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ɸʥʥʦʪʘʮʠʷ 

ʇʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ ʯʠʩʪʦʪʳ ʚʦʟʜʫʭʘ ʧʨʠ ʧʦʤʦʱʠ ʤʝʪʦʜʘ ʣʠʭʝʥʦʠʥʜʠʢʘʮʠʠ ʚ ʈʝʩʧʫʙʣʠʢʘʥʩʢʦʤ ʣʘʥʜ-

ʰʘʬʪʥʦʤ ʟʘʢʘʟʥʠʢʝ çʇʨʠʣʝʧʩʢʠʡè ʠ ʘʛʨʦʛʦʨʦʜʢʝ çʃʝʩʥʦʡè. ɺʦʟʜʝʡʩʪʚʠʝ ʟʘʛʨʷʟʥʝʥʥʦʛʦ ʚʦʟʜʫʭʘ ʥʘ ʣʠ-

ʰʘʡʥʠʢʠ ʠʟʫʯʘʝʪʩʷ ʫʞʝ ʙʦʣʝʝ ʚʝʢʘ. ʈʝʘʢʮʠʷ ʣʠʰʘʡʥʠʢʦʚ ʥʘ ʟʘʛʨʷʟʥʝʥʠʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʠʟʤʝʥʝʥʠʝʤ ʬʠ-

ʟʠʦʣʦʛʠʠ, ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ, ʩʪʨʫʢʪʫʨʳ ʩʦʦʙʱʝʩʪʚ. 

Abstract 

Air purity was assessed using the lichen indication method in the Prilepsky Republican Landscape Reserve 

and Lesnoy agro-town. The effect of polluted air on lichens has been studied for more than a century. The reac-

tion of lichens to pollution is accompanied by a change in physiology, chemical composition, and community 

structure.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʥʜʠʢʘʪʦʨʳ, ʵʧʠʬʠʪʥʳʝ ʣʠʰʘʡʥʠʢʠ, ʣʠʭʝʥʦʬʣʦʨʘ, ʬʦʨʦʬʠʪ. 

Keywords: indicators, epiphytic lichens, lichenoflora, phorophyte.  

 

ʇʝʨʚʳʝ ʫʧʦʤʠʥʘʥʠʷ ʦ ʣʠʰʘʡʥʠʢʘʭ ɹʝʣʘʨʫʩʠ 

ʦʪʥʦʩʷʪʩʷ ʢ ʢʦʥʮʫ XVIII ʚ. ʠ ʩʚʷʟʘʥʳ ʩ ʠʤʝʥʝʤ 

ɾ.ʕ. ɾʠʣʠʙʝʨʘ, ʚʳʜʘʶʱʝʛʦʩʷ ʬʨʘʥʮʫʟʩʢʦʛʦ ʙʦʪʘ-

ʥʠʢʘ, ʢʦʪʦʨʳʡ ʚ ʩʚʦʝʡ ʨʘʙʦʪʝ çʌʣʦʨʘ ʃʠʪʚʳè [1] 

ʧʨʠʚʦʜʠʪ ʩʧʠʩʦʢ ʣʠʰʘʡʥʠʢʦʚ, ʚʢʣʶʯʘʶʱʠʡ 40 ʚʠ-

ʜʦʚ, ʟʘʣʦʞʠʚ ʪʝʤ ʩʘʤʳʤ ʬʫʥʜʘʤʝʥʪ ʠʩʩʣʝʜʦʚʘ-

ʪʝʣʴʩʢʦʡ ʨʘʙʦʪʳ ʧʦ ʙʠʦʣʦʛʠʯʝʩʢʦʤʫ ʨʘʟʥʦʦʙʨʘʟʠʶ 

ʣʠʭʝʥʦʬʣʦʨʳ ɹʝʣʘʨʫʩʠ. 

ʇʨʠʤʝʥʝʥʠʝ ʣʠʰʘʡʥʠʢʦʚ ʚ ʢʘʯʝʩʪʚʝ ʠʥʜʠʢʘ-

ʪʦʨʦʚ ʟʘʛʨʷʟʥʝʥʠʷ ʚʦʟʜʫʭʘ ʦʪʚʝʯʘʝʪ ʚʩʝʤ ʪʨʝʙʦʚʘ-

ʥʠʷʤ, ʨʘʟʨʘʙʦʪʘʥʥʳʤ ɺʆɿ ʜʣʷ ʠʥʜʠʢʘʪʦʨʦʚ: ʧʨʠ 

ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʦʙʣʶʜʘʶʪʩʷ ʩʪʝʧʝʥʴ ʜʦʩʪʫʧʥʦ-

ʩʪʠ, ʧʨʘʚʠʣʴʥʦʩʪʠ, ʦʙʲʝʢʪʠʚʥʦʩʪʠ, ʯʫʚʩʪʚʠʪʝʣʴʥʦ-

ʩʪʠ ʠ ʩʧʝʮʠʬʠʯʥʦʩʪʠ.  

ʄʝʩʪʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʈʝʩʧʫʙʣʠʢʘʥʩʢʠʡ 

ʣʘʥʜʰʘʬʪʥʳʡ ʟʘʢʘʟʥʠʢ çʇʨʠʣʝʧʩʢʠʡè ʦʙʲʷʚʣʝʥ 

ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʄʠʥʩʢʦʛʦ ʨʘʡʦʥʘ ʄʠʥʩʢʦʡ ʦʙʣʘʩʪʠ 

ʚ ʮʝʣʷʭ ʩʦʭʨʘʥʝʥʠʷ ʚ ʝʩʪʝʩʪʚʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʫʥʠ-

ʢʘʣʴʥʦʛʦ ʣʘʥʜʰʘʬʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʭʘʨʘʢʪʝʨʠʟʫʶ-

ʱʝʛʦʩʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʝʩʪʝʩʪʚʝʥʥʳʭ ʚʳʩʦʢʦ-

ʚʦʟʨʘʩʪʥʳʭ ʭʚʦʡʥʳʭ ʣʝʩʦʚ, ʘ ʪʘʢʞʝ ʨʝʜʢʠʭ ʠ ʠʩʯʝ-

ʟʘʶʱʠʭ ʚʠʜʦʚ ʨʘʩʪʝʥʠʡ ʠ ʞʠʚʦʪʥʳʭ, ʟʘʥʝʩʝʥʥʳʭ ʚ 

ʂʨʘʩʥʫʶ ʢʥʠʛʫ ʈʝʩʧʫʙʣʠʢʠ ɹʝʣʘʨʫʩʴ. ʇʣʦʱʘʜʴ ʟʘ-

ʢʘʟʥʠʢʘ ʩʦʩʪʘʚʣʷʝʪ 3242 ʛʘ.  

ʂʦʨʝʥʥʳʝ ʜʨʝʚʦʩʪʦʠ ʭʚʦʡʥʳʭ ʧʦʨʦʜ ʩʦʩʥʳ ʠ 

ʝʣʠ ʟʘʥʠʤʘʶʪ 91% ʧʣʦʱʘʜʠ ʟʘʢʘʟʥʠʢʘ, ʧʨʠʯʝʤ ʩʦʩ-

ʥʷʢʠ ʠ ʝʣʴʥʠʢʠ ʧʦʯʪʠ ʨʘʚʥʦʚʝʣʠʢʠ ʧʦ ʫʜʝʣʴʥʦʤʫ 

ʚʝʩʫ, ʪʦ ʝʩʪʴ ʫʯʘʩʪʠʝ ʝʣʠ ʚ ʩʦʩʪʘʚʝ ʣʝʩʦʚ ʟʜʝʩʴ ʟʥʘ-

ʯʠʪʝʣʴʥʦ ʰʠʨʝ, ʯʝʤ ʚ ʮʝʣʦʤ ʚ ʛʝʦʙʦʪʘʥʠʯʝʩʢʦʤ 

ʨʘʡʦʥʝ. ʊʘʢʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʩʦʩʪʘʚʘ ʣʝʩʦʚ ʟʘʢʘʟʥʠʢʘ 

ʦʙʫʩʣʦʚʣʝʥʘ ʰʠʨʦʢʠʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʧʦʯʚ ʩ 

ʤʦʨʝʥʥʳʤ ʧʦʜʩʪʠʣʘʥʠʝʤ.  

ɸʛʨʦʛʦʨʦʜʦʢ çʃʝʩʥʦʡè. ʈʘʩʧʦʣʦ-

ʞʝʥ ʚ ʄʠʥʩʢʦʤ ʨʘʡʦʥʝ ʄʠʥʩʢʦʡ ʦʙʣʘʩʪʠ. ɸʜʤʠʥʠ-

ʩʪʨʘʪʠʚʥʳʡ ʮʝʥʪʨ ɹʦʨʦʚʣʷʥʩʢʦʛʦ ʩʝʣʴʩʦʚʝʪʘ. ʈʘʩ-

ʧʦʣʦʞʝʥ ʚ 6 ʢʠʣʦʤʝʪʨʘʭ ʦʪ ʄʠʥʩʢʦʡ ʢʦʣʴʮʝʚʦʡ ʘʚ-

ʪʦʜʦʨʦʛʠ ʠ ʚ 14 ʢʠʣʦʤʝʪʨʘʭ ʦʪ ʮʝʥʪʨʘ ʛʦʨʦʜʘ 

ʄʠʥʩʢʘ.  

ʆʙʲʝʢʪ rʠʩʩʣʝʜʦʚʘʥʠʷ ï ʵʧʠʬʠʪʥʳʝ ʣʠʰʘʡ-

ʥʠʢʠ. ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʜʣʷ ʣʠʰʘʡʥʠʢʦʚ ʚʳ-

ʷʩʥʝʥʘ ʩʭʝʤʘ ʫʣʘʚʣʠʚʘʥʠʷ ʵʣʝʤʝʥʪʦʚ ʠʟ ʦʢʨʫʞʘʶ-

ʱʝʡ ʩʨʝʜʳ ʠ ʦʜʥʦʟʥʘʯʥʦ ʧʨʠʥʷʪ ʤʝʭʘʥʠʟʤ ʥʘʢʦʧʣʝ-

ʥʠʷ ʠʤʠ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ. ʆʜʥʘʢʦ ʩʫʱʝʩʪʚʫʝʪ 

ʨʷʜ ʥʝʨʝʰʝʥʥʳʭ ʧʨʦʙʣʝʤ, ʩʚʷʟʘʥʥʳʭ ʩ ʤʝʪʦʜʦʣʦ-

ʛʠʝʡ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʣʠʰʘʡʥʠʢʦʚ ʜʣʷ ʦʮʝʥʢʠ ʘʪʤʦ-

ʩʬʝʨʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ, ʦʩʦʙʝʥʥʦ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ 

ʨʘʟʣʠʯʥʳʤ ʧʨʠʨʦʜʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʤ ʫʩʣʦʚʠʷʤ [2]. 

ʇʦ ʚʥʝʰʥʝʤʫ ʩʪʨʦʝʥʠʶ ʣʠʰʘʡʥʠʢʠ ʨʘʟʜʝʣʷʶʪ ʥʘ 3 

ʛʨʫʧʧʳ: ʢʦʨʢʦʚʳʝ (ʠʣʠ ʥʘʢʠʧʥʳʝ), ʣʠʩʪʦʚʘʪʳʝ ʠ 

ʢʫʩʪʠʩʪʳʝ. ʅʘʢʠʧʥʳʝ ʣʠʰʘʡʥʠʢʠ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʥʘʠʙʦʣʴʰʠʤ ʨʘʟʥʦʦʙʨʘʟʠʝʤ. ʇʨʝʜʩʪʘʚʠʪʝʣʠ ʵʪʦʡ 

ʛʨʫʧʧʳ ʣʠʰʘʡʥʠʢʦʚ ʠʤʝʶʪ ʚʠʜ ʢʦʨʦʯʝʢ ʠʣʠ ʥʘʣʝ-

ʪʦʚ, ʧʣʦʪʥʦ ʩʨʘʩʪʘʶʱʠʭʩʷ ʩ ʩʫʙʩʪʨʘʪʦʤ, ʥʘ ʢʦʪʦ-

ʨʦʤ ʦʥʠ ʞʠʚʫʪ ʠ ʦʪ ʢʦʪʦʨʦʛʦ ʦʪʜʝʣʷʶʪʩʷ ʩ ʙʦʣʴʰʠʤ 

ʪʨʫʜʦʤ. ʃʠʩʪʦʚʘʪʳʝ ʣʠʰʘʡʥʠʢʠ ʠʤʝʶʪ ʚʠʜ ʨʘʩʩʝ-

ʯʝʥʥʳʭ ʧʣʘʩʪʠʥʦʢ, ʩʨʘʩʪʘʶʱʠʭʩʷ ʩ ʩʫʙʩʪʨʘʪʦʤ ʥʝ 

ʦʯʝʥʴ ʧʣʦʪʥʦ ʧʨʠ ʧʦʤʦʱʠ ʧʫʯʢʦʚ ʛʠʬ. ʂʫʩʪʠʩʪʳʝ 

ʣʠʰʘʡʥʠʢʠ ʠʤʝʶʪ ʩʣʦʝʚʠʱʘ ʚ ʚʠʜʝ ʚʝʪʚʷʱʠʭʩʷ ʢʫ-

ʩʪʠʢʦʚ; ʪʘʢʠʝ ʣʠʰʘʡʥʠʢʠ ʩʨʘʩʪʘʶʪʩʷ ʩ ʩʫʙʩʪʨʘʪʦʤ 

ʪʦʣʴʢʦ ʩʚʦʠʤ ʦʩʥʦʚʘʥʠʝʤ [3,5].  

ʄʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʃʠʭʝʥʦʬʣʦʨʘ ʠʟʫ-

ʯʘʣʘʩʴ ʥʘ ʩʪʚʦʣʘʭ ʦʜʠʥʦʢʦʩʪʦʷʱʠʭ ʩʨʝʜʥʝʚʦʟʨʘʩʪ-

ʥʳʭ ʜʝʨʝʚʴʝʚ ʥʘ ʚʳʩʦʪʝ ʦʪ 130 ʜʦ 150 ʩʤ ʥʘ ʩʝʚʝʨ-

ʥʦʡ, ʟʘʧʘʜʥʦʡ ʠ ʶʞʥʦʡ ʵʢʩʧʦʟʠʮʠʠ ʩʪʚʦʣʘ ʧʨʠ ʧʦ-

ʤʦʱʠ ʩʝʪʢʠ 20 Ĭ 10 ʩʤ ʩ ʧʣʦʱʘʜʴʶ ʷʯʝʡʢʠ 1 ʩʤ2 

https://ru.wikipedia.org/wiki/%D0%9C%D0%B8%D0%BD%D1%81%D0%BA%D0%B8%D0%B9_%D1%80%D0%B0%D0%B9%D0%BE%D0%BD
https://ru.wikipedia.org/wiki/%D0%9C%D0%B8%D0%BD%D1%81%D0%BA%D0%B0%D1%8F_%D0%BE%D0%B1%D0%BB%D0%B0%D1%81%D1%82%D1%8C
https://ru.wikipedia.org/wiki/%D0%91%D0%BE%D1%80%D0%BE%D0%B2%D0%BB%D1%8F%D0%BD%D1%81%D0%BA%D0%B8%D0%B9_%D1%81%D0%B5%D0%BB%D1%8C%D1%81%D0%BE%D0%B2%D0%B5%D1%82_(%D0%9C%D0%B8%D0%BD%D1%81%D0%BA%D0%B0%D1%8F_%D0%BE%D0%B1%D0%BB%D0%B0%D1%81%D1%82%D1%8C)
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(ʩʦʛʣʘʩʥʦ ʦʙʱʝʧʨʠʥʷʪʦʡ ʤʝʪʦʜʠʢʝ ʣʠʭʝʥʦʣʦʛʠʯʝ-

ʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ) [1]. ʅʘ ʫʯʘʩʪʢʘʭ ʦʪʙʠʨʘʣʠʩʴ 8 ï 

10 ʬʦʨʦʬʠʪʦʚ ʨʘʟʣʠʯʥʳʭ ʧʦʨʦʜ ʥʦʨʤʘʣʴʥʦʛʦ ʚʠʜʘ 

(ʙʝʟ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʦʚʨʝʞʜʝʥʠʡ, ʘʥʦʤʘʣʠʡ ʨʘʟʚʠ-

ʪʠʷ, ʧʨʷʤʦʩʪʦʷʯʠʝ) ʩʨʝʜʥʝʛʦ ʚʦʟʨʘʩʪʘ. ʌʠʢʩʠʨʦʚʘ-

ʣʠʩʴ ʧʦʨʦʜʘ ʬʦʨʦʬʠʪʘ, ʚʳʩʦʪʘ, ʜʠʘʤʝʪʨ ʩʪʚʦʣʘ, ʩʪʝ-

ʧʝʥʴ ʫʛʥʝʪʝʥʠʷ ʢʦʨʳ ʠ ʢʨʦʥʳ.  

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ. ʇʨʠ ʠʟʫʯʝʥʠʠ 

ʟʘʛʨʷʟʥʝʥʠʷ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ ʟʘʢʘʟʥʠʢʘ ʇʨʠ-

ʣʝʧʩʢʦʛʦ ʧʦʣʴʟʦʚʘʣʠʩʴ ʤʝʪʦʜʦʤ ʣʠʭʝʥʦʠʥʜʠʢʘʮʠʠ. 

ʆʙʩʣʝʜʦʚʘʣʠ ʩʪʚʦʣʳ ʜʝʨʝʚʴʝʚ ʧʦ ʚʳʰʝʫʢʘʟʘʥʥʦʡ 

ʤʝʪʦʜʠʢʝ. ʇʨʠ ʦʮʝʥʢʝ ʟʘʛʨʷʟʥʝʥʠʷ ʘʪʤʦʩʬʝʨʥʦʛʦ 

ʚʦʟʜʫʭʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʘʥʥʳʝ ʪʘʙʣʠʮʳ 1 ʠ ʬʦʨʤʫʣʫ 

1 [2,4]. 

ʊʘʙʣʠʮʘ 1 

ʆʮʝʥʢʘ ʯʘʩʪʦʪʳ ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʠ ʩʪʝʧʝʥʠ ʧʦʢʨʳʪʠʷ ʣʠʰʘʡʥʠʢʘʤʠ ʩʫʙʩʪʨʘʪʘ 

ʏʘʩʪʦʪʘ ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʉʪʝʧʝʥʴ ʧʦʢʨʳʪʠʷ ɹʘʣʣ 

ʆʯʝʥʴ ʨʝʜʢʦ ʄʝʥʝʝ 5 % ʆʯʝʥʴ ʥʠʟʢʘʷ ʄʝʥʝʝ 5 % 1 

ʈʝʜʢʦ 5ï20 % ʅʠʟʢʘʷ 5ï20 % 2 

ʈʝʜʢʦ 20ï40 % ʉʨʝʜʥʷʷ 20ï40 % 3 

ʏʘʩʪʦ 40ï60 % ɺʳʩʦʢʘʷ 40ï60 % 4 

ʆʯʝʥʴ ʯʘʩʪʦ 60ï100 % ʆʯʝʥʴ ʚʳʩʦʢʘʷ 60ï100 % 5 

 

ʆʏɸ= (ʈ + 2ʃ + K) / 30 (ʬʦʨʤʫʣʘ 1) 

ʛʜʝ ʆʏɸ ï ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʯʠʩʪʦʪʘ ʘʪʤʦʩʬʝʨʳ; 

ʅ ï ʯʠʩʣʦ ʥʘʢʠʧʥʳʭ ʣʠʰʘʡʥʠʢʦʚ; ʃ ï ʣʠʩʪʦʚʘʪʳʭ; 

ʂ ï ʢʫʩʪʠʩʪʳʭ. ʏʝʤ ʚʳʰʝ ʧʦʢʘʟʘʪʝʣʴ ʆʏɸ (ʙʣʠʞʝ ʢ 

ʝʜʠʥʠʮʝ), ʪʝʤ ʯʠʱʝ ʚʦʟʜʫʭ ʤʝʩʪʦʦʙʠʪʘʥʠʷ. 

ʈʝʩʧʫʙʣʠʢʘʥʩʢʠʡ ʟʘʢʘʟʥʠʢ çʇʨʠʣʝʧʩʢʠʡè. 
ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʟʘʢʘʟʥʠʢʘ ʚʳʙʨʘʥʦ 6 ʧʣʦʱʘʜʦʢ, ʩ ʢʦ-

ʪʦʨʳʭ ʩʦʙʨʘʥʦ 197 ʦʙʨʘʟʮʦʚ ʣʠʰʘʡʥʠʢʦʚ, ʧʨʦʠʟ-

ʨʘʩʪʘʶʱʠʭ ʥʘ ʩʦʩʥʝ ʦʙʳʢʥʦʚʝʥʥʦʡ, ʙʝʨʝʟʝ ʙʦʨʦ-

ʜʘʚʯʘʪʦʡ ʠ ʝʣʠ ʝʚʨʦʧʝʡʩʢʦʡ [6]. 

ʆʧʨʝʜʝʣʠʚ ʚʠʜʦʚʦʡ ʩʦʩʪʘʚ ʣʠʰʘʡʥʠʢʦʚ, ʚʩʪʨʝ-

ʯʘʝʤʳʭ ʥʘ ʧʣʦʱʘʜʢʘʭ, ʠ ʧʦʜʩʯʠʪʘʚ ʧʨʦʮʝʥʪ ʦʪ ʦʙ-

ʱʝʡ ʧʣʦʱʘʜʠ ʨʘʤʢʠ ʢʘʞʜʦʛʦ ʨʘʩʪʫʱʝʛʦ ʚʠʜʘ, ʙʳʣʘ 

ʧʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ ʯʘʩʪʦʪʳ ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʠ ʩʪʝʧʝʥʠ 

ʧʦʢʨʳʪʠʷ ʩʫʙʩʪʨʘʪʘ ʥʘʢʠʧʥʳʤʠ, ʣʠʩʪʦʚʘʪʳʤʠ ʠ ʢʫ-

ʩʪʠʩʪʳʤʠ ʣʠʰʘʡʥʠʢʘʤʠ ʧʦ ʪʘʙʣʠʮʝ 2. ʅʘ ʠʩʩʣʝʜʫʝ-

ʤʳʭ ʫʯʘʩʪʢʘʭ ʦʙʥʘʨʫʞʝʥʳ ʚʩʝ ʬʦʨʤʳ ʣʠʰʘʡʥʠʢʦʚ: 

ʢʫʩʪʠʩʪʳʝ, ʣʠʩʪʦʚʘʪʳʝ ʠ ʥʘʢʠʧʥʳʝ. ʈʝʟʫʣʴʪʘʪʳ 

ʦʧʨʝʜʝʣʝʥʠʷ ʆʏɸ, ʧʦʣʫʯʝʥʥʳʝ ʨʘʩʯʝʪʥʳʤ ʧʫʪʝʤ 

ʧʦ ʬʦʨʤʫʣʝ 1 (ʪʘʙʣʠʮʘ 3). ʈʘʟʥʦʦʙʨʘʟʠʝ ʵʧʠʬʠʪʥʳʝ 

ʣʠʰʘʡʥʠʢʦʚ ʧʨʠʚʝʜʝʥʦ ʚ ʪʘʙʣʠʮʘʭ 4 ï 7. 

ʊʘʙʣʠʮʘ 2 

ʇʦʢʘʟʘʪʝʣʴ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʯʠʩʪʦʪʳ ʚʦʟʜʫʭʘ ʥʘ ʧʣʦʱʘʜʢʘʭ ʟʘʢʘʟʥʠʢʘ: 

ʇʣʦʱʘʜʢʠ 1 2 3 4 5 6 

ʇʨʠʣʝʧʩʢʠʡ 0,85 0,96 0,88 0,83 0,78 0,93 

 

ʊʘʙʣʠʮʘ 3 

ʕʧʠʬʠʪʥʳʝ ʣʠʰʘʡʥʠʢʠ ʥʘ ʧʣʦʱʘʜʢʘʭ ʟʘʢʘʟʥʠʢʘ: 

ʇʣʦʱʘʜʢʘ ˉ 1 

ɼʝʨʝʚʴʷ ʫ ʜʦʨʦʛʠ ʟʘʢʘʟʥʠʢʘ (ʩʦ ʩʪʦʨʦʥʳ 

ʛʠʤʥʘʟʠʠ): 

Parmelia sulcata 

Hypogymnia physodes 

Phacophyscia orbicularis 

Xanthoria parietina 

Lepraria sp. 

Cladonia ʩornuta 

Cladonia bacillaris 

ʉladonia novochlorophaea 

ʇʣʦʱʘʜʢʘ ˉ 2 

2 ʢʤ ʦʪ ʜʦʨʦʛʠ ʛʣʘʚʥʦʡ 

ʜʦʨʦʛʠ: 

Lepraria sp. 

Hypogymnia physodes 

Cladonia macilenta 

Cladonia coniocraca 

Hypocenomyce scalaris 

Cladonia bacillaris 

Xanthoria candelaria 

ʉladonia homosekikaica 

ʇʣʦʱʘʜʢʘ ˉ 3 

ɺʜʦʣʴ ʜʦʨʦʛʠ (ʥʘʧʨʘʚʣʝʥʠʝ ʚ 

ʋʟʙʦʨʴʝ): 

Lepraria sp. 

Hypogymnia physodes 

Cladonia macilenta 

ʉladonia novochlorophaea 

Cladonia fimbriata 

 

ʇʣʦʱʘʜʢʘ ˉ 4 

ɼʝʨʝʚʴʷ ʩʦ ʩʪʦʨʦʥʳ ʩʧʘʣʴʥʦʛʦ ʨʘʡʦʥʘ 

çɿʝʣʝʥʳʡ ʙʦʨè: 

Lepraria sp. 

Xanthoria parietina 

Lecanora varia 

ʉladonia homosekikaica 

Cladonia fimbriata 

 

ʇʣʦʱʘʜʢʘ ˉ 5 

ɼʝʨʝʚʴʷ ʚ ʛʣʫʙʠ ʟʘʢʘʟ-

ʥʠʢʘ: 

Lepraria sp. 

Hypogymnia physodes 

Cladonia macilenta 

Hypocenomyce scalaris 

Cladonia coniocraca 

Cladonia bacillaris 

ʉladonia novochlorophaea 

ʇʣʦʱʘʜʢʘ ˉ 6 

1 ʢʤ ʦʪ ʦʙʣʘʩʪʥʦʛʦ ʊʫʙʜʠʩʧʘʥ-

ʩʝʨʘ: 

Lepraria sp. 

Hypogymnia physodes 

ʉladonia novochlorophaea 

ʉladonia homosekikaica 

Cladonia fimbriata 

 

 

 

  

https://ru.wikipedia.org/wiki/Xanthoria_parietina
https://ru.wikipedia.org/wiki/Xanthoria_parietina
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ʊʘʙʣʠʮʘ 4 

ɻʨʫʧʧʳ ʣʠʰʘʡʥʠʢʦʚ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʟʘʢʘʟʥʠʢʘ: 

ʂʫʩʪʠʩʪʳʝ ʣʠʩʪʦʚʘʪʳʝ ʥʘʢʠʧʥʳʝ 

ʉladonia ʩornuta Parmelia sulcata Lepraria sp. 

ʉladonia coniocraca Phacophyscia orbicularis Cladonia macilenta 

ʉladonia homosekikaica Xanthoria parietina Hypocenomyce scalaris 

ʉladonia novochlorophaea Hypogymnia physodes Lecanora varia 

Cladonia fimbriata Xanthoria candelaria  

Cladonia bacillaris   

 

ʊʘʙʣʠʮʘ 5 

ʕʧʠʬʠʪʥʳʝ ʣʠʰʘʡʥʠʢʠ ʥʘ 1 ʜʝʨʝʚʝ ʩʦʩʥʳ ʦʙʳʢʥʦʚʝʥʥʦʡ: 

ʉladonia ʩornuta 

Parmelia sulcata 

Lepraria sp.  

ʉladonia coniocraca  

ʉladonia homosekikaica 

 

Phacophyscia orbicularis  

Cladonia macilenta  

Xanthoria parietina 

Hypocenomyce scalaris  

Hypogymnia physodes  

Lecanora varia 

Xanthoria candelari 

ʉladonia novochlorophaea 

Cladonia fimbriata 

Cladonia bacillaris 

Lepraria sp.  

Parmelia sulcata  

Xanthoria parietina 

Cladonia macilenta  

Xanthoria parietina 

 

ʊʘʙʣʠʮʘ 6 

ʕʧʠʬʠʪʥʳʝ ʣʠʰʘʡʥʠʢʠ ʥʘ 1 ʜʝʨʝʚʝ ʙʝʨʝʟʳ ʙʦʨʦʜʘʚʯʘʪʦʡ: 

Parmelia sulcata 

Lepraria sp.  

ʉladonia coniocraca  

ʉladonia homosekikaica 

Phacophyscia orbicularis  

Cladonia macilenta  

Hypocenomyce scalaris  

Hypogymnia physodes  

Lecanora varia 

Xanthoria candelaria 

ʉladonia novochlorophaea 

Cladonia fimbriata 

Cladonia bacillaris 

Lepraria sp.  

Parmelia sulcata  

Xanthoria parietina 

Cladonia macilenta  

Xanthoria parietina 

Phacophyscia orbicularis  

Cladonia macilenta  

Xanthoria parietina 

Parmelia sulcata  

Lepraria sp.  

 

Lecanora varia 

Hypogymnia physodes  

 

 

ʊʘʙʣʠʮʘ 7 

ʕʧʠʬʠʪʥʳʝ ʣʠʰʘʡʥʠʢʠ ʥʘ 1 ʜʝʨʝʚʝ ʝʣʠ ʝʚʨʦʧʝʡʩʢʦʡ: 

Parmelia sulcata 

Lepraria sp.  

ʉladonia coniocraca  

ʉladonia homosekikaica 

Phacophyscia orbicularis  

Cladonia macilenta  

Hypocenomyce scalaris  

Hypogymnia physodes  

Lecanora varia 

Xanthoria candelaria 

ʉladonia novochlorophaea 

Cladonia fimbriata 

Cladonia bacillaris 

Lepraria sp.  

 

Parmelia sulcata  

Xanthoria parietina 

Lepraria sp.  

Cladonia macilenta  

Xanthoria parietina 

 

Phacophyscia orbicularis  

Cladonia macilenta  

Xanthoria parietina 

Parmelia sulcata  

Lepraria sp.  

 

Lecanora varia 

Hypogymnia physodes  

Lepraria sp.  

 

 

ɸʛʨʦʛʦʨʦʜʦʢ çʃʝʩʥʦʡè. ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʘʛʨ. ʃʝʩʥʦʡ ʚʳʙʨʘʥʦ 6 ʧʣʦʱʘʜʦʢ, ʩ ʢʦʪʦʨʳʭ ʩʦʙʨʘʥʦ 156 ʦʙʨʘʟʮʦʚ 

ʣʠʰʘʡʥʠʢʦʚ, ʧʨʦʠʟʨʘʩʪʘʶʱʠʭ ʥʘ ʩʦʩʥʝ ʦʙʳʢʥʦʚʝʥʥʦʡ, ʙʝʨʝʟʝ ʙʦʨʦʜʘʚʯʘʪʦʡ, ʪʦʧʦʣʝ, ʦʩʠʥʝ ʠ ʨʷʙʠʥʝ [6]. 

ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʆʏɸ, ʧʦʣʫʯʝʥʥʳʝ ʨʘʩʯʝʪʥʳʤ ʧʫʪʝʤ ʧʦ ʬʦʨʤʫʣʝ 1 (ʪʘʙʣʠʮʘ 10). ʈʘʟʥʦʦʙʨʘʟʠʝ 

ʵʧʠʬʠʪʥʳʝ ʣʠʰʘʡʥʠʢʦʚ ʧʨʠʚʝʜʝʥʦ ʚ ʪʘʙʣʠʮʘʭ 11 ï 15. 

ʊʘʙʣʠʮʘ 10 

ʇʦʢʘʟʘʪʝʣʴ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʯʠʩʪʦʪʳ ʚʦʟʜʫʭʘ ʥʘ ʧʣʦʱʘʜʢʘʭ ʃʝʩʥʦʛʦ: 

ʇʣʦʱʘʜʢʘ 1 2 3 4 5 6 

ʃʝʩʥʦʡ 0,32 0,38 0,35 0,39 0,22 0,35 

 

  

https://ru.wikipedia.org/wiki/Xanthoria_parietina
https://ru.wikipedia.org/wiki/Xanthoria_parietina
https://ru.wikipedia.org/wiki/Xanthoria_parietina
https://ru.wikipedia.org/wiki/Xanthoria_parietina
https://ru.wikipedia.org/wiki/Xanthoria_parietina
https://ru.wikipedia.org/wiki/Xanthoria_parietina
https://ru.wikipedia.org/wiki/Xanthoria_parietina
https://ru.wikipedia.org/wiki/Xanthoria_parietina
https://ru.wikipedia.org/wiki/Xanthoria_parietina
https://ru.wikipedia.org/wiki/Xanthoria_parietina
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ʊʘʙʣʠʮʘ 11 

ʕʧʠʬʠʪʥʳʝ ʣʠʰʘʡʥʠʢʠ ʥʘ ʧʣʦʱʘʜʢʘʭ ʘʛʨʦʛʦʨʦʜʢʘ: 

ʇʣʦʱʘʜʢʘ ˉ 1 

ɼʝʨʝʚʴʷ ʫ ʜʦʨʦʛʠ ʩʫʧʝʨʤʘʨʢʝʪʘ 

ɻʀʇʇʆ: 

Parmelia sulcata 

Hypogymnia physodes 

Phacophyscia orbicularis 

Xanthoria parietina 

Lepraria sp. 

Lecanora hagenii 

Lecanora conizaeoides 

ʇʣʦʱʘʜʢʘ ˉ 2 

ɼʝʨʝʚʴʷ ʚ ʩʧʘʣʴʥʦʤ ʨʘʡʦʥʝ ʘʛʨ. 

ʃʝʩʥʦʡ: 

Lepraria sp. 

Hypogymnia physodes 

Hypocenomyce scalaris 

Xanthoria candelaria 

Candelariella vitellina 

Lecanora hagenii 

ʇʣʦʱʘʜʢʘ ˉ 3 

ɼʝʨʝʚʴʷ ʚʜʦʣʴ ʜʦʨʦʛʠ ɹʉʐ 1 ʠ 

ɹɻ: 

Lepraria sp. 

Hypogymnia physodes 

Candelariella vitellina 

Lecanora hagenii 

Lecanora varia 

 

ʇʣʦʱʘʜʢʘ ˉ 4 

ɼʝʨʝʚʴʷ ʩʦ ʩʪʦʨʦʥʳ ʩʧʘʣʴʥʦʛʦ 

ʨʘʡʦʥʘ çɿʝʣʝʥʳʡ ʙʦʨè: 

Lepraria sp. 

Xanthoria parietina 

Candelariella vitellina 

Lecanora varia 

Lecanora conizaeoides 

ʇʣʦʱʘʜʢʘ ˉ 5 

ɼʝʨʝʚʴʷ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʚ 

ʛ.ʄʠʥʩʢ: 

Lepraria sp. 

Hypogymnia physodes 

Hypocenomyce scalaris 

Candelariella vitellina 

Lecanora conizaeoides 

ʇʣʦʱʘʜʢʘ ˉ 6 

ɼʝʨʝʚʴʷ ʩʦ ʩʪʦʨʦʥʳ ʦʙʣʘʩʪʥʦʡ 

ʙʦʣʴʥʠʮʳ: 

Lepraria sp. 

Hypogymnia physodes 

Lecanora hagenii 

Lecanora varia 

Lecanora conizaeoides 

 

ʊʘʙʣʠʮʘ 12 

ɻʨʫʧʧʳ ʣʠʰʘʡʥʠʢʦʚ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʃʝʩʥʦʛʦ: 

ʂʫʩʪʠʩʪʳʝ ʣʠʩʪʦʚʘʪʳʝ ʥʘʢʠʧʥʳʝ 

ʅʝ ʦʙʥʘʨʫʞʝʥʦ Parmelia sulcata Lepraria sp. 

 Phacophyscia orbicularis Cladonia macilenta 

 Xanthoria parietina Hypocenomyce scalaris 

 Hypogymnia physodes Lecanora varia 

 Xanthoria candelaria Candelariella vitellina 

  Lecanora hagenii 

  Lecanora conizaeoides 

  

ʊʘʙʣʠʮʘ 13 

ʕʧʠʬʠʪʥʳʝ ʣʠʰʘʡʥʠʢʠ ʥʘ 1 ʜʝʨʝʚʝ ʩʦʩʥʳ ʦʙʳʢʥʦʚʝʥʥʦʡ: 

Parmelia sulcata  

Xanthoria parietina 

Lepraria sp.  

Lecanora conizaeoides 

Lecanora hagenii 

Xanthoria candelaria 

Xanthoria parietina 

Phacophyscia orbicularis  

Hypocenomyce scalaris  

 

Lecanora conizaeoides 

Lecanora hagenii 

Parmelia sulcata  

 

 

ʊʘʙʣʠʮʘ 14 

ʕʧʠʬʠʪʥʳʝ ʣʠʰʘʡʥʠʢʠ ʥʘ 1 ʜʝʨʝʚʝ ʙʝʨʝʟʳ ʙʦʨʦʜʘʚʯʘʪʦʡ: 

Lecanora varia 

Hypocenomyce scalaris  

Xanthoria parietina 

Lecanora conizaeoides 

Lecanora hagenii 

Parmelia sulcata  

Parmelia sulcata  

Xanthoria parietina 

Lepraria sp.  

 

ʊʘʙʣʠʮʘ 15 

ʕʧʠʬʠʪʥʳʝ ʣʠʰʘʡʥʠʢʠ ʥʘ 1 ʜʝʨʝʚʝ ʪʦʧʦʣʷ: 

Lecanora varia 

Cladonia macilenta  

Lecanora hagenii 

Lecanora conizaeoides 

Lecanora hagenii 

Parmelia sulcata  

Xanthoria parietina 

 

ʊʘʙʣʠʮʘ 16 

ʕʧʠʬʠʪʥʳʝ ʣʠʰʘʡʥʠʢʠ ʥʘ 1 ʜʝʨʝʚʝ ʦʩʠʥʳ: 

Cladonia macilenta  

Lecanora hagenii 

Lecanora varia 

Cladonia macilenta  

Lecanora varia 

Lecanora hagenii 

Parmelia sulcata  

Hypocenomyce scalaris  

Lecanora hagenii 

Hypogymnia physodes  

Cladonia macilenta  

 

Xanthoria parietina 

Lecanora varia 

Lepraria sp.  
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ʊʘʙʣʠʮʘ 17 

ʕʧʠʬʠʪʥʳʝ ʣʠʰʘʡʥʠʢʠ ʥʘ 1 ʜʝʨʝʚʝ ʨʷʙʠʥʳ: 

Phacophyscia orbicularis  

Hypocenomyce scalaris  

Lecanora hagenii 

Hypogymnia physodes  

Cladonia macilenta  

 

Parmelia sulcata  

Lecanora hagenii 

 

 

ʅʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʚʠʜʦʚ (8-10) ʥʘʙʣʶʜʘ-

ʝʪʩʷ ʥʘ ʫʯʘʩʪʢʘʭ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʩʘʜʦʚʦ-ʧʘʨʢʦʚʳʭ 

ʟʦʥʘʭ, ʘ ʥʘʠʤʝʥʴʰʝʝ (3) ï ʚʙʣʠʟʠ ʜʦʨʦʛ. ʋʯʘʩʪʢʦʚ ʩ 

ʧʦʣʥʳʤ ʦʪʩʫʪʩʪʚʠʝʤ ʣʠʰʘʡʥʠʢʦʚ, ʠʣʠ ʪʘʢ ʥʘʟʳʚʘ-

ʝʤʳʭ "ʣʠʰʘʡʥʠʢʦʚʳʭ ʧʫʩʪʳʥʴ", ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʘʛ-

ʨʦʛʦʨʦʜʢʘ ʃʝʩʥʦʡ ʦʙʥʘʨʫʞʝʥʦ ʥʝ ʙʳʣʦ. ʅʘʠʤʝʥʴ-

ʰʝʝ ʧʨʦʝʢʪʠʚʥʦʝ ʧʦʢʨʳʪʠʝ ʣʠʰʘʡʥʠʢʦʚ - ʥʘ ʫʯʘʩʪ-

ʢʘʭ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚʙʣʠʟʠ ʜʦʨʦʛ. ɹʦʣʴʰʠʥʩʪʚʦ 

ʚʠʜʦʚ ʵʧʠʬʠʪʥʳʭ ʣʠʰʘʡʥʠʢʦʚ, ʦʧʠʩʘʥʥʳʭ ʚ ʭʦʜʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʳ ʧʦ ʚʩʝʡ 

ʪʝʨʨʠʪʦʨʠʠ ʘʛʨʦʛʦʨʦʜʢʘ. ʅʘʠʙʦʣʴʰʫʶ ʯʘʩʪʦʪʫ 

ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʠʤʝʶʪ ʚʠʜʳ Xantoria parientina 

(95,3%) ʠ Phaeophyscia orbicularis (85,6%).  

ɺʳʚʦʜ.r ʏʘʩʪʦʪʘ ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʠ ʩʪʝʧʝʥʴ ʧʦ-

ʢʨʳʪʠʷ ʩʫʙʩʪʨʘʪʘ ʥʘʢʠʧʥʳʤʠ, ʣʠʩʪʦʚʘʪʳʤʠ ʠ ʢʫ-

ʩʪʠʩʪʳʤʠ ʣʠʰʘʡʥʠʢʘʤʠ ʚ ʟʘʢʘʟʥʠʢʝ çʇʨʠʣʝʧʩʢʠʡè 

ʧʨʠʤʝʨʥʦ ʦʜʠʥʘʢʦʚʘ ʥʘ ʠʩʩʣʝʜʫʝʤʳʭ ʫʯʘʩʪʢʘʭ. ʈʘʩ-

ʩʯʠʪʘʥʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʯʠʩʪʦʪʳ 

ʚʦʟʜʫʭʘ ʚ ʟʘʢʘʟʥʠʢʝ ʩʦʩʪʘʚʠʣ ʦʪ 0,78 ʜʦ 0,96, ʯʪʦ ʛʦ-

ʚʦʨʠʪ ʦ ʯʠʩʪʦʪʝ ʚʦʟʜʫʭʘ. ɺ ʘʛʨʦʛʦʨʦʜʢʝ çʃʝʩʥʦʡè 

ʢʫʩʪʠʩʪʳʭ ʬʦʨʤ ʣʠʰʘʡʥʠʢʦʚ ʥʝ ʦʙʥʘʨʫʞʝʥʦ, ʣʠ-

ʩʪʦʚʘʪʳʭ ʚʠʜʦʚ ʦʙʥʘʨʫʞʝʥʦ ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝ-

ʩʪʚʦ. ʅʘʢʠʧʥʳʝ ʣʠʰʘʡʥʠʢʠ, ʥʘʧʨʦʪʠʚ, ʧʨʝʜʩʪʘʚ-

ʣʝʥʳ ʥʘ ʠʩʩʣʝʜʫʝʤʳʭ ʫʯʘʩʪʢʘʭ ʥʘʠʙʦʣʴʰʠʤ ʢʦʣʠ-

ʯʝʩʪʚʦʤ ʚʠʜʦʚ ʠ ʩʪʝʧʝʥʴʶ ʧʦʢʨʳʪʠʷ ʢʘʞʜʦʛʦ ʚʠʜʘ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʪʠʧʘʤʠ. ʈʘʩʩʯʠʪʘʥʥʳʡ ʢʦ-

ʵʬʬʠʮʠʝʥʪ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʯʠʩʪʦʪʳ ʚʦʟʜʫʭʘ ʚ 6 ʪʦʯ-

ʢʘʭ ʘʛʨ. ʃʝʩʥʦʡ ʩʦʩʪʘʚʠʣ ʦʪ 0,22 ʜʦ 0,39 [6]. 

ɼʘʥʥʳʡ ʤʝʪʦʜ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʜʦʩʪʘ-

ʪʦʯʥʦ ʠʥʬʦʨʤʘʪʠʚʥʳʤ, ʧʨʠ ʵʪʦʤ ʥʝ ʪʨʝʙʫʝʪ ʙʦʣʴ-

ʰʠʭ ʤʘʪʝʨʠʘʣʴʥʳʭ ʟʘʪʨʘʪʳ ʠ ʩʣʦʞʥʦʛʦ ʦʙʦʨʫʜʦʚʘ-

ʥʠʷ. ʃʠʭʝʥʦʠʥʜʠʢʘʮʠʷ ï ʦʜʠʥ ʠʟ ʚʘʞʥʝʡʰʠʭ ʠ ʜʦ-

ʩʪʫʧʥʳʭ ʤʝʪʦʜʦʚ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ.  
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʩʪʘʪʴʝ ʥʘ ʦʩʥʦʚʝ ʦʧʳʪʘ, ʥʘʢʦʧʣʝʥʥʦʛʦ ʘʚʪʦʨʘʤʠ ʧʨʠ ʦʙʦʙʱʝʥʠʠ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩ-

ʩʣʝʜʦʚʘʥʠʡ, ʧʨʦʚʦʜʠʤʳʭ ʧʨʠ ʙʫʨʝʥʠʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʩʢʚʘʞʠʥ, ʦʧʨʝʜʝʣʝʥʳ ʥʘʧʨʘʚʣʝʥʠʷ ʠ ʟʘʜʘʯʠ ʠʭ ʨʝ-
ʘʣʠʟʘʮʠʠ. 

Abstract 
In the article, based on the experience gained by the authors in generalizing and using the results of research 

conducted during drilling of horizontal wells, the directions and tasks of their implementation are defined 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʩʢʚʘʞʠʥʳ, ʤʝʩʪʦʨʦʞʜʝʥʠʝ, ʟʘʜʘʯʠ, ʠʩʩʣʝʜʦʚʘʥʠʝ, ʧʨʦʠʟʚʦʜʠʪʝʣʴ-

ʥʦʩʪʴ. 
Keywords: horizontal wells, field, tasks, research, productivity. 
 
ʈʘʟʙʫʨʠʚʘʥʠʝ ʥʝʬʪʷʥʳʭ ʠ ʛʘʟʦʚʳʭ ʤʝʩʪʦʨʦʞ-

ʜʝʥʠʡ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤʠ ʩʢʚʘʞʠʥʘʤʠ ʷʚʣʷʝʪʩʷ ʵʬ-
ʬʝʢʪʠʚʥʳʤ ʤʝʪʦʜʦʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʧʪʠʤʘʣʴʥʦʡ 
ʩʠʩʪʝʤʳ ʨʘʟʨʘʙʦʪʢʠ, ʘ ʪʘʢʞʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʨʦ-
ʜʫʢʪʠʚʥʦʩʪʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʥʘʭʦʜʷʱʠʭʩʷ ʥʘ 
ʧʦʟʜʥʝʡ ʩʪʘʜʠʠ ʵʢʩʧʣʫʘʪʘʮʠʠ. ɺʩʢʨʳʪʠʝ ʧʨʦʜʫʢ-
ʪʠʚʥʦʡ ʪʦʣʱʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤ ʩʪʚʦʣʦʤ ʩʢʚʘʞʠʥʳ 
ʫʚʝʣʠʯʠʚʘʝʪ ʧʣʦʱʘʜʴ ʬʠʣʴʪʨʘʮʠʠ, ʠʩʢʣʶʯʘʝʪ ʚʦʟ-
ʤʦʞʥʦʩʪʴ ʧʦʩʪʫʧʣʝʥʠʷ ʚʦʜʳ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘ-
ʮʠʠ ʠ ʦʩʦʙʝʥʥʦ ʵʬʬʝʢʪʠʚʥʦ ʜʣʷ ʥʠʟʢʦʧʨʦʥʠʮʘʝʤʳʭ 
ʢʦʤʧʣʝʢʩʦʚ ʩ ʚʝʨʪʠʢʘʣʴʥʦʡ ʪʨʝʱʠʥʦʚʘʪʦʩʪʴʶ. 
ɺʦʩʪʨʝʙʦʚʘʥʥʦʩʪʴ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʩʦ-

ʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʡ ʧʨʦʚʦʜʢʠ ʛʦʨʠʟʦʥ-
ʪʘʣʴʥʳʭ ʩʢʚʘʞʠʥ ʩʚʷʟʘʥʳ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʜʦʣʠ ʟʘʧʘ-
ʩʦʚ ʥʝʬʪʠ ʢʘʪʝʛʦʨʠʠ ʪʨʫʜʥʦʠʟʚʣʝʢʘʝʤʳʭ ʩ ʦʜʥʦʡ 
ʩʪʦʨʦʥʳ ʠ ʠʭ ʠʩʪʦʱʝʥʠʝʤ ʨʘʥʝʝ ʠʟʚʣʝʢʘʝʤʳʭ ʩ ʜʨʫ-
ʛʦʡ. ʋʢʘʟʘʥʥʳʝ ʜʚʝ ʧʨʠʯʠʥʳ ʩʪʘʣʠ ʦʩʥʦʚʥʳʤʠ, ʯʪʦ 
ʧʦʩʣʫʞʠʣʦ ʪʦʣʯʢʦʤ ʜʣʷ ʙʫʨʥʦʛʦ ʨʘʟʚʠʪʠʷ ʛʦʨʠʟʦʥ-
ʪʘʣʴʥʦʛʦ ʙʫʨʝʥʠʷ ʠ ʧʨʦʚʦʜʢʠ ʙʦʢʦʚʳʭ ʩʪʚʦʣʦʚ. 
ɻʘʟʦʥʝʬʪʷʥʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʂʘʣʘʤʢʘʩ, ʚ ʘʜ-

ʤʠʥʠʩʪʨʘʪʠʚʥʦʤ ʦʪʥʦʰʝʥʠʠ ʨʘʩʧʦʣʦʞʝʥʦ ʥʘ ʪʝʨ-
ʨʠʪʦʨʠʠ ʄʘʥʛʠʩʪʘʫʩʢʦʛʦ ʨʘʡʦʥʘ ʄʘʥʛʠʩʪʘʫʩʢʦʡ 
ʦʙʣʘʩʪʠ ʈʝʩʧʫʙʣʠʢʘ ʂʘʟʘʭʩʪʘʥ. 
ʇʨʦʤʳʰʣʝʥʥʘʷ ʵʢʩʧʣʫʘʪʘʮʠʷ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, 

ʥʘʯʘʪʘ ʚ ʅɻɼʋ ñʂʦʤʩʦʤʦʣʴʩʢʥʝʬʪʴò ʚ 1979 ʛ., ʧʨʦ-
ʜʦʣʞʘʝʪ ʵʢʩʧʣʫʘʪʘʮʠʶ ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʇʋ 

ñʂʘʣʘʤʢʘʩʤʫʥʘʡʛʘʟò. ʇʨʦʜʫʢʪʠʚʥʳʤʠ ʦʪʣʦʞʝʥʠ-
ʷʤʠ ʷʚʣʷʶʪʩʷ ʦʪʣʦʞʝʥʠʷ ʤʝʣʘ ʠ ʶʨʳ.  
ʀʩʩʣʝʜʦʚʘʥʠʷ, ʧʦʩʚʷʱʝʥʥʳʝ ʦʧʨʝʜʝʣʝʥʠʶ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʩʢʚʘʞʠʥ, ʤʦ-
ʛʫʪ ʙʳʪʴ ʫʩʣʦʚʥʦ ʨʘʟʜʝʣʝʥʳ ʥʘ ʜʚʝ ʯʘʩʪʠ: ʠʟʫʯʝʥʠʝ 
ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʥʝʬʪʷʥʳʭ ʩʢʚʘʞʠʥ ʠ ʠʟʫʯʝʥʠʝ 
ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʛʘʟʦʚʳʭ ʩʢʚʘʞʠʥ [ʆʰʠʙʢʘ! 
ʩʪʦʯʥʠʢ ʩʩʳʣʢʠ ʥʝ ʥʘʡʜʝʥ.]. 
ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʚʳʧʦʣʥʝʥʦ ʟʥʘʯʠʪʝʣʴ-

ʥʦʝ ʯʠʩʣʦ ʠʩʩʣʝʜʦʚʘʥʠʠ, ʧʦʩʚʷʱʝʥʥʳʭ ʠʟʫʯʝʥʠʶ 
ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʥʝʬʪʷʥʳʭ 
ʩʢʚʘʞʠʥ ʧʨʠ ʣʠʥʝʡʥʦʤ ʟʘʢʦʥʝ ʬʠʣʴʪʨʘʮʠʠ. ʀʩʩʣʝ-
ʜʦʚʘʥʠʷ, ʧʦʩʚʷʱʝʥʥʳʝ ʦʧʨʝʜʝʣʝʥʠʶ ʧʨʦʠʟʚʦʜʠ-
ʪʝʣʴʥʦʩʪʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʛʘʟʦʚʳʭ ʩʢʚʘʞʠʥ ʧʨʠ 
ʥʝʣʠʥʝʡʥʦʤ ʟʘʢʦʥʝ ʬʠʣʴʪʨʘʮʠʠ, ʧʨʘʢʪʠʯʝʩʢʠ ʦʪ-
ʩʫʪʩʪʚʫʶʪ. 
ʎʝʣʝʥʘʧʨʘʚʣʝʥʥʦʝ ʠʟʫʯʝʥʠʝ ʚʦʧʨʦʩʦʚ ʙʫʨʝʥʠʷ 

ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʩʢʚʘʞʠʥ ʙʳʣʦ 
ʥʘʯʘʪʦ ʚ 50-ʭ ʛʦʜʘʭ, ʭʦʪʷ ʠʟʚʝʩʪʥʳ ʦʪʝʯʝʩʪʚʝʥʥʳʝ 
[3] ʠ ʟʘʨʫʙʝʞʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʦʩʚʷʱʝʥʥʳʝ ʛʦʨʠ-
ʟʦʥʪʘʣʴʥʳʤ ʩʢʚʘʞʠʥʘʤ, ʚʳʧʦʣʥʝʥʥʳʝ ʚ ʙʦʣʝʝ ʨʘʥ-
ʥʝʝ ʚʨʝʤʷ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠ ʟʘʨʫ-
ʙʝʞʥʳʭ ʨʘʙʦʪ ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘ-
ʩʪʠ ʥʘʢʣʦʥʥʦ-ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʙʫʨʝʥʠʷ ʙʳʣʠ 
ʥʘʯʘʪʳ ʚ ʉʉʉʈ. ʇʨʠʯʝʤ ʜʦ ʥʘʯʘʣʘ ʠʥʪʝʥʩʠʚʥʳʭ ʠʩ-
ʩʣʝʜʦʚʘʥʠʡ, ʧʦʩʚʷʱʝʥʥʳʭ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤ ʥʝʬʪʷ-
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ʥʳʤ ʩʢʚʘʞʠʥʘʤ, ʚ ʟʥʘʯʠʪʝʣʴʥʦʤ ʯʠʩʣʝ ʨʘʙʦʪ ʠʟʫʯʘ-
ʣʠʩʴ ʥʘʢʣʦʥʥʳʝ ʠ ʤʥʦʛʦʟʘʙʦʡʥʳʝ ʩʢʚʘʞʠʥʳ. 
ɺ ʨʘʙʦʪʝ ʖ.ʇ.ɹʦʨʠʩʦʚʘ ʩ ʩʦʘʚʪʦʨʘʤʠ [2] ʜʘʥ 

ʢʨʘʪʢʠʡ ʘʥʘʣʠʟ ʩʦʩʪʦʷʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ 
ʥʘʢʣʦʥʥʦ-ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʙʫʨʝʥʠʷ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ 
ʪʘʢʠʭ ʩʢʚʘʞʠʥ. 
ɸʥʘʣʠʟʠʨʫʷ ʧʫʙʣʠʢʘʮʠʠ, ʧʦʩʚʷʱʝʥʥʳʝ: ʦʧʨʝ-

ʜʝʣʝʥʠʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʥʘʢʣʦʥʥʦ-ʛʦʨʠʟʦʥ-
ʪʘʣʴʥʳʭ ʩʢʚʘʞʠʥ, ʘʚʪʦʨʳ [2] ʩʧʨʘʚʝʜʣʠʚʦ ʦʪʤʝ-
ʯʘʶʪ, ʯʪʦ ʥʝʢʦʪʦʨʳʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʧʨʝʜʧʦʩʳʣʢʠ 
ʬʠʣʴʪʨʘʮʠʠ ʞʠʜʢʦʩʪʠ ʢ ʙʝʩʢʦʥʝʯʥʦʡ ʛʦʨʠʟʦʥʪʘʣʴ-
ʥʦʡ ʩʢʚʘʞʠʥʝ ʚ ʧʣʘʩʪʘʭ ʢʦʥʝʯʥʦʡ ʪʦʣʱʠʥʳ ʙʳʣʠ 
ʨʘʩʩʤʦʪʨʝʥʳ ʀ.ɸ.ʏʘʨʥʳʤ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʵʪʠʭ 
ʨʘʩʯʝʪʥʳʭ ʬʦʨʤʫʣ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʜʝʙʠʪʘ ʛʦʨʠ-
ʟʦʥʪʘʣʴʥʦʡ ʩʢʚʘʞʠʥʳ ʢʦʥʝʯʥʦʡ ʜʣʠʥʳ, ʚʩʢʨʳʚʰʝʡ 
ʧʦʣʦʩʦʦʙʨʘʟʥʫʶ ʟʘʣʝʞʴ, ʜʘʝʪ ʟʘʥʠʞʝʥʥʫʶ ʚʝʣʠ-
ʯʠʥʫ, ʧʨʠ ʵʪʦʤ ʧʦʛʨʝʰʥʦʩʪʠ ʬʦʨʤʫʣ ʟʘʚʠʩʷʪ ʦʪ 
ʜʣʠʥʳ ʩʪʚʦʣʘ ʠ ʪʦʣʱʠʥʳ ʟʘʣʝʞʠ. ɺ.ʇ.ʄʝʨʢʫʣʦʚ ʚ 
ʨʘʙʦʪʘʭ [4,5] ʧʨʝʜʣʦʞʠʣ ʧʦʣʫʵʤʧʠʨʠʯʝʩʢʠʝ ʬʦʨ-
ʤʫʣʳ ʜʣʷ ʨʘʩʯʝʪʘ ʜʝʙʠʪʦʚ ʥʘʢʣʦʥʥʳʭ ʠ ʛʦʨʠʟʦʥ-
ʪʘʣʴʥʳʭ ʩʢʚʘʞʠʥ, ʙʘʟʠʨʫʶʱʝʝʩʷ ʥʘ ʨʝʟʫʣʴʪʘʪʘʭ 
ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ʇʦʛʨʝʰʥʦʩʪʴ ʵʪʠʭ ʬʦʨʤʫʣ ʫʚʝʣʠ-
ʯʠʚʘʝʪʩʷ ʧʦ ʤʝʨʝ ʫʤʝʥʴʰʝʥʠʷ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ 
ʩʪʚʦʣʘʤʠ. ɺ ʨʘʙʦʪʝ [6] ʧʦʣʫʯʝʥʳ ʬʦʨʤʫʣʳ ʜʣʷ 
ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʥʘʢʣʦʥʥʳʭ ʩʢʚʘ-
ʞʠʥ ʚ ʩʣʦʠʩʪʦʤ ʧʣʘʩʪʝ. 
ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʢʨʫʛ ʨʘʙʦʪ, ʧʦʩʚʷ-

ʱʝʥʥʳʭ ʦʧʨʝʜʝʣʝʥʠʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʛʦʨʠ-
ʟʦʥʪʘʣʴʥʳʭ ʩʢʚʘʞʠʥ, ʦʯʝʥʴ ʦʙʰʠʨʝʥ ʠ ʧʦʩʪʦʷʥʥʦ 
ʫʚʝʣʠʯʠʚʘʝʪʩʷ. 
ɼʣʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʩʢʚʘʞʠʥʳ 

ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʂʘʣʘʤʢʘʩ ʢʦʥʢʨʝʪʠʟʠʨʫʝʤ ʟʘ-
ʜʘʯʠ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ. 
ɻʝʦʣʦʛʠʯʝʩʢʠʝ ʟʘʜʘʯʠ: ʆʧʪʠʤʠʟʘʮʠʷ ʧʦʣʫʯʝ-

ʥʠʷ ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ï ʚʳʙʦʨ ʠ 
ʢʦʨʨʝʢʪʠʨʦʚʢʘ:ʠʥʪʝʨʚʘʣʦʚ ʦʪʙʦʨʘ ʢʝʨʥʘ, ʰʣʘʤʘ, 
ʦʙʨʘʟʮʦʚ ʛʨʫʥʪʦʚ;ʠʥʪʝʨʚʘʣʦʚ, ʤʝʪʦʜʦʚ ʠ ʚʨʝʤʝʥʠ 
ʧʨʦʚʝʜʝʥʠʷ ʠʟʤʝʥʷʝʤʦʡ ʯʘʩʪʠ ʦʙʷʟʘʪʝʣʴʥʳʭ ʜʝ-
ʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ɻʀʈʉ.ʆʧʝʨʘʪʠʚʥʦʝ ʣʠʪʦ-
ʣʦʛʦ-ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʝ ʨʘʩʯʣʝʥʝʥʠʝ ʨʘʟʨʝʟʘ. ʆʧʝ-
ʨʘʪʠʚʥʦʝ ʚʳʜʝʣʝʥʠʝ ʧʣʘʩʪʦʚ-ʢʦʣʣʝʢʪʦʨʦʚ. ʆʮʝʥʢʘ 
ʬʠʣʴʪʨʘʮʠʦʥʥʦ-ʝʤʢʦʩʪʥʳʭ ʩʚʦʡʩʪʚ (ʌɽʉ) ʧʣʘʩʪʦʚ-
ʢʦʣʣʝʢʪʦʨʦʚ. ʂʦʥʪʨʦʣʴ ʧʨʦʮʝʩʩʘ ʠʩʧʳʪʘʥʠʷ ʠ ʦʧʨʝ-
ʜʝʣʝʥʠʝ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʭʘ-
ʨʘʢʪʝʨʠʩʪʠʢ ʧʣʘʩʪʦʚ ʧʨʠ ʠʩʧʳʪʘʥʠʠ ʠ ʦʧʨʦʙʦʚʘʥʠʠ 
ʦʙʲʝʢʪʦʚ. ɺʳʷʚʣʝʥʠʝ ʨʝʧʝʨʥʳʭ ʛʦʨʠʟʦʥʪʦʚ. 
ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʟʘʜʘʯʠ:ʈʘʥʥʝʝ ʦʙʥʘʨʫʞʝʥʠʝ 

ʛʘʟʦʥʝʬʪʝʚʦʜʦʧʨʦʷʚʣʝʥʠʡ ʠ ʧʦʛʣʦʱʝʥʠʡ ʧʨʠ ʙʫʨʝ-
ʥʠʠ;ʆʧʪʠʤʠʟʘʮʠʷ ʧʨʦʮʝʩʩʘ ʫʛʣʫʙʣʝʥʠʷ ʩʢʚʘʞʠʥʳ ʚ 
ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʟʘʜʘʯ;ʈʘʩʧʦʟʥʘʚʘʥʠʝ 
ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʪʝʭʥʦʣʦʛʠʯʝ-
ʩʢʠʭ ʦʧʝʨʘʮʠʡ;ɺʳʙʦʨ ʠ ʧʦʜʜʝʨʞʘʥʠʝ ʨʘʮʠʦʥʘʣʴ-
ʥʦʛʦ ʨʝʞʠʤʘ ʙʫʨʝʥʠʷ ʩ ʢʦʥʪʨʦʣʝʤ ʦʪʨʘʙʦʪʢʠ ʜʦ-
ʣʦʪ;ʈʘʥʝʝ ʦʙʥʘʨʫʞʝʥʠʝ ʧʨʦʷʚʣʝʥʠʡ ʠ ʧʦʛʣʦʱʝʥʠʡ 
ʧʨʠ ʩʧʫʩʢʦʧʦʜʲʝʤʥʳʭ ʦʧʝʨʘʮʠʷʭ, ʫʧʨʘʚʣʝʥʠʝ ʜʦ-
ʣʠʚʦʤ;ʆʧʪʠʤʠʟʘʮʠʷ ʩʧʫʩʢʦʧʦʜʲʝʤʥʳʭ ʦʧʝʨʘʮʠʡ 
(ʦʛʨʘʥʠʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʩʧʫʩʢʘ, ʦʧʪʠʤʠʟʘʮʠʷ ʨʘ-
ʙʦʪʳ ʛʨʫʟʦʧʦʜʲʝʤʥʳʭ ʤʝʭʘʥʠʟʤʦʚ); ʂʦʥʪʨʦʣʴ ʛʠʜ-
ʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʜʘʚʣʝʥʠʡ ʚ ʩʢʚʘʞʠʥʝ;ʂʦʥʪʨʦʣʴ 
ʧʣʘʩʪʦʚʳʭ ʠ ʧʦʨʦʚʳʭ ʜʘʚʣʝʥʠʡ, ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ 
ʟʦʥ ɸɺʇɼ ʠ ɸɺʇʦɼ;ʂʦʥʪʨʦʣʴ ʩʧʫʩʢʘ ʠ ʮʝʤʝʥʪʠʨʦ-
ʚʘʥʠʝ ʦʙʩʘʜʥʦʡ ʢʦʣʦʥʥʳ;ɼʠʘʛʥʦʩʪʠʢʘ ʧʨʝʜʘʚʘʨʠʡ-
ʥʳʭ ʩʠʪʫʘʮʠʡ ʚ ʨʝʘʣʴʥʦʤ ʤʘʩʰʪʘʙʝ ʚʨʝʤʝʥʠ;ɼʠʘ-
ʛʥʦʩʪʠʢʘ ʨʘʙʦʪʳ ʙʫʨʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 
ʇʣʘʥʦʚʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʟʘʜʘʯʠ: 

- ʆʧʨʝʜʝʣʝʥʠʝ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘ-
ʪʝʣʝʡ ʙʫʨʝʥʠʷ. 

- ʆʧʨʝʜʝʣʝʥʠʷ ʙʘʣʘʥʩʘ ʚʨʝʤʝʥʠ ʨʘʙʦʪʳ, ʙʫʨʦ-
ʚʦʡ ʙʨʠʛʘʜʳ (ʙʫʨʦʚʦʡ ʫʩʪʘʥʦʚʢʠ). 
ʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ (ʵʢʩʧʝʨʠʤʝʥʪʘʣʴ-

ʥʳʝ) ʟʘʜʘʯʠ: 
- ʇʨʦʚʝʜʝʥʠʝ ʧʣʘʥʠʨʫʝʤʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ 

ʮʝʣʴʶ ʧʦʩʪʨʦʝʥʠʷ ʠ ʫʪʦʯʥʝʥʠʷ ʤʦʜʝʣʝʡ ʦʪʜʝʣʴʥʳʭ 
ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠ ʩʚʦʡʩʪʚ ʛʦʨʥʳʭ ʧʦ-
ʨʦʜ. 

- ɼʦʢʫʤʝʥʪʠʨʦʚʘʥʠʝ ʠʩʧʳʪʘʥʠʡ ʥʦʚʳʭ ʪʝʭ-
ʥʠʢʦ-ʤʝʪʦʜʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʠ ʪʝʭʥʦʣʦʛʠʡ. 

- ɻʝʦʣʦʛʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 
ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʦʙʷʟʘʪʝʣʴʥʳʝ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ 
ʢʦʤʧʣʝʢʩʳ. ʉʦʩʪʘʚ ʢʦʤʧʣʝʢʩʦʚ ɻʊʀ, ʧʝʨʝʯʝʥʴ ʧʦʜ-
ʣʝʞʘʱʠʭ ʚʳʧʦʣʥʝʥʠʶ ʨʘʙʦʪ, ʢʦʣʠʯʝʩʪʚʦ ʠ ʧʝʨʝ-
ʯʝʥʴ ʠʟʤʝʨʷʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʦʛʦʚʘʨʠʚʘʶʪʩʷ ɿʘʢʘʟ-
ʯʠʢʦʤ ʧʨʠ ʟʘʢʣʶʯʝʥʠʠ ʢʦʥʪʨʘʢʪʘ. 
ʆʙʷʟʘʪʝʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʠʟʤʝʨʝʥʠʷ (ʛʝʦ-

ʣʦʛʠʯʝʩʢʠʝ): 
ʀʩʩʣʝʜʦʚʘʥʠʝ ʰʣʘʤʘ, ʙʫʨʦʚʦʛʦ ʨʘʩʪʚʦʨʘ: ʆʪ-

ʙʦʨ ʦʙʨʘʟʮʦʚ ʰʣʘʤʘ ʯʝʨʝʟ 5 ʤ ʚ ʠʥʪʝʨʚʘʣʝ 600 ï 
ʋʛʦʣ<σπᶼ ʠ ʯʝʨʝʟ 2 ʤ ʚ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʠʥʪʝʨʚʘʣʘʭ 
ʋʛʦʣ<σπᶼ - 1162,52 ʤ.; ʌʨʘʢʮʠʦʥʥʳʡ ʘʥʘʣʠʟ 
ʰʣʘʤʘ;ʆʧʨʝʜʝʣʝʥʠʝ ʢʘʨʙʦʥʘʪʥʦʩʪʠ ʧʦʨʦʜ (ʢʘʣʴ-
ʮʠʪ, ʜʦʣʦʤʠʪ ʠ ʥʝʨʘʩʪʚʦʨʠʤʳʡ ʦʩʪʘʪʦʢ); ʃʶʤʠʥʝʩ-
ʮʝʥʪʥʳʡ ʘʥʘʣʠʟ ʰʣʘʤʘ ʠ ʙʫʨʦʚʦʛʦ ʨʘʩʪʚʦʨʘ; ʀʂ-
ʩʧʝʢʪʨʦʤʝʪʨʠʷ ʰʣʘʤʘ ʩ ʮʝʣʴʶ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ 
ʦʧʨʝʜʝʣʝʥʠʷ ʥʝʬʪʠ; ʆʮʝʥʢʘ ʧʣʦʪʥʦʩʪʠ ʠ ʧʦʨʠʩʪʦ-
ʩʪʠ ʰʣʘʤʘ; ʆʧʨʝʜʝʣʝʥʠʝ ʦʙʲʝʤʥʦʛʦ ʛʘʟʦʩʦʜʝʨʞʘ-
ʥʠʷ ʙʫʨʦʚʦʛʦ ʨʘʩʪʚʦʨʘ; ɼʠʩʢʨʝʪʥʦʝ ʠʣʠ ʥʝʧʨʝʨʳʚ-
ʥʦʝ ʠʟʤʝʨʝʥʠʝ ʢʦʤʧʦʥʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʫʛʣʝʚʦʜʦ-
ʨʦʜʥʦʛʦ ʛʘʟʘ (ʋɺɻ) ʚ ʛʘʟʦʚʦʟʜʫʰʥʦʡ ʩʤʝʩʠ (ɻɺʉ), 
ʠʟʚʣʝʯʝʥʥʦʡ ʠʟ ʥʝʧʨʝʨʳʚʥʦ ʜʝʛʘʟʠʨʫʝʤʦʛʦ ʙʫʨʦ-
ʚʦʛʦ ʨʘʩʪʚʦʨʘ; ʇʝʨʠʦʜʠʯʝʩʢʘʷ ʪʝʨʤʦʚʘʢʫʫʤʥʘʷ ʜʝ-
ʛʘʟʘʮʠʷ (ʊɺɼ) ʧʨʦʙ ʨʘʩʪʚʦʨʘ ʜʣʷ ʢʘʣʠʙʨʦʚʢʠ ʜʝʛʘ-
ʟʘʪʦʨʘ; ʊɺɼ ʧʨʦʙ ʰʣʘʤʘ. 
ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʠʟʤʝʨʝʥʠʷ 

(ʛʝʦʣʦʛʠʯʝʩʢʠʝ): ʀʟʤʝʨʝʥʠʝ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘ-
ʥʦʚʠʪʝʣʴʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ; ʧʠʨʦʣʠʟ ʛʦʨʥʳʭ ʧʦʨʦʜ; 
ʌʦʪʦʢʦʣʦʨʠʤʝʪʨʠʷ; ʆʧʨʝʜʝʣʝʥʠʝ ʚʷʟʢʦʩʪʠ ʠ ʚʦʜʦ-
ʦʪʜʘʯʠ ʙʫʨʦʚʦʛʦ ʨʘʩʪʚʦʨʘ. 
ʆʙʷʟʘʪʝʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʠʟʤʝʨʝʥʠʷ (ʪʝʭ-

ʥʦʣʦʛʠʯʝʩʢʠʝ): ʀʟʤʝʨʝʥʠʝ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʪʝʭʥʦʣʦ-
ʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ; ɻʣʫʙʠʥʘ ʩʢʚʘʞʠʥʳ ʠ ʤʝʭʘʥʠ-
ʯʝʩʢʘʷ ʩʢʦʨʦʩʪʴ ʧʨʦʭʦʜʢʠ; ɺʝʩ ʥʘ ʢʨʶʢʝ ʠ ʥʘʛʨʫʟʢʝ 
ʥʘ ʜʦʣʦʪʦ; ɼʘʚʣʝʥʠʝ ʙʫʨʦʚʦʛʦ ʨʘʩʪʚʦʨʘ ʥʘ ʩʪʦʷʢʝ 
ʤʘʥʠʬʦʣʴʜʘ; ɼʘʚʣʝʥʠʝ ʙʫʨʦʚʦʛʦ ʨʘʩʪʚʦʨʘ ʚ ʟʘ-
ʪʨʫʙʴʝ; ʏʠʩʣʦ ʭʦʜʦʚ ʥʘʩʦʩʘ ʠʣʠ ʨʘʩʭʦʜ ʥʘ ʚʭʦʜʝ ʚ 
ʩʢʚʘʞʠʥʫ; ʈʘʩʭʦʜ ʙʫʨʦʚʦʛʦ ʨʘʩʪʚʦʨʘ ʥʘ ʚʳʭʦʜʝ ʠʟ 
ʩʢʚʘʞʠʥʫ (ʜʦʧʫʩʢʘʝʪʩʷ) ʠʥʜʠʢʘʪʦʨ ʧʦʪʦʢʘ; ʋʨʦ-
ʚʝʥʴ ʠ ʦʙʲʝʤ ʙʫʨʦʚʦʛʦ ʨʘʩʪʚʦʨʘ ʚ ʧʨʠʝʤʥʳʭ ʝʤʢʦ-
ʩʪʷʭ ʠ ʜʦʣʠʚʦʯʥʦʡ ʝʤʢʦʩʪʠ; ʉʢʦʨʦʩʪʴ ʩʧʫʩʢʘ ʠ 
ʧʦʜʲʝʤʘ ʙʫʨʠʣʴʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ; ʇʣʦʪʥʦʩʪʴ ʙʫʨʦ-
ʚʦʛʦ ʨʘʩʪʚʦʨʘ ʥʘ ʚʭʦʜʝ ʠ ʥʘ ʚʳʭʦʜʝ ʠʟ ʩʢʚʘʞʠʥʳ; 
ʉʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ; ʂʨʫʪʷʱʠʡ ʤʦʤʝʥʪ ʥʘ 
ʨʦʪʦʨʝ; ʊʝʤʧʝʨʘʪʫʨʘ ʨʘʩʪʚʦʨʘ ʥʘ ʚʭʦʜʝ ʠ ʥʘ ʚʳʭʦʜʝ 
ʠʟ ʩʢʚʘʞʠʥʳ. 
ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʠʟʤʝʨʝʥʠʷ 

(ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ): 
- ʋʜʝʣʴʥʦʝ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʨʘʩ-

ʪʚʦʨʘ ʥʘ ʚʭʦʜʝ ʠ ʚʳʭʦʜʝ. 
- ɺʠʙʨʦʘʢʫʩʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʙʦʪʳ 

ʙʫʨʦʚʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ. 
ʂʘʯʝʩʪʚʦ ʣʠʪʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʩʯʣʝʥʝʥʠʷ ʨʘʟ-

ʨʝʟʘ ʩʢʚʘʞʠʥʳ ʧʦ ʜʘʥʥʳʤ ɻʀʉ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʠ 
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ʫʪʦʯʥʷʝʪʩʷ ʧʦ ʰʣʘʤʫ, ʦʪʙʠʨʘʝʤʦʤʫ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 
ʩ ʧʨʦʛʨʘʤʤʦʡ ʨʘʙʦʪ ɻʊʀ. ɼʣʷ ʵʪʦʛʦ ʧʨʦʠʟʚʦʜʠʪʩʷ 
ʦʪʙʦʨ ʠ ʠʟʫʯʝʥʠʝ ʰʣʘʤʘ ʩ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʦʩ-
ʥʦʚʥʦʡ ʧʦʨʦʜʳ ʥʘ ʢʘʞʜʫʶ ʪʦʯʢʫ ʨʘʟʨʝʟʘ ʩʢʚʘʞʠʥʳ. 
ʃʠʪʦʣʦʛʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʨʦʙ ʰʣʘʤʘ ʚ ʧʝʨ-
ʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʜʦʣʞʥʳ ʙʳʪʴ ʧʦʣʫʯʝʥʘ ʥʘ ʙʘʟʝ 
ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦ-ʚʠʟʫʘʣʴʥʳʭ ʤʝʪʦʜʦʚ, ʢʦʪʦʨʳʝ 
ʣʝʛʢʦ ʨʝʘʣʠʟʫʶʪʩʷ ʚ ʨʘʤʢʘʭ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʪʝʭ-
ʥʠʯʝʩʢʦʛʦ ʚʦʦʨʫʞʝʥʠʷ ʦʧʝʨʘʪʠʚʥʳʭ ɻʊʀ ʥʝʧʦ-
ʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʩʢʚʘʞʠʥʘʭ. ʉ ʧʦʤʦʱʴʶ ʧʨʠʙʦʨʦʚ ʠ 
ʦʙʦʨʫʜʦʚʘʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʩʪʘʥʮʠʡ ɻʊʀ ʤʦʞʥʦ 
ʦʧʨʝʜʝʣʷʪʴ ʩʣʝʜʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ ʧʦʨʦʜ: ʢʘʨʙʦ-
ʥʘʪʥʦʩʪʴ ʠ ʩʪʝʧʝʥʴ ʜʦʣʦʤʠʪʠʟʘʮʠʠ (ʢʘʣʴʮʠ-
ʤʝʪʨ);ʚʝʣʠʯʠʥʘ ʥʝʨʘʩʪʚʦʨʠʤʦʛʦ ʦʩʪʘʪʢʘ (ʢʘʣʴʮʠ-
ʤʝʪʨ);ʜʦʣʠ ʢʚʘʨʮʝʚʦʡ ʠ ʛʣʠʥʠʩʪʦʡ ʩʦʩʪʘʚʣʷʶʱʠʭ 
(ʤʠʢʨʦʩʢʦʧ ʠ ʢʘʣʴʮʠʤʝʪʨ); ʪʚʝʨʜʦʩʪʴ (ʚʠʟʫʘʣʴʥʦ ʧʦ 
ʰʢʘʣʝ ñʮʘʨʘʧʘʥʠʷò);ʧʣʦʪʥʦʩʪʴ (ʚʝʩʳ);ʨʘʟʤʝʨ ʟʝʨʝʥ, 
ʩʪʨʫʢʪʫʨʳ ʠ ʪʝʢʩʪʫʨʘ (ʤʠʢʨʦʩʢʦʧ) ʠ ʜʨ. 
ʊʦ ʝʩʪʴ, ʦʪʦʙʨʘʥʥʳʡ ʰʣʘʤ ʠʩʩʣʝʜʫʝʪʩʷ ʤʝʪʦ-

ʜʘʤʠ ʦʙʷʟʘʪʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. ɽʩʣʠ ʧʦʣʫʯʝʥʥʘʷ 
ʠʥʬʦʨʤʘʮʠʷ ʥʝ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʝʩʪʠ ʣʠʪʦʣʦʛʦ-ʩʪʨʘ-
ʪʠʛʨʘʬʠʯʝʩʢʦʝ ʨʘʩʯʣʝʥʝʥʠʝ ʨʘʟʨʝʟʘ, ʧʨʠʚʣʝʢʘʶʪʩʷ 
ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʤʝʪʦʜʳ. 
ʋʩʧʝʰʥʦʝ ʨʝʰʝʥʠʝ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʟʘʜʘʯ ʩ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʰʣʘʤʫ ʤʦʞʝʪ ʙʳʪʴ 

ʦʩʫʱʝʩʪʚʣʝʥʦ, ʝʩʣʠ ʧʨʠ ʧʨʦʚʦʜʢʝ ʩʢʚʘʞʠʥʳ ʩʦʙʣʶ-
ʜʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʫʩʣʦʚʠʷ ʠ ʪʨʝʙʦʚʘ-
ʥʠʷ: 

- ʨʝʞʠʤ ʧʨʦʤʳʚʢʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʜʲʝʤ ʚʳʙʫ-
ʨʝʥʥʦʛʦ ʰʣʘʤʘ ʩ ʟʘʙʦʷ ʩʢʚʘʞʠʥʳ ʜʦ ʤʝʩʪʘ ʩʙʦʨʘ, 
ʨʝʞʠʤ ʙʫʨʝʥʠʷ ï ʦʙʲʝʤʥʦʝ ʨʘʟʨʫʰʝʥʠʝ ʧʦʨʦʜ ʜʦ-
ʣʦʪʦʤ; 

- ʧʦʩʣʝ ʧʨʝʢʨʘʱʝʥʠʷ ʙʫʨʝʥʠʷ ʧʝʨʝʜ ʧʦʜʲʝʤʦʤ 
ʠʥʩʪʨʫʤʝʥʪʘ ʮʠʨʢʫʣʷʮʠʷ ʧʨʦʜʦʣʞʘʝʪʩʷ ʚ ʪʝʯʝʥʠʠ 
ʚʨʝʤʝʥʠ, ʥʝʦʙʭʦʜʠʤʦʤ ʜʣʷ ʚʳʥʦʩʘ ʰʣʘʤʘ ʩ ʟʘʙʦʷ 
ʜʦ ʧʦʚʝʨʭʥʦʩʪʠ; 

- ʰʣʘʤ ʦʪʙʠʨʘʝʪʩʷ ʧʦ ʚʩʝʤʫ ʠʩʩʣʝʜʫʝʤʦʤʫ ʠʥ-
ʪʝʨʚʘʣʫ ʚ ʩʪʨʦʛʦ ʦʧʨʝʜʝʣʝʥʥʦʤ ʤʝʩʪʝ ʦʜʥʠʤ ʠ ʪʝʤ 
ʞʝ ʩʧʦʩʦʙʦʤ. 
ʆʪʙʦʨ ʰʣʘʤʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚ ʞʝʣʦʙʥʦʡ ʩʠ-

ʩʪʝʤʝ ʫ ʫʩʪʴʷ ʩʢʚʘʞʠʥʳ ʤʝʪʦʜʦʤ ʥʘʢʦʧʣʝʥʠʷ ʩ ʠʥ-
ʪʝʨʚʘʣʦʤ 5 ʤʝʪʨʦʚ ʚ ʚʝʨʭʥʝ-ʩʨʝʜʥʝʶʨʩʢʠʭ ʦʪʣʦʞʝ-
ʥʠʷʭ, ʥʘ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʫʯʘʩʪʢʘʭ ʨʘʟʨʝʟʘ ʠʥʪʝʨʚʘʣ 
ʦʪʙʦʨʘ ʩʦʢʨʘʱʘʝʪʩʷ ʜʦ 2 ʤʝʪʨʦʚ. ɺ ʪʘʙʣʠʮʝ 1. ʧʦʢʘ-
ʟʘʥ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʡ ʨʘʟʨʝʟ ʵʣʝʤʝʥʪʦʚ ʟʘʣʝʛʘʥʠʷ 
ʧʣʘʩʪʦʚ ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʢʘʚʝʨʥʦʟʥʦʩʪʠ. ʕʪʦ ʜʝʣʘ-
ʝʪʩʷ ʩ ʮʝʣʴʶ ʙʦʣʝʝ ʪʦʯʥʦʡ ʧʨʠʚʷʟʢʠ ʢʨʦʚʣʠ ʧʣʘʩʪʘ-
ʢʦʣʣʝʢʪʦʨʘ, ʘ ʪʘʢʞʝ ʜʣʷ ʥʘʠʙʦʣʝʝ ʧʦʣʥʦʛʦ ʠʟʫʯʝʥʠʷ 
ʧʣʘʩʪʘ. 

 
ʊʘʙʣʠʮʘ 1. 

ʉʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʡ ʨʘʟʨʝʟ ʵʣʝʤʝʥʪʦʚ ʟʘʣʝʛʘʥʠʷ ʧʣʘʩʪʦʚ ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʢʘʚʝʨʥʦʟʥʦʩʪʠ 

ɻʣʫʙʠʥʘ ʟʘʣʝʛʘ-
ʥʠʷ, ʤ 

ʉʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʝ ʧʦʜʨʘʟʜʝ-
ʣʝʥʠʝ 

ʕʣʝʤʝʥʪʳ ʟʘʣʝʛʘʥʠʷ 
ʧʣʘʩʪʦʚ ʧʦ ʧʦʜʦʰʚʝ, 

ʛʨʘʜ. 

ʂʦʵʬʬʠʮʠʝʥʪ 
ʢʘʚʝʨʥʦʟʥʦʩʪʠ 
ʚ ʠʥʪʝʨʚʘʣʝ 

ʦʪ 
(ʚʝʨʭ) 

ʜʦ 
(ʥʠʟ) 

ʥʘʟʚʘʥʠʝ ʠʥʜʝʢʩ ʋʛʦʣ ʧʘʜʝʥʠʷ ʘʟʠʤʫʪ  

1 2 3 4 5 6 7 

0 0 ʏʝʪʚʝʨʪʠʯʥʳʝ Q ρᶼ   

0 50 ʉʝʥʦʥ+ʪʫʨʦʥ ὑίὲὸ ρᶼ  1,30 

50 140 ʉʝʥʦʤʘʥ ὑὧά ρᶼ  1,23 

140 470 ɸʣʴʙ ὑὥὰ ρᶼ  1,05 

475 585 ɸʧʪ ὑὥ ςᶼ  1,18 

585 775 ʅʝʦʢʦʤ ὑὲὧ σᶼ  1,10 

775 830 ʖʨʘ J υᶼ  1,05 

 
ʈʝʟʶʤʠʨʫʷ ʠʟʣʦʞʝʥʥʦʝ, ʤʦʞʥʦ ʢʦʥʩʪʘʪʠʨʦ-

ʚʘʪʴ, ʯʪʦ ʮʝʣʦʩʪʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʛʦ-
ʨʠʟʦʥʪʘʣʴʥʦʡ ʩʢʚʘʞʠʥʳ- ʨʝʰʝʥʠʷ ʚʩʝʭ ʧʦʩʪʘʚʣʝʥ-
ʥʳʭ ʟʘʜʘʯ ʥʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʠ, ʧʦ-
ʣʫʯʝʥʠʷ ʧʨʦʜʫʢʮʠʠ ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʵʢʩʧʣʫʘʪʘʮʠʠ 
ʩʢʚʘʞʠʥʳ, ʜʦʣʞʥʘ ʦʙʫʩʣʦʚʣʠʚʘʪʴ ʥʝʦʙʭʦʜʠʤʫʶ 
ʛʠʙʢʦʩʪʴ ʠ ʘʜʘʧʪʠʚʥʦʩʪʴ ʧʨʦʝʢʪʥʳʭ ʨʝʰʝʥʠʡ, ʪʘʢ 
ʢʘʢ ʣʶʙʘʷ ʥʦʚʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʧʨʦʜʫʢʪʠʚʥʦʤ ʧʣʘ-
ʩʪʝ, ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʙʦʣʝʝ ʩʦʚʝʨʰʝʥ-
ʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʤʥʦʞʝʩʪʚʦ ʜʨʫʛʠʭ ʧʘʨʘʤʝʪʨʦʚ, 
ʢʦʪʦʨʳʝ ʟʘʯʘʩʪʫʶ ʚʳʷʩʥʷʶʪʩʷ ʣʠʰʴ ʚ ʭʦʜʝ ʨʝʘʣʠ-
ʟʘʮʠʠ ʧʨʦʝʢʪʘ, ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʥʝʦʧʪʠʤʘʣʴʥʦʡ 
ʨʘʟʨʘʙʦʪʢʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʥʝʛʘʪʠʚ-
ʥʳʤʠ ʧʦʩʣʝʜʩʪʚʠʷʤʠ, ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʚʳʩʦʢʠʤʠ 
ʢʘʧʠʪʘʣʴʥʳʤʠ ʟʘʪʨʘʪʘʤʠ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤʠ 
ʨʘʩʭʦʜʘʤʠ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʠʩʩʣʝʜʫʷ ʢʘʞʜʳʡ ʘʩ-
ʧʝʢʪ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʩʢʚʘʞʠʥʳ, 
ʥʝʦʙʭʦʜʠʤʦ ʫʞʝ ʚ ʭʦʜʝ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʘ ʩʣʝʜʫʝʪ 
ʨʘʩʩʤʦʪʨʝʪʴ ʚʩʝ ʨʝʘʣʠʩʪʠʯʥʳʝ ʚʘʨʠʘʥʪʳ. 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʘʣʛʝʙʨʦ-ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ ʩ ʚʳʨʦʞʜʝʥʥʳʤ 

ʦʧʝʨʘʪʦʨʦʤ ʧʨʠ ʧʨʦʠʟʚʦʜʥʦʡ ʧʦ ʚʳʜʝʣʝʥʥʦʡ ʧʝʨʝʤʝʥʥʦʡ. ʕʪʦʪ ʦʧʝʨʘʪʦʨ ʦʙʣʘʜʘʝʪ ʩʚʦʡʩʪʚʦʤ ʬʨʝʜʛʦʣʴʤʦ-

ʚʦʩʪʠ ʩ ʥʫʣʝʚʳʤ ʠʥʜʝʢʩʦʤ. ʆʥʦ ʧʦʟʚʦʣʷʝʪ ʨʘʩʱʝʧʠʪʴ ʠʩʭʦʜʥʦʝ ʫʨʘʚʥʝʥʠʝ ʥʘ ʫʨʘʚʥʝʥʠʷ ʚ ʧʦʜʧʨʦʩʪʨʘʥ-

ʩʪʚʘʭ ʫʤʝʥʴʰʘʶʱʠʭʩʷ ʨʘʟʤʝʨʥʦʩʪʝʡ. ʇʦʣʫʯʝʥ ʨʝʟʫʣʴʪʘʪ ʦ ʨʝʛʫʣʷʨʠʟʘʮʠʠ ʚ ʜʚʘ ʰʘʛʘ ʜʘʥʥʦʛʦ ʫʨʘʚʥʝʥʠʷ, 

ʪʦ ʝʩʪʴ ʝʛʦ ʨʘʟʨʝʰʝʥʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʠʟʚʦʜʥʦʡ. ʆʥ ʩʬʦʨʤʫʣʠʨʦʚʘʥ ʚ ʚʠʜʝ ʪʝʦʨʝʤʳ. 

Abstract 

The article deals with a first-order algebraic-differential equation with a degenerate operator multiplying the 

derivative with respect to the distinguished variable. This operator has the Fredholm property with index zero. It 

allows you to split the original equation into equations in subspaces of decreasing dimensions. The result is ob-

tained about the regularization of this equation in two steps, that is, its resolution with respect to the derivative. It 

is formulated as the theorem. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʈʝʛʫʣʷʨʠʟʘʮʠʷ, ʘʣʛʝʙʨʦ-ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ, ʬʨʝʜʛʦʣʴʤʦʚ ʦʧʝʨʘʪʦʨ, ʙʘ-

ʥʘʭʦʚʦ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʢʘʩʢʘʜʥʘʷ ʜʝʢʦʤʧʦʟʠʮʠʷ. 

Keywords: Regularization, algebraic-differential equation, Fredholm operator, Banach space, cascade split-

ting. 

 

1. ɺʚʝʜʝʥʠʝ ʠ ʥʝʦʙʭʦʜʠʤʳʝ ʩʚʝʜʝʥʠʷ 

ʋʨʘʚʥʝʥʠʷʤʠ ʠ ʩʠʩʪʝʤʘʤʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ ʩ ʚʳʜʝʣʝʥʥʦʡ ʧʨʦʠʟʚʦʜ-

ʥʦʡ ʧʦ ʚʨʝʤʝʥʠ ʤʦʜʝʣʠʨʫʝʪʩʷ ʜʠʥʘʤʠʢʘ ʜʘʚʣʝʥʠʷ ʞʠʜʢʦʩʪʠ, ʬʠʣʴʪʨʫʶʱʝʡʩʷ ʚ ʪʨʝʱʠʥʦʚʘʪʦ-ʧʦʨʠʩʪʦʡ 

ʩʨʝʜʝ (ʫʨʘʚʥʝʥʠʝ ɹʘʨʝʥʙʣʘʪʪʘ-ɾʝʣʪʦʚʘ-ʂʦʯʠʥʦʡ), ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʥʝʨʚʥʦʛʦ ʠʤʧʫʣʴʩʘ ʚ ʤʝʤʙʨʘʥʝ, ʤʝʪʘ-

ʥʦʛʝʥʝʟ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʫʩʣʦʚʠʡ ʪʝʧʣʦʦʙʤʝʥʘ ʩ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ, ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ (ʤʦʜʝʣʴ 

ʃʝʦʥʪʴʝʚʘ ʤʝʞʦʪʨʘʩʣʝʚʦʛʦ ʙʘʣʘʥʩʘ) ʠ ʪ.ʜ. 

ʆʩʦʙʝʥʥʦ ʘʢʪʫʘʣʝʥ ʚʦʧʨʦʩ ʦ ʩʫʱʝʩʪʚʦʚʘʥʠʠ, ʝʜʠʥʩʪʚʝʥʥʦʩʪʠ ʠʣʠ ʥʝʝʜʠʥʩʪʚʝʥʥʦʩʪʠ ʨʝʰʝʥʠʷ, ʢʦʛʜʘ 

ʧʝʨʝʜ ʧʨʦʠʟʚʦʜʥʦʡ ʧʦ ʚʳʜʝʣʝʥʥʦʡ ʧʝʨʝʤʝʥʥʦʡ ʥʘʭʦʜʠʪʩʷ ʚʳʨʦʞʜʝʥʥʳʡ ʦʧʝʨʘʪʦʨ. ʂ ʪʘʢʠʤ ʦʧʝʨʘʪʦʨʘʤ 

ʦʪʥʦʩʠʪʩʷ ʬʨʝʜʛʦʣʴʤʦʚ ʦʧʝʨʘʪʦʨ ʩ ʥʫʣʝʚʳʤ ʠʥʜʝʢʩʦʤ (ʜʘʣʝʝ, ʌ-ʦʧʝʨʘʪʦʨ). 

ʉʚʦʡʩʪʚʦ. ʃʠʥʝʡʥʳʡ ʌ-ʦʧʝʨʘʪʦʨ ὃ, ʜʝʡʩʪʚʫʶʱʠʡ ʠʟ ʙʘʥʘʭʦʚʘ ʧʨʦʩʪʨʘʥʩʪʚʘ Ὁ ʚ ʙʘʥʘʭʦʚʦ ʧʨʦ-

ʩʪʨʘʥʩʪʚʦ Ὁ, ʚʧʦʣʥʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʩʚʦʡʩʪʚʦʤ: 

Ὁ Ker ὃἅCoim ὃȟὉ Im ὃἅCoker ὃȟ 
ʛʜʝ Ker ὃ ï ʷʜʨʦ ʦʧʝʨʘʪʦʨʘ ὃ, Coim ὃ ï ʧʨʷʤʦʝ ʜʦʧʦʣʥʝʥʠʝ ʢ Ker ὃ, Im ὃ ï ʦʙʨʘʟ ʦʧʝʨʘʪʦʨʘ, Coker ὃ 

ï ʜʝʬʝʢʪʥʦʝ ʧʦʜʧʨʦʩʪʨʘʥʩʪʚʦ; 

ÄÉÍKer ὃ ÄÉÍCoker ὃ Њ; ʩʫʞʝʥʠʝ ὃ ʦʧʝʨʘʪʦʨʘ ὃ ʥʘ Coim ὃ᷊dom ὃ ʠʤʝʝʪ ʦʛʨʘʥʠʯʝʥʥʳʡ ʦʙ-

ʨʘʪʥʳʡ ὃ  [1]. 

ʃʝʤʤʘ 1. ʃʶʙʦʡ ʣʠʥʝʡʥʳʡ ʦʧʝʨʘʪʦʨ ὃȡᴙ ᴼᴙ , ʟʘʜʘʚʘʝʤʳʡ ʚʳʨʦʞʜʝʥʥʦʡ ʯʠʩʣʦʚʦʡ ʤʘʪʨʠʮʝʡ, 
ʬʨʝʜʛʦʣʴʤʦʚ [2]. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʫʨʘʚʥʝʥʠʝ 

ὃ
Ὠὼ

Ὠὸ
ὄὸὼὸ Ὂὸȟ (1) 

ʛʜʝ ὃȟὄὸ ï ʟʘʤʢʥʫʪʳʝ ʣʠʥʝʡʥʳʝ ʦʧʝʨʘʪʦʨʳ, ʜʝʡʩʪʚʫʶʱʠʝ ʠʟ Ὁ ʚ Ὁ, 

dom ὃ dom ὄὸ Ὁ; ὃ ï ʌ-ʦʧʝʨʘʪʦʨ; ὸɴ πȟὝ.  

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʝʛʫʣʷʨʠʟʘʮʠʷ ʵʪʦʛʦ ʫʨʘʚʥʝʥʠʷ, ʪʦ ʝʩʪʴ ʨʘʟʨʝʰʝʥʠʝ ʝʛʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʠʟ-

ʚʦʜʥʦʡ. ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʣʫʯʘʡ 

ÄÉÍKer ὃ ÄÉÍCoker ὃ ὲȢ  
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ʀʩʧʦʣʴʟʫʝʪʩʷ ʫʪʚʝʨʞʜʝʥʠʝ, ʧʦʣʫʯʝʥʥʦʝ ʚ [3]. 

ɺʚʦʜʷʪʩʷ ʧʨʦʝʢʪʦʨʳ ὖȟὗ ʥʘ Ker ὃ ʠ Coker ὃ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʦʣʫʦʙʨʘʪʥʳʡ ʦʧʝʨʘʪʦʨ ὃ
ὃ Ὅ ὗȡIm ὃᴼCoim ὃ᷊dom ὃ. ʈʘʟʣʦʞʠʤ ʵʣʝʤʝʥʪ ὖὼɴ Ker ὃ ʧʦ ʙʘʟʠʩʫ ὩȟὩȟȣȟὩ ʠ ʵʣʝʤʝʥʪ ὗώɴ
Coker ὃ ʧʦ ʙʘʟʠʩʫ •ȟ•ȟȣȟ• : 

ὖὺ ᾀὩȟὗώ ὧ•Ȣ 

ʇʨʦʩʪʨʘʥʩʪʚʦ Coker ὃ ʦʨʪʦʥʦʨʤʠʨʫʝʪʩʷ ʚʚʝʜʝʥʠʝʤ ʩʢʘʣʷʨʥʦʛʦ ʧʨʦʠʟʚʝʜʝʥʠʷ ȟ  ʪʘʢ, ʯʪʦ •ȟ•

 . 

ʃʝʤʤʘ 2. ʃʠʥʝʡʥʦʝ ʫʨʘʚʥʝʥʠʝ 

ὃὺ ύȟὺᶰὉ᷊dom ὃȟύᶰὉȟ 
ʨʘʚʥʦʩʠʣʴʥʦ ʩʠʩʪʝʤʝ 

ὺ ὃύ ὖὺȟᶅὖὺɴ Ker ὃȟ 
ὗώȟ• πȟὮ ρȟςȟȣȟὲȢ 

ʇʨʠʤʝʥʷʝʪʩʷ ʤʝʪʦʜ ʢʘʩʢʘʜʥʦʡ ʜʝʢʦʤʧʦʟʠʮʠʠ, ʟʘʢʣʶʯʘʶʱʠʡʩʷ ʚ ʧʦʰʘʛʦʚʦʤ ʨʘʩʱʝʧʣʝʥʠʠ ʫʨʘʚʥʝʥʠʷ 

ʥʘ ʫʨʘʚʥʝʥʠʷ ʚ ʧʦʜʧʨʦʩʪʨʘʥʩʪʚʘʭ ʫʤʝʥʴʰʘʶʱʠʭʩʷ ʨʘʟʤʝʨʥʦʩʪʝʡ. ʈʘʩʱʝʧʣʝʥʠʷ ʧʦʜʧʨʦʩʪʨʘʥʩʪʚ ʠʩʧʦʣʴʟʦ-

ʚʘʣʠʩʴ ʠ ʜʨʫʛʠʤʠ ʘʚʪʦʨʘʤʠ, ʥʦ ʨʘʩʩʤʘʪʨʠʚʘʣʩʷ ʣʠʙʦ ʩʣʫʯʘʡ ʢʦʥʝʯʥʦʤʝʨʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ (ʖ.ɽ. ɹʦʷʨʠʥ-

ʮʝʚ, S. Campbell), ʣʠʙʦ ʘʚʪʦʨʳ ʦʛʨʘʥʠʯʠʚʘʣʠʩʴ ʦʜʥʠʤ ʰʘʛʦʤ (ʄ.ʀ. ɺʠʰʠʢ, ʃ.ɸ. ʃʶʩʪʝʨʥʠʢ, V. Lovass-

Nagy), ʣʠʙʦ ʠʩʭʦʜʥʘʷ ʩʠʩʪʝʤʘ ʧʦʩʣʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʤʘʪʨʠʯʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʦʙʨʝʪʘʣʘ ʙʦʣʴʰʠʝ ʨʘʟ-

ʤʝʨʳ (ɺ.ɸ. ʀʣʴʠʥ, A. Ilchmann, V. Mehrmann), ʣʠʙʦ ʪʨʝʙʦʚʘʣʘʩʴ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʘʷ ʛʣʘʜʢʦʩʪʴ ʦʧʝʨʘʪʦʨ-

ʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ (ʉ.ʇ. ɿʫʙʦʚʘ) ʠ ʪ.ʜ. 

ɺ ʨʘʙʦʪʝ ʘʚʪʦʨʘ [4] ʧʨʦʠʟʚʦʜʠʪʩʷ ʤʥʦʛʦʰʘʛʦʚʘʷ ʨʝʛʫʣʷʨʠʟʘʮʠʷ ʫʨʘʚʥʝʥʠʷ (1). ʅʝʜʦʩʪʘʪʢʦʤ ʷʚʣʷʝʪʩʷ 

ʪʦ, ʯʪʦ ʥʘ ʢʘʞʜʦʤ ʰʘʛʝ ʪʨʝʙʫʝʪʩʷ ʥʘʢʣʘʜʳʚʘʪʴ ʫʩʣʦʚʠʝ ʬʨʝʜʛʦʣʴʤʦʚʦʩʪʠ (ʌ-ʫʩʣʦʚʠʝ) ʥʝʢʦʪʦʨʳʭ ʦʧʝʨʘʪʦ-

ʨʦʚ ὃ, ʩʪʨʦʷʱʠʭʩʷ ʩ ʧʦʤʦʱʴʶ ʟʘʜʘʥʥʳʭ ʦʧʝʨʘʪʦʨʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʫʨʘʚʥʝʥʠʷ. ɺ [3] ʙʳʣ ʨʘʩʩʤʦʪʨʝʥ 

ʦʜʥʦʰʘʛʦʚʳʡ ʩʣʫʯʘʡ ʨʝʛʫʣʷʨʠʟʘʮʠʠ ʚ ʩʣʫʯʘʝ ʧʦʩʪʦʷʥʥʦʛʦ ʦʧʝʨʘʪʦʨʘ ὄ: ÄÅÔ ὗὄὩȟ• π, ὭȟὮ ρȟς. 

ʅʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ ʧʨʦʜʦʣʞʘʝʪ ʝʝ: ʨʝʛʫʣʷʨʠʟʘʮʠʷ ʧʨʦʠʩʭʦʜʠʪ ʚ ʜʚʘ ʰʘʛʘ, ʠ ʦʧʨʝʜʝʣʠʪʝʣʴ ʚʳʰʝ ʫʞʝ ʨʘʚʝʥ 

0. ɿʜʝʩʴ ʚ ʩʠʣʫ ʣʝʤʤʳ 1 ʥʝ ʪʨʝʙʫʝʪʩʷ ʥʘʢʣʘʜʳʚʘʪʴ ʌ-ʫʩʣʦʚʠʝ ʦʧʝʨʘʪʦʨʘ ὃ, ʧʦʩʢʦʣʴʢʫ ʦʥ, ʢʘʢ ʦʧʝʨʘʪʦʨ, 
ʟʘʜʘʚʘʝʤʳʡ ʪʝʧʝʨʴ ʚʳʨʦʞʜʝʥʥʦʡ ʢʚʘʜʨʘʪʥʦʡ ʤʘʪʨʠʮʝʡ, ʫʞʝ ʦʙʣʘʜʘʝʪ ʵʪʠʤ ʩʚʦʡʩʪʚʦʤ. 

ʇʦʣʫʯʝʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʜʣʷ ʫʨʘʚʥʝʥʠʷ (1). 

2. ʃʝʤʤʳ ʦ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʠ 

ʃʝʤʤʘ 3. ʇʫʩʪʴ ʬʫʥʢʮʠʷ Ὢὸ ʥʝʧʨʝʨʳʚʥʦ ʜʠʬʬʝʨʝʥʮʠʨʫʝʤʘ ʠ ʦʧʝʨʘʪʦʨ ὑὸ ʩʠʣʴʥʦ ʥʝʧʨʝʨʳʚʥʦ 

ʜʠʬʬʝʨʝʥʮʠʨʫʝʤ. ʉʧʨʘʚʝʜʣʠʚʘ ʩʣʝʜʫʶʱʘʷ ʬʦʨʤʫʣʘ [5]: 
Ὠ

Ὠὸ
ὑὸὪὸ

Ὠὑ

Ὠὸ
Ὢὸ ὑὸ

ὨὪ

Ὠὸ
Ȣ 

ʃʝʤʤʘ 4. ʇʫʩʪʴ ʬʫʥʢʮʠʠ Ὢὸ

Ὢ ὸ
Ὢ ὸ
ể

Ὢ ὸ

, Ὢὸ

Ὢ ὸ
Ὢ ὸ
ể

Ὢ ὸ

 ʜʠʬʬʝʨʝʥʮʠʨʫʝʤʳ. ʊʦʛʜʘ ʩʧʨʘʚʝʜʣʠʚʘ 

ʩʣʝʜʫʶʱʘʷ ʬʦʨʤʫʣʘ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʷ ʩʢʘʣʷʨʥʦʛʦ ʧʨʦʠʟʚʝʜʝʥʠʷ: 
Ὠ

Ὠὸ
ὪὸȟὪὸ  

Ὠ

Ὠὸ
ὪὸȟὪὸ  

Ὢὸȟ
Ὠ

Ὠὸ
Ὢὸ Ȣ 

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʩʢʘʣʷʨʥʦʛʦ ʧʨʦʠʟʚʝʜʝʥʠʷ, 

Ὠ

Ὠὸ
ὪὸȟὪὸ

Ὠ

Ὠὸ
Ὢ ὸὪ ὸ  

Ὠ

Ὠὸ
Ὢ ὸϽὪ ὸ Ὢ ὸ

Ὠ

Ὠὸ
Ὢ ὸ  

Ὠ

Ὠὸ
Ὢ ὸϽὪ ὸ Ὢ ὸ

Ὠ

Ὠὸ
Ὢ ὸ  

Ὠ

Ὠὸ
ὪὸȟὪὸ  

Ὢὸȟ
Ὠ

Ὠὸ
Ὢὸ Ȣ 

 

3. ʈʝʛʫʣʷʨʠʟʘʮʠʷ ʫʨʘʚʥʝʥʠʷ (1) 

ɺ ʜʘʣʴʥʝʡʰʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷʭ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʚʩʝ ʧʨʦʠʟʚʦʜʥʳʝ ʩʫʱʝʩʪʚʫʶʪ ʠ ʥʝʧʨʝʨʳʚʥʳ. 

1 ʰʘʛ. ɺ ʩʠʣʫ ʣʝʤʤʳ 2 ʫʨʘʚʥʝʥʠʝ (1) ʨʘʚʥʦʩʠʣʴʥʦ ʩʠʩʪʝʤʝ 
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Ὠὼ

Ὠὸ
ὃὄὸὼὸ ὃὊὸ ᾀὸȟ (2) 

ὗὄὸὼὸȟ• πȟ  

 Ὦ ρȟςȟȣȟὲȟ 
(3) 

ʛʜʝ ᾀὸᶰKer ὃ ï ʥʝʢʦʪʦʨʘʷ ʥʝʧʨʝʨʳʚʥʦ ʜʠʬʬʝʨʝʥʮʠʨʫʝʤʘʷ ʬʫʥʢʮʠʷ, ʢʦʪʦʨʫʶ ʥʘʜʣʝʞʠʪ ʚʳʯʠʩʣʠʪʴ. 

ʇʨʦʜʠʬʬʝʨʝʥʮʠʨʦʚʘʚ ʨʘʚʝʥʩʪʚʘ (3), ʧʦʣʴʟʫʷʩʴ ʣʝʤʤʦʡ 3, ʠ ʧʦʜʩʪʘʚʠʚ ʚʤʝʩʪʦ ʧʨʦʠʟʚʦʜʥʦʡ  ʚʳʨʘʞʝʥʠʝ 

(2), ʧʦʣʫʯʠʤ ʩʠʩʪʝʤʫ 

ὗὄὸᾀὸȟ• Ὓ ὸὼὸ Ὂ ὸ 

ʚ ʦʙʦʟʥʘʯʝʥʠʷʭ 

Ὓ ὸ ὗ
Ὠὄ

Ὠὸ
Ͻȟ• ὗὄὸὃὄὸϽȟ• ȟ 

Ὂ ὸ
Ὠ

Ὠὸ
ὗὊὸȟ• ὗὄὸὃὊὸȟ• Ȣ 

ʈʘʟʣʦʞʝʥʠʝ ʵʣʝʤʝʥʪʘ ᾀὸ ʧʦ ʙʘʟʠʩʫ ᾀὸ В ᾀὸὩ ʧʨʠʚʦʜʠʪ ʢ ʩʠʩʪʝʤʝ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʬʫʥʢʮʠʡ 

ᾀὸ: 

ᾀὸὨ ὸ Ὓ ὸὼὸ Ὂ ὸȟ  

Ὦ ρȟςȟȣȟὲȟ 

(4) 

ʚ ʦʙʦʟʥʘʯʝʥʠʠ 

Ὠ ὸ ὗὄὸὩȟ• Ȣ 

ʇʫʩʪʴ  

ὃ ὸ Ὠ ὸ ȟὭȟὮ ρȟςȟ 

ʠ ʚʳʧʦʣʥʝʥʦ ʩʣʝʜʫʶʱʝʝ  

ʋʩʣʦʚʠʝ 1. ʇʨʠ ʢʘʞʜʦʤ ὸɴ  ʠʤʝʝʤ: detὃ ὸ π.  
ɺ ʵʪʦʤ ʩʣʫʯʘʝ, ʚ ʩʠʣʫ ʣʝʤʤʳ 1, ʦʧʝʨʘʪʦʨ ὃ ὸ ʦʙʣʘʜʘʝʪ ʌ-ʩʚʦʡʩʪʚʦʤ. ʇʫʩʪʴ ὗ ὸ ï ʧʨʦʝʢʪʦʨ ʥʘ 

Coker ὃ ὸ, ÄÉÍKer ὃ ὸ ÄÉÍCoker ὃ ὸ ὴ ʧʨʠ ʢʘʞʜʦʤ ὸɴ , ὩǿὸȟȣȟὩǿὸ ï ʙʘʟʠʩ ʚ Ker ὃ ὸ, 

• ὸȟȣȟ• ὸ ï ʙʘʟʠʩ ʚ Coker ὃ ὸ. ʆʪʤʝʪʠʤ, ʯʪʦ ὴ ὲ. ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʙʘʟʠʩ • ὸȟȣȟ• ὸ ʦʨʪʦ-

ʥʦʨʤʠʨʦʚʘʥʥʳʡ.  

2 ʰʘʛ. ʊʝʧʝʨʴ ʚ ʩʠʣʫ ʣʝʤʤʳ 2 ʫʨʘʚʥʝʥʠʝ (4) ʚ ʦʙʦʟʥʘʯʝʥʠʷʭ 

Ὓ ὸὼὸ Ὂ ὸ ὃ ὸ
Ὓ ὸὼὸ Ὂ ὸ

ể

Ὓ ὸὼὸ Ὂ ὸ

ȟ 

Ὓ ὸὼὸ Ὂ ὸ ὗ ὸ
Ὓ ὸὼὸ Ὂ ὸ

ể

Ὓ ὸὼὸ Ὂ ὸ

 

ʨʘʚʥʦʩʠʣʴʥʦ ʩʠʩʪʝʤʝ 

ᾀὸ Ὓ ὸὼὸ Ὂ ὸ ᾀǿὸὩǿὸȟ (5) 

Ὓ ὸὼὸȟ• ὸ πȟὮ ρȟςȟȣȟὴȢ (6) 

ʇʨʦʜʠʬʬʝʨʝʥʮʠʨʦʚʘʚ (6), ʧʦʣʴʟʫʷʩʴ ʣʝʤʤʘʤʠ 3,4, ʠ ʧʦʜʩʪʘʚʠʚ ʚʤʝʩʪʦ ʧʨʦʠʟʚʦʜʥʦʡ  ʚʳʨʘʞʝʥʠʝ (2), 

ʧʦʣʫʯʠʤ ʩʠʩʪʝʤʫ 

ᾀǿὸὨ ὸ Ὓ ὸὼὸ Ὂ ὸȟ (7) 

ʚ ʦʙʦʟʥʘʯʝʥʠʷʭ 

Ὓ ὸ Ὓ ὸϽȟ• ὸ ȟ 

Ὓ ὸ
ὨὛ

Ὠὸ
Ͻȟ• ὸ Ὓ ὸϽȟ

Ὠ•

Ὠὸ
ȟ 

Ὓ ὸ Ὓ ὸὃὄὸ Ὓ ὸȟ 

Ὓ ὸ Ὓ ὸ Ὓ ὸὛ ὸȟ 

Ὂ ὸ
ὨὊ

Ὠὸ
ȟ• ὸ Ὂ ὸȟ

Ὠ•

Ὠὸ
ȟ 

Ὂ ὸ Ὓ ὸὃὊὸ Ὂ ὸȟ 

Ὂ ὸ Ὂ ὸ Ὓ ὸὊ ὸȟ 

Ὠ ὸ Ὓ ὸὩǿὸȟὭȟὮ ρȟςȟȣȟὴȢ 
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ʇʫʩʪʴ ʚʳʧʦʣʥʝʥʦ ʩʣʝʜʫʶʱʝʝ 

ʋʩʣʦʚʠʝ 2. ʇʨʠ ʢʘʞʜʦʤ ὸɴ  ʠʤʝʝʤ ɝὸ ÄÅÔ Ὠ ὸ π.  

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʩʠʩʪʝʤʘ ʠʤʝʝʪ ʝʜʠʥʩʪʚʝʥʥʦʝ ʨʝʰʝʥʠʝ (ʬʦʨʤʫʣʳ ʂʨʘʤʝʨʘ) 

ᾀǿὸ Ὓ ὸὼὸ Ὂ ὸȟ  

Ὦ ρȟςȟȣȟὴȟ 
(8) 

ʛʜʝ Ὓ ὸὼὸ Ὂ ὸ ï ʵʪʦ ʦʧʨʝʜʝʣʠʪʝʣʴ ɝ ὸÄÅÔ Ὠ ὸ , Ὥȟὰ ρȟςȟȣȟὴ, 

ʛʜʝ Ὦ-ʡ ʩʪʦʣʙʝʮ ʨʘʚʝʥ 

Ὓ ὸὼὸ Ὂ ὸ
ể

Ὓ ὸὼὸ Ὂ ὸ

. 

ʇʦʜʩʪʘʚʠʚ (8) ʚ (5), ʟʘʪʝʤ ʧʦʣʫʯʝʥʥʦʝ ʚʳʨʘʞʝʥʠʝ ï ʚ (2), ʧʦʣʫʯʠʤ ʫʨʘʚʥʝʥʠʝ 
Ὠὼ

Ὠὸ
Ὓ ὸὼὸ Ὂ ὸ (9) 

ʚ ʦʙʦʟʥʘʯʝʥʠʷʭ 

Ὓ ὸ Ὓ ὸ Ὓ ὸϽϽὩǿὸȟ 

Ὓ ὸ ὃὄὸ Ὓ ὸȟ 

Ὂ ὸ Ὂ ὸ Ὓ ὸὊ ὸϽὩǿὸȟ 

Ὂ ὸ ὃὊὸ Ὂ ὸȢ 
ʋʨʘʚʥʝʥʠʝ (9) ʨʝʛʫʣʷʨʠʟʠʨʦʚʘʥʦ, ʧʦʩʢʦʣʴʢʫ ʩʦʜʝʨʞʠʪ ʦʙʨʘʪʠʤʳʡ, ʝʜʠʥʠʯʥʳʡ, ʦʧʝʨʘʪʦʨ. ʊʝʤ ʩʘʤʳʤ 

ʧʦʣʫʯʝʥ ʩʣʝʜʫʶʱʠʡ ʨʝʟʫʣʴʪʘʪ. 

ʊʝʦʨʝʤʘ. ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʫʩʣʦʚʠʡ 1,2 ʫʨʘʚʥʝʥʠʝ (1) ʨʘʚʥʦʩʠʣʴʥʦ ʫʨʘʚʥʝʥʠʶ (9) ʠ ʩʠʩʪʝʤʝ (3), (6).  
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Abstract 

According to the results of the study of lipid peroxidation and individual components of the glutathione anti-

oxidant system, it was found that the concentration of malonic dialdehyde (MDA), as a biomarker of lipid perox-

idation in the seminal plasma of almost healthy men is 2.3Ñ0.3 Õmol/l and men with non-obstructive azoospermia 

is 3.5Ñ0.3 Õmol/l that is increased in 1.5 times. Total antioxidant activity at nonobstructive azoospermia decreased 

in 1.5 times. The concentration of reduced glutathione decreased in 1.8 times and the concentration of total gluta-

thione decreased in 1.5 times. No significant changes in the concentration of oxidized glutathione in seminal 

plasma were detected. When studying the peroxidation of lipids and individual components of the glutathione 

antioxidant system in blood lymphocytes, it was found that the concentration of malondialdehyde in the control 

was 62.6Ñ4.3 nmol/mg protein and at non-obstructive azoospermia (NOA) it was 81.4Ñ7.3 nmol/mg protein, that 

is increased in 1.3 times. Total antioxidant activity at non-obstructive form of azoospermia decreased in 1.2 times. 

The concentration of reduced glutathione decreased in 1.8 times and the concentration of total glutathione de-

creased in 1.2 times. However, as in the case of seminal plasma, no significant changes in the concentration of 

oxidized glutathione were detected. Calculation of the redox index (RI GSH) showed a decrease in the total power 

of this system in the seminal plasma of men with non-obstructive azoospermia. In blood lymphocytes such de-

crease is not observed. However, a sharp decrease in the concentration of reduced glutathione and its ratio to 

oxidized glutathione in the blood indicates its increased use in both seminal plasma and blood lymphocytes. 

Keywords: male infertility, non-obstructive azoospermia, seminal plasma, lymphocytes, lipid peroxidation, 

glutathione. 

 

Introduction. Due to the increasing inflammatory 

diseases frequency of the genital organs in men, the 

number of developmental abnormalities and the impact 

of harmful environmental factors, the male factor of in-

fertility reaches 50% [9, 14]. In recent years, the prev-

alence of infertility in men in different countries, in-

cluding Ukraine, is only increasing [9]. About 15% of 

married couples in the world cannot reach pregnancy 

within a year [9, 13]. One of the most difficult to treat 

forms of male infertility is azoospermia, characterized 

by the absence of spermatozoa in the ejaculate [4, 7, 10, 

14 ]. Azoospermia among other pathospermias is found 

in 10-15% of patients. There are obstructive and non-

obstructive forms of azoospermia [7, 17]. The propor-

tion of obstructive and non-obstructive forms of azoo-

spermia is approximately 40% and 60%, respectively 

[14]. According to other data, the percentage of the 

non-obstructive form of azoospermia is 80-90% among 

all forms of azoospermia [10, 18]. Obstructive form of 

azoospermia is characterized by the presence of sper-

matogenesis but obstruction of the ejaculatory tract [7, 

18]. Non-obstructive form of azoospermia is due to di-

rect violation of the structure and function of spermato-

genic epithelium in the seminal tubules [7, 18]. The se-

verity of these disorders varies depending on the etiol-

ogy, pathogenesis and duration of the disease. One of 

the causes of non-obstructive azoospermia is chronic 

inflammatory processes in the testes which are caused 

by oxidative stress [2, 13, 15].  

The source of the formation of reactive oxygen 

species (ROS) in the ejaculate are both spermatozoa 

themselves (when incorrect cell differentiation during 

different stages of spermatogenesis occurs) and leuko-

cytes [3, 13]. Generation of ROS in sperm can have 

both positive consequences, for example, during the ca-

pacitation and acrosomal reaction ROS prepare sper-

matozoa for penetration into the ovum and its fertiliza-

tion and negative which lead to reduced cell viability 

[15]. The positive effect is associated with moderate 

production of ROS, while their hyperproduction causes 

the development of oxidative stress and, as a conse-

quence, pathological processes. [15]. Enhanced ROS 
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production causes oxygen damage of cellular lipids, 

proteins and DNA [3, 14]. However, oxidative stress 

can be caused not only by an increase in the concentra-

tion of ROS but also as a result of low activity of the 

antioxidant system. 

Oxidative damage is normally neutralized by a bi-

ological inhibitory system that has total antioxidant an-

tioxidant capacity. Human semen contains the follow-

ing main antioxidant enzymes: superoxide dismutase, 

catalase, glutathione peroxidase, glutathione reductase, 

glutathione transferase. In addition to the enzymatic 

components of the antioxidant system, non-enzymatic 

antioxidants play an important role, in particular, such 

as reduced glutathione which is a central component of 

the glutathione antioxidant system [1, 2, 11]. The state 

of the pro- and antioxidant system in ejaculate and sem-

inal plasma can be considered as an informative marker 

of infertility [8].  

On the other hand, it is known that blood lympho-

cytes are able to reflect changes in genetic and meta-

bolic homeostasis of the body and maladaptive states 

objectively [6]. This allows you to use the metabolic 

parameters of lymphocytes as indicators of the func-

tional state of certain organs or organ systems. How-

ever, the most effective method for diagnosing a non-

obstructive form of azoospermia is a testicular biopsy 

but it is a complex traumatic method [12, 16]. 

In this regard, the aim of the study was to deter-

mine the pro- and antioxidant status of seminal plasma 

and blood lymphocytes at non-obstructive azoo-

spermia. 

Materials and methods. The study included 53 

patients aged 24-47 years who were diagnosed with a 

non-obstructive form of azoospermia. The control 

group included 18 healthy men of the same age range. 

The scope of clinical diagnosis included history taking, 

standard clinical and laboratory methods, hormonal 

profile, ejaculate examination, ultrasound examination. 

Non-obstructive form of azoospermia was confirmed 

by histological analysis of testicular biopsies. Exclu-

sion criteria were obstructive azoospermia, varicocele, 

genetic factors of infertility, severe comorbidities. 

To obtain seminal plasma, spermatozoa were sep-

arated by centrifugation of ejaculate for 15 min at 1700 

g. 

To isolate lymphocytes, peripheral blood collec-

tion from patients in the experimental group was per-

formed after the completion of their clinical examina-

tion before prescribing a course of treatment. 

Blood sampling by venipuncture was performed 

from the cubital vein in the morning under conditions 

of physiological rest, on an empty stomach, in the 

amount of 20 ml in test tubes stabilized with heparin 

(final dilution 1:100). 

Peripheral blood lymphocytes were isolated on the 

basis of the Boyum A. method in a density gradient of 

ficol-triumbrast (p = 1,08 g/cm3). After the last centrif-

ugation a small amount of saline was added to the lym-

phocyte pellet and then they were resuspended. The 

number of living and dead cells in the Goryaev cham-

ber was counted using trypan blue. 

The integrity and viability of blood lymphocytes 

in all experiments was at least 95%. Saponin was added 

to the suspension to permeabilize blood lymphocyte 

membranes and reveal latent enzymatic activities [6]. 

Lipid peroxidation in seminal plasma and blood 

lymphocytes was assessed by the concentration of ma-

lonic dialdehyde (MDA) in the reaction with 2-thiobar-

bituric acid. The content of reduced glutathione (GSH) 

was calculated as the difference between the concentra-

tions of total and oxidized glutathione using Elman's re-

agent (Anderson, 1985). 

The state of the antioxidant system was assessed 

by the content of total and oxidized glutathione and the 

redox index of glutathione calculated by the ratio of the 

difference between total and oxidized glutathione to to-

tal glutathione. 

The reliability of changes between the statistical 

characteristics of two alternative data sets was estab-

lished by Student's t-test. The difference in probability 

values p<0,05 was considered reliable. 

Results. All 53 patients of the main group had 

complaints of no pregnancy of the partner for more than 

one year. According to the results of spermograms and 

other diagnostic methods a non-obstructive form of 

azoospermia was detected. 

Past medical history of patients was unremarka-

ble, there were no injuries, mumps, genital surgery. Ul-

trasound examination of the scrotum revealed no struc-

tural pathology. The veins of the right and left sper-

matic cords were 2 mm, with no evidence of impaired 

blood flow. Determination of the concentration of in-

hibin B, which is one of the markers of infertility [5] in 

the serum at non-obstructive form of azoospermia was 

59.8Ñ19.6 pg/ml that it is in 2.7 times lower than norm. 

The spermogram was evaluated according to the 

WHO protocol (WHO, 2010). Each patient gave sperm 

twice with an interval of two weeks. All patients of the 

experimental group on the basis of examination, semen 

analysis, determination of the inhibin B concentration 

were diagnosed with a non-obstructive form of azoo-

spermia (Table 1). 

Table 1. 
Spermogram results of patients with non-obstructive azoospermia 

Indicator Value 

Azoospermia Norm 

Volume, ml Ò 1.5 2.6 

ʨʅ 7.2 7.4 

Total sperm count, million not revealed 147.8 

Sperm count, million/ml - 57.1 

Motile, % - 62.2 

Progressive motility, % - 59 

Pathological forms, % - 28.1 

Leukocyte concentration, million/ml Ò million/ml 0.73 
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According to the results of the study of lipid pe-

roxidation and individual components of the glutathi-

one antioxidant system it was found that the concentra-

tion of malonic dialdehyde (MDA) as a biomarker of 

lipid peroxidation in seminal plasma in control was 

2.3Ñ0.3 Õmol/l and non-obstructive azoospermia 

3.5Ñ0.3 Õmol/l, that is increased in 1.5 times (Table 2). 

Total antioxidant activity at non-obstructive form of 

azoospermia (NOA) decreased in 1.5 times.  

The concentration of reduced glutathione de-

creased in 1.8 times and the concentration of total glu-

tathione decreased in 1.5 times. No significant changes 

in the concentration of oxidized glutathione were re-

vealed. 

Table 2 

Indicators of the pro- and antioxidant system in seminal plasma 

Groups 

Indicators 

Non-obstructive 

azoospermia 

Control 

MDA, Õmol/l 3.7Ñ0.3* 2.3Ñ0.3 

Total antioxidant activity, mmol/l 1.41Ñ0.12* 2.11Ñ0.16 

GSH, Õmol/l 19.3Ñ1.5* 34.3Ñ2.8 

GSHt, Õmol/l 38.4Ñ3.4* 57.3Ñ4,.9 

GSSG, Õmol/l 21.2Ñ2.0 22.8Ñ2.2 

GSH/GSSG 0.9 1.5 

RI GSH 0.4 0.6 

 

When studying the peroxidation of lipids and in-

dividual components of the glutathione antioxidant sys-

tem in blood lymphocytes, it was found that the con-

centration of malonic dialdehyde in the control was 

62.6Ñ4.3 nmol/mg protein and at non-obstructive azo-

ospermia was 81.4Ñ7.3 nmol/mg of protein, that is in-

creased in 1.3 times (Table 3). Total antioxidant activ-

ity in NOA decreased in 1.2 times. Data on the en-

hancement of lipid peroxidation in blood lymphocytes 

at NOA are to some extent correlated with those show-

ing an increase in the rate of production of reactive ox-

ygen species and their number in leukocytes at NOA 

[13]. It has been shown that leukocytes are the main 

source of ROS production and its overproduction leads 

to oxidative stress and disturbance of spermatogenesis. 

[13]. 

The concentration of reduced glutathione de-

creased in 1,8 times and the concentration of total glu-

tathione decreased in 1.2 times. However, as in the case 

of seminal plasma no significant changes in the concen-

tration of oxidized glutathione were revealed. The de-

crease in the concentration of reduced glutathione at 

azoospermia has been demonstrated by other authors 

too. [2]. 

 

Table 3 

Indicators of pro- and antioxidant system in blood lymphocytes  

Groups 

Indicators 
Non-obstructive azoospermia Control 

MDA, nmol/mg protein 81.4Ñ7.3 62.6Ñ4.3 

Total antioxidant activity, ɛmol/mg protein 0.98 1.2 

GSH, nmol/mg protein 11.2 17.8 

GSHt, nmol/mg protein 16.1 19.6 

GSSG, nmol/mg protein 1.4 1.3 

GSH/GSSG 8.0 13.7 

RI GSH 0.9 0.9 

 

Calculation of the redox index (RI GSH) showed 

a decrease in the total capacity of the glutathione sys-

tem in the seminal plasma of men with non-obstructive 

azoospermia. In blood lymphocytes such decrease is 

not observed. However, a sharp decrease in the concen-

tration of reduced glutathione and its ratio to oxidized 

glutathione in the blood indicates its increased use in 

both seminal plasma and lymphocytes. 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʨʘʚʥʠʪʝʣʴʥʘʷ ʦʮʝʥʢʘ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʘʨʢʘʩʦʚ 

ʜʫʛʦʚʳʭ ʧʨʦʪʝʟʦʚ, ʩʦʟʜʘʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʪʨʘʜʠʮʠʦʥʥʳʭ ʠ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʙʝʟ ʫʯʝʪʘ ʠʭ 

ʢʘʯʝʩʪʚʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʈʝʟʫʣʴʪʘʪʳ ʥʘʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʠʟʛʦʪʦʚʣʝʥʠʝ 

ʢʘʨʢʘʩʦʚ ʜʫʛʦʚʳʭ ʧʨʦʪʝʟʦʚ ʪʨʘʜʠʮʠʦʥʥʳʤ ʩʧʦʩʦʙʦʤ ʥʘʠʤʝʥʝʝ ʟʘʪʨʘʪʥʦʝ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠ ʙʦʣʝʝ ʚʳʛʦʜʥʦ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʮʠʬʨʦʚʳʤʠ ʤʝʪʦʜʘʤʠ 3D ʧʝʯʘʪʠ.  

Abstract 

The article presents a comparative assessment of the economic justification for manufacturing frames of arch 

prostheses created using traditional and digital technologies. The results of our research indicate that the produc-

tion of arch prosthesis frames in the traditional way is the least expensive and more economically profitable com-

pared to digital methods 3D printing. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʮʠʬʨʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʩʪʦʤʘʪʦʣʦʛʠʠ, ʮʠʬʨʦʚʳʝ ʦʪʪʠʩʢʠ, ʚʥʫʪʨʠʨʦʪʦʚʦʡ ʩʢʘʥʝʨ, 

3D ʧʝʯʘʪʴ, ʜʫʛʦʚʳʝ ʧʨʦʪʝʟʳ, ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʩʪʦʤʘʪʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʫʛ. 

Keywords: digital technologies in dentistry, digital impressions, intraoral scanner, 3D printing, clasp pros-

thesis, cost of dental services. 
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ɺʚʝʜʝʥʠʝ 

ʅʘ ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ ʨʘʟʚʠʪʠʷ ʦʨʪʦʧʝʜʠʯʝ-

ʩʢʦʡ ʩʪʦʤʘʪʦʣʦʛʠʠ ʩʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʮʠʬʨʦ-

ʚʳʭ ʤʝʪʦʜʦʚ ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʘʨʢʘʩʦʚ ʜʫʛʦʚʳʭ ʧʨʦʪʝ-

ʟʦʚ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʧʦʣʫʯʝʥʠʠ ʮʠʬʨʦʚʳʭ ʠʟʦʙʨʘ-

ʞʝʥʠʡ ʟʫʙʥʳʭ ʨʷʜʦʚ, ʢʦʤʧʴʶʪʝʨʥʦʤ 

ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʙʫʜʫʱʝʛʦ ʧʨʦʪʝʟʘ, ʠ ʠʟʛʦʪʦʚʣʝʥʠʠ 

ʝʛʦ ʘʜʜʠʪʠʚʥʳʤ ʤʝʪʦʜʦʤ. ʎʠʬʨʦʚʳʝ ʠʟʦʙʨʘʞʝʥʠʷ 

ʟʫʙʥʳʭ ʨʷʜʦʚ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʩ ʧʦʤʦʱʴʶ ʣʘʙʦʨʘ-

ʪʦʨʥʦʛʦ [1] ʣʠʙʦ ʚʥʫʪʨʠʨʦʪʦʚʦʛʦ ʩʢʘʥʝʨʘ [2, 3, 4]. 

ɸʜʜʠʪʠʚʥʳʡ ʤʝʪʦʜ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʟʛʦʪʦʚʣʝʥʠʠ 

ʢʘʨʢʘʩʘ ʜʫʛʦʚʦʛʦ ʧʨʦʪʝʟʘ ʩ ʧʦʤʦʱʴʶ 3D ʧʨʠʥʪʝʨʘ. 

ʉʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʪʝʭʥʦʣʦʛʠʡ 3D ʧʝʯʘʪʠ ï ʩʪʝ-

ʨʝʦʣʠʪʦʛʨʘʬʠʷ (SLA), ʮʠʬʨʦʚʘʷ ʩʚʝʪʦʜʠʦʜʥʘʷ ʧʨʦ-

ʝʢʮʠʷ (DLP), ʩʝʣʝʢʪʠʚʥʦʝ ʣʘʟʝʨʥʦʝ ʩʧʝʢʘʥʠʝ (SLS). 

ʉʪʝʨʝʦʣʠʪʦʛʨʘʬʠʷ ʦʩʥʦʚʘʥʘ ʥʘ ʧʨʠʤʝʥʝʥʠʝ 

ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʛʦ ʣʘʟʝʨʘ, ʧʨʦʝʮʠʨʫʝʤʦʛʦ ʥʘ ʧʦ-

ʚʝʨʭʥʦʩʪʴ ʝʤʢʦʩʪʠ, ʟʘʧʦʣʥʝʥʥʦʡ ʞʠʜʢʠʤ ʬʦʪʦʧʦ-

ʣʠʤʝʨʥʳʤ ʤʘʪʝʨʠʘʣʦʤ. ʆʙʣʫʯʝʥʠʝ ʣʘʟʝʨʦʤ ʚʝʜʝʪ ʢ 

ʟʘʪʚʝʨʜʝʚʘʥʠʶ ʤʘʪʝʨʠʘʣʘ ʚ ʪʦʯʢʘʭ ʩʦʧʨʠʢʦʩʥʦʚʝ-

ʥʠʷ ʩ ʣʫʯʦʤ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʚʳʯʝʨʯʠʚʘʪʴ ʢʦʥʪʫʨʳ 

ʟʘʜʘʥʥʦʡ ʤʦʜʝʣʠ ʩʣʦʡ ʟʘ ʩʣʦʝʤ (ʨʠʩ. 1). [10] 

 
ʈʠʩ. 1. ʉʭʝʤʘ ʤʝʪʦʜʘ ʩʪʝʨʝʦʣʠʪʦʛʨʘʬʠʠ (SLA) 

 

ʄʝʪʦʜ ʮʠʬʨʦʚʦʡ ʩʚʝʪʦʜʠʦʜʥʦʡ ʧʨʦʝʢʮʠʠ ʨʦʜʩʪʚʝʥʝʥ ʩʪʝʨʝʦʣʠʪʦʛʨʘʬʠʯʝʩʢʦʡ 3D-ʧʝʯʘʪʠ. ʈʘʟʥʠʮʘ ʟʘ-

ʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʚʤʝʩʪʦ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʧʨʠʤʝʥʷʝʤʦʛʦ ʚ SLA, ʠʩʧʦʣʴʟʫʝʪʩʷ DLP ʧʨʦʝʢʪʦʨ (ʨʠʩ. 

2) [10]. 

 

 
ʈʠʩ. 2. ʉʭʝʤʘ ʤʝʪʦʜʘ ʮʠʬʨʦʚʦʡ ʩʚʝʪʦʜʠʦʜʥʦʡ ʧʨʦʝʢʮʠʠ (DLP) 

 

ʊʝʭʥʦʣʦʛʠʷ ʩʝʣʝʢʪʠʚʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʩʧʝʢʘʥʠʷ (SLS) ʦʩʥʦʚʘʥʘ ʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ ʩʧʝʢʘʥʠʠ ʩʣʦʝʚ 

ʧʦʨʦʰʢʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩ ʧʦʤʦʱʴʶ ʣʘʟʝʨʦʚ ʚʳʩʦʢʦʡ ʤʦʱʥʦʩʪʠ (ʨʠʩ. 3) [10]. 

 

ʇʣʘʪ-

ʬʦʨʤʘ 

ʌʦʪʦʧʦʣʠ-

ʤʝʨ 

ʀʩʪʦʯʥʠʢ ʩʚʝʪʘ 

D
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ʈʠʩ. 3. ʉʭʝʤʘ ʤʝʪʦʜʘ ʩʝʣʝʢʪʠʚʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʩʧʝʢʘʥʠʷ (SLS) 

 

ʉ ʧʦʤʦʱʴʶ 3D ʧʨʠʥʪʝʨʦʚ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʪʝʭʥʦʣʦʛʠʠ ʩʝʣʝʢʪʠʚʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʩʧʝʢʘʥʠʷ ʤʦʞʥʦ ʧʦʣʫ-

ʯʠʪʴ ʛʦʪʦʚʳʡ ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʢʘʨʢʘʩ ʜʫʛʦʚʦʛʦ ʧʨʦʪʝʟʘ. ʇʨʠʤʝʥʝʥʠʝ 3D ʧʨʠʥʪʝʨʦʚ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʪʝʭʥʦ-

ʣʦʛʠʠ ʮʠʬʨʦʚʦʡ ʩʚʝʪʦʜʠʦʜʥʦʡ ʧʨʦʝʢʮʠʠ ʠ ʩʪʝʨʝʦʣʠʪʦʛʨʘʬʠʠ, ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʣʠʰʴ ʧʨʦʪʦʪʠʧ ʙʫʜʫ-

ʱʝʛʦ ʢʘʨʢʘʩʘ ʜʫʛʦʚʦʛʦ ʧʨʦʪʝʟʘ ʠʟ ʙʝʟʟʦʣʴʥʦʛʦ ʬʦʪʦʧʦʣʠʤʝʨʥʦʛʦ ʤʘʪʝʨʠʘʣʘ (ʨʠʩ. 4). 

 
ʈʠʩ. 4. ɸ. ʂʘʨʢʘʩ ʜʫʛʦʚʦʛʦ ʧʨʦʪʝʟʘ, ʠʟʛʦʪʦʚʣʝʥʥʳʡ ʩ ʧʦʤʦʱʴʶ 3D ʧʨʠʥʪʝʨʘ ʧʦ ʪʝʭʥʦʣʦʛʠʠ SLS. ɹ. ɹʝʟ-

ʟʦʣʴʥʘʷ ʬʦʪʦʧʦʣʠʤʝʨʥʘʷ ʨʝʧʨʦʜʫʢʮʠʷ ʢʘʨʢʘʩʘ ʜʫʛʦʚʦʛʦ ʧʨʦʪʝʟʘ, ʩʦʟʜʘʥʥʘʷ ʩ ʧʦʤʦʱʴʶ 3D ʧʨʠʥʪʝʨʘ ʧʦ 

ʪʝʭʥʦʣʦʛʠʠ DLP 

 

ʅʘʫʯʥʳʭ ʧʫʙʣʠʢʘʮʠʡ, ʧʦʩʚʷʱʝʥʥʳʭ ʩʨʘʚʥʠ-

ʪʝʣʴʥʦʡ ʦʮʝʥʢʝ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʦʙʦʩʥʦʚʘʥʠʷ ʠʟʛʦ-

ʪʦʚʣʝʥʠʷ ʢʘʨʢʘʩʦʚ ʜʫʛʦʚʳʭ ʧʨʦʪʝʟʦʚ ʩ ʧʦʤʦʱʴʶ 

ʩʦʚʨʝʤʝʥʥʳʭ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʢʨʘʡʥʝ ʤʘʣʦ, 

ʯʪʦ ʠ ʷʚʠʣʦʩʴ ʦʙʦʩʥʦʚʘʥʠʝʤ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʜʘʥ-

ʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ.  

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʧʨʦʚʝʩʪʠ ʩʨʘʚʥʠʪʝʣʴ-

ʥʫʶ ʦʮʝʥʢʫ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʦʙʦʩʥʦʚʘʥʠʷ ʠʟʛʦʪʦʚ-

ʣʝʥʠʷ ʢʘʨʢʘʩʦʚ ʜʫʛʦʚʳʭ ʧʨʦʪʝʟʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʩ 

ʧʦʤʦʱʴʶ ʪʨʘʜʠʮʠʦʥʥʳʭ ʠ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʈʘʟʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʘʨʢʘʩʦʚ ʜʫ-

ʛʦʚʳʭ ʧʨʦʪʝʟʦʚ ʧʨʝʜʧʦʣʘʛʘʶʪ ʠ ʨʘʟʥʳʝ ʟʘʪʨʘʪʳ, 

ʯʪʦ ʚʘʞʥʦ ʜʣʷ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʦʙʦʩʥʦʚʘʥʠʷ ʧʨʠʤʝ-

ʥʷʝʤʳʭ ʤʝʪʦʜʦʚ ʩʦʟʜʘʥʠʷ ʩʲʝʤʥʳʭ ʧʨʦʪʝʟʦʚ.  

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʨʘʩʯʝʪ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʤʝʜʠʮʠʥ-

ʩʢʦʡ ʫʩʣʫʛʠ (ʉ) ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ [6]: 

 ˞  ˞  ̐  ˞  ̋  ̝  ̓  ̊  ̈  ̇  ̞  ̨  ̃ 

ʛʜʝ: 
ʉʧ - ʧʨʷʤʳʝ ʨʘʩʭʦʜʳ, ʉʢ - ʢʦʩʚʝʥʥʳʝ ʨʘʩʭʦʜʳ, 

ɿʪ - ʨʘʩʭʦʜʳ ʥʘ ʦʧʣʘʪʫ ʪʨʫʜʘ, ʅʟ - ʥʘʯʠʩʣʝʥʠʷ ʥʘ 

ʦʧʣʘʪʫ ʪʨʫʜʘ, ʄ - ʨʘʩʭʦʜʳ ʥʘ ʤʝʜʠʢʘʤʝʥʪʳ, ʧʝʨʝ-
ʚʷʟʦʯʥʳʝ ʩʨʝʜʩʪʚʘ ʠ ʧʨ., ʀ - ʠʟʥʦʩ ʤʷʛʢʦʛʦ ʠʥʚʝʥ-
ʪʘʨʷ, ʆ - ʠʟʥʦʩ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʇ - ʧʨʦʯʠʝ ʨʘʩʭʦʜʳ. 
ʂ ʧʨʷʤʳʤ ʨʘʩʭʦʜʘʤ ʦʪʥʦʩʷʪʩʷ ʟʘʪʨʘʪʳ, ʥʝʧʦ-

ʩʨʝʜʩʪʚʝʥʥʦ ʩʚʷʟʘʥʥʳʝ ʩ ʤʝʜʠʮʠʥʩʢʦʡ ʫʩʣʫʛʦʡ ʠ 
ʧʦʪʨʝʙʣʷʝʤʳʝ ʚ ʧʨʦʮʝʩʩʝ ʝʝ ʦʢʘʟʘʥʠʷ: 
ï ʦʧʣʘʪʘ ʪʨʫʜʘ ʦʩʥʦʚʥʦʛʦ ʧʝʨʩʦʥʘʣʘ; 
ï ʥʘʯʠʩʣʝʥʠʷ ʥʘ ʦʧʣʘʪʫ ʪʨʫʜʘ ʦʩʥʦʚʥʦʛʦ ʧʝʨ-

ʩʦʥʘʣʘ; 
ï ʤʘʪʝʨʠʘʣʴʥʳʝ ʟʘʪʨʘʪʳ, ʧʦʪʨʝʙʣʷʝʤʳʝ ʚ ʧʨʦ-

ʮʝʩʩʝ ʦʢʘʟʘʥʠʷ ʤʝʜʠʮʠʥʩʢʦʡ ʫʩʣʫʛʠ ʧʦʣʥʦʩʪʴʶ 
(ʤʝʜʠʢʘʤʝʥʪʳ, ʦʜʥʦʨʘʟʦʚʳʝ ʤʝʜʠʮʠʥʩʢʠʝ ʧʨʠʥʘʜ-
ʣʝʞʥʦʩʪʠ ʠ ʜʨ.); 
ï ʠʟʥʦʩ ʤʷʛʢʦʛʦ ʠʥʚʝʥʪʘʨʷ ʧʦ ʦʩʥʦʚʥʳʤ ʧʦʜ-

ʨʘʟʜʝʣʝʥʠʷʤ; 
ï ʠʟʥʦʩ ʤʝʜʠʮʠʥʩʢʦʛʦ ʠ ʧʨʦʯʝʛʦ ʦʙʦʨʫʜʦʚʘ-

ʥʠʷ, ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʣʝʯʝʙʥʦ - 
ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʤ ʧʨʦʮʝʩʩʝ. 
ʂ ʢʦʩʚʝʥʥʳʤ ʨʘʩʭʦʜʘʤ ʦʪʥʦʩʷʪʩʷ ʪʝ ʚʠʜʳ ʟʘ-

ʪʨʘʪ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʜʝʷ-
ʪʝʣʴʥʦʩʪʠ ʫʯʨʝʞʜʝʥʠʷ, ʥʦ ʥʝ ʧʦʪʨʝʙʣʷʝʤʳʝ ʥʝʧʦ-
ʩʨʝʜʩʪʚʝʥʥʦ ʚ ʧʨʦʮʝʩʩʝ ʦʢʘʟʘʥʠʷ ʤʝʜʠʮʠʥʩʢʦʡ 
ʫʩʣʫʛʠ: 

ɸ 
ɹ 
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ï ʦʧʣʘʪʘ ʪʨʫʜʘ ʦʙʱʝʫʯʨʝʞʜʝʥʯʝʩʢʦʛʦ ʧʝʨʩʦ-
ʥʘʣʘ; 
ï ʥʘʯʠʩʣʝʥʠʷ ʥʘ ʦʧʣʘʪʫ ʪʨʫʜʘ ʦʙʱʝʫʯʨʝʞʜʝʥ-

ʯʝʩʢʦʛʦ ʧʝʨʩʦʥʘʣʘ; 
ï ʭʦʟʷʡʩʪʚʝʥʥʳʝ ʟʘʪʨʘʪʳ (ʟʘʪʨʘʪʳ ʥʘ ʤʘʪʝʨʠ-

ʘʣʳ ʠ ʧʨʝʜʤʝʪʳ ʜʣʷ ʪʝʢʫʱʠʭ ʭʦʟʷʡʩʪʚʝʥʥʳʭ ʮʝʣʝʡ, 
ʥʘ ʢʘʥʮʝʣʷʨʩʢʠʝ ʪʦʚʘʨʳ, ʠʥʚʝʥʪʘʨʴ ʠ ʦʧʣʘʪʫ ʫʩʣʫʛ, 
ʚʢʣʶʯʘʷ ʟʘʪʨʘʪʳ ʥʘ ʪʝʢʫʱʠʡ ʨʝʤʦʥʪ ʠ ʪ.ʜ.); 
ï ʟʘʪʨʘʪʳ ʥʘ ʢʦʤʘʥʜʠʨʦʚʢʠ ʠ ʩʣʫʞʝʙʥʳʝ ʨʘʟʲ-

ʝʟʜʳ; 
ï ʠʟʥʦʩ ʤʷʛʢʦʛʦ ʠʥʚʝʥʪʘʨʷ ʚʦ ʚʩʧʦʤʦʛʘʪʝʣʴ-

ʥʳʭ ʧʦʜʨʘʟʜʝʣʝʥʠʷʭ; 
ï ʘʤʦʨʪʠʟʘʮʠʷ (ʠʟʥʦʩ) ʟʜʘʥʠʡ, ʩʦʦʨʫʞʝʥʠʡ ʠ 

ʜʨʫʛʠʭ ʦʩʥʦʚʥʳʭ ʬʦʥʜʦʚ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʝ ʩʚʷ-
ʟʘʥʥʳʭ ʩ ʦʢʘʟʘʥʠʝʤ ʤʝʜʠʮʠʥʩʢʠʭ ʫʩʣʫʛ; 
ï ʧʨʦʯʠʝ ʟʘʪʨʘʪʳ. 
ɺʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʝʪʦʜʘ ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʘʨ-

ʢʘʩʦʚ ʜʫʛʦʚʳʭ ʧʨʦʪʝʟʦʚ ʨʘʩʭʦʜʳ ʥʘ ʦʧʣʘʪʫ ʪʨʫʜʘ, 
ʥʘʯʠʩʣʝʥʠʷ ʥʘ ʦʧʣʘʪʫ ʪʨʫʜʘ, ʢʦʩʚʝʥʥʳʝ ʨʘʩʭʦʜʳ, ʚ 
ʪʦʤ ʯʠʩʣʝ ʨʘʩʭʦʜʳ ʥʘ ʢʦʤʤʫʥʘʣʴʥʳʝ ʫʩʣʫʛʠ ʙʫʜʫʪ 
ʦʜʠʥʘʢʦʚʳʤʠ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʨʘʟʥʠʮʘ ʚ ʩʪʦʠʤʦ-
ʩʪʠ ʫʩʣʫʛʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʘʨʢʘʩʦʚ ʜʫʛʦʚʳʭ ʧʨʦʪʝ-
ʟʦʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʪʨʘʜʠʮʠʦʥʥʳʭ ʠ ʮʠʬʨʦʚʳʭ ʪʝʭ-
ʥʦʣʦʛʠʡ ʦʧʨʝʜʝʣʷʝʪʩʷ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʨʘʩʭʦ-
ʜʘʤʠ ʥʘ ʤʝʜʠʢʘʤʝʥʪʳ ʠ ʠʟʥʦʩʦʤ (ʘʤʦʨʪʠʟʘʮʠʝʡ) 
ʠʥʩʪʨʫʤʝʥʪʦʚ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʪʦʤ 
ʠʣʠ ʠʥʦʤ ʤʝʪʦʜʝ. 
ʉʪʦʠʤʦʩʪʴ ʟʘʪʨʘʪ (ʉ) ʥʘ ʨʘʩʭʦʜʥʳʝ ʤʘʪʝʨʠʘʣʳ 

ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʝ: 
 ˞  xȾ̇ ᶻ̊  ̋ 

ʛʜʝ:  
ʎ ï ʨʳʥʦʯʥʘʷ ʮʝʥʘ ʨʘʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʄ ï 

ʤʘʩʩʘ ʤʘʪʝʨʠʘʣʘ ʚ ʫʧʘʢʦʚʢʝ, ʅʈ ï ʥʦʨʤʘ ʨʘʩʭʦʜʘ 
ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʘʨʢʘʩʘ ʜʫʛʦʚʦʛʦ ʧʨʦ-
ʪʝʟʘ.  
ʅʦʨʤʳ ʨʘʩʭʦʜʘ ʤʘʪʝʨʠʘʣʦʚ ʟʫʙʦʪʝʭʥʠʯʝʩʢʠʝ 

ʣʘʙʦʨʘʪʦʨʠʠ ʠ ʩʪʦʤʘʪʦʣʦʛʠʯʝʩʢʠʝ ʢʣʠʥʠʢʠ ʤʦʛʫʪ 
ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 
ʬʘʢʪʠʯʝʩʢʦʛʦ ʨʘʩʭʦʜʘ ʠʩʧʦʣʴʟʫʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ. 
ʊʘʢʞʝ ʚ ʥʝʢʦʪʦʨʳʭ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʘʭ ʧʨʠ-
ʚʦʜʷʪʩʷ ʫʩʨʝʜʥʝʥʥʳʝ ʥʦʨʤʳ ʨʘʩʭʦʜʘ ʩʪʦʤʘʪʦʣʦʛʠ-
ʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ [9], ʢʦʪʦʨʳʝ ʥʦʩʷʪ ʨʝʢʦʤʝʥʜʘ-
ʪʝʣʴʥʳʡ ʭʘʨʘʢʪʝʨ. 

ɸʤʦʨʪʠʟʘʮʠʷ (ʬʨ. amortir - ʦʩʣʘʙʣʷʪʴ) ï ʧʨʦ-
ʮʝʩʩ ʧʝʨʝʥʦʩʘ ʧʦ ʯʘʩʪʷʤ ʩʪʦʠʤʦʩʪʠ ʦʩʥʦʚʥʳʭ 
ʩʨʝʜʩʪʚ (ʦʙʦʨʫʜʦʚʘʥʠʷ) ʧʦ ʤʝʨʝ ʠʭ ʬʠʟʠʯʝʩʢʦʛʦ 
ʠʣʠ ʤʦʨʘʣʴʥʦʛʦ ʠʟʥʦʩʘ ʥʘ ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʧʨʦʠʟʚʦ-
ʜʠʤʦʡ ʧʨʦʜʫʢʮʠʠ (ʨʘʙʦʪ, ʫʩʣʫʛ).  
ɸʤʦʨʪʠʟʘʮʠʷ (ɸ) ʤʝʜʠʮʠʥʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʨʘʩʩʯʠʪʳʚʘʣʘʩʴ ʧʦ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʝ: 
ˍ  xȾ̞  

ʛʜʝ: 
ʎ ï ʨʳʥʦʯʥʘʷ ʮʝʥʘ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʀ ï ʩʨʦʢ ʧʦ-

ʣʝʟʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʨʘʩʯʝʪʝ ʥʘ ʋɽʊ. 
ʉʪʦʤʘʪʦʣʦʛʠʯʝʩʢʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʦʪʥʦʩʠʪʩʷ ʢ 

4-ʦʡ ʘʤʦʨʪʠʟʘʮʠʦʥʥʦʡ ʛʨʫʧʧʝ ʩʦ ʩʨʦʢʦʤ ʧʦʣʝʟʥʦʛʦ 
ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʪ 5 ʣʝʪ (60 ʤʝʩ.) ʜʦ 7 ʣʝʪ (84 ʤʝʩ.) 
ʚʢʣʶʯʠʪʝʣʴʥʦ [7]. ʀʟʛʦʪʦʚʣʝʥʠʝ ʢʘʨʢʘʩʦʚ ʜʫʛʦʚʳʭ 
ʧʨʦʪʝʟʦʚ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 11 ʋɽʊ [11]. 1 ʋɽʊ ï ɻ ʪʦ 20 
ʤʠʥʫʪ ʨʘʙʦʯʝʛʦ ʚʨʝʤʝʥʠ ʩʧʝʮʠʘʣʠʩʪʘ [8]. ʊʘʢʠʤ ʦʙ-
ʨʘʟʦʤ, ʩʨʦʢ ʧʦʣʝʟʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʨʘʩʯʝʪʝ ʥʘ 
ʋɽʊ ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʧʦ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʝ: 

 ̞  ˎ Ⱦ̠Ⱦˑ ᶻɣ ˒Ⱦ˟σȟπ 
ʛʜʝ: 
ɹ - ʩʨʦʢ ʧʦʣʝʟʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʙʦʨʫʜʦʚʘ-

ʥʠʷ ʚ ʤʝʩ., ʂ ï ʢʦʣʠʯʝʩʪʚʦ ʨʘʙʦʯʠʭ ʜʥʝʡ ʚ ʤʝʩʷʮʝ 
(21), ɼ ï ʢʦʣʠʯʝʩʪʚʦ ʨʘʙʦʯʠʭ ʯʘʩʦʚ ʩʧʝʮʠʘʣʠʩʪʘ ʚ 
ʜʝʥʴ (ʜʣʷ ʩʪʦʤʘʪʦʣʦʛʘ ʦʨʪʦʧʝʜʘ ʠ ʟʫʙʥʦʛʦ ʪʝʭʥʠʢʘ 
6,6 ʯ.).  

ʈʝʟʫʣʴʪʘʪʳ  
ʅʝʢʦʪʦʨʳʝ ʨʘʩʭʦʜʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠ ʧʨʠʩʧʦʩʦʙ-

ʣʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠ ʩʦʟʜʘʥʠʠ ʢʘʨʢʘʩʦʚ ʜʫʛʦ-
ʚʳʭ ʧʨʦʪʝʟʦʚ ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʭʥʦʣʦʛʠʠ ʠʟʛʦ-
ʪʦʚʣʝʥʠʷ (ʧʝʨʯʘʪʢʠ, ʤʘʩʢʠ, ʰʘʧʦʯʢʠ, ʥʘʛʨʫʜʥʠʢʠ, 
ʩʣʶʥʦʦʪʩʦʩʳ, ʧʳʣʝʩʦʩʳ, ʚʘʪʥʳʝ ʚʘʣʠʢʠ, ʧʘʢʝʪʳ 
ʜʣʷ ʩʪʝʨʠʣʠʟʘʮʠʠ ʠʥʩʪʨʫʤʝʥʪʦʚ, ʦʪʪʠʩʢʥʳʝ ʤʘʪʝ-
ʨʠʘʣʳ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʛʠʧʩʦʚʳʭ ʤʦʜʝʣʝʡ ʯʝʣʶʩʪʝʡ 
(ʠʟʛʦʪʦʚʣʝʥʠʝ ʤʦʜʝʣʝʡ ʩ ʧʦʤʦʱʴʶ 3D ʧʨʠʥʪʝʨʘ ʚʝ-
ʜʝʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʩʪʦʠʤʦʩʪʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʘʨʢʘʩʘ 
ʜʫʛʦʚʦʛʦ ʧʨʦʪʝʟʘ [5] ʠ ʜʨ.). ʆʜʥʘʢʦ ʩʫʱʝʩʪʚʫʶʪ 
ʨʘʩʭʦʜʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʧʨʠʤʝʥʝʥʠʝ, ʢʦʪʦʨʳʭ ʦʙʫ-
ʩʣʦʚʣʝʥʦ ʤʝʪʦʜʦʤ ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʘʨʢʘʩʦʚ ʜʫʛʦʚʳʭ 
ʧʨʦʪʝʟʦʚ. ʀʤʝʥʥʦ ʩʪʦʠʤʦʩʪʴ ʪʘʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʙʫ-
ʜʝʪ ʚʣʠʷʪʴ ʥʘ ʨʘʟʣʠʯʠʷ ʚ ʩʪʦʠʤʦʩʪʠ ʫʩʣʫʛ ʧʦ ʠʟʛʦ-
ʪʦʚʣʝʥʠʶ ʢʘʨʢʘʩʦʚ ʜʫʛʦʚʳʭ ʧʨʦʪʝʟʦʚ ʨʘʟʣʠʯʥʳʤʠ 
ʤʝʪʦʜʘʤʠ (ʪʘʙʣʠʮʘ 1). 

ʊʘʙʣʠʮʘ. 1. 
ʉʪʦʠʤʦʩʪʴ ʟʘʪʨʘʪ ʥʘ ʨʘʩʭʦʜʥʳʝ ʤʘʪʝʨʠʘʣʳ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʘʨʢʘʩʦʚ ʜʫʛʦʚʳʭ ʧʨʦʪʝʟʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʤʝʪʦʜʘ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʄʝʪʦʜ ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʘʨʢʘ-
ʩʦʚ ʜʫʛʦʚʳʭ ʧʨʦʪʝʟʦʚ 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʤʝʜʠʢʘʤʝʥʪʦʚ ʂʦʣʠʯʝʩʪʚʦ 
ʉʪʦʠʤʦʩʪʴ ʟʘ-
ʪʨʘʪ, ʨʫʙ. 

ʊʨʘʜʠʮʠʦʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ 

ɺʦʩʢʦʚʳʝ ʟʘʛʦʪʦʚʢʠ ʜʣʷ ʜʫʛʦʚʳʭ 
ʧʨʦʪʝʟʦʚ 

20,0 ʛʨ. 249,8 

ʄʝʪʘʣʣ Remanium GM 380+ 60,0 ʛʨ. 909,7 

ʇʘʢʦʚʦʯʥʘʷ ʤʘʩʩʘ N&V Z4 600,0 ʛʨ. 672,0 

ʇʝʩʦʢ Cobra 50,0 ʛʨ. 40,0 

ʇʘʩʪʘ ʧʦʣʠʨʦʚʦʯʥʘʷ SAPHIR 1,0 ʛʨ. 10,8 

ʀʊʆɻʆ 1882,3 

3D ʧʨʠʥʪʝʨ DLP 

ɹʝʟʟʦʣʴʥʳʡ ʬʦʪʦʧʦʣʠʤʝʨʥʳʡ ʤʘʪʝ-
ʨʠʘʣ Freeprint cast UV, Detax 

30,0 ʤʣ. 750,0 

ʄʝʪʘʣʣ Remanium GM 380+ 60,0 ʛʨ. 909,7 

ʇʘʢʦʚʦʯʥʘʷ ʤʘʩʩʘ N&V Z4 600,0 ʛʨ. 672,0 

ʇʝʩʦʢ Cobra 50,0 ʛʨ. 40,0 

ʇʘʩʪʘ ʧʦʣʠʨʦʚʦʯʥʘʷ SAPHIR 1,0 ʛʨ. 10,8 

ʀʊʆɻʆ 2382,5 

3D ʧʨʠʥʪʝʨ SLS 

ʄʝʪʘʣʣʠʯʝʩʢʠʡ ʧʦʨʦʰʦʢ 
RemaniumÈ Star CL 

30,0 ʛʨ. 1650,0 

ʀʊʆɻʆ 1650,0 
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ʅʝʢʦʪʦʨʦʝ ʩʪʦʤʘʪʦʣʦʛʠʯʝʩʢʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʠ 

ʠʥʩʪʨʫʤʝʥʪʘʨʠʡ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ 

ʢʘʨʢʘʩʦʚ ʜʫʛʦʚʳʭ ʧʨʦʪʝʟʦʚ ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʭ-

ʥʦʣʦʛʠʠ ʠʟʛʦʪʦʚʣʝʥʠʷ (ʩʪʦʤʘʪʦʣʦʛʠʯʝʩʢʘʷ ʫʩʪʘ-

ʥʦʚʢʘ, ʢʦʤʧʨʝʩʩʦʨ, ʘʩʧʠʨʘʪʦʨ, ʩʤʦʪʨʦʚʦʡ ʥʘʙʦʨ, 

ʥʘʢʦʥʝʯʥʠʢʠ, ʘʚʪʦʢʣʘʚ, ʘʧʧʘʨʘʪ ʜʣʷ ʯʠʩʪʢʠ, ʩʤʘʟʢʠ 

ʠ ʫʭʦʜʘ ʟʘ ʥʘʢʦʥʝʯʥʠʢʘʤʠ, ʫʧʘʢʦʚʦʯʥʘʷ ʤʘʰʠʥʘ 

ʜʣʷ ʛʝʨʤʝʪʠʯʥʦʛʦ ʟʘʧʝʯʘʪʳʚʘʥʠʷ ʠʥʩʪʨʫʤʝʥʪʦʚ, 

ʧʦʜʣʝʞʘʱʠʭ ʩʪʝʨʠʣʠʟʘʮʠʠ ʠ ʜʨ.). ʆʜʥʘʢʦ ʝʩʪʴ ʦʙʦ-

ʨʫʜʦʚʘʥʠʝ, ʧʨʠʤʝʥʝʥʠʝ, ʢʦʪʦʨʦʛʦ ʦʙʫʩʣʦʚʣʝʥʦ ʤʝ-

ʪʦʜʦʤ ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʘʨʢʘʩʦʚ ʜʫʛʦʚʳʭ ʧʨʦʪʝʟʦʚ. 

ʀʤʝʥʥʦ ʟʘʪʨʘʪʳ ʥʘ ʘʤʦʨʪʠʟʘʮʠʶ ʵʪʦʛʦ ʦʙʦʨʫʜʦʚʘ-

ʥʠʷ ʙʫʜʝʪ ʚʣʠʷʪʴ ʥʘ ʨʘʟʣʠʯʠʷ ʚ ʩʪʦʠʤʦʩʪʠ ʫʩʣʫʛ ʧʦ 

ʠʟʛʦʪʦʚʣʝʥʠʶ ʢʘʨʢʘʩʘ ʜʫʛʦʚʦʛʦ ʧʨʦʪʝʟʘ ʨʘʟʣʠʯ-

ʥʳʤʠ ʤʝʪʦʜʘʤʠ (ʪʘʙʣʠʮʘ 2). 

ʊʘʙʣʠʮʘ 2. 

ʉʪʦʠʤʦʩʪʴ ʟʘʪʨʘʪ ʥʘ ʘʤʦʨʪʠʟʘʮʠʶ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʘʨʢʘʩʦʚ ʜʫʛʦʚʳʭ ʧʨʦ-

ʪʝʟʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʝʪʦʜʘ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʄʝʪʦʜ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʢʘʨʢʘʩʦʚ ʜʫʛʦʚʳʭ 

ʧʨʦʪʝʟʦʚ 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʤʝʜʠʮʠʥ-

ʩʢʦʡ ʪʝʭʥʠʢʠ, ʠʥʩʪʨʫ-

ʤʝʥʪʘʨʠʷ  

ʎʝʥʘ, 

ʨʫʙ. 

ʉʨʦʢ 

ʧʦʣʝʟ-

ʥʦʛʦ 

ʠʩ-

ʧʦʣʴʟʦ- 

ʚʘʥʠʷ 

ʤʝʩ. 

ʋɽʊ 

ɸʤʦʨʪʠʟʘʮʠʷ 

(ʮʝʥʘ ʚ ʨʫʙ. ʟʘ 11 

ʋɽʊ) 

3D ʧʨʠʥʪʝʨ DLP 

ɺʥʫʪʨʠʨʦʪʦʚʦʡ ʩʢʘʥʝʨ 

iTero Cadent 
1000000 84 11 314,94 

ɺʘʢʫʫʤʥʳʡ ʩʤʝʩʠʪʝʣʴ 

Renfert  
70000 84 11 22,05 

3D ʧʨʠʥʪʝʨ Asiga Max  1000000 84 11 314,94 

ʃʠʪʝʡʥʘʷ ʫʩʪʘʥʦʚʢʘ 

BEGO Nautilus CC plus 
1714047 84 11 539,82 

ʄʫʬʝʣʴʥʘʷ ʧʝʯʴ BEGO 

Miditherm 
310299 84 11 97,73 

Duostar ʧʝʩʢʦʩʪʨʫʡʥʳʡ ʘʧ-

ʧʘʨʘʪ 
350000 84 11 110,23 

ʀʊʆɻʆ 1421,75 

3D ʧʨʠʥʪʝʨ SLS 

ɺʥʫʪʨʠʨʦʪʦʚʦʡ ʩʢʘʥʝʨ 

iTero Cadent 
1000000 84 11 314,94 

EP-M150T ï 3D ʧʨʠʥʪʝʨ 

ʜʣʷ ʧʝʯʘʪʠ ʤʝʪʘʣʣʘʤʠ 
8500000 84 11 2677,00 

ʀʊʆɻʆ 2991,94 

ʊʨʘʜʠʮʠʦʥʥʘʷ ʪʝʭ-

ʥʦʣʦʛʠʷ 

ʆʪʪʠʩʢʥʳʝ ʣʦʞʢʠ  800 84 11 0,25 

ʃʠʪʝʡʥʘʷ ʫʩʪʘʥʦʚʢʘ 

BEGO Nautilus CC plus 
1714047 84 11 539,82 

ʄʫʬʝʣʴʥʘʷ ʧʝʯʴ BEGO 

Miditherm 
310299 84 11 97,73 

ɺʘʢʫʫʤʥʳʡ ʩʤʝʩʠʪʝʣʴ 

Renfert  
70000 84 11 22,05 

Duostar ʧʝʩʢʦʩʪʨʫʡʥʳʡ ʘʧ-

ʧʘʨʘʪ 
350000 84 11 110,23 

ɺʦʩʢʦʪʦʧʢʘ ʩʪʦʤʘʪʦʣʦʛʠ-

ʯʝʩʢʘʷ Renfert 
21724,3 84 11 6,84 

ʀʊʆɻʆ 776,92 

ɸʤʦʨʪʠʟʘʮʠʷ=(ʎɽʅɸ/ʩʨʦʢ ʩʣʫʞʙʳ ʚ ʤʝʩ/21 ʨʘʙʦʯʠʭ ʜʥ/6,6 ʨʘʙʦʯʠʭ ʯʘʩʦʚ ʚ ʜʥ/3)*ʋɽʊ 

 

ɺ ʪʘʙʣʠʮʝ 3 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʘʩʭʦʜʳ ʥʘ ʤʝʜʠʢʘ-

ʤʝʥʪʳ ʠ ʘʤʦʨʪʠʟʘʮʠʶ ʠʥʩʪʨʫʤʝʥʪʦʚ ʠ ʦʙʦʨʫʜʦʚʘ-

ʥʠʷ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʘʨʢʘʩʦʚ ʜʫʛʦ-

ʚʳʭ ʧʨʦʪʝʟʦʚ, ʟʘʪʨʘʪʳ ʥʘ ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʨʘʟʣʠʯʥʳ 

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʭʥʦʣʦʛʠʠ ʠʟʛʦʪʦʚʣʝʥʠʷ. ɺ ʪʘʙ-

ʣʠʮʝ 3 ʧʨʠʚʝʜʝʥʘ ʥʝ ʩʪʦʠʤʦʩʪʴ ʫʩʣʫʛʠ ʧʦ ʠʟʛʦʪʦʚ-

ʣʝʥʠʶ ʢʘʨʢʘʩʦʚ ʜʫʛʦʚʳʭ ʧʨʦʪʝʟʦʚ, ʘ ʟʘʪʨʘʪʳ ʥʘ ʨʘʩ-

ʭʦʜʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠ ʘʤʦʨʪʠʟʘʮʠʶ ʦʙʦʨʫʜʦʚʘʥʠʷ, 

ʢʦʪʦʨʳʤʠ ʦʜʠʥ ʤʝʪʦʜ ʠʟʛʦʪʦʚʣʝʥʠʷ ʦʪʣʠʯʘʝʪʩʷ ʦʪ 

ʜʨʫʛʦʛʦ. ʏʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ ʩʪʦʠʤʦʩʪʴ ʤʝʜʠʮʠʥ-

ʩʢʦʡ ʫʩʣʫʛʠ ʥʝʦʙʭʦʜʠʤʦ ʝʱʝ ʨʘʩʩʯʠʪʘʪʴ ʨʘʩʭʦʜʳ 

ʥʘ ʦʧʣʘʪʫ ʪʨʫʜʘ, ʥʘʯʠʩʣʝʥʠʷ ʥʘ ʦʧʣʘʪʫ ʪʨʫʜʘ, ʨʘʩ-

ʭʦʜʳ ʥʘ ʤʝʜʠʢʘʤʝʥʪʳ ʠ ʠʟʥʦʩ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʢʦʪʦ-

ʨʳʝ ʦʜʠʥʘʢʦʚʳ ʜʣʷ ʚʩʝʭ ʤʝʪʦʜʦʚ ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʫ-

ʛʦʚʳʭ ʧʨʦʪʝʟʦʚ, ʧʨʦʯʠʝ ʨʘʩʭʦʜʳ ʠ ʧʨʠʙʳʣʴ. 
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ʊʘʙʣʠʮʘ 3. 

ʉʪʦʠʤʦʩʪʴ ʟʘʪʨʘʪ ʥʘ ʘʤʦʨʪʠʟʘʮʠʶ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʤʝʜʠʢʘʤʝʥʪʳ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʘʨʢʘ-

ʩʦʚ ʜʫʛʦʚʳʭ ʧʨʦʪʝʟʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʝʪʦʜʘ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʄʝʪʦʜ ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʘʨʢʘʩʦʚ ʜʫʛʦ-

ʚʳʭ ʧʨʦʪʝʟʦʚ 

ɿʘʪʨʘʪʳ ʥʘ ʘʤʦʨʪʠ-

ʟʘʮʠʶ 

ɿʘʪʨʘʪʳ ʥʘ ʤʝʜʠʢʘ-

ʤʝʥʪʳ 
ʀʊʆɻʆ 

3D ʧʨʠʥʪʝʨ DLP 1399,7 2382,5 3782,2 

3D ʧʨʠʥʪʝʨ SLS 2991,9 1650,0 4641,9 

ʊʨʘʜʠʮʠʦʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ 776,9 1882,3 2659,2 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʠʤʝʥʝʝ ʜʦʨʦʛʦʩʪʦʷʱʝʡ ʪʝʭ-

ʥʦʣʦʛʠʝʡ ʷʚʣʷʝʪʩʷ ʠʟʛʦʪʦʚʣʝʥʠʝ ʢʘʨʢʘʩʦʚ ʜʫʛʦʚʳʭ 

ʧʨʦʪʝʟʦʚ ʪʨʘʜʠʮʠʦʥʥʳʤ ʩʧʦʩʦʙʦʤ, ʩʪʦʠʤʦʩʪʴ ʟʘ-

ʪʨʘʪ ʥʘ ʠʟʛʦʪʦʚʣʝʥʠʝ ʢʘʨʢʘʩʦʚ ʜʫʛʦʚʳʭ ʧʨʦʪʝʟʦʚ ʩ 

ʧʦʤʦʱʴʶ 3D ʧʨʠʥʪʝʨʘ ʧʦ ʪʝʭʥʦʣʦʛʠʠ ʮʠʬʨʦʚʦʡ 

ʩʚʝʪʦʜʠʦʜʥʦʡ ʧʨʦʝʢʮʠʠ ʜʦʨʦʞʝ ʥʘ 42,2%, ʩ ʧʦʤʦ-

ʱʴʶ 3D ʧʨʠʥʪʝʨʘ ʧʦ ʪʝʭʥʦʣʦʛʠʠ ʩʝʣʝʢʪʠʚʥʦʛʦ ʣʘ-

ʟʝʨʥʦʛʦ ʩʧʝʢʘʥʠʷ ʜʦʨʦʞʝ ʥʘ 74,6%.  

ɿʘʢʣʶʯʝʥʠʝ 

ʀʟʛʦʪʦʚʣʝʥʠʝ ʢʘʨʢʘʩʦʚ ʜʫʛʦʚʳʭ ʧʨʦʪʝʟʦʚ ʪʨʘ-

ʜʠʮʠʦʥʥʳʤ ʩʧʦʩʦʙʦʤ ʩʣʝʜʫʝʪ ʧʨʠʟʥʘʪʴ ʢʘʢ ʥʘʠʤʝ-

ʥʝʝ ʟʘʪʨʘʪʥʦʝ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠ ʙʦʣʝʝ ʚʳʛʦʜʥʦʝ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʮʠʬʨʦʚʳʤʠ ʤʝʪʦʜʘʤʠ 3D ʧʝʯʘʪʠ. 
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ɸʥʥʦʪʘʮʠʷ 

ʀʩʩʣʝʜʦʚʘʥʦ ʛʣʘʚʥʳʝ ʬʫʥʢʮʠʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʦʣʠʪʠʢʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʮʝʩʩʦʚ ʨʝʩʫʨʩʥʦʛʦ ʦʙʝʩ-

ʧʝʯʝʥʠʷ ʩʠʩʪʝʤʳ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ ʥʘ ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʦʩʥʦʚʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ ʧʦ 

ʨʝʬʦʨʤʠʨʦʚʘʥʠʶ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʦʣʠʪʠʢʠ ʚ ʛʫʤʘʥʠʪʘʨʥʦʡ ʩʬʝʨʝ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʩʠʩʪʝʤʳ ʟʜʨʘʚʦʦʭʨʘ-

ʥʝʥʠʷ. ʀʟʫʯʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʩʦʚʨʝʤʝʥʥʳʭ ʧʣʘʥʦʚ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʦʣʠʪʠʢʠ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ ʠ ʚʦʟʤʦʞ-

ʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʝʝ ʪʨʘʥʩʬʦʨʤʘʮʠʠ. ʆʙʦʩʥʦʚʘʥʥʦ ʧʦʥʠʤʘʥʠʝ ʛʨʘʞʜʘʥʩʢʠʤ ʦʙʱʝʩʪʚʦʤ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʨʝ-

ʘʣʠʟʘʮʠʠ ʪʨʘʥʩʬʦʨʤʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʠ ʥʘ ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ. 

Abstract 

The main functions of state policy regarding the processes of resource provision of the health care system at 

the present stage have been investigated. The main measures for reforming state policy in the humanitarian sphere, 

primarily the health care system, are analyzed. The features of modern plans of public health policy and possible 

directions of its transformation have been studied. The understanding by civil society of the need to implement 

transformational processes in healthcare at the present stage is substantiated. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʧʦʣʠʪʠʢʘ, ʩʠʩʪʝʤʘ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ, ʦʙʱʝʩʪʚʝʥʥʦʝ ʧʘʨʪʥʝʨʩʪʚʦ, 

ʛʫʤʘʥʠʪʘʨʥʳʝ ʘʩʧʝʢʪʳ, ʛʨʘʞʜʘʥʩʢʦʝ ʦʙʱʝʩʪʚʦ, ʤʦʜʝʣʴ, ʫʧʨʘʚʣʝʥʠʝ, ʩʦʮʠʘʣʴʥʳʝ ʩʪʘʥʜʘʨʪʳ. 

Keywords: public policy, health care system, public partnership, humanitarian aspects, civil society, model, 

governance, social standards. 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʳ. ʊʨʘʥʩʬʦʨʤʘʮʠʷ ʫʧʨʘʚ-

ʣʝʥʠʷ ʤʝʜʠʮʠʥʩʢʦʡ ʦʪʨʘʩʣʴʶ, ʢʦʪʦʨʘʷ ʩʣʦʞʠʣʘʩʴ 

ʧʨʠ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʧʨʘʚ ʠ ʦʙʷʟʘʥʥʦʩʪʝʡ ʚ ʩʠʩʪʝʤʝ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʠ ʦʨʛʘʥʦʚ ʤʝʩʪʥʦʛʦ 

ʩʘʤʦʫʧʨʘʚʣʝʥʠʷ, ʦʨʛʘʥʠʟʘʮʠʷ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ ʬʠ-

ʥʘʥʩʠʨʦʚʘʥʠʷ ʙʦʣʴʥʠʯʥʳʭ ʩʪʨʫʢʪʫʨ, ʘʥʘʣʠʟ ʠʭ ʨʘ-

ʙʦʪʳ, ʚ ʦʩʥʦʚʥʦʤ, ʟʘ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤʠ ʧʦʢʘʟʘʪʝ-

ʣʷʤʠ, ʧʨʠʚʝʣʠ ʢ ʢʘʯʝʩʪʚʝʥʥʦʤʫ ʩʥʠʞʝʥʠʶ ʦʢʘʟʘʥʠʷ 

ʤʝʜʠʮʠʥʩʢʦʡ ʧʦʤʦʱʠ ʠ ʫʤʝʥʴʰʝʥʠʶ ʤʝʜʠʮʠʥʩʢʠʭ 

ʫʩʣʫʛ ʜʣʷ ʧʦʪʨʝʙʠʪʝʣʝʡ ʥʘ ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ. 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʨʠ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ, ʧʝʨʝʜ ʨʫ-

ʢʦʚʦʜʠʪʝʣʷʤʠ ʤʝʜʠʮʠʥʩʢʠʭ ʫʯʨʝʞʜʝʥʠʡ ʩʪʦʷʪ ʟʘ-

ʜʘʯʠ ʧʦ ʧʨʠʥʷʪʠʶ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʜʣʷ ʦʨ-

ʛʘʥʠʟʘʮʠʠ ʥʝʦʙʭʦʜʠʤʦʛʦ ʨʝʩʫʨʩʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ 

ʤʝʜʠʮʠʥʩʢʦʡ ʧʦʤʦʱʠ, ʧʦʠʩʢʘ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʠʩ-

ʪʦʯʥʠʢʦʚ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ, ʫʩʠʣʝʥʠʷ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʧʦ ʨʝʰʝʥʠʶ ʧʨʦʙʣʝʤ ʟʜʦʨʦʚʴʷ ʦʙʱʝʩʪʚʘ. ʕʪʦ ʪʨʝ-

ʙʫʝʪ ʧʦʜʛʦʪʦʚʢʠ ʠ ʨʘʟʨʘʙʦʪʢʠ ʤʦʜʝʣʝʡ ʤʝʞʦʪʨʘʩʣʝ-

ʚʳʭ ʢʦʥʪʘʢʪʦʚ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʫʪʚʝʨʞʜʝʥʥʳʭ ʤʝ-

ʜʠʮʠʥʩʢʠʭ ʧʨʦʛʨʘʤʤ.  

ɸʥʘʣʠʟ ʧʦʩʣʝʜʥʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʧʫʙʣʠʢʘʮʠʡ. 

ʆʩʥʦʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʦʣʠ-

ʪʠʢʠ ʚ ʦʙʣʘʩʪʠ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ 

ʪʘʢʠʭ ʫʩʣʦʚʠʡ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʪ ʦʩʫʱʝʩʪʚʣʷʪʴ 

ʧʨʦʩʚʝʱʝʥʠʝ ʥʘʩʝʣʝʥʠʷ, ʧʨʦʬʠʣʘʢʪʠʢʫ ʟʘʙʦʣʝʚʘ-

ʥʠʡ, ʦʙʝʩʧʝʯʠʚʘʪʴ ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʤʝʜʠʮʠʥʩʢʦʡ 

ʧʦʤʦʱʠ ʛʨʘʞʜʘʥʘʤ, ʧʨʦʚʦʜʠʪʴ ʥʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘ-

ʥʠʷ ʚ ʜʘʥʥʦʡ ʦʪʨʘʩʣʠ ʠ ʧʦʜʛʦʪʦʚʢʫ ʤʝʜʠʮʠʥʩʢʠʭ ʠ 

ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠʭ ʨʘʙʦʪʥʠʢʦʚ, ʧʦʜʜʝʨʞʠʚʘʪʴ ʠ 

ʨʘʟʚʠʚʘʪʴ ʤʘʪʝʨʠʘʣʴʥʦ-ʪʝʭʥʠʯʝʩʢʫʶ ʙʘʟʫ ʦʢʘʟʘʥʠʷ 

ʤʝʜʠʮʠʥʩʢʠʭ ʫʩʣʫʛ. 

ʆʩʦʙʦʛʦ ʚʥʠʤʘʥʠʷ, ʚ ʨʘʤʢʘʭ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 

ʩʬʝʨʳ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ ʥʘʩʝʣʝʥʠʷ, ʪʨʝʙʫʝʪ ʨʘʟʨʘ-

ʙʦʪʢʘ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʤʝʭʘʥʠʟʤʦʚ ʨʝʩʫʨʩʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʦʮʝʩʩʦʚ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʤʝʜʠʮʠʥ-

ʩʢʠʭ ʫʩʣʫʛ, ʧʦʩʢʦʣʴʢʫ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʦʪ 

ʨʝʩʫʨʩʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʟʘʚʠʩʠʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʦʢʘʟʘʥʠʷ ʤʝʜʠʮʠʥʩʢʦʡ ʧʦʤʦʱʠ ʥʘʩʝʣʝʥʠʶ. ʈʝʩʫʨʩ-

ʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʧʨʦʮʝʩʩʦʚ ʦʢʘʟʘʥʠʷ ʤʝʜʠʮʠʥʩʢʠʭ 

ʫʩʣʫʛ ʟʘʚʠʩʠʪ ʦʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʪʦʢʘ ʧʘʮʠʝʥʪʦʚ 

ʚ ʤʝʜʠʮʠʥʩʢʠʭ ʫʯʨʝʞʜʝʥʠʷʭ, ʠ ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʧʦ-

ʩʪʦʷʥʥʦ ʤʝʥʷʝʪʩʷ, ʘ ʪʘʢʞʝ ʟʘʚʠʩʠʪ ʦʪ ʨʘʟʣʠʯʥʳʭ 

ʫʩʣʦʚʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʦʪ ʫʨʦʚʥʷ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ, ʘʢ-

ʪʠʚʥʦʩʪʠ ʥʘʩʝʣʝʥʠʷ, ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ. 

ɺʳʜʝʣʝʥʠʝ ʥʝʨʝʰʝʥʥʳʭ ʨʘʥʝʝ ʯʘʩʪʝʡ ʦʙʱʝʡ 

ʧʨʦʙʣʝʤʳ. ʉʦʮʠʘʣʴʥʦ-ʩʪʨʘʭʦʚʘʷ ʩʠʩʪʝʤʘ ʟʜʨʘʚʦ-

ʦʭʨʘʥʝʥʠʷ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʝ ʩʦ-

ʯʝʪʘʥʠʝ ʚʩʝʭ ʛʨʫʧʧ ʤʝʪʦʜʦʚ, ʵʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʛʠʙ-

ʢʦʩʪʴ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ, ʚʳʩʦʢʫʶ ʩʪʝʧʝʥʴ ʘʜʘʧʪʠʚ-

ʥʦʩʪʠ, ʯʪʦ ʚʘʞʥʦ ʚ ʩʚʷʟʠ ʩ ʛʣʦʙʘʣʠʟʘʮʠʝʡ 

ʧʨʦʮʝʩʩʦʚ, ʧʨʦʭʦʜʷʱʠʭ ʚ ʤʠʨʝ. ʆʭʨʘʥʘ ʟʜʦʨʦʚʴʷ ʚ 

ʩʦʮʠʘʣʴʥʦ-ʩʪʨʘʭʦʚʦʡ ʩʠʩʪʝʤʝ ʦʨʛʘʥʠʟʘʮʠʠ ʟʜʨʘʚʦ-

ʦʭʨʘʥʝʥʠʷ ʧʨʠʟʚʘʥʘ ʦʙʝʩʧʝʯʠʪʴ ʜʦʩʪʫʧʥʦʩʪʴ ʠ ʢʘ-

ʯʝʩʪʚʦ ʫʩʣʫʛ ʜʣʷ ʚʩʝʭ ʛʨʘʞʜʘʥ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʠʭ ʩʦ-

ʮʠʘʣʴʥʦʛʦ ʩʪʘʪʫʩʘ ʠ ʫʨʦʚʥʷ ʜʦʭʦʜʘ. ɺʩʝ ʵʪʦ ʘʢʪʫʘ-

ʣʠʟʠʨʫʝʪ ʩʦʟʜʘʥʠʝ ʤʝʭʘʥʠʟʤʘ ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʩʫʨʩʦʚ ʧʨʦʮʝʩʩʘ 
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ʦʢʘʟʘʥʠʷ ʤʝʜʠʮʠʥʩʢʠʭ ʫʩʣʫʛ, ʫʯʠʪʳʚʘʶʱʠʡ ʧʦʢʘ-

ʟʘʪʝʣʠ ʧʦʪʦʢʦʚ ʧʘʮʠʝʥʪʦʚ ʚ ʫʯʨʝʞʜʝʥʠʷʭ ʟʜʨʘʚʦ-

ʦʭʨʘʥʝʥʠʷ. 

ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʨʝʰʘʪʴ ʟʘʜʘʯʫ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʩʫʨʩʦʚ ʧʨʦʮʝʩʩʘ 

ʦʢʘʟʘʥʠʷ ʤʝʜʠʮʠʥʩʢʠʭ ʫʩʣʫʛ ʚ ʤʝʜʠʮʠʥʩʢʠʭ ʫʯʨʝ-

ʞʜʝʥʠʷʭ. ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʦʧʪʠ-

ʤʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʩʫʨʩʦʚ, ʚ ʨʘʤʢʘʭ ʦʢʘʟʘ-

ʥʠʷ ʤʝʜʠʮʠʥʩʢʠʭ ʫʩʣʫʛ ʧʘʮʠʝʥʪʘʤ ʚ ʤʝʜʠʮʠʥʩʢʠʭ 

ʫʯʨʝʞʜʝʥʠʷʭ ʚʩʝʭ ʪʠʧʦʚ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ, ʧʨʝʜʧʦ-

ʣʘʛʘʝʪʩʷ, ʯʪʦ ʧʨʦʮʝʩʩʳ ʦʢʘʟʘʥʠʷ ʤʝʜʠʮʠʥʩʢʠʭ 

ʫʩʣʫʛ ʨʝʘʣʠʟʫʶʪʩʷ ʵʬʬʝʢʪʠʚʥʦ ʧʨʠ ʜʦʩʪʘʪʦʯʥʦʡ 

ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ ʨʝʩʫʨʩʘʤʠ ʩ ʫʯʝʪʦʤ ʥʦʨʤ ʟʘʛʨʫʟʢʠ 

ʧʝʨʩʦʥʘʣʘ ʠ ʧʘʨʘʤʝʪʨʦʚ ʚʨʝʤʝʥʠ ʦʙʩʣʫʞʠʚʘʥʠʷ ʧʘ-

ʮʠʝʥʪʦʚ [2]. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʦʙʦʩʥʦʚʘʥʠʝ ʘʢʪʫʘʣʴʥʦ-

ʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʬɻʬʝʢʪʠʚʥʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ 

ʧʦʣʠʪʠʢʠ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ ʚ ʫʧʨʘʚʣʝʥʠʠ ʩʦʮʠ-

ʘʣʴʥʦ-ʛʫʤʘʥʠʪʘʨʥʦʡ ʩʬʝʨʦʡ ʥʘ ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ 

ʨʘʟʚʠʪʠʷ ʦʙʱʝʩʪʚʘ. 

ʀʟʣʦʞʝʥʠʝ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʎʝʣʴʶ ʟʜʨʘ-

ʚʦʦʭʨʘʥʝʥʠʷ ʷʚʣʷʝʪʩʷ ʩʦʭʨʘʥʝʥʠʝ ʠ ʫʢʨʝʧʣʝʥʠʝ 

ʟʜʦʨʦʚʴʷ ʣʶʜʝʡ ʨʘʜʠ ʚʩʝʦʙʱʝʛʦ ʙʣʘʛʘ, ʚʦʩʧʨʦʠʟ-

ʚʦʜʩʪʚʘ ʠ ʧʨʠʫʤʥʦʞʝʥʠʷ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠ-

ʘʣʘ ʧʨʠ ʧʦʤʦʱʠ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʦʙʲʝʢʪʠʚʥʳʭ ʧʦ-

ʪʨʝʙʥʦʩʪʝʡ ʛʨʘʞʜʘʥ ʚ ʢʘʯʝʩʪʚʝʥʥʳʭ ʜʝʡʩʪʚʠʷʭ ʧʦ 

ʦʭʨʘʥʝ ʟʜʦʨʦʚʴʷ ʯʝʨʝʟ ʢʦʤʧʣʝʢʩʥʦʝ ʨʘʟʚʠʪʠʝ 

ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ, ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʳʭ, ʬʠʥʘʥʩʦʚʦ-

ʵʢʦʥʦʤʠʯʝʩʢʠʭ, ʧʨʘʚʦʚʳʭ, ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ, ʠʥ-

ʬʦʨʤʘʮʠʦʥʥʳʭ ʠ ʜʨʫʛʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʩʠʩʪʝʤʳ 

ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ.  

ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʩʥʠʞʝʥʠʷ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ 

ʥʘʩʝʣʝʥʠʷ ʚ ʦʪʨʘʩʣʠ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ ʘʢʪʠʚʥʦ 

ʚʥʝʜʨʷʶʪʩʷ ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʥʘʧʨʘʚ-

ʣʝʥʥʳʝ ʥʘ ʧʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʧʨʦʬʠʣʘʢʪʠʢʠ, ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʣʝʯʝʥʠʷ ʧʘʮʠʝʥʪʦʚ ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʟʘʙʦʣʝʚʘʥʠʷʤʠ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʯʠʩʣʘ 

ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʠ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʦʡ ʧʦʤʦʱʠ 

ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʤʝ-

ʭʘʥʠʟʤʦʚ ʫʧʨʘʚʣʝʥʠʷ ʚ ʜʘʥʥʦʡ ʦʪʨʘʩʣʠ, ʚ ʯʘʩʪʥʦʩʪʠ 

ʠʩʧʦʣʴʟʫʝʤʦʡ ʚ ʨʘʤʢʘʭ ʨʝʘʣʠʟʘʮʠʠ ʛʦʩʫʜʘʨʩʪʚʝʥ-

ʥʦʡ ʧʦʣʠʪʠʢʠ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ.  

ɺʣʠʥ̫ʠʝ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ ʥʘ ʵʬʬʝʢʪʠʚ-

ʥʦʩʪʴ ʩʠʩʪʝʤʳ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ ʩʝʡʯʘʩ ʥʝʟʥʘʯʠʪʝ-

ʣʝʥ, ʙʦʣʝʝ ʟʥʘʯʠʪʝʣʴʥʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʟʘʚʠʩʠʪ ʦʪ 

ʩʘʤʦʡ ʩʠʩʪʝʤʳ, ʦʪ ʪʦʛʦ, ʢʘʢ ʦʥʘ ʧʦʩʪʨʦʝʥʘ ʠ ʵʪʦ ʫʞʝ 

ʟʘʚʠʩʠʪ ʦʪ ʫʧʨʘʚʣʝʥʮʝʚ. ɼʦʩʪʫʧ ʢ ʤʝʜʠʮʠʥʩʢʦʡ ʧʦ-

ʤʦʱʠ ʤʦʞʝʪ ʙʳʪʴ ʨʘʩʰʠʨʝʥ ʧʫʪʝʤ ʦʙʫʯʝʥʠʷ ʠ ʧʦʜ-

ʢʣʶʯʝʥʠʷ ʤʝʜʠʮʠʥʩʢʠʭ ʨʘʙʦʪʥʠʢʦʚ ʩʨʝʜʥʝʛʦ ʟʚʝʥʘ 

ʠ ʥʝʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʨʘʙʦʪʥʠʢʦʚ ʟʜʨʘʚʦʦʭʨʘʥʝ-

ʥʠʷ ʢ ʚʳʧʦʣʥʝʥʠʶ ʦʧʨʝʜʝʣʝʥʥʳʭ ʧʨʦʮʝʜʫʨ, ʢʦʪʦ-

ʨʳʝ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʚʳʧʦʣʥʷʶʪ ʪʦʣʴʢʦ ʨʘʙʦʪʥʠʢʠ, 

ʠʤʝʶʱʠʝ ʙʦʣʝʝ ʜʣʠʪʝʣʴʥʫʶ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʫʶ 

ʧʦʜʛʦʪʦʚʢʫ. 

ʊʘʢʠʝ ʩʪʨʘʪʝʛʠʠ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʙʷʟʘʥʥʦ-

ʩʪʝʡ ʤʦʛʫʪ ʙʳʪʴ ʦʩʦʙʝʥʥʦ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤʠ, ʧʦ-

ʩʢʦʣʴʢʫ ʥʘ ʩʝʛʦʜʥʷ ʥʝ ʭʚʘʪʘʝʪ ʩʨʝʜʩʪʚ ʜʣʷ ʫʣʫʯʰʝ-

ʥʠʷ ʜʦʩʪʫʧʘ ʢ ʤʝʜʠʮʠʥʩʢʦʡ ʧʦʤʦʱʠ ʚ ʢʨʘʪʢʦʩʨʦʯ-

ʥʦʡ ʧʝʨʩʧʝʢʪʠʚʝ. ʉʪʨʘʪʝʛʠʠ ʦʧʪʠʤʠʟʘʮʠʠ ʟʘʜʘʯ ʠ 

ʬʫʥʢʮʠʡ ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʨ ʨʝʘ-

ʣʠʟʫʶʪʩʷ ʩ ʧʝʨʝʤʝʥʥʳʤ ʫʩʧʝʭʦʤ. ʕʪʦ ʧʨʦʠʩʭʦʜʠʪ 

ʦʪʯʘʩʪʠ ʧʦʪʦʤʫ, ʯʪʦ ʨʝʟʫʣʴʪʘʪʳ ʧʨʠʤʝʥʝʥʠʷ ʵʪʠʭ 

ʩʪʨʘʪʝʛʠʡ ʟʘʚʠʩʷʪ ʦʪ ʨʘʟʣʠʯʥʳʭ ʤʝʩʪʥʳʭ ʫʩʣʦʚʠʡ ʠ 

ʩʦʩʪʦʷʥʠʷ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ ʠ ʬʦʨʤʠʨʫʶʪʩʷ ʧʦʜ 

ʚʣʠʷʥʠʝʤ ʯʘʩʪʦ ʦʯʝʥʴ ʨʘʟʥʳʭ ʩʦʮʠʘʣʴʥʳʭ, ʧʦʣʠʪʠ-

ʯʝʩʢʠʭ ʠ ʢʫʣʴʪʫʨʥʳʭ ʩʠʩʪʝʤ.  

ʆʨʛʘʥʠʟʘʮʠʦʥʥʳʝ ʤʝʪʦʜʳ, ʚʭʦʜʷʱʠʝ ʚ ʛʨʫʧʧʫ 

ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʨʝ-

ʛʫʣʠʨʦʚʘʥʠʷ ʨʝʘʣʠʟʫʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʪʘʢʠʭ ʠʥ-

ʩʪʨʫʤʝʥʪʦʚ, ʢʘʢ ʩʪʘʥʜʘʨʪʠʟʘʮʠʷ, ʣʠʮʝʥʟʠʨʦʚʘʥʠʝ, 

ʩʝʨʪʠʬʠʢʘʮʠʷ, ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʝ ʟʘʧʨʝʪʳ, ʬʠʥʘʥ-

ʩʦʚʳʝ ʧʨʦʛʨʘʤʤʳ ʠ ʧʣʘʥʳ [5]. ɸʜʤʠʥʠʩʪʨʘʪʠʚʥʳʝ 

ʤʝʪʦʜʳ ʦʩʥʦʚʘʥʳ ʥʘ ʩʠʣʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʚʣʘʩʪʠ 

ʠ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʤʝʨʳ ʦʙʷʟʘʪʝʣʴʩʪʚ, ʨʘʟʨʝʰʝʥʠʷ 

ʠ ʟʘʧʨʝʪʳ, ʦʥʠ ʦʛʨʘʥʠʯʠʚʘʶʪ ʩʚʦʙʦʜʫ ʵʢʦʥʦʤʠʯʝ-

ʩʢʦʛʦ ʚʳʙʦʨʘ ʧʨʦʜʫʮʝʥʪʘ ʫʩʣʫʛ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ. 

ʆʩʥʦʚʥʳʤ ʧʨʘʚʦʚʳʤ ʤʝʪʦʜʦʤ ʷʚʣʷʝʪʩʷ ʦʙʝʩʧʝʯʝ-

ʥʠʝ ʟʘʢʦʥʦʜʘʪʝʣʴʥʦʡ ʙʘʟʳ ʚ ʜʘʥʥʦʡ ʩʬʝʨʝ ʫʩʣʫʛ ʠ 

ʢʦʥʪʨʦʣʴ ʟʘ ʝʝ ʚʳʧʦʣʥʝʥʠʝʤ. 

ʇʨʘʚʦʚʳʝ ʤʝʪʦʜʳ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʨʝʛʫʣʠʨʦ-

ʚʘʥʠʷ ʨʝʘʣʠʟʫʶʪʩʷ ʯʝʨʝʟ ʟʘʢʦʥʳ, ʩʪʘʥʜʘʨʪʳ, ʧʦʣʦ-

ʞʝʥʠʷ, ʠʥʩʪʨʫʢʮʠʠ ʠ ʙʶʜʞʝʪ. ɺ ʫʩʣʦʚʠʷʭ ʬʫʥʢʮʠ-

ʦʥʠʨʦʚʘʥʠʷ ʨʳʥʦʯʥʦʡ ʵʢʦʥʦʤʠʢʠ ʤʦʜʠʬʠʮʠʨʫʝʪʩʷ 

ʟʥʘʯʝʥʠʝ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʧʦ ʚʝʨʪʠ-

ʢʘʣʠ çʩʚʝʨʭʫ ʚʥʠʟè. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʤʠʢʨʦ-

ʫʨʦʚʝʥʴ ʧʦʣʫʯʘʝʪ ʧʨʘʚʦ ʧʨʦʠʟʚʦʜʠʪʴ ʩʦʙʩʪʚʝʥʥʳʝ 

ʫʧʨʘʚʣʝʥʯʝʩʢʠʝ ʨʝʰʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʢʦʛʜʘ 

ʧʨʝʦʙʣʘʜʘʶʱʘʷ ʨʦʣʴ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝ-

ʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʠʚʝʣʠʨʫʝʪʩʷ. ɼʠʨʝʢʪʠʚʳ ʠ ʫʢʘʟʘ-

ʥʠʷ ʦʨʛʘʥʦʚ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʧʦʜ-

ʣʝʞʘʪ ʥʝʫʢʦʩʥʠʪʝʣʴʥʦʤʫ ʠʩʧʦʣʥʝʥʠʶ, ʚ ʪʘʢʦʡ ʩʠ-

ʪʫʘʮʠʠ ʪʨʘʥʩʬʦʨʤʠʨʫʶʪʩʷ ʚ ʥʦʨʤʘʪʠʚʥʳʝ ʘʢʪʳ, 

ʨʝʛʫʣʠʨʫʶʱʠʝ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ 

ʧʨʦʜʫʮʝʥʪʘʤʠ ʫʩʣʫʛ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ. 

ʆʜʥʘʢʦ, ʥʝʩʤʦʪʨʷ, ʯʪʦ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʥʝ ʚʣʠʷʶʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʩʫʙʲ-

ʝʢʪ ʨʝʛʫʣʠʨʦʚʘʥʠʷ, ʚ ʥʠʭ ʩʦʜʝʨʞʘʪʩʷ ʦʧʨʝʜʝʣʝʥʥʳʝ 

ʦʛʨʘʥʠʯʝʥʠʷ ʠ ʦʙʷʟʘʥʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʰʪʨʘʬʳ ʠ 

ʩʘʥʢʮʠʠ ʟʘ ʥʘʨʫʰʝʥʠʝ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʧʨʘʚʠʣ ʠ 

ʥʦʨʤ. ʕʢʦʥʦʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʦʧʠ-

ʨʘʶʪʩʷ ʥʘ ʤʘʪʝʨʠʘʣʴʥʳʝ ʠʥʪʝʨʝʩʳ, ʠʤʝʶʱʠʝʩʷ ʫ 

ʣʶʜʝʡ, ʦʨʛʘʥʠʟʘʮʠʡ, ʬʠʟʠʯʝʩʢʠʭ ʠ ʶʨʠʜʠʯʝʩʢʠʭ 

ʣʠʮ, ʘ ʪʘʢʞʝ ʛʦʩʫʜʘʨʩʪʚʘ. ʀʥʩʪʨʫʤʝʥʪʘʤʠ ʚʣʠʷʥʠʷ 

ʥʘ ʧʨʦʜʫʮʝʥʪʦʚ ʫʩʣʫʛ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ, ʧʦʟʚʦʣʷʶ-

ʱʠʝ ʦʨʛʘʥʘʤ ʚʣʘʩʪʠ ʨʝʘʣʠʟʦʚʘʪʴ ʵʢʦʥʦʤʠʯʝʩʢʠʝ 

ʤʝʪʦʜʳ ʨʝʛʫʣʠʨʦʚʘʥʠʷ, ʩʣʫʞʘʪ: ʙʶʜʞʝʪʥʦʝ ʬʠʥʘʥ-

ʩʠʨʦʚʘʥʠʝ, ʥʘʣʦʛʦʚʳʝ ʣʴʛʦʪʳ, ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʝ ʠʥ-

ʚʝʩʪʠʮʠʠ, ʩʥʠʞʝʥʠʝ ʥʘʣʦʛʦʚʦʡ ʥʘʛʨʫʟʢʠ.  

ʕʢʦʥʦʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʪ ʩʚʦ-

ʙʦʜʫ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʚʳʙʦʨʘ ʧʨʦʜʫʮʝʥʪʘ ʫʩʣʫʛ 

ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ, ʧʨʠ ʵʪʦʤ ʚʣʠʷʶʪ ʥʘ ʠʭ ʵʢʦʥʦʤʠ-

ʯʝʩʢʠʝ ʠʥʪʝʨʝʩʳ, ʩʦʟʜʘʶʪ ʤʘʪʝʨʠʘʣʴʥʫʶ ʟʘʠʥʪʝʨʝ-

ʩʦʚʘʥʥʦʩʪʴ ʚ ʚʳʙʦʨʝ ʪʘʢʦʡ ʣʠʥʠʠ ʧʦʚʝʜʝʥʠʷ, ʢʦʪʦ-

ʨʘʷ ʦʪʚʝʯʘʝʪ ʧʨʦʚʦʜʠʤʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʦʣʠ-

ʪʠʢʠ ʚ ʩʬʝʨʝ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ. ʉʦʮʠʘʣʴʥʦ-

ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʩʬʝʨʳ 

ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ ʷʚʣʷʶʪʩʷ ʢʦʩʚʝʥʥʳʤʠ ʤʝʪʦʜʘʤʠ 

ʚʦʟʜʝʡʩʪʚʠʷ: ʩʦʮʠʘʣʴʥʘʷ ʨʝʢʣʘʤʘ, ʟʘʧʨʝʪ ʥʘ ʢʫʨʝ-

ʥʠʝ ʠ ʫʧʦʪʨʝʙʣʝʥʠʝ ʘʣʢʦʛʦʣʴʥʳʭ ʥʘʧʠʪʢʦʚ ʚ ʦʙʱʝ-

ʩʪʚʝʥʥʳʭ ʤʝʩʪʘʭ, ʚʦʟʨʘʩʪʥʦʝ ʦʛʨʘʥʠʯʝʥʠʝ ʥʘ ʧʨʦ-

ʜʘʞʫ ʘʣʢʦʛʦʣʷ ʠ ʩʠʛʘʨʝʪ, ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʤʝʜʠ-

ʮʠʥʩʢʠʝ ʩʘʡʪʳ [1].  

ɺʩʝ ʵʪʦ ʦʙʫʩʣʦʚʣʠʚʘʝʪ, ʯʪʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ 

ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʚ ʩʬʝʨʝ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ ʷʚʣʷʝʪʩʷ 

ʩʦʚʦʢʫʧʥʦʩʪʴʶ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ 

ʤʝʭʘʥʠʟʤʦʚ ʚʣʠʷʥʠʷ ʛʦʩʫʜʘʨʩʪʚʘ ʥʘ ʜʝʷʪʝʣʴʥʦʩʪʴ 
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ʧʨʦʜʫʮʝʥʪʦʚ ʫʩʣʫʛ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ, ʮʝʣʴʶ ʢʦʪʦ-

ʨʳʭ ʷʚʣʷʝʪʩʷ ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʢʘʯʝʩʪʚʝʥʥʳʭ ʠ ʜʦ-

ʩʪʫʧʥʳʭ ʫʩʣʫʛ. ʆʥʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʚʦʟʜʝʡʩʪʚʠʷʤ ʚʥʝʰʥʝʡ ʩʨʝʜʳ ʠ ʨʘʟ-

ʚʠʪʠʷ ʦʪʨʘʩʣʠ. 

ʂʣʶʯʝʚʳʤʠ ʘʩʧʝʢʪʘʤʠ ʨʝʘʣʠʟʘʮʠʠ ʛʦʩʫʜʘʨ-

ʩʪʚʝʥʥʦʡ ʧʦʣʠʪʠʢʠ ʚ ʩʬʝʨʝ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ ʷʚʣʷ-

ʝʪʩʷ ʩʦʟʜʘʥʠʝ ʫʩʣʦʚʠʡ, ʧʨʠ ʢʦʪʦʨʳʭ ʧʨʦʮʝʩʩʳ ʦʢʘ-

ʟʘʥʠʷ ʤʝʜʠʮʠʥʩʢʠʭ ʫʩʣʫʛ ʨʝʘʣʠʟʫʶʪʩʷ ʵʬʬʝʢʪʠʚʥʦ 

ʠ ʜʦʩʪʠʛʘʶʪ ʟʘʜʘʥʥʳʭ ʟʥʘʯʝʥʠʡ ʮʝʣʝʚʳʭ ʠʥʜʠʢʘʪʦ-

ʨʦʚ. ʋʩʧʝʰʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʤʝʭʘ-

ʥʠʟʤʘ ʦʧʠʨʘʝʪʩʷ ʥʘ ʧʨʦʚʝʜʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʡ ʢʘʜ-

ʨʦʚʦʡ ʧʦʣʠʪʠʢʠ. ʉʣʝʜʫʝʪ ʟʘʤʝʪʠʪʴ, ʘʥʘʣʠʟʠʨʫʷ ʠʟ-

ʚʝʩʪʥʳʝ ʧʫʪʠ ʨʝʬʦʨʤʠʨʦʚʘʥʠʷ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ ʚ 

ʤʠʨʝ, ɺʩʝʤʠʨʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʧʨʠʰʣʘ ʢ ʚʳʚʦʜʫ, 

ʯʪʦ ʩʨʝʜʠ ʚʩʝʭ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʠʟʤʝʥʝʥʠʡ, ʮʝʣʴʶ 

ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʠ-

ʩʪʝʤʳ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ, ʥʘʠʙʦʣʴʰʝʛʦ ʫʩʧʝʭʘ ʜʦ-

ʩʪʠʛʘʶʪ ʜʝʡʩʪʚʠʷ, ʧʨʝʜʧʨʠʥʠʤʘʝʤʳʝ ʚ ʦʙʣʘʩʪʠ 

ʫʧʨʘʚʣʝʥʠʷ ʢʘʜʨʘʤʠ.  

ɼʝʬʠʮʠʪ ʢʘʜʨʦʚʳʭ ʨʝʩʫʨʩʦʚ ʚ ʦʙʣʘʩʪʠ ʟʜʨʘʚʦ-

ʦʭʨʘʥʝʥʠʷ ʷʚʣʷʝʪʩʷ ʦʙʱʝʧʨʠʟʥʘʥʥʦʡ ʫʛʨʦʟʦʡ ʜʣʷ 

ʜʦʩʪʠʞʝʥʠʷ ʩʚʷʟʘʥʥʳʭ ʩʦ ʟʜʦʨʦʚʴʝʤ ʮʝʣʝʡ ʨʘʟʚʠ-

ʪʠʷ ʦʪʨʘʩʣʠ. ʇʦʵʪʦʤʫ ʧʦʧʳʪʢʠ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʧʦ-

ʪʝʥʮʠʘʣ ʨʘʙʦʪʥʠʢʦʚ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ ʠʤʝʝʪ ʨʝʰʘ-

ʶʱʝʝ ʟʥʘʯʝʥʠʝ. ɹʦʣʝʝ ʨʘʮʠʦʥʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʟʘʜʘʯ ʠ ʦʙʷʟʘʥʥʦʩʪʝʡ ʤʝʞʜʫ ʢʘʜʨʘʤʠ ʤʝʜʠʮʠʥʩʢʠʭ 

ʨʘʙʦʪʥʠʢʦʚ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʧʝʨʩʧʝʢ-

ʪʠʚʥʦʡ ʩʪʨʘʪʝʛʠʠ ʫʣʫʯʰʝʥʠʷ ʜʦʩʪʫʧʘ ʠ ʧʦʚʳʰʝʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʩʭʦʜʦʚ ʚ ʨʘʤʢʘʭ ʩʠʩʪʝʤʳ ʟʜʨʘʚʦ-

ʦʭʨʘʥʝʥʠʷ. 

ɹʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʶʪ ʪʘʢʠʝ ʚʦʧʨʦʩʳ, ʢʘʢ 

ʮʝʣʴ, ʩʫʪʴ ʠ ʧʫʪʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʢʘʜʨʦʚʦʡ ʧʦ-

ʣʠʪʠʢʠ, ʟʥʘʯʠʪʝʣʴʥʘʷ ʮʝʥʥʦʩʪʴ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʢʘ-

ʧʠʪʘʣʘ, ʤʝʞʜʫʥʘʨʦʜʥʳʡ ʦʧʳʪ ʚ ʩʬʝʨʝ ʪʨʫʜʦʚʳʭ ʨʝ-

ʩʫʨʩʦʚ, ʨʝʰʝʥʠʝ ʟʘʜʘʯ ʜʣʷ ʢʘʜʨʦʚʦʡ ʧʦʣʠʪʠʢʠ ʟʜʨʘ-

ʚʦʦʭʨʘʥʝʥʠʷ, ʟʥʘʥʠʝ ʚʳʭʦʜʘ ʠʟ ʢʘʜʨʦʚʦʛʦ ʢʨʠʟʠʩʘ, 

ʚʠʜʝʥʠʝ ʧʨʦʙʣʝʤʳ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʢʘʜʨʦʚ, ʠʥʜʠʢʘ-

ʪʦʨʳ ʠ ʩʪʘʥʜʘʨʪʳ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʢʘʜʨʘʤʠ. ʄʝʨʦ-

ʧʨʠʷʪʠʷ ʧʦ ʢʘʜʨʦʚʦʡ ʧʦʣʠʪʠʢʠ ʥʝʦʙʭʦʜʠʤʦ ʦʩʫ-

ʱʝʩʪʚʣʷʪʴ ʚ ʩʣʝʜʫʶʱʠʭ ʥʘʧʨʘʚʣʝʥʠʷʭ: ʧʨʦʛʥʦʟʠ-

ʨʦʚʘʪʴ ʧʦʪʨʝʙʥʦʩʪʴ ʩʠʩʪʝʤʳ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ ʚ 

ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʦʤ ʧʝʨʩʦʥʘʣʝ, ʘ ʪʘʢʞʝ ʧʨʦʬʝʩʩʠ-

ʦʥʘʣʴʥʦʤ ʧʣʘʥʠʨʦʚʘʥʠʠ ʧʦʜʛʦʪʦʚʢʠ ʩʧʝʮʠʘʣʠʩʪʦʚ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʩʧʝʮʠʘʣʴʥʦʩʪʠ, ʙʝʨʷ ʚʦ ʚʥʠʤʘʥʠʝ 

ʠʟʤʝʥʝʥʠʷ ʚ ʩʠʩʪʝʤʝ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ, ʚ ʯʘʩʪʥʦʩʪʠ 

ʤʝʜʠʮʠʥʩʢʦʤ ʠ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʦʤ ʥʘʧʨʘʚʣʝʥʠʷʭ 

[4]. 

ɺʘʞʥʦ ʪʘʢʞʝ ʚ ʜʦʩʪʘʪʦʯʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʠ ʢʘʯʝ-

ʩʪʚʝ ʧʨʦʚʝʜʝʥʠʝ ʧʦʜʛʦʪʦʚʢʠ ʢʘʜʨʦʚ ʠ ʠʭ ʥʝʦʙʭʦʜʠ-

ʤʦʛʦ ʨʘʟʤʝʱʝʥʠʷ, ʚʳʭʦʜʷ ʠʟ ʧʦʪʨʝʙʥʦʩʪʝʡ ʥʘʩʝʣʝ-

ʥʠ̫ ʚ ʤʝʜʠʮʠʥʩʢʠʭ ʫʩʣʫʛʘʭ; ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʝ ʜʦ-

ʩʪʠʞʝʥʠʝ ʠ ʧʦʜʜʝʨʞʘʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʩʪʝʧʝʥʠ 

ʢʦʤʧʝʪʝʥʪʥʦʩʪʠ ʤʝʜʠʮʠʥʩʢʠʭ ʠ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠʭ 

ʢʘʜʨʦʚ ʚʦ ʚʨʝʤʷ ʪʨʫʜʦʚʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʫʪʝʤ ʩʠ-

ʩʪʝʤʳ ʧʦʩʪʦʷʥʥʦʛʦ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʦʙʫʯʝʥʠʷ, 

ʚʥʝʜʨʝʥʠʝ ʚʝʜʫʱʝʡ ʨʦʣʠ ʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʦʪ-

ʚʝʪʩʪʚʝʥʥʦʩʪʠ ʤʝʜʠʮʠʥʩʢʠʭ ʠ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠʭ 

ʩʘʤʦʫʧʨʘʚʣʷʶʱʠʭʩʷ ʩʪʨʫʢʪʫʨ ʚ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ 

ʟʘʢʘʟʝ ʤʝʜʠʮʠʥʩʢʠʭ ʠ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠʭ ʢʘʜʨʦʚ, 

ʩʦʢʨʘʱʝʥʠʝ ʪʨʫʜʦʚʦʡ ʵʤʠʛʨʘʮʠʠ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥ-

ʥʳʭ ʤʝʜʠʮʠʥʩʢʠʭ ʢʘʜʨʦʚ ʯʝʨʝʟ ʦʧʣʘʪʫ ʪʨʫʜʘ ʩʦ-

ʛʣʘʩʥʦ ʨʝʬʝʨʝʥʪʥʳʤ ʪʘʨʠʬʘʤ ʠ ʚʥʝʜʨʝʥʠʶ ʤʝʩʪ-

ʥʳʭ ʩʪʠʤʫʣʦʚ ʧʦ ʟʘʢʨʝʧʣʝʥʠʶ ʢʘʜʨʦʚ. 

ʉʧʦʩʦʙʥʦʩʪʴ ʛʦʩʫʜʘʨʩʪʚʘ ʚ ʵʬʬʝʢʪʠʚʥʦʤ ʟʜʨʘ-

ʚʦʦʭʨʘʥʝʥʠʠ ʚ ʙʦʣʴʰʦʡ ʩʪʝʧʝʥʠ ʟʘʚʠʩʠʪ ʦʪ ʟʥʘʥʠʡ, 

ʥʘʚʳʢʦʚ, ʫʤʝʥʠʡ, ʩʪʠʤʫʣʷʮʠʠ, ʤʦʪʠʚʘʮʠʠ ʠ ʨʘʩʧʨʝ-

ʜʝʣʝʥʠʷ ʣʶʜʝʡ, ʢʦʪʦʨʳʝ ʦʪʚʝʪʩʪʚʝʥʥʳ ʟʘ ʦʨʛʘʥʠʟʘ-

ʮʠʶ ʠ ʨʝʘʣʠʟʘʮʠʶ ʤʝʜʠʮʠʥʩʢʠʭ ʫʩʣʫʛ. ʆʪ ʩʪʝʧʝʥʠ 

ʢʦʤʧʝʪʝʥʪʥʦʩʪʠ ʢʘʜʨʦʚ, ʠʭ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʦʡ ʨʘ-

ʙʦʪʳ, ʧʦʣʥʦʛʦ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʩʚʦʠʤ ʪʨʫʜʦʤ, ʦʧʣʘ-

ʪʦʡ ʪʨʫʜʘ, ʩʦʮʠʘʣʴʥʦʡ ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ ʠ ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʱʝʡ ʘʪʤʦʩʬʝʨʳ ʥʘ ʨʘʙʦʯʝʤ ʤʝʩʪʝ ʟʘʚʠʩʠʪ 

ʟʜʦʨʦʚʴʝ ʧʘʮʠʝʥʪʦʚ.  

ʄʝʜʠʮʠʥʩʢʠʝ ʢʘʜʨʳ ʝʩʪʴ ʦʯʝʥʴ ʚʘʞʥʦʡ ʩʦʩʪʘʚ-

ʣʷʶʱʝʡ ʨʝʩʫʨʩʦʚ ʩʠʩʪʝʤʳ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ 

ʩʪʨʘʥʳ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʝʷʪʝʣʴ-

ʥʦʩʪʠ ʤʝʜʠʮʠʥʳ ʚ ʮʝʣʦʤ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʵʪʦʪ ʪʨʫ-

ʜʦʚʦʡ ʧʦʪʝʥʮʠʘʣ ʷʚʣʷʝʪʩʷ ʧʨʠʦʨʠʪʝʪʦʤ ʚ ʜʝʷʪʝʣʴ-

ʥʦʩʪʠ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ, ʢʘʢ ʩʠʩʪʝʤʳ, ʛʜʝ ʢʘʜʨʦʚʘʷ 

ʧʦʣʠʪʠʢʘ ʨʝʘʣʠʟʫʝʪʩʷ, ʚʳʭʦʜʷ ʠʟ ʥʘʮʠʦʥʘʣʴʥʳʭ ʧʦ-

ʪʨʝʙʥʦʩʪʝʡ, ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʠʜʝʥʠʷ ʫʧʨʘʚʣʝʥʠʷ 

ʧʝʨʩʦʥʘʣʦʤ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʤʠʨʦʚʦʛʦ ʦʧʳʪʘ.  

ʉʨʝʜʠ ʦʩʥʦʚʥʳʭ ʧʨʦʙʣʝʤ ʢʘʜʨʦʚʦʡ ʧʦʣʠʪʠʢʠ ʚ 

ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʠ ʟʘ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʤʳ ʤʦʞʝʤ ʫʢʘ-

ʟʘʪʴ ʥʘ ʪʘʢʠʝ, ʢʘʢ: ʢʘʜʨʦʚʳʡ ʜʠʩʙʘʣʘʥʩ, ʧʨʦʙʣʝʤʳ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʢʘʜʨʦʚʦʛʦ ʩʦʩʪʘʚʘ, ʥʝʵʬʬʝʢʪʠʚʥʦʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʙʦʯʝʛʦ ʚʨʝʤʝʥʠ ʩʧʝʮʠʘʣʠʩʪʦʚ ʩʠ-

ʩʪʝʤʳ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ ʠ ʚʳʧʦʣʥʝʥʠʷ ʜʦʧʦʣʥʠ-

ʪʝʣʴʥʳʭ ʪʨʫʜʦʚʳʭ ʬʫʥʢʮʠʡ, ʥʠʟʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʩʪʠʤʫʣʠʨʫʶʱʝʡ ʩʠʩʪʝʤʳ ʦʧʣʘʪʳ, ʯʪʦ ʥʝ ʩʦʦʪʚʝʪ-

ʩʪʚʫʝʪ ʫʩʣʦʚʠʷʤ ʪʨʫʜʘ, ʘ ʪʘʢʞʝ ʥʠʟʢʘʷ ʚʦʚʣʝʯʝʥ-

ʥʦʩʪʴ ʨʘʙʦʪʥʠʢʦʚ ʚ ʨʝʰʝʥʠʝ ʟʘʜʘʯ.  

ʈʘʟʚʠʪʠʝ ʩʠʩʪʝʤʳ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ ʚ ʥʘʩʪʦʷ-

ʱʝʝ ʚʨʝʤʷ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʵʬʬʝʢʪʠʚʥʫʶ ʜʝʷʪʝʣʴ-

ʥʦʩʪʴ ʤʝʜʠʮʠʥʩʢʠʭ ʦʨʛʘʥʠʟʘʮʠʡ, ʢʦʪʦʨʘʷ ʥʝʚʦʟ-

ʤʦʞʥʘ ʙʝʟ ʚʳʩʦʢʦʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʨʘʙʦʪʳ ʤʝʜʠ-

ʮʠʥʩʢʦʛʦ ʧʝʨʩʦʥʘʣʘ. ʆʜʥʘʢʦ ʟʘʧʦʣʥʝʥʠʝ ʢʘʜʨʦʚʳʭ 

ʨʝʩʫʨʩʦʚ ʪʨʝʙʫʝʪ ʢʦʤʧʣʝʢʩʥʦʛʦ ʨʝʰʝʥʠʷ ʚ ʪʝʯʝʥʠʝ 

ʜʣʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, ʧʦʵʪʦʤʫ, ʥʝʩʤʦʪʨʷ ʥʘ ʨʷʜ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʤʝʨ ʧʦ ʨʝʰʝʥʠʶ ʜʘʥʥʦʛʦ ʚʦʧʨʦʩʘ, 

ʦʩʪʘʶʪʩʷ ʧʨʦʙʣʝʤʳ, ʧʨʝʧʷʪʩʪʚʫʶʱʠʝ ʨʘʟʚʠʪʠʶ 

ʢʘʜʨʦʚʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʚ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʠ.  

ʆʩʥʦʚʥʳʤʠ ʧʨʠʯʠʥʘʤʠ ʢʘʜʨʦʚʦʛʦ ʜʠʩʙʘʣʘʥʩʘ 

ʚ ʦʙʣʘʩʪʠ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ ʷʚʣʷʶʪʩʷ ʧʦʪʝʨʷ ʢʘʜ-

ʨʦʚ, ʚʳʟʚʘʥʥʳʝ ʚʳʭʦʜʦʤ ʥʘ ʧʝʥʩʠʶ, ʵʤʠʛʨʘʮʠʝʡ, 

ʫʭʦʜʦʤ ʠʟ ʦʙʣʘʩʪʠ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ ʚ ʜʨʫʛʠʝ ʩʝʢ-

ʪʦʨʳ ʵʢʦʥʦʤʠʢʠ, ʠʟʤʝʥʝʥʠʝ ʧʨʦʬʝʩʩʠʠ, ʚʨʝʤʝʥʥʳʡ 

ʧʝʨʝʨʳʚ ʚ ʨʘʙʦʪʝ; ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ ʨʘ-

ʙʦʪʳ ʤʝʜʠʮʠʥʩʢʦʛʦ ʧʝʨʩʦʥʘʣʘ, ʚʳʟʚʘʥʥʳʝ ʩʦʩʪʦʷ-

ʥʠʝʤ ʤʘʪʝʨʠʘʣʴʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʙʘʟʳ ʫʯʨʝʞʜʝʥʠʡ 

ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ. ʏʘʱʝ ʚʩʝʛʦ ʤʝʜʠʮʠʥʩʢʠʝ ʨʘʙʦʪ-

ʥʠʢʠ ʪʨʫʜʷʪʩʷ ʚ ʫʩʣʦʚʠʷʭ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʧʝʨʝ-

ʛʨʫʟʢʠ, ʯʘʩʪʦʛʦ ʧʝʨʝʢʣʶʯʝʥʠʷ ʚʥʠʤʘʥʠʷ, ʧʨʦʚʝʜʝ-

ʥʠʷ ʩʣʦʞʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʙʦʣʴʰʦʡ ʦʪʚʝʪʩʪʚʝʥ-

ʥʦʩʪʠ, ʯʪʦ ʚʝʜʝʪ ʢ ʫʪʦʤʣʝʥʠʶ ʠ ʥʝʨʚʦʟʥʦʩʪʠ.  

ɺʨʘʯʠ ʠ ʩʨʝʜʥʠʡ ʤʝʜʠʮʠʥʩʢʠʡ ʧʝʨʩʦʥʘʣ ʚʳ-

ʧʦʣʥʷʶʪ ʥʝʩʚʦʡʩʪʚʝʥʥʳʝ ʠʤ ʬʫʥʢʮʠʠ, ʯʪʦ ʚʳʟʳ-

ʚʘʝʪ ʥʝʵʬʬʝʢʪʠʚʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʙʦʯʝʛʦ ʚʨʝ-

ʤʝʥʠ. ɺʳʷʚʣʝʥʳ ʧʨʠʯʠʥʳ ʢʘʜʨʦʚʦʛʦ ʜʠʩʙʘʣʘʥʩʘ 

ʧʦʨʦʞʜʘʶʪ ʨʷʜ ʧʨʦʙʣʝʤ, ʨʝʰʝʥʠʝ ʢʦʪʦʨʳʭ ʷʚʣʷ-

ʝʪʩʷ ʧʝʨʚʦʦʯʝʨʝʜʥʦʡ ʟʘʜʘʯʝʡ ʢʘʜʨʦʚʦʡ ʧʦʣʠʪʠʢʠ ʚ 

ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʥʠʟʢʘʷ ʦʙʝʩʧʝʯʝʥ-



th[L{I Wh¦wb![ hC {/L9b/9 Ѕ 30, 2020 27 

ʥʦʩʪʴ ʢʘʜʨʘʤʠ ʠ ʜʠʩʙʘʣʘʥʩ ʚ ʩʪʨʫʢʪʫʨʝ ʤʝʜʠʮʠʥ-

ʩʢʠʭ ʨʘʙʦʪʥʠʢʦʚ [3]. ɺ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʠ ʥʘʙʣʶʜʘ-

ʝʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʧʝʮʠʘʣʠʩʪʦʚ, 

ʠʤʝʶʱʠʭ ʚʳʩʰʝʝ ʦʙʨʘʟʦʚʘʥʠʝ ʠ ʧʦʚʳʰʝʥʥʳʡ ʫʨʦ-

ʚʝʥʴ ʦʙʨʘʟʦʚʘʥʠʷ, ʧʨʠ ʢʦʤʧʣʝʢʪʘʮʠʠ ʜʦʣʞʥʦʩʪʝʡ 

ʨʫʢʦʚʦʜʷʱʝʛʦ ʩʦʩʪʘʚʘ ʤʝʜʠʮʠʥʩʢʠʭ ʩʧʝʮʠʘʣʠʩʪʦʚ. 

ʆʩʥʦʚʥʘʷ ʮʝʣʴ ʪʘʢʦʡ ʢʘʜʨʦʚʦʡ ʧʦʣʠʪʠʢʠ ʙʫʜʝʪ 

ʟʘʢʣʶʯʘʪʴʩʷ ʚ ʧʦʜʛʦʪʦʚʢʝ ʠ ʧʝʨʝʧʦʜʛʦʪʦʚʢʝ ʩʧʝʮʠ-

ʘʣʠʩʪʦʚ, ʚʣʘʜʝʶʱʠʭ ʩʦʚʨʝʤʝʥʥʳʤʠ ʟʥʘʥʠʷʤʠ ʠ 

ʩʧʦʩʦʙʥʳʤʠ ʦʙʝʩʧʝʯʠʚʘʪʴ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʠ ʢʣʠ-

ʥʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʫʝʤʳʭ ʚʳʩʦʢʠʭ 

ʤʝʜʠʮʠʥʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʜʠʘʛʥʦ-

ʩʪʠʢʠ, ʣʝʯʝʥʠʷ ʠ ʧʨʦʬʠʣʘʢʪʠʢʠ, ʘ ʪʘʢʞʝ ʜʦʩʪʠʞʝ-

ʥʠʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʚʨʘʯʝʡ 

ʠ ʩʨʝʜʥʝʛʦ ʤʝʜʠʮʠʥʩʢʦʛʦ ʧʝʨʩʦʥʘʣʘ, ʯʪʦ ʧʦʟʚʦʣʠʪ 

ʫʩʪʨʘʥʷʪʴ ʜʠʩʧʨʦʧʦʨʮʠʠ ʢʘʜʨʦʚʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ 

ʚʩʝʭ ʫʨʦʚʥʝʡ ʩʠʩʪʝʤʳ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ. 

ʆʜʥʠʤ ʠʟ ʥʘʧʨʘʚʣʝʥʠʡ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʠʥ-

ʥʦʚʘʮʠʡ, ʚʥʝʜʨʝʥʥʳʭ ʚ ʨʘʙʦʪʫ ʤʝʜʠʮʠʥʩʢʦʡ ʦʨʛʘ-

ʥʠʟʘʮʠʠ, ʤʦʞʝʪ ʩʪʘʪʴ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʢʘʜʨʦʚʦʡ 

ʧʦʣʠʪʠʢʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʥʮʝʧʮʠʠ ʫʩʪʦʡʯʠ-

ʚʦʛʦ ʨʘʟʚʠʪʠʷ ʤʝʜʠʮʠʥʩʢʦʡ ʦʨʛʘʥʠʟʘʮʠʠ. ɺʘʞʥʳʤ 

ʤʦʤʝʥʪʦʤ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʦʨʛʘʥʠʟʘʮʠʷ ʵʬʬʝʢʪʠʚ-

ʥʦʡ ʢʘʜʨʦʚʦʡ ʧʦʣʠʪʠʢʠ ʜʦʣʞʥʘ ʩʦʛʣʘʩʦʚʳʚʘʪʴʩʷ ʩ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʧʦʣʠʪʠʢʦʡ, ʚʳʩʪʫʧʘʷ ʯʘʩʪʴʶ ʩʠ-

ʩʪʝʤʳ ʥʝʧʨʝʨʳʚʥʦʛʦ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘ-

ʥʠʷ, ʧʨʠ ʵʪʦʤ ʥʘʧʨʘʚʣʷʪʴʩʷ ʥʘ ʩʪʠʤʫʣʠʨʦʚʘʥʠʝ ʤʦ-

ʪʠʚʘʮʠʠ ʤʝʜʠʮʠʥʩʢʠʭ ʨʘʙʦʪʥʠʢʦʚ ʧʦʚʳʰʘʪʴ ʩʚʦʶ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʫʶ ʢʚʘʣʠʬʠʢʘʮʠʶ.  
ɻʦʩʫʜʘʨʩʪʚʦ ʦʩʫʱʝʩʪʚʣʷʝʪ ʨʝʛʫʣʠʨʦʚʘʥʠʝ 

ʩʬʝʨʳ ʫʩʣʫʛ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʥʦʨʤʘ-
ʪʠʚʥʦ-ʧʨʘʚʦʚʳʭ ʘʢʪʦʚ, ʫʩʪʘʥʘʚʣʠʚʘʶʱʠʭ ʩʪʨʫʢ-
ʪʫʨʫ ʦʨʛʘʥʦʚ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 
ʫʩʣʫʛ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ, ʧʨʘʚʦʚʦʝ ʧʦʣʦʞʝʥʠʝ ʧʨʦ-
ʜʫʮʝʥʪʦʚ ʫʩʣʫʛ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ ʠ ʦʭʨʘʥʫ ʠʭ ʩʦʙ-
ʩʪʚʝʥʥʦʩʪʠ, ʧʦʨʷʜʦʢ ʟʘʢʣʶʯʝʥʠʷ ʠ ʠʩʧʦʣʥʝʥʠʷ ʭʦ-
ʟʷʡʩʪʚʝʥʥʳʭ ʜʦʛʦʚʦʨʦʚ, ʧʨʘʚʠʣʘ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ 
ʫʩʣʫʛ, ʟʘʱʠʪʫ ʧʨʘʚ ʧʦʪʨʝʙʠʪʝʣʝʡ ʜʘʥʥʳʭ ʫʩʣʫʛ, ʚʦ-
ʧʨʦʩʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʵʪʠʯʝʩʢʦʡ ʩʪʦʨʦʥʦʡ ʦʨʛʘʥʠʟʘ-
ʮʠʠ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʫʩʣʫʛ. 
ɺʘʞʥʳʡ ʘʩʧʝʢʪ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʤʝʭʘʥʠʟʤʘ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ ʥʘ ʩʦʚʨʝ-
ʤʝʥʥʦʤ ʵʪʘʧʝ ʝʝ ʨʘʟʚʠʪʠʷ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʩʦʟʜʘ-
ʥʠʝ ʵʬʬʝʢʪʠʚʥʦʡ ʧʨʘʚʦʚʦʡ ʙʘʟʳ. ʆʪʤʝʪʠʤ, ʯʪʦ 
ʛʣʘʚʥʦʝ ʩʚʦʡʩʪʚʦ ʧʨʘʚʦʚʦʛʦ ʤʝʭʘʥʠʟʤʘ ʟʘʢʣʶʯʘ-
ʝʪʩʷ ʚ ʝʛʦ ʩʚʷʟʠ ʩ ʢʦʥʢʨʝʪʥʦʡ ʮʝʣʴʶ, ʧʨʝʜʧʦʣʘʛʘʷ 
ʦʨʛʘʥʠʟʦʚʘʥʥʫʶ ʠ ʚʟʘʠʤʦʩʚʷʟʘʥʥʫʶ ʩʦʚʦʢʫʧʥʦʩʪʴ, 
ʢʦʪʦʨʘʷ ʩʧʦʩʦʙʥʘ ʦʙʝʩʧʝʯʠʚʘʪʴ ʟʘʢʦʥʥʫʶ ʨʝʘʣʠʟʘ-
ʮʠʶ ʩʫʙʲʝʢʪʘʤʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʠʥʪʝʨʝʩʦʚ. ʇʨʠ 
ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʦʮʠʘʣʴʥʦ-ʤʦʪʠʚʘ-
ʮʠʦʥʥʳʝ ʤʝʪʦʜʳ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʫʤʝʥʴʰʘʪʴ 
ʥʘʛʨʫʟʢʫ ʥʘ ʙʶʜʞʝʪ ʠ ʦʢʘʟʳʚʘʶʪ ʩʪʠʤʫʣʠʨʫʶʱʝʝ 
ʜʝʡʩʪʚʠʝ ʥʘ ʛʨʘʞʜʘʥ ʜʣʷ ʧʦʜʜʝʨʞʢʠ, ʫʢʨʝʧʣʝʥʠʷ ʠ 
ʩʦʭʨʘʥʝʥʠʷ ʩʚʦʝʛʦ ʟʜʦʨʦʚʴʷ ʠ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʟʘ 
ʥʝʛʦ.  
ɺʘʞʥʳʤ ʤʦʤʝʥʪʦʤ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʤʝʪʦʜʳ 

ʤʦʨʘʣʴʥʦʛʦ ʩʪʠʤʫʣʠʨʦʚʘʥʠʷ ʠ ʫʙʝʞʜʝʥʠʷ ʦʛʦʚʘʨʠ-
ʚʘʶʪʩʷ ʩʫʱʝʩʪʚʫʶʱʠʤʠ ʚ ʦʙʱʝʩʪʚʝ ʤʦʨʘʣʴʥʦ-ʵʪʠ-
ʯʝʩʢʠʤʠ ʥʦʨʤʘʤʠ, ʚʟʘʠʤʦʧʦʥʠʤʘʥʠʝʤ ʠ ʚʟʘʠʤʥʳʤ 
ʩʦʪʨʫʜʥʠʯʝʩʪʚʦʤ. ʕʪʦ ʧʨʝʜʧʦʣʘʛʘʝʪ ʥʘʣʠʯʠʝ ʫ 
ʛʨʘʞʜʘʥ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʦʩʪʠ ʚ ʧʦʜʜʝʨʞʢʝ, ʫʢʨʝʧʣʝ-
ʥʠʠ ʠ ʩʦʭʨʘʥʝʥʠʠ ʩʚʦʝʛʦ ʟʜʦʨʦʚʴʷ. ʆʙʝʩʧʝʯʝʥʠʝ 
ʤʝʜʠʮʠʥʩʢʦʡ ʦʪʨʘʩʣʠ ʬʠʥʘʥʩʦʚʳʤʠ ʨʝʩʫʨʩʘʤʠ ʷʚ-

ʣʷʝʪʩʷ ʛʣʘʚʥʳʤ ʬʘʢʪʦʨʦʤ, ʥʘʧʨʘʚʣʝʥʥʳʤ ʥʘ ʦʙʝʩ-
ʧʝʯʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʨʘʟʚʠʪʠʷ ʦʪʨʘʩʣʠ ʥʘ ʩʦʚʨʝ-
ʤʝʥʥʦʤ ʵʪʘʧʝ ʝʝ ʨʝʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʨʘʟʚʠʪʠʷ.  
ʏʪʦ ʢʘʩʘʝʪʩʷ ʛʣʘʚʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʛʦʩʫʜʘʨ-

ʩʪʚʘ ʚ ʨʝʛʫʣʠʨʦʚʘʥʠʠ ʩʠʩʪʝʤʳ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ, ʪʦ 
ʦʥʦ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʠ ʩʫʱʝʩʪʚʫʶ-
ʱʝʡ ʩʠʩʪʝʤʳ ʦʙʝʩʧʝʯʝʥʠʷ ʬʠʥʘʥʩʦʚʳʤʠ ʨʝʩʫʨ-
ʩʘʤʠ, ʘ ʪʘʢʞʝ ʧʦʠʩʢʘ ʥʦʚʳʭ ʠʩʪʦʯʥʠʢʦʚ ʬʠʥʘʥʩʠ-
ʨʦʚʘʥʠʷ ʩ ʧʦʤʦʱʴʶ ʤʝʜʠʮʠʥʩʢʦʛʦ ʩʪʨʘʭʦʚʘʥʠʷ. 
ʆʩʫʱʝʩʪʚʣʝʥʠʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 
ʪʝʩʥʦ ʩʚʷʟʘʥʦ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʪʦʜʦʚ ʘʜʤʠʥʠʩʪʨʘ-
ʪʠʚʥʦ-ʧʨʘʚʦʚʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʦʙʱʝʩʪʚʝʥʥʳʭ ʦʪ-
ʥʦʰʝʥʠʡ. ʆʜʥʘʢʦ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʬʦʨʤʠ-
ʨʦʚʘʥʠʷ ʨʳʥʦʯʥʳʭ ʦʪʥʦʰʝʥʠʡ, ʜʝʤʦʢʨʘʪʠʟʘʮʠʠ ʦʙ-
ʱʝʩʪʚʘ, ʟʥʘʯʝʥʠʝ ʵʪʠʭ ʤʝʪʦʜʦʚ ʩʫʱʝʩʪʚʝʥʥʦ 
ʠʟʤʝʥʠʣʘʩʴ.  
ɺr ʚʦʜʳ ʠ ʧʨʝʜʣʦʞʝʥʠʷ. ʉ ʚʥʝʜʨʝʥʠʝʤ ʥʦʚʳʭ 

ʜʝʤʦʢʨʘʪʠʯʝʩʢʠʭ ʧʨʠʥʮʠʧʦʚ ʚ ʩʦʚʨʝʤʝʥʥʫʶ ʦʙʱʝ-
ʩʪʚʝʥʥʫʶ ʞʠʟʥʴ, ʠʟʤʝʥʝʥʠʝʤ ʩʦʮʠʘʣʴʥʳʭ ʮʝʥʥʦ-
ʩʪʝʡ ʠ ʮʝʣʝʡ, ʚ ʧʨʦʮʝʩʩʝ ʧʦʩʪʨʦʝʥʠʷ ʩʦʮʠʘʣʴʥʦʛʦ, 
ʧʨʘʚʦʚʦʛʦ ʛʦʩʫʜʘʨʩʪʚʘ ʠ ʛʨʘʞʜʘʥʩʢʦʛʦ ʦʙʱʝʩʪʚʘ, 
ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠʦʙʨʝʪʘʝʪ ʚʦʧʨʦʩ ʦʙ ʠʟʤʝʥʝʥʠʠ 
ʩʘʤʦʡ ʜʦʢʪʨʠʥʳ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦʛʦ ʧʨʘʚʘ ʠ ʛʦʩʫ-
ʜʘʨʩʪʚʝʥʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʚ ʩʬʝʨʝ ʦʭʨʘʥʳ ʟʜʦʨʦ-
ʚʴʷ ʥʘʩʝʣʝʥʠʷ. ʆʙʲʝʤ ʥʝʦʙʭʦʜʠʤʳʭ ʬʠʥʘʥʩʦʚʳʭ 
ʨʝʩʫʨʩʦʚ ʚ ʩʬʝʨʝ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ ʯʘʩʪʠʯʥʦ ʟʘʚʠ-
ʩʠʪ ʦʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʪʦʢʦʚ ʧʘʮʠʝʥʪʦʚ, ʩʪʦʠʤʦ-
ʩʪʴʶ ʨʝʩʫʨʩʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʠ ʨʝʘʣʠʟʘʮʠʝʡ ʛʦʩʫ-
ʜʘʨʩʪʚʝʥʥʳʭ ʧʨʦʛʨʘʤʤ ʨʘʟʚʠʪʠʷ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ.  
ʕʪʦʪ ʬʘʢʪ ʚʳʭʦʜʠʪ ʥʘ ʧʝʨʚʳʡ ʧʣʘʥ ʚ ʧʨʦʮʝʩʩʝ 

ʧʨʦʚʝʜʝʥʠʷ ʨʝʬʦʨʤʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʟʜʨʘʚʦʦʭʨʘ-
ʥʝʥʠʷ ʠ ʩʪʨʝʤʣʝʥʠʷ ʜʦʩʪʠʛʘʪʴ ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ 
ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʭ ʤʝʜʠʮʠʥʩʢʠʭ ʫʩʣʫʛ ʥʘʩʝʣʝʥʠʶ. 
ʊʝʤ ʩʘʤʳʤ, ʤʳ ʤʦʞʝʤ ʩʢʘʟʘʪʴ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʘʜ-
ʤʠʥʠʩʪʨʘʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʚ ʨʳʥʦʯʥʦʡ ʩʠʩʪʝʤʝ ʵʢʦ-
ʥʦʤʠʢʠ ʧʦʟʚʦʣʷʝʪ ʩʦʭʨʘʥʠʪʴ ʩʦʮʠʘʣʴʥʫʶ ʩʧʨʘʚʝʜ-
ʣʠʚʦʩʪʴ ʠ ʜʦʩʪʫʧʥʦʩʪʴ ʙʣʘʛ. ʏʪʦ ʢʘʩʘʝʪʩʷ ʵʢʦʥʦʤʠ-
ʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ, 
ʪʦ ʦʥʠ ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʚʘʪʴ ʫʩʣʦ-
ʚʠʷ, ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʱʠʝ ʩʪʠʤʫʣʠʨʦʚʘʥʠʝ ʩʫʙʲʝʢ-
ʪʦʚ ʨʳʥʢʘ ʜʝʡʩʪʚʦʚʘʪʴ ʚ ʥʝʦʙʭʦʜʠʤʦʤ ʜʣʷ ʦʙʱʝ-
ʩʪʚʘ ʥʘʧʨʘʚʣʝʥʠʠ, ʨʝʰʘʷ ʨʷʜ ʟʘʜʘʯ.  
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Abstract 
The fundamentals of sintering, including the activation energies for densification and the microstructure of 

the zirconia ï wollastonite system were studied. The estimation of activation energy for densification, which is 

between 45-63 kJ/mol., activation energy is corresponding to the mechanism of surface diffusion. It has been found 

that the process of grain growth in this system is determined by surface diffusion and sintering temperatures, which 

are major factors in determining the complex structure of zirconia ð wollastonite ceramic composites. Apparently, 

the interfacial interaction, which manifests itself in a change in the structural state of composites, leads to changes 

in its lattice parameters in the phases: monoclinic, cubic, tetragonal phases of zirconium dioxide and monoclinic, 

triclinic phases of wollastonite in the system. 

Keywords: activation energy, densification, microstructure, zirconia, wollastonite. 

 

I. INTRODUCTION  

Zirconium dioxide is one of the most studied ce-

ramic materials due to its properties. It is used in vari-

ous products. Zirconium dioxide stabilized with mag-

nesium oxide has a special place because of its unique 

combination of properties [1]; high refractory, wear re-

sistance, heat resistance, chemical resistance, resistance 

to radiation note is biological compatibility. Ceramics 

ZrO2 (MgO) is demanded in metallurgy because of high 

refractory and heat resistance, good resistance by react-

ing with molten metal and slags. It should be noted that 

the strength properties of ceramics are based on a 

plasma chemical of powders ZrO2 (MgO) studied insuf-

ficiently. However, the main disadvantage of ceramics 

is based on the strong dependence on the strength prop-

erties of the temperature when the hardening effect due 

to tetragonal-monoclinic transition under load is not re-

alized [2]. Possibility of the creation of porous materi-

als based on zirconia dioxide, in the case of porous ma-

terials based on zirconium dioxide, porous structure can 

act as an effective relaxation stress concentrator, which 

occurs during mechanical loading. Another embodi-

ment of mechanical strength at elevated temperatures is 

to introduce the second phase, particularly in the form 

of fibers. For these purposes, it is possible to use a nat-

ural compound of wollastonite [3]. As mentioned be-

fore, it is well known [1], [3] that zirconia and wollas-

tonite have excellent properties and are widely used in 

various industries and technologies. However, in the 

literature there is insufficient data on the sintering tem-

perature and detailed investigation of the significant ef-

fects of sintering temperature on the microstructure of 

zirconia ï wollastonite ceramic composite system. 

Therefore, the aim of this study was to investigate 

the fundamentals of sintering, including the activation 

energies for densification and the microstructure of zir-

conia ï wollastonite system, with different contents of 

CaSiO3 and different sintering temperatures. 

II. EXPERIMENTAL PROCEDURE  

The materials used in this research are the powders 

ZrO2 (3%MgO), obtained by the decomposition of liq-

uid precursors in high plasma and natural wollastonite 

(CaSiO3) powders. The average particle size of zirconia 

was 1-10 ɛm and wollastonite powder with a particle 

size between 10-60 ɛm. Mixing of powders with differ-

ent contents of CaSiO3 of 1-25 volumes.%, mix these 

two powders homogeneously by using a ball milling 

machine. The samples were pressed into a cylindrical 

shape on cold isostatic pressing with compacting hy-

draulic pressure 300 MPa. The samples were sintered 

at different temperatures 1000-1650ǓC in the furnace. 

The heating rate was used during the sintering at a max-

imum heating rate of 5ǓC per minute and a maximum 

cooling rate of 10ǓC per minute.  

The bulk density of the powder mixture was deter-

mined. Bulk density, (ɟv) is calculated using the follow-

ing formula: 

M

V
r=    (1) 

Where M ð the mass of powder, poured into the 

measuring cylinder with shaking, (gm) V ð the vol-

ume of the measuring cylinder, (cm3). 

 

The open porosity of the ceramic is determined by 

weighing dry (Wd), then re-measuring the weight of the 
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ceramic when it is weighted in water (Ws) and then it is 

removed from the water (Ww): 

 

Open porosity = 100w d

w s

W W

W W

-
³

-
   (2) 

The true porosity is the ratio of the total volume of 

all pores, both interconnected and sealed to the volume 

of material. True porosity that characterizes the best 

properties of the ceramic is expressed by the formula: 

 

True porosity = 100
Br

r

-
³   (3) 

Where 

100d

w s

W

W W
³

-
   (4) 

B ð the bulk density, and ɟ ð true density or spe-

cific gravity of the ceramic. 

 

The Arrhenius equation can be used to determine 

the activation energy for a reaction based on how the 

rate constant changes with temperature. The Arrhenius 

equation establishes a relationship between the activa-

tion energy Q and temperature, determined by the fol-

lowing formula: 

0 exp
Q

D D
RT

å õ
= -æ ö

ç ÷
  (5) 

Where Q ð the activation energy, T ð absolute 

temperature (ǓK). D0 ð pre-exponential factor, and R 

ð gas constant. 

The transition in coordinates from 1/T is used to 

determine the activation energy required for a chemical 

reaction and is determined by the following formula: 

1

T

Ln
T

r

r

å õ
-æ ö

ç ÷
  (6) 

Where ɟ ð density ð density m-ZrO2, and T ð 

temperature (ǓK). 

 

Investigation of the macro and microstructure of 

experimental composite materials were examined by 

optical metallography microscope Neophot 21 and 

scanning electron microscopy Philips SEM505 (accel-

eration voltage 30 kV) of randomly selected areas of 

the polished and thermally etched samples using the 

linear intercept method. The phase analysis, crystalline 

size, and lattice parameters of samples were determined 

by X-ray diffraction (XRD). X-ray diffraction analysis 

was carried out using CuKŬ (ɚ = 1.54178 nm) radiation 

source at a voltage of 40 kV and a current of 20 mA. 

Continuous scanning was carried out from 15Ǔ as 2ɗ 

start position to 120Ǔ as 2ɗ end position, with a step size 

of 0.05 and step time of 1 sec. The duration of an X-ray 

exposure at each point has enough to produce, a relative 

error on the background count rate of less than 3%. The 

relative size of the coherence length (CL) was carried 

out by the broadening of the most intense X-ray reflec-

tions at small-angle scattering and diffraction [4]. 

III. RESULTS AND DISCUSSION 

Figure 1 shows XRD patterns related to the phase 

composition in the bulk samples after sintering at the 

temperature 1650ǓC, with the contents of 1-25 Vol.% 

CaSiO3. It was shown that the phase composition of ce-

ramic composites zirconia ï wollastonite system 

changes after sintering are comprised of five phases, a 

combination of : tetragonal cubic, and monoclinic 

phases of zirconium dioxide and triclinic and mono-

clinic phases of wollastonite. 

In Figure 2, it shows that a sharp change at various 

sintering temperatures in the range from 1200 to 

1300ǓC, of the transition phase from tetragonal to mon-

oclinic zirconium is in the range of 1200 to 1300ǓC. In-

deed, it can be seen from the determination of inter-

planar distances from diffraction patterns that their 

sharp change is observed in the temperature range from 

1200 to 1300ǓC. At a time when there is an intense in-

teraction between the components of the composite ma-

terial. 

 

 
Fig. 1. X-ray diffraction patterns of ceramic composites ZrO2 (3%MgO) ï CaSiO3 system, with different wollas-

tonite contents and sintered at the temperature 1650ǓC 
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Fig. 2. Changing the interplanar spacing d111 monoclinic zirconia sintered at different temperatures 

 

It is found that the crystallite size of the t-ZrO2 

varied from 20-80 nm, a crystallite size of c-ZrO2 

ranged from 19 to 38 nm, a crystallite size of m-ZrO2 

ranged from 35 to 65 nm (Fig. 3), and the crystallite 

size m-CaSiO3 was 20-45 nm, and the crystallite size of 

the t-CaSiO3 varied between 25-55 nm. The depend-

ences of the grain size of sintered specimens with dif-

ferent contents of wollastonite are studied. It is shown 

that the grain size of composites ZrO2 (MgO) -CaSiO3 

varies from 0.7 to 3.9 ɛm depending on the sintering 

temperature and wollastonite microfibers in the compo-

site materials. It is noted that in the presence of CaSiO3 

content this will take effect on the average grain size in 

the composite materials, and their size appears to be 

smaller when adding the high contents of CaSiO3 as 

shown in Figure 4. 
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Fig. 3. The crystallite size of m-ZrO2 and sintering temperature 
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Fig. 4. The average grain size of composite ceramics on the content of CaSiO3 (1-25 Vol.%) 
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Figure 5 shows that the density changes in the 

range from 1.56 to 4.91 g/cm3, and the porosity de-

creased by 73-17% (Fig. 6) with an increase in the sin-

tering temperature and depends on the CaSiO3 content. 

Sintering temperature has a significant effect on the 

density, which can be described by the first segment of 

the line graphs. While increasing the temperature from 

1000 to 1100ęC, there is a slight increase in the density 

of composites. The second segment of the line graphs, 

the results indicated that an increase in the temperature 

was in the range of 1100 to 1300ęC, observed that the 

density of the samples increased sharply due to the in-

tensive interfacial interaction between zirconium oxide 

and wollastonite in the components of the composite 

materials [5]. The third segment of the line graphs, 

when the sintering temperature is raised from 1300 to 

1650ęC, the compression and decompression process 

ends; therefore, it does not affect the density (porosity) 

of the composite. 
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Fig. 5. Changes the density of the samples versus the sintering temperature of zirconia ï wollastonite system 
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Fig. 6. The dependence on porosity in composites sintered at different temperatures 

 

There is the apparent activation energy according 

to the sintering theory, the most important indicator of 

the sintering process. According to the dependences of 

changes in density at the active stage of sintering, Fig. 

3.8. The Arrhenius equation establishes a relationship 

between the activation energy Q and temperature. The 

Arrhenius plot (Fig.7) versus 1/T is used to determine 

the activation energy required for a chemical reaction. 

The estimation of activation energy for densification, 

which is between 45-63 kJ/mol. These studies indicate 

that surface diffusion can play an important role in the 

supply of reagents to the catalytic site. Consequently, 

the activation energies correspond to the mechanism of 

surface diffusion due to the activation energies of an 

order of magnitude lower than the activation energies 

of self-diffusion, for example, the ZrO2-CaO system, 

for which this energy for Zr and Ca is 390 and 420 

kJ/mol, respectively [6], [7]. This suggests that the 

grain growth process in the system will likely be deter-

mined by surface diffusion [8], [9]. 
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Fig. 7. The change in the density of sintered composite materials from the sintering temperature in the coordi-

nates Ln (ɟ/ɟT) ï 1/T (k-1). 

 

IV.  CONCLUSIONS 

These results show that an increase of sintering 

temperature and an increase in the content of wollas-

tonite affect the change in the formation of their struc-

ture, complex phase composition, and parameters in the 

crystal structure of ceramic composites based on 

ZrO2(MgO) ï CaSiO3 system. It has been found that the 

interplanar spacings according to the diffraction pat-

terns, as in the ZrO2 phases and CaSiO3 phases, change 

sharply at a temperature of 1200ï1300ǓC. Apparently, 

the interfacial interaction, which manifests itself in a 

change in the structural state of zirconium dioxide, 

leads to changes in its lattice parameters in the phases: 

monoclinic, cubic, and tetragonal phases of zirconium 

dioxide and the monoclinic phase of wollastonite in the 

ZrO2 (MgO) ï CaSiO3 system. It has been shown that 

the process of grain growth in this system is determined 

by surface diffusion, which is more specifically dis-

played, and by the sintering temperature, as well as by 

the percentage of wollastonite in the samples. These pa-

rameters are the main factors that determine the com-

plex structure and mechanical properties of the mate-

rial. The sintering activation energy was estimated be-

tween 45 to 63 kJ/mol. 
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Abstract 

Effects of sintering temperature on the densification, microstructure and compressive strength of composite 

samples were investigated. The densification of the samples was enhanced with an increase of the sintering tem-

perature, and the highest sintered density 4.91 g/cm3 was achieved at the sintering temperature of 1650ǓC. The 

maximum compressive strength has reached 270 MPa sintered at 1650ǓC with samples containing 1 vol.%, and 5 

vol.% CaSiO3 sintered at 1300ǓC. It is seen that the strength and modulus of elasticity of zirconia ï wollastoniteò 

ceramic composites were accompanied by a decrease in the proportion of the tetragonal phase due to the tetragonal 

ð monoclinic transformation in zirconia, and their density increases with increasing sintering temperature. At 

temperatures from 1100 to 1300ǓC, there is an intense interfacial interaction in composite materials between zir-

conium dioxide and wollastonite, which determines the complex nature of the formation of their structure and 

mechanical properties of the material. 

Keywords: sintering temperature, densification, compressive strength, ceramic composite. 

 

I. INTRODUCTION  

Zirconium dioxide is one of the most studied ce-

ramic materials due to its properties. It is used in vari-

ous products. Zirconium dioxide stabilized with mag-

nesium oxide has a special place because of its unique 

combination of properties [1]; high refractory, wear re-

sistance, heat resistance, chemical resistance, resistance 

to radiation note is biological compatibility. Ceramics 

ZrO2 (MgO) is demanded in metallurgy because of high 

refractory and heat resistance, good resistance by react-

ing with molten metal and slags. It should be noted that 

the strength properties of ceramics are based on a 

plasma chemical of powders ZrO2 (MgO) studied insuf-

ficiently. However, the main disadvantage of ceramics 

is based on the strong dependence on the strength prop-

erties of the temperature when the hardening effect due 

to tetragonal-monoclinic transition under load is not re-

alized [2]. Possibility of the creation of porous materi-

als based on zirconia dioxide, in the case of porous ma-

terials based on zirconium dioxide, porous structure can 

act as an effective relaxation stress concentrator, which 

occurs during mechanical loading. Another embodi-

ment of mechanical strength at elevated temperatures is 

to introduce the second phase, particularly in the form 

of fibers. For these purposes, it is possible to use a nat-

ural compound of wollastonite [3]. However, in the lit-

erature there is insufficient data on the sintering tem-

perature of zirconia ï wollastonite ceramic composite 

system.  

Therefore, the purpose of this study was to deter-

mine the effects of sintering temperature on the densi-

fication and compressive strength properties of zirconia 

ï wollastonite composites. 

II. EXPERIMENTAL PROCEDURE  

The materials used in this research are the powders 

ZrO2 (3%MgO), obtained by the decomposition of liq-

uid precursors in high plasma and natural wollastonite 

(CaSiO3) powders. The average particle size of zirconia 

was 1-10 ɛm and wollastonite powder with a particle 

size between 10-60 ɛm. Mixing of powders with differ-

ent contents of CaSiO3 of 1-25 volumes.%, mix these 

two powders homogeneously by using a ball milling 

machine. The samples were pressed into a cylindrical 

shape on cold isostatic pressing with compacting hy-

draulic pressure 300 MPa. The samples were sintered 

at different temperatures 1000-1650ǓC in the furnace. 

The heating rate was used during the sintering at a max-

imum heating rate of 5ǓC per minute and a maximum 

cooling rate of 10ǓC per minute. The pressed and sin-

tered specimens were measured for geometric dimen-

sions and weight, and green density, sintered specimen 

density, and theoretical density were calculated. The 

shrinkage value of the samples was calculated from the 

change in the dimensions of the sample before and after 

sintering. 

Investigation of the macro and microstructure of 

experimental composite materials were examined by 

optical metallography microscope Neophot 21 and 

scanning electron microscopy Philips SEM505 (accel-

eration voltage 30 kV) of randomly selected areas of 

the polished and thermally etched samples using the 

linear intercept method. The phase analysis, crystalline 

size, and lattice parameters of samples were determined 

by X-ray diffraction (XRD). X-ray diffraction analysis 

was carried out using CuKŬ (ɚ = 1.54178 nm) radiation 

source at a voltage of 40 kV and a current of 20 mA. 

Continuous scanning was carried out from 15Ǔ as 2ɗ 



34  th[L{I Wh¦wb![ hC {/L9b/9 Ѕ 30, 2020 

start position to 120Ǔ as 2ɗ end position, with a step size 

of 0.05 and step time of 1 sec. The duration of an X-ray 

exposure at each point has enough to produce, a relative 

error on the background count rate of less than 3%. The 

relative size of the coherence length (CL) was carried 

out by the broadening of the most intense X-ray reflec-

tions at small-angle scattering and diffraction [4]. 

The measurements of mechanical properties of ce-

ramics were conducted on an Instron 1185 Universal 

testing machine with a crosshead speed of 0.20 

mm/min at room temperature and a load of 2000 kg. 

The determination of compressive strength, including 

stress-strain behavior, under monotonic uniaxial load-

ing of advanced ceramics at ambient temperature was 

determined in accordance with standard test method 

(ASTM C1424-15) [5].  

III. RESULTS AND DISCUSSION 

The dependences of the grain size of sintered spec-

imens with different contents of wollastonite are stud-

ied. It is shown that the grain size of zirconia ï wollas-

tonite varies from 0.7 to 3.9 ɛm depending on the sin-

tering temperature and wollastonite microfibers in the 

composite materials. Figure 1 shown microstructures 

determined from the SEM images (a) in the content of 

1 vol. % CaSiO3, the grain size was 2 ɛm, ů = 0.8 and 

(b) in the content of 10 vol. % CaSiO3, the grain size 

was 0.9 ɛm, ů = 0.2. 

 

  
(a) (b) 

Fig 1. Microstructures determined from the SEM images 
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Fig 2. Changes the density of the samples versus the sintering temperature of composite zirconia ïwollastonite 

 

The density changes in the range from 1.56 to 

4.91 g/cm3, and the porosity decreased by 73-17% with 

an increase in the sintering temperature. Sintering tem-

perature has a significant effect on the density, which 

can be described by the first segment of the trend line 

graphs. While increasing the temperature from 1000 to 

1100ęC, there is a slight increase in the density of com-

posites. The second segment of the trend line graphs, 

the results indicated that an increase in the temperature 

was in the range of 1100 to 1300ęC, observed that the 

density of the samples increased sharply due to the in-

tensive interfacial interaction between zirconium oxide 

and wollastonite in the components of the composite 

materials [6]. The third segment of the trend line 

graphs, when the sintering temperature is raised from 

1300 to 1650ęC, the compression and decompression 

process ends; therefore, it does not affect the density 

(porosity) of the composite. 
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Fig 3. Changes in interplanar spacing d111 of monoclinic zirconia versus on density 

 

Trend lines can most clearly be seen in interplanar 

spacing relationship with the density of the composite 

materials. Indeed, it can manifest itself through a sharp 

change in interplanar spacing d111 of the zirconia phase 

in the composite. It can be observed in the temperature 

range from 1200 to 1300ǓC. At this temperature, the 

compression was observed due to interfacial interac-

tion. During sintering the average grain size increases 

as a function of relative density and also leads to 

changes in the parameters of the crystal structure [7]. 

The crystallite size (CDD) and grain size of the sintered 

sample decreased with increasing the sintering temper-

ature. It also leads to changes in the parameters of the 

crystal structures and their physical properties of zirco-

nia ï wollastonite ceramic composites [8]. 

Figure 4 shows the changes of compressive 

strength of zirconia ï wollastonite ceramic composites 

versus sintering temperature. Figure 5 presents that the 

dependence of compressive strength on sintering tem-

perature. The graph shows that the maximum strength 

of 270 MPa in compression was achieved at 1650ǓC in 

samples containing 1 vol.% CaSiO3, and in samples 

containing 5 vol.% CaSiO3 at 1300ǓC.  
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Fig 4. Crystallite size monoclinic zirconia (m-ZrO2) on density 
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Fig 5. The dependence of compressive strength on sintering temperature 
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Fig 6. Dependence of compressive strength on porosity 

 

The relationship between porosity and compres-

sive strength as shows in Figure 6, it demonstrates that 

the strength of composite samples depend on the poros-

ity of zirconia ï wollastonite ceramic composites.  

The analysis provides the results of the compres-

sion test of a ceramic sample (Fig. 5), these can be di-

vided into three groups as follows: The first group con-

sists of the beginning of the contents of 1 Vol.%. It is 

observed that the density increases with increasing sin-

tering temperature. However, there are other micro-

structural factors that also affect the mechanical perfor-

mance of the composite samples such as phase trans-

formation and density (porosity). Both features cer-

tainly might impact strength through the existence of 

maximum strength and modulus of elasticity of sam-

ples. The second group, consisting of the medium con-

tents 5 and 10 Vol.% of CaSiO3. It was found that the 

strength of the composites increased significantly at a 

sintering temperature of 1200ï1300ǓC, which is due to 

the intensive interfacial interaction of a composite com-

ponent between zirconia and wollastonite. 
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Fig 7. The relationship between stress (ůM) and strain (ŮM) of zirconia ï wollastonite 

 

 However, when the rising temperature rises to 

more than 1300ǓC, the compression and decompression 

ends, thus they do not affect changes in the structural 

components and mechanical properties of ceramics. It 

demonstrates that the process of grain growth and phase 

transformation and also porosity decreased with density 

increased, which have a significant influence on the 

strength of the materials. The third group, consisting of 

high contents of CaSiO3 (25 Vol.%). It is seen that the 

addition of CaSiO3 leads to weakness (loss of strength) 

which is due to an increase in the content of CaSiO3. 

V. CONCLUSIONS 

The results obtained in the work demonstrate that 

the sintering temperatures are the main factors deter-

mining the physical and mechanical properties of zir-

conia ï wollastonite ceramic composite. At tempera-

tures from 1100 to 1300ÁC, a sharp increase in density 

is observed (porosity decreases), apparently due to the 

interphase interaction of zirconium oxide and wollas-

tonite; however, after a temperature of 1300ǓC, some 

decompaction of the samples occurs; compaction pro-

cess ends. The maximum compressive strength has 

reached 270 MPa sintered at 1650ǓC with samples con-

taining 1 vol.%, and 5 vol.% CaSiO3 sintered at 1300ǓC. 

It is seen that the strength and modulus of elasticity of 

zirconia ï wollastonite ceramic composites were ac-

companied by a decrease in the proportion of the tetrag-

onal phase due to the tetragonal ð monoclinic trans-

formation in zirconia, and their density increases with 

increasing sintering temperature. 
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ɸʥʦʪʘʮʽʷ 

ʋ ʩʪʘʪʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʟʘʜʘʯʘ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʚʠʙʦʨʫ ʪʘ ʦʙ'ʻʜʥʘʥʥʷ ʝʣʝʤʝʥʪʽʚ, ʙʣʦʢʽʚ ʢʦʥʪʨʦʣʴʥʦ-ʜʽʘ-

ʛʥʦʩʪʠʯʥʦʾ ʘʧʘʨʘʪʫʨʠ, ʷʢʽ ʤʘʶʪʴ ʩʪʨʫʢʪʫʨʫ ʽʟ ʟʘʛʘʣʴʥʦʶ ʰʠʥʦʶ. ʇʦʢʘʟʘʥʦ, ʱʦ ʪʘʢʘ ʟʘʜʘʯʘ ʬʦʨʤʘʣʽʟʦʚʘʥʘ 

ʷʢ ʤʦʜʝʣʴ ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʟʘʜʘʯʽ ʙʫʣʝʚʠʭ ʟʤʽʥʥʠʭ, ʷʢʽ ʧʨʠʡʤʘ-

ʶʪʴ ʪʽʣʴʢʠ ʜʚʘ ʟʥʘʯʝʥʥʷ, ʜʣʷ ʩʧʨʦʱʝʥʥʷ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʧʨʦʮʝʜʫʨ ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʨʘʮʽʦʥʘʣʴʥʦʾ ʩʪʨʫʢ-

ʪʫʨʠ ʩʠʥʪʝʟʦʚʘʥʦʾ ʢʦʥʪʨʦʣʴʥʦ-ʜʽʘʛʥʦʩʪʠʯʥʦʾ ʘʧʘʨʘʪʫʨʠ. ɼʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʧʦʩʪʘʚʣʝʥʠʭ ʟʘʜʘʯ ʧʨʦʧʦʥʫʻʪʴʩʷ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʝʪʦʜʠ ʚʽʜʩʽʢʘʥʴ ʘʙʦ ʢʦʤʙʽʥʘʪʦʨʥʽ ʤʝʪʦʜʠ. 

Abstract 

The article proposes the problem of rational selection and combination of elements, blocks of control and 

diagnostic equipment, which have a structure with a common bus. It is shown that such a problem is formalized 

as a model of linear programming. The use of Boolean variables in the problem, which take only two values, is 

proposed to simplify computational procedures in determining the rational structure of the synthesized control and 

diagnostic equipment. It is suggested to use clipping methods or combinatorial methods to solve the set tasks. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʤʦʜʝʣʴ, ʟʘʩʽʙ ʚʦʜʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ, ʢʦʥʪʨʦʣʴ, ʪʝʭʥʽʯʥʠʡ ʩʪʘʥ. 

Keywords: model, water vehicles, control, technical condition. 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ 
ʅʘ ʟʤʽʥʫ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʟʘʩʦʙʽʚ ʚʦʜʥʦʛʦ ʪʨʘ-

ʥʩʧʦʨʪʫ (ɿɺʊ) ʪʘ ʾʭ ʩʢʣʘʜʦʚʠʭ ʝʣʝʤʝʥʪʽʚ, ʙʣʦʢʽʚ 

(ʦʩʦʙʣʠʚʦ ʨʘʜʽʦʪʝʭʥʽʯʥʦʛʦ ʪʘ ʨʘʜʽʦʝʣʝʢʪʨʦʥʥʦʛʦ 

ʟʤʽʩʪʫ) ʧʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʶʪʴ ʞʦʨʩ-

ʪʢʽ ʫʤʦʚʠ, ʧʦʚ'ʷʟʘʥʽ ʟ ʘʛʨʝʩʠʚʥʠʤ ʥʘʚʢʦʣʠʰʥʽʤ ʩʝ-

ʨʝʜʦʚʠʱʝʤ (ʚʽʪʨʘ, ʧʽʜʚʠʱʝʥʘ ʚʦʣʦʛʽʩʪʴ, ʩʦʣʦʥʘ 

ʚʦʜʘ ʪʦʱʦ) ʽ ʟ ʨʽʟʥʠʤʠ ʢʣʽʤʘʪʠʯʥʠʤʠ ʫʤʦʚʘʤʠ (ʦʩʦ-

ʙʣʠʚʦ ʜʣʷ ʤʦʨʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ) [1], [2]. ɿʘʙʝʟʧʝ-

ʯʝʥʥʷ ʙʝʟʘʚʘʨʽʡʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ɿɺʊ ʤʦʞʣʠʚʝ ʧʨʠ 

ʽʩʥʫʚʘʥʥʽ ʚʽʜʧʦʚʽʜʥʦʾ ʩʠʩʪʝʤʘ ʢʦʥʪʨʦʣʶ ʪʘ ʜʽʘʛʥʦʩ-

ʪʫʚʘʥʥʷ ʾʭ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ. ʊʘʢʘ ʩʠʩʪʝʤʘ ʧʦʚʠʥʥʘ 

ʟʘʜʦʚʦʣʴʥʷʪʠ ʧʝʚʥʠʤ ʧʦʢʘʟʥʠʢʘʤ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ 

ʜʦʟʚʦʣʷʪʠ ʧʽʜʪʨʠʤʫʚʘʪʠ ʥʝʦʙʭʽʜʥʠʡ ʪʝʭʥʽʯʥʠʡ ʩʪʘʥ 

ɿɺʊ ʧʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʦʩʦʙʣʠʚʦ ʧʨʠ ʟʜʽʡʩʥʝʥʥʽ 

ʨʫʭʫ ʟʘ ʧʦʪʨʽʙʥʠʤ ʤʘʨʰʨʫʪʦʤ [3], [4]. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʽ ʧʫʙʣʽʢʘʮʽʡ 
ʇʽʜʪʨʠʤʘʥʥʷ ʧʦʪʨʽʙʥʦʛʦ ʨʽʚʥʷ ʩʧʨʘʚʥʦʩʪʽ ɿɺʊ 

ʤʦʞʣʠʚʦ ʧʨʠ ʝʬʝʢʪʠʚʥʦʤʫ ʬʫʥʢʮʽʦʥʫʚʘʥʥʽ ʚʽʜʧʦʚʽ-

ʜʥʦʾ ʩʠʩʪʝʤʠ ʾʭ ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. ʊʘʢʘ 

ʩʠʩʪʝʤʘ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʢʦʥʪʨʦʣʴ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʥʪʨʦʣʴʥʦ-ʜʽʘʛʥʦʩʪʠʯʥʦʾ ʘʧʘʨʘʪʫʨʠ 

ʪʘ ʧʨʦʚʝʜʝʥʥʷ ʦʧʝʨʘʮʽʡ (ʟʘʣʝʞʥʦ ʚʽʜ ʨʝʟʫʣʴʪʘʪʽʚ 

ʢʦʥʪʨʦʣʶ) ʟ ʧʽʜʪʨʠʤʢʠ ʪʝʭʥʽʯʥʦʾ ʩʧʨʘʚʥʦʩʪʽ ʜʣʷ 

ʟʙʽʣʴʰʝʥʥʷ ʛʦʪʦʚʥʦʩʪʽ ɿɺʊ ʜʦ ʝʢʩʧʣʫʘʪʘʮʽʾ [3] ï [7]. 

ʈʝʟʫʣʴʪʘʪʠ ʘʥʘʣʽʟʫ ʽʩʥʫʶʯʠʭ ʤʦʜʝʣʝʡ ʪʝʭʥʽʯ-

ʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʩʢʣʘʜʥʠʭ ʚʠʨʦʙʽʚ, ʦʮʽʥʢʠ 

ʚʧʣʠʚʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʥʪʨʦʣʴʥʦ-ʜʽʘʛʥʦʩʪʠʯʥʦʾ 

ʘʧʘʨʘʪʫʨʠ (ʂɼɸ) ʥʘ ʧʨʦʮʝʩʠ ʚʠʤʽʨʶʚʘʥʴ ʽ ʚʠʤʽʨʶ-

ʚʘʣʴʥʦʛʦ ʢʦʥʪʨʦʣʶ ʧʘʨʘʤʝʪʨʽʚ ʚʠʨʦʙʽʚ ʜʦʟʚʦʣʷʶʪʴ 

ʚʠʙʨʘʪʠ ʢʨʠʪʝʨʽʡ ʢʨʘʱʦʾ ʘʙʦ ʨʘʮʽʦʥʘʣʴʥʦʾ (ʦʧʪʠʤʘ-

ʣʴʥʦʾ) ʦʨʛʘʥʽʟʘʮʽʾ ʩʠʩʪʝʤʠ ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫ-

ʚʘʥʥʷ ɿɺʊ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʫʤʦʚ ʾʭ ʝʢʩʧʣʫʘʪʘʮʽʾ [8]. 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʥʝʜʦʩʢʦʥʘʣʘ ʩʠʩʪʝʤʘ 

ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ɿɺʊ ʤʦʞʝ ʟʚʝʩʪʠ ʥʘʥʽ-

ʚʝʮʴ ʨʝʟʫʣʴʪʘʪʠ ʷʢʽʩʥʦʾ ʧʝʨʝʚʽʨʢʠ ʽ ʨʝʤʦʥʪʫ, ʚʠʢʦ-

ʥʘʥʽ ʦʢʨʝʤʦ [5], [9]. ʊʘʢ, ʥʝʩʚʦʻʯʘʩʥʦ ʚʠʷʚʣʝʥʽ ʚʽʜ-

ʤʦʚʠ ʤʦʞʫʪʴ ʙʫʪʠ ʧʨʠʯʠʥʘʤʠ ʜʦʜʘʪʢʦʚʠʭ ʚʪʨʘʪ 

(ʥʘʧʨʠʢʣʘʜ, ʤʘʪʝʨʽʘʣʴʥʠʭ, ʯʘʩʦʚʠʭ) ʧʽʜ ʯʘʩ ʨʫʭʫ 

ɿɺʊ ʟʘ ʤʘʨʰʨʫʪʦʤ. ʆʜʥʘʢ, ʩʣʽʜ ʚʨʘʭʦʚʫʚʘʪʠ ʽ ʚʠ-

ʪʨʘʪʠ ʥʘ ʧʨʦʚʝʜʝʥʥʷ ʢʦʥʪʨʦʣʶ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ 

ɿɺʊ, ʷʢʽ ʤʦʞʫʪʴ ʟʥʘʯʥʦ ʟʙʽʣʴʰʫʚʘʪʠ ʚʠʪʨʘʪʠ ʥʘ 

ʝʢʩʧʣʫʘʪʘʮʽʶ ɿɺʊ ʟʘ ʨʘʭʫʥʦʢ ʥʝʦʧʪʠʤʘʣʴʥʦʛʦ ʧʨʦ-

ʚʝʜʝʥʥʷ ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ [10], [11]. 

ʈʝʟʫʣʴʪʘʪʠ ʘʥʘʣʽʟʫ ʩʫʯʘʩʥʦʛʦ ʩʪʘʥʫ ʧʘʨʢʫ ʂɼɸ 

ʜʣʷ ʢʦʥʪʨʦʣʶ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʩʢʣʘʜʥʠʭ ʢʦʤʧʣʝʢ-

ʩʽʚ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʩʫʯʘʩʥʠʭ ɿɺʊ, ʧʦʢʘʟʫʶʪʴ, ʱʦ ʚʽʥ 
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ʤʽʩʪʠʪʴ ʜʦʩʪʘʪʥʴʦ ʰʠʨʦʢʠʡ ʘʨʩʝʥʘʣ ʟʘʩʦʙʽʚ ʜʣʷ ʚʠ-

ʤʽʨʶʚʘʥʥʷ ʙʫʜʴ-ʷʢʠʭ ʚʝʣʠʯʠʥ. ɸʣʝ ʜʦ ʥʝʜʘʚʥʴʦʛʦ 

ʯʘʩʫ ʧʨʠ ʨʦʟʨʦʙʮʽ ʂɼɸ, ʷʢ ʧʨʘʚʠʣʦ, ʥʝ ʧʝʨʝʜʙʘʯʘ-

ʣʦʩʴ ʩʫʤʽʩʥʝ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʩʢʣʘʜʽ ʽʥʰʠʭ ʟʘʩʦ-

ʙʽʚ ʢʦʥʪʨʦʣʶ, ʙʽʣʴʰ ʩʢʣʘʜʥʠʭ ʟʘ ʩʪʨʫʢʪʫʨʦʶ ʪʘ ʦʨ-

ʛʘʥʽʟʘʮʽʻʶ. ʋ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʂɼɸ ʚʠʢʦʨʠʩʪʦ-

ʚʫʚʘʣʠʩʴ ʪʽʣʴʢʠ ʫ ʚʠʛʣʷʜʽ ʦʢʨʝʤʠʭ ʘʚʪʦʥʦʤʥʠʭ 

ʧʨʠʣʘʜʽʚ, ʷʢʽ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʦʜʥʽʻʾ ʚʝ-

ʣʠʯʠʥʠ ʘʙʦ ʥʝʚʝʣʠʢʦʾ ʛʨʫʧʠ, ʷʢ ʧʨʘʚʠʣʦ, ʦʜʥʦʨʽʜ-

ʥʠʭ ʚʝʣʠʯʠʥ. ʎʝ ʦʙʤʝʞʫʚʘʣʦ ʧʦʪʝʥʮʽʡʥʽ ʤʦʞʣʠʚʦ-

ʩʪʽ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ. ʈʦʟʰʠʨʝʥʥʷ ʤʦʞʣʠʚʦʩʪʝʡ 

ʱʦʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʂɼɸ ʜʘʻ ʩʪʚʦʨʝʥʥʷ ʥʘ ʾʭ ʦʩʥʦʚʽ 

ʽʥʬʦʨʤʘʮʽʡʥʦ-ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʩʠʩʪʝʤ [8], [12].  

ʇʨʠ ʚʠʟʥʘʯʝʥʥʽ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ɿɺʊ ʘʢʪʫʘʣʴ-

ʥʠʤ ʻ ʨʦʟʨʦʙʢʘ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʫʯʘʩʥʦʾ ʚʠʤʽʨʶ-

ʚʘʣʴʥʦʾ ʪʝʭʥʽʢʠ. ʂʨʽʤ ʪʦʛʦ, ʝʢʩʧʣʫʘʪʘʮʽʷ ɿɺʊ ʟʘ ʬʘ-

ʢʪʠʯʥʠʤ ʩʪʘʥʦʤ ʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʾʭ ʪʝʭʥʽʯʥʦʛʦ 

ʩʪʘʥʫ ʧʝʨʝʜʙʘʯʘʻ ʥʘʷʚʥʽʩʪʴ ʚʽʜʧʦʚʽʜʥʦʾ ʂɼɸ, ʙʘ-

ʞʘʥʦ ʤʦʙʽʣʴʥʦʾ [2], [12].  

ʈʦʟʨʦʙʢʘ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʬʫʥʢʮʽʦʥʫ-

ʚʘʥʥʷ ʩʢʣʘʜʦʚʠʭ ʢʦʥʪʨʦʣʴʥʦ-ʜʽʘʛʥʦʩʪʠʯʥʦʾ ʘʧʘ-

ʨʘʪʫʨʠ  
ʉʫʯʘʩʥʽ ʟʨʘʟʢʠ ʂɼɸ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʩʦʙʦʶ ʚʟʘ-

ʻʤʦʜʽʶ ʩʢʣʘʜʥʠʭ ʚʠʤʽʨʶʚʘʣʴʥʦ-ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʙʣʦʢʽʚ. ʊʘʢʘ ʂɼɸ ʤʘʻ ʩʢʣʘʜʥʫ ʽʻʨʘʨʭʽʯʥʫ ʩʪʨʫʢ-

ʪʫʨʫ, ʥʘʧʨʠʢʣʘʜ, ʧʦʢʘʟʘʥʫ ʥʘ ʨʠʩʫʥʢʫ 1 [2], [8]. 

 

 
ɹɿʆɯ ï ʙʣʦʢ ʟʙʦʨʫ ʪʘ ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ; ɺɼ ï ʚʠʤʽʨʶʚʘʣʴʥʽ ʜʘʪʯʠʢʠ; 

Ф ï ʩʫʤʘʪʦʨ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʽʥʬʦʨʤʘʮʽʾ (ʟʘʩʽʙ ʚʠʤʽʨʶʚʘʥʥʷ);  

ʐ ï ʰʠʥʘ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ 

ʈʠʩʫʥʦʢ 1. ʉʪʨʫʢʪʫʨʘ ʩʫʯʘʩʥʦʾ ʢʦʥʪʨʦʣʴʥʦ-ʜʽʘʛʥʦʩʪʠʯʥʦʾ ʘʧʘʨʘʪʫʨʠ 

 

ɼʘʥʽ ʚʽʜ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʜʘʪʯʠʢʽʚ ʧʨʦ ʽʥʬʦʨʤʘ-

ʮʽʶ ʧʨʦ ʧʘʨʘʤʝʪʨʠ ʢʦʥʪʨʦʣʶ ɿɺʊ (ʘʙʦ ʦʢʨʝʤʠʭ 

ʝʣʝʤʝʥʪʽʚ, ʙʣʦʢʽʚ ɿɺʊ) ʥʘʜʭʦʜʷʪʴ ʫ ʙʣʦʢ ʟʙʦʨʫ ʪʘ 

ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ ʯʝʨʝʟ ʩʫʤʘʪʦʨʠ ʽʥʬʦʨʤʘʮʽʾ ʪʘ 

ʰʠʥʫ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ. ʅʘ ʩʫʤʘʪʦʨʘʭ ʧʨʦʚʦʜʠʪʴʩʷ 

ʧʦʧʝʨʝʜʥʷ ʦʙʨʦʙʢʘ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʚʽʜ 

ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʜʘʪʯʠʢʽʚ, ʘ ʚ ʙʣʦʢ ʟʙʦʨʫ ʪʘ ʦʙʨʦʙʢʠ 

ʽʥʬʦʨʤʘʮʽʾ ï ʚʠʟʥʘʯʝʥʥʷ ʨʝʟʫʣʴʪʘʪʫ ʢʦʥʪʨʦʣʶ ʪʝʭ-

ʥʽʯʥʦʛʦ ʩʪʘʥʫ ɿɺʊ ʫ ʮʽʣʦʤʫ ʪʘ ʩʢʣʘʜʦʚʠʭ ʝʣʝʤʝʥʪʽʚ, 

ʙʣʦʢʽʚ. ʇʨʠ ʮʴʦʤʫ ʪʘʢʠʡ ʙʣʦʢ ʟʙʦʨʫ ʪʘ ʦʙʨʦʙʢʠ ʽʥ-

ʬʦʨʤʘʮʽʾ ʟʘ ʦʪʨʠʤʘʥʦʶ ʽʥʬʦʨʤʘʮʽʻʶ ʜʦʟʚʦʣʷʻ ʧʨʦ-

ʛʥʦʟʫʚʘʪʠ ʟʤʽʥʫ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʩʢʣʘʜʦʚʠʭ ʝʣʝʤʝ-

ʥʪʽʚ, ʙʣʦʢʽʚ ɿɺʊ ʧʨʦʪʷʛʦʤ ʜʝʷʢʦʛʦ ʯʘʩʫ ʧʦʜʘʣʴʰʦʾ 

ʝʢʩʧʣʫʘʪʘʮʽʾ, ʪʦʙʪʦ ʧʨʦʚʦʜʠʪʠ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ. 

ɼʞʝʨʝʣʘʤʠ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʪʝʭʥʽʯʥʠʡ ʩʪʘʥ ɿɺʊ ʻ 

ʨʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʶʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʢʦʥʪʨʦʣʶ, ʥʘ-

ʧʨʠʢʣʘʜ, ʥʘʧʨʫʛʠ, ʩʪʨʫʤʫ, ʯʘʩʪʦʪʠ ï ʬʽʟʠʯʥʠʭ ʭʘʨʘ-

ʢʪʝʨʠʩʪʠʢ ʦʙôʻʢʪʘ ʢʦʥʪʨʦʣʶ. ʊʘʢʠʤ ʯʠʥʦʤ, ʨʦʟʨʦ-

ʙʢʘ ʩʫʯʘʩʥʦʾ ʂɼɸ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʘʢʪʫʘʣʴʥʫ ʟʘ-

ʜʘʯʫ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʚʠʙʦʨʫ ʪʘ ʦʙ'ʻʜʥʘʥʥʷ 

ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʜʘʪʯʠʢʽʚ, ʟʘʩʦʙʽʚ ʚʠʤʽʨʶʚʘʥʥʷ ʪʘ 

ʦʙʨʦʙʢʠ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʪʝʭʥʽʯʥʠʡ 

ʩʪʘʥ ʜʣʷ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ ʱʦʜʦ ʧʦʜʘʣʴʰʦʾ ʝʢʩ-

ʧʣʫʘʪʘʮʽʾ ɿɺʊ. 

ʇʨʠ ʩʪʚʦʨʝʥʥʽ ʤʦʙʽʣʴʥʦʾ ʂɼɸ ʜʣʷ ʢʦʥʪʨʦʣʶ 

ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʨʽʟʥʠʭ ʪʠʧʽʚ ɿɺʊ ʥʝ ʜʦʩʪʘʪʥʴʦ ʚʠ-

ʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʽʣʴʢʠ ʚʠʤʽʨʶʚʘʣʴʥʽ ʜʘʪʯʠʢʠ. ɼʣʷ 

ʫʥʽʬʽʢʘʮʽʾ ʤʦʙʽʣʴʥʦʾ ʂɼɸ ʟ ʢʦʥʪʨʦʣʶ ʪʝʭʥʽʯʥʦʛʦ 

ʩʪʘʥʫ ʨʽʟʥʠʭ ɿɺʊ ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʦʜʥʦʪʠʧʥʽ ʚʠʤʽʨʶʚʘʣʴʥʽ ʜʘʪʯʠʢʠ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ 

ʩʫʤʘʪʦʨʘʤʠ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʚʠʩʪʫʧʘʶʪʴ 

ʟʘʩʦʙʠ ʚʠʤʽʨʶʚʘʥʥʷ, ʘ ʜʘʪʯʠʢʘʤʠ ï ʜʞʝʨʝʣʘʤʠ ʽʥ-

ʬʦʨʤʘʮʽʾ ʧʨʦ ʧʘʨʘʤʝʪʨʠ ʢʦʥʪʨʦʣʶ ɿɺʊ. ʆʪʞʝ, ʟʘ-

ʜʘʯʫ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʚʠʙʦʨʫ ʪʘ ʦʙôʻʜʥʘʥʥʷ ʩʢʣʘʜʦ-

ʚʠʭ ʂɼɸ ʩʬʦʨʤʫʣʶʻʤʦ ʪʘʢ. ʅʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠ 

ʪʘʢʠʡ ʥʘʙʽʨ (ʥʦʤʝʥʢʣʘʪʫʨʫ) ʟʘʩʦʙʽʚ ʚʠʤʽʨʶʚʘʥʥʷ, 

ʱʦʙ ʟʘʙʝʟʧʝʯʠʪʠ ʩʚʦʻʯʘʩʥʝ ʪʘ ʜʦʩʪʦʚʽʨʥʝ ʚʠʟʥʘ-

ʯʝʥʥʷ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʨʽʟʥʠʭ ɿɺʊ.  

ʇʦʩʪʘʚʣʝʥʘ ʟʘʜʘʯʘ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʚʠʙʦʨʫ ʪʘ 

ʦʙ'ʻʜʥʘʥʥʷ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʜʘʪʯʠʢʽʚ ʥʝʦʜʥʦʨʘʟʦʚʦ 

ʨʦʟʛʣʷʜʘʣʘʩʷ ʚ ʣʽʪʝʨʘʪʫʨʽ [1] ï [8], [12]. ʆʜʥʘʢ, ʚʽ-

ʜʦʤʽ ʟʘʜʘʯʽ ʤʘʶʪʴ ʛʦʣʦʚʥʫ ʚʘʜʫ ï ʚʦʥʠ ʨʦʟʛʣʷʜʘʶʪʴ 

ʟʘʜʘʯʫ ʚʠʟʥʘʯʝʥʥʷ ʥʘʙʦʨʫ (ʥʦʤʝʥʢʣʘʪʫʨʠ) ʟʘʩʦʙʽʚ 

ʚʠʤʽʨʶʚʘʥʥʷ ʜʣʷ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʢʦʥʪʨʦʣʶ ʧʘʨʘʤʝ-

ʪʨʽʚ ʪʦʛʦ ʯʠ ʽʥʰʦʛʦ ʟʨʘʟʢʘ ɿɺʊ. ʆʜʥʘʢ ʫ ʚʽʜʦʤʠʭ ʟʘ-

ʜʘʯʘʭ ʥʝ ʚʨʘʭʦʚʘʥʽ ʤʦʞʣʠʚʦʩʪʽ ʦʙôʻʜʥʘʥʥʷ ʪʘʢʦʾ ʨʘ-

ʮʽʦʥʘʣʴʥʦʾ ʥʦʤʝʥʢʣʘʪʫʨʠ ʟʘʩʦʙʽʚ ʚʠʤʽʨʶʚʘʥʥʷ ʫ 

ʦʢʨʝʤʫ ʩʠʩʪʝʤʫ, ʥʝ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʨʘʮʽʦʥʘʣʴʥʝ ʾʭ 

ʨʦʟʤʽʱʝʥʥʷ ʪʘ ʚʟʘʻʤʦʜʽʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʘʥʘʣʫ ʟʘʛʘ-

ʣʴʥʦʛʦ ʢʦʨʠʩʪʫʚʘʥʥʷ. 

ʆʪʞʝ, ʨʦʟʛʣʷʥʝʤʦ ʪʘʢʫ ʟʘʜʘʯʫ. ʅʝʭʘʡ ʧʨʠ ʢʦʥ-

ʪʨʦʣʽ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ɿɺʊ ʫ ʧʨʦʩʪʦʨʽ ʨʦʟʪʘʰʦʚʘʥʽ 

ʚʠʤʽʨʶʚʘʣʴʥʽ ʜʘʪʯʠʢʠ, ʙʣʦʢ ʟʙʦʨʫ ʪʘ ʦʙʨʦʙʢʠ ʜʘ-

ʥʠʭ ʽ ʰʠʥʘ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ. ʅʝʦʙʭʽʜʥʦ ʪʘʢʠʤ ʯʠʥʦʤ 

ʧʽʜʽʙʨʘʪʠ ʥʦʤʝʥʢʣʘʪʫʨʫ ʟʘʩʦʙʽʚ ʚʠʤʽʨʶʚʘʥʥʷ ʟʘʜʘ-

ʥʠʭ (ʧʦʪʨʽʙʥʠʭ) ʾʭ ʪʠʧʽʚ, ʪʘʢʠʤ ʯʠʥʦʤ ʨʦʟʤʽʩʪʠʪʠ 

 

ɹɿʆɯ 

ʐʠʥʘ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ (ʐ) 

ɺɼ 

ễ 

ɺɼ ɺɼ 
... 

ɺɼ 

ễ 

ɺɼ ɺɼ 
... 

ɺɼ 

ễ 

ɺɼ ɺɼ 
... 

... 
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ʮʝʡ ʥʘʙʽʨ ʽ ʦʙ'ʻʜʥʘʪʠ ʾʭ ʚ ʤʝʨʝʞʫ, ʱʦʙ ʙʫʣʠ ʚʠʢʦ-

ʥʘʥʽ ʚʩʽ ʧʦʪʨʽʙʥʽ ʚʠʤʦʛʠ ʜʦ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʠʤʠ 

ʧʦʢʘʟʥʠʢʘʤʠ ʂɼɸ. 

ʇʽʜ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʨʦ-

ʙʦʪʠ ʪʘʢʦʾ ʂɼɸ ʙʫʜʝʤʦ ʨʦʟʫʤʽʪʠ ʪʦʯʥʽʩʪʴ ʽ ʥʘʜʽʡ-

ʥʽʩʪʴ ʨʦʙʦʪʠ, ʘ ʪʘʢʦʞ ʾʾ ʚʘʨʪʽʩʪʴ ʫ ʰʠʨʦʢʦʤʫ ʩʝʥʩʽ, 

ʪʦʙʪʦ ʚʣʘʩʥʝ ʚʘʨʪʽʩʪʴ ʩʠʩʪʝʤʠ, ʾʾ ʤʘʩʫ, ʦʙʩʷʛ, ʟʘʡʤʘ-

ʥʠʡ ʩʢʣʘʜʦʚʠʤʠ.  

ʈʘʮʽʦʥʘʣʴʥʠʡ ʚʠʙʽʨ ʽ ʦʙ'ʻʜʥʘʥʥʷ ʝʣʝʤʝʥʪʽʚ ʫ 

ʨʦʟʛʣʷʥʫʪʫ ʘʧʘʨʘʪʫʨʫ ʤʦʞʝ ʙʫʪʠ ʩʧʨʷʤʦʚʘʥʘ ʥʘ ʧʦ-

ʰʫʢ ʝʢʩʪʨʝʤʫʤʫ ʦʜʥʦʛʦ ʮʠʭ ʧʦʢʘʟʥʠʢʽʚ ʟʘ ʫʤʦʚʠ, 

ʱʦ ʥʘ ʽʥʰʽ ʧʦʢʘʟʥʠʢʠ ʥʘʢʣʘʜʝʥʽ ʦʙʤʝʞʝʥʥʷ, ʟʛʽʜʥʦ 

ʜʦ ʪʘʢʪʠʢʦ-ʪʝʭʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʝʢʪʦʚʘʥʦʛʦ 

ʧʨʠʣʘʜʦʚʦʾ ʘʧʘʨʘʪʫʨʠ. ʊʦʜʽ ʨʝʟʫʣʴʪʘʪ ʚʠʨʽʰʝʥʥʷ 

ʩʬʦʨʤʫʣʴʦʚʘʥʦʛʦ ʟʘʚʜʘʥʥʷ ʧʦʣʷʛʘʻ ʚ ʨʘʮʽʦʥʘʣʴ-

ʥʦʤʫ ʧʦʢʘʟʥʠʢʫ ʟʘ ʢʨʠʪʝʨʽʻʤ ʦʧʪʠʤʽʟʘʮʽʾ ʩʪʨʫʢʪʫʨʫ 

ʂɼɸ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʦʙʤʝʞʝʥʴ ʱʦʜʦ ʽʥʰʠʭ ʧʦʢʘʟ-

ʥʠʢʽʚ. 

ɺʠʤʦʛʦʶ ʜʦ ʪʦʯʥʦʩʪʽ ʧʝʨʝʜʘʥʦʾ ʚ ʙʣʦʢ ʟʙʦʨʫ ʡ 

ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ ʻ ʟʘʙʝʟʧʝʯʝʥʥʷ ʦʧʠʪʫʚʘʥʥʷ 

ʜʞʝʨʝʣ ʽʥʬʦʨʤʘʮʽʾ ʟ ʥʝʦʙʭʽʜʥʦʾ ʜʣʷ ʥʠʭ ʯʘʩʪʦʪʦʶ. 

ʇʨʠ ʚʠʢʦʥʘʥʥʽ ʮʽʻʾ ʚʠʤʦʛʠ ʧʦʭʠʙʢʠ, ʧʦʚ'ʷʟʘʥʽ ʟ ʜʠʩ-

ʢʨʝʪʠʟʘʮʽʻʶ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʥʴ, ʥʝ ʧʝʨʝʚʠʱʫ-

ʚʘʪʠʤʫʪʴ ʜʦʧʫʩʪʠʤʦʛʦ ʨʽʚʥʷ. 

ɺʠʤʦʛʦʶ ʜʦ ʥʘʜʽʡʥʦʩʪʽ ʧʝʨʝʜʘʯʽ ʚʠʤʽʨʶʚʘʣʴ-

ʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʚʽʜ ʜʘʪʯʠʢʽʚ ʜʦ ʙʣʦʢ ʟʙʦʨʫ ʪʘ ʦʙʨʦ-

ʙʢʠ ʜʘʥʠʭ ʻ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚ ʧʨʦʝʢʪʦʚʘʥʽʡ ʂɼɸ ʜʝʢʽ-

ʣʴʢʦʭ ʰʣʷʭʽʚ ʜʦʩʪʘʚʢʠ ʽʥʬʦʨʤʘʮʽʾ ʚʽʜ ʜʞʝʨʝʣ ʦʩʦʙ-

ʣʠʚʦ ʮʽʥʥʠʭ ʜʘʥʠʭ (ʟʘʣʝʞʥʦ ʚʽʜ ʚʘʞʣʠʚʦʩʪʽ 

ʧʘʨʘʤʝʪʨʽʚ ʢʦʥʪʨʦʣʶ).  

ʇʨʠ ʧʨʠʡʥʷʪʠʭ ʦʮʽʥʢʘʭ ʪʦʯʥʦʩʪʽ ʪʘ ʥʘʜʽʡʥʦʩʪʽ 

ʨʦʙʦʪʠ ʧʨʦʝʢʪʦʚʘʥʦʾ ʂɼɸ ʟʘʚʜʘʥʥʷ ʚʠʙʦʨʫ ʪʘ ʦʙ'ʻ-

ʜʥʘʥʥʷ ʾʾ ʝʣʝʤʝʥʪʽʚ, ʱʦ ʤʘʶʪʴ ʩʪʨʫʢʪʫʨʫ ʽʟ ʟʘʛʘʣʴ-

ʥʦʶ ʰʠʥʦʶ, ʩʪʘʚʠʪʴʩʷ ʪʘʢ: ʚʠʙʨʘʪʠ ʥʘʙʽʨ ʽʥʬʦʨʤʘ-

ʮʽʾ ʽʟ ʟʘʜʘʥʠʭ ʾʭ ʪʠʧʽʚ, ʨʦʟʤʽʩʪʠʪʠ ʮʝʡ ʥʘʙʽʨ ʫ ʧʨʦʩ-

ʪʦʨʽ ʪʘ ʧʽʜʢʣʶʯʠʪʠ ʜʦ ʥʴʦʛʦ ʜʞʝʨʝʣʘ ʽʥʬʦʨʤʘʮʽʾ 

(ʚʠʤʽʨʶʚʘʣʴʥʽ ʜʘʪʯʠʢʠ) ʪʘʢ, ʱʦʙ ʚʘʨʪʽʩʪʴ ʩʧʨʦʝʢʪʦ-

ʚʘʥʦʾ ʘʧʘʨʘʪʫʨʠ ʙʫʣʘ ʤʽʥʽʤʘʣʴʥʦʶ ʪʘ ʱʦʙ ʘʧʘʨʘ-

ʪʫʨʘ ʟʘʜʦʚʦʣʴʥʷʣʘ ʪʘʢʠʤ ʚʠʤʦʛʘʤ:  

ʢʦʞʥʠʡ ʚʠʤʽʨʶʚʘʣʴʥʠʡ ʜʘʪʯʠʢ ʟʘʩʦʙʽʚ ʚʠʤʽ-

ʨʶʚʘʥʥʷ ʚʠʜʘʻ ʽʥʬʦʨʤʘʮʽʶ ʚ ʙʣʦʢ ʦʙʨʦʙʢʠ ʟ ʯʘʩʪʦ-

ʪʦʶ, ʥʝ ʤʝʥʰʝ ʟʘʜʘʥʦʶ; 

ʚʽʜ ʢʦʞʥʦʛʦ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʜʘʪʯʠʢʫ ʜʦ ʚʽʜʧʦ-

ʚʽʜʥʦʛʦ ʟʘʩʦʙʫ ʚʠʤʽʨʶʚʘʥʥʷ ʫ ʩʧʨʦʝʢʪʦʚʘʥʽʡ ʘʧʘʨʘ-

ʪʫʨʽ ʤʘʻ ʙʫʪʠ ʟʘʜʘʥʘ ʢʽʣʴʢʽʩʪʴ ʰʣʷʭʽʚ ʧʝʨʝʜʘʯʽ ʜʘ-

ʥʠʭ; 

ʚʘʨʪʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʠʭ ʫ ʘʧʘʨʘʪʫʨʽ ʟʘʩʦʙʽʚ ʚʠ-

ʤʽʨʶʚʘʥʥʷ ʥʝ ʧʦʚʠʥʥʘ ʧʝʨʝʚʠʱʫʚʘʪʠ ʟʘʜʘʥʠʡ ʨʽ-

ʚʝʥʴ; 

ʦʙʩʷʛ ʟʘʩʦʙʽʚ ʚʠʤʽʨʶʚʘʥʥʷ, ʷʢʽ ʨʘʮʽʦʥʘʣʴʥʠʤ 

ʯʠʥʦʤ ʨʦʟʪʘʰʦʚʘʥʽ ʪʘ ʨʦʟʤʽʱʝʥʽ ʫ ʂɼɸ, ʟʜʽʡʩʥʶ-

ʶʪʴ ʟʙʽʨ ʽ ʦʙʨʦʙʢʫ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʥʴ ʥʝ ʧʦʚʠ-

ʥʝʥ ʧʝʨʝʚʠʱʫʚʘʪʠ ʟʘʜʘʥʠʭ ʜʣʷ ʮʠʭ ʦʙʣʘʩʪʝʡ ʦʙʤʝ-

ʞʝʥʴ;  

ʤʘʩʘ ʥʦʤʝʥʢʣʘʪʫʨʠ ʟʘʩʦʙʽʚ ʚʠʤʽʨʶʚʘʥʥʷ, ʦʙʨʘ-

ʥʦʾ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʧʨʦʝʢʪʦʚʘʥʽʡ ʩʠʩʪʝʤʽ, ʽ ʤʘʩʘ 

ʤʝʨʝʞʽ ʟʚ'ʷʟʢʫ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʜʘʪʯʠʢʽʚ ï ʥʝ ʧʦ-

ʚʠʥʥʽ ʧʝʨʝʚʠʱʫʚʘʪʠ ʟʘʜʘʥʠʡ ʨʽʚʝʥʴ.  

ʋ ʨʦʟʛʣʷʥʫʪʽʡ ʧʦʩʪʘʥʦʚʮʽ ʟʘʜʘʯʘ ʨʘʮʽʦʥʘʣʴ-

ʥʦʛʦ ʚʠʙʦʨʫ ʪʘ ʦʙ'ʻʜʥʘʥʥʷ ʩʢʣʘʜʦʚʠʭ ʝʣʝʤʝʥʪʽʚ, 

ʙʣʦʢʽʚ ʂɼɸ ʬʦʨʤʘʣʽʟʫʻʪʴʩʷ ʷʢ ʤʦʜʝʣʴ ʣʽʥʽʡʥʦʛʦ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ. ʈʦʟʛʣʷʥʝʤʦ ʪʘʢʫ ʤʦʜʝʣʴ.  

ʅʝʭʘʡ ʧʨʦʝʢʪʦʚʘʥʘ ʘʧʘʨʘʪʫʨʘ, ʩʪʨʫʢʪʫʨʘ ʷʢʦʾ 

ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʫ 1, ʚʢʣʶʯʘʻ N ʚʠʤʽʨʶʚʘʣʴʥʠʭ 

ʜʘʪʯʠʢʽʚ. ɺʠʤʽʨʶʚʘʣʴʥʘ ʽʥʬʦʨʤʘʮʽʷ ʪʘʢʠʭ ʜʘʪʯʠʢʽʚ 

ʤʦʞʝ ʥʘʜʭʦʜʠʪʠ ʚ ʰʠʥʫ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʯʝʨʝʟ ʄ ʦʙ-

ʣʘʩʪʝʡ, ʜʝ ʤʦʞʣʠʚʝ ʨʦʟʤʽʱʝʥʥʷ ʟʘʩʦʙʽʚ ʚʠʤʽʨʶ-

ʚʘʥʥʷ, ʟʜʽʡʩʥʶʶʪʴ ʾʾ ʧʝʨʚʠʥʥʫ ʦʙʨʦʙʢʫ. ɺʽʜʦʤʦ ʂ 

ʪʠʧʽʚ ʟʘʩʦʙʽʚ ʚʠʤʽʨʶʚʘʥʥʷ, ʷʢʽ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫ-

ʚʘʪʠ ʚ ʧʨʦʝʢʪʦʚʘʥʽʡ ʘʧʘʨʘʪʫʨʽ.  

ʊʘʢʽ ʚʝʣʠʯʠʥʠ ʚʠʟʥʘʯʘʶʪʴ ʨʦʟʤʽʨʥʽʩʪʴ ʩʬʦʨ-

ʤʦʚʘʥʦʾ ʤʦʜʝʣʽ. ʂʨʽʤ ʪʦʛʦ, ʟʘʜʘʥʽ ʥʘʩʪʫʧʥʽ ʚʝʣʠ-

ʯʠʥʠ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʩʫʢʫʧʥʽʩʪʴ ʚʠʤʽʨʶʚʘʣʴ-

ʥʠʭ ʜʘʪʯʠʢʽʚ, ʟ ʷʢʠʭ ʥʝʦʙʭʽʜʥʦ ʟʽʙʨʘʪʠ ʽ ʦʙʨʦʙʠʪʠ 

ʽʥʬʦʨʤʘʮʽʶ, ʽ ʥʘʙʽʨ ʪʠʧʽʚ ʟʘʩʦʙʽʚ ʚʠʤʽʨʶʚʘʥʥʷ.  

ɼʣʷ ʢʦʞʥʦʛʦ ʟ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʜʘʪʯʠʢʽʚ ʚʽʜʦʤʽ: 

ʤʽʥʽʤʘʣʴʥʘ ʯʘʩʪʦʪʘ, ʟ ʷʢʦʶ ʚʽʥ ʚʠʜʘʻ ʚʠʤʽʨʶʚʘʣʴʥʫ 

ʽʥʬʦʨʤʘʮʽʶ, F , 1,N;ll=  ʢʽʣʴʢʽʩʪʴ ʰʣʷʭʽʚ ʧʝʨʝ-

ʜʘʯʽ ʜʘʥʠʭ ʚʽʜ ʮʴʦʛʦ ʜʘʪʯʠʢʘ ʜʦ ʚʽʜʧʦʚʽʜʥʦʛʦ ʟʘʩʦʙʫ 

ʚʠʤʽʨʶʚʘʥʥʷ N , 1,N;ll=  
ʚʘʨʪʽʩʪʴ w1l ʽ 

ʤʘʩʘ 1lg  ʦʜʠʥʠʮʽ ʜʦʚʞʠʥʠ ʟʚ'ʷʟʢʫ, ʱʦ ʟ'ʻʜʥʫʻ ʜʘ-

ʥʠʡ ʜʘʪʯʠʢ ʟ ʟʘʩʦʙʦʤ ʚʠʤʽʨʶʚʘʥʥʷ, 1,Nl= , ʽ ʜʦ-

ʚʞʠʥʠ ʰʣʷʭʽʚ ʚʽʜ ʢʦʞʥʦʛʦ ʟ ʜʘʪʯʠʢʽʚ ʜʦ ʟʘʩʦʙʽʚ ʚʠ-

ʤʽʨʶʚʘʥʥʷ,
 tl , 1,N, t 1,Ml l= = .  

ɼʣʷ ʪʠʧʽʚ ʟʘʩʦʙʽʚ ʚʠʤʽʨʶʚʘʥʥʷ ʚʽʜʦʤʽ: ʚʘʨʪʽʩʪʴ 

w2n, ʯʘʩʪʦʪʘ ʦʧʠʪʫʚʘʥʥʷ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʜʘʪʯʠ-

ʢʽʚ Fn, ʤʘʩʘ 2ng , ʦʙôʻʤ (ʦʙʩʷʛ), ʟʘʡʤʘʥʠʡ ʟʘʩʦ-

ʙʘʤʠ ʜʘʥʦʛʦ ʪʠʧʫ, vn, ʢʽʣʴʢʽʩʪʴ ʚʭʽʜʥʠʭ ʢʘʥʘʣʽʚ 

Q , 1,K.nn=  

ɺʚʝʜʝʤʦ ʚ ʨʦʟʛʣʷʜ ʟʤʽʥʥʫ:  

 

t

1,ʷʢʱʦɚ-ʪʝʜʞʝʨʝʣʦʽʥʬʦʨʤʘʮʽʾʦʧʠʪʫʻʪʴʩʷʚt-ʡʦʙʣʘʩʪʽ,

1    ʜʝʤʦʞʣʠʚʝʨʦʟʤʽʱʝʥʥʷʟʘʩʦʙʫ ʚʠʤʽʨʶʚʘʥʥʷ;

0 ʚʽʥʰʦʤʫʚʠʧʘʜʢʫ.

l

ë
î

d =ì
î -í

 

 

ʽ ʯʠʩʣʦʚʫ ʟʤʽʥʥʫ tyn ï ʢʽʣʴʢʽʩʪʴ ʟʘʩʦʙʽʚ ʚʠʤʽʨʶʚʘʥʥʷ v-ʛo ʪʠʧʫ, ʚʠʢʦʨʠʩʪʘʥʠʭ ʫ ʩʧʨʦʝʢʪʦʚʘʥʽʡ ʂɼɸ 

ʜʣʷ ʦʧʠʪʫʚʘʥʥʷ ʜʘʪʯʠʢʽʚ ʚ t-ʡ ʦʙʣʘʩʪʽ. ʂʦʞʥʘ ʽʟ ʟʤʽʥʥʠʭ tyn ʤʦʞʝ ʧʨʠʡʤʘʪʠ ʟʥʘʯʝʥʥʷ 0, 1, 2, ..., 
tkn, ʜʝ 
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tkn ï ʢʽʣʴʢʽʩʪʴ ʟʘʩʦʙʽʚ ʚʠʤʽʨʶʚʘʥʥʷ v-ʛo ʪʠʧʫ, ʥʝʦʙʭʽʜʥʝ ʜʣʷ ʦʧʠʪʫʚʘʥʥʷ ʚʩʽʭ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʜʘʪʯʠʢʽʚ 

ʟʘʩʦʙʘʤʠ ʚʠʤʽʨʶʚʘʥʥʷ ʮʴʦʛʦ ʪʠʧʫ ʚ t-ʡ ʦʙʣʘʩʪʽ.  

ʇʦʪʨʽʙʥʦ ʟʥʘʡʪʠ ʪʘʢʽ ʟʥʘʯʝʥʥʷ ʟʤʽʥʥʠʭ t,1 1,N, t 1,Mld l= = ʽ t,y 1,K, t 1,Mn n= = , ʷʢʽ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʤʽʥʽʤʘʣʴʥʫ ʚʘʨʪʽʩʪʴ ʩʧʨʦʝʢʪʦʚʘʥʦʾ ʘʧʘʨʘʪʫʨʠ ʟʘ ʫʤʦʚʠ ʚʠʢʦʥʘʥʥʷ ʚʠʤʦʛ ʜʦ ʥʝʾ, ʩʬʦʨʤʫʣʴʦ-

ʚʘʥʠʭ ʚʠʱʝ.  

ʌʫʥʢʮʽʷ ʮʽʣʽ ʤʦʜʝʣʽ ï ʚʘʨʪʽʩʪʴ ʤʝʨʝʞʽ ʟʙʦʨʫ ʪʘ ʦʙʨʦʙʢʠ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʽʟ ʟʘʛʘʣʴʥʦʶ ʰʠ-

ʥʦʶ ï ʤʘʻ ʚʠʛʣʷʜ:  

 

M N M K

o t t t
t 1 1 t 1 1

W W w1 l 1 w2 y ,l l l n n
= l= = n=

= + d +ää ää
    

(1) 

 

ʜʝ 0W  ï ʚʘʨʪʽʩʪʴ ʙʣʦʢʫ ʟʙʦʨʫ ʪʘ ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ.  

ɿʥʘʡʜʝʤʦ ʤʽʥʽʤʫʤ ʬʫʥʢʮʽʾ (1) ʟʘ ʫʤʦʚʠ ʚʠʢʦʥʘʥʥʷ ʪʘʢʠʭ ʦʙʤʝʞʝʥʴ.  

1. ɯʥʬʦʨʤʘʪʠʚʥʽʩʪʴ ʦʪʨʠʤʘʥʦʾ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʥʝ ʧʦʚʠʥʥʘ ʧʝʨʝʚʠʱʫʚʘʪʠ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ 

ʟʘʩʦʙʽʚ ʚʠʤʽʨʶʚʘʥʥʷ, ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʣʷ ʾʭ ʦʧʠʪʫʚʘʥʥʷ ʚ ʮʽʡ ʦʙʣʘʩʪʽ:  

 

N K

t t
1 1

F 1 F Q y , t 1,M.l l n n n
l= n=

d ¢ =ä ä    (2) 

 

2. ʂʽʣʴʢʽʩʪʴ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʜʘʪʯʠʢʽʚ, ʦʧʠʪʫʚʘʥʠʭ ʫ ʢʦʞʥʽʡ ʦʙʣʘʩʪʽ ʥʘ ʢʦʞʥʽʡ ʯʘʩʪʦʪʽ, ʥʝ ʧʦʚʠʥʥʦ ʧʝ-

ʨʝʚʠʱʫʚʘʪʠ ʢʽʣʴʢʦʩʪʽ ʢʘʥʘʣʽʚ ʮʽʻʾ ʘʙʦ ʙʽʣʴʰʦʾ ʯʘʩʪʦʪʠ ʫ ʟʘʩʦʙʘʭ ʚʠʤʽʨʶʚʘʥʥʷ, ʚʩʪʘʥʦʚʣʝʥʠʭ ʫ ʭʦʜʽ ʧʨʦʝʢ-

ʪʫʚʘʥʥʷ ʮʽʻʾ ʘʧʘʨʘʪʫʨʠ:  

 

N K

j t j t
1 1

1 1 2 Q y , t 1,M, j 1,J,l l n n n
n= n=

q d ¢ q = =ä ä     (3) 

ɚ j
j

1,ʷʢʱʦF =F;
1

0 ʚʟʚʦʨʦʪʥʴʦʤʫʚʠʧʘʜʢʫ;
l

ë
q =ì

-í  

j
j

1,ʷʢʱʦF F;
2

0 ʚʟʚʦʨʦʪʥʴʦʤʫʚʠʧʘʜʢʫ;

n
l

²ë
q =ì

-í
 

 

ʜʝ J ï ʢʽʣʴʢʽʩʪʴ ʨʽʟʥʠʭ ʯʘʩʪʦʪ, ʥʘ ʷʢʠʭ ʧʦʪʨʽʙʥʦ ʚʠʤʽʨʶʚʘʪʠ ʧʘʨʘʤʝʪʨʠ ʽʥʬʦʨʤʘʮʽʾ ʚ ʧʨʦʝʢʪʦʚʘʥʽʡ ʘʧʘ-

ʨʘʪʫʨʠ.  

ʉʬʦʨʤʫʣʴʦʚʘʥʽ ʦʙʤʝʞʝʥʥʷ (2), (3) ʟʘʙʝʟʧʝʯʫʶʪʴ ʦʪʨʠʤʘʥʥʷ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʦʧʠʪʫʚʘʥʥʷ ʢʦ-

ʞʥʦʛʦ ʟ ʜʞʝʨʝʣ ʽʥʬʦʨʤʘʮʽʾ ʚ ʩʧʨʦʝʢʪʦʚʘʥʽʡ ʂɼɸ ʟ ʯʘʩʪʦʪʦʶ, ʥʝ ʤʝʥʰʦʶ, ʥʽʞ ʪʘ, ʷʢʘ ʜʣʷ ʥʴʦʛʦ ʟʘʜʘʥʘ ʫ 

ʚʠʤʦʛʘʭ ʥʘ ʘʧʘʨʘʪʫʨʫ.  

3. ɺʽʜ ʢʦʞʥʦʛʦ ɚ-ʛo ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʜʘʪʯʠʢʘ ʚ ʩʧʨʦʝʢʪʦʚʘʥʽʡ ʘʧʘʨʘʪʫʨʽ ʤʘʻ ʽʩʥʫʚʘʪʠ ʟʘʜʘʥʘ ʢʽʣʴʢʽʩʪʴ 

Nl ʰʣʷʭʽʚ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ:  

 

M

t
t 1

1 N , 1,N.l l
=

d = l=ä      (4) 

 

4. ɺʘʨʪʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʠʭ ʧʨʠ ʩʪʚʦʨʝʥʥʽ ʘʧʘʨʘʪʫʨʠ ʟʘʩʦʙʽʚ ʚʠʤʽʨʶʚʘʥʥʷ ʥʝ ʧʦʚʠʥʥʘ ʧʝʨʝʚʠʱʫʚʘʪʠ 

ʟʘʜʘʥʦʛʦ ʨʽʚʥʷ 2W :  

 

M K

t 2
t 1 1

w2 y W .n n
= n=

¢ää      

 

(5) 

 

5. ʂʽʣʴʢʽʩʪʴ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʜʘʪʯʠʢʽʚ, ʷʢʽ ʚʩʪʘʥʦʚʣʝʥʽ ʚ t-ʫ ʦʙʣʘʩʪʴ ʧʨʦʩʪʦʨʫ ʂɼɸ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʠ-

ʤʽʨʶʚʘʣʴʥʦʾ ʚʽʜ ʜʞʝʨʝʣ, ʥʝ ʧʝʨʝʚʠʱʫʻ ʧʝʚʥʦʾ ʢʽʣʴʢʦʩʪʽ, ʭʘʨʘʢʪʝʨʥʦʛʦ ʜʣʷ ʮʽʻʾ ʦʙʣʘʩʪʽ, tV :  
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t

t

k1M K M K

t t 1.
t 1 1 t 1 1 1

1 l 1 2 2 W
n

n

x
l l l n

= l= = n= x=

g d + g d ¢ää äää     (6) 

 

6. ʄʘʩʘ ʤʝʨʝʞʽ ʟʙʦʨʫ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦʝʢʪʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʥʝ ʧʦʚʠʥʥʘ ʧʝʨʝʚʠʱʫʚʘʪʠ ʟʘʜʘʥʦʛʦ ʜʣʷ ʥʝʾ 

ʨʽʚʥʷ 1W :  

 

M K

t
t 1 1

2 yn n
= n=

gää       (7) 

 

ʜʝ 

M K

t
t 1 1

2 yn n
= n=

gää  ï ʤʘʩʘ ʚʩʪʘʥʦʚʣʝʥʦʛʦ ʚ ʘʧʘʨʘʪʫʨʫ ʥʘʙʦʨʫ ʟʘʩʦʙʽʚ ʚʠʤʽʨʶʚʘʥʥʷ; 

N M

t t
1t 1

1 l 1l l l
l= =

g dää  ï ʤʘʩʘ ʤʝʨʝʞʽ ʟʚ'ʷʟʢʫ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʜʘʪʯʠʢʽʚ.  

ʄʦʜʝʣʴ (1) ï (7) ʻ ʟʘʜʘʯʝʶ ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ. 

ʈʦʟʛʣʷʥʫʪʘ ʟʘʜʘʯʘ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʚʠʙʦʨʫ ʪʘ ʦʙ'ʻʜʥʘʥʥʷ ʝʣʝʤʝʥʪʽʚ, ʙʣʦʢʽʚ ʂɼɸ, ʱʦ ʤʘʶʪʴ ʩʪʨʫʢʪʫʨʫ ʽʟ 

ʟʘʛʘʣʴʥʦʶ ʰʠʥʦʶ, ʤʦʞʝ ʙʫʪʠ ʬʦʨʤʘʣʽʟʦʚʘʥʘ ʷʢ ʤʦʜʝʣʴ ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠ 

ʮʴʦʤʫ ʙʫʣʝʚʠʭ ʟʤʽʥʥʠʭ, ʱʦ ʧʨʠʡʤʘʶʪʴ ʪʽʣʴʢʠ ʜʚʘ ʟʥʘʯʝʥʥʷ (0 ʽ 1), ʩʧʨʦʱʫʻ ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʧʨʦʮʝʜʫʨʠ ʧʨʠ 

ʚʠʟʥʘʯʝʥʥʽ ʦʧʪʠʤʘʣʴʥʠʭ ʨʽʰʝʥʴ ʟʘʜʘʯ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ.  

ɹʫʜʴ-ʷʢʘ ʯʠʩʣʦʚʘ ʟʤʽʥʥʘ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʡ ʟʤʽʥʥʘ tyn ʤʦʜʝʣʽ (1) ï (7), ʤʦʞʝ ʙʫʪʠ ʚʠʨʘʞʝʥʘ ʯʝʨʝʟ ʙʫʣʝʚʽ 

ʟʤʽʥʥʽ. ɯʩʥʫʻ ʜʚʘ ʩʧʦʩʦʙʠ ʟʘʤʽʥʠ ʯʠʩʣʦʚʦʾ ʟʤʽʥʥʦʾ 
t

t0 y kn n¢ ¢ . ʇʦʟʥʘʯʠʤʦ ʯʝʨʝʟ t
x
nd  
ʙʫʣʝʚʫ ʟʤʽʥʥʫ, 

ʷʢʘ ʧʨʠʡʤʘʻ ʪʘʢʽ ʟʥʘʯʝʥʥʷ:  

 

t

1,ʷʢʱʦʦʜʠʥ ʡʢʦʥʮʝʥʪʨʘʪʦʨ ʛʦʪʠʧʫʚʠʢʦʨʠʩʪʘʥʠʡ

   ʚʩʠʩʪʝʤʽʚt ʡʦʙʣʘʩʪʽ;

0 ʚʟʚʦʨʦʪʥʴʦʤʫʚʠʧʘʜʢʫ.

x
n

x- n-ë
î

d = -ì
î-í

 

 

ʊʦʜʽ 

tk1 2
t t t ty 2 2 ... 2 .nn n n n=d +d + +d 

 

ɯʥʰʝ ʜʚʽʡʢʦʚʝ ʧʦʜʘʥʥʷ ʟʤʽʥʥʦʾ tyn, ʙʽʣʴʰ ʝʢʦʥʦʤʥʝ ʟ ʪʦʯʢʠ ʟʦʨʫ ʢʽʣʴʢʦʩʪʽ ʙʫʣʝʚʠʭ ʟʤʽʥʥʠʭ, ʷʢʽ ʟʘ-
ʤʽʥʷʶʪʴ ʯʠʩʣʦʚʫ, ʟʘʜʘʻʪʴʩʷ ʬʦʨʤʫʣʦʶ:  

 

tt k1k1 11 2 2 3
t t t t ty 2 2 2 2 ... 2 2 ,nn-
n n n n n=d +d + d + + d 

 

ʜʝ 
tk1nï ʥʘʡʤʝʥʰʝ ʮʽʣʝ ʯʠʩʣʦ, ʷʢʝ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟ ʥʝʨʽʚʥʦʩʪʽ 

tk1 t t t2 1 k ; k1 k .n
n n n- ² à 

ɺʠʢʦʨʠʩʪʦʚʫʻʤʦ ʜʨʫʛʠʡ ʩʧʦʩʽʙ ʟʘʤʽʥʠ ʟʤʽʥʥʦʾ tyn ʙʫʣʝʚʠʤʠ ʟʤʽʥʥʠʤʠ, ʪʦʜʽ ʢʽʣʴʢʽʩʪʴ ʟʤʽʥʥʠʭ, ʱʦ 

ʦʧʠʩʫʶʪʴ ʨʦʟʤʽʱʝʥʥʷ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʘʧʘʨʘʪʫʨʠ, ʱʦʜʦ ʥʘʙʦʨʫ ʟʘʩʦʙʽʚ ʚʠʤʽʨʶʚʘʥʥʷ,  

 

M K
t

t 1 1

k1 k1 .n
= n=

=ää  

 



th[L{I Wh¦wb![ hC {/L9b/9 Ѕ 30, 2020 43 

ʄʦʜʝʣʴ ʦʧʪʠʤʽʟʘʮʽʾ ʩʪʨʫʢʪʫʨʠ ʢʦʥʪʨʦʣʴʥʦ-ʜʽʘʛʥʦʩʪʠʯʥʦʾ ʘʧʘʨʘʪʫʨʠ, ʱʦ ʤʘʻ ʟʘʛʘʣʴʥʫ ʰʠʥʫ ʜʣʷ ʧʝʨʝ-

ʜʘʯʽ ʜʘʥʠʭ, ʟʘʧʠʰʝʪʴʩʷ ʯʝʨʝʟ ʟʤʽʥʥʽ t t1 , 2xl nd d
 
ʫ ʚʠʛʣʷʜʽ: ʤʽʥʽʤʽʟʫʚʘʪʠ ʚʘʨʪʽʩʪʴ ʤʝʨʝʞʽ ʟʙʦʨʫ ʪʘ ʦʙʨʦ-

ʙʢʠ ʽʥʬʦʨʤʘʮʽʾ  

 

tk1M N M K

o t t t
t 1 1 t 1 1 1

W W w1 l 1 w2 2
n

x
l l l nn

= l= = n= x=

= + d + dää äää     (8) 

 

ʧʨʠ ʪʘʢʠʭ ʫʤʦʚʘʭ 

 

tk1N K

t t
1 1 1

F 1 F Q 2 , t 1,M;
n

x
l l n nn

l= n= x=

d ¢ d =ä ää      (9) 

tk1N K

j t j t
1 1 1

1 1 2 Q 2 , t 1,M; j 1,J;
n

x
l l n nn

l= n= x=

q d ¢ q d = =ä ää     (10) 

M

t
t 1

1 N , 1,N;l l
=

d = l=ä      (11) 

tk1M K

2t
t 1 1 1

w2 2 W ;
n

x
n n

= n= x=

d ¢äää     (12) 

tk1K

tt
1 1

v 2 V , t 1,M;
n

x
n n

n= x=

d ¢ =ää     (13) 

t

t

k1M K M K

t t 1.
t 1 1 t 1 1 1

1 l 1 2 2 W
n

n

x
l l l n

= l= = n= x=

g d + g d ¢ää äää    (14) 

 

ʋʤʦʚʠ (9), (10) ʛʘʨʘʥʪʫʶʪʴ ʦʪʨʠʤʘʥʥʷ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦʝʢʪʦʚʘʥʦʾ ʘʧʘʨʘʪʫʨʠ ʟ ʥʝʦʙʭʽʜ-

ʥʦʶ ʜʣʷ ʥʠʭ ʯʘʩʪʦʪʦʶ. ʆʙʤʝʞʝʥʥʷ ʟʛʽʜʥʦ ʚʠʨʘʟʫ (11) ʟʘʙʝʟʧʝʯʫʻ ʚʠʤʦʛʫ ʟ ʥʘʜʽʡʥʦʩʪʽ ʜʦʩʪʘʚʢʠ ʽʥʬʦʨʤʘʮʽʾ 

ʚʽʜ ʜʘʪʯʠʢʽʚ ʜʦ ʟʘʩʦʙʽʚ ʚʠʤʽʨʶʚʘʥʥʷ. ʋʤʦʚʘ (12) ʚʠʧʣʠʚʘʻ ʟ ʚʠʤʦʛʠ ʧʨʦ ʪʝ, ʱʦʙ ʚʘʨʪʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʠʭ ʫ 

ʘʧʘʨʘʪʫʨʽ ʟʘʩʦʙʽʚ ʚʠʤʽʨʶʚʘʥʥʷ ʥʝ ʧʝʨʝʚʠʱʫʚʘʣʘ ʟʘʜʘʥʦʛʦ ʨʽʚʥʷ. ʋʤʦʚʘ (13) ʦʙʤʝʞʫʻ ʦʙʩʷʛ (ʦʙôʻʤ, ʤʘʩʘ) 

ʟʘʩʦʙʽʚ ʚʠʤʽʨʶʚʘʥʥʷ, ʱʦ ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʚ ʦʙʣʘʩʪʽ, ʱʦ ʧʨʠʤʠʢʘʶʪʴ ʜʦ ʰʠʥʠ ʜʘʥʠʭ, ʜʣʷ ʚʚʝʜʝʥʥʷ ʚ ʥʴʦʛʦ 

ʽʥʬʦʨʤʘʮʽʾ ʚʽʜ ʜʘʪʯʠʢʽʚ. ʋʤʦʚʘ (14) ʦʙʤʝʞʫʻ ʤʘʩʫ ʧʨʦʝʢʪʦʚʘʥʦʾ ʤʝʨʝʞʽ ʟʙʦʨʫ ʽʥʬʦʨʤʘʮʽʾ.  

ʄʦʜʝʣʴ (8) ï (14) ʻ ʟʘʜʘʯʝʶ ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʟ ʙʫʣʝʚʠʤʠ ʟʤʽʥʥʠʤʠ ʽ ʟ ʦʙʤʝʞʝʥʥʷʤʠ ʟʘʛʘʣʴ-

ʥʦʛʦ ʚʠʛʣʷʜʫ. ɼʣʷ ʾʾ ʚʠʨʽʰʝʥʥʷ ʧʨʦʧʦʥʫʻʪʴʩʷ ʟʘʩʪʦʩʫʚʘʪʠ ʦʜʠʥ ʟ ʘʣʛʦʨʠʪʤʽʚ ʥʝʷʚʥʦʛʦ ʧʝʨʝʙʦʨʫ.  

ɺʽʜʤʽʪʠʤʦ, ʱʦ ʤʝʪʦʜʠ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʟʚʠʯʘʡʥʦ ʨʦʟʨʦʙʣʷʶʪʴʩʷ ʜʣʷ 

ʦʜʥʦʽʥʜʝʢʩʥʠʭ ʤʦʜʝʣʝʡ. ʆʪʨʠʤʘʥʽ ʤʦʜʝʣʽ ʻ ʙʘʛʘʪʦʽʥʜʝʢʩʥʠʤʠ. ʇʝʨʝʡʜʝʤʦ ʚʽʜ ʥʠʭ ʜʦ ʦʜʥʦʽʥʜʝʢʩʥʠʭ ʤʦʜʝ-

ʣʝʡ. ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʟ ʤʦʜʝʣʽ (1) ï (7) ʦʜʥʦʽʥʜʝʢʩʥʦʾ ʟʘʤʽʥʠʤʦ ʟʤʽʥʥʽ t1ld  ̔  tyn ʦʜʥʽʻʾ ʟʤʽʥʥʦʾ jx , ʪʦʙʪʦ 

ʟʘʤʽʥʠʤʦ ʧʘʨʠ ʽʥʜʝʢʩʽʚ ɚ, t ʽ v, t ʦʜʥʠʤ ʽʥʜʝʢʩʦʤ j.  

ʇʦʟʥʘʯʠʤʦ ʯʝʨʝʟ ʩj ʢʦʝʬʽʮʽʻʥʪʠ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ ʧʨʠ ʟʤʽʥʥʠʭ jx ; ʯʝʨʝʟ ija  ï ʢʦʝʬʽʮʽʻʥʪʠ, ʘ ʯʝʨʝʟ 

ib  ï ʚʽʣʴʥʽ ʯʣʝʥʠ ʦʙʤʝʞʝʥʴ ʤʦʜʝʣʽ ʫ ʚʠʛʣʷʜʽ ʥʝʨʽʚʥʦʩʪʝʡ. ʊʦʜʽ ʤʦʜʝʣʴ (1) ï (7) ʧʨʠʚʝʜʝ ʜʦ ʥʘʩʪʫʧʥʦʾ 

ʦʜʥʦʽʥʜʝʢʩʥʦʾ ʧʦʚʥʽʩʪʶ ʣʽʥʽʡʥʦʾ ʤʦʜʝʣʽ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ:  

 

n

j j
j 1

c x min
=

ä       (15) 
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ʧʨʠ ʫʤʦʚʘʭ:  

n

i j j i
j 1

a x b 0, i 1,m;
=

+ ² =ä       (16) 

j
j G

x N , 1,N;

l

l
Í

= l=ä       (17) 

,n1,j ,Dx gj =Í       (18) 

 

ʜʝ ( )n M N K ;= +  ( )m M 2 J 2;= + + Gl ï ʧʽʜʤʥʦʞʠʥʠ ʜʝʷʢʠʭ ʟʤʽʥʥʠʭ, ʢʦʞʥʘ ʧʽʜʤʥʦ-

ʞʠʥʘ Gl ʦʙ'ʻʜʥʫʻ ʙʫʣʝʚʽ ʟʤʽʥʥʽ, ʷʢʽ ʦʧʠʩʫʶʪʴ ʧʽʜʢʣʶʯʝʥʥʷ ɚ-ʛʦ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʜʘʪʯʠʢʘ; gD  ï ʦʙʣʘʩʪʽ, 

ʢʦʞʥʘ ʟ ʷʢʠʭ ʤʽʩʪʠʪʴ ʟʥʘʯʝʥʥʷ ʫ ʚʠʛʣʷʜʽ ʮʽʣʠʭ ʯʠʩʝʣ, ʷʢʽ ʤʦʞʝ ʧʨʠʡʤʘʪʠ ʟʤʽʥʥʘ jx .  

ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʦʜʥʦʽʥʜʝʢʩʥʦʾ ʤʦʜʝʣʽ ʟ ʚʠʨʘʟʽʚ (8) ï (14) ʟʘʩʪʦʩʫʻʤʦ ʪʫ ʞ ʤʝʪʦʜʠʢʫ. ɿʘʤʽʥʠʤʦ ʙʫʣʝʚʽ 

ʟʤʽʥʥʽ t1ld  ʽ t2xnd  ʦʜʥʽʻʶ ʟʤʽʥʥʦʶ jx , ɦ ʦ ʧʦʚ'ʷʟʘʥʦ ʽʟ ʟʘʤʽʥʦʶ ʽʥʜʝʢʩʽʚ ɚ, t ʽ v, t ̔  ɝ ʽʥʜʝʢʩʦʤ j: 

 

K
t (t 1)
(v 1) v

v 1

N(t 1), j NM;

j MN, j MN, v 1, t 1;

k (v 1) (t 1)( k , j MN, v 1, t 1.-
-

=

ë
î
l+ - ¢î
î
= x+ ð = =ì
î
îx+ - + - ð ð ð
îí

ä

 

 

ɿʚʦʨʦʪʥʠʡ ʧʝʨʝʭʽʜ ʚʽʜ ʽʥʜʝʢʩʫ j ʜʦ ʽʥʜʝʢʩʽʚ ɚ, t ʽ v, t , ɝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʘʚʧʘʢʠ. 

ɺʠʢʦʨʠʩʪʦʚʫʻʤʦ ʪʽ ʞ ʧʦʟʥʘʯʝʥʥʷ, ʱʦ ʽ ʧʨʠ ʦʪʨʠʤʘʥʥʽ ʤʦʜʝʣʽ (15) ï (18), ʪʦʜʽ ʤʦʜʝʣʴ (8) ï (14) ʧʨʠʟʚʝʜʝ 

ʜʦ ʤʦʜʝʣʽ ʚʠʛʣʷʜʫ: 

  

n

j j
j 1

c x min
=

ä       (19) 

 

ʧʨʠ ʫʤʦʚʘʭ: 

n

i j j i
j 1

a x b 0, i 1,m;
=

+ ² =ä      (20) 

j
j G

x N , 1,N;

l

l
Í

= l=ä      (21) 

.n1,j  
,1

,0
x j =
í
ì
ë
=      (22) 

 

ʊʦʜʽ ʢʽʣʴʢʽʩʪʴ ʟʤʽʥʥʠʭ 

K M
t
v

v 1t 1

n MN k
= =

= +ää , ʘ ʢʽʣʴʢʽʩʪʴ ʦʙʤʝʞʝʥʴ m 

ʥʝ ʟʤʽʥʠʣʦʩʷ ʧʦʨʽʚʥʷʥʦ ʟ ʧʦʧʝʨʝʜʥʴʦʶ ʤʦʜʝʣʣʶ. 

ʆʪʨʠʤʘʥʦ ʤʦʜʝʣʴ (19) ï (22) ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘ-

ʤʫʚʘʥʥʷ ʟ ʙʫʣʝʚʠʤʠ ʟʤʽʥʥʠʤʠ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʤʦʜʝ-

ʣʝʡ ʪʘʢʦʛʦ ʪʠʧʫ, ʜʦ ʷʢʠʭ ʧʨʠʚʦʜʠʣʠ ʟʘʜʘʯʽ ʨʦʟʤʽ-

ʱʝʥʥʷ ʪʘ ʦʙ'ʻʜʥʘʥʥʷ ʝʣʝʤʝʥʪʽʚ ʧʨʠʣʘʜʦʚʠʭ ʢʦʤʧʣʝ-

ʢʩʽʚ ʟ ʽʻʨʘʨʭʽʯʥʦʶ ʩʪʨʫʢʪʫʨʦʶ, ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʟʘ-

ʜʘʯʘ ʥʝ ʤʽʩʪʠʪʴ ʦʙʤʝʞʝʥʴ, ʷʢʽ ʨʦʟʙʠʚʘʶʪʴ ʙʝʟʣʽʯ 

ʟʤʽʥʥʠʭ ʥʘ ʥʝʧʝʨʝʩʽʯʥʽ ʧʽʜʤʥʦʞʠʥʠ, ʚ ʢʦʞʥʽʡ ʟ 

ʷʢʠʭ ʣʠʰʝ ʦʜʥʘ ʟʤʽʥʥʘ ʧʨʠʡʤʘʻ ʟʥʘʯʝʥʥʷ, ʨʽʚʥʝ 

ʦʜʠʥʠʮʽ. 

ɺʠʩʥʦʚʢʠ ʪʘ ʧʨʦʧʦʟʠʮʽʾ 
ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʟʘʜʘʯʘ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʚʠʙʦʨʫ ʪʘ 

ʦʙ'ʻʜʥʘʥʥʷ ʝʣʝʤʝʥʪʽʚ, ʙʣʦʢʽʚ ʂɼɸ, ʷʢʽ ʤʘʶʪʴ ʩʪʨʫ-
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ʢʪʫʨʫ ʽʟ ʟʘʛʘʣʴʥʦʶ ʰʠʥʦʶ. ʇʦʢʘʟʘʥʦ, ʱʦ ʪʘʢʘ ʟʘ-

ʜʘʯʘ ʬʦʨʤʘʣʽʟʦʚʘʥʘ ʷʢ ʤʦʜʝʣʴ ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫ-

ʚʘʥʥʷ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʟʘʜʘʯʽ ʙʫʣʝ-

ʚʠʭ ʟʤʽʥʥʠʭ, ʷʢʽ ʧʨʠʡʤʘʶʪʴ ʪʽʣʴʢʠ ʜʚʘ ʟʥʘʯʝʥʥʷ (0 

ʽ 1), ʜʣʷ ʩʧʨʦʱʝʥʥʷ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʧʨʦʮʝʜʫʨ ʧʨʠ 

ʚʠʟʥʘʯʝʥʥʽ ʨʘʮʽʦʥʘʣʴʥʦʾ ʩʪʨʫʢʪʫʨʠ ʩʠʥʪʝʟʦʚʘʥʦʾ 

ʂɼɸ. 

ʈʦʟʨʦʙʣʝʥʘ ʤʦʜʝʣʴ ʚʠʙʦʨʫ ʪʘ ʦʙ'ʻʜʥʘʥʥʷ ʝʣʝ-

ʤʝʥʪʽʚ, ʙʣʦʢʽʚ ʂɼɸ ʜʣʷ ʢʦʥʪʨʦʣʶ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ 

ɿɺʊ ʻ ʟʘʜʘʯʘʤʠ ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ, 

ʨʦʟʚôʷʟʘʥʥʷ ʷʢʠʭ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʨʘʮʽʦʥʘʣʴʥʫ 

ʥʦʤʝʥʢʣʘʪʫʨʫ ʩʢʣʘʜʦʚʠʭ ʟʘʩʦʙʽʚ ʚʠʤʽʨʶʚʘʥʥʷ ʜʣʷ 

ʢʦʤʧʣʝʢʪʫʚʘʥʥʷ. ɼʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʧʦʩʪʘʚʣʝʥʠʭ ʟʘ-

ʜʘʯ ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʝʪʦʜʠ ʚʽʜʩʽ-

ʢʘʥʴ ʘʙʦ ʢʦʤʙʽʥʘʪʦʨʥʽ ʤʝʪʦʜʠ.  
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʩʪʘʪʴʝ ʦʧʠʩʘʥʳ ʪʝʭʥʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ, ʧʦʟʚʦʣʠʚʰʠʝ ʩʦʟʜʘʪʴ ʵʬʬʝʢʪʠʚʥʦʝ ʫʯʝʙʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʜʣʷ 

ʜʝʤʦʥʩʪʨʘʮʠʠ ʨʘʙʦʪʳ ʛʠʜʨʦʮʠʢʣʦʥʘ. ʕʪʦ ʫʩʪʨʦʡʩʪʚʦ ʫʩʧʝʰʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʷʭ ʈʦʩʩʠʠ. 

Abstract 

The article describes the technical solutions that made it possible to create an effective training device for 

demonstrating the operation of a hydrocyclone. This device is successfully used in educational institutions in Rus-

sia. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʫʯʝʙʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ, ʛʠʜʨʘʚʣʠʢʘ, ʛʠʜʨʦʮʠʢʣʦʥ. 

Keywords: training experiment, hydraulics, hydrocyclone. 

 

ɺʚʝʜʝʥʠʝ. ɺ ʠʥʞʝʥʝʨʥʦʤ ʦʙʨʘʟʦʚʘʥʠʠ ʧʨʠ 

ʧʨʦʚʝʜʝʥʠʠ ʧʨʘʢʪʠʢʫʤʘ ʧʦ ʦʯʠʩʪʢʝ ʞʠʜʢʦʩʪʝʡ ʩʪʫ-

ʜʝʥʪʳ ʩʪʨʦʠʪʝʣʴʥʳʭ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʠ ʤʝʭʘʥʠʯʝ-

ʩʢʠʭ ʩʧʝʮʠʘʣʴʥʦʩʪʝʡ ʜʦʣʞʥʳ ʠʟʫʯʠʪʴ ʢʦʥʩʪʨʫʢ-

ʮʠʶ ʛʠʜʨʦʮʠʢʣʦʥʥʳʭ ʫʩʪʘʥʦʚʦʢ ʠ ʩʫʱʥʦʩʪʴ ʪʝʭʥʦ-

ʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʥʠʭ, ʘ 

ʪʘʢʞʝ ʧʨʠʦʙʨʝʩʪʠ ʥʘʚʳʢʠ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʠʭ ʚʘʞ-

ʥʝʡʰʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ɼʣʷ ʵʪʦʡ ʮʝʣʠ ʠʩʧʦʣʴʟʫ-

ʶʪʩʷ ʩʧʝʮʠʘʣʴʥʳʝ ʫʯʝʙʥʳʝ ʥʘʛʣʷʜʥʳʝ ʧʦʩʦʙʠʷ ʠ 

ʣʘʙʦʨʘʪʦʨʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ.  

ɼʣʷ ʠʟʫʯʝʥʠʷ ʛʠʜʨʦʮʠʢʣʦʥʥʳʭ ʫʩʪʘʥʦʚʦʢ ʚ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʭʝʤʘʭ ʦʙʦʛʘʱʝʥʠʷ ʫʛʣʷ ʚ ʧʨʦ-

ʬʠʣʴʥʳʭ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʷʭ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʪʝʥʜ-

ʧʣʘʥʰʝʪ çɻʠʜʨʦʮʠʢʣʦʥè [1]. ʆʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦ-

ʙʦʡ ʧʘʥʝʣʴ ʩ ʮʚʝʪʥʳʤ ʠʟʦʙʨʘʞʝʥʠʝʤ ʛʠʜʨʦʮʠʢ-

ʣʦʥʘ. ɼʝʤʦʥʩʪʨʘʮʠʷ ʧʨʠʥʮʠʧʘ ʝʛʦ ʨʘʙʦʪʳ ʦʩʫ-

ʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʩʚʝʪʦʜʠʥʘʤʠʯʝʩʢʦʡ ʧʦʜ-

ʩʚʝʪʢʠ. ʊʘʢʦʝ ʥʘʛʣʷʜʥʦʝ ʧʦʩʦʙʠʝ ʥʝ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʥʘʙʣʶʜʝʥʠʝ ʨʝʘʣʴʥʳʭ ʷʚʣʝʥʠʡ ʚ ʛʠʜʨʦʮʠʢʣʦʥʘʭ ʠ 

ʦʧʳʪʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʭ ʨʘʙʦʪʳ. 

ɼʣʷ ʦʩʥʦʚʘʪʝʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ ʨʘʙʦʪʳ ʛʠʜʨʦ-

ʮʠʢʣʦʥʦʚ ʚ ʚʫʟʘʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʦʤʧʣʝʢʩʳ ʩ ʧʦʣ-

ʥʦʤʘʩʰʪʘʙʥʳʤʠ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʫʩʪʘʥʦʚʢʘʤʠ, 

ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʠ ʠʟʤʝʨʠʪʝʣʴʥʳʤʠ ʧʨʠʙʦʨʘʤʠ [2]. 

ʊʘʢʠʝ ʫʩʪʘʥʦʚʢʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʣʦʞʥʳ ʧʦ ʢʦʥ-

ʩʪʨʫʢʮʠʠ, ʩʦʜʝʨʞʘʪ ʥʘʩʦʩʳ ʠ ʙʦʣʴʰʠʝ ʨʝʟʝʨʚʫʘʨʳ, 

ʟʘʥʠʤʘʶʪ ʟʥʘʯʠʪʝʣʴʥʫʶ ʧʣʦʱʘʜʴ ʚ ʣʘʙʦʨʘʪʦʨʠʠ, 

ʧʨʝʜʧʦʣʘʛʘʶʪ ʥʘʣʠʯʠʝ ʚ ʧʦʤʝʱʝʥʠʠ ʚʥʫʪʨʝʥʥʝʛʦ 

ʚʦʜʦʧʨʦʚʦʜʘ ʠ ʢʘʥʘʣʠʟʘʮʠʠ, ʧʦʪʨʝʙʣʷʶʪ ʵʣʝʢʪʨʦ-

ʵʥʝʨʛʠʶ. ʆʥʠ ʠʤʝʶʪ ʚʳʩʦʢʫʶ ʩʪʦʠʤʦʩʪʴ, ʪʨʝʙʫʶʪ 

ʙʦʣʴʰʠʭ ʟʘʪʨʘʪ ʚʨʝʤʝʥʠ (ʥʝʩʢʦʣʴʢʦ ʟʘʥʷʪʠʡ) ʥʘ 

ʧʨʦʚʝʜʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʘʥʘʣʠʟ ʧʨʦʙ ʠ ʦʙʨʘʙʦʪʢʫ 

ʨʝʟʫʣʴʪʘʪʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʵʪʠ ʫʩʪʘʥʦʚʢʠ ʥʝ ʧʦʟʚʦ-

ʣʷʶʪ ʧʨʦʚʦʜʠʪʴ ʥʘʛʣʷʜʥʳʝ ʜʝʤʦʥʩʪʨʘʮʠʠ ʛʠʜʨʘʚ-

ʣʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ ʚ ʮʠʢʣʦʥʝ. 

ʉ ʫʯʝʙʥʦ-ʤʝʪʦʜʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʥʘʠʙʦʣʝʝ 

ʧʨʦʜʫʢʪʠʚʥʳʤ ʧʨʦʮʝʩʩʦʤ ʦʙʫʯʝʥʠʷ ʷʚʣʷʝʪʩʷ ʦʟʥʘ-

ʢʦʤʣʝʥʠʝ ʩʪʫʜʝʥʪʦʚ ʩ ʨʘʙʦʪʦʡ ʫʧʨʦʱʝʥʥʳʭ ʧʨʦ-

ʟʨʘʯʥʳʭ ʤʦʜʝʣʝʡ ʪʘʢʠʭ ʫʩʪʘʥʦʚʦʢ ʠ ʧʨʦʚʝʜʝʥʠʝ ʥʘ 

ʥʠʭ ʧʨʦʩʪʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʦʙʝʩʧʝ-

ʯʠʚʘʝʪ ʤʘʢʩʠʤʘʣʴʥʫʶ ʥʘʛʣʷʜʥʦʩʪʴ ʠʟʫʯʘʝʤʦʛʦ ʷʚ-

ʣʝʥʠʷ ʠ ʙʳʩʪʨʦʝ ʧʨʦʚʝʜʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘ. ʇʨʠ 

ʵʪʦʤ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ ʪʘʢʠʤ ʦʙʨʘ-

ʟʦʤ ʟʥʘʥʠʷ ʩʪʫʜʝʥʪʳ ʤʦʛʫʪ ʫʛʣʫʙʠʪʴ ʚ ʧʝʨʠʦʜ ʧʨʦ-

ʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʘʢʪʠʢ ʥʘ ʦʯʠʩʪʥʳʭ ʩʦʦʨʫʞʝʥʠʷʭ 

ʠ ʚ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʦʨʛʘʥʠʟʘʮʠʷʭ. 

ʇʦʵʪʦʤʫ ʧʨʦʙʣʝʤʘ ʩʦʟʜʘʥʠʷ ʠ ʦʨʛʘʥʠʟʘʮʠʠ 

ʚʳʧʫʩʢʘ ʵʩʪʝʪʠʯʥʦʡ, ʧʨʦʩʪʦʡ, ʫʜʦʙʥʦʡ ʚ 

ʵʢʩʧʣʫʘʪʘʮʠʠ, ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʠ ʥʝʜʦʨʦʛʦʡ ʫʯʝʙʥʦʡ 

ʜʝʤʦʥʩʪʨʘʮʠʦʥʥʦ-ʣʘʙʦʨʘʪʦʨʥʦʡ ʪʝʭʥʠʢʠ ʜʣʷ 

ʠʟʫʯʝʥʠʷ ʨʘʙʦʪʳ ʛʠʜʨʦʮʠʢʣʦʥʘ ʷʚʣʷʝʪʩʷ 

ʘʢʪʫʘʣʴʥʦʡ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤʠ ʦʙʩʪʦʷʪʝʣʴʩʪʚʘʤʠ ʚ ʊʦʤʩʢʦʤ 

ʘʨʭʠʪʝʢʪʫʨʥʦ-ʩʪʨʦʠʪʝʣʴʥʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ (ʊʦʤ-

ɻɸʉʋ) ʨʘʟʨʘʙʦʪʘʥʦ ʫʩʪʨʦʡʩʪʚʦ ʜʣʷ ʠʟʫʯʝʥʠʷ ʨʘ-

ʙʦʪʳ ʛʠʜʨʦʮʠʢʣʦʥʘ ʩ ʚʳʰʝʫʢʘʟʘʥʥʳʤʠ ʩʚʦʡ-

ʩʪʚʘʤʠ. ʆʥʦ ʚʦʰʣʦ ʚ ʩʦʩʪʘʚ ʫʯʝʙʥʦʛʦ ʛʠʜʨʘʚʣʠʯʝ-

ʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ çʂʘʧʝʣʴʢʘè [3] ʧʦʜ ʥʘʟʚʘʥʠʝʤ 

çʋʩʪʨʦʡʩʪʚʦ ˉ 11è ʠ ʧʦʟʚʦʣʷʝʪ ʠʟʫʯʠʪʴ ʢʦʥʩʪʨʫʢ-

ʮʠʶ ʥʘʧʦʨʥʦʛʦ ʛʠʜʨʦʮʠʢʣʦʥʘ, ʧʨʦʚʝʩʪʠ ʫʚʣʝʢʘ-

ʪʝʣʴʥʫʶ ʜʝʤʦʥʩʪʨʘʮʠʶ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ ʚ 

ʥʝʤ ʠ ʧʨʠʦʙʨʝʩʪʠ ʥʘʚʳʢʠ ʧʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤʫ 

ʦʧʨʝʜʝʣʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʯʠʩʪʢʠ ʚʦʜʳ ʚ ʮʠʢ-

ʣʦʥʝ ʦʪ ʚʟʚʝʰʝʥʥʳʭ ʚʝʱʝʩʪʚ. 
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ʇʨʦʪʦʪʠʧ ʫʩʪʨʦʡʩʪʚʘ. ʅʘʠʙʦʣʝʝ ʙʣʠʟʢʠʤ ʧʦ 

ʪʝʭʥʠʯʝʩʢʦʤʫ ʨʝʰʝʥʠʶ ʢ ʨʘʟʨʘʙʦʪʘʥʥʦʤʫ ʘʚʪʦ-

ʨʘʤʠ ʫʩʪʨʦʡʩʪʚʫ ʷʚʣʷʝʪʩʷ ʩʪʝʥʜ ʜʣʷ ʠʩʧʳʪʘʥʠʡ 

ʛʠʜʨʦʮʠʢʣʦʥʘ ʬʠʣʴʪʨʫʶʱʝʛʦ [4]. ʕʪʦʪ ʩʪʝʥʜ ʩʦʜʝʨ-

ʞʠʪ ʝʤʢʦʩʪʴ 1 ʩ ʟʘʛʨʷʟʥʝʥʥʦʡ ʧʝʩʢʦʤ ʞʠʜʢʦʩʪʴʶ 

(ʨʠʩ. 1), ʥʘʩʦʩ 2, ʢʦʪʦʨʳʡ ʩʦʝʜʠʥʝʥ ʥʘʧʦʨʥʳʤ ʪʨʫ-

ʙʦʧʨʦʚʦʜʦʤ 3 ʩ ʚʭʦʜʥʳʤ ʧʘʪʨʫʙʢʦʤ ʠʩʧʳʪʳʚʘʝ-

ʤʦʛʦ ʛʠʜʨʦʮʠʢʣʦʥʘ 4. ʉʣʠʚʥʘʷ ʠ ʨʘʟʛʨʫʟʦʯʥʘʷ ʣʠ-

ʥʠʠ 5 ʠ 6 ʮʠʢʣʦʥʘ ʩʚʷʟʘʥʳ ʩʦ ʩʲʝʤʥʳʤʠ ʤʝʨʥʳʤʠ 

ʩʦʩʫʜʘʤʠ 7. ɼʣʷ ʫʩʢʦʨʝʥʠʷ ʧʦʣʫʯʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ 

ʠʩʧʳʪʘʥʠʡ ʤʝʨʥʳʝ ʩʦʩʫʜʳ 7 ʩʥʘʙʞʝʥʳ ʩʠʪʘʤʠ 8. 

ʅʠʞʥʷʷ ʯʘʩʪʴ ʝʤʢʦʩʪʠ 1 ʩʦʝʜʠʥʝʥʘ ʩ ʥʘʧʦʨʥʦʡ ʣʠ-

ʥʠʝʡ ʥʘʩʦʩʘ 2 ʜʣʷ ʩʦʟʜʘʥʠʷ ʮʠʨʢʫʣʷʮʠʠ ʠ ʧʝʨʝʤʝ-

ʰʠʚʘʥʠʷ ʟʘʛʨʷʟʥʝʥʥʦʡ ʞʠʜʢʦʩʪʠ ʚ ʝʤʢʦʩʪʠ. ɿʘ-

ʧʦʨʥʦ-ʨʝʛʫʣʠʨʫʶʱʠʝ ʚʝʥʪʠʣʠ 10, 11 ʧʨʝʜʥʘʟʥʘ-

ʯʝʥʳ ʜʣʷ ʠʟʤʝʥʝʥʠʷ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʩʪʝʥʜʘ.  

ʉʪʝʥʜ ʨʘʙʦʪʘʝʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ɺʢʣʶ-

ʯʘʶʪ ʥʘʩʦʩ 2, ʦʙʝʩʧʝʯʠʚʘʷ ʧʦʜʘʯʫ ʦʯʠʱʘʝʤʦʡ ʞʠʜ-

ʢʦʩʪʠ ʥʘ ʛʠʜʨʦʮʠʢʣʦʥ 4 ʧʨʠ ʟʘʜʘʥʥʳʭ ʜʘʚʣʝʥʠʠ ʠ 

ʧʦʜʘʯʝ. ʇʦʩʣʝ ʚʳʭʦʜʘ ʩʪʝʥʜʘ ʥʘ ʫʩʪʘʥʦʚʠʚʰʠʡʩʷ 

ʨʝʞʠʤ ʨʘʙʦʪʳ, ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʩʲʝʤʥʳʝ ʤʝʨʥʳʝ ʩʦ-

ʩʫʜʳ 7 ʠ ʬʠʢʩʠʨʫʶʪ ʚʨʝʤʷ ʠʭ ʟʘʧʦʣʥʝʥʠʷ, ʦʧʨʝʜʝ-

ʣʷʷ ʪʝʤ ʩʘʤʳʤ ʦʙʲʝʤʥʳʝ ʨʘʩʭʦʜʳ Q. ɿʘʪʝʤ ʫʩʪʘʥʘʚ-

ʣʠʚʘʶʪ ʩʠʪʘ 8 ʠ ʚ ʪʝʯʝʥʠʝ ʟʘʜʘʥʥʦʛʦ ʚʨʝʤʝʥʠ (ʧʦ-

ʨʷʜʢʘ 1 ʤʠʥ) ʚʝʜʫʪ ʩʙʦʨ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʨʠʤʝʩʝʡ ʚ 

ʩʠʪʘ çʧʝʩʢʦʚʦʝè ʠ çʩʣʠʚʥʦʝè. ɺʟʚʝʰʠʚʘʶʪ ʩʦʙʨʘʥ-

ʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʨʠʤʝʩʝʡ ʠ ʨʘʩʩʯʠ-

ʪʳʚʘʶʪ ʵʬʬʝʢʪ ʦʯʠʩʪʢʠ ʞʠʜʢʦʩʪʠ. 

 
ʆʧʠʩʘʥʠʝ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʠʟʫʯʝʥʠʷ ʛʠʜʨʦ-

ʮʠʢʣʦʥʘ. ʈʘʟʨʘʙʦʪʘʥʥʦʝ ʘʚʪʦʨʘʤʠ ʫʩʪʨʦʡʩʪʚʦ (ʨʠʩ. 

2) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʫʧʨʦʱʝʥʥʫʶ ʤʦʜʝʣʴ ʚʳʰʝ-

ʦʧʠʩʘʥʥʦʛʦ ʩʪʝʥʜʘ. ʆʥʦ ʚʳʧʦʣʥʝʥʦ ʠʟ ʧʨʦʟʨʘʯʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʥʘ ʦʩʥʦʚʝ ʧʘʪʝʥʪʘ ʥʘ ʠʟʦʙʨʝʪʝʥʠʝ [5], ʩʦ-

ʜʝʨʞʠʪ ʙʘʢʠ 1 ʠ 7, ʩʦʝʜʠʥʝʥʥʳʝ ʢʘʥʘʣʘʤʠ ʤʝʞʜʫ 

ʩʦʙʦʡ ʠ ʩ ʛʠʜʨʦʮʠʢʣʦʥʦʤ 4. ɻʠʜʨʦʮʠʢʣʦʥ ʠʤʝʝʪ ʧʠ-

ʪʘʶʱʠʡ ʧʘʪʨʫʙʦʢ 2 ʜʣʷ ʧʦʜʘʯʠ ʠʩʭʦʜʥʦʡ ʞʠʜʢʦʩʪʠ 

ʠ ʩʣʠʚʥʦʡ ʧʘʪʨʫʙʦʢ 3 ʜʣʷ ʦʪʚʦʜʘ ʦʩʚʝʪʣʝʥʥʦʡ ʞʠʜ-

ʢʦʩʪʠ. ʇʦʜ ʛʠʜʨʦʮʠʢʣʦʥʦʤ ʨʘʩʧʦʣʦʞʝʥ ʙʫʥʢʝʨ 5, ʚ 

ʢʦʪʦʨʦʤ ʥʘʢʘʧʣʠʚʘʶʪʩʷ ʫʣʦʚʣʝʥʥʳʝ ʚ ʮʠʢʣʦʥʝ ʤʝ-

ʭʘʥʠʯʝʩʢʠʝ ʧʨʠʤʝʩʠ (ʟʘʛʨʷʟʥʝʥʠʷ) 6.  

1 2 

3 

4 

6 5 

7 

8 

10 

11 

9 

ʈʠʩ. 1. ʉʭʝʤʘ ʩʪʝʥʜʘ ʜʣʷ ʠʩʧʳʪʘʥʠʡ ʛʠʜʨʦʮʠʢʣʦʥʘ: 

1 ï ʝʤʢʦʩʪʴ; 2 ï ʥʘʩʦʩ; 3 ï ʥʘʧʦʨʥʳʡ ʪʨʫʙʦʧʨʦʚʦʜ; 

4 ï ʠʩʧʳʪʳʚʘʝʤʳʡ ʛʠʜʨʦʮʠʢʣʦʥ; 5 ʠ 6 ï ʩʣʠʚʥʘʷ ʠ ʨʘʟʛʨʫʟʦʯʥʘʷ ʣʠʥʠʠ; 7 

ï ʤʝʨʥʳʝ ʩʦʩʫʜʳ; 8 ï ʩʠʪʘ; 

9 ï ʥʘʧʦʨʥʘʷ ʣʠʥʠʷ; 10, 11 ï ʚʝʥʪʠʣʠ 
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ʋʩʪʨʦʡʩʪʚʦ ʟʘʧʦʣʥʝʥʦ ʚʦʜʦʡ, ʩʦʜʝʨʞʘʱʝʡ 

ʧʣʘʩʪʤʘʩʩʦʚʳʝ ʰʘʨʠʢʠ, ʠʤʠʪʠʨʫʶʱʠʝ ʤʝʭʘʥʠʯʝ-

ʩʢʠʝ ʧʨʠʤʝʩʠ. ɺ ʚʦʜʫ ʤʦʛʫʪ ʙʳʪʴ ʜʦʙʘʚʣʝʥʳ ʤʠʢ-

ʨʦʩʢʦʧʠʯʝʩʢʠʝ ʯʘʩʪʠʮʳ ʘʣʶʤʠʥʠʷ ʜʣʷ ʚʠʟʫʘʣʠʟʘ-

ʮʠʠ ʪʝʯʝʥʠʡ.  

ɼʣʷ ʟʘʧʫʩʢʘ ʫʩʪʨʦʡʩʪʚʘ ʚ ʨʘʙʦʪʫ ʝʛʦ ʫʩʪʘʥʘʚ-

ʣʠʚʘʶʪ ʥʘ ʩʪʦʣ ʙʘʢʦʤ 1 ʜʣʷ ʝʛʦ ʟʘʧʦʣʥʝʥʠʷ (ʨʠʩ. 3). 

ɿʘʪʝʤ ʤʝʜʣʝʥʥʦ ʚʨʘʱʘʶʪ ʫʩʪʨʦʡʩʪʚʦ ʚ ʚʝʨʪʠʢʘʣʴ-

ʥʦʡ ʧʣʦʩʢʦʩʪʠ ʧʦ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʝ ʜʦ ʟʘʧʦʣʥʝʥʠʷ 

ʛʠʜʨʦʮʠʢʣʦʥʘ 4 ʠ ʙʫʥʢʝʨʘ 5 ʞʠʜʢʦʩʪʴʶ. ʋʩʪʨʦʡ-

ʩʪʚʦ ʙʳʩʪʨʦ ʧʨʠʚʦʜʠʪʩʷ ʚ ʜʝʡʩʪʚʠʝ ʧʦʩʣʝ ʫʩʪʘ-

ʥʦʚʢʠ ʝʛʦ ʙʘʢʦʤ 7 ʥʘ ʩʪʦʣ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2. 

 
 

ʇʨʠ ʵʪʦʤ ʧʦʩʪʫʧʘʶʱʘʷ ʯʝʨʝʟ ʛʠʜʨʦʮʠʢʣʦʥ ʚ 

ʥʠʞʥʠʡ ʙʘʢ 7 ʚʦʜʘ ʚʳʪʝʩʥʷʝʪ ʚʦʟʜʫʭ ʚ ʚʠʜʝ ʧʫʟʳ-

ʨʝʡ ʚ ʚʝʨʭʥʠʡ ʙʘʢ ʯʝʨʝʟ ʚʦʟʜʫʰʥʳʡ ʢʘʥʘʣ 8, ʯʪʦ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʝʨʝʤʝʰʠʚʘʥʠʝ ʰʘʨʦʦʙʨʘʟʥʳʭ ʯʘ-

ʩʪʠʮ ʩ ʞʠʜʢʦʩʪʴʶ ʚ ʚʝʨʭʥʝʤ ʙʘʢʝ 1 ʠ ʧʦʜʜʝʨʞʠʚʘʝʪ 

ʠʭ ʚʦ ʚʟʚʝʰʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ. ɾʠʜʢʦʩʪʴ ʩ ʰʘʨʦʦʙ-

ʨʘʟʥʳʤʠ ʯʘʩʪʠʮʘʤʠ ʚʭʦʜʠʪ ʩʘʤʦʪʝʢʦʤ ʧʦ ʧʠʪʘʶ-

ʱʝʤʫ ʧʘʪʨʫʙʢʫ 2 ʚ ʛʠʜʨʦʮʠʢʣʦʥ 4, ʛʜʝ ʙʦʣʴʰʘʷ 

ʯʘʩʪʴ ʯʘʩʪʠʮ ʦʪʜʝʣʷʝʪʩʷ ʠ ʧʦʧʘʜʘʝʪ ʚ ʙʫʥʢʝʨ 5. 

ʆʩʚʝʪʣʝʥʥʘʷ ʞʠʜʢʦʩʪʴ ʩ ʥʝʙʦʣʴʰʦʡ ʯʘʩʪʴʶ ʧʨʠʤʝ-

ʩʝʡ ʧʦʩʪʫʧʘʝʪ ʯʝʨʝʟ ʩʣʠʚʥʦʡ ʧʘʪʨʫʙʦʢ 3 ʚ ʙʘʢ 7. 

ɺ ʭʦʜʝ ʦʧʳʪʘ ʥʘʙʣʶʜʘʶʪ ʠ ʟʘʨʠʩʦʚʳʚʘʶʪ 

ʩʭʝʤʫ ʠ ʩʪʨʫʢʪʫʨʫ ʧʦʪʦʢʦʚ ʚ ʛʠʜʨʦʮʠʢʣʦʥʝ (ʨʠʩ. 4), 

ʙʘʢʘʭ ʠ ʢʘʥʘʣʘʭ ʫʩʪʨʦʡʩʪʚʘ ʧʦ ʤʝʯʝʥʳʤ ʯʘʩʪʠʮʘʤ 

ʘʣʶʤʠʥʠʷ ʠ ʰʘʨʦʦʙʨʘʟʥʳʤ ʚʢʣʶʯʝʥʠʷʤ. ʆʩʦʙʦʝ 

ʚʥʠʤʘʥʠʝ ʦʙʨʘʱʘʶʪ ʥʘ ʧʨʦʮʝʩʩʳ ʚʟʚʝʰʠʚʘʥʠʷ ʧʨʠ-

ʤʝʩʝʡ ʚ ʙʘʢʝ 1 ʠ ʠʭ ʦʪʜʝʣʝʥʠʷ ʚ ʮʠʢʣʦʥʝ 4.  
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ʈʠʩ. 2. ʉʭʝʤʘ (ʘ) ʠ ʦʙʱʠʡ ʚʠʜ (ʙ) ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʠʟʫʯʝʥʠʷ ʛʠʜʨʦʮʠʢʣʦʥʘ: 

1, 7 ï ʙʘʢʠ; 2 ï ʧʠʪʘʶʱʠʡ ʧʘʪʨʫʙʦʢ; 3 ï ʩʣʠʚʥʦʡ ʧʘʪʨʫʙʦʢ; 4 ï ʛʠʜʨʦʮʠʢʣʦʥ; 5 ï ʙʫʥʢʝʨ; 

6 ï ʦʪʜʝʣʝʥʥʳʝ ʧʨʠʤʝʩʠ; 8 ï ʚʦʟʜʫʰʥʳʡ ʢʘʥʘʣ; 9 ï ʧʫʟʳʨʴʢʠ 

ʘ ʙ 

ʈʠʩ. 3. ʇʦʨʷʜʦʢ ʜʝʡʩʪʚʠʡ ʧʦ ʟʘʧʫʩʢʫ ʫʩʪʨʦʡʩʪʚʘ ʚ ʨʘʙʦʪʫ 



th[L{I Wh¦wb![ hC {/L9b/9 Ѕ 30, 2020 49 

 
 

ɺ ʢʦʥʮʝ ʦʧʳʪʘ ʟʘʤʝʨʷʶʪ ʚʳʩʦʪʫ ʩʣʦʷ ʦʩʘʜʢʘ Ὤ̏  ̒ʚ ʙʫʥʢʝʨʝ ʧʦʩʣʝ ʦʧʦʨʦʞʥʝʥʠʷ ʚʝʨʭʥʝʛʦ ʙʘʢʘ. ʆʧʳʪ 

ʧʦʚʪʦʨʷʶʪ 3 ʨʘʟʘ. ʈʝʟʫʣʴʪʘʪʳ ʟʘʤʝʨʦʚ ʠ ʧʘʨʘʤʝʪʨʳ ʫʩʪʨʦʡʩʪʚʘ ʟʘʥʦʩʷʪʩʷ ʚ ʪʘʙʣ. 1, ʛʜʝ ʧʨʦʚʦʜʷʪʩʷ ʨʘʩʯʝʪʳ 

ʵʬʬʝʢʪʘ ʦʩʚʝʪʣʝʥʠʷ ʞʠʜʢʦʩʪʠ ʚ ʛʠʜʨʦʮʠʢʣʦʥʝ.  

 

ʊʘʙʣʠʮʘ 1 

ʈʘʩʯʝʪ ʵʬʬʝʢʪʘ ʦʩʚʝʪʣʝʥʠʷ ʞʠʜʢʦʩʪʠ ʚ ʛʠʜʨʦʮʠʢʣʦʥʝ 

ˉ 

ʧ/ʧ 

ʅʘʠʤʝʥʦʚʘʥʠʝ 

ʚʝʣʠʯʠʥ 

ʆʙʦʟʥʘʯʝʥʠʷ, 

ʬʦʨʤʫʣʳ 

ˉ ʦʧʳʪʘ 

1 2 3 

1 ʋʨʦʚʝʥʴ ʦʩʘʜʢʘ ʚ ʙʫʥʢʝʨʝ, ʩʤ Ὤ̏  ̒    

2 ʆʙʲʸʤ ʦʩʘʜʢʘ ʚ ʙʫʥʢʝʨʝ, ʩʤ3 ὠ̏̒ ʖὬ̏  ̒    

3 
ʆʙʲʝʤʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʨʠʤʝʩʝʡ ʚ ʠʩʭʦʜʥʦʡ 

ʚʦʜʝ, ʩʤ3/ʣ 
ὅ̉ ̖̒

ὠ

ὡ
    

4 
ʆʙʲʝʤʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʨʠʤʝʩʝʡ ʚ ʦʩʚʝʪʣʝʥʥʦʡ 

ʚʦʜʝ, ʩʤ3/ʣ 
ὅ̏ ̒̃

ὠ ὠ̏̒
ὡ

    

5 ʕʬʬʝʢʪ ʦʩʚʝʪʣʝʥʠʷ, % ʕ = 
ὅ̉ ̖̒ ὅ̏ ̒̃

ὅ̉ ̖̒

ρππ    

6 ʉʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʵʬʬʝʢʪʘ ʦʩʚʝʪʣʝʥʠʷ, % ʕ̒ ̑

ρ

σ
ʕ  

ʇʨʠʤʝʯʘʥʠʝ. ʆʙʲʝʤ ʧʨʠʤʝʩʠ (ʰʘʨʠʢʦʚ) ʚ ʠʩʭʦʜʥʦʡ ʚʦʜʝ ὠ = 17 ʩʤ3, ʦʙʲʝʤ ʚʦʜʳ ʚ ʫʩʪʨʦʡʩʪʚʝ ὡ = 1,2 ʣ, 

ʧʣʦʱʘʜʴ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʙʫʥʢʝʨʘ ʖ = 5,5 ʩʤ2 (ʫʢʘʟʘʥʳ ʥʘ ʢʦʨʧʫʩʝ ʫʩʪʨʦʡʩʪʚʘ). 

 

  

ʈʠʩ. 4. ʉʭʝʤʘ (ʘ) ʠ ʩʪʨʫʢʪʫʨʘ (ʙ) ʧʦʪʦʢʦʚ ʚ ʛʠʜʨʦʮʠʢʣʦʥʝ: 1 ʠ 2 ï ʚʥʝʰʥʠʡ ʠ ʚʥʫʪʨʝʥʥʠʡ ʩʧʠʨʘʣʴʥʳʝ ʧʦ-

ʪʦʢʠ; Ὤ̏  ̒ï ʚʳʩʦʪʘ ʩʣʦʷ ʦʩʘʜʢʘ ʚ ʙʫʥʢʝʨʝ 

1 

ɺʭʦʜ  

ʈʘʟʛʨʫʟʢʘ ʧʨʠ-

ʤʝʩʠ 

ɺʳʭʦʜ ʦʯʠʱʝʥʥʦʡ ʚʦʜʳ 

ɺʭʦʜ  

2 

▐̏
 ̒

ʘ 
ʙ 
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ʉʦʜʝʨʞʘʥʠʝ ʠ ʧʦʨʷʜʦʢ ʚʳʧʦʣʥʝʥʠʷ ʜʝʤʦʥ-

ʩʪʨʘʮʠʡ ʠ ʫʯʝʙʥʳʭ ʨʘʙʦʪ ʥʘ ʫʩʪʨʦʡʩʪʚʝ ˉ 11 ʧʦ-

ʜʨʦʙʥʦ ʦʧʠʩʘʥʳ ʚ ʤʝʪʦʜʠʯʝʩʢʠʭ ʫʢʘʟʘʥʠʷʭ, ʧʦʤʝ-

ʱʝʥʥʳʭ ʥʘ ʩʘʡʪʘʭ drop-let.ru , labkap.ru.  

ʂʦʥʢʫʨʝʥʪʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʫʯʝʙʥʦ-ʣʘʙʦ-

ʨʘʪʦʨʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ. ɼʦʩʪʦʠʥʩʪʚʘ ʫʩʪʨʦʡʩʪʚʘ, 

ʜʦʩʪʠʛʥʫʪʳʝ ʙʣʘʛʦʜʘʨʷ ʪʝʭʥʠʯʝʩʢʠʤ ʨʝʰʝʥʠʷʤ, ʧʦ-

ʚʳʰʘʶʪ ʢʫʣʴʪʫʨʫ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʫʯʝʙʥʦʛʦ ʧʨʦ-

ʮʝʩʩʘ, ʪʘʢ ʢʘʢ ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʨʦʩʪʦʪʫ ʢʦʥʩʪʨʫʢʮʠʠ 

ʫʩʪʨʦʡʩʪʚʘ, ʝʛʦ ʧʦʨʪʘʪʠʚʥʦʩʪʴ ʠ ʘʚʪʦʥʦʤʥʦʩʪʴ ʦʪ-

ʥʦʩʠʪʝʣʴʥʦ ʚʦʜʦ- ʠ ʵʥʝʨʛʦʧʠʪʘʶʱʠʭ ʩʝʪʝʡ, ʙʝʩ-

ʰʫʤʥʦʩʪʴ ʨʘʙʦʪʳ, ʫʜʦʙʩʪʚʦ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ, 

ʥʘʛʣʷʜʥʦʩʪʴ ʠʟʫʯʘʝʤʳʭ ʧʨʦʮʝʩʩʦʚ, ʙʳʩʪʨʦʝ ʧʨʦʚʝ-

ʜʝʥʠʝ ʦʧʳʪʦʚ, ʧʦʟʚʦʣʷʶʪ ʵʢʦʥʦʤʠʪʴ ʣʘʙʦʨʘʪʦʨʥʳʝ 

ʧʣʦʱʘʜʠ ʠ ʠʥʜʠʚʠʜʫʘʣʴʥʦ ʚʳʧʦʣʥʷʪʴ ʜʝʤʦʥʩʪʨʘ-

ʮʠʠ ʠ ʨʘʙʦʪʳ. ʈʘʟʤʝʨʳ ʠ ʤʘʩʩʘ ʫʩʪʨʦʡʩʪʚʘ ʥʘʠʣʫʯ-

ʰʠʤ ʦʙʨʘʟʦʤ ʦʪʚʝʯʘʶʪ ʵʨʛʦʥʦʤʠʯʝʩʢʠʤ ʧʘʨʘʤʝʪ-

ʨʘʤ ʧʨʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʨʘʙʦʪʝ ʦʙʫʯʘʶʱʠʭʩʷ 

ʩʠʜʷ. ʋʩʪʨʦʡʩʪʚʦ ʛʦʪʦʚʦ ʢ ʨʘʙʦʪʝ ʚ ʣʶʙʦʡ ʤʦʤʝʥʪ 

ʠ ʚ ʣʶʙʦʡ ʘʫʜʠʪʦʨʠʠ. ɼʣʷ ʧʨʠʚʝʜʝʥʠʷ ʚ ʜʝʡʩʪʚʠʝ 

ʜʦʩʪʘʪʦʯʥʦ ʝʛʦ ʧʝʨʝʚʝʨʥʫʪʴ.  

ʋʢʘʟʘʥʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʦʙʝʩʧʝʯʠʚʘʶʪ ʵʬ-

ʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʫʩʪʨʦʡʩʪʚʘ ʚ ʜʠʩʪʘʥʮʠʦʥ-

ʥʦʤ ʦʙʫʯʝʥʠʠ. ʇʨʦʚʦʜʠʪʴ ʦʧʳʪʳ ʠ ʜʝʤʦʥʩʪʨʠʨʦ-

ʚʘʪʴ ʨʘʙʦʪʫ ʫʩʪʨʦʡʩʪʚʘ ʤʦʞʥʦ ʚ ʣʶʙʦʤ ʤʝʩʪʝ ʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʣʶʙʳʭ ʩʪʘʥʜʘʨʪʥʳʭ ʩʧʦʩʦʙʦʚ ʚʠ-

ʜʝʦʩʚʷʟʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʜʝʤʦʥʩʪʨʘʮʠ-

ʦʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʫʩʪʨʦʡʩʪʚʦ ʠʤʝʝʪ ʥʝʦʩʧʦʨʠ-

ʤʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ 

ʣʘʙʦʨʘʪʦʨʥʳʤʠ ʩʪʝʥʜʘʤʠ ʠ ʧʦʟʚʦʣʷʝʪ ʪʘʢʞʝ ʚʳʧʦʣ-

ʥʠʪʴ ʧʨʦʩʪʫʶ ʫʯʝʙʥʫʶ ʣʘʙʦʨʘʪʦʨʥʫʶ ʨʘʙʦʪʫ ʧʦ 

ʦʧʨʝʜʝʣʝʥʠʶ ʵʬʬʝʢʪʘ ʦʯʠʩʪʢʠ ʞʠʜʢʦʩʪʠ. ʆʜʥʘʢʦ 

ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʦʥʦ ʧʨʦʠʛʨʳʚʘʝʪ ʪʨʘʜʠʮʠ-

ʦʥʥrʤ ʩʪʝʥʜʘʤ ʧʦ ʪʦʯʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ ʠ ʥʝ ʦʙʝʩʧʝ-

ʯʠʚʘʝʪ ʨʝʛʫʣʠʨʦʚʢʫ ʧʘʨʘʤʝʪʨʦʚ. ʇʦʵʪʦʤʫ ʧʨʠ ʚʳ-

ʧʦʣʥʝʥʠʠ ʥʝʢʦʪʦʨʳʭ ʨʘʙʦʪ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴ-

ʟʦʚʘʪʴ ʝʛʦ ʩʦʚʤʝʩʪʥʦ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʣʘʙʦʨʘʪʦʨ-

ʥʳʤʠ ʩʪʝʥʜʘʤʠ. ʕʪʦʪ ʧʦʜʭʦʜ ʥʘʠʙʦʣʝʝ ʦʧʨʘʚʜʘʥ, 

ʝʩʣʠ ʩʪʝʥʜʳ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʳ, ʘ ʟʘʧʠʩʴ ʨʝʟʫʣʴʪʘ-

ʪʦʚ ʠʟʤʝʨʝʥʠʡ ʠ ʠʭ ʦʙʨʘʙʦʪʢʘ ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʤʧʴʶʪʝʨʥʦʡ ʪʝʭʥʠʢʠ. 

ɺʳʧʫʩʢ ʫʩʪʨʦʡʩʪʚʘ. ʇʨʦʩʪʦʪʘ ʠ ʚʳʩʦʢʘʷ ʪʝʭ-

ʥʦʣʦʛʠʯʥʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʡ ʫʯʝʙʥʦ-ʜʝʤʦʥʩʪʨʘʮʠʦʥ-

ʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʬʦʨʤʦʚʘʥʠʝʤ ʠʟ 

ʣʠʩʪʦʚʦʡ ʧʨʦʟʨʘʯʥʦʡ ʧʣʘʩʪʤʘʩʩʳ, ʦʪʩʫʪʩʪʚʠʝ ʜʝ-

ʬʠʮʠʪʥʳʭ ʠ ʜʦʨʦʛʦʩʪʦʷʱʠʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʢʦʤʧʣʝʢ-

ʪʫʶʱʠʭ ʜʝʪʘʣʝʡ ʠ ʫʟʣʦʚ (ʜʚʠʛʘʪʝʣʝʡ, ʥʘʩʦʩʦʚ, ʟʘ-

ʧʦʨʥʦʡ ʠ ʨʝʛʫʣʠʨʫʶʱʝʡ ʘʨʤʘʪʫʨʳ) ʧʦʟʚʦʣʠʣʠ 

ʦʩʚʦʠʪʴ ʚʳʧʫʩʢ ʫʩʪʨʦʡʩʪʚʘ ʚ ʊʦʤɻɸʉʋ ʤʘʣʳʤʠ ʩʝ-

ʨʠʷʤʠ. ɹʣʘʛʦʜʘʨʷ ʩʚʦʠʤ ʜʦʩʪʦʠʥʩʪʚʘʤ ʫʩʪʨʦʡʩʪʚʦ 

ʠʤʝʝʪ ʩʧʨʦʩ ʠ ʫʞʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝ-

ʥʠʷʭ ʈʦʩʩʠʠ. 
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