 9 ʢʣʘʩʩ ð 34,0%, 10 ʢʣʘʩʩ ð 16,0% ʠ 11 ʢʣʘʩʩ 

ð 12,3%.  

ʇʨʠ ʵʪʦʤ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ 7 ʢʣʘʩʩʝ ʙʳʣʦ 57,9% ʤʘʣʴʯʠʢʦʚ ʠ 42,1% ʜʝʚʦʯʝʢ, ʚ 8 

ʢʣʘʩʩʝ ð 42,9% ʤʘʣʴʯʠʢʦʚ ʠ 57,1% ʜʝʚʦʯʝʢ, 9 ʢʣʘʩʩʝ ð 44,4% ʤʘʣʴʯʠʢʦʚ ʠ 55,6% ʜʝʚʦʯʝʢ, ʚ 

10 ʢʣʘʩʩʝ ð 52,9% ʤʘʣʴʯʠʢʦʚ ʠ 47,1% ʜʝʚʦʯʝʢ, ʘ ʚ 11 ʢʣʘʩʩʝ ð 38,5% ʤʘʣʴʯʠʢʦʚ ʠ 61,5% 

ʜʝʚʦʯʝʢ. 

ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʨʝʩʧʦʥʜʝʥʪʦʚ (48,2%) ʙʳʣʠ ʠʟ ʩʝʤʝʡ ʩ ʜʚʫʤʷ ʜʝʪʴʤʠ, 21,7% ʜʝʪʝʡ ʙʳʣʠ 

ʝʜʠʥʩʪʚʝʥʥʳʤʠ ʜʝʪʴʤʠ ʚ ʩʝʤʴʝ, 17,0% ð ʠʟ ʩʝʤʝʡ ʩ ʪʨʝʤʷ ʜʝʪʴʤʠ, ʘ 13,1% ð ʠʟ ʩʝʤʝʡ, ʛʜʝ 

ʯʝʪʚʝʨʦ ʠ ʙʦʣʝʝ ʜʝʪʝʡ.  

ɺʦʩʧʠʪʳʚʘʣʠʩʴ ʚ ʧʦʣʥʦʡ ʩʝʤʴʝ 69,8% ʜʝʪʝʡ, ʚ ʥʝʧʦʣʥʦʡ ʩʝʤʴʝ (ʪʦʣʴʢʦ ʤʘʪʝʨʴʶ) ð 

28,3%, ʘ 1,9% ʰʢʦʣʴʥʠʢʦʚ ʞʠʣʠ ʙʝʟ ʦʪʮʘ ʠ ʙʝʟ ʤʘʪʝʨʠ. ʇʨʠ ʵʪʦʤ 23,3% ʜʝʪʝʡ ʠʟ ʥʝʧʦʣʥʳʭ 

ʩʝʤʝʡ ʙʳʣʠ ʝʜʠʥʩʪʚʝʥʥʳʤʠ ʚ ʩʝʤʴʝ, ʫ 53,3% ʰʢʦʣʴʥʠʢʦʚ, ʚʦʩʧʠʪʳʚʘʚʰʠʭʩʷ ʪʦʣʴʢʦ ʤʘʪʝʨʴʶ, 

ʚ ʩʝʤʴʝ ʙʳʣʦ ʜʚʦʝ ʜʝʪʝʡ, ʫ 16,7% ð ʪʨʦʝ ʜʝʪʝʡ, ʘ ʚ 6,7% ʩʣʫʯʘʷʭ ʤʘʪʴ ʦʜʥʘ ʚʦʩʧʠʪʳʚʘʣʘ 4 

ʜʝʪʝʡ.  
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ʄʘʪʝʨʠʘʣʴʥʦʝ ʧʦʣʦʞʝʥʠʷ ʩʚʦʝʡ ʩʝʤʴʠ ʢʘʢ çʭʦʨʦʰʝʝè ʦʮʝʥʠʣʠ 52,9% ʰʢʦʣʴʥʠʢʦʚ, ʢʘʢ 

çʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʝè ð 35,8% ʜʝʪʝʡ, ʢʘʢ çʧʣʦʭʦʝè ð 1,9% ʫʯʝʥʠʢʦʚ, ʘ 9,4% ʟʘʪʨʫʜʥʠʣʠʩʴ 

ʦʪʚʝʪʠʪʴ ʥʘ ʵʪʦʪ ʚʦʧʨʦʩ. 

ɹʳʣʘ ʠʟʫʯʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʤʘʪʝʨʠʘʣʴʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʩʝʤʴʠ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʜʝʪʝʡ, ʚ ʥʝʡ 

ʚʦʩʧʠʪʳʚʘʶʱʠʭʩʷ. ʆʮʝʥʠʣʠ ʤʘʪʝʨʠʘʣʴʥʦʛʦ ʧʦʣʦʞʝʥʠʝ ʩʚʦʝʡ ʩʝʤʴʠ ʢʘʢ çʭʦʨʦʰʝʝè 91,1% 

ʜʝʪʝʡ ʠʭ ʩʝʤʝʡ ʩ ʜʚʫʤʷ ʜʝʪʴʤʠ, 16,1% ð ʩ ʪʨʝʤʷ ʜʝʪʴʤʠ. ʉʨʝʜʠ ʦʮʝʥʠʚʰʠʭ ʤʘʪʝʨʠʘʣʴʥʦʝ 

ʧʦʣʦʞʝʥʠʝ ʥʘ çʭʦʨʦʰʦè ʥʝ ʙʳʣʦ ʦʜʥʦʜʝʪʥʳʭ ʩʝʤʝʡ ʠ ʩʝʤʝʡ ʩ 4 ʠ ʙʦʣʝʝ ʜʝʪʴʤʠ. ʉʯʠʪʘʣʠ, ʯʪʦ 

ʤʘʪʝʨʠʘʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ ʠʭ ʩʝʤʴʠ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʝ 29,0% ʜʝʪʝʡ ʠʟ ʩʝʤʝʡ ʩ ʦʜʥʠʤ 

ʨʝʙʝʥʢʦʤ, 34,2% h ʢʦʣʴʥʠʢʦʚ ʠʟ ʩʝʤʝʡ ʩ ʪʨʝʤʷ ʜʝʪʴʤʠ ʠ 36,8% ð ʩ ʯʝʪʳʨʴʤʷ ʠ ʙʦʣʝʝ ʜʝʪʴʤʠ. 

ɼʝʪʠ ʦʮʝʥʠʚʰʠʝ ʤʘʪʝʨʠʘʣʴʥʦʝ ʧʦʣʦʞʝʥʠʷ ʩʚʦʝʡ ʩʝʤʴʠ ʢʘʢ çʧʣʦʭʦʝè ʚ ʨʘʚʥʳʭ ʜʦʣʷʭ ʙʳʣʠ ʠʟ 

ʩʝʤʝʡ ʩ ʦʜʥʠʤ ʠ ʩ ʯʝʪʳʨʴʤʷ ʠ ʙʦʣʝʝ ʜʝʪʴʤʠ (ʧʦ 50%). 

ʅʘ ʚʦʧʨʦʩ ʦ ʥʘʣʠʯʠʠ ʚ ʩʝʤʴʝ ʣʠʮ, ʟʣʦʫʧʦʪʨʝʙʣʷʶʱʠʭ ʘʣʢʦʛʦʣʝʤ, ʧʦʣʦʞʠʪʝʣʴʥʦ ʦʪʚʝʪʠʣʠ 

6,6% ʨʝʩʧʦʥʜʝʥʪʦʚ, ʦʪʨʠʮʘʪʝʣʴʥʦ ð 84,9%, ʘ 8,5% h ʢʦʣʴʥʠʢʦʚ ʦʪʢʘʟʘʣʠʩʴ ʦʪʚʝʯʘʪʴ ʥʘ ʵʪʦʪ 

ʚʦʧʨʦʩ.  

ʀʟʫʯʝʥʠʝ ʩʘʤʦʦʮʝʥʢʠ ʟʜʦʨʦʚʴʷ ʰʢʦʣʴʥʠʢʦʚ, ʦʙʫʯʘʶʱʠʭʩʷ ʚ ʩʝʣʴʩʢʦʡ ʰʢʦʣʝ, ʙʳʣʦ 

ʧʨʦʚʝʜʝʥʦ ʥʘ ʦʩʥʦʚʘʥʠʠ ʙʘʣʴʥʦʡ ʦʮʝʥʢʠ, ʢʦʪʦʨʫʶ ʦʥʠ ʩʘʤʠ ʧʦʩʪʘʚʠʣʠ ʩʚʦʝʤʫ ʟʜʦʨʦʚʴʶ. ʅʘ 

çʦʪʣʠʯʥʦè ʦʮʝʥʠʣʠ ʩʚʦʝ ʟʜʦʨʦʚʴʝ 19,8% ʫʯʝʥʠʢʦʚ 7-11 ʢʣʘʩʩʦʚ, ʥʘ çʭʦʨʦʰʦè ð 49,1%, ʥʘ 

çʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦè ð 28,3% ʠ ʥʘ çʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦè ð 2,8% (ʈʠʩʫʥʦʢ 1). ʉʨʝʜʥʠʡ 

ʙʘʣʣ, ʥʘ ʢʦʪʦʨʳʡ ʜʝʪʠ ʦʮʝʥʠʣʠ ʩʚʦʝ ʟʜʦʨʦʚʴʝ ʩʦʩʪʘʚʠʣ 3,86Ñ0,08 ʙʘʣʣʦʚ. 

 

 
 

ʈʠʩʫʥʦʢ 1. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʜʝʪʝʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʘʤʦʦʮʝʥʢʠ ʟʜʦʨʦʚʴʷ (ʚ %). 

 

ʆʮʝʥʢʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʝʪʝʡ 12-14 ʣʝʪ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʘʤʦʦʮʝʥʢʠ ʟʜʦʨʦʚʴʷ ʧʦʢʘʟʘʣʘ, 

ʯʪʦ ʥʘ çʦʪʣʠʯʥʦè ʝʛʦ ʦʮʝʥʠʣʠ 27,9% ʨʝʩʧʦʥʜʝʥʪʦʚ, ʥʘ çʭʦʨʦʰʦè ð 46,5% ʫʯʝʥʠʢʦʚ, ʥʘ 

çʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦè ð 20,9% h ʢʦʣʴʥʠʢʦʚ, ʥʘ çʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦè ð 4,7%. ʉʨʝʜʥʠʡ 

ʙʘʣʣ 3,98Ñ0,09 ʙʘʣʣʘ. ʉʨʝʜʠ ʜʝʪʝʡ 15-17 ʣʝʪ ʦʮʝʥʠʣʠ ʩʚʦʝ ʟʜʦʨʦʚʴʝ ʥʘ çʦʪʣʠʯʥʦè 14,3% 

ʧʦʜʨʦʩʪʢʦʚ, ʥʘ çʭʦʨʦʰʦè ð 50,8%, ʥʘ çʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦè ð 33,3%, ʥʘ 

çʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦè ð 1,6%. ʉʨʝʜʥʠʡ ʙʘʣʣ 3,78Ñ0,07 ʙʘʣʣʘ. ʉʪʘʪʠʩʪʠʯʝʩʢʠ ʜʦʩʪʦʚʝʨʥʦʡ 

ʨʘʟʥʠʮʳ ʤʝʞʜʫ ʩʘʤʦʦʮʝʥʢʦʡ ʟʜʦʨʦʚʴʷ ʜʝʪʝʡ 12-14 ʣʝʪ ʠ ʧʦʜʨʦʩʪʢʦʚ 15-17 ʣʝʪ ʥʝʪ (t<2). 

ʀʟʫʯʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʩʘʤʦʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ʟʜʦʨʦʚʴʷ ʦʪ ʧʦʣʘ ʨʝʙʝʥʢʘ ʧʦʢʘʟʘʣʦ, ʯʪʦ 

42,0% ʤʘʣʴʯʠʢʦʚ ʦʮʝʥʠʚʘʣʠ ʩʚʦʝ ʟʜʦʨʦʚʴʝ ʥʘ çʦʪʣʠʯʥʦè, ʥʘ çʭʦʨʦʰʦè ð 58,0% h ʢʦʣʴʥʠʢʦʚ, 

ʥʘ çʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦè ʠ ʥʘ çʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦè ð 0%. ʉʨʝʜʥʠʡ ʙʘʣʣ, ʧʦʩʪʘʚʣʝʥʥʳʡ 

19,8

49,1

28,3

2,8

0,0%

10,0%

20,0%

30,0%

40,0%

50,0%

60,0%

"ʆʪʣʠʯʥʦ" "ʍʦʨʦʰʦ""ʋʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦ""ʅʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦ"

ʉʘʤʦʦʮʝʥʢʘ ʟʜʦʨʦʚʴʷ

http://www.bulletennauki.com/


 

 
ɹʶʣʣʝʪʝʥʴ ʥʘʫʢʠ ʠ ʧʨʘʢʪʠʢʠ ð Bulletin of Science and Practice

ʥʘʫʯʥʳʡ ʞʫʨʥʘʣ (scientific journal)   ʊ. 4. ̄ 5. 2018 ʛ. 
 http://www.bulletennauki.com  

 

 

 

 

126 

 

 

ʤʘʣʴʯʠʢʘʤʠ, ʙʳʣ ʨʘʚʝʥ 4,42Ñ0,11 ʙʘʣʣʘ. ʀʟ ʜʝʚʦʯʝʢ ʥʠʢʪʦ ʥʝ ʦʮʝʥʠʣ ʩʚʦʝ ʟʜʦʨʦʚʴʝ ʥʘ 

çʦʪʣʠʯʥʦè, ʥʘ çʭʦʨʦʰʦè ð 41,1% ʜʝʚʦʯʝʢ, ʥʘ çʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦè ð 53,6% ʰʢʦʣʴʥʠʮ, ʥʘ 

çʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦè ð 5,3%. ʉʨʝʜʥʠʡ ʙʘʣʣ ʩʦʩʪʘʚʠʣ 3,38Ñ0,09 ʙʘʣʣʘ. ʉʪʘʪʠʩʪʠʯʝʩʢʠ 

ʜʦʩʪʦʚʝʨʥʘʷ ʨʘʟʥʠʮʘ ʤʝʞʜʫ ʩʘʤʦʦʮʝʥʢʦʡ ʟʜʦʨʦʚʴʷ ʤʘʣʴʯʠʢʦʚ ʠ ʜʝʚʦʯʝʢ ʝʩʪʴ (t>2). ɼʝʚʦʯʢʠ 

ʭʫʞʝ ʦʮʝʥʠʚʘʣʠ ʩʚʦʝ ʟʜʦʨʦʚʴʝ, ʯʝʤ ʤʘʣʴʯʠʢʠ. ɼʘʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʈʠʩʫʥʢʝ 2. 

 

 
 

ʈʠʩʫʥʦʢ 2. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʤʘʣʴʯʠʢʦʚ ʠ ʜʝʚʦʯʝʢ, ʦʙʫʯʘʶʱʠʭʩʷ ʚ ʩʝʣʴʩʢʦʡ ʰʢʦʣʝ,  

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʘʤʦʦʮʝʥʢʠ ʟʜʦʨʦʚʴʷ (ʚ %) 

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ ʜʝʪʝʡ (91,5%), ʦʮʝʥʠʚʰʠʭ ʩʚʦʝ ʟʜʦʨʦʚʴʝ ʥʘ 

çʦʪʣʠʯʥʦè ʧʨʦʞʠʚʘʣʠ ʚ ʧʦʣʥʦʡ ʩʝʤʴʝ, ʘ 8,5% ð ʩ ʤʘʪʝʨʴʶ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʜʝʪʝʡ, 

ʧʦʩʪʘʚʠʚʰʠʭ ʦʪʣʠʯʥʫʶ ʦʮʝʥʢʫ ʩʚʦʝʤʫ ʟʜʦʨʦʚʴʶ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʯʠʩʣʘ ʜʝʪʝʡ ʚ ʩʝʤʴʝ ʙʳʣʦ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʠʟ ʩʝʤʴʠ ʩ ʦʜʥʠʤ ʨʝʙʝʥʢʦʤ ʙʳʣʦ 4,8% ʜʝʪʝʡ, ʩ ʜʚʫʤʷ ð 

47,6%, ʪʨʝʤʷ ð 38,1%, ʯʝʪrʨʴʤʷ ʠ ʙʦʣʝʝ ð 9,5%. ʕʪʦ ʙʳʣʠ ʜʝʪʠ ʠʟ ʩʝʤʝʡ ʩ ʭʦʨʦʰʠʤ ʠ 

ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʤ ʤʘʪʝʨʠʘʣʴʥʳʤ ʧʦʣʦʞʝʥʠʝʤ (61,9% ʠ 33,3% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). 

ɻʨʘʬʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʚʣʠʷʥʠʷ ʤʝʜʠʢʦïʩʦʮʠʘʣʴʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʝʤʴʠ ʥʘ ʩʘʤʦʦʮʝʥʢʫ 

ʟʜʦʨʦʚʴʷ ʨʝʙʝʥʢʘ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʘʭ 3ï5. 

ɼʝʪʠ, ʦʮʝʥʠʚʰʠʝ ʩʚʦʝ ʟʜʦʨʦʚʴʝ ʥʘ çʭʦʨʦʰʦè ʧʨʦʞʠʚʘʣʠ: ʚ ʧʦʣʥʦʡ ʩʝʤʴʝ ð 69,3% 

ʰʢʦʣʴʥʠʢʦʚ, ʚ ʥʝʧʦʣʥʦʡ ʩʝʤʴʝ (ʩ ʤʘʪʝʨʴʶ ʙʝʟ ʦʪʮʘ) ð 26,9%, ʙʝʟ ʦʪʮʘ ʠ ʙʝʟ ʤʘʪʝʨʠ ð 3,8%. 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʰʢʦʣʴʥʠʢʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʯʠʩʣʘ ʜʝʪʝʡ ʚ ʩʝʤʴʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʠʟ ʩʝʤʝʡ ʩ 

ʦʜʥʠʤ ʨʝʙʝʥʢʦʤ ʙʳʣʦ 27,0% ʫʯʝʥʠʢʦʚ, ʩ ʜʚʫʤʷ ʜʝʪʴʤʠ ð 42,3%, ʩ ʪʨʝʤʷ ð 11,5%, ʩ 

ʯʝʪʳʨʴʤʷ ʠ ʙʦʣʝʝ ð 19,2%. ɼʝʪʠ, ʦʮʝʥʠʚʰʠʝ ʟʜʦʨʦʚʴʝ ʥʘ çʭʦʨʦʰʦè, ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ 

ʙʳʣʠ ʠʟ ʩʝʤʝʡ ʩ ʭʦʨʦʰʠʤ (61,5%) ʠ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʤ (23,1%) ʤʘʪʝʨʠʘʣʴʥʳʤ 

ʧʦʣʦʞʝʥʠʝʤ. 

ʇʦʩʪʘʚʠʚʰʠʝ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʫ ʁʦʮʝʥʢʫ ʩʚʦʝʤʫ ʟʜʦʨʦʚʴʶ ʙʳʣʠ ʠʟ ʧʦʣʥʦʡ (53,3%) ʠ 

ʥʝʧʦʣʥʦʡ ʩʝʤʴʠ (46,7%). ʏʘʱʝ ʚʩʝʛʦ ʵʪʦ ʙʳʣʠ ʜʝʪʠ ʠʟ ʩʝʤʝʡ ʩ ʜʚʫʤʷ ʜʝʪʴʤʠ ð 60,0%, ʠʟ 

ʦʜʥʦʜʝʪʥʳʭ ʩʝʤʝʡ ʠ ʠʟ ʤʥʦʛʦʜʝʪʥʳʭ ʩʝʤʝʡ ʙʳʣʦ ʧʦ 20,0% ʰʢʦʣʴʥʠʢʦʚ (ʧʦ 10,0% ʠʟ ʩʝʤʝʡ ʩ 

ʪʨʝʤʷ ʠ ʯʝʪʳʨʴʤʷ ʠ ʙʦʣʝʝ ʜʝʪʴʤʠ). ʆʮʝʥʢʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʝʪʝʡ ʩ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʡ 

ʩʘʤʦʦʮʝʥʢʦʡ ʟʜʦʨʦʚʴʷ ʤʘʪʝʨʠʘʣʴʥʦʤʫ ʧʦʣʦʞʝʥʠʶ ʩʝʤʴʠ, ʧʦʢʘʟʘʣʘ, ʯʪʦ ʵʪʦ ʯʘʱʝ ʚʩʝʛʦ ʜʝʪʠ ʩ 

ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʤ (56,7%) ʠ ʭʦʨʦʰʠʤ (36,7%) ʤʘʪʝʨʠʘʣʴʥʳʤ ʧʦʣʦʞʝʥʠʝʤ. 
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ʈʠʩʫʥʦʢ 3. ʉʘʤʦʦʮʝʥʢʘ ʟʜʦʨʦʚʴʷ ʜʝʪʴʤʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʘʪʫʩʘ ʩʝʤʴʠ (ʚ %) 

 

 
 

ʈʠʩʫʥʦʢ 4. ʉʘʤʦʦʮʝʥʢʘ ʟʜʦʨʦʚʴʷ ʜʝʪʴʤʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʘʪʝʨʠʘʣʴʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʩʝʤʴʠ (ʚ %) 

 

 
 

ʈʠʩʫʥʦʢ 5. ʉʘʤʦʦʮʝʥʢʘ ʟʜʦʨʦʚʴʷ ʜʝʪʴʤʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʜʝʪʝʡ ʩʝʤʴʠ (ʚ %). 
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ɼʝʪʠ, ʦʮʝʥʠʚʰʠʝ ʩʚʦʝ ʟʜʦʨʦʚʴʝ ʥʘ çʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦè ʚ 100,0% ʩʣʫʯʘʷʭ ʧʨʦʞʠʚʘʣʠ 

ʚ ʧʦʣʥʦʡ ʩʝʤʴʝ (ʩ ʦʪʮʦʤ ʠ ʩ ʤʘʪʝʨʴʶ). ɼʚʝ ʪʨʝʪʠ ʜʝʪʝʡ (66,7%) ʙʳʣʠ ʠʟ ʦʜʥʦʜʝʪʥʳʭ ʩʝʤʝʡ, 

ʦʜʥʘ ʪʨʝʪʴ (33,3%) ʠʟ ʩʝʤʝʡ ʩ ʜʚʫʤʷ ʜʝʪʴʤʠ. ʄʘʪʝʨʠʘʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ ʩʝʤʝʡ, ʚ ʢʦʪʦʨʳʭ 

ʚʦʩʧʠʪʳʚʘʣʠʩʴ ʪʘʢʠʝ ʜʝʪʠ ʙʳʣʦ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʝ (66,7%) ʠʣʠ ʧʣʦʭʦʝ (33,3%). 

ʋʯʝʥʠʢʘʤ 7ï11 ʢʣʘʩʩʦʚ ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʦʮʝʥʠʪʴ ʩʚʦʶ ʬʠʟʠʯʝʩʢʫʶ ʧʦʜʛʦʪʦʚʢʫ. 

ʉʯʠʪʘʣʠ ʩʝʙʷ ʬʠʟʠʯʝʩʢʠ ʩʠʣʴʥʳʤʠ 16,0% ʜʝʪʝʡ. ʇʦʣʘʛʘʣʠ, ʯʪʦ ʫ ʥʠʭ ʩʨʝʜʥʷʷ ʬʠʟʠʯʝʩʢʘʷ 

ʧʦʜʛʦʪʦʚʢʘ 47,1% h ʢʦʣʴʥʠʢʦʚ. ʉʣʘʙʘʷ, ʧʦ ʠʭ ʤʥʝʥʠʶ, ʬʠʟʠʯʝʩʢʘʷ ʧʦʜʛʦʪʦʚʢʘ ʙʳʣʘ ʫ 31,2% 

ʨʝʩʧʦʥʜʝʥʪʦʚ, ʘ 5,7% ʜʝʪʝʡ ʟʘʪʨʫʜʥʠʣʠʩʴ ʦʮʝʥʠʪʴ.  

ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʝʪʝʡ ʫʨʦʚʥʶ ʬʠʟʠʯʝʩʢʦʡ 

ʧʦʜʛʦʪʦʚʢʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʭ ʩʘʤʦʦʮʝʥʢʠ ʟʜʦʨʦʚʴʷ. ʀʟ ʪʝʭ, ʢʪʦ ʩʯʠʪʘʣ ʩʝʙʷ ʬʠʟʠʯʝʩʢʠ 

ʩʠʣʴʥʳʤʠ, ʯʘʱʝ ʚʩʝʛʦ ʦʮʝʥʠʚʘʣʠ ʩʚʦʝ ʟʜʦʨʦʚʴʝ ʥʘ çʦʪʣʠʯʥʦè (52,9%), ʥʘ çʭʦʨʦʰʦè ð 29,4% 

ʜʝʪʝʡ, ʥʘ çʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦè ð 11,8% ʰʢʦʣʴʥʠʢʦʚ, ʥʘ çʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦè ð 5,9% 

ʦʙʫʯʘʶʱʠʭʩʷ. ɼʝʪʠ, ʦʮʝʥʠʚʘʚʰʠʝ ʩʚʦʶ ʬʠʟʠʯʝʩʢʫʶ ʧʦʜʛʦʪʦʚʢʫ, ʢʘʢ ʩʨʝʜʥʶʶ, ʯʘʱʝ ʚʩʝʛʦ 

ʦʮʝʥʠʚʘʣʠ ʩʦʩʪʦʷʥʠʝ ʩʚʦʝʛʦ ʟʜʦʨʦʚʴʷ ʥʘ çʭʦʨʦʰʦè (60,0%) ʠʣʠ ʥʘ çʦʪʣʠʯʥʦè ʠ 

çʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦè (ʧʦ 20,0% ʜʝʪʝʡ). ʉʨʝʜʠ ʜʝʪʝʡ, ʦʮʝʥʠʚʰʠʭ ʩʚʦʶ ʬʠʟʠʯʝʩʢʫʶ 

ʧʦʜʛʦʪʦʚʢʫ, ʢʘʢ ʩʣʘʙʫʶ, ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʦʮʝʥʠʚʘʣʠ ʩʚʦʝ ʟʜʦʨʦʚʴʝ ʥʘ çʭʦʨʦʰʦè ð 

45,5% ʠ çʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦè ð 48,5%. ʆʜʥʘʢʦ, ʩʨʝʜʠ ʜʝʪʝʡ ʩʦ ʩʣʘʙʦʡ ʬʠʟʠʯʝʩʢʦʡ 

ʧʦʜʛʦʪʦʚʢʦʡ ʙʳʣʦ ʦʜʠʥʘʢʦʚʦʝ ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʜʝʪʝʡ, ʢʦʪʦʨʳʝ ʦʮʝʥʠʣʠ ʥʘ 

çʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦè ʠ ʥʘ çʦʪʣʠʯʥʦè (ʧʦ 3,0%). 

 

ɿʘʢʣʶʯʝʥʠʝ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʭʦʜʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ 

ʜʝʪʝʡ, ʦʙʫʯʘʚʰʠʭʩʷ ʚ ʩʝʣʴʩʢʦʡ ʰʢʦʣʝ ʚ 7ï11 ʢʣʘʩʩʘʭ ʩʦʩʪʘʚʣʷʶʪ ʜʝʚʦʯʢʠ, ʩʨʝʜʥʠʡ ʚʦʟʨʘʩʪ 

ʢʦʪʦʨʳʭ 14,72Ñ0,2 ʣʝʪ, ʚʦʩʧʠʪʳʚʘʶʱʠʝʩʷ ʚ ʧʦʣʥʦʡ ʩʝʤʴʝ ʩ ʜʚʫʤʷ ʜʝʪʴʤʠ, ʩ ʭʦʨʦʰʠʤ 

ʤʘʪʝʨʠʘʣʴʥʳʤ ʧʦʣʦʞʝʥʠʝʤ. ʀʟʫʯʝʥʠʝ ʩʘʤʦʦʮʝʥʢʠ ʟʜʦʨʦʚʴʷ ʰʢʦʣʴʥʠʢʘʤʠ ʧʦʢʘʟʘʣʦ, ʯʪʦ 

ʩʨʝʜʥʠʡ ʙʘʣʣ, ʧʦʩʪʘʚʣʝʥʥʳʡ ʜʝʪʴʤʠ, 3,86Ñ0,08, ʫ ʤʘʣʴʯʠʢʦʚ ʦʥ ʚʳʰʝ ð 4,42Ñ0,11, ʫ ʜʝʚʦʯʝʢ 

ʥʠʞʝ ð 3,38Ñ0,09. ʉʪʘʪʠʩʪʠʯʝʩʢʠ ʜʦʩʪʦʚʝʨʥʘʷ ʨʘʟʥʠʮʘ ʤʝʞʜʫ ʩʘʤʦʦʮʝʥʢʦʡ ʟʜʦʨʦʚʴʷ 

ʤʘʣʴʯʠʢʦʚ ʠ ʜʝʚʦʯʝʢ ʝʩʪʴ (t>2). ɼʝʚʦʯʢʠ ʭʫʞʝ, ʯʝʤ ʤʘʣʴʯʠʢʠ, ʦʮʝʥʠʚʘʶʪ ʩʚʦʝ ʟʜʦʨʦʚʴʝ. 

ʉʦʩʪʘʚ ʩʝʤʴʠ ʠ ʤʘʪʝʨʠʘʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ ʚʣʠʷʶʪ ʥʘ ʦʮʝʥʢʫ ʜʝʪʴʤʠ ʩʦʩʪʦʷʥʠʷ ʩʚʦʝʛʦ 

ʟʜʦʨʦʚʴʷ. ʏʝʤ ʚʳʰʝ ʜʦʣʷ ʧʦʣʥʳʭ ʩʝʤʝʡ ʠ ʣʫʯʰʝ ʤʘʪʝʨʠʘʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ, ʪʝʤ ʚʳʰʝ 

ʩʘʤʦʦʮʝʥʢʘ ʜʝʪʴʤʠ ʩʦʩʪʦʷʥʠʷ ʟʜʦʨʦʚʴʷ ʠ ʯʝʤ ʚʳʰʝ ʩʘʤʦʦʮʝʥʢʘ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʜʝʪʠ 

ʠʟ ʩʝʤʝʡ, ʛʜʝ ʦʜʠʥ ʠʣʠ ʜʚʦʝ ʜʝʪʝʡ ʭʫʞʝ ʦʮʝʥʠʚʘʶʪ ʩʚʦʝ ʟʜʦʨʦʚʴʝ, ʯʝʤ ʜʝʪʠ ʠʟ ʤʥʦʛʦʜʝʪʥʳʭ 

ʩʝʤʝʡ. ɼʝʪʠ ʦʮʝʥʠʚʰʠʝ ʩʚʦʝ ʟʜʦʨʦʚʴʝ ʥʘ çʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦè ʚʦʩʧʠʪʳʚʘʶʪʩʷ ʚ ʧʦʣʥʳʭ 

ʩʝʤʴʷʭ, ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʚ ʦʜʥʦʜʝʪʥʳʭ ʩʝʤʴʷʭ, ʨʝʞʝ ʚ ʩʝʤʴʷʭ ʩ ʜʚʫʤʷ ʜʝʪʴʤʠ, ʯʪʦ 

ʩʢʦʨʝʝ ʚʩʝʛʦ ʩʚʷʟʘʥʦ ʩ ʧʦʩʪʦʷʥʥʦʡ ʟʘʙʦʪʦʡ ʨʦʜʠʪʝʣʝʡ ʦ ʟʜʦʨʦʚʴʝ ʨʝʙʝʥʢʘ. ʏʝʤ ʚʳʰʝ 

ʩʘʤʦʦʮʝʥʢʘ ʟʜʦʨʦʚʴʷ, ʪʝʤ ʚʳʰʝ ʦʮʝʥʢʘ ʨʝʙʝʥʢʦʤ ʝʛʦ ʬʠʟʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʜʘʥ ʘʥʘʣʠʟ ʠ ʦʧʠʩʘʥʠʝ ʪʝʭʥʠʯʝʩʢʠʭ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ 

ʩʨʝʜʩʪʚ ʨʦʪʦʨʥʦʛʦ ʪʠʧʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʠʟʤʝʣʴʯʝʥʠʝ ʙʠʦʤʘʩʩʳ ʩ ʝʝ ʟʘʜʝʣʢʦʡ ʚ ʧʦʯʚʫ ʥʘ 

ʥʝʦʙʭʦʜʠʤʫʶ ʛʣʫʙʠʥʫ. ɺʳʷʚʣʝʥʳ ʠ ʦʧʠʩʘʥʳ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʧʨʠ ʨʘʙʦʪʝ 

ʪʝʭʥʠʯʝʩʢʠʭ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʩʨʝʜʩʪʚ ʨʦʪʦʨʥʦʛʦ ʪʠʧʘ.  

ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʧʨʦʚʝʨʢʠ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʦʜʝʣʝʡ ʨʦʪʦʨʥʳʭ 

ʦʨʫʜʠʡ ʩ ʘʢʪʠʚʥʳʤ ʧʨʠʚʦʜʦʤ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ. 

 

Abstract. The article analyzes and describes the technical soilïcultivating means of the rotor 

type, which ensures the grinding of biomass with its incorporation into the soil to the required 

depth. The advantages and disadvantages in the work of technical rotaryïtype soilïcultivating 
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equipment have been revealed and described. The results of the economic verification of 

perspective models of rotor implements with active drive of working elements are presented. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʠʜʝʨʘʣʴʥʳʡ ʧʘʨ, ʟʘʧʘʰʢʘ ʩʠʜʝʨʘʣʴʥʳʭ ʨʘʩʪʝʥʠʡ, ʨʦʪʦʨʥʳʡ ʧʣʫʛ. 

 

Keywords: sideral steam, sap of sideral plants, rotary plow. 

 

ɺ ɼʘʣʴʥʝʚʦʩʪʦʯʥʦʤ ʨʝʛʠʦʥʝ ʈʦʩʩʠʠ ʠʤʝʝʪʩʷ ʦʧʳʪ ʙʠʦʣʦʛʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʡ 

ʚʦʟʜʝʣʳʚʘʥʠʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ. ʇʦʚʳʰʝʥʠʝ ʧʦʯʚʝʥʥʦʛʦ ʧʣʦʜʦʨʦʜʠʷ ʠ 

ʫʨʦʞʘʡʥʦʩʪʠ ʩʦʠ, ʟʝʨʥʦʚʳʭ ʠ ʢʘʨʪʦʬʝʣʷ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʨʝʭï ʠʣʠ 

ʯʝʪʳʨʝʭʧʦʣʴʥʳʭ ʩʝʚʦʦʙʦʨʦʪʦʚ ʩ ʧʦʣʝʤ ʩʠʜʝʨʘʣʴʥʦʛʦ ʧʘʨʘ ʠʟ ʝʩʪʝʩʪʚʝʥʥʳʭ ʟʘʩʦʨʠʪʝʣʝʡ, 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʢʦʪʦʨʳʭ ʚ 2ï3 ʨʘʟʘ ʧʨʝʚʦʩʭʦʜʠʪ ʩʠʜʝʨʘʪ ʠʟ ʩʦʠ [5]. 

ɼʝʰʝʚʦʝ ʠ ʣʝʛʢʦʜʦʩʪʫʧʥʦʝ çʟʝʣʝʥʦʝè ʦʨʛʘʥʠʯʝʩʢʦʝ ʫʜʦʙʨʝʥʠʝ ʩʠʜʝʨʘʣʴʥʦʛʦ ʧʘʨʘ 

ʷʚʣʷʝʪʩʷ ʥʝʠʩʯʝʨʧʘʝʤʳʤ ʠ ʧʦʩʪʦʷʥʥʦ ʚʦʟʦʙʥʦʚʣʷʝʤʳʤ ʠʩʪʦʯʥʠʢʦʤ ʘʟʦʪʘ ʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʚʝʱʝʩʪʚʘ. ɿʘʜʝʣʢʘ ʙʠʦʤʘʩʩʳ ʩʠʜʝʨʘʪʦʚ ʚ ʚʝʨʭʥʠʡ ʩʣʦʡ ʧʦʯʚʳ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʦʭʨʘʥʝʥʠʶ ʠ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʧʣʦʜʦʨʦʜʠʷ ʧʦʯʚʳ, ʧʨʠ ʵʪʦʤ ʩʦʟʜʘʶʪʩʷ ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ 

ʚʣʘʛʦʦʙʝʩʧʝʯʝʥʥʦʩʪʠ ʨʘʩʪʝʥʠʡ ʚ ʨʘʥʥʠʡ ʧʝʨʠʦʜ ʨʘʟʚʠʪʠʷ, ʯʪʦ ʦʩʥʦʚʘʥʦ ʥʘ ʬʠʟʠʯʝʩʢʦʤ 

ʟʘʢʦʥʝ ʨʦʩʦʦʙʨʘʟʦʚʘʥʠʷ ʠ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʜʘʥʥʳʤʠ ʀ. ɽ. ʆʚʩʠʥʩʢʦʛʦ [3], ʦʩʥʦʚʦʧʦʣʦʞʥʠʢʘ 

ʤʠʥʠʤʠʟʘʮʠʠ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ. 

ʆʙʝʩʧʝʯʝʥʠʝ ʠʟʤʝʣʴʯʝʥʠʷ ʙʠʦʤʘʩʩʳ ʩ ʝʝ ʟʘʜʝʣʢʦʡ ʚ ʧʦʯʚʫ ʥʘ ʥʝʦʙʭʦʜʠʤʫʶ ʛʣʫʙʠʥʫ 

ʤʦʞʝʪ ʧʨʦʚʦʜʠʪʴʩʷ ʚ ʦʜʥʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʦʧʝʨʘʮʠʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʝʨʩʧʝʢʪʠʚʥʳʭ 

ʨʦʪʘʮʠʦʥʥʳʭ (ʨʦʪʦʨʥʳʭ) ʧʣʫʛʦʚ. ʇʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʪʘʢʠʭ ʦʨʫʜʠʡ ʟʘʢʣʶʯʘʝʪʩʷ 

ʥʝ ʪʦʣʴʢʦ ʚ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʜʛʦʪʦʚʢʠ ʧʦʯʚʳ ʟʘ ʦʜʠʥ ʧʨʦʭʦʜ, ʥʦ ʠ ʚ ʠʟʤʝʣʴʯʝʥʠʠ ʧʦʯʚʳ ʠ 

ʙʠʦʤʘʩʩʳ, ʟʘʜʝʣʢʝ ʩʠʜʝʨʘʪʘ (ʧʦʞʥʠʚʥʳʭ ʦʩʪʘʪʢʦʚ) ʚ ʚʝʨʭʥʠʝ ʩʣʦʠ ʧʦʯʚʳ ʧʨʠ ʪʱʘʪʝʣʴʥʦʤ ʝʝ 

ʧʝʨʝʤʝʰʠʚʘʥʠʠ. ʋʯʠʪʳʚʘʷ ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʙʦʪʳ ʨʦʪʘʮʠʦʥʥʳʭ ʦʨʫʜʠʡ, ʥʘʣʠʯʠʝ ʟʥʘʯʠʪʝʣʴʥʦʡ 

ʧʦʜʪʘʣʢʠʚʘʶʱʝʡ ʩʠʣʳ ʠ ʜʨʫʛʠʝ ʧʨʝʠʤʫʱʝʩʪʚʘ, ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʧʘʭʦʪʥʦʛʦ ʘʛʨʝʛʘʪʘ 

ʧʦʚʳʰʘʝʪʩʷ ʜʦ 12%, ʥʘ 8ï10% ɻʢʦʥʦʤʠʪʩʷ ɻʉʄ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʦʪʚʘʣʴʥʦʡ ʚʩʧʘʰʢʦʡ, 

ʦʙʲʝʜʠʥʝʥʠʝ ʜʚʫʭ ʦʧʝʨʘʮʠʡ ʧʦʚʳʰʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ 

ʪʝʭʥʠʢʠ.  

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʡ ð ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ 

ʢʫʣʴʪʫʨ ʟʘ ʩʯʝʪ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʠ ʠʭ ʚʦʟʜʝʣʳʚʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʧʨʠʤʝʥʝʥʠʷ 

ʵʣʝʤʝʥʪʦʚ ʙʠʦʣʦʛʠʟʘʮʠʠ ʟʝʤʣʝʜʝʣʠʷ. 

ɺ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʭʦʜʠʣʘ ʨʘʟʨʘʙʦʪʢʘ ʩʧʦʩʦʙʦʚ ʠ ʩʨʝʜʩʪʚ ʤʝʭʘʥʠʟʘʮʠʠ ʦʙʨʘʙʦʪʢʠ 

ʧʦʯʚʳ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʧʦʚʳʰʝʥʠʝ ʧʣʦʜʦʨʦʜʠʷ ʠ ʫʨʦʞʘʡʥʦʩʪʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ 

ʢʫʣʴʪʫʨ.  

ɼʘʣʴʥʝʚʦʩʪʦʯʥʳʤʠ ʫʯʝʥʳʤʠ ʠ ʢʦʥʩʪʨʫʢʪʦʨʘʤʠ, ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʦʧʝʨʘʮʠʡ ʦʩʥʦʚʥʦʡ 

ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ ʩ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʟʘʜʝʣʢʦʡ ʦʨʛʘʥʠʯʝʩʢʦʡ ʤʘʩʩʳ ʩʠʜʝʨʘʪʦʚ ʠ ʧʦʞʥʠʚʥʳʭ 

ʦʩʪʘʪʢʦʚ ʨʘʟʨʘʙʦʪʘʥʦ ʥʝʩʢʦʣʴʢʦ ʤʦʜʝʣʝʡ ʨʦʪʦʨʥʳʭ ʧʣʫʛʦʚ, ʩ ʰʠʨʠʥʦʡ ʟʘʭʚʘʪʘ ʦʪ 1,3 ʜʦ 2,4 

ʤʝʪʨʘ. ʆʥʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʝ ʤʘʰʠʥʳ ʩ ʘʢʪʠʚʥʳʤʠ ʨʘʙʦʯʠʤʠ 

ʦʨʛʘʥʘʤʠ ð ʩʬʝʨʠʯʝʩʢʠʤʠ ʜʠʩʢʘʤʠ, ʠʤʝʶʱʠʤʠ ʧʨʠʚʦʜ ʦʪ ʚʘʣʘ ʦʪʙʦʨʘ ʤʦʱʥʦʩʪʠ (ɺʆʄ) 

ʪʨʘʢʪʦʨʘ. ʀʭ ʚʳʧʫʩʢ ʙʳʣ ʦʩʚʦʝʥ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤ ʮʝʭʝ ɼʘʣʴʅʀʀʄʕʉʍ 

(ʛ. ɹʣʘʛʦʚʝʱʝʥʩʢ) ʠ ʥʘ ʟʘʚʦʜʝ ɼʘʣʴʩʝʣʴʤʘʰ (ʛ. ɹʠʨʦʙʠʜʞʘʥ). 

ʆʜʥʦʡ ʠʟ ʤʦʜʝʣʝʡ ʥʘʚʝʩʥʦʛʦ ʨʦʪʦʨʥʦʛʦ ʧʣʫʛʘ ʷʚʣʷʝʪʩʷ ʇʈʅ-1,8 ʜʣʷ ʪʨʘʢʪʦʨʘ ʢʣʘʩʩʘ 1,4 

(ʈʠʩʫʥʦʢ 1). ʊʘʢʦʡ ʧʣʫʛ ʧʨʦʰʝʣ ʤʥʦʛʦʣʝʪʥʶʶ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʫʶ ʧʨʦʚʝʨʢʫ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ 

ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ ʩ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʟʘʜʝʣʢʦʡ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʤʘʩʩʳ ʩʠʜʝʨʘʣʴʥʳʭ ʨʘʩʪʝʥʠʡ ʥʘ 

ʧʦʡʤʝʥʥʳʭ ʧʦʯʚʘʭ ʚ ʂʌʍ çɼʝʤʝʪʨʘè. 
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ʈʠʩʫʥʦʢ 1. ʅʘʚʝʩʥʦʡ ʨʦʪʦʨʥʳʡ ʧʣʫʛ ʇʈʅ-1,8. 

 

ʆʩʦʙʝʥʥʦʩʪʴʶ ʜʘʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʨʝʛʫʣʠʨʫʝʤʳʝ ʧʦ ʚʳʩʦʪʝ 

ʢʦʧʠʨʫʶʱʠʝ ʢʦʣʝʩʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʦʙʨʘʙʦʪʢʫ ʧʦʯʚʳ ʥʘ ʥʝʦʙʭʦʜʠʤʫʶ ʛʣʫʙʠʥʫ, ʘ ʪʘʢʞʝ 

ʜʠʩʢʦʚʳʡ ʩʪʘʙʠʣʠʟʘʪʦʨ ʢʫʨʩʘ ʩ ʨʝʛʫʣʠʨʫʝʤʳʤ ʫʛʣʦʤ ʫʩʪʘʥʦʚʢʠ (ʚ ʥʝʢʦʪʦʨʳʭ ʚʘʨʠʘʥʪʘʭ 

ʫʩʪʘʥʘʚʣʠʚʘʣʘʩʴ ʧʦʣʝʚʘʷ ʜʦʩʢʘ) [4]. ʄʘʰʠʥʦïʪʨʘʢʪʦʨʥʳʡ ʘʛʨʝʛʘʪ ʩ ʨʦʪʦʨʥʳʤ ʧʣʫʛʦʤ 

ʦʙʝʩʧʝʯʠʚʘʣ ʭʦʨʦʰʝʝ ʢʘʯʝʩʪʚʦ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ, ʩʦʭʨʘʥʷʷ ʢʫʨʩʦʚʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʧʨʠ 

ʩʢʦʨʦʩʪʠ ʜʦ 7 ʢʤ/ʯ, ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦ ʟʘʜʝʣʳʚʘʣ ʚ ʧʦʯʚʫ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ ʚʳʩʦʪʦʡ 50ï140 ʩʤ. 

ʆʜʥʘʢʦ, ʥʠʟʢʘʷ ʥʘʜʝʞʥʦʩʪʴ ʧʨʠʚʦʜʘ ʨʦʪʦʨʘ ʪʨʝʙʦʚʘʣʘ ʜʦʨʘʙʦʪʢʠ ʢʦʥʩʪʨʫʢʮʠʠ ʨʦʪʦʨʥʦʛʦ 

ʧʣʫʛʘ. 

ʅʘʚʝʩʥʦʡ ʨʦʪʦʨʥʳʡ ʧʣʫʛ ð ʇʈʅ-2,2 ʨʘʟʨʘʙʦʪʘʥ ʜʣʷ ʪʨʘʢʪʦʨʘ ʢʣʘʩʩʘ 3 (ʈʠʩʫʥʦʢ 2). 

ʈʝʟʫʣʴʪʘʪʳ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʧʨʦʚʝʨʢʠ ʵʪʦʡ ʤʦʜʝʣʠ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʦʩʥʦʚʥʦʡ ʦʙʨʘʙʦʪʢʠ 

ʧʦʯʚʳ ʠ ʨʘʟʜʝʣʢʝ ʛʣʳʙʠʩʪʦʡ ʟʷʙʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʦʥ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʧʦʣʥʝʥʠʝ 

ʘʛʨʦʪʝʭʥʠʯʝʩʢʠʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʦʩʥʦʚʥʦʡ ʦʙʨʘʙʦʪʢʝ ʧʦʯʚʳ ʥʘ ʩʢʦʨʦʩʪʠ ʜʦ 10 ʢʤ/ʯ.  

 

 
 

ʈʠʩʫʥʦʢ 2. ʅʘʚʝʩʥʦʡ ʨʦʪʦʨʥʳʡ ʧʣʫʛ ʇʈʅ-2,2 ʚ ʘʛʨʝʛʘʪʝ ʩ ʪʨʘʢʪʦʨʦʤ ʊ-150ʂ. 

 

ʅʝʜʦʩʪʘʪʢʦʤ ʇʈʅ-2,2 ʷʚʣʷʝʪʩʷ ʩʘʤʦʚʳʛʣʫʙʣʝʥʠʝ ʧʨʠ ʨʘʙʦʪʝ ʥʘ ʪʚʝʨʜʳʭ ʧʦʯʚʘʭ; 

ʥʘʨʫʰʝʥʠʝ ʢʫʨʩʦʚʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʨʠ ʜʚʠʞʝʥʠʠ ʘʛʨʝʛʘʪʘ ʧʦ ʥʝʨʦʚʥʦʩʪʷʤ ʧʦʣʷ ʠʟ-ʟʘ 

ʥʝʜʦʩʪʘʪʢʦʚ ʩʪʘʙʠʣʠʟʠʨʫʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ. 
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ɹʦʣʝʝ ʩʦʚʝʨʰʝʥʥʦʡ ʤʦʜʝʣʴʶ ʨʦʪʦʨʥʳʭ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʤʘʰʠʥ ʷʚʣʷʝʪʩʷ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʝ ʦʨʫʜʠʝ ʆɺʇʇ-2,4 (ʈʠʩʫʥʦʢ 3). 

 

 
 

ʈʠʩʫʥʦʢ 3. ʇʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʝ ʦʨʫʜʠʝ ʆɺʇʇ-2,4. 

 

ʆʨʫʜʠʝ ʆɺʇʇ-2,4 ʭʦʨʦʰʦ ʟʘʨʝʢʦʤʝʥʜʦʚʘʣʦ ʩʝʙʷ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʩʧʳʪʘʥʠʡ 

ʪʝʭʥʦʣʦʛʦïʪʝʭʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʟʝʨʥʦʚʳʭ ʠ ʩʦʠ 

ʚ ʪʨʝʭʧʦʣʴʥʦʤ ʩʝʚʦʦʙʦʨʦʪʝ ʚ ʂʌʍ çɾʫʢʦʚʠʥʘ ʉ. ɸ.è. ʀʩʧʳʪʘʥʠʷ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ 

ʨʦʪʘʮʠʦʥʥʳʭ ʧʣʫʛʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʧʦʯʚʝʥʥʦïʢʣʠʤʘʪʠʯʝʩʢʠʭ ʟʦʥʘʭ, ʧʦʢʘʟʘʣʠ ʠʭ 

ʘʛʨʦʥʦʤʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ. ʇʦʚʳʰʝʥʠʝ ʫʨʦʞʘʡʥʦʩʪʠ ʢʘʨʪʦʬʝʣʷ [2], ʦʟʠʤʦʡ ʧʰʝʥʠʮʳ, 

ʩʦʠ ʩʦʩʪʘʚʠʣʦ ʦʪ 15% ʜʦ 20%.  

ʐʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʤʘʰʠʥ ʩ ʘʢʪʠʚʥʳʤ ʧʨʠʚʦʜʦʤ 

ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʩʜʝʨʞʠʚʘʝʪʩʷ ʠʭ ʚʳʩʦʢʦʡ ʵʥʝʨʛʦʝʤʢʦʩʪʴʶ ʠ ʤʘʣʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ. 

ɺʳʩʦʢʘʷ ʵʥʝʨʛʦʝʤʢʦʩʪʴ ʩʚʷʟʘʥʘ ʩ ʚʳʩʦʢʠʤʠ ʩʢʦʨʦʩʪʷʤʠ ʨʝʟʘʥʠʷ ʠ ʩʪʝʧʝʥʴʶ ʢʨʦʰʝʥʠʷ, 

ʙʦʣʴʰʦʡ ʩʫʤʤʘʨʥʦʡ ʜʣʠʥʦʡ ʨʝʞʫʱʝʡ ʢʨʦʤʢʠ ʠ ʜʘʣʴʥʦʩʪʴʶ ʦʪʙʨʘʩʳʚʘʥʠʷ ʦʪʨʝʟʘʥʥʳʭ 

ʩʪʨʫʞʝʢ [6]. ʕʬʬʝʢʪʠʚʥʳʤ ʧʨʠʝʤʦʤ ʩʥʠʞʝʥʠʷ ʵʥʝʨʛʦʝʤʢʦʩʪʠ [1] ʷʚʣʷʝʪʩʷ ʠʟʤʝʥʝʥʠʝ 

ʩʦʩʪʦʷʥʠʷ ʤʦʥʦʣʠʪʘ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʧʦʯʚʳ ʧʫʪʝʤ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʨʳʭʣʝʥʠʷ ʪʷʛʦʚʳʤʠ 

ʨʘʙʦʯʠʤʠ ʦʨʛʘʥʘʤʠ, ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ ʧʝʨʝʜ ʨʦʪʦʨʦʤ.  

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦïʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʨʘʙʦʪʳ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ ʘʛʨʝʛʘʪʘ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʢʦʤʙʠʥʠʨʦʚʘʥʥʘʷ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʘʷ ʤʘʰʠʥʘ, ʦʙʦʨʫʜʦʚʘʥʥʘʷ ʢʘʢ ʘʢʪʠʚʥʳʤʠ ʨʘʙʦʯʠʤʠ ʦʨʛʘʥʘʤʠ ð 

ʩʬʝʨʠʯʝʩʢʠʤʠ ʜʠʩʢʘʤʠ, ʪʘʢ ʠ ʧʘʩʩʠʚʥʳʤʠ ʨʘʙʦʯʠʤʠ ʦʨʛʘʥʘʤʠ ð ʧʦʯʚʦʫʛʣʫʙʠʪʝʣʷʤʠ 

(ʈʠʩʫʥʦʢ 4). 

ʇʦʣʝʚʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʡ 

ʤʘʰʠʥʳ, ʦʙʦʨʫʜʦʚʘʥʥʦʡ ʧʦʯʚʦʫʛʣʫʙʠʪʝʣʷʤʠ, ʧʦʟʚʦʣʷʝʪ ʫʩʪʨʘʥʠʪʴ ʧʨʝʜʧʦʩʳʣʢʠ ʢ ʧʦʷʚʣʝʥʠʶ 

ʧʘʨʘʟʠʪʥʦʡ ʤʦʱʥʦʩʪʠ ʚ ʪʨʘʥʩʤʠʩʩʠʠ ʪʨʘʢʪʦʨʘ, ʦʙʝʩʧʝʯʠʚʘʷ ʧʨʷʤʦʣʠʥʝʡʥʦʩʪʴ ʭʦʜʘ ʘʛʨʝʛʘʪʘ 

ʠ ʙʫʢʩʦʚʘʥʠʝ ʄʊɸ ʚ ʧʨʝʜʝʣʘʭ ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʭ ʟʥʘʯʝʥʠʡ ŭ=10é15%. 
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ʈʠʩʫʥʦʢ 4. ʂʦʤʙʠʥʠʨʦʚʘʥʥʘʷ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʘʷ ʤʘʰʠʥʘ: 

1 ð ʧʨʘʚʳʡ ʧʦʯʚʦʫʛʣʫʙʠʪʝʣʴ; 2 ð ʣʝʚʳʡ ʧʦʯʚʦʫʛʣʫʙʠʪʝʣʴ; 3 ð ʨʦʪʦʨ. 

 

ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʩʥʠʞʝʥʠʷ ʥʘʛʨʫʟʢʠ ʥʘ ʤʝʭʘʥʠʟʤ ʚʘʣʘ ʦʪʙʦʨʘ ʤʦʱʥʦʩʪʠ ʪʨʘʢʪʦʨʘ 

ʙʝʟ ʩʥʠʞʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʤʘʰʠʥʥʦïʪʨʘʢʪʦʨʥʦʛʦ ʘʛʨʝʛʘʪʘ, ʨʘʟʨʘʙʦʪʘʥʦ 

ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʦʝ ʪʝʭʥʠʯʝʩʢʦʝ ʩʨʝʜʩʪʚʦ ʜʣʷ ʦʩʥʦʚʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ ʩ ʦʜʥʦʚʨʝʤʝʥʥʦʡ 

ʟʘʜʝʣʢʦʡ ʦʨʛʘʥʠʯʝʩʢʦʡ ʤʘʩʩʳ ʩʠʜʝʨʘʪʦʚ ʠ ʧʦʞʥʠʚʥʳʭ ʦʩʪʘʪʢʦʚ (ʈʠʩʫʥʦʢ 5). 

 

 
 

ʈʠʩʫʥʦʢ 5. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʦʙʨʘʟʝʮ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʨʝʜʩʪʚʘ ʜʣʷ ʦʩʥʦʚʥʦʡ ʦʙʨʘʙʦʪʢʠ 

ʧʦʯʚʳ: 1 ð ʨʘʤʘ; 2 ð ʧʝʨʝʜʥʷʷ ʩʝʢʮʠʷ ʜʠʩʢʦʚʳʭ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ 

(ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʡ ʨʦʪʦʨ); 3 ð ʟʘʜʥʷʷ ʩʝʢʮʠʷ ʜʠʩʢʦʚʳʭ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʨʘʙʦʯʠʭ 

ʦʨʛʘʥʦʚ; 4 ð ʧʨʠʚʦʜ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ ʨʦʪʦʨʘ ʦʪ ɺʆʄ ʪʨʘʢʪʦʨʘ. 

 

ɸʛʨʦʪʝʭʥʠʯʝʩʢʫʶ ʦʮʝʥʢʫ ʨʘʙʦʪʳ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʨʝʜʩʪʚʘ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ 

ʦʩʥʦʚʥʦʡ ʦʙʨʘʙʦʪʢʝ ʧʦʯʚʳ ʧʦ ʩʪʝʨʥʝ ʟʝʨʥʦʚʳʭ ʢʫʣʴʪʫʨ ʩ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʟʘʜʝʣʢʦʡ ʚ ʚʝʨʭʥʠʝ 

ʩʣʦʠ ʧʦʯʚʳ ʨʘʩʪʠʪʝʣʴʥʳʭ ʦʩʪʘʪʢʦʚ.  

ʋʩʣʦʚʠʷ ʦʮʝʥʢʠ ʧʨʠʚʝʜʝʥʳ ʚ ʊʘʙʣʠʮʝ 1. 
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ʊʘʙʣʠʮʘ 1. 

ʋʉʃʆɺʀʗ ʇʈʆɺɽɼɽʅʀʗ ɸɻʈʆʊɽʍʅʀʏɽʉʂʆʁ ʆʎɽʅʂʀ 

ʇʦʢʘʟʘʪʝʣʴ ɿʥʘʯʝʥʠʝ ʧʦʢʘʟʘʪʝʣʷ 

ɺʠʜ ʨʘʙʦʪʳ ʆʙʨʘʙʦʪʢʘ ʧʦʯʚʳ ʧʦʩʣʝ ʫʙʦʨʢʠ ʟʝʨʥʦʚʳʭ 

ʕʥʝʨʛʦʩʨʝʜʩʪʚʦ ʄʊɿ-1523 

ʊʠʧ ʧʦʯʚʳ ʠ ʥʘʟʚʘʥʠʝ ʧʦ ʤʝʭʘʥʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʣʫʛʦʚʦïʯʝʨʥʦʟʝʤʦʚʠʜʥʳʝ, ʪʷʞʝʣʦʩʫʛʣʠʥʠʩʪʳʝ 

ʈʝʣʴʝʬ ʨʦʚʥʳʡ 

ʄʠʢʨʦʨʝʣʴʝʬ ʨʦʚʥʳʡ 

ɺʣʘʞʥʦʩʪʴ ʧʦʯʚʳ, % ʚ ʩʣʦʝ, ʩʤ: 

0ï5 

5ï10 

10ï15 

15ï20 

20ï25 

 

25,5 

25,3 

23,1 

22,9 

22,3 

ʊʚʝʨʜʦʩʪʴ ʧʦʯʚʳ, ʄʇʘ ʚ ʩʣʦʝ, ʩʤ: 

0ï10 

10ï20 

20ï30 

 

0,37 

1,28 

1,59 

ɸʛʨʦʬʦʥ ʩʪʝʨʥʷ ʧʰʝʥʠʮʳ 

ɺʳʩʦʪʘ ʩʪʝʨʥʠ, ʩʤ 38,1 

ʄʘʩʩʘ ʩʪʝʨʥʠ, ʛ/ʤ2 300,7 

 

ʆʮʝʥʢʫ ʧʦʢʘʟʘʪʝʣʝʡ ʨʘʙʦʪʳ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ ʘʛʨʝʛʘʪʘ ʧʨʦʚʦʜʠʣʠ ʩʦʛʣʘʩʥʦ ʉʊʆ 

ɸʀʉʊ 4.2-2010. ʇʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʡ ʘʛʨʝʛʘʪ ʠʩʧʳʪʳʚʘʣʩʷ ʧʨʠ ʨʘʙʦʪʝ ʥʘ ʩʢʦʨʦʩʪʷʭ 2,4 ... 

2,8 ʤ/ʩ.  

 

ʊʘʙʣʠʮʘ 2. 

ʇʆʂɸɿɸʊɽʃʀ ɸɻʈʆʊɽʍʅʀʏɽʉʂʆʁ ʆʎɽʅʂʀ 

ʇʦʢʘʟʘʪʝʣʴ ɿʥʘʯʝʥʠʝ ʧʦʢʘʟʘʪʝʣʷ 

ʈʘʙʦʯʘʷ ʰʠʨʠʥʘ ʟʘʭʚʘʪʘ, ʤ 1,8 

ɻʣʫʙʠʥʘ ʦʙʨʘʙʦʪʢʠ ʨʦʪʦʨʦʤ, ʩʤ 14,9 

ɻʨʝʙʥʠʩʪʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʯʚʳ, ʩʤ 4,6 

ʇʦʜʨʝʟʘʥʠʝ ʩʪʝʨʥʠ, % 100 

ɿʘʣʠʧʘʥʠʝ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ 

 

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠ ʩʢʦʨʦʩʪʠ 2,4 ... 2,8 ʤ/ʩ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʡ ʘʛʨʝʛʘʪ ʢʘʯʝʩʪʚʝʥʥʦ ʚʳʧʦʣʥʷʣ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʦʙʨʘʙʦʪʢʠ 

ʧʦʯʚʳ. ʈʘʙʦʯʠʝ ʦʨʛʘʥʳ ʦʙʝʩʧʝʯʠʚʘʶʪ ʨʳʭʣʝʥʠʝ ʧʦʯʚʳ ʥʘ ʛʣʫʙʠʥʫ 14,3é14,9 ʩʤ. 

ʉʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʛʣʫʙʠʥʳ ʦʙʨʘʙʦʪʢʠ ʩʦʩʪʘʚʠʣʦ +1,86 ʩʤ. ɺʳʨʝʟʥʳʝ ʩʬʝʨʠʯʝʩʢʠʝ 

ʜʠʩʢʠ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ ʦʨʫʜʠʷ ʦʙʝʩʧʝʯʠʚʘʣʠ ʧʦʣʥʦʝ ʧʦʜʨʝʟʘʥʠʝ ʩʪʝʨʥʠ ʠ 

ʧʝʨʝʤʝʰʠʚʘʥʠʝ ʝʝ ʥʘ ʛʣʫʙʠʥʫ ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʩʣʦʷ ʧʦʯʚʳ. ʅʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʷ ʧʦʩʣʝ 

ʧʨʦʭʦʜʘ ʦʩʪʘʣʦʩʴ ʥʝ ʙʦʣʝʝ 23% ʧʦʞʥʠʚʥʳʭ ʦʩʪʘʪʢʦʚ. ɺʳʩʦʪʘ ʛʨʝʙʥʝʡ ʧʦʩʣʝ ʧʨʦʭʦʜʘ ʘʛʨʝʛʘʪʘ 

ʩʦʩʪʘʚʣʷʣʘ 4,6 ʩʤ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʘʛʨʦʪʝʭʥʠʯʝʩʢʠʤ ʪʨʝʙʦʚʘʥʠʷʤ ʥʘ ʦʩʥʦʚʥʫʶ ʦʙʨʘʙʦʪʢʫ 

ʧʦʯʚʳ. ʂʦʣʠʯʝʩʪʚʦ ʢʦʤʢʦʚ ʨʘʟʤʝʨʦʤ ʩʚʳʰʝ 100 ʤʤ ʩʦʩʪʘʚʠʣʦ 4%, ʧʦʯʚʝʥʥʳʝ ʬʨʘʢʮʠʠ 

ʨʘʟʤʝʨʦʤ ʤʝʥʝʝ 1 ʤʤ ʦʪʩʫʪʩʪʚʦʚʘʣʠ. ɿʘʣʠʧʘʥʠʝ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʧʦʯʚʦʡ ʠ ʟʘʙʠʚʘʥʠʝ 

ʨʘʩʪʠʪʝʣʴʥʳʤʠ ʦʩʪʘʪʢʘʤʠ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ.  

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʟʘʜʝʣʢʘ ʩʠʜʝʨʘʪʦʚ ʠʟ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʪʨʘʚʦʩʪʦʷ ʚ ʚʝʨʭʥʠʡ ʩʣʦʡ ʧʦʯʚʳ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʚʳʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʚ ʧʦʯʚʝ ʛʫʤʫʩʘ, ʬʦʩʬʦʨʘ, ʢʘʣʠʷ ʠ ʘʟʦʪʘ. ɺ 2015ï2017 

ʛʛ. ʧʦʩʪʘʚʣʝʥ ʦʧʳʪ ʧʦ ʟʘʜʝʣʢʝ ʚ ʧʦʯʚʫ ʩʦʝʚʦïʦʚʩʷʥʦʡ ʩʤʝʩʠ (ʊʘʙʣʠʮʘ 3). 
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ʊʘʙʣʠʮʘ 3. 

ʀɿʄɽʅɽʅʀɽ ʉʆɼɽʈɾɸʅʀʗ ʇʀʊɸʊɽʃʔʅʓʍ ɺɽʑɽʉʊɺ ɺ ʇʆʏɺɽ 

ʇʠʪʘʪʝʣʴʥʳʝ ʚʝʱʝʩʪʚʘ 

ʊʨʘʜʠʮʠʦʥʥʘʷ 

ʦʙʨʘʙʦʪʢʘ ʧʦʯʚʳ (ʙʝʟ 

ʟʘʜʝʣʢʠ ʩʠʜʝʨʘʪʦʚ) 

ʆʙʨʘʙʦʪʢʘ ʧʦʯʚʳ ʩ 

ʟʘʜʝʣʢʦʡ ʩʠʜʝʨʘʪʦʚ 

ʉʪʝʧʝʥʴ 

ʠʟʤʝʥʝʥʠʷ 

ɻʫʤʫʩ, % 2, 6 2,7 1,04 

ʅʠʪʨʘʪʳ ʘʟʦʪʘ 4,97 7,35 1,48 

ʇʦʜʚʠʞʥʳʡ ʬʦʩʬʦʨ, ʤʛ/ʢʛ 78,5 88,0 1,12 

ʇʦʜʚʠʞʥʳʡ ʢʘʣʠʡ, ʤʛ/ʢʛ 200,0 234,7 1,18 

 

ʀʟ ʜʘʥʥʳʭ ʊʘʙʣʠʮʳ 3 ʚʠʜʥʦ, ʯʪʦ ʟʘʜʝʣʢʘ ʩʠʜʝʨʘʪʦʚ (ʩʦʝʚʦïʦʚʩʷʥʦʡ ʩʤʝʩʠ) 

ʨʦʪʘʮʠʦʥʥʳʤʠ ʨʘʙʦʯʠʤʠ ʦʨʛʘʥʘʤʠ ʩ ʧʨʠʚʦʜʦʤ ʦʪ ɺʆʄ ʪʨʘʢʪʦʨʘ ʚ ʚʝʨʭʥʠʡ ʩʣʦʡ ʧʦʯʚʳ ʚ 

ʪʝʯʝʥʠʝ ʪʨʝʭ ʣʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʣʘ ʧʦʚʳʰʝʥʠʶ ʩʦʜʝʨʞʘʥʠʷ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʚ ʧʦʯʚʝ: 

ʛʫʤʫʩʘ ʚ 1,04 ʨʘʟʘ, ʧʦʜʚʠʞʥʦʛʦ ʬʦʩʬʦʨʘ ʚ 1,12 ʨʘʟ, ʦʙʤʝʥʥʦʛʦ ʢʘʣʠʷ ʚ 1,18 ʨʘʟʘ, ʥʠʪʨʘʪʦʚ 

ʘʟʦʪʘ ʚ 1,48 ʨʘʟ. 

 

ɿʘʢʣʶʯʝʥʠʝ 

ʇʝʨʩʧʝʢʪʠʚʘ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ ʨʦʪʘʮʠʦʥʥʳʤʠ ʨʘʙʦʯʠʤʠ ʦʨʛʘʥʘʤʠ ʩ ʧʨʠʚʦʜʦʤ ʦʪ ɺʆʄ 

ʪʨʘʢʪʦʨʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʷʜʦʤ ʘʛʨʦʪʝʭʥʠʯʝʩʢʠʭ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʧʨʝʠʤʫʱʝʩʪʚ, ʚ ʦʩʥʦʚʥʦʤ 

ʧʦʟʚʦʣʷʶʱʠʭ ʫʡʪʠ ʦʪ ʛʣʫʙʦʢʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ: 

ïʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ (ʧʘʭʦʪʥʳʡ ʠʣʠ ʬʨʝʟʝʨʥʳʡ), ʟʘ 

ʦʜʠʥ ʧʨʦʭʦʜ ʚʦʟʤʦʞʥʦ ʦʙʝʩʧʝʯʠʚʘʪʴ ʦʩʥʦʚʥʫʶ ʦʙʨʘʙʦʪʢʫ ʩ ʟʘʜʝʣʢʦʡ ʟʝʣʝʥʦʡ ʤʘʩʩʳ ʚ 

ʚʝʨʭʥʠʡ ʩʣʦʡ ʧʦʯʚʳ ʠʣʠ ʧʨʝʜʧʦʩʝʚʥʫʶ ʧʦʜʛʦʪʦʚʢʫ ʧʦʯʚʳ; 

ïʨʦʪʘʮʠʦʥʥʘʷ ʦʙʨʘʙʦʪʢʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʘʠʣʫʯʰʫʶ ʩʪʨʫʢʪʫʨʫ ʠ ʦʧʪʠʤʘʣʴʥʦʝ ʩʣʦʞʝʥʠʝ 

ʦʙʨʘʙʦʪʘʥʥʦʛʦ ʩʣʦʷ ʧʦʯʚʳ, ʚ ʥʝʡ ʘʢʪʠʚʥʝʝ ʧʨʦʪʝʢʘʶʪ ʦʙʤʝʥʥʳʝ ʧʨʦʮʝʩʩʳ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʧʦʣʫʯʝʥʠʶ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʫʨʦʞʘʝʚ. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʦʜʥʦïʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʩʝʨʦʟʝʤʥʦïʣʫʛʦʚʳʭ 

ʧʦʯʚ, ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʠ ʚʦʜʥʳʡ ʨʝʞʠʤ ʧʦʯʚ. ʉ ʧʦʟʠʮʠʠ ʵʥʝʨʛʝʪʠʢʠ 

ʧʦʯʚʦʦʙʨʘʟʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʘʥʥʳʝ ʬʠʪʦʧʨʦʜʫʢʪʠʚʥʦʩʪʠ, ʩʦʩʪʘʚʣʝʥ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ 

ʙʘʣʘʥʩ ʘʛʨʦʬʠʪʦʮʝʥʦʟʘ ʦʟʠʤʦʛʦ ʷʯʤʝʥʷ, ʣʶʮʝʨʥʳ ʠ ʭʣʦʧʯʘʪʥʠʢʘ, ʚʳʷʚʣʝʥʘ ʚʝʣʠʯʠʥʘ 

ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʙʘʣʘʥʩʘ ʠ ʧʦʣʥʦʪʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʜʠʘʮʠʦʥʥʦʡ ʵʥʝʨʛʠʠ ʘʛʨʦʬʠʪʦʮʝʥʦʟʘʤʠ 

ʚ ʘʨʠʜʥʳʭ ʫʩʣʦʚʠʷʭ ʉʘʣʴʷʥʩʢʦʡ ʩʪʝʧʠ ɸʟʝʨʙʘʡʜʞʘʥʘ.  

ʇʨʦʚʝʜʝʥʘ ʢʘʢ ʤʥʦʞʝʩʪʚʝʥʥʘʷ, ʪʘʢ ʠ ʧʘʨʥʘʷ ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ 

ʧʨʠʨʦʩʪʦʤ ʨʘʩʪʠʪʝʣʴʥʦʡ ʤʘʩʩʳ, ʨʘʜʠʘʮʠʦʥʥʳʤ ʙʘʣʘʥʩʦʤ ʠ ʚʣʘʞʥʦʩʪʴʶ ʧʦʯʚ ʠ ʚ 

ʦʪʜʝʣʴʥʦʩʪʠ. 

 

Abstract. Depending on waterïphysical characters of the greyïmeadow soils in Salyan plain 

possessing arid climatic condition of Azerbaijan, the temperature and water regime has been 

analyzed in the article. The productivity of the barley, lucerne and cotton plants was investigated 

from the soil formation energetics standpoint, an energy balance was compiled, a radiation balance 

and plants utilization from the sun energy was quantitatively evaluated.  

The multinomial and separately two-nominal relation dependence was obtained among the 

plant productivity, radiation balance and soil humidity. 
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ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ, ʛʫʤʫʩ. 
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ɿʝʤʣʷ, ʢʘʢ ʥʝʦʪʲʝʤʣʝʤʘʷ ʯʘʩʪʴ ʧʨʠʨʦʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʠʩʪʦʯʥʠʢʦʤ 

ʵʥʝʨʛʠʠ ʠ ʤʘʪʝʨʠʘʣʴʥʦʛʦ ʙʣʘʛʦʧʦʣʫʯʠʷ ʯʝʣʦʚʝʯʝʩʪʚʘ. ɼʘʣʴʥʝʡʰʠʡ ʨʦʩʪ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʧʨʦʜʫʢʪʦʚ ʚʦʟʤʦʞʝʥ ʣʠʰʴ ʧʨʠ ʧʨʘʚʠʣʴʥʦʤ, ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʦʤ ʠ 

ʨʝʥʪʘʙʝʣʴʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʟʝʤʣʠ ð ʦʩʥʦʚʥʦʛʦ ʩʨʝʜʩʪʚʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ ʚʝʜʝʥʠʠ ʩʝʣʴʩʢʦʛʦ 

ʭʦʟʷʡʩʪʚʘ. ʇʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ ʠ ʛʣʫʙʦʢʦ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ, 

ʢʦʪʦʨʳʝ ʚʣʠʷʶʪ ʥʘ ʚʩʝ ʩʪʦʨʦʥʳ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ʈʘʮʠʦʥʘʣʴʥʘʷ ʠʥʪʝʥʩʠʬʠʢʘʮʠʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʩʧʦʩʦʙʥʘʷ 

ʦʙʝʩʧʝʯʠʪʴ ʧʣʦʜʦʨʦʜʠʝ ʧʦʯʚ ʠ ʧʦʣʫʯʝʥʠʝ ʩʪʘʙʠʣʴʥʦʛʦ ʠ ʫʩʪʦʡʯʠʚʦʛʦ ʫʨʦʞʘʝʚ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʛʣʦʙʘʣʴʥʫʶ ʧʨʦʙʣʝʤʫ ʥʘʰʝʛʦ ʚʨʝʤʝʥʠ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʨʝʩʫʨʩʦʚ ʙʠʦʩʬʝʨʳ ʚ ʩʚʷʟʠ ʩ ʝʞʝʜʥʝʚʥʳʤ ʠʟʤʝʥʝʥʠʝʤ ʝʛʦ 

ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʢʘʢ ʨʘʩʪʠʪʝʣʴʥʦʛʦ, ʪʘʢ ʠ ʞʠʚʦʪʥʦʛʦ ʤʠʨʘ, ʠʩʯʝʟʥʦʚʝʥʠʝʤ ʦʜʥʠʭ ʠ 

ʧʦʷʚʣʝʥʠʝʤ ʠʥʳʭ ʞʠʚʳʭ ʩʫʱʝʩʪʚ, ʦʪ ʧʨʦʩʪʝʡʰʠʭ ʜʦ ʚʳʩʰʠʭ, ʘ ʪʘʢʞʝ ʧʨʷʤʦʣʠʥʝʡʥʦʝ 

ʫʚʝʣʠʯʝʥʠʝ ʯʠʩʣʝʥʥʦʩʪʠ ʥʘʩʝʣʝʥʠʷ ʇʣʘʥʝʪʳ, ʩʧʦʩʦʙʩʪʚʫʶʱʝʡ ʦʙʦʩʪʨʝʥʠʶ ʧʨʦʙʣʝʤʳ 

ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ ʠ ʫʩʠʣʠʚʘʶʱʘʷ ʥʘʛʨʫʟʢʘ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʧʨʠʦʙʨʝʣʘ ʦʩʦʙʫʶ 

ʘʢʪʫʘʣʴʥʦʩʪʴ ʠ ʚ ʥʘʰʠ ʜʥʠ [1]. 

ʇʨʦʙʣʝʤʳ ʫʩʪʦʡʯʠʚʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʥʘʟʝʤʥʳʭ ʵʢʦʩʠʩʪʝʤ ʷʚʣʷʷʩʴ ʥʘʩʫʱʥʦʡ, ʚ 

ʩʦʩʪʘʚʥʫʶ ʯʘʩʪʴ ʢʦʪʦʨʦʛʦ ʚʭʦʜʠʪ ʦʧʨʝʜʝʣʝʥʠʝ ʜʝʡʩʪʚʠʪʝʣʴʥʦʡ ʠ ʧʦʪʝʥʮʠʘʣʴʥʦ ʚʦʟʤʦʞʥʦʡ 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʨʘʩʪʠʪʝʣʴʥʳʭ ʩʦʦʙʱʝʩʪʚ ʢʘʢ ʚ ʮʝʣʷʭ ʠʭ ʥʘʠʙʦʣʝʝ 

ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʩʦʭʨʘʥʝʥʠʷ, ʪʘʢ ʠ ʜʣʷ ʫʩʚʦʝʥʠʷ ʧʨʠʭʦʜʷʱʠʭ ʢ ʟʝʤʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʜʠʘʮʠʦʥʥʳʭ ʨʝʩʫʨʩʦʚ ʧʨʠʨʦʜʥʳʤʠ ʠ ʢʫʣʴʪʫʨʥʳʤʠ ʙʠʦʛʝʦʮʝʥʦʟʘʤʠ.  

 

ʆʙʲʝʢʪ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʩʝʨʦʟʝʤʥʦïʣʫʛʦʚʳʭ ʧʦʯʚʘʭ ʅʝʬʪʝʯʘʣʠʥʩʢʦʛʦ ʨʘʡʦʥʘ, 

ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʚ ʉʘʣʴʷʥʩʢʦʡ ʩʪʝʧʠ, ʚʭʦʜʷʱʝʡ ʚ ʂʫʨʘïɸʨʘʢʩʠʥʩʢʫ ʁʥʠʟʤʝʥʥʦʩʪʴ ʠ 

ʛʨʘʥʠʯʘʱʝʡ ʩ ʟʘʧʘʜʘ ʩ ʨ. ɸʢʢʫʰʘ, ʩ ʚʦʩʪʦʢʘ ð ʩ ʂʘʩʧʠʡʩʢʠʤ ʤʦʨʝʤ ʠ ʩ ʩʝʚʝʨʘ ð ʩ ʂʳʟʳʣï

ɸʛʘʯʩʢʠʤ ʟʘʣʠʚʦʤ, ʦʙʱʝʡ ʧʣʦʱʘʜʴʶ 149 ʪʳʩ ʛʘ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ 46 ʪʳʩ ʛʘ ʧʨʠʭʦʜʠʪʴʩʷ ʥʘ 

ʜʦʣʶ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʥʘʩʘʞʜʝʥʠʡ.  

ʊʝʨʨʠʪʦʨʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʘʣʣʶʚʠʘʣʴʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ ʨʝʢ ʠ ʤʦʨʩʢʠʭ ʦʪʣʦʞʝʥʠʡ IV 

ʧʝʨʠʦʜʘ ʂʘʡʥʦʟʦʷ. ʈʝʣʴʝʬ ʤʝʩʪʥʦʩʪʠ ʨʘʚʥʠʥʥʳʡ ʠ ʚʦʟʚʳʰʘʝʪʩʷ ʦʪ 26 ʤ ʜʦ 200 ʤ ʥʘʜ 

ʫʨʦʚʥʝʤ ʤʦʨʷ. 

ʂʣʠʤʘʪ ʧʦʣʫʧʫʩʪʳʥʥʳʡ ʠ ʩʫʭʦʩʪʝʧʥʦʡ ʩ ʞʘʨʢʠʤ ʩʫʭʠʤ ʣʝʪʦʤ. ʉʨʝʜʥʷʷ ʪʝʤʧʝʨʘʪʫʨʘ 

ʚʦʟʜʫʭʘ 14,6 Áʉ, ʩʨʝʜʥʷʷ ʪʝʤʧʝʨʘʪʫʨʘ ʩʘʤʦʛʦ ʞʘʨʢʦʛʦ ʤʝʩʷʮʘ 26,2ï26,4 Áʉ (ʠʶʣʴïʘʚʛʫʩʪ), 

ʩʘʤʦʛʦ ʭʦʣʦʜʥʦʛʦ ʤʝʩʷʮʘ 2,2ï4,0 Áʉ (ʷʥʚʘʨʴïʬʝʚʨʘʣʴ). ʉʨʝʜʥʝʤʥʦʛʦʣʝʪʥʝʝ ʢʦʣʠʯʝʩʪʚʦ 

ʦʩʘʜʢʦʚ 187ï309 ʤʤ, ʘ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʫʚʣʘʞʥʝʥʥʦʩʪʴ 62ï81% [2]. 

ʇʦʯʚʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʝʨʦʟʝʤʥʦïʣʫʛʦʚʳʤʠ, ʣʫʛʦʚʦïʩʝʨʦʟʝʤʥʳʤʠ, ʣʫʛʦʚʦïʙʦʣʦʪʥʳʤʠ, 

ʩʦʣʦʥʯʘʢʘʤʠ ʠ ʧʝʩʢʘʤʠ ʠ ʧʦ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʛʣʠʥʠʩʪʳʤʠ, 

ʩʫʛʣʠʥʠʩʪʳʤʠ ʠ ʩʫʧʝʩʯʘʥʳʤʠ ʬʨʘʢʮʠʷʤʠ. ʂʦʣʠʯʝʩʪʚʦ ʛʫʤʫʩʘ ʢʦʣʝʙʣʝʪʩʷ 1,2ï2,8%, 

ʧʦʩʪʝʧʝʥʥʦ ʧʦʥʠʞʘʷʩʴ ʢ ʥʠʞʥʠʤ ʛʦʨʠʟʦʥʪʘʤ. 

ʈʝʘʢʮʠʷ ʩʨʝʜʳ ʨʅ ʦʨʦʰʘʝʤʳʭ ʩʝʨʦʟʝʤʥʦïʣʫʛʦʚʳʭ ʧʦʯʚ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʱʝʣʦʯʥʫʶ ʩʨʝʜʫ, ʩʦʩʪʘʚʣʷʷ ʚ ʧʘʭʦʪʥʦʤ ʩʣʦʝ (0ï25 ʩʤ) 8,0, ʧʦʥʠʞʘʷʩʴ ʥʘ 25ï50 

ʩʤ ʩʣʦʝ ʜʦ 7,4ï7,6. ʉʘʉʆ3 ʪʘʢʞʝ ʧʦʜʚʝʨʛʘʝʪʩʷ ʠʟʤʝʥʝʥʠʶ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʛʣʫʙʠʥʳ ʦʪ 20,14 ʜʦ 

23,14%, (ʩʨʝʜʥʝïʢʘʨʙʦʥʘʪʥʳʝ ʧʦʯʚʳ) [3]. 

ʇʦ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʩʝʨʦʟʝʤʥʦïʣʫʛʦʚʳʝ ʧʦʯʚʳ ʩʨʝʜʥʝʩʫʛʣʠʥʠʩʪʳʝ, ʩ 

ʩʦʜʝʨʞʘʥʠʝʤ ʬʠʟʠʯʝʩʢʦʡ ʛʣʠʥʳ 47,60ï47,84%. 

ɺ ʢʦʤʧʣʝʢʩʝ ʧʦʛʣʦʱʝʥʥʳʭ ʦʩʥʦʚʘʥʠʡ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʜʦʤʠʥʠʨʫʝʪ ʉa (69ï75%), Mg 

ʥʝʩʢʦʣʴʢʦ ʥʠʞʝ (21ï24%), ʘ ʧʦʢʘʟʘʪʝʣʠ Nʘ ʩʦʩʪʘʚʣʷʶʪ 1,11ï1,17% ʦʪ ʩʫʤʤʳ, ʚ ʚʝʨʭʥʝʤ ʩʣʦʝ 
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(0ï25 ʩʤ) ʩʦʦʪʚʝʪʩʪʚʫʷ 3,99% ð ʥʝʩʦʣʦʥʮʝʚʘʪʳʝ, ʘ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʛʣʫʙʠʥʳ 25ï50 ʩʤ 

ʜʦʩʪʠʛʘʝʪ ʜʦ 6,61% ð ʩʣʘʙʦ ʩʦʣʦʥʮʝʚʘʪʳʝ. ʉʫʤʤʘ ʧʦʛʣʦʱʝʥʥʳʭ ʦʩʥʦʚʘʥʠʡ ʚ ʢʦʤʧʣʝʢʩʝ 

27,79ï28,79 ʤʛ/ʵʢʚ. ʠ ʦʮʝʥʠʚʘʶʪʩʷ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʤ (ʊʘʙʣʠʮʘ 1). 

 

ʊʘʙʣʠʮʘ 1.  

ʅɽʂʆʊʆʈʓɽ ɼʀɸɻʅʆʉʊʀʏɽʉʂʀɽ ʇʆʂɸɿɸʊɽʃʀ  

ʉɽʈʆɿɽʄʅʆïʃʋɻʆɺʓʍ ʇʆʏɺ ʉɸʃʔʗʅʉʂʆʁ ʉʊɽʇʀ 

ɺʠʜʳ 

ʢʫʣʴʪʫʨ 

ɻʣʫʙʠʥʘ, 

ʩʤ 

ɻʫʤʫʩ, 

% 

pH CaCO3, 

% 

ʇʦʛʣʦʱʝʥʥʳʝ ʦʩʥʦʚʘʥʠʷ 

ʤʛ/ʵʢʚ. % 

Ca Mg Na ʉʫʤʤʘ Ca Mg Na 

ʗʯʤʝʥʴ 0ï25 2,83 7,4 19,71 19,16 7,52 1,11 27,79 68,95 27,06 3,99 

25ï50 2,68 7,8 22,23 20,31 7,31 1,17 28,79 68,0 25,39 6,61 

ʍʣʦʧʯʘʪʥʠʢ 0ï25 2,68 8,0 20,25 17,76 10,71 1,21 29,68 59,84 36,08 4,08 

25ï50 2,51 8,1 23,14 16,52 8,22 1,48 26,22 63,01 31,35 5,64 

ʃʶʮʝʨʥʘ 0ï25 2,85 7,2 21,22 22,00 7,17 1,12 30,29 72,63 23,60 3,77 

25ï50 2,72 7,6 24,20 25,21 6,11 1,41 32,73 77,02 18,67 4,31 

 

ʊʝʧʣʦʚʦʡ ʨʝʞʠʤ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ ʨʦʩʪ ʠ ʨʘʟʚʠʪʠʝ ʨʘʩʪʝʥʠʡ. ʀʥʪʝʨʚʘʣʳ 

ʪʝʤʧʝʨʘʪʫʨ ʧʨʦʠʟʨʘʩʪʘʥʠʷ ʩʝʤʷʥ ʢʫʣʴʪʫʨʥʳʭ ʨʘʩʪʝʥʠʡ, ʝʛʦ ʥʘʯʘʣʴʥʘʷ ʩʪʘʜʠʷ ʨʘʟʚʠʪʠʷ, 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʥʘ ʪʝʩʥʫʶ ʩʚʷʟʴ ʩ ʪʝʧʣʦʚʳʤʠ ʫʩʣʦʚʠʷʤʠ. ʆʪ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʯʚ ʪʘʢʞʝ 

ʟʘʚʠʩʠʪ ʨʘʩʪʚʦʨʝʥʠʝ ʤʠʥʝʨʘʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʚʦʜʝ, ʦʩʚʦʝʥʠʝ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʠ 

ʚʣʘʛʠ ʨʘʩʪʝʥʠʷʤʠ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʠʩʪʦʯʥʠʢʦʤ ʞʠʟʥʠ ʥʘ ɿʝʤʣʝ ʷʚʣʷʝʪʩʷ ʩʦʣʥʝʯʥʘʷ ʵʥʝʨʛʠʷ. ɿʝʤʥʘʷ 

ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʣʫʯʘʝʪ ʧʨʠʤʝʨʥʦ 15Ĭ1017 ʢʢʘʣ ʵʥʝʨʛʠʠ, ʯʪʦ ʫʩʪʫʧʘʝʪ ʢʦʣʠʯʝʩʪʚʫ ʵʥʝʨʛʠʠ, 

ʦʪʨʘʞʝʥʥʦʡ ʦʪ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʨʘʩʩʝʷʥʥʦʡ ʘʪʤʦʩʬʝʨʦʡ. ʕʪʘ ʵʥʝʨʛʠʷ ʚ ʦʩʥʦʚʥʦʤ 

ʠʛʨʘʝʪ ʟʥʘʯʠʪʝʣʴʥʫʶ ʨʦʣʴ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʛʫʤʫʩʘ ʠ ʦʨʛʘʥʠʯʝʩʢʦʡ ʯʘʩʪʠ ʧʦʯʚ, ʷʚʣʷʶʱʠʭʩʷ 

ʦʩʥʦʚʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʧʣʦʜʦʨʦʜʠʷ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘ ɿʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʝʟʥʦʡ ʜʣʷ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ, ʷʚʣʷʝʪʩʷ 12Ĭ1018 ʢʢʘʣ ʵʥʝʨʛʠʠ, ʘʢʢʫʤʫʣʠʨʦʚʘʥʥʦʡ ʚ ʧʦʯʚʝ. ʈʘʩʪʝʥʠʝ ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ ʠʩʧʦʣʴʟʫʝʪ ʣʠʰʴ 25ï30% ʦʪ ʚʩʝʡ ʧʦʩʪʫʧʘʶʱʝʡ ʥʘ ɿʝʤʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʩʦʣʥʝʯʥʦʡ 

ʵʥʝʨʛʠʠ. 

ʊʝʤʧʝʨʘʪʫʨʘ ʧʦʯʚʝʥʥʳʭ ʛʦʨʠʟʦʥʪʦʚ ʭʘʨʘʢʪʝʨʠʟʫʷ ʪʝʧʣʦʦʙʝʩʧʝʯʝʥʥʦʩʪʴ ʧʦʯʚ, ʚʳʩʪʫʧʘʝʪ 

ʢʘʢ ʦʩʥʦʚʥʦʡ ʧʦʢʘʟʘʪʝʣʴ ʝʛʦ ʪʝʧʣʦʚʦʛʦ ʨʝʞʠʤʘ. ʋʩʪʘʥʦʚʣʝʥʘ ʛʨʘʜʘʮʠʷ ʧʨʦʠʟʨʘʩʪʘʥʠʷ ʩʝʤʷʥ 

ʟʝʨʥʦʚʳʭ ʢʫʣʴʪʫʨ min. 0ï5 ÁC, optimum 25ï31Áʉ, max. 31ï37 ÁC, ʜʣʷ ʭʣʦʧʯʘʪʥʠʢʘ min 12ï

24 Áʉ, optimum 37ï44 Áʉ ʠ max 44ï50 Áʉ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʨʦʧʠʯʝʩʢʦʤʫ ʠ ʩʫʙʪʨʦʧʠʯʝʩʢʦʤʫ 

ʧʦʷʩʫ [4]. 

ʇʦʜ ʪʝʧʣʦʚʳʤ ʨʝʞʠʤʦʤ ʧʦʜʨʘʟʫʤʝʚʘʝʪʩʷ ʩʦʚʦʢʫʧʥʦʩʪʴ ʧʦʩʪʫʧʘʶʱʝʡ, ʨʘʩʩʝʷʥʥʦʡ ʠ 

ʦʪʨʘʞʝʥʥʦʡ ʦʪ ʧʦʜʩʪʠʣʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʵʥʝʨʛʠʠ. ʆʥ ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝʤ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʨʘʟʣʠʯʥʳʭ ʩʣʦʷʭ ʧʦʯʚʳ ʠ ʚʨʝʤʝʥʠ ʩʫʪʦʢ ʠ ʚʝʛʝʪʘʮʠʠ ʨʘʩʪʝʥʠʡ. 

ʉʨʝʜʥʝʛʦʜʦʚʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʟʘ 2014ï2015 ʛʛ. ʩʦʩʪʘʚʠʣʘ 15,9 Áʉ, ʘ ʚ 2016 ʛ. ð 

18,2 Áʉ.  

ʄʘʢʩʠʤʘʣʴʥʳʝ ʠ ʤʠʥʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚ 2014 ʛ ʩʦʩʪʘʚʠʣʠ 29,7 Áʉ ʠ 

3,0 Áʉ; ʚ 2015 ʛ. ð 37,5 Áʉ (04.08) ʠ 6,4 Áʉ (24.02); ʚ 2016 ʛ. ð 28,1Áʉ (22.08) ʠ 4,7 Áʉ (08.02). 

ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʚʣʘʞʥʦʩʪʴ ʚʦʟʜʫʭʘ ʚ 2014 ʛ. ð 76%, ʧʨʠ ʵʪʦʤ max ð 98% (28.11), min 

ð48% (22.07); 2015 ʛ. ð 78%, ʤʘʭ ð 95% (22.12), min ð 42% (25.07); 2016 ʛ. ð 74%, ʤʘʭ ð 

96% (14.02), min ð 39% (19.08).  

ʂʦʣʠʯʝʩʪʚʦ ʦʩʘʜʢʦʚ ʩʦʛʣʘʩʥʦ ʧʦ ʛʦʜʘʤ ʩʦʩʪʘʚʠʣʦ 296,2 ʤʤ, 301,3 ʤʤ ʠ 198,5 ʤʤ (ʟʘ Iï

IX). 
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ʆʜʥʦʡ ʠʟ ʟʘʢʦʥʦʚ ʘʪʤʦʩʬʝʨʳ, ʵʪʦ ʥʘʛʨʝʚʘʥʠʝ ʪʨʦʧʦʩʬʝʨʳ ʦʪ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʥʘ 

ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʧʨʝʚʦʩʭʦʜʩʪʚʦ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʯʚ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʚ ʩʦʙʩʪʚʝʥʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ. 

ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʈʠʩʫʥʢʘ 1 ʨʘʟʥʠʮʘ ʤʝʞʜʫ ʪʝʤʧʝʨʘʪʫʨʦʡ ʚʦʟʜʫʭʘ ʠ ʧʦʯʚʦʡ ʚ ʟʠʤʥʠʝ 

ʚʨʝʤʝʥʘ ʩʦʩʪʘʚʣʷʶʪ 0,8ï1,0 Áʉ, ʘ ʚ ʣʝʪʥʠʝ ʩʝʟʦʥʳ 8ï10 Áʉ. ɽʩʣʠ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʯʚʳ ʟʠʤʦʡ 

ʩʦʩʪʘʚʣʷʝʪ 4,4ï4,2 Áʉ, ʪʦ ʚ ʣʝʪʥʠʝ ʩʝʟʦʥʳ ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 34ï35 Áʉ. 

 

 
 

ʈʠʩʫʥʦʢ 1. ɻʦʜʦʚʦʡ ʭʦʜ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʠ ʧʦʯʚʳ. 

 

ɼʣʷ ʮʝʣʝʩʦʦʙʨʘʟʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʯʚ ʠ ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʠʭ ʠ ʫʩʪʦʡʯʠʚʳʭ ʫʨʦʞʘʝʚ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʧʨʦʜʫʢʮʠʠ ʥʝʦʙʭʦʜʠʤʦ ʧʨʘʚʠʣʴʥʦʝ ʫʨʝʛʫʣʠʨʦʚʘʥʠʝ ʚʦʜʥʦʛʦ ʨʝʞʠʤʘ 

ʧʦʯʚ. ʇʦʜ ʚʦʜʥʳʤ ʨʝʞʠʤʦʤ ʧʦʜʨʘʟʫʤʝʚʘʝʪʩʷ ʩʦʚʦʢʫʧʥʦʩʪʴ ʚʩʝʡ ʧʦʩʪʫʧʘʶʱʝʡ ʚʣʘʛʠ ʚ ʧʦʯʚʫ, 

ʝʛʦ ʤʠʛʨʘʮʠʷ, ʟʘʜʝʨʞʠʚʘʥʠʝ ʚ ʧʦʯʚʝʥʥʳʭ ʛʦʨʠʟʦʥʪʘʭ ʠ ʨʘʩʭʦʜ. ʀʩʪʦʯʥʠʢʦʤ ʚʣʘʛʠ ʚ ʧʦʯʚʘʭ 

ʷʚʣʷʶʪʩʷ ʘʪʤʦʩʬʝʨʥʳʝ ʦʩʘʜʢʠ, ʧʦʩʪʫʧʣʝʥʠʝ ʚʦʜʳ ʠʟ ʥʠʞʝʣʝʞʘʱʠʭ ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʠ 

ʦʨʦʰʝʥʠʝ. ʇʦʩʪʫʧʘʶʱʘʷ ʚ ʧʦʯʚʫ ʚʦʜʘ ʥʘʭʦʜʷʩʴ ʚ ʧʦʩʪʦʷʥʥʦʤ ʜʚʠʞʝʥʠʠ, ʧʦʛʣʦʱʘʝʪʩʷ 

ʨʘʩʪʝʥʠʷʤʠ, ʠʩʧʘʨʷʝʪʩʷ ʠ ʤʠʛʨʠʨʫʝʪ ʚ ʥʠʞʥʠʝ ʩʣʦʠ ʧʦʯʚʳ. 

ɺ ʠʩʩʣʝʜʫʝʤʳʭ ʧʦʯʚʘʭ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʝʛʝʪʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ ʨʘʩʪʝʥʠʡ, ʚʣʘʞʥʦʩʪʴ 

ʧʦʯʚʳ ʠʟʤʝʥʷʝʪʩʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʦʨʦʰʝʥʠʷ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʧʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʧʦʣʠʚʦʚ, 

ʚʣʘʞʥʦʩʪʴ ʧʦʯʚʳ ʚ ʧʘʭʦʪʥʦʤ ʩʣʦʝ ʩʦʩʪʘʚʠʣʘ 22ï24%, ʘ ʚ ʟʘʩʫʰʣʠʚʳʝ ʧʝʨʠʦʜʳ 10ï11%. ɺ 

ʟʠʤʥʠʝ ʧʝʨʠʦʜʳ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʥʠʞʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ, ʫʤʝʥʴʰʘʝʪʩʷ ʠ ʠʩʧʘʨʝʥʠʝ, ʚ ʩʚʷʟʠ ʩ 

ʯʝʤ ʚʣʘʞʥʦʩʪʴ ʧʦʯʚʳ ʩʦʩʪʘʚʠʣʘ 26ï28%.  

ɿʝʤʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ, ʷʚʣʷʷʩʴ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʧʨʠʨʦʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʠ 

ʠʩʪʦʯʥʠʢʦʤ ʵʥʝʨʛʠʠ, ʪʘʢʞʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʦʮʠʘʣʴʥʳʡ ʫʨʦʚʝʥʴ ʦʙʱʝʩʪʚʘ. ʇʨʠ ʵʪʦʤ 

ʚʳʷʚʣʝʥʠʝ ʧʦʩʪʫʧʘʶʱʝʡ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ, ʝʛʦ ʧʦʪʨʝʙʣʝʥʠʝ ʘʛʨʦʬʠʪʦʮʝʥʦʟʘʤʠ, 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʫʩʪʘʥʦʚʣʝʥʠʝ ʟʘʧʘʩʦʚ ʥʝʠʩʧʦʣʴʟʦʚʘʥʥʦʡ ʵʥʝʨʛʠʠ ʠ ʝʛʦ ʟʘʧʘʩʦʚ, ʘ ʪʘʢʞʝ 

ʩʦʩʪʘʚʣʝʥʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʙʘʣʘʥʩʘ ʠ ʦʮʝʥʢʘ ʩ ʧʦʟʠʮʠʠ ʵʥʝʨʛʝʪʠʢʠ ʧʦʯʚʦʦʙʨʘʟʦʚʘʥʠʷ, 

ʠʤʝʝʪ ʦʛʨʦʤʥʦʝ ʟʥʘʯʝʥʠʝ. 

ʂ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʵʥʝʨʛʝʪʠʢʠ ʧʦʯʚʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʧʦʯʚʝʥʥʦïʢʣʠʤʘʪʠʯʝʩʢʠʭ 

ʟʦʥʘʭ, ʘ ʪʘʢʞʝ ʧʦʜʩʪʠʣʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʧʦʩʚʷʱʝʥʦ ʜʦʩʪʘʪʦʯʥʦ ʨʘʙʦʪ [5]. 

0,0

5,0

10,0

15,0

20,0

25,0

30,0

35,0

40,0

Y
a

n
v
a
r,

 2
0

1
4

F
e

v
ra

l,
 2

0
1

4

M
a
rt

, 
2

0
1

4

A
p

re
l,
 2

0
1

4

M
a
y
, 
2

0
1
4

Ķ
y
u
n
,
 
2
0
1
4

Ķ
y
u
l
,
 
2
0
1
4

A
v
q

u
s
t,

 2
0
1

4

S
e
n
t
y
a
b
r
,
é

O
k
t
y
a
b
r
,
é

N
o

y
a

b
r,

 2
0
1

4

D
e

k
a
b

r,
 2

0
1

4

Y
a

n
v
a
r,

 2
0

1
5

F
e

v
ra

l,
 2

0
1

5

M
a
rt

, 
2

0
1

5

A
p

re
l,
 2

0
1

5

M
a
y
, 
2

0
1
5

Ķ
y
u
n
,
 
2
0
1
5

Ķ
y
u
l
,
 
2
0
1
5

A
v
q

u
s
t,

 2
0
1

5

S
e
n
t
y
a
b
r
,
é

O
k
t
y
a
b
r
,
é

N
o

y
a

b
r,

 2
0
1

5

D
e

k
a
b

r,
 2

0
1

5

Y
a

n
v
a
r,

 2
0

1
6

F
e

v
ra

l,
 2

0
1

6

M
a
rt

, 
2

0
1

6

A
p

re
l,
 2

0
1

6

M
a
y
, 
2

0
1
6

Ķ
y
u
n
,
 
2
0
1
6

Ķ
y
u
l
,
 
2
0
1
6

A
v
q

u
s
t,

 2
0
1

6

ʊ
ʝ
ʤ
ʧ
ʝ
ʨ
ʘ
ʪ
ʫ
ʨ
ʘ

, 
ÁC

ʊʝʤʧʝʨʘʪʫʨʘ ʧʦʯʚʳ 

ʊʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ 

http://www.bulletennauki.com/


 

 
ɹʶʣʣʝʪʝʥʴ ʥʘʫʢʠ ʠ ʧʨʘʢʪʠʢʠ ð Bulletin of Science and Practice

ʥʘʫʯʥʳʡ ʞʫʨʥʘʣ (scientific journal)   ʊ. 4. ̄ 5. 2018 ʛ. 
 http://www.bulletennauki.com  

 

 

 

 

142 

 

 

ʅʘ ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ ʦʩʦʙʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ ʧʨʠʦʙʨʝʪʘʝʪ ʧʨʦʙʣʝʤʘ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʨʝʩʫʨʩʦʚ ʙʠʦʩʬʝʨʳ, ʚ ʯʘʩʪʥʦʩʪʠ, ʦʧʨʝʜʝʣʝʥʠʝ ʜʝʡʩʪʚʠʪʝʣʴʥʦʡ ʠ ʧʦʪʝʥʮʠʘʣʴʥʦ ʚʦʟʤʦʞʥʦʡ 

ʧʝʨʚʠʯʥʦʡ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʬʠʪʦʮʝʥʦʟʦʚ, ʚ ʮʝʣʷʭ ʩʦʭʨʘʥʝʥʠʷ ʠ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʚʳʩʦʢʦʧʨʦʜʫʢʪʠʚʥʳʭ ʨʘʩʪʠʪʝʣʴʥʳʭ ʩʦʦʙʱʝʩʪʚ ʠ ʧʦʚʳʰʝʥʠʷ ʫʨʦʞʘʡʥʦʩʪʠ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ. 

ɺʳʷʚʣʝʥʠʝ ʦʩʥʦʚʥʳʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʠ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʘ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʠʥʪʝʨʝʩʘʭ ʥʘʠʙʦʣʝʝ ʨʘʮʠʦʥʘʣʴʥʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦʜʫʢʮʠʠ ɿʝʤʣʠ ʯʝʣʦʚʝʢʦʤ, ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʦʙʣʝʤ 

ʩʦʚʨʝʤʝʥʥʦʡ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʥʘʫʢʠ, ʨʝʰʝʥʠʝʤ ʢʦʪʦʨʦʡ ʟʘʥʠʤʘʣʠʩʴ ʤʥʦʛʠʝ ʩʦʚʝʪʩʢʠʝ ʠ 

ʟʘʨʫʙʝʞʥʳʝ ʫʯʝʥʳʝ [6]. 

ʅʘʨʷʜʫ ʩ ʵʪʠʤ ʜʠʥʘʤʠʢʘ ʬʠʪʦʤʘʩʩʳ ʘʛʨʦʬʠʪʦʮʝʥʦʟʦʚ ʠʟʫʯʝʥʘ ʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʝʥʴʰʝʡ 

ʩʪʝʧʝʥʠ. ʇʨʠ ʵʪʦʤ ʙʠʦʣʦʛʠʯʝʩʢʘʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʬʠʪʦï ʠ ʘʛʨʦʬʠʪʦʮʝʥʦʟʦʚ ʚ ʦʩʥʦʚʥʦʤ 

ʠʟʫʯʝʥʘ ʙʝʟ ʫʯʝʪʘ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ, ʦʩʥʦʚʥʦʝ ʫʩʠʣʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʙʳʣʘ 

ʥʘʧʨʘʚʣʝʥʘ ʠʟʫʯʝʥʠʶ ʢʨʫʛʦʚʦʨʦʪʘ ʚʝʱʝʩʪʚ ʚ ʙʠʦʛʝʦʮʝʥʦʟʝ. ʕʥʝʨʛʝʪʠʯʝʩʢʘʷ ʞʝ ʩʪʦʨʦʥʘ 

ʧʨʠʨʦʜʥʳʭ ʧʨʝʚʨʘʱʝʥʠʡ ʦʩʪʘʚʘʣʦʩʴ ʤʘʣʦ ʠʟʫʯʝʥʥʦʡ, ʭʦʪʷ ʥʘ ʚʘʞʥʦʩʪʴ ʜʘʥʥʦʛʦ ʚʦʧʨʦʩʘ 

ʫʢʘʟʘʣ ʝʱʝ ɼʦʷʨʝʥʢʦ ɸ. ɻ. [7]. ɺ ʦʩʥʦʚʥʦʤ ʵʥʝʨʛʝʪʠʢʘ ʧʦʯʚ, ʬʠʪʦï ʠ ʘʛʨʦʬʠʪʦʮʝʥʦʟʦʚ 

ʦʙʦʙʱʝʥʘ ʚ ʨʘʙʦʪʘʭ ɺʦʣʦʙʫʝʚʘ ɺ. ʈ. [8], ʂʝʨʠʤʦʚʘ ɸ. ʄ. [9].  

ʄʝʞʜʫ ʪʝʤ ʙʝʟ ʟʥʘʥʠʷ ʵʥʝʨʛʝʪʠʢʠ ʧʨʠʨʦʜʥʳʭ ʷʚʣʝʥʠʡ, ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʥʠʭ ʙʫʜʝʪ 

ʥʝʧʦʣʥʦʡ. ɸʢʘʜʝʤʠʢ ʌʝʨʩʤʘʥ ɸ. ɽ. ʧʠʩʘʣ: çʕʥʝʨʛʝʪʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʢ ʘʥʘʣʠʟʫ ʜʠʥʘʤʠʯʝʩʢʠ 

ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʧʨʦʮʝʩʩʦʚ ʧʨʠʨʦʜʳ ʷʚʣʷʝʪʩʷ ʢʦʥʝʯʥʦʡ ʮʝʣʴʶ ʥʘʰʠʭ ʠʩʢʘʥʠʡ. ʄʳ ʜʦʣʞʥʳ 

ʧʝʨʝʡʪʠ ʥʘ ʝʜʠʥʦʝ ʤʝʨʠʣʦ ʦʧʨʝʜʝʣʝʥʠʷ ʭʦʜʘ ʧʨʦʮʝʩʩʘ, ʧʨʠʯʝʤ ʪʘʢʦʚʳʤ ʤʦʞʝʪ ʙʳʪʴ ʢʘʣʦʨʠʷ 

ʠʣʠ ʢʠʣʦʚʘʪʪè [10]. 

ʅʘʜʟʝʤʥʘʷ ʬʠʪʦʤʘʩʩʘ ʷʯʤʝʥʷ ʚ ʤʘʝ ʩʦʩʪʘʚʠʣʘ 12,4 ʮ/ʛʘ, ʚ ʤʘʝ 43,5 ʮ/ʛʘ, ʘ ʚ ʬʘʟʝ ʧʦʣʥʦʡ 

ʩʧʝʣʦʩʪʠ 57,6 ʮ/ʛʘ. ʇʨʠ ʵʪʦʤ ʧʨʠʨʦʩʪ ʬʠʪʦʤʘʩʩʳ ʩʦʩʪʘʚʠʣ 31,1 ʠ 14,1 ʮ/ʛʘ ʚ ʧʦʩʣʝʜʥʝʡ ʬʘʟʝ 

ʨʘʟʚʠʪʠʷ. 

 ɺʦʟʜʫʰʥʦïʩʫʭʘʷ ʤʘʩʩʘ ʣʶʮʝʨʥʳ ʩʦʩʪʘʚʠʣʘ ʚ ʤʘʝ 26,5 ʮ/ʛʘ, ʚ ʠʶʥʝ 32,7 ʮ/ʛʘ (ʧʨʠʨʦʩʪ 

12,2 ʮ/ʛʘ), ʧʨʠ ʩʣʝʜʫʶʱʝʤ ʫʢʦʩʝ 34,5 ʮ/ʛʘ ʠ 36,2 ʮ/ʛʘ (ʧʨʠʨʦʩʪ 1,7 ʮ/ʛʘ). 

ʅʘʜʟʝʤʥʘʷ ʬʠʪʦʤʘʩʩʘ (ʂʠʪʘʡʩʢʠʡ ʩʦʨʪ) ʭʣʦʧʯʘʪʥʠʢʘ ʚ ʬʘʟʝ ʚʩʭʦʜʦʚ ʩʦʩʪʘʚʠʣʘ 0,17ʮ/ʛʘ, 

ʧʦʩʣʝ (ʠʶʥʴ) 25,0 ʮ/ʛʘ, ʚ ʬʘʟʝ ʮʚʝʪʝʥʠʷ 41,3 ʮ/ʛʘ, ʢʦʨʦʙʢʦʦʙʨʘʟʦʚʘʥʠʠ 58,0 ʮ/ʛʘ ʠ ʚ ʬʘʟʝ 

ʧʦʣʥʦʡ ʩʧʝʣʦʩʪʠ 72,0 ʮ/ʛʘ. ʇʨʠ ʵʪʦʤ ʧʨʠʨʦʩʪ ʬʠʪʦʤʘʩʩʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩʦʩʪʘʚʠʣ 0,17; 22,0; 

16,3; 16,7 ʠ 14,0 ʮ/ʛʘ.  

ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʝʡʩʪʚʠʪʝʣʴʥʳʡ ʧʨʠʨʦʩʪ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʚʝʱʝʩʪʚʘ 

ʘʛʨʦʬʠʪʦʮʝʥʦʟʘ ʭʣʦʧʯʘʪʥʠʢʘ ʚ ʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʟʘ ʚʝʛʝʪʘʮʠʦʥʥʳʡ ʧʝʨʠʦʜ ʩʦʩʪʘʚʠʣ 121,1 

ʮ/ʛʘ. 

ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʵʥʝʨʛʠʠ, ʘʢʢʫʤʫʣʠʨʦʚʘʥʥʦʡ ʚ ʧʨʠʨʦʩʪʝ ʨʘʩʪʠʪʝʣʴʥʦʛʦ 

ʚʝʱʝʩʪʚʘ, ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ ʜʘʥʥʳʝ ʦ ʪʝʧʣʦʪʝ ʩʛʦʨʘʥʠʷ ʨʘʩʪʠʪʝʣʴʥʦʡ ʤʘʩʩʳ. ʇʦ ʜʘʥʥʳʤ 

ʢʘʣʦʨʠʤʝʪʨʠʯʝʩʢʠʭ ʦʧʨʝʜʝʣʝʥʠʡ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʨʘʩʪʠʪʝʣʴʥʦʡ ʤʘʩʩʝ ʭʣʦʧʯʘʪʥʠʢʘ ʚ 

ʩʨʝʜʥʝʤ (ʩʪʝʙʝʣʴ, ʢʦʨʥʠ, ʣʠʩʪʴʷ, ʦʧʘʜ) ʘʢʢʫʤʫʣʠʨʦʚʘʥʦ 4211 ʢʘʣ/ʛ, ʚ ʷʯʤʝʥʝ (ʟʝʨʥʦ, ʣʠʩʪʴʷ, 

ʩʪʝʙʣʠ, ʢʦʨʥʠ, ʦʧʘʜ) 3957 ʢʘʣ/ʛ ʠ ʚ ʣʶʮʝʨʥʝ 4410 ʢʘʣ/ʛ ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ [11]. 

ʀʩʭʦʜʷ ʠʟ ʵʪʠʭ ʜʘʥʥʳʭ ʠ ʪʝʤʧʦʚ ʧʨʠʨʦʩʪʘ ʨʘʩʪʠʪʝʣʴʥʦʡ ʤʘʩʩʳ, ʤʦʞʥʦ 

ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʜʠʥʘʤʠʢʫ ʥʘʢʦʧʣʝʥʠʷ ʠ ʨʘʩʭʦʜʘ ʵʥʝʨʛʠʠ ʚʦ ʚʨʝʤʝʥʠ. ɺʳʷʚʣʝʥʦ, ʯʪʦ ʟʘ 

ʚʝʛʝʪʘʮʠʦʥʥʳʡ ʧʝʨʠʦʜ ʥʘʢʦʧʣʝʥʠʝ ʵʥʝʨʛʠʠ ʚ ʤʘʩʩʝ ʭʣʦʧʯʘʪʥʠʢʘ ʩʦʩʪʘʚʠʣʘ 508,6 ʢʘʣ/ʩʤ2. 

ʇʨʠ ʵʪʦʤ ʥʘʠʙʦʣʴʰʝʝ ʥʘʢʦʧʣʝʥʠʝ ʵʥʝʨʛʠʠ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʬʘʟʫ ʙʫʪʦʥʠʟʘʮʠʠ ð 210,8 ʢʘʣ/ʩʤ2, 

ʘ ʥʘʠʤʝʥʴʰʝʝ ʥʘ ʬʘʟʫ ʚʩʭʦʜʦʚ ð 1,0 ʢʘʣ/ʩʤ2 (ʊʘʙʣʠʮʘ 2). 

ɿʘ ʚʝʛʝʪʘʮʠʦʥʥʳʡ ʧʝʨʠʦʜ ʚ ʚʦʟʜʫʰʥʦïʩʫʭʦʡ ʤʘʩʩʝ ʘʛʨʦʬʠʪʦʮʝʥʦʟʘ ʷʯʤʝʥʷ 

ʘʢʢʫʤʫʣʠʨʦʚʘʥʦ 289,8 ʢʘʣ/ʩʤ2, ʚ ʧʨʠʨʦʩʪʝ 203,4 ʢʘʣ/ʩʤ2. ʇʨʠ ʵʪʦʤ ʚʦ ʚʨʝʤʷ ʚʳʭʦʜʷ ʚ ʩʦʣʦʤʫ 
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(ʤʘʡ) ʚ ʤʘʩʩʝ ʘʢʢʫʤʫʣʠʨʦʚʘʥʦ 195,8 ʢʘʣ/ʩʤ2, ʘ ʚ ʬʘʟʝ ʧʦʣʥʦʡ ʩʧʝʣʦʩʪʠ 239,2 ʢʘʣ/ʩʤ2 ɻ ʥʝʨʛʠʠ. 

ʅʘʢʦʧʣʝʥʠʝ ʵʥʝʨʛʠʠ ʚ ʧʨʠʨʦʩʪʝ ʨʘʩʪʝʥʠʷ ʩʦʩʪʘʚʠʣʘ 112,5ï117,0 ʢʘʣ/ʩʤ2. 

 

ʊʘʙʣʠʮʘ 2. 

ʅɽʂʆʊʆʈʓɽ ʕʅɽʈɻɽʊʀʏɽʉʂʀɽ ʇʆʂɸɿɸʊɽʃʀ  

ɺʆɿɼʋʐʅʆïʉʋʍʆʁ ʄɸʉʉʓ ɸɻʈʆʌʀʊʆʎɽʅʆɿʆɺ 

ʄʝʩʷʮʳ I II  III  IV V VI VII VIII  IX X ɻʦʜ 

ʗʯʤʝʥʴ 

ʉʫʭʘʷ ʤʘʩʩʘ,ʮ/ʛa    12,4 43,5 57,6     113,5 

ʇʨʠʨʦʩʪ,ʮ/ ʛa    ð 31,1 14,1     45,2 

ʕʥʝʨʛʠʷ ʘʢʢʫʤ. ʚ ʨʘʩʪ. ʚï

ʚʝ, kal/ ʩʤ2 

   54,8 195,8 239,2     289,8 

ʅʘʢʦʧʣʝʥʠʝ ʵʥʝʨʛʠʠ ʚ 

ʧʨʠʨʦʩʪʝ, ʢaʣ/ ʩʤ2 

   ð 139,9 63,5     203,4 

ʃʶʮʝʨʥʘ 

ʉʫʭʘʷ ʤʘʩʩʘ, ʮ/ʛa     26,5 32,7 ð 34,3 36,2  129,7 

ʇʨʠʨʦʩʪ, ʮ/ ʛa     ð 6,2 ð ð 1,9  8,1 

ʕʥʝʨʛʠʷ ʘʢʢʫʤ. ʚ ʨʘʩʪ. ʚï

ʚʝ, ʢʘʣ/ ʩʤ2  

    118,3 147,2 ð 154,4 162,9  583,7 

ʅʘʢʦʧʣʝʥʠʝ ʵʥʝʨʛʠʠ ʚ 

ʧʨʠʨʦʩʪʝ, ʢʘʣ/ ʩʤ2 

     ð 27,9 ð 8,6  36,5 

ʍʣʦʧʯʘʪʥʠʢ 

ʉʫʭʘʷ ʤʘʩʩʘ,ʮ /ʛa     0,17 25,0 41,3 58,0 72,0  196,4 

ʇʨʠʨʦʩʪ,ʮ/ʛa     0,17 22,0 16,3 16,7 14,0  60,1 

ʕʥʝʨʛʠʷ ʘʢʢʫʤ. ʚ ʨʘʩʪ. ʚï

ʚʝ, ʢʘʣ/ʩʤ2 

    8,65 112,5 185,9 258,0 324,0  882,8 

ʅʘʢʦʧʣʝʥʠʝ ʵʥʝʨʛʠʠ ʚ 

ʧʨʠʨʦʩʪʝ, ʢʘʣ/ ʩʤ2 

    8,65 99,0 71,4 75,2 63,0  270,0 

 

ɺ ʮʝʣʦʤ ʧʨʦʚʦʜʠʣʘʩʴ ʜʚʘ ʫʢʦʩʘ ʣʶʮʝʨʥʳ. ʆʙʱʘʷ ʬʠʪʦʤʘʩʩʘ ʟʘ ʛʦʜ ʩʦʩʪʘʚʠʣʘ 129,7 ʮ/ʛʘ. 

ʇʨʠʨʦʩʪ ʨʘʩʪʠʪʝʣʴʥʦʡ ʤʘʩʩʳ ʧʨʠ ʧʝʨʚʦʡ ʫʢʦʩʝ ʩʦʩʪʘʚʠʣ 6,2, ʘ ʧʦʩʣʝ 1,9 ʮ/ʛʘ, ʚ ʩʫʤʤʝ ʟʘ ʛʦʜ 

8,1 ʮ/ʛʘ. 

ʕʥʝʨʛʠʷ ʘʢʢʫʤʫʣʠʨʦʚʘʥʥʘʷ ʚ ʨʘʩʪʠʪʝʣʴʥʦʤ ʚʝʱʝʩʪʚʝ ʟʘ ʛʦʜ ʩʦʩʪʘʚʠʣʘ 583,7 ʢʘʣ/ʩʤ2, ʘ ʚ 

ʧʨʠʨʦʩʪʝ ʨʘʩʪʠʪʝʣʴʥʦʡ ʤʘʩʩʳ 36,5 ʢʘʣ/ʩʤ2. 

ʉʦʧʦʩʪʘʚʠʚ ʠʟʤʝʥʝʥʠʝ ʚʝʣʠʯʠʥʳ ʵʥʝʨʛʠʠ, ʨʘʩʭʦʜʫʝʤʦʡ ʚ ʙʠʦʛʝʦʮʝʥʦʟʝ ʥʘ ʧʦʩʪʨʦʝʥʠʝ 

ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʚʝʱʝʩʪʚʘ ʠ ʠʩʧʘʨʝʥʠʝ, ʩ ʚʝʣʠʯʠʥʦʡ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʙʘʣʘʥʩʘ, ʫʩʪʘʥʘʚʣʠʚʘʝʤ, 

ʯʪʦ ʜʘʣʝʢʦ ʥʝ ʚʩʝ ʥʘʣʠʯʥʳʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʨʝʩʫʨʩʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʵʪʠʭ ʧʨʦʮʝʩʩʘʭ. ɺ 

ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʟʘ ʚʝʛʝʪʘʮʠʦʥʥʳʡ ʧʝʨʠʦʜ ʘʛʨʦʬʠʪʦʮʝʥʦʟʦʤ ʭʣʦʧʯʘʪʥʠʢʘ ʠʩʧʦʣʴʟʦʚʘʥʦ 0,53 

(ʠʣʠ 53%) ʚʩʝʡ ʥʘʣʠʯʥʦʡ ʨʘʜʠʘʮʠʦʥʥʦʡ ʵʥʝʨʛʠʠ, ʧʨʠ ʨʘʜʠʘʮʠʦʥʥʦʤ ʙʘʣʘʥʩʝ 58,18 ʢʢʘʣ/ʩʤ2. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʣʷ ʘʛʨʦʬʠʪʦʮʝʥʦʟʘ ʭʣʦʧʯʘʪʥʠʢʘ ʵʪʘ ʪʠʧʦʚʘʷ ʚʝʣʠʯʠʥʘ ʥʘ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʂʫʨʘïɸʨʘʢʩʢʦʡ ʥʠʟʤʝʥʥʦʩʪʠ ʟʘ ʚʝʛʝʪʘʮʠʦʥʥʳʡ ʧʝʨʠʦʜ, ʢʦʪʦʨʘʷ ʩʦʩʪʘʚʣʷʝʪ 

0,75, ʦʪʚʝʯʘʶʱʝʡ ʨʘʜʠʘʮʠʦʥʥʦʤʫ ʙʘʣʘʥʩʫ ʚ 52,82 ʢʢʘʣ/ʩʤ2ʛʦʜ (ʈʠʩʫʥʦʢ 2).  

ɿʝʨʥʦʚʳʤʠ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʟʘ ʚʝʛʝʪʘʮʠʦʥʥʳʡ ʧʝʨʠʦʜ 0,67, ʘ ʟʘ ʛʦʜ 0,6 ʧʨʠʭʦʜʷʱʝʡ 

ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ. ʀʟ ʯʝʛʦ ʩʣʝʜʫʝʪ ʯʪʦ, ʟʝʨʥʦʚʳʝ ʟʘ ʚʝʛʝʪʘʮʠʦʥʥʳʡ ʧʝʨʠʦʜ ʚʝʩʴʤʘ 

ʵʥʝʨʛʠʯʥʦ ʠʩʧʦʣʴʟʫʶʪ ʨʘʜʠʘʮʠʦʥʥʫʶ ʵʥʝʨʛʠʶ, ʘ ʥʘʯʠʥʘʷ ʩ ʠʶʣʷ, ʧʦʩʣʝ ʞʘʪʚʳ ʠ ʜʦ ʢʦʥʮʘ 

ʛʦʜʘ, ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʵʥʝʨʛʠʠ ʦʩʪʘʝʪʩʷ ʥʝʜʦʠʩʧʦʣʴʟʦʚʘʥʥʦʡ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʩʝʨʴʝʟʥʦʡ, 

ʦʙʲʝʢʪʠʚʥʦ ʦʮʝʥʠʚʘʝʤʦʡ ʧʨʝʜʧʦʩʳʣʢʦʡ ʜʣʷ ʚʦʟʜʝʣʳʚʘʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʢʫʣʴʪʫʨʳ ʠ 

ʫʚʝʣʠʯʝʥʠʶ ʦʪʜʘʯʠ ʧʦʣʠʚʥʦʛʦ ʛʝʢʪʘʨʘ ʚ ʚʠʜʝ ʫʚʝʣʠʯʝʥʠʷ ʚʘʣʦʚʦʡ ʧʨʦʜʫʢʮʠʠ. 
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ʈʠʩʫʥʦʢ 2. ʇʦʣʥʦʪʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʜʠʘʮʠʦʥʥʦʡ ʵʥʝʨʛʠʠ ʘʛʨʦʬʠʪʦʮʝʥʦʟʘʤʠ. 

 

ɺ ʩʚʷʟʠ ʩ ʧʦʢʨʳʪʠʝʤ ʧʦʣʷ ʚ ʪʝʯʝʥʠʠ ʚʩʝʛʦ ʛʦʜʘ, ʣʶʮʝʨʥʦʡ ʥʘʠʙʦʣʝʝ ʧʦʣʥʦ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʨʘʜʠʘʮʠʦʥʥʳʝ ʨʝʩʫʨʩʳ, ʩʦʩʪʘʚʣʷʷ ʧʨʠ ʵʪʦʤ 0,73.  

ɼʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʩʪʝʧʝʥʠ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʧʨʠʨʦʩʪʦʤ ʨʘʩʪʠʪʝʣʴʥʦʡ ʤʘʩʩʳ, 

ʨʘʜʠʘʮʠʦʥʥʳʤ ʙʘʣʘʥʩʦʤ ʠ ʚʣʘʞʥʦʩʪʴʶ ʧʦʯʚʳ, ʙʳʣ ʧʨʦʚʝʜʝʥ ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ 

ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʧʦ ʤʝʪʦʜʫ ɽ. ɸ. ɼʤʠʪʨʠʝʚʘ [12].  
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ʗʯʤʝʥʴ

ʈʘʜʠʘʮʠʦʥʥʳʡ ʙʘʣʘʥʩʘ, ʢʢʘʣ/ʩʤ2 
ʇʦʣʥʦʪʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʨʘʜʠʘʮʠʦʥʥʦʡ ʵʥʝʨʛʠʠ 
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ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘ ʘʛʨʦʬʠʪʦʮʝʥʦʟʝ ʭʣʦʧʯʘʪʥʠʢʘ, ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ 

ʧʨʠʨʦʩʪʦʤ ʨʘʩʪʠʪʝʣʴʥʦʡ ʤʘʩʩʳ, ʨʘʜʠʘʮʠʦʥʥʳʤ ʙʘʣʘʥʩʦʤ ʠ ʚʣʘʞʥʦʩʪʴʶ ʧʦʯʚ, ʩʦʩʪʘʚʣʷʝʪ r = 

0,84 ʠʣʠ 71% (ʊʘʙʣʠʮʘ 3).  

ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʦʰʠʙʢʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʨʨʝʣʷʮʠʠ ʩʦʩʪʘʚʠʣʘ mr = 0,24. ʋʩʪʘʥʦʚʣʝʥʦ, 

ʯʪʦ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʘʛʨʦʬʠʪʦʮʝʥʦʟʘ ʭʣʦʧʯʘʪʥʠʢʘ ʚʣʠʷʥʠʝ ʵʪʠʭ ʜʚʫʭ ʬʘʢʪʦʨʦʚ ʜʦʩʪʘʪʦʯʥʦ 

ʚʳʩʦʢʘ r = 0,84 (ʠʣʠ r2 = 71%). ɼʣʷ ʷʯʤʝʥʷ r = 0,94, ʘ ʜʣʷ ʣʶʮʝʨʥʳ r = 0,55. 

 

ʊʘʙʣʠʮʘ 3. 

ʄʅʆɾɽʉʊɺɽʅʅɸʗ ʂʆʈʈɽʃʗʎʀʆʅʅɸʗ ɿɸɺʀʉʀʄʆʉʊʔ ʄɽɾɼʋ ʇʈʀʈʆʉʊʆʄ 

ʈɸʉʊʀʊɽʃʔʅʆʁ ʄɸʉʉʓ, ʈɸɼʀɸʎʀʆʅʅʓʄ ɹɸʃɸʅʉʆʄ ʀ ɺʃɸɾʅʆʉʊʔʖ ʇʆʏɺʓ  

ʅɸ ʆʈʆʐɸɽʄʓʍ ʉɽʈʆɿɽʄʅʆïʃʋɻʆɺʓʍ ʇʆʏɺɸʍ ʉɸʃʔʗʅʉʂʆʁ ʉʊɽʇʀ 

 

ʋʛʦʜʴʷ ʋʨʘʚʥʝʥʠʝ ʨʝʛʨʝʩʩʠʠ r mr tr 

ʍʣʦʧʯʘʪʥʠʢ ʋ= 3,96 ʍ + 0,39 Z ī 59,97 0,84 0,24 3,5 

ʗʯʤʝʥʴ ʋ= 1,56 ʍ + 6,29Z ī 176,83 0,94 0,17 5,53 

ʃʶʮʝʨʥʘ ʋ= 2,89ʍ + 1,02Z ī 21,59 0,55 0,14 3,93 

ʂʦʨʨʝʣʷʮʠʦʥʥʘʷ ʩʚʷʟʴ ʤʝʞʜʫ ʧʨʠʨʦʩʪʦʤ ʨʘʩʪʠʪʝʣʴʥʦʡ ʤʘʩʩʳ ʠ ʨʘʜʠʘʮʠʦʥʥʳʤ ʙʘʣʘʥʩʦʤ 

ʍʣʦʧʯʘʪʥʠʢ ʋ= ī50,37 + 3,9ʍ 0,84 0,24 3,5 

ʗʯʤʝʥʴ ʋ= ī3,71 + 2,76ʍ 0,89 0,23 3,87 

ʃʶʮʝʨʥʘ ʋ= ī1,41 + 2,72ʍ 0,52 0,15 3,47 

ʂʦʨʨʝʣʷʮʠʦʥʥʘʷ ʩʚʷʟʴ ʤʝʞʜʫ ʧʨʠʨʦʩʪʦʤ ʨʘʩʪʠʪʝʣʴʥʦʡ ʤʘʩʩʳ ʠ ʚʣʘʞʥʦʩʪʴʶ ʧʦʯʚʳ 

ʍʣʦʧʯʘʪʥʠʢ ʋ = 8,42 + 12,04Z 0,80 0,44 4,45 

ʗʯʤʝʥʴ ʋ = 9,75 ī 11,24Z 0,89 0,23 3,87 

ʃʶʮʝʨʥʘ ʋ = 6,41 + 10,58Z 0,71 0,17 4,65 

 

ʇʨʠ ʧʘʨʥʳʭ ʢʦʨʨʝʣʷʮʠʷʭ ʤʝʞʜʫ ʧʨʠʨʦʩʪʦʤ ʨʘʩʪʠʪʝʣʴʥʦʡ ʤʘʩʩʳ ʠ ʨʘʜʠʘʮʠʦʥʥʳʤ 

ʙʘʣʘʥʩʦʤ, ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ ʜʣʷ ʭʣʦʧʯʘʪʥʠʢʘ ʩʦʩʪʘʚʠʣʘ r = 0,84, ʷʯʤʝʥʷ r = 0,89, ʘ 

ʜʣʷ ʣʶʮʝʨʥʳ r = 0,52.  

ɿʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʚʣʘʞʥʦʩʪʴʶ ʧʦʯʚʳ ʠ ʧʨʠʨʦʩʪʦʤ ʨʘʩʪʠʪʝʣʴʥʦʡ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʢʫʣʴʪʫʨʘʤ ʩʦʩʪʘʚʠʣʘ r = 0,80, r = 0,89 ʠ r = 0,71 
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ɸʥʥʦʪʘʮʠʷ. ʂʳʟʳʣʢʫʤ ʩʨʝʜʠ ʩʨʝʜʥʝʘʟʠʘʪʩʢʠʭ ʧʫʩʪʳʥʴ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʢʨʫʧʥʝʡʰʠʭ 

ʧʦ ʧʣʦʱʘʜʠ ʠ ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʟʥʘʯʠʤʦʩʪʠ. ʇʦʤʠʤʦ ʪʠʧʠʯʥʳʭ ʧʝʩʯʘʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʵʪʦʡ 

ʧʫʩʪʳʥʝ ʩʚʦʡʩʪʚʝʥʥʳ ʠ ʪʘʢʠʝ ʢʦʪʣʦʚʠʥʳ ʚʧʘʜʠʥʳ ʠ, ʢʘʢ ɸʛʪrʤʠʥʩʢʘʷ, ʂʘʨʘʛʘʪʠʥʩʢʘʷ, 

ʄʠʥʛʙʫʣʘʢʩʢʘʷ, ɹʝʰʙʫʣʘʢʩʢʘʷ ʠ ʜʨʫʛʠʝ. ʋʢʘʟʘʥʥʳʝ ʧʘʩʪʙʠʱʥʳʝ ʟʝʤʣʠ ʧʦ ʩʚʦʝʤʫ 

ʧʣʦʜʦʨʦʜʠʶ ʥʠʟʢʦ ʧʨʦʜʫʢʪʠʚʥʳ, ʠʤ ʧʨʠʩʫʱʠ ʪʘʢʠʝ ʯʝʨʪʳ ʢʘʢ ʨʝʟʢʘʷ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʩʪʴ 

ʢʣʠʤʘʪʘ, ʢʦʤʧʣʝʢʩʥʦʩʪʴ, ʥʠʟʢʘʷ ʢʦʨʤʦʚʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʨʝʟʢʠʝ ʢʦʣʝʙʘʥʠʷ 

ʫʨʦʞʘʡʥʦʩʪʠ, ʧʠʪʘʪʝʣʴʥʦʡ ʮʝʥʥʦʩʪʠ ʢʦʨʤʦʚ ʧʦ ʛʦʜʘʤ ʠ ʩʝʟʦʥʘʤ ʛʦʜʘ. ʀʩʧʳʪʘʥʦ 87 ʦʙʨʘʟʮʦʚ 

ʛʘʣʦʬʠʪʦʚ ʦʪʥʦʩʷʱʠʭʩʷ ʢ 35 ʙʦʪʘʥʠʯʝʩʢʠʤ ʩʝʤʝʡʩʪʚʘʤ. ʉʨʝʜʠ ʥʠʭ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ 

ʬʠʪʦʤʝʣʠʦʨʘʥʪʘʤʠ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʧʘʩʪʙʠʱ ʂʳʟʳʣʢʫʤʘ ʠʟ ʯʠʩʣʘ ʦʜʥʦʣʝʪʥʠʢʦʚ ʦʢʘʟʘʣʠʩʴ ð 

Climacoptera lanata (Pall.), Atriplex nitens, Kochia scoparia, Bassia hyssopifoliʘ (Pall.) O. Kuntze. 

ʂ ʯʠʩʣʫ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʥʦʛʦʣʝʪʥʠʭ ʛʘʣʦʬʠʪʦʚ ʦʪʥʦʩʷʪʩʷ ð Haloxylon aphyllum (Minkw.) 

Ilin., Halothanus subaphyllus (C. A. Mey.) Botsch., Salsola orientalis S. G. Gmel., Artemisia 

halophilla Krasch., Aeluropus littoralis (Gonan) Parl. ʠ ʜʨʫʛʠʝ. ʀʩʩʣʝʜʦʚʘʥʳ ʪʘʢʠʝ 

ʘʛʨʦʪʝʭʥʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʢʘʢ: ʩʨʦʢʠ ʩʝʚʘ, ʥʦʨʤʳ ʚʳʩʝʚʘ ʩʝʤʷʥ ʠ ʨʘʟʣʠʯʥʘʷ ʛʣʫʙʠʥʘ 

ʟʘʜʝʣʢʠ ʩʝʤʷʥ. 

ʅʘʠʙʦʣʴʰʠʡ ʧʦʢʘʟʘʪʝʣʴ ʧʦʣʝʚʦʡ ʚʩʭʦʞʝʩʪʠ ʩʝʤʷʥ ʦʪʤʝʯʝʥ ʫ Climacoptera lanata (Pall.) 

ʧʨʠ ʜʝʢʘʙʨʴʩʢʦʤ ʠ ʤʘʨʪʦʚʩʢʦʤ ʩʨʦʢʘʭ ʩʝʚʘ. ɸʥʘʣʦʛʠʯʥʘʷ ʢʘʨʪʠʥʘ ʟʘʬʠʢʩʠʨʦʚʘʥʘ ʠ ʥʘ 

ʧʦʩʝʚʘʭ Atriplex nitens; ʚʳʞʠʚʘʝʤʦʩʪʴ ʚʩʭʦʜʦʚ ʧʨʠ ʧʦʩʝʚʝ ʚ ʨʘʟʣʠʯʥʳʝ ʩʨʦʢʠ ʟʘʬʠʢʩʠʨʦʚʘʥʘ 

ʧʨʠ ʧʦʩʝʚʝ ʚ ʬʝʚʨʘʣʝ, ʪʦʛʜʘ ʢʘʢ ʧʨʠ ʙʦʣʝʝ ʧʦʟʜʥʠʭ ʩʨʦʢʘʭ ʩʝʚʘ ʫʨʦʞʘʡ ʢʦʨʤʦʚʦʡ ʤʘʩʩʳ 

ʟʘʤʝʪʥʦ ʩʥʠʞʘʝʪʩʷ. ɿʘʜʝʣʢʘ ʩʝʤʷʥ Climacoptera lanata (Pall.) ʠ Atriplex nitens ʥʘ ʛʣʫʙʠʥʫ 1ï2 
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ʩʤ ʧʦʚʳʰʘʝʪ ʠʭ ʛʨʫʥʪʦʚʫʶ ʚʩʭʦʞʝʩʪʴ ʥʘ 30,6ï53,6%; ʧʦ ʤʝʨʝ ʫʛʣʫʙʣʝʥʠʷ ʟʘʜʝʣʢʠ ʩʝʤʷʥ ʫ 

ʦʙʦʠʭ ʚʠʜʦʚ ʛʘʣʦʬʠʪʦʚ ʥʘʙʣʶʜʘʝʪʩʷ ʩʥʠʞʝʥʠʝ ʛʨʫʥʪʦʚʦʡ ʚʩʭʦʞʝʩʪʠ ʩʝʤʷʥ.  

 

Abstract. Kyzylkum amongst central Asiatic deserts is one of the largest a really and to 

economic meaningfulness. Besides typical sandy education to this desert peculiar and such 

depression, as Ayakagytma, Karagat, Mingbulak, Beshbulak and others. Specified pasture lands on 

its fertility low productive, him inherent such line as sharp continental climate, complexity, 

complexity subzero forage to the productivity, sharp fluctuations to productivity, to the food value 

of value of forage on years and by the season of year. 87 standards of halophytes are tested by 

related to 35 botanical families. Amongst them perspective phytomeliorantes for the improvement 

of pastures Kyzylkum from a number eutherophytes appeared ð Climacoptera lanata (Pall.), 

Atriplex nitens, Kochia scoparia, Bassia hyssopifoliʘ (Pall.) O. Kuntze. To the number of 

perspective of long-term halophytes belongs Haloxylon aphyllum (Minkw.) Ilin., Halothanus 

subaphyllus (C. A. Mey.) Botsch., Salsola orientalis S. G. Gmel., Artemisia halophilla Krasch, 

Aeleropus litoralis and others. Research such agrotechnical receptions as terms of sowing, norms of 

sowing of seed and different depths of sealing-off of seed of perspective halophytes.  

Most factor field germinating ability of seed noted beside Climacoptera lanata (Pall.) under 

December and March period of the sowing. The similar picture is fixed and on sowing Atriplex 

nitens, survival of seedlings at sowing at different periods are fixed at sowing at February then 

under later period of the sowing harvest stern mass noticeably it falls. Sealing-off seeds 

Climacoptera lanata (Pall.) and Atriplex nitens on depth 1ï2 refer to raises their germination 

ground of seeds 30,6ï53,6%; on measure of the deepening the sealing-off seeds reduction 

germination ground of seeds exists beside both type halophytes.  

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʘʨʘʢʫʣʝʚʦʜʩʪʚʦ, ʧʫʩʪʳʥʷ, ʧʘʩʪʙʠʱʘ, ʛʘʣʦʬʠʪʳ, ʬʠʪʦʤʝʣʠʦʨʘʮʠʷ.  

 

Keywords: sheep breeding, desert, pasture, halophytes, phytomelioration. 

 

ʇʫʩʪʳʥʝ ʂʳʟʳʣʢʫʤ ʢʘʢ ʦʩʥʦʚʥʦʤʫ ʠ ʧʝʨʩʧʝʢʪʠʚʥʦʤʫ ʨʝʛʠʦʥʫ ʢʘʨʘʢʫʣʝʚʦʜʩʪʚʘ 

ʨʝʩʧʫʙʣʠʢʠ ʋʟʙʝʢʠʩʪʘʥ, ʧʨʠʩʫʱʠ ʪʘʢʠʝ ʯʝʨʪʳ, ʢʘʢ ʨʝʟʢʘʷ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʩʪʴ ʢʣʠʤʘʪʘ, 

ʢʦʤʧʣʝʢʩʥʦʩʪʴ, ʥʠʟʢʘʷ ʢʦʨʤʦʚʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ (ʥʝ ʙʦʣʝʝ 1,2ï1,5 ʮ/ʛʘ ʢʦʨʤʦʚʳʭ 

ʝʜʠʥʠʮ), ʨʝʟʢʠʝ ʢʦʣʝʙʘʥʠʷ ʫʨʦʞʘʡʥʦʩʪʠ, ʧʠʪʘʪʝʣʴʥʦʡ ʮʝʥʥʦʩʪʠ ʢʦʨʤʦʚ ʧʦ ʛʦʜʘʤ ʠ ʩʝʟʦʥʘʤ 

ʛʦʜʘ [2ï3]. 

ʉʨʝʜʠ ʨʘʟʥʦʦʙʨʘʟʠʷ ʪʠʧʦʚ ʧʘʩʪʙʠʱ ʨʝʛʠʦʥʘ ʦʢʦʣʦ 2 ʤʣʥ ʛʘ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʜʦʣʶ 

ʧʘʩʪʙʠʱ ʥʘ ʟʘʩʦʣʝʥʥʳʭ ʟʝʤʣʷʭ. ʀʤʝʥʥʦ ʵʪʦʪ ʬʘʢʪʦʨ ð ʦʩʥʦʚʥʘʷ ʧʨʠʯʠʥʘ ʙʦʪʘʥʠʯʝʩʢʦʡ 

ʙʝʜʥʦʩʪʠ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʠʟʨʝʞʝʥʥʦʩʪʠ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ ʵʪʠʭ ʧʘʩʪʙʠʱ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʨʤʦʚʳʭ ʫʛʦʜʠʡ ʩʦʣʷʥʢʦʚʦʡ ʧʫʩʪʳʥʠ ʂʳʟʳʣʢʫʤ ʥʦʩʠʪ ʫʟʢʦïʩʝʟʦʥʥʳʡ 

(ʦʩʝʥʥʝïʟʠʤʥʠʡ) ʭʘʨʘʢʪʝʨ, ʠʭ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʥʘ 60ï70% ʥʠʞʝ ʜʨʫʛʠʭ ʪʠʧʦʚ ʧʘʩʪʙʠʱ. ʉ 

ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʢʦʨʤʦʚʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʥʠʟʢʦïʧʨʦʜʫʢʪʠʚʥʳʭ ʢʘʨʘʢʫʣʝʚʦʜʯʝʩʢʠʭ 

ʧʘʩʪʙʠʱ ʂʳʟʳʣʢʫʤ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʦʪʘʪʴ ʠ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ ʪʝʭʥʦʣʦʛʠʶ 

ʬʠʪʦʤʝʣʠʦʨʘʮʠʠ ʵʪʠʭ ʧʘʩʪʙʠʱ.  

ʇʨʠ ʨʘʟʨʝʰʝʥʠʠ ʵʪʦʡ ʚʘʞʥʦʡ ʥʘʨʦʜʥʦïʭʦʟʷʡʩʪʚʝʥʥʦʡ ʧʨʦʙʣʝʤʳ, ʙʝʟʫʩʣʦʚʥʦ, ʚʘʞʥʘʷ 

ʨʦʣʴ ʧʨʠʥʘʜʣʝʞʠʪ ʛʘʣʦʬʠʪʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ. 

ɻʘʣʦʬʠʪʳ (ʦʪ ʜʨ.ïʛʨʝʯ. Ὠɚɠ ð çʩʦʣʴè ʠ űɡŰɧɜ ð çʨʘʩʪʝʥʠʝ) ð ɻ ʪʦ ʛʨʫʧʧʘ ʚʠʜʦʚ 

ʧʨʠʨʦʜʥʦʡ ʬʣʦʨʳ ʵʢʦʣʦʛʠʯʝʩʢʠ, ʬʠʟʠʦʣʦʛʠʯʝʩʢʠ ʠ ʙʠʦʭʠʤʠʯʝʩʢʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ 

ʨʘʩʪʝʥʠʡ, ʩʧʦʩʦʙʥʳʭ ʥʦʨʤʘʣʴʥʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʪʴ, ʨʝʧʨʦʜʫʮʠʨʦʚʘʪʴ ʥʘ ʟʘʩʦʣʝʥʥʳʭ ʧʦʯʚʘʭ. 
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ʄʠʨʦʚʦʡ ʬʦʥʜ ʛʘʣʦʬʠʪʦʚ ʥʘʩʯʠʪʳʚʘʝʪ 2000ï2500 ʚʠʜʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʧʨʝʜʝʣʘʭ 

ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ ð ʙʦʣʝʝ 700 ʚʠʜʦʚ [1]. 

ɺ ʧʦʩʣʝʜʥʠʝ 2ï3 ʜʝʩʷʪʠʣʝʪʠʷ ʠʥʪʝʨʝʩ ʢ ʠʟʫʯʝʥʠʶ ʛʘʣʦʬʠʪʦʚ ʧʦʯʪʠ ʧʦʚʩʝʤʝʩʪʥʦ ʩʠʣʴʥʦ 

ʚʦʟʨʦʩ. 

ʇʨʠʟʥʘʥʥʳʤʠ ʥʘʫʯʥʳʤʠ ʮʝʥʪʨʘʤʠ ʧʦ ʠʟʫʯʝʥʠʶ ʛʘʣʦʬʠʪʦʚ ʷʚʣʷʶʪʩʷ ʫʥʠʚʝʨʩʠʪʝʪ 

ʰʪʘʪʘ ɸʨʠʟʦʥʘ (ʉʐɸ), ʫʥʠʚʝʨʩʠʪʝʪ ɹʝʥ ɻʫʨʠʦʥ ʅʝʛʝʚ (ʀʟʨʘʠʣʴ), ʎʝʥʪʨ ʦʨʛʘʥʠʟʘʮʠʠ 

ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʠ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ (ʄʝʢʩʠʢʘ), ʀʂɹɸ (ʆɸʕ), ɺʀʈ, ʇʨʠʢʘʩʧʠʡʩʢʠʡ ʅʀʀ 

ʘʨʠʜʥʦʛʦ ʟʝʤʣʝʜʝʣʠʷ (ʈʌ) ʠ ʜʨʫʛʠʝ [5, 6]. 

ʅʘʫʯʥʦïʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʢʘʨʘʢʫʣʝʚʦʜʩʪʚʘ ʠ ʵʢʦʣʦʛʠʠ ʧʫʩʪʳʥʴ (ʋʟʙʝʢʠʩʪʘʥ) 

ʩ ʮʝʣʴʶ ʫʣʫʯʰʝʥʠʷ ʟʘʩʦʣʝʥʥʳʭ ʘʨʠʜʥʳʭ ʧʘʩʪʙʠʱ ʧʨʦʚʦʜʠʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʫʩʣʦʚʠʷʭ 

ʧʫʩʪʳʥʠ ʂʳʟʳʣʢʫʤ [6ï9]. 

 

ʄʘʪʝʨʠʘʣ ʠ ʤʝʪʦʜʠʢʘ 

ʇʦʣʝʚʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʧʘʩʪʙʠʱʘʭ ʅʘʚʦʠʡʩʢʦʡ ʠ ɹʫʭʘʨʩʢʦʡ ʦʙʣʘʩʪʝʡ 

ʨʝʩʧʫʙʣʠʢʠ ʋʟʙʝʢʠʩʪʘʥ [4]. 

ʉʙʦʨ ʩʝʤʷʥ ʢʦʨʤʦʚʳʭ ʛʘʣʦʬʠʪʦʚ ʦʩʫʱʝʩʪʚʣʝʥ ʧʫʪʝʤ ʦʨʛʘʥʠʟʘʮʠʠ ʥʘʫʯʥʳʭ ʵʢʩʧʝʜʠʮʠʡ 

ʚ ʨʘʡʦʥʳ ʧʨʦʠʟʨʘʩʪʘʥʠʷ ʵʪʠʭ ʚʠʜʦʚ ð ɹʫʭʘʨʩʢʘʷ, ʂʘʰʢʘʜʘʨʴʠʥʩʢʘʷ, ʉʘʤʘʨʢʘʥʜʩʢʘʷ, 

ʍʦʨʝʟʤʩʢʘʷ, ʅʘʚʦʠʡʩʢʘʷ ʦʙʣʘʩʪʠ ʨʝʩʧʫʙʣʠʢʠ ʋʟʙʝʢʠʩʪʘʥ. 

ʀʥʪʨʦʜʫʢʮʠʦʥʥʦïʢʦʣʣʝʢʮʠʦʥʥʳʝ ʧʠʪʦʤʥʠʢʠ ʛʘʣʦʬʠʪʦʚ ʩʦʟʜʘʚʘʣʠʩʴ ʧʫʪʝʤ ʧʦʩʝʚʘ 

ʩʝʤʷʥ ʥʘ ʜʝʣʷʥʢʘʭ ʧʣʦʱʘʜʴʶ 30ï50ʤ2, ʧʦʚʪʦʨʥʦʩʪʴ ð ʪʨʝʭʢʨʘʪʥʘʷ. 

ʇʦʤʠʤʦ ʠʥʪʨʦʜʫʢʮʠʦʥʥʳʭ ʧʠʪʦʤʥʠʢʦʚ ʧʨʦʚʦʜʠʣʠʩʴ ʦʧʳʪʳ ʧʦ ʠʟʫʯʝʥʠʶ ʩʨʦʢʦʚ ʩʝʚʘ 

(ʜʝʢʘʙʨʴ, ʷʥʚʘʨʴ, ʬʝʚʨʘʣʴ, ʤʘʨʪ), ʥʦʨʤʳ ʚʳʩʝʚʘ ʩʝʤʷʥ (3, 5, 7, 9, 11, 13 ʢʛ/ʛʘ); ʛʣʫʙʠʥʳ 

ʟʘʜʝʣʢʠ ʩʝʤʷʥ (ʢʦʥʪʨʦʣʴ, ʟʘʜʝʣʢʘ ʥʘ ʛʣʫʙʠʥʫ 1, 2, 3, 4, 5 ʩʤ). 

 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʘʥʘʣʠʟ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʀʟ ʯʠʩʣʘ ʠʩʧʳʪʘʥʥʳʭ 87 ʦʙʨʘʟʮʦʚ ʦʜʥʦʣʝʪʥʠʭ ʛʘʣʦʬʠʪʦʚ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ 15 

ʙʦʪʘʥʠʯʝʩʢʠʤ ʩʝʤʝʡʩʪʚʘʤ ʧʦ ʪʘʢʠʤ ʚʘʞʥʳʤ ʙʠʦʣʦʛʠʯʝʩʢʠʤ ʧʦʢʘʟʘʪʝʣʷʤ ʢʘʢ ʚʳʞʠʚʘʝʤʦʩʪʴ, 

ʜʠʥʘʤʠʢʘ ʛʦʜʠʯʥʦʛʦ ʨʦʩʪʘ ʠ ʚʝʣʠʯʠʥʘ ʬʠʪʦʤʘʩʩʳ (ʫʨʦʞʘʷ) ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʚ ʢʦʨʤʦʚʦʤ ʠ 

ʤʝʣʠʦʨʘʪʠʚʥʦʤ ʦʪʥʦʰʝʥʠʷʭ ʧʨʠʟʥʘʥʳ Climacoptera lanata (Pall.), Atriplex nitens, Kochia 

scoparia, Bassia hissopofoliʘ. 

ʕʪʠ ʚʠʜʳ ʛʘʣʦʬʠʪʦʚ ʚ ʫʩʣʦʚʠʷʭ ʢʫʣʴʪʫʨʳ ʧʫʩʪʳʥʠ ʂʳʟʳʣʢʫʤ ʬʦʨʤʠʨʫʶʪ 30,4ï36,4 

ʮ/ʛʘ ʩʫʭʦʡ ʬʠʪʦʤʘʩʩʳ. 

ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ ʩʨʦʢʦʚ ʧʦʩʝʚʘ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʛʘʣʦʬʠʪʦʚ ʧʨʦʚʦʜʠʣʠ 

ʩʧʝʮʠʘʣʴʥʳʡ ʦʧʳʪ ʧʦ ʧʦʩʝʚʫ ʩʝʤʷʥ Climacoptera lanata (Pall.), ʠ ʢʘʢ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ 

ʜʘʥʥʳʝ ʈʠʩʫʥʢʘ 1 ð ʥʘʠʙʦʣʴʰʘʷ ʚʝʣʠʯʠʥʘ ʛʨʫʥʪʦʚʦʡ ʚʩʭʦʞʝʩʪʠ ʩʝʤʷʥ ʧʦʣʫʯʝʥʘ ʧʨʠ 

ʜʝʢʘʙʨʴʩʢʦʤ ʠ ʤʘʨʪʦʚʩʢʦʤ ʩʨʦʢʘʭ ʩʝʚʘ. ɺʳʞʠʚʘʝʤʦʩʪʴ ʫʢʘʟʘʥʥʳʭ ʚʠʜʦʚ ʚ ʫʩʣʦʚʠʷʭ ʢʫʣʴʪʫʨʳ 

ʥʘʠʙʦʣʴʰʘʷ ʚʝʣʠʯʠʥʘ 75% ʦʪʤʝʯʘʝʪʩʷ ʧʨʠ ʧʦʩʝʚʝ ʚ ʬʝʚʨʘʣʝ, ʪʦʛʜʘ ʢʘʢ ʚ ʜʨʫʛʠʝ ʩʨʦʢʠ ʠʭ 

ʩʦʭʨʘʥʥʦʩʪʴ ʩʦʩʪʘʚʠʣʘ 60ï69% 

ʅʘʠʙʦʣʴʰʠʡ ʧʦʢʘʟʘʪʝʣʴ ʬʠʪʦʤʘʩʩʳ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʩʨʦʢʘʭ ʩʝʚʘ ʫ Climacoptera lanata 

(Pall.), ʦʪʤʝʯʘʝʪʩʷ ʧʨʠ ʷʥʚʘʨʩʢʦïʬʝʚʨʘʣʴʩʢʦʤ, ʫ Atriplex nitens ð ʧʨʠ ʬʝʚʨʘʣʴʩʢʦʤ ʩʨʦʢʝ 

ʩʝʚʘ. ɹʦʣʝʝ ʧʦʟʜʥʠʝ ʩʨʦʢʠ ʩʝʚʘ ʵʪʠʭ ʨʘʩʪʝʥʠʡ ʜʘʶʪ 30ï32 ʮ/ʛʘ ʩʫʭʦʡ ʬʠʪʦʤʘʩʩʳ (ʈʠʩʫʥʦʢ 1). 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʧʪʠʤʘʣʴʥʳʝ ʩʨʦʢʠ ʩʝʚʘ ʛʘʣʦʬʠʪʦʚ ʥʘ ʧʨʠʤʝʨʝ 2 ʚʠʜʦʚ ʩʣʝʜʫʝʪ ʩʯʠʪʘʪʴ 

ʟʠʤʥʝïʨʘʥʥʝʚʝʩʝʥʥʠʡ ʧʝʨʠʦʜ. 
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ʈʠʩʫʥʦʢ 1. ɺʳʞʠʚʘʝʤʦʩʪʴ ʚʩʭʦʜʦʚ ʢʦʨʤʦʚʳʭ ʛʘʣʦʬʠʪʦʚ  

ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʩʨʦʢʘʭ ʩʝʚʘ ʩʝʤʷʥ 

 

ʅʘʤʠ ʠʟʫʯʝʥʘ ʨʘʟʣʠʯʥʘʷ ʛʣʫʙʠʥʘ ʟʘʜʝʣʢʠ ʩʝʤʷʥ ʛʘʣʦʬʠʪʦʚ. ʅʘʠʙʦʣʴʰʘʷ ʛʨʫʥʪʦʚʘʷ 

ʚʩʭʦʞʝʩʪʴ ʩʝʤʷʥ ʠʭ ʟʘʬʠʢʩʠʨʦʚʘʥʘ ʧʨʠ ʛʣʫʙʠʥʝ ʟʘʜʝʣʢʠ ʩʝʤʷʥ ʥʘ 1 ʩʤ (ʈʠʩʫʥʦʢ 2), ʪʦʛʜʘ ʢʘʢ 

ʧʦ ʤʝʨʝ ʫʛʣʫʙʣʝʥʠʷ ʟʘʜʝʣʢʠ ʩʝʤʷʥ ʥʘʙʣʶʜʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʝ ʩʥʠʞʝʥʠʝ ʛʨʫʥʪʦʚʦʡ 

ʚʩʭʦʞʝʩʪʠ. 

 
 

ʈʠʩʫʥʦʢ 2. ɻʨʫʥʪʦʚʘʷ ʚʩʭʦʞʝʩʪʴ ʢʦʨʤʦʚʳʭ ʛʘʣʦʬʠʪʦʚ  

ʧʨʠ ʨʘʟʣʠʯʥʦʡ ʛʣʫʙʠʥʝ ʟʘʜʝʣʢʠ ʩʝʤʷʥ. 

 

ʅʘ ʦʧʳʪʥʳʭ ʜʝʣʷʥʢʘʭ ʧʨʦʚʦʜʠʣʠʩʴ ʫʯʝʪʳ ʠ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʚʳʞʠʚʘʝʤʦʩʪʴʶ ʚʩʭʦʜʦʚ, 

ʜʠʥʘʤʠʢʝ ʨʦʩʪʘ, ʫʨʦʞʘʷ ʬʠʪʦʤʘʩʩʳ ʠ ʫʨʦʞʘʷ ʩʝʤʷʥ. 
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ɺʳʚʦʜʳ 

1. ɻʘʣʦʬʠʪʳ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʚ ʤʠʨʦʚʦʡ ʬʣʦʨʝ ʙʦʣʝʝ 2000 ʚʠʜʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʚʦ ʬʣʦʨʝ 

ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ ʙʦʣʝʝ 700 ʚʠʜʦʚ ʷʚʣʷʶʪʩʷ ʩʧʝʮʠʬʠʯʝʩʢʠʤʠ ʚʠʜʘʤʠ ʠ ʩʧʦʩʦʙʥʳ 

ʬʦʨʤʘʣʴʥʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʪʴ, ʧʨʦʠʟʚʦʜʠʪʴ ʬʠʪʦʤʘʩʩʫ, ʩʘʤʦʚʦʟʦʙʥʦʚʣʷʪʴʩʷ ʚ ʫʩʣʦʚʠʷʭ 

ʢʫʣʴʪʫʨʳ ʥʘ ʨʘʟʣʠʯʥʳʭ ʟʘʩʦʣʝʥʥʳʭ ʧʦʯʚʘʭ. 

2. ɹʣʘʛʦʜʘʨʷ ʩʧʝʮʠʬʠʯʝʩʢʠʤ ʬʠʟʠʦʣʦʛʦïʙʠʦʣʦʛʠʯʝʩʢʠʤ, ʘʥʘʪʦʤʦïʤʦʨʬʦʣʦʛʠʯʝʩʢʠʤ 

ʩʚʦʡʩʪʚʘʤ ʛʘʣʦʬʠʪʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʢʘʢ ʢʦʨʤʦʚʳʝ, ʣʝʢʘʨʩʪʚʝʥʥʳʝ, ʤʘʩʣʝʥʠʯʥʳʝ 

ʨʘʩʪʝʥʠʷ. 

3. ʇʝʨʩʧʝʢʪʠʚʥʳʤʠ ʛʘʣʦʬʠʪʘʤʠ ʠʟ ʯʠʩʣʘ ʦʜʥʦʣʝʪʥʠʢʦʚ ʷʚʣʷʶʪʩʷ: Climacoptera lanata 

(Pall.), Atriplex nitens, Kochia scoparia, Bassia hissopofoliʘ; ʠʟ ʯʠʩʣʘ ʤʥʦʛʦʣʝʪʥʠʢʦʚ ð 

Haloxylon aphyllum (Minkw.) Ilin., Halothanus subaphyllus (C. A. Mey.) Botsch., Salsola 

orientalis S. G. Gmel., Artemisia halophilla Krasch, Aeleropus litoralis ʠ ʜʨʫʛʠʝ. 
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ɸʥʥʦʪʘʮʠʷ. ʀʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ ʠ ʜʦʟ ʫʜʦʙʨʝʥʠʡ ʧʦʜ ʦʟʠʤʫʶ ʧʰʝʥʠʮʫ 

ʥʘ ʧʣʦʪʥʦʩʪʴ ʠ ʦʙʱʫʶ ʧʦʨʠʩʪʦʩʪʴ ʧʦʯʚ.  

ʆʙʨʘʟʮʳ ʧʦʯʚ ʙʳʣʠ ʚʟʷʪʳ ʠʟ ʧʦʯʚʝʥʥʳʭ ʩʣʦʝʚ 0ï10, 10ï20 ʠ 20ï30 ʩʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ 

ʚ ʬʘʟʘʭ ʢʫʱʝʥʠʷ, ʪʨʫʙʢʦʚʘʥʠʷ ʠ ʧʦʣʥʦʡ ʩʧʝʣʦʩʪʠ ʦʟʠʤʦʡ ʧʰʝʥʠʮʳ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʦʙʨʘʙʦʪʦʢ ʧʦʯʚʳ ʠ ʥʦʨʤ ʫʜʦʙʨʝʥʠʡ ʥʘʙʣʶʜʘʣʠʩʴ ʟʘʢʦʥʦʤʝʨʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʧʦʢʘʟʘʪʝʣʷʭ 

ʧʨʠʨʦʜʥʦʡ ʚʣʘʞʥʦʩʪʠ, ʧʣʦʪʥʦʩʪʠ ʧʦʯʚʳ ʠ ʦʙʱʝʡ ʧʦʨʠʩʪʦʩʪʠ ʚ ʠʟʫʯʘʝʤʳʭ ʩʣʦʷʭ.  

ɺ ʢʦʥʮʝ ʚʝʛʝʪʘʮʠʠ ʚʦ ʚʩʝʭ ʚʘʨʠʘʥʪʘʭ ʠ ʧʦ ʬʘʟʘʤ ʨʘʟʚʠʪʠʷ ʥʘʙʣʶʜʘʣʦʩʴ ʫʚʝʣʠʯʝʥʠʝ 

ʧʣʦʪʥʦʩʪʠ ʧʦʯʚ, ʚʣʘʞʥʦʩʪʠ ʠ ʫʤʝʥʴʰʝʥʠʝ ʧʦʨʠʩʪʦʩʪʠ.  

ʇʦ ʧʦʯʚʝʥʥʳʤ ʩʣʦʷʤ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʩʣʦʝ 0ï10 ʩʤ ʚʣʘʞʥʦʩʪʴ ʠ ʧʣʦʪʥʦʩʪʴ 

ʧʦʯʚʳ ʙʳʣʠ ʥʠʟʢʠʝ, ʧʦ ʤʝʨʝ ʧʨʦʜʚʠʞʝʥʠʷ ʚʥʠʟ ʧʦ ʧʨʦʬʠʣʶ ʦʥʠ ʫʚʝʣʠʯʠʚʘʣʠʩʴ, ʘ ʦʙʱʘʷ 

ʧʦʨʠʩʪʦʩʪʴ ð ʥʘʦʙʦʨʦʪ, ʚ ʚʝʨʭʥʝʤ 0ï10 ʩʤ ʩʣʦʝ ð ʚʳʩʦʢʘʷ, ʘ ʚʥʠʟ ʧʦ ʧʨʦʬʠʣʶ ð 

ʫʤʝʥʴʰʘʣʘʩʴ. 

 

Abstract. We have studied the effect of soil treatment and fertilizer doses for winter wheat on 

the density and overall porosity of the soil.  

Samples of soils were taken from soil layers 0ï10, 10ï20 and 20ï30 cm in succession in the 

phases of tilling of winter wheat, tubing and full ripeness. Depending on soil treatments and 

fertilizer rates, there were regular changes in the indices of natural humidity, soil density and total 

porosity in the soil layers under study.  

At the end of vegetation, in all variants and phases of development, an increase in the density 

of soils, moisture, and a decrease in porosity were observed.  

On the soil layers it should be noted that in the 0ï10 cm layer the soil moisture and density 

were low, as they moved down the profile they increased, a total porosity ð on the contrary, in the 

upper 0ï10 cm layer ð high, and down the profile ð decreased. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʙʨʘʙʦʪʢʘ ʧʦʯʚ, ʫʜʦʙʨʝʥʠʷ, ʚʦʜʥʦ-ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʚʣʘʞʥʦʩʪʴ, 

ʧʣʦʪʥʦʩʪʴ, ʦʙʱʘʷ ʧʦʨʠʩʪʦʩʪʴ ʧʦʯʚʳ. 

 

Keywords: soil treatment, fertilizers, water-physical properties, humidity, density, total soil 

porosity. 
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ɺʚʝʜʝʥʠʝ  

ʌʫʥʜʘʤʝʥʪʘʣʴʥʘʷ ʬʫʥʢʮʠʷ ʧʦʯʚʳ ð ʩʦʭʨʘʥʝʥʠʝ ʞʠʟʥʠ ʥʘ ʥʘʰʝʡ ʧʣʘʥʝʪʝ. ʕʪʘ ʬʫʥʢʮʠʷ 

ʧʦʯʚʳ ʩʚʷʟʘʥʘ ʩ ʝʝ ʧʣʦʜʦʨʦʜʠʝʤ. ʇʣʦʜʦʨʦʜʠʝ ʧʦʯʚʳ ð ʫʩʣʦʚʠʝ ʞʠʟʥʠ ʯʝʣʦʚʝʢʘ, ʝʝ 

ʩʦʭʨʘʥʝʥʠʷ ʠ ʧʦʜʜʝʨʞʘʥʠʷ. ʀʥʪʝʛʨʘʣʴʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʧʣʦʜʦʨʦʜʠʷ ʧʦʯʚʳ ʷʚʣʷʝʪʩʷ 

ʩʦʜʝʨʞʘʥʠʝ ʛʫʤʫʩʘ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʥʪʝʥʩʠʚʥʦʝ ʫʥʠʯʪʦʞʝʥʠʝ ʝʩʪʝʩʪʚʝʥʥʦʡ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʠ ʨʘʩʧʘʰʢʘ ʮʝʣʠʥʥʳʭ ʟʝʤʝʣʴ ʧʨʠʚʦʜʠʪ ʢ ʨʝʟʢʦʤʫ ʠʟʤʝʥʝʥʠʶ ʚʩʝʛʦ 

ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʢʨʫʛʦʚʦʨʦʪʘ ʚʝʱʝʩʪʚ ʠ ʛʠʜʨʦʪʝʨʤʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ ʚ ʵʢʦʩʠʩʪʝʤʝ. ʇʝʨʚʳʤ 

ʨʝʟʫʣʴʪʘʪʦʤ ʨʘʩʧʘʰʢʠ ʧʦʯʚ ʷʚʣʷʝʪʩʷ ʨʝʟʢʦʝ (25ï50%) ʩʥʠʞʝʥʠʝ ʠʭ ʛʫʤʫʩʠʨʦʚʘʥʥʦʩʪʠ. 

ʇʦʩʣʝʜʫʶʱʘʷ ʵʚʦʣʶʮʠʷ ʛʫʤʫʩʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʦʯʚʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʩʧʦʣʴʟʫʝʤʦʡ 

ʪʝʭʥʦʣʦʛʠʝʡ ʟʝʤʣʝʜʝʣʠʷ. ɺʦʪ ʧʦʯʝʤʫ ʥʘʫʯʥʦïʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʘʷ ʨʘʙʦʪʘ, ʧʦʩʚʷʱʝʥʥʘʷ 

ʠʟʫʯʝʥʠʶ ʚʣʠʷʥʠʷ ʨʘʟʣʠʯʥʳʭ ʘʛʨʦʪʝʭʥʠʯʝʩʢʠʭ ʧʨʠʝʤʦʚ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ ʥʘ ʝʝ ʧʣʦʜʦʨʦʜʠʝ, 

ʦʪʣʠʯʘʝʪʩʷ ʙʦʣʴʰʦʡ ʘʢʪʫʘʣʴʥʦʩʪʴʶ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʥʘʠʙʦʣʝʝ ʚʘʞʝʥ ʧʨʠ ʠʟʫʯʝʥʠʠ ʧʦʯʚʝʥʥʳʭ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʢʦʥʢʨʝʪʥʳʭ ʪʝʨʨʠʪʦʨʠʡ [1]. 

ɻʣʘʚʥʳʤʠ ʬʫʥʢʮʠʷʤʠ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ ʷʚʣʷʶʪʩʷ: ʦʧʪʠʤʠʟʘʮʠʷ ʧʣʦʪʥʦʩʪʠ ʧʦʯʚʳ ʠ ʝʝ 

ʩʪʨʫʢʪʫʨʥʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʚʦʜʥʦʛʦ ʠ ʚʦʟʜʫʰʥʦʛʦ ʨʝʞʠʤʘ, ʧʨʝʜʦʪʚʨʘʱʝʥʠʝ 

ʚʦʜʥʦʡ ʠ ʚʝʪʨʦʚʦʡ ʵʨʦʟʠʠ, ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʠ ʬʠʪʦʩʘʥʠʪʘʨʥʳʭ 

ʫʩʣʦʚʠʡ, ʤʠʥʝʨʘʣʴʥʳʭ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʨʘʟʤʝʱʝʥʠʝ ʫʜʦʙʨʝʥʠʡ ʠ ʤʝʣʠʦʨʘʥʪʦʚ, 

ʫʥʠʯʪʦʞʝʥʠʝ ʚʨʝʜʠʪʝʣʝʡ ʠ ʩʦʨʥʷʢʦʚ, ʩʦʟʜʘʥʠʝ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʜʣʷ ʧʦʩʝʚʘ ʩʝʤʷʥ ʠ 

ʟʘʜʝʣʢʠ ʫʜʦʙʨʝʥʠʡ.  

ʉʦʚʨʝʤʝʥʥʦʡ ʥʘʫʢʦʡ ʠ ʧʨʘʢʪʠʢʦʡ ʩʧʨʘʚʝʜʣʠʚʦ ʦʙʦʩʥʦʚʘʥʦ, ʯʪʦ ʧʨʦʙʣʝʤʳ ʦʙʨʘʙʦʪʢʠ 

ʧʦʯʚʳ ʩʚʦʜʷʪʩʷ ʢ ʨʝʰʝʥʠʶ ʧʨʠʥʮʠʧʠʘʣʴʥʳʭ ʚʦʧʨʦʩʦʚ ʝʝ ʧʨʠʤʝʥʝʥʠʷ: ʛʣʫʙʦʢʘʷ ʠʣʠ ʤʝʣʢʘʷ, ʩ 

ʦʙʦʨʦʪʦʤ ʠʣʠ ʙʝʟ ʦʙʦʨʦʪʘ ʧʣʘʩʪʘ, ʤʠʥʠʤʘʣʠʟʘʮʠʠ ʧʦʯʚʦʦʙʨʘʙʦʪʢʠ, ʥʫʣʝʚʘʷ (ʧʨʷʤʦʡ ʧʦʩʝʚ 

çno-tillè) [2]. 

ʎʝʣʴʶ ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʧʨʠʝʤʦʚ ʦʙʨʘʙʦʪʢʠ 

ʧʦʯʚʳ ʠ ʫʜʦʙʨʝʥʠʡ ʥʘ ʚʦʜʥʦïʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʝʨʦïʢʦʨʠʯʥʝʚʳʭ ʧʦʯʚ ʧʦʜ ʟʝʨʥʦʚʳʤʠ. 

 

ʆʯʝʥʴ ʚʘʞʥʦʝ ʩʚʦʡʩʪʚʦ ʧʦʯʚʳ, ʝʝ ʩʪʨʫʢʪʫʨʘ ʟʘʚʠʩʠʪ ʦʪ ʚʦʜʥʦïʚʦʟʜʫʰʥʦʛʦ, 

ʦʢʠʩʣʠʪʝʣʴʥʦïʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʨʝʞʠʤʦʚ, ʘʛʨʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. ʕʪʠ ʨʝʞʠʤʳ ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ ʟʘʚʠʩʷʪ ʦʪ ʩʦʜʝʨʞʘʥʠʷ ʛʫʤʫʩʘ, ʦʪ ʝʛʦ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʩʦʩʪʘʚʘ, ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʠ 

ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ, ʬʠʟʠʢʦïʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠ ʪ. ʜ.  

ɺʦʜʥʦïʚʦʟʜʫʰʥʳʡ ʨʝʞʠʤ ʧʦʯʚʳ ʩ ʘʛʨʦʥʦʤʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʪʨʝʙʫʝʪ ʥʘʣʠʯʠʝ 

ʙʣʘʛʦʧʨʠʷʪʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʧʦʨʦʟʥʦʩʪʠ, ʚʦʜʥʦïʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. ʕʪʦʪ ʢʦʤʧʣʝʢʩ 

ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʪʝʩʥʦ ʩʚʷʟʘʥ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʛʫʤʫʩʘ, ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʤ 

ʩʦʩʪʘʚʦʤ ʠ ʬʠʟʠʢʦïʭʠʤʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʧʦʯʚʳ. 

ʆʪʩʫʪʩʪʚʠʝ ʚ ʧʦʯʚʝ ʥʫʞʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʚʣʘʛʠ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʥʘ ʬʠʟʠʢʦï

ʭʠʤʠʯʝʩʢʠʝ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʧʣʦʜʦʨʦʜʠʝ ʧʦʯʚʳ, ʨʦʩʪ ʠ ʨʘʟʚʠʪʠʝ ʨʘʩʪʝʥʠʡ, 

ʫʨʦʞʘʡʥʦʩʪʴ, ʫʩʚʦʝʥʠʝ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʨʘʩʪʝʥʠʝʤ ʠ ʪ. ʜ. ʇʦʵʪʦʤʫ ʩʦʟʜʘʥʠʝ 

ʙʣʘʛʦʧʨʠʷʪʥʦʛʦ ʚʦʜʥʦʛʦ ʨʝʞʠʤʘ ʚ ʧʦʯʚʝ ʦʜʥʘ ʠʟ ʩʘʤʳʭ ʚʘʞʥʳʭ ʟʘʜʘʯ ʚ ʘʛʨʦʥʦʤʠʠ.  

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʠʭ ʫʨʦʞʘʝʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ, ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ 

ʧʦʣʥʘʷ ʧʦʣʝʚʘʷ ʚʣʘʛʦʝʤʢʦʩʪʴ ʧʦʯʚʳ ʩʦʩʪʘʚʣʷʣʘ 60ï70%, ʪʘʢ ʢʘʢ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʦʜʥʦʛʦ 

ʛʨʘʤʤʘ ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ ʪʨʝʙʫʝʪʩʷ ʜʦ ʦʜʥʦʛʦ ʣʠʪʨʘ ʚʦʜʳ. ʋ ʨʘʟʥʳʭ ʧʦʯʚ ʦʪʥʦʰʝʥʠʝ ʢ ʚʣʘʛʝ 

ʨʘʟʣʠʯʥʳʝ: ʥʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ ʠʤʝʶʪ ʭʦʨʦʰʫʶ ʚʦʜʦʧʨʦʥʠʮʘʝʤʦʩʪʴ ʠ ʚʣʘʛʦʫʜʝʨʞʠʚʘʶʱʫʶ 

ʩʧʦʩʦʙʥʦʩʪʴ, ʘ ʜʨʫʛʠʝ ʪʠʧʳ ʧʦʯʚ ʥʝ ʤʦʛʫʪ ʫʜʝʨʞʘʪʴ ʚʦʜʫ. ɸ ʪʨʝʪʠʡ ʪʠʧ ʧʦʯʚ ð ʧʣʦʭʦ 

ʧʨʦʧʫʩʢʘʶʪ ʠ ʙʳʩʪʨʦ ʪʝʨʷʶʪ ʚʦʜʫ. ʇʦʵʪʦʤʫ ʚʦʜʘ, ʥʘ ʨʘʟʥʳʭ ʫʯʘʩʪʢʘʭ ʧʦʯʚ ʧʦ-ʨʘʟʥʦʤʫ ʚʝʜʝʪ 

ʩʝʙʷ, ʝʝ ʢʦʣʠʯʝʩʪʚʦ ʠ ʟʥʘʯʝʥʠʝ ʙʳʚʘʝʪ ʨʘʟʥʳʤ [3]. 
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ʄʥʦʛʠʝ ʫʯʝʥʳʝ ʩʯʠʪʘʶʪ, ʯʪʦ ʚʣʘʛʘ ð ʦʜʥʘ ʠʟ ʦʩʥʦʚʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ 

ʨʦʩʪ ʠ ʨʘʟʚʠʪʠʝ ʨʘʩʪʝʥʠʡ. ʇʨʘʢʪʠʯʝʩʢʠ ʦʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʚʣʘʛʠ ʜʣʷ ʨʘʩʪʝʥʠʡ ʩʣʫʞʠʪ 

ʧʦʯʚʘ. ɺʦʜʥʳʡ ʨʝʞʠʤ ʧʦʯʚʳ ʟʘʚʠʩʠʪ ʦʪ ʧʦʩʪʫʧʣʝʥʠʡ ʠʟ ʨʘʟʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʠ ʜʚʠʞʝʥʠʷ ʵʪʦʡ 

ʚʣʘʛʠ, ʟʘʧʘʩʳ ʞʝ ʚʣʘʛʠ ð ʦʪ ʧʨʦʮʝʩʩʘ ʧʦʯʚʦʦʙʨʘʟʦʚʘʥʠʷ, ʨʘʩʪʠʪʝʣʴʥʳʭ ʦʩʪʘʪʢʦʚ, ʨʝʣʴʝʬʘ, 

ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ ʠ ʤʝʪʦʜʦʚ ʦʙʨʘʙʦʪʢʠ. ʌʘʢʪʦʨʳ ʦʙʨʘʙʦʪʢʠ, ʚʣʠʷʶʱʠʝ ʥʘ ʚʣʘʞʥʦʩʪʴ ʧʦʯʚʳ, 

ʬʠʟʠʯʝʩʢʠʝ ʠ ʘʛʨʦʭʠʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʠ ʩʝʛʦʜʥʷ ʦʯʝʥʴ ʘʢʪʫʘʣʴʥʳ. ɸ ʵʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ 

ʟʘʚʠʩʠʪ ʦʪ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʠʭ ʤʦʜʝʨʥʠʟʘʮʠʠ, ʪʝʭʥʦʣʦʛʠʠ ʠ ʧʦʯʚʝʥʥʦï

ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ [4ï5].  

ɺ ʨʘʟʥʳʭ ʧʦʯʚʘʭ ʥʘʙʣʶʜʘʝʪʩʷ ʦʯʝʥʴ ʨʘʟʣʠʯʥʘʷ ʧʦʨʠʩʪʦʩʪʴ. ʅʘʧʨʠʤʝʨ, ʚ ʦʯʝʥʴ ʧʣʦʪʥʳʭ 

ʛʣʠʥʘʭ ð ʫʤʝʥʴʰʘʝʪʩʷ ʥʘ 20%, ʚ ʥʝʢʦʪʦʨʳʭ ʙʦʣʦʪʥʳʭ ʧʦʯʚʘʭ ð ʧʦʜʥʠʤʘʝʪʩʷ ʜʦ 80%, ʘ ʚ 

ʤʠʥʝʨʘʣʴʥʳʭ ʧʦʯʚʘʭ ʯʘʩʪʦ ʙʳʚʘʝʪ 40ï50%. ʂʦʣʠʯʝʩʪʚʦ ʧʦʨʠʩʪʦʩʪʠ ʠʤʝʝʪ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ 

ʚ ʤʝʣʠʦʨʘʪʠʚʥʦʤ ʭʘʨʘʢʪʝʨʝ ʧʦʯʚ. ʅʘʧʨʠʤʝʨ, ʚ ʧʝʨʠʦʜ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʚʨʝʤʝʥʠ ʤʘʢʩʠʤʘʣʴʥʘʷ 

ʚʣʘʛʦʫʜʝʨʞʠʚʘʶʱʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʯʚʳ ʟʘʚʠʩʠʪ ʦʪ ʧʦʨʠʩʪʦʩʪʠ [6]. 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ ʬʦʨʤʠʨʫʝʪʩʷ ʧʨʠ 

ʦʧʪʠʤʘʣʴʥʳʭ ʧʦʢʘʟʘʪʝʣʷʭ ʚʦʜʥʦïʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʯʚ. ʆʜʠʥ ʚʦʧʨʦʩ ʧʦʩʪʦʷʥʥʦ ʚʳʟʳʚʘʝʪ 

ʜʠʩʢʫʩʩʠʶ ʫ ʫʯʝʥʳʭ: ʫʤʝʥʴʰʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʯʚ ʚ ʨʝʟʫʣʴʪʘʪʝ ʛʣʫʙʦʢʦʡ 

ʚʩʧʘʰʢʠ. ʄʥʦʛʠʝ ʫʯʝʥʳʝ ʦʪʤʝʯʘʶʪ ʫʚʝʣʠʯʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʧʦʯʚ ʚʳʰʝ ʦʧʪʠʤʘʣʴʥʳʭ ʚ 

ʧʘʭʦʪʥʦʤ ʩʣʦʝ ʧʨʠ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʡ ʥʫʣʝʚʦʡ ʠ ʤʠʥʠʤʘʣʴʥʦʡ ʦʙʨʘʙʦʪʦʢ [7]. 

ʊʝʭʥʦʣʦʛʠʷ ʤʠʥʠʤʘʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ ʫʤʝʥʴʰʘʝʪ ʟʘʪʨʘʪʳ ʥʘ ʚʳʨʘʱʠʚʘʥʠʝ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ. ʇʨʠ ʤʠʥʠʤʘʣʴʥʦʡ ʦʙʨʘʙʦʪʢʝ ʧʦʯʚʳ, ʟʘʧʘʩʳ ʧʦʣʝʟʥʦʡ 

ʚʣʘʞʥʦʩʪʠ ʚ ʤʝʪʨʦʚʦʤ ʩʣʦʝ ʩʦʩʪʘʚʠʣʘ 107ï114 ʤʤ, ʘ ʵʪʦ ʥʘ 13ï16% ʤʝʥʴʰʝ, ʯʝʤ ʧʨʠ 

ʧʣʫʞʥʦʡ ʚʩʧʘʰʢʝ ʩ ʧʝʨʝʚʦʨʘʯʠʚʘʥʠʝʤ ʧʦʯʚʳ. ʋʤʝʥʴʰʝʥʠʝ ʚʣʘʛʠ ʧʨʠ ʤʠʥʠʤʘʣʴʥʦʡ 

ʦʙʨʘʙʦʪʢʝ ʫʤʝʥʴʰʘʝʪ ʚʣʘʛʦʫʜʝʨʞʠʚʘʶʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ, ʫʩʢʦʨʷʝʪʩʷ ʠʩʧʘʨʝʥʠʝ ʚʳʧʘʜʘʶʱʠʭ 

ʦʩʘʜʢʦʚ ʚʦ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʝ ʚʝʛʝʪʘʮʠʠ [8]. 

 

ʄʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʝʜʝʥʳ 2012ï2015 ʛʦʜʫ ʚ ʎʝʥʪʨʘʣʴʥʦʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʙʘʟʝ 

ɸʟʝʨʙʘʡʜʞʘʥʩʢʦʛʦ ʅʀʀ ʭʣʦʧʢʦʚʦʜʩʪʚʘ, ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʚ ʟʘʧʘʜʥʦʡ ʟʦʥʝ ɸʟʝʨʙʘʡʜʞʘʥʘ. 

ʉʭʝʤʘ ʦʧʳʪʘ ʜʚʫʭʬʘʢʪʦʨʥʘʷ (2Ĭ4) ʩʦ ʩʣʝʜʫʶʱʠʤʠ ʬʘʢʪʦʨʘʤʠ.  

ʌʘʢʪʦʨ ʘ: ʆʙʨʘʙʦʪʢʘ ʧʦʯʚ.  

1) ʊʨʘʜʠʮʠʦʥʥʘʷ ʦʙʨʘʙʦʪʢʘ (ʨʳʭʣʝʥʠʝ 20ï22 ʩʤ),  

2) ʄʠʥʠʤʘʣʴʥʘʷ ʦʙʨʘʙʦʪʢʘ (10ï12 ʩʤ ʯʠʟʝʣʴ).  

ʌʘʢʪʦʨ ʙ: ɼʦʟʳ ʫʜʦʙʨʝʥʠʡ.  

1) ɹʝʟ ʫʜʦʙʨʝʥʠʷ;  

2) ʅʘʚʦʟ 10ʪ/ʛʘ+N60P60K30;  

3) ʅʘʚʦʟ 10ʪ/ʛʘ+N90P90K60;  

4) ʅʘʚʦʟ 10ʪ/ʛʘ+N120P120K90.  

ʇʨʝʜʰʝʩʪʚʝʥʥʠʢʦʤ ʦʟʠʤʦʡ ʧʰʝʥʠʮʳ ʙʳʣ ʭʣʦʧʦʢ.  

ʇʦʯʚʘ ʦʧʳʪʥʦʛʦ ʫʯʘʩʪʢʘ ʢʘʨʙʦʥʘʪʥʘʷ, ʜʘʚʥʦ ʦʨʦʰʘʝʤʘʷ, ʩʝʨʦïʢʦʨʠʯʥʝʚʘʷ, ʣʝʛʢʦ 

ʩʫʛʣʠʥʠʩʪʘʷ.  

ʉʦʜʝʨʞʘʥʠʝ ʧʠʪʘʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʫʤʝʥʴʰʘʝʪʩʷ ʩʚʝʨʭʫ ʚʥʠʟ ʚ ʤʝʪʨʦʚʦʤ ʛʦʨʠʟʦʥʪʝ. 

ʉʦʛʣʘʩʥʦ ʧʨʠʥʷʪʦʡ ʛʨʘʜʘʮʠʠ ʚ ʨʝʩʧʫʙʣʠʢʝ ʘʛʨʦʭʠʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʵʪʠ ʧʦʯʚʳ 

ʤʘʣʦ ʦʙʝʩʧʝʯʝʥʳ ʧʠʪʘʪʝʣʴʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʠ ʥʫʞʜʘʶʪʩʷ ʚ ʧʨʠʤʝʥʝʥʠʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʠ 

ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ.  

ʉʦʜʝʨʞʘʥʠʝ ʚʘʣʦʚʦʛʦ ʛʫʤʫʩʘ (ʧʦ ʊʶʨʠʥʫ) ʚ ʩʣʦʝ 0ï30 ʠ 60ï100 ʩʤ, 2,15ï0,85%, 

ʚʘʣʦʚʦʛʦ ʘʟʦʪʘ ʠ ʬʦʩʬʦʨʘ (ʧʦ ʂ. ɽ. ɻʠʥʟʙʫʨʛʫ) ʠ ʢʘʣʠʷ (ʧʦ ʉʤʠʪʫ) ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩʦʩʪʘʚʣʷʝʪ 
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0,15ï0,06%; 0,13ï0,07% ʠ 2,39ï1,51%, ʧʦʛʣʦʱʝʥʥʦʛʦ ʘʤʤʠʘʢʘ (ʧʦ ʂʦʥʝʚʫ) 18,0ï6,5 ʤʛ/ʢʛ, 

ʥʠʪʨʘʪʥʦʛʦ ʘʟʦʪʘ (ʧʦ ɻʨʘʥʜʚʘʣʴïʃʷʞʫ) 9,7ï2,6 ʤʛ/ʢʛ, ʧʦʜʚʠʞʥʦʛʦ ʬʦʩʬʦʨʘ (ʧʦ ʄʘʯʠʛʠʥʫ) 

15,8ï4,5 ʤʛ/ʢʛ, ʦʙʤʝʥʥʦʛʦ ʢʘʣʠʷ (ʧʦ ʇʨʦʪʘʩʦʚʫ) 263,5ï105,3 ʤʛ/ʢʛ, ʨʅ ʚʦʜʥʦʡ ʩʫʩʧʝʥʟʠʠ 7,8ï

8,4 (ʚ ʧʦʪʝʥʮʠʦʤʝʪʨʝ). ɸ ʪʘʢʞʝ ʠʟʫʯʝʥʳ ʬʠʟʠʢʦïʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʧʦʯʚ ʦʧʳʪʥʦʛʦ ʫʯʘʩʪʢʘ.  

ʆʧʳʪʥʳʝ ʧʦʣʷ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʦʡ ʩʫʤʤʦʡ ʦʙʤʝʥʥʳʭ ʦʩʥʦʚʘʥʠʡ, ʜʦʩʪʠʛʘʶʱʠʭ ʚ 

ʧʘʭʦʪʥʦʤ ʩʣʦʝ 29,8 ʤʛïɻ ʢʚ/100 ʛ ʧʦʯʚʳ. ʉ ʛʣʫʙʠʥʦʡ ʦʥʘ ʩʥʠʞʘʝʪʩʷ, ʜʦʩʪʠʛʘʷ ʤʠʥʠʤʫʤʘ ʚ 

ʩʣʦʝ 60ï100 ʩʤ ʩʦʩʪʘʚʣʷʝʪ 21,1 ʤʛïɻ ʢʚ/100 ʛ ʧʦʯʚʳ. ʇʣʦʪʥʦʩʪʴ ʧʦʯʚʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 1,19ï

1,31 ʛ/ʩʤ3.  

ɸʛʨʦʪʝʭʥʠʢʘ ʚʳʨʘʱʠʚʘʥʠʷ ʦʟʠʤʦʡ ʧʰʝʥʠʮʳ ʩʦʨʪʘ çɻʦʙʫʩʪʘʥè ʪʨʘʜʠʮʠʦʥʥʘ ʜʣʷ ʟʦʥʳ. 

ʆʙʱʘʷ ʧʣʦʱʘʜʴ ʜʝʣʷʥʢʠ 56 ʤ2, ʫʯʝʪʥʘʷ 50,4 ʤ2, ʧʦʚʪʦʨʥʦʩʪʴ ʪʨʝʭʢʨʘʪʥʘʷ, ʨʘʩʧʦʣʦʞʝʥʠʝ 

ʜʝʣʷʥʦʢ ʨʝʥʜʦʤʠʟʠʨʦʚʘʥʥʦʝ. ɽʞʝʛʦʜʥʦ ʥʘʚʦʟ, ʬʦʩʬʦʨ ʠ ʢʘʣʠʡ ʚʥʦʩʠʣʠ ʦʩʝʥʴʶ ʧʦʜ ʚʩʧʘʰʢʫ, 

ʘʟʦʪʥʳʝ ʫʜʦʙʨʝʥʠʷ ʧʨʠʤʝʥʷʣʠ ʚʝʩʥʦʡ 2 ʨʘʟʘ ʚ ʢʘʯʝʩʪʚʝ ʧʦʜʢʦʨʤʢʠ. 

ʆʧʳʪ ʟʘʢʣʘʜʳʚʘʣʩʷ ʧʦ ʤʝʪʦʜʠʯʝʩʢʠʤ ʫʢʘʟʘʥʠʷʤ ʩʧʦʩʦʙʦʤ ʛʨʝʙʥʝʚʦʛʦ ʧʦʩʝʚʘ ʧʨʠ ʥʦʨʤʝ 

200 ʢʛ/ʛʘ.  

ɺ ʢʘʯʝʩʪʚʝ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ ʠʩʧʦʣʴʟʦʚʘʥʳ: ʘʟʦʪʥʦïʘʤʤʠʘʯʥʘʷ ʩʝʣʠʪʨʘ, ʧʨʦʩʪʦʡ 

ʬʦʩʬʘʪ, ʩʫʧʝʨʬʦʩʬʘʪ, ʩʫʣʴʬʘʪʥʳʝ ʢʘʣʠʡʥʳʝ ʫʜʦʙʨʝʥʠʷ. 

 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʙʨʘʙʦʪʦʢ ʧʦʯʚʳ ʠ ʥʦʨʤ ʫʜʦʙʨʝʥʠʡ ʥʘʙʣʶʜʘʣʠʩʴ ʟʘʢʦʥʦʤʝʨʥʳʝ 

ʠʟʤʝʥʝʥʠʷ ʚ ʧʦʢʘʟʘʪʝʣʷʭ ʧʨʠʨʦʜʥʦʡ ʚʣʘʞʥʦʩʪʠ, ʧʣʦʪʥʦʩʪʠ ʧʦʯʚʳ ʠ ʦʙʱʝʡ ʧʦʨʠʩʪʦʩʪʠ ʚ 

ʠʟʫʯʘʝʤʳʭ ʩʣʦʷʭ ʧʦʯʚʳ. 

ɺ ʢʦʥʮʝ ʚʝʛʝʪʘʮʠʠ ʚʦ ʚʩʝʭ ʚʘʨʠʘʥʪʘʭ ʠ ʧʦ ʬʘʟʘʤ ʨʘʟʚʠʪʠʷ ʥʘʙʣʶʜʘʣʦʩʴ ʫʚʝʣʠʯʝʥʠʝ 

ʧʣʦʪʥʦʩʪʠ ʧʦʯʚ, ʚʣʘʞʥʦʩʪʠ ʠ ʫʤʝʥʴʰʝʥʠʝ ʧʦʨʠʩʪʦʩʪʠ. ʇʦ ʧʦʯʚʝʥʥʳʤ ʩʣʦʷʤ ʩʣʝʜʫʝʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʩʣʦʝ 0ï10 ʩʤ ʚʣʘʞʥʦʩʪʴ ʠ ʧʣʦʪʥʦʩʪʴ ʧʦʯʚʳ ʙʳʣʠ ʥʠʟʢʠʝ, ʧʦ ʤʝʨʝ 

ʧʨʦʜʚʠʞʝʥʠʷ ʚʥʠʟ ʧʦ ʧʨʦʬʠʣʶ ʦʥʠ ʫʚʝʣʠʯʠʚʘʣʠʩʴ. ɸ ʦʙʱʘʷ ʧʦʨʠʩʪʦʩʪʴ ð ʥʘʦʙʦʨʦʪ, ʚ 

ʚʝʨʭʥʝʤ 0ï10 ʩʤ ʩʣʦʝ ð ʚʳʩʦʢʘʷ, ʘ ʚʥʠʟ ʧʦ ʧʨʦʬʠʣʶ ð ʫʤʝʥʴʰʘʣʘʩʴ. 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʊʘʙʣʠʮʳ 1 ʥʘ ʙʘʟʝ ʪʨʘʜʠʮʠʦʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚ ʚ ʢʦʥʪʨʦʣʴʥʦʤ ʚʘʨʠʘʥʪʝ 

(ʙʝʟ ʫʜʦʙʨʝʥʠʡ), ʚ ʬʘʟʝ ʢʫʱʝʥʠʷ ʦʟʠʤʦʡ ʧʰʝʥʠʮʳ ʚʣʘʞʥʦʩʪʴ ʚ ʧʦʯʚʝʥʥʳʭ ʩʣʦʷʭ 0ï10, 10ï20 

ʠ 20ï30 ʩʤ ʩʦʩʪʘʚʠʣʘ 16,6ï17,1, 19,0ï19,5 ʠ 20,2ï20,8%, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʣʦʪʥʦʩʪʴ (ʦʙʲʝʤʥʘʷ 

ʤʘʩʩʘ) ʧʦʯʚʳ ð 1,08ï1,10, 1,12ï1,14 ʠ 1,24ï1,25 ʛ/ʩʤ3, ʦʙʱʘʷ ʧʦʨʠʩʪʦʩʪʴ 58,80ï59,55, 57,30ï

58,05 ʠ 53,53ï53,90%. 

ɺ ʬʘʟʝ ʧʦʣʥʦʡ ʩʧʝʣʦʩʪʠ ʵʪʠ ʧʦʢʘʟʘʪʝʣʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʨʘʚʥʷʣʠʩʴ: ʚʣʘʞʥʦʩʪʴ ð 11,3ï

12,5, 12,7ï13,4 ʠ 14,8ï15,2%, ʧʣʦʪʥʦʩʪʴ ʧʦʯʚʳ (ʦʙʲʝʤʥʘʷ ʤʘʩʩʘ) ð 1,16ï1,19, 1,21ï1,24 ʠ 

1,33ï1,34 ʛ/ʩʤ3, ʦʙʱʘʷ ʧʦʨʠʩʪʦʩʪʴ ð 55,43ï56,55, 53,56ï54,68 ʠ 50,18ï50,56%. 

ʅʘ ʙʘʟʝ ʪʨʘʜʠʮʠʦʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚ ʧʨʠʤʝʥʝʥʠʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʠ ʤʠʥʝʨʘʣʴʥʳʭ 

ʫʜʦʙʨʝʥʠʡ ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʫʚʝʣʠʯʝʥʠʶ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʧʦʨʠʩʪʦʩʪʠ ʠ ʚʣʘʞʥʦʩʪʠ ʧʦ 

ʬʘʟʘʤ ʨʘʟʚʠʪʠʷ ʠ ʧʦʯʚʝʥʥʳʤ ʩʣʦʷʤ, ʘ ʧʣʦʪʥʦʩʪʴ ʧʦʯʚ ð ʫʤʝʥʴʰʠʣʘʩʴ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʚ 

ʚʘʨʠʘʥʪʝ ʥʘʚʦʟ 10 ʪ/ʛa+N60P60K30, ʚ ʬʘʟʝ ʢʫʱʝʥʠʷ ʚʣʘʞʥʦʩʪʴ ʚ ʩʣʦʷʭ 0ï10, 10ï20 ʠ 20ï30 ʩʤ 

ʩʦʩʪʘʚʠʣʘ 17,2ï17,5; 18,2ï19,7 ʠ 20,3ï20,9%, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʣʦʪʥʦʩʪʴ ʨʘʚʥʷʣʘʩʴ 1,03ï1,05; 

1,08ï1,09 ʠ 1,20ï1,21 ʛ/ʩʤ3, ʦʙʱʘʷ ʧʦʨʠʩʪʦʩʪʴ ð 60,67ï61,42; 59,18ï59,55 ʠ 53,39ï54,68%. ɺ 

ʬʘʟʝ ʧʦʣʥʦʡ ʩʧʝʣʦʩʪʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚʣʘʞʥʦʩʪʴ ð 11,8ï13,0; 13,3ï14,2 ʠ 15,3ï16,5%; 

ʧʣʦʪʥʦʩʪʴ ʧʦʯʚʳ ð 1,15ï1,17; 1,19ï1,21 ʠ 1,31ï1,33 ʛ/ʩʤ3; ʦʙʱʘʷ ʧʦʨʠʩʪʦʩʪʴ ð 56,18ï 56,93; 

54,43ï54,68 ʠ 50,56ï51,30%.  

ɺ ʚʘʨʠʘʥʪʝ ʥʘʚʦʟ 10 ʪ/ʛa+N90P90K60 ʚʝʩʥʦʡ ʚ ʬʘʟʝ ʢʫʱʝʥʠʷ ʚʣʘʞʥʦʩʪʴ ʚ ʩʣʦʷʭ 0ï10, 10ï20 

ʠ 20ï30 ʩʤ ʩʦʩʪʘʚʠʣʘ 18,8ï19,5; 20,8ï21,5 ʠ 22,0ï22,6%, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʣʦʪʥʦʩʪʴ ð 0,98ï1,01; 

1,03ï1,04 ʠ 1,18ï1,19 ʛ/ʩʤ3, ʦʙʱʘʷ ʧʦʨʠʩʪʦʩʪʴ ð 62,17ï63,30; 61,05ï61,42 ʠ 55,59ï56,13%. ɺ 
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ʬʘʟʝ ʧʦʣʥʦʡ ʩʧʝʣʦʩʪʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚʣʘʞʥʦʩʪʴ ð 13,5ï14,2; 15,7ï15,8 ʠ 16,8,ï17,2%; 

ʧʣʦʪʥʦʩʪʴ ʧʦʯʚʳ ð 1,06ï1,08; 1,13ï1,15 ʠ 1,27ï1,29 ʛ/ʩʤ3; ʦʙʱʘʷ ʧʦʨʠʩʪʦʩʪʴ ð 59,55ï60,30; 

56,93ï57,68 ʠ 52,04ï52,79%.  

 

ʊʘʙʣʠʮʘ 1. 

ɺʃʀʗʅʀɽ ʊʈɸɼʀʎʀʆʅʅʆʁ ʆɹʈɸɹʆʊʂʀ ʇʆʏɺ ʀ ʋɼʆɹʈɽʅʀʁ  

ʅɸ ɺʆɼʅʆ-ʌʀɿʀʏɽʉʂʀɽ ʉɺʆʁʉʊɺɸ 

ɺʘʨʠʘʥ-

ʪʳ 

ʦʧʳʪʘ 

ɻʣʫʙʠ-

ʥʘ, ʩʤ 

ʂʫʱʝʥʠʝ ʊʨʫʙʢʦʚʘʥʠʝ ʇʦʣʥʘʷ ʩʧʝʣʦʩʪʴ 

ɺʣʘ-

ʞʥʦ-

ʩʪʴ, 

% 

ʇʣʦʪ-

ʥʦʩʪʴ 

ʧʦʯʚʳ, 

ʛ/ʩʤ3 

ʆʙʱʘʷ 

ʧʦʨʠʩ-

ʪʦʩʪʴ, 

% 

ɺʣʘʞʥ

ʦʩʪʴ, 

% 

ʇʣʦʪ-

ʥʦʩʪʴ 

ʧʦʯʚʳ, 

ʛ/ʩʤ3 

ʆʙʱʘʷ 

ʧʦʨʠʩ-

ʪʦʩʪʴ, 

% 

ɺʣʘʞ-

ʥʦʩʪʴ, 

% 

ʇʣʦʪ-

ʥʦʩʪʴ 

ʧʦʯʚʳ, 

ʛ/ʩʤ3 

ʆʙʱʘʷ 

ʧʦʨʠʩ-

ʪʦʩʪʴ, 

% 

2012 

ʂʦʥʪ-

ʨʦʣʴ (ʙʝʟ 

ʫʜʦʙ-

ʨʝʥʠʷ) 

0ï10 16,6 1,08 59,55 18,1 1,15 59,63 11,3 1,16 56,55 

10ï20 19,0 1,12 58,05 20,3 1,20 55,06 12,7 1,21 54,68 

20ï30 20,2 1,25 53,53 21,8 1,31 51,30 14,8 1,33 50,56 

ʅʘʚʦʟ 10 

ʪ/ʛa+N60

P60K30 

0ï10 17,2 1,05 60,67 18,8 1,13 57,68 11,8 1,15 56,93 

10ï20 19,7 1,09 59,18 20,8 1,17 56,18 13,3 1,19 55,43 

20ï30 20,9 1,21 54,68 22,5 1,29 52,04 15,3 1,31 51,30 

ʅʘʚʦʟ 10 

ʪ/ʛa+N90

P90K60 

0ï10 18,8 1,01 62,17 20,2 1,05 60,67 13,5 1,06 60,30 

10ï20 20,8 1,04 61,05 22,7 1,11 58,43 15,7 1,13 57,68 

20ï30 22,0 1,18 56,13 23,8 1,25 53,53 16,8 1,27 52,79 

ʅʘʚʦʟ 10 

ʪ/ʛa+N120

P120K90 

0ï10 18,0 1,03 61,42 21,3 1,09 59,18 12,6 1,11 58,43 

10ï20 20,5 1,07 59,92 23,2 1,15 56,93 14,3 1,17 56,18 

20ï30 21,3 1,22 54,65 24,7 1,27 52,79 15,2 1,29 52,04 

2013 

ʂʦʥʪ-

ʨʦʣʴ (ʙʝʟ 

ʫʜʦʙ-

ʨʝʥʠʷ) 

0ï10 17,1 1,10 58,80 18,2 1,17 56,18 12,5 1,19 55,43 

10ï20 19,5 1,14 57,30 20,6 1,22 54,31 13,4 1,24 53,56 

20ï30 20,8 1,24 53,90 21,7 1,33 50,56 15,2 1,34 50,18 

ʅʘʚʦʟ 10 

ʪ/ʛa+N60

P60K30 

0ï10 17,5 1,03 61,42 18,7 1,15 56,93 13,0 1,17 56,18 

10ï20 18,2 1,08 59,55 19,6 1,19 55,43 14,2 1,21 54,68 

20ï30 20,3 1,20 55,39 21,5 1,31 51,30 16,5 1,33 50,56 

ʅʘʚʦʟ 10 

ʪ/ʛa+N90

P90K60 

0ï10 19,5 0,98 63,30 20,7 1,07 59,92 14,2 1,08 59,55 

10ï20 21,5 1,03 61,42 22,8 1,13 57,68 15,8 1,15 56,93 

20ï30 22,6 1,19 55,59 23,8 1,27 52,79 17,2 1,29 52,04 

ʅʘʚʦʟ 10 

ʪ/ʛa+N120

P120K90 

0ï10 19,0 1,01 62,17 20,1 1,11 58,43 13,7 1,13 57,68 

10ï20 21,1 1,05 60,67 22,0 1,17 56,18 14,6 1,19 55,43 

20ï30 21,8 1,21 55,02 23,2 1,29 52,04 17,1 1,31 51,30 

 

ɺ ʚʘʨʠʘʥʪʝ ʥʘʚʦʟ 10 ʪ/ʛa+N120P120K90, ʚ ʬʘʟʝ ʢʫʱʝʥʠʷ ʚʣʘʞʥʦʩʪʴ ʚ ʩʣʦʷʭ 0ï10, 10ï20 ʠ 

20ï30 ʩʤ ʩʦʩʪʘʚʠʣʘ 18,0ï19,0; 20,5ï21,1 ʠ 21,3ï21,8%, ʧʣʦʪʥʦʩʪʴ ʧʦʯʚʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 1,01ï

1,03; 1,05ï1,07 ʠ 1,21ï1,22 ʛ/ʩʤ3, ʦʙʱʘʷ ʧʦʨʠʩʪʦʩʪʴ ð 61,42ï62,17; 59,92ï60,67 ʠ 55,02ï

54,65%. ɺ ʬʘʟʝ ʞʝ ʧʦʣʥʦʡ ʩʧʝʣʦʩʪʠ, ʚʣʘʞʥʦʩʪʴ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ð 12,6ï13,7; 14,3ï14,6 ʠ 

15,2,ï17,1%; ʧʣʦʪʥʦʩʪʴ ð 1,11ï1,13; 1,17ï1,19 ʠ 1,29ï1,31 ʛ/ʩʤ3; ʦʙʱʘʷ ʧʦʨʠʩʪʦʩʪʴ ð 57,68ï 

58,43; 55,43ï56,18 ʠ 51,30ï52,04%. 
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ʊʘʙʣʠʮʘ 2. 

ɺʃʀʗʅʀɽ ʄʀʅʀʄʀɿɸʎʀʀ ʆɹʈɸɹʆʊʂʀ ʇʆʏɺ ʀ ʋɼʆɹʈɽʅʀʁ  

ʅɸ ɺʆɼʅʆïʌʀɿʀʏɽʉʂʀɽ ʉɺʆʁʉʊɺɸ 

ɺʘʨʠʘʥ-

ʪʳ 

ʦʧʳʪʘ 

ɻʣʫʙʠ-

ʥʘ, ʩʤ 

ʂʫʱʝʥʠʝ ʊʨʫʙʢʦʚʘʥʠʝ ʇʦʣʥʘʷ ʩʧʝʣʦʩʪʴ 

ɺʣʘ-

ʞʥʦ-

ʩʪʴ, 

% 

ʇʣʦʪ-

ʥʦʩʪʴ 

ʧʦʯʚʳ, 

ʛ/ʩʤ3 

ʆʙʱʘʷ 

ʧʦʨʠʩ-

ʪʦʩʪʴ, 

% 

ɺʣʘʞ-

ʥʦʩʪʴ, 

% 

ʇʣʦʪ-

ʥʦʩʪʴ 

ʧʦʯʚʳ, 

ʛ/ʩʤ3 

ʆʙʱʘʷ 

ʧʦʨʠʩ-

ʪʦʩʪʴ, 

% 

ɺʣʘʞ-

ʥʦʩʪʴ, 

% 

ʇʣʦʪ-

ʥʦʩʪʴ 

ʧʦʯʚʳ, 

ʛ/ʩʤ3 

ʆʙʱʘʷ 

ʧʦʨʠʩ-

ʪʦʩʪʴ, 

% 

2012 

ʂʦʥʪ-

ʨʦʣʴ (ʙʝʟ 

ʫʜʦʙʨʝ-

ʥʠʷ) 

0ï10 18,2 1,07 59,92 17,8 1,13 57,68 13,1 1,15 56,93 

10ï20 20,3 1,18 55,80 19,1 1,24 53,56 14,2 1,27 52,43 

20ï30 22,1 1,31 51,30 21,8 1,35 49,81 16,8 1,38 48,70 

ʅʘʚʦʟ 10 

ʪ/ʛa+N60

P60K30 

0ï10 19,8 1,06 60,30 18,3 1,12 58,05 14,5 1,14 57,30 

10ï20 21,5 1,16 56,55 20,2 1,22 54,31 15,7 1,23 53,93 

20ï30 22,5 1,29 52,64 22,3 1,33 50,56 17,3 1,35 49,81 

ʅʘʚʦʟ 10 

ʪ/ʛa+N90

P90K60 

0ï10 20,8 1,00 62,55 20,2 1,07 59,92 15,6 1,10 58,80 

10ï20 22,6 1,10 58,80 22,5 1,15 56,93 16,7 1,17 56,18 

20ï30 23,8 1,25 53,53 23,0 1,30 51,50 18,2 1,32 50,93 

ʅʘʚʦʟ 10 

ʪ/ʛa+N120

P120K90 

0ï10 20,3 1,05 60,67 19,3 1,10 58,80 14,8 1,12 58,05 

10ï20 21,8 1,13 57,68 21,3 1,17 56,18 16,2 1,19 55,43 

20ï30 23,0 1,27 52,79 22,8 1,31 51,30 17,8 1,33 50,56 

2013 

ʂʦʥʪ-

ʨʦʣʴ (ʙʝʟ 

ʫʜʦʙʨʝ-

ʥʠʷ) 

0ï10 17,1 1,08 59,55 17,3 1,15 56,93 12,2 1,17 56,18 

10ï20 19,2 1,20 55,06 18,8 1,26 52,81 13,4 1,29 51,68 

20ï30 22,8 1,33 50,56 21,3 1,37 49,07 15,7 1,37 49,07 

ʅʘʚʦʟ 10 

ʪ/ʛa+N60

P60K30 

0ï10 18,5 1,05 60,67 17,8 1,13 57,68 13,1 1,16 56,55 

10ï20 20,3 1,13 57,68 19,2 1,24 53,56 14,6 1,25 53,18 

20ï30 23,1 1,27 52,79 22,1 1,35 49,81 16,3 1,34 50,18 

ʅʘʚʦʟ 10 

ʪ/ʛa+N90

P90K60 

0ï10 19,2 0,96 64,04 19,7 1,09 59,18 14,5 1,11 58,43 

10ï20 21,3 1,11 58,43 21,3 1,17 56,18 15,6 1,19 55,43 

20ï30 23,5 1,23 54,27 22,1 1,32 50,93 17,2 1,33 50,56 

ʅʘʚʦʟ 10 

ʪ/ʛa+N120

P120K90 

0ï10 18,8 1,02 61,80 18,2 1,13 57,68 13,7 1,15 56,93 

10ï20 20,8 1,15 56,93 20,3 1,20 55,06 15,2 1,21 54,68 

20ï30 23,5 1,25 53,53 22,5 1,33 50,56 16,8 1,35 49,81 

 

ʀʟ ʊʘʙʣʠʮʳ 2 ʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʤʠʥʠʤʘʣʴʥʦʡ ʦʙʨʘʙʦʪʢʝ ʧʦʯʚ ʚ ʢʘʞʜʦʤ ʠʟ ʚʘʨʠʘʥʪʦʚ ʧʦ 

ʧʦʯʚʝʥʥʳʤ ʩʣʦʷʤ ʠ ʬʘʟʘʤ ʚʝʛʝʪʘʮʠʠ ʚʣʘʞʥʦʩʪʴ ʠ ʧʦʨʠʩʪʦʩʪʴ ʚ 0ï10 ʩʤ ʩʣʦʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʪʨʘʜʠʮʠʦʥʥʦʡ ʦʙʨʘʙʦʪʢʦʡ ʙʳʣʠ ʚʳʰʝ, ʘ ʧʣʦʪʥʦʩʪʴ ʤʝʥʴʰʝ. ɺ ʥʠʞʥʠʭ ʞʝ 10ï20 ʠ 20ï30 ʩʤ 

ʩʣʦʷʭ ð ʥʘʦʙʦʨʦʪ, ʧʣʦʪʥʦʩʪʴ ʚʳʰʝ, ʘ ʧʦʨʠʩʪʦʩʪʴ ʤʝʥʴʰʝ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʚ 0ï10 

ʩʤ ʩʣʦʝ ʙʦʣʴʰʝ ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʢʦʨʥʝʚʘʷ ʤʘʩʩʘ ʠ ʫʜʦʙʨʝʥʠʡ, ʠ ʤʝʥʴʰʝ ʧʝʨʝʭʦʜʠʪ ʚ ʙʦʣʝʝ 

ʥʠʞʥʠʝ ʩʣʦʠ.  

ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʚ ʢʦʥʪʨʦʣʴʥʦʤ (ʙʝʟ ʫʜʦʙʨʝʥʠʷ) ʚʘʨʠʘʥʪʝ ʚʝʩʥʦʡ ʚ ʬʘʟʝ ʢʫʱʝʥʠʷ 

ʚʣʘʞʥʦʩʪʴ ʧʦ ʩʣʦʷʤ 0ï10, 10ï20 ʠ 20ï30 ʩʤ ʩʦʩʪʘʚʠʣʘ 17,1ï18,2; 19,2ï20,3 ʠ 22,1ï22,8%, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʣʦʪʥʦʩʪʴ ʧʦʯʚʳ ð 1,07ï1,08; 1,18ï1,20 ʠ 1,31ï1,33 ʛ/ʩʤ3, ʦʙʱʘʷ ʧʦʨʠʩʪʦʩʪʴ 

59,55ï59,92; 55,06ï55,80 ʠ 50,56ï51,30%. ɺ ʬʘʟʝ ʧʦʣʥʦʡ ʩʧʝʣʦʩʪʠ ʚʣʘʞʥʦʩʪʴ ʩʦʩʪʘʚʠʣʘ 12,2ï

13,1; 13,4ï14,2 ʠ 15,7ï16,8%; ʧʣʦʪʥʦʩʪʴ ʧʦʯʚʳ 1,15ï1,17; 1,27ï1,29 ʠ 1,37ï1,38 ʛ/ʩʤ3; ʦʙʱʘʷ 

ʧʦʨʠʩʪʦʩʪʴ 56,18ï 56,93; 51,68ï52,43 ʠ 48,70ï49,07%. 
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ʇʨʠ ʤʠʥʠʤʘʣʴʥʦʡ ʦʙʨʘʙʦʪʢʝ ʧʦʯʚ ʧʦ ʧʦʯʚʝʥʥʳʤ ʩʣʦʷʤ ʠ ʬʘʟʘʤ ʨʘʟʚʠʪʠʷ, ʪʘʢʞʝ ʢʘʢ ʠ 

ʧʨʠ ʪʨʘʜʠʮʠʦʥʥʦʡ ʦʙʨʘʙʦʪʢʝ, ʢʦʣʠʯʝʩʪʚʦ ʚʣʘʞʥʦʩʪʠ ʠ ʧʦʨʠʩʪʦʩʪʠ ʫʚʝʣʠʯʠʣʠʩʴ, ʘ ʧʣʦʪʥʦʩʪʠ 

ʫʤʝʥʴʰʠʣʦʩʴ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʚ ʚʘʨʠʘʥʪʝ ʥʘʚʦʟ 10 ʪ/ʛa+N60P60K30, ʚ ʬʘʟʝ ʢʫʱʝʥʠʷ ʚʣʘʞʥʦʩʪʴ 

ʧʦ ʩʣʦʷʤ 0ï10, 10ï20 ʠ 20ï30 ʩʤ ʩʦʩʪʘʚʠʣʘ 18,5ï19,8; 20,3ï21,5 ʠ 22,5ï23,1%, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʧʣʦʪʥʦʩʪʴ ʧʦʯʚʳ ð 1,05ï1,06; 1,13ï1,16 ʠ 1,27ï1,29 ʛ/ʩʤ3, ʦʙʱʘʷ ʧʦʨʠʩʪʦʩʪʴ ð 60,30ï60,67; 

56,55ï57,68 ʠ 52,04ï52,79%. ɺ ʬʘʟʝ ʧʦʣʥʦʡ ʩʧʝʣʦʩʪʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚʣʘʞʥʦʩʪʴ ʩʦʩʪʘʚʠʣʘ 

13,1ï14,5; 14,6ï15,7 ʠ 16,3,ï17,3%; ʧʣʦʪʥʦʩʪʴ ð 1,14ï1,16; 1,23ï1,25 ʠ 1,34ï1,35 ʛ/ʩʤ3; ʦʙʱʘʷ 

ʧʦʨʠʩʪʦʩʪʴ ð 56,55ï 57,30; 53,18ï53,93 ʠ 49,81ï50,18%. 

 

ɺ ʚʘʨʠʘʥʪʝ ʥʘʚʦʟ 10 ʪ/ʛa+N90P90K60, ʚ ʬʘʟʝ ʢʫʱʝʥʠʷ ʚʣʘʞʥʦʩʪʴ ʧʦ 0ï10, 10ï20 ʠ 20ï30 

ʩʤ ʩʣʦʷʤ ʩʦʩʪʘʚʠʣʘ 19,2ï20,8; 21,3ï22,6 ʠ 23,5ï28,8%, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʣʦʪʥʦʩʪʴ ʧʦʯʚʳ ð 

0,96ï1,00; 1,10ï1,11 ʠ 1,23ï1,25 ʛ/ʩʤ3, ʦʙʱʘʷ ʧʦʨʠʩʪʦʩʪʴ ð 62,55ï64,04; 58,43ï58,80 ʠ 53,53ï

54,27%. ɺ ʬʘʟʝ ʧʦʣʥʦʡ ʩʧʝʣʦʩʪʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚʣʘʞʥʦʩʪʴ ʩʦʩʪʘʚʠʣʘ 14,5ï15,6; 15,6ï16,7 ʠ 

17,2ï18,2%; ʧʣʦʪʥʦʩʪʴ ʧʦʯʚʳ ð 1,10ï1,11; 1,17ï1,19 ʠ 1,32ï1,33 ʛ/ʩʤ3; ʦʙʱʘʷ ʧʦʨʠʩʪʦʩʪʴ ð 

58,43ï58,80; 55,43ï56,18 ʠ 50,56ï50,93%. 

 

ɺ ʚʘʨʠʘʥʪʝ ʥʘʚʦʟ 10 ʪ/ʛa+N120P120K90, ʚ ʬʘʟʝ ʚʝʪʚʣʝʥʠʷ ʚʣʘʞʥʦʩʪʴ ʧʦ ʩʣʦʷʤ 0ï10, 10ï20 ʠ 

20ï30 ʩʤ ʩʦʩʪʘʚʠʣʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 18,8ï20,3; 20,8ï21,8 ʠ 23,0ï23,5%, ʧʣʦʪʥʦʩʪʴ ʧʦʯʚʳ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 1,02ï1,05; 1,13ï1,15 ʠ 1,25ï1,27 ʛ/ʩʤ3, ʦʙʱʘʷ ʧʦʨʠʩʪʦʩʪʴ ð 60,67ï61,80; 56,93ï

57,68 ʠ 52,79ï53,53% ʨʘʚʥʷʣʘʩʴ. ɺ ʬʘʟʝ ʧʦʣʥʦʛʦ ʮʚʝʪʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚʣʘʞʥʦʩʪʴ ð 13,7ï

14,8; 15,2ï16,2 ʠ 16,8ï17,8%; ʧʣʦʪʥʦʩʪʴ ð 1,12ï1,15; 1,19ï1,21 ʠ 1,33ï1,35 ʛ/ʩʤ3; ʦʙʱʘʷ 

ʧʦʨʠʩʪʦʩʪʴ ð 56,93ï 58,05; 54,68ï55,43 ʠ 49,81ï50,56%. 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʨʘʙʦʪʢʘ ʧʦʯʚ ʠ ʫʜʦʙʨʝʥʠʷ ʚ ʩʣʦʝ 0ï30 ʩʤ ʫʤʝʥʴʰʠʣʠ ʧʣʦʪʥʦʩʪʴ 

ʧʦʯʚʳ, ʘ ʚʦʪ ʝʩʪʝʩʪʚʝʥʥʫʶ ʚʣʘʞʥʦʩʪʴ ʠ ʦʙʱʫʶ ʧʦʨʠʩʪʦʩʪʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʴʥʳʤ (ʙʝʟ 

ʫʜʦʙʨʝʥʠʷ) ʚʘʨʠʘʥʪʦʤ ʫʚʝʣʠʯʠʣʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʫʚʝʣʠʯʠʣʦʩʴ ʧʣʦʜʦʨʦʜʠʝ ʧʦʯʚʳ, ʯʪʦ ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʣʠʷʣʦ ʥʘ ʫʨʦʞʘʡ ʟʝʨʥʘ ʦʟʠʤʦʡ ʧʰʝʥʠʮʳ.  

ɺ ʬʘʟʝ ʧʦʣʥʦʡ ʩʧʝʣʦʩʪʠ ʚ ʩʣʦʝ ʧʦʯʚʳ 0ï30 ʩʤ ʥʘ ʙʘʟʝ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʥʦʨʤ ʫʜʦʙʨʝʥʠʡ ʚ ʢʦʥʮʝ ʚʝʛʝʪʘʮʠʠ ʨʘʩʪʝʥʠʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʴʥʳʤ ʚʘʨʠʘʥʪʦʤ, ʚ 

ʩʨʝʜʥʝʤ ʟʘ 2 ʛʦʜʘ ʪʨʘʜʠʮʠʦʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʝʩʪʝʩʪʚʝʥʥʘʷ ʚʣʘʞʥʦʩʪʴ ʩʦʩʪʘʚʠʣʘ 1,8ï7,2%, 

ʦʙʱʘʷ ʧʦʨʠʩʪʦʩʪʴ ʚʦʟʨʦʩʣʘ ʥʘ 1,87ï9,35%, ʘ ʧʣʦʪʥʦʩʪʴ ʧʦʯʚʳ ʫʤʝʥʴʰʠʣʘʩʴ ʥʘ 0,05ï0,25 

ʛ/ʩʤ3, ʘ ʧʨʠ ʤʠʥʠʤʘʣʴʥʦʡ ʦʙʨʘʙʦʪʢʝ ʚʣʘʞʥʦʩʪʴ ð 2,7ï6,4%, ʦʙʱʘʷ ʧʦʨʠʩʪʦʩʪʴ ʚʦʟʨʦʩʣʘ ʥʘ 

2,98ï7,85%, ʧʣʦʪʥʦʩʪʴ ʧʦʯʚʳ ʫʤʝʥʴʰʠʣʘʩʴ ʥʘ 0,08ï0,21 ʛ/ʩʤ3.  

ɺ ʢʘʞʜʦʡ ʠʟ ʜʚʫʭ ʦʙʨʘʙʦʪʦʢ ʧʦʯʚ ʩʘʤʳʝ ʣʫʯʰʠʝ ʧʦʢʘʟʘʪʝʣʠ ʥʘʙʣʶʜʘʣʠʩʴ ʚ ʚʘʨʠʘʥʪʝ 

ʥʘʚʦʟ 10 ʪ/ʛa+N90P90K60. ʇʨʠ ʩʨʘʚʥʝʥʠʠ ʢʦʥʪʨʦʣʴʥʳʭ ʚʘʨʠʘʥʪʦʚ ʟʘ ʩʯʝʪ ʤʠʥʠʤʘʣʴʥʦʡ 

ʦʙʨʘʙʦʪʢʠ ʧʦʯʚ ʚ ʩʣʦʝ 0ï10 ʩʤ ʧʣʦʪʥʦʩʪʴ ʫʤʝʥʴʰʠʣʘʩʴ ʥʘ 0,01ï0,02 ʛ/ʩʤ3 ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʪʨʘʜʠʮʠʦʥʥʦʡ ʦʙʨʘʙʦʪʢʦʡ, ʧʨʠʨʦʜʥʘʷ ʚʣʘʞʥʦʩʪʴ ʚʦʟʨʦʩʣʘ ʥʘ 0,8ï1,8%, ʘ ʦʙʱʘʷ ʧʦʨʠʩʪʦʩʪʴ 

ʥʘ 0,38ï0,75%. ʇʨʠʤʝʥʷʷ ʦʙʨʘʙʦʪʢʫ ʧʦʯʚʳ ʠ ʫʜʦʙʨʝʥʠʷ ʚ ʬʘʟʝ ʧʦʣʥʦʡ ʩʧʝʣʦʩʪʠ ʧʨʠ 

ʪʨʘʜʠʮʠʦʥʥʦʡ ʦʙʨʘʙʦʪʢʝ ʚʳʷʚʠʣʠ ʢʦʨʨʝʣʷʪʠʚʥʫʶ ʩʚʷʟʴ ʤʝʞʜʫ ʫʨʦʞʘʝʤ ʟʝʨʥʘ (ʮ/ʛʘ) ʠ 

ʚʣʘʞʥʦʩʪʴʶ (%), ʧʦʨʠʩʪʦʩʪʴʶ ʠ ʧʣʦʪʥʦʩʪʴʶ ʧʦʯʚʳ, ʢʦʪʦʨʘʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩʦʩʪʘʚʠʣʘ ʧʦ 

ʛʦʜʘʤ r=+0,942Ñ0,057 ʠ 0,970Ñ0,030; r=+0,977Ñ0,023 ʠ 0,980Ñ0,020; r=+0,948Ñ0,051 ʠ 

0,874Ñ0,118, ʧʨʠ ʤʠʥʠʤʘʣʴʥʦʡ ʦʙʨʘʙʦʪʢʝ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ: r=+0,969Ñ0,031 ʠ 0,962Ñ0,038; 

r=+0,988Ñ0,012 ʠ 0,955Ñ0,044; r=+0,858Ñ0,132 ʠ 0,844Ñ0,144. 
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ɿʘʢʣʶʯʝʥʠʝ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜʳ, ʯʪʦ 

ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʚʦʜʥʦïʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʣʦʜʦʨʦʜʠʷ ʧʦʯʚ ʥʘ ʩʝʨʦï

ʢʦʨʠʯʥʝʚʳʭ ʧʦʯʚʘʭ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʪʨʘʜʠʮʠʦʥʥʘʷ (ʨʳʭʣʝʥʠʝ 20ï22 ʩʤ) ʠ ʤʠʥʠʤʘʣʴʥʘʷ 

ʦʙʨʘʙʦʪʢʘ ʧʦʯʚ, ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʫʜʦʙʨʝʥʠʡ ʝʞʝʛʦʜʥʦ ʚ ʥʦʨʤʝ ʥʘʚʦʟ 10ʪ/ʛʘ+N90P90ʂ60 

ʢʛ/ʛʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʠʟʚʦʜʩʪʚʫ ʨʝʢʦʤʝʥʜʦʚʘʥʳ ʦʙʘ ʚʦʟʜʝʣʳʚʘʥʠʝ ʦʙʨʘʙʦʪʦʢ ʧʦʯʚ ʠ ʥʦʨʤʘ 

ʫʜʦʙʨʝʥʠʡ, ʢʨʦʤʝ ʪʦʛʦ ʯʝʨʝʟ 3 ʛʦʜʘ ʤʠʥʠʤʘʣʴʥʫʶ ʦʙʨʘʙʦʪʢʫ ʥʘʜʦ ʟʘʤʝʥʠʪʴ ʪʨʘʜʠʮʠʦʥʥʦʡ.  
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ʛʨʝʙʥʠʩʪʦʛʦ ʣʝʥʪʦʯʥʦïʨʘʟʙʨʦʩʥʦʛʦ ʩʧʦʩʦʙʘ ʧʦʩʝʚʘ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʨʘʩʩʝʚ ʩʝʤʷʥ ʣʝʥʪʘʤʠ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʣʷ, ʚʜʘʚʣʠʚʘʥʠʝ ʩʝʤʷʥ ʚ ʧʦʯʚʫ ʢʘʪʢʘʤʠ ʠ ʟʘʢʨʳʪʠʝ ʩʝʤʷʥ ʟʘʛʦʨʪʘʯʘʤʠ. 

ʈʘʩʪʝʥʠʷ ʨʘʟʤʝʱʘʶʪʩʷ ʥʘ ʛʨʝʙʥʷʭ ʚʳʩʦʪʦʡ 40ï80 ʤʤ ʣʝʥʪʘʤʠ ʰʠʨʠʥʦʡ 13ï15 ʩʤ. 

ɻʨʝʙʥʠʩʪʳʡ ʣʝʥʪʦʯʥʦïʨʘʟʙʨʦʩʥʦʡ ʩʧʦʩʦʙ ʧʦʩʝʚʘ ʦʙʣʘʜʘʝʪ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʳʯʥʳʤ 

ʨʷʜʦʚʳʤ, ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʴʶ ʠ ʘʜʘʧʪʠʚʥʦʩʪʴʶ ʢ ʧʦʛʦʜʥʳʤ ʠ ʧʦʯʚʝʥʥʦï

ʤʝʣʠʦʨʘʪʠʚʥʳʤ ʫʩʣʦʚʠʷʤ ʦʩʫʰʘʝʤʳʭ ʟʝʤʝʣʴ. ɼʣʷ ʧʦʩʝʚʘ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʧʝʨʝʦʩʥʘʱʝʥʥʳʝ ʟʝʨʥʦʚʳʝ ʩʝʷʣʢʠ ʉɿ-3,6. ɺʳʨʘʱʠʚʘʥʠʝ ʦʟʠʤʦʡ ʨʞʠ ʥʘ ʧʨʦʬʠʣʠʨʦʚʘʥʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʩʦʟʜʘʝʪ ʙʦʣʝʝ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʨʦʩʪʘ ʠ ʨʘʟʚʠʪʠʷ ʨʘʩʪʝʥʠʡ, ʫʣʫʯʰʘʝʪ 

ʚʦʜʥʦïʚʦʟʜʫʰʥʳʡ ʨʝʞʠʤ ʧʦʩʝʚʥʦʛʦ ʩʣʦʷ ʧʦʯʚʳ, ʧʦʚʳʰʘʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴ ʧʦʩʝʚʦʚ ʢ 

ʧʝʨʝʫʚʣʘʞʥʝʥʠʶ, ʚʳʤʦʢʘʥʠʶ, ʣʝʜʷʥʦʡ ʢʦʨʢʝ, ʫʚʝʣʠʯʠʚʘʝʪ ʩʦʭʨʘʥʥʦʩʪʴ ʨʘʩʪʝʥʠʡ ʧʨʠ 

ʧʝʨʝʟʠʤʦʚʢʝ (ʥʘ 12,5ï19,1%), ʢʦʣʠʯʝʩʪʚʦ ʩʪʝʙʣʝʡ ʩ ʢʦʣʦʩʦʤ, ʤʘʩʩʫ ʟʝʨʥʘ ʚ ʢʦʣʦʩʝ ʠ 

ʫʨʦʞʘʡʥʦʩʪʴ (ʥʘ 13,8ï17,5%), ʩʥʠʞʘʝʪ ʨʝʩʫʨʩʦʝʤʢʦʩʪʴ ʚʳʨʘʱʝʥʥʦʡ ʧʨʦʜʫʢʮʠʠ. 

ʇʨʝʜʩʪʘʚʣʝʥʳ ʜʘʥʥʳʝ ʦ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʚʝʩʝʥʥʝʛʦ 

ʙʦʨʦʥʦʚʘʥʠʷ ʛʨʝʙʥʠʩʪʳʭ ʧʦʩʝʚʦʚ ʦʟʠʤʦʡ ʨʞʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʝʨʝʦʙʦʨʫʜʦʚʘʥʥʳʭ ʜʣʷ ʵʪʦʡ 

ʮʝʣʠ ʦʜʥʦʩʣʝʜʦʚʳʭ ʥʘʚʝʩʥʳʭ ʩʮʝʧʦʢ ʪʷʞʝʣʳʭ ʟʫʙʦʚʳʭ ʙʦʨʦʥ, ʧʨʠʚʝʜʝʥʘ ʩʭʝʤʘ ʪʘʢʦʡ ʙʦʨʦʥʳ 

ʩ ʨʘʟʨʝʞʝʥʥʳʤʠ ʟʫʙʴʷʤʠ. ʇʨʠʙʘʚʢʘ ʫʨʦʞʘʷ ʦʟʠʤʦʡ ʨʞʠ ʦʪ ʙʦʨʦʥʦʚʘʥʠʷ, ʚ ʩʨʝʜʥʝʤ ʟʘ 3 ʛʦʜʘ, 

ʩʦʩʪʘʚʠʣʘ 0,76 ʪ/ʛʘ. ʇʦʚʳʰʝʥʠʝ ʫʨʦʞʘʡʥʦʩʪʠ ʜʦʩʪʠʛʥʫʪʦ ʟʘ ʩʯʝʪ ʚʩʝʭ ʵʣʝʤʝʥʪʦʚ ʩʪʨʫʢʪʫʨʳ 

ʫʨʦʞʘʷ ð ʫʚʝʣʠʯʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʧʨʦʜʫʢʪʠʚʥʳʭ ʩʪʝʙʣʝʡ, ʯʠʩʣʘ ʟʝʨʝʥ ʚ ʢʦʣʦʩʝ ʠ ʤʘʩʩʳ 1000 

ʟʝʨʝʥ. 
 

Abstract. On the drained lands of the non-chernozem zone, more favorable conditions for 

overwintering winter rye plants, their growth and development, and increase in productivity are 

created with a combïlike ribbonïscattered method of sowing. The seeds of winter rye with this 

method of sowing are laid with a band on the leveled soil surface in front of the rollers. The rollers 

push the seeds into the soil and are closed by the pickets by heating the soil to the belt with the 

formation of a finely ridged surface. Plants are placed on crests of 40ï80 mm high with a ribbon 

13ï15 cm wide. The profiling of the surface significantly changes the agrophysical state of the seed 

layer, raises the level of stable aeration of the soil, improves the conditions of autumn development 

and wintering of plants. The rate of tillering in rye plants is increased by 8.5ï21.5%, the biomass of 

one plant by 11.7ï25.0%, the number of preserved plants after wintering by 12.5ï19.1%. Method of 

planting on the crests reduces the contamination of rye crops, the destruction of plants by snow 

mold and root rot, increases the area of the leaf surface and the photosynthetic potential of crops. 

Yields increase by 12.8ï17.5%, and direct costs for the production of 1 ton of grain are reduced by 

9.4ï11.1%. In conditions of increased moisture, the combïlike ribbonïscattered method of sowing 

has a higher adaptability to soilïmeliorative and weather conditions. In conditions of increased 

moisture, the combïlike ribbonïscattered method of sowing has a higher adaptability to soilï

meliorative and weather conditions. The high efficiency of the innovative method of harrowing the 

combed sowings of winter rye is established. The increment of winter rye harvests from harrowing 

is 0.76 t /ha. The increase in yield is achieved due to all elements of the crop structure: the number 

of productive stems, the number of grains in the ear and the mass of 1000 grains.  
 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʟʠʤʘʷ ʨʦʞʴ, ʪʝʭʥʦʣʦʛʠʷ, ʩʧʦʩʦʙ ʧʦʩʝʚʘ, ʛʨʝʙʥʠʩʪʳʡ, ʣʝʥʪʦʯʥʦ-

ʨʘʟʙʨʦʩʥʡr, ʙʦʨʦʥʦʚʘʥʠʝ, ʫʨʦʞʘʡʥʦʩʪʴ. 
 

Keywords: winter rye, technology, seeding method, combed, ribbon-scattered, harrowing, 

yield. 
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ʇʨʠ ʚʦʟʜʝʣʳʚʘʥʠʠ ʦʟʠʤʦʡ ʨʞʠ ʚ ʅʝʯʝʨʥʦʟʝʤʥʦʡ ʟʦʥʝ, ʦʩʦʙʝʥʥʦ ʚ ʝʝ ʩʝʚʝʨʦïʟʘʧʘʜʥʦʡ 

ʯʘʩʪʠ, ʚʘʞʥʦ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʧʦʩʝʚʳ ʵʪʦʡ ʢʫʣʴʪʫʨʳ ʟʜʝʩʴ ʯʘʩʪʦ ʩʪʨʘʜʘʶʪ ʦʪ ʥʘʨʫʰʝʥʠʷ 

ʚʦʜʥʦïʚʦʟʜʫʰʥʦʛʦ ʨʝʞʠʤʘ ʧʦʯʚʳ, ʦʙʨʘʟʦʚʘʥʠʷ ʣʝʜʷʥʦʡ ʢʦʨʢʠ ʚ ʧʝʨʠʦʜʳ ʟʠʤʥʠʭ ʦʪʪʝʧʝʣʝʡ, 

ʦʪ ʠʩʪʦʱʝʥʠʷ ʠ ʚʳʧʨʝʚʘʥʠʷ ʨʘʩʪʝʥʠʡ, ʟʘʩʪʦʷ ʚʦʜʳ ʠ ʚʳʤʦʢʘʥʠʷ ʠ ʜʨ. ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ 

ʬʘʢʪʦʨʦʚ[1ï3, 7, 12]. ɺ ʦʪʜʝʣʴʥʳʝ ʛʦʜʳ ʧʨʠ ʧʝʨʝʟʠʤʦʚʢʝ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʣʥʘʷ ʛʠʙʝʣʴ ʧʦʩʝʚʦʚ 

ʦʟʠʤʳʭ ʟʝʨʥʦʚʳʭ ʢʫʣʴʪʫʨ. ʇʨʠ ʵʪʦʤ ʩʫʱʝʩʪʚʫʶʱʠʝ ʪʝʭʥʦʣʦʛʠʠ ʚʦʟʜʝʣʳʚʘʥʠʷ ʦʟʠʤʳʭ 

ʟʝʨʥʦʚʳʭ ʢʫʣʴʪʫʨ, ʠʟ-ʟʘ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʘʜʘʧʪʠʨʦʚʘʥʥʦʩʪʠ ʠʭ ʢ ʫʩʣʦʚʠʷʤ ʧʦʚʳʰʝʥʥʦʛʦ 

ʫʚʣʘʞʥʝʥʠʷ, ʥʝ ʚʩʝʛʜʘ ʦʙʝʩʧʝʯʠʚʘʶʪ ʥʘʜʝʞʥʫʶ ʟʘʱʠʪʫ ʧʦʩʝʚʦʚ ʦʟʠʤʳʭ ʢʫʣʴʪʫʨ ʦʪ 

ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʬʘʢʪʦʨʦʚ ʧʝʨʝʟʠʤʦʚʢʠ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʚʝʜʝʥʥʳʝ ʚ ʌɻɹʅʋ ɺʅʀʀʄɿ, ʧʦʢʘʟʘʣʠ, ʯʪʦ ʦʜʥʠʤ ʠʟ ʵʬʬʝʢʪʠʚʥʳʭ 

ʥʘʧʨʘʚʣʝʥʠʡ ʨʝʰʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʷʚʣʷʝʪʩʷ ʧʝʨʝʭʦʜ ʥʘ ʩʧʝʮʠʘʣʴʥʫʶ ʘʜʘʧʪʠʚʥʫʶ 

ʪʝʭʥʦʣʦʛʠʶ ʚʦʟʜʝʣʳʚʘʥʠʷ ʦʟʠʤʳʭ ʟʝʨʥʦʚʳʭ ʢʫʣʴʪʫʨ [5ï8].

ʊʝʭʥʦʣʦʛʠʷ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ: ʨʘʟʤʝʱʝʥʠʝ ʦʟʠʤʳʭ ʟʝʨʥʦʚʳʭ ʢʫʣʴʪʫʨ ʚ ʘʜʘʧʪʠʚʥʦ 

ʦʨʛʘʥʠʟʦʚʘʥʥʳʭ ʩʝʚʦʦʙʦʨʦʪʘʭ ʩ ʦʧʪʠʤʘʣʴʥʳʤ ʧʦʜʙʦʨʦʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʫʯʘʩʪʢʦʚ ʠ 

ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ; ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʛʨʦʤʝʣʠʦʨʘʪʠʚʥʳʭ ʧʨʠʝʤʦʚ (ʛʣʫʙʦʢʦʝ ʤʝʣʠʦʨʘʪʠʚʥʦʝ 

ʨʳʭʣʝʥʠʝ, ʱʝʣʝʚʘʥʠʝ, ʫʟʢʦʟʘʛʦʥʥʘʷ ʚʩʧʘʰʢʘ ʠ ʜʨ.); ʚʥʝʩʝʥʠʝ ʫʜʦʙʨʝʥʠʡ ʥʘ ʟʘʧʣʘʥʠʨʦʚʘʥʥʳʡ 

ʫʨʦʞʘʡ; ʨʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʫʶ ʩʠʩʪʝʤʫ ʦʩʥʦʚʥʦʡ ʠ ʧʨʝʜʧʦʩʝʚʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ; 

ʛʨʝʙʥʠʩʪʳʡ ʣʝʥʪʦʯʥʦïʨʘʟʙʨʦʩʥʡr ʩʧʦʩʦʙ ʧʦʩʝʚʘ; ʠʥʥʦʚʘʮʠʦʥʥʫʶ ʪʝʭʥʦʣʦʛʠʶ ʙʦʨʦʥʦʚʘʥʠʷ 

ʛʨʝʙʥʠʩʪʳʭ ʧʦʩʝʚʦʚ ʦʟʠʤʳʭ ʟʝʨʥʦʚʳʭ ʢʫʣʴʪʫʨ. 

ʎʝʣʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʜʘʪʴ ʦʮʝʥʢʫ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ 

ʚʳʨʘʱʠʚʘʥʠʷ ʦʟʠʤʦʡ ʨʞʠ ʥʘ ʧʨʦʬʠʣʠʨʦʚʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʫʩʣʦʚʠʷʭ ʅʝʯʝʨʥʦʟʝʤʥʦʡ 

ʟʦʥʳ. 

 

ʋʩʣʦʚʠʷ, ʤʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ʆʩʥʦʚʥʳʝ ʧʦʣʝʚʳʝ ʦʧʳʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʜʝʨʥʦʚʦïʧʦʜʟʦʣʠʩʪʳʭ ʣʝʛʢʦʩʫʛʣʠʥʠʩʪʳʭ ʠ 

ʩʫʧʝʩʯʘʥʳʭ ʛʣʝʝʚʘʪʳʭ ʧʦʯʚʘʭ, ʦʩʫʰʘʝʤʳʭ ʟʘʢʨʳʪʳʤ ʛʦʥʯʘʨʥʳʤ ʜʨʝʥʘʞʝʤ, ʛʣʫʙʠʥʘ 

ʧʘʭʦʪʥʦʛʦ ʩʣʦʷ ð 20ï22 ʩʤ, ʩʦʜʝʨʞʘʥʠʝ ʛʫʤʫʩʘ ð 1,8ï2,4%, ʦʙʝʩʧʝʯʝʥʥʦʩʪʴ ʵʣʝʤʝʥʪʘʤʠ 

ʧʠʪʘʥʠʷ ʩʨʝʜʥʷʷ ʠ ʧʦʚʳʰʝʥʥʘʷ, ʨʝʘʢʮʠʷ ʧʦʯʚʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʩʣʘʙʦʢʠʩʣʘʷ ʠ ʙʣʠʟʢʘʷ ʢ 

ʥʝʡʪʨʘʣʴʥʦʡ. ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʜʨʝʥʘʤʠ 20 ʤ, ʛʣʫʙʠʥʘ ʠʭ ʟʘʣʦʞʝʥʠʷ ð 0,9ï1,2 ʤ. 

ʇʦʚʪʦʨʥʦʩʪʴ ʦʧʳʪʘ 3ï4-ʢʨʘʪʥʘʷ, ʫʯʝʪʥʘʷ ʧʣʦʱʘʜʴ ʜʝʣʷʥʦʢ ð 80 ʤĮ. 

ɺ ʦʧʳʪʘʭ 1988ï1993 ʛʦʜʦʚ ʨʦʞʴ (ʩʦʨʪ ʆʨʣʦʚʩʢʘʷ 9) ʚʦʟʜʝʣʳʚʘʣʘʩʴ ʧʦ ʠʥʪʝʥʩʠʚʥʦʡ 

ʪʝʭʥʦʣʦʛʠʠ, ʧʨʝʜʰʝʩʪʚʝʥʥʠʢ ʚ ʩʝʚʦʦʙʦʨʦʪʝ ð ʧʘʨ ʟʘʥʷʪʳʡ. ʆʨʛʘʥʠʯʝʩʢʠʝ ʫʜʦʙʨʝʥʠʷ ʚ 

ʩʝʚʦʦʙʦʨʦʪʝ ʚʥʦʩʠʣʠʩʴ ʧʦʜ ʧʘʨʦʟʘʥʠʤʘʶʱʫʶ ʢʫʣʴʪʫʨʫ (40 ʪ/ʛʘ) ʚ ʚʠʜʝ ʧʦʣʫʧʝʨʝʧʨʝʚʰʝʛʦ 

ʥʘʚʦʟʘ ʠʣʠ ʪʦʨʬʦïʥʘʚʦʟʥʦʛʦ ʢʦʤʧʦʩʪʘ. ʅʦʨʤʳ ʚʥʝʩʝʥʠʷ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ 

ʨʘʩʩʯʠʪʳʚʘʣʠʩʴ ʥʘ ʟʘʧʣʘʥʠʨʦʚʘʥʥʳʝ ʫʨʦʚʥʠ ʫʨʦʞʘʝʚ. ɺ ʦʧʳʪʘʭ 2012ï2016 ʛʦʜʦʚ ʨʦʞʴ ʩʦʨʪʘ 

ɼʳʤʢʘ ʚʳʨʘʱʠʚʘʣʘʩʴ ʧʦʩʣʝ ʢʣʝʚʝʨʘ ʠ ʦʚʩʘ. ʄʠʥʝʨʘʣʴʥʳʝ ʫʜʦʙʨʝʥʠʷ ʚʥʦʩʠʣʠʩʴ ʪʦʣʴʢʦ ʚ 

ʧʦʜʢʦʨʤʢʫ ʚʝʩʥʦʡ ʧʨʠ ʚʦʟʦʙʥʦʚʣʝʥʠʠ ʚʝʛʝʪʘʮʠʠ (1 ʮ/ʛʘ ʘʤʤʠʘʯʥʦʡ ʩʝʣʠʪʨʳ). 

ɺ ʦʧʳʪʥʳʭ ʚʘʨʠʘʥʪʘʭ ʦʟʠʤʘʷ ʨʦʞʴ ʚʳʨʘʱʠʚʘʣʘʩʴ ʥʘ ʤʝʣʢʦ ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʧʨʠ 

ʧʦʩʝʚʝ ʛʨʷʜʘʭ ʠ ʛʨʝʙʥʷʭ. ʇʦʩʝʚ ʧʨʦʚʦʜʠʣʩʷ ʧʝʨʝʦʙʦʨʫʜʦʚʘʥʥʳʤʠ ʨʷʜʦʚʳʤʠ ʩʝʷʣʢʘʤʠ ʉɿ-3,6 

ʠ ʉɿʂ-3,6 (ʩʝʷʣʢʘ ʩ ʩʦʰʥʠʢʘʤʠ ʢʘʪʢʦʚʦʛʦ ʪʠʧʘ ð ʙʝʣʦʨʫʩʩʢʠʡ ʚʘʨʠʘʥʪ). ɺʳʩʦʪʘ ʛʨʷʜ 100ï

160 ʤʤ, ʰʠʨʠʥʘ ð 1,4 ʠ 2,2 ʤ; ʚʳʩʦʪʘ ʛʨʝʙʥʝʡ ð 4ï8 ʩʤ, ʰʠʨʠʥʘ ð 30 ʩʤ. ɺʘʨʠʘʥʪ ʩ 

ʛʨʝʙʥʠʩʪʳʤ ʧʨʦʬʠʣʝʤ ʧʦʚʝʨʭʥʦʩʪʠ, ʧʦ ʭʘʨʘʢʪʝʨʫ ʨʘʟʤʝʱʝʥʠʷ ʩʝʤʷʥ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʯʚʳ ʠ 

ʧʦ ʧʣʦʱʘʜʠ ʧʠʪʘʥʠʷ ʨʘʩʪʝʥʠʡ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʣʝʥʪʦʯʥʦïʨʘʟʙʨʦʩʥʦʡ ʩʧʦʩʦʙ ʧʦʩʝʚʘ. 

ʀʟʫʯʘʣʦʩʴ ʜʚʘ ʚʘʨʠʘʥʪʘ ʣʝʥʪʦʯʥʦïʨʘʟʙʨʦʩʥʦʛʦ (ʛʨʝʙʥʠʩʪʦʛʦ) ʧʦʩʝʚʘ ð ʩ ʫʧʣʦʪʥʝʥʠʝʤ ʧʦʯʚʳ 

ʧʦʜ ʛʨʝʙʥʝʤ ʠ ʚʜʘʚʣʠʚʘʥʠʝʤ ʩʝʤʷʥ ʚ ʧʦʯʚʫ ʩʧʝʮʠʘʣʴʥʳʤʠ ʢʘʪʢʘʤʠ (ʚʘʨʠʘʥʪ ʟʝʨʥʦʚʦʡ 
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ʛʨʝʙʥʝïʢʘʪʢʦʚʦʡ ʩʝʷʣʢʠ ð ʉɿɻʂ-3,6) ʠ ʙʝʟ ʫʧʣʦʪʥʝʥʠʷ ʧʦʯʚʳ ʠ ʚʜʘʚʣʠʚʘʥʠʷ ʩʝʤʷʥ (ʩʝʷʣʢʘ 

ʟʝʨʥʦʚʘʷ ʛʨʝʙʥʝʚʘʷ ð ʉɿɻ-3,6).  

ɼʣʷ ʙʦʨʦʥʦʚʘʥʠʷ ʛʨʝʙʥʠʩʪʳʭ ʧʦʩʝʚʦʚ ʦʟʠʤʦʡ ʨʞʠ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʧʝʨʝʦʙʦʨʫʜʦʚʘʥʥʘʷ 

8-ʠ ʤʝʪʨʦʚʘʷ ʦʜʥʦʩʣʝʜʦʚʘʷ ʥʘʚʝʩʥʘʷ ʩʮʝʧʢʘ ʪʷʞʝʣʳʭ ʟʫʙʦʚʳʭ ʙʦʨʦʥ ʢʦʥʩʪʨʫʢʮʠʠ ɺʀʄ.  

 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʠʟ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʩʧʦʩʦʙʦʚ ʧʦʩʝʚʘ ʣʫʯʰʠʝ 

ʘʛʨʦʵʢʦʣʦʛʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʜʣʷ ʧʨʦʠʟʨʘʩʪʘʥʠʷ ʦʟʠʤʦʡ ʨʞʠ ʩʦʟʜʘʶʪʩʷ ʧʨʠ ʨʘʟʤʝʱʝʥʠʠ 

ʨʘʩʪʝʥʠʡ ʥʘ ʤʝʣʢʦʛʨʝʙʥʠʩʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʇʦʵʪʦʤʫ ʚ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥ ʘʥʘʣʠʟ 

ʨʝʟʫʣʴʪʘʪʦʚ ʤʥʦʛʦʣʝʪʥʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʵʪʦʛʦ ʩʧʦʩʦʙʘ ʚʦʟʜʝʣʳʚʘʥʠʷ ʦʟʠʤʦʡ 

ʨʞʠ. ʉʝʤʝʥʘ ʧʨʠ ʣʝʥʪʦʯʥʦïʨʘʟʙʨʦʩʥʦʤ ʛʨʝʙʥʠʩʪʦʤ ʩʧʦʩʦʙʝ ʧʦʩʝʚʘ ʨʘʩʩʝʚʘʶʪʩʷ ʣʝʥʪʦʡ ʥʘ 

ʚʳʨʦʚʥʝʥʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʧʝʨʝʜ ʢʘʪʢʦʤ, ʚʜʘʚʣʠʚʘʶʪʩʷ ʠʤ ʚ ʧʦʯʚʫ, ʟʘʢʨʳʚʘʶʪʩʷ ʧʫʪʝʤ 

ʥʘʛʨʝʙʘʥʠʷ ʧʦʯʚʳ ʥʘ ʣʝʥʪʫ ʧʨʠ ʧʦʤʦʱʠ ʫʢʦʨʦʯʝʥʥʳʭ ʢʫʣʴʪʠʚʘʪʦʨʥʳʭ ʣʘʧ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ 

ʤʝʣʢʦʛʨʝʙʥʠʩʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ (ʧʘʪʝʥʪ ʈʌ ˉ2083075).ʊʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ 

ʧʝʨʝʦʙʦʨʫʜʦʚʘʥʥʦʡ ʟʝʨʥʦʚʦʡ ʩʝʷʣʢʠ ʠ ʣʝʥʪʦʯʥʦïʨʘʟʙʨʦʩʥʦʛʦ ʧʦʩʝʚʘ ʦʟʠʤʦʡ ʨʞʠ ʥʘ 

ʤʝʣʢʦʛʨʝʙʥʠʩʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʧʦʢʘʟʘʥʘ ʥʘ ʈʠʩʫʥʢʝ 1.  

 
 

 

ʈʠʩʫʥʦʢ 1. ʉʝʷʣʢʘ ʟʝʨʥʦʚʘʷ ʛʨʝʙʥʝïʢʘʪʢʦʚʘʷ ʉɿɻʂ-3,6ʋ: 1 ð ʧʨʠʩʧʦʩʦʙʣʝʥʠʝ ʜʣʷ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʝʤʝʥʥʦʛʦ ʣʦʞʘ, 2 ð ʫʩʪʨʦʡʩʪʚʦ ʜʣʷ ʧʝʨʝʚʦʜʘ ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ ʚ ʪʨʘʥʩʧʦʨʪʥʦʝ 

ʧʦʣʦʞʝʥʠʝ, 3 ð ʛʠʜʨʦʮʠʣʠʥʜʨ, 4 ð ʨʘʤʘ, 5 ð ʟʝʨʥʦʪʫʢʦʚʦʡ ʷʱʠʢ, 6 ð ʢʘʪʦʢ, 7 ð ʟʘʜʝʣʳʚʘʶʱʘʷ 

ʣʘʧʘ. 

 

ʅʝʦʙʭʦʜʠʤʳʤ ʫʩʣʦʚʠʝʤ ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʠʭ ʠ ʫʩʪʦʡʯʠʚʳʭ ʫʨʦʞʘʝʚ ʦʟʠʤʦʡ ʨʞʠ 

ʷʚʣʷʝʪʩʷ ʟʘʜʝʣʢʘ ʩʝʤʷʥ ʚ ʧʦʯʚʫ ʥʘ ʦʧʪʠʤʘʣʴʥʫʶ ʛʣʫʙʠʥʫ. ɺ ʫʩʣʦʚʠʷʭ ʧʦʚʳʰʝʥʥʦʛʦ 

http://www.bulletennauki.com/
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ʫʚʣʘʞʥʝʥʠʷ ʧʦʯʚʳ ʜʣʷ ʨʞʠ ʦʩʦʙʝʥʥʦ ʦʧʘʩʥʘ ʠʟʣʠʰʥʝ ʛʣʫʙʦʢʘʷ ʠʭ ʟʘʜʝʣʢʘ. ʇʨʠ ʛʣʫʙʦʢʦʡ 

ʟʘʜʝʣʢʝ ʩʝʤʷʥ ʩʥʠʞʘʝʪʩʷ ʟʠʤʦʩʪʦʡʢʦʩʪʴ ʨʘʩʪʝʥʠʡ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʛʠʙʝʣʴ ʨʘʩʪʝʥʠʡ ʧʨʠ 

ʧʝʨʝʟʠʤʦʚʢʝ [11].  

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʥʘʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʧʪʠʤʘʣʴʥʘʷ ʛʣʫʙʠʥʘ ʟʘʜʝʣʢʠ ʩʝʤʷʥ ʩʦʩʪʘʚʣʷʝʪ 

1,5ï3 ʩʤ. ʋʟʝʣ ʢʫʱʝʥʠʷ ʫ ʨʞʠ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʛʣʫʙʠʥʳ ʟʘʜʝʣʢʠ ʩʝʤʷʥ, ʜʘʞʝ ʚ ʫʩʣʦʚʠʷʭ 

ʭʦʨʦʰʝʡ ʜʨʝʥʠʨʦʚʘʥʥʦʩʪʠ ʧʦʯʚ, ʨʘʟʤʝʱʘʝʪʩʷ ʚ ʧʦʯʚʝ ʚ ʦʩʥʦʚʥʦʤ ʥʘ ʛʣʫʙʠʥʝ 1,0ï2,0 ʩʤ ð ʚ 

ʟʦʥʝ ʥʘʠʙʦʣʝʝ ʫʩʪʦʡʯʠʚʦʡ ʘʵʨʘʮʠʠ. ʇʝʨʝʫʚʣʘʞʥʝʥʠʝ ʧʦʯʚʳ ʚ ʟʦʥʝ ʨʘʩʧʦʣʦʞʝʥʠʷ ʫʟʣʘ 

ʢʫʱʝʥʠʷ ʩʥʠʞʘʝʪ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʢʫʱʝʥʠʷ, ʦʩʣʘʙʣʷʝʪ ʟʘʢʘʣʢʫ ʨʘʩʪʝʥʠʡ ʠ ʠʭ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ 

ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʤ ʬʘʢʪʦʨʘʤ ʧʝʨʝʟʠʤʦʚʢʠ. 

ʇʨʠ ʛʨʝʙʥʠʩʪʦʤ ʩʧʦʩʦʙʝ ʧʦʩʝʚʘ ʠʟʣʠʰʥʝ ʛʣʫʙʦʢʘʷ ʟʘʜʝʣʢʘ ʩʝʤʷʥ ʨʞʠ ʧʨʘʢʪʠʯʝʩʢʠ 

ʠʩʢʣʶʯʘʝʪʩʷ, ʘ ʫʟʝʣ ʢʫʱʝʥʠʷ ʨʘʩʪʝʥʠʡ ʚʩʝʛʜʘ ʨʘʟʤʝʱʘʝʪʩʷ ʚʳʰʝ ʦʩʥʦʚʘʥʠʷ ʛʨʝʙʥʷ, ʯʪʦ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʟʠʤʦʩʪʦʡʢʦʩʪʴ ʧʦʩʝʚʦʚ ʨʞʠ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ, 

ʧʦʚʳʰʝʥʥʫʶ ʟʘʱʠʱʝʥʥʦʩʪʴ ʨʘʩʪʝʥʠʡ ʦʪ ʧʝʨʝʫʚʣʘʞʥʝʥʠʷ ʠ ʣʝʜʷʥʦʡ ʢʦʨʢʠ. ʂʨʦʤʝ ʪʦʛʦ, 

ʛʨʝʙʥʠʩʪʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳʡ ʨʝʞʠʤ ʘʵʨʘʮʠʠ ʧʦʯʚʳ ʚ ʟʦʥʝ 

ʨʘʩʧʦʣʦʞʝʥʠʷ ʫʟʣʘ ʢʫʱʝʥʠʷ ð ʧʦʨʠʩʪʦʩʪʴ ʫʩʪʦʡʯʠʚʦʡ ʘʵʨʘʮʠʠ ʚ ʧʦʩʝʚʥʦʤ ʩʣʦʝ (0ï5 ʩʤ) ʥʘ 

ʛʨʝʙʥʷʭ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʚʝʛʝʪʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ ʚʳʰʝ ʥʘ 27,7ï71,1% [5ï8]. ʉʦʟʜʘʥʠʝ ʟʘ ʩʯʝʪ 

ʛʨʝʙʥʠʩʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʙʦʣʝʝ ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʘʛʨʦʬʠʟʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʚ ʟʦʥʝ ʨʘʩʧʦʣʦʞʝʥʠʷ 

ʫʟʣʘ ʢʫʱʝʥʠʷ ʦʢʘʟʳʚʘʝʪ ʙʣʘʛʦʧʨʠʷʪʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʨʦʩʪ, ʨʘʟʚʠʪʠʝ ʠ ʧʨʦʮʝʩʩ ʢʫʱʝʥʠʷ 

ʨʘʩʪʝʥʠʡ ʨʞʠ. ʆʩʝʥʴʶ, ʧʝʨʝʜ ʫʭʦʜʦʤ ʨʘʩʪʝʥʠʡ ʚ ʟʠʤʫ, ʢʦʵʬʬʠʮʠʝʥʪ ʢʫʱʝʥʠʷ ʫ ʨʞʠ, ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʳʯʥʳʤ ʩʧʦʩʦʙʦʤ ʧʦʩʝʚʘ, ʙʳʣ ʚʳʰʝ ʥʘ 8,5ï21,5%, ʢʦʣʠʯʝʩʪʚʦ ʩʪʝʙʣʝʡ ʥʘ 

18,8ï22,7%, ʙʠʦʤʘʩʩʘ ʦʜʥʦʛʦ ʨʘʩʪʝʥʠʷ ð ʥʘ 11,7ï25,0% (ʊʘʙʣʠʮʘ 1).  

ʉʦʭʨʘʥʥʦʩʪʴ ʨʘʩʪʝʥʠʡ ʨʞʠ ʧʨʠ ʧʝʨʝʟʠʤʦʚʢʝ ʥʘ ʚʘʨʠʘʥʪʝ ʩ ʛʨʝʙʥʠʩʪʳʤ ʧʦʩʝʚʦʤ 

ʫʚʝʣʠʯʠʚʘʣʘʩʴ ʥʘ 12,5ï19,1%. ʇʦʣʦʞʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʧʨʦʬʠʣʠʨʦʚʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘ 

ʧʝʨʝʟʠʤʦʚʢʫ ʨʘʩʪʝʥʠʡ ʙʳʣʦ ʦʩʦʙʝʥʥʦ ʟʘʤʝʪʥʳʤ ʚ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʝ ʛʦʜʳ. ʇʨʠ ʛʨʝʙʥʠʩʪʦʤ 

ʩʧʦʩʦʙʝ ʧʦʩʝʚʘ ʫʤʝʥʴʰʘʝʪʩʷ ʟʘʩʦʨʝʥʥʦʩʪʴ ʧʦʩʝʚʦʚ ʨʞʠ, ʩʥʠʞʘʝʪʩʷ ʧʦʨʘʞʝʥʠʝ ʨʘʩʪʝʥʠʡ 

ʩʥʝʞʥʦʡ ʧʣʝʩʝʥʴʶ ʠ ʢʦʨʥʝʚʳʤʠ ʛʥʠʣʷʤʠ. ʄʘʢʩʠʤʘʣʴʥʘʷ ʧʣʦʱʘʜʴ ʣʠʩʪʴʝʚ ʧʨʠ ʣʝʥʪʦʯʥʦï

ʨʘʟʙʨʦʩʥʦʤ ʛʨʝʙʥʠʩʪʦʤ ʧʦʩʝʚʝ ʨʞʠ ʫʚʝʣʠʯʠʚʘʣʘʩʴ ʥʘ 9,1%, ʘ ʙʠʦʤʘʩʩʘ ʨʘʩʪʝʥʠʡ ʚ ʬʘʟʫ 

ʧʦʣʥʦʡ ʩʧʝʣʦʩʪʠ ð ʥʘ 13,8%. 

 

ʊʘʙʣʠʮʘ 1. 

ʆʉɽʅʅɽɽ ʈɸɿɺʀʊʀɽ ʀ ʉʆʍʈɸʅʅʆʉʊʔ ʈɸʉʊɽʅʀʁ ʆɿʀʄʆʁ ʈɾʀ ʇʈʀ ʇɽʈɽɿʀʄʆɺʂɽ 

ʇʦʢʘʟʘʪʝʣʠ 
ɽʜ. 

ʠʟʤʝʨʝʥʠʷ 

ʉʧʦʩʦʙ ʧʦʩʝʚʘ, ʤʘʨʢʘ ʩʝʷʣʢʠ 

ʨʷʜʦʚʡr, 

ʉɿ-3,6 

ʃʝʥʪʦʯʥʦï

ʨʘʟʙʨʦʩʥʡr, ʉɿɻʂ-3,6 

ʂʦʣʠʯʝʩʪʚʦ ʨʘʩʪʝʥʠʡ ʰʪ./ʤĮ 
200 

231 

221 

230 

ʂʦʣʠʯʝʩʪʚʦ ʩʪʝʙʣʝʡ ʰʪ./ʤĮ 
947 

1169 

1125 

1435 

ʂʦʵʬʬʠʮʠʝʥʪ ʢʫʱʝʥʠʷ   
4,7 

5,1 

5,1 

6,2 

ɹʠʦʤʘʩʩʘ 1 ʨʘʩʪʝʥʠʷ ʛ 
6,4 

7,0 

8,0 

8,2 

ʂʦʣʠʯʝʩʪʚʦ ʧʝʨʝʟʠʤʦʚʘʚʰʠʭ ʨʘʩʪʝʥʠʡ  % 
77,5 

73,6 

90,0 

92,7 

ʇʨʠʤʝʯʘʥʠʝ: ʯʠʩʣʠʪʝʣʴ ð ʧʨʝʜʧʦʩʝʚʥʘʷ ʦʙʨʘʙʦʪʢʘ ʧʦʯʚʳ + ʢʫʣʴʪʠʚʘʮʠʷ ʚ 2 ʩʣʝʜʘ, ʟʥʘʤʝʥʘʪʝʣʴ ð 

ʢʫʣʴʪʠʚʘʮʠʷ ʚ 1 ʩʣʝʜ + ʈɺʂ-3,6. 
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ʌʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ ʧʦʩʝʚʦʚ ʦʟʠʤʦʡ ʨʞʠ ʥʘ ʧʨʦʬʠʣʠʨʦʚʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

(ʉɿɻʂ-3,6), ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʦʚʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ, ʫʚʝʣʠʯʠʣʩʷ ʥʘ 505 ʝʜʠʥʠʮ, ʘ ʫʨʦʞʘʡʥʦʩʪʴ 

ʨʞʠ ʚ ʧʦʣʝʚʳʭ ʦʧʳʪʘʭ ʥʘ 0,66ï0,85 ʪ/ʛʘ ʠʣʠ 12,8ï17,5% (ʊʘʙʣʠʮʘ 2).  

 

ʊʘʙʣʠʮʘ 2. 

ɺʃʀʗʅʀɽ ʉʇʆʉʆɹʆɺ ʇʆʉɽɺɸ ʀ ʇʈʀɽʄʆɺ ʇʈɽɼʇʆʉɽɺʅʆʁ ʆɹʈɸɹʆʊʂʀ ʇʆʏɺʓ  

ʅɸ ʋʈʆɾɸʁʅʆʉʊʔ ʆɿʀʄʆʁ ʈɾʀ 

ʉʧʦʩʦʙ ʧʦʩʝʚʘ ʠ ʤʘʨʢʘ ʩʝʷʣʢʠ ɻʦʜʳ 
ʋʨʦʞʘʡʥʦʩʪʴ, 

ʪ/ʛʘ 

ʇʨʠʙʘʚʢʠ ʫʨʦʞʘʷ ʦʪ 

ʩʧʦʩʦʙʘ ʧʦʩʝʚʘ: 

+ % 

ʈʷʜʦʚʡr, ʉɿ-3,6 (ʢʦʥʪʨʦʣʴ) 

1991ï1993* 

ʅʉʈ05 0,32 

ʪ/ʛʘ 

4,86 

5,13 
ī 100,0 

ʃʝʥʪʦʯʥʦïʨʘʟʙʨʦʩʥʡr, ʉɿɻ-3,6 
5,38 

5,54 

+ 0,52 

+ 0,41 

110,7 

108,0 

ʃʝʥʪʦʯʥʦïʨʘʟʙʨʦʩʥʡr, ʉɿɻʂ-3,6 
5,71 

5,79 

+ 0,85 

+ 0,66 

117,5 

112,8 

ʈʷʜʦʚʡr, ʉɿ-3,6 (ʢʦʥʪʨʦʣʴ) 2012ï2014** 

ʅʉʈ05 0,28 

ʪ/ʛʘ 

3,60 ī 100,0 

ʃʝʥʪʦʯʥʦïʨʘʟʙʨʦʩʥʡr, ʉɿɻʂ-3,6 4,15 +0,55 115,3 

ʇʨʠʤʝʯʘʥʠʝ: *  ʯʠʩʣʠʪʝʣʴ ð ʧʨʝʜʧʦʩʝʚʥʘʷ ʦʙʨʘʙʦʪʢʘ ʧʦʯʚʳ ð ʢʫʣʴʪʠʚʘʮʠʷ ʚ 2 ʩʣʝʜʘ, ʟʥʘʤʝʥʘʪʝʣʴ ð 

ʢʫʣʴʪʠʚʘʮʠʷ ʚ 1 ʩʣʝʜ + ʈɺʂ-3,6; ** ʧʨʝʜʧʦʩʝʚʥʘʷ ʦʙʨʘʙʦʪʢʘ ʂɹʄ-4,2. 

 

ʇʨʠʙʘʚʢʠ ʫʨʦʞʘʷ ʬʦʨʤʠʨʫʝʪʩʷ ʦʪ ʫʣʫʯʰʝʥʠʷ ʧʣʦʱʘʜʠ ʧʠʪʘʥʠʷ (35,2%) ʠ ʩʦʟʜʘʥʠʷ 

ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʘʛʨʦʬʠʟʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʟʘ ʩʯʝʪ ʧʨʦʬʠʣʠʨʦʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ (64,8%).  

ɺʘʞʥʦ ʪʘʢʞʝ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʣʷ ʧʦʩʝʚʘ ʛʨʝʙʥʝïʢʘʪʢʦʚʦʡ ʩʝʷʣʢʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ 

ʣʦʢʘʣʴʥʦʝ ʫʧʣʦʪʥʝʥʠʝ ʧʦʯʚʳ ʠ ʚʜʘʚʣʠʚʘʥʠʝ ʩʝʤʷʥ ʚ ʧʦʩʝʚʥʦʡ ʩʣʦʡ, ʧʦʟʚʦʣʷʝʪ ʦʪʢʘʟʘʪʴʩʷ ʦʪ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʘ ʧʨʝʜʧʦʩʝʚʥʦʡ ʦʙʨʘʙʦʪʢʝ ʧʦʯʚʳ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʘʛʨʝʛʘʪʦʚ ʪʠʧʘ ʈɺʂ-3,6 

ð ʧʨʠ ʵʪʦʤ ʩʧʦʩʦʙʝ ʧʦʩʝʚʘ ʵʬʬʝʢʪʘ ʦʪ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʥʝʪ. 

ʀʟʫʯʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʛʨʝʙʥʠʩʪʦʛʦ ʣʝʥʪʦʯʥʦïʨʘʟʙʨʦʩʥʦʛʦ ʩʧʦʩʦʙʘ ʧʦʩʝʚʘ ʚ ʨʘʟʥʳʭ 

ʧʦʯʚʝʥʥʦïʤʝʣʠʦʨʘʪʠʚʥʳʭ ʫʩʣʦʚʠʷʭ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʩʠʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʫʨʦʞʘʡʥʦʩʪʴ 

ʨʞʠ ʵʪʦʪ ʧʨʠʝʤ ʦʢʘʟʳʚʘʣ ʥʘ ʛʣʝʝʚʘʪʳʭ ʧʦʯʚʘʭ, ʠʤʝʶʱʠʝ ʥʘʠʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʥʘ 

ʦʙʲʝʢʪʘʭ ʦʩʫʰʝʥʠʷ. ʅʘ ʛʣʝʝʚʘʪʳʭ ʦʩʫʰʘʝʤʳʭ ʧʦʯʚʘʭ ʧʨʠʙʘʚʢʘ ʫʨʦʞʘʷ ʩʦʩʪʘʚʠʣʘ 0,77 ʪ/ʛʘ, ʚ 

ʩʨʝʜʥʝʤ ʧʦ 4-ʤ ʧʦʯʚʝʥʥʦïʤʝʣʠʦʨʘʪʠʚʥʳʤ ʛʨʫʧʧʘʤ ð 0,48 ʪ/ʛʘ. ɺ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʦʧʳʪʘʭ 

ʩ ʦʛʨʘʥʠʯʝʥʥʳʤ ʧʨʠʤʝʥʝʥʠʝʤ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ ʫʨʦʞʘʡʥʦʩʪʴ ʨʞʠ ʧʨʠ ʛʨʝʙʥʠʩʪʦʤ 

ʣʝʥʪʦʯʥʦïʨʘʟʙʨʦʩʥʦʤ ʩʧʦʩʦʙʝ ʧʦʩʝʚʘ ʫʚʝʣʠʯʠʣʘʩʴ, ʚ ʩʨʝʜʥʝʤ ʟʘ 3 ʛʦʜʘ, ʥʘ 0,55 ʪ/ʛʘ ʠʣʠ 

15,3% (ʊʘʙʣʠʮʘ 2). ʋʚʝʣʠʯʝʥʠʝ ʫʨʦʞʘʷ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʙʦʣʴʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʧʨʦʜʫʢʪʠʚʥʳʭ ʩʪʝʙʣʝʡ ʥʘ ʝʜʠʥʠʮʝ ʧʣʦʱʘʜʠ ʠ ʣʫʯʰʝʡ ʦʟʝʨʥʝʥʥʦʩʪʠ ʢʦʣʦʩʘ. ʇʨʷʤʳʝ ʟʘʪʨʘʪʳ 

ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ 1 ʪ ʟʝʨʥʘ ʧʨʠ ʧʦʩʝʚʝ ʦʟʠʤʦʡ ʨʞʠ ʥʘ ʧʨʦʬʠʣʠʨʦʚʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ,ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʳʯʥʳʤ ʨʷʜʦʚʳʤ ʧʦʩʝʚʦʤ ʩʝʷʣʢʦʡ ʉɿ-3,6, ʫʤʝʥʴʰʘʶʪʩʷ ʥʘ 9,4ï11,1%. 

ɺʘʞʥʳʤ ʠ ʰʠʨʦʢʦʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʵʣʝʤʝʥʪʦʤ ʪʝʭʥʦʣʦʛʠʠ ʚʦʟʜʝʣʳʚʘʥʠʷ ʦʟʠʤʦʡ ʨʞʠ 

ʷʚʣʷʝʪʩʷ ʚʝʩʝʥʥʝʝ ʙʦʨʦʥʦʚʘʥʠʝ ʧʦʩʝʚʦʚ. ʇʦ ʤʥʦʛʦʣʝʪʥʠʤ ʜʘʥʥʳʤ ʦʧʳʪʥʳʭ ʫʯʨʝʞʜʝʥʠʡ, 

ʩʚʦʝʚʨʝʤʝʥʥʦ ʧʨʦʚʝʜʝʥʥʦʝ ʙʦʨʦʥʦʚʘʥʠʝ ʧʦʚʳʰʘʝʪ ʫʨʦʞʘʡʥʦʩʪʴ ʦʟʠʤʦʡ ʨʞʠ ʥʘ 0,2ï0,3 ʪ/ʛʘ 

[4]. ʇʨʠ ʨʷʜʦʚʦʤ ʩʧʦʩʦʙʝ ʩʝʚʘ ʙʦʨʦʥʦʚʘʥʠʝ ʧʨʦʚʦʜʠʪʩʷ ʧʦʧʝʨʝʢ ʨʷʜʢʦʚ ʠʣʠ ʧʦ ʜʠʘʛʦʥʘʣʠ 

ʧʦʩʝʚʘ; ʥʘ ʩʣʘʙʦʨʘʟʚʠʪʳʭ ʧʦʩʝʚʘʭ ʠ ʣʝʛʢʠʭ ʧʦʯʚʘʭ ʙʦʨʦʥʫʶʪ ʚ ʦʜʠʥ ʩʣʝʜ, ʥʘ ʭʦʨʦʰʦ 

ʨʘʟʚʠʪʳʭ ʧʦʩʝʚʘʭ ʠ ʪʷʞʝʣʳʭ ʧʦʯʚʘʭ ð ʚ ʜʚʘ ʩʣʝʜʘ. ɼʘʥʥʘʷ ʩʭʝʤʘ ʙʦʨʦʥʦʚʘʥʠʷ ʧʦʩʝʚʦʚ, ʢʘʢ 

ʧʦʢʘʟʳʚʘʝʪ ʘʥʘʣʠʟ, ʥʝʩʦʚʤʝʩʪʠʤʘ ʩ ʛʨʝʙʥʠʩʪʳʤ ʣʝʥʪʦʯʥʦïʨʘʟʙʨʦʩʥʳʤ ʩʧʦʩʦʙʦʤ ʧʦʩʝʚʘ 

ʟʝʨʥʦʚʳʭ ʢʫʣʴʪʫʨ. ɹʦʨʦʥʦʚʘʥʠʝ ʪʘʢʠʭ ʧʦʩʝʚʦʚ ʧʦʧʝʨʝʢ ʛʨʝʙʥʝʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʳʯʥʦʡ 

ʪʝʭʥʦʣʦʛʠʠ ʝʛʦ ʧʨʦʚʝʜʝʥʠʷ ʧʨʠʚʦʜʠʪ ʢ ʤʘʩʩʦʚʦʤʫ ʧʦʚʨʝʞʜʝʥʠʶ ʨʘʩʪʝʥʠʡ. ʇʦʵʪʦʤʫ ʜʣʷ 

ʛʨʝʙʥʠʩʪʳʭ ʧʦʩʝʚʦʚ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʠʥʥʦʚʘʮʠʦʥʥʘʷ ʩʭʝʤʘ ʠʭ ʙʦʨʦʥʦʚʘʥʠʷ ʠ 
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ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʡ ʚʘʨʠʘʥʪ ʙʦʨʦʥʳ, ʧʦʟʚʦʣʷʶʱʝʡ ʚʝʩʪʠ ʙʦʨʦʥʦʚʘʥʠʝ ʧʦʩʝʚʦʚ ʚʜʦʣʴ 

ʛʨʝʙʥʝʡ [10]. ʉʭʝʤʘ ʥʘʚʝʩʥʦʡ ʦʜʥʦʩʣʝʜʦʚʦʡ ʩʮʝʧʢʠ ʪʷʞʝʣʳʭ ʙʦʨʦʥ ʜʣʷ ʧʨʦʜʦʣʴʥʦʛʦ 

ʙʦʨʦʥʦʚʘʥʠʷ ʧʦʩʝʚʦʚ ʦʟʠʤʳʭ ʢʫʣʴʪʫʨ ʧʦʢʘʟʘʥʘ ʥʘ ʈʠʩʫʥʢʝ 2. 

 

 
 

ʈʠʩʫʥʦʢ 2. ʉʮʝʧʢʘ ʙʦʨʦʥ ʜʣʷ ʚʝʩʝʥʥʝʛʦ ʙʦʨʦʥʦʚʘʥʠʷ ʛʨʝʙʥʠʩʪʳʭ ʧʦʩʝʚʦʚ ʦʟʠʤʦʡ ʨʞʠ  

(ʇʘʪʝʥʪ ʈʌ ˉ143555 ʦʪ 24.06.2014 ʛ.) 

1 ð ʧʨʠʮʝʧʥʦʝ ʫʩʪʨʦʡʩʪʚʦ, 2 ð ʙʨʫʩ, 3 ð ʧʦʣʦʩʘ ʩ ʢʨʝʧʣʝʥʠʷʤʠ, 4 ð ʧʦʧʝʨʝʯʥʘʷ ʧʦʣʦʩʘ,  

5 ð ʧʣʘʥʢʠ, 6 ð ʢʨʦʥʰʪʝʡʥ ʢʨʝʧʣʝʥʠʷ, 7 ð ʟʫʙ, 8 ð ʛʨʝʙʥʠ. 

 

ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʙʦʨʦʥʘʤʠ ʚ ʩʮʝʧʢʝ ʨʘʚʥʦ ʨʘʩʩʪʦʷʥʠʶ ʤʝʞʜʫ ʨʷʜʘʤʠ ʟʫʙʴʝʚ ʚ ʢʘʞʜʦʡ 

ʙʦʨʦʥʝ. ʋʩʪʘʥʦʚʢʘ ʨʘʤʳ ʙʦʨʦʥʳ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʧʦʧʝʨʝʯʥʦʤʫ ʙʨʫʩʫ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ 

ʩʮʝʧʢʫ ʙʦʨʦʥ ʩ ʨʷʜʘʤʠ ʟʫʙʴʝʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 300 ʤʤ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. ɼʣʷ 

ʫʣʫʯʰʝʥʠʷ ʢʦʧʠʨʦʚʘʥʠʷ ʧʦʯʚʳ ʙʦʨʦʥʘ ʠʟʛʦʪʘʚʣʠʚʘʝʪʩʷ ʠʟ 2-ʭ ʩʝʢʮʠʡ, ʩʦʝʜʠʥʝʥʥʳʭ 

ʰʘʨʥʠʨʥʦ. ɹʦʨʦʥʳ ʥʘ ʧʦʚʦʜʢʘʭ ʢʨʝʧʷʪʩʷ ʥʝ ʞʝʩʪʢʦ, ʯʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʜʣʷ ʠʭ ʩʚʦʙʦʜʥʦʛʦ 

ʩʤʝʱʝʥʠʷ ʚ ʧʦʧʝʨʝʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʚ çʧʦʠʩʢʘʭè ʙʦʨʦʟʜʳ. ɿʫʙʴʷ ʥʘ ʙʦʨʦʥʝ ʫʩʪʘʥʦʚʣʝʥʳ ʚ 4 

ʨʷʜʘ ʧʦ 2 ʟʫʙʘ ʚ ʨʷʜʫ. ʇʝʨʚʳʝ ʟʘʪʫʧʣʝʥʥʳʝ ʟʫʙʴʷ ʙʦʨʦʥʳ ʚʳʧʦʣʥʷʶʪ ʨʦʣʴ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ, 

ʩʪʘʙʠʣʠʟʠʨʫʶʱʠʭ ʜʚʠʞʝʥʠʝ ʙʦʨʦʥʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʨʝʙʥʝʡ. ʆʩʥʦʚʥʫʶ ʦʙʨʘʙʦʪʢʫ 

ʤʝʞʜʫʨʷʜʠʡ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʪʦʨʦʡ ʟʫʙ, ʢʦʪʦʨʳʡ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʥʘ ʨʝʞʠʤ ʘʢʪʠʚʥʦʛʦ 

ʨʳʭʣʝʥʠʷ.  

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʝʜʣʦʞʝʥʥʳʡ ʩʧʦʩʦʙ ʚʝʩʝʥʥʝʛʦ ʙʦʨʦʥʦʚʘʥʠʷ ʧʦʩʝʚʦʚ 

ʦʙʝʩʧʝʯʠʚʘʣ ʫʚʝʣʠʯʝʥʠʝ ʫʨʦʞʘʷ ʦʟʠʤʦʡ ʨʞʠ (ʧʨʠ ʧʨʦʜʦʣʴʥʦʤ ʩʧʦʩʦʙʝ ʙʦʨʦʥʦʚʘʥʠʷ) ʥʘ 0,76 

ʪ/ʛʘ (18,5%), ʚ ʩʨʝʜʥʝʤ ʟʘ 3 ʛʦʜʘ (ʊʘʙʣʠʮʘ 3). ʈʦʩʪ ʫʨʦʞʘʷ ʦʟʠʤʳʭ ʟʝʨʥʦʚʳʭ ʢʫʣʴʪʫʨ ʩʚʷʟʘʥʦ 

ʢʘʢ ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʨʳʭʣʝʥʠʝʤ ʚʝʨʭʥʝʛʦ ʩʪʦʷ ʧʦʯʚʳ ʠ ʫʣʫʯʰʝʥʠʝʤ ʧʦʯʚʝʥʥʦʛʦ 

ʛʘʟʦʦʙʤʝʥʘ, ʪʘʢ ʠ ʩʦ ʩʥʠʞʝʥʠʝʤ ʟʘʩʦʨʝʥʥʦʩʪʠ ʧʦʩʝʚʦʚ. 

ʅʘ ʬʦʥʝ ʛʝʨʙʠʮʠʜʦʚ ʙʦʨʦʥʦʚʘʥʠʝ ʩʥʠʟʠʣʦ ʟʘʩʦʨʝʥʥʦʩʪʴ ʧʦʩʝʚʦʚ ʦʟʠʤʦʡ ʨʞʠ ʧʦ 

ʚʦʟʜʫʰʥʦ ʩʫʭʦʡ ʤʘʩʩʝ ʩʦʨʥʷʢʦʚ ʩ 12,7 ʜʦ 3,8 ʛ/ʤ2. ʇʦʣʦʞʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʙʦʨʦʥʦʚʘʥʠʝ 

ʧʦʩʝʚʦʚ ʦʢʘʟʘʣʦ ʥʘ ʧʣʦʱʘʜʴ ʣʠʩʪʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʦʩʥʦʚʥʳʝ ʵʣʝʤʝʥʪʳ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ 

ʨʘʩʪʝʥʠʡ: ʢʦʣʠʯʝʩʪʚʦ ʩʪʝʙʣʝʡ ʩ ʢʦʣʦʩʦʤ, ʯʠʩʣʦ ʟʝʨʝʥ ʚ ʢʦʣʦʩʝ ʠ ʤʘʩʩʫ 1000 ʟʝʨʝʥ. ʇʦʜ 
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ʚʣʠʷʥʠʝʤ ʙʦʨʦʥʦʚʘʥʠʷ ʢʦʣʠʯʝʩʪʚʦ ʩʪʝʙʣʝʡ ʩ ʢʦʣʦʩʦʤ ʫʚʝʣʠʯʠʣʦʩʴ ʥʘ 4,6%, ʤʘʩʩʘ ʟʝʨʥʘ ʚ 

ʢʦʣʦʩʝ ð ʥʘ 9,2%, ʙʠʦʣʦʛʠʯʝʩʢʘʷ ʤʘʩʩʘ ʩʦʣʦʤʳ ʥʘ 4,9, ʟʝʨʥʘ ð ʥʘ 14,6% (ʊʘʙʣʠʮʘ 4). 

 

ʊʘʙʣʠʮʘ 3. 

ɺʃʀʗʅʀɽ ɹʆʈʆʅʆɺɸʅʀʗ ɻʈɽɹʅʀʉʊʓʍ ʇʆʉɽɺʆɺ ʅɸ ʋʈʆɾɸʁʅʆʉʊʔ ʆɿʀʄʆʁ ʈɾʀ, ʪ/ʛʘ 

ɻʦʜ 

ɺʘʨʠʘʥʪ 
ʇʨʠʙʘʚʢʘ ʫʨʦʞʘʷ ʢ 

ʢʦʥʪʨʦʣʶ: 

ʇʦʩʝʚ ʉɿɻʂ-3,6, ʙʝʟ 

ʙʦʨʦʥʦʚʘʥʠʷ ð 

ʢʦʥʪʨʦʣʴ 

ʇʦʩʝʚ ʉɿɻʂ-3,6, 

ʙʦʨʦʥʦʚʘʥʠʝ 
+ % 

2014 4,22 4,92 +0,70 116,6 

2015 3,45 4,33 +0,88 125,5 

2016 4,68 5,38 +0,70 114,9 

ʉʨʝʜʥʝʝ 4,11 4,87 +0,76 118,5 

 

ʊʘʙʣʠʮʘ 4. 

ɺʃʀʗʅʀɽ ɹʆʈʆʅʆɺɸʅʀʗ ʇʆʉɽɺʆɺ ʅɸ ʉʊʈʋʂʊʋʈʋ ʋʈʆɾɸʗ ʆɿʀʄʆʁ ʈɾʀ  

(ʚ ʩʨʝʜʥʝʤ ʟʘ 2015ï16ʛʛ.) 

ʇʦʢʘʟʘʪʝʣʠ 
ɽʜ. 

ʠʟʤʝʨʝʥʠʷ 

ɺʘʨʠʘʥʪ ʂ ʢʦʥʪʨʦʣʶ: 

ʙʝʟ 

ʙʦʨʦʥʦʚʘʥʠʷ 

ʩ  

ʙʦʨʦʥʦʚʘʥʠʝʤ 
+ % 

ʂʦʣʠʯʝʩʪ-

ʚʦ 

ʨʘʩʪʝʥʠʡ 

ʰʪ./ʤ2 

180 180 0 100,0 

ʩʪʝʙʣʝʡ 339 372 +33 109,7 

ʩʪʝʙʣʝʡ ʩ ʢʦʣʦʩʦʤ 302 316 +14 104,6 

ʏʠʩʣʦ ʟʝʨʝʥ ʚ ʢʦʣʦʩʝ ʰʪ. 51,6 54,0 +2,4 104,6 

ʄʘʩʩʘ 1000 ʟʝʨʝʥ 
ʛ 

31,5 32,9 +1,4 104,4 

ʄʘʩʩʘ ʟʝʨʥʘ ʚ ʢʦʣʦʩʝ 1,63 1,78 +0,15 109,2 

ʄʘʩʩʘ ʩʦʣʦʤʳ 
ʛ/ʤ2 

569 597 +28 104,9 

ɹʠʦʣʦʛʠʯʝʩʢʘʷ ʫʨʦʞʘʡʥʦʩʪʴ 480 550 +70 114,6 

 

ʆʮʝʥʢʘ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʙʦʨʦʥʦʚʘʥʠʷ ʧʦʩʝʚʦʚ ʦʟʠʤʳʭ ʢʫʣʴʪʫʨ ʧʦʢʘʟʘʣʘ, 

ʯʪʦ ʟʘʪʨʘʪʳ ʥʘ ʙʦʨʦʥʦʚʘʥʠʝ ʛʨʝʙʥʠʩʪʳʭ ʧʦʩʝʚʦʚ ʤʥʦʛʦʢʨʘʪʥʦ ʦʢʫʧʘʶʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦ 

ʧʦʣʫʯʝʥʥʦʡ ʧʨʦʜʫʢʮʠʝʡ. ʅʘ 1 ʨʫʙ. ʟʘʪʨʘʪ ʥʘ ʙʦʨʦʥʦʚʘʥʠʝ ʧʦʩʝʚʦʚ ʦʟʠʤʦʡ ʨʞʠ ʙʳʣʦ 

ʧʦʣʫʯʝʥʦ ʧʨʦʜʫʢʮʠʠ ʥʘ 9,03 ʨʫʙ. 

 

ɺʳʚʦʜʳ 

ʀʪʘʢ, ʨʘʟʤʝʱʝʥʠʝ ʦʟʠʤʦʡ ʨʞʠ ʥʘ ʧʨʦʬʠʣʠʨʦʚʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ð ʛʨʝʙʝʰʢʘʭ ʚʳʩʦʪʦʡ 

40ï80 ʤʤ, ʩʦʟʜʘʝʪ ʙʦʣʝʝ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʨʦʩʪʘ ʠ ʨʘʟʚʠʪʠʷ ʨʘʩʪʝʥʠʡ, ʦʩʦʙʝʥʥʦ ʚ 

ʫʩʣʦʚʠʷʭ ʧʦʚʳʰʝʥʥʦʛʦ ʫʚʣʘʞʥʝʥʠʷ ʧʦʯʚʳ, ʫʣʫʯʰʘʝʪ ʚʦʜʥʦïʚʦʟʜʫʰʥʳʡ ʨʝʞʠʤ ʧʦʩʝʚʥʦʛʦ 

ʩʣʦʷ ʧʦʯʚʳ, ʧʦʚʳʰʘʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴ ʧʦʩʝʚʦʚ ʢ ʧʝʨʝʫʚʣʘʞʥʝʥʠʶ, ʚʳʤʦʢʘʥʠʶ, ʣʝʜʷʥʦʡ ʢʦʨʢʝ, 

ʫʚʝʣʠʯʠʚʘʝʪ ʩʦʭʨʘʥʥʦʩʪʴ ʨʘʩʪʝʥʠʡ, ʢʦʣʠʯʝʩʪʚʦ ʩʪʝʙʣʝʡ ʩ ʢʦʣʦʩʦʤ, ʤʘʩʩʫ ʟʝʨʥʘ ʚ ʢʦʣʦʩʝ ʠ 

ʫʨʦʞʘʡʥʦʩʪʴ, ʩʥʠʞʘʝʪ ʧʨʷʤʳʝ ʟʘʪʨʘʪʳ ʥʘ ʚʳʨʘʱʠʚʘʥʠʝ 1 ʪ ʟʝʨʥʘ ʠ ʧʦʚʳʰʘʝʪ ʨʝʥʪʘʙʝʣʴʥʦʩʪʴ 

ʝʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ɻʨʝʙʥʠʩʪʳʡ ʣʝʥʪʦʯʥʦïʨʘʟʙʨʦʩʥʡr ʩʧʦʩʦʙ ʧʦʩʝʚʘ ʦʙʣʘʜʘʝʪ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʳʯʥʳʤ 

ʨʷʜʦʚʳʤ, ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʴʶ ʠ ʘʜʘʧʪʠʚʥʦʩʪʴʶ ʢ ʧʦʛʦʜʥʳʤ ʠ ʧʦʯʚʝʥʥʦï

ʤʝʣʠʦʨʘʪʠʚʥʳʤ ʫʩʣʦʚʠʷʤ ʦʩʫʰʘʝʤʳʭ ʟʝʤʝʣʴ. ɼʣʷ ʧʦʩʝʚʘ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʟʝʨʥʦʚʳʝ ʛʨʝʙʥʝïʢʘʪʢʦʚʳʝ ʩʝʷʣʢʠ ʉɿɻʂ-3,6 (ʧʝʨʝʦʙʦʨʫʜʦʚʘʥʥʳʝ ʩʝʷʣʢʠ ʉɿ-3,6) [9]. 

http://www.bulletennauki.com/
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ʋʩʪʘʥʦʚʣʝʥʘ ʚʳʩʦʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʚʝʩʝʥʥʝʛʦ 

ʙʦʨʦʥʦʚʘʥʠʷ ʛʨʝʙʥʠʩʪʳʭ ʧʦʩʝʚʦʚ ʦʟʠʤʳʭ ʟʝʨʥʦʚʳʭ ʢʫʣʴʪʫʨ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʝʨʝʦʙʦʨʫʜʦʚʘʥʥʳʭ ʜʣʷ ʵʪʦʡ ʮʝʣʠ ʦʜʥʦʩʣʝʜʦʚʳʭ ʥʘʚʝʩʥʳʭ ʩʮʝʧʦʢ ʪʷʞʝʣʳʭ ʟʫʙʦʚʳʭ ʙʦʨʦʥ. 

ʇʨʠʙʘʚʢʘ ʫʨʦʞʘʷ ʦʟʠʤʦʡ ʨʞʠ ʦʪ ʙʦʨʦʥʦʚʘʥʠʷ, ʚ ʩʨʝʜʥʝʤ ʟʘ 3 ʛʦʜʘ, ʩʦʩʪʘʚʠʣʘ 0,76 ʪ/ʛʘ. 

ʇʦʚʳʰʝʥʠʝ ʫʨʦʞʘʡʥʦʩʪʠ ʜʦʩʪʠʛʥʫʪʦ ʟʘ ʩʯʝʪ ʚʩʝʭ ʵʣʝʤʝʥʪʦʚ ʩʪʨʫʢʪʫʨʳ ʫʨʦʞʘʷ ð 

ʫʚʝʣʠʯʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʧʨʦʜʫʢʪʠʚʥʳʭ ʩʪʝʙʣʝʡ, ʯʠʩʣʘ ʟʝʨʝʥ ʚ ʢʦʣʦʩʝ ʠ ʤʘʩʩʳ 1000 ʟʝʨʝʥ. 
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ɸʥʥʦʪʘʮʠʷ. ʋʩʪʘʥʦʚʣʝʥʳ ʟʦʥʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʜʝʨʝʚʴʝʚ ʩʦʨʪʦʚ ʠ ʬʦʨʤ ʛʨʫʰʠ, 

ʚʳʨʘʱʠʚʘʝʤʳʭ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʅʘʭʠʯʝʚʘʥʩʢʦʡ ɸʈ, ʫʪʦʯʥʝʥʳ ʠʭ ʥʘʟʚʘʥʠʷ ʠ ʩʠʥʦʥʠʤʳ, 

ʧʨʦʚʝʜʝʥʦ ʛʨʫʧʧʠʨʦʚʢʘ ʧʦ ʩʨʦʢʘʤ ʩʦʟʨʝʚʘʥʠʷ, ʩʦʩʪʘʚʣʝʥ ʪʦʯʥʳʡ ʩʧʠʩʦʢ ʛʝʥʦʬʦʥʜʘ ʛʨʫʰʠ 

ʚ ʨʝʛʠʦʥʝ. ʆʧʨʝʜʝʣʝʥ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʧʣʦʜʦʚ ʩʦʨʪʦʚ ʠ ʬʦʨʤ ʛʨʫʰʠ.  

ʇʨʝʜʩʪʘʚʣʝʥ rʨʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʩʘʭʘʨʘ, ʢʠʩʣʦʪ, 

ʦʪʥʦʰʝʥʠʷ ʩʘʭʘʨʘ ʢ ʢʠʩʣʦʪʘʤ, ʚʠʪʘʤʠʥʘ C, ʩʫʭʠʭ ʚʝʱʝʩʪʚ, ʩʨʝʜʥʝʡ ʤʘʩʩʳ ʧʣʦʜʦʚ ʢʘʞʜʦʛʦ 

ʩʦʨʪʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʩʪʘʥʜʘʨʪʥʳʤ ʩʦʨʪʘʤ. 

 

Abstract. Installed area spread tree varieties and forms of pears grown in the territory of 

Nakhchivan Autonomous Republic, to clarify their names and synonyms, conducted by ripening 

group, made up a precise list of the gene pool of pears trees in the region. It determines the 

chemical composition of fruits of pears varieties and forms. Presented results of a comparative 

study of the content of sugars, acids, ratio of sugar to acid, vitamin C, solids, and the average mass 

of each fruit varieties in relation to the standard varieties. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʦʨʪ, ʬʦʨʤʘ, ʘʛʨʦʙʠʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ, ʠʥʪʨʦʜʫʢʮʠʷ, ʟʦʥʳ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ, ʵʢʩʧʝʜʠʮʠʷ, ʢʦʣʣʝʢʮʠʷ. 

 

Keywords: variety, shape, agrobiological features, introduction, propagation area, forwarding, 

collection. 

 

ʊʝʨʨʠʪʦʨʠʷ ʅʘʭʠʯʝʚʘʥʩʢʦʡ ɸʚʪʦʥʦʤʥʦʡ ʈʝʩʧʫʙʣʠʢʠ ɸʟʝʨʙʘʡʜʞʘʥʘ ʨʘʟʜʝʣʷʝʪʩʷ ʥʘ 

ʥʠʟʤʝʥʥʫʶ, ʧʨʝʜʛʦʨʥʫʶ ʠ ʛʦʨʥʫʶ ʟʦʥʳ. ʇʦʯʚʝʥʥʦïʢʣʠʤʘʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʢʘʞʜʦʡ ʟʦʥʳ 

ʙʣʘʛʦʧʨʠʷʪʥʳ ʜʣʷ ʚʳʨʘʱʠʚʘʥʠʷ ʩʦʨʪʦʚ ʠ ʬʦʨʤ ʛʨʫʰʠ. ʕʢʩʪʝʥʩʠʚʥʳʝ ʪʠʧʳ ʛʨʫʰʝʚʳʭ ʩʘʜʦʚ 

ʥʘʭʦʜʷʪʩʷ ʚ ʧʨʝʜʛʦʨʥʦʤ ʠ ʛʦʨʥʦʤ ʟʦʥʘʭ ʪʝʨʨʠʪʦʨʠʠ, ʛʜʝ, ʚ ʦʩʥʦʚʥʦʤ ʚʳʨʘʱʠʚʘʶʪʩʷ 

ʘʙʦʨʠʛʝʥʥʳʝ ʠ ʤʝʩʪʥʳʝ ʩʦʨʪʘ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʥʦʛʠʝ ʠʟ ʵʪʠʭ ʩʦʨʪʦʚ ʥʘʭʦʜʷʪʩʷ ʥʘ ʛʨʘʥʠ 

ʠʩʯʝʟʥʦʚʝʥʠʷ [10, c. 10; 11, c. 12]. 

ʎʝʣʴ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʫʪʦʯʥʝʥʠʠ ʟʦʥ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʚʩʝʭ ʩʦʨʪʦʚ ʠ 

ʬʦʨʤ ʛʨʫʰʠ, ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʘʩʩʦʨʪʠʤʝʥʪʘ ʤʘʣʦʯʠʩʣʝʥʥʳʭ ʠ ʠʩʯʝʟʘʶʱʠʭ ʩʦ ʚʨʝʤʝʥʝʤ 

ʘʙʦʨʠʛʝʥʥʳʭ ʩʦʨʪʦʚ, ʩʦʟʜʘʥʠʠ ʛʝʥʦʬʦʥʜʥʦïʢʦʣʣʝʢʮʠʦʥʥʦʛʦ ʩʘʜʘ. ʇʨʝʜʩʪʘʚʣʝʥʠʝ ʠʭ ʤʠʨʦʚʦʡ 
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ʥʘʫʢʝ ʢʘʢ ʠʩʪʠʥʥʳʝ ʘʟʝʨʙʘʡʜʞʘʥʩʢʠʝ ʩʦʨʪʘ ʠ ʧʨʝʜʣʦʞʝʥʠʝ ʚʳʩʦʢʦʫʨʦʞʘʡʥʳʭ, 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʜʣʷ ʢʘʞʜʦʡ ʟʦʥʳ ʩʦʨʪʦʚ ʛʨʫʰʠ ʬʝʨʤʝʨʩʢʠʤ ʠ ʧʦʜʩʦʙʥʳʤ 

ʭʦʟʷʡʩʪʚʘʤ ʷʚʣʷʣʠʩʴ ʦʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʟʘʜʘʯ ʨʘʙʦʪʳ. 

 

ʄʘʪʝʨʠʘʣ ʠ ʤʝʪʦʜʠʢʘ ʨʘʙʦʪʳ 

ɸʙʦʨʠʛʝʥʥʳʝ ʩʦʨʪʘ ʠ ʬʦʨʤʳ ʛʨʫʰʠ, ʚʦʟʜʝʣʳʚʘʝʤʳʝ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʅʘʭʠʯʝʚʘʥʩʢʦʡ ɸʈ, 

ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪ 

ʠʩʧʦʣʴʟʦʚʘʥʦ: çʃʘʙʦʨʘʪʦʨʥʳʡ ʧʨʘʢʪʠʢʫʤ ʧʦ ʧʣʦʜʦʚʦʜʩʪʚʫè ɿ. ʄ. ɻʘʩʘʥʦʚʘ [3, ʩ. 40ï70]; 

ʄʝʪʦʜʠʢʘ ɺʅʀʀ ʠʤ. ʀ. ɺ. ʄʠʯʫʨʠʥʘ, ʧʨʠʥʷʪʘʷ ʚ ʧʣʦʜʦʚʦʜʩʪʚʝ [5, ʩ. 93ï124]; ʄʝʪʦʜʠʢʘ 

ʠʟʫʯʝʥʠʷ ʬʝʥʦʣʦʛʠʠ ʨʘʩʪʝʥʠʡ ʠ ʨʘʩʪʠʪʝʣʴʥʳʭ ʩʦʦʙʱʝʩʪʚ ʀ. ʅ. ɹʝʡʜʝʤʘʥʘ [8, ʩ. 120ï136]; 

ʇʨʦʛʨʘʤʤʘ ʠ ʤʝʪʦʜʠʢʘ ʠʥʪʨʦʜʫʢʮʠʠ ʠ ʩʦʨʪʦʠʟʫʯʝʥʠʷ ʧʣʦʜʦʚʳʭ ʢʫʣʴʪʫʨ [9, ʩ. 60ï62] ʠ ʜʨ. 

ʤʝʪʦʜʠʢʠ [17, c. 734; 18, c. 454]. 

ʉ ʮʝʣʴʶ ʚʳʧʦʣʥʝʥʠʷ ʵʪʠʭ ʟʘʜʘʯ ʥʘʯʠʥʘʷ ʩ 2011-ʛʦ ʛʦʜʘ ʚ ʆʨʜʫʙʘʜʩʢʦʤ, ɼʞʫʣʴʬʠʥʩʢʦʤ, 

ɹʘʙʝʢʩʢʦʤ, ʐʘʭʙʫʟʩʢʦʤ, ʉʘʜʘʨʘʢʩʢʦʤ, ʐʘʨʫʨʩʢʦʤ ʠ ʂʝʥʛʝʨʣʠʥʩʢʦʤ ʨʘʡʦʥʘʭ ʅʘʭʠʯʝʚʘʥʩʢʦʡ 

ɸʈ ʠ ʚ ʛʝʥʦʬʦʥʜʥʦïʢʦʣʣʝʢʮʠʦʥʥʦʤ ʩʘʜʫ ʧʦ ʧʨʠʥʷʪʳʤ ʤʝʪʦʜʘʤ ʥʘʯʘʪʳ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ 

ʨʘʙʦʪʳ. 

ʎʝʥʥʦʩʪʴ ʧʣʦʜʦʚ ʪʦʛʦ ʠʣʠ ʜʨʫʛʦʛʦ ʩʦʨʪʘ ʛʨʫʰʠ ʚʦ ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʭʠʤʠʯʝʩʢʠʤ 

ʩʦʩʪʘʚʦʤ, ʠʙʦ ʦʥ ʚʳʷʚʣʷʝʪ ʠʭ ʧʠʱʝʚʳʝ ʠ ʚʢʫʩʦʚʳʝ ʜʦʩʪʦʠʥʩʪʚʘ ʠ ʧʨʠʛʦʜʥʦʩʪʴ ʢ ʧʝʨʝʨʘʙʦʪʢʝ. 

ʃʝʞʢʦʩʪʴ ʧʣʦʜʦʚ ʛʨʫʰʠ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʥʘʩʣʝʜʩʪʚʝʥʥʦïʙʠʦʣʦʛʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʦʤ ʢʘʞʜʦʛʦ 

ʩʦʨʪʘ, ʦʧʨʝʜʝʣʷʶʱʠʤ ʝʛʦ ʭʦʟʷʡʩʪʚʝʥʥʫʶ ʮʝʥʥʦʩʪʴ [12ï16]. 

ɹʠʦʭʠʤʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ ʧʣʦʜʘʭ ʛʨʫʰʠ ʚ ʧʝʨʠʦʜ ʭʨʘʥʝʥʠʷ, 

ʦʧʨʝʜʝʣʷʶʪ ʣʝʞʢʦʩʧʦʩʦʙʥʦʩʪʴ ʩʦʨʪʘ [6, ʩ. 147ï192]. ʅʘ ʜʣʠʪʝʣʴʥʦʩʪʴ ʭʨʘʥʝʥʠʷ ʧʣʦʜʦʚ 

ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʩʨʦʢ ʩʙʦʨʘ ʧʣʦʜʦʚ, ʛʝʥʦʪʠʧ ʩʦʨʪʘ, ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʦʩʘʜʢʠ ʚ ʧʝʨʠʦʜ 

ʚʝʛʝʪʘʮʠʠ [4, 7]. 

ʉʦʨʪ, ʮʝʥʥʳʡ ʧʦ ʚʩʝʤ ʧʦʢʘʟʘʪʝʣʷʤ, ʥʦ ʥʝ ʣʝʞʢʦʩʧʦʩʦʙʥʳʡ, ʥʝ ʤʦʞʝʪ ʙʳʪʴ 

ʨʝʢʦʤʝʥʜʦʚʘʥ ʜʣʷ ʰʠʨʦʢʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ. 

ɺ ʪʝʯʝʥʠʝ 2011ï2015 ʛʛ. ʥʘʤʠ ʠʟʫʯʘʣʘʩʴ ʠ ʣʝʞʢʦʩʪʴ ʠ ʠʟʤʝʥʯʠʚʦʩʪʴ ʭʠʤʠʯʝʩʢʦʛʦ 

ʩʦʩʪʘʚʘ ʧʣʦʜʦʚ ʨʘʟʣʠʯʥʳʭ ʩʦʨʪʦʚ ʛʨʫʰʠ. 

ʇʣʦʜʳ ʭʨʘʥʠʣʠ ʚ ʪʝʤʥʦʤ, ʧʨʦʭʣʘʜʥʦʤ ʧʦʤʝʱʝʥʠʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʧʝʨʠʦʜ ʟʘʢʣʘʜʢʠ 

10,5 Áʉ ʠ ʟʠʤʥʝʝ ʚʨʝʤʷ 6,9 Áʉ. ɺʣʘʞʥʦʩʪʴ ʚʦʟʜʫʭʘ ʚ ʧʦʤʝʱʝʥʠʠ ʢʦʣʝʙʘʣʘʩʴ ʦʪ 59,9 ʜʦ 76,8%. 

 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ʇʨʠ ʟʘʢʣʘʜʢʝ ʦʧʳʪʘ ʧʣʦʜʳ ʙʨʘʣʠʩʴ ʚ ʢʦʣʠʯʝʩʪʚʝ ʧʦ 200 ʰʪ. (ʥʦ ʥʝ ʤʝʥʝʝ 20 ʢʛ) ʢʘʞʜʦʛʦ 

ʩʦʨʪʘ. ʆʢʦʥʯʘʥʠʝʤ ʩʨʦʢʘ ʭʨʘʥʝʥʠʷ ʩʯʠʪʘʣʠ ʚʨʝʤʷ, ʢʦʛʜʘ 10% ʧʣʦʜʦʚ ʦʢʘʟʘʣʦʩʴ ʥʝʧʨʠʛʦʜʥʳʤ 

ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʭʨʘʥʝʥʠʷ. ʉʨʦʢʠ ʭʨʘʥʝʥʠʷ ʧʣʦʜʦʚ ʠ ʠʟʫʯʘʝʤʳʭ ʩʦʨʪʦʚ ʩʦʩʪʘʚʣʷʣʠ ʦʪ 

134Ñ3,41 ʜʦ 178Ñ3,41 ʜʥʝʡ, ʩ ʝʩʪʝʩʪʚʝʥʥʦʡ ʫʙʳʣʴʶ ʦʪ 10,53Ñ0,85 ʜʦ 17,66Ñ0,20%. 

(ʊʘʙʣʠʮʘ 1).  

ʅʘʠʙʦʣʝʝ ʣʝʞʢʦʩʧʦʩʦʙʥʳʤʠ ʩʦʨʪʘʤʠ ʦʢʘʟʘʣʠʩʴ ɼʘʰ ʘʨʤʫʜ, ɻʦʨʭʤʘʟʳ, ʉʠʥʠ ʘʨʤʫʜ, ʅʘʨ 

ʘʨʤʫʜ, ʅʝʩʠʨʠʥ ʘʨʤʫʜʫ, ʃʝʪʝʥʟʠ, ʆʨʜʫʙʘʜʠ, ɸʭʤʝʜ ɻʘʟʳ (141ï178 ʜʥʝʡ), ʂʳʨʤʳʟʳ ʐʝʢʝʨʠ, 

ʄʝʭʪʠ ʘʨʤʫʜʫ, ʃʝʪʠʬʝ, ɿʦʭʨʘ, ɼʳʨʥʳʩʳ ʠ ʅʘʜʠʨʠ (134ï148 ʜʥʝʡ). ʃʝʞʢʦʩʪʴ ʩʪʘʥʜʘʨʪʥʳʭ 

ʩʦʨʪʦʚ ʊʘʰ ʘʨʤʫʜ ʠ ʃʝʪʠʬʝ ʩʦʩʪʘʚʠʣʘ 149ï168 ʜʥʝʡ, ʘ ʝʩʪʝʩʪʚʝʥʥʘʷ ʫʙʳʣʴ 11,13ï12,80%. 
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ʊʘʙʣʠʮʘ 1. 

ʃɽɾʂʆʉʊʔ ʀ ɽʉʊɽʉʊɺɽʅʅɸʗ ʋɹʓʃʔ ʇʃʆɼʆɺ ʉʆʈʊʆɺ ɻʈʋʐʀ ʅɸʍʀʏɽɺɸʅʉʂʆʁ ɸʈ 

 ʉʦʨʪ ʃʝʞʢʦʩʪʴ ʧʣʦʜʦʚ (ʜʥʠ) ɽʩʪʝʩʪʚʝʥʥʘʷ ʫʙʳʣ, % 

1. ʊʘʰ ʘʨʤʫʜ (ʢʦʥʪ) 162Ñ0,34 12,80Ñ0,30 

2. ɻʦʨʭʤʘʟʳ 168Ñ3,41 10,53Ñ0,85 

3. ʉʠʥʠ ʘʨʤʫʜ 162Ñ0,34 12,63Ñ0,17 

4. ʅʘʨ ʘʨʤʫʜ 178Ñ3,41 11,36Ñ0,37 

5. ʅʝʩʠʨʠʥ ʘʨʤʫʜʫ 158Ñ3,75 15,96Ñ0,98 

6. ʃʝʪʝʥʟʠ 162Ñ0,34 17,66Ñ0,20 

7. ʆʨʜʫʙʘʜʠ 168Ñ3,75 11,26Ñ0,27 

8. ɸʭʤʝʜ ɻʘʟʳ 141Ñ3,75 11,70Ñ0,92 

9. ʃʝʪʠʬʝ (ʢʦʥʪ) 149Ñ7,16 11,13Ñ0,64 

10. ʂʳʨʤʳʟʳ ʰʝʢʝʨʠ 143Ñ3,18 13,00Ñ0,10 

11. ʄʝʭʪʠ ʘʨʤʫʜʫ 144Ñ3,75 14,10Ñ0,44 

12. ɿʦʭʨʘ 140Ñ3,75 11,10Ñ0,64 

13 ɼʳʨʥʳʩʳ 148Ñ3,75 12,00Ñ0,10 

14 ʅʘʜʠʨʠ 134Ñ3,41 13,10Ñ0,44 

 

ɸʥʘʣʠʟ ʧʣʦʜʦʚ ʧʨʦʚʦʜʠʣʠ ʧʝʨʝʜ ʟʘʢʣʘʜʢʦʡ ʚ ʭʨʘʥʠʣʠʱʘ ʠ ʚ ʥʘʯʘʣʝ ʢʘʞʜʦʛʦ 

ʧʦʩʣʝʜʫʶʱʝʛʦ ʤʝʩʷʮʘ ʜʦ ʢʦʥʮʘ ʭʨʘʥʝʥʠʷ. ɺ ʧʣʦʜʘʭ ʦʧʨʝʜʝʣʷʣʠ ʩʦʜʝʨʞʘʥʠʝ ʩʫʭʠʭ ʚʝʱʝʩʪʚ, 

ʩʫʤʤʫ ʩʘʭʘʨʦʚ, ʢʠʩʣʦʪʥʦʩʪʴ ʠ ʘʩʢʦʨʙʠʥʦʚʫʶ ʢʠʩʣʦʪʫ. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʧʣʦʜʦʚ ʦʧʨʝʜʝʣʝʥ 

ʚ ɸʟʝʨʙʘʡʜʞʘʥʩʢʦʤ ʥʘʫʯʥʦïʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʤ ʠʥʩʪʠʪʫʪʝ ʩʘʜʦʚʦʜʩʪʚʘ ʠ ʩʫʙʪʨʦʧʠʯʝʩʢʠʭ 

ʈʘʩʪʝʥʠʡ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʛʨʫʰʠ 10 ʩʦʨʪʦʚ ʧʦʢʘʟʘʣʘ ʨʘʟʣʠʯʥʫʶ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʭʨʘʥʝʥʠʷ 

ʨʘʟʥʳʭ ʩʦʨʪʦʚ ʚ ʦʙʳʯʥʳʭ ʫʩʣʦʚʠʷʭ (ʊʘʙʣʠʮʘ 2). 

ʀʟʫʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʨʘʩʪʚʦʨʠʤʳʭ ʩʫʭʠʭ ʚʝʱʝʩʪʚ ʚ ʧʣʦʜʘʭ ʧʨʠ ʭʨʘʥʝʥʠʠ ʜʘʝʪ ʦʙʱʝʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʧʣʦʜʘʭ. ʋ 8 ʠʟʫʯʝʥʥʳʭ ʩʦʨʪʦʚ 

ʩʦʜʝʨʞʘʥʠʝ ʩʫʭʠʭ ʚʝʱʝʩʪʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʘʢʦʚʳʤ ʧʝʨʝʜ ʟʘʢʣʘʜʢʦʡ ʥʘ ʭʨʘʥʝʥʠʝ 

ʫʚʝʣʠʯʠʣʦʩʴ ʧʨʠ ʭʨʘʥʝʥʠʠ, ʘ ʫ 3 ʩʦʨʪʦʚ ð ʃʝʪʝʥʟʠ, ɼʳʨʥʳʩʳ ʠ ɿʦʭʨʘ ʘʨʤʫʜʫ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʫʤʝʥʴʰʠʣʦʩʴ. ʅʘʠʙʦʣʴʰʠʤ ʠʟʤʝʥʝʥʠʷʤ ʚ ʧʣʦʜʘʭ ʛʨʫʰʠ ʧʨʠ ʭʨʘʥʝʥʠʠ 

ʧʦʜʚʝʨʛʘʣʠʩʴ ʩʦʜʝʨʞʘʥʠʷ ʩʘʭʘʨʦʚ. ʋ ʨʘʟʣʠʯʥʳʭ ʩʦʨʪʦʚ ʦʥʠ ʠʟʤʝʥʷʣʠʩʴ ʥʝʦʜʠʥʘʢʦʚʦ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʝʨʠʦʜʘ ʭʨʘʥʝʥʠʷ. ʊʘʢ, ʧʨʠ ʦʙʳʯʥʳʭ ʫʩʣʦʚʠʷʭ ʫ ʚʩʝʭ ʩʦʨʪʦʚ ʛʨʫʰʠ ʢ ʢʦʥʮʫ 

ʭʨʘʥʝʥʠʷ ʥʘʙʣʶʜʘʣʦʩʴ ʫʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʩʘʭʘʨʦʚ, ʣʠʰʴ ʫ ʦʜʥʦʛʦ ʩʦʨʪʘ (ʉʠʥʠ ʘʨʤʫʜ) 

ʦʩʪʘʚʘʣʦʩʴ ʥʘ ʪʦʤ ʞʝ ʫʨʦʚʥʝ. ɺʢʫʩ ʧʣʦʜʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝʤ ʩʘʭʘʨʘ ʢ ʢʠʩʣʦʪʘʤ. 

ʇʨʠ ʵʪʦʤ ʢʠʩʣʳʡ ʚʢʫʩ ʧʣʦʜʦʚ ʦʙʫʩʣʦʚʣʝʥ ʥʝ ʦʙʱʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʢʠʩʣʦʪ, ʘ ʪʠʪʨʫʝʤʦʡ 

ʢʠʩʣʦʪʥʦʩʪʴʶ, ʪ. ʝ. ʩʦʜʝʨʞʘʥʠʝʤ ʩʚʦʙʦʜʥʳʭ ʢʠʩʣʦʪ [4, ʩ. 71ï86]. 

ʉʦʨʪʘ ʩ ʥʠʟʢʦʡ ʢʠʩʣʦʪʥʦʩʪʴʶ ʦʙʳʯʥʦ ʤʘʣʦʧʝʨʩʧʝʢʪʠʚʥʳ. ʆʥʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʠʤʝʶʪ 

ʧʣʦʩʢʠʡ ʧʨʝʩʥʳʡ ʚʢʫʩ, ʧʦʣʫʯʘʶʪ ʥʠʟʢʫʶ ʜʝʛʫʩʪʘʮʠʦʥʥʫʶ ʦʮʝʥʢʫ ʧʨʠ ʧʦʪʨʝʙʣʝʥʠʠ ʚ ʩʚʝʞʝʤ 

ʚʠʜʝ ʠ ʤʘʣʦʧʨʠʛʦʜʥʳ ʜʣʷ ʪʝʭʥʠʯʝʩʢʦʡ ʧʝʨʝʨʘʙʦʪʢʠ. ʉʦʜʝʨʞʘʥʠʝ ʪʠʪʨʫʝʤʳʭ ʢʠʩʣʦʪ ʚ 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʟʘʚʠʩʠʪ ʦʪ ʛʝʥʦʪʠʧʘ ʩʦʨʪʘ ʠ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʛʦʜʘ.  

ʂʘʢ ʚʠʜʥʦ ʠʟ ʊʘʙʣʠʮʳ 2, ʩʪʝʧʝʥʴ ʩʚʷʟʠ ʤʝʞʜʫ ʩʦʜʝʨʞʘʥʠʝʤ ʪʠʪʨʫʝʤʳʭ ʢʠʩʣʦʪ ʚ ʧʣʦʜʘʭ 

ʦʜʥʠʭ ʠ ʪʝʭ ʞʝ ʘʙʦʨʠʛʝʥʥʳʭ ʩʦʨʪʦʚ ʛʨʫʰʠ ʚ ʨʘʟʥʳʝ ʤʝʩʷʮʳ ʠʟʤʝʥʷʣʘʩʴ.  

ʇʨʠ ʭʨʘʥʝʥʠʠ ʫ ʩʦʨʪʦʚ ɼʘʰ ʘʨʤʫʜ, ɻʦʨʭʤʘʟʳ, ʉʠʥʠ ʘʨʤʫʜ, ʅʘʨ ʘʨʤʫʜ, ʅʝʩʠʨʠʥ ʘʨʤʫʜʫ, 

ʃʝʪʝʥʟʠ, ʆʨʜʫʙʘʜʠ, ʘ ʫ 2 ʩʦʨʪʦʚ ð ɼʳʨʥʳʩʳ ʠ ʅʘʜʠʨʠ, ʧʨʠ ʭʨʘʥʝʥʠʠ ʦʥʘ ʚʘʨʴʠʨʦʚʘʣʘ ʠ ʢ 

ʢʦʥʮʫ ʭʨʘʥʝʥʠʷ ʩʪʘʙʠʣʠʟʠʨʦʚʘʣʘʩʴ. ɸʩʢʦʨʙʠʥʦʚʘʷ ʢʠʩʣʦʪʘ (ʚʠʪʘʤʠʥ ʉ) ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ 

ʚ ʦʢʠʩʣʠʪʝʣʴʥʦïʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʘʭ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʞʠʚʦʡ ʢʣʝʪʢʝ. ɺʠʪʘʤʠʥ ʉ ʚ 

ʨʘʩʪʝʥʠʷʭ ʥʘʭʦʜʠʪʩʷ ʚ ʜʚʫʭ ʬʦʨʤʘʭ ð ʩʚʦʙʦʜʥʘʷ ʘʩʢʦʨʙʠʥʦʚʘʷ ʢʠʩʣʦʪʘ ʠ ʣʝʛʢʦ 

ʦʙʨʘʟʫʶʱʘʷʩʷ ʠʟ ʥʝʝ ʧʨʠ ʦʢʠʩʣʝʥʠʠ ʜʝʛʠʜʨʦʘʩʢʦʨʙʠʥʦʚʦʡ ʢʠʩʣʦʪʳ.  

http://www.bulletennauki.com/


 

 
ɹʶʣʣʝʪʝʥʴ ʥʘʫʢʠ ʠ ʧʨʘʢʪʠʢʠ ð Bulletin of Science and Practice

ʥʘʫʯʥʳʡ ʞʫʨʥʘʣ (scientific journal)   ʊ. 4. ̄ 5. 2018 ʛ. 
 http://www.bulletennauki.com  

 

 

 

 

175 

 

 

ʊʘʙʣʠʮʘ 2. 

ʀɿʄɽʅʏʀɺʆʉʊʔ ʍʀʄʀʏɽʉʂʆɻʆ ʉʆʉʊɸɺɸ ɸɹʆʈʀɻɽʅʅʓʍ ʉʆʈʊʆɺ ɻʈʋʐʀ 

ʅɸʍʀʏɽɺɸʅʉʂʆʁ ɸɺʊʆʅʆʄʅʆʁ ʈɽʉʇʋɹʃʀʂʀ ʅɸ ʉʓʈʆɽ ɺɽʑɽʉʊɺʆ, ʚ % 

 ̄ ʅʘʟʚʘʥʠʝ ʩʦʨʪʘ ɺʨʝʤʷ 

ʘʥʘʣʠʟʘ  

ʉʫʭʠʝ 

ʚʝʱʝʩʪʚʘ 

ʆʙʱʠʡ 

ʩʘʭʘʨ 

ʂʠʩʣʦʪʥʦʩʪʴ ɺʠʪʘʤʠʥ 

çʉè, ʤʛ % 

1. 

ʃʝʪʠʬʝ (ʢʦʥʪ) 

ʆʢʪʷʙʨʴ 13,8 9,66 0,58 3,70 

ʅʦʷʙʨʴ 11,9 11,63 0,71 3,45 

ɼʝʢʘʙʨʴ 11,4 9,93 0,56 3,52 

ʗʥʚʘʨʴ 14,1 11,12 0,50 2,02 

ʌʝʚʨʘʣʴ 14,7 11,07 0,47 1,89 

ʄʘʨʪ 15,1 11,67 0,45 1,27 

2. 

ɻʦʨʭʤʘʟʳ 

ʆʢʪʷʙʨʴ 15,3 9,11 0,53 4,66 

ʅʦʷʙʨʴ 13,8 11,38 0,69 3,66 

ɼʝʢʘʙʨʴ 13,9 11,04 0,50 3,56 

ʗʥʚʘʨʴ 14,9 11,94 0,45 2,57 

ʌʝʚʨʘʣʴ 14,7 12,10 0,45 2,26 

ʄʘʨʪ 15,0 12,48 0,42 1,58 

3. 

ʉʠʥʠ ʘʨʤʫʜ 

ʆʢʪʷʙʨʴ 14,8 10,14 0,31 4,71 

ʅʦʷʙʨʴ 14,6 11,27 0,40 3,37 

ɼʝʢʘʙʨʴ 14,8 10,71 0,36 2,27 

ʗʥʚʘʨʴ 14,2 11,07 0,29 2,40 

ʌʝʚʨʘʣʴ 15,9 12,10 0,24 1,84 

ʄʘʨʪ 16,1 12,17 0,21 1,68 

4. 

ʅʘʨ ʘʨʤʫʜ 

ʆʢʪʷʙʨʴ 15,3 10,46 0,20 4,72 

ʅʦʷʙʨʴ 12,1 11,19 0,20 3,28 

ɼʝʢʘʙʨʴ 15,2 11,94 0,20 3,15 

ʗʥʚʘʨʴ 15,0 10,25 0,19 3,01 

ʌʝʚʨʘʣʴ 14,9 12,18 0,19 2,00 

ʄʘʨʪ 16,2 11,74 0,17 2,01 

5. 

ʅʝʩʠʨʠʥ ʘʨʤʫʜʫ 

ʆʢʪʷʙʨʴ 13,9 10,90 0,18 4,36 

ʅʦʷʙʨʴ 14,0 12,01 0,20 4,10 

ɼʝʢʘʙʨʴ 13,5 11,07 0,21 3,45 

ʗʥʚʘʨʴ 14,5 10,41 0,20 3,31 

ʌʝʚʨʘʣʴ 14,4 9,93 0,20 2,94 

ʄʘʨʪ 14,5 12,07 0,20 2,90 

6. 

ʃʝʪʝʥʟʠ 

ʆʢʪʷʙʨʴ 16,6 10,07 0,28 4,36 

ʅʦʷʙʨʴ 13,9 11,24 0,36 3,26 

ɼʝʢʘʙʨʴ 13,3 12,47 0,33 3,07 

ʗʥʚʘʨʴ 15,0 12,24 0,22 2,55 

ʌʝʚʨʘʣʴ 15,7 12,50 0,20 2,10 

ʄʘʨʪ 16,1 12,21 0,19 1,93 

7. 

ʆʨʜʫʙʘʜʠ 

ʆʢʪʷʙʨʴ 14,1 10,62 0,39 4,75 

ʅʦʷʙʨʴ 11,0 10,73 0,43 3,67 

ɼʝʢʘʙʨʴ 11,7 9,67 0,34 3,63 

ʗʥʚʘʨʴ 13,1 9,82 0,34 3,62 

ʌʝʚʨʘʣʴ 13,2 10,15 0,27 3,02 

ʄʘʨʪ 14,4 10,62 0,20 2,07 

8. 

ɿʦʭʨʘ 

 

ʆʢʪʷʙʨʴ 15,4 9,35 0,42 3,28 

ʅʦʷʙʨʴ 15,4 12,37 0,51 3,20 

ɼʝʢʘʙʨʴ 14,5 10,41 0,49 2,66 

ʗʥʚʘʨʴ 14,4 11,52 0,37 2,18 

ʌʝʚʨʘʣʴ 15,0 12,64 0,35 2,63 

ʄʘʨʪ 16,3 13,61 0,30 2,46 
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 ̄ ʅʘʟʚʘʥʠʝ ʩʦʨʪʘ ɺʨʝʤʷ 

ʘʥʘʣʠʟʘ  

ʉʫʭʠʝ 

ʚʝʱʝʩʪʚʘ 

ʆʙʱʠʡ 

ʩʘʭʘʨ 

ʂʠʩʣʦʪʥʦʩʪʴ ɺʠʪʘʤʠʥ 

çʉè, ʤʛ % 

9. 

ʐʝʢʝʨʠ 

 

ʆʢʪʷʙʨʴ 17,1 12,21 0,20 4,83 

ʅʦʷʙʨʴ 15,5 12,86 0,23 3,53 

ɼʝʢʘʙʨʴ 14,9 13,47 0,20 3,48 

ʗʥʚʘʨʴ 15,1 12,13 0,20 3,21 

ʌʝʚʨʘʣʴ 16,9 12,79 0,20 2,83 

ʄʘʨʪ 16,6 13,34 0,20 2,37 

10. 

ʄʝʭʪʠ ʘʨʤʫʜʫ 

 

ʆʢʪʷʙʨʴ 14,7 11,06 0,18 4,71 

ʅʦʷʙʨʴ 12,4 10,33 0,39 3,67 

ɼʝʢʘʙʨʴ 13,9 12,03 0,37 3,56 

ʗʥʚʘʨʴ 14,2 11,42 0,33 2,89 

ʌʝʚʨʘʣʴ 15,2 12,37 0,33 2,69 

ʄʘʨʪ 15,7 12,78 0,29 2,55 

 

ɺ ʩʦʟʨʝʚʰʠʭ ʧʣʦʜʘʭ ʛʨʫʰʠ ʜʝʛʠʜʨʦʘʩʢʦʨʙʠʥʦʚʘʷ ʢʠʩʣʦʪʘ ʩʦʜʝʨʞʠʪʩʷ 5ï6% ʦʪ ʦʙʱʝʛʦ 

ʩʦʜʝʨʞʘʥʠʷ ʘʩʢʦʨʙʠʥʦʚʦʡ ʢʠʩʣʦʪʳ [2, ʩ. 91ï128]. ʂʘʢ ʚʠʜʥʦ ʠʟ ʊʘʙʣʠʮʳ, ʧʨʠ ʭʨʘʥʝʥʠʠ ʫ ʚʩʝʭ 

ʘʙʦʨʠʛʝʥʥʳʭ ʩʦʨʪʦʚ ʛʨʫʰʠ ʢʦʣʠʯʝʩʪʚʦ ʘʩʢʦʨʙʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʫʤʝʥʴʰʘʝʪʩʷ. ɼʦ ʟʘʢʣʘʜʢʠ ʥʘ 

ʭʨʘʥʝʥʠʝ ʩʨʘʚʥʠʪʝʣʴʥʦ ʙʦʛʘʪʳ ʙʳʣʠ ʘʩʢʦʨʙʠʥʦʚʦʡ ʢʠʩʣʦʪʦʡ ʩʦʨʪʘ ʂʦʨʭʤʘʟʳ, ʉʠʥʠ ʘʨʤʫʜ, 

ʃʝʪʝʥʟʠ, ɿʦʭʨʘ, ʠ ɼʳʨʥʳʩʳ. ʉʪʘʥʜʘʨʪʥʳʝ ʩʦʨʪʘ ɼʘʰ ʘʨʤʫʜ ʠ ʃʝʪʠʬʝ ʩʦʜʝʨʞʘʣʠ 

ʘʩʢʦʨʙʠʥʦʚʦʡ ʢʠʩʣʦʪʳ 3,70ï4,75 ʤʛ.  

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʦʜʝʨʞʘʥʠʝ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʚ ʧʣʦʜʘʭ ʛʨʫʰʠ ʧʨʠ ʭʨʘʥʝʥʠʠ 

ʧʦʜʚʝʨʞʝʥʦ ʠʟʤʝʥʝʥʠʷʤ. ʉʪʝʧʝʥʴ ʠʟʤʝʥʯʠʚʦʩʪʠ ʪʝʭ ʠʣʠ ʠʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʟʘʚʠʩʠʪ ʦʪ 

ʥʘʩʣʝʜʩʪʚʝʥʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʦʨʪʘ. 
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ɸʥʥʦʪʘʮʠʷ. ʀʥʚʘʟʠʚʥʳʝ ʚʠʜʳ ʚʦʟʙʫʜʠʪʝʣʝʡ ʙʦʣʝʟʥʝʡ ʨʘʩʪʝʥʠʡ ð ɻʪʦ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ, 

ʚʝʨʦʷʪʥʦʩʪʴ ʠ ʦʧʘʩʥʦʩʪʴ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʢʦʪʦʨʳʭ ʥʘ ʪʝʨʨʠʪʦʨʠʶ ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʪʨʘʥʳ ʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʥʘ ʧʦʩʝʚʘʭ ʦʧʨʝʜʝʣʝʥʥʳʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ ʦʯʝʥʴ ʚʳʩʦʢʘʷ.  

ʇʨʠʚʝʜʝʥʘ ʠʥʬʦʨʤʘʮʠʷ ʦ ʪʘʢʠʭ ʠʥʚʘʟʠʚʥʳʭ ʙʦʣʝʟʥʷʭ ð ʤʦʥʠʣʠʦʟʘʭ ʧʣʦʜʦʚʳʭ ʢʫʣʴʪʫʨ, 

ʷʟʚʝ ʦʨʝʭʘ ʩʝʨʦʛʦ (Juglans cinerea) ʠ ʙʦʣʝʟʥʠ çʪʳʩʷʯʠ ʷʟʚè ʦʨʝʭʘ ʯʝʨʥʦʛʦ (Juglans nigra). 

 

Abstract. Invasive plant pathogenic agents are microorganisms that with high probability can 

enter territories of definite countries, spread there and cause big losses on agricultural crops or trees.  

This paper presents an information on three invasive plant disease agents including causes of 

the brown fruit rots of fruit trees, butternut canker disease and thousand cankers black walnut 

disease. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ, ʙʦʣʝʟʥʠ ʨʘʩʪʝʥʠʡ, ʨʘʢ, ʦʨʝʭ, ʬʠʪʦʧʘʪʦʛʝʥr, 

ʤʦʥʠʣʠʦʟ. 

 

Keywords: microorganisms, illnesses of plants, cancer, nut, phytopathogenic, moniliosis. 

 

ʀʥʚʘʟʠʚʥʳʝ ʚʠʜʳ ʚʦʟʙʫʜʠʪʝʣʝʡ ʙʦʣʝʟʥʝʡ ð ɻ ʪʦ ʬʠʪʦʧʘʪʦʛʝʥʥʳʝ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ, 

ʚʝʨʦʷʪʥʦʩʪʴ ʠ ʦʧʘʩʥʦʩʪʴ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʢʦʪʦʨʳʭ ʥʘ ʪʝʨʨʠʪʦʨʠʶ ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʪʨʘʥʳ ʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʥʘ ʧʦʩʝʚʘʭ ʦʧʨʝʜʝʣʝʥʥʳʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ ʚʳʩʦʢʘʷ ʠʣʠ ʦʯʝʥʴ 

ʚʳʩʦʢʘʷ. ɺ ʧʨʠʥʮʠʧʝ, ʚʩʝ ʚʦʟʙʫʜʠʪʝʣʠ ʙʦʣʝʟʥʝʡ, ʚʭʦʜʷʱʠʝ ʚ ʧʝʨʝʯʝʥʴ ʦʙʲʝʢʪʦʚ ʚʥʝʰʥʝʛʦ ʠ 

ʚʥʫʪʨʝʥʥʝʛʦ ʢʘʨʘʥʪʠʥʘ, ʜʣʷ ʩʪʨʘʥʳ ʤʦʛʫʪ ʙʳʪʴ ʠʥʚʘʟʠʚʥʳʤʠ. ʆʜʥʘʢʦ ʯʠʩʣʦ ʠʥʚʘʟʠʚʥʳʭ 

ʚʠʜʦʚ ʚʦʟʙʫʜʠʪʝʣʝʡ ʥʝ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʪʦʣʴʢʦ ʦʙʲʝʢʪʘʤʠ ʢʘʨʘʥʪʠʥʘ ʨʘʩʪʝʥʠʡ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʝʨʝʯʝʥʴ ʙʦʣʝʟʥʝʡ ʨʘʩʪʝʥʠʡ, ʠʤʝʶʱʠʭ ʢʘʨʘʥʪʠʥʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ 

ʨʝʩʧʫʙʣʠʢʠ ʋʟʙʝʢʠʩʪʘʥ, ʚʢʣʶʯʘʝʪ 40 ʦʙʲʝʢʪʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ 16 ʛʨʠʙʥʳʭ, 4 ʥʝʤʘʪʦʜʥʳʭ, 9 

ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʠ 11 ʚʠʨʫʩʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ. ʆʜʥʘʢʦ ʚ ʨʘʟʥʳʭ ʩʪʨʘʥʘʭ ʧʦʷʚʣʷʝʪʩʷ ʤʥʦʛʦ 
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ʥʦʚʳʭ ʠ ʦʧʘʩʥʳʭ ʙʦʣʝʟʥʝʡ ʨʘʩʪʝʥʠʡ, ʚʦʟʙʫʜʠʪʝʣʠ ʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʩʣʫʞʙʳ ʟʘʱʠʪʳ 

ʨʘʩʪʝʥʠʡ ʵʪʠʭ ʩʪʨʘʥ ʦʪʥʦʩʷʪ ʢ ʯʠʩʣʫ ʠʥʚʘʟʠʚʥʳʭ ʚʠʜʦʚ.  

ʎʝʣʴʶ ʜʘʥʥʦʡ ʩʪʘʪʴʠ ʷʚʣʷʝʪʩʷ ʧʨʦʚʝʜʝʥʠʝ ʧʝʨʚʠʯʥʦʛʦ ʘʥʘʣʠʟʘ ʦʪʜʝʣʴʥʳʭ, ʦʧʘʩʥʳʭ 

ʙʦʣʝʟʥʝʡ ʨʘʩʪʝʥʠʡ, ʚʦʟʙʫʜʠʪʝʣʠ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ ʠʥʚʘʟʠʚʥʳʤʠ ʚʠʜʘʤʠ ʚʦ ʤʥʦʛʠʭ ʩʪʨʘʥʘʭ, 

ʚʢʣʶʯʘʷ ʠ ʥʘʰʫ ʩʪʨʘʥʫ. ʕʪʠ ʚʠʜʳ ʷʚʣʷʶʪʩʷ ʧʦʪʝʥʮʠʘʣʴʥʦ ʦʧʘʩʥʳʤʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʝʡ 

ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʜʣʷ ʬʨʫʢʪʦʚʳʭ, ʦʨʝʭʦʧʣʦʜʥʳʭ, ʣʝʩʥʳʭ ʜʝʨʝʚʴʝʚ, ʦʚʦʱʥʳʭ, 

ʧʦʣʝʚʳʭ ʢʫʣʴʪʫʨ ʠ ʜʨʫʛʠʭ ʨʘʩʪʝʥʠʡ. 

 

ɺʦʟʙʫʜʠʪʝʣʠ ʤʦʥʠʣʠʦʟʦʚ ʧʣʦʜʦʚʳʭ ʜʝʨʝʚʴʝʚ 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʤʦʥʠʣʠʦʟʳ ʩʝʤʝʯʢʦʚʳʭ ʠ ʢʦʩʪʦʯʢʦʚʳʭ ʬʨʫʢʪʦʚʳʭ ʜʝʨʝʚʴʝʚ ʤʦʛʫʪ 

ʚʳʟʳʚʘʪʴ ʥʝʩʢʦʣʴʢʦ ʚʠʜʦʚ ʩʫʤʯʘʪʳʭ ʛʨʠʙʦʚ, ʚ ʮʠʢʣʝ ʨʘʟʚʠʪʠʷ ʢʦʪʦʨʳʭ ʦʙʳʯʥʦ ʜʦʤʠʥʠʨʫʝʪ 

ʠʭ ʘʥʘʤʦʨʬʘ, ʪ. ʝ., ʙʝʩʧʦʣʘʷ, ʠʣʠ ʢʦʥʠʜʠʘʣʴʥʘʷ ʩʪʘʜʠʷ, ʘ ʧʦʣʦʚʘʷ ʩʪʘʜʠʷ ʨʘʟʚʠʚʘʝʪʩʷ ʦʯʝʥʴ 

ʨʝʜʢʦ ʠ ʚ ʝʩʪʝʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʦʙʳʯʥʦ ʥʝ ʧʦʷʚʣʷʝʪʩʷ (ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ M. linhartiana). ʀʟ 

ʥʠʭ ʥʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʳ ʯʝʪʳʨʝ ʩʣʝʜʫʶʱʠʭ ʚʠʜʘ: 

ïʚʦʟʙʫʜʠʪʝʣʴ ʤʦʥʠʣʠʦʟʘ ʘʡʚʳ Monilinia linhartiana (Prill. & Delacr.) N. F. Buchw. 

(ʩʠʥʦʥʠʤ Monilinia cydoniae (Schellenb.) Whetzel), ʘʥʘʤʦʨʬʘ Monilia cydoniae Schellenb. 

(ʩʠʥʦʥʠʤ Monilia linhartiana Sacc.) [2]; 

ïʪʨʠ ʚʦʟʙʫʜʠʪʝʣʷ ʦʞʦʛʘ ʮʚʝʪʦʚ, ʧʦʙʝʛʦʚ ʠ ʙʫʨʦʡ ʛʥʠʣʠ ʧʣʦʜʦʚ ʬʨʫʢʪʦʚʳʭ ʜʝʨʝʚʴʝʚ, 

ʚʢʣʶʯʘʷ Monilinia fructigena (Aderhold & Ruhland) Honey ex Whetzel, ʘʥʘʤʦʨʬʘ Monilia 

fructigena (Pers.ex Pers.) Eaton;  

ïMonilinia laxa (Aderhold & Ruhland) Honey, (ʩʠʥʦʥʠʤ Monilinia cinerea (Schrºt.) 

Honey), ʘʥʘʤʦʨʬʘ Monilia laxa (Ehrenb.) Sacc. (ʩʠʥʦʥʠʤ Monilia cinerea Bonorden);  

ïMonilinia fructicola (G. Winter) Honey, ʘʥʘʤʦʨʬʘ Monilia fructicola L.R.Batra [1].  

 

ʀʟ ʵʪʠʭ ʚʠʜʦʚ ʦʙʲʝʢʪʘʤʠ ʚʥʝʰʥʝʛʦ ʢʘʨʘʥʪʠʥʘʚ ʉʐɸ ʷʚʣʷʝʪʩʷ M. fructigena [3ï4], ʘ ʚ 

ʩʪʨʘʥʘʭ ɽʚʨʦʧʝʡʩʢʦʛʦ ʩʦʦʙʱʝʩʪʚʘ ð M. fructicola (ʩʧʠʩʦʢ ɸ2) [5]. 

ɺ ʋʟʙʝʢʠʩʪʘʥʝ ʠʟ ʥʠʭ ʚʩʪʨʝʯʘʶʪʩʷ Mlinhartiana, M. Fructigena ʠ M. laxa. ɿʜʝʩʴ 

ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ ʥʝ ʚʩʪʨʝʯʘʝʪʩʷ M. fructicola, ʢʦʪʦʨʦʛʦ ʥʘʟʳʚʘʶʪ 

ʚʦʟʙʫʜʠʪʝʣʝʤ çAʤʝʨʠʢʘʥʩʢʦʡè ʙʫʨʦʡ ʛʥʠʣʠ ʧʣʦʜʦʚʳʭ ʜʝʨʝʚʴʝʚ ʠ ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ 

ʘʛʨʝʩʩʠʚʥʳʤ, ʯʝʤ ʦʩʪʘʣʴʥʳʝ ʜʚʘ ʚʠʜʘ, ʧʘʪʦʛʝʥʦʤ ʢʦʩʪʦʯʢʦʚʳʭ ʬʨʫʢʪʦʚʳʭ ʜʝʨʝʚʴʝʚ.  

ʕʪʦʪ ʚʠʜ, ʨʘʥʝʝ ʦʪʩʫʪʩʪʚʦʚʘʚʰʠʡ ʚ ʝʚʨʦʧʝʡʩʢʠʭ ʩʪʨʘʥʘʭ, ʚ 2001ï2015 ʛʛ. ʧʨʦʥʠʢ ʚ 13 

ʩʪʨʘʥ (ɸʚʩʪʨʠʷ, ɺʝʥʛʨʠʷ, ɻʝʨʤʘʥʠʷ, ʀʩʧʘʥʠʷ, ʀʪʘʣʠʷ, ʇʦʣʴʰʘ, ʈʫʤʳʥʠʷ, ʉʝʨʙʠʷ, ʉʣʦʚʘʢʠʷ, 

ʉʣʦʚʝʥʠʷ, ʌʨʘʥʮʠʷ, ʏʝʭʠʷ, ʐʚʝʡʮʘʨʠʷ), ʠ ʝʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʥʦʚʳʝ ʩʪʨʘʥʳ 

ʧʨʦʜʦʣʞʘʝʪʩʷ ʩ ʢʘʞʜʳʤ ʛʦʜʦʤ (ʜʝʪʘʣʠ ʧʨʠʚʝʜʝʥʳ ʚ ʤʦʥʦʛʨʘʬʠʠ ɹ. ɸ. ʍʘʩʘʥʦʚʘ ʠ ʌ. ʄ. 

ɹʦʡʞʠʛʠʪʦʚʘ, 2018) [1]. 

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʦʪʢʨʳʪʳ ʝʱʝ ʪʨʠ ʚʠʜʘ ʚʦʟʙʫʜʠʪʝʣʝʡ 

ʤʦʥʠʣʠʦʟʦʚ ð Monilia mumecola Y. Harada, Y. Sasaki & T. Sano (ʩʫʤʯʘʪʘʷ ʩʪʘʜʠʷ ʥʝʠʟʚʝʩʪʥʘ) 

ʠ Monilinia polystroma (Leeuwen) L. M. Kohn ʩ ʘʥʘʤʦʨʬʦʡ Monilia polystroma Leeuwen ʥʘ 

ʤʘʪʝʨʠʘʣʝ ʙʦʣʴʥʳʭ ʨʘʩʪʝʥʠʡ ʠʟ ʗʧʦʥʠʠ, ʠ Monilia yunnanensis M. J. Hu & C. X. Luo (ʩʪʘʜʠʷ 

ʪʝʣʝʦʤʦʨʬʳ ʥʝʠʟʚʝʩʪʥʘ) ð ʠʟ ʂʠʪʘʷ.  

ʇʦ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʤ, ʤʦʣʝʢʫʣʷʨʥʳʤ ʧʨʠʟʥʘʢʘʤ, ʢʨʫʛʫ ʧʦʨʘʞʘʝʤʳʭ ʜʝʨʝʚʴʝʚïʭʦʟʷʝʚ ʠ 

ʧʘʪʦʛʝʥʥʦʩʪʠ ʧʦʩʣʝʜʥʠʝ ʜʚʘ ʚʠʜʘ ʦʯʝʥʴ ʙʣʠʟʢʠ ʢ M. fructigena. ʇʦʩʣʝ ʦʙʦʩʥʦʚʘʥʠʷ ʚʠʜʘ M. 

polystroma ʥʘ ʢʠʪʘʡʩʢʦʤ ʤʘʪʝʨʠʘʣʝ ʚ 2002 ʛ., ʦʥ ʚ 2003ï2016 ʛʛ. ʙʳʣ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥ ʚ ʂʠʪʘʝ, 

ʉʝʨʙʠʠ, ʐʚʝʡʮʘʨʠʠ, ʇʦʣʴʰʝ, ɺʝʥʛʨʠʠ, ʀʪʘʣʠʠ ʠ ʍʦʨʚʘʪʠʠ.  
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ɺ ʉʝʨʙʠʠ M. polystroma ̫ ʚʣʷʝʪʩʷ ʚʪʦʨʳʤ ʧʦʩʣʝ M. fructigena ʜʦʤʠʥʠʨʫʶʱʠʤ 

ʚʦʟʙʫʜʠʪʝʣʝʤ ʙʫʨʦʡ ʛʥʠʣʠ ʧʣʦʜʦʚ ʷʙʣʦʥʠ ʚʦ ʚʨʝʤʷ ʚʝʛʝʪʘʮʠʠ ʠ ʭʨʘʥʝʥʠʷ. ʆʪʩʶʜʘ ʚʠʜʥʦ, ʯʪʦ 

ʘʨʝʘʣ ʵʪʦʛʦ ʚʠʜʘ ʪʘʢʞʝ ʨʘʩʰʠʨʷʝʪʩʷ ʩ ʢʘʞʜʳʤ ʛʦʜʦʤ (ʜʝʪʘʣʠ ʧʨʠʚʝʜʝʥʳ ʚ ʤʦʥʦʛʨʘʬʠʠ ɹ. ɸ. 

ʍʘʩʘʥʦʚʘ ʠ ʌ. ʄ. ɹʦʡʞʠʛʠʪʦʚʘ, 2018) [1]. 

 

ɺʦʟʙʫʜʠʪʝʣʠ ʙʦʣʝʟʥʝʡ ʦʨʝʭʦʚʳʭ ʜʝʨʝʚʴʝʚ 

ɺʳʩʰʠʤʠ ʦʨʛʘʥʘʤʠ ʥʘʰʝʡ ʩʪʨʘʥʳ ʧʨʠʥʷʪ ʨʷʜ ʜʦʢʫʤʝʥʪʦʚ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ 

ʫʚʝʣʠʯʝʥʠʝ ʦʙʲʝʤʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʛʨʝʮʢʦʛʦ ʦʨʝʭʘ ʚ 2017ï2020 ʛʛ., ʚ ʪʦʤ ʯʠʩʣʝ ʟʘʚʦʟ ʩʘʞʝʥʮʝʚ 

ʠ ʧʦʜʚʦʷ ʠʟ ʜʨʫʛʠʭ ʩʪʨʘʥ. ɺ ʭʦʜʝ ʚʳʧʦʣʥʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ ʪʨʝʙʫʝʪʩʷ ʧʨʠʥʠʤʘʪʴ ʤʝʨʳ ʧʨʦʪʠʚ 

ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʩ ʧʦʩʘʜʦʯʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʠʥʚʘʟʠʚʥʳʭ ʘʛʝʥʪʦʚ ð ʚʦʟʙʫʜʠʪʝʣʝʡ ʦʧʘʩʥʳʭ 

ʙʦʣʝʟʥʝʡ ʵʪʦʡ ʢʫʣʴʪʫʨʳ.  

ʂ ʯʠʩʣʫ ʪʘʢʠʭ ʦʧʘʩʥʳʭ ʙʦʣʝʟʥʝʡ ʦʨʝʭʦʚʳʭ ʜʝʨʝʚʴʝʚ ʦʪʥʦʩʷʪʩʷ ʨʘʢ ʩʝʨʦʛʦ ʦʨʝʭʘ 

(Juglans cinerea L.) ʠ çʙʦʣʝʟʥʴ ʪʳʩʷʯʠ ʷʟʚè ʘʤʝʨʠʢʘʥʩʢʦʛʦ ʚʦʩʪʦʯʥʦʛʦ ʯʝʨʥʦʛʦ ʦʨʝʭʘ (Juglans 

nigra L.), ʚʦʟʙʫʜʠʪʝʣʠ ʢʦʪʦʨʳʭ ʦʪʥʦʩʷʪʩʷ ʢ ʚʠʜʘʤ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, Ophiognomonia 

clavigignenti-juglandacearum ʠ Geosmithia morbida (Fungi). 

 

ʈʘʢ ʩʝʨʦʛʦ ʦʨʝʭʘ 

ɻʨʠʙ Ophiognomonia clavigignenti-juglandacearum (V. M. G. Nair, Kostichka & J. E. 

Kuntz) Broders & G. J. Boland (ʩʠʥʦʥʠʤ Sirococcus clavigignenti-juglandacearum V. M. G.Nair, 

Kostichka, & Kuntz.) ̫ ʚʣʷʝʪʩʷ ʚʦʟʙʫʜʠʪʝʣʝʤ ʨʘʟʨʫʰʠʪʝʣʴʥʦʡ ʙʦʣʝʟʥʠ ð ʨʘʢʘ ʩʝʨʦʛʦ ʦʨʝʭʘ. 

ɻʨʠʙ ʚʭʦʜʠʪ ʚ ʦʪʜʝʣ ɸʩʢʦʤʠʢʦʪʘ (Ascomycota), ʛʨʫʧʧʫ ʧʦʨʷʜʢʦʚ ʇʠʨʝʥʦʤʠʮʝʪʳ 

(Pyrenomycetes), ʧʦʨʷʜʦʢ ɼʠʘʧʦʨʪʦʚʳʝ (Diaporthales). ʆʥ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʧʨʠʨʦʜʝ ʪʦʣʴʢʦ ʚ 

ʢʦʥʠʜʠʘʣʴʥʦʡ ʩʪʘʜʠʠ, ʩʫʤʯʘʪʘʷ ʩʪʘʜʠʷ ʥʝ ʥʘʡʜʝʥʘ [6ï9].  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ O. clavigignenti-juglandacearum ʨʘʩʧʨʦʩʪʨʘʥʝʥ ʚ 29 ʰʪʘʪʘʭ ʉʐɸ 

(ʬʘʢʪʠʯʝʩʢʠ ʚʦ ʚʩʝʤ ʘʨʝʘʣʝ ʨʘʩʧʨʦʪʨʘʥʝʥʠʷ ʩʝʨʦʛʦ ʦʨʝʭʘ) ʠ ʚ ʪʨʝʭ ʧʨʦʚʠʥʮʠʷʭ ʂʘʥʘʜʳ. 

ɻʝʦʛʨʘʬʠʯʝʩʢʦʝ ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʝʛʦ ʥʝʠʟʚʝʩʪʥʦ, ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʛʨʠʙ ʧʨʦʠʩʭʦʜʠʪ ʠʟ 

ɸʟʠʠ ʠʣʠ ʖʞʥʦʡ ɸʤʝʨʠʢʠ. ʆʜʥʘʢʦ ʚ ʩʪʨʘʥʘʭ ʵʪʠʭ ʢʦʥʪʠʥʝʥʪʦʚ, ʘ ʪʘʢʞʝ ʚ ʨʝʛʠʦʥʝ ɽʉ ʦʥ ʥʝ 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥ; ʚ ɽʉ ʦʥ ʚʭʦʜʠʪ ʚ ʉʧʠʩʦʢ ɸ1 ʢʘʨʘʥʪʠʥʥʳʭ ʦʙʲʝʢʪʦʚ [6, 8]. 

ʕʪʦʪ ʛʨʠʙ ʷʚʣʷʝʪʩʷ ʚʦʟʙʫʜʠʪʝʣʝʤ ʨʘʢʘ ʩʝʨʦʛʦ ʦʨʝʭʘ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ 

ʭʦʟʷʠʥʦʤ ʧʘʪʦʛʝʥʘ. ɺ ʧʨʠʨʦʜʥʳʭ ʫʩʣʦʚʠʷʭ ʛʨʠʙʦʤ ʧʦʨʘʞʘʶʪʩʷ ʪʘʢʞʝ ʜʚʘ ʜʨʫʛʠʭ 

ʩʝʚʝʨʦʘʤʝʨʠʢʘʥʩʢʠʭ ʚʠʜʘ ð ʚʦʩʪʦʯʥʳʡ ʯʝʨʥʳʡ ʦʨʝʭ (J. nigra) ʠ ʩʝʨʜʮʝʚʠʜʥʳʡ ʦʨʝʭ 

(J. ailantifolia Carr. var. cordiformis Max.), ʦʜʥʘʢʦ ʙʦʣʝʟʥʴ ʥʘ ʥʠʭ ʚʩʪʨʝʯʘʝʪʩʷ ʥʝʯʘʩʪʦ ʠ ʣʠʰʴ 

ʧʨʠ ʥʘʭʦʞʜʝʥʠʠ ʚʦʢʨʫʛ ʥʠʭ ʩʠʣʴʥʦ ʧʦʨʘʞʝʥʥʳʭ ʜʝʨʝʚʴʝʚ ʩʝʨʦʛʦ ʦʨʝʭʘ. ɺ ʦʧʳʪʘʭ ʩ 

ʠʩʢʫʩʩʪʚʝʥʥʳʤ ʟʘʨʘʞʘʝʥʠʝʤ ʧʦʨʘʞʘʣʠʩʴ ʪʘʢʞʝ ʥʝʢʦʪʦʨʳʝ ʜʨʫʛʠʝ ʚʠʜʳ ʠʟ ʩʝʤʝʡʩʪʚʘ 

ʆʨʝʭʦʚʳʝ (Juglandaceae), ʚʢʣʶʯʘʷ ʛʨʝʮʢʠʡ ʦʨʝʭ (Juglans regia L.), ʷʧʦʥʩʢʠʡ ʦʨʝʭ ɿʠʙʦʣʴʜʘ 

(J. ailantifolia Carr.) ʠ ʥʝʢʦʪʦʨʳʝ ʛʠʙʨʠʜʳ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʵʪʦʪ ʛʨʠʙ ʤʦʞʝʪ 

ʚʳʞʠʚʘʪʴ ʥʘ ʚʠʜʘʭ ʜʨʫʛʦʛʦ ʨʦʜʘ ʵʪʦʛʦ ʩʝʤʝʡʩʪʚʘ (Carya spp.), ʠ ʜʘʞʝ ʥʘ ʚʠʜʘʭ ʜʨʫʛʠʭ 

ʩʝʤʝʡʩʪʚ (Corylus, Quercus, Prunus) [6ï9]. 

ʉʠʤʧʪʦʤʳ ʠ ʨʘʟʚʠʪʠʝ ʙʦʣʝʟʥʠ. ʇʦʨʘʞʘʶʪʩʷ ʛʨʠʙʦʤ ʩʘʞʝʥʮʳ, ʤʦʣʦʜʳʝ ʠ ʚʟʨʦʩʣʳʝ 

ʜʝʨʝʚʴʷ. ɻʨʠʙ ʚʳʟʳʚʘʝʪ ʧʦʷʚʣʝʥʠʝ ʷʟʚ ʥʘ ʚʩʝʭ ʜʝʨʝʚʷʥʠʩʪʳʭ ʯʘʩʪʷʭ ð ʧʦʙʝʛʘʭ, ʚʝʪʢʘʭ, 

ʩʪʚʦʣʘʭ ʠ ʦʧʦʨʥʳʭ ʢʦʨʥʷʭ. ʅʘ ʧʦʚʝʨʭʥʦʩʪʠ ʷʟʚ ʥʘ ʢʦʨʝ ʧʦʷʚʣʷʶʪʩʷ ʪʨʝʱʠʥʳ. ʅʘ ʩʪʚʦʣʝ 

(ʦʩʦʙʝʥʥʦ ʚ ʥʠʞʥʝʡ ʝʛʦ ʯʘʩʪʠ) ʷʟʚʳ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ, ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʦʪʜʝʣʴʥʦʩʪʠ ʠʣʠ 

ʩʣʠʚʘʶʱʠʝʩʷ. ʄʦʣʦʜʳʝ ʷʟʚʳ ʧʨʦʜʦʣʛʦʚʘʪʳʝ, ʚʜʘʚʣʝʥʥʳʝ, ʯʘʩʪʦ ʧʦʷʚʣʷʶʪʩʷ ʚ ʤʝʩʪʘʭ 

ʧʨʠʢʨʝʧʣʝʥʠʷ ʣʠʩʪʴʝʚ ʢ ʚʝʪʚʷʤ, ʙʦʢʦʚʳʭ ʧʦʯʢʘʭ, ʫʩʪʴʠʮʘʭ, ʝʩʪʝʩʪʚʝʥʥʳʭ ʦʪʚʝʨʩʪʠʷʭ, ʠʥʦʛʜʘ 

ð ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʟʜʦʨʦʚʦʡ ʪʢʘʥʠ. ɺʝʩʥʦʡ ʠʟ ʷʟʚ ʚʳʭʦʜʠʪ ʵʢʩʩʫʜʘʪ ʯʝʨʥʦʛʦ ʮʚʝʪʘ. ʃʝʪʦʤ 
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ʥʘ ʤʝʩʪʝ ʵʢʩʩʫʜʘʪʦʚ ʦʩʪʘʶʪʩʷ ʯʝʨʥʳʝ, ʩʘʞʠʩʪʳʝ ʫʯʘʩʪʢʠ ʩ ʙʝʣʦʚʘʪʳʤʠ ʢʨʘʷʤʠ. ɽʩʣʠ ʩʥʷʪʴ 

ʢʦʨʫ, ʧʦʜ ʥʝʡ ʤʦʞʥʦ ʚʠʜʝʪ ɹʧʦʛʠʙʰʠʝ ʫʯʘʩʪʢʠ ʢʘʤʙʠʷ ʵʣʣʠʧʪʠʯʝʩʢʦʡ ʬʦʨʤʳ. 

ʄʦʣʦʜʳʝ ʧʦʙʝʛʠ ʠ ʚʝʪʢʠ ʧʦʩʣʝ ʧʦʨʘʞʝʥʠʷ ʙʳʩʪʨʦ ʧʦʛʠʙʘʶʪ. ʅʘ ʩʪʝʙʣʷʭ ʚʟʨʦʩʣʳʭ 

ʜʝʨʝʚʴʝʚ ʷʟʚʳ ʩʪʘʥʦʚʷʪʩʷ ʭʨʦʥʠʯʝʩʢʠʤʠ, ʧʨʦʜʦʣʛʦʚʘʪʳʤʠ ʠ ʦʪʢʨʳʪʳʤʠ ʧʦʜ ʨʘʩʪʨʝʩʢʘʚʰʝʡʩʷ 

ʢʦʨʦʡ. ɺʦʢʨʫʛ ʩʪʘʨʳʭ ʷʟʚ ʥʘʨʘʩʪʘʝʪ ʢʘʣʣʶʩ. ʇʨʠ ʦʢʦʣʴʮʝʚʘʥʠʠ ʩʪʚʦʣʘ ʷʟʚʘʤʠ ʜʝʨʝʚʴʷ 

ʧʦʛʠʙʘʶʪ. 

ʇʘʪʦʛʝʥ ʩʦʭʨʘʥʷʝʪʩʷ ʠ ʩʧʦʨʫʣʠʨʫʝʪ ʥʘ ʞʠʚʳʭ ʠ ʫʧʘʚʰʠʭ ʤʝʨʪʚʳʭ ʜʝʨʝʚʴʷʭ ʤʠʥʠʤʫʤ 20 

ʤʝʩʷʮʝʚ. ʂʦʥʠʜʠʠ ʚʳʭʦʜʷʪ ʠʟ ʧʠʢʥʠʜ ʠ ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʢʘʧʣʷʤʠ ʜʦʞʜʷ ʠ ʚʝʪʨʦʤ. ɺ ʧʦʙʝʛʠ 

ʠ ʚʝʪʢʠ ʛʨʠʙ ʧʨʦʥʠʢʘʝʪ ʯʝʨʝʟ ʨʘʥʳ ʠ ʝʩʪʝʩʪʚʝʥʥʳʝ ʦʪʚʝʨʩʪʠʷ, ʚʳʟʳʚʘʷ ʧʦʷʚʣʝʥʠʝ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʨʘʢʦʚʳʭ ʷʟʚ, ʚʥʘʯʘʣʝ ʚ ʥʠʞʥʝʡ, ʟʘʪʝʤ ʠ ʚ ʚʝʨʭʥʠʭ ʯʘʩʪʷʭ ʢʨʦʥʳ. 

ɻʨʠʙ ʧʝʨʝʜʘʝʪʩʷ ʩʝʤʝʥʘʤʠ (ʵʪʦ ʜʦʢʘʟʘʥʦ ʥʘ ʩʝʨʦʤ ʠ ʚʦʩʪʦʯʥʦʤ ʯʝʨʥʦʤ ʦʨʝʭʝ) ð 

ʚʳʨʦʩʰʠʝ ʠʟ ʟʘʨʘʞʝʥʥʳʭ ʩʝʤʷʥ ʚʩʭʦʜʳ ʙʳʩʪʨʦ ʧʦʛʠʙʘʶʪ. ɿʜʦʨʦʚʳʝ ʚʩʭʦʜʳ ʧʦʩʣʝ ʟʘʨʘʞʝʥʠʷ 

ʪʘʢʞʝ ʙʳʩʪʨʦ ʦʪʤʠʨʘʶʪ.  

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʝʢʪʦʨʘʤʠ ʛʨʠʙʘ ʷʚʣʷʶʪʩʷ ʪʨʠ ʚʠʜʘ ʞʫʢʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʨʘʩʧʨʦʩʪʨʘʥʷʪʴ ʢʦʥʠʜʠʠ ʚ ʪʝʯʝʥʠʝ 16 ʜʥʝʡ [7]. 

 

ʇʨʠʟʥʘʢʠ ʛʨʠʙʘ 

ʇʠʢʥʠʜʳ O. clavigignenti-juglandacearum ʦʙʨʘʟʫʶʪʩʷ ʚ ʪʦʥʢʠʭ, ʪʝʤʥʦïʙʫʨʳʭ ʜʦ ʯʝʨʥʳʭ 

ʩʪʨʦʤʘʭ, ʧʦʜ ʢʦʨʦʡ. ʉʪʨʦʤʳ ʩʦʩʪʦʷʪ ʠʟ ʦʜʥʦï ʠʣʠ ʤʥʦʛʦʣʦʢʫʣʴʥʳʭ ʧʠʢʥʠʜ. ʀʟ ʩʪʨʦʤ 

ʚʳʨʘʩʪʘʶʪ ʟʘʤʝʪʥʳʝ ʥʝʚʦʦʨʫʞʝʥʥʳʤ ʛʣʘʟʦʤ ʧʫʯʢʠ ʛʠʬ ʨʘʟʤʝʨʘʤʠ 1,55ï1,9 Ĭ 0,45ï0,51 ʤʤ. 

ʇʠʢʥʠʜʳ ʦʙʨʘʟʫʶʪʩʷ ʧʦʜ ʟʘʨʘʞʝʥʥʦʡ ʢʦʨʦʡ, ʦʥʠ ʛʣʘʜʢʠʝ, ʙʝʟ ʰʝʡʢʠ, ʦʢʨʫʛʣʳʝ ʠʣʠ ʧʣʦʩʢʠʝ, 

ʨʘʟʤʝʨʘʤʠ 100ï375 Ĭ 90ï320 ʤʢʤ, ʠʥʦʛʜʘ, ʧʨʠ ʩʣʠʷʥʠʠ, ʙʦʣʴʰʝ. ʂʦʥʠʜʠʝʥʦʩʮʳ ʜʣʠʥʦʡ 5ï24 

ʤʢʤ, ʩʝʧʪʠʨʦʚʘʥʥʳʝ, ʢʦʥʠʜʠʦʛʝʥʥʳʝ ʢʣʝʪʢʠ ʤʦʥʦʬʠʘʣʠʜʳ. ʂʦʥʠʜʠʠ ʠʟ ʧʠʢʥʠʜ ʚʳʭʦʜʷʪ ʚʦ 

ʚʣʘʞʥʫʶ ʧʦʛʦʜʫ ʚ ʚʠʜʝ ʥʠʪʝʡ, ʩʦʩʪʦʷʱʠʭ ʠʟ ʪʷʛʫʯʝʡ, ʩʣʠʟʠʩʪʦʡ, ʙʝʩʮʚʝʪʥʦʡ ʞʠʜʢʦʩʪʠ. ʆʥʠ 

ʜʚʫʢʣʝʪʦʯʥʳʝ, ʛʠʘʣʠʥʦʚʳʝ, ʚʝʨʝʪʝʥʦʚʠʜʥʳʝ, 9ï17 Ĭ 1,0ï1,5 ʤʢʤ, ʚ ʤʘʩʩʝ ʥʠʪʠ ʙʝʞʝʚʳʝ ʜʦ 

ʩʚʝʪʣʦïʢʦʨʠʯʥʝʚʳʭ. ɻʨʠʙ ʣʝʛʢʦ ʚʳʜʝʣʷʝʪʩʷ ʚ ʦʙʳʯʥʳʝ ʘʛʘʨʠʟʦʚʘʥʥʳʝ ʧʠʪʘʪʝʣʴʥʳʝ ʩʨʝʜʳ, 

ʧʨʠ 24ï28 Áʉ ʨʘʟʚʠʚʘʷ ʢʦʣʦʥʠʠ ʙʝʞʝʚʦʡ ʠʣʠ ʩʚʝʪʣʦïʢʦʨʠʯʥʝʚʦʡ ʦʢʨʘʩʢʠ ʩ ʥʝʨʦʚʥʳʤʠ 

ʢʨʘʷʤʠ. ʉʫʙʩʪʨʘʪʥʳʡ ʤʠʮʝʣʠʡ ʩʦ ʚʨʝʤʝʥʝʤ ʪʝʤʥʝʝʪ ʜʦ ʯʝʨʥʦʛʦ. ɺ ʢʫʣʴʪʫʨʝ ʛʨʠʙ ʦʙʨʘʟʫʝʪ 

ʧʫʯʢʠ ʛʠʬ ʠ ʦʙʠʣʴʥʦ ð ʧʠʢʥʠʜʳ, ʦʩʦʙʝʥʥʦ ʚ ʩʪʘʨʝʶʱʠʭ ʢʦʣʦʥʠʷʭ [6]. 

ʅʘ ʧʦʨʘʞʝʥʥʳʭ ʯʘʩʪʷʭ ʜʝʨʝʚʴʝʚ ʯʘʩʪʦ ʧʦʩʝʣʷʝʪʩʷ ʚʪʦʨʠʯʥʳʡ ʛʨʠʙ Melanconis juglandis 

(Ellis & Everh.) A. H. Graves (ʘʥʘʤʦʨʬʘ Melanconium oblongum Berk.), ʢʦʪʦʨʦʛʦ ʠʥʦʛʜʘ ʧʫʪʘʶʪ 

ʩ O. clavigignenti-juglandacearum. M. juglandis ʥʝ ʚʳʟʳʚʘʝʪ ʨʘʢ; ʝʛʦ ʧʣʦʜʦʚʳʝ ʪʝʣʘ ʚʳʛʣʷʜʷʪ ʚ 

ʚʠʜʝ ʦʯʝʥʴ ʤʝʣʢʠʭ ʚʳʧʫʢʣʦʩʪʝʡ ʥʘ ʢʦʨʝ, ʠ ʩ ʥʠʭ ʚʳʜʝʣʷʶʪʩʷ ʯʝʨʥʳʝ ʤʘʩʩʳ ʩʧʦʨ, ʢʦʪʦʨʳʝ 

ʘʩʠʤʤʝʪʨʠʯʥʳ, ʷʡʮʝʚʠʜʥʳ ʠ ʦʜʥʦʢʣʝʪʦʯʥʳ.  

ɺʨʝʜʦʥʦʩʥʦʩʪʴ ʙʦʣʝʟʥʠ. ɺ ʉʐɸ ʠ ʂʘʥʘʜʝ O. clavigignenti-juglandacearum ̫ ʚʣʷʝʪʩʷ 

ʩʘʤʦʡ ʙʦʣʴʰʦʡ ʫʛʨʦʟʦʡ ʜʣʷ ʜʝʨʝʚʴʝʚ ʩʝʨʦʛʦ ʦʨʝʭʘ, ʢʦʪʦʨʳʡ ʚʦ ʤʥʦʛʠʭ ʰʪʘʪʘʭ ʧʦʯʪʠ 

ʧʦʣʥʦʩʪʴʶ (ʜʦ 90%) ʫʥʠʯʪʦʞʘʝʪ ʠʭ. ɺ 1981ï1996 ʛʛ. ʚ ʉʐɸ ʵʪʦʪ ʛʨʠʙ ʫʙʠʣ 58% ʜʝʨʝʚʴʝʚ ʚ 

ʰʪʘʪʝ ɺʠʩʢʦʥʩʠʥ ʠ 84% ð ʚ ʰʪʘʪʝ ʄʠʯʠʛʘʥ. ɺ 1993 ʛ. ʚ h ʪʘʪʝ ɺʠʩʢʦʥʩʠʥ ʙʳʣʠ ʟʘʨʘʞʝʥʳ 

91% ʜʝʨʝʚʴʝʚ. ɺ 1994 ʛ. ʚ ʰʪʘʪʘʭ ʉʝʚʝʨʥʘʷ ʂʘʨʦʣʠʥʘ ʠ ɺʠʨʜʞʠʥʠʷ ʠʟ-ʟʘ ʙʦʣʝʟʥʠ ʧʦʛʠʙʣʠ 

77% ʜʝʨʝʚʴʝʚ ʩʝʨʦʛʦ ʦʨʝʭʘ (ʠʟ 7,5 ʤʣʥ ʜʝʨʝʚʴʝʚ ʧʦʛʠʙʣʠ 5 ʤʣʥ) [6ï8, 10].  

 

ʇʨʦʬʠʣʘʢʪʠʯʝʩʢʠʝ ʠ ʜʨʫʛʠʝ ʤʝʨʳ ʙʦʨʴʙʳ 

ʇʨʦʪʠʚ ʚʳʟʳʚʘʝʤʦʡ O. clavigignenti-juglandacearum ʙʦʣʝʟʥʠ ʦʨʝʭʦʚʳʭ ʜʝʨʝʚʴʝʚ ʜʦ 

ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʥʝʪ ʥʘʜʝʞʥʳʭ ʤʝʪʦʜʦʚ ʙʦʨʴʙʳ. ʉʯʠʪʘʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʚ ʵʪʦʤ 

ʦʪʥʦʰʝʥʠʠ ʪʦʣʴʢʦ ʚʳʚʝʜʝʥʠʝ ʫʩʪʦʡʯʠʚʳʭ ʩʦʨʪʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ, ʠʩʧʦʣʴʟʦʚʘʪʴ ʫʩʪʦʡʯʠʚʳʝ ʢ 

ʙʦʣʝʟʥʠ ʘʟʠʘʪʩʢʠʝ ʜʝʨʝʚʴʷ ʩʝʨʦʛʦ ʦʨʝʭʘ ʚ ʩʝʣʝʢʮʠʠ, ʠ ʧʨʝʜʫʧʨʝʜʠʪʝʣʴʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ [7]. 
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ɺʳʢʦʨʯʝʚʢʘ ʥʝʜʘʚʥʦ ʫʙʠʪʳʭ ʜʝʨʝʚʴʝʚ ʠ ʜʝʨʝʚʴʝʚ ʩ ʷʚʥʳʤʠ ʩʠʤʧʪʦʤʘʤʠ ʙʦʣʝʟʥʠ ʤʦʞʝʪ 

ʣʦʢʘʣʴʥʦ ʫʤʝʥʴʰʘʪʴ ʢʦʣʠʯʝʩʪʚʦ ʠʥʦʢʫʣʶʤʘ, ʦʜʥʘʢʦ ʵʪʦʪ ʤʝʪʦʜ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʯʠʪʘʝʪʩʷ 

ʚʨʝʜʥʳʤ, ʪʘʢ ʢʘʢ ʧʨʠ ʵʪʦʤ ʪʝʨʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʦʪʙʦʨʘ ʯʘʩʪʠʯʥʦ ʫʩʪʦʡʯʠʚʳʭ ʵʢʟʝʤʧʣʷʨʦʚ 

ʩʨʝʜʠ ʤʝʥʝʝ ʧʦʨʘʞʝʥʥʳʭ ʜʝʨʝʚʴʝʚ [10]. 

ɻʨʝʮʢʠʡ ʦʨʝʭ ʚ ʉʐɸ ʚʳʨʘʱʠʚʘʝʪʩʷ ʧʦʯʪʠ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʚ ʰʪʘʪʝ ʂʘʣʠʬʦʨʥʠʷ, ʛʜʝ ʚ 

ʝʩʪʝʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʧʘʪʦʛʝʥ ʥʝ ʚʩʪʨʝʯʘʝʪʩʷ. ɼʣʷ ʟʘʱʠʪʳ ʧʣʘʥʪʘʮʠʡ ʛʨʝʮʢʦʛʦ ʦʨʝʭʘ ʚ 

ʰʪʘʪʝ ʂʘʣʠʬʦʨʥʠʷ ʟʘʧʨʝʱʝʥʦ ʚʚʦʟʠʪʴ ʩʘʞʝʥʮʳ ʚʠʜʦʚ ʨʦʜʘ Juglans ʠʟ ʙʦʣʝʝ ʚʦʩʪʦʯʥʳʭ 

ʰʪʘʪʦʚ ʵʪʦʡ ʩʪʨʘʥʳ. 

ɺ ʬʠʪʦʩʘʥʠʪʘʨʥʳʭ ʮʝʣʷʭ ʩʪʨʘʥʘʤ ɽʉ ʨʝʢʦʤʝʥʜʦʚʘʥʦ ʟʘʧʨʝʪʠʪʴ ʠʤʧʦʨʪʠʨʦʚʘʪʴ ʩʝʤʝʥʘ ʠ 

ʧʦʩʘʜʦʯʥʳʝ ʤʘʪʝʨʠʘʣʳ ʨʘʩʪʝʥʠʡïʭʦʟʷʝʚ ʠʟ ʩʪʨʘʥ, ʛʜʝ ʚʩʪʨʝʯʘʝʪʩʷ O. clavigignenti-

juglandacearum, ʠʣʠ ʞʝ ʦʙʝʩʧʝʯʠʚʘʪʴ ʧʦʣʫʯʝʥʠʝ ʤʘʪʝʨʠʘʣʦʚ ʠʟ ʤʝʩʪ, ʛʜʝ ʵʪʦʪ ʧʘʪʦʛʝʥ 

ʦʪʩʫʪʩʪʚʫʝʪ. ʂʨʦʤʝ ʪʦʛʦ, ʩʪʨʘʥʘʤ ɽʉ ʨʝʢʦʤʝʥʜʦʚʘʥʦ ʦʛʨʘʥʠʯʠʪʴ ʚʦʟʜʝʣʳʚʘʥʠʝ ʩʝʨʦʛʦ ʦʨʝʭʘ ʠ 

ʠʟʙʝʛʘʪʴ ʚʳʨʘʱʠʚʘʥʠʷ ʜʨʫʛʠʭ ʚʠʜʦʚ ʨʦʜʘ Juglans ʚ ʙʣʠʟʠ ʜʝʨʝʚʴʝʚ J. cinerea [6, 8]. 

 

çɹʦʣʝʟʥʴ ʪʳʩʷʯʠ ʷʟʚè ʚʦʩʪʦʯʥʦʛʦ ʯʝʨʥʦʛʦ ʦʨʝʭʘ 

ɺʦʟʙʫʜʠʪʝʣʝʤ ʙʦʣʝʟʥʠ ʷʚʣʷʝʪʩʷ ʛʨʠʙ Geosmithia morbida M. Kolarik, E. Freeland, C. 

Utley & N. Tisserat. ʕʪʦʪ ʠʥʚʘʟʠʚʥʳʡ ʚʠʜ ʚʭʦʜʠʪ ʚ ʦʪʜʝʣ ɸʩʢʦʤʠʢʦʪʘ (Ascomycota), ʧʦʨʷʜʦʢ 

ɻʠʧʦʢʨʝʡʥʳʝ (Hypocreales), ʩʝʤʝʡʩʪʚʦ ɹʠʦʥʝʢʪʨʠʝʚʳʝ (Bionectriaceae) [11ï12]. 

ʉʠʤʧʪʦʤʳ ʠ ʨʘʟʚʠʪʠʝ ʙʦʣʝʟʥʠ. ʂʦʤʧʣʝʢʩ ʞʫʢ Pityophthoru sjuglandis + ʛʨʠʙ G. morbida 

ʷʚʣʷʝʪʩʷ ʚʦʟʙʫʜʠʪʝʣʝʤ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʛʦ ʚ ʉʐɸ ʠ ʚ ʄʝʢʩʠʢʝ ʩʤʝʨʪʝʣʴʥʦʛʦ 

ʟʘʙʦʣʝʚʘʥʠʷ ʚʦʩʪʦʯʥʦʛʦ ʯʝʨʥʦʛʦ ʦʨʝʭʘ (J. nigra). ɺ ʩʚʷʟʠ ʩ ʧʦʷʚʣʝʥʠʝʤ ʥʘ ʧʦʨʘʞʝʥʥʳʭ ʚʝʪʚʷʭ 

ʠ ʩʪʚʦʣʘʭ ʦʯʝʥʴ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʨʘʢʦʚʳʭ ʷʟʚ, ʚʳʟʳʚʘʝʤʦʝ ʵʪʠʤ ʛʨʠʙʦʤ ʟʘʙʦʣʝʚʘʥʠʝ 

ʦʨʝʭʦʚʳʭ ʜʝʨʝʚʴʝʚ ʧʦ-ʘʥʛʣʠʡʩʢʠ ʥʘʟʳʚʘʶʪ çʙʦʣʝʟʥʴʶ ʪʳʩʷʯʠ ʷʟʚ ð thousand cankers 

diseaseè. 

ɺ 2004 ʛ. ʥʘʙʣʶʜʘʪʝʣʠ ʚʧʝʨʚʳʝ ʦʪʤʝʪʠʣʠ ʢʦʤʧʣʝʢʩʥʳʡ ʭʘʨʘʢʪʝʨ ʙʦʣʝʟʥʠ, ʫʚʷʟʳʚʘʷ ʝʝ 

ʧʦʷʚʣʝʥʠʝ ʩ ʧʨʠʩʫʪʩʪʚʠʝʤ ʥʘ ʧʦʨʘʞʝʥʥʳʭ ʦʨʛʘʥʘʭ ʜʝʨʝʚʴʝʚ ʢʦʤʧʣʝʢʩʘ ʞʫʢ + ʛʨʠʙ. ɻʠʙʝʣʴ 

ʜʝʨʝʚʴʝʚ ʦʙʫʩʣʦʚʣʠʚʘʝʪʩʷ ʩʦʚʤʝʩʪʥʳʤ (ʩʠʥʝʨʛʝʪʠʯʝʩʢʠʤ) ʚʦʟʜʝʡʩʪʚʠʝʤ ʧʦʙʝʛʦʚʦʛʦ ʞʫʢʘï

ʜʨʝʚʦʪʦʯʮʘ Pityophthorus juglandis Blackman ʠ ʛʨʠʙʘ G. morbida. ʕʪʦʪ ʞʫʢ ʧʨʠ ʘʛʨʝʩʩʠʚʥʦʤ 

ʧʠʪʘʥʠʠ ʥʘ ʦʨʛʘʥʘʭ ʦʨʝʭʦʚʦʛʦ ʜʝʨʝʚʘ ʧʨʦʛʨʳʟʘʝʪ ʭʦʜʳ, ʚ ʢʦʪʦʨʳʭ ʚʧʦʩʣʝʜʩʪʚʠʠ ʙʳʩʪʨʦ 

ʨʘʟʚʠʚʘʶʪʩʷ ʨʘʢʦʚʳʝ ʧʦʨʘʞʝʥʠʷ, ʚʳʟʳʚʘʝʤʳʝ ʛʨʠʙʦʤ. ʂʘʞʜʦʝ ʚʥʝʜʨʝʥʠʝ ʞʫʢʘ ʚ ʚʝʪʚʠ ʠʣʠ 

ʩʪʚʦʣʳ ʜʝʨʝʚʘ ʦʙʷʟʘʪʝʣʴʥʦ ʚʝʜʝʪ ʢ ʨʘʟʚʠʪʠʶ ʨʘʢʦʚʳʭ ʷʟʚ ʚʥʘʯʘʣʝ ʚʦʢʨʫʛ ʭʦʜʦʚ. ʆʪ 

ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʞʫʢʦʚ ʚ ʜʝʨʝʚʦ ʜʦ ʧʦʷʚʣʝʥʠʷ ʦʚʘʣʴʥʳʭ, ʯʝʨʥʳʭ ʨʘʢʦʚʳʭ ʷʟʚ ʧʨʦʭʦʜʠʪ 

ʤʝʥʴʰʝ 30 ʜʥʝʡ. ʗʟʚʳ ʙʳʩʪʨʦ ʨʘʩʪʫʪ ʠ ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʚ ʦʢʨʫʞʘʶʱʠʝ ʪʢʘʥʠ ʠ ʯʘʩʪʦ 

ʩʣʠʚʘʶʪʩʷ, ʦʢʨʫʞʘʷ ʚʝʪʚʠ, ʢʦʪʦʨʳʝ ʙʳʩʪʨʦ ʦʪʤʠʨʘʶʪ. ʅʘ ʚʝʪʚʷʭ ʚʦʩʪʦʯʥʦʛʦ ʯʝʨʥʦʛʦ ʦʨʝʭʘ 

ʰʠʨʠʥʘ ʷʟʚ ʟʘ ʢʦʨʦʪʢʦʝ ʚʨʝʤʷ ʜʦʩʪʠʛʘʝʪ 3-ʭ ʩʤ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʦʪʢʨʳʪʳʭ ʤʥʦʛʦʣʝʪʥʠʭ, 

ʢʦʥʮʝʥʪʨʠʯʝʩʢʠʭ ʷʟʚ ʯʝʨʥʦʛʦ ʨʘʢʘ, ʚʳʟʳʚʘʝʤʦ ʛʨʠʙʦʤ Neonectria ditissima (Tul. & C. Tul.) 

Samuels & Rossman (ʩʠʥʦʥʠʤ Nectria galligena Bres.), ʪʠʧʠʯʥʳʝ ʷʟʚʳ, ʚʳʟʳʚʘʝʤʳʝ 

Geosmithia morbida, ʨʘʩʧʦʣʦʞʝʥʳ ʙʦʣʝʝ ʧʦʚʝʨʭʥʦʩʪʥʦ, ʥʝ ʦʪʢʨʳʪʳʝ ʠ ʧʣʦʪʥʦ ʧʨʠʢʨʳʪʳ 

ʢʦʨʦʡ (ʯʪʦ ʩʠʣʴʥʦ ʟʘʪʨʫʜʥʷʝʪ ʠʭ ʚʠʟʫʘʣʴʥʦʝ ʦʙʥʘʨʫʞʝʥʠʝ ʥʘ ʜʝʨʝʚʴʷʭ).  

ʇʦʨʘʞʝʥʥʳʝ ʜʝʨʝʚʴʷ ʩʠʣʴʥʦ ʦʩʣʘʙʝʚʘʶʪ, ʯʪʦ ʧʨʠʚʣʝʢʘʝʪ ʦʛʨʦʤʥʳʝ ʢʦʣʠʯʝʩʪʚʘ ʥʦʚʳʭ 

ʞʫʢʦʚ, ʧʦʷʚʣʷʶʪʩʷ ʝʱʝ ʙʦʣʴʰʝ ʨʘʢʦʚʳʭ ʷʟʚ, ʯʪʦ ʚʝʜʝʪ ʢ ʧʦʞʝʣʪʝʥʠʶ ʠ ʫʚʷʜʘʥʠʶ ʣʠʩʪʴʝʚ, 

ʟʘʪʝʤ ʧʦʙʝʛʦʚ ʠ ʢʨʫʧʥʳʭ ʚʝʪʦʢ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʧʦʩʣʝʜʥʝʡ ʩʪʘʜʠʝʡ ʨʘʟʚʠʪʠʷ ʙʦʣʝʟʥʠ, ʧʦʩʣʝ ʯʝʛʦ 

ʥʘʩʪʫʧʘʝʪ ʧʦʣʥʘʷ ʛʠʙʝʣʴ ʚʩʝʛʦ ʜʝʨʝʚʘ [11ï13].  

ɾʫʢʠ Pityophthorus juglandis ʤʦʛʫʪ ʩʦʭʨʘʥʷʪʴʩʷ ʚ ʪʝʯʝʥʠʝ 2ï3-ʭ ʣʝʪ ʚ ʩʨʝʟʘʥʥʳʭ 

ʜʝʨʝʚʴʷʭ ʚʦʩʪʦʯʥʦʛʦ ʯʝʨʥʦʛʦ ʦʨʝʭʘ ʠʣʠ ʜʘʞʝ ʚ ʤʘʣʝʥʴʢʠʭ ʢʫʩʢʘʭ ʜʝʨʝʚʴʝʚ. ʇʦʧʘʜʘʥʠʝ ʪʘʢʠʭ 

ʯʘʩʪʝʡ ʜʝʨʝʚʘ ʩ ʞʫʢʦʤ, ʩʦʜʝʨʞʘʱʠʤ ʤʠʮʝʣʠʡ ʠʣʠ ʢʦʥʠʜʠʠ ʧʘʪʦʛʝʥʘ, ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ 
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ʧʨʦʥʠʢʥʦʚʝʥʠʶ ʙʦʣʝʟʥʠ ʚ ʥʦʚʳʝ ʘʨʝʘʣʳ. ʊʘʢ ʢʘʢ ʨʘʟʚʠʪʠʝ ʙʦʣʝʟʥʠ ʚʥʘʯʘʣʝ ʤʦʞʝʪ ʙʳʪʴ 

ʩʢʨʳʪʥʳʤ, ʩʠʤʧʪʦʤʳ ʤʦʛʫʪ ʙʳʪʴ ʥʝʚʠʜʠʤʳʤʠ ʥʝʚʦʦʨʫʞʝʥʥʦʤʫ ʛʣʘʟʫ ʚ ʪʝʯʝʥʠʝ 10ï20 ʣʝʪ 

[13]. 

 

ɻʨʠʙïʚʦʟʙʫʜʠʪʝʣʴ ʙʦʣʝʟʥʠ ʙʳʣ ʚʧʝʨʚʳʝ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥ ʚ ʰʪʘʪʝ ʂʦʣʦʨʘʜʦ ʚ 2007 ʛ. 

[11]. ʆʥ ʦʙʥʘʨʫʞʝʥ ʪʦʣʴʢʦ ʚ ʢʦʥʠʜʠʘʣʴʥʦʡ ʩʪʘʜʠʠ ʠ ʝʛʦ ʩʫʤʯʘʪʘʷ ʩʪʘʜʠ ̫ʜʦ ʩʠʭ ʧʦʨ 

ʥʝʠʟʚʝʩʪʥʘ. ɺʠʜʳ ʨʦʜʘ Geosmithia h ʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚ ʤʠʨʝ ʠ ʷʚʣʷʶʪʩʷ ʦʙʳʯʥʳʤʠ 

ʩʘʧʨʦʪʨʦʬʘʤʠ, ʚʩʪʨʝʯʘʶʱʠʤʠʩʷ ʚʤʝʩʪʝ ʩ ʨʘʟʣʠʯʥʳʤʠ ʞʫʢʘʤʠ, ʦʙʠʪʘʶʱʠʤʠ ʥʘ ʢʦʨʝ 

ʣʠʩʪʚʝʥʥʳʭ ʠ ʭʚʦʡʥʳʭ ʜʝʨʝʚʴʝʚ. Geosmithia morbida ̫ ʚʣʷʝʪʩʷ ʧʝʨʚʳʤ ʚʠʜʦʤ ʵʪʦʛʦ ʨʦʜʘ, 

ʦʧʠʩʘʥʥʳʤ ʚ ʤʠʨʝ ʚ ʢʘʯʝʩʪʚʝ ʚʦʟʙʫʜʠʪʝʣʷ ʙʦʣʝʟʥʠ ʜʝʨʝʚʴʝʚ ʠ ʬʠʪʦʧʘʪʦʛʝʥʥʳʝ ʩʚʦʡʩʪʚʘ 

ʢʦʪʦʨʦʛʦ ʜʦʢʘʟʘʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ. ɺʠʜʳ ʨʦʜʘ Geosmithia ʠʤʝʶʪ ʦʙʱʠʝ ʯʝʨʪʳ ʩ 

ʧʨʝʜʩʪʘʚʠʪʝʣʷʤʠ ʨʦʜʘ Penicillium, ʥʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʥʠʭ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʬʦʨʤʦʡ ʢʦʥʠʜʠʡ ʠ 

ʠʭ ʞʝʣʪʦʚʘʪʦʡ ʦʢʨʘʩʢʦʡ ʚ ʤʘʩʩʝ. ʋ ʥʝʢʦʪʦʨʳʭ ʚʠʜʦʚ ʨʦʜʘ Geosmithia ʦʙʥʘʨʫʞʝʥʘ ʩʪʘʜʠʷ 

ʪʝʣʝʦʤʦʨʬʳ ʚ ʨʦʜʝ Talaromyces [11ï13]. ɻʨʠʙ ʥʝ ʨʘʩʪʝʪ ʥʘ ʩʨʝʜʝ ʏʘʧʝʢʘ [11]. 

 

ʇʦʨʘʞʘʝʤʳʝ ʚʠʜʳ ʦʨʝʭʦʚʳʭ ʜʝʨʝʚʴʝʚ. ʂʨʦʤʝ Juglans nigra, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ 

ʚʦʩʧʨʠʠʤʯʠʚʳʤ ʚʠʜʦʤ, ʤʦʛʫʪ ʧʦʨʘʞʘʪʴʩʷ ʪʘʢʞʝ ʛʨʝʮʢʠʡ ʦʨʝʭ (Juglans regia L.) ʠ ʚ 

ʝʩʪʝʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ð ʘʤʝʨʠʢʘʥʩʢʠʝ ʯʝʨʥʳʝ ʦʨʝʭʠ: ʢʘʣʠʬʦʨʥʠʡʩʢʠʡ (J. californica S. 

Wats.), ʦʨʝʭ ʍʠʥʜʩʘ (J. hindsii (Jeps.) R. E. Smith), ʘʨʠʟʦʥʩʢʠʡ (J. major (Torrey) Heller) ʠ 

ʪʝʭʘʩʩʢʠʡ, ʠʣʠ ʤʘʣʳʡ (J. microcarpa Berlandier). ʆʜʥʘʢʦ ʢʘʣʠʬʦʨʥʠʡʩʢʠʡ ʠ ʪʝʭʘʩʩʢʠʡ ʯʝʨʥʳʝ 

ʦʨʝʭʠ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʫʩʪʦʡʯʠʚʳ ʢ Geosmithia morbida, ʘ ʛʨʝʮʢʠʡ ʠ ʯʝʨʥʳʡ ʦʨʝʭ ʍʠʥʜʩʘ 

ʧʨʦʷʚʣʷʶʪ ʨʘʟʣʠʯʥʳʝ ʩʪʝʧʝʥʠ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ [13]. 

 

ɺʨʝʜʦʥʦʩʥʦʩʪʴ ʙʦʣʝʟʥʠ. ɺʠʜʦʚʦʡ ʵʧʠʪʝʪ çmorbidaè (ʪ. ʝ., çʩʤʝʨʪʝʣʴʥʳʡè) ʚ ʥʘʟʚʘʥʠʠ 

ʛʨʠʙʘïʚʦʟʙʫʜʠʪʝʣʷ ʙʦʣʝʟʥʠ ʫʢʘʟʳʚʘʝʪ ʥʘ ʝʛʦ ʩʧʦʩʦʙʥʦʩʪʴ ʚʳʟʳʚʘʪʴ ʩʢʦʨʫʶ ʛʠʙʝʣʴ 

ʧʦʨʘʞʝʥʥʦʛʦ ʨʘʩʪʝʥʠʷïʭʦʟʷʠʥʘ (Geosmithia, 2018). ʇʦʨʘʞʝʥʥʳʝ ʜʝʨʝʚʴʷ ʧʦʛʠʙʘʶʪ ʚ ʪʝʯʝʥʠʝ 

3ï4-ʭ ʣʝʪ ʩ ʤʦʤʝʥʪʘ ʟʘʨʘʞʝʥʠʷ, ʘ ʚʳʩʦʢʦ ʚʦʩʧʨʠʠʤʯʠʚʳʝ ʜʝʨʝʚʴʷ ð ʚ ʪʝʯʝʥʠʝ 2ï3-ʭ ʣʝʪ ʩ 

ʤʦʤʝʥʪʘ ʧʦʷʚʣʝʥʠʷ ʧʝʨʚʳʭ ʩʠʤʧʪʦʤʦʚ ʧʦʞʝʣʪʝʥʠʷ ʣʠʩʪʴʝʚ. ʄʘʩʩʦʚʘʷ ʛʠʙʝʣʴ ʦʨʝʭʦʚʳʭ 

ʜʝʨʝʚʴʝʚ, ʦʩʦʙʝʥʥʦ ʚʦʩʪʦʯʥʦʛʦ ʯʝʨʥʦʛʦ ʦʨʝʭʘ ʥʘ ʟʘʧʘʜʝ ʉʐɸ ʥʘʙʣʶʜʘʣʘʩʴ ʝʱʝ ʩ 1990-ʭ ʛʛ. ɺ 

2000-ʭ ʛʛ. ʩʪʘʣʠ ʧʦʷʚʣʷʶʪʩʷ ʤʥʦʛʠʝ ʩʦʦʙʱʝʥʠʷ ʦ ʧʦʪʝʨʷʭ ʜʝʨʝʚʴʝʚ ʵʪʦʛʦ ʚʠʜʘ. ɺ 2004 ʛ. 

ʢʦʤʧʣʝʢʩ ʞʫʢ + ʛʨʠʙ ʧʨʠʚʝʣ ʢ ʛʠʙʝʣʠ 60% ʚʩʝʭ ʜʝʨʝʚʴʝʚ J. nigra ʚ ʰʪʘʪʝ ʂʦʣʦʨʘʜʦ [7, 11ï13]. 

 

ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʙʦʣʝʟʥʠ. ʉ 2000-ʭ ʛʛ. ʟʘʙʦʣʝʚʘʥʠʝ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʠʣʦʩʴ ʥʘ 

ʜʝʨʝʚʴʷʭ ʚʦʩʪʦʯʥʦʛʦ ʯʝʨʥʦʛʦ ʦʨʝʭʘ ʥʘ ʟʘʧʘʜʝ ʉʐɸ (ɸʨʠʟʦʥʘ, ʂʘʣʠʬʦʨʥʠʷ, ʂʦʣʦʨʘʜʦ, 

ɸʡʜʘʭʦ, ʆʨʝʛʦʥ, ʖʪʘ, ɺʘʰʠʥʛʪʦʥ, ʅʴʶïʄʝʢʩʠʢʦ) ʠ ʩʝʚʝʨʝ ʄʝʢʩʠʢʠ; ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ 

ʙʦʣʝʟʥʠ ʙʳʩʪʨʦ ʧʨʦʛʨʝʩʩʠʨʦʚʘʣʦ, ʠ ʢ 2016 ʛ. ʧʦʨʘʞʝʥʥʳʝ ʙʦʣʝʟʥʴʶ ʜʝʨʝʚʴʷ ʥʘʭʦʜʠʣʠ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ʫʞʝ 9 ʰʪʘʪʦʚ, ʚʢʣʶʯʘʷ ʊʝʥʥʝʩʠ, ɺʠʨʜʞʠʥʠʶ, ʇʝʥʩʠʣʴʚʘʥʠʶ, ʄʵʨʠʣʝʥʜ, ʆʛʘʡʦ ʠ 

ʀʥʜʠʘʥʫ. ɺ 2014 ʛ. ʵʪʦ ʟʘʙʦʣʝʚʘʥʠʝ ʠ ʝʛʦ ʚʦʟʙʫʜʠʪʝʣʠ (ʞʫʢ + ʛʨʠʙ) ʙʳʣʦ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ 

ʚʧʝʨʚʳʝ ʚ ɽʚʨʦʧʝ ð ʥʘ ʩʝʚʝʨʝ ʀʪʘʣʠʠ [7]. 
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11. KolaŚ²k, M. et al. (2017). Geosmithia associated with bark beetles and woodborers in the 

western USA: taxonomic diversity and vector specificity. Mycologia, 109(2). 185-199. 

12. Geosmithia morbida. (Distribution map). Access mode: https://clck.ru/DHgsc (circulation 

date 03/01/2018). 

13. Thousand cankers disease is widespread in black walnut in the western United States. 

Access mode: https://clck.ru/DHgtB (circulation date 03/01/2018). 
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ON DEVELOPMENT AND P LANT SURVIVAL IN PLANTATIONS  
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ɸʥʥʦʪʘʮʠʷ. ʆʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʨʘʟʚʠʪʠʷ ʩʝʷʥʮʝʚ ʧʘʧʘʡʠ ʧʨʠ ʚʳʨʘʱʠʚʘʥʠʠ ʚ 

ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʩʫʙʩʪʨʘʪʘʭ ʨʘʟʣʠʯʥʦʛʦ ʦʙʲʝʤʘ ʩʦʟʜʘʶʪʩʷ ʚ ʩʣʫʯʘʝ ʢʦʛʜʘ ʠʭ ʦʙʲʝʤ ʩʦʩʪʘʚʣʷʝʪ 

ʥʠ ʤʝʥʝʝ 2649 ʩʤ3 ʠ ʚʳʩʝʚʝ ʩʝʤʷʥ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʛʨʫʥʪ ʪʝʧʣʠʮʳ.  

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʘʣʦʦʙʲʝʤʥʳʭ ʩʪʘʢʘʥʯʠʢʦʚ (98 ʠ 785 ʩʤ3) ʟʘʧʦʣʥʝʥʥʳʭ ʠʩʢʫʩʩʪʚʝʥʥʳʤ 

ʩʫʙʩʪʨʘʪʦʤ ʥʝ ʵʬʬʝʢʪʠʚʥʦ ʜʣʷ ʚʳʨʘʱʠʚʘʥʠʷ ʩʘʞʝʥʮʝʚ ʧʘʧʘʡʠ, ʪʘʢ ʢʘʢ ʦʥʠ ʥʝ ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʨʘʟʚʠʚʘʶʱʠʤʩʷ ʨʘʩʪʝʥʠʷʤ ʭʦʨʦʰʠʝ ʧʠʪʘʪʝʣʴʥʳʝ ʫʩʣʦʚʠʷ. 

 

Abstract. Optimal conditions for the development of papaya seedlings when grown in 

artificial substrates of different volumes are created if their volume is not less than 2649 smį and 

seeding directly into the greenhouse soil.  

The use of small-volume cups (98 and 785 smį) filled with artificial substrate is not effective 

for the cultivation of papaya seedlings, since they do not provide the developing plants with good 

nutritional conditions. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʘʧʘʡʷ, ʩʦʨʪ, ʦʙʲʝʤ, ʩʫʙʩʪʨʘʪ, ʨʦʩʪ, ʨʘʟʚʠʪʠʝ, ʩʝʷʥʝʮ, ʣʠʩʪ, ʢʦʨʝʥʴ, 

ʤʘʩʩʘ. 

 

Keywords: papaya, variety, volume, substratum, growth, development, seedling, sheet, root, 

weight. 
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ɺʚʝʜʝʥʠʝ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʋʟʙʝʢʠʩʪʘʥʝ ʧʣʦʜʳ ʧʘʧʘʡʠ ʠ ʣʝʢʘʨʩʪʚʝʥʥʳʝ ʩʨʝʜʩʪʚʘ ʠʟ ʥʝʝ 

ʟʘʚʦʟʷʪʩʷ ʠʟ-ʟʘ ʨʫʙʝʞʘ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʨʦʟʥʠʯʥʳʝ ʮʝʥʳ ʥʘ ʧʨʠʦʙʨʝʪʝʥʠʝ ʧʣʦʜʦʚ ʠ 

ʦʩʦʙʝʥʥʦ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʦʯʝʥʴ ʚʳʩʦʢʠʝ ʠ ʥʝ ʚʩʝʛʜʘ ʜʦʩʪʫʧʥʳ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ 

ʥʘʩʝʣʝʥʠʷ. ʆʨʛʘʥʠʟʘʮʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚʳʨʘʱʠʚʘʥʠʷ ʵʪʦʡ ʧʣʦʜʦʚʦʡ ʢʫʣʴʪʫʨʳ ʫ ʥʘʩ ʚ ʩʪʨʘʥʝ 

ʧʦʟʚʦʣʠʪ ʩʦʢʨʘʪʠʪʴ ʠʤʧʦʨʪ ʧʣʦʜʦʚ ʠ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ, ʩʥʠʟʠʪʴ ʩʝʙʝʩʪʦʠʤʦʩʪʴ 

ʚʳʨʘʱʠʚʘʝʤʳʭ ʧʣʦʜʦʚ ʚ ʜʚʘ-ʪʨʠ ʨʘʟʘ. 

 

ʄʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʆʧʳʪ ʙʳʣ ʟʘʣʦʞʝʥ ʩ ʩʦʨʪʘʤʠ ʧʘʧʘʡʠ Guyarat, Solo ʠ Adjio Bunder ʚ 2017-2018 ʛʦʜʘʭ ʧʦ 

ʩʣʝʜʫʶʱʝʡ ʩʭʝʤʝ: 

1. ɺʳʨʘʱʠʚʘʥʠʝ ʩʘʞʝʥʮʝʚ ʚ ʧʦʯʚʦʛʨʫʥʪʝ. 

2. ɺʳʨʘʱʠʚʘʥʠʝ ʩʘʞʝʥʮʝʚ ʚ ʧʦʣʠʵʪʠʣʝʥʦʚʳʭ ʧʘʢʝʪʘʭ ʜʠʘʤʝʪʨʦʤ ʠ ʚʳʩʦʪʦʡ 5 ʩʤ. 

3. ɺʳʨʘʱʠʚʘʥʠʝ ʩʘʞʝʥʮʝʚ ʚ ʧʦʣʠʵʪʠʣʝʥʦʚʳʭ ʧʘʢʝʪʘʭ ʜʠʘʤʝʪʨʦʤ ʠ ʚʳʩʦʪʦʡ 10 ʩʤ. 

4. ɺʳʨʘʱʠʚʘʥʠʝ ʩʘʞʝʥʮʝʚ ʧʘʧʘʡʠ ʚ ʧʦʣʠʵʪʠʣʝʥʦʚʳʭ ʧʘʢʝʪʘʭ ʜʠʘʤʝʪʨʦʤ ʠ ʚʳʩʦʪʦʡ 

15 ʩʤ. 

ɺ ʧʝʨʠʦʜ ʨʘʟʚʠʪʠʷ ʩʘʞʝʥʮʝʚ ʧʘʧʘʡʠ ʫʯʝʪʥʳʝ ʨʘʩʪʝʥʠʷ ʙʳʣʠ ʧʦʜʚʝʨʛʥʫʪʳ ʩʣʝʜʫʶʱʠʤ 

ʫʯʝʪʘʤ ʠ ʥʘʙʣʶʜʝʥʠʷʤ: ʜʘʪʘ ʥʘʯʘʣʘ (25%) ʠ ʤʘʩʩʦʚʦʛʦ ʧʦʷʚʣʝʥʠʷ ʚʩʭʦʜʦʚ (75%) ʦʪ ʜʥʷ 

ʚʳʩʝʚʘ ʩʝʤʷʥ (ʜʝʥʴ); ʯʠʩʣʦ ʬʦʨʤʠʨʫʝʤʳʭ ʣʠʩʪʴʝʚ ʥʘ ʨʘʩʪʝʥʠʠ (ʰʪ.); ʧʦʷʚʣʝʥʠʝ ʥʘ 

ʮʝʥʪʨʘʣʴʥʦʤ ʧʨʦʚʦʜʥʠʢʝ ʩʘʞʝʥʮʝʚ ʙʦʢʦʚʳʭ ʧʦʙʝʛʦʚ (ʜʝʥʴ); ʨʘʟʚʠʪʠʝ ʢʦʨʥʝʚʦʡ ʩʠʩʪʝʤʳ ʚ 

ʦʛʨʘʥʠʯʝʥʥʦʤ ʦʙʲʝʤʝ ʩʫʙʩʪʨʘʪʘ ð ʚ ʢʦʥʮʝ ʚʪʦʨʦʛʦ ʤʝʩʷʮʘ ʚʳʨʘʱʠʚʘʥʠʷ ʧʫʪʝʤ ʚʟʚʝʰʠʚʘʥʠʷ 

ʙʠʦʤʘʩʩʳ (ʛ); ʥʘʧʦʣʥʷʝʤʦʩʪʴ ʢʦʨʥʷʤʠ ʚʩʝʛʦ ʦʙʲʝʤʘ ʩʫʙʩʪʨʘʪʘ (%); ʧʨʠʞʠʚʘʝʤʦʩʪʴ ʩʘʞʝʥʮʝʚ 

ʧʦʩʣʝ ʚʳʩʘʜʢʠ ʚ ʛʨʫʥʪ ʧʣʘʥʪʘʮʠʠ (%). 

 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʇʨʠ ʚʳʨʘʱʠʚʘʥʠʠ ʧʦʩʘʜʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʩʫʙʩʪʨʘʪʘʭ ʚʘʞʥʳʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ 

ʧʨʠʝʤʦʤ ʷʚʣʷʝʪʩʷ ʧʨʘʚʠʣʴʥʳʡ ʧʦʜʙʦʨ ʩʨʝʜ,r ʛʜʝ ʚ ʧʦʩʣʝʜʫʶʱʝʤ ʙʫʜʝʪ ʨʘʟʚʠʚʘʪʴʩʷ ʢʦʨʥʝʚʘʷ 

ʩʠʩʪʝʤʘ ʨʘʩʪʝʥʠʷ. 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʚʦ ʤʥʦʛʠʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʧʨʦʤʳʰʣʝʥʥʦ ʨʘʟʚʠʪʳʭ ʩʪʨʘʥʘʭ 

ʤʠʨʘ ʧʨʦʚʦʜʷʪʩʷ ʥʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʚʳʨʘʱʠʚʘʥʠʶ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʭ 

ʩʝʨʪʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩʘʞʝʥʮʝʚ ʧʣʦʜʦʚʳʭ ʨʘʩʪʝʥʠʡ ʚ ʤʘʣʦʦʙʲʝʤʥʳʭ ʝʤʢʦʩʪʷʭ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʩʫʙʩʪʨʘʪʦʚ. ʕʪʦʪ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʠʝʤ ʧʦʟʚʦʣʷʝʪ 

ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ ʢʫʣʴʪʫʨʫ ʧʠʪʦʤʥʠʢʦʚʦʜʯʝʩʢʦʡ ʦʪʨʘʩʣʠ ʟʘ ʩʯʝʪ ʟʥʘʯʠʪʝʣʴʥʦʛʦ 

ʩʦʢʨʘʱʝʥʠʷ ʟʝʤʝʣʴʥʦʡ ʧʣʦʱʘʜʠ ʥʘ ʚʳʨʘʱʠʚʘʥʠʝ ʩʘʞʝʥʮʝʚ, ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʟʝʤʣʠ, ʧʦʣʫʯʝʥʠʷ ʚʳʨʦʚʥʝʥʥʳʭ ʧʦ ʨʘʟʚʠʪʠʶ ʨʘʩʪʝʥʠʡ, ʩ 

ʭʦʨʦʰʝʡ ʧʨʠʞʠʚʘʝʤʦʩʪʴʶ ʩʘʞʝʥʮʝʚ ʧʦʩʣʝ ʚʳʩʘʜʢʠ ʚ ʛʨʫʥʪ. 

ʇʨʦʚʝʜʝʥʥʳʝ ʥʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩ ʚʳʨʘʱʠʚʘʥʠʝʤ ʩʦʨʪʦʚʳʭ ʩʘʞʝʥʮʝʚ ʧʘʧʘʡʠ ʚ 

ʧʦʣʠʵʪʠʣʝʥʦʚʳʭ ʩʪʘʢʘʥʯʠʢʘʭ ʨʘʟʣʠʯʥʦʛʦ ʦʙʲʝʤʘ (98,785 ʩʤ3 ʠ 2649 ʩʤ3) ʟʘʧʦʣʥʝʥʥʳʭ 

ʠʩʢʫʩʩʪʚʝʥʥʳʤ ʩʫʙʩʪʨʘʪʦʤ, ʩʦʩʪʦʷʱʝʤ ʠʟ ʪʨʘʭ ʯʘʩʪʝʡ ʦʚʝʯʴʝʛʦ ʠ ʦʜʥʦʡ ʯʘʩʪʠ 

ʢʨʫʧʥʦʟʝʨʥʠʩʪʦʛʦ ʨʝʯʥʦʛʦ ʧʝʩʢʘ ʚʳʷʚʠʣʠ ʪʦ, ʯʪʦ ʨʘʟʚʠʪʠʝ ʩʘʞʝʥʮʝʚ ʚʩʝʭ ʩʦʨʪʦʚ ʧʘʧʘʡʠ 

ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʷʤʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʙʲʝʤʘ ʩʪʘʢʘʥʯʠʢʦʚ (ʊʘʙʣʠʮʘ). 

ʅʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦʝ ʨʘʟʚʠʪʠʝ ʩʝʷʥʮʝʚ ʧʘʧʘʡ ʚʩʝʭ ʠʩʧʳʪʫʝʤʳʭ ʩʦʨʪʦʚ ʚ ʦʧʳʪʝ 

ʥʘʙʣʶʜʘʣʦʩʴ ʚ ʚʘʨʠʘʥʪʝ ʚʳʩʝʚʘ ʩʝʤʷʥ ʚ ʛʨʫʥʪ ʪʝʧʣʠʮʳ, ʘ ʪʘʢʞʝ ʧʨʠ ʚʳʩʝʚʝ ʩʝʤʷʥ ʚ 

ʧʦʣʠʵʪʠʣʝʥʦʚʳʝ ʩʪʘʢʘʥʯʠʢʠ ʦʙʲʝʤʦʤ 2649 ʩʤ3. ɺ ʵʪʠʭ ʚʘʨʠʘʥʪʘʭ ʦʧʳʪʘ ʩʝʷʥʮʳ ʩʦʨʪʦʚ 

ʧʘʧʘʡʠ ʚ ʧʷʪʠʤʝʩʷʯʥʦʤ ʚʦʟʨʘʩʪʝ ʜʦʩʪʠʛʘʣʠ ʚʳʩʦʪʳ 23,2ï26,4 ʩʤ, ʩ ʤʘʩʩʦʡ ʢʦʨʥʝʚʦʡ ʩʠʩʪʝʤʳ 

ʦʪ 3,42 ʛ ʜʦ 5,17 ʛ. ʅʘ ʨʘʩʪʝʥʠʷʭ ʧʨʠ ʵʪʦʤ ʬʦʨʤʠʨʦʚʘʣʦʩʴ 16ï19 ʣʠʩʪʴʝʚ. 
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ʊʘʙʣʠʮʘ. 

ɺʃʀʗʅʀɽ ʆɹʒɽʄɸ ʀʉʂʋʉʉʊɺɽʅʅʓʍ ʉʋɹʉʊʈɸʊʆɺ  

ʅɸ ʆɹʑɽɽ ʈɸɿɺʀʊʀɽ ʉɽʗʅʎɽɺ ʇɸʇɸʁʀ, 2017ï2018 ʛʦʜʳ 

ʇʦʢʘʟʘʪʝʣʠ ʨʘʟʚʠʪʠʷ 

ʩʘʞʝʥʮʝʚ ʧʘʧʘʡʠ 

ɺʘʨʠʘʥʪʳ ʦʧʳʪʘ 

ɺʳʨʘʱʠʚʘʥʠʝ 

ʩʝʷʥʮʝʚ ʚ 

ʧʦʯʚʝ 

ʊʦʞʝ ʚ 

ʧʦʣʠʵʪʠʣʝʥʦʚʳʭ 

ʧʘʢʝʪʘʭ 

ʜʠʘʤʝʪʨʦʤ ʠ 

ʚʳʩʦʪʦʡ 5 ʩʤ 

ʊʦʞʝ 

ʜʠʘʤʝʪʨʦʤ ʠ 

ʚʳʩʦʪʦʡ 10 

ʩʤ 

ʊʦʞʝ 

ʜʠʘʤʝʪʨʦʤ ʠ 

ʚʳʩʦʪʦʡ 15 

ʩʤ 

ʉʦʨʪ Solo 

ʈʦʩʪ ʩʝʷʥʮʝʚ, ʩʤ 26,3 21,3 24,3 26,0 

ʂʦʣʠʯʝʩʪʚʦ ʣʠʩʪʴʝʚ, ʥʘ 

ʨʘʩʪʝʥʠʝ, ʰʪ. 

19,6 16,6 18,0 19,7 

ʄʘʩʩʘ ʢʦʨʥʝʚʦʡ ʩʠʩʪʝʤʘ, ʛ 5,15 2,14 3,42 5,02 

ʉʦʨʪ Adjio Bunder 

ʈʦʩʪ ʩʝʷʥʮʝʚ, ʩʤ 23,2 17,0 20,9 23,5 

ʂʦʣʠʯʝʩʪʚʦ ʣʠʩʪʴʝʚ, ʥʘ 

ʨʘʩʪʝʥʠʝ, ʰʪ. 

16,7 13,1 14,2 16,5 

ʄʘʩʩʘ ʢʦʨʥʝʚʦʡ ʩʠʩʪʝʤʘ, ʛ 4,82 1,98 3,51 4,67 

ʉʦʨʪ Guyarat 

ʈʦʩʪ ʩʝʷʥʮʝʚ, ʩʤ 26,4 18,8 24,0 26,2 

ʂʦʣʠʯʝʩʪʚʦ ʣʠʩʪʴʝʚ, ʥʘ 

ʨʘʩʪʝʥʠʝ, ʰʪ. 

18,2 15,1 16,2 18,1 

ʄʘʩʩʘ ʢʦʨʥʝʚʦʡ ʩʠʩʪʝʤʘ, ʛ 5,17 2,72 3,60 4,95 

 

ʇʨʠ ʚʳʨʘʱʠʚʘʥʠʠ ʩʝʷʥʮʝʚ ʧʘʧʘʡʠ ʚ ʦʙʲʝʤʝ ʩʫʙʩʪʨʘʪʘ 785 ʩʤ3 ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʭ 

ʨʘʟʚʠʪʠʷ ʢ ʧʨʝʜʳʜʫʱʠʤ ʚʘʨʠʘʥʪʘʤ ʦʧʳʪʘ ʩʥʠʞʘʣʘʩʴ. ʇʦ ʧʘʨʘʤʝʪʨʘʤ ʨʦʩʪʘ ʫ ʩʦʨʪʦʚ ʧʘʧʘʡʠ 

Solo ʠ Guyarat ʥʘ 15%, Adjio Bunder ð 15%. ʇʦ ʢʦʣʠʯʝʩʪʚʫ ʣʠʩʪʴʝʚ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʥʘ 6,9 ʠ 

17%. ʉʘʤʦʝ ʩʣʘʙʦʝ ʨʘʟʚʠʪʠʝ ʩʝʷʥʮʝʚ ʧʘʧʘʡʠ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʩʦʨʪʦʚʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʚ ʦʧʳʪʝ 

ʥʘʙʣʶʜʘʣʦʩʴ ʚ ʚʘʨʠʘʥʪʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʫʙʩʪʨʘʪʦʚ ʦʙʲʝʤʦʤ 98 ʩʤ3. ɿʜʝʩʴ ʦʪʩʪʘʚʘʥʠʝ ʚ 

ʦʙʱʝʤ ʨʘʟʚʠʪʠʠ ʥʘʜʟʝʤʥʦʡ ʯʘʩʪʠ ʩʝʷʥʮʝʚ ʧʘʧʘʡʠ ʚ ʧʷʪʠʤʝʩʷʯʥʦʤ ʚʦʟʨʘʩʪʝ ʢ ʚʘʨʠʘʥʪʘʤ 

ʚʳʨʘʱʠʚʘʥʠʷ ʨʘʩʪʝʥʠʡ ʚ ʛʨʫʥʪʝ ʪʝʧʣʠʮʳ ʠ ʠʩʢʫʩʩʪʚʝʥʥʦʤ ʩʫʙʩʪʨʘʪʝ ʦʙʲʝʤʦʤ 2649 ʩʤ3 ʚ 

ʩʨʝʜʥʝʤ ʩʦʩʪʘʚʠʣʦ 16ï27%. ʆʩʦʙʝʥʥʦ ʩʠʣʴʥʦʝ ʦʪʩʪʘʚʘʥʠʝ ʚ ʵʪʦʤ ʚʘʨʠʘʥʪʝ ʦʧʳʪʘ 

ʥʘʙʣʶʜʘʣʦʩʴ ʚ ʨʘʟʚʠʪʠʠ ʢʦʨʥʝʚʦʡ ʩʠʩʪʝʤʳ. ʊʘʢ ʫ ʩʦʨʪʘ Solo ɻ ʪʘ ʚʝʣʠʯʠʥʘ ʩʦʩʪʘʚʠʣʘ 57%, 

Adjio Bunder ð 58%, Guyarat ð 45%. ʇʦ ʥʘʰʝʤʫ ʤʥʝʥʠʶ ʧʨʠʯʠʥʦʡ ʩʣʘʙʦʛʦ ʨʘʟʚʠʪʠʷ 

ʢʦʨʥʝʚʦʡ ʩʠʩʪʝʤʳ ʠʩʧʳʪʫʝʤʳʭ ʩʦʨʪʦʚ ʧʘʧʘʡʠ ʷʚʣʷʝʪʩʷ ʥʝʜʦʩʪʘʪʦʢ ʧʠʪʘʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ 

ʠʩʢʫʩʩʪʚʝʥʥʦʤ ʩʫʙʩʪʨʘʪʝ.  

 

ɺʳʚʦʜʳ: 

1. ʃʫʯʰʠʝ ʫʩʣʦʚʠʷ ʜʣʷ ʨʘʟʚʠʪʠʷ ʩʝʷʥʮʝʚ ʧʘʧʘʡʠ ʩʦʟʜʘʶʪʩʷ ʧʨʠ ʚʳʩʝʚʝ ʩʝʤʷʥ ʚ 

ʧʦʣʠʵʪʠʣʝʥʦʚʳʝ ʩʪʘʢʘʥʯʠʢʠ ʦʙʲʝʤʦʤ 2649 ʩʤ3 ʠ ʛʨʫʥʪ ʪʝʧʣʠʮʳ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʩʝʷʥʮʳ 

ʧʘʧʘʡʠ ʚ 5 ʤʝʩʷʯʥʦʤ ʚʦʟʨʘʩʪʝ ʜʦʩʪʠʛʘʶʪ, ʚʳʩʦʪʳ 23,5ï26,0 ʩʤ, ʠʤʝʷ 16ï18 ʣʠʩʪʴʝʚ ʠ ʤʘʩʩʫ 

ʢʦʨʥʝʚʦʡ ʩʠʩʪʝʤʳ 4,67ï5,15 ʛ.  

2. ʉʘʤʦʝ ʩʣʘʙʦʝ ʨʘʟʚʠʪʠʝ ʩʝʷʥʮʝʚ ʧʘʧʘʡʠ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʩʦʨʪʦʚʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʚʘʨʠʘʥʪʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʫʙʩʪʨʘʪʦʚ ʦʙʲʝʤʦʤ 98 ʩʤ3. ɿʜʝʩʴ ʦʪʩʪʘʚʘʥʠʝ ʚ ʦʙʱʝʤ 

ʨʘʟʚʠʪʠʠ ʥʘʜʟʝʤʥʦʡ ʯʘʩʪʠ ʩʝʷʥʮʝʚ ʧʘʧʘʡʠ ʢ ʚʘʨʠʘʥʪʘʤ ʚʳʨʘʱʠʚʘʥʠʷ ʨʘʩʪʝʥʠʡ ʚ ʛʨʫʥʪʝ 

ʪʝʧʣʠʮʳ ʠ ʠʩʢʫʩʩʪʚʝʥʥʦʤ ʩʫʙʩʪʨʘʪʝ ʦʙʲʝʤʦʤ 2649 ʩʤ3 ʩʦʩʪʘʚʣʷʝʪ ʚ ʩʨʝʜʥʝʤ 16ï27%.  
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ɼɽʁʉʊɺʀɽ ʈɸʉʊɽʅʀʗ ROSMARINUS OFFICINALIS L. ʅɸ ʆʏʀʑɽʅʀɽ 

ʊɽʍʅʆɻɽʅʅʆ ɿɸɻʈʗɿʅɽʅʅʓʍ ʇʆʏɺ 

 

EFFECT OF ROSMARINUS OFFICINALIS PLANT ON PURIFICATI ON 

OF TECHNOGENALLY CONTAM INATED SOILS  
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ɸʥʥʦʪʘʮʠʷ. ɺ ʧʨʦʮʝʩʩʝ ʬʠʪʦʨʝʤʝʜʠʘʮʠʠ ʚʳʙʨʘʥʥʦʝ ʨʘʩʪʝʥʠʝ ʨʦʟʤʘʨʠʥ ʧʦʛʣʦʱʘʝʪ 

ʤʝʪʘʣʣʳ ʠʟ ʧʦʯʚʳ ʯʝʨʝʟ ʢʦʨʥʝʚʫʶ ʩʠʩʪʝʤʫ ʠ ʧʝʨʝʚʦʜʠʪ ʠʭ ʚ ʧʦʜʟʝʤʥʳʝ ʦʨʛʘʥʳ, ʛʜʝ ʦʥʠ 

ʥʘʢʘʧʣʠʚʘʶʪʩʷ, ʘ ʟʘʪʝʤ ʫʜʘʣʷʶʪʩʷ ʩ ʩʦʙʨʘʥʥʳʤʠ ʢʫʣʴʪʫʨʘʤʠ. 

ʀʟ ʧʦʩʘʞʝʥʥʳʭ ʚʩʭʦʜʦʚ Rosmarinus officinalis L. ʚʳʞʠʣʦ ʪʦʣʴʢʦ 4 (40% ʚʳʞʠʚʘʝʤʦʩʪʠ). 

ʏʝʨʝʟ 6 ʤʝʩʷʮʝʚ ʧʦʩʣʝ ʧʦʩʘʜʢʠ ʨʘʩʪʝʥʠʡ, ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʠʟʤʝʨʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʪʷʞʝʣʳʭ 

ʤʝʪʘʣʣʦʚ ʚʳʞʠʚʰʠʭ ʦʙʨʘʟʮʦʚ ʵʪʠʭ ʨʘʩʪʝʥʠʡ. 
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Abstract. In the process of phytoremediation, the selected plant Rosmarinus officinalis 

absorbs metals from the soil through the root system and translates them into the underground 

organs, where they accumulate, and then they are removed with harvested crops. 

From seedlings planted Rosmarinus officinalis L. survived only 4 (40% survival). After 6 

months after planting, it was measured the concentrations of heavy metals surviving samples of 

these plants. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʬʠʪʦʨʝʤʝʜʠʘʮʠʷ, ʟʘʛʨʷʟʥʝʥʠʷ, ʥʝʬʪʝʧʨʦʤʳʩʣʦʚʳʭ, ʵʬʬʝʢʪʘ 

ʪʨʘʥʩʧʦʨʪʘ, ʩʫʙʩʪʨʘʪ, ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ, ʪʝʭʥʦʛʝʥʥʦ ʟʘʛʨʷʟʥʝʥʠʝ ʧʦʯʚʳ. 

 

Keywords: phytoremediation, pollution, oilfield, effect of transport, substrate, environment, 

technogenic pollution of the soil. 

 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʤʝʪʦʜ ʬʠʪʦʨʝʤʝʜʠʘʮʠʠ ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʣʷ ʦʯʠʩʪʢʠ ʦʪ ʪʷʞʝʣʳʭ 

ʤʝʪʘʣʣʦʚ ʪʝʭʥʦʛʝʥʥʦ ʟʘʛʨʷʟʥʝʥʥʳʭ ʧʦʯʚ. ɼʣʷ ʧʨʦʚʝʜʝʥʠ ̫ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʘ ʚʳʙʨʘʥʘ 

ʪʝʭʥʦʛʝʥʥʦ ʟʘʛʨʷʟʥʝʥʥʘʷ ʟʦʥʘ ʚ ʧʦʩʝʣʢʝ ʂʘʣʘ ɸʧʰʝʨʦʥʩʢʦʛʦ ʧʦʣʫʦʩʪʨʦʚʘ ɸʟʝʨʙʘʡʜʞʘʥʩʢʦʡ 

ʨʝʩʧʫʙʣʠʢʠ.  

ɼʣʷ ʧʦʩʘʜʢʠ ʚʩʭʦʜʦʚ Rosmarinus officinalis L. ʚ ʫʢʘʟʘʥʥʦʡ ʟʦʥʝ ʦʧʨʝʜʝʣʝʥʳ ʫʯʘʩʪʢʠ 

ʨʘʟʤʝʨʦʤ 10 ʤ ³ 10 ʤ ʩ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʴʶ ʟʘʛʨʷʟʥʝʥʠʷ. ʊʘʢʞʝ ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʧʣʦʱʘʜʢʠ 

ʜʣ ̫ʠʩʩʣʝʜʦʚʘʥʠʷ ɻʬʬʝʢʪʘ ʟʘʛʨʷʟʥʝʥʠʷ ʪʷʞʝʣʳʤʠ ʤʝʪʘʣʣʘʤʠ ʦʪ ʪʨʘʥʩʧʦʨʪʘ.  

ɺʩʝ ʧʣʦʱʘʜʢʠ ʙʳʣʠ ʚʳʙʨʘʥʳ ʩ ʫʩʣʦʚʠʝʤ ʩʭʦʜʥʦʩʪʠ ʧʨʠʨʦʜʥʦïʢʣʠʤʘʪʠʯʝʩʢʠʭ 

ʧʦʢʘʟʘʪʝʣʝʡ (ʨʝʣʴʝʬ, ʧʦʯʚʘ, ʢʦʣʠʯʝʩʪʚʦ ʠʥʩʦʣʷʮʠʠ ʠ ʪ. ʜ.) [1]. 

ʍʘʨʘʢʪʝʨʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʚʳʙʨʘʥʥʦʡ ʟʦʥʳ (ʧʦʩʝʣʦʢ ʂʘʣʘ) ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʢʨʦʤʝ 

ʪʝʭʥʦʛʝʥʥʦïʘʥʪʨʦʧʨʦʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʧʦʯʚʫ, ʟʜʝʩʴ ʥʘʙʣʶʜʘʝʪʩʷ ʟʘʛʨʷʟʥʝʥʠʝ ʦʩʘʜʢʘʤʠ 

ʥʝʬʪʝʧʨʦʤʳʩʣʦʚʳʭ ʩʪʦʯʥʳʭ ʚʦʜ ʠ ʩʣʘʙʘʷ ʥʝʬʪʝʟʘʛʨʷʟʥʝʥʠʝ. ʆʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʧʦʯʚʳ ʜʘʥʥʦʡ ʟʦʥʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʊʘʙʣʠʮʝ 1. 

ʊʘʙʣʠʮʘ 1.  

ʅɽʂʆʊʆʈʓɽ ʇʆʂɸɿɸʊɽʃʀ ʅɽʌʊɽɿɸɻʈʗɿʅɽʅʅʓʍ ʇʆʏɺ 

ɻʣʫʙʠʥʘ ʚʟʷʪʦʛʦ 

ʧʦʯʚʝʥʥʦʛʦ ʦʙʨʘʟʮʘ 

(ʩʤ) 

ɻʠʜʨʦʩʢʦʧʠʯʝʩʢʘʷ 

ʚʣʘʛʘ (%) 

pH CO2 (%) 

0ï10 2,85 7,9 10,13 

10ï31 3,78 8,6 9,56 

31ï51 3,6 8,7 8,54 

51ï88 3,75 8,6 7,92 

88ï150 4,01 8,5 7,97 

 

ʀʟ ʜʘʥʥʳʭ ʊʘʙʣʠʮʳ 1 ʚʠʜʥʦ, ʯʪʦ ʭʘʨʘʢʪʝʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʥʝʬʪʝʟʘʛʨʷʟʥʝʥʥʳʭ ʧʦʯʚ 

ʷʚʣʷʝʪʩʷ ʪʘʢʞʝ ʚʳʩʦʢʦʝ ʟʥʘʯʝʥʠʝ ʨʅ ʚ ʚʝʨʭʥʠʭ ʧʦʯʚʝʥʥʳʭ ʛʦʨʠʟʦʥʪʘʭ ʩʦʩʪʘʚʣʷʣʦ 8,8ï9,4. 

ʕʪʠ ʚʳʩʦʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʨʅ ʚ ʟʘʛʨʷʟʥʝʥʥʳʭ ʨʘʟʨʝʟʘʭ ʥʝ ʫʤʝʥʴʰʘʣʠʩʴ ʧʦ ʚʩʝʤʫ 

ʧʦʯʚʝʥʥʦʤʫ ʧʨʦʬʠʣʶ. ʊʘʢʘʷ ʩʠʣʴʥʦʱʝʣʦʯʥʘʷ ʦʙʩʪʘʥʦʚʢʘ ʦʙʲʷʩʥʷʝʪʩʷ ʧʨʠʩʫʪʩʪʚʠʝʤ ʥʝʬʪʠ, ʘ 

ʪʘʢʞʝ ʩʦʣʦʥʮʝʚʘʪʦʩʪʴʁ  ʙʫʨʦʚʳʭ ʚʦʜ, ʧʨʦʧʠʪʳʚʘʶʱʠʭ ʚʝʩʴ ʧʦʯʚʝʥʥʳʡ ʧʨʦʬʠʣʴ. 

ʂʠʩʣʦʪʥʦʩʪʴ ʯʠʩʪʳʭ ʧʦʯʚ ʚʘʨʴʠʨʫʝʪ ʚ ʧʨʝʜʝʣʘʭ (7,9ï8,2).  
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ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ʀʟ ʧʦʩʘʞʝʥʥʳʭ ʚʩʭʦʜʦʚ Rosmarinus officinalis L. ʚʳʞʠʣʦ ʪʦʣʴʢʦ 4 (40% ʚʳʞʠʚʘʝʤʦʩʪʠ). 

ʏʝʨʝʟ 6 ʤʝʩʷʮʝʚ ʧʦʩʣʝ ʧʦʩʘʜʢʠ ʨʘʩʪʝʥʠʡ, ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʠʟʤʝʨʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʪʷʞʝʣʳʭ 

ʤʝʪʘʣʣʦʚ ʚʳʞʠʚʰʠʭ ʦʙʨʘʟʮʦʚ ʵʪʠʭ ʨʘʩʪʝʥʠʡ. 

ʅʘʙʣʶʜʝʥʠʝ ʥʘʜ ʧʦʩʘʞʝʥʥʳʤʠ ʨʘʩʪʝʥʠʷʤʠ ʚ ʪʝʭʥʦʛʝʥʥʦ ʟʘʛʨʷʟʥʝʥʥʳʭ ʫʯʘʩʪʢʘʭ 

ʧʦʢʘʟʘʣʦ, ʯʪʦ çɻ ʬʬʝʢʪ ʚʳʞʠʚʘʝʤʦʩʪʠè (ʩʪʦʡʢʦʩʪʴ) ʢ ʪʝʭʥʦʛʝʥʥʳʤ ʟʘʛʨʷʟʥʠʪʝʣʷʤ ʫ ʨʘʩʪʝʥʠʡ 

Opuntia vulgaris Mill. ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʨʘʩʪʝʥʠʶ Rosmarinus officinalis L. ʙʦʣʴʰʝ, ʯʝʤ 1,5 

ʨʘʟʘ. ʕʪʦ ʦʙʲ̫ ʩʥ̫ʝʪʩʷ ʪʝʤ, ʯʪʦ Opuntia vulgaris Mill. ʠʤʝʝʪ ʚʦʜʦʩʙʦʨʥʦʝ ʩʚʦʡʩʪʚʦ ʠ ʦʯʝʥʴ 

ʫʩʪʦʡʯʠʚʘ ʢ ʟʘʩʫʰʣʠʚʦʩʪʠ, ʢ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʟʘʩʦʣʝʥʥʦʩʪʠ ʧʦʯʚ. 

 

ʊʘʙʣʠʮʘ 2. 

ʂʆʅʎɽʅʊʈɸʎʀʗ ʊʗɾɽʃʓʍ ʄɽʊɸʃʃʆɺ 

ʊʷʞʝʣʳʝ 

ʤʝʪʘʣʣʳ 

 

ʈʘʩʪʝʥʠʝ 

 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʪʷʞʝʣʳʝ ʤʝʪʘʣʣʦʚ ʦʙʨʘʟʮʘʭ ʨʘʩʪʝʥʠʡ (ʤʛ/ʢʛ) 

Cd Pb Zn Ni Co Mn 

1 2 1 2 1 2 1 2 1 2 1 2 

Rosmarinus 

officinalis L 
<LOD 0,92 <LOD 3,38 3,36 43,26 5,11 17,86 0,19 1,83 7,64 24,21 

ʇʨʠʤʝʯʘʥʠʝ: 1ð ʢʦʥʪʨʦʣʴʥʦʝ ʠʟʤʝʨʝʥʠʝ; 2 ð ʠʟʤʝʨʝʥʠʝ ʚ ʦʙʨʘʟʮʘʭ, ʧʦʩʣʝ 6-ʪʠ ʤʝʩʷʮʝʚ. 

 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʳʙʨʘʥʥʳʭ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʧʦ ʛʣʫʙʠʥʝ ʧʨʘʢʪʠʯʝʩʢʠ 

ʦʜʠʥʘʢʦʚʦ ʜʣʷ ʜʚʫʭ ʟʘʛʨʷʟʥʝʥʥʳʭ ʫʯʘʩʪʢʦʚ. ɼʘʥʥʳʡ ʬʘʢʪ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʜʣʷ 

ʜʦʩʪʠʞʝʥʠʷ ʠʜʝʥʪʠʯʥʦʩʪʠ ʚʥʝʰʥʝ ʚʦʟʜʝʡʩʪʚʫʶʱʠʭ ʬʘʢʪʦʨʦʚ ʜʚʘ ʟʘʛʨʷʟʥʝʥʥʳʭ ʫʯʘʩʪʢʘ ʙʳʣʠ 

ʚʳʙʨʘʥʳ ʦʧʪʠʤʘʣʴʥʦ ʙʣʠʟʢʦ ʜʨʫʛ ʢ ʜʨʫʛʫ (ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʜʚʫʤʷ ʫʯʘʩʪʢʘʤʠ ʨʘʚʥʷʝʪʩʷ 25ï

30 ʤ).  

ʆʧʪʠʤʘʣʴʥʦʩʪʴ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʜʚʫʤʷ ʪʝʭʥʦʛʝʥʥʦ ʟʘʛʨʷʟʥʝʥʥʳʤʠ ʫʯʘʩʪʢʘʤʠ 

ʦʙʫʩʣʦʚʣʝʥʘ ʪʝʤ ʯʪʦʙʳ ʙʳʣʦ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʩʣʝʞʠʚʘʪʴ ʵʬʬʝʢʪ ʪʨʘʥʩʧʦʨʪʘ ʪʷʞʝʣʳʭ 

ʤʝʪʘʣʣʦʚ ʦʪ ʟʘʛʨʷʟʥʝʥʥʦʡ ʧʦʯʚʳ ʢ ʦʙʦʠʤ ʨʘʩʪʝʥʠʷʤ ʥʝʟʘʚʠʩʠʤʦ ʜʨʫʛ ʦʪ ʜʨʫʛʘ [2, 3]. 

ʂʦʥʮʝʥʪʨʘʮʠʷ Cd, Pb, Zn, Ni, Co ʠʟʤʝʥʷʣʠʩʴ ʚ ʩʪʦʨʦʥʫ ʫʤʝʥʴʰʝʥʠʷ ʩʚʝʨʭʫ ʚʥʠʟ ʧʦ 

ʚʝʨʪʠʢʘʣʴʥʦʤʫ ʥʘʧʨʘʚʣʝʥʠʶ. ʊʦʣʴʢʦ ʢʦʥʮʝʥʪʨʘʮʠʷ Mn ʫʚʝʣʠʯʠʣʘʩʴ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʛʣʫʙʠʥʳ. 

ɸʥʘʣʠʟ ʜʘʥʥʳʭ ʊʘʙʣʠʮ r2 ʧʦʢʘʟʘʣ, ʯʪʦ ʵʬʬʝʢʪ ʪʨʘʥʩʧʦʨʪʘ Cd, ʢʦʪʦʨʳʡ ʦʪʥʦʩʠʪʩʷ ʢ I ʛʨʫʧʧʝ 

ʦʧʘʩʥʦʩʪʠ ʜʣʷ ʨʘʩʪʝʥʠʷ Opuntia vulgaris Mill, ʩʦʩʪʘʚʠʣ 81,94%.  

ʕʬʬʝʢʪ ʪʨʘʥʩʧʦʨʪʘ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʚ ɻʪʦʤ ʨʘʩʪʝʥʠʠ ʚʳʯʠʩʣʝʥ ʩ ʧʦʤʦʱʴʶ: 
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ɻʜʝ EFTR ð ɻ ʬʬʝʢʪ ʪʨʘʥʩʧʦʨʪʘ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʦʪ ʟʘʛʨʷʟʥʝʥʥʦʡ ʧʦʯʚʳ ʢ ʨʘʩʪʝʥʠʶ 

ʠʟʤʝʨʝʥʥʳʭ ʚ ʧʨʦʮʝʥʪʥʳʭ ʦʪʥʦʰʝʥʠʷʭ; 

ʉcd
(1) ð ʂʦʥʮʝʥʪʨʘʮʠʷ Cd ʚ ʟʘʛʨʷʟʥʝʥʥʦʡ ʧʦʯʚʝ ʠʟʤʝʨʝʥʥʳʭ ʚ ʝʜʠʥʠʮʘʭ ʤʛ/ʢʛ ʥʘ 

ʛʣʫʙʠʥʝ (0ï5 ʩʤ).  

Ccd
(op) ð ʂʦʥʮʝʥʪʨʘʮʠʷ Cd ʚ ʦʙʨʘʟʮʝ ʨʘʩʪʝʥʠʷ Opuntia vulgaris Mill ʧʦʩʣʝ 6-ʪʠ ʤʝʩʷʮʝʚ 

ʧʦʩʘʜʢʠ; 

ʉ o,cd 
(op) ð ʂʦʥʮʝʥʪʨʘʮʠʷ Cd ʚ ʦʙʨʘʟʮʝ ʨʘʩʪʝʥʠʷ Opuntia vulgaris Mill ʜʦ ʧʦʩʘʜʢʠ 

ʨʘʩʪʝʥʠʷ (ʢʦʥʪʨʦʣʴʥʦʝ ʠʟʤʝʨʝʥʠʝ) 
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çʕʬʬʝʢʪ ʪʨʘʥʩʧʦʨʪʘè ʜʣʷ ʜʨʫʛʠʭ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʠʟ ʟʘʛʨʷʟʥʝʥʥʦʡ ʧʦʯʚʳ ʚ ʨʘʩʪʝʥʠʷ 

ʚʳʯʠʩʣʝʥ ʧʦ ʪʦʡ ʞʝ ʬʦʨʤʫʣʝ.  

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ çɻ ʬʬʝʢʪʘ ʪʨʘʥʩʧʦʨʪʘè ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʜʝʤʦʥʩʪʨʠʨʫʝʪʩʷ ʥʘ 

ʊʘʙʣʠʮʝ 3 [4]. 

 

ʊʘʙʣʠʮʘ 3. 

 çʕʬʬʝʢʪ ʪʨʘʥʩʧʦʨʪʘè ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʦʪ ʟʘʛʨʷʟʥʝʥʥʦʡ ʧʦʯʚʳ ʢ 

ʨʘʩʪʝʥʠʷʤ ʚʳʯʠʩʣʝʥʥʳʭ ʚ ʧʨʦʮʝʥʪʥʳʭ ʦʪʥʦʰʝʥʠʷʭ (%) 

Cd Pb Zn Ni Co Mn 

Rosmarinus officinalis L 38,98 36,31 68,59 43,06 34,82 44,57 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʊʘʙʣʠʮʳ 3 çɻ ʬʬʝʢʪ ʪʨʘʥʩʧʦʨʪʘè ʫʢʘʟʘʥʥʳʭ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʦʪ 

ʪʝʭʥʦʛʝʥʥʦ ʟʘʛʨʷʟʥʝʥʥʦʡ ʧʦʯʚʳ ʢ ʨʘʩʪʝʥʠʷʤ ʙʦʣʝʝ ʦʪʯʝʪʣʠʚʦ ʚʳʨʘʞʘʝʪʩʷ ʜʣʷ Rosmarinus 

officinalis L.  

ɽʩʣʠ, ʫʩʨʝʜʥʠʪ ɹçʕʬʬʝʢʪ ʪʨʘʥʩʧʦʨʪʘè ʜʣʷ ʫʢʘʟʘʥʥʳʭ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʧʦ ʦʙʦʠʤ 

ʨʘʩʪʝʥʠʷʤ, ʪʦ ʧʦʣʫʯʠʪʩʷ ʯʪʦ ʥʘʙʣʶʜʘʝʤʳʡ çɻ ʬʬʝʢʪè ʩʠʣʴʥʝʝ 1,44 ʨʘʟʘ (ʥʘ ʧʨʠʤʝʨʝ ʨʘʩʪʝʥʠʡ 

Rosmarinus officinalis L.) ɼʘʥʥʳʡ ʬʘʢʪ ʦʙʲʷʩʥʷʝʪʩʷ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʚʠʜʦʚ 

ʨʘʩʪʝʥʠʡ. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʩ ʬʠʥʘʥʩʦʚʦʡ ʧʦʤʦʱʴʶ ʌʦʥʜʘ ʈʘʟʚʠʪʠʷ ʅʘʫʢʠ ʧʨʠ ʇʨʝʟʠʜʝʥʪʝ 

ɸʟʝʨʙʘʡʜʞʘʥʩʢʦʡ ʈʝʩʧʫʙʣʠʢʠ - Grant No. EĶF-KETPL-2-2015-1(25)-56/38/3-M-38. 
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ɸʥʥʦʪʘʮʠʷ. ʇʨʦʙʣʝʤʘ ʫʪʠʣʠʟʘʮʠʠ ʦʪʭʦʜʦʚ ʦʯʠʩʪʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʩ ʢʘʞʜʳʤ ʛʦʜʦʤ 

ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ ʦʩʪʨʝʝ ʜʣʷ ʤʥʦʛʠʭ ʛʦʨʦʜʩʢʠʭ, ʧʦʩʝʣʢʦʚʳʭ, ʩʝʣʴʩʢʠʭ ʧʦʩʝʣʝʥʠʡ ʈʦʩʩʠʠ. ɿʘ 

ʧʨʦʰʝʜʰʠʝ ʛʦʜʳ ʚʙʣʠʟʠ ʠʭ ʪʝʨʨʠʪʦʨʠʡ ʦʙʨʘʟʦʚʘʣʠʩʴ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ, ʧʝʨʝʛʨʫʞʝʥʥʳʝ 

ʦʩʘʜʢʘʤʠ ʠʣʦʚʳʝ ʧʣʦʱʘʜʢʠ, ʭʚʦʩʪʦʭʨʘʥʠʣʠʱʘ, ʦʪʚʘʣʳ, ʢʘʨʴʝʨʳ. ʀʭ ʥʘʣʠʯʠʝ ʩʫʱʝʩʪʚʝʥʥʦ 

ʚʣʠʷʝʪ ʥʘ ʫʩʣʦʚʠʷ ʧʨʦʞʠʚʘʥʠʷ ʥʘʩʝʣʝʥʠʷ, ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʙʝʟʦʧʘʩʥʦʩʪʴ ʚ ʨʝʛʠʦʥʘʭ. ʎʝʣʴʶ 

ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʩʨʘʚʥʠʪʝʣʴʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʧʦʩʦʙʘ ʜʣʷ ʦʙʝʟʟʘʨʘʞʠʚʘʥʠʷ 

ʢʘʥʘʣʠʟʘʮʠʦʥʥʳʭ ʬʝʢʘʣʴʥʳʭ ʦʪʭʦʜʦʚ ʠ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʫʪʠʣʠʟʘʮʠʠ ʠʣʦʚʦʛʦ ʦʩʘʜʢʘ ʦʯʠʩʪʥʳʭ 

ʩʦʦʨʫʞʝʥʠʡ. ʆʩʘʜʢʠ, ʦʙʨʘʟʫʶʱʠʝʩʷ ʚ ʧʨʦʮʝʩʩʝ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ ʚ ʚʠʜʝ ʠʟʙʳʪʦʯʥʦʛʦ ʠʣʘ, 

ʭʦʪʷ ʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʮʝʥʥʦʩʪʴ ʟʘ ʩʯʝʪ ʩʦʜʝʨʞʘʥʠʷ ʮʝʣʦʛʦ ʨʷʜʘ ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʥʦ 

ʥʝ ʠʤʝʶʪ ʧʦʩʪʦʷʥʥʦʛʦ ʩʦʩʪʘʚʘ. ʕʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʪʨʝʙʫʝʪ ʩʦʙʣʶʜʝʥʠʷ ʦʧʨʝʜʝʣʝʥʥʳʭ 

ʫʩʣʦʚʠʡ ʠʭ ʦʙʨʘʙʦʪʢʠ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʫʜʦʙʨʝʥʠʡ ʧʨʠ ʧʦʣʫʯʝʥʠʠ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʧʨʦʜʫʢʮʠʠ. ɺ ʦʩʘʜʢʘʭ ʥʝʨʝʜʢʦ ʩʦʜʝʨʞʘʪʩʷ ʪʷʞʝʣʳʝ ʤʝʪʘʣʣʳ. ʇʦʧʘʜʘʷ 

ʚ ʧʦʯʚʫ, ʦʥʠ ʤʦʛʫʪ ʦʪʨʠʮʘʪʝʣʴʥʦ ʚʦʟʜʝʡʩʪʚʦʚʘʪʴ ʥʘ ʨʘʩʪʝʥʠʷ, ʞʠʚʦʪʥʳʭ ʠ ʯʝʣʦʚʝʢʘ, ʥʘ 

ʧʨʠʨʦʜʥʫʶ ʩʨʝʜʫ ʚ ʮʝʣʦʤ. ʄʝʞʜʫ ʪʝʤ, ʚʥʝʩʝʥʠʝ ʚ ʧʦʯʚʫ ʠʣʠ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʠʭ ʦʩʥʦʚʝ 

ʨʘʟʣʠʯʥʳʭ ʢʦʤʧʦʩʪʦʚ ð ʦʜʠʥ ʠʟ ʧʫʪʝʡ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʠʟʙʘʚʣʝʥʠʷ ʦʪ ʦʛʨʦʤʥʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʦʪʭʦʜʦʚ, ʥʘʢʘʧʣʠʚʘʶʱʠʭʩʷ ʚ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʘʭ. ʇʦʯʚʘ ʦʙʦʛʘʱʘʝʪʩʷ 

ʧʠʪʘʪʝʣʴʥʳʤʠ ʤʘʢʨʦï ʠ ʤʠʢʨʦʵʣʝʤʝʥʪʘʤʠ ʠ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʚʝʱʝʩʪʚʘʤʠ. 

ʋʪʠʣʠʟʘʮʠʷ ʦʩʘʜʢʦʚ ʚ ʚʠʜʝ ʫʜʦʙʨʝʥʠʡ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ ʧʦʟʚʦʣʠʪ ʩʦʢʨʘʪʠʪʴ 

ʨʘʩʭʦʜʳ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ ʜʦ 600ï1000 ʨʫʙ./ʛʘ. ɼʣʷ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʚʥʝʩʝʥʠʷ ʦʩʘʜʢʦʚ 

ʩʪʦʯʥʳʭ ʚʦʜ ʚ ʧʦʯʚʫ ʩ ʫʯʝʪʦʤ ʪʨʝʙʦʚʘʥʠʡ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʝʦʙʭʦʜʠʤʦ ʚʚʝʩʪʠ 

ʩʠʩʪʝʤʫ ʟʘʢʦʥʦʜʘʪʝʣʴʥʳʭ ʘʢʪʦʚ. 
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Abstract. The problem of utilization of waste treatment facilities every year becomes more 

acute for many urban, rural settlements in Russia. Over the years near their territories, numerous 

sludgeïinfested sludge plots, tailing dumps, dumps, and quarries were formed. Their presence 

significantly affects the living conditions of the population, environmental safety in the regions. The 

purpose of this paper is a comparative description of the method for disinfecting sewage fecal waste 

and a device for utilization of sludge from sewage treatment plants. Precipitation formed in the 

process of wastewater treatment in the form of excess silt, although they are of value due to the 

content of a number of organic components, but do not have a permanent composition. This, in turn, 

requires certain compliance with the processing conditions for use as fertilizers in obtaining 

agricultural products. In sediments, heavy metals are often found. Getting into the soil, they can 

adversely affect plants, animals and humans, the natural environment in general. Meanwhile, the 

introduction of various composts into the soil or production on their basis is one of the ways to 

solve the problem of getting rid of the huge amount of waste that accumulates in populated areas.  

The soil is enriched with nutrient macroï and microelements and organic substances. 

Utilization of precipitation in the form of fertilizers in agriculture will reduce the costs of mineral 

fertilizers to 600ï1000 rubles/ha. To regulate the introduction of sewage sludge into the soil, taking 

into account the requirements of environmental safety, it is necessary to introduce a system of 

legislative acts. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʧʦʩʦʙ, ʦʙʝʟʟʘʨʘʞʠʚʘʥʠʝ, ʢʘʥʘʣʠʟʘʮʠʦʥʥʳʝ ʬʝʢʘʣʴʥʳʝ ʦʪʭʦʜʳ, 

ʫʩʪʨʦʡʩʪʚʦ, ʫʪʠʣʠʟʘʮʠʷ, ʠʣʦʚʳʡ ʦʩʘʜʦʢ, ʦʯʠʩʪʥʳʝ ʩʦʦʨʫʞʝʥʠʷ. 

 

Keywords: method, disinfection, sewage fecal waste, device, utilization, sludge, sewage 

treatment plant. 

 

ʀʣʦʚʳʝ ʦʩʘʜʢʠ ʥʘ ʙʦʣʴʰʠʥʩʪʚʝ ʦʯʠʩʪʥʳʭ ʩʦʦʨʫʞʝʥʠʡ, ʧʦ ʦʮʝʥʢʘʤ ʩʧʝʮʠʘʣʠʩʪʦʚ, 

ʥʘʭʦʜʷʪʩʷ ʚ ʯʘʩʪʠʯʥʦ ʦʙʝʟʚʦʞʝʥʥʦʤ ʠ ʥʝʜʦʩʪʘʪʦʯʥʦ ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʦʤ ʩʦʩʪʦʷʥʠʠ. ʇʦʵʪʦʤʫ 

ʧʝʨʚʦʦʯʝʨʝʜʥʳʤʠ ʟʘʜʘʯʘʤʠ ʚ ʨʝʰʝʥʠʠ ʧʨʦʙʣʝʤʳ ʷʚʣʷʶʪʩʷ ʫʤʝʥʴʰʝʥʠʝ ʦʙʲʝʤʦʚ ʦʪʭʦʜʦʚ ʠ 

ʧʦʩʣʝʜʫʶʱʝʝ ʠʭ ʨʘʟʤʝʱʝʥʠʝ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʢʘʢʠʭ-ʣʠʙʦ ʮʝʣʷʭ ʠʣʠ ʧʦʣʥʦʡ ʫʪʠʣʠʟʘʮʠʠ. 

ɽʩʪʝʩʪʚʝʥʥʦ, ʧʨʠ ʦʙʷʟʘʪʝʣʴʥʦʤ ʩʦʙʣʶʜʝʥʠʠ ʩʘʥʵʧʠʜʥʦʨʤ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʙʣʘʛʦʧʨʠʷʪʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ [1ï2]. ʈʘʟʚʠʪʠʝ ʤʝʪʦʜʦʚ, ʢʦʪʦʨʳʤʠ ʦʙʨʘʙʘʪʳʚʘʶʪʩʷ ʦʪʭʦʜʳ 

ʦʯʠʩʪʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʧʨʦʠʩʭʦʜʠʣʦ ʚ ʤʠʨʝ ʚ ʥʝʩʢʦʣʴʢʦ ʵʪʘʧʦʚ. ɺ ʧʝʨʚʦʡ ʧʦʣʦʚʠʥʝ 20 ʚ. 

ʧʨʝʦʙʣʘʜʘʣʦ ʘʥʘʵʨʦʙʥʦʝ ʩʙʨʘʞʠʚʘʥʠʝ. ɺʥʘʯʘʣʝ ʦʥʦ ʨʝʘʣʠʟʦʚʳʚʘʣʦʩʴ ʚ ʜʚʫʭʲʷʨʫʩʥʳʭ 

ʦʪʩʪʦʡʥʠʢʘʭ ʠ ʵʤʰʝʨʘʭ. ɿʘʪʝʤ ʢ ʵʪʦʤʫ ʦʙʦʨʫʜʦʚʘʥʠʶ ʜʦʙʘʚʠʣʠʩʴ ʤʝʪʘʥʪʝʥʢʠ ʩ 

ʦʙʝʟʚʦʞʠʚʘʥʠʝʤ ʦʙʨʘʙʦʪʘʥʥʦʛʦ ʠʤʠ ʠʣʘ ʠ ʧʦʜʩʫʰʠʚʘʥʠʝʤ ʝʛʦ ʚ ʝʩʪʝʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʥʘ 

ʩʧʝʮʠʘʣʴʥʦ ʫʩʪʨʘʠʚʘʝʤʳʭ ʠʣʦʚʳʭ ʧʣʦʱʘʜʢʘʭ. ɼʘʣʝʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʦʯʠʩʪʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʜʣʷ 

ʙʦʣʴʰʠʭ ʧʦʩʝʣʝʥʠʡ ʧʦʰʣʦ ʧʦ ʧʫʪʠ ʦʪʢʘʟʘ ʦʪ ʠʣʦʚʳʭ ʧʣʦʱʘʜʦʢ ʠ ʚʥʝʜʨʝʥʠʝʤ ʦʙʦʨʫʜʦʚʘʥʠʷ, 

ʚ ʢʦʪʦʨʦʤ ʦʙʝʟʚʦʞʠʚʘʥʠʝ ʦʩʘʜʢʘ ʩʪʘʣʦ ʧʨʦʠʩʭʦʜʠʪʴ ʧʨʠʥʫʜʠʪʝʣʴʥʦ (ʚʘʢʫʫʤïʬʠʣʴʪʨʳ) ʧʦʩʣʝ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ ʦʪʭʦʜʦʚ ʨʝʘʛʝʥʪʘʤʠ ʥʝʦʨʛʘʥʠʯʝʩʢʦʛʦ ʪʠʧʘ. ɺ 

ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ, ʠʟ-ʟʘ ʨʷʜʘ ʩʫʱʝʩʪʚʝʥʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ (ʥʠʟʢʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, 

ʙʦʣʴʰʦʡ ʨʘʩʭʦʜ ʨʝʘʛʝʥʪʦʚ, ʚʳʩʦʢʘʷ ʟʘʪʨʘʪʥʦʩʪʴ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʘʥʪʠʩʘʥʠʪʘʨʥʳʝ ʫʩʣʦʚʠʷ, 

ʩʣʦʞʥʦʩʪʴ) ʚʘʢʫʫʤïʬʠʣʴʪʨʳ ʩʪʘʣʠ ʟʘʤʝʥʷʪʴʩʷ ʙʦʣʝʝ ʠʥʥʦʚʘʮʠʦʥʥʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ. ʉʨʝʜʠ 

ʥʠʭ ʦʙʝʟʚʦʞʠʚʘʥʠʝ ʦʩʘʜʢʘ ʥʘ ʢʘʤʝʨʥʳʭ, ʣʝʥʪʦʯʥʳʭ ʠ ʨʘʤʥʳʭ ʬʠʣʴʪʨïʧʨʝʩʩʘʭ, ʰʥʝʢʦʚʳʭ 

ʦʙʝʟʚʦʞʠʚʘʪʝʣʷʭ ʦʩʘʜʢʘ, ʦʩʘʜʠʪʝʣʴʥʳʭ ʮʝʥʪʨʠʬʫʛʘʭ. ɸ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʝ 

ʦʪʭʦʜʦʚ ʩʪʘʣʠ ʜʝʣʘʪʴ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʦʨʛʘʥʠʯʝʩʢʠʭ ʬʣʦʢʫʣʷʥʪʦʚ. ʆʧʳʪ ʛʦʨʦʜʘ ʂʫʚʝʡʪʘ 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʦʙʣʝʤʘ ʦʙʝʟʚʦʞʠʚʘʥʠʷ ʦʩʘʜʢʘ ʦʪ ʛʦʨʦʜʩʢʠʭ ʩʪʦʢʦʚ (66 ʪʳʩ ʤ3/ʩʫʪ) 
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ʫʩʫʛʫʙʣʷʝʪʩʷ ʥʝʜʦʩʪʘʪʢʦʤ ʩʚʦʙʦʜʥʳʭ ʧʣʦʱʘʜʝʡ ʜʣʷ ʨʘʩʰʠʨʝʥʠʷ ʧʝʩʢʦʚʳʭ ʧʣʦʱʘʜʦʢ. 

ʉʝʛʦʜʥʷ ʠʭ ʨʘʙʦʪʘʝʪ 3, ʚ ʢʘʞʜʦʡ ʠʟ ʢʦʪʦʨʳʭ 10 ʷʯʝʝʢ ʨʘʟʤʝʨʦʤ 15Ĭ25 ʤ. ɽʞʝʜʥʝʚʥʘʷ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʩʦʦʨʫʞʝʥʠʡ 278 ʤ2 ʦʪʭʦʜʦʚ ʩ ʚʣʘʞʥʦʩʪʴʶ 40%. ʇʦ ʧʨʠʥʷʪʦʡ ʪʝʭʥʦʣʦʛʠʠ 

ʝʞʝʩʫʪʦʯʥʦ ʩ ʧʣʦʱʘʜʦʢ ʚʳʥʠʤʘʝʪʩʷ ʠ ʚʳʚʦʟʠʪʩʷ ʪʘʥʢʝʨʘʤʠ 500 ʤ3 ʦʙʨʘʙʦʪʘʥʥʦʛʦ ʦʩʘʜʢʘ. 

ʇʨʦʛʥʦʟʥʳʝ ʨʘʩʯʝʪʳ ʫʯʝʥʳʭ ʫʢʘʟʳʚʘʶʪ ʥʘ ʟʥʘʯʠʪʝʣʴʥʳʡ ʨʦʩʪ ʦʙʲʝʤʘ ʦʩʘʜʢʦʚ ʚ ʙʣʠʞʘʡʰʠʝ 

ʛʦʜʳ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʨʠʥʠʤʘʪʴ ʤʝʨʳ ʜʣʷ ʠʭ ʫʪʠʣʠʟʘʮʠʠ. ʆʯʠʩʪʥʳʝ ʩʦʦʨʫʞʝʥʠʷ ʛʦʨʦʜʘ 

ʷʚʥʦ ʫʩʪʘʨʝʣʠ (ʧʦʩʣʝʜʥʷʷ ʨʝʢʦʥʩʪʨʫʢʮʠʷ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʚ 1981ï82 ʛʛ.). ʇʦʵʪʦʤʫ 

ʩʧʝʮʠʘʣʠʩʪʳ ʨʝʢʦʤʝʥʜʦʚʘʣʠ ʠʭ ʧʦʣʥʦʩʪʴʶ ʤʦʜʝʨʥʠʟʠʨʦʚʘʪʴ, ʘ ʜʣʷ ʩʥʠʞʝʥʠʷ ʦʙʲʝʤʘ ʦʩʘʜʢʦʚ 

ʧʨʝʜʣʦʞʠʣʠ ʧʨʦʠʟʚʦʜʠʪʴ ʠʭ ʦʙʝʟʚʦʞʠʚʘʥʠʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʮʝʥʪʨʠʬʫʛ, ʬʠʣʴʪʨïʧʨʝʩʩʦʚ, 

ʚʘʢʫʫʤïʬʠʣʴʪʨʦʚ. ɽʩʪʝʩʪʚʝʥʥʦ, ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʬʣʦʢʫʣʷʥʪʦʚ. ʆʧʳʪ ʛʦʨʦʜʘ ʁʦʨʢʰʠʨʘ 

(ɸʥʛʣʠʷ) ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ, ʯʪʦ ʝʞʝʜʥʝʚʥʦʝ ʧʦʩʪʫʧʣʝʥʠʝ ʩʪʦʢʦʚ ʥʘ ʦʯʠʩʪʥʳʝ ʩʦʦʨʫʞʝʥʠʷ 

ʛʦʨʦʜʘ, ʥʘ ʢʦʪʦʨʳʭ ʫʩʧʝʰʥʦ ʨʘʙʦʪʘʝʪ ʬʣʦʪʘʮʠʦʥʥʘʷ ʫʩʪʘʥʦʚʢʘ ʩʦʚʨʝʤʝʥʥʦʡ ʠʥʥʦʚʘʮʠʦʥʥʦʡ 

ʢʦʥʩʪʨʫʢʮʠʠ, ʦʮʝʥʠʚʘʝʪʩʷ ʧʨʠʤʝʨʥʦ ʚ 1 ʤʣʥ ʤ3. ʇʦʩʣʝ ʧʝʨʝʨʘʙʦʪʢʠ ʥʘ ʚʳʭʦʜʝ ʧʦʣʫʯʘʝʪʩʷ 

1,40 ʪʳʩ ʤ3 ʦʩʘʜʢʘ ʩ ʚʣʘʞʥʦʩʪʴʶ ~96%. ɼʣʷ ʝʛʦ ʦʙʝʟʚʦʞʠʚʘʥʠʷ ʜʦ ʥʝʜʘʚʥʝʛʦ ʚʨʝʤʝʥʠ 

ʧʨʠʤʝʥʷʣʠʩʴ ʬʠʣʴʪʨïʧʨʝʩʩʳ, ʢʦʪʦʨʳʝ ʠʟ-ʟʘ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, ʷʚʣʷʣʠʩʴ 

ʧʨʠʯʠʥʦʡ ʧʦʩʪʦʷʥʥʦʛʦ ʥʘʢʦʧʣʝʥʠʷ ʥʝʦʙʝʟʚʦʞʝʥʥʦʛʦ ʦʩʘʜʢʘ. ʆʙʲʝʤ ʧʦʩʣʝʜʥʝʛʦ ʚ 2005 ʛ. 

ʜʦʩʪʠʛ 50 ʪʳʩ ʤ3. ʉʝʛʦʜʥʷ ʬʠʣʴʪʨïʧʨʝʩʩʳ ʟʘʤʝʥʝʥʳ ʜʚʫʤʷ ʮʝʥʪʨʠʬʫʛʘʤʠ ʜʝʢʘʥʪʝʨʥʦʛʦ ʪʠʧʘ. 

ʈʘʙʦʪʘʶʪ ʦʥʠ ʙʝʟ ʦʩʪʘʥʦʚʢʠ, ʦʙʨʘʙʘʪʳʚʘʷ ʚ ʯʘʩ 30 ʤ3 ʦʩʘʜʢʘ, ʧʦʥʠʞʘʷ ʠʭ ʚʣʘʞʥʦʩʪʴ ʩ 96% ʜʦ 

75%. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʥʦʚʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʦʟʚʦʣʠʣʦ ʩʥʠʟʠʪʴ ʦʙʲʝʤ ʦʪʭʦʜʦʚ, ʧʦʜʣʝʞʘʱʠʭ 

ʜʘʣʴʥʝʡʰʝʡ ʫʪʠʣʠʟʘʮʠʠ, ʠ ʵʥʝʨʛʦʟʘʪʨʘʪʳ ʥʘ ʦʙʝʟʚʦʞʠʚʘʥʠʝ ʦʩʘʜʢʘ. ɺ ʐʚʝʮʠʠ 83% ʞʠʪʝʣʝʡ 

(ʥʘʩʝʣʝʥʠʝ 8,8 ʤʣʥ ʯʝʣ.) ʦʙʠʪʘʶʪ ʚ ʛʦʨʦʜʘʭ, ʠʟ ʥʠʭ 1/3 ʚ ʄʘʣʴʤʝ, ɻʝʪʝʙʦʨʛʝ, ʉʪʦʢʛʦʣʴʤʝ. 

ʆʥʠ, ʚʤʝʩʪʝ ʩ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴʶ ʠ ʩʝʣʴʩʢʠʤ ʭʦʟʷʡʩʪʚʦʤ, çʧʨʦʠʟʚʦʜʷʪè ʚ ʛʦʜ ʙʦʣʴʰʝ 1 ʤʣʥ 

ʤ3 ʩʪʦʢʦʚ. ʆʥʠ ʧʝʨʝʨʘʙʘʪʳʚʘʶʪʩʷ ~2 ʪʳʩ ʦʯʠʩʪʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʠ çʚʳʜʘʶʪè ~180 ʪʳʩ ʪ 

ʩʫʭʦʛʦ ʦʩʘʜʢʘ ʩ ʚʣʘʞʥʦʩʪʴʶ 82%. ʇʦʯʪʠ ʥʘ ʢʘʞʜʦʤ ʩʦʦʨʫʞʝʥʠʠ ʚ ʩʦʩʪʘʚʝ ʜʝʡʩʪʚʫʶʱʝʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʠʤʝʝʪʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʘʷ ʩʪʘʥʮʠʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʠ ʜʦʟʠʨʦʚʘʥʠʷ ʬʣʦʢʫʣʷʥʪʘ ʠ 

ʢʦʘʛʫʣʷʥʪʘ, ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʡ ʬʣʦʪʘʪʦʨ ʠ ʜʨʫʛʦʝ ʦʯʠʩʪʠʪʝʣʴʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ. 

ʉʥʠʞʝʥʠʝ ʚʣʘʞʥʦʩʪʠ ʦʩʘʜʢʘ ʧʨʦʠʟʚʦʜʠʪʩʷ, ʚ ʦʩʥʦʚʥʦʤ, ʥʘ ʮʝʥʪʨʠʬʫʛʘʭ ʩ ʦʙʷʟʘʪʝʣʴʥʳʤ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʣʦʢʫʣʷʥʪʦʚ. ʆʪʢʘʟ ʦʪ ʬʠʣʴʪʨïʧʨʝʩʩʦʚ ʠ ʚʘʢʫʫʤïʧʨʝʩʩʦʚ ʧʦʟʚʦʣʠʣ ʰʚʝʜʘʤ 

ʫʣʫʯʰʠʪʴ ʩʠʪʫʘʮʠʶ ʩ ʦʪʭʦʜʘʤʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʩʪʨʘʥʘʤʠ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʥʘ 

ʙʦʣʴʰʠʭ ʦʯʠʩʪʥʳʭ ʩʦʦʨʫʞʝʥʠʷʭ ʧʣʘʥʠʨʫʝʪʩʷ ʚʥʝʜʨʠʪʴ ʪʝʭʥʦʣʦʛʠʶ ʩʞʠʛʘʥʠʷ ʦʪʭʦʜʦʚ. ʆʧʳʪ 

ʉʘʥʢʪïʇʝʪʝʨʙʫʨʛʘ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʦʩʪʨʦʪʘ ʧʨʦʙʣʝʤʳ ʫʪʠʣʠʟʘʮʠʠ ʦʪʭʦʜʦʚ ʚ ʛʦʨʦʜʝ 

ʫʩʫʛʫʙʣʷʝʪʩʷ ʥʝʚʦʟʤʦʞʥʦʩʪʴʶ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠʣʦʚʳʭ ʧʣʦʱʘʜʦʢ ʠʟ-ʟʘ ʙʣʠʟʢʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ 

ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʛʨʫʥʪʦʚʳʭ ʚʦʜ. ʂ ʵʪʦʤʫ ʜʦʙʘʚʣʷʶʪʩʷ ʩʣʦʞʥʳʝ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʨʝʛʠʦʥʘ 

ʠ ʦʪʩʫʪʩʪʚʠʝ ʜʦʩʪʘʪʦʯʥʳʭ ʩʚʦʙʦʜʥʳʭ ʧʣʦʱʘʜʝʡ. ʇʨʦʝʢʪʦʤ ʛʦʨʦʜʩʢʠʭ ʦʯʠʩʪʥʳʭ ʩʦʦʨʫʞʝʥʠʡ 

ʦʙʝʟʚʦʞʠʚʘʥʠʝ ʦʩʘʜʢʘ ʙʳʣʦ ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʘʢʫʫʤïʬʠʣʴʪʨʦʚ, 

ʪʝʨʤʠʯʝʩʢʠʭ ʩʫʰʠʣʦʢ ʠ ʜʘʣʴʥʝʡʰʠʤ ʝʛʦ ʧʨʠʤʝʥʝʥʠʝʤ ʢʘʢ ʫʜʦʙʨʝʥʠʷ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ. 

ʇʨʘʢʪʠʯʝʩʢʠ ʫʢʘʟʘʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʥʝ ʦʧʨʘʚʜʘʣʠ ʩʝʙʷ ʧʦ ʨʘʟʥʳʤ ʧʨʠʯʠʥʘʤ (ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚ ʭʠʤʨʝʘʛʝʥʪʦʚ, ʥʝʩʪʘʙʠʣʴʥʦʩʪʴ ʨʘʙʦʪʳ, ʦʪʢʘʟ ʘʛʨʦʧʨʦʤʢʦʤʧʣʝʢʩʘ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʪʭʦʜʳ ʥʘ ʧʦʣʷʭ). ɺʨʝʤʝʥʥʳʤ ʚʳʭʦʜʦʤ ʠʟ ʩʠʪʫʘʮʠʠ ʷʚʠʣʦʩʴ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʧʦʜ 

ʛʦʨʦʜʦʤ ʩʧʝʮʠʘʣʴʥʳʭ ʧʦʣʠʛʦʥʦʚ, ʥʘ ʢʦʪʦʨʳʭ ʩʢʣʘʜʠʨʦʚʘʣʠʩʴ ʦʙʝʟʚʦʞʝʥʥʳʝ ʦʩʘʜʢʠ. ʂ 2002 ʛ. 

ʠʭ ʦʙʲʝʤ ʜʦʩʪʠʛ 6 ʤʣʥ ʢʫʙ. ʤ, ʘ ʧʣʦʱʘʜʴ ʟʘʥʷʪʳʭ ʟʝʤʝʣʴ ʩʦʩʪʘʚʠʣʘ 196 ʛʘ. ʋʯʠʪʳʚʘʷ 

ʧʦʩʪʦʷʥʥʦ ʨʘʩʪʫʱʠʝ ʧʦʪʨʝʙʥʦʩʪʠ ʧʦʜ ʩʢʣʘʜʠʨʦʚʘʥʠʝ ʦʪʭʦʜʦʚ (ʜʦ 10 ʛʘ ʝʞʝʛʦʜʥʦ), ʠʭ 

ʥʝʛʘʪʠʚʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʧʨʠʨʦʜʥʫʶ ʩʨʝʜʫ ʠ ʥʘʩʝʣʝʥʠʝ, ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ 

ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʦʯʠʩʪʢʝ ʩʪʦʢʦʚ ʪʝʭʥʦʣʦʛʠʠ. ʉʝʛʦʜʥʷ ʦʯʠʩʪʥʳʝ 

ʩʦʦʨʫʞʝʥʠʷ ʧʦʩʪʦʷʥʥʦ ʤʦʜʝʨʥʠʟʠʨʫʶʪʩʷ, ʟʘʤʝʥʷʝʪʩʷ ʩʪʘʨʦʝ ʠ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ 

ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʦʝ, ʢʘʢ, ʥʘʧʨʠʤʝʨ, ʫʩʪʘʥʦʚʢʘ ʋʌ ʦʙʝʟʟʘʨʘʞʠʚʘʥʠʷ ʚʦʜʳ ʦʙʦʨʫʜʦʚʘʥʠʝ. ɸ ʚ 
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ʫʪʠʣʠʟʘʮʠʠ ʦʩʘʜʢʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʝʭʥʦʣʦʛʠʷ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʝʛʦ ʦʙʝʟʚʦʞʠʚʘʥʠʷ ʠ 

ʧʦʩʣʝʜʫʶʱʝʛʦ ʩʞʠʛʘʥʠʷ.  

ɺ ʋʢʨʘʠʥʝ ʦʙʝʟʚʦʞʠʚʘʥʠʝ ʦʩʘʜʢʘ, ʧʦʣʫʯʘʝʤʦʛʦ ʧʨʠ ʦʯʠʩʪʢʝ ʩʪʦʢʦʚ, ʧʨʦʠʟʚʦʜʠʪʩʷ, ʚ 

ʙʦʣʴʰʠʥʩʪʚʝ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʣʦʚʳʭ ʧʣʦʱʘʜʦʢ. ʈʘʩʧʦʣʦʞʝʥʳ ʦʥʠ ʥʘ ʦʢʨʘʠʥʘʭ ʧʦʩʝʣʝʥʠʡ, 

ʧʦʩʪʦʷʥʥʦ çʨʘʩʪʫʪè ʧʦ ʧʣʦʱʘʜʠ (ʥʘʧʨʠʤʝʨ, ʧʦʜ ʂʠʝʚʦʤ ʥʘ 14 ʛʘ ʝʞʝʛʦʜʥʦ) ʠ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʨʝʘʣʴʥʫʶ ʫʛʨʦʟʫ ʚʪʦʨʠʯʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ. ʇʣʦʱʘʜʢʠ ʩ ʠʣʦʤ ʵʢʦʣʦʛʠʯʝʩʢʠ 

ʦʧʘʩʥʳ ʫʞʝ ʩʝʛʦʜʥʷ ʠ ʦʩʦʙʝʥʥʦ ʚ ʙʫʜʫʱʝʤ. ɹʦʣʴʰʠʥʩʪʚʦ ʠʟ ʩʦʦʨʫʞʝʥʠʡ ʫʞʝ ʟʘʧʦʣʥʝʥʦ, 

ʦʩʘʜʢʠ ʠ ʚʦʜʘ çʫʭʦʜʷʪè ʯʝʨʝʟ ʢʨʘʡ, ʯʪʦ ʚʝʜʝʪ ʢ ʟʘʛʨʷʟʥʝʥʠʶ ʧʨʠʨʦʜʳ. ɺ ʣʫʯʰʝʤ ʩʣʫʯʘʝ 

ʧʝʨʝʢʘʯʠʚʘʶʪʩʷ, ʥʘʧʨʠʤʝʨ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʥʘʣʠʟʘʮʠʦʥʥʦʡ ʥʘʩʦʩʥʦʡ ʩʪʘʥʮʠʠ (ʂʅʉ) 

ʥʘʟʘʜ, ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʥʘ ʦʯʠʩʪʥʳʝ ʩʪʘʥʮʠʠ, ʯʪʦ ʚʝʜʝʪ ʢ ʧʝʨʝʛʨʫʟʢʝ ʧʦʩʣʝʜʥʠʭ ʠ ʫʚʝʣʠʯʝʥʠʶ 

ʟʘʪʨʘʪ ʥʘ ʦʯʠʩʪʢʫ. ɺ ʧʝʨʩʧʝʢʪʠʚʝ ʚʦʟʤʦʞʥʘ ʩʠʪʫʘʮʠʷ ʩ ʧʦʧʘʜʘʥʠʝʤ ʚ ʛʨʫʥʪ ʟʘʛʨʷʟʥʝʥʥʦʡ 

ʚʦʜʳ ʠ ʟʘʛʨʷʟʥʝʥʠʝʤ ʚʦʜʦʪʦʢʦʚ, ʧʦʜʟʝʤʥʳʭ ʚʦʜ. ʆʧʳʪ ʨʝʢʫʣʴʪʠʚʘʮʠʠ ʠʣʦʚʳʭ ʧʣʦʱʘʜʦʢ 

ʥʘʧʨʘʚʣʝʥ ʥʘ ʩʦʭʨʘʥʝʥʠʝ ʥʘʜʣʝʞʘʱʝʛʦ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ, ʩʘʥʠʪʘʨʥʦïɻ ʧʠʜʝʤʠʦʣʦʛʠʯʝʩʢʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʢʨʫʧʥʳʭ ʛʦʨʦʜʦʚ ʪʨʝʙʫʝʪ ʧʨʠʥʷʪʠʷ ʤʝʨ ʜʣʷ ʨʝʢʫʣʴʪʠʚʘʮʠʠ ʧʦʣʠʛʦʥʦʚ, ʥʘ ʢʦʪʦʨʳʭ 

ʭʨʘʥʷʪʩʷ ʦʙʝʟʚʦʞʝʥʥʳʝ ʦʩʘʜʢʠ ʦʪ ʧʝʨʝʨʘʙʦʪʢʠ ʩʪʦʢʦʚ. ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʪʝʭ, ʢʦʪʦʨʳʝ 

ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʛʦʨʦʜʩʢʦʡ ʯʝʨʪʝ. ɺʦʧʨʦʩ ʨʝʢʫʣʴʪʠʚʘʮʠʠ ʧʣʦʱʘʜʦʢ, ʚʭʦʜʷʱʠʭ ʚ ʩʠʩʪʝʤʫ 

ʦʯʠʩʪʥʳʭ ʩʦʦʨʫʞʝʥʠʡ, ʚʘʞʝʥ ʥʝ ʪʦʣʴʢʦ ʩ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʩʪʦʨʦʥʳ, ʥʦ ʠ ʥʝʩʝʪ ʚʳʛʦʜʳ ʚ 

ʩʦʮʠʘʣʴʥʦʤ ʠ ʵʢʦʥʦʤʠʯʝʩʢʦʤ ʧʣʘʥʝ. ʋʜʘʣʝʥʠʝ, ʫʪʠʣʠʟʘʮʠʷ ʦʩʘʜʢʘ ʦʩʚʦʙʦʞʜʘʝʪ ʪʝʨʨʠʪʦʨʠʠ, 

ʢʦʪʦʨʳʝ ʟʘʪʝʤ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʧʦʜ ʛʨʘʞʜʘʥʩʢʦʝ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʠʣʠ ʜʨʫʛʠʝ ʩʦʮʠʘʣʴʥʦ 

ʟʥʘʯʠʤʳʝ ʮʝʣʠ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʄʦʩʢʚʘ, ʛʜʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʦʜʦʚ 

ʜʝʧʦʥʠʨʦʚʘʥʠʷ ʠ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʦʙʝʟʚʦʞʠʚʘʥʠʷ ʦʩʘʜʢʘ ʧʦʟʚʦʣʠʣʦ ʟʘ 5 ʣʝʪ ʨʝʰʠʪʴ ʚʦʧʨʦʩ 

ʨʝʢʫʣʴʪʠʚʘʮʠʠ ʧʣʦʱʘʜʦʢ ʩʪʘʥʮʠʠ ʘʵʨʘʮʠʠ ʚ ʂʫʨʴʷʥʦʚʝ, ʟʘʥʠʤʘʚʰʠʭ ~800 ʛʘ ʟʝʤʝʣʴ. ɺ ʭʦʜʝ 

ʨʘʙʦʪ ʙʳʣʦ ʫʪʠʣʠʟʠʨʦʚʘʥʦ 15 ʤʣʥ ʤ3 ʦʩʘʜʢʦʚ ʠ ʧʦʩʪʨʦʝʥ ʞʠʣʦʡ ʤʘʩʩʠʚ ʥʘ 3,5 ʤʣʥ ʤ2 ʞʠʣʴʷ 

ʧʦʜ ʥʘʟʚʘʥʠʝʤ çʄʘʨʠʠʥʩʢʠʡ ʧʘʨʢè [3]. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ̫ ʚʣʷʝʪʩʷ ʩʨʘʚʥʠʪʝʣʴʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʧʦʩʦʙʘ ʜʣʷ ʦʙʝʟʟʘʨʘʞʠʚʘʥʠʷ 

ʢʘʥʘʣʠʟʘʮʠʦʥʥʳʭ ʬʝʢʘʣʴʥʳʭ ʦʪʭʦʜʦʚ ʠ ʫʩʪʨʦʡʩʪʚʦ ʜʣʷ ʫʪʠʣʠʟʘʮʠʠ ʠʣʦʚʦʛʦ ʦʩʘʜʢʘ ʦʯʠʩʪʥʳʭ 

ʩʦʦʨʫʞʝʥʠʡ. 

 

ɼʣʷ ʨʘʟʨʘʙʦʪʢʠ ʩʧʦʩʦʙʘ ʜʣʷ ʦʙʝʟʟʘʨʘʞʠʚʘʥʠʷ ʢʘʥʘʣʠʟʘʮʠʦʥʥʳʭ ʬʝʢʘʣʴʥʳʭ ʦʪʭʦʜʦʚ ʠ 

ʜʣʷ ʫʪʠʣʠʟʘʮʠʠ ʠʣʦʚʦʛʦ ʦʩʘʜʢʘ ʦʯʠʩʪʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʚ ʫʩʪʨʦʡʩʪʚʘʭ ʥʠ ʤʘʣʦʝ ʟʥʘʯʝʥʠʝ 

ʠʤʝʝʪ ʦʙʝʟʚʦʞʠʚʘʥʠʝ ʦʪʭʦʜʦʚ. ʆʩʥʦʚʥʘʷ ʩʪʘʜʠʷ ʦʙʨʘʙʦʪʢʠ ʦʪʭʦʜʦʚ, ʧʦʩʣʝ ʧʨʦʭʦʞʜʝʥʠʷ 

ʟʘʛʨʷʟʥʝʥʥʳʭ ʩʪʦʢʦʚ ʯʝʨʝʟ, ʥʘʧʨʠʤʝʨ, ʬʣʦʪʘʮʠʦʥʥʫʶ ʫʩʪʘʥʦʚʢʫ ð ʠʭ ʦʙʝʟʚʦʞʠʚʘʥʠʝ. 

ʆʧʝʨʘʮʠʷ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʘʪʴ ʠʭ ʦʙʲʝʤ, ʚʣʘʞʥʦʩʪʴ, ʯʪʦ ʩʦʢʨʘʱʘʝʪ 

ʥʝʦʙʭʦʜʠʤʳʝ, ʥʘʧʨʠʤʝʨ, ʧʣʦʱʘʜʠ ʜʣʷ ʭʨʘʥʝʥʠʷ. ʉʥʠʞʘʝʪ ʧʦʩʣʝʜʫʶʱʠʝ ʟʘʪʨʘʪʳ ʥʘ ʧʦʣʥʫʶ 

ʫʪʠʣʠʟʘʮʠʶ ʦʩʘʜʢʦʚ [4].  

ʇʨʠʤʝʥʷʝʤʦʝ ʩʝʛʦʜʥʷ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʦʯʠʩʪʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʦʙʦʨʫʜʦʚʘʥʠʝ, 

ʚʳʧʫʩʢʘʝʤʦʝ, ʚ ʯʘʩʪʥʦʩʪʠ, ʢʦʤʧʘʥʠʝʡ çʕʢʦʚʦʜʩʪʨʦʡʪʝʭè ʜʣʷ ʦʙʝʟʚʦʞʠʚʘʥʠʷ ʦʪʭʦʜʦʚ, ʤʦʞʝʪ 

ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴʩʷ ʧʦ ʪʠʧʫ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʥʠʭ: ʦʙʝʟʚʦʞʠʚʘʥʠʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʘʢʫʫʤʘ; 

ʦʙʝʟʚʦʞʠʚʘʥʠʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʠʟʙʳʪʦʯʥʦʛʦ ʜʘʚʣʝʥʠʷ; ʦʙʝʟʚʦʞʠʚʘʥʠʝ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʮʝʥʪʨʦʙʝʞʥʳʭ ʩʠʣ. ɸʧʧʘʨʘʪʳ ʠ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʨʝʘʣʠʟʫʶʱʠʝ ʥʘ ʧʨʘʢʪʠʢʝ ʚ 

ʦʯʠʩʪʥʳʭ ʩʦʦʨʫʞʝʥʠʷʭ ʦʪʤʝʯʝʥʥʳʝ ʤʝʪʦʜʳ ʠʤʝʶʪ ʩʚʦʠ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʦʧʨʝʜʝʣʝʥʥʳʡ ʨʷʜ 

ʥʝʜʦʩʪʘʪʢʦʚ. ɺ ʜʦʩʪʦʠʥʩʪʚʘʭ ʚʘʢʫʫʤïʬʠʣʴʪʨʦʚ ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʝʟʚʦʞʠʚʘʪʴ ʦʩʘʜʢʠ ʙʝʟ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʚʳʜʝʣʝʥʠʷ ʠʟ ʥʠʭ ʧʝʩʢʘ ʠ ʦʪʩʫʪʩʪʚʠʷ ʥʝʧʨʠʷʪʥʳʭ ʟʘʧʘʭʦʚ. ʅʦ ʜʣʷ ʠʭ 

ʨʘʙʦʪʳ ʪʨʝʙʫʝʪʩʷ ʤʥʦʛʦ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ: ʮʝʥʪʨʦʙʝʞʥʳʝ ʥʘʩʦʩʳ, ʨʝʩʠʚʝʨʳ, 

ʚʦʟʜʫʭʦʜʫʚʢʠ, ʚʘʢʫʫʤïʥʘʩʦʩʳ ʠ ʧʨ. ʉʣʦʞʥʦ ʠ ʫʧʨʘʚʣʝʥʠʝ ʚʘʢʫʫʤïʥʘʩʦʩʘʤʠ, ʥʠʟʢʘ ʠʭ 

ʥʘʜʝʞʥʦʩʪʴ, ʚ ʦʙʦʨʫʜʦʚʘʥʠʠ ʥʝʣʴʟʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ ʦʪʭʦʜʦʚ 
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ʦʨʛʘʥʠʯʝʩʢʠʝ ʬʣʦʢʫʣʷʥʪʳ. ʋʩʪʨʦʡʩʪʚʘ ʛʨʦʤʦʟʜʢʠ, ʧʦʪʨʝʙʣʷʶʪ ʤʥʦʛʦ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, 

ʟʘʛʨʷʟʥʷʶʪ ʧʨʠ ʨʘʙʦʪʝ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. ʌʠʣʴʪʨïʧʨʝʩʩʳ ʧʦʟʚʦʣʷʶʪ çʜʦʚʦʜʠʪʴè ʦʩʘʜʢʠ ʜʦ 

ʥʠʟʢʦʡ ʚʣʘʞʥʦʩʪʠ. ʀʭ ʯʘʱʝ ʧʨʠʤʝʥʷʶʪ ʚ ʪʝʭʥʦʣʦʛʠʷʭ, ʚ ʢʦʪʦʨʳʭ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪʩʷ 

ʜʘʣʴʥʝʡʰʝʝ ʩʞʠʛʘʥʠʝ ʠʣʠ ʩʫʰʢʘ ʦʪʭʦʜʦʚ. ʊʘʢʦʡ ʪʠʧ ʦʙʦʨʫʜʦʚʘʥʠʷ ʨʘʮʠʦʥʘʣʴʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʦʯʠʩʪʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʜʣʷ ʧʨʝʜʧʨʠʷʪʠʡ, ʚ ʩʪʦʢʘʭ ʢʦʪʦʨʳʭ ʚʳʩʦʢʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʤʠʥʝʨʘʣʴʥʳʭ ʧʨʠʤʝʩʝʡ [5].  

ʉʝʛʦʜʥʷ ʚʩʝ ʯʘʱʝ ʥʘ ʦʯʠʩʪʥʳʭ ʩʦʦʨʫʞʝʥʠʷʭ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʦʙʝʟʚʦʞʠʚʘʥʠʷ ʦʩʘʜʢʘ 

ʦʙʦʨʫʜʦʚʘʥʠʝ, ʨʘʙʦʪʘʶʱʠʝ ʧʦ ʤʝʪʦʜʫ ʝʛʦ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʷ. ɼʦʩʪʦʠʥʩʪʚʘ ʝʛʦ ʚ ʧʨʦʩʪʦʪʝ 

ʢʦʥʩʪʨʫʢʮʠʠ, ʵʢʦʥʦʤʠʯʥʦʩʪʴ, ʭʦʨʦʰʝʡ ʫʧʨʘʚʣʷʝʤʦʩʪʠ ʧʨʦʮʝʩʩʦʤ. ʀʤʝʥʥʦ 

ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝ ʧʦʟʚʦʣʷʝʪ ʜʦ ʚʦʟʤʦʞʥʦʛʦ ʤʠʥʠʤʫʤʘ ʩʦʢʨʘʪʠʪʴ ʚʣʘʞʥʦʩʪʴ 

(ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʠ ʦʙʲʝʤ) ʦʪʭʦʜʦʚ. ʉʨʝʜʠ ʥʘʠʙʦʣʝʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʭ ʮʝʥʪʨʠʬʫʛ, 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʢʦʤʧʘʥʠʝʡ çʕʢʦʚʦʜʩʪʨʦʡʪʝʭè ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʦʯʠʩʪʥʳʭ 

ʩʦʦʨʫʞʝʥʠʡ, ʧʨʦʜʫʢʮʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʷ çɺʝʩʪʬʘʣʠʷïʉʝʧʘʨʘʪʦʨè (ɻʝʨʤʘʥʠʷ). ʆʙʦʨʫʜʦʚʘʥʠʝ 

ʚʥʝʜʨʝʥʦ ʥʘ ʤʥʦʛʠʭ ʦʯʠʩʪʥʳʭ ʦʙʲʝʢʪʘʭ ʩʪʨʘʥʳ ʠ ʜʦʢʘʟʘʣʠ ʩʚʦʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ. ɺ ʣʠʥʝʡʢʝ 

ʜʦʩʪʦʡʥʳʭ ʚʥʠʤʘʥʠʷ ʩʧʝʮʠʘʣʠʩʪʦʚ ʪʘʢʞʝ ʮʝʥʪʨʠʬʫʛʠ çBARGAMè (ʀʪʘʣʠʷ) ʜʝʢʘʥʪʝʨʥʦʛʦ 

ʪʠʧʘ, ʰʥʝʢʦʚʳʝ ʜʝʛʠʜʨʘʪʦʨʳ ʦʪ ʷʧʦʥʩʢʦʡ ʢʦʤʧʘʥʠʠ çAMCONè. ʇʨʝʠʤʫʱʝʩʪʚʘ ʜʝʢʘʥʪʝʨʦʚ 

çBARGAMè: ʚ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʨʘʟʥʳʭ ʧʦ ʩʦʩʪʘʚʫ ʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤ 

ʧʨʠʤʝʩʝʡ ʦʩʘʜʢʦʚ ʠ ʩʪʦʢʦʚ; ʦʙʝʟʚʦʞʠʚʘʥʠʝ ʦʩʘʜʢʘ ʜʦ 62%...68% ʚʣʘʞʥʦʩʪʠ (ʦʪʝʯʝʩʪʚʝʥʥʳʝ 

ʮʝʥʪʨʠʬʫʛʠ ʆɻʐ, ʥʘʧʨʠʤʝʨ, ʦʙʝʩʧʝʯʠʚʘʶʪ ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʥʘ ʫʨʦʚʥʝ 70%...75%); ʧʨʦʩʪʦʪʝ 

ʦʙʩʣʫʞʠʚʘʥʠʷ; ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ; ʘʚʪʦʤʘʪʠʯʝʩʢʠʡ ʧʦʜʙʦʨ, ʢʘʢ ʵʪʦ 

ʧʨʦʠʩʭʦʜʠʪ ʠ ʚ ʩʪʘʥʮʠʷʭ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʠ ʜʦʟʠʨʦʚʘʥʠʷ ʬʣʦʢʫʣʷʥʪʘ ʠ ʢʦʘʛʫʣʷʥʪʘ ʦʪ ʢʦʤʧʘʥʠʠ 

çʕʢʦʚʦʜʩʪʨʦʡʪʝʭè, ʧʦʜʭʦʜʷʱʝʡ ʜʦʟʳ ʬʣʦʢʫʣʷʥʪʘ; ʜʦʩʪʫʧʥʘʷ ʮʝʥʘ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʘʷ 

ʤʘʩʩʘ. ʆʩʦʙʝʥʥʦʩʪʠ ʜʝʛʠʜʨʘʪʦʨʘ çAMCONè: ʚʦʟʤʦʞʥʦʩʪʴ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʦʯʠʩʪʥʳʭ 

ʩʦʦʨʫʞʝʥʠʷʭ, ʧʨʠʥʠʤʘʶʱʠʭ ʨʘʟʥʳʝ ʧʦ ʩʦʩʪʘʚʫ ʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤ ʧʨʠʤʝʩʠ ʦʩʘʜʢʠ ʠ ʩʪʦʢʠ; 

ʰʠʨʦʢʠʡ ʜʠʘʧʘʟʦʥ (35é2 ʛ/ʣ) ʚʦʟʤʦʞʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʚʟʚʝʰʝʥʥʳʭ ʚʝʱʝʩʪʚ ʚ 

ʦʙʝʟʚʦʞʠʚʘʝʤʳʭ ʦʩʘʜʢʘʭ; 68%...75% ʚʣʘʞʥʦʩʪʴ ʦʙʨʘʙʦʪʘʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʝ ʦʩʘʜʢʘ ʥʘ 

ʚʳʭʦʜʝ; ʥʘʣʠʯʠʝ ʚ ʢʦʥʩʪʨʫʢʮʠʠ ʟʦʥʳ ʩʛʫʱʝʥʠʷ, ʠʩʢʣʶʯʘʶʱʝʡ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʜʦʫʢʦʤʧʣʝʢʪʘʮʠʠ ʦʯʠʩʪʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʠʣʦʫʧʣʦʪʥʠʪʝʣʷʤʠ; ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʟʘʩʦʨʝʥʠʷ 

ʙʘʨʘʙʘʥʘ ʚ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ, ʯʪʦ ʵʢʦʥʦʤʠʪ ʚʦʜʫ ʜʣʷ ʧʨʦʤʳʚʢʠ; ʦʪʩʫʪʩʪʚʠʝ ʚʳʩʦʢʦʦʙʦʨʦʪʥʳʭ 

ʠ ʚʳʩʦʢʦʥʘʛʨʫʞʘʝʤʳʭ ʫʟʣʦʚ, ʥʠʟʢʠʡ ʫʨʦʚʝʥʴ ʚʠʙʨʘʮʠʠ, ʰʫʤʘ; ʥʠʟʢʠʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ 

ʟʘʪʨʘʪʳ, ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ; ʤʘʣʳʝ ʛʘʙʘʨʠʪʥʳʝ ʨʘʟʤʝʨʳ, ʚʝʩ; ʧʦʣʥʘʷ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʨʘʙʦʪʳ. 

ʆʙʝʟʚʦʞʠʚʘʥʠʝ ʦʩʘʜʢʘ ʜʝʛʠʜʨʘʪʦʨʦʤ çAMCONè ɺʥʘʯʘʣʝ ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʡ ʦʩʘʜʦʢ 

ʧʝʨʝʤʝʱʘʝʪʩʷ ʥʘʩʦʩʦʤ ʜʣʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʬʣʦʢʫʣʷʥʪʦʤ ʚ ʩʧʝʮʠʘʣʴʥʦʝ 

ʦʪʜʝʣʝʥʠʝ ʜʝʛʠʜʨʘʪʦʨʘ. ɿʘʪʝʤ ʧʦʜʘʝʪʩʷ ʫʟʝʣ, ʢʦʪʦʨʳʡ ʧʨʦʠʟʚʦʜʠʪ ʚʳʜʘʚʣʠʚʘʥʠʝ ʠʭ ʥʝʛʦ 

ʠʟʙʳʪʦʯʥʦʡ ʚʣʘʛʠ. ʌʠʣʴʪʨʘʪ ʚʳʪʝʢʘʝʪ ʥʘʨʫʞʫ ʩʢʚʦʟʴ ʠʤʝʶʱʠʝʩʷ ʟʘʟʦʨʳ ʤʝʞʜʫ ʢʦʣʴʮʘʤʠ. 

ʐʠʨʠʥʘ ʟʘʟʦʨʦʚ ʦʪ ʟʦʥʳ ʩʛʫʱʝʥʠʷ ʫʤʝʥʴʰʘʝʪʩʷ ʢ ʟʦʥʝ ʦʙʝʟʚʦʞʠʚʘʥʠʷ. ʋʤʝʥʴʰʘʝʪʩʷ ʠ ʰʘʛ 

ʚʠʪʢʦʚ ʰʥʝʢʦʚʦʛʦ ʧʨʝʩʩʘ, ʯʪʦ ʫʚʝʣʠʯʠʚʘʝʪ ʜʘʚʣʝʥʠʝ ʚ ʪʦʣʱʝ ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʦʩʘʜʢʘ. 

ʇʨʝʜʝʣʴʥʦʝ ʜʘʚʣʝʥʠʝ ʚʥʫʪʨʠ ʙʘʨʘʙʘʥʘ ʨʝʛʫʣʠʨʫʝʪʩʷ ʧʨʠʞʠʤʥʦʡ ʧʣʘʩʪʠʥʦʡ, ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʚ 

ʢʦʥʮʝ ʰʥʝʢʘ. ʌʠʣʴʪʨʘʪ ʦʪ ʜʝʛʠʜʨʘʪʦʨʘ ʚʦʟʚʨʘʱʘʝʪʩʷ ʢ ʥʘʯʘʣʫ ʦʯʠʩʪʥʳʭ ʩʦʦʨʫʞʝʥʠʡ, 

ʩʧʨʝʩʩʦʚʘʥʥʳʡ ʦʩʘʜʦʢ ʚ ʥʘʢʦʧʠʪʝʣʴʥʳʡ ʢʦʥʪʝʡʥʝʨ. ʈʘʟʚʠʪʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʧʦʩʪʦʷʥʥʦ ʧʨʠʚʦʜʠʪ ʢ çʧʦʷʚʣʝʥʠʶè ʚ ʧʨʦʤʳʰʣʝʥʥʳʭ ʩʪʦʢʘʭ ʥʦʚʳʭ 

ʟʘʛʨʷʟʥʠʪʝʣʝʡ (ʇɸɺʳ, ʢʦʥʩʝʨʚʘʥʪʳ, ʥʝ ʙʠʦʛʝʥʥʳʝ, ʩʣʦʞʥʳʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ), 

ʢʦʪʦʨʳʡ ʩʝʛʦʜʥʷ ʥʘ ʩʫʱʝʩʪʚʫʶʱʠʭ ʦʯʠʩʪʥʳʭ ʩʦʦʨʫʞʝʥʠʷʭ ʠʟʚʝʩʪʥʳʤʠ ʤʝʪʦʜʘʤʠ 

ʥʝʚʦʟʤʦʞʥʦ ʫʜʘʣʠʪʴ. ʇʦʵʪʦʤʫ ʦʥʠ ʩʙʨʘʩʳʚʘʶʪʩʷ ʚʤʝʩʪʝ ʩ ʦʙʨʘʙʦʪʘʥʥʳʤʠ ʩʪʦʢʘʤʠ ʚ 

ʚʦʜʦʝʤʳ, ʟʘʛʨʷʟʥʷʶʪ ʠʭ ʩʚʝʨʭ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʥʦʨʤʘʪʠʚʦʚ. ɺʳʰʝ ʫʢʘʟʘʥʥʳʤ ʟʘʛʨʷʟʥʠʪʝʣʷʤ, 

ʜʦʙʘʚʣʷʶʪʩʷ ʧʨʦʙʣʝʤʳ ʩ ʟʘʛʨʷʟʥʝʥʥʦʩʪʴʶ ʛʦʨʦʜʩʢʠʭ ʩʪʦʢʦʚ ʪʦʢʩʠʯʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ, 
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ʟʘʨʘʞʝʥʥʦʩʪʴʶ ʧʘʪʦʛʝʥʥʳʤʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤʠ, ʟʘʛʥʠʚʘʥʠʝʤ. ʀʭ ʪʨʫʜʥʦ, ʘ ʯʘʩʪʦ ʠ 

ʥʝʚʦʟʤʦʞʥʦ ʜʦʚʝʩʪʠ ʠʟʚʝʩʪʥʳʤʠ ʤʝʪʦʜʘʤʠ ʜʦ ʧʨʠʝʤʣʝʤʦʛʦ ʩʦʩʪʦʷʥʠʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʪʦ ʞʝ 

ʟʘʛʨʷʟʥʝʥʠʝ ʧʨʠʨʦʜʳ, ʚʨʝʜ ʟʜʦʨʦʚʴʶ ʣʶʜʝʡ, ʩʥʠʞʝʥʠʝ ʢʦʤʬʦʨʪʥʦʩʪʠ ʠʭ ʧʨʦʞʠʚʘʥʠʷ. ʈʝʰʘʪʴ 

ʵʪʫ ʧʨʦʙʣʝʤʫ ʩʝʛʦʜʥʷ ʩʧʝʮʠʘʣʠʩʪʳ ʢʦʤʧʘʥʠʠ çʕʢʦʚʦʜʩʪʨʦʡʪʝʭè ʧʨʝʜʣʘʛʘʶʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʦʪʭʦʜʦʚ ʧʦʩʣʝ ʠʭ ʦʙʝʟʚʦʞʠʚʘʥʠʷ. ʊʝʧʣʦʚʘʷ ʦʙʨʘʙʦʪʢʘ ʧʦʣʥʦʩʪʴʶ 

ʦʙʝʟʟʘʨʘʞʠʚʘʝʪ ʦʩʘʜʦʢ, ʩʪʘʙʠʣʠʟʠʨʫʝʪ ʝʛʦ ʩʚʦʡʩʪʚʘ, ʫʣʫʯʰʘʝʪ ʚʦʜʦʦʪʜʘʯʫ, ʧʦʟʚʦʣʷʝʪ 

ʧʦʣʥʦʩʪʴʶ ʦʪʢʘʟʘʪʴʩʷ ʦʪ ʧʨʠʤʝʥʝʥʠʷ ʨʝʘʛʝʥʪʦʚ. ʉʨʝʜʠ ʵʬʬʝʢʪʠʚʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ 

ʪʝʧʣʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʦʩʘʜʢʘ, ʠʤʝʶʱʝʛʦ ʚʣʘʞʥʦʩʪʴ 80 ... 82%, ʷʚʣʷʶʪʩʷ ʫʩʪʘʥʦʚʢʠ 

ʧʨʷʤʦʪʦʯʥʦʡ ʩʫʰʢʠ, ʩʧʦʩʦʙʥʳʝ ʥʘ ʚʳʭʦʜʝ çʚʳʜʘʚʘʪʴè ʦʪʭʦʜʳ ʩ 40 ... 50% ʚʣʘʞʥʦʩʪʴʶ. ʀʭ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʦʯʠʩʪʥʳʭ ʩʦʦʨʫʞʝʥʠʷʭ ʧʦʟʚʦʣʷʝʪ ʩʦʚʤʝʱʘʪʴ ʥʝʩʢʦʣʴʢʦ ʦʧʝʨʘʮʠʡ: ʩʫʰʢʫ, 

ʦʙʝʟʟʘʨʘʞʠʚʘʥʠʝ ʦʩʘʜʢʘ, ʝʛʦ ʧʥʝʚʤʘʪʠʯʝʩʢʦʝ ʧʝʨʝʤʝʱʝʥʠʝ ʥʘ ʧʣʦʱʘʜʢʠ ʩʢʣʘʜʠʨʦʚʘʥʠʷ. 

ʈʘʙʦʪʘ ʫʩʪʘʥʦʚʢʠ ʧʨʷʤʦʪʦʯʥʦʡ ʪʝʧʣʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʦʪʭʦʜʦʚ ʩʦʩʪʦʠʪ ʠʟ ʦʧʝʨʘʮʠʡ: ʧʦʜʘʯʘ 

ʦʙʝʟʚʦʞʝʥʥʦʛʦ, ʥʘʧʨʠʤʝʨ, ʚ ʮʝʥʪʨʠʬʫʛʘʭ, ʜʦ ʚʣʘʞʥʦʩʪʠ 80 ... 85% ʦʩʘʜʢʘ ʚ 

ʘʢʢʫʤʫʣʠʨʫʶʱʫʶ ʝʤʢʦʩʪʴïʙʫʥʢʝʨ; ʧʝʨʝʤʝʱʝʥʠʝ ʦʩʘʜʢʘ ʚʠʥʪʦʚʳʤʠ ʥʘʩʦʩʘʤʠ ʧʦ 

ʪʨʫʙʦʧʨʦʚʦʜʘʤ ʜʦ ʬʦʨʩʫʥʦʢ; ʚʧʨʳʩʢʠʚʘʥʠʝ ʦʩʘʜʢʘ ʚ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʫʶ ʩʨʝʜʫ, 

ʩʦʟʜʘʚʘʝʤʫʶ ʟʘ ʩʯʝʪ ʩʞʠʛʘʥʠʷ ʢʘʢʦʛʦ-ʣʠʙʦ ʪʦʧʣʠʚʘ; ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʘ ʦʩʘʜʢʘ ʚ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʩʨʝʜʝ; ʫʣʘʚʣʠʚʘʥʠʝ ʚʳʩʫʰʝʥʥʦʛʦ ʠ ʦʙʝʟʚʦʞʝʥʥʦʛʦ ʦʩʘʜʢʘ; ʫʧʣʦʪʥʝʥʠʝ 

ʦʩʘʜʢʘ ʚʠʥʪʦʚʳʤ ʧʠʪʘʪʝʣʝʤ ʠ ʧʝʨʝʤʝʱʝʥʠʝ ʚ ʟʦʥʫ ʭʨʘʥʝʥʠʷ. ɺʳʩʫʰʝʥʥʳʡ ʪʝʨʤʠʯʝʩʢʠ 

ʦʩʘʜʦʢ ʩʪʘʥʦʚʠʪʩʷ ʙʝʟʦʧʘʩʥʳʤ ʜʣʷ ʦʢʨʫʞʘʶʱʝʡ ʧʨʠʨʦʜʳ, ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʢʘʢ 

ʦʨʛʘʥʦʤʠʥʝʨʘʣʴʥʦʝ ʫʜʦʙʨʝʥʠʝ. ʇʠʨʦʣʠʟ ʩʝʛʦʜʥʷ ʚ ʯʠʩʣʝ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʧʝʨʝʨʘʙʦʪʢʠ ʦʪʭʦʜʦʚ ʠ ʩʯʠʪʘʝʪʩʷ ʩʧʝʮʠʘʣʠʩʪʘʤʠ ʢʦʤʧʘʥʠʠ çʕʢʦʚʦʜʩʪʨʦʡʪʝʭè ʣʫʯʰʠʤ, ʯʝʤ 

ʩʞʠʛʘʥʠʝ. ʄʝʪʦʜ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʘʟʣʦʞʝʥʠʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʧʨʠ ʥʝʜʦʩʪʘʪʢʝ ʠʣʠ 

ʦʪʩʫʪʩʪʚʠʠ ʢʠʩʣʦʨʦʜʘ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ. ʅʘ ʚʳʭʦʜʝ 

ʧʦʣʫʯʘʶʪ ʩʤʦʣʫ ʠ ʵʢʦʣʦʛʠʪ (ʪʚʝʨʜʳʡ ʧʨʦʜʫʢʪ), ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʙʝʟ ʦʧʘʩʝʥʠʡ 

ʥʘʥʝʩʪʠ ʫʨʦʥ ʧʨʠʨʦʜʝ ʚ ʜʨʫʛʠʭ ʪʝʭʥʦʣʦʛʠʷʭ (ʥʘʧʨʠʤʝʨ, ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʢʝʨʘʤʟʠʪʘ, ʙʝʪʦʥʘ).  

ʉʝʛʦʜʥʷ ʥʘ ʨʳʥʢʝ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʦʯʠʩʪʢʠ ʩʪʦʢʦʚ ʠʟʚʝʩʪʥʳ ʧʨʠʤʝʨʥʦ ʧʦʣʫʩʦʪʥʷ 

ʨʘʟʣʠʯʥʳʭ ʩʠʩʪʝʤ, ʨʝʘʣʠʟʫʶʱʠʭ ʥʘ ʧʨʘʢʪʠʢʝ ʤʝʪʦʜ ʧʠʨʦʣʠʟʘ ʦʩʘʜʢʘ. ʆʪʣʠʯʘʶʪʩʷ ʦʥʠ 

ʠʩʭʦʜʥʳʤ ʩʳʨʴʝʤ, ʨʘʙʦʯʝʡ ʪʝʤʧʝʨʘʪʫʨʦʡ, ʢʦʥʩʪʨʫʢʪʠʚʥʳʤʠ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʨʝʰʝʥʠʷʤʠ. 

ʇʨʠ ʚʩʝʭ ʜʦʩʪʦʠʥʩʪʚʘʭ ʫ ʤʝʪʦʜʘ ʧʠʨʦʣʠʟʘ ʦʩʘʜʢʘ ʩʫʱʝʩʪʚʫʝʪ ʦʜʠʥ ʙʦʣʴʰʦʡ ʥʝʜʦʩʪʘʪʦʢ: 

ʟʥʘʯʠʪʝʣʴʥʳʡ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ ʜʣʷ ʩʦʟʜʘʥʠʷ ʥʫʞʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. ʋʩʪʨʘʥʠʪʴ ʝʛʦ ʤʦʞʥʦ ʧʫʪʝʤ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʟʨʳʚʥʦʡ ʢʘʤʝʨʳ. ʇʨʠʯʝʤ ʦʥʘ ʧʦʟʚʦʣʷʝʪ ʚ ʨʘʟʳ ʫʚʝʣʠʯʠʪʴ ʠ ʨʘʙʦʯʫʶ 

ʪʝʤʧʝʨʘʪʫʨʫ (ʜʦ 2500 é 5000 Áʉ), ʯʪʦ ʤʦʞʝʪ ʚʳʚʝʩʪʠ ʤʝʪʦʜ ʧʠʨʦʣʠʟʘ ʚ ʯʠʩʣʦ ʵʢʦʥʦʤʠʯʝʩʢʠ 

ʮʝʣʝʩʦʦʙʨʘʟʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʫʪʠʣʠʟʘʮʠʠ ʦʩʘʜʢʘ. ʉʭʝʤʘ ʫʪʠʣʠʟʘʮʠʠ ʧʦ ʵʪʦʤʫ ʤʝʪʦʜʫ ð 

ʪʝʭʥʦʣʦʛʠʠ ʫʪʠʣʠʟʘʮʠʠ ʦʪʭʦʜʦʚ ʦʯʠʩʪʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʚʦ ʚʟʨʳʚʥʦʡ ʢʘʤʝʨʝ ʧʨʝʜʧʦʣʘʛʘʝʪ: 

ʥʘʧʨʘʚʣʝʥʠʝ ʠʣʘ ʚʦ ʚʟʨʳʚʥʫʶ ʢʘʤʝʨʫ, ʦʩʫʱʝʩʪʚʣʝʥʠʝ ʚʟʨʳʚʘ; ʦʯʠʩʪʢʘ ʛʘʟʦïʚʦʟʜʫʰʥʦʡ 

ʩʤʝʩʠ, ʥʘʢʦʧʣʝʥʠʝ ʪʚʝʨʜʦʛʦ ʦʩʪʘʪʢʘ, ʧʝʨʝʤʝʱʝʥʠʝ ʝʛʦ ʢ ʤʝʩʪʫ ʭʨʘʥʝʥʠʷ; ʦʪʙʦʨ ʠʟʙʳʪʦʯʥʦʛʦ 

ʪʝʧʣʘ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʝʛʦ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʦʪʦʧʣʝʥʠʷ ʜʦʤʦʚ; ʥʘʢʦʧʣʝʥʠʝ ʞʠʜʢʦʛʦ ʦʩʪʘʪʢʘ ʠ 

ʧʝʨʝʤʝʱʝʥʠʝ ʝʛʦ ʥʘ ʜʘʣʴʥʝʡʰʫʶ ʫʪʠʣʠʟʘʮʠʶ; ʦʯʠʩʪʢʘ ʠ ʚʳʙʨʦʩʘ ʚ ʘʪʤʦʩʬʝʨʫ ʛʘʟʦʚʦʡ ʩʤʝʩʠ. 

ʇʘʨʘʤʝʪʨʳ ʚʟʨʳʚʥʦʡ ʢʘʤʝʨʳ ʧʦʜʙʠʨʘʶʪʩʷ ʢ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʧʨʠʤʝʥʷʝʤʳʭ ʚʟʨʳʚʥʳʭ 

ʚʝʱʝʩʪʚ. ɺ ʜʦʩʪʦʠʥʩʪʚʘʭ ʪʘʢʦʡ ʪʝʭʥʦʣʦʛʠʠ ʫʪʠʣʠʟʘʮʠʠ ʦʪʭʦʜʦʚ ʦʯʠʩʪʥʳʭ ʩʦʦʨʫʞʝʥʠʡ: 

ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʨʘʙʦʪʢʠ ʦʩʘʜʢʘ ʩ ʣʶʙʦʡ ʚʣʘʞʥʦʩʪʴʶ; ʫʧʨʦʱʝʥʠʝ ʢʦʥʩʪʨʫʢʮʠʠ ʫʩʪʨʦʡʩʪʚ; 

ʧʦʚʳʰʝʥʥʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʞʠʛʘʥʠʷ, ʦʙʝʟʟʘʨʘʞʠʚʘʥʠʷ ʦʩʘʜʢʘ; ʫʤʝʥʴʰʝʥʠʝ ʟʘʧʳʣʝʥʥʦʩʪʠ 

ʦʪʭʦʜʷʱʠʭ ʛʘʟʦʚ. ɽʜʠʥʩʪʚʝʥʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʟʨʳʚʥʦʡ ʢʘʤʝʨʳ ʜʣʷ 

ʫʪʠʣʠʟʘʮʠʠ ʦʪʭʦʜʦʚ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʪʦʯʥʦʛʦ ʝʝ ʨʘʩʯʝʪʘ, ʩʚʷʟʘʥʥʦʛʦ ʩʦ 

ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʥʘʛʨʫʟʢʘʤʠ ʥʘ ʤʘʪʝʨʠʘʣʳ, ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʚʟʨʳʚʝ. ɽʩʪʝʩʪʚʝʥʥʦ, ʠ 
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ʫʩʪʦʡʯʠʚʦʩʪʠ ʚʩʝʡ ʢʦʥʩʪʨʫʢʮʠʠ, ʧʦʜʜʝʨʞʠʚʘʶʱʝʡ ʝʝ ʠ ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ 

ʤʝʪʦʜʘ.  

ʇʝʨʝʨʘʙʦʪʢʘ ʠ ʦʙʝʟʚʨʝʞʠʚʘʥʠʝ ʦʩʘʜʢʘ ʦʯʠʩʪʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ð ʘʢʪʫʘʣʴʥʳʡ 

ʵʢʦʣʦʛʠʯʝʩʢʠʡ ʚʦʧʨʦʩ ʜʣʷ ʚʩʝʛʦ ʉʅɻ. ɼʣʠʪʝʣʴʥʳʡ ʧʝʨʠʦʜ ʥʘʰʠ ʦʪʩʪʦʡʥʠʢʠ ʯʠʩʪʠʣʠʩʴ 

ʥʝʨʝʛʫʣʷʨʥʦ, ʥʘʢʘʧʣʠʚʘʣʠʩʴ ʛʦʨʳ ʠʣʘ, ʢʦʪʦʨʳʝ ʥʠʢʪʦ ʥʝ ʫʙʠʨʘʣ. ɸ ʝʩʣʠ ʵʪʦ ʜʝʣʘʣʦʩʴ, ʪʦ 

ʩʪʠʭʠʡʥʦ ʠ ʙʝʩʩʠʩʪʝʤʥʦ. ʇʨʠʩʫʪʩʪʚʠʝ ʜʘʥʥʳʭ ʦʪʭʦʜʦʚ ʥʘ ʦʪʢʨʳʪʦʤ ʚʦʟʜʫʭʝ ʚʨʝʜʠʪ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ ʠ ʟʜʦʨʦʚʴʶ ʯʝʣʦʚʝʢʘ, ʫʭʫʜʰʘʷ ʵʧʠʜʝʤʠʦʣʦʛʠʯʝʩʢʫʶ ʦʙʩʪʘʥʦʚʢʫ. ɺ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʪʦʠʪ ʮʝʣʴ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʢʦʣʠʯʝʩʪʚʦ ʦʪʭʦʜʦʚ ʧʫʪʝʤ ʮʝʣʝʩʦʦʙʨʘʟʥʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʜʘʣʴʥʝʡʰʝʛʦ ʧʨʠʤʝʥʝʥʠʷ ʣʠʙʦ ʵʬʬʝʢʪʠʚʥʦʡ ʫʪʠʣʠʟʘʮʠʠ. ʂʘʢ ʧʨʠʤʝʨ ð 

ʨʝʢʫʣʴʪʠʚʘʮʠʷ ʛʦʨʦʜʩʢʠʭ ʦʪʚʘʣʦʚ ʠ ʭʨʘʥʠʣʠʱ, ʩʦʜʝʨʞʘʱʠʭ ʦʩʪʘʪʢʠ ʧʝʨʝʨʘʙʦʪʘʥʥʳʭ ʩʪʦʢʦʚ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʪʦʡ ʦʧʝʨʘʮʠʠ ʥʝ ʪʦʣʴʢʦ ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʧʨʠʨʦʜʦʦʭʨʘʥʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ, ʥʦ ʠ 

ʤʦʞʝʪ ʠʟʚʣʝʢʘʪʴʩʷ ʧʨʠʙʳʣʴ ʠʟ ʥʝʥʫʞʥʦʡ ʜʠʩʧʝʨʩʥʦʡ ʙʠʦʤʘʩʩʳ. ʂ ʪʦʤʫ ʞʝ ʨʘʩʯʠʱʘʶʪʩʷ 

ʟʘʙʨʦʰʝʥʥʳʝ ʟʝʤʝʣʴʥʳʝ ʫʯʘʩʪʢʠ, ʢʦʪʦʨʳʝ ʧʨʝʚʨʘʱʘʶʪʩʷ ʚ ʣʠʢʚʠʜʥʦʝ ʠʤʫʱʝʩʪʚʦ [5].  

ʇʦʢʘʟʘʪʝʣʝʥ ʦʧʳʪ ʩʪʦʣʠʮʳ, ʛʜʝ ʙʳʣʘ ʨʝʘʣʠʟʦʚʘʥʘ ʧʨʦʛʨʘʤʤʘ, ʧʦʟʚʦʣʠʚʰʘʷ ʚ ʪʝʯʝʥʠʝ 

ʧʷʪʠʣʝʪʢʠ ʟʘʚʝʨʰʠʪʴ ʨʝʢʫʣʴʪʠʚʘʮʠʶ ʰʣʘʤʦʚʦʛʦ ʭʦʟʷʡʩʪʚʘ ʂʫʨʴʷʥʦʚʩʢʦʡ ʩʪʘʥʮʠʠ ʘʵʨʘʮʠʠ ʥʘ 

800 ʛʘ. ʋʪʠʣʠʟʠʨʦʚʘʥʦ 15 ʤʣʥ ʤ3 ʦʪʭʦʜʦʚ ʠ ʚʦʟʚʝʜʝʥ ʤʠʢʨʦʨʘʡʦʥ çʄʘʨʠʠʥʩʢʠʡ ʧʘʨʢè ʩ 

ʞʠʣʦʡ ʧʣʦʱʘʜʴʶ 3,5 ʤʣʥ ʢʚʘʜʨʘʪʥʳʭ ʤʝʪʨʦʚ. ɺ ɻʝʨʤʘʥʠʠ ʠʟʚʝʩʪʝʥ ʤʝʪʦʜ ʩʞʠʛʘʥʠʷ ʠʣʘ ʜʣʷ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʛʦʨʶʯʝʛʦ. ʊʘʢ, ʩʞʠʛʘʷ 350 ʪʳʩ ʪ ʠʣʘ, ʧʦʣʫʯʘʶʪ ʦʙʲʝʤ ʛʦʨʶʯʝʛʦ, 

ʧʨʠʨʘʚʥʠʚʘʝʤʳʡ ʢ 700 ʪʳʩ ʙʘʨʨʝʣʝʡ ʥʝʬʪʠ ʠ 175 ʪʳʩ ʪ ʫʛʣʷ.  

ɿʘ ʚʩʶ ʠʩʪʦʨʠʶ ʩʘʥʠʪʘʨʥʦïʦʯʠʩʪʥʦʡ ʦʪʨʘʩʣʠ ʦʙʱʝʩʪʚʦ ʠʩʧʨʦʙʦʚʘʣʦ ʤʥʦʞʝʩʪʚʦ 

ʩʧʦʩʦʙʦʚ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʪʭʦʜʳ ʩ ʮʝʣʴʶ ʦʙʝʟʦʧʘʩʠʪʴʩʷ ʦʪ ʠʭ ʥʝʛʘʪʠʚʥʦʛʦ ʚʣʠʷʥʠʷ. ʆʪ 

ʧʨʦʩʪʝʡʰʠʭ ʜʦ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʳʭ ʠ ʤʥʦʛʦʩʪʫʧʝʥʯʘʪʳʭ [6]. ɺ ʧʨʦʰʣʦʤ ʚʝʢʝ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʙʳʣʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʦ ʘʥʘʵʨʦʙʥʦʝ ʩʙʨʘʞʠʚʘʥʠʝ ʚ ʵʤʰʝʨʘʭ. ɺ ʵʪʠʭ 

ʨʝʟʝʨʚʫʘʨʘʭ ʩʪʦʢʠ ʦʩʚʝʪʣʷʣʠʩʴ, ʘ ʚʳʧʘʚʰʠʡ ʦʩʘʜʦʢ ʩʙʨʘʞʠʚʘʣʩʷ. ʆʪʩʪʘʠʚʘʥʠʝ ʧʨʦʭʦʜʠʣʦ ʚ 

ʠʭ ʚʝʨʭʥʝʤ ʷʨʫʩʝ, ʩʙʨʘʞʠʚʘʥʠʝ ð ʚʥʠʟʫ. ɺʧʦʩʣʝʜʩʪʚʠʠ ʧʨʠʜʫʤʘʣʠ ʤʝʪʘʥʪʝʥʢʠ, ʚ ʢʦʪʦʨʳʭ 

ʧʦʩʣʝ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʦʩʘʜʦʢ ʦʙʝʟʚʦʞʠʚʘʣʩʷ, ʘ ʟʘʪʝʤ ʩʫʰʠʣʩʷ ʚ ʝʩʪʝʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ 

ʥʘ ʦʪʜʝʣʴʥʳʭ ʠʣʦʧʣʦʱʘʜʢʘʭ. ʉʦ ʚʨʝʤʝʥʝʤ ʤʝʛʘʧʦʣʠʩʘʤ ʧʦ ʧʦʥʷʪʥʳʤ ʧʨʠʯʠʥʘʤ ʧʨʠʰʣʦʩʴ ʦʪ 

ʥʠʭ ʦʪʢʘʟʘʪʴʩʷ. ɺʟʘʤʝʥ ʧʦʷʚʠʣʦʩʴ ʦʩʥʘʱʝʥʠʝ, ʧʨʠʥʫʜʠʪʝʣʴʥʦ ʦʙʝʟʚʦʞʠʚʘʶʱʝʝ 

ʦʙʨʘʙʦʪʘʥʥʳʡ ʨʝʘʛʝʥʪʘʤʠ ʦʩʘʜʦʢ, ʧʨʦʧʫʱʝʥʥʳʡ ʯʝʨʝʟ ʚʘʢʫʫʤïʬʠʣʴʪʨ. ʆʜʥʘʢʦ ʦʥʦ ʦʙʣʘʜʘʣʦ 

ʩʝʨʴʝʟʥʳʤʠ ʠʟʲʷʥʘʤʠ: ʥʝʙʦʣʴʰʦʡ ʤʦʱʥʦʩʪʴʶ, ʥʠʟʢʠʤ ʂʇɼ, ʟʥʘʯʠʪʝʣʴʥʳʤ ʧʦʪʨʝʙʣʝʥʠʝʤ 

ʨʝʘʛʝʥʪʦʚ, ʛʨʦʤʦʟʜʢʦʩʪʴʶ, ʥʠʟʢʦʡ ʵʢʦʟʘʱʠʱʝʥʥʦʩʪʴʶ, ð ʠ ʩʝʛʦʜʥʷ ʧʦʜʦʙʥʳʝ ʩʭʝʤʳ ʫʭʦʜʷʪ ʚ 

ʧʨʦʰʣʦʝ [7]. ɸʢʪʫʘʣʴʥʳʤ ʩʪʘʣʦ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʦʙʝʟʚʦʞʠʚʘʶʱʝʝ ʠʣ ʚ ʢʘʤʝʨʥʳʭ, ʣʝʥʪʦʯʥʳʭ, 

ʨʘʤʥʳʭ ʬʠʣʴʪʨïʧʨʝʩʩʘʭ, ʰʥʝʢʦʚʳʭ ʦʙʝʟʚʦʞʠʚʘʪʝʣʷʭ, ʦʩʘʜʦʯʥʳʭ ʤʘʰʠʥʘʭ. ɽʛʦ 

ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʨʝʜʩʪʚʦʤ ʦʨʛʘʥʠʯʝʩʢʠʭ ʬʣʦʢʫʣʷʥʪʦʚ [12]. 

ɼʘʥʥʳʡ ʤʝʪʦʜ ʷʚʣʷʝʪʩʷ ʠʥʥʦʚʘʮʠʦʥʥʳʤ ʚ ʩʬʝʨʝ ʦʧʝʨʘʮʠʡ ʩ ʦʪʭʦʜʘʤʠ. ʆʥ 

ʨʘʩʮʝʥʠʚʘʝʪʩʷ ʢʘʢ ʥʘʠʙʦʣʝʝ ʧʨʦʛʨʝʩʩʠʚʥʳʡ ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʡ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʩʞʠʛʘʥʠʝʤ. 

ʉʤʳʩʣ ʧʠʨʦʣʠʟʘ ʚ ʨʘʩʱʝʧʣʝʥʠʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʚ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʫʩʣʦʚʠʷʭ ʚ 

ʙʝʩʢʠʩʣʦʨʦʜʥʦʡ ʩʨʝʜʝ. ɺ ʢʘʯʝʩʪʚʝ ʛʦʪʦʚʦʛʦ ʧʨʦʜʫʢʪʘ ʬʠʛʫʨʠʨʫʶʪ ʙʝʟʦʧʘʩʥʘʷ ʩʤʦʣʘ ʠ 

ʵʢʦʣʦʛʠʪ, ʩʣʫʞʘʱʠʝ ʠʩʭʦʜʥʳʤ ʤʘʪʝʨʠʘʣʦʤ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʝʨʘʤʟʠʪʘ ʠʣʠ 

ʙʝʪʦʥʘ. ʈʘʟʨʘʙʦʪʢʠ ʵʪʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʠʤʝʶʪʩʷ ʚ ʜʦʩʪʘʪʦʯʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʢʘʢ ʚ ʈʦʩʩʠʠ, ʪʘʢ ʠ 

ʟʘ ʨʫʙʝʞʦʤ. ʕʢʩʧʝʨʪʳ ʦʪʤʝʯʘʶʪ ʜʦ 50 ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʤʦʜʝʣʝʡ ʧʠʨʦʣʠʟʥʳʭ ʫʩʪʘʥʦʚʦʢ. ʀʭ 

ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʘʚʠʩʷʪ ʦʪ ʩʦʩʪʦʷʥʠʷ ʩʳʨʴʷ, ʪʝʤʧʝʨʘʪʫʨʳ ʵʢʩʧʣʫʘʪʘʮʠʠ, 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʫʩʪʨʦʡʩʪʚʘ. ɺʧʨʦʯʝʤ, ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʜʦʩʪʦʠʥʩʪʚʘ ʦʤʨʘʯʘʝʪ ʙʦʣʴʰʦʡ ʤʠʥʫʩ, 

ʧʨʠʩʫʱʠʡ ʧʠʨʦʣʠʟʫ ʦʩʘʜʢʘ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʨʦʝʢʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʪʨʝʙʫʝʪʩʷ 

ʚʥʫʰʠʪʝʣʴʥʳʡ ʦʙʲʝʤ ʛʦʨʶʯʝʛʦ. ʉʧʝʮʠʘʣʠʩʪʳ ʥʘʰʣʠ ʚʳʭʦʜ ʠʟ ʩʠʪʫʘʮʠʠ ʧʫʪʝʤ ʩʦʟʜʘʥʠʷ 

ʚʟʨʳʚʥʦʡ ʢʘʤʝʨʳ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʥʘ ʧʦʨʷʜʦʢ ʧʦʜʥʷʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 
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ʧʨʦʮʝʩʩʘ ð ʜʦ 5000 Áʉ. ʉʨʝʜʠ ʧʨʝʠʤʫʱʝʩʪʚ ʚʟʨʳʚʥʦʡ ʢʘʤʝʨʳ ʣʶʙʘʷ ʚʣʘʞʥʦʩʪʴ ʩʳʨʴʷ, 

ʧʨʦʩʪʦʪʘ ʢʦʥʩʪʨʫʢʮʠʠ, ʤʘʢʩʠʤʘʣʴʥʘʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʩʛʦʨʘʥʠʷ, ʦʪʩʫʪʩʪʚʠʝ ʟʘʧʳʣʝʥʥʦʩʪʠ 

ʦʩʪʘʪʦʯʥʦʛʦ ʛʘʟʘ. ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʩʢʨʫʧʫʣʝʟʥʳʡ ʨʘʩʯʝʪ ʝʝ ʨʘʙʦʯʝʡ 

ʢʦʥʩʪʨʫʢʮʠʠ. ʇʘʨʘʤʝʪʨʳ ʢʘʤʝʨʳ ʜʦʣʞʥʳ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʪʠʧʫ ʚʟʨʳʚʦʤʘʪʝʨʠʘʣʦʚ, ʢʦʪʦʨʳʝ 

ʧʣʘʥʠʨʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʚʦʟʜʝʡʩʪʚʠʝʤ ʙʦʣʴʰʠʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʠʣ, 

ʥʘʙʣʶʜʘʶʱʠʭʩʷ ʚ ʤʦʤʝʥʪ ʚʟʨʳʚʘ. ɼʠʥʘʤʠʯʝʩʢʠʡ ʫʜʘʨ ʩʪʨʝʤʠʪʩʷ ʨʘʟʨʫʰʠʪʴ ʫʩʪʘʥʦʚʢʫ, 

ʧʦʵʪʦʤʫ ʦʥʘ ʜʦʣʞʥʘ ʙʳʪʴ ʧʨʦʯʥʦʡ. ʍʦʪʷ ʩʫʱʝʩʪʚʝʥʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʪʘʢʦʝ ʫʩʣʦʚʠʝ ʥʝ 

ʥʘʟʦʚʝʰʴ [11].  

ʅʘʫʯʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʚʝʨʦʷʪʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʩʧʝʮʠʘʣʴʥʦ 

ʧʦʜʛʦʪʦʚʣʝʥʥʳʭ ʦʩʘʜʢʦʚ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʮʝʤʝʥʪʘ. ʐʣʘʤ ʧʦʩʣʝ ʦʯʠʩʪʢʠ ʞʠʜʢʠʭ ʦʪʭʦʜʦʚ 

ʧʨʦʤʳʰʣʝʥʥʦʡ ʛʘʣʴʚʘʥʠʢʠ ʜʦʙʘʚʣʷʶʪ ʚ ʠʩʭʦʜʥʳʡ ʤʘʪʝʨʠʘʣ ʢʘʢ ʧʣʘʩʪʠʬʠʢʘʪʦʨ. ɸ 

ʚʩrʫʰʝʥʥʳʡ ʚʦʜʦʢʘʥʘʣʠʟʘʮʠʦʥʥʳʡ ʠʣ, ʦʙʣʘʜʘʶʱʠʡ ʚʳʩʦʢʦʡ ʪʝʧʣʦʪʚʦʨʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ, 

ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʪʦʧʣʠʚʘ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʩʪʨʦʠʪʝʣʴʥʦʡ ʩʤʝʩʠ [10]. 

ʀʩʩʣʝʜʦʚʘʪʝʣʠ ʥʘʰʣʠ ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ ʧʫʪʠ ʜʦʙʳʯʠ ʙʝʣʢʘ ð ʠʟ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʪʭʦʜʦʚ. 

ɺ ʪʘʢʦʤ ʙʝʣʢʝ ʩʦʜʝʨʞʘʪʩʷ ʘʤʠʥʦʢʠʩʣʦʪʳ, ʤʠʢʨʦʵʣʝʤʝʥʪʳ ʠ ʚʠʪʘʤʠʥʳ ʛʨʫʧʧʳ ɺ. ʕʪʦʪ 

ʧʨʦʮʝʩʩ ʦʙʝʩʧʝʯʠʚʘʶʪ ʢʦʣʦʥʠʠ ʦʢʠʩʣʠʪʝʣʴʥʳʭ ʙʘʢʪʝʨʠʡ, ʞʠʚʫʱʠʭ ʚ ʙʠʦʣʦʛʠʯʝʩʢʦʤ 

ʦʯʠʩʪʥʦʤ ʩʦʦʨʫʞʝʥʠʠ, ʘ ʠʩʪʦʯʥʠʢʦʤ ʷʚʣʷʝʪʩʷ ʘʢʪʠʚʥʳʡ ʠʣ. ʇʦʯʝʤʫ ʦʥ ʘʢʪʠʚʥʳʡ? ʇʦʪʦʤʫ 

ʯʪʦ ʩʦʜʝʨʞʘʱʠʝʩʷ ʚ ʥʝʤ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ ʫʯʘʩʪʚʫʶʪ ʚ ʦʯʠʩʪʢʝ ʩʪʦʯʥʳʭ ʚʦʜ ʥʘ ʢʣʝʪʦʯʥʦʤ 

ʫʨʦʚʥʝ [16]. ʇʨʠʥʮʠʧ ʧʨʦʩʪ: ʤʠʢʨʦʬʣʦʨʘ ʧʠʪʘʝʪʩʷ ʨʘʩʪʚʦʨʝʥʥʦʡ ʦʨʛʘʥʠʢʦʡ, ʚʳʩʪʫʧʘʷ ʚ ʨʦʣʠ 

ʩʘʥʠʪʘʨʘ. ʉʣʦʞʥʳʡ ʙʠʦʭʠʤʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʠʜʝʪ ʚ ʜʚʫʭ ʧʣʦʩʢʦʩʪʷʭ: ʦʢʠʩʣʝʥʠʝ ʜʦ ʨʘʩʧʘʜʘ ʥʘ 

ʫʛʣʝʢʠʩʣʳʡ ʛʘʟʘ ʠ ʚʦʜʫ, ʢʣʝʪʦʯʥʦʝ ʩʠʥʪʝʟʠʨʦʚʘʥʠʝ (ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʦ). ʈʘʩʯʝʪ ʦʩʘʜʢʘ ʧʨʠ 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʦʯʠʩʪʢʝ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 1% ʦʪ ʦʙʱʝʛʦ ʦʙʲʝʤʘ ʩʪʦʯʥʳʭ ʚʦʜ [12]. 

ɼʣʷ ʜʝʟʠʥʬʝʢʮʠʠ ʦʩʘʜʢʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʝʨʤʦʩʫʰʢʘ. ʕʪʦ ʧʨʠʩʧʦʩʦʙʣʝʥʠʝ 

ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʧʦ çʧʨʦʜʚʠʥʫʪʦʤʫè ʧʨʠʥʮʠʧʫ, ʧʦʩʨʝʜʩʪʚʦʤ ʢʦʪʦʨʦʛʦ ʦʩʘʜʦʢ 

ʦʙʝʟʟʘʨʘʞʠʚʘʝʪʩʷ, ʩʪʘʙʠʣʠʟʠʨʫʶʪʩʷ ʝʛʦ ʢʘʯʝʩʪʚʘ, ʦʧʪʠʤʠʟʠʨʫʝʪʩʷ ʚʦʜʦʦʪʜʘʯʘ. ɺʜʦʙʘʚʦʢ 

ʪʝʨʤʠʯʝʩʢʠʡ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʧʦʣʥʦʩʪʴʶ ʦʪʢʘʟʘʪʴʩʷ ʦʪ ʧʨʠʤʝʥʝʥʠʷ ʨʝʘʛʝʥʪʦʚ. ʏʪʦ ʢʘʩʘʝʪʩʷ 

ʩʨʝʜʩʪʚ ʪʝʧʣʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʠʣʘ ʩ ʚʣʘʞʥʦʩʪʴʶ ʦʢʦʣʦ 80%, ʪʦ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʤʠ 

ʧʨʠʟʥʘʥʳ ʫʩʪʘʥʦʚʢʠ ʧʨʷʤʦʪʦʯʥʦʡ ʩʫʰʢʠ. ʆʥʠ ʮʝʥʷʪʩʷ ʪʝʤ, ʯʪʦ ʚʳʜʝʨʞʠʚʘʶʪ ʥʝʧʣʦʭʦʡ 

ʧʦʢʘʟʘʪʝʣʴ ʚʣʘʞʥʦʩʪʠ ʥʘ ʚʳʭʦʜʝ, ʥʝ ʧʨʝʚʳʰʘʶʱʠʡ 40ï50%. ɸ ʝʱʝ ʧʨʷʤʦʪʦʯʥʘʷ ʫʩʪʘʥʦʚʢʘ 

ʩʧʦʩʦʙʥʘ ʢʦʤʙʠʥʠʨʦʚʘʪʴ ʩʦʙʩʪʚʝʥʥʦ ʩʫʰʢʫ, ʦʙʝʟʟʘʨʘʞʠʚʘʥʠʝ ʦʩʘʜʢʘ, ʧʦʜʘʯʫ ʝʛʦ ʩʞʘʪʳʤ 

ʚʦʟʜʫʭʦʤ ʚ ʤʝʩʪʘ ʩʢʣʘʜʠʨʦʚʘʥʠʷ [7]. 

ʄʘʩʩʘ ʘʢʪʠʚʥʦʛʦ ʠʣʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʩʣʦʞʥʳʝ ʤʠʢʨʦʵʣʝʤʝʥʪʳ, ʘ ʪʘʢʞʝ ʘʟʦʪ ʠ ʦʩʦʙʝʥʥʦ 

ʬʦʩʬʦʨʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʧʦʩʪʦʷʥʥʦ ʥʘʢʘʧʣʠʚʘʶʪʩʷ, ʧʦʵʪʦʤʫ ʣʶʜʠ ʚʳʥʫʞʜʝʥʳ ʧʨʠʥʠʤʘʪʴ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʤʝʨʳ ʧʦ ʝʛʦ ʧʝʨʝʨʘʙʦʪʢʝ. ɺ ʜʘʥʥʦʤ ʘʩʧʝʢʪʝ ʠʥʪʝʨʝʩʥʘ ʪʝʭʥʦʣʦʛʠʷ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʦʯʚʦʛʨʫʥʪʦʚ (ʵʪʘ ʩʫʙʩʪʘʥʮʠʷ, ʢʦʥʝʯʥʦ, ʫʩʪʫʧʘʝʪ ʩʘʧʨʦʧʝʣʶ ʠ ʛʫʤʫʩʫ ʧʦ 

ʩʦʜʝʨʞʘʥʠʶ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ, ʥʦ ʪʝʤ ʥʝ ʤʝʥʝʝé). ɼʘʥʥʳʤ ʤʝʪʦʜʦʤ ʦʙʝʟʚʦʞʠʚʘʶʪ 

ʠʟʙʳʪʦʯʥʦ ʘʢʪʠʚʥʳʡ ʠʣ ʧʦʩʨʝʜʩʪʚʦʤ ʙʘʨʘʙʘʥʥʳʭ ʚʘʢʫʫʤïʬʠʣʴʪʨʦʚ, ʮʝʥʪʨʠʬʫʛ ʩ ʜʘʣʴʥʝʡʰʝʡ 

ʩʫʰʢʦʡ ʧʨʠ ʧʘʨʘʣʣʝʣʴʥʦʤ ʛʨʘʥʫʣʠʨʦʚʘʥʠʠ. ʇʨʠ ʵʪʦʤ ʚʳʭʦʜʷʪ ʛʦʪʦʚʳʝ ʠʟʜʝʣʠʷïʦʢʘʪʳʰʠ, ʠʟ 

ʢʦʪʦʨʳʭ ʟʘʪʝʤ ʠʟʛʦʪʘʚʣʠʚʘʶʪʩʷ ʩʪʦʡʢʠʝ ʜʣʷ ʨʘʟʣʦʞʝʥʠʷ, ʦʪʣʠʯʥʦ ʭʨʘʥʷʱʠʝʩʷ ʠ 

ʪʨʘʥʩʧʦʨʪʘʙʝʣʴʥʳʝ ʦʨʛʘʥʦʤʠʥʝʨʘʣʴʥʳʝ ʫʜʦʙʨʝʥʠʷ, ʫʜʦʙʥʳʝ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʦ ʧʨʷʤʦʤʫ 

ʥʘʟʥʘʯʝʥʠʶ. ʊʝʭʥʦʣʦʛʠʷ ʧʦʟʚʦʣʷʝʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʫʪʠʣʠʟʠʨʦʚʘʪʴ ʦʩʘʜʦʢ, ʧʨʦʠʟʚʦʜʠʪʴ 

ʧʦʣʝʟʥʳʡ ʘʛʨʦʤʘʪʝʨʠʘʣ ʜʘ ʝʱʝ ʠ ʟʘʨʘʙʘʪʳʚʘʪʴ ʥʘ ʵʪʦʤ! ɽʜʠʥʩʪʚʝʥʥʦʝ ʫʩʣʦʚʠʝ ð ʩʪʨʦʛʠʡ 

ʢʦʥʪʨʦʣʴ ʥʘʜ ʢʦʥʜʠʮʠʝʡ ʛʦʪʦʚʦʛʦ ʧʨʦʜʫʢʪʘ, ʢʦʪʦʨʳʡ ʥʝ ʜʦʣʞʝʥ ʩʦʜʝʨʞʘʪʴ ʧʨʠʤʝʩʠ ʪʷʞʝʣʳʭ 

ʤʝʪʘʣʣʦʚ, ʭʠʤʠʢʘʪʳ ʠ ʷʡʮʘ ʧʘʨʘʟʠʪʦʚ. ɽʩʣʠ ʩʦʙʣʶʩʪʠ ʝʛʦ ʥʝʣʴʟʷ, ʩʣʝʜʫʝʪ ʚʳʙʨʘʪʴ ʠʥʦʡ 

ʩʧʦʩʦʙ ʫʪʠʣʠʟʘʮʠʠ, ʥʘʧʨʠʤʝʨ ʩʞʠʛʘʥʠʝ [9]. 
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ɺʳʰʝ ʦʧʠʩʘʥʥʳʝ ʤʝʪʦʜʳ ʧʦʷʚʠʣʠʩʴ, ʯʪʦ ʥʘʟʳʚʘʝʪʩʷ, ʥʝ ʦʪ ʭʦʨʦʰʝʡ ʞʠʟʥʠ, ʘ ʠʟ-ʟʘ 

ʧʝʨʠʦʜʠʯʝʩʢʠ ʦʙʥʘʨʫʞʠʚʘʝʤʳʭ çʩʚʝʞʠʭè ̫ʜʦʚ ʠ ʪʦʢʩʠʯʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ. ɿʘʯʘʩʪʫʶ ʦʥʠ 

ʪʨʫʜʥʦʨʘʩʧʦʟʥʘʚʘʝʤʳ, ʧʣʦʭʦ ʧʦʜʜʘʶʪʩʷ ʘʥʘʣʠʟʫ ʠ ʫʩʪʨʘʥʝʥʠʶ. ʇʦʧʘʜʘʷ ʚ ʚʦʜʥʫʶ ʩʨʝʜʫ 

ʧʦʩʣʝ ʪʨʘʜʠʮʠʦʥʥʳʭ ʦʯʠʩʪʥʳʭ ʦʧʝʨʘʮʠʡ, ʥʝ ʷʚʣʷʶʱʠʭʩʷ ʜʣʷ ʥʠʭ ʧʨʝʧʷʪʩʪʚʠʝʤ, ʦʥʠ 

ʩʪʘʥʦʚʷʪʩʷ ʦʧʘʩʥʳʤ ʟʘʤʘʩʢʠʨʦʚʘʥʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʟʘʛʨʷʟʥʝʥʠʷ. ʅʦ ʙʦʣʴʰʝ ʚʩʝʛʦ ʚ 

ʢʦʤʤʫʥʘʣʴʥʳʭ ʩʪʦʢʘʭ ʩʦʜʝʨʞʠʪʩʷ ʧʘʪʦʛʝʥʥʦʡ ʤʠʢʨʦʬʣʦʨʳ ʠ ʧʨʦʜʫʢʪʦʚ ʛʥʠʝʥʠʷ. ɹʦʨʦʪʴʩʷ ʩ 

ʥʠʤʠ ʥʝʧʨʦʩʪʦ, ʘ ʦʙʝʟʚʨʝʜʠʪʴ ʩʦ ʩʪʦʧʨʦʮʝʥʪʥʳʤ ʵʬʬʝʢʪʦʤ ʜʦʧʦʪʦʧʥʳʤʠ ʩʧʦʩʦʙʘʤʠ ʠ ʚʦʚʩʝ 

ʥʝʨʝʘʣʴʥʦ. ʇʦʵʪʦʤʫ ʚʩʣʝʜ ʟʘ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝʤ ʩʦʙʩʪʚʝʥʥʦʡ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʤʳ 

ʦʙʷʟʘʥʳ ʘʜʝʢʚʘʪʥʦ ʨʘʟʚʠʚʘʪʴ ʫʪʠʣʠʟʘʮʠʦʥʥʫʶ ʠʥʜʫʩʪʨʠʶ, ʧʦʛʣʦʱʘʶʱʫʶ ʦʪʭʦʜʳ 

ʢʘʥʘʣʠʟʘʮʠʠ [2]. 

ʉ ʨʦʩʪʦʤ ʛʦʨʦʜʦʚ, ʨʘʟʚʠʪʠʝʤ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʚʦ ʚʩʝʭ ʨʝʛʠʦʥʘʭ ʈʌ ʧʨʦʙʣʝʤʘ 

ʦʧʪʠʤʠʟʘʮʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʯʝʣʦʚʝʢʘ ʠ ʧʨʠʨʦʜʳ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ, ʧʦʩʢʦʣʴʢʫ ʨʝʰʝʥʠʝ 

ʝʝ ʠʤʝʝʪ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ ʧʨʠʨʦʜʳ. ʆʜʥʠʤ ʠʟ ʠʩʪʦʯʥʠʢʦʚ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ 

ʚʣʠʷʥʠʷ ʛʦʨʦʜʦʚ ʥʘ ʦʙʲʝʢʪʳ ʧʨʠʨʦʜʳ ʷʚʣʷʶʪʩʷ ʙʳʪʦʚʳʝ ʩʪʦʯʥʳʝ ʚʦʜʳ, ʚ ʧʨʦʮʝʩʩʝ ʦʯʠʩʪʢʠ 

ʢʦʪʦʨʳʭ ʦʙʨʘʟʫʶʪʩʷ ʦʪʭʦʜʳ ʚ ʚʠʜʝ ʦʩʘʜʢʦʚ. ʈʘʩʯʝʪʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʥʘ ʦʜʥʦʛʦ ʯʝʣʦʚʝʢʘ ʚ ʛʦʜ 

ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʩʫʭʦʛʦ ʦʩʘʜʢʘ ʩʦʩʪʘʚʣʷʝʪ ʙʦʣʝʝ 30 ʢʛ.  

ɺ ʈʦʩʩʠʠ ʩ ʯʠʩʣʝʥʥʦʩʪʴʶ ʥʘʩʝʣʝʥʠʷ 148 ʤʣʥ ʯʝʣʦʚʝʢ, ʚ ʪʦʤ ʯʠʩʣʝ ʛʦʨʦʜʩʢʦʛʦ ʥʘʩʝʣʝʥʠʷ 

ʩʚʳʰʝ 100 ʤʣʥ ʯʝʣʦʚʝʢ, ʨʘʩʯʝʪʥʳʡ ʦʙʲʝʤ ʦʙʨʘʟʫʶʱʠʭʩʷ ʦʪʭʦʜʦʚ ʚ ʚʠʜʝ ʦʩʘʜʢʦʚ ʛʦʨʦʜʩʢʠʭ 

ʩʪʦʯʥʳʭ ʚʦʜ ʦʮʝʥʠʚʘʝʪʩʷ ʦʨʠʝʥʪʠʨʦʚʦʯʥʦ ʚ 4,4 ʤʣʥ ʪ. ʚ ʛʦʜ (ʧʦ ʩʫʭʦʤʫ ʚʝʱʝʩʪʚʫ). ʊʘʢʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʦʙʨʘʟʫʶʱʠʭʩʷ ʦʪʭʦʜʦʚ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʪʨʝʙʫʝʪ ʟʥʘʯʠʪʝʣʴʥʳʭ ʟʘʪʨʘʪ ʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʣʦʱʘʜʝʡ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʦʛʦ ʠʭ ʭʨʘʥʝʥʠʷ. 

ʉʫʱʝʩʪʚʫʶʱʠʝ ʪʝʭʥʦʣʦʛʠʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʦʙʝʟʚʨʝʞʠʚʘʥʠʷ ʠ ʦʙʝʟʚʦʞʠʚʘʥʠʷ ʪʘʢʠʭ 

ʦʪʭʦʜʦʚ ʷʚʣʷʶʪʩʷ ʵʥʝʨʛʦʝʤʢʠʤʠ, ʜʣʠʪʝʣʴʥʳʤʠ ʧʦ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʠ ʜʣʷ ʠʭ ʨʝʘʣʠʟʘʮʠʠ 

ʧʨʠʤʝʥʷʝʪʩʷ ʜʦʨʦʛʦʩʪʦʷʱʝʝ ʦʙʦʨʫʜʦʚʘʥʠʝ. ʆʙʨʘʟʫʶʱʠʝʩʷ ʚ ʧʨʦʮʝʩʩʝ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ 

ʦʩʘʜʢʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʮʝʥʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ, ʥʦ ʚ ʪʦʞʝ 

ʚʨʝʤʷ ʥʝ ʛʘʨʘʥʪʠʨʫʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʟʘʛʨʷʟʥʠʪʝʣʝʡ (ʥʘʣʠʯʠʝ ʧʘʪʦʛʝʥʥʳʭ, 

ʪʝʨʤʦʪʦʣʝʨʘʥʪʥʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʧʨʦʩʪʝʡʰʠʭ ʦʨʛʘʥʠʟʤʦʚ, ʤʠʢʨʦʙʦʚ ʠ ʚʠʨʫʩʦʚ). ʂʨʦʤʝ 

ʪʦʛʦ, ʠʤʝʝʪ ʤʝʩʪʦ ʩʦʜʝʨʞʘʥʠʝ ʚ ʦʩʘʜʢʘʭ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ. ʉʦʟʜʘʥʠʝ ʩʠʩʪʝʤ 

ʦʙʝʟʟʘʨʘʞʠʚʘʥʠʷ ʠ ʦʙʝʟʚʦʞʠʚʘʥʠʷ ʦʙʨʘʟʫʶʱʠʭʩʷ ʦʩʘʜʢʦʚ ʩ ʮʝʣʴʶ ʠʭ ʧʦʩʣʝʜʫʶʱʝʡ 

ʫʪʠʣʠʟʘʮʠʠ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʥʦʚʳʭ ʠʣʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʜʝʡʩʪʚʫʶʱʠʭ ʛʦʨʦʜʩʢʠʭ ʦʯʠʩʪʥʳʭ 

ʩʦʦʨʫʞʝʥʠʡ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʢʘʧʠʪʘʣʴʥʳʭ ʚʣʦʞʝʥʠʡ ʚ 1,8ï2,3 ʨʘʟʘ. ɿʘ ʩʯʝʪ 

ʨʘʟʤʝʱʝʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʦʩʘʜʢʦʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʧʣʦʱʘʜʠ ʦʯʠʩʪʥʳʭ 

ʩʦʦʨʫʞʝʥʠʡ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʚ 1,7 ʨʘʟʘ. ʇʨʠ ʵʪʦʤ ʚʦʟʨʘʩʪʘʶʪ ʨʝʟʢʦ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʟʘʪʨʘʪʳ 

ʩ ʫʯʝʪʦʤ ʚʳʚʦʟʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʙʝʟʟʘʨʘʞʝʥʥʳʭ ʠ ʦʙʝʟʚʦʞʝʥʥʳʭ ʦʩʘʜʢʦʚ. ɺ ʪʦʞʝ ʚʨʝʤʷ 

ʦʙʨʘʟʫʶʱʠʝʩʷ ʥʘ ʛʦʨʦʜʩʢʠʭ ʦʯʠʩʪʥʳʭ ʩʦʦʨʫʞʝʥʠʷʭ ʦʩʘʜʢʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʚʘʞʥʝʡʰʠʡ 

ʠʩʪʦʯʥʠʢ ʦʨʛʘʥʠʯʝʩʢʠʭ, ʧʠʪʘʪʝʣʴʥʳʭ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

ʦʙʝʟʚʨʝʞʝʥʥʳʭ ʦʩʘʜʢʦʚ ʚʟʘʤʝʥ ʦʨʛʘʥʠʯʝʩʢʠʭ ʫʜʦʙʨʝʥʠʡ ʨʝʰʘʝʪ ʚʘʞʥʫʶ ʧʨʦʙʣʝʤʫ 

ʦʙʣʘʛʦʨʘʞʠʚʘʥʠʷ ʟʘʛʨʷʟʥʝʥʥʳʭ ʧʦʯʚ ʟʘ ʩʯʝʪ ʦʙʦʛʘʱʝʥʠʷ ʠʭ ʦʨʛʘʥʠʯʝʩʢʠʤ ʫʛʣʝʨʦʜʦʤ ʠ 

ʵʣʝʤʝʥʪʘʤʠ ʧʠʪʘʥʠʷ ʜʣʷ ʨʘʩʪʝʥʠʡ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʩʣʝʜʥʠʭ ʣʝʪ ʧʦʢʘʟʘʣʠ ʚʦʟʤʦʞʥʦʩʪʴ 

ʫʩʧʝʰʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʢʘʚʠʪʘʮʠʠ ʜʣʷ ʜʝʟʠʥʪʝʛʨʘʮʠʠ ʨʘʟʣʠʯʥʳʭ 

ʪʚʝʨʜʳʭ ʚʝʱʝʩʪʚ ʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠ 

ʟʘʨʫʙʝʞʥʳʭ ʫʯʝʥʳʭ ʧʦʢʘʟʘʣʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʢʘʚʠʪʘʮʠʠ ʜʣʷ ʜʝʟʠʥʪʝʛʨʘʮʠʠ 

ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ. ʇʨʠ ʢʘʚʠʪʘʮʠʦʥʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʧʨʦʠʩʭʦʜʠʪ 

ʜʝʟʠʥʪʝʛʨʘʮʠʷ ʛʨʘʤʤïʧʦʣʦʞʠʪʝʣʴʥʳʭ ʠ ʛʨʘʤʤïʦʪʨʠʮʘʪʝʣʴʥʳʭ ʘʵʨʦʙʥʳʭ ʠ ʘʥʘʵʨʦʙʥʳʭ 

ʙʘʢʪʝʨʠʡ, ʧʘʣʦʯʢʦʚʠʜʥʳʭ, ʧʨʦʩʪʝʡʰʠʭ ʦʨʛʘʥʠʟʤʦʚ, ʤʠʢʨʦʙʦʚ ʠ ʚʠʨʫʩʦʚ. ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ 

ʧʨʦʮʝʩʩʘ ʦʙʨʘʙʦʪʢʠ ʦʩʘʜʢʦʚ ʩ ʮʝʣʴʶ ʠʭ ʦʙʝʟʟʘʨʘʞʠʚʘʥʠʷ ʠ ʫʣʫʯʰʝʥʠʷ ʩʧʦʩʦʙʥʦʩʪʠ ʢ 
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ʦʙʝʟʚʦʞʠʚʘʥʠʶ ʧʨʝʜʣʘʛʘʶʪʩʷ ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʆʆʆ çʕʂʆïʊɽʍïʄʆʉʂɺɸè 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʘʧʧʘʨʘʪʳ, ʚ ʢʦʪʦʨʳʭ ʢʘʚʠʪʘʮʠʷ ʚʦʟʥʠʢʘʝʪ ʟʘ ʩʯʝʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʣʷ 

ʩʢʦʨʦʩʪʝʡ ʚ ʧʦʪʦʢʝ. ʆʩʥʦʚʥʳʤ ʬʘʢʪʦʨʦʤ, ʦʧʨʝʜʝʣʷʶʱʠʤ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʢʘʚʠʪʘʮʠʠ ʜʣʷ ʜʝʟʠʥʪʝʛʨʘʮʠʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʷʚʣʷʝʪʩʷ ʤʝʭʘʥʠʯʝʩʢʦʝ 

ʚʦʟʜʝʡʩʪʚʠʝ ʢʫʤʫʣʷʪʠʚʥʳʭ ʤʠʢʨʦʧʫʟʳʨʴʢʦʚ. ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʢʘʚʠʪʘʮʠʦʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʝʞʠʤʦʤ ʪʝʯʝʥʠʷ, ʘ ʟʘʪʨʘʪʳ ʵʥʝʨʛʠʠ ʚ 10ï15 ʨʘʟ ʤʝʥʴʰʝ, ʯʝʤ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʫʣʴʪʨʘʟʚʫʢʘ. ɼʦ ʧʦʩʣʝʜʥʝʛʦ ʚʨʝʤʝʥʠ ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʢʘʚʠʪʘʮʠʠ ʜʣʷ ʜʝʟʠʥʪʝʛʨʘʮʠʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʩʜʝʨʞʠʚʘʣʦʩʴ ʠʟ-ʟʘ 

ʦʪʩʫʪʩʪʚʠʷ ʢʦʥʩʪʨʫʢʮʠʠ ʥʘʜʝʞʥʦʛʦ ʢʘʚʠʪʘʮʠʦʥʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʨʘʟʨʘʙʦʪʘʥ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ʢʘʚʠʪʘʮʠʦʥʥʳʡ ʛʝʥʝʨʘʪʦʨ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʦʙʨʘʟʦʚʘʥʠʝ 

ʢʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʦʣʷ, ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ ʜʝʟʠʥʪʝʛʨʘʮʠʠ ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʦʩʪʘʪʦʯʥʦʤ ʠʣʝ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʧʨʠ ʚʳʩʦʢʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʜʦ 100 ʤ3/ʯʘʩ. ʀʩʭʦʜʥʳʡ ʦʩʘʜʦʢ ʚ ʚʠʜʝ 

ʚʦʜʥʦïʠʣʦʚʦʡ ʩʤʝʩʠ ʯʝʨʝʟ ʧʘʪʨʫʙʦʢ ʧʦʜʘʶʪ ʚ ʨʘʙʦʯʫʶ ʢʘʤʝʨʫ ʨʦʪʦʨʥʦʛʦ ʛʠʜʨʦʜʠ-

ʥʘʤʠʯʝʩʢʦʛʦ ʢʘʚʠʪʘʮʠʦʥʥʦʛʦ ʘʧʧʘʨʘʪʘ. ɺ ʧʨʦʮʝʩʩʝ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʢʘʚʠʪʘʮʠʠ 

ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ ʧʦʣʝʡ ʢʘʚʠʪʘʮʠʦʥʥʳʭ ʧʫʟʳʨʴʢʦʚ ʠ ʢʫʤʫʣʷʪʠʚʥʳʭ ʤʠʢʨʦʩʪʨʫʝʢ 

ʜʠʘʤʝʪʨʦʤ 5ï200 ʤʢʤ, ʜʚʠʞʫʱʠʭʩʷ ʩʦ ʩʢʦʨʦʩʪʴʶ ʦʪ 50 ʜʦ 1500 ʤ/ʩ. ʇʨʠ ʜʚʠʞʝʥʠʠ ʩʤʝʩʠ 

ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʫʤʝʥʴʰʘʝʪʩʷ, ʜʘʚʣʝʥʠʝ ʚʦʟʨʘʩʪʘʝʪ ʠ ʧʨʦʠʩʭʦʜʠʪ ʩʭʣʦʧʳʚʘʥʠʝ 

ʢʘʚʠʪʘʮʠʦʥʥʳʭ ʧʫʟʳʨʴʢʦʚ. ɼʘʚʣʝʥʠʝ ʚ ʪʦʯʢʘʭ ʩʭʣʦʧʳʚʘʥʠʷ ʢʘʚʠʪʘʮʠʦʥʥʳʭ ʧʫʟʳʨʴʢʦʚ ʤʦʞʝʪ 

ʜʦʩʪʠʛʘʪʴ 1,5Ĭ103 ʄʇʘ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʢʘʚʠʪʘʮʠʠ ʟʘʚʠʩʠʪ ʦʪ ʚʝʣʠʯʠʥʳ ʠ 

ʯʘʩʪʦʪʳ ʧʫʣʴʩʘʮʠʡ ʜʘʚʣʝʥʠʷ, ʚʦʟʥʠʢʘʶʱʝʛʦ ʧʨʠ ʧʝʨʝʢʨʳʪʠʠ ʢʘʚʠʪʘʪʦʨʘʤʠ ʨʦʪʦʨʘ ʟʘʟʦʨʦʚ 

ʤʝʞʜʫ ʢʘʚʠʪʘʪʦʨʘʤʠ ʩʪʘʪʦʨʘ. ʏʘʩʪʦʪʫ ʵʪʠʭ ʧʫʣʴʩʘʮʠʡ ʤʦʞʥʦ ʧʦʚʳʩʠʪʴ ʧʦʩʨʝʜʩʪʚʦʤ 

ʫʚʝʣʠʯʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʢʘʚʠʪʘʪʦʨʦʚ ʨʦʪʦʨʘ ʠ ʩʪʘʪʦʨʘ, ʧʦʚʳʰʝʥʠʝʤ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ 

ʠʣʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʚʨʘʱʝʥʠʝʤ ʩʪʘʪʦʨʘ ʚ ʩʪʦʨʦʥʫ, ʧʨʦʪʠʚʦʧʦʣʦʞʥʫʶ ʥʘʧʨʘʚʣʝʥʠʶ 

ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ. ʋʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʢʘʚʠʪʘʪʦʨʦʚ ʚ ʨʷʜʫ ʨʦʪʦʨʘ ʠʤʝʝʪ ʧʨʝʜʝʣ, 

ʦʙʫʩʣʦʚʣʝʥʥʳʡ ʨʘʜʠʫʩʦʤ ʨʦʪʦʨʘ, ʤʠʥʠʤʘʣʴʥʳʤ ʰʘʛʦʤ ʨʘʩʧʦʣʦʞʝʥʠʷ ʢʘʚʠʪʘʪʦʨʦʚ ʧʦ 

ʦʢʨʫʞʥʦʩʪʠ ʨʦʪʦʨʘ ʠ ʤʠʥʠʤʘʣʴʥʦʡ ʰʠʨʠʥʦʡ ʢʘʚʠʪʘʪʦʨʘ, ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ ʧʦʣʥʦʛʦ 

ʧʝʨʝʢʨʳʪʠʷ ʢʘʚʠʪʘʪʦʨʘʤʠ ʨʦʪʦʨʘ ʟʘʟʦʨʦʚ ʤʝʞʜʫ ʢʘʚʠʪʘʪʦʨʘʤʠ ʩʪʘʪʦʨʘ. ʄʘʢʩʠʤʘʣʴʥʦ 

ʜʦʧʫʩʪʠʤʳʡ ʨʘʜʠʫʩ ʨʦʪʦʨʘ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʤʠʥʠʤʘʣʴʥʦ ʥʝʦʙʭʦʜʠʤʳʤ ʟʘʧʘʩʦʤ ʧʨʦʯʥʦʩʪʠ 

ʵʣʝʤʝʥʪʦʚ ʨʦʪʦʨʘ ʥʘ ʨʘʩʪʷʞʝʥʠʝ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʮʝʥʪʨʦʙʝʞʥʳʭ ʩʠʣ, ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ 

ʚʨʘʱʝʥʠʠ ʨʦʪʦʨʘ. ʄʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʘʷ ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ 

ʧʘʨʘʤʝʪʨʘʤʠ ʧʦʜʰʠʧʥʠʢʦʚʦʛʦ ʫʟʣʘ ʚʘʣʘ ʨʦʪʦʨʘ ʠ ʥʝ ʧʨʝʚʳʰʘʝʪ 3000 ʦʙ/ʤʠʥ. ʇʨʠ ʚʨʘʱʝʥʠʠ 

ʨʦʪʦʨʘ, ʝʛʦ ʢʘʥʘʣʳ ʧʝʨʠʦʜʠʯʝʩʢʠ ʩʦʚʤʝʱʘʶʪʩʷ ʩ ʢʘʥʘʣʘʤʠ ʩʪʘʪʦʨʘ. ɺʳʭʦʜʷ ʠʟ ʢʘʥʘʣʦʚ 

ʩʪʘʪʦʨʘ, ʞʠʜʢʦʩʪʴ ʩʦʙʠʨʘʝʪʩʷ ʚ ʨʘʙʦʯʝʡ ʢʘʤʝʨʝ ʠ ʚʳʚʦʜʠʪʩʷ ʯʝʨʝʟ ʚʳʭʦʜʥʦʡ ʧʘʪʨʫʙʦʢ. ɺ 

ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ, ʢʦʛʜʘ ʢʘʥʘʣʳ ʨʦʪʦʨʘ ʧʝʨʝʢʨʳʪʳ ʩʪʝʥʢʦʡ ʩʪʘʪʦʨʘ, ʚ ʧʦʣʦʩʪʠ ʨʦʪʦʨʘ ʜʘʚʣʝʥʠʝ 

ʚʦʟʨʘʩʪʘʝʪ, ʘ ʧʨʠ ʩʦʚʤʝʱʝʥʠʠ ʢʘʥʘʣʘ ʨʦʪʦʨʘ ʩ ʢʘʥʘʣʦʤ ʩʪʘʪʦʨʘ ʜʘʚʣʝʥʠʝ ʟʘ ʢʦʨʦʪʢʠʡ 

ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ ʩʙʨʘʩʳʚʘʝʪʩʷ ʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʵʪʦʛʦ ʚ ʢʘʥʘʣ ʩʪʘʪʦʨʘ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ 

ʠʤʧʫʣʴʩ ʜʘʚʣʝʥʠʷ. ʉʢʦʨʦʩʪʴ ʧʦʪʦʢʘ ʞʠʜʢʦʩʪʠ ʚ ʢʘʥʘʣʝ ʩʪʘʪʦʨʘ ʷʚʣʷʝʪʩʷ ʧʝʨʝʤʝʥʥʦʡ 

ʚʝʣʠʯʠʥʦʡ. ʇʨʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʚ ʢʘʥʘʣʝ ʩʪʘʪʦʨʘ ʠʤʧʫʣʴʩʘ ʠʟʙʳʪʦʯʥʦʛʦ ʜʘʚʣʝʥʠʷ, ʚʩʣʝʜ ʟʘ 

ʥʠʤ ʚʦʟʥʠʢʘʝʪ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʡ ʠʤʧʫʣʴʩ ʧʦʥʠʞʝʥʥʦʛʦ (çʦʪʨʠʮʘʪʝʣʴʥʦʛʦè) ʜʘʚʣʝʥʠʷ, ʪʘʢ ʢʘʢ 

ʩʦʚʤʝʱʝʥʠʝ ʢʘʥʘʣʦʚ ʨʦʪʦʨʘ ʠ ʩʪʘʪʦʨʘ ʟʘʚʝʨʰʠʣʦʩʴ, ʠ ʧʦʜʘʯʘ ʞʠʜʢʦʩʪʠ ʚ ʢʘʥʘʣ ʩʪʘʪʦʨʘ 

ʧʨʦʠʩʭʦʜʠʪ ʪʦʣʴʢʦ ʟʘ ʩʯʝʪ çʪʨʘʥʟʠʪʥʦʛʦè ʪʝʯʝʥʠʷ ʠʟ ʨʘʜʠʘʣʴʥʦʛʦ ʟʘʟʦʨʘ ʤʝʞʜʫ ʨʦʪʦʨʦʤ ʠ 

ʩʪʘʪʦʨʦʤ. ʆʙʲʝʤ ʞʠʜʢʦʩʪʠ, ʚʦʰʝʜʰʠʡ ʚ ʢʘʥʘʣ ʩʪʘʪʦʨʘ, ʩʪʨʝʤʠʪʩʷ ʢ ʚʳʭʦʜʫ ʠʟ ʢʘʥʘʣʘ, ʠ 

ʠʥʝʨʮʠʦʥʥʳʝ ʩʠʣʳ ʩʦʟʜʘʶʪ ʨʘʩʪʷʛʠʚʘʶʱʠʝ ʥʘʧʨʷʞʝʥʠʷ ʚ ʞʠʜʢʦʩʪʠ, ʯʪʦ ʚʳʟʳʚʘʝʪ 

ʢʘʚʠʪʘʮʠʶ. ʂʘʚʠʪʘʮʠʦʥʥʳʝ ʧʫʟʳʨʴʢʠ ʨʘʩʪʫʪ ʧʨʠ ʧʦʥʠʞʝʥʠʠ ʜʘʚʣʝʥʠʷ ʜʦ ʜʘʚʣʝʥʠʷ 

ʥʘʩʳʱʝʥʥʳʭ ʧʘʨʦʚ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʞʠʜʢʦʩʪʠ ʧʨʠ ʜʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʠ ʩʭʣʦʧʳʚʘʶʪʩʷ ʠʣʠ 

ʧʫʣʴʩʠʨʫʶʪ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʜʘʚʣʝʥʠʷ ʚ ʢʘʥʘʣʝ ʩʪʘʪʦʨʘ. ʏʘʩʪʴ ʢʘʚʠʪʘʮʠʦʥʥʳʭ ʧʫʟʳʨʴʢʦʚ 
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ʚʳʥʦʩʠʪʩʷ ʚ ʨʘʙʦʯʫʶ ʢʘʤʝʨʫ. ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ ʞʠʜʢʦʩʪʠ ʚ ʢʘʥʘʣʝ ʩʪʘʪʦʨʘ 

ʚʝʣʠʢʘ ʠ ʠʤʝʝʪ ʬʣʫʢʪʫʘʮʠʠ, ʧʦʪʦʢ ʠʤʝʝʪ ʨʘʟʚʠʪʫʶ ʪʫʨʙʫʣʝʥʪʥʦʩʪʴ. ʇʨʠ ʚʨʘʱʝʥʠʠ ʨʦʪʦʨʘ ʚ 

ʟʘʟʦʨʝ ʤʝʞʜʫ ʨʦʪʦʨʦʤ ʠ ʩʪʘʪʦʨʦʤ ʚʦʟʥʠʢʘʶʪ ʙʦʣʴʰʠʝ ʩʜʚʠʛʦʚʳʝ ʥʘʧʨʷʞʝʥʠʷ. ʆʩʥʦʚʥʳʝ 

ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʘʚʠʪʘʮʠʦʥʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʧʨʠʚʝʜʝʥʳ ʚ ʊʘʙʣʠʮʝ. 

 

ʊʘʙʣʠʮʘ. 

ʊɽʍʅʀʏɽʉʂʀɽ ʍɸʈɸʂʊɽʈʀʉʊʀʂʀ ʂɸɺʀʊɸʎʀʆʅʅʆɻʆ ɻɽʅɽʈɸʊʆʈɸ 

ʇʦʢʘʟʘʪʝʣʠ ɽʜʠʥʠʮʳ ʠʟʤʝʨʝʥʠʷ ɿʥʘʯʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ 

ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʧʦ ʠʩʭʦʜʥʦʡ ʧʫʣʴʧʝ ʤ3/ʯʘʩ 100 

ʏʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʧʨʠʚʦʜʥʦʛʦ ʚʘʣʘ ʤʠʥī1 3000 

ʄʦʱʥʦʩʪʴ ʜʚʠʛʘʪʝʣʷ ʢɺʪ 110 

ʄʘʩʩʘ ʊ 1,5 

ɻʘʙʘʨʠʪʥʳʝ ʨʘʟʤʝʨʳ ʤ 1,8Ĭ0,8Ĭ0,7 

 

ʆʙʨʘʙʦʪʢʘ ʦʩʘʜʢʦʚ ʥʘ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʤ ʢʘʚʠʪʘʮʠʦʥʥʦʤ ʘʧʧʘʨʘʪʝ ʧʨʠʚʦʜʠʪ ʢ 

ʠʟʤʝʥʝʥʠʶ ʮʝʣʦʛʦ ʨʷʜʘ ʠʭ ʩʚʦʡʩʪʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩʧʦʩʦʙʥʦʩʪʴ ʚʣʘʛʦʦʪʜʘʯʠ, ʯʪʦ 

ʧʦʟʚʦʣʠʪ ʟʥʘʯʠʪʝʣʴʥʦ ʩʦʢʨʘʪʠʪʴ ʠʣʠ ʠʩʢʣʶʯʠʪʴ ʧʨʠʤʝʥʝʥʠʝ ʜʦʨʦʛʦʩʪʦʷʱʠʭ ʨʝʘʛʝʥʪʦʚ ʥʘ 

ʩʪʘʜʠʠ ʦʙʝʟʚʦʞʠʚʘʥʠʷ. ʇʦʣʫʯʝʥʥʳʝ ʚ ʧʨʦʮʝʩʩʝ ʠʩʧʳʪʘʥʠʡ ʢʘʚʠʪʦʛʝʥʝʨʘʪʦʨʘ ʜʘʥʥʳʝ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʟʥʘʯʠʪʝʣʴʥʦʤ ʧʦʚʳʰʝʥʠʠ ʚʣʘʛʦʦʪʜʘʯʠ ʦʙʨʘʙʦʪʘʥʥʳʭ ʦʩʘʜʢʦʚ, ʯʪʦ 

ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʧʨʦʮʝʩʩʘ ʠʭ ʦʙʝʟʚʦʞʠʚʘʥʠʷ. 

ʇʦʩʢʦʣʴʢʫ ʧʨʦʮʝʩʩ ʦʙʝʟʚʦʞʠʚʘʥʠʷ ʦʩʘʜʢʦʚ ʷʚʣʷʝʪʩʷ ʵʥʝʨʛʦʝʤʢʠʤ ʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʦʨʦʛʦʩʪʦʷʱʠʭ ʨʝʘʛʝʥʪʦʚ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʀʟʤʝʥʝʥʠʝ ʫʢʘʟʘʥʥʦʛʦ ʩʚʦʡʩʪʚʘ 

ʦʩʘʜʢʘ ʧʦʩʣʝ ʢʘʚʠʪʘʮʠʦʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʧʨʠ ʫʪʠʣʠʟʘʮʠʠ ʦʙʝʟʚʦʞʝʥʥʳʭ 

ʦʩʘʜʢʦʚ. ʊʘʢʞʝ ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʢʦʪʦʨʦʝ ʠʟʤʝʥʝʥʠʝ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʦʩʘʜʢʦʚ ʧʦʩʣʝ 

ʢʘʚʠʪʘʮʠʦʥʥʦʡ ʦʙʨʘʙʦʪʢʠ. ʆʜʥʘʢʦ, ʚ ʧʨʦʙʘʭ ʦʩʘʜʢʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʪʷʞʝʣʳʝ ʤʝʪʘʣʣʳ ʚ 

ʧʨʝʜʝʣʘʭ 1,5ï5 ʤʛ/ʣ ʜʦʩʪʠʞʝʥʠʝ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʥʦʨʤʘʪʠʚʦʚ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʚʥʝʩʝʥʠʷ ʠʭ 

ʚ ʧʦʯʚʫ ʥʝ ʛʘʨʘʥʪʠʨʦʚʘʥʦ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʨʝʜʣʘʛʘʝʪʩʷ ʢʦʤʧʣʝʢʩʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʦʙʨʘʙʦʪʢʠ 

ʦʩʘʜʢʦʚ ʩ ʩʦʚʤʝʱʝʥʠʝʤ ʧʨʦʮʝʩʩʦʚ ʦʙʝʟʚʨʝʞʠʚʘʥʠʷ ʤʝʪʦʜʦʤ ʢʘʚʠʪʘʮʠʠ ʠ ʠʟʚʝʩʪʥʦʛʦ ʠ 

ʧʨʦʚʝʨʝʥʥʦʛʦ ʨʘʥʝʝ ʤʝʪʦʜʘ ʜʝʪʦʢʩʠʢʘʮʠʠ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʛʫʤʠʥʦʚʳʭ 

ʧʨʝʧʘʨʘʪʦʚ. ɼʝʪʦʢʩʠʢʘʮʠʷ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʦʩʘʜʢʘʭ, ʛʫʤʠʥʦʚʳʤʠ 

ʧʨʝʧʘʨʘʪʘʤʠ. ʅʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʠ ʜʦʩʪʘʪʦʯʥʦ ʠʩʩʣʝʜʦʚʘʥʥʳʤ ʧʨʦʮʝʩʩʦʤ 

ʜʝʪʦʢʩʠʢʘʮʠʠ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʷʚʣʷʝʪʩʷ ʩʚʷʟʳʚʘʥʠʝ ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʦʩʘʜʢʘʭ ʪʦʢʩʠʥʦʚ 

ʛʫʤʠʥʦʚʳʤʠ ʧʨʝʧʘʨʘʪʘʤʠ. ʆʩʥʦʚʫ ʧʦʩʣʝʜʥʠʭ ʩʦʩʪʘʚʣʷʝʪ ʛʫʤʠʥʦʚʘʷ ʢʠʩʣʦʪʘ, ʜʣʷ ʢʦʪʦʨʦʡ 

ʭʘʨʘʢʪʝʨʥʳ ʥʘʩʳʱʝʥʥʦʩʪʴ ʨʘʟʣʠʯʥʳʤʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ, ʧʦʚʳʰʝʥʥʘʷ 

ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴ ʧʨʠ ʦʢʠʩʣʠʪʝʣʴʥʦïʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʠ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʫʶʱʠʭ 

ʧʨʦʮʝʩʩʘʭ. ʇʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʪʷʞʝʣʳʤʠ ʤʝʪʘʣʣʘʤʠ ʦʙʨʘʟʫʶʪʩʷ ʥʝʨʘʩʪʚʦʨʠʤʳʝ ʩʦʣʠ, ʥʝ 

ʩʧʦʩʦʙʥʳʝ ʢ ʤʠʛʨʘʮʠʠ ʚ ʨʘʩʪʝʥʠʷ. ʂ ʪʦʤʫ ʞʝ ʛʫʤʠʥʦʚʘʷ ʢʠʩʣʦʪʘ ʷʚʣʷʝʪʩʷ ʩʨʝʜʦʡ, ʚ ʢʦʪʦʨʦʡ 

ʠʥʪʝʥʩʠʚʥʦ ʨʘʟʚʠʚʘʝʪʩʷ ʝʩʪʝʩʪʚʝʥʥʘʷ ʧʦʯʚʝʥʥʘʷ ʤʠʢʨʦʬʣʦʨʘ, ʩʧʦʩʦʙʩʪʚʫʶʱʘʷ ʨʘʟʨʫʰʝʥʠʶ 

ʪʨʫʜʥʦʦʢʠʩʣʷʝʤʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʧʨʠʤʝʩʝʡ. ɼʝʪʦʢʩʠʢʘʮʠʷ ʠʣʦʚʳʭ ʦʩʘʜʢʦʚ ʛʫʤʠʥʦʚʳʤ 

ʧʨʝʧʘʨʘʪʦʤ ʠʩʢʣʶʯʘʝʪ ʜʝʡʩʪʚʠʝ ʪʷʞʝʣʳʭ ʤʝʪʦʣʦʚ ʠ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʚ ʢʘʯʝʩʪʚʝ 

ʦʩʥʦʚʳ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʧʦʯʚ ʠ ʫʜʦʙʨʝʥʠʡ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ [5].  

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʦʩʘʜʦʢ ʚ ʚʠʜʝ ʠʟʙʳʪʦʯʥʦʛʦ ʠʣʘ ʙʦʛʘʪ ʛʫʤʠʥʦʚʳʤʠ ʚʝʱʝʩʪʚʘʤʠ, ʢʦʪʦʨʳʝ 

ʧʦʣʦʞʠʪʝʣʴʥʦ ʚʣʠʷʶʪ ʥʘ ʫʨʦʞʘʡʥʦʩʪ ɹ[12]. ʇʨʦʚʝʜʝʥʥʳʝ ʚ 1996ï2000 ʛʛ. ʥʘʫʯʥʳʝ 

ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʚʳʨʘʱʠʚʘʥʠʶ ʦʚʦʱʥʦʡ ʠ ʟʣʘʢʦʚʦʡ ʧʨʦʜʫʢʮʠʠ ʥʘ ʢʦʤʧʦʩʪʝ ʧʦʢʘʟʘʣʠ 

ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʚʳʩʦʢʠʝ ʘʛʨʦʥʦʤʠʯʝʩʢʠʝ ʢʘʯʝʩʪʚʘ ʵʪʦʛʦ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʫʜʦʙʨʝʥʠʷ, ʪ. ʢ. ʚ ʥʝʤ 

ʩʦʜʝʨʞʠʪʩʷ ʙʦʣʝʝ 60% ʦʨʛʘʥʠʢʠ, 1,2% ʢʘʣʠʷ, 0,9% ʬʦʩʬʦʨʘ, 2,5% ʢʘʣʴʮʠʷ, ʝʛʦ pH = 7,6ï7,8. 

ʆʧʳʪʳ, ʧʨʦʚʦʜʠʤʳʝ ʃʝʥʠʥʛʨʘʜʩʢʠʤ ʀʥʩʪʠʪʫʪʦʤ ʊʦʢʩʠʢʦʣʦʛʠʠ, ʧʦʢʘʟʘʣʠ ʧʨʠʙʘʚʢʫ ʫʨʦʞʘʷ 
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ʢʘʨʪʦʬʝʣʷ ʥʘ 77%. ʉʦʜʝʨʞʘʥʠʝ ʩʦʣʝʡ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ (ʩʚʠʥʝʮ, ʨʪʫʪʴ, ʢʘʜʤʠʡ, ʤʳʰʴʷʢ, 

ʤʝʜʴ, ʮʠʥʢ, ʥʠʢʝʣʴ, ʭʨʦʤ, ʦʣʦʚʦ) ʚ ʚʳʨʘʱʝʥʥʳʭ ʥʘ ʢʦʤʧʦʩʪʝ ʦʛʫʨʮʘʭ ʠ ʧʦʤʠʜʦʨʘʭ ʦʢʘʟʘʣʦʩʴ 

ʤʝʥʴʰʝ, ʥʝʤ ʚ ʧʦʯʚʝ ʠ ʧʦ ʟʘʢʣʶʯʝʥʠʶ ʠʥʩʪʠʪʫʪʘ çʧʨʦʜʫʢʮʠʷ ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ ʧʦ 

ʠʩʩʣʝʜʦʚʘʥʥʳʤ ʧʦʢʘʟʘʪʝʣʷʤ ʧʦʣʥʦʩʪʴʶ ʙʝʟʦʧʘʩʥʘè (ʟʘʢʣʶʯʝʥʠʝ ˉ01-05/337 ʦʪ 10.11.96 ʛ.) 

[1]. ɸʥʘʣʦʛʠʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʝʥʳ ɺʩʝʨʦʩʩʠʡʩʢʠʤ ʥʘʫʯʥʦïʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʤ, 

ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʤ ʠ ʧʨʦʝʢʪʥʦïʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʠʥʩʪʠʪʫʪʦʤ ʭʠʤʠʯʝʩʢʦʡ ʤʝʣʠʦʨʘʮʠʠ ʧʦʯʚ 

(ɺʅʀʇʊʀʄ) ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʥʘʫʢ [10]. ʅʘ ʦʩʥʦʚʘʥʠʠ 

ʇʨʦʪʦʢʦʣʘ ʠʩʧʳʪʘʥʠʡ ʦʛʫʨʮʦʚ ʠ ʧʦʯʚʳ ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ, ʚʳʧʦʣʥʝʥʥʦʤʫ ʧʦ 

ʧʠʩʴʤʫ ɻʋʇ ʄʇɹʆ-ʇ ʟʘ ˉ01-121 ʦʪ 10.07.96 ʠʤʝʝʪʩʷ ʟʘʢʣʶʯʝʥʠʝ: çʩʦʜʝʨʞʘʥʠʝ ʪʷʞʝʣʳʭ 

ʤʝʪʘʣʣʦʚ ʚ ʧʣʦʜʘʭ ʦʛʫʨʮʦʚ ʥʠʞʝ ʇɼʂ ʜʣʷ ʦʚʦʱʝʡè. ʆʜʥʘʢʦ, ʪʝʭʥʦʣʦʛʠʷ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʦʩʪʘ 

ʥʘ ʙʘʟʝ ʦʩʘʜʢʦʚ ʩʪʦʯʥʳʭ ʚʦʜ ʷʚʣʷʝʪʩʷ ʜʣʠʪʝʣʴʥʳʤ ʧʨʦʮʝʩʩʦʤ, ʜʣʷ ʝʛʦ ʨʝʘʣʠʟʘʮʠʠ ʪʨʝʙʫʶʪʩʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʧʣʦʱʘʜʠ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʟʘʪʨʘʪʳ. ʇʨʠʤʝʥʝʥʠʝ 

ʢʘʚʠʪʘʮʠʦʥʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʜʣʷ ʦʙʝʟʟʘʨʘʞʠʚʘʥʠʷ ʦʩʘʜʢʦʚ ʧʦʟʚʦʣʠʪ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʟʘʪʨʘʪʳ, ʠʩʢʣʶʯʠʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʦʪʜʝʣʴʥʳʭ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʦʤʝʱʝʥʠʡ. ɺʨʝʤʷ ʦʙʨʘʙʦʪʢʠ ʦʩʘʜʢʦʚ ʩʦʩʪʘʚʣʷʶʪ ʤʠʥʫʪʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʤʥʦʛʦʩʫʪʦʯʥʳʤ ʧʦ ʜʨʫʛʠʤ ʪʝʭʥʦʣʦʛʠʷʤ [9].  

ʆʩʘʜʢʠ, ʦʙʨʘʟʫʶʱʠʝʩʷ ʚ ʧʨʦʮʝʩʩʝ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ ʚ ʚʠʜʝ ʠʟʙʳʪʦʯʥʦʛʦ ʠʣʘ, ʭʦʪʷ ʠ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʮʝʥʥʦʩʪʴ ʟʘ ʩʯʝʪ ʩʦʜʝʨʞʘʥʠʷ ʮʝʣʦʛʦ ʨʷʜʘ ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʥʦ ʥʝ 

ʠʤʝʶʪ ʧʦʩʪʦʷʥʥʦʛʦ ʩʦʩʪʘʚʘ [7]. ʕʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʪʨʝʙʫʝʪ ʦʧʨʝʜʝʣʝʥʥʳʭ ʩʦʙʣʶʜʝʥʠʷ 

ʫʩʣʦʚʠʡ ʠʭ ʦʙʨʘʙʦʪʢʠ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʫʜʦʙʨʝʥʠʡ ʧʨʠ ʧʦʣʫʯʝʥʠʠ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʧʨʦʜʫʢʮʠʠ. ɺ ʦʩʘʜʢʘʭ ʥʝʨʝʜʢʦ ʩʦʜʝʨʞʘʪʩʷ ʪʷʞʝʣʳʝ ʤʝʪʘʣʣʳ. ʇʦʧʘʜʘʷ 

ʚ ʧʦʯʚʫ, ʦʥʠ ʤʦʛʫʪ ʦʪʨʠʮʘʪʝʣʴʥʦ ʚʦʟʜʝʡʩʪʚʦʚʘʪʴ ʥʘ ʨʘʩʪʝʥʠʷ, ʞʠʚʦʪʥʳʭ ʠ ʯʝʣʦʚʝʢʘ, ʥʘ 

ʧʨʠʨʦʜʥʫʶ ʩʨʝʜʫ ʚ ʮʝʣʦʤ. ʄʝʞʜʫ ʪʝʤ, ʚʥʝʩʝʥʠʝ ʚ ʧʦʯʚʫ ʠʣʠ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʠʭ ʦʩʥʦʚʝ 

ʨʘʟʣʠʯʥʳʭ ʢʦʤʧʦʩʪʦʚ ð ʦʜʠʥ ʠʟ ʧʫʪʝʡ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʠʟʙʘʚʣʝʥʠʷ ʦʪ ʦʛʨʦʤʥʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʦʪʭʦʜʦʚ, ʥʘʢʘʧʣʠʚʘʶʱʠʭʩʷ ʚ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʘʭ. ʇʦʯʚʘ ʧʨʠ ʵʪʦʤ ʦʙʦʛʘʱʘʝʪʩʷ 

ʧʠʪʘʪʝʣʴʥʳʤʠ ʤʘʢʨʦï ʠ ʤʠʢʨʦʵʣʝʤʝʥʪʘʤʠ ʠ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʚʝʱʝʩʪʚʘʤʠ. ʋʪʠʣʠʟʘʮʠʷ 

ʦʩʘʜʢʦʚ ʚ ʚʠʜʝ ʫʜʦʙʨʝʥʠʡ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ ʧʦʟʚʦʣʠʪ ʩʦʢʨʘʪʠʪʴ ʨʘʩʭʦʜʳ ʤʠʥʝʨʘʣʴʥʳʭ 

ʫʜʦʙʨʝʥʠʷʭ ʜʦ 600ï1000 ʨʫʙ./ʛʘ. ɼʣʷ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʚʥʝʩʝʥʠʷ ʦʩʘʜʢʦʚ ʩʪʦʯʥʳʭ ʚʦʜ ʚ ʧʦʯʚʫ ʩ 

ʫʯʝʪʦʤ ʪʨʝʙʦʚʘʥʠʡ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʝʦʙʭʦʜʠʤʦ ʚʚʝʩʪʠ ʩʠʩʪʝʤʫ ʟʘʢʦʥʦʜʘʪʝʣʴʥʳʭ 

ʘʢʪʦʚ. ʇʨʘʚʦʚʳʝ ʘʢʪʳ ʪʘʢʦʛʦ ʨʦʜʘ ʧʨʠʥʷʪʳ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʨʘʟʚʠʪʳʭ ʩʪʨʘʥ ʚ ʢʦʥʮʝ 70-ʭ ð 

ʥʘʯʘʣʝ 80-ʭ ʛʦʜʦʚ. ɺ ʥʠʭ ʟʘʢʨʝʧʣʝʥʳ ʤʝʨʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʝ ʨʠʩʢʘ ʫʭʫʜʰʝʥʠʷ ʩʘʥʠʪʘʨʥʦïʛʠʛʠʝʥʠʯʝʩʢʦʛʦ ʢʘʯʝʩʪʚʘ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ 

ʧʨʦʜʫʢʮʠʠ. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʘʪʝʨʠʘʣʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʰʫʤʦʚʫʶ ʩʠʪʫʘʮʠʶ 

ʛʦʨʦʜʩʢʦʡ ʩʨʝʜʳ ʩ ʫʯʝʪʦʤ ʦʪʜʝʣʴʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʟʦʥ. ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʝʪʩʷ 

ʦʮʝʥʢʘ ʰʫʤʦʚʦʡ ʩʠʪʫʘʮʠʠ ʚ ʩʝʣʠʪʝʙʥʳʭ ʠ ʨʝʢʨʝʘʮʠʦʥʥʳʭ ʟʦʥʘʭ ʛʦʨʦʜʘ. ʆʙʲʝʢʪ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ð ʯʘʩʪʴ ʛʦʨʦʜʩʢʦʡ ʩʨʝʜ rʚ ʧʨʝʜʝʣʘʭ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʛ. ʄʠʥʫʩʠʥʩʢʘ ʥʘ 

ʫʯʘʩʪʢʘʭ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʨʘʟʣʠʯʥʳʤ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʟʦʥʘʤ. ʉʝʣʠʪʝʙʥʳʝ ʫʯʘʩʪʢʠ ʚ ʮʝʥʪʨʝ 

ʛ. ʄʠʥʫʩʠʥʩʢʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʜʥʦʵʪʘʞʥʳʤʠ ʠ ʤʥʦʛʦʵʪʘʞʥʳʤʠ ʞʠʣʳʤʠ ʜʦʤʘʤʠ ʦʪ ʜʚʫʭ ʜʦ 

ʧʷʪʠ ʵʪʘʞʝʡ ʠ ʧʨʠʜʦʤʦʚʳʤʠ ʧʣʦʱʘʜʷʤʠ. ʋʯʘʩʪʢʠ ʨʝʢʨʝʘʮʠʡ ð ʪʝʨʨʠʪʦʨʠʠ ʧʘʨʢʦʚ, ʛʜʝ 

ʧʨʝʦʙʣʘʜʘʶʱʠʤʠ ʷʚʣʷʶʪʩʷ ʪʘʢʠʝ ʚʠʜʳ ʨʘʩʪʝʥʠʡ ʢʘʢ: ʪʦʧʦʣʴ ʯʝʨʥʳʡ ʠ ʣʘʚʨʦʣʠʩʪʥʳʡ, ʙʝʨʝʟʘ, 

ʷʙʣʦʥʷ ʷʛʦʜʥʘʷ, ʢʣʝʥ ʷʩʝʥʝʣʠʩʪʥʳʡ. ʅʘ ʚʩʝʭ ʫʯʘʩʪʢʘʭ ʥʘʙʣʶʜʘʝʪʩʷ ʪʝʥʜʝʥʮʠʷ ʢ 

ʨʘʚʥʦʤʝʨʥʦʤʫ ʫʤʝʥʴʰʝʥʠʶ ʫʨʦʚʥʷ ʰʫʤʘ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʯʘʩʪʦʪʳ. ʇʨʠ ʵʪʦʤ, ʚ ʩʝʣʠʪʝʙʥʳʭ 

ʟʦʥʘʭ ʥʘʙʣʶʜʘʶʪʩʷ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʫʨʦʚʥʠ ʰʫʤʦʚʦʛʦ ʜʘʚʣʝʥʠʷ, ʯʝʤ ʟʦʥʘʭ ʨʝʢʨʝʘʮʠʠ. 

ʉʨʘʚʥʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʩ ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ ʥʦʨʤʘʪʠʚʘʤʠ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ 

ʩʦʩʪʦʷʥʠʝ ʛʦʨʦʜʩʢʦʡ ʩʨʝʜʳ. ɺ ʮʝʣʦʤ ʰʫʤʦʚʘʷ ʩʠʪʫʘʮʠʷ ʚ ʧʨʠʜʝʣʘʭ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ 

ʛ. ʄʠʥʫʩʠʥʩʢʘ ʙʣʘʛʦʧʨʠʷʪʥʘʷ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʦʚ. ʀʩʢʣʶʯʝʥʠʝʤ ʷʚʣʷʝʪʩʷ 

ʫʯʘʩʪʦʢ ˉ3, ʦʪʥʦʩʷʱʠʡʩʷ ʢ ʩʝʣʠʪʝʙʥʦʡ ʟʘʩʪʨʦʡʢʝ ʛʦʨʦʜʘ, ʛʜʝ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʧʨʝʚʳʰʝʥʠʝ 

ʥʦʨʤʘʪʠʚʘ ʫʨʦʚʥʷ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʚ 1,25 ʨʘʟʘ ʥʘ ʯʘʩʪʦʪʘʭ 63 ɻʮ ʠ ʙʣʠʟʢʠʝ ʢ ʥʦʨʤʘʪʠʚʫ ʥʘ 

ʯʘʩʪʦʪʘʭ 250 ɻʮ. ʉʨʘʚʥʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʩ ʜʘʥʥʳʤʠ ʨʘʥʝʝ ʧʨʦʚʝʜʝʥʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʦʩʥʦʚʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʚʦʟʜʝʡʩʪʚʠʷ ʚ ʧʝʨʠʦʜ 

ʯʘʩʘïʧʠʢ ̫ ʚʣʷʶʪʩʷ ʘʚʪʦʪʨʘʥʩʧʦʨʪ ʠ ʵʣʝʢʪʨʦʫʩʪʘʥʦʚʢʠ ʢʦʤʤʫʥʘʣʴʥʦʛʦ ʭʦʟʷʡʩʪʚʘ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʵʪʠ ʠʩʪʦʯʥʠʢʠ ʰʫʤʘ ʤʦʛʫʪ ʥʝʛʘʪʠʚʥʦ ʚʣʠʷʪʴ ʥʘ ʦʙʱʫʶ ʰʫʤʦʚʫʶ ʩʠʪʫʘʮʠʶ ʛʦʨʦʜʘ ʚ 

ʦʪʜʝʣʴʥʳʭ ʨʘʡʦʥʘʭ. 

 

Abstract. The article presents materials characterizing the noise situation of the urban 

environment, taking into account individual functional zones. The purpose of researches is 

assessment of a noise situation in residential and recreational zones of the city. A research object ð 

a part city the environment within the central part of Minusinsk on the sites relating to various 
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functional zones. Residential sites in the center of Minusinsk are presented by one-story and 

multistoried houses from two to five floors and the house adjoining areas. Sites of recreations ð 

territories of parks where such species of plants as are prevailing: Populus nigra, Populus laurifolia, 

Betula, Malus baccata, Acer negundo. On all sites the tendency to uniform reduction of noise level 

with increase in frequency is observed. At the same time, in residential zones higher levels of noise 

pressure, than recreation zones are observed. Comparison of the received results with the 

established standards allows to estimate a condition of the urban environment. In general, a noise 

situation in sideïaltars of the central part of Minusinsk favorable, except for certain sites. An 

exception is the site number 3, relating to the residential development of the city, where the excess 

of the standard of the sound pressure level by 1.25 times at frequencies of 63 Hz and close to the 

standard at 250 Hz is recorded. Comparison of the received results with data of earlier conducted 

researches allows to assume that the main sources of influence in the period of ñrush hourò are 

motor transport and electroinstallations of municipal services. Thus, these sources of noise can have 

negative effect on the general noise situation of the city in certain areas. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʫʨʦʚʝʥʴ h ʫʤʘ, ʛʦʨʦʜʩʢʘʷ ʩʨʝʜʘ, ʫʨʙʦʵʢʦʩʠʩʪʝʤʘ, ʨʝʢʨʝʘʮʠʦʥʥʘʷ ʟʦʥʘ, 

ʩʝʣʠʪʝʙʥʘʷ ʟʦʥʘ. 

 

Keywords: noise level, urban environment, urban ecosystem, recreational zone, residential 

area. 

 

ɻʦʨʦʜ ð ʢʨʫʧʥʳʡ ʥʘʩʝʣʝʥʥʳʡ ʧʫʥʢʪ, ʞʠʪʝʣʠ ʢʦʪʦʨʦʛʦ ʟʘʥʷʪʳ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝ 

ʩʝʣʴʩʢʠʤ ʭʦʟʷʡʩʪʚʦʤ, ʠʤʝʝʪ ʨʘʟʚʠʪʳʡ ʢʦʤʧʣʝʢʩ ʭʦʟʷʡʩʪʚʘ ʠ ʵʢʦʥʦʤʠʢʠ, ʷʚʣʷʝʪʩʷ ʩʢʦʧʣʝʥʠʝʤ 

ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʠʥʞʝʥʝʨʥʳʭ ʩʦʦʨʫʞʝʥʠʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʴ ʥʘʩʝʣʝʥʠʷ [1]. 

ʅʘʭʦʞʜʝʥʠʝ ʥʘʩʝʣʝʥʠʷ ʚ ʛʦʨʦʜʩʢʦʡ ʩʨʝʜʝ ʯʘʩʪʦ ʩʚʷʟʘʥʦ ʩ ʚʦʟʥʠʢʥʦʚʝʥʠʝʤ ʤʥʦʞʝʩʪʚʘ 

ʪʝʭʥʦʛʝʥʥʳʭ ʠ ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʦʧʘʩʥʦʩʪʝʡ. ʆʮʝʥʢʘ ʩʦʩʪʦʷʥʠʷ ʛʦʨʦʜʩʢʠʭ ʪʝʨʨʠʪʦʨʠʡ 

ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʠʪʴ ʨʘʟʣʠʯʥʳʝ ʨʠʩʢʠ, ʦʧʨʝʜʝʣʠʪʴ ʠʭ ʚʣʠʷʥʠʝ ʥʘ ʯʝʣʦʚʝʢʘ, ʨʘʟʨʘʙʦʪʘʪʴ 

ʩʧʦʩʦʙʳ ʟʘʱʠʪʳ.  

ʆʜʠʥ ʠʟ ʥʘʠʙʦʣʝʝ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʣʶʙʦʡ ʫʨʙʦʵʢʦʩʠʩʪʝʤʳ ʛʦʨʦʜʘ ̫ ʚʣʷʝʪʩʷ 

ʰʫʤ, ʦʢʘʟʳʚʘʶʱʠʡ ʚʣʠʷʥʠʝ ʥʘ ʨʘʟʣʠʯʥʳʝ ʩʠʩʪʝʤʳ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʦʨʛʘʥʠʟʤʘ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ 

ʥʘ ʦʨʛʘʥʳ ʩʣʫʭʘ, ʩʝʨʜʝʯʥʦ ʩʦʩʫʜʠʩʪʫʶ ʩʠʩʪʝʤʫ, ʥʝʨʚʥʫʶ ʩʠʩʪʝʤʫ ʠ ʪ. ʜ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʚʳʷʚʣʝʥʠʝ ʰʫʤʦʚʦʡ ʩʠʪʫʘʮʠʠ ʚ ʧʨʝʜʝʣʘʭ ʛʦʨʦʜʩʢʦʡ ʩʨʝʜʳ ʩ 

ʫʯʝʪʦʤ ʝʛʦ ʦʩʥʦʚʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʟʦʥ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ð ʜʘʪʴ ʦʮʝʥʢʫ h ʫʤʦʚʦʡ ʩʠʪʫʘʮʠʠ ʚ ʩʝʣʠʪʝʙʥʳʭ ʠ ʨʝʢʨʝʘʮʠʦʥʥʳʭ 

ʟʦʥʘʭ ʚ ʧʨʠʜʝʣʘʭ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʛʦʨʦʜʘ ʄʠʥʫʩʠʥʩʢʘ. 

 

ʆʙʲʝʢʪʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʆʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ð ʛʦʨʦʜʩʢʘʷ ʩʨʝʜʘ ʚ ʧʨʝʜʝʣʘʭ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʛ. ʄʠʥʫʩʠʥʩʢʘ 

ʥʘ ʫʯʘʩʪʢʘʭ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʨʘʟʣʠʯʥʳʤ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʟʦʥʘʤ. 

ʏʠʩʣʝʥʥʦʩʪʴ ʥʘʩʝʣʝʥʠʷ ʛ. ʄʠʥʫʩʠʥʩʢʘ ʧʦ ʜʘʥʥʳʤ ʌʝʜʝʨʘʣʴʥʦʡ ʩʣʫʞʙʳ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʩʪʘʪʠʩʪʠʢʠ ʥʘ 1 ʷʥʚʘʨʷ 2017 ʛʦʜʘ ʩʦʩʪʘʚʣʷʣʦ 68410 ʯʝʣʦʚʝʢ (1). ɺ 

ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ ʥʦʨʤʘʤʠ ʉʅʠʇ 2.07.01-89, ʪʘʢʘʷ ʯʠʩʣʝʥʥʦʩʪʴ ʥʘʩʝʣʝʥʠʷ ʦʪʥʦʩʠʪ 

ʠʩʩʣʝʜʫʝʤʫʶ ʛʦʨʦʜʩʢʫʶ ʩʪʨʫʢʪʫʨʫ ʢ ʛʨʫʧʧʝ ʩʨʝʜʥʠʭ ʛʦʨʦʜʦʚ (2). 

ʎʝʥʪʨʘʣʴʥʘʷ ʯʘʩʪʴ ʛ. ʄʠʥʫʩʠʥʩʢʘ ʩʦʯʝʪʘʝʪ ʚ ʩʝʙʷ ʢʘʢ ʩʝʣʠʪʝʙʥʳʝ ʪʝʨʨʠʪʦʨʠʠ, ʪʘʢ ʠ 

ʨʝʢʨʝʘʮʠʠ ð ʟʦʥʳ ʦʟʝʣʝʥʝʥʠʷ ʠ ʦʪʜʳʭʘ ʥʘʩʝʣʝʥʠʷ. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʦʮʝʥʢʝ 

ʰʫʤʦʚʦʡ ʩʠʪʫʘʮʠʠ ʛʦʨʦʜʩʢʦʡ ʩʨʝʜʳ ʚ ʧʨʝʜʝʣʘʭ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʛʦʨʦʜʘ ʥʘʤʠ ʙʳʣʠ 
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ʚʳʙʨʘʥʳ 4 ʧʨʦʙʥʳʭ ʫʯʘʩʪʢʘ ʩ ʫʯʝʪʦʤ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ð ʜʚʘ ʫʯʘʩʪʢʘ ʚ ʧʨʝʜʝʣʘʭ 

ʩʝʣʠʪʝʙʥʦʡ ʟʦʥʳ, ʠ ʜʚʘ ð ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʨʝʢʨʝʘʮʠʠ (ʈʠʩʫʥʦʢ 1). 

 

 
ʈ 

ʈʠʩʫʥʦʢ 1. ʂʘʨʪʘïʩʭʝʤʘ ʠʩʩʣʝʜʫʝʤʳʭ ʨʘʡʦʥʦʚ.  

ʄʘʩʰʪʘʙ 1:10000 (ʀʩʪʦʯʥʠʢ: http://go.2gis.com/iurwn). 

 

ʋʯʘʩʪʦʢ ˉ1 ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʦʜʥʦʵʪʘʞʥʳʤʠ ʯʘʩʪʥʳʤʠ ʩʪʨʦʝʥʠʷʤʠ ʠ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ 

ʫʣ. ɸʙʘʢʘʥʩʢʘʷ, ʂʨʫʧʩʢʘʷ, ɼʝʣʝʛʘʪʩʢʘʷ, ʂʘʣʠʥʠʥʘ. ʀʟ ʥʠʭ: ʫʣ. ɸʙʘʢʘʥʩʢʘʷ ʠ ʫʣ. ʂʘʣʠʥʠʥʘ 

ʠʤʝʶʪ ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʦʝ ʧʦʢʨʳʪʠʝ, ʪʦʛʜʘ ʢʘʢ ʫʣ. ʂʨʫʧʩʢʘʷ ʠ ɼʝʣʝʛʘʪʩʢʘʷ ð ʛʨʫʥʪʦʚʦʝ. ɽʩʣʠ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʨʘʩʧʦʣʦʞʝʥʠʝ ʜʦʨʦʞʥʦʛʦ ʧʦʣʦʪʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʞʠʣʦʡ ʟʘʩʪʨʦʡʢʠ, ʪʦ ʫʣʠʮʳ 

ʂʨʫʧʩʢʘʷ, ɼʝʣʝʛʘʪʩʢʘʷ, ʂʘʣʠʥʠʥʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʨʠʣʝʛʘʶʪ ʢ ʧʨʠʜʦʤʦʚʳʤ ʫʯʘʩʪʢʘʤ, ʛʜʝ 

ʟʝʣʝʥʳʝ ʥʘʩʘʞʜʝʥʠʷ ʦʪʩʫʪʩʪʚʫʶʪ. ɿʝʣʝʥʳʝ ʥʘʩʘʞʜʝʥʠʷ ʠʤʝʶʪʩʷ ʣʠʰʴ ʩʦ ʩʪʦʨʦʥʳ ʫʣ. 

ɸʙʘʢʘʥʩʢʦʡ. ʅʘʩʘʞʜʝʥʠʷ ʰʠʨʠʥʦʡ ʜʦ 20 ʤ ʠ ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ 150 ʤ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʣʠʩʪʚʝʥʥʳʤʠ ʧʦʨʦʜʘʤʠ ʜʝʨʝʚʴʝʚ ð ʢʣʝʥʦʤ ʷʩʝʥʝʣʠʩʪʥʳʤ, ʪʦʧʦʣʝʤ ʯʝʨʥʳʤ. ʇʨʦʤʳʰʣʝʥʥʳʝ 

ʧʨʝʜʧʨʠʷʪʠʷ ʚʙʣʠʟʠ ʜʘʥʥʦʛʦ ʫʯʘʩʪʢʘ ʦʪʩʫʪʩʪʚʫʶʪ. 

ʅʘ ʫʯʘʩʪʢʝ ˉ3 ʞʠʣʘʷ ʟʘʩʪʨʦʡʢʘ ʩʦʯʝʪʘʝʪ ʦʜʥʦʵʪʘʞʥʳʝ ʯʘʩʪʥʳʝ ʩʪʨʦʝʥʠʷ ʠ 

ʤʥʦʛʦʵʪʘʞʥʳʝ ʜʦ 5 ʵʪʘʞʝʡ ʧʘʥʝʣʴʥʳʝ ʜʦʤʘ. ʂʨʦʤʝ ʪʦʛʦ, ʟʜʝʩʴ ʥʘʭʦʜʠʪʩʷ ʩʦʮʠʘʣʴʥʦ 

ʟʥʘʯʠʤʳʡ ʦʙʲʝʢʪ ð ʜʝʪʩʢʘʷ ʧʦʣʠʢʣʠʥʠʢʘ. ʋʯʘʩʪʦʢ ʦʛʨʘʥʠʯʝʥ ʫʣ. ʃʝʥʠʥʘ, ʄʠʭʘʡʣʦʚʘ, 

ʂʨʘʩʥʦʘʨʤʝʡʩʢʘʷ, ʆʙʦʨʦʥʳ. ɺʩʝ ʦʥʠ ʧʦʢʨʳʪʳ ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʳʤ ʧʦʢʨʳʪʠʝʤ ʠ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʨʠʣʝʛʘʶʪ ʢ ʧʨʠʜʦʤʦʚʳʤ ʪʝʨʨʠʪʦʨʠʷʤ. ɿʝʣʝʥʳʝ ʥʘʩʘʞʜʝʥʠʷ ʦʪʩʫʪʩʪʚʫʶʪ. 

ʉʦ ʩʪʦʨʦʥʳ ʫʣ. ʄʠʭʘʡʣʦʚʘ ʥʘ ʧʝʨʠʬʝʨʠʠ ʫʯʘʩʪʢʘ ʥʘʭʦʜʠʪʩʷ ʧʨʝʜʧʨʠʷʪʠʝ çʆʆʆ 

ʄʠʥʫʩʠʥʩʢʠʡ ʧʠʚʦʚʘʨʝʥʥʳʡ ʟʘʚʦʜè. 

ʋʯʘʩʪʢʠ ˉ2 ʠ 4 ʦʪʥʦʩʷʪʩʷ ʢ ʨʝʢʨʝʘʮʠʦʥʥʦʡ ʟʦʥʝ ʛ. ʄʠʥʫʩʠʥʩʢʘ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʡ ʜʣʷ 

ʦʪʜʳʭʘ ʛʦʨʦʜʩʢʠʭ ʞʠʪʝʣʝʡ. ʕʪʦ ð ʧʘʨʢʠ ʩ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʟʝʣʝʥʳʭ ʥʘʩʘʞʜʝʥʠʡ, 

ʨʘʟʚʝʪʚʣʝʥʥʦʡ ʩʝʪʴʶ ʛʨʫʥʪʦʚʳʭ ʠ ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʳʭ ʧʝʰʝʭʦʜʥʳʭ ʜʦʨʦʞʝʢ. 

ʋʯʘʩʪʦʢ ˉ2 ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚ ʛʨʘʥʠʮʘʭ ʧʘʨʢʘ, ʛʜʝ ʧʨʝʦʙʣʘʜʘʶʪ ʪʘʢʠʝ ʧʦʨʦʜʳ ʜʝʨʝʚʴʝʚ 

ʢʘʢ ʪʦʧʦʣʴ ʯʝʨʥʳʡ ʠ ʣʘʚʨʦʚʦʣʠʩʪʥr ʡ, ʙʝʨʝʟʘ, ʷʙʣʦʥʷ ʷʛʦʜʥʘʷ, ʢʣʝʥ ʷʩʝʥʝʣʠʩʪʥr ʡ. ɼʘʥʥʳʡ 
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ʫʯʘʩʪʦʢ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʫʣ. ʐʪʘʙʥʘʷ, ʆʢʪʷʙʨʴʩʢʘʷ, ʂʨʘʚʯʝʥʢʦ, ɻʦʛʦʣʷ. ɺʩʝ ʦʥʠ ʧʦʢʨʳʪʳ 

ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʳʤ ʧʦʢʨʳʪʠʝʤ ʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʨʠʣʝʛʘʶʪ ʢ ʪʝʨʨʠʪʦʨʠʠ ʧʘʨʢʘ. ɺ 

ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʧʘʨʢʘ ʥʘʭʦʜʷʪʩʷ ʜʚʘ ʦʜʥʦʵʪʘʞʥʳʭ ʟʜʘʥʠʷ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦʛʦ ʠ ʦʜʥʦ 

ʪʦʨʛʦʚʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. ʅʘʣʠʯʠʝ ʚʙʣʠʟʠ ʧʨʝʜʧʨʠʷʪʠʡ ʥʝ ʦʙʥʘʨʫʞʝʥʦ. ʉʦ ʩʪʦʨʦʥʳ ʫʣ. ɻʦʛʦʣʷ 

ʥʘʭʦʜʠʪʩʷ ʟʜʘʥʠʷ ʄʠʥʫʩʠʥʩʢʦʛʦ ʛʦʨʦʜʩʢʦʛʦ ʩʫʜʘ ʠ ɸʜʤʠʥʠʩʪʨʘʮʠʠ ʄʠʥʫʩʠʥʩʢʦʛʦ ʨʘʡʦʥʘ. 

ʋʯʘʩʪʦʢ ˉ4 ʥʘʭʦʜʠʪʩʷ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʧʘʨʢʘïʨʦʱʠ. ʆʩʥʦʚʥʳʤʠ ʧʦʨʦʜʘʤʠ ʜʝʨʝʚʴʝʚ 

ʟʜʝʩʴ ʷʚʣʷʶʪʩʷ: ʪʦʧʦʣʴ ʯʝʨʥʳʡ ʠ ʣʘʚʨʦʚʦʣʠʩʪʥr ʡ, ʙʝʨʝʟʘ, ʢʣʝʥ ʷʩʝʥʝʣʠʩʪʥr ʡ, ʠʚʘ ʙʝʣʘʷ. 

ʉʝʚʝʨʦïʚʦʩʪʦʯʥʘʷ ʯʘʩʪʴ ʧʘʨʢʘïʨʦʱʠ ʦʛʨʘʥʠʯʝʥʘ ʙʝʨʝʛʦʚʦʡ ʣʠʥʠʝʡ ʧʨʦʪʦʢʠ ɽʥʠʩʝʡ, ʶʛʦï

ʟʘʧʘʜʥʘʷ ʯʘʩʪʴ ð ʦʜʥʦʵʪʘʞʥʳʤʠ ʯʘʩʪʥʳʤʠ ʩʪʨʦʝʥʠʷʤʠ. 

ɺ ʨʘʤʢʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʩʫʱʝʩʪʚʣʷʣʠʩʴ ʟʘʤʝʨʳ ʰʫʤʘ ʩ ʧʦʤʦʱʴʶ ʰʫʤʦʤʝʨʘ çʆʢʪʘʚʘ-

110ɸïʕʂʆè. ʇʨʠʙʦʨ ʧʦʟʚʦʣʷʝʪ ʧʨʦʠʟʚʝʩʪʠ ʟʘʤʝʨʳ ʫʨʦʚʥʝʡ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʥʘ ʨʘʟʥʳʭ 

ʯʘʩʪʦʪʘʭ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 31,5 ʜʦ 2000 ɻʮ (3). ɿʘʤʝʨʳ ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʚ ʪʝʯʝʥʠʝ ʣʝʪʥʝʛʦ 

ʧʝʨʠʦʜʘ 2017 ʛʦʜʘ, ʚ ʚʝʯʝʨʥʝʝ ʚʨʝʤʷ ʩ 17:00 ʜʦ 19:00 ʯ. ʉʦʛʣʘʩʥʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ ʃ. ʉ. 

ʊʝʨʝʥʪʴʝʚʦʡ (2008), ʉ. ʃ. ɻʦʥʯʘʨʦʚʦʡ, ɸ. ɺ. ʇʝʪʨʦʚʘ (2005), ʜʘʥʥʳʡ ʚʨʝʤʝʥʥʦʡ ʠʥʪʝʨʚʘʣ 

ʦʪʥʦʩʠʪʩʷ ʢ çʚʝʯʝʨʥʠʤ ʯʘʩʘʤ ʧʠʢè ð çʧʝʨʠʦʜʫ ʤʘʢʩʠʤʘʣʴʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʜʚʠʞʝʥʠʷ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚè [2, 3]. ɺʩʝʛʦ ʙʳʣʦ ʧʨʦʠʟʚʝʜʝʥʦ 37 ʟʘʤʝʨʦʚ.  

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʙʳʣʠ ʩʪʘʪʠʯʝʩʢʠ ʦʙʨʘʙʦʪʘʥʳ. ɼʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʰʫʤʦʚʦʡ 

ʩʠʪʫʘʮʠʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʫʨʦʚʥʷ ʰʫʤʘ, ʩ ʫʯʝʪʦʤ ʧʘʨʘʤʝʪʨʦʚ Slow ʠ Min, 

ʦʧʨʝʜʝʣʷʝʤʳʝ ʜʣʷ ʢʘʞʜʦʛʦ ʫʯʘʩʪʢʘ. ɿʘʤʝʨʳ ʚ ʧʨʝʜʝʣʘʭ ʩʝʣʠʪʝʙʥʦʡ ʟʦʥʳ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ 

ʧʨʠʣʝʛʘʶʱʝʡ ʢ ʞʠʣʳʤ ʟʘʢʨʦʡʢʘʤ ʪʝʨʨʠʪʦʨʠʷʭ ʧʦ ʧʝʨʠʤʝʪʨʫ ʧʨʦʙʥʳʭ ʫʯʘʩʪʢʦʚ ʥʘ 

ʨʘʩʩʪʦʷʥʠʠ 100ï150 ʤ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʥʘ ʚʳʩʦʪʝ 1,5 ʤ. ʅʘ ʫʯʘʩʪʢʘʭ ʨʝʢʨʝʘʮʠʠ ʟʘʤʝʨʳ 

ʦʩʫʱʝʩʪʚʣʷʣʠʩʴ ʧʦ ʧʝʨʠʤʝʪʨʫ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 100ï150 ʤ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʠ ʚ ʮʝʥʪʨʝ ʥʘ ʚʳʩʦʪʝ 

1,5 ʤ. 

 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ʇʨʠ ʦʮʝʥʢʝ ʧʦʣʫʯʝʥʥʳʭ ʩʨʝʜʥʝʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʫʨʦʚʥʷ ʰʫʤʘ ʥʘ ʧʨʦʙʥʳʭ 

ʫʯʘʩʪʢʘʭ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʛ. ʄʠʥʫʩʠʥʩʢʘ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʧʘʨʘʤʝʪʨʦʚ Slow 

ʠ Min, ʥʘʠʙʦʣʴʰʠʝ ʟʥʘʯʝʥʠʷ ʫʨʦʚʥʷ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ 66,77 ʜɹ, 93,97 ʜɹ, 51,66 ʜɹ, 37,16 ʜɹ 

ʥʘʙʣʶʜʘʶʪʩʷ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ ʨʘʙʦʪʳ ʰʫʤʦʤʝʨʘ 63 ɻʮ., ʥʘʠʤʝʥʴʰʠʝ ʟʥʘʯʝʥʠʷ ð 34,70 ʜɹ, 

39,52 ʜɹ, 29,04 ʜɹ, 28,80 ʜɹ ʚ ʜʠʘʧʘʟʦʥʝ 2000 ɻʮ. ʫʯʘʩʪʢʦʚ ˉ1, ̄ 3, ̄ 2, ̄ 4 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

(ʊʘʙʣʠʮʘ 1). 

ʇʨʠ ʵʪʦʤ, ʥʘ ʫʯʘʩʪʢʘʭ ʩʝʣʠʪʝʙʥʦʡ ʟʦʥʳ ʟʥʘʯʝʥʠʷ ʫʨʦʚʥʝʡ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ 

ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʯʘʩʪʦʪʳ ʨʘʙʦʪʳ ʰʫʤʦʤʝʨʘ ʙʦʣʴʰʝ ʫʨʦʚʥʝʡ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʯʘʩʪʦʪ ʥʘ ʫʯʘʩʪʢʘʭ ʨʝʢʨʝʘʮʠʦʥʥʦʡ ʟʦʥʳ. ʊʘʢ, ʜʣʷ ʠʟʤʝʨʝʥʠʡ ʧʨʠ ʧʘʨʘʤʝʪʨʝ 

Slow ʫʨʦʚʝʥʴ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʧʨʝʜʝʣʘʭ ʫʯʘʩʪʢʘ ʩʝʣʠʪʝʙʥʦʡ ʟʦʥʳ ʚ 1,2 ʨʘʟʘ ʙʦʣʴʰʝ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʜʘʥʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ, ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʜʣʷ ʫʯʘʩʪʢʘ ʨʝʢʨʝʘʮʠʠ. ʇʨʠ ʧʘʨʘʤʝʪʨʝ 

Min, ʫʨʦʚʥʠ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʩʝʣʠʪʝʙʥʦʡ ʟʦʥʝ ʚʳʰʝ, ʯʝʤ ʥʘ ʫʯʘʩʪʢʘʭ ʨʝʢʨʝʘʮʠʠ ʙʦʣʴʰʝ 

ʧʨʠʤʝʨʥʦ ʚ 1,7 ʨʘʟʘ. 

ɼʣʷ ʦʮʝʥʢʠ ʰʫʤʦʚʦʡ ʩʠʪʫʘʮʠʠ ʩʣʝʜʫʝʪ ʦʙʨʘʪʠʪʴʩʷ ʢ ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʛʦʩʫʜʘʨʩʪʚʦʤ 

ʥʦʨʤʘʪʠʚʘʤ ʫʨʦʚʥʝʡ ʰʫʤʦʚʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ. ɺ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʪʘʢʠʝ ʥʦʨʤʳ 

ʦʧʨʝʜʝʣʝʥʳ ʚ ʉʘʥʠʪʘʨʥʳʭ ʥʦʨʤʘʭ ʉʅ 2.2.4/2.1.8.562-96 çʐʫʤ ʥʘ ʨʘʙʦʯʠʭ ʤʝʩʪʘʭ, ʚ 

ʧʦʤʝʱʝʥʠʷʭ ʞʠʣʳʭ, ʦʙʱʝʩʪʚʝʥʥʳʭ ʟʜʘʥʠʡ ʠ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʞʠʣʦʡ ʟʘʩʪʨʦʡʢʠè. ʅʘ 

ʪʝʨʨʠʪʦʨʠʷʭ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʨʠʣʝʛʘʶʱʠʭ ʢ ʞʠʣʳʤ ʜʦʤʘʤ ʠ ʧʣʦʱʘʜʢʘʭ ʦʪʜʳʭʘ, ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ʤʠʢʨʦʨʘʡʦʥʦʚ ʠ ʛʨʫʧʧ ʞʠʣʳʭ ʜʦʤʦʚ ʫʩʪʘʥʦʚʣʝʥʳ ʥʦʨʤʳ ʫʨʦʚʥʷ ʟʚʫʢʦʚʦʛʦ 

ʜʘʚʣʝʥʠʷ, ʚ ʦʢʪʘʚʥʳʭ ʧʦʣʦʩʘʭ ʩʦ ʩʨʝʜʥʝʛʝʦʤʝʪʨʠʯʝʩʢʠʤʠ ʯʘʩʪʦʪʘʤʠ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 31,5 ʜʦ 

8000 ɻʮ (4). 
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ʊʘʙʣʠʮʘ 1. 

ʉʈɽɼʅɽʉʊɸʊʀʉʊʀʏɽʉʂʀɽ ʇʆʂɸɿɸʊɽʃʀ ʋʈʆɺʅʗ ʐʋʄɸ  

ɺ ʎɽʅʊʈɸʃʔʅʆʁ ʏɸʉʊʀ ʛ. ʄʀʅʋʉʀʅʉʂɸ ʉ ʋʏɽʊʆʄ ʌʋʅʂʎʀʆʅɸʃʔʅʓʍ ɿʆʅ 

ʉ
ʝ
ʣ
ʠ
ʪ
ʝ
ʙ
ʥ
ʘ
ʷ
 
ʟ
ʦ
ʥ
ʘ

 

ʏʘʩʪʦʪʳ ʨʘʙʦʪʳ 

ʰʫʤʦʤʝʨʘ, ɻʮ. 

ʋʨʦʚʥʠ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ, ʜɹ, ʚ ʦʢʪʘʚʥʳʭ ʧʦʣʦʩʘʭ ʩʦ 

ʩʨʝʜʥʝʛʝʦʤʝʪʨʠʯʝʩʢʠʤʠ ʯʘʩʪʦʪʘʤʠ, ɻʮ. 

ʋʯʘʩʪʦʢ 1, n = 8 ʋʯʘʩʪʦʢ 3, n = 8 

Slow Min Slow Min 

31,5 47,50Ñ3,88 45,52Ñ3,92 53,85Ñ5,45 52,50Ñ5,53 

63 66,77Ñ11,97 66,07Ñ12,28 93,97Ñ5,80 92,82Ñ6,20 

125 49,80Ñ7,45 48,77Ñ7,42 59,00Ñ2,38 57,22Ñ3,10 

250 46,42Ñ6,06 45,75Ñ6,25 60,10Ñ5,92 58,87Ñ6,48 

500 48,20Ñ6,55 47,32Ñ6,50 49,15Ñ3,93 47,72Ñ4,66 

1000 42,57Ñ4,76 41,60Ñ4,23 44,27Ñ3,46 42,80Ñ3,32 

2000 35,02Ñ2,01 34,70Ñ2,04 39,95Ñ4,50 39,52Ñ4,47 
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ʏʘʩʪʦʪʳ ʨʘʙʦʪʳ 

ʰʫʤʦʤʝʨʘ, ɻʮ. 

ʋʨʦʚʥʠ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ, ʜɹ, ʚ ʦʢʪʘʚʥʳʭ ʧʦʣʦʩʘʭ ʩʦ 

ʩʨʝʜʥʝʛʝʦʤʝʪʨʠʯʝʩʢʠʤʠ ʯʘʩʪʦʪʘʤʠ, ɻʮ. 

ʋʯʘʩʪʦʢ 2, n = 9 ʋʯʘʩʪʦʢ 4, n = 12 

Slow Min Slow Min 

31,5 49,38Ñ7,12 44,40Ñ5,94 40,04Ñ0,67 39,56Ñ0,72 

63 51,66Ñ6,62 47,04Ñ6,57 37,16Ñ0,27 36,82Ñ0,32 

125 45,00Ñ5,13 41,52Ñ5,32 34,82Ñ0,13 34,54Ñ0,21 

250 39,18Ñ2,37 36,14Ñ2,40 32,86Ñ0,10 32,64Ñ0,17 

500 37,34Ñ3,98 35,22Ñ4,04 31,02Ñ0,28 30,98Ñ0,12 

1000 33,98Ñ3,18 32,38Ñ3,20 29,78Ñ0,15 29,58Ñ0,13 

2000 29,72Ñ0,47 29,04Ñ0,47 28,94Ñ0,15 28,80Ñ0,13 

 

ɸʥʘʣʠʟ ʟʘʤʝʨʦʚ ʧʦʢʘʟʳʚʘʝʪ ʪʦ, ʯʪʦ ʥʘ ʫʯʘʩʪʢʝ ˉ3, ʦʪʥʦʩʷʱʠʡʩʷ ʢ ʩʝʣʠʪʝʙʥʦʡ ʟʦʥʝ 

ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʝʚʳʰʝʥʠʝ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʥʦʨʤʘʪʠʚʦʚ ʫʨʦʚʥʷ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʥʘ 18ʜɹ ʧʨʠ 

ʟʘʤʝʨʘʭ ʥʘ ʯʘʩʪʦʪʘʭ 63ɻʮ (ʈʠʩʫʥʦʢ 2). 

ɹʣʠʟʢʠʝ ʢ ʥʦʨʤʘʪʠʚʫ ʧʦʢʘʟʘʪʝʣʠ ʫʨʦʚʥʷ ʰʫʤʘ ʥʘʙʣʶʜʘʶʪʩʷ ʧʨʠ ʟʥʘʯʝʥʠʷʭ 250 ɻʮ. ɺ 

ʩʚʷʟʠ ʩ ʵʪʠʤ, ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʚʦ ʚʨʝʤʷ ʚʝʯʝʨʥʠʭ ʯʘʩʦʚïʧʠʢ ʩʢʣʘʜʳʚʘʝʪʩʷ 

ʥʝʙʣʘʛʦʧʨʠʷʪʥʘʷ ʰʫʤʦʚʘʷ ʩʠʪʫʘʮʠʷ ʥʘ ʜʘʥʥʦʤ ʫʯʘʩʪʢʝ ʩʝʣʠʪʝʙʥʦʡ ʟʘʩʪʨʦʡʢʠ. ʇʨʠʯʠʥʦʡ 

ʰʫʤʦʚʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʛʦʨʦʜʩʢʦʡ ʩʨʝʜʳ ʷʚʣʷʝʪʩʷ ʩʦʚʦʢʫʧʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʨʘʟʣʠʯʥʳʭ 

ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʰʫʤʘ. ʂ ʠʩʪʦʯʥʠʢʘʤ ʨʝʘʣʴʥʳʭ ʛʦʨʦʜʩʢʠʭ ʥʠʟʢʦʯʘʩʪʦʪʥʳʭ ʰʫʤʦʚ 

ʜʠʘʧʘʟʦʥʘ ʯʘʩʪʦʪ 63 ʠ 250 ɻʮ. ʦʪʥʦʩʷʪ ʤʝʭʘʥʠʯʝʩʢʠʝ ʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʰʫʤʳ. ʇʨʠʤʝʨʘʤʠ 

ʪʘʢʠʭ ʠʩʪʦʯʥʠʢʦʚ ʤʦʛʫʪ ʩʪʘʪʴ ʰʫʤʳ ʩʝʨʜʝʯʥʠʢʘ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ, ʚʳʧʫʩʢʘ ʜʚʠʛʘʪʝʣʷ 

ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ (ɼɺʉ) ʩ ʛʣʫʰʠʪʝʣʝʤ ʠ ʩʠʩʪʝʤʳ ʚʩʘʩʳʚʘʥʠʷ ɼɺʉ [4]. ʇʦʵʪʦʤʫ, ʤʦʞʥʦ 

ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʜʘʥʥʳʝ ʚʠʜʳ ʠʩʪʦʯʥʠʢʦʚ ʰʫʤʘ ʚʣʠʷʶʪ ʥʘ ʰʫʤʦʚʫʶ ʩʠʪʫʘʮʠʶ ʚ ʧʝʨʠʦʜʳ 

ʯʘʩʦʚïʧʠʢ ʩ ʥʘʠʙʦʣʴʰʝʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ. 

ʅʘ ʫʯʘʩʪʢʝ ˉ1 ʧʨʝʚʳʰʝʥʠʡ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʳʭ ʫʨʦʚʥʝʡ (ʇɼʋ) ʰʫʤʘ ʚ ʚʝʯʝʨʥʠʡ 

ʯʘʩïʧʠʢ ʥʝ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ. 
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ʈʠʩʫʥʦʢ 2. ʋʨʦʚʝʥʴ ʰʫʤʘ ʥʘ ʨʘʟʥʳʭ ʫʯʘʩʪʢʘʭ ʩʝʣʠʪʝʙʥʦʡ ʟʦʥʳ: 

ʛ. ʄʠʥʫʩʠʥʩʢʘ: ɸ ð ʫʯʘʩʪʦʢ ˉ1; ɹ ð ʫʯʘʩʪʦʢ ˉ3. 

 

ʅʝʟʘʚʠʩʠʤʦ ʦʪ ʯʘʩʪʦʪʳ ʨʘʙʦʪʳ ʰʫʤʦʤʝʨʘ ʫʨʦʚʝʥʴ ʰʫʤʘ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʠʩʩʣʝʜʫʝʤʳʭ 

ʫʯʘʩʪʢʦʚ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʨʝʢʨʝʘʮʠʦʥʥʦʡ ʟʦʥʝ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʛ. ʄʠʥʫʩʠʥʩʢʘ, ʥʝ 

ʧʨʝʚʳʰʘʝʪ ʥʦʨʤʘʪʠʚʦʚ ʇɼʋ (ʈʠʩʫʥʦʢ 3). 

 
ʈʠʩʫʥʦʢ 3. ʋʨʦʚʝʥʴ ʰʫʤʘ ʥʘ ʨʘʟʥʳʭ ʫʯʘʩʪʢʘʭ ʨʝʢʨʝʘʮʠʦʥʥʦʡ ʟʦʥʳ: 

ʛ. ʄʠʥʫʩʠʥʩʢʘ: ɸ ð ʫʯʘʩʪʦʢ ˉ2; ɹ ð ʫʯʘʩʪʦʢ ˉ4. 
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ʇʨʠ ʵʪʦʤ, ʥʘ ʫʯʘʩʪʢʝ ˉ2 ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ ʫʚʝʣʠʯʝʥʠʝ ʘʤʧʣʠʪʫʜʳ ʠʟʤʝʥʝʥʠʷ ʟʚʫʢʦʚʦʛʦ 

ʜʘʚʣʝʥʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʦʢʘʟʘʥʠʷʤʠ ʧʨʠʙʦʨʘ, ʧʦʣʫʯʝʥʥʳʤʠ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʫʯʘʩʪʢʘ ˉ4. 

ɿʜʝʩʴ ʥʘʙʣʶʜʘʶʪʩʷ ʙʦʣʝʝ ʚʳʨʦʚʥʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ. ʇʨʠ ʵʪʦʤ ʫʨʦʚʝʥʴ 

ʰʫʤʘ ʨʘʚʥʦʤʝʨʥʦ ʫʤʝʥʴʰʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʯʘʩʪʦʪʳ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 31,5 ʜʦ 2000 ɻʮ. 

 

ɺʳʚʦʜʳ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʦʩʥʦʚʝ ʚʳʰʝʠʟʣʦʞʝʥʥʦʛʦ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 

1. ʉʝʣʠʪʝʙʥʳʝ ʫʯʘʩʪʢʠ ʚ ʮʝʥʪʨʝ ʛ. ʄʠʥʫʩʠʥʩʢʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʜʥʦʵʪʘʞʥʳʤʠ ʠ 

ʤʥʦʛʦʵʪʘʞʥʳʤʠ ʞʠʣʳʤʠ ʜʦʤʘʤʠ ʦʪ ʜʚʫʭ ʜʦ ʧʷʪʠ ʵʪʘʞʝʡ ʠ ʧʨʠʜʦʤʦʚʳʤʠ ʧʣʦʱʘʜʷʤʠ. 

ʋʯʘʩʪʢʠ ʨʝʢʨʝʘʮʠʡ ð ʪʝʨʨʠʪʦʨʠʠ ʧʘʨʢʦʚ, ʛʜʝ ʧʨʝʦʙʣʘʜʘʶʱʠʤʠ ʷʚʣʷʶʪʩʷ ʪʘʢʠʝ ʚʠʜʳ 

ʨʘʩʪʝʥʠʡ ʢʘʢ: ʪʦʧʦʣʴ ʯʝʨʥʳʡ ʠ ʣʘʚʨʦʚʦʣʠʩʪʥr ʡ, ʙʝʨʝʟʘ, ʷʙʣʦʥʷ ʷʛʦʜʥʘʷ, ʢʣʝʥ ʷʩʝʥʝʣʠʩʪʥr ʡ. 

2. ʅʘ ʚʩʝʭ ʫʯʘʩʪʢʘʭ ʥʘʙʣʶʜʘʝʪʩʷ ʪʝʥʜʝʥʮʠʷ ʢ ʨʘʚʥʦʤʝʨʥʦʤʫ ʫʤʝʥʴʰʝʥʠʶ ʫʨʦʚʥʷ ʰʫʤʘ 

ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʯʘʩʪʦʪʳ. ʇʨʠ ʵʪʦʤ, ʚ ʩʝʣʠʪʝʙʥʳʭ ʟʦʥʘʭ ʥʘʙʣʶʜʘʶʪʩʷ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʫʨʦʚʥʠ 

ʰʫʤʦʚʦʛʦ ʜʘʚʣʝʥʠʷ, ʯʝʤ ʟʦʥʘʭ ʨʝʢʨʝʘʮʠʠ.  

3. ɺ ʮʝʣʦʤ ʰʫʤʦʚʘʷ ʩʠʪʫʘʮʠʷ ʚ ʧʨʠʜʝʣʘʭ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʛ. ʄʠʥʫʩʠʥʩʢʘ 

ʙʣʘʛʦʧʨʠʷʪʥʘʷ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʦʚ. ʀʩʢʣʶʯʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʫʯʘʩʪʦʢ ˉ3, 

ʦʪʥʦʩʷʱʠʡʩʷ ʢ ʩʝʣʠʪʝʙʥʦʡ ʟʘʩʪʨʦʡʢʝ ʛʦʨʦʜʘ, ʛʜʝ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʧʨʝʚʳʰʝʥʠʝ ʥʦʨʤʘʪʠʚʘ 

ʫʨʦʚʥʷ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʚ 1,25 ʨʘʟʘ ʥʘ ʯʘʩʪʦʪʘʭ 63 ɻʮ ʠ ʙʣʠʟʢʠʝ ʢ ʥʦʨʤʘʪʠʚʫ ʥʘ ʯʘʩʪʦʪʘʭ 

250 ɻʮ.  

4. ʉʨʘʚʥʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʩ ʜʘʥʥʳʤʠ ʨʘʥʝʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʦʩʥʦʚʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʚʦʟʜʝʡʩʪʚʠʷ ʚ ʧʝʨʠʦʜ ʯʘʩʘïʧʠʢ 

ʷʚʣʷʶʪʩʷ ʘʚʪʦʪʨʘʥʩʧʦʨʪ ʠ ʵʣʝʢʪʨʦʫʩʪʘʥʦʚʢʠ ʢʦʤʤʫʥʘʣʴʥʦʛʦ ʭʦʟʷʡʩʪʚʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʵʪʠ 

ʠʩʪʦʯʥʠʢʠ ʰʫʤʘ ʤʦʛʫʪ ʥʝʛʘʪʠʚʥʦ ʚʣʠʷʪʴ ʥʘ ʦʙʱʫʶ ʰʫʤʦʚʫʶ ʩʠʪʫʘʮʠʶ ʛʦʨʦʜʘ ʚ ʦʪʜʝʣʴʥʳʭ 

ʨʘʡʦʥʘʭ. 

 

ʀʩʪʦʯʥʠʢʠ: 

1. ʏʠʩʣʝʥʥʦʩʪʴ ʥʘʩʝʣʝʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʧʦ ʤʫʥʠʮʠʧʘʣʴʥʳʤ ʦʙʨʘʟʦʚʘʥʠʷʤ ʥʘ 

1 ʷʥʚʘʨʷ 2017 ʛʦʜʘ. ʈʝʞʠʤ ʜʦʩʪʫʧʘ: https://clck.ru/DHpyx (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 27. 02. 2018). 

2. ʉʪʨʦʠʪʝʣʴʥʳʝ ʥʦʨʤʳ ʠ ʧʨʘʚʠʣʘ ʉʅʠʇ 2.07.01-89* çɻʨʘʜʦʩʪʨʦʠʪʝʣʴʩʪʚʦ. ʇʣʘʥʠʨʦʚʢʘ 

ʠ ʟʘʩʪʨʦʡʢʘ ʛʦʨʦʜʩʢʠʭ ʠ ʩʝʣʴʩʢʠʭ ʧʦʩʝʣʝʥʠʡè. ʈʝʞʠʤ ʜʦʩʪʫʧʘ: https://clck.ru/DHpzF (ʜʘʪʘ 

ʦʙʨʘʱʝʥʠʷ 27. 02. 2018). 

3. ʊʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ çʆʢʪʘʚʘ-110ɸ-ʕʂʆè ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

https://clck.ru/DHpzT (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 16. 08. 2017). 

4. ʉʅ 2.2.4/2.1.8.562-96 çʐʫʤ ʥʘ ʨʘʙʦʯʠʭ ʤʝʩʪʘʭ, ʚ ʧʦʤʝʱʝʥʠʷʭ ʞʠʣʳʭ, 

ʦʙʱʝʩʪʚʝʥʥʳʭ ʟʜʘʥʠʡ ʠ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʞʠʣʦʡ ʟʘʩʪʨʦʡʢʠè ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

https://clck.ru/DHpzs (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 20. 08. 2017). 

 

Sources: 

1. The population of the Russian Federation for municipalities on January 1, 2017. Access 

mode: https://clck.ru/DHpyx (the date of circulation is 27. 02. 2018). 

2. Construction Norms and Regulations SNiP 2.07.01-89 * ñUrban Development. Planning 

and development of urban and rural settlementsò. Access mode: https://clck.ru/DHpzF (the date of 

circulation is 27. 02. 2018). 

3. Technical characteristics of ñOctave-110A-ECOò. Access mode: https://clck.ru/DHpzT 

(circulation date 16. 08. 2017). 
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4. SN 2.2.4 / 2.1.8.562-96 ñNoise in workplaces, in residential, public buildings and 

residential buildingsò. Access mode: https://clck.ru/DHpzs (circulation date 20. 08. 2017). 
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Abstract. Among the alternative energy sources, of particular importance is the hydrogen 

energy industry, whose advantage over petroleum products consists in its high environmental safety 

and caloric content, inexhaustible natural reserves, its use in the internal combustion engines, and so 

on. 

Among the hydrogenïcontaining raw materials used in the fuel elements, particular attention 

is paid to hydrogen sulfide, which is disintegrated into sulfur and hydrogen. One of the biggest 

sources of hydrogen sulfide is the Black Sea, whose total volume is increasing annually by 4ï9 

million tons. 

The paper dwells on several methods for extracting hydrogen sulfide from the Black Sea 

basin, as well as associated difficulties. It also presents methods for the decomposition of hydrogen 

sulfide, of which special mention should be made on the plasmaïchemical membrane technology. 

 

ɸʥʥʦʪʘʮʠʷ. ʉʨʝʜʠ ʠʩʪʦʯʥʠʢʦʚ ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ ɻ ʥʝʨʛʠʠ, ʦʩʦʙʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠʜʘʝʪʩʷ 

ʚʦʜʦʨʦʜʥʦʡ ʵʥʝʨʛʝʪʠʢʝ, ʯʴʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʝʬʪʝʧʨʦʜʫʢʪʘʤʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʚʳʩʦʢʦʡ ʢʘʣʦʨʠʡʥʦʩʪʠ ʠ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʚ ʥʝʠʩʯʝʨʧʘʝʤʳʭ ʧʨʠʨʦʜʥʳʭ ʟʘʧʘʩʘʭ, 

ʚ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʜʚʠʛʘʪʝʣʷʭ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ ʠ ʪ. ʜ.  

http://www.bulletennauki.com/


 

 
ɹʶʣʣʝʪʝʥʴ ʥʘʫʢʠ ʠ ʧʨʘʢʪʠʢʠ ð Bulletin of Science and Practice

ʥʘʫʯʥʳʡ ʞʫʨʥʘʣ (scientific journal)   ʊ. 4. ̄ 5. 2018 ʛ. 
 http://www.bulletennauki.com  

 

 

 

 

220 

 

 

ʉʨʝʜʠ ʚʠʜʦʚ ʚʦʜʦʨʦʜʦʩʦʜʝʨʞʘʱʝʛʦ ʩʳʨʴʷ, ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʚ ʪʦʧʣʠʚʥʳʭ ʵʣʝʤʝʥʪʘʭ, 

ʦʩʦʙʝʥʥʦʝ ʚʥʠʤʘʥʠʝ ʧʨʠʚʣʝʢʘʝʪ ʩʝʨʦʚʦʜʦʨʦʜ, ʢʦʪʦʨʳʡ ʨʘʩʧʘʜʘʝʪʩʷ ʥʘ ʩʝʨʫ ʠ ʚʦʜʦʨʦʜ. ɺ 

ʢʘʯʝʩʪʚʝ ʦʜʥʦʛʦ ʠʟ ʩʘʤʳʭ ʢʨʫʧʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʩʝʨʦʚʦʜʦʨʦʜʘ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʏʝʨʥʦʝ ʤʦʨʝ, ʚ ʢʦʪʦʨʦʤ ʝʛʦ ʦʙʱʝʝ ʩʦʜʝʨʞʘʥʠʝ ʝʞʝʛʦʜʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʘ 

4ï9 ʤʠʣʣʠʦʥʦʚ ʪʦʥʥ.  

ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʤʝʪʦʜʦʚ ʠʟʚʣʝʯʝʥʠʷ ʩʝʨʦʚʦʜʦʨʦʜʘ ʠʟ ʙʘʩʩʝʡʥʘ 

ʏʝʨʥʦʛʦ ʤʦʨʷ, ʘ ʪʘʢʞʝ ʩʚʷʟʘʥʥʳʝ ʩ ʵʪʠʤ ʪʨʫʜʥʦʩʪʠ. ʊʘʢʞʝ ʚ ʥʝʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʝʪʦʜʳ 

ʨʘʟʣʦʞʝʥʠʷ ʩʝʨʦʚʦʜʦʨʦʜʘ, ʠʟ ʢʦʪʦʨʳʭ ʦʩʦʙʝʥʥʦ ʥʫʞʥʦ ʦʪʤʝʪʠʪʴ ʧʣʘʟʤʦʭʠʤʠʯʝʩʢʫʶ 

ʤʝʤʙʨʘʥʥʫʶ ʪʝʭʥʦʣʦʛʠʶ. 

 

Keywords: hydrogen energy industry, hydrogen sulfide decomposition, membrane technology. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʦʜʦʨʦʜʥʘʷ ʵʥʝʨʛʝʪʠʢʘ, ʨʘʩʧʘʜ ʩʝʨʦʚʦʜʦʨʦʜʘ, ʤʝʤʙʨʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ.  

 

In recent decades, the intensive development of a modern energy sector and transport leads 

humankind to a global environmental disaster, with a daily reduction in reserves of fossil fuel. 

Therefore, in order to avoid the energy crisis in the nearest future, the problem of search for a new 

non-traditional energy source is of high importance for both the energy industry and the domestic 

sector. 

Among the alternative energy sources, of particular importance is the hydrogen energy 

industry, whose undeniable advantage over petroleumil products consists in its high environmental 

safety and caloric content, its use in the internal combustion engines, and so on. Therefore, along 

with other alternative sources, the prospects of hydrogen use in motor transport are now being 

actively considered. Since 2014, mass production of cars running on hydrogen has started in Japan 

by two big companies Toyota and Honda. 

It is noteworthy that combustion products of the internal combustion engines do not contain at 

all environmental pollutants, such as carbon monoxide (CO), carbon dioxide (CO2), hydrocarbons 

(CxHy) and solid particles. However, the main environmental problem in these types of engines is 

the minimization of nitrogen oxides (mostly NO) in combustion products, which are created as a 

result of oxidation of nitrogen molecules at high temperatures. 

Among the hydrogenïcontaining raw materials used in the fuel elements, particular attention 

is paid to hydrogen sulfide (H2S), which is an extremely poisonous and explosive substance. Its 

maximum concentration in the air in human settlements is 0.008 mg/m3, and the poisoning dose is 

0,05ï0,07 mg/m3. 

From the energy standpoint, 1 m3 hydrogen sulfide is equivalent to 1,49 m3 of natural gas and 

is burning in excess oxygen as a result of the following reaction  

ςὌὛ σὕ ᴼςὌὕ ςὛὕ  

It is known that every million tons of hydrogen sulfide allows for producing 940 thousand 

tons of pure sulfur and 60 thousand tons of hydrogen, which, by calorific capacity, is equivalent to 

250 thousand tons of oil. 

Today, the focus of attention from science is the Black Sea basin, since its deep waters contain 

large amounts of hydrogen sulfide, whose sources of origin are gases erupted from volcanoes 

existing in the seabed area and from geological fissures. Between the hydroïsulfuric and aerobic 

layers existing in the Black Sea, there is formed a layer containing simultaneously transition oxygen 
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and hydrogen sulfide, where the intensive and multiïstage oxidation occurs as a result of the 

reducing reactions large amounts of sulfurïcontain compounds are created. 

On the basis of the monitoring, the Black Sea is considered to be one of the biggest sources of 

hydrogen sulfide, whose total volume is increasing annually by 4ï9 million tons. Such a large 

concentration of hydrogen sulfide in the sea may lead to the large environmental disaster in a few 

decades, since currently, only its top 100ï150 m layer contains oxygen, and the lower layers are 

saturated with hydrogen sulfide. That is, the Black Sea is not only a serious environmental problem, 

but it can become a potential source of the hydrogen energy industry. 

Gaseous hydrogen sulfide extracted from the Black Sea is used as a rare natural material for 

obtaining future fuel: hydrogen, sulfur, sulfuric acid and other sulfurïcontaining compounds, but 

when removing gases, is the main problem is the transition of gases dissolved in water on the 

surface to gaseous state, and their complete separation from sea water.  

 

There are several methods for separating hydrogen sulfide from the Black Sea water:  

ïThe electrohydraulic shock is carried out at a specified technological height, which ensures 

separation of hydrogen sulfide, while cleaned water returns into the sea;  

ïAs a result of action of UV radiation with a certain a wavelength (180ï253 nm), hydrogen 

sulfide is dissociated selectively into hydrogen and sulfur; 

ïMethod of H2S separation with the use of ozone is based on the technology used for 

purification of wastewater and reservoirs water from sulfur, during which H2S existing in water is 

oxidized in the ionized air, and water and sulfur are formed; 

ïAdditional treatment of hydrogen sulfideïcontaining waters with mineral acids containing 

water and further aeration, during which energy is produced by H2S oxidation; 

ïThe method of extraction of hydrogen sulfide from deep waters using a normal pipeline and 

its division into the elements is based on the extraction of H2Sïcontaining water from the depths, 

which is due to the difference between the air pressures existing the sea surface and the air pressure 

in the receiving area; 

ïAfter the primary pumping of water by means of a vertical channel pump, it is possible to 

obtain the gasïliquid fountain in the sea from the difference between the hydrostatic pressure at the 

level of the channelôs receiving section, and pressure of the gasïliquid mixture existing inside the 

channel at the same level ð using the gasïlift effect without use of energy.  

 

Of the above listed methods for extracting gaseous hydrogen sulfide from the deepïsea water, 

the most effective and efficient are methods using a solid vertical channel or pipeline equipped with 

pump. However, the main problem is the further effective division of gas mixtures extracted from 

the sea depth with maximum energyïsaving.  

Direct disintegration for obtaining sulfur and hydrogen, is based on the use of the 

technologies of phytoïcatalytic, electrolytic, electroïplasmic and plasmoïchemical separation. The 

phytoïcatalytic method is characterized by lower energy use, but due to the duration of the process, 

it is unacceptable for largeïscale technologies. The electrolytic method is widely known, although it 

is distinguished by high energy expenditure. The electroïplasmic method involves the use of 

plasma flow, which is formed in the electronic plasmatron, but the design of the modern plasma 

reactors need to be refined from the energy and commercial standpoints. 

The plasmoïchemical membrane technologies widespread at the current stage deserve 

attention, which is due to the effectiveness, selectivity, continuity, simplicity and low energy inputs 

of these separation technologies, and so on. For instance, obtaining of 1 m3 of hydrogen in the 

http://www.bulletennauki.com/


 

 
ɹʶʣʣʝʪʝʥʴ ʥʘʫʢʠ ʠ ʧʨʘʢʪʠʢʠ ð Bulletin of Science and Practice

ʥʘʫʯʥʳʡ ʞʫʨʥʘʣ (scientific journal)   ʊ. 4. ̄ 5. 2018 ʛ. 
 http://www.bulletennauki.com  

 

 

 

 

222 

 

 

industrial equipment requires 1 kWh of energy inputs, while obtaining the same amount of 

hydrogen by electrolytic method requires 4,5 kWh of energy. 

The membrane technology of separation of substances is intensively developed and applied in 

different industries, including: extraction of helium from natural gas; air enrichment with oxygen; in 

the oil refining process for the extraction of hydrogen, helium and ammonia from natural and 

technological gases; for separation of highïmolecular substances from solutions containing lowï

molecular impurities; in concentrating solutions and purification of gases, and so on. 

When solving the problem of separation of gaseous hydrogen sulfide from the Black Sea 

water, it is necessary to take into account the form of the existence of divalent sulfur in the sea 

water, because sulfur in water can be in the form of H2S
0 or HSī and S2ī ions The ratio of these two 

forms is determined by pH value of the sea water hydrogen (pH in the deep waters of the Black Sea 

depends on H2S
0 and its value decreases to 7,6). When the hydrogen value pH> 10, then the content 

of S2ī ions can be neglected. When pH = 7, then the compositions of H2S
0 and HSī are almost the 

same, and when pH = 4, sulfur is represented in the form of H2S
0 of almost completely non-

dissociated molecule. 

Only 15% of the total divalent sulfur in the Black Sea water is present in the form of H2S
0, 

while the rest is represented as chemical compounds of heavy metal sulfides, so the possibility of 

transition to gaseous state is complicated. 

For the purpose of carrying out the studies proceeding from this, the use of thermodynamic 

modeling allows us for assessing the chemical form of divalent sulfur content in the Black Sea 

water with the dependence on the variation of the temperature and pressure. (Calculation was 

carried out on 18% and 22% salinity, when pH = 8,2). The calculation results are illustrated in 

Figures 1, 2, and 3. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 1. The relationship between the divalent sulfur concentration 

in the sea surface water and the temperature P=105 Pa. 
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Figure 2. The relationship between the percentage of H2S  

in the sea water and the temperature P=105 Pa. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. The relationship between the percentage of HSī 

in the sea water and the temperature P=105 Pa. 

 

The results of the calculation demonstrate that in all physicalïchemical conditions under 

consideration, the major part of divalent sulfur is present in the form of heavy metal sulfides 

dissolved in HS or water. In addition, by the increase in the salinity and decrease in the temperature 

by diatomic sulfur, the total concentration is increased (Figure 1), and the increase in the salinity 

and the increase in the temperature, the share of H2S
0 goes down (Figure 2). As to HSī, its 

concentration increases by the increase in the salinity and the decrease in the temperature Figure 3). 

That is, the difficulty of obtaining hydrogen sulfide consists in the presence of its major part 

in the Black Sea water in the form of an aqueous solution. Therefore, the method of extraction of 

hydrogen sulfide in the gaseous form can be broken down into two groups: the extraction of 

hydrogen sulfide from the deepïsea water up to the sea surface, or hydrogen sulfide in the gaseous 

form directly at the place of its extraction.  
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The main problem in the extraction of gases from the sea depth is the increase in the level of 

water containing dissolved gases, the transition of gases dissolved in water on the surface in 

gaseous state, and their complete separation from the sea water. It is also important to avoid the 

mixing of the surface layers of gases remaining in solution with water, to eliminate their negative 

impact on the atmosphere. 

During the recent period, the membrane methods of for the separation of gaseous mixtures 

have been developed rapidly, which allows for separating hydrogen sulfide from the sea water 

directly in the deepïsea water. In this regard, particular attention should be paid to methods of ion 

exchange and selective absorption in polymeric membrane. These method are based on the property 

of semiïpermeable hydrophobic membrane to carry the gas and retain water. 

Separation of hydrogen sulfide from sea water can by the membrane technology is possible 

using the submersed pipeline device, which provides filtration with hydrophobic membrane. At this 

time, it is possible to obtain hydrogen sulfide in the membrane volume in the gaseous form, will be 

extracted to the surface through the pipeline.  

In terms of use, membranes are classified as microfiltration, inverseïfiltration, reverseï

osmotic, electrolytic and dialysis membranes. The membrane separation of mixtures is based on the 

use of porous, non-porous, asymmetrical and composite selective membranes. Transport of their 

gases is carried out by different mechanisms, of which most attention should be attached to 

molecular diffusion, whose determining factor is represented by the difference between the 

concentrations on both sides of the membrane. 

The main characteristics of membranes used in the membrane technology are selectivity, 

conductance and durability, due to which a significant defining feature is membraneôs substance. 

Both inorganic substances (metal wires, ceramics, ceramic metal, glass, graphite) and polymers 

(fluorine plastic, celluloses, acetates, polyethylene, etc.) are used to make membranes. 

In response to the growing demand for hydrogen in the future, more and more studies focus 

on the development of membranes with good hermodynamic and mechanically sustainable 

properties. In this case, inorganic membranes have great potential for producing hydrogen as an 

alternative fuel. 

At the first stage of the research, the group of authors conducted an experimental study of 

electrolysis on a laboratory device designed to study the process of synthesis of new substances, pH 

correction, separation of amino acids, and separating the volume of inorganic compounds from 

organic solutions. 

Figure 4 illustrates the electrodialysis rate of different concentrations of NaCl showing that 

the membrane is more effective when the NaCl concentration in solution varies from 10 g/l to 1 g/l. 

After this, based on the analysis of the results obtained, we will study the process of the Black Sea 

water desalination. Since the salinity of the Black Sea water is 15ï16 m/l, so in terms of the 

effectiveness of the research, desalination was carried out until 5,77 g/l concentration. The process 

of desalination by electrolysis is shown in Table. 

 

Table 1. 
Time, 

min 

Current strength 

(amp) 

Voltage (V) Salt content 

 (g/l) 

Reduction of 

concentration 

0 2,15 30 5,77 ð 

15 1,2 30 2,94 49,1 

30 0,4 30 0,457 84,5 

45 0,1 30 0,052 88,8 
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Based on the analysis of the research, we have identified the possibility of using membrane 

technologies in terms of desalination of the sea water, which allow us for using actively this method 

when studying the separation of hydrogen sulfide from the Black Sea water in a gaseous form. At 

this stage, the scheme is developed, the types of membrane are selected and the results of the 

research will be published in the near future. 
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Abstract. New type of wireless computer network in chemical systems is presented in this 

article. This wireless network uses chemical system as physical media for data transmission, instead 

of environment. Thus, represented wireless network differs substantially from molecular 

communication networks and wireless networks covered by IEEE standards, such as radio 

frequency based wireless networks. This new wireless technology can be used not only in chemical 

industry for continuous controlling chemical processes in chemical reactions zones but also for 

medical purposes, and as a new type of wireless body area computer network. 

 

ɸʥʥʦʪʘʮʠʷ. ʅʦʚʳʡ ʪʠʧ ʙʝʩʧʨʦʚʦʜʥʦʡ ʢʦʤʧʴʶʪʝʨʥʦʡ ʩʝʪʠ ʚ ʭʠʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ 

ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʵʪʦʡ ʩʪʘʪʴʝ. ʕʪʘ ʙʝʩʧʨʦʚʦʜʥʘʷ ʩʝʪʴ ʠʩʧʦʣʴʟʫʝʪ ʭʠʤʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ ʚ ʢʘʯʝʩʪʚʝ 

ʬʠʟʠʯʝʩʢʦʡ ʩʨʝʜʳ ʜʣʷ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ, ʚʤʝʩʪʦ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʙʝʩʧʨʦʚʦʜʥʘʷ ʩʝʪʴ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʩʝʪʝʡ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ, ʚ 

ʢʦʪʦʨʳʭ ʜʣʷ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʠʩʧʦʣʴʟʫʶʪ ʤʦʣʝʢʫʣʷʨʥʳʝ ʢʦʤʤʫʥʠʢʘʮʠʠ, ʠ ʦʪ ʙʝʩʧʨʦʚʦʜʥʳʭ 

ʩʝʪʝʡ, ʦʭʚʘʯʝʥʥʳʭ IEEE ʩʪʘʥʜʘʨʪʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ ʙʝʩʧʨʦʚʦʜʥʳʝ ʢʦʤʧʴʶʪʝʨʥʳʝ ʩʝʪʠ, ʚ 

ʢʦʪʦʨʳʭ ʜʣʷ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʠʩʧʦʣʴʟʫʶʪ ʩʠʩʪʝʤʳ ʨʘʜʠʦʩʚʷʟʠ. ʕʪʘ ʥʦʚʘʷ ʙʝʩʧʨʦʚʦʜʥʘʷ 

ʪʝʭʥʦʣʦʛʠʷ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʥʝ ʪʦʣʴʢʦ ʚ ʭʠʤʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʜʣʷ 

ʥʝʧʨʝʨʳʚʥʦʛʦ ʢʦʥʪʨʦʣʷ ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʟʦʥʘʭ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ, ʥʦ ʠ ʜʣʷ 

ʤʝʜʠʮʠʥʩʢʠʭ ʮʝʣʝʡ, ʠ ʚ ʢʘʯʝʩʪʚʝ ʙʝʩʧʨʦʚʦʜʥʦʡ ʥʘʪʝʣʴʥʦʡ ʢʦʤʧʴʶʪʝʨʥʦʡ ʩʝʪʠ ʥʦʚʦʛʦ ʪʠʧʘ. 

 

Keywords: wireless network, wireless communication channel, physical chemistry, chemical 

system, chemical analysis. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʙʝʩʧʨʦʚʦʜʥʘʷ ʩʝʪʴ, ʙʝʩʧʨʦʚʦʜʥʦʡ ʢʘʥʘʣ ʩʚʷʟʠ, ʬʠʟʠʯʝʩʢʘʷ ʭʠʤʠʷ, 

ʭʠʤʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ, ʭʠʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ. 

 

Chemical system is one of the most important terms in physical chemistry, medicine, 

chemical engineering, etc. Physical chemistry is the branch of chemistry concerned with the 

application of the techniques and theories of physics to the study of chemical systems [1, p. 1340]. 

Chemical system is thermodynamic system where chemical reactions are possible. Therefore, 

chemical system is particular case of thermodynamic system. Enrico Fermi considered the 

environment as all that is not included in the thermodynamic system [2, p. 11]. Thus, the term 
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ñchemical systemò is opposed to the term ñenvironmentò according to the main principles of 

physical chemistry. Now many scientists consider a living organism as a complex chemical system, 

though some students of 1980s had difficulty thinking of the human body as a chemical system [3, 

p. 107ï109]. There is well known NASAôs definition of life stating that ñLife is a self-sustained 

chemical system capable of undergoing Darwinian evolutionò [4, p. 388].  

The term ñcomputer networkò means a collection of autonomous computers interconnected by 

a single technology, where two computers are said to be interconnected if they are able to exchange 

information [5, p. 11]. Due to the importance of electronic transactions, the definition of ñelectronic 

messageò is fixed in laws in many countries that are party to the Patent Cooperation Treaty. Thus 

the term ñelectronic messageò means electronic data sent or received through electronic means 

regardless of the extraction method upon receipt. 

In [6, p. 10], wireless nanoscale communications are considered under different perspectives, 

including pure electromagnetic nano communications as well as molecular communications. It was 

noted that now the wireless communication paradigm is changing, and molecular communications 

can be considered as wireless communications. Thus, the New Jersey Cybersecurity and 

Communications Integration Cell (NJCCIC) defines the term ñwireless communicationò as the 

transfer of information between two or more points that are not connected by an electrical 

conductor. In molecular communication networks and wireless networks covered by IEEE 

standards, signals representing electronic message are transmitted through the environment. It is 

true not only for radio frequency based wireless networks but also for molecular communication 

networks. For example, as it explained in [7, p. 248], communication channel for molecular 

communications consists of information molecules that represent the information to be transmitted, 

sender nanomachines that emit the information molecules, receiver nanomachines that receive and 

react to information molecules, and the environment in which the information molecules propagate 

from the sender nanomachine to the receiver nanomachine. 

New type of wireless computer network was established in April 2015 in [8]. This wireless 

network uses chemical system as physical media for data transmission, instead of environment, and 

can be used in medical applications, chemical engineering and chemical industry. 

 

Main principles of the new wireless technology 

The nodes of this wireless computer network are computers with connected chemical feed 

systems and in-line chemical analyzers. These chemical feed systems are set up to feed substances 

into the chemical system, and these in-line chemical analyzers are set up to conduct continuous in-

line chemical analysis of the substance located in the chemical system. The nitrogenïoxygen gas 

mixture in the gaseous phase located in the vessel with the volume fraction of nitrogen in this 

mixture 80%, and with the volume fraction of oxygen in this mixture 20%, can be used as an 

example of the chemical system. The chemical feed system capable of feeding nitrogen and oxygen 

in the gaseous phase, in predetermined masses, into the chemical system, can be used as an example 

of the chemical feed system. The in-line gas analyzer capable of measuring the mass concentrations 

of nitrogen and oxygen, can be used as an example of the in-line chemical analyzer. 

Consider simplex wireless communication with a point-to-point data communication 

technique. Each wireless communication channel of this wireless computer network transmits data 

as follows. Initially, the in-line chemical analyzer is connected to the receiving computer, and set up 

to conduct continuous in-line chemical analysis of the substance located in the chemical system, 

and transfer the results of this in-line chemical analysis to the connected computer. At first, the 

coding of the electronic message (that is transmitted) as a finite sequence of symbols consisting of 
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0s and 1s is implemented, using an errorïcorrecting code satisfying the unique decoding condition. 

Then this electronic message is encoded in the form of a finite sequence of chemical feed systemôs 

operating modes. As an example of such a coding may be used the following coding. Each 0 is 

assigned to the ordered pair of numbers (3, 15), whereby the chemical feed systemôs operating 

mode is set up. Where the first number 3 is the mass, in grams, of nitrogen that is fed, in the 

gaseous phase, into the chemical system by this chemical feed system. And the second number 15 is 

set equal to 15 seconds of this chemical feed system idle duration that takes place after the 

completion of feeding nitrogen into the chemical system, in mass, in grams, equal to the first 

parameter of this chemical feed systemôs operating mode. Each 1 is assigned to the ordered pair of 

numbers (1, 15), whereby the chemical feed systemôs operating mode is set up. Where the first 

number 1 is the mass, in grams, of oxygen that is fed, in the gaseous phase, into the chemical 

system by this chemical feed system. And the second number 15 is set equal to 15 seconds of the 

chemical feed system idle duration that takes place after the completion of feeding oxygen into the 

chemical system, in mass, in grams, equal to the first parameter of this chemical feed systemôs 

operating mode.  

Then, the substances are fed into the chemical system through the implementation of work of 

chemical feed system in accordance with the finite sequence of the chemical feed systemôs 

operating modes, representing transmitted electronic message. Then, the receiving computer gets 

the results of in-line chemical analysis of the substance located in the chemical system, conducting 

by the in-line chemical analyzer. Then, from these results of in-line chemical analysis, the receiving 

computer obtains the finite sequence of chemical feed systemôs operating modes. Then this finite 

sequence is decoded, and the transmitted electronic message is obtained. 

Thus, the signals representing electronic message transmitted through the wireless 

communication channel of this wireless computer network in chemical system are changings of the 

chemical systemôs chemical composition. These signals are created by feeding the substances into 

the chemical system through the implementation of work of chemical feed system. According to the 

main principles of physical chemistry, all intensive properties of the chemical system are 

determined by the chemical systemôs chemical composition. Therefore, the receiving of the 

electronic message is provided by the fact that after feeding the substances into the chemical 

system, the intensive properties of this system are changing due to the new chemical composition of 

this chemical system, and become aligned for each amount of material in this system. 

Duplex wireless communication with point-to-point data communication technique, and bi-

directional multiuser communication, such as point-to-multipoint communication, can be 

implemented, for example, using the additional condition that each node of this network can feed a 

unique set of substances into the chemical system. Duplex wireless communication works by using 

two simplex wireless communications. For example, if each node of this network can feed a unique 

set of substances into the chemical system, then each receiving computer not only can receive the 

transmitted electronic message through the in-line chemical analyzer, but also determine the node 

from which the substances, representing this electronic message, are fed into the chemical system.  

 

Conclusion 

The proposed wireless technology can be used for wireless data transmission between 

computerized medical devices implanted in the human body, such as implantable cardioverter 

defibrillators, implantable drug delivery devices, etc. Therefore proposed wireless technology can 

be used to deploy hybrid wireless body area networks. The proposed wireless technology can be 

used in chemical industry by deploying these wireless networks in chemical reactions zones, aiming 
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continuous monitoring and controlling the chemical processes. 
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Abstract. The paper presents problems existing in passenger traffic by urban passenger 

transport, as well as the analysis of factors hindering the development of bus routes.  

There have been studied both quantitative and qualitative indicators of a deterioration in the 

quality of passenger service by urban buses in the city of Kutaisi. For a comprehensive study of the 

issue using the timeïtable method of field observations, an experimental study of the passenger 

flow was carried out. Based on the system analysis, an assessment was made of the indicators of 

redistribution of passenger flows by bus and minibus routes: the number of motive power on the 

routes, in accordance with the percentage of coincidence of the parameters of traffic regimes with 

the transport schemes.  

A list of measures has been drawn up, the integrated implementation of which will facilitate 

the development of a safe and convenient cityïclass bus route system.  

 

ɸʥʥʦʪʘʮʠʷ. ʈʘʩʩʤʦʪʨʝʥʳ ʧʨʦʙʣʝʤʳ, ʩʫʱʝʩʪʚʫʶʱʠʝ ʚ ʧʘʩʩʘʞʠʨʩʢʠʭ ʧʝʨʝʚʦʟʢʘʭ 

ʛʦʨʦʜʩʢʦʛʦ ʧʘʩʩʘʞʠʨʩʢʦʛʦ ʪʨʘʥʩʧʦʨʪʘ, ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʬʘʢʪʦʨʦʚ, ʧʨʝʧʷʪʩʪʚʫʶʱʠʡ ʨʘʟʚʠʪʠʶ 

ʘʚʪʦʙʫʩʥʳʭ ʤʘʨʰʨʫʪʦʚ. 
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ɹʳʣʠ ʠʟʫʯʝʥʳ ʢʘʢ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ, ʪʘʢ ʠ ʢʘʯʝʩʪʚʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ 

ʦʙʩʣʫʞʠʚʘʥʠʷ ʧʘʩʩʘʞʠʨʦʚ ʛʦʨʦʜʩʢʠʤʠ ʘʚʪʦʙʫʩʘʤʠ ʚ ʛʦʨʦʜʝ ʂʫʪʘʠʩʠ.  

ɼʣʷ ʚʩʝʩʪʦʨʦʥʥʝʛʦ ʠʟʫʯʝʥʠʷ ʧʨʦʙʣʝʤʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʧʦʣʝʚʳʭ ʥʘʙʣʶʜʝʥʠʡ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʨʝʤʝʥʥʦʡ ʪʘʙʣʠʮʳ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʧʦʪʦʢʘ ʧʘʩʩʘʞʠʨʦʚ. ʅʘ ʦʩʥʦʚʝ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʠʟʘ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ ʧʦʢʘʟʘʪʝʣʝʡ 

ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʘʩʩʘʞʠʨʦʧʦʪʦʢʦʚ ʧʦ ʤʘʨʰʨʫʪʘʤ ʘʚʪʦʙʫʩʦʚ ʠ ʤʠʢʨʦʘʚʪʦʙʫʩʦʚ. 

ɹʳʣ ʩʦʩʪʘʚʣʝʥ ʧʝʨʝʯʝʥʴ ʤʝʨ, ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʝ ʚʥʝʜʨʝʥʠʝ ʢʦʪʦʨʳʭ ʙʫʜʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ 

ʩʦʟʜʘʥʠʶ ʙʝʟʦʧʘʩʥʦʡ ʠ ʫʜʦʙʥʦʡ ʩʠʩʪʝʤʳ ʤʘʨʰʨʫʪʥʳʭ ʘʚʪʦʙʫʩʦʚ ʛʦʨʦʜʩʢʦʛʦ ʢʣʘʩʩʘ. 

 

Keywords: urban public transport, passenger, pilot studies, passenger flow, diagram. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʦʨʦʜʩʢʦʡ ʦʙʱʝʩʪʚʝʥʥʳʡ ʪʨʘʥʩʧʦʨʪ, ʧʘʩʩʘʞʠʨʩʢʠʝ, ʧʠʣʦʪʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʘʩʩʘʞʠʨʩʢʠʡ ʧʦʪʦʢ, ʩʭʝʤʘ. 

 

Analysis of the processes, which have been taking place in recent years in public transport in 

a number of cities, revealed that a rising trend of passenger traffic by M2 category vehicles 

(minibuses) in the field of the local regular urban passenger transport, has significantly slowed 

development of routes for M3 category vehicles (urban buses) [1]. The formation of this process has 

both objective and subjective preconditions, in particular:  

1. As the objective precondition, it could be considered that in the 1990s, the municipal 

passenger transport enterprises were unable to renew the bus depot owing to the lack of adequate 

financial resources, which gave rise to problems of administering the outdated bus depot, such as: 

- increasing the number of service delays and failures on the routes caused by a technical 

malfunction of buses; 

- low level of a technical readiness of the bus depot;  

- the insufficient number of buses to complete motive power on the routes; 

- low level of the operational management of motive power operation, etc. 

In most cases, the existing bus depot could not meet the increased demand for passenger 

transportations by both quantitative and qualitative indicators. Therefore, the municipal authorities 

of cities were forced to use new models of miniïbuses in urban transport, which were purchased by 

physical and private legal entities. 

In parallel to the formation of this process, three types of bus routes were introduced in the 

field of urban transport service: 

- routes, on which there are running both the city class buses and miniïbuses in a certain 

proportion;  

- duplicated miniïbus routes, whose transport patterns are fully or largely coinciding with 

transport patterns of the bus routes; 

- the so called ñalternative miniïbus routesò, whose transport patterns include powerful 

collecting points of passenger traffic flows for achieving high profitability of route. 

2. As the subjective precondition, it could be considered that as a result of the reduction in the 

number of bus routes with assistance from municipal bodies, the number of the so-called 

ñalternative miniïbus routesò, which was preceded by tendency towards a growth in the demand for 

passenger traffic by new miniïbuses. There has been created the real competition situation between 

the cityïclass buses and miniïbuses services, which had also dramatically escalated by the fact that, 

under conditions of almost equal incomes, due to the low operating costs of miniïbuses (almost 3,0 
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times less in comparison with the large buses), the services rendered by them became profitable, 

and consequently the field of interest to business as well. 

Facilitating the development of the miniïbus routes in the segment of the cityïclass bus 

services resulted in the negative events, such as: 

1. Drastic reduction in the number of passenger transports by the cityïclass buses and an 

increase in the level unprofitableness of routes; 

2. Further increase in the level unprofitableness during the seasonal period of small passenger 

traffic flows (such periods can be attributable to some months of hot and cold climatic seasons); 

3. Declining economic performance of bus services due to misallocation of motive power 

running on the routes and between the routes; 

4. With a downward trend in incomes, refusal of financing for purchasing the new expensive 

cityïclass buses by municipal bodies of a number of cities, and so on.  

Over the past ten years, under conditions of a dramatic increase in the number of private cars 

and a high intensity of their use, there have been created the hard-to predict situations of loading the 

urban transport network with road transport, which had created additional problems for the good 

functioning of public transport, particularly regarding the bus routes [2].  

Similar problems are reported in Kutaisi city transport. The city of Kutaisi is an administrative 

center of the Imereti region of Georgia with a population of 182 thousand people. Currently, local 

urban regular passenger traffics are fully operated by licensed private carriers. There are 42 miniï

bus and 10 cityïclass bus routes in the routing system, and 165 miniïbuses and 67 buses run daily 

on the lines.  

In order to assess problems existing in urban transport and work out relevant 

recommendations for addressing them, in 2016ï2017, the authors of this paper explored the existing 

transport system, and the factors hindering development of the route system for the cityïclass buses, 

for which it has become necessary to study the real indicators passengers traffic flows, as well as to 

assess quantitatively the allocation of passenger traffic flows between the bus and miniïbus routes. 

At the initial stage, the studies of passenger traffic flow were carried out using a table method 

of full field observations. Then, the periods of stable passenger traffic flows were distinguished both 

by the months of the seasons and weekdays. It has been established that further studies can be 

carried out during the periods of stable passenger traffic flows, when the non-uniformity factor of 

passenger traffic flow equals to 1.0 or varies within the interval close to 1.0. Results of this type of 

analysis allow us for designing an optimal experiment [3].  

To choose the month of the season to be studied, we use the seasonal non-uniformity factor of 

passenger traffics, which is determined by the formula for the i-th month of the year, as follows: 

 

ὑȢȢὭ
Ȣ Ͻ 

 Ͻ Ȣ
                                                                            (1)  

 

where ὖȢ ð the volume of passenger traffic in the i-th month; 

ὖ ð the volume of passenger traffic during the year; 

 ὲ Ȣ ð the number of calendar days in the month. 

According to the carried out studies, the average number of passenger traffic in the city of 

Kutaisi was 32,122 million (mln) per year, whose monthly distribution is shown in Table 1.  

Since the value of the seasonal non-uniformity factor of K i = 1.011 is the closest to 1.0, 

therefore, April may be considered to be a stable month for the study of passenger traffic flow. In 

addition, for choosing the type and number of motive power on the routes to be designed, the 
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studies should be carried out in the most tense month of passenger traffic flow, in this case this 

month is October. As shown in Table 1, we have the lowest value of passenger traffic in the month 

of August, therefore, in order to assess the level of the operability of routes during this month, the 

studies should be carried out in August as well. 
 

Table 1. 

No Month of the year Number of transported 

passengers by month of 

the year, Pi 

Number of days in the 

months of the year, ni 

Non-uniformity factor 

of passenger traffic 

flows by month of the 

year Ki 

1 January 2,498 31 0.919 

2 February 2,366 28 0.963 

3 March 2,534 31 0.932 

4 April  2,676 30 1.017 

5 May 2,968 31 1.092 

6 June 2,842 30 1.080 

7 July  2,743 31 1.042 

8 August  2, 481 31 0.912 

9 September  2, 925 30 1.112 

10 October 2,953 31 1.032 

11 November 2,833 30 1.037 

12 December 2,823 31 1.038 

 

The calendar weekdays should also be chosen for conducting the studies in the specified 

months. 

It is recommended that studies should on a one working day and one non-working day [4]. 

The working day is chosen by the non-uniformity factor of passenger traffic flows on weekdays 

(ὑȢȢ), which is calculated by the formula:  

ὑȢȢ
 ȢϽВ ȢȢ

Ͻ Ȣ
                                                                        (2)  

where ὖȢȢ ð the volume of passenger traffic on a j-th weekday of the i-th month;  

ά  ð the number of j-th weekdays of the i-th month to be studied. 

 

The volume of passenger traffic ( ὲ Ȣ σπ) in the month of April was 2,676 mln passengers 

(ὖȢ), including the volume of passenger traffic by weekday (ὖȢ) thousand passengers, was 

redistributed as follows (Table 2):  

 

Table 2. 

Weekdays 1st week 2nd 

week 

3rd week 4th week  

 

 

Monday 102 101 99 103 4 405 1.13 

Tuesday 98 96 97 99 4 389 1.09 

Wednesday 98 98 99 99 4 394 1.09 

Thursday 102 103 100 102 4 407 1.12 

Friday 97 99 98 98 4 392 1.11 

Saturday 85 88 86 88 5 347 0.77 

Sunday 83 85 86 89 5 342 0.76 

mj m

j = 1

×ʈʜʥj
ʂʥʥj
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ὑȢȢ is the value of factor closest to 1,0 on Tuesday, which we choose as a working day for 

studying the passenger traffic flow. As a non-working day can be chosen Saturday. To achieve a 

high level of reliability of the results of studies, it has been considered to be appropriate that at the 

initial stage of studies, the number of weekdays under observation can be increased to three 

(Tuesday, Friday and Saturday). On Friday considerable strain is placed on the several main routes, 

which should be taken into account for establishing the adaptive management conditions of the 

routes. 

The volume of traffic selected for the studies and the part of the population under observation 

are of an imaginary nature, petaining to the whole population (total passenger traffic and the total 

population) [5]. 

A sufficient representativeness for the studies by sampling method was determined according 

to the following formula: 

ὖ Ȣ
Ͻ Ͻ

Ў
                                                               (3) 

 

Ў ð the maximum permissible error of the representativeness of samples; 

t ð multiplicity of error of the representativeness of samples; 

ύρ ύ ð the degree of variation in distribution.  

 

According to the results of the study, it has been established that in order to use sampling 

method, it is enough to study just 3,8% of the annual passenger traffic or/and of the population.  

The studies were carried out using a sampling method of field observations. 

The task of identifying the object of the studies of passenger transports involves: 

- Selection of city bus routes according to the high intensity of passengers traffic flows;  

- Selection of city bus routes to be studied by the length of the transport scheme, km.  

It is recommended to select the types of routes that cover at least 10 ... 15% of the entire route 

network. 

Selection of the passenger traffic flow examination schedule was carred out on the basis of 

analyzing the bus route time tables on routes under study. The interval between bus services should 

not exceed 25 minutes [6], otherwise the route is considered to be a lowïintensive route. A pilot 

study has revealed that the interval on city routes generally varies ranging from 4 to 6,5 minutes. 

The studies were carried out by sampling technique with a method of field observations. In 

each bus the passengers were counted by one or two counterïcontrollers, who were directly near the 

bus door, but at least one counterïcontroller was on the main bus stops. Accounting of passengers 

was carried out on specialïform cards, by their categories.  

The routes to be studied were selected according to the convergence size of the transport 

schemes of the bus and miniïbus routes, the goal of which was to clarify the relationship between 

the number of passengers transported over the day by both types of transport, and to determine the 

size of the demand for passenger transports on them. For the purpose of solving this task, the routes 

were coupled according to the following scheme: the number 1 and number 5 (convergence of 

transport schemes ð 67%); the number 2 and the number 6 (65%); the number 3 and the number 7 

(50%); the number 4 and the number 8 (55%). 

Taking the example of routes of the number 1 and number 5, Figure1 and Figure 2 illustrate 

the diagrams of the distribution of passenger traffic flows on Tuesday in the month of October 

during the period between 7 a.m. and 6 p.m. As the diagrams show, the distribution histogram for 

both routes varies with almost similar patterns. During this period, the number of passengers 
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transported by the number 1 bus route was 7460 passengers, and 6960 passengers by the number 5 

miniïbus route. There was also studied the relationship between the numbers of passengers 

transported on both type of routes, which does not exceed 5% in favor of the bus routes. This result 

proves that the bus route face considerable competition from the miniïbus routes.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. The diagram of distribution of passenger traffic flows on the bus route number 1 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. The diagram of distribution of passenger traffic flows on the miniïbus route number 2  

 

The studies carried out have shown that 

- Miniïbuses accounted for nearly 65% of total passenger transports in Kutaisi city;  

- The convergence size of the transort schemes of the main miniïbus routes and bus route 

schemes in Kutaisi City is more than 50%; 

- The transport schemes of the main miniïbus routes are drawn so that they mostly cover the 

directions with high intensity of passenger flows; 

- On some miniïbus routes, the number of motive power is purposfully increased, and 

consequently, the intervals between the bus services are reduced; 

- Under conditions of the operation of outdated bus depot, the majority of the population 

(almost 65%) use more mobile and comfortable miniïbus services; 
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- To facilitate the functioning of the bus routes in Kutaisi City, there have been introduced 

special schedules for buses during the morning and evening hours, in particular: during the evening 

hours, during the priod of a sharp decrease in passenger flows between 7 p.m. and 9 p.m. and 

between 9 p.m. and 11 p.m., the number of motive power is reduced and the interval between the 

bus services is increased by 25é30 minutes. During the morning hours, between 6 a.m. and 8 a.m., 

the buses are bringing stage-by-stage to the route in accordance with passenger flow dynamics; 

- Due to the correction of the number and operating modes of motive power in accordance 

with passenger flow dynamics during the morning and evening hours, it has become possible to 

save the existing city class buses, but measures undertaken are not sufficient to develop them.  

Based on the foregoing, in order to develop the cityïclass bus routes, it is necessary to create 

a balanced route system, which requires the following types of activities: 

1. Increasing the level of the effectiveness of using the cityïclass buses, through the 

development of the integrated transport schemes and by determining the traffic condition of buses 

on routes;  

2. Determining the conditions of rational management of miniïbuses in urban transport, as 

well as justifying the possibilities of their use for unexpected routes for the express and city class 

buses; 

3. Reducing the convergence size of the bus and miniïbus route transport schemes to 30%;  

3. Introduction of integrated routes of cityïclass buses maximally adapted to the indicators of 

the transport network (bus routes providing regular transport links between more than three quarters 

of the city); 

4. Canceling duplicate routes;  

5. Ensuring adaptive management of the type and number of the cityïclass buses during the 

period of small passenger traffic flows in the working days (which means the operative replacement 

of largeïcapacity buses by buses with medium or small capacity); 

6. Ensuring adaptive management of routes of the cityïclass buses during the period of small 

passenger traffic flows in seasons; 

7. Drawing the operational management schemes for alleviating the passenger traffic during 

peak hours, by bringing the backup buses at peak times; 

8. Introduction of the effective monitoring and management mechanisms using intelligent 

information systems, and so on.  

Integrated implementation of the aboveïmentioned activities will facilitate the development 

of a safe and convenient cityïclass bus route system. 
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ɸʥʥʦʪʘʮʠʷ. ʇʨʠ ʢʘʨʪʠʨʦʚʘʥʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʩʚʦʡʩʪʚ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ 

ʫʜʦʙʥʦ ʧʦʣʴʟʦʚʘʪʴʩʷ ʧʨʦʛʨʘʤʤʦʡ Surfer, ʚʭʦʜʷʱʝʡ ʚ ʢʦʤʧʣʝʢʩ ʧʨʦʛʨʘʤʤ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʦʡ 

ʩʠʩʪʝʤʳ (ɻʀʉ). ɺ ʩʪʘʪʴʝ ʩʨʘʚʥʠʚʘʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʩʧʦʩʦʙʳ ʛʨʘʬʠʯʝʩʢʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ 

ʜʘʥʥʳʭ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʬʠʛʫʨʘʮʠʠ ʫʯʘʩʪʢʘ ʦʙʩʣʝʜʦʚʘʥʠʷ. ʂʘʨʪʠʨʦʚʘʥʠʝ 

ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʧʨʦʛʨʘʤʤʦʡ Surfer 13 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʨʠʜʜʠʥʛïʤʝʪʦʜʘ Kriging. ɺ 

ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʚʟʷʪʳ ʟʥʘʯʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʠʟʤʝʨʝʥʥʦʛʦ ʚ ʧʦʣʝʚʳʭ 

ʫʩʣʦʚʠʷʭ ʧʦʨʪʘʪʠʚʥʳʤ ʧʨʠʙʦʨʦʤ LandMapper ERM-03.  

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʫʯʘʩʪʦʢ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʬʦʨʤʳ ʚ ʧʨʦʛʨʘʤʤʝ Surfer ʢʘʨʪʠʨʫʝʪʩʷ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠ. ʋʯʘʩʪʦʢ ʧʨʦʠʟʚʦʣʴʥʦʡ ʚʳʧʫʢʣʦʡ ʬʦʨʤʳ ʤʦʞʥʦ ʢʘʨʪʠʨʦʚʘʪʴ ʩ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʤ ʚʳʙʦʨʦʤ ʦʧʮʠʠ çBlank grid outside convex hull of dataè. ʋʯʘʩʪʢʠ ʩʣʦʞʥʦʡ 

ʢʦʥʬʠʛʫʨʘʮʠʠ ʠʣʠ ʛʨʫʧʧʫ ʫʯʘʩʪʢʦʚ, ʥʝ ʠʤʝʶʱʠʭ ʦʙʱʠʭ ʛʨʘʥʠʮ ʥʫʞʥʦ ʙʣʘʥʢʠʨʦʚʘʪʴ 
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ʚʨʫʯʥʫʶ, ʪʦ ʝʩʪʴ ʦʪʤʝʯʘʪʴ ʦʙʣʘʩʪʠ, ʢʦʪʦʨʳʝ ʠʩʢʣʶʯʘʶʪʩʷ ʠʟ ʢʘʨʪʠʨʦʚʘʥʠʷ ʧʫʪʝʤ ʠʭ 

ʦʮʠʬʨʦʚʢʠ. ɹʣʘʥʢʠʨʦʚʘʥʠʝ ʚʨʫʯʥʫʶ ʠʣʠ ʧʨʦʛʨʘʤʤʥʳʤ ʩʧʦʩʦʙʦʤ ʧʨʦʩʪʦ ʟʘʢʨʳʚʘʝʪ ʪʝ 

ʫʯʘʩʪʢʠ, ʢʦʪʦʨʳʝ ʥʝ ʥʫʞʥʳ. 

 

Abstract. In mapping the distribution of the different properties of the soil cover it is 

convenient to use the software Surfer, type of geographic information system (GIS) software. This 

paper compares the different ways of graphical representation of the data depending on the survey 

area configuration. Mapping is implemented in Surfer 13 by using Kriging, the gridding method. As 

an example, the values of electrical resistivity measured directly in the field with portable 

instrument LandMapper ERM-03 was used. It was found that the rectangular section in the Surfer 

software is mapped automatically.  

The plot of an arbitrary convex shape also can be easily mapped by the pre-selection option 

ñBlank grid outside convex hull of dataò. Lots of complex configuration or a group of sites that do 

not have common borders need to be blanked manually, i.e. one needs to mark areas that are 

excluded from mapping by digitizing them. Blanking manually or programmatically simply cover 

the areas that are not needed. 
G 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ, ɻʀʉ, ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

ʧʦʯʚ, ʢʦʤʧʴʶʪʝʨʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, Surfer. 

 

Keywords: geo-information systems, GIS, soil electrical resistivity, computer spatial 

interpolation, Surfer. 

 

ɻʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ (ɻʀʉ) ʥʘʯʠʥʘʶʪ ʘʢʪʠʚʥʦ ʧʨʠʤʝʥʷʪʴʩʷ ʚ ʧʦʯʚʦʚʝʜʝʥʠʠ ʠ 

ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ, ʪʘʢ ʢʘʢ ʧʨʠ ʦʙʩʣʝʜʦʚʘʥʠʠ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ ʧʨʠʭʦʜʠʪʩʷ ʨʘʙʦʪʘʪ ɹʩ 

ʤʥʦʞʝʩʪʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʜʘʥʥʳʭ: ʬʠʟʠʯʝʩʢʠʭ, ʙʠʦʣʦʛʠʯʝʩʢʠʭ, ʘʛʨʦʭʠʤʠʯʝʩʢʠʭ. ʂʘʢ 

ʧʨʘʚʠʣʦ, ʦʙʨʘʟʮʳ ʧʦʯʚʳ ʦʪʙʠʨʘʶʪʩʷ ʚ ʧʨʦʠʟʚʦʣʴʥʳʭ ʪʦʯʢʘʭ ʦʙʣʘʩʪʠ ʦʙʩʣʝʜʦʚʘʥʠʷ ʠ ʟʘʪʝʤ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʠʭ ʘʥʘʣʠʟ ʚ ʣʘʙʦʨʘʪʦʨʠʠ. ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʨʘʟʤʝʱʘʶʪʩʷ ʚ ʪʘʙʣʠʮʫ. 

ʅʘʛʣʷʜʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʠʭ ʚ ʚʠʜʝ ʢʘʨʪʦʩʭʝʤ ʚʦʟʤʦʞʥʦ ʩ ʧʦʤʦʱʴʶ ʪʘʢʠʭ ʧʨʦʛʨʘʤʤ ʢʘʢ 

MapInfo, Surfer ʠ ʜʨʫʛʠʭ, ʚʭʦʜʷʱʠʭ ʚ ʩʠʩʪʝʤʫ ɻʀʉ. ʆʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʧʨʦʛʨʘʤʤʳ Surfer 

ʷʚʣʷʝʪʩʷ ʨʘʩʯʝʪ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʘ ʚ ʫʟʣʘʭ ʨʝʛʫʣʷʨʥʦʡ ʩʝʪʢʠ (grid) ʧʦ ʠʩʭʦʜʥʳʤ ʜʘʥʥʳʤ ʚ 

ʧʨʦʠʟʚʦʣʴʥʳʭ ʪʦʯʢʘʭ ʦʙʣʘʩʪʠ ʠ ʧʦʩʪʨʦʝʥʠʝ ʢʘʨʪ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʚʦʡʩʪʚ ʧʦ ʧʣʦʱʘʜʠ ʠʣʠ ʚ 

ʦʙʲʝʤʝ.  

ʂʘʢ ʧʨʘʚʠʣʦ, ʨʝʛʫʣʷʨʥʘʷ ʩʝʪʢʘ ʩʪʨʦʠʪʩʷ ʚ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʦʙʣʘʩʪʠ, ʦʛʨʘʥʠʯʝʥʥʦʡ 

ʤʘʢʩʠʤʘʣʴʥʳʤʠ ʠ ʤʠʥʠʤʘʣʴʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʢʦʦʨʜʠʥʘʪ ʪʦʯʝʢ ʦʙʩʣʝʜʦʚʘʥʠʷ. ʆʜʥʘʢʦ 

ʧʣʦʱʘʜʠ ʦʙʩʣʝʜʦʚʘʥʠʷ ʥʝ ʚʩʝʛʜʘ ʠʤʝʶʪ ʧʨʷʤʦʫʛʦʣʴʥʳʡ ʚʠʜ. ɹʦʣʝʝ ʪʦʛʦ, ʠʥʦʛʜʘ ʥʝʦʙʭʦʜʠʤʦ 

ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʢʘʨʪʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʩʚʦʡʩʪʚʘ ʥʘ ʥʝʩʢʦʣʴʢʠʭ ʫʯʘʩʪʢʘʭ ʥʝ 

ʠʤʝʶʱʠʭ ʦʙʱʠʭ ʛʨʘʥʠʮ. 

ʇʨʝʞʜʝ ʯʝʤ ʧʨʠʤʝʥʷʪʴ ʜʣʷ ʢʘʨʪʠʨʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤʫ Surfer ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʦʙʨʘʪʴʩʷ ʚ 

ʪʦʥʢʦʩʪʷʭ ʝʝ ʧʨʠʤʝʥʝʥʠʷ ʠ ʚʳʙʨʘʪʴ ʥʘʠʙʦʣʝʝ ʧʨʠʝʤʣʝʤʳʡ ʩʧʦʩʦʙ ʧʦʩʪʨʦʝʥʠʷ ʢʘʨʪ ʫʯʘʩʪʢʦʚ 

ʥʝʧʨʘʚʠʣʴʥʦʡ ʬʦʨʤʳ. 

 

ʄʘʪʝʨʠʘʣ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɼʣʷ ʚʳʙʦʨʘ ʥʘʠʣʫʯʝhʛʦ ʩʧʦʩʦʙʘ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʜʘʥʥʳʭ ʧʨʝʜʣʘʛʘʝʪʩʷ ʨʘʩʩʤʦʪʨʝʪʴ ʜʚʘ 

ʫʯʘʩʪʢʘ ʤʝʣʠʦʨʠʨʦʚʘʥʥʳʭ ʥʠʟʠʥʥʳʭ ʪʦʨʬʷʥʳʭ ʧʦʯʚ, ʨʘʩʧʣʦʞʝʥʥʳʭ ʚ ʜʦʣʠʥʝ ʨʝʢʠ ʗʭʨʦʤʘ ʚ 

ɼʤʠʪʨʦʚʩʢʦʤ ʨʘʡʦʥʝ ʄʦʩʢʦʚʩʢʦʡ ʦʙʣʘʩʪʠ [1]. ʋʯʘʩʪʦʢ çɹʣʠʞʥʠʡè ʦʩʚʘʠʚʘʝʪʩʷ ʩ ʥʘʯʘʣʘ 
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ʧʨʦʰʣʦʛʦ ʚʝʢʘ, ʫʯʘʩʪʦʢ çɼʘʣʴʥʠʡè ʥʝʩʢʦʣʴʢʦ ʧʦʟʞʝ. ʋʯʘʩʪʢʠ ʥʝ ʠʤʝʶʪ ʦʙʱʝʡ ʛʨʘʥʠʮʳ 

(ʈʠʩʫʥʦʢ 1). 

 

 
 

ʈʠʩʫʥʦʢ 1. ɹʘʟʦʚʘʷ ʢʘʨʪʘ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʪʦʯʢʠ ʠʟʤʝʨʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ:  

ɸ ð ʫʯʘʩʪʦʢ çɹʣʠʞʥʠʡè ʠ ɹ ð ʫʯʘʩʪʦʢ çɼʘʣʴʥʠʡè. 

 

ɼʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʩʪʦʷʥʠʷ ʵʪʠʭ ʫʯʘʩʪʢʦʚ ʥʝʦʙʭʦʜʠʤʦ ʨʝʛʫʣʷʨʥʦʝ ʦʙʩʣʝʜʦʚʘʥʠʝ ʠ 

ʢʘʨʪʠʨʦʚʘʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʩʚʦʡʩʪʚ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ ʚʦ ʚʨʝʤʝʥʠ. ɼʣʷ ʪʘʢʦʛʦ 

ʤʦʥʠʪʦʨʠʥʛʘ ʭʦʨʦʰʦ ʧʦʜʭʦʜʷʪ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʝ ʤʝʪʦʜʳ (1) [2ï3]. ʕʢʩʧʨʝʩʩ ʠʟʤʝʨʝʥʠʷ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʦʯʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʧʦʣʝʚʳʭ ʫʩʣʦʚʠʷʭ ʧʦʟʚʦʣʷʶʪ 

ʦʙʦʩʥʦʚʘʥʥʦ ʚʳʙʨʘʪʴ ʫʯʘʩʪʢʠ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʦʪʙʦʨʘ ʦʙʨʘʟʮʦʚ, ʚ ʢʦʪʦʨʳʭ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ 

ʫʩʣʦʚʠʷʭ ʦʧʨʝʜʝʣʷʶʪʩʷ ʘʛʨʦʭʠʤʠʯʝʩʢʠʝ, ʬʠʟʠʯʝʩʢʠʝ ʠ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ.  

ʇʨʦʩʪʦʪʘ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʨʝʩʩ ʠʟʤʝʨʝʥʠʡ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʠʣʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚ ʧʦʣʝʚʳʭ ʫʩʣʦʚʠʷʭ ʠ ʚʳʷʚʣʝʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ɻ ʣʝʢʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʦʪ 

ʢʦʤʧʣʝʢʩʘ ʩʘʤʳʭ ʚʘʞʥʳʭ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʯʚ ʜʘʝʪ ʦʩʥʦʚʘʥʠʷ 

ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʢʘʯʝʩʪʚʦ ʧʦʯʚʳ ʚ ʮʝʣʦʤ ʧʦ ʠʟʤʝʥʝʥʠʶ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʠʩʧʦʣʴʟʫʷ 

ʠʭ ʢʘʢ ʦʙʦʙʱʘʶʱʠʡ ʧʦʢʘʟʘʪʝʣʴ. ʄʝʪʦʜʳ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʨʫʛʠʭ ʩʚʦʡʩʪʚ ʧʦʯʚ ʚ ʪʦʯʥʦʤ ʟʝʤʣʝʜʝʣʠʠ [4ï5]. 

ʕʣʝʢʪʨʠʯʝʩʢʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʦʯʚ ʣʝʛʢʦ ʠʟʤʝʨʷʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʧʦʨʪʘʪʠʚʥʦʛʦ 

ʧʨʠʙʦʨʘ LandMapper ERM-03 ʠ ʜʘʪʯʠʢʦʚ, ʩʦʩʪʦʷʱʠʭ ʠʟ 4-ʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʵʣʝʢʪʨʦʜʦʚ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʢʦʥʪʘʢʪ ʩ ʧʦʯʚʦʡ (2) [6]. ʈʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ AMNB 

ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʫʶ ʛʣʫʙʠʥʫ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ɻʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʚ ʧʦʯʚʫ. 
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ɼʣʷ ʠʩʧʳʪʘʥʠʡ ʨʘʟʣʠʯʥʳʭ ʩʧʦʩʦʙʦʚ ʢʘʨʪʠʨʦʚʘʥʠʷ ʚ ʧʨʦʛʨʘʤʤʝ Surfer ʙʳʣʠ ʚʟʷʪʳ 

ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚ ʪʦʯʢʘʭ ʦʪʤʝʯʝʥʥʳʭ ʥʘ ʈʠʩʫʥʢʝ 1. ʂʘʢ 

ʚʠʜʥʦ, ʠʟʤʝʨʝʥʠʷ ʥʝ ʧʨʦʚʦʜʠʣʠʩʴ ʟʘ ʧʨʝʜʝʣʘʤʠ ʫʯʘʩʪʢʦʚ, ʚ ʦʙʣʘʩʪʠ ʧʨʫʜʦʚ ʠ ʣʝʩʠʩʪʦʡ 

ʤʝʩʪʥʦʩʪʠ ʥʘ ʫʯʘʩʪʢʝ çɼʘʣʴʥʠʡè. ɺ ʢʘʯʝʩʪʚʝ ʤʝʪʦʜʘ ʧʦʩʪʨʦʝʥʠʷ ʨʝʛʫʣʷʨʥʦʡ ʩʝʪʢʠ ʙʳʣ 

ʚʳʙʨʘʥ ʤʝʪʦʜ Kriging ð ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʤʳʡ ʠ ʜʨʫʛʠʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ. 

 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ɺ ʧʨʦʛʨʘʤʤʝ Surfer ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʨʝʛʫʣʷʨʥʦʡ ʩʝʪʠ ʤʝʪʦʜʦʤ Kriging ʚʳʙʠʨʘʝʪʩʷ 

ʧʨʷʤʦʫʛʦʣʴʥʘʷ ʦʙʣʘʩʪʴ ʤʝʞʜʫ ʤʠʥʠʤʘʣʴʥʳʤʠ ʠ ʤʘʢʩʠʤʘʣʴʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʢʦʦʨʜʠʥʘʪ 

ʪʦʯʝʢ ʠʟʤʝʨʝʥʠʷ (3). ʆʜʥʘʢʦ, ʯʪʦʙʳ ʢʘʨʪʦʩʭʝʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʥʘʣʦʞʠʣʘʩʴ ʥʘ ʙʘʟʦʚʫʶ ʢʘʨʪʫ ʫʯʘʩʪʢʘ ʥʫʞʥʦ ʧʨʠ ʚʳʙʦʨʝ ʤʝʪʦʜʘ ʫʢʘʟʘʪʴ 

ʤʠʥʠʤʘʣʴʥʳʝ ʢʦʦʨʜʠʥʘʪʳ ʨʘʚʥʳʝ ʥʫʣʶ, ʘ ʤʘʢʩʠʤʘʣʴʥʳʝ ʨʘʚʥʳʝ ʨʘʟʤʝʨʥʦʩʪʠ ʙʘʟʦʚʦʡ ʢʘʨʪʳ 

ʚ ʧʠʢʩʝʣʷʭ (ʈʠʩʫʥʦʢ 2). 

 

 
ʈʠʩʫʥʦʢ 2. ɺʳʙʦʨ ʛʨʠʜʜʠʥʛïʤʝʪʦʜʘ ʠ ʩʧʦʩʦʙʘ ʧʦʩʪʨʦʝʥʠʷ ʩʝʪʢʠ. 

 

ʇʨʠ ʞʝʣʘʥʠʠ ʟʜʝʩʴ ʞʝ ʤʦʞʥʦ ʟʘʜʘʪʴ ʨʘʟʤʝʨʥʦʩʪʴ ʩʝʪʢʠ ʠʣʠ ʦʩʪʘʚʠʪʴ ʢʘʢ ʝʩʪʴ, ʟʘʜʘʪʴ 

ʠʤʷ ʬʘʡʣʘ ʩ ʨʘʩʰʠʨʝʥʠʝʤ *.grd ʠ ʫʢʘʟʘʪʴ ʤʝʩʪʦ ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ. 

ɹʫʜʝʪ ʧʦʩʪʨʦʝʥʘ ʧʨʷʤʦʫʛʦʣʴʥʘʷ ʩʝʪʢʘ ʠ ʢʘʨʪʦʩʭʝʤʘ, ʧʦʢʨʳʚʘʶʱʘʷ ʚʩʶ ʙʘʟʦʚʫʶ ʢʘʨʪʫ, 

ʪʦ ʝʩʪʴ ʢʘʨʪʘ ʠʟʦʣʠʥʠʡ ʧʦʢʨʳʚʘʝʪ ʧʦʣʥʦʩʪʴʶ ʦʙʘ ʫʯʘʩʪʢʘ ʠ ʚʳʭʦʜʠʪ ʟʘ ʠʭ ʧʨʝʜʝʣʳ (ʈʠʩʫʥʦʢ 

3ɸ). 

ɺ ʧʦʩʣʝʜʥʠʭ ʚʝʨʩʠʷʭ ʧʨʦʛʨʘʤʤʳ ʝʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʧʦʩʪʨʦʝʥʠ ̫

ʠʟʦʣʠʥʠʡ ʚ ʦʙʣʘʩʪʠ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʚʥʫʪʨʠ ʢʦʥʪʫʨʘ, ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʢʨʘʡʥʠʤʠ ʪʦʯʢʘʤʠ 
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ʠʟʤʝʨʝʥʠʷ (3). ɼʣʷ ʵʪʦʛʦ ʚ ʜʠʘʣʦʛʦʚʦʤ ʦʢʥʝ ʧʨʦʛʨʘʤʤʳ Surfer (ʩʤ. ʈʠʩʫʥʦʢ 2) ʦʪʤʝʯʘʝʤ 

ʧʫʥʢʪ çBlank grid outside convex hull of dataè. ʊʦ ʝʩʪʴ, ʧʨʦʠʟʚʦʜʠʪʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ 

ʙʣʘʥʢʦʚʘʥʠʝ ʦʙʣʘʩʪʠ ʚʥʝ ʛʨʘʥʠʮʳ ʦʙʣʘʩʪʠ ʜʘʥʥʳʭ. ʇʦʣʫʯʠʤ ʢʘʨʪʦʩʭʝʤʫ ʧʨʝʜʩʪʘʚʣʝʥʥʫʶ ʥʘ 

ʈʠʩʫʥʢʝ 3ɹ. 

  

  
ɸ ɹ 

 

ʈʠʩʫʥʦʢ 3. ʄʝʪʦʜ Kriging ʜʣʷ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʦʙʣʘʩʪʠ (ɸ) ʠ Kriging ʩ ʦʙʣʘʩʪʴʶ ʘʚʪʦʤʘʪʠʯʝʩʢʠ 

ʙʣʘʥʢʦʚʘʥʥʦʡ ʚʥʝ ʛʨʘʥʠʮʳ ʦʙʣʘʩʪʠ ʜʘʥʥʳʭ. 

 

ʆʙʘ ʵʪʠʭ ʩʧʦʩʦʙʘ ʥʝ ʧʦʜʭʦʜʷʪ ʜʣʷ ʫʯʘʩʪʢʦʚ ʥʝʧʨʘʚʠʣʴʥʦʡ ʬʦʨʤʳ ʠ ʥʝ ʠʤʝʶʱʠʭ ʦʙʱʠʭ 

ʛʨʘʥʠʮ. ɽʩʣʠ ʞʝ ʫʯʘʩʪʦʢ ʥʝʧʨʘʚʠʣʴʥʦʡ ʬʦʨʤʳ, ʥʦ ʝʜʠʥʠʯʥʳʡ, ʥʘʧʨʠʤʝʨ ʫʯʘʩʪʦʢ çɹʣʠʞʥʠʡè, 

ʪʦ ʩʧʦʩʦʙ ʧʦʩʪʨʦʝʥʠʷ ʩʝʪʢʠ ʠ ʢʘʨʪʳ ʠʟʦʣʠʥʠʡ ʩ ʘʚʪʦʤʘʪʠʯʝʩʢʠʤ ʙʣʘʥʢʦʚʘʥʠʝʤ ʤʦʞʥʦ 

ʧʨʠʤʝʥʷʪʴ. ʆʜʥʘʢʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʠʟʤʝʨʝʥʠʷ ʣʫʯʰʝ ʧʨʦʚʦʜʠʪʴ ʧʦ ʚʩʝʤʫ ʫʯʘʩʪʢʫ ʠ ʚ ʪʦʯʢʘʭ 

ʙʣʠʟʢʠʭ ʢ ʝʛʦ ʛʨʘʥʠʮʘʤ. ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ʪʦʯʢʠ ʦʙʩʣʝʜʦʚʘʥʠʷ ʦʪʩʪʦʷʪ ʦʪ ʛʨʘʥʠʮ ʫʯʘʩʪʢʦʚ 

ʩʨʘʚʥʠʪʝʣʴʥʦ ʜʘʣʝʢʦ ʠ ʦʙʣʘʩʪʠ ʙʣʠʟʢʠʝ ʢ ʛʨʘʥʠʮʝ ʫʯʘʩʪʢʘ ʦʢʘʟʘʣʠʩʴ ʥʝ ʧʦʢʨʳʪʳʤʠ 

ʠʟʦʣʠʥʠʷʤʠ (ʈʠʩʫʥʦʢ 4).  

ʅʘʠʙʦʣʝʝ ʧʨʠʝʤʣʝʤ ʩʧʦʩʦʙ, ʢʦʛʜʘ ʤʦʞʥʦ ʠʩʢʣʶʯʠʪʴ ʠʟ ʢʘʨʪʠʨʦʚʘʥʠʷ ʧʣʦʱʘʜʠ, ʥʘ 

ʢʦʪʦʨʳʭ ʠʟʤʝʨʝʥʠʷ ʥʝ ʧʨʦʚʦʜʠʣʠʩʴ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ. ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ʵʪʦ ʦʙʣʘʩʪʴ ʟʘ 

ʧʨʝʜʝʣʘʤʠ ʫʯʘʩʪʢʦʚ ʠ ʪʦʡ ʯʘʩʪʠ ʫʯʘʩʪʢʦʚ, ʛʜʝ ʥʝʪ ʪʦʯʝʢ ʥʘʙʣʶʜʝʥʠʷ (ʩʤ. ʈʠʩʫʥʦʢ 1). ɼʣʷ 

ʨʝʰʝʥʠʷ ʧʦʜʦʙʥʳʭ ʟʘʜʘʯ ʚ Surfer ʩʫʱʝʩʪʚʫʝʪ ʩʧʝʮʠʘʣʴʥʳʡ ʚʠʜ ʜʘʥʥʳʭ ð ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ 

çʙʣʘʥʢʦʚʘʥʥr ʝè ʦʙʣʘʩʪʠ. ʏʪʦʙʳ ʠʭ ʩʦʟʜʘʪʴ, ʥʫʞʥʦ çʦʮʠʬʨʦʚʘʪʴè ʪʫ ʦʙʣʘʩʪʴ, ʢʦʪʦʨʫʶ ʭʦʪʠʤ 

ʠʩʢʣʶʯʠʪʴ ʠʟ ʦʙʩʣʝʜʦʚʘʥʠʷ. ʆʙʣʘʩʪʴ ʦʙʷʟʘʪʝʣʴʥʦ ʜʦʣʞʥʘ ʙʳʪʴ ʟʘʤʢʥʫʪʘ. ʇʦʩʣʝ ʦʮʠʬʨʦʚʢʠ 

ʵʪʦʡ ʦʙʣʘʩʪʠ ʩʦʭʨʘʥʷʝʤ ʨʝʟʫʣʴʪʘʪ ʚ ʬʘʡʣ ʩ ʨʘʩʰʠʨʝʥʠʝʤ *.bln.  

ʇʝʨʝʜ ʦʮʠʬʨʦʚʢʦʡ ʚ ʜʠʘʣʦʛʦʚʦʤ ʦʢʥʝ ʦʮʠʬʨʦʚʢʠ ʥʫʞʥʦ ʫʢʘʟʘʪʴ ʪʝ ʦʙʣʘʩʪʠ, ʢʦʪʦʨʳʝ 

ʭʦʪʠʤ ʠʩʢʣʶʯʠʪʴ ʠʟ ʢʘʨʪʠʨʦʚʘʥʠʷ ʠʣʠ, ʥʘʦʙʦʨʦʪ, ʦʮʠʬʨʦʚʳʚʘʝʤ ʪʝ ʦʙʣʘʩʪʠ, ʢʦʪʦʨʳʝ ʭʦʪʠʤ 

ʠʩʩʣʝʜʦʚʘʪʴ. ʅʘʧʨʠʤʝʨ, ʥʘ ʙʘʟʦʚʦʡ ʢʘʨʪʝ ʦʙʚʦʜʠʤ 2 ʢʦʥʪʫʨʘ ð çɹʣʠʞʥʠʡè (ɸ) ʠ çɼʘʣʴʥʠʡè 

(ɹ) ʫʯʘʩʪʢʠ (ʩʤ. ʨʠʩʫʥʦʢ 1). ʊʦ ʝʩʪʴ, ʚ ʪʘʙʣʠʮʝ ʦʮʠʬʨʦʚʢʠ ʥʫʞʥʦ ʫʢʘʟʘʪʴ ʢʘʢʫʶ ʦʙʣʘʩʪʴ ʤʳ 

ʠʤʝʝʤ ʚ ʚʠʜʫ. ɼʣʷ ʵʪʦʛʦ ʚ ʤʝʥʶ ʦʢʥʘ ʦʮʠʬʨʦʚʢʠ (Digitized Coordinates) ʚʳʙʠʨʘʝʤ: Options ╖ 

Blank inside region (ʧʦʩʪʘʚʠʪʴ ʠʣʠ ʫʙʨʘʪʴ ʛʘʣʦʯʢʫ ð ʧʦ ʫʤʦʣʯʘʥʠʶ ʦʥʘ ʪʘʤ ʩʪʦʠʪ).  
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ʈʠʩʫʥʦʢ 4. ʄʝʪʦʜ Kriging ʚ ʦʙʣʘʩʪʠ, ʦʛʨʘʥʠʯʝʥʥʦʡ ʢʨʘʡʥʠʤʠ ʪʦʯʢʘʤʠ ʦʙʩʣʝʜʦʚʘʥʠʷ. 

 

ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ çʙʣʘʥʢʦʚʘʥʥr ʭè ʩʝʪʦʢ ʚ ʤʝʥʶ ʧʨʦʛʨʘʤʤʳ Grid ʩʫʱʝʩʪʚʫʝʪ 

ʩʧʝʮʠʘʣʴʥʳʡ ʧʫʥʢʪ ð Blank. ɺʳʙʠʨʘʝʤ ʠʩʭʦʜʥʫʶ ʩʝʪʢʫ, ʘ ʟʘʪʝʤ ʙʣʘʥʢʦʚʘʥʥʫʶ. ʇʦʣʫʯʝʥʥʳʡ 

ʬʘʡʣ ʩʦʭʨʘʥʷʝʤ. ʊʝʧʝʨʴ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʠʟʦʣʠʥʠʡ ʚʳʙʠʨʘʝʤ ʵʪʦʪ ʬʘʡʣ ʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʤʝʝʤ 

ʢʘʨʪʦʩʭʝʤʫ ʚʳʙʨʘʥʥʳʭ ʫʯʘʩʪʢʦʚ (ʈʠʩʫʥʦʢ 5). 

 

 
 

ʈʠʩʫʥʦʢ 5. ʄʝʪʦʜ Kriging ʩ çʙʣʘʥʢʦʚʘʥʥʦʡè ʦʙʣʘʩʪʴʶ. 

 

ʂʘʢ ʚʠʜʠʤ, ʢʘʨʪʦʛʨʘʤʤʘ ʙʦʣʝʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ 

ʩʚʦʡʩʪʚʘ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʧʨʝʜʝʣʘʭ ʠʩʩʣʝʜʫʝʤʦʡ ʦʙʣʘʩʪʠ. ʀʩʢʣʶʯʝʥʳ ʧʨʫʜʳ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ 
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