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ɸʅʆʊɸʎɯʗ 

ʄʘʪʚʽʾʚ ʈ.ʆ. ʇʝʨʝʥʦʩʥʽ ʢʘʣʽʙʨʘʪʦʨʠ ʜʣʷ ʦʧʝʨʘʪʠʚʥʦʛʦ ʢʦʥʪʨʦʣʶʚʘʥʥʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʘʩʦʙʽʚ ʚʠʤʽʨʶʚʘʥʴ. ï ʅʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʫ. 

ɼʠʩʝʨʪʘʮʽʷ ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʦʛʦ ʩʪʫʧʝʥʷ ʢʘʥʜʠʜʘʪʘ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ ʟʘ 

ʩʧʝʮʽʘʣʴʥʽʩʪʶ 05.01.02 ï ʩʪʘʥʜʘʨʪʠʟʘʮʽʷ, ʩʝʨʪʠʬʽʢʘʮʽʷ ʪʘ ʤʝʪʨʦʣʦʛʽʯʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ. 

ʈʦʙʦʪʘ ʚʠʢʦʥʘʥʘ ʚ ʅʘʮʽʦʥʘʣʴʥʦʤʫ ʫʥʽʚʝʨʩʠʪʝʪʽ çʃʴʚʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ʃʴʚʽʚ, 2018. 

ɿʤʽʩʪ ʜʠʩʝʨʪʘʮʽʾ. ʊʝʤʘ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʠʩʚʷʯʝʥʘ ʚʜʦʩʢʦʥʘʣʝʥʥʶ ʧʝʨʝʥʦʩʥʠʭ 

ʢʘʣʽʙʨʘʪʦʨʽʚ ʥʘʧʨʫʛʠ ʪʘ ʽʤʽʪʘʪʦʨʽʚ ʦʧʦʨʫ ʧʦʩʪʽʡʥʦʤʫ ʩʪʨʫʤʫ. ɼʦʩʣʽʜʞʝʥʦ ʪʘ 

ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʤʝʪʦʜʽʚ ʢʦʨʠʛʫʚʘʥʥʷ ʟʤʽʱʝʥʴ ʚ ʢʘʣʽʙʨʘʪʦʨʘʭ ʝʣʝʢʪʨʠʯʥʠʭ ʩʠʛʥʘʣʽʚ. 

ʆʛʣʷʥʫʪʽ ʧʨʠʥʮʠʧʠ ʧʦʙʫʜʦʚʠ ʢʘʣʽʙʨʘʪʦʨʽʚ ʥʘʧʨʫʛʠ ʪʘ ʽʤʽʪʘʪʦʨʽʚ ʦʧʦʨʫ, ʘ ʪʘʢʦʞ 

ʦʩʥʦʚʥʽ ʤʝʪʨʦʣʦʛʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʝʨʽʡʥʠʭ ʢʘʣʽʙʨʘʪʦʨʽʚ ʝʣʝʢʪʨʠʯʥʠʭ ʩʠʛʥʘʣʽʚ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʚ ʢʘʣʽʙʨʘʪʦʨʘʭ ʥʘʧʨʫʛʠ ʪʘ ʦʧʦʨʫ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʤʝʪʦʜ ʢʦʤʫʪʘʮʽʡʥʦʛʦ 

ʽʥʚʝʨʪʫʚʘʥʥʷ ʜʣʷ ʢʦʨʠʛʫʚʘʥʥʷ ʘʜʠʪʠʚʥʠʭ ʩʢʣʘʜʦʚʠʭ ʧʦʭʠʙʦʢ. ʈʦʟʨʦʙʣʝʥʦ ʩʪʨʫʢʪʫʨʫ 

ʢʘʣʽʙʨʘʪʦʨʘ ʥʘʧʨʫʛʠ ʟ ʢʦʨʠʛʫʚʘʥʥʷʤ ʘʜʠʪʠʚʥʠʭ ʩʢʣʘʜʦʚʠʭ ʧʦʭʠʙʦʢ. ɺʜʦʩʢʦʥʘʣʝʥʦ 

ʩʪʨʫʢʪʫʨʠ ʢʘʣʽʙʨʘʪʦʨʘ ʥʘʧʨʫʛʠ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʜʦʜʘʪʢʦʚʦʛʦ ʜʞʝʨʝʣʘ ʟʨʘʟʢʦʚʦʾ ʥʘʧʨʫʛʠ ʪʘ ʝʣʝʤʝʥʪʽʚ ʘʥʘʣʦʛʦʚʦʾ ʧʘʤôʷʪʽ, ʱʦ 

ʜʦʟʚʦʣʠʣʦ ʟʤʝʥʰʠʪʠ ʚʧʣʠʚ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ. ʇʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ 

ʢʦʤʧôʶʪʝʨʥʦʾ ʤʦʜʝʣʽ ʢʘʣʽʙʨʘʪʦʨʘ ʥʘʧʨʫʛʠ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ. ʈʦʟʨʦʙʣʝʥʦ ʩʪʨʫʢʪʫʨʫ 

ʽʤʽʪʘʪʦʨʘ ʦʧʦʨʫ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʟ ʢʦʨʠʛʫʚʘʥʥʷʤ ʘʜʠʪʠʚʥʠʭ ʩʢʣʘʜʦʚʠʭ ʧʦʭʠʙʦʢ. 

ʈʦʟʨʦʙʣʝʥʦ ʩʪʨʫʢʪʫʨʫ ʢʘʣʽʙʨʘʪʦʨʘ ʥʘʧʨʫʛʠ ʟ ʰʠʨʦʪʥʦ-ʽʤʧʫʣʴʩʥʠʤ ʧʦʜʽʣʴʥʠʢʦʤ 

ʥʘʧʨʫʛʠ, ʚ ʷʢʦʤʫ ʜʣʷ ʢʦʨʠʛʫʚʘʥʥʷ ʧʦʭʠʙʦʢ ʚʠʢʦʨʠʩʪʘʥʠʡ ʤʝʪʦʜ ʢʦʤʫʪʘʮʽʡʥʦʛʦ 

ʽʥʚʝʨʪʫʚʘʥʥʷ. ʇʦʜʘʥʽ ʢʦʤʧôʶʪʝʨʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʜʝʣʝʡ ʽʤʽʪʘʪʦʨʘ ʦʧʦʨʫ ʪʘ 

ʢʘʣʽʙʨʘʪʦʨʘ ʥʘʧʨʫʛʠ ʟ ʰʠʨʦʪʥʦ-ʽʤʧʫʣʴʩʥʠʤ ʧʦʜʽʣʴʥʠʢʦʤ. ɺʠʛʦʪʦʚʣʝʥʦ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʡ ʤʘʢʝʪ ʢʘʣʽʙʨʘʪʦʨʘ ʥʘʧʨʫʛʠ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʟ ʢʦʨʠʛʫʚʘʥʥʷʤ 

ʘʜʠʪʠʚʥʠʭ ʩʢʣʘʜʦʚʠʭ ʧʦʭʠʙʦʢ. ʇʨʦʚʝʜʝʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʤʘʢʝʪʫ 

ʢʘʣʽʙʨʘʪʦʨʘ ʥʘʧʨʫʛʠ ʪʘ ʚʠʙʨʘʥʦ ʦʧʪʠʤʘʣʴʥʫ ʯʘʩʪʦʪʫ ʪʘʢʪʦʚʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʜʣʷ 

ʢʝʨʫʚʘʥʥʷ ʢʦʤʫʪʘʮʽʡʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ. 

ʋ ʧʝʨʰʦʤʫ ʨʦʟʜʽʣʽ çʉʪʘʥ ʧʨʦʙʣʝʤʠ ʪʘ ʟʘʜʘʯʽ ʜʦʩʣʽʜʞʝʥʥʷ ʦʧʝʨʘʪʠʚʥʦʛʦ 

ʢʦʥʪʨʦʣʶʚʘʥʥʷ ʤʝʪʨʦʣʦʛʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʘʩʦʙʽʚ ʚʠʤʽʨʶʚʘʥʴè ʥʘ ʦʩʥʦʚʽ 

ʘʥʘʣʽʟʫ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ, ʧʫʙʣʽʢʘʮʽʡ ʪʘ ʥʦʨʤʘʪʠʚʥʠʭ ʜʦʢʫʤʝʥʪʽʚ ʟʘ ʥʘʧʨʷʤʦʤ 
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ʜʠʩʝʨʪʘʮʽʡʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʠʟʥʘʯʝʥʽ ʦʩʥʦʚʥʽ ʧʨʠʥʮʠʧʠ ʧʦʙʫʜʦʚʠ ʢʦʜʦʢʝʨʦʚʘʥʠʭ ʤʽʨ 

ʥʘʧʨʫʛʠ ʪʘ ʦʧʦʨʫ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʢʦʥʪʨʦʣʴ ʤʝʪʨʦʣʦʛʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʘʩʦʙʽʚ 

ʚʠʤʽʨʶʚʘʥʥʷ ʥʘ ʤʽʩʮʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʜʦʟʚʦʣʷʻ ʨʽʟʢʦ ʟʤʝʥʰʠʪʠ ʡʤʦʚʽʨʥʽʩʪʴ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʨʦʣʦʛʽʯʥʦ ʥʝʩʧʨʘʚʥʦʛʦ ʟʘʩʦʙʫ. 

ʋ ʧʽʜʨʦʟʜʽʣʽ 1.1 çɿʘʙʝʟʧʝʯʝʥʥʷ ʤʝʪʨʦʣʦʛʽʯʥʦʾ ʥʘʜʽʡʥʦʩʪʽ ʦʧʝʨʘʪʠʚʥʦʛʦ 

ʢʦʥʪʨʦʣʶ ʧʨʦʪʽʢʘʥʥʷ ʧʨʦʮʝʩʽʚ ʚʠʤʽʨʶʚʘʥʴè ʨʦʟʛʣʷʥʫʪʽ ʽʩʥʫʶʯʽ ʤʝʪʦʜʠ ʪʘ ʟʘʩʦʙʠ 

ʧʽʜʚʠʱʝʥʥʷ ʤʝʪʨʦʣʦʛʽʯʥʦʾ ʥʘʜʽʡʥʦʩʪʽ. ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʧʽʜʭʽʜ ʜʦ ʧʨʘʢʪʠʯʥʦʛʦ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʦʧʝʨʘʪʠʚʥʦʛʦ ʢʦʥʪʨʦʣʶʚʘʥʥʷ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʢʘʥʘʣʽʚ ʨʦʟʧʦʨʦʰʝʥʠʭ 

ʩʠʩʪʝʤ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʩʫʯʘʩʥʽ ʥʦʨʤʘʪʠʚʥʽ ʜʦʢʫʤʝʥʪʠ ʨʝʢʦʤʝʥʜʫʶʪʴ 

ʚʧʨʦʚʘʜʞʫʚʘʪʠ ʪʘʢʽ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʚʠʤʽʨʶʚʘʥʥʷʤʠ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʧʨʠʜʘʪʥʽʩʪʴ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʤʝʪʦʜʽʚ ʚʠʤʽʨʶʚʘʥʥʷ ʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘ 

ʧʨʠʟʥʘʯʝʥʥʷʤ ʪʘ ʟʘʜʘʥʠʡ ʨʽʚʝʥʴ ʨʠʟʠʢʽʚ ʦʪʨʠʤʘʥʥʷ ʥʝʚʽʨʦʛʽʜʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ 

ʚʠʤʽʨʶʚʘʥʥʷ. ʊʘʢʦʞ ʨʦʟʛʣʷʥʫʪʽ ʰʣʷʭʠ ʢʦʨʠʛʫʚʘʥʥʷ ʘʜʠʪʠʚʥʠʭ ʩʢʣʘʜʦʚʠʭ ʧʦʭʠʙʦʢ ʚ 

ʢʘʣʽʙʨʘʪʦʨʘʭ ʥʘʧʨʫʛʠ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ. 

ʋ ʧʽʜʨʦʟʜʽʣʽ 1.2 çɺʠʤʦʛʠ ʜʦ ʧʦʙʫʜʦʚʠ ʢʘʣʽʙʨʘʪʦʨʽʚ ʥʘʧʨʫʛʠ, ʦʧʦʨʫ ʽ ʩʠʣʠ 

ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫè ʨʦʟʛʣʷʥʫʪʽ ʚʠʤʦʛʠ ʥʦʨʤʘʪʠʚʥʠʭ ʜʦʢʫʤʝʥʪʽʚ ʜʦ ʧʦʙʫʜʦʚʠ 

ʢʘʣʽʙʨʘʪʦʨʽʚ ʥʘʧʨʫʛʠ, ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʪʘ ʦʧʦʨʫ. ʆʩʥʦʚʥʫ ʫʚʘʛʫ ʟʦʩʝʨʝʜʞʝʥʦ ʥʘ 

ʥʦʨʤʫʚʘʥʥʽ ʛʨʘʥʠʮʴ ʜʦʧʫʩʪʠʤʦʾ ʧʨʠʚʝʜʝʥʦʾ ʦʩʥʦʚʥʦʾ ʧʦʭʠʙʢʠ ʽ ʛʨʘʥʠʮʴ ʜʦʧʫʩʪʠʤʦʾ 

ʚʽʜʥʦʩʥʦʾ ʧʦʭʠʙʢʠ. ɼʝʪʘʣʴʥʦ ʨʦʟʛʣʷʥʫʪʽ ʦʩʥʦʚʥʽ ʤʝʪʨʦʣʦʛʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʩʪʘʮʽʦʥʘʨʥʦʛʦ ʢʘʣʽʙʨʘʪʦʨʘ CED7000 ʪʘ ʧʝʨʝʥʦʩʥʦʛʦ ʢʘʣʽʙʨʘʪʦʨʘ Fluke 726. 

ʋ ʧʽʜʨʦʟʜʽʣʽ 1.3 çɸʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʽʚ ʧʦʙʫʜʦʚʠ ʢʘʣʽʙʨʘʪʦʨʽʚ ʥʘʧʨʫʛʠ 

ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫè ʨʦʟʛʣʷʥʫʪʦ ʤʝʪʦʜʠ ʪʘ ʟʘʩʦʙʠ ʧʦʙʫʜʦʚʠ ʢʘʣʽʙʨʘʪʦʨʽʚ ʥʘʧʨʫʛʠ 

ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ. ɿʘʟʥʘʯʝʥʽ ʰʣʷʭʠ ʨʦʟʰʠʨʝʥʥʷ ʛʨʘʥʠʮʴ ʚʽʜʪʚʦʨʝʥʥʷ ʥʘʧʨʫʛʠ. 

ʅʘʚʝʜʝʥʽ ʩʪʨʫʢʪʫʨʠ ʢʘʣʽʙʨʘʪʦʨʽʚ ʥʘʧʨʫʛʠ ʟ ʨʽʟʥʠʤʠ ʪʠʧʘʤʠ ʢʦʜʦʢʝʨʦʚʘʥʠʭ 

ʧʦʜʽʣʴʥʠʢʽʚ ʥʘʧʨʫʛʠ. 

ʋ ʧʽʜʨʦʟʜʽʣʽ 1.4 çɸʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʽʚ ʧʦʙʫʜʦʚʠ ʢʘʣʽʙʨʘʪʦʨʽʚ ʦʧʦʨʫè 

ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʧʨʠʥʮʠʧʽʚ ʧʦʙʫʜʦʚʠ ʽʤʽʪʘʪʦʨʽʚ ʦʧʦʨʫ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ. ɿʘʟʥʘʯʝʥʽ 

ʦʩʥʦʚʥʽ ʥʝʜʦʣʽʢʠ ʢʦʜʦʢʝʨʦʚʘʥʠʭ ʤʘʛʘʟʠʥʽʚ ʦʧʦʨʫ. ɼʝʪʘʣʴʥʦ ʨʦʟʛʣʷʥʫʪʽ ʩʪʨʫʢʪʫʨʠ 

ʘʢʪʠʚʥʠʭ ʽʤʽʪʘʪʦʨʽʚ ʦʧʦʨʫ. 
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ʋ ʧʽʜʨʦʟʜʽʣʽ 1.5 çʉʪʨʫʢʪʫʨʘ ʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʝʨʽʡʥʦʛʦ ʢʘʣʽʙʨʘʪʦʨʘ 

ʄʂ4702è ʥʘʚʝʜʝʥʦ ʩʪʨʫʢʪʫʨʥʫ ʩʭʝʤʫ ʤʽʨʠ ʢʦʤʙʽʥʦʚʘʥʦʾ ʙʘʛʘʪʦʟʥʘʯʥʦʾ ʄʂ4702. 

ʈʦʟʛʣʷʥʫʪʦ ʧʨʠʥʮʠʧ ʨʦʙʦʪʠ ʪʘ ʦʩʥʦʚʥʽ ʤʝʪʨʦʣʦʛʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʘʛʘʪʦʟʥʘʯʥʦʾ 

ʤʽʨʠ ʄʂ4702. 

ʋ ʜʨʫʛʦʤʫ ʨʦʟʜʽʣʽ çʊʝʦʨʝʪʠʯʥʽ ʦʩʥʦʚʠ ʧʦʙʫʜʦʚʠ ʢʘʣʽʙʨʘʪʦʨʘ ʥʘʧʨʫʛʠ ʟ 

ʘʚʪʦʤʘʪʠʯʥʠʤ ʢʦʨʠʛʫʚʘʥʥʷʤ ʧʦʭʠʙʦʢè ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʤʽʩʮʴ ʚʠʥʠʢʥʝʥʥʷ 

ʘʜʠʪʠʚʥʠʭ ʟʤʽʱʝʥʴ ʚ ʢʘʣʽʙʨʘʪʦʨʘʭ ʥʘʧʨʫʛʠ. ɺʜʦʩʢʦʥʘʣʝʥʦ ʩʪʨʫʢʪʫʨʠ ʢʘʣʽʙʨʘʪʦʨʽʚ 

ʥʘʧʨʫʛʠ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʟ ʤʝʪʦʶ ʢʦʨʠʛʫʚʘʥʥʷ ʘʜʠʪʠʚʥʠʭ ʟʤʽʱʝʥʴ ʚʠʭʽʜʥʦʾ 

ʥʘʧʨʫʛʠ. 

ʋ ʧʽʜʨʦʟʜʽʣʽ 2.1 çɸʥʘʣʽʟ ʤʦʞʣʠʚʠʭ ʰʣʷʭʽʚ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʢʦʨʠʛʫʚʘʥʥʷ ʧʦʭʠʙʦʢ 

ʚ ʢʘʣʽʙʨʘʪʦʨʘʭ ʥʘʧʨʫʛʠè ʧʦʜʘʥʦ ʩʪʨʫʢʪʫʨʥʫ ʩʭʝʤʫ ʢʘʣʽʙʨʘʪʦʨʘ ʥʘʧʨʫʛʠ ʧʦʩʪʽʡʥʦʛʦ 

ʩʪʨʫʤʫ, ʥʘ ʷʢʽʡ ʧʦʢʘʟʘʥʦ ʜʞʝʨʝʣʘ ʚʠʥʠʢʥʝʥʥʷ ʘʜʠʪʠʚʥʠʭ ʩʢʣʘʜʦʚʠʭ ʧʦʭʠʙʦʢ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʘʚʪʦʤʘʪʠʯʥʫ ʢʦʨʝʢʮʽʶ ʟʤʽʱʝʥʥʷ ʥʫʣʴʦʚʦʛʦ ʨʽʚʥʷ ʆʇ ʥʘʡʜʦʮʽʣʴʥʽʰʝ 

ʧʨʦʚʦʜʠʪʠ ʤʝʪʦʜʦʤ ʧʦʜʚʽʡʥʦʛʦ ʢʦʤʫʪʘʮʽʡʥʦʛʦ ʽʥʚʝʨʪʫʚʘʥʥʷ. ɺʜʦʩʢʦʥʘʣʝʥʦ 

ʩʪʨʫʢʪʫʨʥʫ ʩʭʝʤʫ ʢʘʣʽʙʨʘʪʦʨʘ ʥʘʧʨʫʛʠ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʦʜʚʽʡʥʦʛʦ 

ʽʥʚʝʨʪʫʚʘʥʥʷ ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ. ʇʦʜʘʥʽ ʛʨʘʬʽʯʥʽ ʟʘʣʝʞʥʦʩʪʽ ʘʜʠʪʠʚʥʦʾ ʩʢʣʘʜʦʚʦʾ 

ʧʦʭʠʙʢʠ ʚʽʜ ʥʝʨʽʚʥʦʩʪʽ ʯʘʩʽʚ ʽʥʪʝʛʨʫʚʘʥʥʷ ʜʣʷ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʧʝʨʝʜʘʚʘʥʥʷ K=1 

ʜʣʷ ʨʽʟʥʠʭ ʟʥʘʯʝʥʴ ʩʪʘʣʦʾ ʯʘʩʫ ʬʽʣʴʪʨʘ ʥʠʟʴʢʦʾ ʯʘʩʪʦʪʠ Ű ʽ ʯʘʩʪʦʪʠ ʢʦʤʫʪʘʮʽʾ f. 

ɿʦʙʨʘʞʝʥʽ ʪʘʢʦʞ ʛʨʘʬʽʯʥʽ ʟʘʣʝʞʥʦʩʪʽ ʧʦʭʠʙʢʠ ʚʠʭʽʜʥʦʾ ʥʘʧʨʫʛʠ ʜʣʷ ʨʽʟʥʠʭ ʯʘʩʦʚʠʭ 

ʟʘʪʨʠʤʦʢ ʪʘ ʨʽʟʥʠʭ ʟʥʘʯʝʥʴ ʯʘʩʪʦʪʠ ʪʘʢʪʦʚʦʛʦ ʛʝʥʝʨʘʪʦʨʘ. 

ʋ ʧʽʜʨʦʟʜʽʣʽ 2.2 çʇʨʦʝʢʪʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʥʦʾ ʩʭʝʤʠ ʢʘʣʽʙʨʘʪʦʨʘ ʥʘʧʨʫʛʠ ʟ 

ʜʦʜʘʪʢʦʚʠʤ ʜʞʝʨʝʣʦʤ ʟʨʘʟʢʦʚʦʾ ʥʘʧʨʫʛʠè ʧʦʜʘʥʦ ʚʜʦʩʢʦʥʘʣʝʥʫ ʩʪʨʫʢʪʫʨʥʫ ʩʭʝʤʫ 

ʢʘʣʽʙʨʘʪʦʨʘ ʥʘʧʨʫʛʠ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʟ ʜʦʜʘʪʢʦʚʠʤ ʜʞʝʨʝʣʦʤ ʟʨʘʟʢʦʚʦʾ ʥʘʧʨʫʛʠ, ʚ 

ʷʢʽʡ ʜʣʷ ʢʦʨʠʛʫʚʘʥʥʷ ʘʜʠʪʠʚʥʦʾ ʩʢʣʘʜʦʚʦʾ ʧʦʭʠʙʢʠ ʚʠʢʦʨʠʩʪʘʥʦ ʢʦʤʫʪʘʮʽʡʥʝ 

ʽʥʚʝʨʪʫʚʘʥʥʷ. ʇʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʨʦʙʦʪʠ ʢʘʣʽʙʨʘʪʦʨʘ ʥʘʧʨʫʛʠ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ 

ʟ ʜʦʜʘʪʢʦʚʠʤ ʜʞʝʨʝʣʦʤ ʟʨʘʟʢʦʚʦʾ ʥʘʧʨʫʛʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʤʧôʶʪʝʨʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ. ʅʘʚʝʜʝʥʽ ʛʨʘʬʽʯʥʽ ʟʘʣʝʞʥʦʩʪʽ ʧʦʭʠʙʢʠ ʚʠʭʽʜʥʠʭ ʩʠʛʥʘʣʽʚ ʚ ʨʫʯʥʦʤʫ 

ʨʝʞʠʤʽ ʢʝʨʫʚʘʥʥʷ ʜʣʷ ʨʽʟʥʠʭ ʟʥʘʯʝʥʴ ʥʘʧʨʫʛ ʟʤʽʱʝʥʥʷ ʦʧʝʨʘʮʽʡʥʠʭ ʧʽʜʩʠʣʶʚʘʯʽʚ. 

ɸʥʘʣʽʟ ʧʦʢʘʟʘʚ, ʱʦ ʥʝʩʢʦʨʠʛʦʚʘʥʝ ʟʥʘʯʝʥʥʷ ʘʙʩʦʣʶʪʥʦʾ ʧʦʭʠʙʢʠ ʜʦʩʣʽʜʞʫʚʘʥʦʾ 

ʩʪʨʫʢʪʫʨʠ ʢʘʣʽʙʨʘʪʦʨʘ ʥʝ ʧʝʨʝʚʠʱʫʻ Ñ1 ʤʢɺ. 
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ʋ ʧʽʜʨʦʟʜʽʣʽ 2.3 çʂʘʣʽʙʨʘʪʦʨ ʥʘʧʨʫʛʠ ʟ ʜʦʜʘʪʢʦʚʠʤ ʜʞʝʨʝʣʦʤ ʟʨʘʟʢʦʚʦʾ ʥʘʧʨʫʛʠ 

ʪʘ ʘʥʘʣʦʛʦʚʦʶ ʧʘʤôʷʪʪʶè ʧʦʜʘʥʘ ʩʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʫʩʪʘʚʠ ʜʣʷ 

ʚʽʜʪʚʦʨʝʥʥʷ ʥʘʧʨʫʛʠ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʟ ʘʚʪʦʤʘʪʠʯʥʠʤ ʢʦʨʠʛʫʚʘʥʥʷʤ ʘʜʠʪʠʚʥʠʭ 

ʟʤʽʱʝʥʴ. ʇʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʧʦʭʠʙʦʢ ʢʘʣʽʙʨʘʪʦʨʘ ʥʘʧʨʫʛʠ, ʷʢʠʡ ʧʦʢʘʟʫʻ, ʱʦ 

ʥʝʩʢʦʨʠʛʦʚʘʥʝ ʟʥʘʯʝʥʥʷ ʘʜʠʪʠʚʥʦʾ ʩʢʣʘʜʦʚʦʾ ʧʦʭʠʙʢʠ ʚʠʟʥʘʯʘʪʠʤʝʪʴʩʷ 

ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʤʠ ʩʢʣʘʜʦʚʠʤʠ ʧʦʭʠʙʢʠ ʚʠʭʽʜʥʦʛʦ ʧʝʨʝʤʠʢʘʯʘ ʧʦʣʷʨʥʦʩʪʽ. 

ɯʥʩʪʨʫʤʝʥʪʘʣʴʥʽ ʩʢʣʘʜʦʚʽ ʧʦʭʠʙʢʠ ʚʠʟʥʘʯʘʪʠʤʫʪʴʩʷ ʣʠʰʝ ʨʽʟʥʠʮʝʶ ʜʦʙʫʪʢʽʚ ʩʫʤ 

ʧʘʨʠ ʦʧʦʨʽʚ ʟʘʤʢʥʝʥʠʭ ʢʣʶʯʽʚ ʽ ʩʫʤ ʟʚʦʨʦʪʥʠʭ ʩʪʨʫʤʽʚ ʢʣʶʯʽʚ ʦʙʦʭ ʧʝʨʝʤʠʢʘʯʽʚ 

ʧʦʣʷʨʥʦʩʪʽ. ɼʦʩʣʽʜʞʝʥʦ ʨʦʙʦʪʫ ʢʘʣʽʙʨʘʪʦʨʘ ʥʘʧʨʫʛʠ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʟ ʚʠʭʽʜʥʠʤʠ 

ʟʘʧʘʤôʷʪʦʚʫʚʘʣʴʥʠʤʠ ʢʦʥʜʝʥʩʘʪʦʨʘʤʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʤʧôʶʪʝʨʥʦʾ ʤʦʜʝʣʽ. ɿʘ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʩʪʫʧʽʥʴ ʢʦʨʠʛʫʚʘʥʥʷ ʥʝ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʤʽʩʮʷ ʧʽʜôʻʜʥʘʥʥʷ ʽʤʽʪʘʪʦʨʘ ʘʜʠʪʠʚʥʦʛʦ ʟʤʽʱʝʥʥʷ ʫ ʩʭʝʤʽ ʢʘʣʽʙʨʘʪʦʨʘ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʥʘ ʯʘʩʪʦʪʽ ʙʽʣʷ 1 ʢɻʮ ʟʥʘʯʝʥʥʷ ʨʽʟʥʠʮʴ ʚʠʭʽʜʥʠʭ ʥʘʧʨʫʛ 

ʢʦʤʧôʶʪʝʨʥʦʾ ʤʦʜʝʣʽ ʢʘʣʽʙʨʘʪʦʨʘ ʥʘʧʨʫʛʠ ʻ ʤʽʥʽʤʘʣʴʥʦʶ. 

ʋ ʧʽʜʨʦʟʜʽʣʽ 2.4 çɺʜʦʩʢʦʥʘʣʝʥʥʷ ʢʘʣʽʙʨʘʪʦʨʘ ʥʘʧʨʫʛʠ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫè 

ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʦʩʥʦʚʥʠʤ ʥʝʜʦʣʽʢʦʤ ʧʨʠ ʢʦʤʫʪʘʮʽʡʥʦ-ʽʥʚʝʨʪʫʚʘʣʴʥʦʤʫ ʤʝʪʦʜʽ ʻ 

ʚʧʣʠʚ ʪʦʯʥʦʩʪʽ ʬʦʨʤʫʚʘʥʥʷ ʽʤʧʫʣʴʩʽʚ ʢʝʨʫʚʘʥʥʷ ʢʣʶʯʘʤʠ ʽ ʟʘʪʨʠʤʢʠ ʬʦʨʤʫʚʘʥʥʷ 

ʩʠʛʥʘʣʽʚ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʚʽʜ ʥʝʜʦʩʪʘʪʥʴʦʾ ʰʚʠʜʢʦʜʽʾ ʢʦʤʫʪʫʚʘʣʴʥʠʭ ʢʣʶʯʽʚ ʽ 

ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ ʦʧʝʨʘʮʽʡʥʠʭ ʧʽʜʩʠʣʶʚʘʯʽʚ ʪʘ ʢʦʜʦʢʝʨʦʚʘʥʦʛʦ ʧʦʜʽʣʴʥʠʢʘ 

ʥʘʧʨʫʛʠ. ɼʣʷ ʫʩʫʥʝʥʥʷ ʚʧʣʠʚʫ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʭʽʜʥʽ ʩʠʛʥʘʣʠ 

ʚʠʭʽʜʥʦʛʦ ʆʇ ʟʘʧʘʤôʷʪʦʚʫʚʘʪʠ ʥʘ ʝʣʝʤʝʥʪʘʭ ʘʥʘʣʦʛʦʚʦʾ ʧʘʤôʷʪʽ. ɿʘʧʨʦʧʦʥʦʚʘʥʘ 

ʩʪʨʫʢʪʫʨʥʘ ʪʘ ʧʨʠʥʮʠʧʦʚʘ ʩʭʝʤʠ ʚʠʭʽʜʥʦʾ ʯʘʩʪʠʥʠ ʢʘʣʽʙʨʘʪʦʨʘ ʥʘʧʨʫʛʠ ʧʦʩʪʽʡʥʦʛʦ 

ʩʪʨʫʤʫ ʟ ʝʣʝʤʝʥʪʘʤʠ ʘʥʘʣʦʛʦʚʦʾ ʧʘʤôʷʪʽ ʥʘ ʚʠʭʦʜʽ ʚʠʭʽʜʥʦʛʦ ʧʽʜʩʠʣʶʚʘʯʘ. ʅʘʚʝʜʝʥʽ 

ʛʨʘʬʽʯʥʽ ʟʘʣʝʞʥʦʩʪʽ ʟʤʽʥʠ ʥʘʧʨʫʛʠ ʥʘ ʚʠʭʦʜʽ ʩʫʤʘʪʦʨʘ, ʟ ʘʥʘʣʽʟʫ ʷʢʠʭ ʚʠʜʥʦ, ʱʦ 

ʘʤʧʣʽʪʫʜʘ ʟʤʽʥʥʦʾ ʩʢʣʘʜʦʚʦʾ ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʩʫʤʘʪʦʨʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʦʩʪʽʡʥʦʾ ʯʘʩʫ 

ʝʣʝʤʝʥʪʽʚ ʧʘʤôʷʪʽ ʽ ʩʫʤʘʪʦʨʘ. 

ʋ ʧʽʜʨʦʟʜʽʣʽ 2.5 çɸʥʘʣʽʟ ʯʘʩʪʦʪʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʢʘʣʽʙʨʘʪʦʨʽʚ ʥʘʧʨʫʛʠ 

ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʟ ʢʦʨʠʛʫʚʘʥʥʷʤ ʘʜʠʪʠʚʥʦʾ ʩʢʣʘʜʦʚʦʾ ʧʦʭʠʙʢʠè ʦʙˇʨʫʥʪʦʚʘʥʦ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʬʽʣʴʪʨʽʚ ʥʠʟʴʢʠʭ ʯʘʩʪʦʪ. ɿʦʙʨʘʞʝʥʦ ʝʢʚʽʚʘʣʝʥʪʥʫ ʩʭʝʤʫ 

ʘʢʪʠʚʥʦʛʦ ʬʽʣʴʪʨʫ ʥʠʟʴʢʠʭ ʯʘʩʪʦʪ ʽʟ ʚʨʘʭʫʚʘʥʥʷʤ ʧʘʨʘʤʝʪʨʽʚ ʦʧʝʨʘʮʽʡʥʠʭ 
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ʧʽʜʩʠʣʶʚʘʯʽʚ. ʅʘʚʝʜʝʥʽ ʛʨʘʬʽʢʠ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ ʚʭʽʜʥʦʾ ʥʘʧʨʫʛʠ ʦʧʝʨʘʮʽʡʥʠʭ 

ʧʽʜʩʠʣʶʚʘʯʽʚ ʧʨʠ ʨʽʟʥʠʭ ʟʥʘʯʝʥʥʷʭ ʡʦʛʦ ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʛʨʘʬʽʢʠ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ 

ʚʠʭʽʜʥʦʾ ʥʘʧʨʫʛʠ ʘʢʪʠʚʥʦʛʦ ʬʽʣʴʪʨʫ ʥʠʟʴʢʠʭ ʯʘʩʪʦʪ ʧʨʠ ʨʽʟʥʠʭ ʧʘʨʘʤʝʪʨʘʭ 

ʦʧʝʨʘʮʽʡʥʠʭ ʧʽʜʩʠʣʶʚʘʯʽʚ. ɿʦʙʨʘʞʝʥʘ ʧʨʠʥʮʠʧʦʚʘ ʝʣʝʢʪʨʠʯʥʘ ʩʭʝʤʘ ʜʚʦʢʘʩʢʘʜʥʦʛʦ 

ʘʢʪʠʚʥʦʛʦ ʬʽʣʴʪʨʫ ʥʠʟʴʢʠʭ ʯʘʩʪʦʪ. ʇʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʨʦʙʦʪʠ ʢʦʤʧôʶʪʝʨʥʦʾ 

ʤʦʜʝʣʽ ʘʢʪʠʚʥʦʛʦ ʬʽʣʴʪʨʫ. ʅʘʚʝʜʝʥʘ ʛʨʘʬʽʯʥʘ ʟʘʣʝʞʥʽʩʪʴ ʢʦʝʬʽʮʽʻʥʪʘ ʧʦʩʣʘʙʣʝʥʥʷ 

ʟʤʽʥʥʦʾ ʩʢʣʘʜʦʚʦʾ ʚʽʜ ʯʘʩʪʦʪʠ ʧʨʠ ʨʽʟʥʠʭ ʟʥʘʯʝʥʥʷʭ ʧʨʦʭʽʜʥʦʛʦ ʦʧʦʨʫ ʬʽʣʴʪʨʘ. 

ʇʨʦʚʝʜʝʥʠʡ ʪʝʦʨʝʪʠʯʥʠʡ ʘʥʘʣʽʟ ʧʽʜʪʚʝʨʜʞʫʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʢʪʠʚʥʠʭ 

ʬʽʣʴʪʨʽʚ ʥʠʟʴʢʠʭ ʯʘʩʪʦʪ ʚ ʢʘʣʽʙʨʘʪʦʨʘʭ ʥʘʧʨʫʛʠ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ. 

ʋ ʪʨʝʪʴʦʤʫ ʨʦʟʜʽʣʽ çʊʝʦʨʝʪʠʯʥʽ ʦʩʥʦʚʠ ʧʦʙʫʜʦʚʠ ʪʘ ʘʚʪʦʤʘʪʠʯʥʝ 

ʢʦʨʠʛʫʚʘʥʥʷ ʧʦʭʠʙʦʢ ʚ ʽʤʽʪʘʪʦʨʘʭ ʘʢʪʠʚʥʦʛʦ ʦʧʦʨʫ ʪʘ ʢʘʣʽʙʨʘʪʦʨʘʭ ʥʘʧʨʫʛʠ ʟ 

ʰʠʨʦʪʥʦ-ʽʤʧʫʣʴʩʥʠʤ ʧʦʜʽʣʴʥʠʢʦʤè ʚʠʟʥʘʯʝʥʦ ʤʽʩʮʷ ʚʠʥʠʢʥʝʥʥʷ ʘʜʠʪʠʚʥʠʭ 

ʟʤʽʱʝʥʴ ʚ ʽʤʽʪʘʪʦʨʘʭ ʦʧʦʨʫ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʪʘ ʢʘʣʽʙʨʘʪʦʨʘʭ ʥʘʧʨʫʛʠ ʧʦʩʪʽʡʥʦʛʦ 

ʩʪʨʫʤʫ ʟ ʰʠʨʦʪʥʦ-ʽʤʧʫʣʴʩʥʠʤ ʧʦʜʽʣʴʥʠʢʦʤ ʥʘʧʨʫʛʠ. ɺʜʦʩʢʦʥʘʣʝʥʦ ʩʪʨʫʢʪʫʨʠ 

ʽʤʽʪʘʪʦʨʽʚ ʦʧʦʨʫ ʧʦʩʪʽʡʥʦʤʫ ʩʪʨʫʤʫ ʪʘ ʢʘʣʽʙʨʘʪʦʨʽʚ ʥʘʧʨʫʛʠ ʟ ʰʠʨʦʪʥʦ-ʽʤʧʫʣʴʩʥʦʶ 

ʤʦʜʫʣʷʮʽʻʶ ʪʘ ʘʚʪʦʤʘʪʠʯʥʠʤ ʢʦʨʠʛʫʚʘʥʥʷʤ ʚ ʥʠʭ ʘʜʠʪʠʚʥʠʭ ʟʤʽʱʝʥʴ. ʄʦʜʝʨʥʽʟʦʚʘʥʦ 

ʩʪʨʫʢʪʫʨʫ ʽʤʽʪʘʪʦʨʘ ʦʧʦʨʫ ʜʣʷ ʢʦʨʠʛʫʚʘʥʥʷ ʚʧʣʠʚʫ ʦʧʦʨʽʚ ʣʽʥʽʡ ʟʚôʷʟʢʫ. 

ʋ ʧʽʜʨʦʟʜʽʣʽ 3.1 çʂʦʨʝʢʮʽʷ ʚʧʣʠʚʫ ʦʧʦʨʽʚ ʣʽʥʽʡ ʟʚôʷʟʢʫ ʚ ʜʚʦʧʨʦʚʽʜʥʠʭ 

ʪʝʨʤʦʨʝʟʠʩʪʠʚʥʠʭ ʩʭʝʤʘʭè ʟʦʙʨʘʞʝʥʦ ʩʪʨʫʢʪʫʨʥʫ ʩʭʝʤʫ ʜʚʦʧʨʦʚʽʜʥʦʛʦ 

ʪʝʨʤʦʨʝʟʠʩʪʠʚʥʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʟ ʢʦʤʧʝʥʩʘʮʽʻʶ ʚʧʣʠʚʫ ʦʧʦʨʽʚ ʣʽʥʽʡ ʟʚ'ʷʟʢʫ.  

ʇʦʜʘʥʦ ʛʨʘʬʽʢ ʟʘʣʝʞʥʦʩʪʽ ʢʦʝʬʽʮʽʻʥʪʘ ʧʦʩʣʘʙʣʝʥʥʷ ʚʧʣʠʚʫ ʦʧʦʨʽʚ ʣʽʥʽʡ ʟʚôʷʟʢʫ 

ʚʽʜ ʟʥʘʯʝʥʥʷ ʧʦʭʠʙʦʢ ʟʨʘʟʢʦʚʠʭ ʩʪʨʫʤʽʚ. ʇʦʜʘʥʘ ʩʧʨʦʝʢʪʦʚʘʥʘ ʧʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ 

ʜʚʦʧʨʦʚʽʜʥʦʛʦ ʪʝʨʤʦʨʝʟʠʩʪʠʚʥʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʟ ʘʥʘʣʦʛʦʚʠʤ ʤʝʪʦʜʦʤ 

ʫʩʝʨʝʜʥʝʥʥʷ. ʇʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʛʨʘʬʽʯʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʘʙʩʦʣʶʪʥʦʾ ʧʦʭʠʙʢʠ 

ʚʠʭʽʜʥʦʾ ʥʘʧʨʫʛʠ ʚʽʜ ʚʧʣʠʚʫ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ, ʟ ʷʢʠʭ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ 

ʧʦʭʠʙʢʘ ʚʽʜ ʚʧʣʠʚʫ ʦʧʦʨʽʚ ʣʽʥʽʡ ʟʚôʷʟʢʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʟʥʘʯʝʥʥʷ ʨʽʟʥʠʮʽ ʧʦʩʪʽʡʥʠʭ ʯʘʩʫ 

ʚʠʢʦʨʠʩʪʘʥʠʭ ʬʽʣʴʪʨʽʚ ʪʘ ʚʽʜ ʟʥʘʯʝʥʥʷ ʧʝʨʽʦʜʫ ʚʠʭʽʜʥʠʭ ʽʤʧʫʣʴʩʽʚ ʪʘʢʪʦʚʦʛʦ 

ʛʝʥʝʨʘʪʦʨʘ. 

ʋ ʧʽʜʨʦʟʜʽʣʽ 3.2 çɸʥʘʣʽʟ ʚʧʣʠʚʫ ʘʜʠʪʠʚʥʠʭ ʩʢʣʘʜʦʚʠʭ ʧʦʭʠʙʦʢ ʚ ʽʤʽʪʘʪʦʨʘʭ 

ʦʧʦʨʫè ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʦʩʥʦʚʥʠʤʠ ʜʞʝʨʝʣʘʤʠ ʘʜʠʪʠʚʥʠʭ ʩʢʣʘʜʦʚʠʭ ʧʦʭʠʙʦʢ ʻ ʦʧʦʨʠ 
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ʣʽʥʽʡ ʟʚôʷʟʢʫ, ʷʢʽ ʜʦʜʘʶʪʴʩʷ ʜʦ ʟʥʘʯʝʥʥʷ ʽʤʽʪʦʚʘʥʦʛʦ ʦʧʦʨʫ, ʥʘʧʨʫʛʠ ʟʤʽʱʝʥʥʷ 

ʥʫʣʴʦʚʦʛʦ ʨʽʚʥʷ ʦʧʝʨʘʮʽʡʥʠʭ ʧʽʜʩʠʣʶʚʘʯʽʚ. ɿʦʙʨʘʞʝʥʘ ʩʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ 

ʜʚʦʧʨʦʚʽʜʥʦʛʦ ʽʤʽʪʘʪʦʨʘ ʘʢʪʠʚʥʦʛʦ ʦʧʦʨʫ, ʥʘ ʷʢʽʡ ʧʦʢʘʟʘʥʦ ʜʞʝʨʝʣʘ ʚʠʥʠʢʥʝʥʥʷ 

ʘʜʠʪʠʚʥʠʭ ʧʦʭʠʙʦʢ. 

ʋ ʧʽʜʨʦʟʜʽʣʽ 3.3 çʈʦʟʨʦʙʣʝʥʥʷ ʯʦʪʠʨʠʧʨʦʚʽʜʥʦʾ ʩʭʝʤʠ ʽʤʽʪʘʪʦʨʘ ʦʧʦʨʫ ʟ 

ʢʦʤʧʝʥʩʘʮʽʻʶ ʚʧʣʠʚʫ ʦʧʦʨʫ ʣʽʥʽʡ ʟʚôʷʟʢʫè ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʩʪʨʫʢʪʫʨʥʫ ʩʭʝʤʫ ʘʢʪʠʚʥʦʛʦ 

ʽʤʽʪʘʪʦʨʘ ʦʧʦʨʫ ʟ ʘʚʪʦʤʘʪʠʯʥʦʶ ʢʦʨʝʢʮʽʻʶ ʘʜʠʪʠʚʥʠʭ ʩʢʣʘʜʦʚʠʭ ʧʦʭʠʙʦʢ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʫ ʢʦʤʫʪʘʮʽʡʥʦʛʦ ʽʥʚʝʨʪʫʚʘʥʥʷ. ʅʘʚʝʜʝʥʘ ʧʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ 

ʽʤʽʪʘʪʦʨʘ ʘʢʪʠʚʥʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʦʧʦʨʫ. ʇʨʦʚʝʜʝʥʦ ʤʘʪʝʤʘʪʠʯʥʠʡ ʘʥʘʣʽʟ 

ʯʦʪʠʨʠʧʨʦʚʽʜʥʦʛʦ ʽʤʽʪʘʪʦʨʘ ʦʧʦʨʫ, ʟ ʷʢʦʛʦ ʚʠʜʥʦ, ʱʦ ʚʧʣʠʚ ʦʧʦʨʫ ʧʝʨʰʦʾ 

ʟôʻʜʥʫʚʘʣʴʥʦʾ ʣʽʥʽʾ, ʦʧʦʨʠ ʢʦʤʫʪʫʚʘʣʴʥʠʭ ʢʣʶʯʽʚ ʽ ʥʘʧʨʫʛʠ ʟʤʽʱʝʥʥʷ ʥʫʣʴʦʚʦʛʦ ʨʽʚʥʷ 

ʦʧʝʨʘʮʽʡʥʠʭ ʧʽʜʩʠʣʶʚʘʯʽʚ ʟʘ ʫʤʦʚʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʜʝʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ ʫʩʫʚʘʻʪʴʩʷ 

ʧʦʚʥʽʩʪʶ. 

ʋ ʧʽʜʨʦʟʜʽʣʽ 3.4 çɼʦʩʣʽʜʞʝʥʥʷ ʘʢʪʠʚʥʦʛʦ ʽʤʽʪʘʪʦʨʘ ʦʧʦʨʫ ʟ ʢʦʤʫʪʘʮʽʡʥʦʛʦ-

ʽʥʚʝʨʪʫʚʘʣʴʥʠʤ ʤʝʪʦʜʦʤ ʢʦʨʠʛʫʚʘʥʥʷ ʘʜʠʪʠʚʥʦʾ ʩʢʣʘʜʦʚʦʾ ʧʦʭʠʙʢʠè ʟʦʙʨʘʞʝʥʦ 

ʢʦʤʧôʶʪʝʨʥʫ ʤʦʜʝʣʴ ʘʢʪʠʚʥʦʛʦ ʽʤʽʪʘʪʦʨʘ ʦʧʦʨʫ ʟ ʧʘʩʠʚʥʠʤʠ ʬʽʣʴʪʨʘʤʠ ʥʠʟʴʢʠʭ 

ʯʘʩʪʦʪ. ʄʝʪʦʜʦʤ ʢʦʤʧ'ʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʜʦʩʣʽʜʞʝʥʦ ʩʧʨʦʝʢʪʦʚʘʥʫ ʧʨʠʥʮʠʧʦʚʫ 

ʝʣʝʢʪʨʠʯʥʫ ʩʭʝʤʫ ʘʢʪʠʚʥʦʛʦ ʽʤʽʪʘʪʦʨʘ ʦʧʦʨʫ ʟ ʢʦʤʫʪʘʮʽʡʥʦ-ʽʥʚʝʨʪʫʚʘʣʴʥʠʤ ʤʝʪʦʜʦʤ 

ʢʦʨʠʛʫʚʘʥʥʷ ʘʜʠʪʠʚʥʠʭ ʩʢʣʘʜʦʚʠʭ ʧʦʭʠʙʦʢ. ʈʝʟʫʣʴʪʘʪʠ ʢʦʤʧ'ʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʩʪʨʫʢʪʫʨʠ ʽʤʽʪʘʪʦʨʘ ʝʣʝʢʪʨʠʯʥʦʛʦ ʦʧʦʨʫ ʧʦʢʘʟʘʣʠ, ʱʦ ʥʝʩʢʦʨʠʛʦʚʘʥʝ ʟʥʘʯʝʥʥʷ 

ʘʜʠʪʠʚʥʠʭ ʟʤʽʱʝʥʴ ʥʝ ʧʝʨʝʚʠʱʠʣʦ Ñ3 ʤʢɺ. 

ʋ ʧʽʜʨʦʟʜʽʣʽ 3.5 çʂʘʣʽʙʨʘʪʦʨ ʥʘʧʨʫʛʠ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʟ ʰʠʨʦʪʥʦ-ʽʤʧʫʣʴʩʥʠʤ 

ʧʦʜʽʣʴʥʠʢʦʤ ʥʘʧʨʫʛʠè ʥʘʚʝʜʝʥʘ ʩʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʢʘʣʽʙʨʘʪʦʨʘ ʥʘʧʨʫʛʠ ʧʦʩʪʽʡʥʦʛʦ 

ʩʪʨʫʤʫ ʥʘ ʦʩʥʦʚʽ ʰʠʨʦʪʥʦ-ʽʤʧʫʣʴʩʥʦʛʦ ʧʦʜʽʣʴʥʠʢʘ ʥʘʧʨʫʛʠ, ʥʘ ʷʢʽʡ ʧʦʢʘʟʘʥʽ ʦʩʥʦʚʥʽ 

ʜʞʝʨʝʣʘ ʘʜʠʪʠʚʥʠʭ ʩʢʣʘʜʦʚʠʭ ʧʦʭʠʙʦʢ. ʅʘʚʝʜʝʥʘ ʩʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʢʘʣʽʙʨʘʪʦʨʘ 

ʥʘʧʨʫʛʠ ʟ ʰʠʨʦʪʥʦ-ʽʤʧʫʣʴʩʥʠʤ ʧʦʜʽʣʴʥʠʢʦʤ ʥʘʧʨʫʛʠ, ʚ ʷʢʽʡ ʜʣʷ ʢʦʨʠʛʫʚʘʥʥʷ 

ʘʜʠʪʠʚʥʦʾ ʩʢʣʘʜʦʚʦʾ ʧʦʭʠʙʢʠ ʚʠʢʦʨʠʩʪʘʥʦ ʢʦʤʫʪʘʮʽʡʥʦ-ʽʥʚʝʨʪʫʚʘʣʴʥʠʡ ʤʝʪʦʜ. 

ɿʦʙʨʘʞʝʥʦ ʧʨʠʥʮʠʧʦʚʫ ʝʣʝʢʪʨʠʯʥʫ ʩʭʝʤʫ ʢʘʣʽʙʨʘʪʦʨʘ ʥʘʧʨʫʛʠ ʟ ʰʠʨʦʪʥʦ-

ʽʤʧʫʣʴʩʥʠʤ ʧʦʜʽʣʴʥʠʢʦʤ ʥʘʧʨʫʛ. ʇʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʩʪʨʫʢʪʫʨʠ ʢʘʣʽʙʨʘʪʦʨʘ ʥʘʧʨʫʛʠ ʟ 

ʰʠʨʦʪʥʦ-ʽʤʧʫʣʴʩʥʠʤ ʧʦʜʽʣʴʥʠʢʦʤ, ʷʢʠʡ ʧʦʢʘʟʘʚ, ʱʦ ʤʝʪʦʜ ʢʦʤʫʪʘʮʽʡʥʦʛʦ 
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ʽʥʚʝʨʪʫʚʘʥʥʷ ʢʦʨʠʛʫʻ ʚʧʣʠʚ ʥʘ ʚʠʭʽʜʥʠʡ ʩʠʛʥʘʣ ʥʘʧʨʫʛ ʟʤʽʱʝʥʥʷ ʥʫʣʴʦʚʦʛʦ ʨʽʚʥʷ 

ʦʧʝʨʘʮʽʡʥʠʭ ʧʽʜʩʠʣʶʚʘʯʽʚ. 

ʋ ʧʽʜʨʦʟʜʽʣʽ 3.6 çɼʦʩʣʽʜʞʝʥʥʷ ʧʨʠʥʮʠʧʦʚʦʾ ʝʣʝʢʪʨʠʯʥʦʾ ʩʭʝʤʠ ʢʘʣʽʙʨʘʪʦʨʘ 

ʥʘʧʨʫʛʠ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʟ ʰʠʨʦʪʥʦ-ʽʤʧʫʣʴʩʥʠʤ ʧʦʜʽʣʴʥʠʢʦʤ ʥʘʧʨʫʛʠè ʟʦʙʨʘʞʝʥʦ 

ʤʦʜʝʣʽ ʢʘʣʽʙʨʘʪʦʨʽʚ ʥʘʧʨʫʛʠ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʟ ʰʠʨʦʪʥʦ-ʽʤʧʫʣʴʩʥʠʤ ʧʦʜʽʣʴʥʠʢʦʤ 

ʥʘʧʨʫʛʠ. ʅʘʚʝʜʝʥʘ ʯʘʩʦʚʘ ʜʽʘʛʨʘʤʘ ʚʠʭʽʜʥʠʭ ʽʤʧʫʣʴʩʽʚ ʪʘʢʪʦʚʦʛʦ ʛʝʥʝʨʘʪʦʨʘ. 

ʇʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʨʦʙʦʪʠ ʢʘʣʽʙʨʘʪʦʨʽʚ ʥʘʧʨʫʛʠ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʟ ʰʠʨʦʪʥʦ-

ʽʤʧʫʣʴʩʥʠʤ ʧʦʜʽʣʴʥʠʢʦʤ ʥʘʧʨʫʛʠ ʟʘ ʜʦʧʦʤʦʛʦ ʤʝʪʦʜʫ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ. 

ʋ ʯʝʪʚʝʨʪʦʤʫ ʨʦʟʜʽʣʽ çɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʤʘʢʝʪʽʚ ʢʘʣʽʙʨʘʪʦʨʽʚ 

ʥʘʧʨʫʛʠ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʟ ʢʦʤʫʪʘʮʽʡʥʠʤ ʽʥʚʝʨʪʫʚʘʥʥʷʤè ʟʘʧʨʦʧʦʥʦʚʘʥʽ 

ʩʪʨʫʢʪʫʨʥʽ ʪʘ ʧʨʠʥʮʠʧʦʚʽ ʩʭʝʤʠ ʢʘʣʽʙʨʘʪʦʨʽʚ ʥʘʧʨʫʛʠ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ, ʥʘ ʦʩʥʦʚʽ 

ʷʢʠʭ ʙʫʣʠ ʚʠʛʦʪʦʚʣʝʥʽ ʤʘʢʝʪʥʽ ʧʣʘʪʠ. ʇʨʦʚʝʜʝʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʤʘʢʝʪʽʚ ʢʘʣʽʙʨʘʪʦʨʽʚ ʥʘʧʨʫʛʠ ʪʘ ʚʠʟʥʘʯʝʥʦ ʧʦʭʠʙʢʠ ʢʦʨʠʛʫʚʘʥʥʷ ʘʜʠʪʠʚʥʠʭ ʟʤʽʱʝʥʴ. 

ʋ ʧʽʜʨʦʟʜʽʣʽ 4.1 çʄʘʢʝʪ ʢʘʣʽʙʨʘʪʦʨʘ ʥʘʧʨʫʛʠ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʟ 

ʢʦʤʫʪʘʮʽʡʥʠʤ ʽʥʚʝʨʪʫʚʘʥʥʷʤè ʥʘʚʝʜʝʥʦ ʩʧʨʦʝʢʪʦʚʘʥʽ ʩʪʨʫʢʪʫʨʥʫ ʪʘ ʧʨʠʥʮʠʧʦʚʫ 

ʩʭʝʤʠ ʤʘʢʝʪʘ ʢʘʣʽʙʨʘʪʦʨʘ ʥʘʧʨʫʛ ʟ ʢʦʤʫʪʘʮʽʡʥʦ-ʽʥʚʝʨʪʫʚʘʣʴʥʠʤ ʤʝʪʦʜʦʤ ʢʦʨʝʢʮʽʾ 

ʘʜʠʪʠʚʥʦʾ ʩʢʣʘʜʦʚʦʾ ʧʦʭʠʙʢʠ. ɿʦʙʨʘʞʝʥʦ ʟʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ ʤʘʢʝʪʫ ʢʘʣʽʙʨʘʪʦʨʘ 

ʥʘʧʨʫʛʠ. ʇʦʢʘʟʘʥʽ ʪʘ ʦʧʨʘʮʴʦʚʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʢʘʣʽʙʨʘʪʦʨʘ ʥʘʧʨʫʛʠ. 

ʋ ʧʽʜʨʦʟʜʽʣʽ 4.2 çʄʘʢʝʪ ʢʘʣʽʙʨʘʪʦʨʘ ʥʘʧʨʫʛʠ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʟ ʜʦʜʘʪʢʦʚʠʤ 

ʜʞʝʨʝʣʦʤ ʟʨʘʟʢʦʚʦʾ ʥʘʧʨʫʛʠ ʽ ʟ ʝʣʝʤʝʥʪʘʤʠ ʘʥʘʣʦʛʦʚʦʾ ʧʘʤôʷʪʽè ʥʘʚʝʜʝʥʘ ʩʪʨʫʢʪʫʨʥʘ 

ʩʭʝʤʘ ʨʦʟʨʦʙʣʝʥʦʛʦ ʽ ʚʠʛʦʪʦʚʣʝʥʦʛʦ ʤʘʢʝʪʫ ʢʘʣʽʙʨʘʪʦʨʘ ʥʘʧʨʫʛʠ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʟ 

ʜʦʜʘʪʢʦʚʠʤ ʜʞʝʨʝʣʦʤ ʟʨʘʟʢʦʚʦʾ ʥʘʧʨʫʛʠ ʪʘ ʘʥʘʣʦʛʦʚʦʶ ʧʘʤôʷʪʪʶ. ʇʦʢʘʟʘʥʦ 

ʧʨʠʥʮʠʧʦʚʫ ʝʣʝʢʪʨʠʯʥʫ ʩʭʝʤʘ ʢʘʣʽʙʨʘʪʦʨʘ ʥʘʧʨʫʛʠ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʟ ʚʠʭʽʜʥʠʤ 

RC-ʬʽʣʴʪʨʦʤ. ʊʘʢʦʞ ʥʘʚʝʜʝʥʽ ʧʨʠʥʮʠʧʦʚʽ ʩʭʝʤʠ ʧʨʠʩʪʨʦʶ ʟʘʧʫʩʢʫ ʪʘʢʪʦʚʦʛʦ 

ʛʝʥʝʨʘʪʦʨʘ ʪʘ ʘʢʪʠʚʥʠʭ ʬʽʣʴʪʨʽʚ. ɿʦʙʨʘʞʝʥʦ ʟʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ ʤʘʢʝʪʫ ʢʘʣʽʙʨʘʪʦʨʘ 

ʥʘʧʨʫʛʠ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʟ ʜʦʜʘʪʢʦʚʠʤ ʜʞʝʨʝʣʦʤ ʟʨʘʟʢʦʚʦʾ ʥʘʧʨʫʛʠ ʪʘ ʘʥʘʣʦʛʦʚʦʶ 

ʧʘʤôʷʪʪʶ. 

ʋ ʧʽʜʨʦʟʜʽʣʽ 4.3 çɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʤʘʢʝʪʫ ʢʘʣʽʙʨʘʪʦʨʘ ʥʘʧʨʫʛʠ ʟ 

ʜʦʜʘʪʢʦʚʠʤ ʜʞʝʨʝʣʦʤ ʟʨʘʟʢʦʚʦʾ ʥʘʧʨʫʛʠè ʟʦʙʨʘʞʝʥʦ ʩʭʝʤʫ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ 
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ʤʘʢʝʪʫ ʢʘʣʽʙʨʘʪʦʨʘ ʥʘʧʨʫʛʠ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʟ ʜʦʜʘʪʢʦʚʠʤ ʜʞʝʨʝʣʦʤ ʟʨʘʟʢʦʚʦʾ 

ʥʘʧʨʫʛʠ. ʇʦʢʘʟʘʥʽ ʪʘ ʦʧʨʘʮʴʦʚʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʤʘʢʝʪʫ 

ʢʘʣʽʙʨʘʪʦʨʘ ʥʘʧʨʫʛʠ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʟ ʜʦʜʘʪʢʦʚʠʤ ʜʞʝʨʝʣʦʤ ʟʨʘʟʢʦʚʦʾ ʥʘʧʨʫʛʠ ʪʘ 

ʘʥʘʣʦʛʦʚʦʶ ʧʘʤôʷʪʪʶ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʢʘʣʽʙʨʘʪʦʨ ʥʘʧʨʫʛʠ, ʽʤʽʪʘʪʦʨ ʦʧʦʨʫ, ʘʜʠʪʠʚʥʘ ʧʦʭʠʙʢʘ, 

ʤʝʪʦʜ ʢʦʤʫʪʘʮʽʡʥʦʛʦ ʽʥʚʝʨʪʫʚʘʥʥʷ, ʘʢʪʠʚʥʠʡ ʬʽʣʴʪʨ ʥʠʟʴʢʦʾ ʯʘʩʪʦʪʠ, 

ʘʚʪʦʤʘʪʠʯʥʝ ʢʦʨʠʛʫʚʘʥʥʷ ʧʦʭʠʙʦʢ. 

 

ʇɽʈɽʃɯʂ ʆʇʋɹʃɯʂʆɺɸʅʀʍ ʇʈɸʎʔ ɿɸ ʊɽʄʆʖ ɼʀʉɽʈʊɸʎɯɰ 

ʉʪʘʪʪʽ ʫ ʥʘʫʢʦʚʠʭ ʬʘʭʦʚʠʭ ʚʠʜʘʥʥʷʭ ʋʢʨʘʾʥʠ 

1. ɻ. ɯ. ɹʘʨʠʣʦ, ʆ. ɺ. ɹʦʡʢʦ, ʆ. ʇ. ʏʘʙʘʥ, ʈ. ʆ. ʄʘʪʚʽʾʚ, ʅ. ɯ. ʂʫʩ, ʄʽʢʨʦʧʨʦʮʝʩʦʨʥʘ 

ʢʦʨʝʢʮʽʷ ʟʥʘʯʝʥʥʷ ʝʣʝʢʪʨʦʨʫʰʽʡʥʦʾ ʩʠʣʠ ʥʘʩʠʯʝʥʠʭ ʥʦʨʤʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ // ʄʝʪʦʜʠ 

ʪʘ ʧʨʠʣʘʜʠ ʢʦʥʪʨʦʣʶ ʷʢʦʩʪʽ. - 2012. - ˉ 1. - ʉ. 142-147.  

2. ʆ.ɺ. ɹʦʡʢʦ, ʈ.ʆ. ʄʘʪʚʽʾʚ, ʆ.ʇ. ʏʘʙʘʥ. ʂʦʤʧʝʥʩʘʮʽʷ ʚʧʣʠʚʫ ʦʧʦʨʽʚ ʣʽʥʽʡ ʟʚôʷʟʢʫ 

ʚ ʜʚʦʧʨʦʚʽʜʥʠʭ ʪʝʨʤʦʨʝʟʠʩʪʠʚʥʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʘʭ // ʄʝʪʦʜʠ ʪʘ ʧʨʠʣʘʜʠ ʢʦʥʪʨʦʣʶ 

ʷʢʦʩʪʽ ˉ1(34), ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢ: ɺʠʜʘʚʥʠʮʪʚʦ ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ 

ʪʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʥʘʬʪʠ ʽ ʛʘʟʫ, 2015. ï ʉ. 83-89.  

3. ʗʮʫʢ ɺ.ʆ., ʄʘʪʚʽʾʚ ʈ.ʆ., ʄʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʢʦʨʠʛʫʚʘʥʥʷ 

ʧʦʭʠʙʦʢ ʢʘʣʽʙʨʘʪʦʨʽʚ ʥʘʧʨʫʛʠ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ // ʂʦʤʧôʶʪʝʨʥʽ ʩʠʩʪʝʤʠ ʪʘ ʤʝʨʝʞʽ 

ˉ857, ʃʴʚʽʚ: ɺʠʜʘʚʥʠʮʪʚʦ ʃʴʚʽʚʩʴʢʦʾ ʧʦʣʽʪʝʭʥʽʢʠ, 2016. ï ʉ. 119-125.  

4. ʄʘʪʚʽʾʚ ʈʦʤʘʥ, ʋʜʦʩʢʦʥʘʣʝʥʥʷ ʩʪʨʫʢʪʫʨʥʠʭ ʤʝʪʦʜʽʚ ʢʦʨʠʛʫʚʘʥʥʷ ʘʜʠʪʠʚʥʠʭ 

ʧʦʭʠʙʦʢ ʢʘʣʽʙʨʘʪʦʨʽʚ ʥʘʧʨʫʛʠ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ // ɺʠʤʽʨʶʚʘʣʴʥʘ ʪʝʭʥʽʢʘ ʪʘ 

ʤʝʪʨʦʣʦʛʽʷ ˉ77, ʃʴʚʽʚ: ɺʠʜʘʚʥʠʮʪʚʦ ʃʴʚʽʚʩʴʢʦʾ ʧʦʣʽʪʝʭʥʽʢʠ, 2016. ï ʉ. 22-28.  

ʉʪʘʪʪʷ ʫ ʥʘʫʢʦʚʦʤʫ ʧʝʨʽʦʜʠʯʥʦʤʫ ʚʠʜʘʥʥʽ ʋʢʨʘʾʥʠ, ʱʦ ʚʢʣʶʯʝʥʝ ʜʦ 

ʤʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʤʝʪʨʠʯʥʦʾ ʙʘʟʠ 

1. ʄʘʪʚʽʾʚ ʈʦʤʘʥ, ʗʮʫʢ ɺʘʩʠʣʴ, ʄʠʢʠʡʯʫʢ ʄʠʢʦʣʘ, ʗʮʫʢ ʖʨʽʡ. ɸʥʘʣʽʟ ʯʘʩʪʦʪʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʨʠʛʫʚʘʥʥʷ ʘʜʠʪʠʚʥʠʭ ʟʤʽʱʝʥʴ ʫ ʢʘʣʽʙʨʘʪʦʨʘʭ ʥʘʧʨʫʛʠ ʧʦʩʪʽʡʥʦʛʦ 

ʩʪʨʫʤʫ // ɺʠʤʽʨʶʚʘʣʴʥʘ ʪʝʭʥʽʢʘ ʪʘ ʤʝʪʨʦʣʦʛʽʷ ˉ78, ʃʴʚʽʚ: ɺʠʜʘʚʥʠʮʪʚʦ ʃʴʚʽʚʩʴʢʦʾ 

ʧʦʣʽʪʝʭʥʽʢʠ, 2017. ï ʉ. 3-9.  

 

http://www.irbis-nbuv.gov.ua/cgi-bin/irbis_nbuv/cgiirbis_64.exe?Z21ID=&I21DBN=UJRN&P21DBN=UJRN&S21STN=1&S21REF=10&S21FMT=JUU_all&C21COM=S&S21CNR=20&S21P01=0&S21P02=0&S21P03=IJ=&S21COLORTERMS=1&S21STR=Ж16570
http://www.irbis-nbuv.gov.ua/cgi-bin/irbis_nbuv/cgiirbis_64.exe?Z21ID=&I21DBN=UJRN&P21DBN=UJRN&S21STN=1&S21REF=10&S21FMT=JUU_all&C21COM=S&S21CNR=20&S21P01=0&S21P02=0&S21P03=IJ=&S21COLORTERMS=1&S21STR=Ж16570
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ʉʪʘʪʪʷ ʫ ʥʘʫʢʦʚʦʤʫ ʧʝʨʽʦʜʠʯʥʦʤʫ ʚʠʜʘʥʥʽ ʽʥʰʦʾ ʜʝʨʞʘʚʠ 

1. Mykola MYKYYCHUK, Yuriy YATSUK, Orest IVAKHIV, Roman MATVIIV. 

Voltage and Resistance Calibrators for Verification of Industrial Instrument Applications. ï 

Proceedings of Metrology Commission of Katowice branch of Polish Academy of Sciences. 

Series: Conferences No. 21. - XII Conference ñProblems and Progress in Metrologyô2016ò, 

Szczyrk, 05 - 08 czerwca 2016 r. ï P. 114-117.  

ʊʝʟʠ ʢʦʥʬʝʨʝʥʮʽʡ 

1. ʄʘʪʚʽʾʚ ʈ.ʆ., ʄʦʞʣʠʚʦʩʪʽ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʢʘʣʽʙʨʫʚʘʥʥʷ ʢʽʙʝʨ-ʬʽʟʠʯʥʠʭ ʩʠʩʪʝʤ 

ʟ ʛʘʣʴʚʘʥʽʯʥʠʤ ʨʦʟʜʽʣʝʥʥʷʤ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʢʘʥʘʣʽʚ // ɺʩʝʫʢʨʘʾʥʩʴʢʘ ʥʘʫʢʦʚʦ-
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ANNOTATION  

Matviiv R.O. Portable calibrators for operational control of measurement 

characteristics. ï On the rights of the manuscript. 

The thesis for a scientific degree of the Candidate of Technical Sciences by specialty 

05.01.02 ï Standardization, Certification and Metrological Assurance. Lviv Polytechnic 

National University, Ministry of Education and Science of Ukraine, Lviv, 2018. 

The content of the dissertation. The research topic is devoted to the improvement of 

portable voltage calibrators and DC resistance immitators. The researched and carried out 

analysis of displacements correction methods in the electrical signals calibrators. The 

principles of voltage calibrators and immitators of resistance construction, as well as basic 

metrological characteristics of electrical signals serial calibrators are investigated. The 

voltage and resistance calibrators are proposed to use a switching inverting method to 

correct the additive components of errors. The voltage calibrator with the additive errors 

components correction structure was developed. The DC voltage calibrator structures have 

been improved by using an additional exemplary voltage source and analog memory 

elements, which has reduced the transient processes impact. The research of the DC voltage 

calibrator computer model was conducted. The DC resistance imitator structure with 

additive errors components correction is developed. A voltage calibrator structure  with a 

pulse voltage divider was developed, in which the switching inverting method was used to 

errors correct. The presented computer researches of resistance imitator models and voltage 

calibrator with pulse divider. An DC voltage calibrator breadboard with additive errors 

components correction was made. The experimental studies of the DC voltage calibrator 

breadboard were conducted and clock generator optimum frequency was selected for 

switching elements control. 

The first chapter "The state issues and research problems measuring instruments 

operational control of metrological characteristics "  based on a literature, publications and 

regulationans alysis in the field of dissertation research the basic principles of building 

portable voltage and resistance calibrators for the measuring instruments operational 

control. It was established that control of metrological characteristics of measuring devices 
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at the site of operation would reduce the likelihood of using a metrologically defective 

measuring instrument. 

In section 1.1 " The metrological reliability ensuring of operational control over the 

flow of measurement processes", considered existing methods and means of increasing 

metrological reliability. The proposed approach to the practical application of operational 

control of measuring channels of scattered systems. It has been established that modern 

normative documents recommend the introduction of such measurement control systems 

that ensure the suitability of measuring equipment and measurement methods prior to 

intended use and the specified level of risk of obtaining unlikely results of measurement. 

Also, ways of adjusting the additive components of errors in DC voltage calibrators are 

considered. 

In section 1.2 "Requirements for the construction of voltage, resistance and DC power 

calibrators" the requirements of normative documents for the construction of voltage, DC 

and resistance calibrators are considered. The main attention is focused on the normalization 

of the limits of the permissible basic error and the limits of the permissible relative error. 

The main metrological characteristics of the stationary calibrator CED7000 and portable 

calibrator Fluke 726 are considered in detail. 

In section 1.3 "Analysis of existing methods of DC voltage calibrators constructing ", 

methods and means of constructing DC voltage calibrators are considered. The indicated 

ways of extending the boundaries of the reproduction of the voltage. The structures of 

voltage calibrators with different types of coded voltage dividers are presented. 

In section 1.4 "Analysis of existing methods of construction of resistance calibrators" 

the analysis of the principles of construction of immitators of resistance of a direct current 

is carried out. The main disadvantages of coconut shops are resistance. Detailed structures 

of active immitators of resistance are considered in detail. 

In section 1.5 "Structure and characteristics of the serial calibrator MK4702" The 

structural scheme of the measure of combined multivalued MK4702 is given. The principle 

of work and main metrological characteristics of the multi-valued measure MK4702 are 

considered. 
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In the second chapter "Theoretical foundations of voltage valibrator construction 

with automatic error correction"  an analysis of the places of occurrence of additive 

displacements in voltage calibrators was conducted. Structure of DC voltage calibrators has 

been improved with the aim of adjusting the additive offsets of the output voltage. 

In section 2.1 "Analysis of possible ways of automatic correction of errors in voltage 

calibrators" a structural diagram of a DC voltage calibrator is presented, which shows the 

sources of the occurrence of additive displacements. It is established that automatic 

correction of the displacement of the zero level of operational amplifiers (OP) is most 

desirable by double switching inverting method and analogue averaging of the output signal. 

The structural scheme of the DC voltage calibrator has been improved by double inverting 

the output signal. On the basis of mathematical modeling, the graphic dependences of the 

additive component of the error from the inequality of the integration time with the unit 

conversion factor for different values of the time constant of the low frequency filter Ű and 

the frequency of the inverting operation f are presented. The graphic dependencies of the 

output voltage error for different time delays and different values of the clock frequency are 

also shown. 

In section 2.2 "Designing a structural scheme of a voltage calibrator with an additional 

sample voltage source" an improved structural diagram of a DC voltage calibrator with an 

additional source of exemplary voltage is presented, in which the switching inverting is used 

to correct the additive component of the error. Computer simulation of DC voltage calibrator 

with additional source of sample voltage was carried out. The graphic dependences of the 

output signal error in the manual control mode for different values of the bias voltages of 

the operational amplifiers are given. The analysis showed that the uncorrected value of the 

absolute error of the investigated structure of the calibrator does not exceed Ñ 1 ɛV. 

In section 2.3 "Voltage calibrator with an additional source of sample voltage and 

analog memory" a structural diagram of the experimental setting for reproducing the DC 

voltage with automatic adjustment of the additive displacements is given. An error analysis 

of the voltage calibrator has been carried out, which showed that the unadjusted value of the 

additive component of the error will be determined by the instrumental components of the 

error of the output polarity switch. The instrumental components of the error will be 
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determined only by the difference between the sum of the sum of the sum of the pair of 

resistance of the closed keys and the sum of the inverse currents of the keys of the two 

polarity switches. The work of the DC voltage calibrator with the output memory capacitors 

with the help of a computer model is investigated. According to the results of mathematical 

modeling it is established that the degree of correction does not depend on the place of 

connection of the additive immitter to the calibrator circuit. It is established that at the 

frequency of about 1 kHz the value of the output voltage differences of the computer model 

of the voltage calibrator is minimal. 

In section 2.4 "Improvement of DC voltage calibrator" it was established that the main 

drawback in the switching-inverter method is the effect of the accuracy of the formation of 

the duration of key pulses and the delay during the formation of signals that arise from the 

lack of speed of the switching switches and transients in the operating amplifiers and coder 

voltage divider. In order to reduce the influence of transients, it is proposed to memorize the 

signals of the original OP on the elements of the analog memory. The structural and principal 

schemes of the source part of the DC voltage calibrator with elements of analog memory at 

the output of the calibrator are proposed. The graphical dependences of the voltage change 

on the output of the calibrator are shown, the analysis of which shows that the amplitude of 

the variable component of the output signal of the adder depends on the time constant of the 

memory elements and the adder. 

In section 2.5 "Analysis of the frequency properties of DC voltage calibrators with the 

correction of the additive component of the error", the necessity of using the averaging 

elements was substantiated. The structure of the active low pass filter "no displacement" has 

been selected and developed with the consideration of the parameters of the operational 

amplifiers. On the basis of mathematical modeling, graphs of transient processes of the input 

voltage OP are given at various values of its parameters and graphs of transient processes 

of the output voltage of the active low pass filter at different OP parameters. The work of 

the computer model of two-stage active low-pass filter is investigated and the graphical 

dependence of the coefficient of weakening of the variable component on the frequency 

with different values of its passage resistance is given. The conducted theoretical analysis 



15 

and results of mathematical modeling confirm the efficiency of the use of active low pass 

filters in DC voltage calibrators. 

In the third chapter "Theoretical basis for constructing imitators of active resistance 

and voltage calibrators with pulse width divider and automatic error correction", the place 

of occurrence of the additive displacements in the DC resistance imitators and DC voltage 

calibrators with the pulse voltage divider is determined. The structures of the imitators of 

the resistance of the direct current and voltage calibrators with pulse-width modulation with 

automatic correction of the additive displacements have been improved. The structure of the 

resistance simulator with the possibility of a four-wire connection to the controlled object 

for correction of the influence of the resistance of the connecting lines is improved. 

In section 3.1 "Compensation of the influence of resistance of communication lines in 

two-conductor thermoresistive circuits", the structural scheme of a two-conductor 

thermoresistive converter with correction of the influence of resistance of communication 

lines has been improved. The graph of dependence of the coefficient of relaxation of the 

influence of resistance of lines of communication on the errors of sample currents is given. 

A schematic diagram of a two-conductor thermosetting converter with an analog method of 

averaging is presented. An analysis of the graphic dependences of the absolute error of the 

output voltage on the influence of transient processes, analysis of which shows that the error 

from the influence of resistance of the lines depends on the value of the difference between 

the constant time of the transient processes and the value of the period output pulses clock 

generator. 

In section 3.2, "Analysis of the influence of additive components of error in resistance 

simulators", it was found that the main sources of additive bias are the influence of the 

resistance of the communication lines, which are added to the value of the simulated 

resistance, the voltage of the bias of the zero-level OP. A structural diagram of a two-

conductor active resistance simulator is shown, in which the sources of the occurrence of 

additive errors are shown. 

In section 3.3 "Development of a four-conductor imitator resistance circuit with 

correction of the influence of resistance of communication lines", a structural scheme of an 

active immitter of resistance with automatic correction of additive displacements with the 



16 

use of switching inverting method is proposed. The principal scheme of the four-wire 

simulator of the active electrical resistance is presented, and its mathematical analysis is 

carried out, from which it is evident that the influence of the resistance of the first current 

connecting line, the resistance of the switching switches and the voltage of the zero-level 

displacement of the OP is adjusted to values less than the sensitivity threshold of the 

monitored ohmmeter. 

In section 3.4 "Investigation of the active immitter of resistance with switching-inverter 

method of correction of the additive component of error", a computer model of the active 

immitter of resistance with passive low-pass filters is depicted. The method of computer 

simulation is based on the developed principle electric circuit of the active immitator of 

resistance with the switching-inverting method of adjustment of additive displacements. The 

results of computer simulation of the structure of the impedance of the electric resistance 

showed that the unadjusted value of the additive displacements did not exceed Ñ 3 ɛV. 

In section 3.5 "Voltage dc voltage calibrator with pulse width divider voltage", a 

structural diagram of a DC voltage calibrator based on a pulse voltage divider, which shows 

the main sources of additive errors, is shown. A structural diagram of a voltage calibrator 

with a pulse voltage divider is developed, in which the switching-inverting method is used 

to correct the additive component of the error. The principal electrical circuit of a voltage 

calibrator with a pulse voltage divider is depicted and its analysis has been carried out, which 

showed that the method of switching inverting allows to adjust the effect of the voltage of 

the zero-level bias of the OP to the error of the output signal. 

In section 3.6 "Research of the principle electric circuit of a DC voltage calibrator 

with a pulse voltage divider", the models of DC voltage calibrators are shown with a pulse 

voltage divider. The timed diagram of the output pulses of the clock generator is given. A 

computer simulation of the work of DC voltage calibrators with a pulse voltage divider, 

which showed the correctness of theoretical assumptions, was carried out. 

In the fourth chapter "Experimental studies of models of DC voltage calibrators with 

switching inverting" structural and principle schemes of DC voltage calibrators were 

proposed, on the basis of which models were made. Experimental studies of voltage level 
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calibrator models have been carried out and unadjusted values of additive displacements 

have been determined. 

In section 4.1 "The model of the DC voltage calibrator with switching inverting", the 

designed structural and principle schemes of a voltage calibrator model with a switching-

inverter method of correction of the additive component of the error are presented, and the 

appearance of the voltage calibrator model is depicted. The results of experimental studies 

of a voltage calibrator are presented and worked out. 

In section 4.2 "Datasheet model of a DC voltage calibrator with an additional source 

of exemplary voltage and with elements of analog memory", a structural diagram of a 

developed and manufactured DC voltage calibrator model with an additional source of 

analog voltage and analogue memory is given. The principal electric diagram of a DC 

voltage calibrator with an output RC filter is given. Also provided are the principle diagrams 

of an advanced clock generator and active low pass filters. The appearance of a model of a 

DC voltage calibrator with an additional source of analog voltage and analogue is shown. 

In section 4.3 "Experimental studies of a voltage calibrator model with an additional 

source of exemplary voltage", a schematic of a study of a DC voltage calibrator model with 

an additional source of exemplary voltage is shown. The results of experimental studies of 

a DC voltage calibrator model with an additional source of exemplary voltage and analog 

memory are shown and processed. 

Keywords: voltage calibrator, resistance imitator, additive error component, 

switching inverter method, active low frequency filter, automatic error correction. 
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ʇɽʈɽʃɯʂ ʋʄʆɺʅʀʍ ʇʆɿʅɸʏɽʅʔ 

ɽʈʉ(ʝ.ʨ.ʩ.) ï ʝʣʝʢʪʨʦʨʫʰʽʡʥʘ ʩʠʣʘ; 

ɼɿʅ ï ʜʞʝʨʝʣʦ ʟʨʘʟʢʦʚʦʾ ʥʘʧʨʫʛʠ; 

ɼɿʉ ï ʜʞʝʨʝʣʦ ʟʨʘʟʢʦʚʦʛʦ ʩʪʨʫʤʫ; 

ʂʇʅ ï ʢʦʜʦʢʝʨʦʚʘʥʠʡ ʧʦʜʽʣʴʥʠʢ ʥʘʧʨʫʛʠ; 

ɺʄʇ ï ʚʠʭʽʜʥʠʡ ʤʘʩʰʪʘʙʥʠʡ ʧʝʨʝʪʚʦʨʶʚʘʯ 

ʇʂ ï ʧʨʠʩʪʨʽʡ ʢʝʨʫʚʘʥʥʷ; 

ʇʂʏ ï ʧʝʨʝʪʚʦʨʶʚʘʯ ʢʦʜ ï ʯʘʩ; 

ɿɺʊ ï ʟʘʩʦʙʠ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʪʝʭʥʽʢʠ; 

ʂʌʉ ï ʢʽʙʝʨ-ʬʽʟʠʯʥʽ ʩʠʩʪʝʤʠ; 

ʂʅʇʉ ï ʢʘʣʽʙʨʘʪʦʨ ʥʘʧʨʫʛʠ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ; 

ɸɯʆ ï ʘʢʪʠʚʥʠʡ ʽʤʽʪʘʪʦʨ ʦʧʦʨʫ; 

ɸʉʇ ï ʘʜʠʪʠʚʥʘ ʩʢʣʘʜʦʚʘ ʧʦʭʠʙʢʠ; 

ʎɸʇ ï ʮʠʬʨʦ-ʘʥʘʣʦʛʦʚʠʡ ʧʝʨʝʪʚʦʨʶʚʘʯ; 

ʆʇ ï ʦʧʝʨʘʮʽʡʥʠʡ ʧʽʜʩʠʣʶʚʘʯ; 

ʂʄʆ ï ʢʝʨʦʚʘʥʽ ʤʘʛʘʟʠʥʠ ʦʧʦʨʫ; 

ʃɿ ï ʣʽʥʽʾ ʟʚôʷʟʢʫ; 

ʊɻ ï ʪʘʢʪʦʚʠʡ ʛʝʥʝʨʘʪʦʨ; 

ʇʋ ï ʧʨʠʩʪʨʽʡ ʫʩʝʨʝʜʥʝʥʥʷ; 

ʌʅʏ ï ʬʽʣʴʪʨ ʥʠʟʴʢʠʭ ʯʘʩʪʦʪ; 

ɸʌʅʏ ï ʘʢʪʠʚʥʠʡ ʬʽʣʴʪʨ ʥʠʟʴʢʠʭ ʯʘʩʪʦʪ; 

ʈʇ ï ʨʝʛʽʩʪʨ ʧʘʤôʷʪʽ; 

ɺʭʇ ï ʚʭʽʜʥʠʡ ʧʽʜʩʠʣʶʚʘʯ; 

ɺʠʭʇ ï ʚʠʭʽʜʥʠʡ ʧʽʜʩʠʣʶʚʘʯ; 

ɹɾ ï ʙʣʦʢ ʞʠʚʣʝʥʥʷ; 

ʂ ï ʢʦʤʫʪʘʪʦʨ; 

ʉʭʂ ï ʩʭʝʤʘ ʢʦʤʧʝʥʩʘʮʽʾ; 

ʇɼɺ ï ʧʽʜʩʠʣʶʚʘʯ ʟʨʘʟʢʦʚʦʾ ʥʘʧʨʫʛʠ ʟ ʜʠʬʝʨʝʥʮʽʡʥʠʤ ʚʠʭʦʜʦʤ; 

ɯɸʉʇ ï ʽʤʽʪʘʪʦʨ ʘʜʠʪʠʚʥʦʾ ʩʢʣʘʜʦʚʦʾ ʧʦʭʠʙʢʠ. 
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ɺʉʊʋʇ 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ 

ʑʦʨʘʟ ʰʠʨʰʝ ʧʨʘʢʪʠʯʥʝ ʚʧʨʦʚʘʜʞʝʥʥʷ ʢʽʙʝʨ-ʬʽʟʠʯʥʠʭ ʩʠʩʪʝʤ (ʂʌʉ), ʧʨʠʩʪʨʦʾʚ 

ɯʥʪʝʨʥʝʪʫ ʨʝʯʝʡ ʧʨʦʤʠʩʣʦʚʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘ ʨʦʟʧʦʨʦʰʝʥʠʭ ʚʠʤʽʨʶʚʘʣʴʥʠʭ 

ʩʠʩʪʝʤ ʚʠʤʘʛʘʻ ʨʦʟʨʦʙʣʝʥʥʷ ʧʨʠʥʮʠʧʦʚʦ ʥʦʚʠʭ ʧʽʜʭʦʜʽʚ ʜʦ ʤʝʪʨʦʣʦʛʽʯʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ. ɼʽʡʩʥʦ, ʢʣʘʩʠʯʥʽ ʤʝʪʦʜʠ ʢʘʣʽʙʨʫʚʘʥʥʷ, ʦʧʝʨʘʪʠʚʥʦʛʦ ʢʦʥʪʨʦʣʶʚʘʥʥʷ 

ʪʘ ʤʝʪʨʦʣʦʛʽʯʥʦʾ ʧʝʨʝʚʽʨʢʠ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʢʘʥʘʣʽʚ (ɺʂ) ʪʘʢʠʭ ʧʨʠʩʪʨʦʾʚ ʚ 

ʣʘʙʦʨʘʪʦʨʥʠʭ ʫʤʦʚʘʭ ʚʪʨʘʯʘʶʪʴ ʩʝʥʩ, ʦʩʢʽʣʴʢʠ ʧʦʪʨʝʙʫʶʪʴ ʜʝʤʦʥʪʘʞʫ ʚʩʽʻʾ 

ʨʦʟʧʦʨʦʰʝʥʦʾ ʩʠʩʪʝʤʠ. ʂʨʽʤ ʯʠʩʪʦ ʪʝʭʥʽʯʥʠʭ ʽ ʦʨʛʘʥʽʟʘʮʽʡʥʠʭ ʥʝʟʨʫʯʥʦʩʪʝʡ ʪʘ 

ʬʽʥʘʥʩʦʚʠʭ ʟʘʪʨʘʪ, ʧʦʚʽʨʢʘ ɺʂ ʫ, ʜʦ ʧʝʚʥʦʾ ʤʽʨʠ, ñʪʝʧʣʠʯʥʠʭò ʫʤʦʚʘʭ ʥʝ 

ʚʽʜʦʙʨʘʞʘʪʠʤʝ ʙʽʣʴʰʦʩʪʽ ʾʭ ʤʝʪʨʦʣʦʛʽʯʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʚ ʨʝʘʣʴʥʠʭ ʫʤʦʚʘʭ 

ʝʢʩʧʣʫʘʪʘʮʽʾ. ʇʨʠ ʮʴʦʤʫ ʥʝ ʧʝʨʝʚʽʨʷʶʪʴʩʷ ʽʥʰʽ ʣʘʥʢʠ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʢʦʣʘ. ʋ 

ʚʠʧʘʜʢʫ ʧʨʦʚʝʜʝʥʥʷ ʧʝʨʝʚʽʨʢʠ ʦʢʨʝʤʠʭ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ, ʥʘ ʤʽʩʮʽ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʩʣʽʜ ʧʝʨʝʚʽʨʠʪʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʤʦʜʝʤʽʚ, ʣʽʥʽʡ ʟʚôʷʟʢʫ ʪʘ ʮʝʥʪʨʘʣʴʥʦʛʦ 

ʢʦʤʧôʶʪʝʨʘ.  

ʉʫʯʘʩʥʽ ʥʦʨʤʘʪʠʚʥʽ ʜʦʢʫʤʝʥʪʠ ʨʝʢʦʤʝʥʜʫʶʪʴ ʚʧʨʦʚʘʜʞʫʚʘʪʠ ʪʘʢʽ ʩʠʩʪʝʤʠ 

ʢʝʨʫʚʘʥʥʷ ʚʠʤʽʨʶʚʘʥʥʷʤʠ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʨʠʜʘʪʥʽʩʪʴ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʤʝʪʦʜʽʚ ʚʠʤʽʨʶʚʘʥʥʷ ʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘ ʧʨʠʟʥʘʯʝʥʥʷʤ ʪʘ ʟʘʜʘʥʠʡ 

ʨʽʚʝʥʴ ʨʠʟʠʢʽʚ ʦʪʨʠʤʘʥʥʷ ʥʝʚʽʨʦʛʽʜʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʥʥʷ. ʊʦʤʫ ʪʝʭʥʽʯʥʦ 

ʥʘʡʜʦʮʽʣʴʥʽʰʝ ʧʨʦʚʦʜʠʪʠ ʤʝʪʨʦʣʦʛʽʯʥʝ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ɺʂ ʂʌʉ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ 

ʤʽʩʮʽ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʆʯʝʚʠʜʥʦ, ʱʦ ʜʣʷ ʧʨʘʢʪʠʯʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʮʴʦʛʦ ʥʝʦʙʭʽʜʥʽ 

ʢʘʣʽʙʨʘʪʦʨʠ ʬʽʟʠʯʥʠʭ ʚʝʣʠʯʠʥ ʟ ʤʦʞʣʠʚʽʩʪʶ ʨʦʟʤʽʱʝʥʥʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʙ'ʻʢʪʘʭ. ʋ ʙʽʣʴʰʦʩʪʽ ʧʨʘʢʪʠʯʥʠʭ ʚʠʧʘʜʢʽʚ ʮʝ ʘʙʦ ʪʝʭʥʽʯʥʦ ʥʝʤʦʞʣʠʚʦ, 

ʥʘʧʨʠʢʣʘʜ, ʘʪʦʤʥʽ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ, ʘʙʦ ʩʢʣʘʜʥʦ ʪʘ ʜʦʨʦʛʦ ʯʝʨʝʟ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʥʘʣʘʛʦʜʞʝʥʥʷ ʤʝʪʨʦʣʦʛʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʣʘʩʠʯʥʠʭ ʢʘʣʽʙʨʘʪʦʨʽʚ ʥʘ ʤʽʩʮʽ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ɺʂ ʂʌʉ. ʇʽʜ ʯʘʩ ʦʧʝʨʘʪʠʚʥʦʛʦ ʢʦʥʪʨʦʣʶʚʘʥʥʷ ʥʘ ʢʘʣʽʙʨʘʪʦʨʽ ʟʘʟʚʠʯʘʡ 

ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʜʝʢʽʣʴʢʘ ʟʥʘʯʝʥʴ ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ, ʨʽʚʥʦʤʽʨʥʦ ʨʦʟʧʦʜʽʣʝʥʠʭ ʚ 

ʜʽʘʧʘʟʦʥʽ ʚʠʤʽʨʶʚʘʥʥʷ ʢʦʥʪʨʦʣʴʦʚʘʥʦʛʦ ʟʘʩʦʙʫ. ʇʨʠ ʮʴʦʤʫ ʥʘ ʤʽʩʮʽ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʟʘʩʦʙʽʚ ʚʠʤʽʨʶʚʘʥʴ ʽʟ ʚʭʽʜʥʠʤʠ ʥʘʧʨʫʛʘʤʠ ʥʠʟʴʢʦʛʦ ʨʽʚʥʷ, ʥʘʧʨʠʢʣʘʜ, 

ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʽ ʧʝʨʝʪʚʦʨʶʚʘʯʽ ʪʠʧʫ ʇʇ(S), ʩʣʽʜ ʢʦʨʠʛʫʚʘʪʠ ʘʜʠʪʠʚʥʽ ʟʤʽʱʝʥʥʷ 
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ʢʘʣʽʙʨʘʪʦʨʘ ʜʣʷ ʚʩʽʭ ʚʩʪʘʥʦʚʣʶʚʘʥʠʭ ʟʥʘʯʝʥʴ ʢʦʜʽʚ. ʎʝ ʦʙʫʤʦʚʣʝʥʦ ʪʠʤ, ʱʦ ʘʜʠʪʠʚʥʽ 

ʩʢʣʘʜʦʚʽ ʧʦʭʠʙʦʢ (ɸʉʇ) ʡʦʛʦ ʚʭʽʜʥʠʭ ʙʣʦʢʽʚ ʧʝʨʝʪʚʦʨʶʶʪʴʩʷ ʚ ʤʫʣʴʪʠʧʣʽʢʘʪʠʚʥʽ. 

ʋʥʘʩʣʽʜʦʢ ʮʴʦʛʦ ʯʘʩ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʩʪʘʻ ʥʝʚʠʧʨʘʚʜʘʥʦ ʚʝʣʠʢʠʤ, ʘ ʧʨʦʮʝʜʫʨʘ 

ʦʧʝʨʘʪʠʚʥʦʛʦ ʢʦʥʪʨʦʣʶʚʘʥʥʷ ʤʝʪʨʦʣʦʛʽʯʥʦʛʦ ʩʪʘʥʫ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʢʘʥʘʣʽʚ ʟʘʩʦʙʽʚ 

ʚʠʤʽʨʶʚʘʥʥʷ (ɿɺ) ʩʫʪʪʻʚʦ ʫʩʢʣʘʜʥʶʻʪʴʩʷ. ʊʦʤʫ ʘʚʪʦʤʘʪʠʟʘʮʽʷ ʧʨʦʮʝʩʫ ʢʦʨʠʛʫʚʘʥʥʷ 

ʘʜʠʪʠʚʥʠʭ ʟʤʽʱʝʥʴ ʫʩʫʚʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚ ʨʫʯʥʦʤʫ ʢʦʨʠʛʫʚʘʥʥʽ ʧʦʭʠʙʦʢ ʢʘʣʽʙʨʘʪʦʨʽʚ 

ʥʘʧʨʫʛʠ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʪʘ ʩʣʫʛʫʻ ʧʽʜˇʨʫʥʪʷʤ ʜʣʷ ʟʥʘʯʥʦʛʦ ʟʤʝʥʰʝʥʥʷ ʡʦʛʦ 

ʤʘʩʦʚʠʭ ʪʘ ʛʘʙʘʨʠʪʥʠʭ ʧʦʢʘʟʥʠʢʽʚ. 

ʊʦʤʫ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʧʝʨʝʥʦʩʥʠʭ ʢʘʣʽʙʨʘʪʦʨʽʚ ʥʘʧʨʫʛʠ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʥʘ 

ʦʩʥʦʚʽ ʩʫʯʘʩʥʠʭ ʤʽʢʨʦʝʣʝʢʪʨʦʥʥʠʭ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʩʧʨʠʷʪʠʤʝ ʡʦʛʦ 

ʨʝʘʣʽʟʘʮʽʾ ʫ ʚʠʛʣʷʜʽ ʽʥʪʝʛʨʘʣʴʥʦʾ ʤʽʢʨʦʩʭʝʤʠ ʪʘ ʧʦʢʨʘʱʘʥʥʶ ʤʝʪʨʦʣʦʛʽʯʥʦʾ ʥʘʜʽʡʥʦʩʪʽ 

ʦʧʝʨʘʪʠʚʥʦʛʦ ʢʦʥʪʨʦʣʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʫʩʴʦʛʦ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʢʦʣʘ ʥʘ ʤʽʩʮʽ 

ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ɿʚ'ʷʟʦʢ ʨʦʙʦʪʠ ʟ ʥʘʫʢʦʚʠʤʠ ʧʨʦʛʨʘʤʘʤʠ, ʧʣʘʥʘʤʠ, ʪʝʤʘʤʠ. ʊʝʤʘ ʜʠʩʝʨʪʘʮʽʾ 

ʚʽʜʧʦʚʽʜʘʻ ʥʘʫʢʦʚʦʤʫ ʥʘʧʨʷʤʢʫ ʢʘʬʝʜʨʠ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʪʝʭʥʦʣʦʛʽʡ 

ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ çʃʴʚʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè: çʄʝʪʨʦʣʦʛʽʷ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʦ-

ʚʠʤʽʨʶʚʘʣʴʥʽ ʪʝʭʥʦʣʦʛʽʾ ʚ ʢʽʙʝʨ-ʬʽʟʠʯʥʠʭ, ʨʦʙʦʪʦʪʝʭʥʽʯʥʠʭ ʪʘ ʽʥʰʠʭ ʩʠʩʪʝʤʘʭ; 

ʪʝʩʪʫʚʘʥʥʷ ʧʨʦʛʨʘʤʥʦʛʦ ʧʨʦʜʫʢʪʫ; ʭʘʨʘʢʪʝʨʠʟʘʮʽʷ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʝʪʨʦʣʦʛʽʯʥʦʾ 

ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʽ ʷʢʦʩʪʽ ʧʨʦʜʫʢʮʽʾè. ʈʦʙʦʪʘ ʚʠʢʦʥʫʚʘʣʘʩʴ ʚ ʤʝʞʘʭ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʦʾ 

ʨʦʙʦʪʠ: ɼɹ/ʂʽʙʝʨ çɸʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʥʘ ʧʣʘʪʬʦʨʤʘ ʜʣʷ ʧʦʙʫʜʦʚʠ ʧʨʠʢʣʘʜʥʠʭ ʢʽʙʝʨ-

ʬʽʟʠʯʥʠʭ ʩʠʩʪʝʤè, (ˉ ʜʝʨʞʨʝʻʩʪʨʘʮʽʾ 0115U000446; ʪʝʨʤʽʥ ʚʠʢʦʥʘʥʥʷ 01.01.2015 ʨ. ï 

31.12.2017 ʨ.). ʈʦʙʦʪʘ ʚʠʢʦʥʫʚʘʣʘʩʴ ʧʨʠ ʧʽʜʪʨʠʤʮʽ ʇʨɸʊ çʉʂɹ ʄʇè, ʷʢʘ ʧʣʘʥʫʻ 

ʚʠʢʦʨʠʩʪʘʪʠ ʤʝʪʦʜ ʢʦʨʝʢʮʽʾ ʘʜʠʪʠʚʥʠʭ ʟʤʽʱʝʥʴ ʢʘʣʽʙʨʘʪʦʨʽʚ ʥʘʧʨʫʛʠ ʧʦʩʪʽʡʥʦʛʦ 

ʩʪʨʫʤʫ ʪʘ ʽʤʽʪʘʪʦʨʽʚ ʘʢʪʠʚʥʦʛʦ ʦʧʦʨʫ ʧʨʠ ʤʦʜʝʨʥʽʟʘʮʽʾ ʙʘʛʘʪʦʟʥʘʯʥʠʭ ʤʽʨ ʥʘʧʨʫʛʠ 

ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʽ ʽʤʽʪʘʪʦʨʽʚ ʘʢʪʠʚʥʦʛʦ ʦʧʦʨʫ ʪʠʧʽʚ ʄʂ4702 ʽ ʄʂ4703 (ʪʝʨʤʽʥ 

ʚʠʢʦʥʘʥʥʷ 01.01.2016 ʨ. ï 07.03.2018 ʨ.) 

ʄʝʪʘ ʽ ʟʘʜʘʯʽ ʜʦʩʣʽʜʞʝʥʥʷ. 

ʄʝʪʦʶ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʻ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʢʘʣʽʙʨʘʪʦʨʽʚ ʥʘʧʨʫʛʠ ʪʘ 

ʽʤʽʪʘʪʦʨʽʚ ʘʢʪʠʚʥʦʛʦ ʦʧʦʨʫ ʰʣʷʭʦʤ ʢʦʨʠʛʫʚʘʥʥʷ ʘʜʠʪʠʚʥʠʭ ʟʤʽʱʝʥʴ. 
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ɺʠʭʦʜʷʯʠ ʟ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʚʠʟʥʘʯʝʥʦ ʥʘʩʪʫʧʥʽ ʟʘʚʜʘʥʥʷ ʫ ʜʠʩʝʨʪʘʮʽʡʥʽʡ 

ʨʦʙʦʪʽ:  

1. ɼʦʩʣʽʜʠʪʠ ʪʘ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʧʝʨʝʚʘʛʠ ʪʘ ʥʝʜʦʣʽʢʠ ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʽʚ 

ʢʦʤʧʝʥʩʘʮʽʾ ʘʜʠʪʠʚʥʠʭ ʧʦʭʠʙʦʢ. 

2. ʇʨʦʘʥʘʣʽʟʫʚʘʪʠ ʢʦʤʫʪʘʮʽʡʥʦ-ʽʥʚʝʨʪʫʚʘʣʴʥʠʡ ʤʝʪʦʜ ʢʦʨʠʛʫʚʘʥʥʷ 

ʘʜʠʪʠʚʥʠʭ ʧʦʭʠʙʦʢ. 

3. ʇʨʦʘʥʘʣʽʟʫʚʘʪʠ ʢʦʨʠʛʫʚʘʥʥʷ ʘʜʠʪʠʚʥʠʭ ʧʦʭʠʙʦʢ ʢʘʣʽʙʨʘʪʦʨʽʚ ʧʦʩʪʽʡʥʦʛʦ 

ʩʪʨʫʤʫ ʟ ʜʚʦʤʘ ʜʞʝʨʝʣʘʤʠ ʟʨʘʟʢʦʚʦʾ ʥʘʧʨʫʛʠ. 

4. ʉʠʥʪʝʟʫʚʘʪʠ ʩʪʨʫʢʪʫʨʠ ʫʩʝʨʝʜʥʝʥʥʷ ʚʠʭʽʜʥʠʭ ʩʠʛʥʘʣʽʚ ʢʘʣʽʙʨʘʪʦʨʘ 

ʥʘʧʨʫʛʠ ʟ ʢʦʤʫʪʘʮʽʡʥʦ-ʽʥʚʝʨʪʫʚʘʣʴʥʠʤ ʤʝʪʦʜʦʤ ʢʦʨʠʛʫʚʘʥʥʷ ʘʜʠʪʠʚʥʠʭ ʧʦʭʠʙʦʢ; 

5. ʉʠʥʪʝʟʫʚʘʪʠ ʩʪʨʫʢʪʫʨʫ ʽʤʽʪʘʪʦʨʘ ʘʢʪʠʚʥʦʛʦ ʦʧʦʨʫ ʥʘ ʦʩʥʦʚʽ ʤʝʪʦʜʫ 

ʢʦʤʫʪʘʮʽʡʥʦʛʦ-ʽʥʚʝʨʪʫʚʘʥʥʷ. 

6. ʉʠʥʪʝʟʫʚʘʪʠ ʢʘʣʽʙʨʘʪʦʨ ʥʘʧʨʫʛʠ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʟ ʰʠʨʦʪʥʦ 

ʽʤʧʫʣʴʩʥʠʤ ʧʦʜʽʣʴʥʠʢʦʤ ʽ ʢʦʤʫʪʘʮʽʡʥʦ-ʽʥʚʝʨʪʫʚʘʣʴʥʠʤ ʤʝʪʦʜʦʤ ʢʦʨʠʛʫʚʘʥʥʷ 

ʘʜʠʪʠʚʥʠʭ ʧʦʭʠʙʦʢ. 

7. ɺʠʛʦʪʦʚʠʪʠ ʤʘʢʝʪ ʢʘʣʽʙʨʘʪʦʨʘ ʥʘʧʨʫʛʠ ʪʘ ʧʨʦʚʝʩʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʜʣʷ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ ʢʦʨʠʛʫʚʘʥʥʷ 

ʘʜʠʪʠʚʥʠʭ ʧʦʭʠʙʦʢ. 

ʆʙ'ʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʤʝʪʦʜʠ ʪʘ ʟʘʩʦʙʠ ʢʦʨʠʛʫʚʘʥʥʷ ʘʜʠʪʠʚʥʠʭ ʩʢʣʘʜʦʚʠʭ 

ʧʦʭʠʙʢʠ ʧʽʜ ʯʘʩ ʚʽʜʪʚʦʨʝʥʥʷ ʝʣʝʢʪʨʠʯʥʠʭ ʚʝʣʠʯʠʥ. 

ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʢʦʜʦʢʝʨʦʚʘʥʽ ʙʘʛʘʪʦʟʥʘʯʥʽ ʤʽʨʠ ʥʘʧʨʫʛʠ ʪʘ ʦʧʦʨʫ. 

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ. ɼʦʩʣʽʜʞʝʥʥʷ ʙʘʟʫʶʪʴʩʷ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʪʝʦʨʝʪʠʯʥʠʭ 

ʦʩʥʦʚ ʤʝʪʨʦʣʦʛʽʾ, ʪʝʦʨʽʾ ʣʽʥʽʡʥʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʢʽʣ, ʪʝʦʨʽʾ ʧʦʭʠʙʦʢ ʚʠʤʽʨʶʚʘʥʴ, 

ʩʪʨʫʢʪʫʨʥʦ ʘʣʛʦʨʠʪʤʽʯʥʠʭ ʤʝʪʦʜʽʚ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ, ʢʦʥʮʝʧʮʽʾ ʥʝʧʝʚʥʦʩʪʽ 

ʚʠʤʽʨʶʚʘʥʴ ʪʘ ʦʧʨʘʮʶʚʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ. ɺʽʨʦʛʽʜʥʽʩʪʴ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ 

ʦʙʫʤʦʚʣʝʥʘ ʢʦʨʝʢʪʥʽʩʪʶ ʨʦʟʨʘʭʫʥʢʽʚ, ʤʘʪʝʤʘʪʠʯʥʠʭ ʪʘ ʢʦʤʧôʶʪʝʨʥʠʭ ʤʦʜʝʣʝʡ 

ʧʨʦʚʝʜʝʥʠʭ ʟ ʜʦʧʦʤʦʛʦʶ ʩʫʯʘʩʥʠʭ ʧʨʠʢʣʘʜʥʠʭ ʧʨʦʛʨʘʤʥʠʭ ʧʘʢʝʪʽʚ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ: ʋ ʨʦʙʦʪʽ ʦʪʨʠʤʘʥʽ ʪʘʢʽ ʥʘʫʢʦʚʽ 

ʨʝʟʫʣʴʪʘʪʠ: 

1. ɺʧʝʨʰʝ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʜʣʷ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʢʦʨʠʛʫʚʘʥʥʷ ʘʜʠʪʠʚʥʠʭ ʟʤʽʱʝʥʴ ʚ 
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ʢʘʣʽʙʨʘʪʦʨʘʭ ʥʘʧʨʫʛʠ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʦʜʚʽʡʥʝ ʢʦʤʫʪʘʮʽʡʥʝ 

ʽʥʚʝʨʪʫʚʘʥʥʷ ʟʨʘʟʢʦʚʦʾ ʚʭʽʜʥʦʾ ʥʘʧʨʫʛʠ ʪʘ ʚʠʭʽʜʥʦʾ ʥʘʧʨʫʛʠ ʢʘʣʽʙʨʘʪʦʨʘ, ʷʢʘ ʯʝʨʝʟ 

ʬʽʣʴʪʨʠ ʥʠʟʴʢʠʭ ʯʘʩʪʦʪ ʧʦʜʘʻʪʴʩʷ ʜʦ ʜʚʦʭ ʚʠʭʽʜʥʠʭ ʟʘʧʘʤôʷʪʦʚʫʚʘʣʴʥʠʭ 

ʢʦʥʜʝʥʩʘʪʦʨʽʚ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʤʘʣʝ ʟʥʘʯʝʥʥʷ ʥʝʩʢʦʨʠʛʦʚʘʥʠʭ ʘʜʠʪʠʚʥʠʭ ʟʤʽʱʝʥʴ.  

2. ʇʦʢʨʘʱʝʥʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʘʣʽʙʨʘʪʦʨʘ ʥʘʧʨʫʛʠ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʰʣʷʭʦʤ 

ʫʚʝʜʝʥʥʷ ʜʦʜʘʪʢʦʚʦʛʦ ʜʞʝʨʝʣʘ ʚʭʽʜʥʦʾ ʦʧʦʨʥʦʾ ʥʘʧʨʫʛʠ ʟ ʧʦʣʷʨʥʽʩʪʶ ʧʨʦʪʠʣʝʞʥʦʶ 

ʜʦ ʧʦʣʷʨʥʦʩʪʽ ʦʩʥʦʚʥʦʛʦ ʜʞʝʨʝʣʘ, ʧʦʯʝʨʛʦʚʦʛʦ ʧʽʜʢʣʶʯʝʥʥʷ ʦʙʦʭ ʜʞʝʨʝʣ ʜʦ ʚʭʦʜʫ 

ʢʘʣʽʙʨʘʪʦʨʘ ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʜʦʜʘʪʢʦʚʦʛʦ ʚʠʭʦʜʫ ʥʘʧʨʫʛʠ ʧʨʦʪʠʣʝʞʥʦʾ ʧʦʣʷʨʥʦʩʪʽ ʟ 

ʜʦʧʦʤʦʛʦʶ ʽʥʚʝʨʪʦʨʘ ʥʘʧʨʫʛʠ ʟ ʧʦʜʘʣʴʰʠʤ ʩʠʥʭʨʦʥʥʠʤ ʜʝʪʝʢʪʫʚʘʥʥʷʤ ʦʙʦʭ 

ʚʠʭʽʜʥʠʭ ʥʘʧʨʫʛ, ʾʭ ʫʩʝʨʝʜʥʝʥʥʷʤ ʬʽʣʴʪʨʘʤʠ ʥʠʟʴʢʠʭ ʯʘʩʪʦʪ ʪʘ ʟʘʧʘʤôʷʪʦʚʫʚʘʥʥʷʤ ʥʘ 

ʚʠʭʽʜʥʠʭ ʢʦʥʜʝʥʩʘʪʦʨʘʭ, ʱʦ ʜʘʻ ʟʤʦʛʫ ʚʜʚʽʯʽ ʟʤʝʥʰʠʪʠ ʧʫʣʴʩʘʮʽʾ ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ. 

3. ɺʧʝʨʰʝ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʢʦʨʠʛʫʚʘʪʠ ʘʜʠʪʠʚʥʽ ʟʤʽʱʝʥʥʷ ʚ ʽʤʽʪʘʪʦʨʘʭ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʦʧʦʨʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʚʦʭ ʩʠʥʭʨʦʥʥʠʭ ʧʝʨʝʤʠʢʘʯʽʚ ʧʦʣʷʨʥʦʩʪʽ, 

ʧʦʪʝʥʮʽʘʣʴʥʽ ʚʭʦʜʠ ʦʜʥʦʛʦ ʟ ʷʢʠʭ ʩʧʦʣʫʯʝʥʽ ʟ ʦʙʠʜʚʦʤʘ ʚʭʽʜʥʠʤʠ ʢʣʝʤʘʤʠ ʽʤʽʪʘʪʦʨʘ, 

ʜʦ ʷʢʠʭ ʪʘʢʦʞ ʧʽʜʢʣʶʯʝʥʽ ʩʪʨʫʤʦʚʽ ʚʠʭʦʜʠ ʽʥʰʦʛʦ, ʱʦ ʜʦʟʚʦʣʷʻ ʢʦʨʠʛʫʚʘʪʠ ʘʜʠʪʠʚʥʽ 

ʟʤʽʱʝʥʥʷ ʟʘʚʜʷʢʠ ʧʝʨʽʦʜʠʯʥʠʤ ʧʝʨʝʤʠʢʘʥʥʷʤ ʥʘʧʨʷʤʫ ʧʨʦʪʽʢʘʥʥʷ ʩʪʨʫʤʽʚ ʯʝʨʝʟ 

ʽʤʽʪʘʪʦʨ, ʱʦ ʧʨʘʢʪʠʯʥʦ ʫʩʫʚʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚ ʨʫʯʥʦʤʫ ʚʩʪʘʥʦʚʣʝʥʥʽ ʥʫʣʷ.  

4. ʇʦʢʨʘʱʝʥʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʽʤʽʪʘʪʦʨʘ ʦʧʦʨʫ ʟ ʯʦʪʠʨʠʧʨʦʚʽʜʥʠʤ ʧʽʜʢʣʶʯʝʥʥʷʤ 

ʜʦ ʚʠʤʽʨʶʚʘʥʦʛʦ ʦʙôʻʢʪʫ ʥʘ ʦʩʥʦʚʽ ʫʚʝʜʝʥʥʷ ʧʘʨʘʣʝʣʴʥʦ ʜʦ ʦʙʦʭ ʚʭʽʜʥʠʭ ʢʣʝʤ 

ʚʽʜôʻʤʥʦʛʦ ʦʧʦʨʫ ʥʘ ʦʩʥʦʚʽ ʧʽʜʩʠʣʶʚʘʯʘ ʟ ʚʽʜôʻʤʥʠʤ ʪʘ ʜʦʜʘʪʥʠʤ ʟʚʦʨʦʪʥʠʤʠ 

ʟʚôʷʟʢʘʤʠ, ʱʦ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ ʪʦʯʥʽʩʪʴ ʢʦʨʠʛʫʚʘʥʥʷ ʚʧʣʠʚʫ ʦʧʦʨʫ ʦʜʥʦʛʦ ʽʟ 

ʩʪʨʫʤʦʚʠʭ ʧʽʜôʻʜʥʫʚʘʣʴʥʠʭ ʜʨʦʪʽʚ.  

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ.  

1. ʈʝʟʫʣʴʪʘʪʠ ʚʠʧʨʦʙʫʚʘʥʴ ʚʠʛʦʪʦʚʣʝʥʦʛʦ ʤʘʢʝʪʫ ʢʘʣʽʙʨʘʪʦʨʘ ʥʘʧʨʫʛʠ 

ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʜʦʙʨʝ ʟʙʽʛʘʶʪʴʩʷ ʟ ʪʝʦʨʝʪʠʯʥʠʤʠ ʧʨʠʧʫʱʝʥʥʷʤʠ, ʱʦ ʜʘʻ ʧʽʜʩʪʘʚʠ 

ʜʣʷ ʡʦʛʦ ʧʨʘʢʪʠʯʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ. 

2. ʈʷʜ ʪʝʭʥʽʯʥʠʭ ʨʽʰʝʥʴ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʧʨʠ 

ʚʜʦʩʢʦʥʘʣʝʥʥʽ ʙʘʛʘʪʦʟʥʘʯʥʠʭ ʤʽʨ ʥʘʧʨʫʛʠ ʽ ʦʧʦʨʫ ʪʠʧʫ ʄʂ4703, ʷʢʽ ʚʠʛʦʪʦʚʣʷʶʪʴʩʷ 

ʇʨɸʊ çʉʂɹ ʤʽʢʨʦʝʣʝʢʪʨʦʥʽʢʠ ʚ ʧʨʠʣʘʜʦʙʫʜʫʚʘʥʥʽè, ʤ. ʃʴʚʽʚ. 
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3. ʆʪʨʠʤʘʥʽ ʦʩʥʦʚʥʽ ʩʭʝʤʦ-ʪʝʭʥʽʯʥʽ ʨʽʰʝʥʥʷ ʙʫʜʫʪʴ ʚʠʢʦʨʠʩʪʘʥʽ ʧʨʠ 

ʤʦʜʝʨʥʽʟʘʮʽʾ ʙʘʛʘʪʦʟʥʘʯʥʠʭ ʤʽʨ ʥʘʧʨʫʛʠ ʪʘ ʦʧʦʨʫ ʪʠʧʽʚ ʄʂ4702 ʽ ʄʂ4703 ʚ ʇʨɸʊ 

çʉʂɹ ʤʽʢʨʦʝʣʝʢʪʨʦʥʽʢʠ ʚ ʧʨʠʣʘʜʦʙʫʜʫʚʘʥʥʽè. 

4. ʄʝʪʦʜ ʢʦʨʝʢʮʽʾ ʚʧʣʠʚʫ ʦʧʦʨʫ ʣʽʥʽʡ ʟʚôʷʟʢʫ ʚ ʪʝʨʤʦʨʝʟʠʩʪʠʚʥʠʭ 

ʧʝʨʝʪʚʦʨʶʚʘʯʘʭ ʚʠʢʦʨʠʩʪʘʥʦ ʥʘ ʇʨɸʊ ʉʘʤʙʽʨʩʴʢʠʡ ʧʨʠʣʘʜʦʙʫʜʽʚʥʠʡ ʟʘʚʦʜ çʆʤʝʛʘè. 

5. ʈʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʾ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʚ ʥʘʚʯʘʣʴʥʦʤʫ ʧʨʦʮʝʩʽ 

ʢʘʬʝʜʨʠ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʧʽʜ ʯʘʩ ʚʠʚʯʝʥʥʷ ʜʠʩʮʠʧʣʽʥ 

çɸʧʘʨʘʪʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʝʩʪʫʚʘʣʴʥʠʭ ʧʨʦʮʝʩʽʚè, çʄʝʪʦʜʠ ʪʘ ʟʘʩʦʙʠ ʧʽʜʚʠʱʝʥʥʷ 

ʪʦʯʥʦʩʪʽ ʚʠʤʽʨʶʚʘʥʴ ʽ ʚʠʧʨʦʙʫʚʘʥʴè, çʄʝʪʨʦʣʦʛʽʷ ʪʘ ʽʥʞʝʥʝʨʽʷ ʷʢʦʩʪʽè, çʇʨʦʛʨʘʤʥʽ 

ʪʘ ʘʧʘʨʘʪʥʽ ʤʝʪʦʜʠ ʪʝʩʪʫʚʘʥʥʷè. 

ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ. ʆʩʥʦʚʥʽ ʪʝʦʨʝʪʠʯʥʽ, ʨʦʟʨʘʭʫʥʢʦʚʽ ʪʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʨʝʟʫʣʴʪʘʪʠ ʟ ʬʦʨʤʫʣʶʚʘʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʚʠʩʥʦʚʢʠ ʦʪʨʠʤʘʥʦ 

ʘʚʪʦʨʦʤ ʩʘʤʦʩʪʽʡʥʦ. 

ʋ ʜʨʫʢʦʚʘʥʠʭ ʧʨʘʮʷʭ, ʦʧʫʙʣʽʢʦʚʘʥʠʭ ʫ ʩʧʽʚʘʚʪʦʨʩʪʚʽ, ʟʜʦʙʫʚʘʯʫ ʥʘʣʝʞʠʪʴ: [1] ï

ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʧʦʭʠʙʦʢ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʧʦʧʨʘʚʦʢ ʽ ʚʠʟʥʘʯʝʥʦ ʾʭ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʧʦʭʠʙʦʢ ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʥʦʨʤʘʣʴʥʦʛʦ ʝʣʝʤʝʥʪʫ; [2] - ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜ 

ʢʦʤʧʝʥʩʘʮʽʾ ʚʧʣʠʚʫ ʦʧʦʨʽʚ ʣʽʥʽʡ ʟʚôʷʟʢʫ ʚ ʜʚʦʧʨʦʚʽʜʥʠʭ ʪʝʨʤʦʨʝʟʠʩʪʠʚʥʠʭ 

ʧʝʨʝʪʚʦʨʶʚʘʯʘʭ ʥʘ ʦʩʥʦʚʽ ʢʦʤʫʪʘʮʽʡʥʦʛʦ ʽʥʚʝʨʪʫʚʘʥʥʷ ʟʨʘʟʢʦʚʦʛʦ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ 

ʩʪʨʫʤʫ ʟ ʘʥʘʣʦʛʦʚʠʤ ʫʩʝʨʝʜʥʝʥʥʷʤ ʩʠʛʥʘʣʽʚ ʥʘ ʚʭʦʜʘʭ ʣʽʥʽʡ ʟʚôʷʟʢʫ; [3] ï ʧʨʦʚʝʜʝʥʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ ʢʦʨʠʛʫʚʘʥʥʷ ʧʦʭʠʙʦʢ ʚ ʢʘʣʽʙʨʘʪʦʨʘʭ ʥʘʧʨʫʛʠ; [5] ï ʧʨʦʚʝʜʝʥʦ 

ʘʥʘʣʽʟ ʯʘʩʪʦʪʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʨʠʛʫʚʘʥʥʷ ʘʜʠʪʠʚʥʠʭ ʧʦʭʠʙʦʢ ʢʘʣʽʙʨʘʪʦʨʽʚ 

ʥʘʧʨʫʛʠ ʪʘ ʜʦʩʣʽʜʞʝʥʥʽ ʬʽʣʴʪʨʠ ʥʠʟʴʢʠʭ ʯʘʩʪʦʪ; [6] ï ʨʦʟʨʦʙʣʝʥʦ ʩʪʨʫʢʪʫʨʫ 

ʢʘʣʽʙʨʘʪʦʨʘ ʥʘʧʨʫʛʠ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʟ ʢʦʤʫʪʘʮʽʡʥʠʤ ʽʥʚʝʨʪʫʚʘʥʥʷʤ ʪʘ ʜʦʩʣʽʜʞʝʥʦ 

ʧʨʦʮʝʩ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʢʦʨʠʛʫʚʘʥʥʷ ʧʦʭʠʙʦʢ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʤʧôʶʪʝʨʥʦʾ ʤʦʜʝʣʽ; [8] 

ï ʚʜʦʩʢʦʥʘʣʝʥʦ ʩʪʨʫʢʪʫʨʫ ʢʘʣʽʙʨʘʪʦʨʘ ʥʘʧʨʫʛʠ ʟ ʢʦʨʠʛʫʚʘʥʥʷʤ ʘʜʠʪʠʚʥʠʭ ʧʦʭʠʙʦʢ; 

[9] ï ʧʨʦʚʝʜʝʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʤʘʢʝʪʫ ʢʘʣʽʙʨʘʪʦʨʘ ʥʘʧʨʫʛʠ ʟ 

ʧʦʜʚʽʡʥʠʤ ʽʥʚʝʨʪʫʚʘʥʥʷʤ ʜʣʷ ʢʦʨʠʛʫʚʘʥʥʷ ʘʜʠʪʠʚʥʠʭ ʧʦʭʠʙʦʢ; [10] ï ʚʜʦʩʢʦʥʘʣʝʥʥʷ 

ʩʪʨʫʢʪʫʨʠ ʽʤʽʪʘʪʦʨʘ ʦʧʦʨʫ ʟ ʢʦʨʠʛʫʚʘʥʥʷʤ ʚʧʣʠʚʫ ʦʧʦʨʽʚ ʣʽʥʽʡ ʟʚôʷʟʢʫ. 

ɸʧʨʦʙʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʾ. ʆʩʥʦʚʥʽ ʥʘʫʢʦʚʽ ʨʝʟʫʣʴʪʘʪʠ ʪʘ ʧʦʣʦʞʝʥʥʷ 

ʨʦʙʦʪʠ ʙʫʣʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʪʘ ʦʙʛʦʚʦʨʶʚʘʣʠʩʴ ʥʘ: ɺʩʝʫʢʨʘʾʥʩʴʢʽʡ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ 
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ʢʦʥʬʝʨʝʥʮʽʾ ʤʦʣʦʜʠʭ ʚʯʝʥʠʭ ʫ ʮʘʨʠʥʽ ʤʝʪʨʦʣʦʛʽʾ çTechnical Using of Measurement ï 

2016è (ʤ. ʉʣʘʚʩʴʢʝ, 2016 ʨ.); ɺʩʝʫʢʨʘʾʥʩʴʢʽʡ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ 

çʇʨʦʤʠʩʣʦʚʘ ʘʚʪʦʤʘʪʠʟʘʮʽʷ ʚ ʋʢʨʘʾʥʽ. ʇʨʦʩʚʽʪʘ ʪʘ ʧʽʜʛʦʪʦʚʢʘ ʢʘʜʨʽʚè (ʤ. ʃʴʚʽʚ, 2016 

ʨ.); ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ ʧʘʤôʷʪʽ ʧʨʦʬ. ʇ. ʉʪʦʣʷʨʯʫʢʘ 

çʋʧʨʘʚʣʽʥʥʷ ʷʢʽʩʪʶ ʚ ʦʩʚʽʪʽ ʪʘ ʧʨʦʤʠʩʣʦʚʦʩʪʽ: ʜʦʩʚʽʜ, ʧʨʦʙʣʝʤʠ ʪʘ ʧʝʨʩʧʝʢʪʠʚʠè (ʤ. 

ʃʴʚʽʚ, 2017 ʨ.); ɺʩʝʫʢʨʘʾʥʩʴʢʽʡ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ ʤʦʣʦʜʠʭ ʚʯʝʥʠʭ ʫ 

ʮʘʨʠʥʽ ʤʝʪʨʦʣʦʛʽʾ çTechnical Using of Measurement ï 2018è (ʤ. ʉʣʘʚʩʴʢʝ, 2018 ʨ.); XXI 

ʄʽʞʥʘʨʦʜʥʦʤʫ ʩʝʤʽʥʘʨ ʤʝʪʨʦʣʦʛʽʚ çMetody i Technika Przetwarzania Sygnalow w 

Pomiarach Fizycznychè (ʤ. ʏʝʨʥʽʚʮʽ, 2017 ʨ.). 

ʇʫʙʣʽʢʘʮʽʾ ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʾ. ɿʘ ʪʝʤʦʶ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ 

ʦʧʫʙʣʽʢʦʚʘʥʦ 10 ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ, ʩʝʨʝʜ ʥʠʭ: 4 ʩʪʘʪʪʽ ʫ ʥʘʫʢʦʚʠʭ ʬʘʭʦʚʠʭ ʚʠʜʘʥʥʷʭ 

ʋʢʨʘʾʥʠ, ʟ ʥʠʭ 1 ʫ ʚʠʜʘʥʥʽ ʋʢʨʘʾʥʠ, ʱʦ ʚʢʣʶʯʝʥʝ ʜʦ ʤʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʤʝʪʨʠʯʥʦʾ 

ʙʘʟʠ, 1 ʩʪʘʪʪʷ ʫ ʧʝʨʽʦʜʠʯʥʦʤʫ ʚʠʜʘʥʥʽ ʽʥʰʦʾ ʜʝʨʞʘʚʠ, 4 ʪʝʟ ʜʦʧʦʚʽʜʝʡ ʥʘ 

ʤʽʞʥʘʨʦʜʥʠʭ, ʚʩʝʫʢʨʘʾʥʩʴʢʠʭ ʪʘ ʩʪʫʜʝʥʪʩʴʢʠʭ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʭ ʪʘ ʥʘʫʢʦʚʦ-

ʧʨʘʢʪʠʯʥʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ. 

ʉʪʨʫʢʪʫʨʘ ʪʘ ʦʙʩʷʛ ʜʠʩʝʨʪʘʮʽʾ. ɼʠʩʝʨʪʘʮʽʷ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʘʥʦʪʘʮʽʾ, ʧʝʨʝʣʽʢʫ 

ʫʤʦʚʥʠʭ ʧʦʟʥʘʯʝʥʴ, ʚʩʪʫʧʫ, ʯʦʪʠʨʴʦʭ ʨʦʟʜʽʣʽʚ, ʚʠʩʥʦʚʢʽʚ, ʩʧʠʩʢʫ ʚʠʢʦʨʠʩʪʘʥʠʭ 

ʜʞʝʨʝʣ ʟʽ 117 ʥʘʡʤʝʥʫʚʘʥʴ ʪʘ 4 ʜʦʜʘʪʢʽʚ, ʤʽʩʪʠʪʴ 167 ʩʪʦʨʽʥʦʢ ʜʨʫʢʦʚʘʥʦʛʦ ʪʝʢʩʪʫ, 

ʚʢʣʶʯʘʻ 59 ʨʠʩʫʥʢʽʚ ʪʘ 69 ʪʘʙʣʠʮʴ. 
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ʈʆɿɼɯʃ 1. ʉʊɸʅ ʇʈʆɹʃɽʄʀ ʊɸ ɿɸɼɸʏɯ ɼʆʉʃɯɼɾɽʅʅʗ 

ʆʇɽʈɸʊʀɺʅʆɻʆ ʂʆʅʊʈʆʃʖɺɸʅʅʗ ʄɽʊʈʆʃʆɻɯʏʅʀʍ 

ʍɸʈɸʂʊɽʈʀʉʊʀʂ ɿɸʉʆɹɯɺ ɺʀʄɯʈʖɺɸʅʔ 

 

1.1. ɿʘʙʝʟʧʝʯʝʥʥʷ ʦʧʝʨʘʪʠʚʥʦʛʦ ʤʝʪʨʦʣʦʛʽʯʥʦʛʦ ʢʦʥʪʨʦʣʶ ʧʨʦʮʝʩʽʚ 

ʚʠʤʽʨʶʚʘʥʴ 

ʇʽʜ ʯʘʩ ʧʨʦʚʝʜʝʥʥʷ ʦʧʝʨʘʪʠʚʥʦʛʦ ʢʦʥʪʨʦʣʶ ʧʨʦʪʽʢʘʥʥʷ ʧʨʦʮʝʩʽʚ ʚʠʤʽʨʶʚʘʥʴ ʚ 

ʨʦʟʧʦʨʦʰʝʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʩʠʩʪʝʤʘʭ (ʈɯɺʉ), ʚʠʤʽʨʶʚʘʣʴʥʠʭ 

ʢʘʥʘʣʘʭ ʢʽʙʝʨ-ʬʽʟʠʯʥʠʭ ʩʠʩʪʝʤ (ʂʌʉ) ʘʙʦ ʩʠʩʪʝʤ çɯʥʪʝʨʥʝʪʫ ʨʝʯʝʡè (ɯʈ) ʻ 

ʧʽʜʚʠʱʝʥʥʷ ʤʝʪʨʦʣʦʛʽʯʥʦʾ ʥʘʜʽʡʥʦʩʪʽ [20]. ɿʜʽʡʩʥʝʥʥʷ ʮʽʻʾ ʧʨʦʮʝʜʫʨʠ ʧʦʚ`ʷʟʘʥʝ ʽʟ 

ʜʚʦʤʘ ʾʾ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʤʠ ʘʩʧʝʢʪʘʤʠ: ʧʝʨʰʠʤ ʟ ʥʠʭ ʻ ʢʽʣʴʢʽʩʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ï 

ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʢʦʥʪʨʦʣʶ, ʘ ʜʨʫʛʦʶ ï ʯʘʩʪʦʪʘ ʡʦʛʦ ʧʨʦʚʝʜʝʥʥʷ [21-24]. ɼʦʩʪʦʚʽʨʥʽʩʪʴ 

ʚʠʨʘʞʘʻʪʴʩʷ ʯʝʨʝʟ ʡʤʦʚʽʨʥʽʩʪʴ ʧʨʠʡʥʷʪʪʷ ʧʨʘʚʠʣʴʥʦʛʦ ʨʽʰʝʥʥʷ D=1-(Ŭ-ɓ), ʜʝ Ŭ ï 

ʡʤʦʚʽʨʥʽʩʪʴ ʥʝʧʨʘʚʠʣʴʥʦʩʪʽ ʨʽʰʝʥʥʷ çʧʦʟʘ ʤʝʞʘʤʠ ʜʦʧʫʩʢʫè; ɓ ï ʡʤʦʚʽʨʥʽʩʪʴ 

ʥʝʧʨʘʚʠʣʴʥʦʛʦ ʨʽʰʝʥʥʷ çʚ ʤʝʞʘʭ ʜʦʧʫʩʢʫè. ʇʦʭʠʙʢʠ ȹʭ ʟʘʩʦʙʽʚ ʚʠʤʽʨʶʚʘʣʴʥʦʾ 

ʪʝʭʥʽʢʠ (ɿɺʊ) ʻ ʥʝʧʝʨʝʨʚʥʠʤʠ ʚʠʧʘʜʢʦʚʠʤʠ ʚʝʣʠʯʠʥʘʤʠ ʟ ʛʫʩʪʠʥʦʶ ʨʦʟʧʦʜʽʣʫ ʨ(ȹʭ). 

ʇʨʦʮʝʜʫʨʘ ʞ ʾʭ ʢʦʥʪʨʦʣʶ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʢʦʥʪʨʦʣʴʦʚʘʥʠʡ ʧʘʨʘʤʝʪʨ ȹʭ ʜʘʥʦʛʦ ɿɺʊ 

ʤʦʞʝ ʟʥʘʭʦʜʠʪʠʩʴ ʚ ʦʜʥʦʤʫ ʽʟ ʜʚʦʭ ʩʪʘʥʽʚ: ʅ1 - ʧʦʭʠʙʢʘ ȹʭ ɿɺʊ ʻ Ăʚ ʜʦʧʫʩʢʫ ò 

ȹʭʥÒȹʭÒȹʭʚ ʽ ʅ2 - ʧʦʭʠʙʢʘ ȹʭ ɿɺʊ ʻ Ăʧʦʟʘ ʜʦʧʫʩʢʦʤò ȹʭÓȹʭʥ , ȹʭ Óȹʭʚ [25]. ʇʦʭʠʙʢʘ ȹʢ 

ʟʘʩʦʙʽʚ ʢʦʥʪʨʦʣʶ ʧʦʭʠʙʦʢ ɿɺʊ ʪʘʢʦʞ ʻ ʥʝʧʝʨʝʨʚʥʦʶ ʚʠʧʘʜʢʦʚʦʶ ʚʝʣʠʯʠʥʦʶ ʟ 

ʛʫʩʪʠʥʦʶ ʨʦʟʧʦʜʽʣʫ ʨ(ȹʢ). ʏʝʨʝʟ ʥʝʚʽʜʦʤʠʡ ʚʠʜ ʘʧʨʦʢʩʠʤʘʮʽʾ ʛʫʩʪʠʥʠ ʨʦʟʧʦʜʽʣʫ 

ʧʦʭʠʙʦʢ ʢʦʥʢʨʝʪʥʠʭ ɿɺʊ ʪʘ ʧʨʠʩʪʨʦʾʚ ʢʦʥʪʨʦʣʶ, ʪʦ ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʜʦʮʽʣʴʥʦ 

ʧʨʠʡʥʷʪʠ ʨʽʚʥʦʡʤʦʚʽʨʥʽ ʟʘʢʦʥʠ ʾʭ ʨʦʟʧʦʜʽʣʫ. ɺʽʜʦʤʦ, ʱʦ ʟʘ ʫʤʦʚ ʩʠʤʝʪʨʠʯʥʦʩʪʽ ʧʦʣʷ 

ʜʦʧʫʩʢʫ ʧʦʭʠʙʦʢ Ñd ʪʘ ʧʨʠ ʩʧʽʚʧʘʜʽʥʥʽ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʩʧʦʜʽʚʘʥʥʷ ʄ(ȹʭ) ʟ ʮʝʥʪʨʦʤ 

ʧʦʣʷ ʜʦʧʫʩʢʫ, ʪʽʣʴʢʠ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʴ dÓȹʭʤ, ȹʢÒd-ȹʭʤ ʢʦʥʪʨʦʣʴ ʧʦʭʠʙʦʢ 

ɿɺʊ ʻ ʽʜʝʘʣʴʥʠʤ ʽ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʢʦʥʪʨʦʣʶ D=1, ʜʝ ȹʭʤ ï ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʝ 

ʟʥʘʯʝʥʥʷ ʧʦʭʠʙʢʠ ʧʨʠ ʾʾ ʢʦʥʪʨʦʣʽ [26, 27]. ʋ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʤʝʞʽ ʜʦʧʫʩʪʠʤʠʭ 

ʟʥʘʯʝʥʴ ʧʦʭʠʙʦʢ ɿɺʊ ʻ ʩʠʤʝʪʨʠʯʥʠʤʠ, ʄ(ȹʭ)=0 ʽ ʜʣʷ ʪʨʘʜʠʮʽʡʥʦʛʦ ʚ ʤʝʪʨʦʣʦʛʽʾ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ȹʢÒȹʭʜ/5, d=ȹʭʜ, ʦʪʨʠʤʫʶʪʴʩʷ ʟʥʘʯʝʥʥʷ ȹʭʤÒ0,8ȹʭʜ. ɼʣʷ ʢʦʥʪʨʦʣʶ 
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ʟʥʘʯʝʥʥʷ ʧʦʭʠʙʦʢ ʫ ʚʩʴʦʤʫ ʜʽʘʧʘʟʦʥʽ ʚʠʤʽʨʶʚʘʥʥʷ ɿɺʊ, ʜʦʮʽʣʴʥʦ ʚʠʙʨʘʪʠ ʪʽ ʞ 

ʢʦʥʪʨʦʣʴʦʚʘʥʽ ʪʦʯʢʠ, ʱʦ ʡ ʧʨʠ ʤʝʪʨʦʣʦʛʽʯʥʽʡ ʧʝʨʝʚʽʨʮʽ ɿɺʊ. 

ʆʪʞʝ, ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʩʦʢʦʾ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʢʦʥʪʨʦʣʶ D=1 ʩʣʽʜ ʥʘ ʧʨʘʢʪʠʮʽ 

ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʩʠʤʝʪʨʠʯʥʽ ʤʝʞʽ ʜʦʧʫʩʪʠʤʠʭ ʟʥʘʯʝʥʴ ʧʦʭʠʙʦʢ ɿɺʊ ʚ ʨʝʘʣʴʥʠʭ ʫʤʦʚʘʭ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʟ ʤʘʪʝʤʘʪʠʯʥʠʤ ʩʧʦʜʽʚʘʥʥʷʤ ʄ(ȹʭ)=0. ʈʽʚʥʦʩʪʽ ʞ ʥʫʣʶ ʤʘʪʝʤʘʪʠʯʥʦʛʦ 

ʩʧʦʜʽʚʘʥʥʷ ʧʦʭʠʙʢʠ ɿɺʊ ʚ ʨʝʘʣʴʥʠʭ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ ʤʦʞʥʘ ʜʦʩʷʛʥʫʪʠ ʣʠʰʝ ʟʘ 

ʫʤʦʚʠ ʢʦʨʝʢʮʽʾ ʩʠʩʪʝʤʘʪʠʯʥʦʾ ʩʢʣʘʜʦʚʦʾ ʧʦʭʠʙʢʠ. 

1.1.1. ɯʩʥʫʶʯʽ ʤʝʪʦʜʠ ʪʘ ʟʘʩʦʙʠ ʧʽʜʚʠʱʝʥʥʷ ʤʝʪʨʦʣʦʛʽʯʥʦʾ ʥʘʜʽʡʥʦʩʪʽ 

ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʢʘʥʘʣʽʚ ʨʦʟʧʦʨʦʰʝʥʠʭ ʩʠʩʪʝʤ 

ʇʽʜʚʠʱʝʥʥʷ ʯʘʩʪʦʪʠ ʢʘʣʽʙʨʫʚʘʥʥʷ ɿɺʊ ʰʣʷʭʦʤ ʟʚʽʨʷʥʥʷ ʟ ʪʦʯʥʽʰʠʤ ɿɺʊ ʯʠ 

ʢʘʣʽʙʨʘʪʦʨʦʤ ʟ ʤʝʪʦʶ ʚʠʟʥʘʯʝʥʥʷ ʽ ʚʠʢʣʶʯʝʥʥʷ ʩʠʩʪʝʤʘʪʠʯʥʦʾ ʧʦʭʠʙʢʠ ʻ ʦʜʥʠʤ ʟ 

ʥʘʡʝʬʝʢʪʠʚʥʽʰʠʭ ʩʧʦʩʦʙʽʚ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʈɯɺʉ. ʇʝʨʩʧʝʢʪʠʚʥʠʤʠ ʻ 

ʜʚʘ ʩʧʦʩʦʙʠ ʧʽʜʚʠʱʝʥʥʷ ʤʝʪʨʦʣʦʛʽʯʥʦʾ ʥʘʜʽʡʥʦʩʪʽ [28, 29]. ʆʜʠʥ ʟ ʥʠʭ ʧʦʣʷʛʘʻ ʫ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʚʙʫʜʦʚʘʥʦʛʦ ʦʧʦʨʥʦʛʦ ʝʣʝʤʝʥʪʘ ʫ ʢʦʞʥʦʤʫ ʮʠʢʣʽ ʚʠʤʽʨʶʚʘʥʴ, ʘ ʜʨʫʛʠʡ 

ï ʫ ʧʝʨʽʦʜʠʯʥʦʤʫ ʧʨʦʚʝʜʝʥʥʽ ʢʘʣʽʙʨʫʚʘʥʥʷ ʟʘ ʟʦʚʥʽʰʥʽʤ ʝʪʘʣʦʥʦʤ. 

ʆʜʥʠʤ ʽʟ ʰʣʷʭʽʚ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʚʠʤʽʨʶʚʘʥʴ ʚ ʜʘʥʠʡ ʯʘʩ ʻ ʚʩʪʘʥʦʚʣʝʥʥʷ 

ʦʧʪʠʤʘʣʴʥʠʭ ʤʽʞʧʝʨʝʚʽʨʶʚʘʣʴʥʠʭ ʯʠ ʤʽʞʢʘʣʽʙʨʫʚʘʣʴʥʠʭ ʽʥʪʝʨʚʘʣʽʚ [30]. ɿʘ ʦʩʥʦʚʫ 

ʟʘʛʘʣʴʥʦʧʨʠʡʥʷʪʦʛʦ ʧʽʜʭʦʜʫ ʧʨʠʡʥʷʪʦ ʧʨʠʥʮʠʧ ʧʨʠʟʥʘʯʝʥʥʷ ʦʜʥʦʛʦ ʽ ʪʦʛʦ ʞ 

ʤʽʞʢʘʣʽʙʨʫʚʘʣʴʥʦʛʦ ʽʥʪʝʨʚʘʣʫ ʜʣʷ ʫʩʽʭ ɿɺʊ ʦʜʥʦʛʦ ʪʠʧʫ ʰʣʷʭʦʤ ʦʧʪʠʤʽʟʘʮʽʾ ʮʠʭ 

ʽʥʪʝʨʚʘʣʽʚ, ʱʦ ʧʦʣʷʛʘʻ ʚ ʤʽʥʽʤʽʟʘʮʽʾ ʩʫʢʫʧʥʠʭ ʚʠʪʨʘʪ (ʥʘ ʧʝʨʝʚʽʨʢʫ ʽ ʚʠʤʫʰʝʥʠʡ 

ʧʨʦʩʪʽʡ ɿɺʊ ʪʘ ʚʽʜ ʥʝʜʦʩʪʦʚʽʨʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʥʴ) [31, 32]. ʇʨʘʢʪʠʯʥʦ ʚʘʞʢʦ 

ʟʥʘʡʪʠ ʪʘʢʫ ʟʘʣʝʞʥʽʩʪʴ ʜʣʷ ʙʽʣʴʰʦʩʪʽ ʪʠʧʽʚ ɿɺʊ, ʪʦʤʫ ʱʦ ʨʽʟʥʽ ʝʢʟʝʤʧʣʷʨʠ ɿɺʊ 

ʦʜʥʦʛʦ ʪʠʧʫ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ ʨʽʟʥʠʭ ʮʽʣʝʡ, ʪʦʤʫ ʡ ʥʘʩʣʽʜʢʠ ʚʽʜ 

ʥʝʜʦʩʪʦʚʽʨʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʥʴ ʤʦʞʫʪʴ ʢʘʨʜʠʥʘʣʴʥʦ ʚʽʜʨʽʟʥʷʪʠʩʷ [33]. 

ɺʽʜʩʫʪʥʽʩʪʴ ʥʝʦʙʭʽʜʥʦʾ ʽʥʬʦʨʤʘʮʽʾ (ʧʨʦ ʯʘʩʦʚʫ ʥʝʩʪʘʙʽʣʴʥʽʩʪʴ ʢʦʤʧʦʥʝʥʪʽʚ ɿɺʊ, ʧʨʦ 

ʫʤʦʚʠ ʽ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ, ʧʨʦ ʝʢʦʥʦʤʽʯʥʽ ʥʘʩʣʽʜʢʠ ʚʽʜ ʥʝʜʦʩʪʦʚʽʨʥʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʥʴ ʪʘ ʽʥʰʝ) ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʝʤʦʞʣʠʚʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʘ 

ʧʨʘʢʪʠʮʽ ʮʠʭ ʩʢʣʘʜʥʠʭ ʽ ʪʨʫʜʦʤʽʩʪʢʠʭ ʤʝʪʦʜʽʚ ʯʝʨʝʟ ʤʘʣʫ ʚʽʨʦʛʽʜʥʽʩʪʴ ʦʪʨʠʤʘʥʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ [34]. ʋ ʙʘʛʘʪʴʦʭ ʚʠʧʘʜʢʘʭ ʯʝʨʝʟ ʢʦʥʢʫʨʝʥʪʥʫ ʙʦʨʦʪʴʙʫ ʚʩʪʘʥʦʚʣʝʥʽ 
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ʬʽʨʤʘʤʠ-ʚʠʨʦʙʥʠʢʘʤʠ ʤʽʞʢʘʣʽʙʨʫʚʘʣʴʥʽ ʽʥʪʝʨʚʘʣʠ ʘʥʘʣʦʛʽʯʥʠʭ ɿɺʊ ʚʠʛʣʷʜʘʶʪʴ 

ʥʝʧʨʘʚʜʦʧʦʜʽʙʥʦ ʪʨʠʚʘʣʠʤʠ. 

ɼʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʤʝʪʨʦʣʦʛʽʯʥʦʾ ʩʧʨʘʚʥʦʩʪʽ ɿɺʊ ʥʘ ʝʪʘʧʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʜʦʮʽʣʴʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʨʦʪʦʢʦʣʠ ʤʝʪʨʦʣʦʛʽʯʥʠʭ ʧʝʨʝʚʽʨʦʢ. ʇʨʠ ʮʴʦʤʫ ʦʪʨʠʤʫʚʘʥʘ 

ʽʥʬʦʨʤʘʮʽʷ ʚʽʜʨʽʟʥʷʻʪʴʩ̫ ʜʣʷ ʨʽʟʥʠʭ ʩʧʦʩʦʙʽʚ ʧʝʨʝʚʽʨʢʠ [34]. ʄʝʪʨʦʣʦʛʽʯʥʫ 

ʩʪʘʙʽʣʴʥʽʩʪʴ ʤʦʞʥʘ ʧʝʨʝʚʽʨʠʪʠ ʣʠʰʝ ʩʧʦʩʦʙʦʤ ʧʝʨʝʚʽʨʢʠ ʟʘ ʥʦʨʤʘʤʠ ʩʪʘʙʽʣʴʥʦʩʪʽ ʽʟ 

ʥʘʩʪʫʧʥʠʤ ʛʨʘʜʫʶʚʘʥʥʷʤ ʧʨʠʜʘʪʥʠʭ ɿɺʊ, ʷʢʠʡ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʣʠʰʝ ʜʣʷ ʧʝʨʝʚʽʨʢʠ 

ʨʦʙʦʯʠʭ ʝʪʘʣʦʥʽʚ. ʊʦʤʫ ʧʨʘʢʪʠʯʥʠʤ ʰʣʷʭʦʤ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʧʨʦʤʠʩʣʦʚʠʭ 

ʚʠʤʽʨʶʚʘʥʴ ʚ ʈɯɺʉ ʻ ʨʦʟʨʦʙʣʝʥʥʷ ʤʝʪʦʜʽʚ ʪʘ ʘʣʛʦʨʠʪʤʽʚ ʦʧʝʨʘʪʠʚʥʦʛʦ ʢʦʥʪʨʦʣʶ 

ʤʝʪʨʦʣʦʛʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʾʭ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʢʘʥʘʣʽʚ. ɿʜʽʡʩʥʝʥʥʷ ʪʘʢʦʛʦ 

ʦʧʝʨʘʪʠʚʥʦʛʦ ʢʦʥʪʨʦʣʶ ʜʦʟʚʦʣʠʪʴ ʨʽʟʢʦ ʟʤʝʥʰʠʪʠ ʜʦʣʶ ʤʝʪʨʦʣʦʛʽʯʥʦ ʥʝʩʧʨʘʚʥʠʭ 

ɿɺʊ, ʷʢʽ ʝʢʩʧʣʫʘʪʫʶʪʴʩʷ ʚ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʘʭ ʪʘ ʟʥʘʯʥʦ ʧʽʜʚʠʱʠʪʠ 

ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʚʠʤʽʨʶʚʘʥʴ ʚ ʈɯɺʉ [34]. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʙʝʟʜʝʤʦʥʪʘʞʥʠʡ ʦʧʝʨʘʪʠʚʥʠʡ 

ʢʦʥʪʨʦʣʴ ʧʦʭʠʙʦʢ ʧʨʦʤʠʩʣʦʚʠʭ ɿɺʊ ʟʜʽʡʩʥʶʚʘʪʠ ʪʘʢʠʤʠ ʤʝʪʦʜʘʤʠ: ʟʚʽʨʷʥʥʷ 

ʦʜʥʦʨʽʜʥʠʭ ɿɺʊ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʧʽʣʴʥʦʛʦ ʜʞʝʨʝʣʘ ʩʠʛʥʘʣʫ; ʢʦʣʦʚʽ ʟʚʽʨʷʥʥʷ ʚ 

ʛʨʫʧʘʭ ʦʜʥʦʨʽʜʥʠʭ ɿɺʊ; ʚʟʘʻʤʥʽ ʟʚʽʨʷʥʥʷ ʟʘ ʩʪʘʙʽʣʴʥʠʤ ɿɺʊ; ʟʚʽʨʷʥʥʷʤ ɿɺʊ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʧʨʦʤʠʩʣʦʚʦʛʦ ʢʘʣʽʙʨʘʪʦʨʘ. ʆʯʝʚʠʜʥʦ, ʱʦ ʜʣʷ ʦʧʝʨʘʪʠʚʥʦʛʦ ʢʦʥʪʨʦʣʶ 

ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʢʘʥʘʣʽʚ ʚ ʈɯɺʉ ʯʝʨʝʟ ʾʭ ʨʦʟʧʦʨʦʰʝʥʽʩʪʴ ʤʦʞʝ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʴ ʣʠʰʝ 

ʤʝʪʦʜ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʘʣʽʙʨʘʪʦʨʽʚ [35]. 

1.1.2. ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʧʽʜʭʽʜ ʜʦ ʧʨʘʢʪʠʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʦʧʝʨʘʪʠʚʥʦʛʦ 

ʢʦʥʪʨʦʣʶʚʘʥʥʷ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʢʘʥʘʣʽʚ ʨʦʟʧʦʨʦʰʝʥʠʭ ʩʠʩʪʝʤ 

ʑʦʨʘʟ ʰʠʨʰʝ ʧʨʘʢʪʠʯʥʝ ʚʧʨʦʚʘʜʞʝʥʥʷ ʢʽʙʝʨ-ʬʽʟʠʯʥʠʭ ʩʠʩʪʝʤ (ʂʌʉ), ʧʨʠʩʪʨʦʾʚ 

ɯʈ ʧʨʦʤʠʩʣʦʚʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘ ʨʦʟʧʦʨʦʰʝʥʠʭ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʩʠʩʪʝʤ ʚʠʤʘʛʘʻ 

ʨʦʟʨʦʙʣʝʥʥʷ ʧʨʠʥʮʠʧʦʚʦ ʥʦʚʠʭ ʧʽʜʭʦʜʽʚ ʜʦ ʾʭ ʤʝʪʨʦʣʦʛʽʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ [36]. 

ʂʣʘʩʠʯʥʽ ʤʝʪʦʜʠ ʢʘʣʽʙʨʫʚʘʥʥʷ, ʦʧʝʨʘʪʠʚʥʦʛʦ ʢʦʥʪʨʦʣʶʚʘʥʥʷ ʪʘ ʤʝʪʨʦʣʦʛʽʯʥʦʾ 

ʧʝʨʝʚʽʨʢʠ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʢʘʥʘʣʽʚ (ɺʂ) ʪʘʢʠʭ ʧʨʠʩʪʨʦʾʚ ʚ ʣʘʙʦʨʘʪʦʨʥʠʭ ʫʤʦʚʘʭ 

ʚʪʨʘʯʘʶʪʴ ʩʝʥʩ, ʦʩʢʽʣʴʢʠ ʧʦʪʨʝʙʫʶʪʴ ʜʝʤʦʥʪʘʞʫ ʚʩʽʻʾ ʨʦʟʧʦʨʦʰʝʥʦʾ ʩʠʩʪʝʤʠ 

(ʨʠʩʫʥʦʢ 1.1). ʂʨʽʤ ʯʠʩʪʦ ʪʝʭʥʽʯʥʠʭ ʽ ʦʨʛʘʥʽʟʘʮʽʡʥʠʭ ʥʝʟʨʫʯʥʦʩʪʝʡ ʪʘ ʬʽʥʘʥʩʦʚʠʭ 

ʟʘʪʨʘʪ, ʧʦʚʽʨʢʘ ɺʂ ʫ, ʜʦ ʧʝʚʥʦʾ ʤʽʨʠ, ñʪʝʧʣʠʯʥʠʭò ʫʤʦʚʘʭ ʥʝ ʚʽʜʦʙʨʘʞʘʪʠʤʝ ʙʽʣʴʰʦʩʪʽ 

ʾʭ ʤʝʪʨʦʣʦʛʽʯʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʚ ʨʝʘʣʴʥʠʭ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʇʨʠ ʮʴʦʤʫ ʥʝ 
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ʧʝʨʝʚʽʨʷʶʪʴʩʷ ʽʥʰʽ ʣʘʥʢʠ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʢʦʣʘ (ʨʠʩ. 1.1). ʋ ʚʠʧʘʜʢʫ ʧʨʦʚʝʜʝʥʥʷ 

ʧʝʨʝʚʽʨʢʠ ʦʢʨʝʤʠʭ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ (ɺʇ), ʥʘ ʤʽʩʮʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʩʣʽʜ 

ʧʝʨʝʚʽʨʠʪʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʤʦʜʝʤʽʚ, ʣʽʥʽʡ ʟʚôʷʟʢʫ ʪʘ ʮʝʥʪʨʘʣʴʥʦʛʦ ʢʦʤʧôʶʪʝʨʘ [37].  

 

ʈʠʩʫʥʦʢ 1.1 ï ʋʟʘʛʘʣʴʥʝʥʘ ʩʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʢʘʥʘʣʽʚ  

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʂʌʉ 

 

ʉʫʯʘʩʥʽ ʥʦʨʤʘʪʠʚʥʽ ʜʦʢʫʤʝʥʪʠ ʨʝʢʦʤʝʥʜʫʶʪʴ ʚʧʨʦʚʘʜʞʫʚʘʪʠ ʪʘʢʽ ʩʠʩʪʝʤʠ 

ʢʝʨʫʚʘʥʥʷ ʚʠʤʽʨʶʚʘʥʥʷʤʠ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʨʠʜʘʪʥʽʩʪʴ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʤʝʪʦʜʽʚ ʚʠʤʽʨʶʚʘʥʥʷ ʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘ ʧʨʠʟʥʘʯʝʥʥʷʤ ʪʘ ʟʘʜʘʥʠʡ 

ʨʽʚʝʥʴ ʨʠʟʠʢʽʚ ʦʪʨʠʤʘʥʥʷ ʥʝʚʽʨʦʛʽʜʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʥʥʷ [38]. ʊʦʤʫ 

ʝʢʦʥʦʤʽʯʥʦ ʥʘʡʜʦʮʽʣʴʥʽʰʝ ʧʨʦʚʦʜʠʪʠ ʤʝʪʨʦʣʦʛʽʯʥʝ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ɺʂ ʂʌʉ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ ʤʽʩʮʽ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʆʯʝʚʠʜʥʦ, ʱʦ ʜʣʷ ʧʨʘʢʪʠʯʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʮʴʦʛʦ 

ʥʝʦʙʭʽʜʥʽ ʢʘʣʽʙʨʘʪʦʨʠ ʬʽʟʠʯʥʠʭ ʚʝʣʠʯʠʥ ʟ ʤʦʞʣʠʚʽʩʪʶ ʾʭ ʨʦʟʤʽʱʝʥʥʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ 

ʚ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʙ'ʻʢʪʘʭ. ʋ ʙʽʣʴʰʦʩʪʽ ʧʨʘʢʪʠʯʥʠʭ ʚʠʧʘʜʢʽʚ ʮʝ ʘʙʦ ʪʝʭʥʽʯʥʦ 

ʥʝʤʦʞʣʠʚʦ, ʥʘʧʨʠʢʣʘʜ, ʘʪʦʤʥʽ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ, ʘʙʦ ʩʢʣʘʜʥʦ ʽ ʜʦʨʦʛʦ ʯʝʨʝʟ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʥʘʣʘʛʦʜʞʝʥʥʷ ʤʝʪʨʦʣʦʛʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʣʘʩʠʯʥʠʭ ʢʘʣʽʙʨʘʪʦʨʽʚ ʥʘ 

ʤʽʩʮʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ɺʂ ʂʌʉ.  

1.1.3. ʐʣʷʭʠ ʢʦʨʠʛʫʚʘʥʥʷ ʘʜʠʪʠʚʥʠʭ ʩʢʣʘʜʦʚʠʭ ʧʦʭʠʙʦʢ ʚ ʢʘʣʽʙʨʘʪʦʨʘʭ 

ʥʘʧʨʫʛʠ 

ʆʩʢʽʣʴʢʠ ʚʠʤʽʨʶʚʘʥʥʷ ʝ.ʨ.ʩ. ʪʘ ʥʘʧʨʫʛʠ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʩʢʣʘʜʘʻ ʜʝʩʷʪʢʠ 

ʚʽʜʩʦʪʢʽʚ ʫʩʽʭ ʧʨʦʤʠʩʣʦʚʠʭ ʚʠʤʽʨʶʚʘʥʴ [34], ʪʦ ʧʨʝʜʤʝʪʦʤ ʨʦʟʛʣʷʜʫ ʻ ʢʘʣʽʙʨʘʪʦʨʠ 

ʥʘʧʨʫʛʠ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ (ʂʅʇʉ). ʊʨʘʜʠʮʽʡʥʦ ʂʅʇʉ ʷʚʣʷʶʪʴ ʩʦʙʦʶ 

ʢʦʜʦʢʝʨʦʚʘʥʠʡ ʧʦʜʽʣʴʥʠʢ ʂʂʇʅ ʦʧʦʨʥʦʾ ʥʘʧʨʫʛʠ EN ʟ ʚʠʭʽʜʥʠʤ ʤʘʩʰʪʘʙʫʚʘʣʴʥʠʤ 
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ʧʝʨʝʪʚʦʨʶʚʘʯʝʤ ɺʇ [5] (ʨʠʩʫʥʦʢ 1.2). ɺʠʭʽʜʥʫ ʥʘʧʨʫʛʫ Uʂ ʢʣʘʩʠʯʥʠʭ ʂʅʇʉ ʧʦʜʘʤʦ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ: 

 ( )[ ] OTCVDBFNOTK EMUU D+D+D+m== ,  (1) 

ʜʝ ɽN ï ʚʠʭʽʜʥʘ ʥʘʧʨʫʛʘ ʜʞʝʨʝʣʘ ʦʧʦʨʥʦʾ ʥʘʧʨʫʛʠ; ɛ, ʄ ï ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʜʘʚʘʥʥʷ, 

ʚʽʜʧʦʚʽʜʥʦ, ʂʂʇʅ  ̔ɺʇ;  

ȹBF, ȹCVD, ȹOT ï ʘʜʠʪʠʚʥʘ ʩʢʣʘʜʦʚʘ ʧʦʭʠʙʢʠ (ɸʉʇ), ʚʽʜʧʦʚʽʜʥʦ, ɹʌ, ʂʂʇʅ  ̔ɺʇ. 

  

ʈʠʩʫʥʦʢ 1.2 ï ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʢʘʣʽʙʨʘʪʦʨʽʚ ʥʘʧʨʫʛʠ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ 

 

ʂʦʨʠʛʫʚʘʥʥʷ ʧʦʭʠʙʦʢ ʂʇʅʉ ʥʘ ʤʽʩʮʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʟʘʟʚʠʯʘʡ ʧʨʦʚʦʜʠʪʴʩʷ ʚʨʫʯʥʫ 

ʦʧʝʨʘʪʦʨʦʤ ʰʣʷʭʦʤ ʧʽʜʩʪʨʦʶʚʘʥʥʷ ʡʦʛʦ ʬʫʥʢʮʽʾ ʧʝʨʝʪʚʦʨʝʥʥʷ ʟʘ ʚʙʫʜʦʚʘʥʠʤʠ 

ʝʪʘʣʦʥʘʤʠ ʽ ʻ ʪʨʫʜʦʻʤʥʦʶ ʽ ʚʘʨʪʽʩʥʦʶ ʧʨʦʮʝʜʫʨʦʶ [39-41]. ɼʣʷ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʨʦʮʝʩʫ 

ʢʦʨʝʢʮʽʾ ʚ ʩʠʩʪʝʤʘʭ ʽʟ ʟʤʽʥʥʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ ʧʝʨʝʜʘʚʘʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʧʨʠʩʪʨʽʡ, 

ʚ ʷʢʦʤʫ ʨʽʚʥʽ ʥʘʧʨʫʛʠ ʟʤʽʱʝʥʥʷ ʦʮʠʬʨʦʚʫʶʪʴʩʷ ʪʘ ʟʙʝʨʽʛʘʶʪʴʩʷ [42]. ʅʘʧʨʫʛʘ 

ʢʦʨʝʢʮʽʾ ʟʩʫʚʫ ʫʚʦʜʠʪʴʩʷ ʫ ʚʭʽʜʥʝ ʢʦʣʦ ʧʽʜʩʠʣʶʚʘʯʘ ʟ ʜʦʧʦʤʦʛʦʶ ʎɸʇ. ʅʘ ʧʨʘʢʪʠʮʽ 

ʮʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʝʦʙʭʽʜʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʯʫʪʣʠʚʠʭ ʪʘ ʩʪʘʙʽʣʴʥʠʭ ʢʦʤʧʘʨʘʪʦʨʘ ʽ 

ʎɸʇ, ʥʘʧʨʫʛʠ ʟʤʽʱʝʥʥʷ ʽ ʜʨʝʡʬʠ ʷʢʠʭ ʚʠʟʥʘʯʘʪʠʤʫʪʴ ʛʨʘʥʠʯʥʽ ʤʝʪʨʦʣʦʛʽʯʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫʩʽʻʾ ʩʠʩʪʝʤʠ. ʇʦʜʽʙʥʘ ʩʭʝʤʦʪʝʭʥʽʢʘ ʚʠʢʦʨʠʩʪʘʥʘ ʜʣʷ ʢʦʨʠʛʫʚʘʥʥʷ 

ʥʘʧʨʫʛ ʟʤʽʱʝʥʥʷ ʙʘʛʘʪʦ ʢʘʩʢʘʜʥʦʛʦ ʰʠʨʦʢʦʩʤʫʛʦʚʦʛʦ ʧʽʜʩʠʣʶʚʘʯʘ ʟʤʽʥʥʦʾ ʥʘʧʨʫʛʠ 

[43, 44]. ɼʣʷ ʚʠʜʽʣʝʥʥʷ ʩʠʛʥʘʣʫ ʥʘʧʨʫʛʠ ʟʤʽʱʝʥʥʷ ʚ ʙʘʛʘʪʦʢʘʩʢʘʜʥʦʤʫ 

ʰʠʨʦʢʦʩʤʫʛʦʚʦʤʫ ʧʽʜʩʠʣʶʚʘʯʽ ʟʤʽʥʥʦʾ ʥʘʧʨʫʛʠ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʬʽʣʴʪʨ ʥʠʟʴʢʦʾ 

ʯʘʩʪʦʪʠ (ʌʅʏ), ʟ ʚʠʭʦʜʽʚ ʷʢʦʛʦ ʩʠʛʥʘʣ ʧʦʜʘʻʪʴʩʷ ʽ ʟʤʽʥʶʻʪʴʩʷ ʚ ʢʦʣʘʭ ʚʽʜôʻʤʥʦʛʦ 

ʟʚʦʨʦʪʥʦʛʦ ʟʚôʷʟʢʫ ʜʦ ʤʦʤʝʥʪʫ ʡʦʛʦ ʟʤʝʥʰʝʥʥʷ ʜʦ ʥʫʣʷ [45]. ʆʜʥʘʢ ʛʣʠʙʠʥʘ 

ʢʦʨʠʛʫʚʘʥʥʷ ʥʘʧʨʫʛʠ ʟʤʽʱʝʥʥʷ ʚ ʪʘʢʦʤʫ ʧʨʠʩʪʨʦʾ ʻ ʥʝʚʠʩʦʢʦʶ ʯʝʨʝʟ ʟʫʤʦʚʣʝʥʫ 

ʩʪʘʣʦʶ ʯʘʩʫ ʌʅʏ ʽʥʝʨʮʽʡʥʽʩʪʴ ʩʠʩʪʝʤʠ, ʷʢʘ ʤʦʞʝ ʧʨʠʟʚʦʜʠʪʠ ʽ ʜʦ ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ 

ʧʽʜʩʠʣʶʚʘʯʘ.  
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ɼʣʷ ʧʦʙʫʜʦʚʠ ʧʨʝʮʠʟʽʡʥʠʭ ʎɸʇ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʦʞʣʠʚʽʩʪʴ ʢʦʨʠʛʫʚʘʥʥʷ ʾʭ 

ʤʫʣʴʪʠʧʣʽʢʘʪʠʚʥʦʾ ʪʘ ʘʜʠʪʠʚʥʦʾ ʩʢʣʘʜʦʚʠʭ ʧʦʭʠʙʢʠ ʫ ʚʠʛʣʷʜʽ ʚʩʪʘʥʦʚʣʝʥʥʷ 

ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʧʦʧʨʘʚʦʢ ʜʦ ʧʦʪʦʯʥʦʛʦ ʟʥʘʯʝʥʥʷ ʾʭ ʢʦʜʽʚ ʢʝʨʫʚʘʥʥʷ [46]. ʆʜʥʘʢ 

ʟʥʘʯʝʥʥʷ ʮʠʭ ʧʦʧʨʘʚʦʢ ʧʦʚʠʥʥʦ ʚʠʟʥʘʯʘʪʠʩʷ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʢʘʣʽʙʨʫʚʘʥʥʷ ʢʦʞʥʦʛʦ 

ʚʟʽʨʮʷ ʎɸʇ ʪʘ ʫʚʦʜʠʪʠʩʷ ʽ ʟʙʝʨʽʛʘʪʠʩʷ ʚ ʧʘʤôʷʪʽ ʎɸʇ. ʊʘʢʠʡ ʤʝʪʦʜ ʢʦʨʠʛʫʚʘʥʥʷ 

ʧʦʭʠʙʦʢ ʚ ʂʅʇʉ ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʽʜ ʯʘʩ ʡʦʛʦ ʨʝʘʣʽʟʘʮʽʾ ʥʘ ʦʩʥʦʚʽ ʇʉʏ, 

ʘʙʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʾ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾ ʤʽʢʨʦʩʭʝʤʠ. 

ɽʢʚʽʚʘʣʝʥʪʥʘ ʥʘʧʨʫʛʘ ʟʤʽʱʝʥʥʷ ʧʨʠʩʪʨʦʶ, ʱʦ ʧʨʘʮʶʻ ʥʘ ʧʦʩʪʽʡʥʦʤʫ ʩʪʨʫʤʽ, 

ʤʦʞʝ ʢʦʨʠʛʫʚʘʪʠʩʷ ʤʝʪʦʜʦʤ ʫʚʝʜʝʥʥʷ ʟʘʛʘʣʴʥʦʛʦ ʚʽʜôʻʤʥʦʛʦ ʟʚʦʨʦʪʥʦʛʦ ʟʚôʷʟʢʫ [47]. 

ʅʘ ʯʘʩ ʢʦʨʠʛʫʚʘʥʥʷ ʥʘʧʨʫʛʠ ʟʤʽʱʝʥʥʷ ʚʭʽʜʥʠʡ ʩʠʛʥʘʣ ʧʦʚʠʥʝʥ ʙʫʪʠ ʚʽʜʢʣʶʯʝʥʠʤ ʽ ʥʘ 

ʚʭʽʜ ʧʨʠʩʪʨʦʶ ʧʦʜʘʻʪʴʩʷ ʘʥʘʣʦʛʦʚʠʡ ʩʠʛʥʘʣ ʢʦʨʝʢʮʽʾ. ʇʽʜ ʯʘʩ ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʴʦʛʦ 

ʤʝʪʦʜʫ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʪʠʤʫʪʴ ʚʣʘʩʥʽ ɸʉʇ ʢʦʣʘ ʚʽʜôʻʤʥʦʛʦ ʟʚʦʨʦʪʥʦʛʦ ʟʚôʷʟʢʫ, ʘ ʪʘʢʦʞ 

ʧʘʨʘʤʝʪʨʠ ʢʦʤʫʪʘʮʽʡʥʠʭ ʝʣʝʤʝʥʪʽʚ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʧʽʜʩʠʣʶʚʘʯʽʚ ʟ ʧʝʨʽʦʜʠʯʥʠʤ 

ʢʦʨʠʛʫʚʘʥʥʷʤ ʥʘʧʨʫʛʠ ʟʤʽʱʝʥʥʷ [48] ʧʨʠʟʚʦʜʠʪʠʤʝ ʜʦ ʟʨʦʩʪʘʥʥʷ ʥʝʩʢʦʨʠʛʦʚʘʥʦʾ 

ɸʉʇ ʂʅʇʉ ʟʘ ʨʘʭʫʥʦʢ ʟʘʣʠʰʢʦʚʠʭ ʥʘʧʨʫʛ ʟʤʽʱʝʥʥʷ ʦʢʨʝʤʠʭ ʧʽʜʩʠʣʶʚʘʯʽʚ ʪʘ 

ʟʜʦʨʦʞʯʘʥʥʷ ʧʨʘʢʪʠʯʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʂʅʇʉ. ʅʝʦʙʭʽʜʥʦʩʪʽ ʚʽʜʤʠʢʘʥʥʷ ʚʭʽʜʥʦʾ ʥʘʧʨʫʛʠ 

ʥʝʤʘʻ ʚ ʧʽʜʩʠʣʶʚʘʯʘʭ ʟ ʤʦʜʫʣʷʮʽʻʶ-ʜʝʤʦʜʫʣʷʮʽʻʶ (ʇʄɼʄ), ʛʨʘʥʠʯʥʽ ʤʦʞʣʠʚʦʩʪʽ 

ʷʢʠʭ ʚʠʟʥʘʯʘʶʪʴʩʷ ʥʠʟʢʦʶ ʜʞʝʨʝʣ ʧʦʭʠʙʦʢ [49-51]. ʎʝ ʻ ʧʨʦʥʠʢʥʝʥʥʷ ʢʦʤʫʪʘʮʽʡʥʠʭ 

ʚʠʢʠʜʽʚ ʧʝʨʝʤʠʢʘʯʽʚ ʩʠʛʥʘʣʫ ʜʦ ʚʠʭʦʜʫ ʧʽʜʩʠʣʶʚʘʯʘ, ʤʦʜʫʣʷʮʽʡʥʘ ʧʦʭʠʙʢʘ, 

ʧʨʦʭʦʜʞʝʥʥʷ ʥʘʧʨʫʛʠ ʯʘʩʪʦʪʠ ʤʦʜʫʣʷʮʽʾ ʯʝʨʝʟ ʥʝʽʜʝʘʣʴʥʽʩʪʴ ʌʅʏ [52]. ɺʢʘʟʘʥʽ 

ʥʝʜʦʣʽʢʠ ʇʄɼʄ ʧʨʠʟʚʦʜʠʪʠʤʫʪʴ ʜʦ ʫʩʢʣʘʜʥʝʥʥʷ ʽ ʟʜʦʨʦʞʯʘʥʥʷ ʨʝʘʣʽʟʘʮʽʾ 

ʧʝʨʝʥʦʩʥʠʭ ʂʅʇʉ. ʏʝʨʝʟ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʝʢʽʣʴʢʦʭ ʌʅʏ ʟʥʘʯʥʦ 

ʫʩʢʣʘʜʥʶʚʘʪʠʤʝʪʴʩʷ ʨʝʘʣʽʟʘʮʽʷ ʂʇʅʉ ʚ ʙʘʟʠʩʽ ʧʨʦʛʨʘʤʦʚʘʥʠʭ ʩʠʩʪʝʤ ʥʘ ʯʽʧʽ (ʇʉʏ), 

ʘʙʦ ʫ ʚʠʛʣʷʜʽ ʽʥʪʝʛʨʘʣʴʥʦʾ ʩʭʝʤʠ.  

ʉʫʪʪʻʚʦ ʟʤʝʥʰʠʪʠ ʚʧʣʠʚ ʜʞʝʨʝʣ ʧʦʭʠʙʦʢ ʇʄɼʄ ʤʦʞʥʘ ʚ ʧʽʜʩʠʣʶʚʘʯʘʭ ʟ 

ʧʦʜʚʽʡʥʦʶ ʤʦʜʫʣʷʮʽʻʶ-ʜʝʤʦʜʫʣʷʮʽʻʶ (nested-chopper technique) [53]. ɺʥʫʪʨʽʰʥʽ 

ʢʦʤʫʪʘʪʦʨʠ ʧʨʘʮʶʶʪʴ ʥʘ ʯʘʩʪʦʪʽ ʟʥʘʯʥʦ ʚʠʱʽʡ ʚʽʜ ʯʘʩʪʦʪʠ ʩʧʨʷʞʝʥʥʷ ʙʽʣʠʭ ʪʘ 1/f 

ʰʫʤʽʚ (ʢʽʣʴʢʘ ʜʝʩʷʪʢʽʚ ʢʽʣʦ ɻʝʨʮ), ʘ ʟʦʚʥʽʰʥʽ ʢʦʤʫʪʘʪʦʨʠ ʧʨʘʮʶʶʪʴ ʥʘ ʜʦʩʠʪʴ ʥʠʟʴʢʽʡ 

ʯʘʩʪʦʪʽ (ʢʽʣʴʢʘ ʜʝʩʷʪʢʽʚ ʛʝʨʮʽʚ). ɿʘʚʜʷʢʠ ʪʘʢʽʡ ʩʭʝʤʦʪʝʭʥʽʮʽ ʚʜʘʻʪʴʩʷ ʟʤʝʥʰʠʪʠ 

ʥʝʩʢʦʨʠʛʦʚʘʥʫ ʥʘʧʨʫʛʫ ʟʤʽʱʝʥʥʷ ʜʦ ʟʥʘʯʝʥʴ ʜʝʩʷʪʠʭ ʯʘʩʪʦʢ ʤʽʢʨʦʚʦʣʴʪʘ [54-55]. 
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ʅʘ ʧʨʘʢʪʠʮʽ ʧʽʜ ʯʘʩ ʧʦʙʫʜʦʚʠ ʧʝʨʝʥʦʩʥʠʭ ʂʅʇʉ ʧʨʠʟʥʘʯʝʥʠʭ ʜʣʷ ʢʦʥʪʨʦʣʶ 

ʤʝʪʨʦʣʦʛʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʢʘʥʘʣʽʚ, ʥʘʧʨʠʢʣʘʜ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ 

ʪʝʨʤʦʤʝʪʨʽʚ ʜʣʷ ʨʦʙʦʪʠ ʟ ʧʣʘʪʠʥʦʚʠʤʠ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʤʠ ʧʝʨʝʪʚʦʨʶʚʘʯʘʤʠ ʇʇ(S) 

ʩʣʽʜ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʾʭ ʚʠʩʦʢʫ ʪʦʯʥʽʩʪʴ. ʊʘʢ ʦʜʠʥʠʮʷ ʤʦʣʦʜʰʦʛʦ ʨʦʟʨʷʜʫ ʧʦʚʠʥʥʘ ʙʫʪʠ 

ʥʝ ʙʽʣʴʰʦʶ ʚʽʜ ʦʜʥʦʛʦ ʤʽʢʨʦʚʦʣʴʪʘ, ʤʝʞʘ ʜʦʧʫʩʪʠʤʠʭ ʟʥʘʯʝʥʴ ʘʙʩʦʣʶʪʥʦʾ ʧʦʭʠʙʢʠ - 

ʧʦʨʷʜʢʫ ʜʝʢʽʣʴʢʦʭ ʤʽʢʨʦʚʦʣʴʪ ʚ ʜʽʘʧʘʟʦʥʽ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨ ʜʦʚʢʽʣʣʷ ʚʽʜ 0 ʜʦ +50 0ʉ.  

ʊʦʤʫ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʧʝʨʝʥʦʩʥʠʭ ʢʘʣʽʙʨʘʪʦʨʽʚ ʥʘʧʨʫʛʠ ʧʦʩʪʽʡʥʦʛʦ ʪʝʤʧʝʨʘʪʫʨ ʥʘ 

ʦʩʥʦʚʽ ʩʫʯʘʩʥʠʭ ʤʽʢʨʦʝʣʝʢʪʨʦʥʥʠʭ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʩʧʨʠʷʪʠʤʝ 

ʧʦʢʨʘʱʘʥʥʶ ʤʝʪʨʦʣʦʛʽʯʥʦʾ ʥʘʜʽʡʥʦʩʪʽ ʦʧʝʨʘʪʠʚʥʦʛʦ ʢʦʥʪʨʦʣʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʫʩʴʦʛʦ 

ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʢʦʣʘ ʥʘ ʤʽʩʮʽ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

 

1.2. ɺʠʤʦʛʠ ʜʦ ʧʦʙʫʜʦʚʠ ʢʘʣʽʙʨʘʪʦʨʽʚ ʥʘʧʨʫʛʠ, ʦʧʦʨʫ ʽ ʩʠʣʠ ʧʦʩʪʽʡʥʦʛʦ 

ʩʪʨʫʤʫ 

ɼʣʷ ʦʧʝʨʘʪʠʚʥʦʛʦ ʢʦʥʪʨʦʣʶʚʘʥʥʷ ʤʝʪʨʦʣʦʛʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʘʩʦʙʽʚ 

ʚʠʤʽʨʶʚʘʥʴ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʢʘʣʽʙʨʘʪʦʨʠ ʥʘʧʨʫʛʠ, ʦʧʦʨʫ ʪʘ ʩʠʣʠ ʧʦʩʪʽʡʥʦʛʦ 

ʩʪʨʫʤʫ. ʂʘʣʽʙʨʘʪʦʨʠ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʚʽʜʪʚʦʨʝʥʥʷ ʥʘʧʨʫʛʠ, ʦʧʦʨʫ ʪʘ ʩʠʣʠ ʧʦʩʪʽʡʥʦʛʦ 

ʩʪʨʫʤʫ.  

1.2.1. ʂʣʘʩʠʬʽʢʘʮʽʷ ʪʘ ʦʩʥʦʚʥʽ ʧʘʨʘʤʝʪʨʠ 

ɿʘʣʝʞʥʦ ʚʽʜ ʧʨʠʟʥʘʯʝʥʥʷ ʢʘʣʽʙʨʘʪʦʨʠ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ: 

¶ ʂʘʣʽʙʨʘʪʦʨʠ ʥʘʧʨʫʛʠ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ; 

¶ ʂʘʣʽʙʨʘʪʦʨʠ ʩʠʣʠ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ; 

¶ ʂʘʣʽʙʨʘʪʦʨʠ ʝʣʝʢʪʨʠʯʥʦʛʦ ʦʧʦʨʫ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ; 

¶ ʂʘʣʽʙʨʘʪʦʨʠ ʫʥʽʚʝʨʩʘʣʴʥʽ ʥʘʧʨʫʛʠ ʽ ʩʠʣʠ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʡ ʽʤʽʪʘʪʦʨʠ ʦʧʦʨʫ 

ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ; 

¶ ʂʘʣʽʙʨʘʪʦʨʠ, ʷʢ ʩʢʣʘʜʦʚʘ ʯʘʩʪʠʥʘ ʙʘʛʘʪʦʬʫʥʢʮʽʡʥʠʭ ʧʨʠʣʘʜʽʚ (ʚʦʣʴʪʤʝʪʨʠ-

ʢʘʣʽʙʨʘʪʦʨʠ, ʫʥʽʚʝʨʩʘʣʴʥʽ ʧʨʠʣʘʜʠ-ʢʘʣʽʙʨʘʪʦʨʠ ʪʘ ʽʥʰʝ). 

ɿʘʣʝʞʥʦ ʚʽʜ ʚʠʜʫ ʢʝʨʫʚʘʥʥʷ ʧʨʦʮʝʩʦʤ ʚʽʜʪʚʦʨʝʥʥʷ ʝʣʝʢʪʨʠʯʥʦʾ ʚʝʣʠʯʠʥʠ 

ʢʘʣʽʙʨʘʪʦʨʠ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ: 

¶ ʂʘʣʽʙʨʘʪʦʨʠ ʟ ʨʫʯʥʠʤ ʢʝʨʫʚʘʥʥʷʤ; 

¶ ʇʨʦʛʨʘʤʥʦ-ʢʝʨʦʚʘʥʽ ʢʘʣʽʙʨʘʪʦʨʠ. 
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ɿʘʣʝʞʥʦ ʚʽʜ ʭʘʨʘʢʪʝʨʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʘʣʽʙʨʘʪʦʨʠ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ: 

¶ ʇʝʨʝʥʦʩʥʽ; 

¶ ʉʪʘʮʽʦʥʘʨʥʽ. 

ɺ ʥʦʨʤʘʪʠʚʥʠʭ ʜʦʢʫʤʝʥʪʘʭ [57] ʟʘʟʥʘʯʝʥʽ ʩʧʦʩʦʙʠ ʧʦʜʘʥʥʷ ʢʣʘʩʫ ʪʦʯʥʦʩʪʽ 

ʢʘʣʽʙʨʘʪʦʨʽʚ: 

¶ ʯʠʩʣʘʤʠ c ʽ d, ʨʦʟʜʽʣʷʶʯʠ ʾʭ ʢʦʩʦʶ ʨʠʩʢʦʶ (c/d), ʯʠʩʣʦʚʽ ʟʥʘʯʝʥʥʷ c ʽ d (c > d) 

ʚʠʙʠʨʘʶʪʴʩʷ ʟ ʨʷʜʫ (1; 1,5; 2; 2,5; 3; 4; 5; 6; 7; 8) Ĭ 10n, ʧʨʠʯʦʤʫ n = 0; -1; -2 ʽ ʪʘʢ ʜʘʣʽ, 

ʘ ʟʥʘʯʝʥʥʷ c ʽ d, ʷʢʽ ʨʽʚʥʽ 3 Ĭ 10n; 7 Ĭ 10n; 8 Ĭ 10n ʧʦʜʘʶʪʴʩʷ ʪʽʣʴʢʠ ʚ ʪʦʤʫ ʚʠʧʘʜʢʫ 

ʢʦʣʠ n < -2; 

¶ ʯʠʩʣʦʤ c, ʱʦ ʚʠʙʠʨʘʻʪʴʩʷ ʟ ʨʷʜʫ (1; 1,5; 2; 2,5; 3; 4; 5; 6; 7; 8) Ĭ 10n. 

ʅʦʨʤʫʚʘʥʥʷ ʢʣʘʩʽʚ ʪʦʯʥʦʩʪʽ ʚʠʱʠʭ ʥʽʞ 0,001 ʜʦʟʚʦʣʷʻʪʴʩʷ ʜʚʦʨʦʟʨʷʜʥʠʤʠ 

ʯʠʩʣʘʤʠ ʜʝ ʧʝʨʰʠʡ ʟʥʘʯʫʱʠʡ ʨʦʟʨʷʜ ʚʠʙʠʨʘʻʪʴʩʷ ʟ ʨʷʜʫ (1; 1,5; 2; 2,5; 3; 4; 5; 6; 7; 

8) Ĭ 10n, ʘ ʜʨʫʛʠʡ ʤʦʞʝ ʙʫʪʠ ʙʫʜʴ-ʷʢʠʤ ʯʠʩʣʦʤ ʚʽʜ 1 ʜʦ 9 (ʥʘʧʨʠʢʣʘʜ: 0,00045; 

0,000019). 

ɼʦʟʚʦʣʷʻʪʴʩʷ ʥʦʨʤʫʚʘʥʥʷ c ʽ d ʫ ʤʽʣʴʡʦʥʥʠʭ ʯʘʩʪʢʘʭ ppm (part per million) ʜʣʷ 

ʢʣʘʩʽʚ ʪʦʯʥʦʩʪʽ ʚʠʱʠʭ, ʥʽʞ 0,001 (ʥʘʧʨʠʢʣʘʜ: 450 ppm; 19 ppm). 

ʂʽʥʮʝʚʽ ʟʥʘʯʝʥʥʷ ʜʽʘʧʘʟʦʥʽʚ ʚʽʜʪʚʦʨʝʥʥʷ ʝʣʝʢʪʨʠʯʥʠʭ ʚʝʣʠʯʠʥ ʧʦʚʠʥʥʽ 

ʚʠʙʠʨʘʪʠʩʷ ʟ ʨʷʜʫ 1 Ĭ 10n; 2 Ĭ 10n; 5 Ĭ 10n ï ʜʣʷ ʢʘʣʽʙʨʘʪʦʨʽʚ ʥʘʧʨʫʛʠ ʽ ʩʠʣʠ ʧʦʩʪʽʡʥʦʛʦ 

ʩʪʨʫʤʫ, ʽ ʟ ʨʷʜʫ 1 Ĭ 10n ï ʜʣʷ ʢʘʣʽʙʨʘʪʦʨʽʚ ʦʧʦʨʫ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ (n ï ʥʫʣʴ, ʜʦʜʘʪʥʝ 

ʘʙʦ ʚʽʜôʻʤʥʝ ʯʠʩʣʦ). 

ʂʘʣʽʙʨʘʪʦʨʘʤ ʟ ʜʚʦʤʘ ʘʙʦ ʙʽʣʴʰʝ ʜʽʘʧʘʟʦʥʘʤʠ ʚʽʜʪʚʦʨʝʥʥʷ ʝʣʝʢʪʨʠʯʥʠʭ ʚʝʣʠʯʠʥ 

ʜʦʟʚʦʣʷʻʪʴʩʷ ʧʨʠʩʚʦʶʚʘʪʠ ʜʝʢʽʣʴʢʘ ʢʣʘʩʽʚ ʪʦʯʥʦʩʪʽ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʢʽʣʴʢʦʩʪʽ 

ʜʽʘʧʘʟʦʥʽʚ. 

1.2.2. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʘʣʽʙʨʘʪʦʨʽʚ ʥʘʧʨʫʛʠ, ʩʠʣʠ ʩʪʨʫʤʫ ʪʘ ʦʧʦʨʫ 

ʂʘʣʽʙʨʘʪʦʨʠ ʥʘʧʨʫʛʠ, ʦʧʦʨʫ ʪʘ ʩʠʣʠ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʧʦʚʠʥʥʽ ʚʠʛʦʪʦʚʣʷʪʠʩʴ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʤʦʛ ʩʪʘʥʜʘʨʪʽʚ [57-59] ʪʘ ʪʝʭʥʽʯʥʠʭ ʫʤʦʚ ʥʘ ʢʘʣʽʙʨʘʪʦʨʠ ʢʦʥʢʨʝʪʥʦʛʦ 

ʪʠʧʫ ʟʘ ʨʦʙʦʯʠʤʠ ʢʨʝʩʣʝʥʥʷʤʠ ʟʘʪʚʝʨʜʞʝʥʠʤʠ ʫ ʚʽʜʧʦʚʽʜʥʦʤʫ ʧʦʨʷʜʢʫ. 

ɻʨʘʥʠʮʽ ʜʦʧʫʩʪʠʤʦʾ ʧʨʠʚʝʜʝʥʦʾ ʦʩʥʦʚʥʦʾ ʧʦʭʠʙʢʠ ŭʧ ʽ ʛʨʘʥʠʮʽ ʜʦʧʫʩʪʠʤʦʾ 

ʚʽʜʥʦʩʥʦʾ ʧʦʭʠʙʢʠ ŭʚ [13] ʧʦʪʨʽʙʥʦ ʚʩʪʘʥʦʚʣʶʚʘʪʠ ʟʛʽʜʥʦ ʟ ʬʦʨʤʫʣʘʤʠ: 
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ʜʝ ŭʧ ï ʛʨʘʥʠʮʽ ʜʦʧʫʩʪʠʤʦʾ ʧʨʠʚʝʜʝʥʦʾ ʦʩʥʦʚʥʦʾ ʧʦʭʠʙʢʠ, %; 

ȹ ï ʛʨʘʥʠʮʽ ʜʦʧʫʩʪʠʤʦʾ ʘʙʩʦʣʶʪʥʦʾ ʦʩʥʦʚʥʦʾ ʧʦʭʠʙʢʠ, ʚʠʨʘʞʝʥʽ ʚ ʦʜʠʥʠʮʷʭ 

ʚʠʤʽʨʶʚʘʥʦʾ ʚʝʣʠʯʠʥʠ; 

ɸʢ ï ʢʽʥʮʝʚʝ ʟʥʘʯʝʥʥʷ ʜʽʘʧʘʟʦʥʫ ʚʽʜʪʚʦʨʝʥʥʷ; 

ŭʚ ï ʛʨʘʥʠʮʽ ʜʦʧʫʩʪʠʤʦʾ ʚʽʜʥʦʩʥʦʾ ʦʩʥʦʚʥʦʾ ʧʦʭʠʙʢʠ, %; 

ʩ, d ï ʯʠʩʣʘ ʢʣʘʩʫ ʪʦʯʥʦʩʪʽ; 

ɸx ï ʟʥʘʯʝʥʥʷ ʚʽʜʪʚʦʨʶʚʘʥʦʾ ʝʣʝʢʪʨʠʯʥʦʾ ʚʝʣʠʯʠʥʠ. 

ɻʨʘʥʠʮʽ ʜʦʧʫʩʪʠʤʦʾ ʧʦʭʠʙʢʠ, ʩʧʨʠʯʠʥʝʥʦʾ ʟʤʽʥʦʶ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʧʦʚʽʪʨʷ ʚʽʜ ʥʦʨʤʘʣʴʥʦʾ ʜʦ ʜʦʚʽʣʴʥʦʾ ʚ ʜʽʘʧʘʟʦʥʽ ʨʦʙʦʯʠʭ ʪʝʤʧʝʨʘʪʫʨ ʥʘ ʢʦʞʥʽ 10  

ʤʘʶʪʴ ʜʦʨʽʚʥʶʚʘʪʠ: ʛʨʘʥʠʮʽ ʜʦʧʫʩʪʠʤʦʾ ʦʩʥʦʚʥʦʾ ʧʦʭʠʙʢʠ ʜʣʷ ʢʘʣʽʙʨʘʪʦʨʽʚ ʟ 

ʧʦʩʪʽʡʥʦʶ 0,002 Ò ʩ Ò 0,02 ʘʙʦ ʧʦʣʦʚʠʥʽ ʛʨʘʥʠʮʽ ʜʦʧʫʩʪʠʤʦʾ ʦʩʥʦʚʥʦʾ ʧʦʭʠʙʢʠ ʜʣʷ 

ʢʘʣʽʙʨʘʪʦʨʽʚ ʟ ʧʦʩʪʽʡʥʦʶ c > 0,02. ɼʣʷ ʢʘʣʽʙʨʘʪʦʨʽʚ ʟ ʧʦʩʪʽʡʥʦʶ c < 0,002 ʛʨʘʥʠʮʽ 

ʜʦʧʫʩʪʠʤʦʾ ʜʦʜʘʪʢʦʚʦʾ ʧʦʭʠʙʢʠ ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʫ ʪʝʭʥʽʯʥʠʭ ʫʤʦʚʘʭ ʥʘ ʢʘʣʽʙʨʘʪʦʨʠ 

ʢʦʥʢʨʝʪʥʦʛʦ ʪʠʧʫ. 

ɻʨʘʥʠʮʽ ʜʦʧʫʩʪʠʤʦʾ ʜʦʜʘʪʢʦʚʦʾ ʧʦʭʠʙʢʠ ʩʧʨʠʯʠʥʝʥʦʾ ʜʽʻʶ ʟʦʚʥʽʰʥʴʦʛʦ 

ʦʜʥʦʨʽʜʥʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʟ ʽʥʜʫʢʮʽʻʶ 0,5 ʤʊʣ, ʷʢʝ ʟʤʽʥʶʻʪʴʩʷ ʫ ʯʘʩʽ ʟʘ 

ʩʠʥʫʩʦʾʜʥʠʤ ʟʘʢʦʥʦʤ ʟ ʯʘʩʪʦʪʦʶ ʤʝʨʝʞʽ ʞʠʚʣʝʥʥʷ, ʧʦʚʠʥʥʽ ʜʦʨʽʚʥʶʚʘʪʠ ʛʨʘʥʠʮʷʤ 

ʜʦʧʫʩʪʠʤʦʾ ʦʩʥʦʚʥʦʾ ʧʦʭʠʙʢʠ ʜʣʷ ʢʘʣʽʙʨʘʪʦʨʽʚ ʟ ʧʦʩʪʽʡʥʦʶ ʩ Ò 0,02 ʽ ʧʦʣʦʚʠʥʽ ʛʨʘʥʠʮʽ 

ʜʦʧʫʩʪʠʤʦʾ ʦʩʥʦʚʥʦʾ ʧʦʭʠʙʢʠ ʜʣʷ ʨʝʰʪʠ ʢʘʣʽʙʨʘʪʦʨʽʚ. 

ʅʘ ʢʘʣʽʙʨʘʪʦʨʠ ʢʦʥʢʨʝʪʥʦʛʦ ʪʠʧʫ ʫ ʪʝʭʥʽʯʥʠʭ ʫʤʦʚʘʭ ʥʝʦʙʭʽʜʥʦ ʚʩʪʘʥʦʚʣʶʚʘʪʠ: 

¶ ʅʝʽʥʬʦʨʤʘʪʠʚʥʽ ʧʘʨʘʤʝʪʨʠ ʚʽʜʪʚʦʨʶʚʘʥʦʾ ʝʣʝʢʪʨʠʯʥʦʾ ʚʝʣʠʯʠʥʠ. ʇʦʪʨʽʙʥʦ 

ʚʩʪʘʥʦʚʣʶʚʘʪʠ ʪʘʢʽ ʚʠʤʦʛʠ ʱʦʜʦ ʥʝʽʥʬʦʨʤʘʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ: ʚʠʩʦʢʦʯʘʩʪʦʪʥʽ ʰʫʤ, 

ʷʢʠʡ ʧʦʚʠʥʝʥ ʥʦʨʤʫʚʘʪʠʩʷ ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʠʤ ʟʥʘʯʝʥʥʷʤ ʟʤʽʥʥʦʾ ʩʢʣʘʜʦʚʦʾ 

ʚʽʜʪʚʦʨʶʚʘʥʦʾ ʝʣʝʢʪʨʠʯʥʦʾ ʚʝʣʠʯʠʥʠ; ʥʠʟʴʢʦʯʘʩʪʦʪʥʽ ʧʫʣʴʩʘʮʽʾ, ʷʢʽ ʧʦʚʠʥʥʽ 

ʥʦʨʤʫʚʘʪʠʩʴ ʧʦʜʚʽʡʥʦʶ ʘʤʧʣʽʪʫʜʦʶ ʧʫʣʴʩʘʮʽʾ ʽ ʯʘʩʪʦʪʦʶ ʧʫʣʴʩʘʮʽʾ; 
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¶ ʚʠʭʽʜʥʠʡ ʦʧʽʨ ʽ ʜʦʧʫʩʪʠʤʠʡ ʩʪʨʫʤ ʥʘʚʘʥʪʘʞʝʥʥʷ ï ʜʣʷ ʢʘʣʽʙʨʘʪʦʨʽʚ ʥʘʧʨʫʛʠ 

ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ; 

¶ ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʚʠʭʽʜʥʦʾ ʥʘʧʨʫʛʠ ï ʜʣʷ ʢʘʣʽʙʨʘʪʦʨʽʚ ʩʠʣʠ ʧʦʩʪʽʡʥʦʛʦ 

ʩʪʨʫʤʫ; 

¶ ʧʦʯʘʪʢʦʚʠʡ ʦʧʽʨ ʪʘ ʛʨʘʥʠʮʽ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʩʪʨʫʤʫ ʯʝʨʝʟ ʚʽʜʪʚʦʨʶʚʘʥʠʡ ʦʧʽʨ ï 

ʜʣʷ ʢʘʣʽʙʨʘʪʦʨʽʚ ʝʣʝʢʪʨʠʯʥʦʛʦ ʦʧʦʨʫ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ; 

¶ ʜʠʩʢʨʝʪʥʽʩʪʴ ʚʽʜʪʚʦʨʶʚʘʥʦʾ ʝʣʝʢʪʨʠʯʥʦʾ ʚʝʣʠʯʠʥʠ ï ʜʣʷ ʢʘʣʽʙʨʘʪʦʨʽʚ 

ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ: ʥʘʧʨʫʛʠ, ʩʠʣʠ ʩʪʨʫʤʫ ʪʘ ʦʧʦʨʫ; 

¶ ʯʘʩ ʚʩʪʘʥʦʚʣʝʥʥʷ ʨʦʙʦʯʦʛʦ ʨʝʞʠʤʫ ʽ ʪʨʠʚʘʣʽʩʪʴ ʙʝʟʧʝʨʝʨʚʥʦʾ ʨʦʙʦʪʠ 

ʢʘʣʽʙʨʘʪʦʨʽʚ, ʢʨʽʤ ʪʦʛʦ ʧʦʚʠʥʝʥ ʥʦʨʤʫʚʘʪʠʩʷ ʯʘʩ, ʥʘ ʷʢʠʡ ʩʣʽʜ ʚʠʤʠʢʘʪʠ ʢʘʣʽʙʨʘʪʦʨ 

ʜʦ ʥʘʩʪʫʧʥʦʛʦ ʚʤʠʢʘʥʥʷ; 

¶ ʯʘʩ ʚʩʪʘʥʦʚʣʝʥʥʷ ʚʠʭʽʜʥʦʾ ʚʽʜʪʚʦʨʶʚʘʥʦʾ ʚʝʣʠʯʠʥʠ. 

ʋ ʢʘʣʽʙʨʘʪʦʨʘʭ ʧʦʚʠʥʥʽ ʙʫʪʠ ʚʤʦʥʪʦʚʘʥʽ ʤʽʨʘ ʥʘʧʨʫʛʠ ʪʘ (ʘʙʦ) ʤʽʨʘ ʦʧʦʨʫ ʜʣʷ 

ʧʨʦʚʝʜʝʥʥʷ ʩʘʤʦʢʘʣʽʙʨʫʚʘʥʥʷ. ɼʦʟʚʦʣʷʻʪʴʩʷ ʜʣʷ ʩʘʤʦʢʘʣʽʙʨʫʚʘʥʥʷ ʢʘʣʽʙʨʘʪʦʨʽʚ ʟ 

ʧʦʩʪʽʡʥʦʶ c < 0,002 ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʟʦʚʥʽʰʥʶ ʤʽʨʫ ʥʘʧʨʫʛʠ ʪʘ (ʘʙʦ) ʤʽʨʫ ʦʧʦʨʫ. 

ʈʝʢʦʤʝʥʜʦʚʘʥʘ ʧʝʨʽʦʜʠʯʥʽʩʪʴ ʩʘʤʦʢʘʣʽʙʨʫʚʘʥʥʷ ʢʘʣʽʙʨʘʪʦʨʽʚ ʟ ʧʦʩʪʽʡʥʦʶ c < 0,02 ï 

ʥʝ ʤʝʥʰʝ 2 ʛʦʜʠʥ. 

1.2.3. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʝʨʽʡʥʠʭ ʢʘʣʽʙʨʘʪʦʨʽʚ 

ʂʘʣʽʙʨʘʪʦʨʠ ʝʣʝʢʪʨʠʯʥʠʭ ʩʠʛʥʘʣʽʚ ʤʦʞʫʪʴ ʙʫʪʠ ʩʪʘʮʽʦʥʘʨʥʽ ʽ ʧʝʨʝʥʦʩʥʽ. 

ɼʝʪʘʣʴʥʦ ʨʦʟʛʣʷʥʫʪʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʪʘʮʽʦʥʘʨʥʦʛʦ ʢʘʣʽʙʨʘʪʦʨʘ CED7000 ʪʘ 

ʧʝʨʝʥʦʩʥʦʛʦ ʢʘʣʽʙʨʘʪʦʨʘ Fluke 726, ʪʦʤʫ ʱʦ ʚʦʥʠ ʤʘʶʪʴ ʚʠʩʢʦʢʫ ʪʦʯʥʽʩʪʴ ʽʤʽʪʘʮʽʾ 

ʝʣʝʢʪʨʠʯʥʠʭ ʩʠʛʥʘʣʽʚ ʪʘ ʤʘʶʪʴ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʚʠʢʦʨʠʩʪʘʥʥʷ  

ʅʘ ʨʠʩʫʥʢʫ 1.3 ʟʦʙʨʘʞʝʥʠʡ ʚʠʩʦʢʦʪʦʯʥʠʡ ʢʘʣʽʙʨʘʪʦʨ CED7000 [60]. 

 

ʈʠʩʫʥʦʢ 1.3 ï ɺʠʩʦʢʦʪʦʯʥʠʡ ʢʘʣʽʙʨʘʪʦʨ CED7000 
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ʂʘʣʽʙʨʘʪʦʨ ʤʦʜʝʣʽ CED7000 ʧʦʻʜʥʫʻ ʤʦʞʣʠʚʦʩʪʽ ʢʘʣʽʙʨʘʪʦʨʘ ʩʠʛʥʘʣʫ, 

ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʪʠʩʢʫ ʚ ʦʜʥʦʤʫ ʧʨʠʣʘʜʽ. ɿʘʚʜʷʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʣʘʙʦʨʘʪʦʨʥʦʛʦ 

ʧʨʠʣʘʜʫ, ʜʦʜʘʪʢʦʚʦʛʦ ʽʟʦʣʴʦʚʘʥʦʛʦ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʢʘʥʘʣʫ ʪʘ ʜʦʜʘʪʢʦʚʠʭ ʤʦʜʫʣʽʚ 

ʟʦʚʥʽʰʥʴʦʛʦ ʪʠʩʢʫ, CED7000 ʽʜʝʘʣʴʥʦ ʧʽʜʭʦʜʠʪʴ ʜʣʷ ʥʘʡʰʠʨʰʦʛʦ ʜʽʘʧʘʟʦʥʫ 

ʢʘʣʽʙʨʫʚʘʥʥʷ. CED7000 ʤʘʻ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʤʦʞʣʠʚʦʩʪʝʡ ʟʘʩʪʦʩʫʚʘʥʥʷ. ʁʦʛʦ ʤʦʞʥʘ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʢʘʣʽʙʨʫʚʘʥʥʷ ʚ ʧʨʦʤʠʩʣʦʚʦʩʪʽ (ʥʘ ʚʠʨʦʙʥʠʮʪʚʘʭ), ʘ ʪʘʢʦʞ ʫ 

ʣʘʙʦʨʘʪʦʨʽʷʭ ʪʘ ʽʥʩʪʠʪʫʪʘʭ. CED7000 ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʢʘʣʽʙʨʫʚʘʥʥʷ ʩʠʛʥʘʣʽʚ ʩʪʨʫʤʫ, 

ʥʘʧʨʫʛʠ ʪʘ ʦʧʦʨʫ. ɺ ʥʴʦʤʫ ʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʙʦʨʫ ʤʽʞ 13 ʨʽʟʥʠʤʠ ʪʝʨʤʦʧʘʨʘʤʠ ʪʘ 9 

ʨʽʟʥʠʤʠ ʪʝʨʤʦʧʝʨʝʪʚʦʨʶʚʘʯʘʤʠ ʦʧʦʨʫ. ɺʽʥ ʧʽʜʪʨʠʤʫʻ ʧʨʷʤʝ ʚʚʝʜʝʥʥʷ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʢʣʘʚʽʘʪʫʨʫ ʘʙʦ ʢʫʨʩʦʨʥʽ ʢʣʘʚʽʰʽ. ʂʘʣʽʙʨʘʪʦʨʦʤ CED7000 ʤʦʞʥʘ 

ʢʝʨʫʚʘʪʠ ʯʝʨʝʟ ʧʝʨʩʦʥʘʣʴʥʠʡ ʢʦʤʧôʶʪʝʨ (ʇʂ) ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʥʪʝʨʬʝʡʩʽʚ RS-232, 

IEEE-488 ʘʙʦ ʜʦʜʘʪʢʦʚʦʛʦ USB-ʟ'ʻʜʥʘʥʥʷ. 

ʊʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʘʣʽʙʨʘʪʦʨʘ CED7000 [60]: 

1) ɺʭʽʜ ʽ ʚʠʭʽʜ: 

¶  ɺʽʜʪʚʦʨʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʝʨʤʦʤʝʪʨʽʚ ʦʧʦʨʫ (ʊʆ) ï (RTD) Pt100 (385, 3926, 

3916), Pt200, Pt500, Pt1000, Ni120, Cu10, YSI 400; 

¶  ɺʽʜʪʚʦʨʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʝʨʤʦʧʘʨ ʟ ʥʦʤʽʥʘʣʴʥʠʤʠ ʩʪʘʪʠʯʥʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʝʨʝʪʚʦʨʝʥʥʷ (ʅʉʍ) ʪʠʧ̔ʚ B, C, E, J, K, L, N, R, S, T, U, XK, BP; 

¶  ɺʽʜʪʚʦʨʝʥʥʷ ʩʠʛʥʘʣʽʚ ʥʘʧʨʫʛʠ ï DC 0 ... 100 ɺ; 

¶  ɺʽʜʪʚʦʨʝʥʥʷ ʩʠʛʥʘʣʽʚ ʩʪʨʫʤʫ ï DC 0 ... 100 ʤɸ (ʚʠʭʽʜ) ʽ DC 0 ... 50 ʤɸ (ʚʭʽʜ); 

¶  ɺʽʜʪʚʦʨʝʥʥʷ ʦʧʦʨʫ ï 0 ... 4000 ʆʤ. 

2) ɽʢʩʧʣʫʘʪʘʮʽʡʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: 

¶  ʯʘʩ ʚʩʪʘʥʦʚʣʝʥʥʷ ï ʤʝʥʰʝ 5 ʩʝʢʫʥʜ; 

¶  ʯʘʩ ʨʦʟʽʛʨʽʚʫ ï 30 ʭʚʠʣʠʥ. 

3) ʅʘʧʨʫʛʘ ʞʠʚʣʝʥʥʷ: 

¶  ʞʠʚʣʝʥʥʷ ï ʟʤʽʥʥʠʡ ʩʪʨʫʤ 100 ... 240 ɺ, 47 ... 63 ɻʮ; 

¶  ʩʧʦʞʠʚʘʥʘ ʧʦʪʫʞʥʽʩʪʴ ï ʤʘʢʩ. 15 VA. 

4) ɼʦʧʫʩʪʠʤʽ ʫʤʦʚʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ: 

¶  ʨʦʙʦʯʘ ʪʝʤʧʝʨʘʪʫʨʘ ï 0 ... 50 Á C; 

¶  ʪʝʤʧʝʨʘʪʫʨʘ ʟʙʝʨʽʛʘʥʥʷ ï -20...+70 Á C; 
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¶  ʪʝʤʧʝʨʘʪʫʨʘ ʢʘʣʽʙʨʫʚʘʥʥʷ (Tcal) ï 18 ... 28 Á C; 

¶  ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ï 10% ʚʽʜ ʚʩʪʘʥʦʚʣʝʥʦʾ ʪʦʯʥʦʩʪʽ ʧʽʜ ʯʘʩ 

ʢʘʣʽʙʨʫʚʘʥʥʷ ʥʘ ʢʦʞʝʥ ÁC ʧʦʟʘ ʤʝʞʘʤʠ ʪʝʤʧʝʨʘʪʫʨʠ ʢʘʣʽʙʨʫʚʘʥʥʷ. 

5) ɺʽʜʥʦʩʥʘ ʚʦʣʦʛʽʩʪʴ: 

¶  ʇʽʜ ʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽ ʾï ʥʝ ʙʽʣʴʰʝ 80% ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ 30ÁC, ʥʝ ʙʽʣʴʰʝ 70% ʜʦ 

ʪʝʤʧʝʨʘʪʫʨʠ 40Á C, ʥʝ ʙʽʣʴʰʝ 40% ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ 50 ÁC; 

¶  ʇʽʜ ʯʘʩ ʟʙʝʨʽʛʘʥʥʷ ï 0...95% ʚʽʜʥʦʩʥʦʾ ʚʦʣʦʛʦʩʪʽ (ʙʝʟ ʢʦʥʜʝʥʩʘʮʽʾ). 

6) ɯʥʪʝʨʬʝʡʩʠ ʟʚ'ʷʟʢʫ ï RS-232, IEEE-488 (GPIB). 

7) ʄʘʩʦ-ʛʘʙʘʨʠʪʥʽ ʧʦʢʘʟʥʠʢʠ: 

¶  ʨʦʟʤʽʨʠ 48,3 ʭ 17,7 ʭ 27,9 ʩʤ (19,0 ʭ 7,0 ʭ 11,0 ʜʶʡʤʘ); 

¶  ʚʘʛʘ 4 ʢʛ (8,82 ʬʫʥʪʘ). 

ʄʝʪʨʦʣʦʛʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʠʩʦʢʦʪʦʯʥʦʛʦ ʢʘʣʽʙʨʘʪʦʨʘ ʧʨʦʮʝʩʫ CED7000 

ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ 1.1. 

ʅʘ ʨʠʩʫʥʢʫ 1.4 ʥʘʚʝʜʝʥʠʡ ʧʨʝʮʠʟʽʡʥʠʡ ʙʘʛʘʪʦʢʘʥʘʣʴʥʠʡ ʢʘʣʽʙʨʘʪʦʨ Fluke 726 

[61].  

 

ʊʘʙʣʠʮʷ 1.1 ï ʄʝʪʨʦʣʦʛʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʠʩʦʢʦʪʦʯʥʦʛʦ ʢʘʣʽʙʨʘʪʦʨʘ CED7000 

ʊʠʧ ʩʠʛʥʘʣʫ ɼʽʘʧʘʟʦʥ ʊʦʯʥʽʩʪʴ, % ʈʦʟʜʽʣʴʥʘ ʟʜʘʪʥʽʩʪʴ 

 

ʅʘʧʨʫʛʘ 

0 ï 100 ʤɺ 0.0025 1 Õɺ 

0 ï 1 ɺ 0,0025 10 Õɺ 

0 ï 10 ɺ 0,0025 100 Õɺ 

0 ï 100 ɺ 0,0025 1 ʤɺ 

ʉʪʨʫʤ 0 ï 100 ʤɸ 0,004 1 ÕA 

ʆʧʽʨ 5 ï 400 ʆʤ 0,012 0,001 Õ 

5 ï 4 ʢʆʤ 0,25 0,01 Õ 

 

ʇʨʝʮʠʟʽʡʥʠʡ ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʠʡ ʢʘʣʽʙʨʘʪʦʨ Fluke 726 ʨʦʟʨʦʙʣʝʥʠʡ 

ʩʧʝʮʽʘʣʴʥʦ ʜʣʷ ʦʙʨʦʙʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʽ ʟʘʙʝʟʧʝʯʫʻ ʰʠʨʦʢʫ ʟʦʥʫ ʜʽʾ, ʧʦʪʫʞʥʽ 

ʤʦʞʣʠʚʦʩʪʽ ʢʘʣʽʙʨʫʚʘʥʥʷ ʽ ʥʝʧʝʨʝʚʝʨʰʝʥʫ ʪʦʯʥʽʩʪʴ. Fluke 726 ʤʦʞʝ ʚʠʤʽʨʶʚʘʪʠ, 

ʛʝʥʝʨʫʚʘʪʠ ʽ ʢʘʣʽʙʨʫʚʘʪʠ ʧʨʘʢʪʠʯʥʦ ʙʫʜʴ-ʷʢʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʘʨʘʤʝʪʨʠ. Fluke 726 

ʜʦʟʚʦʣʷʻ ʽʥʪʝʨʧʨʝʪʫʚʘʪʠ ʨʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʶʚʘʥʴ ʙʝʟ ʜʦʧʦʤʦʛʠ ʢʘʣʴʢʫʣʷʪʦʨʘ, ʘ ʪʘʢʦʞ 

ʟʙʝʨʽʛʘʪʠ ʜʘʥʽ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʘʥʘʣʽʟʫ. 
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ʈʠʩʫʥʦʢ 1.4 ï ʇʨʝʮʠʟʽʡʥʠʡ ʙʘʛʘʪʦʢʘʥʘʣʴʥʠʡ ʢʘʣʽʙʨʘʪʦʨ Fluke 726 

 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʘʣʽʙʨʘʪʦʨʘ Fluke 726 [6]: 

¶ ʊʝʤʧʝʨʘʪʫʨʘ ʟʙʝʨʽʛʘʥʥʷ: -20 Á C ʜʦ +71 Á C; 

¶ ʈʦʙʦʯʘ ʪʝʤʧʝʨʘʪʫʨʘ: ʚʽʜ -10 ÁC ʜʦ +55 ÁC; 

¶ ɺʽʜʥʦʩʥʘ ʚʦʣʦʛʽʩʪʴ: 90% (ʚʽʜ +10 Áʉ ʜʦ +30 Áʉ); 75% (ʚʽʜ +30 ÁC ʜʦ +40 ÁC); 45% 

(ʚʽʜ +40 Áʉ ʜʦ +50 Áʉ); 35% (ʚʽʜ +50 Áʉ ʜʦ +55 Áʉ); 

¶ ɿʘ ʙʝʟʧʝʯʥʽʩʪʶ ʚʽʜʧʦʚʽʜʘʻ ʚʠʤʦʛʘʤ ʥʦʨʤʘʪʠʚʥʠʭ ʜʦʢʫʤʝʥʪʽʚ: CSA C22.2 ˉ 

1010.1: 1992; EMC: EN50082-1: 1992 ʪʘ EN55022: 1994 ʢʣʘʩ B; 

¶ ʈʦʟʤʽʨʠ (HxWxD): 200 ʤʤ x 96 ʤʤ ʭ 47 ʤʤ; (7,9 x 3,8 x 1,9 in); 

¶ ɺʘʛʘ: 650 ʛ (23 ʫʥʮʽʾ); 

¶ ɹʘʪʘʨʝʷ: ʯʦʪʠʨʠ ʣʫʞʥʽ ʙʘʪʘʨʝʡʢʠ ʪʠʧʫ AA; 

¶ ʊʝʨʤʽʥ ʩʣʫʞʙʠ ʙʘʪʘʨʝʾ: 25 ʛʦʜʠʥ ʪʠʧʦʚʦ. 

ʄʝʪʨʦʣʦʛʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʝʮʠʟʽʡʥʦʛʦ ʙʘʛʘʪʦʢʘʥʘʣʴʥʦʛʦ ʢʘʣʽʙʨʘʪʦʨʘ Fluke 

726 ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ 1.2. 

 

ʊʘʙʣʠʮʷ 1.2 ï ʄʝʪʨʦʣʦʛʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʝʮʠʟʽʡʥʦʛʦ ʙʘʛʘʪʦʢʘʥʘʣʴʥʦʛʦ 

ʢʘʣʽʙʨʘʪʦʨʘ ʧʨʦʮʝʩʫ Fluke 726 

ʊʠʧ ʩʠʛʥʘʣʫ ɼʽʘʧʘʟʦʥ ʊʦʯʥʽʩʪʴ ʈʦʟʜʽʣʴʥʘ ʟʜʘʪʥʽʩʪʴ 

 

ʅʘʧʨʫʛʘ 

0 ï 100 ʤɺ 0,01 % 0,01 ʤɺ 

0 ï 20 ɺ (ʚʽʜʪʚʦʨʝʥʥʷ) 0,01 % 0,01 ɺ 

0 ï 30 ɺ (ʚʠʤʽʨʶʚʘʥʥʷ) 0,01 % 0,01 ɺ 

ʉʪʨʫʤ 0 ï 24 ʤɸ 0,01 % 0,001 ʤɸ 

ʆʧʽʨ 5 ï 4000 ʆʤ 0,015 % ʚʽʜ 0,01 ʆʤ ʜʦ 0,1 ʆʤ 
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1.3. ɸʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʽʚ ʧʦʙʫʜʦʚʠ ʢʘʣʽʙʨʘʪʦʨʽʚ ʥʘʧʨʫʛʠ ʧʦʩʪʽʡʥʦʛʦ 

ʩʪʨʫʤʫ 

ɼʣʷ ʧʝʨʝʚʽʨʢʠ ʤʝʪʨʦʣʦʛʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʘʩʦʙʽʚ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʪʝʭʥʽʢʠ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩ ̫ʦʜʥʦʟʥʘʯʥʽ ʪʘ ʙʘʛʘʪʦʟʥʘʯʥʽ (ʢʘʣʽʙʨʘʪʦʨʠ) ʟʨʘʟʢʦʚʽ ʤʽʨʠ ʥʘʧʨʫʛʠ 

ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ. ʆʜʥʦʟʥʘʯʥʽ ʤʽʨʠ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʚʽʜʪʚʦʨʝʥʥʷ ʪʽʣʴʢʠ ʦʜʥʦʛʦ 

ʟʥʘʯʝʥʥʷ ʟʨʘʟʢʦʚʦʾ ʥʘʧʨʫʛʠ, ʥʘʧʨʠʢʣʘʜ, ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽ ʩʪʘʙʽʣʽʪʨʦʥʠ, ʥʦʨʤʘʣʴʥʽ 

ʝʣʝʤʝʥʪʠ ʪʘ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽ ʤʽʨʠ ʥʘʧʨʫʛʠ ʥʘ ʦʩʥʦʚʽ ʟʘʙʦʨʦʥʝʥʦʾ ʰʠʥʠ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ [62-64]. ɿʥʘʯʝʥʥʷ ʝ.ʨ.ʩ. ʥʦʨʤʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʤʝʞʘʭ 

1,0185-1,0196 ɺ. ɿʥʘʯʝʥʥʷ ʥʘʧʨʫʛʠ ʩʪʘʙʽʣʽʟʘʮʽʾ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʩʪʘʙʽʣʽʪʨʦʥʽʚ 

ʤʦʞʝ ʙʫʪʠ ʚʽʜ 3,3 ʜʦ 100 ɺ. ɼʣʷ ʚʽʜʪʚʦʨʝʥʥʷ ʙʽʣʴʰʦʛʦ ʟʥʘʯʝʥʥʷ ʥʘʧʨʫʛʠ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʦʩʣʽʜʦʚʥʦ ʟôʻʜʥʘʥʽ ʦʜʥʦʟʥʘʯʥʽ ʤʽʨʠ ʘʙʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʦʜʘʪʢʦʚʝ 

ʧʽʜʩʠʣʝʥʥʷ ʟʨʘʟʢʦʚʦʾ ʥʘʧʨʫʛʠ (ʨʠʩʫʥʦʢ 1.5). 

 

ʈʠʩʫʥʦʢ 1.5 ï ɹʘʛʘʪʦʟʥʘʯʥʘ ʤʽʨʘ ʥʘʧʨʫʛʠ ʥʘ: ʘ) ʧʦʩʣʽʜʦʚʥʦ ʟôʻʜʥʘʥʠʭ ʦʜʥʦʟʥʘʯʥʠʭ 

ʟʨʘʟʢʦʚʠʭ ʤʽʨʘʭ; ʙ) ʟ ʜʦʜʘʪʢʦʚʠʤ ʧʽʜʩʠʣʝʥʥʷʤ 

 

ʇʨʠ ʧʦʩʣʽʜʦʚʥʦ ʟôʻʜʥʘʥʠʭ ʦʜʥʦʟʥʘʯʥʠʭ ʟʨʘʟʢʦʚʠʭ ʤʽʨʘʭ, ʚʠʭʽʜʥʽ ʟʨʘʟʢʦʚʽ 

ʟʥʘʯʝʥʥʷ ʝ.ʨ.ʩ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ (1.3), ʘ ʟʥʘʯʝʥʥʷ ʚʠʭʽʜʥʦʾ ʟʨʘʟʢʦʚʦʾ ʥʘʧʨʫʛʠ 

ʟ ʜʦʜʘʪʢʦʚʠʤ ʧʽʜʩʠʣʝʥʥʷʤ ʟʘ ʬʦʨʤʫʣʦʶ (1.4): 

 ä=
n

iɺʀʍ EE
1

 (1.3) 

 
2

21
10

R

RR
EU

+
Ö=  (1.4) 

ʜʝ ʽ ï ʧʦʨʷʜʢʦʚʠʡ ʥʦʤʝʨ ʦʜʥʦʟʥʘʯʥʦʾ ʤʽʨʠ; 

n ï ʢʽʣʴʢʽʩʪʴ ʚʠʙʨʘʥʠʭ ʦʜʥʦʟʥʘʯʥʠʭ ʤʽʨ; 
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ɽ ï ʟʥʘʯʝʥʥʷ ʝ.ʨ.ʩ. ʦʜʥʦʟʥʘʯʥʦʾ ʤʽʨʠ; 

R1 i R2 ï ʟʥʘʯʝʥʥʷ ʦʧʦʨʫ ʨʝʟʠʩʪʦʨʽʚ. 

ɼʣʷ ʪʦʛʦ ʱʦʙ ʚʽʜʪʚʦʨʠʪʠ ʤʝʥʰʝ ʟʥʘʯʝʥʷ ʟʨʘʟʢʦʚʦʾ ʥʘʧʨʫʛʠ ʚʽʜ ʥʘʧʨʫʛʠ 

ʦʜʥʦʟʥʘʯʥʦʾ ʤʽʨʠ ʟʘʩʪʦʩʦʚʫʶʪʴ ʧʦʜʽʣʴʥʠʢ ʥʘʧʨʫʛʠ (ʨʠʩʫʥʦʢ 1.6). ɺʠʭʽʜʥʘ ʥʘʧʨʫʛʘ 

ʤʽʨʠ ʥʘʧʨʫʛʠ ʟ ʨʝʟʠʩʪʠʚʥʠʤ ʧʦʜʽʣʴʥʠʢʦʤ ʜʦʨʽʚʥʶʻ: 

 
K

U
Uɺʀʍ

0=  (1.5) 

ʜʝ 
2

21

R

RR
K

+
=  ï ʢʦʝʬʽʮʽʻʥʪ ʜʽʣʝʥʥʷ ʨʝʟʠʩʪʠʚʥʦʛʦ ʧʦʜʽʣʴʥʠʢʘ ʥʘʧʨʫʛʠ. 

ʐʠʨʦʢʘ ʦʙʣʘʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʘʩʦʙʽʚ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʪʝʭʥʽʢʠ ʫ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʚʠʤʘʛʘʻ ʨʦʟʨʦʙʣʝʥʥʷ ʟʘʩʦʙʽʚ ʪʘ ʤʝʪʦʜʽʚ ʘʚʪʦʤʘʪʠʯʥʦʾ ʧʝʨʝʚʽʨʢʠ 

ʤʝʪʨʦʣʦʛʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʆʩʥʦʚʥʠʤ ʚʫʟʣʦʤ ʚ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʤʝʪʨʦʣʦʛʽʯʥʠʭ 

ʩʠʩʪʝʤʘʭ ʧʝʨʝʚʽʨʢʠ ʻ ʢʦʜʦʢʝʨʦʚʘʥʽ ʙʘʛʘʪʦʟʥʘʯʥʽ ʤʽʨʠ ʥʘʧʨʫʛʠ (ʢʘʣʽʙʨʘʪʦʨʠ). 

 

ʈʠʩʫʥʦʢ 1.6 ï ʇʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʤʽʨʠ ʥʘʧʨʫʛ ʟ ʨʝʟʠʩʪʠʚʥʠʤ ʧʦʜʽʣʴʥʠʢʦʤ 

 

ʅʘ ʨʠʩʫʥʢʫ 1.7 ʥʘʚʝʜʝʥʘ ʟʘʛʘʣʴʥʘ ʩʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʢʘʣʽʙʨʘʪʦʨʘ ʥʘʧʨʫʛʠ.  

 

ʈʠʩʫʥʦʢ 1.7 ï ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʢʘʣʽʙʨʘʪʦʨʘ ʥʘʧʨʫʛʠ 

 

ʂʣʶʯʦʚʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʢʘʣʽʙʨʘʪʦʨʽʚ ʥʘʧʨʫʛʠ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ [65, 66] ʻ 

ʜʞʝʨʝʣʦ ʟʨʘʟʢʦʚʦ ʾ ʥʘʧʨʫʛʠ (ɼɿʅ), ʢʦʜʦʢʝʨʦʚʘʥʠʡ ʧʦʜʽʣʴʥʠʢ ʥʘʧʨʫʛʠ (ʂʇʅ), 

ʚʠʭʽʜʥʠʡ ʤʘʩʰʪʘʙʥʠʡ ʧʝʨʝʪʚʦʨʶʚʘʯ (ɺʄʇ) ʽ ʧʨʠʩʪʨʽʡ ʢʝʨʫʚʘʥʥʷ (ʇʂ). ʂʘʣʽʙʨʘʪʦʨʠ 
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ʥʘʧʨʫʛʠ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʤʦʞʥʘ ʧʦʜʽʣʠʪʠ ʟʘ ʪʠʧʦʤ ʧʦʙʫʜʦʚʠ ʢʦʜʦʢʝʨʦʚʘʥʦʛʦ 

ʧʦʜʽʣʴʥʠʢʘ ʥʘʧʨʫʛʠ ʥʘ ʪʘʢʽ ʛʨʫʧʠ: ʟ ʨʝʟʠʩʪʠʚʥʠʤ ʂʇʅ; ʟ ʰʠʨʦʪʥʦ-ʽʤʧʫʣʴʩʥʠʤ ʂʇʅ; 

ʟ ʽʥʜʫʢʪʠʚʥʠʤ ʧʦʜʽʣʴʥʠʢʦʤ ʥʘʧʨʫʛʠ; ʟ ʢʦʤʙʽʥʦʚʘʥʠʤʠ ʩʪʨʫʢʪʫʨʘʤʠ. 

ɺ ʨʝʟʠʩʪʠʚʥʠʭ ʂʇʅ ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʜʘʯʽ m ʬʦʨʤʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʽʜʧʦʚʽʜʥʦʾ 

ʢʦʤʫʪʘʮʽʾ ʨʝʟʠʩʪʦʨʽʚ. ʆʩʥʦʚʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʪʘʢʠʭ ʧʦʜʽʣʴʥʠʢʽʚ ʻ ʢʣʶʯʽ ʪʘ ʟʨʘʟʢʦʚʽ 

ʨʝʟʠʩʪʠʚʥʽ ʝʣʝʤʝʥʪʠ. ɯʩʥʫʻ ʙʘʛʘʪʦ ʨʽʟʥʠʭ ʩʭʝʤ ʨʝʟʠʩʪʠʚʥʠʭ ʂʇʅ, ʘʣʝ 

ʥʘʡʧʦʰʠʨʝʥʽʰʠʤʠ ʻ ʨʝʟʠʩʪʠʚʥʽ ʧʦʜʽʣʴʥʠʢʠ, ʷʢʽ ʧʦʙʫʜʦʚʘʥʽ ʥʘ ʟôʻʜʥʘʥʥʽ ʨʝʟʠʩʪʠʚʥʠʭ 

ʤʘʪʨʠʮʴ ʧʦʩʣʽʜʦʚʥʦ ʪʠʧʫ Rï2R ʘʙʦ Rï2Rï2Rï4R. ʇʝʨʰʘ ʨʝʟʠʩʪʠʚʥʘ ʤʘʪʨʠʮʷ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʜʚʽʡʢʦʚʦʛʦ ʢʦʜʫ ʢʝʨʫʚʘʥʥʷ, ʘ ʜʨʫʛʘ ï ʜʣʷ ʜʚʽʡʢʦʚʦ-ʜʝʩʷʪʢʦʚʦʛʦ 

ʢʦʜʫ. ʂʦʜʦʢʝʨʦʚʘʥʽ ʧʦʜʽʣʴʥʠʢʠ ʥʘʧʨʫʛʠ, ʷʢʽ ʧʦʙʫʜʦʚʘʥʽ ʥʘ ʮʠʭ ʨʝʟʠʩʪʠʚʥʠʭ 

ʤʘʪʨʠʮʷʭ, ʟʘʙʝʟʧʝʯʫʶʪʴ ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʜʘʯʽ ʚʽʜ 0 ʜʦ 1. ʇʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʚʽʡʢʦʚʦ-ʜʝʩʷʪʢʦʚʦʛʦ ʂʇʅ ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩʫʥʢʫ 1.8,ʘ, ʘ ʜʚʽʡʢʦʚʦʛʦ 

ʧʦʜʽʣʴʥʠʢʘ ï ʥʘ ʨʠʩʫʥʢʫ 1.8,ʙ.  

 

 

ʈʠʩʫʥʦʢ 1.8 ï ʉʭʝʤʠ ʂʇʅ ʟ ʨʝʟʠʩʪʠʚʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ: ʘ) ï ʟ ʧʦʜʽʣʴʥʠʢʦʤ Rï2Rï

2Rï4R ʪʘ ʟ ʤʘʪʨʠʮʝʶ Rï2R 
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ʂʦʝʬʽʮʽʻʥʪ ʧʝʨʝʜʘʯʽ ʜʚʽʡʢʦʚʦ-ʜʝʩʷʪʢʦʚʦʛʦ ʂʇʅ m ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʭʽʜʥʦʛʦ ʢʦʜʫ 

ʢʝʨʫʚʘʥʥʷ ʽ ʦʧʠʩʫʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤ: 

 ää
= =

--Ö=m
M

1l

N

1j

M1l
lJj 10ba  (1.6) 

ʜʝ ja  ï ʚʘʛʦʚʝ ʟʥʘʯʝʥʥʷ ʦʧʦʨʫ ʚʽʜʧʦʚʽʜʥʦʛʦ ʨʝʟʠʩʪʦʨʘ ʜʚʽʡʢʦʚʦ-ʜʝʩʷʪʢʦʚʦʾ ʤʘʪʨʠʮʽ; 

ljb  ï ʢʦʝʬʽʮʽʻʥʪ, ʟʥʘʯʝʥʥʷ ʷʢʦʛʦ ʜʦʨʽʚʥʶʻ ñ0ò ʘʙʦ ñ1ò; 

j ï ʥʦʤʝʨ ʨʝʟʠʩʪʦʨʘ ʜʚʽʡʢʦʚʦ-ʜʝʩʷʪʢʦʚʦʾ ʤʘʪʨʠʮʽ; 

l ï ʥʦʤʝʨ ʜʝʩʷʪʢʦʚʦʛʦ ʨʦʟʨʷʜʫ; 

N ï ʢʽʣʴʢʽʩʪʴ ʜʚʽʡʢʦʚʠʭ ʨʦʟʨʷʜʽʚ; 

Mï ʢʽʣʴʢʽʩʪʴ ʜʝʩʷʪʢʦʚʠʭ ʨʦʟʨʷʜʽʚ. 

ɼʚʽʡʢʦʚʦ-ʜʝʩʷʪʢʦʚʽ ʨʝʟʠʩʪʠʚʥʽ ʤʘʪʨʠʮʽ ʥʘʡʢʨʘʱʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚ 

ʢʘʣʽʙʨʘʪʦʨʘʭ ʥʘʧʨʫʛʠ ʟ ʨʫʯʥʠʤ ʢʝʨʫʚʘʥʥʷʤ. ʂʦʝʬʽʮʽʻʥʪ ʧʝʨʝʜʘʯʽ ʂʇʅ ʟ ʜʚʽʡʢʦʚʠʤ 

ʢʦʜʦʤ ʢʝʨʫʚʘʥʥʷ ʜʦʨʽʚʥʶʻ: 

 ä
=

--Ö=
N

i

Ni

ib
1

12m  (1.7) 

ʐʠʨʦʪʥʦ-ʽʤʧʫʣʴʩʥʠʡ ʂʇʅ ʻ ʥʘʡʧʨʦʩʪʽʰʠʤ ʧʦʜʽʣʴʥʠʢʦʤ ʥʘʧʨʫʛʠ (ʨʠʩʫʥʦʢ 1.9), 

ʷʢʠʡ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʢʦʜʦ-ʽʤʧʫʣʴʩʥʦʛʦ ʢʣʶʯʘ ʽ RCïʬʽʣʴʪʨʘ. ɼʣʷ ʢʝʨʫʚʘʥʥʷ ʽʤʧʫʣʴʩʥʠʤ 

ʢʣʶʯʝʤ ʚʠʢʦʨʠʩʪʘʥʦ ʧʝʨʝʪʚʦʨʶʚʘʯ ʢʦʜ ï ʯʘʩ (ʇʂʏ). ʊʘʢʠʤ ʯʠʥʦʤ ʥʘ ʚʠʭʦʜʽ ʇʂʏ 

ʬʦʨʤʫʻʪʴʩʷ ʽʤʧʫʣʴʩ t ʧʨʦʧʦʨʮʽʡʥʠʡ ʟʥʘʯʝʥʥʶ ʚʭʽʜʥʦʛʦ ʢʦʜʫ N. 

ʊʘʢʦʞ ʚʽʜʦʤʽ, ʂʇʅ ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʪʠʧʫ [67-71], ʚ ʷʢʠʭ ʧʦʻʜʥʫʶʪʴʩʷ ʨʽʟʥʽ 

ʩʪʨʫʢʪʫʨʥʽ ʤʝʪʦʜʠ (ʨʠʩʫʥʦʢ 1.10). ʇʦʜʘʥʘ ʢʦʤʙʽʥʦʚʘʥʘ ʩʪʨʫʢʪʫʨʘ ʂʇʅ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʦʜʥʦʛʦ ʜʝʩʷʪʢʦʚʦʛʦ ʧʦʜʽʣʴʥʠʢʘ ʥʘʧʨʫʛʠ ʥʘ ʟʨʘʟʢʦʚʠʭ ʨʝʟʠʩʪʦʨʘʭ ʟ ʨʽʚʥʠʤʠ 

ʟʥʘʯʝʥʥʷʤʠ ʦʧʦʨʫ R01éR010. ɼʣʷ ʬʦʨʤʫʚʘʥʥʷ ʚʠʭʽʜʥʦʾ ʥʘʧʨʫʛʠ ʚʠʢʦʨʠʩʪʘʥʽ ʦʢʨʝʤʽ 

ʢʦʤʫʪʘʪʦʨʠ ʜʣʷ ʢʦʞʥʦʛʦ ʨʦʟʨʷʜʫ S1éSN. ɺʠʭʽʜʥʘ ʥʘʧʨʫʛʘ ʢʦʞʥʦʛʦ ʢʦʤʫʪʘʪʦʨʘ 

ʧʦʩʪʫʧʘʻ ʥʘ ʚʭʽʜ ʦʧʝʨʘʮʽʡʥʠʭ ʧʽʜʩʠʣʶʚʘʯʽʚ DA1.1éDA1.N, ʚʠʭʽʜʥʘ ʥʘʧʨʫʛʘ ʷʢʠʭ 

ʧʽʜʩʫʤʦʚʫʻʪʴʩʷ ʥʘ ʩʫʤʘʪʦʨʽ ʷʢʠʡ ʧʦʙʫʜʦʚʘʥʠʡ ʥʘ ʦʧʝʨʘʮʽʡʥʦʤʫ ʧʽʜʩʠʣʶʚʘʯʽ DA2 ʽʟ 

ʚʭʽʜʥʠʤʠ ʨʝʟʠʩʪʦʨʘʤʠ R1éRN ʽ ʧʽʜʩʫʤʦʚʫʚʘʣʴʥʠʤ ʨʝʟʠʩʪʦʨʦʤ RS. 
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ʈʠʩʫʥʦʢ 1.9 ï ʂʇʅ ʟ ʰʠʨʦʪʥʦ-ʽʤʧʫʣʴʩʥʠʤ ʧʝʨʝʪʚʦʨʝʥʥʷʤ: 

ʘ) ʩʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ; ʙ) ʯʘʩʦʚʘ ʜʽʘʛʨʘʤʘ ʨʦʙʦʪʠ ʽʤʧʫʣʴʩʥʦʛʦ ʧʦʜʽʣʴʥʠʢʘ 

 

ʈʠʩʫʥʦʢ 1.10 ï ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʂʇʅ ʟ ʢʦʤʙʽʥʦʚʘʥʦʶ ʩʭʝʤʦʶ 

 

ɿʥʘʯʝʥʥʷ ʚʠʭʽʜʥʦʾ ʥʘʧʨʫʛʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟ ʚʠʨʘʟʫ: 

 ( )ä
=

-ÖÖ=
max

1

0 10
N

N

N

Nɺʀʍ nUU  (1.10) 

ʜʝ, U0 ï ʟʥʘʯʝʥʥʷ ʟʨʘʟʢʦʚʦʾ ʚʭʽʜʥʦʾ ʥʘʧʨʫʛʠ; 
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n=0é10 ï ʧʦʣʦʞʝʥʥʷ ʢʦʤʫʪʘʪʦʨʘ ʚʽʜʧʦʚʽʜʥʦʛʦ ʨʦʟʨʷʜʫ; 

N ï ʢʽʣʴʢʽʩʪʴ ʜʝʩʷʪʢʦʚʠʭ ʨʦʟʨʷʜʽʚ. 

ɺʽʜʧʦʚʽʜʥʦ ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʜʘʯʽ ʂʇʅ ʟ ʢʦʤʙʽʥʦʚʘʥʦʶ ʩʭʝʤʦʶ ʜʦʨʽʚʥʶʻ: 

 ( )ä
=

-Ö=
max

1

10
N

N

N

Nnm  (1.11) 

 

1.4. ɸʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʽʚ ʧʦʙʫʜʦʚʠ ʽʤʽʪʘʪʦʨʽʚ ʦʧʦʨʫ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ 

ʊʨʘʜʠʮʽʡʥʠʤʠ ʢʝʨʦʚʘʥʠʤʠ ʤʘʛʘʟʠʥʘʤʠ ʦʧʦʨʫ ʂʄʆ ʻ ʤʘʛʘʟʠʥʠ ʦʧʦʨʫ, 

ʧʦʙʫʜʦʚʘʥʽ ʥʘ ʦʩʥʦʚʽ ʢʦʤʫʪʫʚʘʥʥʷ ʨʝʟʠʩʪʦʨʽʚ [72, 73]. ʄʝʪʨʦʣʦʛʽʯʥʽ ʧʘʨʘʤʝʪʨʠ ʤʽʨ 

ʦʧʦʨʫ ʚʠʟʥʘʯʘʶʪʴʩʷ ʷʢʽʩʪʶ ʢʦʤʫʪʘʮʽʡʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʦʩʢʽʣʴʢʠ ʦʜʠʥʠʮʷ ʤʦʣʦʜʰʦʛʦ 

ʨʦʟʨʷʜʫ ʪʘ ʜʠʬʝʨʝʥʮʽʡʥʘ ʥʝʣʽʥʽʡʥʽʩʪʴ ʢʦʜʦʢʝʨʦʚʘʥʦʛʦ ʤʘʛʘʟʠʥʫ ʦʧʦʨʫ ʚʠʟʥʘʯʘʶʪʴʩʷ 

ʦʧʦʨʘʤʠ ʟʘʤʢʥʝʥʠʭ ʢʣʶʯʽʚ, ʘ ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʚʽʜʪʚʦʨʶʚʘʥʦʛʦ ʦʧʦʨʫ ʟʘʣʝʞʠʪʴ 

ʚʽʜ ʦʧʦʨʫ ʽʟʦʣʷʮʽʾ ʨʦʟʽʤʢʥʝʥʠʭ ʢʣʶʯʽʚ. ɿʽ ʟʙʽʣʴʰʝʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʨʦʟʨʷʜʽʚ ʂʄʆ 

ʟʨʦʩʪʘʶʪʴ ʚʠʤʦʛʠ ʜʦ ʷʢʦʩʪʽ ʢʣʶʯʽʚ. ʆʜʠʥʠʮʷ ʤʦʣʦʜʰʦʛʦ ʨʦʟʨʷʜʫ, ʚ ʙʘʛʘʪʦʟʥʘʯʥʦʤʫ 

ʢʣʘʩʠʯʥʦʤʫ ʤʘʛʘʟʠʥʽ, ʟʘʣʝʞʠʪʴ ʚʽʜ ʟʥʘʯʝʥʥʷ ʦʧʦʨʫ rk ʟʘʤʢʥʝʥʠʭ ʢʣʶʯʽʚ ʪʘ ʚʽʜ ʾʭ 

ʢʽʣʴʢʦʩʪʽ. ɼʣʷ ʥʘʡʷʢʽʩʥʽʰʠʭ ʨʪʫʪʥʠʭ ʨʝʣʝʡʥʠʭ ʢʦʤʫʪʘʪʦʨʽʚ ʟʥʘʯʝʥʥʷ ʦʧʦʨʫ 

ʟʘʤʢʥʝʥʠʭ ʢʣʶʯʽʚ ʥʝ ʤʦʞʝ ʙʫʪʠ ʤʝʥʰʦʶ ʟʘ 0,1 ʆʤ. ɺʝʨʭʥʷ ʤʝʞʘ ʚʽʜʪʚʦʨʶʚʘʥʠʭ 

ʦʧʦʨʽʚ ʦʙʤʝʞʫʻʪʴʩʷ ʟʥʘʯʝʥʥʷʤ ʦʧʦʨʫ ʽʟʦʣʷʮʽʾ ʢʣʶʯʽʚ ʽ ʜʣʷ ʤʘʛʘʟʠʥʽʚ ʦʧʦʨʫ ʢʣʘʩʫ 

ʪʦʯʥʦʩʪʽ 0,1% ʥʝ ʧʝʨʝʚʠʱʫʻ 107 ʆʤ. ʂʣʘʩʠʯʥʽ ʤʘʛʘʟʠʥʠ ʟ ʢʣʶʯʘʤʠ ʥʘ ʙʽʧʦʣʷʨʥʠʭ 

ʪʨʘʥʟʠʩʪʦʨʘʭ ʤʘʶʪʴ ʙʽʣʴʰʫ ʦʜʠʥʠʮʶ ʤʦʣʦʜʰʦʛʦ ʨʦʟʨʷʜʫ (100 ʆʤ) ʽ ʧʦʯʘʪʢʦʚʫ 

ʥʘʧʨʫʛʫ, ʤʝʥʰʠʡ ʜʽʘʧʘʟʦʥ ʚʽʜʪʚʦʨʝʥʥʷ ʦʧʦʨʫ ʽ ʩʫʪʪʻʚʦ ʩʢʣʘʜʥʽʰʫ ʩʭʝʤʫ ʢʝʨʫʚʘʥʥʷ, 

ʧʦʨʽʚʥʷʥʦ ʟ ʤʘʛʘʟʠʥʘʤʠ ʦʧʦʨʫ ʥʘ ʨʝʣʝʡʥʠʭ ʢʣʶʯʘʭ. ʆʜʠʥʠʮʷ ʤʦʣʦʜʰʦʛʦ ʨʦʟʨʷʜʫ ʚ 

ʤʘʛʘʟʠʥʘʭ ʦʧʦʨʫ ʟ ʢʣʶʯʘʤʠ ʥʘ ʧʦʣʴʦʚʠʭ ʪʨʘʥʟʠʩʪʦʨʘʭ ʥʘʡʙʽʣʴʰʘ (1 ʢʆʤ), ʘʣʝ ʚ ʥʠʭ 

ʚʽʜʩʫʪʥʷ ʧʦʯʘʪʢʦʚʘ ʥʘʧʨʫʛʘ. ʉʫʪʪʻʚʠʤʠ ʥʝʜʦʣʽʢʘʤʠ ʤʘʛʘʟʠʥʽʚ ʦʧʦʨʫ ʻ ʚʝʣʠʢʘ 

ʢʽʣʴʢʽʩʪʴ ʨʽʟʥʦʥʦʤʽʥʘʣʴʥʠʭ ʨʝʟʠʩʪʦʨʽʚ ʽ ʚʝʣʠʢʠʡ ʧʦʯʘʪʢʦʚʠʡ ʦʧʽʨ. ʂʽʣʴʢʽʩʪʴ 

ʨʝʟʠʩʪʦʨʽʚ ʤʦʞʝ ʙʫʪʠ ʟʤʝʥʰʝʥʘ ʣʠʰʝ ʜʦ ʯʦʪʠʨʴʦʭ, ʧʨʠ ʜʚʦʭ ʥʦʤʽʥʘʣʘʭ ʤʘʩʰʪʘʙʥʠʭ 

ʨʝʟʠʩʪʦʨʽʚ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʣʘʥʦʢ, ʧʨʠʟʥʘʯʝʥʠʭ ʜʣʷ ʢʦʤʧʝʥʩʘʮʽʾ ʧʘʨʘʟʠʪʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʢʦʤʫʪʘʮʽʡʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʩʫʪʪʻʚʦ ʟʤʝʥʰʠʪʠ ʚʠʤʦʛʠ ʜʦ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʣʶʯʽʚ ʽ ʮʠʤ ʟʙʽʣʴʰʠʪʠ ʪʦʯʥʽʩʪʴ ʩʪʚʦʨʶʚʘʥʠʭ ʧʨʠʩʪʨʦʾʚ [74]. ʂʦʣʘ 
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ʢʦʤʧʝʥʩʘʮʽʾ ʨʝʘʣʽʟʫʶʪʴʩʷ ʚ ʦʩʥʦʚʥʦʤʫ ʟ ʜʦʧʦʤʦʛʦʶ ʦʧʝʨʘʮʽʡʥʠʭ ʧʽʜʩʠʣʶʚʘʯʽʚ. ʇʨʠ 

ʮʴʦʤʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʦʜʥʘ ʟ ʦʩʥʦʚʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʽʜʝʘʣʴʥʠʭ ʦʧʝʨʘʮʽʡʥʠʭ 

ʧʽʜʩʠʣʶʚʘʯʽʚ ʟʽ ʟʚʦʨʦʪʥʠʤʠ ʟʚôʷʟʢʘʤʠ ï ʧʨʘʢʪʠʯʥʘ ʨʽʚʥʽʩʪʴ ʧʦʪʝʥʮʽʘʣʽʚ ʦʙʦʭ ʡʦʛʦ 

ʚʭʦʜʽʚ. ʆʜʥʠʤ ʽʟ ʧʝʨʰʠʭ ʙʫʚ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʤʘʛʘʟʠʥ ʦʧʦʨʫ, ʷʢʠʡ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ 

ʦʩʥʦʚʥʠʭ ʜʝʢʘʜ ʦʜʥʦʥʦʤʽʥʘʣʴʥʠʭ ʨʝʟʠʩʪʦʨʽʚ, ʤʽʨʠ ʚʽʜʥʦʰʝʥʴ, ʧʦʚʪʦʨʶʚʘʯʽʚ ʩʪʨʫʤʫ 

ʪʘ ʥʘʧʨʫʛʠ. ʇʨʠʥʮʠʧ ʢʦʤʧʝʥʩʘʮʽʾ ʦʧʦʨʽʚ ʟʘʤʢʥʝʥʠʭ ʢʣʶʯʽʚ ʧʦʣʷʛʘʻ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʤʽʨʠ ʚʽʜʥʦʰʝʥʴ ʷʢ ʧʦʪʝʥʮʽʘʣʴʥʦʾ ʦʧʦʨʥʦʾ ʥʘʧʨʫʛʠ ʜʣʷ ʢʝʨʫʚʘʥʥʷ ʜʞʝʨʝʣʦʤ ʥʘʧʨʫʛʠ, 

ʷʢʝ ʡ ʚʠʨʽʚʥʶʻ ʩʧʘʜ ʥʘʧʨʫʛʠ ʥʘ ʦʩʥʦʚʥʽʡ ʜʝʢʘʜʽ ʪʘ ʤʽʨʽ ʚʽʜʥʦʰʝʥʴ [75, 76]. ʆʯʝʚʠʜʥʠʤ 

ʥʝʜʦʣʽʢʦʤ ʪʘʢʦʛʦ ʨʽʰʝʥʥʷ ʻ ʡʦʛʦ ʥʘʜʟʚʠʯʘʡʥʘ ʩʢʣʘʜʥʽʩʪʴ, ʦʩʢʽʣʴʢʠ ʚ ʦʜʥʽʡ ʜʝʢʘʜʽ 

ʤʘʛʘʟʠʥʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʚʘʜʮʷʪʴ ʪʦʯʥʠʭ ʨʝʟʠʩʪʦʨʽʚ ʪʘ ʜʚʘ ʧʨʝʮʠʟʽʡʥʠʭ 

ʦʧʝʨʘʮʽʡʥʠʭ ʧʽʜʩʠʣʶʚʘʯʽ. ʇʨʦʧʦʥʫʚʘʣʠʩʷ ʪʘʢʦʞ ʩʪʨʫʢʪʫʨʠ ʜʝʢʘʜ ʦʧʦʨʽʚ ʽʟ 

ʢʦʤʫʪʘʪʦʨʘʤʠ ʥʘ ʄɼʅ-ʪʨʘʥʟʠʩʪʦʨʘʭ ʽʟ ʢʦʤʧʝʥʩʘʮʽʻʶ ʨʦʟʢʠʜʫ ʧʘʨʘʤʝʪʨʽʚ 

ʪʨʘʥʟʠʩʪʦʨʽʚ, ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʭ ʪʘ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʧʦʭʠʙʦʢ ʤʘʩʰʪʘʙʥʠʭ ʨʝʟʠʩʪʦʨʽʚ . 

ʆʜʥʘʢ ʧʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʧʦʢʘʟʘʚ, ʱʦ ʢʦʤʧʝʥʩʘʮʽʶ ʤʦʞʥʘ ʟʜʽʡʩʥʠʪʠ ʪʽʣʴʢʠ ʧʨʠ 

ʧʝʚʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʜʦʚʢʽʣʣʷ ʪʘ ʧʨʠ ʧʝʚʥʦʤʫ ʟʥʘʯʝʥʥʽ ʩʪʨʫʤʫ ʜʝʢʘʜʠ. ʂʨʽʤ ʪʦʛʦ, ʯʝʨʝʟ 

ʬʽʟʠʯʥʽ ʦʙʤʝʞʝʥʥʷ ʄɼʅ-ʪʨʘʥʟʠʩʪʦʨʽʚ ʱʦʜʦ ʢʦʤʫʪʘʮʽʾ ʚʠʩʦʢʠʭ ʥʘʧʨʫʛ, ʨʦʟʛʣʷʥʫʪʘ 

ʩʪʨʫʢʪʫʨʘ ʥʝ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʘ ʜʣʷ ʧʦʙʫʜʦʚʠ ʰʠʨʦʢʦʜʽʘʧʘʟʦʥʥʦʾ ʂʄʆ. 

ʇʝʨʩʧʝʢʪʠʚʥʠʤ ʨʽʰʝʥʥʷʤ ʻ ʢʦʜʦʢʝʨʦʚʘʥʽ ʤʘʛʘʟʠʥʠ ʦʧʦʨʫ ʥʘ ʙʘʟʽ 

ʢʦʤʧʝʥʩʘʮʽʡʥʦʛʦ ʦʧʝʨʘʮʽʡʥʦʛʦ ʧʽʜʩʠʣʶʚʘʯʘ ʟ ʧʦʪʝʥʮʽʘʣʴʥʦ-ʩʪʨʫʤʦʚʦʶ ʢʦʤʫʪʘʮʽʻʶ 

ʤʘʩʪhʘʙʥʠʭ ʨʝʟʠʩʪʦʨʽʚ [78], ʫ ʷʢʦʤʫ ʟʘ ʫʤʦʚʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʣʶʯʽʚ ʥʘ ʧʦʣʴʦʚʠʭ 

ʪʨʘʥʟʠʩʪʦʨʘʭ ʷʢ ʧʦʪʝʥʮʽʘʣʴʥʠʭ ʤʦʞʥʘ ʩʢʦʨʠʛʫʚʘʪʠ ʟʘʣʠʰʢʦʚʽ ʧʘʨʘʤʝʪʨʠ ʩʪʨʫʤʦʚʠʭ 

ʨʝʣʝʡʥʠʭ ʢʦʤʫʪʘʪʦʨʽʚ. ʅʘ ʞʘʣʴ, ʪʘʢʠʡ ʤʘʛʘʟʠʥ ʦʧʦʨʫ ʯʝʨʝʟ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʨʽʟʥʦʥʦʤʽʥʘʣʴʥʠʭ ʧʨʝʮʠʟʽʡʥʠʭ ʤʘʩʰʪʘʙʥʠʭ 

ʨʝʟʠʩʪʦʨʽʚ ʪʘ ʚʠʩʦʢʦʚʦʣʴʪʥʠʭ ʽ ʩʠʣʴʥʦʩʪʨʫʤʦʚʠʭ ʢʣʶʯʽʚ ʻ ʪʘʢʦʞ ʜʦʚʦʣʽ ʩʢʣʘʜʥʠʤ ʫ 

ʨʝʘʣʽʟʘʮʽʾ. 

ʊʨʘʜʠʮʽʡʥʦ ʪʘʢ ʩʢʣʘʣʦʩʷ, ʱʦ ʢʦʜʦʢʝʨʦʚʘʥʠʤ ʤʘʛʘʟʠʥʘʤ ʧʨʦʚʽʜʥʦʩʪʽ ʧʨʠʜʽʣʷʣʘʩʷ 

ʟʥʘʯʥʦ ʤʝʥʰʘ ʫʚʘʛʘ ʜʦʩʣʽʜʥʠʢʽʚ, ʭʦʯʘ ʜʣʷ ʩʫʯʘʩʥʦʛʦ ʢʦʨʠʩʪʫʚʘʯʘ ʚʦʥʠ ʻ ʽʜʝʥʪʠʯʥʠʤʠ 

ʢʦʜʦʢʝʨʦʚʘʥʠʤ ʤʘʛʘʟʠʥʘʤ ʦʧʦʨʫ [79-81]. ɼʣʷ ʢʦʤʧʝʥʩʘʮʽʾ ʦʧʦʨʽʚ ʢʣʶʯʽʚ ʚ 

ʢʦʜʦʢʝʨʦʚʘʥʠʭ ʤʘʛʘʟʠʥʘʭ ʧʨʦʚʽʜʥʦʩʪʽ ʜʦʮʽʣʴʥʦ ʧʨʦʧʫʩʢʘʪʠ ʜʦʜʘʪʢʦʚʽ ʩʪʨʫʤʠ, 

ʧʦʣʷʨʥʦʩʪʽ ʧʨʦʪʠʣʝʞʥʦʾ ʜʦ ʧʦʣʷʨʥʦʩʪʽ ʨʦʟʨʷʜʥʠʭ ʩʪʨʫʤʽʚ. ʎʝ ʤʦʞʝ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʦ 
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ʥʘ ʙʘʟʽ ʙʘʛʘʪʦʚʠʭʽʜʥʦʛʦ ʜʞʝʨʝʣʘ ʩʪʨʫʤʫ ʟ ʦʢʨʝʤʦʶ ʦʧʦʨʥʦʶ ʥʘʧʨʫʛʦʶ. ʆʜʥʘʢ ʫ 

ʪʘʢʦʤʫ ʤʘʛʘʟʠʥʽ ʧʨʦʚʽʜʥʦʩʪʽ ʢʦʤʧʝʥʩʘʮʽʷ ʦʧʦʨʽʚ ʢʣʶʯʽʚ ʤʦʞʣʠʚʘ ʪʽʣʴʢʠ ʧʨʠ ʦʜʥʦʤʫ 

ʟʥʘʯʝʥʥʽ ʚʭʽʜʥʦʾ ʥʘʧʨʫʛʠ ʤʘʛʘʟʠʥʫ, ʽ ʧʨʠ ʮʴʦʤʫ ʪʘʢʦʞ ʥʝ ʢʦʤʧʝʥʩʫʶʪʴʩʷ ʟʘʣʠʰʢʦʚʽ 

ʥʘʧʨʫʛʠ ʢʣʶʯʽʚ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʜʦʜʘʪʢʦʚʦʛʦ ʧʦʨʦʟʨʷʜʥʦʛʦ ʰʫʥʪʫʚʘʥʥʷ ʚʭʽʜʥʠʭ ʢʣʝʤ 

ʜʦʟʚʦʣʷʻ ʙʫʜʫʚʘʪʠ ʤʘʛʘʟʠʥʠ ʧʨʦʚʽʜʥʦʩʪʽ, ʽʥʚʘʨʽʘʥʪʥʽ ʜʦ ʧʘʨʘʤʝʪʨʽʚ ʢʣʶʯʽʚ ʙʫʜʴ-ʷʢʦʛʦ 

ʧʨʠʥʮʠʧʫ ʜʽʾ. 

ʗʢ ʙʫʣʦ ʧʦʢʘʟʘʥʦ ʚʠʱʝ, ʦʩʥʦʚʥʠʤʠ ʥʝʜʦʣʽʢʘʤʠ ʢʦʜʦʢʝʨʦʚʘʥʠʭ ʤʘʛʘʟʠʥʽʚ ʦʧʦʨʫ 

ʻ ʥʝʜʦʩʪʘʪʥʷ ʜʠʩʢʨʝʪʥʽʩʪʴ ʽ ʩʢʣʘʜʥʽʩʪʴ ʨʝʘʣʽʟʘʮʽʾ ʯʝʨʝʟ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʨʽʟʥʦʥʦʤʽʥʘʣʴʥʠʭ ʧʨʝʮʠʟʽʡʥʠʭ ʤʘʩʰʪʘʙʥʠʭ ʨʝʟʠʩʪʦʨʽʚ. ʎʝ, ʘ ʪʘʢʦʞ 

ʪʨʫʜʥʦʱʽ ʘʚʪʦʤʘʪʠʟʘʮʽʾ, ʩʪʠʤʫʣʶʚʘʣʦ ʧʦʰʫʢ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʰʣʷʭʽʚ, ʫ ʨʝʟʫʣʴʪʘʪʽ 

ʯʦʛʦ ʙʫʣʠ ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʽʤʽʪʘʪʦʨʠ ʝʣʝʢʪʨʠʯʥʦʛʦ ʦʧʦʨʫ, ʧʨʠʥʮʠʧ ʜʽʾ ʷʢʠʭ ʧʦʣʷʛʘʻ ʫ 

ʚʽʜʪʚʦʨʝʥʥʽ ʟʘʢʦʥʫ ʆʤʘ ʜʣʷ ʜʽʣʷʥʢʠ ʢʦʣʘ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʟʥʘʯʝʥʥʷ ʟʦʚʥʽʰʥʴʦʛʦ ʢʦʜʫ 

ʢʝʨʫʚʘʥʥʷ.  

ɼʣʷ ʧʦʙʫʜʦʚʠ ɸɯʆ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʩʪʨʫʢʪʫʨʥʦ-ʘʣʛʦʨʠʪʤʽʯʥʽ ʤʝʪʦʜʠ. ɼʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʥʘʡʧʝʨʩʧʝʢʪʠʚʥʽʰʠʭ ʩʪʨʫʢʪʫʨ ɸɯʆ ʧʦʩʪʽʡʥʦʤʫ ʩʪʨʫʤʦʚʽ ʜʦʮʽʣʴʥʦ ʾʭ 

ʢʣʘʩʠʬʽʢʫʚʘʪʠ ʟʘ ʥʘʩʪʫʧʥʠʤʠ ʦʟʥʘʢʘʤʠ [82]: 

- ʟʘ ʬʫʥʢʮʽʻʶ ʧʝʨʝʪʚʦʨʝʥʥʷ; 

- ʟʘ ʪʠʧʦʤ ʢʦʜʦʢʝʨʦʚʘʥʦʛʦ ʧʦʜʽʣʴʥʠʢʘ; 

- ʟʘ ʚʠʜʦʤ ʟʚôʷʟʢʫ ʤʽʞ ʦʢʨʝʤʠʤʠ ʢʦʣʘʤʠ; 

- ʟʘ ʩʧʦʩʦʙʦʤ ʧʽʜôʻʜʥʘʥʥʷ; 

- ʟʘ ʜʽʘʧʘʟʦʥʦʤ ʚʽʜʪʚʦʨʝʥʥʷ ʦʧʦʨʫ; 

- ʟʘ ʚʠʜʦʤ ʢʝʨʫʚʘʥʥʷ ʧʨʦʮʝʩʦʤ ʚʽʜʪʚʦʨʝʥʥʷ ʝʣʝʢʪʨʠʯʥʦʾ ʚʝʣʠʯʠʥʠ; 

- ʟʘ ʭʘʨʘʢʪʝʨʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ. 

ɿʘ ʬʫʥʢʮʽʻʶ ʧʝʨʝʪʚʦʨʝʥʥʷ ɸɯʆ ʨʦʟʜʽʣʷʶʪʴ ʥʘ ʪʨʠ ʛʨʫʧʠ, ʷʢʽ ʨʝʘʣʽʟʫʶʪʴ ʥʘʩʪʫʧʥʽ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜʪʚʦʨʶʚʘʥʦʛʦ ʦʧʦʨʫ Rʽʤ ʚʽʜ ʢʦʜʫ ʢʝʨʫʚʘʥʥʷ: 

 ()NRR 0ʽʤ mÖ=  (1.12) 

 ()[ ]N1RR 0ʽʤ m-Ö=  (1.13) 

 ()[ ]N1RR 0ʽʤ m+Ö=  (1.14) 

ʜʝ R0 ï ʟʥʘʯʝʥʥʷ ʦʧʦʨʫ ʟʨʘʟʢʦʚʦʛʦ ʨʝʟʠʩʪʦʨʘ; 
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m(N) ï ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʪʚʦʨʝʥʥʷ; 

N ï ʝʢʚʽʚʘʣʝʥʪʥʝ ʟʥʘʯʝʥʥʷ ʢʦʜʫ ʢʝʨʫʚʘʥʥʷ. 

ɸɯʆ, ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʥʘ ʨʠʩʫʥʢʫ1.11, ʤʘʻ ʬʫʥʢʮʽʶ ʧʝʨʝʪʚʦʨʝʥʥʷ 

()[ ],10 NRR̔ ʤ m-Ö=  ʧʨʠ ʮʴʦʤʫ ʟʥʘʯʝʥʥʷ ʽʤʽʪʦʚʘʥʦʛʦ ʦʧʦʨʫ ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ ʟʥʘʯʝʥʥʷ R0 

ʜʦ 0, ʧʨʠ ʟʤʽʥʽ m ʚʽʜ 0 ʜʦ 1.  

ɸɯʆ, ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩʫʥʢʫ 1.12 ʤʘʶʪʴ ʬʫʥʢʮʽʶ ʧʝʨʝʪʚʦʨʝʥʥʷ ()NRR̔ ʤ mÖ= 0
 ʟ 

ʜʽʘʧʘʟʦʥʦʤ ʚʽʜʪʚʦʨʝʥʥʷ ʟʥʘʯʝʥʥʷ ʽʤʽʪʦʚʘʥʦʛʦ ʦʧʦʨʫ ʚʽʜ 0 ʜʦ R0, ʧʨʠ ʟʤʽʥʽ m ʚʽʜ 0 ʜʦ 

1. ɺʽʜʨʽʟʥʷʶʪʴʩʷ ʮʽ ʩʭʝʤʠ ʪʠʤ, ʱʦ ʚ ʧʝʨʰʽʡ ʩʭʝʤʽ ʦʧʝʨʘʮʽʡʥʽ ʧʽʜʩʠʣʶʚʘʯʽ (ʆʇ) DA1, 

DA2 ʤʘʶʪʴ ʩʧʽʣʴʥʝ ʞʠʚʣʝʥʥʷ, ʘ ʚ ʜʨʫʛʽʡ - ʨʦʟʜʽʣʴʥʝ. ʆʩʦʙʣʠʚʽʩʪʶ ʮʠʭ ʩʭʝʤ ʻ 

ʥʘʷʚʥʽʩʪʴ ʜʚʦʭ ʆʇ, ʂʇʅ ʽ ʟʨʘʟʢʦʚʦʛʦ ʨʝʟʠʩʪʦʨʘ R0.  

 

ʈʠʩʫʥʦʢ 1.11 ï ɸɯʆ ʟ ʬʫʥʢʮʽʻʶ ʧʝʨʝʪʚʦʨʝʥʥʷ Rʽʤ=R0(1-m) 

 

 

ʈʠʩʫʥʦʢ 1.12 ï ɸɯʆ ʟ ʬʫʥʢʮʽʻʶ ʧʝʨʝʪʚʦʨʝʥʥʷ Rʽʤ=R0m 

ɸɯʆ ʟ ʬʫʥʢʮʽʻʶ ʧʝʨʝʪʚʦʨʝʥʥʷ ()[ ]NRR̔ ʤ m+Ö= 10
 ʚʽʜʪʚʦʨʶʶʪʴ ʦʧʽʨ ʚʽʜ R0 ʜʦ 2R0 

ʧʨʠ ʟʤʽʥʽ m ʚʽʜ 0 ʜʦ 1, ʽ ʨʝʘʣʽʟʫʶʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ɸɯʆ ʟ ʨʠʩ. 1.1, ʚʚʝʜʝʥʥʷʤ ʽʥʚʝʨʪʫʶʯʦʛʦ 

ʧʽʜʩʠʣʶʚʘʯʘ ʤʽʞ ʚʠʭʦʜʦʤ ʆʇ DA1 ʽ ʘʥʘʣʦʛʦʚʠʤ ʚʭʦʜʦʤ ʂʇʅ.  
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ɺʽʜʦʤʽ ɸɯʆ ʟ ʽʥʰʠʤʠ ʬʫʥʢʮʽʷʤʠ ʧʝʨʝʪʚʦʨʝʥʥʷ [83], ʘʣʝ ʮʽ ʪʨʠ ʛʨʫʧʠ ʻ 

ʥʘʡʧʦʰʠʨʝʥʽʰʠʤʠʠ ʽ ʾʭ ʧʝʨʝʚʘʛʦʶ ʻ ʧʨʷʤʦʧʨʦʧʦʨʮʽʡʥʘ ʟʘʣʝʞʥʽʩʪʴ ʚʽʜʪʚʦʨʶʚʘʥʦʛʦ 

ʦʧʦʨʫ ʚʽʜ ʢʦʝʬʽʮʽʻʥʪʘ ʧʝʨʝʪʚʦʨʝʥʥʷ. ɺʚʝʜʝʥʥʷ ʢʝʨʦʚʘʥʦʛʦ ʧʽʜʩʠʣʶʚʘʯʘ-ʽʥʚʝʨʪʦʨʘ ʟ 

ʢʦʝʬʽʮʽʻʥʪʦʤ ʧʝʨʝʜʘʯʽ °k ʚ ʩʭʝʤʽ ʟ ʨʠʩʫʥʢʫ 1.9 ʜʦʟʚʦʣʷʻ ʨʝʘʣʽʟʫʚʘʪʠ ʬʫʥʢʮʽʶ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ()[ ]NkRR̔ ʤ m°Ö= 10
, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʽʤʽʪʘʮʽʶ ʦʧʦʨʫ ʚʽʜ 0 ʜʦ kR0. 

ɿʘ ʪʠʧʦʤ ʤʘʩʰʪʘʙʥʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ɸɯʆ ʤʦʞʫʪʴ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʽ ʥʘ 

ʨʝʟʠʩʪʠʚʥʠʭ ʂʇʅ, ʰʠʨʦʪʥʦ-ʽʤʧʫʣʴʩʥʠʭ ʂʇʅ ʽ ʟ ʢʦʜʦʢʝʨʦʚʘʥʠʤ ʧʦʜʽʣʴʥʠʢʦʤ 

ʥʘʧʨʫʛʠ ʥʘ ʦʩʥʦʚʽ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʢʦʜ-ʩʪʨʫʤ ʟ ʥʘʩʪʫʧʥʠʤ ʧʝʨʝʪʚʦʨʝʥʥʷʤ ʟʥʘʯʝʥʥʷ 

ʩʪʨʫʤʫ ʚ ʥʘʧʨʫʛʫ. ʇʦʟʠʪʠʚʥʦʶ ʚʣʘʩʪʠʚʽʩʪʶ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʢʦʜ-ʩʪʨʫʤ ʻ ʧʨʦʩʪʦʪʘ ʡʦʛʦ 

ʨʝʘʣʽʟʘʮʽʾ ʥʘ ʙʘʟʽ ʽʥʪʝʛʨʘʣʴʥʠʭ ʩʭʝʤ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʢʦʜ-ʩʪʨʫʤ [84, 85]. ʅʘ ʨʠʩʫʥʢʫ 

1.13 ʥʘʚʝʜʝʥʘ ʩʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʘʢʪʠʚʥʦʛʦ ʽʤʽʪʘʪʦʨʘ ʦʧʦʨʫ ʟ ʢʦʜʦʢʝʨʦʚʘʥʠʤ 

ʧʦʜʽʣʴʥʠʢʦʤ ʥʘʧʨʫʛʠ ʥʘ ʦʩʥʦʚʽ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʢʦʜ-ʩʪʨʫʤ (ʇʂʉ). 

ʅʘ ʚʠʭʦʜʽ ʇʂʉ ʬʦʨʤʫʻʪʴʩʷ ʟʥʘʯʝʥʥʷ ʩʪʨʫʤʫ, ʷʢʝ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟ ʚʠʨʘʟʫ: 

 ().0 NRII ʚʭ m=  (1.15) 

 

ʈʠʩʫʥʦʢ 1.13 ï ɸɯʆ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʢʦʜ-ʩʪʨʫʤ 

 

ɿʥʘʯʝʥʥʷ ʽʤʽʪʦʚʘʥʦʛʦ ʦʧʦʨʫ ʜʦʨʽʚʥʶʻ: 

 ,)(0 ʇʅʉʽʤ kNRR ÖÖ= m  (1.16) 

ʜʝ kʇʉʅ ï ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʜʘʯʽ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʩʪʨʫʤ-ʥʘʧʨʫʛʘ ʇʉʅ. 

ʂʦʝʬʽʮʽʻʥʪ ʧʝʨʝʜʘʯʽ ʤʦʞʥʘ ʬʦʨʤʫʚʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʝʛʫʣʶʚʘʥʥʷ ʟʨʘʟʢʦʚʦʾ 

ʥʘʧʨʫʛʠ. ʅʘʡʧʨʦʩʪʽʰʘ ʩʭʝʤʘ ʪʘʢʦʛʦ ʽʤʽʪʘʪʦʨʘ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʫ 1.14. 

ɯʤʽʪʘʪʦʨ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʞʝʨʝʣʘ ʥʘʧʨʫʛʠ ʽ ʟʨʘʟʢʦʚʦʛʦ ʨʝʟʠʩʪʦʨʘ R0 [86]. 

ɺʠʤʽʨʷʚʰʠ ʝ.ʨ.ʩ. ʜʞʝʨʝʣʘ E1 ʽ ʩʧʘʜ ʥʘʧʨʫʛʠ ʥʘ ʟʨʘʟʢʦʚʦʤʫ ʨʝʟʠʩʪʦʨʽ U0 ʟʥʘʭʦʜʠʤʦ 

ʟʥʘʯʝʥʥʷ ʽʤʽʪʦʚʘʥʦʛʦ ʦʧʦʨʫ: 
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ʈʠʩʫʥʦʢ 1.14 ï ɯʤʽʪʘʪʦʨ ʦʧʦʨʫ ʟ ʨʝʛʫʣʶʚʘʥʥʷʤ ʟʨʘʟʢʦʚʦʾ ʥʘʧʨʫʛʠ  

 

ʗʢʱʦ E1>>U0, ʪʦ Rʽʤ>>R0, ʪʦʙʪʦ ʤʦʞʥʘ ʽʤʽʪʫʚʘʪʠ ʦʧʦʨʠ ʚʝʣʠʢʠʭ ʟʥʘʯʝʥʴ. 

ʇʨʠ ʧʦʙʫʜʦʚʽ ɸɯʆ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʪʘʢʦʞ ʂʇʅ ʥʘ ʙʘʟʽ ʤʘʛʥʽʪʥʠʭ 

ʢʦʤʧʘʨʘʪʦʨʽʚ [87] (ʨʠʩʫʥʦʢ 1.15). 

 

ʈʠʩʫʥʦʢ 1.15 ï ʄʽʨʘ ʦʧʦʨʫ ʥʘ ʙʘʟʽ ʤʘʛʥʽʪʥʦʛʦ ʢʦʤʧʘʨʘʪʦʨʘ: 

ʈɼʉ ï ʨʝʛʫʣʴʦʚʘʥʝ ʜʞʝʨʝʣʦ ʩʪʨʫʤʫ 

 

ʆʩʥʦʚʥʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʩʭʝʤ ʪʘʢʠʭ ɸɯʆ ʻ ʤʘʩʰʪʘʙʥʠʡ ʨʝʟʠʩʪʦʨ ʽ ʤʘʛʥʽʪʥʠʡ 

ʢʦʤʧʘʨʘʪʦʨ. ʄʘʢʩʠʤʘʣʴʥʠʡ ʽʤʽʪʦʚʘʥʠʡ ʦʧʽʨ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʥʘʯʝʥʥʷʤ ʦʧʦʨʫ 

ʤʘʩʰʪʘʙʥʦʛʦ ʨʝʟʠʩʪʦʨʘ R0 [88]. ʂʚʘʥʪʫʚʘʥʥʷ ʦʧʦʨʫ ʟʜʽʡʩʥʶʻʪʴʩʷ ʰʣʷʭʦʤ ʢʦʤʫʪʘʮʽʾ 

ʚʠʪʢʽʚ ʫ ʤʘʛʥʽʪʥʦʤʫ ʢʦʤʧʘʨʘʪʦʨʽ, ʱʦ ʟʤʝʥʰʫʻ ʚʠʤʦʛʠ ʜʦ ʢʦʤʫʪʘʮʽʡʥʠʭ ʝʣʝʤʝʥʪʽʚ. 

ʇʨʠ ʨʽʚʥʦʩʪʽ ʘʤʧʝʨ ï ʚʠʪʢʽʚ ʤʘʛʥʽʪʥʦʛʦ ʢʦʤʧʘʨʘʪʦʨʘ ʩʪʨʫʤʫ 
2211 WIWI =  ʘʙʦ 
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ʚʠʨʘʟʫ: 
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ʜʝ I1, I2 ï ʩʪʨʫʤʠ, ʱʦ ʧʨʦʪʽʢʘʶʪʴ ʯʝʨʝʟ ʧʝʨʚʠʥʥʫ ʽ ʚʪʦʨʠʥʥʫ ʦʙʤʦʪʢʠ; 

W1, W2 ï ʢʽʣʴʢʽʩʪʴ ʚʠʪʢʽʚ ʦʙʤʦʪʦʢ; 

R0 ï ʦʧʽʨ ʟʨʘʟʢʦʚʦʛʦ ʨʝʟʠʩʪʦʨʘ. 

ɿʘ ʚʠʜʦʤ ʟʚôʷʟʢʫ ʤʽʞ ʦʢʨʝʤʠʤʠ ʢʦʣʘʤʠ ʽ ʥʫʣʴʦʚʠʤʠ ʰʠʥʘʤʠ ʞʠʚʣʝʥʥʷ 

ʚʭʽʜʥʦʛʦ ʽ ʚʠʭʽʜʥʦʛʦ ʆʇ ɸɯʆ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʪʨʠ ʛʨʫʧʠ: 

- ʟʽ ʩʧʽʣʴʥʦʶ ʥʫʣʴʦʚʦʶ ʰʠʥʦʶ ʜʣʷ ʚʩʽʭ ʝʣʝʤʝʥʪʽʚ; 

- ʟ ʛʘʣʴʚʘʥʽʯʥʠʤ ʨʦʟʜʽʣʝʥʥʷʤ ʰʠʥ ʞʠʚʣʝʥʥʷ ʦʢʨʝʤʠʭ ʆʇ; 

- ʟ ʧʦʚʥʠʤ ʛʘʣʴʚʘʥʽʯʥʠʤ ʨʦʟʜʽʣʝʥʥʷʤ ʦʢʨʝʤʠʭ ʢʽʣ. 

ʇʝʨʝʚʘʛʦʶ ɸɯʆ ʟʽ ʩʧʽʣʴʥʦʶ ʥʫʣʴʦʚʦʶ ʰʠʥʦʶ  ʜʣʷ ʚʩʽʭ ʝʣʝʤʝʥʪʽʚ ʽ ʚʫʟʣʽʚ ʻ 

ʧʨʦʩʪʦʪʘ ʩʭʝʤʥʦ-ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʨʽʰʝʥʥʷ. ʅʝʜʦʣʽʢʦʤ ʻ ʚʧʣʠʚ ʥʘ ʣʽʥʽʡʥʽʩʪʴ 

ʚʽʜʪʚʦʨʝʥʥʷ ʦʧʦʨʫ ʩʠʥʬʘʟʥʦʾ ʩʢʣʘʜʦʚʦʾ ʚʭʽʜʥʠʭ ʩʠʛʥʘʣʽʚ ʆʇ. 

ɻʘʣʴʚʘʥʽʯʥʝ ʨʦʟʜʽʣʝʥʥʷ ʰʠʥ ʞʠʚʣʝʥʥʷ ʦʢʨʝʤʠʭ ʆʇ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʩʪʚʦʨʠʪʠ 

ʩʪʨʫʢʪʫʨʥʽ ʩʭʝʤʠ ɸɯʆ, ʚ ʷʢʠʭ ʩʠʥʬʘʟʥʘ ʩʢʣʘʜʦʚʘ ʚʭʽʜʥʠʭ ʩʠʛʥʘʣʽʚ ʆʇ ʧʨʘʢʪʠʯʥʦ 

ʜʦʨʽʚʥʶʻ ʥʫʣʶ. ʆʩʥʦʚʥʠʤ ʥʝʜʦʣʽʢʦʤ ʪʘʢʠʭ ɸɯʆ ʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʛʘʣʴʚʘʥʽʯʥʦ ʨʦʟʚôʷʟʘʥʠʭ ʜʞʝʨʝʣ ʞʠʚʣʝʥʥʷ. ʇʨʠ ʮʴʦʤʫ ʟʚôʷʟʦʢ ʤʽʞ ʚʭʽʜʥʠʤʠ ʽ 

ʚʠʭʽʜʥʠʤʠ ʚʫʟʣʘʤʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟôʻʜʥʘʥʥʷʤ ʦʢʨʝʤʠʭ ʆʇ. ʗʢ ʥʘʩʣʽʜʦʢ ʮʴʦʛʦ, ʥʘ 

ʪʦʯʥʽʩʪʴ ʽʤʽʪʘʮʽʾ ʦʧʦʨʫ ʟʙʽʣʴʰʫʻʪʴʩʷ ʚʧʣʠʚ ʟʦʚʥʽʰʥʽʭ ʝʣʝʢʪʨʠʯʥʠʭ ʟʘʚʘʜ. ʂʨʽʤ ʪʦʛʦ, 

ʚ ʪʘʢʠʭ ɸɯʆ ʥʝʦʙʭʽʜʥʦ ʬʦʨʤʫʚʘʪʠ ʚ ʦʙʦʭ ʆʇ ʩʧʝʮʽʘʣʴʥʽ ʘʤʧʣʽʪʫʜʥʦ- ʽ ʬʘʟʦʯʘʩʪʦʪʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʽʡʢʦʩʪʽ. 

ʇʦʚʥʝ ʛʘʣʴʚʘʥʽʯʥʝ ʨʦʟʜʽʣʝʥʥʷ ʩʭʝʤʠ ɸɯʆ ʚʽʜ ʢʽʣ ʢʝʨʫʚʘʥʥʷ ʽ ʤʝʨʝʞʽ ʞʠʚʣʝʥʥʷ 

ʟʤʝʥʰʫʻ ʚʧʣʠʚ ʟʘʚʘʜ ʩʧʽʣʴʥʦʛʦ ʚʠʜʫ ʟʽ ʩʪʦʨʦʥʠ ʢʝʨʫʚʘʥʥʷ ʽ ʟʙʽʣʴʰʫʻ ʦʙʣʘʩʪʴ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʽʤʽʪʘʪʦʨʘ. ʇʨʠ ʮʴʦʤʫ ʛʘʣʴʚʘʥʽʯʥʝ ʨʦʟʜʽʣʝʥʥʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʪʨʘʥʩʬʦʨʤʘʪʦʨʽʚ ʽ ʦʧʪʦʝʣʝʢʪʨʦʥʥʠʭ ʝʣʝʤʝʥʪʽʚ. 

ɿʘ ʩʧʦʩʦʙʦʤ ʧʽʜôʻʜʥʘʥʥʷ ʽʤʽʪʘʪʦʨʘ ʽ ʦʙôʻʢʪʘ ɸɯʆ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʜʚʦ-, ʪʨʠ- ʽ 

ʯʦʪʠʨʠʧʨʦʚʽʜʥʽ. ɹʘʛʘʪʦʧʨʦʚʽʜʥʽ ʩʭʝʤʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʚʧʣʠʚʫ 

ʦʧʦʨʽʚ ʃɿ. 

ɼʽʘʧʘʟʦʥ ʚʠʤʽʨʶʚʘʥʥʷ ʦʧʦʨʫ ʜʦʩʠʪʴ ʰʠʨʦʢʠʡ (ʚʽʜ 10-8 ʜʦ 1019 ʆʤ) ʽ ʤʘʻ 

ʪʝʥʜʝʥʮʽʶ ʜʦ ʨʦʟʰʠʨʝʥʥʷ [89]. ɿʘ ʜʽʘʧʘʟʦʥʦʤ ʚʽʜʪʚʦʨʝʥʥʷ ʦʧʦʨʫ ʨʦʟʨʽʟʥʷʶʪʴ 
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ʥʠʟʴʢʦʦʦʤʥʽ (10-8 ï 102 ʆʤ), ʩʝʨʝʜʥʴʦʦʤʥʽ (102 ï 107 ʆʤ) ʽ ʚʠʩʦʢʦʦʤʥʽ (ʙʽʣʴʰʝ 107 ʆʤ) 

ɸɯʆ, ʦʩʢʽʣʴʢʠ ʚʽʜʪʚʦʨʝʥʥʷ ʦʧʦʨʫ ʚ ʨʽʟʥʠʭ ʜʽʘʧʘʟʦʥʘʭ ʤʘʻ ʩʚʦʾ ʦʩʦʙʣʠʚʦʩʪʽ. ʄʝʞʽ 

ʜʽʘʧʘʟʦʥʽʚ ʻ ʫʤʦʚʥʠʤʠ ʽ ʤʦʞʫʪʴ ʙʫʪʠ ʟʤʽʱʝʥʽ ʚ ʦʜʥʫ ʽ ʜʨʫʛʫ ʩʪʦʨʦʥʫ. 

ʇʨʠ ʚʽʜʪʚʦʨʝʥʥʽ ʥʠʟʴʢʦʦʤʥʠʭ ʦʧʦʨʽʚ ʩʣʽʜ ʚʨʘʭʦʚʫʚʘʪʠ ʚʧʣʠʚ ʦʧʦʨʽʚ ʢʦʥʪʘʢʪʽʚ ʽ 

ʃɿ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʤʦʞʫʪʴ ʙʫʪʠ ʩʧʽʚʤʽʨʥʠʤʠ ʟʽ ʟʥʘʯʝʥʥʷʤʠ ʚʽʜʪʚʦʨʶʚʘʥʦʛʦ ʦʧʦʨʫ. 

ɼʣʷ ʟʤʝʥʰʝʥʥʷ ʮʴʦʛʦ ʚʧʣʠʚʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʯʦʪʠʨʠʟʘʪʠʩʢʘʯʝʚʽ ʩʭʝʤʠ, ʦʜʥʘʢ ʚʦʥʠ 

ʤʘʶʪʴ ʦʙʤʝʞʝʥʫ ʦʙʣʘʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ. 

ʅʠʟʴʢʦʦʤʥʽ ɸɯʆ ʻ ʩʠʣʴʥʦʩʪʨʫʤʦʚʠʤʠ ʧʨʠʩʪʨʦʷʤʠ [90], ʯʝʨʝʟ ʱʦ ʚ ʾʭʥʴʦʤʫ 

ʩʪʨʫʤʦʚʦʤʫ ʢʦʣʽ ʥʝʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʆʇ, ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʜʠʩʢʨʝʪʥʠʭ 

ʤʘʩʰʪʘʙʥʠʭ ʨʝʟʠʩʪʦʨʽʚ, ʘ ʪʘʢʦʞ ʨʽʟʥʦʛʦ ʨʦʜʫ ʢʦʤʫʪʘʮʽʡʥʽ ʝʣʝʤʝʥʪʠ. ʏʝʨʝʟ ʮʝ ʜʝʷʢʽ 

ʩʪʨʫʢʪʫʨʠ ɸɯʆ ʥʝʜʦʮʽʣʴʥʦ, ʘ ʽʥʢʦʣʠ ʽ ʥʝʤʦʞʣʠʚʦ ʨʝʘʣʽʟʫʚʘʪʠ ʥʘ ʧʨʘʢʪʠʮʽ ʽ ʚʦʥʠ 

ʤʘʶʪʴ ʚʠʢʣʶʯʥʦ ʪʝʦʨʝʪʠʯʥʫ ʮʽʥʥʽʩʪʴ. 

ʇʨʠ ʧʦʙʫʜʦʚʽ ʥʠʟʴʢʦʦʤʥʠʭ ɸɯʆ ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʂʇʅ ʥʘ ʙʘʟʽ 

ʤʘʛʥʽʪʥʠʭ ʢʦʤʧʘʨʘʪʦʨʽʚ [91], ʦʩʢʽʣʴʢʠ ʾʭ ʚʽʜʥʦʩʥʘ ʧʦʭʠʙʢʘ ʧʨʠ ʚʠʩʦʢʠʭ ʩʪʨʫʤʘʭ  ʻ  

ʥʝʭʪʦʚʥʦ  ʤʘʣʦʶ (ʚ  ʥʘʡʢʨʘʱʠʭ  ʢʦʥʩʪʨʫʢʮʽʷʭ  ʚʦʥʘ  ʩʪʘʥʦʚʠʪʴ  (2...5)Ö10-5 %) 

ʧʦʨʽʚʥʷʥʦ ʟ ʧʦʭʠʙʢʦʶ ʨʝʟʠʩʪʠʚʥʠʭ ʟʨʘʟʢʦʚʠʭ ʝʣʝʤʝʥʪʽʚ. 

ʋ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʥʘʡʙʽʣʴʰʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʩʝʨʝʜʥʴʦʦʤʥʽ ɸɯʆ. 

ʉʝʨʝʜʥʴʦʦʤʥʠʤ ʚʚʘʞʘʻʪʴʩʷ ʜʽʘʧʘʟʦʥ ʚ ʷʢʦʤʫ ʧʨʦʙʣʝʤʠ ʥʠʟʴʢʦʦʤʥʠʭ ʽ ʚʠʩʦʢʦʦʤʥʠʭ 

ʜʽʘʧʘʟʦʥʽʚ ʻ ʤʝʥʰ ʚʘʞʣʠʚʠʤʠ. ɸʣʝ ʽ ʚ ʩʝʨʝʜʥʴʦʦʤʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʨʝʘʣʽʟʘʮʽʷ ɸɯʆ 

ʟʥʘʯʥʦ ʫʪʨʫʜʥʝʥʘ ʯʝʨʝʟ ʚʧʣʠʚ ʟʘʣʠʰʢʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ ʢʦʤʫʪʘʮʽʡʥʠʭ ʝʣʝʤʝʥʪʽʚ. 

ʇʨʠ ʨʦʟʰʠʨʝʥʥʽ ʜʽʘʧʘʟʦʥʽʚ ʚʽʜʪʚʦʨʝʥʥʷ ʚ ʩʪʦʨʦʥʫ ʙʽʣʴʰʠʭ ʦʧʦʨʽʚ (ʧʦʥʘʜ 1ʢʆʤ) 

ʥʘʧʨʫʛʘ ʥʘ ʆʇ ʧʝʨʝʚʠʱʫʚʘʪʠʤʝ ʟʥʘʯʝʥʥʷ ʩʪʘʥʜʘʨʪʥʠʭ ʥʘʧʨʫʛ ʡʦʛʦ ʞʠʚʣʝʥʥʷ ʽ 

ʧʦʪʨʽʙʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʩʧʝʮʽʘʣʴʥʽ ʚʠʩʦʢʦʚʦʣʴʪʥʽ ʧʽʜʩʠʣʶʚʘʯʽ [92]. ɸʣʝ ʫ ʮʴʦʤʫ 

ʚʠʧʘʜʢʫ ʟʥʘʯʥʦ ʟʤʝʥʰʫʻʪʴʩʷ ʚʽʜʥʦʩʥʘ ʧʦʭʠʙʢʘ ʟʫʤʦʚʣʝʥʘ ʟʘʣʠʰʢʦʚʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ 

ʢʦʤʫʪʘʮʽʡʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʪʦʤʫ ʧʨʠ ʨʝʘʣʽʟʘʮʽʾ ʰʠʨʦʢʦʜʽʘʧʘʟʦʥʥʦʾ ʂʄʆ ʧʨʦʧʦʥʫʻʪʴʩʷ 

ʦʙôʻʜʥʘʪʠ ʧʝʨʝʚʘʛʠ ɸɯʆ ʽ ʚʠʩʦʢʦʚʦʣʴʪʥʦʛʦ ʧʘʩʠʚʥʦʛʦ ʢʦʜʦʢʝʨʦʚʘʥʦʛʦ ʤʘʛʘʟʠʥʫ 

ʦʧʦʨʫ. 

ʇʨʠ ʚʽʜʪʚʦʨʝʥʥʽ ʚʝʣʠʢʠʭ ʦʧʦʨʽʚ ʩʣʽʜ ʚʨʘʭʦʚʫʚʘʪʠ ʰʫʥʪʫʶʯʠʡ ʚʧʣʠʚ ʽʟʦʣʷʮʽʾ ʤʽʞ 

ʚʭʽʜʥʠʤʠ ʟʘʪʠʩʢʘʯʘʤʠ ʽ ʩʪʨʫʤʽʚ ʚʠʪʦʢʫ, ʘ ʪʘʢʦʞ ʪʝ, ʱʦ ʚʠʩʦʢʦʦʤʥʽ ʚʠʤʽʨʶʚʘʥʥʷ ʻ 

ʦʜʥʦʯʘʩʥʦ ʽ ʚʠʩʦʢʦʚʦʣʴʪʥʠʤʠ. ʐʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʘʩʠʚʥʽ ʪʘ ʘʢʪʠʚʥʽ 
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ʽʤʽʪʘʪʦʨʠ ʦʧʦʨʫ ʥʘ ʙʘʟʽ ʪʨʠʧʨʦʤʝʥʝʚʦʾ ʨʝʟʠʩʪʠʚʥʦʾ ʟʽʨʢʠ. ʆʜʥʘʢ ʚʦʥʠ ʻ 

ʥʝʧʝʨʩʧʝʢʪʠʚʥʠʤʠ, ʱʦ ʟʫʤʦʚʣʝʥʝ ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ ʚʠʩʦʢʦʦʤʥʠʭ ʨʝʟʠʩʪʦʨʽʚ, ʷʢʽ, ʷʢ 

ʚʽʜʦʤʦ, ʤʘʶʪʴ ʥʝʚʠʩʦʢʽ ʪʦʯʥʽʩʥʽ ʧʘʨʘʤʝʪʨʠ. ʂʨʽʤ ʪʦʛʦ, ʧʘʩʠʚʥʽ ʽʤʽʪʘʪʦʨʠ 

ʩʧʦʪʚʦʨʶʶʪʴ ʨʦʙʦʪʫ ʧʝʨʝʚʽʨʶʚʘʥʦʛʦ ʧʨʠʩʪʨʦʶ [93], ʘ ʚ ɸɯʆ ʥʘ ʪʦʯʥʽʩʪʴ ʚʧʣʠʚʘʶʪʴ 

ʘʜʠʪʠʚʥʽ ʩʢʣʘʜʦʚʽ ʧʦʭʠʙʢʠ ʝʣʝʢʪʨʦʤʝʪʨʠʯʥʦʛʦ ʧʽʜʩʠʣʶʚʘʯʘ. ɺʢʘʟʘʥʽ ʥʝʜʦʣʽʢʠ 

ʫʩʫʚʘʶʪʴʩʷ ʚ ʩʪʨʫʢʪʫʨʘʭ ʚʠʩʦʢʦʦʤʥʠʭ ʪʨʠʟʘʪʠʩʢʘʯʝʚʠʭ ɸɯʆ, ʧʨʠʥʮʠʧ ʜʽʾ ʷʢʠʭ 

ʙʘʟʫʻʪʴʩʷ ʥʘ ʧʦʜʽʣʽ ʚʭʽʜʥʦʛʦ ʩʪʨʫʤʫ, ʷʢʠʡ ʧʨʦʪʽʢʘʻ ʯʝʨʝʟ ʚʠʩʦʢʦʚʦʣʴʪʥʠʡ ʟʘʪʠʩʢʘʯ, 

ʧʨʠ ʮʴʦʤʫ ʜʚʘ ʽʥʰʽ ʟʘʪʠʩʢʘʯʽ ʧʦʚʠʥʥʽ ʟʥʘʭʦʜʠʪʠʩʷ ʧʽʜ ʦʜʥʠʤ ʧʦʪʝʥʮʽʘʣʦʤ. 

ɿʘʣʝʞʥʦ ʚʽʜ ʚʠʜʫ ʢʝʨʫʚʘʥʥʷ ʧʨʦʮʝʩʦʤ ʚʽʜʪʚʦʨʝʥʥʷ ʝʣʝʢʪʨʠʯʥʦʾ ʚʝʣʠʯʠʥʠ, ɸɯʆ 

ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ɸɯʆ ʟ ʨʫʯʥʠʤ ʢʝʨʫʚʘʥʥʷʤ ʪʘ ʧʨʦʛʨʘʤʥʦ-ʢʝʨʦʚʘʥʽ ɸɯʆ. 

ɿʘʣʝʞʥʦ ʚʽʜ ʭʘʨʘʢʪʝʨʫ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʽʤʽʪʘʪʦʨʠ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʧʝʨʝʥʦʩʥʽ ʽ 

ʩʪʘʮʽʦʥʘʨʥʽ. 

 

1.5 ʉʪʨʫʢʪʫʨʘ ʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʝʨʽʡʥʦʛʦ ʢʘʣʽʙʨʘʪʦʨʘ ʄʂ4702 

ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʤʽʨʠ ʢʦʤʙʽʥʦʚʘʥʦʾ ʙʘʛʘʪʦʟʥʘʯʥʦʾ ʄʂ4702 ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʫ 

1.16. 

ʄʽʨʘ ʄʂ4702 ʤʽʩʪʠʪʴ [94] ʜʞʝʨʝʣʦ ʟʨʘʟʢʦʚʦʛʦ ʩʪʨʫʤʫ ɼɿʉ, ʟʨʘʟʢʦʚʠʡ ʨʝʟʠʩʪʦʨ 

R0, ʢʣʶʯ ʧʽʜôʻʜʥʘʥʥʷ ʟʨʘʟʢʦʚʦʛʦ ʩʪʨʫʤʫ K1, ʚʭʽʜʥʠʡ ʧʽʜʩʠʣʶʚʘʯ ɺʭʇ, ʢʦʜʦʢʝʨʦʚʘʥʠʡ 

ʧʦʜʽʣʴʥʠʢ ʥʘʧʨʫʛʠ ʂʇʅ, ʚʠʭʽʜʥʠʡ ʧʽʜʩʠʣʶʚʘʯ ɺʠʭʇ, ʧʝʨʝʪʚʦʨʶʚʘʯ ʥʘʧʨʫʛʘ ʩʪʨʫʤ 

ʇʅʉ, ʨʝʛʽʩʪʨ ʧʘʤôʷʪʽ ʈʇ, ʪʘʢʪʦʚʠʡ ʛʝʥʝʨʘʪʦʨ ʊɻ, ʧʨʠʩʪʨʽʡ ʢʝʨʫʚʘʥʥʷ ʇʂ ʽ ʙʣʦʢ 

ʞʠʚʣʝʥʥʷ ɹɾ. 

ɺ ʨʝʞʠʤʽ ʽʤʽʪʘʮʽʾ ʦʧʦʨʫ ʘʢʪʠʚʥʠʡ ʦʧʽʨ ʽʤʽʪʫʻʪʴʩʷ ʤʽʞ ʢʣʝʤʘʤʠ ʂʣ1 ʽ ʂʣ2. 

ɺʽʜʧʦʚʽʜʥʦ ʧʨʠ ʧʽʜôʻʜʥʘʥʥʽ ʚʭʽʜʥʦʾ ʥʘʧʨʫʛʠ ʜʦ ʜʘʥʠʭ ʢʣʝʤ ʯʝʨʝʟ ʟʨʘʟʢʦʚʠʡ ʨʝʟʠʩʪʦʨ 

R0 ʧʨʦʭʦʜʠʪʴ ʩʪʨʫʤ Iʚʭ ʽ ʥʘ ʚʠʭʦʜʽ ʚʭʽʜʥʦʛʦ ʧʽʜʩʠʣʶʚʘʯʘ ɺʭʇ ʬʦʨʤʫʻʪʴʩʷ ʥʘʧʨʫʛʘ: 

 .0RIU ʚʭɺʭʇ Ö=  (1.19) 

ʅʘ ʚʠʭʦʜʽ ʢʦʜʦʢʝʨʦʚʘʥʦʛʦ ʧʦʜʽʣʴʥʠʢʘ ʥʘʧʨʫʛʠ ʽ ʚʽʜʧʦʚʽʜʥʦ ʥʘ ʚʠʭʦʜʽ ʚʠʭʽʜʥʦʛʦ 

ʧʽʜʩʠʣʶʚʘʯʘ ʬʦʨʤʫʻʪʴʩʷ ʥʘʧʨʫʛʘ. 

 ,0 mÖÖ= RIU ʚʭʚʠʭ  (1.20) 

ʜʝ Õ - ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʜʘʯʽ ʂʇʅ. 

ʇʨʠ ʮʴʦʤʫ ʥʘʧʨʫʛʘ ʤʽʞ ʢʣʝʤʘʤʠ ʂʣ1 ʽ ʂʣ2 ʜʦʨʽʚʥʶʻ: 
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 ).1(000 mm -ÖÖ=ÖÖ-Ö= RIRIRIU ʚʭʚʭʚʭʚʭ  (1.21) 

ɺʽʜʧʦʚʽʜʥʦ ʟʥʘʯʝʥʥʷ ʽʤʽʪʦʚʘʥʦʛʦ ʦʧʦʨʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʠʨʘʟʦʤ: 

 ).1(0 m-Ö== R
I

U
R

ʚʭ

ʚʭ

ʽʤ  (1.22) 

 

 

ʈʠʩʫʥʦʢ 1.16 ï ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʤʽʨʠ ʢʦʤʙʽʥʦʚʘʥʦʾ  

ʙʘʛʘʪʦʟʥʘʯʥʦʾ ʄʂ4702 

 

ɿ ʘʥʘʣʽʟʫ ʚʠʨʘʟʫ ʚʠʜʥʦ, ʱʦ ʟʥʘʯʝʥʥʷ ʽʤʽʪʦʚʘʥʦʛʦ ʦʧʦʨʫ ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ 0 ʜʦ R0 

ʧʨʠ ʟʤʽʥʽ ʢʦʝʬʽʮʽʻʥʪʘ Õ ʚʽʜ 1 ʜʦ 0. 

ɺ ʨʝʞʠʤʽ ʢʘʣʽʙʨʘʪʦʨʘ ʥʘʧʨʫʛʠ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʜʞʝʨʝʣʦ ʟʨʘʟʢʦʚʦʛʦ ʩʪʨʫʤʫ 

ʧʽʜôʻʜʥʫʻʪʴʩʷ ʯʝʨʝʟ ʢʣʶʯ K1 ʜʦ ʟʨʘʟʢʦʚʦʛʦ ʨʝʟʠʩʪʦʨʘ R0 ʽ ʤʽʞ ʢʣʝʤʘʤʠ ʂʣ1 ʽ ʂʣ4 

ʬʦʨʤʫʻʪʴʩʷ ʥʘʧʨʫʛʘ, ʟʥʘʯʝʥʥʷ ʷʢʦʾ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʠʨʘʟʦʤ: 

 ),1(00 m-ÖÖ= RIUʚʠʭ  (1.23) 

ʜʝ I0 ï ʟʥʘʯʝʥʥʷ ʟʨʘʟʢʦʚʦʛʦ ʩʪʨʫʤʫ ʜʞʝʨʝʣʘ ɼɿʉ. 

ɼʣʷ ʬʦʨʤʫʚʘʥʥʷ ʟʨʘʟʢʦʚʠʭ ʦʜʠʥʠʮʴ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʜʦ ʚʠʭʦʜʫ ʚʠʭʽʜʥʦʛʦ 

ʧʽʜʩʠʣʶʚʘʯʘ ʧʽʜôʻʜʥʘʥʠʡ ʧʝʨʝʪʚʦʨʶʚʘʯ ʥʘʧʨʫʛʠ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʚ ʩʪʨʫʤ, ʟʥʘʯʝʥʥʷ 

ʷʢʦʛʦ ʜʦʨʽʚʥʶʻ: 

 ,)1(00 KRIIʚʠʭ Ö-ÖÖ= m  (1.24) 

ʜʝ K ï ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʪʚʦʨʝʥʥʷ ʥʘʧʨʫʛʠ ʚ ʩʪʨʫʤ. 
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ɼʣʷ ʧʝʨʝʚʽʨʢʠ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʢʘʥʘʣʽʚ ʽʟ ʟʥʘʯʥʠʤʠ ʜʦʚʞʠʥʘʤʠ ʣʽʥʽʡ ʟʚôʷʟʢʫ ʚ 

ʤʽʨʠ ʟʘʙʝʟʧʝʯʫʻ ʧʦʩʣʽʜʦʚʥʝ ʘʚʪʦʤʘʪʠʯʥʝ ʬʦʨʤʫʚʘʥʥʷ ʨʽʚʥʽʚ ʩʪʘʨʰʦʛʦ ʨʦʟʨʷʜʫ 

ʟʨʘʟʢʦʚʠʭ ʦʜʠʥʠʮʴ. 

ʏʘʩʪʦʪʘ ʚʠʜʘʯʽ ʟʨʘʟʢʦʚʠʭ ʦʜʠʥʠʮʴ ʚʠʙʠʨʘʻʪʴʩʷ ʦʧʝʨʘʪʦʨʦʤ ʯʝʨʝʟ ʧʨʠʩʪʨʽʡ 

ʢʝʨʫʚʘʥʥʷ. 

ɾʠʚʣʝʥʥʷ ʤʽʨʠ ʟʜʽʡʩʥʶʻʪʴʩʷ ʙʣʦʢʦʤ ʞʠʚʣʝʥʥʷ, ʷʢʠʡ ʧʽʜʻʜʥʫʻʪʴʩʷ ʜʦ ʤʝʨʝʞʽ 

~220 ɺ, 50 ɻʮ, ʘ ʪʘʢʦʞ ~240 ɺ, 60 ɻʮ. ɼʦʜʘʪʢʦʚʦ ʤʽʨʘ ʟʘʙʝʟʧʝʯʝʥʘ ʘʚʪʦʥʦʤʥʠʤ 

ʞʠʚʣʝʥʥʷʤ ʚʽʜ ʚʦʩʴʤʠ ʛʘʣʴʚʘʥʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ. 

ʊʘʙʣʠʮʷ 1.3 ï ʆʩʥʦʚʥʽ ʤʝʪʨʦʣʦʛʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʽʨʠ ʄʂ4702 

ʊʠʧ ʩʠʛʥʘʣʫ ɼʽʘʧʘʟʦʥ ʊʦʯʥʽʩʪʴ ʈʦʟʜʽʣʴʥʘ 

ʟʜʘʪʥʽʩʪʴ 

 

ʅʘʧʨʫʛʘ 

0 ï 100 ʤɺ 0,01 % 0,01 ʤɺ 

0 ï 20 ɺ (ʽʤʽʪʘʮʽʷ) 0,01 % 0,01 ɺ 

0 ï 30 ɺ 

(ʚʠʤʽʨʶʚʘʥʥʷ) 

0,01 % 0,01 ɺ 

ʉʪʨʫʤ 0 ï 24 ʤɸ 0,01 % 0,001 ʤɸ 

ʆʧʽʨ 5 ï 4000 ʆʤ 0,015 % Ò 0,01 ʆʤ ʜʦ 

0,1 ʆʤ 

 

ɿ ʘʥʘʣʽʟʫ ʪʘʙʣʠʮʽ 1.3 ʚʠʜʥʦ, ʱʦ ʪʦʯʥʽʩʪʴ ʚʽʜʪʚʦʨʝʥʥʷ ʝʣʝʢʪʨʠʯʥʠʭ ʩʛʥʘʣʽʚ 0,01% 

ʜʣʷ ʥʘʧʨʫʛʠ ʪʘ ʩʪʨʫʤʫ ʽ 0,15% ʜʣʷ ʦʧʦʨʫ. ʈʦʟʜʽʣʴʥʘ ʟʘʜʪʥʽʩʪʴ ʚ ʨʝʞʠʤʽ ʚʜʽʪʚʦʨʝʥʥʷ 

ʥʘʧʨʫʛʠ 0,01 ʤɺ ʟ ʜʽʘʧʘʟʦʥʦʤ 0 ï 100 ʤɺ ʪʘ 0,01 ɺ ʟ ʜʽʘʧʘʟʦʥʦʤ 0 ï 20 ɺ, ʚ ʨʝʞʠʤʽ 

ʚʽʜʪʚʦʨʝʥʥʷ ʩʪʨʫʤʫ 0,001 ʤɸ ʟ ʜʽʘʧʘʟʦʥʦʤ 0 ï 24 ʤɸ ʽ ʚ ʨʝʞʠʤʽ ʚʽʜʪʚʦʨʝʥʥʷ ʦʧʦʨʫ ʚʽʜ 

0,01 ʆʤ ʜʦ 0,1 ʆʤ ʟ ʜʽʘʧʘʟʦʥʦʤ 5 ï 4000 ʆʤ. 

 

1.6 ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 1 

ʋ ʧʝʨʰʦʤʫ ʨʦʟʜʽʣʽ ʥʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʦʛʦ ʘʥʘʣʽʟʫ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ: 

ï ʜʣʷ ʦʧʝʨʘʪʠʚʥʦʛʦ ʢʦʥʪʨʦʣʶ ʧʨʦʪʽʢʘʥʥʷ ʧʨʦʮʝʩʽʚ ʚʠʤʽʨʶʚʘʥʴ ʚ ʨʦʟʧʦʨʦʰʝʥʠʭ 

ʽʥʬʦʨʤʘʮʽʡʥʦ-ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʩʠʩʪʝʤʘʭ ʪʘ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʢʘʥʘʣʘʭ ʢʽʙʝʨ-ʬʽʟʠʯʥʠʭ 

ʩʠʩʪʝʤ ʜʦʮʽʣʴʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʧʝʨʝʥʦʩʥʽ ʢʘʣʽʙʨʘʪʦʨʠ ʝʣʝʢʪʨʠʯʥʠʭ ʚʝʣʠʯʠʥ; 

ï  ʯʝʨʝʟ ʧʦʜʽʙʥʽʩʪʴ ʩʪʫʢʪʫʨ ʢʘʣʽʙʨʘʪʦʨʘ ʥʘʧʨʫʛʠ ʪʘ ʘʢʪʠʚʥʦʛʦ ʽʤʽʪʘʪʦʨʘ ʦʧʦʨʫ ʾʭ 

ʤʦʞʥʘ ʨʝʘʣʽʟʦʚʫʚʘʪʠ ʚ ʦʜʥʦʤʫ ʢʦʨʧʫʩʽ ʰʣʷʭʦʤ ʧʦʯʝʨʛʦʚʦʛʦ ʚʤʠʢʘʥʥʷ ʜʞʝʨʝʣʘ 
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ʟʨʘʟʢʦʚʦʾ ʥʘʧʨʫʛʠ (ʚ ʢʘʣʽʙʨʘʪʦʨʘʭ ʥʘʧʨʫʛʠ) ʘʙʦ ʟʨʘʟʢʦʚʦʛʦ ʨʝʟʠʩʪʦʨʘ (ʚ ʽʤʽʪʘʪʦʨʘʭ 

ʦʧʦʨʫ); 

ï ʜʣʷ ʢʦʨʠʛʫʚʘʥʥʷ ʘʜʠʪʠʚʥʠʭ ʟʤʽʱʝʥʴ ʚ ʢʘʣʽʙʨʘʪʦʨʘʭ ʥʘʧʨʫʛʠ ʪʘ ʽʤʽʪʘʪʦʨʘʭ 

ʦʧʦʨʫ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʝʪʦʜ ʢʦʤʫʪʘʮʽʡʥʦʛʦ ʽʥʚʝʨʪʫʚʘʥʥʷ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ 

ʧʽʜʚʠʱʠʪʠ ʪʦʯʥʽʩʪʴ ʽ ʰʚʠʜʢʦʜʽʶ ʧʨʦʮʝʜʫʨʠ, ʱʦ ʘʢʪʫʘʣʴʥʦ ʜʣʷ ʘʪʦʤʥʠʭ 

ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ ʪʘ ʰʢʽʜʣʠʚʠʭ ʚʠʨʦʙʥʠʮʪʚ; 

ï ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʨʦʟʧʦʨʦʰʝʥʠʭ ʩʠʩʪʝʤ ʚʠʥʠʢʘʻ 

ʧʦʪʨʝʙʘ ʨʝʛʫʣʷʨʥʦʛʦ ʧʨʦʚʝʜʝʥʥʷ ʤʝʪʨʦʣʦʛʽʯʥʦʛʦ ʢʦʥʪʨʦʣʶ ʟʘʩʦʙʽʚ ʚʠʤʽʨʶʚʘʥʥʷ 

ʧʨʦʪʷʛʦʤ ʾʭ ʪʝʨʤʽʥʫ ʝʢʩʧʣʫʘʪʘʮʽʾ ʙʝʟ ʟʫʧʠʥʢʠ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ, ʪʦʤʫ ʚʠʥʠʢʘʻ 

ʧʦʪʨʝʙʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʝʨʝʥʦʩʥʠʭ ʢʘʣʽʙʨʘʪʦʨʽʚ.  
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ʈʆɿɼɯʃ 2. ʊɽʆʈɽʊʀʏʅɯ ʆʉʅʆɺʀ ʇʆɹʋɼʆɺʀ ʂɸʃɯɹʈɸʊʆʈɸ 

ʅɸʇʈʋɻʀ ɿ ɸɺʊʆʄɸʊʀʏʅʀʄ ʂʆʈʀɻʋɺɸʅʅʗʄ ʇʆʍʀɹʆʂ 

 

2.1. ɸʥʘʣʽʟ ʤʦʞʣʠʚʠʭ ʰʣʷʭʽʚ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʢʦʨʠʛʫʚʘʥʥʷ ʧʦʭʠʙʦʢ ʚ 

ʢʘʣʽʙʨʘʪʦʨʘʭ ʥʘʧʨʫʛʠ  

ɸʜʠʪʠʚʥʽ ʩʢʣʘʜʦʚʽ ʧʦʭʠʙʢʠ ʢʘʣʽʙʨʘʪʦʨʽʚ ʥʘʧʨʫʛʠ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ (ʂʅʇʉ) 

ʚʠʥʠʢʘʶʪʴ ʚ ʦʩʥʦʚʥʦʤʫ ʚʽʜ ʟʤʽʱʝʥʥʷ ʥʫʣʴʦʚʦʛʦ ʨʽʚʥʷ ʬʫʥʢʮʽʾ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʘʥʘʣʦʛʦʚʠʭ ʝʣʝʢʪʨʦʥʥʠʭ ʚʫʟʣʽʚ ʚ ʢʦʣʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʽ ʚʽʜ ʩʧʘʜʫ ʥʘʧʨʫʛʠ ʚ ʣʽʥʽʷʭ 

ʟʚôʷʟʢʫ ʤʽʞ ʦʢʨʝʤʠʤʠ ʚʫʟʣʘʤʠ. ʇʨʠ ʮʴʦʤʫ ʘʜʠʪʠʚʥʽ ʩʢʣʘʜʦʚʽ ʧʦʭʠʙʢʠ, ʟʫʤʦʚʣʝʥʽ 

ʝʢʚʽʚʘʣʝʥʪʥʠʤʠ ʥʘʧʨʫʛʘʤʠ ʟʤʽʱʝʥʥʷ ʦʧʝʨʘʮʽʡʥʠʭ ʧʽʜʩʠʣʶʚʘʯʽʚ, ʚ ʂʅʇʉ ʜʦʜʘʶʪʴʩʷ 

ʜʦ ʟʥʘʯʝʥʥʷ ʟʨʘʟʢʦʚʦʾ ʥʘʧʨʫʛʠ ʽ ʧʝʨʝʪʚʦʨʶʶʪʴʩʷ ʚ ʤʫʣʴʪʠʧʣʽʢʘʪʠʚʥʫ ʩʢʣʘʜʦʚʫ 

ʧʦʭʠʙʢʠ ʯʝʨʝʟ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʥʠʭ ʢʦʜʦ-ʢʝʨʦʚʘʥʠʭ ʧʦʜʽʣʴʥʠʢʽʚ. ɸʜʠʪʠʚʥʽ ʩʢʣʘʜʦʚʽ 

ʧʦʭʠʙʢʠ ʚʠʭʽʜʥʠʭ ʤʘʩʰʪʘʙʥʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʂʇʅʉ ʟʫʤʦʚʣʶʶʪʴ ʘʜʠʪʠʚʥʝ 

ʟʤʽʱʝʥʥʷ ʡʦʛʦ ʚʠʭʽʜʥʦʾ ʥʘʧʨʫʛʠ. ʆʢʨʽʤ ʪʦʛʦ, ʚʦʥʠ ʤʦʞʫʪʴ ʚʠʥʠʢʘʪʠ ʪʘʢʦʞ ʧʽʜ ʯʘʩ 

ʧʨʦʭʦʜʞʝʥʥʷ ʩʪʨʫʤʽʚ ʞʠʚʣʝʥʥʷ ʨʽʟʥʠʭ ʚʫʟʣʽʚ ʧʨʠʩʪʨʦʶ ʯʝʨʝʟ ʦʧʦʨʠ ʩʧʽʣʴʥʠʭ ʣʽʥʽʡ 

ʟʚôʷʟʢʫ ʤʽʞ ʥʠʤʠ ʽ ʜʣʷ ʾʭ ʟʤʝʥʰʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʢʦʥʩʪʨʫʢʪʠʚʥʦ-ʪʝʭʥʦʣʦʛʽʯʥʽ 

ʩʧʦʩʦʙʠ.  

ʅʘ ʨʠʩʫʥʢʫ 2.1 ʧʦʜʘʥʦ ʩʪʨʫʢʪʫʨʥʫ ʩʭʝʤʫ ʢʘʣʽʙʨʘʪʦʨʘ ʥʘʧʨʫʛʠ ʧʦʩʪʽʡʥʦʛʦ 

ʩʪʨʫʤʫ [17], ʥʘ ʷʢʽʡ ʧʦʢʘʟʘʥʦ ʜʞʝʨʝʣʘ ʚʠʥʠʢʥʝʥʥʷ ʘʜʠʪʠʚʥʠʭ ʩʢʣʘʜʦʚʠʭ ʧʦʭʠʙʢʠ. 

 

ʈʠʩʫʥʦʢ 2.1 ï ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʢʘʣʽʙʨʘʪʦʨʘ ʥʘʧʨʫʛʠ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʟ 

ʜʞʝʨʝʣʘʤʠ ʘʜʠʪʠʚʥʠʭ ʩʢʣʘʜʦʚʠʭ ʧʦʭʠʙʢʠ 

 

ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʤʽʩʪʠʪʴ ʧʦʩʣʽʜʦʚʥʦ ʟôʻʜʥʘʥʥʽ ʜʞʝʨʝʣʦ ʟʨʘʟʢʦʚʦʾ ʥʘʧʨʫʛʠ ɼɿʅ, 

ʧʽʜʩʠʣʶʚʘʯ ʥʘʧʨʫʛʠ ʇʅ, ʢʦʜʦ-ʢʝʨʦʚʘʥʠʡ ʧʦʜʽʣʴʥʠʢ ʥʘʧʨʫʛʠ ʂʇʅ ʽ ʚʠʭʽʜʥʠʡ 

ʧʽʜʩʠʣʶʚʘʯ ɺʇ. ɸʜʠʪʠʚʥʽ ʩʢʣʘʜʦʚʽ ʧʦʭʠʙʢʠ ȹU1 ʽ ȹU2 ʚʠʥʠʢʘʶʪʴ ʚʽʜ ʟʤʽʱʝʥʥʷ 

ʥʫʣʴʦʚʦʛʦ ʨʽʚʥʷ ʚʽʜʧʦʚʽʜʥʦ ʧʽʜʩʠʣʶʚʘʯʽʚ ʇʅ ʽ ɺʇ. ɸʜʠʪʠʚʥʽ ʩʢʣʘʜʦʚʽ ʧʦʭʠʙʢʠ ȹU3, 
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ȹU4 ʽ ȹU5 ʚʠʥʠʢʘʶʪʴ ʚ ʩʧʽʣʴʥʠʭ ʣʽʥʽʷʭ ʟʚôʷʟʢʫ ʤʽʞ ʦʢʨʝʤʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʽ 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʟ ʚʠʨʘʟʫ: 

 ʣiii RIU Ö=D ,  (2.1) 

ʜʝ Ii ï ʩʪʨʫʤ, ʱʦ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʣʽʥʽʾ ʟʚôʷʟʢʫ; 

Rʣi ï ʦʧʽʨ ʣʽʥʽʡ ʟʚôʷʟʢʫ. 

ɿʤʝʥʰʝʥʥʷ ʟʥʘʯʝʥʴ ʮʠʭ ɸʉʇ ʜʦʩʷʛʘʻʪʴʩʷ ʢʦʥʩʪʨʫʢʪʠʚʥʠʤʠ ʤʝʪʦʜʘʤʠ, ʪʦʙʪʦ 

ʟʤʝʥʰʝʥʥʷʤ ʟʥʘʯʝʥʥʷ ʦʧʦʨʫ ʣʽʥʽʡ ʟʚôʷʟʢʫ ʽ ʟʤʝʥʰʝʥʥʷʤ ʟʥʘʯʝʥʥʷ ʩʪʨʫʤʽʚ ʞʠʚʣʝʥʥʷ 

ʤʽʞ ʦʢʨʝʤʠʤʠ ʚʫʟʣʘʤʠ. ɿʥʘʯʝʥʥʷ ʚʠʭʽʜʥʦʾ ʥʘʧʨʫʛʠ ʚ ʨʝʟʫʣʴʪʘʪʽ ʚʧʣʠʚʫ ʘʜʠʪʠʚʥʠʭ 

ʩʢʣʘʜʦʚʠʭ ʧʦʭʠʙʢʠ ʚʽʜ ʟʤʽʱʝʥʥʷ ʥʫʣʴʦʚʦʛʦ ʨʽʚʥʷ ʦʧʝʨʘʮʽʡʥʠʭ ʧʽʜʩʠʣʶʚʘʯʽʚ (ʆʇ) 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʠʨʘʟʦʤ: 

 ( )[ ] 22110 KUKUUUɺʀʍ ÖD+ÖÖD+= m , (2.2) 

ʜʝ U0 ï ʟʥʘʯʝʥʥʷ ʟʨʘʟʢʦʚʦʾ ʥʘʧʨʫʛʠ; 

ʂ1, ʂ2 ï ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʜʘʯʽ ʧʽʜʩʠʣʶʚʘʯʽʚ; 

Õ ï ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʪʚʦʨʝʥʥʷ ʂʇʅ. 

ɺʽʜʧʦʚʽʜʥʦ ʟʘʛʘʣʴʥʘ ʘʜʠʪʠʚʥʘ ʩʢʣʘʜʦʚʘ ʧʦʭʠʙʢʠ ʦʧʠʩʫʻʪʴʩʷ ʚʠʨʘʟʦʤ: 

 ( ) 2211 KUKUU ÖD+ÖÖD=D m . (2.3) 

ɿ ʘʥʘʣʽʟʫ ʚʠʨʘʟʫ (2.3) ʚʠʜʥʦ, ʱʦ ʟʤʽʱʝʥʥʷ ʥʫʣʴʦʚʦʛʦ ʨʽʚʥʷ ʦʧʝʨʘʮʽʡʥʦʛʦ 

ʧʽʜʩʠʣʶʚʘʯʘ ʇʅ ʩʪʚʦʨʶʻ ʤʫʣʴʪʠʧʣʽʢʘʪʠʚʥʫ ʩʢʣʘʜʦʚʫ ʧʦʭʠʙʢʠ, ʟʥʘʯʝʥʥʷ ʷʢʦʾ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʦʝʬʽʮʽʻʥʪʘ ʧʝʨʝʪʚʦʨʝʥʥʷ ʂʇʅ Õ. ɸʜʠʪʠʚʥʘ ʩʢʣʘʜʦʚʘ ʧʦʭʠʙʢʠ, 

ʟʫʤʦʚʣʝʥʘ ʟʤʽʱʝʥʥʷʤ ʥʫʣʴʦʚʦʛʦ ʨʽʚʥʷ ʚʠʭʽʜʥʦʛʦ ʧʽʜʩʠʣʶʚʘʯʘ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʟʥʘʯʝʥʥʷ Õ. ʂʦʨʠʛʫʚʘʥʥʷ ʚʧʣʠʚʫ ʟʤʽʱʝʥʥʷ ʥʫʣʴʦʚʦʛʦ ʨʽʚʥʷ ʇʅ ʽ ɺʇ ʤʦʞʥʘ ʧʨʦʚʦʜʠʪʠ 

ʚʥʫʪʨʽʰʥʴʦʶ ʢʦʨʝʢʮʽʻʶ ʆʇ ʘʙʦ ʚʚʝʜʝʥʥʷʤ ʢʦʨʠʛʫʚʘʣʴʥʠʭ ʥʘʧʨʫʛ ʥʘ ʚʭʦʜʘʭ ʇʅ ʽ ɺʇ 

ʚʽʜʧʦʚʽʜʥʦ. ʂʦʨʠʛʫʚʘʥʥʷ ʩʢʣʘʜʦʚʦʾ ȹU1 ʤʦʞʥʘ ʪʘʢʦʞ ʟʜʽʡʩʥʶʚʘʪʠ ʟʤʽʥʦʶ 

ʢʦʝʬʽʮʽʻʥʪʘ ʧʝʨʝʜʘʚʘʥʥʷ ʇʅ.  

ʇʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʧʦʢʘʟʘʚ, ʱʦ ʘʚʪʦʤʘʪʠʯʥʫ ʢʦʨʝʢʮʽʶ ʟʤʽʱʝʥʥʷ ʥʫʣʴʦʚʦʛʦ ʨʽʚʥʷ 

ʆʇ ʥʘʡʜʦʮʽʣʴʥʽʰʝ ʧʨʦʚʦʜʠʪʠ ʤʝʪʦʜʦʤ ʧʦʜʚʽʡʥʦʛʦ ʢʦʤʫʪʘʮʽʡʥʦʛʦ ʽʥʚʝʨʪʫʚʘʥʥʷ [13]. 

ʅʘ ʨʠʩʫʥʢʫ 2.2 ʥʘʚʝʜʝʥʘ ʩʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʢʘʣʽʙʨʘʪʦʨʘ ʥʘʧʨʫʛʠ ʧʦʩʪʽʡʥʦʛʦ 

ʩʪʨʫʤʫ ʟ ʧʦʜʚʽʡʥʠʤ ʽʥʚʝʨʪʫʚʘʥʥʷʤ. 

ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʞʝʨʝʣʘ ʟʨʘʟʢʦʚʦʾ ʥʘʧʨʫʛʠ ɼɿʅ, ʢʦʤʫʪʘʪʦʨʽʚ ʂ1 

ʽ ʂ2, ʚʭʽʜʥʦʛʦ ʧʽʜʩʠʣʶʚʘʯʘ ʥʘʧʨʫʛʠ ɺʭʇ, ʢʦʜʦ-ʢʝʨʦʚʘʥʦʛʦ ʧʦʜʽʣʴʥʠʢʘ ʥʘʧʨʫʛʠ ʂʂʇ, 
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ʚʠʭʽʜʥʦʛʦ ʧʽʜʩʠʣʶʚʘʯʘ ʥʘʧʨʫʛʠ ɺʠʭʇ, ʪʘʢʪʦʚʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʊɻ ʽ ʧʨʠʩʪʨʦʶ 

ʫʩʝʨʝʜʥʝʥʥʷ ʇʋ [18].  

 

ʈʠʩʫʥʦʢ 2.2 ï ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʢʘʣʽʙʨʘʪʦʨʘ ʥʘʧʨʫʛʠ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʟ 

ʧʦʜʚʽʡʥʠʤ ʽʥʚʝʨʪʫʚʘʥʥʷʤ 

 

ʅʘ ʚʭʽʜ ʧʨʠʩʪʨʦʶ ʫʩʝʨʝʜʥʝʥʥʷ, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʩʠʛʥʘʣʽʚ ʢʝʨʫʚʘʥʥʷ, ʧʦʩʪʫʧʘʻ 

ʥʘʧʨʫʛʘ, ʷʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʠʨʘʟʦʤ: 

 ( )[ ] ,2101 KUUUU ÖD+ÖD+= m  ;
2

0
T

t ¢¢  (2.4) 

 ( )[ ] ,2102 KUUUU ÖD-ÖD-= m  ,
2

Tt
T

¢¢  (2.5) 

ʜʝ U0 ï ʟʥʘʯʝʥʥʷ ʟʨʘʟʢʦʚʦʾ ʥʘʧʨʫʛʠ; 

ȹU1, ȹU2 ï ʥʘʧʨʫʛʠ ʟʤʽʱʝʥʥʷ ʚʭʽʜʥʦʛʦ ʽ ʚʠʭʽʜʥʦʛʦ ʧʽʜʩʠʣʶʚʘʯʽʚ; 

Õ ï ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʜʘʯʽ ʂʂʇ; 

K ï ʢʦʝʬʽʮʽʻʥʪ ʧʽʜʩʠʣʝʥʥʷ ɺʠʭʇ; 

T ï ʧʝʨʽʦʜ ʪʘʢʪʦʚʠʭ ʽʤʧʫʣʴʩʽʚ. 

ɺʠʭʽʜʥʘ ʥʘʧʨʫʛʘ ʧʨʠʩʪʨʦʶ ʫʩʝʨʝʜʥʝʥʥʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʜʚʽʡʥʦʛʦ ʽʥʚʝʨʪʫʚʘʥʥʷ 

ʜʦʨʽʚʥʶʻ: 

 ( )[ ] ( )[ ] .
11

2

210

2

0

210 ññ ÖÖD-ÖD-+ÖÖD+ÖD+=

ʊ

ʊ

ʊ

ʚʠʭ dtKUUU
T

dtKUUU
ʊ

U mm  (2.6) 

ɿ ʘʥʘʣʽʟʫ ʚʠʨʘʟʫ ʚʠʜʥʦ, ʱʦ ʧʨʠ ʨʽʚʥʦʩʪʽ ʯʘʩʽʚ ʽʥʪʝʛʨʫʚʘʥʥʷ ʟʨʘʟʢʦʚʠʭ ʥʘʧʨʫʛ 

ʚʽʜôʻʤʥʦʾ ʽ ʜʦʜʘʪʥʦʾ ʧʦʣʷʨʥʦʩʪʽ ʥʘʧʨʫʛʠ ʟʤʽʱʝʥʥʷ ʥʫʣʴʦʚʦʛʦ ʨʽʚʥʷ ʧʽʜʩʠʣʶʚʘʯʽʚ 

ʪʝʦʨʝʪʠʯʥʦ ʢʦʤʧʝʥʩʫʶʪʴʩʷ ʧʦʚʥʽʩʪʶ ʽ ʚʠʭʽʜʥʘ ʥʘʧʨʫʛʘ ʜʦʨʽʚʥʶʻ: 

 .0 KUUʚʠʭ ÖÖ= m  (2.7) 
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ʇʨʠ ʥʝʨʽʚʥʦʩʪʽ ʯʘʩʽʚ ʽʥʪʝʛʨʫʚʘʥʥʷ ʚʠʭʽʜʥʘ ʥʘʧʨʫʛʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʠʨʘʟʦʤ: 

 ( ) ,
2

210 KUU
T

KUUʚʠʭ ÖD+ÖD
Ö

+ÖÖ= m
t

m  (2.8) 

ʜʝ Ű ï ʨʽʟʥʠʮʷ ʯʘʩʽʚ ʽʥʪʝʛʨʫʚʘʥʥʷ ʚʭʽʜʥʠʭ ʥʘʧʨʫʛ ʇʋ ʜʦʜʘʪʥʦʾ ʽ ʚʽʜôʻʤʥʦʾ ʧʦʣʷʨʥʦʩʪʽ. 

ɺʽʜʧʦʚʽʜʥʦ ʘʜʠʪʠʚʥʘ ʩʢʣʘʜʦʚʘ ʧʦʭʠʙʢʠ ʚʽʜ ʥʝʨʽʚʥʦʩʪʽ ʯʘʩʽʚ ʽʥʪʝʛʨʫʚʘʥʥʷ 

ʜʦʨʽʚʥʶʻ: 

 ( )KUUfUʚʠʭ ÖD+ÖDÖÖÖ=D 212 mt , (2.9) 

ʜʝ 
T

f
1
=  ï ʯʘʩʪʦʪʘ ʪʘʢʪʦʚʦʛʦ ʛʝʥʝʨʘʪʦʨʘ. 

ʅʘ ʨʠʩ. 2 ʥʘʚʝʜʝʥʽ ʛʨʘʬʽʯʥʽ ʟʘʣʝʞʥʦʩʪʽ ʘʜʠʪʠʚʥʦʾ ʩʢʣʘʜʦʚʦʾ ʧʦʭʠʙʢʠ ʚʽʜ 

ʥʝʨʽʚʥʦʩʪʽ ʯʘʩʽʚ ʽʥʪʝʛʨʫʚʘʥʥʷ ʧʨʠ K=1 ʜʣʷ ʨʽʟʥʠʭ ʟʥʘʯʝʥʴ Ű ʽ f [13]. 

 

ʈʠʩʫʥʦʢ 2.3 ï ɻʨʘʬʽʯʥʽ ʟʘʣʝʞʥʦʩʪʽ ʘʜʠʪʠʚʥʦʾ ʩʢʣʘʜʦʚʦʾ ʧʦʭʠʙʢʠ: 

ʘ) ʚʽʜ f ʜʣʷ ʨʽʟʥʠʭ ʟʥʘʯʝʥʴ Õ ; ʙ) ʚʽʜ Õ ʜʣʷ ʨʽʟʥʠʭ ʟʥʘʯʝʥʴ f; ʚ) ʚʽʜ Ű ʜʣʷ ʨʽʟʥʠʭ 

ʟʥʘʯʝʥʴ f 

 

ɿ ʘʥʘʣʽʟʫ ʛʨʘʬʽʯʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʚʠʜʥʦ, ʱʦ ʧʦʭʠʙʢʘ ʚʽʜ ʥʝʨʽʚʥʦʩʪʽ ʯʘʩʽʚ 

ʽʥʪʝʛʨʫʚʘʥʥʷ ʤʫʣʴʪʠʧʣʽʢʘʪʠʚʥʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʟʤʽʥʠ ʟʥʘʯʝʥʴ ʯʘʩʪʦʪʠ f ʽ ʢʦʝʬʽʮʽʻʥʪʘ 
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ʧʝʨʝʜʘʯʽ ʂʂʇ Õ. ɺʽʜʧʦʚʽʜʥʦ ʜʘʥʽ ʧʦʭʠʙʢʠ ʧʨʠ ʧʦʩʪʽʡʥʦʤʫ ʟʥʘʯʝʥʽ ʯʘʩʪʦʪʠ 

ʢʦʨʠʛʫʶʪʴʩʷ ʢʦʝʬʽʮʽʻʥʪʦʤ ʧʝʨʝʜʘʯʽ K ɺʠʭʇ. 

ʅʘ ʟʥʘʯʝʥʥʷ ʚʠʭʽʜʥʦʾ ʥʘʧʨʫʛʠ ʧʨʠʩʪʨʦʶ ʫʩʝʨʝʜʥʝʥʥʷ ʚʧʣʠʚʘʶʪʴ ʯʘʩ 

ʧʝʨʝʤʠʢʘʥʥʷ ʢʣʶʯʽʚ ʢʦʤʫʪʘʪʦʨʽʚ ʽ ʯʘʩ ʚʩʪʘʥʦʚʣʝʥʥʷ ʚʠʭʽʜʥʠʭ ʩʠʛʥʘʣʽʚ ʧʦʩʣʽʜʦʚʥʦ 

ʟôʻʜʥʘʥʠʭ ʝʣʝʤʝʥʪʽʚ. ɺʽʜʧʦʚʽʜʥʦ ʚʠʭʽʜʥʘ ʥʘʧʨʫʛʘ ʧʨʠʩʪʨʦʶ ʫʩʝʨʝʜʥʝʥʥʷ ʜʦʨʽʚʥʶʻ: 

 ( )[ ] ( )[ ] ,
11 4

3

2

1

2

210

2

210 ññ
+

+

+

ÖÖD-ÖD-+ÖÖD+ÖD+=

t

t

t

t

mm
ʊ

ʊ

ʊ

ʚʠʭ dtKUUU
T

dtKUUU
ʊ

U  (2.10) 

ʜʝ Ű1, Ű2 ï ʯʘʩ ʟʘʪʨʠʤʢʠ ʚʢʣʶʯʝʥʥʷ ʽ ʚʠʢʣʶʯʝʥʥʷ ʟʨʘʟʢʦʚʦʾ ʥʘʧʨʫʛʠ ʜʦʜʘʪʥʦʾ 

ʧʦʣʷʨʥʦʩʪʽ; 

Ű3, Ű4 ï ʯʘʩ ʟʘʪʨʠʤʢʠ ʚʢʣʶʯʝʥʥʷ ʽ ʚʠʢʣʶʯʝʥʥʷ ʟʨʘʟʢʦʚʦʾ ʥʘʧʨʫʛʠ ʚʽʜôʻʤʥʦʾ 

ʧʦʣʷʨʥʦʩʪʽ. 

ɺʽʜʧʦʚʽʜʥʦ ʧʽʩʣʷ ʽʥʪʝʛʨʫʚʘʥʥʷ ʦʪʨʠʤʘʻʤʦ: 

 ( ) ,21
21

21
00

T
KUU

T
KUKUUʚʠʭ

tt
m

tt
mm

D+D
ÖÖD+ÖD+

D+D
ÖÖÖ+ÖÖ=  (2.11) 

ʜʝ ȹŰ1=Ű2-Ű1, ȹŰ2=Ű4-Ű3. 

ʇʨʠ ʮʴʦʤʫ ʘʙʩʦʣʶʪʥʘ ʧʦʭʠʙʢʘ ʬʦʨʤʫʚʘʥʥʷ ʚʠʭʽʜʥʦʾ ʥʘʧʨʫʛʠ ʜʦʨʽʚʥʶʻ: 

 ( ) .21
21

21
0

T
KUU

T
KUUʚʠʭ

tt
m

tt
m

D+D
ÖÖD+ÖD+

D+D
ÖÖÖ=D  (2.12) 

ʅʘ ʨʠʩ. 3 ʥʘʚʝʜʝʥʽ ʛʨʘʬʽʯʥʽ ʟʘʣʝʞʥʦʩʪʽ ʧʦʭʠʙʢʠ ʚʠʭʽʜʥʦʾ ʥʘʧʨʫʛʠ ʜʣʷ ʨʽʟʥʠʭ 

ʯʘʩʦʚʠʭ ʟʘʪʨʠʤʦʢ ʪʘ ʨʽʟʥʠʭ ʟʥʘʯʝʥʴ ʯʘʩʪʦʪʠ ʪʘʢʪʦʚʦʛʦ ʛʝʥʝʨʘʪʦʨʘ [13]. 

 

ʘ)                                                                  ʙ) 

ʈʠʩʫʥʦʢ 2.4 ï. ɻʨʘʬʽʯʥʽ ʟʘʣʝʞʥʦʩʪʽ ʧʦʭʠʙʢʠ ʚʠʭʽʜʥʦʾ ʥʘʧʨʫʛʠ ʚʽʜ: ʘ) ʯʘʩʪʦʪʠ,  

ʙ) ʟʥʘʯʝʥʴ ʟʘʪʨʠʤʢʠ ʬʦʨʤʫʚʘʥʥʷ ʚʠʭʽʜʥʠʭ ʩʠʛʥʘʣʽʚ 
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ɿ ʥʘʚʝʜʝʥʠʭ ʛʨʘʬʽʢʽʚ ʚʠʜʥʦ, ʱʦ ʟʘʪʨʠʤʢʠ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʚ ʨʝʟʫʣʴʪʘʪʽ ʢʦʤʫʪʘʮʽʾ 

ʚʭʽʜʥʠʭ ʽ ʚʠʭʽʜʥʠʭ ʩʠʛʥʘʣʽʚ ʩʪʚʦʨʶʶʪʴ ʤʫʣʴʪʠʧʣʽʢʘʪʠʚʥʫ ʧʦʭʠʙʢʫ ʚʽʜ ʯʘʩʪʦʪʠ ʽ ʚʽʜ 

ʟʥʘʯʝʥʥʷ ʯʘʩʫ ʟʘʪʨʠʤʦʢ. ɺʽʜʧʦʚʽʜʥʦ ʜʘʥʫ ʤʫʣʴʪʠʧʣʽʢʘʪʠʚʥʫ ʧʦʭʠʙʢʫ ʤʦʞʥʘ 

ʩʢʦʨʠʛʫʚʘʪʠ ʟʤʽʥʦʶ ʢʦʝʬʽʮʽʻʥʪʘ ʧʝʨʝʜʘʯʽ ʂʂʇ ʜʣʷ ʧʝʚʥʦʛʦ ʟʥʘʯʝʥʥʷ ʯʘʩʪʦʪʠ ʊɻ. 

 

2.2. ʇʨʦʝʢʪʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʥʦʾ ʩʭʝʤʠ ʢʘʣʽʙʨʘʪʦʨʘ ʥʘʧʨʫʛʠ ʟ ʜʦʜʘʪʢʦʚʠʤ 

ʜʞʝʨʝʣʦʤ ʟʨʘʟʢʦʚʦʾ ʥʘʧʨʫʛʠ 

ʅʘ ʨʠʩʫʥʢʫ 2.5 ʧʦʜʘʥʘ ʨʦʟʨʦʙʣʝʥʘ ʩʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʢʘʣʽʙʨʘʪʦʨʘ ʥʘʧʨʫʛʠ, ʚ ʷʢʽʡ 

ʜʣʷ ʢʦʨʝʢʮʽʾ ʚʧʣʠʚʫ ʥʘʧʨʫʛ ʟʤʽʱʝʥʥʷ ʆʇ ʚʠʢʦʨʠʩʪʘʥʦ ʤʝʪʦʜ ʧʦʜʚʽʡʥʦʛʦ 

ʢʦʤʫʪʘʮʽʡʥʦʛʦ ʽʥʚʝʨʪʫʚʘʥʥʷ ʟ ʜʦʜʘʪʢʦʚʠʤ ʜʞʝʨʝʣʦʤ ʟʨʘʟʢʦʚʦʾ ʥʘʧʨʫʛʠ. ʉʪʨʫʢʪʫʨʥʘ 

ʩʭʝʤʘ ʤʽʩʪʠʪʴ ʜʞʝʨʝʣʘ ʟʨʘʟʢʦʚʠʭ ʥʘʧʨʫʛ ɼɿʅ1 ʽ ɼɿʅ2, ʚʭʽʜʥʠʡ ʧʽʜʩʠʣʶʚʘʯ ɺʭʇ, 

ʢʦʜʦ-ʢʝʨʦʚʘʥʠʡ ʧʦʜʽʣʴʥʠʢ ʥʘʧʨʫʛʠ ʂʇʅ, ʚʠʭʽʜʥʠʡ ʧʽʜʩʠʣʶʚʘʯ ɺʠʭʇ, ʢʦʤʫʪʘʮʽʡʥʽ 

ʢʣʶʯʽ ʂ1-ʂ3, ʪʘʢʪʦʚʠʡ ʛʝʥʝʨʘʪʦʨ ʊɻ ʽ ʬʽʣʴʪʨ ʌ [14]. 

ʅʘ ʚʠʭʦʜʽ ʚʠʭʽʜʥʦʛʦ ʧʽʜʩʠʣʶʚʘʯʘ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʩʠʛʥʘʣʫ ʪʘʢʪʦʚʦʛʦ ʛʝʥʝʨʘʪʦʨʘ 

ʬʦʨʤʫʶʪʴʩʷ ʥʘʧʨʫʛʠ: 

 ( )[ ] 221101 KUKUUU ÖD+ÖÖD+= + m ,    ;
2

0
T

t¢¢  (2.13) 

 ( )[ ] 221102 KUKUUU ÖD+ÖÖD+-= - m ,    ,
2

ʊt
T

¢¢  (2.14) 

ʜʝ ʊ ï ʧʝʨʽʦʜ ʽʤʧʫʣʴʩʽʚ ʪʘʢʪʦʚʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʊɻ. 

 

ʈʠʩʫʥʦʢ 2.5 ï ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʢʘʣʽʙʨʘʪʦʨʘ ʥʘʧʨʫʛʠ ʟ ʜʦʜʘʪʢʦʚʠʤ ʜʞʝʨʝʣʦʤ 

ʟʨʘʟʢʦʚʦʾ ʥʘʧʨʫʛʠ 

 

ɺʽʜʧʦʚʽʜʥʦ ʥʘ ʚʠʭʦʜʽ ɺʠʭʇ ʬʦʨʤʫʶʪʴʩʷ ʨʽʟʥʦʧʦʣʷʨʥʽ ʩʠʛʥʘʣʠ, ʘ ʥʘ ʚʭʽʜ ʬʽʣʴʪʨʘ 

ʧʦʩʪʫʧʘʶʪʴ ʩʠʛʥʘʣʠ ʦʜʥʽʻʾ ʧʦʣʷʨʥʦʩʪʽ ʚ ʨʝʟʫʣʴʪʘʪʽ ʢʦʤʫʪʘʮʽʾ ʢʣʶʯʽʚ ʂ2, ʂ3. ʇʨʠ 

ʮʴʦʤʫ ʥʘ ʚʠʭʦʜʽ ʬʽʣʴʪʨʘ ʥʘʧʨʫʛʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʠʨʘʟʦʤ: 



66 

 21
021

22
KK

UUUU
U o
ʚʠʭ ÖÖÖ

-
=

-
= -+ m  (2.15) 

ɺʽʜʧʦʚʽʜʥʦ ʥʘ ʚʠʭʦʜʽ ʬʽʣʴʪʨʘ ʘʜʠʪʠʚʥʽ ʩʢʣʘʜʦʚʽ ʧʦʭʠʙʢʠ ʚʽʜ ʟʤʽʱʝʥʥʷ ʥʫʣʴʦʚʦʛʦ 

ʨʽʚʥʷ ʦʧʝʨʘʮʽʡʥʠʭ ʧʽʜʩʠʣʶʚʘʯʽʚ ʧʦʚʥʽʩʪʶ ʢʦʤʧʝʥʩʫʶʪʴʩʷ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʩʭʝʤʠ [14] ʢʘʣʽʙʨʘʪʦʨʘ ʥʘʧʨʫʛʠ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ 

ʟ ʘʚʪʦʤʘʪʠʯʥʦʶ ʢʦʨʝʢʮʽʻʶ ɸʉʇ ʤʝʪʦʜʦʤ ʢʦʤʫʪʘʮʽʡʥʦʛʦ ʽʥʚʝʨʪʫʚʘʥʥʷ ʧʨʦʚʝʜʝʥʦ 

ʤʝʪʦʜʦʤ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʤʦʜʝʣʽ ʧʦʜʘʥʦʾ ʥʘ ʨʠʩʫʥʢʫ 2.6. 

 

ʈʠʩʫʥʦʢ 2.6 ï ʂʦʤʧôʶʪʝʨʥʘ ʤʦʜʝʣʴ ʜʦʩʣʽʜʞʝʥʥʷ ʢʘʣʽʙʨʘʪʦʨʘ ʥʘʧʨʫʛʠ  

ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʟ ʘʚʪʦʤʘʪʠʯʥʦʶ ʢʦʨʝʢʮʽʻʶ ʧʦʭʠʙʦʢ 

 

ʂʦʤʫʪʘʮʽʷ ʚʭʽʜʥʦʛʦ ʧʽʜʩʠʣʶʚʘʯʘ ʟʜʽʡʩʥʶʻʪʴʩʷ ʜʚʦʤʘ ʢʣʶʯʘʤʠ ʥʘ ʟʘʤʠʢʘʥʥʷ, ʷʢʽ 

ʧʽʜôʻʜʥʫʶʪʴ ʚʭʽʜʥʠʡ ʧʽʜʩʠʣʶʚʘʯ ʜʦ ʜʞʝʨʝʣ ʟʨʘʟʢʦʚʠʭ ʥʘʧʨʫʛ ʟ ʦʜʥʘʢʦʚʠʤʠ 

ʟʥʘʯʝʥʥʷʤʠ +1 ɺ ʽ -1 ɺ ʚʠʭʽʜʥʠʭ ʥʘʧʨʫʛ. ɯʤʽʪʘʮʽʷ ʥʘʧʨʫʛʠ ʟʤʽʱʝʥʥʷ ʦʧʝʨʘʮʽʡʥʠʭ 

ʧʽʜʩʠʣʶʚʘʯʽʚ DU1, DU2 ʟʜʽʡʩʥʶʻʪʴʩʷ ʚʢʣʶʯʝʥʥʷʤ ʜʞʝʨʝʣ ʥʘʧʨʫʛ ʥʘ ʚʭʦʜʘʭ ʆʇ. 

ɿʥʘʯʝʥʥʷ ʮʠʭ ʥʘʧʨʫʛ ʚʠʙʨʘʥʝ ʪʠʧʦʚʠʤ ʜʣʷ ʩʫʯʘʩʥʠʭ ʤʽʢʨʦʩʭʝʤ ʆʇ Ñ10 ʤɺ. 

ɯʤʽʪʘʮʽʷ ʨʦʙʦʪʠ ʂʇʅ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʤʽʥʥʠʤ ʨʝʟʠʩʪʦʨʦʤ, ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʜʘʯʽ 

ʷʢʦʛʦ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʧʨʦʛʨʘʤʥʠʤ ʤʝʪʦʜʦʤ. ʇʨʠ ʮʴʦʤʫ ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʜʘʯʽ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʠʨʘʟʦʤ: 

 ,
R

R-R

ɿ

ʅɿ=m  (2.16) 

ʜʝ Rɿ ï ʟʥʘʯʝʥʥʷ ʟʘʛʘʣʴʥʦʛʦ ʦʧʦʨʫ ʟʤʽʥʥʦʛʦ ʨʝʟʠʩʪʦʨʘ; 
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Rʅ ï ʟʥʘʯʝʥʥʷ ʦʧʦʨʫ ʥʠʞʥʴʦʾ ʯʘʩʪʠʥʠ ʟʤʽʥʥʦʛʦ ʨʝʟʠʩʪʦʨʘ.  

ʇʨʠ ʚʽʜʧʦʚʽʜʥʽʡ ʧʽʜʩʪʘʥʦʚʮʽ ʦʪʨʠʤʘʻʤʦ: 

 ,
100

1
N

-=m  (2.17) 

ʜʝ N ï ʟʥʘʯʝʥʥʷ ʚʝʨʭʥʴʦʾ ʯʘʩʪʠʥʠ ʟʤʽʥʥʦʛʦ ʨʝʟʠʩʪʦʨʘ ʚ ʚʽʜʩʦʪʢʘʭ. 

ʉʠʛʥʘʣ ʚʠʭʽʜʥʦʛʦ ʧʽʜʩʠʣʶʚʘʯʘ ʧʽʜôʻʜʥʫʻʪʴʩʷ ʜʦ ʚʭʦʜʫ ʬʽʣʴʪʨʘ ʟ ʜʦʧʦʤʦʛʦʶ 

ʢʣʶʯʽʚ, ʷʢʽ ʟʤʽʥʶʶʪʴ ʡʦʛʦ ʧʦʣʷʨʥʽʩʪʴ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʦʣʷʨʥʦʩʪʽ ʥʘʧʨʫʛʠ ʧʽʜôʻʜʥʘʥʦʛʦ 

ʟʨʘʟʢʦʚʦʛʦ ʜʞʝʨʝʣʘ. ʇʨʠ ʮʴʦʤʫ ʚʭʽʜʥʽ ʥʘʧʨʫʛʠ ʬʽʣʴʪʨʘ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʦʣʷʨʥʦʩʪʽ 

ʟʨʘʟʢʦʚʦʾ ʥʘʧʨʫʛʠ ʚʠʟʥʘʯʘʶʪʴʩʷ ʚʠʨʘʟʘʤʠ: 

 ( ) 2101 UUUUɺʍ D+ÖD+= + m , (2.18) 

 ( )[ ].2102 UUUUɺʍ D+ÖD+-= - m  (2.19) 

 

ɺʽʜʧʦʚʽʜʥʦ ʧʦʭʠʙʢʠ ʥʘ ʚʭʦʜʽ ʘʢʪʠʚʥʦʛʦ ʬʽʣʴʪʨʘ ʟʥʘʭʦʜʷʪʴʩʷ ʟʘ ʚʠʨʘʟʘʤʠ: 

 

 
211 UUUɺʍ D+ÖD=D m , (2.20) 

 ( ).212 UUUɺʍ D+ÖD-=D m  (2.21) 

ɼʣʷ ʫʩʝʨʝʜʥʝʥʥʷ ʚʠʭʽʜʥʦʾ ʥʘʧʨʫʛʠ ɺʠʭʇ ʚʠʢʦʨʠʩʪʘʥʦ ʘʢʪʠʚʥʠʡ ʬʽʣʴʪʨ ʙʝʟ 

ʧʦʩʪʽʡʥʦʛʦ ʟʤʽʱʝʥʥʷ. ɿʥʘʯʝʥʥʷ ʚʠʭʽʜʥʦʾ ʥʘʧʨʫʛʠ ʚʽʜ ʟʤʽʥʠ ʢʦʝʬʽʮʽʻʥʪʘ ʧʦʜʽʣʫ 

ʟʤʽʥʥʦʛʦ ʨʝʟʠʩʪʦʨʘ ʚʠʤʽʨʶʻʪʴʩʷ ʤʽʣʽʚʦʣʴʪʤʝʪʨʦʤ. ʇʦʭʠʙʢʘ ʬʦʨʤʫʚʘʥʥʷ ʚʠʭʽʜʥʦʾ 

ʥʘʧʨʫʛʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʨʽʟʥʠʮʷ ʚʠʭʽʜʥʦʾ ʥʘʧʨʫʛʠ ʽ ʧʦʩʣʽʜʦʚʥʦ ʚʢʣʶʯʝʥʦʛʦ 

ʢʝʨʦʚʘʥʦʛʦ ʜʞʝʨʝʣʘ ʟʨʘʟʢʦʚʦʾ ʥʘʧʨʫʛʠ ʪʘ ʚʠʤʽʨʶʻʪʴʩʷ ʤʽʢʨʦʚʦʣʴʪʤʝʪʨʦʤ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʤʦʜʝʣʽ ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʨʫʯʥʦʤʫ ʽ ʘʚʪʦʤʘʪʠʯʥʦʤʫ ʨʝʞʠʤʘʭ. ɺ 

ʨʫʯʥʦʤʫ ʨʝʞʠʤʽ ʢʝʨʫʚʘʥʥʷ  ʢʣʶʯʘʤʠ ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʽʜôʻʜʥʘʥʥʷʤ ʢʝʨʫʶʯʠʭ ʚʭʦʜʽʚ 

ʢʣʶʯʽʚ ʜʦ ʥʘʧʨʫʛ ʞʠʚʣʝʥʥʷ +12 ɺ ʽ -12 ɺ ʚʽʜʧʦʚʽʜʥʠʤʠ ʨʝʟʠʩʪʦʨʘʤʠ ʧʨʠ ʚʽʜôʻʜʥʘʥʥʽ 

ʪʘʢʪʦʚʦʛʦ ʛʝʥʝʨʘʪʦʨʘ. ɺ ʘʚʪʦʤʘʪʠʯʥʦʤʫ ʨʝʞʠʤʽ ʢʝʨʫʚʘʥʥʷ ʢʣʶʯʘʤʠ ʟʜʽʡʩʥʶʻʪʴʩʷ 

ʪʘʢʪʦʚʠʤ ʛʝʥʝʨʘʪʦʨʦʤ, ʷʢʠʡ ʬʦʨʤʫʻ ʧʨʷʤʦʢʫʪʥʽ ʽʤʧʫʣʴʩʠ ʟ ʘʤʧʣʽʪʫʜʦʶ ʚʽʜ -12 ɺ ʜʦ 

+12 ɺ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʜʝʣʽ ʚ ʨʫʯʥʦʤʫ ʨʝʞʠʤʽ ʧʨʠ DU1=DU2=10 ʤɺ ʧʦʜʘʥʽ ʚ 

ʪʘʙʣʠʮʽ 2.1. 
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ʊʘʙʣʠʮʷ 2.1 ï ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʜʝʣʽ ʢʘʣʽʙʨʘʪʦʨʘ ʥʘʧʨʫʛʠ ʚ ʨʫʯʥʦʤʫ 

ʨʝʞʠʤʽ 

Õ 0,01 0,2 0,4 0,6 0,8 1,0 

Uɺʀʍ+, ʤɺ -0,11 212,01 414,01 616,01 818,01 1020,02 

Uɺʀʍ-, ʤɺ 20,12 187,99 385,99 583,98 781,96 979,95 

Uɺʀʍʩ, ʤɺ 10,005 200,000 400,000 599,995 799,985 999,985 

ȹU, ʤɺ 0,005 0 0 0,005 0,015 0,015 

 

ɿ ʘʥʘʣʽʟʫ ʧʦʜʘʥʠʭ ʚ ʪʘʙʣʠʮʽ 2.1 ʟʥʘʯʝʥʴ ʚʠʜʥʦ, ʱʦ ʚ ʨʫʯʥʦʤʫ ʨʝʞʠʤʽ ʢʝʨʫʚʘʥʥʷ 

ʢʣʶʯʘʤʠ ʘʙʩʦʣʶʪʥʘ ʧʦʭʠʙʢʘ ʚʽʜʪʚʦʨʝʥʴ ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʥʝ ʧʝʨʝʚʠʱʫʻ 0,015 ʤɺ ʽ 

ʚʽʜʧʦʚʽʜʥʦ ʚʽʜʥʦʩʥʘ ʧʦʭʠʙʢʘ ʥʝ ʧʝʨʝʚʠʱʫʻ 0,0015 % ʜʣʷ ʤʘʢʩʠʤʘʣʴʥʠʭ ʟʥʘʯʝʥʴ 

ʚʠʭʽʜʥʦʾ ʥʘʧʨʫʛʠ ʢʘʣʽʙʨʘʪʦʨʘ. 

ʅʘ ʨʠʩʫʥʢʫ 2.7 ʥʘʚʝʜʝʥʦ ʛʨʘʬʽʯʥʽ ʟʘʣʝʞʥʦʩʪʽ ʧʦʭʠʙʦʢ ʜʣʷ ʨʽʟʥʠʭ ʟʥʘʯʝʥʴ 

ʥʘʧʨʫʛʠ ʟʤʽʱʝʥʥʷ ʚ ʨʫʯʥʦʤʫ ʨʝʞʠʤʽ ʧʨʠ ʜʦʜʘʪʥʴʦʤʫ ʽ ʚʽʜôʻʤʥʦʤʫ ʟʥʘʯʝʥʥʷʭ 

ʟʨʘʟʢʦʚʦʾ ʥʘʧʨʫʛʠ. 

 

 

ʈʠʩʫʥʦʢ 2.7 ï ɻʨʘʬʽʯʥʽ ʟʘʣʝʞʥʦʩʪʽ ʧʦʭʠʙʦʢ ʚʠʭʽʜʥʠʭ ʩʠʛʥʘʣʽʚ ʚ ʨʫʯʥʦʤʫ  

ʨʝʞʠʤʽ ʜʣʷ ʨʽʟʥʠʭ ʟʥʘʯʝʥʴ ʥʘʧʨʫʛ ʟʤʽʱʝʥʥʷ ʦʧʝʨʘʮʽʡʥʠʭ ʧʽʜʩʠʣʶʚʘʯʽʚ:  

1 - DU1= DU2=1 ʤɺ; 2 - DU1=DU2=5 ʤɺ; 3 - DU1=DU2=10 ʤɺ 

 

ɿ ʘʥʘʣʽʟʫ ʛʨʘʬʽʢʫ ʚʠʜʥʦ, ʱʦ ʘʜʠʪʠʚʥʽ ʩʢʣʘʜʦʚʽ ʧʦʭʠʙʢʠ ʩʠʤʝʪʨʠʯʥʽ ʜʣʷ ʜʦʜʘʪʥʠʭ 

ʽ ʚʽʜôʻʤʥʠʭ ʟʥʘʯʝʥʴ ʟʨʘʟʢʦʚʠʭ ʥʘʧʨʫʛ ʽ ʚʽʜʧʦʚʽʜʥʦ ʧʦʚʥʽʩʪʶ ʢʦʨʠʛʫʶʪʴʩʷ. 
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ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʜʝʣʽ ʢʦʨʝʢʮʽʾ ʧʦʭʠʙʦʢ ʚ ʘʚʪʦʤʘʪʠʯʥʦʤʫ ʨʝʞʠʤʽ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʨʽʟʥʠʭ ʯʘʩʪʦʪ ʊɻ ʧʨʠ ʟʥʘʯʝʥʥʽ ʥʘʧʨʫʛ ʟʤʽʱʝʥʥʷ 10 ʤɺ ʧʦʜʘʥʽ ʚ 

ʪʘʙʣʠʮʽ 2.2. 

ʊʘʙʣʠʮʷ 2.2 ï ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʜʝʣʽ ʢʦʨʝʢʮʽʾ ʧʦʭʠʙʦʢ ʚ 

ʘʚʪʦʤʘʪʠʯʥʦʤʫ ʨʝʞʠʤʽ (ȹU, ʤɺ) 

Õ 

f, ɻʮ 0,01 0,2 0,4 0,6 0,8 1,0 

50 -0,011 -0,021 -0,025 -0,032 0,034 0,041 

100 -0,037 -0,310 -0,420 -0,810 -1,052 -1,150 

250 -0,042 -0,397 -0,788 -1,109 -1,620 -2,020 

500 -0,045 -0,440 -0,845 -1,197 -1,822 -2,446 

750 -0,048 -0,464 -0,892 -1,332 -1,849 -2,462 

1000 -0,049 -0,489 -0,946 -1,422 -1,894 -2,540 

 

ɿ ʘʥʘʣʽʟʫ ʧʦʜʘʥʠʭ ʚ ʪʘʙʣʠʮʽ 2.2 ʟʥʘʯʝʥʴ ʚʠʜʥʦ, ʱʦ ʧʽʜ ʯʘʩ ʟʙʽʣʴʰʝʥʥʷ ʯʘʩʪʦʪʠ 

ʧʝʨʝʤʠʢʘʥʥʷ ʢʣʶʯʽʚ ʘʙʩʦʣʶʪʥʘ ʧʦʭʠʙʢʘ ʢʘʣʽʙʨʘʪʦʨʘ ʟʨʦʩʪʘʻ ʽ ʥʘ ʯʘʩʪʦʪʽ 1000 ɻʮ ʚʞʝ 

ʩʪʘʥʦʚʠʪʴ 2,54 ʤɺ. ʊʘʢʝ ʩʫʪʪʻʚʝ ʟʨʦʩʪʘʥʥʷ ʧʦʭʠʙʦʢ ʩʪʨʫʢʪʫʨʠ ʢʘʣʽʙʨʘʪʦʨʘ ʧʦʩʪʽʡʥʦʛʦ 

ʩʪʨʫʤʫ ʥʘʧʝʚʥʦ ʟʫʤʦʚʣʝʥʝ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʧʦʙʫʜʦʚʠ ʝʢʚʽʚʘʣʝʥʪʥʠʭ ʩʭʝʤ ʝʣʝʢʪʨʦʥʥʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ ʫ ʚʠʢʦʨʠʩʪʘʥʦʤʫ ʧʨʦʛʨʘʤʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. ɿ ʮʽʻʶ ʤʝʪʦʶ ʙʫʣʦ 

ʧʨʦʤʦʜʝʣʴʦʚʘʥʦ ʚʧʣʠʚ ʥʘʧʨʫʛ ʟʤʽʱʝʥʥʷ ʆʇ (DU1=DU2=10 ʤɺ) ʥʘ ʚʠʭʽʜʥʫ ʥʘʧʨʫʛʫ 

ʢʘʣʽʙʨʘʪʦʨʘ ʥʘʧʨʫʛʠ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʥʘ ʯʘʩʪʦʪʽ 50 ɻʮ ʜʣʷ ʯʦʪʠʨʴʦʭ ʨʽʟʥʠʭ 

ʚʠʧʘʜʢʽʚ [14]: 

1) ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʥʘʧʨʫʛ ʟʤʽʱʝʥʥʷ ʚ ʩʪʨʫʢʪʫʨʽ ʢʘʣʽʙʨʘʪʦʨʘ, ʚʠʭʽʜʥʽ ʥʘʧʨʫʛʠ 

ʷʢʠʭ ʧʨʠ ʤʦʞʫʪʴ ʙʫʪʠ ʧʨʠʡʥʷʪʽ ʷʢ ʦʧʦʨʥʽ ʟʥʘʯʝʥʥʷ; 

2) ʟʘ ʥʘʷʚʥʦʩʪʽ ʪʽʣʴʢʠ ʜʞʝʨʝʣʘ ʥʘʧʨʫʛʠ ʟʤʽʱʝʥʥʷ DU1 ʥʘ ʚʭʦʜʽ ʚʭʽʜʥʦʛʦ 

ʧʽʜʩʠʣʶʚʘʯʘ U1; 

3) ʟʘ ʥʘʷʚʥʦʩʪʽ ʪʽʣʴʢʠ ʜʞʝʨʝʣʘ ʥʘʧʨʫʛʠ ʟʤʽʱʝʥʥʷ DU2 ʥʘ ʚʭʦʜʽ ʚʠʭʽʜʥʦʛʦ 

ʧʽʜʩʠʣʶʚʘʯʘ U2; 

4)  ʟʘ ʥʘʷʚʥʦʩʪʽ ʦʙʦʭ ʜʞʝʨʝʣ ʥʘʧʨʫʛ ʟʤʽʱʝʥʥʷ DU1 ʽ DU2 ʥʘ ʚʭʦʜʘʭ ʦʙʦʭ 

ʧʽʜʩʠʣʶʚʘʯʽʚ U12. 
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ʈʝʟʫʣʴʪʘʪʠ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʥʘʧʨʫʛ ʟʤʽʱʝʥʥʷ ʥʘ ʚʠʭʽʜʥʫ ʥʘʧʨʫʛʫ 

ʢʘʣʽʙʨʘʪʦʨʘ ʥʘʧʨʫʛʠ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʧʦʜʘʥʽ ʚ ʪʘʙʣʠʮʽ 2.3. 

 

ʊʘʙʣʠʮʷ 2.3 - ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʥʘʧʨʫʛ ʟʤʽʱʝʥʥʷ ʥʘ ʚʠʭʽʜʥʫ 

ʥʘʧʨʫʛʫ ʢʘʣʽʙʨʘʪʦʨʘ ʥʘʧʨʫʛʠ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ 

Õ U0, ʤɺ U1 U2 U12 

Uʚ, ʤɺ ȹ, ʤʢɺ Uʚ, ʤɺ ȹ, ʤʢɺ Uʚ, ʤɺ ȹ, ʤʢɺ 

0,01 9,9892 9,9898 -0,6 9,9884 0,8 9,9885 0,7 

0,2 199,9795 199,9787 0,8 199,9801 -0,6 199,9787 0,8 

0,4 399,9759 399,9752 0,7 399,9751 0,8 399,9753 0,6 

0,6 599,9683 599,9692 -0,9 599,9691 -0,8 599,9692 -0,9 

0,8 799,9665 799,9672 -0,7 799,9658 0,7 799,9673 -0,8 

1 999,9598 999,9588 1,0 999,9589 0,9 999,9588 1,0 

 

ɸʥʘʣʽʟ ʧʦʜʘʥʦʾ ʚʠʱʝ ʪʘʙʣʠʮʽ 2.3 ʧʦʢʘʟʘʚ, ʱʦ ʥʝʩʢʦʨʠʛʦʚʘʥʝ ʟʥʘʯʝʥʥʷ ʘʙʩʦʣʶʪʥʦʾ 

ʧʦʭʠʙʢʠ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʩʪʨʫʢʪʫʨʠ ʢʘʣʽʙʨʘʪʦʨʘ ʥʝ ʧʝʨʝʚʠʱʫʻ Ñ1 ʤʢɺ, ʱʦ ʜʘʻ ʧʽʜʩʪʘʚʠ 

ʜʣʷ ʚʠʩʥʦʚʢʫ, ʱʦ ʚʧʣʠʚ ʥʘʧʨʫʛ ʟʤʽʱʝʥʥʷ ʢʦʨʠʛʫʻʪʴʩʷ ʜʦ ʟʥʘʯʝʥʴ ʧʨʠʜʘʪʥʠʭ ʜʣʷ 

ʙʽʣʴʰʦʩʪʽ ʧʨʘʢʪʠʯʥʠʭ ʚʠʢʦʨʠʩʪʘʥʴ. 

 

2.3. ʂʘʣʽʙʨʘʪʦʨ ʥʘʧʨʫʛʠ ʟ ʜʦʜʘʪʢʦʚʠʤ ʜʞʝʨʝʣʦʤ ʟʨʘʟʢʦʚʦʾ ʥʘʧʨʫʛʠ ʪʘ 

ʘʥʘʣʦʛʦʚʦʶ ʧʘʤôʷʪʪʶ 

ʅʘ ʨʠʩʫʥʢʫ 2.8 ʧʦʜʘʥʘ ʩʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʫʩʪʘʚʠ ʜʣʷ 

ʚʽʜʪʚʦʨʝʥʥʷ ʥʘʧʨʫʛʠ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʟ ʘʚʪʦʤʘʪʠʯʥʠʤ ʢʦʨʠʛʫʚʘʥʥʷʤ ʘʜʠʪʠʚʥʠʭ 

ʟʤʽʱʝʥʴ, ʷʢʘ ʤʽʩʪʠʪʴ: 

ï ʜʚʘ ʜʞʝʨʝʣʘ ʦʧʦʨʥʠʭ ʥʘʧʨʫʛ EN1, EN2, ʚʢʣʶʯʝʥʠʭ ʤʽʞ ʚʠʚʦʜʘʤʠ ʜʞʝʨʝʣ 

ʞʠʚʣʝʥʥʷ; 

ï ʜʞʝʨʝʣʘ ʥʘʧʨʫʛʠ ʞʠʚʣʝʥʥʷ US1, US2; 

ï ʚʭʽʜʥʠʡ ʧʦʚʪʦʨʶʚʘʯ BF1; 

ï ʢʦʜʦʢʝʨʦʚʘʥʠʡ ʧʦʜʽʣʴʥʠʢ ʥʘʧʨʫʛʠ CCVD; 

ï ʧʝʨʝʤʠʢʘʯʽ ʧʦʣʷʨʥʦʩʪʽ ʚʭʽʜʥʠʡ S11 ʪʘ ʚʠʭʽʜʥʠʡ S12; 

ï ʚʠʭʽʜʥʠʡ ʧʦʚʪʦʨʶʚʘʯ BF2 ʪʘ ʽʥʚʝʨʪʦʨ ʥʘʧʨʫʛʠ IN; 
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ï  ʬʽʣʴʪʨ ʥʠʟʴʢʦʾ ʯʘʩʪʦʪʠ LPF; 

ï ʟʘʧʘʤôʷʪʦʚʫʚʘʣʴʥʽ ʢʦʥʜʝʥʩʘʪʦʨʠ ʉ11, ʉ12 ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʚʠʭʽʜʥʦʾ ʥʘʧʨʫʛʠ 

ʢʘʣʽʙʨʘʪʦʨʘ. 

 
ʈʠʩʫʥʦʢ 2.8 ï ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʫʩʪʘʚʠ ʜʣʷ ʚʽʜʪʚʦʨʝʥʥʷ ʥʘʧʨʫʛʠ 

ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʟ ʘʚʪʦʤʘʪʠʯʥʠʤ ʢʦʨʠʛʫʚʘʥʥʷʤ ʘʜʠʪʠʚʥʠʭ ʟʤʽʱʝʥʴ 

 

ʋ ʚʠʤʽʨʶʚʘʣʴʥʽʡ ʩʭʝʤʽ ʥʘ ʨʠʩʫʥʢʫ 2.8 ʧʝʨʝʜʙʘʯʝʥʦ ʥʠʟʢʫ ʟʘʭʦʜʽʚ ʽʟ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʟʘʚʘʜʦʟʘʭʠʱʝʥʦʩʪʽ ʪʘ ʟʘʚʘʜʦʩʪʽʡʢʦʩʪʽ ʧʝʨʝʪʚʦʨʝʥʥʷ [95]. ɺ ʦʩʥʦʚʫ ʧʦʙʫʜʦʚʠ 

ʩʪʨʫʢʪʫʨʥʦʾ ʩʭʝʤʠ ʢʘʣʽʙʨʘʪʦʨʘ ʥʘʧʨʫʛʠ ʟ ʘʚʪʦʤʘʪʠʯʥʠʤ ʢʦʨʠʛʫʚʘʥʥʷ ʘʜʠʪʠʚʥʠʭ 

ʟʤʽʱʝʥʴ ʧʦʢʣʘʜʝʥʦ ʧʨʠʥʮʠʧ ʧʦʜʚʽʡʥʦʾ ʤʦʜʫʣʷʮʽʾ-ʜʝʤʦʜʫʣʷʮʽʾ  ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʚʦʭ 

ʜʞʝʨʝʣ ʦʧʦʨʥʦʾ ʥʘʧʨʫʛʠ (ɼʆʅ). ɼʣʷ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʨʦʮʝʩʫ ʢʦʨʠʛʫʚʘʥʥʷ ʧʦʭʠʙʦʢ 

ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʘʪʠ ʤʝʪʦʜ ʧʦʜʚʽʡʥʦʛʦ ʢʦʤʫʪʘʮʽʡʥʦʛʦ ʽʥʚʝʨʪʫʚʘʥʥʷ ʟ ʚʠʭʽʜʥʠʤ 

ʫʩʝʨʝʜʥʶʚʘʣʴʥʠʤ ʬʽʣʴʪʨʦʤ ʥʠʟʴʢʦʾ ʯʘʩʪʦʪʠ (ʌʅʏ) [96].  

ɺʠʭʽʜʥʫ ʢʘʣʽʙʨʦʚʘʥʫ ʥʘʧʨʫʛʫ UK ʦʪʨʠʤʫʶʪʴ ʷʢ ʩʫʤʫ ʥʘʧʨʫʛ ʥʘ ʜʚʦʭ ʚʠʭʽʜʥʠʭ 

ʟʘʧʘʤôʷʪʦʚʫʚʘʣʴʥʠʭ ʢʦʥʜʝʥʩʘʪʦʨʘʭ UK=UK1ïUK2, ʜʝ UK1, UK2 - ʚʠʭʽʜʥʽ ʥʘʧʨʫʛʠ ʥʘ 

ʢʦʥʜʝʥʩʘʪʦʨʘʭ C11, C12 ʚ ʨʽʟʥʠʭ ʧʽʚʧʝʨʽʦʜʘʭ ʯʘʩʪʦʪʠ ʢʝʨʫʚʘʥʥʷ ʧʽʜ ʯʘʩ ʧʽʜôʻʜʥʘʥʥʷ 

ɼʆʅ EN1 ʽ EN2 ʨʽʟʥʠʭ ʧʦʣʷʨʥʦʩʪʝʡ ʚʽʜʥʦʩʥʦ ʩʧʽʣʴʥʦʾ ʰʠʥʠ ʢʘʣʽʙʨʘʪʦʨʘ. ɿ ʜʦʧʦʤʦʛʦʶ 

ʚʭʽʜʥʦʛʦ ʢʦʤʫʪʘʪʦʨʘ S11 ʧʦʯʝʨʛʦʚʦ ʧʝʨʝʤʠʢʘʪʴʩʷ ʚʭʦʜʠ ʢʘʣʽʙʨʘʪʦʨʘ ʜʦ ʦʙʦʭ ʚʠʭʦʜʽʚ 

ɼʆʅ. ɺʠʭʽʜʥʠʡ ʢʦʤʫʪʘʪʦʨ S12 ʩʠʥʭʨʦʥʥʦ ʟ ʧʝʨʰʠʤ ʧʽʜʢʣʶʯʘʻ ʚʠʭʽʜʥʫ ʥʘʧʨʫʛʫ DA2 

ʪʘ ʽʥʚʝʨʪʦʨʘ IN ʜʦ ʟʘʧʘʤôʷʪʦʚʫʚʘʣʴʥʠʭ ʢʦʥʜʝʥʩʘʪʦʨʽʚ C11 ʽ C12. ɺʠʭʽʜʥʘ ʥʘʧʨʫʛʘ DA2 

UK11 ʧʦʜʘʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʚʠʨʘʟʦʤ: 


