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ʉɽʂʎʀʗ çʌʀɿʀʂʆ-ʄɸʊɽʄɸʊʀʏɽʉʂʀɽ ʅɸʋʂʀè 
 

ɼʀʕʃɽʂʊʈʀʏɽʉʂʀɽ ʉɺʆʁʉʊɺɸ ʊɺɪʈɼʓʍ ʈɸʉʊɺʆʈʆɺ 

ʅɸ ʆʉʅʆɺɽ ʊʀʊɸʅɸʊɸ ʉɺʀʅʎɸ  

ɼʃʗ ʋʃʔʊʈɸɿɺʋʂʆɺʆʁ ɼɽʌɽʂʊʆʉʂʆʇʀʀ 
 

ɸʥʜʨʶʰʠʥʘ ʀ.ʅ. 

ʩʪʘʨʰʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ ʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ʬʠʟʠʢʠ 

ʖʞʥʦʛʦ ʬʝʜʝʨʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, ʢʘʥʜ. ʬʠʟ. ʤʘʪ. ʥʘʫʢ, 

ʈʦʩʩʠʷ, ʛ. ʈʦʩʪʦʚ-ʥʘ-ɼʦʥʫ 

 

ɸʥʜʨʶʰʠʥ ʂ.ʇ. 

ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ ʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ʬʠʟʠʢʠ 

 ʖʞʥʦʛʦ ʬʝʜʝʨʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, ʢʘʥʜ. ʬʠʟ. ʤʘʪ. ʥʘʫʢ, 

ʈʦʩʩʠʷ, ʛ. ʈʦʩʪʦʚ-ʥʘ-ɼʦʥʫ 

 

ʈʝʟʥʠʯʝʥʢʦ ʃ.ɸ. 

ʟʘʚʝʜʫʶʱʘʷ ʦʪʜʝʣʦʤ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ 

ʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ʬʠʟʠʢʠ  ʖʞʥʦʛʦ ʬʝʜʝʨʘʣʴʥʦʛʦ 

 ʫʥʠʚʝʨʩʠʪʝʪʘ, ʜ-ʨ. ʬʠʟ. ʤʘʪ. ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, 

ʈʦʩʩʠʷ, ʛ. ʈʦʩʪʦʚ-ʥʘ-ɼʦʥʫ 
 

ɺ ʨʘʙʦʪʝ ʧʨʦʩʣʝʞʝʥʦ ʚʣʠʷʥʠʝ ʠʟʤʝʥʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥ-

ʪʦʚ ʥʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʪʚʸʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʪʠʪʘʥʘʪʘ ʩʚʠʥʮʘ. ɸʥʘʣʠʟ 

ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʟʚʦʣʠʣ ʨʘʟʜʝʣʠʪʴ ʪʚʸʨʜʳʝ ʨʘʩʪʚʦʨʳ ʥʘ ʥʝʩʢʦʣʴʢʦ ʛʨʫʧʧ, ʦʪʣʠ-

ʯʘʶʱʠʭʩʷ ʧʦʚʝʜʝʥʠʝʤ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʧʝʢʪʨʦʚ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦ ʤʝʨʝ ʦʙʦʛʘʱʝʥʠʷ 

ʢʦʤʧʦʟʠʮʠʡ ʚʚʦʜʠʤʳʤʠ ʤʦʜʠʬʠʢʘʪʦʨʘʤʠ ʧʨʦʠʩʭʦʜʠʪ ʩʪʘʙʠʣʠʟʘʮʠʷ ʠʭ ʩʪʨʫʢʪʫʨʳ ʩ ʧʦ-

ʩʪʝʧʝʥʥʳʤ ʩʥʠʞʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚʩʝ ʪʚʸʨʜʳʝ ʨʘʩ-

ʪʚʦʨʳ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʧʴʝʟʦʘʥʠʟʦʪʨʦʧʠʠ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʜʣʷ 

ʧʨʘʢʪʠʯʝʩʢʠʭ ʧʨʠʤʝʥʝʥʠʡ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʚʸʨʜʳʝ ʨʘʩʪʚʦʨʳ, ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ, ʪʠʪʘʥʘʪ ʩʚʠʥʮʘ, 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ ʠ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʩʧʝʢʪʨʳ, ʘʥʠʟʦʪʨʦʧʠʷ, ʫʣʴʪʨʘʟʚʫʢʦʚʘʷ 

ʜʝʬʝʢʪʦʩʢʦʧʠʷ. 

 

ɺʚʝʜʝʥʠʝ 
ɼʣʷ ʧʨʠʤʝʥʝʥʠʡ ʚ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʜʝʬʝʢʪʦʩʢʦʧʠʠ, ʪʦʣʱʠʥʦʤʝʪʨʠʠ ʠ 

ʘʢʩʝʣʝʨʦʤʝʪʨʠʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʦʤʧʦʟʠʮʠʠ, ʯʘʱʝ ʚʩʝʛʦ, ʥʘ ʦʩʥʦʚʝ ʪʠʪʘʥʘʪʘ 

ʩʚʠʥʮʘ (ʊʉ), ʩ ʚʳʩʦʢʦʡ ʘʥʠʟʦʪʨʦʧʠʝʡ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 

(ʂt/KpŸÐ, d33/|d31| ŸÐ) [1]. ʊʠʪʘʥʘʪ ʩʚʠʥʮʘ ʷʚʣʷʝʪʩʷ ʢʦʤʧʦʥʝʥʪʦʤ ʙʦʣʴʰʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʪʚʸʨʜʳʭ ʨʘʩʪʚʦʨʦʚ (ʊʈ) ʩ ʚʳʩʦʢʠʤʠ ʧʴʝʟʦ-

ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʢʦʪʦʨʳʝ ʚʦ ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʶʪʩʷ ʠʤʝʥʥʦ 

ʝʛʦ ʫʥʠʢʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ [2-4]. 

ɺ ʪʘʙʣ.1 ʧʨʠʚʝʜʝʥʳ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʠʘʣʦʚ ʜʚʫʭ ʪʠʧʦʚ ʩ ʨʘʟʣʠʯ-

ʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʤʝʭʘʥʠʯʝʩʢʦʡ ʜʦʙʨʦʪʥʦʩʪʠ (QM) ï ʚʳʩʦʢʠʤ (ʇʂʈ-40) ʠ 

ʥʠʟʢʠʤʠ (ʇʂʈ-69, ʇʂʈ-70), ï ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʚ ʅʀʀ ʬʠʟʠʢʠ ʖʌʋ, ʘ ʪʘʢʞʝ 

ʠʭ ʷʧʦʥʩʢʠʭ ʘʥʘʣʦʛʦʚ. ɺʩʝ ʤʘʪʝʨʠʘʣʳ ʦʙʣʘʜʘʶʪ ʧʦʚʳʰʝʥʥʦʡ ʘʥʠʟʦʪʨʦʧʠʝʡ 
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ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʩʧʦʩʦʙʩʪʚʫʶʱʝʡ ʧʦʜʘʚʣʝʥʠʶ ʥʝʞʝʣʘʪʝʣʴ-

ʥʳʭ ʢʦʣʝʙʘʥʠʡ. ʇʂʈ-69 ʠ ʇʂʈ-70 ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʟʘʨʫʙʝʞʥʳʤʠ ʨʘʟʨʘʙʦʪʢʘ-

ʤʠ ʠʤʝʶʪ ʙʦʣʝʝ ʥʠʟʢʠʝ ʚʝʣʠʯʠʥʳ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ (Ů33
ʊ
/Ů0) ʠ 

ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʦʡ ʩʚʷʟʠ (ʂt) ʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʂʶʨʠ (ʊʂ). ʇʂʈ-70 ʦʙʣʘʜʘʝʪ, ʢʨʦʤʝ ʪʦʛʦ, ʙʦʣʝʝ ʥʠʟʢʦʡ ʤʝʭʘʥʠ-

ʯʝʩʢʦʡ ʜʦʙʨʦʪʥʦʩʪʴʶ. 
ʊʘʙʣʠʮʘ 1 

ʇʘʨʘʤʝʪʨʳ ʧʴʝʟʦʢʝʨʘʤʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ  

ʩ ʚʳʩʦʢʦʡ ʘʥʠʟʦʪʨʦʧʠʝʡ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʄʘʪʝʨʠʘʣ ʊʂ, 
ʦ
ʉ Ů33

ʊ
/Ů0 ʂʨ ʂt 

|d31|,ʧ

ʂʣ/ʅ 

d33, 

ʧʂʣ/

ʅ 

|g31|, 

ʤɺÅʤ/

ʅ 

g33, 

ʤɺÅʤ/

ʅ 

tgŭÖ10
2 

(ɽ=50 

ɺ/ʩʤ) 

Qʄ 

ʇʂʈ-40 440 180 0,07 0,44 5,0 52 3,2 33 1,0 2000 

ʗʧʦʥʩʢʠʡ 

ʘʥʘʣʦʛ 
460 190 0,10 0,43 - - - - - 1050 

ʇʂʈ-69 350 170 0,04 0,57 3,5 90 2,3 60 2,2 50 

ʇʂʈ-70 324 120 0 0,64 0 114 0 108 2,1 8 

ʗʧʦʥʩʢʠʡ 

ʘʥʘʣʦʛ 
260 255 0 0,51 0 - 0 - 2,3 18 

 

ʋʢʘʟʘʥʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʩʧʦʩʦʙʩʪʚʫʶʪ ʫʣʫʯʰʝʥʠʶ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʥʝʨʘʟʨʫ-

ʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʤʝʜʠʮʠʥʩʢʦʡ ʪʝʭ-

ʥʠʢʠ, ʟʘ ʩʯʸʪ ʧʦʚʳʰʝʥʠʷ ʠʭ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʠ ʨʘʟʨʝʰʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ. 

ɺʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʧʴʝʟʦʤʦʜʫʣʝʡ d33 ʤʘʪʝʨʠʘʣʦʚ ʇʂʈ-69 ʠ ʇʂʈ-70 ʚ ʩʦʯʝʪʘ-

ʥʠʠ ʩ ʥʠʟʢʠʤʠ (ʠʣʠ ʥʫʣʝʚʳʤʠ) |d31| ʦʙʝʩʧʝʯʠʚʘʶʪ ʙʦʣʴʰʦʡ ʦʙʲʸʤʥʳʡ ʧʴʝ-

ʟʦʵʬʬʝʢʪ ʠ ʧʦʟʚʦʣʷʶʪ ʥʘ ʵʪʦʡ ʦʩʥʦʚʝ ʩʦʟʜʘʚʘʪʴ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʝ ʧʴʝʟ-

ʦʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʩ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʬʘʢʪʦʨʘ ʧʨʠʸʤʘ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʪʝʭʥʦʣʦʛʠʷ, ʧʦ ʢʦʪʦʨʦʡ ʠʟʛʦʪʘʚʣʠʚʘʶʪʩʷ ʵʪʠ ʤʘ-

ʪʝʨʠʘʣʳ (ʛʦʨʷʯʝʝ ʧʨʝʩʩʦʚʘʥʠʷ (ɻʇ)) [5], ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʯʘʡʰʫʶ ʧʣʦʪ-

ʥʦʩʪʴ, ʤʝʣʢʦʟʝʨʥʠʩʪʦʩʪʴ ʠ ʵʢʩʪʨʝʤʘʣʴʥʦʩʪʴ ʩʚʦʡʩʪʚ ʦʙʲʝʢʪʦʚ, ʥʦ ʦʪʣʠʯʘʝʪʩʷ 

ʯʨʝʟʚʳʯʘʡʥʦʡ ʜʦʨʦʛʦʚʠʟʥʦʡ ʠʟ-ʟʘ ʚʳʩʦʢʦʡ ʩʪʦʠʤʦʩʪʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ 

ʦʩʥʘʩʪʢʠ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʤʝʱʝʥʠʝ ʘʢʮʝʥʪʦʚ ʚ ʵʢʦʥʦʤʠʢʝ ʚ ʩʪʦʨʦʥʫ ʥʘʨʦʜ-

ʥʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʠʟʜʝʣʠʡ ʧʴʝʟʦʪʝʭʥʠʯʝʩʢʦʡ ʦʪʨʘʩʣʠ ʚʳʥʫʞʜʘʝʪ 

ʟʘʤʝʥʠʪʴ ɻʇ ʥʘ ʙʦʣʝʝ ʜʦʩʪʫʧʥʫʶ ʠ ʜʝʰʝʚʫʶ ʪʝʭʥʦʣʦʛʠʶ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʮʝ-

ʣʴʶ ʨʘʙʦʪʳ ʷʚʠʣʦʩʴ ʩʦʟʜʘʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʫʯʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ 

PbTiO3 ʙʝʟ ʧʨʠʤʝʥʝʥʠʷ ɻʇ, ʥʦ ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʩʚʦʡʩʪʚ, ʧʨʠʩʫʱʠʭ ɻʇ- ʘʥʘʣʦ-

ʛʘʤ, ʧʫʪʸʤ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ. 

ʆʙʲʝʢʪʳ. ʄʝʪʦʜʳ ʧʦʣʫʯʝʥʠʷ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʨʘʟʮʦʚ 

ʆʙʨʘʟʮʳ ʊʈ ʩʦʩʪʘʚʘ Pbᶿ ᶿ ɸθ Bθ TiO  (ʛʜʝ ɸ, ɺ ï ʱʝʣʦʯʥʦʟʝ-

ʤʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ, ʑɿʕ) ʧʦʣʫʯʘʣʠ ʧʦ ʦʙʳʯʥʦʡ ʢʝʨʘʤʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ 

(ʆʂʊ) (ʪʚʝʨʜʦʬʘʟʥʳʡ ʩʠʥʪʝʟ, ʩʧʝʢʘʥʠʝ ʙʝʟ ʧʨʠʣʦʞʝʥʠʷ ʜʘʚʣʝʥʠʷ) ʩ ʚʘʨʠʘʮʠ-

ʝʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ. ʌʦʨʤʠʨʦʚʘʥʠʝ ʧʦʣʷʨʠʟʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʦʩʫʱʝʩʪʚʣʷʣʠ ʤʝʪʦʜʦʤ "ʛʦʨʷʯʝʡ" ʧʦʣʷʨʠʟʘʮʠʠ, ʧʨʠ ʢʦʪʦʨʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʝ 

ʧʦʣʝ ʢ ʦʙʨʘʟʮʘʤ ʧʨʠʢʣʘʜʳʚʘʣʠ ʧʨʠ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʇʨʠ ʵʪʦʤ ʦʙʨʘʟʮʳ 

ʟʘʛʨʫʞʘʣʠ ʚ ʢʘʤʝʨʫ ʩ ʧʦʣʠʵʪʠʣʝʥʩʠʣʦʢʩʘʥʦʚʦʡ ʞʠʜʢʦʩʪʴʶ ʇʕʉ-5 ʧʨʠ ~ 

25Áʉ, ʚ ʪʝʯʝʥʠʝ 0,5 ʯac ʦʩʫʱʝʩʪʚʣʷʣʠ ʧʣʘʚʥʳʡ ʧʦʜʲʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ 140 
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Áʉ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʡʩʷ ʫʚʝʣʠʯʝʥʠʝʤ ʩʦʟʜʘʚʘʝʤʦʛʦ ʧʦʣʷ ʦʪ 0 ʢɺ/ʤʤ ʜʦ (2.5ï

5) ʢɺ/ʤʤ. ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʦʙʨʘʟʮʳ ʚʳʜʝʨʞʠʚʘʣʠ (20-25) ʤʠʥ ʠ ʟʘʪʝʤ ʦʭʣʘ-

ʞʜʘʣʠ ʧʦʜ ʧʦʣʝʤ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. 

ɼʣʷ ʘʪʪʝʩʪʘʮʠʠ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠʩʩʣʝʜʫʝʤʳʭ ʊʈ ʠʟʤʝʨʷʣʠ 

ʠʭ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ, ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʠ ʵʣʝʢʪʨʦʫʧʨʫʛʠʝ ʧʘʨʘʤʝʪʨʳ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʆʉʊ 11 0444-87. ʇʨʠ ʵʪʦʤ ʦʧʨʝʜʝ-

ʣʷʣʠ ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʧʦʣʷʨʠʟʦʚʘʥʥʳʭ 

(Ů33
ʊ
/Ů0) ʠ ʥʝʧʦʣʷʨʠʟʦʚʘʥʥʳʭ (Ů/Ů0) ʦʙʨʘʟʮʦʚ, ʧʴʝʟʦʤʦʜʫʣʠ (|d31|, d33), ʢʦʵʬʬʠ-

ʮʠʝʥʪʳ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʦʡ ʩʚʷʟʠ ʨʘʜʠʘʣʴʥʦʡ (Kʨ) ʠ ʪʦʣʱʠʥʥʦʡ (Kt) ʤʦʜ 

ʢʦʣʝʙʘʥʠʡ, ʧʴʝʟʦʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʢ ʤʝʭʘʥʠʯʝʩʢʦʤʫ ʥʘʧʨʷʞʝʥʠʶ (|g31|, g33), 

ʪʝʤʧʝʨʘʪʫʨʫ ʂʶʨʠ (ʊK), ʪʘʥʛʝʥʩ ʫʛʣʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʨʴ (tgd), ʤʝʭʘʥʠ-

ʯʝʩʢʫʶ ʜʦʙʨʦʪʥʦʩʪʴ (QM). ɺʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʧʝʢʪʨʳ 

ʠʩʩʣʝʜʦʚʘʣʠ ʥʘ ʩʧʝʮʠʘʣʴʥʦʤ ʩʪʝʥʜʝ, ʩʢʦʥʩʪʨʫʠʨʦʚʘʥʥʦʤ ʚ ʅʀʀ ʬʠʟʠʢʠ 

ʖʌʋ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʝʮʠʟʠʦʥʥʳʭ LCR- ʤʝʪʨʦʚ Agilent 4980A. ʀʟʤʝʨʝ-

ʥʠʷ ʧʨʦʚʦʜʠʣʠ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ (25é500)Áʉ ʠ ʚ ʯʘʩʪʦʪʥʦʤ ʜʠʘʧʘʟʦʥʝ 

(f) (20é10
6
) ɻʮ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʅʘ ʨʠʩ. 1 ʧʨʠʚʝʜʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝ-

ʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʊʈ ʠʩʩʣʝʜʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʨʘʟʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʩʧʝʢʘʥʠʷ, ʊʩʧ., ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʜʥʦʛʦ ʠʟ ʤʦʜʠʬʠʢʘʪʦʨʦʚ. ʂʘʢ 

ʚʠʜʥʦ, ʚʩʝʤ ʧʨʠʚʝʜʝʥʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʩʚʦʡʩʪʚʝʥʥʳ ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʠʥʘ-

ʢʦʚʳʝ ʠʟʤʝʥʝʥʠʷ ʙʝʟ ʬʦʨʤʠʨʦʚʘʥʠʷ ʵʢʩʪʨʝʤʫʤʦʚ. 

 
ʈʠʩ. 1. ɿʘʚʠʩʠʤʦʩʪʠ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʠʟʫʯʝʥʥʳʭ ʊʈ  

ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ɸ ʧʨʠ ʨʘʟʥʳʭ ʊʩʧ. 
 

ʅʘ ʨʠʩ. 2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʧʝʢʪʨʳ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʊʈ ʚ 

ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ (25é500) Áʉ ʠ ʚ ʯʘʩʪʦʪʥʦʤ ʜʠʘʧʘʟʦʥʝ (f) (20é10
6
) ɻʮ 

ʧʨʠ ʊʩʧ. = 1200 Áʉ. ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʦ ʭʘʨʘʢʪʝʨʫ 

ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ Ů/Ů0 ʧʨʠ ʨʘʟʥʳʭ f ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʧʝʨʝʤʝʥʥʦʛʦ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʚʩʝ ʊʈ ʦʪʥʦʩʷʪʩʷ ʢ ʢʣʘʩʩʠʯʝʩʢʠʤ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʢʘʤ. 

ʇʨʠ ʥʠʟʢʦʤ ʩʦʜʝʨʞʘʥʠʠ ʤʦʜʠʬʠʢʘʪʦʨʘ ʜʣʷ ʦʙʨʘʟʮʦʚ ʭʘʨʘʢʪʝʨʥʦ ʥʘʣʠʯʠʝ 

ʩʠʣʴʥʦʡ ʜʠʩʧʝʨʩʠʠ (ʛʣʫʙʠʥʘ ʜʠʩʧʝʨʩʠʠ æ(Ů/Ů0)m ʩʦʩʪʘʚʘ ʜʣʷ Ŭ1=0,04 ʩʦʩʪʘʚʣʷ-

ʝʪ æ(Ů/Ů0)må(90)%, ʛʜʝ æ(Ů/Ů0)m=[((Ům25ɻʮ-Ům1ʄɻʮ)/Ům25ɻʮ)]Ö100%), ʩʦʭʨʘʥʷʶʱʝʡʩʷ 
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ʚʦ ʚʩʝʤ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʜʠʘʧʘʟʦʥʝ. ʋʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʦʜʠʬʠʢʘʪʦʨʘ 

ʚ ʊʈ ʧʨʠʚʦʜʠʪ ʢ ʝʝ ʩʥʠʞʝʥʠʶ (Ŭ1=0,26 ʩʦʩʪʘʚʣʷʝʪ æ(Ů/Ů0)må(70)%, ʘ ʜʣʷ 

Ŭ1=0,32 ʫʞʝ æ(Ů/Ů0)må(52)%), ʘ ʧʨʠ Ŭ1Ó0.36 ï ʧʨʘʢʪʠʯʝʩʢʠ ʢ ʠʩʯʝʟʥʦʚʝʥʠʶ 

ʚʧʣʦʪʴ ʜʦ ʊʂ (Ŭ1=0,36 ʩʦʩʪʘʚʣʷʝʪ æ(Ů/Ů0)må(11)%), ʯʪʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʧʨʘʢʪʠʯʝ-

ʩʢʠʡ ʠʥʪʝʨʝʩ ʚ ʩʚʷʟʠ ʠ ʩ ʧʦʩʪʦʷʥʩʪʚʦʤ Ů/Ů0 ʚ ʠʥʪʝʨʚʘʣʝ (25õ175) Áʉ, ʘ ʩʘʤʘ ʊʂ 

ʩʥʠʞʘʝʪʩʷ ʧʦ ʤʝʨʝ ʦʙʦʛʘʱʝʥʠʷ ʢʦʤʧʦʟʠʮʠʠ ʑɿʕ (ʊʂ ʜʣʷ Ŭ1=0,04 ~378
ʦ
ʉ, ʘ 

ʜʣʷ Ŭ1=0,36~183
ʦ
ʉ). 

 
ʈʠʩ. 2. ɼʠʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʧʝʢʪʨʳ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʊʈ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ɸ 

ʧʨʠ ʊʩʧ. = 1200Áʉ 
 

ɺʳʜʝʣʷʶʪʩʷ ʪʨʠ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʝ ʦʙʣʘʩʪʠ (ʠʤʝʥʥʦ ʠʭ ʧʨʝʜʩʪʘʚʠʪʝʣʠ 

ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ.2). ʇʝʨʚʘʷ ʦʙʣʘʩʪʴ (0,02ÒŬ1Ò0,22) ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʘʣʠʯʠʝʤ 

ʩʠʣʴʥʦʡ ʜʠʩʧʝʨʩʠʠ ʚʦ ʚʩʝʡ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʦʙʣʘʩʪʠ, ʥʝ ʧʦʟʚʦʣʷʶʱʝʡ ʩʬʦʨ-

ʤʠʨʦʚʘʪʴʩʷ ʤʘʢʩʠʤʫʤʫ Ů/Ů0 ʚ ʊʂ ʥʘ ʥʠʟʢʠʭ ʯʘʩʪʦʪʘʭ. ɺʦ ʚʪʦʨʦʡ ʦʙʣʘʩʪʠ 

(0,22<Ŭ1Ò0,32) ʫʯʘʩʪʦʢ ʜʠʩʧʝʨʩʠʠ ʩʜʚʠʛʘʝʪʩʷ ʚ ʩʪʦʨʦʥʫ ʫʚʝʣʠʯʝʥʠʷ ʪʝʤʧʝʨʘ-

ʪʫʨ ʠ ʣʦʢʘʣʠʟʫʝʪʩʷ ʫʞʝ ʚ ʦʢʨʝʩʪʥʦʩʪʠ 150
ʦ
ʉ. ʊʨʝʪʴʷ ʦʙʣʘʩʪʴ (0,32<Ŭ1Ò0,36) 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝʤ ʜʠʩʧʝʨʩʠʠ ʜʦ ʠ ʚ ʤʦʤʝʥʪ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʠ 

ʩʫʱʝʩʪʚʦʚʘʥʠʝʤ ʝʸ ʪʦʣʴʢʦ ʚʳʰʝ ʊʂ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʩʪʘʙʠʣʠʟʘʮʠʠ 

ʩʪʨʫʢʪʫʨʳ ʊʈ ʧʨʠ ʚʚʝʜʝʥʠʠ ʑɿʕ, ʩʚʷʟʘʥʥʦʡ, ʚ ʪʦʤ ʯʠʩʣʝ, ʩ ʠʩʢʣʶʯʝʥʠʝʤ 

ʵʬʬʝʢʪʦʚ ʩʘʤʦʨʘʟʨʫʰʝʥʠʷ ʪʠʪʘʥʘʪʘ ʩʚʠʥʮʘ. 

ʇʦʩʢʦʣʴʢʫ ʚʩʝ ʘʥʘʣʠʟʠʨʫʝʤʳʝ ʊʈ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʘʥʠʟʦ-

ʪʨʦʧʠʠ ʩʚʦʡʩʪʚ, ʠʭ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʘʧʧʘʨʘʪʫʨʳ 

ʜʝʬʝʢʪʦʩʢʦʧʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 
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ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʄʆʅ ʈʌ (ʙʘʟʦʚʘʷ ʠ 

ʧʨʦʝʢʪʥʘʷ ʯʘʩʪʠ ʛʦʩ. ʟʘʜʘʥʠʷ, ʪʝʤʳ ˉˉ1927 (213.01-11/2014-21), 213.01-

2014/012-ɺɻ ʠ 3.1246.2014/ʂ; ʌʎʇ (ʉʦʛʣʘʰʝʥʠʝ N 14.575.21.0007). 
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ʆʉʆɹɽʅʅʆʉʊʀ ʈɽʃɸʂʉɸʎʀʆʅʅʓʍ ʇʈʆʎɽʉʉʆɺ  

ɺ ʅɽʄɸʊʀʏɽʉʂʀʍ ɾʀɼʂʀʍ ʂʈʀʉʊɸʃʃɸʍ 

ʇʈʀ ʉɼɺʀɻʆɺʆʄ ɺʆɿɼɽʁʉʊɺʀʀ 

 

ɼʝʥʠʩʦʚʘ ʆ.ɸ. 

ʟʘʚʝʜʫʶʱʘ ̫ʢʘʬʝʜʨʦʡ ʬʠʟʠʢʠ ʋʬʠʤʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 

ʵʢʦʥʦʤʠʢʠ ʠ ʩʝʨʚʠʩʘ, ʜ-ʨ ʬʠʟ.-ʤʘʪ. ʥʘʫʢ, ʜʦʮʝʥʪ, 

ʈʦʩʩʠʷ, ʛ. ʋʬʘ 
 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʪʦʥʢʠʝ ʛʦʤʝʦʪʨʦʧʥʳʝ ʩʣʦʠ ʥʝʤʘʪʠʯʝʩʢʠʭ ʞʠʜ-

ʢʠʭ ʢʨʠʩʪʘʣʣʦʚ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʥʠʟʢʦʯʘʩʪʦʪʥʦʛʦ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʩʜʚʠʛʘ. ʀʩʩʣʝʜʫʝʤʘʷ 

ʷʯʝʡʢʘ ʧʨʝʜʩʪʘʚʣʷʣʘ ʠʟ ʩʝʙʷ ʜʚʦʡʥʦʡ ʩʵʥʜʚʠʯ. ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʨʝʣʘʢʩʘʮʠʦʥʥʳʝ ʧʨʦʮʝʩ-

ʩʳ ʧʝʨʝʦʨʠʝʥʪʘʮʠʠ ʜʠʨʝʢʪʦʨʘ ʧʦʩʣʝ ʦʪʢʣʶʯʝʥʠʷ ʚʦʟʤʫʱʝʥʠʷ ʦʧʠʩʳʚʘʶʪʩʷ ʵʢʩʧʦʥʝʥʮʠ-

ʘʣʴʥʦʡ ʚʨʝʤʝʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ, ʚʨʝʤʝʥʘ ʨʝʣʘʢʩʘʮʠʠ ʩʦʩʪʘʚʣʷʶʪ ʜʝʩʷʪʢʠ ʩʝʢʫʥʜ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʝʤʘʪʠʯʝʩʢʠʡ ʞʠʜʢʠʡ ʢʨʠʩʪʘʣʣ, ʨʝʣʘʢʩʘʮʠʷ ʞʠʜʢʠʭ ʢʨʠʩʪʘʣʣʦʚ. 

 

ɺ ʦʙʣʘʩʪʠ ʘʢʫʩʪʠʢʠ ʞʠʜʢʠʭ ʢʨʠʩʪʘʣʣʦʚ (ɾʂ) ʨʘʟʚʠʚʘʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚ-

ʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ï ʠʩʩʣʝʜʦʚʘʥʠʝ ʦʧʪʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ ʧʨʠ ʘʢʫʩʪʠʯʝʩʢʠʭ ʪʝ-

ʯʝʥʠʷʭ ʞʠʜʢʠʭ ʢʨʠʩʪʘʣʣʦʚ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʥʠʟʢʦʯʘʩʪʦʪʥʦʡ ʨʝʣʘʢʩʘʮʠʠ ʥʝʤʘ-

ʪʠʯʝʩʢʠʭ ʞʠʜʢʠʭ ʢʨʠʩʪʘʣʣʦʚ (ʅɾʂ) ʚ ʦʙʣʘʩʪʠ ʯʘʩʪʦʪ 1 ʢɻʮ ʩʣʘʙʦ ʦʪʨʘʞʝʥʳ 

ʚ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʠ ʟʘʨʫʙʝʞʥʦʡ ʣʠʪʝʨʘʪʫʨʝ. ɺ ʦʩʥʦʚʥʦʤ ʠʩʩʣʝʜʫʝʪʩʷ ʯʘʩʪʦʪ-

ʥʳʡ ʜʠʘʧʘʟʦʥ 1 ï 100 ʄɻʮ, ʛʜʝ ʤʝʭʘʥʠʟʤʳ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʨʝʣʘʢʩʘʮʠʦʥʥʳʝ 

ʧʨʦʮʝʩʩʳ, ʩʚʷʟʘʥʳ ʩ ʚʨʘʱʝʥʠʝʤ ʤʦʣʝʢʫʣ ʚʦʢʨʫʛ ʜʣʠʥʦʡ ʦʩʠ [1]. ɺ ʩʣʫʯʘʝ 
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ʥʠʟʢʦʯʘʩʪʦʪʥʦʛʦ ʩʜʚʠʛʘ ʨʘʙʦʪʘʶʪ ʚʷʟʢʦʫʧʨʫʛʠʝ ʧʨʦʮʝʩʩʳ ʨʝʣʘʢʩʘʮʠʠ ʦʨʠʝʥ-

ʪʘʮʠʦʥʥʦʛʦ ʧʦʨʷʜʢʘ, ʠʥʬʦʨʤʘʮʠʷ ʦ ʢʦʪʦʨʳʭ ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʝʪ. ɺ ʩʚʷ-

ʟʠ ʩ ʵʪʠʤ ʘʢʪʫʘʣʴʥʳʤ ʠ ʚʘʞʥʳʤ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʥʠʟʢʦʯʘʩʪʦʪʥʦʡ ʘʢʫ-

ʩʪʠʯʝʩʢʦʡ ʨʝʣʘʢʩʘʮʠʠ ʪʦʥʢʠʭ ʛʦʤʝʦʪʨʦʧʥʳʭ ʩʣʦʝʚ ʥʝʤʘʪʠʢʦʚ ʧʨʠ ʜʝʡʩʪʚʠʠ 

ʥʠʟʢʦʯʘʩʪʦʪʥʦʛʦ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʩʜʚʠʛʘ. 

ɼʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʠ ʧʝʨʚʠʯʥʦʡ ʦʙʨʘʙʦʪʢʠ ʠʟʫʯʘʝʤʳʭ ʩʠʛʥʘʣʦʚ ʙʳʣʘ ʩʦ-

ʙʨʘʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ, ʦʩʥʦʚʥʳʤ ʫʟʣʦʤ ʢʦʪʦʨʦʡ ʷʚʣʷʝʪʩʷ ʧʦʣʷ-

ʨʠʟʘʮʠʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʡ ʤʠʢʨʦʩʢʦʧ Amplival ï Pol U [2]. ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠ-

ʣʠʩʴ ʚ ʜʠʘʧʘʟʦʥʝ ʟʚʫʢʦʚʳʭ ʯʘʩʪʦʪ 0,02 ï 20 ʢɻʮ. ʀʩʩʣʝʜʦʚʘʣʠʩʴ ɾʂ ï ʩʣʦʠ 

ʪʦʣʱʠʥʦʡ ʜʦ 125 ʤʢʤ ʩ ʛʦʤʝʦʪʨʦʧʥʦʡ ʦʨʠʝʥʪʘʮʠʝʡ ʤʦʣʝʢʫʣ. ʆʙʲʝʢʪʦʤ ʠʩ-

ʩʣʝʜʦʚʘʥʠʷ ʩʣʫʞʠʣ ʄɹɹɸ (n ïʤʝʪʦʢʩʠʙʝʥʟʠʣʠʜʝʥ ï n ï ʙʫʪʠʣʘʥʠʣʠʥ), ʢʦʪʦ-

ʨʳʡ ʠʤʝʝʪ ʥʝʤʘʪʠʯʝʩʢʫʶ ʬʘʟʫ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʗʯʝʡʢʘ ʧʨʝʜ-

ʩʪʘʚʣʷʣʘ ʩʦʙʦʡ ʜʚʝ ʧʦʣʫʧʨʦʟʨʘʯʥʳʝ ʩʪʝʢʣʷʥʥʳʝ ʧʣʘʩʪʠʥʳ, ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ 

ʧʦʤʝʱʘʣʘʩʴ ʪʨʝʪʴʷ ʙʦʣʝʝ ʪʦʥʢʘʷ ʧʣʘʩʪʠʥʢʘ ʪʦʣʱʠʥʦʡ 150 ʤʢʤ ʩ ʧʦʢʨʳʪʠʝʤ 

ʠʟ ʭʨʦʤʘ, ʥʘʧʳʣʝʥʥʳʤ ʥʘ ʦʙʝ ʩʪʦʨʦʥʳ, ʢʦʪʦʨʘʷ ʩʦʚʝʨʰʘʣʘ ʢʦʣʝʙʘʥʠʷ ʚ ʛʦʨʠ-

ʟʦʥʪʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. ʀʟʤʝʨʝʥʠʝ ʘʤʧʣʠʪʫʜʳ ʢʦʣʝʙʘʥʠʡ ʪʦʥʢʦʡ ʧʦʜʣʦʞʢʠ 

ʷʯʝʡʢʠ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʠʥʜʫʢʪʠʚʥʳʤ ʩʧʦʩʦʙʦʤ [3 ï 5]. 

ɼʣʷ ʠʟʫʯʝʥʠʷ ʨʝʣʘʢʩʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʧʝʨʠʦʜʠʯʝ-

ʩʢʠʭ ʩʜʚʠʛʦʚʳʭ ʢʦʣʝʙʘʥʠʡ ʙʳʣ ʚʳʙʨʘʥ ʦʙʨʘʟʝʮ ʄɹɹɸ ʪʦʣʱʠʥʦʡ hʩ = 125 

ʤʢʤ ʠ ʯʘʩʪʦʪʘ ʩʜʚʠʛʘ f = 190 ɻʮ. ɸʥʘʣʠʟʠʨʦʚʘʣʠʩʴ ʟʘʚʠʩʠʤʦʩʪʠ ʠʥʪʝʥʩʠʚʥʦ-

ʩʪʠ ʧʨʦʰʝʜʰʝʛʦ ʩʚʝʪʘ ʦʪ ʘʤʧʣʠʪʫʜʳ ʚʦʟʜʝʡʩʪʚʠʷ I(ʘ), ʚʨʝʤʝʥʠ ʚʦʟʜʝʡʩʪʚʠʷ 

I(tʥ) ʠ ʚʨʝʤʝʥʠ I(t), ʠʟ ʢʦʪʦʨʳʭ ʨʘʩʩʯʠʪʳʚʘʣʠʩʴ ʟʘʚʠʩʠʤʦʩʪʠ ʩʨʝʜʥʝʛʦ ʢʚʘʜʨʘ-

ʪʘ ʩʠʥʫʩʘ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʫʛʣʘ ʥʘʢʣʦʥʘ ʜʠʨʝʢʪʦʨʘ <sin
2qc> ʦʪ ʘʤʧʣʠʪʫʜʳ 

ʩʜʚʠʛʘ ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʦʤ ʚʨʝʤʝʥʠ ʚʦʟʜʝʡʩʪʚʠʷ, ʦʪ ʚʨʝʤʝʥʠ ʚʦʟʜʝʡʩʪʚʠʷ 

ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʘʤʧʣʠʪʫʜʝ ʠ ʨʝʣʘʢʩʘʮʠʦʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ <sin
2qc> ʧʦʩʣʝ 

ʦʪʢʣʶʯʝʥʠʷ ʩʜʚʠʛʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. ʅʘ ʨʠʩ. 1ʘ ʠʟʦʙʨʘʞʝʥʳ ʨʝʣʘʢʩʘʮʠʦʥʥʳʝ 

ʟʘʚʠʩʠʤʦʩʪʠ <sin
2qc> ʧʨʠ ʦʪʢʣʶʯʝʥʠʠ ʩʜʚʠʛʘ ʠ ʨʘʟʣʠʯʥʦʛʦ ʚʨʝʤʝʥʠ ʜʝʡʩʪʚʠʷ 

ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʪʝʯʝʥʠʷ (tʥ = 5 ï 120 ʩ), ʢʦʪʦʨʳʝ ʤʦʥʦʪʦʥʥʦ ʩʧʘʜʘʶʪ ʜʦ ʥʫʣʷ. 

ɺ ʮʝʣʦʤ ʵʪʠ ʟʘʚʠʩʠʤʦʩʪʠ ʷʚʣʷʶʪʩʷ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʤ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚʨʝʤʷ 

ʨʝʣʘʢʩʘʮʠʠ ʩʦʚʧʘʜʘʝʪ ʩʦ ʚʨʝʤʝʥʝʤ ʨʝʣʘʢʩʘʮʠʠ ʧʨʠ ʢʣʘʩʩʠʯʝʩʢʦʤ ʵʬʬʝʢʪʝ 

ʌʨʝʜʝʨʠʢʩʘ ʠ ʨʘʚʥʦ:    .
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1

ʂ

hc

p

g
t=      (1) 

ʀʟ ʚʳʨʘʞʝʥʠʷ (1) ʜʣʷ ʜʘʥʥʦʡ ʪʦʣʱʠʥʳ hc ʩʣʝʜʫʝʪ ʟʥʘʯʝʥʠʝ t º 30 ʩ 

(ʜʘʥʥʳʝ ʤʘʪʝʨʠʘʣʴʥʳʭ ʢʦʥʩʪʘʥʪ g1 = 77 ʩʇ, ʂ22 = 4Ö10
-7
 ʜʠʥ ʚʟʷʪʳ ʠʟ [6]). ʇʦ 

ʜʘʥʥʳʤ ʨʝʣʘʢʩʘʮʠʦʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʩʨʝʜʥʝʛʦ ʢʚʘʜʨʘʪʘ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʫʛ-

ʣʘ ʥʘʢʣʦʥʘ ʜʠʨʝʢʪʦʨʘ <sin
2qc> ʧʦʩʣʝ ʦʪʢʣʶʯʝʥʠʷ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʩʜʚʠʛʘ 

ʦʧʨʝʜʝʣʷʣʠʩʴ ʚʨʝʤʝʥʘ ʨʝʣʘʢʩʘʮʠʠ. ʅʘ ʨʠʩ. 1(ʙ ï ʛ) ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʘʚʠʩʠʤʦ-

ʩʪʠ ʚʨʝʤʝʥ ʨʝʣʘʢʩʘʮʠʠ t ʦʪ ʘʤʧʣʠʪʫʜʳ ʩʜʚʠʛʘ ʘ, ʚʨʝʤʝʥʠ ʚʦʟʜʝʡʩʪʚʠʷ tʥ ʠ 

ʪʦʣʱʠʥʳ ɾʂ ï ʩʣʦʷ hʩ. ʀʟ ʟʘʚʠʩʠʤʦʩʪʠ t(ʘ) (ʨʠʩ. 1ʙ) ʩʣʝʜʫʝʪ, ʯʪʦ ʟʥʘʯʝʥʠʷ 

ʚʨʝʤʝʥ ʨʝʣʘʢʩʘʮʠʠ ʤʦʥʦʪʦʥʥʦ ʚʦʟʨʘʩʪʘʶʪ ʦʪ ʘʤʧʣʠʪʫʜʳ ʚʦʟʜʝʡʩʪʚʠʷ. 
 

ʘ) 
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ʙ) 

 
ʚ) 

 
ʛ) 

 
ʈʠʩ. 1. ɿʘʚʠʩʠʤʦʩʪʠ ʘ) ʩʨʝʜʥʝʛʦ ʢʚʘʜʨʘʪʘ ʩʠʥʫʩʘ ʧʦʩʪʦʷʥʥʦʛʦ ʫʛʣʘ ʥʘʢʣʦʥʘ ʜʠʨʝʢʪʦʨʘ ʦʪ 

ʚʨʝʤʝʥʠ ʠ ʚʨʝʤʝʥ ʨʝʣʘʢʩʘʮʠʠ, ʙ) ʚʨʝʤʝʥʠ ʨʝʣʘʢʩʘʮʠʠ ʦʪ ʘʤʧʣʠʪʫʜʳ ʩʜʚʠʛʘ, ʚ) ʚʨʝʤʝʥʠ 

ʨʝʣʘʢʩʘʮʠʠ ʦʪ ʚʨʝʤʝʥʠ ʚʦʟʜʝʡʩʪʚʠʷ, ʛ) ʚʨʝʤʝʥʠ ʨʝʣʘʢʩʘʮʠʠ ʦʪ ʪʦʣʱʠʥʳ ɾʂ ï ʩʣʦʷ 

 

ʇʨʠ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʘʤʧʣʠʪʫʜʝ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʪʦʣʴʢʦ ʚʨʝʤʷ ʚʦʟʜʝʡ-

ʩʪʚʠʷ tʥ, ʧʦʣʫʯʠʤ ʟʘʚʠʩʠʤʦʩʪʴ t(tʥ) (ʨʠʩ. 1ʚ). ɺʝʣʠʯʠʥʘ t ʩʥʘʯʘʣʘ ʚʦʟʨʘʩʪʘʝʪ 

ʜʦ ʥʝʢʦʪʦʨʦʛʦ ʠ ʟʥʘʯʝʥʠʷ ʚʨʝʤʝʥʠ ʚʦʟʜʝʡʩʪʚʠʷ tʥ ʟʘʪʝʤ ʧʨʦʠʩʭʦʜʠʪ ʝʛʦ 
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ʥʘʩʳʱʝʥʠʝ, ʯʪʦ ʩʦʙʩʪʚʝʥʥʦ ʛʦʚʦʨʠʪ ʦ ʥʘʣʠʯʠʠ ʚ ɾʂ ï ʩʠʩʪʝʤʝ ʜʦʣʛʦʚʨʝʤʝʥ-

ʥʳʭ ʤʦʜ, ʧʨʠʚʦʜʷʱʠʭ ʢ ʫʩʪʘʥʦʚʣʝʥʠʶ ʨʘʚʥʦʚʝʩʠʷ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʩʜʚʠʛʘ. 

ʇʦʩʢʦʣʴʢʫ ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚʳʰʝ ʜʘʥʥʳʝ ʦʪʥʦʩʠʣʠʩʴ ʢ ʩʠʪʫʘʮʠʠ, ʢʦʛʜʘ ʪʦʣ-

ʱʠʥʘ ʩʣʦʷ hʩ = 105 ʤʢʤ, ʪʦ ʚʧʦʣʥʝ ʟʘʢʦʥʦʤʝʨʥʦ ʠʩʩʣʝʜʦʚʘʪʴ ʚʦʧʨʦʩ ʦ ʚʣʠʷ-

ʥʠʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʨʘʟʤʝʨʦʚ ɾʂ ï ʩʠʩʪʝʤʳ, ʪ.ʝ. ʪʦʣʱʠʥʳ ʩʣʦʷ ʥʝʤʘʪʠʢʘ 

ʥʘ ʨʝʣʘʢʩʘʮʠʦʥʥʳʝ ʚʨʝʤʝʥʘ. ʅʘ ʨʠʩ. 1ʛ ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʚʨʝʤʝʥ 

ʨʝʣʘʢʩʘʮʠʠ ʦʪ ʪʦʣʱʠʥʳ ɾʂ ï ʩʣʦʷ t(hc) ʧʨʠ ʨʘʟʥʳʭ ʘʤʧʣʠʪʫʜʘʭ ʩʜʚʠʛʘ ʠ 

ʬʠʢʩʠʨʦʚʘʥʥʦʤ ʚʨʝʤʝʥʠ ʚʦʟʜʝʡʩʪʚʠʷ, ʪʘʢ ʯʪʦ ʧʦʣʫʯʘʝʪʩʷ ʩʝʤʝʡʩʪʚʦ ʢʨʠʚʳʭ 

ʪʠʧʘ t(hc,ʘ,tʥ), ʛʜʝ ʘʤʧʣʠʪʫʜʘ ʘ ʠ ʚʨʝʤʷ ʚʦʟʜʝʡʩʪʚʠʷ tʥ ʷʚʣʷʶʪʩʷ ʧʘʨʘʤʝʪʨʘʤʠ. 

ʀʟ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʩʣʝʜʫʝʪ, ʯʪʦ ʚʨʝʤʝʥʘ ʨʝʣʘʢʩʘʮʠʠ t ʩ ʫʚʝʣʠ-

ʯʝʥʠʝʤ ʪʦʣʱʠʥʳ ɾʂ ï ʩʣʦʷ ʭʦʨʦʰʦ ʦʧʠʩʳʚʘʶʪʩʷ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʚʳʰʝ ʘʥʘ-

ʣʠʪʠʯʝʩʢʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ (1) ʪʠʧʘ t º hc
2
, ʦʪʨʘʞʘʶʱʝʡ ʧʨʦʮʝʩʩ ʧʝʨʝʦʨʠʝʥ-

ʪʘʮʠʠ ʜʠʨʝʢʪʦʨʘ ʠ ʧʝʨʝʭʦʜ ʢ ʨʘʚʥʦʚʝʩʥʦʤʫ ʩʦʩʪʦʷʥʠʶ ɾʂ ï ʩʠʩʪʝʤʳ ʧʨʠ 

ʢʣʘʩʩʠʯʝʩʢʦʤ ʵʬʬʝʢʪʝ ʌʨʝʜʝʨʠʢʩʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʝʣʘʢʩʘʮʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ 

ʧʝʨʝʦʨʠʝʥʪʘʮʠʠ ʜʠʨʝʢʪʦʨʘ ʧʦʩʣʝ ʦʪʢʣʶʯʝʥʠʷ ʚʦʟʤʫʱʝʥʠʷ ʦʧʠʩʳʚʘʶʪʩʷ ʵʢʩ-

ʧʦʥʝʥʮʠʘʣʴʥʦʡ ʚʨʝʤʝʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ, ʧʨʠʯʝʤ, ʭʘʨʘʢʪʝʨʥʳʝ ʚʨʝʤʝʥʘ t ʩʦ-

ʩʪʘʚʣʷʶʪ ʜʝʩʷʪʢʠ ʩʝʢʫʥʜ. ʊʘʢʠʝ ʙʦʣʴʰʠʝ ʚʨʝʤʝʥʘ ʨʝʣʘʢʩʘʮʠʠ ʤʦʛʫʪ ʙʳʪʴ 

ʩʚʷʟʘʥʳ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʚ ʦʙʲʝʤʝ ɾʂ ʧʝʪʝʣʴ ʠʣʠ ʜʦʤʝʥʥʳʭ ʩʪʝʥʦʢ, ʨʝʣʘʢʩʘ-

ʮʠʷ ʢʦʪʦʨʳʭ ʠʜʝʪ ʦʯʝʥʴ ʜʦʣʛʦ. ɿʘʚʠʩʠʤʦʩʪʠ ʚʨʝʤʝʥ ʨʝʣʘʢʩʘʮʠʠ ʦʪ ʪʦʣʱʠʥʳ 

ɾʂ ï ʩʣʦʷ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʘʤʧʣʠʪʫʜʘʭ ʚʦʟʜʝʡʩʪʚʠʷ ʢʚʘʜʨʘʪʠʯʥʳʝ ʧʦ ʪʦʣʱʠʥʝ 

ʠ ʭʦʨʦʰʦ ʦʧʠʩʳʚʘʶʪʩʷ ʬʦʨʤʫʣʦʡ (1), ʧʨʠʤʝʥʠʤʦʡ ʜʣʷ ʩʣʫʯʘʷ ʨʝʣʘʢʩʘʮʠʠ 

ʧʨʠ ʵʬʬʝʢʪʝ ʌʨʝʜʝʨʠʢʩʘ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ. ʇʦʩʣʝʜʥʝʝ ʫʢʘʟʳʚʘʝʪ ʥʘ ʛʣʫʙʦ-

ʢʫʶ ʩʚʷʟʴ ʵʪʠʭ ʜʚʫʭ ʷʚʣʝʥʠʡ [7]. ʂʨʦʤʝ ʪʦʛʦ, ʟʘʚʠʩʠʤʦʩʪʴ ʚʨʝʤʝʥʠ ʫʩʪʘʥʦʚ-

ʣʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ ʚ ɾʂ ï ʩʠʩʪʝʤʝ ʦʪ ʚʨʝʤʝʥʠ ʚʦʟʜʝʡʩʪʚʠʷ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚ 

ɾʂ ï ʩʣʦʝ ʩʫʱʝʩʪʚʫʝʪ ʜʦʣʛʦʞʠʚʫʱʘʷ twist ï ʤʦʜʘ, ʧʨʠʚʦʜʷʱʘʷ ʢ "ʚʳʭʦʜʫ" 

ʜʠʨʝʢʪʦʨʘ ʚ ʪʨʝʪʴʝ ʠʟʤʝʨʝʥʠʝ ʠ ʦʙʨʘʟʦʚʘʥʠʶ ʪʚʠʩʪ ï ʜʝʬʦʨʤʘʮʠʠ [8]. 
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ɸʃɻʆʈʀʊʄ ɺɽʈʆʗʊʅʆʉʊʅʆɻʆ ɸʅɸʃʀɿɸ ʇʈʗʄʆʋɻʆʃʔʅʆʁ 

ʇʃɸʉʊʀʅʂʀ ʀɿ ʂʆʄʇʆɿʀʊʅʆɻʆ ʄɸʊɽʈʀɸʃɸ 

 

ʂʫʩʷʢʦʚ ɸ.ʐ. 

ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ ʚʳʩʰʝʡ ʤʘʪʝʤʘʪʠʢʠ ʇɻʅʀʋ, ʢʘʥʜ. ʬʠʟ.-ʤʘʪ. ʥʘʫʢ, ʜʦʮʝʥʪ, 

ʈʦʩʩʠʷ, ʛ. ʇʝʨʤʴ 
 

ɺ ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥ ʘʣʛʦʨʠʪʤ ʚʝʨʦʷʪʥʦʩʪʥʦʛʦ ʘʥʘʣʠʟʘ ʪʦʥʢʦʩʪʝʥʥʦʡ ʤʥʦʛʦʩʣʦʡʥʦʡ 

ʧʣʘʩʪʠʥʢʠ, ʥʘʭʦʜʷʱʝʡʩʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʞʠʤʘʶʱʠʭ ʥʘʛʨʫʟʦʢ. ʆʩʦʙʝʥʥʦʩʪʴʶ ʧʨʝʜʣʘʛʘʝ-

ʤʦʛʦ ʘʣʛʦʨʠʪʤʘ ʷʚʣʷʝʪʩʷ ʦʪʢʘʟ ʦʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦʮʝʜʫʨʳ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʪʠʧʘ ʢʦʥʩʪʨʫʢʮʠʡ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʣʘʩʪʠʥʢʘ, ʢʦʤʧʦʟʠʪ, ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ, ʚʝʨʦʷʪʥʦʩʪʴ, ANSYS. 

 

ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʪʦʥʢʘʷ ʫʧʨʫʛʘʷ ʧʣʘʩʪʠʥʢʘ ʜʣʠʥʦʡ a ʠ ʰʠʨʠʥʦʡ b, 

ʥʘʭʦʜʷʱʘʷʩʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʞʠʤʘʶʱʠʭ ʥʘʛʨʫʟʦʢ (ʨʠʩ.1). ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, 

ʯʪʦ ʧʦʣʦʪʥʦ ʧʣʘʩʪʠʥʢʠ ʦʙʨʘʟʦʚʘʥʦ ʫʢʣʘʜʢʦʡ ʧʨʦʜʦʣʴʥʳʭ ʠ ʧʦʧʝʨʝʯʥʳʭ ʩʣʦ-

ʝʚ, ʫʧʘʢʦʚʘʥʥʳʭ ʩʠʤʤʝʪʨʠʯʥʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʨʝʜʠʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʘ-

ʩʪʠʥʢʠ.  

 
ʈʠʩ. 1. ʇʣʘʩʪʠʥʢʘ, ʩʞʘʪʘʷ ʚ ʦʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ 

 

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʤʦʜʫʣʠ ʖʥʛʘ ʠ ʩʜʚʠʛʘ ʤʘʪʝʨʠʘʣʘ ʧʣʘʩʪʠʥʢʠ ʷʚ-

ʣʷʶʪʩʷ ʩʣʫʯʘʡʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʠʤʝʶʱʠʤʠ ʟʘʜʘʥʥʳʝ ʟʘʢʦʥʳ ʨʘʩʧʨʝʜʝʣʝ-

ʥʠʷ (ʨʘʩʧʨʝʜʝʣʝʥʠʝ ɻʘʫʩʩʘ). ɺ ʢʘʯʝʩʪʚʝ ʚʳʭʦʜʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʙʫʜʝʤ ʨʘʩʩʤʘʪ-

ʨʠʚʘʪʴ ʢʨʠʪʠʯʝʩʢʫʶ ʥʘʛʨʫʟʢʫ. 

ɼʣʷ ʚʳʯʠʩʣʝʥʠʷ ʢʨʠʪʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ ʦʨʪʦʪʨʦʧʥʦʡ ʧʣʘʩʪʠʥʢʠ ʚʦʩ-

ʧʦʣʴʟʫʝʤʩʷ ʠʟʚʝʩʪʥʦʡ ʬʦʨʤʫʣʦʡ, ʧʨʠʚʝʜʝʥʥʦʡ, ʥʘʧʨʠʤʝʨ, ʚ ʨʘʙʦʪʘʭ [1-2] 

( )
3

11 22 12 662
2

6
cr

h
q A A A A

b

p
= + +  

ʛʜʝ
11A , 22A , 

12A  ʠ 
66A  ï ʢʦʤʧʦʥʝʥʪʳ ʤʘʪʨʠʮʳ ʞʝʩʪʢʦʩʪʠ ʤʥʦʛʦʩʣʦʡʥʦʛʦ ʧʘʢʝʪʘ 

(ʨʘʩʯʝʪʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʠʚʝʜʝʥʳ ʚ ʪʝʢʩʪʝ ʧʨʦʛʨʘʤʤʳ). 

ɺ ʧʘʢʝʪʝ ANSYS [3, 4 ʠ ʜʨ.] ʠʤʝʝʪʩʷ ʧʦʜʩʠʩʪʝʤʘ Probabilistic Design, 

ʧʦʟʚʦʣʷʶʱʘʷ, ʚ ʯʘʩʪʥʦʩʪʠ, ʧʨʦʚʦʜʠʪʴ ʚʝʨʦʷʪʥʦʩʪʥʳʡ ʘʥʘʣʠʟ ʨʘʟʣʠʯʥʳʭ ʪʠ-
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ʧʦʚ ʢʦʥʩʪʨʫʢʮʠʡ.  ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʘʣʛʦʨʠʪʤʦʤ ʚʝʨʦʷʪʥʦʩʪʥʦʛʦ ʘʥʘʣʠʟʘ ʩʥʘ-

ʯʘʣʘ ʩʣʝʜʫʝʪ ʧʦʜʛʦʪʦʚʠʪʴ ʬʘʡʣ ʘʥʘʣʠʟʘ (anlplst.txt): 

/Prep7 

h=0.001                                   !ʊʦʣʱʠʥʘ ʧʣʘʩʪʠʥʢʠ 

b=0.5                                       ! ʐʠʨʠʥʘ ʧʣʘʩʪʠʥʢʠ 

! ʋʧʨʫʛʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʠʘʣʘ ʧʣʘʩʪʠʥʢʠ 

E1=140e9                                      

E2=7e9                                         

G12=2.75e9 

v12=0.24 

v21=v12*e2/e1 

! ʆʪʥʦʩʠʪʝʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʧʨʦʜʦʣʴʥʳʭ ʩʣʦʝʚ 

ET=0.5                                           

! ʄʘʪʨʠʮʘ ʞʝʩʪʢʦʩʪʠ ʤʦʥʦʩʣʦʷ 

B11=E1/(1-v12*v21) 

B22=E2/(1-v12*v21)                                                

B12=v12*E2/(1-v12*v21) 

B66=G12 

! ʄʘʪʨʠʮʘ ʞʝʩʪʢʦʩʪʠ ʤʥʦʛʦʩʣʦʡʥʦʡ ʧʣʘʩʪʠʥʢʠ                        

A11=B11*et+B22*(1-et)    

A22=B22*ET+B11*(1-ET)  

A12=B12 

A66=B66 

! ʂʨʠʪʠʯʝʩʢʘʷ ʥʘʛʨʫʟʢʘ  

qcr=3.14159*h**3*(sqrt(A11*A22)+A12+2*A66)/(6*b**2) 
 

ʇʦʩʣʝ ʚʭʦʜʘ ʚ ʩʠʩʪʝʤʫ ANSYS  ɻ ʪʦʪ ʬʘʡʣ ʟʘʛʨʫʞʘʝʪʩʷ ʧʦ ʢʦʤʘʥʜʝ: 

/input,anlplst,txt                   ! ɿʘʛʨʫʟʢʘ ʬʘʡʣʘ ʘʥʘʣʠʟʘ 
 

ɺʳʧʦʣʥʝʥʠʝ ʚʝʨʦʷʪʥʦʩʪʥʦʛʦ ʘʥʘʣʠʟʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʧʨʠʚʝʜʝʥʥʳʤ ʥʠʞʝ ʩʧʠʩʢʦʤ ʢʦʤʘʥʜ: 

/PDS                                             ! ɺʭʦʜ ʚ ʙʣʦʢ ʘʥʘʣʠʟʘ 

PDANL,anlplst,txt                       ! ʆʪʢʨʳʪʠʝ ʬʘʡʣʘ ʘʥʘʣʠʟʘ              

PDVAR,E1,Gaus,140e9,28e9      ! ʄʦʜʫʣʴ ʖʥʛʘ ʚʜʦʣʴ ʚʦʣʦʢʦʥ 

PDVAR,E2,Gaus,7e9,1.4e9         ! ʄʦʜʫʣʴ ʖʥʛʘ ʧʦʧʝʨʝʢ ʚʦʣʦʢʦʥ  

PDVAR,g12,Gaus,2.75e9,0.55e9 ! ʄʦʜʫʣʴ ʩʜʚʠʛʘ 

PDVAR,qcr,RESP                        ! ʂʨʠʪʠʯʝʩʢʘʷ ʥʘʛʨʫʟʢʘ   

PDMETH, MCS, LHS                  ! ɺʳʙʦʨ ʤʝʪʦʜʘ  (ʤʝʪʦʜ ʄʦʥʪʝ ʂʘʨʣʦ)            

PDEXE, solu01                             ! ɿʘʧʫʩʢ ʥʘ ʚʳʧʦʣʥʝʥʠʝ  

PDPROB,solu01,qcr                     ! ʇʨʦʩʤʦʪʨ ʨʝʟʫʣʴʪʘʪʦʚ 
 

ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʘʣʛʦʨʠʪʤʘ ʷʚʣʷʝʪʩʷ ʦʪʢʘʟ 

ʦʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦʮʝʜʫʨʳ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ 

ʢʨʠʪʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ. ʆʪʤʝʪʠʤ ʪʘʢʞʝ, ʯʪʦ ʧʨʝʜʣʘʛʘʝʤʳʡ ʘʣʛʦʨʠʪʤ ʙʝʟ ʪʨʫʜʘ 

ʤʦʞʝʪ ʙʳʪʴ ʦʙʦʙʱʝʥ ʠ ʥʘ ʙʦʣʝʝ ʩʣʦʞʥʳʝ ʚʘʨʠʘʥʪʳ ʪʦʥʢʦʩʪʝʥʥʳʭ ʢʦʥʩʪʨʫʢ-

ʮʠʡ (ʨʝʙʨʠʩʪʳʝ ʧʣʘʩʪʠʥʳ, ʦʙʦʣʦʯʢʠ ʠ ʪ.ʜ.). 
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1. ɺʘʩʠʣʴʝʚ ɺ.ɺ. ʄʝʭʘʥʠʢʘ ʢʦʥʩʪʨʫʢʮʠʡ ʠʟ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʄ.: ʄʘ-

ʰʠʥʦʩʪʨʦʝʥʠʝ, 1988. 272 ʩ. 

2. ɺʦʣʴʤʠʨ ɸ.ʉ. ʋʩʪʦʡʯʠʚʦʩʪʴ ʫʧʨʫʛʠʭ ʩʠʩʪʝʤ. ʄ.: ʌʠʟʤʘʪʛʠʟ, 1963. 880 ʩ. 

3. ʂʘʧʣʫʥ ɸ.ɹ., ʄʦʨʦʟʦʚ ɽ.ʄ., ʆʣʬʝʨʴʝʚʘ ʄ.ɸ. ANSYS ʚ ʨʫʢʘʭ ʠʥʞʝʥʝʨʘ. ʇʨʘʢʪʠ-

ʯʝʩʢʦʝ ʨʫʢʦʚʦʜʩʪʚʦ. ʄ.: ɽʜʠʪʦʨʠʘʣ ʋʈʉʉ, 2004. 272 ʩ.  

4. ʂʫʩʷʢʦʚ ɸ.ʐ. ʂʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʥʘ ʦʩʥʦʚʝ ANSYS. ʋʯʝʙʥʦʝ ʧʦʩʦ-

ʙʠʝ/ ʇʝʨʤ. ʫʥ-ʪ. ʇʝʨʤʴ, 2008. 168 ʩ. 

 

 

ʅɸʀʃʋʏʐʀɽ ʇʈʀɹʃʀɾɽʅʀʗ ʎɽʃʓʄʀ ʌʋʅʂʎʀʗʄʀ  
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ʧʦʨʷʜʢʘ 
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ʦʙʦʟʥʘʯʘʪʴ ʩʫʞʝʥʠʝ ʥʘ R  ʤʥʦʞʝʩʪʚʘ ʚʩʝʭ ʬʫʥʢʮʠʡ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʛʦ ʪʠʧʘ 
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ʛʜʝ 2;<0;,;; ¢ÍÍÍ ++ ptmr RNZ s  y ï ʥʝʦʪʨʠʮʘʪʝʣʴʥʘʷ ʠʟʤʝʨʠʤʘʷ 

ʩʫʤʤʠʨʫʝʤʘʷ ʥʘ ʦʪʨʝʟʢʝ ][0,t  ʬʫʥʢʮʠʷ, ʥʝ ʵʢʚʠʚʘʣʝʥʪʥʘʷ ʥʫʣʶ. 
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ʀʟ ʪʝʦʨʝʤʳ ʤʦʞʥʦ ʚʳʚʝʩʪʠ ʩʣʝʜʫʶʱʠʝ ʩʣʝʜʩʪʚʠʝ 

ʉʣʝʜʩʪʚʠʝ. ʇʫʩʪʴ ʚʳʧʦʣʥʝʥʳ ʚʩʝ ʫʩʣʦʚʠʷ ʪʝʦʨʝʤʳ ʠ, ʢʨʦʤʝ ʪʦʛʦ, 
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ʀʩʧʦʣʴʟʫʷ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʥʘʡʜʝʥʳ ʪʦʯʥʳʝ ʟʥʘʯʝʥʠʷ 

ʨʘʟʣʠʯʥʳʭ ʩʨʝʜʥʠʭ ὺ-ʧʦʧʝʨʝʯʥʠʢʦʚ ʢʣʘʩʩʦʚ ʬʫʥʢʮʠʡ, ʦʧʨʝʜʝʣʷʝʤʳʭ 

ʤʦʜʫʣʝʤ ʥʝʧʨʝʨʳʚʥʦʩʪʠ (1), ʚ ʨʘʙʦʪʝ [2]. 
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[ʊʝʢʩʪ] / ʄ.ʐ.ʐʘʙʦʟʦʚ // ʄʘʪʝʤʘʪʠʯʝʩʢʠʝ ʟʘʤʝʪʢʠ. ï 2011. ï ʊ. 90. ï 5. ï ʉ.764ï775. 
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L2(R). II . [ʊʝʢʩʪ] / ʂ.ʊʫʭʣʠʝʚ // ʀʟʚʝʩʪʠʷ ɸʅ ʈʊ. ʆʪʜ.ʬʠʟ.-ʤʘʪ.,ʭʠʤ., ʛʝʦʣ. ʠ ʪʝʭʥ. ʥ. -2014. 

ï ˉ3(156). ï ʉ. 7-19. 

 

 

ʇɽʈɽʍʆɼ ʄɽɾɼʋ ʈɽɻʋʃʗʈʅʓʄ ʀ ʄɸʍʆɺʉʂʀʄ 

ʆʊʈɸɾɽʅʀʗʄʀ ʂʆʉʆɻʆ ʉʂɸʏʂɸ ʋʇʃʆʊʅɽʅʀʗ 

 

ʋʧʳʨʝʚ ɺ.ɺ. 

ʘʩʧʠʨʘʥʪ ʋʥʠʚʝʨʩʠʪʝʪʘ ʀʊʄʆ, 
ʈʦʩʩʠʷ, ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ 

 

ɺ ʩʪʘʪʴʝ ʠʩʩʣʝʜʫʝʪʩʷ ʢʨʠʪʝʨʠʡ ʧʝʨʝʭʦʜʘ ʦʪ ʨʝʛʫʣʷʨʥʦʛʦ ʦʪʨʘʞʝʥʠʷ ʢʦʩʦʛʦ ʩʢʘʯʢʘ 
ʫʧʣʦʪʥʝʥʠʷ ʦʪ ʩʪʝʥʢʠ ʠʣʠ ʦʩʠ ʩʠʤʤʝʪʨʠʠ ʢ ʤʘʭʦʚʩʢʦʤʫ (ʥʝʨʝʛʫʣʷʨʥʦʤʫ). ʆʧʠʩʘʥʳ ʢʨʠ-
ʪʝʨʠʠ ʧʝʨʝʭʦʜʘ: ʢʨʠʪʝʨʠʡ ʬʦʥ ʅʝʡʤʘʥʘ, ʢʨʠʪʝʨʠʡ ʩʪʘʮʠʦʥʘʨʥʦʡ ʤʘʭʦʚʩʢʦʡ ʢʦʥʬʠʛʫʨʘ-

ʮʠʠ. ʇʦʩʪʨʦʝʥʳ ʛʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʝʡ ʦʩʦʙʳʭ ʯʠʩʝʣ ʄʘʭʘ ʧʘʜʘʶʱʝʛʦ ʩʢʘʯʢʘ, ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʱʠʭ ʜʚʫʤ ʢʨʠʪʝʨʠʷʤʠ ʧʝʨʝʭʦʜʘ ʦʪ ʨʝʛʫʣʷʨʥʦʛʦ ʦʪʨʘʞʝʥʠʷ ʢ ʥʝʨʝʛʫʣʷʨʥʦʤʫ. ʇʨʦ-

ʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʦʙʣʘʩʪʴ ʥʝʦʜʥʦʟʥʘʯʥʦʩʪʠ ʨʝʰʝʥʠʷ, ʚ ʢʦʪʦʨʦʡ ʫʩʣʦʚʠʷʤʠ ʜʠʥʘʤʠʯʝʩʢʦʡ 
ʩʦʚʤʝʩʪʥʦʩʪʠ ʥʘ ʢʦʩʦʤ ʩʢʘʯʢʝ ʫʧʣʦʪʥʝʥʠʷ ʥʝ ʟʘʧʨʝʱʘʶʪʩʷ ʦʙʘ ʪʠʧʘ ʦʪʨʘʞʝʥʠʷ. ʇʦʢʘʟʘʥʳ 
ʦʙʣʘʩʪʠ ʚʦʟʤʦʞʥʦʛʦ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʛʠʩʪʝʨʝʟʠʩʘ ʧʦ ʠʟʤʝʥʝʥʠʶ ʯʠʩʣʘ ʄʘʭʘ, ʪ.ʝ. ʦʪʣʠʯʠʝ 
ʤʦʤʝʥʪʘ ʧʝʨʝʭʦʜʘ ʦʪ ʨʝʛʫʣʷʨʥʦʛʦ ʦʪʨʘʞʝʥʠʷ ʢ ʥʝʨʝʛʫʣʷʨʥʦʤʫ ʠ ʦʙʨʘʪʥʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ 
ʠ ʫʤʝʥʴʰʝʥʠʠ ʯʠʩʣʘ ʄʘʭʘ. ʈʘʩʩʤʦʪʨʝʥʦ ʚʣʠʷʥʠʝ ʧʦʢʘʟʘʪʝʣʷ ʘʜʠʘʙʘʪʳ. ʇʦʢʘʟʘʥʳ ʢʨʠʪʝ-
ʨʠʠ ʧʝʨʝʭʦʜʘ ʧʦ ʠʟʤʝʥʝʥʠʶ ʫʛʣʘ ʥʘʢʣʦʥʘ ʢʣʠʥʴʝʚ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʫʜʘʨʥʘʷ ʚʦʣʥʘ, ʩʢʘʯʦʢ ʫʧʣʦʪʥʝʥʠʷ, ʤʘʭʦʚʩʢʦʝ ʦʪʨʘʞʝʥʠʝ, ʢʨʠʪʝ-

ʨʠʡ ʥʝʡʤʘʥʘ, ʛʠʩʪʝʨʝʟʠʩ, ʯʠʩʣʦ ʄʘʭʘ. 

 

ɺʚʝʜʝʥʠʝ 

ʎʝʣʴ ï ʧʨʝʜʩʪʘʚʠʪʴ ʦʩʥʦʚʥʳʝ ʩʚʝʜʝʥʠʷ ʦ ʧʝʨʝʭʦʜʝ ʠʟ ʨʝʛʫʣʷʨʥʦʛʦ ʢ 
ʥʝʨʝʛʫʣʷʨʥʦʤʫ ʦʪʨʘʞʝʥʠʶ ʢʦʩʦʛʦ ʩʢʘʯʢʘ ʫʧʣʦʪʥʝʥʠʷ ʦʪ ʩʪʝʥʢʠ, ʧʣʦʩʢʦʩʪʠ ʠ 
ʦʩʠ ʩʠʤʤʝʪʨʠʠ, ʠʩʩʣʝʜʦʚʘʪʴ ʦʙʣʘʩʪʠ ʚʦʟʤʦʞʥʦʛʦ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʜʘʥʥʳʭ ʪʠ-
ʧʦʚ ʦʪʨʘʞʝʥʠʡ, ʧʦʢʘʟʘʪʴ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʛʠʩʪʝʨʝʟʠʩʘ ʧʨʠ ʧʣʘʚʥʦʤ ʠʟʤʝʥʝʥʠʠ 
ʯʠʩʣʘ ʄʘʭʘ ʠ ʦʧʨʝʜʝʣʠʪʴ ʢʨʠʪʝʨʠʠ ʵʪʠʭ ʧʝʨʝʭʦʜʦʚ. 

ɺʧʝʨʚʳʝ ʟʘʜʘʯʘ ʧʝʨʝʭʦʜʘ ʨʝʛʫʣʷʨʥʦʛʦ ʦʪʨʘʞʝʥʠʷ ʩʢʘʯʢʘ ʫʧʣʦʪʥʝʥʠʷ ʢ 
ʥʝʨʝʛʫʣʷʨʥʦʤʫ ʙʳʣʘ ʨʘʩʩʤʦʪʨʝʥʘ ʕ. ʄʘʭʦʤ ʚ 80-ʳʝ ʛʦʜʳ 19-ʛʦ ʚʝʢʘ, ʢʦʪʦ-
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ʨʳʡ ʠ ʦʪʢʨʳʣ ʷʚʣʝʥʠʝ ʤʘʭʦʚʩʢʦʛʦ (ʥʝʨʝʛʫʣʷʨʥʦʛʦ) ʦʪʨʘʞʝʥʠʷ. ʆʩʥʦʚʦʧʦʣʘ-

ʛʘʶʱʠʡ ʚʢʣʘʜ ʚ ʪʝʦʨʠʶ ʵʪʦʛʦ ʧʝʨʝʭʦʜʘ ʚʥʝʩ ɼʞ. ʌʦʥ ʅʝʡʤʘʥ, ʚ ʨʘʙʦʪʘʭ, 

ʧʨʦʚʝʜʝʥʥʳʭ ʚ 1940-ʳʝ ʛʦʜʳ [1]. ʉʠʩʪʝʤʘʪʠʯʝʩʢʦʝ ʠʟʣʦʞʝʥʠʝ ʧʨʦʙʣʝʤʳ 
ʧʨʠʚʝʜʝʥʦ ʚ ʨʘʙʦʪʝ [2]. ʇʦʥʷʪʠʝ ʩʦʙʩʪʚʝʥʥʦ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʘʟʨʳʚʘ, 

ʫʜʘʨʥʦʡ ʚʦʣʥʳ ʠ ʩʢʘʯʢʘ ʫʧʣʦʪʥʝʥʠʷ ʥʘ ʩʦʚʨʝʤʝʥʥʦʤ ʫʨʦʚʥʝ ʚʚʝʜʝʥʦ ʚ ʨʘʙʦ-
ʪʘʭ [3,4]. ʆʪʨʘʞʝʥʠʝ ʢʦʩʦʛʦ ʩʢʘʯʢʘ ʦʪ ʦʩʠ ʩʠʤʤʝʪʨʠʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʜʠʩʢʘ 
ʄʘʭʘ ʨʘʩʩʤʦʪʨʝʥʦ ʚ ʨʘʙʦʪʝ [5]. ʆʙʱʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʫʜʘʨʥʦ-ʚʦʣʥʦʚʳʭ 
ʩʪʨʫʢʪʫʨ ʠ ʟʘʜʘʯ ʦʙ ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʨʘʟʨʳʚʦʚ ʧʨʠʚʝʜʝʥʘ  ʚ ʨʘʙʦʪʝ [6]. ʀʥʪʝ-

ʨʝʩ ʢ ʧʝʨʝʭʦʜʫ ʦʪ ʨʝʛʫʣʷʨʥʦʛʦ ʢ ʤʘʭʦʚʩʢʦʤʫ ʦʪʨʘʞʝʥʠʶ, ʚ ʪʦʤ ʯʠʩʣʝ, ʩ ʦʙ-
ʨʘʟʦʚʘʥʠʝʤ ʪʘʢ ʥʘʟʳʚʘʝʤʦʤ ʩʪʘʮʠʦʥʘʨʥʦʡ ʤʘʭʦʚʩʢʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ [7], ʚr -

ʟʳʚʘʝʪʩʷ ʪʝʤ, ʯʪʦ ʦʙʨʘʟʫʶʱʠʝʩʷ ʧʨʠ ʵʪʦʤ ʫʜʘʨʥʦ-ʚʦʣʥʦʚʳʝ ʩʪʨʫʢʪʫʨʳ, ʦʙ-

ʣʘʜʘʶʪ ʥʝʢʦʪʦʨʳʤ ʩʚʦʡʩʪʚʦʤ ʦʧʪʠʤʘʣʴʥʦʩʪʠ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʜʘʨʥʦ-ʚʦʣʥʦʚʳʭ ʩʪʨʫʢʪʫʨ ʚ ʚʦʟʜʫʭʦʟʘʙʦʨ-

ʥʠʢʘʭ ʧʨʠ ʙʦʣʴʰʦʤ ʯʠʩʣʝ ʄʘʭʘ ʧʦʪʦʢʘ ʙʳʣ ʦʙʥʘʨʫʞʝʥ ʵʬʬʝʢʪ ʛʠʩʪʝʨʝʟʠʩʘ ï 
ʧʨʠ ʦʜʠʥʘʢʦʚʦʡ ʩʢʦʨʦʩʪʠ ʠ ʥʘʧʨʘʚʣʝʥʠʶ ʚʭʦʞʜʝʥʠʷ ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ ʦʙ-
ʨʘʟʦʚʳʚʘʣʠʩʴ ʜʚʝ ʨʘʟʣʠʯʥʳʝ ʫʜʘʨʥʦ-ʚʦʣʥʦʚʳʝ ʩʪʨʫʢʪʫʨʳ. 

ʄʦʜʝʣʴ ʨʝʛʫʣʷʨʥʦʛʦ ʠ ʥʝʨʝʛʫʣʷʨʥʦʛʦ ʦʪʨʘʞʝʥʠʷ ʩʢʘʯʢʘ ʦʪ ʩʪʝʥʢʠ, 

ʧʣʦʩʢʦʩʪʠ ʠʣʠ ʦʩʠ ʩʠʤʤʝʪʨʠʠ 

ɺʠʜ ʜʚʫʭ ʪʠʧʦʚ ʦʪʨʘʞʝʥʠʷ ʩʢʘʯʢʘ ʫʧʣʦʪʥʝʥʠʷ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 1:  

 
ʈʠʩ. 1. ʈʝʛʫʣʷʨʥʦʝ (a) ʠ ʥʝʨʝʛʫʣʷʨʥʦʝ (b) ʦʪʨʘʞʝʥʠʝ ʢʦʩʦʛʦ ʩʢʘʯʢʘ ů1 ʦʪ ʩʪʝʥʢʠ.  

ɓ1, ɓ2 ï ʫʛʦʣ ʨʘʟʚʦʨʦʪʘ ʧʦʪʦʢʘ ʥʘ ʧʨʠʭʦʜʷʱʝʤ ʠ ʦʪʨʘʞʝʥʥʦʤ ʩʢʘʯʢʝ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ȿ=lnJ, ʛʜʝ J ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʢʘʯʢʘ (ʦʪʥʦʰʝʥʠʝ ʩʪʘʪʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ ʟʘ ʩʢʘʯʢʦʤ ʢ ʜʘʚʣʝ-

ʥʠ ʁʜʦ ʥʝʛʦ), ů1, ů2, ů3 ï ʧʨʠʭʦʜʷʱʠʡ, ʦʪʨʘʞʝʥʥʳʡ ʩʢʘʯʦʢ ʠ ʥʦʞʢʘ ʄʘʭʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 
 

ʈʝʛʫʣʷʨʥʦʝ ʦʪʨʘʞʝʥʠʝ (ʈʆ) ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʫʜʘʨʥʳʭ ʚʦʣʥ: ʧʨʠʭʦʜʷ-

ʱʝʡ ʚʦʣʥʳ, ʧʘʜʘʶʱʝʡ ʥʘ ʪʚʝʨʜʫʶ ʧʦʚʝʨʭʥʦʩʪʴ, ʠ ʦʪʨʘʞʝʥʥʦʡ, ʢʦʪʦʨʘʷ ʠʩʭʦ-
ʜʠʪ ʠʟ ʪʦʯʢʠ ʧʘʜʝʥʠʷ (ʨʠʩʫʥʦʢ 1a). ʄʘʭʦʚʩʢʦʝ ʦʪʨʘʞʝʥʠʝ (ʄʆ) ʩʦʩʪʦʠʪ ʠʟ 
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ʪʨʝʭ ʫʜʘʨʥʳʭ ʚʦʣʥ ï ʧʘʜʘʶʱʝʡ, ʦʪʨʘʞʝʥʥʦʡ ʠ ʛʣʘʚʥʦʡ ï ʠʤʝʶʱʠʭ ʦʙʱʫʶ 
ʪʨʦʡʥʫʶ ʪʦʯʢʫ (ʨʠʩʫʥʦʢ 1b). ʀʟ ʪʨʦʡʥʦʡ ʪʦʯʢʠ ʠʩʭʦʜʠʪ ʪʘʥʛʝʥʮʠʘʣʴʥʳʡ 

ʨʘʟʨʳʚ (ʧʦʚʝʨʭʥʦʩʪʴ ʩʢʦʣʴʞʝʥʠʷ ), ʨʘʟʜʝʣʷʶʱʠʡ ʧʦʪʦʢʠ ʟʘ ʦʪʨʘʞʝʥʥʦʡ ů2 
ʠ ʟʘ ʛʣʘʚʥʦʡ ů3 ʫʜʘʨʥʳʤʠ ʚʦʣʥʘʤʠ (ʈʠʩʫʥʦʢ 1b). ʇʘʨʘʤʝʪʨʳ ʢʦʩʦʛʦ ʩʢʘʯʢʘ 
ʫʧʣʦʪʥʝʥʠʷ ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʧʨʠ ʧʦʤʦʱʠ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ: 

2 2(1 ) sinJ Me s e= + -        (1) 

( )( )

( )( )m

1 1
tan

1 1

m
JJ J

J J J

e
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e e e

- --
=

+ + - - -
      (2) 

ʛʜʝ Jm ï ʤʘʢʩʠʤʘʣʴʥʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʢʘʯʢʘ ʫʧʣʦʪʥʝʥʠʷ Jm = (1 + Ů)M
2
  Ů; 

Ů=(ɔ-1)/(ɔ+1), ʛʜʝ ɔ  ʧʦʢʘʟʘʪʝʣʴ ʘʜʠʘʙʘʪʳ; J ï ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʢʘʯʢʘ (ʦʪʥʦ-

ʰʝʥʠʝ ʩʪʘʪʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ ʟʘ ʩʢʘʯʢʦʤ ʢ ʜʘʚʣʝʥʠʶ ʜʦ ʥʝʛʦ); ɓ ï ʫʛʦʣ ʨʘʟ-
ʚʦʨʦʪʘ ʧʦʪʦʢʘ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʩʢʘʯʢʘ ʫʧʣʦʪʥʝʥʠʷ; ů ï ʫʛʦʣ ʥʘʢʣʦʥʘ ʩʢʘʯʢʘ 
ʫʧʣʦʪʥʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʘʙʝʛʘʶʱʝʛʦ ʧʦʪʦʢʘ; M ï ʯʠʩʣʦ ʄʘʭʘ. 

ɿʥʘʷ ʯʠʩʣʦ ʄʘʭʘ M, ʧʦʢʘʟʘʪʝʣʴ ʘʜʠʘʙʘʪʳ ɔ, ʠ ʦʜʥʫ ʠʟ ʪʨʝʭ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢ (ů, J, ɓ), ʠʟ (1) ʠ (2) ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʦʩʪʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʋʜʘʨ-

ʥʦʡ ʧʦʣʷʨʦʡ (ʠʣʠ ʠʟʦʤʘʭʦʡ) ʥʘʟʳʚʘʶʪ ʧʘʨʘʤʝʪʨʠʯʝʩʢʫʶ ʢʨʠʚʫʶ ʚ ʩʠʩʪʝʤʝ 
ʢʦʦʨʜʠʥʘʪ (ȿ = lnJ, ɓ) ʜʣʷ ʣʶʙʦʛʦ ʫʛʣʘ ʥʘʢʣʦʥʘ ʩʢʘʯʢʘ ʜʣʷ ʜʘʥʥʦʛʦ ʯʠʩʣʘ 
ʄʘʭʘ ʠ ʧʦʢʘʟʘʪʝʣʷ ʘʜʠʘʙʘʪʳ.  ʉʢʘʯʦʢ ʫʧʣʦʪʥʝʥʠʷ ʪʘʢ ʞʝ ʩʦʟʜʘʝʪ ʩʢʘʯʢʦʦʙ-

ʨʘʟʥʦʝ ʠʟʤʝʥʝʥʠʝ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ: 

( )( )2
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1 1M E J
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=

,        (3) 

ʛʜʝ ʄ1  ï ʯʠʩʣʦ ʄʘʭʘ ʜʦ ʩʢʘʯʢʘ ʫʧʣʦʪʥʝʥʠʷ, ʄ2  ï ʯʠʩʣʦ ʄʘʭʘ ʧʦʩʣʝ ʩʢʘʯʢʘ 
ʫʧʣʦʪʥʝʥʠʷ, J ï ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʢʘʯʢʘ ʫʧʣʦʪʥʝʥʠʷ, ʘ E ï ʫʜʘʨʥʘʷ ʘʜʠʘʙʘʪʘ 
ʈʵʥʢʠʥʘ-ɻʶʛʦʥʠʦ. 

ɺ ʩʣʫʯʘʝ ʦʪʨʘʞʝʥʠʷ ʩʢʘʯʢʘ ʦʪ ʩʪʝʥʢʠ ʥʘ ʧʣʦʩʢʦʩʪʠ ʧʦʣʷʨ ʧʨʠʭʦʜʷʱʝ-

ʤʫ ʢʦʩʦʤʫ ʩʢʘʯʢʫ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʦʯʢʘ 1 ʥʘ ʦʩʥʦʚʥʦʡ ʧʦʣʷʨʝ (ʨʠʩʫʥʦʢ 1 ʚʥʠ-

ʟʫ), ʧʦʩʪʨʦʝʥʥʦʡ ʧʦ ʯʠʩʣʫ ʄʘʭʘ ʄ1 ʥʝʚʦʟʤʫʱʝʥʥʦʛʦ ʪʝʯʝʥʠʷ.  ʀʟ ʵʪʦʡ ʪʦʯʢʠ 
ʩʪʨʦʠʪʩʷ ʚʪʦʨʘʷ ʧʦʣʷʨʘ ʧʦ ʯʠʩʣʫ ʄʘʭʘ ʄ2 ʚʳʯʠʩʣʝʥʥʦʤʫ ʩ ʧʦʤʦʱʴʶ (3). ʊʘʢ 
ʢʘʢ ʚ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʨʘʩʩʤʘʪʨʠʚʘʣʩʷ ʠʜʝʘʣʴʥʳʡ ʛʘʟ, ʪʦ ʧʦʢʘʟʘʪʝʣʴ 
ʘʜʠʘʙʘʪʳ ʙʫʜʝʪ ʦʜʠʥʘʢʦʚʳʤ ʚ ʣʶʙʦʡ ʪʦʯʢʝ ʪʝʯʝʥʠʷ. 

ʇʨʠ ʨʝʛʫʣʷʨʥʦʤ ʦʪʨʘʞʝʥʠʠ (ʨʠʩʫʥʦʢ 1a) ʧʦʣʷʨʘ, ʚʳʧʫʱʝʥʥʘʷ ʠʟ ʪʦʯʢʠ 
1, ʧʝʨʝʩʝʢʘʝʪ ʚʝʨʪʠʢʘʣʴʥʫʶ ʢʦʦʨʜʠʥʘʪʥʫʶ ʦʩʴ ʚ ʪʦʯʢʝ 2, ʢʦʪʦʨʘʷ ʩʦʦʪʚʝʪ-

ʩʪʚʫʝʪ ʦʪʨʘʞʝʥʥʦʤʫ ʩʢʘʯʢʫ 2. ʇʨʠ ʥʝʨʝʛʫʣʷʨʥʦʤ ʦʪʨʘʞʝʥʠʠ (ʨʠʩʫʥʦʢ 1ʙ) 

ʧʦʣʷʨʘ, ʚʳʧʫʱʝʥʥʘʷ ʠʟ ʪʦʯʢʠ 1, ʥʝ ʧʝʨʝʩʝʢʘʝʪ ʚʝʨʪʠʢʘʣʴʥʫʶ ʢʦʦʨʜʠʥʘʪʥʫʶ 
ʦʩʴ, ʠ ʧʦʵʪʦʤʫ ʦʪʨʘʞʝʥʥʳʡ ʩʢʘʯʦʢ 2 ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʘʨʘʤʝʪʨʘʤ ʪʦʯʢʠ 2. 

ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʢʨʠʪʝʨʠʠ ʧʝʨʝʭʦʜʘ 
ɽʩʣʠ ʚʪʦʨʠʯʥʘʷ ʧʦʣʷʨʘ ʥʝ ʧʝʨʝʩʝʢʘʝʪʩʷ ʩ ʦʩʴʶ ʦʨʜʠʥʘʪ, ʪʦ ʨʝʛʫʣʷʨʥʦʝ 

ʦʪʨʘʞʝʥʠʝ ʥʝʚʦʟʤʦʞʥʦ, ʪ.ʢ. ʧʨʝʜʝʣʴʥʳʡ ʫʛʦʣ ʨʘʟʚʦʨʦʪʘ ʧʦʪʦʢʘ ʥʘ ʚʪʦʨʦʤ 
ʩʢʘʯʢʝ ʤʝʥʴʰʝ ʫʛʣʘ ʨʘʟʚʦʨʦʪʘ ʧʦʪʦʢʘ ɓ1 ʥʘ ʧʝʨʚʦʤ ʩʢʘʯʢʝ. ʕʪʦʪ ʢʨʠʪʝʨʠʡ 
ʩʬʦʨʤʫʣʠʨʦʚʘʣ ʌʦʥ ʅʝʡʤʘʥ, ʠ ʥʘʟʚʘʣ ʝʛʦ ʢʨʠʪʝʨʠʡ ʦʪʩʦʝʜʠʥʝʥʠʷ  

(ʨʠʩʫʥʦʢ 2a, d ʠ c). 
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ʈʠʩ. 2. ʇʝʨʝʭʦʜ ʦʪ ʨʝʛʫʣʷʨʥʦʛʦ ʦʪʨʘʞʝʥʠʷ ʢ ʤʘʭʦʚʩʢʦʤʫ 

 

 

 
 

ʈʠʩ. 3. ʆʙʣʘʩʪʴ ʥʝʦʜʥʦʟʥʘʯʥʦʩʪʠ, ʚ ʢʦʪʦʨʦʡ ʚʦʟʤʦʞʥʦ ʢʘʢ ʈʆ ʪʘʢ ʠ ʄʆ ʩʢʘʯʢʘ ʦʪ ʩʪʝʥʢʠ. 

ʆʙʣʘʩʪʷʤ ʠ ʣʠʥʠʷʤ ʜʘʥʘ ʚʩʪʘʚʢʘ, ʚ ʢʦʪʦʨʦʡ ʧʦʢʘʟʘʥʦ, ʢʘʢʦʝ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ 

ʟʘʥʠʤʘʝʪ ʧʦʣʷʨʘ ʧʨʠʭʦʜʷʱʝʛʦ ʩʢʘʯʢʘ ʢ ʧʦʣʷʨʝ ʦʪʨʘʞʝʥʥʦʛʦ 

 

ʊʘʢ ʞʝ ʅʝʡʤʘʥ ʧʨʝʜʣʦʞʠʣ ʜʨʫʛʦʡ ʢʨʠʪʝʨʠʡ ʧʝʨʝʭʦʜʘ ʦʪ ʨʝʛʫʣʷʨʥʦʛʦ 
ʦʪʨʘʞʝʥʠʷ ʢ ʤʘʭʦʚʩʢʦʤʫ: ʧʝʨʝʭʦʜ ʜʦʣʞʝʥ ʧʨʦʠʩʭʦʜʠʪʴ ʚ ʤʦʤʝʥʪ ʧʝʨʝʩʝʯʝ-

ʥʠʷ ʫʜʘʨʥʳʭ ʧʦʣʷʨ ʚ ʚʝʨʰʠʥʝ ʧʦʣʷʨʳ ʦʪ ʧʨʠʭʦʜʷʱʝʛʦ ʩʢʘʯʢʘ, ʪ.ʝ. ʠʥʪʝʥʩʠʚ-

ʥʦʩʪʴ ʥʦʞʢʠ ʄʘʭʘ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʨʘʚʥʷʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʜʣʷ ʟʘʜʘʥʥʦʛʦ 
ʯʠʩʣʘ ʄʘʭʘ, ʦʧʨʝʜʝʣʷʶʱʝʛʦ ʠʟʦʤʘʭʫ (ʨʠʩʫʥʦʢ 2b ʠ c). ʊʘʢʦʡ ʢʨʠʪʝʨʠʡ ʥʘʟr-
ʚʘʶʪ ʢʨʠʪʝʨʠʝʤ ʩʪʘʮʠʦʥʘʨʥʦʡ ʤʘʭʦʚʩʢʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 



22 

ʧʨʷʤʦʡ ʥʦʞʢʝ ʄʘʭʘ. ɼʣʷ ʢʘʞʜʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʘʜʠʘʙʘʪʳ ʩʫʱʝʩʪʚʫʝʪ ʦʩʦʙʦʝ 
ʯʠʩʣʦ ʄʘʭʘ, ʧʨʠ ʢʦʪʦʨʦʤ ȿR =ȿ0  ʦʙʦʟʥʘʯʘʝʤʦʝ M0R (ʪʘʙʣʠʮʘ). ʇʨʠ ɀ<M0R 
ʢʨʠʪʝʨʠʡ ʩʪʘʮʠʦʥʘʨʥʦʡ ʤʘʭʦʚʩʢʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʥʝ ʤʦʞʝʪ ʚʳʧʦʣʥʷʪʴʩʷ. 

ʊʘʙʣʠʮʘ 

ʆʩʦʙʳʝ ʯʠʩʣʘ ʄʘʭʘ ʠ ʫʛʣʳ ʧʨʝʣʦʤʣʝʥʠʷ ʧʦʪʦʢʘ ɓ 

ɔ 1,67 1,4 1,25 1,1 

M0R 2,447 2,203 2,078 1,952 

ɓmax, ʛʨʘʜʫʩʦʚ 19.18 20.92 22 23,23 

ɓÐ, ʛʨʘʜʫʩʦʚ 18.7 17.9 16 13 

 

ʋʜʦʙʥʦ ʧʦʢʘʟʳʚʘʪʴ ʵʪʠ ʢʨʠʪʝʨʠʠ ʥʘ ʛʨʘʬʠʢʘʭ ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ (M, ɓ), 

ʛʜʝ ʵʪʠ ʢʦʦʨʜʠʥʘʪʳ ʦʪʥʦʩʷʪʩʷ ʢ ʧʘʨʘʤʝʪʨʘʤ ʧʘʜʘʶʱʝʛʦ ʩʢʘʯʢʘ. ʕʪʠʤʠ ʧʘʨʘ-
ʤʝʪʨʘʤʠ ʤʦʞʥʦ ʫʧʨʘʚʣʷʪʴ ʥʘ ʧʨʘʢʪʠʢʝ ï ʤʝʥʷʪʴ ʩʢʦʨʦʩʪʴ ʚʭʦʜʷʱʝʛʦ ʧʦʪʦʢʘ 
(M), ʠʣʠ ʝʛʦ ʥʘʧʨʘʚʣʝʥʠʝ/ʫʛʦʣ ʢʣʠʥʘ (ɓ). ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 3 ʠ 4. 

ɺ ʧʨʦʤʝʞʫʪʢʝ ʤʝʞʜʫ M0 ʠ MR, ʪʝʦʨʝʪʠʯʝʩʢʠ ʚʦʟʤʦʞʥʦ ʢʘʢ ʈʆ ʪʘʢ ʠ ʄʆ. 
 

 
 

ʈʠʩ. 4. ʆʙʣʘʩʪʴ ʥʝʦʜʥʦʟʥʘʯʥʦʩʪʠ, ʚ ʢʦʪʦʨʦʡ ʚʦʟʤʦʞʥʦ ʢʘʢ ʈʆ ʪʘʢ ʠ ʄʆ ʩʢʘʯʢʘ ʦʪ ʩʪʝʥʢʠ, 

ʜʣʷ ʦʩʥʦʚʥʳʭ ʟʥʘʯʝʥʠʡ ʧʦʢʘʟʘʪʝʣʷ ʘʜʠʘʙʘʪʳ 
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ʃʠʥʠʷ ʦʪʜʝʣʷʝʪʩʷ ʦʪ ʧʨʠ ʯʠʩʣʝ ʄʘʭʘ, ʜʝʣʘʝʪ ʧʝʨʝʛʠʙ ʧʨʠ ɓmax ʠ ʥʝʤʥʦ-

ʛʦ ʦʪʦʡʜʷ ʫʭʦʜʠʪ ʚ ʙʝʩʢʦʥʝʯʥʦʩʪʴ, ʧʨʠʙʣʠʞʘʷʩʴ ʘʩʠʤʧʪʦʪʠʯʝʩʢʠ ʢ ʥʝʢʦʪʦʨʦ-

ʤʫ ʯʠʩʣʫ ɓÐ (ʩʤ. ʪʘʙʣʠʮʘ).  

ʇʨʠʤʝʯʘʪʝʣʝʥ ʵʬʬʝʢʪ ʛʠʩʪʝʨʝʟʠʩʘ, ʢʦʪʦʨʳʡ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʵʢʩʧʝʨʠ-

ʤʝʥʪʝ, ʥʘʧʨʠʤʝʨ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʯʠʩʣʘ ʄʘʭʘ, ʧʨʠ ʟʘʜʘʥʥʦʤ ɓ ï ʧʝʨʝʭʦʜ ʠʟ 
ʦʜʥʦʛʦ ʪʠʧʘ ʦʪʨʘʞʝʥʠʷ ʚ ʜʨʫʛʦʝ (ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʠʟ ʥʝʨʝʛʫʣʷʨʥʦʛʦ ʚ ʨʝʛʫ-
ʣʷʨʥʦʝ) ʧʨʦʠʩʭʦʜʠʪ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʟʞʝ, ʯʝʤ ʧʨʠ ʝʛʦ ʫʤʝʥʴʰʝʥʠʠ. ʊʝʦʨʠʷ 
ʫʜʘʨʥʦ-ʚʦʣʥʦʚʳʭ ʩʪʨʫʢʪʫʨ ʛʦʚʦʨʠʪ, ʯʪʦ ʚ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʧʝʨʝʭʦʜ ʧʨʦʠʩʭʦʜʠʪ 
ʧʦ ʢʨʠʪʝʨʠʶ M0, ʘ ʚʦ ʚʪʦʨʦʤ ʧʦ MR. ʇʦʜʦʙʥʳʡ ʛʠʩʪʝʨʝʟʠʩ ʚʦʟʥʠʢʘʝʪ, ʢʦʛʜʘ 
ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ ʥʝ ʤʝʥʷʝʪʩʷ, ʥʦ ʤʝʥʷʝʪʩʷ ʫʛʦʣ ʧʨʝʣʦʤʣʝʥʠʷ ʧʦʪʦʢʘ [7]. 

ɿʘʢʣʶʯʝʥʠʝ 

ʈʘʩʩʤʦʪʨʝʥʳ ʢʨʠʪʝʨʠʠ ʧʝʨʝʭʦʜʘ ʨʝʛʫʣʷʨʥʦʛʦ ʦʪʨʘʞʝʥʠʷ ʩʢʘʯʢʘ ʫʧʣʦʪ-

ʥʝʥʠʷ ʢ ʥʝʨʝʛʫʣʷʨʥʦʤʫ. ʇʝʨʝʭʦʜ ʵʪʦʪ ʟʘʚʠʩʠʪ ʦʪ ʧʨʝʜʳʩʪʦʨʠʠ ʩʦʩʪʦʷʥʠʡ 

ʫʜʘʨʥʦ-ʚʦʣʥʦʚʦʡ ʩʪʨʫʢʪʫʨʳ, ʯʪʦ ʩʦʟʜʘʝʪ ʵʬʬʝʢʪ ʛʠʩʪʝʨʝʟʠʩʘ. ɺʠʜʥʦ, ʯʪʦ 

ʜʠʘʧʘʟʦʥ ʩʫʱʝʩʪʚʦʚʘʥʠʷ M0 ʦʛʨʘʥʠʯʝʥ, ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ ʦʛʨʘʥʠʯʝʥ ʠ ʜʠʘʧʘ-

ʟʦʥ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʛʠʩʪʝʨʝʟʠʩʘ ʧʦ ʯʠʩʣʫ ʄʘʭʘ. ʕʪʘ ʦʙʣʘʩʪʴ ʩʫʱʝʩʪʚʦʚʘʥʠʷ 

ʛʠʩʪʝʨʝʟʠʩʘ ʨʘʩʰʠʨʷʝʪʩʷ ʩʦ ʩʥʠʞʝʥʠʝʤ ʧʦʢʘʟʘʪʝʣʷ ʘʜʠʘʙʘʪʳ. ʊʘʢ ʞʝ, ʧʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʯʠʩʣʘ ʄʘʭʘ, ʝʩʣʠ ɓÐ<ɓ<ɓmax, ʤʦʞʥʦ ʦʙʥʘʨʫʞʠʪʴ ʥʝʩʢʦʣʴʢʦ ʩʪʘ-

ʮʠʦʥʘʨʥʳʭ ʤʘʭʦʚʩʢʠʭ ʢʦʥʬʠʛʫʨʘʮʠʡ, ʧʨʠ ʨʘʟʥʳʭ ʯʠʩʣʘʭ ʄʘʭʘ. ʇʨʠ ʧʣʘʚʥʦʤ 

ʠʟʤʝʥʝʥʠʠ ʫʛʣʘ ʧʨʝʣʦʤʣʝʥʠʷ ʧʦʪʦʢʘ, ʦʛʨʘʥʠʯʝʥʥʦʩʪʠ ʦʙʣʘʩʪʠ ʥʝ ʥʘʙʣʶʜʘʝʪ-

ʩʷ, ʢʘʢ ʠ ʥʝʦʜʥʦʟʥʘʯʥʦʩʪʠ M0. ɺʦʧʨʦʩʳ ʚʣʠʷʥʠʷ ʥʝʦʜʥʦʟʥʘʯʥʦʩʪʠ M0 ʥʘ ʧʝ-

ʨʝʭʦʜ, ʠ ʫʩʣʦʚʠʡ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʛʠʩʪʝʨʝʟʠʩʘ ʪʨʝʙʫʶʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʵʢʩ-

ʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʯʠʩʣʝʥʥʦʡ ʩʠʤʫʣʷʮʠʠ. 
 

ɹʣʘʛʦʜʘʨʥʦʩʪʠ 
ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʄʠʥʠʩʪʝʨʩʪʚʘ ʦʙʨʘʟʦ-

ʚʘʥʠʷ ʠ ʥʘʫʢʠ ʈʌ (ʉʦʛʣʘʰʝʥʠʝ  ̄14.575.21.0057). 
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ORIENTATION DEPENDEN CE OF SURFACE ENERGY OF TANTALUM  
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On the base of electron-statistic theory of orientation dependence of surface energy of 

metals the chart of tantalum single crystal for a zone [100] was plotting in rectangular coordinate 

systems. Calculated average values of surface energies correlate with experimental data. 

 

Keywords: surface tension, electron-statistic theory, tantalum. 

 

The use of refractory metals and alloys in modern technologies allowed to 

create highly effective and reliable devices with stable working parameters. In this 

connection the interest of investigators is attracting by tantalum.   

For proper choice of metallization systems, metallic cover structure model-

ing [1, 10], study of specific features of desorption [7] and radiation-stimulated ef-

fects on the ceramic surfaces [12] the reliable data of surface free energy (surface 

tension) are necessary. But there are only a few data for refractory metals [2-5] be-

cause of the difficulties of experimental determination of surface parameters at 

high temperatures and shortcomings of experimental methods [6, 8]. Taking in 

consideration new perspectives of the use of tantalum in electronic devices, the 

study of its surface properties is topical.  

In the literature there are some data on the surface properties of the polycrys-

talline tantalum, however the researches devoted to the studies of their dependence 

on crystallographic orientation, are extremely seldom [9, 11].   

The purpose of present work is the plotting of orientation chart dependence 

of surface free energy tantalum crystal. Surface free energy fɤ, being one of the 

basic parameters of the surface, in the case of single crystals depends on a crystal-

lographic orientation (hkl). This dependence is graphically illustrated by fɤ ï chart.  

Values of surface free energy of smooth faces of the metal single crystals, for rec-

tangular fɤ ï chart plotting, were calculated with the use of the formula, developed 

by S.N. Zadumkin: 
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where ŭ(hkl) ï interplane distance, n0(hkl) ï number of particles per surface unit of 

a face (hkl), W(r0) ï energy of a crystal lattice per atom, j ï plane number.  

On fig. 1 the rectangular chart of Ta for a zone [100] is presented.  
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Fig. 1. Rectangular ï fɤ ï chart of Ta for a zone [100] 

 

The chart correctly illustrates orientation dependence of )(hklf
w

 metallic 

crystals. 
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ʉɽʂʎʀʗ çʍʀʄʀʏɽʉʂʀɽ ʅɸʋʂʀè 
 

ʇʈʀʄɽʅɽʅʀɽ ʄɽʊʆɼʆɺ ʕʃɽʂʊʈʆʅʅʆʁ 

ʌɽʅʆʄɽʅʆʃʆɻʀʏɽʉʂʆʁ ʉʇɽʂʊʈʆʉʂʆʇʀʀ  

ɼʃʗ ʀʉʉʃɽɼʆɺɸʅʀʗ ʇʆʈʌʀʈʀʅʆɺ ʅɽʌʊʀ 

 

ɽʨʝʤʠʥʘ ʉ.ɸ.  

ʘʩʧʠʨʘʥʪ 
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ʈʦʩʩʠʷ, ʛ. ʋʬʘ 

 

ʂʨʘʩʠʣʴʥʠʢʦʚʘ ʖ.ɺ. 

ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ ʢʘʬʝʜʨʳ çʊʝʭʥʦʣʦʛʠʷ ʥʝʬʪʠ ʠ ʛʘʟʘè 

ʋʬʠʤʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʥʝʬʪʷʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, 

ʈʦʩʩʠʷ, ʛ. ʋʬʘ 

 

ɼʦʣʦʤʘʪʦʚ ʄ.ʖ. 

ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ ʬʠʟʠʢʠ ʋʬʠʤʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 

 ʵʢʦʥʦʤʠʢʠ ʠ ʩʝʨʚʠʩʘ, ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ çʊʝʭʥʦʣʦʛʠʷ ʥʝʬʪʠ ʠ ʛʘʟʘè 

ʋʬʠʤʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʥʝʬʪʷʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, 

ʜ-ʨ ʭʠʤ. ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, 

ʈʦʩʩʠʷ, ʛ. ʋʬʘ 

 

ʊʘʟʝʝʚʘ ɼ. ɺ. 

ʤʘʛʠʩʪʨʘʥʪ ʢʘʬʝʜʨʳ çʊʝʭʥʦʣʦʛʠʷ ʥʝʬʪʠ ʠ ʛʘʟʘè 

ʋʬʠʤʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʥʝʬʪʷʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, 

ʈʦʩʩʠʷ, ʛ. ʋʬʘ 
 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥ ʥʦʚʳʡ ʩʧʦʩʦʙ ʦʧʨʝʜʝʣʝʥʠʷ ʪʘʢʠʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʢʘʢ: ʩʨʝʜʥʝʯʠʩʣʦʚʘʷ ʢʨʠʦʩʢʦʧʠʯʝʩʢʘʷ ʤʦʣʷʨʥʘʷ ʤʘʩʩʘ, ʵʥʝʨʛʠʷ ʘʢʪʠʚʘʮʠʠ ʚʷʟʢʦʛʦ 

ʪʝʯʝʥʠʷ ʠ ʜʦʥʦʨʥʦ-ʘʢʮʝʧʪʦʨʥʳʝ ʩʚʦʡʩʪʚʘ ʧʦʨʬʠʨʠʥʦʚʳʭ ʬʨʘʢʮʠʡ ʩ ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʦʥ-

ʥʦʡ ʬʝʥʦʤʝʥʦʣʦʛʠʯʝʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʦʨʬʠʨʠʥʳ, ʚʘʥʘʜʠʣʦʚʳʝ ʢʦʤʧʣʝʢʩʳ, ʤʝʪʘʣʣʦʧʦʬʠʨʠʥʳ, ʵʣʝʢ-

ʪʨʦʥʥʘʷ ʬʝʥʦʤʝʥʦʣʦʛʠʯʝʩʢʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ, ʧʦʪʝʥʮʠʘʣ ʠʦʥʠʟʘʮʠʠ, ʩʨʦʜʩʪʚʦ ʢ ʵʣʝʢʪʨʦʥʫ, 

ʵʥʝʨʛʠʷ ʘʢʪʠʚʘʮʠʠ ʚʷʟʢʦʛʦ ʪʝʯʝʥʠʷ. 

 

ɺ ʧʦʨʬʠʨʠʥʦʚʳʭ ʬʨʘʢʮʠʷʭ ʤʦʞʝʪ ʩʦʜʝʨʞʘʪʴʩʷ ʦʪ 5 ʜʦ 50 % ʚʘʥʘʜʠʷ ʠ 

ʥʠʢʝʣʷ. ʇʦʨʬʠʨʠʥʦʚʳʝ ʢʦʤʧʣʝʢʩʳ ʵʪʠʭ ʤʝʪʘʣʣʦʚ ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʥʪʝʨʝʩ, ʢʘʢ 

ʮʝʥʥʳʝ ʠʥʛʨʝʜʠʝʥʪʳ ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʨʘʩʠʪʝʣʝʡ, ʩʳʨʴʷ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʬʘʨ-

ʤʘʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʝʧʘʨʘʪʦʚ ʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ. ʉʝʨʴʝʟʥʦʡ 

ʧʨʦʙʣʝʤʦʡ, ʧʨʝʧʷʪʩʪʚʫʶʱʝʡ ʠʟʫʯʝʥʠʶ ʧʦʨʬʠʨʠʥʦʚ, ʷʚʣʷʝʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʘʷ 

ʠʟʫʯʝʥʥʦʩʪʴ ʠʭ ʤʦʣʝʢʫʣʷʨʥʦʡ, ʵʣʝʢʪʨʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʩʚʦʡʩʪʚ.  

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʧʦʨʬʠʨʠʥʦʚʳʭ ʬʨʘʢʮʠʡ ɿʘʧʘʜʥʦ-ʉʠʙʠʨʩʢʦʡ ʥʝʬʪʠ ʩ ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʦʥʥʦʡ 

ʬʝʥʦʤʝʥʦʣʦʛʠʯʝʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ [1,2,3].  
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ʆʙʲʝʢʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʚʳʙʨʘʥʳ ʧʦʨʬʠʨʠʥʦʚʳʝ ʢʦʤʧʣʝʢʩʳ ɿʘ-

ʧʘʜʥʦ-ʉʠʙʠʨʩʢʦʡ ʥʝʬʪʠ. 

ɼʣʷ ʦʮʝʥʢʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ (ʌʍʉ) ʥʝʬʪʷʥʳʭ ʚʘʥʘʜʠʣʦʚʳʭ 

ʧʦʨʬʠʨʠʥʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʵʣʝʢʪʨʦʥʥʫʶ ʬʝʥʦʤʝʥʦʣʦʛʠʯʝʩʢʫʶ ʩʧʝʢʪʨʦʩʢʦ-

ʧʠʶ, ʚ ʯʘʩʪʥʦʩʪʠ ʧʨʠʥʮʠʧ ʩʧʝʢʪʨ-ʩʚʦʡʩʪʚʘ, ʢʦʪʦʨʳʡ ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʩʚʷʟʴ 

ʤʝʞʜʫ ʌʍʉ ʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʧʦʛʣʦʱʝʥʠʷ ʩʧʝʢʪʨʘ. 

ɼʣʷ ʦʮʝʥʢʠ ʌʍʉ ʦʧʨʝʜʝʣʷʣʠ ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʦʛʣʦʱʝʥʠʷ ʚ ʚʠʜʠʤʦʡ ʠ 

ʋʌ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ ʧʨʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʜʣʠʥʘʭ ʚʦʣʥ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 250 ʜʦ 

700 ʥʤ. ʈʘʩʯʝʪ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʚʦʜʠʣʩʷ ʧʦ ʬʦʨʤʫʣʘʤ: 

Ὁ=+ Öʂ476                                                                           (1) 

ὓ = ὦ+ ὦÖʂ667                                                                          (2) 

ʛʜʝ  Ὁ - ʵʥʝʨʛʠʷ ʘʢʪʠʚʘʮʠʠ ʚʷʟʢʦʛʦ ʪʝʯʝʥʠʷ, ʢɼʞ/ʤʦʣʴ, ὓ - ʩʨʝʜʥʝʯʠʩʣʦ-

ʚʘʷ ʢʨʠʦʩʢʦʧʠʯʝʩʢʘʷ ʤʦʣʷʨʥʘʷ ʤʘʩʩʘ, ʛ/ʤʦʣʴ; 

 ,  , ὦ , ὦ  ï ʧʦʩʪʦʷʥʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ, (ʜʣʷ Ὁȡ =0,041, 

ʢɼʞ/ʤʦʣʴ,  =19,88, ʢɼʞÖʛÖʩʤ/(ʤʦʣʴÖʣ), ʜʣʷ ὓ : ὦ =356,25, ʛ/ʤʦʣʴ; 

ὦ=1033,1855, ʛ2
Öʩʤ/(ʤʦʣʴÖʣ)); 

ʂ476, ʂ667, ï ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʦʛʣʦʱʝʥʠʷ ʧʨʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʜʣʠʥʘʭ 

ʚʦʣʥ, ʣ/(ʛÖʩʤ).  

ʄʦʣʝʢʫʣʷʨʥʘʷ ʤʘʩʩʘ ʛʦʤʦʣʦʛʦʚ ʧʦʨʬʠʨʠʥʦʚ ʧʦʜʯʠʥʷʝʪʩʷ ʚʳʨʘʞʝʥʠʶ 

375 + 14n, ʛʜʝ n ï ʯʠʩʣʦ ʛʨʫʧʧ ïʉʅ2ï ʚ ʘʣʢʠʣʴʥʳʭ ʟʘʤʝʩʪʠʪʝʣʷʭ ʧʦʨʬʠʧʥʦʛʦ 

ʮʠʢʣʘ, ʘ ʤʘʩʩʘ 375 ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʘʥʘʜʠʣʧʦʨʬʠʥʫ. ɺ ʦʩʥʦʚʥʦʤ - ʵʪʦ ʤʝʪʘʣ-

ʣʦʧʦʨʬʠʨʠʥʳ: ʚʘʥʘʜʠʣ- ʠ Ni-ʢʦʤʧʣʝʢʩʳ ʘʣʢʠʣʧʦʨʬʠʨʠʥʦʚ. ɺ ʪʘʙʣʠʮʝ1 ʧʨʠ-

ʚʝʜʝʥʳ ʜʘʥʥʳʝ ʧʦ ʯʠʩʣʫ ʤʝʪʠʣʝʥʦʚʳʭ ʟʚʝʥʴʝʚ, ʘ ʚ ʪʘʙʣʠʮʝ 2 ʵʬʬʝʢʪʠʚʥʳʝ 

ʧʦʪʝʥʮʠʘʣʳ ʠʦʥʠʟʘʮʠʠ (ʕʇʀ) ʠ ʩʨʦʜʩʪʚʦ ʢ ʵʣʝʢʪʨʦʥʫ (ʕʉʕ) [4, 5]. 
ʊʘʙʣʠʮʘ 1 

ʕʥʝʨʛʠʷ ʘʢʪʠʚʘʮʠʠ ʚʷʟʢʦʛʦ ʪʝʯʝʥʠʷ ʠ ʩʨʝʜʥʝʯʠʩʣʦʚʘʷ 

ʢʨʠʦʩʢʦʧʠʯʝʩʢʘʷ ʤʦʣʷʨʥʘʷ ʤʘʩʩʘ ʧʦʨʬʠʨʠʥʦʚ 

ʇ

 ̄

ʀʩʭʦʜʥʘʷ 

ʥʝʬʪʴ 

ʈʘʩʪʚʦʨʠ-

ʪʝʣʴ 

ʉʨʝʜʥʝʯʠʩʣʦʚʘʷ 

ʢʨʠʦʩʢʦʧʠʯʝʩʢʘʷ 

ʤʦʣʷʨʥʘʷ ʤʘʩʩʘ, 

ʛ/ʤʦʣʴ 

ʉʨʝʜʥʝʝ ʂʦʣʠ-

ʯʝʩʪʚʦ ʤʝʪʠʣ-

ʣʝʥʦʚʳʭ ʛʨʫʧʧ 

ïʉʅ2ï 

ʕʥʝʨʛʠʷ ʘʢʪʠ-

ʚʘʮʠʠ ʚʷʟʢʦʛʦ 

ʪʝʯʝʥʠʷ, 

ʢɼʞ/ʤʦʣʴ 

1 ɼʝʤʢʠʥʩʢʘʷ ʘʮʝʪʦʥ 391 1 8,24 

2 ɼʝʤʢʠʥʩʢʘʷ ʵʪʘʥʦʣ 363 - 2,55 

3 ʊʶʤʝʥʩʢʘʷ ʘʮʝʪʦʥ 408 2 10,60 

4 ʊʶʤʝʥʩʢʘʷ ʵʪʘʥʦʣ 365 - 2,81 

5 ʊʶʤʝʥʩʢʘʷ ʘʮʝʪʦʥ+ 

ʵʪʘʥʦʣ 403 2 9,55 
 

ʊʘʙʣʠʮʘ 2 

ʕʬʬʝʢʪʠʚʥʳʝ ʧʦʪʝʥʮʠʘʣʳ ʠʦʥʠʟʘʮʠʠ ʠ ʩʨʦʜʩʪʚʦ ʢ ʵʣʝʢʪʨʦʥʫ 

ʧʦʨʬʠʨʠʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʀʩʭʦʜʥʘʷ ʥʝʬʪʴ ʈʘʩʪʚʦʨʠʪʝʣʴ ʕʇʀ, ʵɺ ʕʉʕ, ʵɺ 

ɼʝʤʢʠʥʩʢʘʷ ʘʮʝʪʦʥ 6,08 1,56 

ɼʝʤʢʠʥʩʢʘʷ ʵʪʘʥʦʣ 6,08 1,56 

ʪʶʤʝʥʩʢʘʷ ʘʮʝʪʦʥ 6,02 1,59 

ʪʶʤʝʥʩʢʘʷ ʵʪʘʥʦʣ 6,37 1,37 

ʪʶʤʝʥʩʢʘʷ ʘʮʝʪʦʥ+ ʵʪʘʥʦʣ 6,04 1,58 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʥʦʚʦʛʦ ʦʧʪʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ, ʧʦʟ-

ʚʦʣʷʶʱʝʛʦ ʙʳʩʪʨʦ ʠ ʵʬʬʝʢʪʠʚʥʦ ʦʧʨʝʜʝʣʷʪʴ ʌʍʉ ʧʦʨʬʠʨʠʥʦʚʳʭ ʬʨʘʢʮʠʡ. 
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ɿʘʨʘʧʠʥʘ ʀ.ɺ. 
ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ ʭʠʤʠʠ ʠ ʭʠʤʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ 

ʊʘʤʙʦʚʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, 

ʈʦʩʩʠʷ, ʛ. ʊʘʤʙʦʚ 
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ʘʩʧʠʨʘʥʪ ʢʘʬʝʜʨʳ ʭʠʤʠʠ ʠ ʭʠʤʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ 

ʊʘʤʙʦʚʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, 

ʈʦʩʩʠʷ, ʛ. ʊʘʤʙʦʚ 
 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʧʦʩʦʙ ʦʯʠʩʪʢʠ ʠʣʠʩʪʳʭ ʦʪʣʦʞʝʥʠʡ ʧʨʫʜʦʚ ʥʘʢʦʧʠʪʝʣʝʡ 

ʦʪ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʦʪʭʦʜʦʚ ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʠʟʚʦʜʩʪʚ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʤ ʦʢʠʩʣʠʪʝʣʴʥʦʤ ʨʘʟʣʦʞʝʥʠʠ. ɼʘʥʥʳʡ ʤʝʪʦʜ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʥʠʞʝʥʠʝ 

ʩʦʜʝʨʞʘʥʠʷ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ ʚ ʠʣʠʩʪʳʭ ʦʪʣʦʞʝʥʠʷʭ ʩʪʦʯʥʳʭ ʚʦʜ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʧʨʝʜʧʨʠʷʪʠʡ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʨʫʜ-ʥʘʢʦʧʠʪʝʣʴ, ʢʘʪʘʣʠʟʘʪʦʨ, ʠʣʠʩʪʳʝ ʦʪʣʦʞʝʥʠʷ, ʦʢʠʩʣʠʪʝʣʴʥʘʷ 

ʜʝʩʪʨʫʢʮʠʷ, ʭʠʤʠʯʝʩʢʦʝ ʧʦʪʨʝʙʣʝʥʠʝ ʢʠʩʣʦʨʦʜʘ. 

 

ʅʝʨʝʰʝʥʥʦʡ ʧʨʦʙʣʝʤʦʡ ʭʠʤʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʦʩʪʘʝʪʩʷ 

ʣʠʢʚʠʜʘʮʠʷ ʪʦʢʩʠʯʥʳʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʪʭʦʜʦʚ. ʇʨʦʤʳʰʣʝʥʥʳʝ ʩʪʦʯʥʳʝ 

ʚʦʜʳ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʠ ʟʘʛʨʷʟʥʝʥʥʦʩʪʠ ʩʦʜʝʨʞʘʪ ʘʤʠʥʳ, ʇɸɺ, ʬʝʥʦʣʳ, 
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ʘʮʝʪʦʥ, ʬʦʨʤʘʣʴʜʝʛʠʜ, ʥʝʦʨʛʘʥʠʯʝʩʢʠʝ ʢʠʩʣʦʪʳ, ʥʝʬʪʝʧʨʦʜʫʢʪʳ, ʩʦʣʠ ʠ 

ʥʝʪʦʢʩʠʯʥʳʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʧʨʠʤʝʩʠ. ɿʥʘʯʠʪʝʣʴʥʦʝ ʯʠʩʣʦ ʧʨʫʜʦʚ-

ʥʘʢʦʧʠʪʝʣʝʡ ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʪʭʦʜʦʚ ʧʨʝʚʨʘʪʠʣʠʩʴ ʚ ʧʦʩʪʦʷʥʥʦ 

ʜʝʡʩʪʚʫʶʱʠʡ ʠʩʪʦʯʥʠʢ ʟʘʛʨʷʟʥʝʥʠʷ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ ʠ ʧʦʜʟʝʤʥʳʭ ʚʦʜ 

ʚʨʝʜʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ, ʦʩʪʨʦ ʩʪʦʠʪ ʚʦʧʨʦʩ ʠʭ ʫʪʠʣʠʟʘʮʠʠ ʩ 

ʤʠʥʠʤʘʣʴʥʳʤ ʫʱʝʨʙʦʤ ʜʣʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʇʨʝʜʦʪʚʨʘʱʝʥʠʝ 

ʟʘʛʨʷʟʥʝʥʠʷ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ ï ʦʜʥʘ ʠʟ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ ʧʨʦʙʣʝʤ, 

ʪʨʝʙʫʶʱʠʭ ʩʢʦʨʝʡʰʝʛʦ ʨʝʰʝʥʠʷ. 

ɺ ʤʠʨʦʚʦʡ ʧʨʘʢʪʠʢʝ ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʨʘʜʠʢʘʣʴʥʦʛʦ ʵʢʦʥʦʤʠʯʥʦʛʦ 

ʩʧʦʩʦʙʘ ʫʪʠʣʠʟʘʮʠʠ ʧʨʫʜʦʚ-ʥʘʢʦʧʠʪʝʣʝʡ ʧʨʝʜʧʨʠʷʪʠʡ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ. 

ʇʨʝʜʣʘʛʘʝʪʩʷ ʤʝʪʦʜ ʫʪʠʣʠʟʘʮʠʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠʣʠʩʪʳʭ 

ʦʪʣʦʞʝʥʠʡ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʢʘʪʘʣʠʪʠʯʝʩʢʦʤ ʦʢʠʩʣʠʪʝʣʴʥʦʤ ʨʘʟʣʦʞʝʥʠʠ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʧʦ ʩʭʝʤʝ: 

OH
y

+xCOO+HC 2ʨʢʘʪʘʣʠʟʘʪʦ2yx 2
2

½½½½ ½  

ɺ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʩʠʥʪʝʟʘ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʤʝʪʘʣʣʳ ʚ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʡ ʬʦʨʤʝ [1]. 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʩʦʩʪʦʠʪ ʠʟ ʩʣʝʜʫʶʱʠʭ ʵʪʘʧʦʚ: 

I ʵʪʘʧ. ʋʪʠʣʠʟʘʮʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʧʨʫʜʘ ʤʝʪʦʜʦʤ ʦʙʨʘʙʦʪʢʠ 

ʫʣʴʪʨʘʜʠʩʧʝʨʩʥʦʡ ʩʠʩʪʝʤʦʡ ˉ1 (ʫʜʘʣʝʥʠʝ ʦʩʥʦʚʥʦʡ ʤʘʩʩʳ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ). 

II ʵʪʘʧ. ʋʛʣʫʙʣʝʥʥʦʝ ʫʜʘʣʝʥʠʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʧʨʫʜʘ-

ʦʪʩʪʦʡʥʠʢʘ ʤʝʪʦʜʦʤ ʦʙʨʘʙʦʪʢʠ ʫʣʴʪʨʘʜʠʩʧʝʨʩʥʦʡ ʩʠʩʪʝʤʦʡ ˉ2 (ʫʜʘʣʝʥʠʝ 

ʦʩʪʘʪʦʯʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ). 

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚʚʝʜʝʥʠʝ ʫʣʴʪʨʘʜʠʩʧʝʨʩʥʦʡ ʩʫʩʧʝʥʟʠʠ 

ʚ ʧʣʦʪʥʳʡ ʩʣʦʡ ʠʣʠʩʪʳʭ ʦʪʣʦʞʝʥʠʡ ʧʦʩʨʝʜʩʪʚʦʤ ʨʘʩʧʳʣʝʥʠʷ ʩʫʩʧʝʥʟʠʠ ʥʘʜ 

ʧʨʫʜʦʤ-ʦʪʩʪʦʡʥʠʢʦʤ ʠʟ ʨʘʩʯʝʪʘ 0,000118 ʤ
3
 ʩʫʩʧʝʥʟʠʠ ʥʘ 1 ʤ

3
 ʠʣʘ. ʉʦʩʪʘʚ 

ʩʫʩʧʝʥʟʠʠ ʫʣʴʪʨʘʜʠʩʧʝʨʩʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʪʘʙʣʠʮʝ 1. 

ʊʘʙʣʠʮʘ 1 

ʉʦʩʪʘʚ ʩʫʩʧʝʥʟʠʠ ʫʣʴʪʨʘʜʠʩʧʝʨʩʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

 ̄ ʄʘʪʝʨʠʘʣʳ ʈʘʩʭʦʜ ʥʘ 1ʤ
3
 ʈʘʩʭʦʜ ʥʘ ʧʨʫʜ  

1 ɺʦʜʘ, ʧʨʦʰʝʜʰʘʷ ʦʯʠʩʪʢʫ ʩʦʨʙʝʥʪʦʤ  0,000118 ʤ
3
 8 ʤ

3
 

2 ʅʘʥʦʢʦʤʧʦʟʠʮʠʷ ˉ1 0,02 ʛʨ. 1360 ʛʨ. 
 

ɺʪʦʨʦʡ ʵʪʘʧ ʫʪʠʣʠʟʘʮʠʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ 

ʫʣʴʪʨʘʜʠʩʧʝʨʩʥʦʡ ʩʫʩʧʝʥʟʠʠ ʚ ʧʣʦʪʥʳʡ ʩʣʦʡ ʠʣʠʩʪʳʭ ʦʪʣʦʞʝʥʠʡ 

ʧʦʩʨʝʜʩʪʚʦʤ ʨʘʩʧʳʣʝʥʠʷ ʩʫʩʧʝʥʟʠʠ ʥʘʜ ʧʨʫʜʦʤ-ʦʪʩʪʦʡʥʠʢʦʤ ʠʟ ʨʘʩʯʝʪʘ 

0,000162 ʤ3 ʫʣʴʪʨʘʜʠʩʧʝʨʩʥʦʡ ʩʫʩʧʝʥʟʠʠ ʥʘ 1 ʤ3 ʠʣʘ. ʉʦʩʪʘʚ ʩʫʩʧʝʥʟʠʠ 

ʫʣʴʪʨʘʜʠʩʧʝʨʩʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʪʘʙʣʠʮʝ 2. 
ʊʘʙʣʠʮʘ 2 

ʉʦʩʪʘʚ ʩʫʩʧʝʥʟʠʠ ʫʣʴʪʨʘʜʠʩʧʝʨʩʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

 ̄ ʄʘʪʝʨʠʘʣʳ ʈʘʩʭʦʜ ʥʘ 1ʤ3 ʈʘʩʭʦʜ ʥʘ ʧʨʫʜ  

1 ɺʦʜʘ, ʧʨʦʰʝʜʰʘʷ ʦʯʠʩʪʢʫ ʩʦʨʙʝʥʪʦʤ  0,00015 ʤ3 10,2 ʤ3 

2 ɺʦʜʘ ʩ ʵʢʩʪʨʘʢʪʦʤ 0,000012 ʤ3 0,9 ʤ3 

3 ʅʘʥʦʢʦʤʧʦʟʠʮʠʷ ˉ2 0,01175 ʛʨ. 800 ʛʨ. 
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ʈʝʘʣʠʟʘʮʠʷ ʜʘʥʥʳʭ ʵʪʘʧʦʚ ʫʪʠʣʠʟʘʮʠʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ 

ʦʙʝʩʧʝʯʠʣʘ ʩʥʠʞʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʜʦ ʢʦʥʮʝʥʪʨʘʮʠʡ 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ IV ʢʣʘʩʩ ʦʧʘʩʥʦʩʪʠ. ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʥʘ ʩʦʜʝʨʞʘʥʠʝ 

ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ ʚ ʠʣʠʩʪʦʤ ʦʪʣʦʞʝʥʠʠ ʧʨʫʜʘ-ʥʘʢʦʧʠʪʝʣʷ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 3. 
ʊʘʙʣʠʮʘ 3 

ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ  

ʚ ʠʣʠʩʪʦʤ ʦʪʣʦʞʝʥʠʠ ʧʨʫʜʘ-ʥʘʢʦʧʠʪʝʣʷ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʧʦʢʘʟʘʪʝʣʷ 
ʀʩʭʦʜʥʳʡ 

ʠʣ 

ʉʦʜʝʨʞʘʥʠʝ ʚʝʱʝʩʪʚ ʚ ʠʣʝ 

ʧʦʩʣʝ I ʵʪʘʧʘ 
ʉʦʜʝʨʞʘʥʠʝ 

ʚʝʱʝʩʪʚ ʚ ʠʣʝ 

ʧʦʩʣʝ II ʵʪʘʧʘ 10 ʩʫʪ 40 ʩʫʪ 60 ʩʫʪ 

ʉʫʭʦʡ ʦʩʪʘʪʦʢ 105
0
ʉ, % 52,1 47,35 42,15 42,4 37,5 

ʇʨʦʢʘʣʝʥʥʳʡ ʦʩʪʘʪʦʢ 

600
0
ʉ, % 

37,3 36,3 32,13 33,6 35,4 

ʆʨʛʘʥʠʯʝʩʢʠʝ 

ʚʝʱʝʩʪʚʘ, % 
14,8 11,05 10,03 8,8 3,1 

ʍʇʂ, ʤʛ ʆ2/ʤʛ 1,2 1,0 0,9 0,9 0,3 

ʌʝʥʦʣ, ʤʛ/ʢʛ 2310 1627 918 754 54 
 

ʇʨʠʤʝʥʝʥʠʝ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʩʠʥʪʝʟʘ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʤʝʪʘʣʣʦʚ ʚ 

ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʡ ʬʦʨʤʝ ʧʨʠ ʥʝʟʥʘʯʠʪʝʣʴʥʳʭ ʟʘʪʨʘʪʘʭ, ʙʝʟ ʩʦʟʜʘʥʠʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʥʠʞʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ ʚ 

ʠʣʠʩʪʳʭ ʦʪʣʦʞʝʥʠʷʭ ʩʪʦʯʥʳʭ ʚʦʜ ʧʨʝʜʧʨʠʷʪʠʡ ʭʠʤʠʯʝʩʢʦʡ, 

ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʦʡ ʠ ʭʠʤʠʢʦ-ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 
 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
1. ɹʨʷʥʢʠʥ, ʂ.ɺ. ʋʜʘʣʝʥʠʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʦʪʭʦʜʦʚ ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʠʟʚʦʜʩʪʚ 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʜʝʩʪʨʫʢʮʠʝʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ / 

ʂ.ɺ. ɹʨʷʥʢʠʥ, ʊ. ʇ. ɼʴʷʯʢʦʚʘ. ï ʃʠʧʝʮʢ: ʀʟʜ-ʚʦ ʃʠʧʝʮʢʦʛʦ ʵʢʦʣʦʛʦ-ʛʫʤʘʥʠʪʘʨʥʦʛʦ 

ʠʥʩʪʠʪʫʪʘ, 2008. ï ˉ 1-2 (20-21). ï ʉ. 29-35. 

 

 

ʉʊʈʋʂʊʋʈʅʓɽ ʇɸʈɸʄɽʊʈʓ ɸʉʌɸʃʔʊɽʅʆɺ ʅɽʌʊʀ 

ʆʈɽʅɹʋʈɻʉʂʆʁ ʆɹʃɸʉʊʀ 
 

ʐʠʨʷʝʚʘ ʈ.ʅ. 

ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ ɹʘʰʢʠʨʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ 

 ʫʥʠʚʝʨʩʠʪʝʪʘ, ʢʘʥʜ. ʭʠʤ. ʥʘʫʢ, ʜʦʮʝʥʪ, 

ʈʦʩʩʠʷ, ʛ. ʋʬʘ 

 

ʐʘʬʠʛʫʣʣʠʥʘ ɼ.ʀ. 

ʩʪʫʜʝʥʪʢʘ 5 ʢʫʨʩʘ ʭʠʤʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ 

ɹʘʰʢʠʨʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, 

ʈʦʩʩʠʷ, ʛ. ʋʬʘ 
 

ʄʝʪʦʜʦʤ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠʟʫʯʝʥʳ ʩʪʨʫʢʪʫʨʥʳʝ ʛʨʫʧʧʳ ʘʩʬʘʣʴʪʝʥʦʚ, ʚʳʜʝʣʝʥ-

ʥʳʭ ʠʟ ʥʝʬʪʠ ʆʨʝʥʙʫʨʛʩʢʦʡ ʦʙʣʘʩʪʠ ʧʦ ʤʝʪʦʜʠʢʝ ɺʅʀʀ ʥʝʬʪʴ ʠ SARA-ʘʥʘʣʠʟʘ. ʋʩʪʘʥʦʚ-
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ʣʝʥʦ, ʯʪʦ ʘʩʬʘʣʴʪʝʥʳ, ʧʦʣʫʯʝʥʥʳʝ ʨʘʟʥʳʤʠ ʤʝʪʦʜʘʤʠ, ʦʪʣʠʯʘʶʪʩʷ ʧʦ ʘʨʦʤʘʪʠʯʥʦʩʪʠ ʠ 

ʦʢʠʩʣʝʥʥʦʩʪʠ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʝʬʪʴ, ʘʩʬʘʣʴʪʝʥʳ, ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ, SARA-ʘʥʘʣʠʟ. 

 

ɸʩʬʘʣʴʪʝʥʳ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤʠ ʩʪʨʫʢʪʫʨʠʨʫʶʱʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʚ 

ʅɼʉ ʠ ʩʧʦʩʦʙʥʳ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʦʪʣʦʞʝʥʠʡ ʧʨʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ ʠ ʧʝʨʝʨʘ-

ʙʦʪʢʝ ʥʝʬʪʷʥʦʛʦ ʩʳʨʴʷ. ɿʥʘʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʘʩʬʘʣʴʪʝʥʦʚ ʥʝʦʙʭʦʜʠʤʦ ʧʦ 

ʧʨʠʯʠʥʝ ʚʦʚʣʝʯʝʥʠʷ ʚ ʧʝʨʝʨʘʙʦʪʢʫ ʚʳʩʦʢʦʚʷʟʢʠʭ ʥʝʬʪʝʡ. ɺʘʞʥʦʝ ʤʝʩʪʦ ʚ 

ʠʟʫʯʝʥʠʠ ʩʪʨʦʝʥʠʷ ʘʩʬʘʣʴʪʝʥʦʚ ʟʘʥʠʤʘʝʪ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ [1-3]. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʦʚʦʜʠʣʦʩʴ ʠʟʫʯʝʥʠʝ ʩʪʨʫʢʪʫʨʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʘʩ-

ʬʘʣʴʪʝʥʦʚ, ʚʳʜʝʣʝʥʥʳʭ ʠʟ ʥʝʬʪʠ ʆʨʝʥʙʫʨʛʩʢʦʡ ʦʙʣʘʩʪʠ. ɺʳʜʝʣʝʥʠʝ ʘʩʬʘʣʴ-

ʪʝʥʦʚ ʧʨʦʚʦʜʠʣʦʩʴ ʧʦ ʤʝʪʦʜʠʢʝ ɺʅʀʀ ʥʝʬʪʴ ʠ ʧʦ SARA-ʘʥʘʣʠʟʫ. ʆʨʝʥʙʫʨʛ-

ʩʢʘʷ ʥʝʬʪʴ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʧʘʨʘʬʠʥʦ-ʥʘʬʪʝʥʦʚʳʭ ʫʛ-

ʣʝʚʦʜʦʨʦʜʦʚ (39,8 % ʤʘʩʩ.), ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ (45,8 % ʤʘʩʩ.), 

ʩʤʦʣ (13,1 % ʤʘʩʩ.) ʠ ʘʩʬʘʣʴʪʝʥʦʚ (1,8 % ʤʘʩʩ.). 

ʀʂ-ʩʧʝʢʪʨʳ ʘʩʬʘʣʴʪʝʥʦʚ ʠ ʥʝʬʪʠ ʩʥʠʤʘʣʠ ʥʘ ʧʨʠʙʦʨʝ ʬʠʨʤʳ çShimad-

zuè ʚ ʜʠʘʧʘʟʦʥʝ 650-4000 ʩʤ
-1
. ʅʘ ʨʠʩ. 1,2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʀʂ-ʩʧʝʢʪʨʳ ʘʩʬʘʣʴ-

ʪʝʥʦʚ, ʚʳʜʝʣʝʥʥʳʭ ʜʚʫʤʷ ʤʝʪʦʜʘʤʠ. ɺ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ ʦʙʣʘʩʪʠ ʥʘʙʣʶʜʘʶʪ-

ʩʷ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʧʨʠ 2920 ʠ 2850 ʩʤ
-1
, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʚʘʣʝʥʪʥʳʝ ʢʦ-

ʣʝʙʘʥʠʷ ʉ-ʅ ʩʚʷʟʝʡ ʤʝʪʠʣʴʥʳʭ ʠ ʤʝʪʠʣʝʥʦʚʳʭ ʛʨʫʧʧ. ʇʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ 

ʧʨʠ 1460 ʠ 1380 ʩʤ
-1
 ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʉ-ʅ ʩʚʷʟʝʡ 

ʘʣʢʠʣʴʥʳʭ ʛʨʫʧʧ. ɺ ʮʝʣʦʤ, ʩʧʝʢʪʨʳ ʘʩʬʘʣʴʪʝʥʦʚ ʠʜʝʥʪʠʯʥʳ, ʦʪʣʠʯʘʶʪʩʷ ʧʦ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ. 

 

 
 

ʈʠʩ. 1. ʀʂ-ʩʧʝʢʪʨ ʘʩʬʘʣʴʪʝʥʦʚ ʆʨʝʥʙʫʨʛʩʢʦʡ ʥʝʬʪʠ (ɺʅʀʀ ʥʝʬʪʴ) 
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ʈʠʩ. 2. ʀʂ-ʩʧʝʢʪʨ ʘʩʬʘʣʴʪʝʥʦʚ ʆʨʝʥʙʫʨʛʩʢʦʡ ʥʝʬʪʠ (SARA) 

 

ʇʦ ʩʪʘʥʜʘʨʪʥʳʤ ʤʝʪʦʜʠʢʘʤ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʩʧʝʢʪʨʘʣʴʥʳʝ ʢʦʵʬʬʠ-

ʮʠʝʥʪʳ ʘʨʦʤʘʪʠʯʥʦʩʪʠ (ɸ1600/A720), ʦʢʠʩʣʝʥʥʦʩʪʠ (A1710/A1460), ʨʘʟʚʝʪʚʣʝʥʥʦ-

ʩʪʠ (A1380/A1460), ʘʣʠʬʘʪʠʯʥʦʩʪʠ (A720 +A1380/A1600) ʠ ʦʩʝʨʥʝʥʥʦʩʪʠ 

(A1030/A1460) ʜʣʷ ʥʝʬʪʠ ʠ ʚʳʜʝʣʝʥʥʳʭ ʠʟ ʥʝʝ ʘʩʬʘʣʴʪʝʥʦʚ (ʪʘʙʣ.). 
ʊʘʙʣʠʮʘ 

ʉʧʝʢʪʨʘʣʴʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʜʣʷ ʥʝʬʪʠ ʠ ʘʩʬʘʣʴʪʝʥʦʚ 

 

ʆʙʨʘʟʝʮ 

ʆʧʪʠʯʝʩʢʘʷ ʧʣʦʪʥʦʩʪʴ ʚ ʤʘʢʩʠʤʫʤʝ  

ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ, ɜ, ʩʤ
-1

 
ʉʧʝʢʪʨʘʣʴʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ 

1710 1600 1460 1380 1030 720 ʉ1 ʉ2 ʉ3 ʉ4 ʉ5 

ʆʨʝʥʙʫʨʛʩʢʘʷ 

ʅʝʬʪʴ 

 

 

ɸʩʬʘʣʴʪʝʥʳ 

(ɺʅʀʀ 

ʥʝʬʪʴ) 

 

ɸʩʬʘʣʴʪʝʥʳ 

     (SARA) 

 

 

 

0,11 

 

 

 

0,17 

 

 

 

0,15 

 

 

 

0,12 

 

 

 

0,17 

 

 

 

0,15 

 

 

 

0,18 

 

 

 

0,21 

 

 

 

0,18 

 

0,13 

 

 

 

0,17 

 

 

 

0,15 

 

0,11 

 

 

 

0,15 

 

 

 

0,15 

 

0,09 

 

 

 

0,12 

 

 

 

0,10 

 

1,42 

 

 

 

1,40 

 

 

 

1,48 

 

0,60 

 

 

 

0,81 

 

 

 

0,86 

 

 

 

0,73 

 

 

 

0,81 

 

 

 

0,87 

 

1,22 

 

 

 

1,14 

 

 

 

1,09 

 

0,57 

 

 

 

0,71 

 

 

 

0,83 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣ., ʘʩʬʘʣʴʪʝʥʳ, ʚʳʜʝʣʝʥʥʳʝ SARA-ʤʝʪʦʜʦʤ, ʙʦʣʝʝ 

ʘʨʦʤʘʪʠʯʥʳ, ʦʢʠʩʣʝʥʳ ʠ ʤʝʥʝʝ ʘʣʠʬʘʪʠʯʥʳ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʳʭʦʜ 

ʘʩʬʘʣʴʪʝʥʦʚ ʪʘʢʞʝ ʙʦʣʴʰʝ ʧʦ SARA-ʤʝʪʦʜʫ. 
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ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. ʂʘʡʰʠʙʘʝʚʘ ɼ.ʂ. ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʦʝ ʠʟʫʯʝʥʠʝ ʭʠʤʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʘʩ-

ʬʘʣʴʪʝʥʦʚ ʠʟ ʥʝʬʪʝʡ ʨʘʟʥʳʭ ʪʠʧʦʚ / ɼ.ʂ. ʂʘʡʰʠʙʘʝʚʘ // ʇʨʦʙʣʝʤʳ ʛʝʦʣʦʛʠʠ ʠ ʦʩʚʦʝʥʠʷ 

ʥʝʜʨ. ï ʉ. 89-92. 

2. ʂʫʜʘʰʝʚʘ ʌ.ʍ., ʐʠʨʷʝʚʘ ʈ.ʅ., ʄʘʚʣʝʪʦʚ ʄ.ɺ. ʉʨʘʚʥʠʪʝʣʴʥʘʷ ʦʮʝʥʢʘ ʤʝʪʦʜʦʚ 
ʚʳʜʝʣʝʥʠʷ ʥʘʪʠʚʥʳʭ ʘʩʬʘʣʴʪʝʥʦʚ ʠʟ ʚʳʩʦʢʦʧʘʨʘʬʠʥʠʩʪʳʭ ʥʝʬʪʝʡ / ʌ.ʍ. ʂʫʜʘʰʝʚʘ // ʀʥ-

ʥʦʚʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʦʙʣʘʩʪʠ ʭʠʤʠʠ ʠ ʙʠʦʪʝʭʥʦʣʦʛʠʠ : ʤʘʪʝʨʠʘʣʳ ɺʩʝʨʦʩʩʠʡʩʢʦʡ 

ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ. ïʋʬʘ, 2012. ïʉ. 238-239. 

3. ʐʠʨʷʝʚʘ ʈ.ʅ., ɸʩʘʜʫʣʣʠʥʘ ɸ.ʉ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʘʩʬʘʣʴʪʝʥʦʚ ʩʧʝʢ-

ʪʨʘʣʴʥʳʤʠ ʤʝʪʦʜʘʤʠ / ʈ.ʅ. ʐʠʨʷʝʚʘ // ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʞʫʨ-

ʥʘʣ. ï 2014. ï ˉ3 (22). ï ʉ. 31-34. 
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ʉɽʂʎʀʗ çɹʀʆʃʆɻʀʏɽʉʂʀɽ ʅɸʋʂʀè 
 

ʉʀʅʊɽɿ ʂʆʄʇʃɽʂʉʆɺ ʄɸʈɻɸʅʎɸ ʉ ɸʄʀʅʆʂʀʉʃʆʊɸʄʀ  

ʀ ʀɿʋʏɽʅʀɽ ʀʍ ɺʃʀʗʅʀʗ ʅɸ ʄʆʈʌʆʌʀɿʀʆʃʆɻʀʏɽʉʂʀɽ 

ʇʆʂɸɿɸʊɽʃʀ ʇʈʆʈʆʉʊʂʆɺ ʇʐɽʅʀʎʓ 

 

ɸʟʠʟʦʚ ʀ.ɺ.  

ʟʘʚʝʜʫʶʱʠʡ ʣʘʙʦʨʘʪʦʨʠʝʡ ʀʥʩʪʠʪʫʪʘ ʙʦʪʘʥʠʢʠ ʅɸʅ ɸʟʝʨʙʘʡʜʞʘʥʘ,  

ʜ-ʨ ʙʠʦʣ. ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, 

ɸʟʝʨʙʘʡʜʞʘʥ, ʛ. ɹʘʢʫ 

 

ʂʘʭʨʘʤʘʥʦʚʘ ʐ.ʀ.  

ʥʘʫʯʥ. ʩʦʪʨ. ʀʥʩʪʠʪʫʪʘ ʢʘʪʘʣʠʟʘ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ʅɸʅ ɸʟʝʨʙʘʡʜʞʘʥʘ,  

ɸʟʝʨʙʘʡʜʞʘʥ, ʛ. ɹʘʢʫ 

 

ɻʫʣʠʝʚʘ ʕ.ɸ. 

ʚʝʜʫʱʠʡ ʥʘʫʯʥ. ʩʦʪʨ. ʀʥʩʪʠʪʫʪʘ ʢʘʪʘʣʠʟʘ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʍʠʤʠʠ  

ʅɸʅ ɸʟʝʨʙʘʡʜʞʘʥʘ,  

ɸʟʝʨʙʘʡʜʞʘʥ, ʛ. ɹʘʢʫ 

 

ʉʫʣʝʡʤʘʥʦʚ ɻ.ɿ.  

ʟʘʚʝʜʫʶʱʠʡ ʣʘʙʦʨʘʪʦʨʠʝʡ ʀʥʩʪʠʪʫʪʘ ʢʘʪʘʣʠʟʘ ʠ  ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ  

ʅɸʅ ɸʟʝʨʙʘʡʜʞʘʥʘ, ʜ-ʨ ʭʠʤ.ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, 

ɸʟʝʨʙʘʡʜʞʘʥ, ʛ. ɹʘʢʫ  
 

ʉʠʥʪʝʟʠʨʦʚʘʥʳ ʢʦʤʧʣʝʢʩʳ ʤʘʨʛʘʥʮʘ ʩ ʘʤʠʥʦʢʠʩʣʦʪʘʤʠ ʠ ʠʟʫʯʝʥʦ ʠʭ ʚʣʠʷʥʠʷ ʥʘ 

ʤʦʨʬʦʬʠʟʠʦʣʦʛʠʯʩʢʠʝ ʧʨʠʟʥʘʢʠ ʧʨʦʨʦʩʪʢʦʚ ʧʰʝʥʠʮʳ. ɺʳʷʚʣʝʥʦ, ʯʪʦ ʢʦʤʧʣʝʢʩʳ ʤʘʨʛʘʥ-

ʮʘ ʩ ʣʝʡʮʠʥʦʤ ʠ ʚʘʣʠʥʦʤ ʦʢʘʟʳʚʘʶʪ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʚʩʭʦʞʝʩʪʴ ʩʝʤʷʥ ʠ ʩʦʜʝʨ-

ʞʘʥʠʷ ʟʝʣʝʥʳʭ ʧʠʛʤʝʥʪʦʚ ʚ ʣʠʩʪʴʷʭ ʧʨʦʨʦʩʪʢʦʚ ʧʰʝʥʠʮʳ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʘʨʛʘʥʝʮ, ʘʤʠʥʦʢʠʩʣʦʪʳ, ʧʰʝʥʠʮʘ, ʧʨʦʨʦʩʪʢʠ, ʚʩʭʦʞʝʩʪʴ,  

ʧʠʛʤʝʥʪʳ. 
 

ɺʚʝʜʝʥʠʝ 

ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʦʚ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʩ ʘʤʠʥʦʢʠʩʣʦʪʘʤʠ ʠ ʧʨʠʤʝ-

ʥʝʥʠʝ ʠʭ ʚ ʢʘʯʝʩʪʚʝ ʤʠʢʨʦʫʜʦʙʨʝʥʠʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʢʘʢ ʪʝʦʨʝʪʠʯʝʩʢʠʡ, ʪʘʢ ʠ 

ʧʨʘʢʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ ʢʘʢ ʜʣʷ ʩʦʚʨʝʤʝʥʥʦʡ ʙʠʦʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ, ʪʘʢ ʠ 

ʜʣʷ ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ. ɺ ʥʘʩʪʦʷʰʝʝ ʚʨʝʤʷ ʢʦʤʧʣʝʢʩʳ ʤʥʦʛʠʭ ʤʝʪʘʣʣʦʚ, ʛʣʘʚ-

ʥʳʤ ʦʙʨʘʟʦʤ ʧʣʘʪʠʥʳ ʠ ʧʘʣʣʘʜʠʷ ʩ ʘʤʠʥʦʢʠʩʣʦʪʘʤʠ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ 

ʤʝʜʠʮʠʥʝ ʚ ʢʘʯʝʩʪʚʝ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʦʥʠ ʤʦʛʫʪ ʩʣʫ-

ʞʠʪʴ ʤʦʜʝʣʴʶ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʘʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʚ 

ʨʘʩʪʝʥʠʷʭ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʧʨʠ ʚʥʝʩʝʥʠʠ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʚ ʧʦʯʚʫ ʚ ʚʠʜʝ ʨʘʩ-

ʪʚʦʨʠʤʳʭ ʩʦʣʝʡ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʠʭ ʘʙʩʦʨʙʠʨʫʝʪʩʷ ʧʦʯʚʝʥʥʳʤʠ ʯʘʩʪʠʮʘʤʠ ʠ 

ʩʪʘʥʦʚʠʪʩʷ ʪʨʫʜʥʦʜʦʩʪʫʧʥʦʡ ʜʣʷ ʢʦʨʥʝʚʳʭ ʩʠʩʪʝʤ ʨʘʩʪʝʥʠʡ. ʇʦʵʪʦʤʫ ʵʬʬʝʢ-

ʪʠʚʥʳʤ ʩʧʦʩʦʙʦʤ ʚʥʝʩʝʥʠʷ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʷʚʣʷʝʪʩʷ ʚʥʝʩʝʥʠʝ ʠʭ ʚ ʚʠʜʝ ʭʝ-
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ʣʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʠ ʚʥʝ ʢʦʨʤʦʚʘʷ ʧʦʜʢʦʨʤʢʘ ʨʘʩʪʝʥʠʡ ʪʘʢʠʤʠ ʢʦʤʧʣʝʢʩʘ-

ʤʠ. ʇʨʝʠʤʫʱʝʩʪʚʦ ʭʝʣʘʪʥʳʭ ʤʠʢʨʦʫʜʦʙʨʝʥʠʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʦʥʠ 

ʫʩʚʘʠʚʘʶʪʩʷ ʨʘʩʪʝʥʠʷʤʠ ʙʦʣʝʝ ʣʝʛʢʦ ʠ ʵʬʬʝʢʪʠʚʥʦ, ʦʜʥʘʢʦ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, 

ʯʪʦ ʦʥʠ ʜʝʡʩʪʚʫʶʪ ʢʘʢ ʢʩʝʥʦʙʠʦʪʠʢʠ ʠ ʧʨʠ ʠʭ ʨʘʟʣʦʞʝʥʠʠ ʦʙʨʘʟʫʶʪʩʷ ʪʦʢ-

ʩʠʯʥʳʝ ʜʣʷ ʨʘʩʪʝʥʠʡ ʚʝʱʝʩʪʚʘ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʝʜʫʪʩʷ ʨʘʙʦʪʳ ʧʦ ʩʦʟʜʘ-

ʥʠʶ ʢʦʤʧʣʝʢʩʦʚ ʙʠʦʛʝʥʥʳʭ ʤʝʪʘʣʣʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʣʝʟʥʳʭ ʦʨʛʘʥʠʯʝ-

ʩʢʠʭ ʢʠʩʣʦʪ, ʧʨʠʥʠʤʘʶʱʠʭ ʫʯʘʩʪʠʝ ʚ ʤʝʪʘʙʦʣʠʟʤʝ ʨʘʩʪʝʥʠʡ.  

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ʩʠʥʪʝʟ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʤʘʨʛʘʥʮʘ ʠ ʠʟʫʯʝʥʠʝ ʚʣʠʷʥʠʝ ʠʭ ʥʘ ʚʩʭʦʞʝʩʪʴ ʩʝʤʷʥ, ʨʦʩʪ ʠ ʨʘʟʚʠʪʠʝ ʧʨʦ-

ʨʦʩʪʢʦʚ, ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʭʣʦʨʦʬʠʣʣʘ ʚ ʣʠʩʪʴʷʭ ʧʰʝʥʠʮʳ. 

ʄʘʪʝʨʠʘʣ ʠ ʤʝʪʦʜʳ 

ʉʠʥʪʝʟ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʮʠʥʢʘ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

50
ʦ
 ʉ ʜʦʙʘʚʣʝʥʠʝʤ ʢ ʨʘʩʪʚʦʨʫ ʭʣʦʨʠʜʘ ʤʘʨʛʘʥʮʘ ʨʘʩʪʚʦʨʦʚ ʘʣʘʥʠʥʘ, ʚʘʣʠʥʘ ʠ 

ʣʝʡʮʠʥʘ ʩ ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ ʠ ʜʘʣʴʥʝʡʰʝʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʝʡ [3]. ʆʙʲʝʢʪʦʤ ʠʩ-

ʩʣʝʜʦʚʘʥʠʷ ʩʣʫʞʠʣʠ ʩʝʤʝʥʘ ʪʚʝʨʜʦʡ ʧʰʝʥʠʮʳ Triticum durum L.Cʝʤʝʥʘ ʧʰʝ-

ʥʠʮʳ ʦʙʨʘʙʘʪʳʚʘʣʠ ʨʘʩʪʚʦʨʘʤʠ ʢʦʤʧʣʝʢʩʦʚ ʚ ʪʝʯʝʥʠʝ 24 ʯ. ʅʘ ʢʦʥʪʨʦʣʴʥʦʤ 

ʚʘʨʠʘʥʪʝ ʩʝʤʝʥʘ ʥʘʤʘʯʠʣʠ ʚʦʜʦʡ. ʂʦʥʪʨʦʣʴʥʳʝ ʠ ʦʧʳʪʥʳʝ ʩʝʤʝʥʘ ʧʨʦʨʘʱʠ-

ʚʘʣʠ ʥʘ ʬʠʣʴʪʨʦʚʘʣʴʥʦʡ ʙʫʤʘʛʝ ʚ ʯʘʰʢʘʭ ʇʝʪʨʠ ʧʨʠ 20
ʦ
 ʉ ʚ ʫʩʣʦʚʠʷʭ ʪʝʨʤʦ-

ʩʪʘʪʠʨʦʚʘʥʠʷ. ʆʧʨʝʜʝʣʷʣʠ ʵʥʝʨʛʠʶ ʧʨʦʨʘʩʪʘʥʠʷ ʠ ʚʩʭʦʞʝʩʪʴ ʩʝʤʷʥ. ʉʦʜʝʨ-

ʞʘʥʠʝ ʭʣʦʨʦʬʠʣʣʘ ʦʧʨʝʜʝʣʷʣʠ ʥʘ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʝ ʧʨʠ ʜʣʠʥʝ ʚʦʣʥʳ 663 ʠ 

645 ʥʤ. ɺ ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʷ ʠʩʧʦʣʴʟʦʚʘʣʠ 80 %-ʥʳʡ ʘʮʝʪʦʥ.  

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ʕʥʝʨʛʠʷ ʧʨʦʨʘʩʪʘʥʠʷ ʠ ʚʩʭʦʞʝʩʪʴ ʩʝʤʷʥ, ʦʙʨʘʙʦʪʘʥʥʳʭ ʢʦʤʧʣʝʢʩʘʤʠ 

ʤʘʨʛʘʥʮʘ ʩ ʘʤʠʥʦʢʠʩʣʦʪʘʤʠ ʦʧʨʝʜʝʣʝʥʳ ʥʘ ʪʨʝʭʜʥʝʚʥʳʭ ʠ ʩʝʤʠʜʥʝʚʥʳʭ 

ʧʨʦʨʦʩʪʢʘʭ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʪʘʙʣ.1). ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ 1, ʩʝʤʝʥʘ, ʦʙʨʘʙʦ-

ʪʘʥʥʳʝ ʢʦʤʧʣʝʢʩʦʤ ʤʘʨʛʘʥʮʘ ʩ ʣʝʡʮʠʥʦʤ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʵʥʝʨʛʠʝʡ ʧʨʦ-

ʨʘʩʪʘʥʠʷ ʠ ʚʩʭʦʞʝʩʪʴʶ. ʉʪʠʤʫʣʠʨʫʶʱʝʝ ʜʝʡʩʪʚʠʝ ʥʠʟʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʨʘʩ-

ʪʚʦʨʦʚ ʩʦʣʝʡ ʤʘʨʛʘʥʮʘ ʥʘ ʚʩʭʦʞʝʩʪʴ, ʵʥʝʨʛʠʶ ʧʨʦʨʘʩʪʘʥʠʷ ʠ ʨʦʩʪ ʧʨʦʨʦʩʪʢʦʚ 

ʦʪʤʝʯʘʣʦʩʴ ʚ ʨʘʙʦʪʘʭ ʨʷʜʘ ʘʚʪʦʨʦʚ [1,2,4,5]. ɺ ʵʪʠʭ ʨʘʙʦʪʘʭ ʦʪʤʝʯʝʥʦ, ʯʪʦ 

ʥʠʟʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʦʣʝʡ ʤʘʨʛʘʥʮʘ ʠ ʮʠʥʢʘ ʦʢʘʟʳʚʘʶʪ ʧʦʣʦʞʠʪʝʣʴʥʦʝ 

ʚʣʠʷʥʠʝ ʥʘ ʩʠʥʪʝʟ ʬʦʪʦʩʠʥʪʝʪʯʝʩʢʠʭ ʧʠʛʤʝʥʪʦʚ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʨʠ ʚʥʝʩʝʥʠʠ 

ʮʠʥʢʘ ʩ ʬʦʩʬʦʨʦʤ ʥʘʙʣʶʜʘʝʪʩʷ ʦʙʨʘʪʥʳʡ ʵʬʬʝʢʪ.  
ʊʘʙʣʠʮʘ 1 

ɺʣʠʷʥʠʝ ʢʦʤʧʣʝʢʩʘ ʤʘʨʛʘʥʮʘ ʩ ʘʤʠʥʦʢʠʩʣʦʪʘʤʠ ʥʘ ʵʥʝʨʛʠʶ ʧʨʦʨʘʩʪʘʥʠʷ 

ʠ ʚʩʭʦʞʝʩʪʴ ʩʝʤʷʥ ʧʰʝʥʠʮʳ 

 

ʇʦ ʤʥʝʥʠʶ ʘʚʪʦʨʦʚ, ʪʘʢʦʝ ʦʪʨʠʮʘʪʝʣʴʥʦʝ ʜʝʡʩʪʚʠʝ ʩʚʷʟʘʥʦ ʩ ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʠʝʤ ʤʝʞʜʫ ʮʠʥʢʦʤ ʠ ʬʦʩʬʦʨʦʤ, ʯʪʦ ʚ ʢʦʥʝʯʥʦʤ ʩʯʝʪʝ ʧʨʠʚʦʜʠʪ ʢ ʷʚ-

ʣʝʥʠʶ ʭʣʦʨʦʟʠʩʘ. ʅʝʢʦʪʦʨʳʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʩʯʠʪʘʶʪ, ʯʪʦ ʧʨʠ ʩʦʜʝʨʞʘʥʠʠ 

ʚʳʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʤʘʨʛʘʥʮʘ, ʮʠʥʢʘ, ʬʦʩʬʦʨʘ ʠ ʞʝʣʝʟʘ ʚ ʧʠʪʘʪʝʣʴʥʦʡ 

ʇʦʢʘʟʘʪʝʣʠ ɺʦʟʨʘʩʪʴ 

ʧʨʦʨʦʩʪʢʦʚ 

(ʜʝʥʴ) 

ɺʘʨʠʘʥʪʳ 

ʂʦʥʪʨʦʣʴ 

(H 2 O) 

MnCl2 MnCl2-

ʣʝʡʮʠʥ 

MnCl2- 

ʚʘʣʠʥ 

MnCl2-

ʛʣʠʮʠʥ 

ʕʥʝʨʛʠʷ 

ʧʨʦʨʘʩʪʘʥʠʷ, % 

3 30 29 33 32 28 

ɺʩʭʦʞʝʩʪʴ, % 7 65 63 67 67 60 
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ʩʨʝʜʝ ʟʘʪʨʫʜʥʷʝʪʩʷ ʫʩʚʦʝʥʠʝ ʮʠʥʢʘ ʢʦʨʥʝʚʦʡ ʩʠʩʪʝʤʦʡ ʨʘʩʪʝʥʠʡ. ʆʜʥʘʢʦ 

ʚʥʝʩʝʥʠʝ ʤʘʨʛʘʥʮʘ, ʮʠʥʢʘ ʠ ʬʦʩʬʦʨʘ ʥʠʟʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʫʩʠʣʠʚʘʣʩʷ ʨʦʩʪ 

ʠ ʨʘʟʚʠʪʠʝ ʨʘʩʪʝʥʠʡ ʠ ʫʚʝʣʠʯʠʚʘʣʦʩʴ ʩʦʜʝʨʞʘʥʠʝ ʭʣʦʨʦʬʠʣʣʘ ʚ ʣʠʩʪʴʷʭ. ʆʪ-

ʩʶʜʘ ʙʳʣ ʩʜʝʣʘʥ ʚʳʚʦʜ, ʯʪʦ ʥʠʟʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ ʦʙʝʩʧʝʯʠ-

ʚʘʶʪ ʥʦʨʤʘʣʴʥʦʝ ʨʘʟʚʠʪʠʝ ʨʘʩʪʝʥʠʡ ʧʰʝʥʠʮʳ. ɺ ʥʘʰʠʭ ʦʧʳʪʘʭ 10-ʜʥʝʚʥʳʝ 

ʧʨʦʨʦʩʪʢʠ ʧʰʝʥʠʮʳ ʧʦʜʚʝʨʞʝʥʳ ʚʦʜʥʦʤʫ ʩʪʨʝʩʩʫ. ʏʝʨʝʟ ʦʜʥʦʥʝʜʝʣʴʥʳʡ ʧʝ-

ʨʠʦʜ ʟʘʩʫʭʠ ʥʘʯʘʣʠ ʧʦʣʠʚʘʪʴ ʚʦʜʦʡ ʠ ʧʨʦʩʣʝʜʠʣʠ ʟʘ ʚʳʭʦʜʦʤ ʨʘʩʪʝʥʠʡ ʠʟ 

ʩʪʨʝʩʩʦʚʦʛʦ ʧʦʣʦʞʝʥʠʷ. ɺʳʭʦʜ ʨʘʩʪʝʥʠʡ ʠʟ ʩʪʨʝʩʩʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʨʦʠʟʦ-

ʰʣʦ ʩʣʝʜʫʶʱʝʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ: MnCl2 ï ʣʝʡʮʠʥ, MnCl2- ʚʘʣʠʥ, MnCl2, 

MnCl2 ï ʛʣʠʮʠʥ, ʢʦʥʪʨʦʣʴ.  
ʊʘʙʣʠʮʘ 2 

ɺʣʠʷʥʠʝ ʢʦʤʧʣʝʢʩʘ ʤʘʨʛʘʥʮʘ ʩ ʘʤʠʥʦʢʠʩʣʦʪʘʤʠ ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʭʣʦʨʦʬʠʣʣʘ 

 ʣʠʩʪʴʷʭ ʧʨʦʨʦʩʪʢʦʚ ʧʰʝʥʠʮʳ (ʤʛ/l) 

 

ɺʘʨʠʘʥʪʳ 
ʉʦʜʝʨʞʘʥʠʝ ʭʣʦʨʦʬʠʣʣʘ 

mq/l 
Xl a/Xl b 

ʂʦʥʪʨʦʣʴ 5,75 Ñ 0,11 2,12 

MnCl2-ʛʣʠʮʠʥ 6,58 Ñ 0,15 2,14 

MnCl2- ʘʣʘʥʠʥ 6,38 Ñ 0,11 2,00 

MnCl2- ʚʘʣʠʥ 7,26 Ñ 0,14 2, 18 

MnCl2- ʣʝʡʮʠʥ 7,73 Ñ 0,21 2,16 
 

ɺ ʪʘʙʣʠʮʝ 2 ʧʨʠʚʝʜʝʥʳ ʜʘʥʥʳʝ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʩʦʜʝʨʞʘʥʠʷ ʭʣʦʨʦʬʠʣ-

ʣʘ ʚ ʣʠʩʪʴʷʭ ʧʨʦʨʦʩʪʢʦʚ ʧʰʝʥʠʮʳ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ, ʢʦʤʧʣʝʢʩ ʤʘʨʛʘʥʮʘ 

ʩ ʣʝʡʮʠʥʦʤ ʦʢʘʟʳʚʘʣ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʭʣʦʨʦʬʠʣʣʘ, ʘ 

ʪʘʢʞʝ ʥʘ ʦʪʥʦʰʝʥʠʝ ʭʣʘ /ʭʣʙ.  

ɺʳʚʦʜ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʟʘʢʣʶʯʝ-

ʥʠʝ, ʯʪʦ ʢʦʤʧʣʝʢʩ ʤʘʨʛʘʥʮʘ ʩ ʣʝʡʮʠʥʦʤ ʠ ʚʘʣʠʥʦʤ ʦʢʘʟʳʚʘʝʪ ʧʦʣʦʞʠʪʝʣʴʥʦʝ 

ʚʣʠʷʥʠʝ ʥʘ ʨʦʩʪ ʠ ʨʘʟʚʠʪʠʝ ʧʨʦʨʦʩʪʢʦʚ ʧʰʝʥʠʮʳ ʠ ʧʦʚʳʰʘʶʪ ʠʭ ʟʘʩʫʭʦ-

ʫʩʪʦʡʯʠʚʦʩʪʴ. 
 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ ñSOKARò 

ɸʟʝʨʙʘʡʜʞʘʥʘ. 
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ʀʉʉʃɽɼʆɺɸʅʀɽ ɺʃʀʗʅʀʗ ʂʈɸʊʂʆɺʈɽʄɽʅʅʆɻʆ ɺɺɽɼɽʅʀʗ 

ɹʀʆʇʈɽʇɸʈɸʊʆɺ ʅɸ ʄʆʈʌʆʃʆɻʀʖ ɾɽʃɽɿ 

 

ɸʣʝʢʩʝʝʚ ɺ.ɺ. 

ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ ʙʠʦʵʢʦʣʦʛʠʠ ʠ ʭʠʤʠʠ ʏʫʚʘʰʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ 

ʧʝʜʘʛʦʛʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤ. ʀ.ʗ. ʗʢʦʚʣʝʚʘ, ʜ-ʨ ʙʠʦʣ. ʥʘʫʢ, ʜʦʮʝʥʪ, 

ʈʦʩʩʠʷ, ʛ. ʏʝʙʦʢʩʘʨʳ 

 

ɸʨʝʩʪʦʚʘ ʀ.ʖ. 

ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ ʙʠʦʵʢʦʣʦʛʠʠ ʠ ʭʠʤʠʠ ʏʫʚʘʰʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ 

ʧʝʜʘʛʦʛʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤ. ʀ.ʗ. ʗʢʦʚʣʝʚʘ, ʢʘʥʜ. ʙʠʦʣ. ʥʘʫʢ, ʜʦʮʝʥʪ, 

ʈʦʩʩʠʷ, ʛ. ʏʝʙʦʢʩʘʨʳ 

 

ʆʣʳʰʝʚʘ ɻ.ʌ.
 

ʚʨʘʯ-ʣʘʙʦʨʘʥʪ ʣʘʙʦʨʘʪʦʨʠʠ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʦʡ ʪʦʢʩʠʢʦʣʦʛʠʠ 

ʀʩʧʳʪʘʪʝʣʴʥʦʛʦ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʮʝʥʪʨʘ ʌɹʋɿ çʎʝʥʪʨ ʛʠʛʠʝʥʳ ʠ 

ʵʧʠʜʝʤʠʦʣʦʛʠʠ ʚ ʏʫʚʘʰʩʢʦʡ ʈʝʩʧʫʙʣʠʢʝ ï ʏʫʚʘʰʠʠè, ʢʘʥʜ. ʙʠʦʣ. ʥʘʫʢ, 

ʈʦʩʩʠʷ, ʛ. ʏʝʙʦʢʩʘʨʳ 
 

ʇʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʙʠʦʛʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ, ʚ ʩʦʩʪʘʚ ʢʦʪʦʨʳʭ ʚʭʦʜʷʪ 

ʤʠʢʨʦ-, ʤʘʢʨʦʵʣʝʤʝʥʪʳ ʠ ʚʝʱʝʩʪʚʘ ʞʠʚʦʪʥʦʛʦ ʠ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʥʘ ʤʦʨʬʦ-

ʣʦʛʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʞʝʣʝʟ ʚʥʫʪʨʝʥʥʝʡ ʠ ʩʤʝʰʘʥʥʦʡ ʩʝʢʨʝʮʠʠ ʢʨʳʩ ʧʨʠ ʥʝʧʨʦʜʦʣʞʠ-

ʪʝʣʴʥʦʤ ʚʚʝʜʝʥʠʠ ʠʭ ʚ ʦʨʛʘʥʠʟʤ. ɺʥʫʪʨʠʞʝʣʫʜʦʯʥʦʝ ʚʚʝʜʝʥʠʝ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʂʘʣʴʮʝ-

ʬʠʪʘ-5 ʠ ʚʥʫʪʨʠʤʳʰʝʯʥʦʝ ï ʉʝʜʠʤʠʥʘ
È 
ʣʘʙʦʨʘʪʦʨʥʳʤ ʢʨʳʩʘʤ ʚ ʜʦʟʘʭ 0,1 ʛ. ʠ 0,25 ʤʣ, ʩʦ-

ʦʪʚʝʪʩʪʚʝʥʥʦ, ʢʘʞʜʦʤʫ ʞʠʚʦʪʥʦʤʫ ʥʝ ʚʳʟʳʚʘʝʪ ʟʥʘʯʠʤʳʭ ʠʟʤʝʥʝʥʠʡ ʚ ʤʦʨʬʦʣʦʛʠʠ ʱʠʪʦ-

ʚʠʜʥʦʡ ʞʝʣʝʟʳ, ʪʠʤʫʩʘ, ʥʘʜʧʦʯʝʯʥʠʢʦʚ ʠ ʩʝʤʝʥʥʠʢʦʚ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʙʠʦʧʨʝʧʘʨʘʪʳ, ʢʨʳʩʳ, ʱʠʪʦʚʠʜʥʘʷ ʞʝʣʝʟʘ, ʪʠʤʫʩ, ʥʘʜʧʦʯʝʯʥʠʢʠ, 

ʩʝʤʝʥʥʠʢʠ. 

 

ɺʚʝʜʝʥʠʝ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʘʢʪʠʢʘ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ ʦʙʦʛʘʱʘʝʪʩʷ ʨʘʟʥʦʦʙʨʘʟ-

ʥʳʤʠ ʧʨʝʧʘʨʘʪʘʤʠ ʜʣʷ ʢʦʨʨʝʢʮʠʠ ʠʤʤʫʥʥʦʛʦ ʩʪʘʪʫʩʘ, ʩʪʠʤʫʣʷʮʠʠ ʨʦʩʪʘ ʠ 

ʨʘʟʚʠʪʠʷ, ʧʦʚʳʰʝʥʠʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʞʠʚʦʪʥʳʭ. ʉʦʩʪʘʚ ʠʩʧʦʣʴʟʫʝʤʳʭ 

ʩʨʝʜʩʪʚ ʯʘʩʪʦ ʭʠʤʠʯʝʩʢʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʙʠʦʣʦʛʠʯʝʩʢʘʷ ʜʦ-

ʩʪʫʧʥʦʩʪʴ ʚʭʦʜʷʱʠʭ ʚ ʥʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʥʝʚʳʩʦʢʘ, ʘ ʪʘʢʞʝ ʥʝʧʨʝʜʩʢʘʟʫʝʤʳ 

ʧʦʩʣʝʜʩʪʚʠʷ ʧʦʧʘʜʘʥʠʷ ʠʭ ʚ ʦʨʛʘʥʠʟʤ ʯʝʣʦʚʝʢʘ, ʷʚʣʷʶʱʠʤʩʷ ʧʦʪʨʝʙʠʪʝʣʝʤ 

ʧʨʦʜʫʢʮʠʠ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ [2, 97].  

ʇʦʵʪʦʤʫ, ʦʜʥʠʤ ʠʟ ʩʦʚʨʝʤʝʥʥʳʭ ʩʧʦʩʦʙʦʚ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ ʠ ʫʣʫʯʰʝʥʠʷ ʝʝ ʢʘʯʝʩʪʚʘ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʝʧʘʨʘʪʦʚ 

ʚ ʩʦʩʪʘʚ ʢʦʪʦʨʳʭ ʚʭʦʜʷʪ ʢʦʤʧʦʥʝʥʪʳ, ʠʟʛʦʪʦʚʣʝʥʥʳʝ ʠʟ ʥʘʪʫʨʘʣʴʥʦʛʦ ʩʳʨʴʷ, 

ʣʝʛʢʦ ʫʩʚʦʷʝʤʳʝ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʚʨʝʜʥʳʭ ʜʣʷ ʣʶʜʝʡ ʠ ʞʠʚʦʪʥʳʭ [1],  

[3, 43-45).  

ʇʨʠʤʝʨʦʤ ʪʘʢʦʛʦ ʧʨʝʧʘʨʘʪʘ (ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ, ʥʝʜʦʨʦʛʦʛʦ) ʷʚʣʷʝʪʩʷ ï 

ʂʘʣʴʮʝʬʠʪ-5. ʀʩʧʦʣʴʟʦʚʘʥʠʠ ʜʘʥʥʦʛʦ ʧʨʝʧʘʨʘʪʘ, ʢʘʢ ʫʪʚʝʨʞʜʘʶʪ ʧʨʦʠʟʚʦʜʠ-

ʪʝʣʠ: "éʧʨʝʜʦʪʚʨʘʱʘʝʪ ʤʠʥʝʨʘʣʴʥʦʝ ʠʩʪʦʱʝʥʠʝ ʠ ʥʘʨʫʰʝʥʠʝ ʦʙʤʝʥʘ ʚʝ-
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ʱʝʩʪʚ ʫ ʩʫʧʦʨʦʩʥʳʭ ʠ ʧʦʜʩʦʩʥʳʭ ʩʘʤʦʢ, ʧʦʤʦʛʘʝʪ ʧʦʣʫʯʠʪʴ ʧʦʣʥʦʮʝʥʥʦʝ 

ʧʦʪʦʤʩʪʚʦ. ʆʙʝʩʧʝʯʠʚʘʝʪ ʧʨʘʚʠʣʴʥʦʝ ʨʘʟʚʠʪʠʝ ʢʦʩʪʥʦʡ ʠ ʜʨʫʛʠʭ ʩʠʩʪʝʤ ʦʨ-

ʛʘʥʠʟʤʘ, ʘ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʥʝʟʘʤʝʥʠʤʳʤ ʣʝʯʝʙʥʦ-ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʤ ʩʨʝʜ-

ʩʪʚʦʤ."[5]. 

ʑʠʪʦʚʠʜʥʘʷ ʞʝʣʝʟʘ ʷʚʣʷʝʪʩʷ ʥʝʟʘʤʝʥʠʤʳʤ ʟʚʝʥʦʤ ʚ ʵʥʜʦʢʨʠʥʥʦʡ ʩʠ-

ʩʪʝʤʝ ʦʨʛʘʥʠʟʤʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʧʨʠʩʧʦʩʦʙʠʪʝʣʴʥʳʝ ʤʝʭʘʥʠʟʤʳ. ʇʨʠ ʵʪʦʤ 

ʜʣʷ ʪʦʛʦ ʯʪʦʙʳ ʱʠʪʦʚʠʜʥʘʷ ʞʝʣʝʟʘ ʥʦʨʤʘʣʴʥʦ ʚʳʧʦʣʥʷʣʘ ʩʚʦʠ ʬʫʥʢʮʠʠ ʝʡ 

ʥʝʦʙʭʦʜʠʤʳ ʵʣʝʤʝʥʪʳ, ʢʦʪʦʨʳʝ ʥʝ ʚʩʝʛʜʘ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʚ ʜʦʩʪʘʪʦʯʥʦʤ ʢʦ-

ʣʠʯʝʩʪʚʝ ʠʟ ʧʠʱʠ. ʉʨʝʜʠ ʥʠʭ ï ʡʦʜ, ʩʝʣʝʥ ʠ ʞʝʣʝʟʦ. 

ʇʨʠʤʝʨʦʤ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʧʨʝʧʘʨʘʪʘ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ ʤʦʞʥʦ ʢʦʤ-

ʧʣʝʢʩʥʦ ʨʝʰʠʪʴ ʧʨʦʙʣʝʤʫ ʥʝʭʚʘʪʢʠ ʜʘʥʥʳʭ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʷʚʣʷʝʪʩʷ  

ʉʝʜʠʤʠʥ
È
. 

ʆ ʨʦʣʠ ʩʝʣʝʥʘ ʚ ʦʨʛʘʥʠʟʤʝ ʧʨʦʜʦʣʞʘʶʪʩʷ ʩʧʦʨʳ [4]. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʩʯʠ-

ʪʘʝʪʩʷ, ʯʪʦ ʝʛʦ ʜʝʬʠʮʠʪ ʩʥʠʞʘʝʪ ʠʤʤʫʥʥʳʡ ʦʪʚʝʪ, ʘ ʧʨʠ ʠʟʙʳʪʢʝ ʧʨʦʷʚʣʷʶʪ-

ʩʷ ʝʛʦ ʪʦʢʩʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳ (ʛʝʧʘʪʦï ʠ ʭʦʣʝʮʠʩʪʦʧʘʪʠʷ, ʠʟʤʝʥʝʥʠʷ ʚ ʥʝʨʚʥʦ-

ʤʳʰʝʯʥʦʤ ʘʧʧʘʨʘʪʝ ʠ ʜʨ.). 

ʀʟʫʯʝʥʠʝ ʙʠʦʧʨʝʧʘʨʘʪʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʣʘʙʦʨʘʪʦʨʥʳʭ ʞʠʚʦʪʥʳʭ 

ʧʦʟʚʦʣʷʶʪ ʧʨʦʩʣʝʜʠʪʴ ʜʠʥʘʤʠʢʫ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʚʦ ʚʥʫʪʨʝʥʥʠʭ 

ʦʨʛʘʥʘʭ ʠ ʩʦʩʪʘʚʠʪʴ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʚʦʟʜʝʡʩʪʚʠʠ ʠʭ ʥʘ ʨʘʟʚʠʪʠʝ ʧʨʦʮʝʩʩʦʚ 

ʥʘ ʩʠʩʪʝʤʥʦʤ, ʦʨʛʘʥʥʦʤ, ʢʣʝʪʦʯʥʦʤ ʠ ʩʫʙʢʣʝʪʦʯʥʦʤ ʫʨʦʚʥʷʭ, ʯʪʦ ʷʚʣʷʝʪʩʷ 

ʥʝʦʙʭʦʜʠʤʳʤ ʫʩʣʦʚʠʝʤ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʧʨʦʬʠʣʘʢʪʠʢʠ 

ʠ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʧʝʨʝʜʦʟʠʨʦʚʢʠ ʧʨʝʧʘʨʘʪʦʚ ʧʨʠ ʠʭ ʥʘʟʥʘʯʝʥʠʠ ʧʨʦʜʫʢʪʠʚ-

ʥʳʤ ʞʠʚʦʪʥʳʤ, ʪʘʢ ʢʘʢ ʜʘʞʝ ʥʝʧʨʦʜʦʣʞʠʪʝʣʴʥʳʡ ʧʝʨʠʦʜ ʧʦʩʪʫʧʣʝʥʠʷ ʙʠʦ-

ʧʨʝʧʘʨʘʪʦʚ ʚ ʦʨʛʘʥʠʟʤ ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʪʴ ʥʘ ʧʦʩʣʝʜʫʶʱʠʡ ʭʦʜ ʨʘʟ-

ʚʠʪʠʷ ʦʨʛʘʥʠʟʤʘ.  

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʠʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʙʠʦʛʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʂʘʣʴʮʝ-

ʬʠʪʘ-5 ʠ ʉʝʜʠʤʠʥʘÈ ʥʘ ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʞʝʣʝʟ ʚʥʫʪʨʝʥʥʝʡ ʠ 

ʩʤʝʰʘʥʥʦʡ ʩʝʢʨʝʮʠʠ ʢʨʳʩ ʧʨʠ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʤ ʚʚʝʜʝʥʠʠ ʠʭ ʚ ʦʨʛʘʥʠʟʤ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 
ʕʢʩʧʝʨʠʤʝʥʪ ʚʳʧʦʣʥʝʥ ʥʘ 20 ʟʜʦʨʦʚʳʭ ʙʝʩʧʦʨʦʜʥʳʭ ʢʨʳʩʘʭ ʤʫʞʩʢʦʛʦ 

ʧʦʣʘ. ɺʝʩ ʞʠʚʦʪʥʳʭ ʚ ʥʘʯʘʣʝ ʥʘʙʣʶʜʝʥʠʡ ʥʘʭʦʜʠʣʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 

219,55Ñ21,07 ʜʦ 222,89Ñ11,04 ʛ, ʥʘ ʤʦʤʝʥʪ ʚʳʚʝʜʝʥʠʷ ʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘ ï ʦʪ 

245,03Ñ9,67 ʜʦ 252,77Ñ2,53 ʛ. 

ɺʩʝ ʞʠʚʦʪʥʳʝ ʩʦʜʝʨʞʘʣʠʩʴ ʚ ʩʪʘʥʜʘʨʪʥʳʭ ʫʩʣʦʚʠʷʭ ʚʠʚʘʨʠʷ. ʂʦʨʤʣʝ-

ʥʠʝ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʥʦʨʤʘʤʠ ʢʦʨʤʣʝʥʠʷ ʣʘʙʦʨʘʪʦʨʥʳʭ ʞʠ-

ʚʦʪʥʳʭ ʧʨʠ ʩʚʦʙʦʜʥʦʤ ʜʦʩʪʫʧʝ ʢ ʚʦʜʝ (ʧʨʠʢʘʟ ʄʠʥʟʜʨʘʚʘ ʉʉʉʈ ˉ 163, ʦʪ 

10.03.1966 ʛ.). 

ɼʣʷ ʠʟʫʯʝʥʠʷ ʚʣʠʷʥʠʷ ʙʠʦʛʝʥʥʳʭ ʚʝʱʝʩʪʚ ʥʘ ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʝ ʩʦʩʪʦʷ-

ʥʠʝ ʵʥʜʦʢʨʠʥʥʳʭ ʞʝʣʝʟ ʢʨʳʩ ʙʳʣ ʧʨʦʚʝʜʝʥ ʵʢʩʧʝʨʠʤʝʥʪ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦ-

ʩʪʴʶ 2 ʥʝʜʝʣʠ. ɺ 1-ʝ ʩʫʪʢʠ ʦʧʳʪʘ ʙʳʣ ʧʨʦʚʝʜʝʥ ʚʠʟʫʘʣʴʥʳʡ ʦʩʤʦʪʨ ʩʦʩʪʦʷ-

ʥʠʷ ʢʦʞʠ, ʚʦʣʦʩʷʥʦʛʦ ʧʦʢʨʦʚʘ, ʚʠʜʠʤʳʭ ʩʣʠʟʠʩʪʳʭ ʦʙʦʣʦʯʝʢ, ʣʠʤʬʘʪʠʯʝʩʢʠʭ 

ʫʟʣʦʚ.  

ʂʨʳʩʘʤ II  ʦʧʳʪʥʦʡ ʛʨʫʧʧʳ (5 ʦʩʦʙʝʡ) ʚʥʫʪʨʠʤʳʰʝʯʥʦ ʚʚʦʜʠʣʦʩʴ ʠʟʫ-

ʯʘʝʤʦʝ ʚʝʱʝʩʪʚʦ ï ʉʝʜʠʤʠʥ
È
 (ʚʦʜʥʘʷ ʩʤʝʩʴ ʩʦʝʜʠʥʝʥʠʡ ʡʦʜʘ ʠ ʩʝʣʝʥʘ. ʈʦʩ-

ʩʠʷ, ʛ. ʇʫʱʠʥʦ, ʩʚʠʜʝʪʝʣʴʩʪʚʦ ʦ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʣʝʢʘʨʩʪʚʝʥʥʦ-
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ʛʦ ʩʨʝʜʩʪʚʘ ʜʣʷ ʞʠʚʦʪʥʳʭ ˉ ʇɺʈ-2-3,6/01651) ʚ ʜʦʟʝ 0,25 ʤʣ ʢʘʞʜʦʤʫ ʞʠ-

ʚʦʪʥʦʤʫ ʥʘ ʧʝʨʚʳʡ ʠ ʧʷʪʳʡ ʜʝʥʴ ʵʢʩʧʝʨʠʤʝʥʪʘ.  

ɺ ʘʥʘʣʦʛʠʯʥʳʝ ʩʨʦʢʠ ʞʠʚʦʪʥʳʤ ʢʦʥʪʨʦʣʴʥʦʡ ʠ ʚʪʦʨʦʡ ʛʨʫʧʧʳ ʚʚʦʜʠʣ-

ʩʷ ʚʥʫʪʨʠʤʳʰʝʯʥʦ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʡ ʨʘʩʪʚʦʨ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʢʨʳʩʘʤ ʚʥʫʪʨʠʞʝʣʫʜʦʯʥʦ (5 ʦʩʦʙʝʡ ï III  ʦʧʳʪʥʘʷ 

ʛʨʫʧʧʘ) ʚʚʦʜʠʣʦʩʴ ʠʟʫʯʘʝʤʦʝ ʚʝʱʝʩʪʚʦ ï ʂʘʣʴʮʝʬʠʪ-5 ʚ ʚʠʜʝ ʚʦʜʥʦʛʦ ʨʘʩ-

ʪʚʦʨʘ. ɺʚʝʜʝʥʠʝ ʚʝʱʝʩʪʚʘ, ʚ ʜʦʟʝ 0,1 ʛ. ʢʘʞʜʦʤʫ ʞʠʚʦʪʥʦʤʫ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʚ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʝ ʦʙʲʝʤʦʤ 3 ʤʣ, ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʧʝʨ-

ʚʳʡ ʠ ʧʷʪʳʡ ʜʝʥʴ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʘ ʞʠʚʦʪʥʳʤ ʢʦʥʪʨʦʣʴʥʦʡ ʠ ʧʝʨʚʦʡ ʛʨʫʧʧʳ 

(5 ʦʩʦʙʝʡ) ï ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʫʶ ʚʦʜʫ ʚ ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʦʙʲʝʤʘʭ, ʧʦ ʪʦʡ ʞʝ 

ʩʭʝʤʝ. 

ʂʘʣʴʮʝʬʠʪ-5 (ʤʠʥʝʨʘʣʴʥʘʷ ʢʦʨʤʦʚʘʷ ʜʦʙʘʚʢʘ, ʈʦʩʩʠʷ, ʉʘʥʢʪ-

ʇʝʪʝʨʙʫʨʛ. ʉʦʩʪʘʚ: ʤʷʩʦ-ʢʦʩʪʥʘʷ ʤʫʢʘ; ʣʘʢʪʘʪ ʢʘʣʴʮʠʷ; ʛʣʠʮʝʨʦʬʦʩʬʘʪ ʢʘʣʴ-

ʮʠʷ; ʮʠʪʨʘʪ; ʩʫʣʴʬʘʪ ʤʘʛʥʠʷ; ʩʝʨʘ; ʣʘʢʪʘʪ ʞʝʣʝʟʘ; ʩʠʣʠʢʘʪ ʢʘʣʠʷ; ʡʦʜʠʩʪʳʡ 

ʢʘʣʠʡ; ʬʪʦʨʠʜ ʢʘʣʴʮʠʷ; ʣʠʦʬʠʣʠʟʠʨʦʚʘʥʥʳʡ ʵʢʩʪʨʘʢʪ ʥʘʩʪʦʡʢʠ ʞʝʥʴʰʝʥʷ. 

ʉʇʙ, ʀʥʩʪʠʪʫʪ ɺʝʪʝʨʠʥʘʨʥʦʡ ɹʠʦʣʦʛʠʠ, ʊʋ 9219-001-50021486-2002). 

ɼʣʷ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ 14-ʝ ʩʫʪʢʠ (ʤʦʤʝʥʪ ʦʢʦʥʯʘʥʠʷ 

ʥʘʙʣʶʜʝʥʠʡ) ʙʳʣʠ ʚʳʚʝʜʝʥʳ ʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚʩʝ ʞʠʚʦʪʥʳʝ. 

ɾʠʚʦʪʥʳʭ ʚʳʚʦʜʠʣʠ ʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʫʪʝʤ ʜʝʢʘʧʠʪʘʮʠʠ ʧʦʜ ʵʬʠʨʥʳʤ 

ʥʘʨʢʦʟʦʤ, ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʟʚʣʝʢʘʣʠ ʱʠʪʦʚʠʜʥʫʶ ʞʝʣʝʟʫ, 

ʪʠʤʫʩ, ʥʘʜʧʦʯʝʯʥʠʢʠ ʠ ʩʝʤʝʥʥʠʢʠ. ʆʧʨʝʜʝʣʷʣʠ ʠʭ ʘʙʩʦʣʶʪʥʫʶ ʤʘʩʩʫ, ʚʝʩʦ-

ʚʦʡ ʢʦʵʬʬʠʮʠʝʥʪ (ʦʪʥʦʰʝʥʠʝ ʤʘʩʩʳ ʦʨʛʘʥʘ (ʤʛ) ʢ ʦʙʱʝʡ ʤʘʩʩʝ ʢʨʳʩʳ (ʛ)). 

ʉʪʘʪʠʩʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ ʧʨʦʚʦʜʠʣʘʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʘʢʝ-

ʪʦʚ ʧʨʠʢʣʘʜʥʦʡ ʧʨʦʛʨʘʤʤʳ Microsoft Excel 2007. ʇʨʦʚʝʨʢʘ ʛʠʧʦʪʝʟʳ ʥʦʨ-

ʤʘʣʴʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʨʦʚʦʜʠʣʘʩʴ ʩ ʧʦʤʦʱʴʶ ʢʨʠʪʝʨʠʝʚ ʐʘʧʠʨʦ-ʋʠʣʢʘ, 

ʂʦʣʤʦʛʦʨʦʚʘ-ʉʤʠʨʥʦʚʘ. ʇʨʦʚʝʨʢʘ ʛʠʧʦʪʝʟ ʦ ʨʘʚʝʥʩʪʚʝ ʛʨʫʧʧʦʚʳʭ ʩʨʝʜʥʠʭ 

ʚʩʝʭ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʧʨʠʟʥʘʢʦʚ ʧʨʦʚʦʜʠʣʩʷ ʩ ʧʦʤʦʱʴʶ ʥʝʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ 

ʢʨʠʪʝʨʠʷ ɺʠʣʢʦʢʩʦʥʘ-ʄʘʥʥʘ-ʋʠʪʥʠ. ʉʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʠʚʦ-

ʜʷʪʩʷ ʚ ʚʠʜʝ ʄÑs (ʄ ï ʩʨʝʜʥʝʝ, s ï ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ). ʆʮʝʥʢʘ ʩʪʘʪʠ-

ʩʪʠʯʝʩʢʦʡ ʟʥʘʯʠʤʦʩʪʠ ʨʘʟʣʠʯʠʡ ʤʝʞʜʫ ʩʨʝʜʥʠʤʠ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʧʨʠ ʢʨʠʪʠ-

ʯʝʩʢʦʤ ʫʨʦʚʥʝ ʨ=0,05. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʄʘʢʨʦʩʢʦʧʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʥʫʪʨʝʥʥʠʭ ʦʨʛʘʥʦʚ ʢʨʳʩ ʢʘʢ ʢʦʥ-

ʪʨʦʣʴʥʳʭ, ʪʘʢ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʛʨʫʧʧ, ʚʳʷʚʠʣʦ, ʯʪʦ ʦʥʠ ʠʤʝʣʠ ʩʪʨʦʝʥʠʝ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʥʦʨʤʘʣʴʥʦʤʫ ʘʥʘʪʦʤʠʯʝʩʢʦʤʫ ʩʦʩʪʦʷʥʠʶ. ʇʨʠ ʚʩʢʨʳʪʠʠ 

ʥʝ ʦʪʤʝʯʝʥʦ ʚʦʩʧʘʣʠʪʝʣʴʥʳʭ ʠ ʜʠʩʪʨʦʬʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ. ɺ ʤʝʩʪʘʭ ʠʥʲʝʢ-

ʮʠʠ ʉʝʜʠʤʠʥʘ
È
 (ʧʨʘʚʘʷ ʤʳʰʮʘ ʙʝʜʨʘ) ʦʪʤʝʯʝʥʦ ʦʢʨʘʰʠʚʘʥʠʝ ʤʳʰʝʯʥʦʡ 

ʪʢʘʥʠ ʚ ʢʦʨʠʯʥʝʚʳʡ ʦʪʪʝʥʦʢ. 

ɸʙʩʦʣʶʪʥʘʷ ʤʘʩʩʘ ʱʠʪʦʚʠʜʥʦʡ ʞʝʣʝʟʳ ʫ ʞʠʚʦʪʥʳʭ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧ-

ʧʳ ʥʘ ʤʦʤʝʥʪ ʟʘʚʝʨʰʝʥʠʷ ʥʘʙʣʶʜʝʥʠʡ ʩʦʩʪʘʚʠʣʘ 0,35Ñ0,03 ʛ. ʋ ʞʠʚʦʪʥʳʭ 

ʚʪʦʨʦʡ ʛʨʫʧʧʳ, ʧʦʣʫʯʘʚʰʠʭ ʠʥʲʝʢʮʠʠ ʉʝʜʠʤʠʥʘ
È
, ʜʘʥʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʩʦʩʪʘ-

ʚʠʣ 0,36Ñ0,02 ʛ, ʘ ʫ ʢʨʳʩ ʪʨʝʪʴʝʡ ʛʨʫʧʧʳ ʤʘʩʩʘ ʱʠʪʦʚʠʜʥʦʡ ʞʝʣʝʟʳ ʙʳʣʘ ʥʘ 

18,5 % ʙʦʣʴʰʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ ʠ ʥʘ 17,7 % ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʦʢʘʟʘ-

ʪʝʣʷʤʠ ʞʠʚʦʪʥʳʭ ʚʪʦʨʦʡ ʛʨʫʧʧʳ (ʈ<0,05). 
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ʇʨʠ ʵʪʦʤ ʚʝʩʦʚʦʡ ʢʦʵʬʬʠʮʠʝʥʪ ʠʟʫʯʘʝʤʦʛʦ ʦʨʛʘʥʘ ʚ ʢʦʥʮʝ ʵʢʩʧʝʨʠ-

ʤʝʥʪʘ ʢʦʣʝʙʘʣʩʷ ʦʪ 1,44Ñ0,09 ï 1,71Ñ0,15 (ʈ>0,05).  

ɸʙʩʦʣʶʪʥʘʷ ʤʘʩʩʘ ʪʠʤʫʩʘ ʫ ʢʦʥʪʨʦʣʴʥʳʭ ʞʠʚʦʪʥʳʭ ʥʘ ʤʦʤʝʥʪ ʟʘʚʝʨ-

ʰʝʥʠʷ ʥʘʙʣʶʜʝʥʠʡ ʩʦʩʪʘʚʠʣʘ 0,24Ñ0,02 ʛ. ɸʥʘʣʦʛʠʯʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʟʦʙʥʦʡ 

ʞʝʣʝʟʳ ʞʠʚʦʪʥʳʭ ʪʨʝʪʴʝʡ ʛʨʫʧʧʳ ʥʘ ʤʦʤʝʥʪ ʟʘʚʝʨʰʝʥʠʷ ʙʳʣʠ ʥʘ 20,2 % 

ʙʦʣʴʰʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ (ʈ<0,05). ʇʨʠ ʵʪʦʤ ʨʘʟʥʠʮʘ ʚ ʚʝʩʦʚʳʭ ʧʦ-

ʢʘʟʘʪʝʣʷʭ ʤʝʞʜʫ ʚʪʦʨʦʡ ʠ ʪʨʝʪʴʝʡ ʛʨʫʧʧʦʡ ʩʦʩʪʘʚʠʣʘ 12,4 % ʚ ʧʦʣʴʟʫ ʞʠʚʦʪ-

ʥʳʭ, ʢʦʪʦʨʳʤ ʚʚʦʜʠʣʩʷ ʉʝʜʠʤʠʥ
È
 (ʈ<0,05). ʇʨʠ ʵʪʦʤ ʚʝʩʦʚʦʡ ʢʦʵʬʬʠʮʠʝʥʪ 

ʠʟʫʯʘʝʤʦʛʦ ʦʨʛʘʥʘ ʙʳʣ ʚ ʩʨʝʜʥʝʤ 1,07Ñ0,15 (ʈ>0,05). 

ɸʙʩʦʣʶʪʥʘʷ ʤʘʩʩʘ ʥʘʜʧʦʯʝʯʥʠʢʦʚ ʫ ʢʦʥʪʨʦʣʴʥʳʭ ʞʠʚʦʪʥʳʭ ʥʘ ʤʦʤʝʥʪ 

ʟʘʚʝʨʰʝʥʠʷ ʥʘʙʣʶʜʝʥʠʡ ʩʦʩʪʘʚʠʣʘ 0,030Ñ0,006 ʛ. ɺʝʩ ʥʘʜʧʦʯʝʯʥʠʢʦʚ ʫ ʞʠ-

ʚʦʪʥʳʭ ʚʪʦʨʦʡ ʠ ʪʨʝʪʝʡ ʛʨʫʧʧʳ ʥʘ ʤʦʤʝʥʪ ʟʘʚʝʨʰʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʩʦʩʪʘ-

ʚʠʣ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ: 0,033Ñ0,005 ʠ 0,023Ñ0,010 ʛ. ʆʪʤʝʯʝʥʦ, ʯʪʦ ʚʝʩʦʚʦʡ ʢʦ-

ʵʬʬʠʮʠʝʥʪ ʠʟʫʯʘʝʤʦʡ ʞʝʣʝʟʳ ʥʘʭʦʜʠʣʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 0,18Ñ0,06 ʜʦ 

0,27Ñ0,03 ʩ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʚ ʧʦʢʘʟʘʪʝʣʝ ʞʠʚʦʪʥʳʭ ʢʦʥ-

ʪʨʦʣʴʥʦʡ ʠ ʚʪʦʨʦʡ ʛʨʫʧʧʳ (ʈ>0,05).  

ɸʙʩʦʣʶʪʥʘʷ ʤʘʩʩʘ ʩʝʤʝʥʥʠʢʦʚ ʫ ʚʩʝʭ ʧʦʜʦʧʳʪʥʳʭ ʞʠʚʦʪʥʳʭ ʥʘʭʦʜʠ-

ʣʘʩʴ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 1,45Ñ0,08 ï 1,46Ñ0,07 ʛ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʝʩʦʚʦʡ ʢʦʵʬ-

ʬʠʮʠʝʥʪ ʩʝʤʝʥʥʠʢʦʚ ʥʝ ʠʤʝʣ ʩʫʱʝʩʪʚʝʥʥʦʡ ʨʘʟʥʠʮʳ ʚ ʤʝʞʛʨʫʧʧʦʚʦʤ ʨʘʟʨʝ-

ʟʝ ʠ ʢʦʣʝʙʘʣʩʷ ʦʪ 11,48Ñ0,44 ʜʦ 11,90Ñ0,57 (ʈ>0,05). 

ɺʳʚʦʜʳ 

ʇʨʠ ʩʨʘʚʥʝʥʠʠ ʞʠʚʦʪʥʳʭ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʳ ʩ ʢʨʳʩʘʤʠ, ʩʦʜʝʨʞʘʚ-

ʰʠʤʠʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʂʘʣʴʮʝʬʠʪʘ-5 ʠ ʉʝʜʠʤʠʥʘ
È
 ʚʳʷʚʣʝʥʦ, ʯʪʦ ʦʙʱʠʡ 

ʭʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʡ ʚ ʧʦʢʘʟʘʪʝʣʷʭ ʨʦʩʪʘ, ʘʙʩʦʣʶʪʥʦʡ ʤʘʩʩʳ ʠ ʚʝʩʦʚʳʭ ʢʦʵʬ-

ʬʠʮʠʝʥʪʦʚ ʠʟʫʯʘʝʤʳʭ ʞʝʣʝʟ ʚʥʫʪʨʝʥʥʝʡ ʠ ʩʤʝʰʘʥʥʦʡ ʩʝʢʨʝʮʠʠ ʭʘʨʘʢʪʝʨʠʟʫ-

ʝʪ ʦʪʚʝʪʥʫʶ ʨʝʘʢʮʠʶ ʥʘ ʤʦʜʝʣʠʨʫʝʤʳʝ ʫʩʣʦʚʠʷ ʩʦʜʝʨʞʘʥʠʷ. ʇʨʠ ʵʪʦʤ ʥʝʦʙ-

ʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʥʫʪʨʠʞʝʣʫʜʦʯʥʦʝ ʚʚʝʜʝʥʠʝ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʂʘʣʴʮʝ-

ʬʠʪʘ-5 ʠ ʚʥʫʪʨʠʤʳʰʝʯʥʦʝ ï ʉʝʜʠʤʠʥʘ
È 
ʣʘʙʦʨʘʪʦʨʥʳʤ ʢʨʳʩʘʤ ʚ ʜʦʟʘʭ 0,1 ʛ ʠ 

0,25 ʤʣ, ʚ ʫʩʣʦʚʠʷʭ ʧʦʜʦʩʪʨʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʥʝ ʚʳʟʚʘʣʦ ʟʥʘʯʠʤʳʭ ʠʟʤʝʥʝ-

ʥʠʡ ʚ ʤʘʢʨʦʤʦʨʬʦʣʦʛʠʠ ʱʠʪʦʚʠʜʥʦʡ ʞʝʣʝʟʳ, ʪʠʤʫʩʘ, ʥʘʜʧʦʯʝʯʥʠʢʦʚ ʠ ʩʝ-

ʤʝʥʥʠʢʦʚ. 
 

ɹʣʘʛʦʜʘʨʥʦʩʪʠ 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʤʠʥʠʩʪʝʨʩʪʚʘ ʦʙʨʘʟʦ-

ʚʘʥʠʷ ʠ ʥʘʫʢʠ ʈʌ ʚ ʨʘʤʢʘʭ ʛʦʩʟʘʜʘʥʠʷ ʥʘ ʦʢʘʟʘʥʠʝ ʫʩʣʫʛ. 
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ʂʝʤʝʨʦʚʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, ʢʘʥʜ. ʙʠʦʣ. ʥʘʫʢ,  
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ʩʪʫʜʝʥʪʢʠ 4 ʢʫʨʩʘ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ 

ʂʝʤʝʨʦʚʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, 

ʈʦʩʩʠʷ, ʛ. ʂʝʤʝʨʦʚʦ 
 

ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʠʟʫʯʝʥʠʶ ʦʪʩʨʦʯʝʥʥʦʛʦ ʚʣʠʷʥʠʷ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʧʝʨʠʦʜ 

ʨʘʥʥʝʛʦ ʦʥʪʦʛʝʥʝʟʘ ʥʘ ʬʠʟʠʯʝʩʢʦʝ ʠ ʧʩʠʭʦʬʠʟʠʦʣʦʛʠʯʝʩʢʦʝ ʨʘʟʚʠʪʠʝ ʜʝʪʝʡ ʚ ʧʦʩʣʝʜʫʶ-

ʱʠʭ ʵʪʘʧʘʭ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ ʥʘ ʧʨʠʤʝʨʝ ʦʜʥʦʛʦ ʧʦʢʦʣʝʥʠʷ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʦʣʥʝʯʥʘʷ ʘʢʪʠʚʥʦʩʪʴ; ʧʝʨʠʦʜ ʨʘʥʥʝʛʦ ʦʥʪʦʛʝʥʝʟʘ; ʬʠʟʠʯʝʩʢʦʝ ʠ 

ʧʩʠʭʦʬʠʟʠʦʣʦʛʠʯʝʩʢʦʝ ʨʘʟʚʠʪʠʝ ʜʝʪʝʡ. 

 

ɼʝʪʠ ʠ ʧʦʜʨʦʩʪʢʠ ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳʤ ʢʦʥʪʠʥʛʝʥʪʦʤ, 

ʨʝʘʛʠʨʫʶʱʠʤ ʥʘ ʠʟʤʝʥʝʥʠʷ ʬʘʢʪʦʨʦʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʦʙʨʘʟʘ ʞʠʟʥʠ, 

ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʷʚʠʪʴʩʷ ʧʨʠʯʠʥʦʡ ʠʟʤʝʥʝʥʠʡ ʩʢʦʨʦʩʪʠ ʨʦʩʪʦʚʳʭ ʧʨʦʮʝʩʩʦʚ, 

ʥʘʨʫʰʝʥʠʡ ʬʠʟʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʠ ʩʦʩʪʦʷʥʠʷ ʟʜʦʨʦʚʴʷ. ʇʦʵʪʦʤʫ, ʟʥʘʯʠʪʝʣʴ-

ʥʳʝ ʛʝʦʬʠʟʠʯʝʩʢʠʝ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʨʛʘʥʠʟʤ ʨʝʙʸʥʢʘ ʤʦʛʫʪ ʚʳʟʳʚʘʪʴ ʬʫʥʢ-

ʮʠʦʥʘʣʴʥʳʝ ʨʘʩʩʪʨʦʡʩʪʚʘ ʥʝʨʚʥʦʡ, ʵʥʜʦʢʨʠʥʥʦʡ, ʩʝʨʜʝʯʥʦïʩʦʩʫʜʠʩʪʦʡ ʠ 

ʜʨʫʛʠʭ ʩʠʩʪʝʤ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʫʨʦʚʥʷ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ 

ʧʨʝʥʘʪʘʣʴʥʳʡ ʧʝʨʠʦʜ ʦʥʪʦʛʝʥʝʟʘ ʫʩʢʦʨʷʝʪʩʷ ʨʦʩʪ ʫ ʥʦʚʦʨʦʞʜʝʥʥʳʭ, ʜʝʪʝʡ 

ʧʝʨʚʦʛʦ ʛʦʜʘ ʞʠʟʥʠ ʠ ʩʝʤʠʣʝʪʥʠʭ ʜʝʪʝʡ, ʘ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʥʘʙʣʶʜʘʝʪʩʷ ʟʘʤʝʜ-

ʣʝʥʠʝ ʨʦʩʪʘ (3, ʩ.47; 2, ʩ. 25; 1, ʩ. 16). ʅʝʜʦʩʪʘʪʦʯʥʘʷ ʠʟʫʯʝʥʥʦʩʪʴ ʧʨʦʙʣʝʤʳ 

ʚʣʠʷʥʠʷ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʧʝʨʠʦʜ ʨʘʥʥʝʛʦ ʦʥʪʦʛʝʥʝʟʘ ʥʘ ʬʦʨʤʠʨʦʚʘ-

ʥʠʝ ʤʦʨʬʦʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʠ ʧʩʠʭʦʬʠʟʠʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʘʪʫʩʘ ʫ ʜʝʪʝʡ ʥʘ ʙʦ-

ʣʝʝ ʧʦʟʜʥʠʭ ʵʪʘʧʘʭ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ ʧʦʩʣʫʞʠʣʠ ʧʨʝʜʧʦʩʳʣʢʦʡ ʜʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ.  
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ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʮʝʣʴʶ ʥʘʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʠʣʦʩʴ ʠʟʫʯʝʥʠʝ ʠʥʜʠʚʠ-

ʜʫʘʣʴʥʳʭ ʦʩʦʙʝʥʥʦʩʪʠ ʬʠʟʠʯʝʩʢʦʛʦ ʠ ʧʩʠʭʦʬʠʟʠʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʜʝ-

ʪʝʡ ʦʜʥʦʛʦ ʧʦʢʦʣʝʥʠʷ ʥʘ ʚʦʟʨʘʩʪʥʦʤ ʵʪʘʧʝ ʦʪ 7 ʜʦ 13 ʣʝʪ ʩ ʫʯʝʪʦʤ ʚʣʠʷʥʠʷ 

ʫʨʦʚʥʷ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʨʘʥʥʝʤ ʦʥʪʦʛʝʥʝʟʝ.  

ʅʘʙʣʶʜʘʣʠʩʴ ʜʝʪʠ 2002 ʛʦʜʘ ʨʦʞʜʝʥʠʷ, ʦʙʦʝʛʦ ʧʦʣʘ, ʚ ʢʦʣʠʯʝʩʪʚʝ 57 

ʯʝʣʦʚʝʢ ʚ ʪʨʠ ʵʪʘʧʘ: 1 ʵʪʘʧ: ʚ 7-ʣʝʪʥʝʤ ʚʦʟʨʘʩʪʝ (2009 ʛ.); 2 ʵʪʘʧ: ʚ 10-ʣʝʪʥʝʤ 

ʚʦʟʨʘʩʪʝ (2012 ʛ.); 3 ʵʪʘʧ: ʚ 12-ʣʝʪʥʝʤ ʚʦʟʨʘʩʪʝ (2014 ʛ.). ʋ ʚʩʝʭ ʜʝʪʝʡ ʠʟʤʝ-

ʨʷʣʠʩʴ ʘʥʪʨʦʧʦʤʝʪʨʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ: ʜʣʠʥʘ ʠ ʤʘʩʩʘ ʪʝʣʘ, ʜʚʫʧʣʝʯʝʚʦʡ ʠ 

ʜʚʫʚʝʨʪʝʣʴʥʳʡ ʜʠʘʤʝʪʨʳ, ʦʙʭʚʘʪ ʛʨʫʜʥʦʡ ʢʣʝʪʢʠ ʚ ʧʦʢʦʝ ʠ ʧʨʠ ʚʜʦʭʝ, ʪʦʣ-

ʱʠʥʘ ʢʦʞʥʦ-ʞʠʨʦʚʳʭ ʩʢʣʘʜʦʢ ʚ 6 ʪʦʯʢʘʭ. ʆʮʝʥʠʚʘʣʩʷ ʪʝʤʧ ʨʦʩʪʘ ʠ ʛʘʨʤʦ-

ʥʠʯʥʦʩʪʴ ʬʠʟʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʩ ʧʦʤʦʱʴʶ ʚʦʟʨʘʩʪʥʦ-ʧʦʣʦʚʳʭ ʨʝʛʠʦʥʘʣʴ-

ʥʳʭ ʦʮʝʥʦʯʥʳʭ ʪʘʙʣʠʮ. ʀʟʫʯʘʣʠʩʴ ʧʨʠ ʧʦʤʦʱʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʢʦʤ-

ʧʣʝʢʩʘ çPFKè ʥʝʡʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʠ ʧʩʠʭʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ: ʧʨʦʩʪʘʷ 

ʟʨʠʪʝʣʴʥʦ-ʤʦʪʦʨʥʘʷ ʨʝʘʢʮʠʷ (ʇɿʄʈ), ʨʝʘʢʮʠʷ ʥʘ ʜʚʠʞʫʱʠʡʩʷ ʧʨʝʜʤʝʪ 

(ʈɼʆ), ʦʙʨʘʟʥʘʷ ʧʘʤʷʪʴ, ʦʙʲʝʤ ʚʥʠʤʘʥʠʷ.  

ʋʨʦʚʝʥʴ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʧʝʨʠʦʜ ʚʥʫʪʨʠʫʪʨʦʙʥʦʛʦ ʨʘʟʚʠʪʠʷ ʜʝ-

ʪʝʡ ʦʧʨʝʜʝʣʷʣʩʷ ʧʦ ʜʘʥʥʳʤ ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʛʝʦʬʠʟʠʯʝʩʢʦʛʦ ʅʆɸɸ ʮʝʥʪʨʘ 

(http://www.ngdc.noaa.gov/). 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʝʨʠʦʜ ʨʘʥʥʝʛʦ ʦʥʪʦʛʝʥʝʟʘ ʦʙ-

ʩʣʝʜʫʝʤʳʭ ʜʝʪʝʡ (2002 ʛ.) ʦʪʣʠʯʘʣʩʷ ʥʠʟʢʠʤ ʫʨʦʚʥʝʤ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ 

(W=21,5). ʉʨʝʜʥʝʛʨʫʧʧʦʚʳʝ ʟʥʘʯʝʥʠʷ ʘʥʪʨʦʧʦʤʝʪʨʠʯʝʩʢʠʭ ʠ ʧʩʠʭʦʬʠʟʠʦʣʦ-

ʛʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ 7-ʣʝʪʥʠʭ ʜʝʪʝʡ ʵʪʦʛʦ ʧʦʢʦʣʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʠ ʩʨʝʜ-

ʥʠʤ ʚʦʟʨʘʩʪʥʦ-ʧʦʣʦʚʳʤ ʥʦʨʤʘʤ. ʇʨʠ ʩʨʘʚʥʝʥʠʠ ʵʪʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʩ ʜʘʥʥʳʤʠ 

7-ʣʝʪʥʠʭ ʜʝʪʝʡ (1991 ʛ. ʨʦʞʜʝʥʠʷ), ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʜʦʩʪʦʚʝʨʥʳʝ ʨʘʟʣʠʯʠʷ ʧʦ 

ʨʷʜʫ ʧʦʢʘʟʘʪʝʣʝʡ (ʪʘʙʣʠʮʘ). ʊʘʢ, ʜʣʠʥʘ ʠ ʤʘʩʩʘ ʪʝʣʘ, ʧʦʧʝʨʝʯʥʳʝ ʨʘʟʤʝʨʳ ʠ 

ʪʦʣʱʠʥʘ ʢʦʞʥʦ-ʞʠʨʦʚʳʭ ʩʢʣʘʜʦʢ, ʦʩʦʙʝʥʥʦ ʥʘ ʞʠʚʦʪʝ, ʫ ʜʝʪʝʡ 2002 ʛ. ʨʦʞ-

ʜʝʥʠʷ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʝʪʴʤʠ 1991 ʛ. ʨʦʞʜʝʥʠʷ. 
ʊʘʙʣʠʮʘ  

ɸʥʪʨʦʧʦʤʝʪʨʠʯʝʩʢʠʝ ʠ ʧʩʠʭʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ 

ʧʦʢʘʟʘʪʝʣʠ 7-ʣʝʪʥʠʭ ʜʝʪʝʡ 1991 ʠ 2002 ʛʦʜʦʚ ʨʦʞʜʝʥʠʷ 

ʇʦʢʘʟʘʪʝʣʠ ʇʦʣ 

ɼʝʪʠ 1991 ʛ. ʨʦʞ-

ʜʝʥʠʷ 

n=145 

ɼʝʪʠ 2002ʛ. 

ʨʦʞʜʝʥʠʷ 

n=57 

P<0,05 

1 2 3 4 5 

ɼʣʠʥʘ ʪʝʣʘ, ʩʤ ʤ 125,32Ñ0,32 131,5Ñ1,29 + 

ʜ 125,06Ñ0,29 131,93Ñ1,08 + 

ʄʘʩʩʘ ʪʝʣʘ, ʢʛ ʤ 23,6Ñ0,35 * 27,61Ñ1,01 + 

ʜ 22,4Ñ0,29 * 28,66Ñ0,99 + 

ɼʚʫʧʣʝʯʝʚʦʡ ʜʠʘʤʝʪʨ, 

ʩʤ 

ʤ 27,75Ñ0,12 28,35Ñ0,54 + 

ʜ 27,3Ñ0,17 28,00Ñ0,40 + 

ɼʚʫʚʝʨʪʝʣʴʥʳʡ 

ʜʠʘʤʝʪʨ, ʩʤ 

ʤ 21,1Ñ0,14 23,06Ñ0,42 + 

ʜ 20,7Ñ0,18 22,57Ñ0,45 + 

ʊʦʣʱʠʥʘ ʢʦʞʥʦ-

ʞʠʨʦʚʦʡ ʩʢʣʘʜʢʠ ʥʘ 

ʞʠʚʦʪʝ, ʤʤ 

ʤ 6,9Ñ0,39 8,41Ñ0,85 + 

ʜ 6,35Ñ0,28 8,04Ñ0,57 + 
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ʆʢʦʥʯʘʥʠʝ ʪʘʙʣ. 

 

1 2 3 4 5 

ʇʨʦʩʪʘʷ ʟʨʠʪʝʣʴʥʦ-

ʤʦʪʦʨʥʘʷ ʨʝʘʢʮʠʷ, ʤʩ 

ʤ 406Ñ5,19* 278Ñ6,4 + 

ʜ 430Ñ4,13* 299Ñ5,98 + 

ʆʙʲʝʤ ʧʘʤʷʪʠ, ʙʘʣʣ ʤ 54,6Ñ1,40 61,3Ñ1,4 + 

ʜ 54,3Ñ2,30 59,1Ñ1,1  

ʆʙʲʝʤ ʚʥʠʤʘʥʠʷ, ʙʘʣʣ ʤ 5,9Ñ 0,41* 6,1Ñ0,12  

ʜ 5,1 Ñ 0,23* 5,8Ñ0,23 + 

* -ʜʦʩʪʦʚʝʨʥʳʝ ʧʦʣʦʚʳʝ ʨʘʟʣʠʯʠʷ ʚ ʛʨʫʧʧʝ 
 

ʕʪʠ ʨʘʟʣʠʯʠʷ ʩʚʷʟʘʥʳ ʩ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ 

(W=145,7) ʚ ʧʝʨʠʦʜ ʧʨʝʥʘʪʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ ʜʝʪʝʡ 1991ʛ. ʨʦʞʜʝʥʠʷ, ʚʳʟʚʘʚ-

ʰʠʤ ʫ ʥʠʭ ʨʝʪʘʨʜʘʮʠʶ ʧʨʦʮʝʩʩʦʚ ʨʦʩʪʘ, ʘ ʪʘʢʞʝ ʩʥʠʞʝʥʠʝ ʩʢʦʨʦʩʪʠ ʟʨʠʪʝʣʴ-

ʥʦ-ʤʦʪʦʨʥʦʛʦ ʨʝʘʛʠʨʦʚʘʥʠʷ, ʩʚʦʡʩʪʚ ʧʘʤʷʪʠ ʠ ʚʥʠʤʘʥʠʷ ʢ 7-ʣʝʪʥʝʤʫ ʚʦʟʨʘʩ-

ʪʫ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʦʚʨʝʤʝʥʥʳʤʠ ʜʝʪʴʤʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʫ 40% ʤʘʣʴʯʠʢʦʚ ʠ 

66% ʜʝʚʦʯʝʢ 1991 ʛ. ʨʦʞʜʝʥʠʷ ʬʦʨʤʠʨʫʝʪʩʷ ʤʠʢʨʦʩʦʤʘʪʠʯʝʩʢʠʡ ʪʠʧ ʤʦʨʬʦ-

ʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ (ʥʠʟʢʠʡ ʨʦʩʪ ʠ ʜʝʬʠʮʠʪ ʤʘʩʩʳ ʪʝʣʘ), ʘ ʫ 61% ʤʘʣʴʯʠ-

ʢʦʚ ʠ 67% ʜʝʚʦʯʝʢ 2002 ʛ. ʨʦʞʜʝʥʠʷ ï ʤʘʢʨʦʩʦʤʘʪʠʯʝʩʢʠʡ ʪʠʧ (ʚʳʩʦʢʠʡ ʨʦʩʪ 

ʠ ʠʟʙʳʪʦʢ ʤʘʩʩʳ ʪʝʣʘ). 

ɼʘʣʴʥʝʡʰʝʝ ʥʘʙʣʶʜʝʥʠʝ ʟʘ ʜʝʪʴʤʠ ʧʦʢʦʣʝʥʠʷ 2002 ʛ. ʨʦʞʜʝʥʠʷ ʧʦʢʘ-

ʟʘʣʦ, ʯʪʦ ʚ 10-ʣʝʪʥʝʤ ʠ 12-ʣʝʪʥʝʤ ʚʦʟʨʘʩʪʝ ʫ ʥʠʭ ʦʩʪʘʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴ-

ʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʣʠʮ ʩ ʚʳʩʦʢʠʤ ʨʦʩʪʦʤ (22%-52%) ʠ ʠʟʙʳʪʢʦʤ ʤʘʩʩʳ ʪʝʣʘ 

(14%-27%) ʠ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩ ʥʠʟʢʠʤ ʨʦʩʪʦʤ (3%-5%). ɺ ʪʦʞʝ 

ʚʨʝʤʷ ʦʪʤʝʯʘʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʡ ʧʨʦʮʝʥʪ ʜʝʪʝʡ ʩ ʜʝʬʠʮʠʪʦʤ ʤʘʩʩʳ ʪʝ-

ʣʘ (17%-27%) ʠ ʩʣʘʙʳʤ ʞʠʨʦʦʪʣʦʞʝʥʠʝʤ (42%-48%), ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʚʳʟʚʘ-

ʥʦ ʫʩʢʦʨʝʥʥʳʤʠ ʪʝʤʧʘʤʠ ʨʦʩʪʘ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʙʦʣʝʝ 40% ʜʝʪʝʡ ʚ 10-ʣʝʪʥʝʤ ʠ 

ʦʢʦʣʦ 40% ʚ 12-ʣʝʪʥʝʤ ʚʦʟʨʘʩʪʝ ʩʦʭʨʘʥʷʶʪ ʤʘʢʨʦʩʦʤʘʪʠʯʝʩʢʠʡ ʪʠʧ ʪʝʣʦʩʣʦ-

ʞʝʥʠʷ (ʨʠʩ.1).  

 
 

ʈʠʩ. 1. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʜʝʪʝʡ ʚ 10-ʣʝʪʥʝʤ ʠ 12-ʣʝʪʥʝʤ ʚʦʟʨʘʩʪʝ  

ʧʦ ʩʦʤʘʪʦʪʠʧʘʤ 
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ɺʦʟʨʘʩʪʥʳʝ ʠʟʤʝʥʝʥʠʷ ʧʩʠʭʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʟʘ ʥʘʙʣʶ-

ʜʘʝʤʳʡ ʧʝʨʠʦʜ ʧʨʦʠʩʭʦʜʷʪ ʥʝ ʦʜʥʦʟʥʘʯʥʦ. ʊʘʢ, ʫ ʙʦʣʴʰʝʡ ʧʦʣʦʚʠʥʳ ʜʝʪʝʡ 

ʩʢʦʨʦʩʪʴ ʟʨʠʪʝʣʴʥʦ-ʤʦʪʦʨʥʦʡ ʨʝʘʢʮʠʠ ʦʪ 7 ʜʦ 12 ʣʝʪ ʦʩʪʘʝʪʩʷ ʥʘ ʚʳʩʦʢʦʤ 

ʫʨʦʚʥʝ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʟʥʘʯʠʪʝʣʴʥʦʡ ʦʙʫʩʣʦʚʣʝʥʥʦʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʥʝʡʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʨʝʙʸʥʢʘ ʦʪ ʬʘʢʪʦʨʦʚ ʧʨʝʥʘʪʘʣʴʥʝʛʦ ʧʝʨʠʦʜʘ 

(ʨʠʩ.2). ɺ ʪʦʞʝ ʚʨʝʤʷ ʧʨʦʮʝʩʩʳ ʥʝʡʨʦʵʥʜʦʢʨʠʥʥʦʡ ʧʝʨʝʩʪʨʦʡʢʠ ʚ ʥʘʯʘʣʝ 

ʧʫʙʝʨʪʘʪʥʦʛʦ ʧʝʨʠʦʜʘ ʧʨʠʚʦʜʷʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʚ 2 ʨʘʟʘ ʢʦʣʠʯʝʩʪʚʘ ʜʝʪʝʡ ʩ 

ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʦʙʨʘʟʥʦʡ ʧʘʤʷʪʠ ʠ ʙʦʣʴʰʠʤ ʦʙʲʸʤʦʤ ʚʥʠʤʘʥʠʷ ʚ 3 ʨʘʟʘ. 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʯʠʩʣʦ ʣʠʮ ʘ ʩ ʥʠʟʢʠʤ ʫʨʦʚʥʝʤ ʢʦʛʥʠʪʠʚʥʳʭ ʬʫʥʢʮʠʡ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ ʧʝʨʠʦʜ ʦʪ 10 ʜʦ 12 ʣʝʪ.  

 
 

ʈʠʩ. 2. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʜʝʪʝʡ ʚ 10-ʣʝʪʥʝʤ ʠ 12-ʣʝʪʥʝʤ ʚʦʟʨʘʩʪʝ  

ʧʦ ʫʨʦʚʥʶ ʟʨʠʪʝʣʴʥʦ-ʤʦʪʦʨʥʦʛʦ ʨʝʘʛʠʨʦʚʘʥʠʷ 
 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 

1. ʅʠʟʢʠʡ ʫʨʦʚʝʥʴ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʨʘʥʥʝʤ ʦʥʪʦʛʝʥʝʟʝ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʘʢʩʝʣʝʨʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʨʦʩʪʘ, ʬʦʨʤʠʨʦʚʘʥʠʶ 

ʤʘʢʨʦʩʦʤʘʪʠʯʝʩʢʦʛʦ ʪʠʧʘ ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʡ ʢʦʥʩʪʠʪʫʮʠʠ ʠ ʫʚʝʣʠʯʝʥʠʶ 

ʢʦʣʠʯʝʩʪʚʘ ʜʝʪʝʡ ʩ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʟʨʠʪʝʣʴʥʦ-ʤʦʪʦʨʥʦʛʦ ʨʝʘʛʠʨʦʚʘʥʠʷ ʜʦ 

ʧʦʜʨʦʩʪʢʦʚʦʛʦ ʚʦʟʨʘʩʪʘ. 

2. ʅʝʡʨʦʵʥʜʦʢʨʠʥʥʳʝ ʧʝʨʝʩʪʨʦʡʢʠ ʚ ʧʫʙʝʨʪʘʪʥʦʤ ʧʝʨʠʦʜʝ ʥʠʚʝʣʠʨʫʶʪ 

ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʠʟʢʦʛʦ ʫʨʦʚʥʷ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʨʘʥʥʝʤ 

ʦʥʪʦʛʝʥʝʟʝ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʦʛʥʠʪʠʚʥʳʭ ʬʫʥʢʮʠʡ ʫ ʧʦʜʨʦʩʪʢʦʚ. 
 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. ʂʦʰʢʦ ʅ.ʅ. ɺʣʠʷʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʠ ʩʦʮʠʘʣʴʥʳʭ ʬʘʢʪʦʨʦʚ ʚ ʧʝʨʠʦʜ ʨʘʥʥʝʛʦ 

ʦʥʪʦʛʝʥʝʟʘ ʥʘ ʤʦʨʬʦʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʠ ʧʩʠʭʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʡ ʩʪʘʪʫʩ ʩʝʤʠʣʝʪʥʠʭ ʜʝʪʝʡ 

[ʊʝʢʩʪ]: ʜʠʩ. ʢʘʥʜ. ʙʠʦʣ. ʥʘʫʢ / ʅ.ʅ.ʂʦʰʢʦ. ï ɹʘʨʥʘʫʣ, 2012.- 139 ʩ. 

2. ʅʠʢʠʪʶʢ, ɹ.ɸ. ʀʥʪʝʛʨʘʪʠʚʥʘʷ ʙʠʦʤʝʜʠʮʠʥʩʢʘʷ ʘʥʪʨʦʧʦʣʦʛʠʷ [ʊʝʢʩʪ] / 

ɹ.ɸ.ʅʠʢʠʪʶʢ, ʅ.ɸ.ʂʦʨʥʝʪʦʚ. ï ʊʦʤʩʢ: ʀʟʜ-ʚʦ ʊʦʤʝ, ʫʥ-ʪʘ, 1998. ï 182 ʩ. 

3. ʐʘʙʘʰʝʚʘ ʉ.ɺ. ɺʣʠʷʥʠʝ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʧʨʝʥʘʪʘʣʴʥʦʤ ʦʥʪʦʛʝʥʝʟʝ ʥʘ 

ʩʦʤʘʪʠʯʝʩʢʠʝ ʠ ʧʩʠʭʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʜʝʪʝʡ ʩʝʤʠʣʝʪʥʝʛʦ ʚʦʟʨʘʩʪʘ [ʊʝʢʩʪ] / 

ʉ.ɺ. ʐʘʙʘʰʝʚʘ // ɸʚʪʦʨʝʬ. ʜʠʩ. ʢʘʥʜ. ʙʠʦʣ. ʥʘʫʢ. ʊʦʤʩʢ, 2002. 19 ʩ. 
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ɸʅɸʃʀɿ ʆɹʑɽʁ ɸʅʊʀʆʂʉʀɼɸʅʊʅʆʁ ɸʂʊʀɺʅʆʉʊʀ  

ʀ ʉʋʄʄɸʈʅʆɻʆ ʉʆɼɽʈɾɸʅʀʗ ʌʃɸɺʆʅʆʀɼʆɺ  

ɺ ʊʈɸɺɽ ɿɺɽʈʆɹʆʗ ʇʈʆɼʓʈʗɺʃɽʅʅʆɻʆ ʀ ʕʈɺʓ ʐɽʈʉʊʀʉʊʆʁ  

 

ɹʦʣʴʥʳʭ ɽ.ɸ. 

ʩʪʫʜʝʥʪʢʘ 5 ʢʫʨʩʘ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ ɻɹʆʋ ɺʇʆ ʆʨɻʄʋ ʄɿ ʈʌ, 

ʈʦʩʩʠʷ, ʛ. ʆʨʝʥʙʫʨʛ 

 

ʄʠʭʘʡʣʦʚʘ ʀ.ɺ. 

ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ ʭʠʤʠʠ ʠ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʦʡ ʭʠʤʠʠ ɻɹʆʋ ɺʇʆ ʆʨɻʄʋ ʄɿ ʈʌ, 

ʜʦʢʪʦʨ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ, 

ʈʦʩʩʠʷ, ʛ. ʆʨʝʥʙʫʨʛ 

 

ʂʫʟʴʤʠʯʝʚʘ ʅ.ɸ. 

ʘʩʩʠʩʪʝʥʪ ʢʘʬʝʜʨʳ ʭʠʤʠʠ ʠ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʦʡ ʭʠʤʠʠ  

ɻɹʆʋ ɺʇʆ ʆʨɻʄʋ ʄɿ ʈʌ, 

ʈʦʩʩʠʷ, ʛ. ʆʨʝʥʙʫʨʛ 
 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʩʫʤʤʘʨʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʬʣʘʚʦʥʦʠʜʦʚ ʠ ʦʙʱʝʡ ʘʥʪʠʦʢʩʠ-

ʜʘʥʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʦʬʠʮʠʥʘʣʴʥʦʤ ʩʳʨʴʝ ʪʨʘʚʳ ʟʚʝʨʦʙʦʷ ʧʨʦʜʳʨʷʚʣʝʥʥʦʛʦ (Hypericum 

perforatum L.) ʠ ʵʨʚʳ ʰʝʨʩʪʠʩʪʦʡ (Aerva lanata Juss.) ʫʩʪʘʥʦʚʠʣ, ʯʪʦ ʜʘʥʥʘʷ ʛʨʫʧʧʘ ʙʠʦʣʦ-

ʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ ʙʳʣʘ ʚʳʷʚʣʝʥʘ ʚʦ ʚʩʝʤ ʘʥʘʣʠʟʠʨʫʝʤʦʤ ʣʝʢʘʨʩʪʚʝʥʥʦʤ ʨʘʩʪʠ-

ʪʝʣʴʥʦʤ ʩʳʨʴʝ. ʇʨʠ ʵʪʦʤ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʩʫʤʤʘʨʥʘʷ ʘʥʪʠʦʢʩʠʜʘʥʪʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʚ 

ʪʨʘʚʝ ʟʚʝʨʦʙʦʷ ʧʨʦʜʳʨʷʚʣʝʥʥʦʛʦ ʥʘʠʙʦʣʝʝ ʚʳʨʘʞʝʥʘ, ʵʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʙʦʣʴʰʠʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʜʘʥʥʦʡ ʛʨʫʧʧʳ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ ʚ ʠʩʩʣʝʜʫʝʤʦʤ ʩʳʨʴʝ. ʇʨʦ-

ʚʝʜʝʥʥʳʡ ʢʦʨʨʝʣʷʮʠʦʥʥʳʡ ʘʥʘʣʠʟ ʧʦʜʪʚʝʨʞʜʘʝʪ ʥʘʣʠʯʠʝ ʩʠʣʴʥʦʡ ʩʪʝʧʝʥʠ ʢʦʨʨʝʣʷʮʠʦʥ-

ʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʩʫʤʤʘʨʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʬʣʘʚʦʥʦʠʜʦʚ ʠ ʦʙʱʝʡ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʚ ʠʩʩʣʝʜʫʝʤʳʭ ʨʘʩʪʠʪʝʣʴʥʳʭ ʦʙʨʘʟʮʘʭ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: Hypericum perforatum, Aerva lanata, ʬʣʘʚʦʥʦʠʜʳ, ʘʥʪʠʦʢʩʠʜʘʥʪʥʘʷ 

ʘʢʪʠʚʥʦʩʪʴ. 

 

ɺʚʝʜʝʥʠʝ. ʉʳʨʴʝ ʥʘʜʟʝʤʥʦʡ ʯʘʩʪʠ ʪʘʢʠʭ ʚʠʜʦʚ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʨʘʩʪʝ-

ʥʠʡ ʢʘʢ ʟʚʝʨʦʙʦʡ ʧʨʦʜʳʨʷʚʣʝʥʥʳʡ (Hypericum perforatum L.) ʠ ʵʨʚʘ ʰʝʨʩʪʠ-

ʩʪʘʷ (Aerva lanata Juss.) ʷʚʣʷʝʪʩʷ ʙʦʛʘʪʳʤ ʠʩʪʦʯʥʠʢʦʤ ʧʦʣʠʬʝʥʦʣʴʥʳʭ ʩʦ-

ʝʜʠʥʝʥʠʡ, ʘ ʠʤʝʥʥʦ ʬʣʘʚʦʥʦʠʜʦʚ. ɼʘʥʥʘʷ ʛʨʫʧʧʘ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ 

ʚʝʱʝʩʪʚ (ɹɸɺ) ʚʳʩʪʫʧʘʝʪ ʚ ʢʘʯʝʩʪʚʝ ʤʦʱʥʳʭ ʘʥʪʠʦʢʩʠʜʘʥʪʦʚ, ʧʦʩʢʦʣʴʢʫ 

ʠʥʘʢʪʠʚʠʨʫʝʪ ʘʢʪʠʚʥʳʝ ʬʦʨʤʳ ʢʠʩʣʦʨʦʜʘ ʚ ʧʨʦʮʝʩʩʘʭ ʩʚʦʙʦʜʥʦʨʘʜʠʢʘʣʴʥʦʛʦ 

ʦʢʠʩʣʝʥʠʷ, ʪʝʤ ʩʘʤʳʤ ʧʨʦʷʚʣʷʷ ʩʚʦʝ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʦʝ ʜʝʡʩʪʚʠʝ [2]. ɺ ʩʚʷ-

ʟʠ ʩ ʵʪʠʤ ʮʝʣʴʶ ʨʘʙʦʪʳ ʷʚʠʣʦʩʴ ʦʧʨʝʜʝʣʝʥʠʝ ʩʫʤʤʘʨʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʬʣʘ-

ʚʦʥʦʠʜʦʚ ʠ ʦʙʱʝʡ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ (ɸʆɸ) ʚ ʪʨʘʚʝ ʟʚʝʨʦʙʦʷ ʧʨʦ-

ʜʳʨʷʚʣʝʥʥʦʛʦ ʠ ʵʨʚʳ ʰʝʨʩʪʠʩʪʦʡ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘ-

ʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʛʦʪʦʚʦʝ ʩʳʨʴʝ ʥʘʜʟʝʤʥʦʡ ʯʘʩʪʠ ʜʚʫʭ ʚʠʜʦʚ ʣʝʢʘʨʩʪʚʝʥ-

ʥʳʭ ʨʘʩʪʝʥʠʡ: ʟʚʝʨʦʙʦʷ ʧʨʦʜʳʨʷʚʣʝʥʥʦʛʦ (Hypericum perforatum L.) ʠ ʵʨʚʳ 

ʰʝʨʩʪʠʩʪʦʡ (Aerva lanata Juss.), ʚʳʧʫʩʢʘʝʤʳʭ ɿɸʆ çʂʨʘʩʥʦʛʦʨʣʝʢʩʨʝʜʩʪʚʘè, 

ʄʦʩʢʦʚʩʢʘʷ ʦʙʣ., ʛ. ʂʨʘʩʥʦʛʦʨʩʢ ʠ ʨʝʘʣʠʟʫʝʤʳʭ ʯʝʨʝʟ ʘʧʪʝʯʥʫʶ ʩʝʪʴ. ʂʦʣʠ-
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ʯʝʩʪʚʝʥʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʩʫʤʤʘʨʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʬʣʘʚʦʥʦʠʜʦʚ ʚ ʠʩʩʣʝʜʫʝ-

ʤʦʤ ʃʈʉ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʘʥʘʣʠʟʘ [1, 3]. 

ʆʙ ɸʆɸ ʠʩʩʣʝʜʫʝʤʦʛʦ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷ ʩʫʜʠʣʠ ʧʦ ʠʭ ʩʧʦʩʦʙʥʦʩʪʠ ʠʥʛʠ-

ʙʠʨʦʚʘʪʴ ʘʫʪʦʦʢʠʩʣʝʥʠʝ ʘʜʨʝʥʘʣʠʥʘ in vitro ʠ ʪʝʤ ʩʘʤʳʤ ʧʨʝʜʦʪʚʨʘʱʘʪʴ ʦʙ-

ʨʘʟʦʚʘʥʠʝ ʘʢʪʠʚʥʳʭ ʬʦʨʤ ʢʠʩʣʦʨʦʜʘ [4]. ɸʆɸ ʠʩʩʣʝʜʫʝʤʳʭ ʧʨʝʧʘʨʘʪʦʚ ʚʳ-

ʨʘʞʘʣʠ ʚ ʧʨʦʮʝʥʪʘʭ ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʘʫʪʦʦʢʠʩʣʝʥʠʷ ʘʜʨʝʥʘʣʠʥʘ ʠ ʚʳʯʠʩʣʷʣʠ 

ʧʦ ʬʦʨʤʫʣʝ: 

ˍ˛ẖ̌Ϸ  
ᶻ

, 

ʛʜʝ D1 ï ʦʧʪʠʯʝʩʢʘʷ ʧʣʦʪʥʦʩʪʴ ʨʘʩʪʚʦʨʘ ʘʜʨʝʥʘʣʠʥʘ ʛʠʜʨʦʭʣʦʨʠʜʘ, ʜʦʙʘʚʣʝʥ-

ʥʦʛʦ ʢ ʥʘʪʨʠʡ-ʢʘʨʙʦʥʘʪʥʦʤʫ ʙʫʬʝʨʫ; D2 ï ʦʧʪʠʯʝʩʢʘʷ ʧʣʦʪʥʦʩʪʴ ʠʩʩʣʝʜʫʝʤʦ-

ʛʦ ʵʢʩʪʨʘʢʪʘ ʠ ʨʘʩʪʚʦʨʘ ʘʜʨʝʥʘʣʠʥʘ ʛʠʜʨʦʭʣʦʨʠʜʘ, ʜʦʙʘʚʣʝʥʥʦʛʦ ʢ ʥʘʪʨʠʡ-

ʢʘʨʙʦʥʘʪʥʦʤʫ ʙʫʬʝʨʫ. 

ʉʪʘʪʠʩʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʚʦʜʠʣʘʩʴ ʩ ʧʦʤʦʱʴʶ ʧʘʢʝʪʘ 

ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ Microsoft Office Excel 2013.  

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ. ʂʦʣʠʯʝʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ 

ʬʣʘʚʦʥʦʠʜʳ ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʚʦ ʚʩʝʭ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʦʙʨʘʟʮʘʭ, ʧʨʠ ʵʪʦʤ ʠʭ 

ʩʫʤʤʘʨʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʚ ʪʨʘʚʝ ʟʚʝʨʦʙʦʷ ʧʨʦʜʳʨʷʚʣʝʥʥʦʛʦ ʚ 9 ʨʘʟ ʚʳʰʝ, ʯʝʤ 

ʚ ʪʨʘʚʝ ʵʨʚʳ ʰʝʨʩʪʠʩʪʦʡ (ʪʘʙʣ. 1). ɸʥʘʣʠʟ ʚʳʨʘʞʝʥʥʦʩʪʠ ʩʫʤʤʘʨʥʦʡ ɸʆɸ ʚ 

ʪʨʘʚʝ ʟʚʝʨʦʙʦʷ ʧʨʦʜʳʨʷʚʣʝʥʥʦʛʦ ʠ ʵʨʚʳ ʰʝʨʩʪʠʩʪʦʡ ʫʩʪʘʥʦʚʠʣ, ʯʪʦ ɸʆɸ ʦʙ-

ʣʘʜʘʶʪ ʚʩʝ ʘʥʘʣʠʟʠʨʫʝʤʳʝ ʦʙʨʘʟʮʳ, ʧʨʠ ʵʪʦʤ ʚ ʪʨʘʚʝ ʟʚʝʨʦʙʦʷ ʧʨʦʜʳʨʷʚʣʝʥ-

ʥʦʛʦ ʩʫʤʤʘʨʥʘʷ ɸʆɸ ʚ 5 ʨʘʟ ʚʳʰʝ, ʯʝʤ ʚ ʪʨʘʚʝ ʵʨʚʳ ʰʝʨʩʪʠʩʪʦʡ (ʪʘʙʣ. 2). 

 
ʊʘʙʣʠʮʘ 1 

ʉʦʜʝʨʞʘʥʠʝ ʬʣʘʚʦʥʦʠʜʦʚ ʚ ʧʝʨʝʩʯʝʪʝ ʥʘ ʨʫʪʠʥ 

ʚ ʣʝʢʘʨʩʪʚʝʥʥʦʤ ʨʘʩʪʠʪʝʣʴʥʦʤ ʩʳʨʴʝ 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʵʢʩʪʨʘʢʪʘ 

ʉʦʜʝʨʞʘʥʠʝ ʩʫʤʤʳ 

ʬʣʘʚʦʥʦʠʜʦʚ ʚ ʧʝʨʝʩʯʝ-

ʪʝ ʥʘ ʨʫʪʠʥ, % 

ʉʦʜʝʨʞʘʥʠʝ ʩʫʤʤʳ ʬʣʘʚʦ-

ʥʦʠʜʦʚ ʚ ʧʝʨʝʩʯʝʪʝ ʥʘ ʨʫ-

ʪʠʥ, ʩʦʛʣʘʩʥʦ ʪʨʝʙʦʚʘʥʠʷʤ 

ɻʌ XI, % 

ʕʢʩʪʨʘʢʪ ʪʨʘʚʳ ʟʚʝʨʦʙʦʷ 

ʧʨʦʜʳʨʷʚʣʝʥʥʦʛʦ 

9,41Ñ3,40 ʥʝ ʤʝʥʝʝ 1,5 

ʕʢʩʪʨʘʢʪ ʪʨʘʚʳ ʵʨʚʳ 

ʰʝʨʩʪʠʩʪʦʡ 

1,08Ñ0,56 ʥʝ ʤʝʥʝʝ 0,5  

 

ʊʘʙʣʠʮʘ 2 

ɸʥʘʣʠʟ ʩʫʤʤʘʨʥʦʡ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʬʣʘʚʦʥʦʠʜʦʚ 

ʚ ʣʝʢʘʨʩʪʚʝʥʥʦʤ ʨʘʩʪʠʪʝʣʴʥʦʤ ʩʳʨʴʝ 
ʅʘʠʤʝʥʦʚʘʥʠʝ ʵʢʩʪʨʘʢʪʘ ɸʥʪʠʦʢʩʠʜʘʥʪʥʘʷ ʘʢʪʠʚʥʦʩʪʴ, % 

ʕʢʩʪʨʘʢʪ ʪʨʘʚʳ ʟʚʝʨʦʙʦʷ ʧʨʦʜʳʨʷʚʣʝʥʥʦʛʦ 75,16Ñ1,82 

ʕʢʩʪʨʘʢʪ ʪʨʘʚʳ ʵʨʚʳ ʰʝʨʩʪʠʩʪʦʡ 15,43Ñ2,43 
 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʩʫʤʤʘʨʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʬʣʘʚʦ-

ʥʦʠʜʦʚ ʠ ʫʨʦʚʥʝʤ ɸʆɸ ʃʈʉ ʙʳʣ ʧʨʦʚʝʜʝʥ ʢʦʨʨʝʣʷʮʠʦʥʥʳʡ ʘʥʘʣʠʟ, ʢʦʪʦʨʳʡ 

ʚʳʷʚʠʣ ʥʘʣʠʯʠʝ ʩʠʣʴʥʦʡ ʩʪʝʧʝʥʠ ʢʦʨʨʝʣʷʮʠʠ (r) ʤʝʞʜʫ ʘʥʘʣʠʟʠʨʫʝʤʳʤʠ ʧʘ-

ʨʘʤʝʪʨʘʤʠ ʚ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʘʭ: ʚ ʪʨʘʚʝ ʟʚʝʨʦʙʦʷ ʧʨʦʜʳʨʷʚʣʝʥʥʦʛʦ r = 

0,706, ʘ ʚ ʪʨʘʚʝ ʵʨʚʳ ʰʝʨʩʪʠʩʪʦʡ r = -0,700. ʉʣʝʜʫʝʪ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʥʘʣʠʯʠʝ ʧʨʷʤʦʡ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʩʫʤʤʘʨʥʳʤ ʩʦʜʝʨʞʘ-

ʥʠʝʤ ʬʣʘʚʦʥʦʠʜʦʚ ʠ ʫʨʦʚʥʝʤ ʦʙʱʝʡ ɸʆɸ ʚ ʪʨʘʚʝ ʟʚʝʨʦʙʦʷ ʧʨʦʜʳʨʷʚʣʝʥʥʦʛʦ 
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ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʜʘʥʥʦʡ ʛʨʫʧʧʳ ɹɸɺ. ʏʪʦ ʢʘʩʘ-

ʝʪʩʷ ʦʙʨʘʪʥʦʡ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʫʨʦʚʥʝʤ ʩʫʤʤʘʨʥʦʡ ɸʆɸ 

ʠ ʩʦʜʝʨʞʘʥʠʝʤ ʬʣʘʚʦʥʦʠʜʦʚ, ʢʦʪʦʨʘʷ ʚʳʷʚʣʝʥʘ ʚ ʪʨʘʚʝ ʵʨʚʳ ʰʝʨʩʪʠʩʪʦʡ, ʪʦ 

ʦʥʘ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʘ ʩ ʪʝʤ, ʯʪʦ ʬʣʘʚʦʥʦʠʜʳ ʤʦʛʫʪ ʧʨʦʷʚʣʷʪʴ ʢʘʢ ʘʥʪʠʦʢ-

ʩʠʜʘʥʪʥʳʝ ʩʚʦʡʩʪʚʘ, ʪʘʢ ʠ ʥʘʦʙʦʨʦʪ, ʧʨʦʚʦʮʠʨʦʚʘʪʴ, ʘ ʧʦʨʦʡ ʠ ʫʩʠʣʠʚʘʪʴ ʦʢ-

ʩʠʜʘʪʠʚʥʳʡ ʩʪʨʝʩʩ. ʕʪʦ ʟʘʚʠʩʠʪ ʦʪ ʨʷʜʘ ʬʘʢʪʦʨʦʚ, ʛʣʘʚʥʳʤʠ ʠʟ ʢʦʪʦʨʳʭ ʷʚ-

ʣʷʶʪʩʷ ʛʨʘʜʘʮʠʷ ɹɸɺ ʧʦ ʥʘʣʠʯʠʶ ʛʠʜʨʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ ʚ ʤʦʣʝʢʫʣʝ, ʥʘʣʠʯʠʝ 

ʪʷʞʸʣʳʭ ʤʝʪʘʣʣʦʚ, ʩʧʦʩʦʙʥʳʭ ʦʪʪʷʛʠʚʘʪʴ ʥʘ ʩʝʙʷ ʧʨʦʪʦʥʳ ʧʦʣʠʬʝʥʦʣʴʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ, ʘ ʪʘʢʞʝ ʧʝʨʠʦʜ ʚʝʛʝʪʘʮʠʠ ʨʘʩʪʝʥʠʡ [5]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʚʝ-

ʜʝʥʥʳʡ ʘʥʘʣʠʟ ʩʦʜʝʨʞʘʥʠʷ ɹɸɺ, ʚʳʨʘʞʝʥʥʦʩʪʠ ɸʆɸ, ʢʦʨʨʝʣʷʮʠʦʥʥʳʡ ʘʥʘ-

ʣʠʟ ʠ ʜʘʥʥʳʝ ʣʠʪʝʨʘʪʫʨʳ ʧʦʟʚʦʣʠʣʠ ʩʜʝʣʘʪʴ ʟʘʢʣʶʯʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ ʚʳʷʚʣʝʥ-

ʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʩʦʜʝʨʞʘʥʠʝʤ ʜʘʥʥʳʭ ʚʝʱʝʩʪʚ ʠ ʫʨʦʚʥʝʤ ʦʙʱʝʡ ɸʆɸ 

ʷʚʣʷʝʪʩʷ ʚʝʣʠʯʠʥʦʡ, ʢʦʪʦʨʘʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʘʥʪʠʦʢʩʠʜʘʥʪʥʳʝ ʩʚʦʡʩʪʚʘ ʜʘʥ-

ʥʦʛʦ ʃʈʉ, ʣʝʞʘʱʠʝ ʚ ʦʩʥʦʚʝ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ. 
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ʆʉʆɹɽʅʅʆʉʊʀ ɸʅɸʊʆʄʀʏɽʉʂʆɻʆ ʉʊʈʆɽʅʀʗ ʉʊɽɹʃʗ 

ʂɸʏʀʄɸ ʄɽʊɽʃʔʏɸʊʆɻʆ GYPSOPHILA PANICULAT A L. ɺ ʉɺʗɿʀ 

ʉ ʌʆʈʄʀʈʆɺɸʅʀɽʄ ɾʀɿʅɽʅʅʆʁ ʌʆʈʄʓ çʇɽʈɽʂɸʊʀ-ʇʆʃɽè 

 

ɹʨʠʢʥʝʨ ʄ.ʖ. 

ʩʪʫʜʝʥʪʢʘ ʢʘʬʝʜʨʳ ʙʠʦʣʦʛʠʠ  

 ɺʦʣʛʦʛʨʘʜʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, 

ʈʦʩʩʠʷ, ʛ. ɺʦʣʛʦʛʨʘʜ 
 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʠʟʫʯʝʥʳ ʘʥʘʪʦʤʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʩʪʝʙʣʷ ʢʘʯʠʤʘ ʤʝʪʝʣʴʯʘ-

ʪʦʛʦ Gypsophila paniculata L. ʚ ʩʚʷʟʠ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʞʠʟʥʝʥʥʦʡ ʬʦʨʤʳ ʧʝʨʝʢʘʪʠ-ʧʦʣʝ. 

ʉʜʝʣʘʥ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʩʪʝʙʝʣʴ ʦʙʣʘʤʳʚʘʝʪʩʷ ʥʘ ʫʯʘʩʪʢʝ ʩ ʤʝʥʝʝ ʨʘʟʚʠʪʳʤʠ ʤʝʭʘʥʠʯʝ-

ʩʢʠʤʠ ʪʢʘʥʷʤʠ. ʆʪʜʝʣʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʫʨʦʚʥʝ ʫʟʣʘ, ʪʘʢ ʢʘʢ ʦʥ ʷʚʣʷʝʪʩʷ ʤʝʭʘʥʠʯʝʩʢʠ 

ʦʩʣʘʙʣʝʥʥʳʤ. ʇʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, ʧʦʪʝʥʮʠʘʣʴʥʦ ʙʦʣʝʝ ʭʨʫʧʢʠʤʠ ʙʫʜʫʪ ʚʝʨʭʥʠʝ ʫʟʣʳ 

(3,4,5 ʫʟʣʳ ʦʪ ʫʨʦʚʥʷ ʧʦʯʚʳ). 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʘʯʠʤ ʤʝʪʝʣʴʯʘʪʳʡ, ʞʠʟʥʝʥʥʘʷ ʬʦʨʤʘ, ʧʝʨʝʢʘʪʠ-ʧʦʣʝ, ʘʥʘʪʦʤʠʷ 

ʩʪʝʙʣʷ. 
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ʅʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʠʟʫʯʝʥʠʶ ʘʥʘʪʦʤʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʩʪʝʙʣʷ ʢʘʯʠʤʘ ʤʝʪʝʣʴʯʘʪʦʛʦ Gypsophila paniculata L., ʧʨʝʜʩʪʘʚʠʪʝʣʷ ʩʝʤʝʡ-

ʩʪʚʘ Caryophyllaceae Juss., ʧʦʜʩʝʤʝʡʩʪʚʘ ʉʤʦʣʸʚʢʦʚʳʝ Silenoideae [1], ʨʘʩ-

ʧʨʦʩʪʨʘʥʝʥʥʦʛʦ ʚʠʜʘ ʬʣʦʨʳ ʅʠʞʥʝʛʦ ʇʦʚʦʣʞʴʷ [3], ʚ ʩʚʷʟʠ ʩ ʬʦʨʤʠʨʦʚʘʥʠ-

ʝʤ ʞʠʟʥʝʥʥʦʡ ʬʦʨʤʳ ʧʝʨʝʢʘʪʠ-ʧʦʣʝ. ʈʘʩʪʝʥʠʷ ʩ ʪʘʢʦʡ ʞʠʟʥʝʥʥʦʡ ʬʦʨʤʦʡ 

ʦʙʳʯʥʦ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʪʝʨʞʥʝʢʦʨʥʝʚʳʝ ʧʦʣʠʢʘʨʧʠʢʠ ʩ ʯʝʨʪʘʤʠ ʧʨʠ-

ʩʧʦʩʦʙʣʝʥʠʷ ʢ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʶ ʩʝʤʷʥ ʥʘ ʙʦʣʴʰʠʝ ʨʘʩʩʪʦʷʥʠʷ ʠ ʫʜʘʣʝʥʠʶ 

ʤʘʩʩʳ ʥʘʜʟʝʤʥʳʭ ʧʦʙʝʛʦʚ ʩ ʤʝʩʪʘ ʧʨʦʠʟʨʘʩʪʘʥʠʷ [6]. 

ʇʨʦʮʝʩʩ ʦʪʜʝʣʝʥʠʷ çʧʝʨʝʜʚʠʛʘʶʱʝʡʩʷè ʯʘʩʪʠ ʨʘʩʪʝʥʠʡ ʠʟ ʛʨʫʧʧʳ ʧʝ-

ʨʝʢʘʪʠ-ʧʦʣʝ ʠʩʩʣʝʜʦʚʘʥ ʥʘ ʥʝʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʦʙʲʝʢʪʦʚ. ʆʜʥʠʤʠ ʠʟ ʥʝ-

ʤʥʦʛʠʭ ʧʦ ʵʪʦʡ ʪʝʤʘʪʠʢʝ ʷʚʣʷʶʪʩʷ ʨʘʙʦʪʳ, ʢʦʪʦʨʳʝ ʚʳʧʦʣʥʠʣ ɼ. ɹʝʢʢʝʨ 

[7,8]. ʀʟʫʯʘʷ Psoralea argophylla Pursh. ʠʟ ʩʝʤʝʡʩʪʚʘ Fabaceae ʠ Kochia 

scoparia (L.) Schrad. ʠʟ ʩʝʤʝʡʩʪʚʘ Chenopodiaceae, ʦʥ ʦʙʥʘʨʫʞʠʣ ʜʚʘ ʩʧʦʩʦʙʘ 

ʥʘʜʣʘʤʳʚʘʥʠʷ ʩʪʝʙʣʝʡ ʫ ʨʘʩʪʝʥʠʡ ʛʨʫʧʧʳ çʧʝʨʝʢʘʪʠ-ʧʦʣʝè. ʋ P. argophylla 

ʥʘʙʣʶʜʘʣʦʩʴ ʤʝʭʘʥʠʯʝʩʢʦʝ ʦʩʣʘʙʣʝʥʠʝ ʦʪʜʝʣʠʪʝʣʴʥʦʡ ʟʦʥʳ ʠ ʦʙʨʘʟʦʚʳʚʘʣʩʷ 

ʦʪʜʝʣʠʪʝʣʴʥʳʡ ʩʣʦʡ [7]; ʫ K. scoparia ʨʘʟʨʳʚ ʧʨʦʠʩʭʦʜʠʣ ʟʘ ʩʯʸʪ ʤʝʭʘʥʠʯʝ-

ʩʢʦʛʦ ʦʩʣʘʙʣʝʥʠʷ, ʚʳʟʚʘʥʥʦʛʦ ʨʘʟʥʳʤʠ ʧʨʠʯʠʥʘʤʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʫʢʦʨʦʯʝʥʠʝʤ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʠ ʫʤʝʥʴʰʝʥʠʝʤ ʪʦʣʱʠʥʳ ʢʣʝʪʦʯʥʳʭ ʩʪʝʥʦʢ ʵʣʝʤʝʥ-

ʪʦʚ ʢʩʠʣʝʤʳ ʚ ʟʦʥʝ ʦʪʜʝʣʝʥʠʷ [8].  

ʎʝʣʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʟʫʯʝʥʠʠ ʤʝʭʘʥʠʟʤʘ ʦʪʜʝʣʝʥʠʷ ʦʜ-

ʥʦʣʝʪʥʠʭ ʧʦʙʝʛʦʚ ʫ ʢʘʯʠʤʘ ʤʝʪʝʣʴʯʘʪʦʛʦ. ʊʘʢʘʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʙʫʩʣʦʚʣʝʥʘ 

ʪʝʤ, ʯʪʦ ʜʘʥʥʳʭ ʦʙ ʘʥʘʪʦʤʠʯʝʩʢʦʤ ʩʪʨʦʝʥʠʠ ʟʦʥʳ ʦʪʜʝʣʝʥʠʷ ʫ ʨʘʩʪʝʥʠʡ ʠʟ 

ʛʨʫʧʧʳ ʧʝʨʝʢʘʪʠ-ʧʦʣʝ ʦʯʝʥʴ ʤʘʣʦ ʠ ʜʝʪʘʣʴʥʦ ʵʪʦʪ ʚʦʧʨʦʩ ʥʝ ʠʟʫʯʝʥ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ.  
ɼʣʷ ʘʥʘʣʠʟʘ ʘʥʘʪʦʤʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʠʩʧʦʣʴʟʦʚʘʣʠ 5 ʦʜʥʦʣʝʪʥʠʭ 

ʧʦʙʝʛʦʚ ʪʨʸʭʣʝʪʥʝʛʦ ʤʦʜʝʣʴʥʦʛʦ ʨʘʩʪʝʥʠʷ, ʩʦʙʨʘʥʥʦʛʦ ʥʘ ʩʪʝʧʥʦʤ ʫʯʘʩʪʢʝ 

ʦʢʨʝʩʪʥʦʩʪʝʡ ʭ. ʂʦʪʦʚʩʢʦʛʦ ʋʨʶʧʠʥʩʢʦʛʦ ʨʘʡʦʥʘ ɺʦʣʛʦʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ 24 

ʠʶʥʷ 2014 ʛʦʜʘ. 

ʄʘʪʝʨʠʘʣ ʬʠʢʩʠʨʦʚʘʣʠ ʚ 95% ʵʪʠʣʦʚʦʤ ʩʧʠʨʪʝ. ʆʙʨʘʙʦʪʢʫ ʤʘʪʝʨʠʘʣʘ 

ʧʨʦʚʦʜʠʣʠ ʧʦ ʩʪʘʥʜʘʨʪʥʦʡ ʘʥʘʪʦʤʠʯʝʩʢʦʡ ʤʝʪʦʜʠʢʝ [5]. ʉʨʝʟʳ ʚʳʧʦʣʥʷʣʠ ʦʪ 

ʨʫʢʠ ʣʝʟʚʠʝʤ ʙʝʟʦʧʘʩʥʦʡ ʙʨʠʪʚʳ. ʋ ʢʘʞʜʦʛʦ ʩʪʝʙʣʷ ʧʨʦʚʦʜʠʣʠ ʨʘʜʠʘʣʴʥʳʝ 

ʩʨʝʟʳ ʥʘ ʫʨʦʚʥʝ ʫʟʣʘ ʧʦ ʚʩʝʡ ʜʣʠʥʝ ʥʘʜʟʝʤʥʦʡ ʚʝʛʝʪʘʪʠʚʥʦʡ ʯʘʩʪʠ ʧʦʙʝʛʘ (ʦʪ 

ʫʨʦʚʥʷ ʧʦʯʚʳ ʜʦ ʩʦʮʚʝʪʠʷ). 

ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠ ʩ ʧʦʤʦʱʴʶ ʤʠʢʨʦʩʢʦʧʘ ʄʠʢʤʝʜ-5, ʮʠʬʨʦʚʦʡ 

ʢʘʤʝʨʳ DCM 900 ʠ ʧʨʦʛʨʘʤʤʳ Scope Photo 3.0. ɺ ʢʘʞʜʦʤ ʫʟʣʝ ʦʧʨʝʜʝʣʠʣʠ 

ʪʦʣʱʠʥʫ ʢʩʠʣʝʤʳ (3 ʠʟʤʝʨʝʥʠʷ ʚ ʢʘʞʜʦʤ ʫʟʣʝ), ʪʦʣʱʠʥʫ ʢʣʝʪʦʯʥʳʭ ʩʪʝʥʦʢ 

ʦʜʨʝʚʝʩʥʝʚʰʠʭ ʧʘʨʝʥʭʠʤʥʳʭ ʢʣʝʪʦʢ (ʧʦ 5 ʠʟʤʝʨʝʥʠʡ ʚ ʢʘʞʜʦʤ ʫʟʣʝ), 

ʟʘʧʦʣʥʷʶʱʠʭ ʧʝʨʠʮʠʢʣ ʥʘ ʫʨʦʚʥʝ ʫʟʣʘ ʠ ʫʯʠʪʳʚʘʣʠ ʥʘʣʠʯʠʝ ʤʝʞʢʣʝʪʥʠʢʦʚ. 

ʉʪʘʪʠʩʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ ʧʨʦʚʝʜʝʥʘ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ 

STATISTICA 10 [4]. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʇʦ ʥʘʙʣʶʜʝʥʠʷʤ ʟʘ ʝʩʪʝʩʪʚʝʥʥʳʤ ʦʪʜʝʣʝʥʠʝʤ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʢʘʯʠʤʘ 

ʤʝʪʝʣʴʯʘʪʦʛʦ, ʨʘʟʨʳʚ ʠʜʝʪ ʚ ʫʟʣʘʭ. ʃʶʙʦʡ ʫʟʝʣ ʦʪ ʫʨʦʚʥʷ ʧʦʯʚʳ ʜʦ ʩʦʮʚʝʪʠʷ 

ʤʦʞʝʪ ʩʣʦʤʘʪʴʩʷ ʧʨʠ ʩʦʟʨʝʚʘʥʠʠ ʩʝʤʷʥ. ʋʟʝʣ ʤʝʥʝʝ ʧʨʦʯʝʥ, ʯʝʤ ʤʝʞʜʦʫʟʣʠʝ, 

ʪʘʢ ʢʘʢ ʚ ʧʝʨʠʮʠʢʣʝ, ʦʙʨʘʟʦʚʘʥʥʦʤ ʦʜʨʝʚʝʩʥʝʚʰʠʤʠ ʚʦʣʦʢʥʘʤʠ, 
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ʥʘʙʣʶʜʘʶʪʩʷ ʧʨʦʨʳʚʳ ʥʘ ʫʨʦʚʥʝ ʫʟʣʘ, ʢʦʪʦʨʳʝ ʟʘʧʦʣʥʷʶʪʩʷ ʣʠʙʦ 

ʦʜʨʝʚʝʩʥʝʚʰʠʤʠ ʫʢʦʨʦʯʝʥʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ, ʣʠʙʦ ʥʝʦʜʨʝʚʝʩʥʝʚʰʝʡ 

ʧʘʨʝʥʭʠʤʦʡ.  

ʅʘ ʫʯʘʩʪʢʝ ʩʪʝʙʣʷ ʦʪ ʫʨʦʚʥʷ ʧʦʯʚʳ ʜʦ ʩʦʮʚʝʪʠʷ ʧʨʦʠʩʭʦʜʠʪ 

ʧʦʩʪʝʧʝʥʥʦʝ ʦʩʣʘʙʣʝʥʠʝ ʫʟʣʦʚ ʩʥʠʟʫ ʚʚʝʨʭ ʟʘ ʩʯʸʪ ʫʤʝʥʴʰʝʥʠʷ ʪʦʣʱʠʥʳ 

ʢʦʣʴʮʘ ʢʩʠʣʝʤʳ, ʘ ʪʘʢʞʝ ʟʘ ʩʯʸʪ ʫʤʝʥʴʰʝʥʠʷ ʪʦʣʱʠʥʳ ʢʣʝʪʦʯʥʳʭ ʩʪʝʥʦʢ 

ʦʜʨʝʚʝʩʥʝʚʰʠʭ ʧʘʨʝʥʭʠʤʥʳʭ ʢʣʝʪʦʢ, ʟʘʧʦʣʥʷʶʱʠʭ ʧʨʦʨʳʚ ʧʝʨʠʮʠʢʣʘ.  

ʂʦʨʨʝʣʷʮʠʦʥʥʳʡ ʪʝʩʪ ʉʧʠʨʤʘʥʘ ʧʦʢʘʟʘʣ ʥʘʣʠʯʠʝ ʪʝʩʥʦʡ 

ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʜʦʩʪʦʚʝʨʥʦʡ ʩʚʷʟʠ ʤʝʞʜʫ ʪʦʣʱʠʥʦʡ ʢʣʝʪʦʯʥʳʭ ʩʪʝʥʦʢ 

ʦʜʨʝʚʝʩʥʝʚʰʠʭ ʧʘʨʝʥʭʠʤʥʳʭ ʢʣʝʪʦʢ ʫʟʣʘ ʠ ʚʳʩʦʪʦʡ ʫʟʣʘ (ʧʦʨʷʜʢʦʚʳʤ 

ʥʦʤʝʨʦʤ ʦʪ ʫʨʦʚʥʷ ʧʦʯʚʳ). ʂʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ ʩʦʩʪʘʚʠʣ -0,799 ʧʨʠ 

ʫʨʦʚʥʝ ʟʥʘʯʠʤʦʩʪʠ p<<0,05. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʧʨʦʯʥʦʩʪʴ çʧʘʨʝʥʭʠʤʥʳʭ 

ʚʩʪʘʚʦʢè ʜʦʩʪʦʚʝʨʥʦ ʫʙʳʚʘʝʪ ʩʥʠʟʫ ʚʚʝʨʭ, ʯʪʦ ʪʘʢʞʝ ʚʠʜʥʦ ʥʘ ʛʨʘʬʠʢʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʦʣʱʠʥʳ ʢʣʝʪʦʯʥʳʭ ʩʪʝʥʦʢ ʧʘʨʝʥʭʠʤʥʳʭ ʢʣʝʪʦʢ (ʨʠʩʫʥʦʢ). 
ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʪʦʣʱʠʥʳ ʩʪʝʥʦʢ ʦʜʨʝʚʝʩʥʝʚʰʠʭ ʧʘʨʝʥʭʠʤʥʳʭ ʢʣʝʪʦʢ ʧʦ ʫʟʣʘʤ
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ʈʠʩ.  ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʪʦʣʱʠʥʳ ʩʪʝʥʦʢ ʦʜʨʝʚʝʩʥʝʚʰʠʭ ʧʘʨʝʥʭʠʤʥʳʭ ʢʣʝʪʦʢ ʧʦ ʫʟʣʘʤ 

 

ɺ ʫʟʣʘʭ, ʤʝʞʜʫ ʢʣʝʪʢʘʤʠ ʦʜʨʝʚʝʩʥʝʚʰʝʡ ʧʘʨʝʥʭʠʤʳ, ʟʘʧʦʣʥʷʶʱʝʡ 

ʧʨʦʨʳʚ ʧʝʨʠʮʠʢʣʘ, ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʤʝʞʢʣʝʪʥʠʢʠ, ʢʦʪʦʨʳʝ ʚʥʦʩʷʪ 

ʩʫʱʝʩʪʚʝʥʥʳʡ ʚʢʣʘʜ ʚ ʦʩʣʘʙʣʝʥʠʝ ʫʟʣʘ. ʏʘʱʝ ʚʩʝʛʦ ʠʭ ʥʘʙʣʶʜʘʣʠ ʚ 3,4 ʠ 5-ʤ 

ʫʟʣʘʭ ʦʪ ʫʨʦʚʥʷ ʧʦʯʚʳ. ɼʦʧʦʣʥʠʪʝʣʴʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʚ ʫʟʣʘʭ ʚ ʚʠʜʝ 

ʦʪʜʝʣʠʪʝʣʴʥʦʛʦ ʩʣʦʷ ʥʝ ʦʙʥʘʨʫʞʝʥʦ.  

ɺʝʨʦʷʪʥʦ, ʤʝʭʘʥʠʟʤ ʦʪʜʝʣʝʥʠʷ ʥʘʜʟʝʤʥʦʡ ʯʘʩʪʠ G. paniculata ʙʣʠʞʝ ʢ 

ʦʧʠʩʘʥʥʦʤʫ ʫ K. scoparia [7] ï ʩʪʝʙʝʣʴ ʦʙʣʘʤʳʚʘʝʪʩʷ ʥʘ ʤʝʭʘʥʠʯʝʩʢʠ 

ʦʩʣʘʙʣʝʥʥʦʤ ʫʯʘʩʪʢʝ ʙʝʟ ʦʙʨʘʟʦʚʘʥʠʷ ʦʪʜʝʣʠʪʝʣʴʥʦʛʦ ʩʣʦʷ.  

ɺʳʚʦʜʳ. 

1. ɿʦʥʦʡ ʦʪʜʝʣʝʥʠʷ ʫ Gypsophila paniculata L. ʷʚʣʷʶʪʩʷ ʫʟʣʳ 

ʚʝʛʝʪʘʪʠʚʥʦʡ ʥʘʜʟʝʤʥʦʡ ʯʘʩʪʠ ʦʜʥʦʣʝʪʥʝʛʦ ʧʦʙʝʛʘ. 

2. ʇʨʦʯʥʦʩʪʴ ʫʟʣʦʚ ʚʝʛʝʪʘʪʠʚʥʦʡ ʯʘʩʪʠ ʦʜʥʦʣʝʪʥʝʛʦ ʧʦʙʝʛʘ Gypsophila 

paniculata L. ʫʤʝʥʴʰʘʝʪʩʷ ʩʥʠʟʫ ʚʚʝʨʭ ʟʘ ʩʯʸʪ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʦʩʣʘʙʣʝʥʠʷ ï 
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ʫʤʝʥʴʰʝʥʠʷ ʪʦʣʱʠʥʳ ʢʦʣʴʮʘ ʢʩʠʣʝʤʳ ʠ ʪʦʣʱʠʥʳ ʦʜʨʝʚʝʩʥʝʚʰʠʭ 

ʧʘʨʝʥʭʠʤʥʳʭ ʢʣʝʪʦʢ, ʟʘʧʦʣʥʷʶʱʠʭ ʨʘʟʨʳʚ ʧʝʨʠʮʠʢʣʘ ʥʘ ʫʨʦʚʥʝ ʫʟʣʘ, ʘ 

ʪʘʢʞʝ ʥʘʣʠʯʠ ̫ʤʝʞʢʣʝʪʥʠʢʦʚ. 
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3. ʂʨʘʝʚʝʜʝʥʠʝ: ʙʠʦʣʦʛʠʯʝʩʢʦʝ ʠ ʣʘʥʜʰʘʬʪʥʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʧʨʠʨʦʜʳ 
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ɸʃʃʆɿʀʄʅʓʁ ʇʆʃʀʄʆʈʌʀɿʄ ʊʈɽʍ ɺʀɼʆɺ  

ʄɽʃʂʀʍ ʄʃɽʂʆʇʀʊɸʖʑʀʍ ʀʐʀʄʉʂʆɻʆ ʈɸʁʆʅɸ 

 

ɻʦʨʙʘʯʝʚʘ ɽ.ɺ. 

ʩʪʫʜʝʥʪ ʢʘʬʝʜʨʳ ʵʢʦʣʦʛʠʠ ʠ ʛʝʥʝʪʠʢʠ  

ʊʶʤʝʥʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, 

ʈʦʩʩʠʷ, ʛ. ʊʶʤʝʥʴ 
 

ʇʨʝʜʩʪʘʚʣʝʥʳ ʜʘʥʥʳʝ ʦʙ ʘʣʣʦʟʠʤʥʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ ʪʨʝʭ ʚʠʜʦʚ ʤʝʣʢʠʭ ʤʣʝʢʦʧʠ-

ʪʘʶʱʠʭ: ʧʦʣʝʚʦʡ ʤʳʰʠ Apodemus agrarius Pallas,1778, ʢʨʘʩʥʦʡ ʧʦʣʝʚʢʠ Clethrionomys ru-

tilus Pallas,1779 ʠ ʦʙʳʢʥʦʚʝʥʥʦʡ ʙʫʨʦʟʫʙʢʠ Sorex araneus Linnaeus 1758. ɺʳʷʚʣʝʥʦ, ʯʪʦ ʚ 

ʧʦʧʫʣʷʮʠʷʭ ʪʨʝʭ ʠʟʫʯʝʥʥʳʭ ʚʠʜʦʚ ʤʣʝʢʦʧʠʪʘʶʱʠʭ, ʦʙʠʪʘʶʱʠʭ ʚ ʣʝʩʦʩʪʝʧʥʦʡ ʟʦʥʝ, 

ʥʘʙʣʶʜʘʶʪʩʷ ʙʦʣʝʝ ʥʠʟʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʘʣʣʦʟʠʤʥʦʛʦ ʧʦʣʠʤʦʨʬʠʟʤʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʦʧʫ-

ʣʷʮʠʷʤʠ ʧʦʜʪʘʝʞʥʦʡ ʟʦʥʳ.  

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: Apodemus agrarius, Clethrionomys rutilus, Sorex araneus, ʧʦʧʫʣʷ-

ʮʠʠ, ʣʝʩʦʩʪʝʧʥʘʷ ʟʦʥʘ, ʛʝʥʝʪʠʯʝʩʢʘʷ ʠʟʤʝʥʯʠʚʦʩʪʴ. 

 

ʀʰʠʤʩʢʠʡ ʨʘʡʦʥ ʷʚʣʷʝʪʩʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʟʦʥʦʡ ʊʶʤʝʥʩʢʦʡ ʦʙ-

ʣʘʩʪʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʣʠʷʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʨʘʟʨʫʰʝʥʠʝ ʠ ʠʟʤʝ-
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ʥʝʥʠʝ ʝʩʪʝʩʪʚʝʥʥʦʡ ʩʨʝʜʳ ʦʙʠʪʘʥʠʷ ʨʘʟʥʳʭ ʛʨʫʧʧ ʞʠʚʦʪʥʳʭ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ 

ʤʝʣʢʠʝ ʤʣʝʢʦʧʠʪʘʶʱʠʝ ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʫʜʦʙʥʳʤʠ ʦʙʲʝʢʪʘʤʠ ʙʠʦʣʦʛʠʯʝ-

ʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ. ʎʝʣʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ï ʦʮʝʥʢʘ ʧʦʢʘʟʘʪʝʣʝʡ ʘʣʣʦʟʠʤʥʦʛʦ 

ʧʦʣʠʤʦʨʬʠʟʤʘ ʤʝʣʢʠʭ ʤʣʝʢʦʧʠʪʘʶʱʠʭ ʀʰʠʤʩʢʦʛʦ ʨʘʡʦʥʘ.   
ʆʪʣʦʚ ʤʝʣʢʠʭ ʤʣʝʢʦʧʠʪʘʶʱʠʭ ʧʨʦʠʟʚʦʜʠʣʩʷ ʚ ʠʶʣʝ-ʘʚʛʫʩʪʝ 2014 ʛ. 

ʤʝʪʦʜʦʤ ʣʦʚʫʰʢʦ-ʣʠʥʠʡ ʩ ʧʦʤʦʱʴʶ ʣʦʚʫʰʝʢ ɻʝʨʦ ʚ ʀʰʠʤʩʢʦʤ ʨʘʡʦʥʝ ʚ ʣʝ-
ʩʦʩʪʝʧʥʦʡ ʟʦʥʝ. ɺʩʝʛʦ ʙʳʣʦ ʦʙʨʘʙʦʪʘʥʦ 240 ʣʦʚʫʰʢʦ-ʩʫʪʦʢ ʠ ʦʪʣʦʚʣʝʥʦ 60 
ʦʩʦʙʝʡ, ʚ ʪʦʤ ʯʠʩʣʝ: ʧʦʣʝʚʘʷ ʤʳʰʴ Apodemus agrarius Pallas,1778 (n = 12), 
ʢʨʘʩʥʘʷ ʧʦʣʝʚʢʘ Clethrionomys rutilus Pallas,1779 (n = 31) ʠ ʦʙʳʢʥʦʚʝʥʥʘʷ ʙʫ-
ʨʦʟʫʙʢʘ Sorex araneus Linnaeus 1758 (n = 17).  

ɻʝʥʝʪʠʯʝʩʢʫʶ ʠʟʤʝʥʯʠʚʦʩʪʴ ʞʠʚʦʪʥʳʭ ʠʟʫʯʘʣʠ ʤʝʪʦʜʦʤ ʠʟʦʬʝʨʤʝʥʪ-
ʥʦʛʦ ʘʥʘʣʠʟʘ ʚ 7,5% ʧʦʣʠʘʢʨʠʣʘʤʠʜʥʦʤ ʛʝʣʝ. ɺʩʝʛʦ ʠʟʫʯʝʥʦ ʧʷʪʴ ʬʝʨʤʝʥʪ-
ʥʳʭ ʩʠʩʪʝʤ: ʣʘʢʪʘʪʜʝʛʠʜʨʦʛʝʥʘʟʘ (LDH), ʩʫʧʝʨʦʢʩʠʜʜʠʩʤʫʪʘʟʘ (SOD), ʘʩʧʘʨ-
ʪʘʪʘʤʠʥʦʪʨʘʥʩʬʝʨʘʟʘ (AAT), ʥʝʩʧʝʮʠʬʠʯʝʩʢʠʝ ʵʩʪʝʨʘʟʳ (EST) ʠ ʥʝʬʝʨʤʝʥʪ-
ʥʳʝ ʙʝʣʢʠ ʤʳʰʮ ï ʤʠʦʛʝʥʳ (MY).  ʇʦʧʫʣʷʮʠʦʥʥʦ-ʛʝʥʝʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʨʦ-
ʚʦʜʠʣʠ ʚ ʧʨʦʛʨʘʤʤʝ POPGEN [1].  

ʋ ʠʟʫʯʝʥʥʳʭ ʚʠʜʦʚ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʦ ʧʦ 15 ʘʣʣʦʟʠʤʥʳʭ ʣʦʢʫʩʦʚ. ʋ 
ʦʙʳʢʥʦʚʝʥʥʦʡ ʙʫʨʦʟʫʙʢʠ 13 ʣʦʢʫʩʦʚ (Est-1,4, Sod-1, Aat, Sod-2, Ldh-2, My-
1,2,3,4,5,6,7) ʙʳʣʠ ʤʦʥʦʤʦʨʬʥʳ, ʘ ʣʦʢʫʩʳ Est-2 ʠ Ldh-1 ï ʧʦʣʠʤʦʨʬʥʳ. ʇʨʠ 
ʠʟʫʯʝʥʠʠ ʯʘʩʪʦʪʳ ʘʣʣʝʣʝʡ ʠ ʛʝʥʦʪʠʧʦʚ ʙʝʣʢʦʚʳʭ ʣʦʢʫʩʦʚ ʧʦʣʝʚʦʡ ʤʳʰʠ 
ʥʘʙʣʶʜʘʣʠ ʩʣʝʜʫʶʱʫʶ ʢʘʨʪʠʥʫ: ʣʦʢʫʩʳ Aat, Sod-1,2, Ldh-2, My-1,3,4,5 ï ʤʦ-
ʥʦʤʦʨʬʥʳ, ʘ Est-1,2,3, Ldh-1 ʠ My-2 ï ʧʦʣʠʤʦʨʬʥʳ. ʋ ʢʨʘʩʥʦʡ ʧʦʣʝʚʢʠ ʤʦ-
ʥʦʤʦʨʬʥʳʤʠ ʦʢʘʟʘʣʠʩʴ 8 ʣʦʢʫʩʦʚ: Aat, Est-3,4, Ldh-2, My-1,2,4,5; ʦʩʪʘʣʴʥʳʝ 
5 ʣʦʢʫʩʦʚ (Est-1, Sod-1,2, Ldh-1, My-3) ʙʳʣʠ ʧʦʣʠʤʦʨʬʥʳ.  

ʀʟ ʪʨʝʭ ʠʟʫʯʝʥʥʳʭ ʚʠʜʦʚ ʩʘʤʳʝ ʥʠʟʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʘʣʣʦʟʠʤʥʦʛʦ ʧʦʣʠ-
ʤʦʨʬʠʟʤʘ ʚʳʷʚʣʝʥʳ ʫ ʦʙʳʢʥʦʚʝʥʥʦʡ ʙʫʨʦʟʫʙʢʠ, ʘ ʩʘʤʳʝ ʚʳʩʦʢʠʝ ï ʫ ʢʨʘʩ-
ʥʦʡ ʧʦʣʝʚʢʠ (ʪʘʙʣ.)  

ʊʘʙʣʠʮʘ  

ʇʦʢʘʟʘʪʝʣʠ ʛʝʥʝʪʠʯʝʩʢʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ ʤʣʝʢʦʧʠʪʘʶʱʠʭ 
ʇʦʢʘʟʘʪʝʣʴ S. araneus A. agrarius C. rutilus 

ʂʦʣʠʯʝʩʪʚʦ ʧʦʣʠʤʦʨʬʥʳʭ ʣʦʢʫʩʦʚ 2 5 5 

ɼʦʣʷ ʧʦʣʠʤʦʨʬʥʳʭ ʣʦʢʫʩʦʚ (P), % 13.3  38.5  38.5 

ʉʨʝʜʥʷʷ ʥʘʙʣʶʜʘʝʤʘʷ ʛʝʪʝʨʦʟʠʛʦʪʥʦʩʪʴ (Ho) 0.035 0.070 0.105 

ʉʨʝʜʥʷʷ ʦʞʠʜʘʝʤʘʷ ʛʝʪʝʨʦʟʠʛʦʪʥʦʩʪʴ (He) 0.038 0.143 0.175 

ʅʘʙʣʶʜʘʝʤʦʝ ʯʠʩʣʦ ʘʣʣʝʣʝʡ (na) 1.27 1.38 1.46 

ʕʬʬʝʢʪʠʚʥʦʝ ʯʠʩʣʦ ʘʣʣʝʣʝʡ (ne) 1.05 1.23 1.36 
 

ʋ ʙʫʨʦʟʫʙʢʠ ʜʦʣʷ ʧʦʣʠʤʦʨʬʥʳʭ ʣʦʢʫʩʦʚ (ʈ) ʩʦʩʪʘʚʠʣʘ 13.3%, ʩʨʝʜʥʷʷ 
ʥʘʙʣʶʜʘʝʤʘʷ ʛʝʪʝʨʦʟʠʛʦʪʥʦʩʪʴ (Ho) ï 0.035, ʦʞʠʜʘʝʤʘʷ (He) ï 0.038. ʕʪʦ 
ʦʜʠʥ ʠʟ ʩʘʤʳʭ ʥʠʟʢʠʭ ʫʨʦʚʥʝʡ ʠʟʤʝʥʯʠʚʦʩʪʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʧʦʧʫ-
ʣʷʮʠʷʤʠ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ ʠ ɽʚʨʦʧʳ [2, 3]. ɺ ʧʦʜʪʘʝʞʥʦʡ ʟʦʥʝ ʵʪʠ ʧʦʢʘʟʘʪʝ-
ʣʠ ʙʳʣʠ ʚʳʰʝ ʠ ʩʦʩʪʘʚʣʷʣʠ 22.5%, 0.076 ʠ 0.089, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [4].  

ʋ ʧʦʣʝʚʦʡ ʤʳʰʠ, ʥʘʦʙʦʨʦʪ, ʚʳʷʚʣʝʥ ʜʦʚʦʣʴʥʦ ʚʳʩʦʢʠʡ ʜʣʷ ʤʣʝʢʦʧʠ-
ʪʘʶʱʠʭ ʫʨʦʚʝʥʴ ʘʣʣʦʟʠʤʥʦʛʦ ʧʦʣʠʤʦʨʬʠʟʤʘ [5]. ʆʜʥʘʢʦ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 
ʧʦʧʫʣʷʮʠʷʤʠ ʧʦʜʪʘʝʞʥʦʡ ʟʦʥʳ, ʛʜʝ ʧʦʢʘʟʘʪʝʣʠ ʠʟʤʝʥʯʠʚʦʩʪʠ ʩʦʩʪʘʚʣʷʣʠ: ʈ = 
50.0%, Ho = 0.110, He = 0.200 [4], ʚ ʣʝʩʦʩʪʝʧʥʦʡ ʟʦʥʝ ʥʘʙʣʶʜʘʣʩʷ ʙʦʣʝʝ ʥʠʟ-
ʢʠʡ ʫʨʦʚʝʥʴ ʧʦʣʠʤʦʨʬʠʟʤʘ (ʈ = 38.5%, Ho = 0.070, He = 0.143). ʋ ʢʨʘʩʥʦʡ 



53 

ʧʦʣʝʚʢʠ ʀʰʠʤʩʢʦʛʦ ʨʘʡʦʥʘ ʧʦʢʘʟʘʪʝʣʠ ʘʣʣʦʟʠʤʥʦʛʦ ʧʦʣʠʤʦʨʬʠʟʤʘ ʪʘʢʞʝ 
ʙʳʣʠ ʥʠʞʝ (ʈ = 38.5%, Ho = 0.105, He = 0.175), ʯʝʤ ʚ ʧʦʜʪʘʝʞʥʦʡ ʟʦʥʝ 
 (ʈ = 63.4%, Ho = 0.177, He = 0.241) [4].   

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫ ʪʨʝʭ ʠʟʫʯʝʥʥʳʭ ʚʠʜʦʚ ʤʝʣʢʠʭ ʤʣʝʢʦʧʠʪʘʶʱʠʭ, ʦʙʠ-

ʪʘʶʱʠʭ ʚ ʣʝʩʦʩʪʝʧʥʦʡ ʟʦʥʝ, ʥʘʙʣʶʜʘʶʪʩʷ ʙʦʣʝʝ ʥʠʟʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʘʣʣʦʟʠʤ-

ʥʦʛʦ ʧʦʣʠʤʦʨʬʠʟʤʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʦʜʪʘʝʞʥʦʡ ʟʦʥʦʡ. ʋʤʝʥʴʰʝʥʠʝ ʨʘʟʥʦ-

ʦʙʨʘʟʠʷ ʚ ʧʦʧʫʣʷʮʠʷʭ ʤʠʢʨʦʤʘʤʤʘʣʠʡ ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʦ ʚʣʠʷʥʠʝʤ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʦʩʚʦʝʥʠʷ ʪʝʨʨʠʪʦʨʠʡ. ʇʦʪʝʨʷ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʨʘʟʥʦʦʙ-

ʨʘʟʠʷ ʤʦʞʝʪ ʚʝʩʪʠ ʥʝ ʪʦʣʴʢʦ ʢ ʫʤʝʥʴʰʝʥʠʶ ʘʜʘʧʪʠʚʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʧʦʧʫʣʷ-

ʮʠʡ, ʥʦ ʠ ʫʤʝʥʴʰʝʥʠʶ ʠʭ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʩʪʨʝʩʩʫ [6]. 
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ʈʦʩʩʠʷ, ʛ. ʄʦʩʢʚʘ 
 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʫʯʸʪʦʚ ʧʪʠʮ, ʧʨʦʚʝʜʝʥʥʳʭ ʚ ʤʘʝ-ʠʶʥʝ 2014 ʛ. ʚ 9 ʣʘʥʜʰʘʬʪʥʳʭ ʫʨʦ-

ʯʠʱʘʭ ʉʝʚʝʨʦ-ɿʘʧʘʜʥʦʛʦ ʇʦʜʤʦʩʢʦʚʴʷ, ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʤʘʪʝʨʠʘʣʳ ʧʦ ʩʫʤʤʘʨʥʦʡ ʧʣʦʪʥʦ-

ʩʪʠ ʥʘʩʝʣʝʥʠʷ ʚʨʘʥʦʚʳʭ ʧʪʠʮ, ʠʭ ʣʘʥʜʰʘʬʪʥʦʤʫ ʨʘʟʤʝʱʝʥʠʶ ʠ ʩʪʝʧʝʥʠ ʵʚʨʠʪʦʧʥʦʩʪʠ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʣʦʪʥʦʩʪʴ ʥʘʩʝʣʝʥʠʷ, ʤʝʩʪʦʦʙʠʪʘʥʠʝ, ʵʚʨʠʪʦʧʥʦʩʪʴ. 

http://www.ualberta.ca/~fyeh/download.htm
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ɺ ʦʩʥʦʚʫ ʩʪʘʪʴʠ ʧʦʣʦʞʝʥʳ ʫʯʸʪʳ ʧʪʠʮ, ʧʨʦʚʝʜʸʥʥʳʝ ʩ 16 ʤʘʷ ʧʦ  

30 ʠʶʥʷ 2014 ʛ. ʚ 8 ʣʘʥʜʰʘʬʪʥʳʭ ʫʨʦʯʠʱʘʭ ʚ ʀʩʪʨʠʥʩʢʦʤ ʨʘʡʦʥʝ ʇʦʜʤʦʩʢʦ-

ʚʴʷ. ʆʙʩʣʝʜʦʚʘʥʳ: ʤʠʯʫʨʠʥʩʢʠʝ ʩʘʜʳ 20-ʣʝʪʥʝʛʦ ʚʦʟʨʘʩʪʘ, ʣʝʩʦʣʫʛʦʚʘʷ ʜʦʣʠ-

ʥʘ ʨʝʢʠ ʀʩʪʨʳ, ʧʦʣʷ ʩ/ʭ ʢʫʣʴʪʫʨ ʩ ʧʝʨʝʣʝʩʢʘʤʠ, ʢʨʫʧʥʳʝ ʧʦʩʸʣʢʠ ʩʨʝʜʠ ʣʝʩ-

ʥʦʛʦ ʣʘʥʜʰʘʬʪʘ (ʧ. ʂʦʩʪʨʦʚʦ), ʢʨʫʧʥʳʝ ʧʦʩʸʣʢʠ ʛʦʨʦʜʩʢʦʛʦ ʪʠʧʘ (ʧ. ʉʥʝʛʠ-

ʨʠ), ʤʝʣʢʠʝ ʧʦʩʸʣʢʠ ʩʨʝʜʠ ʣʝʩʦ-ʧʦʣʝʚʦʛʦ ʣʘʥʜʰʘʬʪʘ (ʧʧ. ɻʨʘʚʦʨʥʦʚʦ, ʂʘʨʮʝ-

ʚʦ, ʄ. ʋʰʘʢʦʚʦ, ɿʳʢʦʚʦ), ʛʦʨʦʜʘ ʨʘʡʦʥʥʦʛʦ ʟʥʘʯʝʥʠʷ (ʛ. ʀʩʪʨʘ), ʛʦʨʦʜʘ ʨʘʡ-

ʦʥʥʦʛʦ ʧʦʜʯʠʥʝʥʠʷ (ʛ. ɼʝʜʦʚʩʢ). ʅʦʨʤʘ ʫʯʸʪʘ ʩʦʩʪʘʚʣʷʣʘ 5 ʢʤ ʚ ʢʘʞʜʦʤ 

ʣʘʥʜʰʘʬʪʥʦʤ ʫʨʦʯʠʱʝ ʩ ʜʚʫʭʥʝʜʝʣʴʥʦʡ ʧʦʚʪʦʨʥʦʩʪʴʶ. ʉʫʤʤʘʨʥʘʷ ʧʨʦʪʷ-

ʞʸʥʥʦʩʪʴ ʤʘʨʰʨʫʪʦʚ ï 135 ʢʤ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ 

ʧʦʢʘʟʘʪʝʣʠ, ʨʘʩʩʯʠʪʘʥʥʳʝ ʥʘ 1 ʢʤ
2
 ʚ ʩʨʝʜʥʝʤ ʟʘ ʧʝʨʚʫʶ ʧʦʣʦʚʠʥʫ ʣʝʪʘ. 

ʅʘʟʚʘʥʠʷ ʧʪʠʮ ʜʘʥʳ ʧʦ ɽ.ɸ. ʂʦʙʣʠʢʫ ʠ ʜʨ. [2].  

ʇʦʣʫʯʝʥʳ ʤʘʪʝʨʠʘʣʳ ʧʦ ʦʙʠʣʠʶ ʠ ʣʘʥʜʰʘʬʪʥʦʤʫ ʨʘʟʤʝʱʝʥʠʶ 6 ʚʠʜʦʚ 

ʚʨʘʥʦʚʳʭ ʧʪʠʮ (Corvidae) [1]. ʅʠʞʝ ʧʨʠʚʦʜʠʪʩʷ ʠʭ ʧʦʚʠʜʦʚʦʡ ʦʙʟʦʨ. 

ʉʦʨʦʢʘ Pica pica. ʆʩʸʜʣʘʷ ʛʥʝʟʜʷʱʘʷʩʷ ʧʪʠʮʘ. ʅʘʠʙʦʣʴʰʝʛʦ ʦʙʠʣʠʷ ʜʦ-

ʩʪʠʛʘʝʪ ʚ ʤʠʯʫʨʠʥʩʢʠʭ ʩʘʜʘʭ (22 ʦʩʦʙʠ/ʢʤ
2
), ʢʨʫʧʥʳʭ ʧʦʩʸʣʢʘʭ ʛʦʨʦʜʩʢʦʛʦ 

ʪʠʧʘ (16) ʠ ʤʝʣʢʠʭ ʧʦʩʸʣʢʘʭ (14). ʆʙʳʯʥʘ ʵʪʘ ʧʪʠʮʘ ʚ ʛʦʨʦʜʘʭ (5-7), ʥʘ ʧʦʣʷʭ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ ʩ ʧʝʨʝʣʝʩʢʘʤʠ, ʚ ʣʝʩʦʣʫʛʦʚʦʡ ʜʦʣʠʥʝ ʨʝʢʠ 

ʀʩʪʨʳ (2-4). ɺ ʮʝʣʦʤ ʩʦʨʦʢʘ ʚʝʩʴʤʘ ʵʚʨʠʪʦʧʥʘ ï ʦʪʤʝʯʝʥʘ ʚʦ ʚʩʝʭ ʦʙʩʣʝʜʦ-

ʚʘʥʥʳʭ ʤʝʩʪʦʦʙʠʪʘʥʠʷʭ. 

ɻʘʣʢʘ Corvus monedula. ʆʩʸʜʣʳʡ ʤʥʦʛʦʯʠʩʣʝʥʥʳʡ ʛʥʝʟʜʷʱʠʡʩʷ ʚʠʜ. 

ʅʘʠʙʦʣʴʰʝʛʦ ʦʙʠʣʠʷ ʜʦʩʪʠʛʘʝʪ ʚ ʧʝʨʚʦʡ ʧʦʣʦʚʠʥʝ ʣʝʪʘ ʚ ʛʦʨʦʜʘʭ ʨʘʡʦʥʥʦʛʦ 

ʟʥʘʯʝʥʠʷ (220); ʚʜʚʦʝ ʤʝʥʴʰʝ ʛʘʣʢʠ ʚ ʢʨʫʧʥʳʭ ʧʦʩʸʣʢʘʭ ʩʨʝʜʠ ʣʝʩʥʦʛʦ 

ʣʘʥʜʰʘʬʪʘ (117). ʄʥʦʛʦʯʠʩʣʝʥʥʘ ʦʥʘ ʚ ʤʝʣʢʠʭ ʠ ʢʨʫʧʥʳʭ ʧʦʩʸʣʢʘʭ (70 ʠ 39) 

ʠ ʚ ʥʝʙʦʣʴʰʠʭ ʛʦʨʦʜʘʭ ʨʘʡʦʥʥʦʛʦ ʧʦʜʯʠʥʝʥʠʷ (28). ʉ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʠʤ 

ʦʙʠʣʠʝʤ ʵʪʦʪ ʚʠʜ ʥʘʩʝʣʷʝʪ ʣʝʩʦʣʫʛʦʚʫʶ ʜʦʣʠʥʫ ʀʩʪʨʳ, ʤʠʯʫʨʠʥʩʢʠʝ ʩʘʜʳ ʠ 

ʧʦʣʷ ʩ ʧʝʨʝʣʝʩʢʘʤʠ (4-7). ʆʪʤʝʯʝʥʘ ʧʦʚʩʝʤʝʩʪʥʦ [3]. 

ʉʝʨʘʷ ʚʦʨʦʥʘ C. cornix. ʆʩʸʜʣʘʷ ʛʥʝʟʜʷʱʘʷʩʷ ʧʪʠʮʘ. ʉ ʩʘʤʳʤ ʚʳʩʦʢʠʤ 

ʦʙʠʣʠʝʤ ʥʘʩʝʣʷʝʪ ʛ. ʀʩʪʨʫ (37), ʣʝʩʦʣʫʛʦʚʫʶ ʜʦʣʠʥʫ ʨʝʢʠ (18) ʠ ʤʠʯʫʨʠʥ-

ʩʢʠʝ ʩʘʜʳ (11). ʆʙʳʯʥʘ ʦʥʘ ʚ ʛ. ɼʝʜʦʚʩʢʝ, ʤʝʣʢʠʭ ʠ ʢʨʫʧʥʳʭ ʧʦʩʸʣʢʘʭ (2-7), 

ʨʝʜʢʘ ʚ ʧʦʣʷʭ ʩ ʧʦʩʝʚʘʤʠ ʩ/ʭ ʢʫʣʴʪʫʨ (0.3). ʕʚʨʠʪʦʧʥʘ, ʚʩʪʨʝʯʝʥʘ ʚʦ ʚʩʝʭ 

ʣʘʥʜʰʘʬʪʥʳʭ ʫʨʦʯʠʱʘʭ. 

ɻʨʘʯ C. frugilegus. ʇʝʨʝʣʸʪʥʘʷ ʛʥʝʟʜʷʱʘʷʩʷ ʧʪʠʮʘ. ʅʘʠʙʦʣʴʰʝʛʦ ʦʙʠ-

ʣʠʷ ʜʦʩʪʠʛʘʝʪ ʚ ʛ. ʀʩʪʨʘ (15 ʦʩʦʙʝʡ/ʢʤ
2
), ʛʜʝ ʥʘʤ ʠʟʚʝʩʪʥʳ ʪʨʠ ʛʨʫʧʧʦʚʳʭ 

ʛʥʝʟʜʦʚʳʭ ʧʦʩʝʣʝʥʠʷ: ʚ ʣʝʩʦʧʦʣʦʩʘʭ ʥʘ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʡ ʩʪʘʥʮʠʠ (6 ʠ 13 

ʛʥʸʟʜ) ʠ ʚ ʛʦʨʦʜʩʢʦʤ ʧʘʨʢʝ (5). ɺʩʪʨʝʯʘʝʪʩʷ ʛʨʘʯ ʪʘʢʞʝ ʚ ʢʨʫʧʥʳʭ ʠ ʤʝʣʢʠʭ 

ʧʦʩʸʣʢʘʭ (1-3), ʚ ʤʠʯʫʨʠʥʩʢʠʭ ʩʘʜʘʭ (1); ʚ ʛ. ɼʝʜʦʚʩʢʝ ʠ ʢʨʫʧʥʳʭ ʧʦʩʸʣʢʘʭ 

ʛʦʨʦʜʩʢʦʛʦ ʪʠʧʘ ʦʥ ʨʝʜʦʢ (0.2-0.3). ɺʩʪʨʝʯʝʥ ʚ 75 % ʦʙʩʣʝʜʦʚʘʥʥʳʭ ʤʝʩʪʦ-

ʦʙʠʪʘʥʠʡ. 

ɺʦʨʦʥ C. corax. ʆʪʥʦʩʠʪʝʣʴʥʦ ʨʝʜʢʘʷ ʦʩʸʜʣʘʷ ʛʥʝʟʜʷʱʘʷʩʷ ʧʪʠʮʘ, 

ʚʩʪʨʝʯʝʥʥʘʷ ʚ ʧʝʨʝʣʝʩʢʘʭ ʩʨʝʜʠ ʧʦʣʝʡ ʠ ʚ ʤʝʣʢʠʭ ʧʦʩʸʣʢʘʭ (0.1-0.3), ʘ ʪʘʢʞʝ 

ï ʪʨʘʥʟʠʪʦʤ ï ʚ ʤʠʯʫʨʠʥʩʢʠʭ ʩʘʜʘʭ (0.07). ʆʪʥʦʩʠʪʝʣʴʥʦ ʩʪʝʥʦʪʦʧʝʥ: ʟʘʨʝʛʠ-

ʩʪʨʠʨʦʚʘʥ ʚ ʪʨʝʪʠ ʤʝʩʪʦʦʙʠʪʘʥʠʡ. 

Cʦʡʢʘ Garrulus glandarius. ʅʝʤʥʦʛʦʯʠʩʣʝʥʥʘʷ ʛʥʝʟʜʷʱʘʷʩʷ ʦʩʸʜʣʘʷ 

ʧʪʠʮʘ. ʆʙʳʯʥʘ ʚ ʣʝʩʦʣʫʛʦʚʦʡ ʜʦʣʠʥʝ ʨʝʢʠ ʀʩʪʨʘ (2); ʚʩʪʨʝʯʘʣʘʩʴ ʚ ʢʨʫʧʥʳʭ 
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ʧʦʩʸʣʢʘʭ, ʦʢʨʫʞʸʥʥʳʭ ʣʝʩʥʳʤʠ ʤʘʩʩʠʚʘʤʠ (1 ʠ 0.2); ʠʟʨʝʜʢʘ ʨʝʛʠʩʪʨʠʨʦʚʘ-

ʣʘʩʴ ʚ ʤʠʯʫʨʠʥʩʢʠʭ ʩʘʜʘʭ (0.7). ʆʪʤʝʯʝʥʘ ʚ ʧʦʣʦʚʠʥʝ ʦʙʩʣʝʜʦʚʘʥʥʳʭ ʤʝʩʪʦ-

ʦʙʠʪʘʥʠʡ. 
ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. ɾʝʣʝʟʥʦʚʘ ʊ.ʂ., ɾʝʣʝʟʥʦʚ-ʏʫʢʦʪʩʢʠʡ ʅ.ʂ., ɸ.ɸ. ʊʝʨʸʰʠʥ. ʄʘʡʩʢʦʝ ʥʘʩʝʣʝʥʠʝ 

ʧʪʠʮ ʤʝʩʪʦʦʙʠʪʘʥʠʡ ʉʝʚʝʨʦ-ɿʘʧʘʜʥʦʛʦ ʇʦʜʤʦʩʢʦʚʴʷ //ʕʢʦʣʦʛʠʯʝʩʢʠʝ ʯʪʝʥʠʷ. ʄʘʪʝʨʠʘʣʳ 

ʐ ʩʪʫʜʝʥʯʝʩʢʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ. ï ʄ: ʀʇʆ çʋ ʅʠʢʠʪʩʢʠʭ ʚʦʨʦʪè, 

2014. ʉ. 41-44. 

2. ʂʦʙʣʠʢ ɽ.ɸ., ʈʝʜʴʢʠʥ ʗ.ɸ., ɸʨʭʠʧʦʚ ɺ.ʖ. ʉʧʠʩʦʢ ʧʪʠʮ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. 

ʄ.: ʊʦʚʘʨʠʱʝʩʪʚʦ ʥʘʫʯʥʳʭ ʠʟʜʘʥʠʡ ʂʄʂ. 2006. 281 ʩ.  

3. ʊʝʨʸʰʠʥ ɸ.ɸ., ɾʝʣʝʟʥʦʚʘ ʊ.ʂ. ʃʝʪʥʝʝ ʥʘʩʝʣʝʥʠʝ ʧʪʠʮ ʉʝʚʝʨʦ-ɿʘʧʘʜʥʦʛʦ ʇʦʜ-

ʤʦʩʢʦʚʴʷ // ɸʢʪʫʘʣʴʥʳʝ ʚʦʧʨʦʩʳ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʥʘʫʢʠ: ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠ ʤʝʪʦʜʠʯʝʩʢʠʝ ʘʩ-

ʧʝʢʪʳ. ʏ.7. ʊʘʤʙʦʚ, 2014. ʉ. 122-124. 
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ɾʫʨʣʦʚ ʆ.ʉ. 

ʚʝʜʫʱʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ 

ʀʥʩʪʠʪʫʪʘ ʢʣʝʪʦʯʥʦʛʦ ʠ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʛʦ ʩʠʤʙʠʦʟʘ ʋʨʆ ʈɸʅ, 

ʈʦʩʩʠʷ, ʛ. ʆʨʝʥʙʫʨʛ 
 

ʉʘʡʢʠʥʘ ɽ.ʖ. 

ʩʪʫʜʝʥʪʢʘ ʢʘʬʝʜʨʳ ʙʠʦʬʠʟʠʢʠ ʠ ʬʠʟʠʢʠ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʆʨʝʥʙʫʨʛʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, 

ʈʦʩʩʠʷ, ʛ. ʆʨʝʥʙʫʨʛ  
 

ɾʫʨʣʦʚʘ ɺ.ʆ. 

ʫʯʝʥʠʮʘ 9ɹ ʢʣʘʩʩʘ ʄʆɸʋ ʃʠʮʝʡ ˉ1,  

ʈʦʩʩʠʷ, ʛ. ʆʨʝʥʙʫʨʛ 
 

ɺ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʠʟʤʝʥʝʥʠʷ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

S-R-ʚʘʨʠʘʥʪʦʚ Salmonella minnesota ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʥʘ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʧʠʪʘʪʝʣʴʥʳʭ 

ʩʨʝʜʘʭ.  

ɺʘʨʠʘʙʝʣʴʥʦʩʪʴ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ S-R-ʚʘʨʠʘʥʪʦʚ Salmonella minnesota, ʟʘ-

ʚʠʩʠʪ ʦʪ ʫʨʦʚʥʷ ʥʘʨʫʰʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʣʠʧʦʧʦʣʠʩʘʭʘʨʠʜʘ ʠ ʩʦʯʝʪʘʝʪʩʷ ʩʦ ʩʥʠʞʝʥʠʝʤ ʛʠʜʨʦ-

ʬʠʣʴʥʦ-ʣʠʧʦʬʠʣʴʥʦʛʦ ʙʘʣʘʥʩʘ (ɻʃɹ) ʠ ʫʚʝʣʠʯʝʥʠʝʤ ʵʣʝʢʪʨʦʢʠʥʝʪʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ. 

ɸʥʘʣʠʟ ʠʟʤʝʥʝʥʠʷ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ S-R-ʚʘʨʠʘʥʪʦʚ Salmonella minnesota 

ʧʨʠ ʨʦʩʪʝ ʥʘ ʞʠʜʢʦʡ ʠ ʧʣʦʪʥʦʡ ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʝ ʧʦʢʘʟʘʣ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʛʠʜʨʦʬʦʙʥʦ-

ʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʧʦʚʳʰʝʥʠʝ ʵʣʝʢʪʨʦʢʠʥʝʪʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʭʘ-

ʨʘʢʪʝʨʥʦ ʜʣʷ S-R-ʚʘʨʠʘʥʪʦʚ, ʨʘʩʪʫʱʠʭ ʥʘ ʧʣʦʪʥʦʡ ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʝ. 
 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: S-R-ʚʘʨʠʘʥʪʳ Salmonella minnesota, ʛʠʜʨʦʬʠʣʴʥʦ-ʣʠʧʦʬʠʣʴʥʳʡ 

ʙʘʣʘʥʩ, ʵʣʝʢʪʨʦʢʠʥʝʪʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ. 

 

ɺʚʝʜʝʥʠʝ 

ʃʠʧʦʧʦʣʠʩʘʭʘʨʠʜ (ʃʇʉ) ï ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʡ ʢʦʤʧʣʝʢʩ, ʣʦʢʘʣʠʟʦ-

ʚʘʥʥʳʡ ʚʦ ʚʥʝʰʥʝʡ ʤʝʤʙʨʘʥʝ ʛʨʘʤʦʪʨʠʮʘʪʝʣʴʥʳʭ ʙʘʢʪʝʨʠʡ [3,7]. ʃʇʉ ʷʚʣʷ-
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ʝʪʩʷ ʦʜʥʠʤ ʠʟ ʤʘʨʢʝʨʦʚ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʪʨʘʥʩʣʦʢʘʮʠʠ [6] ʠ ʠʥʜʫʢʪʦʨʦʤ ʵʢʩ-

ʧʨʝʩʩʠʠ ʬʘʢʪʦʨʦʚ ʚʨʦʞʜʝʥʥʦʛʦ ʠ ʘʜʘʧʪʠʚʥʦʛʦ ʠʤʤʫʥʠʪʝʪʘ. 

ʃʠʧʦʧʦʣʠʩʘʭʘʨʠʜ ʛʨʘʤʦʪʨʠʮʘʪʝʣʴʥʳʭ ʙʘʢʪʝʨʠʡ ʩʦʩʪʦʠʪ ʠʟ ʛʠʜʨʦʬʦʙ-

ʥʦʡ ʣʠʧʠʜʥʦʡ ʯʘʩʪʠ (ʣʠʧʠʜ ɸ) ʠ ʛʠʜʨʦʬʠʣʴʥʦʛʦ ʧʦʣʠʩʘʭʘʨʠʜʘ  

(ʆ-ʩʧʝʮʠʬʠʯʝʩʢʘʷ ʧʦʣʠʩʘʭʘʨʠʜʥʘʷ ʯʘʩʪʴ ʠ ʦʣʠʛʦʩʘʭʘʨʠʜʥʳʡ ʦʩʪʦʚ (ʢʦʨ)). 

ʆ-ʩʧʝʮʠʬʠʯʝʩʢʘʷ ʧʦʣʠʩʘʭʘʨʠʜʥʘʷ ʯʘʩʪʴ ʠʤʝʝʪ ʠʥʜʠʚʠʜʫʘʣʴʥʦʝ ʭʠʤʠ-

ʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ʠ ʦʧʨʝʜʝʣʷʝʪ ʩʝʨʦʣʦʛʠʯʝʩʢʫʶ ʩʧʝʮʠʬʠʯʥʦʩʪʴ ʃʇʉ.  

ʅʘʣʠʯʠʝ ʬʦʩʬʘʪʥʳʭ ʛʨʫʧʧ, ʩʚʷʟʘʥʥʳʭ ʩ 3-ʜʝʟʦʢʩʠ-ʘʣʴʬʘ-D-

ʤʘʥʥʦʦʢʪʫʣʦʟʦʥʦʚʦʡ ʢʠʩʣʦʪʦʡ (ʂɼʆ), ʧʨʠʜʘʝʪ ʧʦʚʝʨʭʥʦʩʪʠ ʣʠʧʦʧʦʣʠʩʘʭʘ-

ʨʠʜʘ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʟʘʨʷʜ, ʯʝʤ ʦʙʲʷʩʥʷʝʪʩʷ ʩʧʦʩʦʙʥʦʩʪʴ ʃʇʉ ʩʚʷʟʳʚʘʪʴ ʤʦ-

ʣʝʢʫʣʳ ʩʦʝʜʠʥʝʥʠʡ, ʠʤʝʶʱʠʭ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʟʘʨʷʜ ï ʜʝʬʝʥʩʠʥʳ [5], ʣʠʟʦ-

ʮʠʤ [8], ʤʘʛʘʠʥʠʥʳ [4]. 

ɹʦʣʝʝ ʪʦʛʦ, ʩʚʷʟʳʚʘʥʠʝ ʣʠʧʦʧʦʣʠʩʘʭʘʨʠʜʦʤ ʢʘʪʠʦʥʥʳʭ ʧʝʧʪʠʜʦʚ ʤʦ-

ʞʝʪ ʩʥʠʟʠʪʴ, ʠʣʠ ʜʘʞʝ ʠʥʛʠʙʠʨʦʚʘʪʴ ʃʇʉ-ʠʥʜʫʮʠʨʫʝʤʳʝ ʵʬʬʝʢʪʳ. 

ɺ ʢʘʯʝʩʪʚʝ ʤʘʨʢʝʨʦʚ ʢʦʥʚʝʨʩʠʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʛʨʘʤʦʪʨʠ-

ʮʘʪʝʣʴʥʳʭ ʙʘʢʪʝʨʠʡ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ S-R-ʚʘʨʠʘʥʪʳ Salmonella minnesota, 

ʩ ʥʘʨʫʰʝʥʥʳʤ ʩʪʨʦʝʥʠʝʤ ʣʠʧʦʧʦʣʠʩʘʭʘʨʠʜʘ. 

ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʠʣʩʷ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʠʟʤʝʥʝʥʠʷ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ S-R-ʚʘʨʠʘʥʪʦʚ Salmonella minnesota ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘ-

ʥʠʠ ʥʘ ʧʣʦʪʥʦʡ ʠ ʞʠʜʢʦʡ ʧʠʪʘʪʝʣʴʥʳʭ ʩʨʝʜʘʭ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʝʥʳ ʥʘ S-R-ʚʘʨʠʘʥʪʘʭ Salmonella minnesota ʠʟ 

ʢʦʣʣʝʢʮʠʠ Otto Luderitz: S-ʚʘʨʠʘʥʪ ï ʩʦʜʝʨʞʠʪ ʧʦʣʥʦʮʝʥʥʳʡ ʣʠʧʦʧʦʣʠʩʘʭʘ-

ʨʠʜ (ʆ-ʩʧʝʮʠʬʠʯʝʩʢʘʷ ʯʘʩʪʴ ʧʦʣʠʩʘʭʘʨʠʜʘ-ʢʦʨ-ʣʠʧʠʜ ɸ); Ra-ʚʘʨʠʘʥʪ (ʚʥʝʰ-

ʥʶʶ ʠ ʚʥʫʪʨʝʥʥʶʶ ʦʙʣʘʩʪʴ ʢʦʨ ʠ ʣʠʧʠʜ ɸ); ʫ Rbïʚʘʨʠʘʥʪʘ (ʩʦʭʨʘʥʝʥʘ 

ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʚʥʫʪʨʝʥʥʝʡ ʠ ʚʥʝʰʥʝʡ ʦʙʣʘʩʪʠ ʢʦʨ ʠ ʣʠʧʠʜ ɸ); Rd1-ʚʘʨʠʘʥʪ 

(ʩʦʭʨʘʥʠʣ ʚʥʝʰʥʶʶ ʦʙʣʘʩʪʴ ʢʦʨ ï ʧʨʝʜʩʪʘʚʣʝʥʥʫʶ ʜʚʫʤʷ ʦʩʪʘʪʢʘʤʠ ʛʝʧʪʦ-

ʟʳ, ʧʦʣʠʬʦʩʬʘʪʦʤ ʠ ʣʠʧʠʜʦʤ ɸ); ʫ Rd2 ïʚʘʨʠʘʥʪʘ ï (ʩʦʭʨʘʥʝʥʘ ʚʥʝʰʥʷʷ ʦʙ-

ʣʘʩʪʴ ʢʦʨ ï ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʦʜʥʠʤ ʦʩʪʘʪʢʦʤ ʛʝʧʪʦʟʳ, ʧʦʣʠʬʦʩʬʘʪʦʤ ʠ ʣʠʧʠ-

ʜʦʤ ɸ); Re-ʚʘʨʠʘʥʪ-(ʩʦʜʝʨʞʠʪ ʜʚʘ ʦʩʪʘʪʢʘ ʂɼʆ (3-ʜʝʟʦʢʩʠ-D-

ʤʘʥʥʦʦʢʪʫʣʦʟʦʥʦʚʘʷ ʢʠʩʣʦʪʘ) ʠ ʣʠʧʠʜ ɸ).  

ɼʣʷ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʙʘʢʪʝʨʠʡ ʠʩʧʦʣʴʟʦʚʘʣʠ ʞʠʜʢʫʶ ʠ ʧʣʦʪʥʫʶ ʧʠʪʘ-

ʪʝʣʴʥʳʝ ʩʨʝʜʳ (ʇʠʪʘʪʝʣʴʥʳʡ ʘʛʘʨ ʠ ʙʫʣʴʦʥ ʜʣʷ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʤʠʢʨʦʦʨʛʘ-

ʥʠʟʤʦʚ ʩʫʭʦʡ; ʅʇʆ çʇʠʪʘʪʝʣʴʥʳʝ ʩʨʝʜʳè, ʛ. ʄʘʭʘʯʢʘʣʘ).  

ɼʣʷ ʦʮʝʥʢʠ ʩʪʝʧʝʥʠ ʛʠʜʨʦʬʦʙʥʦʩʪʠ S-R-ʚʘʨʠʘʥʪʦʚ Salmonella 

minnesota ʧʨʠʤʝʥʷʣʠ ʤʝʪʦʜ ʨʘʟʜʝʣʝʥʠʷ ʚʟʚʝʩʠ ʢʣʝʪʦʢ ʚ ʜʚʫʭʬʘʟʥʦʡ ʩʠʩʪʝʤʝ 

[1]. ɺʝʣʠʯʠʥʫ ʛʠʜʨʦʬʠʣʴʥʦ-ʣʠʧʦʬʠʣʴʥʦʛʦ ʙʘʣʘʥʩʘ (ɻʃɹ) ʚʳʨʘʞʘʣʠ ʚ ʦʧʪʠ-

ʯʝʩʢʠʭ ʝʜʠʥʠʮʘʭ (ʦ.ʝ.).  

ʀʟʤʝʨʝʥʠʝ ʵʣʝʢʪʨʦʢʠʥʝʪʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ (ɕ-ʧʦʪʝʥʮʠʘʣʘ, mV) ʙʘʢ-

ʪʝʨʠʘʣʴʥʳʭ ʢʣʝʪʦʢ ʦʩʫʱʝʩʪʚʣʷʣʠ ʘʤʧʣʠʪʫʜʥʦ-ʯʘʩʪʦʪʥʳʤ ʤʝʪʦʜʦʤ [2]. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʧʦʜʚʝʨʛʥʫʪʳ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ ʩ 

ʦʧʨʝʜʝʣʝʥʠʝʤ ʩʨʝʜʥʝʡ ʘʨʠʬʤʝʪʠʯʝʩʢʦʡ ʚʝʣʠʯʠʥʳ (ʄ), ʩʨʝʜʥʝʡ ʦʰʠʙʢʠ, 

ʩʨʝʜʥʝʡ (m) ʠ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʛʦ (ʩʪʘʥʜʘʨʪʥʦʛʦ) ʦʪʢʣʦʥʝʥʠʷ(ů). 
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ʈʝʟʫʣʴʪʘʪʳ 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ S-R-ʚʘʨʠʘʥʪʦʚ 

Salmonella minnesota ʧʨʠ ʨʦʩʪʝ ʥʘ ʞʠʜʢʦʡ ʠ ʧʣʦʪʥʦʡ ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʝ, ʧʦ-

ʢʘʟʘʣ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʳʡ ʭʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʙʘʢʪʝʨʠʡ, ʩʚʷʟʘʥʥʳʡ ʩ ʫʨʦʚʥʝʤ ʥʘʨʫʰʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʃʇʉ. 

ʇʨʠ ʵʪʦʤ ʠʟʤʝʥʝʥʠʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʚʝʨʭʥʦʩʪʠ ʙʘʢʪʝ-

ʨʠʡ ʩʦʯʝʪʘʣʦʩʴ ʩ ʛʠʜʨʦʬʠʣʠʟʘʮʠʝʡ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʧʦʚʳʰʝʥʠ-

ʝʤ ʵʣʝʢʪʨʦʢʠʥʝʪʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ (ʪʘʙʣʠʮʘ).  
ʊʘʙʣʠʮʘ 

ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ S-R-ʚʘʨʠʘʥʪʦʚ Salmonella Minnesota 

ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʥʘ ʧʣʦʪʥʦʡ ʠ ʞʠʜʢʦʡ ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʝ 

ɺʠʜ 
ʍʝʤʦʪʠʧ 

ʃʇʉ 

ɻʠʜʨʦʬʠʣʴʥʦ-ʣʠʧʦʬʠʣʴʥʳʡ 

ʙʘʣʘʥʩ (ʦ.ʝ.) 

ʕʣʝʢʪʨʦʢʠʥʝʪʠʯʝʩʢʠʡ 

 ʧʦʪʝʥʮʠʘʣ (mV) 

ɾʠʜʢʘʷ ʩʨʝʜʘ 
ʇʣʦʪʥʘʷ 

ʩʨʝʜʘ 

ɾʠʜʢʘʷ 

ʩʨʝʜʘ 

ʇʣʦʪʥʘʷ 

 ʩʨʝʜʘ 

Salmonella 

minnesota 

(n=16) 

S 0,87Ñ0,03 1,10Ñ0,05 -11,3Ñ0,2 -12,5Ñ0,4 

Ra 0,08Ñ0,02 0,56Ñ0,04 -15,7Ñ0,4 -16,8Ñ0,6 

Rb -0,11Ñ0,01 0,39Ñ0,03 -7,3Ñ0,2 -10,3Ñ0,3 

Rd1 -0,60Ñ0,02 0,16Ñ0,01 -17,9Ñ0,7 -19,8Ñ0,5 

Rd2 0,85Ñ0,01 1,38Ñ0,06 -27,7Ñ0,8 -30,6Ñ0,2 

Re 0,26Ñ0,02 0,89Ñ0,07 -16,2Ñ0,7 -18,8Ñ0,4 
 

S-R-ʚʘʨʠʘʥʪʳ Salmonella minnesota, ʨʘʩʪʫʱʠʝ ʥʘ ʧʣʦʪʥʦʡ ʧʠʪʘʪʝʣʴʥʦʡ 

ʩʨʝʜʝ, ʙʳʣʠ ʙʦʣʝʝ ʛʠʜʨʦʬʦʙʥʳ ʠ ʠʤʝʣʠ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʵʣʝʢʪʨʦʢʠ-

ʥʝʪʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ, ʯʝʤ ʙʘʢʪʝʨʠʠ, ʨʘʩʪʫʱʠʝ ʚ ʞʠʜʢʦʡ ʩʨʝʜʝ. 

ɹʘʢʪʝʨʠʘʣʴʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ S-ʚʘʨʠʘʥʪʘ Salmonella minnesota, ʩʠʥʪʝʟʠ-

ʨʫʶʱʝʛʦ çʧʦʣʥʦʮʝʥʥʳʡè ʣʠʧʦʧʦʣʠʩʘʭʘʨʠʜ, ʧʨʠ ʨʦʩʪʝ ʚ ʞʠʜʢʦʡ ʠ ʧʣʦʪʥʦʡ 

ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʝ, ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʘʩʴ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʛʠʜʨʦʬʦʙʥʦʩʪʠ ʠ 

ʥʠʟʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʵʣʝʢʪʨʦʢʠʥʝʪʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ. 

ʈʦʩʪ R-ʚʘʨʠʘʥʪʦʚ Salmonella minnesota ʚ ʞʠʜʢʦʡ ʠ ʧʣʦʪʥʦʡ ʧʠʪʘʪʝʣʴ-

ʥʦʡ ʩʨʝʜʝ ʧʨʠʚʦʜʠʣ ʢ ʩʥʠʞʝʥʠʶ ʛʠʜʨʦʬʦʙʥʦʩʪʠ ʠ ʫʚʝʣʠʯʝʥʠʶ ʵʣʝʢʪʨʦʢʠʥʝ-

ʪʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʫ Ra-, Rd1-, Re-ʚʘʨʠʘʥʪʦʚ, ʚ ʩʨʘʚʥʝʥʠʠ ʩ S-ʚʘʨʠʘʥʪʦʤ 

Salmonella minnesota. 

ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʜʣʷ Rb-ʚʘʨʠʘʥʪʘ, ʧʨʠ ʨʦʩʪʝ ʥʘ ʞʠʜʢʦʡ ʠ ʧʣʦʪʥʦʡ ʧʠʪʘ-

ʪʝʣʴʥʦʡ ʩʨʝʜʝ, ʥʘʨʷʜʫ ʩ ʦʙʱʝʡ ʪʝʥʜʝʥʮʠʝʡ ʛʠʜʨʦʬʠʣʠʟʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʠ  

(-0,11Ñ0,01 ʦ.ʝ.; 0,39Ñ0,03 ʦ.ʝ., ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), ʙʳʣʦ ʭʘʨʘʢʪʝʨʥʦ ʩʥʠʞʝʥʠʝ 

ʵʣʝʢʪʨʦʢʠʥʝʪʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ (-7,3Ñ0,2 mV; -10,3Ñ0,3 mV, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). 

ʂʨʦʤʝ ʪʦʛʦ, ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʩʪʝʧʝʥʠ ʛʠʜʨʦʬʦʙʥʦʩʪʠ Rd2-ʚʘʨʠʘʥʪʘ 

ʙʫʣʴʦʥʥʦʡ ʢʫʣʴʪʫʨʳ ʥʝ ʦʪʣʠʯʘʣʠʩʴ ʦʪ ʛʠʜʨʦʬʦʙʥʦʩʪʠ S-ʚʘʨʠʘʥʪʘ, ʘ ʙʘʢʪʝ-

ʨʠʠ, ʨʘʩʪʫʱʠʝ ʥʘ ʧʣʦʪʥʦʡ ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʝ, ʦʙʣʘʜʘʣʠ ʢʘʢ ʙʦʣʝʝ ʚʳʩʦʢʦʡ 

ʩʪʝʧʝʥʴʶ ʛʠʜʨʦʬʦʙʥʦʩʪʠ (0,85Ñ0,01 ʦ.ʝ.; 1,38Ñ0,06 ʦ.ʝ., ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), ʪʘʢ 

ʠ ʩʘʤʳʤ ʚʳʩʦʢʠʤ, ʩʨʝʜʠ S-R-ʚʘʨʠʘʥʪʦʚ, ʵʣʝʢʪʨʦʢʠʥʝʪʠʯʝʩʢʠʤ ʧʦʪʝʥʮʠʘʣʦʤ 

(-27,7Ñ0,8 mV; -30,6Ñ0,2 mV, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). 

ʆʙʩʫʞʜʝʥʠʝ 
ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʩʚʷʟʠ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʥʘʨʫʰʝʥʠʝʤ ʭʠ-

ʤʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʃʇʉ. ʍʝʤʦʪʠʧʳ S-R-ʚʘʨʠʘʥʪʦʚ Salmonella minnesota 
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ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʢʦʥʪʨʦʣʷ-ʩʨʘʚʥʝʥʠʷ ʧʨʠ ʠʟʤʝʨʝʥʠʠ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʛʨʘʤʦʪʨʠʮʘʪʝʣʴʥʳʭ ʙʘʢʪʝʨʠʡ ʩ ʥʘʨʫʰʝʥʥʳʤ ʩʠʥʪʝʟʦʤ 

ʃʇʉ, ʜʣʷ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʃʇʉ ʩ ʢʘʪʠʦʥʥʳʤʠ ʧʝʧʪʠ-

ʜʘʤʠ, ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʳʤʠ ʧʨʝʧʘʨʘʪʘʤʠ ʠ ʦʧʩʦʥʠʥʘʤʠ ʩʳʚʦʨʦʪʢʠ.  
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ʉʈɸɺʅʀʊɽʃʔʅʓʁ ɸʅɸʃʀɿ ɺʓʈɸɾɽʅʅʆʉʊʀ 

ɸʅʊʀʆʂʀɼɸʅʊʅʆʁ ɸʂʊʀɺʅʆʉʊʀ ʕʂʉʊʈɸʂʊʆɺ ʂʆʈʅɽɺʀʑɸ 

 ʀ ʂʆʈʅɽʁ ʂʈʆɺʆʍʃɽɹʂʀ ʃɽʂɸʈʉʊɺɽʅʅʆʁ (SANGUISORBA 

OFFICINALIS), ɿɸɻʆʊʆɺʃɽʅʅʆʁ ɺ ʆʈɽʅɹʋʈɻʉʂʆʁ ʆɹʃɸʉʊʀ 

 

ʀʢʦʥʥʠʢʦʚʘ ʀ.ɸ. 

ʩʪʫʜʝʥʪʢʘ 5 ʢʫʨʩʘ 

ʆʨʝʥʙʫʨʛʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʤʝʜʠʮʠʥʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, 

ʈʦʩʩʠʷ, ʛ. ʆʨʝʥʙʫʨʛ 

 

ʄʠʭʘʡʣʦʚʘ ʀ.ɺ.  

ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ ʭʠʤʠʠ ʠ ʬʘʨʤ. ʭʠʤʠʠ ʆʨʝʥʙʫʨʛʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦ-

ʛʦ ʤʝʜʠʮʠʥʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, ʜ.ʙ.ʥ., ʜʦʮʝʥʪ, 

ʈʦʩʩʠʷ, ʛ. ʆʨʝʥʙʫʨʛ 

 

ʂʫʟʴʤʠʯʝʚʘ ʅ.ɸ. 

ʘʩʩʠʩʪʝʥʪ ʢʘʬʝʜʨʳ ʭʠʤʠʠ ʠ ʬʘʨʤ. ʭʠʤʠʠ 

ʆʨʝʥʙʫʨʛʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʤʝʜʠʮʠʥʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, 

ʈʦʩʩʠʷ, ʛ. ʆʨʝʥʙʫʨʛ 
 

ʆʜʥʦʡ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʛʨʫʧʧ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ, ʦʙʣʘʜʘʶʱʝʡ ʘʥ-
ʪʠʦʢʩʠʜʘʥʪʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ, ʷʚʣʷʶʪʩʷ ʜʫʙʠʣʴʥʳʝ ʚʝʱʝʩʪʚʘ, ʠʩʪʦʯʥʠʢʦʤ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪ-
ʩʷ ʤʥʦʛʠʝ ʣʝʢʘʨʩʪʚʝʥʥʳʝ ʨʘʩʪʝʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʢʨʦʚʦʭʣʝʙʢʘ ʣʝʢʘʨʩʪʚʝʥʥʘʷ (Sanguisorba 
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officinalis L.), ʧʨʦʠʟʨʘʩʪʘʶʱʘʷ ʚ ʆʨʝʥʙʫʨʛʩʢʦʡ ʦʙʣʘʩʪʠ. ɸʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʚʩʝ ʠʩʩʣʝʜʫ-
ʝʤʳʝ ʦʙʨʘʟʮʳ ʣʝʢʘʨʩʪʚʝʥʥʦʛʦ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʦʡ ʘʥʪʠʦʢʩʠ-
ʜʘʥʪʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ. ʅʘʣʠʯʠʝ ʜʫʙʠʣʴʥʳʭ ʚʝʱʝʩʪʚ, ʘ ʪʘʢʞʝ ʜʦʩʪʘʪʦʯʥʘʷ ʩʳʨʴʝʚʘʷ ʙʘʟʘ, 
ʜʝʣʘʶʪ ʜʘʥʥʦʝ ʣʝʢʘʨʩʪʚʝʥʥʦʝ ʨʘʩʪʠʪʝʣʴʥʦʝ ʩʳʨʴʝ ʮʝʥʥʳʤ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʙʠʦʣʦʛʠ-
ʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ, ʦʙʣʘʜʘʶʱʠʭ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ. 

 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: Sanguisorba officinalis L., ʜʫʙʠʣʴʥʳʝ ʚʝʱʝʩʪʚʘ, ʘʥʪʠʦʢʩʠʜʘʥʪʥʘʷ 

ʘʢʪʠʚʥʦʩʪʴ. 
 

ʇʨʠʨʦʜʥʳʝ ʘʥʪʠʦʢʩʠʜʘʥʪʳ, ʢʘʢ ʧʨʘʚʠʣʦ, ʨʝʛʫʣʠʨʫʶʪ ʩʪʝʧʝʥʴ ʚʣʠʷʥʠʷ 
ʥʝʬʝʨʤʝʥʪʘʪʠʚʥʦʛʦ ʩʚʦʙʦʜʥʦʨʘʜʠʢʘʣʴʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʥʘ ʙʦʣʴʰʠʥʩʪʚʦ ʙʠʦ-
ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʦʨʛʘʥʠʟʤʘ, ʩʦʟʜʘʚʘʷ ʪʝʤ ʩʘʤʳʤ ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ 
ʜʣʷ ʤʝʪʘʙʦʣʠʟʤʘ ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʥʦʨʤʘʣʴʥʦʛʦ ʨʦʩʪʘ ʢʣʝʪʦʢ ʠ ʪʢʘʥʝʡ. ʕʪʦ ʦʙʫ-
ʩʣʘʚʣʠʚʘʝʪ ʧʦʚʳʰʝʥʥʳʡ ʠʥʪʝʨʝʩ ʢ ʧʦʠʩʢʫ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʭ ʠ ʣʝʯʝʙʥʳʭ ʘʥ-
ʪʠʦʢʩʠʜʘʥʪʥʳʭ ʩʨʝʜʩʪʚ ʧʨʠʨʦʜʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʦʩʥʦʚʥʳʤ ʧʨʝʠʤʫʱʝ-
ʩʪʚʦʤ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʠʭ ʤʥʦʛʦʩʪʦʨʦʥʥʝʝ ʠ ʱʘʜʷʱʝʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʦʨʛʘ-
ʥʠʟʤ, ʦʪʩʫʪʩʪʚʠʝ ʠʣʠ ʥʝʟʥʘʯʠʪʝʣʴʥʦʩʪʴ ʧʨʦʷʚʣʝʥʠʷ ʧʦʙʦʯʥʳʭ ʵʬʬʝʢʪʦʚ [3]. 
ʆʜʥʦʡ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʛʨʫʧʧ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ (ɹɸɺ), ʦʙ-
ʣʘʜʘʶʱʝʡ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ (ɸʆɸ), ʷʚʣʷʶʪʩʷ ʨʘʩʪʠʪʝʣʴʥʳʝ ʬʝ-
ʥʦʣʴʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʚ ʯʘʩʪʥʦʩʪʠ ʜʫʙʠʣʴʥʳʝ ʚʝʱʝʩʪʚʘ (ɼɺ), ʢʦʪʦʨʳʝ ʩʦʜʝʨ-
ʞʘʪʩʷ ʚʦ ʤʥʦʛʠʭ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʨʘʩʪʝʥʠʷʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʚ ʢʨʦʚʦʭʣʝʙʢʝ ʣʝ-
ʢʘʨʩʪʚʝʥʥʦʡ (Sanguisorba officinalis L.), ʩʝʤʝʡʩʪʚʦ ʈʦʟʦʮʚʝʪʥʳʝ (Rosaceae). 
ʆʥʘ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʨʘʩʪʝʥʠʡ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʆʨʝʥʙʫʨʛ-
ʩʢʦʡ ʦʙʣʘʩʪʠ [6]. ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʠʣʩʷ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʚʳʨʘʞʝʥʥʦʩʪʠ 
ɸʆɸ ʵʢʩʪʨʘʢʪʦʚ ʢʦʨʥʝʚʠʱʘ ʠ ʢʦʨʥʝʡ ʢʨʦʚʦʭʣʝʙʢʠ ʣʝʢʘʨʩʪʚʝʥʥʦʡ, ʟʘʛʦʪʦʚ-
ʣʝʥʥʦʡ ʚ ʆʨʝʥʙʫʨʛʩʢʦʡ ʦʙʣʘʩʪʠ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ. ʆʙʲʝʢʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʩʣʫʞʠʣʠ ʢʦʨ-
ʥʝʚʠʱʝ ʠ ʢʦʨʥʠ ʢʨʦʚʦʭʣʝʙʢʠ ʣʝʢʘʨʩʪʚʝʥʥʦʡ (Sanguisorba officinalis), ʧʨʦʠʟ-
ʨʘʩʪʘʶʱʝʡ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʆʨʝʥʙʫʨʛʩʢʦʡ ʦʙʣʘʩʪʠ (ʂʨʘʩʥʦʛʚʘʨʜʝʡʩʢʠʡ, ʆʨʝʥ-
ʙʫʨʛʩʢʠʡ, ʅʦʚʦʩʝʨʛʠʝʚʩʢʠʡ ʠ ʇʦʥʦʤʘʨʸʚʩʢʠʡ ʨʘʡʦʥʳ). ʆʙʨʘʟʮʳ ʩʳʨʴʷ ʟʘʛʦ-
ʪʘʚʣʠʚʘʣʠ ʚ ʷʩʥʫʶ ʩʫʭʫʶ ʧʦʛʦʜʫ, ʚ ʧʝʨʠʦʜ ʧʣʦʜʦʥʦʰʝʥʠʷ (ʘʚʛʫʩʪ ï ʩʝʥʪʷʙʨʴ) 
ʚ 2014 ʛ. ʂʦʨʥʝʚʠʱʘ ʩ ʢʦʨʥʷʤʠ ʚʳʢʘʧʳʚʘʣʠ, ʦʪʨʷʭʠʚʘʣʠ ʦʪ ʟʝʤʣʠ, ʧʨʦʤʳʚʘ-
ʣʠ ʠ ʩʫʰʠʣʠ ʚʦʟʜʫʰʥʦ-ʪʝʥʝʚʳʤ ʩʧʦʩʦʙʦʤ. ʉʳʨʴʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʮʝʣʴ-
ʥʳʝ ʠʣʠ ʨʘʟʨʝʟʘʥʥʳʝ ʥʘ ʢʫʩʢʠ ʦʜʨʝʚʝʩʥʝʚʰʠʝ ʢʦʨʥʝʚʠʱʘ ʠ ʢʦʨʥʠ, ʜʣʠʥʦʡ ʜʦ 
20 ʩʤ ʠ ʪʦʣʱʠʥʦʡ 0,3-2,5 ʩʤ [2]. ʅʘʣʠʯʠʝ ʜʫʙʠʣʴʥʳʭ ʚʝʱʝʩʪʚ ʚ ʢʦʨʥʝʚʠʱʝ ʠ 
ʢʦʨʥʷʭ ʢʨʦʚʦʭʣʸʙʢʠ ʣʝʢʘʨʩʪʚʝʥʥʦʡ ʫʩʪʘʥʘʚʣʠʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʢʘʯʝʩʪʚʝʥʥʳʭ 
ʨʝʘʢʮʠʡ [2]. ʂʦʣʠʯʝʩʪʚʝʥʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ɼɺ ʚ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʘʭ ʧʨʦ-
ʚʦʜʠʣʠ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ [4].  ʆʙ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʘʢʪʠʚʥʦ-
ʩʪʠ ʠʩʩʣʝʜʫʝʤʦʛʦ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷ ʩʫʜʠʣʠ ʧʦ ʩʧʦʩʦʙʥʦʩʪʠ ɼɺ ʠʥʛʠʙʠʨʦ-
ʚʘʪʴ ʘʫʪʦʦʢʠʩʣʝʥʠʝ ʘʜʨʝʥʘʣʠʥʘ in vitro ʠ ʪʝʤ ʩʘʤʳʤ ʧʨʝʜʦʪʚʨʘʱʘʪʴ ʦʙʨʘʟʦ-
ʚʘʥʠʝ ʘʢʪʠʚʥʳʭ ʬʦʨʤ ʢʠʩʣʦʨʦʜʘ [5]. ɸʆɸ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ ʚʳʨʘʞʘʣʠ ʚ 
ʧʨʦʮʝʥʪʘʭ ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʘʫʪʦʦʢʠʩʣʝʥʠʷ ʘʜʨʝʥʘʣʠʥʘ ʠ ʚʳʯʠʩʣʷʣʠ  
ʧʦ ʬʦʨʤʫʣʝ:  

ɸʆɸ = 
 z 

 , % 
 

ʄʘʪʝʤʘʪʠʯʝʩʢʫʶ ʦʙʨʘʙʦʪʢʫ ʧʨʦʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʳ 

Microsoft Excel 2010. 



60 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ. ʂʘʯʝʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ ʫʩʪʘʥʦʚʠʣ, ʯʪʦ 

ʜʫʙʠʣʴʥʳʝ ʚʝʱʝʩʪʚʘ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʚʦ ʚʩʝʭ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʦʙʨʘʟʮʘʭ ʣʝ-

ʢʘʨʩʪʚʝʥʥʦʛʦ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷ (ʃʈʉ), ʧʨʠ ʵʪʦʤ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʚʳʜʝʣʝʥʥʳʝ ɼɺ ʠʤʝʣʠ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʛʠʜʨʦʣʠʟʫʝʤʫʶ ʧʨʠʨʦʜʫ (ʪʘʙʣ. 1). 
ʊʘʙʣʠʮʘ 1 

ʈʝʟʫʣʴʪʘʪʳ ʢʘʯʝʩʪʚʝʥʥʳʭ ʨʝʘʢʮʠʡ ʥʘ ʜʫʙʠʣʴʥʳʝ ʚʝʱʝʩʪʚʘ ʚ ʠʟʚʣʝʯʝʥʠʠ 

ʢʦʨʥʝʚʠʱ ʠ ʢʦʨʥʝʡ ʢʨʦʚʦʭʣʝʙʢʠ ʣʝʢʘʨʩʪʚʝʥʥʦʡ 

ʈʝʘʢʪʠʚ ʕʬʬʝʢʪ ʨʝʘʢʮʠʠ 

1%-ʥʳʡ ʨʘʩʪʚʦʨ ʞʝʣʘʪʠʥʘ ʄʫʪʴ, ʠʩʯʝʟʘʶʱʘʷ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʨʘʩʪʚʦʨʘ ʞʝʣʘʪʠʥʘ 

ɾʝʣʝʟʦʘʤʤʦʥʠʝʚʳʝ ʢʚʘʩʮʳ ʏʸʨʥʦ ï ʩʠʥʝʝ ʦʢʨʘʰʠʚʘʥʠʝ 

NaNO3 ʂʦʨʠʯʥʝʚʦʝ ʦʢʨʘʰʠʚʘʥʠʝ 
 

ɸʥʘʣʠʟ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʜʫʙʠʣʴʥʳʭ ʚʝʱʝʩʪʚ ʚ ʘʥʘʣʠʟʠʨʫ-

ʝʤʦʤ ʃʈʉ ʚʳʷʚʠʣ, ʯʪʦ ʥʘʠʙʦʣʴʰʝʝ ʩʦʜʝʨʞʘʥʠʝ ɼɺ ʦʙʥʘʨʫʞʝʥʦ ʚ ʢʦʨʥʝʚʠʱʝ 

ʠ ʢʦʨʥʷʭ ʢʨʦʚʦʭʣʝʙʢʠ ʣʝʢʘʨʩʪʚʝʥʥʦʡ, ʟʘʛʦʪʦʚʣʝʥʥʳʭ ʚ ʆʨʝʥʙʫʨʛʩʢʦʤ ʨʘʡ-

ʦʥʝ, ʘ ʥʘʠʤʝʥʴʰʝʝ ï ʚ ʃʈʉ, ʩʦʙʨʘʥʥʦʤ ʚ ʂʨʘʩʥʦʛʚʘʨʜʝʡʩʢʦʤ ʨʘʡʦʥʝ ʆʨʝʥ-

ʙʫʨʛʩʢʦʡ ʦʙʣʘʩʪʠ (ʪʘʙʣ. 2). 
ʊʘʙʣʠʮʘ 2 

ʉʦʜʝʨʞʘʥʠʝ ʜʫʙʠʣʴʥʳʭ ʚʝʱʝʩʪʚ ʠ ʘʥʪʠʦʢʩʠʜʘʥʪʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʢʦʨʥʝʚʠʱʘ 

ʠ ʢʦʨʥʝʡ ʢʨʦʚʦʭʣʝʙʢʠ ʣʝʢʘʨʩʪʚʝʥʥʦʡ 

ʈʘʡʦʥʳ ʆʨʝʥʙʫʨʛʩʢʦʡ ʦʙʣʘʩʪʠ ʉʦʜʝʨʞʘʥʠʝ ɼɺ, % ɺʳʨʘʞʝʥʥʦʩʪʴ ɸʆɸ, % 

ʆʨʝʥʙʫʨʛʩʢʠʡ 23,28Ñ0,31 79,4Ñ07,82 

ʅʦʚʦʩʝʨʛʠʝʚʩʢʠʡ 21,16Ñ0,31 75,3Ñ1,88 

ʇʦʥʦʤʘʨʸʚʩʢʠʡ 19,47Ñ0,65 72,83Ñ1,35 

ʂʨʘʩʥʦʛʚʘʨʜʝʡʩʢʠʡ 18,44Ñ0,28 68,58Ñ1,05 
 

ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʚʳʨʘʞʝʥʥʦʩʪʠ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʙʳʣʦ 

ʦʪʤʝʯʝʥʦ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʘʷ ʚʳʨʘʞʝʥʥʦʩʪʴ ʩʫʤʤʘʨʥʦʡ ɸʆɸ ʥʘʙʣʶʜʘʣʘʩʴ ʫ 

ʃʈʉ, ʪʘʢʞʝ ʟʘʛʦʪʦʚʣʝʥʥʦʛʦ ʚ ʆʨʝʥʙʫʨʛʩʢʦʤ ʨʘʡʦʥʝ, ʘ ʤʠʥʠʤʘʣʴʥʘʷ ʚʳʨʘ-

ʞʝʥʥʦʩʪʴ ɸʆɸ ï ʫ ʃʈʉ, ʩʦʙʨʘʥʥʦʛʦ ʚ ʂʨʘʩʥʦʛʚʘʨʜʝʡʩʢʦʤ ʨʘʡʦʥʝ ʆʨʝʥʙʫʨʛ-

ʩʢʦʡ ʦʙʣʘʩʪʠ (ʪʘʙʣ. 2). 

ɺ ʮʝʣʦʤ, ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʧʦʢʘʟʘʣʠ ʯʪʦ, ʥʘʠʙʦʣʴʰʝʡ ʚʳʨʘʞʝʥʥʦ-

ʩʪʴʶ ɸʆɸ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʃʈʉ, ʚ ʢʦʪʦʨʦʤ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʥʘʠʙʦʣʴʰʝʝ 

ʩʦʜʝʨʞʘʥʠʝ ɼɺ, ʥʘʧʨʦʪʠʚ, ʥʘʠʤʝʥʴʰʝʡ ʚʳʨʘʞʝʥʥʦʩʪʴʶ ɸʆɸ ʦʙʣʘʜʘʝʪ ʃʈʉ, 

ʚ ʢʦʪʦʨʦʤ ʦʪʤʝʯʘʣʦʩʴ ʥʘʠʤʝʥʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ɼɺ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʦʛʦ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ 

ʚʳʨʘʞʝʥʥʦʩʪʠ ɸʆɸ ʢʦʨʥʝʚʠʱʘ ʠ ʢʦʨʥʝʡ ʢʨʦʚʦʭʣʝʙʢʠ ʣʝʢʘʨʩʪʚʝʥʥʦʡ, ʟʘʛʦ-

ʪʦʚʣʝʥʥʦʡ ʚ ʆʨʝʥʙʫʨʛʩʢʦʡ ʦʙʣʘʩʪʠ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʩʝ ʠʩʩʣʝʜʫʝʤʳʝ 

ʦʙʨʘʟʮʳ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʩʫʤʤʘʨʥʦʡ ɸʆɸ. ʕʪʦ ʧʦʟ-

ʚʦʣʷʝʪ ʨʝʢʦʤʝʥʜʦʚʘʪʴ ʜʘʥʥʦʝ ʃʈʉ ʢʘʢ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʠʩʪʦʯʥʠʢ ʘʥʪʠʦʢʩʠ-

ʜʘʥʪʦʚ ʚ ʨʘʩʪʠʪʝʣʴʥʳʝ ʩʙʦʨʳ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʝ ʜʦʙʘʚʢʠ, ʦʙʣʘʜʘʶʱʠʝ 

ʘʥʪʠʦʢʩʠʜʘʥʪʥʳʤ ʜʝʡʩʪʚʠʝʤ. 
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ʜʨ.] // ʍʠʤʠʷ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷ. ï 2011. ï ˉ3. ï ʉ.117-121. 

6. Cʘʥʴʢʦʚ, ɸ.ʅ. ʃʝʢʘʨʩʪʚʝʥʥʳʝ ʪʨʘʚʳ ʆʨʝʥʙʫʨʞʴʷ: ʤʦʥʦʛʨʘʬʠʷ / ɸ.ʅ. ʉʘʥʴʢʦʚ. 

ï ʆʨʝʥʙʫʨʛ, ï 2001. ï 349 ʩ. 

 

 

ɸʅɸʃʀɿ ʄɽɼʀʂʆ-ɼɽʄʆɻʈɸʌʀʏɽʉʂʀʍ ʇʆʂɸɿɸʊɽʃɽʁ  

ɺ ʆʎɽʅʂɽ ʇʆʇʋʃʗʎʀʆʅʅʆɻʆ ɿɼʆʈʆɺʔʗ ʅɸʉɽʃɽʅʀʗ 

 

ʂʫʥʠʮʳʥʘ ɸ.ɸ. 

ʤʘʛʠʩʪʨʘʥʪ 2 ʢʫʨʩʘ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ 

ʌɻɹʆʋ ɺʇʆ çɸʣʪʘʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè, 

ʈʦʩʩʠʷ, ʛ. ɹʘʨʥʘʫʣ 

 

ʐʘʨʣʘʝʚʘ ɽ.ɸ. 

ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ ʵʢʦʣʦʛʠʠ, ʙʠʦʭʠʤʠʠ ʠ ʙʠʦʪʝʭʥʦʣʦʛʠʠ ʌɻɹʆʋ ɺʇʆ çɸʣʪʘʡ-

ʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè, ʢʘʥʜ. ʙʠʦʣ. ʥʘʫʢ, ʜʦʮʝʥʪ, 

ʈʦʩʩʠʷ, ʛ. ɹʘʨʥʘʫʣ 
 

ʇʦʧʫʣʷʮʠʦʥʥʦʝ ʟʜʦʨʦʚʴʝ ʥʘʩʝʣʝʥʠʷ ï ʵʪʦ ʦʜʠʥ ʠʟ ʧʦʢʘʟʘʪʝʣʝʡ ʩʦʮʠʘʣʴʥʦ ʵʢʦʥʦʤʠ-

ʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʠ ʦʜʠʥ ʠʟ ʢʨʠʪʝʨʠʝʚ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʙʣʘʛʦʧʦʣʫʯʠʷ ʪʝʨʨʠʪʦʨʠʠ. ɺ ʩʪʘʪʴʝ 

ʧʨʠʚʦʜʠʪʩʷ ʘʥʘʣʠʟ ʤʝʜʠʢʦ-ʜʝʤʦʛʨʘʬʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ, ʧʦʢʘʟʘʪʝʣʝʡ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ, 

ʠʥʚʘʣʠʜʥʦʩʪʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʧʦʧʫʣʷʮʠʦʥʥʦʝ ʟʜʦʨʦʚʴʝ ʥʘʩʝʣʝʥʠʷ ʇʘʚʣʦʚʩʢʦʛʦ ʨʘʡʦʥʘ 

ɸʣʪʘʡʩʢʦʛʦ ʢʨʘʷ.  

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʦʧʫʣʷʮʠʦʥʥʦʝ ʟʜʦʨʦʚʴʝ, ʤʝʜʠʢʦ-ʜʝʤʦʛʨʘʬʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ, 

ʨʦʞʜʘʝʤʦʩʪʴ, ʩʤʝʨʪʥʦʩʪʴ, ʟʘʙʦʣʝʚʘʝʤʦʩʪʴ, ʠʥʚʘʣʠʜʠʟʘʮʠʷ. 

 

ʇʦʧʫʣʷʮʠʦʥʥʦʝ ʟʜʦʨʦʚʴʝ ʥʘʩʝʣʝʥʠʷ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʧʦʢʘʟʘʪʝʣʝʡ ʩʦ-

ʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ, ʘ ʪʘʢ ʞʝ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʢʨʠʪʝʨʠʝʚ 

ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʙʣʘʛʦʧʦʣʫʯʠʷ ʪʝʨʨʠʪʦʨʠʠ. ɺ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʤʥʦʛʠʭ ʘʚʪʦʨʦʚ 

ʦʥʦ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʧʦʢʘʟʘʪʝʣʴ ʢʦʥʝʯʥʦʛʦ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ʚʦʟ-

ʜʝʡʩʪʚʠʷ ʧʨʠʨʦʜʥʳʭ ʠ ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʬʘʢʪʦʨʦʚ ʥʘ ʥʘʩʝʣʝʥʠʝ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ 

ʨʝʛʠʦʥʘ [1, ʩ. 516; 2]. ʇʦʧʫʣʷʮʠʦʥʥʦʝ ʟʜʦʨʦʚʴʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʢʦʤʧʣʝʢʩʦʤ 

ʜʝʤʦʛʨʘʬʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ, ʫʨʦʚʥʝʤ ʬʠʟʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ, ʟʘʙʦʣʝʚʘʝʤʦ-

ʩʪʴʶ, ʠʥʚʘʣʠʜʥʦʩʪʴʶ ʠ ʯʘʩʪʦʪʦʡ ʧʨʝʤʦʨʙʠʜʥʳʭ ʩʦʩʪʦʷʥʠʡ ʥʘʩʝʣʝʥʠʷ. 
ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʠʣʘʩʴ ʦʮʝʥʢʘ ʧʦʧʫʣʷʮʠʦʥʥʦʛʦ ʟʜʦʨʦʚʴʷ ʥʘʩʝ-

ʣʝʥʠʷ ʇʘʚʣʦʚʩʢʦʛʦ ʨʘʡʦʥʘ ɸʣʪʘʡʩʢʦʛʦ ʢʨʘʷ. 

ʇʘʚʣʦʚʩʢʠʡ ʨʘʡʦʥ ʨʘʩʧʦʣʦʞʝʥ ʚ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ɸʣʪʘʡʩʢʦʛʦ 

ʢʨʘʷ. ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʨʘʡʦʥʘ ʨʘʩʧʦʣʦʞʝʥʦ 35 ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ, ʧʨʦʭʦʜʷʪ 
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ʜʚʝ ʘʚʪʦʤʘʛʠʩʪʨʘʣʠ ʠ ʞʝʣʝʟʥʘʷ ʜʦʨʦʛʘ. ʆʩʥʦʚʥʦʡ ʚʠʜ ʧʨʦʠʟʚʦʜʩʪʚʘ ï ʩʝʣɹ-

ʩʢʦʝ ʭʦʟʷʡʩʪʚʦ. ʇʨʦʤʳʰʣʝʥʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʘʭʘʨʥʳʤ ʟʘʚʦʜʦʤ, ʩʝʤʝʥ-

ʥʳʤ ʟʘʚʦʜʦʤ, ʤʘʩʣʦʩʳʨʟʘʚʦʜʦʤ, ʧʪʠʮʝʬʘʙʨʠʢʘʤʠ, ʩʪʨʦʠʪʝʣʴʥʳʤʠ ʦʨʛʘʥʠʟʘ-

ʮʠʷʤʠ [3]. 

ɼʣʷ ʦʮʝʥʢʠ ʧʦʧʫʣʷʮʠʦʥʥʦʛʦ ʟʜʦʨʦʚʴʷ ʥʘʩʝʣʝʥʠʷ ʨʘʡʦʥʘ ʙʳʣ ʚʳʧʦʣʥʝʥ 

ʘʥʘʣʠʟ ʤʝʜʠʢʦ-ʜʝʤʦʛʨʘʬʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ, ʧʦʢʘʟʘʪʝʣʝʡ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ ʠ 

ʠʥʚʘʣʠʜʠʟʘʮʠʠ ʥʘʩʝʣʝʥʠʷ ʟʘ ʜʝʩʷʪʠʣʝʪʥʠʡ ʧʝʨʠʦʜ (2003-2012 ʛʛ.) ʥʘ ʦʩʥʦʚʝ 

ʜʘʥʥʳʭ ʄʋɿ çʇʘʚʣʦʚʩʢʘʷ ʎʈɹè ʠ ʊʝʨʨʠʪʦʨʠʘʣʴʥʦʛʦ ʦʨʛʘʥʘ ʌʝʜʝʨʘʣʴʥʦʡ 

ʩʣʫʞʙʳ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʩʪʘʪʠʩʪʠʢʠ ɸʣʪʘʡʩʢʦʛʦ ʢʨʘʷ ʧʦ ʇʘʚʣʦʚʩʢʦʤʫ ʨʘʡʦ-

ʥʫ. ɸʥʘʣʠʟ ʧʨʦʚʦʜʠʣʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʦʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʩʪʘʪʠʩʪʠ-

ʢʠ ʚ ʧʨʦʛʨʘʤʤʝ Microsoft Excel.  

ʏʠʩʣʝʥʥʦʩʪʴ ʥʘʩʝʣʝʥʠʷ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʇʘʚʣʦʚʩʢʦʛʦ ʨʘʡʦʥʘ ʚ ʪʝʯʝʥʠʝ 

ʜʝʩʷʪʠ ʣʝʪ ʥʘʙʣʶʜʝʥʠʡ ʢʦʣʝʙʘʣʘʩʴ ʚ ʧʨʝʜʝʣʘʭ 40,3 ʠ 42,8 ʪʳʩ. ʯʝʣʦʚʝʢ. ʊʘʢ 

ʤʘʢʩʠʤʘʣʴʥʘʷ ʯʠʩʣʝʥʥʦʩʪʴ ʥʘʩʝʣʝʥʠʷ ʨʘʡʦʥʘ ʟʘʬʠʢʩʠʨʦʚʘʥʘ ʚ 2008 ʛʦʜʫ 

(42790 ʯʝʣʦʚʝʢ), ʤʠʥʠʤʘʣʴʥʘʷ ï ʚ 2012 (40254 ʯʝʣʦʚʝʢʘ). ɺ ʚʦʟʨʘʩʪʥʦʡ ʩʪʨʫʢ-

ʪʫʨʝ ʥʘʩʝʣʝʥʠʷ ʦʪʤʝʯʝʥʦ ʧʨʝʦʙʣʘʜʘʥʠʝ ʢʘʪʝʛʦʨʠʠ ʚʟʨʦʩʣʳʭ ʪʨʫʜʦʩʧʦʩʦʙʥʦʛʦ 

ʚʦʟʨʘʩʪʘ (ʞʝʥʱʠʥʳ ʦʪ 18 ʜʦ 54 ʣʝʪ; ʤʫʞʯʠʥʳ ʦʪ 18 ʜʦ 59 ʣʝʪ) ï 55%, ʘ ʪʘʢ ʞʝ 

ʦʙʥʘʨʫʞʝʥʘ ʚʳʩʦʢʘʷ ʩʫʤʤʘʨʥʘʷ ʥʘʛʨʫʟʢʘ ʚʟʨʦʩʣʳʤʠ ʥʝʪʨʫʜʦʩʧʦʩʦʙʥʦʛʦ ʚʦʟ-

ʨʘʩʪʘ ï 25%. ʇʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʧʦʣʦʚʦʡ ʩʪʨʫʢʪʫʨʳ ʥʘʩʝʣʝʥʠʷ ʟʘʤʝʯʝʥʦ, ʯʪʦ 

ʚ ʩʨʝʜʥʝʤ ʟʘ ʜʝʩʷʪʴ ʣʝʪ ʜʦʣʷ ʞʝʥʱʠʥ ʩʦʩʪʘʚʠʣʘ 53%, ʘ ʤʫʞʯʠʥ ï 47%.  

ɺ ʨʘʡʦʥʝ ʟʘ ʧʝʨʠʦʜ ʩ 2003 ʧʦ 2012 ʛʦʜ ʫʩʪʘʥʦʚʣʝʥʦ ʫʚʝʣʠʯʝʥʠʝ ʦʙʱʝʡ 

ʨʦʞʜʘʝʤʦʩʪʠ ʥʘ 19,1 %, ʯʪʦ ʥʘ 7,9% ʥʠʞʝ, ʯʝʤ ʚ ʢʨʘʝ. ʇʦ ʧʦʢʘʟʘʪʝʣʶ ʦʙʱʝʡ 

ʩʤʝʨʪʥʦʩʪʠ ʚ ʨʘʡʦʥʝ ʥʘʙʣʶʜʘʣʘʩʴ ʥʝʩʪʘʙʠʣʴʥʘʷ ʩʠʪʫʘʮʠʷ. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ 

ʥʘʙʣʶʜʝʥʠʷ ʙʳʣʘ ʦʪʤʝʯʝʥʘ ʪʝʥʜʝʥʮʠʷ ʢ ʩʥʠʞʝʥʠʶ ʜʘʥʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ. ʇʨʠ 

ʘʥʘʣʠʟʝ ʧʦʚʦʟʨʘʩʪʥʦʡ ʩʤʝʨʪʥʦʩʪʠ ʚʳʷʚʣʝʥʦ, ʯʪʦ 59% ʩʤʝʨʪʝʡ ʚ ʨʘʡʦʥʝ ʧʨʠ-

ʭʦʜʠʣʦʩʴ ʥʘ ʢʘʪʝʛʦʨʠʶ ʚʟʨʦʩʣʳʭ ʩʪʘʨʰʝ ʪʨʫʜʦʩʧʦʩʦʙʥʦʛʦ ʚʦʟʨʘʩʪʘ; ʜʦʣʷ 

ʩʤʝʨʪʥʦʩʪʠ ʚ ʢʘʪʝʛʦʨʠʠ ʚʟʨʦʩʣʳʭ ʪʨʫʜʦʩʧʦʩʦʙʥʦʛʦ ʚʦʟʨʘʩʪʘ ï 16%, ʤʣʘʜʰʝ 

ʪʨʫʜʦʩʧʦʩʦʙʥʦʛʦ ʚʦʟʨʘʩʪʘ ï 1%. ʏʪʦ ʢʘʩʘʝʪʩʷ ʧʝʨʠʥʘʪʘʣʴʥʦʡ ʠ ʤʣʘʜʝʥʯʝʩʢʦʡ 

ʩʤʝʨʪʥʦʩʪʠ, ʪʦ ʠʭ ʜʦʣʷ ʩʦʩʪʘʚʣʷʣʘ ʧʦ 12%. ʆʩʥʦʚʥʳʤʠ ʧʨʠʯʠʥʘʤʠ ʩʤʝʨʪʠ 

ʚʟʨʦʩʣʳʭ ʪʨʫʜʦʩʧʦʩʦʙʥʦʛʦ ʚʦʟʨʘʩʪʘ ʷʚʣʷʣʠʩʴ ʙʦʣʝʟʥʠ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʦʡ 

ʩʠʩʪʝʤʳ, ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʷ, ʪʨʘʚʤʳ, ʥʝʩʯʘʩʪʥʳʝ ʩʣʫʯʘʠ ʠ ʦʪʨʘʚʣʝʥʠʷ. ʅʝ-

ʩʤʦʪʨʷ ʥʘ ʫʚʝʣʠʯʝʥʠʝ ʦʙʱʝʡ ʨʦʞʜʘʝʤʦʩʪʠ ʠ ʩʥʠʞʝʥʠʝ ʦʙʱʝʡ ʩʤʝʨʪʥʦʩʪʠ 

ʝʩʪʝʩʪʚʝʥʥʳʡ ʧʨʠʨʦʩʪ ʦʩʪʘʚʘʣʩʷ ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʠ ʥʦʩʠʣ ʥʝʩʪʘʙʠʣʴʥʳʡ  

ʭʘʨʘʢʪʝʨ.  

ʇʦ ʜʘʥʥʳʤ ʄʋɿ çʇʘʚʣʦʚʩʢʘʷ ʎʈɹè ʫʨʦʚʝʥʴ ʦʙʱʝʡ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ 

ʥʘʩʝʣʝʥʠʷ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʧʝʨʠʦʜʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʚʝʣʠʯʠʚʘʣʩʷ. ʈʦʩʪ ʧʦʢʘʟʘ-

ʪʝʣʷ ʟʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʝ 10 ʣʝʪ ʩʦʩʪʘʚʠʣ 35,5%. ʋʨʦʚʝʥʴ ʧʝʨʚʠʯʥʦʡ ʟʘʙʦʣʝ-

ʚʘʝʤʦʩʪʠ ʙʳʣ ʙʦʣʝʝ ʩʪʘʙʠʣʝʥ ʠ ʦʩʪʘʚʘʣʩʷ ʚ ʩʨʝʜʥʝʤ ʥʘ ʫʨʦʚʥʝ ʦʢʦʣʦ 782 ʩʣʫ-

ʯʘʝʚ ʥʘ 1000 ʥʘʩʝʣʝʥʠʷ. ɺ ʩʪʨʫʢʪʫʨʝ ʦʙʱʝʡ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ ʧʨʝʦʙʣʘʜʘʣʠ ʙʦ-

ʣʝʟʥʠ ʦʨʛʘʥʦʚ ʜʳʭʘʥʠʷ (23%), ʩʠʩʪʝʤʳ ʢʨʦʚʦʦʙʨʘʱʝʥʠʷ (18%) ʠ ʤʦʯʝʧʦʣʦ-

ʚʦʡ ʩʠʩʪʝʤʳ (10%). ʅʘ ʜʦʣʶ ʜʨʫʛʠʭ ʟʘʙʦʣʝʚʘʥʠʡ ʚ ʩʨʝʜʥʝʤ ʧʨʠʭʦʜʠʣʦʩʴ ʚ 

ʩʨʝʜʥʝʤ ʦʢʦʣʦ 4%. ʇʦʜʦʙʥʘʷ ʩʠʪʫʘʮʠʷ ʥʘʙʣʶʜʘʣʘʩʴ ʠ ʚ ɸʣʪʘʡʩʢʦʤ ʢʨʘʝ. 

ʇʨʝʦʙʣʘʜʘʥʠʝ ʙʦʣʝʟʥʝʡ ʦʨʛʘʥʦʚ ʜʳʭʘʥʠʷ, ʚʦʟʤʦʞʥʦ, ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʤ, ʯʪʦ ʚ 

ʠʭ ʯʠʩʣʝ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʦʩʪʨʳʝ ʨʝʩʧʠʨʘʪʦʨʥʳʝ ʠʥʬʝʢʮʠʠ ʚʝʨʭʥʠʭ ʠ ʥʠʞ-

ʥʠʭ ʜʳʭʘʪʝʣʴʥʳʭ ʧʫʪʝʡ, ʘʣʣʝʨʛʠʯʝʩʢʠʝ ʨʠʥʠʪʳ, ʢʦʪʦʨʳʝ ʚʩʪʨʝʯʘʶʪʩʷ ʜʦ-
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ʚʦʣʴʥʦ ʯʘʩʪʦ ʠ ʥʝʦʜʥʦʢʨʘʪʥʦ ʧʦʚʪʦʨʷʶʪʩʷ ʫ ʦʜʥʦʛʦ ʯʝʣʦʚʝʢʘ. ʉʦʛʣʘʩʥʦ ʨʝ-

ʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ, ʦʩʥʦʚʥʦʡ ʚʢʣʘʜ ʚ ʨʦʩʪ ʫʨʦʚʥʷ ʦʙʱʝʡ ʟʘʙʦ-

ʣʝʚʘʝʤʦʩʪʠ ʚʥʝʩʣʠ ʙʦʣʝʟʥʠ ʩʠʩʪʝʤʳ ʢʨʦʚʦʦʙʨʘʱʝʥʠʷ, ʦʨʛʘʥʦʚ ʜʳʭʘʥʠʷ, ʦʥ-

ʢʦʣʦʛʠʯʝʩʢʠʝ ʟʘʙʦʣʝʚʘʥʠʷ ʠ ʚʨʦʞʜʝʥʥʳʝ ʘʥʦʤʘʣʠʠ. ʋʨʦʚʝʥʴ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ 

ʙʦʣʝʟʥʷʤʠ ʩʠʩʪʝʤʳ ʢʨʦʚʦʦʙʨʘʱʝʥʠʷ ʚʦʟʨʦʩ ʥʘ 22.7%, ʙʦʣʝʟʥʷʤʠ ʦʨʛʘʥʦʚ 

ʜʳʭʘʥʠʷ ʥʘ 12%, ʦʥʢʦʣʦʛʠʯʝʩʢʠʤʠ ʙʦʣʝʟʥʷʤʠ ʥʘ 12,2% ʠ ʚʨʦʞʜʝʥʥʳʤʠ ʘʥʦ-

ʤʘʣʠʷʤʠ ʚ 3,8 ʨʘʟ. 

ɸʥʘʣʠʟ ʦʙʰʝʡ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ ʧʦ ʚʦʟʨʘʩʪʥʳʤ ʛʨʫʧʧʘʤ ʧʦʢʘʟʘʣ, ʯʪʦ 

ʥʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʩʣʫʯʘʝʚ ʟʘʙʦʣʝʚʘʥʠʡ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ ʚ ʪʨʫʜʦʩʧʦ-

ʩʦʙʥʦʤ ʚʦʟʨʘʩʪʝ. ʇʨʠʯʝʤ ʠʭ ʯʠʩʣʦ ʢ ʢʦʥʮʫ ʧʝʨʠʦʜʘ ʥʘʙʣʶʜʝʥʠʡ ʫʚʝʣʠʯʠ-

ʣʦʩʴ ʥʘ 53,5%. ɺ ʧʦʜʨʦʩʪʢʦʚʦʤ ʚʦʟʨʘʩʪʝ ʟʘʙʦʣʝʚʘʝʤʦʩʪʴ ʩʥʠʟʠʣʘʩʴ ʥʘ 42%. 

ɺ ʩʪʨʫʢʪʫʨʝ ʦʙʱʝʡ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ ʪʨʫʜʦʩʧʦʩʦʙʥʦʛʦ ʚʦʟʨʘʩʪʘ ʧʨʝʦʙʣʘʜʘʣʠ 

ʙʦʣʝʟʥʠ ʩʠʩʪʝʤʳ ʢʨʦʚʦʦʙʨʘʱʝʥʠʷ, ʙʦʣʝʟʥʠ ʦʨʛʘʥʦʚ ʜʳʭʘʥʠʷ, ʢʦʩʪʥʦ-

ʤʳʰʝʯʥʦʡ ʠ ʤʦʯʝʧʦʣʦʚʦʡ ʩʠʩʪʝʤ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʚ ʜʘʥʥʫʶ ʚʦʟ-

ʨʘʩʪʥʫʶ ʢʘʪʝʛʦʨʠʶ ʚʭʦʜʷʪ ʣʠʮʘ 50 ï 59 ʣʝʪ, ʜʣʷ ʢʦʪʦʨʳʭ ʥʘʠʙʦʣʝʝ ʭʘʨʘʢ-

ʪʝʨʥʳ ʚʳʰʝʫʢʘʟʘʥʥʳʝ ʟʘʙʦʣʝʚʘʥʠʷ. ɺ ʥʝʪʨʫʜʦʩʧʦʩʦʙʥʦʤ ʚʦʟʨʘʩʪʝ ʪʘʢ ʞʝ 

ʜʦʤʠʥʠʨʦʚʘʣʠ ʙʦʣʝʟʥʠ ʩʠʩʪʝʤʳ ʢʨʦʚʦʦʙʨʘʱʝʥʠʷ, ʢʦʩʪʥʦ-ʤʳʰʝʯʥʦʡ ʠ ʤʦ-

ʯʝʧʦʣʦʚʦʡ ʩʠʩʪʝʤ, ʘ ʪʘʢ ʞʝ ʵʥʜʦʢʨʠʥʥʦʡ ʩʠʩʪʝʤʳ. ʏʪʦ ʢʘʩʘʝʪʩʷ ʦʙʱʝʡ ʟʘʙʦ-

ʣʝʚʘʝʤʦʩʪʠ ʜʝʪʝʡ, ʪʦ ʚ ʝʝ ʩʪʨʫʢʪʫʨʝ ʧʨʝʚʘʣʠʨʦʚʘʣʠ ʙʦʣʝʟʥʠ ʦʨʛʘʥʦʚ ʜʳʭʘ-

ʥʠʷ, ʪʨʘʚʤʳ, ʦʪʨʘʚʣʝʥʠʷ, ʥʝʩʯʘʩʪʥʳʝ ʩʣʫʯʘʠ ʠ ʧʩʠʭʠʯʝʩʢʠʝ ʨʘʩʩʪʨʦʡʩʪʚʘ. ɺ 

ʩʪʨʫʢʪʫʨʝ ʦʙʱʝʡ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ ʧʦʜʨʦʩʪʢʦʚ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʨʘʩʧʨʦʩʪʨʘ-

ʥʝʥʳ ʙʦʣʝʟʥʠ ʦʨʛʘʥʦʚ ʜʳʭʘʥʠʷ ʠ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ, ʘ ʪʘʢ ʞʝ ʙʦʣʝʟʥʠ ʦʨʛʘ-

ʥʦʚ ʧʠʱʝʚʘʨʝʥʠʷ. 

ʋʨʦʚʝʥʴ ʠʥʚʘʣʠʜʠʟʘʮʠʠ ʥʘʩʝʣʝʥʠʷ ʨʘʡʦʥʘ ʥʦʩʠʣ ʥʝʩʪʘʙʠʣʴʥʳʡ ʭʘʨʘʢ-

ʪʝʨ. ʆʥ ʢʦʣʝʙʘʣʩʷ ʦʪ 84 ʩʣʫʯʘʝʚ ʥʘ ʪʳʩ. ʥʘʩʝʣʝʥʠʷ ʜʦ 253 ʩʣʫʯʘʝʚ ʥʘ ʪʳʩ. 

ʥʘʩʝʣʝʥʠʷ, ʦʪʤʝʯʝʥʥʳʭ ʚ ʢʦʥʮʝ ʧʝʨʠʦʜʘ ʥʘʙʣʶʜʝʥʠʷ. ʉʨʝʜʠ ʧʨʠʯʠʥ ʚʳʭʦʜʘ 

ʥʘ ʠʥʚʘʣʠʜʥʦʩʪʴ ʜʦʤʠʥʠʨʦʚʘʣʠ ʦʥʢʦʣʦʛʠʯʝʩʢʠʝ ʟʘʙʦʣʝʚʘʥʠʷ, ʥʘ ʜʦʣʶ ʢʦʪʦ-

ʨʳʭ ʧʨʠʭʦʜʠʣʦʩʴ 39% ʩʣʫʯʘʝʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʥʘʣʠʟ ʜʝʤʦʛʨʘʬʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ, ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ 

ʠ ʠʥʚʘʣʠʜʥʦʩʪʠ ʥʘʩʝʣʝʥʠʷ ʇʘʚʣʦʚʩʢʦʛʦ ʨʘʡʦʥʘ ɸʣʪʘʡʩʢʦʛʦ ʢʨʘʷ ʟʘ ʧʝʨʠʦʜ ʩ 

2003 ʧʦ 2012 ʛʛ. ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʣ ʦ ʩʥʠʞʝʥʠʠ ʫʨʦʚʥʷ ʧʦʧʫʣʷʮʠʦʥʥʦʛʦ ʟʜʦ-

ʨʦʚʴʷ ʥʘʩʝʣʝʥʠʷ ʥʘ ʠʩʩʣʝʜʫʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ.  
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ʆʎɽʅʂɸ ɺʓʈɸɾɽʅʅʆʉʊʀ ɸʅʊʀʆʂʉʀɼɸʅʊʅʆʁ ɸʂʊʀɺʅʆʉʊʀ 

ɺ ʌʀʃʔʊʈ-ʇɸʂɽʊɸʍ ʀ ʀɿʄɽʃʔʏɽʅʅʆʄ ʉʓʈʔɽ ʊʈɸɺʓ 

ɿɺɽʈʆɹʆʗ ʇʈʆɼʓʈʗɺʃɽʅʅʆɻʆ (HYPERICUM PERFORATUM L.)  

 

ʆʛʘʥʠʩʷʥ ɸ.ɻ. 

ʩʪʫʜʝʥʪʢʘ 5 ʢʫʨʩʘ 

ʆʨʝʥʙʫʨʛʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʤʝʜʠʮʠʥʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, 

ʈʦʩʩʠʷ, ʛ. ʆʨʝʥʙʫʨʛ 

 

ʄʠʭʘʡʣʦʚʘ ʀ.ɺ.  

ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ ʭʠʤʠʠ ʠ ʬʘʨʤ. ʭʠʤʠʠ ʆʨʝʥʙʫʨʛʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ  

ʤʝʜʠʮʠʥʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, ʜ.ʙ.ʥ., ʜʦʮʝʥʪ, 

ʈʦʩʩʠʷ, ʛ. ʆʨʝʥʙʫʨʛ 

 

ʂʫʟʴʤʠʯʝʚʘ ʅ.ɸ. 

ʘʩʩʠʩʪʝʥʪ ʢʘʬʝʜʨʳ ʭʠʤʠʠ ʠ ʬʘʨʤ.ʭʠʤʠʠ 

ʆʨʝʥʙʫʨʛʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʤʝʜʠʮʠʥʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, 

ʈʦʩʩʠʷ, ʛ. ʆʨʝʥʙʫʨʛ 
 

ʀʟʫʯʝʥʳ ʩʫʤʤʘʨʥʘʷ ʘʥʪʠʦʢʩʠʜʘʥʪʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʠ ʩʦʜʝʨʞʘʥʠʝ ʜʫʙʠʣʴʥʳʭ ʚʝʱʝʩʪʚ 

ʚ ʬʠʣʴʪʨ-ʧʘʢʝʪʘʭ ʠ ʠʟʤʝʣʴʯʝʥʥʦʤ ʩʳʨʴʝ ʪʨʘʚʳ ʟʚʝʨʦʙʦʷ ʧʨʦʜʳʨʷʚʣʝʥʥʦʛʦ 

(Hypericumperforatum L.). ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʟʥʘʯʝʥʠʷ ʜʘʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʚ ʬʠʣʴʨ-ʧʘʢʝʪʘʭ 

ʚʳʰʝ, ʯʝʤ ʚ ʠʟʤʝʣʴʯʝʥʥʦʤ ʩʳʨʴʝ, ʯʪʦ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʚʳʩʦʢʦʡ ʧʦʣʥʦʪʦʡ ʵʢʩʪʨʘʢʮʠʠ 

ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠʟ ʣʝʢʘʨʩʪʚʝʥʥʦʛʦ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷ ʚ ʬʠʣʴʪʨ-

ʧʘʢʝʪʘʭ ʚ ʩʚʷʟʠ ʩ ʙʦʣʴʰʠʤ ʩʦʦʪʥʦʰʝʥʠʝʤ ʩʳʨʴʝ/ʵʢʩʪʨʘʛʝʥʪ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: Hypericumperforatum L., ʘʥʪʠʦʢʩʠʜʘʥʪʥʘʷ ʘʢʪʠʚʥʦʩʪʴ, ʜʫʙʠʣʴʥʳʝ 

ʚʝʱʝʩʪʚʘ. 

 

ɸʥʪʠʦʢʩʠʜʘʥʪʳ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʨʝʛʫʣʷʮʠʠ ʧʨʦʪʝʢʘʥʠʷ ʩʚʦʙʦʜ-

ʥʦʨʘʜʠʢʘʣʴʥʳʭ ʧʨʝʚʨʘʱʝʥʠʡ ʚ ʦʨʛʘʥʠʟʤʝ, ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʷ ʥʘ ʝʛʦ ʩʦʩʪʦʷ-

ʥʠʝ, ʧʦʵʪʦʤʫ ʧʨʘʢʪʠʯʝʩʢʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʩʪʝʥʠʡ ʠ ʧʦʣʫʯʘʝʤʳʭ ʠʟ ʥʠʭ 

ʧʨʦʜʫʢʪʦʚ ʩʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ (ɸʆɸ) ʧʨʠʦʙʨʝʪʘʝʪ ʚʩʝ ʙʦʣʴʰʝʝ 

ʟʥʘʯʝʥʠʝ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ[1]. ɼʘʥʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʦʙʣʘʜʘʶʪ ʤʥʦʛʠʝ 

ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʠʜʫʙʠʣʴʥʳʝ ʚʝʱʝʩʪʚʘ (ɼɺ), 

ʦʜʥʠʤ ʠʟ ʠʩʪʦʯʥʠʢʦʚ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʟʚʝʨʦʙʦʡ ʧʨʦʜʳʨʷʚʣʝʥʥʳʡ 

(Hypericumperforatum L.).  

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʠʣʩʷ ʘʥʘʣʠʟ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ɼɺ ʠ ʚʳʨʘ-

ʞʝʥʥʦʩʪʠ ɸʆɸ ʚ ʬʠʣʴʨ-ʧʘʢʝʪʘʭ ʠ ʠʟʤʝʣʴʯʝʥʥʦʤ ʩʳʨʴʝ ʪʨʘʚʳ ʟʚʝʨʦʙʦʷ ʧʨʦ-

ʜʳʨʷʚʣʝʥʥʦʛʦ (Hypericumperforatum L.). 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ. ʆʙʲʝʢʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʠʣʠʩʴ: ʠʟ-

ʤʝʣʴʯʝʥʥʦʝ ʩʳʨʴʝ ʠ ʬʠʣʴʪʨ-ʧʘʢʝʪʳ ʪʨʘʚʳ ʟʚʝʨʦʙʦʷ ʧʨʦʜʳʨʷʚʣʝʥʥʦʛʦ (ʆʆʆ 

ʇʂʌ "ʌʠʪʦʌʘʨʤ", ʛ. ɸʥʘʧʘ). 

ʂʘʯʝʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ ɼɺ ʧʨʦʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʯʝʩʪʚʝʥʥʳʭ 

ʨʝʘʢʮʠʡ [2, 6], ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ï ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝ-
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ʪʦʜʦʤ[3]. ʉʫʤʤʘʨʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ɼɺ ʚ ʧʝʨʝʩʯʝʪʝ ʥʘ ʚʦʟʜʫʰʥʦ-ʩʫʭʦʝ ʩʳʨʴʝ 

 (X, %) ʨʘʩʩʯʠʪʳʚʘʣʠ ʧʦ ʬʦʨʤʫʣʝ:  

 

X= 
$ʭzʄʩʪz  z  z  zȟz  

$ʩʪzʄʭz z  ȟz   z  
 = 
$ʭzʄʩʪz

$ʩʪzʄʭ
 

 

ʛʜʝ ʄʩʪ ï ʤʘʩʩʘ ʪʘʥʠʥʘ, ʛ; ʄʭ- ʤʘʩʩʘ ʩʳʨʴʷ, ʛ; Dʩʪ ï ʦʧʪʠʯʝʩʢʘʷ ʧʣʦʪʥʦʩʪʴ ʨʘʩ-

ʪʚʦʨʘ ʩʪʘʥʜʘʨʪʥʦʛʦ ʦʙʨʘʟʮʘ ʪʘʥʠʥʘ; Dʭ ï ʦʧʪʠʯʝʩʢʘʷ ʧʣʦʪʥʦʩʪʴ ʠʩʩʣʝʜʫʝʤʦʛʦ 

ʨʘʩʪʚʦʨʘ. 

ɸʆɸ ʦʧʨʝʜʝʣʷʣʠ ʧʦ ʩʧʦʩʦʙʥʦʩʪʠ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷ ʠʥʛʠʙʠʨʦʚʘʪʴ 

ʘʫʪʦʦʢʠʩʣʝʥʠʝ ʘʜʨʝʥʘʣʠʥʘ in vitro ʠ ʪʝʤ ʩʘʤʳʤ ʧʨʝʜʦʪʚʨʘʱʘʪʴ ʦʙʨʘʟʦʚʘʥʠʝ 

ʘʢʪʠʚʥʳʭ ʬʦʨʤ ʢʠʩʣʦʨʦʜʘ[4]. ɸʆɸ ʚʳʨʘʞʘʣʠ ʚ ʧʨʦʮʝʥʪʘʭ ʠʥʛʠʙʠʨʦʚʘʥʠʷ 

ʘʫʪʦʦʢʠʩʣʝʥʠʷ ʘʜʨʝʥʘʣʠʥʘ ʠ ʚʳʯʠʩʣʷʣʠ ʧʦ ʬʦʨʤʫʣʝ: 

AOA = 
ᶻ

 , % 

ʛʜʝ Ὀ- ʦʧʪʠʯʝʩʢʘʷ ʧʣʦʪʥʦʩʪʴ ʘʜʨʝʥʘʣʠʥʘ ʛʠʜʨʦʭʣʦʨʠʜʘ ʯʝʨʝʟ 30 ʩʝʢ ʚ ʪʝʯʝ-

ʥʠʝ 10 ʤʠʥ ʧʨʠ ʜʣʠʥʝ ʚʦʣʥʳ 347 ʥʤ ʚ ʢʶʚʝʪʝ ʪʦʣʱʠʥʦʡ 10 ʤʤ;Ὀ - ʦʧʪʠʯʝ-

ʩʢʘʷ ʧʣʦʪʥʦʩʪʴ ʧʦʩʣʝ ʜʦʙʘʚʣʝʥʠʷ ʠʩʩʣʝʜʫʝʤʦʛʦ ʵʢʩʪʨʘʢʪʘ ʠ ʘʜʨʝʥʘʣʠʥʘ ʛʠʜ-

ʨʦʭʣʦʨʠʜʘ. 

ʉʪʘʪʠʩʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʧʨʦʚʦʜʠʣʘʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʳ 

MicrosoftExcel 2010. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ.ʂʘʯʝʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ ʫʩʪʘʥʦʚʠʣ, ʯʪʦ 

ɼɺ(ʛʠʜʨʦʣʠʟʫʝʤʳʝ) ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʚʦ ʚʩʝʭ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʘʭ ʣʝʢʘʨ-

ʩʪʚʝʥʥʦʛʦ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷ (ʪʘʙʣ.). ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʦʜʥʦʛʦ 

ʠʟʚʣʝʯʝʥʠʷ ʠʟ ʪʨʘʚʳ Hypericumperforatum L. ʧʦʢʘʟʘʣʠ ʥʘʣʠʯʠʝ ʚʳʩʦʢʦʛʦ ʩʦ-

ʜʝʨʞʘʥʠʷ ɼɺ ʛʠʜʨʦʣʠʟʫʝʤʦʛʦ ʪʠʧʘ (9,91Ñ0,16%)ʠ ʤʘʢʩʠʤʘʣʴʥʫʶ ʚʳʨʘʞʝʥ-

ʥʦʩʪʴ ɸʆɸ (71,96Ñ0,003%) ʚ ʬʠʣʴʪʨ-ʧʘʢʝʪʘʭ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʘʢʦʚʳʤʠ ʧʦʢʘ-

ʟʘʪʝʣʷʤʠ ʚ ʠʟʤʝʣʴʯʝʥʥʦʤ ʩʳʨʴʝ (ɼɺ -7,37Ñ0,64%; ɸʆɸ ï 70,59Ñ0,01%). 
 

ʊʘʙʣʠʮʘ  

ʈʝʟʫʣʴʪʘʪʳ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʜʫʙʠʣʴʥʳʭ ʚʝʱʝʩʪʚ ʚ ʬʠʣʴʪʨ-ʧʘʢʝʪʘʭ 

 ʠ ʠʟʤʝʣʴʯʝʥʥʦʤʩʳʨʴʝʪʨʘʚʳ ʟʚʝʨʦʙʦʷ ʧʨʦʜʳʨʷʚʣʝʥʥʦʛʦ(HypericumperforatumL.) 

 

ʈʝʘʢʪʠʚ 
ʈʝʟʫʣʴʪʘʪ ʠʟʚʣʝʯʝʥʠʷ: 

ʀʟʤʝʣʴʯʝʥʥʦʝ ʩʳʨʴʝ ʌʠʣʴʪʨ-ʧʘʢʝʪʳ 

1% ʨʘʩʪʚʦʨ ʞʝʣʘʪʠʥʘ ʇʦʤʫʪʥʝʥʠʝ, ʠʩʯʝʟʘʶʱʝʝ ʧʨʠ 

ʜʦʙʘʚʣʝʥʠʠ ʨʝʘʢʪʠʚʘ 

ʇʦʤʫʪʥʝʥʠʝ, ʠʩʯʝʟʘʶʱʝʝ ʧʨʠ ʜʦ-

ʙʘʚʣʝʥʠʠ ʨʝʘʢʪʠʚʘ 

ɾʝʣʝʟʦʘʤʤʦʥʠʝʚʳʝ 

ʢʚʘʩʮʳ 

ʏʝʨʥʦ-ʩʠʥʝʝ ʦʢʨʘʰʠʚʘʥʠʝ ʏʝʨʥʦ-ʩʠʥʝʝ ʦʢʨʘʰʠʚʘʥʠʝ 

ʈʘʩʪʚʦʨ ʘʮʝʪʘʪʘ ʩʚʠʥʮʘ ɹʝʣʳʡ ʦʩʘʜʦʢ ɹʝʣʳʡ ʦʩʘʜʦʢ 

 
 

ʆʙʩʫʞʜʘʷ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʝʦʜʠʥʘ-

ʢʦʚʘʷ ʚʳʨʘʞʝʥʥʦʩʪʴ ɸʆɸ ʚ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʘʭ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʘ ʩ ʨʘʟ-

ʣʠʯʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ɼɺ, ʢʦʪʦʨʘʷ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʦʙʫʩʣʦʚʣʝʥʘ ʚʳʩʦʢʦʡ ʧʦʣ-

ʥʦʪʦʡ ʵʢʩʪʨʘʢʮʠʠ ɹɸʉ ʠʟ ʃʈʉ ʚ ʬʠʣʴʪʨ-ʧʘʢʝʪʘʭ ʚ ʩʚʷʟʠ ʩ ʙʦʣʴʰʠʤ ʩʦʦʪʥʦ-

ʰʝʥʠʝʤ ʩʳʨʴʝ/ʵʢʩʪʨʘʛʝʥʪ [5]. 
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ʆʉʆɹɽʅʅʆʉʊʀ ɺʆɿʈɸʉʊʅʆʁ ʉʊʈʋʂʊʋʈʓ ʎɽʅʆʇʆʇʋʃʗʎʀʁ 

PEDICULARIS ACHILLEIFOLIA  STEPHAN EX WILLD. (ʄʓʊʅʀʂɸ 

ʊʓʉʗʏɽʃʀʉʊʅʀʂʆɺʆɻʆ) ɺ ʖɻʆ-ɺʆʉʊʆʏʅʆʄ ɸʃʊɸɽ 

 

ʇʦʧʝʣʷʝʚʘ ɽ.ɺ. 
ʣʘʙʦʨʘʥʪ-ʠʩʩʣʝʜʦʚʘʪʝʣʴ ʣʘʙʦʨʘʪʦʨʠʠ ʠʥʪʨʦʜʫʢʮʠʠ ʮʚʝʪʦʯʥʦ-ʜʝʢʦʨʘʪʠʚʥʳʭ 

ʨʘʩʪʝʥʠʡ ʉʠʙʠʨʩʢʦʛʦ ʙʦʪʘʥʠʯʝʩʢʦʛʦ ʩʘʜʘ ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ 

ʊʦʤʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, 

ʈʦʩʩʠʷ, ʛ. ʊʦʤʩʢ 
 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʚʦʟʨʘʩʪʥʦʡ ʩʪʨʫʢʪʫʨʳ 2 ʮʝʥʦʧʦʧʫʣʷʮʠʡ Pedicu-

laris achilleifolia ʥʘ ɸʣʪʘʝ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʟʚʦʣʷʶʪ ʩʯʠʪʘʪʴ ʦʩʥʦʚʥʳʤ ʩʧʦʩʦʙʦʤ 

ʧʦʜʜʝʨʞʘʥʠʷ ʮʝʥʦʧʦʧʫʣʷʮʠʡ ʚʠʜʘ ʩʝʤʝʥʥʦʝ ʨʘʟʤʥʦʞʝʥʠʝ. ʎʝʥʦʧʦʧʫʣʷʮʠʠ ʭʘʨʘʢʪʝʨʠʟʫ-

ʶʪʩʷ ʢʘʢ ʧʦʣʥʦʯʣʝʥʥʳʤʠ, ʪʘʢ ʠ ʥʝʧʦʣʥʦʯʣʝʥʥʳʤʠ ʚʦʟʨʘʩʪʥʳʤʠ ʩʧʝʢʪʨʘʤʠ ʥʦʨʤʘʣʴʥʦʛʦ 

ʪʠʧʘ. ʇʦʧʳʪʢʘ ʧʨʷʤʦʛʦ ʧʝʨʝʥʦʩʘ ʨʘʩʪʝʥʠʡ ʠʟ ʧʨʠʨʦʜʳ ʚ ʢʫʣʴʪʫʨʫ ʦʢʘʟʘʣʘʩʴ ʥʝʫʜʘʯʥʦʡ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʮʝʥʦʧʦʧʫʣʷʮʠʠ, ʩʝʤʝʥʥʦʝ ʨʘʟʤʥʦʞʝʥʠʝ, ʠʥʪʨʦʜʫʢʮʠʷ ʨʘʩʪʝʥʠʡ, 

Pedicularis, ʖʛʦ-ɺʦʩʪʦʯʥʳʡ ɸʣʪʘʡ. 

 

ɸʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʩʦʚʨʝʤʝʥʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʩʦʭʨʘʥʝʥʠʝ ʙʠʦʨʘʟʥʦʦʙ-

ʨʘʟʠʷ ʨʘʩʪʝʥʠʡ ʤʠʨʦʚʦʡ ʬʣʦʨʳ [5]. ʉʫʱʝʩʪʚʝʥʥʳʡ ʚʢʣʘʜ ʚ ʨʝʰʝʥʠʝ ʜʘʥʥʦʡ 

ʧʨʦʙʣʝʤʳ ʚʥʦʩʷʪ ʙʦʪʘʥʠʯʝʩʢʠʝ ʩʘʜʳ, ʠʩʧʦʣʴʟʫʶʱʠʝ ʢʦʤʧʣʝʢʩ ʨʘʟʣʠʯʥʳʭ 

ʤʝʪʦʜʦʚ [6; 2]. 

ʈʦʜ Pedicularis L. (ʤʳʪʥʠʢ) ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʢʨʫʧʥʳʭ ʠ ʪʨʫʜʥʳʭ ʚ 

ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʤ ʦʪʥʦʰʝʥʠʠ ʪʘʢʩʦʥʦʚ ʮʚʝʪʢʦʚʳʭ ʨʘʩʪʝʥʠʡ. ʉʚʦʝʦʙʨʘʟʠʝ 

ʙʠʦʣʦʛʠʠ ʤʳʪʥʠʢʦʚ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʦʥʠ ʩʦʚʤʝʱʘʶʪ ʘʚʪʦʪʨʦʬʥʦʝ ʧʠʪʘʥʠʝ 

ʩ ʧʘʨʘʟʠʪʠʟʤʦʤ ʥʘ ʜʨʫʛʠʭ ʚʳʩʰʠʭ ʨʘʩʪʝʥʠʷʭ. ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʉʠʙʠʨʠ ʚʠʜʳ 

ʤʳʪʥʠʢʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚ ʦʩʥʦʚʥʦʤ ʚ ʛʦʨʥʳʭ ʨʘʡʦʥʘʭ ʖʞʥʦʡ ʉʠʙʠʨʠ, ʛʜʝ 

ʧʨʦʠʟʨʘʩʪʘʝʪ 41 ʚʠʜ ʤʳʪʥʠʢʘ [1]. 
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ɺʠʜʳ ʤʳʪʥʠʢʘ ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʥʪʝʨʝʩ ʢʘʢ ʜʝʢʦʨʘʪʠʚʥʳʝ ʠ ʤʝʜʦʥʦʩʥʳʝ 

ʨʘʩʪʝʥʠʷ, ʘ ʪʘʢʞʝ ʧʝʨʩʧʝʢʪʠʚʥʳ ʜʣʷ ʧʦʠʩʢʦʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʢʘʢ ʠʩʪʦʯʥʠʢʠ 

ʮʝʥʥʦʛʦ ʣʝʢʘʨʩʪʚʝʥʥʦʛʦ ʩʳʨʴʷ. ɺ ʥʘʜʟʝʤʥʦʡ ʯʘʩʪʠ ʚʠʜʦʚ ʨʦʜʘ ʦʙʥʘʨʫʞʝʥʳ 

ʜʫʙʠʣʴʥʳʝ ʚʝʱʝʩʪʚʘ, ʬʣʘʚʦʥʦʠʜʳ, ʩʘʧʦʥʠʥʳ, ʘʣʢʘʣʦʠʜʳ, ʠʨʠʜʦʠʜʳ, ʢʫʤʘʨʠ-

ʥʳ, ʬʝʥʠʣʧʨʦʧʘʥʦʠʜʳ ʠ ʜʨʫʛʠʝ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʝ ʚʝʱʝʩʪʚʘ. ɺʳʷʚʣʝʥʘ 

ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʩʫʭʠʭ ʵʢʩʪʨʘʢʪʦʚ ʥʝʢʦʪʦʨʳʭ ʚʠʜʦʚ Pedicu-

laris, ʧʦʜʪʚʝʨʞʜʘʶʱʘʷ ʥʘʣʠʯʠʝ ʫ ʥʠʭ ʘʥʪʠʦʢʠʩʣʠʪʝʣʴʥʳʭ ʩʚʦʡʩʪʚ [1; 3].  

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʠʣʦʩʴ ʠʟʫʯʝʥʠʝ ʚʦʟʨʘʩʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʮʝʥʦʧʦʧʫʣʷʮʠʡ 

ʤʳʪʥʠʢʘ ʪʳʩʷʯʝʣʠʩʪʥʠʢʦʚʦʛʦ Pedicularis achilleifolia Stephan. ʝx Willd . 

(Scrophulariaceae) ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɻʦʨʥʦʛʦ ɸʣʪʘʷ ʩ ʮʝʣʴʶ ʦʮʝʥʢʠ ʠʭ ʞʠʟʥʝ-

ʩʧʦʩʦʙʥʦʩʪʠ.  

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ 2013 ʛ. ʇʨʠ ʦʮʝʥʢʝ ʚʦʟʨʘʩʪʥʦʡ ʩʪʨʫʢʪʫʨʳ 

ʮʝʥʦʧʦʧʫʣʷʮʠʡ ʠ ʦʪʙʦʨʝ ʧʨʦʙʥʳʭ ʧʣʦʱʘʜʝʡ ʠʩʧʦʣʴʟʦʚʘʥʳ ʪʨʘʜʠʮʠʦʥʥʳʝ 

ʤʝʪʦʜʠʢʠ [7]. ɺ ʢʘʯʝʩʪʚʝ ʩʯʝʪʥʦʡ ʝʜʠʥʠʮʳ ʧʨʠʥʷʪʘ ʦʩʦʙʴ.  

Pedicularis achilleifolia ʠʤʝʝʪ ʶʞʥʦʩʠʙʠʨʩʢʦ-ʮʝʥʪʨʘʣʴʥʦʘʟʠʘʪʩʢʠʡ ʘʨʝ-

ʘʣ. ʈʘʩʧʨʦʩʪʨʘʥʝʥ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʩʪʝʧʥʦʤ ʧʦʷʩʝ ʖʛʦ-ɺʦʩʪʦʯʥʦʛʦ ʠ 

ʎʝʥʪʨʘʣʴʥʦʛʦ ɸʣʪʘʷ, ʈʝʩʧʫʙʣʠʢ ʊʫʚʳ ʠ ʍʘʢʘʩʠʠ, ʄʦʥʛʦʣʠʠ, ʇʨʠʙʘʣʭʘʰʴʝ, 

ɼʞʫʥʛʘʨʠʠ (ʭʨʝʙʪʳ ʊʘʨʙʘʛʘʪʘʡ, ʉʘʫʨ, ʊʷʥʴ-ʐʘʥʴ). ʀʟʨʝʜʢʘ ʧʦʜʥʠʤʘʝʪʩʷ ʚ 

ʧʨʝʜʝʣʳ ʩʫʙʘʣʴʧʠʡʩʢʦʛʦ ʧʦʷʩʘ. ʆʙʠʪʘʝʪ ʚ ʣʫʛʦʚʳʭ ʨʘʟʥʦʪʨʘʚʥʦ-ʟʣʘʢʦʚʳʭ, 

ʢʫʩʪʘʨʥʠʢʦʚʳʭ, ʢʘʤʝʥʠʩʪʳʭ ʩʪʝʧʷʭ, ʣʠʩʪʚʝʥʥʠʯʥʳʭ ʨʝʜʢʦʣʝʩʴʷʭ, ʥʘ ʩʫʭʠʭ 

ʱʝʙʥʠʩʪʳʭ ʦʩʳʧʷʭ, ʩʢʘʣʘʭ. ʆʪʥʦʩʠʪʩʷ ʢ ʛʨʫʧʧʝ ʚʝʛʝʪʘʪʠʚʥʦ ʥʝʧʦʜʚʠʞʥʳʭ 

ʠʣʠ ʧʘʨʪʠʢʫʣʠʨʫʶʱʠʭ ʢʦʨʥʝʚʠʱʥʳʭ ʪʨʘʚ ʩ ʢʦʨʦʪʢʠʤ ʙʳʩʪʨʦ ʧʨʝʢʨʘʱʘʶ-

ʱʠʤ ʨʦʩʪ ʛʣʘʚʥʳʤ ʢʦʨʥʝʤ ʠ ʩʠʩʪʝʤʦʡ ʧʨʠʜʘʪʦʯʥʳʭ ʢʦʨʥʝʡ. ʅʘ ʪʝʨʨʠʪʦʨʠʠ 

ɸʣʪʘʷ ʦʪʣʠʯʘʝʪʩʷ ʧʦʣʠʤʦʨʬʠʟʤʦʤ [1; 8]. ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʖʞʥʦʡ ʉʠʙʠʨʠ ʤ. 

ʪʳʩʷʯʝʣʠʩʪʥʠʢʦʚʳʡ ʚʥʝʩʝʥ ʚ ʂʨʘʩʥʫʶ ʢʥʠʛʫ ʈʝʩʧʫʙʣʠʢʠ ʍʘʢʘʩʠʷ [4]. 

ʀʟʫʯʝʥʳ 2 ʮʝʥʦʧʦʧʫʣʷʮʠʠ ʚʠʜʘ ʚ ʖʛʦ-ɺʦʩʪʦʯʥʦʤ ɸʣʪʘʝ, ʂʦʰ-

ɸʛʘʯʩʢʦʤ ʨʘʡʦʥʝ, ʦʢʨʝʩʪʥʦʩʪʷʭ ʥ. ʧ. ʂʫʨʘʡ. 

ʇʝʨʚʘʷ ʮʝʥʦʧʦʧʫʣʷʮʠʷ ʥʘʭʦʜʠʣʘʩʴ ʚ ʩʦʩʪʘʚʝ ʧʝʪʨʦʬʠʪʥʦʡ ʤʳʪʥʠʢʦʚʦ-

ʢʦʚʳʣʴʥʦʡ ʣʫʛʦʚʦʡ ʩʪʝʧʠ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʥʘ ʶʞʥʦʤ ʤʘʢʨʦʩʢʣʦʥʝ ʂʫʨʘʡʩʢʦ-

ʛʦ ʭʨʝʙʪʘ ʚ ʦʢʨʝʩʪʥʦʩʪʷʭ ʥ. ʧ. ʂʫʨʘʡ ʥʘ ʚʳʩʦʪʝ 1800 ʤ ʥʘʜ ʫ. ʤ.; ʦʙʱʝʝ ʧʨʦ-

ʝʢʪʠʚʥʦʝ ʧʦʢʨʳʪʠʝ ʪʨʘʚʦʩʪʦʷ ʩʦʩʪʘʚʠʣʦ 74 %. ɺ ʩʦʩʪʘʚʝ ʘʩʩʦʮʠʘʮʠʠ ʧʨʠʩʫʪ-

ʩʪʚʦʚʘʣʠ Artemisia commutata Besser, Stipa capillata L. (cop), Veronica spicata 

L., Galatella angustissima (Tausch) Novopokr., Verbascum phoenicium L. ʠ ʜʨ. ɺ 

ʧʦʧʫʣʷʮʠʠ ʤ. ʪʳʩʷʯʝʣʠʩʪʥʠʢʦʚʦʛʦ ʜʦʤʠʥʠʨʦʚʘʣʠ ʛʝʥʝʨʘʪʠʚʥʳʝ ʦʩʦʙʠ (47,2 

%). ʖʚʝʥʠʣʴʥʳʝ ʨʘʩʪʝʥʠʷ ʩʦʩʪʘʚʣʷʣʠ 19,5 % ʦʪ ʦʙʱʝʛʦ ʯʠʩʣʘ ʦʩʦʙʝʡ, ʚʠʨʛʠ-

ʥʠʣʴʥʳʝ ʠ ʠʤʤʘʪʫʨʥʳʝ ʦʩʦʙʠ ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 16,4 % ʠ 7,1 %. ʇʨʦʨʦʩʪʢʠ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ï 4,2 %, ʢʘʢ ʠ ʩʝʥʠʣʴʥʳʝ ʦʩʦʙʠ ï 5,6 %. ʋʯʠʪʳ-

ʚʘʷ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚ ʩʦʩʪʘʚʝ ʮʝʥʦʧʦʧʫʣʷʮʠʠ ʛʝʥʝʨʘʪʠʚʥʳʭ ʦʩʦʙʝʡ 

ʠ ʶʚʝʥʠʣʴʥʳʭ ʨʘʩʪʝʥʠʡ, ʤʦʞʥʦ ʧʨʝʜʧʦʣʘʛʘʪʴ, ʯʪʦ ʚʦʟʦʙʥʦʚʣʝʥʠʝ Pedicularis 

achilleifolia ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʩʝʤʝʥʥʦʛʦ ʨʘʟʤʥʦʞʝʥʠʷ. ʆʥʦ ʤʦʞʝʪ 

ʩʦʚʝʨʰʘʪʴʩʷ ʥʝʨʝʛʫʣʷʨʥʦ ʚʩʣʝʜʩʪʚʠʝ ʟʘʪʨʫʜʥʝʥʥʦʛʦ ʧʨʦʨʘʩʪʘʥʠʷ ʩʝʤʷʥ (ʩʫ-

ʭʦʩʪʴ ʧʦʯʚʳ). 
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ɺʪʦʨʘʷ ʮʝʥʦʧʦʧʫʣʷʮʠʷ ʨʘʩʧʦʣʘʛʘʣʘʩʴ ʚ ʣʠʩʪʚʝʥʥʠʯʥʦʤ ʨʘʟʨʝʞʝʥʥʦʤ 

ʣʝʩʫ, ʥʘ ʢʘʤʝʥʠʩʪʦʤ ʦʩʪʝʧʥʝʥʥʦʤ ʩʢʣʦʥʝ ʥʘ ʚʳʩʦʪʝ 2000 ʤ ʥʘʜ ʫ. ʤ. ɼʦʤʠʥʠ-

ʨʦʚʘʣʠ ʛʝʥʝʨʘʪʠʚʥʳʝ ʦʩʦʙʠ (46,7 %). ʏʠʩʣʝʥʥʦʩʪʴ ʧʨʦʨʦʩʪʢʦʚ, ʶʚʝʥʠʣʴʥʳʭ ʠ 

ʠʤʤʘʪʫʨʥʳʭ ʨʘʩʪʝʥʠʡ ʚʳʩʦʢʘʷ: ʩʦʩʪʘʚʣʷʣʘ 39,8 % ʦʪ ʦʙʱʝʛʦ ʯʠʩʣʘ ʵʢʟʝʤʧʣʷ-

ʨʦʚ, ʚʝʩ ʦʩʦʙʝʡ ʚ ʚʠʨʛʠʥʠʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ ï 13,5 %. ʉʝʥʠʣʴʥʳʝ ʦʩʦʙʠ ʥʝ ʦʙ-

ʥʘʨʫʞʝʥʳ. 

ʀʟʫʯʝʥʥʳʝ ʮʝʥʦʧʦʧʫʣʷʮʠʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʢʘʢ ʧʦʣʥʦʯʣʝʥʥʳʤʠ, ʪʘʢ ʠ 

ʥʝʧʦʣʥʦʯʣʝʥʥʳʤʠ ʚʦʟʨʘʩʪʥʳʤʠ ʩʧʝʢʪʨʘʤʠ ʥʦʨʤʘʣʴʥʦʛʦ ʪʠʧʘ ʠ ʦʪʣʠʯʘʶʪʩʷ 

ʧʦ ʜʦʣʝ ʶʚʝʥʠʣʴʥʳʭ ʨʘʩʪʝʥʠʡ ʠ ʧʨʦʨʦʩʪʢʦʚ, ʯʪʦ, ʚʝʨʦʷʪʥʦ, ʩʚʷʟʘʥʦ ʩ ʨʘʟʣʠʯ-

ʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʫʚʣʘʞʥʝʥʠʷ. ʉʧʦʩʦʙʦʤ ʧʦʜʜʝʨʞʘʥʠʷ ʮʝʥʦʧʦʧʫʣʷʮʠʡ ʤ. ʪʳ-

ʩʷʯʝʣʠʩʪʥʠʢʦʚʦʛʦ ʚ ʧʨʠʨʦʜʝ ʷʚʣʷʝʪʩʷ ʩʝʤʝʥʥʦʝ ʨʘʟʤʥʦʞʝʥʠʝ. 

ɹʳʣʘ ʧʨʝʜʧʨʠʥʷʪʘ ʧʦʧʳʪʢʘ ʠʥʪʨʦʜʫʢʮʠʠ ʚʠʜʘ ʧʫʪʝʤ ʧʨʠʚʣʝʯʝʥʠʷ ʞʠ-

ʚʳʭ ʨʘʩʪʝʥʠʡ ʠʟ ʧʨʠʨʦʜʥʳʭ ʤʝʩʪʦʦʙʠʪʘʥʠʡ. ʈʘʩʪʝʥʠʷ ʚʳʩʘʞʠʚʘʣʠ ʚ 2013 ʛ. 

ʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤ ʫʯʘʩʪʢʝ ʉʠʙʠʨʩʢʦʛʦ ʙʦʪʘʥʠʯʝʩʢʦʛʦ ʩʘʜʘ ʚ ʢʦʣʠʯʝʩʪʚʝ 

5 ʦʩʦʙʝʡ. ʈʘʩʪʝʥʠʷ ʧʨʠʞʠʣʠʩʴ, ʥʦ ʥʝ ʧʝʨʝʟʠʤʦʚʘʣʠ, ʯʪʦ ʚʦʟʤʦʞʥʦ ʩʚʷʟʘʥʦ ʩ 

ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʵʢʦʣʦʛʠʠ (ʤʝʟʦʢʩʝʨʦʬʠʪ) ʠ ʙʠʦʣʦʛʠʠ (ʧʦʣʫʧʘʨʘʟʠʪ) ʚʠʜʘ.  
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ʌɻɹʅʋ ʗʢʫʪʩʢʠʡ ʅʀʀʉʍ, ʢʘʥʜ. ʙʠʦʣ. ʥʘʫʢ,  

ʈʦʩʩʠʷ, ʛ. ʗʢʫʪʩʢ 

 

ʊʫʧʨʠʥ ʈ.ɼ. 
ʙʨʠʛʘʜʠʨ ʦʣʝʥʝʚʦʜʯʝʩʢʦʛʦ ʩʪʘʜʘ ˉ 7 ʄʋʇ ʠʤʝʥʠ ɻʝʨʦʷ ʪʨʫʜʘ ʀʣʴʠ ʉʧʠʨʠ-

ʜʦʥʦʚʘ ɸʥʘʙʘʨʩʢʦʛʦ ʨʘʡʦʥʘ ʈʝʩʧʫʙʣʠʢʠ ʉʘʭʘ (ʗʢʫʪʠʷ), 

ʈʦʩʩʠʷ, ʛ. ʗʢʫʪʩʢ 
 

ʄʘʩʩʦʚʳʡ ʣʸʪ ʠ ʥʘʧʘʜʝʥʠʝ ʢʨʦʚʦʩʦʩʫʱʠʭ ʥʘʩʝʢʦʤʳʭ ʥʘ ʦʣʝʥʝʡ ʚ ʘʛʨʦʮʝʥʦʟʝ ʧʨʠ-

ʤʦʨʩʢʦʡ ʪʫʥʜʨʳ ɸʥʘʙʘʨʩʢʦʛʦ ʨʘʡʦʥʘ ʗʢʫʪʠʠ ʥʘʯʠʥʘʝʪʩʷ ʩʦ ʚʪʦʨʦʡ ʜʝʢʘʜʳ ʠʶʣʷ ʠ ʧʨʦ-

ʜʦʣʞʘʝʪʩʷ ʜʦ ʢʦʥʮʘ ʪʨʝʪʴʝʡ ʜʝʢʘʜʳ ʠʶʣʷ. ɺʦ ʚʨʝʤʷ ʤʘʩʩʦʚʦʛʦ ʣʸʪʘ ʯʠʩʣʝʥʥʦʩʪʴ ʢʦʤʘʨʦʚ ʚ 

2012 ʛʦʜʫ ʩʦʩʪʘʚʣʷʣʘ 6080, ʘ ʚ 2014 ï 4610 ʵʢʟʝʤʧʣʷʨʦʚ ʟʘ ʫʯʝʪ. ʇʠʢ ʯʠʩʣʝʥʥʦʩʪʠ ʤʦʞʝʪ 

ʥʘʙʣʶʜʘʪʴʩʷ ʥʝ ʪʦʣʴʢʦ ʚ ʫʪʨʝʥʥʠʝ ʠ ʚʝʯʝʨʥʠʝ ʯʘʩʳ, ʥʦ ʠ ʜʥʝʤ ʚʦ ʚʨʝʤʷ ʘʪʤʦʩʬʝʨʥʦʛʦ ʷʚ-

ʣʝʥʠʷ ʥʘʟʳʚʘʝʤʦʛʦ çʭʘʨʘʘʥè. ʗʚʣʝʥʠʝ ʭʘʨʘʘʥ ʥʘʯʠʥʘʝʪʩʷ ʚ ʩʦʣʥʝʯʥʳʡ ʜʝʥʴ ʩ ʧʦʷʚʣʝʥʠʝʤ 

ʦʙʣʘʢʦʚ, ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʭ ʜʦʞʜʝʡ, ʰʪʠʣʝʚʦʡ ʧʦʛʦʜʳ, ʩʣʘʙʦʡ ʜʳʤʢʠ ʩ ʚʠʜʠʤʦʩʪʴʶ ʜʦ 4-

10 ʢʤ ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʥʜʝʥʩʘʮʠʠ ʚʦʜʷʥʦʛʦ ʧʘʨʘ ʠ ʨʝʟʢʠʤ ʫʚʝʣʠʯʝʥʠʝʤ ʦʪʥʦʩʠʪʝʣʴʥʦʡ 

ʚʣʘʞʥʦʩʪʠ ʚʦʟʜʫʭʘ ʜʦ 91ï99%. ʇʨʠ ʤʘʩʩʦʚʦʤ ʥʘʧʘʜʝʥʠʠ ʢʨʦʚʦʩʦʩʫʱʠʭ ʢʦʤʘʨʦʚ ʥʘ ʩʪʘʜʦ 

ʜʦʤʘʰʥʠʭ ʩʝʚʝʨʥʳʭ ʦʣʝʥʝʡ ʧʦʪʝʨʠ ʪʝʣʷʪ ʪʝʢʫʱʝʛʦ ʛʦʜʘ ʨʦʞʜʝʥʠʷ ʩʦʩʪʘʚʣʷʶʪ ʦʪ 47,4 ʜʦ 

76,2%, ʤʦʣʦʜʥʷʢʘ 1 ʛʦʜʘ ʦʪ 35,5 ʜʦ 50%, ʚʟʨʦʩʣʦʛʦ ʧʦʛʦʣʦʚʴʷ ʜʦ 20%. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝ-

ʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʥʘʫʯʥʳʡ ʦʙʦʨʦʪ ʚʚʝʜʝʥ ʥʝʠʟʚʝʩʪʥʦʝ ʨʘʥʝʝ ʷʚʣʝʥʠʝ çʍʘʨʘʘʥè, ʚʳ-

ʟʳʚʘʶʱʠʡ ʧʠʢ ʯʠʩʣʝʥʥʦʩʪʠ ʢʦʤʘʨʦʚ, ʧʨʝʚʳʰʘʶʱʠʡ ʫʪʨʝʥʥʠʡ ʠ ʚʝʯʝʨʥʠʡ ʧʦʜʲʝʤʳ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʨʦʚʦʩʦʩʫʱʠʝ ʢʦʤʘʨʳ, ʦʣʝʥʠ, ʣʸʪ, ʢʣʠʤʘʪ, ʪʫʥʜʨʘ, ʧʘʜʝʞ. 

 

ɺʚʝʜʝʥʠʝ 

ʂʨʫʧʥʳʝ ʩʪʘʜʘ ʜʦʤʘʰʥʠʭ ʩʝʚʝʨʥʳʭ ʦʣʝʥʝʡ ʗʢʫʪʠʠ ʚʳʨʘʱʠʚʘʝʤʳʭ ʚ 

ʦʩʥʦʚʥʦʤ ʥʘ ʤʷʩʦ, ʵʥʜʦʢʨʠʥʥʦʝ ʠ ʢʦʞʝʚʝʥʥʦʝ ʩʳʨʴʝ, ʩʫʙʣʠʤʠʨʦʚʘʥʥʫʶ 

ʢʨʦʚʴ ʧʘʩʫʪʩʷ ʚ ʧʨʠʤʦʨʩʢʦʡ ʪʫʥʜʨʝ, ʢʦʪʦʨʘʷ ʪʷʥʝʪʩʷ ʫʟʢʦʡ ʧʦʣʦʩʦʡ ʧʦ ɸʥʘ-

ʙʘʨʩʢʦʤʫ, ɹʫʣʫʥʩʢʦʤʫ, ʋʩʪ-ɹʗʥʩʢʦʤʫ, ɸʣʣʘʠʭʦʚʩʢʦʤʫ ʠ ʅʠʞʥʝʢʦʣʳʤʩʢʦʤʫ 

ʨʘʡʦʥʘʤ [1, ʩ. 101]. ʎʝʥʥʦʩʪʴ ʦʣʝʥʠʥʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʝʸ ʜʠʝʪʠʯʝʩʢʠʭ ʢʘʯʝ-

ʩʪʚʘʭ, ʢʦʪʦʨʘʷ ʜʦʩʪʠʛʘʝʪʩʷ ʪʝʤ, ʯʪʦ ʦʥʠ ʧʘʩʫʪʩʷ ʚ ʜʝʚʩʪʚʝʥʥʦ ʯʠʩʪʦʡ ʪʫʥʜʨʝ 

ʧʦʜ ʦʪʢʨʳʪʳʤ ʥʝʙʦʤ ʩ ʯʘʩʪʳʤʠ ʜʣʠʪʝʣʴʥʳʤʠ ʧʝʨʝʭʦʜʘʤʠ, ʢʦʪʦʨʳʝ ʩʪʠʤʫʣʠ-

ʨʫʶʪ ʚʳʨʘʙʦʪʢʫ ʛʦʨʤʦʥʦʚ ʠ ʚʣʠʷʶʪ ʥʘ ʧʦʣʥʦʮʝʥʥʦʩʪʴ ʘʤʠʥʦʢʠʩʣʦʪʥʦʛʦ ʩʦ-

ʩʪʘʚʘ ʪʢʘʥʝʡ. ʆʜʥʘʢʦ ʩʫʱʝʩʪʚʝʥʥʳʡ ʫʱʝʨʙ ʦʣʝʥʝʚʦʜʩʪʚʫ ʥʘʥʦʩʷʪ ʢʨʦʚʦʩʦ-

ʩʫʱʠʝ ʢʦʤʘʨʳ, ʷʚʣʷʶʱʠʝʩʷ ʦʩʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ ʥʝʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʛʦ ʦʪʭʦʜʘ 
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ʦʣʝʥʝʡ ʚ ʩʝʚʝʨʥʳʭ ʨʘʡʦʥʘʭ ʨʝʩʧʫʙʣʠʢʠ [5, ʩ. 47; 10, ʩ. 2]. ʌʘʢʪʦʨʦʤ, ʦʧʨʝʜʝ-

ʣʷʶʱʠʤ ʚʳʩʦʢʫʶ ʯʠʩʣʝʥʥʦʩʪʴ ʥʘʩʝʢʦʤʳʭ ʢʦʤʧʣʝʢʩʘ ʛʥʫʩ, ʷʚʣʷʝʪʩʷ ʙʣʘʛʦ-

ʧʨʠʷʪʥʦʝ ʧʦʪʝʧʣʝʥʠʝ ʢʣʠʤʘʪʘ ʘʨʢʪʠʯʝʩʢʦʡ ʪʫʥʜʨʳ ʜʣʷ ʠʭ ʨʘʟʤʥʦʞʝʥʠʷ ʠ 

ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʦʙʠʣʠʝʤ ʙʠʦʪʦʧʦʚ ʚʳʧʣʦʜʘ ʠ ʦʙʠʪʘʥʠʷ ʠʤʘʛʦ, ʘ 

ʪʘʢʞʝ ʧʨʠʩʫʪʩʪʚʠʝʤ ʜʦʩʪʘʪʦʯʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʩʝʚʝʨʥʳʭ ʦʣʝʥʝʡ ï ʠʩʪʦʯʥʠʢʘ 

ʥʘʩʳʱʝʥʠʷ ʢʨʦʚʴʶ [2, ʩ. 15; 3, ʩ. 144; 4, ʩ. 2612; 7, ʩ. 29; 8, ʩ. 101, ʩ. 103; 9,  

ʩ. 148]. ʉʨʝʜʠ ʦʣʝʥʝʡ ʦʪʤʝʯʘʶʪʩʷ ʩʣʫʯʘʠ ʛʠʙʝʣʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʤʘʩʩʦʚʦʛʦ 

ʥʘʧʘʜʝʥʠʷ ʢʦʤʘʨʦʚ, ʢʦʪʦʨʳʝ ʚ ʩʝʚʝʨʥʳʭ ʨʝʛʠʦʥʘʭ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤ ʢʦʤ-

ʧʦʥʝʥʪʦʤ ʛʥʫʩʘ. ɺ 1974 ʛʦʜʫ ʟʘ ʜʚʝ ʥʝʜʝʣʠ ʚ ʫʩʣʦʚʠʷʭ ʪʦʣʴʢʦ ʦʜʥʦʛʦ ɸʣʣʘʠ-

ʭʦʚʩʢʦʛʦ ʨʘʡʦʥʘ ʗʢʫʪʠʠ ʦʪ ʥʘʧʘʜʝʥʠʷ ʢʦʤʘʨʦʚ, ʠʟ 18-ʪʠ ʪʳʩʷʯʥʦʛʦ ʩʪʘʜʘ, ʧʦ-

ʛʠʙʣʦ 6,5 ʪʳʩ. ʦʣʝʥʝʡ [6, ʩ. 29]. ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʠʣʦʩʴ ʠʟʫʯʝʥʠʝ 

ʧʦʪʝʨʴ ʦʪ ʧʘʜʝʞʘ ʩʝʚʝʨʥʳʭ ʦʣʝʥʝʡ ʧʨʠ ʤʘʩʩʦʚʦʤ ʥʘʧʘʜʝʥʠʠ ʢʨʦʚʦʩʦʩʫʱʠʭ 

ʢʦʤʘʨʦʚ ʥʘ ʧʨʠʤʝʨʝ ʩʪʘʜʘ ˉ 7 ʄʋʇ ʠʤʝʥʠ ɻʝʨʦʷ ʪʨʫʜʘ ʀʣʴʠ ʉʧʠʨʠʜʦʥʦʚʘ 

ɸʥʘʙʘʨʩʢʦʛʦ ʨʘʡʦʥʘ ʈʝʩʧʫʙʣʠʢʠ ʉʘʭʘ (ʗʢʫʪʠʷ) ʚ 2012 ʠ 2014 ʛʦʜʘʭ. 
 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʈʘʙʦʪʘ ʧʦ ʠʟʫʯʝʥʠʶ ʧʦʪʝʨʴ ʦʪ ʧʘʜʝʞʘ ʩʝʚʝʨʥʳʭ ʦʣʝʥʝʡ ʧʨʠ ʤʘʩʩʦʚʦʤ 

ʥʘʧʘʜʝʥʠʠ ʢʨʦʚʦʩʦʩʫʱʠʭ ʢʦʤʘʨʦʚ ʧʨʦʚʝʜʝʥʘ ʥʘ ʧʨʠʤʝʨʝ ʦʣʝʥʝʚʦʜʯʝʩʢʦʛʦ 

ʩʪʘʜʘ ˉ 7 ʩ ʯʠʩʣʝʥʥʦʩʪʴʶ ʞʠʚʦʪʥʳʭ ʙʦʣʝʝ 2000 ʛʦʣʦʚ ʄʫʥʠʮʠʧʘʣʴʥʦʛʦ ʫʥʠ-

ʪʘʨʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ ʠʤʝʥʠ ɻʝʨʦʷ ʪʨʫʜʘ ʀʣʴʠ ʉʧʠʨʠʜʦʥʦʚʘ ɸʥʘʙʘʨʩʢʦʛʦ 

ʨʘʡʦʥʘ ʈʝʩʧʫʙʣʠʢʠ ʉʘʭʘ (ʗʢʫʪʠʷ) ʧʦ ʜʘʥʥʳʤ 2012 ʠ 2014 ʛʦʜʦʚ. ɸʥʘʙʘʨʩʢʠʡ 

ʨʘʡʦʥ ʨʘʩʧʦʣʦʞʝʥ ʚ ʧʨʝʜʝʣʘʭ 70,8-74,5Á ʩ.ʰ. ʠ 110,5-120,5Á ʚ.ʜ. 

ʋʯʸʪʳ ʩʝʟʦʥʥʦʡ ʯʠʩʣʝʥʥʦʩʪʠ ʥʘʧʘʜʘʶʱʠʭ ʢʦʤʘʨʦʚ ʧʨʦʚʦʜʠʣʠ ʧʫʪʸʤ 

ʠʭ ʦʪʣʦʚʘ ʩ ʧʨʠʤʘʥʦʯʥʦʛʦ ʞʠʚʦʪʥʦʛʦ ʵʥʪʦʤʦʣʦʛʠʯʝʩʢʠʤ ʩʘʯʢʦʤ ʩʦ ʩʲʝʤʥʳ-

ʤʠ ʤʝʰʦʯʢʘʤʠ ʚ ʯʘʩʳ ʥʘʠʙʦʣʴʰʝʡ ʘʢʪʠʚʥʦʩʪʠ ʢʨʦʚʦʩʦʩʫʱʠʭ ʜʚʫʢʨʳʣʳʭ 

ʥʘʩʝʢʦʤʳʭ ʜʚʘ ʨʘʟʘ ʚ ʜʝʢʘʜʫ ʚ 19-21 ʯʘʩ. ʆʜʠʥ ʫʯʝʪ ʧʨʝʜʩʪʘʚʣʷʣ ʩʦʙʦʡ 10 

ʚʟʤʘʭʦʚ (çʚʦʩʴʤʝʨʢʦʡè) ʚ 10 ʧʦʚʪʦʨʥʦʩʪʷʭ. ɺʩʝʛʦ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ 12 ʫʯʝʪʦʚ 

ʯʠʩʣʝʥʥʦʩʪʠ. ɽʞʝʜʥʝʚʥʦ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʧʝʨʠʦʜʘ ʣʸʪʘ ʥʘʩʝʢʦʤʳʭ ʨʝʛʠʩʪʨʠ-

ʨʦʚʘʣʠ 3 ʨʘʟʘ ʚ ʜʝʥʴ (ʚ 7, 13 ʠ 19 ʯʘʩʦʚ ʧʦ ʤʝʩʪʥʦʤʫ ʚʨʝʤʝʥʠ) ʤʝʪʝʦʨʦʣʦʛʠ-

ʯʝʩʢʠʝ ʜʘʥʥʳʝ. ʊʝʤʧʝʨʘʪʫʨʫ ʠ ʚʣʘʞʥʦʩʪʴ ʚʦʟʜʫʭʘ ʠʟʤʝʨʷʣʠ ʘʩʧʠʨʘʮʠʦʥʥʳʤ 

ʧʩʠʭʨʦʤʝʪʨʦʤ, ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ ï ʘʥʝʤʦʤʝʪʨʦʤ ɸʉʆ-3, ʘʪʤʦʩʬʝʨʥʦʝ ʜʘʚʣʝʥʠʝ 

ï ʙʘʨʦʤʝʪʨʦʤ-ʘʥʝʨʦʠʜʦʤ, ʦʩʚʝʱʝʥʥʦʩʪʴ ï ʣʶʢʩʤʝʪʨʦʤ ʖ-116, ʦʙʣʘʯʥʦʩʪʴ ï 

ʚʠʟʫʘʣʴʥʦ ʧʦ 10-ʙʘʣʣʴʥʦʡ ʰʢʘʣʝ, ʢʦʣʠʯʝʩʪʚʦ ʦʩʘʜʢʦʚ ï ʜʦʞʜʝʤʝʨʦʤ. ʂʨʦʤʝ 

ʪʦʛʦ, ʠʩʧʦʣʴʟʦʚʘʥʳ ʤʝʪʝʦʜʘʥʥʳʝ ʧʦʛʦʜʥʦʡ ʩʪʘʥʮʠʠ Meteo link IQ557. 
 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ  

ʉʝʟʦʥʳ 2012 ʠ 2014 ʛʦʜʦʚ ʚ ʘʛʨʦʮʝʥʦʟʝ ʧʨʠʤʦʨʩʢʦʡ ʪʫʥʜʨʳ ɸʥʘʙʘʨ-

ʩʢʦʛʦ ʨʘʡʦʥʘ ʗʢʫʪʠʠ ʙʳʣʠ ʭʘʨʘʢʪʝʨʥʳʤʠ ʜʣʷ ʟʦʥʳ. ɺ ʠʶʥʝ 2012 ʠ 2014 ʛʦ-

ʜʦʚ ʦʪʤʝʯʘʣʠʩʴ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʝ ʜʦʞʜʠ, ʧʨʠ ʛʨʦʟʝ ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ ʧʨʠ ʧʦʨʳ-

ʚʘʭ ʜʦʩʪʠʛʘʣʘ ʜʦ 13-18 ʤ/ʩ, ʪʝʤʧʝʨʘʪʫʨʘ ʥʦʯʴʶ ʩʦʩʪʘʚʣʷʣʘ +1é+6Áʉ, ʜʥʝʤ ï 

+14é+19Áʉ. ɺ ʠʶʣʝ 2012 ʛʦʜʘ ʦʩʘʜʢʦʚ ʙʳʣʦ ʤʘʣʦ, ʚʝʪʝʨ ʚʦʩʪʦʯʥʳʡ 3-8 ʤ/ʩ, 

ʪʝʤʧʝʨʘʪʫʨʘ ʥʦʯʴʶ +4é+9Áʉ, ʜʥʝʤ ʜʦ +6é+11Áʉ, ʚʨʝʤʝʥʘʤʠ +18é+23Áʉ. ɺ 

ʧʝʨʚʦʡ ʧʦʣʦʚʠʥʝ ʘʚʛʫʩʪʘ 2012 ʛʦʜʘ ʥʘʙʣʶʜʘʣʠʩʴ ʥʝʙʦʣʴʰʠʝ ʢʨʘʪʢʦʚʨʝʤʝʥ-

ʥʳʝ ʜʦʞʜʠ, ʚʝʪʝʨ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʳʡ, ʪʝʤʧʝʨʘʪʫʨʘ ʥʦʯʴʶ 0é+5Áʉ, ʜʥʝʤ 

+5é10Áʉ. ɺʦ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʝ ʘʚʛʫʩʪʘ ʥʘʙʣʶʜʘʣʠʩʴ ʧʦʩʪʦʷʥʥʳʝ ʩʝʚʝʨʦ-
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ʟʘʧʘʜʥʳʝ ʠ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʳʝ ʚʝʪʨʘ ʩʦ ʩʢʦʨʦʩʪʴʶ 5-10 ʤ/ʩ, ʚ ʧʦʨʳʚʘʭ ʜʦ  

15-18 ʤ/ʩ, ʪʝʤʧʝʨʘʪʫʨʘ ʥʦʯʴʶ 0é+4Áʉ, ʜʥʝʤ 0é+5 Áʉ, ʚ ʦʪʜʝʣʴʥʳʝ ʜʥʠ 

+10é+12Áʉ. ʀʶʣʴ ʠ ʘʚʛʫʩʪ 2014 ʛʦʜʘ ʦʪʣʠʯʘʣʠʩʴ ʦʪ ʘʥʘʣʦʛʠʯʥʳʭ ʤʝʩʷʮʝʚ 

2012 ʛʦʜʘ ʯʘʩʪʳʤʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʳʤʠ ʜʦʞʜʷʤʠ.  

ʉ 15-20 ʤʘʷ 2012 ʠ 2014 ʛʦʜʦʚ ʦʪʤʝʯʘʣʩʷ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʡ ʣʸʪ ʧʝʨʝʟʠ-

ʤʦʚʘʚʰʠʭ ʢʦʤʘʨʦʚ ʨʦʜʘ Aedes ʝʱʸ ʜʦ ʩʭʦʜʘ ʩʧʣʦʰʥʦʛʦ ʩʥʝʞʥʦʛʦ ʧʦʢʨʦʚʘ. 

ʃʸʪ ʧʝʨʚʳʭ ʚʳʧʣʦʜʠʚʰʠʭʩʷ ʠʤʘʛʦ ʦʪʤʝʯʝʥʳ ʩ ʢʦʥʮʘ ʧʝʨʚʦʡ ʜʝʢʘʜʳ ʠʶʥʷ. 

ʉʦ ʚʪʦʨʦʡ ʜʝʢʘʜʳ ʠʶʣʷ ʥʘʯʠʥʘʝʪʩʷ ʤʘʩʩʦʚʳʡ ʣʸʪ ʠ ʥʘʧʘʜʝʥʠʝ ʢʦʤʘʨʦʚ ʥʘ 

ʦʣʝʥʝʡ, ʢʦʪʦʨʳʡ ʟʘʢʘʥʯʠʚʘʝʪʩʷ ʚ ʢʦʥʮʝ ʪʨʝʪʴʝʡ ʜʝʢʘʜʳ ʠʶʣʷ. ɺʦ ʚʨʝʤʷ ʤʘʩ-

ʩʦʚʦʛʦ ʣʸʪʘ ʯʠʩʣʝʥʥʦʩʪʴ ʢʦʤʘʨʦʚ ʚ 2012 ʛʦʜʫ ʩʦʩʪʘʚʣʷʣʘ 6080, ʘ ʚ 2014 ï 

4610 ʵʢʟʝʤʧʣʷʨʦʚ ʟʘ ʫʯʝʪ. 

ʇʠʢ ʯʠʩʣʝʥʥʦʩʪʠ ʤʦʞʝʪ ʥʘʙʣʶʜʘʪʴʩʷ ʥʝ ʪʦʣʴʢʦ ʚ ʫʪʨʝʥʥʠʝ ʠ ʚʝʯʝʨʥʠʝ 

ʯʘʩʳ, ʥʦ ʠ ʜʥʝʤ ʚʦ ʚʨʝʤʷ ʘʪʤʦʩʬʝʨʥʦʛʦ ʷʚʣʝʥʠʷ ʥʘʟʳʚʘʝʤʦʛʦ çʭʘʨʘʘʥè. ʗʚ-

ʣʝʥʠʝ ʭʘʨʘʘʥ ʥʘʯʠʥʘʝʪʩʷ ʚ ʩʦʣʥʝʯʥʳʡ ʜʝʥʴ ʩ ʧʦʷʚʣʝʥʠʝʤ ʦʙʣʘʢʦʚ, ʢʨʘʪʢʦ-

ʚʨʝʤʝʥʥʳʭ ʜʦʞʜʝʡ, ʰʪʠʣʝʚʦʡ ʧʦʛʦʜʳ, ʩʣʘʙʦʡ ʜʳʤʢʠ ʩ ʚʠʜʠʤʦʩʪʴʶ 4-10 ʢʤ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʢʦʥʜʝʥʩʘʮʠʠ ʚʦʜʷʥʦʛʦ ʧʘʨʘ, ʨʝʟʢʠʤ ʫʚʝʣʠʯʝʥʠʝʤ ʦʪʥʦʩʠʪʝʣʴʥʦʡ 

ʚʣʘʞʥʦʩʪʠ ʚʦʟʜʫʭʘ 91ï99%. ʏʠʩʣʝʥʥʦʩʪʴ ʢʦʤʘʨʦʚ ʚʦ ʚʨʝʤʷ ʭʘʨʘʘʥʘ ʟʥʘʯʠ-

ʪʝʣʴʥʦ ʧʨʝʚʳʰʘʝʪ ʫʪʨʝʥʥʠʡ ʠ ʚʝʯʝʨʥʠʡ ʧʠʢʠ. ʇʨʠ ʤʘʩʩʦʚʦʤ ʥʘʧʘʜʝʥʠʠ ʢʨʦ-

ʚʦʩʦʩʫʱʠʭ ʢʦʤʘʨʦʚ ʥʘ ʩʪʘʜʦ ʜʦʤʘʰʥʠʭ ʩʝʚʝʨʥʳʭ ʦʣʝʥʝʡ ʥʘʠʙʦʣʝʝ ʙʝʟʟʘʱʠʪ-

ʥʳʤʠ ʷʚʣʷʶʪʩʷ ʪʫʛʫʪʳ (ʪʝʣʷʪʘ ʪʝʢʫʱʝʛʦ ʛʦʜʘ ʨʦʞʜʝʥʠʷ) ʠ ʤʦʣʦʜʥʷʢ 1 ʛʦʜʘ, ʫ 

ʧʝʨʚʳʭ ʧʘʜʝʞ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 47,4 ʜʦ 76,2%, ʚʪʦʨʳʭ ï ʦʪ 35,5 ʜʦ 50%. ʇʦʪʝʨʷ 

ʚʟʨʦʩʣʦʛʦ ʧʦʛʦʣʦʚʴʷ ʦʣʝʥʝʡ ʦʪ ʧʘʜʝʞʘ ʧʨʠ ʤʘʩʩʦʚʦʤ ʥʘʧʘʜʝʥʠʠ ʢʨʦʚʦʩʦʩʫ-

ʱʠʭ ʢʦʤʘʨʦʚ ʧʨʝʚʳʰʘʝʪ 20% (ʪʘʙʣ.). 
ʊʘʙʣʠʮʘ 

ɸʥʘʣʠʟ ʧʘʜʝʞʘ ʩʝʚʝʨʥʳʭ ʦʣʝʥʝʡ ʦʪ ʤʘʩʩʦʚʦʛʦ ʥʘʧʘʜʝʥʠʷ ʢʨʦʚʦʩʦʩʫʱʠʭ ʢʦʤʘʨʦʚ  

ʚ ʄʋʇ ʠʤʝʥʠ ɻʝʨʦʷ ʪʨʫʜʘ ʀʣʴʠ ʉʧʠʨʠʜʦʥʦʚʘ ɸʥʘʙʘʨʩʢʦʛʦ ʨʘʡʦʥʘ ʗʢʫʪʠʠ 

ʉʪʘʜʦ ˉ 7, 2012 ʠ 2014 ʛʦʜʳ 

 ̄
ʇʦʣʦʚʦʟʨʘʩʪʥʳʝ 
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ʂʦʣʠʯʝʩʪʚʦ ʞʠ-

ʚʦʪʥʳʭ 

ʧʦ ʧʦʣʦʚʦʟʨʘʩʪ-

ʥʳʤ ʛʨʫʧʧʘʤ 

ʆʩʪʘʣʦʩʴ 

ʚ ʢʦʥʮʝ 

ʛʦʜʘ 

ʇʘʣʦ 

ʦʪ ʥʘʧʘʜʝ-

ʥʠʷ ʢʦʤʘ-

ʨʦʚ 

ʇʦʪʝʨʠ ʩʝʚʝʨʥʳʭ 

ʦʣʝʥʝʡ ʦʪ ʧʘʜʝʞʘ 

ʧʨʠ ʤʘʩʩʦʚʦʤ 

ʥʘʧʘʜʝʥʠʠ ʢʨʦʚʦ-

ʩʦʩʫʱʠʭ ʢʦʤʘʨʦʚ, 

% 

 2012 ʛʦʜ 

1 ʊʫʛʫʪʳ (ʪʝʣʷʪʘ ʪʝ-

ʢʫʱʝʛʦ ʛʦʜʘ) 

420 100 320 76,2 

2 ʄʦʡʢʘ  

(ʤʦʣʦʜʥʷʢ 1 ʛʦʜʘ) 

100 50 50 50 

3 ʂʦʣʠʯʝʩʪʚʦ ʞʠʚʦʪ-

ʥʳʭ ʚ ʩʪʘʜʝ 

2000 1600 400 20 

 2014 ʛʦʜ 

1 ʊʫʛʫʪʳ (ʪʝʣʷʪʘ ʪʝ-

ʢʫʱʝʛʦ ʛʦʜʘ) 

570 300 270 47,4 

2 ʄʦʡʢʘ  

(ʤʦʣʦʜʥʷʢ 1 ʛʦʜʘ) 

310 200 110 35,5 

3 ʂʦʣʠʯʝʩʪʚʦ ʞʠʚʦʪ-

ʥʳʭ ʚ ʩʪʘʜʝ 

1900 1470 430 22.6 
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ɿʘʢʣʶʯʝʥʠʝ 

1. ʄʘʩʩʦʚʳʡ ʣʸʪ ʠ ʥʘʧʘʜʝʥʠʝ ʢʨʦʚʦʩʦʩʫʱʠʭ ʥʘʩʝʢʦʤʳʭ ʥʘ ʦʣʝʥʝʡ ʚ ʘʛ-

ʨʦʮʝʥʦʟʝ ʧʨʠʤʦʨʩʢʦʡ ʪʫʥʜʨʳ ɸʥʘʙʘʨʩʢʦʛʦ ʨʘʡʦʥʘ ʗʢʫʪʠʠ ʥʘʯʠʥʘʝʪʩʷ ʩʦ 

ʚʪʦʨʦʡ ʜʝʢʘʜʳ ʠʶʣʷ ʠ ʧʨʦʜʦʣʞʘʝʪʩʷ ʜʦ ʢʦʥʮʘ ʪʨʝʪʴʝʡ ʜʝʢʘʜʳ ʠʶʣʷ. ɺʦ ʚʨʝ-

ʤʷ ʤʘʩʩʦʚʦʛʦ ʣʸʪʘ ʯʠʩʣʝʥʥʦʩʪʴ ʢʦʤʘʨʦʚ ʚ 2012 ʛʦʜʫ ʩʦʩʪʘʚʣʷʣʘ 6080,  

ʘ ʚ 2014 ï 4610 ʵʢʟʝʤʧʣʷʨʦʚ ʟʘ ʫʯʝʪ. 

2. ʇʠʢ ʯʠʩʣʝʥʥʦʩʪʠ ʤʦʞʝʪ ʥʘʙʣʶʜʘʪʴʩʷ ʥʝ ʪʦʣʴʢʦ ʚ ʫʪʨʝʥʥʠʝ ʠ ʚʝʯʝʨ-

ʥʠʝ ʯʘʩʳ, ʥʦ ʠ ʜʥʝʤ ʚʦ ʚʨʝʤʷ ʘʪʤʦʩʬʝʨʥʦʛʦ ʷʚʣʝʥʠʷ ʥʘʟʳʚʘʝʤʦʛʦ çʭʘʨʘʘʥè. 

ʗʚʣʝʥʠʝ ʭʘʨʘʘʥ ʥʘʯʠʥʘʝʪʩʷ ʚ ʩʦʣʥʝʯʥʳʡ ʜʝʥʴ ʩ ʧʦʷʚʣʝʥʠʝʤ ʦʙʣʘʢʦʚ, ʢʨʘʪʢʦ-

ʚʨʝʤʝʥʥʳʭ ʜʦʞʜʝʡ, ʰʪʠʣʝʚʦʡ ʧʦʛʦʜʳ, ʩʣʘʙʦʡ ʜʳʤʢʠ ʩ ʚʠʜʠʤʦʩʪʴʶ 4-10 ʢʤ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʢʦʥʜʝʥʩʘʮʠʠ ʚʦʜʷʥʦʛʦ ʧʘʨʘ, ʨʝʟʢʠʤ ʫʚʝʣʠʯʝʥʠʝʤ ʦʪʥʦʩʠʪʝʣʴʥʦʡ 

ʚʣʘʞʥʦʩʪʠ ʚʦʟʜʫʭʘ 91ï99%. ʏʠʩʣʝʥʥʦʩʪʴ ʢʦʤʘʨʦʚ ʚʦ ʚʨʝʤʷ ʭʘʨʘʘʥʘ ʟʥʘʯʠ-

ʪʝʣʴʥʦ ʧʨʝʚʳʰʘʝʪ ʫʪʨʝʥʥʠʡ ʠ ʚʝʯʝʨʥʠʡ ʧʠʢʠ. 

3. ʇʨʠ ʤʘʩʩʦʚʦʤ ʥʘʧʘʜʝʥʠʠ ʢʨʦʚʦʩʦʩʫʱʠʭ ʢʦʤʘʨʦʚ ʥʘ ʩʪʘʜʦ ʜʦʤʘʰʥʠʭ 

ʩʝʚʝʨʥʳʭ ʦʣʝʥʝʡ ʧʦʪʝʨʠ ʪʝʣʷʪ ʪʝʢʫʱʝʛʦ ʛʦʜʘ ʨʦʞʜʝʥʠʷ ʩʦʩʪʘʚʣʷʶʪ ʦʪ 47,4 ʜʦ 

76,2%, ʤʦʣʦʜʥʷʢʘ 1 ʛʦʜʘ ʦʪ 35,5 ʜʦ 50%, ʚʟʨʦʩʣʦʛʦ ʧʦʛʦʣʦʚʴʷ ʜʦ 20%. 

4. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʥʘʫʯʥʳʡ ʦʙʦʨʦʪ ʚʚʝʜʝʥ 

ʥʝʠʟʚʝʩʪʥʦʝ ʨʘʥʝʝ ʷʚʣʝʥʠʝ çʍʘʨʘʘʥè, ʚʳʟʳʚʘʶʱʠʡ ʧʠʢ ʯʠʩʣʝʥʥʦʩʪʠ ʢʦʤʘ-

ʨʦʚ, ʧʨʝʚʳʰʘʶʱʠʡ ʫʪʨʝʥʥʠʡ ʠ ʚʝʯʝʨʥʠʡ ʧʦʜʲʝʤ. 
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