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ʀʅɾɽʅɽʈʅɸʗ ɻɽʆʄɽʊʈʀʗ ʀ ʂʆʄʇʔʖʊɽʈʅɸʗ ɻʈɸʌʀʂɸ 

 

ɸʃɻʆʈʀʊʄ ɺʓʏʀʉʃɽʅʀʗ ʀʅɺɸʈʀɸʅʊʆɺ 

ʄɸʃʆʂʆʅʊʈɸʉʊʅʆɻʆ ʀɿʆɹʈɸɾɽʅʀʗ ʉ ʀʉʇʆʃʔɿʆɺɸʅʀɽʄ 

ɸʇʇɸʈɸʊɸ ʄɸʊɽʄɸʊʀʏɽʉʂʆʁ ʃʆɻʀʂʀ  

ʃʘʚʨʦʚ ɺʘʩʠʣʠʡ ɺʘʩʠʣʴʝʚʠʯ 

ʢ. ʪ. ʥ., ʚʝʜʫʱʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ, ʇʫʙʣʠʯʥʦʝ ʘʢʮʠʦʥʝʨʥʦʝ ʦʙʱʝʩʪʚʦ 

ʄʝʞʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʘʢʮʠʦʥʝʨʥʘʷ ʢʦʨʧʦʨʘʮʠʷ çɺʳʤʧʝʣè ʛ. ʄʦʩʢʚʘ 

ʅʝʤʳʢʠʥ ʆʣʝʛ ʀʚʘʥʦʚʠʯ 

ʥʘʯʘʣʴʥʠʢ ʩʝʢʪʦʨʘ, ʇʫʙʣʠʯʥʦʝ ʘʢʮʠʦʥʝʨʥʦʝ ʦʙʱʝʩʪʚʦ 

ʄʝʞʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʘʢʮʠʦʥʝʨʥʘʷ ʢʦʨʧʦʨʘʮʠʷ çɺʳʤʧʝʣè ʛ. ʄʦʩʢʚʘ 

ʇʨʦʭʦʨʦʚ ʄʘʢʩʠʤ ɽʚʛʝʥʴʝʚʠʯ 

ʢ. ʪ. ʥ., ʩʪʘʨʰʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ ʇʫʙʣʠʯʥʦʝ ʘʢʮʠʦʥʝʨʥʦʝ ʦʙʱʝʩʪʚʦ 

ʄʝʞʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʘʢʮʠʦʥʝʨʥʘʷ ʢʦʨʧʦʨʘʮʠʷ çɺʳʤʧʝʣè ʛ. ʄʦʩʢʚʘ 

ʈʳʥʜʠʥ ʖʨʠʡ ɻʝʦʨʛʠʝʚʠʯ 

ʢ. ʪ. ʥ., ʚʝʜʫʱʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ ʇʫʙʣʠʯʥʦʝ ʘʢʮʠʦʥʝʨʥʦʝ ʦʙʱʝʩʪʚʦ 

ʄʝʞʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʘʢʮʠʦʥʝʨʥʘʷ ʢʦʨʧʦʨʘʮʠʷ çɺʳʤʧʝʣè ʛ. ʄʦʩʢʚʘ 

  

ɺʚʝʜʝʥʠʝ 
ʆʩʥʦʚʥʘʷ ʧʨʦʙʣʝʤʘ ʧʨʠ ʩʠʥʪʝʟʝ ʘʣʛʦʨʠʪʤʦʚ ʦʙʨʘʙʦʪʢʠ 

ʤʘʣʦʢʦʥʪʨʘʩʪʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʥʝʠʟʚʝʩʪʥʦʛʦ ʦʙʲʝʢʪʘ ʩʚʷʟʘʥʘ ʩ ʚʳʙʦʨʦʤ 

ʬʫʥʢʮʠʦʥʘʣʘ ʢʘʯʝʩʪʚʘ ʠ ʦʮʝʥʢʦʡ ʢʘʯʝʩʪʚʘ ʧʦʣʫʯʝʥʥʦʛʦ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ 

ʠʟʦʙʨʘʞʝʥʠʷ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʜʣʷ ʮʠʬʨʦʚʳʭ ʩʠʛʥʘʣʦʚ ʚ ʢʘʯʝʩʪʚʝ ʪʘʢʦʡ 

ʜʦʩʪʘʪʦʯʥʦʡ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʟʥʘʯʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʐʝʥʥʦʥʫ [8]. ʆʜʥʘʢʦ, ʜʣʷ ʘʥʘʣʠʟʘ ʩʚʦʡʩʪʚ ʠʟʦʙ-

ʨʘʞʝʥʠʷ ʝʸ ʥʝʜʦʩʪʘʪʦʯʥʦ, ʧʦʩʢʦʣʴʢʫ ʧʨʠ ʚʳʯʠʩʣʝʥʠʠ ʠʥʬʦʨʤʘʮʠʠ ʥʝ ʫʯʠ-

ʪʳʚʘʝʪʩʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʜʚʫʤʝʨʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʥʘ 

ʧʣʦʩʢʦʩʪʠ. 

ɺ ʨʘʙʦʪʝ [1] ʜʣʷ ʦʮʝʥʢʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʩʚʦʡʩʪʚ ʠʟʦʙʨʘʞʝʥʠʷ ʙʳʣʦ 

ʧʨʝʜʣʦʞʝʥʦ ʚʚʝʩʪʠ ʜʚʫʤʝʨʥʳʝ ʚʘʨʠʘʮʠʠ ʂʨʦʥʨʦʜʘ [5], ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦ-

ʪʦʨʳʭ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʪʦʧʦʣʦʛʠʯʝʩʢʠʝ ʠ ʤʝʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʜʣʷ ʰʠ-

ʨʦʢʦʛʦ ʢʣʘʩʩʘ ʬʫʥʢʮʠʡ ʜʚʫʭ ʧʝʨʝʤʝʥʥʳʭ. ɸʥʘʣʦʛʠ ʵʪʠʭ ʚʘʨʠʘʮʠʡ ʜʣʷ 

ʘʥʘʣʠʟʘ ʩʪʨʫʢʪʫʨʳ ʠ ʢʘʯʝʩʪʚʘ ʤʘʣʦʢʦʥʪʨʘʩʪʥʦʛʦ ʮʠʬʨʦʚʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ 

ʧʨʝʜʣʦʞʝʥʳ ʚ ʨʘʙʦʪʘʭ [6, 7]. ʋʩʣʦʚʠʤʩʷ ʩʯʠʪʘʪʴ ʠʭ ʠʥʪʝʛʨʘʣʴʥʳʤʠ 

ʧʦʢʘʟʘʪʝʣʷʤʠ ʢʘʯʝʩʪʚʘ (ʠʥʚʘʨʠʘʥʪʘʤʠ), ʘ ʪʘʢʞʝ ʙʫʜʝʤ ʠʥʪʝʨʝʩʦʚʘʪʴʩʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʠʭ ʧʦʚʝʜʝʥʠʷ ʢʘʢ ʬʫʥʢʮʠʷʤʠ ʫʨʦʚʥʝʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ. 

ʉʦʩʪʘʚ ʚʳʯʠʩʣʷʝʤʳʭ ʘʣʛʦʨʠʪʤʦʤ ʧʘʨʘʤʝʪʨʦʚ ʠʟʦʙʨʘʞʝʥʠʷ ʠ 

ʩʦʦʪʚʝʪʩʚʫʶʱʠʝ ʩʦʦʪʥʦʰʝʥʠʷ. 

ɺ ʩʦʩʪʘʚ ʚʳʯʠʩʣʷʝʤʳʭ ʘʣʛʦʨʠʪʤʦʤ ʧʘʨʘʤʝʪʨʦʚ ʚʭʦʜʷʪ 

¶ ʀʥʬʦʨʤʘʮʠʷ ʧʦ ʐʝʥʥʦʥʫ I, ʟʥʘʯʝʥʠʝ ʢʦʪʦʨʦʡ ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ 

ʥʦʨʤʠʨʦʚʘʥʥʦʡ ʛʠʩʪʦʛʨʘʤʤʝ ʠʟʦʙʨʘʞʝʥʠʷ G, ʟʘʜʘʥʥʦʡ ʚ ʚʠʜʝ ʚʝʢʪʦʨʘ 

ʩʪʦʣʙʮʘ |P>, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʦʪʥʦʰʝʥʠʷ Ὅ В ὖ ÌzÏÇὖȢ 
¶ ʇʦʢʘʟʘʪʝʣʴ ʪʦʧʦʣʦʛʠʠ ὡ, ʚʳʯʠʩʣʷʝʤʳʡ ʧʦ ʬʦʨʤʫʣʝ ὡ Ὃ

ἂρȿὠἃȾὔ. 
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¶ ʇʦʢʘʟʘʪʝʣʴ ʤʝʪʨʠʢʠ ὡ, ʚʳʯʠʩʣʷʝʤʳʡ ʧʦ ʬʦʨʤʫʣʝ ὡ Ὃ
ἂρȿὠἃȾὔȢ 

ɿʜʝʩʴ NÒ255 - ʦʙʱʝʝ ʯʠʩʣʦ ʚʦʟʤʦʞʥʳʭ ʛʨʘʜʘʮʠʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚ 

ʤʘʣʦʢʦʥʪʨʘʩʪʥʦʤ ʠʟʦʙʨʘʞʝʥʠʠ, ȿ6  - ʚʝʢʪʦʨ ʩʪʦʣʙʝʮ ʨʘʟʤʝʨʥʦʩʪʠ N, 

ʟʥʘʯʝʥʠʝ l-ʛʦ ʵʣʝʤʝʥʪʘ ʢʦʪʦʨʦʛʦ - ʢʦʣʠʯʝʩʪʚʦ ʩʚʷʟʘʥʥʳʭ ʦʙʣʘʩʪʝʡ ʚ 

ʙʠʪʦʚʦʤ ʠʟʦʙʨʘʞʝʥʠʠ ὄὰ, ʬʦʨʤʠʨʫʝʤʦʤ ʠʟ ʠʩʭʦʜʥʦʛʦ ʩ ʧʦʨʦʛʦʤ 

ʢʚʘʥʪʦʚʘʥʠʷ, ʨʘʚʥʳʤ l +1, ȿ6  ïʩʫʤʤʘʨʥʳʡ ʧʝʨʠʤʝʪʨ ʚʳʜʝʣʝʥʥʳʭ 

ʩʚʷʟʘʥʥʳʭ ʦʙʣʘʩʪʝʡ ʩ ʫʯʝʪʦʤ ʥʘʣʠʯʠʷ ʚ ʥʠʭ ʧʫʩʪʳʭ ʦʙʣʘʩʪʝʡ, <1| ï ʚʝʢʪʦʨ-

ʩʪʨʦʢʘ, ʚʩʝ ʢʦʤʧʦʥʝʥʪʳ ʢʦʪʦʨʦʛʦ ʨʘʚʥʳ ʝʜʠʥʠʮʝ, ἂρȿὠἃ - ʦʧʝʨʘʮʠʷ 

ʩʢʘʣʷʨʥʦʛʦ ʧʨʦʠʟʚʝʜʝʥʠʷ. 

ɿʘʤʝʪʠʤ, ʯʪʦ ʟʥʘʯʝʥʠʝ ὠ ὰ ʟʘʚʠʩʠʪ ʦʪ ʤʘʩʰʪʘʙʘ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʘʥʘ-

ʣʠʟʠʨʫʝʤʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ G, ʯʪʦ ʚ ʨʷʜʝ ʩʣʫʯʘʝʤ ʥʝʞʝʣʘʪʝʣʴʥʦ, ʚ ʯʘʩʪʥʦ-

ʩʪʠ, ʧʨʠ ʚʳʙʦʨʝ ʩʢʘʣʷʨʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʢʘʯʝʩʪʚʘ ʚʦ ʚʨʝʤʷ ʩʠʥʪʝʟʘ 

ʘʣʛʦʨʠʪʤʘ ʦʙʨʘʙʦʪʢʠ ʠʟʦʙʨʘʞʝʥʠʷ. ʇʦʵʪʦʤʫ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʚʚʝʜʝʤ ʧʦʢʘ-

ʟʘʪʝʣʴ ʢʦʤʧʘʢʪʥʦʩʪʠ Õ, ʟʥʘʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʜʣʷ ʙʠʪʦʚʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ὄὰ 

ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ ‘ὰ ὅὛὰȾὠ ὰ , ʛʜʝ: ʉ=16 ï ʥʦʨʤʠʨʦʚʦʯ-

ʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ, Ὓὰïʧʣʦʱʘʜʴ ʙʠʪʦʚʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ. 

ɼʘʥʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʷʚʣʷʝʪʩʷ ʠʟʙʳʪʦʯʥʳʤ, ʥʦ ʝʛʦ ʟʥʘʯʝʥʠʝ ʥʝ ʟʘʚʠʩʠʪ 

ʦʪ ʤʘʩʰʪʘʙʘ ʧʨʝʜʩʪʘʚʣʝʥʠʷ G. ʇʦʵʪʦʤʫ ʧʨʠ ʥʘʣʠʯʠʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ 

ʘʧʨʠʦʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʪʨʫʢʪʫʨʝ ʠʟʦʙʨʘʞʝʥʠʷ ʥʘʙʣʶʜʘʝʤʦʛʦ ʦʙʲʝʢʪʘ 

ʜʘʥʥʳʡ ʠʥʪʝʛʨʘʣʴʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʘʣʴʪʝʨ-

ʥʘʪʠʚʥʦʛʦ ὡ Ὃ ʧʨʠ ʚʳʙʦʨʝ ʬʫʥʢʮʠʦʥʘʣʘ ʢʘʯʝʩʪʚʘ F(I,W0,Õ). 

ɸʣʛʦʨʠʪʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʘʯʝʩʪʚʘ 

ɺʳʯʠʩʣʝʥʠʝ ʟʥʘʯʝʥʠʡ ʚʩʝʭ ʚʚʝʜʝʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʢʨʦʤʝ ʟʥʘʯʝʥʠʡ 

ὠ ὰ ʠ ὠ ὰ, ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʵʣʝʤʝʥʪʘʨʥʳʤ. ʇʦʵʪʦʤʫ ʦʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ 
ʫʜʝʣʠʤ ʦʧʪʠʤʠʟʘʮʠʠ ʘʣʛʦʨʠʪʤʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʵʪʠʭ ʦʮʝʥʦʢ. 

ʇʨʠ ʚʳʙʨʘʥʥʦʤ ʧʦʨʦʛʦʚʦʤ ʫʨʦʚʥʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ὰ ʩʪʨʫʢʪʫʨʘ 

ʙʠʪʦʚʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ὄὰ ὄȟὰ ὭȟὮ ρȟὓ ʚʳʯʠʩʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ 

ʩʦʦʪʥʦʰʝʥʠʷ 

ὄȟὰ
ρ ̐̑ ̉Ὃȟ ὰ

π ̘̉̎́̆
 ὭȟὮ ρȟὓȢ 

ʛʜʝ M ï ʨʘʟʤʝʨ ʠʟʦʙʨʘʞʝʥʠʷ, ʢʦʪʦʨʦʝ ʙʝʟ ʦʛʨʘʥʠʯʝʥʠʷ ʦʙʱʥʦʩʪʠ 

ʙʫʜʝʤ ʩʯʠʪʘʪʴ ʢʚʘʜʨʘʪʥʳʤ. 

ʇʨʠ ʵʪʦʤ ʟʥʘʯʝʥʠʝ ὠ ὰ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʩʫʤʤʘ ʢʦʣʠʯʝʩʪʚʘ ʩʚʷʟʥʳʭ 

ʢʦʤʧʦʥʝʥʪ, ʩʦʩʪʘʚʣʝʥʥʳʭ ʠʟ ʩʦʩʝʜʥʠʭ (ʚ ʩʤʳʩʣʝ 4ïʭ ʩʚʷʟʥʦʩʪʠ [4]) 

ʧʠʢʩʝʣʝʡ ʠʟʦʙʨʘʞʝʥʠʷ ʩʦ ʟʥʘʯʝʥʠʝʤ, ʨʘʚʥʳʤ ʝʜʠʥʠʮʝ. ʇʨʠ ʥʘʡʜʝʥʥʦʤ 

ʟʥʘʯʝʥʠʠ ὠ ὰ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʧʨʦʙʣʝʤʦʡ ʚʳʯʠʩʣʠʪʴ ʟʥʘʯʝʥʠʝ ὠ ὰȢ 
ʆʥʦ ʨʘʚʥʦ ʩʫʤʤʘʨʥʦʡ ʜʣʠʥʝ ʛʨʘʥʠʮ ʢʦʤʧʦʥʝʥʪ ὠ ὰ, ʚʳʯʠʩʣʷʝʤʦʡ ʢʘʢ 
ʩʫʤʤʘʨʥʦʝ ʯʠʩʣʦ ʛʨʘʥʠʮ ʧʠʢʩʝʣʝʡ ὄὰ, ʨʘʟʜʝʣʷʶʱʠʭ ʧʠʢʩʝʣʠ ʩ 

ʥʝʩʦʚʧʘʜʘʶʱʠʤʠ ʟʥʘʯʝʥʠʷʤʠ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʩʥʦʚʥʘʷ ʩʣʦʞʥʦʩʪʴ 

ʘʣʛʦʨʠʪʤʘ ʩʚʷʟʘʥʘ ʩ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʪʦʧʦʣʦʛʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ 

ʙʠʥʘʨʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ. 
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ʉʠʥʪʝʟʠʨʫʝʤ ʘʣʛʦʨʠʪʤ ʚʳʯʠʩʣʝʥʠʷ ὠ ὰ ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ ʘʧʧʘʨʘʪʘ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʣʦʛʠʢʠ ʠ ʪʝʦʨʠʠ ʛʨʘʬʦʚ [9]. ɸʨʭʠʪʝʢʪʫʨʘ ʧʨʝʜʣʘʛʘʝʤʦʛʦ 

ʘʣʛʦʨʠʪʤʘ ʠʩʢʣʶʯʘʝʪ ʧʦʚʪʦʨʥʳʡ ʧʨʦʭʦʜ ʧʦ ʚʝʪʚʷʤ ʛʨʘʬʘ, ʚʢʣʶʯʝʥʥʳʤ ʚ 

ʥʘʡʜʝʥʥʳʝ ʥʘ ʧʨʝʜʳʜʫʱʠʭ ʰʘʛʘʭ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘ ʠ ʦʮʝʥʢʫ ʩʚʷʟʥʦʩʪʠ 

ʤʝʞʜʫ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʚʳʜʝʣʝʥʥʳʤʠ ʦʙʣʘʩʪʷʤʠ ʩ ʫʯʝʪʦʤ ʩʪʨʫʢʪʫʨʳ 

ʘʥʘʣʠʟʠʨʫʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ ʚ ʚʳʙʨʘʥʥʦʤ ʫʟʣʝ ʛʨʘʬʘ. 

ɺʚʝʜʝʤ ʚ ʨʘʩʤʦʪʨʝʥʠʝ ʣʦʛʠʯʝʩʢʫʶ ʩʪʨʦʢʫ, ʧʨʦʪʦʪʠʧ ʢʦʪʦʨʦʡ 

ʨʝʘʣʠʟʦʚʘʥ ʚ ʯʘʩʪʥʦʩʪʠ ʚ ʷʟʳʢʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Java [6] ʚ ʚʠʜʝ ʢʣʘʩʩʘ 

BitSet. ʉʦʧʦʩʪʘʚʠʤ ʤʘʪʨʠʮʝ ὄὰ ʚʝʢʪʦʨ ȿὄỚ, ʚ ʢʦʪʦʨʦʤ i ʩʪʨʦʢʘ ʤʘʪʨʠʮʳ 

ʟʘʤʝʥʝʥʘ ʥʘ ʦʙʲʝʢʪ ʣʦʛʠʯʝʩʢʦʡ ʩʪʨʦʢʠ ʢʣʘʩʩʘ BitSet ὦὭ ρ. ɺ ʧʦʩʣʝʜʥʝʤ 
ʟʥʘʯʠʤʳʝ ʧʠʢʩʝʣʠ ʤʘʪʨʠʮʳ ʨʘʚʥʳ true, ʠʥʘʯʝ false. ɼʦʙʘʚʠʤ ʚ ʥʘʯʘʣʦ ʠ 

ʢʦʥʝʮ ʚʝʢʪʦʨʘ ȿὄỚ ʩʪʨʦʢʠ, ʥʝ ʩʦʜʝʨʞʘʱʠʝ ʠʩʪʠʥʥʳʭ ʵʣʝʤʝʥʪʦʚ. 

ɺ ʣʶʙʦʡ ʣʦʛʠʯʝʩʢʦʡ i-ʩʪʨʦʢʝ ʤʦʛʫʪ ʩʦʜʝʨʞʘʪʩʷ ʩʚʷʟʘʥʥʳʝ ʠʥʪʝʨʚʘʣʳ 

ʣʦʛʠʯʝʩʢʠʭ ʧʝʨʝʤʝʥʥʳʭ ὦ Ὧ ρȟὑ , ʚʩʝ ʵʣʝʤʝʥʪʳ ʢʦʪʦʨʳʭ ʧʨʠʥʠʤʘʶʪ 

ʟʥʘʯʝʥʠʷ true. ɼʣʷ ʦʙʲʝʢʪʦʚ ʜʘʥʥʦʛʦ ʢʣʘʩʩʘ ʩʧʨʘʚʝʜʣʠʚʳ ʦʧʝʨʘʮʠʠ: 

ÃÁÒÄὦ  ï ʦʧʝʨʘʮʠʷ ʚʳʯʠʩʣʝʥʠʷ ʢʘʨʜʠʥʘʣʴʥʦʩʪʠ (ʧʣʦʰʘʜʠ) 

ʠʥʪʝʨʚʘʣʘ, 

ÐÅÒÉÍÅÔÅÒὦ  ï ʦʧʝʨʘʮʠʷ ʚʳʯʠʩʣʝʥʠʷ ʧʝʨʠʤʝʪʨʘ ʠʥʪʝʨʚʘʣʘ ʧʦ 

ʬʦʨʤʫʣʝ  

ÐÅÒÉÍÅÔÅÒὦ ςz ÃÁÒÄὦ ρ. 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʟʥʘʯʝʥʠʷ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ ʜʣʷ ʣʦʛʠʯʝʩʢʦʡ ʩʪʨʦʢʠ 

ʩʪʨʦʢʠ ʚʳʯʠʩʣʷʶʪʩʷ ʧʦ ʬʦʨʤʫʣʘʤ 

ÃÁÒÄὦὰ В ÃÁÒÄὦ Ƞ  ÐÅÒÉÍÅÔÅÒὦὰ В ÐÅÒÉÍÅÔÅÒὦ  . 
ɼʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ȿὄỚ ʩ ʧʦʤʦʱʴʶ ʚʚʝʜʸʥʥʳʭ ʧʦʥʷʪʠʡ 

ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʪʝʦʨʠʝʡ ʛʨʘʬʦʚ [5]. ʉ ʵʪʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ȿὄỚ ʧʨʝʜʩʪʘʚʣʷʝʪ 
ʩʦʙʦʡ ʥʘʧʨʘʚʣʝʥʥʳʡ ʥʝʦʜʥʦʩʚʷʟʥʳʡ ʛʨʘʬ, ʥʘ i-ʤ ʫʨʦʚʥʝ ʢʦʪʦʨʦʛʦ ʫʟʣʳ ʩʦ-

ʦʪʚʝʪʩʪʚʫʶʪ ʩʚʷʟʥʳʤ ʠʥʪʝʨʚʘʣʘʤ i-ʵʣʝʤʝʥʪʘ ʚʝʢʪʦʨʘ ȿὄỚ, ʘ ʨʸʙʨʘ ʤʝʞʜʫ 

ʫʟʣʘʤʠ ʥʘ ʩʦʩʝʜʥʠʭ ʫʨʦʚʥʷʭ ʛʨʘʬʘ ʦʙʫʩʣʦʚʣʝʥʳ ʥʘʣʠʯʠʝʤ ʩʚʷʟʥʦʩʪʠ ʤʝʞ-

ʜʫ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʠʥʪʝʨʚʘʣʘʤʠ. 

ʕʪʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 1. ɺʚʝʜʝʥʘʷ ʥʘ ʥʸʤ ʥʫʤʝʨʘʮʠʷ 

ʦʪʜʝʣʴʥʳʭ ʠʥʪʝʨʚʘʣʦʚ ʚ ʬʦʨʤʝ ʜʚʫʭ ʯʠʩʝʣ ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʦʤʝʨ ʩʪʨʦʢʠ, ʢʦ-

ʪʦʨʘʷ ʝʛʦ ʩʦʜʝʨʞʠʪ, ʘ ʪʘʢʞʝ ʥʘ ʝʛʦ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ ʧʦ ʩʪʦʣʙʮʘʤ 

ʠʟʦʙʨʘʞʝʥʠʷ ʚ ʜʘʥʥʦʡ ʩʪʨʦʢʝ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʫʧʦʨʷʜʦʯʠʪʴ ʠʭ ʩʦʚʦʢʫʧʥʦʩʪʴ 

ʚ ʙʠʥʘʨʥʦʤ ʠʟʦʙʨʘʞʝʥʠʠ. 
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ʈʠʩʫʥʦʢ 1. ʋʯʘʩʪʦʢ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʙʠʥʘʨʥʦʛʦ ʆʀ ʚ ʚʠʜʝ ʩʚʷʟʥʳʭ 

ʠʥʪʝʨʚʘʣʦʚ  

 

ɸʣʛʦʨʠʪʤ ʚʳʜʝʣʝʥʠʷ ʩʚʷʟʥʳʭ ʦʙʣʘʩʪʝʡ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʩʣʝʜʫʝʪ ʦʪʥʝ-

ʩʪʠ ʢ ʢʦʤʙʠʥʘʪʦʨʥʳʤ ʘʣʛʦʨʠʪʤʘʤ, ʪʨʝʙʫʶʱʠʤ ʧʨʦʚʝʨʢʠ ʧʦʣʥʦʡ ʩʦʚʦʢʫʧ-

ʥʦʩʪʠ ʛʠʧʦʪʝʟ ʦ ʩʚʷʟʥʦʩʪʠ ʦʪʜʝʣʴʥʳʭ ʠʥʪʝʨʚʘʣʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ 

ʩʦʩʝʜʥʠʭ ʫʨʦʚʥʷʭ ʛʨʘʬʘ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʦʙʲʝʜʠʥʝʥʠʝʤ ʥʘʡʜʝʥʥʳʭ ʩʚʷʟʝʡ 

ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʪʥʦʰʝʥʠʷ ʣʦʛʠʯʝʩʢʦʛʦ ʧʝʨʝʩʝʯʝʥʠʷ 

ὪὯȟό ὦ Ὥ᷊ὦ Ὥ ρ. 

ʉ ʫʯʝʪʦʤ ʫʧʦʨʷʜʦʯʠʚʘʥʠʷ ʩʚʷʟʥʳʭ ʠʥʪʝʨʚʘʣʦʚ ʠʟʦʙʨʘʞʝʥʠʷ ʥʘʤʠ ʨʘʟ-

ʨʘʙʦʪʘʥ ʩʣʝʜʫʶʱʠʡ ʘʣʛʦʨʠʪʤ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʛʦ ʚʳʜʝʣʝʥʠʷ ʩʦʚʦʢʫʧʥʦʩʪʠ 

ʩʚʷʟʥʳʭ ʦʙʣʘʩʪʝʡ ὈὝ ὕȿὄỚ  ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʜʥʦʨʘʟʦʚʦʛʦ ʧʨʦʭʦʜʘ 

ʚʩʝʭ ʢʦʤʧʦʥʝʥʪ ʚʝʢʪʦʨʘ ȿὄỚ. 
ʀʥʠʮʠʘʣʠʟʠʨʫʝʪʩʷ ʧʫʩʪʦʝ ʤʥʦʞʝʩʪʚʦ ʩʚʷʟʥʳʭ ʦʙʣʘʩʪʝʡ $π. 

ʅʘʯʠʥʘʝʤ ʩ ʧʝʨʚʦʛʦ ʟʥʘʯʠʤʦʛʦ ʩʚʷʟʘʥʥʦʛʦ ʵʣʝʤʝʥʪʘ ʀ11=Â É. 

ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʫʩʣʦʚʠʷ T>0 ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ $4 ʩ ʧʦʤʦʱʴʶ ʚʚʝ-

ʜʸʥʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʤʥʦʞʝʩʪʚʦ ʦʙʣʘʩʪʝʡ /̙ ȿ"Ớ , ʩ ʢʦ-

ʪʦʨʳʤʠ ʩʚʷʟʘʥ ʵʣʝʤʝʥʪ Â É. ʇʨʝʧʦʣʦʞʠʤ, ʯʪʦ ʥʘʡʜʝʥʥʦʝ ʤʥʦʞʝʩʪʦ ʥʝ 
ʧʫʩʪʦʝ. 

ʊʦʛʜʘ ʥʘʡʜʝʥʥʦʝ ʤʥʦʞʝʩʪʚʦ ʦʙʣʘʩʪʝʡ ʦʙʲʝʜʠʥʷʝʪʩʷ ʚ ʦʜʥʫ ʦʙʣʘʩʪʴ 

/ /̙ ȿ"Ớ ȟÂ É  ʩ ʫʯʝʪʦʤ ʩʪʨʫʢʪʫʨʳ ʵʣʝʤʝʥʪʘ Â É Ȣ ʕʪʦ ʧʨʝʦʙʨʘʟʦʚʘ-
ʥʠʝ ʨʝʘʣʠʟʫʝʪʩʷ ʦʙʲʝʜʠʥʝʥʠʝʤ ʵʣʝʤʝʥʪʦʚ ʚʝʢʪʦʨʦʚ ȿ"Ớ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʦʧʝʨʘʮʠʠ ʣʦʛʠʯʝʩʢʦʛʦ ʦʙʲʝʜʠʥʝʥʠʷ ʦʙʲʝʢʪʦʚ ʢʣʘʩʩʘ BitSet 

/ /̙ ȿ"Ớ ȟÂ É .  

ʅʘʡʜʝʥʥʦʝ ʤʥʦʞʝʩʪʚʦ /̙ ȿ"Ớ  ʚ $4 ʟʘʤʝʥʷʝʪʩʷ ʥʘ ʚʥʦʚʴ ʩʬʦʨ-

ʤʠʨʦʚʘʥʥʫʶ ʦʙʣʘʩʪʴ. 

ʕʣʝʤʝʥʪ Â É ʫʜʘʣʷʝʪʩʷ ʠʟ ʚʝʢʪʦʨʘ ȿ"Ớ ʠ ʧʝʨʝʜʘʝʪʩʷ ʫʧʨʘʚʣʝʥʠʝ ʢ 
ʧʨʦʮʝʜʫʨʝ ʚʳʙʦʨʘ ʩʣʝʜʫʱʝʛʦ ʵʣʝʤʝʥʪʘ. 

ɺ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʬʦʨʤʠʨʫʝʪʩʷ ʥʦʚʘʷ ʩʚʷʟʥʘʷ ʦʙʣʘʩʪʴ / ʩ ʧʦʤʦʱʴʶ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʧʦʠʩʢʘ ʧʦ ʩʪʨʦʢʘʤ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩʚʷʟʘʥʳʭ ʠʥʪʝʨʚʘʣʦʚ ʩ 

ʧʦʤʦʱʴʶ ʩʣʝʜʫʶʱʝʛʦ ʘʣʛʦʨʠʪʤʘ. 
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ὦ Ὦ ρ ὪὯȟόȟ Ὦ ρȟὓ ὔ  

ʇʨʦʮʝʩʩ ʧʦʠʩʢʘ ʩʚʷʟʘʥʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʧʨʝʨʳʚʘʝʪʩʷ ʥʘ ʠʥʜʝʢʩʝ ὓ, ʧʨʠ 
ʢʦʪʦʨʦʤ ÃÁÒÄὦ ὓ π. 

ɺʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʚʝʢʪʦʨ ȿὄỚ, ʟʥʘʯʠʤʳʝ ʵʣʝʤʝʥʪʳ ʢʦʪʦʨʦʛʦ ï ʵʪʦ 

ʥʘʡʜʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ὦ  z ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʥʘʡʜʝʥʥʡʶ ʩʪʨʫʢʪʫʨʫ 

ὕȿὄỚ. 

ʆʥʘ ʚʢʣʶʯʘʝʪʩʷ ʚ ʩʦʚʦʢʫʧʥʦʩʪʴ ʦʙʣʘʩʪʝʡ ὈὝ ʩ ʢʦʨʨʝʢʮʠʝʡ ʠʭ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʦʧʠʩʘʥʠʷ ʘ ʚʝʢʪʦʨ ȿὄỚ ʫʜʘʣʷʝʪʩʷ ʠʟ ʚʝʢʪʦʨʘ ȿὄỚ. 
ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʫʧʨʘʚʣʝʥʠʝ ʧʝʨʝʜʘʸʪʩʷ ʢ ʧʨʦʮʝʜʫʨʝ ʚʳʙʦʨʘ ʩʣʝ-

ʜʫʱʝʛʦ ʵʣʝʤʝʥʪʘ. 

ɸʣʛʦʨʠʪʤ ʧʦʠʩʢʘ ʩʚʷʟʘʥʥʳʭ ʦʙʣʘʩʪʝʡ ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ 

ʚ ʚʝʢʪʦʨʝ ȿὄỚ ʩʦʜʝʨʞʠʪʩʷ ʟʥʘʯʠʤʘʷ ʠʥʬʦʨʤʘʮʠʷ. 

ʇʨʠ ʥʘʡʜʝʥʥʦʡ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩʚʷʟʥʳʭ ʦʙʣʘʩʪʝʡ ὈὝ ʩʦʦʪʚʝʪʩʪʚʫʶ-

ʱʝʝ ʟʥʘʯʝʥʠʝ ὠ ὰ 4, ʘ ʟʥʘʯʝʥʠʝ ὠ ὰ ʚʳʯʠʩʣʷʝʪʩʷʪʩʷ ʢʘʢ ʩʫʤʤʘ ʧʝʨʠ-

ʤʝʪʨʦʚ ʥʘʡʜʝʥʥʳʭ ʦʙʣʘʩʪʝʡ 

ὠ ὰ В ÐÅÒÉÍÅÔÅÒὕȿὄỚ , 

ʛʜʝ ʧʝʨʠʤʝʪʨ ʢʘʞʜʦʡ ʦʙʣʘʩʪʠ ʚʳʯʠʩʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʩʣʝʜʫʶʱʝʛʦ 

ʚʳʨʘʞʝʥʠʷ 

ÐÅÒÉÍÅÔÅÒὕȿὄỚ ÃÁÒÄÂÉ᷾ÂÉ ρ  ÃÁÒÄÂÉ᷊ÂÉ ρ   

ʩ ʫʯʝʪʦʤ ʜʦʙʘʚʣʝʥʥʳʭ ʥʝʟʥʘʯʠʤʳʭ ʩʪʨʦʢ ʚ ʥʘʯʘʣʦ ʠ ʢʦʥʝʮ ʚʝʢʪʦʨʦʚ 

ȿὄỚ. 

ɺʳʯʠʩʣʝʥʠʝ ʟʥʘʯʝʥʠʡ ʦʩʪʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʠʚʘʨʠʘʥʪʦʚ 

I, ὡ , ὡ  ʠ Õ ʦʯʝʚʠʜʥʦ. 

ɻʨʘʬʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʘʥʘʣʠʟʘ ʤʘʣʦʢʦʥʪʨʘʩʪ-

ʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ 

ʆʜʥʘ ʠʟ ʟʘʜʘʯ ʦʨʛʘʥʠʟʘʮʠʠ ʧʦʣʥʦʛʦ ʮʠʢʣʘ ʦʙʨʘʙʦʪʢʠ ʝʜʠʥʠʯʥʦʛʦ ʤʘ-

ʣʦʢʦʥʪʨʘʩʪʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʵʪʘʣʦʥʦʚ ʦʙʲ-

ʝʢʪʦʚ ʠʟ ʚʳʙʨʘʥʥʦʛʦ ʘʣʬʘʚʠʪʘ ʥʘ ʚʳʭʦʜʝ ʨʝʢʫʨʨʝʥʪʥʦʛʦ ʨʘʥʛʦʚʦʛʦ 

ʬʠʣʴʪʨʘ ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʥʘ ʝʛʦ ʚʭʦʜ ʧʦʩʪʫʧʘʝʪ ʠʩʪʠʥʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ 

ʵʪʘʣʦʥʘ [6]. ʇʨʦʠʣʣʶʩʪʨʠʨʫʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʘʣʛʦʨʠʪʤʘ ʥʘ 

ʧʨʠʤʝʨʝ ʧʦʩʪʨʦʝʥʠʷ ʪʘʢʦʛʦ ʵʪʘʣʦʥʘ ʜʣʷ ʨʝʢʫʨʨʝʥʪʥʳʭ ʨʘʥʛʦʚʳʭ ʬʠʣʴʪʨʦʚ 

ʪʨʝʪʴʝʛʦ ʧʦʨʷʜʢʘ ʜʣʷ ʠʟʦʙʨʘʞʝʥʠʷ ʧʨʘʚʠʣʴʥʦʛʦ ʰʝʩʪʠʫʛʦʣʴʥʠʢʘ ʥʘ ʠʭ 

ʚʭʦʜʝ, ʨʘʜʠʫʩ ʦʧʠʩʘʥʥʦʡ ʦʢʨʫʞʥʦʩʪʠ ʚʦʢʨʫʛ ʢʦʪʦʨʦʛʦ ʨʘʚʝʥ 9 ʧʠʢʩʝʣʷʤ. 

ɿʘʜʘʯʘ ʩʦʩʪʦʠʪ ʚ ʧʦʩʪʨʦʝʥʠʠ ʚʳʭʦʜʥʦʛʦ ʦʧʠʩʘʥʠʷ ʧʦʚʝʜʝʥʠʷ ʠʥʚʘʨʠʘʥʪʦʚ 

ʵʪʘʣʦʥʘ ʧʦʩʣʝ ʝʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ (ʨʝʢʫʨʨʝʥʪʥʦʡ ʬʠʣʴʪʨʘʮʠʠ) ʚ ʟʘʚʠʩʠʤʦ-

ʩʪʠ ʦʪ ʫʛʣʘ ʦʨʠʝʥʪʘʮʠʠ ʝʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʘʧʨʘʚʣʝʥʠʷ Ox, 

ʪ.ʝ. ʥʘʧʨʘʚʣʝʥʠʷ ʩʪʨʦʢ ʩʥʠʤʢʘ. ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʠʪʫʘʮʠʷ, ʧʨʠ ʢʦʪʦʨʦʡ ʦʪ-

ʩʫʪʩʪʚʫʝʪ ʬʦʥʦʚʦʝ ʠʟʣʫʯʝʥʠʝ. ɺ ʯʘʩʪʥʦʤ ʩʣʫʯʘʝ ʦʜʥʦʪʦʥʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ 

ʥʘ ʚʳʭʦʜʝ ʨʝʢʫʨʨʝʥʪʥʦʛʦ ʨʘʥʛʦʚʦʛʦ ʬʠʣʴʪʨʘ ʢʦʥʢʨʝʪʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ 

ʚʭʦʜʥʦʡ ʩʪʘʪʠʩʪʠʢʠ ὪὯȟσ ʟʘʚʠʩʠʪ ʦʪ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʘ Ὧᶰ ρ υ , 

ʧʨʠʯʝʤ ʧʨʠ k=5 ʥʘ ʢʘʞʜʦʤ ʰʘʛʝ ʨʝʘʣʠʟʫʝʪʩʷ ʤʝʜʠʘʥʥʘʷ ʬʠʣʴʪʨʘʮʠʷ. ʈʝ-
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ʟʫʣʴʪʘʪʳ ʦʙʨʘʙʦʪʢʠ ʧʦʜʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʜʣʷ ʠʟʦʙʨʘʞʝʥʠʡ ʩ ʧʦʩʪʦʷʥʥʳʤ 

ʫʨʦʚʥʝʤ ʷʨʢʦʩʪʠ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ I ʠ W0 ʥʝ ʟʘʚʠʩʷʪ ʦʪ ʩʪʨʫʢʪʫʨʳ 

ʚʭʦʜʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʠ ʩʦʚʧʘʜʘʶʪ ʩ ʪʝʦʨʝʪʠʯʝʩʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ I=0  ʠ W0 

=1. ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʷ ʧʦʢʘʟʘʪʝʣʝʡ W1 (ʤʝʪʨʠʢʠ) ʠ Õ (ʢʦʤ-

ʧʘʢʪʥʦʩʪʠ) ʜʣʷ ʵʪʘʣʦʥʘ ʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʧʘʨʘʤʝʪʨʘ k ʧʨʠʚʝʜʝʥʳ ʥʘ 

ʨʠʩʫʥʢʝ 2. 

 

      
ʈʠʩʫʥʦʢ 2. ɿʘʚʠʩʠʤʦʩʪʠ ʧʦʚʝʜʝʥʠʷ ʠʥʚʘʨʠʘʥʪʦʚ ʦʜʥʦʪʦʥʥʦʛʦ 

ʠʟʦʙʨʘʞʝʥʠʷ ʘʥʘʣʠʟʠʨʫʝʤʦʛʦ ʦʙʲʝʢʪʘ ʢʘʢ ʬʫʥʢʮʠʡ ʫʛʣʘ ʦʨʠʝʥʪʘʮʠʠ Ŭ ʠ 

ʧʨʠʤʝʨʳ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʥʘ ʚʳʭʦʜʝ ʬʠʣʴʪʨʘ ʧʨʠ Ŭ=60 (ʠʭ 

ʧʦʨʷʜʦʢ ʩʣʝʚʘ ʥʘʧʨʘʚʦ: ʵʪʘʣʦʥ, ʦʙʨʘʟʮʳ ʧʦ ʚʦʟʨʘʩʪʘʥʠʶ ʧʘʨʘʤʝʪʨʘ Ὧᶰ
ρ υ .  

 

ɸʥʘʣʠʟ ʧʨʠʚʝʜʸʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʧʦʢʘʟʳʚʘʝʪ ʥʝʩʫʱʝʩʪʚʝʥʥʦʝ ʦʪʥʦ-

ʩʠʪʝʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʧʦʢʘʟʘʪʝʣʷ ʤʝʪʨʠʢʠ (å4%), ʧʨʠ ʟʥʘʯʠʪʝʣʴʥʦʤ ʠʟʤʝ-

ʥʝʥʠʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʤʧʘʢʪʥʦʩʪʠ (å15%) ʢʘʢ ʬʫʥʢʮʠʡ ʫʛʣʘ ʦʨʠʝʥʪʘʮʠʠ. 

ʇʨʠ ʚʳʙʨʘʥʥʦʤ ʟʥʘʯʝʥʠʠ ʫʛʣʘ ʦʨʠʝʥʪʘʮʠʠ Ŭ=60, ʨʠʩʫʥʦʢ ʠʣʣʶʩʪʨʠʨʫʝʪ 

ʩʦʦʪʚʝʪʩʪʚʠʝ ʬʦʨʤʳ ʚʳʭʦʜʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʙʣʠʟʢʠʤ ʢ ʵʢʩʪʨʝʤʘʣʴʥʳʤ 

ʟʥʘʯʝʥʠʷʤ ʧʘʨʘʤʝʪʨʦʚ W1 ʠ Õ. ɺʠʜʥʦ, ʯʪʦ ʥʘ ʚʳʭʦʜʝ ʬʠʣʴʪʨʦʚ ʩ ʧʘʨʘʤʝʪ-

ʨʘʤʠ Ὧᶰ σ υ ʬʦʨʤʘ ʨʝʟʫʣʴʪʠʨʫʶʱʝʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʙʣʠʟʢʘ ʢ ʠʩʪʠʥʥʦʡ. 

ʊʦʛʜʘ ʢʘʢ ʚ ʜʨʫʛʠʭ ʩʣʫʯʘʷʭ ʥʘʙʣʶʜʘʝʪʩʷ ʝʸ ʩʫʱʝʩʪʚʝʥʥʦʝ ʠʩʢʘʞʝʥʠʝ. ʋʢʘ-

ʟʘʥʥʦʝ ʨʘʟʣʠʯʠʝ ʫʜʘʸʪʩʷ ʫʩʪʨʘʥʠʪʴ ʧʦʩʣʝ ʢʦʥʪʫʨʥʦʡ ʦʙʨʘʙʦʪʢʠ ʩʬʦʨʤʠʨʦ-

ʚʘʥʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ [6]. 

ɹʦʣʝʝ ʩʣʦʞʥʘʷ ʢʘʨʪʠʥʘ ʥʘʙʣʶʜʘʝʪʩʷ ʜʣʷ ʩʣʫʯʘʷ, ʢʦʛʜʘ ʬʫʥʢʮʠʷ ʨʘʩʩʝ-

ʷʥʠʷ ʧʦʜʯʠʥʷʝʪʩʷ ʛʨʘʜʠʝʥʪʥʦʤʫ ʟʘʢʦʥʫ [6], ʪ.ʝ. ʣʠʥʝʡʥʦ ʫʤʝʥʴʰʘʝʪʩʷ ʦʪ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʚ ʮʝʥʪʨʝ ʬʠʛʫʨʳ ʜʦ ʥʫʣʝʚʦʛʦ ʥʘ ʝʸ ʛʨʘʥʠʮʝ. ʉʦ-

ʦʪʚʝʪʩʪʚʫʶʱʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʚʝʜʝʥʠʷ ʦʪʬʠʣʴʪʨʦʚʘʥʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʚ 

ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 3. ʅʝ ʚʜʘʚʘʷʩʴ ʚ ʜʝʪʘʣʴʥʳʡ ʘʥʘʣʠʟ ʠʭ 

ʧʦʚʝʜʝʥʠʷ ʟʘʤʝʪʠʤ, ʯʪʦ ʥʘ ʚʳʭʦʜʝ ʤʝʜʠʘʥʥʦʛʦ ʬʠʣʴʪʨʘ ʜʘʞʝ ʚ ʵʪʦʤ ʩʣʫʯʘʝ 

ʬʦʨʤʠʨʫʶʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʜʦʩʪʦʚʝʨʥʳʝ ʦʮʝʥʢʠ ʩʪʨʫʢʪʫʨʳ ʠʩʭʦʜʥʦʛʦ ʠʟʦʙ-

ʨʘʞʝʥʠʷ. 
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ʈʠʩʫʥʦʢ 3. ɿʘʚʠʩʠʤʦʩʪʠ ʧʦʚʝʜʝʥʠʷ ʠʥʚʘʨʠʘʥʪʦʚ ʠʟʦʙʨʘʞʝʥʠʷ ʩ 

ʛʨʘʜʠʝʥʪʥʳʤ ʠʟʤʝʥʝʥʠʝʤ ʷʨʢʦʩʪʠ ʘʥʘʣʠʟʠʨʫʝʤʦʛʦ ʦʙʲʝʢʪʘ ʢʘʢ ʬʫʥʢʮʠʡ 

ʫʛʣʘ ʦʨʠʝʥʪʘʮʠʠ Ŭ ʠ ʧʨʠʤʝʨʳ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʥʘ ʚʳʭʦʜʝ 

ʬʠʣʴʪʨʘ ʧʨʠ Ŭ=260 (ʠʭ ʧʦʨʷʜʦʢ ʩʣʝʚʘ ʥʘʧʨʘʚʦ: ʵʪʘʣʦʥ, ʦʙʨʘʟʳ ʧʦ 

ʚʦʟʨʘʩʪʘʥʠʶ ʧʘʨʘʤʝʪʨʘ Ὧᶰ ρ υ. 

 

ɿʘʢʣʶʯʝʥʠʝ 

ʇʨʠ ʘʥʘʣʠʟʝ ʤʘʣʦʢʦʥʪʨʘʩʪʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʥʝʠʟʚʝʩʪʥʳʭ ʦʙʲʝʢʪʦʚ 

ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʭ ʠʥʪʝʛʨʘʣʴʥʳʭ ʠʥʚʘʨʠʘʥʪʦʚ. 

ɿʥʘʯʝʥʠʷ ʠʥʚʘʨʠʘʥʪʦʚ ʚ ʧʦʣʥʦʤ ʦʙʲʸʤʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʴ ʠ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʩʪʨʫʢʪʫʨʫ ʘʥʘʣʠʟʠʨʫʝʤʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ. ɺ ʩʪʘʪʴʝ ʧʨʠ-

ʚʦʜʠʪʩʷ ʘʣʛʦʨʠʪʤ ʚʳʯʠʩʣʝʥʠʷ ʠʥʚʘʨʠʘʥʪʦʚ, ʘ ʪʘʢʞʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʭ ʧʦ-

ʚʝʜʝʥʠʷ ʢʘʢ ʬʫʥʢʮʠʡ ʦʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ (ʠʟʤʝʥʝʥʠʷ ʷʨʢʦʩʪʠ) ʠʟʦʙʨʘʞʝʥʠʷ. 

ɺ ʦʩʥʦʚʫ ʘʣʛʦʨʠʪʤʘ ʧʦʣʦʞʝʥʳ ʤʝʪʦʜʳ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ ʩ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʝʤ ʘʧʧʘʨʘʪʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʣʦʛʠʢʠ ʠ ʪʝʦʨʠʠ ʛʨʘʬʦʚ. ʇʨʝʜʣʦʞʝʥʥʳʡ 

ʘʣʛʦʨʠʪʤ ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʟʠʪʴ ʩʣʦʞʥʦʩʪʴ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʧʨʦ-

ʮʝʜʫʨʳ. ʇʨʠʚʝʜʝʥʳ ʠʣʣʶʩʪʨʘʮʠʦʥʥʳʝ ʧʨʠʤʝʨʳ ʚʳʯʠʩʣʝʥʠʷ ʧʨʝʜʣʘʛʘʝʤʳʭ 

ʠʥʚʘʨʠʘʥʪʦʚ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

* ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʧʨʦʝʢʪʳ ˉˉ 

16-07-00110, 17-07-00127, 17-07-00157). 
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ʀʅʌʆʈʄɸʊʀʂɸ, ɺʓʏʀʉʃʀʊɽʃʔʅɸʗ ʊɽʍʅʀʂɸ ʀ 

ʋʇʈɸɺʃɽʅʀɽ 

 

ʇʈʆɻʈɸʄʄʅʓʁ ʂʆʄʇʃɽʂʉ ɼʃʗ ɸɺʊʆʄɸʊʀɿɸʎʀʀ 

ʇʈʆʎɽʉʉɸ ʇʆɼɻʆʊʆɺʂʀ ʊɽʍʅʆʃʆɻʀʏɽʉʂʆɻʆ 

ʆɹʈɸʄʃɽʅʀʗ (FRAME ) 

 

ɺʦʣʢʦʚʘ ɸʥʘʩʪʘʩʠʷ ʖʨʴʝʚʥʘ, 

ʙʘʢʘʣʘʚʨ 4-ʛʦ ʢʫʨʩʘ ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ  

ʫʥʠʚʝʨʩʠʪʝʪʘ çʄʦʩʢʦʚʩʢʠʡ ʠʥʩʪʠʪʫʪ ʵʣʝʢʪʨʦʥʥʦʡ ʪʝʭʥʠʢʠè, ʛ. ʄʦʩʢʚʘ,  

ʛ. ɿʝʣʝʥʦʛʨʘʜ 

 

SOFTWARE COMPLEX FOR AUTOMATION OF PROCESS 

PREPARATION OF TECHNOLOGICAL FRAMING (FRAME)  

 

Volkova Anastasiya Yurievna, 

Four-year student at National Research University of  

Electronic Technology. Moscow, Zelenograd 

 

 

ɸʥʥʦʪʘʮʠʷ: ʆʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʵʪʘʧʦʚ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʬʦʪʦ-

ʰʘʙʣʦʥʦʚ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʨʘʤʣʝʥʠʷ (FRAME). ʉ 

ʧʝʨʝʭʦʜʦʤ ʥʘ ʥʦʚʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʫʨʦʚʥʠ ʚʦʟʨʘʩʪʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʩʣʦʸʚ, 

ʧʨʘʚʠʣ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚʨʝʤʷ ʝʛʦ ʨʘʟʨʘʙʦʪʢʠ. ɺ ʥʘʩʪʦ-

ʷʱʝʝ ʚʨʝʤʷ ʧʨʦʮʝʩʩ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʨʘʤʣʝʥʠʷ ʦʙʣʘʜʘʝʪ 

ʥʠʟʢʦʡ ʩʪʝʧʝʥʴʶ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠ ʥʝʜʦʩʪʘʪʦʯʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ ʢʦʥʪʨʦʣʷ. 

ʂʘʢ ʩʣʝʜʩʪʚʠʝ, ʚʳʩʦʢʘ ʚʝʨʦʷʪʥʦʩʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʦʰʠʙʦʢ ʩʚʷʟʘʥʥʳʭ ʩ 

ʚʣʠʷʥʠʝʤ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘ-

ʪʨʫʜʥʠʪʴ ʘʪʪʝʩʪʘʮʠʶ ʛʦʪʦʚʳʭ ʧʣʘʩʪʠʥ. ʂʘʢ ʧʨʘʚʠʣʦ, ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ 

FRAME ʧʨʠʤʝʥʷʶʪʩʷ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʧʨʦʛʨʘʤʤʥʳʝ ʧʣʘʪʬʦʨʤʳ, ʦʜ-

ʥʘʢʦ ʠʭ ʙʘʟʦʚʳʡ ʬʫʥʢʮʠʦʥʘʣ ʥʝ ʦʪʚʝʯʘʝʪ ʪʨʝʙʦʚʘʥʠʷʤ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʜʝʞ-

ʥʦʩʪʠ, ʩʢʦʨʦʩʪʠ ʠ ʫʜʦʙʩʪʚʘ ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. 

Abstract:  One of the key steps in the design of photomasks is the devel-

opment of technological framing (FRAME). With the transition to new techno-

logical levels, the number of layers, design rules and the time of FRAME 

development increases. At the present time the process of forming the techno-

logical frame has a low rate of automation and insufficient means of control. As 

a consequence, the probability of errors from the human influence is high, what 

as a result can greatly complicate the certification of the finished wafers. Usual-

ly, specialized software platforms are used to form FRAME, however their basic 

functionality does not meet the requirements of safety, speed and convenience of 

designing. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʢʨʝʤʥʠʝʚʳʝ 

ʧʣʘʩʪʠʥʳ, ʬʦʪʦʰʘʙʣʦʥ, ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ, ʘʚʪʦʤʘʪʠʟʘʮʠʷ. 
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Keywords: semiconductor production, silicon wafer, photomask, software 

complex, automation. 

 

ʏʪʦ ʪʘʢʦʝ FRAME ? ʂʨʝʤʥʠʝʚʘʷ ʧʣʘʩʪʠʥʘ, ʢʦʪʦʨʘʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʠʥʪʝʛʨʘʣʴʥʳʭ ʤʠʢʨʦʩʭʝʤ, ʩʦʩʪʦʠʪ ʠʟ ʤʥʦʞʝʩʪʚʘ ʦʜʠʥʘʢʦʚʳʭ ʢʘʜ-

ʨʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʥʝʡ ʚ ʚʠʜʝ ʫʧʦʨʷʜʦʯʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ. ʂʘʞʜʳʡ 

ʢʘʜʨ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʩʦʙʦʝ ʠʟʦʙʨʘʞʝʥʠʝ, ʧʦʣʫʯʘʝʤʦʝ ʩ ʧʦʤʦʱʴʶ ʬʦ-

ʪʦʰʘʙʣʦʥʘ, ʪʘʢʦʛʦ, ʢʘʢ ʪʦʪ, ʯʪʦ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 1. ʌʦʪʦʰʘʙʣʦʥ ʩʦ-

ʩʪʦʠʪ ʠʟ ʦʙʣʘʩʪʠ ʢʘʜʨʘ ʠ ʵʣʝʤʝʥʪʦʚ, ʨʘʩʧʣʦʞʝʥʥʳʭ ʚʥʝ ʵʪʦʡ ʦʙʣʘʩʪʠ, ʪʘʢʠʭ 

ʢʘʢ ʙʘʨʢʦʜ, ʥʘʟʚʘʥʠʝ ʠʟʜʝʣʠʷ, ʜʘʪʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʬʦʪʦʰʘʙʣʦʥʘ (ʌʐ) ʠ 

ʩʧʝʮʠʘʣʴʥʳʝ ʩʠʤʚʦʣʳ, ʢʦʪʦʨʳʝ ʨʘʩʧʦʟʥʘʸʪ ʩʢʘʥʝʨ. ɺ ʦʙʣʘʩʪʠ ʢʘʜʨʘ ʠʟʦʙ-

ʨʘʞʝʥʠʷ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʢʘʢ ʠ ʫʥʠʢʘʣʴʥʳʝ ʢʨʠʩʪʘʣʣʳ ʟʘʢʘʟʯʠʢʘ, ʪʘʢ ʠ ʩʪʘʥ-

ʜʘʨʪʠʟʠʨʦʚʘʥʥʳʝ ʪʝʩʪʦʚʳʝ ʩʪʨʫʢʪʫʨʳ. ʆʢʨʫʞʘʝʪ ʵʪʫ ʦʙʣʘʩʪʴ ʪʘʢ 

ʥʘʟʳʚʘʝʤʘʷ ʨʘʤʢʘ - FRAME, ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʦʙʨʘʤʣʝʥʠʝ. ɺʦ FRAME 

ʥʘʭʦʜʷʪʩʷ ʩʪʨʫʢʪʫʨʳ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʤʝʞʦʧʝʨʘʮʠʦʥʥʦʛʦ ʢʦʥʪʨʦʣʷ, 

ʥʘʧʨʠʤʝʨ, ʢʘʢ ʟʜʝʩʴ ʩʭʝʤʘʪʠʯʥʦ ʠʟʦʙʨʘʞʝʥʦ ï ʵʪʦ ʤʦʛʫʪ ʙʳʪʴ ʤʝʪʢʠ LLC, 

OVL, SPM, CDM. 

 

ɸʙʩʦʣʶʪʥʳʝ ʢʦʦʨʜʠʥʘʪʳ ï ʢʦʦʨʜʠʥʘʪʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʝʥʪʨʘ ʢʘʜʨʘ. 

ɼʣʷ ʨʘʩʯʸʪʘ ʘʙʩʦʣʶʪʥʳʭ ʢʦʦʨʜʠʥʘʪ ʚʦ FRAME ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ ʝʛʦ ʛʝʦ-

ʤʝʪʨʠʯʝʩʢʠʝ ʨʘʟʤʝʨʳ: ʜʣʠʥʫ (L), ʚʳʩʦʪʫ (H), ʰʠʨʠʥʫ (W). ɺ ʪʘʙʣʠʮʝ 1 

ʧʨʠʚʝʜʝʥʳ ʨʘʟʤʝʨʳ ʜʣʷ ʜʚʫʭ ʩʪʘʥʜʘʨʪʥʳʭ ʪʠʧʦʚ FRAME. 

  

ʈʠʩʫʥʦʢ 1. ʉʭʝʤʘʪʠʯʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʬʦʪʦʰʘʙʣʦʥʘ 
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ʊʘʙʣʠʮʘ 1. 

 ʉʪʘʥʜʘʨʪʥʳʝ ʨʘʟʤʝʨʳ FRAME  

ʊʠʧ L, ʤʢʤ H, ʤʢʤ W, ʤʢʤ 

MLR 26000 15400 100 

SLR 26000 32000 100 

MLR (Multi -Layer Reticle) ï ʥʘ ʰʘʙʣʦʥʝ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʩʣʦ-

ʸʚ, ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʰʘʙʣʦʥ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʝʯʘʪʠ ʥʘ ʧʣʘʩʪʠʥʫ ʨʘʟʥʳʭ 

ʩʣʦʸʚ. 

SLR (Single-Layer Reticle) ï ʥʘ ʰʘʙʣʦʥʝ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʦʜʠʥ ʩʣʦʡ [1, 

ʩ.49]. 

ʅʘ ʨʠʩʫʥʢʝ 2 ʠʟʦʙʨʘʞʝʥʦ ʟʥʘʯʝʥʠʝ ʢʘʞʜʦʛʦ ʧʘʨʘʤʝʪʨʘ ʨʘʟʤʝʨʘ 

FRAME. 

  

 
ɺʚʝʜʝʥʠʝ ʚ ʤʘʨʰʨʫʪ. ʉ ʧʝʨʝʭʦʜʦʤ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʛʦ ʧʨʦʠʟʚʦʜ-

ʩʪʚʘ ʚ ʩʫʙʤʠʢʨʦʥʥʳʡ ʜʠʘʧʘʟʦʥ, ʩʫʱʝʩʪʚʝʥʥʦ ʚʦʟʨʘʩʪʘʶʪ ʪʨʝʙʦʚʘʥʠʷ ʢ ʢʘ-

ʯʝʩʪʚʫ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʌʐ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʩʣʦʸʚ, ʜʦʙʘʚʣʝʥʠʷ ʥʦʚʳʭ ʧʨʘʚʠʣ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚʨʝʤʷ ʨʘʟʨʘʙʦʪʢʠ. ʎʝʥʘ ʦʰʠʙʢʠ ʚ ʪʘʢʦʡ 

ʩʠʪʫʘʮʠʠ ʪʘʢʞʝ ʚʦʟʨʘʩʪʘʝʪ. ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʬʦʪʦʰʘʙʣʦʥʦʚ ʦʜʠʥ ʠʟ 

ʚʘʞʥʝʡʰʠʭ ʵʪʘʧʦʚ - ʨʘʟʨʘʙʦʪʢʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʨʘʤʣʝʥʠʷ (FRAME). 

ɸʥʘʣʠʟ ʤʘʨʰʨʫʪʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ FRAME  ʚ ɸʆ çʅʀʀʄʕè. ɼʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʤʝʞʦʧʝʨʘʮʠʦʥʥʦʛʦ ʢʦʥʪʨʦʣʷ ʧʣʘʩʪʠʥ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʧʝʮʠʘʣʠ-

ʟʠʨʦʚʘʥʥʳʝ ʪʝʩʪʦʚʳʝ ʩʪʨʫʢʪʫʨʳ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʢʨʠʪʠʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚ, 

ʦʧʨʝʜʝʣʝʥʠʷ ʪʦʣʱʠʥ ʩʣʦʸʚ, ʧʨʦʚʝʨʢʠ ʪʦʯʥʦʩʪʠ ʩʦʚʤʝʱʝʥʠʷ ʧʣʘʩʪʠʥ ʠ ʪ.ʜ. 

ʊʝʩʪʦʚʳʝ ʩʪʨʫʢʪʫʨʳ ʚ ʚʠʜʝ ʦʩʦʙʳʭ ʬʠʛʫʨ ʨʘʟʤʝʱʘʶʪʩʷ ʚ ʦʙʣʘʩʪʠ ʚʦʢʨʫʛ 

ʢʘʜʨʘ ʠʟʦʙʨʘʞʝʥʠʷ ï ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʦʙʨʘʤʣʝʥʠʠ.  

ʀʩʪʦʨʠʯʝʩʢʠ ʩʣʦʞʠʣʦʩʴ, ʯʪʦ ʜʣʷ ʜʠʘʤʝʪʨʘ ʧʣʘʩʪʠʥ 100-150 ʤʤ ʩʫʱʝ-

ʩʪʚʫʝʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʤʘʨʰʨʫʪʦʚ. ɺ ʩʚʷʟʠ ʩ ʦʪʩʫʪ-

ʩʪʚʠʝʤ ʩʪʘʥʜʘʨʪʘ ʥʘʠʤʝʥʦʚʘʥʠʷ ʵʣʝʤʝʥʪʦʚ, ʥʝ ʙʳʣʦ ʚʦʟʤʦʞʥʦʩʪʠ ʩʦʟʜʘʪʴ 

ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʩʦʩʪʘʚʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʨʘʤʣʝ-

ʥʠʷ ʠ ʠʤʝʥʘʭ ʚʭʦʜʷʱʠʭ ʚ ʥʝʛʦ ʵʣʝʤʝʥʪʘʭ. ʂʘʢ ʩʣʝʜʩʪʚʠʝ, ʪʦʧʦʣʦʛʠ ʜʣʷ 

ʢʘʞʜʦʡ ʪʝʭʥʦʣʦʛʠʠ ʬʦʨʤʠʨʦʚʘʣʠ FRAME ʚʨʫʯʥʫʶ. ʇʨʠ ʧʝʨʝʭʦʜʝ ʥʘ ʜʠʘ-

ʤʝʪʨ 200 ʤʤ, ʥʝʩʤʦʪʨʷ ʥʘ ʫʚʝʣʠʯʝʥʠʝ ʩʣʦʞʥʦʩʪʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦ-

ʮʝʩʩʘ, ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʣʘʩʴ ʩʪʝʧʝʥʴ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʠ ʠ 

ʧʦʷʚʠʣʘʩʴ ʚʦʟʤʦʞʥʦʩʪʴ ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʪʴ ʧʝʨʝʯʝʥʴ ʠʤʸʥ, ʨʘʟʨʘʙʦʪʘʪʴ 

ʈʠʩʫʥʦʢ 2. ɻʝʦʤʝʪʨʠʷ FRAME. 
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ʙʠʙʣʠʦʪʝʢʫ ʪʦʧʦʣʦʛʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʠ ʧʨʘʚʠʣʘ ʠʭ ʨʘʟʤʝʱʝʥʠʷ ʚʦ 

FRAME. ʆʙʥʦʚʣʝʥʠʝ ʤʘʨʰʨʫʪʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʭʝʤʘʪʠʯʥʦ ʠʟʦʙʨʘʞʝʥʦ 

ʥʘ ʨʠʩʫʥʢʝ 3. 

ʆʩʥʦʚʥʳʝ ʧʨʦʙʣʝʤʳ, ʢʦʪʦʨʳʝ ʚʳʷʚʣʝʥʳ ʚʦ ʚʨʝʤʷ ʨʘʙʦʪʳ ʩ ʧʨʝʜʳʜʫ-

ʱʠʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʫʨʦʚʥʝʤ (d=100-150) ï ʥʠʟʢʘʷ ʩʪʝʧʝʥʴ ʘʚʪʦʤʘʪʠʟʘ-

ʮʠʠ, ʙʦʣʴʰʘʷ ʚʝʨʦʷʪʥʦʩʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʦʰʠʙʦʢ, ʩʚʷʟʘʥʥʳʭ ʩ ʚʣʠʷʥʠʝʤ 

ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ. ʂʨʦʤʝ ʪʦʛʦ ʦʪʩʫʪʩʪʚʠʝ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʤʝʪʦ-

ʜʦʚ ʭʨʘʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

 

 
ʄʦʜʝʨʥʠʟʠʨʦʚʘʥʥʳʡ ʤʘʨʰʨʫʪ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ FRAME  ʚ ɸʆ 

çʅʀʀʄʕè. ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʤʘʨʰʨʫʪʘ ʠ ʫʤʝʥʴʰʝʥʠʷ ʢʦʣʠʯʝ-

ʩʪʚʘ ʦʰʠʙʦʢ, ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ 

ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʚʣʠʷʥʠʝ ʧʨʦʝʢʪʠʨʦʚʱʠʢʘ ʥʘ ʚʳʧʦʣʥʝʥʠʝ ʧʨʦʮʝʩʩʘ. ɼʣʷ 

ʚʳʧʦʣʥʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʫʶ 

ʘʚʪʦʤʘʪʠʟʘʮʠʶ ʚʳʧʦʣʥʝʥʠʷ ʵʪʘʧʦʚ.  

ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʳ ʚʩʝ ʠʩʧʦʣʴʟʫʝʤʳʝ ʵʣʝʤʝʥʪʳ ʠ 

ʧʨʘʚʠʣʘ ʠʭ ʨʘʟʤʝʱʝʥʠʷ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʫʧʨʦʩʪʠʪʴ ʧʨʦʮʝʩʩ ʩʦʩʪʘʚʣʝʥʠʷ ʧʝ-

ʨʝʯʥʷ, ʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ, ʯʘʩʪʠʯʥʦ ʝʛʦ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ. ʊʘʢ ʢʘʢ ʙʠʙʣʠʦʪʝʢʘ 

ʵʣʝʤʝʥʪʦʚ ʧʦ ʟʘʜʘʥʥʳʤ ʩʪʘʥʜʘʨʪʘʤ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʪʝʭʥʦʣʦʛʘʤʠ, ʥʘ ʜʘʥ-

ʥʦʤ ʵʪʘʧʝ ʥʝʦʙʭʦʜʠʤʦ ʩʦʩʪʘʚʠʪʴ ʧʝʨʝʯʝʥʴ ʵʣʝʤʝʥʪʦʚ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʨʘʤʣʝʥʠʷ. ʕʪʦ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʫʢʘʟʘʥʠʝ ʠʭ ʥʘʟʚʘʥʠʡ 

ʠ ʧʘʨʘʤʝʪʨʦʚ ʨʘʟʤʝʱʝʥʠʷ.  

ʇʨʦʙʣʝʤʘ ʭʨʘʥʝʥʠʷ, ʧʝʨʝʜʘʯʠ ʠ ʧʦʚʪʦʨʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʥʬʦʨʤʘ-

ʮʠʠ ʨʝʰʝʥʘ ʧʦʩʨʝʜʩʪʚʦʤ ʦʨʛʘʥʠʟʘʮʠʠ ʫʜʘʣʝʥʥʦʡ ʙʘʟʳ ʜʘʥʥʳʭ. ɻʨʘʬʠʯʝ-

ʩʢʠʡ ʠʥʪʝʨʬʝʡʩ ʥʘ ʷʟʳʢʝ VBA ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʨʘʟʨʘʙʦʪʯʠʢʘʤ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʦʣʫʯʝʥʠʷ ʪʨʝʙʫʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʦʙʝʩʧʝʯʠʚʘʷ ʧʨʠ ʵʪʦʤ ʢʦʥʪʨʦʣʴ ʜʦʩʪʫ-

ʧʘ ʠ ʮʝʣʦʩʪʥʦʩʪʠ ʜʘʥʥʳʭ. 

ɺʚʝʜʝʥʠʝ ʩʪʘʥʜʘʨʪʦʚ ʧʨʦʝʢʪʠʨʫʝʤʳʭ ʵʣʝʤʝʥʪʦʚ ʧʦʟʚʦʣʠʣʦ ʩʜʝʣʘʪʴ 

FRAME ʫʥʠʚʝʨʩʘʣʴʥʳʤ. ʕʪʦ ʜʦʩʪʠʛʥʫʪʦ ʟʘ ʩʯʝʪ ʨʘʟʙʠʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝ-

ʩʢʦʛʦ ʦʙʨʘʤʣʝʥʠʷ ʥʘ ʪʨʠ ʫʨʦʚʥʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ. ʇʝʨʚʳʡ ï ʙʘʟʦʚʳʝ ʙʠʙʣʠʦ-

ʪʝʯʥʳʝ ʷʯʝʡʢʠ. ɺʪʦʨʦʡ ï ʤʘʩʩʠʚ ʷʯʝʝʢ. ʊʨʝʪʠʡ ï ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ FRAME, 

ʈʠʩ. 3. ʄʘʨʰʨʫʪ ʧʦʜʛʦʪʦʚʢʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʨʘʤʣʝʥʠʷ 



16 

ʩʦʩʪʦʷʱʠʡ ʠʟ ʩʢʦʤʧʦʥʦʚʘʥʥʳʭ ʩʦʛʣʘʩʥʦ ʬʘʡʣʫ-ʟʘʜʘʥʠʶ ʤʘʩʩʠʚʦʚ. ʊʘʢʦʡ 

ʠʝʨʘʨʭʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʦʚ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠ-

ʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ Calibre ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʩʳʣʢʠ ʥʘ ʨʘʟʨʘʙʦʪʘʥ-

ʥʳʝ ʵʣʝʤʝʥʪʳ. ʅʘʧʨʠʤʝʨ, ʚ ʤʘʩʩʠʚʝ ʷʯʝʝʢ ʩʦʜʝʨʞʘʪʩʷ ʪʦʣʴʢʦ ʩʩʳʣʢʠ ʥʘ 

ʩʘʤʠ ʷʯʝʡʢʠ, ʚʦ FRAME ʩʩʳʣʢʠ ʥʘ ʩʬʦʨʤʠʨʦʚʘʥʥʳʝ ʤʘʩʩʠʚʳ. ʇʦʜʦʙʥʦʝ 

ʨʝʰʝʥʠʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʛʠʙʢʦʩʪʴ ʧʨʦʝʢʪʘ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʠʟʤʝʥʝʥʠʷʤ. ʊʘʢ 

ʨʝʜʘʢʪʠʨʦʚʘʥʠʝ ʷʯʝʡʢʠ ʧʨʠʚʝʜʸʪ ʢ ʨʝʜʘʢʪʠʨʦʚʘʥʠʶ ʚʩʝʭ ʝʸ ʦʙʨʘʟʦʚ ʥʘ ʣʶ-

ʙʦʤ ʠʟ ʫʨʦʚʥʝʡ ʧʨʝʜʩʪʘʚʣʝʥʠʷ. 

ʊʘʢʞʝ ʚ ʤʘʨʰʨʫʪ ʠʥʪʝʛʨʠʨʦʚʘʥ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʵʪʘʧ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

- ʬʦʨʤʠʨʦʚʘʥʠʝ FRAME ʚ ʤʘʩʦʯʥʳʭ ʩʣʦʷʭ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ 

ʥʘʜʝʞʥʦʩʪʴ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʟʘ ʩʯʝʪ ʧʨʦʚʝʨʦʢ ʩʦʦʪʚʝʪʩʪʚʠʷ ʫʯʘʩʪʢʦʚ ʪʝʭ-

ʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʨʘʤʣʝʥʠʷ ʙʠʙʣʠʦʪʝʯʥʳʤ ʵʣʝʤʝʥʪʘʤ. 

ʈʘʟʨʘʙʦʪʢʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʘʣʴʥʦʡ ʦʮʝʥʢʠ 

ʧʦ ʨʷʜʫ ʢʨʠʪʝʨʠʝʚ ʥʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʭ ʧʣʘʪʬʦʨʤ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

Frame, ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʷʜʨʘ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ ʢʦʤʧʣʝʢʩʘ ʠʩ-

ʧʦʣʴʟʦʚʘʪʴ ʧʣʘʪʬʦʨʤʫ Calibre WORKbench ʦʪ ʢʦʤʧʘʥʠʠ MentorGraphics, 

ʢʘʢ ʥʘʠʙʦʣʝʝ ʧʦʣʥʦ ʫʜʦʚʣʝʪʚʦʨʷʶʱʫʶ ʪʨʝʙʦʚʘʥʠʷʤ [2, ʩ. 52; 1, ʩ.38]. 

ɺʳʙʦʨ ʧʣʘʪʬʦʨʤʳ ʚʦ ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʠʣ ʠ ʚʳʙʦʨ ʷʟʳʢʘ ʧʨʦʛʨʘʤʤʠʨʦ-

ʚʘʥʠʷ, ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʤʦʜʫʣʝʡ ʢʦʤʧʣʝʢʩʘ.  

ʇʦʩʢʦʣʴʢʫ ʙʦʣʴʰʠʥʩʪʚʦ ʦʧʝʨʘʮʠʡ ʤʘʨʰʨʫʪʘ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ Calibre, ʦʯʝʚʠʜʥʳʤ ʨʝʰʝʥʠʝʤ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʵʪʦʛʦ 

ʧʨʦʮʝʩʩʘ ʩʪʘʣʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʷʟʳʢʘ TCL, ʪʘʢ ʢʘʢ ʤʦʜʫʣʠ ʧʣʘʪʬʦʨʤʳ 

ʠʤʝʶʪ ʚʩʪʨʦʝʥʥʳʡ ʠʥʪʝʨʧʨʝʪʘʪʦʨ ʷʟʳʢʘ [3, ʩ.17, c. 24]. 

ʇʦʩʢʦʣʴʢʫ ʨʘʙʦʪʘ ʢʦʤʧʣʝʢʩʘ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʚʚʦʜ ʜʘʥʥʳʭ, ʦʪʜʝʣʴʥʳʝ 

ʤʦʜʫʣʠ ʧʨʝʜʧʦʣʘʛʘʶʪ ʥʘʣʠʯʠʝ ʛʨʘʬʠʯʝʩʢʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʪʝʨʬʝʡ-

ʩʘ. ɼʣʷ ʯʝʛʦ ʥʘ ʷʟʳʢʝ VBA (EXCEL Microsoft) ʨʝʘʣʠʟʦʚʘʥʳ ʜʠʘʣʦʛʦʚʳʝ 

ʦʢʥʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʧʨʦʩʪʦʡ ʠ ʫʜʦʙʥʳʡ ʤʝʭʘʥʠʟʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʙʘ-

ʟʦʡ ʜʘʥʥʳʭ ʥʘ ʷʟʳʢʝ ʟʘʧʨʦʩʦʚ MySQL. ʊʘʢʦʝ ʨʝʰʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʦʙʦʡʪʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ, ʨʘʙʦʪʘ ʩ ʢʦʪʦ-

ʨʳʤʠ ʪʨʝʙʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʥʘ ʦʙʫʯʝʥʠʝ ʧʦʣʴʟʦʚʘʪʝʣʷ. 

ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʤʫ ʧʨʦʛʨʘʤʤʥʦʤʫ 

ʨʝʰʝʥʠʶ ʷʚʣʷʝʪʩʷ ʝʛʦ ʘʜʘʧʪʠʚʥʦʩʪʴ ʢ ʚʦʟʤʦʞʥʳʤ ʠʟʤʝʥʝʥʠʷʤ ʚ ʤʘʨʰʨʫʪʝ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ FRAME, ʧʦʵʪʦʤʫ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʦʙ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʦ-

ʜʫʣʴʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʩʠʩʪʝʤʳ.  

ʅʘ ʨʠʩʫʥʢʝ 4 ʦʙʦʟʥʘʯʝʥʳ ʤʦʜʫʣʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʢʘʞʜʳʡ 

ʠʟ ʢʦʪʦʨʳʭ ʩʦʩʪʦʠʪ ʠʟ ʦʜʥʦʛʦ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʘʚʪʦʥʦʤʥʳʭ ʤʦʜʫʣʝʡ. 

ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʚʳʧʦʣʥʝʥʠʝ ʤʦʜʫʣʝʡ ʛʘʨʘʥʪʠʨʫʝʪ ʥʘʣʠʯʠʝ ʚʩʝʭ ʥʝ-

ʦʙʭʦʜʠʤʳʭ ʜʘʥʥʳʭ ʧʝʨʝʜ ʧʝʨʝʭʦʜʦʤ ʢ ʩʣʝʜʫʶʱʝʤʫ ʵʪʘʧʫ, ʘ ʚʳʭʦʜ ʠʟ ʧʨʦ-

ʛʨʘʤʤʳ ʚ ʩʣʫʯʘʝ ʦʰʠʙʢʠ ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʧʝʨʝʜʘʯʫ ʥʝʚʝʨʥʳʭ ʜʘʥʥʳʭ. 
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ʇʝʨʚʳʡ ʤʦʜʫʣʴ ï ʩʦʟʜʘʥʠʝ ʵʩʢʠʟʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʨʘʤʣʝʥʠʷ ʚ ʚʠ-

ʜʝ ʪʘʙʣʠʮ ʩ ʧʘʨʘʤʝʪʨʘʤʠ ʵʣʝʤʝʥʪʦʚ, ʭʨʘʥʠʤʳʭ ʚ ʙʘʟʝ ʜʘʥʥʳʭ. ɺʪʦʨʦʡ ʤʦ-

ʜʫʣʴ ï ʧʦʣʫʯʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʠʟ ʙʘʟʳ ʠ ʬʦʨʤʘʪʠʨʦʚʘʥʠʝ ʜʘʥʥʳʭ ʜʣʷ 

ʧʝʨʝʜʘʯʠ ʥʘ ʩʣʝʜʫʶʱʠʡ ʫʨʦʚʝʥʴ. ʅʘ ʦʩʥʦʚʝ ʵʪʠʭ ʜʘʥʥʳʭ ʪʨʝʪʠʡ ʤʦʜʫʣʴ 

ʢʦʤʧʣʝʢʩʘ ʬʦʨʤʠʨʫʝʪ FRAME ʚ ʪʦʧʦʣʦʛʠʯʝʩʢʠʭ ʠ ʤʘʩʦʯʥʳʭ ʩʣʦʷʭ. ʅʘ ʟʘ-

ʢʣʶʯʠʪʝʣʴʥʦʤ ʵʪʘʧʝ ʚʳʧʦʣʥʷʝʪʩʷ ʚʝʨʠʬʠʢʘʮʠʷ ʧʦʣʫʯʝʥʥʦʡ ʪʦʧʦʣʦʛʠʠ.  

ʇʝʨʩʧʝʢʪʠʚʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. ʇʨʠʤʝʥʝ-

ʥʠʝ ʢʦʤʧʣʝʢʩʘ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʨʘʤʣʝʥʠʷ ʧʦʟʚʦ-

ʣʠʪ ʜʦʩʪʠʯʴ ʩʣʝʜʫʶʱʠʭ ʨʝʟʫʣʴʪʘʪʦʚ: 

¶ ʟʥʘʯʠʪʝʣʴʥʦʝ ʧʦʚʳʰʝʥʠʝ ʦʰʠʙʢʦʫʩʪʦʡʯʠʚʦʩʪʠ ʧʨʦʮʝʩʩʘ, ʟʘ 

ʩʯʝʪ ʠʩʢʣʶʯʝʥʠʷ ʧʨʠʯʠʥ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʙʦʣʴʰʠʥʩʪʚʘ ʦʰʠʙʦʢ, ʩʚʷʟʘʥ-

ʥʳʭ ʩ ʧʨʦʷʚʣʝʥʠʝʤ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ; 

¶ ʩʫʱʝʩʪʚʝʥʥʦʝ ʩʦʢʨʘʱʝʥʠʝ ʚʨʝʤʝʥʥʳʭ ʟʘʪʨʘʪ, ʟʘ ʩʯʝʪ ʧʦʚʳʰʝ-

ʥʠʷ ʩʪʝʧʝʥʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʚʳʧʦʣʥʷʝʤʦʛʦ ʤʘʨʰʨʫʪʘ; 

¶ ʧʦʚʳʰʝʥʠʝ ʥʘʜʝʞʥʦʩʪʠ ʭʨʘʥʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ, ʚʦʟʤʦʞ-

ʥʦʩʪʴ ʧʦʚʪʦʨʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʫʞʝ ʛʦʪʦʚʳʭ ʧʨʦʝʢʪʦʚ; 

¶ ʦʙʝʩʧʝʯʝʥʠʝ ʧʣʘʪʬʦʨʤʳ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʩʫʱʝ-

ʩʪʚʫʶʱʠʭ ʤʘʨʰʨʫʪʦʚ ʠ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʩʨʝʜʩʪʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

FRAME ʜʣʷ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʫʨʦʚʥʝʡ. 
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ʅɸʅʆʊɽʍʅʆʃʆɻʀʀ ʀ ʅɸʅʆʄɸʊɽʈʀɸʃʓ 

 

ʋʃʋʏʐɽʅʀɽ ʕʂʉʇʃʋɸʊɸʎʀʆʅʅʓʍ ʀ ʕʂʆʅʆʄʀʏɽʉʂʀʍ 

ʍɸʈɸʂʊɽʈʀʉʊʀʂ ɼɺʀɻɸʊɽʃɽʁ ɺʅʋʊʈɽʅʅɽɻʆ ʉɻʆʈɸʅʀʗ. 

 

ɺʦʣʢʦʚ ɸʣʝʢʩʝʡ ɸʣʝʢʩʘʥʜʨʦʚʠʯ 

ɸʩʧʠʨʘʥʪ ʌɻɹʆʋ ɺʆ çʈʦʩʩʠʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʛʨʘʨʥʳʡ  

ʫʥʠʚʝʨʩʠʪʝʪ ï ʄʉʍɸ ʠʤ. ʂ. ɸ. ʊʠʤʠʨʷʟʝʚʘè, ʛ. ʄʦʩʢʚʘ  

ʇʫʟʝʥʢʦ ɽʢʘʪʝʨʠʥʘ ɽʚʛʝʥʴʝʚʥʘ 

ɸʩʧʠʨʘʥʪ ʌɻɹʆʋ ɺʆ çʈʦʩʩʠʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʛʨʘʨʥʳʡ  

ʫʥʠʚʝʨʩʠʪʝʪ ï ʄʉʍɸ ʠʤ. ʂ. ɸ. ʊʠʤʠʨʷʟʝʚʘè, ʛ. ʄʦʩʢʚʘ 

ʇʨʦʧʣʝʪʢʠʥ ɼʤʠʪʨʠʡ ɺʠʢʪʦʨʦʚʠʯ 

ʄʘʛʠʩʪʨ ʌɻɹʆʋ ɺʆ çʈʦʩʩʠʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʛʨʘʨʥʳʡ ʫʥʠʚʝʨ-

ʩʠʪʝʪ ï ʄʉʍɸ ʠʤ. ʂ. ɸ. ʊʠʤʠʨʷʟʝʚʘè, ʛ. ʄʦʩʢʚʘ 

 

ʕʢʦʥʦʤʠʯʥʦʩʪʴ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʜʚʠʛʘʪʝʣʝʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʨʠʙʦʧʨʦ-

ʮʝʩʩʘʤʠ ʚʩʝʭ ʝʛʦ ʩʦʩʪʘʚʥʳʭ ʜʝʪʘʣʝʡ. 

ʅʘ ʧʨʦʮʝʩʩʳ ʪʨʝʥʠʷ ʠ ʠʟʥʦʩʘ ʚʣʠʷʝʪ ʤʥʦʞʝʩʪʚʦ ʬʘʢʪʦʨʦʚ, ʪʘʢʠʭ ʢʘʢ 

ʩʢʦʨʦʩʪʴ ʩʢʦʣʴʞʝʥʠʷ, ʚʝʣʠʯʠʥʘ ʥʘʛʨʫʟʢʠ, ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ, 

ʫʩʣʦʚʠʷ ʩʤʘʟʢʠ ʠ ʪ.ʜ.  

ʋʩʣʦʚʠʷ ʩʤʘʟʢʠ, ʚ ʥʘʠʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʦʧʨʝʜʝʣʷʶʪ ʩʢʦʨʦʩʪʴ ʠ ʭʘʨʘʢ-

ʪʝʨ ʠʟʥʘʰʠʚʘʥʠʷ ʩʦʧʨʷʞʝʥʠʡ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʞʠʜʢʦʩʪʥʘʷ ʩʤʘʟʢʘ ʦʙʝʩ-

ʧʝʯʠʚʘʝʪʩʷ ʩʢʦʨʦʩʪʴʶ ʩʢʦʣʴʞʝʥʠʷ, ʥʘʛʨʫʟʢʦʡ ʠ ʩʚʦʡʩʪʚʘʤʠ ʩʤʘʟʦʯʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ. ʅʘʠʙʦʣʝʝ ʩʣʦʞʥʳʤʠ ʷʚʣʷʶʪʩʷ ʫʩʣʦʚʠʷ ʛʨʘʥʠʯʥʦʛʦ ʪʨʝʥʠʷ, 

ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʤʘʣʦʡ ʩʢʦʨʦʩʪʠ ʩʢʦʣʴʞʝʥʠʷ ʠ ʧʦʚʳʰʝʥʥʦʡ ʥʘʛʨʫʟ-

ʢʝ[3,ʩ.60, 5,ʩ.17, 2, 8, 12]. 

ʋʚʝʣʠʯʝʥʠʝ ʨʝʩʫʨʩʘ ʜʚʠʛʘʪʝʣʝʡ ʧʨʠ ʤʠʥʠʤʘʣʴʥʦʡ ʟʘʪʨʘʪʝ ʵʥʝʨʛʠʠ ʥʘ 

ʠʭ ʧʨʠʚʦʜ ʪʨʝʙʫʝʪ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʩʤʘʟʦʢ ʩ ʧʦʣʠʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ (ʦʢʠʩʣʠʪʝʣʴʥʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ, ʘʥʪʠʢʦʨʨʦʟʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ, ʚʳ-

ʩʦʢʠʡ ʠʥʜʝʢʩ ʚʷʟʢʦʩʪʠ, ʩʧʦʩʦʙʥʦʩʪʴ ʧʨʝʜʦʪʚʨʘʱʘʪʴ ʠʟʥʘʰʠʚʘʥʠʝ ʠ ʪ.ʜ.) ʠ 

ʦʨʛʘʥʠʟʘʮʠʠ ʨʝʞʠʤʦʚ ʪʨʝʥʠʷ (ʞʝʣʘʪʝʣʴʥʦ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ) [1,ʩ.5, 

4,ʩ.21, 9,ʩ.325]. 

ʇʦʚʳʰʝʥʠʝ ʜʦʣʛʦʚʝʯʥʦʩʪʠ (ʫʤʝʥʴʰʝʥʠʝ ʠʟʥʦʩʘ ʩʦʧʨʷʞʝʥʥʳʭ ʜʝʪʘ-

ʣʝʡ) ʠ ʵʢʦʥʦʤʠʯʥʦʩʪʠ ʜʚʠʛʘʪʝʣʝʡ (ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ ʠʣʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ) ʷʚ-

ʣʷʶʪʩʷ ʘʥʪʘʛʦʥʠʩʪʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ. ʏʝʤ ʚʳʰʝ ʚʷʟʢʦʩʪʴ ʩʤʘʟʢʠ, ʪʝʤ 

ʪʦʣʱʝ ʤʘʩʣʷʥʘʷ ʧʣʝʥʢʘ ʠ ʤʝʥʴʰʝ ʠʟʥʦʩ ʧʨʠ ʛʨʘʥʠʯʥʦʤ ʪʨʝʥʠʠ, ʥʦ ʪʝʤ 

ʙʦʣʴʰʝ ʧʦʪʝʨʠ ʤʦʱʥʦʩʪʠ ʥʘ ʧʨʝʦʜʦʣʝʥʠʝ ʩʠʣʳ ʪʨʝʥʠʷ ʧʨʠ ʛʠʜʨʦʜʠʥʘʤʠ-

ʯʝʩʢʦʤ ʪʨʝʥʠʠ: 

Ὂ –Ὓ , 

ʛʜʝ F ï ʩʠʣʘ ʪʨʝʥʠʷ ʧʨʠ ʚʟʘʠʤʥʦʤ ʧʝʨʝʤʝʱʝʥʠʠ ʜʚʫʭ ʩʦʧʨʷʞʝʥʥʳʭ 

ʧʦʚʝʨʭʥʦʩʪʝʡ; ɖ ï ʚʷʟʢʦʩʪʴ ʩʤʘʟʢʠ; S ï ʧʣʦʱʘʜʴ ʩʢʦʣʴʞʝʥʠʷ;  - ʛʨʘʜʠʝʥʪ 

ʩʢʦʨʦʩʪʠ (v ï ʩʦʩʪʘʚʣʷʶʱʘʷ ʩʢʦʨʦʩʪʠ ʩʤʘʟʢʠ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʧʝʨʧʝʥʜʠʢʫ-

ʣʷʨʘ ʢ ʧʦʚʝʨʭʥʦʩʪʠ). 
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ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚʦʟʥʠʢʘʶʪ ʜʚʝ ʦʩʥʦʚʥʳʝ ʟʘʜʘʯʠ: 

1)ʉʬʦʨʤʠʨʦʚʘʪʴ ʛʨʘʥʠʯʥʳʡ ʤʦʣʝʢʫʣʷʨʥʳʡ ʩʣʦʡ ʥʘ ʩʦʧʨʷʞʝʥʥʳʭ ʧʦ-

ʚʝʨʭʥʦʩʪʷʭ, ʚʳʜʝʨʞʠʚʘʶʱʠʡ ʙʦʣʴʰʠʝ ʥʦʨʤʘʣʴʥʳʝ ʠ ʪʘʥʛʝʥʮʠʘʣʴʥʳʝ 

ʥʘʛʨʫʟʢʠ ʧʨʠ ʫʩʣʦʚʠʠ ʩʦʭʨʘʥʝʥʠʷ ʠʩʭʦʜʥʦʛʦ ʟʥʘʯʝʥʠʷ ʠʥʜʝʢʩʘ ʚʷʟʢʦʩʪʠ 

ʙʘʟʦʚʦʡ ʩʤʘʟʢʠ; 

2)ʉʬʦʨʤʠʨʦʚʘʪʴ ʛʨʘʥʠʯʥʳʡ ʤʦʣʝʢʫʣʷʨʥʳʡ ʩʣʦʡ ʥʘ ʩʦʧʨʷʞʝʥʥʳʭ ʧʦ-

ʚʝʨʭʥʦʩʪʷʭ, ʧʦʟʚʦʣʷʶʱʠʡ ʟʘʱʠʪʠʪʴ ʧʦʚʝʨʭʥʦʩʪʠ ʦʪ ʠʟʥʦʩʘ ʚ ʨʝʞʠʤʝ ʛʨʘ-

ʥʠʯʥʦʛʦ ʪʨʝʥʠʷ ʠ ʫʤʝʥʴʰʠʪʴ ʚʥʫʪʨʝʥʥʝʝ ʪʨʝʥʠʝ ʧʨʠ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʤ 

ʨʝʞʠʤʝ. 

ɺʳʧʦʣʥʠʪʴ ʵʪʫ ʧʘʨʫ ʟʘʜʘʯ ʤʦʞʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʘʥʦʪʨʠʙʦʪʝʭʥʦ-

ʣʦʛʠʠ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʡ ʩʦʙʦʡ ʧʨʠʜʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʷʤ ʪʨʠʙʦʩʦʧʨʷʞʝʥʠʡ 

ʚʳʩʦʢʠʭ ʘʥʪʠʬʨʠʢʮʠʦʥʥʳʭ ʠ ʧʨʦʪʠʚʦʠʟʥʦʩʥʳʭ ʩʚʦʡʩʪʚ ʚ ʧʨʦʮʝʩʩʝ ʪʨʝʥʠʷ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʩʤʘʟʢʘ ʩʣʫʞʠʪ ʨʘʩ-

ʪʚʦʨʠʪʝʣʝʤ ʜʣʷ ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʦʛʦ ʚʝʱʝʩʪʚʘ, ʤʦʣʝʢʫʣʳ ʢʦʪʦʨʦʛʦ ʘʜ-

ʩʦʨʙʠʨʫʶʪʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ, ʦʙʨʘʟʫʷ ʥʘʥʦʩʪʨʫʢʪʫʨʫ. ʇʨʦʮʝʩʩʳ ʚ ʟʦʥʝ 

ʪʨʝʥʠʷ ʩʣʝʜʫʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʥʝ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʪʝʦʨʠʠ ʩʧʣʦʰʥʳʭ ʩʨʝʜ, ʘ 

ʘʪʦʤʥʦ-ʤʦʣʝʢʫʣʷʨʥʦʡ ʪʝʦʨʠʠ[6,ʩ.23, 7,ʩ.27, 10,ʩ.57]. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʦʛʦ ʚʝʱʝʩʪʚʘ (ʇɸɺ) ʙʳʣ ʧʨʠʚʝ-

ʜʝʥ ʭʠʤʠʯʝʩʢʠʡ ʩʠʥʪʝʟ, ʨʝʘʛʝʥʪʘʤʠ ʢʦʪʦʨʦʛʦ ʷʚʣʷʶʪʩʷ: 

- ʧʝʨʬʪʦʨʢʘʨʙʦʥʦʚʘʷ ʢʠʩʣʦʪʘ ʉF3(CF2)nCOOH; 

- ʵʪʘʥʦʣʘʤʠʥ H2N ï CH2 ï CH2 ï OH;  

- ʙʦʨʥʘʷ ʢʠʩʣʦʪʘ H3BO3.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʠʥʪʝʟʘ ʧʦʣʫʯʝʥʳ ʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ (ʈʠʩ. 1) ʩ 

ʘʩʠʤʤʝʪʨʠʯʥʦʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʩʦʜʝʨʞʘʱʠʝ ʣʠʦʬʦʙʥʳʡ ʨʘʜʠ-

ʢʘʣ ʠ ʛʠʜʨʦʬʠʣʴʥʫʶ ʯʘʩʪʴ[11,ʩ.25].  

 
ʈʠʩ. 1. ʍʠʤʠʯʝʩʢʠʡ ʩʠʥʪʝʟ ʥʝʠʥʦʛʝʥʥʦʛʦ ʇɸɺ 

ɻʠʜʨʦʬʠʣʴʥʘʷ ʯʘʩʪʴ ʤʦʣʝʢʫʣʳ ʩʦʜʝʨʞʠʪ ʜʚʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ 

ʛʨʫʧʧʳ:  
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 ʘʤʠʜʥʫʶ ʠ ïʆʅ ʛʠʜʨʦʢʩʠʣʴʥʫʶ, ʢʦʪʦʨʳʝ ʦʙʫʩʣʦʚʣʠʚʘʶʪ ʘʜʩʦʨ-

ʙʮʠʦʥʥʫʶ ʘʢʪʠʚʥʦʩʪʴ. ʊʘʢʠʝ ʤʦʣʝʢʫʣʳ ʦʪʥʦʩʷʪ ʢ ʥʝʠʦʥʦʛʝʥʥʳʤ ʇɸɺ, ʥʝ 

ʜʠʩʩʦʮʠʠʨʫʶʱʠʤ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʠʦʥʦʚ. 

ʉʪʨʫʢʪʫʨʘ ʣʠʦʬʦʙʥʦʡ ʯʘʩʪʠ ʧʝʨʬʪʦʨʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ é- CF2- 

CF2-é ʧʦʜʦʙʥʘ ʩʪʨʫʢʪʫʨʝ ʘʣʤʘʟʘ, ʠʤʝʶʱʝʛʦ ʪʝ ʞʝ ʤʝʞʘʪʦʤʥʳʝ ʨʘʩʩʪʦʷ-

ʥʠʷ ʠ ʪʝ ʞʝ ʪʝʪʨʘʵʜʨʠʯʝʩʢʠʝ ʫʛʣʳ ʤʝʞʜʫ ʚʘʣʝʥʪʥʳʤʠ ʩʚʷʟʷʤʠ (ʈʠʩ. 2). 

 
ʈʠʩ. 2. ʌʨʘʛʤʝʥʪ ʩʪʨʫʢʪʫʨʳ ʣʠʦʬʦʙʥʦʛʦ ʨʘʜʠʢʘʣʘ 

 

ɹʣʠʟʦʩʪʴ ʩʪʨʫʢʪʫʨ ʦʧʨʝʜʝʣʷʝʪ ʠ ʩʭʦʜʩʪʚʦ ʠʭ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ï 

ʦʩʝʚʦʡ ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʨʘʚʝʥ ʤʦʜʫʣʶ ʫʧʨʫʛʦʩʪʠ ʘʣʤʘʟʘ [13, 17,ʩ.18]. 

ʄʦʣʝʢʫʣʳ ʧʦʣʫʯʝʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʘʜʩʦʨʙʠʨʫʶʪʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʤʝʪʘʣʣʘ ʟʘ ʩʯʝʪ ʚʦʜʦʨʦʜʥʦʡ ʩʚʷʟʠ, ʢʦʪʦʨʫʶ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʜʦʨʦʜ ʛʠʜʨʦʢ-

ʩʠʣʴʥʦʡ ʛʨʫʧʧʳ. ʕʥʝʨʛʝʪʠʯʝʩʢʠ ʚʦʜʦʨʦʜʥʘʷ ʩʚʷʟʴ ʧʨʝʚʳʰʘʝʪ ʩʠʣʳ ɺʘʥ-

ʜʝʨ-ɺʘʘʣʴʩʘ ʙʦʣʝʝ ʯʝʤ ʚ 10 ʨʘʟ. ʆʥʘ ʣʝʛʢʦ ʚʳʪʝʩʥʷʝʪ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝ-

ʪʘʣʣʘ ʥʝʧʦʣʷʨʥʳʝ ʤʦʣʝʢʫʣʳ. ʅʝʧʦʜʝʣʝʥʥʳʝ ʵʣʝʢʪʨʦʥʳ ʘʪʦʤʘ ʘʟʦʪʘ ʚ ʘʤʠ-

ʜʝ ʦʙʨʘʟʫʶʪ ʢʦʤʧʣʝʢʩʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʩ ʢʘʪʠʦʥʘʤʠ ʤʝʪʘʣʣʘ (ʈʠʩ. 3) 

 
ʈʠʩ. 3. ʄʦʥʦʤʦʣʝʢʫʣʷʨʥʳʡ ʩʣʦʡ ʇɸɺ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʘ 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʧʨʦʮʝʩʩʝ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ ʧʨʦʠʩʭʦʜʠʪ ʤʦʣʝʢʫʣʷʨ-

ʥʦʝ ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʠʣʠ ʤʦʣʝʢʫʣʷʨʥʳʡ ʦʙʤʝʥ ʩʪʨʫʢʪʫʨʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ 

[14,ʩ.385]. 
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ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʩʣʝ ʦʙʨʘʟʦʚʘʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʚʘʟʠʢʨʠʩ-

ʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʠʟ ʧʦʣʷʨʥʳʭ ʤʦʣʝʢʫʣ ʦʩʪʘʶʪʩʷ ʧʦʣʦʩʪʠ (ʚʘʢʘʥʪ-

ʥʳʝ ʤʝʩʪʘ), ʢʦʪʦʨʳʝ ʟʘʧʦʣʥʷʶʪʩʷ ʥʝʧʦʣʷʨʥʳʤʠ ʤʦʣʝʢʫʣʘʤʠ ʨʘʩʪʚʦʨʠʪʝʣʷ 

(ʤʘʩʣʘ). 

ɼʣʷ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʇɸɺ ʚ ʩʦʩʪʘʚʝ ʤʘʩʣʘ ʊʄ-5-18 ʥʘ ʝʛʦ ʪʨʠʙʦʣʦʛʠ-

ʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʳʣ ʧʨʦʚʝʜʝʥ ʵʢʩʧʝʨʠʤʝʥʪ. ʉʫʱʥʦʩʪʴ ʵʢʩʧʝʨʠʤʝʥ-

ʪʘ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʦʨʛʘʥʠʟʘʮʠʠ ʚʨʘʱʝʥʠʷ ʨʦʣʠʢʘ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʚ ʝʤʢʦʩʪʠ 

ʪʦʨʦʠʜʘʣʴʥʦʡ ʬʦʨʤʳ, ʚ ʢʦʪʦʨʫʶ ʧʦʤʝʱʘʣʩʷ ʢʦʥʪʨʦʣʴʥʳʡ ʠ ʠʩʧʳʪʫʝʤʳʡ 

ʦʙʨʘʟʮʳ. ʇʨʠʢʣʘʜʳʚʘʣʘʩʴ ʥʦʨʤʘʣʴʥʘʷ ʩʠʣʘ ï ʢʦʥʪʘʢʪ ʨʘʙʦʯʠʭ ʧʦʚʝʨʭʥʦ-

ʩʪʝʡ ʩʘʤʦʫʩʪʘʥʘʚʣʠʚʘʶʱʝʡʩʷ ʢʦʣʦʜʢʠ ʠ ʨʦʣʠʢʘ, ʧʦʩʣʝ ʯʝʛʦ ʦʩʫʱʝʩʪʚʣʷ-

ʣʦʩʴ ʩʠʥʭʨʦʥʥʦʝ ʠʟʤʝʨʝʥʠʝ ʩʢʦʨʦʩʪʠ ʠʟʥʘʰʠʚʘʥʠʷ ʠ ʤʦʤʝʥʪʘ ʩʠʣ ʪʨʝʥʠʷ ʚ 

ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʚʨʝʤʝʥʠ ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʝʟ ʨʘʟʲʝʜʠʥʝʥʠʷ ʟʦʥʳ ʪʨʝʥʠʷ. ʈʝ-

ʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 4. 

 
ʈʠʩ. 4. ɿʘʚʠʩʠʤʦʩʪʴ ʩʢʦʨʦʩʪʠ ʠʟʥʘʰʠʚʘʥʠʷ ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʦʪ 

ʚʝʣʠʯʠʥʳ ʥʦʨʤʘʣʴʥʦʡ ʩʠʣʳ 

 

ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦʢʘʟʘʣ, ʯʪʦ ʩʦʟʜʘʥʥʳʡ ʥʘ ʩʦʧʨʷ-

ʞʝʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʷʭ ʢʚʘʟʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʩʣʦʡ ʠʟ ʤʦʣʝʢʫʣ ʇɸɺ 

ʫʤʝʥʴʰʠʣ ʩʢʦʨʦʩʪʴ ʠʟʥʘʰʠʚʘʥʠʷ ʚ 10 ʨʘʟ (ʜʣʷ ʥʦʨʤʘʣʴʥʦʡ ʥʘʛʨʫʟʢʠ 1550, 

3ʅ), ʧʨʠʯʝʤ ʩʢʦʨʦʩʪʴ ʠʟʥʘʰʠʚʘʥʠʷ ʩʣʘʙʦ ʟʘʚʠʩʠʪ ʦʪ ʚʝʣʠʯʠʥʳ ʥʦʨʤʘʣʴʥʦʡ 

ʩʠʣʳ. 

ʂʨʦʤʝ ʪʦʛʦ, ʤʦʣʝʢʫʣʘ ʇɸɺ ʩʦʜʝʨʞʠʪ ʥʘ ʢʦʥʮʝ ʨʘʜʠʢʘʣʘ ʭʠʤʠʯʝʩʢʠ 

ʠʥʝʨʪʥʫʶ ʛʨʫʧʧʫ CF3, ʠʤʝʶʱʫʶ ʦʯʝʥʴ ʤʘʣʫʶ ʩʠʣʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʘ 

ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʬʘʟ ʢʚʘʟʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʩʣʦʡ ï ʤʘʩʣʦ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʫʤʝʥʴʰʝʥʠʝ ʩʠʣʳ ʪʨʝʥʠʷ ʚ 1,5 ʨʘʟʘ. ɺʤʝʩʪʝ ʩ ʪʝʤ ʧʨʘʢʪʠʢʘ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʜʚʠʛʘʪʝʣʝʡ ʧʦʜʪʚʝʨʞʜʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʨʛʘʥʠʟʘʮʠʠ ʰʠʨʦʢʦ ʧʦʩʪʘʚʣʝʥ-

ʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʝ ʪʦʣʴʢʦ ʦʙʨʘʟʮʦʚ ʥʘ ʤʘʰʠʥʘʭ ʪʨʝʥʠʷ, ʥʦ ʠ ʚ ʫʩʣʦʚʠʷʭ 

ʨʝʘʣʴʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʘʰʠʥ. ʂʘʢ ʙʳ ʪʱʘʪʝʣʴʥʦ ʥʝ ʙʳʣʠ ʧʦʩʪʘʚʣʝʥʳ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʘʙʦʪʳ ʥʘ ʤʘʰʠʥʘʭ ʪʨʝʥʠʷ, ʩ ʢʘʢʠʤ ʙʳ ʧʨʠʙʣʠʞʝʥʠʝʤ 

ʥʝ ʙʳʣʠ ʠʤʠʪʠʨʦʚʘʥʳ ʜʝʡʩʪʚʠʪʝʣʴʥʳʝ ʫʩʣʦʚʠʷ ʨʘʙʦʪʳ ʪʨʠʙʦʩʦʧʨʷʞʝʥʠʡ, 

ʦʥʠ ʥʝ ʤʦʛʫʪ ʚʦʩʧʨʦʠʟʚʝʩʪʠ ʚʩʝʛʦ ʦʙʠʣʠʷ ʬʘʢʪʦʨʦʚ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʚ 

ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʘʰʠʥ[15,ʩ.10, 16,ʩ.105]. 
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ɺ ʜʘʣʴʥʝʡʰʝʤ ʜʘʥʥʘʷ ʢʦʤʧʦʟʠʮʠʷ ʧʨʦʰʣʘ ʠʩʧʳʪʘʥʠʷ ʥʘ ʦʙʨʘʟʮʘʭ 

ʪʝʭʥʠʢʠ ʚ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʠʥʩʪʠʪʫʪʘʭ, ʥʘ ʪʨʘʥʩʧʦʨʪʝ, ʚ ʛʦʨʥʦ-

ʜʦʙʳʚʘʶʱʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 

1-3. 

ʊʘʙʣʠʮʘ 1. 

ʕʢʦʥʦʤʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ 

ˉ 

ʧ/ʧ 

ʅʘʠʤʝʥʦʚʘʥʠʝ 

ʦʙʲʝʢʪʘ ʠʩʧʳʪʘ-

ʥʠʷ 

ɼʘʪʘ 

ʋʜʝʣʴʥʦʝ ʩʥʠʞʝ-

ʥʠʝ ʵʣʝʢʪʨʦʵʥʝʨ-

ʛʠʠ 

ʄʝʩʪʦ ʧʨʦʚʝʜʝʥʠʷ 

ʠʩʧʳʪʘʥʠʡ 

1 
80 ʝʜʠʥʠʮ ʪʨʦʣ-

ʣʝʡʙʫʩʦʚ 
01.12.03 

7% 

ɻʦʜʦʚʘʷ ʵʢʦʥʦʤʠʷ 

858420 ʢɺʪ/ʯ 

ʄʋʇ çʅʦʚʦ-

ʨʦʩʛʦʨʪʨʘʥʩè 

ʛ. ʅʦʚʦʨʦʩʩʠʡʩʢ 

2 

ʈʝʜʫʢʪʦʨʳ: 

ʎɼ ï 100ɹ 

ʈʄ ï 850 

ʈʄ ï 650 

25.09.00 7-15% 
ʃʝʥʠʥʩʢʠʡ ʨʫʜʥʠʢ 

ʀɻɻʆʂʘ 

3 

ʊʨʦʣʣʝʡʙʫʩ ˉ 

39 

ʊʨʦʣʣʝʡʙʫʩ ˉ 

10 

42 ʝʜʠʥʠʮʳ 

ʪʨʦʣʣʝʡʙʫʩʦʚ 

10.09.02 

20.10.02 

05.10.03 

18,56% 

6,25% 

12,8% 

çʊʨʦʣʣʝʡʙʫʩʥʦʝ 

ʫʧʨʘʚʣʝʥʠʝè 

ʛ. ʏʝʨʢʝʩʩʢ 

 

ʊʘʙʣʠʮʘ 2. 

ʕʢʦʥʦʤʠʷ ʪʦʧʣʠʚʘ 

ˉ 

ʧ/ʧ 

ʄʘʨʢʘ ʘʚʪʦʤʦʙʠʣʷ 

(ʪʠʧ ʜʚʠʛʘʪʝʣʷ) 

ɿʥʘʯʝʥʠʝ ʧʦ-

ʢʘʟʘʪʝʣʷ 
ʄʝʩʪʦ ʧʨʦʚʝʜʝʥʠʷ ʠʩʧʳʪʘʥʠʷ 

1 ɼ-240 8,8% 
ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ 

ʫʥʠʚʝʨʩʠʪʝʪ 

2 ɿʄɿ-21 9-12% 
ɺʠʣʴʥʶʩʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ 

ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ɻʝʜʠʤʠʥʘʩʘ 

3 ɺɸɿ-2105 15,9% ʀʩʧʳʪʘʪʝʣʴʥʳʡ ʮʝʥʪʨ ʘʚʪʦʤʦ-

ʙʠʣʴʥʳʭ ʠʟʜʝʣʠʡ çʅɸʄʀè 4 ɻɸɿ-2410 5,0% 

5 ɿʀʃ-131 12,3% ɺ/ʯ 93268 

6 ɿʀʃ-4331 16,7% ɸʄʆ ɿʀʃ 
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ʊʘʙʣʠʮʘ 3. 

ʋʜʝʣʴʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʜʚʠʞʝʥʠʶ 

ˉ 

ʧ/ʧ 

ʅʘʠʤʝʥʦʚʘʥʠʝ 

ʦʙʲʝʢʪʘ ʠʩʧʳ-

ʪʘʥʠʷ 

ɼʘʪʘ 
ʉʥʠʞʝʥʠʝ 

ʋʉɼ ʚ % 

ʄʝʩʪʦ ʧʨʦʚʝʜʝʥʠʷ ʠʩʧʳʪʘ-

ʥʠʡ 

1 
ʊʨʦʣʣʝʡʙʫʩ 

ɿʠʋ-682 ˉ084 

04.04.01 

17.04.01 

03.05.01 

17.05.01 

35 

32 

23 

37 ʇʝʨʚʦʝ ʪʨʦʣʣʝʡʙʫʩʥʦʝ ʜʝʧʦ 

ʛ. ʂʨʘʩʥʦʜʘʨ 

2 
ʊʨʦʣʣʝʡʙʫʩ 

ɿʠʋ-682 ˉ097 

 

10.05.01 

17.05.01 

 

42 

61 

3 

ʊʨʘʤʚʘʡ ˉ1224 26.11.03 48 

ʊʨʘʤʚʘʡʥʦʝ ʜʝʧʦ ˉ1 çʅʠ-

ʞʝʛʦʨʦʜʵʣʝʢʪʨʦʪʨʘʥʩè 

ʛ. ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ 

ʊʨʘʤʚʘʡ ʊ-3 

ˉ1705 
25.11.03 19 

ʊʨʦʣʣʝʡʙʫʩ 

ˉ1566 
03.12.03 31,5 

 

ɺʳʚʦʜʳ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʝʰʝʥʠʝ ʧʨʦʙʣʝʤʳ ʧʦʚʳʰʝʥʠʷ 

ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʠ ʵʢʦʥʦʤʠʯʥʦʩʪʠ ʜʚʠʛʘʪʝʣʝʡ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʘʥʦ-

ʪʨʠʙʦʪʝʭʥʦʣʦʛʠʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʭʠʤʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ ʧʦʣʫʯʝʥʦ ʥʝʠʥʦʛʝʥ-

ʥʦʝ ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʦʝ ʚʝʱʝʩʪʚʦ, ʤʦʣʝʢʫʣʳ ʢʦʪʦʨʦʛʦ ʬʦʨʤʠʨʫʶʪ 

ʢʚʘʟʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʩʣʦʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʠʙʦʩʦʧʨʷʞʝʥʠʷ. 

ʇʦʣʫʯʝʥʥʘʷ ʥʘʥʦʩʪʨʫʢʪʫʨʘ ʧʦʟʚʦʣʷʝʪ ʨʝʰʠʪʴ ʩʨʘʟʫ ʜʚʝ ʧʨʦʙʣʝʤʳ: 

ʟʘʱʠʪʠʪʴ ʧʦʚʝʨʭʥʦʩʪʠ ʦʪ ʠʟʥʦʩʘ ʚ ʨʝʞʠʤʝ ʛʨʘʥʠʯʥʦʛʦ ʪʨʝʥʠʷ ʠ ʩʥʠʟʠʪʴ 

ʚʥʫʪʨʝʥʥʝʝ ʪʨʝʥʠʝ ʧʨʠ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʤ ʨʝʞʠʤʝ. 

ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʘʣʠ 

ʙʦʣʴʰʠʝ ʧʝʨʩʧʝʢʪʠʚʳ ʧʨʠʤʝʥʝʥʠʷ ʧʦʣʫʯʝʥʥʦʛʦ ʇɸɺ ʚ ʢʘʯʝʩʪʚʝ ʚʳʩʦʢʦ-

ʵʬʬʝʢʪʠʚʥʳʭ ʧʨʠʩʘʜʦʢ ʢ ʨʘʟʣʠʯʥʳʤ ʤʘʩʣʘʤ ʠ ʩʤʘʟʢʘʤ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1.ɻʘʡʜʘʨ ʉ.ʄ. ɿʘʱʠʪʘ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʪʝʭʥʠʢʠ ʦʪ ʢʦʨʨʦʟʠʠ ʠ 

ʠʟʥʦʩʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ: ʘʚʪʦʨʝʬʝʨʘʪ ʜʠʩʩʝʨʪʘʮʠʠ ʥʘ ʩʦʠʩ-
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ʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʪʝʭʥʠʢʠ ʦʙʲʷʩʥʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤʠ ʧʨʠʯʠʥʘʤʠ: 

1.ʉʣʘʙʦʝ ʤʘʪʝʨʠʘʣʴʥʦ-ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʝʩʧʝʯʝʥʠʝ. 

2.ʆʪʩʫʪʩʪʚʠʝ ʵʬʬʝʢʪʠʚʥʳʭ ʧʦʣʠʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʟʘʱʠʪʥʳʭ ʤʘʪʝʨʠʘ-

ʣʦʚ. 

3.ʆʪʩʫʪʩʪʚʠʝ ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʩʨʝʜʩʪʚ ʜʣʷ ʤʝʭʘʥʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʯʝ-

ʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʢʦʥʩʝʨʚʘʮʠʠ[11,ʩ.181]. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʜʝʬʠʮʠʪ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʟʘʱʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʦʩʪʘʝʪʩʷ ʚʘʞʥʦʡ ʧʨʦʙʣʝʤʦʡ. ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʦʪʩʫʪʩʪʚʠʝʤ 

ʥʘʫʯʥʦ ʦʙʦʩʥʦʚʘʥʥʦʡ ʢʦʥʮʝʧʮʠʠ ʠʭ ʩʦʟʜʘʥʠʷ, ʘ ʪʘʢʞʝ ʩ ʦʪʩʫʪʩʪʚʠʝʤ ʩʳʨʴ-

ʝʚʦʡ ʙʘʟʳ ʠʟ-ʟʘ ʣʠʢʚʠʜʘʮʠʠ ʭʠʤʠʯʝʩʢʠʭ ʧʨʝʜʧʨʠʷʪʠʡ. 

ʅʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʘʥʘʣʠʟ ʧʫʙʣʠʢʘʮʠʡ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʦʜʥʠʤ 

ʠʟ ʦʩʥʦʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʩʦʟʜʘʥʠʷ ʵʬʬʝʢʪʠʚʥʳʭ ʟʘʱʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ. 

ʊʘʢʠʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʢʘʢ ʢʦʨʨʦʟʠʷ ʧʨʦʠʩʭʦʜʷʪ ʥʘ ʛʨʘ-

ʥʠʮʝ ʨʘʟʜʝʣʘ ʬʘʟ ʪʚʝʨʜʦʝ ʪʝʣʦ-ʞʠʜʢʦʩʪʴ ʠ ʪʚʝʨʜʦʝ ʪʝʣʦ-ʛʘʟ. 

ʃʶʙʘʷ ʛʝʪʝʨʦʛʝʥʥʘʷ ʩʠʩʪʝʤʘ ʦʙʣʘʜʘʝʪ ʧʦʚʝʨʭʥʦʩʪʴʶ ʨʘʟʜʝʣʘ ʬʘʟ ʠ ʭʘ-

ʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʵʥʝʨʛʠʝʡ. ɺʦʟʤʦʞʥʦʩʪʴ ʠʟʤʝʥʷʪʴ ʧʦʚʝʨʭ-

ʥʦʩʪʥʫʶ ʵʥʝʨʛʠʶ ʧʦʟʚʦʣʷʝʪ ʚʣʠʷʪʴ ʥʘ ʵʪʠ ʧʨʦʮʝʩʩʳ. 

ʉʫʱʝʩʪʚʫʶʪ ʩʣʦʞʥʳʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʤʦʣʝʢʫʣʳ, ʚ ʢʦʪʦʨʳʭ ʢʘʞʜʳʡ 

ʘʪʦʤ, ʢʘʞʜʘʷ ʛʨʫʧʧʘ ʘʪʦʤʦʚ ʠʛʨʘʝʪ ʠʥʜʠʚʠʜʫʘʣʴʥʫʶ ʨʦʣʴ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʜ-

https://elibrary.ru/item.asp?id=27629358
https://elibrary.ru/item.asp?id=27629358
https://elibrary.ru/item.asp?id=15728846
https://elibrary.ru/item.asp?id=15728846
https://elibrary.ru/contents.asp?issueid=930919
https://elibrary.ru/contents.asp?issueid=930919
https://elibrary.ru/contents.asp?issueid=930919
https://elibrary.ru/contents.asp?issueid=930919
https://elibrary.ru/contents.asp?issueid=930919&selid=15728846
https://elibrary.ru/item.asp?id=29084308
https://elibrary.ru/item.asp?id=29084308
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ʩʦʨʙʮʠʠ ʪʘʢʠʭ ʤʦʣʝʢʫʣ ʠʟ ʨʘʩʪʚʦʨʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʥʠʞʘʝʪʩʷ ʧʦʚʝʨʭ-

ʥʦʩʪʥʘʷ ʵʥʝʨʛʠʷ. ʊʘʢʠʝ ʤʦʣʝʢʫʣʳ ʥʘʟʳʚʘʶʪ ʧʦʚʝʨʭʥʦʩʪʥʦ-

ʘʢʪʠʚʥʳʤʠ[4,ʩ.35, 7,ʩ.11]. 

ʋʨʘʚʥʝʥʠʝ ɻʠʙʙʩʘ, ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʤʝʨʫ ʩʧʦʩʦʙʥʦʩʪʠ ʧʦʥʠʞʘʪʴ ʩʚʦ-

ʙʦʜʥʫʶ ʧʦʚʝʨʭʥʦʩʪʥʫʶ ʵʥʝʨʛʠʶ ʥʘ ʜʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʜʝʣʘ: 

ː , 

ʛʜʝ ɻ ï ʢʦʥʮʝʥʪʨʘʮʠʷ ʘʜʩʦʨʙʠʨʫʝʤʳʭ ʤʦʣʝʢʫʣ ʥʘ ʝʜʠʥʠʮʝ ʧʣʦʱʘʜʠ; 

 R ï ʫʥʠʚʝʨʩʘʣʴʥʘʷ ʛʘʟʦʚʘʷ ʧʦʩʪʦʷʥʥʘʷ; 

 T ï ʘʙʩʦʣʶʪʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ; 

 ʩ ï ʢʦʥʮʝʥʪʨʘʮʠʷ ʤʦʣʝʢʫʣ ʚ ʨʘʩʪʚʦʨʝ; 

  ï ʧʨʦʠʟʚʦʜʥʘʷ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʵʥʝʨʛʠʠ ʧʦ ʢʦʥʮʝʥʪʨʘʮʠʠ. 

ʇʨʦʮʝʩʩ ʘʜʩʦʨʙʮʠʠ ʤʦʣʝʢʫʣ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘ ʩʯʝʪ 

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʠ ʚʘʥʥ-ʜʝʨ-ʚʘʘʣʴʩʦʚʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʚʦʜʦʨʦʜʥʳʭ 

ʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʚʷʟʝʡ. 

ɺ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʨʘʩʪʚʦʨ ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʳʭ ʤʦʣʝ-

ʢʫʣ ï ʧʦʚʝʨʭʥʦʩʪʴ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʧʨʦʠʩʭʦʜʠʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʫʧʦʨʷʜʦʯʝʥ-

ʥʦʡ ʩʪʨʫʢʪʫʨʳ ʚ ʚʠʜʝ ʥʘʩʳʱʝʥʥʦʛʦ ʤʦʥʦʤʦʣʝʢʫʣʷʨʥʦʛʦ ʩʣʦʷ ʤʦʣʝʢʫʣ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʘ ʠʟ ʨʘʩʪʚʦʨʘ, ʛʜʝ ʦʥʠ ʩʦʚʝʨʰʘʣʠ ʭʘʦʪʠʯʝʩʢʦʝ ʜʚʠʞʝ-

ʥʠʝ, ʙʝʟ ʚʥʝʰʥʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ[1,ʩ.26, 8,ʩ.13]. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʳʭ ʤʦʣʝʢʫʣ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʪʫʧʝʥ-

ʯʘʪʳʡ ʩʠʥʪʝʟ, ʯʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʠʪʴ ʤʦʣʝʢʫʣʳ ʩʪʨʦʛʦ ʢʦʥʪʨʦʣʠ-

ʨʫʝʤʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʨʘʟʤʝʨʦʚ. ʆʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʥʦʛʦʢʨʘʪʥʦ 

ʧʦʚʪʦʨʷʝʤʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʨʝʘʢʮʠʡ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʦʥʦ-

ʤʝʨʦʚ. 

ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʤʦʥʦʤʝʨʳ: 

- ʢʘʨʙʦʥʦʚʳʝ ʢʠʩʣʦʪʳ, ʧʦʣʫʯʘʝʤʳʝ ʠʟ ʨʘʩʪʠʪʝʣʴʥʳʭ ʤʘʩʝʣ: ʨʘʧʩʦʚʦʛʦ, 

ʧʦʜʩʦʣʥʝʯʥʦʛʦ, ʩʦʝʚʦʛʦ ʠ ʪ.ʧ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʧʨʦʠʟʚʦʜʷʪ ʨʘʩʱʝʧʣʝʥʠʝ ʤʘʩʝʣ ʩ ʧʦ-

ʤʦʱʴʶ ʨʝʘʢʮʠʠ ʛʠʜʨʦʣʠʟʘ[5,ʩ.129, 13,ʩ.105, 14,15].  

ʉʪʨʫʢʪʫʨʥʘʷ ʬʦʨʤʫʣʘ ʠʤʝʝʪ ʚʠʜ: 

RCOOH, ʛʜʝ R ï ʛʠʜʨʦʬʦʙʥʳʡ ʨʘʜʠʢʘʣ ʉʅ3 ½ (ʉʅ2)n ½, n = 18-24 

- ʤʦʥʦʵʪʘʥʦʣʘʤʠʥ ʧʦʣʫʯʘʶʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʭʠʤʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ ʠʟ ʘʤ-

ʤʠʘʢʘ ʠ ʦʢʩʠʜʘ ʵʪʠʣʝʥʘ. 

ʉʪʨʫʢʪʫʨʥʘʷ ʬʦʨʤʫʣʘ ʠʤʝʝʪ ʚʠʜ: 

ʅ2NR`OH, ʛʜʝ R`½ (½ ʉʅ2 ½ ʉʅ2 ½). 

ɼʣʷ çʩʰʠʚʢʠè ʤʦʣʝʢʫʣ ʠʩʧʦʣʴʟʦʚʘʥʘ ʙʦʨʥʘʷ ʢʠʩʣʦʪʘ H3BO3, ʩʪʨʫʢ-

ʪʫʨʥʘʷ ʬʦʨʤʫʣʘ ʢʦʪʦʨʦʡ:  
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ʉʪʫʧʝʥʯʘʪʳʡ ʩʠʥʪʝʟ ʤʦʣʝʢʫʣʳ ʠʥʛʠʙʠʪʦʨʘ ʢʦʨʨʦʟʠʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʧʦ ʩʣʝʜʫʶʱʝʡ ʩʭʝʤʝ: 

 

1 ʩʪʘʜʠʷ 

 
2 ʩʪʘʜʠʷ 

 
ʠ ʪ.ʜ.  

ɼʘʣʝʝ ʨʝʘʢʮʠʷ ʧʨʦʠʩʭʦʜʠʪ ʘʥʘʣʦʛʠʯʥʦ ʜʦ ʥʘʩʳʱʝʥʠʷ, ʨʘʟʤʝʨ ʤʦʣʝʢʫ-

ʣʳ ʫʜʚʘʠʚʘʝʪʩʷ ʥʘ ʢʘʞʜʦʡ ʩʪʘʜʠʠ ʟʘ ʩʯʝʪ çʩʰʠʚʢʠè ʜʚʫʭ ʛʠʜʨʦʢʩʠʣʴʥʳʭ 

ʛʨʫʧʧ (½ ʆʅ) ʤʦʣʝʢʫʣʦʡ:  

 
ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʠʥʪʝʟʘ ʧʦʣʫʯʝʥʦ ʦʨʛʘʥʠʯʝʩʢʦʝ ʩʦʝʜʠʥʝʥʠʝ ʩ ʘʩʩʠʤʝʪ-

ʨʠʯʥʦʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʩʦʜʝʨʞʘʱʝʝ ʛʠʜʨʦʬʦʙʥʳʡ ʨʘʜʠʢʘʣ ʠ 

ʛʠʜʨʦʬʠʣʴʥʫʶ ʯʘʩʪʴ ï ʙʦʨʘʪ ʵʪʘʥʦʣʘʤʠʜʘ ʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ (ɹʕʂʂ) 

[12,ʩ.41, 6,ʩ.27, 9,ʩ.18]. ʄʦʣʝʢʫʣʘ ʩʦʜʝʨʞʠʪ ʜʚʘ ʚʠʜʘ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʛʨʫʧʧ: ʘʤʠʜʥʫʶ (½ ʉʆʅN½) ʠ ʛʠʜʨʦʢʩʠʣʴʥʫʶ (½ ʆʅ), ʢʦʪʦʨʳʝ ʦʙʫʩʣʘʚ-

ʣʠʚʘʶʪ ʘʜʩʦʨʙʮʠʦʥʥʫʶ ʘʢʪʠʚʥʦʩʪʴ (ʈʠʩ. 1) 



28 

 
ʈʠʩ. 1 ï ʉʭʝʤʘ ʘʜʩʦʨʙʮʠʦʥʥʦʛʦ ʩʣʦʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʘ: ʆ ï ʠʦʥʳ 

ʢʠʩʣʦʨʦʜʘ ʆ2-,  ï ʠʦʥʳ ʤʝʪʘʣʣʘ Me2+, ï ʚʦʜʦʨʦʜʥʘʷ ʩʚʷʟʴ, 

 ï ʢʦʦʨʜʠʥʘʮʠʦʥʥʘʷ ʩʚʷʟʴ. 

ɼʣʷ ʚʳʷʩʥʝʥʠʷ ʭʘʨʘʢʪʝʨʘ ʪʦʨʤʦʟʷʱʝʛʦ ʜʝʡʩʪʚʠʷ ʢʦʨʨʦʟʠʦʥʥʦʛʦ ʧʨʦ-

ʮʝʩʩʘ ʧʦʣʫʯʝʥʥʳʤ ʠʥʛʠʙʠʪʦʨʦʤ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʠʩ-

ʩʣʝʜʦʚʘʥʠʷ. ʈʝʟʫʣʴʪʘʪʳ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʪʘʙʣʠʮʝ 1 ʠ ʥʘ ʨʠʩ. 2. 

ʊʘʙʣʠʮʘ 1  

ʈʝʟʫʣʴʪʘʪʳ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ ʥʘ ʩʪʘʣʠ ʉʪ.3, ʧʦʢʨʳʪʦʡ 

ʧʣʝʥʢʘʤʠ ʀ-20ɸ ʩ ɹʕʂʂ, ʚ 0,5 ʄ ʨʘʩʪʚʦʨʝ NaCl 

ʀʩʩʣʝʜʫ-

ʝʤʘʷ 

ʢʦʤʧʦʟʠ-

ʮʠʷ 

 

ʕʣʝʢ-

ʪʨʦʜʥʳʡ 

ʧʦʪʝʥʮʠʘʣ 

(-ɽʢʦʨ), ɺ 

ʇʣʦʪʥʦʩʪʴ 

ʢʦʨʨʦʟʠʦʥ-

ʥʦʛʦ 

ʪʦʢʘ (iʢʦʨ), 

ɸ/ʤ2 

ʂʘʪʦʜ-

ʥʘʷ 

ʧʦʩʪʦ-

ʷʥʥʘʷ 

ʊʘʬʝʣʷ 

bk, 

ʤɺ 

ɸʥʦʜʥʘʷ 

ʧʦʩʪʦ-

ʷʥʥʘʷ 

ʊʘʬʝʣʷ 

ba, 

ʤɺ 

ʉʢʦ-

ʨʦʩʪʴ 

ʢʦʨʨʦ-

ʟʠʠ 

ʂɻ /ʭĿ10
-

4, 

ʢʛ/ʤ2ʯ 

ɿʘʱʠʪ-

ʥʳʡ 

ʵʬʬʝʢʪ 

Z,% 

ʤʘʩʣʦ ʀ-

20 ɸ 
0,47 0,063 100 60 0,670 ï 

ʤʘʩʣʦ ʀ-

20 ɸ + 

20% 

ɹʕʂʂ 

0,06 0,020 100 100 0,207 69 
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ʈʠʩ. 2 ï ʇʦʣʷʨʠʟʘʮʠʦʥʥʳʝ ʢʨʠʚʳʝ ʥʘ ʩʪʘʣʠ ʉʪ.3 ʧʦʜ ʩʣʦʝʤ:  

 1 ï ʤʘʩʣʦ ʀ-20 ɸ; 2 ï ʤʘʩʣʦ ʀ-20 ɸ+20% ɹʕʂʂ  

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʟʘʢʣʶʯʝʥʠʝ, ʯʪʦ ʠʥʛʠʙʠʪʦʨ ʢʦʨʨʦʟʠʠ ʦʙʣʘʜʘʝʪ ʟʘʱʠʪʥʳʤ 

ʜʝʡʩʪʚʠʝʤ ʠ ʷʚʣʷʝʪʩʷ ʠʥʛʠʙʠʪʦʨʦʤ ʘʥʦʜʥʦʛʦ ʜʝʡʩʪʚʠʷ[2,ʩ.39, 3,ʩ.43]. 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʠʥʪʝʟ, ʚ ʨʝʟʫʣʴʪʘʪʝ, 

ʢʦʪʦʨʦʛʦ ʧʦʣʫʯʘʝʤ ʧʨʦʜʫʢʪ ʢʦʥʜʝʥʩʘʮʠʠ ʙʦʨʥʦʡ ʢʠʩʣʦʪʳ ʩ ʄʕɸ ʠ ʢʘʨʙʦ-

ʥʦʚʦʡ ʢʠʩʣʦʪʦʡ. 

ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ ʧʦʣʫʯʝʥʠʷ ɹʕʂʂ ʧʨʝʜʩʪʘʚ-

ʣʝʥʘ ʥʘ ʨʠʩ. 3. 

 

 
ʈʠʩ. 3 ï ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ ʧʦʣʫʯʝʥʠʷ ɹʕʂʂ 
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ɺ ʝʤʢʦʩʪʠ (ʧʦʟ.2) ʩ ʧʦʤʦʱʴʶ ʪʵʥʦʚ ʧʨʦʠʟʚʦʜʠʪʩʷ ʨʘʟʦʛʨʝʚ ʪʝʧʣʦʥʦʩʠ-

ʪʝʣʷ ʠ ʧʦʜʘʯʘ ʝʛʦ ʚ ʨʫʙʘʰʢʫ ʨʝʘʢʪʦʨʘ (ʧʦʟ.1). ɺ ʨʝʘʢʪʦʨ ʠʟ ʤʝʨʥʠʢʦʚ (ʧʦʟ 

5, 6) ʟʘʛʨʫʞʘʶʪ ʄʕɸ ʠ ʢʘʨʙʦʥʦʚʫʶ ʢʠʩʣʦʪʫ. ʈʝʘʢʮʠʦʥʥʫʶ ʤʘʩʩʫ ʧʨʠ ʧʦ-

ʩʪʦʷʥʥʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʥʘʛʨʝʚʘʶʪ ʜʦ ʥʫʞʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʧʦʩʣʝ ʯʝʛʦ 

ʚʚʦʜʷʪ ʙʦʨʥʫʶ ʢʠʩʣʦʪʫ ʠʟ ʤʝʨʥʠʢʘ (ʧʦʟ. 3) ʠ ʧʦʜʥʠʤʘʶʪ ʪʝʤʧʝʨʘʪʫʨʫ ʨʝ-

ʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʜʦ ʙʦʣʝʝ ʚʳʩʦʢʦʡ. ʇʦʩʣʝ ʚʚʦʜʘ ʚ ʨʝʘʢʪʦʨ ʙʦʨʥʦʡ ʢʠʩʣʦʪʳ 

ʠ ʧʦʜʦʛʨʝʚʘ ʨʝʘʢʮʠʦʥʥʦʡ ʤʘʩʩʳ ʠʜʝʪ ʦʪʛʦʥʢʘ ʚʦʜʳ ʚ ʚʠʜʝ ʧʘʨʘ, ʢʦʪʦʨʳʡ 

ʢʦʥʜʝʥʩʠʨʫʝʪʩʷ ʚ ʭʦʣʦʜʠʣʴʥʠʢʝ (ʧʦʟ. 7) ʠ ʧʦʩʪʫʧʘʝʪ ʚ ʧʨʠʝʤʥʠʢ ʜʣʷ ʢʦʥ-

ʜʝʥʩʘʪʘ (ʧʦʟ. 8). ɼʣʷ ʠʩʢʣʶʯʝʥʠʷ ʧʨʦʮʝʩʩʘ ʦʩʤʦʣʝʥʠʷ ʧʨʦʜʫʢʪʘ ʚ ʧʨʦʮʝʩʩʝ 

ʚʩʝʛʦ ʧʝʨʠʦʜʘ ʩʠʥʪʝʟʘ ʚ ʨʝʘʢʮʠʦʥʥʫʶ ʤʘʩʩʫ ʧʦʜʘʝʪʩʷ ʥʝʡʪʨʘʣʴʥʳʡ ʛʘʟ ʘʟʦʪ 

ʧʦʜ ʜʘʚʣʝʥʠʝʤ ʈ= 0.1 ï 0.2 ʘʪʤ. ɼʣʷ ʫʤʝʥʴʰʝʥʠʷ ʚʨʝʤʝʥʠ ʩʠʥʪʝʟʘ ʦʪʨʘʙʦ-

ʪʘʥ ʚʘʨʠʘʥʪ ʧʦʜʢʣʶʯʝʥʠʷ ʢ ʨʝʘʢʪʦʨʫ ʚʘʢʫʫʤʘ ʠ ʦʪʛʦʥʢʠ ʚʦʜʳ ʥʝʧʦʩʨʝʜ-

ʩʪʚʝʥʥʦ ʠʟ ʨʝʘʢʪʦʨʘ. 

ɺ ʧʨʦʮʝʩʩʝ ʩʠʥʪʝʟʘ ʢʦʥʪʨʦʣʠʨʫʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ: ʪʝʤʧʝʨʘ-

ʪʫʨʘ ʨʝʘʢʮʠʦʥʥʦʡ ʤʘʩʩʳ, ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʨʫʙʘʰʢʝ ʨʝʘʢʪʦʨʘ, ʜʘʚʣʝʥʠʝ ʘʟʦʪʘ. 

ɺ ʩʠʩʪʝʤʝ ʧʦʜʘʯʠ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʚ ʨʫʙʘʰʢʫ ʨʝʘʢʪʦʨʘ, ʫʩʪʘʥʦʚʣʝʥ ʘʚʘ-

ʨʠʡʥʳʡ ʟʘʱʠʪʥʳʡ ʢʣʘʧʘʥ (ʧʦʟ. 12) ʠ ʨʘʩʰʠʨʠʪʝʣʴʥʳʡ ʙʘʯʦʢ (ʧʦʟ. 11).  

ɺ ʩʣʫʯʘʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʢʦʥʩʝʨʚʘʮʠʦʥʥʦʛʦ ʤʘʩʣʘ ʧʨʦ-

ʜʫʢʪ ʟʘʛʨʫʞʘʝʪʩʷ ʚ ʤʝʰʘʣʢʫ (ʧʦʟ. 9) ʢʫʜʘ ʧʦʜʘʝʪʩʷ ʠʟ ʤʝʨʥʠʢʘ (ʧʦʟ. 6) ʨʘʩ-

ʪʚʦʨʠʪʝʣʴ (ʠʥʜʫʩʪʨʠʘʣʴʥʦʝ ʤʘʩʣʦ) ʚ ʩʦʦʪʥʦʰʝʥʠʠ 16-20 % ɹʕʂʂ ʠ 84-80 

% ʨʘʩʪʚʦʨʠʪʝʣʷ. 

ɺʥʝʰʥʠʡ ʚʠʜ ʧʨʦʤʳʰʣʝʥʥʦʡ ʫʩʪʘʥʦʚʢʠ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 4. 

 
ʈʠʩ. 4 ï ʇʨʦʤʳʰʣʝʥʥʘʷ ʫʩʪʘʥʦʚʢʘ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ɹʕʂʂ 

 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʧʦʣʫʯʝʥʠʷ ʠʥʛʠʙʠʪʦʨʘ ʘʪʤʦʩʬʝʨʥʦʡ ʢʦʨʨʦ-

ʟʠʠ ʥʝ ʪʨʝʙʫʝʪ ʩʣʦʞʥʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʆʩʥʦʚʥʳʤ ʢʦʤ-
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ʧʦʥʝʥʪʦʤ ʜʣʷ ʩʠʥʪʝʟʘ ʷʚʣʷʝʪʩʷ ʩʳʨʴʝ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ï ʨʘʩ-

ʪʠʪʝʣʴʥʳʝ ʤʘʩʣʘ ʠʣʠ ʦʪʭʦʜʳ ʧʝʨʝʨʘʙʦʪʢʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʧʨʦʜʫʢ-

ʮʠʠ. ɺʩʝ ʚʳʰʝʩʢʘʟʘʥʥʦʝ ʧʦʟʚʦʣʷʝʪ ʦʨʛʘʥʠʟʦʚʘʪʴ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʢʘʢ ʥʘ 

ʢʨʫʧʥʳʭ, ʪʘʢ ʠ ʤʝʣʢʠʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ.  
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ʉʊʈʆʀʊɽʃʔʉʊɺʆ ʀ ɸʈʍʀʊɽʂʊʋʈɸ 

 

ʆʈɻɸʅʀɿɸʎʀʆʅʅʆ-ʊɽʍʅʆʃʆɻʀʏɽʉʂʀɽ ʈɽʐɽʅʀʗ ʇʈʀ 

ʇʈʆʀɿɺʆɼʉʊɺɽ ʌɸʉɸɼʅʓʍ ʈɸɹʆʊ 

ɹʦʯʝʝʚ ʉʘʥʜʞʠ ɸʣʝʢʩʝʝʚʠʯ  

ʌɻɹʆʋ ɺʆ "ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨ-

ʩʪʚʝʥʥʳʡ ʩʪʨʦʠʪʝʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ", ʤʘʛʠʩʪʨ 2 ʢʫʨʩʘ, ʀʥʩʪʠʪʫʪ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʘʨʭʠʪʝʢʪʫʨʳ, ʛ. ʄʦʩʢʚʘ  

 

ʇʨʝʜʦʪʚʨʘʱʝʥʠʝ ʧʦʪʝʨʴ ʪʝʧʣʘ ʯʝʨʝʟ ʦʛʨʘʞʜʘʶʱʠʝ ʢʦʥʩʪʨʫʢʮʠʠ ʞʠ-

ʣʳʭ ʩʦʦʨʫʞʝʥʠʡ ʩʪʘʥʦʚʠʪʴʩʷ ʯʨʝʟʚʳʯʘʡʥʦ ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ ʧʦ ʨʝʘʣʠʟʘʮʠʠ 

ʠʩʧʦʣʥʝʥʠʷ ʪʨʝʙʦʚʘʥʠʡ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʪʝʧʣʦʚʦʡ ʟʘʱʠʪʝ ʥʘʨʫʞʥʳʭ ʩʪʝʥ. 

ʇʦʪʨʝʙʥʦʩʪʴ ʚ ʫʤʝʥʴʰʝʥʠʠ ʟʘʪʨʘʪ ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ ʥʘ ʦʪʦʧʣʝʥʠʝ ʠ ʫʚʝʣʠ-

ʯʝʥʠʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʛʦ ʩʚʦʡʩʪʚʘ ʩʦʦʨʫʞʝʥʠʷ ʚʳʟʳʚʘʝʪ ʫʚʝʣʠʯʝʥʠʝ ʪʝʧ-

ʣʦʚʦʡ ʟʘʱʠʪʳ ʠ ʧʨʠʥʷʪʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʩʪʝʧʝʥʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʦʦʨʫʞʝʥʠʡ ʠ ʟʜʘʥʠʡ. ʇʦ ʦʪʜʝʣʴʥʳʤ ʩʚʝʜʝʥʠʷʤ 30 - 45 % 

ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʫʭʦʜʠʪ ʯʝʨʝʟ ʦʛʨʘʞʜʘʶʱʠʝ ʢʦʥʩʪʨʫʢʮʠʠ ʟʜʘʥʠʡ ʠ ʩʦ-

ʦʨʫʞʝʥʠʡ. 

ɹʦʣʝʝ ʯʝʤ 290 ʤʣʥ. ʢʚʘʜʨʘʪʥʳʭ ʤʝʪʨʦʚ, ʢʦʪʦʨʳʝ ʩʦʩʪʘʚʣʷʶʪ 10,4% 

ʚʩʝʛʦ ʞʠʣʠʱʥʦʛʦ ʬʦʥʜʘ ʈʌ, ʪʨʝʙʫʝʪ ʩʨʦʯʥʦʛʦ ʢʘʧʠʪʘʣʴʥʦʛʦ ʨʝʤʦʥʪʘ, ʘ 250 

ʤʣʥ. ʤ2 (8,9%) - ʨʝʢʦʥʩʪʨʫʢʮʠʠ [4, ʩ. 53]. ʇʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ, ʯʪʦ 

ʥʘʨʫʞʥʳʝ ʩʪʝʥʳ ʟʜʘʥʠʡ, ʟʘʧʨʦʝʢʪʠʨʦʚʘʥʥʳʝ ʜʦ ʧʨʠʥʷʪʠʷ ʧʦʩʣʝʜʥʠʭ ʤʝʨ 

ʧʦ ʪʝʧʣʦʚʦʡ ʟʘʱʠʪʝ, ʦʙʣʘʜʘʶʪ ʥʝʙʦʣʴʰʦʡ ʩʪʝʧʝʥʴʶ ʪʝʧʣʦʚʦʡ ʟʘʱʠʪʳ, ʠ 

ʯʠʩʣʦ ʧʦʜʦʙʥʳʭ ʦʙʲʝʢʪʦʚ ʦʙʨʘʟʫʶʪ ʙʦʣʴʰʫʶ ʜʦʣʶ ʞʠʣʠʱʥʦʛʦ ʠ ʦʙʱʝ-

ʩʪʚʝʥʥʦʛʦ ʬʦʥʜʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ, ʦʩʫʱʝʩʪʚʣʝʥʠʝ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ 

ʪʝʧʣʦʠʟʦʣʷʮʠʠ ʥʘʨʫʞʥʳʭ ʩʪʝʥ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ ʚ ʩʚʷʟʠ ʩ ʨʝʢʦʥʩʪʨʫʢ-

ʮʠʝʡ ʠ ʢʘʧʠʪʘʣʴʥʳʤ ʨʝʤʦʥʪʦʤ ʦʙʷʟʳʚʘʝʪ ʧʨʦʷʚʣʷʪʴ ʦʩʦʙʝʥʥʳʡ ʠʥʪʝʨʝʩ. 

ʉʦʛʣʘʩʥʦ ʬʝʜʝʨʘʣʴʥʦʤʫ ʟʘʢʦʥʫ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ˉ261-ʌɿ ʦʪ 

23 ʥʦʷʙʨʷ 2009ʛ. çʆʙ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʠ ʠ ʧʦʚʳʰʝʥʠʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʵʬ-

ʬʝʢʪʠʚʥʦʩʪʠè ʚʳʙʨʘʥ ʢʦʤʧʣʝʢʩ ʜʝʡʩʪʚʠʡ ʠ ʰʘʛʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʧʨʠ-

ʛʦʜʥʦʩʪʴ ʠʥʜʝʢʩʘ ʪʝʧʣʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʛʨʘʞʜʘʶʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ 

ʥʳʥʝʰʥʠʤ ʧʦʪʨʝʙʥʦʩʪʷʤ. ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʤʝʨʳ ʟʘʢʣʶʯʘʶʪ ʚ ʩʝʙʝ ʫʪʝʧʣʝ-

ʥʠʝ ʦʛʨʘʞʜʘʶʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʧʫʪʝʤ ʩʦʟʜʘʥʠʷ ʩʠʩʪʝʤ ʚʥʝʰʥʝʛʦ ʫʪʝʧʣʝ-

ʥʠʷ ʬʘʩʘʜʦʚ. ɺ ʜʘʥʥʦʝ ʚʨʝʤʷ ʠʤʝʝʪʩʷ ʜʚʘ ʛʣʘʚʥʳʭ ʧʦʣʝʟʥʳʭ ʠ ʧʨʠʤʝʥʠʤʳʭ 

ʨʝʰʝʥʠʡ ʩʠʩʪʝʤ ʚʥʝʰʥʝʛʦ ʫʪʝʧʣʝʥʠʷ ʬʘʩʘʜʦʚ ʟʜʘʥʠʡ, ʘ ʠʤʝʥʥʦ: ʩʠʩʪʝʤʳ 

ʬʘʩʘʜʥʳʝ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ (ʉʌʊʂ) ʩ ʥʘʨʫʞʥʳʤʠ 

ʰʪʫʢʘʪʫʨʥʳʤʠ ʩʣʦʷʤʠ ʠ ʥʘʚʝʩʥʳʝ ʬʘʩʘʜʥʳʝ ʩʠʩʪʝʤʳ (ʅʌʉ) ʩ ʚʦʟʜʫʰʥʳʤ 

ʟʘʟʦʨʦʤ [2, ʩ. 21].  
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ʈʠʩ. 1. ʉʠʩʪʝʤʘ ʬʘʩʘʜʥʘʷ, ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʘʷ, ʢʦʤʧʦʟʠʮʠʦʥʥʘʷ (ʉʌʊʂ) ʩ 

ʥʘʨʫʞʥʳʤʠ ʰʪʫʢʘʪʫʨʥʳʤʠ ʩʣʦʷʤʠ 

 

 
ʈʠʩ. 2. ʅʘʚʝʩʥʘʷ ʬʘʩʘʜʥʘʷ ʩʠʩʪʝʤʘ (ʅʌʉ) ʩ ʚʦʟʜʫʰʥʳʤ ʟʘʟʦʨʦʤ 

 

ɺ ʦʩʥʦʚʝ ʩʫʤʤʠʨʦʚʘʥʠʷ ʫʤʝʥʠʡ ʠ ʦʧʳʪʘ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʩʠʩʪʝʤ 

ʚʥʝʰʥʝʛʦ ʫʪʝʧʣʝʥʠʷ ʬʘʩʘʜʦʚ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘ-

ʮʠʠ, ʫʪʚʝʨʞʜʝʥʦ, ʯʪʦ ʚ ʥʘʠʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʟʥʘʯʠʪʝʣʴʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ 

ʥʳʥʝʰʥʠʭ ʫʩʣʦʚʠʷʭ ʦʙʨʝʣʠ ʥʘʚʝʩʥʳʝ ʬʘʩʘʜʥʳʝ ʩʠʩʪʝʤʳ ʩ ʚʦʟʜʫʰʥʳʤ ʟʘ-

ʟʦʨʦʤ. ɺʦʧʨʝʢʠ ʪʦʛʦ, ʯʪʦ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʫʪʝʧʣʝʥʥʳʭ ʩʦʦʨʫ-

ʞʝʥʠʡ, ʘ ʪʘʢʞʝ ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʨʘʮʠʦʥʘʣʴʥʦʩʪʴ ʦʨʛʘʥʠʟʘʮʠʠ ʩʠʩʪʝʤ 

ʚʥʝʰʥʝʛʦ ʫʪʝʧʣʝʥʠʷ ʧʨʠʟʳʚʘʶʪ ʧʨʦʚʝʩʪʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, 

ʢʦʣʠʯʝʩʪʚʦ ʢʦʪʦʨʳʭ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʠ ʚʝʩʴʤʘ ʚʦʟʨʘʩʪʘʝʪ ʠ ʝʞʝʛʦʜʥʦ 

ʨʘʚʥʷʶʪʩʷ ʙʦʣʝʝ ʯʝʤ 14 ʤʣʥ. ʤ2 ʫʪʝʧʣʝʥʥʳʭ ʩʪʝʥ. 

ɺ ʥʳʥʝʰʥʠʡ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ, ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ ʟʘʨʫʙʝʞʥʳʭ ʠ ʦʪʝʯʝ-

ʩʪʚʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʧʝʮʠʘʣʠʩʪʦʚ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ, ʩʦʟʜʘʥʦ ʙʦʣʴʰʦʝ 

ʯʠʩʣʦ ʥʦʨʤʘʪʠʚʥʳʭ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʜʦʢʫʤʝʥʪʦʚ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʥʘʚʝʩ-

ʥʳʭ ʬʘʩʘʜʥʳʭ ʩʠʩʪʝʤ, ʥʦ ʚʩʝ ʞʝ ʜʘʥʥʳʝ ʨʘʙʦʪʳ ʥʝ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʦʧʨʝʜʝ-

ʣʷʶʪ ʟʘʜʘʯʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʠ 

ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʣʠʰʴ ʦʙʦʙʱʝʥʥʳʝ ʫʢʘʟʘʥʠʷ ʢ ʚʳʧʦʣʥʝʥʠʶ ʨʘʙʦʪ. ɺ ʯʘʩʪ-


