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ʥʠʟʤʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠʟʫʯʘʝʤʦʛʦ ʙʝʣʢʘ ʚ ʨʘʢʦʚʳʭ ʢʣʝʪʢʘʭ. 
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ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚ ʤʦʣʝʢʫʣʷʨʥʦʡ ʙʠʦʣʦʛʠʠ 

ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʠʟʫʯʝʥʥʳʭ ʙʝʣʢʦʚʳʭ ʤʦʣʝ-

ʢʫʣ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʤʳ ʧʦʧʳʪʘʣʠʩʴ ʦʧʠʩʘʪʴ ʵʧʠ-

ʜʝʨʤʘʣʴʥʳʡ ʬʘʢʪʦʨ ʨʦʩʪʘ (ʕʌʈ) ʠ ʤʝʭʘʥʠʟʤʳ ʝʛʦ 

ʜʝʡʩʪʚʠʷ. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʥʘʤʠ ʪʘʢʞʝ ʚʝʜʫʪʩʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʘʥʥʦʛʦ ʙʝʣʢʘ ʚ ʢʘʯʝʩʪʚʝ ʧʨʦʛʥʦʩʪʠ-

ʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ ʨʘʢʘ ʧʨʝʜʩʪʘʪʝʣʴʥʦʡ ʞʝʣʝʟʳ. ʊʘ-

ʢʠʤ ʦʙʨʘʟʦʤ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʧʨʠ-

ʤʝʥʝʥʠʷ ʠ ʜʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʕʌʈ ʤʦʛʫʪ 
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ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʧʦʣʠʧʝʧʪʠʜʦʚ, ʨʝʛʫʣʠʨʫʶʱʠʭ ʧʨʦ-

ʣʠʬʝʨʘʮʠʶ ʢʣʝʪʦʢ. ʆʪʣʠʯʠʷ ʠʭ ʩʪʨʫʢʪʫʨʳ ʦʪ ʜʨʫ-
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ʥʳʝ ʨʝʛʫʣʷʪʦʨʳ ʠ, ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʩʣʫʯʘʷʭ, ʢʘʢ 
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ʥʳʝ ʤʦʣʝʢʫʣʳ [1]. ɺ ʦʩʥʦʚʥʦʤ ʬʘʢʪʦʨʳ ʨʦʩʪʘ ʠʥʜʫ-

ʮʠʨʫʶʪ ʨʦʩʪ ʢʣʝʪʢʠ, ʥʦ ʥʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ, ʥʘʦʙʦ-

ʨʦʪ, ʠʥʛʠʙʠʨʫʶʪ ʧʨʦʮʝʩʩʳ ʧʨʦʣʠʬʝʨʘʮʠʠ. ʂʨʦʤʝ 

ʪʦʛʦ, ʦʥʠ ʨʝʛʫʣʠʨʫʶʪ ʤʥʦʞʝʩʪʚʦ ʜʨʫʛʠʭ ʚʘʞʥʳʭ 

ʢʣʝʪʦʯʥʳʭ ʬʫʥʢʮʠʡ, ʪʘʢʠʭ ʢʘʢ ʢʦʥʪʨʦʣʴ ʜʠʬʬʝʨʝʥ-

ʮʠʨʦʚʢʠ ʠ ʜʨʫʛʠʝ. ɼʝʡʩʪʚʠʝ ʬʘʢʪʦʨʦʚ ʨʦʩʪʘ ʥʘ 

ʢʣʝʪʢʠ ʦʙʲʷʩʥʠʤʦ ʣʠʰʴ, ʝʩʣʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʠʭ ʚ 

ʢʦʤʧʣʝʢʩʝ ʩ ʜʨʫʛʠʤʠ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʤʠ ʚʝ-

ʱʝʩʪʚʘʤʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʩʝ ʧʝʧʪʠʜʥʳʝ ʬʘʢʪʦʨʳ 

ʨʦʩʪʘ ʜʝʡʩʪʚʫʶʪ ʚ ʥʘʙʦʨʘʭ, ʠ, ʯʪʦʙʳ ʧʦʥʷʪʴ ʠʭ ʜʝʡ-

ʩʪʚʠʷ, ʚʩʝʛʜʘ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʙʠʦʣʦʛʠʯʝ-

ʩʢʠʡ ʢʦʥʪʝʢʩʪ, ʚ ʢʦʪʦʨʦʤ ʦʥʠ ʜʝʡʩʪʚʫʶʪ [2]. 

 ʈʘʟʙʨʦʩ ʤʝʩʪ ʩʠʥʪʝʟʘ ʠ ʜʝʡʩʪʚʠʷ ʬʘʢʪʦʨʦʚ ʨʦ-

ʩʪʘ ʩʠʣʴʥʦ ʪʦʨʤʦʟʠʪ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʠʟʫʯʝʥʠʷ ʠʭ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ. ʇʨʠ ʧʦʤʦʱʠ ʙʠʦʭʠʤʠ-

ʯʝʩʢʠʭ ʠ ʤʦʣʝʢʫʣʷʨʥʦ-ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ 

ʫʜʘʣʦʩʴ ʜʝʪʘʣʴʥʦ ʠʟʫʯʠʪʴ ʘʤʠʥʦʢʠʩʣʦʪʥʳʡ ʩʦʩʪʘʚ 

ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʩʪʨʫʢʪʫʨʫ ʬʘʢʪʦʨʦʚ ʨʦʩʪʘ, ʘ 

ʪʘʢʞʝ ʠʭ ʨʝʮʝʧʪʦʨʦʚ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʚʝʜʝʥʘ 

ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʬʘʢʪʦʨʦʚ ʨʦʩʪʘ, ʠʟʫʯʝʥʳ ʩʚʷʟʳʚʘʝ-

ʤʳʝ ʠʤʠ ʤʦʣʝʢʫʣʳ, ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʩʚʷʟʴ ʨʝ-

ʮʝʧʪʦʨʦʚ ʠ ʩʘʤʠʭ ʬʘʢʪʦʨʦʚ ʨʦʩʪʘ ʩ ʦʥʢʦʛʝʥʘʤʠ [3]. 

ɺ ʪʘʙʣʠʮʝ 1 ʧʨʠʚʝʜʝʥʳ ʤʦʣʝʢʫʣʷʨʥʳʝ ʤʘʩʩʳ 

ʥʝʢʦʪʦʨʳʭ ʬʘʢʪʦʨʦʚ ʨʦʩʪʘ ʠ ʠʭ ʨʝʮʝʧʪʦʨʦʚ. ʇʨʠʚʝ-

ʜʝʥʥʳʝ ʜʘʥʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʩʪʨʫʢ-

ʪʫʨʘ ʵʪʦʡ ʛʨʫʧʧʳ ʙʝʣʢʦʚ ʩʠʣʴʥʦ ʨʘʟʥʠʪʩʷ. 

 

ʊʘʙʣʠʮʘ 1. ʄʦʣʝʢʫʣʷʨʥʳʝ ʤʘʩʩʳ ʬʘʢʪʦʨʦʚ ʨʦʩʪʘ ʠ ʠʭ ʨʝʮʝʧʪʦʨʦʚ [4].  

ʌʘʢʪʦʨ ʨʦʩʪʘ 
ʄʦʣʝʢʫʣʷʨʥʘʷ ʤʘʩʩʘ (ɼʘ) 

ʌʘʢʪʦʨʘ ʨʦʩʪʘ ʈʝʮʝʧʪʦʨʘ 

ʕʧʠʜʝʨʤʘʣʴʥʳʡ ʬʘʢʪʦʨ ʨʦʩʪʘ (ʫʨʦʛʘʩʪʨʦʥ,ʕʌʈ, EGF) 6000 170 000 (ʤʦʥʦʤʝʨ 

ʌʘʢʪʦʨ ʨʦʩʪʘ ʬʠʙʨʦʙʣʘʩʪʦʚ (ʌʈʌ, FGF) 16 000 91868 (ʤʦʥʦʤʝʨ) 

ʊʨʦʤʙʦʮʠʪʘʨʥʳʡ ʬʘʢʪʦʨ ʨʦʩʪʘ (PDGF) 28 000ð35 000 164 000 (ʤʦʥʦʤʝʨ) 

ʀʥʩʫʣʠʥ 6000 420 000 (ʪʝʪʨʘʤʝʨ 2Ŭ:2ɓ) 

ʀʥʩʫʣʠʥʦʧʦʜʦʙʥʳʡ ʬʘʢʪʦʨ ʨʦʩʪʘ I (ʀʌʈ-1, IGF-I) 7649 350 000 (ʪʝʪʨʘʤʝʨ) 

ʀʥʩʫʣʠʥʦʧʦʜʦʙʥʳʡ ʬʘʢʪʦʨ ʨʦʩʪʘ II (ʀʌʈ-ʇ, IGF-II ) 7471 225 000 (ʤʦʥʦʤʝʨ) 

ʊʨʘʥʩʬʦʨʤʠʨʫʶʱʠʡ ʬʘʢʪʦʨ ʨʦʩʪʘ ʪʠʧʘ Ŭ 

(Ŭ -ʊʌʈ, ʊʌʈ-1, Ŭ ïTGF) 
6000 

170 000 

(ʨʝʮʝʧʪʦʨ ʕʌʈ) 

ʊʨʘʥʩʬʦʨʤʠʨʫʶʱʠʡ ʬʘʢʪʦʨ ʨʦʩʪʘ ʪʠʧʘ ɓ 

(ɓ -ʊʌʈ, ʊʌʈ-II , ɓ ïTGF) 
23 000ð25 000 280 000 (ʜʠʤʝʨ) 

 

ʕʧʠʜʝʨʤʘʣʴʥʳʡ ʬʘʢʪʦʨ ʨʦʩʪʘ 

ʀʟ ʛʨʫʧʧʳ ʬʘʢʪʦʨʦʚ ʨʦʩʪʘ ʵʧʠʜʝʨʤʘʣʴʥʳʡð 

ʦʜʠʥ ʠʟ ʥʘʠʙʦʣʝʝ ʭʦʨʦʰʦ ʠʟʫʯʝʥʥʳʭ. ʍʦʪʷ ʝʛʦ ʙʠʦ-

ʣʦʛʠʯʝʩʢʘʷ ʨʦʣʴ ʚ ʦʨʛʘʥʠʟʤʝ ʜʦ ʩʠʭ ʧʦʨ ʷʩʥʘ ʥʝ ʚʦ 

ʚʩʝʭ ʜʝʪʘʣʷʭ, ʕʌʈ ʦʙʣʘʜʘʝʪ ʚʩʝʤʠ ʯʝʨʪʘʤʠ çʢʣʘʩ-

ʩʠʯʝʩʢʦʛʦè ʬʘʢʪʦʨʘ ʨʦʩʪʘ, ʧʦʟʚʦʣʷʶʱʠʤʠ ʠʟʫʯʘʪʴ 

ʥʘ ʝʛʦ ʧʨʠʤʝʨʝ ʚʩʝ ʘʩʧʝʢʪʳ ʜʝʡʩʪʚʠʷ ʬʘʢʪʦʨʦʚ ʨʦ-

ʩʪʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʩʚʷʟʴ ʩ ʢʘʥʮʝʨʦʛʝʥʝʟʦʤ. ʇʦʵʪʦʤʫ 

ʩʦʩʨʝʜʦʪʦʯʠʚʘʷ ʚʥʠʤʘʥʠʝ ʥʘ ʦʜʥʦʤ ʨʦʩʪʦʚʦʤ ʬʘʢ-

ʪʦʨʝ, ʤʦʞʥʦ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ ʦʩʚʝʪʠʪʴ ʜʦʩʪʠʞʝʥʠʷ, 

ʧʨʦʙʣʝʤʳ, ʪʨʫʜʥʦʩʪʠ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʨʦʩʪʦʚʳʭ ʬʘʢʪʦʨʦʚ ʚʦʦʙʱʝ [4]. 

ʆʪʢʨʳʪʠʝ ʕʌʈ 

ɺʧʝʨʚʳʝ ʚʳʜʚʠʥʫʣʘ ʠʜʝʶ ʦ ʧʨʠʩʫʪʩʪʚʠʠ ʚ ʦʨ-

ʛʘʥʠʟʤʘʭ ʨʷʜʘ ʬʘʢʪʦʨʦʚ ʨʦʩʪʘ ʈʠʪʘ ʃʝʚʠ-ʄʦʥʪʘʣʴ-

ʯʠʥʠ, ʧʦʩʣʝ ʦʪʢʨʳʪʠʷ ʬʘʢʪʦʨʘ ʨʦʩʪʘ ʥʝʨʚʦʚ (ʌʈʅ) 

ʚ ʩʝʨʝʜʠʥʝ ʧʨʦʰʣʦʛʦ ʩʪʦʣʝʪʠʷ. ɺ 1953 ʛʦʜʫ ʉʪʝʥʣʠ 

ʂʦʵʥ ʧʨʠʩʦʝʜʠʥʠʣʩʷ ʢ ʛʨʫʧʧʝ ʈ. ʃʝʚʠ-ʄʦʥʪʘʣʴ-

ʯʠʥʠ ʠ ʥʘʯʘʣ ʨʘʙʦʪʫ ʧʦ ʠʟʫʯʝʥʠʶ ʌʈʅ. ʇʘʨʘʣ-

ʣʝʣʴʥʦ ʦʥ ʪʘʢʞʝ ʟʘʥʠʤʘʣʩʷ ʚʳʜʝʣʝʥʠʝʤ ʬʘʢʪʦʨʦʚ 
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ʨʦʩʪʘ ʠʟ ʩʣʶʥʥʳʭ ʞʝʣʝʟ. ɺ ʧʨʦʮʝʩʩʝ ʵʪʠʭ ʠʩʩʣʝʜʦ-

ʚʘʥʠʡ ʦʥ ʥʘʙʣʶʜʘʣ ʨʘʥʥʝʝ ʨʘʟʚʠʪʠʝ ʥʦʚʦʨʦʞʜʝʥ-

ʥʳʭ ʤʳʰʝʡ, ʧʦʣʫʯʘʚʰʠʭ ʵʢʩʪʨʘʢʪ ʩʣʶʥʥʳʭ ʞʝʣʝʟ. 

ʋ ʧʦʜʦʧʳʪʥʳʭ ʤʳʰʝʡ ʦʪʢʨʳʣʠʩʴ ʛʣʘʟʘ ʠ ʧʨʦʨʝʟʘ-

ʣʠʩʴ ʟʫʙʳ ʫʞʝ ʚ 6-7 ʜʥʝʡ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʫ ʢʦʥʪʨʦʣʴ-

ʥʳʭ ʞʠʚʦʪʥʳʭ ʪʦʪ ʞʝ ʧʨʦʮʝʩʩ ʟʘʥʠʤʘʣ 12-14 ʛ ʜʥʝʡ. 

ʕʪʠ ʥʘʙʣʶʜʝʥʠʷ ʧʨʠʚʝʣʠ ʂʦʵʥʘ ʢ ʚʳʚʦʜʫ ʦ ʪʦʤ, ʯʪʦ 

ʵʢʩʪʨʘʢʪʳ ʩʣʶʥʥʳʭ ʞʝʣʝʟ ʩʦʜʝʨʞʘʪ ʩʪʠʤʫʣʠʨʫʶ-

ʱʠʝ ʨʦʩʪ ʚʝʱʝʩʪʚʘ, ʦʪʚʝʪʩʪʚʝʥʥʳʝ ʟʘ ʧʨʝʞʜʝʚʨʝ-

ʤʝʥʥʦʝ ʨʘʟʚʠʪʠʝ ʤʳʰʝʡ. ɼʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘ-

ʥʠʷ ʧʨʠʚʝʣʠ ʢ ʦʪʢʨʳʪʠʶ ʚʝʱʝʩʪʚʘ, ʦʪʚʝʯʘʶʱʝʛʦ ʟʘ 

ʫʩʢʦʨʝʥʠʝ ʨʦʩʪʘ, ʢʦʪʦʨʦʝ ʦʥ ʥʘʟʚʘʣ ʵʧʠʜʝʨʤʘʣʴʥʳʤ 

ʬʘʢʪʦʨʦʤ ʨʦʩʪʘ (ʕʌʈ), ʠʟ-ʟʘ ʝʛʦ ʩʧʦʩʦʙʥʦʩʪʠ ʩʪʠ-

ʤʫʣʠʨʦʚʘʪʴ ʧʨʦʣʠʬʝʨʘʮʠʶ ʵʧʠʜʝʨʤʘʣʴʥʳʭ ʠ ʵʧʠ-

ʪʝʣʠʘʣʴʥʳʭ ʢʣʝʪʦʢ ʨʦʛʦʚʠʮʳ [5]. 

ɸʥʘʣʠʟ ʘʤʠʥʦʢʠʩʣʦʪʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ʧʦʢʘʟʘʣ, ʯʪʦ ʕʌʈ - ʥʝʙʦʣʴʰʦʡ ʧʝʧʪʠʜ, ʩʦʩʪʦʷʱʠʡ 

ʠʟ 53 ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪʢʦʚ ʠ ʩʦʜʝʨʞʘʱʠʡ 6 

ʦʩʪʘʪʢʦʚ ʮʠʩʪʝʠʥʘ (ʨʠʩ.1) [6]. ʆʩʪʘʪʢʠ ʮʠʩʪʝʠʥʘ ʚ 

ʤʦʣʝʢʫʣʝ ʕʌʈ ʦʙʨʘʟʫʶʪ ʪʨʠ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʝ 

ʜʠʩʫʣʴʬʠʜʥʳʝ ʩʚʷʟʠ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʙʦʣʴʰʦʝ ʟʥʘ-

ʯʝʥʠʝ ʜʣʷ ʧʨʦʷʚʣʝʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ 

ʬʘʢʪʦʨʘ ʨʦʩʪʘ [7]. ɿʘ ʩʚʦʶ ʥʦʚʘʪʦʨʩʢʫʶ ʨʘʙʦʪʫ 

ʉʪʵʥʣʠ ʂʦʵʥ ʠ ʈʠʪʘ ʃʝʚʠ-ʄʦʥʪʘʣʴʯʠʥʠ ʙʳʣʠ ʫʜʦ-

ʩʪʦʝʥʳ ʅʦʙʝʣʝʚʩʢʦʡ ʧʨʝʤʠʠ 1986 ʛ. 

 
ʈʠʩʫʥʦʢ 1. ʉʪʨʫʢʪʫʨʘ ʕʌʈ. ʇʨʝʜʩʪʘʚʣʝʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʘʤʠʥʦʢʠʩʣʦʪ ʠ ʧʦʢʘʟʘʥʦ ʧʦʣʦʞʝʥʠʝ 

ʜʠʩʫʣʴʬʠʜʥʳʭ ʩʚʷʟʝʡ [8]. 

 

ʈʘʥʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʝʡʩʪʚʠʷ ʕʌʈ 

ʇʝʨʚʦʥʘʯʘʣʴʥʳʡ ʜʦʢʣʘʜ ʉʪʵʥʣʠ ʂʦʵʥʘ ʦ ʧʨʝʞ-

ʜʝʚʨʝʤʝʥʥʦʤ ʨʘʟʚʠʪʠʠ ʥʦʚʦʨʦʞʜʝʥʥʳʭ ʤʳʰʝʡ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʕʌʈ ʚʳʟʚʘʣ ʰʢʚʘʣ ʠʩʩʣʝʜʦʚʘʥʠʡ, 

ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʨʘʩʢʨʳʪʠʝ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʠ ʬʠ-

ʟʠʦʣʦʛʠʯʝʩʢʦʡ ʨʦʣʠ, ʢʦʪʦʨʫʶ ʠʛʨʘʝʪ ʕʌʈ ʚ ʧʨʦ-

ʮʝʩʩʝ ʨʘʟʚʠʪʠʷ ʦʨʛʘʥʠʟʤʘ ʘ ʪʘʢʞʝ ʫ ʚʟʨʦʩʣʳʭ ʞʠ-

ʚʦʪʥʳʭ. ʂʨʦʤʝ ʩʣʶʥʥʦʡ ʞʝʣʝʟʳ, ʜʝʪʝʢʪʠʨʫʝʤʳʝ 

ʫʨʦʚʥʠ ʕʌʈ ʪʘʢʞʝ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʚ ʨʘʟʣʠʯʥʳʭ 

ʵʢʩʪʨʘʢʪʘʭ ʪʢʘʥʝʡ ʠ ʞʠʜʢʦʩʪʷʭ ʦʨʛʘʥʠʟʤʘ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʘʤʥʠʦʪʠʯʝʩʢʦʡ ʞʠʜʢʦʩʪʠ, ʤʦʣʦʢʝ, ʩʣʶʥʝ, 

ʧʘʥʢʨʝʘʪʠʯʝʩʢʦʤ ʩʝʢʨʝʪʝ, ʞʝʣʯʠ ʠ ʤʦʯʝ [8].  

ʆʪʢʨʳʪʠʝ ʕʌʈ ʧʨʠʚʝʣʦ ʢ ʝʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ 

ʢʘʢ ʵʤʙʨʠʦʪʨʦʬʠʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ, ʢʦʪʦʨʳʡ ʫʩʠʣʠ-

ʚʘʝʪ ʤʠʪʦʛʝʥʝʟ, ʨʘʟʚʠʪʠʝ ʠ ʠʤʧʣʘʥʪʘʮʠʶ ʫ ʨʘʟʥʳʭ 

ʚʠʜʦʚ ʤʣʝʢʦʧʠʪʘʶʱʠʭ [9]. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠʩʫʪ-

ʩʪʚʠʝ ʤʈʅʂ ʕʌʈ ʚ ʵʤʙʨʠʦʥʘʣʴʥʳʭ ʪʢʘʥʷʭ ʩʚʠʜʝ-

ʪʝʣʴʩʪʚʫʝʪ ʦ ʝʛʦ ʚʦʚʣʝʯʝʥʥʦʩʪʠ ʚ ʨʘʥʥʝʝ ʵʤʙʨʠʦ-

ʥʘʣʴʥʦʝ ʨʘʟʚʠʪʠʝ [10]. ɼʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʦʢʘʟʘʣʠ ʯʪʦ ʕʌʈ ʪʘʢʞʝ ʫʯʘʩʪʚʫʝʪ ʚ ʤʦʨʬʦʛʝʥʝʟʝ 

ʤʥʦʛʠʭ ʦʨʛʘʥʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʟʫʙʦʚ, ʛʦʣʦʚʥʦʛʦ 

ʤʦʟʛʘ, ʦʨʛʘʥʦʚ ʨʝʧʨʦʜʫʢʪʠʚʥʦʡ ʩʠʩʪʝʤʳ, ʢʦʞʠ, ʞʝ-

ʣʫʜʦʯʥʦ-ʢʠʰʝʯʥʦʛʦ ʪʨʘʢʪʘ, ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʦʡ 

ʩʠʩʪʝʤʳ [11-13]. 

 

ʕʌʈ-ʧʦʜʦʙʥʳʝ ʧʝʧʪʠʜʳ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʟʚʝʩʪʥʦ, ʧʦ ʤʝʥʴʰʝʡ ʤʝʨʝ, 

11 ʨʘʟʣʠʯʥʳʭ ʕʌʈ-ʧʦʜʦʙʥʳʭ ʧʦʣʠʧʝʧʪʠʜʦʚ, ʢʦʪʦ-

ʨʳʝ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩʦʩʪʘʚʣʷʶʪ ʩʝʤʝʡʩʪʚʦ ʵʧʠ-

ʜʝʨʤʘʣʴʥʳʭ ʬʘʢʪʦʨʦʚ ʨʦʩʪʘ. ʂʘʞʜʳʡ ʠʟ ʵʪʠʭ ʧʝʧ-

ʪʠʜʦʚ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʦʜʠʥ ʕʌʈ-

ʧʦʜʦʙʥʳʡ ʜʦʤʝʥ, ʩʦʜʝʨʞʘʱʠʡ ʜʠʩʫʣʴʬʠʜʥʳʝ 

ʩʚʷʟʠ. 

ʉʝʤʝʡʩʪʚʦ ʕʌʈ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʪʨʘʥʩʬʦʨʤʠ-

ʨʫʶʱʠʡ ʬʘʢʪʦʨ ʨʦʩʪʘ (TGFŬ), ʘʤʬʠʨʝʛʫʣʠʥ-

ʘʣʴʬʘ(AR), ʛʝʧʘʨʠʥ-ʩʚʷʟʳʚʘʶʱʠʡ ʕʌʈ (HB-EGF), 

ʵʧʠʨʝʛʫʣʠʥ (EPR), ʙʝʪʘʮʝʣʣʶʣʠʥ (BTC), ʥʝʡʨʦʨʝ-

ʛʫʣʠʥʳ 1-4 (NRG1-4), ʠ ʬʘʢʪʦʨ ʨʦʩʪʘ ʪʝʨʘʪʦʢʘʨʮʠ-

ʥʦʤʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ (Cripto-1) [7]. ʉʦʛʣʘʩʥʦ 

ʥʝʜʘʚʥʠʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʨʝʮʝʧʪʦʨ ʕʌʈ ʪʘʢʞʝ ʤʦ-

ʞʝʪ ʙʳʪʴ ʘʢʪʠʚʠʨʦʚʘʥ ʙʝʣʢʘʤʠ ʥʝʢʦʪʦʨʳʭ ʚʠʨʫʩʦʚ, 

ʪʘʢʠʭ ʢʘʢ ʚʠʨʫʩ ʥʘʪʫʨʘʣʴʥʦʡ ʦʩʧʳ, ʕʧʰʪʝʡʥʘ-

ɹʘʨʨʘ, ʮʠʪʦʤʝʛʘʣʦʚʠʨʫʩ ʯʝʣʦʚʝʢʘ ʠ ʪ.ʜ. 
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ʆʙʱʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʝʤʝʡʩʪʚʘ ʨʝʮʝʧʪʦ-

ʨʦʚ ʵʧʠʜʝʨʤʘʣʴʥʦʛʦ ʬʘʢʪʦʨʘ ʨʦʩʪʘ 

 

ʌʘʢʪʦʨʳ ʨʦʩʪʘ ʠ ʠʭ ʨʝʮʝʧʪʦʨʳ ʷʚʣʷʶʪʩʷ ʤʦʣʝ-

ʢʫʣʘʤʠ, ʩ ʢʦʪʦʨʳʭ ʥʘʯʠʥʘʝʪʩʷ ʧʝʨʝʜʘʯʘ ʩʠʛʥʘʣʦʚ ʚ 

ʢʣʝʪʢʝ. ɹʦʣʴʰʠʥʩʪʚʦ ʦʧʠʩʘʥʥʳʭ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ 

ʤʝʤʙʨʘʥʥʳʭ ʨʝʮʝʧʪʦʨʦʚ ʷʚʣʷʶʪʩʷ ʧʨʦʪʝʠʥʢʠʥʘ-

ʟʘʤʠ. ʇʨʦʪʝʠʥʢʠʥʘʟʳ ï ʬʝʨʤʝʥʪʳ, ʢʦʪʦʨʳʝ ʷʚʣʷ-

ʶʪʩʷ ʢʣʶʯʝʚʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʤʥʦʛʠʭ ʧʨʦʮʝʩʩʦʚ ʚ 

ʢʣʝʪʢʝ, ʪʘʢʠʭ ʢʘʢ: ʨʝʛʫʣʷʮʠʷ ʪʨʘʥʩʢʨʠʧʮʠʠ, ʜʠʬʬʝ-

ʨʝʥʮʠʨʦʚʢʠ ʢʣʝʪʦʢ, ʢʣʝʪʦʯʥʦʛʦ ʮʠʢʣʘ, ʦʨʛʘʥʠʟʘʮʠʠ 

ʮʠʪʦʩʢʝʣʝʪʘ, ʘʧʦʧʪʦʟʘ, ʠʤʤʫʥʥʦʛʦ ʦʪʚʝʪʘ. ʋʯʝʥʳʝ 

ʛʨʫʧʧʳ ʉ. ʂʦʵʥʘ ʫʩʪʘʥʦʚʠʣʠ ʪʘʢʞʝ ʩʫʱʝʩʪʚʦʚʘʥʠʝ 

ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʤʝʤʙʨʘʥʥʦʛʦ ʙʝʣʢʘ, ʢʦʪʦʨʳʡ 

çʫʟʥʘʝʪè ʬʘʢʪʦʨ ʨʦʩʪʘ ʠ ʧʨʦʷʚʣʷʝʪ ʧʨʦʪʝʠʥʢʠʥʘʟ-

ʥʫʶ ʘʢʪʠʚʥʦʩʪʴ [17]. 

ʇʦʩʣʝ ʦʪʢʨʳʪʠʷ ʕʌʈ ʘʢʪʠʚʥʦ ʠʟʫʯʘʣʩʷ ʙʣʘʛʦ-

ʜʘʨʷ ʩʚʦʠʤ ʤʠʪʦʛʝʥʥʳʤ ʩʚʦʡʩʪʚʘʤ, ʢʦʪʦʨʳʝ ʧʨʦʷʚ-

ʣʷʣʠʩʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʫʩʢʦʨʝʥʥʳʡ ʨʦʩʪ ʚʦ-

ʣʦʩ, ʦʙʦʛʘʱʝʥʠʝ ʢʣʝʪʦʢ ʵʧʠʜʝʨʤʠʩʘ ʢʝʨʘʪʠʥʦʤ, 

ʩʪʠʤʫʣʷʮʠʷ ʨʦʩʪʘ ʬʠʙʨʦʙʣʘʩʪʦʚ ʢʦʞʠ, ʘ ʪʘʢʞʝ ʛʠ-

ʧʝʨʪʨʦʬʠʷ ʠʣʠ ʛʠʧʝʨʧʣʘʟʠʷ ʢʣʝʪʦʢ ʨʦʛʦʚʠʮʳ ʛʣʘʟʘ. 

ʕʪʠ ʠ ʜʨʫʛʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠʚʝʣʠ ʢ ʥʘʯʘʣʫ ʧʦ-

ʠʩʢʘ ʥʘ ʤʝʤʙʨʘʥʝ ʢʣʝʪʦʢ ʨʝʮʝʧʪʦʨʘ ʕʌʈ. ʂ ʢʦʥʮʫ 

1970-ʭ ʛʦʜʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʤʙʨʘʥ ʦʧʫʭʦʣʝʚʳʭ 

ʢʣʝʪʦʢ ʢʫʣʴʪʫʨʳ A431 ʙʳʣ ʥʘʡʜʝʥ ʙʝʣʦʢ ʩ ʤʦʣʝʢʫ-

ʣʷʨʥʦʡ ʤʘʩʩʦʡ 170 ʢɼʘ, ʢʦʪʦʨʳʡ ʙʳʣ ʠʜʝʥʪʠʬʠʮʠ-

ʨʦʚʘʥ ʢʘʢ ʨʝʮʝʧʪʦʨ ʕʌʈ. ʆʙʥʘʨʫʞʝʥʥʳʡ ʙʝʣʦʢ ʷʚ-

ʣʷʝʪʩʷ ʪʨʘʥʩʤʝʤʙʨʘʥʥʳʤ ʛʣʠʢʦʧʨʦʪʝʠʥʦʤ, ʢʦʪʦ-

ʨʳʡ ʧʨʦʷʚʣʷʝʪ ʪʠʨʦʟʠʥʢʠʥʘʟʥʫʶ ʘʢʪʠʚʥʦʩʪʴ, 

ʩʪʠʤʫʣʠʨʫʝʤʫʶ ʧʨʠ ʝʛʦ ʩʚʷʟʳʚʘʥʠʠ ʩ ʕʌʈ [19]. 

ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʢʣʦʥʠʨʦʚʘʥʠʶ ʠ ʩʝʢʚʝʥʠʨʦ-

ʚʘʥʠʶ ʨʝʮʝʧʪʦʨʘ ʕʌʈ (ʈʕʌʈ) ʧʦʢʘʟʘʣʠ, ʯʪʦ ʦʥ ʩʦ-

ʩʪʦʠʪ ʠʟ 1186 ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪʢʦʚ, ʠʤʝʝʪ ʚʥʝ-

ʢʣʝʪʦʯʥʳʡ ʣʠʛʘʥʜ-ʩʚʷʟʳʚʘʶʱʠʡ ʜʦʤʝʥ, ʦʜʠʥʦʯ-

ʥʳʡ ʪʨʘʥʩʤʝʤʙʨʘʥʥʳʡ ʜʦʤʝʥ, ʟʘ ʢʦʪʦʨʳʤ ʩʣʝʜʫʝʪ 

ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʡ ʪʠʨʦʟʠʥʢʠʥʘʟʥʳʡ ʜʦʤʝʥ (ʨʠʩ. 2) 

[21]. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʙʳʣʦ ʦʪʢʨʳʪʦ ʝʱʝ ʪʨʠ ʨʘʟʣʠʯ-

ʥʳʭ ʈʕʌʈ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʚ ʩʝʤʝʡʩʪʚʦ ʈʕʌʈ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʭʦʜʷʪ 4 ʛʣʠʢʦʧʨʦʪʝʠʥʘ: ErbB1 

(ʕʌʈR), ErbB2/HER2/Neu, ErbB3/HER3, ʠ 

ErbB4/HER4 [7]. ʂʘʞʜʳʡ ʠʟ ʵʪʠʭ 4 ʨʝʮʝʧʪʦʨʦʚ ʭʘ-

ʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʩʪʨʫʢʪʫʨʥʦʡ ʛʦʤʦ-

ʣʦʛʠʠ ʚʩʝʭ ʜʦʤʝʥʦʚ. 

 
ʈʠʩʫʥʦʢ 2. ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʩʪʨʫʢʪʫʨʳ ʕʌʈ ʠ ʈʕʌʈ. ʅʝʘʢʪʠʚʥʘʷ ʬʦʨʤʘ ʨʝʮʝʧʪʦʨʘ ʠ ʤʦʣʝʢʫʣʘ ʕʌʈ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʣʝʚʘ; ʘʢʪʠʚʥʘʷ (ʜʠʤʝʨʥʘʷ) ʬʦʨʤʘ - ʩʧʨʘʚʘ [20]. 

 

ʄʦʣʝʢʫʣʷʨʥʳʝ ʤʝʭʘʥʠʟʤʳ ʜʝʡʩʪʚʠʷ ʕʌʈ ʚ 

ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʢʘʭ 

 ʇʦʩʣʝ ʩʚʷʟʳʚʘʥʠʷ ʕʌʈ ʩ ʨʝʮʝʧʪʦʨʦʤ ʥʘ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ʤʝʤʙʨʘʥʳ, ʢʘʪʘʣʠʪʠʯʝʩʢʠʡ ʜʦʤʝʥ ʨʝʮʝʧ-

ʪʦʨʘ ʬʦʩʬʦʨʠʣʠʨʫʝʪ ʩʫʙʩʪʨʘʪʥʳʝ ʙʝʣʢʠ. ʊʘʢʠʤ ʦʙ-

ʨʘʟʦʤ, ʨʝʮʝʧʪʦʨ ʕʌʈ ʷʚʣʷʝʪʩʷ ʪʠʨʦʟʠʥʦʚʦʡ ʧʨʦʪʝ-

ʠʥʢʠʥʘʟʦʡ (ʪʠʨ-ʇʂ). ʊʘʢʞʝ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʝ 

ʤʦʞʝʪ ʘʢʪʠʚʠʨʦʚʘʪʴʩʷ ʟʘ ʩʯʝʪ ʚʢʣʶʯʝʥʠʷ ʘʜʝʥʠʣʘʪ-

ʮʠʢʣʘʟʥʦʛʦ ʠʣʠ ʬʦʩʬʘʪʠʜʠʣʠʥʦʟʠʪʦʣʴʥʦʛʦ ʢʘʩʢʘ-

ʜʦʚ ʠ ʘʢʪʠʚʘʮʠʠ ʧʨʦʪʝʠʥʢʠʥʘʟ. ʌʦʩʬʦʨʠʣʠʨʦʚʘʥ-

ʥʳʝ ʙʝʣʢʠ ʘʢʪʠʚʠʨʫʶʪ ʬʘʢʪʦʨʳ ʪʨʘʥʩʢʨʠʧʮʠʠ, 

ʠʥʠʮʠʠʨʫʶʱʠʝ ʩʠʥʪʝʟ ʤʈʅʂ ʠ ʙʝʣʢʦʚ. ʌʘʢʪʦʨ ʨʦ-

ʩʪʘ ʪʘʢʞʝ ʤʦʞʝʪ ʚʭʦʜʠʪʴ ʚ ʢʣʝʪʢʫ, ʚ ʢʦʤʧʣʝʢʩʝ ʩ 

ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʤ ʨʝʮʝʧʪʦʨʦʤ ʧʦʩʪʫʧʘʪʴ ʚ ʷʜʨʦ ʠ 

ʘʢʪʠʚʠʨʦʚʘʪʴ ʪʨʘʥʩʢʨʠʧʮʠʶ ʛʝʥʦʚ, ʩʪʠʤʫʣʠʨʫʶ-

ʱʠʭ ʨʦʩʪ ʢʣʝʪʢʠ. ɻʝʥʳ, ʢʦʪʦʨʳʝ ʢʦʜʠʨʫʶʪ ʌʈ, 

ʙʝʣʢʠ-ʨʝʮʝʧʪʦʨʳ , ʪʨʘʥʩʜʫʢʪʦʨʳ ʩʠʛʥʘʣʦʚ ʠ ʬʘʢ-

ʪʦʨʳ ʪʨʘʥʩʢʨʠʧʮʠʠ, ʥʘʟʳʚʘʶʪ ʧʨʦʪʦʦʥʢʦʛʝʥʘʤʠ. 

ʀʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ ʪʨʠ ʩʠʛʥʘʣʴ-

ʥʳʝ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʳʝ ʘʢʪʠʚʠʨʫʶʪʩʷ ʈʕʌʈ ʠ ʩʪʠ-

ʤʫʣʠʨʫʶʪ ʧʨʦʛʨʝʩʩʠʶ ʦʧʫʭʦʣʝʚʦʛʦ ʧʨʦʮʝʩʩʘ [17]. 

¶ ʉʠʛʥʘʣʴʥʘʷ ʩʠʩʪʝʤʘ, ʨʝʘʣʠʟʫʝʤʘʷ ʯʝʨʝʟ ʘʢ-
ʪʠʚʘʮʠʶ ʬʦʩʬʘʪʠʜʠʣʠʥʦʟʠʪʦʣ-3-ʢʠʥʘʟʳ, ʜʝʡʩʪʚʠʝ 

ʢʦʪʦʨʦʡ ʧʨʠʚʦʜʠʪ ʢ ʘʢʪʠʚʘʮʠʠ ʧʨʦʪʝʠʥʢʠʥʘʟʳ Akt 

ʠ ʩʫʧʨʝʩʩʠʠ ʘʧʦʧʪʦʟʘ (ʢʘʩʢʘʜ 

PI3KŸAktŸʩʫʧʨʝʩʩʠʷ ʘʧʦʧʪʦʟʘ); 

¶ ʉʠʛʥʘʣʴʥʘʷ ʩʠʩʪʝʤʘ, ʘʢʪʠʚʠʨʫʶʱʘʷ ʙʝʣʢʠ 
ʢʣʝʪʦʯʥʦʛʦ ʮʠʢʣʘ, ʢʦʪʦʨʳʝ ʟʘʧʫʩʢʘʶʪ ʧʨʦʮʝʩʩ ʧʨʦ-

ʣʠʬʝʨʘʮʠʠ; 
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¶ ʌʦʩʬʦʨʠʣʠʨʦʚʘʥʠʝ ʬʦʩʬʦʣʠʧʘʟʳ ʉ-1, ʢʦ-

ʪʦʨʦʝ ʧʨʠʚʦʜʠʪ ʢ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʝ ʤʦʣʝʢʫʣ ʘʢʪʠʥʘ, 

ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ ʜʝʣʝʥʠʷ ʢʣʝʪʢʠ. 

ʇʦʢʘʟʘʥʦ ʪʘʢʞʝ, ʯʪʦ ʩʝʤʝʡʩʪʚʦ ʠʥʪʝʨʬʝʨʦʥʦʚ 

ʤʦʞʝʪ ʨʝʛʫʣʠʨʦʚʘʪʴ ʵʢʩʧʨʝʩʩʠʶ ʩʘʤʦʛʦ ʈʕʌʈ, 

ʧʨʠʯʝʤ ʠʭ ʨʝʛʫʣʷʪʦʨʥʦʝ ʜʝʡʩʪʚʠʝ ʩʚʷʟʘʥʦ ʩʦ ʩʪʨʫʢ-

ʪʫʨʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʭʨʦʤʘʪʠʥʘ [18]. ʄʝʭʘʥʠʟʤ 

ʜʝʡʩʪʚʠʷ ʈʕʌʈ ʪʠʨʦʟʠʥʢʠʥʘʟʥʳʡ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʈʕʌʈ ʜʝʡʩʪʚʫʝʪ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ çʚʢʣʶʯʘ-

ʪʝʣʷè ʘʢʪʠʚʘʮʠʠ ʬʘʢʪʦʨʘ ʪʨʘʥʩʢʨʠʧʮʠʠ ï ʘʢʪʠʚʘ-

ʪʦʨʥʦʛʦ ʙʝʣʢʘ-l (ɸʈ-l) ʠ ʜʨʫʛʠʭ ʧʦʜʦʙʥʳʭ ʩʠʩʪʝʤ. 

ʅʘʨʫʰʝʥʠʝ ʬʫʥʢʮʠʡ ʩʠʛʥʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʩ ʫʯʘ-

ʩʪʠʝʤ ʈʕʌʈ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʨʝʮʝʧʪʦʨ ʥʘʯʠ-

ʥʘʝʪ ʜʝʡʩʪʚʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʦʥʢʦʙʝʣʢʘ. ʊʘʢʠʤ ʦʙ-

ʨʘʟʦʤ, ʠʟʤʝʥʝʥʠʷ ʚ ʢʣʝʪʦʯʥʦʡ ʩʠʛʥʘʣʴʥʦʡ ʩʝʪʠ ʧʨʠ-

ʚʦʜʷʪ ʢ ʨʘʟʚʠʪʠʶ ʨʘʢʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʥʘʨʫʰʝʥʠʝ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʈʕʌʈ ʠ ʝʛʦ ʣʠʛʘʥʜʦʚ 

ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʙʦʣʝʝ 70% ʚʩʝʭ ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʭ 

ʦʧʫʭʦʣʝʡ. 

ʇʦʤʠʤʦ ʵʪʦʛʦ, ʘʢʪʠʚʘʮʠʷ ʨʝʮʝʧʪʦʨʦʚ ʕʌʈ ʚʳ-

ʟʳʚʘʝʪ ʚʦ ʚʩʝʭ ʪʢʘʥʷʭ ʮʝʣʳʡ ʨʷʜ ʠʟʤʝʥʝʥʠʡ ʚ ʬʠ-

ʟʠʦʣʦʛʠʠ ʢʣʝʪʦʢ: ʧʦʚʳʰʘʝʪʩʷ ʧʨʦʚʦʜʠʤʦʩʪʴ ʢʘʥʘʣʘ 

Na+/H+, ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʨʠʪʦʢ ʉʘ2+, ʘʢʪʠʚʠʨʫʝʪʩʷ 

ʛʣʠʢʦʣʠʟ, ʧʦʚʳʰʘʝʪʩʷ ʙʠʦʩʠʥʪʝʟ ʧʨʦʩʪʘʛʣʘʥʜʠʥʦʚ 

ʠ ʘʢʪʠʚʥʦʩʪʴ ʦʨʥʠʪʠʥʜʝʢʘʨʙʦʢʩʠʣʘʟʳ, ʚ ʢʣʝʪʢʝ 

ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʧʫʪʨʝʩʮʠʥ ʠ ʧʦʚʳʰʘʝʪʩʷ ʦʙʨʘʟʦʚʘ-

ʥʠʝ ʠʥʦʟʠʪʦʣʘ. ʂʨʦʤʝ ʪʦʛʦ, ʠʟʤʝʥʷʝʪʩʷ ʤʝʤʙʨʘʥ-

ʥʳʡ ʧʦʪʝʥʮʠʘʣ, ʘʢʪʠʚʠʨʫʶʪʩʷ ʧʨʦʪʝʠʥʢʠʥʘʟʘ ʉ ʠ 

ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʝ 6S-ʨʠʙʦʩʦʤʳ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ 

ʵʢʩʧʨʝʩʩʠʷ ʨʷʜʘ ʦʥʢʦʛʝʥʦʚ, ʩʠʥʪʝʟ ɼʅʂ. ɺ ʦʙʱʝʤ 

ʩʣʫʯʘʝ ʩʝʤʝʡʩʪʚʦ ʪʠʨʦʟʠʥʢʠʥʘʟ, ʢ ʢʦʪʦʨʳʤ ʦʪʥʦ-

ʩʠʪʩʷ ʠ ʈʕʌʈ, ʚʳʟʳʚʘʷ ʫʢʘʟʘʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ 

ʢʣʝʪʢʝ, ʨʝʛʫʣʠʨʫʶʪ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʫ, ʘʧʦʧʪʦʟ, 

ʧʨʦʣʠʬʝʨʘʮʠʶ, ʧʦʜʚʠʞʥʦʩʪʴ ʠ ʚʳʞʠʚʘʝʤʦʩʪʴ ʢʘʢ 

ʥʦʨʤʘʣʴʥʳʭ, ʪʘʢ ʠ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ. ʂʨʦʤʝ ʪʦʛʦ, 

ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʩʝʤʝʡʩʪʚʘ ʬʘʢʪʦʨʦʚ ʨʦʩʪʘ ʨʝʛʫʣʠ-

ʨʫʶʪ ʪʘʢʞʝ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʜʣʷ ʦʧʫʭʦʣʝʡ, ʧʨʦ-

ʮʝʩʩ ʦʙʨʘʟʦʚʘʥʠʷ ʥʦʚʳʭ ʢʨʦʚʝʥʦʩʥʳʭ ʩʦʩʫʜʦʚ [17].  

ʇʨʦʚʝʜʝʥʥʳʝ ʥʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣ-

ʥʝʥʳ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʌʦʥʜʘ ʩʦʜʝʡʩʪʚʠʷ ʨʘʟʚʠʪʠʶ 

ʤʘʣʳʭ ʬʦʨʤ ʧʨʝʜʧʨʠʷʪʠʡ ʚ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ 

ʩʬʝʨʝ ʧʦ ʧʨʦʛʨʘʤʤʝ çʋʄʅʀʂè ʧʦ ʪʝʤʝ çʈʘʟʨʘ-

ʙʦʪʢʘ ʪʝʩʪ-ʩʠʩʪʝʤʳ ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ ʨʘʢʘ ʧʨʝʜʩʪʘ-
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ʈɸɿʈɸɹʆʊʂɸ ʄɸʊʈʀʎʓ ɹɸʂʊɽʈʀɸʃʔʅʆʁ ʎɽʃʃʖʃʆɿʓ ɼʃʗ ʀʄʄʆɹʀʃʀɿɸʎʀʀ 

ʂʃɽʊʆʂ ɹɸʂʊɽʈʀʁ ESCHERICHIA COLI ʀ LACTOBACILLUS LASCTIS 

 

 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʤʠʢʨʦʙʥʳʝ ʧʦʣʠʩʘʭʘʨʠʜʳ 

ʧʨʠʚʣʝʢʘʶʪ ʚʥʠʤʘʥʠʝ ʢʘʢ ʢʣʘʩʩ ʙʠʦʤʘʪʝʨʠʘʣʦʚ ʜʣʷ 

ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʝʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ ʜʣʷ ʤʝʜʠʮʠʥʳ. 

ɹʘʢʪʝʨʠʘʣʴʥʘʷ ʮʝʣʣʶʣʦʟʘ ʷʚʣʷʝʪʩʷ ʥʘʥʦʤʘʪʝʨʠʘ-

ʣʦʤ, ʢʦʪʦʨʳʡ ʦʙʣʘʜʘʝʪ ʫʥʠʢʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ 

ʙʠʦʩʦʚʤʝʩʪʠʤʦʩʪʠ, ʚʦʜʦʫʜʝʨʞʠʚʘʶʱʝʡ ʩʧʦʩʦʙʥʦ-

ʩʪʠ, ʘ ʪʘʢʞʝ ʦʪʩʫʪʩʪʚʠʝʤ ʪʦʢʩʠʯʥʦʩʪʠ ʚ ʦʪʥʦʰʝʥʠʠ 

ʪʝʧʣʦʢʨʦʚʥʳʭ ʞʠʚʦʪʥʳʭ ʠ ʯʝʣʦʚʝʢʘ [1, 2, 3]. ʀʩʩʣʝ-

ʜʦʚʘʥʠʷʤʠ ʨʷʜʘ ʘʚʪʦʨʦʚ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʙʘʢʪʝʨʠ-

ʘʣʴʥʘʷ ʮʝʣʣʶʣʦʟʘ, ʩʠʥʪʝʟʠʨʫʝʤʘʷ ʨʘʟʣʠʯʥʳʤʠ ʧʨʦ-

ʜʫʮʝʥʪʘʤʠ, ʷʚʣʷʝʪʩʷ ʧʦʨʠʩʪʳʤ ʤʘʪʝʨʠʘʣʦʤ ʩ ʚʳʩʦ-

ʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ ʜʣʷ ʞʠʜʢʦʩʪʝʡ ʠ ʛʘʟʦʚ ʠ 

ʚʳʩʦʢʦʡ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʧʦʛʣʦʱʝʥʠʷ 

ʚʦʜʳ (ʩʦʜʝʨʞʘʥʠʝ ʚʦʜʳ ʦʪ 90 ʜʦ 300%) [1, 4]. ʕʪʠ 

ʩʚʦʡʩʪʚʘ ʦʙʫʩʣʦʚʣʝʥʳ ʫʣʴʪʨʘʩʪʨʫʢʪʫʨʥʦʡ ʩʝʪʴʶ 

ʵʪʦʛʦ ʧʦʣʠʤʝʨʘ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ ʣʝʥʪʦʦʙʨʘʟʥʳʭ 

ʥʘʥʦ- ʠ ʤʠʢʨʦʚʦʣʦʢʦʥ [5], ʢʦʪʦʨʳʝ ʧʨʠʤʝʨʥʦ ʚ 100 

ʨʘʟ ʪʦʥʴʰʝ, ʯʝʤ ʫ ʚʦʣʦʢʦʥ ʨʘʩʪʝʥʠʡ ʮʝʣʣʶʣʦʟʳ. ɺ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʙʘʢʪʝʨʠʘʣʴʥʘʷ ʮʝʣʣʶʣʦʟʘ ʫʞʝ ʧʦ-

ʣʫʯʠʣʘ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʥʝʩʢʦʣʴʢʠʭ ʦʪʨʘʩʣʷʭ 

ʥʘʨʦʜʥʦʛʦ ʭʦʟʷʡʩʪʚʘ ʚ ʤʠʨʦʚʦʡ ʧʨʘʢʪʠʢʝ: ʜʣʷ ʩʦ-

ʟʜʘʥʠʷ ʙʠʦʬʠʣʴʪʨʦʚ, ʜʣʷ ʠʤʤʦʙʠʣʠʟʘʮʠʠ ʬʝʨʤʝʥ-

ʪʦʚ, ʚ ʫʣʫʯʰʝʥʠʠ ʢʘʯʝʩʪʚʘ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ ʠ ʚ 

ʤʝʜʠʮʠʥʩʢʠʭ ʪʝʭʥʦʣʦʛʠʷʭ.  

ʆʜʥʠʤ ʠʟ ʚʘʞʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ 

ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʮʝʣʣʶʣʦʟʳ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʘʷ ʘʜʛʝ-

ʟʠʨʫʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ 

ʠ ʢʣʝʪʦʢ ʞʠʚʦʪʥʳʭ [6, 7]. ɹʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʧʨʝʜ-

ʩʪʘʚʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʘʪʨʠʮʳ ʙʘʢʪʝʨʠʘʣʴʥʦʡ 

ʮʝʣʣʶʣʦʟʳ ʜʣʷ ʠʤʤʦʙʠʣʠʟʘʮʠʠ ʢʣʝʪʦʢ ʧʨʦʢʘʨʠʦʪ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʘʪʨʠʮʳ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʮʝʣʣʶʣʦʟʳ 

ʜʣʷ ʠʤʤʦʙʠʣʠʟʘʮʠʠ ʢʣʝʪʦʢ ʧʨʦʜʫʮʝʥʪʦʚ ʧʨʦʙʠʦʪʠ-

ʢʦʚ ʠʤʝʝʪ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʚ ʩʦʭʨʘʥʝʥʠʠ ʠʭ ʞʠʟ-

ʥʝʩʧʦʩʦʙʥʦʩʪʠ ʚʦ ʚʨʝʤʷ ʪʨʘʥʩʧʦʨʪʥʦʡ ʜʦʩʪʘʚʢʠ ʚ 

ʢʠʰʝʯʥʠʢ. ʂʨʦʤʝ ʪʦʛʦ, ʠʤʤʦʙʠʣʠʟʘʮʠʷ ʢʣʝʪʦʢ ʧʨʦ-

ʢʘʨʠʦʪ ʚʘʞʥʘ ʪʘʢʞʝ ʠ ʜʣʷ ʧʨʦʮʝʩʩʦʚ ʙʠʦʪʝʭʥʦʣʦ-

ʛʠʠ, ʚ ʢʦʪʦʨʳʭ ʧʨʦʜʫʮʝʥʪ ʠʤʤʦʙʠʣʠʟʫʶʪ ʥʘ ʥʦʩʠ-

ʪʝʣʝ, ʚ ʢʘʯʝʩʪʚʝ ʢʦʪʦʨʦʛʦ ʩ ʫʩʧʝʭʦʤ ʤʦʞʝʪ ʙʳʪʴ ʠʩ-

ʧʦʣʴʟʦʚʘʥʘ ʙʘʢʪʝʨʠʘʣʴʥʘʷ ʮʝʣʣʶʣʦʟʘ. ʐʪʘʤʤʳ 

Escherichia coli, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʛʝʥʥʦ-ʠʥʞʝʥʝʨʥʳʝ, 

ʠʩʧʦʣʴʟʫʶʪ ʚʦ ʤʥʦʛʠʭ ʙʠʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦ-

ʮʝʩʩʘʭ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʢʘʢ ʤʦʥʦ-, ʪʘʢ ʠ ʘʩʩʦʮʠʠʨʦ-

ʚʘʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʧʨʦʙʠʦʪʠʢʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʢʠ-

ʰʝʯʥʫʶ ʧʘʣʦʯʢʫ, ʙʘʢʪʝʨʠʘʣʴʥʘʷ ʮʝʣʣʶʣʦʟʘ ʤʦʞʝʪ 

ʫʣʫʯʰʠʪʴ ʩʦʭʨʘʥʝʥʠʝ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʠ ʢʣʝʪʦʢ 

ʙʦʣʝʝ ʜʣʠʪʝʣʴʥʳʡ ʩʨʦʢ.  

ʇʨʦʮʝʩʩ ʙʠʦʩʠʥʪʝʟʘ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʮʝʣʣʶ-

ʣʦʟʳ ʧʨʦʜʫʮʝʥʪʘʤʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʠ ʩʪʘʪʠʯʝ-

ʩʢʦʤ ʠ ʛʣʫʙʠʥʥʦʤ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʩ ʧʝʨʝʤʝʰʠʚʘ-

ʥʠʝʤ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʨʘʞʘʝʪʩʷ ʥʘ ʤʦʨʬʦʣʦʛʠʠ 

ʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ ʢʦʥʝʯʥʦʛʦ ʤʘʪʝ-

ʨʠʘʣʘ [4, 7, 8]. ʇʦʣʫʯʝʥʠʝ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʮʝʣʣʶ-

ʣʦʟʳ ʚ ʩʪʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʙʝʟ ʧʝʨʝʤʝʰʠʚʘʥʠʷ 

ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʧʨʦʮʝʩʩʦʤ, 

ʪʘʢ ʢʘʢ ʚ ʩʪʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʦʙʨʘʟʫʶʪʩʷ ʨʘʚʥʦ-

ʤʝʨʥʳʝ ʠ ʛʣʘʜʢʠʝ ʧʣʝʥʢʠ ʦʧʨʝʜʝʣʝʥʥʦʡ ʬʦʨʤʳ, ʢʦ-

ʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʢʘʯʝʩʪʚʝ ʤʝʜʠ-

ʮʠʥʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ: ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʢʨʦʚʝʥʦʩʥʳʭ 

ʩʦʩʫʜʦʚ [9] ʠʣʠ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʢʦʞʠ [10, 11, 12]. 

ʆʜʥʘʢʦ ʪʘʢʘʷ ʬʦʨʤʘ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʮʝʣʣʶʣʦʟʳ ʥʝ 

ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʢʘʢ ʤʘʪʨʠʮʘ ʜʣʷ ʘʜʛʝʟʠʠ 

ʢʣʝʪʦʢ ʧʨʦʢʘʨʠʦʪ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʨʦ-

ʙʠʦʪʠʯʝʩʢʠʭ ʧʨʝʧʘʨʘʪʦʚ.  

ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʦ ʧʦʣʫʯʝʥʠʝ ʤʘʪʨʠʮʳ 

ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʮʝʣʣʶʣʦʟʳ ʚ ʚʠʜʝ ʧʣʝʥʦʢ ʠ ʧʦʨʦʰʢʘ 

ʠ ʦʮʝʥʢʘ ʠʭ ʘʜʛʝʟʠʨʫʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ.  

 

 2 ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ʇʦʣʫʯʝʥʠʝ ʤʘʪʨʠʮ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʮʝʣʣʶ-

ʣʦʟʳ  

 ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʮʝʣʣʶʣʦʟʳ ʙʳʣ 

ʠʩʧʦʣʴʟʦʚʘʥ ʰʪʘʤʤ Gluconacetobacter hansenii GH-

1/2008, ʚʳʜʝʣʝʥʥʳʡ ʘʚʪʦʨʘʤʠ ʚ 2008 (ɺʂʇʄ ɺ-

10547). ɺ ʫʩʣʦʚʠʷʭ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʢʫʣʴʪʠʚʠʨʦʚʘ-

ʥʠʷ ʥʘ ʞʠʜʢʦʡ ʩʨʝʜʝ, ʩʦʜʝʨʞʘʱʝʡ 30 ʛ/ʣ ʩʘʭʘ-

ʨʦʟʳ/ʛʣʶʢʦʟʳ, ʰʪʘʤʤ ʩʠʥʪʝʟʠʨʫʝʪ 13,5, ʘ ʚ ʫʩʣʦ-

ʚʠʷʭ ʧʝʨʝʤʝʰʠʚʘʥʠʷ (150 ʦʙ/ʤʠʥ) - 8,33 ʛ/ʣ ʘ. ʩ. ʚ. 

ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʮʝʣʣʶʣʦʟʳ [13].  

ɼʣʷ ʦʮʝʥʢʠ ʘʜʛʝʟʠʚʥʳʭ ʩʚʦʡʩʪʚ ʢʘʯʝʩʪʚʝ ʪʝ-

ʩʪʦʚʳʭ ʢʫʣʴʪʫʨ ʠʩʧʦʣʴʟʦʚʘʣʠ ʰʪʘʤʤʳ Lactobacil-

lus lsctis (ɺʂʇʄ B-10904) ʠ Eschericia coli (ɺʂʇʄ 

B-11419). 

ʇʦʣʫʯʝʥʠʝ ʧʣʝʥʦʢ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʮʝʣʣʶʣʦʟʳ 

ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʧʨʦʜʫʮʝʥʪʘ G. 

hansenii ʥʘ ʞʠʜʢʦʡ ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʝ ʉ. ʍʝʩʪʨʠʥ ʠ 

ʄ. ʐʨʘʤʤʘ (S. Hestrin ʠ M. Schramm) ʩʣʝʜʫʶʱʝʛʦ 

ʩʦʩʪʘʚʘ, ʛ/ʣ: ʩʘʭʘʨʦʟʘ ï 20, ʧʝʧʪʦʥ ï 5, ʜʨʦʞʞʝʚʦʡ 

ʵʢʩʪʨʘʢʪ ï 5, Na2HPO4 ï 2,7, ʤʦʥʦʛʠʜʨʘʪ ʣʠʤʦʥʥʦʡ 

ʢʠʩʣʦʪʳ ï 1,15 [13] ʚ ʪʝʯʝʥʠʝ 10 ʠ 15 ʩʫʪ ʧʨʠ ʪʝʤ-

ʧʝʨʘʪʫʨʝ 26 Ñ 2Áʉ. ʇʠʪʘʪʝʣʴʥʫʶ ʩʨʝʜʫ ʥʘʣʠʚʘʣʠ ʚ 

ʢʶʚʝʪʳ ʨʘʟʤʝʨʦʤ 25 Ĭ 50 ʩʤ ʚʳʩʦʪʦʡ ʞʠʜʢʦʩʪʠ 2 

ʩʤ ʠ ʟʘʪʝʤ ʠʥʦʢʫʣʠʨʦʚʘʣʠ 10 ʤʣ ʩʫʩʧʝʥʟʠʠ ʧʨʦʜʫ-

ʮʝʥʪʘ ʩ ʪʠʪʨʦʤ 108 ʂʆɽ/ʤʣ (ʨʠʩʫʥʦʢ 1). 
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ʈʠʩʫʥʦʢ 1. ʇʣʝʥʢʘ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʮʝʣʣʶʣʦʟʳ ʯʝʨʝʟ 15 ʩʫʪʦʢ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʚ ʢʶʚʝʪʝ 

 

 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʧʣʝʥʦʢ ʪʦʣʱʠʥʦʡ 1 ʤʤ ʢʫʣʴʪʠ-

ʚʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʠ ʚ ʪʝʯʝʥʠʝ 7 ʩʫʪʦʢ, ʘ 4 ʤʤ ï ʚ 

ʪʝʯʝʥʠʝ 15 ʩʫʪʦʢ. ʇʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʧʨʦʮʝʩʩʘ ʢʫʣʴ-

ʪʠʚʠʨʦʚʘʥʠʷ ʧʦʣʫʯʝʥʥʳʝ ʧʣʝʥʢʠ ʦʪʜʝʣʷʣʠ ʦʪ ʢʫʣʴ-

ʪʫʨʘʣʴʥʦʡ ʞʠʜʢʦʩʪʠ ʬʠʣʴʪʨʦʚʘʥʠʝʤ, ʤʥʦʛʦʢʨʘʪʥʦ 

ʧʨʦʤʳʚʘʣʠ, ʯʪʦʙʳ ʫʜʘʣʠʪʴ ʢʦʤʧʦʥʝʥʪʳ ʩʨʝʜʳ ʠ ʵʥ-

ʜʦʪʦʢʩʠʥʳ. ɺ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʙʘʢʪʝʨʠʘʣʴ-

ʥʦʡ ʮʝʣʣʶʣʦʟʳ ʘʚʪʦʨʳ ʧʨʝʜʣʘʛʘʶʪ ʥʝʩʢʦʣʴʢʦ ʤʝ-

ʪʦʜʦʚ ʦʪʤʳʚʘʥʠʷ ʧʣʝʥʦʢ ʦʪ ʢʣʝʪʦʢ ʠ ʵʥʜʦʪʦʢʩʠʥʦʚ, 

ʧʨʠ ʵʪʦʤ ʠʩʧʦʣʴʟʫʶʪ ʨʘʟʣʠʯʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʩ-

ʧʦʣʴʟʫʝʤʳʭ ʨʝʘʛʝʥʪʦʚ [7, 

http://www.tandfonline.com/loi/tbsp20]. ʋʜʘʣʝʥʠʝ 

ʢʣʝʪʦʢ ʠ ʵʥʜʦʪʦʢʩʠʥʘ ʧʨʦʚʦʜʠʣʠ ʧʨʦʤʳʚʘʥʠʝʤ ʚ 

5%-ʤ ʨʘʩʪʚʦʨʝ ʩʦʣʠ ʜʦʜʝʣʠʮʩʫʣʴʬʘʪ ʥʘʪʨʠʷ ʚ ʪʝʯʝ-

ʥʠʝ ʪʨʝʭ ʩʫʪʦʢ, ʧʨʠ ʵʪʦʤ ʨʘʩʪʚʦʨ ʩʦʣʠ ʤʝʥʷʣʠ ʢʘʞ-

ʜʳʝ 24 ʯʘʩʘ. ɿʘʪʝʤ ʦʙʝʩʮʚʝʯʝʥʥʳʝ ʛʝʣʴ-ʧʣʸʥʢʠ ʤʥʦ-

ʛʦʢʨʘʪʥʦ ʦʪʤʳʚʘʣʠ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ ʜʦ 

ʥʝʡʪʨʘʣʴʥʦʡ ʨʝʘʢʮʠʠ ʠ ʭʨʘʥʠʣʠ ʚ ʚʦʜʝ ʧʨʠ 5Áʉ ʠʣʠ 

ʛʝʨʤʝʪʠʯʥʦ ʟʘʢʨʳʪʳʤʠ ʧʦʩʣʝ ʩʪʝʨʠʣʠʟʘʮʠʠ.  

ɼʣʷ ʦʮʝʥʢʠ ʢʦʣʠʯʝʩʪʚʘ ʵʥʜʦʪʦʢʩʠʥʘ ʦʙʨʘʟʮʳ 

ʩʳʨʦʡ ʦʪʤʳʪʦʡ ʧʣʝʥʢʠ ʚʝʩʦʤ 1 ʛ ʟʘʤʦʨʘʞʠʚʘʣʠ ʧʨʠ 

ʤʠʥʫʩ 80,8 Áʉ ʠ ʣʠʦʬʠʣʠʟʠʨʦʚʘʣʠ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʦʧʨʝʜʝʣʠʪʴ ʵʥʜʦʪʦʢʩʠʥ. ʇʨʦʮʝʜʫʨʫ 

ʵʢʩʪʨʘʢʮʠʠ ʵʥʜʦʪʦʢʩʠʥʘ ʧʨʦʚʦʜʠʣʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ 

ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʩʪʘʥʜʘʨʪʦʤ ISO 10993-12: 2009. 

ʆʧʨʝʜʝʣʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʵʥʜʦʪʦʢ-

ʩʠʥʦʚ ʧʨʦʚʦʜʠʣʠ ʤʝʪʦʜʦʤ ʛʝʣʴ-ʪʨʦʤʙ ʪʝʩʪʘ ʩ ʧʦʤʦ-

ʱʴʶ ʣʠʟʘʪʘ ʘʤʝʙʦʮʠʪʦʚ ʤʝʯʝʭʚʦʩʪʘ Limulus poly-

phemus (ʃɸʃ-ʨʝʘʢʪʠʚ, Limus AmebocyteLysate, Re-

agent, U.S.License No 1197, Charles River Endosafe, 

ʉʐɸ) [14, 15]. 

ʀʟʤʝʣʴʯʝʥʠʝ ʧʣʝʥʦʢ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʮʝʣʣʶ-

ʣʦʟʳ. ʉʳʨʳʝ ʧʣʝʥʢʠ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʮʝʣʣʶʣʦʟʳ ʠʟ-

ʤʝʣʴʯʘʣʠ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ ʧʨʠ ʧʦʤʦʱʠ ʛʦʤʦʛʝʥʠʟʘ-

ʪʦʨʘ ʜʦ ʧʦʣʫʯʝʥʠʷ ʦʜʥʦʨʦʜʥʦʡ ʛʝʣʴ-ʤʘʩʩʳ ʩ ʯʘʩʪʠ-

ʮʘʤʠ ʨʘʟʤʝʨʦʤ ʥʝ ʙʦʣʝʝ 2Ñ1 ʤʤ3 (ʨʠʩʫʥʦʢ 2). ɿʘʪʝʤ 

ʧʦʣʫʯʝʥʥʫʶ ʤʘʩʩʫ ʩʪʝʨʠʣʠʟʦʚʘʣʠ ʠ ʭʨʘʥʠʣʠ ʚ ʟʘ-

ʢʨʳʪʳʭ ʩʦʩʫʜʘʭ.  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʘʜʛʝʟʠʚʥʳʭ ʩʚʦʡʩʪʚ ʙʘʢʪʝʨʠ-

ʘʣʴʥʦʡ ʮʝʣʣʶʣʦʟʳ ʚ ʦʪʥʦʰʝʥʠʠ ʢʣʝʪʦʢ ʧʨʦʢʘʨʠʦʪ  

ɸʜʛʝʟʠʚʥʳʝ ʩʚʦʡʩʪʚʘ ʤʘʪʨʠʮ ʦʮʝʥʠʚʘʣʠ ʥʘ 

ʧʣʝʥʢʘʭ ʪʦʣʱʠʥʦʡ 1 ʤʤ ʠ 4 ʤʤ ʠ ʚ ʛʝʣʴ-ʤʘʩʩʝ ʩ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʩʪ-ʰʪʘʤʤʦʚ Escherichia coli ʠ 

(ɺʂʇʄ ɺ-11419) Lactobacillus lʘctis. ɼʣʷ ʥʘʨʘʙʦʪʢʠ 

ʙʠʦʤʘʩʩʳ ʢʣʝʪʦʢ ʰʪʘʤʤ E.coli ʢʫʣʴʪʠʚʠʨʦʚʘʣʠ ʥʘ 

ʞʠʜʢʦʡ ʩʨʝʜʝ LB (Luria-Bertrani, Difco) ʚ ʪʝʯʝʥʠʝ 

48 ʯʘʩʦʚ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 36Ñ1Üʉ ʚ ʪʝʨʤʦʩʪʘʪʠʨʫʝ-

ʤʦʤ ʰʝʡʢʝʨʝ ʩʦ ʩʢʦʨʦʩʪʴʶ ʧʝʨʝʤʝʰʠʚʘʥʠʷ 120 

ʦʙ/ʤʠʥ; ʘ ʢʫʣʴʪʫʨʫ L. lʘctis ʧʦʣʫʯʘʣʠ ʠʥʢʫʙʠʨʦʚʘ-

ʥʠʝʤ ʧʨʦʜʫʮʝʥʪʘ ʥʘ ʩʨʝʜʝ MRS (himedia). ʇʦʣʫʯʝʥ-

ʥʳʝ ʩʫʩʧʝʥʟʠʠ ʢʣʝʪʦʢ ʦʪʤʳʚʘʣʠ ʦʪ ʧʠʪʘʪʝʣʴʥʦʡ 

ʩʨʝʜʳ ʠ ʨʝʩʫʩʧʝʥʟʠʨʦʚʘʣʠ ʚ ʩʪʝʨʠʣʴʥʦʡ ʘʧʠʨʦʛʝʥ-

ʥʦʡ ʚʦʜʝ, ʜʦʚʦʜʷ ʪʠʪʨ ʜʦ 2,0Ñ0,2ʭ108 ʂʆɽ/ʤʣ. ʇʦ-

ʣʫʯʝʥʥʳʝ ʩʫʩʧʝʥʟʠʠ ʩʤʝʰʠʚʘʣʠ ʩ ʢʨʠʦʧʨʦʪʝʢʪʦʨʦʤ 

ʩʦʩʪʘʚʘ: ʛʣʠʮʠʥ(5%), ʩʘʭʘʨʦʟʘ(20%) ʠ ʣʝʮʠ-

ʪʠʥ(10%). ɼʣʷ ʦʮʝʥʢʠ ʘʜʛʝʟʠʠ ʢʣʝʪʦʢ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʦʙʨʘʟʮʳ ʩʪʝʨʠʣʴʥʳʭ ʩʳʨʳʭ ʧʣʝʥʦʢ ʠ ʛʝʣʴ-ʤʘʩʩʳ 

ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʮʝʣʣʶʣʦʟʳ, ʥʘ ʢʦʪʦʨʳʝ ʥʘʥʦʩʠʣʠ 

ʩʫʩʧʝʥʟʠʠ ʪʝʩʪ-ʢʫʣʴʪʫʨʳ ʠʟ ʨʘʩʯʝʪʘ 4,0ʭ107 ʂʆɽ/ ʛ 

ʠ ʚʳʜʝʨʞʠʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 1 ʯʘʩʘ. ɿʘʪʝʤ ʟʘʤʦʨʘʞʠ-

ʚʘʣʠ ʧʨʠ ʤʠʥʫʩ 80,8 Áʉ ʠ ʣʠʦʬʠʣʠʟʠʨʦʚʘʣʠ. ʆʮʝʥʢʫ 

ʘʜʛʝʟʠʚʥʦʩʪʠ ʧʣʝʥʦʢ ʧʨʦʚʦʜʠʣʠ ʧʦ ʯʠʩʣʝʥʥʦʩʪʠ 

ʞʠʟʥʝʩʧʦʩʦʙʥʳʭ ʢʣʝʪʦʢ ʰʪʘʤʤ E.coli ʠ ʠ L.lactis. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʯʠʩʣʝʥʥʦʩʪʠ ʘʜʛʝʟʠʨʦʚʘʥʥʳʭ ʢʣʝ-

ʪʦʢ ʩ 1 ʛ ʧʨʝʧʘʨʘʪʘ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʮʝʣʣʶʣʦʟʳ ʩ 

ʢʣʝʪʢʘʤʠ ʜʝʣʘʣʠ ʩʤʳʚ ʩ ʜʘʣʴʥʝʡʰʠʤ ʧʦʩʝʚʦʤ ʩʫʩ-

ʧʝʥʟʠʡ ʥʘ ʘʛʘʨʦʚʳʝ ʩʨʝʜʳ LB ʠ MRS.  

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ  

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʘʜʛʝʟʠʷ ʢʣʝʪʦʢ ʥʘ 

ʧʣʝʥʢʘʭ ʥʝʦʜʠʥʘʢʦʚʘ ʠ ʟʘʚʠʩʠʪ ʦʪ ʠʭ ʪʦʣʱʠʥʳ. ʊʘʢ, 

ʥʘ ʤʘʪʨʠʮʝ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʮʝʣʣʶʣʦʟʳ ʪʦʣʱʠʥʦʡ 4 

ʤʤ ʘʜʛʝʟʠʨʫʝʪʩʷ 4,3Ñ0,6ʭ107 ʂʆɽ/ʛ, ʪʦʛʜʘ ʢʘʢ ʥʘ 

ʤʘʪʨʠʮʝ ʪʦʣʱʠʥʦʡ 20 ʤʢ ʪʦʣʴʢʦ 1,2Ñ0,2ʭ105 ʂʆɽ/ʛ, 

ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʘʜʛʝʟʠʚʥʳʝ ʩʚʦʡʩʪʚʘ 

ʟʘʚʠʩʷʪ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʩʣʦʝʚ ʠʩʧʦʣʴʟʫʝʤʦʡ ʤʘʪ-

ʨʠʮʳ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʝʪʦʜʦʤ ʵʣʝʢʪʨʦʥʥʦʡ ʩʢʘʥʝʨ-

ʥʦʡ ʤʠʢʨʦʩʢʦʧʠʝʡ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʢʣʝʪʢʠ E. coli ʧʦ-

ʢʨʳʚʘʶʪ ʩʧʣʦʰʥʳʤ ʤʦʥʦʩʣʦʝʤ ʤʘʪʨʠʮʫ ʪʦʣʱʠʥʦʡ 

4 ʤʤ, ʪʦʛʜʘ ʢʘʢ ʥʘ ʤʘʪʨʠʮʝ ʪʦʣʱʠʥʦʡ 1 ʤʤ ʚʩʪʨʝʯʘ-

ʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ ʯʠʩʣʦ ʢʣʝʪʦʢ (ʨʠʩʫʥʦʢ 3). 

ʏʠʩʣʝʥʥʦʩʪʴ ʘʜʛʝʟʠʨʦʚʘʥʥʳʭ ʢʣʝʪʦʢ E. coli ʚ 1 ʛ ʩʫ-

ʭʦʛʦ ʛʦʤʦʛʝʥʠʟʠʨʦʚʘʥʥʦʛʦ ʧʦʨʦʰʢʘ ʙʠʦʤʘʩʩʳ ʙʘʢ-

ʪʝʨʠʘʣʴʥʦʡ ʮʝʣʣʶʣʦʟʳ ʩʦʩʪʘʚʠʣʘ 6,2 Ĭ 108 ʂʆɽ/ʛ, 

ʯʪʦ ʚʳʰʝ ʚ 10,8 ʨʘʟʘ.  
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ʘ 

 
ʙ 

ʈʠʩʫʥʦʢ 2 - ʇʨʝʧʘʨʘʪ ʠʟʤʝʣʴʯʝʥʥʦʡ ʩʳʨʦʡ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʮʝʣʣʶʣʦʟʳ (ʘ); ʩʫʭʦʡ ʧʨʝʧʘʨʘʪ 

ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʮʝʣʣʶʣʦʟʳ ʩ ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʳʤʠ ʢʣʝʪʢʘʤʠ 

 Escherichia coli (1) ʠ Lactobacillus lactis.(2) 

 

  

  
 ʘ    ʙ  

ʈʠʩʫʥʦʢ 3 ïɸʜʛʝʟʠʷ ʢʣʝʪʦʢ E.coli ʥʘ ʤʘʪʨʠʮʘʭ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʮʝʣʣʶʣʦʟʳ: ʘ ʪʦʣʱʠʥʦʡ 4 ʤʤ, ʙ ï 1 ʤʤ: 

ʵʣʝʢʪʨʦʥʥʘʷ ʩʢʘʥʝʨʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ (Phenom Pro X) 

 

ʂʦʣʠʯʝʩʪʚʦ ʘʜʛʝʟʠʨʦʚʘʥʥʳʭ ʢʣʝʪʦʢ Lactobacil-

lus lactis ʥʘ ʧʣʝʥʢʝ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʮʝʣʣʶʣʦʟʳ ʪʦʣ-

ʱʠʥʦʡ 4 ʤʤ ʩʦʩʪʘʚʠʣʦ 3,4 Ĭ 107 ʂʆɽ/ʛ, ʪʦʛʜʘ ʢʘʢ ʥʘ 

ʧʣʝʥʢʝ ʪʦʣʱʠʥʦʡ 1 ʤʤ ʪʦʣʴʢʦ 0,5Ĭ 104 ʂʆɽ/ʛ. ʏʠʩ-

ʣʝʥʥʦʩʪʴ ʘʜʛʝʟʠʨʦʚʘʥʥʳʭ ʢʣʝʪʦʢ ʰʪʘʤʤʘ Lactoba-

cillus lactis ʚ 1 ʛ ʩʫʭʦʛʦ ʛʦʤʦʛʝʥʠʟʠʨʦʚʘʥʥʦʛʦ ʧʦ-

ʨʦʰʢʘ ʙʠʦʤʘʩʩʳ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʮʝʣʣʶʣʦʟʳ ʩʦʩʪʘ-

ʚʠʣʘ 5,4 Ĭ 108 ʂʆɽ/ʛ, ʯʪʦ ʚʳʰʝ ʚ 9,3 ʨʘʟʘ, ʯʝʤ ʥʘ 

ʧʣʝʥʢʝ ʪʦʣʱʠʥʦʡ 4 ʤʤ.  

4 ɿʘʢʣʶʯʝʥʠʝ 

ʀʩʩʣʝʜʦʚʘʥʠʷʤʠ ʨʷʜʘ ʘʚʪʦʨʦʚ [17-18] ʧʦʢʘ-

ʟʘʥʦ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʘʢʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʢʘʢ ʨʘʩ-

ʪʠʪʝʣʴʥʘʷ ʮʝʣʣʶʣʦʟʘ, ʭʠʪʦʟʘʥ, ʛʨʘʬʠʪ ʦʙʝʩʧʝʯʠ-

ʚʘʝʪ ʧʨʦʯʥʫʶ ʠʤʤʦʙʠʣʠʟʘʮʠʶ ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʩʪʘ-

ʙʠʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʞʠʚʳʭ ʢʣʝʪʦʢ. ɹʘʢʪʝʨʠʘʣʴʥʘʷ 

ʮʝʣʣʶʣʦʟʘ ʪʘʢʞʝ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʢʘʢ 

ʦʜʠʥ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʠʤʤʦʙʠʣʠ-

ʟʘʮʠʠ ʢʣʝʪʦʢ ʧʨʦʙʠʦʪʠʢʦʚ. ɸ ʝʩʣʠ ʙʨʘʪʴ ʚʦ ʚʥʠʤʘ-

ʥʠʝ ʪʦ, ʯʪʦ ʙʘʢʪʝʨʠʘʣʴʥʘʷ ʮʝʣʣʶʣʦʟʘ ʙʠʜʦʩʪʫʧʥʘ ʠ 

ʙʠʦʩʦʚʤʝʩʪʠʤʘ, ʪʦ ʦʥʘ ʧʦ ʧʨʘʚʫ ʩʪʘʥʦʚʠʪʩʷ ʣʠʜʝ-

ʨʦʤ ʚ ʨʝʰʝʥʠʠ ʤʥʦʛʠʭ ʧʨʦʙʣʝʤ ʢʦʨʨʝʢʮʠʠ ʤʠʢʨʦ-

ʙʠʦʪʳ ʢʠʰʝʯʥʠʢʘ. ʇʦʣʫʯʝʥʥʳʝ ʤʘʪʨʠʮʳ ʙʘʢʪʝʨʠ-

ʘʣʴʥʦʡ ʮʝʣʣʶʣʦʟʳ ʩ ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʳʤʠ ʢʣʝʪ-

ʢʘʤʠ Escherichia coli ʠ Lactobacillus lactis ʤʦʛʫʪ 

ʙʳʪʴ ʦʩʥʦʚʦʡ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʬʦʨʤ ʧʨʦʙʠʦ-

ʪʠʢʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʧʨʦʣʦʥʛʠʨʦʚʘʥʥʳʤ ʜʝʡʩʪʚʠʝʤ 

ʥʘ ʤʠʢʨʦʙʠʦʪʫ ʢʠʰʝʯʥʠʢʘ.  

ɹʣʘʛʦʜʘʨʥʦʩʪʠ  

ʇʨʦʚʝʜʝʥʥʳʝ ʥʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣ-

ʥʝʥʳ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʌʦʥʜʘ ʩʦʜʝʡʩʪʚʠʷ ʨʘʟʚʠʪʠʶ 

ʤʘʣʳʭ ʬʦʨʤ ʧʨʝʜʧʨʠʷʪʠʡ ʚ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ 
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ʙʦʪʢʘ ʥʘʥʦʤʘʪʝʨʠʘʣʘ ʥʘ ʦʩʥʦʚʝ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʮʝʣ-

ʣʶʣʦʟʳ ʜʣʷ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʤʝʜʠ-
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ɹʦʙʫʭ (ɻʝʨʥʝʮ) ʃʶʜʤʠʣʘ ɺʘʩʠʣʴʝʚʥʘ 

 ʋʢʨʘʠʥʘ, ʈʦʩʩʠʷ, ʂʘʟʘʭʩʪʘʥ, ʂʠʪʘʡ  

 

 ç ɿʆʃʆʊɸʗè ʄʆɼɽʃʔ ɾʀɿʅʀè 

 ʊɽʆʈɽʊʀʏɽʉʂʀɽ ʆʉʅʆɺʓ ʀ ʀʅʀʎʀɸʎʀʗ ʅɸʋʏʅʆɻʆ ʇʈʆɽʂʊɸ çɾʀɿʅʔ. 

 ɼɺʀɾɽʅʀɽ ʕʅɽʈɻʆ-ʕʃɽʄɽʅʊʆ-ʀʅʌʆʈʄɸʎʀʆʅʅʆɻʆ ɽɼʀʅʉʊɺɸ ʄɸʊɽʈʀʀè 

        
ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʥʘʫʯʥʦʛʦ ʦʪʚʝʪʘ ʥʘ ʚʦʧʨʦʩʳ: ʂʘʢ ʚʦʟʥʠʢʣʘ ʞʠʟʥʴ? ʂʘʢ ʞʠʟʥʴ ʚʣʠʷʝʪ 

ʥʘ ɿʝʤʣʶ ʠ ʢʘʢ ɿʝʤʣʷ ʚʣʠʷʝʪ ʥʘ ʞʠʟʥʴ? ʨʘʟʨʘʙʦʪʘʥʦ ʧʦʥʷʪʠʝ ʬʫʥʢʮʠʠ ʵʥʝʨʛʦ-ʵʣʝʤʝʥʪʦ-ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤ f(ɽ,ʕ,I). ʋʩʪʘʥʦʚʣʝʥʳ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠ ʧʨʦʚʝʜʝʥʦ ʤʦʜʝ-

ʣʠʨʦʚʘʥʠʝ ɾʠʟʥʠ, ʢʘʢ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʷʚʣʝʥʠʷ, ʢʦʪʦʨʦʝ ʦʨʛʘʥʠʟʦʚʘʥʦ ʜʚʠʞʫʱʠʤʩʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ ʚʨʝ-

ʤʝʥʠ ʵʥʝʨʛʦ-ʵʣʝʤʝʥʪʦ-ʠʥʬʦʨʤʘʮʠʦʥʥʳʤ ʪʨʠʝʜʠʥʩʪʚʦʤ ɺʩʝʣʝʥʥʦʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʞʠʟʥʴ, ʜʚʠʞʝʥʠʝ, ʵʥʝʨʛʠʷ, ʵʣʝʤʝʥʪ, ʠʥʬʦʨʤʘʮʠʷ, ʩʠʩʪʝʤʘ, ʤʦʜʝʣʴ.  

 
ʅʘʮʠʦʥʘʣʴʥʳʡ ʀʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʉʦʚʝʪ 

ʉʐɸ (National Research Council) ʩʬʦʨʤʫʣʠʨʦʚʘʣ 10 
ʛʣʘʚʥʳʭ ʚʦʧʨʦʩʦʚ, ʥʘ ʢʦʪʦʨʳʝ ʠʱʫʪ ʦʪʚʝʪʳ ʛʝʦʣʦʛʠ 
ʠ ʧʣʘʥʝʪʦʣʦʛʠ ʚ ʥʘʯʘʣʝ 21 ʚʝʢʘ. ʉʨʝʜʠ ʧʨʦʯʠʭ, ʦʙʦ-
ʟʥʘʯʝʥʳ ʚʦʧʨʦʩʳ: * ʂʘʢ ʚʦʟʥʠʢʣʘ ʞʠʟʥʴ? * ʂʘʢ 
ʞʠʟʥʴ ʚʣʠʷʝʪ ʥʘ ɿʝʤʣʶ ʠ ʢʘʢ ɿʝʤʣʷ ʚʣʠʷʝʪ ʥʘ 

ʞʠʟʥʴ? [1].  
 ɺʦʧʨʦʩʳ ʚʝʯʥʳʝ ʠ ʜʘʣʝʢʦ ʥʝ ʧʨʘʟʜʥʳʝ. ʇʦ-

ʟʥʘʚ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʚʦʟʥʠʢʥʦʚʝ-
ʥʠʷ, ʩʫʱʝʩʪʚʦʚʘʥʠʷ ɾʠʟʥʠ, ʯʝʣʦʚʝʯʝʩʪʚʦ ʦʩʦʟʥʘʥʦ 
ʚʳʨʘʙʦʪʘʝʪ çʧʦʩʪʫʣʘʪʳ ʧʦʚʝʜʝʥʠʷè, ʛʘʨʘʥʪʠʨʫʶ-
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ʱʠʝ ʩʦʭʨʘʥʝʥʠʝ ʠ ʨʘʟʚʠʪʠʝ ɾʠʟʥʠ (ʞʠʟʥʠ ʯʝʣʦʚʝ-
ʯʝʩʪʚʘ, ʚ ʪʦʤ ʯʠʩʣʝ) ʥʘ ʧʣʘʥʝʪʝ ɿʝʤʣʷ. 

 ɾʠʟʥʴ ï ʦʜʥʘ ʠʟ ʬʦʨʤ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʤʘʪʝ-
ʨʠʠ, ʢʦʪʦʨʘʷ ʟʘʢʦʥʦʤʝʨʥʦ ʚʦʟʥʠʢʘʝʪ ʧʨʠ ʦʧʨʝʜʝ-
ʣʝʥʥʳʭ ʦʙʩʪʦʷʪʝʣʴʩʪʚʘʭ ʚ ʧʨʦʮʝʩʩʝ ʝʝ ʨʘʟʚʠʪʠʷ [2]. 

 ʉʦʚʨʝʤʝʥʥʘʷ ʥʘʫʢʘ ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʤʘʪʝʨʠʘʣʴ-
ʥʳʝ ʩʠʩʪʝʤʳ ʚ ʚʠʜʝ ʚʝʱʝʩʪʚʘ, ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʦ-
ʣʝʡ; ʦʪʤʝʯʘʷ, ʯʪʦ ʫʥʠʚʝʨʩʘʣʴʥʳʤ ʩʚʦʡʩʪʚʦʤ ʤʘʪʝ-
ʨʠʠ ʷʚʣʷʝʪʩʷ ʦʪʨʘʞʝʥʠʝ. ʆʩʦʙʝʥʥʦ ʚʳʩʦʢʘ ʨʦʣʴ ʦʪ-
ʨʘʞʝʥʠʷ (ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ) ʜʣʷ 
ʙʠʦʩʠʩʪʝʤ, ʢʦʪʦʨʳʝ ʠʥʬʦʨʤʘʮʠʶ ʘʢʪʠʚʥʦ ʚʦʩʧʨʠ-
ʥʠʤʘʶʪ ʠʟ ʚʥʝʰʥʝʡ ʩʨʝʜʳ, ʪʨʘʥʩʬʦʨʤʠʨʫʶʪ, ʠʩ-
ʧʦʣʴʟʫʶʪ ʜʣʷ ʩʚʦʝʛʦ ʨʘʟʚʠʪʠʷ, ʥʘʢʘʧʣʠʚʘʶʪ, ʭʨʘ-
ʥʷʪ, ʧʝʨʝʜʘʶʪ ʚʦ ʚʥʝʰʥʶʶ ʩʨʝʜʫ. 

 ɼʚʠʞʝʥʠʝ ï ʥʝʦʪʲʝʤʣʝʤʳʡ ʘʪʨʠʙʫʪ ʤʘʪʝʨʠʠ. 
ʇʨʠ ʜʚʠʞʝʥʠʠ ʤʘʪʝʨʠʘʣʴʥʳʝ ʩʠʩʪʝʤʳ ʠʟʤʝʥʷʶʪ 
ʩʚʦʝ ʩʦʩʪʦʷʥʠʝ, ʯʪʦ ʚʳʨʘʞʘʝʪʩʷ ʚ ʠʟʤʝʥʝʥʠʠ 
ʩʚʦʡʩʪʚ ʩʠʩʪʝʤ. 

 ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʦʧʠʩʘʥʠʷ ʠʟʤʝ-
ʥʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤ (ʧʨʠ ʢʦʤʧʣʝʢʩʥʦʤ ʠʟʤʝʥʝ-
ʥʠʠ ʚ ʥʠʭ ʚʝʱʝʩʪʚʘ, ʵʥʝʨʛʠʠ, ʠʥʬʦʨʤʘʮʠʠ) ʥʝʦʙʭʦ-
ʜʠʤʘ ʥʘʫʯʥʘʷ ʧʨʦʨʘʙʦʪʢʘ ʥʝʢʦʪʦʨʦʛʦ ʧʦʥʷʪʠʷ, ʭʘ-
ʨʘʢʪʝʨʠʩʪʠʢʠ - ʬʫʥʢʮʠʠ ʝʜʠʥʩʪʚʘ ʵʣʝʤʝʥʪʦʚ, 
ʵʥʝʨʛʠʡ, ʠʥʬʦʨʤʘʮʠʡ. 
ʎʝʣʴ: 
- ʨʘʟʨʘʙʦʪʘʪʴ ʧʦʥʷʪʠʝ ʬʫʥʢʮʠʠ ʵʥʝʨʛʦ-ʵʣʝ-

ʤʝʥʪʦ-ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤ; 
- ʨʘʟʨʘʙʦʪʘʪʴ ʦʙʱʫʶ ʢʘʨʪʠʥʫ (ʤʦʜʝʣʴ) ʦʨʛʘ-

ʥʠʟʘʮʠʠ ʞʠʟʥʠ ɺʩʝʣʝʥʥʦʡ, ʦʪ ʩʠʩʪʝʤ ʥʘʥʦ - ʜʦ ʩʠ-
ʩʪʝʤ ʤʝʛʘ - ʫʨʦʚʥʷ; 

- ʨʘʟʨʘʙʦʪʘʪʴ ʧʣʘʥ ʧʨʦʚʝʜʝʥʠʷ ʜʘʣʴʥʝʡʰʠʭ 
ʤʫʣʴʪʠʜʠʩʮʠʧʣʠʥʘʨʥʳʭ ʩʠʩʪʝʤʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ 

ʧʨʦʝʢʪʝ çɾʠʟʥʴè. 
 
ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ. 
ʌʫʥʢʮʠʷ ʵʥʝʨʛʦ-ʵʣʝʤʝʥʪʦ-ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤ. 
 ɽʜʠʥʳʝ (ʜʣʷ ʬʠʟʠʯʝʩʢʠʭ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ 

ʦʙʲʝʢʪʦʚ) ʩʦʩʪʘʚʣʷʶʱʠʝ, ʩʦʚʦʢʫʧʥʦʩʪʴ ʢʦʪʦʨʳʭ 
ʦʧʨʝʜʝʣʷʝʪ ʩʪʨʫʢʪʫʨʫ ʠ ʩʚʦʡʩʪʚʘ ʩʠʩʪʝʤ: 

 - ʢʘʯʝʩʪʚʝʥʥʳʡ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ʥʘʙʦʨ ʵʣʝ-
ʤʝʥʪʦʚ (ʕ); 

 - ʢʘʯʝʩʪʚʝʥʥʳʡ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ʥʘʙʦʨ ʵʥʝʨ-
ʛʠʡ (ɽ); 

 - ʢʘʯʝʩʪʚʝʥʥʳʡ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ʥʘʙʦʨ ʠʥ-
ʬʦʨʤʘʮʠʡ (I); 

 - ʢʦʥʬʠʛʫʨʘʮʠʷ ʵʥʝʨʛʦ-ʵʣʝʤʝʥʪʦ-ʠʥʬʦʨʤʘʮʠ-
ʦʥʥʦʛʦ ʧʫʪʠ (S); 

 - ʩʢʦʨʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʵʥʝʨʛʦ-ʵʣʝʤʝʥʪʦ-ʠʥʬʦʨ-
ʤʘʮʠʦʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ (v). 

 ʌʠʟʠʯʝʩʢʠʝ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʦʙʲʝʢʪʳ ʨʘʩ-
ʩʤʘʪʨʠʚʘʶʪ [3-5] ʢʘʢ ʩʠʩʪʝʤʳ ʢʘʯʝʩʪʚʝʥʥʳʭ ʠ ʢʦ-
ʣʠʯʝʩʪʚʝʥʥʳʭ ʥʘʙʦʨʦʚ ʵʥʝʨʛʠʡ ʝ1, ʝ2,é ʝn = ɽ; ʵʣʝ-
ʤʝʥʪʦʚ ʵ1, ʵ2,é ʵn = ʕ; ʠʥʬʦʨʤʘʮʠʡ i1, i2,é in = I. 
ʍʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʵʥʝʨʛʦ-ʵʣʝʤʝʥʪʦ-ʠʥʬʦʨʤʘʮʠʦʥ-
ʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʷ f (ɽ,ʕ,I).  

 ʅʘ ʨʠʩ.1 ʧʨʠʚʝʜʝʥʘ ʩʭʝʤʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʚʦʜʦ-
ʨʦʜʘ ʅ, p-, s-, d-, f- ɻ ʣʝʤʝʥʪʦʚ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʥʘ-
ʯʝʥʠʡ ʵʥʝʨʛʦ-ʵʣʝʤʝʥʪʦ-ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʬʫʥʢʮʠʠ 
f (ɽ,ʕ,I) ʢʘʞʜʦʛʦ ʦʪʜʝʣʴʥʦʛʦ ʘʪʦʤʘ ʵʣʝʤʝʥʪʘ; ʠ 
ʩʚʦʡʩʪʚʘ ʩʠʩʪʝʤ, ʦʙʨʘʟʦʚʘʥʥʳʭ ʠʟ ʘʪʦʤʦʚ ʅ, p-, s-, 
d-, f- ʵʣʝʤʝʥʪʦʚ.  

 

 
ʈʠʩ. 1. ʕʥʝʨʛʦ-ʵʣʝʤʝʥʪʦ-ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʬʫʥʢʮʠʷ f (ɽ,ʕ,I) ʠ ʩʚʦʡʩʪʚʘ 

 ʩʠʩʪʝʤ ʅ, p-, s-, d-, f- ʵʣʝʤʝʥʪʦʚ 

 

 ɸʥʘʣʠʟ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʩʚʷʟʝʡ ʜʘʝʪ ʚʦʟʤʦʞ-

ʥʦʩʪʴ ʦʙʦʟʥʘʯʠʪʴ ʵʣʝʤʝʥʪʳ, ʢʦʪʦʨʳʝ ʦʙʨʘʟʫʶʪ ʩʠ-

ʩʪʝʤʳ ʩ ʩʘʤʳʤʠ ʥʠʟʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ f (ɽ,ʕ,I): ʵʣʝ-

ʤʝʥʪ ʅ, ʘ ʪʘʢʞʝ ʨ- ʵʣʝʤʝʥʪʳ 2, 3 ʧʝʨʠʦʜʦʚ, IV-VI 

ʛʨʫʧʧ ( H, C, O, N, P, S, Si ï ʙʠʦʛʝʥʥʳʝ ʵʣʝʤʝʥʪʳ).  

 ɹʠʦʛʝʥʥʳʝ ʵʣʝʤʝʥʪʳ ʠʤʝʶʪ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʥʠʟʢʠʝ ʟʥʘʯʝʥʠʷ ʘʪʦʤʥʦʡ ʤʘʩʩʳ, ʘʪʦʤʥʦʛʦ ʨʘʜʠʫʩʘ, 

ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʵʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʦʩʪʠ ʠ ʩʢʦ-

ʨʦʩʪʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ. ʇʨʠ ʦʙʨʘʟʦʚʘ-

ʥʠʠ ʤʦʣʝʢʫʣ (CH4, NH3, H2O), ʚʘʣʝʥʪʥʳʤʠ ʵʣʝʢʪʨʦ-

ʥʘʤʠ ʨʝʘʣʠʟʫʝʪʩʷ ʢʦʚʘʣʝʥʪʥʘʷ ʭʠʤʠʯʝʩʢʘʷ ʩʚʷʟʴ; 
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ʘʪʦʤʳ ʩʢʣʦʥʥʳ ʢ sp3-ʛʠʙʨʠʜʠʟʘʮʠʠ (ʘʪʦʤ ʅ ʧʨʝʜʦ-

ʩʪʘʚʣʷʝʪ ʩʚʦʡ ʝʜʠʥʩʪʚʝʥʥʳʡ 1s1 ʵʣʝʢʪʨʦʥ; C, O, N, 

P, S - p ɻ ʣʝʢʪʨʦʥʳ). ɹʣʘʛʦʜʘʨʷ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʡ 

ʩʚʷʟʠ ʅ ʩ C, O, N, P, S ʚʦʟʤʦʞʥʦ ʦʙʨʘʟʦʚʘʥʠʝ ʩʧʠ-

ʨʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ ɼʅʂ (ʨʠʩ.2). 

 

 

 

  
  

 ʈʠʩ.2. ʉʪʨʫʢʪʫʨʥʘʷ ʬʦʨʤʫʣʘ ʠ ʦʙʲʝʤʥʘʷ ʤʦʜʝʣʴ ɼʅʂ  

 

ʆʙʳʯʥʦ ʧʦʜ ʩʚʦʡʩʪʚʘʤʠ ʭʠʤʠʯʝʩʢʦʛʦ ʵʣʝ-

ʤʝʥʪʘ ʧʦʜʨʘʟʫʤʝʚʘʶʪ, ʚʦ-ʧʝʨʚʳʭ, ʩʚʦʡʩʪʚʘ ʝʛʦ ʩʚʦ-

ʙʦʜʥʳʭ ʘʪʦʤʦʚ ʠ, ʚʦ-ʚʪʦʨʳʭ, ʩʚʦʡʩʪʚʘ ʧʨʦʩʪʦʛʦ ʚʝ-

ʱʝʩʪʚʘ. ɹʦʣʴʰʠʥʩʪʚʦ ʵʪʠʭ ʩʚʦʡʩʪʚ ʠ ʠʤʝʶʪ ʷʚʥʫʶ 

ʧʝʨʠʦʜʠʯʝʩʢʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʘʪʦʤʥʳʭ ʥʦʤʝʨʦʚ 

ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ (ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʢʦʣʠʯʝ-

ʩʪʚʦ ʧʨʦʪʦʥʦʚ ʚ ʷʜʨʝ ʘʪʦʤʘ). ʉʨʝʜʠ ʵʪʠʭ ʩʚʦʡʩʪʚ 

ʥʘʠʙʦʣʝʝ ʠʟʫʯʝʥʥʳʤʠ, ʚʘʞʥʳʤʠ, ʠʤʝʶʱʠʤʠ ʦʩʦʙʦʝ 

ʟʥʘʯʝʥʠʝ ʧʨʠ ʦʙʲʷʩʥʝʥʠʠ ʠʣʠ ʧʨʝʜʩʢʘʟʘʥʠʠ ʭʠʤʠ-

ʯʝʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʠ ʦʙʨʘʟʫʝʤʳʭ ʠʤʠ ʩʦ-

ʝʜʠʥʝʥʠʡ ʷʚʣʷʶʪʩʷ: ʕ (ʘʪʦʤʥʘʷ ʤʘʩʩʘ, ʘʪʦʤʥʳʝ, 

ʠʦʥʥʳʝ ʨʘʜʠʫʩʳ); ɽ (ʵʥʝʨʛʠʷ ʠʦʥʠʟʘʮʠʠ ʘʪʦʤʦʚ, 

ʵʥʝʨʛʠʷ ʩʨʦʜʩʪʚʘ ʘʪʦʤʦʚ ʢ ʵʣʝʢʪʨʦʥʫ, ʵʣʝʢʪʨʦʦʪʨʠ-

ʮʘʪʝʣʴʥʦʩʪʴ, ʵʥʝʨʛʠʷ ʘʪʦʤʠʟʘʮʠʠ ʧʨʦʩʪʳʭ ʚʝʱʝʩʪʚ, 

ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ, ʦʢʠʩʣʠʪʝʣʴʥʳʝ ʧʦʪʝʥʮʠʘʣʳ 

ʧʨʦʩʪʳʭ ʚʝʱʝʩʪʚ).  

 ʏʪʦ ʞʝ ʢʘʩʘʝʪʩʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʧʝʨʠʦʜʠʯʝʩʢʦʡ 

ʟʘʚʠʩʠʤʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ 

(I - ʚʦʩʧʨʠʷʪʠʝ, ʪʨʘʥʩʬʦʨʤʘʮʠʷ, ʥʘʢʦʧʣʝʥʠʝ, ʭʨʘʥʝ-

ʥʠʝ, ʧʝʨʝʜʘʯʘ ʠʥʬʦʨʤʘʮʠʠ) ʘʪʦʤʦʚ ʠ ʦʙʨʘʟʦʚʘʥʥʳʭ 

ʠʤʠ ʩʠʩʪʝʤ, ʪʦ ʵʪʠ ʥʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʣʠʰʴ 

ʪʦʣʴʢʦ ʥʘʯʠʥʘʶʪʩʷ. 

 ɻʨʫʧʧʝ ʬʠʟʠʢʦʚ ʠʟ ʠʥʩʪʠʪʫʪʘ ʄʘʢʩʘ ʇʣʘʥʢʘ 

ʚ ɻʝʨʤʘʥʠʠ ʫʜʘʣʦʩʴ ñʟʘʧʠʩʘʪʴò ʠʥʬʦʨʤʘʮʠʶ ʦ 

ʢʚʘʥʪʦʚʦʤ ʩʦʩʪʦʷʥʠʠ ʬʦʪʦʥʘ ʥʘ ʝʜʠʥʩʪʚʝʥʥʳʡ 

ʵʣʝʢʪʨʦʥ ʚʥʝʰʥʝʡ ʦʙʦʣʦʯʢʠ (ʝʝ ʢʦʥʬʠʛʫʨʘʮʠʷ 5 s1) 

ʘʪʦʤʘ ʈʫʙʠʜʠʷ. ʋʯʝʥʳʝ ʩʛʝʥʝʨʠʨʦʚʘʣʠ ʬʦʪʦʥ ʠ 

ʥʘʧʨʘʚʠʣʠ ʝʛʦ ʥʘ ʘʪʦʤ ʈʫʙʠʜʠʷ. ʇʦʩʣʝ ʪʦʛʦ, ʢʘʢ 

ʬʦʪʦʥ ʧʨʦʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʣ ʩ ʵʣʝʢʪʨʦʥʦʤ, ʠʩʩʣʝ-

ʜʦʚʘʪʝʣʠ ʠʟʫʯʠʣʠ ʧʦʚʝʜʝʥʠʝ ʧʦʩʣʝʜʥʝʛʦ ʠ ʧʨʠʰʣʠ ʢ 

ʚʳʚʦʜʫ, ʯʪʦ ʧʦ ʭʘʨʘʢʪʝʨʫ ʝʛʦ ʜʚʠʞʝʥʠʷ ʧʦ ʘʪʦʤ-

ʥʦʡ ʦʨʙʠʪʝ ʤʦʞʥʦ ʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʦ ʩʢʘʟʘʪʴ ʦ 

ʢʚʘʥʪʦʚʦʤ ʩʦʩʪʦʷʥʠʠ ñʫʜʘʨʠʚʰʝʛʦò ʝʛʦ ʬʦʪʦʥʘ. 

ʊʦ ʝʩʪʴ, ʠʥʬʦʨʤʘʮʠʷ ʥʘ ʵʣʝʢʪʨʦʥ ʟʘʧʠʩʘʣʘʩʴ, ʠ, 

ʯʪʦ ʩʘʤʦʝ ʚʘʞʥʦʝ, ʝʝ ʫʜʘʣʦʩʴ ʩʯʠʪʘʪʴ.  

 ɺ ʧʨʠʨʦʜʥʳʭ, ʝʩʪʝʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ, ʚʝʨʦ-

ʷʪʥʦ, ʧʨʦʠʩʭʦʜʷʪ ʘʥʘʣʦʛʠʯʥʳʝ ʧʨʦʮʝʩʩʳ ñʟʘʧʠʩʠò - 

ñʩʯʠʪʢʠ ò ʥʘ ʘʪʦʤʥʦʤ ʫʨʦʚʥʝ. ʅʘʧʨʠʤʝʨ, ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʠʝ ʬʦʪʦʥʘ (ʚ ʫʟʢʦʤ ʩʤʳʩʣʝ ï ʩʚʝʪʘ) ʩ ʵʣʝʢ-

ʪʨʦʥʦʤ 1s1 ʘʪʦʤʘ ɺʦʜʦʨʦʜʘ, ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʦʩʣʝʜʥʝʛʦ (ñʟʘ-

ʧʠʩʴò). ɸʪʦʤ ɺʦʜʦʨʦʜʘ ʩ ʠʟʤʝʥʝʥʥʳʤ ʠʥʬʦʨʤʘʮʠ-

ʦʥʥʳʤ ʩʦʩʪʦʷʥʠʝʤ, ʙʫʜʫʯʠ ʘʢʪʠʚʥʳʤ ʫʯʘʩʪʥʠʢʦʤ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʤʦʣʝʢʫʣ ʅ2ʆ, ɼʅʂ, ʠʟʤʝʥʠʪ ʠʥʬʦʨ-

ʤʘʮʠʦʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ñʩʯʠʪʳʚʘʶʱʠʭò ʘʪʦʤʦʚ C, O, 

N, P, S ʠ ʚʩʝʡ ʤʦʣʝʢʫʣʳ ʅ2ʆ, ɼʅʂ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʧʨʠ ʩʦʭʨʘʥʝʥʥʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ (ɽ), ʵʣʝʤʝʥʪʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ (ʕ), ʤʦʣʝʢʫʣʳ ʅ2ʆI, ɼʅʂI ʙʫʜʝʪ 

ʦʙʣʘʜʘʪʴ ʠʟʤʝʥʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʦʡ (I), ʘ ʟʥʘʯʠʪ ʠ ʠʟʤʝʥʝʥʥʳʤ ɻ ʥʝʨʛʦ-ʵʣʝʤʝʥʪʦ-

ʠʥʬʦʨʤʘʮʠʦʥʥʳʤ ʩʦʩʪʦʷʥʠʝʤ ʚʩʝʡ ʩʠʩʪʝʤʳ ʢʘʢ 

ʝʜʠʥʦʛʦ ʮʝʣʦʛʦ. 

 ɼʚʠʞʝʥʠʝ. ʀʟʤʝʥʝʥʠʝ ʬʫʥʢʮʠʠ ʵʥʝʨʛʦ-ʵʣʝʤʝ-

ʥʪʦ-ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤ. 

 ʉʢʦʨʦʩʪʴ ʧʝʨʝʭʦʜʘ ʩʠʩʪʝʤʳ ʠʟ ʦʜʥʦʛʦ ʵʥʝʨʛʦ-

ʵʣʝʤʝʥʪʦ-ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʜʨʫʛʦʝ: 

 
t

),,( IÝEf
v
D
=    (1). 

 ʋʨʘʚʥʝʥʠʝ (1) ʷʚʣʷʝʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ ʚʳʨʘ-

ʞʝʥʠʝʤ ʩʫʱʥʦʩʪʠ ʤʘʪʝʨʠʠ ï ʜʚʠʞʝʥʠʝ ʵʥʝʨʛʦ-ʵʣʝ-

ʤʝʥʪʦ-ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʝʜʠʥʩʪʚʘ. 

 ʀʩʧʦʣʴʟʫʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʠʟʤʝʥʝʥʠʷ æ f 

(ɽ,ʕ,I) ʠ ʫʨʘʚʥʝʥʠʝ (1), ʤʦʞʥʦ ʦʧʠʩʳʚʘʪʴ ʩʢʦʨʦʩʪʴ 

ʠʟʤʝʥʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤ ʨʘʟʥʦʛʦ ʫʨʦʚʥʷ ʧʨʦ-

ʩʪʨʘʥʩʪʚʘ: ʥʘʥʦ (æ f (ɽ,ʕ,I)ʘʪʦʤ ʅ, ʕ ï ʘʪʦʤ ʚʦʜʦʨʦʜʘ 

1,67. 10-24 ʛ; ɼʅʂ) ï ʤʠʢʨʦ (ʢʣʝʪʢʘ) ï ʤʘʢʨʦ (ʦʨʛʘ-

ʥʠʟʤ) ï ʤʝʛʘ (æ f (ɽ,ʕ,I)ɺʩʝʣʝʥʥʘʷ, ʕ ï ɿʝʤʣʷ 5976. 1021 

ʢʛ, ʉʦʣʥʮʝ 2. 1030 ʢʛ , ɻʘʣʘʢʪʠʢʘ ~1011 ʤʘʩʩ ʉʦʣʥʮʘ). 

 ʇʫʪʴ (S) ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʵʥʝʨʛʦ-ʵʣʝ-

ʤʝʥʪʦ-ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ, ʥʘʭʦ-

ʜʷʱʝʡʩʷ ʚ ʣʶʙʦʤ ʤʝʩʪʝ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ, ʠʤʝʝʪ 

ʩʣʦʞʥʳʡ ʮʠʢʣʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ (ʨʠʩ. 3), ʯʪʦ ʦʙʫ-

ʩʣʦʚʣʝʥʦ ʤʝʭʘʥʠʯʝʩʢʠʤ ʜʚʠʞʝʥʠʝʤ ɿʝʤʣʠ ʚʦʢʨʫʛ 

ʮʝʥʪʨʘ ɻʘʣʘʢʪʠʢʠ (1), ʉʦʣʥʮʘ (2), ʩʦʙʩʪʚʝʥʥʦʡ ʦʩʠ 

(3). ʀʟʤʝʥʝʥʠʝ ʩʦʩʪʦʷʥʠʷ ʬʠʟʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ 

ɿʝʤʣʷ ï ʉʦʣʥʮʝ ï ɻʘʣʘʢʪʠʢʘ ʧʨʦʠʩʭʦʜʠʪ ʙʝʩʧʨʝ-

ʨʳʚʥʦ ʠ ʜʦʩʪʘʪʦʯʥʦ ʙʳʩʪʨʦ. 

 ɻʘʣʘʢʪʠʢʘ, ʢʘʢ ʮʝʣʦʝ, ʜʚʠʞʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʨʝʣʠʢʪʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʩʦ ʩʢʦʨʦʩʪʴʶ 620 ʢʤ/ʩ. ʃʠ-

ʥʝʡʥʘʷ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʉʦʣʥʝʯʥʦʡ ʩʠʩʪʝʤʳ ʚʦ-

ʢʨʫʛ ʮʝʥʪʨʘ ɻʘʣʘʢʪʠʢʠ 220 ʢʤ/ʩ. ʃʠʥʝʡʥʘʷ ʩʢʦʨʦʩʪʴ 
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ʜʚʠʞʝʥʠʷ ɿʝʤʣʠ ʚʦʢʨʫʛ ʉʦʣʥʮʘ 29,765 ʢʤ/ʩ. ʃʠʥʝʡ-

ʥʘʷ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʥʘ ʵʢʚʘʪʦʨʝ 0,465 ʢʤ /ʩ.  

 

 
ʈʠʩ.3. çɼʨʘʢʦʥ ʜʚʠʞʝʥʠʷè. 

 

 ʈʘʚʥʦʚʝʩʥʘʷ ʪʨʘʝʢʪʦʨʠʷ ʠʟʤʝʥʝʥʠʷ ʵʥʝʨʛʦ-

ʵʣʝʤʝʥʪʦ-ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ 

 ʩʦʩʪʦʷʥʠʷ ʣʶʙʦʡ ʪʦʯʢʠ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʘʥʝʪʳ 

ɿʝʤʣʷ, ʚʠʜ ʢʦʪʦʨʦʡ  

 ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʨʘʝʢʪʦʨʠʝʡ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʜʚʠ-

ʞʝʥʠʷ ɿʝʤʣʠ ʚʦʢʨʫʛ 

 ʮʝʥʪʨʘ ɻʘʣʘʢʪʠʢʠ (1), ʉʦʣʥʮʘ (2), ʩʦʙʩʪʚʝʥʥʦʡ 

ʦʩʠ (3).  

 

 ʀʟʤʝʥʝʥʠʝ ʩʦʩʪʦʷʥʠʷ ʬʠʟʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ 

ɿʝʤʣʷ ï ʉʦʣʥʮʝ ï ɻʘʣʘʢʪʠʢʘ, ʧʦ ʩʣʦʞʥʦʡ ʪʨʘʝʢʪʦ-

ʨʠʠ çʩʧʠʨʘʣʴ ʥʘ ʩʧʠʨʘʣʠ, ʥʘ ʩʧʠʨʘʣʠè, ʟʘʜʘʝʪ ʘʥʘ-

ʣʦʛʠʯʥʫʶ ʠ çʟʝʨʢʘʣʴʥʫʶè ʪʨʘʝʢʪʦʨʠʶ (ʨʠʩ.4) ʠʟ-

ʤʝʥʝʥʠʷ ʵʥʝʨʛʦ-ʵʣʝʤʝʥʪʦ-ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʩʦʩʪʦ-

ʷʥʠʷ ʩʠʩʪʝʤʳ ʙʠʦʛʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ H, C, O, N, P, S, 

ʬʦʨʤʠʨʫʝʪ ʩʧʠʨʘʣʴ ɼʅʂ, ʢʣʝʪʢʫ, ʦʨʛʘʥʠʟʤ [6-8]. 

 
  

ʈʠʩ.4. ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʵʥʝʨʛʦ-ʵʣʝʤʝʥʪʦ-ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ 

 ʬʫʥʢʮʠʠ f(ɽ,ʕ,I) ʙʠʦʩʠʩʪʝʤʳ (ɺ) ʦʪ ʠʟʤʝʥʝʥʠʷ ʵʥʝʨʛʦ-ʵʣʝʤʝʥʪʦ- 

 ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʬʫʥʢʮʠʠ ɺʩʝʣʝʥʥʦʡ (ɸ). ɻʨʘʬʠʢ ʧʨʠʥʮʠʧʘ 

 ʃʝ ʐʘʪʝʣʴʝ-ɹʨʘʫʥʘ 

  

 ɹʣʘʛʦʜʘʨʷ ʥʠʟʢʠʤ ʟʥʘʯʝʥʠʷʤ ʵʥʝʨʛʦ-ʵʣʝ-

ʤʝʥʪʦ-ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʠʥʝʨʮʠʦʥʥʦʩʪʠ, ʩʠʩʪʝʤʳ 

ʥʘ ʦʩʥʦʚʝ ʙʠʦʛʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʚʦʩʧʨʠʥʠʤʘʶʪʩʷ 

ʢʘʢ ʙʠʦʩʠʩʪʝʤʳ) ʩʧʦʩʦʙʥʳ ʠʟʤʝʥʷʪʴ ʩʚʦʝ ʩʦʩʪʦʷ-

ʥʠʝ æ f (ɽ,ʕ,I)ʙʠʦʩʠʩʪʝʤʘ ʩʦ ʩʢʦʨʦʩʪʴʶ, ʢʦʛʝʨʝʥʪʥʦʡ 

ʝʩʪʝʩʪʚʝʥʥʦʡ ʩʢʦʨʦʩʪʠ ʠʟʤʝʥʝʥʠʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ æ f (ɽ,ʕ,I)ɺʩʝʣʝʥʥʘʷ. 

 ʕʥʝʨʛʦ-ʵʣʝʤʝʥʪʦ-ʠʥʬʦʨʤʘʮʠʦʥʥʦʝ ʜʚʠʞʝʥʠʝ 

ɺʩʝʣʝʥʥʦʡ çʩʦʟʜʘʝʪè ʯʝʣʦʚʝʢʘ, ʢʘʢ ʠ ʚʩʝ ʜʨʫʛʠʝ 

ʙʠʦʩʠʩʪʝʤʳ (ʨʠʩ.5). 
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ʈʠʩ.5. ʆʨʛʘʥʠʟʘʮʠʷ ʠ ʨʘʟʚʠʪʠʝ ʙʠʦʩʠʩʪʝʤ (ɼʅʂ Ÿ ʢʣʝʪʢʘ Ÿ ʦʨʛʘʥʠʟʤ), ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʠʟʤʝʥʝʥʠʝʤ 

ʬʫʥʢʮʠʠ ʵʥʝʨʛʦ-ʵʣʝʤʝʥʪʦ- ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ æä(ɽ,ʕ,I) ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ; tʩʪ. ʥʘʙ ï ʦʪʨʝʟʦʢ 
ʚʨʝʤʝʥʠ, ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʩʪʦʨʦʥʥʠʤ ʥʘʙʣʶʜʘʪʝʣʝʤ 

 

 ʄʠʣʣʠʘʨʜ ʣʝʪ ʥʘʟʘʜ ʩʫʪʢʠ ʜʣʠʣʠʩʴ ʚʩʝʛʦ 15 

ʯʘʩʦʚ. ʅʦ çʚʠʜʝʣʠè ʵʪʦ ʣʠʰʴ ʦʙʠʪʘʚʰʠʝ ʪʦʛʜʘ 

ʩʠʥʝ-ʟʝʣʝʥʳʝ ʚʦʜʦʨʦʩʣʠ, ʦʥʠ ʞʝ ʮʠʘʥʦʙʘʢʪʝʨʠʠ. 

ʇʨʠʤʝʨʥʦ 530 ʤʠʣʣʠʦʥʦʚ ʣʝʪ ʥʘʟʘʜ ɿʝʤʣʷ ʚʨʘʱʘ-

ʣʘʩʴ ʩʪʦʣʴ ʙʳʩʪʨʦ, ʯʪʦ ʚ ʩʫʪʢʘʭ ʙʳʣʦ ʧʦ 21 ʯʘʩʫ. ɺ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʩʫʪʢʘʭ ʦʢʦʣʦ 24 ʯʘʩʦʚ. ʉʢʦʨʦʩʪʴ 

ʚʨʘʱʝʥʠʷ ʥʘʰʝʡ ʧʣʘʥʝʪʳ ʚʦʢʨʫʛ ʩʦʙʩʪʚʝʥʥʦʡ ʦʩʠ 

ʫʤʝʥʴʰʘʝʪʩʷ.  

  

 ʋʩʣʦʚʥʦ ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʙʠʦʩʠʩʪʝʤʘ ñʜʠ-

ʥʦʟʘʚʨò ʦʨʛʘʥʠʟʫʝʪʩʷ ʬʠʟʠʯʝʩʢʦʡ ʩʠʩʪʝʤʦʡ ɿʝʤʣʷ ï 

ʉʦʣʥʮʝ - ɻʘʣʘʢʪʠʢʘ ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʠʭ  

ʩʢʦʨʦʩʪʷʭ ʚʨʘʱʝʥʠʷ ɿʝʤʣʠ ʚʦʢʨʫʛ ʩʦʙʩʪʚʝʥ-

ʥʦʡ ʦʩʠ. ʆʨʛʘʥʠʟʘʮʠʷ ʙʠʦʩʠʩʪʝʤʳ ñʯʝʣʦʚʝʢò ʚʦʟ-

ʤʦʞʥʘ ʪʦʣʴʢʦ ʧʨʠ ʤʝʥʴʰʠʭ ʩʢʦʨʦʩʪʷʭ ʚʨʘʱʝʥʠʷ 

ɿʝʤʣʠ. 
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ʈʠʩ.6. ʀʟʤʝʥʝʥʠʝ ʬʫʥʢʮʠʠ ʵʥʝʨʛʦ-ʵʣʝʤʝʥʪʦ- ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ æä(ɽ,ʕ,I) ʧʣʘʥʝʪʳ ɿʝʤʣʷ (ɸ) ʠ 

ʙʠʦʩʠʩʪʝʤ (ɺ) 

 

 çʈʝʟʢʠʡ ʩʙʦʡè (ʨʝʟʢʦʝ ʠʟʤʝʥʝʥʠʝ ʩʢʦʨʦʩʪʠ 

ʜʚʠʞʝʥʠʷ ɿʝʤʣʠ ʧʨʠ ʝʝ ʩʪʦʣʢʥʦʚʝʥʠʠ ʩ ʢʨʫʧʥʳʤ 

ʢʦʩʤʠʯʝʩʢʠʤ ʪʝʣʦʤ, ʥʘʧʨʠʤʝʨ) ʚ ʝʩʪʝʩʪʚʝʥʥʦʤ ʤʝ-

ʭʘʥʠʯʝʩʢʦʤ ʜʚʠʞʝʥʠʠ ʩʠʩʪʝʤʳ ɿʝʤʣʷ ï ʉʦʣʥʮʝ ï 

ɻʘʣʘʢʪʠʢʘ ʥʘ ʣʶʙʦʤ ʫʯʘʩʪʢʝ ʪʨʘʝʢʪʦʨʠʠ ʧʫʪʠ çʩʧʠ-

ʨʘʣʴ ʥʘ ʩʧʠʨʘʣʠ, ʥʘ ʩʧʠʨʘʣʠè, ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ 

ʩʨʳʚʫ ʢʦʛʝʨʝʥʪʥʦʩʪʠ ʢʦʣʝʙʘʥʠʡ ʵʥʝʨʛʦ-ʵʣʝʤʝʥʪʦ-

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʬʫʥʢʮʠʡ ʙʠʦʩʠʩʪʝʤʳ ʠ ɺʩʝʣʝʥ-

ʥʦʡ. ʂʘʢ ʩʣʝʜʩʪʚʠʝ - ʛʠʙʝʣʴ ʚʩʝʭ ʠʣʠ ʥʝʢʦʪʦʨʳʭ ʩʫ-

ʱʝʩʪʚʫʶʱʠʭ ʥʘ ʤʦʤʝʥʪ ʩʪʦʣʢʥʦʚʝʥʠʷ ʙʠʦʩʠʩʪʝʤ; 

ʦʨʛʘʥʠʟʘʮʠʷ ʥʦʚʳʭ ʙʠʦʩʠʩʪʝʤ, ʦʪʚʝʯʘʶʱʠʭ ʥʦʚʳʤ 

ʪʨʝʙʦʚʘʥʠʷʤ ʢʦʛʝʨʝʥʪʥʦʩʪʠ (ʨʠʩ.6).  

  

ʄʦʜʝʣʴ ʞʠʟʥʠ (ʵʥʝʨʛʦ-ʵʣʝʤʝʥʪʦ-ʠʥʬʦʨʤʘʮʠ-

ʦʥʥʘʷ).  

 ɺ ʧʨʘʢʪʠʢʝ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ ʜʣʷ ʦʧʠʩʘʥʠʷ 

ʩʦʩʪʦʷʥʠʷ, ʚ ʢʦʪʦʨʦʤ ʥʘʭʦʜʠʪʩʷ ʠʟʦʣʠʨʦʚʘʥʥʘʷ ʬʠ-

ʟʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ, ʠʩʧʦʣʴʟʫʶʪ ʜʠʘʛʨʘʤʤʳ (ʨʠʩ. 7) 

ʵʣʝʤʝʥʪ, ʵʥʝʨʛʠʷ ï ʩʚʦʡʩʪʚʘ, ʜʠʩʢʨʝʪʥʳʝ ʧʦ ʚʨʝ-

ʤʝʥʠ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚʦʟʤʦʞʥʦ ʨʘʩʩʤʦʪʨʝʥʠʝ ʚʟʘʠ-

ʤʦʩʚʷʟʠ ʩʦʩʪʦʷʥʠʝ ï ʩʚʦʡʩʪʚʦ, ʢʘʢ ʚ ʢʘʞʜʳʡ ʢʦʥ-

ʢʨʝʪʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ, ʪʘʢ ʠ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 

ʧʫʪʠ ʘ-ʚ-d. 

  

 

  
ʈʠʩ.7. ɼʠʘʛʨʘʤʤʳ ʠʟʤʝʥʝʥʠʷ ʵʥʝʨʛʦ-ʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʬʠʟʠʯʝʩʢʦʡ 

 ʩʠʩʪʝʤʳ, ʚ ʢʦʦʨʜʠʥʘʪʘʭ ɽ-ʕ-t  
  

 ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ ʜʠʘʛʨʘʤʤ ʙʠʦʩʠʩʪʝʤ ʥʝʦʙʭʦ-

ʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ. 
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ɼʠʘʛʨʘʤʤʘ ʨʠʩ. 8, ʧʦʩʪʨʦʝʥʥʘʷ ʚ ʢʦʦʨʜʠʥʘʪʘʭ ɽ-ʕ-

I, ʜʣʷ ʙʠʦʛʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʅ,ʉ,ʆ,N,ʈ, ʤʦʞʝʪ ʧʦʩ-

ʣʫʞʠʪʴ ʠʥʩʪʨʫʤʝʥʪʦʤ ʠʟʫʯʝʥʠʷ ʵʥʝʨʛʦ-ʵʣʝʤʝʥʪʦ-

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʜʦ-ɼʅʂ, ɼʅʂ ʩʪʨʫʢʪʫʨ, 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʣʝʪʢʠ, ʦʨʛʘʥʠʟʤʘ. 

 

  
ʈʠʩ.8. ɼʠʘʛʨʘʤʤʳ ʠʟʤʝʥʝʥʠʷ ʵʥʝʨʛʦ-ʵʣʝʤʝʥʪʥʦʛʦ-ʠʬʦʨʤʘʮʠʦʥʥʦʛʦ 

 ʩʦʩʪʦʷʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, ʚ ʢʦʦʨʜʠʥʘʪʘʭ ɽ-ʕ-I  

  

 ʇʨʦʮʝʩʩʳ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 

ʵʥʝʨʛʦ-ʵʣʝʤʝʥʪʦ-ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʝʜʠʥʩʪʚʘ, ʢʘʢ 

ʞʠʚʦʡ ʩʠʩʪʝʤʳ (ʙʠʦʩʠʩʪʝʤʳ), ʷʚʣʷʶʪʴʩʷ ʧʨʦ-

ʮʝʩʩʘʤʠ ʙʝʩʧʨʝʨʳʚʥʳʤʠ ʧʦ ʚʨʝʤʝʥʠ. 

 ʊʘʢʠʝ ʧʨʦʮʝʩʩʳ ʙʝʩʧʨʝʨʳʚʥʦʛʦ ʧʝʨʝʭʦʜʘ ʦʪ-

ʢʨʳʪʦʡ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʠʟ ʦʜʥʦʛʦ ʵʥʝʨʛʦ-

ʵʣʝʤʝʥʪʦ-ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʩʦʩʪʦʷʥʠʠ ʚ ʜʨʫʛʦʝ 

ʚʦʟʤʦʞʥʦ ʦʧʠʩʘʪʴ [9-10] ʢʠʥʝʪʠʯʝʩʢʦʡ ʜʠʘʛʨʘʤʤʦʡ 

(ʨʠʩ.9). 

 

 

  
 ʈʠʩ. 9. ʄʦʜʝʣʴ ʞʠʟʥʠ ʙʠʦʩʠʩʪʝʤʳ ʚ ʵʥʝʨʛʦ-ʵʣʝʤʝʥʪʦ-ʠʥʬʦʨʤʘʮʠʦʥʥʦʤ 

 ʧʨʦʩʪʨʘʥʩʪʚʝ; ɸ- ɸ ï ʣʠʥʠʷ ʵʥʝʨʛʦ-ʵʣʝʤʝʥʪʦ-ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ  

 ʨʘʚʥʦʚʝʩʠʷ; t ï ʚʨʝʤʷ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʙʠʦʩʠʩʪʝʤʳ, ʦʪ ʟʘʨʦʞʜʝʥʠʷ (ʟ) 

 ʜʦ ʩʤʝʨʪʠ (ʩ) 

 

ʄʦʜʝʣʴ ʞʠʟʥʠ (ʨʠʩ.9) ï ʯʘʩʪʴ ʵʥʝʨʛʦ-ʵʣʝ-

ʤʝʥʪʦ-ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʚ ʛʨʘʥʠʮʘʭ 

ʢʦʪʦʨʦʛʦ ʧʨʦʠʩʭʦʜʷʪ ʝʩʪʝʩʪʚʝʥʥʳʝ ʧʨʦʮʝʩʩʳ ʢʦʣʝ-

ʙʘʥʠʷ f(ɽ,ʕ,I) ʦʪʥʦʩʠʪʝʣʴʥʦ ʣʠʥʠʠ ʨʘʚʥʦʚʝʩʠʷ ɸ-ɸ. 

ɻʨʘʬʠʢ ʦʪʦʙʨʘʞʘʝʪ ʧʨʦʭʦʞʜʝʥʠʝ ʟʥʘʯʝʥʠʷ f(ɽ,ʕ,I) 

ʯʝʨʝʟ ʤʘʢʩʠʤʫʤ, ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʨʝʤʝʥʠ tʟ õ tʩ ʦʪ 

ʟʘʨʦʞʜʝʥʠʷ (ʚʦʟʥʠʢʥʦʚʝʥʠʷ) ʜʦ ʩʤʝʨʪʠ. 

 ʊʝʭʥʠʯʝʩʢʦʝ ʦʧʨʝʜʝʣʝʥʠʝ: ɾʠʟʥʴ ï ʜʚʠʞʝʥʠʝ 

t

),,( IÝEf
v
D
= , ʠʟʤʝʥʝʥʠʝ ʵʥʝʨʛʦ-ʵʣʝʤʝʥʪʦ-ʠʥ-

ʬʦʨʤʘʮʠʦʥʥʦʡ ʬʫʥʢʮʠʠ f (ɽ,ʕ,I)ʙʠʦʩʠʩʪʝʤʳ ʚ ʚʠʜʝ ʢʦ-

ʣʝʙʘʥʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʦʩʪʦʷʥʠʷ ʨʘʚʥʦʚʝʩʠʷ; ʟʥʘ-

ʯʝʥʠʷ ʘʤʧʣʠʪʫʜʳ ʢʦʣʝʙʘʥʠʡ ʠʟʤʝʥʷʝʪʩʷ ʠ, ʥʘ ʧʨʦ-

ʪʷʞʝʥʠʠ ʚʨʝʤʝʥʠ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʙʠʦʩʠʩʪʝʤʳ, 

ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʤʘʢʩʠʤʫʤ; ʩʦʩʪʦʷʥʠʝ ʨʘʚʥʦʚʝʩʠʷ 

ʙʠʦʩʠʩʪʝʤʳ ʠʟʤʝʥʷʝʪʩʷ ʩʦʛʣʘʩʥʦ ʠʟʤʝʥʝʥʠʷʤ ʪʨʘ-

ʝʢʪʦʨʠʠ ʨʘʚʥʦʚʝʩʠʷ ɿʝʤʣʠ, ʧʨʠ ʝʝ ʜʚʠʞʝʥʠʠ ʚ 
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ʵʥʝʨʛʦ-ʵʣʝʤʝʥʪʦ-ʠʥʬʦʨʤʘʮʠʦʥʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ 

ɺʩʝʣʝʥʥʦʡ ʧʦ ʧʫʪʠ çʩʧʠʨʘʣʴ ʥʘ ʩʧʠʨʘʣʠ, ʥʘ ʩʧʠ-

ʨʘʣʠ éè. 

 ʇʦʚʝʨʭʥʦʩʪʴ, ʥʘ ʢʦʪʦʨʦʡ ʨʘʩʧʦʣʦʞʝʥʳ ʪʦʯʢʠ 

ʦʪʢʣʦʥʝʥʠʷ f(ɽ,ʕ,I) ʦʪ ʩʦʩʪʦʷʥʠʷ ʨʘʚʥʦʚʝʩʠʷ, ʦʛʨʘ-

ʥʠʯʠʚʘʝʪ (ʬʠʛʫʨʳ ʚʨʘʱʝʥʠʷ ʨʠʩ.10: ʵʣʣʠʧʩʦʠʜ, 

ʰʘʨ, ʷʡʮʦ) ʵʥʝʨʛʦ-ʵʣʝʤʝʥʪʦ-ʠʥʬʦʨʤʘʮʠʦʥʥʦʝ 

(ʵʥʵʣʠʥ) ʧʨʦʩʪʨʘʥʩʪʚʦ, ʚ ʢʦʪʦʨʦʤ ɺʩʝʣʝʥʥʘʷ ʦʨʛʘ-

ʥʠʟʫʝʪ ʞʠʟʥʴ.  

 ʊʝʭʥʠʯʝʩʢʦʡ ʢʦʣʠʯʝʩʪʚʝʥʥʦ-ʢʘʯʝʩʪʚʝʥʥʦʡ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢʦʡ ʞʠʟʥʠ ʙʠʦʩʠʩʪʝʤʳ ʤʦʛʫʪ ʩʣʫʞʠʪʴ 

ʟʥʘʯʝʥʠʷ ʚʨʝʤʝʥʠ tʟ õ tʩ ʠ ʦʙʲʝʤʘ Vf (ɽ,ʕ,I) ʝʝ ʩʫʱʝ-

ʩʪʚʦʚʘʥʠʷ. 

 
ʈʠʩ. 10. ʄʦʜʝʣʠ ʞʠʟʥʠ (ʵʣʣʠʧʩ, ʰʘʨ, ʷʡʮʦ) ʠ ʟʥʘʯʝʥʠʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ï  

 ʢʘʯʝʩʪʚʝʥʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʞʠʟʥʠ (ʚʨʝʤʷ tʟ õ tʩ , ʦʙʲʝʤ Vf (ɽ,ʕ,I)) 

 

 ʌʠʛʫʨʳ ʚ ʚʠʜʝ ʵʣʣʠʧʩʦʚ 1 ʠ 2 ʠʤʝʶʪ ʦʜʠʥʘʢʦ-

ʚʳʡ ʦʙʲʝʤ Vʝʣ1 = Vʝʣ2 =R3, ʧʨʠ ʵʪʦʤ (tʟ õ tʩ)1= 2R; 

(tʟ õ tʩ)2= R. ɿʥʘʯʝʥʠʷ ʦʙʲʝʤʘ ʠ ʚʨʝʤʝʥʠ: - ʚ ʛʨʘʥʠ-

ʮʘʭ ʰʘʨʘ Vʰ = 4,2 R3; tʟ õ tʩ= 2 R; - ʚ ʛʨʘʥʠʮʘʭ ʷʡʮʘ 

Vʷ = 5,5 R3; tʟ õ tʩ= 2,618R. 

 ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʚʨʝʤʝʥʠ ʠ ʦʙʲʝʤʘ 

ʠʟʤʝʥʝʥʠʷ f(ɽ,ʕ,I) ʚ ʵʥʵʣʠʥ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʩʚʠʜʝ-

ʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʠʤʝʥʥʦ ʷʡʮʦ ʠʤʝʝʪ ʦʧʪʠʤʘʣʴ-

ʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʠ ʥʘʠʙʦʣʴʰʠʝ ʟʥʘʯʝʥʠʷ ʢʦʣʠʯʝ-

ʩʪʚʝʥʥʦ-ʢʘʯʝʩʪʚʝʥʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʞʠʟʥʠ (tʟ õ 

tʩ , Vf (ɽ,ʕ,I)). 

 

  
 ʈʠʩ.11. çɿʦʣʦʪʦʝ ʷʡʮʦè ɾʠʟʥʠ 

 

 ɿʦʣʦʪʦʝ ʩʝʯʝʥʠʝ ʧʨʠʟʥʘʥʦ ʫʥʠʚʝʨʩʘʣʴʥʳʤ ʟʘ-

ʢʦʥʦʤ ʞʠʚʳʭ ʩʠʩʪʝʤ. ʇʦʵʪʦʤʫ, ʛʝʦʤʝʪʨʠʯʝʩʢʦʝ 

ʠʟʦʙʨʘʞʝʥʠʝ ʬʠʛʫʨʳ ʷʡʮʦ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʨʘʩ-

ʯʝʪʳ ʜʣʷ ʥʝʝ, ʧʨʦʚʝʜʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʟʘʢʦʥʦ-

ʤʝʨʥʦʩʪʝʡ ʟʦʣʦʪʦʡ ʧʨʦʧʦʨʮʠʠ. ɿʦʣʦʪʦʝ ʩʝʯʝʥʠʝ ï 

ʪʘʢʦʝ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʝ ʜʝʣʝʥʠʝ ʦʪʨʝʟʢʘ ʥʘ ʥʝʨʘʚ-

ʥʳʝ ʯʘʩʪʠ, ʧʨʠ ʢʦʪʦʨʦʤ ʤʝʥʴʰʠʡ ʦʪʨʝʟʦʢ ʪʘʢ ʦʪʥʦ-

ʩʠʪʩʷ ʢ ʙʦʣʴʰʝʤʫ, ʢʘʢ ʙʦʣʴʰʠʡ ʢʦ ʚʩʝʤʫ ʘ : b = b : 

ʩ. ʆʪʨʝʟʢʠ ʟʦʣʦʪʦʡ ʧʨʦʧʦʨʮʠʠ ʚʳʨʘʞʘʶʪʩʷ ʙʝʩʢʦ-

ʥʝʯʥʦʡ ʠʨʨʘʮʠʦʥʘʣʴʥʦʡ ʜʨʦʙʴʶ 0,618é, ʝʩʣʠ çʩè 

ʧʨʠʥʷʪʴ ʟʘ ʝʜʠʥʠʮʫ, ʘ = 0,382; (ʩ : b = b : ʘ = 0,382; 

b = 1,618ʘ). ʏʠʩʣʘ 0,618 ʠ 0,382 ʷʚʣʷʶʪʩʷ ʢʦʵʬʬʠ-

ʮʠʝʥʪʘʤʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʌʠʙʦʥʘʯʯʠ. 
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 ʅʘ ʨʠʩ. 12 ʧʨʠʚʝʜʝʥʳ ʵʥʵʣʠʥ ʤʦʜʝʣʠ ʞʠʟʥʠ 

ʙʠʦʩʠʩʪʝʤ 1 ʠ 2. ɿʘʨʦʞʜʝʥʠʝ (ʚʦʟʥʠʢʥʦʚʝʥʠʝ) ʩʠ-

ʩʪʝʤ ʧʨʦʠʟʦʰʣʦ ʚ ʦʜʥʦ ʠ ʪʦʞʝ ʚʨʝʤʷ tʟ1 = tʟ2 . ɺʨʝʤʷ 

ʞʠʟʥʠ ʩʠʩʪʝʤʳ 2 ʙʦʣʴʰʝ, ʯʝʤ ʚʨʝʤʷ ʞʠʟʥʠ ʩʠʩʪʝʤʳ 

1; tʟ2 õ tʩ2 > tʟ1 õ tʩ1. ʆʙʲʝʤ çʦʩʚʦʝʥʠʷè ʵʥʵʣʠʥ ʧʨʦ-

ʩʪʨʘʥʩʪʚʘ ʩʠʩʪʝʤʳ 2 ʙʦʣʴʰʝ, ʯʝʤ ʦʙʲʝʤ ʩʠʩʪʝʤʳ 1; 

V f (ɽ,ʕ,I)2 > V f (ɽ,ʕ,I)1. 

 

  
 ʈʠʩ. 12. ʕʥʝʨʛʦ-ʵʣʝʤʝʥʪʦ-ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ (ʷʡʮʦ) ʞʠʟʥʠ ʙʠʦʩʠʩʪʝʤ 

 1ʠ 2; tʟ ï ʚʨʝʤʷ ʟʘʨʦʞʜʝʥʠʷ (ʚʦʟʥʠʢʥʦʚʝʥʠʷ), tʩ ï ʚʨʝʤʷ ʩʤʝʨʪʠ 

 

 ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʛʨʘʬʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʤʦʜʝʣʝʡ 

1ʠ 2 ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ: ʯʝʤ ʠʥʪʝʥʩʠʚʥʝʝ ʚʦʟʨʘʩʪʘʝʪ 

ʟʥʘʯʝʥʠʝ f (ɽ,ʕ,I) ʚ ʥʘʯʘʣʴʥʳʡ ʧʝʨʠʦʜ ʦʨʛʘʥʠʟʘʮʠʠ 

ʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʙʠʦʩʠʩʪʝʤʳ (ʦʪ ʤʦʤʝʥʪʘ ʟʘ-

ʨʦʞʜʝʥʠʷ tʟ ʜʦ ʜʦʩʪʠʞʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʳʭ ʟʥʘʯʝ-

ʥʠʡ f (ɽ,ʕ,I)1-1, f (ɽ,ʕ,I)2-2), ʪʝʤ ʙʦʣʴʰʠʤ ʙʫʜʝʪ ʟʥʘ-

ʯʝʥʠʝ ʦʪʨʝʟʢʘ ʘ (ʘ2 > ʘ1) ʠ, ʢʘʢ ʟʘʢʦʥʦʤʝʨʥʳʡ ʨʝ-

ʟʫʣʴʪʘʪ ʜʝʡʩʪʚʠʷ ʧʨʠʥʮʠʧʘ ʟʦʣʦʪʦʛʦ ʩʝʯʝʥʠʷ, 

ʚʦʟʨʘʩʪʘʝʪ ʟʥʘʯʝʥʠʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʩ (ʩ2 > ʩ1) 

ʠ ʦʙʲʝʤʘ ʞʠʟʥʠ. 

 ʏʝʣʦʚʝʢ, ʢʘʢ ʙʠʦʩʠʩʪʝʤʘ ʥʘʜʝʣʝʥʥʘʷ ʨʘʟʫʤʦʤ, 

ʦʩʦʟʥʘʶʱʘʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʧʨʠʨʦʜʥʳʭ ʵʥʵʣʠʥ 

ʧʨʦʮʝʩʩʦʚ, ʠʤʝʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʢʫʩʩʪʚʝʥʥʦ ʚʣʠ-

ʷʪʴ ʥʘ ʢʦʣʠʯʝʩʪʚʦ-ʢʘʯʝʩʪʚʦ ʩʚʦʝʡ ʞʠʟʥʠ, ʮʝʣʝʥʘ-

ʧʨʘʚʣʝʥʥʦ ʠʟʤʝʥʷʷ ʟʥʘʯʝʥʠʝ f (ɽ,ʕ,I).  

 ʈʘʩʩʯʝʪʳ: 

 1) ʘ = 22,9 b = 37,1 ʩ = 60; 

 2) ʘ = 38,2 b = 61,8 ʩ = 100, 

ʧʨʦʚʝʜʝʥʥʳʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʜʝʣʠ ʞʠʟʥʠ 

ï ʷʡʮʦ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ: * ʝʩʣʠ ʤʘʢʩʠʤʫʤ ʚʦʟʨʘʩ-

ʪʘʥʠʷ ʟʥʘʯʝʥʠʷ f (ɽ,ʕ,I) ʜʦʩʪʠʛʘʝʪʩʷ ʚ 22,9 ʣʝʪ, ʪʦ 

ʦʙʱʘʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʞʠʟʥʠ ʨʘʚʥʘ 60 ʛʦʜʘʤ; * 

ʝʩʣʠ ʤʘʢʩʠʤʫʤ ʚʦʟʨʘʩʪʘʥʠʷ ʟʥʘʯʝʥʠʷ f (ɽ,ʕ,I) ʜʦ-

ʩʪʠʛʘʝʪʩʷ ʚ 38,2 ʣʝʪ, ʪʦ ʦʙʱʘʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ 

ʞʠʟʥʠ, ʚʝʨʦʷʪʥʦ, ʜʦʩʪʠʛʥʝʪ ʟʥʘʯʝʥʠʷ 100 ʣʝʪ. 

 ɺʨʝʤʷ ʦʙʱʝʡ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʞʠʟʥʠ ʯʝ-

ʣʦʚʝʢʘ, ʢʦʪʦʨʳʡ ʮʝʣʝʫʩʪʨʝʤʣʝʥʥʦ, ʠʥʪʝʥʩʠʚʥʦ ʫʚʝ-

ʣʠʯʠʚʘʝʪ ʟʥʘʯʝʥʠʝ ʩʚʦʝʛʦ ʵʥʝʨʛʦ-ʵʣʝʤʝʥʪʦ-ʠʥʬʦʨ-

ʤʘʮʠʦʥʥʦʛʦ ʝʜʠʥʩʪʚʘ f (ɽ,ʕ,I)ʙʠʦʩʠʩʪʝʤʳ, ʥʘʧʨʠʤʝʨ, 

ʧʨʠ ʜʨʫʛʠʭ ʨʘʚʥʳʭ ʫʩʣʦʚʠʷʭ, ʙʣʘʛʦʜʘʨʷ ʨʦʩʪʫ ʠʥ-

ʬʦʨʤʘʮʠʦʥʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ (ʫʯʝʥʠʝ, ʦʙʨʘʟʦʚʘ-

ʥʠʝ), ʙʫʜʝʪ ʙʦʣʴʰʠʤ.  

 ɼʠʨʝʢʪʦʨ ʀʥʩʪʠʪʫʪʘ ʤʦʟʛʘ ʯʝʣʦʚʝʢʘ ʈɸʅ 

ʉ.ʄʝʜʚʝʜʝʚ ʦʪʤʝʪʠʣ: ɸʢʪʠʚʥʘʷ ʪʚʦʨʯʝʩʢʘʷ ʨʘ-

ʙʦʪʘ ʤʦʟʛʘ ʧʦʚʳʰʘʝʪ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ 

ʞʠʟʥʠ. ʅʘʧʨʠʤʝʨ, ʚ ʧʨʦʮʝʩʩʝ ʪʚʦʨʯʝʩʪʚʘ ʧʨʦʙʫʞ-

ʜʘʶʪʩʷ ʫʯʘʩʪʢʠ ʤʦʟʛʘ, ʚʘʞʥʳʝ ʜʣʷ ʵʤʦʮʠʦʥʘʣʴʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʩʪʨʫʢʪʫʨʘʭ ʛʠʧʦʪʘ-

ʣʘʤʫʩʘ, ʚʣʠʷʶʱʠʭ ʥʘ ʵʥʜʦʢʨʠʥʥʫʶ ʩʠʩʪʝʤʫ, ʢʦʪʦ-

ʨʘʷ ʥʘʧʨʷʤʫʶ ʩʚʷʟʘʥʘ ʩ ʧʨʦʮʝʩʩʘʤʠ ʩʪʘʨʝʥʠʷ. ʇʨʠ 

ʨʝʰʝʥʠʠ ʩʚʝʨʭʟʘʜʘʯ ʚ ʤʦʟʛʫ ʜʘʞʝ ʥʝʤʦʣʦʜʦʛʦ ʯʝʣʦ-

ʚʝʢʘ ʤʦʛʫʪ ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʥʦʚʳʝ ʩʚʷʟʠ ʠ ʦʙʨʘʟʫ-

ʶʪʩʷ ʥʦʚʳʝ ʥʝʡʨʦʥʳ ï ʥʝʨʚʥʳʝ ʢʣʝʪʢʠ. ʇʨʦʜʦʣʞʠ-

ʪʝʣʴʥʦʩʪʴ ʞʠʟʥʠ ʣʶʜʝʡ, ʢʦʪʦʨʳʝ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 

ʚʩʝʡ ʞʠʟʥʠ ʜʦʣʞʥʳ ʧʦʩʪʦʷʥʥʦ ʨʘʙʦʪʘʪʴ ʛʦʣʦʚʦʡ, 

ʩʫʱʝʩʪʚʝʥʥʦ ʚʳʰʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʝʤʠ, ʯʝʡ ʤʦʟʛ 

ʥʝ ʠʩʧʳʪʳʚʘʣ ʩʠʣʴʥʦʡ ʥʘʛʨʫʟʢʠ. [ɻʦʣʦʚʦʡ ʨʘʙʦ-

ʪʘʪʴ ʥʘʜʦ. ʂʦʤʩʦʤʦʣʴʩʢʘʷ ʧʨʘʚʜʘ ʚ ʋʢʨʘʠʥʝ 14-20 

ʷʥʚʘʨʷ 2009ʛ.]. 

 ɼʠʨʝʢʪʦʨ ʈʦʩʩʠʡʩʢʦʛʦ ʛʝʨʦʥʪʦʣʦʛʠʯʝʩʢʦʛʦ 

ʥʘʫʯʥʦ-ʢʣʠʥʠʯʝʩʢʦʛʦ ʮʝʥʪʨʘ ɺ. ʐʘʙʘʣʠʥ ʦʪʤʝʪʠʣ: 

ɺ ʢʘʤʝʥʥʦʤ ʚʝʢʝ ʩʨʝʜʥʷʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ 

ʞʠʟʥʠ ʩʦʩʪʘʚʣʷʣʘ 18-20 ʣʝʪ. ɺ ʉʨʝʜʥʠʝ ʚʝʢʘ ï 

ʦʢʦʣʦ 30-40 ʣʝʪ. ʀ ʪʦʣʴʢʦ ʩ ʢʦʥʮʘ XIX ʚʝʢʘ, ʢʦʛʜʘ 

ʣʶʜʠ ʧʨʦʜʦʣʞʘʣʠ ʞʠʪʴ ʚ ʩʨʝʜʥʝʤ ʜʦ 35 ʣʝʪ, ʜʦ 

ʢʦʥʮʘ ʍʍ ʚʝʢʘ ʩʨʝʜʥʷʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʞʠʟʥʠ 

ʫʚʝʣʠʯʠʣʘʩʴ ʜʦ 70-75 ʣʝʪ. ʊʦ ʝʩʪʴ ʪʦʣʴʢʦ ʟʘ ʧʦ-

ʩʣʝʜʥʝʝ ʩʪʦʣʝʪʠʝ ï ʥʝʚʝʨʦʷʪʥʦ ʙʳʩʪʨʦ! ï ʤʳ 

ʩʪʘʣʠ ʞʠʪʴ ʚʜʚʦʝ ʜʦʣʴʰʝ. ʄ  rï ʪʘ ʠʥʬʦʨʤʘʮʠ-

ʦʥʥʘʷ ʙʘʟʘ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʧʦʜʥʷʪʴʩʷ ʥʘ ʙʦʣʝʝ 

ʚʳʩʦʢʫʶ ʩʪʫʧʝʥʴ ʥʘʰʠʤ ʧʦʪʦʤʢʘʤ. [ʋʤʥʳʝ ʙʫʜʫʪ 

ʞʠʪʴ ʜʦ 150 ʣʝʪ, ʘ ʣʝʥʪʷʠ ʚʳʤʨʫʪ. ʂʦʤʩʦʤʦʣʴ-

ʩʢʘʷ ʧʨʘʚʜʘ ʚ ʋʢʨʘʠʥʝ. 9-15 ʦʢʪʷʙʨʷ 2009ʛ.]. 

 

ʄʫʣʴʪʠʜʠʩʮʠʧʣʠʥʘʨʥʳʝ ʩʠʩʪʝʤʥʳʝ ʠʩʩʣʝʜʦ-

ʚʘʥʠʷ. 

 ʋʩʪʘʥʦʚʣʝʥʥʳʝ ʠ ʧʨʠʚʝʜʝʥʥʳʝ ʚʳʰʝ ʟʘʢʦʥʦ-

ʤʝʨʥʦʩʪʠ ʧʦʟʚʦʣʠʣʠ ʧʨʝʜʩʪʘʚʠʪʴ (ʨʠʩ.13) ʢʘʯʝ-

ʩʪʚʝʥʥʫʶ ʢʘʨʪʠʥʫ ʦʨʛʘʥʠʟʘʮʠʠ ʞʠʟʥʠ ɺʩʝʣʝʥʥʦʡ.  
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ʈʠʩ.13. ʎʠʢʣʠʯʝʩʢʦʝ ʠʟʤʝʥʝʥʠʝ ʬʫʥʢʮʠʠ ʩʦʩʪʦʷʥʠʷ f (ɽ,ʕ,I)ɺʩʝʣʝʥʥʦʡ ʠ ʙʠʦʩʠʩʪʝʤ 1-5, ʚʳʨʘʚʥʠʚʘʶʱʠʭ ʩʚʦʝ 

ʨʘʚʥʦʚʝʩʠʝ ʩʦʛʣʘʩʥʦ ʠʟʤʝʥʝʥʠʶ ʵʥʝʨʛʦ-ʵʣʝʤʝʥʪʦ-ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ɺʩʝʣʝʥʥʦʡ  

 

 ʅʘ ʨʠʩ.13 ʧʨʝʜʩʪʘʚʣʝʥʦ ʮʠʢʣʠʯʝʩʢʦʝ ʠʟʤʝʥʝ-

ʥʠʝ ʵʥʝʨʛʦ-ʵʣʝʤʝʥʪʦ-ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʧʨʦʠʩʭʦʜʷʱʝʝ ʚ ʪʝʯʝʥʠʝ 

ʚʨʝʤʝʥʠ, ʩʦʠʟʤʝʨʠʤʦʛʦ ʩ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ ʩʫ-

ʱʝʩʪʚʦʚʘʥʠʷ ʩʤʝʥʷʶʱʠʭ ʜʨʫʛ ʜʨʫʛʘ ʥʝʩʢʦʣʴʢʠʭ 

ʧʦʢʦʣʝʥʠʡ ʙʠʦʩʠʩʪʝʤ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʩʣʝʜʫʝʪ ʛʦʚʦ-

ʨʠʪʴ ʦ ʚʳʨʘʚʥʠʚʘʥʠʠ ʨʘʚʥʦʚʝʩʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ 

ʢʘʞʜʦʤ ʠʟ ʧʦʢʦʣʝʥʠʡ ʩ ʧʦʩʪʝʧʝʥʥʳʤ ʧʝʨʝʭʦʜʦʤ ʦʪ 

ʵʥʝʨʛʦ-ʵʣʝʤʝʥʪʦ-ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ, ʧʨʠʩʫ-

ʱʠʭ ʩʠʩʪʝʤʝ 1, ʢ ʵʥʝʨʛʦ-ʵʣʝʤʝʥʪʦ-ʠʥʬʦʨʤʘʮʠʦʥ-

ʥʳʤ ʩʚʦʡʩʪʚʘʤ, ʧʨʠʩʫʱʠʤ ʩʠʩʪʝʤʘʤ 2, 3, 4, 5 ʧʫʪʝʤ 

ʩʤʝʥʳ ʧʦʢʦʣʝʥʠʡ ʚ ʛʘʨʤʦʥʠʠ ʩ ʠʟʤʝʥʷʶʱʠʤʠʩʷ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 

 ʄʥʦʛʦʦʙʨʘʟʠʝʤ ʚʦʟʤʦʞʥʳʭ ʚʘʨʠʘʥʪʦʚ 

ʵʥʝʨʛʦ-ʵʣʝʤʝʥʪʦ (H, C, O, N, P, S, Si) - ʠʥʬʦʨʤʘʮʠ-

ʦʥʥʳʭ ʩʦʧʨʷʞʝʥʠʡ, ʬʦʨʤʠʨʫʶʱʠʭʩʷ ʠ ʬʫʥʢʮʠʦʥʠ-

ʨʫʶʱʠʭ ʚ ʨʘʟʣʠʯʥʳʭ ʙʝʩʧʨʝʨʳʚʥʦ ʠʟʤʝʥʷʶʱʠʭʩʷ 

ʵʥʝʨʛʦ-ʵʣʝʤʝʥʪʦ-ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʫʩʣʦʚʠʷʭ ʦʢʨʫ-

ʞʘʶʱʝʡ ʩʨʝʜʳ, ʦʙʲʷʩʥʷʝʪʩʷ ʤʥʦʛʦʦʙʨʘʟʠʝ ʬʦʨʤ ʠ 

ʩʚʦʡʩʪʚ ʩʠʩʪʝʤ ʞʠʚʦʡ ʧʨʠʨʦʜʳ.  

ɾʠʟʥʴ ï ʵʥʝʨʛʦ-ʵʣʝʤʝʥʪʦ-ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ 

ʧʦʪʦʢ ʜʚʠʞʫʱʝʡʩʷ ɺʩʝʣʝʥʥʦʡ, ʢʦʪʦʨʳʡ ʚ ʦʧʨʝ-

ʜʝʣʝʥʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ ʚʨʝʤʝʥʠ (ʦʪ ʟʘʨʦʞʜʝ-

ʥʠʷ ʜʦ ʩʤʝʨʪʠ) ʧʨʦʷʚʣʷʝʪʩʷ ʢʘʢ ʠʥʜʠʚʠʜʫʘʣʴʥʘʷ 

ʙʠʦʩʠʩʪʝʤʘ (ʯʝʣʦʚʝʢ, ʥʘʧʨʠʤʝʨ).  

  

 ʄʦʞʥʦ ʛʦʚʦʨʠʪʴ ʦ ʪʦʤ, ʯʪʦ ʥʘʨʠʩʦʚʘʥʘ ʢʘʯʝ-

ʩʪʚʝʥʥʘʷ ʢʘʨʪʠʥʘ ʞʠʟʥʠ. ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʩʠʩʪʝʤ-

ʥʳʭ ʨʘʙʦʪ ʧʦ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʢʦʥʢʨʝʪʠʟʘʮʠʠ ʢʘʨ-

ʪʠʥʳ ʞʠʟʥʠ ʥʝʦʙʭʦʜʠʤʦ ʦʙʲʝʜʠʥʝʥʠʝ ʫʩʠʣʠʡ ʬʠ-

ʟʠʢʦʚ, ʭʠʤʠʢʦʚ, ʤʘʪʝʨʠʘʣʦʚʝʜʦʚ, ʙʠʦʣʦʛʦʚ, 

ʢʠʙʝʨʥʝʪʠʢʦʚ, ʧʣʘʥʝʪʦʣʦʛʦʚ, ʘʩʪʨʦʥʦʤʦʚ, ʩʦʮʠʦʣʦ-

ʛʦʚ, ʬʠʣʦʩʦʬʦʚ ʚ ʨʘʤʢʘʭ ʤʫʣʴʪʠʜʠʩʮʠʧʣʠʥʘʨʥʦʛʦ 

ʧʨʦʝʢʪʘ çɾʠʟʥʴ. ɼʚʠʞʝʥʠʝ ʵʥʝʨʛʦ-ʵʣʝʤʝʥʪʦ-ʠʥ-

ʬʦʨʤʘʮʠʦʥʥʦʛʦ ʝʜʠʥʩʪʚʘ ʤʘʪʝʨʠʠè. 

ʇʝʨʚʦʦʯʝʨʝʜʥʳʝ ʟʘʜʘʯʠ ʇʨʦʝʢʪʘ:  

-ʠʟʫʯʝʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʠʟʤʝʥʝʥʠʷ ʝʜʠʥ-

ʩʪʚʘ ʵʥʝʨʛʠʷ-ʵʣʝʤʝʥʪ-ʠʥʬʦʨʤʘʮʠʷ ʚ ʇʝʨʠʦʜʠʯʝ-

ʩʢʦʡ ʩʠʩʪʝʤʝ; 

- ʧʦʩʪʨʦʝʥʠʝ ʜʠʩʢʨʝʪʥʳʭ ʜʠʘʛʨʘʤʤ ʵʥʝʨʛʦ-

ʵʣʝʤʝʥʪʦ-ʠʥʬʦʨʤʘʮʠʦʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ï ʩʚʦʡʩʪʚʦ 

ʩʧʠʨʘʣʝʚʠʜʥʳʭ ʩʪʨʫʢʪʫʨ ʥʘ ʦʩʥʦʚʝ ʵʣʝʤʝʥʪʦʚ H, 

C, O, N, P, S, Si (ʜʦ-ɼʅʂ ʩʪʨʫʢʪʫʨʳ; ʬʠʟʠʯʝʩʢʠʝ ʩʠ-

ʩʪʝʤʳ); 

- ʫʩʪʘʥʦʚʣʝʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʧʨʦʮʝʩʩʘ ʠʟ-

ʤʝʥʝʥʠʷ ʵʥʝʨʛʦ-ʵʣʝʤʝʥʪʦ-ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʩʦʩʪʦ-

ʷʥʠʷ, ʘ ʟʥʘʯʠʪ ʠ ʩʚʦʡʩʪʚ, ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʝ ʙʠʦʛʝʥ-

ʥʳʭ ʵʣʝʤʝʥʪʦʚ H, C, O, N, P, S, Si (ʩʧʠʨʘʣʴʥʘʷ ɼʅʂ 

ʩʪʨʫʢʪʫʨʘ, ʢʣʝʪʢʘ, ʦʨʛʘʥʠʟʤ; ʙʠʦʩʠʩʪʝʤʳ);  

- ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʢʦʥʢʨʝʪʠʟʘ-

ʮʠʷ ʫʨʘʚʥʝʥʠʷ ɾʠʟʥʠ ï ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʵʥʝʨʛʦ-ʵʣʝ-

ʤʝʥʪʦ-ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʮʠʢʣʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ 

ʬʦʨʤʠʨʦʚʘʥʠʷ, ʨʘʟʚʠʪʠʷ, ʵʚʦʣʶʮʠʠ ʩʧʠʨʘʣʝʚʠʜ-

ʥʳʭ ʩʪʨʫʢʪʫʨ ʅ, ʨ-ʵʣʝʤʝʥʪʦʚ ʚ ʧʨʦʰʣʦʤ, ʥʘʩʪʦʷ-

ʱʝʤ, ʙʫʜʫʱʝʤ ʚʨʝʤʝʥʠ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ɺʩʝʣʝʥʥʦʡ. 

ɺʳʚʦʜʳ  

 1. ʇʦʢʘʟʘʥʘ ʚʘʞʥʘʷ ʨʦʣʴ ʠʥʬʦʨʤʘʮʠʠ ʢʘʢ 

ʥʝʦʪʲʝʤʣʝʤʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ (ʥʘʨʷʜʫ ʩ ʚʝʱʝʩʪʚʦʤ 

ʠ ʵʥʝʨʛʠʝʡ) ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʩʪʝʤ, ʢʘʯʝʩʪʚʝʥʥʳʝ ʠ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʢʦʪʦʨʦʡ ʥʘʜʦ ʫʯʠʪʳ-

ʚʘʪʴ ʜʣʷ ʧʦʣʥʦʛʦ ʧʦʟʥʘʥʠʷ ʠ ʦʧʠʩʘʥʠʷ ʩʚʦʡʩʪʚ ʤʘ-

ʪʝʨʠʘʣʴʥʳʭ ʩʠʩʪʝʤ, ʦʩʦʙʝʥʥʦ ʙʠʦʩʠʩʪʝʤ. 

 2. ʈʘʟʨʘʙʦʪʘʥʦ (ʝʜʠʥʦʝ ʜʣʷ ʬʠʟʠʯʝʩʢʠʭ ʠ ʙʠʦ-

ʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤ) ʧʦʥʷʪʠʝ ʵʥʝʨʛʦ-ʵʣʝʤʝʥʪʦ-ʠʥ-

ʬʦʨʤʘʮʠʦʥʥʦʡ ʬʫʥʢʮʠʠ ʩʦʩʪʦʷʥʠʷ f (ɽ,ʕ,I) ʤʘʪʝ-

ʨʠʠ ( ʥʘʥʦõʤʝʛʘ ʫʨʦʚʝʥʴ).  

 3. ʋʩʪʘʥʦʚʣʝʥʳ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠ ʦʪʢʨʳʪʘ 

ʚʦʟʤʦʞʥʦʩʪʴ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ɾʠʟʥʠ, ʢʘʢ ʝʩʪʝʩʪʚʝʥ-

ʥʦʛʦ ʷʚʣʝʥʠʷ, ʢʦʪʦʨʦʝ ʦʨʛʘʥʠʟʦʚʘʥʦ ʜʚʠʞʫʱʠʤʩʷ ʚ 
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ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ ʚʨʝʤʝʥʠ ɻ ʥʝʨʛʦ-ʵʣʝʤʝʥʪʦ-ʠʥʬʦʨʤʘ-

ʮʠʦʥʥʳʤ ʪʨʠʝʜʠʥʩʪʚʦʤ ɺʩʝʣʝʥʥʦʡ. 
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ʋɼʂ 378.1+378.096 

ʃʝʙʝʜʴ-ɺʝʣʠʢʘʥʦʚʘ ɽ.ɽ. 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ  

ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ  

ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʄ. ʊʘʥʢʘ,  

ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

 

ʈɸɿɺʀʊʀɽ ʂʆʄʄʋʅʀʂɸʊʀɺʅʆʁ ʂʆʄʇɽʊɽʅʊʅʆʉʊʀ ɹʋɼʋʑʀʍ ʀʅʉʊʈʋʂʊʆʈʆɺ-

ʄɽʊʆɼʀʉʊʆɺ ʇʆ ʕʈɻʆʊɽʈɸʇʀʀ  

 

ʎʝʣʴʶ ʥʘʫʯʥʦʡ ʩʪʘʪʴʠ ʷʚʣʷʝʪʩʷ ʨʘʩʩʤʦʪʨʝʥʠʝ 

ʧʨʦʙʣʝʤʳ ʨʘʟʚʠʪʠʷ ʢʦʤʤʫʥʠʢʘʪʠʚʥʦʡ ʢʦʤʧʝʪʝʥʪ-

ʥʦʩʪʠ ʙʫʜʫʱʠʭ ʠʥʩʪʨʫʢʪʦʨʦʚ-ʤʝʪʦʜʠʩʪʦʚ ʧʦ ʵʨʛʦ-

ʪʝʨʘʧʠʠ.  

ʇʦ ʤʥʝʥʠʶ ʨʷʜʘ ʫʯʝʥʳʭ (ʉ.ʇ. ɽʚʩʝʝʚ, ʃ.ɺ. 

ʐʘʧʢʦʚʘ, ʊ.ɺ. ʌʝʜʦʨʦʚʘ, 1996; ɺ.ɺ. ʂʫʟʠʥ, ɺ.ʀ. 

ʉʪʦʣʷʨʦʚ, 1999; ʊ.ɼ. ʇʦʣʷʢʦʚʘ, ʄ.ɼ. ʇʘʥʢʦʚʘ, 1995 

ï 2008), ʘʢʪʫʘʣʴʥʦʩʪʴ ʚʦʧʨʦʩʘ ʦ ʥʦʚʳʭ ʩʧʝʮʠʘʣʴʥʦ-

ʩʪʷʭ ʠ ʩʧʝʮʠʘʣʠʟʘʮʠʷʭ ʚ ʩʬʝʨʝ ʬʠʟʠʯʝʩʢʦʡ ʢʫʣʴ-

ʪʫʨʳ ʠ ʩʧʦʨʪʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʷʜʦʤ ʦʙʩʪʦʷʪʝʣʴʩʪʚ. 

ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʷʚʣʷʝʪʩʷ ʧʨʦʙʣʝʤʘ ʢʦʥʢʫʨʝʥʪʦ-

ʩʧʦʩʦʙʥʦʩʪʠ ʠ ʘʜʘʧʪʘʮʠʠ ʩʧʝʮʠʘʣʠʩʪʦʚ ʚ ʫʩʣʦʚʠʷʭ 

ʨʳʥʦʯʥʦʡ ʵʢʦʥʦʤʠʢʠ. ʆʪ ʩʧʝʮʠʘʣʠʩʪʦʚ ʪʨʝʙʫʝʪʩʷ 

ʚʳʩʦʢʠʡ ʧʨʦʬʝʩʩʠʦʥʘʣʠʟʤ, ʢʦʤʧʝʪʝʥʪʥʦʩʪʴ ʚ ʦʧʨʝ-

ʜʝʣʝʥʥʦʡ ʧʨʦʬʝʩʩʠʠ, ʤʥʦʛʦʦʙʨʘʟʠʝ ʩʤʝʞʥʳʭ ʧʨʦ-

ʬʝʩʩʠʦʥʘʣʴʥʳʭ ʥʘʚʳʢʦʚ, ʙʦʛʘʪʳʡ ʥʘʙʦʨ ʜʦʩʪʘ-

ʪʦʯʥʦ ʨʘʟʚʠʪʳʭ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʩʧʦʩʦʙʥʦʩʪʝʡ, 

ʨʘʟʥʦʩʪʦʨʦʥʥʝʝ ʨʘʟʚʠʪʠʝ. ʆʩʥʦʚʥʳʤ ʷʚʣʷʝʪʩʷ ʩʦ-

ʛʣʘʩʦʚʘʥʠʝ ʧʦʜʛʦʪʦʚʢʠ ʩʧʝʮʠʘʣʠʩʪʦʚ ʜʣʷ ʨʘʙʦʪʳ ʩ 

ʠʥʚʘʣʠʜʘʤʠ ʩ ʥʘʮʠʦʥʘʣʴʥʳʤʠ ʧʨʠʦʨʠʪʝʪʘʤʠ ʪʦʡ 

ʠʣʠ ʠʥʦʡ ʩʪʨʘʥʳ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ 

[2, ʩ. 15]. ɿʘ ʨʫʙʝʞʦʤ ʵʨʛʦʪʝʨʘʧʠʷ ʧʦʣʫʯʠʣʘ ʟʥʘʯʠ-

ʪʝʣʴʥʦʝ ʨʘʟʚʠʪʠʝ ʠ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ, ʟʘʥʠʤʘʷ 

ʜʦʩʪʦʡʥʦʝ ʤʝʩʪʦ ʚ ʦʙʱʝʤ ʧʨʦʮʝʩʩʝ ʤʝʜʠʮʠʥʩʢʦʡ 

ʨʝʘʙʠʣʠʪʘʮʠʠ ʙʦʣʴʥʦʛʦ ʠ ʠʥʚʘʣʠʜʘ [3, ʩ. 220].  

ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʢʦʤʤʫʥʠʢʘʪʠʚʥʦʡ ʢʦʤ-

ʧʝʪʝʥʪʥʦʩʪʠ ʩʪʫʜʝʥʪʦʚ ʦʧʨʝʜʝʣʷʶʪʩʷ ʠʩʩʣʝʜʦʚʘʪʝ-

ʣʷʤʠ (ʄ. ʅ. ɺʷʪʶʪʥʝʚ, ʀ. ɸ. ɿʠʤʥʷʷ, ɸ. ʅ. ʃʝʦʥ-

ʪʴʝʚ, ɸ. ɸ. ʃʝʦʥʪʴʝʚ, ʅ. ɺ. ʂʫʟʴʤʠʥʘ, ʄ. ɺ. ʄʘʟʦ) 

ʢʘʢ ʩʧʦʩʦʙʥʦʩʪʴ ʦʩʫʱʝʩʪʚʣʷʪʴ ʨʝʯʝʚʫʶ ʜʝʷʪʝʣʴ-

ʥʦʩʪʴ, ʨʝʘʣʠʟʘʮʠʷ ʢʦʤʤʫʥʠʢʘʪʠʚʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʥʘ 

ʦʩʥʦʚʝ ʩʠʩʪʝʤʳ ʢʦʤʧʦʥʝʥʪʦʚ: ʤʦʪʠʚʘʮʠʦʥʥʦʛʦ (ʨʝ-

ʯʝʚʦʝ ʧʦʚʝʜʝʥʠʝ), ʢʦʛʥʠʪʠʚʥʦʛʦ (ʟʥʘʥʠʷ), ʦʧʝʨʘ-

ʪʠʚʥʦʛʦ (ʧʨʝʦʜʦʣʝʥʠʝ ʧʨʦʪʠʚʦʨʝʯʠʡ, ʧʨʝʜʧʠʩʘʥ-

ʥʳʭ ʩʦʜʝʨʞʘʥʠʝʤ ʦʙʫʯʝʥʠʷ) [1, ʩ. 56]. 

ɺʘʞʥʦ, ʨʘʩʩʤʘʪʨʠʚʘʷ ʧʨʦʙʣʝʤʫ ʨʘʟʚʠʪʠʷ ʢʦʤ-

ʤʫʥʠʢʘʪʠʚʥʦʡ ʢʦʤʧʝʪʝʥʪʥʦʩʪʠ ʙʫʜʫʱʠʭ ʠʥʩʪʨʫʢ-

ʪʦʨʦʚ-ʤʝʪʦʜʠʩʪʦʚ ʧʦ ʵʨʛʦʪʝʨʘʧʠʠ ʜʘʪʴ ʩʘʤʦ ʦʧʨʝ-

ʜʝʣʝʥʠʝ çʠʥʩʪʨʫʢʪʦʨ-ʤʝʪʦʜʠʩʪ ʧʦ ʵʨʛʦʪʝʨʘʧʠʠè.  

ʀʥʩʪʨʫʢʪʦʨ-ʤʝʪʦʜʠʩʪ ʧʦ ʵʨʛʦʪʝʨʘʧʠʠ ï ʵʪʦ 

ʩʧʝʮʠʘʣʠʩʪ, ʠʤʝʶʱʠʡ ʩʨʝʜʥʝʝ ʩʧʝʮʠʘʣʴʥʦʝ ʤʝʜʠ-

ʮʠʥʩʢʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʠ ʚʳʩʰʝʝ ʬʠʟʢʫʣʴʪʫʨʥʦʝ ʦʙ-

ʨʘʟʦʚʘʥʠʝ, ʘ ʪʘʢʞʝ ʚʣʘʜʝʶʱʠʡ ʟʥʘʥʠʷʤʠ ʠ ʫʤʝʥʠ-

ʷʤʠ ʧʦ ʨʝʘʜʘʧʪʘʮʠʠ ʠʥʚʘʣʠʜʘ ʢ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ 

ʠ ʧʨʠʟʚʘʥʥʳʡ ʚʦʚʣʝʯʴ ʧʘʮʠʝʥʪʘ ʚ ʘʢʪʠʚʥʫʶ ʜʝʷ-

ʪʝʣʴʥʦʩʪʴ ʩ ʮʝʣʴʶ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠ ʤʘʢʩʠʤʘʣʴ-

ʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʚʦʟʤʦʞ-

ʥʦʩʪʝʡ, ʦʪʚʝʯʘʶʱʫʶ ʟʘʜʘʯʘʤ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʠʭ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ, ʦʙʱʝʩʪʚʝʥʥʦʡ, ʣʠʯʥʦʡ ʠ ʭʦʟʷʡ-

ʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʥʷʪʠʶ 

çʞʠʪʴ ʧʦʣʥʦʮʝʥʥʦʡ ʞʠʟʥʴʶè. 

ʅʝʜʦʩʪʘʪʦʯʥʘʷ ʠʟʫʯʝʥʥʦʩʪʴ ʧʩʠʭʦʣʦʛʦ-ʧʝʜʘʛʦ-

ʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʨʘʟʚʠʪʠʷ ʢʦʤʤʫʥʠʢʘʪʠʚʥʦʡ ʢʦʤ-

ʧʝʪʝʥʪʥʦʩʪʠ ʚ ʧʨʦʮʝʩʩʝ ʦʙʫʯʝʥʠʷ ʫ ʙʫʜʫʱʠʭ ʠʥ-

ʩʪʨʫʢʪʦʨʦʚ-ʤʝʪʦʜʠʩʪʦʚ ʧʦ ʵʨʛʦʪʝʨʘʧʠʠ, ʦʩʦʙʝʥʥʦ-

ʩʪʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʣʶʜʴʤʠ, ʠʤʝʶʱʠʤʠ 

ʦʛʨʘʥʠʯʝʥʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ, ʛʜʝ ʦʪ ʨʘʟʚʠʪʠʷ ʢʦʤ-

ʤʫʥʠʢʘʪʠʚʥʦʡ ʢʦʤʧʝʪʝʥʪʥʦʩʪʠ ʤʦʞʝʪ ʟʘʚʠʩʝʪʴ ʥʝ 

ʪʦʣʴʢʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʣʶʜʴʤʠ ʩ 

ʦʛʨʘʥʠʯʝʥʥʳʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ, ʥʦ ʠ ʩʘʤ ʧʨʦʮʝʩʩ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʣʶʜʝʡ, ʠʤʝʶʱʠʭ ʠʥʚʘʣʠʜʠʟʠʨʫʶ-

ʱʠʝ ʧʦʩʣʝʜʩʪʚʠʷ ʙʦʣʝʟʥʠ ʧʦʙʫʜʠʣʦ ʥʘʩ ʢ ʨʘʟʨʘ-

ʙʦʪʢʝ ʧʨʦʛʨʘʤʤʳ ʦʙʫʯʘʶʱʠʭ ʢʫʨʩʦʚ çʈʘʟʚʠʪʠʝ 

ʢʦʤʤʫʥʠʢʘʪʠʚʥʦʡ ʢʦʤʧʝʪʝʥʪʥʦʩʪʠ ʙʫʜʫʱʠʭ ʠʥ-

ʩʪʨʫʢʪʦʨʦʚ-ʤʝʪʦʜʠʩʪʦʚ ʧʦ ʵʨʛʦʪʝʨʘʧʠʠè, ʨʘʩʩʯʠ-

ʪʘʥʥʦʡ ʥʘ 36 ʯʘʩʦʚ, ʧʨʦʚʦʜʠʚʰʝʡʩʷ ʚ ʋʆ çʇʦʣʝʩ-

ʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè ʛ. ʇʠʥʩʢ, 

ʫʯʝʙʥʦ-ʪʝʤʘʪʠʯʝʩʢʠʡ ʧʣʘʥ ʧʨʦʛʨʘʤʤʳ ʧʨʝʜʩʪʘʚʣʝʥ 

ʚ ʪʘʙʣʠʮʝ 1.  
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ʊʘʙʣʠʮʘ 1. ï ʋʯʝʙʥʦ-ʪʝʤʘʪʠʯʝʩʢʠʡ ʧʣʘʥ ʦʙʫʯʘʶʱʠʭ ʢʫʨʩʦʚ 

ʅʘʟʚʘʥʠʷ ʨʘʟʜʝʣʦʚ ʠ ʪʝʤ (ʜʠʩʮʠʧʣʠʥ) 

ʂʦʣʠʯʝʩʪʚʦ ʫʯʝʙʥʳʭ ʯʘʩʦʚ 

ɺ
ʩ
ʝ
ʛ
ʦ

 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ 

ʧʦ ʚʠʜʘʤ ʟʘʥʷʪʠʡ 

ʃ
ʝ
ʢ
ʮ
ʠ
ʦ
ʥ
ʥ
ʳ
ʝ
 
ʟ
ʘ
-

ʥ
ʷ
ʪ
ʠ
ʷ

 

ʇ
ʨ
ʘ
ʢ
ʪ
ʠ
ʯ
ʝ
ʩ
ʢ
ʠ
ʝ

 

ʟ
ʘ
ʥ
ʷ
ʪ
ʠ
ʷ

 

1 2 3 4 

1 ʆʩʥʦʚʳ ʪʝʦʨʠʠ ʢʦʤʤʫʥʠʢʘʮʠʠ 2 2  

2 ʆʙʲʝʢʪ, ʧʨʝʜʤʝʪ ʦʩʥʦʚ ʪʝʦʨʠʠ ʜʠʩʮʠʧʣʠʥ òʕʨʛʦʪʝʨʘʧʠʷ ʧʨʠ ʦʩʥʦʚ-

ʥʳʭ ʠʥʚʘʣʠʜʠʟʠʨʫʶʱʠʭ ʧʘʪʦʣʦʛʠʷʭ ñ ʠ òʕʨʛʦʪʝʨʘʧʠʷ ʚ ʧʝʜʠʘʪʨʠʠñ 
2 2  

3 ʕʪʠʢʘ ʦʙʱʝʥʠʷ ʩ ʣʶʜʴʤʠ ʩ ʦʛʨʘʥʠʯʝʥʥʳʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ 2 2  

4 ʄʝʪʦʜʠʢʠ ʨʘʟʚʠʪʠʷ ʢʦʤʤʫʥʠʢʘʪʠʚʥʳʭ ʢʦʤʧʝʪʝʥʮʠʡ ʙʫʜʫʱʠʭ ʠʥ-
ʩʪʨʫʢʪʦʨʦʚ-ʤʝʪʦʜʠʩʪʦʚ ʧʦ ʵʨʛʦʪʝʨʘʧʠʠ 

30  30 

4.1 ʄʝʪʦʜʠʢʘ ʨʘʟʚʠʪʠʷ ʥʝʚʝʨʙʘʣʴʥʦʡ ʢʦʤʤʫʥʠʢʘʮʠʠ ʠʥʩʪʨʫʢʪʦʨʘ-ʤʝ-

ʪʦʜʠʩʪʘ ʧʦ ʵʨʛʦʪʝʨʘʧʠʠ 
4  4 

4.2 ʄʝʪʦʜʠʢʘ ʨʘʟʚʠʪʠʷ ʚʝʨʙʘʣʴʥʦʡ ʢʦʤʤʫʥʠʢʘʮʠʠ ʠʥʩʪʨʫʢʪʦʨʘ-ʤʝʪʦ-

ʜʠʩʪʘ ʧʦ ʵʨʛʦʪʝʨʘʧʠʠ 
8  8 

4.3 ʄʝʪʦʜʠʢʘ ʨʘʟʚʠʪʠʷ ʢʦʤʤʫʥʠʢʘʪʠʚʥʳʭ ʠʥʪʝʥʮʠʡ ʠʥʩʪʨʫʢʪʦʨʘ-ʤʝʪʦ-

ʜʠʩʪʘ ʧʦ ʵʨʛʦʪʝʨʘʧʠʠ 
2  2 

4.4 ʄʝʪʦʜʠʢʘ ʨʘʟʚʠʪʠʷ ʚʟʘʠʤʥʦʡ ʢʦʤʤʫʥʠʢʘʮʠʠ ʠʥʩʪʨʫʢʪʦʨʘ-ʤʝʪʦʜʠ-

ʩʪʘ ʧʦ ʵʨʛʦʪʝʨʘʧʠʠ 
2  2 

4.5 ʄʝʪʦʜʠʢʘ ʨʘʟʚʠʪʠʷ ʢʦʤʤʫʥʠʢʘʮʠʠ ʨʘʜʠ ʦʙʱʝʥʠʷ ʠʥʩʪʨʫʢʪʦʨʘ-ʤʝ-

ʪʦʜʠʩʪʘ ʧʦ ʵʨʛʦʪʝʨʘʧʠʠ 
2  2 

4.6 ʄʝʪʦʜʠʢʘ ʨʘʟʚʠʪʠʷ ʩʦʮʠʘʣʴʥʦʡ ʢʦʤʤʫʥʠʢʘʮʠʠ ʠʥʩʪʨʫʢʪʦʨʘ-ʤʝʪʦ-

ʜʠʩʪʘ ʧʦ ʵʨʛʦʪʝʨʘʧʠ 
2  2 

4.7 ʄʝʪʦʜʠʢʘ ʨʘʟʚʠʪʠʷ ʬʠʢʪʠʚʥʦʡ ʢʦʤʤʫʥʠʢʘʮʠʠ ʠʥʩʪʨʫʢʪʦʨʘ-ʤʝʪʦʜʠ-

ʩʪʘ ʧʦ ʵʨʛʦʪʝʨʘʧʠʠ 
2  2 

4.8 ʄʝʪʦʜʠʢʘ ʨʘʟʚʠʪʠʷ ʵʢʩʧʨʝʩʩʠʚʥʦʡ ʢʦʤʤʫʥʠʢʘʮʠʠ ʠʥʩʪʨʫʢʪʦʨʘ-ʤʝ-

ʪʦʜʠʩʪʘ ʧʦ ʵʨʛʦʪʝʨʘʧʠʠ 
2  2 

4.9 ʄʝʪʦʜʠʢʘ ʨʘʟʚʠʪʠʷ ʢʦʤʤʫʥʠʢʘʮʠʠ ʣʠʮʦʤ ʢ ʣʠʮʫ ʠʥʩʪʨʫʢʪʦʨʘ-ʤʝʪʦ-

ʜʠʩʪʘ ʧʦ ʵʨʛʦʪʝʨʘʧʠʠ 
2  2 

4.10 ʄʝʪʦʜʠʢʘ ʨʘʟʚʠʪʠʷ ʢʦʤʤʫʥʠʢʘʪʠʚʥʦʡ ʪʦʣʝʨʘʥʪʥʦʩʪʠ ʠʥʩʪʨʫʢ-

ʪʦʨʘ-ʤʝʪʦʜʠʩʪʘ ʧʦ ʵʨʛʦʪʝʨʘʧʠʠ 
4  4 

ɺʉɽɻʆ 36 6 30 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʚʠʪʠʝ ʢʦʤʤʫʥʠʢʘʪʠʚʥʦʡ 

ʢʦʤʧʝʪʝʥʪʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʚʘʞʥʝʡʰʝʡ ʩʦʩʪʘʚʣʷʶ-

ʱʝʡ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʙʫʜʫʱʠʭ ʠʥʩʪʨʫʢ-

ʪʦʨʦʚ-ʤʝʪʦʜʠʩʪʦʚ ʧʦ ʵʨʛʦʪʝʨʘʧʠʠ. ʈʘʟʚʠʪʠʝ ʢʦʤʤʫ-

ʥʠʢʘʪʠʚʥʦʡ ʢʦʤʧʝʪʝʥʪʥʦʩʪʠ ʙʫʜʫʱʠʭ ʠʥʩʪʨʫʢʪʦ-

ʨʦʚ-ʤʝʪʦʜʠʩʪʦʚ ʧʦ ʵʨʛʦʪʝʨʘʧʠʠ ʧʦʟʚʦʣʠʪ ʫʣʫʯʰʠʪʴ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʙʫ-

ʜʫʱʠʭ ʠʥʩʪʨʫʢʪʦʨʦʚ-ʤʝʪʦʜʠʩʪʦʚ ʧʦ ʵʨʛʦʪʝʨʘʧʠʠ, ʘ 

ʪʘʢʞʝ ʧʦʚʳʩʠʪʴ ʢʘʯʝʩʪʚʦ ʦʙʱʝʥʠʷ ʩ ʣʶʜʴʤʠ ʩ ʦʛʨʘ-

ʥʠʯʝʥʥʳʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ, ʪʘʢ ʢʘʢ ʧʨʠ ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʠʠ ʩ ʥʠʤʠ ʤʦʛʫʪ ʚʦʟʥʠʢʘʪʴ ʪʨʫʜʥʦʩʪʠ ʚ ʦʙ-

ʤʝʥʝ ʠ ʧʦʣʫʯʝʥʠʠ ʠʥʬʦʨʤʘʮʠʠ. 
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"EXTRA KNOWLEDGE" IN THE EDUCATIONAL PROCESS  

 

Abstract: In this article the essence of concept of "extra knowledge" in the educational process. Special 

attention is paid to the educational process. The proposed material can be of interest to social workers and teachers. 
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The education system is one of the most conserva-

tive social institutions of culture. The origins of the for-

mation are formed in two stages, between which there 

is a change - on the one hand, education, on the other 

hand, the lack of education as a positive factor culture. 

"Ignorance is better than false knowledge," said Nico-

las Boileau. Knowledge, also false, is superfluous, as 

he wrote J. J. Rousseau, speaking against the "conta-

gion of superfluous knowledge". In education we need 

to distinguish between two completely different sides: 

morality and gentility. 

Aristocracy in the context of educational activities 

is understood as a manner of behavior and way of think-

ing. Historically, the aristocracy is associated with the 

cultural Institute of "nobility" that exists in any society 

and at all stages of culture. Gentility is not a natural 

phenomenon, it is given an adequate education. N.. 

Berdiaev used the term "natural aristocracy" is not his 

offspring nature, but in the sense of its universal im-

portance, not reducible to class gentility.  

Socio-cultural relationship between education and 

training presented the results of the research of K. D. 

Ushinsky. Visiting England, Germany and France. K. 

D. Ushinsky noted that in England the priority system 

of educational institutions is allocated to education, as 

it is assumed that educated people can't afford to be un-

educated. In educational institutions of Germany, edu-

cation does not pay special attention, and emphasis is 

placed on education, that is, the systematic scientific 

knowledge. Another educational goal, as pointed out by 

Ushinsky, are educational institutions of France. For 

the French neither knowledge nor education is not an 

end in itself. The French believe that graduate training 

institutions should be distinguished gallantry of con-

duct in communication with educated people, that is, 

the ability to Express their thoughts and feelings with 

language literary works and have General scientific 

competence. 

Martin Heidegger interpreted the word existenz as 

ek-sisteo, "you are a go". He wrote that the person does 

not fit the mode of construction of the object, it "acts", 

acts beyond the system takes the initiative. The national 

doctrine of England, Germany and France, described 

by K. D. Ushinsky, took place for existence in the form 

of free self-education, self-education, improvisation.  

Meanwhile, humanistic pedagogy can not give up 

the integrity of the person. The question about what 

methods to her to come into the education system, and 

what methods should be avoided. In medicine there is 

an ancient principle "do no harm", which begins punch-

ing the road and in pedagogy. The problem of harm 

from the pedagogical practice is not new in the history 

of culture, however, the pedagogy it is obviously not 

enough. "There are so many I have seen in my lifetime 

that have been brought to perfect stupidity immoderate 

thirst for knowledge," wrote Montaigne. "Harm, we 

bring science to the people, - said I. Kant, consists 

mainly in the fact that the vast majority of those who 

wants it to be, and achieve not the improvement of his 

mind, but only its perversion". "People who read a lot 

rarely make great discoveries," said G. Lichtenberg. 

"Wise knows what to do and where has knowledge; stu-

pid is wrong and what he studied," thought John Dam-

ascene. "The abundance of knowledge the mind is not 

in response to," the famous saying of Heraclitus. 

Acutely aware of the harm of current practices educa-

tion, training L. N. Tolstoy: "the University trains not 

such men, what do people need and some need bad so-

ciety" (Leo Tolstoy. Pedagogical works. M.,1989. 

P.224). "This happens in our world is an amazing phe-

nomenon that humans are considered to be the most ed-

ucated among us". 

In one of the first works of the young Professor of 

classical Philology Friedrich Nietzsche "On the use and 

harm of history for life" raises the question not only 

about benefits but also about the harmfulness of the 

course "History," however, the question can be ex-

tended to the harmfulness of knowledge in any section 

of education. The habit of methodical commissions to 

review the curricula of educational institutions solely 

from the perspective of the intended use leads to hap-

hazard overcrowding programs with unnecessary 

knowledge. As said by P. Beaumarchais, "a wise man 

makes no sense to listen to everything he SAC guess". 

Knowledge may be "extra" in many ways. The 

knowledge accumulated as a treasure which will not 

leave even when they are they are claimed for the case. 

Particularly noteworthy is the situation when the 

knowledge is given without the scope of their use and 

non-use.  

The problem of improving the quality of education 

cannot be solved without thorough analysis of the "ex-

tra knowledge" when building training course. And in 

that case, if the term is of key importance through the 

whole course, he may be subject to its logical definition 

and lighting "biography" of the term. The science terms 

have their own history, often have the authorship and 

boundaries of the application. The teacher should feel a 

personal responsibility for every single term. The same 

requirement applies to dates and names. Any teacher is 

obliged to know the history of their science and know 

it in the context of history and biographies. 

One of the criteria for "useful knowledge" is the 

possibility of cultural (including household and casual) 
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application. And the more culturally involved is the 

knowledge, the more it needs education.  

The problem of excess and false knowledge is dra-

matically exacerbated when we are talking about adult 

education. If young people are still able to rely on a 

"knowledge reserve" or fix the floor-about abstractions, 

while adults receive unnecessary knowledge is a direct 

waste of life force. The period of maturity is not the best 

period of life to study. Ideology of psychological re-

search focused on adult education, took such a view: 

the young pros, and adults - their own.  

The basis of constructing a model of adult educa-

tion based on the idea that the willingness or unwilling-

ness of the adult further education is determined by the 

mental States which immediately precede and accom-

pany the educational process. Every mental state has a 

complex and sophisticated organization, but it is avail-

able pedagogical influence and control. In the aspect of 

management models of teaching (adragogical) impact 

on the mental state of an adult there is reason to divide 

mental States into two groups: negative (profane; the 

oppressed; stress-neustoichivye) and positive (entuzja-

stycznie; svobodnovihrevye; stress-resistant). The 

model of adult education involves the idea of psycho-

somatic correlation of the mental state with the human 

body in its spatio-temporal orientation. As a method of 

correction of psychosomatic adult human in terms of 

cognitive readiness for the new education considers the 

reactivation of the culture. 

The research approach to the motivation of adults 

in education founded the idea that the unconscious 

complex aimed at adult evasion from any difficulty as-

sociated with continued education. Therefore, peda-

gogical (adragogical) efforts to develop the adult moti-

vation for continuing education should take into ac-

count not only the conscious factors (interest, need, 

benefit), but unconscious, and with the opposite sign. 

The logic of research requires terminological clearance 

discovered the unconscious complex of adult evasion 

from any difficulty that is associated with the for-

mation, identifying the conditions for the formation of 

this complex and the methods of its overcoming by 

means adragogical impact. 

Thus, the removal of ekzistentsionalny of the na-

tional doctrine of education leads to the relativity of 

manners and education, to conform and to absolve 

themselves of responsibility for what is responsible the 

school. Pedagogy of the Russian Association of educa-

tion tried to achieve integrity of the person, whereas the 

eclecticism of summation lead to the opposite result: 

knowledge - separately, behavior separately.  
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Abstract: The purpose of the study was to determine the conditions of thinking skills development of 6 years 

old children. The results of the study show that the regular lessons based on the program ñIntellectiʩaò promote 

the development of thinking skills of 6 years old children.  
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INTRODUCTION  

Determining the conditions of the development of 

thinking in primary school is an important problem of 

developmental psychology. One of the directions in 

solving this problem is the teaching thinking. The con-

tent of the research in this direction is outlined in the 

overview monographs (e.g. Adey, P., 2008; Wegerif, 

R., Li Li, Kaufman, J. C.,2015.; Nisbett, R. E., et al., 

2012) and many modern empirical studies. Their con-

tent indicates that the basic approaches to teaching 

thinking are associated with the development of general 

forms of thinking: critical (e.g. Black, B.,2012) and cre-

ative (e.g. Newton, L.D.,2013), special forms of think-

ing in the lessons of mathematics (e.g. Shayer, M., & 

Adhami, M., 2007) and language (e.g. Dawes, L., Mer-

cer, N., & Wegerif, R., 2004), combinations of forms 

of thinking (e.g. Puchta, H. and Williams, M., 2011). 

In our study, the approach is realized, according to 

which the condition for the development of thinking 

skills is the solving by children of non-standard prob-

lems of non-curricular content (Zak A. Z., 2004).The 

purpose of the study was to determine the conditions 

for the development of thinking skills of 6 years old 

children. It was assumed that conducting lessons on the 

author's program ñIntellectiʩaò (Zak, A. Z., 2002a, 

2002b) may act as such a condition. This assumption is 

based on the actions of children in individual experi-

ments, where the problems from the program ñIntel-

lectiʩaò were solved. 

 

Materials and Methods 

The study included three stages: at the first stage, 

two groups of children (control and experimental) 

solved the problems of the test to determine thinking 

skills; on the second stage, 30 lessons in group form 

were held during the school year (one lesson per week) 

according to the program ñIntellectiʩaò for 6 years old 

children (Zak ɸ.Z., 2002a, 2002b); on the third stage, 

the children of both groups re-solved the problems of 

the test. The study involved of: a control group ï 127 

children, an experimental group ï131. 

The "Intellectica" program is designed to conduct 

30 lessons on the basis of 30 types of non-standard 

problems with non-curricular content: 9 narrative infer-

ence problems (narrative-logical problems), 6 compar-

isons of schematic object representations (comparative 

problems), 6 spatial problems, 9 problems that involve 

movement according to specific rules (route problems). 

These problems contribute to the development of 

thinking skills. Narrative-logical problems contribute 

to the development of reasoning skills, comparative 

problems ð of comparison skills, spatial problems ð 

of planning skills, route problems ð of combination 

skills. During each lesson the children solve problems 

of one type. 

2.1. Contents of the çIntellecticaè program 

Lesson 1: route problems (type 1). Lesson 2: nar-

rative-logical problems (type 1). Lesson 3: spatial prob-

lems (type 1). Lesson 4: route problems (type 2). Les-

son 5: comparative problems (type 1). Lesson 6: narra-

tive-logical problems (type 2). Lesson 7: spatial 

problems (type 2). Lesson 8: route problems (type 3). 

Lesson 9: narrative-logical problems (type 3). Lesson 

10: comparative problems (type 2). Lesson 11: spatial 

problems (type 3). Lesson 12: route problems (type 4). 

Lesson 13: narrative-logical problems (type 4). Lesson 

14: spatial problems (type 4). Lesson 15: comparative 

problems (type 3). Lesson 16: route problems (type 5). 

Lesson 17: narrative-logical problems (type 5). Lesson 

18: spatial problems (type 5). Lesson 19: route prob-

lems (type 6). Lesson 20: comparative problems (type 

4). Lesson 21: narrative-logical problems (type 6). Les-

son 22: route problems (type 7). Lesson 23: spatial 

problems (type 6). Lesson 24: narrative-logical prob-

lems (type 7). Lesson 25: comparative problems (type 

5). Lesson 26: route problems (type 8). Lesson 27: nar-

rative-logical problems (type 8). Lesson 28: route prob-

lems (type 9). Lesson 29: comparative problems (type 

6). Lesson 30: narrative-logical problems (type 9). 

2.2. Narrative-logical problems 

9 types of narrative-logical problems are as fol-

lows: 

Type 1, e.g.: ñDon, Li and Bob swam across the 

river. Don swam faster than Li. Li swam faster than 

Bob. Who swam faster than everyone else?ò 

Type 2, e.g.: ñThe words HE, HI, DI are of differ-

ent colors. Blue and pink words have the same first let-

ter, pink and red ï the same second letter. Which word 

is blue?ò 
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Type 3, e.g.: ñAnn and Lo are of different ages. 

After many years, Ann will be a little older than Lo is 

now. Who is the younger one of the girls?ò  

Type 4, e.g.: ñPat, Amy and Sue sent letters: two 

to Ufa, one to Bor. Pat and Amy, as well as Amy and 

Sue sent letters to different cities. Where did Pat send 

her letter?ò 

Type 5, e.g.: ñThree words were written with blue, 

red and gray paint: SO BE GO. The blue word is to the 

left of the red, and the gray is to the right of red. What 

color is the word BE?ò 

Type 6, e.g.: ñDi and Ka had cubes with letters. 

First, Di composed the word POT. Then he moved the 

letters and it became TOP. Ka first composed the word 

ERA, and then moved the letters, in a way identical to 

Di's. What word did Ka get?ò 

Type 7, e.g.: ñThere are three cats ï gray, white 

and black: one is in the room, one in the hall, one in the 

attic. In the morning either the black cat, or the cat in 

the attic was fed, in the evening ï either the one in the 

attic, or the white cat was fed. Where was the gray cat?ò 

Type 8, e.g.: ñIda, Eva and Ana were each given a 

doll. One doll was in a red dress with long sleeves, the 

other oneï in a red dress with short sleeves, the third one 

ï in a green dress with long sleeves. The dresses of Ida's 

and Eva's dolls were of the same color, and Eva's and 

Ana's dolls had dresses with the same sleeves. Who had a 

doll in a red dress with long sleeves?ò 

Type 9, e.g.: ñLeo and Dan went to a sports store. 

Both bought one pair of skis and one pair of skates. One 

of them liked alpine skis, one ï cross-country skis, one 

roller skates, one ï hockey skates. Leo left the store with-

out alpine skis. The boy who chose alpine skis did not buy 

hockey skates. Who bought roller skates?ò  

During each lesson, the children solve 3 variants 

of one problems type: 1) find an answer, 2) find the 

question, 3) find a part of the initial conditions. Variant 

1 is represented in the above examples. 

Variant 2, e.g.: ñDon, Li and Bob were practicing 

high jumps. Don jumped higher than Lee. Don jumped 

higher than Bobò. What question can be answered con-

sidering the conditions of this problem: (a) Who 

jumped higher than Don? (b) What style did Bob jump 

in? (c) Who jumped lower than Lee? 

 Variant 3, e.g.: ñDon, Li and Bob swam across the 

river. Don swam faster than Li. [é]. Who swam faster 

than everyone?ò What do you need to add to the condi-

tions in order to answer the question of this problem: 

(a) [Bob swam faster than Don]; (b) [Bob swam as fast 

as Don]; (c) [Li swam faster than Bob].  

2.3. Comparative problems  

6 types of problems for comparisons of schematic 

images of objects (for example, a house) with three var-

ying attributes: the size of the house, the shape of the 

roof, the number of windows. See an example on six 

combinations of signs denoting three signs: numbers, 

letters, brackets, e.g.:  

 [ 7 ʈ ] ( 8 ʅ ) { 7 ʅ } [ 5 ʈ ] ( 8 ʊ ) { 8 ʈ }  

 1 2 3 4 5 6 

Type 1, e.g.: ñAt what combination of attributes, ï 

2 or 3: a) the figure, as in 6?; b) the figure, not like in 

6?  

Type 2, e.g.: ñAt what combination, ï 2 or 3: a) 

one identical attribute with 6?; b) one different attribute 

with 6?  

Type 3, e.g.: ñAt what combination, ï 2 or 3: a) 

more identical attributes with 6?; b) more different at-

tributes with 6?  

Type 4, e.g.: ñ At what combination, ï 2 or 3: a) 

the figure, as in 5, and the letter, as in 6?; b) a figure 

like that of 5, and a letter not like 6?;  

Type 5, e.g.: ñAt what combination, - 2, 3 or 4: a) 

one identical attribute with 6?; b) one attribute with 1?;  

Type 6, e.g.: ñIn combinations 2 and 3, there is one 

identical attribute ï in which two combinations ï 1 and 

4 or 5 and 6: a) the same number of identical attributes; 

b) fewer different the same numbers. 

During each lesson, the children solve 3 variants 

of one problems type: 1) find an answer, 2) find the 

question, 3) find a part of the initial conditions. Variant 

1 is represented in the above examples. 

Variant 2, find the question, e.g.: ñCombination 2, 

3, 6. What question is suitable for the answer ñcombi-

nation 2ò: (a) Which combination has a figure like com-

bination 2? (b) Which combination has a letter like 

combination 3?  

 Variant 3, find a part of the initial conditions e.g.: 

ñCombinations 3, ?, 6. Which combination has a letter, 

like combination 6? Which third combination is needed 

to answer this question: (a) combination 2, (b) combina-

tion 5, (c) combination 4. 

2.4. Spatial problems  

8 types of spatial problems are as follows:  

Type 1, e.g.: ñHow can the position of letters 

|S|__|R| be changed in two moves so that the following 

arrangement is obtained |R|S|__|?ò  

Rule: one move is the movement of any letter to a 

free space.  

Solution: 1. |S|__|R|é|__|S|R|; 2. 

|__|S|R|é|R|S|__| or |S|__|R|é|__|S|R|é|R|S|__|: in 

move 1, the letter ñSò is moved to the free space, in 

move 2 ï the letter ñRò is moved.  

Type 2, e.g.: ñHow can the position of letters 

|R|R|S|__| be changed in two moves so that the following 

arrangement of digits is obtained |7|7|__|4| ? 

Rule: 1) one move is the movement of any letter to 

a free space; 2) identical letters should be placed in the 

same way as identical digits.  

Solution: |R|R|S|__|é|__|R|S|R|é|S|R|__|R|. 

Type 3, e.g.: ñHow can the following arrangement 

of letters: PMK  be changed in two moves so that the 

following disposition is obtained: KPM?ò  

Rule: one move is a simultaneous exchange of two 

letters.  

Solution: PMKéPKMéKPM : first, the letters 

M and K switch places, then the letters P and K. 

Type 4, e.g.: ñHow can the following arrangement 

of letters: PPMK  be changed in two moves so that the 

following arrangement of digits is reached 6855?ò  

Solution: PMMKéPMKMéPKMM .  

Type 5, e.g.: ñHow can the position of letters 

|S|__|__|R| be changed in two moves so that the follow-

ing arrangement is obtained |__|R |S |__|?ò  

Rule: one move is the movement of any letter to a 

free space.  

 ʈ          
 ʄ K 




