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ʋʉʊʆʁʏʀɺʆʉʊʔ ʉʆʈʊʆɺ ʆɿʀʄʆʁ ʈɾʀ ʂ ɻʈʀɹʅʓʄ ɹʆʃɽɿʅʗʄ 

ʑʝʢʣʝʠʥʘ ʃ.ʄ. 

ʌɻɹʅʋ çʌʝʜʝʨʘʣʴʥʳʡ ʘʛʨʘʨʥʳʡ ʥʘʫʯʥʳʡ ʮʝʥʪʨ ʉʝʚʝʨʦ-ɺʦʩʪʦʢʘ ʠʤʝʥʠ ʅ.ɺ. ʈʫʜʥʠʮʢʦʛʦ, 

ʂʠʨʦʚ 

 

ɺ ʫʩʣʦʚʠʷʭ ʧʨʦʚʦʢʘʮʠʦʥʥʦ-ʠʥʬʝʢʮʠʦʥʥʳʭ ʬʦʥʦʚ ʛʨʠʙʥʳʭ ʙʦʣʝʟʥʝʡ ʚʳʜʝʣʝʥʦ ʩʝʤʴ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʫʩʪʦʡʯʠʚʳʭ ʢ ʪʨʸʤ ʠ ʙʦʣʝʝ ʙʦʣʝʟʥʷʤ ʩʦʨʪʦʚ ʦʟʠʤʦʡ ʨʞʠ (ʃʠʢʘ, ɻʨʘʬʠʪ, 

ɻʘʨʤʦʥʠʷ, ʉʠʤʬʦʥʠʷ, ʂʠʨʦʚʩʢʘʷ 89, ɺʷʪʢʘ 2, ʌʣʦʨʘ), ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ 

ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʦʚ ʥʘ ʬʠʪʦʠʤʤʫʥʠʪʝʪ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: Secale cereale L., ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʠʥʬʝʢʮʠʦʥʥʳʝ ʬʦʥʳ, ʠʩʪʦʯʥʠʢʠ 

ʫʩʪʦʡʯʠʚʦʩʪʠ. 

 

ɺ ʂʠʨʦʚʩʢʦʡ ʦʙʣʘʩʪʠ ʦʪʤʝʯʝʥʦ ʝʞʝʛʦʜʥʦʝ ʧʨʦʷʚʣʝʥʠʝ ʩʥʝʞʥʦʡ ʧʣʝʩʝʥʠ (Microdochium 

nivale (Fr.) Samuels & I. C. Hallett) ʠ ʩʧʦʨʳʥʴʠ (Claviceps purpurea (Fr.) Tul.). ɼʘʣʝʝ ʠʜʫʪ 

ʢʦʨʥʝʚʳʝ ʛʥʠʣʠ (Fusarium Link.) ʠ ʙʫʨʘʷ ʨʞʘʚʯʠʥʘ (Puccinia recondita Roberge ex Desm.) ï 95 

%, ʤʫʯʥʠʩʪʘʷ ʨʦʩʘ (Blumeria graminis (DC.) Speer f. sp. secalis Marchal.) ï 75 %, ʩʢʣʝʨʦʪʠʥʠʷ ʠ 

ʬʫʟʘʨʠʦʟ ʢʦʣʦʩʘ (Fusarium Link.) ï 70 %, ʩʪʝʙʣʝʚʘʷ ʨʞʘʚʯʠʥʘ (Puccinia graminis Pers. f. sp. 

secalis Eriks. et.) ï 50 %. ʅʘʠʙʦʣʝʝ ʥʠʟʢʘʷ ʯʘʩʪʦʪʘ ʧʨʦʷʚʣʝʥʠʷ ʫ ʩʝʧʪʦʨʠʦʟʘ (Septoria secalis 

Prill. et Dell.) ʠ ʨʠʥʭʦʩʧʦʨʠʦʟʘ (Rhynchosporium secalis (Oudem) Davis.) ï 35 ʠ 30 % [1]. 

ɻʣʘʚʥʘʷ ʟʘʜʘʯʘ ʩʝʣʝʢʮʠʦʥʝʨʦʚ ï ʩʦʟʜʘʥʠʝ ʚʳʩʦʢʦʫʨʦʞʘʡʥʳʭ ʩʦʨʪʦʚ, ʫʩʪʦʡʯʠʚʳʭ ʢ 

ʧʦʣʝʛʘʥʠʶ, ʧʘʪʦʛʝʥʘʤ ʠ ʜʨʫʛʠʤ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʤ ʬʘʢʪʦʨʘʤ ʚʥʝʰʥʝʡ ʩʨʝʜʳ, ʩʧʦʩʦʙʥʳʭ 

ʬʦʨʤʠʨʦʚʘʪʴ ʟʝʨʥʦ ʚʳʩʦʢʦʛʦ ʢʣʘʩʩʘ ʢʘʯʝʩʪʚʘ [2]. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʮʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʦ ʚʳʷʚʠʪʴ ʥʦʚʳʝ ʛʝʥʝʪʠʯʝʩʢʠʝ ʠʩʪʦʯʥʠʢʠ 

ʥʝʩʧʝʮʠʬʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʦʨʪʦʚ ʠ ʧʦʧʫʣʷʮʠʡ ʦʟʠʤʦʡ ʨʞʠ ʢ ʵʧʠʬʠʪʦʪʠʡʥʦ-ʦʧʘʩʥʳʤ 

ʙʦʣʝʟʥʷʤ ʚ ʫʩʣʦʚʠʷʭ ʂʠʨʦʚʩʢʦʡ ʦʙʣʘʩʪʠ.  

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠ ʚ 2021-2023 ʛʛ. ʥʘ 

ʬʠʪʦʫʯʘʩʪʢʝ ʌɻɹʅʋ ʌɸʅʎ ʉʝʚʝʨʦ-ɺʦʩʪʦʢʘ. ʄʘʪʝʨʠʘʣʦʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʣʠʩʴ 20 ʩʦʨʪʦʚ 

ʦʟʠʤʦʡ ʨʞʠ ʩʝʣʝʢʮʠʠ ʠʥʩʪʠʪʫʪʘ, ʥʘʭʦʜʷʱʠʭʩʷ ʥʘ ʟʘʢʣʶʯʠʪʝʣʴʥʦʤ ʵʪʘʧʝ ʩʝʣʝʢʮʠʦʥʥʦʛʦ 

ʠʟʫʯʝʥʠʷ ʚ ʧʠʪʦʤʥʠʢʝ ʢʦʥʢʫʨʩʥʦʛʦ ʠʩʧʳʪʘʥʠʷ. ʀʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʬʝʢʮʠʦʥʥʳʡ ʬʦʥ ʩʦʟʜʘʚʘʣʠ 

ʧʦ ʩʥʝʞʥʦʡ ʧʣʝʩʝʥʠ, ʢʦʨʥʝʚʳʤ ʛʥʠʣʷʤ ʠ ʩʧʦʨʳʥʴʝ. ɺʠʜʳ ʨʞʘʚʯʠʥ ʠ ʤʫʯʥʠʩʪʫʶ ʨʦʩʫ 

ʦʮʝʥʠʚʘʣʠ ʚ ʧʨʦʚʦʢʘʮʠʦʥʥʳʭ ʫʩʣʦʚʠʷʭ, ʩʦʟʜʘʥʥʳʭ ʧʫʪʸʤ ʚʝʩʝʥʥʝʛʦ ʧʦʩʝʚʘ ʨʞʠ ʚʦʢʨʫʛ 

ʬʠʪʦʧʠʪʦʤʥʠʢʘ. ʇʦʚʪʦʨʥʦʩʪʴ ʚ ʦʧʳʪʘʭ ʪʨʝʭʢʨʘʪʥʘʷ; ʧʣʦʱʘʜʴ ʜʝʣʷʥʦʢ ï 1 ʤ2. ʋʯʸʪʳ ʨʘʟʚʠʪʠʷ 

ʙʦʣʝʟʥʝʡ ʧʨʦʚʦʜʠʣʠ ʦʜʥʦʢʨʘʪʥʦ ʚ ʧʝʨʠʦʜ ʥʘʠʙʦʣʴʰʝʛʦ ʠʭ ʨʘʟʚʠʪʠʷ. ʂ ʠʩʪʦʯʥʠʢʘʤ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʦʪʥʦʩʠʣʠ ʩʦʨʪʘ, ʩʦʭʨʘʥʷʶʱʠʝ ʠʤʤʫʥʠʪʝʪ ʠʣʠ ʚʳʩʦʢʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʚ ʪʝʯʝʥʠʝ 

ʜʚʫʭ ʠ ʙʦʣʝʝ ʣʝʪ ʠʟʫʯʝʥʠʷ. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ. ʀʟʫʯʝʥʠʝ ʩʦʨʪʦʚ ʚ ʫʩʣʦʚʠʷʭ ʧʨʦʚʦʢʘʮʠʦʥʥʦ-ʠʥʬʝʢʮʠʦʥʥʳʭ 

ʬʦʥʦʚ ʚʳʷʚʠʣʦ ʰʠʨʦʢʫʶ ʜʠʬʬʝʨʝʥʮʠʘʮʠʶ ʛʝʥʦʬʦʥʜʘ ʧʦ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʢ ʦʩʥʦʚʥʳʤ 

ʙʦʣʝʟʥʷʤ (ʪʘʙʣʠʮʘ). ɹʦʣʴʰʠʥʩʪʚʦ ʠʟ ʥʠʭ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ ʚʳʩʦʢʦʡ ʨʝʛʝʥʝʨʘʮʠʦʥʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʴʶ ʧʦʩʣʝ ʧʦʨʘʞʝʥʠʷ ʩʥʝʞʥʦʡ ʧʣʝʩʝʥʴʶ, ʢʦʪʦʨʘʷ ʚʘʨʴʠʨʦʚʘʣʘ ï ʦʪ 53,3 ʜʦ 93,3 %. 

ʅʘʠʣʫʯʰʝʝ ʩʦʩʪʦʷʥʠʝ ʧʨʠʟʥʘʢʘ (73,3ï93,3 %) ʚʳʷʚʣʝʥʦ ʫ 11 ʩʦʨʪʦʚ: ɺʷʪʢʘ 2, ʂʠʨʦʚʩʢʘʷ 89, 

ʈʫʰʥʠʢ, ʌʣʦʨʘ, ʊʨʠʫʤʬ, ʃʠʢʘ, ɻʘʨʤʦʥʠʷ, ɻʨʘʬʠʪ, ʂʠʧʨʝʟ, ɹʘʪʠʩʪ, ʉʘʨʤʘʪ. ʅʘʠʤʝʥʴʰʘʷ 

ʩʪʝʧʝʥʴ ʧʦʨʘʞʝʥʠʷ ʤʫʯʥʠʩʪʦʡ ʨʦʩʦʡ (ʜʦ 20 %) ʚʳʷʚʣʝʥʘ ʫ ʪʨʝʭ ʩʦʨʪʦʚ: ʂʠʨʦʚʩʢʘʷ 89, ʃʠʢʘ ʠ 

ɻʨʘʬʠʪ. ʋʤʝʨʝʥʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʩʝʧʪʦʨʠʦʟʫ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 13 ʩʦʨʪʦʚ: ɺʷʪʢʘ 2, 

ʂʠʨʦʚʩʢʘʷ 89, ʌʘʣʸʥʩʢʘʷ 4, ʃʠʢʘ, ɻʘʨʤʦʥʠʷ, ʇʝʨʝʧʝʣ, ʉʠʤʬʦʥʠʷ, ɻʨʘʬʠʪ, ʉʘʜʢʦ, ɹʘʪʠʩʪ, 

ʉʘʨʤʘʪ, ʅʠʦʙʘ, ʈʦʩʘ. ʉʣʘʙʦʝ ʨʘʟʚʠʪʠʝ ʙʫʨʦʡ ʨʞʘʚʯʠʥʳ ʚʳʷʚʣʝʥʦ ʪʦʣʴʢʦ ʫ ʦʜʥʦʛʦ ʩʦʨʪʘ ʃʠʢʘ, 

ʘ ʩʪʝʙʣʝʚʦʡ ʨʞʘʚʯʠʥʳ ʫ ʜʝʚʷʪʠ: ɺʷʪʢʘ 2, ʂʠʨʦʚʩʢʘʷ 89, ʌʘʣʸʥʩʢʘʷ 4, ʉʥʝʞʘʥʘ, ʃʠʢʘ, 



ɻʘʨʤʦʥʠʷ, ʇʝʨʝʧʝʣ, ʉʠʤʬʦʥʠʷ, ɻʨʘʬʠʪ. ʇʦ ʦʪʥʦʰʝʥʠʶ ʢ ʬʫʟʘʨʠʦʟʥʳʤ ʢʦʨʥʝʚʳʤ ʛʥʠʣʷʤ 

ʙʦʣʴʰʠʥʩʪʚʦ ʩʦʨʪʦʚ ʚ ʢʦʥʮʝ ʚʝʛʝʪʘʮʠʠ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʨʝʜʥʝʡ 

ʫʩʪʦʡʯʠʚʦʩʪʴʶ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʰʝʩʪʠ (ʉʥʝʞʘʥʘ, ʈʫʰʥʠʢ, ɻʨʘʬʠʥʷ, ʌʘʣʸʥʩʢʘʷ 

ʫʥʠʚʝʨʩʘʣʴʥʘʷ, ʊʨʠʫʤʬ, ʂʠʧʨʝʟ) ʩ ʫʤʝʨʝʥʥʳʤ ʧʨʦʷʚʣʝʥʠʝʤ ʧʨʠʟʥʘʢʘ. ʉʪʝʧʝʥʴ ʧʦʨʘʞʝʥʠʷ 

ʩʧʦʨʳʥʴʝʡ ʦʮʝʥʠʚʘʣʠ ʧʦ ʟʘʩʦʨʸʥʥʦʩʪʠ ʟʝʨʥʘ ʩʢʣʝʨʦʮʠʷʤʠ, ʚʳʨʘʞʝʥʥʦʝ ʚ ʧʨʦʮʝʥʪʘʭ ʢ ʤʘʩʩʝ 

ʟʝʨʥʘ ʩ ʜʝʣʷʥʢʠ. ʉʦʩʪʦʷʥʠʝ ʧʨʠʟʥʘʢʘ ʚʘʨʴʠʨʦʚʘʣʦ ʦʪ 0,67 % (ʃʠʢʘ) ʜʦ 18,23 % (ʅʠʦʙʘ). ɺʩʝ 

ʩʦʨʪʘ ʥʘ ʵʪʦʤ ʬʦʥʝ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ ʢʘʢ ʚʦʩʧʨʠʠʤʯʠʚʳʝ ʢ ʩʧʦʨʳʥʴʝ. ɺ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ 

ʧʦʨʘʟʠʣʠʩʴ ʣʠʰʴ ʯʝʪʳʨʝ: ʃʠʢʘ (0,67 %), ʉʠʤʬʦʥʠʷ (1,47 %), ʌʣʦʨʘ (1,53 %) ʠ ɻʨʘʬʠʪ (1,93 

%), ʢʦʪʦʨʳʝ ʩʦʭʨʘʥʷʶʪ ʧʨʠʟʥʘʢ ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʣʝʪ ʠʟʫʯʝʥʠʷ ʠ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ 

ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʦʚ ʚ ʩʝʣʝʢʮʠʠ ʥʘ ʧʦʚʳʰʝʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʩʧʦʨʳʥʴʝ. 

 

ɹʦʣʝʟʥʴ 
ʇʘʨʘʤʝʪʨ 

ʩʦʨʪïʠʩʪʦʯʥʠʢ ʩʦʨʪ-ʠʥʜʠʢʘʪʦʨ 

ʉʥʝʞʥʘʷ ʧʣʝʩʝʥʴ  ʆ ï 73,3ï93,3 20,0  

ʄʫʯʥʠʩʪʘʷ ʨʦʩʘ ʉʇ ï 16,2ï18,8  35,6 

ʉʝʧʪʦʨʠʦʟ ʉʇ ï 9,3ï14,9  23,3 

ɹʫʨʘʷ ʨʞʘʚʯʠʥʘ ʉʇ ï 24,1 49,4 

ʉʪʝʙʣʝʚʘʷ ʨʞʘʚʯʠʥʘ ʉʇ ï 5,4ï15,8 27,2 

ʂʦʨʥʝʚʳʝ ʛʥʠʣʠ  ʉʇ ï 9,6ï15,5  31,7 

ʉʧʦʨʳʥʴʷ ɿ ï 0,67ï1,93 18,2 

ʇʨʠʤʝʯʘʥʠʝ. ʆ ï ʦʪʨʘʩʪʘʥʠʝ ʧʦʩʣʝ ʧʦʨʘʞʝʥʠʷ ʩʥʝʞʥʦʡ ʧʣʝʩʝʥʴʶ; ʉʇ ï ʩʪʝʧʝʥʴ 

ʧʦʨʘʞʝʥʠʷ; ɿ ï ʟʘʩʦʨʸʥʥʦʩʪʴ ʟʝʨʥʦʚʦʡ ʤʘʩʩʳ ʩʢʣʝʨʦʮʠʷʤʠ 

ʊʘʙʣʠʮʘ. ʇʘʨʘʤʝʪʨʳ ʩʦʨʪʦʚ-ʠʩʪʦʯʥʠʢʦʚ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʙʦʣʝʟʥʷʤ ʦʟʠʤʦʡ ʨʞʠ 

ʩʝʣʝʢʮʠʠ ʌɸʅʎ ʉʝʚʝʨʦ-ɺʦʩʪʦʢʘ (ʩʨʝʜʥʝʝ ʟʘ 2021-2023 ʛʛ.) 

 

ɿʘʢʣʶʯʝʥʠʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʨʝʜʠ ʩʦʨʪʦʚ ʨʞʠ ʚʳʜʝʣʝʥʳ ʥʘʠʤʝʥʝʝ ʧʦʨʘʞʘʝʤʳʝ 

ʥʝʩʢʦʣʴʢʠʤʠ ʛʨʠʙʥʳʤʠ ʙʦʣʝʟʥʷʤʠ. ʉʨʝʜʠ ʥʠʭ: ʃʠʢʘ (ʩʥʝʞʥʘʷ ʧʣʝʩʝʥʴ, ʤʫʯʥʠʩʪʘʷ ʨʦʩʘ, 

ʩʝʧʪʦʨʠʦʟ, ʙʫʨʘʷ ʠ ʩʪʝʙʣʝʚʘʷ ʨʞʘʚʯʠʥʘ, ʩʧʦʨʳʥʴʷ), ɻʨʘʬʠʪ (ʩʥʝʞʥʘʷ ʧʣʝʩʝʥʴ, ʤʫʯʥʠʩʪʘʷ ʨʦʩʘ, 

ʩʝʧʪʦʨʠʦʟ, ʩʪʝʙʣʝʚʘʷ ʨʞʘʚʯʠʥʘ, ʢʦʨʥʝʚʳʝ ʛʥʠʣʠ ʠ ʩʧʦʨʳʥʴʷ), ʉʠʤʬʦʥʠʷ (ʩʝʧʪʦʨʠʦʟ, ʩʪʝʙʣʝʚʘʷ 

ʨʞʘʚʯʠʥʘ, ʢʦʨʥʝʚʳʝ ʛʥʠʣʠ ʠ ʩʧʦʨʳʥʴʷ), ʂʠʨʦʚʩʢʘʷ 89 (ʩʥʝʞʥʘʷ ʧʣʝʩʝʥʴ, ʤʫʯʥʠʩʪʘʷ ʨʦʩʘ, 

ʩʝʧʪʦʨʠʦʟ, ʩʪʝʙʣʝʚʘʷ ʨʞʘʚʯʠʥʘ), ɻʘʨʤʦʥʠʷ (ʩʥʝʞʥʘʷ ʧʣʝʩʝʥʴ, ʩʝʧʪʦʨʠʦʟ, ʢʦʨʥʝʚʳʝ ʛʥʠʣʠ, 

ʩʪʝʙʣʝʚʘʷ ʨʞʘʚʯʠʥʘ), ɺʷʪʢʘ 2 (ʩʥʝʞʥʘʷ ʧʣʝʩʝʥʴ, ʩʝʧʪʦʨʠʦʟ, ʩʪʝʙʣʝʚʘʷ ʨʞʘʚʯʠʥʘ), ʌʣʦʨʘ 

(ʩʥʝʞʥʘʷ ʧʣʝʩʝʥʴ, ʢʦʨʥʝʚʳʝ ʛʥʠʣʠ ʠ ʩʧʦʨʳʥʴʷ). 
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RESISTANCE OF WINTER  RYE VARIETIES TO FU NGAL DISEASES 

Under conditions of provocative and infectious backgrounds of fungal diseases, seven varieties of 

winter rye, relatively resistant to three or more diseases, have been identified (Lika, Graphite, 

Harmony, Symphony, Kirovskaya 89, Vyatka 2, Flora), which can be used as sources for 

phytoimmunity. 

Keywords: Secale cereale L., artificial infectious backgrounds, sources of resistance.  



ɸɺʊʆʄɸʊʀɿʀʈʆɺɸʅʅɸʗ ʉʀʉʊɽʄɸ ʄʆʅʀʊʆʈʀʅɻɸ ɿɽʈʅʆʇʈʆɼʋʂʊʆɺ 

ɸʣʠʝʚ ʈ.ɻ., ɸʚʜʝʝʚʘ ɸ.ɸ., ʈʘʟʚʘʨʦʚ ʌ.ɹ., ʃʦʙʘʯʝʚ ɼ.ʈ. 

ʌɻɹʆʋ ɺʆ ɺʦʣʛʦʛʨʘʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʛʨʘʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ɺʦʣʛʦʛʨʘʜ 

 

ʉ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʧʨʝʜʧʨʠʷʪʠʡ ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʠ ʚʥʝʜʨʝʥʠʝ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʧʨʠʙʦʨʦʚ ʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ 

ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʆʧʝʨʘʪʠʚʥʦʝ ʧʦʣʫʯʝʥʠʝ 

ʜʦʩʪʦʚʝʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʚʣʘʞʥʦʩʪʠ ʟʝʨʥʦʚʦʡ ʤʘʩʩʳ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʣʘʞʥʦʩʪʠ ʚʦʟʜʫʭʘ 

ʚ ʭʨʘʥʠʣʠʱʝ ʚʦʟʤʦʞʥʦ ʣʠʰʴ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʢʦʥʪʨʦʣʷ 

ʚʣʘʞʥʦʩʪʠ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʘʜʝʞʥʳʭ ʧʦʤʝʭʦʟʘʱʠʱʝʥʥʳʭ ʜʘʪʯʠʢʦʚ 

ʚʣʘʞʥʦʩʪʠ ʠ ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʦʛʨʘʤʤʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ. ɺ ʯʘʩʪʥʦʩʪʠ, ʜʣʷ 

ʟʝʨʥʦʧʝʨʝʨʘʙʘʪʳʚʘʶʱʠʭ ʧʨʝʜʧʨʠʷʪʠʡ ʩʦʟʜʘʶʪ ʧʨʠʙʦʨʳ (ʚʣʘʛʦʤʝʨʳ) ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʚʣʘʞʥʦʩʪʠ ʟʝʨʥʘ ʠ ʟʝʨʥʦʧʨʦʜʫʢʪʦʚ ʵʢʩʧʨʝʩʩ-ʤʝʪʦʜʦʤ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʧʨʠʙʦʨʳ, ʩʨʝʜʩʪʚʘ ʤʦʥʠʪʦʨʠʥʛʘ, ʘʚʪʦʤʘʪʠʟʘʮʠʷ, ʢʦʥʪʨʦʣʴ 

ʚʣʘʞʥʦʩʪʠ. 

 

ʊʝʭʥʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʧʨʦʜʫʢʮʠʠ, ʘ ʪʘʢʞʝ ʦʩʦʙʝʥʥʦʩʪʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʘʪʝʨʠʘʣʴʥʳʭ, ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʠ ʪʨʫʜʦʚʳʭ ʨʝʩʫʨʩʦʚ ʟʘʚʠʩʷʪ ʦʪ ʢʘʯʝʩʪʚʘ 

ʢʦʥʪʨʦʣʴʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʧʨʠʙʦʨʦʚ. ʆʯʝʥʴ ʚʘʞʥʳʤ ʧʫʥʢʪʦʤ ʚ ʨʘʙʦʪʝ ʟʝʨʥʦʭʨʘʥʠʣʠʱ, 

ʷʚʣʷʝʪʩʷ ʦʪʩʣʝʞʠʚʘʥʠʝ ʚʣʘʞʥʦʩʪʠ ʤʘʩʩʳ, ʪʘʢ ʢʘʢ ʩʶʜʘ ʧʦʩʪʫʧʘʶʪ ʥʝʦʜʥʦʨʦʜʥʳʝ ʧʘʨʪʠʠ 

ʟʝʨʥʦʧʨʦʜʫʢʪʦʚ. ɺ ʤʠʨʦʚʦʡ ʧʨʘʢʪʠʢʝ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʜʠʵʣʴʢʦʤʝʪʨʠʯʝʩʢʠʝ 

ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʝ ʚʣʘʛʦʤʝʨʳ, ʚ ʸʤʢʦʩʪʥʦʤ ʧʝʨʚʠʯʥʦʤ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝ, ʢʦʪʦʨʳʝ ʨʘʟʤʝʱʘʶʪ ʚ 

ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʧʨʦʜʫʢʮʠʠ [1]. 

ʆʧʝʨʘʪʠʚʥʦʝ ʧʦʣʫʯʝʥʠʝ ʜʦʩʪʦʚʝʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʣʘʞʥʦʩʪʠ 

ʚʦʟʜʫʭʘ ʚ ʭʨʘʥʠʣʠʱʝ ʠ ʚʣʘʞʥʦʩʪʠ ʟʝʨʥʦʚʦʡ ʤʘʩʩʳ, ʩʪʘʥʦʚʠʪʩʷ ʚʦʟʤʦʞʥʳʤ ʚ ʩʣʫʯʘʝ 

ʧʨʠʤʝʥʝʥʠʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʢʦʥʪʨʦʣʷ, ʢʦʪʦʨʳʝ ʦʩʥʦʚʘʥʳ ʥʘ ʧʦʤʝʭʦʟʘʱʠʱʝʥʥʳʭ 

ʜʘʪʯʠʢʘʭ ʚʣʘʞʥʦʩʪʠ ʠ ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʦʛʨʘʤʤʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚʘʭ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ 

ʪʝʭʥʠʢʠ. ʆʜʥʠʤʠ ʠʟ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʩʠʩʪʝʤ ʧʦʜʦʙʥʦʛʦ ʪʠʧʘ ʷʚʣʷʶʪʩʷ: Wile 55, He lite 

Pfeuffer, ʌʘʫʥʘ-ʄ, ʈʄ-450, AgriDry Grain Sentinel ʠ ʜʨ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ ʬʝʨʤʝʨʩʢʠʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ʙʦʣʴʰʠʥʩʪʚʦ ʭʨʘʥʠʣʠʱ ʦʙʦʨʫʜʦʚʘʥʦ 

ʣʠʰʴ ʩʠʩʪʝʤʘʤʠ ʦʧʝʨʘʪʠʚʥʦʛʦ ʢʦʥʪʨʦʣʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʨʘʟʣʠʯʥʳʭ ʪʦʯʢʘʭ ʭʨʘʥʠʤʦʛʦ ʦʙʲʝʤʘ 

ʟʝʨʥʦʚʦʡ ʤʘʩʩʳ. ʀʩʧʦʣʴʟʫʷ ʠʥʬʦʨʤʘʮʠʶ ʦ ʪʝʤʧʝʨʘʪʫʨʝ ʟʝʨʥʦʚʦʡ ʤʘʩʩʳ, ʦʧʝʨʘʪʦʨ ʧʨʠ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚʢʣʶʯʘʝʪ ʩʠʩʪʝʤʫ ʚʝʥʪʠʣʷʮʠʠ ʚ ʭʨʘʥʠʣʠʱʝ ʠ ʩʠʩʪʝʤʫ ʧʨʦʜʫʚʘ ʟʝʨʥʦʚʦʡ ʤʘʩʩʳ 

ʩʫʭʠʤ ʚʦʟʜʫʭʦʤ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʨʝʜʦʪʚʨʘʱʝʥʠʶ ʩʘʤʦʚʦʟʛʦʨʘʥʠʷ ʟʝʨʥʘ [2]. 

ʇʨʝʜʣʘʛʘʝʤʘʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ʢʦʥʪʨʦʣʷ ʚʣʘʞʥʦʩʪʠ ʟʝʨʥʘ (ʨʠʩ.1) ʧʨʠ 

ʭʨʘʥʝʥʠʠ ʛʫʨʪʦʚʳʤ ʩʧʦʩʦʙʦʤ ʩʦʩʪʦʠʪ ʠʟ ʪʨʝʭ ʠʟʤʝʨʠʪʝʣʝʡ ʧʘʨʘʤʝʪʨʦʚ ʟʝʨʥʦʚʦʡ ʤʘʩʩʳ 1 

(ʨʠʩ.2), ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʜʘʪʯʠʢʦʚ ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ 

ʚʣʘʞʥʦʩʪʠ ʚʦʟʜʫʭʘ. ʇʝʨʝʤʝʱʝʥʠʝ ʜʘʪʯʠʢʦʚ ʚʛʣʫʙʴ ʟʝʨʥʦʚʦʡ ʤʘʩʩʳ ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʨʝʜʩʪʚʦʤ 

ʤʝʭʘʥʠʟʤʘ ʧʦʜʲʝʤʘ 2, ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʘʥʠʧʫʣʷʪʦʨ ʩ ʠʩʧʦʣʥʠʪʝʣʴʥʳʤʠ 

ʵʣʝʢʪʨʦʮʠʣʠʥʜʨʘʤʠ. ɺʩʝ ʠʟʤʝʨʠʪʝʣʠ ʧʘʨʘʤʝʪʨʦʚ ʩʦʝʜʠʥʝʥʳ ʤʝʞʜʫ ʩʦʙʦʡ ʠ ʧʦʜʢʣʶʯʝʥʳ ʢ 

ʙʣʦʢʫ ʧʠʪʘʥʠʷ 3 ʠ ʢʦʤʧʴʶʪʝʨʫ 4. ɼʣʷ ʧʝʨʝʤʝʱʝʥʠʷ ʜʘʪʯʠʢʦʚ ʩʠʩʪʝʤʳ ʢʦʥʪʨʦʣʷ, ʧʨʝʜʫʩʤʦʪʨʝʥ 

ʤʝʭʘʥʠʟʤ ʧʨʦʜʦʣʴʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ 5, ʢʦʪʦʨʳʡ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʥʘʜ ʛʫʨʪʦʤ ʠ ʦʩʫʱʝʩʪʚʣʷʝʪ 

ʩʤʝʱʝʥʠʝ ʧʦ ʩʘʣʘʟʢʘʤ. ʉʪʝʧʝʥʴ ʧʦʜʚʠʞʥʦʩʪʠ ʜʘʪʯʠʢʦʚ W=3. 

ʊʘʢʘʷ ʩʠʩʪʝʤʘ ʢʦʥʪʨʦʣʷ ʚʣʘʞʥʦʩʪʠ ʟʝʨʥʦʚʦʡ ʤʘʩʩʳ ʧʦʟʚʦʣʠʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚʳʧʦʣʥʷʪʴ 

ʟʘʤʝʨʳ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʣʘʞʥʦʩʪʠ ʚʦʟʜʫʭʘ, ʘ ʪʘʢʞʝ ʧʦʜ ʨʘʟʥʳʤ ʫʛʣʦʤ ʚ 

ʥʝʩʢʦʣʴʢʠʭ ʤʝʩʪʘʭ ʧʦ ʚʩʝʡ ʜʣʠʥʝ ʛʫʨʪʘ. 
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ʈʆʃʔ ʉɽʃʔʉʂʆɻʆ ʍʆɿʗʁʉʊɺɸ ɺ ʕʂʆʅʆʄʀʂɽ 

ʊʠʪʢʦʚ ɸ.ɸ., ɹʘʣʪʘʙʘʝʚʘ ɼ.ɸ. 

ʊʦʨʘʡʛʳʨʦʚ ʫʥʠʚʝʨʩʠʪʝʪ, ʇʘʚʣʦʜʘʨ 

 

ʉʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ - ʵʪʦ ʦʪʨʘʩʣʴ ʵʢʦʥʦʤʠʢʠ, ʢʦʪʦʨʘʷ ʥʘʧʨʘʚʣʝʥʥʘ ʥʘ ʦʙʝʩʧʝʯʝʥʠʝ 

ʥʘʩʝʣʝʥʠʷ ʧʨʦʜʦʚʦʣʴʩʪʚʠʝʤ ʠ ʧʦʣʫʯʝʥʠʝ ʩʳʨʴʷ ʜʣʷ ʨʷʜʘ ʦʪʨʘʩʣʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʕʪʘ 

ʦʪʨʘʩʣʴ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʛʣʘʚʥʝʡʰʠʭ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʧʨʘʢʪʠʯʝʩʢʠ ʚʦ ʚʩʝʭ ʩʪʨʘʥʘʭ ʤʠʨ. 

ʉʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʩʝʢʪʦʨʦʚ ʵʢʦʥʦʤʠʢʠ ʂʘʟʘʭʩʪʘʥʘ. 

ʋʨʦʚʝʥʴ ʨʘʟʚʠʪʠʷ ʘʛʨʘʨʥʦʛʦ ʩʝʢʪʦʨʘ ʚʩʝʛʜʘ ʥʘʭʦʜʠʣʩʷ ʠ ʙʫʜʝʪ ʥʘʭʦʜʠʪʴʩʷ ʥʘ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ, 

ʦʧʨʝʜʝʣʷʷ ʬʘʢʪʦʨʳ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʠ ʩʦʮʠʘʣʴʥʦ-ʧʦʣʠʪʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʛʦʩʫʜʘʨʩʪʚʘ. 

ʉʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʩʦʩʪʘʚʣʷʶʱʝʝ ʷʜʨʦ ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ, ʩʣʫʞʠʪ ʣʠʙʦ ʦʜʥʠʤ ʠʟ ʩʫʱʝʩʪʚʝʥʥʳʭ ʬʘʢʪʦʨʦʚ ʩʪʘʙʠʣʠʟʘʮʠʠ, ʣʠʙʦ, ʥʘʦʙʦʨʦʪ - 

ʜʝʩʪʘʙʠʣʠʟʘʮʠʠ ʪʝʤʧʦʚ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʦʩʪʘ. 

ɸʛʨʦʧʨʦʤʳʰʣʝʥʥʳʡ ʢʦʤʧʣʝʢʩ ʂʘʟʘʭʩʪʘʥʘ ʦʙʣʘʜʘʝʪ ʭʦʨʦʰʠʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʜʣʷ 

ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ: ʫʩʠʣʠʚʘʶʪʩʷ ʵʢʩʧʦʨʪʥʳʝ ʧʦʟʠʮʠʠ ʤʘʩʣʠʯʥʦʛʦ, ʤʷʩʥʦʛʦ ʩʝʢʪʦʨʦʚ, ʘ ʧʦ 

ʟʝʨʥʫ ʠ ʤʫʢʝ ʥʘʰʘ ʩʪʨʘʥʘ ʚ ʢʦʨʦʪʢʠʝ ʩʨʦʢʠ ʚʦʰʣʘ ʚ ʯʠʩʣʦ ʢʨʫʧʥʝʡʰʠʭ ʩʪʨʘʥ-ʵʢʩʧʦʨʪʝʨʦʚ ʚ 

ʤʠʨʝ. 

ʏʣʝʥʩʪʚʦ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ ʚ ɽʚʨʘʟʠʡʩʢʦʤ ʵʢʦʥʦʤʠʯʝʩʢʦʤ ʩʦʶʟʝ ʠ ɺʩʝʤʠʨʥʦʡ 

ʪʦʨʛʦʚʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʩʦʟʜʘʝʪ ʧʦʪʝʥʮʠʘʣ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʨʝʜʲʷʚʣʷʝʪ ʚʦʟʚʳʰʝʥʥʳʝ 

ʪʨʝʙʦʚʘʥʠʷ ʢ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʢʘʢ ʥʘ ʚʥʫʪʨʝʥʥʝʤ, ʪʘʢ ʠ ʚʥʝʰʥʠʭ ʨʳʥʢʘʭ. ɺ ʵʪʦʡ ʩʚʷʟʠ 

ʨʦʣʴ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʢʨʘʡʥʝ ʚʘʞʥʘ. 

ɼʦ ʥʘʯʘʣʘ 1990-ʭ ʛʦʜʦʚ ʙʦʣʝʝ 25% ʚʘʣʦʚʦʛʦ ʚʥʫʪʨʝʥʥʝʛʦ ʧʨʦʜʫʢʪʘ ʩʪʨʘʥʳ 

ʬʦʨʤʠʨʦʚʘʣʩʷ ʟʘ ʩʯʝʪ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʜʦʣʷ ʩʝʣʴʩʢʦʛʦ 

ʭʦʟʷʡʩʪʚʘ ʚ ɺɺʇ ʂʘʟʘʭʩʪʘʥʘ ʩ ʩʝʨʝʜʠʥʳ 2000-ʭ ʛʦʜʦʚ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʟʠʣʘʩʴ, ʵʪʘ ʦʪʨʘʩʣʴ 

ʦʩʪʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʡ ʜʣʷ ʥʘʮʠʦʥʘʣʴʥʦʡ ʵʢʦʥʦʤʠʢʠ ʈʂ. 

ʇʨʝʞʜʝ ʚʩʝʛʦ ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʦʢʦʣʦ 45% ʥʘʩʝʣʝʥʠʷ ʩʪʨʘʥʳ ʧʨʦʞʠʚʘʶʪ ʚ ʩʝʣʴʩʢʠʭ 

ʨʝʛʠʦʥʘʭ ʠ ʜʦʭʦʜʳ ʙʦʣʝʝ 25% ʵʢʦʥʦʤʠʯʝʩʢʠ ʜʝʡʩʪʚʫʶʱʝʛʦ ʥʘʩʝʣʝʥʠʷ ʬʦʨʤʠʨʫʶʪʩʷ ʟʘ ʩʯʝʪ 

ʟʘʥʷʪʦʩʪʠ ʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʤ ʩʝʢʪʦʨʝ. ʉʦʛʣʘʩʥʦ ʠʥʬʦʨʤʘʮʠʠ ʂʦʤʠʪʝʪʘ ʩʪʘʪʠʩʪʠʢʠ ʈʂ, 

ʠʟ ʦʙʱʝʡ ʯʠʩʣʝʥʥʦʩʪʠ 8. 5 ʤʣʥ ʟʘʥʷʪʳʭ, 2 ʤʣʥ ʣʶʜʝʡ ʪʨʫʜʷʪʩʷ ʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʩʬʝʨʝ. 

ɺ ʂʘʟʘʭʩʪʘʥʝ ʠʤʝʶʪʩʷ ʪʨʠ ʦʩʥʦʚʥʳʝ ʬʦʨʤʳ ʭʦʟʷʡʩʪʚʦʚʘʥʠʷ: ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʝ 

ʧʨʝʜʧʨʠʷʪʠʷ ʪʦ ʝʩʪʴ ʢʨʫʧʥʳʝ ʭʦʟʷʡʩʪʚʘ, ʬʝʨʤʝʨʩʢʠʝ/ʢʨʝʩʪʴʷʥʩʢʠʝ ʭʦʟʷʡʩʪʚʘ (ʩʨʝʜʥʠʝ 

ʭʦʟʷʡʩʪʚʘ) ʠ ʤʝʣʢʠʝ ʭʦʟʷʡʩʪʚʘ. 

 ʀʟ ʯʠʩʣʘ ʭʦʟʷʡʩʪʚʫʶʱʠʭ ʩʫʙʲʝʢʪʦʚ ʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʩʬʝʨʳ 15% ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʙʦʣʴʰʠʤʠ ʧʨʝʜʧʨʠʷʪʠʷʤʠ ʠ ʠʤʠ ʦʙʨʘʙʘʪʳʚʘʶʪʩʷ ʦʢʦʣʦ 50% ʚʩʝʭ ʟʝʤʝʣʴ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. ɹʦʣʴʰʠʝ ʭʦʟʷʡʩʪʚʘ ʚ ʦʩʥʦʚʥʦʤ ʥʘʧʨʘʚʣʝʥʳ ʚ ʩʝʚʝʨʥʳʭ 

ʨʝʛʠʦʥʘʭ ʩʪʨʘʥʳ, ʛʜʝ ʧʨʘʢʪʠʢʫʝʪʩʷ ʙʦʛʘʨʥʦʝ ʟʝʤʣʝʜʝʣʠʝ. ɺ ʦʩʥʦʚʥʦʤ ʚ ʵʪʠʭ ʨʝʛʠʦʥʘʭ 

ʦʙʨʘʙʘʪʳʚʘʶʪʩʷ ʟʝʨʥʦʚʳʝ ʠ ʤʘʩʣʠʯʥʳʝ ʢʫʣʴʪʫʨʳ. ɿʘ ʧʦʩʣʝʜʥʠʝ 5-7 ʣʝʪ ʚ ʩʝʚʝʨʥʳʭ ʨʝʛʠʦʥʘʭ 

ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʝʪʩʷ ʞʠʚʦʪʥʦʚʦʜʩʪʚʦ, ʚ ʯʘʩʪʥʦʩʪʠ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʦʩʫʜʘʨʩʪʚʘ ʧʨʦʚʦʜʠʪʩʷ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʧʦʨʦʜʥʦʛʦ ʩʦʩʪʘʚʘ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʞʠʚʦʪʥʳʭ. 

ɺ ʂʘʟʘʭʩʪʘʥʝ ʟʘ ʧʦʩʣʝʜʥʠʝ 5-7 ʣʝʪ ʚʦʟʨʘʩʪʘʝʪ ʧʨʦʠʟʚʦʜʩʪʚʦ ʤʷʩʘ. ʅʦ ʥʝʩʤʦʪʨʷ ʥʘ ʵʪʦ 

ʩʝʛʦʜʥʷʰʥʠʡ ʫʨʦʚʝʥʴ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʦ-ʧʨʝʞʥʝʤʫ ʧʦʯʪʠ ʚ ʜʚʘ ʨʘʟʘ ʥʠʞʝ, ʯʝʤ ʚ ʩʦʚʝʪʩʢʠʝ 

ʚʨʝʤʝʥʘ ʠ ʚ ʥʘʯʘʣʝ 1990-ʭ ʛʦʜʦʚ. ʇʨʦʠʟʚʦʜʩʪʚʦ ʛʦʚʷʜʠʥʳ ʚ 2018 ʛʦʜʫ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 2012 

ʛʦʜʦʤ ʫʚʝʣʠʯʠʣʦʩʴ ʙʦʣʝʝ ʯʝʤ ʥʘ 20%.  ɺʤʝʩʪʝ ʩ ʵʪʠʤ ʧʦʩʪʝʧʝʥʥʦ ʚʦʟʨʘʩʪʘʝʪ ʧʨʦʠʟʚʦʜʩʪʚʦ 

ʤʷʩʘ ʧʪʠʮʳ ʩ 2012 ʛʦʜʘ, ʠ ʦʞʠʜʘʝʪʩʷ, ʯʪʦ ʝʛʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʙʫʜʝʪ ʧʨʦʜʦʣʞʘʪʴ ʨʘʩʪʠ, ʪʘʢ ʢʘʢ 

ʧʦʛʦʣʦʚʴʝ ʧʪʠʮʳ ʠʤʝʝʪ ʥʘʧʨʘʚʣʝʥʠʝ ʢ ʫʚʝʣʠʯʝʥʠʶ. ɽʞʝʛʦʜʥʦʝ ʚʳʨʘʙʦʪʢʘ ʙʘʨʘʥʠʥʳ ʩ 2012 



ʛʦʜʘ ʠ ʧʦ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʩʪʘʝʪʩʷ ʚ ʩʨʝʜʥʝʤ ʥʘ ʫʨʦʚʥʝ 150 ʪʦʥʥ, ʯʪʦ ʛʦʚʦʨʠʪ ʚ ʧʝʨʚʫʶ 

ʦʯʝʨʝʜʴ ʪʝʤ, ʯʪʦ ʦʚʮʝʧʦʛʦʣʦʚʴʝ ʥʝ ʩʠʣʴʥʦ ʚʳʨʦʩʣʦ ʟʘ ʵʪʦʪ ʧʝʨʠʦʜ.  

 ʉʦʢʨʘʱʝʥʠʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʚʠʥʠʥʳ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʦʩʥʦʚʥʳʤ ʦʙʨʘʟʦʤ ʪʝʤ ʬʘʢʪʦʤ, 

ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ ʣʶʜʝʡ ʚ ʂʘʟʘʭʩʪʘʥʝ ʧʨʠʭʦʜʷʪ ʤʫʩʫʣʴʤʘʥʘʤʠ, ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʚʠʥʠʥʳ ʥʠʞʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʚʠʜʘʤʠ ʤʷʩʘ. ʍʦʪʷ ʩʝʡʯʘʩ ʥʘ ʬʦʥʝ 

ʨʝʟʢʦʛʦ ʩʦʢʨʘʱʝʥʠʷ ʧʦʛʦʣʦʚʴʷ ʩʚʠʥʝʡ ʚ ʩʦʩʝʜʥʝʤ ʂʠʪʘʝ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ 

ʢʨʫʧʥʝʡʰʠʭ ʧʦʢʫʧʘʪʝʣʝʡ ʩʚʠʥʠʥʳ, ʝʩʪʴ ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʂʘʟʘʭʩʪʘʥ ʨʘʩʩʤʦʪʨʠʪ 

ʠʟʛʦʪʦʚʣʝʥʠʝ ʩʚʠʥʠʥʳ ʢʘʢ ʦʜʥʫ ʠʟ ʵʢʩʧʦʨʪʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʚ ʙʣʠʞʘʡʰʠʝ ʛʦʜʳ. 

ɻʦʚʷʜʠʥʘ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʫʧʦʪʨʝʙʣʷʝʤʳʭ ʚʠʜʦʚ ʤʷʩʘ ʚ ʂʘʟʘʭʩʪʘʥʝ. ɺ 

ʦʙʱʝʤ ʨʘʟʤʝʨʝ ʠʟʛʦʪʦʚʣʝʥʠʷ ʤʷʩʘ ʚ ʩʪʨʘʥʝ ʩʦʩʪʘʚʣʷʝʪ 46%, ʧʦʩʣʝ ʤʷʩʦ ʧʪʠʮʳ ï 19% ʧʪʠʮʳ ʠ 

ʙʘʨʘʥʠʥʘ ï 15%. ʅʝʩʤʦʪʨʷ ʥʘ ʟʘʢʨʝʧʠʚʰʠʡʩʷ ʟʘ ʂʘʟʘʭʩʪʘʥʦʤ ʪʘʢ ʠʤʝʥʫʝʤʦʡ ʨʝʧʫʪʘʮʠʠ çʆ 

ʩʘʤʦʤ ʚʳʩʦʢʦʤ ʩʪʝʧʝʥʠ ʫʧʦʪʨʝʙʣʝʥʠʷ ʤʷʩʘ ʢʦʥʠʥʳè, ʧʨʦʠʟʚʦʜʩʪʚʦ ʢʦʥʠʥʳ ʚ ʦʙʱʝʤ ʦʙʲʝʤʝ 

ʚʩʝʛʦ ʧʨʦʠʟʚʝʜʝʥʥʦʛʦ ʤʷʩʘ ʚ ʩʪʨʘʥʝ ʩʦʩʪʘʚʣʷʝʪ ʣʠʰʴ 12%. ʇʨʦʠʟʚʦʜʩʪʚʦ ʩʚʠʥʠʥʳ ʩʦʩʪʘʚʣʷʝʪ 

ʦʢʦʣʦ 8%. ʊʘʢʞʝ ʚ ʂʘʟʘʭʩʪʘʥʝ ʧʦʪʨʝʙʣʷʝʪʩʷ ʢʦʟʣʷʪʠʥʘ ʠ ʚʝʨʙʣʶʞʘʪʠʥʘ, ʭʦʪʷ ʠʭ ʧʨʦʠʟʚʦʜʩʪʚʦ 

ʥʝʙʦʣʴʰʦʝ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʜʨʫʛʠʤʠ ʚʠʜʘʤʠ ʤʷʩʘ ʥʝʙʦʣʴʰʦʝ ï 20 ʪʳʩ. ʪʦʥʥ ʠ 6. 5 ʪʳʩ. ʪʦʥʥ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɸʛʨʦʧʨʦʤʳʰʣʝʥʥʳʡ ʢʦʤʧʣʝʢʩ ʚ ʂʘʟʘʭʩʪʘʥʝ ʧʦʩʪʝʧʝʥʥʦ ʨʘʩʢʨʫʯʠʚʘʝʪʩʷ ʠ ʚ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʦʪʨʘʩʣʷʭ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʦʪʤʝʯʘʶʪʩʷ ʚʠʜʠʤʳʝ ʫʣʫʯʰʝʥʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʧʦʢʘʟʘʪʝʣʷʤʠ ʧʨʦʰʣʳʭ 10 ʣʝʪ. ɺ ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʝ ʧʦʩʪʝʧʝʥʥʦ ʨʘʟʚʠʚʘʝʪʩʷ ʧʝʨʝʭʦʜ ʦʪ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʦʥʦʢʫʣʴʪʫʨʳ, ʧʦ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʵʪʦ ʧʰʝʥʠʮʘ, ʢ ʜʠʚʝʨʩʠʬʠʢʘʮʠʠ ʩʪʨʫʢʪʫʨʳ 

ʧʦʩʝʚʦʚ ʚ ʧʦʣʴʟʫ ʤʘʩʣʠʯʥʳʭ, ʢʦʨʤʦʚʳʭ ʢʫʣʴʪʫʨ ʠ ʜʨʫʛʠʭ ʢʫʣʴʪʫʨ. ɺʜʦʙʘʚʦʢ ʦʪʤʝʯʘʶʪʩʷ 

ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʪʨʝʥʜʳ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʧʣʦʜʦʚʦʷʛʦʜʥʳʭ ʢʫʣʴʪʫʨ. ɺ ʞʠʚʦʪʥʦʚʦʜʩʪʚʝ ʛʣʘʚʥʳʤ 

ʦʙʨʘʟʦʤ ʦʪʤʝʯʘʶʪʩʷ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʧʦʨʦʜʥʦʛʦ ʩʦʩʪʘʚʘ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ 

ʞʠʚʦʪʥʳʭ ʚ ʩʪʨʘʥʝ, ʢʦʪʦʨʳʡ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʧʦʩʣʝʜʥʠʭ ʜʚʫʭ ʜʝʩʷʪʢʦʚ ʣʝʪ ʠʤʝʣ ʦʩʥʦʚʘʪʝʣʴʥʳʝ 

ʧʨʦʙʣʝʤʳ. ʠʟʛʦʪʦʚʣʝʥʠʝ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʦʡ ʧʨʦʜʫʢʮʠʠ ʪʘʢʞʝ ʠʤʝʝʪ 

ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʢ ʧʦʟʠʪʠʚʥʦʤʫ ʨʘʟʚʠʪʠʶ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʜʘʥʥʳʤʠ ʦʙ ʦʙʲʝʤʘʭ 

ʤʷʩʦʤʦʣʦʯʥʦʡ ʧʨʦʜʫʢʮʠʠ, ʩʜʝʣʘʥʥʳʭ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʩʪʨʘʥʳ. 

ʅʘʙʣʁʜʘʷ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ, ʥʫʞʥʦ ʟʘʤʝʪʠʪʴ ʚʘʞʥʫʶ ʨʦʣʴ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ 

ʘʛʨʘʨʥʦʡ ʧʦʣʠʪʠʢʠ, ʥʘʧʨʘʚʣʝʥʥʦʡ ʥʘ ʦʢʘʟʘʥʠʝ ʩʦʜʝʡʩʪʚʠʷ ʨʘʟʚʠʪʠʶ ʚʩʝʛʦ 

ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚ ʚʠʜʝ ʨʘʟʥʳʭ ʩʫʙʩʠʜʠʡ ʠ ʣʴʛʦʪʥʳʭ ʫʩʣʦʚʠʡ ʜʣʷ 

ʩʪʠʤʫʣʠʨʦʚʘʥʠʷ ʜʝʷʪʝʣʴʥʦʩʪʠ ʤʝʩʪʥʳʭ ʩʝʣʴʭʦʟʪʦʚʘʨʦʧʨʦʠʟʚʦʜʠʪʝʣʝʡ. ʭʦʪʷ ʚ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʫʨʦʚʝʥʴ ʨʘʟʚʠʪʠʷ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʠ ʝʛʦ ʚʢʣʘʜ ʚ ʥʘʮʠʦʥʘʣʴʥʳʡ ɺɺʇ ʧʨʝʞʜʝ 

ʦʩʪʘʶʪʩʷ ʥʠʟʢʠʤʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʦʢʘʟʘʪʝʣʷʤʠ ʧʨʦʰʣʳʭ ʜʝʩʷʪʠʣʝʪʠʡ. 

ʇʦʵʪʦʤʫ ʂʘʟʘʭʩʪʘʥ ʧʨʠʥʠʤʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʯʘʩʪʠʝ ʚ ʠʟʤʝʥʝʥʠʷʭ ʚ ʩʝʣʴʩʢʦʤ 

ʭʦʟʷʡʩʪʚʝ, ʚ ʧʨʦʮʝʩʩʝ ʩʥʠʞʝʥʠʷ ʜʦʣʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ ʤʠʨʝ ʠ ʚ 

ʠʟʤʝʥʝʥʠʷʭ. ɺ ʢʘʯʝʩʪʚʝ ʦʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʠʯʠʥ ʪʘʢʠʭ ʠʟʤʝʥʝʥʠʡ ʥʝʢʦʪʦʨʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʧʝʨʠʦʜ ʩ 1992 ʧʦ 2017 ʛʦʜ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʧʨʦʜʫʢʮʠʠ ʚ 

ʂʘʟʘʭʩʪʘʥʝ ʠ ʩʦʩʝʜʥʠʭ ʛʦʩʫʜʘʨʩʪʚʘʭ ʂʳʨʛʳʟʩʪʘʥʝ, ʊʘʜʞʠʢʠʩʪʘʥʝ, ʊʫʨʢʤʝʥʠʩʪʘʥʝ ʠ 

ʋʟʙʝʢʠʩʪʘʥʝ ʜʦʣʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʟʝʤʣʝʧʦʣʴʟʦʚʘʪʝʣʝʡ ʩʦʢʨʘʪʠʣʘʩʴ ʜʦʣʷ ʢʨʫʧʥʳʭ 

ʧʨʝʜʧʨʠʷʪʠʡ, ʘ ʜʦʣʷ ʤʝʣʢʠʭ ʬʝʨʤʝʨʩʢʠʭ ʠ ʜʦʤʘʰʥʠʭ ʭʦʟʷʡʩʪʚ ʫʚʝʣʠʯʠʣʘʩʴ. 

ʇʦ ʵʪʠʤ ʜʘʥʥʳʤ, ʚ 1990-ʝ ʛʦʜʳ ʚ ʂʘʟʘʭʩʪʘʥʝ ʠ ʩʦʩʝʜʥʠʭ ʛʦʩʫʜʘʨʩʪʚʘʭ ʂʠʨʛʠʟʠʠ, 

ʊʘʜʞʠʢʠʩʪʘʥʝ, ʊʫʨʢʤʝʥʠʩʪʘʥʝ ʠ ʋʟʙʝʢʠʩʪʘʥʝ ʢʨʫʧʥʳʝ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʝ ʧʨʝʜʧʨʠʷʪʠʷ 

ʧʨʦʠʟʚʦʜʠʣʠ ʦʢʦʣʦ 70 ʧʨʦʮʝʥʪʦʚ ʚʩʝʡ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʧʨʦʜʫʢʮʠʠ, ʘ ʩʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ 

ʟʘʥʠʤʘʣʦ ʦʢʦʣʦ 90 ʧʨʦʮʝʥʪʦʚ ʟʝʤʝʣʴ. 

ʂʨʦʤʝ ʪʦʛʦ, ʚ ʩʚʷʟʠ ʩ ʠʟʤʝʥʝʥʠʝʤ ʢʣʠʤʘʪʘ ʘʜʘʧʪʘʮʠʷ ʬʝʨʤʝʨʦʚ ʢ ʠʟʤʝʥʝʥʠʷʤ ʚ ʧʨʠʨʦʜʝ 

ʧʨʦʠʩʭʦʜʠʪ ʚ ʦʩʥʦʚʥʦʤ ʟʘ ʩʯʝʪ ʧʨʠʥʷʪʠʷ ʤʝʨ ʧʦ ʦʭʨʘʥʝ ʧʨʠʨʦʜʳ, ʜʠʚʝʨʩʠʬʠʢʘʮʠʠ 



ʧʨʦʠʟʚʦʜʠʤʦʡ ʧʨʦʜʫʢʮʠʠ ʟʘ ʩʯʝʪ ʟʘʤʝʥʳ ʚʠʜʦʚ ʧʨʦʜʫʢʮʠʠ ʚ ʮʝʣʷʭ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ 

ʪʨʝʙʦʚʘʥʠʡ ʨʳʥʦʯʥʦʡ ʵʢʦʥʦʤʠʢʠ, ʪ.ʝ. ʚʤʝʩʪʦ ʦʜʥʠʭ ʠ ʪʝʭ ʞʝ ʢʨʫʧʥʳʭ ʤʘʩʰʪʘʙʠʨʫʶʪ 

ʧʨʦʠʟʚʦʜʩʪʚʦ, ʢʘʢ ʠ ʧʨʝʞʜʝ, ʦʥʠ ʧʨʦʠʟʚʦʜʷʪ ʤʥʦʛʦ ʨʘʟʣʠʯʥʦʡ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ 

ʧʨʦʜʫʢʮʠʠ ʚ ʥʝʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚʘʭ, ʪʝʤ ʩʘʤʳʤ ʧʨʠʩʧʦʩʘʙʣʠʚʘʷʩʴ ʢ ʪʨʝʙʦʚʘʥʠʷʤ ʨʳʥʢʘ. 

ʅʝʢʦʪʦʨʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʠʟʤʝʥʝʥʠʷ ʤʠʨʦʚʦʛʦ ʢʣʠʤʘʪʘ ʦʢʘʟʳʚʘʶʪ ʥʝʛʘʪʠʚʥʦʝ 

ʚʣʠʷʥʠʝ ʥʘ ʩʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʦʣʷ, ʠ ʠʭ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ [5]. ʇʦʵʪʦʤʫ ʠʟʤʝʥʝʥʠʝ 

ʢʣʠʤʘʪʘ ʪʘʢʞʝ ʠʤʝʝʪ ʦʧʨʝʜʝʣʝʥʥʳʡ ʵʬʬʝʢʪ. 

ʀʪʘʢ, ʂʘʟʘʭʩʪʘʥ ʧʨʠʥʠʤʘʝʪ ʩʚʦʝ ʫʯʘʩʪʠʝ ʚ ʠʟʤʝʥʝʥʠʷʭ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ, ʚ 

ʠʟʤʝʥʝʥʠʷʭ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ ʚ ʤʠʨʝ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʵʪʠ ʠʟʤʝʥʝʥʠʷ ʧʨʦʠʩʭʦʜʷʪ ʢʘʢ ʚ ʤʠʨʝ, 

ʪʘʢ ʠ ʚ ʂʘʟʘʭʩʪʘʥʝ ʧʦʜ ʚʣʠʷʥʠʝʤ ʦʙʲʝʢʪʠʚʥʳʭ ʬʘʢʪʦʨʦʚ. ʉʣʝʜʫʶʱʘʷ ʟʘʜʘʯʘ ʪʝʧʝʨʴ ï 

ʤʘʢʩʠʤʘʣʴʥʦ ʩʥʠʟʠʪʴ ʥʝʛʘʪʠʚʥʦʝ ʚʣʠʷʥʠʝ ʵʪʠʭ ʬʘʢʪʦʨʦʚ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʠ ʦʙʝʩʧʝʯʠʪʴ ʪʘʢʠʝ 

ʪʝʤʧʳ ʨʘʟʚʠʪʠʷ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ, ʢʦʪʦʨʳʝ ʩʤʦʛʫʪ ʦʙʝʩʧʝʯʠʪʴ ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʳʝ 

ʧʦʪʨʝʙʥʦʩʪʠ ʢʘʞʜʦʛʦ ʛʨʘʞʜʘʥʠʥʘ ʩʪʨʘʥʳ ʥʘ ʜʦʩʪʘʪʦʯʥʦʤ, ʘ ʥʝ ʥʘ ʜʦʣʞʥʦʤ ʫʨʦʚʥʝ. 

ʥʫʞʜʘʶʱʠʡʩʷ ʫʨʦʚʝʥʴ. 
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ʊʦʨʘʡʛʳʨʦʚ ʫʥʠʚʝʨʩʠʪʝʪ, ʇʘʚʣʦʜʘʨ 

 

ʉʫʱʝʩʪʚʝʥʥʳʝ ʪʨʫʜʥʦʩʪʠ ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘʧʨʷʤʫʶ 

ʟʘʚʠʩʷʪ ʦʪ ʨʘʟʚʠʪʠʷ ʠ ʧʨʘʚʠʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʩʬʝʨʦʡ ʩʪʨʘʥʳ. ɹʦʣʴʰʠʝ 

ʠʟʤʝʥʝʥʠʝ ʚʥʝʩʣʘ ʧʘʥʜʝʤʠʷ, ʢʦʪʦʨʘʷ ʥʘʯʘʣʘʩʴ ʚ 2020 ʛʦʜʫ ʠ ʧʨʦʜʦʣʞʘʝʪʩʷ ʧʦ ʩʝʡ ʜʝʥʴ 

ʦʙʥʘʨʫʞʠʣʘ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʥʝʨʝʰʝʥʥʳʝ ʚʦʧʨʦʩʳ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʠ 

ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʠ ʝʛʦ ʦʪʜʝʣʴʥʳʭ ʦʪʨʘʩʣʝʡ ʚ ʈʝʩʧʫʙʣʠʢʝ ʂʘʟʘʭʩʪʘʥʝ.  

ʗʨʢʠʤ ʦʙʨʘʟʮʦʤ ʷʚʣʷʝʪʩʷ çʙʠʪʚʘ ʣʶʜʝʡ ʟʘ ʩʘʭʘʨè ʣʝʪʦʤ 2022 ʛʦʜʘ ʚ ʂʘʟʘʭʩʪʘʥʝ, 

ʧʨʦʙʣʝʤʘ ʢʦʪʦʨʦʡ ʩʪʘʣʘ ʚʳʷʩʥʷʪʴʩʷ ʝʱʝ ʟʠʤʦʡ, ʚ ʉʄʀ ʤʥʦʛʦʢʨʘʪʥʦ ʩʦʦʙʱʘʣʠ ʦ ʝʛʦ ʥʝʭʚʘʪʢʝ. 

ʇʨʘʢʪʠʢʘ ʂʘʟʘʭʩʪʘʥʘ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʝ ʦʨʛʘʥʳ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʚʢʣʶʯʠʪʝʣʴʥʦ 

ʧʨʦʬʠʣʴʥʳʝ ʤʠʥʠʩʪʝʨʩʪʚʘ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʩʚʦʶ ʥʝʦʩʥʦʚʘʪʝʣʴʥʦʩʪʴ ʚ ʟʘʢʣʶʯʝʥʠʠ 

ʫʢʘʟʘʥʥʦʡ ʧʨʦʙʣʝʤʳ, ʯʪʦ ʟʘʚʝʨʰʠʣʦʩʴ ʫʚʦʣʴʥʝʥʠʝʤ ʨʷʜʘ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʯʠʥʦʚʥʠʢʦʚ. ʅʘ 

ʜʘʥʥʦʤ ʧʨʠʤʝʨʝ ʤʦʞʥʦ ʩ ʧʦʣʥʦʡ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴʶ ʢʦʥʩʪʘʪʠʨʦʚʘʪʴ ʦʙ ʘʢʪʫʘʣʴʥʦʩʪʠ ʠ 

ʚʦʩʪʨʝʙʦʚʘʥʥʦʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʢʦʥʥʳʭ ʧʨʦʙʣʝʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʦʤʦʱʠ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʦʪʨʘʩʣʠ ʚ ʮʝʣʷʭ ʦʙʝʩʧʝʯʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʨʝʰʝʥʠʷ ʘʢʪʫʘʣʴʥʳʭ ʟʘʜʘʯ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

ɻʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʧʦʜʜʝʨʞʢʘ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʵʪʦ - ʬʠʥʘʥʩʦʚʦʝ ʩʦʜʝʡʩʪʚʠʝ, 

ʦʢʘʟʳʚʘʝʤʦʝ ʧʨʘʚʠʪʝʣʴʩʪʚʦʤ ʠʣʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤ ʦʨʛʘʥʦʤ ʠʣʠ ʤʝʩʪʥʦʛʦ ʩʘʤʦʫʧʨʘʚʣʝʥʠʷ 

ʧʨʦʠʟʚʦʜʠʪʝʣʷʤ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʪʦʚʘʨʦʚ ʥʘʧʨʷʤʫʶ ʣʠʙʦ ʯʝʨʝʟ ʫʧʦʣʥʦʤʦʯʝʥʥʦʛʦ ʠʤʠ 

ʘʛʝʥʪʘ. 

ʉʫʙʩʠʜʠʨʦʚʘʥʠʝ ʧʦ ʚʦʟʤʝʱʝʥʠʶ ʯʘʩʪʠ ʨʘʩʭʦʜʦʚ, ʧʦʥʝʩʝʥʥʳʭ ʩʫʙʲʝʢʪʦʤ 

ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʨʠ ʠʥʚʝʩʪʠʮʠʦʥʥʳʭ ʚʣʦʞʝʥʠʷʭ. ʅʘʧʨʠʤʝʨ, ʩʫʙʩʠʜʠʨʫʝʪʩʷ 

25% ʠʥʚʝʩʪʠʮʠʦʥʥʳʭ ʚʣʦʞʝʥʠʡ ʧʦ ʧʘʩʧʦʨʪʘʤ ʧʨʦʝʢʪʘ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʨʘʩʰʠʨʝʥʠʷ 

ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʪʝʧʣʠʯʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʩʦʟʜʘʥʠʷ ʠ ʨʘʩʰʠʨʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʛʦ ʷʙʣʦʥʝʚʦʛʦ 

ʩʘʜʘ , ʤʦʣʦʯʥʦ-ʪʦʚʘʨʥʦʡ ʬʝʨʤʳ, ʧʨʠʦʙʨʝʪʝʥʠʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʪʝʭʥʠʢʠ, ʨʘʩʰʠʨʝʥʠʷ 

ʧʨʝʜʧʨʠʷʪʠʷ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ ʢʦʥʜʠʪʝʨʩʢʠʭ ʠʟʜʝʣʠʡ ʠ ʜʨ. ʉʫʙʩʠʜʠʨʦʚʘʥʠʝ ʟʘʪʨʘʪ 

ʧʝʨʝʨʘʙʘʪʳʚʘʶʱʠʭ ʧʨʝʜʧʨʠʷʪʠʡ ʥʘ ʟʘʢʫʧ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʧʨʦʜʫʢʮʠʠ ʜʣʷ ʝʝ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʩ ʫʛʣʫʙʣʝʥʥʦʡ ʧʝʨʝʨʘʙʦʪʢʦʡ. ʉʫʙʩʠʜʠʨʫʝʪʩʷ 18 ʪʝʥʛʝ ʟʘ 1 ʢʛ ʤʦʣʦʢʘ, 

ʟʘʢʫʧʘʝʤʦʛʦ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʣʠʚʦʯʥʦʛʦ ʤʘʩʣʘ; 28 ʪʝʥʛʝ ʟʘ 1 ʢʛ ʤʦʣʦʢʘ, ʟʘʢʫʧʘʝʤʦʛʦ ʜʣʷ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʪʚʝʨʜʦʛʦ ʩʳʨʘ. 

ʉʫʙʩʠʜʠʨʦʚʘʥʠʝ ʟʘʪʨʘʪ ʨʝʚʠʟʠʦʥʥʳʭ ʩʦʶʟʦʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʦʦʧʝʨʘʪʠʚʦʚ ʥʘ 

ʧʨʦʚʝʜʝʥʠʝ ʚʥʫʪʨʝʥʥʝʛʦ ʘʫʜʠʪʘ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʦʦʧʝʨʘʪʠʚʦʚ. ʉʫʙʩʠʜʠʨʦʚʘʥʠʶ 

ʧʦʜʣʝʞʘʪ ʟʘʪʨʘʪʳ ʥʘ ʧʨʦʚʝʜʝʥʠʝ ʚʥʫʪʨʝʥʥʝʛʦ ʘʫʜʠʪʘ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʢʦʦʧʝʨʘʪʠʚʘ ʚ 

ʨʘʟʤʝʨʝ ʥʝ ʙʦʣʝʝ 130 (ʩʪʦ ʪʨʠʜʮʘʪʴ) ʤʝʩʷʯʥʳʭ ʨʘʩʯʝʪʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ. 

ɺ ʩʪʨʘʥʝ ʝʩʪʴ ʢʨʝʜʠʪʦʚʘʥʠʝ ʥʘ ʧʨʠʦʙʨʝʪʝʥʠʝ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʞʠʚʦʪʥʳʭʩ ʜʨʫʛʠʭ 

ʩʪʨʘʥ, ʪʝʭʥʠʢʠ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʦʩʫʱʝʩʪʚʣʝʥʠʝ ʩʫʙʩʠʜʠʨʦʚʘʥʠʷ 

ʩʪʘʚʢʠ ʚʦʟʥʘʛʨʘʞʜʝʥʠʷ ʧʨʠ ʣʠʟʠʥʛʝ. ʇʨʦʛʨʘʤʤʘ  ʩʫʙʩʠʜʠʨʦʚʘʥʠʝ ʩʪʘʚʦʢ ʚʦʟʥʘʛʨʘʞʜʝʥʠʷ ʧʦ 

ʢʨʝʜʠʪʘʤ ʠ ʣʠʟʠʥʛʫ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʥʘ ʧʨʠʦʙʨʝʪʝʥʠʝ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ 

ʞʠʚʦʪʥʳʭ, ʘ ʪʘʢʞʝ ʣʠʟʠʥʛʫ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʪʝʭʥʠʢʠ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʧʨʠʦʙʨʝʪʝʥʠʷ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʪʝʭʥʠʢʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʥʘʚʝʩʥʦʛʦ ʠ ʧʨʠʮʝʧʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ 

ʜʣʷ ʧʨʠʦʙʨʝʪʝʥʠʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʞʠʚʦʪʥʳʭ, ʥʘ ʧʨʠʦʙʨʝʪʝʥʠʝ ʦʩʥʦʚʥʳʭ ʩʨʝʜʩʪʚ, 

ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʠ ʧʦʧʦʣʥʝʥʠʝ ʦʙʦʨʦʪʥʳʭ ʩʨʝʜʩʪʚ ʩʫʙʩʠʜʠʨʫʝʪʩʷ ʚ ʮʝʣʷʭ ʩʥʠʞʝʥʠʷ ʩʪʘʚʢʠ 

ʚʦʟʥʘʛʨʘʞʜʝʥʠʷ ʧʦ ʜʦʛʦʚʦʨʫ ʟʘʡʤʘ ʥʘ 9 ï 10%. 



ɿʘʢʣʶʯʝʥʠʝ ʚʦʧʨʦʩʦʚ ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʦʡ ʙʝʟʚʨʝʜʥʦʩʪʠ ʩʪʨʘʥʳ, ʢʘʢ ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ 

ʥʘʧʨʘʚʣʝʥʠʷ ʦʙʝʩʧʝʯʝʥʠʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʩʪʘʙʠʣʴʥʦʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʘʛʨʘʨʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ ʩʪʨʘʥʝ ʥʘʧʨʷʤʫʶ ʚʦʟʜʝʡʩʪʚʫʝʪ ʥʘ ʙʣʘʛʦʧʨʠʷʪʥʦʤ ʩʦʩʪʦʷʥʠʠ ʠ 

ʥʦʨʤʘʣʴʥʦʤ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʥʘʰʝʛʦ ʦʙʱʝʩʪʚʘ. ɺʤʝʩʪʝ ʩ ʪʝʤ, 

ʪʝʥʜʝʥʮʠʠ ʩʦʚʨʝʤʝʥʥʦʛʦ ʨʘʟʚʠʪʠʷ, ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʦʩʪʴ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʦʨʛʘʥʠʯʝʩʢʦʡ 

ʧʨʦʜʫʢʮʠʠ ʢʦʨʤʣʝʥʠʷ ʥʝ ʠʩʩʣʝʜʦʚʘʣʦʩʴ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʝʛʦ ʟʥʘʯʠʤʦʩʪʠ ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ 

ʧʦʣʠʪʠʢʠ ʧʝʨʝʭʦʜʘ ʢ çʟʝʣʝʥʦʡè ʵʢʦʥʦʤʠʢʝ ʚ ʩʪʨʘʥʝ. ʅʘʤ ʚʘʞʝʥ ʘʥʘʣʠʟ ʵʪʦʡ ʪʨʫʜʥʦʩʪʠ ʠ ʩ 

ʧʦʟʠʮʠʠ ʚʳʧʦʣʥʝʥʠʷ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʦʙʷʟʘʪʝʣʴʩʪʚ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ, ʢ ʧʨʠʤʝʨʫ, 

ʚʳʧʦʣʥʝʥʠʝ ʪʨʝʙʦʚʘʥʠʡ ɺʩʝʤʠʨʥʦʡ ʪʦʨʛʦʚʦʡ ʦʨʛʘʥʠʟʘʮʠʠ, ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʦʧʫʩʪʳʥʠʚʘʥʠʷ ʠ 

ʜʝʛʨʘʜʘʮʠʠ ʧʘʩʪʙʠʱ ʠ ʜʨ. ɺ ʂʘʟʘʭʩʪʘʥʝ ʠʤʝʝʪʩʷ ʝʩʪʝʩʪʚʝʥʥʦʥʘʫʯʥʳʡ ʦʪʜʝʣ ʧʦ ʠʟʫʯʝʥʠʶ 

ʩʦʚʤʝʩʪʥʳʭ ʧʨʘʚʦʚʳʭ ʧʨʦʙʣʝʤ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʦʪʥʦʰʝʥʠʡ, ʧʨʘʚʦʚʳʭ ʚʦʧʨʦʩʦʚ 

ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ ʦʭʨʘʥʳ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʚ ʦʙʣʘʩʪʠ ʘʛʨʘʨʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ. ɺ ʯʘʩʪʥʦʩʪʠ, ʢ ʧʨʠʤʝʨʫ ʃ. ɽʨʢʠʥʙʘʝʚʦʡ ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ ʩʦʜʝʨʞʘʥʠʝ 

ʘʛʨʘʨʥʳʭ ʧʨʘʚʦʦʪʥʦʰʝʥʠʡ, ɽ. ɼʫʩʠʧʦʚ ʨʘʩʢʨʳʣ ʧʨʘʚʦʚʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʘʛʨʘʨʥʦʛʦ 

ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴʩʪʚʘ, ɸ. ʆʟʝʥʙʘʝʚʘ ʦʪʜʘʣʘ ʩʚʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʘʚʦʚʳʤ ʧʨʦʙʣʝʤʘʤ 

ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʀ. ʅʝʩʠʧʙʘʝʚʘ ʠʟʫʯʠʣʘ ʩʧʝʮʠʬʠʢʠ 

ʧʨʘʚʦʩʫʙʲʝʢʪʥʦʩʪʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʦʦʧʝʨʘʪʠʚʦʚ. ɸ ʪʘʢ ʞʝ, ʠʤʝʶʪʩʷ ʨʘʟʨʘʙʦʪʢʠ ʠ 

ʟʘʨʫʙʝʞʥʳʭ ʫʯʝʥʳʭ, ʚ ʪʦʤ ʯʠʩʣʝ Katharine Heyl, Tobias Dºring, Beatrice Garske, Jessica 

Stubenrauch, Felix Ekardt, ʄ. ɸʙʨʦʩʠʤʦʚʦʡ ʠ ʜʨʫʛʠʭ. ɺʳʰʝʧʨʠʚʝʜʝʥʥʳʝ ʥʘʫʯʥʳʝ ʨʘʙʦʪʳ 

ʩʦʜʝʨʞʘʪ ʦʪʜʝʣʴʥʳʝ ʬʨʘʛʤʝʥʪʳ ʠʩʩʣʝʜʫʝʤʦʡ ʧʨʦʙʣʝʤʳ, ʯʪʦ ʥʘʛʣʷʜʥʦ ʜʝʤʦʥʩʪʨʠʨʫʝʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʫʛʣʫʙʣʝʥʠʷ ʥʘʫʯʥʦʡ ʨʘʟʨʘʙʦʪʢʠ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. 

ɿʘʢʦʥʳ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ ʥʘʭʦʜʠʪʩʷ ʚ ʩʦʩʪʦʷʥʠʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ, 

ʧʨʦʛʨʝʩʩʠʚʥʳʝ ʠ ʵʬʬʝʢʪʠʚʥʳʝ ʤʝʭʘʥʠʟʤʳ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʦʜʜʝʨʞʢʠ ʩʫʙʲʝʢʪʦʚ ɸʇʂ 

ʧʨʠʦʙʨʝʣʠ ʫʪʚʝʨʞʜʝʥʠʝ ʥʘ ʟʘʢʦʥʦʜʘʪʝʣʴʥʦʤ ʫʨʦʚʥʝ. ʇʦʜ ʵʪʠʤ ʚʣʠʷʥʠʝʤ ʨʳʥʦʯʥʳʭ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʧʦʷʚʠʣʠʩʴ ʥʦʚʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʩʫʙʩʠʜʠʨʦʚʘʥʠʷ ʠ ʠʥʚʝʩʪʠʨʦʚʘʥʠʷ. ɼʫʤʘʝʤ, 

ʯʪʦ ʠʥʚʝʩʪʠʮʠʦʥʥʘʷ ʩʫʙʩʠʜʠʷ, ʧʨʠʤʝʥʝʥʠʝ çʩʠʩʪʝʤʳ ʥʘʯʘʣʴʥʳʭ ʩʫʙʩʠʜʠʡè ʜʣʷ ʥʘʯʠʥʘʶʱʠʭ 

ʬʝʨʤʝʨʦʚ ʠʤʝʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʨʘʟʚʠʪʠʷ, ʚ ʧʨʘʚʦʚʦʤ ʧʨʦʝʢʪʝ ʥʝʦʙʭʦʜʠʤʦ ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʪʴ 

ʤʝʪʦʜʠʯʥʳʝ ʧʦʜʭʦʜʳ ʢ ʦʮʝʥʢʝ ʚʩʝʡ ʧʦʨʷʜʢʘ ʩʫʙʩʠʜʠʨʦʚʘʥʠʷ. ʀʟʫʯʝʥʠʝ ʩʠʩʪʝʤʳ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʦʜʜʝʨʞʢʠ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʚ ʈʂ ʥʘʛʣʷʜʥʦ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʛʦʩʫʜʘʨʩʪʚʦ ʟʘ 

ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʚʳʜʝʣʠʣʦ ʜʦʩʪʘʪʦʯʥʳʝ ʬʠʥʘʥʩʦʚʳʝ ʨʝʩʫʨʩʳ ʥʘ ʨʘʟʚʠʪʠʝ ʩʬʝʨʳ ʩʝʣʴʩʢʦʛʦ 

ʭʦʟʷʡʩʪʚʘ ʚ ʩʪʨʘʥʝ. 
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ɺʆɿʈɸʉʊʅʓɽ ʆʉʆɹɽʅʅʆʉʊʀ ɸʂʊʀɺʅʆʉʊʀ ʅɽʂʆʊʆʈʓʍ ʌɽʈʄɽʅʊʆɺ ɺ 

ʉʓɺʆʈʆʊʂɽ ʂʈʆɺʀ ʋ ʂʈʋʇʅʆɻʆ ʈʆɻɸʊʆɻʆ ʉʂʆʊɸ 

ʉʘʚʠʥʘ ɻ.ʖ. 

ʌɻɹʆʋ ɺʆ çɹʨʷʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʀ.ɻ. ʇʝʪʨʦʚʩʢʦʛʦè, 

ɹʨʷʥʩʢ 

 

ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚʦʟʨʘʩʪʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʘʢʪʠʚʥʦʩʪʠ ʪʨʘʥʩʘʤʠʥʘʟ (ɸʃʊ ʠ ɸʉʊ) ʠ 

ʱʝʣʦʯʥʦʡ ʬʦʩʬʘʪʘʟʳ (ʑʌ) ʚ ʩʳʚʦʨʦʪʢʝ ʢʨʦʚʠ ʫ ʢʦʨʦʚ ʯʝʨʥʦ-ʧʝʩʪʨʦʡ ʧʦʨʦʜʳ, 

ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʠʭ ʭʦʟʷʡʩʪʚʘʭ ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʦʨʦʚʳ ʯʝʨʥʦ-ʧʝʩʪʨʦʡ ʧʦʨʦʜʳ, ʚʦʟʨʘʩʪ, ʢʨʦʚʴ, ʱʝʣʦʯʥʘʷ ʬʦʩʬʘʪʘʟʘ, ɸʉʊ, 

ɸʃʊ. 

 

ɺʚʝʜʝʥʠʝ. ɺ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʤʣʝʢʦʧʠʪʘʶʱʠʭ ʬʝʨʤʝʥʪʳ ʠʛʨʘʶʪ ʥʝʤʘʣʦʚʘʞʥʫʶ 

ʨʦʣʴ. ʆʥʠ ʥʘʧʨʘʚʣʷʶʪ ʠ ʨʝʛʫʣʠʨʫʶʪ ʤʝʪʘʙʦʣʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʚ ʦʨʛʘʥʠʟʤʝ [1,2,3,4,5]. 

ɹʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʣʠʥʠʯʝʩʢʦʛʦ ʩʪʘʪʫʩʘ ʞʠʚʦʪʥʳʭ ʧʨʠʥʘʜʣʝʞʠʪ 

ʧʝʯʝʥʦʯʥʦʟʘʚʠʩʠʤʳʤ ʬʝʨʤʝʥʪʘʤ ʢʣʘʩʩʘ ʪʨʘʥʩʘʤʠʥʘʟ ɸʃʊ, ɸʉʊ ʠ ʬʝʨʤʝʥʪʫ ʢʣʘʩʩʘ ʛʠʜʨʦʣʘʟ 

ʱʝʣʦʯʥʦʡ ʬʦʩʬʘʪʘʟʝ (ʑʌ) [2,3]. ʊʨʘʥʩʘʤʠʥʘʟʳ ʧʨʠʥʠʤʘʶʪ ʫʯʘʩʪʠʝ ʚ ʩʠʥʪʝʟʝ ʠ ʨʘʩʧʘʜʝ 

ʘʤʠʥʦʢʠʩʣʦʪ, ʩʠʥʪʝʟʝ ʤʦʯʝʚʠʥʳ [2,4,5]. ɺʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ɸʃʊ ʠ ɸʉʊ ʦʪʤʝʯʘʝʪʩʷ ʚ ʢʣʝʪʢʘʭ 

ʧʝʯʝʥʠ ʠ ʧʦʯʝʢ, ʧʨʠ ʵʪʦʤ ɸʉʊ ʚ ʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʩʦʜʝʨʞʠʪʩʷ ʚ ʢʣʝʪʢʘʭ ʩʝʨʜʮʘ ʠ ʩʢʝʣʝʪʥʳʭ 

ʤʳʰʮ, ʘ ɸʃʊ ʚʥʝ ʪʢʘʥʝʡ ʧʝʯʝʥʠ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʦʯʝʥʴ ʤʘʣʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ. ʑʌ ʧʨʠʩʫʪʩʪʚʫʝʪ 

ʚʦ ʤʥʦʛʠʭ ʢʣʝʪʢʘʭ ʦʨʛʘʥʠʟʤʘ, ʥʦ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ - ʚ ʢʦʩʪʥʦʡ ʪʢʘʥʠ (ʦʩʦʙʝʥʥʦ ʚ ʨʘʩʪʫʱʠʭ 

ʢʦʩʪʷʭ), ʢʣʝʪʢʘʭ ʧʝʯʝʥʠ, ʧʣʘʮʝʥʪʳ, ʢʠʰʝʯʥʠʢʘ [2,3,4,5]. ʆʥʘ ʧʨʠʥʠʤʘʝʪ ʫʯʘʩʪʠʝ ʚ ʢʘʣʴʮʠʝʚʦ-

ʬʦʩʬʦʨʥʦʤ ʦʙʤʝʥʝ. ʀʟʤʝʥʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʪʨʘʥʩʬʝʨʘʟ ʠ ʱʝʣʦʯʥʦʡ ʬʦʩʬʘʪʘʟʳ ʤʦʞʝʪ 

ʚʦʟʥʠʢʘʪʴ ʢʘʢ ʧʨʠ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ ʟʜʦʨʦʚʦʛʦ ʦʨʛʘʥʠʟʤʘ, ʪʘʢ ʠ ʧʨʠ ʧʘʪʘʣʦʛʠʯʝʩʢʠʭ 

ʩʦʩʪʦʷʥʠʷʭ [2,3]. ʀʟʫʯʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ɸʃʊ, ɸʉʊ ʠ ʑʌ ʫ ʪʝʣʷʪ ʚ ʚʦʟʨʘʩʪʥʦʡ ʜʠʥʘʤʠʢʝ ʠ ʫ 

ʣʘʢʪʠʨʫʶʱʠʭ ʢʦʨʦʚ ʠʤʝʝʪ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʧʘʪʦʣʦʛʠʡ 

ʧʝʯʝʥʠ ʠ ʨʷʜʘ ʜʨʫʛʠʭ ʦʨʛʘʥʦʚ, ʘ ʪʘʢʞʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʨʝʬʝʨʝʥʩʥʳʭ ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʟʥʘʯʝʥʠʡ 

ʫ ʢʣʠʥʠʯʝʩʢʠ ʟʜʦʨʦʚʳʭ ʢʦʨʦʚ [2,3]. ʎʝʣʴʶ ʧʨʦʚʝʜʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʣʘʩʴ ʦʮʝʥʢʘ 

ʘʢʪʠʚʥʦʩʪʠ ʑʌ, ɸʃʊ ʠ ɸʉʊ ʫ ʢʨʫʧʥʦʛʦ ʨʦʛʘʪʦʛʦ ʩʢʦʪʘ ʚ ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʠʭ ʭʦʟʷʡʩʪʚʘʭ 

ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʦʟʨʘʩʪʘ. 

ʄʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʢʨʫʧʥʦʤ ʨʦʛʘʪʦʤ ʩʢʦʪʝ ʯʝʨʥʦ-

ʧʝʩʪʨʦʡ ʧʦʨʦʜʳ ʚ ʨʘʟʥʦʤ ʚʦʟʨʘʩʪʥʦʤ ʜʠʘʧʘʟʦʥʝ ʥʘ ʙʘʟʝ ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʠʭ ʭʦʟʷʡʩʪʚ 

ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ. ʄʦʣʦʯʥʘʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʢʦʨʦʚ ʥʘ ʧʝʨʠʦʜ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʩʪʘʚʣʷʣʘ 

ʩʚʳʰʝ 7000 ʣ ʤʦʣʦʢʘ ʥʘ ʬʫʨʘʞʥʫʶ ʢʦʨʦʚʫ ʚ ʛʦʜ. ʂʣʠʥʠʯʝʩʢʠ ʟʜʦʨʦʚʳʝ ʞʠʚʦʪʥʳʝ ʙʳʣʠ 

ʨʘʟʜʝʣʝʥʳ ʥʘ 4 ʚʦʟʨʘʩʪʥʳʝ ʛʨʫʧʧʳ: ʩʫʪʦʯʥʳʝ ʪʝʣʷʪʘ, ʪʝʣʢʠ 6 ʠ 12 ʤʝʩʷʮʝʚ, ʣʘʢʪʠʨʫʶʱʠʝ 

ʢʦʨʦʚʳ ʚ ʚʦʟʨʘʩʪʝ ʦʪ 2 ʜʦ 5 ʣʝʪ. ʆʪʙʦʨ ʧʨʦʙ ʢʨʦʚʠ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʠʟ ʭʚʦʩʪʦʚʦʡ ʚʝʥʳ ʩ 

ʩʦʙʣʶʜʝʥʠʝʤ ʚʩʝʭ ʪʨʝʙʦʚʘʥʠʡ ʘʩʝʧʪʠʢʠ ʠ ʘʥʪʠʩʝʧʪʠʢʠ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ 

ʧʨʦʚʦʜʠʣʠ ʩ ʧʦʤʦʱʴʶ ʧʦʣʫʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘʪʦʨʘ RX Daytona (Randox, 

ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ). 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɺ ʧʨʦʮʝʩʩʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʘ ʜʦʩʪʦʚʝʨʥʦ ʫʩʪʘʥʦʚʣʝʥʘ 

(ʨÒ0,05, ʨÒ0,01) ʟʘʚʠʩʠʤʦʩʪʴ ʧʦʢʘʟʘʪʝʣʝʡ ʑʌ, ɸʉʊ, ɸʃʊ ʚ ʩʳʚʦʨʦʪʢʝ ʢʨʦʚʠ ʢʦʨʦʚ ʦʪ 

ʚʦʟʨʘʩʪʘ. ʋ ʩʫʪʦʯʥʳʭ ʪʝʣʷʪ ʦʪʤʝʯʝʥʦ ʟʥʘʯʠʪʝʣʴʥʦʝ ʧʦʚʳʰʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʑʌ 

(1072,60Ñ128,97 ʄɽ/ʣ). ʂ 12 ʤʝʩʷʯʥʦʤʫ ʚʦʟʨʘʩʪʫ ʑʌ ʚ ʩʳʚʦʨʦʪʢʝ ʢʨʦʚʠ ʩʥʠʞʘʝʪʩʷ, ʥʦ 

ʦʩʪʘʝʪʩʷ ʥʘ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ (465,60Ñ44,99 ʄɽ/ʣ) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʣʘʢʪʠʨʫʶʱʠʤʠ 

ʢʦʨʦʚʘʤʠ 24 ʤʝʩ. ʠ ʩʪʘʨʰʝ (65,17Ñ32.93 ʄɽ/ʣ) (*ʨÒ0,01). ʊʘʢʠʝ ʚʦʟʨʘʩʪʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ 

ʷʚʣʷʶʪʩʷ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʡ ʥʦʨʤʦʡ. ɺʳʩʦʢʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʑʌ ʚ ʢʨʦʚʠ ʤʦʣʦʜʥʷʢʘ 



ʦʙʫʩʣʘʚʣʠʚʘʝʪʩʷ ʠʥʪʝʥʩʠʚʥʳʤ ʨʦʩʪʦʤ ʢʦʩʪʥʦʡ ʪʢʘʥʠ. ʅʠʟʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ɸʃʊ ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩ ʜʨʫʛʠʤʠ ʧʦʜʦʧʳʪʥʳʤʠ ʛʨʫʧʧʘʤʠ ʞʠʚʦʪʥʳʭ ʥʘʙʣʶʜʘʝʪʩʷ ʫ ʩʫʪʦʯʥʳʭ ʪʝʣʷʪ ʠ ʩʦʩʪʘʚʣʷʝʪ 

(15,20Ñ1,39 ʄɽ/ʣ). ʂ 6 ʤʝʩʷʮʘʤ ʧʦʢʘʟʘʪʝʣʴ ɸʃʊ ʩʳʚʦʨʦʪʢʠ ʢʨʦʚʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʦʯʪʠ ʚ 2 

ʨʘʟʘ. ʀʟʤʝʥʝʥʠʷ ʘʢʪʠʚʥʦʩʪʠ ɸʃʊ ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʦ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʡ ʨʝʘʢʮʠʝʡ, 

ʩʚʷʟʘʥʥʦʡ ʩ ʬʫʥʢʮʠʝʡ ʧʝʯʝʥʠ, ʘ ʪʘʢʞʝ ʧʝʨʝʩʪʨʦʡʢʦʡ ʦʙʤʝʥʘ ʚʝʱʝʩʪʚ ʫ ʤʦʣʦʜʥʷʢʘ ʩ ʧʝʨʝʭʦʜʦʤ 

ʥʘ ʥʦʚʳʡ ʨʘʮʠʦʥ ʢʦʨʤʣʝʥʠʷ. ʇʦʢʘʟʘʪʝʣʠ ɸʉʊ ʫ ʩʫʪʦʯʥʳʭ ʪʝʣʷʪ ʚ 1,5 ʨʘʟʘ ʚʳʰʝ, ʯʝʤ ʫ 6 

ʤʝʩʷʯʥʳʭ ʪʝʣʦʢ, ʠ ʧʦʯʪʠ ʚ 2 ʨʘʟʘ ʚʳʰʝ, ʯʝʤ ʫ 12 ʤʝʩʷʯʥʳʭ (ʨÒ0,01), ʵʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ 

ʘʢʪʠʚʥʳʤ ʨʦʩʪʦʤ ʤʳʰʝʯʥʦʡ ʪʢʘʥʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1:   

 
ɸʢʪʠʚʥʦʩʪʴ 

ʬʝʨʤʝʥʪʘ 

ʂʣʠʥʠʯʝʩʢʠ ʟʜʦʨʦʚʳʝ ʪʝʣʷʪʘ ʂʦʨʦʚʳ 

(n=8) 1 ʜʝʥʴ (n=5) 6 ʤʝʩ. (n=5) 12 ʤʝʩ. (n=5) 

ʑʌ, ʄɽ/ʣ 1072,60Ñ128,97* 530,40Ñ80,34 465,60Ñ44,99 65,17Ñ32.93* 

ɸʉʊ, ʄɽ/ʣ 135,20Ñ17,35** 87,00Ñ4,51 81,40Ñ8,21 127.18Ñ36,77 

ɸʃʊ ʄɽ/ʣ 15,20Ñ1,39* 25,40Ñ1,96 29,40Ñ2,94 24,31Ñ6,31 

*ʨÒ0,01; **ʨÒ0,05 

ʊʘʙʣʠʮʘ 1. ɸʢʪʠʚʥʦʩʪʴ ʑʌ, ɸʃʊ ʠ ɸʉʊ ʚ ʩʳʚʦʨʦʪʢʝ ʢʨʦʚʠ ʢʦʨʦʚ ʨʘʟʥʳʭ ʚʦʟʨʘʩʪʥʳʭ 

ʛʨʫʧʧ (ʄÑm). 

 

ɿʘʢʣʶʯʝʥʠʝ. ɼʠʥʘʤʠʢʘ ʘʢʪʠʚʥʦʩʪʠ ʑʌ, ɸʃʊ ʠ ɸʉʊ ʟʘʚʠʩʠʪ ʦʪ ʚʦʟʨʘʩʪʘ ʢʦʨʦʚ. 

ʇʦʢʘʟʘʪʝʣʠ ʑʌ ʠ ɸʉʊ ʚ ʩʳʚʦʨʦʪʢʝ ʢʨʦʚʠ ʩʥʠʞʘʶʪʩʷ ʩ ʚʦʟʨʘʩʪʦʤ, ʧʨʠ ʵʪʦʤ ʱʝʣʦʯʥʘʷ 

ʬʦʩʬʘʪʘʟʘ ʚ 12 ʤʝʩʷʮʝʚ ʦʩʪʘʝʪʩʷ ʥʘ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʣʘʢʪʠʨʫʶʱʠʤʠ ʢʦʨʦʚʘʤʠ ʩʪʘʨʰʝ 24 ʤʝʩ. ʚʦʟʨʘʩʪʘ. ʋ ʩʫʪʦʯʥʳʭ ʪʝʣʷʪ ʦʪʤʝʯʘʝʪʩʷ ʩʘʤʳʡ ʥʠʟʢʠʡ 

ʧʦʢʘʟʘʪʝʣʴ ɸʃʊ, ʩ ʚʦʟʨʘʩʪʦʤ ʦʥ ʧʦʩʪʝʧʝʥʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ.  
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ʋɼʂ:635.655 
ʆʉʆɹɽʅʅʆʉʊʀ ʉʆʈʊʆɺ ʉʆʀ ʂʈɸʉʅʆɼɸʈʉʂʆɻʆ ʂʈɸʗ ɼʃʗ ʇʈʆʀɿɺʆɼʉʊɺɸʉʓʈɸ 

çʊʆʌʋè 

ʇʬʝʡʬʝʨ ʐ.ɸ., ɹʫʪʪʘʝʚ ʆ.ʄ., ɹʝʣʦʚʘ ʄ.ɺ. 

ʉʘʨʘʪʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʛʝʥʝʪʠʢʠ, ʙʠʦʪʝʭʥʦʣʦʛʠʠ ʠ ʠʥʞʝʥʝʨʠʠ ʠʤʝʥʠ 

ʅ.ʀ. ɺʘʚʠʣʦʚʘ, ʉʘʨʘʪʦʚ 

 

ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥ ʤʘʪʝʨʠʘʣ ʦ ʭʠʤʠʯʝʩʢʦʤ ʩʦʩʪʘʚʝ ʩʝʤʷʥ ʪʨʝʭ ʩʦʨʪʦʚ ʩʦʠ 

ʂʨʘʩʥʦʜʘʨʩʢʦʛʦ ʢʨʘʷ. ʇʨʦʚʝʜʝʥʘ ʩʨʘʚʥʠʪʝʣʴʥʘʷ ʦʮʝʥʢʘ ʩʦʝʚʦʛʦ ʩʳʨʘ ʧʦʣʫʯʝʥʥʳʭ ʠʟ 

ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʟʝʨʥʘ ʨʘʟʥʳʭ ʩʦʨʪʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʦʷ, ʪʦʬʫ, ʩʦʝʚʳʡ ʩʳʨ. 

 

ɺʚʝʜʝʥʠʝ. ʉʦʷ - ʚʳʛʦʜʥʘʷ ʢʫʣʴʪʫʨʘ, ʙʣʘʛʦʜʘʨʷ ʚʳʩʦʢʦʤʫ ʩʦʜʝʨʞʘʥʠʶ ʚ ʩʝʤʝʥʘʭ 

ʧʨʦʪʝʠʥʘ ʠ ʤʘʩʣʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʤʠ ʢʫʣʴʪʫʨʘʤʠ. ʉʦʝʚʳʝ ʙʦʙʳ 

ʩʦʜʝʨʞʘʪ ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʢʨʘʭʤʘʣʘ ʠ ʜʦʩʪʘʪʦʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʢʣʝʪʯʘʪʢʠ ʠ ʧʝʢʪʠʥʘ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʚʢʣʶʯʘʪʴ ʝʝ ʚ ʨʘʮʠʦʥ ʧʠʪʘʥʠʷ ʩʧʦʨʪʩʤʝʥʦʚ ʠ ʣʶʜʝʡ ʩ ʦʛʨʘʥʠʯʝʥʠʝʤ ʚ ʧʠʪʘʥʠʝ [1]. 

ʊʘʢ ʞʝ ʩʦʷ ʷʚʣʷʝʪʩʷ ʠʩʪʦʯʥʠʢʦʤ ʚʠʪʘʤʠʥʦʚ ʛʨʫʧʧʳ ɺ, ʤʘʢʨʦ- ʠ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ, 

ʦʣʠʛʦʩʘʭʘʨʠʜʦʚ, ʘ ʪʘʢʞʝ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ. ʋʧʦʪʨʝʙʣʝʥʠʝ ʚʩʝʛʦ 150-250 ʛ 

ʩʝʤʷʥ ʤʦʞʝʪ ʟʘʢʨʳʪʴ ʩʫʪʦʯʥʫʶ ʧʦʪʨʝʙʥʦʩʪʴ ʚʦ ʚʩʝʭ ʘʤʠʥʦʢʠʩʣʦʪʘʭ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʜʨʫʛʠʭ 

ʠʩʪʦʯʥʠʢʦʚ ʙʝʣʢʘ ʚ ʨʘʮʠʦʥʝ. ʕʪʦ ʩʚʦʝʦʙʨʘʟʠʝ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʩʝʤʷʥ ʩʦʠ ʧʦʟʚʦʣʷʝʪ 

ʧʦʣʫʯʘʪʴ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʜʫʢʪʦʚ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʠ ʣʝʯʝʙʥʦʛʦ ʧʠʪʘʥʠʷ [2]. 

ʆʜʥʠʤ ʠʟ ʪʘʢʠʭ ʧʨʦʜʫʢʪʦʚ ʷʚʣʷʝʪʩʷ ʨʘʩʪʠʪʝʣʴʥʳʡ ʩʳʨ çʊʦʬʫè. ʊʘʢ ʢʘʢ ʛʣʘʚʥʳʡ 

ʠʥʛʨʝʜʠʝʥʪ ï ʩʦʷ, ʚ 100 ʛ ʧʨʦʜʫʢʪʘ ʩʦʜʝʨʞʠʪʩʷ 0,6 ï 2ʛ ʫʛʣʝʚʦʜʦʚ, 8,1 ï 9ʛ ʙʝʣʢʦʚ ʠ 4,2 ï 4,8ʛ 

ʞʠʨʦʚ. ʉʳʨ ʠʟ ʩʦʠ ʩʯʠʪʘʝʪʩʷ ʥʘʪʫʨʘʣʴʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʞʝʣʝʟʘ, ʘʤʠʥʦʢʠʩʣʦʪ, ʢʘʣʴʮʠʷ, ʤʝʜʠ, 

ʬʦʩʬʦʨʘ, ʮʠʥʢʘ, ʢʨʝʤʥʠʷ, ʭʨʦʤʘ, ʚʠʪʘʤʠʥʦʚ ʛʨʫʧʧʳ B, C, PP, E, K [3]. 

ʎʝʣʴ ʨʘʙʦʪʳ. ʇʨʦʚʝʩʪʠ ʘʥʘʣʠʟ ʦʙʨʘʟʮʦʚ ʩʦʨʪʦʚ ʩʦʠ ʂʨʘʩʥʦʜʘʨʩʢʦʛʦ ʢʨʘʷ, ʩʦʛʣʘʩʥʦ 

ɻʆʉʊ 13496.15, ɻʆʉʊ 26226, ɻʆʉʊ 31675, ɻʆʉʊ 10846, ʘ ʪʘʢʞʝ ʠʟʛʦʪʦʚʠʪʴ ʩʳʨ çʊʦʬʫè ʠ 

ʧʨʦʚʝʩʪʠ ʦʮʝʥʢʫ ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʛʦʪʦʚʦʛʦ ʧʨʦʜʫʢʪʘ ʧʦ ɻʆʉʊ ʈ 58441. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʚʳʙʨʘʥʦ 3 ʩʦʨʪʘ ʩʦʠ 

ʂʨʘʩʥʦʜʘʨʩʢʦʛʦ ʢʨʘʷ: ɺʝʩʪʘ, ʌʦʨʘ, ɺʠʣʘʥʘ. ʅʘ ʨʠʩʫʥʢʝ ʦʜʠʥ ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʘʥʥʳʝ ʩʦʨʪʘ. 

 

 
 

 

ʈʠʩʫʥʦʢ 1 ï ɿʝʨʥʦ ʩʦʠ - ʘ) ɺʝʩʪʘ; ʙ) ʌʦʨʘ; ʚ) ɺʠʣʘʥʘ 

 

ʉʦʜʝʨʞʘʥʠʝ ʙʝʣʢʘ ʚ ʩʝʤʝʥʘʭ ʩʦʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʨʪʘ ʠ ʫʩʣʦʚʠʡ ʚʦʟʜʝʣʳʚʘʥʠʷ ʤʦʞʝʪ 

ʢʦʣʝʙʘʪʴʩʷ ʦʪ 30% ʜʦ 45%, ʤʘʩʣʘ ʩʦʜʝʨʞʠʪʩʷ ʚ ʟʝʨʥʝ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 15 ʜʦ 27 %, ʢʣʝʪʯʘʪʢʠ ʦʪ 

3,0 ʜʦ 7,0 %.  

ɺ ʪʘʙʣʠʮʝ 1 ʧʨʠʚʝʜʝʥʳ ʙʠʦʭʠʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʪʨʝʭ ʩʦʨʪʦʚ ʩʦʠ, ʚʳʨʘʱʝʥʥʳʭ ʚ 

ʂʨʘʩʥʦʜʘʨʩʢʦʤ ʢʨʘʝ.   

 



ʊʘʙʣʠʮʘ 1 - ɹʠʦʭʠʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʩʦʨʪʦʚ ʩʦʠ ʂʨʘʩʥʦʜʘʨʩʢʦʛʦ ʢʨʘʷ 

 

ʇʨʦʮʝʩʩ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʩʦʝʚʦʛʦ ʩʳʨʘ ʩʦʩʪʦʠʪ ʠʟ ʩʣʝʜʫʶʱʠʭ ʵʪʘʧʦʚ:  

1.ʇʨʠʛʦʪʦʚʣʝʥʠʝ ʩʦʝʚʦʛʦ ʤʦʣʦʢʘ, ʚʢʣʶʯʘʶʱʝʝ ʚ ʩʝʙʷ ʵʪʘʧ ʟʘʤʘʯʠʚʘʥʠʷ, ʠʟʤʝʣʴʯʝʥʠʷ ʚ 

ʚʦʜʝ ʟʝʨʥʘ ʩ ʦʪʜʝʣʝʥʠʝʤ ʦʢʘʨʳ ʠ ʜʘʣʴʥʝʡʰʝʛʦ ʥʘʛʨʝʚʘʥʠʷ; 

2.ɺʥʝʩʝʥʠʝ ʢʦʘʛʫʣʷʥʪʘ ʚ ʤʦʣʦʢʦ, ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʣʠʤʦʥʥʫʶ ʢʠʩʣʦʪʫ, 

ʢʦʪʦʨʘʷ ʩʧʦʩʦʙʩʪʚʫʝʪ ʦʪʜʝʣʝʥʠʶ ʪʚʦʨʦʛʘ ʦʪ ʩʳʚʦʨʦʪʢʠ; 

3. ɿʘʚʝʨʰʘʶʱʠʤ ʵʪʘʧʦʤ ʙʳʣʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʳʨʘ ʧʫʪʝʤ ʧʨʝʩʩʦʚʘʥʠʷ[4]. 

ʉʦʛʣʘʩʥʦ ɻʆʉʊ ʈ 58441, ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʦʪʦʚʦʛʦ 

ʧʨʦʜʫʢʪʘ, ʨʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 2.  

 
ʅʘʠʤʝʥʦʚʘʥʠʝ 

ʧʦʢʘʟʘʪʝʣʷ 

ʉʦʨʪʘ ʩʦʠ 

ʌʦʨʘ ɺʝʩʪʘ ɺʠʣʘʥʘ 

ɺʥʝʰʥʠʡ ʚʠʜ ʎʝʣʦʩʪʥʳʡ ʚʥʝʰʥʠʡ ʚʠʜ 

ʂʦʥʩʠʩʪʝʥʮʠʷ ʅʝʞʥʘʷ ʉʣʝʛʢʘ ʧʣʦʪʥʘʷ ʅʝʞʥʘʷ 

ʎʚʝʪ ɹʝʟ ʦʪʪʝʥʢʘ ɹʝʣʳʡ ʩ ʞʝʣʪʦʚʘʪʳʤ ʦʪʪʝʥʢʦʤ ʉʚʝʪʣʦ ʙʝʞʝʚʳʡ 

ɿʘʧʘʭ ʏʠʩʪʳʡ, ʥʝʡʪʨʘʣʴʥʳʡ 

ɺʢʫʩ ʅʝʡʪʨʘʣʴʥʳʡ ʉʣʘʜʢʦʚʘʪʳʡ ʉʣʘʜʢʦʚʘʪʳʡ 

ʊʘʙʣʠʮʘ 2 - ʆʨʛʘʥʦʣʝʧʪʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʦʝʚʦʛʦ ʩʳʨʘ çʊʦʬʫè 

 

ɺʳʚʦʜʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʟʫʣʴʪʘʪʳ ʦʪʯʝʪʣʠʚʦ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʜʘʥʥʳʝ ʩʦʨʪʘ ʧʨʠʛʦʜʥʳ 

ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʦʝʚʳʭ ʧʨʦʜʫʢʪʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʩʦʝʚʦʛʦ ʩʳʨʘ çʊʦʬʫè, ʪʘʢ ʢʘʢ ʦʥʠ ʦʙʣʘʜʘʶʪ 

ʧʨʠʝʤʣʝʤʳʤʠ ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʤʠ ʠ ʭʠʤʠʯʝʩʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ.  
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FEATURES OF SOYBEAN VARIETIES OF THE KRA SNODAR TERRITORY FOR  THE 

PRODUCTION OF TOFU CHEESE 
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The article presents material on the chemical composition of seeds of three varieties of soybeans of 

the Krasnodar Territory. A comparative assessment of soy cheese obtained from the presented grains 

of different varieties has been carried out. 

Keywords: soy, tofu, soy cheese.  

ʉʦʨʪ 

ʉʦʜʝʨʞʘʥʠʝ, % 

ɹʝʣʦʢ ɾʠʨ ʂʣʝʪʯʘʪʢʠ ʌʦʩʬʦʨ ʂʘʣʴʮʠʡ 

ʌʦʨʘ 44,1 19,7 3,1 0,33 0,68 

ɺʠʣʘʥʘ 41,6 22,1 3,2 0,34 0,76 

ɺʝʩʪʘ 42,0 20,2 3,4 0,28 0,67 



ɺʃʀʗʅʀɽ ʉʋʍʆɻʆ ɹʋʃʔʆʅɸ ʀɿ ʃɸʇʐʀ ɹʓʉʊʈʆɻʆ ʇʈʀɻʆʊʆɺʃɽʅʀʗ ʅɸ 

ʆʈɻɸʅʀɿʄ ʂʈʓʉ. (ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅʆɽ ʅɸɹʃʖɼɽʅʀɽ) 

ɻʣʘʜʢʝʚʠʯ ɸ. ɺ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ɻʦʥʦʭʦʚʘ ʄ.ʅ. 

ʌɻɹʆʋ ɺʆ çʆʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʤʝʜʠʮʠʥʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè ʄʠʥʟʜʨʘʚʘ ʈʦʩʩʠʠ, ʆʤʩʢ 

 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʀʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʧʦʨʦʰʢʘ ʠʟ ʣʘʧʰʠ ʙʳʩʪʨʦʛʦ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ñɼʦʰʠʨʘʢò 

ʥʘ ʦʨʛʘʥʠʟʤ ʢʨʳʩ. 

ʄʘʪʝʨʠʘʣ ʠ ʤʝʪʦʜʳ. ʇʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʣʫʞʘʪ ʦʙʨʘʟʮʳ ʣʘʧʰʠ ʙʳʩʪʨʦʛʦ 

ʧʨʠʛʦʪʦʚʣʝʥʠʷ: ʀʟʜʝʣʠʷ ʤʘʢʘʨʦʥʥʳʝ ʙʳʩʪʨʦʛʦ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ñɼʦʰʠʨʘʢò. ʆʙʲʝʢʪ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʧʦʣʦʚʦʟʨʝʣʳʝ ʙʝʣʳʝ ʙʝʩʧʦʨʦʜʥʳʝ ʢʨʳʩʳ, ʤʫʞʩʢʦʛʦ ʧʦʣʘ, ʧʦʜʦʙʨʘʥʥʳʝ ʧʦ 

ʧʨʠʥʮʠʧʫ ʘʥʘʣʦʛʦʚ. 

ʈʝʟʫʣʴʪʘʪʳ: ʅʘ ʧʨʦʪʷʞʝʥʠʠ ʥʝʩʢʦʣʴʢʠʭ ʤʝʩʷʮʝʚ ʦʪʤʝʯʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʪʝʥʜʝʥʮʠʠ ʚ 

ʦʧʳʪʥʦʡ ʛʨʫʧʧʝ: 

ʋʚʝʣʠʯʝʥʠʝ ʧʦʪʨʝʙʣʷʝʤʦʡ ʧʠʱʠ ʠ ʚʦʜʳ, ʋʚʝʣʠʯʝʥʠʝ ʚ ʚʝʩʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʴʥʦʡ 

ʛʨʫʧʧʦʡ, ʇʦʚʳʰʝʥʘ ʣʠʥʴʢʘ, ʇʦʪʫʩʢʥʝʥʠʝ ʰʝʨʩʪʠ, ʇʦʚʳʰʝʥʥʘʷ ʘʛʨʝʩʩʠʚʥʦʩʪʴ, ʇʘʩʩʠʚʥʦʩʪʴ 

ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʦʢʨʫʞʘʶʱʝʡ ʪʝʨʨʠʪʦʨʠʠ, ʋʚʝʣʠʯʝʥʠʝ ʚʳʜʝʣʝʥʠʷ, ɸʣʣʝʨʛʠʯʝʩʢʘʷ 

ʨʝʘʢʮʠʷ/ʩʥʠʞʝʥʠʝ ʠʤʤʫʥʠʪʝʪʘ 

ɿʘʢʣʶʯʝʥʠʝ: ɽʞʝʜʥʝʚʥʦʝ ʫʧʦʪʨʝʙʣʝʥʠʝ ʧʦʨʦʰʢʘ ʠʟ ʣʘʧʰʠ ʙʳʩʪʨʦʛʦ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʜʣʷ 

ʦʧʳʪʥʳʭ ʢʨʳʩ ʥʝ ʧʨʦʰʣʦ ʥʝʟʘʤʝʪʥʦ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʫʩʪʦʷʚʰʘʷʩʷ ʩʨʝʜʠ ʤʘʩʩ ʤʳʩʣʴ ʦ 

ʚʨʝʜʥʦʩʪʠ ʜʘʥʥʦʛʦ ʧʨʦʜʫʢʪʘ ʧʦʜʪʚʝʨʞʜʝʥʘ ʠ ʚʳʩʦʢʘ ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʷʚʣʝʥʠʷ ʩʭʦʞʠʭ 

ʧʨʠʟʥʘʢʦʚ ʫ ʣʶʜʝʡ, ʢʦʪʦʨʳʝ ʟʣʦʫʧʦʪʨʝʙʣʷʶʪ ʜʘʥʥʳʤ ʧʨʦʜʫʢʪʦʤ. 

 

ɸʢʪʫʘʣʴʥʦʩʪʴ: ʃʘʧʰʘ ʙʳʩʪʨʦʛʦ ʧʨʠʛʦʪʦʚʣʝʥʠʷ - ʵʪʦ ʦʯʝʥʴ ʧʦʧʫʣʷʨʥʳʡ ʧʝʨʝʢʫʩ ʩʨʝʜʠ 

ʨʘʟʣʠʯʥʳʭ ʛʨʫʧʧ ʥʘʩʝʣʝʥʠʷ, ʙʳʩʪʨʦʪʘ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʠ ʫʩʠʣʠʪʝʣʠ ʚʢʫʩʘ ʚ ʩʦʩʪʘʚʝ ʜʝʣʘʶʪ ʝʛʦ 

ʤʝʯʪʦʡ ʯʝʣʦʚʝʢʘ, ʢʦʪʦʨʳʡ ʥʝ ʭʦʯʝʪ ʟʘʤʦʨʘʯʠʚʘʪʴʩʷ ʩ ʛʦʪʦʚʢʦʡ ʠ ʞʘʞʜʝʪ ʚʢʫʩʘ.  ʆʩʦʙʝʥʥʦ 

ʩʠʣʴʥʦ ʦʥ ʧʦʧʫʣʷʨʝʥ ʩʨʝʜʠ ʤʦʣʦʜʝʞʠ. 

ʆʜʥʘʢʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʧʨʦʩʪʦʡ ʩʦʩʪʘʚ, ʣʘʧʰʘ ʙʳʩʪʨʦʛʦ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʧʨʠʦʙʨʝʣʘ 

ʜʫʨʥʫʶ ʩʣʘʚʫ ʚʨʝʜʥʦʛʦ ʧʨʦʜʫʢʪʘ, ʢʦʪʦʨʳʡ ʝʩʪʴ ʯʘʩʪʦ ʥʝ ʨʝʢʦʤʝʥʜʫʝʪʩʷ. 

ɺ ʩʚʦʝʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʤʳ ʠʟʫʯʠʣʠ ʚʣʠʷʥʠʝ ʧʦʨʦʰʢʘ ʜʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʙʫʣʴʦʥʘ ʣʘʧʰʠ 

ʙʳʩʪʨʦʛʦ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʧʨʠ ʝʞʝʜʥʝʚʥʦʤ ʩʢʘʨʤʣʠʚʘʥʠʠ ʝʝ ʣʘʙʦʨʘʪʦʨʥʳʤ ʞʠʚʦʪʥʳʤ, ʠ 

ʚʦʟʤʦʞʥʳʝ ʧʦʩʣʝʜʩʪʚʠʷ ʜʣʷ ʦʨʛʘʥʠʟʤʘ ʧʨʠ ʝʞʝʜʥʝʚʥʦʤ ʧʦʝʜʘʥʠʠ ʵʪʦʛʦ ʧʨʦʜʫʢʪʘ. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʀʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʧʦʨʦʰʢʘ ʠʟ ʣʘʧʰʠ ʙʳʩʪʨʦʛʦ ʧʨʠʛʦʪʦʚʣʝʥʠʷ 

ñɼʦʰʠʨʘʢò ʥʘ ʦʨʛʘʥʠʟʤ ʢʨʳʩ. 

ʄʘʪʝʨʠʘʣ ʠ ʤʝʪʦʜʳ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʪʩʷ ʚ ʪʝʯʝʥʠʝ 

16.11.2023-30.05.2024 ʛʛ, ʠ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʧʨʦʜʦʣʞʘʶʪʩʷ. ʇʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʩʣʫʞʘʪ ʦʙʨʘʟʮʳ ʣʘʧʰʠ ʙʳʩʪʨʦʛʦ ʧʨʠʛʦʪʦʚʣʝʥʠʷ: ʀʟʜʝʣʠʷ ʤʘʢʘʨʦʥʥʳʝ ʙʳʩʪʨʦʛʦ 

ʧʨʠʛʦʪʦʚʣʝʥʠʷ ñɼʦʰʠʨʘʢò. ʆʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʧʦʣʦʚʦʟʨʝʣʳʝ ʙʝʣʳʝ ʙʝʩʧʦʨʦʜʥʳʝ ʢʨʳʩʳ, 

ʤʫʞʩʢʦʛʦ ʧʦʣʘ, ʧʦʜʦʙʨʘʥʥʳʝ ʧʦ ʧʨʠʥʮʠʧʫ ʘʥʘʣʦʛʦʚ. ʂʨʳʩʳ ʙʳʣʠ ʨʘʟʜʝʣʝʥʳ ʥʘ ʜʚʝ ʛʨʫʧʧʳ - 

ʢʦʥʪʨʦʣʴʥʫʶ ʠ ʦʧʳʪʥʫʶ ʛʨʫʧʧʫ. ʆʙʝ ʛʨʫʧʧʳ ʥʘʭʦʜʠʣʠʩʴ ʚ ʦʜʠʥʘʢʦʚʳʭ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʠ 

ʢʦʨʤʦʚʳʭ ʫʩʣʦʚʠʷʭ, ʦʜʥʘʢʦ ʦʧʳʪʥʘʷ ʛʨʫʧʧʘ ʧʦʣʫʯʘʣʘ ʚ ʢʘʯʝʩʪʚʝ ʜʦʙʘʚʢʠ ʢ ʢʦʨʤʫ ʩʫʭʦʡ 

ʧʦʨʦʰʦʢ, ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʷʣ ʠʟ ʩʝʙʷ ʚʢʫʩʦʚʦʡ ʥʘʧʦʣʥʠʪʝʣʴ ʠʟ ʫʧʘʢʦʚʢʠ ʩ ʣʘʧʰʦʡ ʙʳʩʪʨʦʛʦ 

ʧʨʠʛʦʪʦʚʣʝʥʠʷ. 

ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ - ʢɻʩʧʝʨʠʤʝʥʪ, ʥʘʙʣʶʜʝʥʠʝ, ʠʟʤʝʨʝʥʠʝ, ʘʥʘʣʠʟ. ʀʟʤʝʨʝʥʠʝ pH 

ʤʦʯʠ ʦʧʨʝʜʝʣʷʣʩʷ ʩ ʧʦʤʦʱʴʶ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʠʥʜʠʢʘʪʦʨʘ. 



ʆʪʙʦʨ ʤʘʨʢʠ ʣʘʧʰʠ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʩ ʧʦʤʦʱʴʶ ʧʨʦʚʝʜʝʥʠʷ ʦʧʨʦʩʘ, ʩʪʘʚʷʱʠʤ ʧʝʨʝʜ 

ʩʦʙʦʡ ʮʝʣʴ ʦʧʨʝʜʝʣʠʪʴ ʧʦʧʫʣʷʨʥʫʶ ʤʘʨʢʫ ʣʘʧʰʠ ʙʳʩʪʨʦʛʦ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʩʨʝʜʠ ʥʘʩʝʣʝʥʠʷ. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ: 

ʈʝʟʫʣʴʪʘʪʦʤ ʦʧʨʦʩʘ ʦ ʯʘʩʪʦʪʝ ʫʧʦʪʨʝʙʣʝʥʠʷ ʩʪʘʣʠ 7.9% ï ʥʠʢʦʛʜʘ, 56,2% ï ʨʝʜʢʦ, 27% 

ï ʠʥʦʛʜʘ, 9%- ʯʘʩʪʦ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʧʨʦʩʘ ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʥʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʝ ʤʘʨʢʠ ʣʘʧʰʠ ʙʳʩʪʨʦʛʦ 

ʧʨʠʛʦʪʦʚʣʝʥʠʷ: ɼʦʰʠʨʘʢ, ʈʦʣʪʦʥ, ɹʠʛɹʦʥ. ʉʘʤʦʡ ʧʦʧʫʣʷʨʥʦʡ, ʩ ʨʝʟʫʣʴʪʘʪʦʤ ʚ 36% + 17% 

ʩʨʝʜʠ ʜʝʪʝʡ, ʩʪʘʣ ɼʦʰʠʨʘʢ. ʇʦʵʪʦʤʫ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʳʣʘ ʚʳʙʨʘʥʘ ʠʤʝʥʥʦ ʵʪʘ 

ʤʘʨʢʘ. 

ʅʘ ʧʨʦʪʷʞʝʥʠʠ ʥʝʩʢʦʣʴʢʠʭ ʤʝʩʷʮʝʚ ʦʪʤʝʯʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʪʝʥʜʝʥʮʠʠ ʚ ʦʧʳʪʥʦʡ 

ʛʨʫʧʧʝ: 

- ʋʚʝʣʠʯʝʥʠʝ ʧʦʪʨʝʙʣʷʝʤʦʡ ʧʠʱʠ ʠ ʚʦʜʳ 

- ʋʚʝʣʠʯʝʥʠʝ ʚ ʚʝʩʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʦʡ 

- ʇʦʚʳʰʝʥʘ ʣʠʥʴʢʘ 

- ʇʦʪʫʩʢʥʝʥʠʝ ʰʝʨʩʪʠ 

- ʇʦʚʳʰʝʥʥʘʷ ʘʛʨʝʩʩʠʚʥʦʩʪʴ 

- ʇʘʩʩʠʚʥʦʩʪʴ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʦʢʨʫʞʘʶʱʝʡ ʪʝʨʨʠʪʦʨʠʠ 

- ʋʚʝʣʠʯʝʥʠʝ ʚʳʜʝʣʝʥʠʷ. 

- ɸʣʣʝʨʛʠʯʝʩʢʘʷ ʨʝʘʢʮʠʷ/ʩʥʠʞʝʥʠʝ ʠʤʤʫʥʠʪʝʪʘ 

 

ʂʨʠʪʝʨʠʡ ʆʧʳʪʥʘʷ ʛʨʫʧʧʘ ʂʦʥʪʨʦʣʴʥʘʷ ʛʨʫʧʧʘ 

ʐʝʨʩʪʴ - ʮʚʝʪ ʙʝʣʳʡ ʙʝʣʳʡ 

ʐʝʨʩʪʴ - ʛʫʩʪʦʪʘ ʅʘʣʠʯʠʝ ʧʨʦʧʣʝʰʠʥ, 

ʧʦʚʳʰʝʥʥʘʷ ʣʠʥʴʢʘ 

ɻʫʩʪʘʷ, ʨʝʜʢʦʝ ʚʳʧʘʜʝʥʠʝ 

ɺʳʜʝʣʝʥʠʝ - ʮʚʝʪ ʥʘʧʦʣʥʠʪʝʣʷ (ʢʫʢʫʨʫʟʥʳʡ) ʆʨʘʥʞʝʚʳʡ, ʪʝʤʥʝʝ ʉʚʝʪʣʦ-ʞʝʣʪʳʡ 

ʇʦʪʨʝʙʣʷʝʤʘʷ ʧʠʱʘ ( ʩʧʫʩʪʷ ʥʝʩʢʦʣʴʢʦ ʯʘʩʦʚ 

ʧʦʩʣʝ ʢʦʨʤʣʝʥʠʷ) 

ʇʫʩʪʘʷ ʤʠʩʢʘ ʇʦʣʦʚʠʥʘ ʤʠʩʢʠ. 

ɸʣʣʝʨʛʠʯʝʩʢʘʷ ʨʝʘʢʮʠʷ ʝʩʪʴ ʦʪʩʫʪʩʪʚʫʝʪ 

ʌʝʢʘʣʠʠ ɹʦʣʴʰʠʡ ʦʙʲʝʤ + ʥʝʧʨʘʚʠʣʴʥʘʷ 

ʬʦʨʤʘ 

ʄʝʥʴʰʠʡ ʦʙʲʝʤ + ʦʢʨʫʛʣʘʷ 

ʬʦʨʤʘ. 

ʇʦʪʨʝʙʣʷʝʤʘʷ ʚʦʜʘ ɹʦʣʴʰʠʡ ʦʙʲʝʤ ʄʝʥʴʰʠʡ ʦʙʲʝʤ 

ʊʘʙʣʠʮʘ ˉ1 - ʉʨʘʚʥʠʪʝʣʴʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫ ʦʙʝʠʭ ʛʨʫʧʧ. 

 

ʊʝʥʜʝʥʮʠʷ ʢ ʫʚʝʣʠʯʝʥʠʶ ʧʦʪʨʝʙʣʝʥʠʷ ʧʠʱʠ ʠ ʚʦʜʳ. ʅʝʩʤʦʪʨʷ ʥʘ ʨʘʚʥʳʡ ʦʙʲʝʤ ʢʦʨʤʘ, 

ʢʦʪʦʨʳʡ ʧʦʜʘʚʘʣʩʷ ʦʙʝʠʤ ʛʨʫʧʧʘʤ ʩʧʫʩʪʷ ʦʧʨʝʜʝʣʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʨʝʤʝʥʠ ʫ ʧʦʜʦʧʳʪʥʳʭ 

ʣʦʪʦʢ ʩ ʢʦʨʤʦʤ ʙʳʣ ʧʦʣʥʦʩʪʴʶ ʧʫʩʪ, ʦʜʥʘʢʦ ʫ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʳ ʦʩʪʘʚʘʣʦʩʴ ʦʢʦʣʦ 

ʧʦʣʦʚʠʥʳ ʢʦʨʤʘ. ʊʘʢʞʝ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʫʚʝʣʠʯʝʥʠʝ ʧʦʪʨʝʙʣʝʥʠʝ ʚʦʜʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɿʘ 12 

ʯʘʩʦʚ ʧʨʠ ʨʘʚʥʦʤ ʦʙʲʝʤʝ ʚ 125 ʤʣ ʫ ʧʦʜʦʧʳʪʥʳʭ ʥʘʙʣʶʜʘʣʦʩʴ ʧʦʪʨʝʙʣʝʥʠʝ ʙʦʣʴʰʝʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʚʦʜʳ ʚ ʩʨʝʜʥʝʤ ʥʘ 25%.  

ɺʦʟʤʦʞʥʳʝ ʧʨʠʯʠʥʳ: 

1. ɼʝʡʩʪʚʠʷ ʛʣʫʪʘʤʘʪʘ ʥʘʪʨʠʷ ʠ ʜʨʫʛʠʭ ʜʦʙʘʚʦʢ ʥʘ ʚʢʫʩʦʚʳʝ ʨʝʮʝʧʪʦʨʳ, ʯʪʦ ʟʘʩʪʘʚʣʷʣʦ 

ʢʨʳʩ ʩʲʝʜʘʪʴ ʚʩʶ ʧʦʨʮʠʶ. 

2. ɹʳʣʦ ʦʪʤʝʯʝʥʦ ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʦ ʚʳʜʝʣʝʥʠʷ, ʧʦʵʪʦʤʫ ʜʘʥʥʳʡ ʬʘʢʪ ʥʝʨʘʟʨʳʚʥʦ 

ʩ ʥʠʤ ʩʚʷʟʘʥ. 

3. ʋʚʝʣʠʯʝʥʠʝ ʥʫʞʜʳ ʚ ʜʘʥʥʦʡ ʧʦʪʨʝʙʥʦʩʪʠ. 

ɺʩʝ ʢʨʳʩʳ ʙʳʣʠ ʤʦʣʦʜʳʝ ʧʦʵʪʦʤʫ ʝʩʪʝʩʪʚʝʥʥʦ ʦʥʠ ʥʘʙʠʨʘʣʠ ʚʝʩ ʠ ʨʦʩʣʠ, ʦʜʥʘʢʦ 

ʦʧʳʪʥʘʷ ʛʨʫʧʧʘ ʧʦʢʘʟʘʣʘ ʣʫʯʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʦʡ.  ʈʘʟʥʠʮʘ 



ʚ ʤʘʩʩʝ ʩʦʩʪʘʚʠʣʘ 8% ʤʝʞʜʫ ʤʘʩʩʦʡ ʧʦʜʦʧʳʪʥʦʡ ʛʨʫʧʧʳ ʠ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʳ.

 
ʈʠʩ. 1 ɼʠʥʘʤʠʢʘ ʤʘʩʩʳ ʪʝʣʘ ʦʧʳʪʥʳʭ ʠ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧ 

 

1. ʋʚʝʣʠʯʝʥʠʝ ʧʦʪʨʝʙʣʷʝʤʦʡ ʧʠʱʠ ʚʝʜʝʪ ʢ ʥʘʙʦʨʫ ʚʝʩʘ 

ʋ ʦʧʳʪʥʦʡ ʛʨʫʧʧʳ ʦʪʤʝʯʝʥʦ: 

- ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʬʝʢʘʣʠʡ, ʥʝʧʨʘʚʠʣʴʥʦʡ ʬʦʨʤʳ, ʠʥʦʛʜʘ ʦʪʤʝʯʘʣʠʩʴ ʧʦʥʦʩʳ. 

- ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʝ ʤʦʯʠ, ʦʜʥʘʢʦ ʙʦʣʴʰʝʝ ʝʝ ʚʳʜʝʣʝʥʠʝ ʚʧʣʦʪʴ ʜʦ ʦʢʨʘʰʠʚʘʥʠʷ 

ʥʘʧʦʣʥʠʪʝʣʷ. 

ʅʘʧʦʣʥʠʪʝʣʴ ʧʦʜʦʧʳʪʥʳʭ ʧʨʠʦʙʨʝʪʘʣ ʨʳʞʝʚʘʪʳʡ ʦʪʪʝʥʦʢ ʪʝʤʥʝʝ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʩʚʝʪʣʦ- 

ʞʝʣʪʦʛʦ ʥʘʧʦʣʥʠʪʝʣʷ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʳ. 

ʈʝʘʢʮʠʷ ʤʦʯʠ: ʇʦʜʦʧʳʪʥʳʝ ʨʅ = 6 ʂʦʥʪʨʦʣʴʥʘʷ ʛʨʫʧʧʘ ʨʅ = 7. ʀʩʩʣʝʜʦʚʘʥʠʝ 

ʧʨʦʚʝʜʝʥʦ ʩ ʧʦʤʦʱʴʶ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʠʥʜʠʢʘʪʦʨʘ. 

ɺʦʟʤʦʞʥʳʝ ʧʨʠʯʠʥʳ. 

1. ʂʦʣʠʯʝʩʪʚʦ ʩʦʣʠ ʚ ʩʫʭʦʤ ʧʦʨʦʰʢʝ ʤʦʛʣʦ ʧʨʠʚʝʩʪʠ ʢ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʥʘʛʨʫʟʢʝ ʥʘ 

ʧʦʯʢʠ. 

2. ʉʦʛʣʘʩʥʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʧʨʦʚʝʜʝʥʥʦʤʫ ʥʘ ʢʨʳʩʘʭ ʧʦ ʚʦʟʜʝʡʩʪʚʠʶ ʛʣʫʪʘʤʘʪʘ ʥʘʪʨʠʷ 

ʥʘ ʨʘʟʣʠʯʥʳʝ ʦʨʛʘʥʳ, ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʝʛʦ ʧʘʪʦʣʦʛʠʯʝʩʢʦʝ ʚʣʠʷʥʠʝ ʥʘ ʧʦʯʢʠ[1]. 

ʉʦ ʚʪʦʨʦʛʦ ʧʦ ʯʝʪʚʝʨʪʳʡ ʤʝʩʷʮ ʵʢʩʧʝʨʠʤʝʥʪʘ ʦʪʤʝʯʘʣʦʩʴ ʦʙʠʣʴʥʦʝ ʬʳʨʢʘʥʴʝ ʠ 

ʯʠʭʘʥʠʝ ʧʦʜʦʧʳʪʥʦʡ ʛʨʫʧʧʳ. ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ ʧʨʦʷʚʣʷʣʦʩʴ ʚ ʪʝʯʝʥʠʠ ʚʪʦʨʦʛʦ ʤʝʩʷʮʘ 

ʩʦʢʨʘʱʘʷʩʴ ʜʦ ʝʜʠʥʠʯʥʳʭ ʩʣʫʯʘʝʚ ʜʦ ʯʝʪʚʝʨʪʦʛʦ ʤʝʩʷʮʘ ʵʢʩʧʝʨʠʤʝʥʪʘ. ʏʠʭʘʥʠʝ ʚʳʟʳʚʘʣʦ 

ʢʨʦʚʦʪʝʯʝʥʠʷ ʠʟ ʥʦʩʘ. 

ɺʦʟʤʦʞʥʳʝ ʧʨʠʯʠʥʳ: 

ɸʣʣʝʨʛʠʯʝʩʢʘʷ ʨʝʘʢʮʠʷ ʥʘ ʢʦʤʧʦʥʝʥʪʳ ʩʫʭʦʛʦ ʧʦʨʦʰʢʘ. ɺʦʟʤʦʞʥʦ ʨʘʟʜʨʘʞʝʥʠʝ 

ʩʣʠʟʠʩʪʦʡ ʦʙʦʣʦʯʢʠ ʥʦʩʘ. 

ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʝʨʦʷʪʥʦʩʪʴ ʥʘʣʠʯʠʷ ʧʨʦʩʪʫʜʳ, ʚ ʩʚʷʟʠ ʩ ʚʦʟʤʦʞʥʦ ʧʦʥʠʞʘʶʱʠʤʩʷ 

ʠʤʤʫʥʠʪʝʪʦʤ. 

ʀʟʤʝʥʝʥʠʷ ʚ ʰʝʨʩʪʠ: 

ʋ ʧʦʜʦʧʳʪʥʦʡ ʛʨʫʧʧʳ ʥʘʤʝʪʠʣʦʩʴ ʜʚʝ ʪʝʥʜʝʥʮʠʠ:  

1. ʇʦʪʫʩʢʥʝʥʠʝ 

2. ʋʚʝʣʠʯʝʥʠʝ ʣʠʥʴʢʠ 

ɼʘʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʢʦʩʥʫʣʠʩʴ ʚʧʣʦʪʴ ʜʦ ʧʦʷʚʣʝʥʠʷ ʧʨʦʧʣʝʰʠʥ. 



ʀʟʤʝʥʝʥʠʝ ʚ ʧʦʚʝʜʝʥʠʠ: 

ɿʘʢʣʶʯʝʥʠʝ: ɽʞʝʜʥʝʚʥʦʝ ʫʧʦʪʨʝʙʣʝʥʠʝ ʧʦʨʦʰʢʘ ʠʟ ʣʘʧʰʠ ʙʳʩʪʨʦʛʦ ʧʨʠʛʦʪʦʚʣʝʥʠʷ 

ʜʣʷ ʦʧʳʪʥʳʭ ʢʨʳʩ ʥʝ ʧʨʦʰʣʦ ʥʝʟʘʤʝʪʥʦ. ɹʳʣʦ ʚʳʷʚʣʝʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʪʝʥʜʝʥʮʠʡ: 

- ʋʚʝʣʠʯʝʥʠʝ ʧʦʪʨʝʙʣʷʝʤʦʡ ʧʠʱʠ ʠ ʚʦʜʳ 

- ʋʚʝʣʠʯʝʥʠʝ ʚ ʚʝʩʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʦʡ 

- ʇʦʚʳʰʝʥʘ ʣʠʥʴʢʘ 

- ʇʦʪʫʩʢʥʝʥʠʝ ʰʝʨʩʪʠ 

- ʇʦʚʳʰʝʥʥʘʷ ʘʛʨʝʩʩʠʚʥʦʩʪʴ 

- ʇʘʩʩʠʚʥʦʩʪʴ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʦʢʨʫʞʘʶʱʝʡ ʪʝʨʨʠʪʦʨʠʠ 

- ʋʚʝʣʠʯʝʥʠʝ ʚʳʜʝʣʝʥʠʷ. 

- ɸʣʣʝʨʛʠʯʝʩʢʘʷ ʨʝʘʢʮʠʷ/ʩʥʠʞʝʥʠʝ ʠʤʤʫʥʠʪʝʪʘ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʫʩʪʦʷʚʰʘʷʩʷ ʩʨʝʜʠ ʤʘʩʩ ʤʳʩʣʴ ʦ ʚʨʝʜʥʦʩʪʠ ʜʘʥʥʦʛʦ ʧʨʦʜʫʢʪʘ 

ʧʦʜʪʚʝʨʞʜʝʥʘ ʠ ʚʳʩʦʢʘ ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʷʚʣʝʥʠʷ ʩʭʦʞʠʭ ʧʨʠʟʥʘʢʦʚ ʫ ʣʶʜʝʡ, ʢʦʪʦʨʳʝ 

ʟʣʦʫʧʦʪʨʝʙʣʷʶʪ ʜʘʥʥʳʤ ʧʨʦʜʫʢʪʦʤ. 

ʉʧʠʩʦʢ ʠʩʪʦʯʥʠʢʦʚ 

1. ɸʶʧʦʚʘ, ʈ. ʐ ɸ. ʅ ɸʨʘʣʙʘʝʚʘ, ɾ. ʊ. ʃʝʩʦʚʘ ʆʮʝʥʢʘ ʚʣʠʷʥʠʷ ʛʣʫʪʘʤʘʪʘ ʥʘʪʨʠʷ ʥʘ 

ʩʦʩʪʦʷʥʠʝ ʢʣʝʪʦʯʥʳʭ ʤʝʤʙʨʘʥ // ɽʩʪʝʩʪʚʝʥʥʳʝ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʥʘʫʢʠ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ. 
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THE EFFECT OF DRY IN STANT NOODLE BROTH ON THE BO DY OF RATS. 

(EXPERIMENTAL OBSERV ATION)  

Gladkevich A.V. 

Scientific supervisor: Gonokhova M.N. 

Omsk State Medical University, Ministry of Health of the Russian Federation, Omsk 

The purpose of the study: To study the effect of the powder of instant noodles ñDoshirakò on the body 

of rats. 

Material and methods. The subject of the study are samples of instant noodles: Instant pasta products 

ñDoshirak". The object of the study is sexually mature white mongrel rats, male, selected according 

to the principle of analogues. 

Results: For several months, the following trends were observed in the experimental group: 

An increase in food and water intake, an increase in weight compared to the control group, Increased 

molting, Tarnishing of wool, Increased aggressiveness, Passivity in exploring the surrounding area, 

Increased excretion, Allergic reaction/decreased immunity 

Conclusion: Daily consumption of powder from 

  



ʇʀʈʆɻɽʅʅɸʗ ʊʈɸʅʉʌʆʈʄɸʎʀʗ ʃɽʉʅʓʍ ɻʆʈʖʏʀʍ ʄɸʊɽʈʀɸʃʆɺ ɺ ʉʆʉʅʆɺʓʍ 

ʄʆʃʆɼʅʗʂɸʍ ʂʈɸʉʅʆʗʈʉʂʆʁ ʃɽʉʆʉʊɽʇʀ 

ʃʘʣʠʢʠʥʘ ɽ.ʄ., ʂʦʩʦʚ ʀ.ɺ. 

ʀʥʩʪʠʪʫʪ ʣʝʩʘ ʠʤ. ɺ.ʅ. ʉʫʢʘʯʝʚʘ ʉʆ ʈɸʅ ï ʦʙʦʩʦʙʣʝʥʥʦʝ ʧʦʜʨʘʟʜʝʣʝʥʠʝ ʌʀʎ ʂʅʎ ʉʆ 

ʈɸʅ, ʂʨʘʩʥʦʷʨʩʢ 

 

ʇʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ ʩʪʨʫʢʪʫʨʳ ʠ ʢʦʣʠʯʝʩʪʚʘ ʃɻʄ ʚ ʩʦʩʥʦʚʳʭ ʤʦʣʦʜʥʷʢʘʭ ʚ ʧʦʩʣʝʧʦʞʘʨʥʳʡ 

ʧʝʨʠʦʜ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʂʨʘʩʥʦʷʨʩʢʦʡ ʣʝʩʦʩʪʝʧʠ. ɿʘʧʘʩ ʃɻʄ ʚ ʩʦʩʥʷʢʘʭ ʥʘ ʧʨʦʙʥʳʭ ʧʣʦʱʘʜʷʭ 

ʧʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʛʦʨʝʥʠʷ ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ 32.8 ʜʦ 36.3 ʪ/ʛʘ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥ ʬʨʘʢʮʠʦʥʥʳʡ 

ʩʦʩʪʘʚ ʧʦʩʣʝ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʚʳʞʠʛʘʥʠʡ, ʥʘʠʙʦʣʴʰʘʷ ʜʦʣʷ ʟʘʧʘʩʦʚ ʥʘ ʧʨʦʙʥʳʭ ʧʣʦʱʘʜʷʭ 

ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʧʦʜʩʪʠʣʢʫ ʠ ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ 90.3 ʜʦ 92.1 % ʦʪ ʦʙʱʝʛʦ ʟʘʧʘʩʘ ʃɻʄ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʣʝʩʥʳʝ ʧʦʞʘʨʳ, ʣʝʩʥʳʝ ʛʦʨʶʯʠʝ ʤʘʪʝʨʠʘʣʳ, ʧʨʦʚʦʜʥʠʢʠ ʛʦʨʝʥʠʷ 

 

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʘʢʪʫʘʣʴʥʘ ʧʨʦʙʣʝʤʘ ʧʨʠʨʦʜʥʳʭ ʧʦʞʘʨʦʚ ʨʘʟʥʦʛʦ ʭʘʨʘʢʪʝʨʘ 

ʚʦʟʜʝʡʩʪʚʠʷ ʚʦ ʚʩʝʭ ʨʝʛʠʦʥʘʭ ʤʠʨʘ, ʚʢʣʶʯʘʷ ʈʦʩʩʠʶ. ʆʩʦʙʝʥʥʦ ʧʦʞʘʨʦʦʧʘʩʥʦʡ ʟʦʥʦʡ 

ʩʯʠʪʘʶʪʩʷ ʙʦʨʝʘʣʴʥʳʝ ʣʝʩʘ ʚ ʉʠʙʠʨʩʢʦʤ ʬʝʜʝʨʘʣʴʥʦʤ ʦʢʨʫʛʝ. ɽʩʣʠ ʦʩʥʦʚʳʚʘʪʴʩʷ ʥʘ ʦʮʝʥʢʠ 

ʆʆʅ, ʪʦ ʝʞʝʛʦʜʥʦ ʥʘ ɿʝʤʣʝ ʦʪ ʣʝʩʥʳʭ ʧʦʞʘʨʦʚ ʩʪʨʘʜʘʶʪ ʜʦ 650 ʤʣʥ. ʛʘ ʟʝʤʣʠ. ɺ ʉʠʙʠʨʠ, ʛʜʝ 

ʩʦʩʨʝʜʦʪʦʯʝʥʦ ʦʢʦʣʦ 80% ʚʩʝʛʦ ʣʝʩʥʦʛʦ ʤʘʩʩʠʚʘ ʈʦʩʩʠʠ, ʝʞʝʛʦʜʥʦ ʤʦʞʝʪ ʚʦʟʥʠʢʘʪʴ ʜʦ 30 ʪʳʩ. 

ʧʦʞʘʨʦʚ [1]. ɺ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʟʘ ʧʦʩʣʝʜʥʝʝ ʜʝʩʷʪʠʣʝʪʠʝ ʜʠʥʘʤʠʢʘ ʛʦʨʠʤʦʩʪʠ ʣʝʩʦʚ 

ʉʠʙʠʨʠ ʟʥʘʯʠʪʝʣʴʥʦ ʚʦʟʨʦʩʣʘ, ʪʘʢʞʝ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʠ ʪʝʥʜʝʥʮʠʷ ʨʦʩʪʘ ʯʠʩʣʝʥʥʦʩʪʠ 

ʚʦʟʛʦʨʘʥʠʡ ʠ ʫʚʝʣʠʯʝʥʠʷ ʧʣʦʱʘʜʠ ʧʨʦʭʦʞʜʝʥʠʷ ʣʝʩʥʳʭ ʧʦʞʘʨʦʚ [2,3].  

ʀʟ ʚʩʝʭ ʚʠʜʦʚ ʣʝʩʥʳʭ ʧʦʞʘʨʦʚ ʥʘʠʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʠʤʝʥʥʦ ʥʠʟʦʚʦʡ ʧʦʞʘʨ, 

ʧʦʩʢʦʣʴʢʫ ʙʦʣʝʝ 80 % ʚʩʝʭ ʧʦʞʘʨʦʚ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ï ʥʠʟʦʚʳʝ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʚʝʨʭʦʚʳʝ 

ʧʦʞʘʨʳ ʨʘʟʚʠʚʘʶʪʩʷ ʠʟ ʥʠʭ [4]. ɺʦʧʨʦʩ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʣʝʩʦʚ ʷʚʣʷʝʪʩʷ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʳʤ 

ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʵʪʦ ʩʚʷʟʘʥʦ ʩʦ ʟʥʘʯʠʪʝʣʴʥʳʤ ʨʦʩʪʦʤ ʯʘʩʪʦʪʳ ʚʦʟʛʦʨʘʥʠʡ, ʨʘʩʰʠʨʝʥʠʝʤ 

ʘʨʝʘʣʦʚ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʣʝʩʥʳʭ ʧʦʞʘʨʦʚ, ʜʦʣʛʦʩʨʦʯʥʦʡ ʜʝʛʨʘʜʘʮʠʠ ʣʝʩʦʨʘʩʪʠʪʝʣʴʥʳʭ 

ʫʩʣʦʚʠʡ ʧʦʩʣʝ ʧʠʨʦʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ, ʘ ʪʘʢʞʝ ʦʙʠʣʴʥʦʛʦ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʠ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ 

ʫʱʝʨʙʘ ʚ ʧʦʩʣʝʜʩʪʚʠʠ [5]. ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʟ-ʟʘ ʥʠʟʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʜʝʨʝʚʴʝʚ ʢ 

ʦʛʥʝʚʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʧʦʩʣʝʜʩʪʚʠʷ ʠʤʝʶʪ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʭʘʨʘʢʪʝʨ. 

ʇʨʠʦʙʨʝʪʘʶʪ ʚʘʞʥʦʩʪʴ ʩʧʝʮʠʘʣʴʥʳʝ ʣʝʩʦʭʦʟʷʡʩʪʚʝʥʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ ʜʣʷ ʧʦʚʳʰʝʥʠʷ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʣʝʩʥʳʭ ʥʘʩʘʞʜʝʥʠʡ ʢ ʧʠʨʦʛʝʥʥʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ, ʪ.ʢ ʚ ʙʫʜʫʱʝʤ ʵʪʦ ʧʨʠʚʝʜʝʪ ʢ 

ʩʦʢʨʘʱʝʥʠʶ ʫʱʝʨʙʘ ʦʪ ʚʝʨʦʷʪʥʳʭ ʣʝʩʥʳʭ ʧʦʞʘʨʦʚ [6].  

ʆʜʥʦʡ ʠʟ ʚʘʞʥʳʭ ʧʠʨʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʣʝʩʥʳʭ ʵʢʦʩʠʩʪʝʤ ʷʚʣʷʶʪʩʷ ʟʘʧʘʩʳ 

ʥʘʧʦʯʚʝʥʥʳʭ ʣʝʩʥʳʭ ʛʦʨʶʯʠʭ ʤʘʪʝʨʠʘʣʦʚ (ʃɻʄ), ʧʦʩʢʦʣʴʢʫ ʠʭ ʧʦʢʘʟʘʪʝʣʴʥʳʝ ʚʝʣʠʯʠʥʳ ʚ 

ʥʝʤʘʣʦʡ ʩʪʝʧʝʥʠ ʦʧʨʝʜʝʣʷʶʪ ʫʩʣʦʚʠʷ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʦʞʘʨʦʚ. 

ʀʥʬʦʨʤʘʮʠʷ ʦ ʢʦʤʧʣʝʢʩʘʭ ʃɻʄ ʥʝʦʙʭʦʜʠʤʘ ʜʣʷ ʦʮʝʥʢʠ, ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʛʦʨʠʤʦʩʪʠ ʣʝʩʦʚ ʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʦʭʨʘʥʝ ʠʭ ʦʪ ʚʦʟʜʝʡʩʪʚʠʷ ʧʦʞʘʨʦʚ [7].  

ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʣʦʩʴ ʧʨʦʚʝʩʪʠ ʦʮʝʥʢʫ ʩʪʨʫʢʪʫʨʳ ʠ ʢʦʣʠʯʝʩʪʚʘ ʃɻʄ ʚ 

ʩʦʩʥʦʚʳʭ ʤʦʣʦʜʥʷʢʘʭ ʂʨʘʩʥʦʷʨʩʢʦʡ ʣʝʩʦʩʪʝʧʠ ʚ ʧʦʩʣʝʧʦʞʘʨʥʳʡ ʧʝʨʠʦʜ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ 

ʧʦ ʃɻʄ ʙʫʜʫʪ ʷʚʣʷʪʴʩʷ ʭʦʨʦʰʠʤ ʧʦʢʘʟʘʪʝʣʝʤ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʚʝʜʝʥʠʷ ʧʦʞʘʨʦʚ ʠ ʠʭ 

ʚʦʟʜʝʡʩʪʚʠʶ ʥʘ ʨʘʟʣʠʯʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʣʝʩʥʦʛʦ ʬʠʪʦʮʝʥʦʟʘ.  

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʭʦʟʷʡʩʪʚʘ 

çʇʦʛʦʨʝʣʴʩʢʠʡ ʙʦʨè ʀʥʩʪʠʪʫʪʘ ʣʝʩʘ ʠʤ ɺ.ʅ. ʉʫʢʘʯʝʚʘ ʉʆ ʈɸʅ, ʢʦʪʦʨʳʡ ʦʪʥʦʩʠʪʩʷ ʢ 

ʣʝʩʦʩʪʝʧʥʦʡ ʟʦʥʝ. ɿʘʢʣʘʜʳʚʘʣʠʩʴ ʜʚʝ ʧʨʦʙʥʳʝ ʧʣʦʱʘʜʠ ʠ ʢʦʥʪʨʦʣʴ. ʇʨʦʙʥʘʷ ʧʣʦʱʘʜʴ ˉ 7 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʛʦʨʝʣʴʥʠʢ, ʧʦʩʣʝ ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʚʳʞʠʛʘʥʠʷ 18 ʠʶʥʷ 2014 ʛ ʥʘ ʫʯʘʩʪʢʝ 

ʧʣʦʱʘʜʴʶ 0.04 ʛʘ. ʉʨʝʜʥʠʡ ʜʠʘʤʝʪʨ ʩʪʚʦʣʦʚ ʜʝʨʝʚʴʝʚ ʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤ ʫʯʘʩʪʢʝ ʥʘ 



ʚʳʩʦʪʝ 1,3 ʤ ʩʦʩʪʘʚʣʷʣ 6.9 Ñ 0.2 ʩʤ, ʚʳʩʦʪʘ ʜʨʝʚʦʩʪʦʷ ï 5.9 Ñ 0.1 ʤ, ʚʦʟʨʘʩʪ 14-16 ʣʝʪ. 

ʂʦʥʪʨʦʣʠʨʫʝʤʦʝ ʛʦʨʝʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʤʝʪʦʜʦʤ ʦʪʞʠʛʘ ʦʪ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʫʯʘʩʪʢʘ, 

ʠʤʠʪʠʨʫʶʱʝʝ ʥʠʟʦʚʦʡ ʧʦʞʘʨ ʩʨʝʜʥʝʡ ʩʠʣʳ, ʚʳʩʦʪʘ ʥʠʟʦʚʦʛʦ ʧʦʞʘʨʘ ï 0.55 ʤ/ʤʠʥ [8]. 

ʇʨʦʙʥʘʷ ʧʣʦʱʘʜʴ ˉ 8 ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʛʦʨʝʣʴʥʠʢ, ʧʦʩʣʝ ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʚʳʞʠʛʘʥʠʷ 5 

ʘʚʛʫʩʪʘ 2017 ʛ ʚ 16 ʯʘʩʦʚ ʥʘ ʫʯʘʩʪʢʝ ʧʣʦʱʘʜʴʶ 0.04 ʛʘ. ʉʨʝʜʥʠʡ ʜʠʘʤʝʪʨ ʩʪʚʦʣʦʚ ʜʝʨʝʚʴʝʚ ʥʘ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤ ʫʯʘʩʪʢʝ ʥʘ ʚʳʩʦʪʝ 1.3 ʤ ʩʦʩʪʘʚʣʷʣ 8.8 Ñ 3.3 ʩʤ, ʚʳʩʦʪʘ ʜʨʝʚʦʩʪʦʷ ï 7.0 Ñ 

1.3 ʤ, ʚʦʟʨʘʩʪ 14-16 ʣʝʪ. ʂʦʥʪʨʦʣʠʨʫʝʤʦʝ ʛʦʨʝʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʤʝʪʦʜʦʤ ʦʪʞʠʛʘ ʦʪ ʦʜʥʦʡ 

ʩʪʦʨʦʥʳ ʫʯʘʩʪʢʘ, ʠʤʠʪʠʨʫʶʱʝʝ ʥʠʟʦʚʦʡ ʧʦʞʘʨ ʩʣʘʙʦʡ ʩʠʣʳ, ʚʳʩʦʪʘ ʥʠʟʦʚʦʛʦ ʧʦʞʘʨʘ ï 0.5 

ʤ/ʤʠʥ [9]. ʂʦʥʪʨʦʣʝʤ ʩʣʫʞʠʣ ʙʣʠʟʣʝʞʘʱʠʡ ʫʯʘʩʪʦʢ, ʥʝ ʧʨʦʡʜʝʥʥʳʡ ʦʛʥʝʤ.  

ʃɻʄ ʦʪʙʠʨʘʣʠʩʴ ʧʦ ʤʝʪʦʜʠʢʝ ʂʫʨʙʘʪʩʢʦʛʦ ʅ.ʇ. ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʠ ʩʚʦʡʩʪʚ 

ʣʝʩʥʳʭ ʛʦʨʶʯʠʭ ʤʘʪʝʨʠʘʣʦʚ ʦʩʝʥʴʶ 2023 ʛʦʜʘ, ʩʧʫʩʪʷ 6 ʠ 9 ʣʝʪ ʧʦʩʣʝ ʧʨʦʭʦʞʜʝʥʠʷ ʧʦʞʘʨʘ 

[10]. ʅʘ ʢʘʞʜʦʡ ʠʟ ʪʨʝʭ ʧʣʦʱʘʜʝʡ ʙʳʣʠ ʟʘʣʦʞʝʥʳ ʧʦ 10 ʫʯʝʪʥʳʭ ʫʯʘʩʪʢʦʚ ʨʘʟʤʝʨʦʤ 20 Ĭ 25 

ʩʤ. ɺ ʟʘʧʘʩʳ ʃɻʄ ʚʭʦʜʷʪ: ʪʨʘʚʳ ʠ ʢʫʩʪʘʨʥʠʯʢʠ, ʤʭʠ ʠ ʣʠʰʘʡʥʠʢʠ, ʦʧʘʜ, ʧʦʜʩʪʠʣʢʘ, ʫʧʘʚʰʠʝ 

ʚʝʪʚʠ, ʰʠʰʢʠ. ʇʨʠ ʵʪʦʤ ʧʨʠʜʝʨʞʠʚʘʣʠʩʴ ʧʦʣʦʞʝʥʠʷ, ʧʨʠʥʷʪʦʛʦ ʚ ʧʦʯʚʦʚʝʜʝʥʠʠ, ʯʪʦ 

ʧʦʜʩʪʠʣʢʘ - ʵʪʦ ʚʝʨʭʥʠʡ ʛʦʨʠʟʦʥʪ ʧʦʯʚʳ (ɸʦ), ʩʦʩʪʦʷʱʠʡ ʠʟ ʦʪʤʝʨʰʠʭ ʯʘʩʪʝʡ ʨʘʩʪʝʥʠʡ ʩ 

ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʴʶ ʨʘʟʣʦʞʝʥʠʷ ʠ ʧʦʪʝʨʝʡ ʝʩʪʝʩʪʚʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ [11]. ʆʪʤʝʨʰʠʝ ʯʘʩʪʠ 

ʨʘʩʪʝʥʠʡ ʙʝʟ ʧʨʠʟʥʘʢʦʚ ʨʘʟʣʦʞʝʥʠʷ ʠ ʧʦʪʝʨʠ ʩʪʨʫʢʪʫʨʳ ʦʪʥʦʩʠʣʠ ʢ ʦʧʘʜʫ, ʢʘʢ ʵʪʦ ʧʨʠʥʷʪʦ ʚ 

ʧʠʨʦʣʦʛʠʠ, ʪʘʢ ʢʘʢ ʦʥʠ ʦʪʣʠʯʘʶʪʩʷ ʧʦ ʩʚʦʝʡ ʬʫʥʢʮʠʠ ʧʨʠ ʧʦʞʘʨʝ [10]. ɼʘʣʝʝ ʧʦʩʣʦʡʥʦ 

ʦʪʙʠʨʘʣʠ ʧʦʜʩʪʠʣʢʫ ʜʦ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʣʦʷ. ʅʘ ʢʘʞʜʳʭ ʠʟ 10 ʫʯʝʪʥʳʭ ʧʣʦʱʘʜʦʢ ʠʟʤʝʨʷʣʠ 

ʦʙʱʫʶ ʪʦʣʱʠʥʫ ʩʣʦʷ ʣʝʩʥʳʭ ʛʦʨʶʯʠʭ ʤʘʪʝʨʠʘʣʦʚ. ɺ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ ʦʙʨʘʟʮʳ ʃɻʄ 

ʚʳʩʫʰʠʚʘʣʠʩʴ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 105 Áʉ ʜʦ ʘʙʩʦʣʶʪʥʦ ʩʫʭʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʚʟʚʝʰʠʚʘʥʠʝʤ.  

ɿʘʧʘʩ ʃɻʄ ʚ ʩʦʩʥʷʢʘʭ ʥʘ ʧʨʦʙʥʳʭ ʧʣʦʱʘʜʷʭ ʧʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʛʦʨʝʥʠʷ ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ 

32.8 ʜʦ 36.3 ʪ/ʛʘ, ʥʘ ʢʦʥʪʨʦʣʴʥʦʡ ʧʣʦʱʘʜʠ ʩʦʩʪʘʚʣʷʝʪ 25 ʪ/ʛʘ. ʉʪʨʫʢʪʫʨʘ ʃɻʄ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ 

ʪʘʙʣʠʮʝ 1. ʄʦʱʥʦʩʪʴ ʚʩʝʛʦ ʩʣʦʷ ʣʝʩʥʦʡ ʧʦʜʩʪʠʣʢʠ ʥʘ ʧʨʦʙʥʳʭ ʧʣʦʱʘʜʷʭ ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ 5.32 

ʜʦ 5.66 ʩʤ, ʤʦʱʥʦʩʪʴ ʥʘ ʢʦʥʪʨʦʣʴʥʦʡ ʧʣʦʱʘʜʠ ʩʦʩʪʘʚʣʷʝʪ 4.14 ʩʤ. 

 

ʅʦʤʝʨ 

ʫʯʘʩʪʢʘ 

ɺʝʪʢʠ ʍʚʦʷ ɾʅʇ ʐʠ ʢhʠ ʂʦʨʘ ʇʦʜʩʪʠʣʢʘ ʄʦʭ ɺʩʝʛʦ 

% % ʪ/ʛʘ 

ʇʇ7 0.74 2.70 1.27 1.87 1.21 92.19 0.02 100 36.33 

ʇʇ8 1.31 2.77 2.16 2.25 1.19 90.32 0.01 100 32.85 

ʂʦʥʪʨʦʣʴ 0.28 2.60 2.00 2.12 1.16 91.28 0.56 100 25.01 

ʊʘʙʣʠʮʘ 1 - ʉʪʨʫʢʪʫʨʘ ʟʘʧʘʩʦʚ ʃɻʄ ʚ ʩʦʩʥʷʢʘʭ ʥʘ ʧʨʦʙʥʳʭ ʠ ʢʦʥʪʨʦʣʴʥʦʡ ʧʣʦʱʘʜʷʭ, % 

 

ʅʘʠʙʦʣʴʰʘʷ ʜʦʣʷ ʟʘʧʘʩʦʚ ʃɻʄ ʥʘ ʧʨʦʙʥʳʭ ʧʣʦʱʘʜʷʭ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʧʦʜʩʪʠʣʢʫ ʠ 

ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ 29.67 ʜʦ 33.49 ʪ/ʛʘ (ʠʣʠ ʦʪ 90.3 ʜʦ 92.1 % ʦʪ ʦʙʱʝʛʦ ʟʘʧʘʩʘ), ʥʘ ʢʦʥʪʨʦʣʴʥʦʡ 

ʧʣʦʱʘʜʠ ʩʦʩʪʘʚʣʷʝʪ 22.84 ʪ/ʛʘ (ʠʣʠ 91.2 %). ʕʪʠ ʜʘʥʥʳʝ ʩʭʦʞʠ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ, ʚ 

ʩʚʦʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʧʦ ʟʦʥʘʣʴʥʦʩʪʠ ʣʝʩʥʳʭ ʛʦʨʶʯʠʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʠʭ ʧʠʨʦʛʝʥʥʦʡ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ, ʥʘʠʙʦʣʴʰʠʝ ʟʘʧʘʩʳ ʃɻʄ ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʚ ʩʦʩʥʷʢʘʭ ʩʨʝʜʥʝʡ ʠ ʩʝʚʝʨʥʦʡ ʪʘʡʛʠ 

ʠ ʚ ʠʭ ʩʦʩʪʘʚʝ ʧʨʝʦʙʣʘʜʘʶʪ ʟʘʧʘʩʳ ʧʦʜʩʪʠʣʢʠ, ʜʦʣʷ ʢʦʪʦʨʳʭ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʦʪ ʟʦʥʳ ʣʝʩʦʩʪʝʧʠ 

ʢ ʟʦʥʝ ʩʝʚʝʨʥʦʡ ʪʘʡʛʠ [11].  

ʌʨʘʢʮʠʠ ʦʧʘʜʘ (ʰʠʰʢʠ, ʢʦʨʘ, ʭʚʦʷ, ʚʝʪʢʠ) ʥʘ ʇʇ ʚʘʨʴʠʨʫʶʪʩʷ ʦʪ 2.37 ʜʦ 2.47 ʪ/ʛʘ (ʠʣʠ 

ʦʪ 6.52 ʜʦ 7.52 % ʦʪ ʦʙʱʝʛʦ ʟʘʧʘʩʘ), ʥʘ ʢʦʥʪʨʦʣʴʥʦʡ ʧʣʦʱʘʜʠ ʩʦʩʪʘʚʣʷʝʪ 1.54 ʪ/ʛʘ (ʠʣʠ ʞʝ 6.16 

%). ɾʠʚʦʡ ʥʘʧʦʯʚʝʥʥʳʡ ʧʦʢʨʦʚ (ɾʅʇ) ʥʘ ʧʨʦʙʥʳʭ ʧʣʦʱʘʜʷʭ ʚʘʨʴʠʨʦʚʘʣʩʷ ʦʪ 0.46 ʜʦ 0.71 

ʪ/ʛʘ (ʠʣʠ ʦʪ 1.27 ʜʦ 2.16 % ʦʪ ʦʙʱʝʛʦ ʟʘʧʘʩʘ), ʥʘ ʢʦʥʪʨʦʣʴʥʦʡ ʧʣʦʱʘʜʠ ʩʦʩʪʘʚʣʷʣ 0.50 ʪ/ʛʘ (ʠʣʠ 

ʞʝ 2 %). ʅʘʠʤʝʥʴʰʠʡ ʟʘʧʘʩ ʃɻʄ ʥʘ ʧʨʦʙʥʳʭ ʧʣʦʱʘʜʷʭ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʤʦʭ ʠ ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ 



0.01 ʜʦ 0.02 % ʦʪ ʦʙʱʝʛʦ ʟʘʧʘʩʘ, ʥʘ ʢʦʥʪʨʦʣʴʥʦʡ ʧʣʦʱʘʜʠ ʩʦʩʪʘʚʣʷʣ 0.56 % ʠ ʥʘʠʤʝʥʴʰʠʤ ʥʝ 

ʷʚʣʷʝʪʩʷ. ʌʨʘʢʮʠʦʥʥʳʡ ʩʦʩʪʘʚ ʦʧʘʜʘ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 1. 

 

  
ʘ ʙ 

 
ʚ 

(ʘ) ʥʘ ʇʇ7, (ʙ) ʥʘ ʇʇ8 ʠ (ʚ) ʥʘ ʢʦʥʪʨʦʣʴʥʦʡ ʧʣʦʱʘʜʠ 

ʈʠʩʫʥʦʢ 1 - ʌʨʘʢʮʠʦʥʥʳʡ ʩʦʩʪʘʚ ʦʧʘʜʘ, ʪ/ʛʘ 

 

ɼʦʣʷ ʭʚʦʠ ʚ ʟʘʧʘʩʝ ʃɻʄ ʤʘʪʝʨʠʣʦʚ ʥʘ ʧʨʦʙʥʳʭ ʧʣʦʱʘʜʷʭ ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ 2.70 ʜʦ 2.77 

%, ʥʘ ʢʦʥʪʨʦʣʴʥʦʡ ʧʣʦʱʘʜʠ ʩʦʩʪʘʚʣʷʝʪ 2.60 %, ʜʦʣʷ ʰʠʰʝʢ ʥʘ ʧʨʦʙʥʳʭ ʧʣʦʱʘʜʷʭ ʚʘʨʴʠʨʫʝʪʩʷ 

ʦʪ 1.87 ʜʦ 2.25 %, ʥʘ ʢʦʥʪʨʦʣʴʥʦʡ ʧʣʦʱʘʜʠ ʩʦʩʪʘʚʣʷʝʪ 2.12 %, ʜʦʣʷ ʢʦʨʳ ʥʘ ʧʨʦʙʳʭ ʧʣʦʱʘʜʷʭ 

ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ 1.19 ʜʦ 1.21 %, ʥʘ ʢʦʥʪʨʦʣʴʥʦʡ ʧʣʦʱʘʜʠ ʩʦʩʪʘʚʣʷʝʪ 1.16 %, ʜʦʣʷ ʚʝʪʦʢ ʥʘ 

ʧʨʦʙʥʳʭ ʧʣʦʱʘʜʷʭ ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ 0.74 ʜʦ 1.31 %, ʥʘ ʢʦʥʪʨʦʣʴʥʦʡ ʧʣʦʱʘʜʠ ʩʦʩʪʘʚʣʷʝʪ 0.28 %. 

ɸʥʘʣʠʟ ʩʪʨʫʢʪʫʨʳ ʃɻʄ ʥʘ ʧʨʦʙʥʳʭ ʧʣʦʱʘʜʷʭ ʧʦʢʘʟʘʣ, ʯʪʦ ʥʘ ʜʦʣʶ ʧʨʦʚʦʜʥʠʢʦʚ 

ʛʦʨʝʥʠʷ (ʦʧʘʜ, ʤʭʠ ʠ ʧʦʜʩʪʠʣʢʘ) ʧʨʠʭʦʜʠʪʩʷ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʦʙʱʝʛʦ ʟʘʧʘʩʘ ʛʦʨʶʯʠʭ 

ʤʘʪʝʨʠʘʣʦʚ ʦʪ 32.13 ʜʦ 35.87 ʪ/ʛʘ (ʠʣʠ ʦʪ 97.84 ʜʦ 98.73 % ʦʪ ʦʙʱʝʛʦ ʟʘʧʘʩʘ), ʥʘ ʢʦʥʪʨʦʣʴʥʦʡ 

ʧʣʦʱʘʜʠ ʜʦʣʷ ʨʘʚʥʷʝʪʩʷ 24.5 ʪ/ʛʘ (ʠʣʠ ʞʝ 98 %). ʅʘʢʦʧʣʝʥʠʝ ʟʘʧʘʩʦʚ ʧʨʦʚʦʜʥʠʢʦʚ ʛʦʨʝʥʠʷ 

ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʟʘʧʘʩʘ ʣʝʩʥʦʡ ʧʦʜʩʪʠʣʢʠ (ʛʠʙʝʣʠ ʤʦʭʦʚʦʛʦ ʧʦʢʨʦʚʘ ʠ ʧʝʨʝʭʦʜʘ 

ʥʝʜʦʛʦʨʝʚʰʝʡ ʯʘʩʪʠ ʚ ʧʦʜʩʪʠʣʢʫ) ʠ ʦʧʘʜʘ ï ʟʘ ʩʯʝʪ ʬʨʘʢʮʠʠ ʰʠʰʝʢ ʠ ʢʦʨʳ. ʕʪʦ ʦʙʴʷʩʥʷʝʪʩʷ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʡ ʨʝʘʢʮʠʝʡ ʩʦʩʥʦʚʦʛʦ ʬʠʪʦʮʝʥʦʟʘ ʥʘ ʧʠʨʦʝʛʥʥʳʡ ʬʘʢʪʦʨ. ʊʘʢʦʝ ʚʳʩʦʢʦʝ 

ʟʥʘʯʝʥʠʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʛʦʨʠʤʦʩʪʠ ʥʘʩʘʞʜʝʥʠʡ ʠ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ 

ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʝʩʪʝʩʪʚʝʥʥʳʭ ʣʝʩʥʳʭ ʧʦʞʘʨʦʚè [12].  

ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʦ ʦʪʤʝʯʝʥʦ, ʯʪʦ ʥʘ ʧʨʦʙʥʳʭ ʧʣʦʱʘʜʷʭ ʧʨʝʦʙʣʘʜʘʝʪ ʟʘʧʘʩ 

ʧʦʜʩʪʠʣʢʠ, ʘ ʘʥʘʣʠʟ ʩʪʨʫʢʪʫʨʳ ʧʦʢʘʟʘʣ, ʯʪʦ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʜʦʣʶ ʧʨʦʚʦʜʥʠʢʦʚ 

ʛʦʨʝʥʠʷ. ʇʨʠ ʩʭʦʞʠʭ ʧʨʦʮʝʥʪʥʳʭ ʩʦʦʪʥʦʰʝʥʠʷʭ ʧʨʦʚʦʜʥʠʢʦʚ ʛʦʨʝʥʠʷ ʥʘ ʢʦʥʪʨʦʣʝ ʠ ʧʨʦʙʥʳʭ 

ʧʣʦʱʘʜʷʭ, ʧʨʦʠʩʭʦʜʠʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʠʭ ʤʘʩʩʳ.  

ʅʘʣʠʯʠʝ ʟʥʘʯʠʪʝʣʴʥʳʭ ʟʘʧʘʩʦʚ ʧʦʜʩʪʠʣʢʠ ʤʦʞʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʨʘʟʚʠʪʠʶ ʫʩʪʦʡʯʠʚʳʭ 

ʧʦʜʩʪʠʣʦʯʥʦ-ʛʫʤʫʩʦʚʳʭ ʧʦʞʘʨʦʚ ʚ ʣʝʪʥʠʡ ʧʝʨʠʦʜ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʟʘʧʘʩʦʚ ʃɻʄ ʠ ʠʭ 



ʧʠʨʦʛʝʥʥʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʮʝʥʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ 

ʠʟʫʯʝʥʠʷ ʧʦʚʝʜʝʥʠʷ ʣʝʩʥʳʭ ʧʦʞʘʨʦʚ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʠʭ ʣʦʢʘʣʴʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ 

ʢʦʤʧʦʥʝʥʪʳ ʣʝʩʥʦʛʦ ʬʠʪʦʮʝʥʦʟʘ. 
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ʌɻɸʆʋ ɺʆ ʇʝʨʚʳʡ ʄɻʄʋ ʠʤ. ʀ. ʄ. ʉʝʯʝʥʦʚʘ, ʄʦʩʢʚʘ 

 

ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʦʟʥʘʯʝʥ ʘʥʘʣʠʟ ʚʥʝʜʨʝʥʠʷ ʪʝʣʝʤʝʜʠʮʠʥʩʢʠʭ ʫʩʣʫʛ ʚ ɼʘʣʴʥʝʚʦʩʪʦʯʥʦʤ 

ʌʝʜʝʨʘʣʴʥʦʤ ʦʢʨʫʛʝ ʥʘ ʧʨʠʤʝʨʝ ɻɹʋɿ çʇʨʠʤʦʨʩʢʘʷ ʂʨʘʝʚʘʷ ʜʝʪʩʢʘʷ ʢʣʠʥʠʯʝʩʢʘʷ ʙʦʣʴʥʠʮʘ 

ˉ1è. ʄʘʪʝʨʠʘʣʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʩʣʫʞʠʣʠ ʥʘʫʯʥʳʝ ʪʨʫʜʳ ʚ ʦʙʣʘʩʪʠ ʪʝʣʝʤʝʜʠʮʠʥʳ, ʘ 

ʪʘʢʞʝ ʤʘʪʝʨʠʘʣʳ, ʧʨʝʜʦʩʪʘʚʣʝʥʥʳʝ ɻɹʋɿ çʇʨʠʤʦʨʩʢʘʷ ʂʨʘʝʚʘʷ ʜʝʪʩʢʘʷ ʢʣʠʥʠʯʝʩʢʘʷ 

ʙʦʣʴʥʠʮʘ ˉ1è ʦʙ ʦʢʘʟʘʥʠʠ ʪʝʣʝʤʝʜʠʮʠʥʩʢʠʭ ʫʩʣʫʛ. ɺ ʨʘʙʦʪʝ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʤʝʪʦʜ ʩʙʦʨʘ ʠ 

ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʠʥʬʦʨʤʘʮʠʠ ʧʦʟʚʦʣʠʚʰʠʡ ʧʨʦʩʣʝʜʠʪʴ ʜʠʥʘʤʠʢʫ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʪʝʣʝʤʝʜʠʮʠʥʩʢʠʭ ʫʩʣʫʛ. ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʫʜʘʣʦʩʴ ʫʩʪʘʥʦʚʠʪʴ, ʯʪʦ ʩʧʨʦʩ ʥʘ ʪʝʣʝʤʝʜʠʮʠʥʩʢʠʝ 

ʫʩʣʫʛʠ ʟʘ 4 ʛʦʜʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʟʨʦʩ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʦʥʠ ʥʝʦʙʭʦʜʠʤʳ ʢ ʚʥʝʜʨʝʥʠʶ, 

ʦʩʦʙʝʥʥʦ ʥʘ ʦʪʜʘʣʝʥʥʳʭ ʪʝʨʨʠʪʦʨʠʷʭ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʝʣʝʤʝʜʠʮʠʥʩʢʠʝ ʫʩʣʫʛʠ, ɼʘʣʴʥʝʚʦʩʪʦʯʥʳʡ ʌʝʜʝʨʘʣʴʥʳʡ ʦʢʨʫʛ (ɼʌʆ). 

 

ɺʚʝʜʝʥʠʝ ʠ ʮʝʣʴ: ɺ XXI ʚʝʢʝ ʘʢʪʠʚʥʦ ʥʘʯʘʣʠ ʨʘʟʚʠʚʘʪʴʩʷ ʪʝʣʝʤʝʜʠʮʠʥʩʢʠʝ ʫʩʣʫʛʠ. 

ʊʝʣʝʤʝʜʠʮʠʥʘ - ʵʪʦ ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʫʩʣʫʛ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ ʚ ʫʩʣʦʚʠʷʭ, ʢʦʛʜʘ ʨʘʩʩʪʦʷʥʠʝ 

ʷʚʣʷʝʪʩʷ ʢʨʠʪʠʯʝʩʢʠʤ ʬʘʢʪʦʨʦʤ, ʨʘʙʦʪʥʠʢʘʤʠ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ, ʠʩʧʦʣʴʟʫʶʱʠʤʠ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʜʣʷ ʦʙʤʝʥʘ ʥʝʦʙʭʦʜʠʤʦʡ ʠʥʬʦʨʤʘʮʠʝʡ ʚ 

ʮʝʣʷʭ ʜʠʘʛʥʦʩʪʠʢʠ, ʣʝʯʝʥʠʷ ʠ ʧʨʦʬʠʣʘʢʪʠʢʠ ʟʘʙʦʣʝʚʘʥʠʡ ʠ ʪʨʘʚʤ, ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʠ ʦʮʝʥʦʢ, ʘ ʪʘʢʞʝ ʜʣʷ ʥʝʧʨʝʨʳʚʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʤʝʜʠʮʠʥʩʢʠʭ ʨʘʙʦʪʥʠʢʦʚ ʚ ʠʥʪʝʨʝʩʘʭ 

ʫʣʫʯʰʝʥʠʷ ʟʜʦʨʦʚʴʷ ʥʘʩʝʣʝʥʠʷ ʠ ʨʘʟʚʠʪʠʷ ʤʝʩʪʥʳʭ ʩʦʦʙʱʝʩʪʚ. [3] 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʦ ʤʥʦʛʠʭ ʩʪʨʘʥʘʭ ʤʠʨʘ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʪʝʣʝʤʝʜʠʮʠʥʩʢʠʭ ʧʨʦʝʢʪʦʚ. ʊʝʣʝʤʝʜʠʮʠʥʘ ʠʤʝʝʪ ʦʯʝʥʴ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠ ʚ ʩʚʷʟʠ ʩ ʙʦʣʴʰʦʡ ʧʣʦʱʘʜʴʶ ʩʪʨʘʥʳ. ʃʶʜʠ ʥʘ ʦʪʜʘʣʝʥʥʳʭ ʠ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ 

ʪʝʨʨʠʪʦʨʠʷʭ ʥʝ ʚʩʝʛʜʘ ʚʦʚʨʝʤʷ ʤʦʛʫʪ ʧʦʣʫʯʠʪʴ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʫʶ ʤʝʜʠʮʠʥʩʢʫʶ ʧʦʤʦʱʴ, 

ʯʘʩʪʦ ʵʪʦ ʦʩʣʦʞʥʷʝʪʩʷ ʠ ʢʣʠʤʘʪʠʯʝʩʢʠʤʠ ʫʩʣʦʚʠʷʤ. ʅʘ ʪʘʢʠʭ ʪʝʨʨʠʪʦʨʠʷʭ ʢʘʢ ʧʨʘʚʠʣʦ ʥʝ 

ʭʚʘʪʘʝʪ ʩʧʝʮʠʘʣʠʩʪʦʚ ʠ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʦʢʘʟʘʥʠʷ ʤʝʜʠʮʠʥʩʢʦʡ 

ʧʦʤʦʱʠ. ʊʝʣʝʤʝʜʠʮʠʥʩʢʠʝ ʫʩʣʫʛʠ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʩʪʘʥʦʚʷʪʩʷ ʝʜʠʥʩʪʚʝʥʥʳʤ ʰʘʥʩʦʤ ʜʣʷ 

ʩʧʘʩʝʥʠʷ ʯʝʣʦʚʝʢʘ.  

ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʦʩʥʦʚʘʥʘ ʥʘ ʘʥʘʣʠʟʝ ʪʝʣʝʤʝʜʠʮʠʥʩʢʠʡ ʫʩʣʫʛ ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʭ ɻɹʋɿ 

çʂʨʘʝʚʘʷ ʜʝʪʩʢʘʷ ʢʣʠʥʠʯʝʩʢʘʷ ʙʦʣʴʥʠʮʘ ˉ 1è. ʕʪʦ ʤʝʜʠʮʠʥʩʢʘʷ ʦʨʛʘʥʠʟʘʮʠʷ III ʫʨʦʚʥʷ, 

ʦʢʘʟʳʚʘʶʱʘʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʫʶ, ʚ ʪʦʤ ʯʠʩʣʝ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʫʶ 

ʤʝʜʠʮʠʥʩʢʫʶ ʧʦʤʦʱʴ. ɽʞʝʛʦʜʥʦ ʚ ʙʦʣʴʥʠʮʝ ʦʩʚʘʠʚʘʶʪʩʷ ʠ ʚʥʝʜʨʷʶʪʩʷ ʥʦʚʳʝ ʤʝʪʦʜʳ 

ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʣʝʯʝʥʠʷ. ʉ 2019 ʛʦʜʘ ʙʳʣʠ ʚʚʝʜʝʥʳ ʪʝʣʝʤʝʜʠʮʠʥʩʢʠʝ ʫʩʣʫʛʠ.  

ʎʝʣʴ ʨʘʙʦʪʳ ʩʦʩʪʦʠʪ ʚ ʘʥʘʣʠʟʝ ʚʥʝʜʨʝʥʠʷ ʪʝʣʝʤʝʜʠʮʠʥʩʢʠʭ ʫʩʣʫʛ ʚ ɼʘʣʴʥʝʚʦʩʪʦʯʥʦʤ 

ʌʝʜʝʨʘʣʴʥʦʤ ʦʢʨʫʛʝ ʥʘ ʧʨʠʤʝʨʝ ɻɹʋɿ çʇʨʠʤʦʨʩʢʘʷ ʂʨʘʝʚʘʷ ʜʝʪʩʢʘʷ ʢʣʠʥʠʯʝʩʢʘʷ ʙʦʣʴʥʠʮʘ 

ˉ1è. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʈʘʙʦʪʘ ʦʩʥʦʚʘʥʘ ʥʘ ʥʘʫʯʥʳʭ ʪʨʫʜʘʭ ʚ ʦʙʣʘʩʪʠ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʠ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʩʬʝʨʝ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ. ɹʳʣ 

ʠʩʧʦʣʴʟʦʚʘʥ ʩʙʦʨ, ʘʥʘʣʠʟ ʠ ʩʠʥʪʝʟ ʠʥʬʦʨʤʘʮʠʠ, ʘ ʪʘʢʞʝ ʢʦʤʧʘʨʘʪʠʚʠʩʪʩʢʠʡ ʤʝʪʦʜ, 

ʧʦʟʚʦʣʠʚʰʠʡ ʩʨʘʚʥʠʪʴ ʠ ʧʨʦʩʣʝʜʠʪʴ ʜʠʥʘʤʠʢʫ ʠʟʤʝʥʝʥʠʷ ʦʙʲʝʤʦʚ ʦʢʘʟʘʥʠʷ ʪʝʣʝʤʝʜʠʮʠʥʩʢʠʭ 

ʫʩʣʫʛ. 

ʈʝʟʫʣʴʪʘʪʳ: ʇʦ ʜʘʥʥʳʤ ʥʘ 2020 ʛ. ʚʩʝʛʦ ʙʳʣʦ ʦʢʘʟʘʥʦ 215 ʪʝʣʝʤʝʜʠʮʠʥʩʢʠʭ 

ʢʦʥʩʫʣʴʪʘʮʠʡ ʤʝʞʜʫ ʚʨʘʯʘʤʠ ʇʨʠʤʦʨʩʢʦʡ ʙʦʣʴʥʠʮʳ ʠ ʚʝʜʫʱʠʤʠ ʩʧʝʮʠʘʣʠʩʪʘʤʠ ʢʨʫʧʥʝʡʰʠʭ 

ʤʝʜʠʮʠʥʩʢʠʭ ʮʝʥʪʨʦʚ ʈʦʩʩʠʠ. ʀʟ ʥʠʭ 157 ʢʦʥʩʫʣʴʪʘʮʠʡ ʩ ʌɻɹʋ çʅʄʀʎ ɼɻʆʀ ʠʤʝʥʠ 



ɼʤʠʪʨʠʷ ʈʦʛʘʯʝʚʘè, 22 ï ʌɻɹʋ çʅʄʀʎ ʦʥʢʦʣʦʛʠʠ ʠʤʝʥʠ ʅ. ʅ. ɹʣʦʭʠʥʘè, 21 ʢʦʥʩʫʣʴʪʘʮʠʷ ʩ 

ʆʉʇ ʈɼʂɹ ʌɻɸʆʋ ɺʆ ʈʅʀʄʋ ʠʤ ʅ. ʀ. ʇʠʨʦʛʦʚʘ. ɺ ʝʜʠʥʠʯʥʳʭ ʩʣʫʯʘʷʭ ʩ ʦʩʪʘʣʴʥʳʤʠ 

ʌʝʜʝʨʘʣʴʥʳʤʠ ʫʯʨʝʞʜʝʥʠʷʤʠ. ʆʩʥʦʚʥʦʡ ʧʨʦʬʠʣʴ ʦʢʘʟʘʥʠʷ ʪʝʣʝʤʝʜʠʮʠʥʩʢʠʭ ʢʦʥʩʫʣʴʪʘʮʠʡ ï 

ʜʝʪʩʢʘʷ ʦʥʢʦʣʦʛʠʷ (179 ʩʣʫʯʘʝʚ), ʘ ʪʘʢʞʝ ʧʝʜʠʘʪʨʠʷ ï 26 ʩʣʫʯʘʝʚ. ʅʘ ʦʩʪʘʣʴʥʳʝ ʤʝʜʠʮʠʥʩʢʠʝ 

ʧʨʦʬʠʣʠ ʧʨʠʭʦʜʠʪʩʷ 10 ʩʣʫʯʘʝʚ. 

ɿʘ 2023 ʛʦʜ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ 521 ʪʝʣʝʤʝʜʠʮʠʥʩʢʘʷ ʢʦʥʩʫʣʴʪʘʮʠʷ. ʀʟ ʥʠʭ 251 

ʢʦʥʩʫʣʴʪʘʮʠʷ ʤʝʞʜʫ ʚʨʘʯʘʤʠ ɻɹʋɿ çʂʨʘʝʚʘʷ ʜʝʪʩʢʘʷ ʢʣʠʥʠʯʝʩʢʘʷ ʙʦʣʴʥʠʮʘ ˉ 1è ʠ ʌɻɹʋ 

çʅʄʀʎ ɼɻʆʀ ʠʤʝʥʠ ɼʤʠʪʨʠʷ ʈʦʛʘʯʝʚʘè, 135 ï ʌɻɹʋ çʅʄʀʎ ʦʥʢʦʣʦʛʠʠ ʠʤ. ʅ. ʅ. ɹʣʦʭʠʥʘè, 

50 ʢʦʥʩʫʣʴʪʘʮʠʡ ʩ ʆʉʇ ʈɼʂɹ ʌɻɸʆʋ ɺʆ ʈʅʀʄʋ ʠʤ ʅ. ʀ. ʇʠʨʦʛʦʚʘ, 16 ʢʦʥʩʫʣʴʪʘʮʠʡ ʩ 

ʌɻɹʋ çʅʄʀʎ ʊʀʆ ʀʄ ʘʢ. ɺ. ʀ. ʐʫʤʘʢʦʚʘè, ʘ ʪʘʢʞʝ ʢʦʥʩʫʣʴʪʘʮʠʠ ʩ ʜʨʫʛʠʤʠ ʌʝʜʝʨʘʣʴʥʳʤʠ 

ʮʝʥʪʨʘʤʠ. ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʧʨʦʬʠʣʝʤ ʦʩʪʘʝʪʩʷ ʜʝʪʩʢʘʷ ʦʥʢʦʣʦʛʠʷ ï 393 ʩʣʫʯʘʷ, 

ʥʘ ʚʪʦʨʦʤ ʤʝʩʪʝ ʧʝʜʠʘʪʨʠʷ. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ 2020 ʛʦʜʦʤ ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʬʠʣʝʡ 

ʪʝʣʝʤʝʜʠʮʠʥʩʢʠʭ ʢʦʥʩʫʣʴʪʘʮʠʡ ʫʚʝʣʠʯʠʣʦʩʴ: ʭʠʨʫʨʛʠʷ (ʪʨʘʥʩʧʣʘʥʪʘʮʠʷ ʦʨʛʘʥʦʚ ʠ (ʠʣʠ) 

ʪʢʘʥʝʡ ʯʝʣʦʚʝʢʘ) ï 17 ʩʣʫʯʘʝʚ, ʨʘʜʠʦʣʦʛʠʷ ï 7 ʩʣʫʯʘʝʚ, ʥʝʦʥʘʪʦʣʦʛʠʷ ʠ ʜʝʪʩʢʘʷ 

ʵʥʜʦʢʨʠʥʦʣʦʛʠʷ ʧʦ 4 ʢʦʥʩʫʣʴʪʘʮʠʠ, ʘ ʪʘʢʞʝ ʜʨʫʛʠʝ ʧʨʦʬʠʣʠ ʧʦ 1ï3 ʢʦʥʩʫʣʴʪʘʮʠʠ.  

ɺʳʚʦʜ: ɿʘ 4 ʛʦʜʘ ʚʥʝʜʨʝʥʠʷ ʪʝʣʝʤʝʜʠʮʠʥʩʢʠʭ ʫʩʣʫʛ ʚ ɻɹʋɿ çʇʨʠʤʦʨʩʢʘʷ ʂʨʘʝʚʘʷ 

ʜʝʪʩʢʘʷ ʢʣʠʥʠʯʝʩʢʘʷ ʙʦʣʴʥʠʮʘ ˉ1è, ʢʦʣʠʯʝʩʪʚʦ ʢʦʥʩʫʣʴʪʘʮʠʡ ʩ ʚʝʜʫʱʠʤʠ ʤʝʜʠʮʠʥʩʢʠʤʠ 

ʮʝʥʪʨʘʤʠ ʩʪʨʘʥʳ ʚʦʟʨʦʩʣʦ ʚ ʜʚʘ ʨʘʟʘ. ʇʨʠ ʵʪʦʤ ʩʘʤʳʤ ʚʦʩʪʨʝʙʦʚʘʥʥʳʤ ʧʨʦʬʠʣʝʤ ʯʪʦ ʚ 2020 

ʛʦʜʫ (ʥʘ 2019 ʛʦʜ ʩʚʝʜʝʥʠʡ ʥʝʪ), ʯʪʦ ʚ 2023 ʛʦʜʫ ʦʩʪʘʝʪʩʷ ʜʝʪʩʢʘʷ ʦʥʢʦʣʦʛʠʷ. 

ʊʘʢ ʤʳ ʚʠʜʠʤ, ʯʪʦ ʩʧʨʦʩ ʥʘ ʪʝʣʝʤʝʜʠʮʠʥʩʢʠʝ ʫʩʣʫʛʠ ʪʦʣʴʢʦ ʨʘʩʪʝʪ, ʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʦʥʠ ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʚʥʝʜʨʝʥʠʷ ʠ ʨʘʟʚʠʪʠʷ, ʦʩʦʙʝʥʥʦ ʚ ʦʪʜʘʣʝʥʥʳʭ ʨʝʛʠʦʥʘʭ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠ. 
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The purpose of is the study is to analyze the implementation of telemedicine services in the Far 

Eastern Federal District on example of the Primorsky Regional Children's Clinical Hospital No. 1. 

The research materials were scientific papers in the field of telemedicine, as well as materials 

provided by the Primorsky Regional Children's Clinical Hospital No. 1 on the provision of 

telemedicine services. The method of collecting and comparative analysis of information was used in 

the work, which made it possible to trace the dynamics of the use of telemedicine services. During 

the work, it was found that the demand for telemedicine services has increased over 4 years of use, 

respectively, they are necessary for implementation, especially in remote territories of the Russian 

Federation. 
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ʂʆʈʈɽʂʎʀʆʅʅɸʗ ʈɸɹʆʊɸ ʇʆ ɺʆʉʉʊɸʅʆɺʃɽʅʀʖ ʈɽʏʀ ʋ ɹʆʃʔʅʆɻʆ ʉ 

ʄʆʊʆʈʅʆʁ ɸʌʌɽʈɽʅʊʅʆʁ ɸʌɸɿʀɽʁ ɺʉʃɽɼʉʊɺʀɽ ɼʀʌʌʋɿʅʆɻʆ ʇʈʆʈɸʉʊɸʅʀʗ 

ʆʇʋʍʆʃʀ ɺ ʈɽʏɽɺʆʄ ʎɽʅʊʈɽ ɹʈʆʂɸ 

ʂʦʣʝʩʥʠʢʦʚʘ ɼ.ɺ., ʊʣʠʬ ɸ.ʖ., ʐʫʣʴʛʘ ʅ.ɺ., ʊʦʣʩʪʠʢʦʚʘ ɽ.ɸ.2 

ʉʪʘʚʨʦʧʦʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʤʝʜʠʮʠʥʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʉʪʘʚʨʦʧʦʣʴ 

2 ʉʪʘʚʨʦʧʦʣʴʩʢʘʷ ʢʨʘʝʚʘʷ ʢʣʠʥʠʯʝʩʢʘʷ ʙʦʣʴʥʠʮʘ, ʉʪʘʚʨʦʧʦʣʴ 

 

ɺ ʥʘʫʯʥʦʡ ʩʪʘʪʴʝ ʦʧʠʩʳʚʘʝʪʩʷ ʢʣʠʥʠʯʝʩʢʠʡ ʩʣʫʯʘʡ ʨʘʟʚʠʪʠʷ ʤʦʪʦʨʥʦʡ ʘʬʬʝʨʝʥʪʥʦʡ ʘʬʘʟʠʠ 

ʚʩʣʝʜʩʪʚʠʝ ʜʠʬʬʫʟʥʦʛʦ ʧʨʦʨʘʩʪʘʥʠʝ ʦʧʫʭʦʣʠ ʚ ʨʝʯʝʚʦʤ ʮʝʥʪʨʝ ɹʨʦʢʘ ʫ ʧʘʮʠʝʥʪʘ ʄ. ɼʘʥʥʳʡ 

ʩʣʫʯʘʡ ʟʘʬʠʢʩʠʨʦʚʘʥ ʚ ʉʪʘʚʨʦʧʦʣʴʩʢʦʡ ʢʨʘʝʚʦʡ ʢʣʠʥʠʯʝʩʢʦʡ ʙʦʣʴʥʠʮʝ ʛʦʨʦʜʘ ʉʪʘʚʨʦʧʦʣʷ. 

ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʙʳʣʦ ʫʜʝʣʝʥʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʨʝʯʠ ʫ ʧʘʮʠʝʥʪʘ ʧʦʩʣʝ ʫʜʘʣʝʥʠʷ 

ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʷ ʙʦʣʴʰʠʭ ʧʦʣʫʰʘʨʠʡ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʠʢʨʦʭʠʨʫʨʛʠʯʝʩʢʠʡ 

ʪʝʭʥʠʢʠ ʠ ʠʥʪʨʘʦʧʝʨʘʮʠʦʥʥʦʡ ʥʘʚʠʛʘʮʠʠ. ɺ ʥʘʫʯʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ 

ʧʨʦʪʝʢʘʥʠʷ ʜʘʥʥʦʛʦ ʟʘʙʦʣʝʚʘʥʠʷ, ʪʘʢʞʝ ʦʧʠʩʘʥʘ ʩʠʤʧʪʦʤʘʪʠʢʘ ʧʨʦʷʚʣʝʥʠʷ ʟʘʙʦʣʝʚʘʥʠʷ. ɺ 

ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʝʪʦʜʳ ʢʦʨʨʝʢʮʠʠ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʨʝʯʠ ʫ 

ʙʦʣʴʥʦʛʦ. ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʢʣʠʥʠʯʝʩʢʦʛʦ ʩʣʫʯʘʷ ʤʦʪʦʨʥʦʡ 

ʘʬʬʝʨʝʥʪʥʦʡ ʘʬʘʟʠʠ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʢʦʨʨʝʢʮʠʝʡ ʨʝʯʠ ʫ ʜʘʥʥʦʛʦ ʧʘʮʠʝʥʪʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʬʘʟʠʷ, ʢʦʨʨʝʢʮʠʷ, ʨʝʘʙʠʣʠʪʘʮʠʷ, ʜʠʘʛʥʦʩʪʠʢʘ, ʥʘʨʫʰʝʥʠʝ. 

 

ɸʬʘʟʠʷ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʩʝʨʴʝʟʥʳʭ ʠ ʪʨʫʜʥʦ ʠʩʧʨʘʚʠʤʳʭ ʧʦʩʣʝʜʩʪʚʠʡ 

ʧʦʚʨʝʞʜʝʥʠʡ ʤʦʟʛʘ. ʆʜʥʠʤ ʠʟ ʪʠʧʦʚ ʵʪʦʛʦ ʨʝʯʝʚʦʛʦ ʨʘʩʩʪʨʦʡʩʪʚʘ, ʩʚʷʟʘʥʥʦʛʦ ʩ ʥʘʨʫʰʝʥʠʝʤ 

ʤʦʪʦʨʥʦʡ ʬʫʥʢʮʠʠ ʨʝʯʠ, ʷʚʣʷʝʪʩʷ ʤʦʪʦʨʥʘʷ ʘʬʬʝʨʝʥʪʥʘʷ ʘʬʘʟʠʷ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʚʦʟʥʠʢʥʫʪʴ 

ʚʩʣʝʜʩʪʚʠʝ ʧʦʚʨʝʞʜʝʥʠʷ ʨʝʯʝʚʦʛʦ ʮʝʥʪʨʘ ɹʨʦʢʘ. ʎʝʥʪʨ ɹʨʦʢʘ, ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʚ ʦʙʣʘʩʪʠ 

ʟʘʜʥʝʡ ʥʠʞʥʝʡ ʯʘʩʪʠ ʪʨʝʪʴʝʡ ʣʦʙʥʦʡ ʠʟʚʠʣʠʥʳ ʣʝʚʦʛʦ ʧʦʣʫʰʘʨʠʷ, ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ 

ʧʨʦʠʟʥʦʰʝʥʠʠ ʩʣʦʚ ʠ ʬʨʘʟ. ɿʦʥʘ ɹʨʦʢʘ ʦʪʚʝʯʘʝʪ ʟʘ ʤʦʪʦʨʥʫʶ ʦʨʛʘʥʠʟʘʮʠʶ ʨʝʯʝʚʦʡ ʬʫʥʢʮʠʠ 

ʠ ʩʚʷʟʘʥʘ ʩ ʬʦʥʦʣʦʛʠʯʝʩʢʠʤ ʠ ʩʠʥʪʘʢʩʠʯʝʩʢʠʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ ʧʦʩʪʫʧʘʶʱʝʡ ʠʥʬʦʨʤʘʮʠʠ. 

ʈʘʩʰʠʨʝʥʠʝ ʦʧʫʭʦʣʠ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʤʦʟʛʘ ʤʦʞʝʪ ʚʳʟʚʘʪʴ ʥʘʨʫʰʝʥʠʝ ʤʦʪʦʨʥʳʭ ʬʫʥʢʮʠʡ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʢʦʥʪʨʦʣʝʤ ʨʝʯʠ. ʋ ʧʘʮʠʝʥʪʦʚ ʩ ʪʘʢʠʤ ʜʠʘʛʥʦʟʦʤ ʥʘʙʣʶʜʘʝʪʩʷ ʥʘʨʫʰʝʥʠʝ 

ʧʨʦʠʟʥʦʰʝʥʠʷ ʨʝʯʠ, ʟʘʪʨʫʜʥʝʥʠʷ ʚ ʘʥʘʣʠʟʝ ʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʟʚʫʢʦʚ, ʩʣʦʚ ʠ ʬʨʘʟ. 

ɸʬʬʝʨʝʥʪʥʘʷ ʤʦʪʦʨʥʘʷ ʘʬʘʟʠʷ ʦʙʫʩʣʦʚʣʝʥʘ ʧʦʨʘʞʝʥʠʝʤ ʥʠʞʥʠʭ ʦʪʜʝʣʦʚ 

ʧʦʩʪʮʝʥʪʨʘʣʴʥʦʡ ʟʦʥʳ ʤʦʟʛʘ. ʎʝʥʪʨʘʣʴʥʳʤ ʨʘʩʩʪʨʦʡʩʪʚʦʤ ʷʚʣʷʝʪʩʷ ʥʘʨʫʰʝʥʠʝ 

ʢʠʥʝʩʪʝʪʠʯʝʩʢʦʡ ʘʬʬʝʨʝʥʪʘʮʠʠ ʧʨʦʠʟʚʦʣʴʥʳʭ ʦʨʘʣʴʥʳʭ ʜʚʠʞʝʥʠʡ. ɹʦʣʴʥʳʝ ʪʝʨʷʶʪ 

ʩʧʦʩʦʙʥʦʩʪʴ ʩʦʚʝʨʰʘʪʴ ʧʦ ʟʘʜʘʥʠʶ ʪʝ ʠʣʠ ʠʥʳʝ ʜʚʠʞʝʥʠʷ ʷʟʳʢʦʤ, ʛʫʙʘʤʠ ʠ ʜʨʫʛʠʤʠ ʦʨʛʘʥʘʤʠ 

ʘʨʪʠʢʫʣʷʮʠʠ. 

ʄʦʪʦʨʥʘʷ ʘʬʬʝʨʝʥʪʥʘʷ ʘʬʘʟʠʷ ʜʠʘʛʥʦʩʪʠʨʫʝʪʩʷ ʥʘ ʦʩʥʦʚʘʥʠʠ ʩʣʝʜʫʶʱʠʭ ʜʘʥʥʳʭ: 

1. ɸʥʘʤʥʝʟ 

2. ʌʠʟʠʢʘʣʴʥʳʡ ʦʩʤʦʪʨ 

3. ʆʮʝʥʢʘ ʨʝʯʠ 

4. ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ ʦʙʩʣʝʜʦʚʘʥʠʷ 

ʉʣʦʞʥʦʩʪʴ ʢʦʨʨʝʢʮʠʠ ʜʘʥʥʦʛʦ ʪʠʧʘ ʘʬʘʟʠʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʧʨʦʨʘʩʪʘʥʠʝ 

ʦʧʫʭʦʣʠ ʚ ʨʝʯʝʚʦʤ ʮʝʥʪʨʝ ɹʨʦʢʘ ʤʦʞʝʪ ʧʦʚʣʝʯʴ ʟʘ ʩʦʙʦʡ ʨʘʟʨʫʰʝʥʠʝ ʥʝʡʨʦʥʥʳʭ ʩʚʷʟʝʡ, 

ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ ʘʥʘʣʠʟ ʨʝʯʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ 

ʢʦʤʧʣʝʢʩʥʫʶ ʢʦʨʨʝʢʮʠʦʥʥʫʶ ʨʘʙʦʪʫ, ʥʘʧʨʘʚʣʝʥʥʫʶ ʥʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʨʝʯʝʚʳʭ ʬʫʥʢʮʠʡ ʠ 

ʧʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʞʠʟʥʠ ʧʘʮʠʝʥʪʘ. 

ʂʣʠʥʠʯʝʩʢʠʡ ʩʣʫʯʘʡ.  



ʆʧʠʰʝʤ ʢʣʠʥʠʯʝʩʢʠʡ ʩʣʫʯʘʡ, ʢʦʪʦʨʳʡ ʧʨʦʠʟʦʰʝʣ ʚ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʙʶʜʞʝʪʥʦʤ 

ʫʯʨʝʞʜʝʥʠʠ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ ʉʪʘʚʨʦʧʦʣʴʩʢʦʛʦ ʢʨʘʷ ñʉʪʘʚʨʦʧʦʣʴʩʢʘʷ ʢʨʘʝʚʘʷ ʢʣʠʥʠʯʝʩʢʘʷ 

ʙʦʣʴʥʠʮʘò, ʥʝʡʨʦʭʠʨʫʨʛʠʯʝʩʢʦʝ ʦʪʜʝʣʝʥʠʝ ˉ1, 7 ʬʝʚʨʘʣʷ 2024 ʛʦʜʘ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʠʜʘ 

ʨʝʯʝʚʦʛʦ ʥʘʨʫʰʝʥʠʷ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʢʦʤʧʣʝʢʩʥʦʝ ʦʙʩʣʝʜʦʚʘʥʠʝ, ʢʦʪʦʨʦʝ ʚʢʣʶʯʘʣʦ: 

ʂʣʠʥʠʢʦ-ʜʝʤʦʛʨʘʬʠʯʝʩʢʠʝ ʜʘʥʥʳʝ: 

1. ɺʦʟʨʘʩʪ - 56 ʣʝʪ. 

2. ʇʦʣ- ʤʫʞʩʢʦʡ. 

3. ʄʘʩʩʘ ʪʝʣʘ- 112 ʢʛ. 

4. ʈʦʩʪ 175 ʩʤ. 

5. ɸʥʘʤʥʝʟ ʟʘʙʦʣʝʚʘʥʠʷ: 14.02.2016 ʛʦʜʘ ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʦʧʝʨʘʮʠʷ ʤʝʪʦʜʦʤ 

Awake ʧʦ ʧʦʚʦʜʫ ʦʙʲʝʤʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʣʝʚʦʡ ʣʦʙʥʦʡ ʜʦʣʠ. ʉ ʪʝʭ ʧʦʨ ʨʝʛʫʣʷʨʥʦ ʧʨʦʭʦʜʠʣ 

ʧʣʘʥʦʚʦʝ ʦʙʩʣʝʜʦʚʘʥʠʝ, ʚ ʭʦʜʝ ʢʦʪʦʨʦʛʦ ʙʳʣʦ ʩʜʝʣʘʥʦ ʄʈʊ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ. 

6. ʉʝʤʝʡʥʳʡ ʘʥʘʤʥʝʟ- ʥʝ ʦʪʷʛʦʱʝʥ. 

7. ɺʨʝʜʥʳʝ ʧʨʠʚʳʯʢʠ- ʦʪʩʫʪʩʪʚʫʶʪ. 

8. ʃʝʢʘʨʩʪʚʝʥʥʳʝ ʧʨʝʧʘʨʘʪʳ- ʥʝ ʧʨʠʥʠʤʘʝʪ. 

9. ɾʘʣʦʙʳ: ʘʢʪʠʚʥʳʭ ʥʝ ʧʨʝʜʲʷʚʣʷʝʪ. 

10.  ɺʠʜ ʛʦʩʧʠʪʘʣʠʟʘʮʠʠ: ʧʣʘʥʦʚʘʷ. 

11. ʇʦʢʘʟʘʥʠʷ (ʧʦʚʦʜ) ʢ ʛʦʩʧʠʪʘʣʠʟʘʮʠʠ: ʟʘʙʦʣʝʚʘʥʠʷ ʠ ʩʦʩʪʦʷʥʠʷ, ʥʝ ʪʨʝʙʫʶʱʠʝ 

ʵʢʩʪʨʝʥʥʦʡ ʠ ʥʝʦʪʣʦʞʥʦʡ ʤʝʜʠʮʠʥʩʢʦʡ ʧʦʤʦʱʠ. 

12. ʉʨʦʢʠ ʧʨʝʙʳʚʘʥʠʷ: ʩ 07.02.2024 ʧʦ 19.02.2024 (12 ʢʦʡʢʦ-ʜʥʝʡ) 

ʅʝʚʨʦʣʦʛʠʯʝʩʢʠʡ ʦʩʤʦʪʨ: ʫʨʦʚʝʥʴ ʩʦʟʥʘʥʠʷ: ʷʩʥʦʝ, 15 ʙʘʣʣʦʚ ʧʦ ʐʂɻ, ʦʨʠʝʥʪʠʨʦʚʘʥ ʚ 

ʩʦʙʩʪʚʝʥʥʦʡ ʣʠʯʥʦʩʪʠ, ʚʨʝʤʝʥʠ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʣʠʮʦ ʩʠʤʤʝʪʨʠʯʥʦʝ, ʢʘʰʣʝʚʦʡ ʨʝʬʣʝʢʩ 

ʩʦʭʨʘʥʝʥ, ʛʣʦʪʘʥʠʝ ʥʝ ʥʘʨʫʰʝʥʦ. ɼʚʠʞʝʥʠʷ ʚ ʢʦʥʝʯʥʦʩʪʷʭ: ʧʘʩʩʠʚʥʳʝ ʚ ʧʦʣʥʦʤ ʦʙʲʝʤʝ, 

ʘʢʪʠʚʥʳʝ ʜʚʠʞʝʥʠʷ ʚ ʧʦʣʥʦʤ ʦʙʲʝʤʝ, ʧʘʨʝʟʦʚ ʥʝʪ. ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʥʝ ʥʘʨʫʰʝʥʘ, ʩʪʘʪʠʢʘ ʠ 

ʢʦʦʨʜʠʥʘʮʠʷ -ʥʝ ʥʘʨʫʰʝʥʘ, ʚ ʧʨʦʩʪʦʡ ʧʦʟʝ ʈʦʤʙʝʨʛʘ ʩʪʦʠʪ ʫʚʝʨʝʥʥʦ, ʷʟʳʢ ʧʦ ʩʨʝʜʥʝʡ ʣʠʥʠʠ, 

ʬʦʪʦʨʝʘʢʮʠʷ ʩʦʭʨʘʥʝʥʘ, ʜʚʠʞʝʥʠʷ ʛʣʘʟʥʳʭ ʷʙʣʦʢ ʚ ʧʦʣʥʦʤ ʦʙʲʝʤʝ. ʄʝʥʠʥʛʠʘʣʴʥʳʝ ʩʠʤʧʪʦʤʳ 

ʦʪʨʠʮʘʪʝʣʴʥʳʝ. 

ʃʦʛʦʧʝʜʠʯʝʩʢʠʡ ʦʙʩʣʝʜʦʚʘʥʠʝ: ʨʝʯʴ ʥʝ ʥʘʨʫʰʝʥʘ, ʦʙʨʘʱʝʥʥʫʶ ʨʝʯʴ ʧʦʥʠʤʘʝʪ, 

ʧʨʦʩʪʳʝ ʠ ʩʣʦʞʥʳʝ ʠʥʩʪʨʫʢʮʠʠ ʚʳʧʦʣʥʷʝʪ. ɺʳʩʰʠʝ ʢʦʨʢʦʚʳʝ ʬʫʥʢʮʠʠ: ʯʪʝʥʠʝ, ʧʠʩʴʤʦ, 

ʩʧʦʩʦʙʥʦʩʪʴ ʦʧʝʨʠʨʦʚʘʪʴ ʮʠʬʨʘʤʠ ï ʥʝ ʥʘʨʫʰʝʥʘ.  

ʂʣʠʥʠʯʝʩʢʠʡ ʜʠʘʛʥʦʟ: ʟʣʦʢʘʯʝʩʪʚʝʥʥʦʝ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʝ ʚ ʣʦʙʥʳʝ ʜʦʣʠ/ʆʙʲʝʤʥʦʝ 

ʦʙʨʘʟʦʚʘʥʠʝ ʣʝʚʦʡ ʣʦʙʥʦʡ ʜʦʣʠ, ʨʝʮʝʜʠʚ. ʉʦʩʪʦʷʥʠʝ ʧʦʩʣʝ ʦʧʝʨʘʮʠʠ: 14.02.2016 ʛ. ʋʜʘʣʝʥʠʝ 

ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʷ ʙʦʣʴʰʠʭ ʧʦʣʫʰʘʨʠʡ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʠʢʨʦʭʠʨʫʨʛʠʯʝʩʢʦʡ 

ʪʝʭʥʠʢʠ ʠ ʠʥʪʨʘʦʧʝʨʘʮʠʦʥʥʦʡ ʥʘʚʠʛʘʮʠʠ. 

ʆʙʩʣʝʜʦʚʘʥʠʝ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʚ ʜʦʦʧʝʨʘʮʠʦʥʥʳʡ ʠ ʧʦʩʣʝʦʧʝʨʘʮʠʦʥʥʳʡ ʧʝʨʠʦʜ. 

  ɼʠʘʛʥʦʩʪʠʢʘ ʧʦʩʣʝ ʧʨʦʚʝʜʝʥʥʳʭ ʭʠʨʫʨʛʠʯʝʩʢʠʭ ʚʤʝʰʘʪʝʣʴʩʪʚ: ʋʜʘʣʝʥʠʝ 

ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʷ ʙʦʣʴʰʠʭ ʧʦʣʫʰʘʨʠʡ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʠʢʨʦʭʠʨʫʨʛʠʯʝʩʢʦʡ 

ʪʝʭʥʠʢʠ ʠ ʠʥʪʨʘʦʧʝʨʘʮʠʦʥʥʦʡ ʥʘʚʠʛʘʮʠʠ. 

ʅʝʚʨʦʣʦʛʠʯʝʩʢʠʡ ʦʩʤʦʪʨ: ʫʨʦʚʝʥʴ ʩʦʟʥʘʥʠʷ: ʷʩʥʦʝ, 15 ʙʘʣʣʦʚ ʧʦ ʐʂɻ, ʦʨʠʝʥʪʠʨʦʚʘʥ ʚ 

ʩʦʙʩʪʚʝʥʥʦʡ ʣʠʯʥʦʩʪʠ, ʚʨʝʤʝʥʠ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʣʠʮʦ ʩʠʤʤʝʪʨʠʯʥʦʝ, ʢʘʰʣʝʚʦʡ ʨʝʬʣʝʢʩ 

ʩʦʭʨʘʥʝʥ, ʛʣʦʪʘʥʠʝ ʥʝ ʥʘʨʫʰʝʥʦ. ɼʚʠʞʝʥʠʷ ʚ ʢʦʥʝʯʥʦʩʪʷʭ: ʧʘʩʩʠʚʥʳʝ ʚ ʧʦʣʥʦʤ ʦʙʲʝʤʝ, 

ʘʢʪʠʚʥʳʝ ʜʚʠʞʝʥʠʷ ʚ ʧʦʣʥʦʤ ʦʙʲʝʤʝ, ʧʘʨʝʟʦʚ ʥʝʪ. ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʥʝ ʥʘʨʫʰʝʥʘ, ʩʪʘʪʠʢʘ ʠ 

ʢʦʦʨʜʠʥʘʮʠʷ - ʥʝ ʥʘʨʫʰʝʥʘ, ʚ ʧʨʦʩʪʦʡ ʧʦʟʝ ʈʦʤʙʝʨʛʘ ʩʪʦʠʪ ʫʚʝʨʝʥʥʦ, ʷʟʳʢ ʧʦ ʩʨʝʜʥʝʡ ʣʠʥʠʠ, 

ʬʦʪʦʨʝʘʢʮʠʷ ʩʦʭʨʘʥʝʥʘ, ʜʚʠʞʝʥʠʷ ʛʣʘʟʥʳʭ ʷʙʣʦʢ ʚ ʧʦʣʥʦʤ ʦʙʲʝʤʝ. ʄʝʥʠʥʛʠʘʣʴʥʳʝ ʩʠʤʧʪʦʤʳ 

ʦʪʨʠʮʘʪʝʣʴʥʳʝ. 

ʃʦʛʦʧʝʜʠʯʝʩʢʠʡ ʦʙʩʣʝʜʦʚʘʥʠʝ: 



ʈʝʯʴ-ʤʦʪʦʨʥʘʷ ʘʬʘʟʠʷ, ʦʙʨʘʱʝʥʥʫʶ ʨʝʯʴ ʧʦʥʠʤʘʝʪ. 

ʇʦʩʣʝ ʧʨʦʚʝʜʝʥʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʫ ʧʘʮʠʝʥʪʘ ʄ, ʙʳʣʦ ʚʳʷʚʣʝʥʦ  

Å ʈʘʩʩʪʨʦʡʩʪʚʘ ʧʦʥʠʤʘʥʠʷ ʩʠʪʫʘʪʠʚʥʳʡ ʠ ʙʳʪʦʚʦʡ ʨʝʯʠ: ʥʝʧʨʘʚʠʣʴʥʘʷ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʩʣʦʚ ʧʦ ʪʝʤʝ (ʅʘʧʨʠʤʝʨ: ʦʜʝʞʜʘ, ʤʝʙʝʣʴ, ʬʨʫʢʪʳ) ʩ ʦʧʦʨʦʡ ʥʘ ʧʨʝʜʤʝʪʥʫʶ 

ʢʘʨʪʠʥʢʫ, ʚʦʟʥʠʢʘʣʠ ʪʨʫʜʥʦʩʪʠ ʚ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʤ ʧʨʦʠʟʥʝʩʝʥʠʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ 

ʨʝʯʝʚʳʭ ʨʷʜʦʚ 

 (ʜʥʠ ʥʝʜʝʣʠ, ʧʦʨʷʜʢʦʚʳʡ ʩʯʝʪ, ʤʝʩʷʮʳ ʧʦ ʧʦʨʷʜʢʫ ʠ ʪ.ʜ.) 

Å ʈʘʩʩʪʨʦʡʩʪʚʘ ʧʨʦʠʟʥʦʩʠʪʝʣʴʥʦʡ ʩʪʦʨʦʥʳ ʨʝʯʠ: ʚʳʜʝʣʝʥʠʝ ʟʚʫʢʘ ʠʟ ʩʣʦʚʘ, 

ʧʨʦʠʟʥʝʩʝʥʠʝ ʧʨʦʩʪʳʭ ʬʨʘʟ ʠ ʩʣʦʚ. 

Å ʅʘʨʫʰʝʥʠʷ ʩʝʤʘʥʪʠʯʝʩʢʦʡ ʩʪʦʨʦʥʳ ʨʝʯʠ: ʧʦʜʙʦʨ ʘʥʪʦʥʠʤʦʚ ʠ ʩʠʥʦʥʠʤʦʚ, 

ʥʝʧʦʥʠʤʘʥʠʝ ʧʝʨʝʥʦʩʥʦʛʦ ʟʥʘʯʝʥʠʷ ʩʣʦʚ  

Å ʉʦʩʪʦʷʥʠʝ ʬʫʥʢʮʠʠ ʧʠʩʴʤʘ: ʧʘʮʠʝʥʪ ʧʦʜ ʜʠʢʪʦʚʢʫ ʜʦʧʫʩʢʘʣ ʙʦʣʴʰʦʝ ʯʠʩʣʦ 

ʣʠʪʝʨʘʣʴʥʳʭ ʧʘʨʘʬʘʟʠʡ, ʚʳʩʪʫʧʘʶʱʠʭ ʚ ʚʠʜʝ ʧʝʨʩʝʚʝʨʘʮʠʡ, ʧʨʦʧʫʩʢʦʚ ʥʝ ʪʦʣʴʢʦ ʩʦʛʣʘʩʥʳʭ, 

ʥʦ ʠ ʛʣʘʩʥʳʭ ʟʚʫʢʦʚ.   

ʇʘʮʠʝʥʪ ʄ ʚʳʧʦʣʥʷʣ ʟʘʜʘʥʠʷ ʟʘ ʙʦʣʝʝ ʜʦʣʛʠʡ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ, ʩ ʧʦʤʦʱʴʶ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʚʦʧʨʦʩʦʚ. 

ɼʠʥʘʤʠʯʝʩʢʠʡ ʩʪʘʪʫʩ: ʫʣʫʯʰʝʥʠʝ. 

ʇʣʘʥ ʢʦʨʨʝʢʮʠʦʥʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʨʘʙʦʪʳ ʧʨʠ ʘʬʬʝʨʝʥʪʥʦʡ ʤʦʪʦʨʥʦʡ ʘʬʘʟʠʠ ʧʦ 

ʃ.ʉ. ʎʚʝʪʢʦʚʦʡ 

ɺʳʜʝʣʷʝʪʩʷ 4 ʩʪʘʜʠʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʦʙʫʯʝʥʠʷ ʧʨʠ ʵʬʬʝʨʝʥʪʥʦʡ ʤʦʪʦʨʥʦʡ ʬʦʨʤʝ 

ʘʬʘʟʠʠ. 

ʎʝʣʴ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʨʝʯʠ ï ʩʥʷʪʠʝ ʧʝʨʩʝʚʝʨʘʮʠʡ, ʵʭʦʣʘʣʠʡ, 

ʨʘʩʪʦʨʤʘʞʠʚʘʥʠʝ ʨʝʯʠ. 

ɺʘʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʩʪʘʪʢʠ ʵʤʦʮʠʦʥʘʣʴʥʦʡ ʨʝʯʠ, ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʝ ʠʤʝʥ ʙʣʠʟʢʠʭ 

ʙʦʣʴʥʦʤʫ ʣʶʜʝʡ, ʯʪʝʥʠʝ ʩʪʠʭʦʚ. 

ʂ ʦʩʥʦʚʥʳʤ ʧʨʠʝʤʘʤ ʠ ʤʝʪʦʜʘʤ ʨʘʙʦʪʳ ʥʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʦʙʫʯʝʥʠʷ ʦʪʥʦʩʷʪʩʷ:  

Å ɺʳʜʝʣʝʥʠʝ ʨʠʪʤʠʢʦ-ʤʝʣʦʜʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʬʨʘʟʳ; 

Å ʏʪʝʥʠʝ ʩʪʠʭʦʚ ʧʦʜ ʜʠʢʪʦʚʢʫ ʧʦʜ ʘʢʢʦʤʧʘʥʝʤʝʥʪ ʠʭ ʨʠʪʤʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ; 

Å ʇʦʨʷʜʢʦʚʳʡ ʧʝʨʝʩʯʝʪ ʧʨʝʜʤʝʪʦʚ ʩ ʦʧʦʨʦʡ ʥʘ ʧʘʣʦʯʢʠ, ʧʨʝʜʤʝʪʳ, ʧʘʣʴʮʳ ʠ ʪ.ʜ. 

ʊʦ ʝʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʭ ʧʨʠʝʤʦʚ, ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʩʪʚʫʶʪ ʦʞʠʚʣʝʥʠʶ ʧʨʝʞʥʠʭ 

ʨʝʯʝʚʳʭ ʩʚʷʟʝʡ ʙʦʣʴʥʦʛʦ, ʚʨʝʤʝʥʥʦ ʟʘʪʦʨʤʦʞʝʥʥʳʭ ʧʘʪʦʣʦʛʠʯʝʩʢʠʤ ʩʦʩʪʦʷʥʠʝʤ ʤʦʟʛʘ. 

ʆʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʦʙʫʯʝʥʠʷ ʥʘ ʚʪʦʨʦʡ ʩʪʘʜʠʠ ʷʚʣʷʝʪʩʷ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʧʨʦʠʟʥʦʰʝʥʠʷ ʩʣʦʚ ʧʫʪʝʤ ʧʝʨʝʩʪʨʦʡʢʠ ʥʘʨʫʰʝʥʥʦʡ ʨʝʯʝʚʦʡ ʬʫʥʢʮʠʠ, ʪ.ʝ. 

ʦʞʠʚʣʝʥʠʝ ʠ ʦʙʦʛʘʱʝʥʠʝ ʩʤʳʩʣʦʚʳʭ ʩʚʷʟʝʡ. 

ʅʘʯʠʥʘʝʪʩʷ ʵʪʘ ʨʘʙʦʪʘ ʩ ʧʦʧʳʪʦʢ ʚʦʩʩʪʘʥʦʚʠʪʴ ʧʨʦʠʟʥʦʰʝʥʠʝ ʩʣʦʚʘ ʮʝʣʠʢʦʤ, ʙʝʟ 

ʯʝʪʢʦʡ ʘʨʪʠʢʫʣʷʮʠʠ ʩʦʩʪʘʚʣʷʶʱʠʭ ʝʛʦ ʟʚʫʢʦʚ.  

ʆʩʥʦʚʥʦʡ ʧʫʪʴ - ʧʝʨʝʢʣʶʯʝʥʠʝ ʚʥʠʤʘʥʠʷ ʙʦʣʴʥʦʛʦ ʩ ʘʨʪʠʢʫʣʷʨʥʦʡ ʩʪʦʨʦʥʳ ʨʝʯʠ ʥʘ 

ʦʙʱʫʶ ʩʤʳʩʣʦʚʫʶ ʠ ʟʚʫʢʦʚʫʶ ʩʪʨʫʢʪʫʨʫ ʩʣʦʚʘ. 

ʂ ʦʩʥʦʚʥʳʤ ʧʨʠʝʤʘʤ ʠ ʤʝʪʦʜʘʤ ʨʘʙʦʪʳ ʥʘ ʚʪʦʨʦʡ ʩʪʘʜʠʠ ʦʙʫʯʝʥʠʷ ʦʪʥʦʩʷʪʩʷ:  

Å ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʧʨʝʜʤʝʪʦʚ ʠ ʜʝʡʩʪʚʠʡ, ʠʟʦʙʨʘʞʝʥʥʳʭ ʥʘ ʢʘʨʪʠʥʢʘʭ, ʧʦ 

ʟʘʜʘʥʥʳʤ ʯʘʩʪʥʳʤ ʠʣʠ ʦʙʱʠʤ ʧʨʠʟʥʘʢʘʤ; 

Å ʈʠʩʦʚʘʥʠʝ ʧʨʝʜʤʝʪʦʚ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʦʪʨʘʙʘʪʳʚʘʝʤʳʤʠ ʩʣʦʚʘʤʠ; 

Å ʆʱʫʧʳʚʘʥʠʝ ʙʣʠʟʢʠʭ ʢ ʦʪʨʘʙʘʪʳʚʘʝʤʦʤʫ ʧʨʝʜʤʝʪʦʚ ʠ ʪʜ. 

ʆʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʥʘ ʪʨʝʪʴʝʡ ʩʪʘʣʠʠ ʷʚʣʷʝʪʩʷ ʟʚʫʢʦ-ʘʨʪʠʢʫʣʷʮʠʦʥʥʳʡ ʘʥʘʣʠʟ 

ʩʦʩʪʘʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩʣʦʚʘ. 

ʂ ʦʩʥʦʚʥʳʤ ʧʨʠʝʤʘʤ ʠ ʤʝʪʦʜʘʤ ʨʘʙʦʪʳ ʥʘ ʪʨʝʪʴʝʡ ʩʪʘʜʠʠ ʦʙʫʯʝʥʠʷ ʦʪʥʦʩʷʪʩʷ:  



Å ʄʝʪʦʜ ʨʠʪʤʠʯʝʩʢʦʛʦ ʚʳʜʝʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʩʣʦʚʘ ʧʫʪʝʤ ʦʪʩʪʫʢʠʚʘʥʠʷ ʝʛʦ 

ʩʣʦʛʦʚʦʡ ʩʪʨʫʢʪʫʨʳ ʩ ʫʧʨʘʞʥʝʥʠʷʤʠ ʚ ʥʘʧʝʚʥʦʤ ʧʨʦʛʦʚʘʨʠʚʘʥʠʠ. 

ʅʘ ʵʪʦʡ ʩʪʘʜʠʠ ʚʝʜʝʪʩʷ ʨʘʙʦʪʘ ʥʘʜ ʧʠʩʴʤʦʤ ʠ ʯʪʝʥʠʝʤ ʢʘʢ ʤʝʪʦʜʘʤʠ ʦʙʫʯʝʥʠʷ ʫʩʪʥʦʡ 

ʨʝʯʠ. ʇʨʠ ʧʠʩʴʤʝ ʠ ʯʪʝʥʠʠ ʥʝʦʙʭʦʜʠʤʦ ʦʩʦʟʥʘʥʥʘʷ ʦʧʝʨʘʮʠʷ ʟʚʫʢʦʙʫʢʚʝʥʥʦʛʦ ʘʥʘʣʠʟʘ. 

ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʥʘ ʵʪʦʡ ʩʪʘʜʠʠ ʧʦʜʢʣʶʯʘʝʪʩʷ ʨʘʙʦʪʘ ʥʘʜ ʧʠʩʴʤʝʥʥʦʡ ʨʝʯʴʶ. ɹʦʣʴʥʦʡ 

ʩʢʣʘʜʳʚʘʝʪ ʦʪʨʘʙʘʪʳʚʘʝʤʦʝ ʩʣʦʚʦ ʠʟ ʙʫʢʚ ʨʘʟʨʝʟʥʦʡ ʘʟʙʫʢʠ, ʘ ʟʘʪʝʤ ʟʘʧʠʩʳʚʘʝʪ ʠ ʧʨʦʯʠʪʳʚʘʝʪ 

ʝʛʦ, ʠ ʣʠʰʴ ʧʦʪʦʤ - ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʧʨʦʠʟʥʦʩʠʪ ʝʛʦ. 

ʆʩʥʦʚʥʘʷ ʟʘʜʘʯʘ ʯʝʪʚʝʨʪʦʡ ʩʪʘʜʠʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦʙʳ ʧʝʨʝʚʝʩʪʠ ʙʦʣʴʥʦʛʦ ʦʪ 

ʫʤʝʥʠʷ ʚʳʯʣʝʥʷʪʴ ʟʚʫʢʦʙʫʢʚʝʥʥʳʝ ʵʣʝʤʝʥʪʳ ʩʣʦʚʘ ʢ ʫʤʝʥʠʶ ʠʭ ʘʨʪʠʢʫʣʠʨʦʚʘʥʠʷ, ʪ.ʝ. 

ʚʦʩʩʪʘʥʦʚʠʪʴ ʩʦʙʩʪʚʝʥʥʦ ʢʠʥʝʩʪʝʪʠʯʝʩʢʠʝ ʩʭʝʤʳ 

ʘʨʪʠʢʫʣʷʮʠʡ. 

ʂ ʦʩʥʦʚʥʳʤ ʧʨʠʝʤʘʤ ʠ ʤʝʪʦʜʘʤ ʨʘʙʦʪʳ ʥʘ ʯʝʪʚʝʨʪʦʡ ʩʪʘʜʠʠ ʦʙʫʯʝʥʠʷ ʦʪʥʦʩʷʪʩʷ:  

Å ʄʝʪʦʜ ʠʤʠʪʘʮʠʠ ʘʨʪʠʢʫʣʷʮʠʦʥʥʳʭ ʧʦʟ ʧʦ ʦʙʨʘʟʮʫ ʣʦʛʦʧʝʜʘ ʩ ʢʦʥʪʨʦʣʝʤ ʧʝʨʝʜ 

ʟʝʨʢʘʣʦʤ; 

Å ʄʝʪʦʜ ʚʳʜʝʣʝʥʠʷ ʟʚʫʢʘ ʠ ʩʣʦʚʘ, ʠʤʝʶʱʠʭʩʷ ʚ ʘʢʪʠʚʥʦʤ ʩʣʦʚʘʨʝ ʙʦʣʴʥʦʛʦ; 

Å ʄʝʪʦʜ ʦʪʨʘʙʦʪʢʠ ʧʦʟʠʮʠʦʥʥʳʭ ʚʘʨʠʘʥʪʦʚ ʘʨʪʠʢʫʣʝʤ. 

ɺ ʭʦʜʝ ʢʦʨʨʝʢʮʠʦʥʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʨʘʙʦʪʳ ʧʨʠ ʘʬʬʝʨʝʥʪʥʦʡ ʤʦʪʦʨʥʦʡ ʘʬʘʟʠʠ 

ʧʦ ʃ.ʉ. ʎʚʝʪʢʦʚʦʡ ʙʳʣʠ ʦʪʤʝʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʠʟʤʝʥʝʥʠʷ:  

1. ʋʣʫʯʰʝʥʠʝ ʘʨʪʠʢʫʣʷʮʠʠ ʠ ʢʦʦʨʜʠʥʘʮʠʠ ʤʳʰʮ ʨʝʯʠ: ʧʘʮʠʝʥʪ ʥʘʯʠʥʘʝʪ ʣʫʯʰʝ 

ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʜʚʠʞʝʥʠʷ ʷʟʳʢʘ, ʛʫʙ, ʛʦʨʪʘʥʠ ʠ ʜʨʫʛʠʭ ʦʨʛʘʥʦʚ ʨʝʯʠ, ʯʪʦ ʧʦʤʦʛʘʝʪ ʝʤʫ 

ʧʨʦʠʟʥʦʩʠʪʴ ʟʚʫʢʠ ʠ ʩʣʦʚʘ ʙʦʣʝʝ ʯʝʪʢʦ ʠ ʧʦʥʷʪʥʦ. 

2. ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʠʣʠ ʫʣʫʯʰʝʥʠʝ ʩʧʦʩʦʙʥʦʩʪʠ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʩʚʷʟʥʦʡ ʠ ʣʦʛʠʯʝʩʢʦʡ 

ʨʝʯʠ: ʧʘʮʠʝʥʪ ʥʘʯʠʥʘʝʪ ʣʫʯʰʝ ʦʨʠʝʥʪʠʨʦʚʘʪʴʩʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʩʣʦʚ ʠ ʧʨʝʜʣʦʞʝʥʠʡ, 

ʧʨʘʚʠʣʴʥʦ ʚʳʙʠʨʘʪʴ ʩʣʦʚʘ ʠ ʩʪʨʦʠʪʴ ʛʨʘʤʤʘʪʠʯʝʩʢʠ ʧʨʘʚʠʣʴʥʳʝ ʧʨʝʜʣʦʞʝʥʠʷ. 

3. ʋʣʫʯʰʝʥʠʝ ʧʦʥʠʤʘʥʠʷ ʨʝʯʠ: ʙʣʘʛʦʜʘʨʷ ʪʨʝʥʠʨʦʚʢʘʤ ʠ ʫʧʨʘʞʥʝʥʠʷʤ ʧʘʮʠʝʥʪ 

ʥʘʯʠʥʘʝʪ ʣʫʯʰʝ ʧʦʥʠʤʘʪʴ ʨʝʯʴ ʦʢʨʫʞʘʶʱʠʭ ʠ ʘʜʝʢʚʘʪʥʦ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʥʝʝ. 

4. ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʬʫʥʢʮʠʠ ʧʠʩʴʤʘ: ʙʣʘʛʦʜʘʨʷ ʫʧʨʘʞʥʝʥʠʷʤ ʧʘʮʠʝʥʪ ʤʦʞʝʪ ʥʘʧʠʩʘʪʴ 

ʪʝʢʩʪ ʧʦʜ ʜʠʢʪʦʚʢʫ, ʧʨʠ ʵʪʦʤ ʜʦʧʫʩʢʘʷ ʤʘʣʝʥʴʢʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʰʠʙʦʢ.  

5. ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʬʫʥʢʮʠʠ ʯʪʝʥʠʷ: ʪʨʝʥʠʨʦʚʢʘ ʚ ʯʪʝʥʠʠ ʪʝʢʩʪʦʚ ʨʘʟʥʦʡ ʩʣʦʞʥʦʩʪʠ 

ʧʦʤʦʛʘʝʪ ʧʘʮʠʝʥʪʫ ʣʫʯʰʠʪʴ ʧʦʥʠʤʘʥʠʝ ʥʘʧʠʩʘʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠ ʨʘʩʰʠʨʠʪʴ ʩʣʦʚʘʨʥʳʡ 

ʟʘʧʘʩ. 

ɻʣʘʚʥʦʝ - ʦʪʚʣʝʢʘʪʴ ʙʦʣʴʥʦʛʦ ʦʪ ʝʛʦ ʘʨʪʠʢʫʣʷʮʠʠ ʠ ʬʠʢʩʠʨʦʚʘʪʴ ʚʥʠʤʘʥʠʝ ʥʘ 

ʩʤʳʩʣʦʚʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʩʣʦʚʘ, ʘ ʪʘʢʞʝ ʝʛʦ ʨʠʪʤʠʢʦ-ʠʥʪʦʥʘʮʠʦʥʥʦʡ ʩʪʨʫʢʪʫʨʝ.  

ɸʬʬʝʨʝʥʪʥʘʷ ʤʦʪʦʨʥʘʷ ʘʬʘʟʠʷ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʚʩʪʨʝʯʘʝʤʳʤ ʥʘʨʫʰʝʥʠʝʤ 

ʨʝʯʠ. ʇʘʮʠʝʥʪ ʄ ʙʳʣ ʧʝʨʚʳʤ, ʢʦʤʫ ʚ çʉʪʘʚʨʦʧʦʣʴʩʢʦʡ ʢʨʘʝʚʦʡ ʢʣʠʥʠʯʝʩʢʦʛʦ ʙʦʣʴʥʠʮʝè 

ʛʦʨʦʜʘ ʉʪʘʚʨʦʧʦʣʷ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʦʧʝʨʘʮʠʷ, ʥʘʧʨʘʚʣʝʥʥʘʷ ʥʘ ʋʜʘʣʝʥʠʝ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʷ 

ʙʦʣʴʰʠʭ ʧʦʣʫʰʘʨʠʡ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ ʤʝʪʦʜʦʤ Awake. ʆʧʝʨʘʮʠʷ ʩ ʧʨʦʙʫʞʜʝʥʠʝʤ ʧʦʟʚʦʣʷʝʪ 

ʥʝʡʨʦʭʠʨʫʨʛʫ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʫʜʘʣʠʪʴ ʦʧʫʭʦʣʴ, ʛʨʘʥʠʯʘʱʫʶ ʩ ʨʝʯʝʚʦʡ ʟʦʥʦʡ, ʯʪʦʙʳ ʚ 

ʧʦʩʣʝʦʧʝʨʘʮʠʦʥʥʦʤ ʧʝʨʠʦʜʝ ʫ ʧʘʮʠʝʥʪʘ ʥʝ ʚʦʟʥʠʢʣʦ ʥʘʨʫʰʝʥʠʡ ʨʝʯʝʚʦʡ ʬʫʥʢʮʠʠ. 
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The scientific article describes a clinical case of development of motor afferent aphasia due to diffuse 

tumor germination in Brock's speech center in patient M. This case was recorded in the Stavropol 

Regional Clinical Hospital of Stavropol. Particular attention was paid to the restoration of speech in 

the patient after the removal of the neoplasm of the large hemispheres of the brain using 

microsurgical techniques and intraoperative navigation. The scientific work presents the features of 

the course of this disease, and also describes the symptoms of the disease. This article presents 

correction methods aimed at restoring speech in the patient. The aim of the study is to study the 

clinical case of motor afferent aphasia with subsequent correction of speech in this patient. 

Keywords: aphasia, correction, rehabilitation, diagnosis, violation. 

  



ʂʆʃʀʏɽʉʊɺɽʅʅʓʁ ɸʅɸʃʀɿ ɺʓʍʆɼɸ ʁʆɻɽʂʉʆʃɸ ʀɿ ʇʆʃʀʄɽʈʅʆɻʆ ʈɸʉʊɺʆʈɸ ɺ 

ɺʆɼʋ ʄɽʊʆɼʆʄ ɺʓʉʆʂʆʕʌʌɽʂʊʀɺʅʆʁ ɾʀɼʂʆʉʊʅʆʁ ʍʈʆʄɸʊʆɻʈɸʌʀʀ 

ʈʝʰʝʪʥʷʢ ɼ.ɺ., ʇʘʥʦʚ ɸ.ɺ., ʂʝʜʠʢ ʉ.ɸ., ɾʘʚʦʨʦʥʦʢ ɽ.ʉ., ɺʦʩʪʨʦʚ ʀ.ɸ.2 

ʄʀʈʕɸ ï ʈʦʩʩʠʡʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʄʦʩʢʚʘ,  

2 ʆʆʆ çʉʢʘʡɹʠʦʍʠʤè, ʂʦʨʦʣʸʚ 

y.darach@yandex.ru 

ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʦʡ ʞʠʜʢʦʩʪʥʦʡ 

ʭʨʦʤʘʪʦʛʨʘʬʠʠ (ɺʕɾʍ) ʜʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʡʦʛʝʢʩʦʣʘ ʠ ʦʮʝʥʢʠ ʩʢʦʨʦʩʪʠ ʝʛʦ 

ʜʠʬʬʫʟʠʠ ʠʟ ʤʦʜʝʣʴʥʦʛʦ ʵʤʙʦʣʘ ʚ ʦʢʨʫʞʘʶʱʫʶ ʚʦʜʥʫʶ ʩʨʝʜʫ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʘʷ ʞʠʜʢʦʩʪʥʘʷ ʭʨʦʤʘʪʦʛʨʘʬʠʷ, ʡʦʛʝʢʩʦʣ, ʵʤʙʦʣʠʟʘʮʠʷ, 

ʵʤʙʦʣʠʟʠʨʫʶʱʠʡ ʘʛʝʥʪ 

 

ʕʤʙʦʣʠʟʘʮʠʷ ï ʤʘʣʦʠʥʚʘʟʠʚʥʘʷ ʧʨʦʮʝʜʫʨʘ, ʧʨʝʜʩʪʘʚʣʷʶʱʘʷ ʩʦʙʦʡ ʧʨʝʜʥʘʤʝʨʝʥʥʫʶ 

ʥʘʧʨʘʚʣʝʥʥʫʶ ʦʢʢʣʶʟʠʶ ʢʨʦʚʝʥʦʩʥʦʛʦ ʩʦʩʫʜʘ ʩʧʝʮʠʘʣʴʥʳʤ ʤʘʪʝʨʠʘʣʦʤ. ʕʤʙʦʣʠʟʘʮʠʶ 

ʧʨʠʤʝʥʷʶʪ ʜʣʷ ʣʝʯʝʥʠʷ ʩʦʩʫʜʠʩʪʳʭ ʧʘʪʦʣʦʛʠʡ, ʥʘʧʨʠʤʝʨ, ʘʨʪʝʨʠʦʚʝʥʦʟʥʳʭ ʤʘʣʴʬʦʨʤʘʮʠʡ ʠ 

ʘʥʝʚʨʠʟʤ, ʜʣʷ ʦʩʪʘʥʦʚʢʠ ʢʨʦʚʦʪʝʯʝʥʠʡ, ʚ ʪʝʨʘʧʠʠ ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ, ʘ ʪʘʢʞʝ ʧʨʠ 

ʧʨʝʜʦʧʝʨʘʮʠʦʥʥʦʡ ʧʦʜʛʦʪʦʚʢʝ ʧʘʮʠʝʥʪʦʚ [1-4]. ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʞʠʜʢʠʝ 

ʵʤʙʦʣʠʟʠʨʫʶʱʠʝ ʘʛʝʥʪʳ ʥʘ ʦʩʥʦʚʝ ʨʘʩʪʚʦʨʦʚ ʧʦʣʠʤʝʨʦʚ ʚ ʙʠʦʣʦʛʠʯʝʩʢʠ ʩʦʚʤʝʩʪʠʤʦʤ 

ʨʘʩʪʚʦʨʠʪʝʣʝ. ʇʨʠ ʧʦʧʘʜʘʥʠʠ ʪʘʢʦʛʦ ʩʦʩʪʘʚʘ ʚ ʢʨʦʚʝʥʦʩʥʦʝ ʨʫʩʣʦ, ʦʨʛʘʥʠʯʝʩʢʠʡ ʨʘʩʪʚʦʨʠʪʝʣʴ 

ʵʢʩʪʨʘʛʠʨʫʝʪʩʷ ʚ ʢʨʦʚʴ, ʘ ʧʦʣʠʤʝʨ ʦʙʨʘʟʫʝʪ ʪʚʝʨʜʳʡ ʵʤʙʦʣ, ʢʦʪʦʨʳʡ ʧʦʣʥʦʩʪʴʶ ʙʣʦʢʠʨʫʝʪ 

ʮʝʣʝʚʦʡ ʩʦʩʫʜ ʠʣʠ ʩʦʩʫʜʠʩʪʫʶ ʩʝʪʴ [5]. 

ʎʝʣʴ ʨʘʙʦʪʳ. ʀʟʫʯʠʪʴ ʢʠʥʝʪʠʢʫ ʬʦʨʤʠʨʦʚʘʥʠʷ ʵʤʙʦʣʘ ʤʝʪʦʜʦʤ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʦʡ 

ʞʠʜʢʦʩʪʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ. ʆʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʞʠʜʢʠʡ ʵʤʙʦʣʠʟʠʨʫʶʱʠʡ ʩʦʩʪʘʚ, 

ʚʢʣʶʯʘʶʱʠʡ ʚ ʩʝʙʷ ʜʠʤʝʪʠʣʩʫʣʴʬʦʢʩʠʜ ʚ ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʷ, ʘʮʝʪʘʪ ʮʝʣʣʶʣʦʟʳ ʚ 

ʢʘʯʝʩʪʚʝ ʧʦʣʠʤʝʨʘ ʠ ʡʦʛʝʢʩʦʣ ʚ ʢʘʯʝʩʪʚʝ ʢʦʥʪʨʘʩʪʠʨʫʶʱʝʛʦ ʘʛʝʥʪʘ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʤʝʪʦʜʦʤ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʦʡ ʞʠʜʢʦʩʪʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ 

ʩ ʋʌ-ʜʝʪʝʢʪʠʨʦʚʘʥʠʝʤ. ɼʣʷ ʧʦʜʛʦʪʦʚʢʠ ʧʨʦʙʳ ʚ 10 ʤʣ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʳ ʚʚʦʜʠʣʠ 0,5 

ʤʣ ʵʤʙʦʣʠʟʠʨʫʶʱʝʛʦ ʩʦʩʪʘʚʘ. ʏʝʨʝʟ ʦʧʨʝʜʝʣʝʥʥʳʝ ʧʨʦʤʝʞʫʪʢʠ ʚʨʝʤʝʥʠ ʦʩʫʱʝʩʪʚʣʷʣʠ 

ʦʜʥʦʢʨʘʪʥʦʝ ʧʝʨʝʤʝʰʠʚʘʥʠʝ ʠ ʤʝʥʷʣʠ ʚʦʜʫ ʥʘ ʯʠʩʪʫʶ. ʉʣʠʪʫʶ ʧʨʦʙʫ ʘʥʘʣʠʟʠʨʦʚʘʣʠ. 

ʇʘʨʘʣʣʝʣʴʥʦ ʧʨʦʚʦʜʠʣʠ ʘʥʘʣʠʟ ʙʝʟ ʩʤʝʥʳ ʚʦʜʳ.  

ʀʩʧʦʣʴʟʦʚʘʣʠ ɺʕɾʍ-ʩʠʩʪʝʤʫ Chromaster 5000 (Hitachi, ʗʧʦʥʠʷ) ʩ ʜʠʦʜʥʦ-ʤʘʪʨʠʯʥʳʤ 

ʜʝʪʝʢʪʦʨʦʤ (ʜʣʠʥʘ ʚʦʣʥʳ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ï 240 ʥʤ) ʠ ʢʦʣʦʥʢʫ KinetexÈ (Phenomenex, ʉʐɸ), 

ʉ18, ʨʘʟʤʝʨ ʯʘʩʪʠʮ 5 ʤʢʤ, ʨʘʟʤʝʨ ʧʦʨ 100 ¡, 250Ĭ4,6 ʤʤ. ʇʦʜʚʠʞʥʘʷ ʬʘʟʘ ʩʦʩʪʦʷʣʘ ʠʟ 0,1% 

ʨʘʩʪʚʦʨʘ ʪʨʠʬʪʦʨʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ ʚ ʚʦʜʝ (ɸ) ʠ ʘʮʝʪʦʥʠʪʨʠʣʘ (ɺ) (97/3 ʦʙ. %). ʉʢʦʨʦʩʪʴ 

ʧʦʪʦʢʘ ʚʦ ʚʨʝʤʷ ʘʥʘʣʠʟʘ ʩʦʩʪʘʚʠʣʘ 1,0 ʤʣ/ʤʠʥ, ʦʙʲʝʤ ʧʨʦʙʳ ï 20 ʤʢʣ. 

ʈʝʟʫʣʴʪʘʪʳ. ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʠʥʝʪʠʢʠ ʚʳʭʦʜʘ ʡʦʛʝʢʩʦʣʘ ʠʟ ʧʦʣʠʤʝʨʥʦʛʦ ʩʦʩʪʘʚʘ 

ʥʘʤʠ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʦʡ ʞʠʜʢʦʩʪʥʦʡ 

ʭʨʦʤʘʪʦʛʨʘʬʠʠ, ʫʢʘʟʘʥʥʘʷ ʚʳʰʝ. ʄʝʪʦʜʠʢʫ ʚʘʣʠʜʠʨʦʚʘʣʠ ʧʦ ʧʘʨʘʤʝʪʨʘʤ çʉʧʝʮʠʬʠʯʥʦʩʪʴè, 

çʃʠʥʝʡʥʦʩʪʴè ʠ çʇʦʚʪʦʨʷʝʤʦʩʪʴè. ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʚʘʪʴ ʚʳʭʦʜ 

ʢʦʥʪʨʘʩʪʥʦʛʦ ʚʝʱʝʩʪʚʘ ʡʦʛʝʢʩʦʣʘ ʚʦ ʚʨʝʤʝʥʠ. ʅʘ ʨʠʩ.1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʠʥʝʪʠʯʝʩʢʠʝ ʢʨʠʚʳʝ, 

ʧʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ.  



 

ʈʠʩ. 1 ï ʊʠʧʠʯʥʳʝ ʢʠʥʝʪʠʯʝʩʢʠʝ ʢʨʠʚʳʝ ʚʳʭʦʜʘ ʡʦʛʝʢʩʦʣʘ ʠʟ ʵʤʙʦʣʘ ʧʨʠ 22Ñ2 ʉ̄ 

 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʫʩʣʦʚʠʷʭ in vitro 

ʡʦʛʝʢʩʦʣ ʧʦʣʥʦʩʪʴʶ ʚʳʭʦʜʠʪ ʚ ʪʝʯʝʥʠʝ 35-40 ʤʠʥʫʪ; ʪʝʤ ʩʘʤʳʤ ʜʦʩʪʠʛʘʝʪʩʷ ʚʨʝʤʝʥʥʘʷ 

ʢʦʥʪʨʘʩʪʥʦʩʪʴ ʵʤʙʦʣʘ, ʧʨʠ ʵʪʦʤ ʚʠʜ ʢʨʠʚʳʭ ʩʦʧʦʩʪʘʚʠʤ ʤʝʞʜʫ ʩʦʙʦʡ. 

ɺʳʚʦʜʳ. ʈʘʟʨʘʙʦʪʘʥʘ ɺʕɾʍ ʤʝʪʦʜʠʢʘ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʡʦʛʝʢʩʦʣʘ. 

ʄʝʪʦʜʠʢʘ ʚʘʣʠʜʠʨʦʚʘʥʘ ʧʦ ʧʦʢʘʟʘʪʝʣʷʤ çʉʧʝʮʠʬʠʯʥʦʩʪʴè, çʃʠʥʝʡʥʦʩʪʴè ʠ 

çʇʦʚʪʦʨʷʝʤʦʩʪʴè. ʈʝʟʫʣʴʪʘʪʳ ʚʘʣʠʜʘʮʠʠ ʠ ʤʦʜʝʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʠʥʝʪʠʢʠ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʵʤʙʦʣʘ ʩ ʧʦʤʦʱʴʶ ʵʪʦʡ ʤʝʪʦʜʠʢʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʦʥʘ ʧʨʠʛʦʜʥʘ ʜʣʷ ʜʘʥʥʳʭ ʮʝʣʝʡ, ʘ 

ʪʝʩʪʠʨʫʝʤʳʝ ʩʦʩʪʘʚʳ ʜʦʣʞʥʳ ʧʨʦʷʚʣʷʪʴ ʚʨʝʤʝʥʥʫʶ ʨʝʥʪʛʝʥʦʢʦʥʪʨʘʩʪʥʦʩʪʴ. 
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ʆʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʘʢʪʫʘʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʟʘʜʘʯ, ʨʝʰʘʝʤʳʭ ʩʦʚʨʝʤʝʥʥʦʡ ʥʘʫʢʦʡ, 

ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ. ʉʧʠʥʪʨʦʥʠʢʘ ï ʦʜʥʦ ʠʟ 

ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʤʠʢʨʦʵʣʝʢʪʨʦʥʠʢʝ, ʚ ʦʩʥʦʚʝ ʢʦʪʦʨʦʛʦ 

ʣʝʞʠʪ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʵʣʝʢʪʨʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʠ ʚʥʝʰʥʠʤ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ [1]. 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʚʩʝ ʩʦʚʨʝʤʝʥʥʳʝ ʩʧʠʥʪʨʦʥʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʧʦʩʪʨʦʝʥʳ ʠʟ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʠʥʪʝʥʩʠʚʥʦ ʨʘʟʚʠʚʘʝʪʩʷ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʜʨʫʛʦʡ ʧʦʜʭʦʜ, 

ʟʘʢʣʶʯʘʶʱʠʡʩʷ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʢʘʯʝʩʪʚʝ ʩʪʨʫʢʪʫʨʥʳʭ ʝʜʠʥʠʮ ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʤʦʣʝʢʫʣ, 

ʦʙʣʘʜʘʶʱʠʭ ʤʘʛʥʠʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʂʘʢ ʧʨʘʚʠʣʦ, ʨʝʯʴ ʠʜʝʪ ʦ ʢʦʤʧʣʝʢʩʘʭ ʤʝʪʘʣʣʦʚ ʩ 

ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʣʠʛʘʥʜʘʤʠ, ʤʦʣʝʢʫʣʳ ʢʦʪʦʨʳʭ ʩʦʜʝʨʞʘʪ ʦʜʠʥ ʠʣʠ ʥʝʩʢʦʣʴʢʦ ʥʝʩʧʘʨʝʥʥʳʭ 

ʵʣʝʢʪʨʦʥʦʚ. ɺ ʢʘʯʝʩʪʚʝ ʪʘʢʠʭ ʣʠʛʘʥʜʦʚ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʶʪʩʷ ʟʘʤʝʱʸʥʥʳʝ 

ʘʮʠʣʧʠʨʘʟʦʣʦʥʧʠʨʠʜʠʥʳ ʠʣʠ ʠʭ ʭʠʥʦʣʠʥʦʚʳʝ ʘʥʘʣʦʛʠ. ʆʥʠ ʩʧʦʩʦʙʥʳ ʩʚʷʟʳʚʘʪʴʩʷ ʩ ʠʦʥʘʤʠ 

3d- ʠ 4f-ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʦʟʚʦʣʷʝʪ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʠʭ ʤʘʛʥʠʪʥʳʝ 

ʩʚʦʡʩʪʚʘ. ɺ ʥʘʰʝʡ ʨʘʙʦʪʝ ʙʳʣ ʩʠʥʪʝʟʠʨʦʚʘʥ ʘʮʝʪʠʣʭʠʥʦʣʠʥʦʚʳʡ ʣʠʛʘʥʜ, ʩʧʦʩʦʙʥʳʡ 

ʦʙʨʘʟʦʚʳʚʘʪʴ ʥʦʚʳʝ ʦʢʩʦʢʫʙʘʥʦʚʳʝ ʢʦʤʧʣʝʢʩʳ (ʩʭʝʤʘ 1). 

 

 
 

 

 

 
ʉʭʝʤʘ 1. ʉʠʥʪʝʟ ʣʠʛʘʥʜʘ ʠ ʝʛʦ ʩʪʨʫʢʪʫʨʘ ʝʛʦ ʦʢʩʦʢʫʙʘʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ. 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʤʠ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ 5-ʪʠ ʩʪʘʜʠʡʥʳʡ ʩʠʥʪʝʟ ʘʮʠʣʭʠʥʦʣʠʥʦʚʳʭ 

ʣʠʛʘʥʜʦʚ ʩʧʦʩʦʙʥʳʭ ʢ ʦʙʨʘʟʦʚʳʚʘʥʠʶ ʦʢʩʦʢʫʙʘʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ. ʇʦʣʫʯʝʥʥʳʝ ʣʠʛʘʥʜʳ ʠ ʠʭ 

ʢʦʤʧʣʝʢʩʳ ʙʳʣʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʩ ʧʦʤʦʱʴʶ ʗʄʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ ʤʘʛʥʠʪʦʤʝʪʨʠʠ. ɺ 



ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʫʜʘʣʦʩʴ ʫʩʪʘʥʦʚʠʪʴ ʥʘʣʠʯʠʝ ʩʣʘʙʳʭ ʤʘʛʥʠʪʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʚ ʧʦʜʦʙʥʳʭ 

ʢʦʤʧʣʝʢʩʘʭ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʦʨʪʦʛʦʥʘʣʴʥʦʩʪʴʶ ʘʪʦʤʦʚ ʢʦʙʘʣʴʪʘ. 

ʉʧʠʩʦʢ ʠʩʪʦʯʥʠʢʦʚ 
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ʐʫʢʪʦʤʦʚʘ ɸ.ɻ. 

ʅʘʫʯrʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ɻʠʣʴʬʘʥʦʚ ɹ.ɸ. 

ʌɻɹʆʋ ɺʆ çʂɻʕʋè, ʂʘʟʘʥʴ 

suktomovaalina@gmail.com 

ɺʦʜʦʨʦʜ ʷʚʣʷʝʪʩʷ ʘʣʴʪʝʨʥʘʪʠʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʵʥʝʨʛʠʠ. ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʘʟʣʠʯʥʳʝ 

ʩʧʦʩʦʙʳ ʧʦʣʫʯʝʥʠʷ ʚ ʧʨʦʤʳʰʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ, ʠʭ ʦʧʠʩʘʥʠʝ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʦʜʦʨʦʜ, ʧʦʣʫʯʝʥʠʝ, ʧʨʦʤʳʰʣʝʥʥʳʝ ʫʩʣʦʚʠʷ, ʝʩʪʝʩʪʚʝʥʥʳʝ ʨʝʩʫʨʩʳ, 

ʵʣʝʢʪʨʦʣʠʟ, ʵʣʝʢʪʨʦʣʠʟʝʨʳ, ʘʪʦʤʥʦ-ʚʦʜʦʨʦʜʥʘʷ ʵʥʝʨʛʝʪʠʢʘ. 

 

ɺʦʜʦʨʦʜ ʷʚʣʷʝʪʩʷ ʵʣʝʤʝʥʪʦʤ, ʢʦʪʦʨʳʡ ʚʩʪʨʝʯʘʝʪʩʷ ʯʘʱʝ ʚʩʝʛʦ ʚ ʢʦʩʤʠʯʝʩʢʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ ʤʥʦʛʦʯʠʩʣʝʥʥʦ ʧʨʠʩʫʪʩʪʚʫʝʪ ʥʘ ʥʘʰʝʡ ʧʣʘʥʝʪʝ. ɽʛʦ ʜʦʣʷ ʚ ʩʦʩʪʘʚʝ ʟʝʤʥʦʡ 

ʢʦʨʳ ʩʦʩʪʘʚʣʷʝʪ 3% (ʤʦʣʷʨʥʳʝ ʜʦʣʠ). ʕʪʦʪ ʵʣʝʤʝʥʪ ʦʙʣʘʜʘʝʪ ʫʥʠʢʘʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ 

ʚʳʩʪʫʧʘʪʴ ʢʘʢ ʚ ʨʦʣʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ, ʪʘʢ ʠ ʚ ʨʦʣʠ ʦʢʠʩʣʠʪʝʣʷ. ɺ ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʝʛʦ 

ʨʝʘʢʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʥʝʚʳʩʦʢʘ, ʦʜʥʘʢʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʘʢʪʠʚʥʦʩʪʴ ʚʦʜʦʨʦʜʘ 

ʨʘʩʪʝʪ. ɺ ʢʘʯʝʩʪʚʝ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ ʦʥ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʛʘʣʦʛʝʥʦʚʦʡ ʛʨʫʧʧʦʡ, ʢʠʩʣʦʨʦʜʦʤ ʠ 

ʦʢʩʠʜʘʤʠ ʨʘʟʣʠʯʥʳʭ ʤʝʪʘʣʣʦʚ. ʅʝʢʦʪʦʨʳʝ ʤʝʪʘʣʣʳ ʦʙʨʘʙʘʪʳʚʘʶʪ ʚʦʜʦʨʦʜʦʤ, ʯʪʦʙʳ 

ʚʦʩʩʪʘʥʦʚʠʪʴ ʠʭ ʠʟ ʦʢʩʠʜʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʚʦʜʦʨʦʜ ʩʧʦʩʦʙʝʥ ʦʢʠʩʣʷʪʴ ʤʦʱʥʳʝ ʚʦʩʩʪʘʥʦʚʠʪʝʣʠ, 

ʪʘʢʠʝ ʢʘʢ ʱʝʣʦʯʥʳʝ ʤʝʪʘʣʣʳ, ʧʨʠ ʵʪʦʤ ʦʙʨʘʟʫʶʪʩʷ ʠʦʥʥʳʝ ʛʠʜʨʠʜʳ. [1] 

ɺ ʧʨʦʤʳʰʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʠʩʧʦʣʴʟʫʶʪ ʩʣʝʜʫʶʱʠʝ ʤʝʪʦʜʳ ʧʦʣʫʯʝʥʠʷ ʚʦʜʦʨʦʜʘ: 

ʀʩʧʦʣʴʟʫʷ ʝʩʪʝʩʪʚʝʥʥʳʝ ʨʝʩʫʨʩʳ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʤ ʤʝʪʦʜʦʤ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʚʦʜʦʨʦʜʘ ʷʚʣʷʝʪʩʷ ʧʘʨʦʚʘʷ ʢʦʥʚʝʨʩʠʷ ʤʝʪʘʥʘ. ʇʦ ʵʪʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʫʯʘʝʪʩʷ 

ʧʨʠʤʝʨʥʦ 85% ʚʩʝʛʦ ʧʨʦʠʟʚʦʜʠʤʦʛʦ ʚ ʤʠʨʝ ʚʦʜʦʨʦʜʘ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʚʳʩʦʢʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʧʨʦʮʝʩʩʘ ʥʘ ʢʨʫʧʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʘʭ, ʧʨʝʚʳʰʘʶʱʝʡ 80%. ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ 

ʩʪʦʠʤʦʩʪʴ ʚʦʜʦʨʦʜʘ, ʧʨʦʠʟʚʝʜʝʥʥʦʛʦ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʢʘʟʳʚʘʝʪʩʷ ʥʘʠʤʝʥʴʰʝʡ. ʆʩʥʦʚʥʳʝ 

ʭʠʤʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ:  

CH4+H2O ź CO+3H2; CO+H2O ź CO2 +H2. 

2 - ɻʘʟʠʬʠʢʘʮʠʷ ʫʛʣʷ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʩʪʘʨʝʡʰʠʭ ʩʧʦʩʦʙʦʚ ʧʦʣʫʯʝʥʠʷ ʚʦʜʦʨʦʜʘ. 

ʇʝʨʚʳʡ ʛʘʟʦʛʝʥʝʨʘʪʦʨ ʙʳʣ ʧʦʩʪʨʦʝʥ ʚ ɺʝʣʠʢʦʙʨʠʪʘʥʠʠ ʚ 40-ʭ ʛʦʜʘʭ XIX ʚʝʢʘ. ʇʨʦʮʝʩʩ 

ʧʦʣʫʯʝʥʠʷ ʚʦʜʦʨʦʜʘ ʠʟ ʫʛʣʷ ʦʩʥʦʚʘʥ ʥʘ ʪʝʨʤʠʯʝʩʢʦʤ ʨʘʟʣʦʞʝʥʠʠ ʚʦʜʳ, ʛʜʝ ʫʛʦʣʴ ʚʳʩʪʫʧʘʝʪ 

ʢʘʢ ʠʩʪʦʯʥʠʢ ʵʥʝʨʛʠʠ ʠ ʭʠʤʠʯʝʩʢʠʡ ʨʝʘʛʝʥʪ. ɺ ʵʪʦʤ ʧʨʦʮʝʩʩʝ ʫʛʦʣʴ ʚʦʟʜʝʡʩʪʚʫʝʪ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʚʦʜʷʥʳʤ ʧʘʨʦʤ ʠ ʢʠʩʣʦʨʦʜʦʤ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʘʨʦʢʠʩʣʦʨʦʜʥʦʡ ʢʦʥʚʝʨʩʠʠ. 

ɼʣʷ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʭʘʨʘʢʪʝʨʥʳ ʚʳʩʦʢʠʝ ʤʦʱʥʦʩʪʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʦʪʩʫʪʩʪʚʠʝ ʦʛʨʘʥʠʯʝʥʠʡ 

ʧʦ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʧʦʪʦʢʘʤ. ʆʩʥʦʚʥʳʝ ʭʠʤʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ ʧʨʦʮʝʩʩʘ ʛʘʟʠʬʠʢʘʮʠʠ ʫʛʣʷ:  

 

C+O2 ź CO2; C+2H2O ź CO2+2H2; C+H2O ź CO+H2; C+CO2 ź 2CO. 

3-ʊʝʨʤʠʯʝʩʢʦʝ ʨʘʟʣʦʞʝʥʠʝ. ʕʪʦʪ ʧʨʦʮʝʩʩ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʙʝʟ 

ʜʦʩʪʫʧʘ ʢʠʩʣʦʨʦʜʘ ʠ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʣʝʪʫʯʠʭ ʚʝʱʝʩʪʚ ʠ ʪʚʝʨʜʦʛʦ ʦʩʪʘʪʢʘ, ʠʟʚʝʩʪʥʦʛʦ 

ʢʘʢ ʢʦʢʩ. ʇʦʜʚʝʨʛʘʪʴʩʷ ʪʝʨʤʠʯʝʩʢʦʤʫ ʨʘʟʣʦʞʝʥʠʶ ʤʦʛʫʪ ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʫʛʣʝʡ, ʪʦʨʬ, 

ʢʘʤʝʥʥʦʫʛʦʣʴʥʳʡ ʧʝʢ, ʙʫʨʦʫʛʦʣʴʥʘʷ ʠ ʢʘʤʝʥʥʦʫʛʦʣʴʥʘʷ ʩʤʦʣʘ. ɻʘʟʦʦʙʨʘʟʥʳʝ ʧʨʦʜʫʢʪʳ, 

ʧʦʣʫʯʘʝʤʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ, ʩʦʜʝʨʞʘʪ ʚʦʜʦʨʦʜ, ʘ ʪʘʢʞʝ ʉʆ, ʉʅ4, ʉʆ2, 

N2, ʚʦʜʷʥʳʝ ʧʘʨʳ ʠ ʣʝʪʫʯʠʝ ʫʛʣʝʚʦʜʦʨʦʜʳ. ʉʦʜʝʨʞʘʥʠʝ ʚʦʜʦʨʦʜʘ ʚ ʛʘʟʦʦʙʨʘʟʥʳʭ ʧʨʦʜʫʢʪʘʭ 

ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʚʘʨʴʠʨʦʚʘʪʴ: ʦʪ 20% ʚ ʪʦʨʬʝ ʜʦ 80% ʚ 

ʙʫʨʦʫʛʦʣʴʥʦʡ ʠ ʢʘʤʝʥʥʦʫʛʦʣʴʥʦʡ ʩʤʦʣʘʭ. 4-ɼʠʩʩʦʮʠʘʮʠʷ ʞʠʜʢʠʭ ʠ ʛʘʟʦʦʙʨʘʟʥʳʭ 



ʫʛʣʝʚʦʜʦʨʦʜʦʚ. ɺʦʜʦʨʦʜ ʪʘʢʞʝ ʦʙʨʘʟʫʝʪʩʷ ʧʨʠ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤ ʨʘʟʣʦʞʝʥʠʠ 

ʫʛʣʝʚʦʜʦʨʦʜʦʚ, ʥʘʧʨʠʤʝʨ, ʤʝʪʘʥʘ:  

ʉʅ4 Ÿ ʉ + 2H2. [2] 

ʇʨʠʤʝʥʝʥʠʝ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʨʝʘʢʪʦʨʘ ʦʪ ʌɸʉʊ ʀʅɾʀʅʀʈʀʅɻ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʧʨʠ ʦʧʪʠʤʘʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʫʩʣʦʚʠʷʭ, ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʨʝʘʢʮʠʦʥʥʦʡ ʩʨʝʜʳ ʧʦ ʢʘʪʘʣʠʟʘʪʦʨʫ ʠ ʚʦʟʤʦʞʥʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʘʠʙʦʣʝʝ ʘʢʪʠʚʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ ʧʨʠ ʤʠʥʠʤʘʣʴʥʦʤ ʛʠʜʨʘʚʣʠʯʝʩʢʦʤ 

ʩʦʧʨʦʪʠʚʣʝʥʠʠ [3]. 

ɺʦʜʦʨʦʜ ʪʘʢʞʝ ʤʦʞʥʦ ʠʟʛʦʪʦʚʠʪʴ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʵʣʝʢʪʨʦʣʠʟʘ ʚʦʜʳ. ʕʣʝʢʪʨʦʣʠʟ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʤʧʣʝʢʩ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʦʢʠʩʣʝʥʠʷ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ, ʢʦʪʦʨʳʝ 

ʧʨʦʠʩʭʦʜʷʪ, ʢʦʛʜʘ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʵʣʝʢʪʨʦʣʠʪ ʩ ʵʣʝʢʪʨʦʜʘʤʠ, 

ʧʦʛʨʫʞʝʥʥʳʤʠ ʚ ʥʝʛʦ. ɼʣʷ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʵʣʝʢʪʨʦʣʠʟʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʝʤʠʥʝʨʘʣʠʟʦʚʘʥʥʘʷ 

ʚʦʜʘ, ʢʦʪʦʨʘʷ ʩʘʤʘ ʧʦ ʩʝʙʝ ʷʚʣʷʝʪʩʷ ʩʣʘʙʳʤ ʵʣʝʢʪʨʦʣʠʪʦʤ, ʧʦʵʪʦʤʫ ʚ ʥʝʝ ʚʚʦʜʷʪ ʙʦʣʝʝ 

ʘʢʪʠʚʥʳʝ ʵʣʝʢʪʨʦʣʠʪʳ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʧʨʦʚʦʜʠʤʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʪʚʘ. ʉʦʚʦʢʫʧʥʘʷ ʭʠʤʠʯʝʩʢʘʷ 

ʨʝʘʢʮʠʷ ʥʘ ʵʣʝʢʪʨʦʜʘʭ ʚʳʛʣʷʜʠʪ ʪʘʢ: 

ʥʘ ʘʥʦʜʝ ʧʨʦʠʩʭʦʜʠʪ ʚʳʜʝʣʝʥʠʝ ʢʠʩʣʦʨʦʜʘ (2H2O Ÿ O2 + 4H + 4eī),  

ʘ ʥʘ ʢʘʪʦʜʝ ï ʚʦʜʦʨʦʜʘ (2H2O + 2eī Ÿ H2 + 2OHī).  

ɺ ʩʦʚʨʝʤʝʥʥʦʡ ʧʨʘʢʪʠʢʝ ʧʨʠʤʝʥʷʶʪʩʷ ʪʨʠ ʦʩʥʦʚʥʳʭ ʤʝʪʦʜʘ ʵʣʝʢʪʨʦʣʠʟʘ ʚʦʜʦʨʦʜʘ, 

ʢʦʪʦʨʳʝ ʦʪʣʠʯʘʶʪʩʷ ʠʩʧʦʣʴʟʫʝʤʳʤ ʵʣʝʢʪʨʦʣʠʪʦʤ ʠ ʫʩʣʦʚʠʷʤʠ ʵʣʝʢʪʨʦʣʠʟʘ: ʱʝʣʦʯʥʳʡ, ʩ 

ʪʚʝʨʜʳʤ ʧʦʣʠʤʝʨʥʳʤ ʵʣʝʢʪʨʦʣʠʪʦʤ ʠ ʩ ʪʚʝʨʜʳʤ ʦʢʩʠʜʥʳʤ ʵʣʝʢʪʨʦʣʠʪʦʤ. ɺ ʢʘʯʝʩʪʚʝ 

ʵʣʝʢʪʨʦʣʠʪʦʚ ʧʨʠ ʵʪʦʤ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʤʘʪʝʨʠʘʣʳ. ɺ ʯʘʩʪʥʦʩʪʠ, ʱʝʣʦʯʥʳʝ 

ʵʣʝʢʪʨʦʣʠʟʝʨʳ ï ʵʪʦ ʘʧʧʘʨʘʪ, ʚ ʢʦʪʦʨʦʤ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʨʘʩʪʚʦʨ 

ʵʣʝʢʪʨʦʣʠʪʘ (20-30% ʨʘʩʪʚʦʨ ʂʆʅ ʠʣʠ NaOH), ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʛʘʟʦʚ ʥʘ 

ʵʣʝʢʪʨʦʜʘʭ: ʚʦʜʦʨʦʜ ʠ ʢʠʩʣʦʨʦʜ.  

ʅʘ ʢʘʪʦʜʝ ʧʨʦʠʩʭʦʜʠʪ ʨʝʘʢʮʠʷ 2ʆʅï Ÿ 0,5ʆ2 + ʅ2ʆ + 2ʝï,  

ʥʘ ʘʥʦʜʝ ï ʅ2ʆ + 2ʝï Ÿ ʅ2 + 2ʆʅï. 

2-ʕʣʝʢʪʨʦʣʠʟʝʨʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʚʝʨʜʦʛʦ ʧʦʣʠʤʝʨʥʦʛʦ ʵʣʝʢʪʨʦʣʠʪʘ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʩʦʙʦʡ ʫʩʪʨʦʡʩʪʚʘ, ʚ ʢʦʪʦʨʳʭ ʤʝʤʙʨʘʥʘ ʠʟ ʧʦʣʠʤʝʨʘ ʥʘ ʦʩʥʦʚʝ ʧʝʨʬʪʦʨʠʨʦʚʘʥʥʦʛʦ ʫʛʣʝʨʦʜʘ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʛʝʨʤʝʪʠʯʥʦʩʪʴ ʠ ʚʳʩʦʢʫʶ ʧʨʦʚʦʜʠʤʦʩʪʴ. ɺ ʧʨʦʮʝʩʩʝ ʵʣʝʢʪʨʦʣʠʟʘ ʥʘ ʢʘʪʦʜʝ 

ʧʨʦʠʩʭʦʜʠʪ ʨʝʘʢʮʠʷ 4ʅ+ + 4eï Ÿ 2ʅ2, ʘ ʥʘ ʘʥʦʜʝ ï ʅ2ʆ Ÿ ʆ2 + 4ʅ+. 3-ʕʣʝʢʪʨʦʣʠʟʝʨʳ ʩ 

ʪʚʝʨʜʦʦʢʩʠʜʥʳʤ ʵʣʝʢʪʨʦʣʠʪʦʤ ʨʘʙʦʪʘʶʪ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʠ ʠʩʧʦʣʴʟʫʶʪ ʷʯʝʡʢʠ ʩ 

ʵʣʝʢʪʨʦʣʠʪʦʤ ʥʘ ʦʩʥʦʚʝ ʜʠʦʢʩʠʜʘ ʮʠʨʢʦʥʠʷ, ʜʦʧʦʣʥʝʥʥʦʛʦ ʦʢʩʠʜʘʤʠ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʜʣʷ ʫʩʠʣʝʥʠʷ ʝʛʦ ʩʧʦʩʦʙʥʦʩʪʠ ʧʨʦʚʦʜʠʪʴ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ. ʕʪʦʪ ʵʣʝʢʪʨʦʣʠʪ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʦʚʦʜʠʤʦʩʪʴ ʘʥʠʦʥʦʚ ʢʠʩʣʦʨʦʜʘ, ʢʦʪʦʨʳʝ ʦʙʨʘʟʫʶʪʩʷ ʧʨʠ ʨʘʟʜʝʣʝʥʠʠ ʚʦʜʳ ʠ 

ʚʳʜʝʣʝʥʠʠ ʚʦʜʦʨʦʜʘ ʥʘ ʢʘʪʦʜʝ: ʥʘ ʢʘʪʦʜʝ ʅ2ʆ (ʧʘʨ) + 2ʝ-Ÿ ʆ2 + ʅ2, ʘ ʥʘ ʘʥʦʜʝ ʆ2ï Ÿ 0,5ʆ2 

+ 2ʝ-.[3] ɺ ʈʦʩʩʠʠ ʩʝʛʦʜʥʷ ʵʣʝʢʪʨʦʣʠʟʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʜʣʷ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʚʳʧʫʩʢʘ ʚʦʜʦʨʦʜʘ 

ʥʝ ʥʘʰʣʠ ʰʠʨʦʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ. ʕʣʝʢʪʨʦʣʠʟʝʨʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʪʷʞʝʣʦʡ ʚʦʜʳ, ʢʠʩʣʦʨʦʜʘ ʠ ʧʝʨʝʢʠʩʠ ʚʦʜʦʨʦʜʘ, ʘ ʪʘʢʞʝ ʜʣʷ ʨʘʟʜʝʣʝʥʠʷ ʠʟʦʪʦʧʦʚ 

ʚʦʜʦʨʦʜʘ ʠ ʜʨʫʛʠʭ ʧʨʦʮʝʩʩʦʚ. ʆʜʥʘʢʦ, ʩʦʛʣʘʩʥʦ ʧʨʦʛʥʦʟʘʤ ʵʢʩʧʝʨʪʦʚ, ʩ ʨʘʟʚʠʪʠʝʤ ʚʦʜʦʨʦʜʥʦʡ 

ʵʥʝʨʛʝʪʠʢʠ ʠ ʚ ʯʘʩʪʥʦʩʪʠ, ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʜʦʨʦʜʘ ʚ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʠʩʪʝʤʘʭ, 

ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʚʦʜʦʨʦʜʝ ʙʫʜʝʪ ʥʝʫʢʣʦʥʥʦ ʨʘʩʪʠ [4]. 

ʊʘʢʞʝ ʤʳ ʠʟʫʯʠʣʠ, ʯʪʦ ʚ ʦʙʣʘʩʪʠ ʘʪʦʤʥʦ-ʚʦʜʦʨʦʜʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʷʜʝʨʥʳʝ ʪʝʭʥʦʣʦʛʠʠ 

ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʧʨʘʢʪʠʯʝʩʢʠ ʙʝʩʢʦʥʝʯʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʜʝʰʝʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʥʝʨʛʠʠ 

ʚʦʜʦʨʦʜʘ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠ ʛʝʥʝʨʘʮʠʠ ʵʣʝʢʪʨʠʯʝʩʪʚʘ, ʪʝʧʣʘ ʠ ʚʦʜʦʨʦʜʘ ʷʜʝʨʥʘʷ ʵʥʝʨʛʝʪʠʢʘ 

ʦʢʘʟʳʚʘʝʪ ʥʘʠʤʝʥʴʰʝʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʫʛʣʝʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʣʝʢʪʨʦʣʠʟʘ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʚʦʜʦʨʦʜ ʠ ʢʠʩʣʦʨʦʜ ʠʟ 



ʚʦʜʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʧʨʦʠʟʚʝʜʝʥʥʦʡ ʩ ʧʦʤʦʱʴʶ ʷʜʝʨʥʦʡ ʵʥʝʨʛʠʠ. [2] ɼʣʷ 

ʨʘʟʚʠʪʠʷ ʘʪʦʤʥʦ-ʚʦʜʦʨʦʜʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ ʙʦʣʴʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ 

ʨʘʟʨʘʙʦʪʢʠ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʪʘʢʠʭ ʢʘʢ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ ʨʝʘʢʪʦʨʳ, 

ʪʝʨʤʦʭʠʤʠʯʝʩʢʠʝ ʠ ʪʝʨʤʦʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʫʩʪʘʥʦʚʢʠ, ʚʦʜʦʨʦʜʥʳʝ ʪʦʧʣʠʚʥʳʝ ʵʣʝʤʝʥʪʳ, 

ʭʝʤʦʪʝʨʤʠʯʝʩʢʠʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ, ʘ ʪʘʢʞʝ ʨʘʟʨʘʙʦʪʘʪʴ ʤʝʪʦʜʳ ʭʨʘʥʝʥʠʷ ʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ 

ʚʦʜʦʨʦʜʘ. ʇʨʠ ʚʥʝʜʨʝʥʠʠ ʘʪʦʤʥʦ-ʚʦʜʦʨʦʜʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ ʚʦʧʨʦʩʳ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʚʦʜʦʨʦʜʘ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ ʝʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ [5]. Kʦʤʧʣʝʢʩ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʚʦʜʦʨʦʜʘ ʠʟ ʚʦʜʳ ʠ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʤʥʦʛʦʙʣʦʯʥʫʶ ʘʪʦʤʥʫʶ ʩʪʘʥʮʠʶ ʩ 

ʯʝʪʳʨʴʤʷ ʨʝʘʢʪʦʨʥʳʤʠ ʫʩʪʘʥʦʚʢʘʤʠ, ʦʩʥʘʱʝʥʥʳʤʠ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʤ ʛʘʟʦʦʭʣʘʞʜʘʝʤʳʤ 

ʨʝʘʢʪʦʨʦʤ. ʊʘʢʞʝ ʚ ʢʦʤʧʣʝʢʩʝ ʠʤʝʶʪʩʷ ʩʠʩʪʝʤʳ ʠ ʩʦʦʨʫʞʝʥʠʷ ʩʪʘʥʮʠʠ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ 

ʨʘʙʦʪʳ ʨʝʘʢʪʦʨʥʳʭ ʫʩʪʘʥʦʚʦʢ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʩʦʩʪʘʚ ʢʦʤʧʣʝʢʩʘ ʚʭʦʜʠʪ ʭʠʤʠʢʦ-

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʦʩʥʦʚʘʥʥʦʝ ʥʘ ʘʜʠʘʙʘʪʠʯʝʩʢʦʡ ʢʦʥʚʝʨʩʠʠ ʤʝʪʘʥʘ ʩ 

ʧʨʦʠʟʚʦʜʩʪʚʦʤ ʩʤʝʩʝʡ, ʩʦʜʝʨʞʘʱʠʭ ʚʦʜʦʨʦʜ, ʠ ʚʳʜʝʣʝʥʠʝʤ ʩʘʤʦʛʦ ʚʦʜʦʨʦʜʘ, ʚʢʣʶʯʘʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʩʠʩʪʝʤʳ ʠ ʩʦʦʨʫʞʝʥʠʷ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʠʭ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ [6]. 

ʇʦʩʣʝʜʥʠʤʠ ʚ ʩʧʠʩʢʝ ʠʜʫʪ ʙʠʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʠ ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ ʠʩʪʦʯʥʠʢʠ ʵʥʝʨʛʠʠ. 

ʆʜʠʥ ʠʟ ʩʧʦʩʦʙʦʚ ʧʦʣʫʯʝʥʠʷ ʚʦʜʦʨʦʜʘ ʠʟ ʙʠʦʤʘʩʩʳ ð ʵʪʦ ʪʝʨʤʦʭʠʤʠʯʝʩʢʠʡ ʠʣʠ 

ʙʠʦʭʠʤʠʯʝʩʢʠʡ ʤʝʪʦʜ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʝʨʤʦʭʠʤʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʙʠʦʤʘʩʩʫ ʥʘʛʨʝʚʘʶʪ ʜʦ 

ʪʝʤʧʝʨʘʪʫʨʳ 500-800Áʉ ʙʝʟ ʜʦʩʪʫʧʘ ʢʠʩʣʦʨʦʜʘ (ʜʣʷ ʜʨʝʚʝʩʥʳʭ ʦʪʭʦʜʦʚ), ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ 

ʥʠʞʝ, ʯʝʤ ʧʨʠ ʛʘʟʠʬʠʢʘʮʠʠ ʫʛʣʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʚʳʜʝʣʷʶʪʩʷ ʚʦʜʦʨʦʜ, ʦʢʩʠʜ 

ʫʛʣʝʨʦʜʘ ʠ ʤʝʪʘʥ. ɺ ʙʠʦʭʠʤʠʯʝʩʢʦʤ ʧʨʦʮʝʩʩʝ ʚʦʜʦʨʦʜ ʧʨʦʠʟʚʦʜʷʪ ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʙʘʢʪʝʨʠʡ. 

ɼʣʷ ʫʩʢʦʨʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚʦʜʦʨʦʜʘ ʠʟ ʧʦʣʠʩʘʭʘʨʠʜʦʚ (ʥʘʧʨʠʤʝʨ, ʢʨʘʭʤʘʣʘ ʠ ʮʝʣʣʶʣʦʟʳ), 

ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʙʠʦʤʘʩʩʝ, ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ ʨʘʟʣʠʯʥʳʝ ʬʝʨʤʝʥʪʳ. ʕʪʦʪ ʧʨʦʮʝʩʩ ʧʨʦʠʩʭʦʜʠʪ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 30Áʉ ʠ ʥʦʨʤʘʣʴʥʦʤ ʜʘʚʣʝʥʠʠ. ʉʝʙʝʩʪʦʠʤʦʩʪʴ ʜʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʩʦʩʪʘʚʣʷʝʪ 

ʦʢʦʣʦ $2 ʟʘ ʢʠʣʦʛʨʘʤʤ ʚʦʜʦʨʦʜʘ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ, ʧʨʦʚʝʜʝʥʥʦʝ ʚ 1999 ʛʦʜʫ ʫʯʝʥʳʤʠ ʠʟ ʋʥʠʚʝʨʩʠʪʝʪʘ ʂʘʣʠʬʦʨʥʠʠ ʚ 

ɹʝʨʢʣʠ ʚʳʷʚʠʣʦ, ʯʪʦ ʚʦʜʦʨʦʩʣʠ ʥʘʯʠʥʘʶʪ ʘʢʪʠʚʥʦ ʚʳʨʘʙʘʪʳʚʘʪʴ ʚʦʜʦʨʦʜ, ʢʦʛʜʘ ʠʤ ʥʝ ʭʚʘʪʘʝʪ 

ʢʠʩʣʦʨʦʜʘ ʠ ʩʝʨʳ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʩʣʘʙʣʝʥʠʶ ʧʨʦʮʝʩʩʦʚ ʬʦʪʦʩʠʥʪʝʟʘ. ʆʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ 

ʚʦʜʦʨʦʜʘ ʷʚʣʷʝʪʩʷ ʛʨʫʧʧʘ ʟʝʣʝʥʳʭ ʚʦʜʦʨʦʩʣʝʡ, ʪʘʢʠʭ ʢʘʢ Chlamydomonas reinhardtii, 

ʩʧʦʩʦʙʥʳʭ ʧʨʦʠʟʚʦʜʠʪʴ ʝʛʦ ʠʟ ʤʦʨʩʢʦʡ ʚʦʜʳ ʠʣʠ ʩʪʦʯʥʳʭ ʚʦʜ. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʩʦʟʜʘʥʠʝ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʦʣʫʯʝʥʠʷ ʚʦʜʦʨʦʜʘ ʠʟ ʪʚʝʨʜʳʭ ʙʳʪʦʚʳʭ ʦʪʭʦʜʦʚ. 

ʅʘʧʨʠʤʝʨ, ʃʦʥʜʦʥʩʢʦʝ ɺʦʜʦʨʦʜʥʦʝ ʇʘʨʪʥʝʨʩʪʚʦ ʦʧʫʙʣʠʢʦʚʘʣʦ ʠʩʩʣʝʜʦʚʘʥʠʝ, 

ʜʝʤʦʥʩʪʨʠʨʫʶʱʝʝ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚʦʜʦʨʦʜʘ ʠʟ ʢʦʤʤʫʥʘʣʴʥʦʛʦ ʤʫʩʦʨʘ. [9,10] 

ɺʨʝʤʷ ʠʩʢʦʧʘʝʤʦʛʦ ʪʦʧʣʠʚʘ ʧʦʜʭʦʜʠʪ ʢ ʢʦʥʮʫ, ʠ ʵʪʦ ʟʘʩʪʘʚʣʷʝʪ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ 

ʩʨʦʯʥʦ ʧʝʨʝʦʨʠʝʥʪʠʨʦʚʘʪʴʩʷ ʥʘ ʚʦʟʦʙʥʦʚʣʷʝʤʳʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʨʝʩʫʨʩʳ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

ʠʩʢʦʧʘʝʤʦʛʦ ʪʦʧʣʠʚʘ ʥʝʩʝʪ ʚ ʩʝʙʝ ʩʝʨʴʝʟʥʫʶ ʫʛʨʦʟʫ ʜʣʷ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʠ ʷʚʣʷʝʪʩʷ 

ʢʘʪʘʣʠʟʘʪʦʨʦʤ ʤʥʦʞʝʩʪʚʘ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʢʘʪʘʩʪʨʦʬ. ʀʩʢʦʧʘʝʤʦʝ ʪʦʧʣʠʚʦ ï ʵʪʦ 

ʫʛʣʝʚʦʜʦʨʦʜʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʚʢʣʶʯʘʷ ʫʛʦʣʴ, ʛʘʟ ʠ ʥʝʬʪʴ. ʆʩʥʦʚʥʘʷ ʧʨʦʙʣʝʤʘ ʟʜʝʩʴ ʥʝ ʚ ʩʘʤʦʤ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʵʪʠʭ ʨʝʩʫʨʩʦʚ, ʘ ʚ ʥʝʛʘʪʠʚʥʦʤ ʚʣʠʷʥʠʠ ʠʭ ʧʨʠʤʝʥʝʥʠʷ. ʀʩʢʦʧʘʝʤʦʝ ʪʦʧʣʠʚʦ ʥʝ 

ʦʙʣʘʜʘʝʪ ʩʧʦʩʦʙʥʦʩʪʴʶ ʢ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʝʛʦ ʧʦʣʥʦʤʫ ʠʩʯʝʟʥʦʚʝʥʠʶ. ʇʨʠ 

ʩʞʠʛʘʥʠʠ ʪʘʢʠʭ ʚʠʜʦʚ ʪʦʧʣʠʚʘ ʦʙʨʘʟʫʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʨʝʜʥʳʭ ʛʘʟʦʚ, ʥʘʠʙʦʣʝʝ 

ʦʧʘʩʥʳʤ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʫʛʣʝʢʠʩʣʳʡ ʛʘʟ, ʚʳʟʳʚʘʶʱʠʡ ʛʣʦʙʘʣʴʥʦʝ ʧʦʪʝʧʣʝʥʠʝ. 

ʉʝʨʴʝʟʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ ʵʥʝʨʛʠʠ ʷʚʣʷʝʪʩʷ ʝʝ ʙʝʩʢʦʥʝʯʥʦʩʪʴ. ʆʥʘ ʥʝ 

ʠʩʩʷʢʘʝʪ. ɺʦʟʦʙʥʦʚʣʷʝʤʳʝ ʠʩʪʦʯʥʠʢʠ ʵʥʝʨʛʠʠ ï ʵʪʦ ʨʝʩʫʨʩʳ, ʢʦʪʦʨʳʝ ʥʘʥʦʩʷʪ ʛʦʨʘʟʜʦ 

ʤʝʥʴʰʠʡ ʫʱʝʨʙ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʠʩʢʦʧʘʝʤʦʛʦ ʪʦʧʣʠʚʘ [11]. 
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ɼɽʌʆʈʄɸʎʀʗ ʂʈʀʉʊɸʃʃʀʏɽʉʂʆʁ ʈɽʐɽʊʂʀ ʂʆʃʃʆʀɼʅʆɻʆ ɻʈɸʌʀʊɸ ʉ 

ʀʅʊɽʈʂɸʃʀʈʆɺɸʅʅʓʄʀ ʏɸʉʊʀʎɸʄʀ ʅʀʊʈɸʊɸ ʕʈɹʀʗ (III) ʇʆɼ 

ɺʆɿɼɽʁʉʊɺʀɽʄ ʉɺʏ 

ʉʝʨʝʙʨʷʢʦʚ ʉ.ɺ., ʇʘʚʣʝʥʢʦ ɺ.ʀ. 

ʌɻɹʆʋ ɺʆ çɹʝʣʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. 

ɺ.ɻ.ʐʫʭʦʚʘè, ɹʝʣʛʦʨʦʜ 

 

ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʠʩʩʣʝʜʦʚʘʥʠʶ ʚʦʟʜʝʡʩʪʚʠʷ ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʥʘ ʩʪʨʫʢʪʫʨʥʳʝ 

ʠʟʤʝʥʝʥʠʷ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʨʝʜʢʦʟʝʤʝʣʴʥʳʤ ʤʝʪʘʣʣʦʤ ʫʛʣʝʨʦʜʥʦʡ ʤʘʪʨʠʮʳ 

ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʢʦʣʣʦʠʜʥʳʤ ʛʨʘʬʠʪʦʤ ʤʘʨʢʠ C-0. ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʢʣʶʯʘʝʪ ʘʥʘʣʠʟ 

ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ ʥʝʩʢʦʣʴʢʠʭ ʧʨʦʙ ʢʦʣʣʦʠʜʥʦʛʦ ʛʨʘʬʠʪʘ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ 

ʥʠʪʨʘʪʦʤ ʵʨʙʠʷ (III) ʠ ʢʦʣʣʦʠʜʥʦʛʦ ʛʨʘʬʠʪʘ ʥʝ ʧʦʜʚʝʨʛʥʫʪʳʭ ʠʥʪʝʨʢʘʣʠʨʦʚʘʥʥʠʶ ʈɿʄ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʦʣʣʦʠʜʥʳʡ ʛʨʘʬʠʪ, ʨʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ, ʤʠʢʨʦʚʦʣʥʦʚʦʝ ʠʟʣʫʯʝʥʠʝ, 

ʫʣʴʪʨʘʟʚʫʢʦʚʘʷ ʦʙʨʘʙʦʪʢʘ. 

 

ɺʚʝʜʝʥʠʝ. ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʫʛʣʝʨʦʜʥʳʝ ʤʘʪʨʠʮʳ ʯʘʱʝ ʚʩʝʛʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ 

ʢʘʯʝʩʪʚʝ ʬʠʣʴʪʨʦʚ ʪʘʢ, ʢʘʢ ʦʜʥʠʤ ʠʟ ʛʣʘʚʥʳʭ ʢʘʯʝʩʪʚ ʜʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʘʷ 

ʩʦʨʙʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ, ʭʠʤʠʯʝʩʢʘʷ ʩʪʦʡʢʦʩʪʴ ʠ ʜʦʩʪʫʧʥʦʩʪʴ. ʆʜʥʘʢʦ ʚʩʝ ʯʘʱʝ ʧʦʷʚʣʷʶʪʩʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʫʛʣʝʨʦʜʥʳʭ ʩʪʨʫʢʪʫʨ (ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʛʨʘʬʠʪʦʤ, 

ʫʛʣʝʤ, ʛʨʘʬʝʥʦʤ, ʘʢʪʠʚʠʨʦʚʘʥʥʳʤ ʫʛʣʝʤ) ʚ ʢʘʯʝʩʪʚʝ ʥʘʧʦʣʥʠʪʝʣʷ ʜʣʷ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

[1]. ɺ ʚʠʜʫ ʩʚʦʠʭ ʩʦʨʙʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʫʛʣʝʨʦʜʥʳʝ ʤʘʪʨʠʮʳ ʩʧʦʩʦʙʥʳ ʧʦʜʚʝʨʛʘʪʴʩʷ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʶ ʠʦʥʘʤʠ ʨʘʟʣʠʯʥʳʭ ʚʝʱʝʩʪʚ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʥʘʧʦʣʥʠʪʝʣʝʡ [2].  

ʕʢʩʧʝʨʠʤʝʥʪ  

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʳʣʦ ʧʦʜʛʦʪʦʚʣʝʥʦ 3 ʦʙʨʘʟʮʘ ʩ ʨʘʚʥʳʤʠ ʥʘʚʝʩʢʘʤʠ 

ʢʦʣʣʦʠʜʥʦʛʦ ʛʨʘʬʠʪʘ ʤʘʨʢʠ ʉ-0. ɺ 2 ʦʙʨʘʟʮʘ ʙʳʣʦ ʜʦʙʘʚʣʝʥʦ ʨʘʚʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʥʠʪʨʘʪʘ ʵʨʙʠʷ 

(III). ɺʦ ʚʩʝ ʦʙʨʘʟʮʳ ʙʳʣʘ ʜʦʙʘʚʣʝʥʘ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʘʷ ʚʦʜʘ. ʇʦʩʣʝ ʯʝʛʦ ʧʨʦʙʳ ʙʳʣʠ 

ʧʦʜʚʝʨʞʝʥʳ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʦʙʨʘʙʦʪʢʝ ʥʘ ʫʩʪʘʥʦʚʢʝ U10-1,5 ʧʨʠ 35 ʢɻʮ ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥʫʪ. 

ʆʜʥʘ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʩʫʩʧʝʥʟʠʡ ʙʳʣʘ ʚʳʜʝʨʞʘʥʘ ʚ ʉɺʏ ʧʝʯʠ ʚ ʪʝʯʝʥʠʝ 55 ʩʝʢ. ʧʦʩʣʝ ʯʝʛʦ ʚʩʝ 

ʪʨʠ ʦʙʨʘʟʮʘ ʙʳʣʠ ʧʦʩʪʘʚʣʝʥʳ ʚ ʩʫʰʠʣʴʥʳʡ ʰʢʘʬ. ʈʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ ʚʳʩʫʰʝʥʥʳʭ ʧʨʦʙ 

ʙʳʣ ʧʨʦʚʝʜʝʥ ʥʘ ʨʝʥʪʛʝʥʦʚʩʢʦʤ ʜʠʬʨʘʢʪʦʤʝʪʨʝ ɼʈʆʅ-3.  

ʆʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ  

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ ʦʙʨʘʙʘʪʳʚʘʣʠʩʴ ʩ ʧʦʤʦʱʴʶ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʉrʫstallographica Search-Match Version 2.0.3.1 c ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʜʘʥʥʳʭ ʢʘʨʪʦʪʝʢʠ (PDF-4+) ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʮʝʥʪʨʘ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʜʘʥʥʳʭ JCDS. 

ʆʙʨʘʟʝʮ 1 ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʯʠʩʪʳʡ ʢʦʣʣʦʠʜʥʳʡ ʛʨʘʬʠʪ ʙʝʟ ʤʦʜʠʬʠʢʘʮʠʡ ʯʝʨʝʟ 

ʠʥʪʝʨʢʘʣʠʨʦʚʘʥʥʠʝ ʈɿʄ ʚ ʩʪʨʫʢʪʫʨʫ ʠ ʙʝʟ ʚʦʟʜʝʡʩʪʚʠʷ ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ. 

ɼʠʬʨʘʢʪʦʛʨʘʤʤʘ 1 ʦʙʨʘʟʮʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. 

 



0 10 20 30 40 50 60 70

0

5000

10000

15000

20000

25000

30000

35000

ʀ
ʥ
ʪ
ʝ
ʥ
ʩ
ʠ
ʚ
ʥ
ʦ
ʩ
ʪ
ʴ
 
(
ʠ
ʤ
ʧ
/
ʩ
ʝ
ʢ
)

2ɗ

3.383 3.411

 
ʈʠʩ.1 - ɼʠʬʨʘʢʪʦʛʨʘʤʤʘ ʢʦʣʣʦʠʜʥʦʛʦ ʛʨʘʬʠʪʘ ʤʘʨʢʠ ʉ-0. 

 

ʅʘʙʣʶʜʘʝʪʩʷ 2 ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʢʦʣʣʦʠʜʥʦʛʦ ʛʨʘʬʠʪʘ ʧʠʢʘ ʚ ʧʨʦʤʝʞʫʪʢʝ 2ꜟ 25-28. 

ʆʙʨʘʟʝʮ 2 ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʣʣʦʠʜʥʳʡ ʛʨʘʬʠʪ ʩ ʩʦʨʙʠʨʦʚʘʥʥʳʤ ʥʘ ʝʛʦ 

ʧʦʚʝʨʭʥʦʩʪʠ ʥʠʪʨʘʪʦʤ ʵʨʙʠʷ (III). ɼʠʬʨʘʢʪʦʛʨʘʤʤʘ 2 ʦʙʨʘʟʮʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2. 
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ʈʠʩ.2 - ɼʠʬʨʘʢʪʦʛʨʘʤʤʘ ʢʦʣʣʦʠʜʥʦʛʦ ʛʨʘʬʠʪʘ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʥʠʪʨʘʪʦʤ ʵʨʙʠʷ 

(III ). 

 

ʅʘʙʣʶʜʘʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʩʪʝʧʝʥʠ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʩʪʦʛʦ ʛʨʘʬʠʪʘ. 

ʏʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʠʦʥʳ ʵʨʙʠʷ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʩʦʨʙʠʨʦʚʘʣʠʩʴ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʢʦʣʣʦʠʜʥʦʛʦ ʛʨʘʬʠʪʘ. 

ʆʙʨʘʟʝʮ 3 ʷʚʣʷʝʪʩʷ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʤ ʢʦʣʣʦʠʜʥʳʤ ʛʨʘʬʠʪʦʤ, ʧʦʜʚʝʨʛʥʫʪʳʤ 

ʚʦʟʜʝʡʩʪʚʠʶ ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ. ɼʠʬʨʘʢʪʦʛʨʘʤʤʘ 3 ʦʙʨʘʟʮʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 

3.  
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ʈʠʩ.3 - ɼʠʬʨʘʢʪʦʛʨʘʤʤʘ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʢʦʣʣʦʠʜʥʦʛʦ ʛʨʘʬʠʪʘ, ʧʦʜʚʝʨʛʥʫʪʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʶ ʉɺʏ ʠʟʣʫʯʝʥʠʷ.  

 

ʅʘʙʣʶʜʘʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʩʪʝʧʝʥʠ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ ʠ ʥʝʙʦʣʴʰʦʝ ʩʤʝʱʝʥʠʝ ʧʠʢʘ ʚ 

ʨʘʡʦʥʝ 2ꜟ 26-27 ʛʨʘʜʫʩʦʚ. ʏʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʜʝʬʦʨʤʘʮʠʶ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ 

ʢʦʣʣʦʠʜʥʦʛʦ ʛʨʘʬʠʪʘ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʄʠʥʦʙʨʥʘʫʢʠ ʈʦʩʩʠʠ ˉ 

FZWN-2023-0004 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʘ ʙʘʟʝ ʎʝʥʪʨʘ ʚʳʩʦʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ɹɻʊʋ 

ʠʤ. ɺ. ɻ. ʐʫʭʦʚʘ.   
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DEFORMATION OF THE C RYSTAL LATTICE OF CO LLOIDAL GRAPHITE WIT H 

INTERCALATED PARTICL ES OF ERBIUM (III) N ITRATE UNDER THE INF LUENCE 

OF MICROWAVE  

Serebryakov S.V. 

The article is devoted to the study of the effect of microwave radiation on structural changes of a 

carbon matrix modified by a rare earth metal represented by colloidal graphite grade C-0. The study 

includes the analysis of X-ray phase analysis of several samples of colloidal graphite modified with 

erbium (III) nitrate and colloidal graphite not intercalated with REM. 

Keywords: colloidal graphite, X-ray phase analysis, microwave radiation, ultrasonic treatment. 

  



ʇɽʈʉʇɽʂʊʀɺʅʓɽ ʄɽʊʆɼʓ ʇʆʃʀʈʆɺɸʅʀʗ ɺʆʃʅʆɺʆɼʆɺ 

ʂʘʨʝʣʠʥʘ ɽ.ɸ. 

ʉʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʥʘʫʢʠ ʠ ʪʝʭʥʦʣʦʛʠʡ ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ 

ʄ.ʌ.ʈʝʰʝʪʥʝʚʘ, ʂʨʘʩʥʦʷʨʩʢ 

karelina-1996@bk.ru 

ʈʘʩʩʤʦʪʨʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʦʚ ʦʙʨʘʙʦʪʢʠ ʚʥʫʪʨʝʥʥʠʭ ʢʘʥʘʣʦʚ 

ʚʦʣʥʦʚʦʜʦʚ, ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚʦʣʥʦʚʦʜʥʦʡ ʪʝʭʥʠʢʠ ʉɺʏ. ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʦʛʦ 

ʘʥʘʣʠʟʘ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʥʘ ʵʪʘʧʝ ʬʠʥʠʰʥʦʡ ʦʙʨʘʙʦʪʢʠ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʤʝʪʦʜʦʤ 

ʷʚʣʷʝʪʩʷ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʝ ʧʦʣʠʨʦʚʘʥʠʝʶ 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʉɺʏ ʚʦʣʥʦʚʦʜ, ʚʥʫʪʨʝʥʥʷʷ ʧʦʚʝʨʭʥʦʩʪʴ, ʰʝʨʦʭʦʚʘʪʦʩʪʴ, ʧʦʣʠʨʦʚʘʥʠʝ. 

 

ɺʥʫʪʨʝʥʥʷʷ ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʣʳʭ ʚʦʣʥʦʚʦʜʦʚ ʜʦʣʞʥʘ ʜʦʩʪʠʛʘʪʴ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ 

ʯʠʩʪʦʪʳ, ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʩʣʦʡ ʤʝʪʘʣʣʘ ʜʦʣʞʝʥ ʙʳʪʴ ʦʜʥʦʨʦʜʥʳʤ, ʙʝʟ ʨʘʟʨʫʰʝʥʠʡ. ʕʪʦ 

ʜʦʩʪʠʛʘʝʪʩʷ ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʚʠʜʘʤʠ ʦʙʨʘʙʦʪʢʠ: ʯʠʩʪʦʚʳʤ ʪʦʯʝʥʠʝʤ, ʩʫʧʝʨʬʠʥʠʰʠʨʦʚʘʥʠʝʤ 

ʠʣʠ ʜʦʨʥʦʚʘʥʠʝʤ. ʇʦʩʣʝ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʚʝʨʭʥʦʩʪʴ ʢʘʞʝʪʩʷ ʧʦʚʨʝʞʜʝʥʥʦʡ, ʠ 

ʚʥʫʪʨʝʥʥʠʡ ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʩʣʦʡ ʥʝʦʙʭʦʜʠʤʦ ʫʜʘʣʠʪʴ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʤʝʭʘʥʠʯʝʩʢʦʝ 

ʧʦʣʠʨʦʚʘʥʠʝ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʚʥʫʪʨʝʥʥʝʛʦ ʩʣʦʷ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʤʝʥʷʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʤʝʪʦʜ ʬʠʥʠʰʥʦʡ ʦʙʨʘʙʦʪʢʠ. ʆʜʥʘʢʦ ʚʩʝ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʦʧʝʨʘʮʠʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʘʙʨʘʟʠʚʘ ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʟʘʩʦʨʝʥʠʝʤ ʧʦʨ 

ʧʦʚʝʨʭʥʦʩʪʠ ʜʝʪʘʣʠ ʟʝʨʥʘʤʠ ʘʙʨʘʟʠʚʘ, ʟʥʘʯʠʪʝʣʴʥʦ ʫʭʫʜʰʘʝʪʩʷ ʢʘʯʝʩʪʚʦ ʨʘʙʦʯʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʪʘʢ ʢʘʢ ʘʙʨʘʟʠʚ ʨʘʟʨʫʰʘʝʪ ʩʪʨʫʢʪʫʨʫ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ [1, 2]. 

ʇʦʵʪʦʤʫ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʩʧʦʩʦʙʦʤ ʬʠʥʠʰʥʦʡ ʦʙʨʘʙʦʪʢʠ ʚʦʣʥʦʚʦʜʦʚ ʤʦʞʥʦ ʩʯʠʪʘʪʴ 

ʤʝʪʦʜ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʧʦʣʠʨʦʚʘʥʠʷ. 

ʆʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʤʦʜʝʣʝʡ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʧʦʣʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʤʦʜʝʣʴ, 

ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʨʦʛʨʝʩʩʠʚʥʳʭ ʤʘʛʥʠʪʦ-ʘʙʨʘʟʠʚʥʳʭ ʪʦʢʦʧʨʦʚʦʜʷʱʠʭ 

ʤʘʪʝʨʠʘʣʦʚ ʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʧʦʣʠʨʦʚʘʣʴʥʳʭ ʩʦʩʪʘʚʦʚ. ʕʪʠ ʤʘʪʝʨʠʘʣʳ ʦʙʣʘʜʘʶʪ 

ʚʳʩʦʢʦʡ ʘʙʨʘʟʠʚʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ, ʧʝʨʝʥʦʩʷʪ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʟʘʨʷʜ ʚ ʵʣʝʢʪʨʦʣʠʪʝ ʠ ʧʦʟʚʦʣʷʶʪ 

ʵʬʬʝʢʪʠʚʥʦ ʫʜʘʣʠʪʴ ʥʝʨʦʚʥʦʩʪʠ ʠ ʤʠʢʨʦʪʨʝʱʠʥʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʥʘʣʘ. ʂʨʦʤʝ ʪʦʛʦ, ʦʥʠ 

ʤʦʛʫʪ ʙʳʪʴ ʧʦʜʦʙʨʘʥʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʨʝʙʦʚʘʥʠʡ ʠ ʦʩʦʙʝʥʥʦʩʪʝʡ ʤʘʪʝʨʠʘʣʘ, ʠʟ ʢʦʪʦʨʦʛʦ 

ʠʟʛʦʪʦʚʣʝʥ ʢʘʥʘʣ. 

ɸʥʦʜʥʦ-ʘʙʨʘʟʠʚʥʘʷ ʦʙʨʘʙʦʪʢʘ - ʵʪʦ ʤʝʪʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʩʦʯʝʪʘʥʠʠ ʘʥʦʜʥʦʛʦ 

ʨʘʩʪʚʦʨʝʥʠʷ ʠ ʤʝʭʘʥʠʯʝʩʢʦʛʦ (ʤʘʛʥʠʪʦ-ʘʙʨʘʟʠʚʥʦʛʦ) ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʜʝʪʘʣʠ, 

ʢʦʪʦʨʫʶ ʥʝʦʙʭʦʜʠʤʦ ʦʙʨʘʙʦʪʘʪʴ. ɺ ʧʨʦʮʝʩʩʝ ʤʘʛʥʠʪʥʦ-ʘʥʦʜʥʦʡ-ʘʙʨʘʟʠʚʥʦʡ ʦʙʨʘʙʦʪʢʠ, ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʴ ʜʝʪʘʣʠ ʚʦʟʜʝʡʩʪʚʫʶʪ ʥʝʩʢʦʣʴʢʦ ʬʘʢʪʦʨʦʚ, ʧʨʦʮʝʩʩ ʧʦʣʠʨʦʚʢʠ ʤʦʞʝʪ ʙʳʪʴ 

ʫʧʨʘʚʣʷʝʤʳʤ ʟʘ ʩʯʝʪ ʚʦʟʜʝʡʩʪʚʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. 

ʇʝʨʚʳʤ ʠ ʦʩʥʦʚʥʳʤ ʬʘʢʪʦʨʦʤ ʷʚʣʷʝʪʩʷ ʧʣʦʪʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ. ʕʣʝʢʪʨʠʯʝʩʢʠʡ 

ʪʦʢ ʠʩʪʦʯʥʠʢʘ ʧʨʠʚʦʜʠʪ ʢ ʘʥʦʜʥʦʤʫ ʨʘʩʪʚʦʨʝʥʠʶ ʧʨʠ ʧʨʦʢʘʯʢʝ ʵʣʝʢʪʨʦʣʠʪʘ ʚ ʢʘʥʘʣ, ʯʪʦ 

ʦʟʥʘʯʘʝʪ, ʯʪʦ ʤʝʪʘʣʣ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʜʝʪʘʣʠ ʨʘʩʪʚʦʨʷʝʪʩʷ ʚ ʵʣʝʢʪʨʦʣʠʪʝ. ʕʪʦ ʧʨʦʠʩʭʦʜʠʪ 

ʙʣʘʛʦʜʘʨʷ ʧʦʣʦʞʠʪʝʣʴʥʦʤʫ ʟʘʨʷʜʫ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʜʝʪʘʣʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʠʦʥʳ ʤʝʪʘʣʣʘ 

ʧʝʨʝʥʦʩʷʪʩʷ ʚ ʞʠʜʢʦʩʪʴ, ʯʪʦ ʚʳʟʳʚʘʝʪ ʨʘʩʪʚʦʨʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʝʚ ʜʝʪʘʣʠ. 

ɺʪʦʨʳʤ ʬʘʢʪʦʨʦʤ ʚ ʧʨʦʮʝʩʩʝ ʘʥʦʜʥʦ-ʘʙʨʘʟʠʚʥʦʡ ʦʙʨʘʙʦʪʢʠ ʷʚʣʷʝʪʩʷ ʘʥʦʜʥʳʡ ʧʨʦʮʝʩʩ 

ʠ ʤʝʭʘʥʠʯʝʩʢʘʷ ʩʠʣʘ, ʢʦʪʦʨʳʝ ʩʦʟʜʘʶʪʩʷ ʯʘʩʪʠʮʘʤʠ ʤʘʛʥʠʪʦ-ʘʙʨʘʟʠʚʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠ 

ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ.  

ʊʨʝʪʠʡ ʬʘʢʪʦʨï ʪʝʧʣʦʚʦʡ ʧʦʪʦʢ, ʢʦʪʦʨʳʡ ʧʨʠʚʦʜʠʪ ʢ ʪʝʧʣʦʚʦʡ ʵʨʦʟʠʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ 

ʩʣʦʝʚ ʵʣʝʢʪʨʦʜʘ-ʟʘʛʦʪʦʚʢʠ. ɺ ʧʨʦʮʝʩʩʝ ʘʥʦʜʥʦ-ʘʙʨʘʟʠʚʥʦʡ ʦʙʨʘʙʦʪʢʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʧʨʦʭʦʞʜʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ ʯʝʨʝʟ ʵʣʝʢʪʨʦʜ ʠ ʜʝʪʘʣʴ, ʤʦʞʝʪ ʥʘʙʣʶʜʘʪʴʩʷ ʚʳʜʝʣʝʥʠʝ 



ʪʝʧʣʘ. ʕʪʦ ʪʝʧʣʦ ʤʦʞʝʪ ʚʳʟʳʚʘʪʴ ʵʨʦʟʠʶ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʝʚ ʠʟ ʟʘʛʦʪʦʚʢʠ ʠ ʧʨʠʚʦʜʠʪʴ ʢ 

ʠʟʤʝʥʝʥʠʶ ʠʭ ʩʪʨʫʢʪʫʨʳ.  

ʇʨʠʤʝʥʝʥʠʝ ʠʤʧʫʣʴʩʥʦʛʦ ʪʦʢʘ ʧʨʠ ʘʥʦʜʥʦ-ʘʙʨʘʟʠʚʥʦʤ ʧʦʣʠʨʦʚʘʥʠʠ (ɸɸʇ) 

ʵʣʘʩʪʠʯʥʳʤ ʢʘʪʦʜ- ʠʥʩʪʨʫʤʝʥʪʦʤ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʵʣʝʢʪʨʦʣʠʪʘ, ʫʣʫʯʰʠʪʴ 

ʵʚʘʢʫʘʮʠʶ ʧʨʦʜʫʢʪʦʚ ʘʥʦʜʥʦʛʦ ʨʘʩʪʚʦʨʝʥʠʷ, ʧʦʚʳʩʠʪʴ ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ ʠ ʩʪʘʙʠʣʠʟʠʨʦʚʘʪʴ 

ʚʝʣʠʯʠʥʫ ʩʲʝʤʘ ʤʠʢʨʦʥʝʨʦʚʥʦʩʪʝʡ [3]. 
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PROMISING METHODS OF  POLISHING WAVEGUIDE S 

The features of the existing methods of processing the internal channels of waveguides, the production 

technology of microwave waveguide technology are considered. The results of the analysis showed 

that at the finishing stage, the most effective method is combined polishing 

Keywords: microwave waveguide, inner surface, roughness, polishing. 

  



ʇʈʆʎɽʉʉ ʉʆɿɼɸʅʀʗ ʉɸʁʊɸ çʂʅʀɾʅʓʁ ʄɸɻɸɿʀʅè 

ɻʘʡʥʫʣʣʠʥ ʈ.ʈ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʇʳʩʪʦʛʦʚ ʉ.ɺ. 

ʂʘʟʘʥʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɸ.ʅ. ʊʫʧʦʣʝʚʘ 

2001rail@gmail.com 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʚʝʙ-ʩʘʡʪʘ çʂʥʠʞʥʳʡ ʤʘʛʘʟʠʥè, ʚ ʯʘʩʪʥʦʩʪʠ 

ʝʛʦ ʩʪʨʫʢʪʫʨʘ ʠ ʠʥʪʝʨʬʝʡʩ. ʈʘʟʨʘʙʦʪʢʘ ʩʪʨʫʢʪʫʨʳ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʝ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ 

ʢʣʶʯʝʚʳʭ ʤʦʤʝʥʪʦʚ ʝʛʦ ʩʦʟʜʘʥʠʷ, ʢʦʪʦʨʳʡ ʚ ʙʦʣʴʰʦʡ ʩʪʝʧʝʥʠ ʦʧʨʝʜʝʣʷʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʝʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʚ ʙʫʜʫʱʝʤ. ʉ ʪʝʭʥʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʩʪʨʫʢʪʫʨʘ ʩʘʡʪʘ ï ɻ ʪʦ ʥʝ ʯʪʦ 

ʠʥʦʝ, ʢʘʢ ʚʩʝ ʝʛʦ ʩʪʨʘʥʠʮʳ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚ ʧʦʨʷʜʢʝ ʠʭ ʟʥʘʯʠʤʦʩʪʠ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʪʦ 

ʝʩʪʴ ʠʝʨʘʨʭʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʝʙ-ʧʨʠʣʦʞʝʥʠʝ, ʜʠʟʘʡʥ, ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʦʧʳʪ, ʙʨʝʥʜ, ʠʥʪʝʨʬʝʡʩ. 

 

ʈʘʟʨʘʙʘʪʳʚʘʷ ʩʪʨʫʢʪʫʨʫ ʜʣʷ ʙʫʜʫʱʝʛʦ ʩʘʡʪʘ, ʦʯʝʥʴ ʫʯʠʪʳʚʘʪʴ ʪʦ, ʯʪʦ ʩʝʛʦʜʥʷ 

ʚʳʠʛʨʳʚʘʶʪ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʪʝ ʠʥʪʝʨʥʝʪ-ʨʝʩʫʨʩʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʦʙʝʩʧʝʯʠʪʴ ʩʚʦʠʤ 

ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʙʳʩʪʨʳʡ ʜʦʩʪʫʧ ʢ ʣʶʙʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʥʘʭʦʜʷʱʝʡʩʷ ʥʘ ʠʭ ʩʪʨʘʥʠʮʘʭ. 

ʅʘ ʛʣʘʚʥʦʡ ʩʪʨʘʥʠʮʝ ʙʫʜʝʪ ʰʘʧʢʘ ʩʘʡʪʘ (Header) ï ʚʝʨʭʥʷʷ ʦʙʣʘʩʪʴ ʥʘ ʩʘʡʪʝ, ʢʦʪʦʨʘʷ 

ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʦʙʣʝʛʯʝʥʠʷ ʥʘʚʠʛʘʮʠʠ ʧʦ ʩʪʨʘʥʠʮʝ, ʠ ʧʝʨʚʳʡ ʵʣʝʤʝʥʪ, ʢʦʪʦʨʳʡ ʧʨʠʚʣʝʢʘʝʪ 

ʚʥʠʤʘʥʠʝ ʧʦʣʴʟʦʚʘʪʝʣʷ. ʉ ʧʦʤʦʱʴʶ ʭʝʜʝʨʘ ʧʦʩʝʪʠʪʝʣʴ ʩʘʡʪʘ ʧʦʥʠʤʘʝʪ, ʛʜʝ ʥʘʭʦʜʠʪʩʷ, ʢʘʢ 

ʧʝʨʝʡʪʠ ʚ ʩʣʝʜʫʶʱʠʡ ʨʘʟʜʝʣ ʠ ʥʘʡʪʠ ʥʫʞʥʫʶ ʠʥʬʦʨʤʘʮʠʶ (ʈʠʩ.1).  

 

 
ʈʠʩʫʥʦʢ 1. ʐʘʧʢʘ ʩʘʡʪʘ 

 

ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʜ ʜʣʷ ʰʘʧʢʠ (Header) ʚʝʙ-ʧʨʠʣʦʞʝʥʠʷ: 

</head> 

<body> 

<header class="header-wrapper"> 

    <nav class="navbar navbar-expand-lg navbar-dark bg-dark"> 

        <div class="container"> 

            <a class="navbar-brand" href="index.php">ʂʥʠʞʥʳʡ ʤʘʛʘʟʠʥ</a> 

            <button class="navbar-toggler" type="button" data-toggle="collapse" data-

target="#navbarNav" 

                    aria-controls="navbarNav" aria-expanded="false" aria-label="Toggle 

navigation"> 

                <span class="navbar-toggler-icon"></span> 

            </button> 

 

            <form class="form-inline my-2 my-lg-0 mr-auto" id="searchForm"> 

                <input class="form-control mr-sm-2" type="search" placeholder="ʇʦʠʩʢ ʧʦ 

ʪʦʚʘʨʘʤ" aria-label="Search" id="searchInput"> 

                <button class="btn btn-outline-light my-2 my-sm-0" 

type="submit">ʇʦʠʩʢ</button> 

            </form> 

            <div class="collapse navbar-collapse" id="navbarNav"> 



                <ul class="navbar-nav ml-auto"> 

                    <li class="nav-item"> 

                         <button class="btn btn-outline-light my-2 my-sm-0" 

type="login">ɺʦʡʪʠ</button>' 

                    </li> 

                </ul> 

            </div> 

        </div> 

    </nav> 

</header> 

ɺ ʣʝʚʦʡ ʯʘʩʪʠ ʩʪʨʘʥʠʮʳ ʙʫʜʝʪ ʥʘʭʦʜʠʪʴʩʷ ʩʧʠʩʦʢ ʞʘʥʨʦʚ (ʈʠʩ. 2). ʇʦ ʥʠʤ ʤʦʞʥʦ 

ʧʝʨʝʡʪʠ ʚ ʢʘʪʘʣʦʛ, ʚ ʢʦʪʦʨʦʤ ʩʦʙʨʘʥʳ ʢʥʠʛʠ ʦʜʥʦʛʦ ʞʘʥʨʘ, ʠ ʧʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʧʨʦʩʤʦʪʨʝʪʴ 

ʪʦʚʘʨʳ, ʦʟʥʘʢʦʤʠʪʴʩʷ ʩʦ ʚʩʝʤ ʘʩʩʦʨʪʠʤʝʥʪʦʤ ʜʘʥʥʦʛʦ ʞʘʥʨʘ ʠ ʚʳʙʨʘʪʴ ʧʦʥʨʘʚʠʚʰʫʶʩʷ ʢʥʠʛʫ. 

ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʜ ʜʣʷ ʞʘʥʨʘ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʷ: 

<div class="category-menu"> 

            <h3 class="category-menu-title">ɾʘʥʨʳ</h3> 

            <u1 class="category-list"> 

                <h5><li class="category-item"><a href="products.php?category_id=1">1. 

ʇʩʠʭʦʣʦʛʠʷ</h5></a></li> 

                <h5><li class="category-item"><a href="products.php?category_id=2">2. 

ʈʦʤʘʥ</h5></a></li> 

                <h5><li class="category-item"><a href="products.php?category_id=3">3. 

ʆʙʨʘʟʦʚʘʥʠʝ</h5></a></li> 

                <h5><li class="category-item"><a href="products.php?category_id=7">4. 

ʂʦʤʝʜʠʷ</h5></a></li> 

                <h5><li class="category-item"><a href="products.php?category_id=8">5. 

ʌʵʥʪʵʟʠ</h5></a></li> 

                <h5><li class="category-item"><a href="products.php?category_id=9">6. 

ʇʦʵʟʠʷ</h5></a></li> 

                <h5><li class="category-item"><a href="products.php?category_id=10">7. 

ʇʨʠʢʣʶʯʝʥʠʷ</h5></a></li> 

                <h5><li class="category-item"><a href="products.php?category_id=11">8. 

ɼʝʪʝʢʪʠʚ</h5></a></li> 

                </li>            

            </u1> 

        </div> 

         

 
ʈʠʩʫʥʦʢ 2. ɾʘʥʨʳ  

 



ʅʘ ʛʣʘʚʥʦʡ ʩʪʨʘʥʠʮʝ ʨʘʟʤʝʱʘʶʪʩʷ ʩʣʫʯʘʡʥʳʝ ʢʥʠʛʠ, ʚ ʦʩʥʦʚʥʦʤ ʧʦʧʫʣʷʨʥʳʝ ʠʣʠ ʯʘʩʪʦ 

ʧʦʢʫʧʘʝʤʳʝ (ʈʠʩ.3). ʂʘʞʜʘʷ ʢʘʨʪʦʯʢʘ ʪʦʚʘʨʦʚ ʩʦʜʝʨʞʠʪ ʠʟʦʙʨʘʞʝʥʠʝ ʪʦʚʘʨʘ, ʥʘʟʚʘʥʠʝ ʢʥʠʛʠ, 

ʘʚʪʦʨʘ, ʮʝʥʫ ʠ ʢʥʦʧʢʫ çɼʦʙʘʚʠʪʴ ʚ ʢʦʨʟʠʥʫè. 

ʏʘʩʪʴ ʢʦʜʘ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʨʘʟʤʝʱʝʥʠʷ ʢʥʠʛ ʥʘ ʛʣʘʚʥʦʡ ʩʪʨʘʥʠʮʝ: 

<div class="col-md-4 mb-3"> 

                    <div class="product-card d-flex flex-column"> 

                        <div class="product-image-container"> 

                            <a href="product.php?id=33"> 

                                <img src="ru6.jpg" class="d-block w-100 image" alt="ʊʦʚʘʨ"> 

                            </a> 

                        </div> 

                        <div class="product-content"> 

                            <p class="product-price"><strong>248.00 </strong></p> 

                                <h5 class="product-title">ɼʫʙʨʦʚʩʢʠʡ</h5> 

                                    <button class="btn btn-primary btn-sm add-to-cart" data-product-

id="33">ɼʦʙʘʚʠʪʴ ʚ ʢʦʨʟʠʥʫ</button> 

                        </div> 

                    </div> 

                </div> 

 

 
ʈʠʩʫʥʦʢ 3. ɻʣʘʚʥʘʷ ʩʪʨʘʥʠʮʘ 

 

ɿʘʢʣʶʯʝʥʠʝ. ɺ ʨʘʤʢʘʭ ʨʘʙʦʪʳ ʥʘʜ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʝʤ ʦʜʥʠʤ ʠʟ ʧʝʨʚʳʭ ʰʘʛʦʚ ʙʳʣʦ 

ʩʦʟʜʘʥʠʝ ʛʣʘʚʥʦʡ. ʅʘ ʥʝʡ ʦʪʨʘʞʝʥʳ ʦʩʥʦʚʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʩʘʡʪʘ, ʘ ʠʤʝʥʥʦ ʭʝʜʝʨ (ʰʘʧʢʘ 

ʩʪʨʘʥʠʮʳ), ʢʘʪʝʛʦʨʠʷ (ʞʘʥʨʳ), ʩʪʨʘʥʠʮʘ, ʢʦʪʦʨʘʷ ʩʦʜʝʨʞʠʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʢʘʞʜʦʡ ʢʥʠʛʝ. 

ʉʧʠʩʦʢ ʠʩʪʦʯʥʠʢʦʚ 

1. ʅʠʣʴʩʝʥ, ɼʞ. (2000). ɼʠʟʘʡʥ ʚʝʙ-ʩʘʡʪʦʚ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʫʜʦʙʩʪʚʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. 

ɺʠʣʴʷʤʩ. 

2. çʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʡè, ʅʘʪʘʥ ɹʘʨʨʠ, 2016 ʛ. 



3. ɼʨʠʛʘʣʢʠʥ ɺ.ɺ. HTML ʚ ʧʨʠʤʝʨʘʭ. ʂʘʢ ʩʦʟʜʘʪʴ ʩʚʦʡ Web-ʩʘʡʪ. ʉʘʤʦʫʯʠʪʝʣʴ. 

ɼʠʘʣʝʢʪʠʢʘ, 2003 

 

THE PROCESS OF CREATING A WEBSITE "BOOKS TORE"  

Gainullin R.R., Pystogov S.V. 

Kazan National Research Technical University named after A.N. Tupolev 

2001rail@gmail.com 

This article discusses the development of the Bookstore website, in particular its structure and 

interface. The development of the web application structure is one of the key points of its creation, 

which largely determines the effectiveness of its functioning in the future. From a technical point of 

view, the structure of a site is nothing more than all its pages, arranged in the order of their 

importance to users, that is, a hierarchy. 

Keywords: web application, design, user experience, brand, interface. 

  



ʇʈʆʎɽʉʉ ʉʆɿɼɸʅʀʗ ʉɸʁʊɸ çʎɺɽʊʆʏʅʓʁ ʄɸɻɸɿʀʅè 

ʎʳʤʙʘʣʶʢ ɼ.ɺ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʇʳʩʪʦʛʦʚ ʉ.ɺ. 

ʂʘʟʘʥʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɸ.ʅ. ʊʫʧʦʣʝʚʘ 

cymbalukdiana@gmail.com 

ɼʣʷ ʩʦʟʜʘʥʠʷ ʫʩʧʝʰʥʦʛʦ ʚʝʙ-ʩʘʡʪʘ ʜʣʷ ʮʚʝʪʦʯʥʦʛʦ ʤʘʛʘʟʠʥʘ ʥʝʦʙʭʦʜʠʤʦ ʫʜʝʣʠʪʴ ʚʥʠʤʘʥʠʝ 

ʥʝʩʢʦʣʴʢʠʤ ʢʣʶʯʝʚʳʤ ʘʩʧʝʢʪʘʤ. ʅʘʯʥʝʤ ʩ ʚʳʙʦʨʘ ʜʠʟʘʡʥʘ ʠ ʮʚʝʪʦʚʦʡ ʩʭʝʤʳ. ɼʠʟʘʡʥ ʩʘʡʪʘ 

ʜʦʣʞʝʥ ʙʳʪʴ ʷʨʢʠʤ, ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤ ʠ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʪʝʤʘʪʠʢʝ ʤʘʛʘʟʠʥʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʜʠʟʘʡʥ, ʨʘʟʨʘʙʦʪʢʘ, ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʦʧʳʪ, ʶʟʘʙʠʣʠʪʠ. 

 

ɼʣʷ ʫʩʧʝʰʥʦʛʦ ʩʘʡʪʘ "ʉʝʨʚʠʩ ʜʣʷ ʩʦʟʜʘʥʠʷ ʠ ʟʘʢʘʟʘ ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʧʦʜʘʨʢʦʚ" 

ʚʘʞʥʦ ʧʨʦʜʫʤʘʪʴ ʩʪʨʫʢʪʫʨʫ, ʢʦʪʦʨʘʷ ʙʫʜʝʪ ʫʜʦʙʥʦʡ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠ ʧʦʤʦʞʝʪ ʠʤ ʙʳʩʪʨʦ 

ʥʘʡʪʠ ʥʝʦʙʭʦʜʠʤʫʶ ʠʥʬʦʨʤʘʮʠʶ ʠʣʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ. ɺʦʪ ʧʨʝʜʣʦʞʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ, 

ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ ʵʬʬʝʢʪʠʚʥʦʡ ʜʣʷ ʚʘʰʝʛʦ ʩʘʡʪʘ: 

1. ɻʣʘʚʥʘʷ ʩʪʨʘʥʠʮʘ 

2. ʇʨʦʜʫʢʪʳ ʠ ʫʩʣʫʛʠ 

3. ʆ ʥʘʩ 

4. ʃʠʯʥʳʡ ʢʘʙʠʥʝʪ 

5. ʂʦʨʟʠʥʘ 

ʕʪʦ ʙʘʟʦʚʘʷ ʩʪʨʫʢʪʫʨʘ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ ʨʘʩʰʠʨʝʥʘ ʠʣʠ ʜʦʨʘʙʦʪʘʥʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʦʩʦʙʝʥʥʦʩʪʝʡ ʚʘʰʝʛʦ ʙʠʟʥʝʩʘ ʠ ʧʦʪʨʝʙʥʦʩʪʝʡ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ɺʘʞʥʦ ʪʘʢʞʝ ʦʙʝʩʧʝʯʠʪʴ 

ʥʘʚʠʛʘʮʠʶ ʩʘʡʪʘ, ʯʪʦʙʳ ʧʦʣʴʟʦʚʘʪʝʣʠ ʣʝʛʢʦ ʤʦʛʣʠ ʧʝʨʝʤʝʱʘʪʴʩʷ ʤʝʞʜʫ ʨʘʟʜʝʣʘʤʠ ʠ ʙʳʩʪʨʦ 

ʥʘʭʦʜʠʪʴ ʥʫʞʥʫʶ ʠʥʬʦʨʤʘʮʠʶ. ʆʧʪʠʤʠʟʘʮʠʷ ʜʣʷ ʤʦʙʠʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ ʪʘʢʞʝ ʢʨʘʡʥʝ ʚʘʞʥʘ, 

ʪʘʢ ʢʘʢ ʚʩʝ ʙʦʣʴʰʝ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʧʦʩʝʱʘʶʪ ʩʘʡʪʳ ʩ ʤʦʙʠʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ. 

ʅʘ ʛʣʘʚʥʦʡ ʩʪʨʘʥʠʮʝ ʙʫʜʝʪ ʰʘʧʢʘ ʩʘʡʪʘ 

 
ʈʠʩʫʥʦʢ 1. ʐʘʧʢʘ ʩʘʡʪʘ 

 

ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʜ ʜʣʷ ʰʘʧʢʠ WEB-ʩʘʡʪʘ: 

<nav class="navbar navbar-expand-lg navbar-light bg-light"> 

  <div class="container"> 

    <a class="navbar-brand" href="index.php">ʎʚʝʪʦʯʥʳʡ ʤʘʛʘʟʠʥ</a> 

    <button class="navbar-toggler" type="button" data-toggle="collapse" data-

target="#navbarNav" aria-controls="navbarNav" aria-expanded="false" aria-label="Toggle 

navigation"> 

      <span class="navbar-toggler-icon"></span> 

    </button> 

    <div class="collapse navbar-collapse" id="navbarNav"> 

      <ul class="navbar-nav ml-auto"> 

        <?php if ($loggedin): ?> 

      <?php if ($is_admin): ?> 

      <li class="nav-item"> 

        <a class="nav-link" href="admin_panel.php"> 

          <i class="bi bi-gear-wide-connected"></i> 



          <strong>ɸʜʤʠʥ-ʧʘʥʝʣʴ</strong> 

        </a> 

      </li> 

          <?php endif; ?> 

          <li class="nav-item dropdown"> 

      <div class="dropdown"> 

        <button class="btn btn-secondary dropdown-toggle" type="button" 

id="dropdownMenuButton" data-toggle="dropdown" aria-haspopup="true" aria-expanded="false"> 

        ʄʝʥʶ 

        </button> 

        <div class="dropdown-menu" aria-labelledby="dropdownMenuButton"> 

        <a class="dropdown-item" href="profile.php"><i class="bi bi-person"></i> ʃʠʯʥʳʡ 

ʢʘʙʠʥʝʪ</a> 

        <a class="dropdown-item" href="my_products.php"><i class="bi bi-bag-check"></i> 

ʄʦʠ ʪʦʚʘʨʳ</a> 

        <a class="dropdown-item" href="orders.php"><i class="bi bi-list-check"></i> 

ɿʘʢʘʟʳ</a> 

        </div> 

      </div> 

          </li> 

          <li class="nav-item"> 

            <a class="nav-link" href="cart.php"><i class="bi bi-cart-fill"></i> ʂʦʨʟʠʥʘ</a> 

          </li> 

      <li class="nav-item"> 

            <a class="nav-link" href="favorites.php"><i class="bi bi-heart-fill"></i> 

ʀʟʙʨʘʥʥʦʝ</a> 

          </li> 

          <li class="nav-item"> 

            <a class="nav-link font-weight-bold" href="logout.php"><i class="bi bi-box-arrow-

right"></i> ɺʳʭʦʜ</a> 

          </li> 

        <?php else: ?> 

          <li class="nav-item"> 

            <a class="btn btn-primary mr-2" href="login.php">ɸʚʪʦʨʠʟʘʮʠʷ</a> 

          </li> 

          <li class="nav-item"> 

            <a class="btn btn-primary" href="register.php">ʈʝʛʠʩʪʨʘʮʠʷ</a> 

          </li> 

        <?php endif; ?> 

      </ul> 

    </div> 

  </div> 

</nav> 

 

ɺ ʮʝʥʪʨʝ ʩʪʨʘʥʠʮʳ ʙʫʜʝʪ ʥʘʭʦʜʠʪʩʷ ʩʧʠʩʦʢ ʮʚʝʪʳ (ʨʠʩ.2) 



 
ʈʠʩʫʥʦʢ 2. ʅʦʚʳʝ ʧʦʩʪʫʧʣʝʥʠʷ 

 

ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʜ ʜʣʷ ʮʚʝʪʳ WEB-ʩʘʡʪʘ: 

<h2 class="text-center mb-4">ʅʦʚʳʝ ʧʦʩʪʫʧʣʝʥʠʷ</h2> 

<div class="row"> 

    <?php 

    include 'db_connect.php'; 

    $per_page = 9; 

    $page = isset($_GET['page']) ? $_GET['page'] : 1; 

    $start = ($page - 1) * $per_page; 

    $user_id = isset($_SESSION['user_id']) ? $_SESSION['user_id'] : null; 

    $count_sql = "SELECT COUNT(*) AS total FROM Products WHERE IsActive = 1"; 

    $count_stmt = $pdo->query($count_sql); 

    $total_rows = $count_stmt->fetch(PDO::FETCH_ASSOC)['total']; 

    $sql = "SELECT * FROM Products WHERE IsActive = 1 LIMIT :start, :per_page"; 

    $stmt = $pdo->prepare($sql); 

    $stmt->bindParam(':start', $start, PDO::PARAM_INT); 

    $stmt->bindParam(':per_page', $per_page, PDO::PARAM_INT); 

    $stmt->execute(); 

    if ($stmt->rowCount() > 0) { 

        while ($row = $stmt->fetch(PDO::FETCH_ASSOC)) { 

            $isFavorite = false; 

            if ($user_id) { 

                $stmt_favorite = $pdo->prepare("SELECT * FROM Favorites WHERE UserID = 

:user_id AND ProductID = :product_id"); 

                $stmt_favorite->execute(['user_id' => $user_id, 'product_id' => $row['ProductID']]); 

                $isFavorite = $stmt_favorite->rowCount() > 0; 



            }  

            ?> 

             

        <div class="col-md-4 mb-4"> 

                <div class="card h-100"> 

                    <a href="product.php?id=<?php echo $row['ProductID']; ?>" class="card-link"> 

                    <img src="<?php echo $row['ImageURL']; ?>" class="card-img-top" alt="<?php 

echo $row['Name']; ?>"> 

                    </a> 

                    <div class="card-body"> 

                        <h5 class="card-title"><?php echo $row['Name']; ?></h5> 

                        <p class="card-text"><?php echo $row['Description']; ?></p> 

                        <p class="card-text">ʎʝʥʘ: <?php echo $row['Price']; ?> </p> 

                        <button class="btn btn-primary add-to-cart" data-product-id="<?php echo 

$row['ProductID']; ?>"> 

                            <i class="bi bi-cart-fill"></i> ɼʦʙʘʚʠʪʴ ʚ ʢʦʨʟʠʥʫ 

                        </button> 

                        <button class="btn btn-outline-danger add-to-favorites ml-5" data-product-

id="<?php echo $row['ProductID']; ?>"> 

                            <?php if ($isFavorite) { ?> 

                                <i class="bi bi-heart-fill"></i>  

                            <?php } else { ?> 

                                <i class="bi bi-heart"></i> 

                            <?php } ?> 

                        </button> 

                    </div> 

                </div>           

        </div> 

            <?php 

        }  

    } else { 

        echo "ʅʝʪ ʘʢʪʠʚʥʳʭ ʪʦʚʘʨʦʚ."; 

    }  

    $pdo = null; 

    ?> 

</div> 

 

ɺ ʘʜʤʠʥ-ʧʘʥʝʣʠ ʦʙʳʯʥʦ ʜʦʩʪʫʧʥʳ (ʨʠʩ3). 



 
 

ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʜ ʜʣʷ ʘʜʤʠʥʘ WEB-ʩʘʡʪʘ: 

  <!-- ʉʦʜʝʨʞʠʤʦʝ ʚʢʣʘʜʦʢ --> 

  <div class="tab-content mt-4" id="myTabContent"> 

    <!-- ɺʢʣʘʜʢʘ "ʊʦʚʘʨʳ" --> 

    <div class="tab-pane fade show active" id="products" role="tabpanel" aria-

labelledby="products-tab"> 

        <div class="container mt-5"> 

            <h2>ʋʧʨʘʚʣʝʥʠʝ ʪʦʚʘʨʘʤʠ</h2> 

            <button class="btn btn-primary mb-3" data-toggle="modal" data-

target="#addProductModal">ɼʦʙʘʚʠʪʴ ʪʦʚʘʨ</button> 

            <?php  

            $itemsPerPage = 8; 

            $page = isset($_GET['page']) ? $_GET['page'] : 1; 

            $offset = ($page - 1) * $itemsPerPage; 

            echo '<table class="table"> 

                <thead> 

                    <tr> 

                        <th>ʀʟʦʙʨʘʞʝʥʠʝ</th> 

                        <th>ʅʘʟʚʘʥʠʝ</th> 

                        <th>ʆʧʠʩʘʥʠʝ</th> 

                        <th>ʂʦʣʠʯʝʩʪʚʦ</th> 

                        <th>ʎʝʥʘ</th> 

                        <th style="text-align: center;">ɸʢʪʠʚʥʦʝ ʦʙʲʷʚʣʝʥʠʝ</th> 

                        <th style="text-align: center;">ʅʠʢʥʝʡʤ ʩʦʟʜʘʪʝʣʷ</th> 

                        <th>ɼʝʡʩʪʚʠʷ</th> 

                    </tr> 

                </thead> 

                <tbody id="productTableBody">'; 

 



            try {  

                $sql = "SELECT Products.*, Users.Username 

                        FROM Products 

                        LEFT JOIN Users ON Products.UserID = Users.UserID 

                        LIMIT :itemsPerPage OFFSET :offset"; 

                $stmt = $pdo->prepare($sql); 

                $stmt->bindValue(':itemsPerPage', $itemsPerPage, PDO::PARAM_INT); 

                $stmt->bindValue(':offset', $offset, PDO::PARAM_INT); 

                $stmt->execute(); 

                if ($stmt->rowCount() == 0) { 

                    echo "<tr><td colspan='8'>ʅʝʪ ʧʨʦʜʫʢʪʦʚ</td></tr>"; 

                } else { 

                    while ($row = $stmt->fetch(PDO::FETCH_ASSOC)) { 

                        echo '<tr>'; 

                        echo '<td><img src="' . $row['ImageURL'] . '" alt="' . $row['Name'] . '" 

style="max-width: 100px;"></td>'; 

                        echo '<td>' . $row['Name'] . '</td>'; 

                        echo '<td>' . $row['Description'] . '</td>'; 

                        echo '<td>' . $row['Quantity'] . '</td>'; 

                        echo '<td>' . $row['Price'] . '</td>'; 

                        echo '<td style="text-align: center;">'; 

                        if ($row['IsActive'] == 1) { 

                            echo '<input type="checkbox" checked disabled>'; 

                        } else { 

                            echo '<input type="checkbox" disabled>'; 

                        }  

                        echo '</td>'; 

                        echo '<td style="text-align: center;">' . $row['Username'] . '</td>'; 

                        echo '<td>';                             

                        echo '<button class="btn btn-primary btn-sm edit-product mb-2" data-

toggle="modal" data-target="#editProductModal" data-product-id="' . $row['ProductID'] . 

'">ʈʝʜʘʢʪʠʨʦʚʘʪʴ</button>';                        

                        echo '<button class="btn btn-danger btn-sm delete-product mb-2" data-product-

id="' . $row['ProductID'] . '">ʋʜʘʣʠʪʴ</button>'; 

                        echo '</td>'; 

                        echo '</tr>'; 

                    }  

                }  

                } catch (PDOException $e) { 

                    echo "Error: " . $e->getMessage(); 

                }  

                echo '</tbody> 

                    </table>'; 

                echo '<nav aria-label="Page navigation">'; 

                echo '<ul class="pagination">'; 

                $sql = "SELECT COUNT(*) AS total FROM Products"; 

                $stmt = $pdo->query($sql); 

                $totalItems = $stmt->fetch(PDO::FETCH_ASSOC)['total']; 

                $totalPages = ceil($totalItems / $itemsPerPage); 

                echo '<li class="page-item '; 

                echo ($page <= 1) ? 'disabled' : ''; 

                echo '">'; 



                echo '<a class="page-link" href="?page='.($page-1).'" tabindex="-1" aria-

disabled="true">ʇʨʝʜʳʜʫʱʘʷ</a>'; 

                echo '</li>'; 

                for ($i = 1; $i <= $totalPages; $i++) { 

                    echo '<li class="page-item '; 

                    echo ($i == $page) ? 'active' : ''; 

                    echo '"><a class="page-link" href="?page='.$i.'">'.$i.'</a></li>'; 

                }  

                echo '<li class="page-item '; 

                echo ($page >= $totalPages) ? 'disabled' : ''; 

                echo '">'; 

                echo '<a class="page-link" href="?page='.($page+1).'" aria-

disabled="true">ʉʣʝʜʫʶʱʘʷ</a>'; 

                echo '</li>'; 

                echo '</ul>'; 

                echo '</nav>'; 

            ?>       

        </div> 

    </div> 

ʈʠʩʫʥʦʢ 3. ɸʜʤʠʥ-ʧʘʥʝʣʴ 

 

ɿʘʢʣʶʯʝʥʠʝ: ɺ ʨʘʤʢʘʭ ʨʘʙʦʪʳ ʥʘʜ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʝʤ ʦʜʥʠʤ ʠʟ ʧʝʨʚʳʭ ʰʘʛʦʚ ʙʳʣʦ 

ʩʦʟʜʘʥʠʝ ʛʣʘʚʥʦʡ, ʰʘʧʢʘ ʩʪʨʘʥʠʮʳ, ʥʦʚʳʝ ʧʦʩʪʫʧʣʝʥʠʷ, ʘʜʤʠʥʘ. 
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ʋɼʂ 004.384 

ʋʇʈɸɺʃɽʅʀɽ ʊʈɽɹʆɺɸʅʀʗʄʀ ɺ ʇʆʊʆʂɽ ʉʆɿɼɸʅʀʗ ʎɽʅʅʆʉʊʀ ɺ ʄʆɼɽʃʀ 

ʕʊɸʃʆʅʅʆʁ ɸʈʍʀʊɽʂʊʋʈʓ ʀʅɼʋʉʊʈʀʀ (RAMI 4.0) 

ʂʨʘʚʯʝʥʢʦ ɸ.ʅ. 

ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ çʉʪʘʥʢʠʥè, ʄʦʩʢʚʘ 

 

ɺ ʩʪʘʪʴʝ ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʨʦʣʴ ʧʨʦʮʝʩʩʦʚ ʫʧʨʘʚʣʝʥʠʷ ʪʨʝʙʦʚʘʥʠʷʤʠ ʚ ʧʦʪʦʢʝ ʩʦʟʜʘʥʠʷ 

ʮʝʥʥʦʩʪʠ ʚ ʢʦʥʪʝʢʩʪʝ ʤʦʜʝʣʠ RAMI 4.0 (ɻʆʉʊ ʈ 59799-2021 ʋʤʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ. ʄʦʜʝʣʴ 

ʵʪʘʣʦʥʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʠʥʜʫʩʪʨʠʠ 4.0 (RAMI 4.0). ʀʩʩʣʝʜʫʝʪʩʷ ʧʨʦʮʝʩʩ ʫʧʨʘʚʣʝʥʠʷ 

ʪʨʝʙʦʚʘʥʠʷʤʠ ʥʘ ʚʩʝʭ ʩʪʘʜʠʷʭ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʠʟʜʝʣʠʷ, ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʦʟʜʘʥʠʷ ʧʨʘʚʠʣ 

ʮʠʬʨʦʚʦʛʦ ʦʧʠʩʘʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʪʨʝʙʦʚʘʥʠʷʤʠ, ʨʝʘʣʠʟʘʮʠʷ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʟʘʨʫʙʝʞʥʳʭ ʠ 

ʦʪʝʯʝʩʪʚʝʥʥʳʭ PLM ʩʠʩʪʝʤʘʭ. ɼʘʝʪʩʷ ʢʨʘʪʢʠʡ ʦʙʟʦʨ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʫʧʨʘʚʣʝʥʠʷ 

ʪʨʝʙʦʚʘʥʠʷʤʠ ʚ ʩʠʩʪʝʤʝ ʃʦʮʤʘʥ:PLM. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʋʧʨʘʚʣʝʥʠʝ ʪʨʝʙʦʚʘʥʠʷʤʠ, ʀʥʜʫʩʪʨʠʷ 4.0., RAMI 4.0, PLM, ɾʠʟʥʝʥʥʳʡ ʮʠʢʣ 

ʠʟʜʝʣʠʷ, ʃʦʮʤʘʥ:PLM. 

 

ɺʚʝʜʝʥʠʝ. ʀʥʜʫʩʪʨʠʷ 4.0 ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʯʝʪʚʝʨʪʫʶ ʧʨʦʤʳʰʣʝʥʥʫʶ ʨʝʚʦʣʶʮʠʶ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʫʶʩʷ ʠʥʪʝʛʨʘʮʠʝʡ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʧʨʦʠʟʚʦʜʩʪʚʦ. ɺ ʵʪʦʤ ʢʦʥʪʝʢʩʪʝ 

ʵʪʘʣʦʥʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ RAMI 4.0 (Reference Architectural Model Industry 4.0) ʩʣʫʞʠʪ 

ʨʫʢʦʚʦʜʩʪʚʦʤ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʢʦʥʮʝʧʮʠʡ ʀʥʜʫʩʪʨʠʠ 4.0 [1]. ɺʘʞʥʦʡ ʯʘʩʪʴʶ ʵʪʦʡ ʨʝʘʣʠʟʘʮʠʠ 

ʷʚʣʷʝʪʩʷ ʫʧʨʘʚʣʝʥʠʝ ʪʨʝʙʦʚʘʥʠʷʤʠ, ʢʦʪʦʨʳʝ ʥʘʧʨʘʚʣʷʶʪ ʩʦʟʜʘʥʠʝ ʮʝʥʥʦʩʪʠ ʚ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʤ ʧʨʦʮʝʩʩʝ ʠ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʦʡ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʠ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ 

ʧʨʦʜʫʢʮʠʠ. ɼʘʥʥʘʷ ʩʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʨʘʩʩʤʦʪʨʝʥʠʶ ʫʧʨʘʚʣʝʥʠʷ ʪʨʝʙʦʚʘʥʠʷʤʠ ʚ ʧʦʪʦʢʝ 

ʩʦʟʜʘʥʠʷ ʮʝʥʥʦʩʪʠ ʚ ʨʘʤʢʘʭ ʤʦʜʝʣʠ RAMI 4.0, ʨʦʣʠ ʠ ʨʝʘʣʠʟʘʮʠʠ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ 

ʞʠʟʥʝʥʥʳʤ ʮʠʢʣʦʤ ʧʨʦʜʫʢʪʘ (PLM) ʚ ʵʪʦʤ ʧʨʦʮʝʩʩʝ. 

ʆʩʥʦʚʳ RAMI 4.0 

RAMI 4.0 ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʥʦʛʦʩʣʦʡʥʫʶ ʘʨʭʠʪʝʢʪʫʨʥʫʶ ʤʦʜʝʣʴ, ʢʦʪʦʨʘʷ 

ʦʧʠʩʳʚʘʝʪ ʦʩʥʦʚʥʳʝ ʘʩʧʝʢʪʳ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʠʩʪʝʤ ʚ ʀʥʜʫʩʪʨʠʠ 4.0. ʆʥʘ ʚʢʣʶʯʘʝʪ ʪʨʠ 

ʦʩʥʦʚʥʳʭ ʠʟʤʝʨʝʥʠʷ [2]: 

1. ʋʨʦʚʥʠ ʠʝʨʘʨʭʠʠ (Hierarchy Levels): ʦʪ ʢʦʤʧʦʥʝʥʪʘ ʜʦ ʧʦʜʢʣʶʯʝʥʠʷ ʢ ʤʠʨʦʚʦʡ ʩʝʪʠ 

Internet. 

2. ɾʠʟʥʝʥʥʳʡ ʮʠʢʣ ʠ ʧʦʪʦʢʠ ʮʝʥʥʦʩʪʠ (Life Cycle and Value Stream): ʦʪ ʠʜʝʠ ʜʦ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʫʪʠʣʠʟʘʮʠʠ. 

3. ʉʣʦʠ ʘʨʭʠʪʝʢʪʫʨʳ (Architecture Layers): ʦʪ ʙʠʟʥʝʩʘ ʠ ʬʫʥʢʮʠʦʥʘʣʘ ʜʦ ʢʦʤʤʫʥʠʢʘʮʠʡ 

ʠ ʠʥʪʝʛʨʘʮʠʠ. 

ʕʪʠ ʠʟʤʝʨʝʥʠʷ ʧʦʤʦʛʘʶʪ ʩʪʨʫʢʪʫʨʠʨʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʘʩʧʝʢʪʳ ʠ ʬʘʟʳ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʦʙʝʩʧʝʯʠʚʘʷ ʮʝʣʦʩʪʥʳʡ ʧʦʜʭʦʜ ʢ ʚʥʝʜʨʝʥʠʶ ʮʠʬʨʦʚʳʭ 

ʪʝʭʥʦʣʦʛʠʡ. 

ʈʘʩʩʤʦʪʨʠʤ ʚʢʣʶʯʝʥʠʝ ʫʧʨʘʚʣʝʥʠʷ ʪʨʝʙʦʚʘʥʠʷʤʠ ʚ ʠʟʤʝʨʝʥʠʝ 2 çè çɾʠʟʥʝʥʥʳʡ ʮʠʢʣ 

ʠ ʧʦʪʦʢʠ ʮʝʥʥʦʩʪʠè.  

ʋʧʨʘʚʣʝʥʠʝ ʪʨʝʙʦʚʘʥʠʷʤʠ ʚ ʨʘʤʢʘʭ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʠ ʧʦʪʦʢʦʚ ʮʝʥʥʦʩʪʠ ʠʛʨʘʝʪ 

ʢʣʶʯʝʚʫʶ ʨʦʣʴ. ɺ ʤʦʜʝʣʠ RAMI 4.0 ʫʧʨʘʚʣʝʥʠʝ ʪʨʝʙʦʚʘʥʠʷʤʠ ʤʦʞʥʦ ʨʘʟʙʠʪʴ ʥʘ ʥʝʩʢʦʣʴʢʦ 

ʵʪʘʧʦʚ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʵʪʘʧʘʤʠ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʠʟʜʝʣʠʷ: 

1. ʀʜʝʷ ʠ ʢʦʥʮʝʧʮʠʷ: 

ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʪʨʝʙʦʚʘʥʠʡ: ʅʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʧʨʦʠʩʭʦʜʠʪ ʩʙʦʨ ʪʨʝʙʦʚʘʥʠʡ ʦʪ ʚʩʝʭ 

ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʭ ʩʪʦʨʦʥ, ʚʢʣʶʯʘʷ ʢʣʠʝʥʪʦʚ, ʧʦʩʪʘʚʱʠʢʦʚ ʠ ʚʥʫʪʨʝʥʥʠʝ ʜʝʧʘʨʪʘʤʝʥʪʳ. 



ɸʥʘʣʠʟ ʪʨʝʙʦʚʘʥʠʡ: ʆʮʝʥʢʘ ʦʩʫʱʝʩʪʚʠʤʦʩʪʠ ʠ ʮʝʥʥʦʩʪʠ ʪʨʝʙʦʚʘʥʠʡ, ʠʭ 

ʧʨʠʦʨʠʪʠʟʘʮʠʷ. 

2. ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ: 

 ʪʨʘʩʩʠʨʫʝʤʦʩʪʴ ʪʨʝʙʦʚʘʥʠʡ: ʊʨʝʙʦʚʘʥʠʷ ʩʚʷʟʳʚʘʶʪʩʷ ʩ ʠʩʪʦʯʥʠʢʘʤʠ, ʧʨʦʝʢʪʥʳʝ 

ʪʨʝʙʦʚʘʥʠʷ ʩʚʷʟʳʚʘʶʪʩʷ ʩ ʠʩʭʦʜʥʳʤʠ [6]. ʊʨʝʙʦʚʘʥʠʷ ʧʝʨʝʚʦʜʷʪʩʷ ʚ ʩʧʝʮʠʬʠʢʘʮʠʠ ʠ ʯʝʨʪʝʞʠ, 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʩʚʷʟʴ ʪʨʝʙʦʚʘʥʠʡ ʩ ʢʦʥʢʨʝʪʥʳʤʠ ʧʨʦʝʢʪʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ. 

ɺʘʣʠʜʘʮʠʷ ʪʨʝʙʦʚʘʥʠʡ: ʇʨʦʚʝʨʢʘ ʪʦʛʦ, ʯʪʦ ʧʨʦʝʢʪʥʳʝ ʨʝʰʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʠʟʥʘʯʘʣʴʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ [6]. 

3. ʇʨʦʠʟʚʦʜʩʪʚʦ: 

ʋʧʨʘʚʣʝʥʠʝ ʠʟʤʝʥʝʥʠʷʤʠ: ɺ ʩʣʫʯʘʝ ʠʟʤʝʥʝʥʠʡ ʚ ʪʨʝʙʦʚʘʥʠʷʭ ʦʥʠ ʦʧʝʨʘʪʠʚʥʦ 

ʚʥʝʜʨʷʶʪʩʷ ʠ ʦʪʩʣʝʞʠʚʘʝʪʩʷ ʠʭ ʚʣʠʷʥʠʝ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʧʨʦʮʝʩʩʳ. 

ʂʦʥʪʨʦʣʴ ʢʘʯʝʩʪʚʘ: ʆʙʝʩʧʝʯʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʠʷ ʧʨʦʜʫʢʮʠʠ ʪʨʝʙʦʚʘʥʠʷʤ ʯʝʨʝʟ 

ʪʝʩʪʠʨʦʚʘʥʠʝ ʠ ʢʦʥʪʨʦʣʴ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʣʠʥʠʠ. 

4. ʀʥʪʝʛʨʘʮʠʷ ʠ ʪʝʩʪʠʨʦʚʘʥʠʝ: 

 ɺʝʨʠʬʠʢʘʮʠʷ ʪʨʝʙʦʚʘʥʠʡ: ʇʨʦʚʝʨʢʘ ʩʦʦʪʚʝʪʩʪʚʠʷ ʛʦʪʦʚʦʛʦ ʧʨʦʜʫʢʪʘ ʫʩʪʘʥʦʚʣʝʥʥʳʤ 

ʪʨʝʙʦʚʘʥʠʷʤ. 

ɸʥʘʣʠʟ ʠ ʦʪʯʝʪʥʦʩʪʴ: ʆʮʝʥʢʘ ʚʳʧʦʣʥʝʥʠʷ ʪʨʝʙʦʚʘʥʠʡ ʠ ʚʳʷʚʣʝʥʠʝ ʦʪʢʣʦʥʝʥʠʡ ʜʣʷ ʠʭ 

ʢʦʨʨʝʢʮʠʠ. 

5. ʕʢʩʧʣʫʘʪʘʮʠʷ: 

ʇʦʜʜʝʨʞʢʘ ʠ ʤʦʥʠʪʦʨʠʥʛ: ʆʙʝʩʧʝʯʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʠʷ ʪʨʝʙʦʚʘʥʠʡ ʚ ʧʨʦʮʝʩʩʝ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʨʦʜʫʢʪʘ, ʩʙʦʨ ʦʪʟʳʚʦʚ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. 

 ʆʙʨʘʪʥʘʷ ʩʚʷʟʴ: ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʳʭ ʵʢʩʧʣʫʘʪʘʮʠʠ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʙʫʜʫʱʠʭ ʚʝʨʩʠʡ 

ʧʨʦʜʫʢʪʘ. 

6. ʋʪʠʣʠʟʘʮʠʷ: 

ʕʢʦʣʦʛʠʯʝʩʢʠʝ ʪʨʝʙʦʚʘʥʠʷ: ʆʙʝʩʧʝʯʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʠʷ ʧʨʦʮʝʩʩʘ ʫʪʠʣʠʟʘʮʠʠ 

ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʵʢʦʣʦʛʠʯʝʩʢʠʤ ʩʪʘʥʜʘʨʪʘʤ. 

ʇʝʨʝʨʘʙʦʪʢʘ ʋʯʝʪ ʪʨʝʙʦʚʘʥʠʡ ʢ ʧʝʨʝʨʘʙʦʪʢʝ ʤʘʪʝʨʠʘʣʦʚ ʠ ʢʦʤʧʦʥʝʥʪʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʧʨʘʚʣʝʥʠʝ ʪʨʝʙʦʚʘʥʠʷʤʠ ʪʝʩʥʦ ʠʥʪʝʛʨʠʨʦʚʘʥʦ ʚ ʢʘʞʜʳʡ ʵʪʘʧ 

ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʧʨʦʜʫʢʪʘ, ʦʙʝʩʧʝʯʠʚʘʷ ʝʛʦ ʩʦʦʪʚʝʪʩʪʚʠʝ ʦʞʠʜʘʥʠʷʤ ʠ ʩʪʘʥʜʘʨʪʘʤ, ʯʪʦ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʦʟʜʘʥʠʶ ʮʝʥʥʦʩʪʠ ʥʘ ʢʘʞʜʦʤ ʵʪʘʧʝ. 

ʋʧʨʘʚʣʝʥʠʝ ʪʨʝʙʦʚʘʥʠʷʤʠ 

ʇʨʦʮʝʩʩ ʫʧʨʘʚʣʝʥʠʷ ʪʨʝʙʦʚʘʥʠʷʤʠ ï ʵʪʦ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʢ ʦʧʨʝʜʝʣʝʥʠʶ, 

ʩʙʦʨʫ, ʘʥʘʣʠʟʫ, ʜʦʢʫʤʝʥʪʠʨʦʚʘʥʠʶ, ʧʨʦʚʝʨʢʝ, ʫʧʨʘʚʣʝʥʠʶ ʠ ʢʦʤʤʫʥʠʢʘʮʠʠ ʪʨʝʙʦʚʘʥʠʡ ʢ 

ʧʨʦʜʫʢʪʫ ʠʣʠ ʧʨʦʝʢʪʫ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʨʘʟʨʘʙʦʪʢʠ. ʋʧʨʘʚʣʝʥʠʝ 

ʪʨʝʙʦʚʘʥʠʷʤʠ ʚ ʢʦʥʪʝʢʩʪʝ RAMI 4.0 ʚʢʣʶʯʘʝʪ ʥʝʩʢʦʣʴʢʦ ʢʣʶʯʝʚʳʭ ʘʩʧʝʢʪʦʚ: 

1. ʆʧʨʝʜʝʣʝʥʠʝ ʪʨʝʙʦʚʘʥʠʡ: ʇʨʦʮʝʩʩ ʥʘʯʠʥʘʝʪʩʷ ʩ ʦʧʨʝʜʝʣʝʥʠʷ ʪʨʝʙʦʚʘʥʠʡ ʢ 

ʧʨʦʜʫʢʪʫ ʠʣʠ ʧʨʦʝʢʪʫ. ʕʪʦ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʚʳʷʚʣʝʥʠʝ ʧʦʪʨʝʙʥʦʩʪʝʡ ʠ ʦʞʠʜʘʥʠʡ ʟʘʢʘʟʯʠʢʘ, 

ʘʥʘʣʠʟ ʨʳʥʢʘ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʦʥʢʫʨʝʥʪʦʚ ʠ ʜʨʫʛʠʝ ʤʝʪʦʜʳ ʜʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʦʩʥʦʚʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ ʧʨʦʜʫʢʪʘ ʠʣʠ ʧʨʦʝʢʪʘ. 

2. ʉʙʦʨ ʪʨʝʙʦʚʘʥʠʡ: ʇʦʩʣʝ ʦʧʨʝʜʝʣʝʥʠʷ ʪʨʝʙʦʚʘʥʠʡ ʩʣʝʜʫʝʪ ʠʭ ʘʛʨʝʛʘʮʠʷ. ʆʥʘ 

ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʩʙʦʨ ʠʥʬʦʨʤʘʮʠʠ ʦʪ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʭ ʩʪʦʨʦʥ, ʘʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʝʡ 

ʜʦʢʫʤʝʥʪʘʮʠʠ ʠ ʜʘʥʥʳʭ. ʆʙʲʝʜʠʥʝʥʠʝ ʩʭʦʞʠʭ ʪʨʝʙʦʚʘʥʠʡ, ʠʭ ʢʣʘʩʩʠʬʠʢʘʮʠʶ. 

3. ɸʥʘʣʠʟ ʪʨʝʙʦʚʘʥʠʡ: ɸʥʘʣʠʟ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʦʮʝʥʢʫ ʠ ʧʨʠʦʨʠʪʠʟʘʮʠʶ 

ʪʨʝʙʦʚʘʥʠʡ, ʚʳʷʚʣʝʥʠʝ ʧʨʦʪʠʚʦʨʝʯʠʡ ʠ ʥʝʦʜʥʦʟʥʘʯʥʦʩʪʝʡ, ʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʝʥʠʝ ʠʭ ʚʣʠʷʥʠʷ 

ʥʘ ʢʦʥʝʯʥʳʡ ʧʨʦʜʫʢʪ ʠʣʠ ʧʨʦʝʢʪ. 



4. ɼʦʢʫʤʝʥʪʠʨʦʚʘʥʠʝ ʪʨʝʙʦʚʘʥʠʡ. ɺʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʩʦʟʜʘʥʠʝ ʪʨʝʙʦʚʘʪʝʣʴʥʦʡ 

ʩʧʝʮʠʬʠʢʘʮʠʠ ʠʣʠ ʜʨʫʛʠʭ ʜʦʢʫʤʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʯʝʪʢʦ ʦʧʠʩʳʚʘʶʪ ʢʘʞʜʦʝ ʪʨʝʙʦʚʘʥʠʝ, ʝʛʦ 

ʧʨʠʦʨʠʪʝʪ, ʠʩʪʦʯʥʠʢ ʠ ʜʨʫʛʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

5. ʇʨʦʚʝʨʢʘ ʪʨʝʙʦʚʘʥʠʡ: ɼʦʢʫʤʝʥʪʠʨʦʚʘʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʜʦʣʞʥʳ ʙʳʪʴ ʧʨʦʚʝʨʝʥʳ 

ʥʘ ʩʦʦʪʚʝʪʩʪʚʠʝ ʠ ʧʦʣʥʦʪʫ. ʕʪʦ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʧʨʦʚʝʨʢʫ ʪʨʝʙʦʚʘʥʠʡ ʥʘ ʩʦʦʪʚʝʪʩʪʚʠʝ ʮʝʣʷʤ 

ʠ ʟʘʜʘʯʘʤ ʧʨʦʝʢʪʘ, ʘ ʪʘʢʞʝ ʥʘ ʠʭ ʨʝʘʣʠʩʪʠʯʥʦʩʪʴ ʠ ʚʳʧʦʣʥʠʤʦʩʪʴ. ʇʨʦʚʝʨʢʘ ʪʨʝʙʦʚʘʥʠʡ 

ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʚʝʨʠʬʠʢʘʮʠʶ ʠ ʚʘʣʠʜʘʮʠʶ ʪʨʝʙʦʚʘʥʠʡ. 

6. ʋʧʨʘʚʣʝʥʠʝ ʠʟʤʝʥʝʥʠʷʤʠ: ɺʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʦʪʩʣʝʞʠʚʘʥʠʝ ʠʟʤʝʥʝʥʠʡ ʚ 

ʪʨʝʙʦʚʘʥʠʷʭ, ʫʧʨʘʚʣʝʥʠʝ ʚʝʨʩʠʷʤʠ ʜʦʢʫʤʝʥʪʦʚ, ʫʧʨʘʚʣʝʥʠʝ ʠʟʤʝʥʝʥʠʷʤʠ ʚ ʪʨʝʙʦʚʘʥʠʷʭ ʠ ʠʭ 

ʢʦʤʤʫʥʠʢʘʮʠʶ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʤ ʩʪʦʨʦʥʘʤ. 

7. ʂʦʤʤʫʥʠʢʘʮʠʷ ʪʨʝʙʦʚʘʥʠʡ: ɺʘʞʥʦʡ ʯʘʩʪʴʶ ʧʨʦʮʝʩʩʘ ʫʧʨʘʚʣʝʥʠʷ ʪʨʝʙʦʚʘʥʠʷʤʠ 

ʷʚʣʷʝʪʩʷ ʢʦʤʤʫʥʠʢʘʮʠʷ ʩ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʤʠ ʩʪʦʨʦʥʘʤʠ. ʕʪʦ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʦʙʤʝʥ 

ʠʥʬʦʨʤʘʮʠʝʡ ʦ ʪʨʝʙʦʚʘʥʠʷʭ, ʨʝʰʝʥʠʝ ʩʧʦʨʥʳʭ ʚʦʧʨʦʩʦʚ, ʧʨʠʥʷʪʠʝ ʨʝʰʝʥʠʡ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ 

ʩʦ ʩʣʦʞʠʚʰʝʡʩʷ ʩʠʪʫʘʮʠʝʡ. 

8. ʄʦʥʠʪʦʨʠʥʛ ʠ ʢʦʥʪʨʦʣʴ: ʇʨʦʮʝʩʩ ʫʧʨʘʚʣʝʥʠʷ ʪʨʝʙʦʚʘʥʠʷʤʠ ʪʨʝʙʫʝʪ 

ʧʦʩʪʦʷʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʢʦʥʪʨʦʣʷ. ʄʦʥʠʪʦʨʠʥʛ ʠ ʢʦʥʪʨʦʣʴ ʧʦʟʚʦʣʷʝʪ ʩʚʦʝʚʨʝʤʝʥʥʦ 

ʚʳʷʚʣʷʪʴ ʠ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʠʟʤʝʥʝʥʠʷ ʚ ʪʨʝʙʦʚʘʥʠʷʭ ʠ ʧʨʝʜʦʪʚʨʘʱʘʪʴ ʧʨʦʙʣʝʤʳ ʚ ʧʨʦʮʝʩʩʝ 

ʨʘʟʨʘʙʦʪʢʠ. 

ʇʨʦʮʝʩʩ ʫʧʨʘʚʣʝʥʠʷ ʪʨʝʙʦʚʘʥʠʷʤʠ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʵʣʝʤʝʥʪʦʤ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʜʫʢʪʦʚ 

ʠ ʧʨʦʝʢʪʦʚ, ʢʦʪʦʨʳʡ ʧʦʤʦʛʘʝʪ ʦʙʝʩʧʝʯʠʪʴ ʠʭ ʫʩʧʝʰʥʦʝ ʚʳʧʦʣʥʝʥʠʝ ʠ ʩʦʦʪʚʝʪʩʪʚʠʝ 

ʦʞʠʜʘʥʠʷʤ ʟʘʢʘʟʯʠʢʘ ʠ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʭ ʩʪʦʨʦʥ. 

ɺ ʫʩʣʦʚʠʷʭ ʮʠʬʨʦʚʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʪʨʝʙʫʝʪʩʷ ʮʠʬʨʦʚʠʟʘʮʠʷ ʫʧʨʘʚʣʝʥʠʷ 

ʪʨʝʙʦʚʘʥʠʷʤʠ ï ɻ ʪʦ ʧʨʦʮʝʩʩ ʧʨʠʤʝʥʝʥʠʷ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʠ ʦʧʪʠʤʠʟʘʮʠʠ 

ʧʨʦʮʝʩʩʦʚ ʩʙʦʨʘ, ʘʥʘʣʠʟʘ, ʫʧʨʘʚʣʝʥʠʷ ʠ ʦʪʩʣʝʞʠʚʘʥʠʷ ʪʨʝʙʦʚʘʥʠʡ ʢ ʧʨʦʜʫʢʪʫ ʠʣʠ ʧʨʦʝʢʪʫ. 

ʂʦʥʮʝʧʮʠʷ "ʀʥʜʫʩʪʨʠʷ 4.0" ʦʧʨʝʜʝʣʷʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʦʟʜʘʥʠʷ ʧʨʘʚʠʣ ʮʠʬʨʦʚʦʛʦ 

ʦʧʠʩʘʥʠʷ ʜʣʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʲʝʢʪʘ ʠ ʠʟʤʝʥʝʥʠʷ ʝʛʦ ʩʦʩʪʦʷʥʠʷ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʝʛʦ 

ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ [7]. ʕʪʠ ʧʨʘʚʠʣʘ ʦʧʨʝʜʝʣʷʶʪʩʷ ʚ ʩʠʩʪʝʤʘʭ ʫʧʨʘʚʣʝʥʠʷ ʞʠʟʥʝʥʥʳʤ ʮʠʢʣʦʤ 

ʠʟʜʝʣʠʡ (PLM ʩʠʩʪʝʤ). 

ʉʠʩʪʝʤʳ PLM ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʪʨʝʙʦʚʘʥʠʷʤʠ 

ʉʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʞʠʟʥʝʥʥʳʤ ʮʠʢʣʦʤ ʧʨʦʜʫʢʪʘ (PLM) ʠʛʨʘʶʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ 

ʫʧʨʘʚʣʝʥʠʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʚ ʨʘʤʢʘʭ ʤʦʜʝʣʠ RAMI 4.0. ʆʥʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʝ 

ʭʨʘʥʝʥʠʝ, ʫʧʨʘʚʣʝʥʠʝ ʠ ʜʦʩʪʫʧ ʢ ʠʥʬʦʨʤʘʮʠʠ ʦ ʧʨʦʜʫʢʪʝ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ ʝʛʦ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ. 

ʆʩʥʦʚʥʳʝ ʬʫʥʢʮʠʠ PLM ʚ ʫʧʨʘʚʣʝʥʠʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʚʢʣʶʯʘʶʪ: 

1. ʎʝʥʪʨʘʣʠʟʦʚʘʥʥʦʝ ʭʨʘʥʠʣʠʱʝ ʜʘʥʥʳʭ: ʉʠʩʪʝʤʳ PLM ʦʙʝʩʧʝʯʠʚʘʶʪ ʝʜʠʥʦʝ 

ʭʨʘʥʠʣʠʱʝ ʜʣʷ ʚʩʝʭ ʪʨʝʙʦʚʘʥʠʡ, ʩʧʝʮʠʬʠʢʘʮʠʡ, ʯʝʨʪʝʞʝʡ ʠ ʜʨʫʛʠʭ ʜʘʥʥʳʭ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʧʨʦʜʫʢʪʦʤ. ʕʪʦ ʫʧʨʦʱʘʝʪ ʜʦʩʪʫʧ ʢ ʠʥʬʦʨʤʘʮʠʠ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʝʝ ʘʢʪʫʘʣʴʥʦʩʪʴ ʠ 

ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴ. 

2. ʊʨʘʩʩʠʨʫʝʤʦʩʪʴ ʠ ʩʚʷʟʴ ʜʘʥʥʳʭ: PLM ʧʦʟʚʦʣʷʝʪ ʦʪʩʣʝʞʠʚʘʪʴ ʪʨʝʙʦʚʘʥʠʷ ʦʪ 

ʵʪʘʧʘ ʢʦʥʮʝʧʮʠʠ ʜʦ ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ, ʩʚʷʟʳʚʘʷ ʠʭ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʵʣʝʤʝʥʪʘʤʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʕʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʦʟʨʘʯʥʦʩʪʴ ʠ ʢʦʥʪʨʦʣʴ 

ʚʳʧʦʣʥʝʥʠʷ ʪʨʝʙʦʚʘʥʠʡ. 

3. ʉʦʚʤʝʩʪʥʘʷ ʨʘʙʦʪʘ ʠ ʢʦʤʤʫʥʠʢʘʮʠʷ: ʉʠʩʪʝʤʳ PLM ʧʦʜʜʝʨʞʠʚʘʶʪ ʩʦʚʤʝʩʪʥʫʶ 

ʨʘʙʦʪʫ ʨʘʟʣʠʯʥʳʭ ʦʪʜʝʣʦʚ ʠ ʫʯʘʩʪʥʠʢʦʚ ʧʨʦʝʢʪʘ, ʦʙʝʩʧʝʯʠʚʘʷ ʵʬʬʝʢʪʠʚʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʠ 

ʦʙʤʝʥ ʠʥʬʦʨʤʘʮʠʝʡ. ʕʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʠʟʤʝʥʝʥʠʷʤʠ ʠ ʨʘʟʨʝʰʝʥʠʷ 

ʢʦʥʬʣʠʢʪʦʚ ʪʨʝʙʦʚʘʥʠʡ. 



4. ʋʧʨʘʚʣʝʥʠʝ ʠʟʤʝʥʝʥʠʷʤʠ: PLM ʩʠʩʪʝʤʳ ʧʦʟʚʦʣʷʶʪ ʦʪʩʣʝʞʠʚʘʪʴ ʠʟʤʝʥʝʥʠʷ 

ʪʨʝʙʦʚʘʥʠʡ ʠ ʠʭ ʚʣʠʷʥʠʝ ʥʘ ʧʨʦʝʢʪ, ʘ ʪʘʢʞʝ ʫʧʨʘʚʣʷʪʴ ʧʨʦʮʝʩʩʦʤ ʩʦʛʣʘʩʦʚʘʥʠʷ ʠ ʫʪʚʝʨʞʜʝʥʠʷ 

ʠʟʤʝʥʝʥʠʡ. ʕʪʦ ʧʦʤʦʛʘʝʪ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʨʠʩʢʠ ʠ ʦʙʝʩʧʝʯʠʚʘʪʴ ʩʚʦʝʚʨʝʤʝʥʥʫʶ ʘʜʘʧʪʘʮʠʶ ʢ 

ʥʦʚʳʤ ʫʩʣʦʚʠʷʤ. 

5. ɸʥʘʣʠʟ ʠ ʦʪʯʝʪʥʦʩʪʴ: PLM ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʠ 

ʛʝʥʝʨʘʮʠʠ ʦʪʯʝʪʦʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʚʘʪʴ ʚʳʧʦʣʥʝʥʠʝ ʪʨʝʙʦʚʘʥʠʡ ʠ ʧʨʠʥʠʤʘʪʴ 

ʦʙʦʩʥʦʚʘʥʥʳʝ ʨʝʰʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʧʦʣʥʦʡ ʠ ʘʢʪʫʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. 

ʋʧʨʘʚʣʝʥʠʝ ʪʨʝʙʦʚʘʥʠʷʤʠ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʟʘʨʫʙʝʞʥʳʭ ʩʠʩʪʝʤʘʭ PLM. ɺ Siemens 

Teamcenter PLM ʫʧʨʘʚʣʝʥʠʝ ʪʨʝʙʦʚʘʥʠʷʤʠ ʦʭʚʘʪʳʚʘʝʪ ʚʩʝ ʪʨʝʙʫʝʤʳʝ ʬʫʥʢʮʠʠ, ʦʧʠʩʘʥʥʳʝ ʚ 

ʵʪʦʤ ʨʘʟʜʝʣʝ[3]. 

ʆʩʥʦʚʥʳʝ ʬʫʥʢʮʠʠ ʧʦ ʫʧʨʘʚʣʝʥʠʶ ʪʨʝʙʦʚʘʥʠʷʤʠ ʚ ʞʠʟʥʝʥʥʦʤ ʮʠʢʣʝ ʠʟʜʝʣʠʷ 

ʨʝʘʣʠʟʦʚʘʥʳ ʚ ʧʨʦʜʫʢʪʘʭ PLM ʬʠʨʤʳ Dassault [4]. 

ɺ ʨʦʩʩʠʡʩʢʠʭ ʩʠʩʪʝʤʘʭ PLM ʫʧʨʘʚʣʝʥʠʝ ʪʨʝʙʦʚʘʥʠʷʤʠ ʧʦʣʫʯʠʣʦ ʰʠʨʦʢʦʝ ʨʘʟʚʠʪʠʝ ʚ 

ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ. ɺ ʩʣʝʜʫʶʱʝʡ ʛʣʘʚʝ ʧʨʝʜʩʪʘʚʣʝʥ ʦʙʟʦʨ ʚʦʟʤʦʞʥʦʩʪʝʡ ʮʠʬʨʦʚʦʡ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʫʧʨʘʚʣʝʥʠʷ ʪʨʝʙʦʚʘʥʠʷʤʠ ʥʘ ʧʨʠʤʝʨʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ 

ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʜʘʥʥʳʤʠ ʦʙ ʠʟʜʝʣʠʠ ʃʆʎʄɸʅ: PLM, ʨʘʟʨʘʙʦʪʢʠ ʢʦʥʩʦʨʮʠʫʤʘ 

çʈʘʟʚʀʊʠʝè. 

ʋʧʨʘʚʣʝʥʠʝ ʪʨʝʙʦʚʘʥʠʷʤʠ ʚ ʃʦʮʤʘʥ:PLM 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʩʪʘʚʘ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʠ ʩʪʦʷʱʠʭ ʟʘʜʘʯ ʧʦ ʫʧʨʘʚʣʝʥʠʶ 

ʪʨʝʙʦʚʘʥʠʷʤʠ, ʚ ʩʠʩʪʝʤʝ ʃʦʮʤʘʥ:PLM ʚʦʟʤʦʞʥʳ ʥʝʩʢʦʣʴʢʠʭ ʩʮʝʥʘʨʠʝʚ ʨʘʙʦʪʳ: 

Å ʉʠʥʪʝʟ ʪʨʝʙʦʚʘʥʠʡ (ʬʦʨʤʠʨʦʚʘʥʠʝ ʠʩʭʦʜʥʳʭ ʪʨʝʙʦʚʘʥʠʡ), ʢʦʛʜʘ ʧʣʘʥʠʨʫʝʪʩʷ 

ʚʳʚʝʩʪʠ ʥʘ ʨʳʥʦʢ ʥʦʚʦʝ ʠʟʜʝʣʠʝ ʠ ʥʝʦʙʭʦʜʠʤʦ ʩʬʦʨʤʠʨʦʚʘʪʴ ʪʨʝʙʦʚʘʥʠʷ ʢ ʥʝʤʫ ʥʘ ʦʩʥʦʚʝ 

ʘʥʘʣʠʟʘ ʧʦʪʨʝʙʥʦʩʪʝʡ ʨʳʥʢʘ, 

Å ɸʥʘʣʠʟ ʠ ʜʝʢʦʤʧʦʟʠʮʠʷ ʚʥʝʰʥʠʭ ʪʨʝʙʦʚʘʥʠʡ (ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʨʦʝʢʪʥʳʭ 

ʪʨʝʙʦʚʘʥʠʡ), ʢʦʛʜʘ ʠʟʜʝʣʠʝ ʧʨʦʝʢʪʠʨʫʝʪʩʷ ʠ ʠʟʛʦʪʘʚʣʠʚʘʝʪʩʷ ʧʦʜ ʟʘʢʘʟ, ʚ ʪʘʢʦʤ ʩʣʫʯʘʝ 

ʠʩʭʦʜʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʧʦʩʪʫʧʘʶʪ ʦʪ ʚʥʝʰʥʝʛʦ ʢʦʥʪʨʘʛʝʥʪʘ, 

Å ʋʧʨʘʚʣʝʥʠʝ ʠʟʤʝʥʝʥʠʷʤʠ, ʢʦʛʜʘ ʝʩʪʴ ʚʭʦʜʷʱʠʝ ʠʟʤʝʥʝʥʠʷ ʠ ʥʝʦʙʭʦʜʠʤʦ 

ʦʙʝʩʧʝʯʠʪʴ ʧʨʦʩʣʝʞʠʚʘʝʤʦʩʪʴ, ʫʯʝʩʪʴ ʚʣʠʷʥʠʝ ʥʘ ʫʞʝ ʧʨʦʜʝʣʘʥʥʫʶ ʨʘʙʦʪʫ. 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʵʪʠʭ ʩʮʝʥʘʨʠʝʚ ʃʦʮʤʘʥ:PLM ʧʨʝʜʣʘʛʘʝʪ ʙʘʟʦʚʳʝ ʠʥʩʪʨʫʤʝʥʪʳ, 

ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ: 

Å ʬʠʢʩʠʨʦʚʘʪʴ ʠ ʩʚʷʟʳʚʘʪʴ ʪʨʝʙʦʚʘʥʠʷ, ʩʦʟʜʘʚʘʷ ʦʙʲʝʢʪʳ ʠʣʠ ʠʤʧʦʨʪʠʨʫʷ ʜʘʥʥʳʝ 

ʠʟ ʪʝʢʩʪʦʚʳʭ ʜʦʢʫʤʝʥʪʦʚ, 

Å ʧʦʜʜʝʨʞʠʚʘʪʴ ʘʢʪʫʘʣʴʥʦʩʪʴ ʪʨʝʙʦʚʘʥʠʡ ʯʝʨʝʟ ʫʧʨʘʚʣʝʥʠʝ ʚʝʨʩʠʷʤʠ ʠ 

ʧʨʦʚʝʜʝʥʠʝ ʧʨʦʮʝʜʫʨ ʩʦʛʣʘʩʦʚʘʥʠʷ, 

Å ʦʙʝʩʧʝʯʠʚʘʪʴ ʪʨʘʩʩʠʨʦʚʢʫ ʪʨʝʙʦʚʘʥʠʡ, ʩʚʷʟʳʚʘʷ ʠʭ ʩ ʧʨʦʯʠʤʠ ʦʙʲʝʢʪʘʤʠ 

ʧʦʜʩʠʩʪʝʤʳ ʠ ʦʪʩʣʝʞʠʚʘʷ ʩʚʷʟʘʥʥʦʩʪʴ ʯʝʨʝʟ ʧʦʩʪʨʦʝʥʠʝ ʤʘʪʨʠʮ ʪʨʘʩʩʠʨʦʚʢʠ, 

Å ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʪʨʝʙʦʚʘʥʠʷ ʧʫʪʝʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʦʥʪʨʦʣʴʥʳʭ ʪʦʯʝʢ ʠ 

ʧʨʦʚʝʨʦʢ. 

ʉʠʥʪʝʟ ʪʨʝʙʦʚʘʥʠʡ ʦʩʦʙʝʥʥʦ ʚʘʞʝʥ ʥʘ ʥʘʯʘʣʴʥʦʡ ʬʘʟʝ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʧʨʦʜʫʢʪʘ ð 

ʝʛʦ ʟʘʤʳʩʣʘ, ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʢʦʥʩʪʨʫʢʮʠʠ. ʅʘ ʢʘʞʜʦʤ ʵʪʘʧʝ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʨʘʟʣʠʯʥʳʝ ʧʦʜʭʦʜʳ ʠ ʠʥʩʪʨʫʤʝʥʪʳ ʩʠʩʪʝʤʥʦʡ ʠʥʞʝʥʝʨʠʠ, ʯʪʦʙʳ ʙʦʣʝʝ ʧʦʣʥʦ ʦʧʨʝʜʝʣʠʪʴ 

ʦʙʣʠʢ ʙʫʜʫʱʝʛʦ ʧʨʦʜʫʢʪʘ, ʩʬʦʨʤʠʨʦʚʘʪʴ ʤʦʜʝʣʴ ʝʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʠ ʦʧʨʝʜʝʣʠʪʴ 

ʪʨʝʙʦʚʘʥʠʷ ʢ ʥʝʤʫ.  

ʅʘ ʵʪʘʧʝ ʟʘʤʳʩʣʘ, ʙʣʘʛʦʜʘʨʷ ʧʨʦʚʝʜʝʥʥʦʤʫ ʩʠʩʪʝʤʥʦʤʫ ʘʥʘʣʠʟʫ ð ʧʦʠʩʢʫ 

ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʭ ʩʪʦʨʦʥ, ʧʦʠʩʢʫ ʠ ʘʥʘʣʠʟʫ ʠʭ ʪʨʝʙʦʚʘʥʠʡ, ʦʧʨʝʜʝʣʝʥʠʶ ʤʦʜʝʣʝʡ 



ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʠʩʪʝʤʳ ʩ ʧʦʣʴʟʦʚʘʪʝʣʝʤ, ʨʦʞʜʘʝʪʩʷ ʧʦʥʠʤʘʥʠʝ ʥʦʚʦʛʦ ʧʨʦʜʫʢʪʘ, ʧʦʷʚʣʷʶʪʩʷ 

ʝʛʦ ʦʞʠʜʘʝʤʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʩʠʥʪʝʟʠʨʫʝʪʩʷ ʧʝʨʚʠʯʥʳʡ ʧʫʣ ʪʨʝʙʦʚʘʥʠʡ. 

ʅʘ ʵʪʘʧʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʬʦʨʤʠʨʫʶʪʩʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʠ ʣʦʛʠʯʝʩʢʠʝ ʤʦʜʝʣʠ: 

ʩʪʨʦʠʪʩʷ ʙʫʜʫʱʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʠʟʜʝʣʠʷ, ʨʝʰʝʥʠʷ ʦʧʪʠʤʠʟʠʨʫʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʠʥʩʪʨʫʤʝʥʪʦʚ 

ʪʝʦʨʠʠ ʨʝʰʝʥʠʷ ʠʟʦʙʨʝʪʘʪʝʣʴʩʢʠʭ ʟʘʜʘʯ ʠ ʧʨʦʚʝʜʝʥʠʷ 1D ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠʣʠ 

ʤʫʣʴʪʠʬʠʟʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ. ɺʩʝ ʚʤʝʩʪʝ ʵʪʦ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʪʴ ʠʪʦʛʦʚʫʶ ʣʦʛʠʯʝʩʢʫʶ 

ʘʨʭʠʪʝʢʪʫʨʫ, ʛʜʝ ʙʫʜʫʪ ʦʧʨʝʜʝʣʝʥʳ ʢʦʤʧʦʥʝʥʪʳ ʙʫʜʫʱʝʛʦ ʠʟʜʝʣʠʷ ʠʣʠ ʩʠʩʪʝʤʳ ʮʝʣʠʢʦʤ. ʀ ʢ 

ʢʘʞʜʦʤʫ ʢʦʤʧʦʥʝʥʪʫ ʤʦʞʥʦ ʣʠʙʦ ʧʨʠʢʨʝʧʠʪʴ ʨʘʥʝʝ ʚʳʷʚʣʝʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ, ʣʠʙʦ 

ʩʬʦʨʤʠʨʦʚʘʪʴ ʥʦʚʳʝ ʥʘ ʙʘʟʝ ʥʦʨʤʘʪʠʚʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʜʦʢʫʤʝʥʪʦʚ. ʉʤ. ʨʠʩ.1. ʉʭʝʤʘ 

ʫʧʨʘʚʣʝʥʠʷ ʪʨʝʙʦʚʘʥʠʷʤʠ ʚ ʃʦʮʤʘʥ:PLM.  

 

 
ʉʤ. ʨʠʩ.1. ʉʭʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʪʨʝʙʦʚʘʥʠʷʤʠ ʚ ʃʦʮʤʘʥ:PLM. 

 

ʅʘ ʵʪʘʧʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʠʜʝʪ ʧʦʪʨʝʙʣʝʥʠʝ ʪʨʝʙʦʚʘʥʠʡ, ʪ. ʝ. ʠʭ ʫʯʝʪ 

ʚ ʢʦʥʩʪʨʫʢʮʠʠ ʵʣʝʤʝʥʪʦʚ, ʠ ʜʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʠʭ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʦʨʛʘʥʠʟʫʶʪʩʷ ʧʨʦʚʝʨʢʠ ʠ 

ʧʦʚʝʨʦʯʥʳʝ ʨʘʩʯʝʪʳ ʚ CAE ʩʠʩʪʝʤʘʭ [5]. 

ʉʚʷʟʴ ʩ ʧʨʦʮʝʩʩʘʤʠ ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ 

ʥʘʣʠʯʠʝʤ ʩʚʷʟʠ ʤʝʞʜʫ ʦʙʲʝʢʪʘʤʠ ʪʠʧʘ çʊʨʝʙʦʚʘʥʠʷè, çʃʦʛʠʯʝʩʢʠʝ ʪʨʝʙʦʚʘʥʠʷè, çʇʨʦʚʝʨʢʠè 

ʩ ʦʙʲʝʢʪʘʤʠ ʪʠʧʘ çɼʝʪʘʣʴè, çʉʙʦʨʦʯʥʘʷ ʝʜʠʥʠʮʘè. ʊʘʢʘʷ ʩʚʷʟʴ ʵʣʝʤʝʥʪʦʚ ʤʝʞʜʫ ʩʦʙʦʡ 

ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ ʩʢʚʦʟʥʫʶ ʧʨʦʩʣʝʞʠʚʘʝʤʦʩʪʴ ʩʚʷʟʠ ʠʩʪʦʯʥʠʢʘ ʪʨʝʙʦʚʘʥʠʡ ʩ 

ʪʨʝʙʦʚʘʥʠʷʤʠ, ʣʦʛʠʯʝʩʢʠʤʠ ʬʫʥʢʮʠʷʤʠ, ʢʦʤʧʦʥʝʥʪʘʤʠ, ʢʦʥʩʪʨʫʢʪʠʚʥʦʡ ʵʣʝʢʪʨʦʥʥʦʡ 

ʩʪʨʫʢʪʫʨʦʡ ʠʟʜʝʣʠʷ. ɼʘʣʝʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʢ ʢʘʞʜʦʤʫ ʵʣʝʤʝʥʪʫ ʢʦʥʩʪʨʫʢʪʠʚʥʦʡ ʕʉʀ ʤʦʞʥʦ 

ʧʨʠʢʨʝʧʣʷʪʴ ʦʙʲʝʢʪʳ ʪʠʧʘ çʇʨʦʚʝʨʢʠè, ʚʳʧʦʣʥʷʷ ʧʨʦʚʝʨʢʠ ʢʦʤʧʦʥʝʥʪʦʚ, ʧʦʜʩʠʩʪʝʤ, ʩʠʩʪʝʤʳ 

ʮʝʣʠʢʦʤ ʠ ʚʘʣʠʜʘʮʠʶ ʚʩʝʛʦ ʨʝʰʝʥʠʷ. 

ʀʥʩʪʨʫʤʝʥʪ çʋʧʨʘʚʣʝʥʠʝ ʩʦʩʪʦʷʥʠʷʤʠè ʧʦʟʚʦʣʷʝʪ ʟʘʱʠʱʘʪʴ ʦʙʲʝʢʪʳ ʦʪ ʠʟʤʝʥʝʥʠʡ, 

ʩʤʦʪʨʝʪʴ ʪʝʢʫʱʠʝ ʘʢʪʫʘʣʴʥʳʝ ʚʝʨʩʠʠ, ʦʨʛʘʥʠʟʦʚʳʚʘʪʴ ʧʨʦʮʝʜʫʨʳ ʩʦʛʣʘʩʦʚʘʥʠʷ ʩ ʧʦʤʦʱʴʶ 

ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ, ʧʨʦʠʟʚʦʜʷ ʵʪʠ ʦʧʝʨʘʮʠʠ ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ. 

ʆʪʩʣʝʞʠʚʘʥʠʝ ʧʦʢʨʳʪʠʷ ʪʨʝʙʦʚʘʥʠʡ ʚʳʧʦʣʥʷʝʪʩʷ ʠʥʩʪʨʫʤʝʥʪʦʤ çʄʘʪʨʠʮʘ 

ʪʨʘʩʩʠʨʦʚʢʠè. ʆʥ ʧʦʢʘʟʳʚʘʝʪ ʩʚʷʟʴ ʤʝʞʜʫ ʢʦʤʧʦʥʝʥʪʘʤʠ ʠ ʣʦʛʠʯʝʩʢʠʤʠ ʬʫʥʢʮʠʷʤʠ, ʤʝʞʜʫ 

ʪʨʝʙʦʚʘʥʠʷʤʠ ʠ ʣʦʛʠʯʝʩʢʦʡ ʘʨʭʠʪʝʢʪʫʨʦʡ, ʤʝʞʜʫ ʪʨʝʙʦʚʘʥʠʷʤʠ ʠ ʢʦʥʪʨʦʣʴʥʳʤʠ ʪʦʯʢʘʤʠ ʠ 

ʧʨʦʚʝʨʢʘʤʠ, ʤʝʞʜʫ ʪʨʝʙʦʚʘʥʠʷʤʠ ʠ ʵʣʝʤʝʥʪʘʤʠ ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ʉʤ. ʨʠʩ. 2. ʄʘʪʨʠʮʘ ʪʨʘʩʩʠʨʦʚʢʠ ʪʨʝʙʦʚʘʥʠʡ. 

 



 
ʈʠʩ. 9. ʄʘʪʨʠʮʘ ʪʨʘʩʩʠʨʦʚʢʠ ʪʨʝʙʦʚʘʥʠʡ. 

 

ɿʘʢʣʶʯʝʥʠʝ. ʋʧʨʘʚʣʝʥʠʝ ʪʨʝʙʦʚʘʥʠʷʤʠ ʚ ʧʦʪʦʢʝ ʩʦʟʜʘʥʠʷ ʮʝʥʥʦʩʪʠ ʚ ʨʘʤʢʘʭ ʤʦʜʝʣʠ 

RAMI 4.0 ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʵʣʝʤʝʥʪʦʤ ʜʣʷ ʫʩʧʝʰʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʢʦʥʮʝʧʮʠʡ ʀʥʜʫʩʪʨʠʠ 4.0 

[1]. ʀʥʪʝʛʨʘʮʠʷ ʩʠʩʪʝʤ PLM ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʘʝʪ ʫʧʨʘʚʣʝʥʠʝ ʪʨʝʙʦʚʘʥʠʷʤʠ, ʦʙʝʩʧʝʯʠʚʘʷ 

ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʝ ʭʨʘʥʝʥʠʝ ʜʘʥʥʳʭ, ʪʨʘʩʩʠʨʫʝʤʦʩʪʴ, ʩʦʚʤʝʩʪʥʫʶ ʨʘʙʦʪʫ ʠ ʫʧʨʘʚʣʝʥʠʝ 

ʠʟʤʝʥʝʥʠʷʤʠ. ʕʬʬʝʢʪʠʚʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʪʨʝʙʦʚʘʥʠʷʤʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ ʛʠʙʢʦʩʪʠ, 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʠʥʥʦʚʘʮʠʦʥʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʦʡ ʜʣʷ 

ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʚ ʫʩʣʦʚʠʷʭ ʮʠʬʨʦʚʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ. ɸʢʪʠʚʥʦ ʨʘʟʚʠʚʘʶʱʠʝʩʷ 

ʩʝʡʯʘʩ ʨʦʩʩʠʡʩʢʠʝ ʩʠʩʪʝʤʳ PLM ʠʤʝʶʪ ʙʘʟʦʚʳʡ ʬʫʥʢʮʠʦʥʘʣ, ʧʦʟʚʦʣʷʶʱʠʡ ʦʩʫʱʝʩʪʚʣʷʪʴ 

ʫʧʨʘʚʣʝʥʠʝ ʪʨʝʙʦʚʘʥʠʷʤʠ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʩʪʘʜʠʡ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʠʩʧʳʪʘʥʠʷ ʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠʟʜʝʣʠʷ. ɺʩʝʩʪʦʨʦʥʥʝʝ ʠʟʫʯʝʥʠʝ ʧʨʦʮʝʩʩʦʚ 

ʫʧʨʘʚʣʝʥʠʷ ʪʨʝʙʦʚʘʥʠʷʤʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʠ ʧʨʦʮʝʩʩʦʚ ʫʧʨʘʚʣʝʥʠʷ ʞʠʟʥʝʥʥʳʤ ʮʠʢʣʦʤ ʠʟʜʝʣʠʡ 

ʚ ʮʝʣʦʤ, ʚ ʢʦʥʪʝʢʩʪʝ RAMI 4.0 ʷʚʣʷʝʪʩʷ ʢʣʶʯʦʤ ʢ ʫʩʧʝʰʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʢʦʥʮʝʧʮʠʠ ʀʥʜʫʩʪʨʠʷ 

4.0. 

ʉʧʠʩʦʢ ʠʩʪʦʯʥʠʢʦʚ 

1. Alp Ustundag, Emre Cevikcan. Industry 4.0: Managing The Digital Transformation. 

// ResearchGate. April 2018, 286ʩ. 

2. RAMI 4.0 Reference Architectural Model for Industrie 4.0 [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] ï 

2024 ï URL https://www.isa.org/intech-home/2019/march-april/features/rami-4-0-reference-

architectural-model-for-industr (ʜʘʪʘ ʦʙʨʘʱʝʥʠʝ 16.05.2024). 

3.  ʋʧʨʘʚʣʝʥʠʝ ʪʨʝʙʦʚʘʥʠʷʤʠ ʚ Teamcenter [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] ï 2024. ï URL 

https://www.plm-ural.ru/resheniya/upravlenie-trebovaniyami-v-teamcenter (ʜʘʪʘ ʦʙʨʘʱʝʥʠʝ 

16.05.2024). 

4. Requirements Manager [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] -  2024 ï URL 

https://www.3ds.com/fileadmin/PRODUCTS SERVICES/ENOVIA/PDF/Datasheet/R2017/trm.pdf 

(ʜʘʪʘ ʦʙʨʘʱʝʥʠʝ 16.05.2024). 

5. ʉʠʩʪʝʤʥʘʷ ʠʥʞʝʥʝʨʠʷ: ʂʘʢ ʦʨʛʘʥʠʟʦʚʘʥʦ ʫʧʨʘʚʣʝʥʠʝ ʪʨʝʙʦʚʘʥʠʷʤʠ ʚ  

ʃʦʮʤʘʥ:PLM [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] ï 2024- URL https://ascon.ru/news_and_events/news/3384/ 

(ʜʘʪʘ ʦʙʨʘʱʝʥʠʝ 16.05.2024). 



6. ɻʆʉʊ ʈ 59194-2020 ʋʧʨʘʚʣʝʥʠʝ ʪʨʝʙʦʚʘʥʠʷʤʠ. ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ // ʂʘʪʘʣʦʛ 

ʥʘʮʠʦʥʘʣʴʥʳʭ ʩʪʘʥʜʘʨʪʦʚ ï [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. 

https://www.rst.gov.ru/portal/gost/home/standarts/catalognational (ʜʘʪʘ ʦʙʨʘʱʝʥʠʝ 16.05.2024). 

7. ɻʆʉʊ ʈ 59799-2021 ʋʤʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ. ʄʦʜʝʣʴ ʵʪʘʣʦʥʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ 

ʠʥʜʫʩʪʨʠʠ 4.0 (RAMI 4.0) // ʂʘʪʘʣʦʛ ʥʘʮʠʦʥʘʣʴʥʳʭ ʩʪʘʥʜʘʨʪʦʚ ï [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. 

https://www.rst.gov.ru/portal/gost/home/standarts/catalognational (ʜʘʪʘ ʦʙʨʘʱʝʥʠʝ 16.05.2024). 

 

MANAGING REQUIREMENT S IN THE LIFE CYC LE AND VALUE STREAM IN THE 

INDUSTRY REFERENCE ARCHITECTURE MODEL (R AMI 4.0)  

Kravchenko A.N. 

Moscow state technological university "Stankin", Moscow 

The article analyzes the role of requirements management processes in the value stream in the context 

of the RAMI 4.0 model (GOST R 59799-2021 Smart Manufacturing. The Industry 4.0 Reference 

Architecture Model (RAMI 4.0). The article examines the process of requirements management at all 

stages of the product life cycle, the need to create rules for digital description and requirements 

management, and the implementation of this process in foreign and domestic PLM systems. A brief 

overview of the implementation of the requirements management process in the Lodsman:PLM 

system is given. 

Keywords: Requirements Management, Industry 4.0., RAMI 4.0, PLM, Product Lifecycle, 

Lodsman:PLM. 
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ʊɽʍʅʆʃʆɻʀʀ ʅɸʂʃʆʅʅʆɻʆ ɹʋʈɽʅʀʗ: ʇɽʈʉʇɽʂʊʀɺʓ ʀ ʇʈʆɹʃɽʄʓ 

ʇʨʦʪʘʩʦʚ ʄ.ɸ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʊʫʨʙʘʢʦʚ ʄ.ʉ. 

ʇʝʨʤʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʇʝʨʤʴ 

protasovmaxim15@gmail.com 

ɺ ʜʘʥʥʦʤ ʜʦʢʣʘʜʝ ʧʨʝʜʩʪʘʚʣʝʥ ʚʩʝʩʪʦʨʦʥʥʠʡ ʘʥʘʣʠʟ ʪʝʭʥʦʣʦʛʠʠ ʥʘʢʣʦʥʥʦʛʦ ʙʫʨʝʥʠʷ, ʚʢʣʶʯʘʷ 

ʝʝ ʢʣʶʯʝʚʳʝ ʦʩʦʙʝʥʥʦʩʪʠ, ʧʨʝʠʤʫʱʝʩʪʚʘ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʚʳʟʦʚʳ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ. 

ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʨʠʤʝʨʳ ʫʩʧʝʰʥʳʭ ʨʝʘʣʠʟʘʮʠʡ ʥʘʢʣʦʥʥʦʛʦ ʙʫʨʝʥʠʷ ʚ ʥʝʬʪʝʛʘʟʦʚʦʡ ʠ 

ʛʦʨʥʦʜʦʙʳʚʘʶʱʝʡ ʦʪʨʘʩʣʷʭ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʠʥʪʝʛʨʘʮʠʠ ʥʘʢʣʦʥʥʦʛʦ ʙʫʨʝʥʠʷ ʩ 

ʜʨʫʛʠʤʠ ʧʝʨʝʜʦʚʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ, ʪʘʢʠʤʠ ʢʘʢ ʨʦʙʦʪʠʟʘʮʠʷ, ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ʠ 

ʘʜʜʠʪʠʚʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ. ɼʝʣʘʝʪʩʷ ʚʳʚʦʜ ʦ ʨʘʩʪʫʱʝʡ ʟʥʘʯʠʤʦʩʪʠ ʥʘʢʣʦʥʥʦʛʦ ʙʫʨʝʥʠʷ ʜʣʷ 

ʦʩʚʦʝʥʠʷ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʘʢʣʦʥʥʦʝ ʙʫʨʝʥʠʝ, ʥʘʧʨʘʚʣʝʥʥʦʝ ʙʫʨʝʥʠʝ, ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʥʝʬʪʴ, ʛʘʟ, 

ʛʦʨʥʦʜʦʙʳʯʘ, ʪʝʭʥʦʣʦʛʠʠ, ʘʚʪʦʤʘʪʠʟʘʮʠʷ, ʨʦʙʦʪʠʟʘʮʠʷ, ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ. 

 

ʅʘʢʣʦʥʥʦʝ ʙʫʨʝʥʠʝ - ʵʪʦ ʧʨʦʮʝʩʩ ʧʨʦʭʦʜʢʠ ʩʢʚʘʞʠʥ ʧʦʜ ʫʛʣʦʤ ʢ ʚʝʨʪʠʢʘʣʠ ʩ ʮʝʣʴʶ 

ʧʦʣʫʯʝʥʠʷ ʜʦʩʪʫʧʘ ʢ ʫʜʘʣʝʥʥʳʤ ʠʣʠ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʤ ʟʘʣʝʞʘʤ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ, ʪʘʢʠʭ 

ʢʘʢ ʥʝʬʪʴ, ʛʘʟ, ʤʠʥʝʨʘʣʳ ʠ ʛʝʦʪʝʨʤʘʣʴʥʳʝ ʨʝʩʫʨʩʳ. ʊʝʭʥʦʣʦʛʠʷ ʟʘʨʦʜʠʣʘʩʴ ʝʱʝ ʚ 1920-ʭ ʛʦʜʘʭ 

ʚ ʉʦʝʜʠʥʝʥʥʳʭ ʐʪʘʪʘʭ ʠ ʩ ʪʝʭ ʧʦʨ ʥʝʧʨʝʨʳʚʥʦ ʨʘʟʚʠʚʘʝʪʩʷ, ʥʘʭʦʜʷ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ 

ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ [1,2]. 

ʂʣʶʯʝʚʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʥʘʢʣʦʥʥʦʛʦ ʙʫʨʝʥʠʷ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʜʦʩʪʠʞʝʥʠʷ 

ʧʣʘʩʪʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʧʦʜ ʚʦʜʥʳʤʠ ʦʙʲʝʢʪʘʤʠ, ʟʘʙʦʣʦʯʝʥʥʳʤʠ ʪʝʨʨʠʪʦʨʠʷʤʠ, ʛʦʨʦʜʩʢʦʡ 

ʟʘʩʪʨʦʡʢʦʡ ʠʣʠ ʜʨʫʛʠʤʠ ʧʨʝʧʷʪʩʪʚʠʷʤʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ. ʕʪʦ ʦʪʢʨʳʚʘʝʪ ʜʦʩʪʫʧ ʢ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷʤ, ʢʦʪʦʨʳʝ ʨʘʥʝʝ ʩʯʠʪʘʣʠʩʴ ʥʝʜʦʩʪʫʧʥʳʤʠ ʠʣʠ ʥʝʨʝʥʪʘʙʝʣʴʥʳʤʠ ʜʣʷ 

ʨʘʟʨʘʙʦʪʢʠ [3]. 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʥʘʢʣʦʥʥʦʛʦ ʙʫʨʝʥʠʷ 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʥʘʢʣʦʥʥʦʛʦ ʙʫʨʝʥʠʷ ʜʘʝʪ ʨʷʜ ʩʫʱʝʩʪʚʝʥʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚ: 

1. ʈʘʩʰʠʨʝʥʠʝ ʜʦʩʪʫʧʘ ʢ ʤʝʩʪʦʨʦʞʜʝʥʠʷʤ 

ʅʘʢʣʦʥʥʦʝ ʙʫʨʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʜʦʩʪʫʧ ʢ ʫʜʘʣʝʥʥʳʤ ʠʣʠ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʤ 

ʟʘʣʝʞʘʤ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ, ʥʘʭʦʜʷʱʠʤʩʷ ʧʦʜ ʚʦʜʥʳʤʠ ʦʙʲʝʢʪʘʤʠ, ʟʘʙʦʣʦʯʝʥʥʳʤʠ 

ʫʯʘʩʪʢʘʤʠ, ʛʦʨʥʳʤʠ ʤʘʩʩʠʚʘʤʠ ʠ ʜʨʫʛʠʤʠ ʧʨʝʧʷʪʩʪʚʠʷʤʠ. ʕʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʩʰʠʨʷʝʪ 

ʨʝʩʫʨʩʥʫʶ ʙʘʟʫ ʠ ʜʝʣʘʝʪ ʚʦʟʤʦʞʥʳʤ ʦʩʚʦʝʥʠʝ ʥʦʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʨʘʥʝʝ ʩʯʠʪʘʚʰʠʭʩʷ 

ʥʝʜʦʩʪʫʧʥʳʤʠ. 

ʇʨʠʤʝʨʦʤ ʫʩʧʝʰʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʥʘʢʣʦʥʥʦʛʦ ʙʫʨʝʥʠʷ ʷʚʣʷʝʪʩʷ ʦʩʚʦʝʥʠʝ ʤʦʨʩʢʦʛʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʆʩʝʙʝʨʛ ʚ ʉʝʚʝʨʥʦʤ ʤʦʨʝ ʢʦʤʧʘʥʠʝʡ Equinor. ɿʜʝʩʴ ʩ ʦʜʥʦʡ ʤʦʨʩʢʦʡ 

ʧʣʘʪʬʦʨʤʳ ʙʳʣʠ ʧʨʦʙʫʨʝʥʳ ʥʘʢʣʦʥʥʳʝ ʩʢʚʘʞʠʥʳ, ʜʦʩʪʠʛʘʶʱʠʝ ʫʜʘʣʝʥʥʳʭ ʫʯʘʩʪʢʦʚ ʟʘʣʝʞʠ 

ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʙʦʣʝʝ 8 ʢʤ ʧʦ ʛʦʨʠʟʦʥʪʘʣʠ. ʕʪʦ ʧʦʟʚʦʣʠʣʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʪʴ ʢʦʵʬʬʠʮʠʝʥʪ 

ʠʟʚʣʝʯʝʥʠʷ ʥʝʬʪʠ ʜʦ 70% ʠ ʩʦʢʨʘʪʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʥʝʦʙʭʦʜʠʤʳʭ ʧʣʘʪʬʦʨʤ [4]. 

2. ɹʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʟʝʤʝʣʴʥʳʭ ʫʯʘʩʪʢʦʚ 

ʉ ʦʜʥʦʡ ʙʫʨʦʚʦʡ ʧʣʦʱʘʜʢʠ ʤʦʞʥʦ ʧʨʦʙʫʨʠʪʴ ʤʥʦʞʝʩʪʚʦ ʥʘʢʣʦʥʥʳʭ ʩʢʚʘʞʠʥ ʚ ʨʘʟʥʳʭ 

ʥʘʧʨʘʚʣʝʥʠʷʭ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʦʢʨʘʪʠʪʴ ʦʙʱʫʶ ʟʘʥʠʤʘʝʤʫʶ ʧʣʦʱʘʜʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʪʨʘʜʠʮʠʦʥʥʳʤ ʚʝʨʪʠʢʘʣʴʥʳʤ ʙʫʨʝʥʠʝʤ. ʕʪʦ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʦ ʚ ʫʩʣʦʚʠʷʭ ʦʛʨʘʥʠʯʝʥʥʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʠʣʠ ʜʦʨʦʛʦʩʪʦʷʱʠʭ ʟʝʤʝʣʴʥʳʭ ʫʯʘʩʪʢʦʚ. 

ʇʦʢʘʟʘʪʝʣʴʥʳʤ ʧʨʠʤʝʨʦʤ ʷʚʣʷʝʪʩʷ ʦʩʚʦʝʥʠʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɹʘʜʨʘ ʚ ʀʨʘʢʝ 

ʢʦʥʩʦʨʮʠʫʤʦʤ ʚʦ ʛʣʘʚʝ ʩ Gazprom Neft. ɿʜʝʩʴ ʧʨʠʤʝʥʝʥʠʝ ʥʘʢʣʦʥʥʦʛʦ ʙʫʨʝʥʠʷ ʙʳʣʦ 



ʦʙʫʩʣʦʚʣʝʥʦ ʩʣʦʞʥʳʤ ʨʝʣʴʝʬʦʤ ʤʝʩʪʥʦʩʪʠ, ʚʢʣʶʯʘʶʱʠʤ ʨʷʜ ʦʚʨʘʛʦʚ ʠ ʭʦʣʤʦʚ. ɹʣʘʛʦʜʘʨʷ 

ʵʪʦʤʫ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤʫ ʨʝʰʝʥʠʶ ʫʜʘʣʦʩʴ ʨʘʟʤʝʩʪʠʪʴ ʚʩʶ ʥʝʦʙʭʦʜʠʤʫʶ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ ʥʘ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʤʧʘʢʪʥʦʡ ʪʝʨʨʠʪʦʨʠʠ, ʤʠʥʠʤʠʟʠʨʦʚʘʚ ʥʘʨʫʰʝʥʠʝ ʣʘʥʜʰʘʬʪʘ [5]. 

3. ʉʥʠʞʝʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ 

ʅʘʢʣʦʥʥʦʝ ʙʫʨʝʥʠʝ ʤʠʥʠʤʠʟʠʨʫʝʪ ʥʘʨʫʰʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʦʙʲʝʢʪʦʚ ʠ 

ʢʦʤʤʫʥʠʢʘʮʠʡ, ʩʥʠʞʘʷ ʨʠʩʢʠ ʟʘʛʨʷʟʥʝʥʠʷ ʧʦʯʚ ʠ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ. ʂʦʤʧʘʢʪʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʪʘʢʞʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʦʢʨʘʱʝʥʠʶ ʦʙʱʝʛʦ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʩʣʝʜʘ ʨʘʙʦʪ. 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʚʳʟʦʚʳ ʠ ʨʝʰʝʥʠʷ 

ʅʝʩʤʦʪʨʷ ʥʘ ʦʯʝʚʠʜʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ, ʪʝʭʥʦʣʦʛʠʷ ʥʘʢʣʦʥʥʦʛʦ ʙʫʨʝʥʠʷ ʩʦʧʨʷʞʝʥʘ ʩ 

ʨʷʜʦʤ ʪʝʭʥʠʯʝʩʢʠʭ ʩʣʦʞʥʦʩʪʝʡ, ʢʦʪʦʨʳʝ ʪʨʝʙʫʶʪ ʪʱʘʪʝʣʴʥʦʡ ʧʨʦʨʘʙʦʪʢʠ: 

1. ʇʦʚʳʰʝʥʥʳʝ ʥʘʛʨʫʟʢʠ ʥʘ ʦʙʦʨʫʜʦʚʘʥʠʝ 

ʀʟ-ʟʘ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʫʛʣʘ ʥʘʢʣʦʥʘ ʩʢʚʘʞʠʥʳ ʥʘ ʙʫʨʦʚʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʜʝʡʩʪʚʫʶʪ ʙʦʣʝʝ 

ʚʳʩʦʢʠʝ ʥʘʛʨʫʟʢʠ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʧʝʮʠʘʣʴʥʳʝ 

ʢʦʥʩʪʨʫʢʮʠʠ ʙʫʨʠʣʴʥʳʭ ʢʦʣʦʥʥ, ʫʩʠʣʝʥʥʳʝ ʦʧʦʨʳ ʠ ʜʨʫʛʠʝ ʪʝʭʥʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ. ʂʣʶʯʝʚʫʶ 

ʨʦʣʴ ʠʛʨʘʶʪ ʧʨʠʤʝʥʝʥʠʝ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʪʘʢʠʭ ʢʘʢ ʚʳʩʦʢʦʧʨʦʯʥʳʝ ʩʪʘʣʠ ʠ ʢʦʤʧʦʟʠʪʳ, 

ʩʧʦʩʦʙʥʳʭ ʚʳʜʝʨʞʠʚʘʪʴ ʵʢʩʪʨʝʤʘʣʴʥʳʝ ʥʘʛʨʫʟʢʠ ʠ ʘʛʨʝʩʩʠʚʥʳʝ ʧʣʘʩʪʦʚʳʝ ʫʩʣʦʚʠʷ [6,7]. 

2. ʂʦʥʪʨʦʣʴ ʪʨʘʝʢʪʦʨʠʠ ʩʢʚʘʞʠʥʳ 

ʇʦʜʜʝʨʞʘʥʠʝ ʟʘʜʘʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʩʢʚʘʞʠʥʳ ʷʚʣʷʝʪʩʷ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ. 

ʀʩʢʨʠʚʣʝʥʠʝ ʩʪʚʦʣʘ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʧʦʪʝʨʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʜʘʞʝ ʘʚʘʨʠʷʤ. ɿʜʝʩʴ ʥʘ ʧʦʤʦʱʴ 

ʧʨʠʭʦʜʷʪ ʪʝʭʥʦʣʦʛʠʠ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʙʫʨʝʥʠʷ, ʚʢʣʶʯʘʶʱʠʝ ʩʠʩʪʝʤʳ ʪʝʣʝʤʝʪʨʠʠ, 

ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ. ʆʥʠ ʧʦʟʚʦʣʷʶʪ ʪʦʯʥʦ 

ʦʪʩʣʝʞʠʚʘʪʴ ʧʘʨʘʤʝʪʨʳ ʩʢʚʘʞʠʥʳ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ, ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʝʝ ʧʦʚʝʜʝʥʠʝ ʠ 

ʦʧʝʨʘʪʠʚʥʦ ʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʧʦʣʦʞʝʥʠʝ ʩʪʚʦʣʘ [8,9]. 

3. ʎʝʤʝʥʪʠʨʦʚʘʥʠʝ ʦʙʩʘʜʥʳʭ ʢʦʣʦʥʥ 

ʀʟ-ʟʘ ʜʝʡʩʪʚʠʷ ʛʨʘʚʠʪʘʮʠʠ ʠ ʩʣʦʞʥʦʡ ʛʝʦʤʝʪʨʠʠ ʥʘʢʣʦʥʥʳʭ ʩʢʚʘʞʠʥ ʚʦʟʥʠʢʘʶʪ 

ʪʨʫʜʥʦʩʪʠ ʩ ʦʙʝʩʧʝʯʝʥʠʝʤ ʧʦʣʥʦʛʦ ʟʘʧʦʣʥʝʥʠʷ ʮʝʤʝʥʪʥʳʤ ʨʘʩʪʚʦʨʦʤ ʟʘʢʦʣʦʥʥʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ. ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʩʧʝʮʠʘʣʴʥʳʝ ʪʝʭʥʦʣʦʛʠʠ 

ʮʝʤʝʥʪʠʨʦʚʘʥʠʷ, ʚʢʣʶʯʘʷ ʧʨʠʤʝʥʝʥʠʝ ʦʙʣʝʛʯʝʥʥʳʭ ʪʘʤʧʦʥʘʞʥʳʭ ʩʦʩʪʘʚʦʚ, ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʵʪʘʧʦʚ ʧʨʦʜʘʚʣʠʚʘʥʠʷ ʨʘʩʪʚʦʨʘ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ [10,11]. 

ʇʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ 

ʋʯʠʪʳʚʘʷ ʨʘʩʪʫʱʫʶ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʜʦʩʪʫʧʝ ʢ ʥʦʚʳʤ, ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʤ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷʤ, ʘ ʪʘʢʞʝ ʧʦʩʪʦʷʥʥʦʝ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʩʘʤʦʡ ʪʝʭʥʦʣʦʛʠʠ, ʤʦʞʥʦ ʩ 

ʫʚʝʨʝʥʥʦʩʪʴʶ ʛʦʚʦʨʠʪʴ ʦ ʪʦʤ, ʯʪʦ ʜʦʣʷ ʥʘʢʣʦʥʥʦʛʦ ʙʫʨʝʥʠʷ ʚ ʦʙʱʝʤ ʦʙʲʝʤʝ ʙʫʨʦʚʳʭ ʨʘʙʦʪ 

ʙʫʜʝʪ ʪʦʣʴʢʦ ʫʚʝʣʠʯʠʚʘʪʴʩʷ ʚ ʙʣʠʞʘʡʰʠʝ ʛʦʜʳ. 

ʂʣʶʯʝʚʳʤʠ ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʨʘʟʚʠʪʠʷ ʪʝʭʥʦʣʦʛʠʠ ʩʪʘʥʫʪ: 

1. ʇʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʥʘʜʝʞʥʦʩʪʠ 

ɼʘʣʴʥʝʡʰʝʝ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʤʘʪʝʨʠʘʣʦʚ, ʢʦʥʩʪʨʫʢʮʠʡ, ʩʠʩʪʝʤ ʢʦʥʪʨʦʣʷ ʠ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʦʟʚʦʣʠʪ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʪʦʯʥʦʩʪʴ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ ʧʨʦʮʝʩʩʘ 

ʥʘʢʣʦʥʥʦʛʦ ʙʫʨʝʥʠʷ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʙʫʜʝʪ ʫʜʝʣʷʪʴʩʷ ʠʥʪʝʛʨʘʮʠʠ ʥʘʢʣʦʥʥʦʛʦ ʙʫʨʝʥʠʷ ʩ 

ʨʝʰʝʥʠʷʤʠ ʚ ʦʙʣʘʩʪʠ ʨʦʙʦʪʠʟʘʮʠʠ ʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, ʯʪʦ ʦʪʢʨʦʝʪ ʥʦʚʳʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʩʥʠʞʝʥʠʷ ʨʠʩʢʦʚ [12,13]. 

2. ʆʩʚʦʝʥʠʝ ʥʦʚʳʭ ʪʠʧʦʚ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

ʅʘʢʣʦʥʥʦʝ ʙʫʨʝʥʠʝ ʦʪʢʨʦʝʪ ʜʦʩʪʫʧ ʢ ʪʘʢʠʤ ʨʝʩʫʨʩʘʤ, ʢʘʢ ʛʣʫʙʦʢʦʚʦʜʥʳʝ ʠ ʘʨʢʪʠʯʝʩʢʠʝ 

ʥʝʬʪʝʛʘʟʦʚʳʝ ʟʘʣʝʞʠ, ʘ ʪʘʢʞʝ ʛʝʦʪʝʨʤʘʣʴʥʳʝ ʠʩʪʦʯʥʠʢʠ ʚ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ ʨʘʡʦʥʘʭ. ʕʪʦ 

ʧʦʟʚʦʣʠʪ ʚʦʚʣʝʯʴ ʚ ʨʘʟʨʘʙʦʪʢʫ ʥʦʚʳʝ, ʨʘʥʝʝ ʥʝʜʦʩʪʫʧʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʯʪʦ ʙʫʜʝʪ 

ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʨʘʩʰʠʨʝʥʠʶ ʨʝʩʫʨʩʥʦʡ ʙʘʟʳ. 



3. ʀʥʪʝʛʨʘʮʠʷ ʩ ʜʨʫʛʠʤʠ ʧʝʨʝʜʦʚʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ 

ʆʙʲʝʜʠʥʝʥʠʝ ʥʘʢʣʦʥʥʦʛʦ ʙʫʨʝʥʠʷ ʩ ʨʝʰʝʥʠʷʤʠ ʚ ʦʙʣʘʩʪʠ ʘʜʜʠʪʠʚʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, 

ʙʝʩʧʠʣʦʪʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ ʠ ʜʨʫʛʠʭ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʨʘʟʨʘʙʦʪʦʢ ʧʦʟʚʦʣʠʪ ʚʳʚʝʩʪʠ 

ʪʝʭʥʦʣʦʛʠʶ ʥʘ ʥʦʚʳʡ ʫʨʦʚʝʥʴ ʘʚʪʦʤʘʪʠʟʘʮʠʠ, ʪʦʯʥʦʩʪʠ ʠ ʵʢʦʣʦʛʠʯʥʦʩʪʠ. ʕʪʦ ʦʪʢʨʦʝʪ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʩʥʠʞʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʩʣʦʞʥʳʭ ʙʫʨʦʚʳʭ ʧʨʦʝʢʪʦʚ [14,15]. 

ɿʘʢʣʶʯʝʥʠʝ. ʊʝʭʥʦʣʦʛʠʷ ʥʘʢʣʦʥʥʦʛʦ ʙʫʨʝʥʠʷ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʰʠʨʦʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ 

ʨʘʩʰʠʨʝʥʠʷ ʨʝʩʫʨʩʥʦʡ ʙʘʟʳ, ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʟʝʤʝʣʴ ʠ 

ʤʠʥʠʤʠʟʘʮʠʠ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. ʅʝʩʤʦʪʨʷ ʥʘ ʩʫʱʝʩʪʚʫʶʱʠʝ ʪʝʭʥʠʯʝʩʢʠʝ 

ʩʣʦʞʥʦʩʪʠ, ʨʘʟʚʠʪʠʝ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʢʦʥʩʪʨʫʢʮʠʡ ʠ ʮʠʬʨʦʚʳʭ ʨʝʰʝʥʠʡ ʧʦʟʚʦʣʷʝʪ 

ʫʩʧʝʰʥʦ ʧʨʝʦʜʦʣʝʚʘʪʴ ʚʦʟʥʠʢʘʶʱʠʝ ʙʘʨʴʝʨʳ. 

ɼʘʣʴʥʝʡʰʝʝ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʥʘʢʣʦʥʥʦʛʦ ʙʫʨʝʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʟʘ ʩʯʝʪ ʠʥʪʝʛʨʘʮʠʠ ʩ 

ʜʨʫʛʠʤʠ ʧʝʨʝʜʦʚʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ, ʩʪʘʥʝʪ ʢʣʶʯʝʚʳʤ ʬʘʢʪʦʨʦʤ ʫʩʧʝʭʘ ʜʣʷ ʤʥʦʛʠʭ ʦʪʨʘʩʣʝʡ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʦʩʚʦʝʥʠʝʤ ʠ ʜʦʙʳʯʝʡ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ. ʕʪʦ ʦʪʢʨʳʚʘʝʪ ʰʠʨʦʢʠʝ 

ʧʝʨʩʧʝʢʪʠʚʳ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʨʝʩʫʨʩʥʦʡ ʙʘʟʳ, ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʵʢʦʣʦʛʠʯʥʦʩʪʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ. 
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INCLINED DRILLING TECHNOLOGIES: PROSPECTS AND PROBLEMS 
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This report provides a comprehensive analysis of the technology of inclined drilling, including its key 

features, advantages, technological challenges and development prospects. Examples of successful 

implementations of inclined drilling in the oil and gas and mining industries are considered. Special 

attention is paid to the integration of inclined drilling with other advanced technologies such as 

robotics, artificial intelligence and additive manufacturing. The conclusion is made about the 

growing importance of inclined drilling for the development of hard-to-reach mineral deposits. 

Keywords: inclined drilling, directional drilling, fields, oil, gas, mining, technology, automation, 

robotics, artificial intelligence 

  



ʕʌʌɽʂʊʀɺʅʓʁ ʉʇʆʉʆɹ ʈɸʉʏɽʊɸ ʕʅʊʈʆʇʀʀ ɺ ʄʅʆɻʆʄɽʈʅʓʍ ɿɸɼɸʏɸʍ 

ʇʘʰʢʠʥ ɸ.ɸ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʀʚʘʥʦʚ ɸ.ʇ. 

ʌɻɹʆʋ ɺʆ çʇʝʥʟʝʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè, ʇʝʥʟʘ 

 

ʕʥʪʨʦʧʠʷ ʢʘʢ ʤʝʨʘ ʭʘʦʪʠʯʥʦʩʪʠ, ʧʨʝʜʣʦʞʝʥʥʘʷ ʐʝʥʥʦʥʦʤ ʚ ʜʘʣʝʢʦʤ 1948 ʛʦʜʫ, ʦʩʪʘʸʪʩʷ 

ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʵʬʬʝʢʪʠʚʥʳʭ ʢʨʠʪʝʨʠʝʚ ʧʨʠ ʘʥʘʣʠʟʝ ʨʘʟʣʠʯʥʳʭ ʩʫʱʥʦʩʪʝʡ ʚ ʩʬʝʨʝ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʆʜʥʘʢʦ ʚʳʯʠʩʣʝʥʠʝ ʵʥʪʨʦʧʠʠ ʧʦ ʢʣʘʩʩʠʯʝʩʢʦʡ ʬʦʨʤʫʣʝ 

ʐʝʥʥʦʥʘ ʠʤʝʝʪ ʨʷʜ ʦʛʨʘʥʠʯʝʥʠʡ ʧʨʠ ʨʘʙʦʪʝ ʩ ʤʥʦʛʦʤʝʨʥʳʤʠ ʟʘʜʘʯʘʤʠ, ʢʦʪʦʨʳʝ ʥʝʠʟʙʝʞʥʦ 

ʚʦʟʥʠʢʘʶʪ ʚ ʦʙʣʘʩʪʠ ʙʠʦʤʝʪʨʠʠ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʙʫʜʝʪ ʨʘʩʩʤʦʪʨʝʥʘ ʦʧʪʠʤʠʟʘʮʠʷ 

ʚʳʯʠʩʣʝʥʠʷ ʵʥʪʨʦʧʠʠ ʟʘ ʩʯʝʪ ʧʝʨʝʭʦʜ ʚ ʧʨʦʩʪʨʘʥʩʪʚʦ ʨʘʩʩʪʦʷʥʠʡ ʍʵʤʤʠʥʛʘ ʧʨʠ ʨʘʩʯʝʪʝ 

ʦʰʠʙʦʢ ʚʪʦʨʦʛʦ ʨʦʜʘ ʜʣʷ ʥʝʡʨʦʩʝʪʝʚʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʙʠʦʤʝʪʨʠʷ-ʢʦʜ ʦʙʫʯʝʥʥʦʛʦ ʚ 

ʨʘʤʢʘʭ ʩʪʘʥʜʘʨʪʘ ɻʆʉʊ ʈ 52633.5. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʥʪʨʦʧʠʷ, ʨʘʩʩʪʦʷʥʠʝ ʍʵʤʤʠʥʛʘ, ʥʝʡʨʦʩʝʪʝʚʦʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ 

ʙʠʦʤʝʪʨʠʷ-ʢʦʜ. 

 

ɺʚʝʜʝʥʠʝ. ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʧʦʜʘʚʣʷʶʱʝʝ ʙʦʣʴʰʠʥʩʪʚʦ ʠʥʬʦʨʤʘʮʠʠ ʥʘʭʦʜʠʪʩʷ ʥʘ 

ʨʘʟʣʠʯʥʳʭ ʚʝʙ-ʩʘʡʪʘʭ ʨʘʟʤʝʱʝʥʥʳʭ ʧʦ ʚʩʝʤʫ ʤʠʨʫ. ɼʘʥʥʳʝ ʵʪʠʭ ʀʥʪʝʨʥʝʪ-ʨʝʩʫʨʩʦʚ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʤʦʛʫʪ ʙʳʪʴ ʨʘʟʥʦʡ ʩʪʝʧʝʥʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʜʣʷ ʢʦʥʝʯʥʦʛʦ 

ʧʦʣʴʟʦʚʘʪʝʣʷ. ʇʠʩʴʤʘ ʵʣʝʢʪʨʦʥʥʦʡ ʧʦʯʪʳ, ʬʠʥʘʥʩʦʚʳʝ ʧʨʠʣʦʞʝʥʠʷ, ʤʝʜʠʮʠʥʩʢʠʝ 

ʦʨʛʘʥʠʟʘʮʠʠ ï ʚʩʝ ʵʪʠ ʨʝʩʫʨʩʳ ʭʨʘʥʷʪ ʪʝ ʠʣʠ ʠʥʳʝ ʧʝʨʩʦʥʘʣʴʥʳʝ ʜʘʥʥʳʝ ʧʦʣʴʟʦʚʘʪʝʣʷ, 

ʢʦʪʦʨʳʤ ʪʨʝʙʫʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʟʘʱʠʪʘ. ʇʘʨʦʣʠ ï ʦʜʥʘ ʠʟ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʢʦʪʦʨʫʶ ʣʶʜʠ ʠʩʧʦʣʴʟʫʶʪ ʧʦʚʩʝʜʥʝʚʥʦ. ʆʩʥʦʚʥʘʷ ʧʨʦʙʣʝʤʘ 

ʧʘʨʦʣʴʥʦʡ ʟʘʱʠʪʳ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʦʙʳʯʥʳʝ ʣʶʜʠ ʥʝ ʩʧʦʩʦʙʥʳ ʧʦʤʥʠʪʴ ʩʚʦʡ ʜʣʠʥʥʳʡ 

ʧʘʨʦʣʴ (ʢʣʶʯ), ʝʩʣʠ ʦʥ ʩʬʦʨʤʠʨʦʚʘʥ ʧʦ "ʧʨʘʚʠʣʘʤ" ʠ ʩʦʩʪʦʠʪ ʠʟ ʩʝʨʠʠ ʩʣʫʯʘʡʥʳʭ ʩʠʤʚʦʣʦʚ ʠ 

ʮʠʬʨ. ɼʣʠʥʥʳʝ ʧʘʨʦʣʠ ʠ ʢʣʶʯʠ ʥʝʫʜʦʙʥʳ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ɹʠʦʤʝʪʨʠʷ ʧʦʤʦʛʘʝʪ ʨʝʰʘʪʴ 

ʧʨʦʙʣʝʤʫ ʟʘʧʦʤʠʥʘʥʠʷ ʜʣʠʥʥʳʭ ʩʣʫʯʘʡʥʳʭ ʧʘʨʦʣʝʡ ʠ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʭ ʢʣʶʯʝʡ. 

ɿʘʧʘʜʥʳʝ ʩʪʨʘʥʳ ʠʜʫʪ ʧʦ ʧʫʪʠ ʨʘʟʚʠʪʠʷ ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ çʥʝʯʝʪʢʠʭ ʵʢʩʪʨʘʢʪʦʨʦʚè. 

ʈʦʩʩʠʷ ʠ ʂʘʟʘʭʩʪʘʥ ʥʘʧʨʦʪʠʚ ʨʘʟʨʘʙʘʪʳʚʘʶʪ ʨʝʰʝʥʠʷ ʥʘ ʙʘʟʝ ʥʝʡʨʦʩʝʪʝʚʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʚʭʦʜʥʳʭ ʙʠʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʦʪʣʠʯʘʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ 

ʠʥʬʦʨʤʘʮʠʠ, ʢʦʪʦʨʳʝ ʦʥʠ ʩʧʦʩʦʙʥʳ ʧʝʨʝʜʘʪʴ. ʅʘʧʨʠʤʝʨ, ʨʘʜʫʞʥʘʷ ʦʙʦʣʦʯʢʘ ʛʣʘʟʘ ʠʤʝʝʪ 2048 

ʚʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʦʪʧʝʯʘʪʦʢ ʧʘʣʴʮʘ 512, ʨʫʢʦʧʠʩʥʘʷ ʧʘʨʦʣʴʥʘʷ ʬʨʘʟʘ 416 ʠ ʪ.ʜ.  

ʆʙʱʘʷ ʠʜʝʷ çʥʝʯʝʪʢʠʭ ʵʢʩʪʨʘʢʪʦʨʦʚè ʩʦʩʪʦʠʪ ʚ ʢʚʘʥʪʦʚʘʥʠʠ ʙʠʦʤʝʪʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʢʦʪʦʨʦʛʦ ʧʦʨʦʛʘ. ʇʨʠ ʵʪʦʤ, ʢʘʞʜʳʡ ʥʦʚʳʡ ʧʨʠʤʝʨ ʙʠʦʤʝʪʨʠʯʝʩʢʦʛʦ ʦʙʨʘʟʘ 

ʜʘʝʪ ʩʚʦʶ ʢʦʜʦʚʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ. ɺʦʟʥʠʢʘʝʪ ʦʪ 10% ʜʦ 20% ʦʰʠʙʦʢ ʚ ʚʳʭʦʜʥʳʭ ʢʦʜʘʭ. 

ʕʪʠ ʦʰʠʙʢʠ ʧʨʘʚʷʪʩʷ ɹʏʍ ʢʦʜʦʤ ʩ 20 ʢʨʘʪʥʦʡ ʠʟʙʳʪʦʯʥʦʩʪʴʶ [1]. ʉʪʨʫʢʪʫʨʘ ʥʝʯʝʪʢʠʭ 

ʵʢʩʪʨʘʢʪʦʨʦʚ ʧʨʠʚʝʜʝʥʘ ʚ ʣʝʚʦʡ ʯʘʩʪʠ ʨʠʩʫʥʢʘ 1. ʀʟ ʨʠʩʫʥʢʘ ʚʠʜʠʤ, ʯʪʦ ʚʳʭʦʜʥʦʡ ʢʦʜ 

çʥʝʯʝʪʢʦʛʦ ʵʢʩʪʨʘʢʪʦʨʘè ʦʢʘʟʳʚʘʝʪʩʷ ʢʦʨʦʪʢʠʤ, ʪʘʢ ʢʘʢ ʧʦʩʣʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʝʛʦ ʠʟʙʳʪʦʯʥʘʷ ʯʘʩʪʴ ʠʩʯʝʟʘʝʪ.  

ʇʨʠ ʘʥʘʣʠʟʝ ʨʠʩʫʥʢʘ ʨʘʜʫʞʥʦʡ ʦʙʦʣʦʯʢʠ ʛʣʘʟʘ ʫʜʘʣʷʝʪʩʷ 20 ʢʨʘʪʥʘʷ ʠʟʙʳʪʦʯʥʦʩʪʴ ʠ 

ʦʩʪʘʝʪʩʷ ʧʦʨʷʜʢʘ 100 ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʙʠʪ. ʀʥʘʷ ʩʠʪʫʘʮʠʷ ʚʦʟʥʠʢʘʝʪ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʨʫʢʦʧʠʩʥʦʡ ʧʘʨʦʣʴʥʦʡ ʬʨʘʟʳ [2], ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʚʳʜʝʣʠʪʴ ʪʦʣʴʢʦ 416 ʙʠʦʤʝʪʨʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ. ɺ ʵʪʦʡ ʩʠʪʫʘʮʠʠ ʠʥʬʦʨʤʘʪʠʚʥʘʷ ʯʘʩʪʴ ɹʏʍ ʢʦʜʘ ʩ 20 ʢʨʘʪʥʦʡ ʠʟʙʳʪʦʯʥʦʩʪʴʶ 

ʩʦʩʪʘʚʣʷʝʪ 21 ʙʠʪ, ʯʪʦ ʷʚʥʦ ʥʝʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʢʣʶʯʘ.  

ʅʝʜʦʩʪʘʪʦʢ ʩʣʠʰʢʦʤ çʢʦʨʦʪʢʠʭ ʢʣʶʯʝʡè ʧʦʣʥʦʩʪʴʶ ʦʪʩʫʪʩʪʚʫʝʪ ʫ ʥʝʡʨʦʩʝʪʝʚʳʭ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʙʠʦʤʝʪʨʠʷ-ʢʦʜ [3], ʦʙʫʯʝʥʥʳʭ ʧʦ ɻʆʉʊ ʈ 52633.5 [4]. ʀʭ ʩʪʨʫʢʪʫʨʘ 

ʧʨʠʚʝʜʝʥʘ ʚ ʧʨʘʚʦʡ ʯʘʩʪʠ ʨʠʩʫʥʢʘ 1.  

 



 
ʈʠʩʫʥʦʢ 1 - ɼʚʘ ʥʘʧʨʘʚʣʝʥʠʷ ʙʠʦʤʝʪʨʠʯʝʩʢʦʡ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ çʅʝʯʝʪʢʠʝ 

ʵʢʩʪʨʘʢʪʦʨʳè ʠ ʥʝʡʨʦʩʝʪʝʚʳʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ 

 

ʇʨʠʥʮʠʧʠʘʣʴʥʳʤ ʦʪʣʠʯʠʝʤ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʦʪ çʥʝʯʝʪʢʠʭ 

ʵʢʩʪʨʘʢʪʦʨʦʚè ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʦʥʠ ʢʚʘʥʪʫʶʪ ʢʦʥʪʠʥʫʫʤʳ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ ʧʦʩʣʝ ʠʭ 

ʦʙʦʛʘʱʝʥʠʷ. ɺʭʦʜʥʦʡ ʩʫʤʤʘʪʦʨ ʢʘʞʜʦʛʦ ʠʟ ʥʝʡʨʦʥʦʚ ʚʦ ʚʨʝʤʷ ʥʘʩʪʨʦʡʢʠ ʦʙʦʛʘʱʘʝʪ ʚʭʦʜʥʳʝ 

ʜʘʥʥʳʝ ʜʦ ʫʨʦʚʥʷ, ʢʦʛʜʘ ʢʚʘʥʪʦʚʘʥʠʝ ʩʦʩʪʦʷʥʠʡ çʉʚʦʡè/çʏʫʞʦʡè ʧʨʦʠʩʭʦʜʠʪ ʧʨʘʢʪʠʯʝʩʢʠ ʙʝʟ 

ʦʰʠʙʦʢ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʥʝʡʨʦʩʝʪʝʚʳʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʙʠʦʤʝʪʨʠʠ ʠʤʝʶʪ ʜʣʠʥʫ ʢʦʜʘ ʜʦʩʪʫʧʘ 

ï 256 ʙʠʪ ʠʣʠ 32 8-ʤʠ ʙʠʪʥʳʭ ʟʥʘʢʘ ʧʘʨʦʣʷ ʜʦʩʪʫʧʘ [5]. 

ʆʧʪʠʤʠʟʘʮʠʷ ʚʳʯʠʩʣʝʥʠʷ ʵʥʪʨʦʧʠʠ ʚʳʭʦʜʥʦʛʦ ʢʦʜʘ ʦʙʨʘʟʦʚ çɺʩʝ ʯʫʞʠʝè 

ɿʥʘʥʠʝ ʵʥʪʨʦʧʠʠ ʩʦʩʪʦʷʥʠʡ ʚʳʭʦʜʥʦʛʦ ʢʦʜʘ ʢʣʶʯʘ ʦʢʘʟʳʚʘʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ 

ʢʦʥʪʨʦʣʴʥʳʤ ʧʘʨʘʤʝʪʨʦʤ ʧʨʠ ʘʥʘʣʠʟʝ ʫʨʦʚʥʷ ʟʘʱʠʪʳ ʦʪ ʧʦʧʳʪʦʢ ʝʛʦ ʧʦʜʙʦʨʘ [6]. ɺʳʯʠʩʣʝʥʠʝ 

ʵʥʪʨʦʧʠʠ ʧʦ ʬʦʨʤʫʣʝ ʐʝʥʥʦʥʘ ʫʯʠʪʳʚʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʷʚʣʝʥʠʷ ʩʣʫʯʘʡʥʦʛʦ ʩʦʙʳʪʠʷ, ʚ 

ʩʣʫʯʘʝ ʩ ʢʦʜʦʤ ʜʦʩʪʫʧʘ ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʷʚʣʝʥʠʷ ʩʣʫʯʘʡʥʦʛʦ ʩʠʤʚʦʣʘ ʚ ʢʘʞʜʦʡ ʧʦʟʠʮʠʠ 

ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

Ὄὼ В ὖϽὰέὫὖ           (1), 

ʛʜʝ ὖï ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʷʚʣʝʥʠʷ ʩʣʫʯʘʡʥʦʛʦ ʩʠʤʚʦʣʘ.  

ʂʣʘʩʩʠʯʝʩʢʘʷ ʬʦʨʤʫʣʘ ʨʘʩʯʸʪʘ ʵʥʪʨʦʧʠʠ ʐʝʥʥʦʥʘ, ʚ ʯʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʢ ʢʦʜʘʤ 

ʜʦʩʪʫʧʘ, ʠʤʝʝʪ ʩʫʱʝʩʪʚʝʥʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ.  

ɺʦ-ʧʝʨʚʳʭ, ʧʨʠʝʤʣʝʤʦ ʨʘʩʩʯʠʪʳʚʘʪʴ ʵʥʪʨʦʧʠʶ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʤʦʞʥʦ ʧʨʠ ʚʳʭʦʜʥʳʭ 

ʢʦʜʘʭ ʥʝʙʦʣʴʰʦʡ ʜʣʠʥʳ, ʪʘʢ ʢʘʢ ʥʘʙʣʶʜʘʝʪʩʷ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʡ ʨʦʩʪ ʢʦʣʠʯʝʩʪʚʘ ʚʦʟʤʦʞʥʳʭ 

ʩʦʩʪʦʷʥʠʡ. ɽʩʣʠ ʜʣʷ ʢʦʜʘ ʜʣʠʥʦʡ 16 ʙʠʪ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʚʝʨʦʷʪʥʦʩʪʴ ʢʘʞʜʦʛʦ 

ʠʟ ς φυυσφ ʩʦʩʪʦʷʥʠʡ, ʪʦ ʜʣʷ 32 ʙʠʪʥʦʛʦ ʢʦʜʘ ʫʞʝ 2 147 483 648 ʩʦʩʪʦʷʥʠʡ.  

ɺʦ-ʚʪʦʨʳʭ, ʠʟ-ʟʘ ʧʨʠʩʫʪʩʪʚʠʷ ʚ ʬʦʨʤʫʣʝ ʐʝʥʥʦʥʘ ʚʝʨʦʷʪʥʦʩʪʠ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʢʦʜʘ ʪʨʝʙʫʝʪʩʷ ʧʨʦʚʝʩʪʠ ʧʦ ʤʝʥʴʰʝʡ ʤʝʨʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ 2 147 483 648Ͻρπ 

ʦʧʳʪʦʚ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʉʠʥʪʝʟʠʨʦʚʘʪʴ ʚʳʙʦʨʢʫ ʪʘʢʠʭ ʤʘʩʰʪʘʙʦʚ ʪʝʦʨʝʪʠʯʝʩʢʠ ʤʦʞʥʦ, ʥʦ ʩ 

ʨʦʩʪʦʤ ʜʣʠʥʳ ʢʦʜʘ ʜʝʣʘʪʴ ʵʪʦ ʩʪʘʥʦʚʠʪʩʷ ʚʩʸ ʟʘʪʨʘʪʥʝʝ ʠ ʟʘʪʨʘʪʥʝʝ. ʅʘʧʨʠʤʝʨ, ʧʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʜʣʠʥʳ ʢʦʜʘ ʜʦʩʪʫʧʘ ʜʦ 40 ʙʠʪ, ʪʨʝʙʫʝʤʦʝ ʤʝʩʪʦ ʜʣʷ ʭʨʘʥʝʥʠʷ ʚʩʝʭ ʧʨʠʤʝʨʦʚ ʥʘ 

ʜʠʩʢʝ ʩʪʘʥʝʪ ʨʘʚʥʳʤ ʦʙʲʸʤʫ 570 ʛʠʛʘʙʘʡʪ, ʯʪʦ ʵʢʚʠʚʘʣʝʥʪʥʦ ʦʙʲʸʤʫ ʜʘʥʥʳʭ ʜʣʷ ʦʙʫʯʝʥʠʷ 

GPT-3 [7]. 



ɼʣʷ ʥʝʡʨʦʩʝʪʝʚʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʙʠʦʤʝʪʨʠʷ-ʢʦʜ ʠʤʝʶʱʝʛʦ ʚʳʭʦʜʥʦʡ ʢʦʜ ʨʘʟʤʝʨʦʤ 

256 ʨʘʩʯʸʪ ʵʥʪʨʦʧʠʠ ʧʦ ʐʝʥʥʦʥʫ ʧʦʪʨʝʙʦʚʘʣ ʙʳ ʢʦʣʦʩʩʘʣʴʥʫʶ ʪʝʩʪʦʚʫʶ ʚʳʙʦʨʢʫ ʚ ʨʘʟʤʝʨʝ 

ς Ͻρπ. ɺʤʝʩʪʦ ʵʪʦʛʦ ʩʦʛʣʘʩʥʦ ʨʘʟʨʘʙʦʪʘʥʥʦʤʫ ʚ ʈʦʩʩʠʠ ʩʪʘʥʜʘʨʪʫ ɻʆʉʊ ʈ 52633.3 [8] 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʚʳʧʦʣʥʠʪʴ ʧʝʨʝʭʦʜ ʚ ʧʨʦʩʪʨʘʥʩʪʚʦ ʨʘʩʩʪʦʷʥʠʡ ʍʵʤʤʠʥʛʘ ʠ ʧʨʦʚʦʜʠʪʴ 

ʚʳʯʠʩʣʝʥʠʷ ʚ ʥʸʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʠ ʦʰʠʙʦʢ ʚʪʦʨʦʛʦ ʨʦʜʘ 

ʪʨʝʙʫʝʪʩʷ ʧʨʦʚʝʩʪʠ ʵʢʩʧʝʨʠʤʝʥʪ, ʘ ʠʤʝʥʥʦ ʧʦʜʘʪʴ ʥʘ ʚʭʦʜ ʦʙʫʯʝʥʥʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʧʦʨʷʜʢʘ 

30 ʦʙʨʘʟʦʚ çʏʫʞʦʡè. ʇʦ ʚʳʭʦʜʥʳʤ ʢʦʜʘʤ ʨʘʩʩʯʠʪʳʚʘʝʤ ʨʘʩʩʪʦʷʥʠʝ ʍʵʤʤʠʥʛʘ ʜʦ ʦʙʨʘʟʘ 

çʉʚʦʡè ʧʦ ʬʦʨʤʫʣʝ: 

Ὤ В ͼὧͼṥ ὼ           (2), 

ʛʜʝ ὧï ʜʠʩʢʨʝʪʥʦʝ ʩʦʩʪʦʷʥʠʝ i-ʛʦ ʨʘʟʨʷʜʘ ʢʦʜʘ çʉʚʦʡè, ὼï ʜʠʩʢʨʝʪʥʦʝ ʩʦʩʪʦʷʥʠʝ i-ʛʦ 

ʨʘʟʨʷʜʘ ʩʣʫʯʘʡʥʦʛʦ ʢʦʜʘ ʦʙʨʘʟʘ çʏʫʞʦʡè,ṥ ï ʦʧʝʨʘʮʠʷ ʩʣʦʞʝʥʠʷ ʧʦ ʤʦʜʫʣʶ 2. 

ʅʘ ʨʠʩʫʥʢʝ 2 ʧʦʢʘʟʘʥʘ ʩʭʝʤʘ ʜʘʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠ ʧʦʣʫʯʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʨʘʩʩʪʦʷʥʠʡ ʍʵʤʤʠʥʛʘ. 

 

 
ʈʠʩʫʥʦʢ 2 - ʉʭʝʤʘ ʚʳʯʠʩʣʝʥʠʷ ʨʘʩʩʪʦʷʥʠʡ ʍʵʤʤʠʥʛʘ ʜʣʷ ʦʙʨʘʟʦʚ çʏʫʞʦʡè 

 

ʇʦ ʧʦʣʫʯʠʚʰʝʡʩʷ ʚʳʙʦʨʢʝ ʨʘʩʩʪʦʷʥʠʡ ʠʤʝʝʤ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʯʠʩʣʠʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ 

ʦʞʠʜʘʥʠʝ ʠ ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ. ɺʦʟʤʦʞʥʦʩʪʴ ʵʪʦʛʦ ʧʝʨʝʭʦʜʘ ʦʧʠʨʘʝʪʩʷ ʥʘ ʪʦ, ʯʪʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʨʘʩʩʪʦʷʥʠʡ ʍʝʤʤʠʥʛʘ ʩʨʘʚʥʠʚʘʝʤʳʭ ʢʦʜʦʚ ʜʣʠʥʦʡ 256 ʙʠʪ ʷʚʣʷʝʪʩʷ 

ʥʦʨʤʘʣʴʥʳʤ. ʕʪʘ ʩʠʪʫʘʮʠʷ ʦʪʨʘʞʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2. ɺʚʠʜʫ ʪʦʛʦ, ʯʪʦ ʧʦʣʫʯʝʥʦ ʥʦʨʤʘʣʴʥʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ, ʪʦ ʚʝʨʦʷʪʥʦʩʪʴ ʦʰʠʙʦʢ ʚʪʦʨʦʛʦ ʨʦʜʘ ʦʧʨʝʜʝʣʠʤ ʧʦ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʝ: 

ὖ Ὤ
Ѝ
᷿ Ὡὼὴ Ὠό          (3). 

ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʤʥʦʛʦʤʝʨʥʘʷ ʵʥʪʨʦʧʠʷ ʚʳʭʦʜʥʳʭ ʢʦʜʦʚ ʥʝʡʨʦʩʝʪʝʚʦʛʦ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʦʮʝʥʠʚʘʝʪʩʷ ʢʘʢ: 

 

Ὄͼὼȟὼȟȣȟὼ ͼ ὰέὫὖ Ὤ           (4). 

ʉʪʦʠʪ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʍʵʤʤʠʥʛʘ ʜʣʷ ʚʭʦʜʥʦʛʦ ʦʙʨʘʟʘ çʉʚʦʡè ʚʳʭʦʜʥʦʡ 

ʢʦʜ ʙʫʜʝʪ ʜʦʩʪʘʪʦʯʥʦ ʩʪʘʙʠʣʴʥʳʤ, ʪʦ ʝʩʪʴ ʦʙʫʯʝʥʥʘʷ ʧʦ ɻʆʉʊ ʈ 52633.5 ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ 

ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ ʫʩʪʨʘʥʷʝʪ ʵʥʪʨʦʧʠʶ ʚʳʭʦʜʥʳʭ ʢʦʜʦʚ, ʚʦʟʥʠʢʘʶʱʫʶ ʠʟ-ʟʘ 

ʝʩʪʝʩʪʚʝʥʥʦʡ ʵʥʪʨʦʧʠʠ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ: 

Ὄ‡ȟ‡ȟȣȟ‡ ͼḻπȟ

Ὄͼὧȟὧȟȣȟὧ ͼ π
          (5). 

ɼʣʷ ʦʙʨʘʟʘ çʏʫʞʦʡè ʠ çʉʚʦʡè ʵʥʪʨʦʧʠʠ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ ʩʦʧʦʩʪʘʚʠʤʳ, ʘ ʚʦʪ ʵʥʪʨʦʧʠʠ 

ʠʭ ʚʳʭʦʜʥʳʭ ʢʦʜʦʚ çʏʫʞʦʡè ʥʘʤʥʦʛʦ ʚʳʰʝ ʵʥʪʨʦʧʠʠ ʚʳʭʦʜʥʦʛʦ ʢʦʜʘ çʉʚʦʡè: 



Ὄ‚ȟ‚ȟȣȟ‚ ͼ Ὄ‡ȟ‡ȟȣȟ‡ ͼȟ

Ὄͼὼȟὼȟȣȟὼ ͼḻὌͼὧȟὧȟȣȟὧ ͼ
          (6). 

ɺʘʞʥʳʤ ʤʦʤʝʥʪʦʤ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʧʘʨʘʣʣʝʣʴʥʦ ʩ ʦʙʨʘʟʦʤ çʉʚʦʡè ʩʫʱʝʩʪʚʫʝʪ 

ʦʙʨʘʪʥʳʡ ʦʙʨʘʟ çʉʚʦʡè. ɼʚʘ ʵʪʠʭ ʦʙʨʘʟʘ ʜʨʫʛ ʜʣʷ ʜʨʫʛʘ ʷʚʣʷʶʪʩʷ ʧʦʣʥʳʤʠ ʠʥʚʝʨʩʠʷʤʠ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʚʳʭʦʜʥʳʭ ʢʦʜʦʚ. ʇʨʠ ʵʪʦʤ ʠʭ ʵʥʪʨʦʧʠʷ ʠʜʝʥʪʠʯʥʘ:  

 

Ὄ ‡ȟ‡ȟȣȟ‡ ͼḳὌ‡ȟ‡ȟȣȟ‡ ͼȟ

Ὄͼὧȟὧȟȣȟὧ ͼḳὌͼὧȟὧȟȣȟὧ ͼ
          (7). 

 

ɿʘʢʣʶʯʝʥʠʝ. ʕʥʪʨʦʧʠʷ ʷʚʣʷʝʪʩʷ ʚʘʞʥʝʡʰʝʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʧʨʠ ʘʥʘʣʠʟʝ ʫʨʦʚʥʷ 

ʟʘʱʠʪʳ ʦʪ ʧʦʧʳʪʦʢ ʧʦʜʙʦʨʘ ʚʳʭʦʜʥʦʛʦ ʢʦʜʘ ʢʣʶʯʘ. ʅʝʡʨʦʩʝʪʝʚʦʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ 

ʙʠʦʤʝʪʨʠʷ-ʢʦʜ, ʦʙʫʯʝʥʥʳʡ ʧʦ ɻʆʉʊ ʈ 52633.5 ʩʧʦʩʦʙʝʥ ʥʘ ʚʳʭʦʜʝ ʜʘʚʘʪʴ ʢʦʜ ʜʦʩʪʫʧʘ 256 ʙʠʪ 

ʠʣʠ 32 8-ʤʠ ʙʠʪʥʳʭ ʟʥʘʢʘ ʚ ʙʣʠʞʘʡʰʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʩ ʟʘʧʘʩʦʤ ʧʨʦʯʥʦʩʪʠ ʟʘʢʨʳʚʘʝʪ ʚʦʧʨʦʩ ʦ 

ʩʪʦʡʢʦʩʪʠ ʪʘʢʦʛʦ ʢʦʜʘ ʜʦʩʪʫʧʘ. ʇʨʝʜʣʦʞʝʥʥʳʡ ʩʧʦʩʦʙ ʫʩʢʦʨʝʥʠʷ ʧʨʠ ʚʳʯʠʩʣʝʥʠʠ ʵʥʪʨʦʧʠʠ 

ʜʣʠʥʥʳʭ ʢʦʜʦʚ, ʧʦʣʫʯʝʥʥʦʛʦ ʟʘ ʩʯʝʪ ʧʝʨʝʭʦʜʘ ʚ ʧʨʦʩʪʨʘʥʩʪʚʦ ʨʘʩʩʪʦʷʥʠʡ ʍʵʤʤʠʥʛʘ ʜʘʸʪ 

ʧʨʠʨʦʩʪ ʩʢʦʨʦʩʪʠ ʧʨʠʤʝʨʥʦ ʚ ς  ʨʘʟ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʦʛʨʦʤʥʳʤ ʧʨʦʨʳʚʦʤ ʧʨʠ ʚʳʯʠʩʣʝʥʠʠ. ɿʘ 

ʩʯʝʪ 256 ʤʝʨʥʳʭ ʦʧʝʨʘʮʠʡ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʨʘʩʩʪʦʷʥʠʡ ʍʵʤʤʠʥʛʘ, ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ 

ʙʠʦʤʝʪʨʠʠ ʩʧʦʩʦʙʝʥ ʦʩʫʱʝʩʪʚʣʷʪʴ ʦʮʝʥʢʫ ʨʠʩʢʦʚ ʦʰʠʙʦʯʥʦʛʦ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ ʚ ς  ʨʘʟ 

ʙʳʩʪʨʝʝ, ʯʝʤ ʢʣʘʩʩʠʯʝʩʢʠʝ ʧʨʦʮʝʜʫʨʳ ʐʝʥʥʦʥʘ. ɹʳʩʪʨʦʝ ʚʳʯʠʩʣʝʥʠʝ ʵʥʪʨʦʧʠʠ ʧʦʜʦʙʥʳʤ 

ʦʙʨʘʟʦʤ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʦʡ ʜʣʷ ʨʝʰʝʥʠʷ ʦʙʨʘʪʥʦʡ ʟʘʜʘʯʠ ʥʝʡʨʦʩʝʪʝʚʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, ʘ 

ʠʤʝʥʥʦ ʠʟʚʣʝʯʝʥʠʝ ʟʥʘʥʠʡ ʠʟ ʥʝʡʨʦʩʝʪʝʚʳʭ ʢʦʥʪʝʡʥʝʨʦʚ. 
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ʆʊʂɸɿʆʋʉʊʆʁʏʀɺʆʉʊʔ ɺ ʉʆɺʈɽʄɽʅʅʓʍ ʊɽʍʅʀʏɽʉʂʀʍ ʉʀʉʊɽʄɸʍ: 

ɺɿɸʀʄʆʉɺʗɿʔ ʉ ɺʓʉʆʂʆʁ ɼʆʉʊʋʇʅʆʉʊʔʖ ʀ ʂʃʖʏɽɺʓɽ ʇʈɸʂʊʀʂʀ 

ʂʦʨʞ ɸ.ʉ. 

ʆʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʆʤʩʢ 

 

ʉʪʘʪʴʷ ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʢʣʶʯʝʚʳʝ ʘʩʧʝʢʪʳ ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʚʳʩʦʢʦʡ ʜʦʩʪʫʧʥʦʩʪʠ ʚ 

ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ. ʆʧʠʩʳʚʘʝʪʩʷ ʚʘʞʥʦʩʪʴ ʵʪʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ 

ʢʦʥʪʝʢʩʪʝ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʦʩʦʙʝʥʥʦ ʚ ʩʬʝʨʝ ʬʠʥʘʥʩʦʚʳʭ ʫʩʣʫʛ. ɺ 

ʩʪʘʪʴʝ ʦʙʩʫʞʜʘʶʪʩʷ ʧʨʠʥʮʠʧʳ SLA ʠ ʠʭ ʩʚʷʟʴ ʩ ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʦʩʪʴʶ, ʘ ʪʘʢʞʝ 

ʧʨʝʜʦʩʪʘʚʣʷʝʪʩʷ ʦʙʟʦʨ ʢʣʶʯʝʚʳʭ ʧʨʘʢʪʠʢ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʭ ʜʦʩʪʠʞʝʥʠʶ ʚʳʩʦʢʦʡ 

ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʦʩʪʠ. ʇʦʜʨʦʙʥʦ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʤʝʪʦʜʳ ʨʘʟʜʝʣʝʥʠʷ ʟʘʜʘʯ, ʚʥʝʜʨʝʥʠʷ 

ʬʠʯʘ-ʬʣʘʛʦʚ, ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʪʝʩʪʠʨʦʚʘʥʠʷ ʠ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʘ ʪʘʢʞʝ ʧʨʘʢʪʠʢʠ 

ʥʝʧʨʝʨʳʚʥʦʡ ʧʦʩʪʘʚʢʠ. ʕʪʘ ʩʪʘʪʴʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʮʝʥʥʳʡ ʨʝʩʫʨʩ ʜʣʷ ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʠ 

ʠʥʞʝʥʝʨʦʚ, ʩʪʨʝʤʷʱʠʭʩʷ ʧʦʚʳʩʠʪʴ ʥʘʜʝʞʥʦʩʪʴ ʠ ʩʪʘʙʠʣʴʥʦʩʪʴ ʩʚʦʠʭ ʩʠʩʪʝʤ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʦʩʪʴ, ʚʳʩʦʢʘʷ ʜʦʩʪʫʧʥʦʩʪʴ, ʘʨʭʠʪʝʢʪʫʨʘ ʇʆ, 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ, ʨʝʧʣʠʢʘʮʠʷ ʜʘʥʥʳʭ, ʙʝʟʦʧʘʩʥʦʩʪʴ, ʥʘʜʸʞʥʦʩʪʴ 

 

ɺʚʝʜʝʥʠʝ. ʆʪʢʘʟʦʫʩʪʦʡʯʠʚʦʩʪʴ ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ 

ʘʩʧʝʢʪʦʚ ʚ ʨʘʟʨʘʙʦʪʢʝ ʩʦʚʨʝʤʝʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. ʕʪʦ ʩʚʦʡʩʪʚʦ ʦʧʨʝʜʝʣʷʝʪ 

ʩʧʦʩʦʙʥʦʩʪʴ ʩʠʩʪʝʤʳ ʩʦʭʨʘʥʷʪʴ ʩʚʦʶ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʜʘʞʝ ʧʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʦʪʢʘʟʦʚ ʚ 

ʦʪʜʝʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʘʭ. ʊʝʩʥʦ ʩʚʷʟʘʥʥʘʷ ʩ ʥʝʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ - ʚʳʩʦʢʘʷ ʜʦʩʪʫʧʥʦʩʪʴ, 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʛʘʨʘʥʪʠʶ ʤʠʥʠʤʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʧʨʦʩʪʦʝʚ ʩʠʩʪʝʤʳ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʙʝʩʧʝʨʝʙʦʡʥʫʶ ʨʘʙʦʪʫ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. 

ɺ ʤʠʨʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʦʩʦʙʝʥʥʦ ʚ ʩʬʝʨʝ ʬʠʥʘʥʩʦʚʳʭ ʫʩʣʫʛ, ʚʳʩʦʢʠʝ 

ʪʨʝʙʦʚʘʥʠʷ ʢ ʜʦʩʪʫʧʥʦʩʪʠ ʠ ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʦʩʪʠ ʩʠʩʪʝʤ ʩʪʘʥʦʚʷʪʩʷ ʩʪʘʥʜʘʨʪʦʤ. ʉʦʛʣʘʰʝʥʠʷ 

ʦʙ ʫʨʦʚʥʝ ʦʙʩʣʫʞʠʚʘʥʠʷ (SLA), ʪʘʢʠʝ ʢʘʢ SLA 99,99%, ʩʪʘʥʦʚʷʪʩʷ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ 

ʩʦʛʣʘʰʝʥʠʡ ʤʝʞʜʫ ʢʦʤʧʘʥʠʷʤʠ ʠ ʦʙʝʩʧʝʯʠʚʘʶʪ, ʯʪʦ ʩʠʩʪʝʤʘ ʙʫʜʝʪ ʜʦʩʪʫʧʥʘ ʜʣʷ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʧʨʘʢʪʠʯʝʩʢʠ ʙʝʟ ʧʝʨʝʨʳʚʦʚ. 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʙʫʜʝʪ ʨʘʩʩʤʦʪʨʝʥʦ ʧʦʥʷʪʠʷ ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʚʳʩʦʢʦʡ 

ʜʦʩʪʫʧʥʦʩʪʠ, ʠʭ ʚʟʘʠʤʦʩʚʷʟʴ ʠ ʟʥʘʯʝʥʠʝ ʜʣʷ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. ʊʘʢʞʝ ʤʳ 

ʨʘʩʩʤʦʪʨʠʤ ʚʘʞʥʳʝ ʘʩʧʝʢʪʳ SLA ʠ ʪʦ, ʢʘʢ ʦʥʠ ʩʦʦʪʥʦʩʷʪʩʷ ʩ ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʦʩʪʴʶ, ʠ ʜʘʜʠʤ 

ʦʙʟʦʨ ʢʣʶʯʝʚʳʭ ʧʨʘʢʪʠʢ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʭ ʜʦʩʪʠʞʝʥʠʶ ʚʳʩʦʢʦʡ ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʦʩʪʠ ʚ 

ʨʘʟʨʘʙʦʪʢʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. 

1. ʆʪʢʘʟʦʫʩʪʦʡʯʠʚʦʩʪʴ ʠ SLA: ɻʘʨʘʥʪʠʷ ʜʦʩʪʫʧʥʦʩʪʠ ʠ ʩʪʘʙʠʣʴʥʦʩʪʠ ʩʠʩʪʝʤʳ 

ʆʪʢʘʟʦʫʩʪʦʡʯʠʚʦʩʪʴ - ʩʚʦʡʩʪʚʦ ʪʝʭʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʩʦʭʨʘʥʷʪʴ ʩʚʦʶ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʧʦʩʣʝ ʦʪʢʘʟʘ ʦʜʥʦʡ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʝʸ ʩʦʩʪʘʚʥʳʭ ʯʘʩʪʝʡ. [1] 

ʆʪʢʘʟʦʫʩʪʦʡʯʠʚʦʩʪʴ ʧʦ ʩʫʪʠ ʩʚʦʝʡ ʦʯʝʥʴ ʪʝʩʥʦ ʩʚʷʟʘʥʘ ʩ ʚʳʩʦʢʦʡ ʜʦʩʪʫʧʥʦʩʪʴʶ ð 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʪʝʭʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʜʣʷ ʠʟʙʝʞʘʥʠʷ ʥʝʚʳʧʦʣʥʝʥʥʦʛʦ 

ʦʙʩʣʫʞʠʚʘʥʠʷ ʧʫʪʸʤ ʫʤʝʥʴʰʝʥʠʷ ʠʣʠ ʫʧʨʘʚʣʝʥʠʷ ʩʙʦʷʤʠ ʠ ʤʠʥʠʤʠʟʘʮʠʝʡ ʚʨʝʤʝʥʠ ʧʣʘʥʦʚʳʭ 

ʧʨʦʩʪʦʝʚ. [2] 

ʀʭ ʩʚʷʟʘʥʥʦʩʪʴ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʯʝʤ ʚʳʰʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʚʳʩʦʢʦʡ ʜʦʩʪʫʧʥʦʩʪʠ 

ʩʝʨʚʠʩʘ, ʪʝʤ ʙʦʣʝʝ ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʦʡ ʜʦʣʞʥʘ ʙʳʪʴ ʩʠʩʪʝʤʘ. 

ʇʦʵʪʦʤʫ ʦʯʝʥʴ ʯʘʩʪʦ ʧʨʠ ʟʘʢʣʶʯʝʥʠʠ ʜʦʛʦʚʦʨʦʚ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʢʦʤʧʘʥʠʷʤʠ ʠʣʠ 

ʜʘʞʝ ʚʥʫʪʨʠ ʢʨʫʧʥʳʭ IT ʢʦʧʘʥʠʷʭ, ʩʚʷʟʘʥʥʳʭ ʩ ʬʠʥ-ʪʝʭ ʫʩʣʫʛʘʤʠ ʩʫʱʝʩʪʚʫʝʪ Uptime SLA 

99,99% (ʩʦʛʣʘʰʝʥʠʝ ʦʙ ʫʨʦʚʥʝ ʫʩʣʫʛ ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʦʩʪʠ çʯʝʪʳʨʝ ʜʝʚʷʪʢʠè). 



ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʩʠʩʪʝʤʘ ʤʦʞʝʪ ʙʳʪʴ ʥʝ ʜʦʩʪʫʧʥʘ ʪʦʣʴʢʦ 0,01% - ʵʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ 

ʧʨʦʩʪʦʡ ʩʠʩʪʝʤʳ ʚ ʜʝʥʴ ʥʝ ʜʦʣʞʝʥ ʧʨʝʚʳʰʘʪʴ 8,64 ʩʝʢʫʥʜʳ ʚ ʜʝʥʴ; 1,01 ʤʠʥʫʪʳ ʚ ʥʝʜʝʣʶ; 

4,38 ʤʠʥʫʪʳ ʚ ʤʝʩʷʮ; 13,15 ʤʠʥʫʪʳ ʚ ʢʚʘʨʪʘʣ; 52,60 ʤʠʥʫʪ ʚ ʛʦʜ.  

ʇʨʠ ʵʪʦʤ ʩʠʩʪʝʤʘ ʜʦʣʞʥʘ ʙʳʪʴ ʥʝ ʧʨʦʩʪʦ ʜʦʩʪʫʧʥʘ, ʘ ʜʦʣʞʝʥ ʙʳʪʴ ʜʦʩʪʫʧʝʥ ʚʝʩʴ 

ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʬʫʥʢʮʠʦʥʘʣ ʚʥʫʪʨʠ ʥʝʸ. ʊʘʢʞʝ ʯʪʦʙʳ ʩʠʩʪʝʤʘ ʤʦʛʣʘ ʨʘʟʚʠʚʘʪʴʩʷ, ʧʨʦʜʘʚʘʪʴ 

ʥʦʚʳʝ ʫʩʣʫʛʠ ʠ ʩʝʨʚʠʩʳ, ʪʦ ʧʦʩʪʦʷʥʥʦ ʜʦʣʞʝʥ çʜʦʩʪʘʚʣʷʪʴʩʷè ʥʦʚʳʡ ʬʫʥʢʮʠʦʥʘʣ, ʠ ʦʥ ʥʝ 

ʜʦʣʞʝʥ ʚʳʚʦʜʠʪʴ ʩʠʩʪʝʤʫ ʠʟ ʨʘʙʦʯʝʛʦ ʩʦʩʪʦʷʥʠʷ - ʪʦ ʝʩʪʴ ʜʦʣʞʥʳ ʚʳʧʦʣʥʷʪʴʩʷ ʥʝʩʢʦʣʴʢʦ 

ʧʫʥʢʪʦʚ: ʥʦʚʳʡ ʬʫʥʢʮʠʦʥʘʣ ʥʠʢʘʢʠʤ ʦʙʨʘʟʦʤ ʥʝ ʣʦʤʘʝʪ ʧʨʠʚʳʯʥʦʝ ʧʦʚʝʜʝʥʠʝ ʩʠʩʪʝʤʳ; 

ʜʦʩʪʘʚʢʘ ʥʦʚʦʛʦ ʬʫʥʢʮʠʦʥʘʣʘ ʥʝ ʩʪʘʚʠʪ ʩʠʩʪʝʤʫ ʚ ʩʦʩʪʦʷʥʠʝ ʧʨʦʩʪʦʷ. 

2. ʇʨʦʮʝʩʩ ʥʝʧʨʝʨʳʚʥʦʡ ʧʦʩʪʘʚʢʠ ʧʨʠ SLA 99.99% 

ɼʦʩʪʘʪʦʯʥʦ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʡ ʧʨʠʤʝʨ ʧʨʦʙʣʝʤʳ: ʥʫʞʥʦ ʩʨʦʯʥʦ ʨʘʟʤʝʩʪʠʪʴ ʢʘʢʠʝ-

ʣʠʙʦ ʜʘʥʥʳʝ, ʥʦ ʦʥʠ ʥʝ ʤʦʛʣʠ ʙʳʪʴ ʨʘʟʤʝʱʝʥʳ ʠʟ-ʟʘ ʦʰʠʙʢʠ ʚ ʢʦʜʝ. ɺʥʝʩʝʥʠʝ ʜʚʫʭ ʩʪʨʦʯʝʢ 

ʧʦʢʘʟʘʣʦʩʴ ʧʨʦʩʪʳʤ, ʥʦ ʧʨʠʚʝʣʦ ʢ 14-ʯʘʩʦʚʳʤ ʟʘʪʨʘʪʘʤ, ʚʦʚʣʝʯʝʥʠʶ ʥʝʩʢʦʣʴʢʠʭ 

ʩʧʝʮʠʘʣʠʩʪʦʚ ʠ ʜʘʞʝ ʧʦʣʥʦʡ ʦʩʪʘʥʦʚʢʝ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʥʘ ʙʦʣʝʝʤ ʯʝʤ ʜʚʘ ʯʘʩʘ. 

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʠʟʙʝʞʘʪʴ ʧʦʜʦʙʥʳʭ ʧʨʦʙʣʝʤ ʩʫʱʝʩʪʚʫʝʪ 5 ʧʨʦʩʪʳʭ ʰʘʛʦʚ ʜʣʷ 

ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʠ. 

ʐʘʛ 1. ʋʤʝʥʴʰʝʥʠʝ ʨʘʟʤʝʨʘ ʟʘʜʘʯ. 

ʎʝʣʴ: ʨʘʟʙʠʪʴ ʢʨʫʧʥʳʝ ʟʘʜʘʯʠ ʥʘ ʙʦʣʝʝ ʤʝʣʢʠʝ ʠ ʫʧʨʘʚʣʷʝʤʳʝ ʧʦʜʟʘʜʘʯʠ ʜʣʷ 

ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʝʢʪʘ. 

ʇʨʠʤʝʨ: ʚʤʝʩʪʦ ʪʦʛʦ, ʯʪʦʙʳ ʨʝʰʘʪʴ ʚʩʝ ʧʨʦʙʣʝʤʳ ʧʨʦʝʢʪʘ ʩʨʘʟʫ, ʢʦʤʘʥʜʘ ʨʝʰʠʣʘ 

ʩʦʩʨʝʜʦʪʦʯʠʪʴʩʷ ʥʘ ʫʤʝʥʴʰʝʥʠʠ ʨʘʟʤʝʨʘ ʟʘʜʘʯ. ʅʘʧʨʠʤʝʨ, ʚʤʝʩʪʦ ʪʦʛʦ ʯʪʦʙʳ ʠʩʧʨʘʚʣʷʪʴ ʚʩʝ 

ʦʰʠʙʢʠ ʚ ʦʜʥʦʤ ʮʠʢʣʝ ʨʘʟʨʘʙʦʪʢʠ, ʦʥʠ ʨʘʟʜʝʣʠʣʠ ʠʭ ʥʘ ʙʦʣʝʝ ʤʝʣʢʠʝ ʠ ʢʦʥʢʨʝʪʥʳʝ ʟʘʜʘʯʠ, 

ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʫʧʨʘʚʣʷʪʴ ʧʨʦʮʝʩʩʦʤ ʠ ʜʦʩʪʠʛʘʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʙʳʩʪʨʝʝ. 

ʐʘʛ 2: ʌʠʯʘ-ʬʣʘʛʠ. 

ʎʝʣʴ: ɺʥʝʜʨʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʚʢʣʶʯʘʪʴ ʠ ʚʳʢʣʶʯʘʪʴ ʦʧʨʝʜʝʣʝʥʥʳʝ ʬʫʥʢʮʠʠ ʠʣʠ 

ʬʠʯʠ ʚ ʧʨʠʣʦʞʝʥʠʠ ʠʣʠ ʩʠʩʪʝʤʝ ʙʝʟ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚʳʧʫʩʢʘ ʥʦʚʦʡ ʚʝʨʩʠʠ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ. 

ʇʨʠʤʝʨ: ʂʦʤʘʥʜʘ ʨʘʟʨʘʙʦʪʢʠ ʚʥʝʜʨʠʣʘ ʬʠʯʘ-ʬʣʘʛʠ ʚ ʩʚʦʝ ʧʨʠʣʦʞʝʥʠʝ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ 

ʠʤ ʘʢʪʠʚʠʨʦʚʘʪʴ ʠ ʜʝʘʢʪʠʚʠʨʦʚʘʪʴ ʦʧʨʝʜʝʣʝʥʥʳʝ ʬʫʥʢʮʠʠ ʥʘ ʣʝʪʫ, ʙʝʟ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʦʙʥʦʚʣʝʥʠʷ ʚʩʝʛʦ ʧʨʠʣʦʞʝʥʠʷ. ʅʘʧʨʠʤʝʨ, ʦʥʠ ʤʦʛʣʠ ʙʳʩʪʨʦ ʚʢʣʶʯʠʪʴ ʥʦʚʫʶ ʬʫʥʢʮʠʶ ʜʣʷ 

ʥʝʙʦʣʴʰʦʡ ʛʨʫʧʧʳ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠ ʧʨʦʚʝʨʠʪʴ ʝʝ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʧʨʝʞʜʝ ʯʝʤ ʨʘʩʧʨʦʩʪʨʘʥʷʪʴ 

ʝʝ ʥʘ ʚʩʝʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. 

ʐʘʛ 3. CI/CD ʧʘʡʧʣʘʡʥ. 

ʎʝʣʴ: ʉʦʟʜʘʥʠʝ ʥʝʧʨʝʨʳʚʥʦʛʦ ʧʨʦʮʝʩʩʘ ʠʥʪʝʛʨʘʮʠʠ (CI) ʠ ʥʝʧʨʝʨʳʚʥʦʡ 

ʧʦʩʪʘʚʢʠ/ʨʘʟʚʝʨʪʳʚʘʥʠʷ (CD) ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʩʙʦʨʢʠ, 

ʪʝʩʪʠʨʦʚʘʥʠʷ ʠ ʨʘʟʚʝʨʪʳʚʘʥʠʷ ʢʦʜʘ [3]. 

ʇʨʠʤʝʨ: ʂʦʤʘʥʜʘ ʨʘʟʨʘʙʦʪʢʠ ʥʘʩʪʨʦʠʣʘ CI/CD ʧʘʡʧʣʘʡʥ, ʢʦʪʦʨʳʡ ʘʚʪʦʤʘʪʠʯʝʩʢʠ 

ʩʦʙʠʨʘʝʪ ʠʩʭʦʜʥʳʡ ʢʦʜ, ʟʘʧʫʩʢʘʝʪ ʥʘʙʦʨʳ ʪʝʩʪʦʚ, ʠ, ʧʨʠ ʫʩʧʝʰʥʦʤ ʟʘʚʝʨʰʝʥʠʠ, 

ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʨʘʟʚʝʨʪʳʚʘʝʪ ʧʨʠʣʦʞʝʥʠʝ ʥʘ ʪʝʩʪʦʚʦʤ, ʧʨʝʜʙʦʝʚʦʡ ʠ ʙʦʝʚʦʡ ʩʨʝʜʘʭ. ʕʪʦ 

ʧʦʟʚʦʣʷʝʪ ʙʳʩʪʨʦ ʦʙʥʘʨʫʞʠʚʘʪʴ ʠ ʠʩʧʨʘʚʣʷʪʴ ʦʰʠʙʢʠ, ʘ ʪʘʢʞʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʝʧʨʝʨʳʚʥʫʶ 

ʧʦʩʪʘʚʢʫ ʥʦʚʳʭ ʬʫʥʢʮʠʡ ʧʦʣʴʟʦʚʘʪʝʣʶ. 

ʐʘʛ 4. ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ. 

ʎʝʣʴ: ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʪʝʩʪʠʨʦʚʘʥʠʷ 

ʧʨʠʣʦʞʝʥʠʡ ʠʣʠ ʩʠʩʪʝʤʳ ʩ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʩʢʦʨʦʩʪʠ ʨʘʟʨʘʙʦʪʢʠ. 

ʇʨʠʤʝʨ: ʢʦʤʘʥʜʘ ʨʘʟʨʘʙʦʪʢʠ ʚʥʝʜʨʠʣʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʪʝʩʪʳ ʚ ʩʚʦʡ CI/CD 

(ʥʝʧʨʝʨʳʚʥʘʷ ʠʥʪʝʛʨʘʮʠʷ/ʥʝʧʨʝʨʳʚʥʦʝ ʨʘʟʚʝʨʪʳʚʘʥʠʝ), ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʠʤ ʙʳʩʪʨʦ ʠ ʥʘʜʝʞʥʦ 



ʧʨʦʚʝʨʷʪʴ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʢʦʜʘ ʥʘ ʢʘʞʜʦʤ ʵʪʘʧʝ ʨʘʟʨʘʙʦʪʢʠ. ʕʪʦ ʫʤʝʥʴʰʠʣʦ ʚʝʨʦʷʪʥʦʩʪʴ 

ʧʦʷʚʣʝʥʠʷ ʦʰʠʙʦʢ ʚ ʧʨʦʜʫʢʪʝ ʠ ʫʩʢʦʨʠʣʦ ʝʛʦ ʜʦʩʪʘʚʢʫ ʥʘ ʨʳʥʦʢ ʩ ʫʚʝʨʝʥʥʦʩʪʴʶ ʚ ʝʛʦ 

ʢʘʯʝʩʪʚʝ. 

ʐʘʛ 5: ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. 

ʎʝʣʴ: ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʨʝʜʩʪʚ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʠ ʥʘʩʪʨʦʡʢʠ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʪʘʢʦʡ ʢʘʢ ʩʝʨʚʝʨʳ, ʩʝʪʠ ʠ ʭʨʘʥʠʣʠʱʘ ʜʘʥʥʳʭ, ʩ ʮʝʣʴʶ ʫʣʫʯʰʝʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʥʘʜʝʞʥʦʩʪʠ ʦʧʝʨʘʮʠʡ. 

ʇʨʠʤʝʨ: ʂʦʤʘʥʜʘ ʚʥʝʜʨʠʣʘ ʠʥʩʪʨʫʤʝʥʪʳ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʢʦʥʬʠʛʫʨʘʮʠʠ ʠ ʫʧʨʘʚʣʝʥʠʷ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʡ, ʪʘʢʠʝ ʢʘʢ Ansible ʠʣʠ Terraform. ʕʪʠ ʠʥʩʪʨʫʤʝʥʪʳ ʧʦʟʚʦʣʷʶʪ ʙʳʩʪʨʦ 

ʩʦʟʜʘʚʘʪʴ, ʥʘʩʪʨʘʠʚʘʪʴ ʠ ʫʧʨʘʚʣʷʪʴ ʩʝʨʚʝʨʘʤʠ, ʩʝʪʷʤʠ ʠ ʜʨʫʛʠʤʠ ʨʝʩʫʨʩʘʤʠ ʚ ʦʙʣʘʢʝ ʠʣʠ ʥʘ 

ʣʦʢʘʣʴʥʳʭ ʩʝʨʚʝʨʘʭ. ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʚʝʨʦʷʪʥʦʩʪʴ 

ʯʝʣʦʚʝʯʝʩʢʠʭ ʦʰʠʙʦʢ, ʫʩʢʦʨʠʪʴ ʨʘʟʚʝʨʪʳʚʘʥʠʝ ʥʦʚʳʭ ʩʨʝʜ ʠ ʦʙʝʩʧʝʯʠʪʴ ʝʜʠʥʦʦʙʨʘʟʠʝ 

ʥʘʩʪʨʦʝʢ ʚ ʨʘʟʣʠʯʥʳʭ ʦʢʨʫʞʝʥʠʷʭ. 

ʈʘʟʜʝʣʝʥʠʝ ʟʘʜʘʯ ʥʘ ʙʦʣʝʝ ʤʝʣʢʠʝ ʧʦʜʟʘʜʘʯʠ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʘʢʪʠʢ ʥʝʧʨʝʨʳʚʥʦʡ 

ʧʦʩʪʘʚʢʠ ʥʘʧʨʷʤʫʶ ʩʦʦʪʥʦʩʷʪʩʷ ʩ ʜʦʩʪʠʞʝʥʠʝʤ SLA 99,99%. ʄʝʣʢʠʝ ʧʦʜʟʘʜʘʯʠ ʧʦʟʚʦʣʷʶʪ 

ʙʳʩʪʨʝʝ ʠ ʵʬʬʝʢʪʠʚʥʝʝ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʣʶʙʳʝ ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʦʙʣʝʤʳ ʠʣʠ ʦʰʠʙʢʠ, ʯʪʦ 

ʩʥʠʞʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʥʘʨʫʰʝʥʠʷ SLA. ʅʝʧʨʝʨʳʚʥʘʷ ʧʦʩʪʘʚʢʘ ʧʦʟʚʦʣʷʝʪ ʦʧʝʨʘʪʠʚʥʦ ʚʥʝʜʨʷʪʴ 

ʠʩʧʨʘʚʣʝʥʠʷ ʠ ʦʙʥʦʚʣʝʥʠʷ, ʤʠʥʠʤʠʟʠʨʫʷ ʚʨʝʤʷ ʧʨʦʩʪʦʷ ʠ ʦʙʝʩʧʝʯʠʚʘʷ ʥʝʧʨʝʨʳʚʥʫʶ 

ʜʦʩʪʫʧʥʦʩʪʴ ʩʝʨʚʠʩʘ, ʯʪʦ ʪʘʢʞʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʜʦʩʪʠʞʝʥʠʶ ʮʝʣʝʚʳʭ ʧʦʢʘʟʘʪʝʣʝʡ SLA 99,99%. 

ʏʪʦʙʳ ʧʦʣʫʯʠʪʴ ʚʩʶ ʥʝʦʙʭʦʜʠʤʫʶ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ ʠ ʨʝʣʠʟʠʪʴʩʷ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʚ ʜʝʥʴ, 

ʥʝ ʪʨʝʙʫʝʪʩʷ ʙʦʣʴʰʠʭ ʟʘʪʨʘʪ. ɼʦʤʠʥʠʨʫʶʱʠʤ ʬʘʢʪʦʨʦʤ ʷʚʣʷʶʪʩʷ ʟʘʪʨʘʪʳ ʥʘ ʨʘʟʨʘʙʦʪʢʫ. 

ʋʤʝʥʴʰʝʥʠʝ ʨʘʟʤʝʨʘ ʨʝʣʠʟʘ ʜʘʝʪ ʟʘʢʘʟʯʠʢʫ ʚʦʟʤʦʞʥʦʩʪʴ ʟʘʥʠʤʘʪʴʩʷ ʙʦʣʝʝ ʚʘʞʥʳʤʠ 

ʟʘʜʘʯʘʤʠ - ʦʥ ʚʠʜʠʪ ʥʘ ʧʨʦʜʫʢʪʠʚʝ ʠʣʠ ʥʘ ʜʝʤʦ-ʩʪʝʥʜʘʭ ʚʩʝ, ʯʪʦ ʙʳʣʦ ʩʜʝʣʘʥʦ. ʏʘʩʪʳʝ ʨʝʣʠʟʳ 

ʧʦʟʚʦʣʷʶʪ ʜʝʣʘʪʴ MVP ʠ ʙʳʩʪʨʦ ʧʨʦʚʝʨʷʪʴ ʩʚʦʠ ʛʠʧʦʪʝʟʳ. ɽʩʣʠ ʫ ʟʘʢʘʟʯʠʢʘ ʤʝʥʷʶʪʩʷ 

ʧʨʠʦʨʠʪʝʪʳ, ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʘʷ ʢʦʤʘʥʜʘ ʤʦʞʝʪ ʦʯʝʥʴ ʙʳʩʪʨʦ ʠʟʤʝʥʠʪʴ ʥʘʧʨʘʚʣʝʥʠʝ ʜʚʠʞʝʥʠʷ 

ʠ ʧʨʠ ʵʪʦʤ ʧʦʥʝʩʪʠ ʘʜʝʢʚʘʪʥʳʝ ʥʘʢʣʘʜʥʳʝ ʨʘʩʭʦʜʳ. 

3. ɺʠʜʳ ʘʨʭʠʪʝʢʪʫʨʳ ʇʆ ʠ ʝʸ ʚʣʠʷʥʠʝ ʥʘ ʝʸ ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʦʩʪʴ 

ʄʦʞʥʦ ʚʳʜʝʣʠʪʴ ʪʨʠ ʦʩʥʦʚʥʳʭ ʪʠʧʘ ʘʨʭʠʪʝʢʪʫʨʳ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ð 

ʤʦʥʦʣʠʪʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ (monolithic), ʩʝʨʚʠʩ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ (SOA) ʠ 

ʤʠʢʨʦʩʝʨʚʠʩʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ. [4] 

2.1 ʄʦʥʦʣʠʪʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʩʠʩʪʝʤʳ 

ʇʝʨʚʳʡ ʚʠʜ ʘʨʭʠʪʝʢʪʫʨʳ ʧʦʷʚʠʣʩʷ ʦʯʝʥʴ ʜʘʚʥʦ ʚ 1994 ʛʦʜʫ ʠ ʝʛʦ ʪʝʨʤʠʥ ʦʧʨʝʜʝʣʠʣʘ 

ʪʘʢ ʥʘʟʳʚʘʝʤʘʷ ʙʘʥʜʘ ʯʝʪʳʨʸʭ (ʕʨʠʭ ɻʘʤʤʘ, ʈʠʯʘʨʜ ʍʝʣʤ, ʈʘʣʴʬ ɼʞʦʥʩʦʥ, ɼʞʦʥ ɺʣʠʩʩʠʜʝʩ) 

ʚ ʢʥʠʛʝ çʇʨʠʸʤʳ ʦʙʲʝʢʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ʇʘʪʪʝʨʥʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷè 

[5]. ʆʜʥʘʢʦ ʵʪʦʪ ʚʠʜʳ ʘʨʭʠʪʝʢʪʫʨʳ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʚʩʸ ʝʱʸ ʦʩʪʘʸʪʩʷ ʧʦʧʫʣʷʨʥʳʤ ʧʦ 

ʥʝʩʢʦʣʴʢʠʤ ʬʘʢʪʦʨʘʤ - ʩ ʧʦʤʦʱʴʶ ʥʝʛʦ ʤʦʞʥʦ ʙʳʩʪʨʦ ʠ ʧʨʦʩʪʦ ʧʨʦʚʝʨʷʪʴ ʛʠʧʦʪʝʟʳ ʥʘ 

ʧʨʘʢʪʠʢʝ, ʯʪʦ ʦʯʝʥʴ ʭʦʨʦʰʦ ʥʘ ʨʘʥʥʠʭ ʩʪʘʜʠʷʭ ʧʨʦʝʢʪʘ [6]; ʝʛʦ ʙʘʟʦʚʦ ʦʯʝʥʴ ʧʨʦʩʪʦ 

ʨʘʟʚʦʨʘʯʠʚʘʪʴ ʥʘ ʩʝʨʚʝʨʝ ʠ ʦʩʫʱʝʩʪʚʣʷʪʴ ʧʨʠʤʠʪʠʚʥʫʶ ʧʦʜʜʝʨʞʢʫ. ʆʜʥʘʢʦ ʩ ʨʦʩʪʦʤ ʧʨʦʝʢʪʘ 

ʚʦʟʥʠʢʘʶʪ ʩʣʦʞʥʦʩʪʠ ʠ ʚ ʩʢʦʨʦʩʪʠ ʜʦʙʘʚʣʝʥʠʷ ʥʦʚʦʛʦ ʬʫʥʢʮʠʦʥʘʣʘ, ʠ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦ 

ʚʦʟʨʘʩʪʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʩʣʦʤʘʪʴ ʯʪʦ-ʣʠʙʦ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʦʛʦ, ʠ ʯʪʦ ʥʝ ʤʘʣʦ ʚʘʞʥʦ 

ʚʦʟʥʠʢʘʶʪ ʩʣʦʞʥʦʩʪʠ ʩ ʜʦʩʪʘʚʢʦʡ ʥʘ ʩʝʨʚʝʨ, ʪʘʢ ʢʘʢ, ʯʪʦʙʳ ʦʙʥʦʚʠʪʴ ʚʝʨʩʠʶ ʩʠʩʪʝʤʳ, 

ʧʨʝʜʳʜʫʱʫʶ ʥʫʞʥʦ ʚʳʢʣʶʯʠʪʴ, ʘ ʟʥʘʯʠʪ ʵʪʦ ʧʨʷʤʦʡ ʧʫʪʴ ʢ ʧʨʦʩʪʦʡ ʩʠʩʪʝʤʳ, ʠ ʜʘʞʝ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝ ʙʦʣʴʰʦʡ ʤʦʥʦʣʠʪʥʳʡ ʧʨʦʝʢʪ ʤʦʞʝʪ ʛʝʥʝʨʠʨʦʚʘʪʴ ʢʘʢ ʤʠʥʠʤʫʤ ʦʢʦʣʦ 60 

ʩʝʢʫʥʜ ʧʨʦʩʪʦʡ ʥʘ ʦʜʠʥ ʧʝʨʝʟʘʧʫʩʢ, ʘ ʟʥʘʯʠʪ ʧʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʦʰʠʙʢʠ ʚ ʨʘʙʦʪʝ ʦʪʢʘʪ ʢ 

ʧʨʝʜʳʜʫʱʝʡ ʚʝʨʩʠʠ ʟʘʡʤʝʪ ʪʘʢʞʝ ʢʘʢ ʤʠʥʠʤʫʤ 60 ʩʝʢʫʥʜ, ʯʪʦ ʫʞʝ ʩʠʣʴʥʦ ʧʨʝʚʳʩʠʪ 

ʜʦʧʫʩʪʠʤʳʡ ʧʨʦʩʪʦʡ ʚ ʥʝʜʝʣʶ. ʇʨʠ ʵʪʦʪ ʚ ʵʪʠ 120 ʩʝʢʫʥʜ ʥʝ ʚʢʣʶʯʝʥʦ ʚʨʝʤʷ, ʢʦʪʦʨʦʝ ʩʠʩʪʝʤʘ 



ʨʘʙʦʪʘʣʘ ʥʝ ʢʦʨʨʝʢʪʥʦ, ʯʪʦ ʪʦʞʝ ʥʝʛʘʪʠʚʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʧʫʪʠ ʢ ʟʘʚʝʪʥʳʤ çʯʝʪʳʨʸʤ 

ʜʝʚʷʪʢʘʤè. 

ʊʘʢʞʝ ʤʦʥʦʣʠʪʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʥʝʛʘʪʠʚʥʦ ʧʦʢʘʟʳʚʘʝʪ ʩʝʙʷ ʧʨʠ ʚʳʩʦʢʠʭ ʥʘʛʨʫʟʢʘʭ ʥʘ 

ʩʠʩʪʝʤʫ, ʪʦ ʝʩʪʴ ʚ ʤʦʤʝʥʪ, ʢʦʛʜʘ RPS (ʢʦʣ-ʚʦ ʟʘʧʨʦʩʦʚ ʚ ʩʝʢʫʥʜʫ) ʧʨʝʚʳʰʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ 

ʩʝʨʚʝʨʘ, ʪʦ ʩʠʩʪʝʤʘ ʥʝ ʤʦʞʝʪ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʜʦʙʘʚʠʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʦʙʨʘʟ ʜʣʷ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʛʨʫʟʢʠ, ʜʣʷ ʵʪʦʛʦ ʥʫʞʝʥ ʚʪʦʨʦʡ ʩʝʨʚʝʨ, ʥʘ ʢʦʪʦʨʦʤ ʪʘʢʞʝ ʥʫʞʥʦ 

ʨʘʟʚʦʨʘʯʠʚʘʪʴ ʩʠʩʪʝʤʫ, ʥʘʩʪʨʘʠʚʘʪʴ ʙʘʣʘʥʩʠʨʦʚʢʫ ʤʝʞʜʫ ʥʠʤʠ ʠ ʪʘʢ ʜʘʣʝʝ. ʇʨʠ ʵʪʦʤ ʪʘʢʘʷ 

ʚr ʩʦʢʘʷ ʥʘʛʨʫʟʢʘ ʤʦʞʝʪ ʚʦʟʥʠʢʘʪʴ ʚ ʦʜʥʦʤ ʠʟ ʫʯʘʩʪʢʦʚ ʩʠʩʪʝʤʳ, ʘ ʚʳʭʦʜʠʪ ʠʟ ʩʪʨʦʷ ʧʨʠ ʵʪʦʤ 

ʚʩʷ ʩʠʩʪʝʤʘ. 

ɽʱʸ ʦʜʥʠʤ ʤʠʥʫʩʦʤ ʤʦʥʦʣʠʪʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʷʚʣʷʝʪʩʷ ʝʸ ʥʝʩʦʦʪʚʝʪʩʪʚʠʝ ʧʘʪʪʝʨʥʫ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʚʦʟʚʝʜʝʥʠʷ ʝʸ ʚ ʨʷʜ ʘʥʪʠʧʘʪʪʝʨʥʦʚ ʠʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ʦʥʘ ʥʘʨʫʰʘʝʪ ʧʨʠʥʮʠʧ 

ʝʜʠʥʩʪʚʝʥʥʦʡ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʧʨʠʥʮʠʧʦʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʩʠʩʪʝʤʳ ʧʦ SOLID. 

3.2 ʉʝʨʚʠʩ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʩʠʩʪʝʤʳ 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʤʦʥʦʣʠʪʥʦʡ, ʩʝʨʚʠʩ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʩʠʩʪʝʤʳ ʪʨʝʙʫʝʪ 

ʙʦʣʴʰʝ ʟʘʪʨʘʪ ʥʘ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴ ʤʝʞʜʫ ʩʝʨʚʠʩʘʤʠ ʠ ʩʦʙʣʶʜʝʥʠʝ ʢʦʥʪʨʘʢʪʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʤʝʞʜʫ ʥʠʤʠ. ʆʜʥʘʢʦ ʜʣʷ ʵʪʦʛʦ ʧʦʜʭʦʜʘ ʚʩʸ ʝʱʸ ʭʘʨʘʢʪʝʨʥʘ ʝʜʠʥʘʷ ʙʘʟʘ ʜʘʥʥʳʭ, ʘ ʪʘʢʞʝ 

ʩʠʥʭʨʦʥʥʦʩʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʝʨʚʠʩʦʚ, ʘ ʟʥʘʯʠʪ ʠ ʩʠʥʭʨʦʥʥʦʩʪʴ ʠʭ ʦʙʥʦʚʣʝʥʠʷ, ʯʪʦ ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ ʧʨʠʚʦʜʠʪ ʢ ʚʳʥʫʞʜʝʥʥʦʡ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʦʙʥʦʚʣʝʥʠʡ [7]. 

ʅʦ ʩʪʦʠʪ ʦʪʤʝʥʠʪʴ, ʯʪʦ ʢʘʞʜʳʡ ʠʟ ʩʝʨʚʠʩʦʚ ʤʦʞʝʪ ʥʘʭʦʜʠʪʩʷ ʥʘ ʩʚʦʝʡ ʚʠʨʪʫʘʣʴʥʦʡ 

ʤʘʰʠʥʝ ʠʣʠ ʜʘʞʝ ʦʪʜʝʣʴʥʦʤ ʩʝʨʚʝʨʝ ʧʨʠ ʞʝʣʘʥʠʠ, ʦʜʥʘʢʦ ʠʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ʙʘʟʘ ʜʘʥʥʳʭ ʧʨʠ 

ʜʘʥʥʦʤ ʧʦʜʭʦʜʝ ʦʩʪʘʝʪʩʷ ʝʜʠʥʦʡ, ʠ ʥʘʣʠʯʠʝ ʫʟʢʦʛʦ ʤʝʩʪʦ ʚ ʚʠʜʝ, ʩʝʪʝʚʦʛʦ ʪʨʘʬʠʢʘ ʤʝʞʜʫ 

ʩʝʨʚʠʩʘʤʠ (ʦʙʳʯʥʦ ʧʨʠʥʷʪʦ, ʯʪʦʙʳ ʚʩʝ ʩʝʨʚʠʩʳ ʥʘʭʦʜʠʣʠʩʴ ʚ ʦʜʥʦʡ ʩʝʪʠ) ð ʵʪʦ ʤʦʞʝʪ 

ʧʨʠʚʦʜʠʪʴ ʣʠʙʦ ʢ ʯʘʩʪʠʯʥʦʡ ʧʦʪʝʨʝ ʜʘʥʥʳʭ, ʣʠʙʦ ʢ ʜʝʛʨʘʜʘʮʠʠ ʩʠʩʪʝʤʳ ʚ ʧʝʨʠʦʜ ʧʦʚʳʰʝʥʥʦʡ 

ʥʘʛʨʫʟʢʠ ʥʘ ʩʝʨʚʠʩ.  

ʇʨʠ ʪʘʢʦʡ ʘʨʭʠʪʝʢʪʫʨʝ ʥʘ ʩʝʨʚʝʨʥʦʤ ʫʨʦʚʥʝ ʩʪʦʠʪ ʦʩʪʨʦ ʧʨʦʙʣʝʤʘ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ 

ʠʥʩʪʘʥʩʦʚ ʧʨʠʣʦʞʝʥʠʡ ʠ ʙʘʣʘʥʩʠʨʦʚʢʠ ʤʝʞʜʫ ʥʠʤʠ, ʯʪʦ ʪʦʞʝ ʥʝʛʘʪʠʚʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ 

ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʦʩʪʠ, ʪʘʢ ʢʘʢ ʧʦʥʠʤʘʪʴ ʩʝʨʚʝʨ ʪʨʫʜʦʸʤʢʘʷ ʟʘʜʘʯʘ. 

3.3 ʄʠʢʨʦʩʝʨʚʠʩʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʩʠʩʪʝʤʳ 

ʉʘʤ ʧʦʜʭʦʜ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʤʠʢʨʦʚʩʝʨʚʠʩʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʩʪʨʦʠʪʩʷ ʥʘ ʚʳʩʪʨʘʠʚʘʥʠʠ, 

ʢʘʢ ʛʨʘʤʦʪʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʧʨʠʣʦʞʝʥʠʡ ʩ ʨʘʟʜʝʣʝʥʠʝʤ ʙʠʟʥʝʩ-ʣʦʛʠʢʠ ʧʨʠʣʦʞʝʥʠʡ ʥʘ ʨʘʟʥʳʝ 

ʩʝʨʚʠʩʳ, ʪʘʢ ʠ ʛʨʘʤʦʪʥʦʡ ʩʝʨʚʝʨʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ. ɺʩʸ ʵʪʦ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʧʘʪʪʝʨʥʘʭ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʤʠʢʨʦʩʝʨʚʠʩʥʳʭ ʩʠʩʪʝʤ. ʆʙʳʯʥʦ ʜʦʩʪʘʪʦʯʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ DBPS (Data Base 

per service) ʠʣʠ ʙʦʣʝʝ ʫʟʢʦʡ ʨʝʘʣʠʟʘʮʠʠ ʵʪʦʛʦ ʧʘʪʪʝʨʥʘ ð SPS (Schema per service), ʚʳʙʦʨ 

ʧʨʠʥʮʠʧʘ ʫʧʨʘʚʣʝʥʠʷ ʨʘʩʧʨʝʜʝʣʸʥʥʳʤʠ ʪʨʘʥʟʘʢʮʠʷʤʠ ð ʦʨʢʝʩʪʨʘʮʠʷ ʠʣʠ ʭʦʨʝʦʛʨʘʬʠʷ, ʠ ʯʪʦ 

ʩʘʤʦʝ ʛʣʘʚʥʦʝ ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ ʧʨʠʥʮʠʧʘʭ Cloud Native [7]. 

ɿʘ ʩʯʝʪ ʩʦʙʣʶʜʝʥʠʷ ʚʩʝʛʦ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʦʛʦ ʤʠʢʨʦʩʝʨʚʠʩʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʧʦʟʚʦʣʷʝʪ 

ʩʝʨʚʠʩʘʤ ʤʘʩʰʪʘʙʠʨʦʚʘʪʴʩʷ ʢʘʢ ʚʝʨʪʠʢʘʣʴʥʦ, ʪʘʢ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦ. ʅʘ ʩʝʨʚʝʨʥʦʤ ʫʨʦʚʥʝ ʜʣʷ 

ʫʧʨʘʚʣʝʥʠʷ ʧʨʠʣʦʞʝʥʠʷʤʠ ʠʩʧʦʣʴʟʫʝʪʩʷ Kubernetes (k8s) ʠʣʠ OpenShift - ʦʙʘ ʵʪʠʭ ʧʦʜʭʦʜʘ 

ʪʨʝʙʫʶʪ ʢʦʥʪʝʡʥʝʨʠʟʘʮʠʠ ʧʨʠʣʦʞʝʥʠʡ, ʠ ʧʦʟʚʦʣʷʶʪ ʜʠʥʘʤʠʯʝʩʢʠ ʨʘʩʧʨʝʜʝʣʷʪʴ ʨʝʩʫʨʩʳ 

ʩʝʨʚʝʨʘ ʜʣʷ ʧʨʠʣʦʞʝʥʠʡ, ʤʦʣʥʠʝʥʦʩʥʦ ʜʦʙʘʚʣʷʪʴ ʵʢʟʝʤʧʣʷʨ ʧʨʠʣʦʞʝʥʠʷ, ʧʨʠ ʚʳʩʦʢʦʡ 

ʥʘʛʨʫʟʢʝ, ʠ ʥʝ ʧʦʟʚʦʣʷʶʪ ʧʨʠ ʦʙʥʦʚʣʝʥʠʠ ʧʨʠʣʦʞʝʥʠʡ ʜʦʧʫʩʢʘʪʴ ʧʨʦʩʪʦʷ ʩʠʩʪʝʤʳ ʟʘ ʩʯʝʪ 

ʪʦʛʦ, ʯʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʝʭʥʦʣʦʛʠʷ rolling update. 

4. ʆʪʢʘʟʦʫʩʪʦʡʯʠʚʦʩʪʴ ʙʘʟ ʜʘʥʥʳʭ 

ʆʜʥʘʢʦ ʥʝ ʚʘʞʥʦ ʥʘ ʩʢʦʣʴʢʦ ʥʘʜʸʞʥʘ ʩʘʤʘ ʩʠʩʪʝʤʘ, ʝʩʣʠ ʙʘʟʘ ʜʘʥʥʳʭ, ʢʦʪʦʨʫʶ ʦʥʘ 

ʠʩʧʦʣʴʟʫʝʪ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʠʥʮʠʧʘʤ ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʚʳʩʦʢʦʡ ʜʦʩʪʫʧʥʦʩʪʠ. 



ʆʩʦʙʝʥʥʦ ʚʘʞʥʳʝ ʜʘʥʥʳʝ ʧʨʠʥʷʪʦ ʭʨʘʥʠʪʴ ʚ ʨʝʣʷʮʠʦʥʥʳʭ ʙʘʟʘʭ ʜʘʥʥʳʭ. ʕʪʦ ʚʳʟʚʘʥʦ 

ʥʝʩʢʦʣʴʢʠʤʠ ʬʘʢʪʦʨʘʤʠ - ʦʥʠ ʩʪʨʦʷʪʩʷ ʥʘ ʧʨʠʥʮʠʧʘʭ ACID, ʧʦʜʜʝʨʞʠʚʘʶʪ ʪʨʘʥʟʘʢʮʠʦʥʥʦʩʪʴ 

ʚ ʢʣʘʩʩʠʯʝʩʢʦʤ ʝʸ ʧʨʦʷʚʣʝʥʠʠ, ʠ ʙʦʣʴʰʝ ʧʦʜʭʦʜʷʪ ʧʦʜ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʝ ʥʘʙʦʨʳ ʜʘʥʥʳʭ.  

ʈʝʟʝʨʚʠʨʦʚʘʥʠʝ ʠ ʨʝʧʣʠʢʘʮʠʷ ʜʘʥʥʳʭ -ʜʚʘ ʚʘʞʥʳʭ ʤʝʪʦʜʘ ʦʙʝʩʧʝʯʝʥʠʷ 

ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʘʥʥʳʭ ʚ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ. 

ʈʝʟʝʨʚʠʨʦʚʘʥʠʝ ʜʘʥʥʳʭ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʦʮʝʩʩ ʩʦʟʜʘʥʠʷ ʢʦʧʠʡ ʜʘʥʥʳʭ ʠ 

ʭʨʘʥʝʥʠʝ ʠʭ ʚ ʦʪʜʝʣʴʥʦʤ ʤʝʩʪʝ ʦʪ ʦʩʥʦʚʥʦʡ ʙʘʟʳ ʜʘʥʥʳʭ ʠʣʠ ʭʨʘʥʠʣʠʱʘ ʜʘʥʥʳʭ. 

ʆʩʥʦʚʥʘʷ ʮʝʣʴ ʨʝʟʝʨʚʠʨʦʚʘʥʠʷ ʜʘʥʥʳʭ - ʦʙʝʩʧʝʯʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʜʘʥʥʳʭ ʚ ʩʣʫʯʘʝ ʠʭ ʩʣʫʯʘʡʥʦʛʦ ʫʜʘʣʝʥʠʷ, ʢʦʨʨʫʧʮʠʠ, ʘʪʘʢʠ ʟʣʦʫʤʳʰʣʝʥʥʠʢʦʚ ʠʣʠ ʜʨʫʛʠʭ 

ʩʙʦʝʚ. ʈʝʟʝʨʚʥʳʝ ʢʦʧʠʠ ʤʦʛʫʪ ʩʦʟʜʘʚʘʪʴʩʷ ʨʝʛʫʣʷʨʥʦ (ʥʘʧʨʠʤʝʨ, ʝʞʝʜʥʝʚʥʦ, ʝʞʝʥʝʜʝʣʴʥʦ) ʠ 

ʤʦʛʫʪ ʭʨʘʥʠʪʴʩʷ ʥʘ ʨʘʟʣʠʯʥʳʭ ʥʦʩʠʪʝʣʷʭ, ʪʘʢʠʭ ʢʘʢ ʦʙʣʘʯʥʳʝ ʭʨʘʥʠʣʠʱʘ, ʣʝʥʪʳ, ʚʥʝʰʥʠʝ 

ʞʝʩʪʢʠʝ ʜʠʩʢʠ ʠ ʪ. ʜ. 

ʈʝʧʣʠʢʘʮʠʷ ʜʘʥʥʳʭ - ʧʨʦʮʝʩʩ ʩʦʟʜʘʥʠʷ ʠ ʧʦʜʜʝʨʞʘʥʠʷ ʢʦʧʠʡ ʜʘʥʥʳʭ ʚ ʨʘʟʥʳʭ ʤʝʩʪʘʭ 

ʠʣʠ ʥʘ ʨʘʟʥʳʭ ʩʝʨʚʝʨʘʭ. 

ʎʝʣʴ ʨʝʧʣʠʢʘʮʠʠ ʜʘʥʥʳʭ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʜʦʩʪʫʧʥʦʩʪʴ ʜʘʥʥʳʭ ʠ 

ʧʨʦʜʦʣʞʝʥʠʝ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʚ ʩʣʫʯʘʝ ʦʪʢʘʟʘ ʦʩʥʦʚʥʦʡ ʙʘʟʳ ʜʘʥʥʳʭ ʠʣʠ ʩʝʨʚʝʨʘ [8]. 

ʈʝʧʣʠʢʘʮʠʷ ʤʦʞʝʪ ʙʳʪʴ ʩʠʥʭʨʦʥʥʦʡ, ʢʦʛʜʘ ʠʟʤʝʥʝʥʠʷ ʜʘʥʥʳʭ ʧʝʨʝʜʘʶʪʩʷ ʥʘ ʨʝʧʣʠʢʠ 

ʥʝʤʝʜʣʝʥʥʦ, ʠʣʠ ʘʩʠʥʭʨʦʥʥʦʡ, ʢʦʛʜʘ ʠʟʤʝʥʝʥʠʷ ʧʝʨʝʜʘʶʪʩʷ ʩ ʥʝʢʦʪʦʨʦʡ ʟʘʜʝʨʞʢʦʡ. 

ʈʝʧʣʠʢʘʮʠʷ ʪʘʢʞʝ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʫʪʝʤ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʘʧʨʦʩʦʚ ʥʘ ʯʪʝʥʠʝ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʨʝʧʣʠʢʘʤʠ ʜʘʥʥʳʭ [9]. 

ʆʙʳʯʥʦ ʚʳʜʝʣʷʶʪ ʢʘʢ ʤʠʥʠʤʫʤ ʜʚʘ ʫʟʣʘ ʙʘʟ ʜʘʥʥʳʭ - master ʠ slave  

ʆʙʝʩʧʝʯʝʥʠʝ ʥʝʧʨʝʨʳʚʥʦʡ ʜʦʩʪʫʧʥʦʩʪʠ ʜʘʥʥʳʭ: ʈʝʟʝʨʚʠʨʦʚʘʥʠʝ ʠ ʨʝʧʣʠʢʘʮʠʷ ʜʘʥʥʳʭ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʜʦʩʪʫʧ ʢ ʜʘʥʥʳʤ ʜʘʞʝ ʚ ʩʣʫʯʘʝ ʦʪʢʘʟʘ ʦʩʥʦʚʥʦʡ ʩʠʩʪʝʤʳ. 

ɿʘʱʠʪʘ ʦʪ ʧʦʪʝʨʠ ʜʘʥʥʳʭ: ʈʝʟʝʨʚʠʨʦʚʘʥʠʝ ʜʘʥʥʳʭ ʧʦʟʚʦʣʷʝʪ ʚʦʩʩʪʘʥʦʚʠʪʴ ʜʘʥʥʳʝ ʚ 

ʩʣʫʯʘʝ ʠʭ ʧʦʚʨʝʞʜʝʥʠʷ ʠʣʠ ʫʜʘʣʝʥʠʷ. 

ʇʦʚʳʰʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ: ʈʝʧʣʠʢʘʮʠʷ ʜʘʥʥʳʭ ʤʦʞʝʪ ʨʘʩʧʨʝʜʝʣʷʪʴ ʥʘʛʨʫʟʢʫ ʥʘ 

ʥʝʩʢʦʣʴʢʦ ʩʝʨʚʝʨʦʚ, ʯʪʦ ʫʣʫʯʰʘʝʪ ʦʪʢʣʠʢ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʩʠʩʪʝʤʳ. 

ʕʪʠ ʤʝʪʦʜʳ ʷʚʣʷʶʪʩʷ ʚʘʞʥʳʤʠ ʩʦʩʪʘʚʥʳʤʠ ʯʘʩʪʷʤʠ ʩʪʨʘʪʝʛʠʠ ʦʙʝʩʧʝʯʝʥʠʷ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʘʥʥʳʭ ʠ ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʦʩʪʠ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ. 

ɺʳʚʦʜʳ. ɺ ʟʘʢʣʶʯʝʥʠʠ ʤʦʞʥʦ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʦʩʪʴ ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ 

ʨʦʣʴ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. ɺ ʩʪʘʪʴʝ ʙʳʣʦ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ ʩʨʘʚʥʝʥʠʝ ʪʨʝʭ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʧʦʜʭʦʜʦʚ: ʤʦʥʦʣʠʪʥʦʡ, ʤʠʢʨʦʩʝʨʚʠʩʥʦʡ ʠ 

ʩʝʨʚʠʩʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ, ʘ ʪʘʢʞʝ ʨʘʩʩʤʦʪʨʝʥʳ ʨʷʜ ʧʨʘʢʪʠʢ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʭ ʫʣʫʯʰʝʥʠʶ 

ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʦʩʪʠ ʩʠʩʪʝʤ. 

ɺʳʚʦʜʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʤʦʥʦʣʠʪʥʳʝ ʩʠʩʪʝʤʳ, ʭʦʪʴ ʠ ʧʨʦʩʪʳ ʚ ʥʘʯʘʣʝ, ʯʘʩʪʦ 

ʩʪʘʥʦʚʷʪʩʷ ʙʦʣʝʝ ʫʷʟʚʠʤʳʤʠ ʢ ʦʪʢʘʟʘʤ ʧʦ ʤʝʨʝ ʨʦʩʪʘ ʠ ʩʣʦʞʥʦʩʪʠ ʧʨʦʝʢʪʘ. ʄʠʢʨʦʩʝʨʚʠʩʥʘʷ 

ʘʨʭʠʪʝʢʪʫʨʘ, ʭʦʪʷ ʠ ʦʙʣʘʜʘʝʪ ʩʚʦʠʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ, ʪʨʝʙʫʝʪ ʪʱʘʪʝʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʠ 

ʪʝʩʪʠʨʦʚʘʥʠʷ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʥʘʜʝʞʥʫʶ ʨʘʙʦʪʫ ʩʠʩʪʝʤʳ. ʉʝʨʚʠʩʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ 

ʧʦʜʭʦʜ ʞʝ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʛʠʙʢʦʩʪʴ ʠ ʤʦʜʫʣʴʥʦʩʪʴ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʙʦʣʝʝ ʣʝʛʢʦʤʫ 

ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʶ ʠ ʦʙʥʦʚʣʝʥʠʶ ʩʠʩʪʝʤʳ. 

ʂʨʦʤʝ ʪʦʛʦ, ʚ ʩʪʘʪʴʝ ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʧʨʘʢʪʠʢʠ, ʪʘʢʠʝ ʢʘʢ ʫʤʝʥʴʰʝʥʠʝ ʨʘʟʤʝʨʘ ʟʘʜʘʯ, 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʬʠʯʘ-ʬʣʘʛʦʚ, ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʪʝʩʪʠʨʦʚʘʥʠʷ ʠ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʘ ʪʘʢʞʝ 

ʥʝʧʨʝʨʳʚʥʘʷ ʧʦʩʪʘʚʢʘ (CI/CD). ʕʪʠ ʧʨʘʢʪʠʢʠ ʧʦʤʦʛʘʶʪ ʧʦʚʳʩʠʪʴ ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʦʩʪʴ 

ʩʠʩʪʝʤʳ, ʫʩʢʦʨʠʪʴ ʚʳʷʚʣʝʥʠʝ ʠ ʫʩʪʨʘʥʝʥʠʝ ʦʰʠʙʦʢ, ʘ ʪʘʢʞʝ ʦʙʝʩʧʝʯʠʪʴ ʩʪʘʙʠʣʴʥʫʶ ʨʘʙʦʪʫ 

ʧʨʠʣʦʞʝʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʠʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʜʦʩʪʫʧʥʦʩʪʠ (SLA 99,99%). 



ʀʪʘʢ, ʵʬʬʝʢʪʠʚʥʦʝ ʩʦʯʝʪʘʥʠʝ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʧʦʜʭʦʜʦʚ ʠ ʧʨʠʤʝʥʝʥʠʝ ʧʝʨʝʜʦʚʳʭ 

ʧʨʘʢʪʠʢ ʧʦʟʚʦʣʷʶʪ ʩʦʟʜʘʚʘʪʴ ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʳʝ ʩʠʩʪʝʤʳ, ʩʧʦʩʦʙʥʳʝ ʫʩʧʝʰʥʦ ʩʧʨʘʚʣʷʪʴʩʷ ʩ 

ʚʳʟʦʚʘʤʠ ʩʦʚʨʝʤʝʥʥʦʛʦ ʮʠʬʨʦʚʦʛʦ ʤʠʨʘ. ʂʣʶʯʝʚʳʤ ʬʘʢʪʦʨʦʤ ʚ ʵʪʦʤ ʧʨʦʮʝʩʩʝ ʷʚʣʷʝʪʩʷ 

ʧʦʩʪʦʷʥʥʦʝ ʚʥʠʤʘʥʠʝ ʢ ʫʣʫʯʰʝʥʠʶ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʘʨʭʠʪʝʢʪʫʨʳ ʠ 

ʧʨʦʮʝʩʩʦʚ ʨʘʟʨʘʙʦʪʢʠ. ʇʨʠ ʵʪʦʤ ʚʘʞʥʦ ʧʦʤʥʠʪʴ, ʯʪʦ ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʦʩʪʴ ʥʝ ʷʚʣʷʝʪʩʷ 

ʢʦʥʝʯʥʦʡ ʮʝʣʴʶ, ʘ ʩʢʦʨʝʝ ʥʝʧʨʝʨʳʚʥʳʤ ʧʨʦʮʝʩʩʦʤ ʧʦ ʜʦʩʪʠʞʝʥʠʶ ʠ ʧʦʜʜʝʨʞʘʥʠʶ ʚʳʩʦʢʦʛʦ 

ʫʨʦʚʥʷ ʥʘʜʝʞʥʦʩʪʠ ʠ ʜʦʩʪʫʧʥʦʩʪʠ ʩʠʩʪʝʤʳ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. 
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RESILIENCE IN MODERN  TECHNICAL SYSTEMS: INTERCONNECTION WITH  

HIG H AVAILABILITY AND K EY PRACTICES 

Korzh A.S. 

Omsk State Technical University, Omsk, Russia 

The article examines the key aspects of resilience and high availability in modern technical systems. 

The importance of these characteristics in the context of software development, especially in the field 

of financial services, is described. The article discusses the principles of SLA and their relationship 

with resilience, as well as provides an overview of key practices contributing to achieving high 

resilience. Detailed consideration is given to methods of task decomposition, feature flagging 

implementation, automation of testing and infrastructure, as well as continuous delivery practices. 

This article represents a valuable resource for developers and engineers aiming to enhance the 

reliability and stability of their systems. 

Keywords: Fault Tolerance, High Availability, Software Architecture, Infrastructure, Data 

Replication, Security, Reliability.   



ʂ ɺʆʇʈʆʉʋ ʆɹ ɸɺʊʆʄɸʊʀɿɸʎʀʀ ʊɽʍʅʆʃʆɻʀʏɽʉʂʆɻʆ ʇʈʆʎɽʉʉɸ ʉɹʆʈʂʀ 

ʉɸʄʆʃɽʊʅʆɻʆ ʆɹʆʈʋɼʆɺɸʅʀʗ 

ɺʳʙʦʨʥʦʚ ʀ.ʀ., ʇʠʦʪʨʦʚʩʢʠʡ ɼ.ʃ. 

ʈʦʩʩʠʡʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ (ʈʊʋ ʄʀʈʕɸ) 

 

ɺ ʩʪʘʪʴʝ ʧʨʠʚʦʜʠʪʩʷ ʨʝʰʝʥʠʝ ʧʨʦʙʣʝʤʳ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʩʙʦʨʢʠ 

ʩʘʤʦʣʝʪʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʘ ʧʨʠʤʝʨʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʢʦʣʝʩʥʦʛʦ ʤʦʙʠʣʴʥʦʛʦ 

ʨʦʙʦʪʘ ʩ ʤʘʥʠʧʫʣʷʪʦʨʦʤ. 

 

ɸʥʘʣʠʟʠʨʫʷ ʠʩʪʦʯʥʠʢʠ ʧʦ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʩʙʦʨʢʠ 

ʩʘʤʦʣʝʪʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʭʦʯʝʪʩʷ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʪʝʯʝʩʪʚʝʥʥʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ 

ʧʨʦʠʛʨʳʚʘʝʪ ʚ ʜʘʥʥʦʤ ʘʩʧʝʢʪʝ. ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʧʨʦʮʝʩʩʘ ʩʙʦʨʢʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʨʘʙʦʯʠʤʠ ʥʘ 

ʟʘʚʦʜʘʭ ʚʨʫʯʥʫʶ, ʯʪʦ ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ ʦʧʨʝʜʝʣʝʥʥʳʡ ʨʠʩʢʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʪʨʫʜʦʟʘʪʨʘʪʘʤʠ ʠ 

ʯʝʣʦʚʝʯʝʩʢʠʤ ʬʘʢʪʦʨʦʤ. 

ɺ ʢʘʯʝʩʪʚʝ ʦʜʥʦʛʦ ʠʟ ʚʦʟʤʦʞʥʳʭ ʨʝʰʝʥʠʡ ʧʨʦʙʣʝʤʳ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠʭ ʤʦʙʠʣʴʥʳʭ ʧʣʘʪʬʦʨʤ, ʦʩʥʘʱʝʥʥʳʭ ʤʘʥʠʧʫʣʷʪʦʨʘʤʠ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ 

ʧʨʦʮʝʩʩʘ ʩʙʦʨʢʠ. ʇʦʜʦʙʥʘʷ ʧʨʦʙʣʝʤʘ ʨʝʰʘʝʪʩʷ ʨʘʟʨʘʙʦʪʯʠʢʘʤʠ ʧʘʪʝʥʪʘ [1]. ɿʜʝʩʴ ʨʝʯʴ ʠʜʸʪ ʦ 

ʩʧʦʩʦʙʝ ʠ ʫʩʪʨʦʡʩʪʚʝ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʤ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʦʧʝʨʘʮʠʠ ʥʘʜ ʢʦʥʩʪʨʫʢʮʠʝʡ 

ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʚʪʦʥʦʤʥʦʡ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʡ ʩʠʩʪʝʤʳ. 

ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʦʙʣʝʤʘ ʧʨʠʢʨʫʯʝʥʥʳʭ ʙʦʣʪʘʤʠ ʤʘʥʠʧʫʣʷʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʦʛʨʘʥʠʯʝʥʳ ʩʚʦʝʡ 

ʨʘʙʦʯʝʡ ʟʦʥʦʡ. ʄʦʙʠʣʴʥʳʝ ʞʝ ʨʦʙʦʪʳ ʤʦʛʫʪ ʤʝʥʷʪʴ ʩʚʦʶ ʨʘʙʦʯʫʶ ʟʦʥʫ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʠʟ 

ʯʝʛʦ ʙʳʣ ʩʜʝʣʘʥ ʚʳʙʦʨ ʚ ʠʭ ʧʦʣʴʟʫ ʠ ʨʘʟʨʘʙʦʪʘʥʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʠʟʦʙʨʝʪʝʥʠʝ. ɸʚʪʦʨʳ 

ʧʨʝʜʣʘʛʘʶʪ ʥʝʩʢʦʣʴʢʦ ʚʘʨʠʘʥʪʦʚ ʨʘʟʨʘʙʦʪʢʠ ʤʦʙʠʣʴʥʦʡ ʧʣʘʪʬʦʨʤʳ: ʚ ʧʝʨʚʦʤ ʚʘʨʠʘʥʪʝ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʝʨʝʜʚʠʞʥʘʷ ʤʦʙʠʣʴʥʘʷ ʧʣʘʪʬʦʨʤʘ, ʘ ʚʦ ʚʪʦʨʦʤ ï ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʘ ʧʣʘʪʬʦʨʤʳ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦ ñʵʪʘʞʘʤò, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʝʨʪʠʢʘʣʴʥʫʶ ʤʦʙʠʣʴʥʦʩʪʴ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ. 

ɺʳʙʦʨ ʚ ʧʦʣʴʟʫ ʘʚʪʦʤʘʪʠʯʝʩʢʠʭ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʳʭ ʧʣʘʪʬʦʨʤ ʙʳʣ ʦʩʥʦʚʘʥ ʥʘ 

ʩʣʝʜʫʶʱʠʭ ʪʝʟʠʩʘʭ: 

1. ɸʚʪʦʥʦʤʥʳʝ ʤʦʙʠʣʴʥʳʝ ʨʦʙʦʪʳ ʥʝ ʪʨʝʙʫʶʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʫʯʘʩʪʠʷ 

ʯʝʣʦʚʝʢʘ ʚ ʨʘʙʦʪʝ. 

2. ʈʝʰʘʝʪʩʷ ʧʨʦʙʣʝʤʘ ʦʛʨʘʥʠʯʝʥʥʦʩʪʠ ʨʘʙʦʯʝʡ ʟʦʥʳ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʨʦʙʦʪʘ. 

3. ɼʦʩʪʠʞʝʥʠʝ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʠ ʠ ʩʢʦʨʦʩʪʠ ʧʨʦʚʝʜʝʥʠʷ ʨʘʙʦʪ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ. 

ɺʦʟʚʨʘʱʘʷʩʴ ʢ ʘʚʪʦʥʦʤʥʳʤ ʤʦʙʠʣʴʥʳʤ ʨʦʙʦʪʘʤ ʩʪʦʠʪ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ ʨʘʟʦʙʨʘʪʴ 

ʢʘʞʜʳʡ ʝʛʦ ʢʦʤʧʦʥʝʥʪ. ʉʨʝʜʠ ʦʩʥʦʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʘʚʪʦʥʦʤʥʳʭ ʤʦʙʠʣʴʥʳʭ ʨʦʙʦʪʦʚ ʤʦʞʥʦ 

ʚʳʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʝ: 

1. ʐʘʩʩʠ: ʵʪʦ ʬʠʟʠʯʝʩʢʘʷ ʦʩʥʦʚʘ ʨʦʙʦʪʘ, ʢʦʪʦʨʘʷ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʦʩʥʦʚʥʫʶ ʩʪʨʫʢʪʫʨʫ ʠ 

ʜʚʠʞʝʥʠʝ. ʐʘʩʩʠ ʤʦʞʝʪ ʙʳʪʴ ʢʦʣʝʩʥʳʤ, ʛʫʩʝʥʠʯʥʳʤ, ʥʦʛʘʤʠ ʠʣʠ ʠʤʝʪʴ ʜʨʫʛʠʝ 

ʢʦʥʬʠʛʫʨʘʮʠʠ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʟʥʘʯʝʥʠʷ ʠ ʚʦʟʤʦʞʥʦʩʪʝʡ ʨʦʙʦʪʘ. 

2. ɼʘʪʯʠʢʠ: ʨʦʙʦʪ ʦʙʳʯʥʦ ʦʩʥʘʱʝʥ ʨʘʟʣʠʯʥʳʤʠ ʪʠʧʘʤʠ ʜʘʪʯʠʢʦʚ ʜʣʷ ʚʦʩʧʨʠʷʪʠʷ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʦ ʯʝʤ ʫʞʝ ʫʧʦʤʠʥʘʣʦʩʴ ʨʘʥʝʝ. ʅʘʧʨʠʤʝʨ, ʵʪʦ ʤʦʞʝʪ ʙʳʪʴ ʜʘʪʯʠʢ ʣʘʟʝʨʘ 

ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʨʘʩʩʪʦʷʥʠʡ, ʢʘʤʝʨʘ ʜʣʷ ʚʠʟʫʘʣʴʥʦʛʦ ʨʘʩʧʦʟʥʘʚʘʥʠʷ, ʘʢʩʝʣʝʨʦʤʝʪʨ ʜʣʷ 

ʠʟʤʝʨʝʥʠʷ ʫʩʢʦʨʝʥʠʷ ʠ ʛʠʨʦʩʢʦʧ ʜʣʷ ʢʦʥʪʨʦʣʷ ʦʨʠʝʥʪʘʮʠʠ. 

3. ɺʳʯʠʩʣʠʪʝʣʴʥʘʷ ʩʠʩʪʝʤʘ: ʘʚʪʦʥʦʤʥʳʡ ʨʦʙʦʪ ʦʙʳʯʥʦ ʠʤʝʝʪ ʚʩʪʨʦʝʥʥʳʡ ʢʦʤʧʴʶʪʝʨ 

ʠʣʠ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ, ʢʦʪʦʨʳʡ ʦʙʨʘʙʘʪʳʚʘʝʪ ʜʘʥʥʳʝ ʩʝʥʩʦʨʦʚ, ʧʨʠʥʠʤʘʝʪ ʨʝʰʝʥʠʷ ʠ 

ʫʧʨʘʚʣʷʝʪ ʜʚʠʞʝʥʠʝʤ ʨʦʙʦʪʘ. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʤʦʱʥʳʡ ʢʦʤʧʴʶʪʝʨ ʠʣʠ ʥʝʙʦʣʴʰʦʡ 

ʚʩʪʨʘʠʚʘʝʤʳʡ ʢʦʥʪʨʦʣʣʝʨ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʨʝʙʫʝʤʦʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ ʨʦʙʦʪʘ. 



4. ɸʣʛʦʨʠʪʤʳ ʠ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ: ʜʣʷ ʨʘʙʦʪʳ ʘʚʪʦʥʦʤʥʦʛʦ ʨʦʙʦʪʘ 

ʥʝʦʙʭʦʜʠʤʳ ʩʧʝʮʠʘʣʴʥʳʝ ʧʨʦʛʨʘʤʤʳ ʠ ʘʣʛʦʨʠʪʤʳ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʝʤʫ ʦʙʨʘʙʘʪʳʚʘʪʴ 

ʜʘʥʥʳʝ ʩ ʜʘʪʯʠʢʦʚ, ʧʨʠʥʠʤʘʪʴ ʨʝʰʝʥʠʷ ʠ ʫʧʨʘʚʣʷʪʴ ʜʚʠʞʝʥʠʝʤ. ʕʪʦ ʤʦʞʝʪ ʚʢʣʶʯʘʪʴ 

ʚʠʟʫʘʣʴʥʦʝ ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʦʙʲʝʢʪʦʚ, ʧʣʘʥʠʨʦʚʘʥʠʝ ʤʘʨʰʨʫʪʦʚ, ʫʧʨʘʚʣʝʥʠʝ ʧʨʝʜʫʧʨʝʞʜʝʥʠʝʤ 

ʦ ʩʪʦʣʢʥʦʚʝʥʠʠ ʠ ʜʨʫʛʠʝ ʘʣʛʦʨʠʪʤʳ ʠ ʧʨʠʣʦʞʝʥʠʷ. 

5. ʕʥʝʨʛʝʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ: ʢʘʢ ʠ ʣʶʙʦʝ ʵʣʝʢʪʨʦʥʥʦʝ ʫʩʪʨʦʡʩʪʚʦ, ʨʦʙʦʪ ʜʦʣʞʝʥ ʙʳʪʴ 

ʩʥʘʙʞʝʥ ʠʩʪʦʯʥʠʢʦʤ ʧʠʪʘʥʠʷ, ʯʪʦʙʳ ʬʫʥʢʮʠʦʥʠʨʦʚʘʪʴ. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʘʢʢʫʤʫʣʷʪʦʨ ʠʣʠ 

ʜʨʫʛʦʡ ʠʩʪʦʯʥʠʢ ʵʥʝʨʛʠʠ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʨʦʙʦʪʫ ʨʘʙʦʪʘʪʴ ʚ ʪʝʯʝʥʠʝ ʜʣʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. 

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʘʚʪʦʥʦʤʥʳʭ ʤʦʙʠʣʴʥʳʭ ʨʦʙʦʪʦʚ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʤʥʦʞʝʩʪʚʦ 

ʬʘʢʪʦʨʦʚ, ʚʢʣʶʯʘʷ ʥʘʜʝʞʥʦʩʪʴ, ʙʝʟʦʧʘʩʥʦʩʪʴ, ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʩʦʦʪʚʝʪʩʪʚʠʝ ʧʨʘʚʠʣʘʤ 

ʠ ʨʝʛʫʣʷʮʠʷʤ. ʂʨʦʤʝ ʪʦʛʦ, ʚʘʞʥʦ ʨʝʛʫʣʷʨʥʦ ʦʙʥʦʚʣʷʪʴ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʠ ʘʣʛʦʨʠʪʤʳ 

ʨʦʙʦʪʘ, ʯʪʦʙʳ ʫʣʫʯʰʘʪʴ ʝʛʦ ʩʧʦʩʦʙʥʦʩʪʠ ʠ ʧʦʚʳʰʘʪʴ ʝʛʦ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ. 

ʉʪʦʠʪ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ ʫʯʘʩʪʠʝ ʝʱʸ ʦʜʥʦʛʦ ʪʠʧʘ ʨʦʙʦʪʦʚ ʚ ʧʨʦʮʝʩʩʝ ʩʙʦʨʢʠ, ʘ ʠʤʝʥʥʦ 

ʨʦʙʦʪʳ-ʤʘʥʠʧʫʣʷʪʦʨʳ.  

ʈʦʙʦʪʳ-ʤʘʥʠʧʫʣʷʪʦʨʳ - ʵʪʦ ʪʠʧ ʨʦʙʦʪʦʚ, ʦʩʥʘʱʝʥʥʳʭ ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʢʦʥʝʯʥʦʩʪʷʤʠ, 

ʥʘʟʳʚʘʝʤʳʤʠ ʤʘʥʠʧʫʣʷʪʦʨʘʤʠ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʠʤ ʩʦʚʝʨʰʘʪʴ ʨʘʟʣʠʯʥʳʝ 

ʤʘʥʠʧʫʣʷʮʠʦʥʥʳʝ ʟʘʜʘʯʠ.  

ʄʘʥʠʧʫʣʷʪʦʨʳ ʦʙʳʯʥʦ ʩʦʩʪʦʷʪ ʠʟ ʩʦʯʣʝʥʝʥʠʡ, ʥʘʟʳʚʘʝʤʳʭ ʟʚʝʥʴʷʤʠ, ʢʦʪʦʨʳʝ 

ʧʦʟʚʦʣʷʶʪ ʠʤ ʧʝʨʝʤʝʱʘʪʴʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ ʠ ʦʨʠʝʥʪʘʮʠʷʭ. ʂʘʞʜʦʝ ʩʦʯʣʝʥʝʥʠʝ 

ʤʦʞʝʪ ʙʳʪʴ ʫʧʨʘʚʣʷʝʤʳʤ ʠʣʠ ʥʝʫʧʨʘʚʣʷʝʤʳʤ. ʋʧʨʘʚʣʷʝʤʳʝ ʩʦʯʣʝʥʝʥʠʷ ʦʙʳʯʥʦ ʦʩʥʘʱʝʥʳ 

ʤʦʪʦʨʘʤʠ ʠ ʩʝʥʩʦʨʘʤʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʤ ʪʦʯʥʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʩʚʦʸ ʧʦʣʦʞʝʥʠʝ ʠ ʜʚʠʞʝʥʠʝ. 

ʆʜʠʥ ʠʟ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʚʠʜʦʚ ʤʘʥʠʧʫʣʷʮʠʦʥʥʳʭ ʨʦʙʦʪʦʚ - ʵʪʦ 

ʧʨʦʤʳʰʣʝʥʥʳʝ ʤʘʥʠʧʫʣʷʪʦʨʳ. ʆʥʠ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʦʪʨʘʩʣʷʭ ʜʣʷ 

ʚʳʧʦʣʥʝʥʠʷ ʟʘʜʘʯ ʩʙʦʨʢʠ, ʧʦʜʥʷʪʠʷ ʠ ʧʝʨʝʤʝʱʝʥʠʷ ʧʨʝʜʤʝʪʦʚ, ʩʚʘʨʢʠ, ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ ʠ 

ʜʨʫʛʠʭ ʤʦʥʦʪʦʥʥʳʭ ʠ ʨʫʪʠʥʥʳʭ ʟʘʜʘʯ.  

ʂʣʶʯʝʚʳʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʨʦʙʦʪʦʚ-ʤʘʥʠʧʫʣʷʪʦʨʦʚ ʷʚʣʷʶʪʩʷ ʠʭ ʪʦʯʥʦʩʪʴ, 

ʧʦʚʪʦʨʷʝʤʦʩʪʴ, ʛʠʙʢʦʩʪʴ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʙʦʪʘʪʴ ʚ ʦʧʘʩʥʳʭ ʠʣʠ ʥʝʢʦʤʬʦʨʪʥʳʭ ʜʣʷ ʣʶʜʝʡ 

ʫʩʣʦʚʠʷʭ. ʆʥʠ ʪʘʢʞʝ ʤʦʛʫʪ ʦʙʝʩʧʝʯʠʪʴ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʚʦ ʤʥʦʛʠʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʧʝʨʘʮʠʷʭ. 

ʆʜʥʘʢʦ, ʨʦʙʦʪʳ-ʤʘʥʠʧʫʣʷʪʦʨʳ ʪʘʢʞʝ ʠʤʝʶʪ ʥʝʢʦʪʦʨʳʝ ʦʛʨʘʥʠʯʝʥʠʷ. ʆʥʠ ʤʦʛʫʪ ʙʳʪʴ 

ʦʛʨʘʥʠʯʝʥʳ ʚ ʛʠʙʢʦʩʪʠ ʠ ʤʦʛʫʪ ʩʪʦʣʢʥʫʪʴʩʷ ʩ ʪʨʫʜʥʦʩʪʷʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʠʟʤʝʥʷʶʱʝʡʩʷ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ ʠʣʠ ʥʝʦʞʠʜʘʥʥʳʤʠ ʧʨʝʧʷʪʩʪʚʠʷʤʠ, ʦ ʯʝʤ ʙʳʣʦ ʫʧʦʤʷʥʫʪʦ ʨʘʥʝʝ. ʊʘʢʞʝ, 

ʦʙʫʯʝʥʠʝ ʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ʨʦʙʦʪʦʚ-ʤʘʥʠʧʫʣʷʪʦʨʦʚ ʤʦʞʝʪ ʪʨʝʙʦʚʘʪʴ ʦʧʨʝʜʝʣʝʥʥʦʡ 

ʵʢʩʧʝʨʪʠʟʳ ʠ ʚʨʝʤʝʥʠ. 

ɺ ʩʦʚʦʢʫʧʥʦʩʪʠ ʤʦʙʠʣʴʥʘʷ ʧʣʘʪʬʦʨʤʘ ʠ ʤʘʥʠʧʫʣʷʪʦʨ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʫʥʠʢʘʣʴʥʫʶ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʫʶ ʝʜʠʥʠʮʫ, ʫ ʢʦʪʦʨʦʡ ʦʯʝʥʴ ʰʠʨʦʢʦ ʨʘʟʛʨʘʥʠʯʠʚʘʝʪʩʷ ʨʘʙʦʯʘʷ ʟʦʥʘ ʠ 

ʨʘʩʰʠʨʷʝʪʩʷ ʩʧʝʢʪʨ ʚʳʧʦʣʥʷʝʤʳʭ ʟʘʜʘʯ.  

ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʤʦʙʠʣʴʥʳʝ ʨʦʙʦʪʳ-ʤʘʥʠʧʫʣʷʪʦʨʳ ʨʘʙʦʪʘʶʪ ʥʘ ʦʩʥʦʚʝ 

ʩʧʝʮʠʘʣʴʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʢʦʪʦʨʦʝ ʫʧʨʘʚʣʷʝʪ ʠʭ ʜʚʠʞʝʥʠʝʤ, ʤʘʥʠʧʫʣʷʮʠʷʤʠ 

ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʩ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ. ʋʧʨʘʚʣʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʘʚʪʦʥʦʤʥʳʤ ʠʣʠ ʩ 

ʧʦʤʦʱʴʶ ʦʧʝʨʘʪʦʨʘ. 

ʇʦʩʢʦʣʴʢʫ ʨʦʙʦʪ ʷʚʣʷʝʪʩʷ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʤ, ʪʦ ʠ ʫʧʨʘʚʣʝʥʠʝ ʠʤ ʘʚʪʦʥʦʤʥʦ ʜʦʣʞʥʦ 

ʚʢʣʶʯʘʪʴ ʚ ʩʝʙʷ ʢʘʢ ʤʠʥʠʤʫʤ ʜʚʘ ʘʣʛʦʨʠʪʤʘ ʫʧʨʘʚʣʝʥʠʷ: ʧʝʨʚʳʡ ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ 

ʤʦʙʠʣʴʥʦʡ ʧʣʘʪʬʦʨʤʦʡ ʠ ʚʪʦʨʦʡ ï ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʤʘʥʠʧʫʣʷʪʦʨʦʤ.  



ʊʘʢʞʝ, ʚʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʦʙʦʪ ʩʦʚʝʨʰʘʶʱʠʡ ʩʚʦʠ ʬʫʥʢʮʠʠ ʘʚʪʦʥʦʤʥʦ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʫʶ ʩʠʩʪʝʤʫ, ʢʦʪʦʨʘʷ ʠʤʝʝʪ ʩʫʱʝʩʪʚʝʥʥʳʝ ʦʪʣʠʯʠʷ ʦʪ 

ʩʪʘʮʠʦʥʘʨʥʳʭ ʨʦʙʦʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. 

ʆʜʥʘʢʦ, ʝʩʣʠ ʚʝʨʥʫʪʴʩʷ ʢ ʨʘʩʩʤʦʪʨʝʥʠʶ ʠ ʦʧʠʩʘʥʠʶ ʩʘʤʦʛʦ ʨʦʙʦʪʘ, ʪʦ ʩʪʦʠʪ ʥʘʯʘʪʴ ʩ 

ʦʧʠʩʘʥʠʷ ʝʛʦ ʢʠʥʝʤʘʪʠʢʠ ʠ ʜʚʠʞʝʥʠʷ. 

ʈʘʩʩʤʦʪʨʠʤ ʢʠʥʝʤʘʪʠʯʝʩʢʫʶ ʩʭʝʤʫ ʤʦʙʠʣʴʥʦʛʦ ʨʦʙʦʪʘ. ʂʠʥʝʤʘʪʠʯʝʩʢʘʷ ʩʭʝʤʘ 

ʤʦʙʠʣʴʥʦʡ ʧʣʘʪʬʦʨʤʳ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. 

 
ʈʠʩ. 1 ï ʂʠʥʝʤʘʪʠʯʝʩʢʘʷ ʩʭʝʤʘ ʤʦʜʝʣʠ ʨʦʙʦʪʘ 

 

ʈʘʩʩʤʦʪʨʠʤ ʢʠʥʝʤʘʪʠʯʝʩʢʫʶ ʩʭʝʤʫ. ʇʝʨʝʜʥʠʝ ʢʦʣʝʩʘ ʨʦʙʦʪʘ ʤʦʛʫʪ ʫʧʨʘʚʣʷʪʴʩʷ, ʧʨʠ 

ʵʪʦʤ ʦʨʠʝʥʪʘʮʠʷ ʟʘʜʥʠʭ ʢʦʣʝʩ ʬʠʢʩʠʨʦʚʘʥʘ. ʂʦʥʪʨʦʣʴʥʘʷ ʪʦʯʢʘ r ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ (x0, y0) - ɻ ʪʦ 

ʩʝʨʝʜʠʥʘ ʟʘʜʥʠʭ ʢʦʣʝʩ, ʘ ɗ ʦʪʦʙʨʘʞʘʝʪ ʦʨʠʝʥʪʘʮʠʶ ʩʘʛʠʪʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʨʦʙʦʪʘ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ Ox. L - ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʟʘʜʥʠʤʠ ʠ ʧʝʨʝʜʥʠʤʠ ʢʦʣʸʩʘʤʠ, ʘ ʫʛʦʣ ʧʦʚʦʨʦʪʘ 

ʨʫʣʝʚʦʛʦ ʢʦʣʝʩʘ.  ű ï ʫʛʦʣ ʧʦʚʦʨʦʪʘ ʨʦʙʦʪʘ. ʅʘ ʥʝʛʦ ʥʘʢʣʘʜʳʚʘʝʪʩʷ ʦʛʨʘʥʠʯʝʥʠʝ | ű | Ò űM, ʛʜʝ 

űM ï ʤʘʢʩʠʤʘʣʴʥʳʡ ʫʛʦʣ ʧʦʚʦʨʦʪʘ ʨʦʙʦʪʘ. ɼʣʷ ʧʨʦʩʪʦʪʳ ʧʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʜʚʘ ʢʦʣʝʩʘ ʥʘ 

ʢʘʞʜʦʡ ʦʩʠ (ʧʝʨʝʜʥʝʝ ʠ ʟʘʜʥʝʝ) ʩʢʣʘʜʳʚʘʶʪʩʷ ʚ ʦʜʥʦ ʢʦʣʝʩʦ, ʨʘʩʧʦʣʦʞʝʥʥʦʝ ʚ ʩʝʨʝʜʠʥʘ ʦʩʠ 

(ʤʦʜʝʣʴ ʚʝʣʦʩʠʧʝʜʘ). ʊʦʛʜʘ, ʦʙʦʙʱʝʥʥʳʝ ʢʦʦʨʜʠʥʘʪʳ (1): 

 

Ñ  Ø ώ ʃ ʒ  ɴ)2  3/  ʒ ȟʒ  Î  τ (1) 

ʅʘ ʩʠʩʪʝʤʫ ʥʘʢʣʘʜʳʚʘʶʪʩʷ ʜʚʝ ʥʝʛʦʣʦʥʦʤʥʳʝ ʩʚʷʟʠ, ʧʦ ʦʜʥʦʡ ʥʘ ʢʘʞʜʦʝ ʢʦʣʝʩʦ (2,3): 

ὼ
ᴂ
ίὭὲ—ώ

ᴂ
ὧέί—π (2) 

ὼ
ᴂ
ὪÓÉÎ — ʒ ώ

ᴂ

Ὢ
ὧέί— ʒ π (3) 

ʋʯʠʪʳʚʘʷ ʦʛʨʘʥʠʯʝʥʠʷ ʪʚʸʨʜʦʛʦ ʪʝʣʘ (4,5) ʚʪʦʨʳʤ ʢʠʥʝʤʘʪʠʯʝʩʢʠʤ ʦʛʨʘʥʠʯʝʥʠʝʤ 

ʧʦʣʫʯʠʤ (6): 

ὼὪ
ᴂ ὼᴂ ὒὧέί— (4) 

ώ
Ὢ
ᴂ ώᴂ ὒίὭὲ— (5) 

ὼ
ᴂ
ÓÉÎ— ʒ ώ

ᴂ
ÃÏÓ— ʒ —ὒὧέίʒ π (6) 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʘʪʨʠʮʘ ʦʛʨʘʥʠʯʝʥʠʡ ʙʫʜʝʪ ʠʤʝʪʴ ʚʠʜ (7): 

ὃή
ίὭὲ—

ÓÉÎ— ʒ
    

ὧέί—
ÃÏÓ— ʒ

    
π
ὒὧέίʒ

      
π
π

 (7) 



ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʥʘʷ ʤʘʪʨʠʮʘ ʠʤʝʝʪ ʨʘʥʛ 2. ʗʜʨʦ ʤʘʪʨʠʮʳ ʷʚʣʷʝʪʩʷ ʜʚʫʤʝʨʥʳʤ 

ʠ ʪʦʛʜʘ ʚʩʝ ʜʦʧʫʩʪʠʤʳʝ ʦʙʦʙʱʝʥʥʳʝ ʩʢʦʨʦʩʪʠ ʚʳʨʘʞʘʶʪʩʷ, ʢʘʢ (8): 

ụ
Ụ
Ụ
ợ
ὼ
ᴂ

ώ
ᴂ

—

ʒỨ
ủ
ủ
Ủ

ụ
Ụ
Ụ
Ụ
ợ
ὧέί—ὧέίʒ

ίὭὲ—ὧέίʒ

ίὭὲʒ

ὒ
π Ứ
ủ
ủ
ủ
Ủ

όρ

π
π

π

ρ

ός 

(8) 

ɿʜʝʩʴ u1 ï ʩʢʦʨʦʩʪʴ ʟʘʜʥʠʭ ʢʦʣʸʩ ʠ u2 ï ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʥʝʛʦ ʨʫʣʝʚʦʛʦ ʢʦʣʝʩʘ. 

ʇʦʩʢʦʣʴʢʫ ʫ ʜʘʥʥʦʛʦ ʨʦʙʦʪʘ ʧʨʠʚʦʜʳ ʫʩʪʘʥʦʚʣʝʥʳ ʪʦʣʴʢʦ ʥʘ ʟʘʜʥʠʝ ʢʦʣʸʩʘ, ʪʦ 

ʫʨʘʚʥʝʥʠʝ (8) ʧʨʠʤʝʪ ʚʠʜ (9): 

ụ
Ụ
Ụ
ợ
ὼ
ᴂ

ώ
ᴂ

—

ʒỨ
ủ
ủ
Ủ

ὧέί—
ίὭὲ—
ὸὥὲʒ

ὒ
π

όρ

π
π

π

ρ

ός 

(9) 

ʇʨʝʜʩʪʘʚʠʤ ό  ʠ ʧʦʣʫʯʠʤ ʪʨʸʭʤʝʨʥʫʶ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʝʥʠʷ (10): 

ὼ
ᴂ

ώ
ᴂ

—

ὧέί—

ίὭὲ—

π

όρ

π

π

ρ

ός 

(10) 

ɺ ʤʦʙʠʣʴʥʳʭ ʨʦʙʦʪʘʭ ʜʣʷ ʜʚʠʞʝʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʘʣʛʦʨʠʪʤ ʜʚʠʞʝʥʠʷ ʨʦʙʦʪʘ ʮʝʣʝʚʦʡ 

ʪʦʯʢʝ. ɹʘʟʦʚʳʡ ʘʣʛʦʨʠʪʤ ʜʚʠʞʝʥʠʷ ʢ ʮʝʣʠ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʚʠʜʝ ʙʣʦʢ-ʩʭʝʤʳ ʥʘ ʨʠʩʫʥʢʝ 2. 

 

 
ʈʠʩ. 2 ï ɹʣʦʢ-ʩʭʝʤʘ ʙʘʟʦʚʦʛʦ ʘʣʛʦʨʠʪʤʘ ʜʚʠʞʝʥʠʷ ʢ ʮʝʣʠ 

 

ʈʦʙʦʪ ʦʧʨʝʜʝʣʷʝʪ ʩʦʙʩʪʚʝʥʥʳʝ ʢʦʦʨʜʠʥʘʪʳ ʟʘ ʩʯʸʪ ʬʦʨʤʫʣ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʦʧʠʩʘʥʳ ʚ 

ʧʨʝʜʳʜʫʱʝʤ ʧʫʥʢʪʝ, ʘ ʠʤʝʥʥʦ ʬʦʨʤʫʣʳ 4 ʠ 5.  

ʆʧʨʝʜʝʣʝʥʠʝ ʫʛʣʘ ʥʘʧʨʘʚʣʝʥʠʷ ʢ ʮʝʣʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʝ (11):  



•̑
̘́̒

ÁÒÃÔÁÎ 
ώ̗
̆̌̉

ώ̑
̏̂̏̓́

ὼ̗ ̆̌̉ὼ̑ ̏̂̏̓́

 
(11) 

ɼʣʷ ʨʘʩʯʸʪʘ ʩʢʦʨʦʩʪʝʡ ʣʝʚʦʛʦ ʠ ʧʨʘʚʦʛʦ ʢʦʣʝʩʘ ʩʣʝʜʫʝʪ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʩʣʝʜʫʶʱʠʤʠ 

ʬʦʨʤʫʣʘʤʠ (12, 13): 

ὺὶ
ςὺ ‫ὒ

ςὙ
 

(12) 

ὺὰ
ςὺ ‫ὒ

ςὙ
 

(13) 

ɿʜʝʩʴ L ï ʜʣʠʥʘ ʤʝʞʜʫ ʧʝʨʝʜʥʠʤʠ ʠ ʟʘʜʥʠʤʠ ʢʦʣʝʩʘʤʠ, R ï ʨʘʜʠʫʩ ʢʦʣʝʩʘ. ὺ ʠ ‫ 

ʣʠʥʝʡʥʘʷ ʠ ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʨʦʙʦʪʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʀʭ ʨʘʩʯʸʪ ʧʨʦʠʟʚʦʜʠʣʩʷ ʧʦ ʬʦʨʤʫʣʘʤ 

(14,15): 

ὺ ὠὧέί•̑ ́̒ ̘ (14) 

‫
ὠ

ὒ
ÓÉÎ •̑ ́̒ ̘

(15) 

ɻʜʝ V ï ʞʝʣʘʝʤʘʷ ʩʢʦʨʦʩʪʴ, L ï ʜʣʠʥʘ ʤʝʞʜʫ ʧʝʨʝʜʥʠʤʠ ʠ ʟʘʜʥʠʤʠ ʢʦʣʝʩʘʤʠ. 

ɸʣʛʦʨʠʪʤ ʧʦʚʪʦʨʷʝʪʩʷ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʨʦʙʦʪ ʥʝ ʜʦʩʪʠʛʥʝʪ ʮʝʣʝʚʦʡ ʪʦʯʢʠ. ʆʙʳʯʥʦ 

ʫʩʣʦʚʠʝ ʟʘʜʘʶʪ ʚ ʥʝʢʦʪʦʨʦʡ ʦʢʨʝʩʪʥʦʩʪʠ ʝʸ, ʧʦʩʢʦʣʴʢʫ ʨʦʙʦʪʫ ʩʣʦʞʥʦ ʘʙʩʦʣʶʪʥʦ ʪʦʯʥʦ 

ʜʦʩʪʠʛʥʫʪʴ ʮʝʣʝʚʫʶ ʪʦʯʢʫ. 

ʈʘʩʩʤʦʪʨʠʤ ʢʠʥʝʤʘʪʠʯʝʩʢʫʶ ʩʭʝʤʫ ʨʦʙʦʪʘ-ʤʘʥʠʧʫʣʷʪʦʨʘ. ʂʠʥʝʤʘʪʠʯʝʩʢʘʷ ʩʭʝʤʘ 

ʨʦʙʦʪʘ-ʤʘʥʠʧʫʣʷʪʦʨʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 3. 

 
ʈʠʩ. 3 ï ʂʠʥʝʤʘʪʠʯʝʩʢʘʷ ʩʭʝʤʘ ʨʦʙʦʪʘ-ʤʘʥʠʧʫʣʷʪʦʨʘ 

 

ɿʜʝʩʴ Y ʠ X ï ʦʩʠ ʢʦʦʨʜʠʥʘʪ, L1 ʠ L2 ï ʜʣʠʥʳ ʟʚʝʥʴʝʚ ʤʘʥʠʧʫʣʷʪʦʨʘ, B ï ʧʨʷʤʘʷ, 

ʩʦʝʜʠʥʷʶʱʘʷ ʥʘʯʘʣʦ ʢʦʦʨʜʠʥʘʪ ʠ ʮʝʣʝʚʫʶ ʪʦʯʢʫ, (x, y) ï ʢʦʦʨʜʠʥʘʪʳ ʮʝʣʝʚʦʡ ʪʦʯʢʠ, q1 ï ʫʛʦʣ 

ʤʝʞʜʫ ʧʨʷʤʦʡ B ʠ ʦʩʴʶ X, q2 ï ʫʛʦʣ ʤʝʞʜʫ ʧʨʷʤʦʡ B ʠ ʧʣʝʯʦʤ L1.  

ʇʦ ʪʝʦʨʝʤʝ ʇʠʬʘʛʦʨʘ: 

ὄς Øς Ùς (16) 

ὼ ὄ ÃzÏÓ ήρ (17) 

ώ ὄ ÓzÉÎ ήρ (18) 

ʆʪʩʶʜʘ ʥʘʡʜʝʤ ʫʛʦʣ Q1 ʤʝʞʜʫ ʧʣʝʯʦʤ L1 ʠ ʦʩʴʶ X: 

ὗρ ήρ ής (19) 

ήρ ÁÒÃÃÏÓ
ὼ

ὄ
ὥὶὧὸὫ

ώ

ὼ
 (20) 

ʅʘʡʜʝʤ q2 ʧʦ ʪʝʦʨʝʤʝ ʢʦʩʠʥʫʩʦʚ: 



ὒςς ὄς ὒρς ςz ὄ ὒzρz ÃÏÓ ής (20) 

ής ÁÒÃÃÏÓ 
ὒρ ὒς ὄ

ςz ὄ ὒzρ
 

(21) 

ʊʦʛʜʘ Q1: 

ὗρ ÁÒÃÃÏÓ
ὼ

ὄ
ÁÒÃÃÏÓ 

ὒρ ὒς ὄ

ςz ὄ ὒzρ
 

(22) 

ʅʘʡʜʝʤ Q2 ï ʫʛʦʣ ʤʝʞʜʫ ʧʣʝʯʦʤ L1 ʠ L2 ʧʦ ʪʦʡ ʞʝ ʪʝʦʨʝʤʝ: 

ὄς ὒρς ὒςς ςz ὒρz ὒςz ÃÏÓ “ ὗς (23) 

ὗς “ ÁÒÃÃÏÓ 
ὒρ ὒς ὄ

ςz ὒρz ὒς
 

(24) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩ ʧʦʤʦʱʴʶ ʧʦʣʫʯʝʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʤʦʞʥʦ ʫʧʨʘʚʣʷʪʴ 

ʤʘʥʠʧʫʣʷʪʦʨʦʤ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʝʚʦʡ ʪʦʯʢʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ. 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʬʦʨʤʫʣʳ ʙʫʜʫʪ ʨʘʙʦʪʘʪʴ ʠ ʜʣʷ ʦʨʠʝʥʪʘʮʠʠ ʨʦʙʦʪʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ 

ʨʠʩʫʥʢʝ 4. 

 
ʈʠʩ. 4 ï ʂʠʥʝʤʘʪʠʯʝʩʢʘʷ ʩʭʝʤʘ ʨʦʙʦʪʘ-ʤʘʥʠʧʫʣʷʪʦʨʘ ʠʥʦʛʦ ʧʦʣʦʞʝʥʠʷ 

 

ʆʜʥʘʢʦ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʟʥʘʢ ʠʟ ʬʦʨʤʫʣʳ 19 ʧʦʤʝʥʷʝʪʩʷ ʥʘ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʡ, ʘ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʦʤʝʥʷʶʪʩʷ ʠ ʦʩʪʘʣʴʥʳʝ ʚʳʚʝʜʝʥʥʳʝ ʪʦʞʜʝʩʪʚʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʚʝʜʷ ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʢʠʥʝʤʘʪʠʯʝʩʢʠʤʠ ʩʭʝʤʘʤʠ, ʧʦʣʫʯʠʤ 

ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʦʙʲʝʢʪʘ ʫʧʨʘʚʣʝʥʠʷ, ʘ ʠʤʝʥʥʦ ʤʦʙʠʣʴʥʫʶ ʧʣʘʪʬʦʨʤʫ ʩ 

ʤʘʥʠʧʫʣʷʪʦʨʦʤ, ʧʦ ʢʦʪʦʨʦʡ ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʧʦʣʦʞʝʥʠʷ ʨʦʙʦʪʘ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ. 

ʉʧʠʩʦʢ ʠʩʪʦʯʥʠʢʦʚ 

1. ʇʘʪʝʥʪ ˉ KR102341528B1. Mobile automated assembly tool for aircraft structures : 

ˉ KR102341528B1 : ʟʘʷʚʣ. 26.03.2015 : ʦʧʫʙʣ. 21.12.2021 / M. Reed Eric Darwin Jones Darlin 

Monk Clayton A. Best Steven Ray Desjardins Matthew Daniel Crespo Carlos ï 42 ʩ. 

  



ʋɼʂ 62-83 

ʆʉʆɹɽʅʅʆʉʊʀ ʇʈʀʄɽʅɽʅʀʗ ʕʃɽʂʊʈʆʇʈʀɺʆɼʆɺ ʉ ʕʃɽʂʊʈʀʏɽʉʂʆʁ 

ʉʀʅʍʈʆʅʀɿɸʎʀɽʁ 

ɺʦʣʦʭʦʚʘ ʅ.ɸ. 

ʌɻɹʆʋ ɺʆ çʋʣʴʷʥʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 

 

ʕʣʝʢʪʨʦʧʨʠʚʦʜʳ ʩ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʠʥʭʨʦʥʠʟʘʮʠʝʡ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ 

ʩʧʦʩʦʙʦʚ ʫʧʨʘʚʣʝʥʠʷ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷʤʠ. ʆʥʠ ʧʦʟʚʦʣʷʶʪ ʪʦʯʥʦ ʩʠʥʭʨʦʥʠʟʠʨʦʚʘʪʴ ʩʢʦʨʦʩʪʴ 

ʚʨʘʱʝʥʠʷ ʜʚʠʛʘʪʝʣʷ ʩ ʪʨʝʙʫʝʤʦʡ ʩʢʦʨʦʩʪʴʶ, ʯʪʦ ʧʦʚʳʰʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ 

ʩʠʩʪʝʤʳ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʚ ʩ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʠʥʭʨʦʥʠʟʘʮʠʝʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʣʝʢʪʨʦʧʨʠʚʦʜ, ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʩʠʥʭʨʦʥʠʟʘʮʠʷ, ʩʠʩʪʝʤʘ, ʫʩʪʦʡʯʠʚʘʷ ʨʘʙʦʪʘ, 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ 

 

ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʵʣʝʢʪʨʦʧʨʠʚʦʜ ï ʵʪʦ ʛʣʘʚʥʳʡ ʧʦʪʨʝʙʠʪʝʣʴ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ 

(ʙʦʣʝʝ 60% ʚʩʝʡ ʧʨʦʠʟʚʦʜʠʤʦʡ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ), ʪʦ ʚ ʫʩʣʦʚʠʷʭ ʜʝʬʠʮʠʪʘ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ 

ʨʝʩʫʨʩʦʚ ʚʦʟʥʠʢʘʝʪ ʦʩʪʨʘʷ ʧʨʦʙʣʝʤʘ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ ʚ ʵʣʝʢʪʨʦʧʨʠʚʦʜʝ [1]. 

 

 
ʈʠʩ. 1. ʆʙʱʘʷ ʩʪʨʫʢʪʫʨʘ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ  

 

ɼʣʷ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʙʳʣ ʦʩʫʱʝʩʪʚʣʝʥ ʧʝʨʝʭʦʜ ʦʪ ʧʨʠʚʦʜʦʚ ʩ ʤʝʭʘʥʠʯʝʩʢʠʤ 

ʚʘʣʦʤ ʢ ʧʨʠʚʦʜʘʤ ʩ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʠʥʭʨʦʥʠʟʘʮʠʝʡ, ʠʤʝʶʱʠʤ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ: 

1. ʋʤʝʥʴʰʝʥʠʝ ʩʪʦʠʤʦʩʪʠ ʫʩʪʘʥʦʚʢʠ ʟʘ ʩʯʝʪ ʫʧʨʦʱʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʫʚʝʣʠʯʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʚ ʨʘʙʦʪʝ. 

2. ɹʦʣʝʝ ʙʳʩʪʨʳʡ ʧʝʨʝʭʦʜ ʦʪ ʨʝʞʠʤʘ ʩʦʚʤʝʩʪʥʦʡ ʨʘʙʦʪʳ ʢ ʨʘʟʜʝʣʴʥʦʡ ʠ ʥʘʦʙʦʨʦʪ. 

3. ʋʣʫʯʰʝʥʥʳʝ ʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠʚʦʜʘ ʠʟ-ʟʘ ʩʥʠʞʝʥʠʷ ʤʦʤʝʥʪʘ 

ʠʥʝʨʮʠʠ, ʧʨʠʚʝʜʝʥʥʦʛʦ ʢ ʚʘʣʫ ʜʚʠʛʘʪʝʣʷ [2]. 

ʉʭʝʤʘ ʨʘʙʦʪʳ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʩ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʠʥʭʨʦʥʠʟʘʮʠʝʡ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 

ʥʝʩʢʦʣʴʢʦ ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʦʚ: ʜʘʪʯʠʢʠ, ʢʦʥʪʨʦʣʣʝʨ, ʠʥʚʝʨʪʦʨ, ʜʚʠʛʘʪʝʣʴ. ɼʘʪʯʠʢʠ ʠʟʤʝʨʷʶʪ 

ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʜʚʠʛʘʪʝʣʷ ʠ ʧʝʨʝʜʘʶʪ ʠʥʬʦʨʤʘʮʠʶ ʢʦʥʪʨʦʣʣʝʨʫ, ʢʦʪʦʨʳʡ ʥʘ ʦʩʥʦʚʝ 

ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʨʝʛʫʣʠʨʫʝʪ ʯʘʩʪʦʪʫ ʧʠʪʘʶʱʝʛʦ ʥʘʧʨʷʞʝʥʠʷ, ʧʦʜʘʚʘʝʤʦʛʦ ʥʘ ʜʚʠʛʘʪʝʣʴ 

ʯʝʨʝʟ ʠʥʚʝʨʪʦʨ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʦʩʪʠʛʘʝʪʩʷ ʪʦʯʥʦʝ ʩʦʛʣʘʩʦʚʘʥʠʝ ʨʘʙʦʪʳ ʜʚʠʛʘʪʝʣʷ ʩ 

ʚʥʝʰʥʠʤʠ ʫʩʣʦʚʠʷʤʠ ʠ ʟʘʜʘʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʵʣʝʢʪʨʦʧʨʠʚʦʜʳ ʩ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʠʥʭʨʦʥʠʟʘʮʠʝʡ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤ 

ʠʟ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʆʥʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʪʦʯʥʦʝ ʫʧʨʘʚʣʝʥʠʝ 

ʩʢʦʨʦʩʪʴʶ ʠ ʧʦʣʦʞʝʥʠʝʤ ʜʚʠʛʘʪʝʣʷ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʥʝʨʛʠʶ ʠ 

ʧʦʚʳʰʘʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ. 



ʆʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʚ ʩ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʠʥʭʨʦʥʠʟʘʮʠʝʡ 

ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʪʦʯʥʦʛʦ ʩʦʛʣʘʩʦʚʘʥʠʷ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʜʚʠʛʘʪʝʣʷ ʩ ʪʨʝʙʫʝʤʳʤ 

ʟʥʘʯʝʥʠʝʤ. ʕʪʦ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʧʝʮʠʘʣʴʥʳʭ ʩʝʥʩʦʨʦʚ ʠ ʘʣʛʦʨʠʪʤʦʚ 

ʫʧʨʘʚʣʝʥʠʷ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʧʦʜʜʝʨʞʠʚʘʪʴ ʧʦʩʪʦʷʥʥʦʝ ʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʯʘʩʪʦʪʦʡ 

ʚʨʘʱʝʥʠʷ ʜʚʠʛʘʪʝʣʷ ʠ ʯʘʩʪʦʪʦʡ ʧʠʪʘʶʱʝʛʦ ʥʘʧʨʷʞʝʥʠʷ [3]. 

ɽʱʝ ʦʜʥʦʡ ʚʘʞʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʚ ʩ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʠʥʭʨʦʥʠʟʘʮʠʝʡ 

ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʙʦʪʳ ʚ ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʘʭ, ʪʘʢʠʭ ʢʘʢ ʧʦʩʪʦʷʥʥʘʷ ʩʢʦʨʦʩʪʴ, 

ʧʦʩʪʦʷʥʥʳʡ ʠʣʠ ʧʝʨʝʤʝʥʥʳʡ ʪʦʢ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʘʜʘʧʪʠʨʦʚʘʪʴ ʨʘʙʦʪʫ ʧʨʠʚʦʜʘ ʧʦʜ ʢʦʥʢʨʝʪʥʳʝ 

ʫʩʣʦʚʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʦʙʝʩʧʝʯʠʪʴ ʦʧʪʠʤʘʣʴʥʫʶ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ. 

ʂʨʦʤʝ ʪʦʛʦ, ʵʣʝʢʪʨʦʧʨʠʚʦʜʳ ʩ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʠʥʭʨʦʥʠʟʘʮʠʝʡ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ 

ʥʘʜʝʞʥʦʩʪʴʶ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʴʶ, ʙʣʘʛʦʜʘʨʷ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʩʦʚʨʝʤʝʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠ 

ʪʝʭʥʦʣʦʛʠʡ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʨʠʩʢʠ ʧʦʣʦʤʦʢ ʠ ʦʙʝʩʧʝʯʠʪʴ ʙʝʩʧʝʨʝʙʦʡʥʫʶ 

ʨʘʙʦʪʫ ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʜʣʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. 

ʆʩʥʦʚʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʚ ʩ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʠʥʭʨʦʥʠʟʘʮʠʝʡ ʷʚʣʷʝʪʩʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʪʦʯʥʦʡ ʨʝʛʫʣʠʨʦʚʢʠ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʜʚʠʛʘʪʝʣʷ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʪʘʢʠʝ ʧʨʠʚʦʜʳ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʛʜʝ ʪʨʝʙʫʝʪʩʷ ʚʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ 

ʫʧʨʘʚʣʝʥʠʷ ʩʢʦʨʦʩʪʴʶ [4]. 

ʇʨʠʤʝʥʝʥʠʝ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʚ ʩ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʠʥʭʨʦʥʠʟʘʮʠʝʡ ʰʠʨʦʢʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʦ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʪʘʢʠʭ ʢʘʢ ʧʨʦʠʟʚʦʜʩʪʚʦ 

ʘʚʪʦʤʦʙʠʣʝʡ, ʧʠʱʝʚʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ, ʪʝʢʩʪʠʣʴʥʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ ʠ ʤʥʦʛʠʝ ʜʨʫʛʠʝ. ʆʥʠ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʨʘʟʣʠʯʥʳʤʠ ʪʠʧʘʤʠ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʪʘʢʠʤʠ ʢʘʢ ʢʦʥʚʝʡʝʨʳ, 

ʥʘʩʦʩʳ, ʚʝʥʪʠʣʷʪʦʨʳ ʠ ʪ.ʜ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʵʣʝʢʪʨʦʧʨʠʚʦʜʳ ʩ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʠʥʭʨʦʥʠʟʘʮʠʝʡ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʵʬʬʝʢʪʠʚʥʦʝ ʠ ʥʘʜʝʞʥʦʝ ʨʝʰʝʥʠʝ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ 

ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʀʭ ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʩʪʨʦʝʥʠʷ ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʳʩʦʢʫʶ 

ʪʦʯʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ ʠ ʩʪʘʙʠʣʴʥʫʶ ʨʘʙʦʪʫ ʩʠʩʪʝʤʳ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʦʙʦʨʫʜʦʚʘʥʠʷ. 
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ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʵʬʬʝʢʪʘ ʦʪ ʧʨʠʤʝʥʝʥʠʷ ʢʦʩʪʥʳʭ ʠʤʧʣʘʥʪʘʪʦʚ 

ʥʝʦʙʭʦʜʠʤʦ ʜʦʙʠʪʴʩʷ ʧʦʣʥʦʩʪʴʶ ʪʦʯʥʦʛʦ ʩʦʦʪʚʝʪʩʪʚʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚ ʠ ʬʦʨʤ ʩ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʤ ʟʘʤʝʱʘʝʤʳʤ ʢʦʩʪʥʳʤ ʜʝʬʝʢʪʦʤ ʚ ʦʙʣʘʩʪʠ ʠʤʧʣʘʥʪʘʮʠʠ. ɺ ʩʠʣʫ 

ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʨʦʩʪʦʪʳ ʠ ʜʝʰʝʚʠʟʥʳ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʥʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʘʜʜʠʪʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʪʨʝʭʤʝʨʥʫʶ (3D) ʧʝʯʘʪʴ. ʆʜʥʘʢʦ 

ʚ ʦʩʥʦʚʥʦʤ ʧʨʝʜʣʘʛʘʝʤʳʝ 3D-ʩʠʩʪʝʤʳ ʦʩʥʦʚʘʥʳ ʥʘ ʦʜʥʦʤ ʠ ʪʦʤ ʞʝ ʧʨʦʮʝʩʩʝ, ʘ ʠʤʝʥʥʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʤʝʪʦʜʦʤ ʧʣʘʚʣʝʥʦʛʦ ʦʩʘʞʜʝʥʠʷ, ʯʪʦ ʦʛʨʘʥʠʯʠʚʘʝʪ ʚʳʙʦʨ ʧʦʜʭʦʜʷʱʠʭ 

ʤʘʪʝʨʠʘʣʦʚ ʪʝʨʤʦʧʣʘʩʪʘʤʠ [1]. ʄʘʪʝʨʠʘʣʳ, ʠʩʩʣʝʜʦʚʘʥʥʳʝ ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʜʣʷ 

ʢʘʨʢʘʩʦʚ ʢʦʩʪʥʦʡ ʠʥʞʝʥʝʨʠʠ, ʚʢʣʶʯʘʶʪ ʧʦʣʠʤʝʨʥʳʝ, ʢʝʨʘʤʠʯʝʩʢʠʝ ʠ ʢʦʤʧʦʟʠʪʥʳʝ 

ʧʦʨʦʰʢʦʚʳʝ ʤʘʪʝʨʠʘʣʳ [2]. ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʤʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʷʚʣʷʶʪʩʷ 

ʙʠʦʘʢʪʠʚʥʘʷ ʢʝʨʘʤʠʢʘ, ʪʘʢʘʷ ʢʘʢ ʛʠʜʨʦʢʩʠʘʧʘʪʠʪ, ʪʨʠʢʘʣʴʮʠʡʬʦʩʬʘʪ. 

ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʠ ʩʨʘʚʥʝʥʠʷ ʤʝʪʦʜʦʚ ʘʜʜʠʪʠʚʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʚ ʢʦʩʪʥʦʡ ʠʥʞʝʥʝʨʠʠ, 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʤʝʪʦʜ ʠ ʤʦʜʝʣʴ ʪʨʝʭʤʝʨʥʦʡ ʧʝʯʘʪʠ ʙʠʦʘʢʪʠʚʥʦʡ ʢʝʨʘʤʠʢʦʡ, ʢʦʪʦʨʳʡ ʦʩʥʦʚʘʥ ʥʘ 

ʢʦʥʪʨʦʣʠʨʫʝʤʦʤ ʥʘʥʝʩʝʥʠʠ ʩʚʷʟʫʶʱʝʛʦ ʤʘʪʝʨʠʘʣʘ ʥʘ ʩʣʦʡ ʧʦʨʦʰʢʘ ʩ ʧʦʤʦʱʴʶ ʩʪʨʫʡʥʦʡ 

ʛʦʣʦʚʢʠ. ʊʨʝʭʤʝʨʥʳʡ ʦʙʲʝʢʪ ʧʦʣʫʯʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʩʣʝʜʫʶʱʠʭ ʵʪʘʧʦʚ: 

1) ʇʦʜʛʦʪʦʚʢʘ ʩʣʦʷ ʧʦʨʦʰʢʘ. 

2) ʅʘʥʝʩʝʥʠʝ ʩʣʦʷ ʩʚʷʟʫʶʱʝʛʦ ʥʘ ʩʣʦʡ ʧʦʨʦʰʢʘ. ʕʪʦ ʩʚʷʟʫʶʱʝʝ ʥʝ ʪʦʣʴʢʦ ʫʚʣʘʞʥʷʝʪ 

ʦʢʨʫʞʘʶʱʠʡ ʧʦʨʦʰʦʢ, ʥʦ ʠ ʤʦʞʝʪ ʣʦʢʘʣʴʥʦ ʟʘʪʚʝʨʜʝʚʘʪʴ ʥʘ ʫʚʣʘʞʥʝʥʥʦʡ ʦʙʣʘʩʪʠ, ʩʦʝʜʠʥʷʝʪ 

ʯʘʩʪʠʮʳ ʧʦʨʦʰʢʘ. 

3) ɼʦʙʘʚʣʷʝʪʩʷ ʥʦʚʳʡ ʩʣʦʡ ʧʦʨʦʰʢʘ ʠ ʤʝʭʘʥʠʯʝʩʢʠ ʨʘʩʧʨʝʜʝʣʷʝʪʩʷ ʩʣʦʡ ʟʘ ʩʣʦʝʤ ʩ 

ʧʦʤʦʱʴʶ ʚʘʣʠʢʘ ʧʦʚʝʨʭ ʧʨʝʜʳʜʫʱʝʛʦ. 

4) ʇʨʦʮʝʩʩ ʥʘʥʝʩʝʥʠʷ ʩʣʦʷ ʟʘ ʩʣʦʝʤ ʧʨʦʜʦʣʞʘʝʪʩʷ ʧʦʢʘ ʪʨʝʭʤʝʨʥʳʡ ʦʙʲʝʢʪ 

ʦʢʦʥʯʘʪʝʣʴʥʦ ʥʝ ʙʫʜʝʪ ʩʦʙʨʘʥ. 

5) ʅʝʩʚʷʟʘʥʥʳʡ ʧʦʨʦʰʦʢ, ʠʟ ʢʦʪʦʨʦʛʦ ʩʦʩʪʦʠʪ ʢʘʞʜʳʡ ʩʣʦʡ, ʫʜʘʣʷʝʪʩʷ.  

6) ʂʘʢ ʧʨʘʚʠʣʦ, ʜʣʷ ʫʜʘʣʝʥʠʝ ʥʝʩʚʷʟʘʥʥʦʛʦ ʧʦʨʦʰʢʘ ʪʨʝʙʫʝʪʩʷ ʵʪʘʧ ʧʦʩʣʝʜʫʶʱʝʡ 

ʪʝʧʣʦʚʦʡ ʦʙʨʘʙʦʪʢʠ. 

ʇʨʝʠʤʫʱʝʩʪʚʦʤ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ ʝʛʦ ʩʧʦʩʦʙʥʦʩʪʴ ʦʙʨʘʙʘʪʳʚʘʪʴ ʙʦʣʴʰʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ 

ʢʘʢ ʙʠʦʘʢʪʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʢʝʨʘʤʠʢʘ), ʪʘʢ ʠ ʤʝʪʘʣʣʠʯʝʩʢʠʭ, ʧʦʣʠʤʝʨʥʳʭ ʠ ʢʦʤʧʦʟʠʪʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ. ɽʜʠʥʩʪʚʝʥʥʳʤ ʫʩʣʦʚʠʝʤ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʤʘʪʝʨʠʘʣʘ ʚ ʚʠʜʝ ʧʦʨʦʰʢʘ. 

ʉʧʠʩʦʢ ʠʩʪʦʯʥʠʢʦʚ 

1. ʄʠʨʦʥʦʚ ɸʥʪʦʥ ɺʣʘʜʠʤʠʨʦʚʠʯ, ʄʠʨʦʥʦʚʘ ʆ.ɸ., ʇʦʧʦʚ ɺ.ʂ. ʃʘʙʦʨʘʪʦʨʥʘʷ 

ʩʠʩʪʝʤʘ ʪʨʝʭʤʝʨʥʦʡ ʩʪʨʫʡʥʦʡ ʧʝʯʘʪʠ ʧʦʨʦʰʢʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ // ʅʇ. 2018. ˉ3.  

2. Wen Y, Xun S, Haoye M, Baichuan S, Peng C, Xuejian L, Kaihong Z, Xuan Y, Jiang 

P, Shibi L. 3D printed porous ceramic scaffolds for bone tissue engineering: a review. Biomater Sci. 

2017 Aug 22;5(9):1690-1698. doi: 10.1039/c7bm00315c. PMID: 28686244. 

  



ʋɼʂ 553.982.2 

ʇɽʈʉʇɽʂʊʀɺʓ ʈɸɿɺʀʊʀʗ ɸʃʔʊɽʈʅɸʊʀɺʅʓʍ ʀʉʊʆʏʅʀʂʆɺ ʕʅɽʈɻʀʀ ʀ ʀʍ 

ɺʃʀʗʅʀɽ ʅɸ ʅɽʌʊʗʅʋʖ ʇʈʆʄʓʐʃɽʅʅʆʉʊʔ 

ɺʘʣʠʢʦʚ ʀ.ʀ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʊʫʨʙʘʢʦʚ ʄ.ʉ. 

ʇʝʨʤʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʇʝʨʤʴ  

valik01.12.15@mail.ru 

ɺ ʜʘʥʥʦʤ ʜʦʢʣʘʜʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 

ʵʥʝʨʛʠʠ ʠ ʠʭ ʚʣʠʷʥʠʝ ʥʘ ʥʝʬʪʷʥʫʶ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ. ʇʨʦʚʝʜʸʥ ʘʥʘʣʠʟ ʪʝʢʫʱʠʭ ʪʝʥʜʝʥʮʠʡ ʚ 

ʨʘʟʚʠʪʠʠ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʠ ʠʭ ʧʦʪʝʥʮʠʘʣʴʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ 

ʪʨʘʜʠʮʠʦʥʥʳʝ ʥʝʬʪʝʛʘʟʦʚʳʝ ʢʦʤʧʘʥʠʠ. ʆʙʩʫʞʜʘʶʪʩʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ, ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʠ 

ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʧʝʨʝʭʦʜʘ ʢ ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ ʵʥʝʨʛʝʪʠʢʝ ʠ ʝʸ ʠʥʪʝʛʨʘʮʠʠ ʩ 

ʪʨʘʜʠʮʠʦʥʥʦʡ ʥʝʬʪʷʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴʶ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ ʠʩʪʦʯʥʠʢʠ ʵʥʝʨʛʠʠ, ʚʦʟʦʙʥʦʚʣʷʝʤʘʷ ʵʥʝʨʛʠʷ, ʥʝʬʪʷʥʘʷ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ, ʧʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ, ʚʣʠʷʥʠʝ. 

 

ɸʣʴʪʝʨʥʘʪʠʚʥʳʝ ʠʩʪʦʯʥʠʢʠ ʵʥʝʨʛʠʠ, ʪʘʢʠʝ ʢʘʢ ʩʦʣʥʝʯʥʘʷ ʠ ʚʝʪʨʦʚʘʷ ʵʥʝʨʛʠʷ, 

ʩʪʘʥʦʚʷʪʩʷ ʚʩʸ ʙʦʣʝʝ ʟʥʘʯʠʤʳʤʠ ʚ ʛʣʦʙʘʣʴʥʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ. ʀʭ ʨʘʟʚʠʪʠʝ ʩʚʷʟʘʥʦ ʩ 

ʵʢʦʣʦʛʠʯʝʩʢʠʤʠ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʤʠ ʧʨʠʯʠʥʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ ʩʥʠʞʝʥʠʝ ʚʳʙʨʦʩʦʚ ʧʘʨʥʠʢʦʚʳʭ 

ʛʘʟʦʚ, ʫʤʝʥʴʰʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʩʢʦʧʘʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʠ ʦʙʝʩʧʝʯʝʥʠʝ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. ɺʚʝʜʝʥʠʝ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ 

ʪʘʢʞʝ ʩʚʷʟʘʥʦ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤʠ ʩʦʛʣʘʰʝʥʠʷʤʠ ʠ ʦʙʷʟʘʪʝʣʴʩʪʚʘʤʠ ʧʦ ʩʥʠʞʝʥʠʶ ʚʳʙʨʦʩʦʚ 

ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʠ ʙʦʨʴʙʝ ʩ ʠʟʤʝʥʝʥʠʝʤ ʢʣʠʤʘʪʘ. 

ʉʦʣʥʝʯʥʘʷ ʵʥʝʨʛʝʪʠʢʘ. ʉʦʣʥʝʯʥʘʷ ʵʥʝʨʛʝʪʠʢʘ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʧʦʢʘʟʘʣʘ ʟʥʘʯʠʪʝʣʴʥʳʡ 

ʨʦʩʪ. ʉʪʦʠʤʦʩʪʴ ʩʦʣʥʝʯʥʳʭ ʧʘʥʝʣʝʡ ʧʨʦʜʦʣʞʘʝʪ ʩʥʠʞʘʪʴʩʷ, ʜʝʣʘʷ ʠʭ ʜʦʩʪʫʧʥʳʤʠ ʜʣʷ 

ʰʠʨʦʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ɺ 2023 ʛʦʜʫ ʤʠʨʦʚʳʝ ʠʥʚʝʩʪʠʮʠʠ ʚ ʩʦʣʥʝʯʥʫʶ ʵʥʝʨʛʝʪʠʢʫ ʜʦʩʪʠʛʣʠ 

ʨʝʢʦʨʜʥʦʛʦ ʫʨʦʚʥʷ, ʧʨʝʚʳʩʠʚ 150 ʤʠʣʣʠʘʨʜʦʚ ʜʦʣʣʘʨʦʚ ʉʐɸ. ɺ ʈʦʩʩʠʠ ʪʘʢʞʝ ʥʘʙʣʶʜʘʝʪʩʷ 

ʨʦʩʪ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʝʪʠʢʠ, ʦʩʦʙʝʥʥʦ ʚ ʨʝʛʠʦʥʘʭ ʩ ʚʳʩʦʢʦʡ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ [2]. 

ɺʝʪʨʦʚʘʷ ʵʥʝʨʛʝʪʠʢʘ. ɺʝʪʨʦʚʘʷ ʵʥʝʨʛʝʪʠʢʘ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʙʳʩʪʨʦʨʘʩʪʫʱʠʭ 

ʩʝʢʪʦʨʦʚ ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ ʵʥʝʨʛʝʪʠʢʠ. ɺʝʪʨʦʚʳʝ ʪʫʨʙʠʥʳ ʩʪʘʥʦʚʷʪʩʷ ʚʩʸ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤʠ, 

ʘ ʠʭ ʩʪʦʠʤʦʩʪʴ ʩʥʠʞʘʝʪʩʷ. ʄʠʨʦʚʳʝ ʠʥʚʝʩʪʠʮʠʠ ʚ ʚʝʪʨʦʚʫʶ ʵʥʝʨʛʝʪʠʢʫ ʚ 2023 ʛʦʜʫ ʩʦʩʪʘʚʠʣʠ 

ʙʦʣʝʝ 100 ʤʠʣʣʠʘʨʜʦʚ ʜʦʣʣʘʨʦʚ ʉʐɸ. ɺ ʈʦʩʩʠʠ ʩʫʱʝʩʪʚʫʶʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ 

ʨʘʟʚʠʪʠʷ ʚʝʪʨʦʚʦʡ ʵʥʝʨʛʝʪʠʢʠ, ʦʩʦʙʝʥʥʦ ʚ ʧʨʠʙʨʝʞʥʳʭ ʨʘʡʦʥʘʭ ʠ ʩʪʝʧʥʳʭ ʟʦʥʘʭ [4]. 

ɻʠʜʨʦʵʥʝʨʛʝʪʠʢʘ. ɻʠʜʨʦʵʥʝʨʛʝʪʠʢʘ ʷʚʣʷʝʪʩʷ ʩʘʤʳʤ ʩʪʘʨʳʤ ʠ ʭʦʨʦʰʦ ʨʘʟʚʠʪʳʤ 

ʥʘʧʨʘʚʣʝʥʠʝʤ ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ ʵʥʝʨʛʝʪʠʢʠ. ɺ ʈʦʩʩʠʠ ʛʠʜʨʦʵʥʝʨʛʝʪʠʢʘ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ 

ʦʙʱʝʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ, ʦʙʝʩʧʝʯʠʚʘʷ ʟʥʘʯʠʪʝʣʴʥʫʶ ʯʘʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ [4]. 

ɺʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ ʪʝʭʥʦʣʦʛʠʡ. ʍʦʪʷ ʩʪʦʠʤʦʩʪʴ ʪʝʭʥʦʣʦʛʠʡ ʩʥʠʞʘʝʪʩʷ, 

ʧʝʨʚʦʥʘʯʘʣʴʥʳʝ ʠʥʚʝʩʪʠʮʠʠ ʚ ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ ʠʩʪʦʯʥʠʢʠ ʵʥʝʨʛʠʠ ʦʩʪʘʶʪʩʷ ʚʳʩʦʢʠʤʠ. ʕʪʦ 

ʪʨʝʙʫʝʪ ʟʥʘʯʠʪʝʣʴʥʳʭ ʬʠʥʘʥʩʦʚʳʭ ʚʣʦʞʝʥʠʡ ʠ ʜʦʣʛʦʩʨʦʯʥʳʭ ʧʣʘʥʦʚ [5]. 

ʀʥʬʨʘʩʪʨʫʢʪʫʨʥʳʝ ʠʥʚʝʩʪʠʮʠʠ. ɼʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʥʝʦʙʭʦʜʠʤʳ ʟʥʘʯʠʪʝʣʴʥʳʝ ʠʥʚʝʩʪʠʮʠʠ ʚ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ, ʚʢʣʶʯʘʷ 

ʩʠʩʪʝʤʳ ʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ, ʩʝʪʠ ʧʝʨʝʜʘʯʠ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ [5]. 

ʅʝʩʪʘʙʠʣʴʥʦʩʪʴ ʚʳʨʘʙʦʪʢʠ ɻ ʥʝʨʛʠʠ. ʉʦʣʥʝʯʥʘʷ ʠ ʚʝʪʨʦʚʘʷ ʵʥʝʨʛʠʷ ʟʘʚʠʩʷʪ ʦʪ ʧʦʛʦʜʥʳʭ 

ʫʩʣʦʚʠʡ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ ʚʳʨʘʙʦʪʢʠ ʵʥʝʨʛʠʠ. ʕʪʦ ʪʨʝʙʫʝʪ ʨʘʟʨʘʙʦʪʢʠ 

ʪʝʭʥʦʣʦʛʠʡ ʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ ʠ ʛʠʙʢʠʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝʤ [3]. 



ʉʥʠʞʝʥʠʝ ʩʧʨʦʩʘ ʥʘ ʥʝʬʪʴ. ʈʘʩʪʫʱʘʷ ʜʦʣʷ ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ ʵʥʝʨʛʠʠ ʥʘ ʨʳʥʢʝ ʩʥʠʞʘʝʪ 

ʩʧʨʦʩ ʥʘ ʥʝʬʪʴ. ʕʪʦ ʦʩʦʙʝʥʥʦ ʟʘʤʝʪʥʦ ʚ ʪʘʢʠʭ ʩʝʢʪʦʨʘʭ, ʢʘʢ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʘ ʠ ʪʨʘʥʩʧʦʨʪ. 

ɺʥʝʜʨʝʥʠʝ ʵʣʝʢʪʨʦʤʦʙʠʣʝʡ ʠ ʫʚʝʣʠʯʝʥʠʝ ʜʦʣʠ ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ ʵʥʝʨʛʠʠ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʧʨʠʚʦʜʷʪ ʢ ʩʥʠʞʝʥʠʶ ʧʦʪʨʝʙʣʝʥʠʷ ʥʝʬʪʠ [2]. 

ɸʜʘʧʪʘʮʠʷ ʥʝʬʪʷʥʳʭ ʢʦʤʧʘʥʠʡ. ʅʝʬʪʷʥʳʝ ʢʦʤʧʘʥʠʠ ʘʜʘʧʪʠʨʫʶʪʩʷ ʢ ʥʦʚʳʤ ʫʩʣʦʚʠʷʤ, 

ʠʥʚʝʩʪʠʨʫʷ ʚ ʪʝʭʥʦʣʦʛʠʠ ʫʣʘʚʣʠʚʘʥʠʷ ʠ ʭʨʘʥʝʥʠʷ ʫʛʣʝʨʦʜʘ, ʘ ʪʘʢʞʝ ʚ ʧʨʦʠʟʚʦʜʩʪʚʦ ʚʦʜʦʨʦʜʘ. 

ʄʥʦʛʠʝ ʢʨʫʧʥʳʝ ʥʝʬʪʷʥʳʝ ʢʦʤʧʘʥʠʠ, ʪʘʢʠʝ ʢʘʢ BP, Shell ʠ Total, ʫʞʝ ʦʙʲʷʚʠʣʠ ʦ ʩʚʦʠʭ ʧʣʘʥʘʭ 

ʧʦ ʧʝʨʝʭʦʜʫ ʢ ʥʠʟʢʦ-ʫʛʣʝʨʦʜʥʦʡ ʵʥʝʨʛʝʪʠʢʝ ʠ ʫʚʝʣʠʯʝʥʠʶ ʠʥʚʝʩʪʠʮʠʡ ʚ ʚʦʟʦʙʥʦʚʣʷʝʤʳʝ 

ʠʩʪʦʯʥʠʢʠ ʵʥʝʨʛʠʠ [5]. 

ʀʥʪʝʛʨʘʮʠʷ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʅʝʬʪʷʥʳʝ ʢʦʤʧʘʥʠʠ ʪʘʢʞʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪ 

ʚʦʟʤʦʞʥʦʩʪʠ ʠʥʪʝʛʨʘʮʠʠ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʩʚʦʠ ʪʨʘʜʠʮʠʦʥʥʳʝ ʙʠʟʥʝʩ-ʤʦʜʝʣʠ. 

ʕʪʦ ʚʢʣʶʯʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʣʥʝʯʥʦʡ ʠ ʚʝʪʨʦʚʦʡ ʵʥʝʨʛʠʠ ʜʣʷ ʧʠʪʘʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ʠ ʨʘʟʨʘʙʦʪʢʠ ʛʠʙʨʠʜʥʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ [4]. 

ɿʘʢʣʶʯʝʥʠʝ. ɸʣʴʪʝʨʥʘʪʠʚʥʳʝ ʠʩʪʦʯʥʠʢʠ ʵʥʝʨʛʠʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʟʥʘʯʠʪʝʣʴʥʳʡ 

ʚʳʟʦʚ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚʦʟʤʦʞʥʦʩʪʴ ʜʣʷ ʥʝʬʪʷʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʂʦʤʧʘʥʠʠ, ʛʦʪʦʚʳʝ ʢ 

ʘʜʘʧʪʘʮʠʠ ʠ ʠʥʥʦʚʘʮʠʷʤ, ʩʤʦʛʫʪ ʫʩʧʝʰʥʦ ʠʥʪʝʛʨʠʨʦʚʘʪʴ ʚʦʟʦʙʥʦʚʣʷʝʤʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʩʚʦʡ 

ʙʠʟʥʝʩ ʠ ʦʩʪʘʚʘʪʴʩʷ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʳʤʠ ʥʘ ʛʣʦʙʘʣʴʥʦʤ ʨʳʥʢʝ. ɺʘʞʥʦ ʧʨʦʜʦʣʞʘʪʴ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʠʥʚʝʩʪʠʮʠʠ ʚ ʥʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʫʩʪʦʡʯʠʚʦʝ ʨʘʟʚʠʪʠʝ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʦʪʨʘʩʣʠ ʠ ʧʝʨʝʭʦʜ ʢ ʥʠʟʢʦ-ʫʛʣʝʨʦʜʥʦʡ ʵʢʦʥʦʤʠʢʝ. 
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This report examines the prospects for the development of alternative energy sources and their impact 

on the oil industry. An analysis of current trends in the development of renewable energy sources and 

their potential impact on traditional oil and gas companies was carried out. The technological, 

economic and environmental aspects of the transition to alternative energy and its integration with 

the traditional oil industry are discussed. 
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ʈɸɿʈɸɹʆʊʂɸ ʂʆʄʇʆɿʀʎʀʆʅʅʆɻʆ ʄɸʊɽʈʀɸʃɸ ʅɸ ʆʉʅʆɺɽ ʆʂʌ ʉ ʋɻʃɽʈʆɼʅʓʄʀ 

ʅɸʅʆʊʈʋɹʂɸʄʀ ʉ ʇʈʆɺʆɼʀʄʆʉʊʔʖ ɼʆʉʊɸʊʆʏʅʆʁ ɼʃʗ ʕʃɽʂʊʈʆʉʊʀʄʋʃʗʎʀʀ 

ʆʉʊɽʆɻɽʅʅʓʍ ʂʃɽʊʆʂ 

ɽʬʨʝʤʦʚʘ ɼ.ɺ. 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ çʄʀʕʊè 

dasha.efre@yandex.ru 

ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʢʦʩʪʥʳʭ ʜʝʬʝʢʪʦʚ, ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʪʨʘʚʤ, ʚʦʩʧʘʣʠʪʝʣʴʥʳʭ 

ʧʨʦʮʝʩʩʦʚ, ʧʦʩʣʝ ʫʜʘʣʝʥʠʷ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʡ ʠ ʦʧʝʨʘʪʠʚʥʳʭ ʚʤʝʰʘʪʝʣʴʩʪʚ, ʷʚʣʷʝʪʩʷ 

ʘʢʪʫʘʣʴʥʦʡ ʧʨʦʙʣʝʤʦʡ ʜʣʷ ʨʝʢʦʥʩʪʨʫʢʪʠʚʥʦʡ ʭʠʨʫʨʛʠʠ. ʆʙʳʯʥʦ ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʯʝʣʦʚʝʢʘ, ʧʦʚʨʝʞʜʝʥʥʫʶ ʢʦʩʪʥʫʶ ʪʢʘʥʴ ʟʘʤʝʱʘʶʪ ʙʠʦʣʦʛʠʯʝʩʢʠ 

ʠʥʝʨʪʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ, ʢʦʪʦʨʳʝ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʠʤʠ ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ [1]. 

ʆʜʥʘʢʦ ʪʘʢʠʝ ʤʘʪʝʨʠʘʣʳ ʩʦ ʚʨʝʤʝʥʝʤ ʥʘʯʠʥʘʶʪ ʦʪʪʦʨʛʘʪʴʩʷ ʦʨʛʘʥʠʟʤʦʤ, ʣʠʙʦ ʧʨʠʚʦʜʷʪ ʢ 

ʜʝʛʨʘʜʘʮʠʠ ʟʜʦʨʦʚʦʡ ʢʦʩʪʥʦʡ ʪʢʘʥʠ ʚ ʤʝʩʪʝ ʢʦʥʪʘʢʪʘ. ɺ ʩʚʷʟʠ ʩ ʚʳʩʦʢʦʡ ʯʘʩʪʦʪʦʡ ʨʝʮʠʜʠʚʦʚ 

ʠ ʥʠʟʢʦʡ ʫʜʦʚʣʝʪʚʦʨʸʥʥʦʩʪʴʶ ʨʝʟʫʣʴʪʘʪʘʤʠ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʣʝʯʝʥʠʷ ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʠ 

ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʫʞʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʠʤʧʣʘʥʪʘʪʦʚ ʩʪʘʥʦʚʷʪʩʷ ʧʝʨʚʦʩʪʝʧʝʥʥʦʡ ʟʘʜʘʯʝʡ 

ʤʝʜʠʮʠʥʳ.  

ɺʳʩʦʢʠʡ ʠʥʪʝʨʝʩ ʚ ʤʝʜʠʮʠʥʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʥʝ ʪʦʣʴʢʦ ʧʦʠʩʢ ʙʠʦʩʦʚʤʝʩʪʠʤʳʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʥʦ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʣʝʪʦʢ. ʆʜʥʘ ʠʟ ʟʘʜʘʯ ʩʦʟʜʘʥʠʝ ʙʠʦʩʦʚʤʝʩʪʠʤʦʛʦ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʷʱʝʛʦ ʤʘʪʝʨʠʘʣʘ, ʢʦʪʦʨʳʡ ʥʝ ʙʫʜʝʪ ʪʨʘʚʤʠʨʦʚʘʪʴ ʞʠʚʫʶ ʪʢʘʥʴ, ʘ ʣʦʢʘʣʴʥʦ 

ʩʪʠʤʫʣʠʨʦʚʘʪʴ ʨʦʩʪ ʢʣʝʪʦʢ ʧʨʠ ʧʦʤʦʱʠ ʠʤʧʫʣʴʩʦʚ ʪʦʢʘ. ɺ ʢʘʯʝʩʪʚʝ ʵʣʝʢʪʨʦʧʨʦʚʦʜʷʱʠʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʠʩʧʦʣʴʟʫʶʪ ʨʘʟʣʠʯʥʳʝ ʫʛʣʝʨʦʜʥʳʝ ʘʣʣʦʪʨʦʧʠʠ [2]. 

ʄʦʜʝʣʴʥʳʝ ʦʙʨʘʟʮʳ ʧʦʣʫʯʘʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʩʣʝʜʫʶʱʠʭ ʵʪʘʧʦʚ:  

1) ʉʠʥʪʝʟʠʨʦʚʘʥ ʬʦʩʬʘʪ ʢʘʣʴʮʠʷ ʠ ʧʦʜʚʝʨʛʩʷ ʦʙʞʠʛʫ (900-1000 0ʩ). 

2) ʇʦʣʫʯʝʥʠʝ ʛʨʘʥʫʣ ɓ-ʊʂʌ. 

3) ʈʘʟʜʝʣʝʥʠʝ ʥʘ ʬʨʘʢʮʠʠ ɓ-ʊʂʌ (100-82, 82-58, 58-37, <37 ʤʢʤ). 

4) ʇʨʠ ʧʦʤʦʱʠ ʦʙʞʠʛʘ (1300 0ʩ) ʧʦʣʫʯʠʣʠ ʛʨʘʥʫʣʳ Ŭ-ʊʂʌ. 

5) ʌʦʨʤʦʚʢʘ Ŭ-ʊʂʌ ʩ ʦʜʥʦʩʣʦʡʥʳʤʠ ʫʛʣʝʨʦʜʥʳʤʠ ʥʘʥʦʪʨʫʙʢʘʤʠ (ʆʋʅʊ) ʠ 

ʤʥʦʛʦʩʣʦʡʥʳʤʠ ʫʛʣʝʨʦʜʥʳʤʠ ʥʘʥʦʪʨʫʙʢʘʤʠ (ʄʋʅʊ), ʩʰʠʚʢʘ ʧʨʠ ʧʦʤʦʱʠ ʨʘʩʪʚʦʨʦʚ ɸʛ5,5 

ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ ʙʨʫʰʠʪʘ ʩ ʄʋʅʊ ʠ ʆʋʅʊ.  

6)  ʇʝʨʝʚʦʜ ʙʨʫʰʠʪʘ ʩ ʄʋʅʊ ʠ ʆʋʅʊ ʚ ʆʂʌ ʩ ʄʋʅʊ ʠ ʆʋʅʊ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʧʦʤʦʱʠ 

ʨʘʩʪʚʦʨʘ ɸ5,5. 

ɹʳʣʠ ʚʳʷʚʣʝʥ ʦʧʪʠʤʘʣʴʥʳʡ ʤʝʪʦʜ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ ʚ ʦʙʨʘʟʮʝ ʩ 

ʚʳʩʦʢʠʤʠ ʧʦʢʘʟʘʥʠʷʤʠ ʵʣʝʢʪʨʦʧʨʦʚʦʜʠʤʦʩʪʠ. 
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ʇʈʀʏʀʅʓ ʌʆʈʄʀʈʆɺɸʅʀʗ ɺʈɽʄɽʅʅʆ ʅɽʈɸɹʆʏʀʍ ɹʆʈʊʆɺ ʅɸ ʂɸʈʔɽʈɸʍ 

ʆʚʩʷʥʥʠʢʦʚ ʄ.ʇ. 

ʌɻɹʆʋ ɺʆ çʄʘʛʥʠʪʦʛʦʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɻ.ʀ. ʅʦʩʦʚʘè, 

ʄʘʛʥʠʪʦʛʦʨʩʢ 

 

ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʤʝʪʦʜ ʨʘʟʨʘʙʦʪʢʠ ʨʫʜʥʳʭ ʢʨʫʪʦʧʘʜʘʶʱʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʨʝʤʝʥʥʦ ʥʝʨʘʙʦʯʝʛʦ ʙʦʨʪʘ (ɺʅɹ), ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʨʘʙʦʯʠʡ 

ʙʦʨʪ ʢʘʨʴʝʨʘ ʠʣʠ ʝʛʦ ʫʯʘʩʪʦʢ ʩ ʫʤʝʥʴʰʝʥʥʳʤʠ ʨʘʙʦʯʠʤʠ ʧʣʦʱʘʜʢʘʤʠ. ʇʨʠʯʠʥʳ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ɺʅɹ ʜʝʣʷʪʩʷ ʥʘ ʧʣʘʥʦʚʳʝ ʠ ʚʥʝʧʣʘʥʦʚʳʝ, ʚʢʣʶʯʘʷ ʚʥʝʰʥʠʝ ʠ ʚʥʫʪʨʝʥʥʠʝ 

ʬʘʢʪʦʨʳ. ʌʦʨʤʠʨʦʚʘʥʠʝ ɺʅɹ ʚʣʠʷʝʪ ʥʘ ʦʨʛʘʥʠʟʘʮʠʶ ʨʘʙʦʪ, ʪʨʝʙʫʷ ʦʩʦʙʦʛʦ ʚʥʠʤʘʥʠʷ ʢ 

ʧʣʘʥʠʨʦʚʘʥʠʶ ʨʘʩʢʦʥʩʝʨʚʘʮʠʠ ʠ ʫʯʝʪʫ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʨʝʤʝʥʥʦ ʥʝʨʘʙʦʯʠʡ ʙʦʨʪ, ʛʣʫʙʦʢʠʝ ʢʘʨʴʝʨʳ, ʢʦʵʬʬʠʮʠʝʥʪ ʚʩʢʨʳʰʠ, ɺʅɹ. 

 

ɺ ʧʨʘʢʪʠʢʝ ʨʘʟʨʘʙʦʪʢʠ ʨʫʜʥʳʭ ʢʨʫʪʦʧʘʜʘʶʱʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʠʟʚʝʩʪʝʥ ʩʧʦʩʦʙ 

ʨʘʟʨʘʙʦʪʢʠ ʢʘʨʴʝʨʦʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʚʨʝʤʝʥʥʦ ʥʝʨʘʙʦʯʝʛʦ ʙʦʨʪʘ (ɺʅɹ). 

ɺʨʝʤʝʥʥʦ ʥʝʨʘʙʦʯʠʡ ʙʦʨʪ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʨʘʙʦʯʠʡ ʙʦʨʪ ʢʘʨʴʝʨʘ ʠʣʠ ʝʛʦ ʫʯʘʩʪʦʢ, 

ʥʘ ʢʦʪʦʨʦʤ ʫʤʝʥʴʰʘʶʪʩʷ ʨʘʙʦʯʠʝ ʧʣʦʱʘʜʢʠ ʜʦ ʤʠʥʠʤʘʣʴʥʳʭ ʨʘʟʤʝʨʦʚ, ʠʥʦʛʜʘ ʚʧʣʦʪʴ ʜʦ 

ʨʘʟʤʝʨʦʚ ʙʝʨʤ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʊʘʢʞʝ ʯʘʩʪʦ ʩʜʚʘʠʚʘʶʪʩʷ ʠʣʠ ʩʪʨʘʠʚʘʶʪʩʷ ʫʩʪʫʧʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʯʝʛʦ ʫʛʦʣ ʥʘʢʣʦʥʘ ʪʘʢʦʛʦ ʙʦʨʪʘ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ ʫʛʣʘ ʥʘʢʣʦʥʘ ʙʦʨʪʘ ʢʘʨʴʝʨʘ ʚ ʢʦʥʝʯʥʦʤ 

ʧʦʣʦʞʝʥʠʠ. 

 ɺʩʝ ʧʨʠʯʠʥʳ ʬʦʨʤʠʨʦʚʘʥʠʝ ʚʨʝʤʝʥʥʦ ʥʝʨʘʙʦʯʝʛʦ ʙʦʨʪʘ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʝ 

ʛʨʫʧʧʳ [1,2]. 

ʇʝʨʚʘʷ ʛʨʫʧʧʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʧʣʘʥʦʚʳʝ ʧʨʠʯʠʥʳ. ɺ ʧʝʨʠʦʜ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʢʘʨʴʝʨʘ, ʘ 

ʪʘʢʞʝ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʧʦʣʫʩʪʘʮʠʦʥʘʨʥʳʭ ʦʙʲʝʢʪʦʚ ʥʘ ʙʦʨʪʫ ʢʘʨʴʝʨʘ ʬʦʨʤʠʨʫʝʪʩʷ 

ʧʣʘʥʦʚʳʡ ɺʅɹ. ʊʘʢʞʝ ʧʣʘʥʦʚʳʡ ɺʅɹ ʤʦʞʝʪ ʩʪʨʦʠʪʴʩʷ ʩ ʮʝʣʴʶ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʚʩʢʨʳʰʠ ʠ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʤʦʱʥʦʩʪʠ ʚʦ ʚʨʝʤʷ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ. 

ɼʨʫʛʫʶ ʩʫʱʝʩʪʚʝʥʥʫʶ ʛʨʫʧʧʫ ʧʨʠʯʠʥ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʨʝʤʝʥʥʦ ʥʝʨʘʙʦʯʝʛʦ ʙʦʨʪʘ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʚʥʝʧʣʘʥʦʚʳʝ ʧʨʠʯʠʥʳ. ʀʭ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʚʥʝʰʥʠʝ 

ʠ ʚʥʫʪʨʝʥʥʠʝ ʬʘʢʪʦʨʳ. ʂ ʚʥʫʪʨʝʥʥʠʤ ʬʘʢʪʦʨʘʤ ʦʪʥʦʩʷʪʩʷ: ʫʭʫʜʰʝʥʠʝ ʛʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ 

ʫʩʣʦʚʠʡ ʦʪʨʘʙʦʪʢʠ, ʥʝʜʦʩʪʘʪʦʢ ʥʘ ʧʨʝʜʧʨʠʷʪʠʝ ʢʦʣʠʯʝʩʪʚʘ ʠ ʢʘʯʝʩʪʚʘ ʛʦʨʥʦʪʨʘʥʩʧʦʨʪʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʨʘʙʦʪʳ ʚ ʫʩʣʦʚʠʷʭ ʫʤʝʥʴʰʝʥʥʳʭ ʨʘʙʦʯʠʭ ʧʣʦʱʘʜʦʢ, ʘ ʪʘʢʞʝ ʧʨʠʯʠʥ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʧʨʦʝʢʪʥʳʤ ʦʪʩʪʘʚʘʥʠʝʤ ʜʦʙʳʯʠ ʦʙʲʝʤʘ ʚʩʢʨʳʰʥʳʭ ʧʦʨʦʜ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ 

ʦʪʩʪʘʚʘʥʠʝ ʦʪ ʧʣʘʥʘ ʛʦʨʥʳʭ ʨʘʙʦʪ ʧʨʦʠʩʭʦʜʠʪ ʠʟ-ʟʘ ʥʝʜʦʩʪʘʪʢʘ ʛʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʦʡ 

ʠʥʬʦʨʤʘʮʠʠ, ʥʝʨʘʮʠʦʥʘʣʴʥʳʭ ʧʨʦʝʢʪʥʳʭ ʨʝʰʝʥʠʡ ʠʣʠ ʚ ʭʦʜʝ ʥʘʨʫʰʝʥʠʷ ʟʘʢʦʥʦʚ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʨʘʟʚʠʪʠʷ ʢʘʨʴʝʨʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. 

ʂʨʦʤʝ ʦʟʚʫʯʝʥʥʳʭ ʧʨʠʯʠʥ ʚʨʝʤʝʥʥʦ ʥʝʨʘʙʦʯʠʡ ʙʦʨʪ ʤʦʞʝʪ ʙʳʪʴ ʩʬʦʨʤʠʨʦʚʘʥ 

ʩʪʠʭʠʡʥʦ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ. ʂ ʪʘʢʠʤ ʬʘʢʪʦʨʘʤ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʦʪʥʦʩʷʪ 

ʫʭʫʜʰʝʥʠʷ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʠ ʥʘ ʨʳʥʢʝ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ, ʢʦʛʜʘ ʠʟ-ʟʘ ʚʦʟʨʦʩʰʝʛʦ 

ʩʧʨʦʩʘ ʥʝʦʙʭʦʜʠʤʦ ʫʚʝʣʠʯʠʚʘʪʴ ʦʙʲʝʤʳ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʦʢʨʘʱʝʥʠʶ ʨʘʙʦʯʠʭ 

ʧʣʦʱʘʜʝʡ ʠ ʬʦʨʤʠʨʦʚʘʥʠʶ ʥʝʨʘʙʦʯʠʭ ʫʯʘʩʪʢʦʚ. ɼʨʫʛʦʡ ʧʨʠʯʠʥʦʡ ʷʚʣʷʝʪʩʷ ʨʝʰʝʥʠʝ ʦʙ 

ʠʟʤʝʥʝʥʠʠ ʨʘʟʤʝʨʦʚ ʢʘʨʴʝʨʥʦʛʦ ʧʦʣʷ ʧʨʠʥʷʪʦʝ ʚ ʭʦʜʝ ʧʝʨʝʩʤʦʪʨʘ ʨʘʥʝʝ ʧʨʠʥʷʪʳʭ ʧʨʦʝʢʪʥʳʭ 

ʨʝʰʝʥʠʡ. ʇʨʦʝʢʪ ʥʘ ʨʝʢʦʥʩʪʨʫʢʮʠʶ ʢʘʨʴʝʨʘ ʤʦʞʝʪ ʧʨʠʥʠʤʘʪʴʩʷ, ʠʩʭʦʜʷ ʠʟ ʧʦʣʫʯʝʥʥʦʡ ʥʦʚʦʡ 

ʛʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʚ ʭʦʜʝ ʜʦʨʘʟʚʝʜʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. 

ʆʜʥʘʢʦ, ʚ ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʠʯʠʥ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʥʘ ʢʘʨʴʝʨʝ ʚʨʝʤʝʥʥʦ ʥʝʨʘʙʦʯʝʛʦ 

ʙʦʨʪʘ ʩʦʟʜʘʝʪ ʞʝʩʪʢʫʶ ʩʚʷʟʴ ʤʝʞʜʫ ʚʩʢʨʳʰʥʳʤʠ ʠ ʜʦʙʳʯʥʳʤʠ ʨʘʙʦʪʘʤʠ, ʯʪʦ ʥʘʢʣʘʜʳʚʘʝʪ 



ʩʝʨʴʝʟʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʡ ʧʨʦʮʝʩʩ. ʅʘʨʫʰʝʥʠʝ ʪʝʤʧʦʚ ʨʘʩʢʦʥʩʝʨʚʘʮʠʠ 

ʚʣʝʯʝʪ ʢ ʩʦʢʨʘʱʝʥʠʶ ʦʙʲʝʤʦʚ ʧʦʜʛʦʪʦʚʣʝʥʥʳʭ ʢ ʚʳʝʤʢʝ ʟʘʧʘʩʦʚ ʧʦʣʝʟʥʦʛʦ ʠʩʢʦʧʘʝʤʦʛʦ, 

ʫʤʝʥʴʰʝʥʠʶ ʨʘʟʤʝʨʦʚ ʨʘʙʦʯʠʭ ʧʣʦʱʘʜʝʡ, ʫʤʝʥʴʰʝʥʠʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʢʘʨʴʝʨʘ ʠ ʚ 

ʦʪʜʝʣʴʥʳʭ ʩʣʫʯʘʷʭ ʢ ʧʦʣʥʦʡ ʦʩʪʘʥʦʚʢʠ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ʇʨʠ ʵʪʦʤ ʪʝʭʥʦʣʦʛʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʨʝʤʝʥʥʦ ʥʝʨʘʙʦʯʝʛʦ ʙʦʨʪʘ, ʵʪʦ ʜʦʩʪʘʪʦʯʥʦ 

ʤʦʥɦʳʡ ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʪʝʢʫʱʝʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʩʢʨʳʰʠ ʠ ʧʝʨʝʥʦʩʘ 

ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʦʙʲʝʤʘ ʚʩʢʨʳʰʥʳʭ ʧʦʨʦʜ ʥʘ ʙʫʜʫʱʠʝ ʧʝʨʠʦʜʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʘʞʥʦ 

ʧʣʘʥʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʨʘʩʢʦʥʩʝʨʚʘʮʠʠ ʚʨʝʤʝʥʥʦ ʥʝʨʘʙʦʯʝʛʦ ʙʦʨʪʘ ʫʞʝ ʥʘ ʵʪʘʧʝ ʝʛʦ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. 

 ʆʪ ʢʦʥʩʪʨʫʢʮʠʠ ʚʨʝʤʝʥʥʦ ʥʝʨʘʙʦʯʝʛʦ ʙʦʨʪʘ ʟʘʚʠʩʷʪ ʦʙʲʝʤʳ ʢʦʥʩʝʨʚʘʮʠʠ ʛʦʨʥʦʡ 

ʤʘʩʩʳ, ʩʢʦʨʦʩʪʴ ʠ ʧʦʨʷʜʦʢ ʨʘʩʢʦʥʩʝʨʚʘʮʠʠ, ʘ ʪʘʢʞʝ ʙʝʟʦʧʘʩʥʦʩʪʴ ʚʝʜʝʥʠʷ ʨʘʙʦʪ ʚ ʢʘʨʴʝʨʝ. 

ʇʦʤʠʤʦ ʦʧʨʝʜʝʣʝʥʠʷ ʩʢʦʨʦʩʪʠ ʨʘʩʢʦʥʩʝʨʚʘʮʠʠ ɺʅɹ ʠ ʦʙʲʝʤʦʚ ʟʘʢʦʥʩʝʨʚʠʨʦʚʘʥʥʳʭ ʧʦʨʦʜ, 

ʚʘʞʥʦ ʪʘʢʞʝ ʫʯʠʪʳʚʘʪʴ ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ [3]. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʧʨʠ 

ʨʘʙʦʪʝ ʚ ʩʣʦʞʥʳʭ ʛʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʪʨʝʙʫʝʪʩʷ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʢ ʢʦʥʬʠʛʫʨʘʮʠʠ 

ʙʦʨʪʘ. ɺʳʙʦʨ ʦʧʪʠʤʘʣʴʥʳʭ ʨʘʟʤʝʨʦʚ ʚʳʩʦʪʳ ʫʩʪʫʧʘ, ʫʛʣʘ ʥʘʢʣʦʥʘ, ʨʘʟʤʝʨʘ ʦʩʪʘʚʣʷʝʤʳʭ 

ʧʣʦʱʘʜʦʢ ʠ ʧʦʨʷʜʢʘ ʠʭ ʨʘʟʤʝʱʝʥʠʷ ʦʢʘʟʳʚʘʝʪ ʧʨʷʤʦʝ ʚʣʠʷʥʠʝ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ 

ʙʝʟʦʧʘʩʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʢʦʥʩʝʨʚʘʮʠʠ. 
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ʀʉʊʆʈʀʗ ʈɸɿɺʀʊʀʗ ʕʃɽʂʊʈʀʏɽʉʂʆɻʆ ʆʉɺɽʑɽʅʀʗ 

ʌʠʣʘʪʦʚ ɼ.ɸ. 

çʅʀʋ çʄʕʀè, ʬʠʣʠʘʣ, ʉʤʦʣʝʥʩʢ 

 

ʕʣʝʢʪʨʠʯʝʩʢʦʝ ʦʩʚʝʱʝʥʠʝ ʞʠʣʳʭ ʠ ʥʝʞʠʣʳʭ ʧʦʤʝʱʝʥʠʡ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʷʚʣʷʝʪʩʷ 

ʧʨʠʚʳʯʥʦʤ. ʀ ʩʣʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ, ʯʪʦ ʝʱʝ ʥʝ ʪʘʢ ʜʘʚʥʦ ʪʘʢʦʝ ʦʩʚʝʱʝʥʠʝ ʢʘʟʘʣʦʩʴ ʯʝʤ-ʪʦ 

ʥʝʚʝʨʦʷʪʥʳʤ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʕʣʝʢʪʨʠʯʝʩʢʦʝ ʦʩʚʝʱʝʥʠʝ, ʦʩʚʝʱʝʥʠʝ, ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʜʫʛʘ, çʕʣʝʢʪʨʠʯʝʩʢʘʷ 

ʩʚʝʯʘ ʗʙʣʦʯʢʦʚʘè, ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʣʘʤʧʘ 

 

ʇʦʩʣʝ ʩʦʟʜʘʥʠʷ ʠ ʰʠʨʦʢʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʦʩʚʝʱʝʥʠʷ, ʧʦʪʨʝʙʥʦʩʪʴ 

ʯʝʣʦʚʝʯʝʩʪʚʘ ʚ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʨʝʟʢʦ ʚʦʟʨʦʩʣʘ. ʇʦ ʩʝʡ ʜʝʥʴ, ʣʘʤʧʦʯʢʘ ʦʩʪʘʝʪʩʷ ʥʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʧʨʠʙʦʨʦʤ. ʈʘʟʚʠʪʠʝ ʵʣʝʢʪʨʠʯʝʩʪʚʘ ʙʝʨʝʪ ʩʚʦʠ ʠʩʪʦʢʠ ʚ 

ʪʨʫʜʘʭ ʨʫʩʩʢʠʭ ʫʯʝʥʳʭ XIX ʩʪʦʣʝʪʠʷ. 

ʆʩʝʥʴʶ 1802 ʛʦʜʘ ʧʨʦʬʝʩʩʦʨ ʬʠʟʠʢʠ ɺʘʩʠʣʠʡ ɺʣʘʜʠʤʠʨʦʚʠʯ ʇʝʪʨʦʚ, ʚʳʜʘʶʱʠʡʩʷ 

ʫʯʝʥʳʡ, ʚʥʝʩʰʠʡ ʟʥʘʯʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʚ ʨʘʟʚʠʪʠʝ ʵʣʝʢʪʨʦʭʠʤʠʠ ʠ ʵʣʝʢʪʨʦʪʝʭʥʠʢʠ, ʧʨʦʚʦʜʠʣ 

ʵʢʩʧʝʨʠʤʝʥʪʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʟʜʘʥʥʦʡ ʠʤ ʙʘʪʘʨʝʠ ʛʘʣʴʚʘʥʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ. ɺ ʭʦʜʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʫʛʣʷ ʦʥ ʚʟʷʣ ʜʚʘ ʫʛʦʣʴʥʳʭ ʩʪʝʨʞʥʷ ʠ 

ʧʦʜʩʦʝʜʠʥʠʣ ʠʭ ʢ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʤ ʧʦʣʶʩʘʤ ʙʘʪʘʨʝʠ: ʦʜʠʥ ʢ ʧʦʣʦʞʠʪʝʣʴʥʦʤʫ, ʜʨʫʛʦʡ ʢ 

ʦʪʨʠʮʘʪʝʣʴʥʦʤʫ. ʂʦʛʜʘ ʦʥ ʩʙʣʠʟʠʣ ʢʦʥʮʳ ʫʛʦʣʴʥʳʭ ʩʪʝʨʞʥʝʡ, ʦʥʠ ʩʠʣʴʥʦ ʥʘʛʨʝʣʠʩʴ ʠ ʥʘʯʘʣʠ 

ʩʚʝʪʠʪʴʩʷ. ɿʘʪʝʤ, ʩʣʝʛʢʘ ʨʘʟʜʚʠʥʫʚ ʩʪʝʨʞʥʠ, ʫʯʝʥʳʡ ʥʘʙʣʶʜʘʣ ʷʨʢʫʶ ʠʟʦʛʥʫʪʫʶ 

ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʜʫʛʫ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ɺ.ɺ. ʇʝʪʨʦʚ ʦʪʢʨʳʣ ʷʚʣʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʜʫʛʠ, 

ʚʦʟʥʠʢʘʶʱʝʡ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʦʤ ʨʘʩʩʪʦʷʥʠʠ ʤʝʞʜʫ ʫʛʦʣʴʥʳʤʠ ʵʣʝʢʪʨʦʜʘʤʠ, ʧʦʜʢʣʶʯʝʥʥʳʤʠ 

ʢ ʠʩʪʦʯʥʠʢʫ ʪʦʢʘ. ʕʪʦ ʦʪʢʨʳʪʠʝ ʧʦʣʦʞʠʣʦ ʥʘʯʘʣʦ ʩʦʟʜʘʥʠʶ ʧʝʨʚʳʭ ʦʩʚʝʪʠʪʝʣʴʥʳʭ ʧʨʠʙʦʨʦʚ, 

ʨʘʙʦʪʘʶʱʠʭ ʥʘ ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʪʦʢʝ. 

ʇ.ʅ.ʗʙʣʦʯʢʦʚ ʧʨʦʜʦʣʞʘʣ ʨʘʙʦʪʫ ʥʘʜ ʩʦʟʜʘʥʠʝʤ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʚʝʪʠʣʴʥʠʢʘ. 

ʆʜʥʘʞʜʳ, ʨʘʙʦʪʘʷ ʩ ʜʫʛʦʚʳʤ ʬʦʥʘʨʝʤ, ʤʦʣʦʜʦʡ ʠʥʞʝʥʝʨ ʦʩʦʟʥʘʣ, ʯʪʦ ʩʣʦʞʥʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ 

ʝʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ. ɼʣʷ ʩʪʘʙʠʣʠʟʘʮʠʠ ʥʘʧʨʷʞʝʥʠʷ ʧʦʩʪʦʷʥʥʦ ʪʨʝʙʦʚʘʣʦʩʴ ʧʨʠʩʫʪʩʪʚʠʝ 

ʤʝʭʘʥʠʢʘ. ʋʛʦʣʴʥʳʝ ʣʘʤʧʳ ʥʝ ʦʢʘʟʘʣʠʩʴ ʫʜʦʙʥʳʤʠ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ. ʇʦʵʪʦʤʫ ʗʙʣʦʯʢʦʚ 

ʧʦʩʪʘʚʠʣ ʧʝʨʝʜ ʩʦʙʦʡ ʟʘʜʘʯʫ ʩʦʟʜʘʪʴ ʣʘʤʧʫ, ʢʦʪʦʨʘʷ ʥʝ ʪʨʝʙʦʚʘʣʘ ʙʳ ʧʦʩʪʦʷʥʥʦʛʦ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ. ʀ ʦʥ ʩʤʦʛ ʵʪʦ ʩʜʝʣʘʪʴ! ʋʤʥʳʡ ʭʦʜ ʙʳʣ ʚ ʪʦʤ, ʯʪʦ ʦʥ ʨʝʰʠʣ ʧʨʦʙʣʝʤʫ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʫʛʣʝʡ ʚ ʜʫʛʦʚʦʡ ʣʘʤʧʝ, ʨʘʩʧʦʣʦʞʠʚ ʠʭ ʧʘʨʘʣʣʝʣʴʥʦ, ʘ ʥʝ ʥʘʧʨʦʪʠʚ ʜʨʫʛ ʜʨʫʛʘ. 

ʆʥ ʪʘʢʞʝ ʨʘʟʜʝʣʠʣ ʠʭ ʧʨʦʩʣʦʡʢʦʡ ʪʫʛʦʧʣʘʚʢʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʢʦʪʦʨʳʡ ʥʝ ʧʨʦʚʦʜʠʪ 

ʵʣʝʢʪʨʠʯʝʩʪʚʦ. ʕʪʦ ʢʘʟʘʣʦʩʴ ʧʨʦʩʪʳʤ ʨʝʰʝʥʠʝʤ, ʥʦ ʩʪʘʣʦ ʥʘʩʪʦʷʱʠʤ ʧʨʦʨʳʚʦʤ ʚ ʥʘʫʢʝ. 

ʀʤʝʥʥʦ ʚ 70-ʝ ʛʦʜʳ XIX ʚʝʢʘ ʩʯʠʪʘʝʪʩʷ ʠʩʪʠʥʥʳʤ ʥʘʯʘʣʦʤ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʦʩʚʝʱʝʥʠʷ. 

ʈʫʩʩʢʠʡ ʵʣʝʢʪʨʦʪʝʭʥʠʢ ɸ.ʅ.ʃʦʜʳʛʠʥ ʧʝʨʚʳʤ ʩʦʟʜʘʣ ʫʜʦʙʥʫʶ ʢʦʥʩʪʨʫʢʮʠʶ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʣʘʤʧʳ. ʆʥʘ ʩʦʩʪʦʷʣʘ ʠʟ ʜʚʫʭ ʤʝʜʥʳʭ ʧʨʦʚʦʣʦʯʝʢ, ʩʦʝʜʠʥʝʥʥʳʭ ʩ ʠʩʪʦʯʥʠʢʦʤ 

ʪʦʢʘ ʠ ʚʧʘʷʥʥʳʭ ʚ ʤʘʣʝʥʴʢʠʡ ʩʪʝʢʣʷʥʥʳʡ ʰʘʨ. ʄʝʞʜʫ ʥʠʤʠ ʙʳʣ ʟʘʢʨʝʧʣʝʥ ʪʦʥʢʠʡ ʫʛʦʣʴʥʳʡ 

ʩʪʝʨʞʝʥʴ. ʇʨʠ ʧʨʦʧʫʩʢʘʥʠʠ ʪʦʢʘ ʯʝʨʝʟ ʤʝʜʥʳʝ ʧʨʦʚʦʣʦʯʢʠ, ʦʥ ʥʘʛʨʝʚʘʣʩʷ ʜʦʢʨʘʩʥʘ ʠʟ-ʟʘ 

ʙʦʣʴʰʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠ ʷʨʢʦ ʩʚʝʪʠʣʩʷ. ɼʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʙʳʩʪʨʦʛʦ ʩʛʦʨʘʥʠʷ ʩʪʝʨʞʥʷ, 

ʚʦʟʜʫʭ ʠʟ ʩʪʝʢʣʷʥʥʦʛʦ ʰʘʨʘ ʦʪʢʘʯʠʚʘʣʩʷ.   

ɺ 1890 ʛʦʜʫ ʃʦʜʳʛʠʥ ʧʨʝʜʣʦʞʠʣ ʠʟʛʦʪʘʚʣʠʚʘʪʴ ʣʘʤʧʳ ʥʘʢʘʣʠʚʘʥʠʷ ʩ ʤʝʪʘʣʣʠʯʝʩʢʠʤʠ 

ʥʠʪʷʤʠ ʠʟ ʪʫʛʦʧʣʘʚʢʠʭ ʤʝʪʘʣʣʦʚ, ʪʘʢʠʭ ʢʘʢ ʚʦʣʴʬʨʘʤ, ʦʩʤʠʡ, ʤʦʣʠʙʜʝʥ, ʧʘʣʣʘʜʠʡ ʠ ʠʨʠʜʠʡ. 

ɺ 1900 ʛʦʜʫ ʥʘ ɺʩʝʤʠʨʥʦʡ ʚʳʩʪʘʚʢʝ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʣʘʤʧʳ ʥʘʢʘʣʠʚʘʥʠʷ ʃʦʜʳʛʠʥʘ ʩ 

ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʥʠʪʴʶ. ʇʦʩʣʝ 1910 ʛʦʜʘ ʣʘʤʧʳ ʩ ʚʦʣʴʬʨʘʤʦʚʦʡ ʥʠʪʴʶ ʥʘʰʣʠ ʧʨʘʢʪʠʯʝʩʢʦʝ 

ʧʨʠʤʝʥʝʥʠʝ, ʢʦʛʜʘ ʙʳʣ ʠʟʦʙʨʝʪʝʥ ʩʧʦʩʦʙ ʩʦʟʜʘʥʠʷ ʪʦʥʢʠʭ ʚʦʣʴʬʨʘʤʦʚʳʭ ʥʠʪʝʡ.  



ɼʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʦʢʠʩʣʝʥʠʷ ʨʘʩʢʘʣʝʥʥʦʡ ʥʠʪʠ, ʠʟ ʙʘʣʣʦʥʘ ʣʘʤʧʳ ʪʱʘʪʝʣʴʥʦ 

ʫʜʘʣʷʣʠ ʚʦʟʜʫʭ, ʟʘʧʦʣʥʷʷ ʝʛʦ ʠʥʝʨʪʥʳʤ ʛʘʟʦʤ, ʪʘʢʠʤ ʢʘʢ ʘʨʛʦʥ ʠʣʠ ʘʟʦʪ. 

ʃʘʤʧʳ ʃʦʜʳʛʠʥʘ ʥʝʜʦʣʛʦ ʩʣʫʞʠʣʠ ʠ ʙʳʩʪʨʦ ʧʝʨʝʛʦʨʘʣʠ. ɼʣʷ ʩʦʟʜʘʥʠʷ ʧʨʦʯʥʦʡ ʥʠʪʠ 

ʥʘʢʘʣʠʚʘʥʠʷ ʧʨʠʰʣʦʩʴ ʧʨʦʚʝʩʪʠ ʤʥʦʞʝʩʪʚʦ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʥʦ ʫ ʨʫʩʩʢʦʛʦ ʫʯʝʥʦʛʦ ʥʝ ʙʳʣʦ 

ʜʦʩʪʘʪʦʯʥʦ ʩʨʝʜʩʪʚ. ɺ ʵʪʦ ʚʨʝʤʷ ʥʘ ʩʮʝʥʫ ʚʳʭʦʜʠʪ ʊʦʤʘʩ ʕʜʠʩʦʥ, ʠʟʚʝʩʪʥʳʡ ʘʤʝʨʠʢʘʥʩʢʠʡ 

ʠʟʦʙʨʝʪʘʪʝʣʴ. ʆʜʥʘʞʜʳ ʦʥ ʧʦʣʫʯʠʣ ʣʘʤʧʦʯʢʫ ʃʦʜʳʛʠʥʘ ʦʪ ʨʫʩʩʢʦʛʦ ʦʬʠʮʝʨʘ, ʢʦʪʦʨʳʡ ʧʨʠʚʝʟ 

ʝʝ ʚ ɸʤʝʨʠʢʫ. ʕʜʠʩʦʥ ʩʨʘʟʫ ʧʦʥʷʣ, ʯʪʦ ʠʟʦʙʨʝʪʝʥʠʝ ʃʦʜʳʛʠʥʘ ʙʳʣʦ ʣʫʯʰʠʤ ʩʧʦʩʦʙʦʤ ʜʣʷ 

ʦʩʚʝʱʝʥʠʷ ʠ ʧʨʠʥʷʣʩʷ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ ʝʛʦ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʨʫʩʩʢʠʭ ʠʟʦʙʨʝʪʘʪʝʣʝʡ, ʕʜʠʩʦʥ 

ʙʳʣ ʫʩʧʝʰʥʳʤ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʝʤ, ʚʠʜʷʱʠʤ ʧʦʪʝʥʮʠʘʣ ʚ ʨʘʟʨʘʙʦʪʢʝ ʠʜʝʠ. ʋ ʥʝʛʦ ʙʳʣʦ 

ʙʦʣʴʰʝ ʬʠʥʘʥʩʦʚʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʠ ʧʦʤʦʱʥʠʢʦʚ.  

ʊʦʤʘʩ ʕʜʠʩʦʥ ʩʦʟʜʘʣ ʧʘʪʨʦʥ ʜʣʷ ʣʘʤʧʳ ʠ ʚʳʢʣʶʯʘʪʝʣʴ, ʢʦʪʦʨʳʝ ʤʳ ʠʩʧʦʣʴʟʫʝʤ ʜʦ ʩʠʭ 

ʧʦʨ. ʆʥ ʨʝʰʠʣ ʧʨʦʙʣʝʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʥʝʨʛʠʠ, ʧʦʩʪʨʦʠʚ ʛʝʥʝʨʘʪʦʨ (ʜʠʥʘʤʦ-ʤʘʰʠʥʫ), ʯʪʦ 

ʧʦʟʚʦʣʠʣʦ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʠʪʘʪʴ ʥʝʩʢʦʣʴʢʦ ʥʝʟʘʚʠʩʠʤʳʭ ʣʘʤʧ. ʊʘʢʞʝ ʦʥ ʠʟʦʙʨʝʣ ʩʯʝʪʯʠʢ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʣ ʢʘʞʜʦʤʫ ʧʦʪʨʝʙʠʪʝʣʶ ʠʟʤʝʨʷʪʴ ʧʦʪʨʝʙʣʝʥʠʝ ʵʥʝʨʛʠʠ ʚ 

ʜʦʤʘʰʥʠʭ ʫʩʣʦʚʠʷʭ. 

ʇʨʦʮʝʩʩ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʦʩʚʝʱʝʥʠʷ ʧʨʦʜʦʣʞʘʣʩʷ. ʅʘ ʦʩʥʦʚʝ 

ʥʘʢʦʧʣʝʥʥʳʭ ʟʥʘʥʠʡ ʫʯʝʥʳʝ ʫʣʫʯʰʘʣʠ ʣʘʤʧʳ ʜʣʷ ʦʩʚʝʱʝʥʠʷ, ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʧʦʷʚʣʝʥʠʶ ʣʘʤʧ 

ʜʥʝʚʥʦʛʦ ʩʚʝʪʘ. ʕʪʠ ʣʘʤʧʳ ʥʝ ʥʘʛʨʝʚʘʶʪʩʷ ʠ ʠʟʥʘʯʘʣʴʥʦ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʮʚʝʪʥʳʤʠ 

ʛʘʟʦʩʚʝʪʥʳʤʠ ʣʘʤʧʘʤʠ. ʍʦʪʷ ʦʥʠ ʥʝ ʧʦʜʭʦʜʠʣʠ ʜʣʷ ʦʙʱʝʛʦ ʦʩʚʝʱʝʥʠʷ, ʦʥʠ ʩʪʘʣʠ ʫʜʦʙʥʳʤ 

ʨʝʰʝʥʠʝʤ ʜʣʷ ʩʚʝʪʦʚʦʡ ʨʝʢʣʘʤʳ. ɺ ʪʘʢʠʝ ʣʘʤʧʳ ʚʩʪʘʚʣʷʣʠ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʧʣʘʩʪʠʥʢʠ, 

ʵʣʝʢʪʨʦʜʳ, ʠ ʧʦʜʘʚʘʣʠ ʪʦʢ. ʎʚʝʪ ʩʚʝʯʝʥʠʷ ʟʘʚʠʩʝʣ ʦʪ ʛʘʟʘ, ʟʘʧʦʣʥʷʶʱʝʛʦ ʪʨʫʙʢʫ; ʥʘʧʨʠʤʝʨ, 

ʥʝʦʥ ʜʘʚʘʣ ʢʨʘʩʥʳʡ ʮʚʝʪ, ʘ ʘʨʛʦʥ - ʩʠʥʠʡ.  

ʇʨʦʠʩʭʦʜʠʪ ʧʦʩʪʦʷʥʥʦʝ ʨʘʟʚʠʪʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʦʩʚʝʱʝʥʠʷ. ʉʪʘʨʳʝ ʣʘʤʧʳ 

ʥʘʢʘʣʠʚʘʥʠʷ ʃʦʜʳʛʠʥʘ ʫʩʪʫʧʘʶʪ ʤʝʩʪʦ ʩʦʚʨʝʤʝʥʥʳʤ ʚʘʨʠʘʥʪʘʤ, ʪʘʢʠʤ ʢʘʢ ʛʘʣʦʛʝʥʥʳʝ ʠ 

ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʝ ʬʣʫʦʨʝʩʮʝʥʪʥʳʝ ʣʘʤʧʳ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʦʩʚʝʱʝʥʠʷ ʜʦʤʦʚ ʠ 

ʜʨʫʛʠʭ ʦʙʲʝʢʪʦʚ. ʕʣʝʢʪʨʠʯʝʩʢʦʝ ʦʩʚʝʱʝʥʠʝ ʧʨʦʜʦʣʞʘʝʪ ʩʚʦʝ ʨʘʟʚʠʪʠʝ ʙʝʟʫʩʣʦʚʥʦ ʠ 

ʥʝʧʨʝʨʳʚʥʦ. 

ʉʧʠʩʦʢ ʠʩʪʦʯʥʠʢʦʚ 
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Electric lighting of residential and non-residential premises is now commonplace. And itôs hard to 

imagine that not so long ago such lighting seemed incredible. 
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ʊɸɹʃʆ-ʀʅʌʆʈʄɽʈ ʅɸ ʆʉʅʆɺɽ ɸɼʈɽʉʅʓʍ RGB ʉɺɽʊʆɼʀʆɼʆɺ ʀ ɺɽɹ-

ʇʈʀʃʆɾɽʅʀɽ ɼʃʗ ɺʓɺʆɼɸ ʇʈɽɿɽʅʊɸʎʀʆʅʅʆʁ ʀʅʌʆʈʄɸʎʀʀ ʇʈʀ ʇʈʆɺɽɼɽʅʀʗ 

ɺʓʉʊʆɺʆʏʅʆʁ ɼɽʗʊɽʃʔʅʆʉʊʀ 

ʏʝʨʘʢʩ ɽ.ɸ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʂʦʤʨʘʢʦʚ ɺ.ɺ. 

ɻʦʤʝʣʴʩʢʠʡ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʊʝʭʥʠʯʝʩʢʠʡ ʋʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʇ.ʆ.ʉʫʭʦʛʦ, ɻʦʤʝʣʴ, 

ɹʝʣʘʨʫʩʴ 

 

ɺ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʦʟʜʘʥʠʝ ʪʘʙʣʦ-ʠʥʬʦʨʤʝʨʘ, ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ 

ʘʜʨʝʩʥʳʭ RGB ʩʚʝʪʦʜʠʦʜʘʭ, ʘ ʪʘʢʞʝ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʷ ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʧʨʝʟʝʥʪʘʮʠʦʥʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʚʳʩʪʘʚʢʘʭ. ɸʢʮʝʥʪ ʜʝʣʘʝʪʩʷ ʥʘ ʘʧʧʘʨʘʪʥʦʡ ʠ ʧʨʦʛʨʘʤʤʥʦʡ ʘʨʭʠʪʝʢʪʫʨʝ 

ʩʠʩʪʝʤʳ. ʇʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ, ʫʧʨʘʚʣʷʶʱʝʛʦ ʩʚʝʪʦʜʠʦʜʘʤʠ, ʚʳʧʦʣʥʷʝʪʩʷ 

ʥʘ ʷʟʳʢʝ C++ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʨʝʜʳ ʨʘʟʨʘʙʦʪʢʠ Arduino IDE. ɺʝʙ-ʧʨʠʣʦʞʝʥʠʝ ʩʦʟʜʘʝʪʩʷ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʪʝʭʥʦʣʦʛʠʡ ʚʝʙ-ʨʘʟʨʘʙʦʪʢʠ, ʪʘʢʠʭ ʢʘʢ HTML, CSS ʠ JavaScript, ʦʙʝʩʧʝʯʠʚʘʷ 

ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʠʥʪʝʨʬʝʡʩ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʠ ʦʪʦʙʨʘʞʝʥʠʷ ʢʦʥʪʝʥʪʘ ʥʘ ʪʘʙʣʦ. 

ɹʝʩʧʨʦʚʦʜʥʦʡ ʢʘʥʘʣ ʩʚʷʟʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʦʤ ʠ ʚʝʙ-

ʧʨʠʣʦʞʝʥʠʝʤ. ʈʘʙʦʪʘ ʪʘʢʞʝ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʦʙʟʦʨ ʘʥʘʣʦʛʠʯʥʳʭ ʨʝʰʝʥʠʡ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ 

ʘʩʧʝʢʪʳ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʩʦʟʜʘʥʠʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʪʘʙʣʦ-ʠʥʬʦʨʤʝʨʘ. ʆʩʥʦʚʥʦʡ ʮʝʣʴʶ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʠʥʩʪʨʫʤʝʥʪʘ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʳʩʪʘʚʦʯʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʊʘʙʣʦ-ʠʥʬʦʨʤʝʨ, ʘʜʨʝʩʥʳʝ RGB ʩʚʝʪʦʜʠʦʜʳ, ʚʝʙ-ʧʨʠʣʦʞʝʥʠʝ, 

ʧʨʝʟʝʥʪʘʮʠʦʥʥʘʷ ʠʥʬʦʨʤʘʮʠʷ, ʚʳʩʪʘʚʦʯʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ, ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ. 

 

ɺʚʝʜʝʥʠʝ. ʉʦʚʨʝʤʝʥʥʳʝ ʚʳʩʪʘʚʢʠ ʠ ʤʝʨʦʧʨʠʷʪʠʷ ʪʨʝʙʫʶʪ ʵʬʬʝʢʪʠʚʥʳʭ ʩʨʝʜʩʪʚ ʜʣʷ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ. ɺ ʵʪʦʤ ʢʦʥʪʝʢʩʪʝ ʘʢʪʫʘʣʴʥʳʤ ʩʪʘʥʦʚʠʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʘʙʣʦ-

ʠʥʬʦʨʤʝʨʦʚ, ʩʧʦʩʦʙʥʳʭ ʜʠʥʘʤʠʯʥʦ ʠ ʥʘʛʣʷʜʥʦ ʧʨʝʜʩʪʘʚʣʷʪʴ ʢʦʥʪʝʥʪ. ʇʨʦʙʣʝʤʳ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʨʝʰʝʥʠʡ, ʪʘʢʠʭ ʢʘʢ ʩʪʘʥʜʘʨʪʥʳʝ LED-ʵʢʨʘʥʳ ʠ ʪʘʙʣʦ, ʚʢʣʶʯʘʶʪ 

ʦʛʨʘʥʠʯʝʥʥʫʶ ʛʠʙʢʦʩʪʴ, ʥʝʜʦʩʪʘʪʦʯʥʦʝ ʢʘʯʝʩʪʚʦ ʠʟʦʙʨʘʞʝʥʠʷ ʠ ʩʣʦʞʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ. 

ʇʨʠʤʝʥʷʝʤʦʝ ʇʆ ʜʣʷ ʈʘʟʨʘʙʦʪʢʠ 

ɼʣʷ ʩʦʟʜʘʥʠʷ ʪʘʙʣʦ-ʠʥʬʦʨʤʝʨʘ ʥʘ ʦʩʥʦʚʝ ʘʜʨʝʩʥʳʭ RGB ʩʚʝʪʦʜʠʦʜʦʚ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʩʦʚʨʝʤʝʥʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ. ʇʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ, 

ʫʧʨʘʚʣʷʶʱʝʛʦ ʩʚʝʪʦʜʠʦʜʘʤʠ, ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʷʟʳʢʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ 

C++ ʠ ʩʨʝʜʳ ʨʘʟʨʘʙʦʪʢʠ Arduino IDE. ɼʣʷ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʷ ʧʨʠʤʝʥʷʝʪʩʷ ʪʝʭʥʦʣʦʛʠʷ ʚʝʙ-

ʨʘʟʨʘʙʦʪʢʠ, ʪʘʢʘʷ ʢʘʢ HTML, CSS ʠ JavaScript. ʕʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʦʩʪʦʪʫ ʠ ʛʠʙʢʦʩʪʴ ʚ 

ʥʘʩʪʨʦʡʢʝ ʩʠʩʪʝʤʳ. 

ɸʨʭʠʪʝʢʪʫʨʘ 

ɸʨʭʠʪʝʢʪʫʨʘ ʪʘʙʣʦ-ʠʥʬʦʨʤʝʨʘ ʥʘ ʦʩʥʦʚʝ ʘʜʨʝʩʥʳʭ RGB ʩʚʝʪʦʜʠʦʜʦʚ ʠ ʚʝʙ-

ʧʨʠʣʦʞʝʥʠʷ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʥʝʩʢʦʣʴʢʦ ʢʣʶʯʝʚʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. ʄʠʢʨʦʢʦʥʪʨʦʣʣʝʨ, 

ʦʪʚʝʪʩʪʚʝʥʥʳʡ ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʩʚʝʪʦʜʠʦʜʘʤʠ, ʧʨʦʛʨʘʤʤʠʨʫʝʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ C++ ʠ 

Arduino IDE. ʆʥ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʚʝʙ-ʩʝʨʚʝʨʦʤ, ʧʨʝʜʦʩʪʘʚʣʷʶʱʠʤ ʠʥʪʝʨʬʝʡʩ ʜʣʷ 

ʫʧʨʘʚʣʝʥʠʷ ʪʘʙʣʦ ʯʝʨʝʟ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʝ. ɹʝʩʧʨʦʚʦʜʥʦʡ ʢʘʥʘʣ ʩʚʷʟʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʝʨʝʜʘʯʫ 

ʜʘʥʥʳʭ ʤʝʞʜʫ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʦʤ ʠ ʚʝʙ-ʩʝʨʚʝʨʦʤ, ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʷ Wi-Fi ʠʣʠ Bluetooth. 

ʍʨʘʥʠʣʠʱʝ ʢʦʥʪʝʥʪʘ ʩʦʜʝʨʞʠʪ ʠʥʬʦʨʤʘʮʠʶ ʠ ʨʝʩʫʨʩʳ ʜʣʷ ʦʪʦʙʨʘʞʝʥʠʷ ʥʘ ʪʘʙʣʦ ʠ 

ʤʦʞʝʪ ʙʳʪʴ ʠʥʪʝʛʨʠʨʦʚʘʥʦ ʚ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʝ ʜʣʷ ʦʙʥʦʚʣʝʥʠʷ ʢʦʥʪʝʥʪʘ. ɺʝʙ-ʧʨʠʣʦʞʝʥʠʝ 

ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʠʥʪʝʨʬʝʡʩ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʪʘʙʣʦ, ʧʦʟʚʦʣʷʷ ʟʘʛʨʫʞʘʪʴ 

ʢʦʥʪʝʥʪ, ʥʘʩʪʨʘʠʚʘʪʴ ʦʪʦʙʨʘʞʝʥʠʝ ʠ ʫʧʨʘʚʣʷʪʴ ʵʬʬʝʢʪʘʤʠ. ʕʣʝʢʪʨʦʧʠʪʘʥʠʝ ʠ ʵʣʝʢʪʨʠʯʝʩʢʘʷ 



ʩʭʝʤʘ ʦʙʝʩʧʝʯʠʚʘʶʪ ʵʥʝʨʛʠʶ ʜʣʷ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ ʠ ʩʚʝʪʦʜʠʦʜʦʚ. ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ 

ʢʦʤʧʦʥʝʥʪʳ, ʪʘʢʠʝ ʢʘʢ ʜʘʪʯʠʢʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʤʦʛʫʪ ʙʳʪʴ ʚʢʣʶʯʝʥʳ ʜʣʷ ʫʣʫʯʰʝʥʠʷ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ ʠ ʘʜʘʧʪʘʮʠʠ ʢ ʨʘʟʣʠʯʥʳʤ ʫʩʣʦʚʠʷʤ. ʊʘʢʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʠʥʪʝʛʨʘʮʠʶ ʢʦʤʧʦʥʝʥʪʦʚ ʜʣʷ ʩʦʟʜʘʥʠʷ ʵʬʬʝʢʪʠʚʥʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʪʘʙʣʦ-ʠʥʬʦʨʤʝʨʦʤ 

ʥʘ ʚʳʩʪʘʚʢʘʭ. 

ɿʘʢʣʶʯʝʥʠʝ. ʈʘʟʨʘʙʦʪʢʘ ʪʘʙʣʦ-ʠʥʬʦʨʤʝʨʘ ʥʘ ʦʩʥʦʚʝ ʘʜʨʝʩʥʳʭ RGB ʩʚʝʪʦʜʠʦʜʦʚ ʠ ʚʝʙ-

ʧʨʠʣʦʞʝʥʠʷ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʚʳʩʪʘʚʦʯʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. 

ɻʠʙʢʦʩʪʴ ʥʘʩʪʨʦʝʢ ʠ ʚʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ ʠʟʦʙʨʘʞʝʥʠʷ ʧʦʟʚʦʣʷʶʪ ʣʝʛʢʦ ʘʜʘʧʪʠʨʦʚʘʪʴ ʩʠʩʪʝʤʫ 

ʧʦʜ ʨʘʟʣʠʯʥʳʝ ʩʮʝʥʘʨʠʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ɺʦʟʤʦʞʥʦʩʪʴ ʦʙʥʦʚʣʝʥʠʷ ʢʦʥʪʝʥʪʘ ʚ ʨʝʘʣʴʥʦʤ 

ʚʨʝʤʝʥʠ ʜʝʣʘʝʪ ʜʘʥʥʦʝ ʨʝʰʝʥʠʝ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʠ ʠʥʪʝʨʘʢʪʠʚʥʳʤ. 

ʉʫʱʝʩʪʚʫʶʱʠʝ ʘʥʘʣʦʛʠ, ʪʘʢʠʝ ʢʘʢ ʩʪʘʥʜʘʨʪʥʳʝ LED-ʵʢʨʘʥʳ ʠ ʪʘʙʣʦ, ʯʘʩʪʦ ʦʛʨʘʥʠʯʝʥʳ 

ʚ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ ʠ ʛʘʙʘʨʠʪʘʭ, ʥʝ ʦʙʝʩʧʝʯʠʚʘʷ ʪʘʢʦʡ ʞʝ ʛʠʙʢʦʩʪʠ ʠ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ. 

ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʪʘʙʣʦ-ʠʥʬʦʨʤʝʨ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʙʦʣʝʝ ʩʦʚʨʝʤʝʥʥʳʡ ʧʦʜʭʦʜ ʢ ʫʧʨʘʚʣʝʥʠʶ ʠ 

ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʚʳʩʪʘʚʦʯʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ. 

ʉʧʠʩʦʢ ʠʩʪʦʯʥʠʢʦʚ 

1. Arduino. "Arduino IDE." [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

https://www.arduino.cc/en/software. ɼʘʪʘ ʜʦʩʪʫʧʘ: 19.02.2024 

2. W3Schools. "HTML Tutorial." [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

https://www.w3schools.com/html/. ɼʘʪʘ ʜʦʩʪʫʧʘ: 19.02.2024 

3. Mozilla Developer Network. "CSS: Cascading Style Sheets." [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. 

ʈʝʞʠʤ ʜʦʩʪʫʧʘ: https://developer.mozilla.org/en-US/docs/Web/CSS. ɼʘʪʘ ʜʦʩʪʫʧʘ: 19.02.2024 

4. JavaScript MDN Web Docs. "JavaScript." [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

https://developer.mozilla.org/en-US/docs/Web/JavaScript. ɼʘʪʘ ʜʦʩʪʫʧʘ: 19.02.2024. 
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ɺʦʧʨʦʩʘʤ ʧʦʜʜʝʨʞʘʥʠʷ ʤʠʢʨʦʢʣʠʤʘʪʘ ʚ ʩʢʣʘʜʩʢʠʭ ʧʦʤʝʱʝʥʠʷʭ ʧʨʠ ʩʦʚʨʝʤʝʥʥʦʤ ʩʧʦʩʦʙʝ ʠʭ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʫʜʝʣʝʥʦ ʚʥʠʤʘʥʠʷ ʚ ʥʘʫʯʥʳʭ ʢʨʫʛʘʭ. ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠ 

ʩʦʦʨʫʞʝʥʠʠ ʩʠʩʪʝʤ ʚʝʥʪʠʣʷʮʠʠ ʧʨʠʤʝʥʷʶʪʩʷ ʩʪʘʥʜʘʨʪʥʳʝ ʧʦʜʭʦʜʳ ʠ ʩʭʝʤʳ 

ʚʦʟʜʫʭʦʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʢʦʪʦʨʳʝ ʥʝ ʫʯʠʪʳʚʘʶʪ ʚʳʩʦʢʫʶ ʟʘʛʨʫʞʝʥʥʦʩʪʴ ʧʦʤʝʱʝʥʠʡ ʠ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʜʜʝʨʞʘʥʠʷ ʨʘʚʥʦʤʝʨʥʦʡ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʚʦʟʜʫʭʘ ʧʦ ʚʳʩʦʪʝ ʠ ʜʣʠʥʝ 

ʩʪʝʣʣʘʞʝʡ ʩʢʣʘʜʠʨʦʚʘʥʠʷ. ʇʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʚʦʟʜʫʭʦʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʧʨʠ ʩʪʘʥʜʘʨʪʥʦʡ ʢʦʤʧʦʥʦʚʢʝ ʩʠʩʪʝʤʳ ʚʝʥʪʠʣʷʮʠʠ ʠ ʧʦʣʫʯʝʥʳ ʯʠʩʣʝʥʥʳʝ ʤʦʜʝʣʠ 

ʚʦʟʜʫʭʦʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʧʨʦʚʝʜʝʥ ʠʭ ʘʥʘʣʠʟ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʦʟʜʫʭʦʨʘʩʧʨʝʜʝʣʝʥʠʝ, ʩʠʩʪʝʤʘ ʚʝʥʪʠʣʷʮʠʠ, ʩʢʣʘʜʩʢʠʝ ʧʦʤʝʱʝʥʠʷ, 

ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

 

ɺʦʟʜʫʭʦʦʙʤʝʥ ʚ ʧʦʤʝʱʝʥʠʷʭ ʦʩʪʘʝʪʩʷ ʦʜʥʦʡ ʠʟ ʩʣʦʞʥʳʭ ʟʘʜʘʯ, ʢʦʪʦʨʘʷ ʦʧʨʝʜʝʣʷʝʪ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʧʨʘʚʠʣʴʥʦʩʪʴ ʨʘʙʦʪʳ ʩʠʩʪʝʤ ʚʝʥʪʠʣʷʮʠʠ. ʕʬʬʝʢʪʠʚʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʚʦʟʜʫʭʘ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʙʣʘʛʦʜʘʨʷ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʚʦʟʜʫʭʦʨʘʩʧʨʝʜʝʣʠʪʝʣʝʡ, ʢʦʪʦʨʳʝ ʩʦʟʜʘʶʪ 

ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʪʠʧʳ ʚʦʟʜʫʰʥʳʭ ʩʪʨʫʡ ʩ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʴʶ ʠ ʪʫʨʙʫʣʝʥʪʥʦʩʪʴʶ ʯʝʨʝʟ 

ʨʘʟʣʠʯʥʳʝ ʬʦʨʤʳ ʦʪʚʝʨʩʪʠʡ, ʬʦʨʤʠʨʫʷ ʦʧʪʠʤʘʣʴʥʫʶ ʛʝʦʤʝʪʨʠʶ ʩʪʨʫʠ [1]. 

ʆʩʥʦʚʥʳʝ ʩʭʝʤʳ ʚʦʟʜʫʭʦʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʧʨʠʚʝʜʝʥʳ 

ʥʘ ʨʠʩʫʥʢʝ 1. 

 
ʈʠʩʫʥʦʢ 1.Cʩʭʝʤʳ ʚʦʟʜʫʭʦʨʘʩʧʨʝʜʝʣʝʥʠʷ. 

 

ɼʣʷ ʩʦʟʜʘʥʠʷ ʦʧʨʝʜʝʣʝʥʥʦʡ ʬʦʨʤʳ ʩʪʨʫʠ ʠʩʧʦʣʴʟʫʶʪ ʧʨʠʪʦʯʥʳʝ ʥʘʩʘʜʢʠ, ʢʦʪʦʨʳʝ 

ʬʦʨʤʠʨʫʶʪ ʢʦʤʧʘʢʪʥʳʝ, ʧʣʦʩʢʠʝ, ʥʝʧʦʣʥʳʝ ʠ ʧʦʣʥʳʝ ʚʝʝʨʥʳʝ, ʧʦʣʳʝ ʢʦʥʠʯʝʩʢʠʝ ʠ 

ʟʘʢʨʫʯʝʥʥʳʝ ʩʪʨʫʠ. ʂʦʥʩʪʨʫʢʪʠʚʥʦ ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʳʤʠ ʚʦʟʜʫʭʦʨʘʩʧʨʝʜʝʣʠʪʝʣʷʤʠ ʷʚʣʷʶʪʩʷ 

ʪʝ, ʯʪʦ ʩʦʟʜʘʶʪ ʢʦʤʧʘʢʪʥʳʝ ʩʪʨʫʠ (ʨʠʩʫʥʦʢ 2).  ʀʭ ʧʨʠʤʝʥʝʥʠʝ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʦ ʜʣʷ 

ʦʙʩʣʫʞʠʚʘʥʠʷ ʩʢʣʘʜʩʢʠʭ ʧʦʤʝʱʝʥʠʡ [2]. 



 
ʈʠʩʫʥʦʢ 2. ʂʚʘʜʨʘʪʥʳʡ ʧʣʘʬʦʥ 

 

ʉʝʡʯʘʩ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠ ʩʦʦʨʫʞʝʥʠʠ ʩʠʩʪʝʤ ʚʝʥʪʠʣʷʮʠʠ ʩʢʣʘʜʩʢʠʭ ʧʦʤʝʱʝʥʠʡ 

ʧʨʠʤʝʥʷʶʪʩʷ ʩʪʘʥʜʘʨʪʥʳʝ ʧʦʜʭʦʜʳ ʠ ʩʭʝʤʳ ʚʦʟʜʫʭʦʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʢʦʪʦʨʳʝ ʥʝ ʫʯʠʪʳʚʘʶʪ 

ʚʳʩʦʢʫʶ ʟʘʛʨʫʞʝʥʥʦʩʪʴ ʧʦʤʝʱʝʥʠʡ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʜʜʝʨʞʘʥʠʷ ʨʘʚʥʦʤʝʨʥʦʡ ʩʢʦʨʦʩʪʠ 

ʜʚʠʞʝʥʠʷ ʚʦʟʜʫʭʘ ʧʦ ʚʳʩʦʪʝ ʠ ʜʣʠʥʝ ʩʪʝʣʣʘʞʝʡ ʩʢʣʘʜʠʨʦʚʘʥʠʷ [3]. 

ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʩʢʣʘʜʘʭ ʧʨʠʤʝʥʷʶʪ ʪʝʭʥʦʣʦʛʠʶ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʦʤʧʘʢʪʥʳʭ ʩʪʨʫʡ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʘʭ ʤʝʞʜʫ ʨʷʜʘʤʠ ʩʪʝʣʣʘʞʝʡ (ʨʠʩʫʥʦʢ 3). 

 

 
ʈʠʩʫʥʦʢ 3. ʌʦʨʤʠʨʦʚʘʥʠʝ ʢʦʤʧʘʢʪʥʦʡ ʩʪʨʫʠ 

 

ʇʨʠ ʪʘʢʦʤ ʧʦʜʭʦʜʝ ʚ ʧʦʤʝʱʝʥʠʷʭ ʚʳʩʦʪʦʡ ʜʦ 6 ʤ ʨʘʩʭʦʜ ʫʜʘʣʷʝʤʦʛʦ ʠʟ ʚʝʨʭʥʝʡ ʟʦʥʳ 

ʚʦʟʜʫʭʘ ʜʦʣʞʝʥ ʙʳʪʴ ʥʝ ʤʝʥʝʝ ʦʜʥʦʢʨʘʪʥʦʛʦ ʚʦʟʜʫʭʦʦʙʤʝʥʘ, ʘ ʚ ʧʦʤʝʱʝʥʠʷʭ ʚʳʩʦʪʦʡ ʙʦʣʝʝ 6 

ʤ - ʥʝ ʤʝʥʝʝ 6 ʤ3/ʯ ʥʘ 1 ʤ2 ʧʣʦʱʘʜʠ ʧʦʣʘ [4], ʯʪʦ ʚʝʩʴʤʘ ʟʥʘʯʠʪʝʣʴʥʦ ʜʣʷ ʩʢʣʘʜʩʢʠʭ 

ʧʦʤʝʱʝʥʠʡ ʙʦʣʴʰʦʛʦ ʦʙʲʝʤʘ. 

ɺ ʚʳʩʦʢʦʟʘʛʨʫʞʝʥʥʳʭ ʧʦʤʝʱʝʥʠʷʭ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʬʦʨʤ ʠ ʨʘʟʤʝʨʦʚ ʚʦʟʜʫʰʥʳʭ 

ʧʨʦʩʪʨʘʥʩʪʚ ʤʝʞʜʫ ʩʪʝʣʣʘʞʘʤʠ, ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʚʦʟʜʫʰʥʳʡ ʧʦʪʦʢ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʷʝʪ 

ʩʚʦʡ ʨʘʟʤʝʨ ʠ ʥʘʧʨʘʚʣʝʥʠʝ ʜʘʞʝ ʚ ʩʦʩʝʜʥʠʭ ʨʷʜʘʭ. ɺʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ 

ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʚʦʟʜʫʭʘ ʚ ʧʨʦʜʦʣʴʥʦʤ ʠ ʧʦʧʝʨʝʯʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʷʭ. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʘʨʪʠʥʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʦʟʜʫʭʘ ʚ ʩʢʣʘʜʩʢʦʤ ʧʦʤʝʱʝʥʠʠ ʙʳʣʘ 

ʚʳʧʦʣʥʝʥʘ ʤʦʜʝʣʴ ʩʢʣʘʜʘ ʩ ʚʳʩʦʢʦʡ ʟʘʛʨʫʟʢʦʡ ʩʪʝʣʣʘʞʝʡ (ʨʠʩʫʥʦʢ 4, 5). 

 

 
ʈʠʩʫʥʦʢ 4. ʇʦʧʝʨʝʯʥʳʡ ʨʘʟʨʝʟ ʤʦʜʝʣʠ ʩʢʣʘʜʘ 



 
ʈʠʩʫʥʦʢ 5. ʏʝʨʪʝʞ ʩʢʣʘʜʘ ʩ ʨʘʟʤʝʨʘʤʠ ʚ ʪʨʝʭ ʚʠʜʘʭ 

 

ʀʥʩʪʨʫʤʝʥʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʩʣʫʞʠʣ ʨʘʩʯʝʪʥʳʡ ʤʦʜʫʣʴ FlowSimulation 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ SolidWorks, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʜʦʩʪʦʚʝʨʥʫʶ ʢʘʨʪʠʥʫ 

ʚʦʟʜʫʭʦʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʝʪʦʜʦʤ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ [5-7]. 

ɹʳʣʦ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʜʣʷ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʚʘʨʠʘʥʪʘ ï ʧʦʜʘʯʘ ʠ ʟʘʙʦʨ ʚʦʟʜʫʭʘ 

ʢʦʤʧʘʢʪʥʳʤʠ ʩʪʨʫʷʤʠ ʤʝʞʜʫ ʨʷʜʘʤʠ ʩʪʝʣʣʘʞʝʡ. 

ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʩʣʝʜʫʶʱʠʝ: 

 - ʨʘʩʭʦʜ ʚʦʟʜʫʭʘ ï 6000ʤ3/ʯ; 

 - ʨʘʟʤʝʨ ʨʝʰʝʪʦʢ ï 400x400ʤʤ. 

 - ʢʦʣʠʯʝʩʪʚʦ ʧʨʠʪʦʯʥʳʭ ʨʝʰʝʪʦʢ ï 15 ʰʪ; 

 - ʢʦʣʠʯʝʩʪʚʦ ʚʳʪʷʞʥʳʭ ʨʝʰʝʪʦʢ ï 15 ʰʪ. 

 - ʨʝʰʝʪʢʠ ʩ ʜʚʫʨʷʜʥʳʤʠ ʣʘʤʝʣʷʤʠ. 

ʇʨʠʥʷʪʦ ʨʘʟʤʝʱʝʥʠʝ ʨʝʰʝʪʦʢ ʧʦʜ ʧʦʪʦʣʢʦʤ, ʚʳʰʝ ʫʨʦʚʥʷ ʩʪʝʣʣʘʞʘ ʥʘ 1,5 ʤʝʪʨʘ, ʚ 

ʧʨʦʭʦʜʘʭ ʤʝʞʜʫ ʩʪʝʣʣʘʞʘʤʠ (ʨʠʩʫʥʦʢ 6). ʇʨʠʪʦʯʥʳʝ ʠ ʚʳʪʷʞʥʳʝ ʨʝʰʝʪʢʠ ʯʝʨʝʜʫʶʪʩʷ ʧʦ 

ʧʨʦʭʦʜʘʤ. ʈʘʩʭʦʜ ʥʘ ʧʨʠʪʦʯʥʳʭ ʨʝʰʝʪʢʘʭ ʧʨʠʥʷʪ 400 ʤ3/ʯ. ʄʝʞʜʫ ʨʝʰʝʪʢʘʤʠ ʨʘʩʩʪʦʷʥʠʝ 4 

ʤʝʪʨʘ, ʦʪ ʢʨʘʡʥʠʭ ʨʝʰʝʪʦʢ ʜʦ ʩʪʝʥ ʩʢʣʘʜʘ ʪʘʢʞʝ 4 ʤʝʪʨʘ. 

 

 
ʈʠʩʫʥʦʢ 6. ʈʘʟʤʝʱʝʥʠʝ ʨʝʰʝʪʦʢ. ɺʠʜ ʩʚʝʨʭʫ 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʯʝʪʘ ʧʦʣʫʯʝʥʳ ʢʘʨʪʠʥʳ ʚ ʩʝʯʝʥʠʠ ʧʦ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʩʢʦʨʦʩʪʠ 

(ʨʠʩʫʥʢʠ 7, 8). 



 
ʈʠʩʫʥʦʢ 7. ʂʘʨʪʠʥʘ ʚ ʩʝʯʝʥʠʠ ʧʦ ʧʨʠʪʦʯʥʳʤ ʨʝʰʝʪʢʘʤ. 

 

 
ʈʠʩʫʥʦʢ 8. ʂʘʨʪʠʥʘ ʚ ʩʝʯʝʥʠʠ ʧʦ ʚʳʪʷʞʥʳʤ ʨʝʰʝʪʢʘʤ. 

 

ʄʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʚʦʟʜʫʭʘ ʤʘʢʩʠʤʘʣʴʥʘ ʚ ʙʣʠʟʠ ʨʝʰʝʪʦʢ ï  ʥʘ ʧʨʠʪʦʯʥʳʭ 

ʨʝʰʝʪʢʘʭ ï 0,329 ʤ/ʩ, ʥʘ ʚʳʪʷʞʥʳʭ ï 0,295 ʤ/ʩ, ʥʦ ʥʝʪ ʨʘʚʥʦʤʝʨʥʦʡ ʢʘʨʪʠʥʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʚʦʟʜʫʭʘ ʤʝʞʜʫ ʩʪʝʣʣʘʞʘʤʠ. ʊʘʢʞʝ ʵʪʦ ʭʦʨʦʰʦ ʚʠʜʥʦ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʩʝʯʝʥʠʠ ʥʘ ʫʨʦʚʥʝ 

ʨʘʙʦʯʝʡ ʟʦʥʳ - 1,2 ʤ. (ʨʠʩʫʥʦʢ 9). 

 
ʈʠʩʫʥʦʢ 9. ʂʘʨʪʠʥʘ ʚ ʩʝʯʝʥʠʠ ʧʦ ʩʢʦʨʦʩʪʠ ʚʦʟʜʫʭʘ, 1.2 ʤ. ʦʪ ʫʨʦʚʥʷ ʧʦʣʘ 

 

ʅʘ ʜʘʥʥʦʤ ʛʨʘʬʠʢʝ (ʨʠʩʫʥʦʢ 10) ʧʨʠʚʝʜʝʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʢʦʨʦʩʪʠ ʧʦ ʜʣʠʥʝ ʨʷʜʦʚ 

ʤʝʞʜʫ ʩʪʝʣʣʘʞʘʤʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʳʩʦʪʳ. 

 



 
ʈʠʩ. 3.23. ɻʨʘʬʠʢ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʢʦʨʦʩʪʠ ʚʦʟʜʫʭʘ ʧʦ ʜʣʠʥʝ ʧʦʤʝʱʝʥʠʷ 

 

ɸʥʘʣʠʟʠʨʫʶ ʧʨʠʚʝʜʝʥʥʳʝ ʢʘʨʪʠʥʳ ʚ ʩʝʯʝʥʠʠ ʠ ʛʨʘʬʠʢ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʢʦʨʦʩʪʠ ʤʦʞʥʦ 

ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʟʥʘʯʠʪʝʣʴʥʦʡ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʦʟʜʫʭʘ ʚ ʩʣʫʯʘʝ ʧʨʠʥʷʪʦʡ 

ʩʭʝʤʳ ʧʦʜʘʯʠ, ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʥʝʨʘʚʥʦʤʝʨʥʦʤ ʧʨʦʚʝʪʨʠʚʘʥʠʠ ʩʢʣʘʜʠʨʦʚʘʥʥʳʭ ʪʦʚʘʨʦʚ, 

ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʫʭʫʜʰʝʥʠʶ ʠʭ ʢʘʯʝʩʪʚʘ.  

ɼʣʷ ʚʳʨʘʚʥʠʚʘʥʠʷ ʧʦʣʷ ʩʢʦʨʦʩʪʝʡ ʧʨʝʜʣʘʛʘʝʪʩʷ ʨʘʩʩʤʦʪʨʝʪʴ ʜʨʫʛʠʝ ʚʘʨʠʘʥʪʳ 

ʦʨʛʘʥʠʟʘʮʠʠ ʚʦʟʜʫʭʦʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʢʘʢ ʠʟʤʝʥʝʥʠʝʤ ʤʝʩʪ ʧʦʜʘʯʠ ʠ ʟʘʙʦʨʘ ʚʦʟʜʫʭʘ, ʪʘʢ ʠ 

ʠʟʤʝʥʝʥʠʝʤ ʬʦʨʤʳ ʧʨʠʪʦʯʥʳʭ ʩʪʨʫʡ. ʂʦʤʙʠʥʘʮʠʝʡ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ 

ʚʦʟʤʦʞʥʳʤ ʦʧʨʝʜʝʣʠʪʴ ʥʘʠʣʫʯʰʠʝ ʚʘʨʠʘʥʪʳ ʦʨʛʘʥʠʟʘʮʠʠ ʚʦʟʜʫʭʦʦʙʤʝʥʘ ʚ ʩʢʣʘʜʩʢʠʭ 

ʧʦʤʝʱʝʥʠʷʭ ʙʦʣʴʰʦʡ ʟʘʛʨʫʞʝʥʥʦʩʪʠ. 
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ʇɽʈʉʇɽʂʊʀɺʓ ʀʉʇʆʃʔɿʆɺɸʅʀʗ ʂɽʈɸʄʀʏɽʉʂʀʍ ʄɸʊɽʈʀɸʃʆɺ ɺ ʋɿʃɸʍ 

ʄɸʅʀʇʋʃʗʊʆʈʆɺ, ʈɸɹʆʊɸʖʑʀʍ ʇʈʀ ʕʂʉʊʈɽʄɸʃʔʅʓʍ ʋʉʃʆɺʀʗʍ 

ʀʥʜʠʥ ɼ. ʅ., ʂʦʥʦʥʦʚ ʂ.ʀ., ʇʝʪʨʦʚ ɺ.ʄ. 

ɹʘʣʪʠʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ çɺʦʝʥʤʝʭè ʠʤ. ɼ.ʌ. ʋʩʪʠʥʦʚʘ, 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ 

 

ɺ ʩʪʘʪʴʝ ʨʘʩʢʨʳʪʳ ʥʦʚʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʨʝʩʫʨʩʘ ʨʘʙʦʪʳ 

ʟʘʭʚʘʪʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ. ʈʘʩʩʤʦʪʨʝʥʳ ʥʦʚʳʝ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʫʟʣʦʚ ʤʝʭʘʥʠʟʤʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʟʘʭʚʘʪʥʦʝ ʫʩʪʨʦʡʩʪʚʦ, ʤʘʥʠʧʫʣʷʪʦʨ, ʢʝʨʘʤʠʢʘ, ʞʘʨʦʧʨʦʯʥʦʩʪʴ, 

ʞʘʨʦʩʪʦʡʢʦʩʪʴ; 

 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥ ʤʘʥʠʧʫʣʷʪʦʨ. ʄʘʥʠʧʫʣʷʪʦʨʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʤʠʥʠʤʠʟʘʮʠʠ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ, ʨʘʙʦʪʳ ʚ ʟʦʥʘʭ ʩ 

ʵʢʩʪʨʝʤʘʣʴʥʳʤʠ ʫʩʣʦʚʠʷʤʠ, ʟʘʤʝʥʷʷ ʯʝʣʦʚʝʢʘ ʠ ʩʥʠʞʘʷ ʪʝʤ ʩʘʤʳʤ ʨʠʩʢ ʜʣʷ ʝʛʦ ʞʠʟʥʠ ʠ 

ʟʜʦʨʦʚʴʷ. 

ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʤʘʥʠʧʫʣʷʪʦʨʦʚ, ʧʦ ʯʠʩʣʫ ʩʪʝʧʝʥʝʡ ʧʦʜʚʠʞʥʦʩʪʠ: ʩ ʦʜʥʦʡ, ʜʚʫʤʷ, ʪʨʝʤʷ 

ʠ ʙʦʣʝʝ. ʇʦ ʥʦʤʠʥʘʣʴʥʦʡ ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʠ: ʣʝʛʢʠʝ (ʜʦ 10 ʢʛ), ʩʨʝʜʥʠʝ (ʦʪ 11 ʜʦ 200 ʢʛ), 

ʪʷʞʝʣʳʝ (ʦʪ 201 ʜʦ 1000 ʢʛ) ʠ ʩʚʝʨʭʪʷʞʝʣʳʝ (ʩʚʳʰʝ 1000 ʢʛ). ʇʦ ʚʠʜʫ ʧʨʠʚʦʜʘ: 

ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʝ, ʛʠʜʨʘʚʣʠʯʝʩʢʠʝ, ʧʥʝʚʤʘʪʠʯʝʩʢʠʝ ʠ ʜʨʫʛʠʝ. ʇʦ ʩʧʦʩʦʙʫ ʫʩʪʘʥʦʚʢʠ ʥʘ 

ʨʘʙʦʯʝʤ ʤʝʩʪʝ: ʥʘʧʦʣʴʥʳʝ, ʧʦʜʚʝʩʥʳʝ, ʧʥʝʚʤʘʪʠʯʝʩʢʠʝ ʠ ʜʨʫʛʠʝ. ʇʦ ʩʠʩʪʝʤʝ ʫʧʨʘʚʣʝʥʠʷ: 

ʙʠʦʪʝʭʥʠʯʝʩʢʠʝ (ʨʫʯʥʦʝ ʫʧʨʘʚʣʝʥʠʝ), ʠʥʪʝʨʘʢʪʠʚʥʳʝ (ʩʤʝʰʘʥʥʦʝ ʨʫʯʥʦʝ ʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ 

ʫʧʨʘʚʣʝʥʠʝ ʠʣʠ ʫʧʨʘʚʣʝʥʠʝ ʚ ʜʠʘʣʦʛʦʚʦʤ ʨʝʞʠʤʝ) ʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ. 

ʉʦʩʪʘʚʥʳʝ ʯʘʩʪʠ ʤʘʥʠʧʫʣʷʪʦʨʘ ʠʟʦʙʨʘʞʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 1. ʄʘʥʠʧʫʣʷʪʦʨ ʩʦʩʪʦʠʪ ʪʘʢʠʭ 

ʯʘʩʪʝʡ ʢʘʢ: ʣʦʢʦʪʴ, ʧʣʝʯʦ, ʟʘʧʷʩʪʴʝ, ʢʠʩʪʴ, ʣʘʜʦʥʴ ʠʣʠ ʟʘʭʚʘʪʥʦʝ ʫʩʪʨʦʡʩʪʚʦ, ʧʣʘʪʬʦʨʤʘ, 

ʦʩʥʦʚʘʥʠʝ. 

 
ʈʠʩʫʥʦʢ 1 ï ʉʦʩʪʘʚʥʳʝ ʯʘʩʪʠ ʤʘʥʠʧʫʣʷʪʦʨʘ 

 

ʄʘʥʠʧʫʣʷʪʦʨ ʩʧʦʩʦʙʝʥ ʨʘʙʦʪʘʪʴ ʚ ʨʘʟʣʠʯʥʳʭ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ: ʙʦʣʴʰʦʝ 

ʜʘʚʣʝʥʠʝ, ʚʳʩʦʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ, ʘʛʨʝʩʩʠʚʥʘʷ ʩʨʝʜʘ ʠ ʪ.ʜ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʜʝʞʥʦʡ ʨʘʙʦʪʳ 

ʤʘʥʠʧʫʣʷʪʦʨʘ, ʝʛʦ ʩʣʝʜʫʝʪ ʧʦʜʛʦʪʦʚʠʪʴ ʜʣʷ ʨʘʙʦʪʳ ʚ ʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ. ʀ ʥʝ ʩʫʱʝʩʪʚʫʝʪ 

ʝʜʠʥʦʛʦ ʨʝʰʝʥʠʷ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʩʪʘʙʠʣʴʥʦʡ ʨʘʙʦʪʳ ʩʨʘʟʫ ʚʦ ʚʩʝʭ ʚʠʜʘʭ ʵʢʩʪʨʝʤʘʣʴʥʳʭ 

ʫʩʣʦʚʠʡ. ʇʦʜʙʦʨ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʜʣʷ ʢʘʞʜʦʡ ʧʨʦʙʣʝʤʳ ʙʫʜʝʪ ʩʚʦʡ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 



ʨʘʩʩʤʦʪʨʝʥʳ ʨʝʰʝʥʠʷ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʤʘʥʠʧʫʣʷʪʦʨʘ ʚ ʫʩʣʦʚʠʷʭ 

ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ. 

ɺ ʩʣʫʯʘʝ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʥʘʠʙʦʣʴʰʝʝ ʧʦʚʨʝʞʜʝʥʠʷ ʠ ʠʟʥʦʩ ʜʝʪʘʣʝʡ ʧʨʦʠʩʭʦʜʠʪ ʚ 

ʪʦʡ ʯʘʩʪʠ, ʯʪʦ ʥʘʭʦʜʠʪʴʩʷ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤ ʢʦʥʪʘʢʪʝ ʩ ʠʩʪʦʯʥʠʢʦʤ ʪʝʧʣʘ ʪ.ʝ. ʚ ʟʘʭʚʘʪʥʦʤ 

ʫʩʪʨʦʡʩʪʚʝ, ʩʭʝʤʘʪʠʯʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʟʘʭʚʘʪʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 2. 

 

 
ʈʠʩʫʥʦʢ 2 ï ɿʘʭʚʘʪʥʦʝ ʫʩʪʨʦʡʩʪʚʦ, 1 ï ʢʦʨʧʫʩ ʟʘʭʚʘʪʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, 2 ï ʢʨʝʧʝʞʥʳʝ 

ʵʣʝʤʝʥʪʳ, 3 ï ʨʳʯʘʛ, 4 ï ʧʣʝʯʦ, 5 ï ʟʘʭʚʘʪ. 

 

ʋʩʣʦʚʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʚʳʩʦʢʠʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ, ʤʦʛʫʪ ʣʠʰʘʪʴ ʙʦʣʴʰʠʥʩʪʚʦ ʩʧʣʘʚʦʚ ʠʭ 

ʦʩʥʦʚʥʳʭ ʧʨʦʯʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʥʝʧʨʠʛʦʜʥʳʤʠ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʣʠ ʨʝʟʢʦ 

ʩʥʠʞʘʝʪ ʠʭ ʩʨʦʢ ʩʣʫʞʙʳ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʪʨʝʙʫʝʪ ʚʥʠʤʘʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʫʟʢʦʥʘʧʨʘʚʣʝʥʥʳʭ 

ʩʧʝʮʠʘʣʠʩʪʦʚ ʧʦʜʚʝʨʛʘʷ ʠʭ ʦʧʘʩʥʦʩʪʠ ʩʚʷʟʘʥʥʦʡ ʩ ʫʩʣʦʚʠʷʤʠ ʨʘʙʦʪʳ ʚ ʢʦʪʦʨʳʭ ʨʘʙʦʪʘʣ 

ʤʘʥʠʧʫʣʷʪʦʨ, ʦʩʪʘʥʦʚʢʦʡ ʠʣʠ ʟʘʤʝʜʣʝʥʠʝʤ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʪʨʘʪʘʤʠ ʥʘ 

ʨʝʤʦʥʪ ʠ ʦʙʩʣʫʞʠʚʘʥʠʝ. 

ʆʜʥʠʤ ʠʟ ʚʘʨʠʘʥʪʦʚ ʨʝʰʝʥʠʷ ʵʪʠʭ ʧʨʦʙʣʝʤ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʘʪʝʨʠʘʣʦʚ ʥʘ 

ʢʝʨʘʤʠʯʝʩʢʦʡ ʦʩʥʦʚʝ. ɿʘʤʝʥ ʝʝ ʪʘʢʠʭ ʜʝʪʘʣʝʡ ʢʘʢ ʟʘʭʚʘʪ, ʟʫʙʯʘʪʳʝ ʧʝʨʝʜʘʯʠ, ʨʘʟʣʠʯʥʳʝ 

ʢʨʝʧʝʞʥʳʝ ʵʣʝʤʝʥʪʳ ʠ ʫʟʣʳ. 

ɺʠʜʦʚ ʢʝʨʘʤʠʢʠ ʩʫʱʝʩʪʚʫʝʪ ʙʦʣʴʰʦʝ ʤʥʦʞʝʩʪʚʦ. ʇʦ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʦʥʠ ʙʳʚʘʶʪ 

ʦʢʩʠʜʥʳʤʠ ʠ ʙʝʟʦʢʩʠʜʥʳʝ. ʇʦ ʥʘʟʥʘʯʝʥʠʶ ʙʳʚʘʶʪ ʩʪʨʦʠʪʝʣʴʥʳʤʠ, ʭʠʤʠʯʝʩʢʠ ʩʪʦʡʢʠʤʠ, 

ʦʛʥʝʫʧʦʨʥʳʤʠ, ʪʝʭʥʠʯʝʩʢʠʤʠ. ʊʝʭʥʠʯʝʩʢʘʷ ʢʝʨʘʤʠʢʘ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʤʦʞʝʪ ʜʝʣʠʪʴʩʷ ʥʘ 

ʢʦʥʩʪʨʫʢʮʠʦʥʥʫʶ, ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʫʶ, ʵʣʝʢʪʨʦʨʘʜʠʦʪʝʭʥʠʯʝʩʢʫʶ, ʠ ʢʝʨʘʤʠʢʫ ʩ ʦʩʦʙʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ. ʅʘ ʨʠʩʫʥʢʝ 3 ʙʫʜʝʪ ʨʘʩʩʤʦʪʨʝʥʘ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʢʝʨʘʤʠʢ ʧʦ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ. 

 

 
ʈʠʩʫʥʦʢ 3 ï ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʢʝʨʘʤʠʢʠ ʧʦ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ 



ʀʟʜʝʣʠʷ ʠʟ ʢʝʨʘʤʠʢʠ ʠʤʝʶʪ ʚʳʩʦʢʫʶ ʧʨʦʯʥʦʩʪʴ ʠ ʠʟʥʦʩʪʦʡʢʦʩʪʴ. ɺ ʫʩʣʦʚʠʷʭ 

ʧʦʩʪʦʷʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʩʠʣʳ ʪʨʝʥʠʷ ʪʘʢʠʝ ʠʟʜʝʣʠʷ ʩʣʫʞʘʪ ʚ ʨʘʟʳ ʜʦʣʴʰʝ ʯʝʤ ʠʭ ʘ 

ʥʘʣʦʛʠ ʠʟ ʨʘʟʣʠʯʥʳʭ ʩʧʣʘʚʦʚ. ʅʘʧʨʠʤʝʨ, ʧʦʜʰʠʧʥʠʢʠ ʠʟ ʢʝʨʘʤʠʢʠ ʤʦʛʫʪ ʨʘʙʦʪʘʪʴ ʙʝʟ 

ʩʤʘʟʢʠ ʠ ʧʨʠ ʵʪʦʤ ʩʣʫʞʘʪ ʥʘʤʥʦʛʦ ʜʦʣʴʰʝ ʯʝʤ ʩʪʘʣʴʥʳʝ ʧʦʜʰʠʧʥʠʢʠ. ʊʘʢʞʝ ʢʝʨʘʤʠʢʘ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʫʩʪʨʦʡʩʪʚʘʭ, ʨʘʙʦʪʘʶʱʠʭ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʷʭ, ʜʣʷ 

ʨʘʙʦʪʳ ʚ ʘʛʨʝʩʩʠʚʥʳʭ ʩʨʝʜʘʭ, ʪ.ʢ. ʚ ʦʪʣʠʯʠʝ ʦʪ ʤʥʦʛʠʭ ʩʧʣʘʚʦʚ ʦʥʘ ʥʝ ʧʦʜʚʝʨʞʝʥʘ ʢʦʨʨʦʟʠʠ 

ʧʦʵʪʦʤʫ ʩʣʫʞʠʪ ʛʦʨʘʟʜʦ ʜʦʣʴʰʝ. ɽʱʝ ʦʜʥʠʤ ʧʣʶʩʦʤ ʢʝʨʘʤʠʢʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʝʪʘʣʣʘ ʷʚʣʷʝʪʩʷ 

ʙʦʣʝʝ ʤʝʥʴʰʠʡ ʚʝʩ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪʴ ʧʦʣʝʟʥʫʶ ʥʘʛʨʫʟʢʫ.  ɺ ʪʘʙʣʠʮʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʥʝʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʝʨʘʤʠʢʠ ʠ ʩʧʣʘʚʦʚ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʨʘʙʦʪ ʚ ʫʩʣʦʚʠʷʭ 

ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ. 

 

 
ʊʘʙʣʠʮʘ 1 ï ʄʝʭʘʥʠʯʝʩʢʠʝ ʠ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʨʘʚʥʠʚʘʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ 1, ʚʩʝ ʢʝʨʘʤʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ ʠʤʝʶʪ ʥʘʤʥʦʛʦ ʤʝʥʴʰʠʡ ʚʝʩ, ʯʝʤ 

ʩʨʘʚʥʠʚʘʝʤʳʝ ʤʝʪʘʣʣʳ. ʊʘʢʞʝ ʚʠʜʥʦ, ʯʪʦ ʢʝʨʘʤʠʢʘ ʠʤʝʝʪ ʥʘʤʥʦʛʦ ʙʦʣʴʰʫʶ ʪʝʤʧʝʨʘʪʫʨʫ 

ʧʣʘʚʣʝʥʠʷ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʬʘʢʪʦʨʦʚ ʜʣʷ ʨʘʙʦʪʳ ʚ ʫʩʣʦʚʠʷʭ 

ʧʦʚʳʰʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʪ.ʢ. ʵʪʦ ʦʟʥʘʯʘʝʪ ʩʦʭʨʘʥʝʥʠʝ ʧʨʦʯʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ ʧʨʠ ʙʦʣʝʝ 

ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʢʝʨʘʤʠʢʘ ʠʤʝʝʪ ʧʦʚʳʰʝʥʥʳʡ ʤʦʜʫʣʴ ʶʥʛʘ, 

ʧʦʥʠʞʝʥʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʩʰʠʨʝʥʠʷ, ʘ ʪʘʢʞʝ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʤ ʠʤʝʝʪ 

ʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʠʟʛʠʙʝ ʠ ʪʚʝʨʜʦʩʪʴ [1], [2], [3]. 

ʍʦʪʷ ʠ ʨʘʩʩʤʦʪʨʝʥʥʳʝ ʩʚʦʡʩʪʚʘ ʢʝʨʘʤʠʢʠ ʠ ʜʝʣʘʶʪ ʝʝ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʡ ʜʣʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʥʝʢʦʪʦʨʳʭ ʜʝʪʘʣʷʭ ʢʠʩʪʠ ʤʘʥʠʧʫʣʷʪʦʨʘ, ʠʭ ʥʝʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʧʦʣʥʦʮʝʥʥʦʛʦ 

ʩʨʘʚʥʝʥʠʷ. ʅʝʦʙʭʦʜʠʤʦ ʪʘʢʞʝ ʩʨʘʚʥʠʪʴ ʢʣʶʯʝʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪ 

ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʜʝʪʘʣʠ ʧʨʠ ʨʘʙʦʪʝ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʘ ʠʤʝʥʥʦ ʞʘʨʦʩʪʦʡʢʦʩʪʴ ʠ 

ʞʘʨʦʧʨʦʯʥʦʩʪʴ. ʉʨʘʚʥʝʥʠʝ ʙʫʜʝʪ ʧʨʦʚʦʜʠʪʩʷ ʤʝʞʜʫ 20ʍ23ʅ13 ʠ ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʦʡ 

ʮʠʨʢʦʥʠʝʚʦʡ ʢʝʨʘʤʠʢʦʡ  0,1Y2O3 + 0,9 ZrO2. 

ɾʘʨʦʩʪʦʡʢʦʩʪʴ - ʵʪʦ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʤʘʪʝʨʠʘʣʘ ʦʢʠʩʣʝʥʠʶ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. 

ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1050  ʫ ʩʪʘʣʠ 20ʍ23ʅ13 ʥʘʯʠʥʘʝʪʩʷ ʧʨʦʮʝʩʩ ʠʥʪʝʥʩʠʚʥʦʛʦ 

ʦʢʘʣʠʥʦʦʙʨʘʟʦʚʘʥʠʷ, ʯʪʦ ʦʟʥʘʯʘʝʪ ʧʦʪʝʨʶ ʤʘʪʝʨʠʘʣʦʤ ʞʘʨʦʩʪʦʡʢʦʩʪʠ. ʄʘʪʝʨʠʘʣ ʥʘ ʦʩʥʦʚʝ 

ʮʠʨʢʦʥʠʝʚʦʡ ʢʝʨʘʤʠʢʠ ʩʦʭʨʘʥʷʝʪ ʞʘʨʦʩʪʦʡʢʦʩʪʴ ʜʦ 2300  [4]. 

ɾʘʨʦʧʨʦʯʥʦʩʪʴ ï ʵʪʦ ʩʧʦʩʦʙʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʨʘʙʦʪʘʪʴ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʧʨʠ ʚʳʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ. ʎʠʨʢʦʥʦʚʘʷ ʢʝʨʘʤʠʢʘ ʩʧʦʩʦʙʥʘ ʨʘʙʦʪʘʪʴ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

1800  ʩ ʥʘʛʨʫʟʢʦʡ ʚ 20 ʄʧʘ [4], ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʣʷ 20ʍ23ʅ13 ʤʘʢʩʠʤʘʣʴʥʘʷ ʨʘʙʦʯʘʷ 



ʪʝʤʧʝʨʘʪʫʨʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 1000  , ʘ ʧʨʝʜʝʣ ʧʦʣʟʫʯʝʩʪʠ ʩʦʩʪʘʚʣʷʝʪ 57ʄʇʘ ʜʣʷ ʪʝʤʧʝʨʘʪʫʨʳ 

550  ʧʨʠ ʜʣʠʪʝʣʴʥʦʩʪʠ ʠʩʧʳʪʘʥʠʡ 10000 ʯʘʩʦʚ. 

ɺʳʚʦʜʳ. ɼʘʥʥʦʝ ʩʨʘʚʥʝʥʠʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʢʝʨʘʤʠʢʘ ʠʤʝʝʪ ʭʦʪʴ ʠ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ 

ʭʨʫʧʢʠʤ ʤʘʪʝʨʠʘʣʦʤ ʯʝʤ ʩʪʘʣʠ ʠʣʠ ʨʘʟʣʠʯʥʳʝ ʩʧʣʘʚʳ, ʥʦ ʠʤʝʝʪ ʧʦʚʳʰʝʥʥʳʝ ʧʨʦʯʥʦʩʪʥʳʝ 

ʧʦʢʘʟʘʪʝʣʠ, ʪʚʝʨʜʦʩʪʴ, ʪʘʢʞʝ ʠʤʝʝʪ ʩʢʣʦʥʥʦʩʪʴ ʢ ʩʦʭʨʘʥʝʥʠʶ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʚ 

ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʚ ʪʦʤ ʯʠʩʣʝ ʚʳʩʦʢʫʶ ʞʘʨʦʧʨʦʯʥʦʩʪʴ ʠ ʞʘʨʦʩʪʦʡʢʦʩʪʴ, ʯʪʦ 

ʛʦʚʦʨʠʪ ʦ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʝʨʘʤʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʟʘʭʚʘʪʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ 

ʤʘʥʠʧʫʣʷʪʦʨʦʚ. 
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ʇɽʈʉʇɽʂʊʀɺʅʓɽ ʅɸʇʈɸɺʃɽʅʀʗ ʌʀʅʀʐʅʆʁ ʆɹʈɸɹʆʊʂʀ ɺɽʅʎʆɺ ɿʋɹʏɸʊʓʍ 

ʂʆʃɽʉ 

ʀʥʜʠʥ ɼ. ʅ., ʗʢʠʤʯʫʢ ʅ.ʂ., ʇʦʨʪʥʦʚ ʉ.ɺ. 

ɹʘʣʪʠʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ çɺʦʝʥʤʝʭè ʠʤ. ɼ.ʌ. ʋʩʪʠʥʦʚʘ, 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ 

 

ɺ ʩʪʘʪʴʝ ʨʘʩʢʨʳʪʳ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʬʠʥʠʰʥʦʡ ʦʙʨʘʙʦʪʢʠ ʚʝʥʮʦʚ ʟʫʙʯʘʪʳʭ 

ʢʦʣʝʩ. ʈʘʩʩʤʦʪʨʝʥʳ ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʛʘʣʪʦʚʦʯʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʥʘʧʦʣʥʠʪʝʣʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʰʝʚʨʦʥʥʳʝ ʟʫʙʯʘʪʳʝ ʢʦʣʝʩʘ, ʛʘʣʪʦʚʦʯʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʩʪʨʠʤ-ʬʠʥʠʰʥʘʷ 

ʤʘʰʠʥʘ. 

 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʟʫʙʯʘʪʳʝ ʧʝʨʝʜʘʯʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʤʝʭʘʥʠʟʤʘʭ ʠ ʩʣʫʞʘʪ ʜʣʷ 

ʚʳʧʦʣʥʝʥʠʷ ʪʘʢʠʭ ʬʫʥʢʮʠʡ ʢʘʢ: ʧʝʨʝʜʘʯʘ ʢʨʫʪʷʱʠʭ ʤʦʤʝʥʪʦʚ, ʧʦʚʳʰʝʥʠʝ ʠʣʠ ʧʦʥʠʞʝʥʠʝ 

ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʚʘʣʦʚ ʠ ʪ.ʜ. ʀʭ ʨʘʙʦʪʘ ʧʨʦʠʩʭʦʜʠʪ ʚ ʫʩʣʦʚʠʷʭ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʪʨʝʥʠʷ ʠ 

ʢʨʦʤʝ ʪʦʛʦ ʦʥʠ ʯʘʩʪʦ ʧʦʜʚʝʨʛʘʶʪʩʷ ʙʦʣʴʰʠʤ ʜʠʥʘʤʠʯʝʩʢʠʤ ʥʘʛʨʫʟʢʘʤ. ʇʨʠ ʵʪʦʤ 

ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʚʳʩʦʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʥʘʜʝʞʥʦʩʪʠ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʠʭ ʨʘʙʦʪʳ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʵʪʠʭ ʮʝʣʝʡ ʙʦʣʴʰʘʷ ʨʦʣʴ ʦʪʚʦʜʠʪʩʷ ʬʠʥʠʰʥʦʡ ʦʙʨʘʙʦʪʢʝ ʚʝʥʮʦʚ 

ʟʫʙʯʘʪʳʭ ʢʦʣʝʩ ʠ ʰʝʩʪʝʨʝʥ, ʧʦʩʢʦʣʴʢʫ ʥʠʟʢʘʷ ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʙʦʯʝʡ ʩʪʦʨʦʥʳ 

ʟʫʙʘ ʧʦʣʦʞʠʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʩʥʠʞʝʥʠʝ ʪʨʝʥʠʷ, ʘ ʟʥʘʯʠʪ ʠ ʧʨʦʮʝʩʩʦʚ ʠʟʥʦʩʘ, ʢʦʪʦʨʳʝ 

ʧʦʷʚʣʷʶʪʩʷ ʧʨʠ ʨʘʙʦʪʝ ʵʪʠʭ ʠʟʜʝʣʠʡ ʚ ʤʝʭʘʥʠʟʤʘʭ. ɿʫʙʯʘʪʳʝ ʢʦʣʝʩʘ ʠ ʰʝʩʪʝʨʥʠ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʠʩʧʦʣʥʝʥʠʡ. ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʩʥʦʚʥʳʝ ʪʠʧʳ 

ʟʫʙʯʘʪʳʭ ʢʦʣʝʩ ʠ ʰʝʩʪʝʨʝʥ, ʥʘʰʝʜʰʠʭ ʩʚʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʨʘʟʣʠʯʥʳʭ ʤʝʭʘʥʠʟʤʘʭ.  

 

  
ʈʠʩ. 1. ɺʠʜʳ ʟʫʙʯʘʪʳʭ ʢʦʣʝʩ ʠ ʰʝʩʪʝʨʝʥ.  

1 ï ʮʠʣʠʥʜʨʠʯʝʩʢʦʝ ʟʫʙʯʘʪʦʝ ʢʦʣʝʩʦ ʩ ʧʨʷʤʳʤʠ ʟʫʙʴʷʤʠ; 2 ï ʮʠʣʠʥʜʨʠʯʝʩʢʦʝ ʟʫʙʯʘʪʦʝ 

ʢʦʣʝʩʦ ʩ ʥʘʢʣʦʥʥʳʤʠ ʟʫʙʴʷʤʠ; 3 ï ʰʝʚʨʦʥʥʦʝ ʟʫʙʯʘʪʦʝ ʢʦʣʝʩʦ; 4 ï ʢʦʥʠʯʝʩʢʦʝ ʟʫʙʯʘʪʦʝ 

ʢʦʣʝʩʦ; 5 ï ʢʦʨʦʥʥʘʷ ʰʝʩʪʝʨʥʷ; 6 ï ʰʝʩʪʝʨʥʷ ñʟʚʝʟʜʘò. 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ ʬʠʥʠʰʥʦʡ ʦʙʨʘʙʦʪʢʠ 

ʚʝʥʮʦʚ ʟʫʙʯʘʪʳʭ ʧʝʨʝʜʘʯ, ʚʢʣʶʯʘʶʱʠʝ ʦʙʨʘʙʦʪʢʫ ʩʚʷʟʘʥʥʳʤ ʠʣʠ ʩʚʦʙʦʜʥʳʤ ʨʝʞʫʱʠʤ 

ʠʥʩʪʨʫʤʝʥʪʦʤ.  



ɺ ʩʚʷʟʠ ʩ ʙʦʣʴʰʠʤ ʨʘʟʥʦʦʙʨʘʟʠʝʤ ʢʦʥʬʠʛʫʨʘʮʠʡ ʟʫʙʯʘʪʳʭ ʚʝʥʮʦʚ, ʪʨʝʙʦʚʘʥʠʷʤʠ ʧʦ 

ʪʦʯʥʦʩʪʠ ʠ ʢʘʯʝʩʪʚʫ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠʤʝʥʷʶʪʩʷ ʨʘʟʥʳʝ ʚʠʜʳ ʦʙʨʘʙʦʪʢʠ. ʆʪʜʝʣʴʥʳʝ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʩʣʦʞʥʦʩʪʠ ʤʦʛʫʪ ʚʦʟʥʠʢʥʫʪʴ ʧʨʠ ʦʙʨʘʙʦʪʢʝ, ʥʘʧʨʠʤʝʨ, ʰʝʚʨʦʥʥʳʭ ʟʫʙʯʘʪʳʭ 

ʢʦʣʝʩ ʚ ʩʚʷʟʠ ʩ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʠʭ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʧʨʦʬʠʣʷ. ʆʩʦʙʳʡ ñʝʣʦʯʥʳʡò ʧʨʦʬʠʣʴ 

ʟʫʙʯʘʪʳʭ ʚʝʥʮʦʚ ʵʪʠʭ ʢʦʣʝʩ ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ ʦʙʨʘʙʘʪʳʚʘʪʴ ʧʦ ʚʩʝʡ ʜʣʠʥʝ ʩʚʷʟʘʥʥʳʤ 

ʠʥʩʪʨʫʤʝʥʪʦʤ ʪʠʧʘ ʧʨʦʬʠʣʴʥʳʭ ʘʙʨʘʟʠʚʥʳʭ ʢʨʫʛʦʚ. ʇʨʠ ʵʪʦʤ ʰʝʚʨʦʥʥʦʝ ʢʦʣʝʩʦ ʤʦʞʝʪ 

ʨʘʙʦʪʘʪʴ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʠʭ ʥʘʛʨʫʟʦʢ, ʘ ʪʘʢʞʝ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʷʪʴ ʥʘʛʨʫʟʢʫ ʧʦ ʚʩʝʡ 

ʜʣʠʥʝ ʟʫʙʘ, ʯʪʦ ʥʝʩʦʤʥʝʥʥʦ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ. 

ɺ ʪʘʢʠʭ ʩʣʫʯʘʷʭ ʤʦʞʥʦ ʜʦʩʪʘʪʦʯʥʦ ʫʩʧʝʰʥʦ ʧʨʦʠʟʚʦʜʠʪʴ ʦʙʨʘʙʦʪʢʫ ʟʫʙʯʘʪʳʭ ʚʝʥʮʦʚ 

ʠʥʩʪʨʫʤʝʥʪʦʤ ʥʝ ʠʤʝʶʱʝʤ ʞʝʩʪʢʦʡ ʩʚʷʟʢʠ ʨʝʞʫʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʥʘʧʨʠʤʝʨ, ʧʨʠʤʝʥʷʷ 

ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʛʘʣʪʦʚʢʠ. 

ʊʝʭʥʦʣʦʛʠʷ ʬʠʥʠʰʥʦʡ ʦʙʨʘʙʦʪʢʠ ʜʝʪʘʣʝʡ ʨʘʟʣʠʯʥʦʡ ʛʝʦʤʝʪʨʠʠ [1] ʩ ʫʩʧʝʭʦʤ 

ʨʝʘʣʠʟʫʝʪʩʷ ʥʘ ʨʦʪʦʨʥʳʭ, ʜʨʘʛ-ʬʠʥʠʰʥʳʭ, ʩʪʨʠʤ-ʬʠʥʠʰʥʳʭ, ʚʠʙʨʘʮʠʦʥʥʳʭ, ʮʝʥʪʨʦʙʝʞʥʳʭ 

ʠ ʤʘʛʥʠʪʥʳʭ ʤʘʰʠʥʘʭ. 

ʇʨʠʤʝʨʳ ʪʘʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 2. 

 

  
ʈʠʩ. 2. ɺʠʜʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

1 ï ʨʦʪʦʨʥʘʷ ʤʘʰʠʥʘ; 2 - ʜʨʘʛ-ʬʠʥʠʰʥʘʷ ʤʘʰʠʥʘ; 3 ï ʩʪʨʠʤ-ʬʠʥʠʰʥʘʷ ʤʘʰʠʥʘ; 4 ï 

ʚʠʙʨʘʮʠʦʥʥʘʷ ʤʘʰʠʥʘ; 5 ï ʮʝʥʪʨʦʙʝʞʥʘʷ ʤʘʰʠʥʘ; 6 ï ʤʘʛʥʠʪʥʘʷ ʤʘʰʠʥʘ. 

 

ɼʣʷ ʨʘʙʦʪʳ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʨʘʙʦʯʝʡ ʨʝʞʫʱʝʡ ʩʨʝʜʳ ʧʨʠʤʝʥʷʶʪʩʷ ʨʘʟʣʠʯʥʳʝ 

ʛʘʣʪʦʚʦʯʥʳʝ ʥʘʧʦʣʥʠʪʝʣʠ [1] (ʨʠʩ. 3).  

ɹʦʣʴʰʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʚʠʜʦʚ ʠ ʬʨʘʢʮʠʡ ʛʘʣʪʦʚʦʯʥʳʭ ʥʘʧʦʣʥʠʪʝʣʝʡ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ 

ʨʝʰʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʟʘʜʘʯ [2]. ʅʘʧʨʠʤʝʨ, ʥʘʧʦʣʥʠʪʝʣʴ 1 ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ 

ʦʙʨʘʙʦʪʢʠ ʠʥʩʪʨʫʤʝʥʪʘ ʠʟ ʙʳʩʪʨʦʨʝʞʫʱʝʡ ʩʪʘʣʠ, ʜʣʷ ʤʷʛʢʦʛʦ ʫʜʘʣʝʥʠʷ ʟʘʫʩʝʥʮʝʚ, ʥʦ ʧʨʠ 

ʵʪʦʤ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʠʟʢʦʡ ʩʢʦʨʦʩʪʴʶ ʩʲʝʤʘ ʤʘʪʝʨʠʘʣʘ. 

ʅʘʧʦʣʥʠʪʝʣʴ 2 ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʙʳʩʪʨʦʨʝʞʫʱʝʡ ʩʪʘʣʠ ʠ ʢʘʨʙʠʜʘ 

ʚʦʣʴʬʨʘʤʘ, ʧʦʟʚʦʣʷʝʪ ʟʘʜʘʪʴ ʩʢʨʫʛʣʝʥʠʝ ʢʨʦʤʦʢ ʜʦ 0,015 ï 0,02 ʤʤ. 

 



  
ʈʠʩ. 3. ʇʨʠʤʝʨʳ ʛʘʣʪʦʚʦʯʥʳʭ ʥʘʧʦʣʥʠʪʝʣʝʡ. 

1 ï ʛʨʘʥʫʣʳ ʠʟ ʩʢʦʨʣʫʧʳ ʛʨʝʮʢʦʛʦ ʦʨʝʭʘ; 2 -ʛʨʘʥʫʣʳ HRS;  

3 ï ʛʨʘʥʫʣʳ SIX; 4 ï ʛʨʘʥʫʣʳ QZ 1-3; 5 ï ʛʨʘʥʫʣʳ ʠʟ ʩʢʦʨʣʫʧʳ ʢʦʢʦʩʘ. 

 

ʅʘʧʦʣʥʠʪʝʣʴ 3 ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʠʥʩʪʨʫʤʝʥʪʘ ʠʟ ʢʘʨʙʠʜʘ ʚʦʣʴʬʨʘʤʘ, 

ʩʢʨʫʛʣʝʥʠʷ ʢʨʦʤʦʢ ʜʦ 0,03 ʤʤ, ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʴʶ ʩʲʝʤʘ ʤʘʪʝʨʠʘʣʘ. ʅʘʧʦʣʥʠʪʝʣʴ 4 

ʧʦʟʚʦʣʷʝʪ ʩʢʨʫʛʣʷʪʴ ʢʨʦʤʢʠ ʦʪ 0,03 ʤʤ, ʠ ʠʤʝʝʪ ʚʜʚʦʝ ʙʦʣʴʰʫʶ ʩʢʦʨʦʩʪʴ ʨʝʟʘʥʠʷ ʯʝʤ 

ʤʘʪʝʨʠʘʣ 3. ʅʘʧʦʣʥʠʪʝʣʴ 5 ʧʦʜʭʦʜʠʪ ʜʣʷ ʧʦʣʠʨʦʚʢʠ ʠʥʩʪʨʫʤʝʥʪʘ ʠʟ ʢʘʨʙʠʜʘ ʚʦʣʴʬʨʘʤʘ, 

ʜʦʧʫʩʢʘʝʪ ʧʣʘʚʥʦʝ ʩʢʨʫʛʣʝʥʠʝ ʢʨʦʤʦʢ ʜʦ 0,01 ï 0,015 ʤʤ. 

ʀʟ ʧʨʠʚʝʜʝʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʰʝʚʨʦʥʥʦʛʦ ʟʫʙʯʘʪʦʛʦ ʢʦʣʝʩʘ ʥʘʠʙʦʣʝʝ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʪʨʠʤ-ʬʠʥʠʰʥʫʶ ʤʘʰʠʥʫ (ʧ.3, ʨʠʩ 2). ʆʥʘ ʧʦʟʚʦʣʷʝʪ 

ʩʫʱʝʩʪʚʝʥʥʦ ʠʥʪʝʥʩʠʬʠʮʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʦʙʨʘʙʦʪʢʠ ʟʘ ʩʯʝʪ ʩʦʟʜʘʥʠʷ ʮʝʥʪʨʦʙʝʞʥʦ-ʩʠʣʦʚʦʛʦ 

ʧʦʪʦʢʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʛʘʣʪʦʚʦʯʥʦʛʦ ʥʘʧʦʣʥʠʪʝʣʷ. ɺ ʩʨʘʚʥʝʥʠʠ ʩ ʜʨʫʛʠʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ, 

ʩʪʨʠʤ-ʬʠʥʠʰʥʘʷ ʤʘʰʠʥʘ ʧʦʟʚʦʣʷʝʪ ʟʘʜʘʪʴ ʚʨʘʱʝʥʠʝ ʜʝʪʘʣʠ, ʤʝʥʷʪʴ ʝʝ ʫʛʦʣ ʥʘʢʣʦʥʘ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʝʥʪʨʦʙʝʞʥʦ-ʩʠʣʦʚʦʛʦ ʧʦʪʦʢʘ ʥʘʧʦʣʥʠʪʝʣʷ, ʯʪʦ ʥʝʩʦʤʥʝʥʥʦ ʨʘʩʰʠʨʷʝʪ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʠʟʜʝʣʠʡ ʩʣʦʞʥʦʡ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʬʦʨʤʳ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʰʝʚʨʦʥʥʳʭ ʟʫʙʯʘʪʳʭ ʢʦʣʝʩ. 
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The article reveals promising areas of finishing the crowns of gears. Various types of rolling 

equipment and fillers are considered. 
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ʉʦʟʜʘʥʠʝ ʙʠʦʨʘʟʣʘʛʘʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʧʨʠʦʨʠʪʝʪʥʳʭ ʟʘʜʘʯ 

ʙʠʦʪʝʭʥʦʣʦʛʠʠ. ʊʘʢʠʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʧʨʝʜʤʝʪʳ ʥʘʨʦʜʥʦʛʦ ʭʦʟʷʡʩʪʚʘ ʢʘʢ ʫʧʘʢʦʚʢʘ, 

ʦʜʥʦʨʘʟʦʚʘʷ ʧʦʩʫʜʘ, ʸʤʢʦʩʪʴ ʜʣʷ ʨʘʩʩʘʜʳ ʨʘʩʪʝʥʠʡ ʪʨʝʙʫʶʪ ʫʪʠʣʠʟʘʮʠʠ ʧʦ ʟʘʚʝʨʰʝʥʠʶ ʩʨʦʢʘ 

ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ [1]. 

ʇʦʣʠʤʝʨʳ ʤʦʣʦʯʥʦʡ ʢʠʩʣʦʪʳ ï ʧʦʣʠʣʘʢʪʠʜʳ ï ʷʚʣʷʶʪʩʷ ʙʠʦʨʘʟʣʘʛʘʝʤʳʤʠ, ʩ 

ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʜʝʛʨʘʜʘʮʠʠ, ʧʦʵʪʦʤʫ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʤʦʣʦʯʥʦʡ ʢʠʩʣʦʪʳ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʪʝʤʦʡ. 

ʀʦʥʦʦʙʤʝʥʥʘʷ ʣʘʙʦʨʘʪʦʨʥʘʷ ʫʩʪʘʥʦʚʢʘ ʧʨʦʝʢʪʠʨʦʚʘʣʘʩʴ ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ 

ʠʦʥʦʦʙʤʝʥʥʦʡ ʦʯʠʩʪʢʠ ʥʘʥʦʧʝʨʤʝʘʪʘ ʤʦʣʦʯʥʦʡ ʢʠʩʣʦʪʳ. ʆʥʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʨʘʤʫ ʩ ʜʥʦʤ 

ʜʣʷ ʨʘʟʤʝʱʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʸʤʢʦʩʪʝʡ ʠ ʧʦʣʦʢ ʜʣʷ ʨʘʟʤʝʱʝʥʠʷ ʧʝʨʠʩʪʘʣʴʪʠʯʝʩʢʠʭ 

ʥʘʩʦʩʦʚ, ʫʩʪʘʥʦʚʣʝʥʥʫʶ ʥʘ 4 ʢʦʣʝʩʘ (ʈʠʩ. 1). ʉʦʛʣʘʩʥʦ ʪʨʝʙʦʚʘʥʠʷʤ ʢ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʤʘʪʝʨʠʘʣ, 

ʠʟ ʢʦʪʦʨʦʛʦ ʩʦʩʪʦʠʪ ʨʘʤʘ, ʜʦʣʞʝʥ ʙʳʪʴ ʢʠʩʣʦʪʦʩʪʦʡʢʠʤ, ʧʦʵʪʦʤʫ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ 

ʠʩʧʦʣʴʟʦʚʘʪʴ AISI304 (ʩʪʘʣʴ 08ʍ18ʅ10). ʊʨʝʭʤʝʨʥʘʷ ʤʦʜʝʣʴ ʣʘʙʦʨʘʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʠ 

ʨʘʟʨʘʙʘʪʳʚʘʣʘʩʴ ʚ ʧʨʦʛʨʘʤʤʝ ʂʆʄʇɸʉ 3D ʩ ʧʦʤʦʱʴʶ ʤʦʜʫʣʷ çʧʨʦʝʢʪʠʨʦʚʘʥʠʝ 

ʤʝʪʘʣʣʦʢʦʥʩʪʨʫʢʮʠʡè. 

ɸʣʛʦʨʠʪʤ ʧʨʦʚʝʜʝʥʠʷ ʘʥʘʣʠʟʘ ʥʘʛʨʫʟʦʢ ʠ ʥʘʧʨʷʞʝʥʠʡ ʚ ʵʣʝʤʝʥʪʘʭ ʢʦʥʩʪʨʫʢʮʠʠ 

ʢʘʨʢʘʩʘ ʣʘʙʦʨʘʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʠ ʠʦʥʥʦʛʦ ʦʙʤʝʥʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʥʘʛʨʫʟʦʢ ʦʪ ʚʝʩʘ 

ʠʦʥʦʦʙʤʝʥʥʳʭ ʢʦʣʦʥʦʢ, ʧʝʨʠʩʪʘʣʴʪʠʯʝʩʢʠʭ ʥʘʩʦʩʦʚ, ʸʤʢʦʩʪʝʡ ʩ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʞʠʜʢʦʩʪʴʶ 

ʠ ʩʦʙʩʪʚʝʥʥʦʛʦ ʚʝʩʘ ʚ ʉɸʇʈ [2]: 

1) ʩʦʟʜʘʥʠʝ ʩʪʘʪʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ; 

2) ʟʘʜʘʥʠʝ ʤʘʪʝʨʠʘʣʘ ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʠ ʢʘʨʢʘʩʘ ʣʘʙʦʨʘʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʠ ʩ 

ʧʦʤʦʱʴʶ ʠʥʩʪʨʫʤʝʥʪʦʚ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʤʘʪʝʨʠʘʣʘ; 

 
ʈʠʩ.1. ʉʪʝʥʜ ʠʦʥʥʦʛʦ ʦʙʤʝʥʘ 



3) ʥʘʣʦʞʝʥʠʝ ʚʥʝʰʥʠʭ ʩʚʷʟʝʡ, ʦʛʨʘʥʠʯʠʚʘʶʱʠʭ ʧʝʨʝʤʝʱʝʥʠʝ ʤʦʜʝʣʠ ʵʣʝʤʝʥʪʦʚ 

ʢʦʥʩʪʨʫʢʮʠʠ ʣʘʙʦʨʘʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ (ʨʠʩ. 2); 

4)  

 
ʈʠʩ. 2. ʅʘʣʦʞʝʥʠʝ ʚʥʝʰʥʠʭ ʩʚʷʟʝʡ ʥʘ ʠʩʩʣʝʜʫʝʤʫʶ ʤʦʜʝʣʴ 

 

5) ʥʘʣʦʞʝʥʠʝ ʥʘʛʨʫʟʦʢ ʠ ʩʠʣʳ ʪʷʞʝʩʪʠ ʥʘ ʵʣʝʤʝʥʪʳ ʤʦʜʝʣʠ ʢʘʨʢʘʩʘ ʣʘʙʦʨʘʪʦʨʥʦʡ 

ʫʩʪʘʥʦʚʢʠ (ʨʠʩ. 3); 

 
ʈʠʩ.3. ʅʘʣʦʞʝʥʠʝ ʚʥʝʰʥʠʭ ʥʘʛʨʫʟʦʢ ʠ ʩʠʣʳ ʪʷʞʝʩʪʠ ʥʘ ʠʩʩʣʝʜʫʝʤʫʶ ʤʦʜʝʣʴ 

 

6) ʩʦʟʜʘʥʠʝ ʩʝʪʢʠ ʤʦʜʝʣʠ; 

7) ʟʘʧʫʩʢ ʘʥʘʣʠʟʘ ʠʩʩʣʝʜʦʚʘʥʠʷ; 



8) ʦʮʝʥʢʘ ʧʨʦʯʥʦʩʪʠ ʠʩʩʣʝʜʫʝʤʦʡ ʤʦʜʝʣʠ ʥʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʚʠʜʝ 

ʮʚʝʪʥʳʭ ʵʧʶʨ (ʨʠʩ. 4); 

 

 
ʈʠʩ. 4. ʕʧʶʨʳ ʥʘʧʨʷʞʝʥʠʡ ʠʩʩʣʝʜʫʝʤʦʡ ʤʦʜʝʣʠ 

 

ɺ ʩʣʫʯʘʝ ʧʨʝʚʳʰʝʥʠʷ ʜʦʧʫʩʪʠʤʳʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʵʣʝʤʝʥʪʘʭ ʠʩʩʣʝʜʫʝʤʦʡ ʢʦʥʩʪʨʫʢʮʠʠ 

ʧʨʦʚʝʩʪʠ ʦʧʪʠʤʠʟʘʮʠʶ ʛʝʦʤʝʪʨʠʠ. ʇʨʦʚʝʩʪʠ ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ 

ʩ ʧʫʥʢʪʘʤʠ 1-7 ʜʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ. 

ʄʘʢʩʠʤʘʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ, ʚʦʟʥʠʢʘʶʱʠʝ ʥʘ ʢʘʨʢʘʩʝ ʣʘʙʦʨʘʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʠ ʠʦʥʥʦʛʦ 

ʦʙʤʝʥʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʠʣ ʪʷʞʝʩʪʠ ʨʘʙʦʯʠʭ ʸʤʢʦʩʪʝʡ, ʠʦʥʦʦʙʤʝʥʥʳʭ ʢʦʣʦʥʦʢ ʠ 

ʧʝʨʠʩʪʘʣʴʪʠʯʝʩʢʠʭ ʥʘʩʦʩʦʚ ʨʘʚʥʳ 20,24 ʄʧʘ (ʨʠʩ.5). ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʥʝ ʧʨʝʚʳʰʘʶʪ 

ʜʦʧʫʩʪʠʤʳʝ ʥʘʧʨʷʞʝʥʠʷ. 

 

 
ʈʠʩ. 5. ʄʘʢʩʠʤʘʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʠʩʩʣʝʜʫʝʤʦʡ ʤʦʜʝʣʠ 



ʄʘʢʩʠʤʘʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʚʦʟʥʠʢʘʶʪ ʚ ʢʦʥʮʝʥʪʨʘʪʦʨʘʭ ʥʘʧʨʷʞʝʥʠʡ ʥʝʩʫʱʝʡ ʯʘʩʪʠ 

ʦʩʥʦʚʘʥʠʷ ʢʦʥʩʪʨʫʢʮʠʠ. ʂʦʵʬʬʠʮʠʝʥʪ ʟʘʧʘʩʘ ʧʨʦʯʥʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʠ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʳʭ 

ʥʘʧʨʷʞʝʥʠʷʭ ʨʘʚʝʥ 10,2. ʉʦʛʣʘʩʥʦ ʉʇ 16.13330.2017 ʢʦʵʬʬʠʮʠʝʥʪ ʥʘʜʝʞʥʦʩʪʠ 

ʤʝʪʘʣʣʦʢʦʥʩʪʨʫʢʮʠʠ ʨʘʚʝʥ 1,3, ʯʪʦ ʚ 7,8 ʨʘʟ ʤʝʥʴʰʝ ʧʦʣʫʯʝʥʥʦʛʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʦʛʦ 

ʘʥʘʣʠʟʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʧʘʩʘ ʧʨʦʯʥʦʩʪʠ. ʋʩʣʦʚʠʷ ʧʨʦʯʥʦʩʪʠ ʚʳʧʦʣʥʷʶʪʩʷ. 
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The article presents the results of studies of the strength characteristics of the frame of a laboratory 

installation for ion exchange in the SolidWorks program. 
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ʂʈʆʉʉ-ʌʋʅʂʎʀʆʅɸʃʔʅʆɽ ɺɿɸʀʄʆɼɽʁʉʊɺʀɽ ɺ ʀʅʌʆʈʄɸʎʀʆʅʅʆʁ 

ɹɽɿʆʇɸʉʅʆʉʊʀ ɺ ʕʂʉʇʆʈʊʅʆ-ʆʈʀɽʅʊʀʈʆɺɸʅʅʆʁ ʂʆʄʇɸʅʀʀ 

ʂʫʣʴʯʠʮʢʠʡ ʄ.ʅ. 

ʌɻɸʆʋ ɺʆ çʄʦʩʢʦʚʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè, ʄʦʩʢʚʘ 

 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʨʦʣʴ ʢʨʦʩʩ-ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʨʘʟʣʠʯʥʳʭ 

ʧʦʜʨʘʟʜʝʣʝʥʠʡ ʵʢʩʧʦʨʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʢʦʤʧʘʥʠʠ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʢʣʶʯʝʚʳʝ ʘʩʧʝʢʪʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʣʫʞʙ ʀɹ ʩ ʜʨʫʛʠʤʠ 

ʧʦʜʨʘʟʜʝʣʝʥʠʷʤʠ. ʇʨʝʜʣʦʞʝʥ ʨʷʜ ʤʝʨ ʧʦ ʫʣʫʯʰʝʥʠʶ ʢʦʦʨʜʠʥʘʮʠʠ ʜʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʨʠʩʢʦʚ ʀɹ 

ʧʨʠ ʦʩʫʱʝʩʪʚʣʝʥʠʠ ʵʢʩʧʦʨʪʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ, ʵʢʩʧʦʨʪ, ʢʨʦʩʩ-ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ, ʨʠʩʢʠ ʀɹ, ʢʦʦʨʜʠʥʘʮʠʷ ʧʦʜʨʘʟʜʝʣʝʥʠʡ. 

 

ɺʚʝʜʝʥʠʝ. ɺ ʫʩʣʦʚʠʷʭ ʮʠʬʨʦʚʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʠ ʛʣʦʙʘʣʠʟʘʮʠʠ ʚʦʧʨʦʩʳ ʦʙʝʩʧʝʯʝʥʠʷ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ (ʀɹ) ʚ ʵʢʩʧʦʨʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʢʦʤʧʘʥʠʷʭ ʧʨʠʦʙʨʝʪʘʶʪ 

ʦʩʦʙʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ. ʕʢʩʧʦʨʪʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʪʝʩʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʨʘʟʣʠʯʥʳʭ ʧʦʜʨʘʟʜʝʣʝʥʠʡ ʢʦʤʧʘʥʠʠ - ʦʪ ʦʪʜʝʣʘ ʧʨʦʜʘʞ ʜʦ ʣʦʛʠʩʪʠʢʠ ʠ ʙʫʭʛʘʣʪʝʨʠʠ. ɼʣʷ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʨʠʩʢʘʤʠ ʀɹ ʥʝʦʙʭʦʜʠʤʘ ʩʣʘʞʝʥʥʘʷ ʢʦʦʨʜʠʥʘʮʠʷ ʚʩʝʭ ʩʣʫʞʙ. ɺ 

ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʤʳ ʨʘʩʩʤʦʪʨʠʤ ʢʣʶʯʝʚʳʝ ʘʩʧʝʢʪʳ ʢʨʦʩʩ-ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ 

ʩʬʝʨʝ ʀɹ ʠ ʧʨʝʜʣʦʞʠʤ ʧʫʪʠ ʝʛʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʚ ʵʢʩʧʦʨʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ 

ʢʦʤʧʘʥʠʷʭ. 

ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ 

ɺʘʞʥʦʩʪʴ ʢʨʦʩʩ-ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʧʦʜʭʦʜʘ ʚ ʫʧʨʘʚʣʝʥʠʠ ʀɹ ʦʙʫʩʣʦʚʣʝʥʘ ʪʝʤ, ʯʪʦ 

ʫʛʨʦʟʳ ʤʦʛʫʪ ʚʦʟʥʠʢʘʪʴ ʥʘ ʩʪʳʢʝ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ ʨʘʟʣʠʯʥʳʭ ʧʦʜʨʘʟʜʝʣʝʥʠʡ [1]. ʅʘʧʨʠʤʝʨ, 

ʫʪʝʯʢʘ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʵʢʩʧʦʨʪʥʳʭ ʢʦʥʪʨʘʢʪʘʭ ʤʦʞʝʪ ʧʨʦʠʟʦʡʪʠ ʠʟ-ʟʘ 

ʦʰʠʙʢʠ ʩʦʪʨʫʜʥʠʢʘ ʦʪʜʝʣʘ ʧʨʦʜʘʞ, ʠʩʧʦʣʴʟʫʶʱʝʛʦ ʥʝʟʘʱʠʱʝʥʥʳʡ ʢʘʥʘʣ ʩʚʷʟʠ ʩ ʟʘʨʫʙʝʞʥʳʤ 

ʧʘʨʪʥʝʨʦʤ. ʀʣʠ ʠʥʮʠʜʝʥʪ ʀɹ ʤʦʞʝʪ ʩʣʫʯʠʪʴʩʷ ʧʦ ʚʠʥʝ ʨʘʙʦʪʥʠʢʘ ʩʢʣʘʜʘ, ʧʦʪʝʨʷʚʰʝʛʦ 

ʢʦʨʧʦʨʘʪʠʚʥʳʡ ʥʦʫʪʙʫʢ ʩ ʚʘʞʥʳʤʠ ʜʘʥʥʳʤʠ. ʂʨʦʤʝ ʪʦʛʦ, ʥʘʨʫʰʝʥʠʷ ʧʦʣʠʪʠʢ ʀɹ ʤʦʛʫʪ ʙʳʪʴ 

ʩʚʷʟʘʥʳ ʩ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʦʩʚʝʜʦʤʣʝʥʥʦʩʪʴʶ ʧʝʨʩʦʥʘʣʘ ʦ ʪʨʝʙʦʚʘʥʠʷʭ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʠ 

ʨʘʙʦʪʝ ʩ ʵʢʩʧʦʨʪʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʝʡ, ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʲʝʤʥʳʭ ʥʦʩʠʪʝʣʝʡ, ʫʜʘʣʝʥʥʦʤ ʜʦʩʪʫʧʝ ʢ 

ʢʦʨʧʦʨʘʪʠʚʥʳʤ ʩʠʩʪʝʤʘʤ. 

ʉʣʫʞʙʘ ʀɹ ʚ ʵʢʩʧʦʨʪʥʦʡ ʢʦʤʧʘʥʠʠ ʜʦʣʞʥʘ ʪʝʩʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩʦ ʚʩʝʤʠ 

ʧʦʜʨʘʟʜʝʣʝʥʠʷʤʠ ʜʣʷ ʩʚʦʝʚʨʝʤʝʥʥʦʛʦ ʚʳʷʚʣʝʥʠʷ ʠ ʫʩʪʨʘʥʝʥʠʷ ʨʠʩʢʦʚ. 

ʕʪʦ ʧʨʝʜʧʦʣʘʛʘʝʪ: 

Å ʩʦʚʤʝʩʪʥʫʶ ʨʘʟʨʘʙʦʪʢʫ ʧʦʣʠʪʠʢ ʠ ʨʝʛʣʘʤʝʥʪʦʚ ʧʦ ʀɹ ʩ ʫʯʝʪʦʤ ʩʧʝʮʠʬʠʢʠ ʢʘʞʜʦʛʦ 

ʦʪʜʝʣʘ; 

Å ʨʝʛʫʣʷʨʥʦʝ ʦʙʫʯʝʥʠʝ ʩʦʪʨʫʜʥʠʢʦʚ ʦʩʥʦʚʘʤ ʀɹ ʠ ʧʦʚʳʰʝʥʠʝ ʦʩʚʝʜʦʤʣʝʥʥʦʩʪʠ ʦ 

ʚʦʟʤʦʞʥʳʭ ʫʛʨʦʟʘʭ; 

Å ʚʥʝʜʨʝʥʠʝ ʝʜʠʥʳʭ ʩʪʘʥʜʘʨʪʦʚ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʚʩʝʭ ʫʯʘʩʪʢʘʭ; 

Å ʦʧʝʨʘʪʠʚʥʳʡ ʦʙʤʝʥ ʜʘʥʥʳʤʠ ʦʙ ʠʥʮʠʜʝʥʪʘʭ ʤʝʞʜʫ ʧʦʜʨʘʟʜʝʣʝʥʠʷʤʠ ʠ ʩʣʫʞʙʦʡ ʀɹ; 

Å ʩʦʚʤʝʩʪʥʳʡ ʘʥʘʣʠʟ ʫʷʟʚʠʤʦʩʪʝʡ, ʧʝʨʠʦʜʠʯʝʩʢʠʡ ʘʫʜʠʪ ʠ ʪʝʩʪʠʨʦʚʘʥʠʝ ʥʘ 

ʧʨʦʥʠʢʥʦʚʝʥʠʝ; 

Å ʩʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʝ ʨʝʘʛʠʨʦʚʘʥʠʝ ʥʘ ʠʥʮʠʜʝʥʪʳ ʀɹ ʩʦʛʣʘʩʥʦ ʫʪʚʝʨʞʜʝʥʥʦʤʫ ʧʣʘʥʫ 

[2]. 

ɼʣʷ ʵʬʬʝʢʪʠʚʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʵʪʠʭ ʟʘʜʘʯ ʥʝʦʙʭʦʜʠʤʦ ʥʘʣʘʜʠʪʴ ʨʝʛʫʣʷʨʥʫʶ 

ʢʦʤʤʫʥʠʢʘʮʠʶ ʤʝʞʜʫ ʩʣʫʞʙʦʡ ʀɹ ʠ ʜʨʫʛʠʤʠ ʧʦʜʨʘʟʜʝʣʝʥʠʷʤʠ - ʚ ʬʦʨʤʘʪʝ ʨʘʙʦʯʠʭ ʚʩʪʨʝʯ, 



ʩʦʚʝʱʘʥʠʡ, ʦʙʫʯʘʶʱʠʭ ʩʝʤʠʥʘʨʦʚ. ɺʘʞʥʦ ʩʬʦʨʤʠʨʦʚʘʪʴ ʢʫʣʴʪʫʨʫ ʦʪʢʨʳʪʦʛʦ ʦʙʩʫʞʜʝʥʠʷ 

ʚʦʧʨʦʩʦʚ ʀɹ, ʧʦʦʱʨʷʪʴ ʩʦʪʨʫʜʥʠʢʦʚ ʩʦʦʙʱʘʪʴ ʦ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʨʠʩʢʘʭ ʠ ʠʥʮʠʜʝʥʪʘʭ. 

ʇʦʣʝʟʥʦʡ ʧʨʘʢʪʠʢʦʡ ʷʚʣʷʝʪʩʷ ʩʦʩʪʘʚʣʝʥʠʝ ʝʜʠʥʦʛʦ ʨʝʝʩʪʨʘ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʘʢʪʠʚʦʚ 

ʢʦʤʧʘʥʠʠ ʩ ʫʢʘʟʘʥʠʝʤ ʠʭ ʚʣʘʜʝʣʴʮʝʚ ʠʟ ʯʠʩʣʘ ʙʠʟʥʝʩ-ʧʦʜʨʘʟʜʝʣʝʥʠʡ ʠ ʢʨʠʪʠʯʥʦʩʪʠ ʢʘʞʜʦʛʦ 

ʘʢʪʠʚʘ. ʕʪʦ ʧʦʟʚʦʣʠʪ ʪʦʯʝʯʥʦ ʧʨʠʤʝʥʷʪʴ ʤʝʨʳ ʟʘʱʠʪʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʮʝʥʥʦʩʪʠ 

ʠʥʬʦʨʤʘʮʠʠ. 

ʆʪʜʝʣʴʥʦʛʦ ʚʥʠʤʘʥʠʷ ʟʘʩʣʫʞʠʚʘʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʣʫʞʙʳ ʀɹ ʩ ʶʨʠʜʠʯʝʩʢʠʤ 

ʦʪʜʝʣʦʤ. ʇʨʠ ʵʢʩʧʦʨʪʝ ʥʫʞʥʦ ʦʙʝʩʧʝʯʠʪʴ ʩʦʙʣʶʜʝʥʠʝ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ ʦ ʟʘʱʠʪʝ ʜʘʥʥʳʭ ʥʝ 

ʪʦʣʴʢʦ ʩʚʦʝʡ ʩʪʨʘʥʳ, ʥʦ ʠ ʛʦʩʫʜʘʨʩʪʚ-ʠʤʧʦʨʪʝʨʦʚ [3]. ɺ ʯʘʩʪʥʦʩʪʠ, ʆʙʱʠʡ ʨʝʛʣʘʤʝʥʪ ɽʉ ʦ 

ʟʘʱʠʪʝ ʧʝʨʩʦʥʘʣʴʥʳʭ ʜʘʥʥʳʭ (GDPR) ʧʨʝʜʲʷʚʣʷʝʪ ʞʝʩʪʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʵʢʩʧʦʨʪʫ ʜʘʥʥʳʭ 

ʝʚʨʦʧʝʡʩʢʠʭ ʛʨʘʞʜʘʥ ʟʘ ʧʨʝʜʝʣʳ ʩʦʶʟʘ. ʉʦʚʤʝʩʪʥʘʷ ʨʘʙʦʪʘ ʶʨʠʩʪʦʚ ʩ ʵʢʩʧʝʨʪʘʤʠ ʧʦ ʀɹ 

ʧʦʟʚʦʣʷʝʪ ʠʟʙʝʞʘʪʴ ʧʨʘʚʦʚʳʭ ʠ ʨʝʧʫʪʘʮʠʦʥʥʳʭ ʨʠʩʢʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʥʘʨʫʰʝʥʠʝʤ ʟʘʨʫʙʝʞʥʦʛʦ 

ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ. ʖʨʠʜʠʯʝʩʢʠʡ ʦʪʜʝʣ ʪʘʢʞʝ ʜʦʣʞʝʥ ʫʯʘʩʪʚʦʚʘʪʴ ʚ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 

ʠʥʬʦʨʤʘʮʠʠ, ʨʘʟʨʘʙʦʪʢʝ ʧʦʣʠʪʠʢ ʠ ʨʝʛʣʘʤʝʥʪʦʚ ʧʦ ʀɹ, ʩʦʛʣʘʩʦʚʘʥʠʠ ʜʦʛʦʚʦʨʦʚ ʩ ʚʥʝʰʥʠʤʠ 

ʧʦʩʪʘʚʱʠʢʘʤʠ ʀʊ-ʫʩʣʫʛ. 

ɼʨʫʛʠʤ ʚʘʞʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʢʦʦʨʜʠʥʘʮʠʷ ʩʣʫʞʙʳ ʀɹ ʩ IT-ʧʦʜʨʘʟʜʝʣʝʥʠʝʤ 

ʚ ʯʘʩʪʠ ʟʘʱʠʪʳ ʢʦʨʧʦʨʘʪʠʚʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʠ ʙʝʟʦʧʘʩʥʦʡ ʨʘʟʨʘʙʦʪʢʠ ʇʆ. ɺ ʵʢʩʧʦʨʪʥʳʭ 

ʢʦʤʧʘʥʠʷʭ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʣʦʞʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ - CRM, ERP, ʩʠʩʪʝʤʳ ʜʣʷ 

ʣʦʛʠʩʪʠʢʠ ʠ ʪʘʤʦʞʝʥʥʦʛʦ ʦʬʦʨʤʣʝʥʠʷ. ʅʝʦʙʭʦʜʠʤʘ ʪʱʘʪʝʣʴʥʘʷ ʟʘʱʠʪʘ ʵʪʠʭ ʩʠʩʪʝʤ ʥʘ ʚʩʝʭ 

ʵʪʘʧʘʭ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ, ʚʢʣʶʯʘʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʘʨʭʠʪʝʢʪʫʨʳ, ʨʘʟʨʘʙʦʪʢʫ, ʪʝʩʪʠʨʦʚʘʥʠʝ, 

ʚʥʝʜʨʝʥʠʝ ʠ ʵʢʩʧʣʫʘʪʘʮʠʶ [4]. ʉʣʫʞʙʘ ʀɹ ʜʦʣʞʥʘ ʫʯʘʩʪʚʦʚʘʪʴ ʚ ʘʥʘʣʠʟʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʀʊ-

ʧʨʦʝʢʪʦʚ, ʜʘʚʘʪʴ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʚʳʙʦʨʫ ʟʘʱʠʱʝʥʥʳʭ ʧʨʦʪʦʢʦʣʦʚ ʠ ʤʝʭʘʥʠʟʤʦʚ 

ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ, ʧʨʦʚʦʜʠʪʴ ʘʥʘʣʠʟ ʠʩʭʦʜʥʦʛʦ ʢʦʜʘ, ʪʝʩʪʳ ʥʘ ʧʨʦʥʠʢʥʦʚʝʥʠʝ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ 

ʀʊ-ʩʧʝʮʠʘʣʠʩʪʳ ʧʦʤʦʛʘʶʪ ʚʳʷʚʣʷʪʴ ʠ ʫʩʪʨʘʥʷʪʴ ʫʷʟʚʠʤʦʩʪʠ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʧʨʝʜʦʩʪʘʚʣʷʶʪ 

ʜʘʥʥʳʝ ʦ ʩʝʪʝʚʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠ ʩʦʙʳʪʠʷʭ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

ʇʨʠʚʝʜʝʤ ʥʝʢʦʪʦʨʳʝ ʧʨʘʢʪʠʯʝʩʢʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʫʣʫʯʰʝʥʠʶ ʢʨʦʩʩ-

ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʩʬʝʨʝ ʀɹ ʚ ʵʢʩʧʦʨʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʢʦʤʧʘʥʠʠ: 

1. ʉʬʦʨʤʠʨʦʚʘʪʴ ʨʘʙʦʯʫʶ ʛʨʫʧʧʫ ʠʟ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʩʣʫʞʙʳ ʀɹ ʠ ʢʣʶʯʝʚʳʭ 

ʙʠʟʥʝʩ-ʧʦʜʨʘʟʜʝʣʝʥʠʡ ʜʣʷ ʨʝʛʫʣʷʨʥʦʛʦ ʦʙʩʫʞʜʝʥʠʷ ʚʦʧʨʦʩʦʚ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ. ʅʘ 

ʚʩʪʨʝʯʘʭ ʛʨʫʧʧʳ ʦʙʩʫʞʜʘʪʴ ʪʝʢʫʱʠʝ ʨʠʩʢʠ, ʧʣʘʥʠʨʫʝʤʳʝ ʠʟʤʝʥʝʥʠʷ ʀʊ-ʣʘʥʜʰʘʬʪʘ, ʧʨʦʝʢʪʳ 

ʧʦ ʀɹ, ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʧʨʦʠʟʦʰʝʜʰʠʝ ʠʥʮʠʜʝʥʪʳ ʠ ʧʣʘʥʠʨʦʚʘʪʴ ʧʨʝʚʝʥʪʠʚʥʳʝ ʤʝʨʳ. 

2. ʈʘʟʨʘʙʦʪʘʪʴ ʝʜʠʥʫʶ ʢʣʘʩʩʠʬʠʢʘʮʠʶ ʜʘʥʥʳʭ ʧʦ ʫʨʦʚʥʶ ʢʨʠʪʠʯʥʦʩʪʠ ʠ 

ʫʪʚʝʨʜʠʪʴ ʨʝʛʣʘʤʝʥʪʳ ʦʙʨʘʙʦʪʢʠ ʜʣʷ ʢʘʞʜʦʛʦ ʫʨʦʚʥʷ ʚʦ ʚʩʝʭ ʦʪʜʝʣʘʭ. ɺ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 

ʫʯʝʩʪʴ ʩʧʝʮʠʬʠʢʫ ʵʢʩʧʦʨʪʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ - ʜʘʥʥʳʝ ʦ ʟʘʨʫʙʝʞʥʳʭ ʧʘʨʪʥʝʨʘʭ, ʮʝʥʘʭ, ʦʙʲʝʤʘʭ 

ʧʦʩʪʘʚʦʢ, ʣʦʛʠʩʪʠʢʝ. ʆʟʥʘʢʦʤʠʪʴ ʚʩʝʭ ʩʦʪʨʫʜʥʠʢʦʚ ʩ ʧʨʠʥʮʠʧʘʤʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ. 

3. ɺʥʝʜʨʠʪʴ ʧʨʘʢʪʠʢʫ çsecurity ʯʝʤʧʠʦʥʦʚè - ʩʦʪʨʫʜʥʠʢʦʚ ʨʘʟʣʠʯʥʳʭ 

ʧʦʜʨʘʟʜʝʣʝʥʠʡ, ʧʨʦʰʝʜʰʠʭ ʫʛʣʫʙʣʝʥʥʦʝ ʦʙʫʯʝʥʠʝ ʧʦ ʀɹ ʠ ʢʫʨʠʨʫʶʱʠʭ ʚʦʧʨʦʩʳ ʟʘʱʠʪʳ 

ʠʥʬʦʨʤʘʮʠʠ ʚ ʩʚʦʠʭ ʦʪʜʝʣʘʭ. ʏʝʤʧʠʦʥʳ ʙʫʜʫʪ ʧʨʦʚʦʜʥʠʢʘʤʠ ʧʦʣʠʪʠʢ ʀɹ ʥʘ ʤʝʩʪʘʭ, ʧʦʤʦʛʘʪʴ 

ʚʳʷʚʣʷʪʴ ʨʠʩʢʠ ʠ ʧʨʦʚʦʜʠʪʴ ʨʘʟʲʷʩʥʠʪʝʣʴʥʫʶ ʨʘʙʦʪʫ ʩʨʝʜʠ ʢʦʣʣʝʛ. 

4. ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʇʆ ʠ ʚʥʝʜʨʝʥʠʠ ʥʦʚʳʭ ʀʊ-ʩʠʩʪʝʤ ʩ ʩʘʤʦʛʦ ʥʘʯʘʣʘ ʧʨʠʚʣʝʢʘʪʴ 

ʵʢʩʧʝʨʪʦʚ ʧʦ ʀɹ ʜʣʷ ʘʥʘʣʠʟʘ ʘʨʭʠʪʝʢʪʫʨʳ ʠ ʨʠʩʢʦʚ. ʉʦʚʤʝʩʪʥʦ ʦʧʨʝʜʝʣʷʪʴ ʪʨʝʙʦʚʘʥʠʷ ʢ 

ʟʘʱʠʪʝ, ʚʢʣʶʯʘʪʴ ʠʭ ʚ ʊɿ, ʧʨʦʚʦʜʠʪʴ ʘʥʘʣʠʟ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʦ ʢʦʥʪʨʦʣʴʥʳʤ ʪʦʯʢʘʤ ʧʨʦʝʢʪʘ. 

ʇʦ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʪʴ DevSecOps ʧʦʜʭʦʜ ʩ ʠʥʪʝʛʨʘʮʠʝʡ ʠʥʩʪʨʫʤʝʥʪʦʚ ʀɹ ʚ ʮʠʢʣ 

ʨʘʟʨʘʙʦʪʢʠ. 

5. ʆʨʛʘʥʠʟʦʚʘʪʴ ʮʝʥʪʨ ʦʧʝʨʘʪʠʚʥʦʛʦ ʨʝʘʛʠʨʦʚʘʥʠʷ ʥʘ ʠʥʮʠʜʝʥʪʳ ʀɹ ʩ ʫʯʘʩʪʠʝʤ 

ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʚʩʝʭ ʢʣʶʯʝʚʳʭ ʧʦʜʨʘʟʜʝʣʝʥʠʡ. ʈʘʟʨʘʙʦʪʘʪʴ ʨʝʛʣʘʤʝʥʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 



ʫʯʘʩʪʥʠʢʦʚ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʩʮʝʥʘʨʠʷʭ ʠʥʮʠʜʝʥʪʦʚ ʩ ʫʢʘʟʘʥʠʝʤ ʟʦʥ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʠ ʩʭʝʤʳ 

ʵʩʢʘʣʘʮʠʠ. ʈʝʛʫʣʷʨʥʦ ʧʨʦʚʦʜʠʪʴ ʫʯʝʥʠʷ ʧʦ ʦʪʨʘʙʦʪʢʝ ʜʝʡʩʪʚʠʡ ʧʨʠ ʀɹ-ʠʥʮʠʜʝʥʪʘʭ. 

ɺʳʚʦʜʳ. ʆʙʝʩʧʝʯʝʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ ʵʢʩʧʦʨʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ 

ʢʦʤʧʘʥʠʷʭ ʪʨʝʙʫʝʪ ʵʬʬʝʢʪʠʚʥʦʛʦ ʢʨʦʩʩ-ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʣʫʞʙʳ ʀɹ ʩʦ 

ʚʩʝʤʠ ʙʠʟʥʝʩ-ʧʦʜʨʘʟʜʝʣʝʥʠʷʤʠ. ʅʝʦʙʭʦʜʠʤʘ ʨʘʟʨʘʙʦʪʢʘ ʦʙʱʠʭ ʨʝʛʣʘʤʝʥʪʦʚ ʠ ʧʦʣʠʪʠʢ, 

ʩʦʚʤʝʩʪʥʳʡ ʘʥʘʣʠʟ ʨʠʩʢʦʚ, ʦʙʫʯʝʥʠʝ ʩʦʪʨʫʜʥʠʢʦʚ ʠ ʩʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʝ ʨʝʘʛʠʨʦʚʘʥʠʝ ʥʘ 

ʠʥʮʠʜʝʥʪʳ. ʆʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʶʨʠʜʠʯʝʩʢʠʤ ʦʪʜʝʣʦʤ ʜʣʷ ʩʦʙʣʶʜʝʥʠʷ 

ʵʢʩʧʦʨʪʥʦʛʦ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ ʦ ʟʘʱʠʪʝ ʜʘʥʥʳʭ, ʘ ʪʘʢʞʝ ʩ ʀʊ-ʩʣʫʞʙʦʡ ʚ ʯʘʩʪʠ ʙʝʟʦʧʘʩʥʦʡ 

ʨʘʟʨʘʙʦʪʢʠ. ɺʥʝʜʨʝʥʠʝ ʧʨʝʜʣʦʞʝʥʥʳʭ ʤʝʨ ʧʦʟʚʦʣʠʪ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʩʠʪʴ ʫʨʦʚʝʥʴ ʀɹ ʠ 

ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʨʠʩʢʠ ʧʨʠ ʦʩʫʱʝʩʪʚʣʝʥʠʠ ʵʢʩʧʦʨʪʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. 

ɼʘʣʴʥʝʡʰʠʝ ʧʝʨʩʧʝʢʪʠʚʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʘʥʥʦʡ ʪʝʤʳ ʚʢʣʶʯʘʶʪ: 

1. ʈʘʟʨʘʙʦʪʢʫ ʦʪʨʘʩʣʝʚʳʭ ʤʦʜʝʣʝʡ ʟʨʝʣʦʩʪʠ ʢʨʦʩʩ-ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʩʬʝʨʝ ʀɹ ʩ ʫʯʝʪʦʤ ʩʧʝʮʠʬʠʢʠ ʨʘʟʣʠʯʥʳʭ ʵʢʩʧʦʨʪʥʳʭ ʦʪʨʘʩʣʝʡ. 

2. ʀʟʫʯʝʥʠʝ ʧʝʨʝʜʦʚʦʛʦ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʦʧʳʪʘ ʦʨʛʘʥʠʟʘʮʠʠ ʢʨʦʩʩ-

ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʣʫʞʙ ʀɹ ʚ ʵʢʩʧʦʨʪʥʳʭ ʢʦʤʧʘʥʠʷʭ. 

3. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʠʤʝʥʠʤʦʩʪʠ ʛʠʙʢʠʭ ʤʝʪʦʜʦʣʦʛʠʡ ʫʧʨʘʚʣʝʥʠʷ (Agile, Scrum) ʜʣʷ 

ʦʨʛʘʥʠʟʘʮʠʠ ʢʨʦʩʩ-ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʨʘʙʦʪʳ ʧʦ ʚʦʧʨʦʩʘʤ ʀɹ. 
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ɺ ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥʳ ʦʩʥʦʚʳ ʤʝʪʦʜʦʣʦʛʠʠ ʘʥʘʣʠʟʘ ʪʝʧʣʦʧʦʪʝʨʴ ʩʠʩʪʝʤ ʮʝʥʪʨʘʣʴʥʦʛʦ 

ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʪʝʧʣʦʚʦʡ ʚʦʣʥʳ. ʆʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʮʝʥʪʨʘʣʴʥʦʛʦ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ ʠ 

ʚʳʷʚʣʝʥʠʝ ʚʦʟʤʦʞʥʳʭ ʫʯʘʩʪʢʦʚ, ʛʜʝ ʚʦʟʤʦʞʥʦ ʩʥʠʞʝʥʠʝ ʪʝʧʣʦʧʦʪʝʨʴ ʠ ʧʦʚʳʰʝʥʠʝ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʝʧʣʦʚʘʷ ʚʦʣʥʘ, ʩʠʩʪʝʤ ʮʝʥʪʨʘʣʴʥʦʛʦ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ, ʘʥʘʣʠʟ, 

ʪʝʧʣʦʧʦʪʝʨʠ. 

 

ɺʚʝʜʝʥʠʝ. ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʵʬʬʝʢʪʠʚʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʠ ʦʧʪʠʤʠʟʘʮʠʷ ʨʘʙʦʪʳ 

ʩʠʩʪʝʤ ʮʝʥʪʨʘʣʴʥʦʛʦ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ ʩʪʘʥʦʚʷʪʩʷ ʚʩʝ ʙʦʣʝʝ ʘʢʪʫʘʣʴʥʳʤʠ ʟʘʜʘʯʘʤʠ. ʆʜʥʠʤ ʠʟ 

ʢʣʶʯʝʚʳʭ ʘʩʧʝʢʪʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʪʘʢʠʭ ʩʠʩʪʝʤ, ʷʚʣʷʶʪʩʷ ʪʝʧʣʦʧʦʪʝʨʠ. 

ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʤʝʪʦʜʦʣʦʛʠʷ ʘʥʘʣʠʟʘ ʪʝʧʣʦʧʦʪʝʨʴ ʥʘ ʦʩʥʦʚʝ ʧʨʠʥʮʠʧʦʚ ʪʝʧʣʦʚʦʡ ʚʦʣʥʳ 

ʧʨʠʦʙʨʝʪʘʝʪ ʚʩʝ ʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʜʭʦʜʦʚ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʪʝʧʣʦʚʦʡ ʚʦʣʥʝ, ʧʦʟʚʦʣʷʝʪ ʙʦʣʝʝ ʪʦʯʥʦ 

ʦʧʨʝʜʝʣʠʪʴ ʤʝʩʪʘ ʠ ʧʨʠʯʠʥʳ ʧʦʪʝʨʴ ʪʝʧʣʘ ʚ ʩʠʩʪʝʤʝ ʮʝʥʪʨʘʣʴʥʦʛʦ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ. ʊʘʢʠʝ 

ʤʝʪʦʜʳ ʜʘʶʪ ʙʦʣʝʝ ʪʦʯʥʳʝ ʜʘʥʥʳʝ ʦ ʚʦʟʤʦʞʥʳʭ ʫʪʝʯʢʘʭ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʘʥʘʣʠʟʘ ʪʝʧʣʦʧʦʪʝʨʴ ʥʘ ʦʩʥʦʚʝ ʪʝʧʣʦʚʦʡ ʚʦʣʥʳ ʧʦʢʘʟʳʚʘʶʪ 

ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʠʩʪʝʤ ʮʝʥʪʨʘʣʴʥʦʛʦ 

ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ ʠ ʩʥʠʞʝʥʠʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʨʘʩʭʦʜʦʚ [1]. ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ 

ʧʨʦʚʦʜʠʪʴ ʙʦʣʝʝ ʛʣʫʙʦʢʠʡ ʠ ʪʦʯʥʳʡ ʘʥʘʣʠʟ ʨʘʙʦʪʳ ʩʠʩʪʝʤ, ʚʳʷʚʣʷʪʴ ʫʟʢʠʝ ʤʝʩʪʘ ʠ 

ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩʳ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʨʘʙʦʪʢʘ ʠ ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʦʣʦʛʠʠ ʘʥʘʣʠʟʘ ʪʝʧʣʦʧʦʪʝʨʴ ʩʠʩʪʝʤ 

ʮʝʥʪʨʘʣʴʥʦʛʦ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʪʝʧʣʦʚʦʡ ʚʦʣʥʳ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʝʨʩʧʝʢʪʠʚʥʦʝ 

ʥʘʧʨʘʚʣʝʥʠʝ ʚ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʠ ʠʥʞʝʥʝʨʥʳʭ ʨʝʰʝʥʠʡ ʚ ʦʙʣʘʩʪʠ ʪʝʧʣʦʵʥʝʨʛʝʪʠʢʠ. 

ɸʥʘʣʠʟ ʧʫʙʣʠʢʘʮʠʡ 

ʇʨʠʥʮʠʧʳ ʤʝʪʦʜʦʣʦʛʠʠ ʘʥʘʣʠʟʘ ʪʝʧʣʦʧʦʪʝʨʴ ʥʘ ʦʩʥʦʚʝ ʪʝʧʣʦʚʦʡ ʚʦʣʥʳ. 

ɸʥʘʣʠʟ ʪʝʧʣʦʧʦʪʝʨʴ ʚ ʩʠʩʪʝʤʘʭ ʮʝʥʪʨʘʣʴʥʦʛʦ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʨʠʥʮʠʧʦʚ ʪʝʧʣʦʚʦʡ ʚʦʣʥʳ ʧʨʝʜʧʦʣʘʛʘʝʪ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʪʝʧʣʦʚʳʭ 

ʧʨʦʮʝʩʩʦʚ ʚ ʪʨʫʙʦʧʨʦʚʦʜʘʭ, ʦʙʦʨʫʜʦʚʘʥʠʠ ʠ ʜʨʫʛʠʭ ʵʣʝʤʝʥʪʘʭ ʩʠʩʪʝʤʳ. ʆʩʥʦʚʦʡ ʜʘʥʥʦʛʦ 

ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ ʫʯʝʪ ʬʠʟʠʯʝʩʢʠʭ ʟʘʢʦʥʦʚ, ʦʧʠʩʳʚʘʶʱʠʭ ʧʝʨʝʜʘʯʫ ʪʝʧʣʘ ʚ ʩʨʝʜʝ. 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʤʝʪʦʜʦʣʦʛʠʠ ʘʥʘʣʠʟʘ ʪʝʧʣʦʧʦʪʝʨʴ ʥʘ ʦʩʥʦʚʝ ʪʝʧʣʦʚʦʡ ʚʦʣʥʳ [2]: 

1. ʊʦʯʥʦʩʪʴ ï ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʜʝʪʘʣʴʥʳʡ ʘʥʘʣʠʟ ʪʝʧʣʦʚʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʩʠʩʪʝʤʝ ʠ 

ʦʧʨʝʜʝʣʷʪʴ ʠʩʪʦʯʥʠʢʠ ʧʦʪʝʨʴ ʪʝʧʣʘ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ. 

2. ʄʝʪʦʜʠʢʘ ʘʥʘʣʠʟʘ ʥʘ ʦʩʥʦʚʝ ʪʝʧʣʦʚʦʡ ʚʦʣʥʳ ʤʦʞʝʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ, ʯʪʦ ʜʝʣʘʝʪ ʝʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʩʪʦʡ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ. 

3. ʄʝʪʦʜʠʢʘ ʧʦʟʚʦʣʷʝʪ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʤʝʩʪʘ ʫʪʝʯʝʢ ʪʝʧʣʘ ʠ 

ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʤʝʨʳ ʧʦ ʠʭ ʫʩʪʨʘʥʝʥʠʶ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʩʠʩʪʝʤʳ. 

 



 
ʈʠʩʫʥʦʢ 1. ʊʝʧʣʦʚʳʝ ʧʦʪʝʨʠ ʚ ʩʠʩʪʝʤʘʭ ʮʝʥʪʨʘʣʴʥʦʛʦ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ 

 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʧʨʠʚʝʜʝʥʥʦʡ ʤʝʪʦʜʠʢʠ, ʧʨʝʜʣʘʛʘʝʪʩʷ ʩʣʝʜʫʶʱʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ: 

1. ʉʙʦʨ ʠʥʬʦʨʤʘʮʠʠ ʦ ʪʝʧʣʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʵʣʝʤʝʥʪʦʚ ʩʠʩʪʝʤʳ ʮʝʥʪʨʘʣʴʥʦʛʦ 

ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ[2]. 

2. ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʧʨʠʥʠʤʘʝʪʝ ʨʝʰʝʥʠʝ ʦ ʚʳʙʦʨʝ ʨʘʩʯʝʪʥʦʛʦ ʤʝʪʦʜʘ ʠ 

ʧʨʦʚʦʜʠʪʩʷ ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʫʪʝʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʪʝʧʣʘ, 

ʫʯʠʪʳʚʘʶʱʘʷ ʧʘʨʘʤʝʪʨʳ ʩʨʝʜʳ ʠ ʛʝʦʤʝʪʨʠʶ ʩʠʩʪʝʤʳ [3, 4]. 

3. ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʠʪʴ ʫʯʘʩʪʢʠ ʩ ʥʘʠʙʦʣʴʰʠʤʠ 

ʧʦʪʝʨʷʤʠ ʪʝʧʣʘ ʠ ʨʘʟʨʘʙʦʪʘʪʴ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʠʭ ʫʩʪʨʘʥʝʥʠʶ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʄʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʪʦʜʦʤ ʪʝʧʣʦʚʦʡ ʚʦʣʥʳ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʠʟʦʣʷʮʠʠ ʠ ʚʳʷʚʣʝʥʠʷ ʫʯʘʩʪʢʦʚ ʧʦʚʳʰʝʥʥʳʭ ʧʦʪʝʨʴ: 

1. ʇʦʜʛʦʪʦʚʢʘ ʦʙʲʝʢʪʘ ï ʚʳʙʦʨ ʪʠʧʠʯʥʦʡ ʪʦʯʢʠ ʧʦʜʢʣʶʯʝʥʠʷ ʜʦʤʘ ʢ ʮʝʥʪʨʘʣʴʥʦʡ 

ʩʠʩʪʝʤʝ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ ʜʣʷ ʠʟʫʯʝʥʠʷ. ʋʩʪʘʥʦʚʢʘ ʜʘʪʯʠʢʦʚ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʠʥʬʨʘʢʨʘʩʥʳʭ 

ʢʘʤʝʨ ʜʣʷ ʩʲʝʤʢʠ. 

2. ʇʨʠʤʝʥʝʥʠʝ ʪʝʧʣʦʚʦʡ ʚʦʣʥʳ ï ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʧʣʦʚʦʡ ʚʦʣʥʳ ʜʣʷ ʦʙʦʛʨʝʚʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʫʙʳ ʠ ʟʘʧʠʩʴ ʠʟʤʝʥʝʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ ʩ ʧʦʤʦʱʴʶ ʠʥʬʨʘʢʨʘʩʥʦʡ ʢʘʤʝʨʳ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʫʨʦʚʥʷ ʠʟʦʣʷʮʠʠ ʠ ʥʘʣʠʯʠʷ ʧʦʪʝʨʴ ʪʝʧʣʘ (ʨʠʩʫʥʦʢ 2). 

3. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʜʘʥʥʳʭ ï ʦʙʨʘʙʦʪʢʘ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʪʝʧʣʦʚʳʭ 

ʢʘʨʪ, ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʧʣʦʧʦʪʝʨʴ ʠ ʚʳʷʚʣʝʥʠʷ ʫʯʘʩʪʢʦʚ, ʛʜʝ ʠʟʦʣʷʮʠʷ ʥʝʵʬʬʝʢʪʠʚʥʘ. 

4. ʉʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ï ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʩ ʪʝʦʨʝʪʠʯʝʩʢʠʤʠ 

ʨʘʩʯʝʪʘʤʠ ʜʣʷ ʦʮʝʥʢʠ ʪʦʯʥʦʩʪʠ ʤʝʪʦʜʘ ʠ ʚʳʷʚʣʝʥʠʷ ʚʦʟʤʦʞʥʳʭ ʦʰʠʙʦʢ. 

5. ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ï ʦʧʨʝʜʝʣʝʥʠʝ ʧʨʠʯʠʥ ʠ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʫʨʦʚʝʥʴ 

ʪʝʧʣʦʧʦʪʝʨʴ, ʨʘʟʨʘʙʦʪʢʘ ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ ʫʣʫʯʰʝʥʠʶ ʠʟʦʣʷʮʠʠ ʠ ʩʦʢʨʘʱʝʥʠʶ ʧʦʪʝʨʴ ʪʝʧʣʘ. 

 



 
ʈʠʩʫʥʦʢ 2. ʊʝʧʣʦʚʠʟʠʦʥʥʦʝ ʦʙʩʣʝʜʦʚʘʥʠʝ ʪʝʧʣʦʚʦʡ ʩʝʪʠ 

 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʘʥʘʣʠʟ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʦʜʦʣʦʛʠʠ ʘʥʘʣʠʟʘ ʪʝʧʣʦʧʦʪʝʨʴ ʩʠʩʪʝʤ ʮʝʥʪʨʘʣʴʥʦʛʦ 

ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʪʝʧʣʦʚʦʡ ʚʦʣʥʳ ʧʦʟʚʦʣʷʝʪ ʙʦʣʝʝ ʪʦʯʥʦ ʦʧʨʝʜʝʣʠʪʴ ʤʝʩʪʘ, 

ʧʦʜʣʝʞʘʱʠʝ ʤʦʜʝʨʥʠʟʘʮʠʠ. ɸʥʘʣʠʟ ʧʦʟʚʦʣʷʝʪ ʫʣʫʯʰʠʪʴ ʵʥʝʨʛʝʪʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʩʠʩʪʝʤʳ ʮʝʥʪʨʘʣʴʥʦʛʦ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ ʠ ʩʥʠʟʠʪʴ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʨʘʩʭʦʜʳ. 

ʇʨʠʚʝʜʸʥʥʘʷ ʤʝʪʦʜʦʣʦʛʠʷ ʘʥʘʣʠʟʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʘʞʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ 

ʩʦʚʨʝʤʝʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʤʦʜʝʨʥʠʟʘʮʠʠ ʩʠʩʪʝʤ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʷ ʝʝ 

ʵʬʬʝʢʪʠʚʥʫʶ ʠ ʙʝʟʦʧʘʩʥʫʶ ʵʢʩʧʣʫʘʪʘʮʠʶ. 
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ʀʉʇʆʃʔɿʆɺɸʅʀɽ ʎɽʅʊʈʆɺ ʄʆʅʀʊʆʈʀʅɻɸ ʀ ʈɽɸɻʀʈʆɺɸʅʀʗ ʅɸ ʀʅʎʀɼɽʅʊʓ 

(SOC) ɺ ʋʅʀɺɽʈʉʀʊɽʊɸʍ 

ʂʦʥʷʭʠʥ ɼ.ʉ. 

ʄʦʩʢʦʚʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʄʦʩʢʚʘ 

 

ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʠʟʫʯʝʥʠʶ ʨʦʣʠ ʮʝʥʪʨʦʚ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʨʝʘʛʠʨʦʚʘʥʠʷ ʥʘ ʠʥʮʠʜʝʥʪʳ 

(SOC) ʚ ʫʥʠʚʝʨʩʠʪʝʪʘʭ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. ʎʝʥʪʨʘʣʴʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʘʥʘʣʠʟʫ 

ʟʘʢʦʥʦʜʘʪʝʣʴʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʈʌ, ʢʦʪʦʨʳʝ ʦʙʷʟʳʚʘʶʪ ʫʥʠʚʝʨʩʠʪʝʪʳ ʦʙʝʩʧʝʯʠʚʘʪʴ ʟʘʱʠʪʫ 

ʧʝʨʩʦʥʘʣʴʥʳʭ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʜʘʥʥʳʭ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʦʩʥʦʚʥʳʝ 

ʠʩʧʦʣʴʟʫʝʤʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʧʨʝʠʤʫʱʝʩʪʚʘʤ, ʢʦʪʦʨʳʝ SOC 

ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʩʪʫʜʝʥʪʘʤ ʚ ʠʭ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʤ ʨʘʟʚʠʪʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʎʝʥʪʨʳ ʤʦʥʠʪʦʨʠʥʛʘ, ʧʦʚʳʰʝʥʠʝ ʟʘʱʠʱʝʥʥʦʩʪʠ, ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ 

ʙʝʟʦʧʘʩʥʦʩʪʴ, ʨʘʟʚʠʪʠʝ ʥʘʚʳʢʦʚ. 

 

ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠʛʨʘʶʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʤ ʧʨʦʮʝʩʩʝ, ʙʝʟʦʧʘʩʥʦʩʪʴ ʜʘʥʥʳʭ ʩʪʘʥʦʚʠʪʩʷ ʧʨʠʦʨʠʪʝʪʦʤ ʜʣʷ ʫʯʝʙʥʳʭ 

ʟʘʚʝʜʝʥʠʡ. ʋʥʠʚʝʨʩʠʪʝʪʳ, ʢʘʢ ʢʨʫʧʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʮʝʥʪʨʳ, ʦʙʨʘʙʘʪʳʚʘʶʱʠʝ ʙʦʣʴʰʠʝ 

ʦʙʲʝʤʳ ʣʠʯʥʳʭ ʠ ʥʘʫʯʥʳʭ ʜʘʥʥʳʭ, ʧʦʜʚʝʨʞʝʥʳ ʫʛʨʦʟʘʤ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʥʘʨʫʰʠʪʴ ʠʭ ʨʘʙʦʪʫ 

ʠ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʣʠʷʪʴ ʥʘ ʨʝʧʫʪʘʮʠʶ. ɺ ʵʪʦʤ ʢʦʥʪʝʢʩʪʝ ʮʝʥʪʨʳ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʨʝʘʛʠʨʦʚʘʥʠʷ 

ʥʘ ʠʥʮʠʜʝʥʪʳ, ʚʳʭʦʜʷʪ ʥʘ ʧʝʨʝʜʥʠʡ ʧʣʘʥ ʢʘʢ ʩʨʝʜʩʪʚʦ ʟʘʱʠʪʳ ʭʨʘʥʠʤʦʡ ʠʥʬʦʨʤʘʮʠʠ. [1] 

ʎʝʥʪʨʳ ʤʦʥʠʪʦʨʠʥʛʘ ʚ ʫʥʠʚʝʨʩʠʪʝʪʘʭ - ɻ ʪʦ ʥʝ ʧʨʦʩʪʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ, 

ʥʦ ʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʘʷ ʜʣʷ ʥʝʧʨʝʨʳʚʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ, ʘʥʘʣʠʟʘ ʠ 

ʨʝʘʛʠʨʦʚʘʥʠʷ ʥʘ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʫʛʨʦʟʳ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. ʀʥʪʝʛʨʘʮʠʷ ʮʝʥʪʨʦʚ ʧʦʟʚʦʣʷʝʪ 

ʫʥʠʚʝʨʩʠʪʝʪʘʤ ʥʝ ʪʦʣʴʢʦ ʩʥʠʞʘʪʴ ʨʠʩʢʠ ʧʦʪʝʨʠ ʜʘʥʥʳʭ, ʥʦ ʠ ʫʢʨʝʧʣʷʪʴ ʫʚʝʨʝʥʥʦʩʪʴ ʚʩʝʭ 

ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʭ ʩʪʦʨʦʥ ʚ ʪʦʤ, ʯʪʦ ʫʯʝʙʥʦʝ ʟʘʚʝʜʝʥʠʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʝʟʦʧʘʩʥʦʩʪʴ 

ʠʤʝʶʱʠʭʩʷ ʜʘʥʥʳʭ ʥʘ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ. 

ʅʝʤʘʣʦʚʘʞʥʳʤ ʘʩʧʝʢʪʦʤ ʚʥʝʜʨʝʥʠʷ ʮʝʥʪʨʦʚ ʤʦʥʠʪʦʨʠʥʛʘ ʚ ʫʥʠʚʝʨʩʠʪʝʪʘʭ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠ ʷʚʣʷʝʪʩʷ ʩʧʦʩʦʙʩʪʚʦʚʘʥʠʝ ʩʦʙʣʶʜʝʥʠʶ ʨʷʜʘ ʢʣʶʯʝʚʳʭ ʟʘʢʦʥʦʜʘʪʝʣʴʥʳʭ ʘʢʪʦʚ, 

ʦʙʝʩʧʝʯʠʚʘʷ ʟʘʱʠʪʫ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʨʝʜʳ ʠ ʜʘʥʥʳʭ, ʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʫʯʝʙʥʳʤʠ 

ʟʘʚʝʜʝʥʠʷʤʠ. ʉʨʝʜʠ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʭ ʟʘʢʦʥʦʚ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʌʝʜʝʨʘʣʴʥʳʡ ʟʘʢʦʥ çʆ 

ʧʝʨʩʦʥʘʣʴʥʳʭ ʜʘʥʥʳʭè (ʌɿ-152) ʠ ʌʝʜʝʨʘʣʴʥʳʡ ʟʘʢʦʥ çʆʙ ʠʥʬʦʨʤʘʮʠʠ, ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʷʭ ʠ ʦ ʟʘʱʠʪʝ ʠʥʬʦʨʤʘʮʠʠè (ʌɿ-149). 

ɿʘʢʦʥ ʦ ʧʝʨʩʦʥʘʣʴʥʳʭ ʜʘʥʥʳʭ ʪʨʝʙʫʝʪ ʦʪ ʦʨʛʘʥʠʟʘʮʠʡ ʦʙʝʩʧʝʯʠʚʘʪʴ ʠʭ ʙʝʟʦʧʘʩʥʦʩʪʴ, 

ʚʢʣʶʯʘʷ ʟʘʱʠʪʫ ʦʪ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʛʦ ʜʦʩʪʫʧʘ ʠ ʜʨʫʛʠʭ ʚʠʜʦʚ ʫʛʨʦʟ. SOC ʠʛʨʘʝʪ 

ʢʨʠʪʠʯʝʩʢʫʶ ʨʦʣʴ ʚ ʚʳʧʦʣʥʝʥʠʠ ʵʪʠʭ ʪʨʝʙʦʚʘʥʠʡ ʟʘ ʩʯʝʪ ʥʝʧʨʝʨʳʚʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʠ 

ʨʝʘʛʠʨʦʚʘʥʠʷ ʥʘ ʠʥʮʠʜʝʥʪʳ, ʯʪʦ ʧʦʤʦʛʘʝʪ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʠʣʠ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʫʪʝʯʢʠ ʜʘʥʥʳʭ, 

ʘ ʪʘʢʞʝ ʜʨʫʛʠʝ ʥʘʨʫʰʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

ʌʝʜʝʨʘʣʴʥʳʡ ʟʘʢʦʥ çʆʙ ʠʥʬʦʨʤʘʮʠʠ, ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʷʭ ʠ ʦ ʟʘʱʠʪʝ 

ʠʥʬʦʨʤʘʮʠʠè ʩʪʘʚʠʪ ʟʘʜʘʯʫ ʟʘʱʠʪʠʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦʪ ʥʝʧʨʘʚʦʤʝʨʥʦʛʦ ʜʦʩʪʫʧʘ ʠ ʜʨʫʛʠʭ ʬʦʨʤ 

ʥʝʧʨʘʚʦʤʝʨʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. ɿʜʝʩʴ SOC ʩʣʫʞʠʪ ʛʘʨʘʥʪʠʝʡ ʪʦʛʦ, ʯʪʦ ʚʩʝ ʦʧʝʨʘʮʠʠ ʩ ʜʘʥʥʳʤʠ 

ʧʨʦʭʦʜʷʪ ʧʦʜ ʩʪʨʦʛʠʤ ʢʦʥʪʨʦʣʝʤ, ʘ ʩʠʩʪʝʤʳ ʟʘʱʠʪʳ ʦʧʝʨʘʪʠʚʥʦ ʨʝʘʛʠʨʫʶʪ ʥʘ ʣʶʙʳʝ ʧʦʧʳʪʢʠ 

ʥʘʨʫʰʝʥʠʷ ʮʝʣʦʩʪʥʦʩʪʠ ʠ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʠ. 

ʎʝʥʪʨʳ ʤʦʥʠʪʦʨʠʥʛʘ ʚ ʫʥʠʚʝʨʩʠʪʝʪʘʭ ʠʩʧʦʣʴʟʫʶʪ ʢʦʤʧʣʝʢʩ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, 

ʢ ʢʦʪʦʨʳʤ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʠʥʮʠʜʝʥʪʘʤʠ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʠ ʩʦʙʳʪʠʷʤʠ (SIEM), ʘʥʪʠʚʠʨʫʩʥʳʝ ʧʨʦʛʨʘʤʤʳ, ʩʠʩʪʝʤʳ ʘʥʘʣʠʟʘ ʪʨʘʬʠʢʘ ʠ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʠ ʦʙʨʘʙʦʪʢʠ ʠʥʮʠʜʝʥʪʦʚ [2]. 



SIEM ʩʠʩʪʝʤʳ ʠʛʨʘʶʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ, ʪʘʢ ʢʘʢ ʦʥʠ ʧʦʟʚʦʣʷʶʪ ʩʦʙʠʨʘʪʴ, ʘʥʘʣʠʟʠʨʦʚʘʪʴ 

ʠ ʢʦʨʨʝʣʠʨʦʚʘʪʴ ʜʘʥʥʳʝ ʠʟ ʨʘʟʣʠʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. ʏʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʦʧʝʨʘʪʠʚʥʦʝ ʦʙʥʘʨʫʞʝʥʠʝ ʫʛʨʦʟ ʠ ʥʝʟʘʤʝʜʣʠʪʝʣʴʥʦʝ ʨʝʘʛʠʨʦʚʘʥʠʝ ʥʘ ʠʥʮʠʜʝʥʪʳ 

ɸʥʪʠʚʠʨʫʩʥʳʝ ʧʨʦʛʨʘʤʤʳ ʦʙʝʩʧʝʯʠʚʘʶʪ ʙʘʟʦʚʫʶ ʟʘʱʠʪʫ ʦʪ ʚʨʝʜʦʥʦʩʥʦʛʦ ʇʆ, 

ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʦʧʳʪʘʪʴʩʷ ʧʨʦʥʠʢʥʫʪʴ ʚ ʩʝʪʴ ʫʥʠʚʝʨʩʠʪʝʪʘ.  

ʉʠʩʪʝʤʳ ʘʥʘʣʠʟʘ ʪʨʘʬʠʢʘ ʧʦʟʚʦʣʷʶʪ ʦʪʩʣʝʞʠʚʘʪʴ ʠ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʚʭʦʜʷʱʠʡ ʠ 

ʠʩʭʦʜʷʱʠʡ ʩʝʪʝʚʦʡ ʪʨʘʬʠʢ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʘʥʥʝʤʫ ʦʙʥʘʨʫʞʝʥʠʶ ʘʥʦʤʘʣʠʡ, ʫʢʘʟʳʚʘʶʱʠʭ 

ʥʘ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʘʪʘʢʠ. 

ʉʠʩʪʝʤʳ ʨʝʛʠʩʪʨʘʮʠʠ ʠʥʮʠʜʝʥʪʦʚ ʚʘʞʥʳ ʜʣʷ ʜʦʢʫʤʝʥʪʠʨʦʚʘʥʠʷ ʚʩʝʭ ʠʥʮʠʜʝʥʪʦʚ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʫʧʨʘʚʣʝʥʠʷ ʠʤʠ. ʆʥʠ ʧʦʟʚʦʣʷʶʪ ʦʪʩʣʝʞʠʚʘʪʴ ʭʦʜ ʨʘʩʩʣʝʜʦʚʘʥʠʷ, 

ʧʨʠʥʠʤʘʝʤʳʝ ʤʝʨʳ ʠ ʠʩʭʦʜʳ ʢʘʞʜʦʛʦ ʩʣʫʯʘʷ. 

ɺʥʝʜʨʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʫʥʠʚʝʨʩʠʪʝʪʘʭ ʧʨʠʥʦʩʠʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʚʳʛʦʜʳ 

ʥʝ ʪʦʣʴʢʦ ʚ ʧʣʘʥʝ ʧʦʚʳʰʝʥʠʷ ʫʨʦʚʥʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʥʦ ʠ ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʤ 

ʘʩʧʝʢʪʝ, ʦʩʦʙʝʥʥʦ ʜʣʷ ʩʪʫʜʝʥʪʦʚ. ʇʦʜʦʙʥʳʡ ʮʝʥʪʨ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʩʪʫʜʝʥʪʘʤ ʫʥʠʢʘʣʴʥʫʶ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʦʙʨʝʩʪʠ ʧʨʘʢʪʠʯʝʩʢʠʝ ʥʘʚʳʢʠ ʚ ʦʙʣʘʩʪʠ ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʠ, ʯʪʦ ʷʚʣʷʝʪʩʷ 

ʚʘʞʥʳʤ ʜʦʧʦʣʥʝʥʠʝʤ ʢ ʪʝʦʨʝʪʠʯʝʩʢʦʤʫ ʦʙʫʯʝʥʠʶ. 

ʋʯʘʩʪʠʝ ʧʦʟʚʦʣʷʝʪ ʩʪʫʜʝʥʪʘʤ ʥʘʙʣʶʜʘʪʴ ʟʘ ʨʝʘʣʴʥʳʤʠ ʦʧʝʨʘʮʠʷʤʠ ʧʦ ʤʦʥʠʪʦʨʠʥʛʫ, 

ʦʙʥʘʨʫʞʝʥʠʶ ʠ ʨʝʘʛʠʨʦʚʘʥʠʶ ʥʘ ʚʦʟʥʠʢʘʶʱʠʝ ʫʛʨʦʟʳ. ʕʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʮʝʥʥʳʡ ʦʧʳʪ, 

ʢʦʪʦʨʳʡ ʩʧʦʩʦʙʩʪʚʫʝʪ ʣʫʯʰʝʤʫ ʧʦʥʠʤʘʥʠʶ ʨʝʘʣʴʥʳʭ ʚʳʟʦʚʦʚ ʚ ʦʙʣʘʩʪʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ 

ʧʦʜʛʦʪʘʚʣʠʚʘʝʪ ʠʭ ʢ ʙʫʜʫʱʝʡ ʢʘʨʴʝʨʝ ʚ ʵʪʦʡ ʩʬʝʨʝ. 

ʉʣʝʜʫʶʱʠʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʷʚʣʷʝʪʩʷ ʨʘʟʚʠʪʠʝ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʥʘʚʳʢʦʚ. ʈʘʙʦʪʘ 

ʪʨʝʙʫʝʪ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʤʳʰʣʝʥʠʷ, ʙʳʩʪʨʦʛʦ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʠ ʩʧʦʩʦʙʥʦʩʪʠ ʨʘʙʦʪʘʪʴ ʚ 

ʢʦʤʘʥʜʝ - ʥʘʚʳʢʦʚ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʚʦʩʪʨʝʙʦʚʘʥʥʳʤʠ ʚ ʣʶʙʦʡ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ. 

ɿʘʢʣʶʯʝʥʠʝ. ɺʥʝʜʨʝʥʠʝ ʮʝʥʪʨʦʚ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʨʝʘʛʠʨʦʚʘʥʠʷ ʥʘ ʠʥʮʠʜʝʥʪʳ ʚ 

ʫʥʠʚʝʨʩʠʪʝʪʘʭ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʷʚʣʷʝʪʩʷ ʩʪʨʘʪʝʛʠʯʝʩʢʠ ʚʘʞʥʳʤ ʰʘʛʦʤ ʚ ʩʪʦʨʦʥʫ 

ʧʦʚʳʰʝʥʠʷ ʫʨʦʚʥʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʫʯʨʝʞʜʝʥʠʡ. SOC 

ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʵʬʬʝʢʪʠʚʥʦ ʧʨʦʪʠʚʦʩʪʦʷʪʴ ʫʛʨʦʟʘʤ, ʥʦ ʠ ʧʦʟʚʦʣʷʝʪ ʧʨʠʚʣʝʢʘʪʴ ʩʪʫʜʝʥʪʦʚ 

ʢ ʨʘʙʦʪʝ, ʦʪʢʨʳʚʘʶʱʝʡ ʧʝʨʝʜ ʥʠʤʠ ʫʥʠʢʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠʭ 

ʥʘʚʳʢʦʚ ʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ. 
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ʏʠʢʠʰʝʚ ʊ.ɺ. 

ʄʦʩʢʦʚʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʄʦʩʢʚʘ 

 

ʉʪʘʪʴʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʧʠʩʘʥʠʝ ʩʭʝʤʳ ʨʘʙʦʪʳ ʟʘʱʠʱʝʥʥʦʛʦ ʭʨʘʥʠʣʠʱʘ ʜʘʥʥʳʭ, 

ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʪʝʭʥʦʣʦʛʠʠ Kotlin Multiplatform. ɺ ʢʦʥʪʝʢʩʪʝ ʧʦʚʳʰʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʜʘʥʥʳʭ ʠ ʚʘʞʥʦʩʪʠ ʟʘʱʠʪʳ ʧʝʨʩʦʥʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ ʢ 

ʦʙʝʩʧʝʯʝʥʠʶ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʘʥʥʳʭ, ʚʢʣʶʯʘʷ ʰʠʬʨʦʚʘʥʠʝ, ʭʨʘʥʝʥʠʝ ʢʣʶʯʝʡ ʠ ʵʬʬʝʢʪʠʚʥʦʝ 

ʫʧʨʘʚʣʝʥʠʝ ʠʥʬʦʨʤʘʮʠʝʡ. ʇʦʜʨʦʙʥʦ ʦʧʠʩʳʚʘʶʪʩʷ ʰʘʛʠ ʨʝʘʣʠʟʘʮʠʠ, ʚʢʣʶʯʘʷ ʩʝʨʠʘʣʠʟʘʮʠʶ, 

ʰʠʬʨʦʚʘʥʠʝ, ʙʝʟʦʧʘʩʥʦʝ ʭʨʘʥʝʥʠʝ ʢʣʶʯʝʡ ʠ ʭʨʘʥʝʥʠʝ ʜʘʥʥʳʭ ʥʘ ʜʠʩʢʝ. ʉʪʘʪʴʷ ʟʘʢʣʶʯʘʝʪʩʷ 

ʚ ʪʦʤ, ʯʪʦ ʵʬʬʝʢʪʠʚʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʟʘʱʠʱʝʥʥʦʛʦ ʭʨʘʥʠʣʠʱʘ ʜʘʥʥʳʭ ʪʨʝʙʫʝʪ ʥʝ ʪʦʣʴʢʦ 

ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʚʳʢʦʚ ʚ ʦʙʣʘʩʪʠ ʢʨʠʧʪʦʛʨʘʬʠʠ, ʥʦ ʠ ʫʯʝʪʘ ʤʥʦʞʝʩʪʚʘ ʜʨʫʛʠʭ ʬʘʢʪʦʨʦʚ 

ʙʝʟʦʧʘʩʥʦʩʪʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: Kotlin Multiplatform, KeyStore, KeyChain, Android, IOS, ʟʘʱʠʪʘ ʠʥʬʦʨʤʘʮʠʠ. 

 

ɺʚʝʜʝʥʠʝ. ɺ ʤʠʨʝ, ʛʜʝ ʜʘʥʥʳʝ ʠʛʨʘʶʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ, ʦʙʝʩʧʝʯʝʥʠʝ ʠʭ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʩʪʘʥʦʚʠʪʩʷ ʧʨʠʦʨʠʪʝʪʦʤ. ʉʦʟʜʘʥʠʝ ʙʝʟʦʧʘʩʥʦʛʦ ʭʨʘʥʠʣʠʱʘ ʜʘʥʥʳʭ ʪʨʝʙʫʝʪ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʧʦʜʭʦʜʘ, ʚʢʣʶʯʘʶʱʝʛʦ ʚ ʩʝʙʷ ʥʝ ʪʦʣʴʢʦ ʰʠʬʨʦʚʘʥʠʝ ʠʥʬʦʨʤʘʮʠʠ, ʥʦ ʠ ʙʝʟʦʧʘʩʥʦʝ ʭʨʘʥʝʥʠʝ 

ʢʣʶʯʝʡ ʠ ʵʬʬʝʢʪʠʚʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʜʘʥʥʳʤʠ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʤʳ ʨʘʩʩʤʦʪʨʠʤ ʩʭʝʤʫ ʨʘʙʦʪʳ 

ʟʘʱʠʱʝʥʥʦʛʦ ʭʨʘʥʠʣʠʱʘ ʜʘʥʥʳʭ ʚ ʢʦʥʪʝʢʩʪʝ ʪʝʭʥʦʣʦʛʠʠ Kotlin Multiplatform. 

ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʩ Kotlin Multiplatform 

[1] ʊʝʭʥʦʣʦʛʠʷ Kotlin Multiplatform ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʫʥʠʚʝʨʩʘʣʴʥʳʝ ʢʦʤʧʦʥʝʥʪʳ, 

ʧʨʠʛʦʜʥʳʝ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʘ ʨʘʟʣʠʯʥʳʭ ʧʣʘʪʬʦʨʤʘʭ. ɺ ʩʣʫʯʘʝ ʟʘʱʠʱʝʥʥʦʛʦ ʭʨʘʥʠʣʠʱʘ 

ʦʙʱʠʡ ʤʦʜʫʣʴ ʙʫʜʝʪ ʩʦʜʝʨʞʘʪʴ ʠʥʪʝʨʬʝʡʩʳ Cryptography, KeyStore, SecureStorage.  

Å Cryptography ï ʦʪʚʝʯʘʝʪ ʟʘ ʧʨʦʮʝʩʩ ʰʠʬʨʦʚʘʥʠʷ. 

Å KeyStore ï ʦʪʚʝʯʘʝʪ ʟʘ ʧʨʦʮʝʩʩ ʩʦʭʨʘʥʝʥʠʷ/ʠʟʚʣʝʯʝʥʠʷ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʭ 

ʢʣʶʯʝʡ.  

Å SecureStorage ï ʙʫʜʝʪ ʠʤʝʪʴ ʤʝʪʦʜʳ ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ ʠ ʠʟʚʣʝʯʝʥʠʷ ʜʘʥʥʳʭ ʩ ʜʠʩʢʘ 

ʚ ʟʘʰʠʬʨʦʚʘʥʥʦʤ ʠ ʨʘʩʰʠʬʨʦʚʘʥʥʦʤ ʚʠʜʝ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠʩʧʦʣʴʟʫʷ ʧʣʘʪʬʦʨʤʝʥʥʳʝ 

ʵʢʟʝʤʧʣʷʨʳ ʢʣʘʩʩʦʚ Cryptography ʠ KeyStore. 

ʀʥʪʝʨʬʝʡʩʳ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʷʚʣʷʶʪʩʷ ʢʦʥʪʨʘʢʪʦʤ, ʢʦʪʦʨʳʡ ʛʦʚʦʨʠʪ, ʯʪʦ ʥʫʞʥʦ 

ʨʝʘʣʠʟʦʚʘʪʴ ʦʧʨʝʜʝʣʝʥʥʳʝ ʤʝʪʦʜʳ ʚ ʧʣʘʪʬʦʨʤʝʥʥʦʡ ʠʤʧʣʝʤʝʥʪʘʮʠʠ, ʯʪʦʙʳ ʵʪʦʪ ʠʥʪʝʨʬʝʡʩ 

ʤʦʞʥʦ ʙʳʣʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʦʙʱʝʤ ʢʦʜʝ.  

ʐʘʛʠ ʨʝʘʣʠʟʘʮʠʠ 

ʊʝʧʝʨʴ, ʢʦʛʜʘ ʷʩʥʘ ʣʦʛʠʢʘ ʨʘʙʦʪʳ ʚ Kotlin Multiplatform, ʤʦʞʥʦ ʧʨʠʩʪʫʧʠʪʴ ʢ 

ʨʘʩʩʤʦʪʨʝʥʠʶ ʰʘʛʦʚ ʨʝʘʣʠʟʘʮʠʠ: 

1. ʉʝʨʠʘʣʠʟʘʮʠʷ/ɼʝʩʝʨʠʘʣʠʟʘʮʠʷ ʜʘʥʥʳʭ: cʥʘʯʘʣʘ ʜʘʥʥʳʝ ʥʝʦʙʭʦʜʠʤʦ 

ʧʨʝʦʙʨʘʟʦʚʘʪʴ ʚ ʫʜʦʙʥʳʡ ʬʦʨʤʘʪ ʜʣʷ ʦʙʨʘʙʦʪʢʠ. ʄʳ ʠʩʧʦʣʴʟʫʝʤ ʙʠʙʣʠʦʪʝʢʫ KotlinX 

Serialization ʜʣʷ ʩʝʨʠʘʣʠʟʘʮʠʠ ʦʙʲʝʢʪʦʚ Kotlin ʚ ʬʦʨʤʘʪ JSON ʠ ʦʙʨʘʪʥʦ. ʕʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʵʬʬʝʢʪʠʚʥʳʡ ʧʨʦʮʝʩʩ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʜʘʥʥʳʭ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʰʠʬʨʦʚʘʥʠʷ. 

2. ʐʠʬʨʦʚʘʥʠʝ/ʈʘʩʰʠʬʨʦʚʢʘ ʜʘʥʥʳʭ: ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʠ 

ʜʘʥʥʳʭ ʤʳ ʧʨʠʤʝʥʷʝʤ ʘʣʛʦʨʠʪʤ AES-256 ʜʣʷ ʰʠʬʨʦʚʘʥʠʷ ʠ ʨʘʩʰʠʬʨʦʚʢʠ. ɿʘ ʵʪʦʪ ʧʨʦʮʝʩʩ 

ʦʪʚʝʯʘʝʪ ʠʥʪʝʨʬʝʡʩ Cryptography, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʨʘʟʣʠʯʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʰʠʬʨʦʚʘʥʠʷ.  



3. ɹʝʟʦʧʘʩʥʦʝ ʭʨʘʥʝʥʠʝ ʢʣʶʯʝʡ: ʢʣʶʯʠ ʰʠʬʨʦʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʭʨʘʥʠʪʴ 

ʙʝʟʦʧʘʩʥʦ, ʯʪʦʙʳ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʠʭ ʢʦʤʧʨʦʤʝʪʘʮʠʶ. ʅʘ ʧʣʘʪʬʦʨʤʝ Android ʤʳ ʠʩʧʦʣʴʟʫʝʤ 

KeyStore, ʘ ʥʘ IOS - KeyChain. ʕʪʠ ʤʝʭʘʥʠʟʤʳ ʦʙʝʩʧʝʯʠʚʘʶʪ ʥʘʜʝʞʥʦʝ ʭʨʘʥʝʥʠʝ ʢʣʶʯʝʡ. [2] 

4. ʍʨʘʥʝʥʠʝ ʟʘʰʠʬʨʦʚʘʥʥʳʭ ʜʘʥʥʳʭ: ʟʘʰʠʬʨʦʚʘʥʥʳʝ ʜʘʥʥʳʝ ʩʦʭʨʘʥʷʶʪʩʷ ʥʘ 

ʜʠʩʢʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʠʙʣʠʦʪʝʢʠ DataStore. ʕʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʜʦʙʥʳʡ ʩʧʦʩʦʙ ʭʨʘʥʝʥʠʷ ʠ 

ʠʟʚʣʝʯʝʥʠʷ ʟʘʰʠʬʨʦʚʘʥʥʳʭ ʜʘʥʥʳʭ ʠʟ ʭʨʘʥʠʣʠʱʘ. 

ʉʭʝʤʘ ʧʦʪʦʢʘ ʜʘʥʥʳʭ ʟʘʱʠʱʝʥʥʦʛʦ ʭʨʘʥʠʣʠʱʘ ʜʘʥʥʳʭ 

ʀʩʭʦʜʷ ʠʟ ʚʩʝʛʦ ʧʝʨʝʯʠʩʣʝʥʥʦʛʦ ʤʦʞʥʦ ʩʦʩʪʘʚʠʪʴ ʧʦʰʘʛʦʚʫʶ ʩʭʝʤʫ ʧʦʪʦʢʘ ʜʘʥʥʳʭ ʧʨʠ 

ʨʘʙʦʪʝ ʩ ʙʠʙʣʠʦʪʝʢʦʡ ʟʘʱʠʱʝʥʥʦʛʦ ʭʨʘʥʠʣʠʱʘ ʜʘʥʥʳʭ.  

ʉʦʭʨʘʥʝʥʠʝ ʜʘʥʥʳʭ: 

ǒ ʉʝʨʠʘʣʠʟʘʮʠʷ: ʜʘʥʥʳʝ ʦʙʲʝʢʪʘ Kotlin ʩʝʨʠʘʣʠʟʫʶʪʩʷ ʚ JSON-ʩʪʨʦʢʫ. 

ǒ ʐʠʬʨʦʚʘʥʠʝ: JSON-ʩʪʨʦʢʘ ʰʠʬʨʫʝʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʣʛʦʨʠʪʤʘ. 

ǒ ʍʨʘʥʝʥʠʝ ʢʣʶʯʘ: ʢʣʶʯ ʰʠʬʨʦʚʘʥʠʷ ʛʝʥʝʨʠʨʫʝʪʩʷ ʠ ʩʦʭʨʘʥʷʝʪʩʷ ʚ KeyStore ʠʣʠ 

KeyChain ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʣʘʪʬʦʨʤʳ. [2] 

ǒ ʉʦʭʨʘʥʝʥʠʝ ʜʘʥʥʳʭ: ʟʘʰʠʬʨʦʚʘʥʥʳʝ ʜʘʥʥʳʝ ʩʦʭʨʘʥʷʶʪʩʷ ʥʘ ʜʠʩʢʝ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ DataStore. 

ʇʨʦʮʝʩʩ ʠʟʚʣʝʯʝʥʠʷ ʜʘʥʥʳʭ ʧʨʦʠʩʭʦʜʠʪ ʚ ʦʙʨʘʪʥʦʤ ʧʦʨʷʜʢʝ. 

ʊʝʧʝʨʴ ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʪʴ ʧʣʘʪʬʦʨʤʝʥʥʳʝ ʢʦʤʧʦʥʝʥʪʳ, ʠʥʪʝʛʨʠʨʦʚʘʪʴ ʠʭ ʚ 

ʤʫʣʴʪʠʧʣʘʪʬʦʨʤʝʥʥʳʡ ʢʣʘʩʩ SecureStorage ʠ ʨʝʘʣʠʟʦʚʘʪʴ ʚ ʥʝʤ ʧʨʦʮʝʩʩʳ ʩʦʭʨʘʥʝʥʠʷ ʠ 

ʠʟʚʣʝʯʝʥʠʷ ʟʘʰʠʬʨʦʚʘʥʥʳʭ ʠ ʨʘʩʰʠʬʨʦʚʘʥʥʳʭ ʜʘʥʥʳʭ ʥʘ ʜʠʩʢ ʠ ʩ ʜʠʩʢʘ. 

ɿʘʢʣʶʯʝʥʠʝ 

ʈʝʘʣʠʟʘʮʠʷ ʟʘʱʠʱʝʥʥʦʛʦ ʭʨʘʥʠʣʠʱʘ ʜʘʥʥʳʭ - ʵʪʦ ʥʝ ʧʨʦʩʪʦ ʧʨʦʮʝʩʩ ʰʠʬʨʦʚʘʥʠʷ 

ʠʥʬʦʨʤʘʮʠʠ. ʕʪʦ ʮʝʣʳʡ ʢʦʤʧʣʝʢʩ ʤʝʨ, ʥʘʯʠʥʘʷ ʦʪ ʩʝʨʠʘʣʠʟʘʮʠʠ ʜʘʥʥʳʭ ʠ ʟʘʢʘʥʯʠʚʘʷ 

ʙʝʟʦʧʘʩʥʳʤ ʭʨʘʥʝʥʠʝʤ ʢʣʶʯʝʡ. ʄʫʣʴʪʠʧʣʘʪʬʦʨʤʝʥʥʘʷ ʤʦʜʫʣʴʥʘʷ ʩʪʨʫʢʪʫʨʘ ʧʦʟʚʦʣʷʝʪ 

ʵʬʬʝʢʪʠʚʥʦ ʨʝʘʣʠʟʦʚʳʚʘʪʴ ʠ ʧʦʜʜʝʨʞʠʚʘʪʴ ʪʘʢʠʝ ʭʨʘʥʠʣʠʱʘ ʥʘ ʨʘʟʣʠʯʥʳʭ ʧʣʘʪʬʦʨʤʘʭ, 

ʦʙʝʩʧʝʯʠʚʘʷ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʜʘʥʥʳʭ. 
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ʉʠʙʠʨʩʢʠʡ ʌʝʜʝʨʘʣʴʥʳʡ ʋʥʠʚʝʨʩʠʪʝʪ, ʀʥʩʪʠʪʫʪ ʵʢʦʥʦʤʠʢʠ, ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 

ʠ ʬʠʥʘʥʩʦʚ, ʂʨʘʩʥʦʷʨʩʢ 

 

ʂʣʘʩʪʝʨʠʟʘʮʠʷ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʠ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, 

ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʛʨʫʧʧʠʨʦʚʘʪʴ ʦʙʲʝʢʪʳ ʧʦ ʩʭʦʜʩʪʚʫ ʠʭ ʧʨʠʟʥʘʢʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʣʘʩʪʝʨʠʟʘʮʠʷ, ʤʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ, ʘʥʘʣʠʟ, ʟʘʨʘʙʦʪʥʘʷ ʧʣʘʪʘ, ʤʝʪʦʜ K-

means 

 

ʂʣʘʩʪʝʨʠʟʘʮʠʷ - ʵʪʦ ʤʝʪʦʜ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʠʩʧʦʣʴʟʫʝʤʳʡ ʜʣʷ ʨʘʟʜʝʣʝʥʠʷ ʥʘʙʦʨʘ 

ʜʘʥʥʳʭ ʥʘ ʥʝʩʢʦʣʴʢʦ ʛʨʫʧʧ, ʠʣʠ ʢʣʘʩʪʝʨʦʚ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʦʙʲʝʢʪʳ ʚ ʦʜʥʦʡ ʛʨʫʧʧʝ ʠʤʝʶʪ 

ʙʦʣʴʰʝ ʩʭʦʜʩʪʚʘ ʜʨʫʛ ʩ ʜʨʫʛʦʤ, ʯʝʤ ʩ ʦʙʲʝʢʪʘʤʠ ʠʟ ʜʨʫʛʠʭ ʛʨʫʧʧ. Python, ʙʫʜʫʯʠ ʦʜʥʠʤ ʠʟ 

ʩʘʤʳʭ ʧʦʧʫʣʷʨʥʳʭ ʷʟʳʢʦʚ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʜʣʷ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʠ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, 

ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʦʙʰʠʨʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʢʣʘʩʪʝʨʠʟʘʮʠʠ, ʩ ʧʦʤʦʱʴʶ ʙʠʙʣʠʦʪʝʢ 

Scikit-learn, Pandas ʠ Matplotlib. ʉʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʤʝʪʦʜʦʚ ʢʣʘʩʪʝʨʠʟʘʮʠʠ, ʢʘʞʜʳʡ ʠʟ 

ʢʦʪʦʨʳʭ ʠʤʝʝʪ ʩʚʦʠ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ. ʅʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʝ ʠʟ ʥʠʭ: 

1. ʄʝʪʦʜ k-ʩʨʝʜʥʠʭ (K-means) 

2. ʀʝʨʘʨʭʠʯʝʩʢʘʷ ʢʣʘʩʪʝʨʠʟʘʮʠʷ 

3. ʄʝʪʦʜ DBSCAN (Density-Based Spatial Clustering of Applications with Noise) 

4. ʉʧʝʢʪʨʘʣʴʥʘʷ ʢʣʘʩʪʝʨʠʟʘʮʠʷ 

 

 ɸʥʘʣʠʟ ʠ ʢʣʘʩʪʝʨʠʟʘʮʠʷ ʜʘʥʥʳʭ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʧʨʠʥʷʪʠʠ ʦʙʦʩʥʦʚʘʥʥʳʭ 

ʨʝʰʝʥʠʡ ʚ ʨʘʟʣʠʯʥʳʭ ʩʬʝʨʘʭ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʅʘʧʨʠʤʝʨ, ʚ ʵʢʦʥʦʤʠʢʝ ʘʥʘʣʠʟ ʜʘʥʥʳʭ ʦ 

ʟʘʨʘʙʦʪʥʦʡ ʧʣʘʪʝ ʠ ʜʨʫʛʠʭ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʷʭ ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʠʪʴ ʨʝʛʠʦʥʘʣʴʥʳʝ 

ʨʘʟʣʠʯʠʷ ʠ ʨʘʟʨʘʙʦʪʘʪʴ ʤʝʨʳ ʧʦ ʠʭ ʩʦʢʨʘʱʝʥʠʶ. ɺʥʘʯʘʣʝ ʥʫʞʥʦ ʩʦʟʜʘʪʴ ʜʘʪʘʩʝʪ [1] ʠ 

ʟʘʛʨʫʟʠʪʴ ʚ Python, ʚ ʥʘʰʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʘʥʥʳʝ ʦ ʩʨʝʜʥʝʡ ʟʘʨʘʙʦʪʥʦʡ ʧʣʘʪʝ 

ʩʫʙʲʝʢʪʦʚ ʈʌ ʟʘ 2023 ʛʦʜ (ʈʠʩ. 1). 

 

 
ʈʠʩʫʥʦʢ 1. ʂʦʜ ʜʣʷ ʟʘʛʨʫʟʢʠ ʠ ʧʨʦʩʤʦʪʨʘ ʜʘʥʥʳʭ 

 

ʊʝʧʝʨʴ ʩʦʟʜʘʜʠʤ ʤʦʜʝʣʴ ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʤʝʪʦʜʦʤ ʣʦʢʪʷ (ʈʠʩ.2). ʄʝʪʦʜ ʣʦʢʪʷ ʧʦʟʚʦʣʷʝʪ 

ʦʧʨʝʜʝʣʠʪʴ ʦʧʪʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʢʣʘʩʪʝʨʦʚ. ɼʣʷ ʵʪʦʛʦ, ʤʳ ʦʙʫʯʠʤ ʥʝʩʢʦʣʴʢʦ ʤʦʜʝʣʝʡ ʩ 

ʨʘʟʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʢʣʘʩʪʝʨʦʚ ʠ ʧʦʩʪʨʦʠʤ ʛʨʘʬʠʢ ʠʟʤʝʥʝʥʠʷ ʠʥʝʨʮʠʠ (ʩʫʤʤʘ ʢʚʘʜʨʘʪʦʚ 

ʨʘʩʩʪʦʷʥʠʡ ʦʪ ʪʦʯʝʢ ʜʦ ʮʝʥʪʨʦʠʜʦʚ) ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʢʣʘʩʪʝʨʦʚ. 

# ʀʤʧʦʨʪʠʨʫʝʤ ʥʝʦʙʭʦʜʠʤʳʝ ʙʠʙʣʠʦʪʝʢʠ: 

import pandas as pd 

from sklearn.cluster import KMeans 

import matplotlib.pyplot as plt  

# ɿʘʛʨʫʟʠʤ ʜʘʥʥʳʝ ʠ ʧʦʩʤʦʪʨʠʤ ʥʘ ʥʠʭ: 

data = pd.read_csv( 'ʟʘʨʘʙʦʪʥʘʷ_ʧʣʘʪʘ.csv')  

print (data.hea d())  



 
ʈʠʩʫʥʦʢ 2. ʂʦʜ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʠ ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʤʝʪʦʜʦʤ ʣʦʢʪʷ 

 

 
ʈʠʩʫʥʦʢ 3. ɻʨʘʬʠʢ ʠʟʤʝʥʝʥʠʷ ʠʥʝʨʮʠʠ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʢʣʘʩʪʝʨʦʚ 

 

ʅʘ ʛʨʘʬʠʢʝ ʤʳ ʠʱʝʤ ʪʦʯʢʫ "ʣʦʢʪʷ", ʧʦʩʣʝ ʢʦʪʦʨʦʡ ʩʥʠʞʝʥʠʝ ʠʥʝʨʮʠʠ ʩʪʘʥʦʚʠʪʩʷ ʤʝʥʝʝ 

ʟʥʘʯʠʪʝʣʴʥʳʤ. ʕʪʦ ʠ ʙʫʜʝʪ ʦʧʪʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʢʣʘʩʪʝʨʦʚ. ɼʦʧʫʩʪʠʤ, ʥʘ ʈʠʩʫʥʢʝ 3 ʤʳ 

ʚʠʜʠʤ, ʯʪʦ "ʣʦʢʦʪʴ" ʥʘʭʦʜʠʪʩʷ ʧʨʠ k=3. 

 

 
ʈʠʩʫʥʦʢ 4. ʂʦʜ ʜʣʷ ʦʙʫʯʝʥʠʷ ʤʦʜʝʣʠ ʩ ʦʧʪʠʤʘʣʴʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʢʣʘʩʪʝʨʦʚ 

 

ʊʝʧʝʨʴ ʫ ʥʘʩ ʝʩʪʴ ʜʘʥʥʳʝ, ʨʘʟʜʝʣʝʥʥʳʝ ʥʘ ʢʣʘʩʪʝʨʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʨʝʜʥʝʡ 

ʟʘʨʘʙʦʪʥʦʡ ʧʣʘʪʳ ʥʘʩʝʣʝʥʠʷ. ʄʳ ʤʦʞʝʤ ʧʨʦʚʝʩʪʠ ʘʥʘʣʠʟ ʢʘʞʜʦʛʦ ʢʣʘʩʪʝʨʘ ʠ ʚʳʷʚʠʪʴ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʤʝʞʜʫ ʫʨʦʚʥʝʤ ʟʘʨʘʙʦʪʥʦʡ ʧʣʘʪʳ ʠ ʜʨʫʛʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʩʫʙʲʝʢʪʦʚ 

ʈʌ. 

ɼʣʷ ʨʘʟʜʝʣʝʥʠʷ ʩʫʙʲʝʢʪʦʚ ʈʌ ʥʘ ʢʣʘʩʪʝʨʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʨʝʜʥʝʡ ʟʘʨʘʙʦʪʥʦʡ ʧʣʘʪʳ 

ʥʘʩʝʣʝʥʠʷ ʤʦʞʥʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʠ ʜʨʫʛʠʤ ʘʣʛʦʨʠʪʤʦʤ ʢʣʘʩʪʝʨʠʟʘʮʠʠ - ʤʝʪʦʜʦʤ K-means. 

ʄʝʪʦʜ k-ʩʨʝʜʥʠʭ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʧʨʦʩʪʳʭ ʠ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʤʝʪʦʜʦʚ 

ʢʣʘʩʪʝʨʠʟʘʮʠʠ. ʆʩʥʦʚʥʘʷ ʠʜʝʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʘʟʜʝʣʝʥʠʠ ʜʘʥʥʳʭ ʥʘ k ʢʣʘʩʪʝʨʦʚ, ʤʠʥʠʤʠʟʠʨʫʷ 

ʩʫʤʤʫ ʢʚʘʜʨʘʪʦʚ ʨʘʩʩʪʦʷʥʠʡ ʤʝʞʜʫ ʦʙʲʝʢʪʘʤʠ ʠ ʮʝʥʪʨʘʤʠ ʢʣʘʩʪʝʨʦʚ. 

inertia = []  

for k in range ( 1, 11):  

    kmeans = KMeans( n_clusters =k)  

    kmeans.fit(data[[ 'ʩʨʝʜʥʷʷ_ʟʘʨʘʙʦʪʥʘʷ_ʧʣʘʪʘ']])  

    inertia.appen d(kmeans.inertia_)  

plt.figure( figsize =( 12, 6))  

plt.plot( range ( 1, 11), inertia, marker ='o' )  

plt.xlabel( 'Number of clusters' )  

plt.ylabel( 'Inertia' )  

plt.title( 'Elbow Method for Optimal k' )  

plt.show()  

# ʊʝʧʝʨʴ ʦʙʫʯʠʤ ʤʦʜʝʣʴ ʩ ʦʧʪʠʤʘʣʴʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʢʣʘʩʪʝʨʦʚ 

# ʠ ʩʜʝʣʘʝʤ ʧʨʦʛʥʦʟʳ, ʜʘʣʝʝ ʚʳʚʝʜʝʤ ʨʝʟʫʣʴʪʘʪ: 

kmeans = KMeans( n_clusters =3)  

data[ 'cluster' ] = kmeans.fit_predict(data[[ 'ʩʨʝʜʥʷʷ_ʟʘʨʘʙʦʪʥʘʷ_ʧʣʘʪʘ']])  

print (data.head())  



 
ʈʠʩʫʥʦʢ 5. ʂʦʜ ʥʘ Python, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʨʘʟʜʝʣʠʪʴ ʩʫʙʲʝʢʪʳ ʈʌ ʥʘ ʢʣʘʩʪʝʨʳ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʨʝʜʥʝʡ ʟʘʨʘʙʦʪʥʦʡ ʧʣʘʪʳ ʥʘʩʝʣʝʥʠʷ 

 

 
ʈʠʩʫʥʦʢ 6. ɺʠʟʫʘʣʠʟʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʢʣʘʩʪʝʨʠʟʘʮʠʠ 

 

ɺ ʜʘʥʥʦʤ ʢʦʜʝ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʬʘʡʣ 'average_salary_per_region.csv' ʩ ʜʘʥʥʳʤʠ ʧʦ 

ʩʨʝʜʥʝʡ ʟʘʨʘʙʦʪʥʦʡ ʧʣʘʪʝ ʥʘʩʝʣʝʥʠʷ ʧʦ ʩʫʙʲʝʢʪʘʤ ʈʌ ʟʘʛʨʫʞʘʝʪʩʷ ʚ Python, ʧʦʩʣʝ ʯʝʛʦ 

ʚʳʧʦʣʥʷʝʪʩʷ ʢʦʜ. ʇʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ ʢʦʜʘ, ʥʘ ʛʨʘʬʠʢʝ ʙʫʜʝʪ ʦʪʦʙʨʘʞʝʥʦ ʨʘʟʜʝʣʝʥʠʝ ʩʫʙʲʝʢʪʦʚ 

ʈʌ ʥʘ ʢʣʘʩʪʝʨʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʨʝʜʥʝʡ ʟʘʨʘʙʦʪʥʦʡ ʧʣʘʪʳ ʥʘʩʝʣʝʥʠʷ. ʂʦʣʠʯʝʩʪʚʦ ʢʣʘʩʪʝʨʦʚ 

ʠ ʜʨʫʛʠʝ ʧʘʨʘʤʝʪʨʳ ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʤʦʞʥʦ ʥʘʩʪʨʘʠʚʘʪʴ, ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ ʨʝʛʠʦʥʳ ʨʘʟʜʝʣʝʥʳ ʥʘ 

5 ʢʣʘʩʪʝʨʦʚ. 

ʉʧʠʩʦʢ ʠʩʪʦʯʥʠʢʦʚ 

1.  ʌʠʥʘʥʩʦʚʳʝ ʚʣʦʞʝʥʠʷ: ʌʝʜʝʨʘʣʴʥʘʷ ʩʣʫʞʙʘ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʩʪʘʪʠʩʪʠʢʠ 

[ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

https://rosstat.gov.ru/labor_market_employment_salaries  (ɼʘʪʘ ʦʙʨʘʱʝʥʠʷ 20.05.2024) 

2. ɺʦʨʦʥʮʦʚ, ʂ. ɺ. (2015). ʄʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ ʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʡ ʘʥʘʣʠʟ 

ʜʘʥʥʳʭ. ʄʌʊʀ.  

import pandas as pd 

from sklearn.cluster import KMeans 

import matplotlib.pyplot as plt  

 

# ɿʘʛʨʫʞʘʝʤ ʜʘʥʥʳʝ ʩʨʝʜʥʝʡ ʟʘʨʘʙʦʪʥʦʡ ʧʣʘʪʳ ʥʘʩʝʣʝʥʠʷ ʧʦ ʩʫʙʲʝʢʪʘʤ ʈʌ 

data = pd.read_csv( 'average_salary_per_region.csv' )  

 

# ɺʳʙʠʨʘʝʤ ʥʫʞʥʳʡ ʩʪʦʣʙʝʮ ʩʨʝʜʥʝʡ ʟʘʨʘʙʦʪʥʦʡ ʧʣʘʪʳ ʜʣʷ ʢʣʘʩʪʝʨʠʟʘʮʠʠ 

X = data[[ 'average_salary' ]]  

 

# ʂʣʘʩʪʝʨʠʟʫʝʤ ʜʘʥʥʳʝ ʤʝʪʦʜʦʤ K- means ʥʘ, ʥʘʧʨʠʤʝʨ, 3 ʢʣʘʩʪʝʨʘ 

kmeans = KMe ans( n_clusters =3)  

data[ 'cluster' ] = kmeans.fit_predict(X)  

 

# ɺʠʟʫʘʣʠʟʠʨʫʝʤ ʨʝʟʫʣʴʪʘʪʳ ʢʣʘʩʪʝʨʠʟʘʮʠʠ 

plt.scatter(data[ 'average_salary' ], [ 0]* len (data), c=data[ 'cluster' ], 

cmap='viridis' )  

plt.xlabel( 'Average Salary' )  

plt.show()  



ʏʀʉʃɽʅʅʆɽ ʄʆɼɽʃʀʈʆɺɸʅʀɽ ɻʀɼʈʆɼʀʅɸʄʀʂʀ ʇʈʆʎɽʉʉɸ ʇɽʈɽʄɽʐʀɺɸʅʀʗ ʉ 

ʇʆʄʆʑʔʖ ʉʄɽʉʀʊɽʃʗ ʉ ʄɽʐɸʃʂʆʁ ʊʋʈɹʀʅʅʆɻʆ ʊʀʇɸ ɺ ʇʈʆɻʈɸʄʄɽ 

COMSOL MULTIPHYSICS  

ʋʰʢʦʚ ɸ.ɸ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ɽʨʝʤʠʥ ɺ.ɹ. 

ʌɻɹʆʋ ɺʆ çʈʍʊʋ ʠʤ. ɼ.ʀ. ʄʝʥʜʝʣʝʝʚʘè 

 

ʉʤʝʩʠʪʝʣʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʪʠʧʘ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʭʦʜʷʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ 

ʭʠʤʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ɺ ʥʠʭ ʤʦʛʫʪ ʧʨʦʠʩʭʦʜʠʪʴ ʨʘʟʣʠʯʥʳʝ ʧʨʦʮʝʩʩʳ, ʪʘʢʠʝ ʢʘʢ 

ʨʘʩʪʚʦʨʝʥʠʝ, ʩʫʩʧʝʥʜʠʨʦʚʘʥʠʝ, ʪʝʧʣʦʦʙʤʝʥ ʠ ʪ. ʜ. ɺʩʝ ʵʪʠ ʧʨʦʮʝʩʩʳ ʚʦʟʤʦʞʥʳ ʟʘ ʩʯʸʪ 

ʧʝʨʝʤʝʰʠʚʘʥʠʷ, ʦʩʫʱʝʩʪʚʣʷʝʤʦʝ ʨʘʟʣʠʯʥʳʤʠ ʪʠʧʘʤʠ ʧʝʨʝʤʝʰʠʚʘʶʱʠʭ ʫʩʪʨʦʡʩʪʚ, ʢʦʪʦʨʳʝ 

ʚʳʙʠʨʘʶʪʩʷ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʩʤʝʩʠʪʝʣʝʡ ʧʦʜ ʦʧʨʝʜʝʣʝʥʥʳʡ ʧʨʦʮʝʩʩ ʠ 

ʧʝʨʝʨʘʙʘʪʳʚʘʝʤʳʝ ʤʘʪʝʨʠʘʣʳ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥ ʦʜʠʥ ʠʟ ʚʠʜʦʚ ʪʠʧʦʚ ʤʝʰʘʣʦʢ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʧʝʨʝʤʝʰʠʚʘʥʠʝ ʜʚʫʭ ʚʝʱʝʩʪʚ, ʚ ʭʦʜʝ ʢʦʪʦʨʦʛʦ ʧʨʦʠʩʭʦʜʠʪ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʚ ʦʙʲʝʤʝ ʞʠʜʢʦʩʪʠ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʝʨʝʤʝʰʠʚʘʥʠʝ, ʪʫʨʙʠʥʥʳʝ ʤʝʰʘʣʢʠ, ʛʦʨʠʟʦʥʪʘʣʴʥʳʡ ʩʤʝʩʠʪʝʣʴ, 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʢʦʨʦʩʪʝʡ, COMSOL Multiphysics. 

 

ʇʝʨʝʤʝʰʠʚʘʥʠʝ - ʵʪʦ ʧʨʦʮʝʩʩ, ʥʘʧʨʘʚʣʝʥʥʳʡ ʥʘ ʠʩʢʣʶʯʝʥʠʝ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʤʝʞʜʫ 

ʧʝʨʝʤʝʰʠʚʘʶʱʠʤʠʩʷ ʬʘʟʘʤʠ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʞʝʣʘʝʤʦʛʦ ʨʝʟʫʣʴʪʘʪʘ [1, c. 34]. ʌʘʢʪʦʨʘʤʠ, 

ʚʣʠʷʶʱʠʝ ʥʘ ʜʘʥʥʳʡ ʧʨʦʮʝʩʩ ʠ ʦʧʨʝʜʝʣʷʶʱʠʝ ʦʧʪʠʤʘʣʴʥʦʩʪʴ ʝʛʦ ʧʨʦʚʝʜʝʥʠʷ, ʷʚʣʷʶʪʩʷ 

ʩʪʝʧʝʥʴ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʝʨʝʤʝʰʠʚʘʥʠʷ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʧʝʨʝʤʝʰʠʚʘʥʠʝ ʞʠʜʢʦʩʪʠ ʪʫʨʙʠʥʥʳʤʠ ʤʝʰʘʣʢʘʤʠ ʜʣʷ ʚʳʙʦʨʘ 

ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʧʨʦʮʝʩʩ ʩʫʩʧʝʥʜʠʨʦʚʘʥʠʷ. 

ʈʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʧʨʦʮʝʩʩʘ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʜʚʫʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʩʤʝʩʠʪʝʣʝ ʩ ʤʝʰʘʣʢʦʡ ʪʫʨʙʠʥʥʦʛʦ ʪʠʧʘ ʚ 2D ʧʦʩʪʘʥʦʚʢʝ. 

ʂʘʯʝʩʪʚʦ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʦʮʝʥʠʚʘʣʦʩʴ ʧʦ ʫʨʦʚʥʶ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʡ ʜʚʫʭ 

ʤʘʪʝʨʠʘʣʦʚ ʚ ʦʙʲʝʤʝ ʦʪ ʚʨʝʤʝʥʠ [2]. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʝʨʝʤʝʰʠʚʘʶʱʝʛʦ 

ʫʩʪʨʦʡʩʪʚʘ ʩ ʫʢʘʟʘʥʠʝʤ ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯʠ ʠ ʩʧʦʩʦʙʘ ʝʝ ʨʝʰʝʥʠʷ, ʘ ʪʘʢʞʝ ʧʨʠʚʝʜʝʥʘ ʦʮʝʥʢʘ 

ʧʘʨʘʤʝʪʨʦʚ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʩʫʩʧʝʥʟʠʠ ʤʝʪʦʜʦʤ ʪʨʘʩʩʠʨʦʚʢʠ ʯʘʩʪʠʮ ʚ ʜʚʫʭʬʘʟʥʦʡ ʩʤʝʩʠ.  

ɿʘ ʢʨʠʪʝʨʠʡ ʦʮʝʥʢʠ ʧʨʦʮʝʩʩʘ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʙʳʣʦ ʚʟʷʪʦ ʧʨʦʠʟʚʝʜʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʡ 

ʜʚʫʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʢʦʪʦʨʦʝ ʨʘʩʩʤʘʪʨʠʚʘʣʦʩʴ ʚ ʜʚʫʭ ʦʙʣʘʩʪʷʭ ʦʙʲʝʤʘ ʨʝʘʢʪʦʨʘ: 1 ï ʚ ʦʙʣʘʩʪʠ 

ʧʝʨʝʤʝʰʠʚʘʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ, 2 ï ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʜʚʫʭ ʢʦʤʧʦʥʝʥʪʦʚ. ʀʜʝʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʪʦʤ, ʯʪʦ ʝʩʣʠ ʚʝʱʝʩʪʚʘ ʥʝ ʧʝʨʝʤʝʰʘʥʳ, ʪʦ ʧʨʦʠʟʚʝʜʝʥʠʝ ʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʤʝʥʴʰʝ ʟʥʘʯʝʥʠʷ 

ʣʶʙʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ, ʧʦʵʪʦʤʫ ʥʘʠʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ ʧʨʦʠʟʚʝʜʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ 0,5Ĭ0,5=0.25 ï 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʝʩʣʠ ʚ ʦʙʲʸʤʝ ʨʝʘʢʪʦʨʘ ʚ ʪʦʯʢʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ ʜʦʩʪʠʛʘʝʪʩʷ ʟʥʘʯʝʥʠʝ 

0,25, ʟʥʘʯʠʪ ʩʤʝʩʴ ʧʝʨʝʤʝʰʘʥʘ. ʊʘʢʞʝ ʚʘʞʥʦ ʫʯʝʩʪʴ, ʯʪʦ ʚ ʜʘʥʥʦʡ ʧʦʩʪʘʥʦʚʢʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʨʘʩʯʝʪ ʙʳʣ ʧʨʦʠʟʚʝʜʝʥ ʚ ʢʚʘʟʠʩʪʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ [3]. 

ʊʫʨʙʠʥʥʳʝ ʤʝʰʘʣʢʠ ʷʚʣʷʶʪʩʷ ʚʳʩʦʢʦʠʥʪʝʥʩʠʚʥʳʤʠ ʠ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʤʠ 

ʧʝʨʝʤʝʰʠʚʘʶʱʠʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ, ʧʦʜʭʦʜʷʱʠʝ ʜʣʷ ʧʨʦʮʝʩʩʦʚ ʨʘʩʪʚʦʨʝʥʠʷ ʠ 

ʩʫʩʧʝʥʜʠʨʦʚʘʥʠʷ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʢʦʥʩʪʨʫʢʮʠʠ ʜʘʥʥʳʭ 

ʤʝʰʘʣʦʢ [4, c. 56]: 



 
ʈʠʩʫʥʦʢ 1. ʄʝʰʘʣʢʠ ʪʫʨʙʠʥʥʦʛʦ ʪʠʧʘ: ɸ ï ʦʪʢʨʳʪʘʷ ʪʫʨʙʠʥʥʘʷ ʤʝʰʘʣʢʘ ʩ ʧʨʷʤʳʤʠ 

ʣʦʧʘʪʢʘʤʠ, ɹ ï ʦʪʢʨʳʪʘʷ ʪʫʨʙʠʥʥʘʷ ʤʝʰʘʣʢʘ ʩ ʟʘʛʥʫʪʳʤʠ ʣʦʧʘʪʢʘʤʠ. 

 

ʊʫʨʙʠʥʥʘʷ ʤʝʰʘʣʢʘ ʩ ʟʘʛʥʫʪʳʤʠ ʣʦʧʘʪʢʘʤʠ ʙʳʣʘ ʚʳʙʨʘʥʘ ʦʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʣʷ 

ʨʝʰʝʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʟʘʜʘʯʠ.  

ɻʝʦʤʝʪʨʠʯʝʩʢʘʷ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ 

ɿʘʜʘʥʠʝ ʧʨʦʮʝʩʩʘ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʩ ʧʦʜʢʣʶʯʝʥʠʝʤ ʤʦʜʝʣʠ ʜʚʫʭʬʘʟʥʦʡ ʞʠʜʢʦʩʪʠ ʙʳʣʘ 

ʩʜʝʣʘʥʘ ʚ 2D.  

ɼʘʥʥʘʷ ʛʝʦʤʝʪʨʠʷ ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʩʪʨʦʝʥʥʳʭ ʤʦʜʝʣʝʡ 

ʧʝʨʝʤʝʰʠʚʘʶʱʠʭ ʫʩʪʨʦʡʩʪʚ ʚ COMSOL. 

 

 
ʈʠʩʫʥʦʢ 2. ʕʩʢʠʟ ʛʝʦʤʝʪʨʠʠ ʤʝʰʘʣʢʠ 

 

ʌʠʟʠʯʝʩʢʘʷ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ 

ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʙʳʣ ʚʳʙʨʘʥ ʣʘʤʠʥʘʨʥʳʡ ʧʨʦʮʝʩʩ ʧʦʚʝʜʝʥʠʷ 

ʞʠʜʢʦʩʪʠ ʠ ʥʝ ʫʩʪʘʥʦʚʣʝʥʦ ʥʘʣʠʧʘʥʠʝ ʥʘ ʩʪʝʥʢʘʭ ʘʧʧʘʨʘʪʘ, ʘ ʪʘʢʞʝ ʙʳʣʘ ʧʦʜʢʣʶʯʝʥʘ 

ʛʨʘʚʠʪʘʮʠʷ ʜʣʷ ʬʠʟʠʯʥʦʩʪʠ ʨʘʩʯʝʪʘ (ʨʠʩ. 3 ʠ 4): 

 



 
ʈʠʩʫʥʦʢ 3. ʉʚʦʡʩʪʚʘ ʧʦʪʦʢʘ 

 

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʟʘʜʘʪʴ ʚʨʘʱʝʥʠʝ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʬʫʥʢʮʠʷ ʚʨʘʱʘʶʱʝʝʩʷ ʩʝʪʢʠ Moving 

Mesh, ʚ ʢʦʪʦʨʦʡ ʚʳʙʠʨʘʝʪʩʷ ʤʦʜʫʣʴ Rotating Domain ʜʣʷ ʚʳʙʦʨʘ ʟʦʥ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʠ ʟʘʜʘʥʠʷ 

ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ (ʨʠʩ. 5).  

 

 
ʈʠʩʫʥʦʢ 4. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʦʪʦʢʘ ʩʦ ʩʪʝʥʢʘʤʠ 

 

 
ʈʠʩʫʥʦʢ 5. ʇʦʜʚʠʞʥʘʷ ʩʝʪʢʘ  



ʊʘʢʞʝ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʚʫʭʬʘʟʥʦʡ ʞʠʜʢʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʤʝʪʦʜ Phase Field. 

Phase Field - ʦʧʨʝʜʝʣʷʝʪ ʩʚʷʟʘʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʬʘʟʦʚʦʛʦ ʧʦʣʷ, ʚʢʣʶʯʘʷ ʧʦʚʝʨʭʥʦʩʪʥʦʝ 

ʥʘʪʷʞʝʥʠʝ ʠ ʪʦʣʱʠʥʫ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ.  

ʆʩʥʦʚʥʳʤ ʫʟʣʦʤ ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʷ Phase Field Model, ʢʦʪʦʨʘʷ ʜʦʙʘʚʣʷʝʪ ʧʘʨʘʤʝʪʨʳ 

ʬʘʟʦʚʦʛʦ ʧʦʣʷ, ʚʥʝʰʥʶʶ ʩʚʦʙʦʜʥʫʶ ʵʥʝʨʛʠʶ ʠ ʢʦʥʚʝʢʮʠʶ. ʇʨʠ ʜʦʙʘʚʣʝʥʠʠ ʵʪʦʛʦ 

ʬʠʟʠʯʝʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ ʚ Model Builder ʪʘʢʞʝ ʜʦʙʘʚʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʫʟʣʳ ʧʦ ʫʤʦʣʯʘʥʠʶ 

- Initial Values, Initial Values, Fluid 2 ʠ Wetted Wall.  

 

 
ʈʠʩʫʥʦʢ 6. ʄʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ Phase Field 

 



 
ʈʠʩʫʥʦʢ 7. ɻʨʘʥʠʯʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʧʝʨʚʦʡ ʞʠʜʢʦʩʪʠ 

 

 
ʈʠʩʫʥʦʢ 8. ɻʨʘʥʠʯʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʚʪʦʨʦʡ ʞʠʜʢʦʩʪʠ 

 

ɻʨʘʥʠʮʘ ʨʘʟʜʝʣʝʥʠʷ ʞʠʜʢʦʩʪʝʡ ʙʳʣʘ ʚʳʙʨʘʥʘ ʚ ʩʦʦʪʥʦʰʝʥʠʠ 3/7 ʜʣʷ ʥʘʛʣʷʜʥʦʩʪʠ 

ʧʨʦʮʝʩʩʘ (ʨʠʩ. 8).  

ɼʣʷ ʧʦʜʢʣʶʯʝʥʠʷ ʪʨʘʩʩʠʨʦʚʢʠ ʯʘʩʪʠʮ ʚ ʦʙʲʝʤʝ ʞʠʜʢʦʩʪʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʬʠʟʠʢʘ 

ʧʨʦʮʝʩʩʘ Particle Tracing for Fluid Flow (ʨʠʩ. 9): 



 
ʈʠʩʫʥʦʢ 9. ʊʨʘʩʩʠʨʦʚʢʘ ʯʘʩʪʠʮ ʚ ʦʙʲʝʤʝ ʞʠʜʢʦʩʪʠ 

 

 
ʈʠʩʫʥʦʢ 10. ʉʚʦʡʩʪʚʘ ʯʘʩʪʠʮ 

 

ɼʣʷ ʧʨʠʣʦʞʝʥʠʷ ʩʠʣʳ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʢ ʯʘʩʪʠʮʘʤ ʞʠʜʢʦʩʪʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʬʫʥʢʮʠʷ Drag 

Force (ʨʠʩ. 11): 



 
ʈʠʩʫʥʦʢ 11. ʉʠʣʳ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

 

ɼʣʷ ʪʦʛʦ, ʯʪʦ ʚʚʝʩʪʠ ʯʘʩʪʠʮʳ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʦʜʫʣʴ Release (ʨʠʩ. 12): 

 
ʈʠʩʫʥʦʢ 12. ɼʦʙʘʚʣʝʥʠʝ ʯʘʩʪʠʮ 

 

ʇʦʜʢʣʶʯʘʷ ʜʘʥʥʳʝ ʤʦʜʫʣʠ COMSOL Multiphysics, ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʜʦʙʘʚʣʷʝʪ ʤʦʜʫʣʴ 

Multiphysics: 

Multiphysics ï ʩʦʜʝʨʞʠʪ ʠʣʠ ʠʤʝʝʪ ʚ ʥʘʣʠʯʠʠ ʣʶʙʳʝ ʧʨʝʜʦʧʨʝʜʝʣʝʥʥʳʝ ʬʫʥʢʮʠʠ 

ʤʫʣʴʪʠʬʠʟʠʯʝʩʢʠʭ ʩʚʷʟʝʡ, ʢʦʪʦʨʳʝ, ʚʝʨʦʷʪʥʦ, ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʢʘʯʝʩʪʚʝ 

ʤʫʣʴʪʠʬʠʟʠʯʝʩʢʠʭ ʩʚʷʟʝʡ ʜʣʷ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʥʘʙʦʨʘ ʬʠʟʠʯʝʩʢʠʭ ʠʥʪʝʨʬʝʡʩʦʚ, ʜʦʙʘʚʣʝʥʥʳʭ 

ʚ Model Builder [5].  

ʇʨʝʜʦʧʨʝʜʝʣʝʥʥʳʝ ʤʫʣʴʪʠʬʠʟʠʯʝʩʢʠʝ ʠʥʪʝʨʬʝʡʩʳ ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʚʘʤ ʙʳʩʪʨʫʶ ʪʦʯʢʫ 

ʚʭʦʜʘ ʜʣʷ ʦʙʱʠʭ ʤʫʣʴʪʠʬʠʟʠʯʝʩʢʠʭ ʧʨʠʣʦʞʝʥʠʡ. ɺʳ ʤʦʞʝʪʝ ʩʦʟʜʘʚʘʪʴ ʪʝ ʞʝ 

ʤʫʣʴʪʠʬʠʟʠʯʝʩʢʠʝ ʩʚʷʟʠ, ʠʩʧʦʣʴʟʫʷ ʣʶʙʦʡ ʠʟ ʜʨʫʛʠʭ ʤʝʪʦʜʦʚ ʤʫʣʴʪʠʬʠʟʠʯʝʩʢʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʠ ʚʳ ʤʦʞʝʪʝ ʧʨʦʜʦʣʞʘʪʴ ʜʦʙʘʚʣʷʪʴ, ʠʟʤʝʥʷʪʴ, ʦʪʢʣʶʯʘʪʴ ʠ ʫʜʘʣʷʪʴ 

ʬʠʟʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ ʠʣʠ ʠʥʪʝʨʬʝʡʩʳ ʚ ʤʦʜʝʣʠ, ʢʦʛʜʘ ʚʳ ʥʘʯʠʥʘʝʪʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʜʠʥ ʠʟ 

ʧʨʝʜʦʧʨʝʜʝʣʝʥʥʳʭ ʤʫʣʴʪʠʬʠʟʠʯʝʩʢʠʭ ʠʥʪʝʨʬʝʡʩʦʚ.  



ɽʩʣʠ ʚʤʝʩʪʦ ʵʪʦʛʦ ʚʳ ʨʝʰʠʪʝ ʜʦʙʘʚʣʷʪʴ ʬʠʟʠʯʝʩʢʠʝ ʠʥʪʝʨʬʝʡʩʳ ʧʦ ʦʜʥʦʤʫ, ʚʳ ʤʦʞʝʪʝ 

ʧʨʦʚʝʨʠʪʴ, ʯʪʦ ʢʘʞʜʳʡ ʪʠʧ ʬʠʟʠʢʠ ʠʣʠ ʫʨʘʚʥʝʥʠʷ ʜʘʝʪ ʦʞʠʜʘʝʤʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʧʨʝʞʜʝ ʯʝʤ 

ʫʩʣʦʞʥʷʪʴ ʤʦʜʝʣʴ, ʜʦʙʘʚʣʷʷ ʝʱʝ ʦʜʠʥ ʬʠʟʠʯʝʩʢʠʡ ʠʥʪʝʨʬʝʡʩ, ʬʠʟʠʯʝʩʢʫʶ ʬʫʥʢʮʠʶ ʠʣʠ 

ʤʫʣʴʪʠʬʠʟʠʯʝʩʢʫʶ ʩʚʷʟʴ.  

ʅʘʩʪʨʦʡʢʠ ʩʝʪʢʠ 

 

 
ʈʠʩʫʥʦʢ 13. ɸʚʪʦʤʘʪʠʯʝʩʢʘʷ ʩʝʪʢʘ 2D ʤʦʜʝʣʠ ʩʤʝʩʠʪʝʣʷ 

 

 
ʈʠʩʫʥʦʢ 14. ʉʪʘʪʠʩʪʠʢʘ ʩʝʪʢʠ 

 

ʋʩʪʘʥʦʚʢʘ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʪʘʢʠʝ ʤʝʪʦʜʳ ʢʘʢ: 

¶ Phase Initialization ï ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʚʫʭʬʘʟʥʦʛʦ ʧʦʪʦʢʘ ʠʣʠ ʜʚʠʞʫʱʝʛʦʩʷ 

ʠʥʪʝʨʬʝʡʩʘ. ʕʪʦʪ ʧʝʨʚʳʡ ʰʘʛ ʧʦʩʚʷʱʝʥ ʥʘʭʦʞʜʝʥʠʶ ʦʙʨʘʪʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʛʨʘʥʠʮʘʤʠ 

ʨʘʟʜʝʣʘ. ɺ ʩʣʫʯʘʝ ʜʚʫʭʬʘʟʥʦʛʦ ʧʦʪʦʢʘ ʨʘʩʩʪʦʷʥʠʝ, ʦʧʨʝʜʝʣʝʥʥʦʝ ʥʘ ʵʪʘʧʝ ʠʥʠʮʠʘʣʠʟʘʮʠʠ, 

ʷʚʣʷʝʪʩʷ ʨʘʩʩʪʦʷʥʠʝʤ ʜʦ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʬʘʟ.  



¶ Frozen Rotor ï ʠʩʩʣʝʜʦʚʘʥʠʝ Frozen Rotor ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʨʘʩʯʝʪʘ ʩʢʦʨʦʩʪʠ, 

ʜʘʚʣʝʥʠʷ, ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ, ʢʦʥʮʝʥʪʨʘʮʠʠ, ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʨʫʛʠʭ ʧʦʣʝʡ ʜʣʷ ʧʦʪʦʢʘ ʚʦ 

ʚʨʘʱʘʶʱʠʭʩʷ ʤʝʭʘʥʠʟʤʘʭ ʠ ʷʚʣʷʝʪʩʷ ʯʘʩʪʥʳʤ ʩʣʫʯʘʝʤ ʠʩʩʣʝʜʦʚʘʥʠʷ Stationary. 

ɺʨʘʱʘʶʱʠʝʩʷ ʯʘʩʪʠ ʫʜʝʨʞʠʚʘʶʪʩʷ ʚ ʟʘʤʦʨʦʞʝʥʥʦʤ ʧʦʣʦʞʝʥʠʠ, ʘ ʚʨʘʱʝʥʠʝ ʫʯʠʪʳʚʘʝʪʩʷ 

ʧʫʪʝʤ ʚʢʣʶʯʝʥʠʷ ʮʝʥʪʨʦʙʝʞʥʳʭ ʠ ʢʦʨʠʦʣʠʩʦʚʳʭ ʩʠʣ. ʕʪʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʦʩʦʙʝʥʥʦ ʧʦʜʭʦʜʠʪ 

ʜʣʷ ʧʦʪʦʢʦʚ ʚʦ ʚʨʘʱʘʶʱʠʭʩʷ ʤʝʭʘʥʠʟʤʘʭ, ʛʜʝ ʪʦʧʦʣʦʛʠʷ ʛʝʦʤʝʪʨʠʠ ʥʝ ʤʝʥʷʝʪʩʷ ʧʨʠ 

ʚʨʘʱʝʥʠʠ. ʆʥ ʪʘʢʞʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʨʘʩʯʝʪʘ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ 

ʟʘʚʠʩʷʱʝʛʦ ʦʪ ʚʨʝʤʝʥʠ ʧʦʪʦʢʘ ʚʦ ʚʨʘʱʘʶʱʠʭʩʷ ʤʝʭʘʥʠʟʤʘʭ. ʄʝʪʦʜ "ʟʘʤʦʨʦʞʝʥʥʦʛʦ ʨʦʪʦʨʘ" 

ʧʨʝʜʧʦʣʘʛʘʝʪ, ʯʪʦ ʧʦʪʦʢ ʚʦ ʚʨʘʱʘʶʱʝʡʩʷ ʦʙʣʘʩʪʠ, ʚʳʨʘʞʝʥʥʳʡ ʚʦ ʚʨʘʱʘʶʱʝʡʩʷ ʩʠʩʪʝʤʝ 

ʢʦʦʨʜʠʥʘʪ, ʧʦʣʥʦʩʪʴʶ ʨʘʟʚʠʪ. 

¶ Time dependent ï ʠʩʩʣʝʜʦʚʘʥʠʝ ʠ ʰʘʛ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʟʘʚʠʩʷʱʠʝ ʦʪ ʚʨʝʤʝʥʠ, 

ʠʩʧʦʣʴʟʫʶʪʩʷ, ʢʦʛʜʘ ʧʝʨʝʤʝʥʥʳʝ ʧʦʣʷ ʠʟʤʝʥʷʶʪʩʷ ʚʦ ʚʨʝʤʝʥʠ. ʅʘʧʨʠʤʝʨ, ʚ ʵʣʝʢʪʨʦʤʘʛʥʝʪʠʢʝ 

ʦʥ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʨʘʩʯʝʪʘ ʧʝʨʝʭʦʜʥʳʭ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ, ʚʢʣʶʯʘʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ ʚʦ ʚʨʝʤʝʥʥʦʡ ʦʙʣʘʩʪʠ. ɺ ʪʝʧʣʦʧʝʨʝʜʘʯʝ ʦʥ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʨʘʩʯʝʪʘ 

ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦ ʚʨʝʤʝʥʠ. ɺ ʤʝʭʘʥʠʢʝ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʦʥ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʨʘʩʯʝʪʘ 

ʠʟʤʝʥʷʶʱʠʭʩʷ ʚʦ ʚʨʝʤʝʥʠ ʜʝʬʦʨʤʘʮʠʡ ʠ ʜʚʠʞʝʥʠʷ ʪʚʝʨʜʳʭ ʪʝʣ, ʧʦʜʚʝʨʞʝʥʥʳʭ ʧʝʨʝʭʦʜʥʳʤ 

ʥʘʛʨʫʟʢʘʤ. ɺ ʘʢʫʩʪʠʢʝ ʦʥ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʨʘʩʯʝʪʘ ʠʟʤʝʥʷʶʱʝʛʦʩʷ ʚʦ ʚʨʝʤʝʥʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʣʥ ʜʘʚʣʝʥʠʷ. ɺ ʧʦʪʦʢʘʭ ʞʠʜʢʦʩʪʠ ʦʥ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʨʘʩʯʝʪʘ 

ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ ʧʦʪʦʢʦʚ ʠ ʧʦʣʝʡ ʜʘʚʣʝʥʠʷ. ʇʨʠ ʧʝʨʝʥʦʩʝ ʭʠʤʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʦʥ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʨʘʩʯʝʪʘ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʚʦ ʚʨʝʤʝʥʠ. ɺ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʷʭ ʦʥ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʨʘʩʯʝʪʘ ʢʠʥʝʪʠʢʠ ʨʝʘʢʮʠʠ ʠ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʨʝʘʛʠʨʫʶʱʝʡ ʩʠʩʪʝʤʳ. 

ɺʳʙʦʨ ʠʩʩʣʝʜʦʚʘʥʠʷ "ɿʘʚʠʩʠʤʦʩʪʴ ʦʪ ʚʨʝʤʝʥʠ" ʜʦʙʘʚʣʷʝʪ ʫʟʝʣ ʰʘʛʘ ʠʩʩʣʝʜʦʚʘʥʠʷ 

"ɿʘʚʠʩʠʤʦʩʪʴ ʦʪ ʚʨʝʤʝʥʠ" ʠ ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʨʝʰʘʪʝʣʴ ʩ ʨʝʰʘʪʝʣʝʤ "ɿʘʚʠʩʠʤʦʩʪʴ ʦʪ ʚʨʝʤʝʥʠ". 

ʀʩʧʦʣʴʟʫʡʪʝ ʵʪʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʟʘʚʠʩʷʱʝʛʦ ʦʪ ʚʨʝʤʝʥʠ ʠʣʠ ʧʝʨʝʭʦʜʥʦʛʦ 

ʧʨʦʮʝʩʩʘ, ʠʩʧʦʣʴʟʫʷ ʨʝʰʘʪʝʣʴ, ʟʘʚʠʩʷʱʠʡ ʦʪ ʚʨʝʤʝʥʠ, ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʨʝʰʝʥʠʷ ʚʦ ʚʨʝʤʝʥʠ 

[5]. 

ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ 

ʇʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʨʘʩʯʝʪʦʚ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʩʣʝʜʫʶʱʠʭ ʧʘʨʘʤʝʪʨʦʚ: 

¶ ʈʘʩʧʨʝʜʝʣʝʥʠʷ ʩʢʦʨʦʩʪʝʡ ʠ ʩʢʦʨʦʩʪʥʳʭ ʧʦʪʦʢʦʚ 

 

 
ʈʠʩʫʥʦʢ 15. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʩʢʦʨʦʩʪʝʡ ʧʦʪʦʢʘ 



¶ ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʜʘʚʣʝʥʠʡ 

 

 
ʈʠʩʫʥʦʢ 16. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʜʘʚʣʝʥʠʡ 

 

 
ʈʠʩʫʥʦʢ 17. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʞʠʜʢʦʩʪʠ ʠ ʚʦʟʜʫʭʘ ʚ ʦʙʲʝʤʝ ʚ ʧʨʦʮʝʩʩʝ ʧʝʨʝʤʝʰʠʚʘʥʠʷ  

 

ʀʟ ʨʠʩʫʥʢʘ 17 ʚʠʜʥʦ, ʯʪʦ ʞʠʜʢʦʩʪʴ ʠ ʚʦʟʜʫʭ ʥʝ ʧʝʨʝʤʝʰʠʚʘʶʪʩʷ, ʵʪʦ ʩʚʷʟʘʥʦ ʩ 

ʦʪʩʫʪʩʪʚʠʝʤ ʜʠʬʬʫʟʠʠ ʤʝʞʜʫ ʥʠʤʠ. ɼʣʷ ʜʘʥʥʳʭ ʫʩʣʦʚʠʡ ʨʘʙʦʪʳ ʧʝʨʝʤʝʰʠʚʘʶʱʝʛʦ 

ʫʩʪʨʦʡʩʪʚʘ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʦʙʲʸʤʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʩʫʩʧʝʥʟʠʠ ʠ ʚʦʟʜʫʭʘ ʧʦʟʚʦʣʷʝʪ ʛʦʚʦʨʠʪʴ ʦ 

ʣʘʤʠʥʘʨʥʦʤ ʨʝʞʠʤʝ ʧʝʨʝʤʝʰʠʚʘʥʠʷ.  

 



 
ʈʠʩʫʥʦʢ 18. ʊʨʘʩʩʠʨʦʚʢʘ ʯʘʩʪʠʮ ʧʦʨʦʰʢʘ ʚ ʦʙʲʝʤʝ ʞʠʜʢʦʩʪʠ 

 

ʅʘ ʨʠʩʫʥʢʝ 18 ʚʠʜʥʦ, ʯʪʦ ʦʩʥʦʚʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʯʘʩʪʠʮ ʥʘʭʦʜʠʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʦʙʲʝʤʝ 

ʞʠʜʢʦʩʪʠ, ʘ ʦʩʪʘʚʰʠʝʩʷ ʯʘʩʪʴ ʥʘʣʠʧʘʝʪ ʥʘ ʩʪʝʥʢʠ ʚʘʣʘ ʠ ʣʦʧʘʪʢʠ.  

 

 
ʈʠʩʫʥʦʢ 19. ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʩʫʤʤʘʨʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʞʠʜʢʦʩʪʝʡ ʦʪ ʚʨʝʤʝʥʠ 

ʧʝʨʝʤʝʰʠʚʘʥʠʷ 

 

ʂʨʠʚʘʷ, ʠʟʦʙʨʘʞʝʥʥʘʷ ʥʘ ʨʠʩʫʥʢʝ 19, ʧʦʢʘʟʳʚʘʝʪ ʬʫʥʢʮʠʶ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʝʨʝʤʝʰʠʚʘʥʠʷ, ʢʦʪʦʨʘʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʦʠʟʚʝʜʝʥʠʝʤ ʦʙʲʝʤʥʳʭ ʜʦʣʝʡ ʜʚʫʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʩʤʝʩʠ. ʇʨʠ ʨʘʚʝʥʩʪʚʝ ʦʙʲʝʤʥʦʡ ʜʦʣʠ ʦʜʥʦʛʦ ʠʟ ʢʦʤʧʦʥʝʥʪʦʚ ʥʫʣʶ (ʦʪʩʫʪʩʪʚʠʝ 

ʢʦʤʧʦʥʝʥʪʦʚ) ʬʫʥʢʮʠʷ ʦʙʥʫʣʷʝʪʩʷ, ʧʨʠ ʨʘʚʝʥʩʪʚʝ ʦʙʲʝʤʥʳʭ ʜʦʣʝʡ ʢʦʤʧʦʥʝʥʪʦʚ (ʨʘʚʥʦʤʝʨʥʦʝ 

ʩʤʝʰʠʚʘʥʠʝ) ʬʫʥʢʮʠʷ ʨʘʚʥʘ 0,25. ʅʘ ʨʠʩʫʥʢʝ ʚʠʜʥʦ, ʯʪʦ ʬʫʥʢʮʠʷ ʤʝʥʷʝʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 

ʥʫʣʷ ʜʦ 0,23, ʯʪʦ ʛʦʚʦʨʠʪ ʦʙ ʦʪʩʫʪʩʪʚʠʠ ʨʘʚʥʦʤʝʨʥʦʛʦ ʩʤʝʰʠʚʘʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʩʤʝʩʠ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʜʚʫʭʬʘʟʥʘʷ ʧʦʩʪʘʥʦʚʢʘ ʨʘʩʯʸʪʘ ʧʦʟʚʦʣʠʣʘ ʦʧʨʝʜʝʣʠʪʴ ʧʦʣʦʞʝʥʠʝ 

ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʢʦʤʧʦʥʝʥʪʦʚ (ʩʫʩʧʝʥʟʠʷ-ʚʦʟʜʫʭ). ɿʘʚʠʩʠʤʦʩʪʴ ʦʪ ʚʨʝʤʝʥʠ ʠʥʪʝʛʨʘʣʘ ʧʦ 

ʦʙʲʸʤʫ ʦʪ ʧʨʦʠʟʚʝʜʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʡ ʢʦʤʧʦʥʝʥʪʦʚ ʩʫʱʝʩʪʚʝʥʥʦ ʥʝ ʠʟʤʝʥʷʝʪʩʷ, 



ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʷ (ʨʘʟʙʨʳʟʛʠʚʘʥʠʷ) ʩʫʩʧʝʥʟʠʠ ʧʨʠ 

ʧʝʨʝʤʝʰʠʚʘʥʠʠ.  
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NUMERICAL MODELLING OF THE HYDRODYNAMICS  OF THE MIXING PROCE SS 

WITH A TURBINE -TYPE MIXER I N COMSOL MULTIPHYSIC S PROGRAMME 

Ushkov A.A. 

Scientific supervisor: Eremin V.B. 

Horizontal type mixers are now widely used in the chemical industry. Various processes such as 

dissolution, suspension, heat exchange, etc. can take place in them. All these processes are possible 

due to mixing, carried out by different types of mixing devices, which are selected when designing 

mixers for a particular process and processed materials. This paper presents one of the types of 

stirrers that provide mixing of two substances, during which there is a distribution of concentrations 

in the volume of the liquid. 

Keywords: mixing, turbine agitators, horizontal mixer, velocity distribution, COMSOL Multiphysics. 

  



ʆʇɽʈɸʊʀɺʅʆɽ ʋʇʈɸɺʃɽʅʀɽ ʇʈʆʎɽʉʉʆʄ ʊʆʏɽʅʀʗ ʇʋʊɽʄ ʉʊɸɹʀʃʀɿɸʎʀʀ 

ʊɽʄʇɽʈɸʊʋʈʓ ʈɽɿɸʅʀʗ 

ɽʧʠʬʘʥʦʚ ʀ.ʉ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ɿʚʝʨʝʚ ʀ.ɸ. 

ʌɻɹʆʋ ɺʆ çʄɻʊʋ çʉʊɸʅʂʀʅè, ʄʦʩʢʚʘ 

 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʦʧʨʦʩ ʦʧʝʨʘʪʠʚʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʪʦʯʝʥʠʷ ʧʫʪʝʤ 

ʩʪʘʙʠʣʠʟʘʮʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʨʝʟʘʥʠʷ ʨʝʛʫʣʠʨʦʚʘʥʠʝʤ ʩʢʦʨʦʩʪʠ ʨʝʟʘʥʠʷ. ʀʤʠʪʘʮʠʦʥʥʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩʠʩʪʝʤʳ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʚʳʧʦʣʥʝʥʦ ʚ ʧʘʢʝʪʝ ʧʨʠʢʣʘʜʥʳʭ ʧʨʦʛʨʘʤʤ MATLAB ʩ 

ʥʘʜʩʪʨʦʡʢʦʡ Simulink. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʧʝʨʘʪʠʚʥʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ, ʪʦʯʝʥʠʝ, ʪʝʤʧʝʨʘʪʫʨʘ ʨʝʟʘʥʠʷ, ʩʢʦʨʦʩʪʴ 

ʨʝʟʘʥʠʷ. 

 

ʆʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʧʫʪʝʡ ʦʙʝʩʧʝʯʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʥʘʜʝʞʥʦʩʪʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʤʝʪʘʣʣʦʦʙʨʘʙʦʪʢʠ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʠʩʪʝʤ ʦʧʝʨʘʪʠʚʥʦʛʦ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʨʝʟʘʥʠʷ ʧʫʪʝʤ ʠʟʤʝʥʝʥʠʷ ʨʝʞʠʤʦʚ ʚ ʪʝʯʝʥʠʝ ʨʘʙʦʯʝʛʦ ʭʦʜʘ 

ʠʥʩʪʨʫʤʝʥʪʘ ʥʘ ʦʩʥʦʚʝ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. ɺʦʟʤʦʞʥʦʩʪʴ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʠ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʨʝʟʘʥʠʷ (ʇʈ) ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʥʘʣʠʯʠʝʤ 

ʧʨʦʮʝʩʩʦʨʦʚ ʚ ʩʠʩʪʝʤʘʭ ʏʇʋ ʩʪʘʥʢʦʚ, ʘ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʠʚʦʜʦʚ ʩ ʙʝʩʩʪʫʧʝʥʯʘʪʳʤ 

ʨʝʛʫʣʠʨʦʚʘʥʠʝʤ ʩʢʦʨʦʩʪʠ ʛʣʘʚʥʦʛʦ ʜʚʠʞʝʥʠʷ ʠ ʜʚʠʞʝʥʠʷ ʧʦʜʘʯʠ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʥʘʜʝʞʥʦʩʪʴ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘʜʝʞʥʦʩʪʴʶ ʘʚʪʦʤʘʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ 

ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ ʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ [1]. 

ɺ ʧʨʝʜʳʜʫʱʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ [2] ʠ ʠʩʭʦʜʷ ʠʟ ʪʝʦʨʠʠ ʨʝʟʘʥʠʷ ʤʘʪʝʨʠʘʣʦʚ  ʫʩʪʘʥʦʚʣʝʥʦ, 

ʯʪʦ ʜʣʷ ʩʪʘʙʠʣʠʟʘʮʠʠ ʟʥʘʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʢʘʯʝʩʪʚʝ ʨʝʛʫʣʠʨʫʶʱʝʛʦ ʬʘʢʪʦʨʘ ʥʝʦʙʭʦʜʠʤʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʢʦʨʦʩʪʴ ʨʝʟʘʥʠʷ V, ʪʘʢ ʢʘʢ ʦʥʦ ʦʢʘʟʳʚʘʝʪ ʙʦʣʴʰʝʝ ʚʣʠʷʥʠʝ, ʯʝʤ ʟʥʘʯʝʥʠʝ 

ʧʦʜʘʯʠ S. 

ʅʘ ʧʨʦʠʟʚʦʜʩʪʚʝ ʧʨʷʤʦʝ ʠʣʠ ʢʦʩʚʝʥʥʦʝ ʠʟʤʝʨʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʧʨʦʮʝʩʩʝ ʨʝʟʘʥʠʷ ʥʝ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ. ʇʦʵʪʦʤʫ ʩʣʝʜʫʝʪ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʟʥʘʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚ 

ʧʨʦʮʝʩʩʝ ʦʙʨʘʙʦʪʢʠ ʧʫʪʝʤ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ, ʪʦ ʝʩʪʴ ʧʫʪʝʤ ʧʦʣʫʯʝʥʠʷ ʟʘʚʠʩʠʤʦʩʪʝʡ, 

ʧʦʣʫʯʝʥʥʳʝ ʚʦ ʚʨʝʤʷ ʦʙʨʘʙʦʪʢʠ [2]. 

ʅʘ ʨʠʩʫʥʢʝ 1ʘ. ʧʨʝʜʩʪʘʚʣʝʥʘ ʙʣʦʢ-ʩʭʝʤʘ ʩʠʩʪʝʤʳ ʩʪʘʙʠʣʠʟʘʮʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʫʨʦʚʥʝ 

Ὕ  ʜʣʷ ʢʦʪʦʨʦʡ ʚ ʩʠʩʪʝʤʝ MATLAB  ʩ ʥʘʜʩʪʨʦʡʢʦʡ Simulink ʨʘʟʨʘʙʦʪʘʥʘ ʠʤʠʪʘʮʠʦʥʥʘʷ 

ʤʦʜʝʣʴ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʥʘ ʨʠʩʫʥʢʝ 1ʙ. 

 

 
ʈʠʩ. 1. ʉʠʩʪʝʤʘ ʦʧʝʨʘʪʠʚʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʨʝʟʘʥʠʷ T(t) ʧʫʪʝʤ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʩʢʦʨʦʩʪʠ ʨʝʟʘʥʠʷ V(t): ʘ) ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʙʣʦʢ-ʩʭʝʤʘ ʩʠʩʪʝʤʳ; ʙ) 

ʠʤʠʪʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʚ ʥʘʜʩʪʨʦʡʢʝ Simulink 



ʅʘ ʨʠʩ. 2 ʧʦʢʘʟʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʙʦʪʳ ʉɸʈ ʧʨʦʮʝʩʩʦʤ 

ʧʨʦʜʦʣʴʥʦʛʦ ʪʦʯʝʥʠʷ. ʅʘʯʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʨʝʞʠʤʘ ʪʦʯʝʥʠʷ ʙʳʣʠ ʚʳʙʨʘʥʳ ʩʣʝʜʫʶʱʠʝ: 

ʛʣʫʙʠʥʘ ʨʝʟʘʥʠʷ t= 1ʤʤ; ʧʦʜʘʯʘ s=0,4 ʤʤ/ʦʙ; ʩʢʦʨʦʩʪʴ ʨʝʟʘʥʠʷ V= 50 ʤ/ʤʠʥ. 

 
ʈʠʩ. 2. ʈʝʟʫʣʴʪʘʪʳ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʉɸʈ ʧʨʦʮʝʩʩʘ ʪʦʯʝʥʠʷ: ʘ) 

ʨʝʛʫʣʠʨʫʝʤʘʷ ʪʝʤʧʝʨʘʪʫʨʘ; ʙ) ʠʟʤʝʨʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ ʠ ʧʦʩʣʝ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 

ʩʢʦʨʦʩʪʠ ʨʝʟʘʥʠʷ; ʚ) ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʥʳʡ ʠʟʥʦʩ ʨʝʟʮʘ 

 

ʀʟ ʨʠʩ. 2 ʚʠʜʥʦ, ʯʪʦ ʩ ʨʦʩʪʦʤ ʠʟʥʦʩʘ ʥʘʯʠʥʘʷ ʩ 4 ʤʠʥʫʪ ʩʢʦʨʦʩʪʴ ʨʝʟʘʥʠʷ ʧʦʩʪʝʧʝʥʥʦ 

ʩʥʠʞʘʝʪʩʷ ʩ ʥʘʯʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ὠ=50ʤ/ʤʠʥ ʜʦ ὠ= 44ʤ/ʤʠʥ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʠʥʩʪʨʫʤʝʥʪ 

ʧʨʦʜʦʣʞʘʣ ʨʘʙʦʪʘʪʴ ʩ ʤʝʥʴʰʝʡ ʩʢʦʨʦʩʪʴʶ ʨʝʟʘʥʠʷ, ʥʦ ʙʝʟ ʧʨʝʚʳʰʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ ʨʝʟʘʥʠʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʫʪʝʤ ʦʧʝʨʘʪʠʚʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʩʢʦʨʦʩʪʠ ʨʝʟʘʥʠʷ, ʤʘʢʩʠʤʘʣʴʥʘʷ 

ʪʝʤʧʝʨʘʪʫʨʘ ʥʝ ʜʦʩʪʠʛʘʝʪ ʟʥʘʯʝʥʠʷ ʪʝʧʣʦʩʪʦʡʢʦʩʪʠ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ 

ʠʥʩʪʨʫʤʝʥʪ ʥʝ ʧʝʨʝʭʦʜʠʪ ʚ ʟʦʥʫ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʦʛʦ ʠʟʥʦʩʘ, ʯʪʦ ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʝʛʦ ʘʚʘʨʠʡʥʦʛʦ ʦʪʢʘʟʘ. ʈʝʰʝʥʠʝ ʦ ʟʘʤʝʥʝ ʠʥʩʪʨʫʤʝʥʪʘ ʥʘ ʜʫʙʣʠʨʫʶʱʠʡ ʜʦʣʞʥʦ ʧʨʠʥʠʤʘʪʴʩʷ 

ʪʦʛʜʘ, ʢʦʛʜʘ ʬʘʢʪʠʯʝʩʢʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʨʝʟʘʥʠʷ ʠʟʥʦʰʝʥʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʦʢʘʞʝʪʩʷ 

ʥʠʞʝ ʤʠʥʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʦʡ, ʟʘʨʘʥʝʝ ʟʘʜʘʥʥʦʡ ʚ ʧʨʦʛʨʘʤʤʝ ʏʇʋ. 
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OPERATIONAL CONTROL OF THE TURNING PROCE SS BY STABILIZATION OF 

THE CUTTING TEMPERAT URE 

The article discusses the issue of operational control of the turning process by the stabilization of the 

cutting temperature by regulating the cutting speed. Simulation modeling of the control system is 

implemented in the Matlab application package with the Simulink add-on. 

Keywords: operational control, turning, cutting temperature, cutting speed. 

  



ʄɸʊɽʄɸʊʀʏɽʉʂʆɽ ʄʆɼɽʃʀʈʆɺɸʅʀʗ ʇʈʆʎɽʉʉɸ ʌʈɽɿɽʈʆɺɸʅʀʗ 

ʇʘʭʦʤʦʚ ɸ.ɼ., ɻʨʠʛʦʨʴʝʚ ʉ.ʅ. 

ʄɻʊʋ ñʉʊɸʅʂʀʅò, ʄʦʩʢʚʘ 

 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʬʨʝʟʝʨʦʚʘʥʠʷ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ Abaqus CAE. ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʙʳʣʘ ʚʳʙʨʘʥʘ 

ʬʨʝʟʘ ʜʠʘʤʝʪʨʦʤ 20 ʤʤ ʩ ʜʚʫʤʷ ʨʝʞʫʱʠʤʠ ʧʣʘʩʪʠʥʘʤʠ ʠ ʟʘʛʦʪʦʚʢʘ ʠʟ ʘʣʶʤʠʥʠʷ ɸʤʛ5. ɺ 

ʧʨʦʮʝʩʩʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʘʙʣʶʜʘʣʦʩʴ ʦʙʨʘʟʦʚʘʥʠʝ ʠ ʦʪʨʳʚ ʩʪʨʫʞʢʠ, ʯʪʦ ʩʦʧʨʦʚʦʞʜʘʣʦʩʴ 

ʠʟʤʝʥʝʥʠʷʤʠ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʣ. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʨʝʞʫʱʝʡ 

ʧʣʘʩʪʠʥʝ ʜʦʩʪʠʛʘʝʪ ʤʘʢʩʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʫ ʩʘʤʦʛʦ ʢʦʥʯʠʢʘ ʧʝʨʝʜʥʝʡ ʢʨʦʤʢʠ. ʕʪʦ 

ʦʙʲʷʩʥʷʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʧʪʠʤʠʟʘʮʠʠ ʫʛʣʘ ʧʣʘʩʪʠʥʳ ʠ ʝʝ ʨʘʜʠʫʩʘ ʜʣʷ ʣʫʯʰʝʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ ʠ ʧʦʚʳʰʝʥʠʷ ʝʸ ʨʝʩʫʨʩʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʬʨʝʟʝʨʦʚʘʥʠʝ, abaqus, ʨʝʞʫʱʠʡ 

ʠʥʩʪʨʫʤʝʥʪ, ʪʝʤʧʝʨʘʪʫʨʘ ʨʝʟʘʥʠʷ, CAE. 

 

ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ Abaqus CAE. ɺ 

ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʟʘʜʘʜʠʤʩʷ ʛʝʦʤʝʪʨʠʝʡ ʨʝʞʫʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ, ʜʣʷ ʧʨʠʤʝʨʘ ʙʫʜʝʤ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʬʨʝʟʫ ʜʠʘʤʝʪʨʦʤ 20ʤʤ ʩ 2ʫʤʷ ʧʣʘʩʪʠʥʘʤʠ. ʅʘ ʈʠʩ. 1, ʩʝʨʳʡ ʧʨʷʤʦʫʛʦʣʴʥʠʢ ʵʪʦ 

ʨʝʞʫʱʫʶ ʧʣʘʩʪʠʥʘ, ʩʠʥʷʷ ʬʠʛʫʨʘ ʟʘʛʦʪʦʚʢʘ ʠʟ ʘʣʶʤʠʥʠʷ ɸʤʛ5. 

 

 
ʈʠʩ 1. ʅʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʠ ʜʝʬʦʨʤʘʮʠʷ ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ. 

 

ɺ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʠʥʩʪʨʫʤʝʥʪ ʨʝʟʢʦ ʚʨʝʟʘʝʪʩʷ ʚ 

ʟʘʛʦʪʦʚʢʫ ʧʨʦʠʩʭʦʜʠʪ ʫʜʘʨ, ʧʦʩʣʝ ʯʝʛʦ ʧʣʘʩʪʠʯʝʩʢʘʷ ʜʝʬʦʨʤʘʮʠʷ, ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʵʪʦʪ ʤʦʤʝʥʪ 

ʚʨʝʤʝʥʠ ʜʦʩʪʠʛʘʝʪ 1200 ʉ, ʨʘʟʫʤʝʝʪʩʷ ʘʣʶʤʠʥʠʡ ʥʝ ʤʦʞʝʪ ʠʤʝʪʴ ʪʘʢʫʶ ʪʝʤʧʝʨʘʪʫʨʳ ʚ 

ʪʚʸʨʜʦʤ ʘʛʨʝʛʘʪʥʦʤ ʩʦʩʪʦʷʥʠʠ ʠ ʜʦʣʞʝʥ ʯʘʩʪʠʯʥʦ ʠʩʧʘʨʠʪʩʷ, ʟʘʙʨʘʚ ʪʝʧʣʦʪʫ, ʥʦ ʚ ʜʘʥʥʦʤ 

ʩʣʫʯʘʝ ʚ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʤʳ ʦʩʪʘʚʠʤ ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʛʨʝʚʘʪʴʩʷ ʜʣʷ ʘʣʶʤʠʥʠʷ ʚʳʰʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ, ʜʣʷ ʫʧʨʦʱʝʥʠʷ ʨʘʩʯʝʪʘ. ʇʦʵʪʦʤʫ ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʥʝ 

ʙʫʜʝʤ ʦʧʠʨʘʪʴʩʷ ʥʘ ʜʘʥʥʳʝ ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʨʘʩʯʝʪʝ. 

ʏʝʨʝʟ ʥʝʩʢʦʣʴʢʦ ʠʪʝʨʘʮʠʦʥʥʳʭ ʨʘʩʯʝʪʥʳʭ ʪʦʯʝʢ ʧʦʣʫʯʘʝʤ ʩʣʝʜʫʶʱʫʶ ʢʘʨʪʠʥʫ, 

ʦʙʨʘʟʫʝʪʩʷ ʩʪʨʫʞʢʘ ʠ ʦʪʨʳʚʘʝʪʩʷ ʦʪ ʟʘʛʦʪʦʚʢʠ, ʧʨʠ ʵʪʦʤ ʩʠʣʳ ʜʝʬʦʨʤʘʮʠʠ ʚ ʠʥʩʪʨʫʤʝʥʪʝ ʥʝ 

ʧʦʩʪʦʷʥʥʳ ʠ ʩʠʣʴʥʦ ʤʝʥʷʶʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʦʪʨʳʚʘ ʩʪʨʫʞʢʠ. ʅʘ ʨʠʩ.2. ʩʣʝʚʘ ʚʠʜʥʦ ʧʨʦʮʝʩʩ 

ʦʙʨʘʟʦʚʘʥʠʷ ʩʪʨʫʞʢʠ ʢʨʘʩʥʳʤ ʧʦʢʘʟʘʥʳ ʩʠʣʳ ʜʝʬʦʨʤʘʮʠʠ, ʚʦʟʥʠʢʘʶʱʠʝ ʚ ʤʘʪʝʨʠʘʣʝ, ʯʘʩʪʴ 



ʤʘʪʝʨʠʘʣʘ ʦʪʜʝʣʷʝʪʩʷ ʦʪ ʟʘʛʦʪʦʚʢʠ, ʦʙʨʘʟʫʷ ʦʯʝʥʴ ʤʘʣʝʥʴʢʫʶ ʩʪʨʫʞʢʫ ʧʦʨʷʜʢʘ 0.03-0.06ʤʤ, 

ʦʩʥʦʚʥʘʷ ʯʘʩʪʴ ʩʪʨʫʞʢʠ ʠʤʝʝʪ ʪʦʣʱʠʥʫ 0.1-0.2ʤʤ. ʉʧʨʘʚʘ ʥʘ ʨʠʩ.2 ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʩʠʣʳ 

ʦʪ ʚʨʝʤʝʥʠ, ʦʥ ʠʤʝʝʪ ʩʢʘʯʢʦʦʙʨʘʟʥʳʝ ʧʠʢʠ ʚʩʣʝʜʩʪʚʠʝ ʥʝʧʦʩʪʦʷʥʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʠ ʦʪʨʳʚʘ 

ʩʪʨʫʞʢʠ ʣʦʩʢʫʪʘʤʠ. 

 
ʈʠʩ.2 ʉʣʝʚʘ ʧʨʦʮʝʩʩ ʦʙʨʘʟʦʚʘʥʠʷ ʩʪʨʫʞʢʠ, ʩʧʨʘʚʘ ʛʨʘʬʠʢ ʩʠʣʳ ʜʝʬʦʨʤʘʮʠʠ ʦʪ 

ʚʨʝʤʝʥʠ. 

 

ɺ ʜʘʣʴʥʝʡʰʝʤ ʧʨʦʠʩʭʦʜʠʪ ʦʪʨʳʚ ʩʪʨʫʞʢʠ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʡʩʷ ʫʥʦʩʦʤ ʪʝʧʣʘ ʚʤʝʩʪʝ ʩ 

ʥʝʡ ʵʪʦ ʭʦʨʦʰʦ ʚʠʜʥʦ ʥʘ ʨʠʩ.3. ʊʘʢ ʞʝ ʚ ʧʨʦʮʝʩʩʝ ʬʨʝʟʝʨʦʚʘʥʠʷ ʟʘʛʦʪʦʚʢʘ ʥʘʛʨʝʚʘʝʪʩʷ ʩʥʠʟʫ 

ʠ ʧʦʩʪʝʧʝʥʥʦ ʦʩʪʳʚʘʝʪ, ʨʘʩʧʨʝʜʝʣʷʷ ʪʝʧʣʦ ʨʘʚʥʦʤʝʨʥʦ ʚ ʦʙʲʝʤʝ ʟʘʛʦʪʦʚʢʠ. ɺʦʟʜʫʭ, ʢʦʪʦʨʳʡ 

ʦʭʣʘʞʜʘʝʪ ʟʘʛʦʪʦʚʢʫ ʚ ʧʨʦʮʝʩʩʝ ʨʝʟʘʥʠʷ ʥʝ ʫʯʠʪʳʚʘʝʪʩʷ. ʊʝʤʧʝʨʘʪʫʨʘ ʥʘ ʧʝʨʝʜʥʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʘʩʪʠʥʳ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʈʠʩ.3, ʠʟ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʠʜʥʦ, ʯʪʦ ʧʣʘʩʪʠʥʘ ʛʣʘʚʥʳʤ 

ʦʙʨʘʟʦʤ ʥʘʛʨʝʚʘʝʪʩʷ ʫ ʩʘʤʦʛʦ ʢʦʥʯʠʢʘ ʧʝʨʝʜʥʝʡ ʢʨʦʤʢʝ, ʧʦʵʪʦʤʫ ʩʦʚʨʝʤʝʥʥʳʝ ʧʨʦʠʟʚʦʜʠʪʝʣʠ 

ʧʣʘʩʪʠʥ ʪʨʘʪʷʪ ʦʯʝʥʴ ʤʥʦʛʦ ʨʝʩʫʨʩʦʚ ʥʘ ʚʳʙʦʨ ʦʧʪʠʤʘʣʴʥʦʛʦ ʫʛʣʘ ʧʣʘʩʪʠʥʳ. ɹʦʣʴʰʦʡ ʨʘʜʠʫʩ 

ʥʘ ʧʣʘʩʪʠʥʝ ʭʦʨʦʰʦ ʧʦʤʦʛʘʝʪ ʨʘʩʧʨʝʜʝʣʠʪʴ ʪʝʧʣʦʚʦʡ ʧʦʪʦʢ, ʯʪʦ ʧʦʣʦʞʠʪʝʣʴʥʦ ʧʦʚʣʠʷʝʪ ʥʘ 

ʨʝʩʫʨʩ ʧʣʘʩʪʠʥʳ.  

 
ʈʠʩ3. ʊʝʤʧʝʨʘʪʫʨʘ ʚ ʂ, ʩʣʝʚʘ ʥʘ ʨʝʞʫʱʝʡ ʢʨʦʤʢʝ, ʩʧʨʘʚʘ ʚ ʤʘʪʝʨʠʘʣʝ. 



ʇʨʦʚʝʜʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ ʚʳʩʦʢʫʶ ʜʠʥʘʤʠʢʫ ʠ ʩʣʦʞʥʦʩʪʴ ʧʨʦʮʝʩʩʦʚ, 

ʧʨʦʠʩʭʦʜʷʱʠʭ ʧʨʠ ʬʨʝʟʝʨʦʚʘʥʠʠ. ʕʪʠ ʜʘʥʥʳʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ 

ʨʝʞʫʱʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ, ʚʳʙʦʨʘ ʧʦʜʭʦʜʷʱʠʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʫʛʣʦʚ ʨʝʞʫʱʠʭ ʧʣʘʩʪʠʥ, ʘ ʪʘʢʞʝ 

ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʧʨʦʮʝʩʩʦʚ ʦʭʣʘʞʜʝʥʠʷ ʠ ʪʝʧʣʦʚʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʚ ʟʦʥʝ ʨʝʟʘʥʠʷ. ʇʦʣʫʯʝʥʥʳʝ 

ʜʘʥʥʳʝ ʧʦʤʦʛʫʪ ʧʨʦʠʟʚʦʜʠʪʝʣʷʤ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʜʠʟʘʡʥ ʠ ʤʘʪʝʨʠʘʣ ʨʝʞʫʱʠʭ ʧʣʘʩʪʠʥ ʜʣʷ 

ʧʦʚʳʰʝʥʠʷ ʠʭ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ 

ʩʣʫʞʠʪʴ ʦʩʥʦʚʦʡ ʜʣʷ ʜʘʣʴʥʝʡʰʠʭ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʨʘʟʨʘʙʦʪʢʠ ʫʯʝʙʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʧʦ ʪʝʤʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʬʨʝʟʝʨʦʚʘʥʠʷ. 
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ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʦʚʦʜʠʪʩʷ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʩʦʚʨʝʤʝʥʥʳʭ ʘʨʭʠʪʝʢʪʫʨ ʠʩʢʫʩʩʪʚʝʥʥʳʭ 

ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ (ʀʅʉ), ʧʨʠʤʝʥʷʝʤʳʭ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 

ʫʨʦʚʥʷ ʟʘʛʨʷʟʥʝʥʠʷ ʘʪʤʦʩʬʝʨʳ. ʆʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʦʮʝʥʢʝ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, 

ʪʦʯʥʦʩʪʠ ʠ ʘʜʘʧʪʠʚʥʦʩʪʠ ʢ ʜʠʥʘʤʠʯʥʳʤ ʫʩʣʦʚʠʷʤ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʊʘʢʞʝ ʦʮʝʥʠʚʘʝʪʩʷ 

ʧʦʪʝʥʮʠʘʣ ʘʥʩʘʤʙʣʝʚʳʭ ʤʝʪʦʜʦʚ ʠ ʛʣʫʙʦʢʠʭ ʥʝʡʨʦʩʝʪʝʡ ʚ ʨʝʰʝʥʠʠ ʧʦʜʦʙʥʦʛʦ ʨʦʜʘ ʟʘʜʘʯ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ, ʘʥʩʘʤʙʣʴ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ, ʤʦʥʠʪʦʨʠʥʛ 

ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ, ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʟʘʛʨʷʟʥʝʥʠʡ. 

 

ɺʚʝʜʝʥʠʝ. ɺʘʞʥʦʩʪʴ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʢʘʯʝʩʪʚʝ ʢʨʦʩʩ-

ʜʠʩʮʠʧʣʠʥʘʨʥʦʡ ʦʩʥʦʚʳ ʜʣʷ ʩʠʩʪʝʤʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʫʧʨʘʚʣʝʥʠʷ ʩʦʩʪʦʷʥʠʝʤ ʘʪʤʦʩʬʝʨʥʦʛʦ 

ʚʦʟʜʫʭʘ ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ ʙʦʣʝʝ ʦʯʝʚʠʜʥʦʡ. ʇʨʠʤʝʥʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʤʝʪʦʜʦʚ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʧʦʟʚʦʣʷʝʪ ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʪʴ ʠ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʩʙʦʨ, ʘʥʘʣʠʟ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʶ ʙʦʣʴʰʠʭ ʦʙʲʝʤʦʚ ʜʘʥʥʳʭ ʦ ʩʦʩʪʦʷʥʠʠ 

ʘʪʤʦʩʬʝʨʳ. 

ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʩʨʘʚʥʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʜʘʣʴʥʝʡʰʠʡ ʧʨʦʛʥʦʟ ʨʘʟʚʠʪʠʷ 

ʩʠʪʫʘʮʠʠ ʠ ʩʦʩʪʘʚʣʷʝʪ ʟʥʘʯʠʤʫʶ ʯʘʩʪʴ ʩʠʩʪʝʤʳ, ʩʦʟʜʘʚʘʝʤʫʶ ʩ ʮʝʣʴʶ ʧʨʠʥʷʪʠʷ 

ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʚ ʦʙʣʘʩʪʠ ʦʭʨʘʥʳ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ. [1] 

1. ʆʩʦʙʝʥʥʦʩʪʠ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ 

ɺ ʨʘʤʢʘʭ ʚʳʙʨʘʥʥʦʡ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʚʳʷʚʣʝʥʳ ʪʘʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʚʭʦʜʥʳʭ 

ʜʘʥʥʳʭ, ʢʘʢ: 

- ɺʨʝʤʝʥʥʳʝ ʨʷʜʳ. ɼʘʥʥʳʝ ʦ ʟʘʛʨʷʟʥʝʥʠʠ ʚʦʟʜʫʭʘ ʯʘʩʪʦ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ɺʈ, 

ʪʨʝʙʫʶʱʠʭ ʘʥʘʣʠʟʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʠ ʫʯʝʪʘ ʚʨʝʤʝʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ. 

- ʉʝʟʦʥʥʦʩʪʴ. ʋʯʸʪ ʩʝʟʦʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʫʨʦʚʥʝʡ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ. 

- ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʢʦʨʨʝʣʷʮʠʷ. ʋʨʦʚʝʥʴ ʟʘʛʨʷʟʥʝʥʠʷ ʚ ʙʣʠʟʣʝʞʘʱʠʭ ʪʦʯʢʘʭ 

ʠʤʝʝʪ ʪʝʥʜʝʥʮʠʶ ʙʳʪʴ ʩʭʦʞʠʤ ʠʟ-ʟʘ ʤʝʩʪʥʳʭ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʟʘʛʨʷʟʥʠʪʝʣʝʡ. 

- ɺʣʠʷʥʠʝ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ. ʊʝʤʧʝʨʘʪʫʨʘ, ʚʣʘʞʥʦʩʪʴ, ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ ʠ 

ʥʘʧʨʘʚʣʝʥʠʝ ʤʦʛʫʪ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʪʴ ʥʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʠ ʦʩʝʜʘʥʠʝ ʟʘʛʨʷʟʥʷʶʱʠʭ 

ʚʝʱʝʩʪʚ. 

- ʈʘʟʣʠʯʥʳʝ ʠʩʪʦʯʥʠʢʠ ʟʘʛʨʷʟʥʝʥʠʷ. ʅʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʢʘʢ ʩʪʘʮʠʦʥʘʨʥʳʝ, 

ʪʘʢ ʠ ʧʦʜʚʠʞʥʳʝ ʠʩʪʦʯʥʠʢʠ ʟʘʛʨʷʟʥʝʥʠʷ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʦʢʘʟʳʚʘʪʴ ʨʘʟʣʠʯʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ 

ʢʘʯʝʩʪʚʦ ʚʦʟʜʫʭʘ. 

- ʅʝʣʠʥʝʡʥʦʩʪʴ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ 

ʟʘʛʨʷʟʥʷʶʱʠʤʠ ʚʝʱʝʩʪʚʘʤʠ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʥʝʣʠʥʝʡʥʳʤ ʵʬʬʝʢʪʘʤ, ʢʦʪʦʨʳʝ ʫʩʣʦʞʥʷʶʪ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ. 

- ɼʘʥʥʳʝ ʨʘʟʣʠʯʥʦʛʦ ʪʠʧʘ. ʅʝʦʙʭʦʜʠʤʦ ʦʙʲʝʜʠʥʠʪʴ ʠ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʜʘʥʥʳʝ 

ʨʘʟʣʠʯʥʦʛʦ ʪʠʧʘ ʠ ʠʟ ʨʘʟʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʚʢʣʶʯʘʷ ʩʝʥʩʦʨʥʳʝ ʠʟʤʝʨʝʥʠʷ, ʩʧʫʪʥʠʢʦʚʳʝ 

ʩʥʠʤʢʠ, ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʠ ʜʨ. 



- ʇʨʦʧʫʱʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʠ ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ. ʇʨʦʧʫʩʢʠ ʤʦʛʫʪ ʙʳʪʴ 

ʦʙʫʩʣʦʚʣʝʥʳ, ʥʘʧʨʠʤʝʨ, ʥʝʠʩʧʨʘʚʥʦʩʪʠ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

- ɸʜʘʧʪʘʮʠʷ ʢ ʥʦʚʳʤ ʫʩʣʦʚʠʷʤ. ʉʦ ʚʨʝʤʝʥʝʤ ʤʦʛʫʪ ʧʦʷʚʣʷʪʴʩʷ ʥʦʚʳʝ ʪʠʧʳ 

ʟʘʛʨʷʟʥʠʪʝʣʝʡ ʠ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʢ ʢʦʪʦʨʳʤ ʤʦʜʝʣʴ ʜʦʣʞʥʘ ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʙʝʟ 

ʧʝʨʝʩʪʨʦʝʥʠʷ ʚʩʝʡ ʩʠʩʪʝʤʳ ʩ ʥʫʣʷ. 

2. ɸʨʭʠʪʝʢʪʫʨʳ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ 

ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʫʨʦʚʥʷ ʟʘʛʨʷʟʥʝʥʠʷ ʚʦʟʜʫʭʘ ʙʳʣʠ 

ʦʪʦʙʨʘʥʳ ʠ ʩʨʘʚʥʝʥʳ ʩʣʝʜʫʶʱʠʝ ʘʨʭʠʪʝʢʪʫʨʳ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ: 

1) ʉʚʸʨʪʦʯʥʳʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ (Convolutional Neural Networks, CNNs); 

2) ʈʝʢʫʨʨʝʥʪʥʳʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ (Recurrent Neural Networks, RNNs), ʚʢʣʶʯʘʷ 

LSTM (Long Short-Term Memory) ʠ GRU (Gated Recurrent Units); 

3) ʉʝʪʠ ʧʨʷʤʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ (Feedforward Neural Networks, FNNs); 

4) ɻʣʫʙʦʢʠʝ ʚʝʨʦʷʪʥʦʩʪʥʳʝ ʤʦʜʝʣʠ, ʪʘʢʠʝ ʢʘʢ ʚʘʨʠʘʮʠʦʥʥʳʝ ʘʚʪʦʵʥʢʦʜʝʨʳ 

(Variational Autoencoders, VAEs); 

5) ɻʠʙʨʠʜʥʳʝ ʤʦʜʝʣʠ, ʩʦʯʝʪʘʶʱʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʩʚʸʨʪʦʯʥʳʭ ʠ ʨʝʢʫʨʨʝʥʪʥʳʭ 

ʘʨʭʠʪʝʢʪʫʨ. 

ʈʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʝʥʠʷ ʜʘʥʥʳʭ ʘʨʭʠʪʝʢʪʫʨ ʧʨʠʚʝʜʝʥʦ ʚ ʪʘʙʣ.1. 

 

ʅʘʟʚʘʥʠʝ 
ʊʦʯʥʦʩʪʴ 

ʧʨʦʛʥʦʟʘ 

ʆʙʨʘʙʦʪʢʘ 

ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ 
ʉʣʦʞʥʦʩʪʴ 

ʆʙʦʙʱʝʥʠʝ ʠ 

ʧʝʨʝʦʙʫʯʝʥʠʝ 

ɺʳʯʠʩʣʠʪʝʣʴʥʘʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

RNN ɺʳʩʦʢʘʷ ʆʯʝʥʴ ʚʳʩʦʢʘʷ ʉʨʝʜʥʷʷ ʉʨʝʜʥʷʷ ʉʨʝʜʥʷʷ 

CNN ɺʳʩʦʢʘʷ ʅʠʟʢʘʷ ʉʨʝʜʥʷʷ ɺʳʩʦʢʘʷ ɺʳʩʦʢʘʷ 

FNN ʉʨʝʜʥʷʷ ʅʠʟʢʘʷ ʅʠʟʢʘʷ ʅʠʟʢʘʷ ɺʳʩʦʢʘʷ 

VAE ʉʨʝʜʥʷʷ ʉʨʝʜʥʷʷ ɺʳʩʦʢʘʷ ɺʳʩʦʢʘʷ ʅʠʟʢʘʷ 

ɻʠʙʨʠʜʥʳʝ ʤʦʜʝʣʠ  ɺʳʩʦʢʘʷ ɺʳʩʦʢʘʷ ɺʳʩʦʢʘʷ ʉʨʝʜʥʷʷ ʉʨʝʜʥʷʷ 

ʊʘʙʣʠʮʘ 1. ʉʨʘʚʥʝʥʠʝ ʘʨʭʠʪʝʢʪʫʨ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ 

 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʠʥʬʦʨʤʘʮʠʠ ʠʟ ʪʘʙʣ. 1 ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ ʩʣʝʜʫʶʱʝʝ: 

- LSTM ʠ GRU ʭʦʨʦʰʠ ʜʣʷ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʩʧʦʩʦʙʥʦʩʪʠ 

ʟʘʧʦʤʠʥʘʪʴ ʜʦʣʛʦʩʨʦʯʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ, ʦʜʥʘʢʦ ʦʙʫʯʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʨʝʩʫʨʩʦʟʘʪʨʘʪʥʳʤ. 

ʇʨʠʤʝʥʝʥʠʝ ʘʢʪʠʚʥʦ ʠʩʩʣʝʜʫʝʪʩʷ ʚ ʩʤʝʞʥʳʭ ʦʙʣʘʩʪʷʭ, ʥʘʧʨʠʤʝʨ, ʤʦʥʠʪʦʨʠʥʛ ʩʝʡʩʤʠʯʝʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʠ. [2] 

- CNNs ʭʦʨʦʰʦ ʩʝʙʷ ʧʨʦʷʚʣʷʶʪ ʚ ʚʳʷʚʣʝʥʠʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʠʝʨʘʨʭʠʠ ʚ 

ʜʘʥʥʳʭ ʠ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʝʟʥʳ ʧʨʠ ʘʥʘʣʠʟʝ ʠʟʦʙʨʘʞʝʥʠʡ ʩʦ ʩʧʫʪʥʠʢʦʚ ʠ ʛʝʦʜʘʥʥʳʭ, ʥʦ ʥʝ ʪʘʢ 

ʭʦʨʦʰʠ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʚʨʝʤʝʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ. 

- FNNs ʧʨʦʩʪʳ ʚ ʨʝʘʣʠʟʘʮʠʠ ʠ ʵʬʬʝʢʪʠʚʥʳ ʜʣʷ ʤʝʥʴʰʠʭ ʦʙʲʸʤʦʚ ʜʘʥʥʳʭ ʙʝʟ 

ʷʚʥʳʭ ʚʨʝʤʝʥʥʳʭ ʩʚʷʟʝʡ, ʥʦ ʤʦʛʫʪ ʩʪʨʘʜʘʪʴ ʦʪ ʧʝʨʝʦʙʫʯʝʥʠʷ ʥʘ ʩʣʦʞʥʳʭ ʟʘʜʘʯʘʭ. 

- VAEs ʧʨʝʜʣʘʛʘʶʪ ʛʣʫʙʦʢʦʝ ʧʦʥʠʤʘʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʘʥʥʳʭ ʠ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʛʝʥʝʨʘʮʠʠ ʜʘʥʥʳʭ, ʥʦ ʤʦʛʫʪ ʙʳʪʴ ʠʟʣʠʰʥʠʤʠ ʜʣʷ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ ʧʨʦʩʪʦʡ 

ʧʨʠʨʦʜʳ ʠ ʩʣʦʞʥʳʤʠ ʚ ʦʧʪʠʤʠʟʘʮʠʠ. 

- ɻʠʙʨʠʜʥʳʝ ʤʦʜʝʣʠ ʦʙʲʝʜʠʥʷʶʪ ʜʦʩʪʦʠʥʩʪʚʘ ʩʚʸʨʪʦʯʥʳʭ ʠ ʨʝʢʫʨʨʝʥʪʥʳʭ ʩʝʪʝʡ, 

ʦʥʠ ʤʦʛʫʪ ʙʳʪʴ ʠʜʝʘʣʴʥʳ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʢʘʢ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ, ʪʘʢ ʠ 

ʚʨʝʤʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʚ ʜʘʥʥʳʭ ʦ ʢʘʯʝʩʪʚʝ ʚʦʟʜʫʭʘ, ʥʦ ʦʙʫʯʝʥʠʝ ʪʘʢʠʭ ʤʦʜʝʣʝʡ ʤʦʞʝʪ ʙʳʪʴ 

ʪʝʭʥʠʯʝʩʢʠ ʩʣʦʞʥʳʤ ʠ ʪʨʝʙʦʚʘʪʴ ʙʦʣʴʰʠʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʤʦʱʥʦʩʪʝʡ. 

3. ɸʥʩʘʤʙʣʠ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ 



ɸʥʩʘʤʙʣʠ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʠ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʫʨʦʚʥʷ ʟʘʛʨʷʟʥʝʥʠʷ ʚʦʟʜʫʭʘ, ʤʦʛʫʪ ʚʢʣʶʯʘʪʴ ʚ ʩʝʙʷ ʢʦʤʙʠʥʘʮʠʶ ʨʘʟʣʠʯʥʳʭ 

ʪʠʧʦʚ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʠ ʪʝʭʥʠʢ ʘʥʩʘʤʙʣʠʨʦʚʘʥʠʷ. 

ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʩʣʝʜʫʶʱʠʝ ʘʥʩʘʤʙʣʠ: 

1) Bagging (Bootstrap Aggregating) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʝʪʝʡ ʤʝʥʴʰʝʡ ʩʣʦʞʥʦʩʪʠ, 

ʪʘʢʠʭ ʢʘʢ FNNs. ʄʝʪʦʜ ʦʩʥʦʚʘʥ ʥʘ ʤʘʥʠʧʫʣʠʨʦʚʘʥʠʠ ʦʙʫʯʘʶʱʠʤ ʤʥʦʞʝʩʪʚʦʤ ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʧʦʩʪʨʦʝʥʠʝʤ ʙʘʟʦʚʳʭ ʢʣʘʩʩʠʬʠʢʘʪʦʨʦʚ ʥʘ ʨʘʟʣʠʯʥʳʭ ʝʛʦ ʧʦʜʤʥʦʞʝʩʪʚʘʭ. [3] 

2) ɸʥʩʘʤʙʣʠ ʩʣʫʯʘʡʥʳʭ ʧʦʜʧʨʦʩʪʨʘʥʩʪʚ ʥʘ ʦʩʥʦʚʝ CNNs, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʘʥʘʣʠʟ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʚ ʜʘʥʥʳʭ; 

3) ɸʥʩʘʤʙʣʠ ʨʝʢʫʨʨʝʥʪʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ, ʪʘʢʠʝ ʢʘʢ LSTM ʠ GRU, ʜʣʷ 

ʦʙʨʘʙʦʪʢʠ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ; 

4) Boosting-ʘʥʩʘʤʙʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ RNNs ʠʣʠ FNNs ʜʣʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ 

ʠʩʧʨʘʚʣʝʥʠʷ ʦʰʠʙʦʢ ʧʨʝʜʳʜʫʱʠʭ ʧʨʝʜʩʢʘʟʘʥʠʡ; 

5) Stacking (ʉʪʝʢʠʥʛ), ʧʨʠ ʢʦʪʦʨʦʤ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ (ʥʘʧʨʠʤʝʨ, 

CNNs ʠ RNNs) ʧʝʨʚʦʛʦ ʫʨʦʚʥʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʛʝʥʝʨʘʮʠʠ ʧʨʝʜʩʢʘʟʘʥʠʡ, ʢʦʪʦʨʳʝ ʟʘʪʝʤ 

ʢʦʤʙʠʥʠʨʫʶʪʩʷ ʤʝʪʘ-ʩʝʪʴʶ ʚʪʦʨʦʛʦ ʫʨʦʚʥʷ. [4] 

ʆʮʝʥʢʘ ʘʥʩʘʤʙʣʝʡ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʧʨʠʚʝʜʝʥʘ ʚ ʪʘʙʣ.2. 

 

ʅʘʟʚʘʥʠʝ 
ʊʦʯʥʦʩʪʴ 

ʧʨʦʛʥʦʟʘ 

ʆʙʨʘʙʦʪʢʘ 

ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ 
ʉʣʦʞʥʦʩʪʴ 

ʆʙʦʙʱʝʥʠʝ ʠ 

ʧʝʨʝʦʙʫʯʝʥʠʝ 

ɺʳʯʠʩʣʠʪʝʣʴʥʘʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

Bagging (FNNs) ʉʨʝʜʥʷʷ ʉʨʝʜʥʷʷ ʅʠʟʢʘʷ ɺʳʩʦʢʘʷ ɺʳʩʦʢʘʷ 

ɸʥʩʘʤʙʣʴ CNNs ɺʳʩʦʢʘʷ ʅʠʟʢʘʷ ʉʨʝʜʥʷʷ ʉʨʝʜʥʷʷ ʉʨʝʜʥʷʷ 

ɸʥʩʘʤʙʣʴ RNNs ɺʳʩʦʢʘʷ ɺʳʩʦʢʘʷ ɺʳʩʦʢʘʷ ʉʨʝʜʥʷʷ ʅʠʟʢʘʷ 

Boosting ɺʳʩʦʢʘʷ ɺʳʩʦʢʘʷ ɺʳʩʦʢʘʷ ʉʨʝʜʥʷʷ ʉʨʝʜʥʷʷ 

ʉʪʝʢʠʥʛ 
ʆʯʝʥʴ 

ʚʳʩʦʢʘʷ 
ʆʯʝʥʴ ʚʳʩʦʢʘʷ 

ʆʯʝʥʴ 

ʚʳʩʦʢʘʷ 
ʉʨʝʜʥʷʷ ʅʠʟʢʘʷ 

ʊʘʙʣʠʮʘ 2. ʆʮʝʥʢʘ ʘʥʩʘʤʙʣʝʡ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ 

 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʪʘʙʣ. 2 ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʤʝʯʘʥʠʷ: 

- Bagging ʩ FNNs ʫʜʦʙʝʥ ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦ ʵʬʬʝʢʪʠʚʝʥ, ʥʦ ʤʦʞʝʪ ʙʳʪʴ ʥʝ ʣʫʯʰʠʤ 

ʚʳʙʦʨʦʤ ʜʣʷ ʩʣʦʞʥʳʭ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ ʜʘʥʥʳʭ ʙʝʟ ʜʦʙʘʚʣʝʥʠʷ ʨʝʢʫʨʨʝʥʪʥʳʭ ʵʣʝʤʝʥʪʦʚ. 

- ɸʥʩʘʤʙʣʴ CNNs ʤʦʞʝʪ ʙʳʪʴ ʦʯʝʥʴ ʭʦʨʦʰ ʚ ʦʙʨʘʙʦʪʢʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ 

ʩʪʨʫʢʪʫʨ ʚ ʜʘʥʥʳʭ, ʥʦ ʤʝʥʝʝ ʧʦʜʭʦʜʠʪ ʜʣʷ ʘʥʘʣʠʟʘ ʚʨʝʤʝʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ, ʝʩʣʠ ʜʘʥʥʳʝ 

ʩʦʜʝʨʞʘʪ ʚʘʞʥʳʝ ʚʨʝʤʝʥʥʳʝ ʢʦʤʧʦʥʝʥʪʳ. 

- ɸʥʩʘʤʙʣʴ RNNs ʧʦʜʦʡʜʝʪ ʜʣʷ ʨʘʙʦʪʳ ʩ ʚʨʝʤʝʥʥʳʤʠ ʨʷʜʘʤʠ ʠ ʤʦʞʝʪ ʧʦʚʳʩʠʪʴ 

ʪʦʯʥʦʩʪʴ ʧʨʦʛʥʦʟʦʚ ʟʘ ʩʯʝʪ ʠʟʫʯʝʥʠʷ ʚʨʝʤʝʥʥʳʭ ʧʘʪʪʝʨʥʦʚ, ʥʦ ʪʨʝʙʫʝʪ ʙʦʣʝʝ ʩʝʨʴʝʟʥʳʭ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ. 

- Boosting ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʦʰʘʛʦʚʦʝ ʫʣʫʯʰʝʥʠʝ ʩʣʘʙʳʭ ʧʨʦʛʥʦʟʦʚ, ʯʪʦ ʤʦʞʝʪ 

ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʪʴ ʦʙʱʫʶ ʪʦʯʥʦʩʪʴ ʩʠʩʪʝʤʳ, ʥʦ ʪʨʝʙʫʝʪ ʙʦʣʝʝ ʩʣʦʞʥʦʛʦ ʧʨʦʮʝʩʩʘ 

ʦʙʫʯʝʥʠʷ. 

- ʉʪʝʢʠʥʛ ʦʙʳʯʥʦ ʧʦʢʘʟʳʚʘʝʪ ʦʯʝʥʴ ʚʳʩʦʢʠʝ ʨʝʟʫʣʴʪʘʪʳ, ʪʘʢ ʢʘʢ ʦʙʲʝʜʠʥʷʝʪ 

ʩʠʣʴʥʳʝ ʩʪʦʨʦʥʳ ʨʘʟʣʠʯʥʳʭ ʘʨʭʠʪʝʢʪʫʨ, ʥʦ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʩʘʤʳʭ ʩʣʦʞʥʳʭ ʤʝʪʦʜʠʢ ʚ 

ʨʘʟʨʘʙʦʪʢʝ ʠ ʪʨʝʙʫʝʪ ʟʥʘʯʠʪʝʣʴʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʜʣʷ ʪʨʝʥʠʨʦʚʢʠ ʠ ʠʥʬʝʨʝʥʩʘ 

(ʥʝʧʨʝʨʳʚʥʦʡ ʨʘʙʦʪʳ ʥʘ ʫʩʪʨʦʡʩʪʚʝ). 

ɿʘʢʣʶʯʝʥʠʝ. ʅʘ ʦʩʥʦʚʝ ʪʝʢʩʪʘ ʜʘʥʥʦʡ ʩʪʘʪʴʠ ʤʦʞʥʦ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʢʦʥʢʫʨʝʥʪʥʳʝ 

ʧʨʝʠʤʫʱʝʩʪʚʘ ʜʣʷ ʜʚʫʭ ʧʦʜʭʦʜʦʚ (ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʪʘʥʜʘʨʪʥʳʭ ʘʨʭʠʪʝʢʪʫʨ ʀʅʉ ʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʥʩʘʤʙʣʝʡ ʀʅʉ) ʧʦ ʦʪʥʦʰʝʥʠʶ ʜʨʫʛ ʢ ʜʨʫʛʫ ʚ ʢʦʥʪʝʢʩʪʝ ʨʘʟʨʘʙʦʪʢʠ ʤʦʜʝʣʠ 

ʧʨʦʛʥʦʟʘ ʫʨʦʚʥʷ ʟʘʛʨʷʟʥʝʥʠʷ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ. 



ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʪʘʥʜʘʨʪʥʳʭ ʘʨʭʠʪʝʢʪʫʨ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ: 

- ʇʨʦʩʪʦʪʘ ʨʝʘʣʠʟʘʮʠʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʦʜʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʦʙʳʯʥʦ ʧʨʦʱʝ ʚ 

ʨʝʘʣʠʟʘʮʠʠ ʠ ʥʘʣʘʜʢʝ. 

- ɹʳʩʪʨʦʪʘ ʦʙʫʯʝʥʠʷ. ʆʜʠʥʦʯʥʳʝ ʤʦʜʝʣʠ ʤʦʛʫʪ ʪʨʝʙʦʚʘʪʴ ʤʝʥʴʰʝ ʚʨʝʤʝʥʠ ʥʘ 

ʦʙʫʯʝʥʠʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʘʥʩʘʤʙʣʷʤʠ. 

- ʃʝʛʢʦʩʪʴ ʠʥʪʝʨʧʨʝʪʘʮʠʠ. ʆʪʜʝʣʴʥʳʝ ʤʦʜʝʣʠ ʤʦʛʫʪ ʙʳʪʴ ʙʦʣʝʝ ʧʦʥʷʪʥʳʤʠ ʜʣʷ 

ʘʥʘʣʠʟʘ ʠ ʪʨʘʢʪʦʚʢʠ ʨʝʟʫʣʴʪʘʪʦʚ. 

- ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʨʝʩʫʨʩʦʚ. ʆʜʠʥʦʯʥʳʝ ʤʦʜʝʣʠ ʤʦʛʫʪ ʙʳʪʴ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤʠ 

ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʠ ʧʘʤʷʪʠ ʨʝʩʫʨʩʦʚ. 

- ʇʨʦʩʪʦʪʘ ʦʙʩʣʫʞʠʚʘʥʠʷ. ʇʦʜʜʝʨʞʘʥʠʝ ʠ ʦʙʥʦʚʣʝʥʠʝ ʦʜʥʦʡ ʤʦʜʝʣʠ ʤʦʞʝʪ 

ʙʳʪʴ ʙʦʣʝʝ ʧʨʦʩʪʳʤ ʧʨʦʮʝʩʩʦʤ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʘʥʩʘʤʙʣʝʡ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ: 

- ʋʣʫʯʰʝʥʠʝ ʪʦʯʥʦʩʪʠ. ɸʥʩʘʤʙʣʠ ʯʘʩʪʦ ʧʨʝʚʦʩʭʦʜʷʪ ʦʪʜʝʣʴʥʳʝ ʤʦʜʝʣʠ ʧʦ 

ʪʦʯʥʦʩʪʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʟʘ ʩʯʝʪ ʢʦʤʙʠʥʠʨʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʧʦʜʭʦʜʦʚ ʠ ʫʤʝʥʴʰʝʥʠʷ 

ʚʘʨʠʘʪʠʚʥʦʩʪʠ. [5] 

- ʋʩʪʦʡʯʠʚʦʩʪʴ ʢ ʧʝʨʝʦʙʫʯʝʥʠʶ. ʈʘʟʣʠʯʥʳʝ ʤʦʜʝʣʠ ʚ ʘʥʩʘʤʙʣʝ ʤʦʛʫʪ 

ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʦʰʠʙʢʠ ʜʨʫʛ ʜʨʫʛʘ, ʩʥʠʞʘʷ ʪʝʤ ʩʘʤʳʤ ʨʠʩʢ ʧʝʨʝʦʙʫʯʝʥʠʷ. 

- ɻʠʙʢʦʩʪʴ. ɸʥʩʘʤʙʣʠ ʧʦʟʚʦʣʷʶʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʘʟʥʳʝ ʪʠʧʳ ʤʦʜʝʣʝʡ ʜʣʷ 

ʨʘʟʣʠʯʥʳʭ ʘʩʧʝʢʪʦʚ ʜʘʥʥʳʭ, ʥʘʧʨʠʤʝʨ, CNN ʜʣʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʠ RNN ʜʣʷ 

ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ. 

- ʃʫʯʰʘʷ ʛʝʥʝʨʘʣʠʟʘʮʠʷ. ʂʦʤʙʠʥʠʨʦʚʘʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʤʦʜʝʣʝʡ ʤʦʞʝʪ ʫʣʫʯʰʠʪʴ 

ʩʧʦʩʦʙʥʦʩʪʴ ʩʠʩʪʝʤʳ ʦʙʦʙʱʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʥʘ ʥʦʚʳʭ, ʥʝʚʠʜʘʥʥʳʭ ʜʘʥʥʳʭ. 

- ʇʘʨʘʣʣʝʣʴʥʘʷ ʦʙʨʘʙʦʪʢʘ. ʅʝʢʦʪʦʨʳʝ ʚʠʜʳ ʘʥʩʘʤʙʣʝʡ, ʥʘʧʨʠʤʝʨ Bagging, ʣʝʛʢʦ 

ʨʘʩʧʘʨʘʣʣʝʣʠʚʘʶʪʩʷ, ʯʪʦ ʩʦʢʨʘʱʘʝʪ ʚʨʝʤʷ ʦʙʫʯʝʥʠʷ. 
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ɸʅɸʃʀɿ ʊɽʅɼɽʅʎʀʁ ʈɸɿɺʀʊʀʗ ʎʀʌʈʆɺʀɿɸʎʀʀ ʇʈɽɼʇʈʀʗʊʀʁ 

ʄɸʐʀʅʆʉʊʈʆɽʅʀʗ 

ɹʣʠʥʜʝʨ ʅ.ʆ. 

ʌɻɹʆʋ ɺʆ "ʄɻʊʋ "ʉʊɸʅʂʀʅ" 

 

ɺ ʥʘʰʠ ʜʥʠ ʦʯʝʚʠʜʥʳʤ ʷʚʣʷʝʪʩʷ ʦʯʝʥʴ ʥʠʟʢʠʡ ʫʨʦʚʝʥʴ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠ ʦʧʪʠʤʠʟʘʮʠʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʠ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ ʧʨʝʜʧʨʠʷʪʠʡ, ʢʦʪʦʨʳʝ ʟʘʥʠʤʘʶʪ ʥʠʰʫ 

ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. ʀʟ ʯʝʛʦ ʩʣʝʜʫʝʪ ʥʠʟʢʘʷ 

ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ ʧʨʦʜʫʢʮʠʠ, ʢʦʪʦʨʳʝ ʦʩʥʦʚʳʚʘʶʪʩʷ ʥʘ ʪʘʢʠʭ ʧʦʢʘʟʘʪʝʣʷʭ ʢʘʢ ʮʝʥʘ 

ʠ ʢʘʯʝʩʪʚʦ. ʄʦʱʥʳʝ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʙʠʟʥʝʩ-ʵʬʬʝʢʪʳ ʮʠʬʨʦʚʠʟʘʮʠʠ ʠ ʚʥʝʜʨʝʥʠʷ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʚ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ ʈʦʩʩʠʠ ʚʦʟʤʦʞʥʳ ʚ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ 

ʮʠʬʨʦʚʠʟʘʮʠʷ ʠ ʀʀ ʧʦʟʚʦʣʷʝʪ ʢʘʨʜʠʥʘʣʴʥʦ ʧʦʤʝʥʷʪʴ ʩʦʩʪʘʚʣʷʶʱʠʝ, ʬʦʨʤʠʨʫʶʱʠʝ ʦʙʣʠʢ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ, ʢʦʪʦʨʳʝ ʚʤʝʩʪʝ ʠ ʦʧʨʝʜʝʣʷʶʪ ʧʝʨʝʭʦʜ ʢ ʪʘʢ ʥʘʟʳʚʘʝʤʦʡ 

ʀʥʜʫʩʪʨʠʠ 4.0 ʠ ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʪ ʨʝʰʠʪʴ ʢʣʶʯʝʚʳʝ ʧʨʦʙʣʝʤʳ ʨʦʩʩʠʡʩʢʦʛʦ 

ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʚʪʦʤʘʪʠʟʘʮʠʷ, ʮʠʬʨʦʚʠʟʘʮʠʷ, ʀʥʜʫʩʪʨʠʷ 4.0, ʤʘʰʠʥʦʩʪʨʦʝʥʠʝ. 

 

ɺʚʝʜʝʥʠʝ. ʋʨʦʚʝʥʴ ʮʠʬʨʦʚʦʡ ʟʨʝʣʦʩʪʠ ʧʨʝʜʧʨʠʷʪʠʡ ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʦʡ ʦʪʨʘʩʣʠ 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʨʘʟʚʠʚʘʝʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʠʥʠʤʘʝʤʳʤʠ ʥʦʨʤʘʪʠʚʥʳʤʠ ʘʢʪʘʤʠ, 

ʨʝʛʫʣʷʨʥʦ ʧʨʦʚʦʜʷʪʩʷ ʦʮʝʥʢʠ ʫʨʦʚʥʷ ʮʠʬʨʦʚʦʡ ʟʨʝʣʦʩʪʠ ʧʨʝʜʧʨʠʷʪʠʡ ʦʙʦʨʦʥʥʦ-

ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʪʘʢ ʢʘʢ ʦʥʠ ʟʘʥʠʤʘʶʪ ʦʩʥʦʚʥʫʶ ʜʦʣʶ ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʳʭ 

ʧʨʝʜʧʨʠʷʪʠʡ. ɼʘʥʥʳʡ ʪʨʝʥʜ ʥʘʮʝʣʝʥ ʥʘ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʝʜʧʨʠʷʪʠʡ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʫʩʧʝʰʥʦʛʦ 

ʚʥʝʜʨʝʥʠʷ ʮʠʬʨʦʚʳʭ ʨʝʰʝʥʠʡ. ʕʪʦ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʣʘʥʦʚ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ 

ʠʩʭʦʜʷ ʠʟ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʨʦʩʪʘ ʫʨʦʚʥʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʢʘʢ ʦʪʜʝʣʴʥʳʭ ʟʚʝʥʴʝʚ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʩʠʩʪʝʤʳ ʧʨʝʜʧʨʠʷʪʠʡ, ʪʘʢ ʠ ʚʩʝʡ ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʦʡ ʦʪʨʘʩʣʠ ʚ ʮʝʣʦʤ.  

ʆʩʥʦʚʥʳʤʠ ʪʝʥʜʝʥʮʠʷʤʠ ʨʘʟʚʠʪʠʷ ʧʦʩʣʝʜʥʠʭ ʜʝʩʷʪʠʣʝʪʠʡ ʩʪʘʣʠ ʟʥʘʯʠʪʝʣʴʥʳʡ ʨʦʩʪ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʤʦʱʥʦʩʪʝʡ, ʚʥʝʜʨʝʥʠʝ ʠʥʪʝʨʥʝʪ-ʪʝʭʥʦʣʦʛʠʡ ʠ ʦʙʣʘʯʥʳʭ ʚʳʯʠʩʣʝʥʠʡ, 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʠ ʨʘʩʰʠʨʝʥʠʝ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ 

ʫʧʨʘʚʣʝʥʠʷ. ɿʘ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʠʣʝʪʠʡ ʨʘʟʚʠʪʠʷ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʦʥʠ ʩʪʘʣʠ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʧʝʨʝʜʦʚʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ʎʠʬʨʦʚʠʟʘʮʠʷ - ʦʜʠʥ ʠʟ ʢʣʶʯʝʚʳʭ ʪʨʝʥʜʦʚ ʚ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ 

ʧʦʚʳʩʠʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʧʨʝʜʧʨʠʷʪʠʷ ʟʘ ʩʯʝʪ ʦʧʪʠʤʠʟʘʮʠʠ ʨʝʩʫʨʩʦʚ ʠ ʩʦʢʨʘʱʝʥʠʷ 

ʚʨʝʤʝʥʥʳʭ ʟʘʪʨʘʪ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ. 

ʄʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʢʘʢ ʘʨʝʘʣ ʮʠʬʨʦʚʠʟʘʮʠʠ 

ʄʘʰʠʥʦʩʪʨʦʝʥʠʝ ï ʵʪʦ ʦʪʨʘʩʣʴ, ʛʜʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʘʙʩʦʣʶʪʥʦ 

ʥʝʦʙʭʦʜʠʤʳ ʢʘʢ ʜʣʷ ʧʦʜʜʝʨʞʢʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ, ʪʘʢ ʠ ʜʣʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʦʩʥʦʚʥʳʭ 

ʧʨʦʮʝʩʩʦʚ. 

ɿʘʜʘʯʘ ʩʦʚʨʝʤʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ï ʤʘʢʩʠʤʘʣʴʥʦ ʙʳʩʪʨʦ ʠ ʩ ʤʠʥʠʤʘʣʴʥʳʤʠ 

ʟʘʪʨʘʪʘʤʠ ʠʟʛʦʪʦʚʠʪʴ ʛʦʪʦʚʫʶ ʧʨʦʜʫʢʮʠʶ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʜʦʙʠʪʴʩʷ, ʧʨʝʞʜʝ ʚʩʝʛʦ, 

ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʨʝʥʪʘʙʝʣʴʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ. ɺ ʫʩʣʦʚʠʷʭ 

ʞʝʩʪʢʦʡ ʢʦʥʢʫʨʝʥʮʠʠ ʥʝʦʙʭʦʜʠʤʦ ʢʘʢ ʤʦʞʥʦ ʙʳʩʪʨʝʝ ʧʨʝʜʩʪʘʚʠʪʴ ʢʘʯʝʩʪʚʝʥʥʳʡ ʧʨʦʜʫʢʪ, 

ʧʨʝʞʜʝ ʯʝʤ ʢʦʥʢʫʨʝʥʪʳ ʫʩʧʝʶʪ ʩʜʝʣʘʪʴ ʪʦ ʞʝ ʩʘʤʦʝ. 

ʎʠʬʨʦʚʘʷ ʵʢʦʥʦʤʠʢʘ ʩʪʨʝʤʠʪʝʣʴʥʦ ʨʘʟʚʠʚʘʝʪʩʷ. ʊʝ ʩʧʦʩʦʙʳ ʤʦʜʝʨʥʠʟʘʮʠʠ 

ʦʙʦʨʫʜʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʩʝʛʦʜʥʷ ʢʘʞʫʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ, ʫʞʝ ʟʘʚʪʨʘ ʤʦʛʫʪ ʩʜʝʣʘʪʴ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʙʝʟʥʘʜʝʞʥʦ ʫʩʪʘʨʝʚʰʠʤ. 



ʇʨʝʞʜʝ ʚʩʝʛʦ ʨʝʯʴ ʠʜʝʪ ʦ ʮʠʬʨʦʚʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʧʨʝʜʧʨʠʷʪʠʡ ʠ ʩʦʟʜʘʥʠʠ 

çʮʠʬʨʦʚʳʭ ʟʘʚʦʜʦʚè. ʎʠʬʨʦʚʳʝ ʨʝʰʝʥʠʷ ʠ ʪʝʭʥʦʣʦʛʠʠ ʤʝʥʷʶʪ ʩʪʨʘʪʝʛʠʶ ʫʧʨʘʚʣʝʥʠʷ 

ʧʨʦʠʟʚʦʜʩʪʚʦʤ ʠ ʚʩʝʤ ʞʠʟʥʝʥʥʳʤ ʮʠʢʣʦʤ ʠʟʛʦʪʦʚʣʝʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʕʪʦ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʡ ʧʦʜʭʦʜ, ʧʦʟʚʦʣʷʶʱʠʡ ʧʦ-ʜʨʫʛʦʤʫ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʚʦʟʤʦʞʥʦʩʪʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʪʝʭʥʦʣʦʛʠʡ: ʧʣʘʥʠʨʦʚʘʪʴ ʧʦʪʦʢʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʘ ʛʦʨʠʟʦʥʪʝ 

ʥʝʩʢʦʣʴʢʠʭ ʣʝʪ, ʦʙʝʩʧʝʯʠʚʘʪʴ ʦʧʪʠʤʘʣʴʥʫʶ ʟʘʛʨʫʟʢʫ ʢʘʞʜʦʡ ʤʘʰʠʥʳ, ʧʨʦʚʦʜʠʪʴ ʨʝʤʦʥʪʳ ʧʨʠ 

ʚʳʭʦʜʝ ʠʟ ʩʪʨʦʷ. ʦʙʦʨʫʜʦʚʘʥʠʝ ʵʪʦʛʦ ʪʨʝʙʫʝʪ. ɺʩʝ ʠʩʧʦʣʴʟʫʝʤʳʝ ʮʠʬʨʦʚʳʝ ʨʝʰʝʥʠʷ ï ʦʪ 

ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʦ ʚʳʜʘʯʠ ʝʞʝʜʥʝʚʥʳʭ ʟʘʜʘʥʠʡ ʩʤʝʥ ʯʝʨʝʟ ʤʦʙʠʣʴʥʦʝ 

ʫʩʪʨʦʡʩʪʚʦ ï ʷʚʣʷʶʪʩʷ ʨʘʟʥʳʤʠ ʯʘʩʪʷʤʠ ʝʜʠʥʦʡ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʩʠʩʪʝʤʳ [1]. 

ʎʠʬʨʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʧʨʠʤʝʥʷʝʤʳʝ ʚ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ 

ɸʥʘʣʠʟ ʨʦʩʩʠʡʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʧʦʟʚʦʣʷʝʪ ʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʩʦʟʜʘʥʠʝ ʠ 

ʚʥʝʜʨʝʥʠʝ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʥʘʭʦʜʠʪʩʷ ʥʘ ʥʘʯʘʣʴʥʳʭ ʵʪʘʧʘʭ, ʠ ʪʨʝʙʫʝʪ ʚʣʦʞʝʥʠʷ 

ʩʫʱʝʩʪʚʝʥʥʳʭ ʠʥʚʝʩʪʠʮʠʡ. ʊʘʢ, ʚ 2021 ʛ. ʥʘ 10 ʪʳʩ. ʯʝʣ. ʚ ʈʦʩʩʠʠ ʧʨʠʭʦʜʠʪʩʷ ʦʢʦʣʦ 6 ʰʪ. 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʨʦʙʦʪʦʚ, ʚ ʪʦʞʝ ʚʨʝʤʷ ʩʨʝʜʥʝʤʠʨʦʚʦʡ ʧʦʢʘʟʘʪʝʣʴ ʩʦʩʪʘʚʣʷʝʪ 113 ʰʪ. ʇʨʠ 

ʵʪʦʤ, ʚ ʩʪʨʘʥʘʭ ʣʠʜʝʨʘʭ ï ɻʝʨʤʘʥʠʠ ʠ ʖʞʥʦʡ ʂʦʨʝʠ ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʚʘʨʴʠʨʫʝʪʩʷ ʥʘ ʫʨʦʚʥʝ 

700- 800 ʰʪ [2]. ʉʦʛʣʘʩʥʦ ʠʩʩʣʝʜʦʚʘʥʠʷʤ IFR ʟʘ 2022 ʛ. ʚ ʤʠʨʝ ʙʳʣʦ ʚʚʝʜʝʥʦ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ 

553 ʪʳʩ. ʧʨʦʤʳʰʣʝʥʥʳʭ ʨʦʙʦʪʦʚ, ʯʪʦ ʙʦʣʴʰʝ ʟʥʘʯʝʥʠʡ 2021 ʛ. ʥʘ 5%. ʃʠʜʝʨʦʤ ʨʘʟʤʝʱʝʥʠʷ 

ʚʳʩʪʫʧʠʣʘ ɸʟʠʷ ï 73%, ʟʘ ʥʝʡ ɽʚʨʦʧʘ ï 15% ʠ ɸʤʝʨʠʢʘ ï 10%. ʇʦ ʠʪʦʛʘʤ 2023 ʛ.  ʨʦʩʪ 

ʧʦʢʘʟʘʪʝʣʷ ʥʘ ʦʙʱʝʤʠʨʦʚʦʤ ʫʨʦʚʥʝ ʜʦʩʪʠʛ ʥʘ 7% ʜʦ ʙʦʣʝʝ ʯʝʤ 590 ʪʳʩʷʯ [3]. ʉʪʦʣʴ ʰʠʨʦʢʦʝ 

ʧʨʠʤʝʥʝʥʠʝ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʟʘʧʘʜʥʳʤʠ ʩʪʨʘʥʘʤʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʴʰʫʶ 

ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʝʜʧʨʠʷʪʠʡ.  

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʷʜ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʦʣʫʯʠʣ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ʥʘʰʝʡ ʩʪʨʘʥʳ. ʊʘʢ, ʩʘʤʳʤʠ ʧʨʠʤʝʥʷʝʤʳʤʠ ʷʚʣʷʶʪʩʷ: 3D-ʤʦʜʝʣʠʨʦʚʘʥʠʝ, 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ʥʘ ʩʪʘʥʢʘʭ ʩ ʏʇʋ, ʠʥʞʝʥʝʨʥʳʡ ʘʥʘʣʠʟ, ʠʥʜʫʩʪʨʠʘʣʴʥʳʡ ʠʥʪʝʨʥʝʪ ʚʝʱʝʡ, 

ʙʦʣʴʰʠʝ ʜʘʥʥʳʝ, ʦʙʣʘʯʥʳʝ ʚʳʯʠʩʣʝʥʠʷ, ʘʜʜʠʪʠʚʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ ʜʨ [4]. ʆʪʜʝʣʴʥʳʝ 

ʵʣʝʤʝʥʪʳ ʮʠʬʨʦʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚʥʝʜʨʝʥʳ ʥʘ 10-15% ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ 

ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ. ʆʩʥʦʚʥʳʤʠ ʵʬʬʝʢʪʘʤʠ ʦʪ ʚʥʝʜʨʝʥʠʷ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʥʘʟʳʚʘʶʪ: 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʩʦʢʨʘʱʝʥʠʝ ʚʨʝʤʝʥʠ ʚʳʚʦʜʘ ʧʨʦʜʫʢʮʠʠ ʥʘ ʨʳʥʦʢ; ʩʦʢʨʘʱʝʥʠʝ ʟʘʪʨʘʪ ʥʘ 

ʠʩʧʳʪʘʥʠʷ ʠ ʩʝʨʪʠʬʠʢʘʮʠʶ; ʦʧʪʠʤʠʟʘʮʠʷ ʮʝʧʦʯʝʢ ʜʦʙʘʚʣʝʥʥʦʡ ʩʪʦʠʤʦʩʪʠ; ʧʦʚʳʰʝʥʠʝ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ; ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʜʦʨʘʙʦʪʢʠ ʧʨʦʜʫʢʮʠʠ ʟʘ ʩʯʝʪ ʫʯʝʪʘ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʧʨʝʜʳʜʫʱʠʭ ʚʝʨʩʠʡ; ʚʦʟʤʦʞʥʦʩʪʴ ʙʳʩʪʨʦʡ ʧʝʨʝʦʨʠʝʥʪʘʮʠʠ ʩ ʩʦʟʜʘʥʠʷ ʛʨʘʞʜʘʥʩʢʦʡ 

ʧʨʦʜʫʢʮʠʠ ʥʘ ʩʧʝʮʠʘʣʴʥʫʶ ʠ ʜʨ.   

ɺ ʈʦʩʩʠʠ ʚ ʮʝʣʷʭ ʩʪʠʤʫʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʮʠʬʨʦʚʠʟʘʮʠʠ ʙʳʣʘ ʧʨʠʥʷʪʘ ʧʨʦʛʨʘʤʤʘ 

çʎʠʬʨʦʚʘʷ ʵʢʦʥʦʤʠʢʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠè, ʜʣʷ ʢʦʪʦʨʦʡ ʧʦʟʞʝ ʚ 2018 ʛ. ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ 

ʧʘʩʧʦʨʪ, ʘ ʚ ʠʶʥʝ ʩʣʝʜʫʶʱʝʛʦ ʛʦʜʘ ʩʦʜʝʨʞʘʥʠʝ ʧʘʩʧʦʨʪʘ ʙʳʣʦ ʘʢʪʫʘʣʠʟʠʨʦʚʘʥʦ ʠ 

ʧʨʝʜʫʩʤʘʪʨʠʚʘʣʦ ʨʝʘʣʠʟʘʮʠʶ ʰʝʩʪʠ ʬʝʜʝʨʘʣʴʥʳʭ ʧʨʦʝʢʪʦʚ, ʦʭʚʘʪʳʚʘʶʱʠʭ ʨʘʟʣʠʯʥʳʝ 

ʘʩʧʝʢʪʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʙʘʟʠʩʘ ʜʣʷ ʚʥʝʜʨʝʥʠʷ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ [5]. ʉʦʟʜʘʶʪʩʷ ʠ 

ʨʝʘʣʠʟʫʶʪʩʷ ʧʨʦʛʨʘʤʤʳ ʧʦʜʜʝʨʞʢʠ, ʩʪʠʤʫʣʠʨʫʶʱʠʝ ʧʨʦʮʝʩʩ ʮʠʬʨʦʚʠʟʘʮʠʠ. ɿʘʜʘʯʘ 

ʮʠʬʨʦʚʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ï ʤʦʜʝʨʥʠʟʘʮʠʷ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤʠ 

ʧʨʦʮʝʩʩʘʤʠ ʠ ʧʦʚʳʰʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʪʨʫʜʘ. 

ɺ ʪʘʙʣ. 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʨʦʛʨʘʤʤʥʳʝ ʩʨʝʜʩʪʚʘ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ 

ʠʥʞʝʥʝʨʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʥʘ ʨʘʟʣʠʯʥʳʭ ʵʪʘʧʘʭ ʧʦʜʛʦʪʦʚʢʠ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

  



ʂʣʘʩʩ 

ʇʆ 
ʅʘʟʚʘʥʠʝ ʅʘʟʥʘʯʝʥʠʝ, ʬʫʥʢʮʠʦʥʘʣ 

CAD Computer Aided Design ʩʦʟʜʘʥʠʝ ʯʝʨʪʝʞʝʡ, ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʡ ʠ/ʠʣʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ 

ʜʦʢʫʤʝʥʪʘʮʠʠ ʠ/ʠʣʠ 3D ʤʦʜʝʣʝʡ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʢʨʠʚʳʭ ʠ ʬʠʛʫʨ ʚ ʜʚʫʤʝʨʥʦʤ (2D) ʧʨʦʩʪʨʘʥʩʪʚʝ; ʠʣʠ 

ʢʨʠʚʳʭ, ʧʦʚʝʨʭʥʦʩʪʝʡ ʠ ʪʚʝʨʜʳʭ ʪʝʣ ʚ ʪʨʝʭʤʝʨʥʦʤ (3D) ʧʨʦʩʪʨʘʥʩʪʚʝ 

ʣʶʙʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʤʧʴʶʪʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ, ʚ 

ʪ.ʯ. ʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ 

CAM Computer Aided Manufacturing ʧʦʜʛʦʪʦʚʢʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ (ʊʇ) ʧʨʦʠʟʚʦʜʩʪʚʘ ʠʟʜʝʣʠʡ, 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʘʷ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʕɺʄ 

ʨʘʟʨʘʙʦʪʢʘ ʊʇ, ʩʠʥʪʝʟ ʋʇ ʜʣʷ ʩʪʘʥʢʦʚ ʩ ʏʇʋ, ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʧʨʦʮʝʩʩʦʚ ʦʙʨʘʙʦʪʢʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʦʩʪʨʦʝʥʠʝ ʪʨʘʝʢʪʦʨʠʡ 

ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʠʥʩʪʨʫʤʝʥʪʘ ʠ ʟʘʛʦʪʦʚʢʠ  

CAE Computer Aided Engineering ʨʝʰʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʠʥʞʝʥʝʨʥʳʭ ʟʘʜʘʯ: ʨʘʩʯʸʪ, ʘʥʘʣʠʟ, ʩʠʤʫʣʷʮʠʷ 

ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠ ʜʨ., ʚ ʪ.ʯ. ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʟʘʜʘʯʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʣʶʙʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʤʧʴʶʪʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ, ʚ 

ʪ.ʯ. ʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ 

CAPP Computer-Aided Process 

Planning 

ʤʘʨʰʨʫʪʥʦ-ʦʧʝʨʘʮʠʦʥʥʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ, ʚʢʣʶʯʘʷ ʪʝʭʥʠʯʝʩʢʦʝ ʥʦʨʤʠʨʦʚʘʥʠʝ ʠ ʨʘʟʨʘʙʦʪʢʫ ʋʇ ʜʣʷ 

ʩʪʘʥʢʦʚ ʩ ʏʇʋ 

PDM Product Data Management ʫʧʨʘʚʣʝʥʠʝ ʢʦʤʧʣʝʢʩʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ ʦʙ ʦʙʲʝʢʪʝ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʚ ʪ.ʯ. 

ʜʦʢʫʤʝʥʪʘʮʠʝʡ, ʠʥʞʝʥʝʨʥʳʤʠ ʠ ʪʝʭʥʠʯʝʩʢʠʤʠ ʜʘʥʥʳʤʠ, ʨʘʙʦʯʠʤʠ 

ʧʨʦʮʝʩʩʘʤʠ ʠ ʜʨ. 

ʊʘʙʣʠʮʘ 1. ʇʨʦʛʨʘʤʤʥʳʝ ʩʨʝʜʩʪʚʘ ʢʦʥʩʪʨʫʢʪʦʨʩʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ 

ʧʨʦʠʟʚʦʜʩʪʚʘ 

 

ʀʟ ʪʘʙʣ.1, ʩʣʝʜʫʝʪ ʚʳʚʦʜ: ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʦʜʭʦʜʠʪ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʢʣʘʩʩʘ CAPP-ʩʠʩʪʝʤ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʝ 

ʚʦʟʤʦʞʥʦʩʪʴ ʤʘʨʰʨʫʪʥʦ-ʦʧʝʨʘʮʠʦʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ, ʚ ʠʥʪʝʛʨʘʮʠʠ ʩ CAM-ʩʠʩʪʝʤʘʤʠ, 

ʧʦʜʛʦʪʦʚʢʫ ʫʧʨʘʚʣʷʶʱʠʭ ʧʨʦʛʨʘʤʤ ʜʣʷ ʦʙʦʨʫʜʦʚʘʥʠʷ ʩ ʏʇʋ.  

ʈʘʥʝʝ, ʩʨʘʚʥʠʚʘʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ CAPP-

ʩʠʩʪʝʤ, ʤʳ ʩʬʦʨʤʫʣʠʨʦʚʘʣʠ ʚʳʚʦʜ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ 

ʘʜʘʧʪʠʚʥʳʭ ʩʘʤʦʦʙʫʯʘʶʱʠʭʩʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʈʘʮʠʦʥʘʣʴʥʘʷ ʢʦʤʙʠʥʘʮʠʷ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʝʛʦ ʚʠʨʪʫʘʣʴʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʧʨʠʙʣʠʟʠʪʴʩʷ ʢ ʧʦʥʷʪʠʷʤ 

çʮʠʬʨʦʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘè, ʚ ʯʘʩʪʥʦʩʪʠ, ʢ ʧʦʥʷʪʠʶ çʮʠʬʨʦʚʦʛʦ ʜʚʦʡʥʠʢʘè, ʢʘʢ ʩʨʝʜʩʪʚʘ 

ʦʧʝʨʘʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʩʠʩʪʝʤʘʤʠ ʠ, ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ, 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠʟʛʦʪʘʚʣʠʚʘʝʤʦʡ ʧʨʦʜʫʢʮʠʠ. 

ʇʝʨʩʧʝʢʪʠʚʳ ʧʨʠʤʝʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ 

ʇʝʨʩʧʝʢʪʠʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʧʨʠʤʝʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ 

ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ ʚʢʣʶʯʘʶʪ: 

1. ʊʦʯʥʦʩʪʴ.  

ɺ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ ʪʦʯʥʦʩʪʴ ʩʪʘʣʘ ʚʘʞʥʦʡ ʮʝʣʴʶ, ʠ ʧʨʠʤʝʥʝʥʠʝ ʪʦʯʥʦʩʪʠ ʚ ʨʘʟʣʠʯʥʳʭ 

ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ ʙʦʣʝʝ ʠ ʙʦʣʝʝ ʦʙʰʠʨʥʳʤ. ʅʘʥʦʪʝʭʥʦʣʦʛʠʠ, 

ʥʘʥʦʵʣʝʢʪʨʦʥʠʢʘ ʠ ʥʘʥʦʤʘʪʝʨʠʘʣʳ ʰʠʨʦʢʦ ʠ ʭʦʨʦʰʦ ʧʨʠʥʠʤʘʶʪʩʷ. 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʪʝʭʥʦʣʦʛʠʷ ʧʨʝʮʠʟʠʦʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʪʘʢʞʝ ʜʦʩʪʠʛʣʘ 

ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʩʧʝʮʠʘʣʴʥʦʡ ʦʙʨʘʙʦʪʢʝ, ʦʙʨʘʙʦʪʢʝ ʩʦʝʜʠʥʝʥʠʡ ʠ ʜʨʫʛʠʭ 

ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʅʘ ʵʪʦʤ ʵʪʘʧʝ ʠʥʦʩʪʨʘʥʥʳʝ ʫʯʝʥʳʝ ʧʨʠʤʝʥʠʣʠ ʪʦʯʥʳʝ ʪʝʭʥʦʣʦʛʠʠ 

ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʨʘʟʨʘʙʦʪʦʢ ʨʦʙʦʪʦʚ. ʊʠʧ ʤʠʥʠʘʪʶʨʥʦʛʦ ʨʦʙʦʪʘ ʤʦʞʝʪ ʧʨʦʥʠʢʘʪʴ ʚ ʪʝʣʦ 

ʯʝʣʦʚʝʢʘ, ʦʙʥʘʨʫʞʠʚʘʪʴ ʙʦʣʝʟʥʠ ʠ ʚʥʦʩʠʪʴ ʚʢʣʘʜ ʚ ʜʝʣʦ ʤʝʜʠʮʠʥʳ.  

  



2. ɸʚʪʦʤʘʪʠʟʘʮʠʷ.  

ʊʝʭʥʦʣʦʛʠʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʤʦʛʫʪ ʟʘʤʝʥʠʪʴ ʯʝʣʦʚʝʯʝʩʢʫʶ ʨʘʙʦʪʫ, ʘ ʚ ʥʝʢʦʪʦʨʳʭ 

ʦʧʘʩʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʦʥʘ ʤʦʞʝʪ ʧʦʣʥʦʩʪʴʶ ʟʘʤʝʥʠʪʴ ʣʶʜʝʡ, ʯʪʦ ʥʝ ʪʦʣʴʢʦ 

ʵʢʦʥʦʤʠʪ ʪʨʫʜʦʟʘʪʨʘʪʳ, ʥʦ ʠ ʧʦʟʚʦʣʷʝʪ ʠʟʙʝʞʘʪʴ ʥʝʩʯʘʩʪʥʳʭ ʩʣʫʯʘʝʚ ʥʘ ʨʘʙʦʪʝ. 

ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʜʣʷ ʦʙʩʣʫʞʠʚʘʥʠʷ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʨʘʟʚʠʪʠʷ ʧʨʝʜʧʨʠʷʪʠʡ, ʧʨʦʠʟʚʦʜʩʪʚʘ ʨʘʟʥʦʦʙʨʘʟʥʦʡ ʧʨʦʜʫʢʮʠʠ ʠ 

ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʧʦʪʨʝʙʥʦʩʪʝʡ ʣʶʜʝʡ.  

3. ʀʥʬʦʨʤʘʪʠʟʘʮʠʷ.  

ɺʚʦʜ ʠʥʬʦʨʤʘʮʠʠ ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʦʜʫʢʪʘ ʦʢʘʟʳʚʘʝʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ 

ʚʣʠʷʥʠʝ ʥʘ ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʧʨʦʜʫʢʪʘ ʠ ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ, ʧʦʵʪʦʤʫ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʩʙʦʨʘ, 

ʚʚʦʜʘ, ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʦʜʫʢʪʘ ʷʚʣʷʝʪʩʷ ʚʦʧʣʦʱʝʥʠʝʤ 

ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ.  

ʇʫʪʠ ʧʨʦʜʚʠʞʝʥʠʷ ʠ ʧʨʠʤʝʥʝʥʠʷ ʠʥʬʦʨʤʘʪʠʟʘʮʠʠ ʚ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ:  

1. ʉʬʦʨʤʫʣʠʨʦʚʘʪʴ ʤʝʨʳ ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʧʦʣʠʪʠʢʫ ʩʪʠʤʫʣʠʨʦʚʘʥʠʷ ʜʣʷ ʚʩʝʩʪʦʨʦʥʥʝʛʦ 

ʧʨʦʜʚʠʞʝʥʠʷ ʨʘʙʦʪ ʧʦ ʠʥʬʦʨʤʘʪʠʟʘʮʠʠ.  

ʅʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʧʦʣʠʪʠʢʘ ʧʦʜʜʝʨʞʢʠ ʨʘʙʦʪʳ ʧʨʝʜʧʨʠʷʪʠʡ ʧʦ ʠʥʬʦʨʤʘʪʠʟʘʮʠʠ 

ʢʘʩʘʣʘʩʴ ʫʥʠʬʠʮʠʨʦʚʘʥʥʳʭ ʟʘʢʫʧʦʢ ʢʦʤʧʴʶʪʝʨʦʚ ʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʧʦʜʜʝʨʞʢʠ 

ʨʘʙʦʪʳ ʧʨʝʜʧʨʠʷʪʠʡ ʧʦ ʠʥʬʦʨʤʘʪʠʟʘʮʠʠ, ʠ ʙʳʣʠ ʜʦʩʪʠʛʥʫʪʳ ʭʦʨʦʰʠʝ ʨʝʟʫʣʴʪʘʪʳ.  

ʅʝʦʙʭʦʜʠʤʦ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ ʤʝʭʘʥʠʟʤ ʩʪʠʤʫʣʠʨʦʚʘʥʠʷ, ʚʠʨʪʫʘʣʴʥʦ ʧʦʚʳʩʠʪʴ 

ʵʥʪʫʟʠʘʟʤ ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʝʨʩʦʥʘʣʘ, ʯʪʦʙʳ ʦʥ ʤʦʛ ʦʢʘʟʳʚʘʪʴ ʙʦʣʴʰʝ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ 

ʧʦʜʜʝʨʞʢʠ ʜʣʷ ʨʘʟʚʠʪʠʷ ʧʨʝʜʧʨʠʷʪʠʡ, ʠ ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʧʦʚʳʩʠʪʴ ʧʦʣʠʪʠʢʫ ʚʦʟʥʘʛʨʘʞʜʝʥʠʷ ʟʘ 

ʥʘʫʯʥʦ-ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʜʦʩʪʠʞʝʥʠʷ, ʯʪʦʙʳ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʧʨʝʜʧʨʠʷʪʠʷ ʙʳʣʘ ʙʦʣʝʝ 

ʢʘʯʝʩʪʚʝʥʥʦʡ. ɹʦʣʝʝ ʙʳʩʪʨʦʝ ʨʘʟʚʠʪʠʝ ʦʙʝʩʧʝʯʠʪ ʧʨʝʜʧʨʠʷʪʠʷ ʙʦʣʴʰʠʤʠ ʜʦʩʪʠʞʝʥʠʷʤʠ ʚ 

ʦʙʣʘʩʪʠ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʪʠʟʘʮʠʠ.  

2. ʆʨʛʘʥʠʟʦʚʳʚʘʪʴ ʦʙʨʘʟʦʚʘʥʠʝ, ʦʙʫʯʝʥʠʝ ʠ ʦʙʱʝʥʠʝ, ʘ ʪʘʢʞʝ ʧʦʩʪʦʷʥʥʦ ʧʦʚʳʰʘʪʴ 

ʫʨʦʚʝʥʴ ʧʨʠʤʝʥʝʥʠʷ ʠʥʬʦʨʤʘʪʠʟʘʮʠʠ.  

ʈʘʟʚʠʪʠʝ ʧʨʝʜʧʨʠʷʪʠʡ ʠ ʧʨʦʜʚʠʞʝʥʠʝ ʨʘʙʦʪ ʧʦ ʠʥʬʦʨʤʘʪʠʟʘʮʠʠ ʥʝʦʪʜʝʣʠʤʳ ʦʪ 

ʧʦʜʜʝʨʞʢʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʝʨʩʦʥʘʣʘ, ʧʦʵʪʦʤʫ ʧʨʝʜʧʨʠʷʪʠʷ ʜʦʣʞʥʳ ʦʙʝʩʧʝʯʠʚʘʪʴ ʨʝʛʫʣʷʨʥʫʶ 

ʧʦʜʛʦʪʦʚʢʫ ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʝʨʩʦʥʘʣʘ, ʦʙʫʯʘʪʴ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʤʫ ʧʨʠʤʝʥʝʥʠʶ 

ʠʥʬʦʨʤʘʪʠʟʘʮʠʠ, ʧʦʚʳʰʘʪʴ ʫʨʦʚʝʥʴ ʠʥʬʦʨʤʘʪʠʟʘʮʠʠ.  

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʥʝʦʙʭʦʜʠʤʦ ʚʨʝʤʷ ʦʪ ʚʨʝʤʝʥʠ ʧʨʦʚʦʜʠʪʴ ʚʩʪʨʝʯʠ ʧʦ ʦʙʤʝʥʫ 

ʧʨʠʣʦʞʝʥʠʷʤʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʩ ʪʦʡ ʞʝ ʦʪʨʘʩʣʴʶ, ʠʟʫʯʘʪʴ ʥʝʢʦʪʦʨʳʝ 

ʧʝʨʝʜʦʚʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʦʪ ʦʪʣʠʯʥʳʭ ʢʦʤʧʘʥʠʡ ʠ ʧʦʩʪʦʷʥʥʦ ʧʦʚʳʰʘʪʴ 

ʫʨʦʚʝʥʴ ʧʨʠʣʦʞʝʥʠʡ.  

3. ʈʘʟʨʘʙʘʪʳʚʘʪʴ ʪʠʧʦʚʳʝ ʤʦʜʝʣʠ, ʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʠ ʥʘʧʨʘʚʣʷʪʴ, ʫʢʘʟʳʚʘʪʴ ʥʘ ʦʙʣʘʩʪʠ 

ʠ ʫʩʢʦʨʷʪʴ ʧʨʦʮʝʩʩ ʚʥʝʜʨʝʥʠʷ ʠ ʧʨʠʤʝʥʝʥʠʷ ʠʥʬʦʨʤʘʪʠʟʘʮʠʠ [6].  

ʂʣʶʯʝʚʳʤʠ ʚʦʧʨʦʩʘʤʠ ʮʠʬʨʦʚʠʟʘʮʠʠ ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʦʡ ʦʪʨʘʩʣʠ ʤʦʞʥʦ ʥʘʟʚʘʪʴ 

ʩʣʝʜʫʶʱʠʝ: 

1. ʂʘʢ ʧʦʚʳʰʘʪʴ ʫʨʦʚʝʥʴ ʮʠʬʨʦʚʦʡ ʟʨʝʣʦʩʪʠ ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʦʡ ʦʪʨʘʩʣʠ. 

2. ʂʘʢ ʧʨʦʚʦʜʠʪʴ ʘʥʘʣʠʟ ʨʝʘʣʴʥʦʛʦ ʫʨʦʚʥʷ ʮʠʬʨʦʚʠʟʘʮʠʠ ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʳʭ 

ʧʨʝʜʧʨʠʷʪʠʡ. 

3. ʂʘʢ ʥʘʧʨʘʚʣʷʪʴ ʨʘʟʚʠʪʠʝ ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʚ ʦʙʣʘʩʪʠ 

ʮʠʬʨʦʚʠʟʘʮʠʠ ʚ ʙʣʘʛʦʧʨʠʷʪʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. 

ʀʥʬʦʨʤʘʪʠʟʘʮʠʷ ʧʨʠʤʝʥʷʣʘʩʴ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ ʚ ʪʝʯʝʥʠʝ ʤʥʦʛʠʭ ʣʝʪ, 

ʠ ʝʝ ʦʧʳʪ ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ ʙʦʣʝʝ ʠ ʙʦʣʝʝ ʙʦʛʘʪʳʤ, ʠ ʜʝʣʘʝʪʩʷ ʚʩʝ ʙʦʣʴʰʝ ʠ ʙʦʣʴʰʝ ʥʘʫʯʥʳʭ ʠ 



ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʜʦʩʪʠʞʝʥʠʡ, ʧʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʜʘʥʥʳʡ ʦʧʳʪ ʠ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ ʝʛʦ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʧʦʚʳʩʠʪʴ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ ʧʨʝʜʧʨʠʷʪʠʡ 

ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʜʚʠʛʘʪʴ ʧʨʠʤʝʥʝʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, 

ʫʯʠʪʳʚʘʷ ʦʧʳʪ ʟʘʧʘʜʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ, ʩ ʮʝʣʴʶ ʜʦʩʪʠʞʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦʛʦ ʫʨʦʚʥʷ ʮʠʬʨʦʚʦʡ 

ʟʨʝʣʦʩʪʠ ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʦʡ ʦʪʨʘʩʣʠ ʚ ʥʘʠʙʦʣʝʝ ʢʨʘʪʯʘʡʰʠʝ ʩʨʦʢʠ. 

ɺʳʚʦʜʳ. ʊʝʭʥʠʯʝʩʢʘʷ ʤʦʜʝʨʥʠʟʘʮʠʷ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʳʭ 

ʧʨʦʠʟʚʦʜʩʪʚ, ʧʨʘʢʪʠʯʝʩʢʠ ʦʩʪʘʥʦʚʣʝʥʥʘʷ ʚ ʧʝʨʠʦʜ ʨʳʥʦʯʥʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ, ʧʦʟʞʝ 

ʧʨʦʪʝʢʘʣʘ ʫʤʝʨʝʥʥʦ ʠ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩ ʦʧʦʨʦʡ ʥʘ ʟʘʨʫʙʝʞʥʳʝ ʨʝʰʝʥʠʷ.  

ʆʪʥʦʩʠʪʝʣʴʥʦ ʧʝʨʩʧʝʢʪʠʚ ʮʠʬʨʦʚʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʚ ʨʦʩʩʠʡʩʢʦʤ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ 

ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʪʝʢʫʱʠʝ ʧʣʘʥʳ ʧʦʣʠʪʠʢʠ ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʪ ʟʘʚʝʨʰʝʥʠʝ ʙʦʣʴʰʠʥʩʪʚʘ 

ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʚ 2024 ʛʦʜʫ, ʘ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʦʣʞʥʳ ʩʪʘʪʴ ʦʩʥʦʚʦʡ 

ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʫʩʢʦʨʝʥʠʷ ʮʠʬʨʦʚʠʟʘʮʠʠ ʠ ʜʦʩʪʠʞʝʥʠʷ ʢ 2030 ʛʦʜʫ ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʳʭ 

ʮʝʣʝʡ çʎʠʬʨʦʚʘʷ ʪʨʘʥʩʬʦʨʤʘʮʠʷè. ʇʨʝʜʩʪʘʚʣʷʝʪʩʷ, ʯʪʦ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʛʝʦʵʢʦʥʦʤʠʯʝʩʢʠʭ 

ʨʝʘʣʠʷʭ ʚʳʷʚʣʝʥʥʳʝ ʧʝʨʩʧʝʢʪʠʚʳ ʩʚʷʟʘʥʳ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʦʙʝʩʧʝʯʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʩʫʚʝʨʝʥʠʪʝʪʘ ʚ ʜʘʥʥʦʡ ʩʬʝʨʝ. 
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ANALYSIS OF TRENDS IN THE DEVELO PMENT OF DIGITALIZAT ION OF 

ENGINEERING ENTERPRI SES 

Blinder N.O. 

Nowadays, it is obvious that there is a very low level of automation and optimization of production 

and business processes of enterprises that occupy a niche in mechanical engineering on the territory 

of the Russian Federation. This implies a low competitiveness of products, which are based on 

indicators such as price and quality. The powerful economic business effects of digitalization and the 

introduction of artificial intelligence in Russian engineering are possible due to the fact that 

digitalization and AI can radically change the components that shape the appearance of a 

manufacturing enterprise, which together determine the transition to the so-called Industry 4.0 and 

which will solve the key problems of Russian engineering. 

Keywords: automation, digitalization, Industry 4.0, engineering.  
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ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʣʠʷʥʠʝ ʠʦʥʠʟʘʮʠʦʥʥʳʭ ʢʘʪʫʰʝʢ ʥʘ ʧʨʦʮʝʩʩ ʦʩʘʞʜʝʥʠʷ 

ʧʦʢʨʳʪʠʡ ʤʝʪʦʜʦʤ ʬʠʟʠʯʝʩʢʦʛʦ ʦʩʘʞʜʝʥʠʷ ʠʟ ʛʘʟʦʚʦʡ ʬʘʟʳ (PVD), ʠʩʩʣʝʜʦʚʘʥʳ ʫʣʫʯʰʝʥʠʷ 

ʚ ʦʩʘʞʜʝʥʠʠ ʠʟʥʦʩʦʩʪʦʡʢʠʭ ʧʦʢʨʳʪʠʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: PVD, ʠʟʥʦʩʦʩʪʦʡʢʠʝ ʧʦʢʨʳʪʠʷ, ʠʦʥʠʟʘʮʠʦʥʥʘʷ ʢʘʪʫʰʢʘ. 

 

ʇʨʦʮʝʩʩ ʦʩʘʞʜʝʥʠʷ ʧʦʢʨʳʪʠʡ ʤʝʪʦʜʦʤ ʬʠʟʠʯʝʩʢʦʛʦ ʦʩʘʞʜʝʥʠʷ ʠʟ ʛʘʟʦʚʦʡ ʬʘʟʳ (PVD) 

ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʪʝʭʥʦʣʦʛʠʝʡ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʆʥ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ 

ʫʣʫʯʰʝʥʠʷ ʩʚʦʡʩʪʚ ʧʦʚʝʨʭʥʦʩʪʝʡ ʤʘʪʝʨʠʘʣʦʚ, ʪʘʢʠʭ ʢʘʢ ʪʚʝʨʜʦʩʪʴ, ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʠ 

ʢʦʨʨʦʟʠʦʥʥʘʷ ʩʪʦʡʢʦʩʪʴ. ʆʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʢʘʯʝʩʪʚʦ PVD 

ʧʦʢʨʳʪʠʡ, ʷʚʣʷʶʪʩʷ ʠʦʥʠʟʘʮʠʦʥʥʳʝ ʢʘʪʫʰʢʠ. ʕʪʠ ʫʩʪʨʦʡʩʪʚʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʠʦʥʠʟʘʮʠʠ 

ʧʘʨʦʚ ʤʘʪʝʨʠʘʣʘ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ ʧʘʨʘʤʝʪʨʳ ʠ ʩʚʦʡʩʪʚʘ ʦʩʘʞʜʘʝʤʳʭ ʧʦʢʨʳʪʠʡ. 

ʀʦʥʠʟʘʮʠʦʥʥʳʝ ʢʘʪʫʰʢʠ ʩʦʟʜʘʶʪ ʩʠʣʴʥʦʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʧʦʣʝ, ʢʦʪʦʨʦʝ ʠʦʥʠʟʠʨʫʝʪ 

ʘʪʦʤʳ ʠ ʤʦʣʝʢʫʣʳ ʧʘʨʦʚ ʤʘʪʝʨʠʘʣʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʦʥʠʟʘʮʠʠ, ʯʘʩʪʠʮʳ ʧʨʠʦʙʨʝʪʘʶʪ ʟʘʨʷʜ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʠʭ ʜʚʠʞʝʥʠʝ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘ ʧʦʜʣʦʞʢʝ. ʕʪʦʪ 

ʧʨʦʮʝʩʩ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʣʫʯʰʝʥʠʶ ʘʜʛʝʟʠʠ ʧʦʢʨʳʪʠʡ ʠ ʠʭ ʨʘʚʥʦʤʝʨʥʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ [1]. 

ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʦʥʠʟʘʮʠʦʥʥʳʭ ʢʘʪʫʰʝʢ ʷʚʣʷʝʪʩʷ 

ʫʣʫʯʰʝʥʠʝ ʘʜʛʝʟʠʠ ʧʦʢʨʳʪʠʡ. ɿʘʨʷʞʝʥʥʳʝ ʯʘʩʪʠʮʳ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ 

ʧʦʚʝʨʭʥʦʩʪʴʶ ʧʦʜʣʦʞʢʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʙʦʣʝʝ ʧʨʦʯʥʦʤʫ ʩʮʝʧʣʝʥʠʶ ʧʦʢʨʳʪʠʷ ʩ ʤʘʪʝʨʠʘʣʦʤ 

ʦʩʥʦʚʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʧʦʢʨʳʪʠʡ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʜʣʷ 

ʠʥʩʪʨʫʤʝʥʪʦʚ ʠ ʜʝʪʘʣʝʡ, ʧʦʜʚʝʨʞʝʥʥʳʭ ʠʥʪʝʥʩʠʚʥʦʤʫ ʠʟʥʦʩʫ [2]. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʠʦʥʠʟʘʮʠʦʥʥʳʭ ʢʘʪʫʰʝʢ ʧʦʟʚʦʣʷʝʪ ʙʦʣʝʝ ʪʦʯʥʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ 

ʧʨʦʮʝʩʩ ʦʩʘʞʜʝʥʠʷ, ʯʪʦ ʚʘʞʥʦ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʪʨʝʙʫʝʤʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʢʨʳʪʠʷ. 

ʀʦʥʠʟʘʮʠʷ ʩʧʦʩʦʙʩʪʚʫʝʪ ʙʦʣʝʝ ʨʘʚʥʦʤʝʨʥʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʯʘʩʪʠʮ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʦʜʣʦʞʢʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʜʦʙʠʪʴʩʷ ʦʜʥʦʨʦʜʥʦʡ ʪʦʣʱʠʥʳ ʧʦʢʨʳʪʠʷ ʠ ʠʟʙʝʞʘʪʴ ʜʝʬʝʢʪʦʚ, ʪʘʢʠʭ 

ʢʘʢ ʧʦʨʠʩʪʦʩʪʴ ʠ ʤʠʢʨʦʪʨʝʱʠʥʳ [3]. ʂʨʦʤʝ ʪʦʛʦ, ʙʣʘʛʦʜʘʨʷ ʠʦʥʠʟʘʮʠʠ ʤʦʞʥʦ ʨʝʛʫʣʠʨʦʚʘʪʴ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʫ ʧʦʢʨʳʪʠʷ, ʯʪʦ ʚʣʠʷʝʪ ʥʘ ʝʛʦ ʤʝʭʘʥʠʯʝʩʢʠʝ ʠ ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. 

ʀʦʥʠʟʘʮʠʦʥʥʳʝ ʢʘʪʫʰʢʠ ʪʘʢʞʝ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʫʣʫʯʰʝʥʠʠ ʬʠʟʠʯʝʩʢʠʭ ʠ 

ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʢʨʳʪʠʡ. ʀʦʥʠʟʘʮʠʷ ʧʦʟʚʦʣʷʝʪ ʜʦʙʠʪʴʩʷ ʙʦʣʝʝ ʧʣʦʪʥʦʡ ʫʧʘʢʦʚʢʠ 

ʘʪʦʤʦʚ ʚ ʩʪʨʫʢʪʫʨʝ ʧʦʢʨʳʪʠʷ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʚʝʣʠʯʝʥʠʶ ʝʛʦ ʪʚʝʨʜʦʩʪʠ ʠ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ. 

ʂʨʦʤʝ ʪʦʛʦ, ʠʦʥʠʟʘʮʠʷ ʫʣʫʯʰʘʝʪ ʭʠʤʠʯʝʩʢʫʶ ʩʪʦʡʢʦʩʪʴ ʧʦʢʨʳʪʠʡ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʜʣʷ 

ʟʘʱʠʪʳ ʜʝʪʘʣʝʡ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʘʛʨʝʩʩʠʚʥʳʭ ʩʨʝʜʘʭ [4]. 

ɺ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ PVD ʧʦʢʨʳʪʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʧʦʚʳʰʝʥʠʷ 

ʪʚʝʨʜʦʩʪʠ ʠ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʨʝʞʫʱʠʭ ʠ ʬʦʨʤʫʶʱʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ. ʀʦʥʠʟʘʮʠʦʥʥʳʝ ʢʘʪʫʰʢʠ 

ʧʦʟʚʦʣʷʶʪ ʜʦʙʠʪʴʩʷ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʭ ʧʦʢʨʳʪʠʡ, ʢʦʪʦʨʳʝ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʦʜʣʝʚʘʶʪ ʩʨʦʢ 

ʩʣʫʞʙʳ ʠʥʩʪʨʫʤʝʥʪʦʚ ʠ ʫʤʝʥʴʰʘʶʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʭ ʯʘʩʪʦʡ ʟʘʤʝʥʳ [5]. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʠʦʥʠʟʘʮʠʦʥʥʳʭ ʢʘʪʫʰʝʢ ʙʳʣʘ ʚʳʙʨʘʥʘ PVD ʫʩʪʘʥʦʚʢʘ 

HF500 ʢʦʤʧʘʥʠʠ HongFeng VAC ʜʣʷ ʦʩʘʞʜʝʥʠʷ ʠʟʥʦʩʦʩʪʦʡʢʠʭ ʧʦʢʨʳʪʠʡ ʤʝʪʘʣʣʦʨʝʞʫʱʠʡ 

ʠʥʩʪʨʫʤʝʥʪ. ʇʨʠʤʝʥʝʥʠʝ ʠʦʥʠʟʘʮʠʦʥʥʳʭ ʢʘʪʫʰʝʢ ʧʦʟʚʦʣʠʣʦ ʜʦʩʪʠʯʴ ʫʚʝʣʠʯʝʥʠʝ ʪʚʝʨʜʦʩʪʠ 

ʧʦʢʨʳʪʠʷ AlTiN (ʥʘ 30%), ʫʚʝʣʠʯʝʥʠʶ ʢʣʘʩʩʘ ʘʜʛʝʟʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʠ (ʉ HF4 ʜʦ HF2), ʘ ʪʘʢʞʝ 

ʫʚʝʣʠʯʝʥʠʶ ʩʢʦʨʦʩʪʠ ʦʩʘʞʜʝʥʠʷ ʧʦʢʨʳʪʠʷ ʚ 2 ʨʘʟʘ. 
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ɺ ʩʪʘʪʴʝ ʛʦʚʦʨʠʪʩʷ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ 3D-ʧʝʯʘʪʠ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʪʦʥʢʦʩʪʝʥʥʳʭ 

ʩʪʦʤʘʪʦʣʦʛʠʯʝʩʢʠʭ ʠʤʧʣʘʥʪʘʪʦʚ ʠʟ ʜʠʦʢʩʠʜʘ ʮʠʨʢʦʥʠʷ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʘʜʜʠʪʠʚʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʦʟʚʦʣʷʝʪ ʠʟʛʦʪʘʚʣʠʚʘʪʴ ʤʦʜʝʣʠ ʩ ʣʶʙʦʡ ʩʣʦʞʥʦʩʪʴʶ ʬʦʨʤʳ, ʫʯʠʪʳʚʘʷ 

ʫʩʘʜʢʫ ʤʘʪʝʨʠʘʣʘ ʚ ʧʨʦʮʝʩʩʝ ʠʟʛʦʪʦʚʣʝʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʜʜʠʪʠʚʥʘʷ ʪʝʭʥʦʣʦʛʠʷ, ʠʤʧʣʘʥʪʘʪ, ʩʪʦʤʘʪʦʣʦʛʠʷ, ʜʠʦʢʩʠʜ ʮʠʨʢʦʥʠʷ. 

 

ʂʝʨʘʤʠʯʝʩʢʠʝ ʠʤʧʣʘʥʪʘʪʳ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 1967 ʛʦʜʫ, ʦʜʥʘʢʦ ʦʥʠ ʜʦʣʛʦʝ ʚʨʝʤʷ 

ʦʩʪʘʚʘʣʠʩʴ ʤʘʣʦʠʟʚʝʩʪʥʳʤʠ ʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʚ ʦʩʥʦʚʥʦʤ ʚ ʭʦʣʠʩʪʠʯʝʩʢʦʡ ʩʪʦʤʘʪʦʣʦʛʠʠ ʠʟ-

ʟʘ ʦʪʩʫʪʩʪʚʠʷ ʤʝʪʘʣʣʘ. ɺ ʧʝʨʚʳʝ ʛʦʜʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʝʨʘʤʠʯʝʩʢʠʭ ʠʤʧʣʘʥʪʘʪʦʚ ʩʪʦʣʢʥʫʣʠʩʴ 

ʩ ʧʨʦʙʣʝʤʘʤʠ ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʠʟ ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ ʠ ʦʪʩʫʪʩʪʚʠʷ ʩʪʨʫʢʪʫʨʳ 

ʧʦʚʝʨʭʥʦʩʪʠ. ʆʜʥʘʢʦ ʩ ʨʘʟʚʠʪʠʝʤ ʜʠʦʢʩʠʜʘ ʮʠʨʢʦʥʠʷ ʚ ʥʘʯʘʣʝ 2000-ʭ ʛʦʜʦʚ ʠ ʫʣʫʯʰʝʥʠʝʤ 

ʤʠʢʨʦʰʝʨʦʭʦʚʘʪʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʠʤʧʣʘʥʪʘʪʦʚ, ʧʦʢʘʟʘʪʝʣʠ ʫʩʧʝʰʥʦʩʪʠ ʢʝʨʘʤʠʯʝʩʢʠʭ 

ʠʤʧʣʘʥʪʘʪʦʚ ʥʘʯʘʣʠ ʧʦʚʳʰʘʪʴʩʷ. 

ʉʝʛʦʜʥʷ ʢʝʨʘʤʠʯʝʩʢʠʝ ʠʤʧʣʘʥʪʘʪʳ ʚʩʝ ʙʦʣʴʰʝ ʩʪʘʥʦʚʷʪʩʷ ʧʦʧʫʣʷʨʥʳʤʠ ʚ 

"ʪʨʘʜʠʮʠʦʥʥʦʡ" ʧʨʘʢʪʠʢʝ ʠʤʧʣʘʥʪʦʣʦʛʠʠ, ʯʘʩʪʠʯʥʦ ʠʟ-ʟʘ ʨʘʩʪʫʱʝʛʦ ʩʧʨʦʩʘ ʥʘ ʙʝʟʤʝʪʘʣʣʦʚʳʝ 

ʨʝʩʪʘʚʨʘʮʠʠ ʠ ʦʩʚʝʜʦʤʣʝʥʥʦʩʪʠ ʧʘʮʠʝʥʪʦʚ ʦ ʩʚʦʝʤ ʟʜʦʨʦʚʴʝ. ʅʦʚʳʝ ʤʘʪʝʨʠʘʣʳ, ʫʣʫʯʰʝʥʥʳʝ 

ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʢʦʥʮʝʧʮʠʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʝʨʘʤʠʯʝʩʢʠʭ ʠʤʧʣʘʥʪʘʪʦʚ ʪʘʢʞʝ ʩʧʦʩʦʙʩʪʚʫʶʪ 

ʧʦʚʳʰʝʥʠʶ ʠʭ ʥʘʜʝʞʥʦʩʪʠ ʠ ʧʨʠʚʣʝʯʝʥʠʶ ʚʥʠʤʘʥʠʷ ʩʪʦʤʘʪʦʣʦʛʦʚ-ʠʤʧʣʘʥʪʦʣʦʛʦʚ. 

ʇʦʢʘʟʘʪʝʣʠ ʧʨʠʞʠʚʘʝʤʦʩʪʠ ʢʝʨʘʤʠʯʝʩʢʠʭ ʠʤʧʣʘʥʪʘʪʦʚ ʫʞʝ ʧʨʠʙʣʠʞʘʶʪʩʷ ʢ ʧʦʢʘʟʘʪʝʣʷʤ 

ʪʠʪʘʥʦʚʳʭ ʠʤʧʣʘʥʪʘʪʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʢʘʪʝʛʦʨʠʷʭ ʟʫʙʥʳʭ ʟʘʤʝʱʝʥʠʡ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ 

ʥʘʫʯʥʦ ʦʙʦʩʥʦʚʘʥʥʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ. ʂʝʨʘʤʠʯʝʩʢʠʝ ʠʤʧʣʘʥʪʘʪʳ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

1967 ʛʦʜʫ, ʦʜʥʘʢʦ ʦʥʠ ʜʦʣʛʦʝ ʚʨʝʤʷ ʦʩʪʘʚʘʣʠʩʴ ʤʘʣʦʠʟʚʝʩʪʥʳʤʠ ʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʚ ʦʩʥʦʚʥʦʤ 

ʚ ʭʦʣʠʩʪʠʯʝʩʢʦʡ ʩʪʦʤʘʪʦʣʦʛʠʠ ʠʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ ʤʝʪʘʣʣʘ. ɺ ʧʝʨʚʳʝ ʛʦʜʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʢʝʨʘʤʠʯʝʩʢʠʭ ʠʤʧʣʘʥʪʘʪʦʚ ʩʪʦʣʢʥʫʣʠʩʴ ʩ ʧʨʦʙʣʝʤʘʤʠ ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʠʟ ʦʢʩʠʜʘ 

ʘʣʶʤʠʥʠʷ ʠ ʦʪʩʫʪʩʪʚʠʷ ʩʪʨʫʢʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʠ. ʆʜʥʘʢʦ ʩ ʨʘʟʚʠʪʠʝʤ ʜʠʦʢʩʠʜʘ ʮʠʨʢʦʥʠʷ ʚ 

ʥʘʯʘʣʝ 2000-ʭ ʛʦʜʦʚ ʠ ʫʣʫʯʰʝʥʠʝʤ ʤʠʢʨʦʰʝʨʦʭʦʚʘʪʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʠʤʧʣʘʥʪʘʪʦʚ, 

ʧʦʢʘʟʘʪʝʣʠ ʫʩʧʝʰʥʦʩʪʠ ʢʝʨʘʤʠʯʝʩʢʠʭ ʠʤʧʣʘʥʪʘʪʦʚ ʥʘʯʘʣʠ ʧʦʚʳʰʘʪʴʩʷ. 

ʉʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʘ ʜʠʦʢʩʠʜʘ ʮʠʨʢʦʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʢʝʨʘʤʠʯʝʩʢʦʡ ʢʦʥʩʪʨʫʢʮʠʠ 

ʦʙʫʩʣʦʚʣʠʚʘʶʪ ʝʛʦ ʙʠʦʠʥʝʨʪʥʦʩʪʴ. ʀʩʭʦʜʥʳʡ ʤʘʪʝʨʠʘʣ - ʮʠʨʢʦʥ - ʷʚʣʷʝʪʩʷ ʤʝʪʘʣʣʦʤ, ʦʜʥʘʢʦ 

ʦʥ ʦʢʠʩʣʷʝʪʩʷ ʜʦ ʜʠʦʢʩʠʜʘ ʮʠʨʢʦʥʠʷ ʠ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʢʝʨʘʤʠʢʫ. ʕʣʝʢʪʨʦʥʳ ʚ ʢʝʨʘʤʠʯʝʩʢʦʤ 

ʜʠʦʢʩʠʜʝ ʮʠʨʢʦʥʠʷ ʩʚʷʟʘʥʳ ʢʦʚʘʣʝʥʪʥʳʤʠ ʩʚʷʟʷʤʠ ʠ ʥʝ ʨʝʘʛʠʨʫʶʪ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʵʣʝʢʪʨʦʥʦʚ 

ʚ ʤʝʪʘʣʣʠʯʝʩʢʦʤ ʪʠʪʘʥʝ. ʕʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʣʫʯʝʥʠʶ ʦʩʦʙʳʭ ʩʚʦʡʩʪʚ ʢʝʨʘʤʠʢʠ, ʪʘʢʠʭ ʢʘʢ 

ʥʠʟʢʘʷ ʪʝʧʣʦ- ʠ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ, ʥʠʟʢʘʷ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʠ ʤʝʥʴʰʝʝ ʨʘʟʨʫʰʝʥʠʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʩ ʪʢʘʥʷʤʠ. 

ʉ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ, ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʬʘʟʦʚʳʤ ʧʨʝʚʨʘʱʝʥʠʝʤ ʜʠʦʢʩʠʜʘ ʮʠʨʢʦʥʠʷ, 

ʢʦʛʜʘ ʪʝʪʨʘʛʦʥʘʣʴʥʘʷ ʬʘʟʘ ʧʝʨʝʭʦʜʠʪ ʚ ʤʦʥʦʢʣʠʥʥʫʶ ʬʘʟʫ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ 

ʧʣʦʪʥʦʩʪʠ, ʫʜʘʨʥʦʡ ʚʷʟʢʦʩʪʠ ʠ ʪʚʝʨʜʦʩʪʠ ʤʘʪʝʨʠʘʣʘ. ʈʘʟʚʠʪʠʝ ʪʝʭʥʦʣʦʛʠʡ ʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʧʦʟʚʦʣʠʣʦ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʟʠʪʴ ʯʘʩʪʦʪʫ ʨʘʟʨʫʰʝʥʠʷ 

ʢʝʨʘʤʠʯʝʩʢʠʭ ʠʤʧʣʘʥʪʘʪʦʚ ʠ ʧʦʚʳʩʠʪʴ ʠʭ ʧʨʦʯʥʦʩʪʴ. ʆʜʥʘʢʦ ʩʪʘʙʠʣʴʥʦʩʪʴ ʠʤʧʣʘʥʪʘʪʘ ʪʘʢʞʝ 



ʟʘʚʠʩʠʪ ʦʪ ʜʨʫʛʠʭ ʬʘʢʪʦʨʦʚ, ʪʘʢʠʭ ʢʘʢ ʛʝʦʤʝʪʨʠʷ ʠʤʧʣʘʥʪʘʪʘ ʠ ʢʦʥʮʝʧʮʠʠ ʩʦʝʜʠʥʝʥʠʷ 

ʧʨʦʪʝʟʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʘ ʪʘʢʞʝ ʤʠʢʨʦʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʜʠʦʢʩʠʜʘ ʮʠʨʢʦʥʠʷ [1]. 

ʇʨʦʮʝʩʩ ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʝʨʘʤʠʯʝʩʢʠʭ ʠʤʧʣʘʥʪʘʪʦʚ ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʜʝʣʝʥ ʥʘ ʜʚʘ 

ʦʩʥʦʚʥʳʭ ʤʝʪʦʜʘ: ʠʟʛʦʪʦʚʣʝʥʠʝ ʠʟ ʤʷʛʢʦʛʦ ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʠʟ ʫʞʝ ʟʘʪʚʝʨʜʝʚʰʝʛʦ 

ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʇʝʨʚʳʡ ʤʝʪʦʜ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʢʝʨʘʤʠʯʝʩʢʦʝ ʣʠʪʴʝ ʧʦʜ ʜʘʚʣʝʥʠʝʤ ʠʣʠ 

ʭʦʣʦʜʥʦʝ ʠʟʦʩʪʘʪʠʯʝʩʢʦʝ ʧʨʝʩʩʦʚʘʥʠʝ. ʆʙʘ ʤʝʪʦʜʘ ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʟʘʛʦʪʦʚʢʠ 

ʠ ʝʝ ʧʦʩʣʝʜʫʶʱʝʝ ʩʧʝʢʘʥʠʝ ʠʣʠ ʦʙʞʠʛʘʥʠʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʦʢʦʥʯʘʪʝʣʴʥʦʛʦ ʠʤʧʣʘʥʪʘʪʘ. ʕʪʠ 

ʤʝʪʦʜʳ ʷʚʣʷʶʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʵʢʦʥʦʤʠʢʠ, ʭʦʪʷ ʫʩʘʜʢʘ ʘʛʣʦʤʝʨʘʪʘ ʜʦ 20% 

ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʜʝʬʝʢʪʘʤ ʠ ʚʢʣʶʯʝʥʠʷʤ. 

ɺʪʦʨʦʡ ʤʝʪʦʜ, ʠʟʚʝʩʪʥʳʡ ʢʘʢ ʞʝʩʪʢʘʷ ʤʝʭʘʥʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ, ʠʤʝʝʪ ʦʙʨʘʪʥʳʡ 

ʧʦʨʷʜʦʢ ʦʧʝʨʘʮʠʡ. ʉʥʘʯʘʣʘ ʪʚʝʨʜʳʡ ʙʣʦʢ ʤʘʪʝʨʠʘʣʘ ʩʧʝʢʘʝʪʩʷ, ʘ ʟʘʪʝʤ ʥʝʦʙʭʦʜʠʤʘʷ ʬʦʨʤʘ 

ʧʦʣʫʯʘʝʪʩʷ ʧʫʪʝʤ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʩʧʝʯʝʥʥʦʛʦ ʙʣʦʢʘ. ʕʪʦʪ ʤʝʪʦʜ ʙʦʣʝʝ ʟʘʪʨʘʪʥʳʡ ʠ 

ʪʨʝʙʫʝʪ ʙʦʣʴʰʝ ʚʨʝʤʝʥʠ, ʦʜʥʘʢʦ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʡ ʠ ʪʦʯʥʳʡ 

ʠʤʧʣʘʥʪʘʪ. 

ʉ ʨʘʟʚʠʪʠʝʤ ʘʜʜʠʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʦʷʚʠʣʘʩʴ ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʛʦʪʘʚʣʠʚʘʪʴ 

ʠʤʧʣʘʥʪʘʪʳ ʠʟ ʜʠʦʢʩʠʜʘ ʮʠʨʢʦʥʠʷ ʤʝʪʦʜʦʤ ʧʝʯʘʪʠ ʧʦ ʪʝʭʥʦʣʦʛʠʠ ʣʘʟʝʨʥʦʡ ʩʪʝʨʝʦʣʠʪʦʛʨʘʬʠʠ 

[2]. ɺ ʫʧʨʘʚʣʷʶʱʫʶ ʧʨʦʛʨʘʤʤʫ 3D-ʧʨʠʥʪʝʨʘ ʟʘʛʨʫʞʘʝʪʩʷ ʪʨʝʭʤʝʨʥʘʷ ʤʦʜʝʣʴ ʠʤʧʣʘʥʪʘʪʘ ʚ 

ʬʦʨʤʘʪʝ .stl, ʛʜʝ ʟʘʪʝʤ ʝʝ ʨʘʩʧʦʣʘʛʘʶʪ ʥʘ ʧʣʘʪʬʦʨʤʝ ʧʝʯʘʪʠ, ʦʨʠʝʥʪʠʨʫʶʪ, ʟʘʜʘʶʪ 

ʢʦʵʬʬʠʮʠʝʥʪ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ (ʜʣʷ ʢʦʤʧʝʥʩʘʮʠʠ ʫʩʘʜʢʠ, ʚʦʟʥʠʢʘʶʱʝʡ ʚ ʧʨʦʮʝʩʩʝ 

ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʠʟʜʝʣʠʷ ʚ ʧʝʯʘʭ) ʘ ʪʘʢʞʝ Z-ʢʦʤʧʝʥʩʘʮʠʶ, ʫʩʪʘʥʘʚʣʠʚʘʶʪ, ʝʩʣʠ ʥʝʦʙʭʦʜʠʤʦ, 

ʧʦʜʜʝʨʞʠʚʘʶʱʠʝ ʢʦʥʩʪʨʫʢʮʠʠ ʜʣʷ ʥʘʚʝʩʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʂʝʨʘʤʠʯʝʩʢʘʷ ʩʫʩʧʝʥʟʠʷ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʘʷ ʩʦʙʦʡ ʬʦʪʦʧʦʣʠʤʝʨ, ʚ ʢʦʪʦʨʦʡ ʨʘʩʧʨʝʜʝʣʝʥʳ ʯʘʩʪʠʮʳ ʜʠʦʢʩʠʜʘ ʮʠʨʢʦʥʠʷ, 

ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʦʛʦ ʠʪʪʨʠʝʤ, ʧʦʜʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʧʝʨʠʣʴʩʪʘʪʠʯʝʩʢʦʛʦ ʥʘʩʦʩʘ ʚ ʟʦʥʫ ʧʝʯʘʪʠ, 

ʧʦʩʣʝ ʯʝʛʦ ʤʝʪʘʣʣʠʯʝʩʢʠʤ ʥʦʞʦʤ ʧʨʦʚʦʜʠʪʩʷ ʨʘʟʨʘʚʥʠʚʘʥʠʝ ʩʣʦʷ ʚ 50 ʤʠʢʨʦʥ ʥʘ ʧʣʘʪʬʦʨʤʝ 

ʧʝʯʘʪʠ. ʋʣʴʪʨʘʬʠʦʣʝʪʦʚʳʡ ʣʘʟʝʨ, ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʧʨʠʥʪʝʨʘ, ʟʘʩʚʝʯʠʚʘʝʪ 2D-

ʢʦʥʪʫʨ ʤʦʜʝʣʠ ʥʘ ʟʘʜʘʥʥʦʡ ʚʳʩʦʪʝ ʩ ʚʳʭʦʜʥʦʡ ʤʦʱʥʦʩʪʴʶ 120 ʤɺʪ, ʧʦʩʣʝ ʯʝʛʦ ʧʣʘʪʬʦʨʤʘ 

ʧʦʩʪʨʦʝʥʠʷ ʦʧʫʩʢʘʝʪʩʷ ʚʥʠʟ ʥʘ ʚʳʩʦʪʫ ʩʣʦʷ ʧʝʯʘʪʠ (50 ʤʠʢʨʦʥ). ʇʨʦʮʝʩʩ ʟʘʩʚʝʪʢʠ-ʥʘʥʝʩʝʥʠʷ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʠʟʜʝʣʠʝ ʥʝ ʙʫʜʝʪ ʠʟʛʦʪʦʚʣʝʥʦ ʧʦʣʥʦʩʪʴʶ (ʨʠʩʫʥʦʢ 1). 

 

 
ʈʠʩʫʥʦʢ 1 ï ɺʥʝʰʥʠʡ ʚʠʜ ʟʦʥʳ ʧʝʯʘʪʠ ʧʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʛʨʘʤʤʳ 



ʇʦ ʦʢʦʥʯʘʥʠʶ ʧʝʯʘʪʠ ʠʤʧʣʘʥʪʘʪʳ ʠʟʚʣʝʢʘʶʪʩʷ ʠʟ ʩʫʩʧʝʥʟʠʠ, ʪʱʘʪʝʣʴʥʦ ʧʨʦʤʳʚʘʶʪʩʷ 

ʦʯʠʩʪʠʪʝʣʝʤ ʠ ʦʙʜʫʚʘʶʪʩʷ ʩʞʘʪʳʤ ʚʦʟʜʫʭʦʤ ʜʣʷ ʫʜʘʣʝʥʠʷ ʚʦʟʤʦʞʥʳʭ ʦʩʪʘʪʢʦʚ ʩʫʩʧʝʥʟʠʠ ʚ 

ʨʝʟʴʙʝ ʠ ʧʦʚʝʨʭʥʦʩʪʠ ʠʟʜʝʣʠʡ (ʨʠʩʫʥʦʢ 2).  

 

 
ʈʠʩʫʥʦʢ 2 ï ɺʥʝʰʥʠʡ ʚʠʜ ʠʤʧʣʘʥʪʘʪʦʚ ʧʦʩʣʝ ʦʯʠʩʪʢʠ 

 

ɼʘʣʝʝ ʦʥʠ ʧʦʜʚʝʨʛʘʶʪʩʷ ʜʚʫʭʵʪʘʧʥʦʡ ʪʝʨʤʦʦʙʨʘʙʦʪʢʝ: ʚ ʠʥʝʨʪʥʦʡ ʧʝʯʠ ʜʦ 630 ʛʨʘʜʫʩʦʚ 

ʎʝʣʴʩʠʷ ʧʨʠ ʧʦʜʲʝʤʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ 1 ʛʨʘʜʫʩ ʎʝʣʴʩʠʷ ʚ ʤʠʥʫʪʫ ʠ ʚʳʜʝʨʞʢʝ ʧʨʠ 630 ʛʨʘʜʫʩʘʭ 

ʎʝʣʴʩʠʷ ʚ ʪʝʯʝʥʠʝ 5 ʯʘʩʦʚ. ɼʘʣʝʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʪʝʨʤʦʦʙʨʘʙʦʪʢʘ ʚ ʧʝʯʠ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

ʥʘʛʨʝʚ ʜʦ 1150 ʛʨʘʜʫʩʦʚ ʎʝʣʴʩʠʷ ʩʦ ʩʢʦʨʦʩʪʴʶ 3 ʛʨʘʜʫʩʘ ʚ ʤʠʥʫʪʫ, ʜʘʣʝʝ ʜʦ 1450 ʩʦ ʩʢʦʨʦʩʪʴʶ 

2 ʛʨʘʜʫʩʘ ʚ ʤʠʥʫʪʫ ʠ ʚʳʜʝʨʞʢʘ 2 ʯʘʩʘ, ʧʦʩʣʝ ʯʝʛʦ ʥʘʛʨʝʚ ʧʝʯʠ ʦʪʢʣʶʯʘʝʪʩʷ ʠ ʠʤʧʣʘʥʪʘʪʳ 

ʤʝʜʣʝʥʥʦ ʦʩʪʳʚʘʶʪ. 

ɺ ʧʨʦʮʝʩʩʝ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʧʨʦʠʩʭʦʜʠʪ ʩʞʠʛʘʥʠʝ ʬʦʪʦʧʦʣʠʤʝʨʘ, ʘ ʪʘʢʞʝ ʧʝʨʝʭʦʜ 

ʩʪʨʫʢʪʫʨʳ ʦʢʩʠʜʘ ʮʠʨʢʦʥʠʷ ʠʟ ʤʦʥʦʢʣʠʥʥʦʡ ʚ ʪʝʪʨʘʛʦʥʘʣʴʥʫʶ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʪʦʛʦ ʠʟʜʝʣʠʷ 

çʫʩʘʞʠʚʘʶʪʩʷè ʥʘ 30% ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʩʠ Z (ʧʨʠ ʧʝʯʘʪʠ) ʠ 25% ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʧʣʦʩʢʦʩʪʠ XY 

(ʧʨʠ ʧʝʯʘʪʠ) (ʨʠʩʫʥʦʢ 3). 

 
ʈʠʩʫʥʦʢ 3 ï ʀʤʧʣʘʥʪʘʪ ʠʟ ʜʠʦʢʩʠʜʘ ʮʠʨʢʦʥʠʷ ʩ ʚʠʥʪʦʤ, ʠʩʧʦʣʴʟʫʝʤʳʤ ʜʣʷ ʝʛʦ 

ʚʚʠʥʯʠʚʘʥʠʷ. 



ʉʦʦʪʚʝʪʩʪʚʠʝ ʢʦʥʝʯʥʦʛʦ ʠʟʜʝʣʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ 3D-ʤʦʜʝʣʠ ʩ ʫʯʝʪʦʤ ʨʘʟʥʦʩʪʦʨʦʥʥʝʡ 

ʫʩʘʜʢʠ ʙʳʣʦ ʧʦʜʪʚʝʨʞʜʝʥʦ ʦʧʳʪʥʳʤ ʧʫʪʝʤ. ɼʣʷ ʢʣʠʥʠʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʘʢʠʭ 

ʠʤʧʣʘʥʪʘʪʦʚ ʪʝʧʝʨʴ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʡʪʠ ʩʝʨʪʠʬʠʢʘʮʠʶ ʠ ʩʝʨʠʶ ʠʩʧʳʪʘʥʠʡ, ʯʪʦʙʳ 

ʧʦʜʪʚʝʨʜʠʪʴ ʥʘʜʝʞʥʦʩʪʴ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ ʪʘʢʦʛʦ ʤʝʪʦʜʘ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠʤʧʣʘʥʪʘʪʦʚ. 
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ɼɽʐʀʌʈʆɺʂɸ ʂɸɺʂɸɿʆ-ɸʃɹɸʅʉʂʀʍ ʅɸɼʇʀʉɽʁ ʅɸ ʂʋʈʋʐʉʂʆʄ ʂɸʄʅɽ 

ʍʘʣʠʣʦʚ ʐ.ʈ., ɻʦʨʷʯʝʚʘ ɼ.ɼ. 

ʂʦʣʣʝʜʞʘ ʄʦʩɻʋ 

 

ɺ ʩʪʘʪʴʝ ʧʨʦʚʦʜʠʪʩʷ ʘʥʘʣʠʟ ʧʨʝʜʧʨʠʥʷʪʳʭ ʚ ʥʘʫʯʥʦʡ ʩʨʝʜʝ ʧʦʧʳʪʦʢ ʜʝʰʠʬʨʦʚʢʠ ʥʘʜʧʠʩʝʡ 

ʥʘ ʂʫʨʫʰʩʢʦʤ ʢʘʤʥʝ, ʦʙʥʘʨʫʞʝʥʥʦʤ ʚ ʩʝʣʝ ʂʫʨʫʰ ʈʝʩʧʫʙʣʠʢʠ ɼʘʛʝʩʪʘʥ; ʚʳʜʚʠʛʘʝʪʩʷ 

ʘʚʪʦʨʩʢʠʡ ʚʘʨʠʘʥʪ ʜʝʰʠʬʨʦʚʢʠ ʚʳʰʝʥʘʟʚʘʥʥʦʡ ʥʘʜʧʠʩʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʂʘʚʢʘʟʩʢʘʷ ɸʣʙʘʥʠʷ, ʢʘʚʢʘʟʦ-ʘʣʙʘʥʩʢʠʡ ʘʣʬʘʚʠʪ, ʂʫʨʫʰ, ʘʣʙʘʥʳ, ʛʘʨʛʘʨʳ, 

ʣʝʟʛʠʥʦʷʟʳʯʥʳʝ ʥʘʨʦʜʳ, ʣʝʟʛʠʥʩʢʠʝ ʷʟʳʢʠ, ʤʘʪʝʥʜʘʨʘʥʩʢʠʡ ʘʣʬʘʚʠʪ. 

 

ʉʝʣʦ ʂʫʨʫʰ - ʩʘʤʦʝ ʚʳʩʦʢʦʛʦʨʥʦʝ ʚ ɽʚʨʦʧʝ ʩʝʣʦ (2565 ʤ. ʥʘʜ ʫʨʦʚʥʝʤ ʤ.ʦ.). ʂʫʨʫʰʩʢʦʝ 

ʩʝʣʴʩʢʦʝ ʦʙʱʝʩʪʚʦ ʩʦʩʪʦʠʪ ʠʟ ʩʣʝʜʫʶʱʠʭ ʨʦʜʦʚ (ʩʠʭʠʣʦʚ): 

ʂʲʫʣʴʜʫʴʨʘʨ, ʄʠʩʨʠʷʨ, ʍʘʡʜʘʢʴʘʨ, ɻʴʠʣʝʚʘʨ, ɻʴʝʙʝʰʘʨ, ʌʘʣʘʢʴʘʨ, ʂʲʳʟʳʨʘʨ, 

ʄʝʣʠʢʘʨ, ɿʘʥʛʘʚʘʨ, ʊʝʪʝʮʘʨ. ʕʪʠ ʨʦʜʳ ʩʝʣʠʣʠʩʴ ʚ ʂʨʫʨʰʝ ʚ ʨʘʟʥʳʝ ʧʝʨʠʦʜʳ ʠ ʩ ʨʘʟʥʳʭ ʤʝʩʪ. 

ʈʦʜʦʤ, ʦʩʥʦʚʘʚʰʠʤ ʩʝʣʦ, ʩʯʠʪʘʶʪʩʷ ʂʲʫʣʴʜʫʴʨʘʨ. ʂʫʨʫʰʩʢʦʝ ʩʝʣʴʩʢʦʝ ʦʙʱʝʩʪʚʦ ʩʯʠʪʘʝʪʩʷ 

ʦʜʥʠʤ ʠʟ ʢʨʫʧʥʳʭ ʣʝʟʛʠʥʩʢʠʭ ʦʙʱʝʩʪʚ. ʂʨʦʤʝ ʩʝʣ ʂʫʨʫʰ ɼʦʢʫʟʧʘʨʠʥʩʢʠʛʦ ʨʘʡʦʥʘ ʠ ʅʦʚʳʡ 

ʂʫʨʫʰ ʍʘʩʘʶʨʪʦʚʩʢʦʛʦ ʨʘʡʦʥʘ ʦʥʠ ʧʨʦʞʠʚʘʶʪ ʢʨʫʧʥʳʤʠ ʜʠʘʩʧʦʨʘʤʠ ʚ ʛʦʨʦʜʘʭ ʄʘʭʘʯʢʘʣʘ, 

ʍʘʩʘʚʶʨʪ, ɼʝʨʙʝʥʪ ʈʝʩʧʫʙʣʠʢʠ ɼʘʛʝʩʪʘʥ, ʚ ʂʘʙʘʣʠʥʩʢʦʤ, ʆʛʫʟʩʢʦʤ, ʀʩʤʘʣʠʥʩʢʦʤ, 

ʂʫʩʘʨʩʢʦʤ, ʐʝʢʠʥʩʢʦʤ ʠ ʜʨ. ʨʘʡʦʥʘʭ ʨʝʩʧʫʙʣʠʢʠ ɸʟʝʨʙʘʡʜʞʘʥ. ʉʦʛʣʘʩʥʦ ʧʦʜʩʯʝʪʘʤ, 

ʧʨʦʚʝʜʝʥʥʳʤ ʢʫʨʫʰʩʢʠʤʠ ʚʦʣʦʥʪʝʨʘʤʠ ʢʦ ʜʥʶ ʩʝʣʘ, ʵʪʥʠʯʝʩʢʠʭ ʢʫʨʫʰʮʝʚ ʙʦʣʴʰʝ 100 ʪʳʩ.  

ɺ ʩʨʝʜʥʝʚʝʢʦʚʦʡ ʨʫʢʦʧʠʩʠ çʅʘʭʪʳ-ʥʘʤʝè (ʢʥʠʛʝ ʧʨʦ ɸʭʪʳ) ʤʳ ʥʘʭʦʜʠʤ ʩʣʝʜʫʶʱʫʶ 

ʠʥʬʦʨʤʘʮʠʶ: çʐʘʭʘ ɸʣʙʫʨʟʠ, ʢʦʪʦʨʳʡ ʙʳʣ ʢʦʨʝʡʰʠʪʦʤ, ʥʦ ʪʘʢ ʢʘʢ ʦʥ ʧʦʩʝʣʠʣʩʷ ʚ ʩʪʨʘʥʝ 

(ʜʠʡʘʨ) ɸʣ-ʙʫʨʟ, ʪʦ ʥʦʩʠʣ ʵʪʦ ʧʨʦʟʚʠʱʝ (ɸʣʙʫʨʟʠ). ɻʦʨʘ, ʫ ʧʦʜʥʦʞʠʷ ʢʦʪʦʨʦʡ ʦʥ ʦʙʦʩʥʦʚʘʣʩʷ, 

ʠʟʚʝʩʪʥʘ ʧʦ ʝʛʦ ʠʤʝʥʠ - [ʐʘʭ ɸʣʙʫʨʟ], ʢʦʪʦʨʦʝ ʦʪ ʯʘʩʪʦʛʦ ʫʧʦʪʨʝʙʣʝʥʠʷ ʧʨʝʚʨʘʪʠʣʦʩʴ ʚ 

ʐʘʣʙʫʨʟ. ʆʥʠ ʪʘʡʥʦ ʧʦʩʣʘʣʠ ʯʝʣʦʚʝʢʘ, ʯʪʦʙʳ ʧʨʠʛʣʘʩʠʪʴ ʚʠʟʠʨʘ ʉʘʤʩʘʤʘ - ɻ ʤʠʨʘ Kara, ʯʪʦ ʠʟ 

ʞʠʪʝʣʝʡ ʐʘʤʘ. ʆʥʠ ʧʦʩʦʚʝʱʘʣʠʩʴ [ʩ ʥʠʤ] ʠ ʟʘʢʣʶʯʠʣʠ ʜʦʛʦʚʦʨ. ʕʤʠʨ Kara ʠʟʚʝʩʪʠʣ [ʦʙ ʵʪʦʤ] 

ʩʚʦʠʭ ʧʨʠʚʝʨʞʝʥʮʝʚ (ʪʘʙʘ'ʘ) ʚ ʛʦʨʦʜʝ. ɺ ʥʦʯʴ ʥʘ ʧʷʪʥʠʮʫ ɼʘʨʚʠʰʘʡʠ ʧʦʜʩʪʫʧʠʣ ʩ 

ʰʝʩʪʠʪʳʩʷʯʥʳʤ ʚʦʡʩʢʦʤ ʢ ʚʦʨʦʪʘʤ, ʘ ʧʦʜʜʘʥʥʳʝ ʵʤʠʨʘ Kaʛa ʚʚʝʣʠ ʠʭ ʚ ʛʦʨʦʜ. ʕʤʠʨ Kara 

ʧʦʰʝʣ ʚʤʝʩʪʝ ʩ ʜʝʩʷʪʴʶ ʚʦʠʥʘʤʠ ʠ ʫʙʠʣ ʉʘʤʩʘʤʘ. [ɿʘʪʝʤ] ɼʘʨʚʠʰʘʡʠ ʧʨʠʙʳʣ ʚ ʜʠʚʘʥ-ʭʘʥʵ, 

ʧʨʠʥʫʞʜʘʷ ʥʘʩʝʣʝʥʠʝ ʧʨʠʥʷʪʴ ʠʩʣʘʤ. ʇʨʠʥʷʚʰʠʝ ʠʩʣʘʤ ʩʦʭʨʘʥʠʣʠ ʩʚʦʶ ʩʦʙʩʪʚʝʥʥʦʩʪʴ. ʊʝʭ 

ʞʝ, ʢʪʦ ʥʝ ʧʦʜʯʠʥʠʣʩʷ, ʦʥ ʢʘʟʥʠʣ, ʘ ʠʭ ʠʤʫʱʝʩʪʚʦ ʠ ʠʭ ʩʝʤʴʠ ʙʳʣʠ ʟʘʭʚʘʯʝʥʳ ʚ ʢʘʯʝʩʪʚʝ 

ʜʦʙʳʯʠ. ɻʦʨʦʜ ʞʝ ʙʳʣ ʥʘʟʚʘʥ ʕʤʠʨ Kaʛa, ʘ ʩʦ ʚʨʝʤʝʥʝʤ ʦʥ ʩʪʘʣ ʥʘʟʳʚʘʪʴʩʷ ʄʠʢʨʘʛ. ʊʝʤ 

ʚʨʝʤʝʥʝʤ ʧʷʪʝʨʦ ʠʟ ʧʦʜʜʘʥʥʳʭ (ʤʫʪʘ'ʘʣʣʠʢʘʥ) ʉʘʤʩʘʤʘ ʥʘʧʘʣʠ ʥʘ ʦʪʩʝʣʦʢ ʐʘʭʘ ɸʣʙʫʨʟʠ, 

ʫʙʠʣʠ ʝʛʦ ʩʳʥʘ ʠ ʧʣʝʥʠʣʠ ʜʚʫʭ ʜʦʯʝʨʝʡ ʚʤʝʩʪʝ ʩ ʠʭ ʠʤʫʱʝʩʪʚʦʤ. ʆʜʥʘʢʦ ʝʛʦ ʞʝʥʘ ʠ ʜʨʫʛʦʡ 

ʩʳʥ ʩʧʘʩʣʠʩʴ ʙʝʛʩʪʚʦʤ. ɿʘʪʝʤ ʐʘʭ ɸʣʙʫʨʟʠ, ʧʝʨʝʩʝʣʠʚ ʠʟ ʛʦʨʦʜʘ ʄʠʨ Kara ʪʨʠʜʮʘʪʴ ʜʚʦʨʦʚ 

(ʭʘʥʝʚʘʨ), ʧʦʩʪʨʦʠʣ ʦʪʩʝʣʦʢ ʂʫʨʘʡʰ, ʢʦʪʦʨʳʡ ʦʪ ʯʘʩʪʦʛʦ ʫʧʦʪʨʝʙʣʝʥʠʷ [ʥʘʟʚʘʥʠʷ] ʩʪʘʣʠ 

ʥʘʟʳʚʘʪʴ ʂʫʨʫʰè [2].  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʝʨʠʦʜ ʦʩʥʦʚʘʥʠʷ ʩʝʣʘ ʂʫʨʫʰ ʩʦʚʧʘʜʘʝʪ ʩ ʧʝʨʠʦʜʦʤ ʧʨʠʭʦʜʘ ʘʨʘʙʦʚ ʥʘ 

ʂʘʚʢʘʟ. ʅʘ ʵʪʦʪ ʤʦʤʝʥʪ ʢʘʚʢʘʟʩʢʠʝ ʘʣʙʘʥʳ ʧʦʣʴʟʦʚʘʣʠʩʴ ʩʦʙʩʪʚʝʥʥʦʡ ʛʨʘʬʠʢʦʡ. ʂʦʥʝʯʥʦ, ʩ 

ʧʨʠʭʦʜʦʤ ʘʨʘʙʦʚ ʠ ʧʦʩʣʝʜʫʶʱʠʤ ʧʨʠʥʷʪʠʝʤ ʠʩʣʘʤʘ ʧʨʝʜʢʠ ʣʝʟʛʠʥ, ʢʘʢ ʠ ʜʨʫʛʠʝ ʢʘʚʢʘʟʦ-

ʘʣʙʘʥʩʢʠʝ ʥʘʨʦʜʳ ʥʘʯʘʣʠ ʧʝʨʝʭʦʜʠʪʴ ʚ ʠʩʣʘʤ, ʦʙʫʯʘʪʴʩʷ ʘʨʘʙʩʢʦʤʫ ʧʠʩʴʤʫ. ʅʦ ʢʘʢ ʤʳ ʟʥʘʝʤ 

ʠʟ ʠʩʪʦʨʠʯʝʩʢʠʭ ʠʩʪʦʯʥʠʢʦʚ, ʵʪʦʪ ʧʝʨʝʭʦʜ ʙʳʣ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʳʤ ʠ ʜʦʣʛʠʤ. 

ʆʙʥʘʨʫʞʝʥʥʳʡ ʚ ʩʝʣʝ ʂʫʨʫʰ ɼʦʢʫʟʧʘʨʠʥʩʢʦʛʦ ʨʘʡʦʥʘ ʵʧʠʛʨʘʬʠʯʝʩʢʠʡ ʧʘʤʷʪʥʠʢ ʩ 

ʜʚʫʷʟʳʯʥʳʤ (ʢʘʚʢʘʟʦ-ʘʣʙʘʥʩʢʠʤ ʠ ʘʨʘʙʩʢʠʤ) ʪʝʢʩʪʦʤ ʧʦʜʯʝʨʢʠʚʘʝʪ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʢʘʚʢʘʟʦ-

ʘʣʙʘʥʩʢʠʤ ʧʠʩʴʤʦʤ ʧʨʝʜʢʠ ʣʝʟʛʠʥ ʧʦʣʴʟʦʚʘʣʠʩʴ ʠ ʧʦʩʣʝ ʧʨʠʥʷʪʠʷ ʠʩʣʘʤʘ.  



ʂʘʢ ʩʦʦʙʱʘʝʪ ʭʨʦʥʠʩʪ V ʚʝʢʘ ʂʦʨʶʥ, ʘʚʪʦʨ çɾʠʪʠʷ ʄʘʰʪʦʮʘè, ʘʛʚʘʥʩʢʠʡ ʘʣʬʘʚʠʪ ʙʳʣ 

ʩʦʟʜʘʥ (ʠʣʠ ʚʦʩʩʦʟʜʘʥ) ʧʨʦʩʚʝʪʠʪʝʣʝʤ ʠ ʤʠʩʩʠʦʥʝʨʦʤ ʄʝʩʨʦʧʦʤ ʄʘʰʪʦʮʝʤ ʧʨʠ ʧʦʤʦʱʠ 

ʝʧʠʩʢʦʧʘ ɸʥʘʥʠʷ ʠ ʧʝʨʝʚʦʜʯʠʢʘ ɺʝʥʠʘʤʠʥʘ ʚ ʥʘʯʘʣʝ 420-ʭ ʛʦʜʦʚ [9], ʧʦʩʣʝ ʭʨʠʩʪʠʘʥʠʟʘʮʠʠ 

ʵʪʦʡ ʩʪʨʘʥʳ. ʅʘ ʘʣʙʘʥʩʢʠʡ ʷʟʳʢ ʙʳʣʠ ʧʝʨʝʚʝʜʝʥʳ ʂʥʠʛʠ ʇʨʦʨʦʢʦʚ, ɼʝʷʥʠʷ ɸʧʦʩʪʦʣʦʚ, 

ɽʚʘʥʛʝʣʠʝ. [11]. ʉʫʜʷ ʧʦ ʤʘʪʝʨʠʘʣʘʤ I ɼʚʠʥʩʢʦʛʦ ʉʦʙʦʨʘ (506), ʘʣʙʘʥʩʢʠʡ ʷʟʳʢ ʚ ʵʪʦʪ ʧʝʨʠʦʜ 

ʫʞʝ ʷʚʣʷʣʩʷ ʦʬʠʮʠʘʣʴʥʳʤ ʷʟʳʢʦʤ ʎʝʨʢʚʠ [5]. 

ʅʘʧʦʤʠʥʘʝʤ, ʯʪʦ ʚ ʩʦʩʪʘʚ ɸʣʙʘʥʩʢʦʛʦ ʢʘʪʦʣʠʢʦʩʘʪʘ ʚʭʦʜʠʣʠ ʝʧʘʨʭʠʠ: ʇʘʨʪʘʚ, ʏʦʣ, 

ʂʘʧʘʣʘʢ, ɸʤʘʨʘʩ, ʍʘʰʫ, ʊʘʣʜʟʘʥʢ, ʉʘʣʠʘʥ, ʐʘʢʠ [11]. ʀʟ ʵʪʠʭ ʦʙʣʘʩʪʝʡ, ʏʦʣ (ʏʦʛ), ʨʘʡʦʥ 

ʩʦʚʨʝʤʝʥʥʦʛʦ ɼʝʨʙʝʥʪʘ ʐʘʢʠ (ʅʫʭʘ), ʂʘʙʘʣʘʢ (ʂʴʚʝʧʝʣʝʢ), ʩʦʚʨ. ʂʘʙʘʣʘ, ʦʜʥʦʟʥʘʯʥʦ ʙʳʣʠ 

ʟʘʩʝʣʝʥʳ ʧʨʝʜʢʘʤʠ ʣʝʟʛʠʥ, ʪʘʙʘʩʘʨʘʥʦʚ, ʨʫʪʫʣʦʚ, ʘʛʫʣʦʚ ʠ ʜʨ. ʀ ʧʦ ʣʦʛʠʢʝ, ʥʘʜʧʠʩʠ, 

ʥʘʡʜʝʥʥʳʝ ʚ ʚʳʰʝʥʘʟʚʘʥʥʳʭ ʦʙʣʘʩʪʷʭ ʜʦʣʞʥʳ ʥʦʩʠʪʴ ʭʘʨʘʢʪʝʨ ʤʝʩʪʥʳʭ ʜʠʘʣʝʢʪʦʚ.  

ɺʳʩʢʘʟʘʥʥʳʝ ʥʘʤʠ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʧʦʜʢʨʝʧʣʷʝʪʩʷ ʉʘʤʫʨʩʢʠʤ ʭʘʨʘʢʪʝʨʦʤ ʢʘʚʢʘʟʦ-

ʘʣʙʘʥʩʢʠʭ ʥʘʜʧʠʩʝʡ ʥʘ ʈʫʪʫʣʴʩʢʦʤ ʜʠʩʢʦʩʝ [6, 10]. 

ʊʫʪ ʤʳ ʦʙʨʘʱʘʝʤ ʚʥʠʤʘʥʠʝ ʥʘ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʚʩʝ ʪʨʠ ʠʩʪʦʯʥʠʢʘ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʢʦʪʦʨʳʭ 

ʫʯʝʥʳʝ ʜʝʣʘʶʪ ʚʳʚʦʜʳ ʧʦ ʧʦʚʦʜʫ ʭʘʨʘʢʪʝʨʘ ʢʘʚʢʘʟʦ-ʘʣʙʘʥʩʢʦʛʦ ʷʟʳʢʘ, ʦʙʥʘʨʫʞʝʥʳ ʶʞʥʝʝ 

ʨʝʢʠ ʂʫʨʘ. ʕʪʦ ʠ ʄʘʜʝʥʜʘʨʘʥʩʢʠʡ ʘʣʬʘʚʠʪ, ʠ ʥʘʜʧʠʩʠ ʥʘ ʄʠʥʛʝʯʘʫʨʩʢʦʤ ʘʣʪʘʨʝ, ʠ ʉʠʥʘʡʩʢʠʝ 

ʧʘʣʠʤʧʩʝʩʪʳ, ʢʨʦʤʝ ʪʦʛʦ, ʦʯʝʨʪʘʥʠʷ ʙʫʢʚ (ʰʨʠʬʪ) ʥʘ ʵʪʠʭ ʪʨʝʭ ʦʙʨʘʟʮʘʭ ʩʫʱʝʩʪʚʝʥʥʦ 

ʦʪʣʠʯʘʝʪʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. ɸ ʨʝʢʘ ʂʫʨʘ ʙʳʣʘ ʛʨʘʥʠʮʝʡ ʤʝʞʜʫ ɸʨʤʝʥʠʝʡ ʠ ɸʣʙʘʥʠʝʡ ʚʧʣʦʪʴ 387 

ʛʦʜʘ. ʇʦʩʣʝ ʨʘʟʜʝʣʘ ɸʨʤʝʥʠʠ ʤʝʞʜʫ ʈʠʤʦʤ ʠ ʉʘʩʘʥʠʜʩʢʠʤ ʀʨʘʥʦʤ, 2 ʧʨʘʚʦʙʝʨʝʞʥʳʝ ʦʙʣʘʩʪʠ 

ɸʨʤʝʥʠʠ ï ʋʪʠʢ ʠ ɸʨʮʘʭ ï ʙʳʣʠ ʚʢʣʶʯʝʥʳ ʚ ʩʦʩʪʘʚ ʂʘʚʢʘʟʩʢʦʡ ɸʣʙʘʥʠʠ. ʊʫʪ ʩʪʦʠʪ 

ʥʘʧʦʤʥʠʪʴ, ʯʪʦ ʋʪʠʢ ʠ ɸʨʮʘʭ ʚʦ II ʚ ʜʦ ʥ.ʵ. ʙʳʣʠ ʦʪʪʦʨʛʥʫʪʳ ʦʪ ɸʣʙʘʥʠʠ ɸʨʤʝʥʠʝʡ, ʘ ʚ IV ʚ 

ʚʦʟʚʨʘʱʝʥʳ ʘʣʙʘʥʘʤʠ.  ʊʝʤ ʥʝ ʤʝʥʝʝ, ʥʘʩʪʦʨʘʞʠʚʘʝʪ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʢʘʚʢʘʟʦ-ʘʣʙʘʥʩʢʠʝ ʥʘʜʧʠʩʠ, 

ʥʘʡʜʝʥʥʳʝ ʩʝʚʝʨʥʝʝ ʨʝʢʠ ʂʫʨʘ, ʣʠʙʦ ʙʳʣʠ ʫʪʝʨʷʥʳ, ʫʥʠʯʪʦʞʝʥʳ, ʣʠʙʦ ʠʛʥʦʨʠʨʫʶʪʩʷ. 

ʇʦ ʤʥʝʥʠʶ ʁ. ɻʠʧʧʝʨʪʘ ʠ ɺ. ʐʫʣʴʮʝ, çʢʘʚʢʘʟʩʢʦ-ʘʣʙʘʥʩʢʠʡ ʷʟʳʢ ʩ ʬʦʥʦʣʦʛʠʯʝʩʢʦʡ ʠ 

ʣʝʢʩʠʯʝʩʢʦʡ ʪʦʯʝʢ ʟʨʝʥʠʷ ʩʦʭʨʘʥʠʣ ʦʨʠʛʠʥʘʣʴʥʳʡ ʣʝʟʛʠʥʩʢʠʡ (ʪʦʯʥʝʝ: ɺʦʩʪʦʯʥʦʩʘʤʫʨʩʢʠʡ) 

ʭʘʨʘʢʪʝʨ ʷʟʳʢʘ ʛʦʨʘʟʜʦ ʣʫʯʰʝ, ʯʝʤ ʩʦʚʨʝʤʝʥʥʳʡ ʫʜʠʥʩʢʠʡè [8]è .Some ñAIbanianò words stiII 

continue proto-Iezgian terms whereas the corresponding items have been repIaced by Ioans in Mod-

ern Udi (such as the word for dove). UnfortunateIy, keywords Iike Udi fi ówineô or eôk óhorseô either 

do not occur in the texts or appear in unread-abIe passages. NevertheIess, it can be stated safeIy that 

from both a phonoIogicaI and a IexicaI perspective the Caucasian ñAIbanianò Ianguag has 

preserved the originaI Iezgian character of the Ianguage (more preciseIy: Eastern Samur) much 

better than contemporary Udi has [1].  

ʇʝʨʠʦʜ ʨʘʩʮʚʝʪʘ ʘʣʙʘʥʩʢʦʡ ʧʠʩʴʤʝʥʥʦʩʪʠ, ʧʦ ʤʥʝʥʠʶ ɸ. ʐʘʥʠʜʟʝ, ʧʨʠʭʦʜʠʪʩʷ ʥʘ V ï 

VII ʚ., ʢʦʛʜʘ ʘʣʙʘʥʮʳ ʧʨʠʥʠʤʘʣʠ ʘʢʪʠʚʥʦʝ ʫʯʘʩʪʠʝ ʚ ʧʦʣʠʪʠʯʝʩʢʦʡ ʠ ʢʫʣʴʪʫʨʥʦʡ ʞʠʟʥʠ 

ʨʝʛʠʦʥʘ. ʇʠʩʴʤʝʥʥʦʩʪʴ ʩʫʱʝʩʪʚʦʚʘʣʘ ʠ ʧʦʩʣʝ ʧʦʢʦʨʝʥʠʷ ɸʣʙʘʥʠʠ ʘʨʘʙʘʤʠ ʚ VII ʚʝʢʝ, ʢʦʛʜʘ 

ʧʨʦʠʩʭʦʜʠʣʘ ʧʦʩʪʝʧʝʥʥʘʷ ʠʩʣʘʤʠʟʘʮʠʷ ʠ ʜʝʥʘʮʠʦʥʘʣʠʟʘʮʠʷ ʘʣʙʘʥʮʝʚ. ʆʪʩʫʪʩʪʚʠʝ ʪʦʯʥʳʭ 

ʜʘʥʥʳʭ ʥʝ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ, ʜʦ ʢʘʢʦʛʦ ʧʝʨʠʦʜʘ ʘʣʙʘʥʩʢʘʷ ʧʠʩʴʤʝʥʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ 

ʥʘ ʧʨʘʢʪʠʢʝ. ʉʦʛʣʘʩʥʦ ʘʨʤʷʥʩʢʦʤʫ ʠʩʪʦʨʠʢʫ ʤʦʥʛʦʣʴʩʢʦʛʦ ʧʝʨʠʦʜʘ ʍʝʪʫʤʫ (ʢʦʥʝʮ XIII - 

ʥʘʯʘʣʦ XIV ʚʝʢʦʚ), ʚ ʝʛʦ ʚʨʝʤʷ ʘʣʙʘʥʩʢʘʷ ʧʠʩʴʤʝʥʥʦʩʪʴ ʝʱʸ ʧʨʠʤʝʥʷʣʘʩʴ. ɻʦʨʥʳʝ ʦʙʣʘʩʪʠ 

ɸʣʙʘʥʠʠ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʥʘʩʝʣʝʥʳ ʥʘʨʦʜʦʤ, ʠʤʝʚʰʠʤ ʦʙʱʝʝ ʩ ʘʨʤʷʥʘʤʠ ʚʝʨʦʠʩʧʦʚʝʜʘʥʠʝ ʠ 

ʦʪʩʪʘʠʚʘʚʰʠʤ ʩʚʦʶ ʥʘʮʠʦʥʘʣʴʥʫʶ ʢʫʣʴʪʫʨʫ ʠ ʥʝʟʘʚʠʩʠʤʦʩʪʴ, ʦʥ ʥʘʟʳʚʘʝʪ çhalojenè, ʯʪʦ 

ʩʭʦʞʝ ʩ çaluanè - ʪʝʨʤʠʥʦʤ, ʦʙʦʟʥʘʯʘʚʰʠʤ ʫ ʘʨʤʷʥ ʥʘʨʦʜ ʠ ʩʪʨʘʥʫ ʘʣʙʘʥ [11]. ʉʦʛʣʘʩʥʦ 

ɺʦʣʴʬʛʘʥʛʫ ʐʫʣʴʮʝ, ʭʦʪʷ çʘʣʙʘʥʩʢʦʝè ʮʘʨʩʪʚʦ ʨʘʩʧʘʣʦʩʴ ʚʩʢʦʨʝ ʧʦʩʣʝ 705 ʛʦʜʘ, ʘʣʙʘʥʩʢʠʡ 

ʘʣʬʘʚʠʪ, ʚʦʟʤʦʞʥʦ, ʧʨʦʜʦʣʞʘʣ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚʧʣʦʪʴ ʜʦ XII ʚʝʢa [10]. 



ʕʧʠʛʨʘʬʠʯʝʩʢʠʡ ʧʘʤʷʪʥʠʢ ʠʟ ʂʫʨʫʰʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʘʤʝʥʴ ʩ ʧʠʩʴʤʝʥʘʤʠ ʚ ʜʚʫʭ 

ʘʣʬʘʚʠʪʘʭ ï ʘʨʘʙʩʢʦʤ (ʘʜʞʘʤʝ) ʠ ʘʣʙʘʥʩʢʦʤ. ʆʥ ʦʙʥʘʨʫʞʝʥ ʚ ʢʣʘʜʢʝ ʤʘʚʟʦʣʝʷ (ʧʠʨʘ) ʩʚʷʪʦʛʦ 

ʰʝʡʭʘ ʍʘʜʞʠ ɿʝʥʛʠ. ʌʘʤʠʣʠʷ ɿʝʥʛʠ ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʝʛʦ ʢ ʨʦʜʫ ɿʘʥʛʘʚʘʨ.  

ʄʘʚʟʦʣʝʡ ʨʘʩʧʦʣʦʞʝʥ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʩʝʣʴʩʢʦʛʦ ʢʣʘʜʙʠʱʘ, ʥʘ ʧʨʘʚʦʡ ʩʪʦʨʦʥʝ ʦʪ ʜʦʨʦʛʠ, 

ʫ ʩʘʤʦʛʦ ʚʲʝʟʜʘ ʚ ʂʫʨʫʰ. ʂʘʤʝʥʥʘʷ ʧʣʠʪʘ ʨʘʟʤʝʨʘʤʠ 20 ʭ 20 ʩʤ. ʠʟʛʦʪʦʚʣʝʥʘ ʠʟ ʛʦʨʥʦʛʦ 

ʠʟʚʝʩʪʥʷʢʘ ʤʝʩʪʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ. ʉʫʜʷ ʧʦ ʩʦʭʨʘʥʠʚʰʠʤʩʷ ʤʝʩʪʘʤʠ ʬʨʘʛʤʝʥʪʘʤ ʥʘ 

ʩʢʦʣʦʪʳʭ ʠ ʩʪʸʨʪʳʭ ʧʦʚʝʨʭʥʦʩʪʷʭ ʢʘʤʥʷ, ʧʦ ʢʨʘʷʤ ʧʣʠʪʢʘ ʙʳʣʘ ʦʢʘʥʪʦʚʘʥʘ ʫʟʦʨʘʤʠ ʚ ʩʪʠʣʝ 

ʣʝʟʛʠʥʩʢʦʛʦ ʢʦʚʨʘ. ʅʘ ʚʝʨʭʥʝʡ ʦʢʘʥʪʦʚʢʝ ʧʣʠʪʳ ʚʳʩʝʯʝʥʘ ʘʣʙʘʥʩʢʘʷ ʥʘʜʧʠʩʴ ʚ ʦʜʥʫ ʩʪʨʦʢʫ, 

ʩʦʩʪʦʷʱʘʷ ʠʟ 13 ʙʫʢʚ. ɺ ʧʝʨʚʦʤ ʢʚʘʜʨʘʪʝ ʦʯʝʨʯʝʥ ʚʪʦʨʦʡ ʢʚʘʜʨʘʪ, ʚʥʫʪʨʠ ʢʦʪʦʨʦʛʦ ʚʳʩʝʯʝʥʳ 

ʘʨʘʙʩʢʠʝ ʥʘʜʧʠʩʠ ʚ ʪʨʠ ʨʷʜʘ. ʉʣʝʚʘ ʦʪ ʘʨʘʙʩʢʦʛʦ ʧʠʩʴʤʘ ʩʪʦʠʪ ʜʘʪʘ ï 172 ʛʦʜ ʭʠʜʞʨʳ (ʦʢ. 789) 

 

 
ʈʠʩ. 1. ʂʘʤʝʥʥʘʷ ʧʣʠʪʘ ʠʟ ʩʝʣʝʥʠʷ ʂʫʨʫʰ ʩ ʢʘʚʢʘʟʦ-ʘʣʙʘʥʩʢʠʤʠ ʠ ʘʨʘʙʩʢʠʤʠ ʥʘʜʧʠʩʷʤʠ 

 

ʆʯʝʚʠʜʥʦ, ʢʦ ʚʨʝʤʝʥʠ ʩʦʩʪʘʚʣʝʥʠʷ ʧʠʩʴʤʘ, ʧʨʝʜʢʠ ʣʝʟʛʠʥ, ʚ ʯʘʩʪʥʦʩʪʠ ʢʫʨʫʰʝʚ, ʝʱʝ 

ʧʦʣʴʟʦʚʘʣʠʩʴ ʘʣʙʘʥʩʢʠʤ ʧʠʩʴʤʦʤ.  

ɺʥʝʜʨʝʥʠʝ ʠʩʣʘʤʘ ʚ ʃʘʢʟʝ, ʩʦʧʨʦʚʦʞʜʘʣʦʩʴ ʧʨʠʤʝʥʝʥʠʝʤ ʚʦʝʥʥʦʡ ʩʠʣʳ, 

ʧʨʠʥʫʞʜʝʥʠʝʤ ʠ ʧʦʜʢʫʧʦʤ ʚʣʠʷʪʝʣʴʥʳʭ ʧʨʘʚʠʪʝʣʝʡ. ʇʠʩʴʤʦ ʚ ʜʚʫʭ ʘʣʬʘʚʠʪʘʭ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʚʦ ʚʨʝʤʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠʩʣʘʤʘ ʚ ʂʫʨʫʰʝ ʧʦʟʠʮʠʠ ʭʨʠʩʪʠʘʥʩʪʚʘ 

ʦʩʪʘʚʘʣʠʩʴ ʩʠʣʴʥʳʤʠ.  

 
ʈʠʩ. 3. ʅʘʜʧʠʩʠ ʥʘ ʢʘʤʥʝ ʧʠʨʘ ʍʘʜʞʠ ɿʝʥʛʠ, ʩʝʣʘ ʂʫʨʫʰ. 

 

ʌ. ʅʘʛʠʝʚ ʧʨʠʚʦʜʠʪʝ ʩʣʝʜʫʶʱʫʶ ʜʝʰʠʬʨʦʚʢʫ: 

ʂʘʚʢʘʟʦ-ʘʣʙʘʥʩʢʦʛʦ ʪʝʢʩʪʘ: ʛʴ(ʘ)ʟʙ ʢʲʛʴʫʡ ʙʰʳʙʰʘ. ʇʝʨʝʚʦʜ: ʜʫʰʫ (ʛʴʘʟʙ) ʧʫʩʪʴ 

ʧʨʠʤʝʪ (ʫʩʧʦʢʦʠʪ) ʙʰʳʙʰ (ʠʤʷ ʙʦʛʘ ʠʣʠ ʩʦʙʩʪʚʝʥʥʦʝ ʠʤʷ ʧʦʛʨʝʙʝʥʥʦʛʦ?)[9]. 

ʆʙʨʘʱʘʝʤ ʚʥʠʤʘʥʠʝ ʥʘ ʪʦ, ʯʪʦ ʙʫʢʚʘ ˉ14 -  (sha) ʢʘʚʢʘʟʦ-ʘʣʙʘʥʩʢʦʛʦ ʘʣʬʘʚʠʪʘ, 

ʩʪʦʷʱʘʷ ʚ ʥʘʜʧʠʩʠ ʥʘ 9-ʤ ʠ 11-ʤ ʤʝʩʪʘʭ, ʅʘʛʠʝʚʳʤ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʘ ʥʝʚʝʨʥʦ. ʊʘʢ ʢʘʢ ʵʪʘ 



ʙʫʢʚʘ ʜʘʝʪ ʟʚʫʢ [ᾑ], ʘ ʥʝ [ώ].  ʅʝʚʝʨʥʳʝ ʪʨʘʥʩʣʠʪʝʨʘʮʠʠ ʠʤʝʶʪ, ʪʘʢʞʝ, ʙʫʢʚʳ ʂɸ ʘʣʬʘʚʠʪʘ ˉ24 

 [qay] ʠ ˉ42. 

ɸʨʘʙʩʢʠʡ ʪʝʢʩʪ ʧʝʨʝʚʝʜʝʥ ʢʘʢ: ɸʣʣʘʭʫ ʘʢʙʘʨ ʢʲʫʚʘʪʘʣʘ (ʢʲʘʬʪʘʣʘ?) ʠʣʘʛʴ ʛʴʘʞʞʘ 

ʌʫʣʫʟ ʘʟʛʴʘʬʘʪ ʪʘ. ʇʝʨʝʚʦʜ ʥʝ ʩʦʚʩʝʤ ʷʩʝʥ: ɸʣʣʘʭ ʚʝʣʠʢ ʠ ʤʦʛʫʯ(?). ʍʘʜʞʠ ʌʫʣʫʟ (?) 

ʩʢʦʥʯʘʣʩʷ. 172 ʛʦʜ ʭʠʜʞʨʳ (ʦʢ. 812ʛ.). 

ʋʪʦʯʥʠʚ ʬʦʥʝʪʠʯʝʩʢʠʝ ʟʥʘʯʝʥʠʷ ʙʫʢʚ ʧʦ ʩʧʠʩʢʫ ɪ. ɻʠʧʧʝʨʪʘ, ʤʳ ʧʦʣʫʯʠʣʠ 

ʩʣʝʜʫʶʱʫʶ ʪʨʘʥʩʣʠʪʝʨʘʮʠʶ: 

ʍ -̡ʛ-̡ʙ-ʨ ʭʲʫʡ ɹ-ʛ1-ʯʯ-ʙ-ʛ1-ʘ1 

ʇʝʨʝʚʦʜ: ʧʫʩʪʴ ʟʘʙʝʨʝʪ ɹʦʛ. 

ʍʲʫʡ ï ʧʫʩʪʴ ʩʜʝʣʘʝʪ ʧʨʝʬʠʢʩ ʭʲ- ʧʨʠʢʨʝʧʣʝʥʥʳʡ ʢ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʤʫ ʛʣʘʛʦʣʫ ʫʡ, ʘʚʫʡ 

ʧʦʢʘʟʳʚʘʝʪ ʚʦʟʚʨʘʪʥʦʝ ʣʠʙʦ ʧʦʚʪʦʨʥʦʝ ʜʝʡʩʪʚʠʝ.  

ʍ -̡ʛ-̡ʙ-ʨ ï ʧʫʩʪʴ ʟʘʙʝʨʝʪ ʍʲʛʲʫʥ ï ʧʨʠʚʝʩʪʠ, ʟʘʙʨʘʪʴ ʥʘ ʉʘʤʫʨʩʢʦʤ ʥʘʨʝʯʠʠ.  

ɹ-ʛ1-ʯʯ-ʙ-ʛ1 ï ʜʠʘʣʝʢʪʥʘʷ ʬʦʨʤʘ ʢʘʚ ʘʣʙʘʥ ʩʣʦʚʘ ɹʫʭʘʯʯʫʛʲ [bixaᾎowǣ]ï ɹʦʛ,  

ʘ  ɹ-ʛ1-ʯʯ-ʙ-ʛ1-ʘ1 ï ʝʛʦ ʬʦʨʤʘ ʵʨʛʘʪʠʚʥʦʛʦ ʧʘʜʝʞʘ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʜʧʠʩʴ ʥʦʩʠʪʴ ʭʘʨʘʢʪʝʨ ʉʘʤʫʨʩʢʦʛʦ ʥʘʨʝʯʠʷ ʣʝʟʛʠʥʩʢʦʛʦ ʷʟʳʢʘ.  
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ɼʆɹɸɺʃɽʅʀɽ ʅʆɺʓʍ ʌʋʅʂʎʀʆʅɸʃʔʅʆʉʊɽʁ ɺ CAD-ʄʆɼʋʃʔ ʌʆʈʄʀʈʆɺɸʅʀʗ 

ʆʊʏɪʊʆɺ ʆ ɿɽʄɽʃʔʅʓʍ ʋʏɸʉʊʂɸʍ, ɸʈɽʅɼʋɽʄʓʍ ʇʆɼ ʆɹʒɽʂʊʓ ʅɽʌʊɽɻɸɿʆɺʆʁ 

ʀʅʌʈɸʉʊʈʋʂʊʋʈʓ 

ɹʝʣʦʫʩ ɻ.ɺ. 

ʊʦʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ (ʊʋʉʋʈ), 

ʊʦʤʩʢ 

 

ɺ ʧʣʘʛʠʥ ʧʦʜ ʩʠʩʪʝʤʫ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ (ʉɸʇʈ), ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʟʝʤʣʝʫʩʪʨʦʠʪʝʣʴʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ, ʙʳʣʠ ʜʦʙʘʚʣʝʥʳ ʠʥʩʪʨʫʤʝʥʪʳ, ʧʦʟʚʦʣʷʶʱʠʝ 

ʠʟʙʘʚʠʪʴ ʧʦʣʴʟʦʚʘʪʝʣʷ ʦʪ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ ʩʦʟʜʘʥʠʷ ʧʣʦʱʘʜʦʢ ʩʢʣʘʜʠʨʦʚʘʥʠʷ ʜʨʝʚʝʩʠʥʳ ʠ 

ʨʘʟʙʠʝʥʠʷ ʣʠʥʝʡʥʳʭ ʦʙʲʝʢʪʦʚ ʥʘ ʧʠʢʝʪʳ. ʇʣʘʛʠʥ ʚʩʪʨʘʠʚʘʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʠʥʪʝʨʬʝʡʩʘ ʉɸʇʈ ʥʘ ʷʟʳʢʝ C#. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʉɸʇʈ, NanoCAD, AutoCAD Civil 3D, ʤʦʜʫʣʴ, ʧʣʘʛʠʥ, ʵʢʩʧʣʠʢʘʮʠʷ, API, WPF. 

 

ɼʣʷ ʥʫʞʜ ʠʥʞʝʥʝʨʦʚ ʟʝʤʣʝʫʩʪʨʦʠʪʝʣʝʡ ʚʳʧʦʣʥʷʣʘʩʴ ʘʜʘʧʪʘʮʠʷ ʉɸʇʈ ʧʦʜ 

ʥʝʬʪʝʛʘʟʦʚʫʶ ʦʪʨʘʩʣʴ ʧʫʪʝʤ ʚʩʪʨʘʠʚʘʥʠʷ ʧʣʘʛʠʥʦʚ ʚ ʦʜʥʫ ʠʟ ʙʘʟʦʚʳʭ ʩʠʩʪʝʤ (AutoCAD Civil  

3D ʠ NanoCAD) ʩ ʧʦʤʦʱʴʶ API (application programming interface) ʥʘ ʷʟʳʢʝ C#.  

ʄʦʜʠʬʠʮʠʨʫʝʤʳʡ ʤʦʜʫʣʴ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʩʦʩʪʘʚʣʝʥʠʷ ʵʢʩʧʣʠʢʘʮʠʠ ʥʝʦʙʭʦʜʠʤʦʡ 

ʧʨʠ ʦʙʫʩʪʨʦʡʩʪʚʝ ʠ ʧʣʘʥʠʨʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʟʝʤʝʣʴ, ʘʨʝʥʜʫʝʤʳʭ ʧʦʜ ʧʦʩʪʨʦʡʢʫ 

ʥʝʬʪʝʛʘʟʦʚʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ [1]. ʇʨʝʜʩʪʘʚʣʷʝʪ ʠʟ ʩʝʙʷ ʩʠʩʪʝʤʫ ʩ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʤ 

ʠʥʪʝʨʬʝʡʩʦʤ ʚʢʣʶʯʘʶʱʠʡ ʚʢʣʘʜʢʫ ʩ ʢʥʦʧʢʘʤʠ ʚ ʉɸʇʈ, ʜʦʙʘʚʣʝʥʥʳʭ ʯʝʨʝʟ API, ʠ 

ʜʠʘʣʦʛʦʚʳʭ ʦʢʦʥ ʜʣʷ ʚʚʦʜʘ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʜʘʥʥʳʭ, ʥʘʧʠʩʘʥʥʳʭ ʥʘ WPF (Windows 

Presentation Foundation) [2]. 

ɼʣʷ ʫʤʝʥʴʰʝʥʠʷ ʚʳʧʦʣʥʷʝʤʳʭ ʠʥʞʝʥʝʨʘʤʠ ʨʫʪʠʥʥʳʭ ʜʝʡʩʪʚʠʡ ʚ ʤʦʜʫʣʴ ʙʳʣʠ 

ʜʦʙʘʚʣʝʥʳ ʜʚʘ ʠʥʩʪʨʫʤʝʥʪʘ ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʩʦʟʜʘʥʠʷ ʧʣʦʱʘʜʢʠ 

ʩʢʣʘʜʠʨʦʚʘʥʠʷ ʜʨʝʚʝʩʠʥʳ, ʘ ʪʘʢʞʝ ʛʝʥʝʨʘʮʠʠ ʧʦʧʠʢʝʪʥʦʡ ʚʝʜʦʤʦʩʪʴ ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʳʭ ʨʘʙʦʪ 

ʥʘ ʣʠʥʝʡʥʳʭ ʦʙʲʝʢʪʘʭ (ʣʠʥʠʡ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ, ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʜʦʨʦʛ, ʪʨʫʙʦʧʨʦʚʦʜʦʚ) [1]. 

ʇʨʠ ʨʝʘʣʠʟʘʮʠʠ ʠʥʩʪʨʫʤʝʥʪʘ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʩʦʟʜʘʶʱʝʛʦ ʧʣʦʱʘʜʢʠ ʩʢʣʘʜʠʨʦʚʘʥʠʷ 

ʜʨʝʚʝʩʠʥʳ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʢʣʘʩʩʳ ʦʧʠʩʳʚʘʶʱʫʶ ʧʣʦʱʘʜʢʫ ʰʪʘʙʝʣʝʡ, ʧʘʨʘʤʝʪʨʳ ʢʦʪʦʨʦʡ 

ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʠʩʭʦʜʷ ʠʟ ʦʙʲʝʤʘ ʜʨʝʚʝʩʠʥʳ ʥʘ ʟʝʤʝʣʴʥʦʤ ʫʯʘʩʪʢʝ ʠ ʩʧʦʩʦʙʘ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʧʣʦʱʘʜʢʠ, ʘ ʪʘʢʞʝ ʩʝʨʚʠʩʥʳʝ ʢʣʘʩʩʳ ʧʨʝʦʙʨʘʟʦʚʳʚʘʶʱʠʝ ʧʘʨʘʤʝʪʨʳ ʚ ʛʝʦʤʝʪʨʠʶ ʠ 

ʦʛʨʘʥʠʯʠʪʝʣʴʥʳʝ ʙʘʨʴʝʨʳ ʚʦʢʨʫʛ, ʨʘʩʧʦʣʘʛʘʝʤʫʶ ʥʘ ʯʝʨʪʝʞʝ. ʅʘ ʨʠʩʫʥʢʝ 1 ʧʦʢʘʟʘʥ ʨʝʟʫʣʴʪʘʪ 

ʨʘʙʦʪʳ ʠʥʩʪʨʫʤʝʥʪʘ: 

ʀʥʩʪʨʫʤʝʥʪ ʩʦʟʜʘʥʠʷ ʧʦʧʠʢʝʪʥʦʡ ʚʝʜʦʤʦʩʪʠ ʦʧʠʩʘʥ ʚ ʩʝʨʚʠʩʥʦʤ ʢʣʘʩʩʝ 

ʦʙʨʘʙʘʪʳʚʘʶʱʠʡ ʣʠʥʝʡʥʳʡ ʦʙʲʝʢʪ ʢʘʢ ʧʦʣʠʣʠʥʠʶ ʩ ʨʘʟʙʠʝʥʠʝʤ ʝʸ ʥʘ ʨʘʚʥʳʝ ʦʪʨʝʟʢʠ ʧʦ 100 

ʤʝʪʨʦʚ ʠ ʩʦʟʜʘʥʠʝʤ ʙʫʬʝʨʥʦʡ ʟʦʥʳ ʚʦʢʨʫʛ ʦʪʨʝʟʢʘ ʧʫʪʸʤ ʩʤʝʱʝʥʠʷ ʦʪʨʝʟʢʘ ʢʨʠʚʦʡ ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʟʘʤʳʢʘʥʠʝʤ ʧʦ ʢʦʥʮʘʤ ʣʠʥʠʡ. ʇʦ ʫʛʦʜʴʷʤ, ʚʦʰʝʜʰʠʤ ʚ ʦʙʣʘʩʪʴ, ʛʝʥʝʨʠʨʫʝʪ 

ʚʝʜʦʤʦʩʪʠ ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʳʭ ʨʘʙʦʪ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʷʟʳʢʘ ʨʘʟʤʝʪʢʠ xml ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʩʦʭʨʘʥʝʥʠʝʤ ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ ʚ Excel ʬʘʡʣ. ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥ ʨʝʟʫʣʴʪʘʪ 

ʨʘʙʦʪʳ ʠʥʩʪʨʫʤʝʥʪʘ: 

ʈʝʟʫʣʴʪʘʪʳ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʧʦʟʚʦʣʷʪ ʫʚʝʣʠʯʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʠʥʞʝʥʝʨʦʚ-

ʟʝʤʣʝʫʩʪʨʦʠʪʝʣʝʡ ʠ ʩʥʠʟʷʪ ʯʠʩʣʦ ʚʦʟʤʦʞʥʳʭ ʦʰʠʙʦʢ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ. 

 



 
ʈʠʩʫʥʦʢ 1 ï ʇʦʩʪʨʦʝʥʥʘʷ ʧʣʦʱʘʜʢʘ ʩʢʣʘʜʠʨʦʚʘʥʠʷ ʜʨʝʚʝʩʠʥʳ 

 

 
ʈʠʩʫʥʦʢ 2 ï ʇʦʩʪʨʦʝʥʥʳʝ ʥʘ ʣʠʥʝʡʥʦʤ ʦʙʲʝʢʪʝ ʧʠʢʝʪʳ, ʦʙʦʟʥʘʯʝʥʥʳʝ ʚʳʥʦʩʢʘʤʠ 

 

ʉʧʠʩʦʢ ʠʩʪʦʯʥʠʢʦʚ 

1. ʇʨʘʚʠʣʘ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʯʝʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʛʝʥʝʨʘʣʴʥʳʭ ʧʣʘʥʦʚ ʧʨʝʜʧʨʠʷʪʠʡ, 

ʩʦʦʨʫʞʝʥʠʡ ʠ ʞʠʣʠʱʥʦ-ʛʨʘʞʜʘʥʩʢʠʭ ʦʙʲʝʢʪʦʚ // ʉʠʩʪʝʤʘ ʧʨʦʝʢʪʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʜʣʷ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ. ʄ., 2020. 34 ʩ. 

2. Stephen Preton. AutoCAD .NET Developers Guide // Autodesk Developer Technical 

Services Team (DevTech). 2012. 541 ʩ. 

  



ʈɽɸʃʀɿɸʎʀʗ ʄɽɾʇʈɽɼʄɽʊʅʓʍ ʉɺʗɿɽʁ ʄɸʊɽʄɸʊʀʂʀ ʀ ʌʀɿʀʂʀ 

ɿʦʪʦʚʘ ɸ.ɺ. ɺʠʢʪʦʨʦʚʘ ɸ.ɸ. 

ʋʥʠʚʝʨʩʠʪʝʪʩʢʠʡ ʢʦʣʣʝʜʞ ʆɻʋ, ʆʨʝʥʙʫʨʛ 

 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʢʘʟʳʚʘʝʪʩʷ ʦ ʨʝʘʣʠʟʘʮʠʠ ʤʝʞʧʨʝʜʤʝʪʥʳʭ ʩʚʷʟʝʡ ʤʝʞʜʫ ʤʘʪʝʤʘʪʠʢʦʡ 

ʠ ʬʠʟʠʢʦʡ. ʊʘʢʞʝ ʨʘʩʩʢʘʟʳʚʘʝʪʩʷ ʦ ʚʘʞʥʦʩʪʠ ʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʤʝʞʧʨʝʜʤʝʪʥʳʭ ʩʚʷʟʝʡ, 

ʘ ʠʤʝʥʥʦ ʦ ʧʨʠʤʝʥʝʥʠʝ ʤʘʪʝʤʘʪʠʢʠ ʧʨʠ ʠʟʫʯʝʥʠʠ ʢʫʨʩʘ ʬʠʟʠʢʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʘʪʝʤʘʪʠʢʘ, ʬʠʟʠʢʘ, ʤʝʞʧʨʝʜʤʝʪʥʳʝ ʩʚʷʟʠ. 

 

ʄʘʪʝʤʘʪʠʢʘ ʠ ʬʠʟʠʢʘ ʷʚʣʷʶʪʩʷ ʜʚʫʤʷ ʦʩʥʦʚʥʳʤʠ ʥʘʫʢʘʤʠ, ʢʦʪʦʨʳʝ ʪʝʩʥʦ 

ʚʟʘʠʤʦʩʚʷʟʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ. ʄʘʪʝʤʘʪʠʢʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʘʢ ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʘʥʘʣʠʟʘ ʠ 

ʦʧʠʩʘʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ, ʘ ʬʠʟʠʢʘ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʤʘʪʝʤʘʪʠʢʝ ʰʠʨʦʢʠʡ 

ʩʧʝʢʪʨ ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯ. 

ʇʝʨʚʳʡ, ʢʪʦ ʚʚʝʣ ʩʘʤʦ ʦʧʨʝʜʝʣʝʥʠʝ ʤʝʞʧʨʝʜʤʝʪʥʦʡ ʩʚʷʟʠ ʙʳʣ ʗ. ɸ. ʂʦʤʝʥʩʢʠʡ ʚ 1632 

ʛʦʜʫ. ʆʥ ʫʪʚʝʨʞʜʘʣ, ʯʪʦ çʚʩʝ, ʯʪʦ ʥʘʭʦʜʠʪʩʷ ʚʦ ʚʟʘʠʤʦʩʚʷʟʠ, ʜʦʣʞʥʦ ʠ ʧʨʝʧʦʜʘʚʘʪʴʩʷ ʚ ʪʘʢʦʡ 

ʞʝ ʚʟʘʠʤʦʩʚʷʟʠè [2, ʩ. 287]. ɺʳʜʝʣʝʥʠʝ ʚ ʧʝʜʘʛʦʛʠʯʝʩʢʠʝ ʧʨʘʢʪʠʢʠ ʠʜʝʠ ʩʚʷʟʠ ʤʝʞʜʫ 

ʧʨʝʜʤʝʪʘʤʠ ʠ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʝʝ ʢʘʢ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʜʠʜʘʢʪʠʯʝʩʢʦʡ ʧʨʦʙʣʝʤʳ ʪʘʢʞʝ ʥʘʰʣʦ 

ʦʪʨʘʞʝʥʠʝ ʚ ʨʘʙʦʪʘʭ ʪʘʢʠʭ ʠʟʚʝʩʪʥʳʭ ʧʝʜʘʛʦʛʦʚ XVIII-XIX ʚʝʢʦʚ, ʢʘʢ ʀ. ɻ. ʇʝʩʪʘʣʦʮʮʠ, ɸ. 

ɼʠʩʪʝʚʝʨʛ, ʂ. ɼ. ʋʰʠʥʩʢʠʡ ʠ ʜʨʫʛʠʭ. 

ʆʩʥʦʚʥʘʷ ʮʝʣʴ ʤʝʞʧʨʝʜʤʝʪʥʦʡ ʩʚʷʟʠ ï ʬʦʨʤʠʨʦʚʘʪʴ ʫ ʦʙʫʯʘʶʱʠʭʩʷ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦʙ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ, ʪ. ʝ. ʩʬʦʨʤʠʨʦʚʘʪʴ ʤʠʨʦʚʦʟʟʨʝʥʠʝ.  

ʈʝʘʣʠʟʘʮʠʷ ʤʝʞʧʨʝʜʤʝʪʥʳʭ ʩʚʷʟʝʡ ʤʝʞʜʫ ʤʘʪʝʤʘʪʠʢʦʡ ʠ ʬʠʟʠʢʦʡ ʠʤʝʝʪ ʙʦʣʴʰʦʝ 

ʟʥʘʯʝʥʠʝ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʢʦʥʢʨʝʪʥʳʭ ʟʘʜʘʯ, ʥʦ ʠ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ 

ʟʘʢʦʥʦʚ ʧʨʠʨʦʜʳ. 

ɽ.ɺ. ɽʤʝʣʴʷʥʝʥʢʦ ʠ ɽ.ɸ. ʄʠʭʘʣʢʠʥʘ [1] ʧʨʠʜʝʨʞʠʚʘʶʪʩʷ ʤʥʝʥʠʷ, ʯʪʦ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʝ 

ʫʨʦʢʠ ʪʨʝʙʫʶʪ ʜʦʩʪʘʪʦʯʥʦ ʪʨʫʜʦʝʤʢʦʡ ʧʦʜʛʦʪʦʚʢʠ. ʅʘʠʙʦʣʝʝ ʧʨʦʩʪʦʡ ʚʠʜ ʠʥʪʝʛʨʘʮʠʠ ï ʵʪʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʠ ʦʙʲʷʩʥʝʥʠʠ ʪʝʤʳ ʤʘʪʝʨʠʘʣʦʚ ʠʟ ʜʚʫʭ ʧʨʝʜʤʝʪʦʚ. ʅʘʧʨʠʤʝʨ, ʧʨʠ ʨʝʰʝʥʠʠ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʟʘʜʘʯ, ʩʚʷʟʘʥʥʳʭ ʩ ʧʨʦʝʢʮʠʷʤʠ, ʫʯʘʱʠʝʩʷ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʟʥʘʥʠʷ ʧʦ ʪʝʤʝ 

çʆʧʨʝʜʝʣʝʥʠʝ ʢʦʦʨʜʠʥʘʪʳ ʜʚʠʞʫʱʝʛʦʩʷ ʪʝʣʘè ʠʟ ʢʫʨʩʘ ʬʠʟʠʢʠ. ʋʯʠʪʝʣʴ ʤʦʞʝʪ ʚʥʘʯʘʣʝ 

ʥʘʧʦʤʥʠʪʴ ʤʘʪʝʨʠʘʣ ʫʯʝʙʥʦʛʦ ʧʨʝʜʤʝʪʘ çʌʠʟʠʢʘè, ʧʨʝʜʣʦʞʠʪʴ ʨʝʰʠʪʴ ʫʞʝ ʟʥʘʢʦʤʳʝ 

ʫʯʘʱʠʤʩʷ ʟʘʜʘʯʠ, ʘ ʟʘʪʝʤ ʧʝʨʝʡʪʠ ʢ ʟʘʜʘʯʘʤ ʧʦ ʛʝʦʤʝʪʨʠʠ.  

ʆʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʷʨʢʠʭ ʦʙʣʘʩʪʝʡ, ʛʜʝ ʧʨʦʷʚʣʷʶʪʩʷ ʩʚʷʟʠ ʤʘʪʝʤʘʪʠʢʠ ʠ ʬʠʟʠʢʠ, 

ʷʚʣʷʝʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʬʠʟʠʢʘ. ʕʪʘ ʥʘʫʢʘ ʠʟʫʯʘʝʪ ʤʝʪʦʜʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʠ ʠʭ 

ʧʨʠʤʝʥʝʥʠʝ ʢ ʬʠʟʠʯʝʩʢʠʤ ʟʘʜʘʯʘʤ. ʆʥʘ ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʦʧʠʩʳʚʘʪʴ ʬʠʟʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ 

ʩ ʧʦʤʦʱʴʶ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʚʳʨʘʞʝʥʠʡ, ʥʦ ʠ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʥʦʚʳʝ ʬʠʟʠʯʝʩʢʠʝ ʪʝʦʨʠʠ ʥʘ 

ʦʩʥʦʚʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ. 

ʇʨʠʤʝʨʦʤ ʪʘʢʦʡ ʚʟʘʠʤʦʩʚʷʟʠ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʪʝʦʨʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ, ʨʘʟʨʘʙʦʪʘʥʥʘʷ 

ɸʣʴʙʝʨʪʦʤ ʕʡʥʰʪʝʡʥʦʤ. ɺ ʦʩʥʦʚʝ ʵʪʦʡ ʪʝʦʨʠʠ ʣʝʞʘʪ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʧʨʠʥʮʠʧʳ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʛʝʦʤʝʪʨʠʠ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʦʧʠʩʳʚʘʪʴ ʧʨʦʩʪʨʘʥʩʪʚʦ ʠ ʚʨʝʤʷ ʢʘʢ 

ʝʜʠʥʦʝ ʮʝʣʦʝ. ɹʝʟ ʛʣʫʙʦʢʦʛʦ ʧʦʥʠʤʘʥʠʷ ʤʘʪʝʤʘʪʠʢʠ ʥʝʚʦʟʤʦʞʥʦ ʙʳʣʦ ʙʳ ʨʘʟʨʘʙʦʪʘʪʴ ʪʘʢʫʶ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʫʶ ʪʝʦʨʠʶ, ʢʦʪʦʨʘʷ ʠʟʤʝʥʠʣʘ ʥʘʰʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʧʨʠʨʦʜʝ. 

ɼʨʫʛʠʤ ʚʘʞʥʳʤ ʘʩʧʝʢʪʦʤ ʤʝʞʧʨʝʜʤʝʪʥʳʭ ʩʚʷʟʝʡ ʤʘʪʝʤʘʪʠʢʠ ʠ ʬʠʟʠʢʠ ʷʚʣʷʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʜʣʷ ʨʝʰʝʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʟʘʜʘʯ. ʅʘʧʨʠʤʝʨ, ʚ 

ʢʚʘʥʪʦʚʦʡ ʤʝʭʘʥʠʢʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ, ʪʘʢʠʝ ʢʘʢ ʣʠʥʝʡʥʘʷ 

ʘʣʛʝʙʨʘ ʠ ʪʝʦʨʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ, ʜʣʷ ʦʧʠʩʘʥʠʷ ʧʦʚʝʜʝʥʠʷ ʤʠʢʨʦʯʘʩʪʠʮ. ʀ ʪʦʣʴʢʦ ʙʣʘʛʦʜʘʨʷ 



ʵʪʠʤ ʤʝʪʦʜʘʤ ʤʦʞʥʦ ʧʨʝʜʩʢʘʟʳʚʘʪʴ ʨʝʟʫʣʴʪʘʪʳ ʬʠʟʠʯʝʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠ ʨʘʟʨʘʙʘʪʳʚʘʪʴ 

ʥʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ. 

ʅʝʢʦʪʦʨʳʝ ʠʟ ʦʩʥʦʚʥʳʭ ʤʝʞʧʨʝʜʤʝʪʥʳʭ ʩʚʷʟʝʡ ʤʝʞʜʫ ʤʘʪʝʤʘʪʠʢʦʡ ʠ ʬʠʟʠʢʦʡ 

ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ [3]: 

1. ʄʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʚ ʬʠʟʠʢʝ: ʬʠʟʠʯʝʩʢʠʝ ʷʚʣʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʦʧʠʩʘʥʳ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ ʠ ʤʦʜʝʣʝʡ. ʅʘʧʨʠʤʝʨ, ʟʘʢʦʥʳ ʅʴʶʪʦʥʘ ʦ 

ʜʚʠʞʝʥʠʠ ʪʝʣ ʦʩʥʦʚʘʥʳ ʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʧʨʠʥʮʠʧʘʭ. 

2. ʄʘʪʝʤʘʪʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ ʜʣʷ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ: ʚ ʬʠʟʠʢʝ ʯʘʩʪʦ ʪʨʝʙʫʝʪʩʷ ʦʙʨʘʙʦʪʢʘ ʠ 

ʘʥʘʣʠʟ ʙʦʣʴʰʠʭ ʦʙʲʝʤʦʚ ʜʘʥʥʳʭ, ʯʪʦ ʜʝʣʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʦʚ ʠ ʠʥʩʪʨʫʤʝʥʪʦʚ 

ʤʘʪʝʤʘʪʠʢʠ, ʪʘʢʠʭ ʢʘʢ ʩʪʘʪʠʩʪʠʢʘ ʠ ʚʝʨʦʷʪʥʦʩʪʴ. 

3. ʊʝʦʨʠʷ ʚʝʨʦʷʪʥʦʩʪʠ ʠ ʩʪʘʪʠʩʪʠʢʘ ʚ ʬʠʟʠʢʝ: ʤʥʦʛʠʝ ʬʠʟʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʤʦʛʫʪ ʙʳʪʴ 

ʦʧʠʩʘʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʝʨʦʷʪʥʦʩʪʥʳʭ ʤʦʜʝʣʝʡ ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ. ʅʘʧʨʠʤʝʨ, 

ʢʚʘʥʪʦʚʘʷ ʤʝʭʘʥʠʢʘ ʠʩʧʦʣʴʟʫʝʪ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʪʝʦʨʠʶ ʚʝʨʦʷʪʥʦʩʪʠ ʜʣʷ ʦʧʠʩʘʥʠʷ ʧʦʚʝʜʝʥʠʷ 

ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʯʘʩʪʠʮ. 

4. ʄʘʪʝʤʘʪʠʢʘ ʢʘʢ ʷʟʳʢ ʬʠʟʠʢʠ: ʤʘʪʝʤʘʪʠʢʘ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʷʟʳʢʘ, ʥʘ 

ʢʦʪʦʨʦʤ ʬʦʨʤʫʣʠʨʫʶʪʩʷ ʬʠʟʠʯʝʩʢʠʝ ʟʘʢʦʥʳ ʠ ʪʝʦʨʠʠ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʙʦʣʝʝ ʪʦʯʥʦ ʠ ʪʦʯʥʦ 

ʦʧʠʩʳʚʘʪʴ ʬʠʟʠʯʝʩʢʠʝ ʷʚʣʝʥʠʷ ʠ ʜʝʣʘʪʴ ʪʦʯʥʳʝ ʧʨʦʛʥʦʟʳ. 

5. ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʠ ʪʦʧʦʣʦʛʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʚ ʬʠʟʠʢʝ: ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʠ 

ʪʦʧʦʣʦʛʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʤʘʪʝʤʘʪʠʢʠ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʬʠʟʠʢʝ ʜʣʷ ʘʥʘʣʠʟʘ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʠ ʪʦʧʦʣʦʛʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ, ʪʘʢʠʭ ʢʘʢ ʧʦʣʷ ʠ ʤʥʦʛʦʦʙʨʘʟʠʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʘʣʠʟʘʮʠʷ ʤʝʞʧʨʝʜʤʝʪʥʳʭ ʩʚʷʟʝʡ ʤʘʪʝʤʘʪʠʢʠ ʠ ʬʠʟʠʢʠ ʠʛʨʘʝʪ 

ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʧʦʥʠʤʘʥʠʠ ʠ ʨʘʟʚʠʪʠʠ ʥʘʫʢʠ. ʆʙʝ ʵʪʠ ʥʘʫʢʠ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʜʨʫʛ ʩ ʜʨʫʛʦʤ, 

ʦʙʦʛʘʱʘʷ ʠ ʜʦʧʦʣʥʷʷ ʩʚʦʠ ʟʥʘʥʠʷ ʠ ʤʝʪʦʜʳ. ʀ ʪʦʣʴʢʦ ʩʦʚʤʝʩʪʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʠ ʬʠʟʠʯʝʩʢʠʭ ʟʥʘʥʠʡ ʧʦʟʚʦʣʷʝʪ ʥʘʤ ʰʘʛʥʫʪʴ ʚʧʝʨʝʜ ʠ ʦʪʢʨʳʚʘʪʴ ʥʦʚʳʝ 

ʛʦʨʠʟʦʥʪʳ ʟʥʘʥʠʡ ʦ ʤʠʨʝ ʚʦʢʨʫʛ ʥʘʩ. 
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ʄɽʈʓ ʎɽʅʊʈɸʃʔʅʆʁ ʊɽʅɼɽʅʎʀʀ 

ɼʤʠʪʨʠʝʚʘ ʇ.ɺ., ɻʘʣʷʤʦʚʘ ɿ.ʀ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʌʠʣʠʤʦʥʦʚʘ ʊ.ʂ. 

ʌɻɹʆʋ ɺʆ çʂʘʟʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè, ʂʘʟʘʥʴ 

 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩʨʝʜʥʠʝ ʚʝʣʠʯʠʥʳ ʠ ʠʭ ʢʘʪʝʛʦʨʠʠ, ʧʨʠʚʦʜʷʪʩʷ ʬʦʨʤʫʣʳ ʜʣʷ 

ʠʟʤʝʨʝʥʠʷ ʮʝʥʪʨʘʣʴʥʦʡ ʪʝʥʜʝʥʮʠʠ, ʢʦʪʦʨʳʝ ʚ ʜʘʣʴʥʝʡʰʝʤ ʠʩʧʦʣʴʟʫʶʪʩʷ ʥʘ ʧʨʘʢʪʠʢʝ ʚ 

ʢʦʥʢʨʝʪʥʳʭ ʧʨʠʤʝʨʘʭ ʩ ʮʝʣʴʶ ʟʘʢʨʝʧʣʝʥʠʷ ʤʘʪʝʨʠʘʣʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʮʝʥʪʨʘʣʴʥʳʝ ʪʝʥʜʝʥʮʠʠ, ʤʝʨʘ ʮʝʥʪʨʘʣʴʥʦʡ ʪʝʥʜʝʥʮʠʠ, ʤʝʜʠʘʥʘ, ʤʦʜʘ, 

ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ, ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʚʝʣʠʯʠʥʳ, ʩʪʝʧʝʥʥʳʝ ʩʨʝʜʥʠʝ, ʩʪʨʫʢʪʫʨʥʳʝ ʩʨʝʜʥʠʝ. 

 

ʄʝʨʘ ʮʝʥʪʨʘʣʴʥʦʡ ʪʝʥʜʝʥʮʠʠ ʚ ʩʪʘʪʠʩʪʠʢʝ - ʵʪʦ ʯʠʩʣʦʚʳʝ ʧʦʢʘʟʘʪʝʣʠ, ʠʩʧʦʣʴʟʫʝʤʳʝ 

ʜʣʷ ʦʧʠʩʘʥʠʷ ʦʩʥʦʚʥʦʛʦ "ʮʝʥʪʨʘ" ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʘʥʥʳʭ. ʆʥʠ ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʥʘʤ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʪʠʧʠʯʥʳʭ ʠʣʠ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʷʭ ʚ ʥʘʙʦʨʝ ʜʘʥʥʳʭ ʠ ʧʦʤʦʛʘʶʪ ʩʞʘʪʴ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʥʘʙʦʨʝ ʜʘʥʥʳʭ ʚ ʦʜʥʦ ʯʠʩʣʦ ʠʣʠ ʥʝʩʢʦʣʴʢʦ ʯʠʩʝʣ, ʯʪʦ ʦʙʣʝʛʯʘʝʪ ʩʨʘʚʥʝʥʠʝ 

ʨʘʟʣʠʯʥʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʜʘʥʥʳʭ ʠ ʜʝʣʘʝʪ ʠʭ ʙʦʣʝʝ ʧʦʥʷʪʥʳʤʠ.  

ʉʫʱʝʩʪʚʫʶʪ 2 ʢʘʪʝʛʦʨʠʠ ʩʨʝʜʥʠʭ ʚʝʣʠʯʠʥ: ʩʪʝʧʝʥʥʳʝ ʩʨʝʜʥʠʝ ʠ ʩʪʨʫʢʪʫʨʥʳʝ ʩʨʝʜʥʠʝ. 

ʈʘʩʩʤʦʪʨʠʤ ʢʘʞʜʦʝ ʧʦʥʷʪʠʝ ʧʦ ʦʪʜʝʣʴʥʦʩʪʠ. 

ʉʪʝʧʝʥʥʳʤʠ ʩʨʝʜʥʠʤʠ ʧʨʠʥʷʪʦ ʩʯʠʪʘʪʴ ʩʨʝʜʥʶʶ ʛʘʨʤʦʥʠʯʝʩʢʫʶ, ʩʨʝʜʥʶʶ 

ʘʨʠʬʤʝʪʠʯʝʩʢʫʶ ʠ ʩʨʝʜʥʶʶ ʢʚʘʜʨʘʪʠʯʝʩʢʫʶ. 

ʉʨʝʜʥʝʝ ʛʘʨʤʦʥʠʯʝʩʢʦʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʨʝʞʝ ʦʩʪʘʣʴʥʳʭ ʠ ʚʳʯʠʩʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ: ʩʥʘʯʘʣʘ ʙʝʨʫʪʩʷ ʦʙʨʘʪʥʳʝ ʟʥʘʯʝʥʠʷ ʢʘʞʜʦʛʦ ʯʠʩʣʘ ʚ ʥʘʙʦʨʝ ʜʘʥʥʳʭ, ʟʘʪʝʤ 

ʚʳʯʠʩʣʷʝʪʩʷ ʩʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʠʟ ʵʪʠʭ ʦʙʨʘʪʥʳʭ ʟʥʘʯʝʥʠʡ, ʠ ʚ ʢʦʥʮʝ ʧʦʣʫʯʝʥʥʦʝ 

ʟʥʘʯʝʥʠʝ ʩʥʦʚʘ ʙʝʨʝʪʩʷ ʦʙʨʘʪʥʳʤ. 

ʄʘʪʝʤʘʪʠʯʝʩʢʠ ʵʪʦ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 
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ʉʨʝʜʥʝʝ ʛʘʨʤʦʥʠʯʝʩʢʦʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʬʠʥʘʥʩʦʚʦʤ ʘʥʘʣʠʟʝ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ 

ʩʨʝʜʥʝʡ ʩʪʘʚʢʠ ʜʦʭʦʜʥʦʩʪʠ ʠʣʠ ʜʣʷ ʦʮʝʥʢʠ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʧʨʦʮʝʥʪʥʳʭ ʚʝʣʠʯʠʥ. 

ʆʥʦ ʪʘʢʞʝ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʝʟʥʳʤ ʧʨʠ ʨʘʙʦʪʝ ʩ ʦʪʥʦʰʝʥʠʷʤʠ ʠ ʧʨʦʧʦʨʮʠʷʤʠ. 

ʉʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ð ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʨʝʜʥʶʶ ʚʝʣʠʯʠʥʫ ʥʘʙʦʨʘ ʜʘʥʥʳʭ. 

ʕʪʦ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʘʷ ʤʝʨʘ ʮʝʥʪʨʘʣʴʥʦʡ ʪʝʥʜʝʥʮʠʠ. ʉʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ 

ʚʳʯʠʩʣʷʝʪʩʷ ʧʫʪʝʤ ʩʫʤʤʠʨʦʚʘʥʠʷ ʚʩʝʭ ʟʥʘʯʝʥʠʡ ʚ ʥʘʙʦʨʝ ʜʘʥʥʳʭ ʠ ʜʝʣʝʥʠʷ ʩʫʤʤʳ ʥʘ 

ʢʦʣʠʯʝʩʪʚʦ ʟʥʘʯʝʥʠʡ.  

ʌʦʨʤʫʣʘ ʩʨʝʜʥʝʛʦ ʘʨʠʬʤʝʪʠʯʝʩʢʦʛʦ: 

ὼӶ
В ὼ

ὲ
 

ʉʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʩʪʘʪʠʩʪʠʢʝ, ʵʢʦʥʦʤʠʢʝ, ʬʠʟʠʢʝ ʠ 

ʜʨʫʛʠʭ ʦʙʣʘʩʪʷʭ ʜʣʷ ʦʮʝʥʢʠ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ. ʆʥʦ ʧʦʟʚʦʣʷʝʪ ʫʯʝʩʪʴ ʚʩʝ ʟʥʘʯʝʥʠʷ ʚ ʥʘʙʦʨʝ ʠ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʙʱʫʶ ʮʝʥʪʨʘʣʴʥʫʶ ʪʝʥʜʝʥʮʠʶ ʜʘʥʥʳʭ. 

ʍʦʪʷ ʩʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʤʝʨ ʮʝʥʪʨʘʣʴʥʦʡ 

ʪʝʥʜʝʥʮʠʠ, ʠʥʦʛʜʘ (ʥʘ ʩʘʤʦʤ ʜʝʣʝ ʦʯʝʥʴ ʯʘʩʪʦ) ʦʥʦ ʥʘʦʙʦʨʦʪ ʤʦʞʝʪ ʚʚʝʩʪʠ ʚʘʩ ʚ ʟʘʙʣʫʞʜʝʥʠʝ. 

ɼʘʥʥʳʝ ʠʟ ʨʝʘʣʴʥʦʛʦ ʤʠʨʘ ʥʝ ʚʩʝʛʜʘ ʠʤʝʶʪ ʥʦʨʤʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ. ɺ ʧʦʜʘʚʣʷʶʱʝʤ 

ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʝʩʪʴ ʚʝʨʦʷʪʥʦʩʪʴ, ʯʪʦ ʚʘʰʠ ʜʘʥʥʳʝ ʘʩʩʠʤʝʪʨʠʯʥʳ. 



ɸʩʩʠʤʝʪʨʠʯʥʳʝ ʜʘʥʥʳʝ - ʵʪʦ ʜʘʥʥʳʝ, ʚ ʢʦʪʦʨʳʭ ʥʝʩʢʦʣʴʢʦ ʵʣʝʤʝʥʪʦʚ ʫ ʚʝʨʭʥʝʛʦ ʠʣʠ 

ʥʠʞʥʝʛʦ ʧʨʝʜʝʣʦʚ ʠʤʝʶʪ ʟʘʤʝʪʥʦ ʦʪʣʠʯʘʶʱʠʡʩʷ ʧʘʪʪʝʨʥ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʩʪʘʣʴʥʦʡ ʯʘʩʪʴʶ 

ʥʘʙʦʨʘ ʜʘʥʥʳʭ 

ʉʨʝʜʥʷʷ ʢʚʘʜʨʘʪʠʯʝʩʢʘʷ (ʠʣʠ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʝ) - ɻ ʪʦ ʜʨʫʛʘʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʘʷ ʤʝʨʘ, 

ʠʩʧʦʣʴʟʫʝʤʘʷ ʜʣʷ ʦʮʝʥʢʠ ʨʘʟʙʨʦʩʘ ʟʥʘʯʝʥʠʡ ʚ ʥʘʙʦʨʝ ʜʘʥʥʳʭ. ʆʥʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʢʚʘʜʨʘʪʥʳʡ ʢʦʨʝʥʴ ʠʟ ʩʨʝʜʥʝʛʦ ʢʚʘʜʨʘʪʘ ʦʪʢʣʦʥʝʥʠʡ ʢʘʞʜʦʛʦ ʟʥʘʯʝʥʠʷ ʦʪ ʩʨʝʜʥʝʛʦ 

ʘʨʠʬʤʝʪʠʯʝʩʢʦʛʦ. 

ɽʝ ʬʦʨʤʫʣʘ: 

ὼӶ
Вὼ

ὲ
 

ʉʨʝʜʥʷʷ ʢʚʘʜʨʘʪʠʯʝʩʢʘʷ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʬʠʟʠʢʝ, ʠʥʞʝʥʝʨʠʠ, ʩʪʘʪʠʩʪʠʢʝ ʠ ʜʨʫʛʠʭ 

ʦʙʣʘʩʪʷʭ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʨʘʟʙʨʦʩʘ ʜʘʥʥʳʭ ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʭ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ. ʆʥʘ ʧʦʤʦʛʘʝʪ 

ʫʯʝʩʪʴ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʟʥʘʯʝʥʠʷʤʠ ʠ ʧʦʢʘʟʳʚʘʝʪ, ʥʘʩʢʦʣʴʢʦ ʜʘʣʝʢʦ ʟʥʘʯʝʥʠʷ ʦʪʢʣʦʥʷʶʪʩʷ ʦʪ 

ʩʨʝʜʥʝʛʦ. 

ʉʨʝʜʥʷʷ ʢʚʘʜʨʘʪʠʯʝʩʢʘʷ ʪʘʢʞʝ ʠʟʚʝʩʪʥʘ ʢʘʢ ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ. ɹʦʣʴʰʦʝ 

ʟʥʘʯʝʥʠʝ ʩʪʘʥʜʘʨʪʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ʫʢʘʟʳʚʘʝʪ ʥʘ ʙʦʣʴʰʦʡ ʨʘʟʙʨʦʩ ʟʥʘʯʝʥʠʡ ʚ ʥʘʙʦʨʝ ʜʘʥʥʳʭ, 

ʘ ʤʘʣʝʥʴʢʦʝ ʟʥʘʯʝʥʠʝ ð ʥʘ ʙʦʣʝʝ ʢʦʤʧʘʢʪʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʦʢʨʫʛ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ. 

ʇʝʨʝʡʜʝʤ ʢ ʩʪʨʫʢʪʫʨʥʳʤ ʩʨʝʜʥʠʤ. ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ ʤʦʜʘ ʠ ʤʝʜʠʘʥʘ. ʕʪʦ ʢʦʥʢʨʝʪʥʳʝ 

ʟʥʘʯʝʥʠʷ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʘʣʴʪʝʨʥʘʪʠʚʥʳʤʠ ʤʝʨʘʤʠ ʮʝʥʪʨʘʣʴʥʦʡ ʪʝʥʜʝʥʮʠʠ, 

ʠʩʧʦʣʴʟʫʝʤʳʤʠ ʜʣʷ ʦʧʠʩʘʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʘʥʥʳʭ. 

ʄʦʜʘ ð ʵʪʦ ʟʥʘʯʝʥʠʝ ʠʣʠ ʟʥʘʯʝʥʠʷ, ʢʦʪʦʨʳʝ ʚʩʪʨʝʯʘʶʪʩʷ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʚ ʥʘʙʦʨʝ 

ʜʘʥʥʳʭ. ʄʦʜʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʘʤʦʝ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʱʝʝʩʷ ʟʥʘʯʝʥʠʝ ʚ ʥʘʙʦʨʝ ʜʘʥʥʳʭ. 

ʅʘʙʦʨ ʜʘʥʥʳʭ ʤʦʞʝʪ ʠʤʝʪʴ ʦʜʥʫ ʤʦʜʫ, ʥʘʟʳʚʘʝʤʫʶ ʫʥʠʤʦʜʘʣʴʥʳʤ, ʠʣʠ ʥʝʩʢʦʣʴʢʦ ʤʦʜ, ʚ ʵʪʦʤ 

ʩʣʫʯʘʝ ʜʘʥʥʳʝ ʩʯʠʪʘʶʪʩʷ ʤʫʣʴʪʠʤʦʜʘʣʴʥʳʤʠ. 

ʄʦʜʫ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʠʟʫʯʝʥʠʷ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʱʠʭʩʷ ʟʥʘʯʝʥʠʡ ʢʘʢ 

ʯʠʩʣʦʚʳʭ, ʪʘʢ ʠ ʢʘʪʝʛʦʨʠʘʣʴʥʳʭ ʜʘʥʥʳʭ. 

ʌʦʨʤʫʣʘ ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ ʤʦʜʳ: 

ὓ ὼ Ὤ
Ὢ Ὢ

Ὢ Ὢ Ὢ Ὢ
 

 

ʄʝʜʠʘʥʘ - ʵʪʦ ʟʥʘʯʝʥʠʝ, ʢʦʪʦʨʦʝ ʥʘʭʦʜʠʪʩʷ ʧʦʩʝʨʝʜʠʥʝ ʫʧʦʨʷʜʦʯʝʥʥʦʛʦ ʧʦ 

ʚʦʟʨʘʩʪʘʥʠʶ ʠʣʠ ʫʙʳʚʘʥʠʶ ʥʘʙʦʨʘ ʜʘʥʥʳʭ. ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʝʩʣʠ ʫ ʚʘʩ ʝʩʪʴ 10 ʟʥʘʯʝʥʠʡ, 

ʤʝʜʠʘʥʘ ʙʫʜʝʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʩʦʙʦʡ 5-ʝ ʟʥʘʯʝʥʠʝ ʧʦʩʣʝ ʠʭ ʫʧʦʨʷʜʦʯʠʚʘʥʠʷ. ɽʩʣʠ ʢʦʣʠʯʝʩʪʚʦ 

ʟʥʘʯʝʥʠʡ ʯʝʪʥʦʝ, ʪʦ ʤʝʜʠʘʥʦʡ ʙʫʜʝʪ ʩʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʜʚʫʭ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ. 

ɽʩʣʠ ʥʘʙʦʨ ʜʘʥʥʳʭ ʘʩʠʤʤʝʪʨʠʯʝʥ ʠʣʠ ʩʦʜʝʨʞʠʪ ʚʳʙʨʦʩʳ, ʩʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ð 

ʥʝ ʦʧʪʠʤʘʣʴʥʳʡ ʤʝʪʦʜ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʜʘʥʥʳʭ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʚ ʢʘʯʝʩʪʚʝ ʤʝʨʳ ʮʝʥʪʨʘʣʴʥʦʡ 

ʪʝʥʜʝʥʮʠʠ ʤʦʞʥʦ ʧʨʠʤʝʥʠʪʴ ʤʝʜʠʘʥʫ. ɺʳʙʨʦʩʳ ʥʝ ʚʣʠʷʶʪ ʥʘ ʤʝʜʠʘʥʫ. ʇʦʩʢʦʣʴʢʫ ʪʝʨʤʠʥ 

"ʚʳʙʨʦʩʳ" ʦʟʥʘʯʘʝʪ, ʯʪʦ ʦʥʠ ʥʘʭʦʜʷʪʩʷ ʟʘ ʧʨʝʜʝʣʘʤʠ ʦʙʳʯʥʦʛʦ ʜʠʘʧʘʟʦʥʘ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ 

ʤʝʜʠʘʥʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ, ʥʝ ʧʦʜʚʝʨʞʝʥʥʦʝ ʚʣʠʷʥʠʶ ʚʳʙʨʦʩʦʚ. 

ʌʦʨʤʫʣʘ ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ ʤʝʜʠʘʥʳ: 

ὔ
ὲ ρ

ς
 

ɽʩʣʠ ʢʘʢ ʩʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ, ʪʘʢ ʠ ʤʝʜʠʘʥʘ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʥʘʙʦʨʘ ʜʘʥʥʳʭ ʥʝ 

ʩʣʠʰʢʦʤ ʨʘʟʣʠʯʘʶʪʩʷ, ʪʦ ʦʙʝ ʵʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ. ɺ ʜʘʥʥʳʡ ʤʦʤʝʥʪ 

ʨʘʩʯʝʪ ʩʨʝʜʥʝʛʦ ʘʨʠʬʤʝʪʠʯʝʩʢʦʛʦ ʧʨʝʜʧʦʣʘʛʘʝʪ ʫʯʝʪ ʚʩʝʭ ʵʣʝʤʝʥʪʦʚ ʜʘʥʥʳʭ ʠ ʠʭ ʫʩʨʝʜʥʝʥʠʝ. 



ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʩʯʠʪʘʝʪʩʷ ʙʦʣʝʝ ʪʦʯʥʦʡ ʤʝʨʦʡ (ʚ ʩʣʫʯʘʝ ʥʝʙʦʣʴʰʦʛʦ 

ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʤʝʜʠʘʥʳ). 

ʊʝʧʝʨʴ, ʨʘʟʦʙʨʘʚʰʠʩʴ ʚ ʪʝʨʤʠʥʘʭ, ʤʦʞʥʦ ʧʨʠʩʪʫʧʘʪʴ ʢ ʧʨʘʢʪʠʢʝ. ʇʨʝʜʩʪʘʚʠʤ, ʯʪʦ ʫ ʥʘʩ 

ʝʩʪʴ ʩʣʝʜʫʶʱʠʡ ʥʘʙʦʨ ʜʘʥʥʳʭ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʦʮʝʥʢʠ ʩʪʫʜʝʥʪʦʚ ʧʦ ʬʠʟʠʢʝ: 7, 5, 8, 9, 7, 6, 

8, 7. 

ʊʝʧʝʨʴ ʥʘʡʜʝʤ ʤʦʜʫ, ʤʝʜʠʘʥʫ ʠ ʩʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʜʣʷ ʵʪʦʛʦ ʥʘʙʦʨʘ ʜʘʥʥʳʭ. 

ʈʝʰʝʥʠʝ: 

1. ʄʦʜʘ. ɺ ʥʘʰʝʤ ʥʘʙʦʨʝ ʜʘʥʥʳʭ ʯʠʩʣʦ 7 ʧʦʚʪʦʨʷʝʪʩʷ ʥʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʟ (ʪʨʠ 

ʨʘʟʘ), ʧʦʵʪʦʤʫ ʤʦʜʘ ʨʘʚʥʘ 7. 

2. ʄʝʜʠʘʥʘ. ʋʧʦʨʷʜʦʯʠʤ ʜʘʥʥʳʝ ʧʦ ʚʦʟʨʘʩʪʘʥʠʶ: 5, 6, 7, 7, 7, 8, 8, 9. 

ʊʘʢ ʢʘʢ ʫ ʥʘʩ ʯʝʪʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʯʠʩʝʣ (ʚʦʩʝʤʴ), ʤʝʜʠʘʥʘ ʙʫʜʝʪ ʨʘʚʥʘ ʩʨʝʜʥʝʤʫ 

ʘʨʠʬʤʝʪʠʯʝʩʢʦʤʫ ʜʚʫʭ ʯʠʩʝʣ ʚ ʩʝʨʝʜʠʥʝ ʥʘʙʦʨʘ ʜʘʥʥʳʭ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʵʪʦ (7 + 7) / 2 = 7. 

3. ʉʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ. ʉʫʤʤʘ ʚʩʝʭ ʟʥʘʯʝʥʠʡ ʨʘʚʥʘ 7 + 5 + 8 + 9 + 7 + 6 + 8 + 7 = 57. 

ʂʦʣʠʯʝʩʪʚʦ ʟʥʘʯʝʥʠʡ ʨʘʚʥʦ 8. 

ʉʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʨʘʚʥʦ 57 / 8 = 7.125. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʜʘ ʨʘʚʥʘ 7, ʤʝʜʠʘʥʘ ʨʘʚʥʘ 7 ʠ ʩʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʨʘʚʥʦ 7.125 

ʜʣʷ ʜʘʥʥʦʛʦ ʥʘʙʦʨʘ ʜʘʥʥʳʭ. 

ɺʳʚʦʜ: ʄʝʨʳ ʮʝʥʪʨʘʣʴʥʦʡ ʪʝʥʜʝʥʮʠʠ ʷʚʣʷʶʪʩʷ ʦʯʝʥʴ ʚʦʩʪʨʝʙʦʚʘʥʥʳʤʠ ʚ ʩʪʘʪʠʩʪʠʢʝ, 

ʘ ʪʘʢʞʝ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ, ʪʘʢʠʭ ʢʘʢ ʵʢʦʥʦʤʠʢʘ, ʩʦʮʠʦʣʦʛʠʷ, ʤʝʜʠʮʠʥʘ ʠ ʜʨʫʛʠʝ, ʛʜʝ 

ʥʝʦʙʭʦʜʠʤʦ ʧʦʥʷʪʴ ʪʠʧʠʯʥʳʝ ʟʥʘʯʝʥʠʷ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʙʦʨʦʚ ʜʘʥʥʳʭ. 
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ʋɼʂ 553.04 

ʅɽʌʊʔ ʀ ɻɸɿ ʅʂ çʈʆʉʅɽʌʊʔè. ɸʆ çʊʖʄɽʅʅɽʌʊɽɻɸɿè 

ʉʦʣʦʜʦʚʥʠʢʦʚ ɸ.ʖ. 

ʊʶʤʝʥʩʢʦʝ ʦʪʜʝʣʝʥʠʝ çʉʫʨʛʫʪʅʀʇʀʥʝʬʪʴ 

 

ɼʦʙʳʯʫ ʫʛʣʝʚʦʜʦʨʦʜʦʚ (ʥʝʬʪʴ, ʛʘʟ) ʙʦʣʴʰʠʥʩʪʚʫ ʢʨʫʧʥʳʭ ʥʝʬʪʷʥʳʭ ʢʦʤʧʘʥʠʡ ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʥʝʙʦʣʴʰʠʝ ʧʨʝʜʧʨʠʷʪʠʷ, ʠʤʝʶʱʠʝ ʥʘ ʙʘʣʘʥʩʝ, ʢʘʢ ʧʨʘʚʠʣʦ, ʦʜʥʦ ʠʣʠ ʥʝʩʢʦʣʴʢʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ. ʆʙʲʸʤʳ ʜʦʙʳʯʘ ʤʦʛʫʪ ʦʛʨʘʥʠʯʠʚʘʪʴʩʷ ʧʦ ʥʝʬʪʠ ʢʘʢ ʪʳʩʷʯʘʤʠ, ʪʘʢ ʠ 

ʤʠʣʣʠʦʥʘʤʠ ʪʦʥʥ, ʧʦ ʛʘʟʫ ï ʤʠʣʣʠʦʥʘʤʠ ʠ ʤʠʣʣʠʘʨʜʘʤʠ ʤʝʪʨʦʚ ʢʫʙʠʯʝʩʢʠʭ. ʂ ʯʠʩʣʫ ʪʘʢʠʭ 

ʧʨʝʜʧʨʠʷʪʠʡ ʦʪʥʦʩʠʪʩʷ ɸʆ çʊʶʤʝʥʥʝʬʪʝʛʘʟè, ʜʝʷʪʝʣʴʥʦʩʪʠ ʢʦʪʦʨʦʛʦ ʠ ʧʦʩʚʷʱʝʥʘ ʜʘʥʥʘʷ 

ʩʪʘʪʴʷ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ɸʢʮʠʦʥʝʨʥʦʝ ʦʙʱʝʩʪʚʦ, ʤʝʩʪʦʨʦʞʜʝʥʠʝ, ʥʝʬʪʴ, ʛʘʟ, ʜʦʙʳʯʘ, ʦʙʲʸʤʳ. 

 

ɸʆ çʊʶʤʝʥʥʝʬʪʝʛʘʟè ʦʙʨʘʟʦʚʘʥʦ ʚ 1991 ʛ., ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ ʚ ʛ. ʊʶʤʝʥʠ 

(ʦʬʠʮʠʘʣʴʥʳʤ ʜʥʸʤ ʨʦʞʜʝʥʠʷ ʧʨʝʜʧʨʠʷʪʠʷ ʷʚʣʷʝʪʩʷ 1963 ʛ, ʢʦʛʜʘ ʨʘʩʧʦʨʷʞʝʥʠʝʤ ʉʨʝʜʥʝ-

ʋʨʘʣʴʩʢʦʛʦ ʩʦʚʥʘʨʭʦʟʘ ʙʳʣʦ ʩʦʟʜʘʥʦ ʦʙʲʝʜʠʥʝʥʠʝ çʊʶʤʝʥʥʝʬʪʝʛʘʟè). ɺ ʥʦʚʦʤ ʬʦʨʤʘʪʝ 

ʧʨʝʜʧʨʠʷʪʠʝ ʩʦʟʜʘʚʘʣʦʩʴ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʋʚʘʪʩʢʦʛʦ ʨʘʡʦʥʘ. ɺʧʦʩʣʝʜʩʪʚʠʠ ʥʘ 

ʝʛʦ ʙʘʟʝ ʙʳʣʘ ʦʨʛʘʥʠʟʦʚʘʥʘ ʊʅʂ çʋʚʘʪè, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ï ʆʆʆ çʈʅ-ʋʚʘʪʥʝʬʪʝʛʘʟè. ʇʦʜ 

ʠʤʝʥʝʤ ɸʆ çʊʶʤʝʥʥʝʬʪʝʛʘʟè ʚ ʩʦʩʪʘʚʝ ʊʅʂ-ɺʈ ʚʝʣʦ ʨʘʟʨʘʙʦʪʢʫ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʚ ʍʄɸʆ-

ʖʛʨʝ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʩʦʩʪʘʚʝ ʇɸʆ çʅʂ çʈʦʩʥʝʬʪʴè ʟʘʥʠʤʘʝʪʩʷ ʨʘʟʨʘʙʦʪʢʦʡ 

ʫʥʠʢʘʣʴʥʦʛʦ ʧʦ ʟʘʧʘʩʘʤ ʈʫʩʩʢʦʛʦ ʥʝʬʪʝʛʘʟʦʢʦʥʜʝʥʩʘʪʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʚ 

ʊʘʟʦʚʩʢʦʤ ʨʘʡʦʥʝ ʗʤʘʣʦ-ʅʝʥʝʮʢʦʛʦ ʘʚʪʦʥʦʤʥʦʛʦ ʦʢʨʫʛʘ (ʗʅɸʆ). ɿʘʧʘʩʳ ʥʝʬʪʠ ʥʘ 01.01.2021 

ʛ. ʧʦ ʢʘʪʝʛʦʨʠʷʤ ɸɺ1ʉ1 ʦʮʝʥʠʚʘʣʠʩʴ ʚ 402,2 ʤʣʥ ʪ, ɺ2ʉ2 ï 52,1 ʤʣʥ ʪ [1], ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ ʧʦ 

ʢʘʪʝʛʦʨʠʷʤ ɸɺ1ʉ1 ï 108,8 ʤʣʨʜ ʤ3, ʢʦʥʜʝʥʩʘʪʘ ï 0,2 ʤʣʥ ʪ [2]. ɺʭʦʜʠʪ ʚ ʩʧʠʩʦʢ 400 

ʢʨʫʧʥʝʡʰʠʭ ʢʦʤʧʘʥʠʡ ʋʨʘʣʘ ʠ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ ʧʦ ʦʙʲʸʤʫ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʜʫʢʮʠʠ. 

ʈʫʩʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʙʳʣʦ ʦʪʢʨʳʪʦ ʚ 1968 ʛ., ʥʦ ʠʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ ʪʝʭʥʦʣʦʛʠʡ ʧʦ 

ʠʟʚʣʝʯʝʥʠʶ ʚʳʩʦʢʦʚʷʟʢʦʡ ʥʝʬʪʠ ʢ ʝʛʦ ʨʘʟʨʘʙʦʪʢʝ ʧʨʠʩʪʫʧʠʣʠ ʣʠʰʴ ʚ ʥʘʯʘʣʝ ʍʍI ʚ. ʅʝʬʪʴ 

ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʠʤʠ ʪʦʚʘʨʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ: ʥʠʟʢʦʧʘʨʘʬʠʥʠʩʪʘʷ ʠ 

ʤʘʣʦʩʝʨʥʠʩʪʘʷ (0,32 % ï ʣʫʯʰʝ, ʯʝʤ ʫ ʥʝʬʪʠ ʩʦʨʪʘ Brent), ʩʧʦʩʦʙʥʘ ʫʣʫʯʰʘʪʴ ʢʘʯʝʩʪʚʦ 

ʚʳʩʦʢʦʩʝʨʥʠʩʪʦʡ ʥʝʬʪʠ ʧʨʠ ʩʤʝʰʠʚʘʥʠʠ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʠʟ-ʟʘ ʩʚʦʠʭ ʩʚʦʡʩʪʚ ʦʥʘ ʥʝ ʟʘʤʝʨʟʘʝʪ 

ʜʘʞʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ -26Üʉ, ʯʪʦ ʪʨʝʙʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʜʣʷ ʜʦʙʳʯʠ ʠ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ. ʇʦʣʥʦʤʘʩʰʪʘʙʥʦʝ ʨʘʟʙʫʨʠʚʘʥʠʷ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʥʘʯʘʣʦʩʴ ʚ 2015 ʛ. ʇʝʨʚʘʷ 

ʦʯʝʨʝʜʴ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʚʚʝʜʝʥʘ ʚ ʨʘʟʨʘʙʦʪʢʫ ʚ 2018 ʛ. ʇʦ ʧʣʘʥʘʤ ʧʨʝʜʧʨʠʷʪʠʷ ʥʘ ʧʠʢʝ 

ʨʘʟʨʘʙʦʪʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʜʦʙʳʯʘ ʥʝʬʪʠ ʜʦʣʞʥʘ ʧʨʝʚʳʩʠʪʴ 6 ʤʣʥ ʪ. ɿʘ 2012-2022 ʛʛ. ʥʘ 

ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʙʳʣʦ ʜʦʙʳʪʦ 8,7 ʤʣʥ ʪ ʥʝʬʪʠ, ʛʘʟʘ ʟʘ 2012-2023 ʛʛ. ï 2,2 ʤʣʨʜ ʤ3 ʛʘʟʘ. 

ʄʘʢʩʠʤʫʤ ʜʦʙʳʯʠ ʥʝʬʪʠ ʧʨʠʰʸʣʩʷ ʥʘ 2020 ʛ., ʛʘʟʘ ï 2023 ʛ., ʤʠʥʠʤʫʤ ʥʝʬʪʠ ʠ ʛʘʟʘ ï 2013 ʛ. 

(ʪʘʙʣ. 1).  

 

ɻʦʜ  ʅʝʬʪʴ ʩ ʛʘʟʦʚʳʤ ʢʦʥʜʝʥʩʘʪʦʤ, ʪʳʩ. ʪ ɻʘʟ, ʤʣʥ ʤ3 

2012 180,9 5,7 

2013 97,8 - 

2014 132,4 13,3 

2015 173,4 18,5 

2016 237,6 28,4 

2017 130,3 38,9 

2018 283,0 42,6 

2019 825,3 59,0 

2020 1 800,4 172,0 



2021 2 356,9 493,0 

2022 2 490,2 520,9 

2023 ʥ/ʜ 853,5 

2012-2021 8 702,2 2 245,8 

ʊʘʙʣʠʮʘ 1. ɼʦʙʳʯʘ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʆʆʆ çʊʶʤʝʥʥʝʬʪʝʛʘʟè ʚ 2012ï2022 ʛʛ. 

ʇʨʠʤʝʯʘʥʠʝ: ʥ/ʜ ï ʥʝʪ ʜʘʥʥʳʭ. ʇʦ ʨʘʩʧʦʨʷʞʝʥʠʶ ʧʨʘʚʠʪʝʣʴʩʪʚʘ ʈʌ ʜʘʥʥʳʝ ʧʦ ʜʦʙʳʯʝ 

ʥʝʬʪʠ ʟʘʢʨʳʪʳ ʩ 2023 ʛ. ʜʦ ʘʧʨʝʣʷ 2025 ʛ. 

ʀʩʪʦʯʥʠʢʠ: ʩʦʩʪʘʚʣʝʥʘ ʧʦ: [3]. 

 

ʈʦʩʪ ʜʦʙʳʯʠ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʙʫʨʝʥʠʝʤ ʥʦʚʳʭ ʩʢʚʘʞʠʥ ʠ ʫʚʝʣʠʯʝʥʠʝʤ 

ʬʦʥʜʘ ʜʝʡʩʪʚʫʶʱʠʭ ʩʢʚʘʞʠʥ. ɽʞʝʛʦʜʥʳʡ ʦʙʲʸʤ ʙʫʨʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʢʦʚ 

ʪʳʩʷʯ ʤʝʪʨʦʚ, ʘ ʚ ʦʪʜʝʣʴʥʳʝ ʛʦʜʳ ʜʦʩʪʠʛʘʝʪ 200 ʪʳʩ. ʤ. ʇʦʯʪʠ ʚʝʩʴ ʬʦʥʜ ʙʫʨʝʥʠʷ ʩʢʚʘʞʠʥ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʡ. ɺʚʦʜʠʪʩʷ ʚ ʩʨʝʜʥʝʤ ʦʪ 50 ʜʦ 70 ʩʢʚʘʞʠʥ. ɺ 2023 ʛ. ʙʳʣʦ ʚʚʝʜʝʥʦ 110 

ʩʢʚʘʞʠʥ. ʕʪʦ ʧʦʟʚʦʣʠʣʦ ʜʦʚʝʩʪʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʡ ʬʦʥʜ ʥʝʬʪʷʥʳʭ ʩʢʚʘʞʠʥ ʧʦʯʪʠ ʜʦ 400 ʝʜ. 

(ʪʘʙʣ. 2). 

 

ɻʦʜ  ʇʨʦʭʦʜʢʘ ʚ ʙʫʨʝʥʠʠ  ɺʚʦʜ 

ʥʦʚʳʭ 

ʥʝʬʪʷʥʳʭ 

ʩʢʚʘʞʠʥ 

ʕʢʩʧʣʫʘʪʘʮʠʦʥʥʳʡ 

ʬʦʥʜ ʥʝʬʪʷʥʳʭ 

ʩʢʚʘʞʠʥ 

ʉʢʚʘʞʠʥʳ, ʜʘʶʱʠʝ 

ʧʨʦʜʫʢʮʠʶ 

ʚʩʝʛʦ ʚ ʪʦʤ ʯʠʩʣʝ ʚ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʤ ʙʫʨʝʥʠʠ 

ʢʦʣ-ʚʦ % 

ʪʳʩ. ʤ % 

2012 0 0 0 0 20 2 10,0 

2013 0 0 0 0 20 2 10,0 

2014 27,1 26,1 96,3     

2015 1,3 1,3 100,0 1 12 12 100,0 

2016 64,5 64,5 100,0 18 37 28 75,7 

2017 92,1 88,2 95,8 53 78 3 3,8 

2018 191,9 191,9 100,0 53 147 29 19,7 

2019  202,3 202,3 100,0 78 181 88 48,6 

2020 147,3 147,3 100,0 60 224 176 78,6 

2021 70,3 70,3 100,0 127 315 284 90,1 

2022 148,5 148,5 100,0 48 347 289 83,3 

2023 297,3 297,3 100,0 110 396 341 86,1 

ʊʘʙʣʠʮʘ 2. ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʨʘʙʦʪʳ ɸʆ çʊʶʤʝʥʥʝʬʪʝʛʘʟè ʚ 2012-2023 ʛʛ. 

ʀʩʪʦʯʥʠʢ: ʩʦʩʪʘʚʣʝʥʘ ʧʦ: [3]. 

 

ɺ ʮʝʣʦʤ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ɸʆ çʊʶʤʝʥʥʝʬʪʝʛʘʟè ʢʨʫʧʥʦʝ ʧʨʝʜʧʨʠʷʪʠʝ ʚ ʩʦʩʪʘʚʝ 

ʅʂ çʈʦʩʥʝʬʪʴè. ɺ 2022 ʛ. ʝʛʦ ʜʦʣʷ ʚ ʜʦʙʳʯʫ ʥʝʬʪʠ ʠ ʛʘʟʘ ʢʦʤʧʘʥʠʠ ʚ ʤʘʩʰʪʘʙʝ ʈʦʩʩʠʷ 

ʩʦʩʪʘʚʠʣʘ 1,5 %, ʚ ʧʨʝʜʝʣʘʭ ʗʅɸʆ, ʨʘʡʦʥʝ ʝʛʦ ʜʝʷʪʝʣʴʥʦʩʪʠ, - 20,7 % ʠ 1,3 % ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʉʧʠʩʦʢ ʠʩʪʦʯʥʠʢʦʚ 

1. ʆ ʩʦʩʪʦʷʥʠʠ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʠʥʝʨʘʣʴʥʦ-ʩʳʨʴʝʚʳʭ ʨʝʩʫʨʩʦʚ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠ ʚ 2020 ʛʦʜʫ. ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʜʦʢʣʘʜ. ï ʄʦʩʢʚʘ : ʆʆʆ çʄʠʥʝʨʘʣ-ʀʥʬʦè, 2021. 

572 ʩ. ï ʊʝʢʩʪ : ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʡ. 

2. ʃʶʜʠ ʠ ʥʝʜʨʘ. ʂ 75-ʣʝʪʠʶ ʪʶʤʝʥʩʢʦʡ ʛʝʦʣʦʛʠʠ : ʚ 2 ʪ. ʊ. 2 (ʧʦʜ ʦʙʱʝʡ ʨʝʜʘʢʮʠʝʡ 

ɸ.ʄ. ɹʨʝʭʫʥʮʦʚʘ. ï ʊʶʤʝʥʴ : ʄʅʇ çɻʝʦʜʘʪʘè, 2023. ï 420 ʩ. ï ʊʝʢʩʪ : ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʡ. 

3. ʆʬʠʮʠʘʣʴʥʳʡ ʩʘʡʪ ʥʝʬʪʝʛʘʟʦʚʦʛʦ ʞʫʨʥʘʣʘ ʊʕʂ ʈʦʩʩʠʠ. ï URL: http://www.n-g-k.ru 

(ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 02.08.2023). ï ʊʝʢʩʪ : ʵʣʝʢʪʨʦʥʥʳʡ. 

  



ʋɼʂ 74.01/.09 

ʆʉʆɹɽʅʅʆʉʊʀ ʋʊɽʇʃʀʊɽʃɽʁ ʀ ʐʋʄʆʀɿʆʃʗʎʀʆʅʅʓʍ ʄɸʊɽʈʀɸʃʆɺ ɼʃʗ 

ʄʆɼʋʃʔʅʓʍ ɼʆʄʆɺ (ʂɺɸʈʊɸʃʆɺ, ɻʆʈʆɼʆɺ) 

ʊʘʨʘʩʦʚʘ ʖ.ʉ., ɹʦʨʠʩʦʚʘ ɽ.ɹ. 

ʅʠʞʝʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʨʭʠʪʝʢʪʫʨʥʦ-ʩʪʨʦʠʪʝʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ,  

ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ 

 

ʈʘʟʨʘʙʦʪʢʘ ʤʦʜʫʣʴʥʳʭ ʜʦʤʦʚ ʩʝʛʦʜʥʷ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʚ 

ʧʨʦʤʳʰʣʝʥʥʦʤ ʜʠʟʘʡʥʝ, ʢʘʢ ʚ ʈʦʩʩʠʠ, ʪʘʢ ʠ ʟʘ ʨʫʙʝʞʦʤ. ʊʘʢʠʝ ʜʦʤʘ ʣʝʛʢʦ ʚʦʟʚʦʜʷʪʩʷ, ʠʤʝʶʪ 

ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʡ ʚʥʝʰʥʠʡ ʚʠʜ, ʘ ʪʘʢʞʝ ʩʣʫʞʘʪ ʵʬʬʝʢʪʠʚʥʳʤ ʨʝʰʝʥʠʝʤ, ʢ ʧʨʠʤʝʨʫ, ʜʣʷ 

ʟʘʪʦʧʣʷʝʤʳʭ ʨʝʛʠʦʥʦʚ. ʆʜʥʘʢʦ, ʧʨʠ ʚʦʟʚʝʜʝʥʠʠ ʧʦʜʦʙʥʳʭ ʜʦʤʦʚ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʡʩʢʦʡ 

ʬʝʜʝʨʘʮʠʠ ʤʦʛʫʪ ʚʦʟʥʠʢʥʫʪʴ ʧʨʦʙʣʝʤʳ ʩ ʪʝʧʣʦ- ʠ ʰʫʤʦʠʟʘʣʷʮʠʝʡ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ 

ʚʦʟʤʦʞʥʳʝ ʨʝʰʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʠʟʫʯʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʦ ʪʝʤʝ ʩʦʚʨʝʤʝʥʥʳʭ ʫʪʝʧʣʷʶʱʠʭ ʠ 

ʟʚʫʢʦʠʟʦʣʠʨʫʶʱʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʥʝʢʦʪʦʨʳʝ ʠʭ ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʚʳʷʚʣʝʥʳ 

ʤʘʪʝʨʠʘʣʳ, ʧʨʠʛʦʜʥʳʝ ʜʣʷ ʩʦʟʜʘʥʠʷ ʙʣʦʢ-ʢʦʤʥʘʪ ʚ ʟʦʥʘʭ ʧʦʚʳʰʝʥʥʦʡ ʚʣʘʞʥʦʩʪʠ, ʫʢʘʟʘʥʳ 

ʢʨʠʪʝʨʠʠ, ʥʘ ʢʦʪʦʨʳʝ ʩʣʝʜʫʝʪ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʧʨʠ ʚʳʙʦʨʝ ʤʘʪʝʨʠʘʣʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʦʜʫʣʴʥʳʝ ʜʦʤʘ, ʭʘʫʩʙʦʪʳ, ʤʘʪʝʨʠʘʣ, ʰʫʤʦʠʟʦʣʷʮʠʷ, ʫʪʝʧʣʠʪʝʣʴ, 

ʧʨʦʤʳʰʣʝʥʥʳʡ ʜʠʟʘʡʥ. 

 

ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʤʦʜʫʣʴʥʦʛʦ ʞʠʣʴʷ ʠ ʜʦʤʦʚ ʥʘ ʚʦʜʝ ï ʘʢʪʫʘʣʴʥʘʷ ʪʝʥʜʝʥʮʠʷ ʚ 

ʧʨʦʤʳʰʣʝʥʥʦʤ ʜʠʟʘʡʥʝ.  

ʄʦʜʫʣʴʥʳʝ ʜʦʤʘ ï ʵʪʦ ʩʙʦʨʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʦʪʜʝʣʴʥʳʭ ʩʝʢʮʠʡ, ʢʦʪʦʨʳʝ 

ʚ ʛʦʪʦʚʦʤ ʚʠʜʝ ʧʨʠʚʦʟʷʪʩʷ ʥʘ ʤʝʩʪʦ ʩʪʨʦʡʢʠ. ɼʘʣʝʝ ʩʦʙʠʨʘʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ ʢʨʝʧʣʝʥʠʷʤʠ ʠ 

ʦʙʨʘʟʫʶʪ ʛʦʪʦʚʳʡ ʜʦʤ. 

ʍʘʫʩʙʦʪʳ ï ʩʘʤʦʭʦʜʥʳʝ ʜʦʤʘ ʥʘ ʚʦʜʝ, ʦʙʣʘʜʘʶʱʠʝ ʧʨʘʢʪʠʯʝʩʢʠ ʩʫʜʦʚʦʡ 

ʤʦʙʠʣʴʥʦʩʪʴʶ ʩ ʢʦʪʪʝʜʞʥʳʤ ʢʦʤʬʦʨʪʦʤ [8,13-15]. 

ʇʦ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʠ ʧʨʦʭʦʜʠʪ ʤʥʦʞʝʩʪʚʦ ʨʝʯʥʳʭ ʧʫʪʝʡ, ʜʘʶʱʠʭ ʚʦʟʤʦʞʥʦʩʪʴ 

ʥʘʣʘʜʠʪʴ ʪʨʘʥʩʧʦʨʪʥʦʝ ʩʦʦʙʱʝʥʠʝ ʩ ʫʜʘʣʝʥʥʳʤʠ ʧʦʩʝʣʝʥʠʷʤʠ, ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʘʢʪʠʚʥʦ 

ʨʘʟʚʠʚʘʝʪʩʷ ʚʥʫʪʨʝʥʥʠʡ ʪʫʨʠʟʤ. ʂ ʪʦʤʫ ʞʝ ʚ ʥʘʰʝ ʜʠʥʘʤʠʯʥʦʝ ʚʨʝʤʷ ʤʥʦʛʠʝ ʣʶʜʠ ʩʪʨʝʤʷʪʩʷ 

ʢ ʤʦʙʠʣʴʥʦʩʪʠ ʠ ʥʝ ʭʦʪʷʪ ʙʳʪʴ ʧʨʠʚʷʟʘʥʥʳʤʠ ʢ ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʨʝʛʠʦʥʫ ʢʘʢ ʚ ʧʣʘʥʝ ʢʘʨʴʝʨʳ, 

ʪʘʢ ʠ ʙʳʪʘ. 

ʆʜʥʘʢʦ ʤʦʜʫʣʴʥʦʝ ʞʠʣʴʝ ʧʨʝʜʧʦʣʘʛʘʝʪ ʙʳʩʪʨʦʝ ʚʦʟʚʝʜʝʥʠʝ, ʣʝʛʢʫʶ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʫ 

ʠ ʚʘʨʠʘʪʠʚʥʦʩʪʴ ʧʣʘʥʠʨʦʚʢʠ, ʘ ʟʥʘʯʠʪ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ ʚʦʧʨʦʩ ʫʪʝʧʣʝʥʠʷ ʠ ʰʫʤʦʠʟʦʣʷʮʠʠ. 

ʀ ʝʩʣʠ ʜʣʷ ʥʝʜʦʣʛʦʛʦ ʧʨʝʙʳʚʘʥʠʷ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʰʫʤʘ ʠ ʦʙʦʛʨʝʚ ʩ ʧʦʤʦʱʴʶ ʨʘʜʠʘʪʦʨʘ ï 

ʵʪʦ ʚʳʭʦʜ, ʪʦ ʜʣʷ ʭʘʫʩʙʦʪʦʚ ʠʣʠ ʢʚʘʨʪʘʣʦʚ ʚ ʧʦʜʪʦʧʣʷʝʤʳʭ ʨʘʡʦʥʘʭ, ʛʜʝ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ 

ʜʦʩʪʘʪʦʯʥʦ ʜʣʠʪʝʣʴʥʦʝ ʧʨʝʙʳʚʘʥʠʝ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʦʡ ʚʣʘʞʥʦʩʪʠ, ʪʨʝʙʫʝʪʩʷ ʙʦʣʝʝ ʥʘʜʝʞʥʦʝ 

ʨʝʰʝʥʠʝ.  

ʐʫʤʦʠʟʦʣʷʮʠʷ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʵʪʘʧʦʤ ʚ ʧʣʘʥʠʨʦʚʢʝ ʣʶʙʦʛʦ ʜʦʤʘ, ʪʘʢ ʢʘʢ ʨʘʟʣʠʯʥʳʝ 

ʰʫʤʳ ʤʦʛʫʪ ʥʝʛʘʪʠʚʥʦ ʩʢʘʟʳʚʘʪʴʩʷ ʢʘʢ ʥʘ ʬʠʟʠʯʝʩʢʦʤ, ʪʘʢ ʠ ʧʩʠʭʦʣʦʛʠʯʝʩʢʦʤ ʩʦʩʪʦʷʥʠʠ 

ʯʝʣʦʚʝʢʘ (ʥʘʨʫʰʘʝʪʩʷ ʩʝʨʜʝʯʥʳʡ ʨʠʪʤ, ʩʢʦʨʦʩʪʴ ʨʝʘʢʮʠʠ, ʩʪʨʘʜʘʝʪ ʩʣʫʭ ʠ ʧʨ.) [11]. 

ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʤʦʙʠʣʴʥʦʛʦ ʞʠʣʴʷ ʪʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʪʘʢʠʝ ʧʦʥʷʪʠʷ 

ʢʘʢ çʪʦʯʢʘ ʨʦʩʳè (ʚʳʙʦʨ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʩʪʝʥ), ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ, ʪʠʧ ʩʪʨʦʝʥʠʷ.  

ʆʩʥʦʚʥʘʷ ʟʘʜʘʯʘ ʫʪʝʧʣʝʥʠʷ ʧʦʤʝʱʝʥʠʷ ï ʩʥʠʟʠʪʴ ʧʦʪʝʨʶ ʪʝʧʣʘ, ʘ ʪʘʢʞʝ ʧʨʝʜʦʪʚʨʘʪʠʪʴ 

ʦʙʨʘʟʦʚʘʥʠʝ ʢʦʥʜʝʥʩʘʪʘ. 

ʋʪʝʧʣʝʥʠʝ ʩʪʝʥʳ ʤʦʞʥʦ ʧʨʦʠʟʚʦʜʠʪʴ ʩʥʘʨʫʞʠ ʠʣʠ ʠʟʥʫʪʨʠ. ɺ ʈʦʩʩʠʠ ʧʨʠʦʙʨʝʣʠ 

ʧʦʧʫʣʷʨʥʦʩʪʴ ʩʠʩʪʝʤʳ ʥʘʨʫʞʥʦʡ ʪʝʧʣʦʠʟʦʣʷʮʠʠ ʩ ʪʦʥʢʦʡ ʰʪʫʢʘʪʫʨʢʦʡ [3]. ʋʪʝʧʣʝʥʠʝ 



ʢʦʤʥʘʪʳ ʠʟʥʫʪʨʠ ʩʯʠʪʘʝʪʩʷ ʥʝʞʝʣʘʪʝʣʴʥʳʤ, ʪʘʢ ʢʘʢ ʚ ʵʪʦʤ ʩʣʫʯʘʝ, ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ 

ʫʩʣʦʚʠʷʭ, ʩʦʟʜʘʶʪʩʷ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʧʦʷʚʣʝʥʠʷ ʧʣʝʩʝʥʠ [3]. 

ʏʝʤ ʦʧʘʩʥʘ çʪʦʯʢʘ ʨʦʩʳè ʠʣʠ ʟʦʥʘ ʢʦʥʜʝʥʩʘʮʠʠ? ʊʦʯʢʘ ʨʦʩʳ (ʬʠʟ.) ï ʵʪʦ ʪʦʯʢʘ ʥʘ 

ʛʨʘʬʠʢʝ ʧʦ ʦʜʥʦʡ ʦʩʠ ʢʦʪʦʨʦʛʦ ʦʪʣʦʞʝʥʦ ʘʙʩʦʣʶʪʥʦʝ ʜʘʚʣʝʥʠʝ ʚʦʜʷʥʳʭ ʧʘʨʦʚ, ʧʦ ʜʨʫʛʦʡ 

ʪʝʤʧʝʨʘʪʫʨʘ [2]. 

ɽʩʣʠ ʩ ʦʜʥʦʡ ʠʟ ʩʪʦʨʦʥ ʩʪʝʥʳ ʪʝʤʧʝʨʘʪʫʨʘ ʥʠʞʝ ʥʫʣʷ ʠ ʟʦʥʘ ʢʦʥʜʝʥʩʘʮʠʠ ʚʦʟʥʠʢʘʝʪ ʚ 

ʦʙʣʘʩʪʠ, ʛʜʝ ʤʘʪʝʨʠʘʣ ʠʤʝʝʪ ʦʪʨʠʮʘʪʝʣʴʥʫʶ ʪʝʤʧʝʨʘʪʫʨʫ, ʪʦ ʚʣʘʛʘ ʥʝ ʪʦʣʴʢʦ çʚʳʧʘʜʘʝʪè ʥʦ ʠ 

ʟʘʤʝʨʟʘʝʪ. ʂʘʢ ʧʨʠʤʝʨ ï ʧʦʢʨʳʚʘʶʱʠʝʩʷ ʠʥʝʝʤ ʜʝʨʝʚʴʷ. ʊʦʣʴʢʦ ʟʜʝʩʴ ʠʥʝʡ ʚʦʟʥʠʢʘʝʪ ʚʦ 

ʚʥʫʪʨʝʥʥʠʭ ʚʦʟʜʫʰʥʳʭ ʧʦʣʦʩʪʷʭ ʠʟʦʣʷʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ [2]. 

ʇʨʠ ʚʳʙʦʨʝ ʫʪʝʧʣʠʪʝʣʷ ʥʝʦʙʭʦʜʠʤʦ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʩʣʝʜʫʶʱʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

[9]: 

1. ʊʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ (ʯʝʤ ʤʝʥʴʰʝ ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ, ʪʝʤ ʵʬʬʝʢʪʠʚʥʝʝ 

ʫʪʝʧʣʠʪʝʣʴ ʩʦʭʨʘʥʷʝʪ ʪʝʧʣʦ); 

2. ʇʘʨʦʧʨʦʥʠʮʘʝʤʦʩʪʴ (ʜʣʷ ʚʥʫʪʨʝʥʥʠʭ ʩʪʝʥ ʜʦʤʘ); 

3. ʕʢʦʣʦʛʠʯʝʩʢʘʷ ʯʠʩʪʦʪʘ; 

4. ɼʦʣʛʦʚʝʯʥʦʩʪʴ (ʩʨʦʢ ʩʣʫʞʙʳ ʚ 20 ʣʝʪ ʠ ʙʦʣʝʝ); 

5. ʋʨʦʚʝʥʴ ʰʫʤʦʠʟʦʣʷʮʠʠ (ʚʩʝ ʚʠʜʳ ʫʪʝʧʣʠʪʝʣʷ ʚ ʪʦʡ ʠʣʠ ʠʥʦʡ ʩʪʝʧʝʥʠ ʧʦʛʣʦʱʘʶʪ 

ʰʫʤʳ); 

6. ʆʛʥʝʩʪʦʡʢʦʩʪʴ; 

7. ɼʝʬʦʨʤʘʮʠʦʥʥʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ. 

ʋʯʠʪʳʚʘʷ, ʯʪʦ ʤʦʜʫʣʴʥʳʝ ʜʦʤʘ ʧʨʝʜʧʦʣʘʛʘʶʪ ʙʳʩʪʨʦʝ ʚʦʟʚʝʜʝʥʠʝ ʠ ʩʨʘʚʥʠʪʝʣʴʥʦ 

ʥʝʙʦʣʴʰʦʡ ʤʝʪʨʘʞ ʢʦʤʥʘʪ, ʥʘʠʙʦʣʝʝ ʧʦʣʥʦ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʤ ʧʫʥʢʪʘʤ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʞʠʜʢʘʷ ʢʝʨʘʤʠʯʝʩʢʘʷ ʠʟʦʣʷʮʠʷ.  

ʇʨʝʠʤʫʱʝʩʪʚʘ ʞʠʜʢʦʡ ʢʝʨʘʤʠʯʝʩʢʦʡ ʠʟʦʣʷʮʠʠ:  

1. ʉʚʝʨʭʪʦʥʢʠʡ ʩʣʦʡ ð 2-3 ʤʤ;  

2. ʍʦʨʦʰʠʝ ʦʪʨʘʞʘʶʱʠʝ ʩʧʦʩʦʙʥʦʩʪʠ;  

3. ɺʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʛʠʜʨʦʠʟʦʣʷʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ;  

4. ʋʥʠʚʝʨʩʘʣʴʥʦʩʪʴ ð ʤʦʞʝʪ ʥʘʥʦʩʠʪʴʩʷ ʚʥʫʪʨʠ ʟʜʘʥʠʷ ʠ ʩʥʘʨʫʞʠ, ʥʘ ʣʶʙʦʡ ʚʠʜ 

ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʘ ʪʘʢʞʝ ʥʘ ʚʩʝ ʵʣʝʤʝʥʪʳ ʟʜʘʥʠʷ;  

5. ʕʢʦʣʦʛʠʯʝʩʢʘʷ ʯʠʩʪʦʪʘ;  

6. ɼʦʣʛʦʚʝʯʥʦʩʪʴ ʠ ʧʨʦʯʥʦʩʪʴ;  

7. ʋʩʪʦʡʯʠʚʦʩʪʴ ʢ ʥʝʛʘʪʠʚʥʳʤ ʚʦʟʜʝʡʩʪʚʠʷʤ (ʜʠʘʧʘʟʦʥ ʪʝʤʧʝʨʘʪʫʨ +220 ʜʦ ï60 

ʛʨʘʜʫʩʦʚ ʎʝʣʴʩʠʷ; ʩʪʦʡʢʦʩʪʴ ʢ ʫʣʴʪʨʘʬʠʦʣʝʪʫ) 

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʧʨʠ ʥʝʩʦʙʣʶʜʝʥʠʠ ʧʨʘʚʠʣ ʨʘʙʦʪʳ ʩ ʪʘʢʦʡ ʠʟʦʣʷʮʠʝʡ, ʤʦʛʫʪ ʙʳʪʴ 

ʧʦʩʣʝʜʩʪʚʠʷ. ʂ ʧʨʠʤʝʨʫ ï ʨʘʩʪʨʝʩʢʠʚʘʥʠʝ ʚʦ ʚʨʝʤʷ ʤʦʨʦʟʘ.  

ʈʘʩʩʤʦʪʨʠʤ ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʰʫʤʦʚ, ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʤʥʦʛʦʵʪʘʞʥʳʭ ʜʦʤʘʭ. ʕʪʦ 

ʚʦʟʜʫʰʥʳʡ, ʫʜʘʨʥʳʡ ʠ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʡ ʰʫʤʳ [1]. 

ɺʦʟʜʫʰʥʳʡ ʰʫʤ ʧʨʦʥʠʢʘʝʪ ʚ ʧʦʤʝʱʝʥʠʝ ʯʝʨʝʟ ʧʨʝʛʨʘʜʳ: ʩʪʝʥʳ, ʧʦʣ ʠ ʧʦʪʦʣʦʢ. ɽʩʣʠ ʚ 

ʧʨʝʛʨʘʜʝ ʝʩʪʴ ʩʢʚʦʟʥʳʝ ʦʪʚʝʨʩʪʠʷ (ʨʦʟʝʪʢʠ, ʪʨʝʱʠʥʳ), ʪʦ ʟʚʫʢ ʣʝʛʯʝ ʧʨʦʥʠʢʥʝʪ ʠʟ ʦʜʥʦʛʦ 

ʧʦʤʝʱʝʥʠʷ ʚ ʜʨʫʛʦʝ.  

ʋʜʘʨʥʳʡ ʰʫʤ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʧʦ ʧʦʣʫ ʠ ʧʦʪʦʣʢʫ, ʪʘʢ ʢʘʢ ʚʦʟʥʠʢʘʝʪ ʦʪ ʤʝʭʘʥʠʯʝʩʢʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʥʠʭ.  

ʅʝʨʝʜʢʦ ʚʦʟʜʫʰʥʳʝ ʠ ʫʜʘʨʥʳʝ ʰʫʤʳ ʚ ʤʥʦʛʦʵʪʘʞʥʳʭ ʜʦʤʘʭ ʩʦʟʜʘʶʪ ʣʠʬʪʳ, ʩʠʩʪʝʤʳ 

ʦʪʦʧʣʝʥʠʷ ʠ ʚʝʥʪʠʣʷʮʠʷ.  

ʂʦʥʩʪʨʫʢʮʠʦʥʥʳʡ ʰʫʤ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʧʦ ʪʚʝʨʜʳʤ ʧʝʨʝʛʦʨʦʜʢʘʤ ʠ ʤʦʞʝʪ 

ʧʝʨʝʜʘʚʘʪʴʩʷ ʥʘ ʙʦʣʴʰʠʝ ʨʘʩʩʪʦʷʥʠʷ.  



ʇʦ ʫʨʦʚʥʶ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʰʫʤʳ ʦʯʝʥʴ ʨʘʟʣʠʯʥʳ. ʆʜʥʘʢʦ ʚʘʞʥʫʶ ʨʦʣʴ ʧʨʠ ʦʮʝʥʢʝ 

ʫʨʦʚʥʝ ʰʫʤʘ ʠʛʨʘʶʪ ʠ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʚʦʩʧʨʠʷʪʠʷ ʯʝʣʦʚʝʢʘ. 

ɺ ʠʜʝʘʣʝ, ʰʫʤʦʠʟʦʣʷʮʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪ: 

1. ʇʨʦʪʠʚʦʜʝʡʩʪʚʠʝ ʚʩʝʤ 4 ʨʘʟʥʦʚʠʜʥʦʩʪʷʤ ʰʫʤʦʚʳʭ ʚʦʣʥ: ʚʦʟʜʫʰʥʳʤ 

(ʨʘʟʛʦʚʦʨʳ, ʤʫʟʳʢʘ), ʘʢʫʩʪʠʯʝʩʢʠʤ (ʵʭʦ), ʫʜʘʨʥʳʤ (ʨʝʤʦʥʪʥʳʝ ʨʘʙʦʪʳ), ʩʪʨʫʢʪʫʨʥʳʤ (ʰʫʤ 

ʣʠʬʪʘ ʚ ʧʦʜʲʝʟʜʝ); 

2. ʆʛʨʘʥʠʯʝʥʠʝ ʰʫʤʦʚʦʛʦ ʧʦʪʦʢʘ, ʠʩʭʦʜʷʱʝʛʦ ʠʟ ʢʚʘʨʪʠʨʳ; 

3. ɼʦʧʦʣʥʠʪʝʣʴʥʦʝ ʫʪʝʧʣʝʥʠʝ; 

4. ʂʦʤʬʦʨʪʥʳʡ ʫʨʦʚʝʥʴ ʰʫʤʘ ʚ ʣʶʙʦʝ ʚʨʝʤʷ ʩʫʪʦʢ. 

ʊʘʢʞʝ ʚʳʜʝʣʷʶʪ ʜʚʘ ʧʨʠʥʮʠʧʘ ʨʘʙʦʪʳ ʟʚʫʢʦʠʟʦʣʷʮʠʠ [4,11]: 

1. ɿʚʫʢʦʧʦʛʣʦʱʝʥʠʝ; 

2. ɿʚʫʢʦʠʟʦʣʷʮʠʷ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʵʪʠʤʠ ʧʨʠʥʮʠʧʘʤʠ, ʚʳʜʝʣʷʶʪ ʜʚʘ ʢʣʘʩʩʘ ʰʫʤʦʠʟʦʣʷʮʠʦʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ï ʟʚʫʢʦʧʦʛʣʦʱʘʶʱʠʝ ʠ ʟʚʫʢʦʠʟʦʣʠʨʫʶʱʠʝ. 

ɺ ʤʦʜʫʣʴʥʳʭ ʜʦʤʘʭ ʤʘʣʦʚʝʨʦʷʪʥʦ ʧʨʠʩʫʪʩʪʚʠʝ ʣʠʬʪʦʚ, ʦʜʥʘʢʦ ʠʭ ʙʣʠʟʦʩʪʴ ʢ ʛʦʨʦʜʩʢʦʡ 

ʟʘʩʪʨʦʡʢʝ, ʜʦʨʦʛʘʤ, ʘ ʪʘʢʞʝ ʟʚʫʢ ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʤʤʫʥʠʢʘʮʠʡ ʤʦʜʫʣʴʥʦʛʦ ʜʦʤʘ ʚʤʝʩʪʝ ʩ 

ʙʳʪʦʚʳʤʠ ʟʚʫʢʘʤʠ, ʧʨʦʠʟʚʦʜʠʤʳʤʠ ʞʠʣʴʮʘʤʠ ï ʚʩʝ ʵʪʦ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʤʦʞʝʪ ʩʦʟʜʘʚʘʪʴ 

ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʰʫʤʘ. ʇʨʠ ʧʨʦʞʠʚʘʥʠʠ ʥʘ ʙʦʨʪʫ ʭʘʫʩʙʦʪʘ ʠʩʢʣʶʯʝʥ ʰʫʤ ʦʪ ʩʦʩʝʜʝʡ, ʥʦ 

ʦʩʪʘʶʪʩʷ ʟʚʫʢʠ ʚʥʝʰʥʝʡ ʩʨʝʜʳ ʠ ʢʦʤʤʫʥʠʢʘʮʠʡ ʭʘʫʩʙʦʪʘ.  

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ʢʦʤʬʦʨʪʘ ʧʨʠ ʧʨʦʞʠʚʘʥʠʠ ʚ ʤʥʦʛʦʢʚʘʨʪʠʨʥʦʤ 

ʤʦʜʫʣʴʥʦʤ ʢʦʤʧʣʝʢʩʝ ʪʨʝʙʫʝʪʩʷ ʰʫʤʦʠʟʦʣʷʮʠʷ ʢʘʢ ʩʪʝʥ, ʪʘʢ ʠ ʧʦʣʘ, ʧʦʪʦʣʢʘ.  

ʈʘʩʩʤʦʪʨʠʤ ʧʦʧʫʣʷʨʥʳʝ ʤʘʪʝʨʠʘʣʳ ʧʦ ʢʣʘʩʩʘʤ [10]. 

ɿʚʫʢʦʧʦʛʣʦʱʘʶʱʠʝ ʤʘʪʝʨʠʘʣʳ (ʧʨʝʚʨʘʱʘʶʪ ʟʚʫʢʦʚʫʶ ʵʥʝʨʛʠʶ ʚ ʪʝʧʣʦʚʫʶ ʠ 

ʟʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʘʶʪ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʪʨʘʞʝʥʥʦʡ ʚʦʣʥʳ). 

ʇʝʥʦʧʦʣʠʫʨʝʪʘʥʦʚʳʝ ʧʘʥʝʣʠ (ʘʢʫʩʪʠʯʝʩʢʠʡ ʧʦʨʦʣʦʥ, ʥʝ ʪʨʝʙʫʝʪ ʢʘʨʢʘʩʘ). ʇʘʥʝʣʠ 

ʤʦʥʪʠʨʫʶʪ ʥʘ ʦʩʥʦʚʘʥʠʝ ʧʨʠ ʧʦʤʦʱʠ ʢʣʝʷ. ʇʨʝʠʤʫʱʝʩʪʚʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʪʦʛʦ ʤʘʪʝʨʠʘʣʘ 

ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚʳʨʘʚʥʠʚʘʥʠʷ ʩʪʝʥʳ ʧʝʨʝʜ ʥʘʢʣʝʡʢʦʡ. ʄʠʥʠʤʘʣʴʥʘʷ 

ʪʦʣʱʠʥʘ ï 3,5 ʩʤ. 

ɾʠʜʢʘʷ ʟʚʫʢʦʠʟʦʣʷʮʠʷ. ʄʘʪʝʨʠʘʣ ʥʘʥʦʩʷʪ ʥʘ ʩʪʝʥʫ ʠ ʟʘʢʨʳʚʘʶʪ ʧʨʠ ʧʦʤʦʱʠ 

ʜʝʢʦʨʘʪʠʚʥʦʡ ʧʘʥʝʣʠ. ʄʠʥʠʤʘʣʴʥʘʷ ʪʦʣʱʠʥʘ ï 3 ʩʤ, ʫ ʨʫʣʦʥʥʦʡ ʧʨʦʙʢʠ ï 0,8 ʩʤ. ʇʨʠ ʚʳʙʦʨʝ 

ʧʨʦʙʢʦʚʦʛʦ ʣʠʩʪʘ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʜʠʘʤʝʪʨ ʢʨʦʰʢʠ ʥʝ ʜʦʣʞʝʥ ʧʨʝʚʳʰʘʪʴ 3 ʤʤ. ʄʦʜʝʣʠ 

ʠʟ ʢʨʦʰʢʠ 6 ʤʤ ʠʤʝʶʪ ʙʦʣʝʝ ʥʠʟʢʠʝ ʰʫʤʦʠʟʦʣʷʮʠʦʥʥʳʝ ʢʘʯʝʩʪʚʘ.  

ɿʚʫʢʦʠʟʦʣʠʨʫʶʱʠʝ ʤʘʪʝʨʠʘʣʳ (ʧʨʝʛʨʘʞʜʘʶʪ ʧʫʪʴ ʟʚʫʢʦʚʦʡ ʚʦʣʥʝ, ʥʝ ʧʦʟʚʦʣʷʷ ʟʚʫʢʫ 

ʧʨʦʥʠʢʘʪʴ ʚ ʢʦʤʥʘʪʫ). ʉʘʤʳʤʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʵʪʦʛʦ ʪʠʧʘ ʷʚʣʷʶʪʩʷ ɻʂʃ ʠ 

ɻɺʃ [5, 7].  

ɻʂʃ (ʛʠʧʩʦʢʘʨʪʦʥ) ï ʵʪʦ ʩʪʨʦʠʪʝʣʴʥʳʡ ʤʘʪʝʨʠʘʣ, ʩʦʟʜʘʥʥʳʡ ʠʟ ʛʠʧʩʦʚʦʛʦ ʪʝʩʪʘ, 

ʢʦʪʦʨʳʡ ʟʘʪʚʝʨʜʝʚʘʝʪ ʠ ʦʢʣʝʠʚʘʝʪʩʷ ʩ ʜʚʫʭ ʩʪʦʨʦʥ ʢʘʨʪʦʥʦʤ. 

ʈʘʟʥʦʚʠʜʥʦʩʪʠ ɻʂʃ: 

1. ʂʣʘʩʩʠʯʝʩʢʠʡ ʛʠʧʨʦʢ (ɻʂʃ) ï ʜʣʷ ʧʦʤʝʱʝʥʠʡ ʩ ʥʦʨʤʘʣʴʥʳʤʠ ʫʩʣʦʚʠʷʤʠ 

ʵʢʩʧʣʫʘʪʘʮʠʠ; 

2. ɺʣʘʛʦʩʪʦʡʢʠʡ ʛʠʧʨʦʢ (ɻʂʃɺ) ï ʜʣʷ ʚʣʘʞʥʳʭ ʧʦʤʝʱʝʥʠʡ; 

3. ʆʛʥʝʫʧʦʨʥʳʡ ʛʠʧʨʦʢ (ɻʂʃʆ) ï ʜʣʷ ʧʦʤʝʱʝʥʠʡ ʛʜʝ ʝʩʪʴ ʦʧʘʩʥʦʩʪʴ ʚʦʟʛʦʨʘʥʠʷ. 

ɻɺʃ (ʛʠʧʩʦʚʦʣʦʢʦʥʥʳʝ ʣʠʩʪʳ) ï ʣʠʩʪʳ ʠʟ ʩʤʝʩʠ, ʢʦʪʦʨʘʷ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 

ʩʪʨʦʠʪʝʣʴʥʳʡ ʛʠʧʩ, ʨʘʩʧʫʰʝʥʥʫʶ ʤʘʢʫʣʘʪʫʨʫ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʜʦʙʘʚʢʠ. 

ʈʘʟʥʦʚʠʜʥʦʩʪʠ ɻɺʃ: 



1. ʇʨʦʩʪʦʡ (ɻɺʃ) - ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʧʦʤʝʱʝʥʠʷʭ ʩ ʫʤʝʨʝʥʥʦʡ ʚʣʘʞʥʦʩʪʴʶ ʠ 

ʥʝʙʦʣʴʰʠʤʠ ʧʝʨʝʧʘʜʘʤʠ ʪʝʤʧʝʨʘʪʫʨʳ; 

2. ɺʣʘʛʦʩʪʦʡʢʠʡ (ɻɺʃɺ) ï ʧʨʠʤʝʥʷʝʪʩʷ ʚʦ ʚʣʘʞʥʳʭ ʧʦʤʝʱʝʥʠʷʭ (ʚʘʥʥʳʝ ʢʦʤʥʘʪʳ, 

ʜʫʰʝʚʳʝ, ʢʫʭʥʠ); 

3. ʆʛʥʝʩʪʦʡʢʠʡ (ɻɺʃʆ) ï ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʦʪʜʝʣʢʠ ʧʦʤʝʱʝʥʠʡ ʛʜʝ ʝʩʪʴ ʦʧʘʩʥʦʩʪʴ 

ʚʦʟʛʦʨʘʥʠʷ. 

4. ɺʣʘʛʦʦʛʥʝʩʪʦʡʢʠʝ (ɻɺʃɺʆ) ï ʜʣʷ ʧʦʤʝʱʝʥʠʡ ʩ ʵʢʩʪʨʝʤʘʣʴʥʳʤ ʫʨʦʚʥʝʤ 

ʚʣʘʞʥʦʩʪʠ (ʩʘʫʥʳ, ʙʘʥʠ). 

ʄʥʦʛʠʝ ʠʟ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ɻʂɻ ʠ ɻɺʃ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʜʣʷ ʟʚʫʢʦʠʟʦʣʷʮʠʠ ʚ ʭʘʫʩʙʦʪʘʭ ʠʣʠ ʤʥʦʛʦʢʚʘʨʪʠʨʥʳʭ ʤʦʜʫʣʴʥʳʭ ʜʦʤʘʭ, ʦʜʥʘʢʦ, ʠʟ-ʟʘ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʤʦʥʪʘʞʘ, ʩʪʦʡ ʠʟʦʣʷʮʠʠ ʤʦʞʝʪ ʧʨʝʚʳʰʘʪʴ 4 ʩʤ, ʯʪʦ ʥʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʵʢʦʥʦʤʠʠ 

ʧʨʦʩʪʨʘʥʩʪʚʘ.  

ʂ ʪʦʥʢʠʤ ʤʘʪʝʨʠʘʣʘʤ ʦʪʥʦʩʷʪ ʥʝʢʦʪʦʨʳʝ ʤʦʜʝʣʠ ʘʢʫʩʪʠʯʝʩʢʠʭ ʧʣʠʪ ʠʟ ʤʷʛʢʦʛʦ ɼɺʇ ʩ 

ʪʦʣʱʠʥʦʡ ʦʪ 1 ʜʦ 3 ʩʤ, ʜʝʢʦʨʘʪʠʚʥʳʝ ʧʣʠʪʳ ʠʟ ʜʨʝʚʝʩʥʦʛʦ ʚʦʣʦʢʥʘ ʪʦʣʱʠʥʦʡ ʦʪ 1,2 ʜʦ 2,5 ʩʤ. 

ʋʣʴʪʨʘʪʦʥʢʠʤ ʟʚʫʢʦʠʟʦʣʷʮʠʦʥʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʷʚʣʷʶʪʩʷ ʤʝʤʙʨʘʥʳ [12]. ʆʥʠ 

ʦʪʣʠʯʘʶʪʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʢʨʠʪʠʯʝʩʢʦʡ ʯʘʩʪʦʪʦʡ (ʥʘʠʤʝʥʴʰʘʷ ʠʟ ʯʘʩʪʦʪ, ʧʦʩʣʝ ʢʦʪʦʨʦʡ 

ʰʫʤʦʠʟʦʣʷʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʘ ʩʥʠʞʘʶʪʩʷ). 

ɼʣʷ ʰʫʤʦʠʟʦʣʷʮʠʠ ʤʦʜʫʣʴʥʦʛʦ ʜʦʤʘ ʭʦʨʦʰʠʤʠ ʚʘʨʠʘʥʪʘʤʠ ʤʦʛʫʪ ʧʦʩʣʫʞʠʪʴ 

ʤʘʪʝʨʠʘʣʳ, ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʳʝ ʚ ʤʦʥʪʘʞʝ, ʪʦʥʢʠʝ, ʥʝ ʩʣʠʰʢʦʤ ʪʷʞʝʣʳʝ. ʉʪʦʠʤʦʩʪʴ ʷʚʣʷʝʪʩʷ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʤ ʢʨʠʪʝʨʠʝʤ. ʉʨʝʜʠ ʢʣʘʩʩʘ ʟʚʫʢʦʧʦʛʣʦʱʘʶʱʠʭ ʤʘʪʝʨʠʘʣʦʚ ʵʪʦ ʤʦʛʫʪ ʙʳʪʴ 

ʧʨʦʙʢʦʚʳʝ ʧʘʥʝʣʠ. ʇʨʠʪʦʤ, ʯʪʦ ʠʭ ʩʪʦʠʤʦʩʪʴ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʘ, ʦʥʠ ʦʙʣʘʜʘʶʪ ʩʣʝʜʫʶʱʠʤʠ 

ʜʦʩʪʦʠʥʩʪʚʘʤʠ: 

1. ɺʳʩʦʢʠʝ ʟʚʫʢʦʠʟʦʣʷʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ; 

2. ʕʩʪʝʪʠʯʥʦʩʪʴ (ʥʝʦʙʷʟʘʪʝʣʴʥʘ ʚʥʝʰʥʷʷ ʦʪʜʝʣʢʘ); 

3. ɹʝʩʢʘʨʢʘʩʥʳʡ ʤʦʥʪʘʞ; 

4. ʕʢʦʣʦʛʠʯʝʩʢʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ; 

5. ʆʧʪʠʤʘʣʴʥʘʷ ʪʦʣʱʠʥʘ 3 ʩʤ. 

ɺ ʢʣʘʩʩʝ ʟʚʫʢʦʠʟʦʣʷʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʦʙʨʘʱʘʶʪ ʥʘ ʩʝʙʷ ʚʥʠʤʘʥʠʝ ʤʝʤʙʨʘʥʳ, ʪʘʢ 

ʢʘʢ ʵʪʦ ʫʣʴʪʨʘʪʦʥʢʠʡ ʤʘʪʝʨʠʘʣ. ʀʭ ʜʦʩʪʦʠʥʩʪʚʘ: 

1. ʄʘʣʳʝ ʚʝʩ ʠ ʪʦʣʱʠʥʘ; 

2. ʋʩʪʦʡʯʠʚʦʩʪʴ ʢ ʧʝʨʝʧʘʜʘʤ ʪʝʤʧʠʨʘʪʫʨ; 

3. ʋʩʪʦʡʯʠʚʦʩʪʴ ʢ ʛʨʠʙʢʘʤ, ʧʣʝʩʝʥʠ ʠ ʛʥʠʝʥʠʶ; 

4. ʅʝʪʦʢʩʠʯʥʳ.  

ɺʓɺʆɼʓ 

ʊʘʢ ʢʘʢ ʤʦʜʫʣʴʥʳʡ ʜʦʤ ʥʘ ʧʦʜʪʦʧʣʷʝʤʳʭ ʪʝʨʨʠʪʦʨʠʷʭ ʈʦʩʩʠʠ ʥʝ ʷʚʣʷʝʪʩʷ 

ʩʪʘʮʠʦʥʘʨʥʳʤ ʞʠʣʠʱʝʤ ʠʣʠ ʩʫʜʥʦʤ ʢ ʥʝʤʫ ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʪʨʝʙʦʚʘʥʠʷ ʢʘʢ ʤʘʣʦʤʝʨʥʦʛʦ 

ʩʫʜʥʘ, ʪʘʢ ʠ ʞʠʣʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. ʇʦʵʪʦʤʫ ʜʘʥʥʳʡ ʦʙʲʝʢʪ ʩʦʯʝʪʘʝʪ ʚ ʩʝʙʝ ʧʨʠʟʥʘʢʠ ʠ ʯʝʨʪʳ 

ʢʘʢ ʞʠʣʦʛʦ ʧʦʤʝʱʝʥʠʷ ʧʦʚʳʰʝʥʥʦʡ ʢʦʤʬʦʨʪʥʦʩʪʠ, ʪʘʢ ʠ ʧʣʘʚʩʨʝʜʩʪʚʘ. ɺʩʝ 

ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʦʝ ʦʧʨʝʜʝʣʷʝʪ ʪʘʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʩʨʝʜʳ ʢʘʢ ʧʦʚʳʰʝʥʥʘʷ ʚʣʘʞʥʦʩʪʴ. 

ʂʨʦʤʝ ʪʦʛʦ, ʤʦʜʫʣʴʥʳʝ ʜʦʤʘ ʠ ʭʘʫʩʙʦʪʳ ʧʨʝʜʧʦʣʘʛʘʶʪ ʦʛʨʘʥʠʯʝʥʥʳʝ ʚʥʫʪʨʝʥʥʠʝ 

ʧʨʦʩʪʨʘʥʩʪʚʘ, ʘ ʟʥʘʯʠʪ ʤʘʪʝʨʠʘʣʳ ʢʘʢ ʜʣʷ ʫʪʝʧʣʝʥʠʷ, ʪʘʢ ʠ ʜʣʷ ʰʫʤʦʠʟʦʣʷʮʠʠ, ʥʝ ʜʦʣʞʥʳ 

ʠʤʝʪʴ ʙʦʣʴʰʫʶ ʪʦʣʱʠʥʫ ʠ ʩʫʱʝʩʪʚʝʥʥʦ ʩʦʢʨʘʱʘʪʴ ʚʥʫʪʨʝʥʥʠʡ ʤʝʪʨʘʞ ʢʦʤʥʘʪ. 

ʊʘʢʞʝ ʚʘʞʥʘ ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʯʠʩʪʦʪʘ ʤʘʪʝʨʠʘʣʘ, ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʛʨʠʙʢʘʤ ʠ ʧʝʨʝʧʘʜʘʤ 

ʪʝʤʧʝʨʘʪʫʨ. 
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The development of modular houses today is one of the promising areas in industrial design, both in 

Russia and abroad. Such houses are easy to build, have an attractive appearance, and also serve as 

an effective solution, for example, for flooded regions. However, when constructing such houses on 

the territory of the Russian Federation, problems with heat and sound insulation may arise. The 

article discusses possible solutions based on the studied material on the topic of modern insulating 

and soundproofing materials, discusses some of their classifications, identifies materials suitable for 

creating block rooms in areas of high humidity, and indicates the criteria that should be paid attention 

to when choosing a material. 

Keywords: modular houses, houseboats, material, sound insulation, insulation, industrial design. 

  



ʋɼʂ 72 

ɸʈʍʀʊɽʂʊʋʈʅʓɽ ʇʈʀʅʎʀʇʓ ɺʅɽɼʈɽʅʀʗ ɿɽʃɽʅʓʍ ʊɽʍʅʆʃʆɻʀʁ ɺ ɺʓʉʆʊʅʓɽ 

ɿɼɸʅʀʗ 

ʏʝʨʥʳʰʦʚʘ ɸ.ʀ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʇʠʤʝʥʦʚʘ ɽ.ɺ. 

ɼɻʊʋ, ʈʦʩʪʦʚ-ʥʘ-ɼʦʥʫ 

ʈʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʨʘʩʩʤʦʪʨʝʥʠʶ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʧʨʠʥʮʠʧʦʚ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʧʨʠʤʝʥʝʥʠʝ 

ʩʦʚʨʝʤʝʥʥʳʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʚʳʩʦʪʥʳʭ ʟʜʘʥʠʷʭ. ɺ ʩʪʘʪʴʝ ʘʥʘʣʠʟʠʨʫʝʪʩʷ 

ʦʩʥʦʚʥʳʝ ʧʦʜʭʦʜʳ ʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʟʝʣʝʥʳʭ ʚʳʩʦʪʥʳʭ ʟʜʘʥʠʡ ʠ ʦʧʠʩʳʚʘʶʪʩʷ ʠʭ 

ʦʩʦʙʝʥʥʦʩʪʠ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ɿʝʣʝʥʳʝ ʚʳʩʦʪʥʳʝ ʟʜʘʥʠʷ, ʘʨʭʠʪʝʢʪʫʨʘ, ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ. 

 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʧʨʠʥʮʠʧʳ ʚʥʝʜʨʝʥʠʷ ʟʝʣʸʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ 

ʚʳʩʦʪʥʳʭ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ ʩʪʘʥʦʚʷʪʩʷ ʚʩʸ ʙʦʣʝʝ ʘʢʪʫʘʣʴʥʦʡ ʪʝʤʦʡ ʩ ʘʨʭʠʪʝʢʪʫʨʥʦʡ ʪʦʯʢʠ 

ʟʨʝʥʠʷ. ɺ ʩʚʷʟʠ ʩ ʫʨʙʘʥʠʟʘʮʠʝʡ ʠ ʩʤʝʥʳ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʝʛʠʦʥʦʚ ʚʩʸ ʯʘʱʝ 

ʚʟʛʣʷʜʳ ʘʨʭʠʪʝʢʪʦʨʦʚ ʥʘʧʨʘʚʣʷʶʪʩʷ ʚ ʩʪʦʨʦʥʫ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʨʝʘʣʠʟʘʮʠʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ 

ʫʩʪʦʡʯʠʚʳʭ ʟʝʣʸʥʳʭ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʦʙʲʝʢʪʦʚ. ʉ ʵʪʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʟʝʣʸʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʤʦʛʫʪ 

ʧʨʝʜʣʦʞʠʪʴ ʥʝʦʙʳʯʥʳʝ ʧʦʜʭʦʜʳ ʢ ʥʦʚʳʤ ʫʩʣʦʚʠʷʤ ʩʪʨʦʠʪʝʣʴʩʪʚʦ, ʯʪʦ ʧʦʤʦʛʘʝʪ ʚʳʩʦʪʥʳʤ 

ʟʜʘʥʠʷʤ ʩʪʘʥʦʚʠʪʴʩʷ ʙʦʣʝʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠ ʵʬʬʝʢʪʠʚʥʳʤʠ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʳʤʠ.  

ʎʝʣʴʶ ʣʶʙʦʛʦ ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ, ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʦʩʥʦʚ 

ʩʪʨʦʠʪʝʣʴʥʦʡ ʦʪʨʦʩʣʠ, ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪ [1]. 

ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʚʥʝʜʨʝʥʠʝ ʟʝʣʸʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʚʳʩʦʪʥʳʭ ʟʜʘʥʠʡ ʠ 

ʩʦʦʨʫʞʝʥʠʡ ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʨʝʜ ʫʩʤʦʪʨʝʥʠʝ ʥʝ ʪʦʣʴʢʦ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʠ ʵʩʪʝʪʠʯʝʩʢʠʭ 

ʥʶʘʥʩʦʚ, ʘ ʪʘʢʞʝ ʫʯʸʪ ʠʥʞʝʥʝʨʥʳʭ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʘʟʨʘʙʦʪʢʠ ʧʦʜʦʙʥʳʭ 

ʦʙʲʝʢʪʦʚ. ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʧʦʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚʳʷʚʣʝʥʠʝ ʠ ʧʨʠʤʝʥʝʥʠʝ 

ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʧʨʠʥʮʠʧʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʩʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʯʥʳʝ 

ʟʝʣʸʥʳʝ ʚʳʩʦʪʥʳʝ ʟʜʘʥʠʷ.  

ɸʨʭʠʪʝʢʪʫʨʥʳʝ ʧʨʠʥʮʠʧʳ ʚʥʝʜʨʝʥʠʷ ʟʝʣʸʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚʳʩʦʪʥʳʝ ʟʜʘʥʠʷ ʷʚʣʷʶʪʩʷ 

ʚʘʞʥʳʤʠ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʫʩʪʦʡʯʠʚʳʭ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠ ʵʬʬʝʢʪʠʚʥʳʭ ʦʙʲʝʢʪʦʚ. ɺʳʩʦʪʥʳʝ 

ʟʜʘʥʠʷ ʯʘʱʝ ʙʳʚʘʶʪ ʢʦʤʧʘʢʪʥʳʤʠ, ʥʝʙʦʣʴʰʠʭ ʨʘʟʤʝʨʦʚ ʚ ʧʣʘʥʝ, ʨʝʞʝ ʧʨʦʪʷʞʝʥʥʳʤʠ, 

ʤʥʦʛʦʩʝʢʮʠʦʥʥʳʤʠ [2].  

ʄʦʞʥʦ ʚʳʷʚʠʪʴ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʘʨʭʠʪʝʢʪʫʨʥʳʝ ʧʨʠʥʮʠʧʳ ʚʥʝʜʨʝʥʠʷ ʟʝʣʸʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʚʳʩʦʪʥʳʭ ʟʜʘʥʠʡ: 

Å ʇʨʠʥʮʠʧ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʫʩʪʦʡʯʠʚʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʚʳʩʦʪʥʳʭ ʟʜʘʥʠʡ ʦʪʜʘʝʪʩʷ ʧʨʝʜʧʦʯʪʝʥʠʝ ʪʘʢʠʤ ʤʘʪʝʨʠʘʣʘʤ, ʢʘʢ 

ʜʨʝʚʝʩʠʥʘ ʠ ʩʪʝʢʣʦ ʩ ʦʪʨʘʞʘʶʱʠʤ ʧʦʢʨʳʪʠʝʤ, ʘ ʪʘʢʞʝ ʤʘʪʝʨʠʘʣʘʤ ʩ ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ 

ʫʛʣʝʨʦʜʘ. 

Å ʇʨʠʥʮʠʧ ʦʧʪʠʤʠʟʘʮʠʠ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ 

ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʚʳʩʦʪʥʳʭ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʘʢʠʝ 

ʘʨʭʠʪʝʢʪʫʨʥʳʝ ʨʝʰʝʥʠʷ ʢʘʢ ʧʨʘʚʠʣʴʥʦ ʦʨʠʝʥʪʘʮʠʷ ʟʜʘʥʠʡ, ʫʯʠʪʳʚʘʶʱʘʷ ʨʦʟʫ ʚʝʪʨʦʚ ʠ 

ʩʦʣʥʝʯʥʫʶ ʠʥʩʦʣʷʮʠʶ.  

Å ʇʨʠʥʮʠʧ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʟʣʸʥʥʳʭ ʢʨʦʚʝʣʴ ʠ ʬʘʩʘʜʦʚ 

ʇʨʠʤʝʥʝʥʠʝ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʚʳʩʦʪʥʳʭ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ ʪʘʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʢʘʢ 

ʦʟʝʣʝʥʸʥʥʳʝ ʢʨʦʚʣʠ ʠ ʚʝʨʪʠʢʘʣʴʥʳʝ ʟʝʣʸʥʳʝ ʬʘʩʘʜʳ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʚʥʫʪʨʠ 



ʟʜʘʥʠʷ, ʘ ʪʘʢʞʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʣʫʯʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʚʦʟʜʫʭʘ ʠ ʵʩʪʝʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʩʨʝʜʳ ʚ ʮʝʣʦʤ.  

Å ʇʨʠʥʮʠʧ ʧʨʠʤʝʥʝʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʫʧʨʘʚʣʝʥʠʷ ʢʣʠʤʘʪʦʤ ʚʥʫʪʨʠ 

ʟʜʘʥʠʡ 

ʇʨʠʤʝʥʝʥʠʝ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʚʳʩʦʪʥʳʭ ʟʜʘʥʠʡ ʩʦʦʨʫʞʝʥʠʡ ʫʤʥʳʭ ʩʠʩʪʝʤ 

ʫʧʨʘʚʣʝʥʠʷ ʢʣʠʤʘʪʦʤ ʚʥʫʪʨʠ ʦʙʲʝʢʪʦʚ ʧʨʝʜʧʦʣʘʛʘʝʪ ʘʚʪʦʤʘʪʠʟʘʮʠʶ ʦʩʚʝʱʝʥʠʷ, ʦʪʦʧʣʝʥʠʝ ʠ 

ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʝ ʚʦʟʜʫʭʘ, ʯʪʦ ʩʧʦʩʦʙʥʦ ʫʣʫʯʰʠʪʴ ʢʘʯʝʩʪʚʦ ʚʥʫʪʨʝʥʥʝʡ ʩʨʝʜʳ ʦʙʠʪʘʥʠʷ, ʘ 

ʪʘʢʞʝ ʧʦʤʦʛʘʝʪ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ ʠ ʩʦʢʨʘʪʠʪʴ ʨʘʩʭʦʜʦʚʘʥʠʝ ʚʘʞʥʳʭ 

ʨʝʩʫʨʩʦʚ.  

ɺʩʝ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʝ ʧʨʠʥʮʠʧʳ ʧʦʤʦʛʘʶʪ ʢʦʤʧʣʝʢʩʥʦ ʩʦʟʜʘʚʘʪʴ ʤʘʢʩʠʤʘʣʴʥʦ 

ʵʬʬʝʢʪʠʚʥʳʝ ʚʳʩʦʪʥʳʝ ʟʝʣʸʥʳʝ ʟʜʘʥʠʷ ʠ ʩʦʦʨʫʞʝʥʠʷ, ʢʦʪʦʨʳʝ ʩʪʘʥʦʚʷʪʩʷ ʥʝ ʪʦʣʴʢʦ 

ʵʩʪʝʪʠʯʝʩʢʠ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤʠ, ʥʦ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠ ʵʬʬʝʢʪʠʚʥʳʤʠ ʠ ʫʩʪʦʡʯʠʚʳʤʠ ʩ 

ʘʨʭʠʪʝʢʪʫʨʥʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ. 

ɺʦʟʚʝʜʝʥʠʝ ʚʳʩʦʪʥʳʭ ʟʜʘʥʠʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʟʘʢʦʥʦʤʝʨʥʳʡ ʵʪʘʧ ʨʘʟʚʠʪʠʷ 

ʛʦʨʦʜʩʢʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ [3].  

ɺ ʮʝʣʦʤ, ʚʥʝʜʨʝʥʠʝ ʟʝʣʸʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʚʳʩʦʪʥʳʭ ʟʜʘʥʠʡ ʠ 

ʩʦʦʨʫʞʝʥʠʡ ʩ ʘʨʭʠʪʝʢʪʫʨʥʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʠʛʨʘʝʪ ʟʥʘʯʠʪʝʣʴʥʫʶ ʨʦʣʴ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ 

ʨʘʟʚʠʪʠʷ ʫʩʪʦʡʯʠʚʳʭ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʵʬʬʝʢʪʠʚʥʳʭ ʦʙʲʝʢʪʦʚ ʛʦʨʦʜʩʢʦʡ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ 

ʯʪʦ ʧʦʤʦʛʘʝʪ ʧʦʚʳʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʞʠʟʥʠ ʥʘʩʝʣʝʥʠʷ. ɸʨʭʠʪʝʢʪʫʨʥʳʝ ʧʨʠʥʮʠʧʳ, ʢʦʪʦʨʳʝ 

ʦʩʥʦʚʘʥʳ ʥʘ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʟʝʣʸʥʳʭ ʪʝʭʥʦʣʦʛʠʷʭ ʩʪʨʦʠʪʝʣʴʩʪʚʦ, ʧʦʤʦʛʘʶʪ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʨʘʛʦʮʝʥʥʳʭ ʨʝʩʫʨʩʦʚ, ʩʥʠʞʘʶʪ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ ʟʜʘʥʠʡ. 
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ʊɽʍʅʆʃʆɻʀʀ ʀ ʊʈɸɼʀʎʀʀ: ʂɸʂ ɸʈʍʀʊɽʂʊʋʈɸ ɸɼɸʇʊʀʈʋɽʊʉʗ ʂ ɺʓɿʆɺɸʄ 

ʉʆɺʈɽʄɽʅʅʆʉʊʀ 

ɺʝʣʠʞʘʥʠʥ ʀ.ɸ. 

ʌɻɹʆʋ ɺʆ çʊʶʤʝʥʩʢʠʡ ʠʥʜʫʩʪʨʠʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè, ʊʶʤʝʥʴ 

 

ɸʨʭʠʪʝʢʪʫʨʘ ʷʚʣʷʝʪʩʷ ʚʘʞʥʝʡʰʠʤ ʵʣʝʤʝʥʪʦʤ ʢʫʣʴʪʫʨʥʦʛʦ ʥʘʩʣʝʜʠʷ ʠ ʩʘʤʦʚʳʨʘʞʝʥʠʷ 

ʯʝʣʦʚʝʢʘ, ʢʦʪʦʨʳʡ ʜʦʣʞʝʥ ʧʦʩʪʦʷʥʥʦ ʵʚʦʣʶʮʠʦʥʠʨʦʚʘʪʴ ʧʦʜ ʚʣʠʷʥʠʝʤ ʠʥʥʦʚʘʮʠʦʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ, ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʠʟʤʝʥʷʶʱʠʭʩʷ ʩʦʮʠʘʣʴʥʳʭ ʧʦʪʨʝʙʥʦʩʪʝʡ, ʢʦʣʠʯʝʩʪʚʦ ʠ 

ʢʘʯʝʩʪʚʦ ʢʦʪʦʨʳʭ ʥʝʠʟʤʝʥʥʦ ʚʦʟʨʘʩʪʘʝʪ ʚ ʫʩʣʦʚʠʷʭ ʥʝʧʨʝʨʳʚʥʦʛʦ ʧʨʦʛʨʝʩʩʘ ʮʠʚʠʣʠʟʘʮʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʨʭʠʪʝʢʪʫʨʘ, ʠʥʥʦʚʘʮʠʠ, ʩʦʮʠʦʢʫʣʴʪʫʨʥʳʝ ʘʩʧʝʢʪʳ, ʠʩʪʦʨʠʯʝʩʢʦʝ ʥʘʩʣʝʜʠʝ 

 

ɸʨʭʠʪʝʢʪʦʨʳ ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʠʟʤʝʥʷʶʱʠʤʠʩʷ ʟʘʧʨʦʩʘʤʠ ʩʦʚʨʝʤʝʥʥʦʛʦ ʦʙʱʝʩʪʚʘ, ʯʪʦ 

ʪʨʝʙʫʝʪ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʠ ʘʜʘʧʪʠʚʥʳʭ ʨʝʰʝʥʠʡ, ʦʪʨʘʞʘʶʱʠʭ ʪʝʢʫʱʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ, 

ʩʦʮʠʘʣʴʥʳʝ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʪʨʝʥʜʳ. ɺ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʧʨʦʠʩʭʦʜʠʪ ʠʟʤʝʥʝʥʠʝ ʧʨʦʝʢʪʥʦʡ 

ʧʘʨʘʜʠʛʤʳ ʠ ʧʦʷʚʣʝʥʠʝ ʥʦʚʳʭ ʧʦʜʭʦʜʦʚ [1, ʩ. 172]. ɺ ʯʘʩʪʥʦʩʪʠ, ʮʠʬʨʦʚʦʝ ʪʚʦʨʯʝʩʪʚʦ ʠ 

ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ʨʘʜʠʢʘʣʴʥʦ ʠʟʤʝʥʷʶʪ ʘʨʭʠʪʝʢʪʫʨʥʦʝ ʤʳʰʣʝʥʠʝ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ, 

ʯʪʦ ʪʨʝʙʫʝʪ ʘʜʘʧʪʘʮʠʠ ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ. ʅʝʩʤʦʪʨʷ ʥʘ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ 

ʠʥʥʦʚʘʮʠʡ, ʩʫʱʝʩʪʚʫʝʪ ʦʧʘʩʝʥʠʝ, ʯʪʦ ʥʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʤʦʛʫʪ ʧʦʜʦʨʚʘʪʴ ʪʨʘʜʠʮʠʦʥʥʳʝ 

ʧʨʦʝʢʪʥʳʝ ʥʘʚʳʢʠ [2]. ɺ ʵʪʦʤ ʢʦʥʪʝʢʩʪʝ ʟʘʤʝʪʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʦʚʨʝʤʝʥʥʳʭ 

ʤʝʪʦʜʦʚ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʘʨʭʠʪʝʢʪʦʨʘʤ 

ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʚʘʪʴ ʠʥʩʪʨʫʤʝʥʪʳ, ʩʧʦʩʦʙʥʳʝ ʵʬʬʝʢʪʠʚʥʦ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʚʳʟʦʚʳ ʚʨʝʤʝʥʠ 

ʠ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʧʦʪʨʝʙʥʦʩʪʠ ʩʦʚʨʝʤʝʥʥʦʛʦ ʦʙʱʝʩʪʚʘ. 

ɺ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʚʦʟʨʘʩʪʘʝʪ ʨʦʣʴ ʦʙʨʘʟʦʚʘʥʠʷ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʩʦʚʨʝʤʝʥʥʳʭ 

ʥʘʚʳʢʦʚ ʧʨʦʬʝʩʩʠʦʥʘʣʦʚ ʠ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʚ ʫʩʣʦʚʠʷʭ, ʯʪʦ ʩʪʘʥʦʚʠʪʩʷ 

ʩʪʨʘʪʝʛʠʯʝʩʢʠʤ ʨʝʩʫʨʩʦʤ ʚ ʩʦʮʠʘʣʴʥʦʡ ʩʬʝʨʝ [3, ʩ. 16]. ʆʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʵʬʬʝʢʪʠʚʥʦʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʦʚʳʭ ʟʥʘʥʠʡ, ʘ ʪʘʢʞʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʜʦʩʪʠʞʝʥʠʡ ʜʣʷ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʫʯʝʙʥʳʭ ʧʣʘʥʦʚ ʧʦʜʛʦʪʦʚʢʠ ʢʘʜʨʦʚ ʜʣʷ ʘʨʭʠʪʝʢʪʫʨʥʦ-ʩʪʨʦʠʪʝʣʴʥʦʡ 

ʩʬʝʨʳ. 

ʆʜʥʦʡ ʠʟ ʛʣʘʚʥʳʭ ʧʨʦʙʣʝʤ ʷʚʣʷʝʪʩʷ ʢʦʥʬʣʠʢʪ ʤʝʞʜʫ ʩʪʨʝʤʣʝʥʠʝʤ ʢ ʩʦʚʨʝʤʝʥʥʳʤ 

ʠʥʥʦʚʘʮʠʷʤ ʠ ʩʦʭʨʘʥʝʥʠʝʤ ʠʩʪʦʨʠʯʝʩʢʦʛʦ ʥʘʩʣʝʜʠʷ. ʄʥʦʛʠʝ ʟʜʘʥʠʷ ʠ ʛʦʨʦʜʩʢʠʝ ʧʦʩʝʣʝʥʠʷ, 

ʧʝʨʝʞʠʚʰʠʝ ʚʝʢʘ, ʷʚʣʷʶʪʩʷ ʚʘʞʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʢʫʣʴʪʫʨʥʦʛʦ ʥʘʩʣʝʜʠʷ. ʆʜʥʘʢʦ ʧʨʠ 

ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʠʣʠ ʥʦʚʦʤ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʚʦʟʥʠʢʘʝʪ ʚʦʧʨʦʩ, ʢʘʢ ʩʦʭʨʘʥʠʪʴ ʠʩʪʦʨʠʯʝʩʢʠʝ 

ʮʝʥʥʦʩʪʠ ʠ ʚʥʝʜʨʠʪʴ ʩʦʚʨʝʤʝʥʥʳʝ ʠʥʥʦʚʘʮʠʠ. ʕʪʦʪ ʢʦʥʬʣʠʢʪ ʪʨʝʙʫʝʪ ʙʘʣʘʥʩʘ ʤʝʞʜʫ 

ʩʦʭʨʘʥʝʥʠʝʤ ʠʩʪʦʨʠʯʝʩʢʦʡ ʘʫʪʝʥʪʠʯʥʦʩʪʠ ʠ ʩʦʚʨʝʤʝʥʥʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ [4]. 

ɸʨʭʠʪʝʢʪʫʨʥʳʝ ʦʙʲʝʢʪʳ ʷʚʣʷʶʪʩʷ ʯʘʩʪʴʶ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ʣʶʜʴʤʠ ʠ ʩʦʦʙʱʝʩʪʚʘʤʠ. ʆʥʠ ʤʦʛʫʪ ʚʣʠʷʪʴ ʥʘ ʦʙʱʝʩʪʚʝʥʥʫʶ ʞʠʟʥʴ, 

ʩʦʟʜʘʚʘʷ ʧʨʦʩʪʨʘʥʩʪʚʘ ʜʣʷ ʚʩʪʨʝʯ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʬʦʨʤʠʨʫʷ ʠʜʝʥʪʠʯʥʦʩʪʴ ʦʙʱʝʩʪʚʝʥʥʳʭ 

ʮʝʥʪʨʦʚ ʠ ʧʨʦʩʪʨʘʥʩʪʚ. ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʟʜʘʥʠʡ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʧʦʪʨʝʙʥʦʩʪʠ ʠ 

ʧʨʝʜʧʦʯʪʝʥʠʷ ʤʝʩʪʥʦʛʦ ʥʘʩʝʣʝʥʠʷ, ʯʪʦʙʳ ʩʦʟʜʘʚʘʪʴ ʟʜʘʥʠʷ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʝ ʩʦʮʠʘʣʴʥʦʡ 

ʠʥʪʝʛʨʘʮʠʠ ʠ ʨʘʟʚʠʪʠʶ ʩʦʦʙʱʝʩʪʚʘ. 

ʉʦʮʠʦʢʫʣʴʪʫʨʥʳʝ ʧʨʦʙʣʝʤʳ ʚʥʝʜʨʝʥʠʷ ʠʥʥʦʚʘʮʠʡ ʚ ʘʨʭʠʪʝʢʪʫʨʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʚʢʣʶʯʘʶʪ ʚʦʧʨʦʩʳ ʵʪʠʢʠ ʠ ʩʦʮʠʘʣʴʥʦʡ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ. çʀʥʥʦʚʘʮʠʷ ʨʘʟʚʠʚʘʝʪʩʷ ʚʦʧʨʝʢʠ 

ʪʨʘʜʠʮʠʠ ʚ ʧʨʦʪʠʚʦʩʪʦʷʥʠʠ ʝʡè [5, c. 1193], ʠ ʠʭ ʦʪʥʦʰʝʥʠʝ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʢʘʢ 

çʩʠʥʢʨʝʪʠʟʤè - ʩʦʝʜʠʥʝʥʠʝ ʨʘʟʥʦʨʦʜʥʳʭ, ʨʘʟʥʦʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘʯʘʣ [6, ʩ. 47]. 

ʇʦʟʠʮʠʦʥʠʨʦʚʘʥʠʝ ʠʥʥʦʚʘʮʠʡ ʚ ʩʦʮʠʦʢʫʣʴʪʫʨʥʦʤ ʢʦʥʪʝʢʩʪʝ ʪʨʝʙʫʝʪ ʦʪ ʘʨʭʠʪʝʢʪʦʨʦʚ ʫʯʝʪʘ ʠ 

ʫʚʘʞʝʥʠʷ ʩʦʮʠʘʣʴʥʳʭ ʠ ʢʫʣʴʪʫʨʥʳʭ ʬʘʢʪʦʨʦʚ ʧʨʠ ʩʦʟʜʘʥʠʠ ʟʜʘʥʠʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 



ʠʩʪʦʨʠʯʝʩʢʦʤʫ ʥʘʩʣʝʜʠʶ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʭ ʩʦʮʠʘʣʴʥʳʝ ʧʦʪʨʝʙʥʦʩʪʠ ʠ ʩʧʦʩʦʙʩʪʚʫʶʱʠʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʩ ʦʙʱʝʩʪʚʦʤ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʘʜʘʧʪʠʚʥʳʭ ʤʝʪʦʜʦʚ, ʩʧʦʩʦʙʥʳʭ ʧʦʤʦʯʴ 

ʘʨʭʠʪʝʢʪʦʨʘʤ ʚʥʝʜʨʷʪʴ ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʨʝʰʝʥʠʷ ʚ ʩʦʮʠʦʢʫʣʴʪʫʨʥʫʶ ʩʨʝʜʫ: 

Å ʉʦʮʠʘʣʴʥʳʝ ʦʧʨʦʩʳ ï ʚʘʞʥʳʡ ʵʣʝʤʝʥʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʘʨʭʠʪʝʢʪʦʨʦʤ 

ʠʣʠ ʠʥʚʝʩʪʦʨʦʤ ʠ ʠʥʥʦʚʘʮʠʦʥʥʳʤʠ ʧʨʦʝʢʪʘʤʠ. 

Å ʂʦʥʢʫʨʩʳ ʥʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ï ʩʨʝʜʩʪʚʦ ʜʠʘʣʦʛʘ ʤʝʞʜʫ ʘʨʭʠʪʝʢʪʦʨʦʤ ʠ 

ʟʘʩʪʨʦʡʱʠʢʦʤ, ʟʘʢʘʟʯʠʢʦʤ, ʧʦʪʨʝʙʠʪʝʣʝʤ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʧʫʪʝʤ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʠ ʚʳʨʘʙʦʪʢʠ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʧʨʝʜʣʦʞʝʥʠʡ ʧʦ ʠʥʥʦʚʘʮʠʦʥʥʳʤ 

ʘʨʭʠʪʝʢʪʫʨʥʦ-ʧʣʘʥʠʨʦʚʦʯʥʳʤ ʨʝʰʝʥʠʷʤ [7, ʩ. 7]. 

Å ʉʦʭʨʘʥʝʥʠʝ ʧʨʠʚʷʟʘʥʥʦʩʪʠ ʢ ʤʝʩʪʫ ʠ ʘʜʘʧʪʘʮʠʷ ʧʨʦʝʢʪʦʚ ʢ ʤʝʩʪʥʳʤ ʫʩʣʦʚʠʷʤ ʠ 

ʥʦʨʤʘʪʠʚʥʦʡ ʙʘʟʝ. 

Å ʆʙʤʝʥ ʦʧʳʪʦʤ ʩ ʩʦʩʝʜʥʠʤʠ ʨʝʛʠʦʥʘʤʠ ï ʚʳʩʪʘʚʢʠ ʠ ʩʤʦʪʨʳ, ʦʨʛʘʥʠʟʫʝʤʳʝ 

ʢʨʫʧʥʳʤʠ ʩʪʨʦʠʪʝʣʴʥʳʤʠ ʢʦʤʧʘʥʠʷʤʠ ʠ ʠʥʚʝʩʪʦʨʘʤʠ, ʩʧʦʩʦʙʩʪʚʫʶʪ ʦʙʤʝʥʫ 

ʠʥʥʦʚʘʮʠʦʥʥʳʤʠ ʠʜʝʷʤʠ ʠ ʫʢʨʝʧʣʝʥʠʶ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʩʚʷʟʝʡ. 

ʉʦʮʠʦʢʫʣʴʪʫʨʥʳʝ ʘʩʧʝʢʪʳ ʚʥʝʜʨʝʥʠʷ ʠʥʥʦʚʘʮʠʡ ʚ ʘʨʭʠʪʝʢʪʫʨʥʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ 

ʘʢʮʝʥʪʠʨʫʶʪ ʟʥʘʯʠʤʦʩʪʴ ʜʦʩʪʠʞʝʥʠʷ ʛʘʨʤʦʥʠʯʥʦʛʦ ʙʘʣʘʥʩʘ ʤʝʞʜʫ ʩʦʭʨʘʥʝʥʠʝʤ ʢʫʣʴʪʫʨʥʦʛʦ 

ʥʘʩʣʝʜʠʷ ʠ ʠʥʪʝʛʨʘʮʠʝʡ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʅʝʦʙʭʦʜʠʤʦ ʫʜʝʣʷʪʴ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ 

ʘʥʘʣʠʟʫ ʢʦʥʬʣʠʢʪʦʚ, ʚʦʟʥʠʢʘʶʱʠʭ ʤʝʞʜʫ ʥʦʚʳʤʠ ʘʨʭʠʪʝʢʪʫʨʥʳʤʠ ʧʨʦʝʢʪʘʤʠ ʠ ʫʩʠʣʠʷʤʠ ʧʦ 

ʩʦʭʨʘʥʝʥʠʶ ʠʩʪʦʨʠʯʝʩʢʠʭ ʤʝʩʪ, ʘ ʪʘʢʞʝ ʠʟʫʯʝʥʠʶ ʩʦʮʠʦʢʫʣʴʪʫʨʥʦʛʦ ʚʦʩʧʨʠʷʪʠʷ ʦʙʱʝʩʪʚʦʤ 

ʥʦʚʳʭ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʨʝʰʝʥʠʡ. ɺʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʫʯʝʪ ʧʦʪʨʝʙʥʦʩʪʝʡ ʠ ʧʨʝʜʧʦʯʪʝʥʠʡ 

ʤʝʩʪʥʦʛʦ ʥʘʩʝʣʝʥʠʷ ʧʨʠ ʩʦʟʜʘʥʠʠ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʨʝʰʝʥʠʡ, ʢʦʪʦʨʳʝ ʥʝ ʪʦʣʴʢʦ ʩʧʦʩʦʙʩʪʚʫʶʪ 

ʩʦʮʠʘʣʴʥʦʡ ʠʥʪʝʛʨʘʮʠʠ, ʥʦ ʠ ʫʚʘʞʘʶʪ ʠʩʪʦʨʠʯʝʩʢʠʝ ʠ ʢʫʣʴʪʫʨʥʳʝ ʮʝʥʥʦʩʪʠ. 
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Architecture is a crucial element of cultural heritage and human expression that must continuously 

evolve under the influence of innovative technologies, new materials, and changing social needs, the 

quantity and quality of which invariably increase in the conditions of the continuous progress of 

civilization. 
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ʆʇɸʉʅʆʉʊʀ ʀʅʊɽʈʅɽʊ-ʇʈʆʉʊʈɸʅʉʊɺɸ. ɺʀɼɽʆɹʃʆɻʀʅɻ ʀ ʉʆɺʈɽʄɽʅʅʓɽ 

ʇʆɼʈʆʉʊʂʀ 

ʂʫʨʘʣʝʥʢʦ ʀ.ʄ., ʊʠʪʢʦʚʘ ɺ.ʖ. 

ʇʝʨʚʳʡ ʫʥʠʚʝʨʩʠʪʝʪʩʢʠʡ ʣʠʮʝʡ ʠʤʝʥʠ ʅ.ʀ. ʃʦʙʘʯʝʚʩʢʦʛʦ ï ʬʠʣʠʘʣ ʄʦʩʢʦʚʩʢʦʛʦ 

ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʘʥʦʩʦʚʘ, ʋʩʪʴ-ʃʘʙʠʥʩʢʝ. 

 

ɹʣʦʛʦʩʬʝʨʘ ʩʪʘʥʦʚʠʪʩʷ ʜʣʷ ʜʝʪʝʡ ʚʠʨʪʫʘʣʴʥʳʤ ʩʦʮʠʫʤʦʤ, ʚ ʢʦʪʦʨʦʤ ʬʦʨʤʠʨʫʝʪʩʷ 

ʣʠʯʥʦʩʪʴ ʨʝʙʝʥʢʘ ʧʦ ʚʩʝʤ ʟʘʢʦʥʘʤ ʨʝʘʣʴʥʦʡ ʞʠʟʥʠ, ʧʦʵʪʦʤʫ ʥʝʣʴʟʷ ʠʛʥʦʨʠʨʦʚʘʪʴ ʝʝ ʚʣʠʷʥʠʝ 

ʠ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʦʧʘʩʥʦʩʪʠ.  ʉʪʘʪʴʷ ʚʢʣʶʯʘʝʪ ʚʦʧʨʦʩʳ, ʢʘʩʘʶʱʠʝʩʷ ʧʦʚʝʜʝʥʠʷ ʠ ʦʩʥʦʚʥʳʭ 

ʩʧʦʩʦʙʦʚ ʩʦʮʠʘʣʴʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʜʨʦʩʪʢʦʚ ʚ ʧʨʦʮʝʩʩʝ ʧʦʪʨʝʙʣʝʥʠʷ, ʩʦʟʜʘʥʠʷ ʠ 

ʧʨʦʜʚʠʞʝʥʠʷ ʚʠʜʝʦʙʣʦʛʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʙʣʦʛ, ʙʣʦʛʦʩʬʝʨʘ, ʚʠʜʝʦʙʣʦʛ, ʙʝʟʦʧʘʩʥʦʩʪʴ, ʩʦʮʠʘʣʠʟʘʮʠʷ, ʜʝʪʠ, ʧʦʜʨʦʩʪʢʠ, 

ʠʥʪʝʨʥʝʪ, ʢʦʤʤʫʥʠʢʘʮʠʷ, blog, blogosphere, vlog, safety, socialization, children, teenagers, 

internet, communication 

 

ʀʥʪʝʨʥʝʪ ʘʢʪʠʚʥʦ ʚʢʣʶʯʠʣʩʷ ʚ ʜʝʷʪʝʣʴʥʦʩʪʴ ʦʙʱʝʩʪʚʘ ʠ ʟʘ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʦʡ 

ʧʝʨʠʦʜ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʦʢʘʟʘʣʩʷ ʟʘʜʝʡʩʪʚʦʚʘʥʥʳʤ ʚʦ ʚʩʝʭ ʝʛʦ ʩʬʝʨʘʭ. ʉʪʨʝʤʠʪʝʣʴʥʦʝ ʨʘʟʚʠʪʠʝ 

ʚʠʜʝʦʢʦʥʪʝʥʪʘ ʚ ʉʝʪʠ ʦʢʘʟʳʚʘʝʪ ʙʦʣʴʰʦʝ ʚʣʠʷʥʠʝ ʥʘ ʞʠʟʥʴ ʩʦʚʨʝʤʝʥʥʦʛʦ ʯʝʣʦʚʝʢʘ. 

ɺʠʜʝʦʙʣʦʛʠʥʛ ʢʘʢ ʬʦʨʤʘ ʨʘʟʤʝʱʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʚ ʀʥʪʝʨʥʝʪʝ ʪʘʢʞʝ ʥʘʭʦʜʠʪʩʷ ʩʝʛʦʜʥʷ ʥʘ 

ʧʠʢʝ ʧʦʧʫʣʷʨʥʦʩʪʠ. 

ʈʘʟʚʠʪʠʝ ʚʠʜʝʦʙʣʦʛʠʥʛʘ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʦʙʱʝʩʪʚʝ ʛʦʚʦʨʠʪ ʦ ʥʘʣʠʯʠʠ ʧʦʩʪʦʷʥʥʦ 

ʨʘʩʰʠʨʷʶʱʝʡʩʷ ʘʫʜʠʪʦʨʠʠ. ɹʝʟʫʩʣʦʚʥʦ, ʝʝ ʚʦʟʨʘʩʪʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʦʙʫʩʣʦʚʣʝʥʳ ʚ ʧʝʨʚʫʶ 

ʦʯʝʨʝʜʴ ʩʦʜʝʨʞʘʥʠʝʤ ʠ ʪʝʤʘʪʠʢʦʡ ʢʦʥʪʝʥʪʘ. ʆʜʥʘʢʦ ʵʢʩʧʝʨʪʳ ʘʛʝʥʪʩʪʚʘ çʇʦʣʠʣʦʛè ʩʯʠʪʘʶʪ, 

ʯʪʦ ʛʣʘʚʥʳʤʠ ʟʨʠʪʝʣʷʤʠ ʚʠʜʝʦʙʣʦʛʦʚ ʷʚʣʷʶʪʩʷ ʜʝʪʠ ʠ ʧʦʜʨʦʩʪʢʠ [4]. ɼʝʪʩʢʘʷ ʘʫʜʠʪʦʨʠʷ ʚ 

ʀʥʪʝʨʥʝʪʝ ʦʧʨʝʜʝʣʷʝʪ ʪʝʯʝʥʠʷ ʠ ʪʝʥʜʝʥʮʠʠ, ʘ ʧʦʪʦʤ ʪʨʘʥʩʣʠʨʫʝʪ ʠʭ ʥʘ ʚʟʨʦʩʣʳʭ ʣʶʜʝʡ. ɺ 

ʩʦʚʨʝʤʝʥʥʦʡ ʧʦʚʩʝʜʥʝʚʥʦʩʪʠ ʜʝʪʝʡ ʠ ʧʦʜʨʦʩʪʢʦʚ ʙʣʦʛʦʩʬʝʨʘ ʟʘʥʠʤʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʤʝʩʪʦ. 

ʂʘʢ ʧʦʢʘʟʘʣʦ ʧʨʦʚʝʜʝʥʥʦʝ ʩʦʮʠʦʣʦʛʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʝ, 100 % ʜʝʪʝʡ ʰʢʦʣʴʥʦʛʦ ʚʦʟʨʘʩʪʘ ʠ 

ʧʦʜʨʦʩʪʢʦʚ ʷʚʣʷʶʪʩʷ ʟʨʠʪʝʣʷʤʠ ʚʠʜʝʦʙʣʦʛʦʚ. ʀʤʝʥʥʦ ʚ ʵʪʦʪ ʚʦʟʨʘʩʪʥʦʡ ʧʝʨʠʦʜ 

ʚʠʜʝʦʤʘʪʝʨʠʘʣʳ ʦʢʘʟʳʚʘʶʪ ʦʛʨʦʤʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʣʠʯʥʦʩʪʠ ʨʝʙʝʥʢʘ. 

ɹʣʦʛʦʩʬʝʨʘ ʤʦʞʝʪ ʩʪʘʪʴ ʜʣʷ ʥʝʛʦ ʚʠʨʪʫʘʣʴʥʳʤ ʩʦʮʠʫʤʦʤ, ʚ ʢʦʪʦʨʦʤ ʦʥ ʨʝʘʣʠʟʫʝʪ 

ʢʦʤʤʫʥʠʢʘʪʠʚʥʫʶ ʬʫʥʢʮʠʶ ʧʦʩʨʝʜʩʪʚʦʤ ʚʠʨʪʫʘʣʴʥʦʛʦ ʦʙʱʝʥʠʷ ʩ ʣʶʜʴʤʠ ʩʦ ʩʭʦʞʠʤʠ 

ʠʥʪʝʨʝʩʘʤʠ. çɺʣʦʛè ï ʵʪʦ ʩʚʦʝʦʙʨʘʟʥʳʡ ʚʠʨʪʫʘʣʴʥʳʡ ʢʣʫʙ ʧʦ ʠʥʪʝʨʝʩʘʤ, ʛʜʝ ʛʨʫʧʧʠʨʫʶʪʩʷ 

ʧʦʜʨʦʩʪʢʠ ʧʦ ʧʨʠʥʮʠʧʫ ʫʚʣʝʯʝʥʠʷ, ʥʘʧʨʠʤʝʨ, ʢʦʤʧʴʶʪʝʨʥʳʤʠ ʠʛʨʘʤʠ ʠʣʠ ʧʫʪʝʰʝʩʪʚʠʷʤʠ 

[6].  ʄʥʦʛʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ, ʠʟʫʯʘʷ ʢʦʤʤʫʥʠʢʘʮʠʠ ʨʝʙʝʥʢʘ ʚ ʠʥʪʝʨʥʝʪ-ʧʨʦʩʪʨʘʥʩʪʚʝ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʚ ʚʠʜʝʦʙʣʦʛʦʩʬʝʨʝ, ʧʦʜʥʠʤʘʶʪ ʧʨʦʙʣʝʤʫ ʜʝʪʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʆʥʠ ʚʳʜʝʣʷʶʪ ʢʘʢ 

ʦʙʱʠʝ, ʪʘʢ ʠ ʩʧʝʮʠʬʠʯʝʩʢʠʝ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʚʠʨʪʫʘʣʴʥʦʡ ʨʝʘʣʴʥʦʩʪʠ, ʨʠʩʢʠ ʜʝʪʩʪʚʘ. ʕʪʦ 

ʤʦʛʫʪ ʙʳʪʴ ʦʙʲʝʢʪʠʚʥʳʝ ʨʠʩʢʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʚʣʠʷʥʠʝʤ ʚʠʨʪʫʘʣʴʥʦʡ ʩʨʝʜʳ ʥʘ ʨʝʙʝʥʢʘ, ʠ 

ʩʫʙʴʝʢʪʠʚʥʳʝ, ʨʝʘʣʠʟʫʝʤʳʝ ʚ ʜʝʷʪʝʣʴʥʦʩʪʠ ʜʝʪʝʡ ʚ ʉʝʪʠ, ʠʭ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʩʚʝʨʩʪʥʠʢʦʚ. 

ʅʝʦʙʭʦʜʠʤʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʵʪʦ ï ʚʟʨʦʩʣʳʡ ʚʟʛʣʷʜ ʥʘ ʜʝʪʩʢʫʶ ʙʝʟʦʧʘʩʥʦʩʪʴ ʚ ʀʥʪʝʨʥʝʪʝ [1].  

ʂʘʢ ʦʙʝʟʦʧʘʩʠʪʴ ʧʦʜʨʦʩʪʢʘ ʚ ʫʩʣʦʚʠʷʭ ʧʨʦʞʠʚʘʥʠʷ ʚ ʢʘʤʧʫʩʝ ʦʪ ʥʝʛʘʪʠʚʥʳʭ ʠ ʚʨʝʜʥʳʭ 

ʚʦʟʜʝʡʩʪʚʠʡ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʝʡ? ɺʦʩʧʠʪʘʪʝʣʶ ʥʝʦʙʭʦʜʠʤʦ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʧʨʦʚʝʩʪʠ ʨʷʜ 

ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʩ ʧʦʜʨʦʩʪʢʘʤʠ, ʢʦʪʦʨʳʝ ʧʦʤʦʛʫʪ ʩʧʣʘʥʠʨʦʚʘʪʴ ʠ ʦʨʛʘʥʠʟʦʚʘʪʴ 

ʩʚʦʙʦʜʥʦʝ ʦʪ ʫʯʝʙʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚʨʝʤʷ.  

ʇʦʩʣʝʜʩʪʚʠʷ ʟʣʦʫʧʦʪʨʝʙʣʝʥʠʷ ʧʦʣʴʟʦʚʘʥʠʷ ʩʦʮʩʝʪʷʤʠ ʠ ʠʭ ʧʨʦʬʠʣʘʢʪʠʢʘ ʩʨʝʜʠ 

ʧʦʜʨʦʩʪʢʦʚ: 

Å ʉʥʠʞʝʥʠʝ ʬʠʟʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ.  



ʕʪʦʛʦ ʤʦʞʥʦ ʠʟʙʝʞʘʪʴ, ʥʘʧʨʠʤʝʨ, ʩʦʩʪʘʚʣʷʷ ʧʣʘʥ ʥʘ ʜʝʥʴ, ʚ ʢʦʪʦʨʦʤ ʦʥʣʘʡʥ-ʟʘʥʷʪʠʷʤ 

ʙʫʜʫʪ ʦʪʚʝʜʝʥʳ ʦʧʨʝʜʝʣʸʥʥʳʝ ʧʨʦʤʝʞʫʪʢʠ ʤʝʞʜʫ ʜʝʣʘʤʠ, ʪʨʝʙʫʶʱʠʤʠ ʜʚʠʞʝʥʠʷ. 

Å ʅʘʨʫʰʝʥʠʷ ʩʥʘ.  

ɼʣʷ ʧʨʦʬʠʣʘʢʪʠʢʠ ʚʘʞʥʦ ʫʯʠʪʴ ʨʝʙʸʥʢʘ ʦʛʨʘʥʠʯʠʚʘʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʮʠʬʨʦʚʳʭ 

ʜʝʚʘʡʩʦʚ ʟʘ ʧʘʨʫ ʯʘʩʦʚ ʜʦ ʩʥʘ ʠ ʪʝʤ ʙʦʣʝʝ ʚ ʥʦʯʥʦʝ ʚʨʝʤʷ. 

Å ʅʘʙʦʨ ʚʝʩʘ ʠ ʧʝʨʝʝʜʘʥʠʝ ʚ ʩʚʷʟʠ ʩʦ ʩʙʠʪʳʤ ʨʝʞʠʤʦʤ ʦʪʜʳʭʘ ʠ ʘʢʪʠʚʥʦʩʪʠ.  

ɾʝʣʘʪʝʣʴʥʦ ʨʘʟʛʨʘʥʠʯʠʚʘʪʴ ʚ ʢʦʤʥʘʪʝ ʢʘʤʧʫʩʘ ʟʦʥʳ ʧʨʠʸʤʘ ʧʠʱʠ ʠ ʜʦʩʫʛʘ, ʧʨʠʫʯʘʪʴ 

ʨʝʙʸʥʢʘ ʢ ʧʦʣʥʦʮʝʥʥʳʤ ʧʨʠʸʤʘʤ ʧʠʱʠ ʚʤʝʩʪʦ ʧʝʨʝʢʫʩʦʚ ʟʘ ʢʦʤʧʴʶʪʝʨʦʤ. 

Å ʇʨʦʙʣʝʤʳ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʠ ʚʥʠʤʘʥʠʝʤ.  

ɼʣʷ ʧʨʦʬʠʣʘʢʪʠʢʠ ʚʘʞʥʦ, ʯʪʦʙʳ ʨʝʙʸʥʦʢ ʫʤʝʣ ʧʦʣʫʯʘʪʴ ʫʜʦʚʦʣʴʩʪʚʠʝ ʦʪ ʟʘʥʷʪʠʡ, 

ʢʦʪʦʨʳʝ ʪʨʝʙʫʶʪ ʩʦʩʨʝʜʦʪʦʯʝʥʥʦʩʪʠ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʜʣʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, ʥʘʧʨʠʤʝʨ ʯʪʝʥʠʷ 

[5]. 

ɹʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʶʪ ʙʝʩʝʜʳ ʩ ʧʦʜʨʦʩʪʢʘʤʠ, ʩʦʚʤʝʩʪʥʳʝ ʦʙʩʫʞʜʝʥʠʷ ʪʝʭ ʠʣʠ ʠʥʳʭ 

ʩʦʙʳʪʠʡ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʠʥʪʝʨʥʝʪ-ʩʦʦʙʱʝʩʪʚʘʭ, ʠ ʵʪʦ ʤʦʛʫʪ ʙʳʪʴ ʪʘʢʠʝ ʚʦʧʨʦʩʳ: 

1. ʂʘʢ ʧʦ-ʪʚʦʝʤʫ, ʧʦʯʝʤʫ ʥʝʢʦʪʦʨʳʤ ʠʟ ʪʚʦʠʭ ʜʨʫʟʝʡ ʥʨʘʚʷʪʩʷ ʩʦʮʩʝʪʠ? 

2. ʉʪʘʣ ʣʠ ʢʪʦ-ʪʦ ʠʟ ʪʚʦʠʭ ʜʨʫʟʝʡ ʩʣʠʰʢʦʤ ʟʘʚʠʩʠʤ ʦʪ ʩʦʮʩʝʪʝʡ? ɽʩʣʠ ʜʘ, ʢʘʢ ʵʪʦ ʥʘ 

ʥʝʛʦ ʠʣʠ ʥʘ ʥʝʸ ʚʣʠʷʝʪ? 

3. ɽʩʣʠ ʩʨʘʚʥʠʪʴ ʦʙʱʝʥʠʝ ʚ ʩʦʮʩʝʪʷʭ ʩ ʞʠʚʳʤ ʦʙʱʝʥʠʝʤ, ʢʘʢʠʝ ʪʳ ʚʠʜʠʰʴ ʧʣʶʩʳ ʠ 

ʤʠʥʫʩʳ? 

4. ʏʪʦ ʪʳ ʤʦʛ ʙʳ ʜʝʣʘʪʴ, ʯʪʦʙʳ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʪʦ, ʩʢʦʣʴʢʦ ʚʨʝʤʝʥʠ ʪʳ ʧʨʦʚʦʜʠʰʴ ʚ 

ʩʦʮʩʝʪʷʭ? 

5. ʏʪʦ ʪʳ ʜʝʣʘʝʰʴ, ʯʪʦʙʳ ʥʝ ʩʨʘʚʥʠʚʘʪʴ ʩʝʙʷ ʩ ʜʨʫʟʴʷʤʠ, ʢʦʛʜʘ ʧʨʦʩʤʘʪʨʠʚʘʝʰʴ ʠʭ 

ʧʦʩʪʳ ʚ ʠʥʪʝʨʥʝʪʝ? 

6. ɺ ʢʘʢʦʤ ʩʣʫʯʘʝ ʩʪʦʠʣʦ ʙʳ ʩʜʝʣʘʪʴ ʧʝʨʝʨʳʚ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʦʮʩʝʪʝʡ? [1] 

ɺʟʨʦʩʣʳʝ ʜʦʣʞʥʳ ʚʦʩʧʨʠʥʠʤʘʪʴ ʫʚʣʝʯʝʥʠʝ ʧʦʜʨʦʩʪʢʦʚ ʚʠʜʝʦʙʣʦʛʘʤʠ ʢʘʢ ʚʘʞʥʳʡ 

ʠʥʩʪʨʫʤʝʥʪ ʩʦʮʠʘʣʠʟʘʮʠʠ, ʢʦʪʦʨʳʡ ʧʨʠ ʛʨʘʤʦʪʥʦʤ ʧʦʜʭʦʜʝ ʤʦʞʝʪ ʦʢʘʟʘʪʴ ʧʦʣʦʞʠʪʝʣʴʥʦʝ 

ʚʣʠʷʥʠʝ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʦʙʨʘʟʘ çʷè ʫ ʨʝʙʝʥʢʘ ʠ ʥʘʣʘʞʠʚʘʥʠʝ ʩʦʮʠʘʣʴʥʳʭ ʩʚʷʟʝʡ. 
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ʋɼʂ: 37.0 

ʌʆʈʄʀʈʆɺɸʅʀɽ ɸʂʊʀɺʅʆʁ ɾʀɿʅɽʅʅʆʁ ʇʆɿʀʎʀʀ ʋ ɹʋɼʋʑɽɻʆ ʋʏʀʊɽʃʗ 

ʄʘʤʝʜʣʠ ʃʘʣʘ ɸʢʠʬ ʢʳʟʳ  

ʀʥʩʪʠʪʫʪ ʦʙʨʘʟʦʚʘʥʠʷ ɸʟʝʨʙʘʡʜʞʘʥʩʢʦʡ ʈʝʩʧʫʙʣʠʢʠ 

 

ʇʝʨʝʜ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʤʠ ʫʯʨʝʞʜʝʥʠʷʤʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʠʥʩʪʠʪʫʪʘʤʠ ʠ ʫʥʠʚʝʨʩʠʪʝʪʘʤʠ, 

ʩʪʘʚʷʪʩʷ ʢʦʥʢʨʝʪʥʳʝ ʟʘʜʘʯʠ. ʆʩʥʦʚʥʘʷ ʟʘʜʘʯʘ ʚʳʩʰʠʭ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʡ ï ʧʦʜʛʦʪʦʚʠʪʴ 

ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʝ ʢʘʜʨʳ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚʦʩʧʠʪʘʪʴ ʣʠʯʥʦʩʪʴ. ʕʪʦʪ 

ʯʝʣʦʚʝʢ ʜʦʣʞʝʥ ʦʙʣʘʜʘʪʴ ʛʣʫʙʦʢʠʤʠ ʟʥʘʥʠʷʤʠ, ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʠ ʧʨʘʢʪʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʦʡ 

ʧʦ ʚʳʙʨʘʥʥʦʡ ʩʧʝʮʠʘʣʴʥʦʩʪʠ, ʩʦʯʝʪʘʪʴ ʚ ʩʝʙʝ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʤʦʨʘʣʴʥʳʝ ʢʘʯʝʩʪʚʘ. ʉ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʵʪʦʡ ʠʜʝʠ ʚ ʮʝʥʪʨʝ ʚʥʠʤʘʥʠʷ ʥʘʭʦʜʠʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝ ʘʢʪʠʚʥʦʡ ʞʠʟʥʝʥʥʦʡ ʧʦʟʠʮʠʠ 

ʫ ʩʪʫʜʝʥʪʦʚ ʚʫʟʦʚ. ɼʣʷ ʵʪʦʛʦ ʤʦʞʥʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʰʠʨʦʢʠʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʣʝʢʮʠʡ ʠ 

ʩʝʤʠʥʘʨʦʚ, ʘ ʪʘʢʞʝ ʤʝʨʦʧʨʠʷʪʠʡ ʟʘ ʧʨʝʜʝʣʘʤʠ ʘʫʜʠʪʦʨʠʠ. 

ʕʪʠ ʚʦʧʨʦʩʳ ʚʦʰʣʠ ʚ ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʢʦʥʬʝʨʝʥʮʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʢʪʠʚʥʘʷ ʧʦʟʠʮʠʷ ʘʢʪʠʚʥʘʷ ʞʠʟʥʝʥʥʘʷ ʧʦʟʠʮʠʷ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʘʢʪʠʚʥʦʡ 

ʞʠʟʥʝʥʥʦʡ ʧʦʟʠʮʠʠ, ʩʪʫʜʝʥʪʳ, ʩʪʫʜʝʥʪʳ ʚʫʟʦʚ 

 

ɺʚʝʜʝʥʠʝ. ɿʥʘʢʦʤʩʪʚʦ ʩ ʩʫʱʝʩʪʚʫʶʱʝʡ ʣʠʪʝʨʘʪʫʨʦʡ ʠ ʦʧʳʪʦʤ ʚʳʩʰʝʡ ʰʢʦʣʳ 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʟʘ ʦʩʥʦʚʫ ʬʦʨʤʠʨʦʚʘʥʠʷ ʘʢʪʠʚʥʦʡ ʞʠʟʥʝʥʥʦʡ ʧʦʟʠʮʠʠ ʫ ʩʪʫʜʝʥʪʦʚ 

ʦʙʦʩʥʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʥʘʧʨʘʚʣʝʥʠʷ. ʋ ʩʪʫʜʝʥʪʦʚ: 

1) ʨʘʟʚʠʪʠʝ ʦʙʱʝʩʪʚʝʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ; 

2) ʨʘʟʚʠʪʠʝ ʥʝʟʘʚʠʩʠʤʦʩʪʠ; 

3) ʨʘʟʚʠʪʠʝ ʠʥʠʮʠʘʪʠʚʥʦʩʪʠ; 

4) ʨʘʟʚʠʪʠʝ ʢʨʠʪʠʢʠ ʠ ʩʘʤʦʢʨʠʪʠʢʠ; 

5) ʨʘʟʚʠʪʠʝ ʫʤʝʥʠʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʤʳʩʣʠʪʴ ʠ ʦʪʩʪʘʠʚʘʪʴ ʩʚʦʶ ʧʦʟʠʮʠʶ; 

6) ʬʦʨʤʠʨʦʚʘʥʠʝ ʠ ʨʘʟʚʠʪʠʝ ʣʠʜʝʨʩʢʠʭ ʩʧʦʩʦʙʥʦʩʪʝʡ; 

7) ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʧʨʦʩʘ ʥʘ ʩʘʤʦʦʙʨʘʟʦʚʘʥʠʝ ʠ ʩʘʤʦʚʦʩʧʠʪʘʥʠʝ. 

ʊʝʢʩʪ ʤʘʪʝʨʠʘʣʘ. ʌʦʨʤʠʨʦʚʘʥʠʝ ʘʢʪʠʚʥʦʡ ʞʠʟʥʝʥʥʦʡ ʧʦʟʠʮʠʠ ʚʘʞʥʦ ʠ ʨʘʙʦʪʫ ʩʣʝʜʫʝʪ 

ʥʘʯʠʥʘʪʴ ʩ ʧʝʨʚʳʭ ʜʥʝʡ ʧʦʩʪʫʧʣʝʥʠʷ ʜʝʪʝʡ ʚ ʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʰʢʦʣʳ. ɺ ʚʳʩʰʝʡ ʰʢʦʣʝ 

ʨʘʙʦʪʘ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʪʦʣʴʢʦ ʧʨʦʜʦʣʞʘʝʪʩʷ. 

ʏʝʣʦʚʝʢ, ʧʨʠʦʙʨʝʪʰʠʡ ʘʢʪʠʚʥʫʶ ʞʠʟʥʝʥʥʫʶ ʧʦʟʠʮʠʶ, ʧʨʘʚʠʣʴʥʦ ʦʧʨʝʜʝʣʷʝʪ ʩʚʦʝ 

ʤʝʩʪʦ ʚ ʦʙʱʝʩʪʚʝ, ʚ ʟʘʚʝʜʝʥʠʠ, ʛʜʝ ʦʥ ʫʯʠʪʩʷ ʠ ʨʘʙʦʪʘʝʪ, ʚ ʩʝʤʴʝ, ʩʧʦʩʦʙʝʥ ʫʩʧʝʰʥʦ ʚʳʭʦʜʠʪʴ 

ʠʟ ʣʶʙʳʭ ʚʦʟʥʠʢʘʶʱʠʭ ʩʠʪʫʘʮʠʡ. 

1) ʫʤʝʝʪ ʫʧʨʘʚʣʷʪʴ ʢʦʣʣʝʢʪʠʚʦʤ; 

2) ʫʤʝʝʪ ʧʨʘʚʠʣʴʥʦ ʦʨʠʝʥʪʠʨʦʚʘʪʴ ʪʝʭ, ʢʪʦ ʦʙʨʘʱʘʝʪʩʷ ʢ ʥʝʤʫ ʟʘ ʧʦʤʦʱʴʶ; 

3) ʂʦʛʜʘ ʈʦʜʠʥʘ ʚ ʦʧʘʩʥʦʩʪʠ, ʦʥʘ ʚʩʪʘʝʪ ʥʘ ʝʝ ʟʘʱʠʪʫ; 

4) ʫʩʧʝʰʥʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʚʦʶ ʩʪʨʘʥʫ ʥʘ ʨʘʟʣʠʯʥʳʭ ʤʝʨʦʧʨʠʷʪʠʷʭ ʟʘ ʨʫʙʝʞʦʤ; 

5) ʩʪʘʥʦʚʠʪʩʷ ʜʦʩʪʦʡʥʳʤ ʛʨʘʞʜʘʥʠʥʦʤ ʩʪʨʘʥʳ, ʭʦʨʦʰʠʤ ʛʣʘʚʦʡ ʩʝʤʴʠ; 

6) ʜʝʪʠ ʚʳʩʪʫʧʘʶʪ ʚ ʟʘʱʠʪʫ ʘʚʪʦʨʠʪʝʪʘ ʦʪʮʘ (ʤʘʪʝʨʠ). 

ʇʨʦʙʣʝʤʘ ʚʦʩʧʠʪʘʥʠʷ ʘʢʪʠʚʥʦʛʦ ʦʙʨʘʟʘ ʞʠʟʥʠ ʥʝ ʥʦʚʘ. ɽʱʝ ʚ 1979 ʛʦʜʫ ʚ ɹʘʢʫ ʧʨʦʰʣʘ 

ʚʩʝʩʦʶʟʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʥʘ ʪʝʤʫ çʌʦʨʤʠʨʦʚʘʥʠʝ ʘʢʪʠʚʥʦʡ ʞʠʟʥʝʥʥʦʡ ʧʦʟʠʮʠʠ: ʪʝʦʨʠʷ 

ʥʨʘʚʩʪʚʝʥʥʦʛʦ ʚʦʩʧʠʪʘʥʠʷ ʠ ʘʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳè. ɻʣʘʚʥʳʤ ʚʳʩʪʫʧʘʶʱʠʤ ʪʦʛʜʘ ʙʳʣ 

ɻʝʡʜʘʨ ɸʣʠʝʚ, ʧʝʨʚʳʡ ʩʝʢʨʝʪʘʨʴ ʎʂ ʂʦʤʧʘʨʪʠʠ ɸʟʝʨʙʘʡʜʞʘʥʘ. ʕʪʦ ʙʳʣʠ ʛʦʜʳ, ʢʦʛʜʘ ʤʳ 

ʚʦʰʣʠ ʚ ʩʦʩʪʘʚ ʉʉʉʈ. ʄʥʦʛʦ ʫʯʘʩʪʥʠʢʦʚ ʠʟ ʨʘʟʥʳʭ ʨʝʩʧʫʙʣʠʢ ʉʉʉʈ, ʦʩʦʙʝʥʥʦ ʠʟ ʈʦʩʩʠʠ. 

ʂʦʥʬʝʨʝʥʮʠʷ ʜʣʠʣʘʩʴ ʥʝʩʢʦʣʴʢʦ ʜʥʝʡ. ɹʳʣʦ ʥʝʩʢʦʣʴʢʦ ʩʝʢʮʠʠ.   ʆʩʥʦʚʥʦʡ ʦʪʯʝʪ ʠ ʦʪʯʝʪʳ 

ʟʘʩʝʜʘʥʠʡ ʦʪʜʝʣʝʥʠʷ ʙʳʣʠ ʚʧʦʩʣʝʜʩʪʚʠʠ ʠʟʜʘʥʳ ʚ ʚʠʜʝ ʥʝʩʢʦʣʴʢʠʭ ʢʥʠʛ. 



ʂʘʢ ʚ ɸʟʝʨʙʘʡʜʞʘʥʝ, ʪʘʢ ʠ ʟʘ ʨʫʙʝʞʦʤ ʧʨʦʚʝʜʝʥ ʨʷʜ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʘʢʪʠʚʥʦʡ ʞʠʟʥʝʥʥʦʡ ʧʦʟʠʮʠʠ ʫ ʩʪʫʜʝʥʪʦʚ. ɺ ɸʟʝʨʙʘʡʜʞʘʥʝ ʤʦʞʥʦ ʫʧʦʤʷʥʫʪʴ 

ʥʘʫʯʥʳʭ ʪʨʫʜʦʚ ʈ.ʐ. ɸʙʜʫʣʦʚʘ [1], ʕ.ʈ. ɻʫʩʝʡʥʦʚʦʡ [2], ʈ.ʄ. ɸʣʠʝʚʦʡ [3], ʉ. ɺʝʣʠʝʚʘ [4], ʘ ʚ 

ʟʘʨʫʙʝʞʥʳʭ ʩʪʨʘʥʘʭ - ʊ.ʊ. ʄʘʣʠʢʦʚʘ [5], ʅ.ʂ. ʆʣʠʯʝʥʢʦ [6], ɽ.ʀ. ʆʨʣʦʚʘʦʡ [7], ʕ. ɻʘʥʦʡʩʝʢ 

[8], ʆ.ɸ. ɸʥʪʦʥʦʚʦʡ [9].   

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʦʮʠʘʣʴʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʩʪʫʜʝʥʪʦʚ ʧʦʚʳʰʘʝʪʩʷ ʚ ʫʩʣʦʚʠʷʭ 

ʣʠʯʥʦʩʪʥʦ-ʨʘʟʚʠʪʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ. ʕʪʦ ʩʦʟʜʘʝʪ ʩʧʨʦʩ ʥʘ ʘʢʪʠʚʥʫʶ ʧʦʟʠʮʠʶ ʫ ʩʪʫʜʝʥʪʦʚ ʜʣʷ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʠʭ ʫʯʝʙʥʦ-ʧʦʟʥʘʚʘʪʝʣʴʥʳʭ ʥʘʚʳʢʦʚ. ʉʪʫʜʝʥʪʳ ʦʙʨʝʪʘʶʪ ʩʪʘʪʫʩ 

ʨʘʚʥʦʧʨʘʚʥʳʭ ʫʯʘʩʪʥʠʢʦʚ, ʩʫʙʲʝʢʪʦʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ. ɸʢʪʠʚʥʘʷ ʞʠʟʥʝʥʥʘʷ 

ʧʦʟʠʮʠʷ ʧʨʦʷʚʣʷʝʪʩʷ ʢʘʢ ʥʨʘʚʩʪʚʝʥʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʞʠʟʥʠ ʠ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʯʝʣʦʚʝʢʘ. 

ɼʘʚʘʡʪʝ ʧʦʠʱʝʤ ʦʪʚʝʪ ʥʘ ʪʘʢʦʡ ʚʦʧʨʦʩ: ʟʘʯʝʤ ʯʝʣʦʚʝʢʫ ʘʢʪʠʚʥʘʷ ʞʠʟʥʝʥʥʘʷ ʧʦʟʠʮʠʷ? 

ʌʘʢʪʠʯʝʩʢʠ, ʦʥ ʥʝʦʙʭʦʜʠʤ ʤʘʣʴʯʠʢʘʤ ʠ ʜʝʚʦʯʢʘʤ, ʢʦʛʜʘ ʦʥʠ ʠʜʫʪ ʚ ʜʝʪʩʢʠʡ ʩʘʜ, ʢʦʛʜʘ 

ʫʯʘʪʩʷ ʚ ʩʨʝʜʥʝʡ ʰʢʦʣʝ, ʢʦʣʣʝʜʞʝ, ʫʥʠʚʝʨʩʠʪʝʪʝ, ʢʦʛʜʘ ʥʘʯʠʥʘʶʪ ʩʘʤʦʩʪʦʷʪʝʣʴʥʫʶ ʨʘʙʦʪʫ. 

ʂʪʦ ʥʝ ʭʦʯʝʪ ʚʳʜʝʣʠʪʴʩʷ ʩʨʝʜʠ ʜʨʫʛʠʭ ʩʚʦʠʤʠ ʩʧʦʩʦʙʥʦʩʪʷʤʠ, ʪʘʣʘʥʪʦʤ, ʢʦʤʧʝʪʝʥʪʥʦʩʪʴʶ, 

ʟʥʘʥʠʷʤʠ, ʧʦʚʝʜʝʥʠʝʤ, ʦʪʥʦʰʝʥʠʝʤ ʠ ʨʝʯʴʶ? ʅʝ ʧʦʟʚʦʣʷʝʰʴ ʜʨʫʛʠʤ ʨʘʩʩʯʠʪʳʚʘʪʴʩʷ ʩ ʥʠʤ? 

ʅʝ ʧʦʩʦʚʝʪʦʚʘʪʴʩʷ ʩ ʥʠʤ? ʂʦʥʝʯʥʦ, ʚʩʝ ʵʪʦʛʦ ʭʦʪʷʪ. ʅʦ ʥʝ ʢʘʞʜʳʡ ʤʦʞʝʪ ʵʪʦʛʦ ʜʦʙʠʪʴʩʷ. 

ɺʦ-ʚʪʦʨʳʭ, ʧʦʜʨʦʩʪʦʢ ʠʣʠ ʤʦʣʦʜʦʡ ʯʝʣʦʚʝʢ, ʩʠʜʷʱʠʡ ʩʝʛʦʜʥʷ ʟʘ ʧʘʨʪʦʡ ʚ ʰʢʦʣʝ, 

ʦʙʫʯʘʶʱʠʡʩʷ ʚ ʚʫʟʝ, ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʘʪʝʣʝʤ ʟʘʚʪʨʘʰʥʝʛʦ ʜʥʷ, ʫʤʝʷ ʫʧʨʘʚʣʷʪʴ ʩʦʙʦʡ ʠ ʜʨʫʛʠʤʠ, 

ʦʥ ʙʫʜʝʪ ʫʧʨʘʚʣʷʪʴ ʦʙʱʝʩʪʚʦʤ ʠ ʛʦʩʫʜʘʨʩʪʚʦʤ ʚ ʙʫʜʫʱʝʤ. ʇʦʵʪʦʤʫ ʫ ʥʝʛʦ ʜʦʣʞʝʥ 

ʩʬʦʨʤʠʨʦʚʘʪʴʩʷ ʟʘʧʨʦʩ ʥʘ ʘʢʪʠʚʥʦʩʪʴ, ʦʙʨʝʪʝʥʠʝ ʘʢʪʠʚʥʦʡ ʞʠʟʥʝʥʥʦʡ ʧʦʟʠʮʠʠ. ɼʦʩʪʠʞʝʥʠʝ 

ʫʩʧʝʭʘ ï ʦʩʥʦʚʘ ʘʢʪʠʚʥʦʡ ʞʠʟʥʝʥʥʦʡ ʧʦʟʠʮʠʠ. ʕʪʦ ʬʘʢʪ, ʯʪʦ ʩʪʫʜʝʥʪʳ ʩʪʘʨʘʶʪʩʷ ʥʝ ʪʦʣʴʢʦ 

ʫʜʦʚʣʝʪʚʦʨʠʪʴ ʩʚʦʠ ʠʥʪʝʨʝʩʳ, ʦʩʫʱʝʩʪʚʠʪʴ ʩʚʦʠ ʤʝʯʪʳ ʠ ʩʪʨʝʤʣʝʥʠʷ, ʥʦ ʠ ʜʦʙʠʪʴʩʷ 

ʥʝʦʙʭʦʜʠʤʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ï ʚʳʠʛʨʘʪʴ ʚʩʝʚʦʟʤʦʞʥʳʝ ʩʦʨʝʚʥʦʚʘʥʠʷ. ɸʢʪʠʚʥʳʝ ʩʪʫʜʝʥʪʳ 

ʫʤʝʶʪ ʦʨʛʘʥʠʟʦʚʘʪʴ ʢʦʣʣʝʢʪʠʚ ʠ ʟʘʱʠʪʠʪʴ ʝʛʦ ʜʫʭ. ʇʨʠʦʙʨʝʪʝʥʠʝ ʘʢʪʠʚʥʦʡ ʞʠʟʥʝʥʥʦʡ 

ʧʦʟʠʮʠʠ ʜʘʝʪ ʯʝʣʦʚʝʢʫ ʢʘʨʴʝʨʥʳʡ ʨʦʩʪ ʠ ʜʦʩʪʠʞʝʥʠʷ ʚ ʣʠʯʥʦʡ ʠ ʦʙʱʝʩʪʚʝʥʥʦʡ ʞʠʟʥʠ. 

ʇʨʝʧʦʜʘʚʘʪʝʣʠ ʩʪʘʨʘʣʠʩʴ ʧʨʠʚʠʪʴ ʫʯʝʥʠʢʘʤ ʘʢʪʠʚʥʫʶ ʞʠʟʥʝʥʥʫʶ ʧʦʟʠʮʠʶ ʥʘ ʧʨʠʤʝʨʝ 

ʠʟʚʝʩʪʥʳʭ ʣʶʜʝʡ. 

ʏʪʦʙʳ ʧʨʠʦʙʨʝʩʪʠ ʘʢʪʠʚʥʫʶ ʞʠʟʥʝʥʥʫʶ ʧʦʟʠʮʠʶ, ʠʥʦʛʜʘ ʥʝʦʙʭʦʜʠʤʦ ʙʳʪʴ 

ʥʘʩʪʦʡʯʠʚʳʤ ʠ ʪʝʨʧʝʣʠʚʳʤ, ʥʝ ʙʦʷʪʴʩʷ ʪʨʫʜʥʦʩʪʝʡ. ɺʩʧʦʤʥʠʤ ʌʘʨʤʘʥʘ ʉʘʣʤʘʥʦʚʘ. 

ɹʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʫʚʝʨʝʥʥʦʩʪʠ ʚ ʩʝʙʝ, ʩʚʦʠʤ ʟʥʘʥʠʷʤ ʠ ʫʤʝʥʠʷʤ ʝʤʫ ʫʜʘʣʦʩʴ ʦʪʢʨʳʪʴ ʦʛʨʦʤʥʳʝ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʥʝʬʪʠ ʠ ʛʘʟʘ ʚ ʊʶʤʝʥʩʢʦʡ ʦʙʣʘʩʪʠ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ (1961 ʛ.). ɺ ʪʦ ʚʨʝʤʷ ʚ 

ʩʦʚʝʪʩʢʠʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʢʨʫʛʘʭ ʉʠʙʠʨʴ ʩʯʠʪʘʣʘʩʴ ʙʝʟʥʘʜʝʞʥʦʡ ʪʝʨʨʠʪʦʨʠʝʡ. ʌ. ʉʘʣʤʘʥʦʚ 

ʙʳʣ ʧʨʦʪʠʚ ʵʪʦʡ ʠʜʝʠ. ʆʬʠʮʠʘʣʴʥʳʝ ʢʨʫʛʠ ʨʘʩʢʨʠʪʠʢʦʚʘʣʠ ʝʛʦ ʟʘ ʵʪʦ ʨʝʰʝʥʠʝ ʠ ʯʫʪʴ ʣʠ ʥʝ 

ʧʦʩʯʠʪʘʣʠ ʧʨʝʩʪʫʧʥʠʢʦʤ. ʆʥʠ ʧʦʪʨʝʙʦʚʘʣʠ ʦʪ ʥʝʛʦ ʦʩʪʘʥʦʚʠʪʴ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪʳ ʧʦ 

ʪʝʭʥʠʯʝʩʢʦʤʫ ʦʙʩʣʫʞʠʚʘʥʠʶ ʛʘʟʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ.  

ʆʜʥʘʢʦ ʌʘʨʤʘʥ ʉʘʣʤʘʥʦʚ ʥʝ ʢʦʣʝʙʘʣʩʷ ʚ ʩʚʦʝʡ ʧʦʟʠʮʠʠ. ɹʫʨʠʣʴʱʠʢʠ ʪʘʢʞʝ 

ʧʦʜʜʝʨʞʘʣʠ ʝʛʦ. ʅʘʢʦʥʝʮ ʥʘʩʪʘʣ ʦʞʠʜʘʝʤʳʡ ʜʝʥʴ. ʉʦʩʪʦʷʣʦʩʴ ʦʪʢʨʳʪʠʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʄʝʛʠʦʥ. ʇʝʨʚʘʷ ʨʘʟʚʝʜʦʯʥʘʷ ʩʢʚʘʞʠʥʘ ʧʨʦʨʚʘʣʘ ʥʝʬʪʷʥʦʡ ʬʦʥʪʘʥ ʥʘ ʛʣʫʙʠʥʝ 2180 ʤʝʪʨʦʚ. 

ʇʦʟʞʝ, ʌʘʨʤʘʥʫ ʉʘʣʤʘʥʦʚʫ ʙʳʣʦ ʧʨʠʩʚʦʝʥʦ ʧʦʯʝʪʥʦʝ ʟʚʘʥʠʝ ɻʝʨʦʷ 

ʉʦʮʠʘʣʠʩʪʠʯʝʩʢʦʛʦ ʊʨʫʜʘ ʟʘ ʙʦʣʴʰʠʝ ʫʩʧʝʭʠ. ɹʦʣʝʝ ʪʦʛʦ, ʦʥ ʩʪʘʣ ʜʦʢʪʦʨʦʤ ʥʘʫʢ, 

ʧʨʦʬʝʩʩʦʨʦʤ, ʯʣʝʥʦʤ-ʢʦʨʨʝʩʧʦʥʜʝʥʪʦʤ ʈɸʅ, ʟʘʩʣʫʞʝʥʥʳʤ ʛʝʦʣʦʛʦʤ, ʟʘʤʝʩʪʠʪʝʣʝʤ 

ʤʠʥʠʩʪʨʘ. 

ʌʘʨʤʘʥ ʉʘʣʤʘʥʦʚ ʧʦʤʝʥʷʣ ʚ ʠʥʦʡ ʤʠʨ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʘʵʨʦʧʦʨʪ ʉʫʨʛʫʪʘ ʚ ʈʦʩʩʠʠ 

ʥʘʟʚʘʥ ʠʤʝʥʝʤ ʘʟʝʨʙʘʡʜʞʘʥʩʢʦʛʦ ʛʝʦʣʦʛʘ ʌʘʨʤʘʥʘ ʉʘʣʤʘʥʦʚʘ. 



ʂʝʨʠʤ ɸʣʠ ʦʛʣʳ ʂʝʨʠʤʦʚ ʨʦʜʠʣʩʷ ʚ ɹʘʢʫ ʚ 1917 ʛʦʜʫ ʚ ʩʝʤʴʝ ʠʥʞʝʥʝʨʘ-ʪʝʭʥʦʣʦʛʘ. ʆʥ 

ʧʨʦʚʝʣ ʙʦʣʴʰʫʶ ʨʘʙʦʪʫ ʧʦ ʩʦʟʜʘʥʠʶ ʨʘʜʠʦʠʟʤʝʨʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ ʙʘʣʣʠʩʪʠʯʝʩʢʠʭ ʨʘʢʝʪ. ʂ.ɸ. 

ʂʘʨʠʤʦʚ ʩʦʟʜʘʣ ʨʘʜʠʦʠʟʤʝʨʠʪʝʣʴʥʫʶ ʩʠʩʪʝʤʫ çɼʦʥè, ʢʦʥʪʨʦʣʠʨʫʶʱʫʶ ʚʥʫʪʨʝʥʥʠʝ 

ʧʘʨʘʤʝʪʨʳ ʨʘʢʝʪ. ʕʪʘ ʩʠʩʪʝʤʘ ʧʨʠʤʝʥʷʣʘʩʴ ʚ ʢʦʩʤʠʯʝʩʢʠʭ ʨʘʢʝʪʘʭ. ɺʩʢʦʨʝ ʦʥ 

ʅʘʯʘʣ ʨʘʙʦʪʫ ʧʨʝʜʩʝʜʘʪʝʣʝʤ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʢʦʤʠʩʩʠʠ ʧʦ ʧʦʣʝʪʘʤ "ʄʦʣʥʠʷ-1" - 

ʩʚʷʟʠ, "ʄʝʪʝʦʨ" - ʤʝʪʨʦʣʦʛʠʯʝʩʢʠʭ ʠ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ʠʩʢʫʩʩʪʚʝʥʥʳʭ 

ʩʧʫʪʥʠʢʦʚ. ʇʦʟʜʥʝʝ ʙʳʣ ʥʘʟʥʘʯʝʥ ʧʨʝʜʩʝʜʘʪʝʣʝʤ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʢʦʤʠʩʩʠʠ ʧʦ ʢʦʩʤʠʯʝʩʢʠʤ 

ʧʦʣʝʪʘʤ. ʂʘʨʠʤʦʚ ï ʠʟʚʝʩʪʥʳʡ ʫʯʝʥʳʡ, ʛʝʥʝʨʘʣ-ʂ.ɸ. ʂʘʨʠʤʦʚ, ʫʜʦʩʪʦʝʥʥʳʡ ʚʳʩʦʢʠʭ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʥʘʛʨʘʜ ʠ ʥʘʛʨʘʜ, ʫʤʝʨ ʚ 2003 ʛʦʜʫ. 

ɿʘʢʣʶʯʝʥʠʝ. ʅʝʢʦʪʦʨʳʝ ʤʦʣʦʜʳʝ ʣʶʜʠ ʟʘʜʫʤʳʚʘʶʪʩʷ ʦ ʩʚʦʝʤ ʙʫʜʫʱʝʤ ʠ ʧʨʠʦʙʨʝʪʘʶʪ 

ʘʢʪʠʚʥʫʶ ʞʠʟʥʝʥʥʫʶ ʧʦʟʠʮʠʶ, ʜʨʫʛʠʝ ʧʨʦʷʚʣʷʶʪ ʧʘʩʩʠʚʥʦʩʪʴ ʚ ʞʠʟʥʠ. ʕʪʦ ʪʦʞʝ ʧʨʦʙʣʝʤʘ. 

ʅʝʧʨʠʷʪʥʘʷ ʧʨʦʙʣʝʤʘ ʩʘʤʘ ʧʦ ʩʝʙʝ. ʕʪʦ ʪʘʢʞʝ ʤʦʞʥʦ ʥʘʟʚʘʪʴ ʧʨʦʙʣʝʤʦʡ ʧʘʩʩʠʚʥʦʡ ʧʦʟʠʮʠʠ 

ʚ ʦʙʱʝʩʪʚʝ. ɺ ʦʩʥʦʚʝ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʣʝʞʠʪ ʢʦʤʧʴʶʪʝʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʠ ʚʣʝʯʝʥʠʝ ʢ 

ʚʠʨʪʫʘʣʴʥʦʤʫ ʧʨʦʩʪʨʘʥʩʪʚʫ. ɼʨʫʛʘʷ ʧʨʠʯʠʥʘ ï ʦʰʠʙʢʘ ʚ ʩʠʩʪʝʤʝ ʚʦʩʧʠʪʘʥʠʷ ʩʝʤʴʠ. 

ʅʝʢʦʪʦʨʳʝ ʨʦʜʠʪʝʣʠ ʦʩʚʦʙʦʞʜʘʶʪ ʩʚʦʠʭ ʜʝʪʝʡ ʦʪ ʨʘʙʦʪʳ ʩ ʶʥʳʭ ʣʝʪ ʠ ʦʢʨʫʞʘʶʪ ʠʭ ʪʦʣʴʢʦ 

ʟʘʙʦʪʦʡ. ʊʘʢʠʝ ʜʝʪʠ, ʥʝ ʚʠʜʷʱʠʝ ʪʨʫʜʥʦʩʪʝʡ ʚ ʞʠʟʥʠ, ʚʧʦʩʣʝʜʩʪʚʠʠ ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʩʦʚʩʝʤ 

ʜʨʫʛʠʤʠ ʧʨʦʙʣʝʤʘʤʠ. 

ɺ ʮʝʣʷʭ ʬʦʨʤʠʨʦʚʘʥʠʷ ʘʢʪʠʚʥʦʡ ʞʠʟʥʝʥʥʦʡ ʧʦʟʠʮʠʠ ʫ ʩʪʫʜʝʥʪʦʚ ʫʯʝʙʥʦ-

ʚʦʩʧʠʪʘʪʝʣʴʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʜʘʚʘʣʘʩʴ ʥʘ ʣʝʢʮʠʷʭ ʠ ʩʝʤʠʥʘʨʘʭ, ʘ ʪʘʢʞʝ ʥʘ ʚʥʝ ʘʫʜʠʪʦʨʥʳʭ 

ʤʝʨʦʧʨʠʷʪʠʷʭ. 
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FORMATĶON OF AN ACTĶVE POSĶTĶON ĶN A FUTURE TEACHER   

ʄʘmmadly L.A. 

Institute of Education of the Republic of Azerbaijan 

Educational institutions, including institutes and universities, are given specific tasks. The main task 

of higher education institutions is to prepare a variety of qualified personnel and at the same time 

upbring the individual. This person must have deep knowledge, theoretical and practical training in 

the chosen specialty, and combine positive moral qualities. From the point of view of this idea, the 

focus is on the formation of an active life position among students. To do this, you can take advantage 

of the wide range of lectures and seminars, as well as events outside the classroom. 

These questions were included in the conference materials presented. 

Keywords: active position, active life position, formation of an active life position, students, university 

students 

  



ɿʅɸʏʀʄʆʉʊʔ ʌʀɿʀʏɽʉʂʆʁ ʂʋʃʔʊʋʈʓ ɼʃʗ ʉʊʋɼɽʅʊʆɺ ɺ ʋʉʃʆɺʀʗʍ 

ʉʆɺʈɽʄɽʅʅʆɻʆ ʄʀʈɸ 

ʂʦʤʦʛʦʨʮʝʚʘ ʅ.ʅ. 

ɺʦʩʪʦʯʥʦ ʉʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʪʝʭʥʦʣʦʛʠʡ ʠ ʫʧʨʘʚʣʝʥʠʷ, ʋʣʘʥ-ʋʜʵ 

 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʟʥʘʯʠʤʦʩʪʴ ʟʘʥʷʪʠʡ ʬʠʟʠʯʝʩʢʦʡ ʢʫʣʴʪʫʨʦʡ ʩʪʫʜʝʥʪʘʤʠ ʚ 

ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ, ʦʩʥʦʚʥʳʝ ʟʘʙʦʣʝʚʘʥʠʷ ʫ ʩʦʚʨʝʤʝʥʥʳʭ ʜʝʪʝʡ, ʘ ʪʘʢ ʞʝ ʠʭ ʦʙʨʘʟ ʞʠʟʥʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʬʠʟʠʯʝʩʢʘʷ ʢʫʣʴʪʫʨʘ, ʩʪʫʜʝʥʪʳ. 

 

ʌʠʟʠʯʝʩʢʘʷ ʢʫʣʴʪʫʨʘ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʚ ʞʠʟʥʠ 

ʣʶʜʝʡ. ʆʜʥʘʢʦ ʚ ʚʝʢʝ ʪʝʭʥʦʣʦʛʠʡ, ʘʢʪʠʚʥʦʩʪʴ ʩʦʚʨʝʤʝʥʥʦʛʦ ʧʦʢʦʣʝʥʠʷ ʚ ʨʘʟʳ ʩʥʠʟʠʣʘʩʴ, ʯʪʦ 

ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʝ ʧʦʩʣʝʜʩʪʚʠʷ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʩʪʫʜʝʥʪʘʤ ʧʨʠʭʦʜʠʪʩʷ 

ʩʠʜʝʪʴ ʧʦ 3ï4 ʧʘʨʳ ʚ ʜʝʥʴ, ʵʪʦ ʧʦʨʷʜʢʘ 8 ʯʘʩʦʚ ʚ ʜʝʥʴ. ʊʘʢʦʡ çʪʝʤʧ ʞʠʟʥʠè ʥʝʦʙʭʦʜʠʤʦ 

ʨʘʟʥʦʦʙʨʘʟʠʪʴ ʬʠʟʠʯʝʩʢʠʤʠ ʥʘʛʨʫʟʢʘʤʠ, ʚʝʜʴ ʧʦʤʠʤʦ ʫʯʝʙʳ ʚ ʫʥʠʚʝʨʩʠʪʝʪʝ ʩʪʫʜʝʥʪʘʤ 

ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʷʪʴ ʜʦʤʘʰʥʶʶ ʨʘʙʦʪʫ ʠʣʠ ʟʘʥʠʤʘʪʴʩʷ ʢʫʨʩʦʚʳʤʠ ʨʘʙʦʪʘʤʠ, ʥʘʫʯʥʳʤʠ 

ʩʪʘʪʴʷʤʠ, ʠ ʜʨ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʬʠʟʠʯʝʩʢʘʷ ʢʫʣʴʪʫʨʘ ʚʳʧʦʣʥʷʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʠʭ ʟʜʦʨʦʚʦʤ 

ʦʙʨʘʟʝ ʞʠʟʥʠ. 

ʌʠʟʠʯʝʩʢʘʷ ʢʫʣʴʪʫʨʘ ʠ ʩʧʦʨʪ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤʠ ʠʟ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʭ ʬʘʢʪʦʨʦʚ 

ʫʢʨʝʧʣʝʥʠʷ ʠ ʩʦʭʨʘʥʝʥʠʷ ʟʜʦʨʦʚʴʷ. ɿʘʥʷʪʠʷ ʬʠʟʠʯʝʩʢʦʡ ʢʫʣʴʪʫʨʦʡ ʥʝʦʙʭʦʜʠʤʳ ʚʩʝʤ ʚʦ ʚʩʝ 

ʧʝʨʠʦʜʳ ʝʛʦ ʞʠʟʥʠ. ɺ ʜʝʪʩʢʦʤ ʠ ʶʥʦʰʝʩʢʦʤ ʚʦʟʨʘʩʪʝ ʦʥʠ ʩʧʦʩʦʙʩʪʚʫʶʪ ʩʣʘʞʝʥʥʦʤʫ 

ʨʘʟʚʠʪʠʶ ʦʨʛʘʥʠʟʤʘ. ʋ ʚʟʨʦʩʣʳʭ ʫʣʫʯʰʘʶʪ ʤʦʨʬʦʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʫʚʝʣʠʯʠʚʘʶʪ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʠ ʩʦʭʨʘʥʷʶʪ ʟʜʦʨʦʚʴʝ. ʋ ʧʦʞʠʣʳʭ, ʥʘʨʷʜʫ ʩ ʵʪʠʤ, ʟʘʜʝʨʞʠʚʘʶʪ 

ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʝ ʚʦʟʨʘʩʪʥʳʝ ʠʟʤʝʥʝʥʠʷ. 

ɺʘʞʥʦ ʟʥʘʪʴ, ʯʪʦ ʧʨʠ ʤʘʣʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʜʘʞʝ ʫ ʤʦʣʦʜʦʛʦ ʦʨʛʘʥʠʟʤʘ ʤʦʛʫʪ ʨʘʟʚʠʚʘʪʴʩʷ 

ʩʝʨʴʝʟʥʳʝ ʟʘʙʦʣʝʚʘʥʠʷ, ʪʘʢʠʝ ʢʘʢ ʦʞʠʨʝʥʠʝ, ʦʩʪʝʦʭʦʥʜʨʦʟ, ʙʝʩʩʦʥʥʠʮʘ, ʜʠʘʙʝʪ. ʆʞʠʨʝʥʠʝ ʠʣʠ 

ʧʦ-ʜʨʫʛʦʤʫ ʝʱʝ ʥʘʟʳʚʘʶʪ ʵʪʦ ʟʘʙʦʣʝʚʘʥʠʝ ʠʟʙʳʪʦʯʥʳʡ ʚʝʩ, ʚʦʟʥʠʢʘʝʪ ʯʘʱʝ ʚʩʝʛʦ ʠʟ-ʟʘ ʤʘʣʦʡ 

ʧʦʜʚʠʞʥʦʩʪʠ. ɺʪʦʨʳʤ ʧʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʠ, ʥʦ ʩʘʤʳʤ ʩʝʨʴʝʟʥʳʤ ʟʘʙʦʣʝʚʘʥʠʝʤ ʷʚʣʷʝʪʩʷ 

ʥʘʨʫʰʝʥʠʝ ʨʘʙʦʪʳ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʦʡ ʩʠʩʪʝʤʳ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʧʨʦʙʣʝʤʘʤ ʩʘʤʦʛʦ 

ʩʝʨʜʮʘ, ʥʘʧʨʠʤʝʨ, ʢʘʢ ʠʰʝʤʠʷ, ʠʣʠ ʞʝ ʧʦʚʳʰʝʥʥʦʤʫ ʘʨʪʝʨʠʘʣʴʥʦʤʫ ʜʘʚʣʝʥʠʶ. ʅʝ ʤʝʥʝʝ 

ʩʝʨʴʸʟʥʳʤ ʟʘʙʦʣʝʚʘʥʠʝ ʷʚʣʷʝʪʩʷ ʜʠʘʙʝʪ. ɼʠʘʙʝʪ ʚʦʟʥʠʢʘʝʪ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʠʟ-ʟʘ ʤʘʣʦʡ 

ʧʦʜʚʠʞʥʦʩʪʠ, ʩʘʭʘʨ ʥʝ ʪʘʢ ʘʢʪʠʚʥʦ ʨʘʩʱʝʧʣʷʪʴʩʷ ʠ ʦʩʪʘʝʪʩʷ ʚ ʢʨʦʚʠ, ʯʪʦ ʦʢʘʟʳʚʘʝʪ ʙʦʣʴʰʦʝ 

ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʧʦʜʞʝʣʫʜʦʯʥʫʶ ʞʝʣʝʟʫ, ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʥʘ ʛʦʨʤʦʥʳ, ʪʘʢʠʝ ʢʘʢ ʠʥʩʫʣʠʥ.  

ʉʠʩʪʝʤʘʪʠʯʝʩʢʠʝ ʟʘʥʷʪʠʷ ʬʠʟʠʯʝʩʢʦʡ ʢʫʣʴʪʫʨʦʡ ʠ ʩʧʦʨʪʦʤ ʧʦʤʦʛʘʶʪ ʣʶʜʷʤ ʚʩʝʭ 

ʚʦʟʨʘʩʪʦʚ ʥʘʠʙʦʣʝʝ ʧʨʦʜʫʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʚʦʸ ʩʚʦʙʦʜʥʦʝ ʚʨʝʤʷ, ʘ ʪʘʢʞʝ ʩʧʦʩʦʙʩʪʚʫʶʪ 

ʦʪʢʘʟʫ ʦʪ ʪʘʢʠʭ ʩʦʮʠʘʣʴʥʦ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠ ʚʨʝʜʥʳʭ ʧʨʠʚʳʯʝʢ, ʢʘʢ ʫʧʦʪʨʝʙʣʝʥʠʝ ʩʧʠʨʪʥʳʭ 

ʥʘʧʠʪʢʦʚ ʠ ʢʫʨʝʥʠʝ. 

ɼʣʷ ʥʘʛʣʷʜʥʦʩʪʠ ʙʳʣʦ ʨʝʰʝʥʦ ʧʨʦʚʝʩʪʠ ʦʧʨʦʩ, ʚ ʢʦʪʦʨʦʤ ʧʦʫʯʘʩʪʚʦʚʘʣʦ 73 ʯʝʣʦʚʝʢʘ. 

ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ ʩʣʝʜʫʶʱʝʝ: 

- 66 % ʦʧʨʦʰʝʥʥʳʭ ʚʝʜʫʪ ʤʘʣʦʘʢʪʠʚʥʳʡ ʦʙʨʘʟ ʞʠʟʥʠ (ʥʝ ʚʢʣʶʯʘʷ ʟʘʥʷʪʠʷ ʧʦ 

ʬʠʟʠʯʝʩʢʦʡ ʢʫʣʴʪʫʨʝ). ʕʪʦ ʩʚʷʟʘʥʥʦ ʩ ʨʘʟʣʠʯʥʳʤʠ ʧʨʠʯʠʥʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ ʫʩʪʘʣʦʩʪʴ ʚ ʢʦʥʮʝ 

ʨʘʙʦʯʝʛʦ ʜʥʷ ʠʣʠ ʧʨʦʩʪʦ ʥʝʞʝʣʘʥʠʝ ʚʝʩʪʠ ʘʢʪʠʚʥʳʡ ʦʙʨʘʟ ʞʠʟʥʠ. ʊʘʢ ʞʝ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʙʳʣʠ ʠ ʪʝ, ʢʪʦ ʥʝ ʤʦʛʫʪ ʚʝʩʪʠ ʘʢʪʠʚʥʳʡ ʦʙʨʘʟ ʞʠʟʥʠ ʧʦ ʤʝʜʠʮʠʥʩʢʠʤ ʧʦʢʘʟʘʪʝʣʷʤ 

- 23 % ʦʧʨʦʰʝʥʥʳʭ ʧʦʩʝʱʘʶʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʩʝʢʮʠʠ ʠʣʠ ʪʨʝʥʘʞʝʨʥʳʡ ʟʘʣ 

- ʀ ʣʠʰʴ 11 % ʚʝʜʫʪ ʘʢʪʠʚʥʳʡ ʦʙʨʘʟ ʞʠʟʥʠ ʠ ʟʘʥʠʤʘʶʪʩʷ ʬʠʟʠʯʝʩʢʦʡ ʢʫʣʴʪʫʨʦʡ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ. 



ɼʣʷ ʙʦʣʴʰʝʛʦ ʧʨʠʚʣʝʯʝʥʠʷ ʩʪʫʜʝʥʪʦʚ ʚʦʟʤʦʞʥʦ ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʥʠʝ ʙʦʣʴʰʝʛʦ ʯʠʩʣʘ 

ʩʝʢʮʠʡ ʧʦ ʠʥʪʝʨʝʩʘʤ. ɸ ʪʘʢ ʞʝ ʧʨʦʚʦʜʠʪʴ ʩʧʝʮʠʘʣʴʥʳʝ ʟʘʥʷʪʠʷ ʧʦ ʣʝʯʝʙʥʦʡ ʬʠʟʠʯʝʩʢʦʡ 

ʢʫʣʴʪʫʨʝ ʩʦ ʩʪʫʜʝʥʪʘʤʠ ʠʤʝʶʱʠʤʠ ʤʝʜʠʮʠʥʩʢʠʝ ʧʨʦʪʠʚʦʧʦʢʘʟʘʥʠʷ. 
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ʃɽʏɽɹʅɸʗ ʌʀɿʂʋʃʔʊʋʈɸ ʇʈʀ ɸʅɽʄʀʀ 

ʂʦʤʦʛʦʨʮʝʚʘ ʅ.ʅ. 

ɺʦʩʪʦʯʥʦ ʉʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʪʝʭʥʦʣʦʛʠʡ ʠ ʫʧʨʘʚʣʝʥʠʷ, ʋʣʘʥ-ʋʜʵ 

 

ɸʥʝʤʠʷ ï ʵʪʦ ʩʦʩʪʦʷʥʠʝ, ʧʨʠ ʢʦʪʦʨʦʤ ʫʨʦʚʝʥʴ ʢʨʘʩʥʳʭ ʢʨʦʚʷʥʳʭ ʢʣʝʪʦʢ ʠʣʠ ʠʭ ʩʦʜʝʨʞʘʥʠʝ 

ʚ ʛʝʤʦʛʣʦʙʠʥʝ ʩʥʠʞʝʥʦ ʥʠʞʝ ʥʦʨʤʘʣʴʥʦʛʦ ʫʨʦʚʥʷ. ɺ ʨʘʙʦʪʝ ʫʢʘʟʘʥʳ ʚʣʠʷʥʠʝ ʣʝʯʝʙʥʦʡ 

ʬʠʟʢʫʣʴʪʫʨʳ, ʘ ʪʘʢʞʝ ʫʧʨʘʞʥʝʥʠʷ ʧʨʠ ʘʥʝʤʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʥʝʤʠʷ, ʛʝʤʦʛʣʦʙʠʥ, ʣʝʯʝʙʥʘʷ ʬʠʟʢʫʣʴʪʫʨʘ (ʃʌʂ). 

 

ʃʝʯʝʙʥʘʷ ʬʠʟʢʫʣʴʪʫʨʘ ʧʨʠ ʘʥʝʤʠʠ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʚʘʞʥʳʭ ʤʝʪʦʜʦʚ ʚ ʢʦʤʧʣʝʢʩʥʦʡ 

ʪʝʨʘʧʠʠ ʵʪʦʛʦ ʟʘʙʦʣʝʚʘʥʠʷ. ʆʥʘ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʣʫʯʰʝʥʠʶ ʢʨʦʚʦʩʥʘʙʞʝʥʠʷ ʦʨʛʘʥʦʚ ʠ ʪʢʘʥʝʡ, 

ʘʢʪʠʚʠʟʠʨʫʝʪ ʦʙʤʝʥʥʳʝ ʧʨʦʮʝʩʩʳ ʚ ʦʨʛʘʥʠʟʤʝ, ʫʢʨʝʧʣʷʝʪ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʫʶ ʩʠʩʪʝʤʫ ʠ 

ʧʦʚʳʰʘʝʪ ʦʙʱʠʡ ʪʦʥʫʩ ʦʨʛʘʥʠʟʤʘ. 

ʆʩʥʦʚʥʳʝ ʧʨʠʥʮʠʧʳ ʣʝʯʝʙʥʦʡ ʬʠʟʢʫʣʴʪʫʨʳ ʧʨʠ ʘʥʝʤʠʠ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʧʦʩʪʝʧʝʥʥʦʝ 

ʫʚʝʣʠʯʝʥʠʝ ʥʘʛʨʫʟʢʠ, ʚʳʙʦʨ ʫʤʝʨʝʥʥʳʭ ʠ ʜʦʩʪʫʧʥʳʭ ʫʧʨʘʞʥʝʥʠʡ, ʨʝʛʫʣʷʨʥʦʩʪʴ ʟʘʥʷʪʠʡ ʠ 

ʢʦʥʪʨʦʣʴ ʥʘʜ ʜʳʭʘʥʠʝʤ. ɺʘʞʥʦ ʧʦʤʥʠʪʴ, ʯʪʦ ʧʝʨʝʜ ʥʘʯʘʣʦʤ ʟʘʥʷʪʠʡ ʬʠʟʢʫʣʴʪʫʨʦʡ 

ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʢʦʥʩʫʣʴʪʠʨʦʚʘʪʴʩʷ ʩ ʚʨʘʯʦʤ ʠ ʧʦʣʫʯʠʪʴ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʚʳʙʦʨʫ ʫʧʨʘʞʥʝʥʠʡ 

ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʥʘʛʨʫʟʢʠ. 

ʉʨʝʜʠ ʨʝʢʦʤʝʥʜʫʝʤʳʭ ʫʧʨʘʞʥʝʥʠʡ ʧʨʠ ʘʥʝʤʠʠ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʣʝʛʢʠʝ ʘʵʨʦʙʥʳʝ 

ʫʧʨʘʞʥʝʥʠʷ, ʪʘʢʠʝ ʢʘʢ ʭʦʜʴʙʘ, ʧʣʘʚʘʥʠʝ, ʡʦʛʘ, ʧʠʣʘʪʝʩ, ʘ ʪʘʢʞʝ ʫʧʨʘʞʥʝʥʠʷ ʥʘ ʨʘʩʪʷʞʢʫ ʠ 

ʫʢʨʝʧʣʝʥʠʝ ʤʳʰʮ. ɺʘʞʥʦ ʩʣʝʜʠʪʴ ʟʘ ʩʚʦʠʤ ʩʘʤʦʯʫʚʩʪʚʠʝʤ ʚʦ ʚʨʝʤʷ ʟʘʥʷʪʠʡ, ʠʟʙʝʛʘʪʴ 

ʧʝʨʝʫʪʦʤʣʝʥʠʷ ʠ ʨʝʛʫʣʷʨʥʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʦʙʱʝʝ ʩʦʩʪʦʷʥʠʝ. 

ʃʝʯʝʙʥʘʷ ʬʠʟʢʫʣʴʪʫʨʘ ʧʨʠ ʘʥʝʤʠʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʣʫʯʰʝʥʠʶ ʦʙʱʝʛʦ ʩʦʩʪʦʷʥʠʷ 

ʧʘʮʠʝʥʪʘ, ʧʦʚʳʰʝʥʠʶ ʫʨʦʚʥʷ ʛʝʤʦʛʣʦʙʠʥʘ ʚ ʢʨʦʚʠ, ʫʢʨʝʧʣʝʥʠʶ ʠʤʤʫʥʠʪʝʪʘ ʠ ʫʚʝʣʠʯʝʥʠʶ 

ʚʳʥʦʩʣʠʚʦʩʪʠ. ʇʦʤʠʤʦ ʟʘʥʷʪʠʡ ʬʠʟʢʫʣʴʪʫʨʦʡ, ʚʘʞʥʦ ʩʦʙʣʶʜʘʪʴ ʧʨʘʚʠʣʴʥʳʡ ʨʝʞʠʤ ʜʥʷ, 

ʧʠʪʘʪʴʩʷ ʙʦʛʘʪʳʤʠ ʞʝʣʝʟʦʤ ʧʨʦʜʫʢʪʘʤʠ ʠ ʨʝʛʫʣʷʨʥʦ ʧʨʦʭʦʜʠʪʴ ʢʦʥʩʫʣʴʪʘʮʠʠ ʫ ʚʨʘʯʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʣʝʯʝʙʥʘʷ ʬʠʟʢʫʣʴʪʫʨʘ ʧʨʠ ʘʥʝʤʠʠ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʢʦʤʧʣʝʢʩʥʦʡ 

ʪʝʨʘʧʠʠ ʵʪʦʛʦ ʟʘʙʦʣʝʚʘʥʠʷ. ʇʨʘʚʠʣʴʥʦ ʧʦʜʦʙʨʘʥʥʳʝ ʠ ʚʳʧʦʣʥʷʝʤʳʝ ʫʧʨʘʞʥʝʥʠʷ ʧʦʤʦʛʫʪ 

ʫʣʫʯʰʠʪʴ ʦʙʱʝʝ ʩʘʤʦʯʫʚʩʪʚʠʝ, ʧʦʚʳʩʠʪʴ ʫʨʦʚʝʥʴ ʛʝʤʦʛʣʦʙʠʥʘ ʚ ʢʨʦʚʠ ʠ ʫʢʨʝʧʠʪʴ ʦʨʛʘʥʠʟʤ ʚ 

ʮʝʣʦʤ. ɺʘʞʥʦ ʧʦʤʥʠʪʴ, ʯʪʦ ʥʘʛʨʫʟʢʠ ʜʦʣʞʥʳ ʙʳʪʴ ʫʤʝʨʝʥʥʳʤʠ, ʧʦʜʦʙʨʘʥʥʳʤʠ 

ʠʥʜʠʚʠʜʫʘʣʴʥʦ ʠ ʩʦʛʣʘʩʦʚʘʥʥʳʤʠ ʩ ʣʝʯʘʱʠʤ ʚʨʘʯʦʤ. 
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ʆʉʆɹɽʅʅʆʉʊʀ ʉʆʎʀɸʃʔʅʆʁ ɸɼɸʇʊɸʎʀʀ ɺʆʉʇʀʊɸʅʅʀʂʆɺ ɺ ɼʆʐʂʆʃʔʅʓʍ 

ʆɹʈɸɿʆɺɸʊɽʃʔʅʓʍ ʋʏʈɽɾɼɽʅʀʗʍ ɺ ʋʉʃʆɺʀʗʍ ʈɽɸʃʀɿɸʎʀʀ ʂʆʅʎɽʇʎʀʀ 

ɻʋʄɸʅʅʆʁ ʇɽɼɸɻʆɻʀʂʀ 

ʂʘʨʝʚʘɸ.ʀ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʄʘʚʨʠʥʘ ʀ.ɸ. 

ʆʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʆʤʩʢ 

 

ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʨʦʙʣʝʤʳ ʩʦʚʨʝʤʝʥʥʦʛʦ ʚʦʩʧʠʪʘʥʠʷ ʠ ʩʦʮʠʘʣʠʟʘʮʠʠ ʜʝʪʝʡ. ʈʘʩʢʨʳʚʘʶʪʩʷ 

ʦʩʥʦʚʥʳʝ ʧʨʠʥʮʠʧʳ ʛʫʤʘʥʥʦʡ ʧʝʜʘʛʦʛʠʢʠ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʧʝʨʚʠʯʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʨʦʚʥʷ ʘʜʘʧʪʘʮʠʠ ʜʝʪʝʡ ʚ ɼʆʋ ʚ ʫʩʣʦʚʠʷʭ ʨʝʘʣʠʟʘʮʠʠ ʢʦʥʮʝʧʮʠʠ ʛʫʤʘʥʥʦʡ 

ʧʝʜʘʛʦʛʠʢʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʦʩʧʠʪʘʥʠʝ, ʩʦʮʠʘʣʠʟʘʮʠʷ, ʛʫʤʘʥʥʘʷ ʧʝʜʘʛʦʛʠʢʘ, ʘʜʘʧʪʘʮʠʷ, ʩʦʮʠʘʣʴʥʘʷ 

ʘʜʘʧʪʘʮʠʷ. 

 

ɺʦʩʧʠʪʘʥʠʝ ï ʥʝʦʪʲʝʤʣʝʤʘʷ ʦʙʣʘʩʪʴ ʨʘʟʚʠʪʠʷ ʯʝʣʦʚʝʢʘ, ʝʛʦ ʩʪʘʥʦʚʣʝʥʠʷ ʢʘʢ ʣʠʯʥʦʩʪʠ. 

ʆʜʥʦʡ ʠʟ ʷʨʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʦʚʨʝʤʝʥʥʦʛʦ ʚʦʩʧʠʪʘʥʠʷ ʷʚʣʷʝʪʩʷ ʧʨʝʞʜʝʚʨʝʤʝʥʥʦʝ 

ʦʪʯʫʞʜʝʥʠʝ ʨʝʙʝʥʢʘ ʦʪ ʨʦʜʠʪʝʣʝʡ. ʕʪʦʤʫ ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʷʜ ʧʨʠʯʠʥ, ʪʘʢʠʭ ʢʘʢ ʟʘʥʷʪʦʩʪʴ 

ʨʦʜʠʪʝʣʝʡ ʥʘ ʨʘʙʦʪʝ, ʦʪʩʫʪʩʪʚʠʝ ʧʦʤʦʱʠ ʚ ʟʘʙʦʪʝ ʦ ʨʝʙʝʥʢʝ, ʩʣʘʙʘʷ ʦʩʚʝʜʦʤʣʝʥʥʦʩʪʴ ʦ 

ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʷʭ ʨʘʟʚʠʪʠʷ ʜʝʪʝʡ ʨʘʥʥʝʛʦ ʚʦʟʨʘʩʪʘ ʠ ʪ.ʜ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, 

ʯʪʦ ʤʥʦʛʠʝ ʟʘʜʘʯʠ ʚʦʩʧʠʪʘʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʩʦʮʠʘʣʠʟʘʮʠʠ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʝʛʦ ʩʦʮʠʘʣʴʥʦʡ 

ʘʜʘʧʪʘʮʠʠ, ʧʝʨʝʢʣʘʜʳʚʘʶʪʩʷ ʥʘ ʜʝʪʩʢʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʜʦʰʢʦʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ [1]. 

ʀʩʪʦʨʠʯʝʩʢʠ ʩʣʦʞʠʣʦʩʴ, ʯʪʦ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʜʦʰʢʦʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʷʚʣʷʝʪʩʷ ʚʪʦʨʦʡ 

ʩʪʫʧʝʥʴʶ ʩʦʮʠʘʣʠʟʘʮʠʠ ʜʝʪʝʡ. ʆʜʥʘʢʦ ʩʝʡʯʘʩ ʧʝʨʚʘʷ ʩʪʫʧʝʥʴ (ʩʝʤʴʷ) ʟʘʯʘʩʪʫʶ ʦʪʜʘʝʪ 

ʚʦʩʧʠʪʘʥʠʶ ʨʝʙʝʥʢʘ ʥʝʜʦʩʪʘʪʦʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʨʝʤʝʥʠ ʠ ʥʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʢʘʯʝʩʪʚʝʥʥʫʶ 

ʧʦʜʛʦʪʦʚʢʫ ʜʣʷ ʥʘʠʤʝʥʝʝ ʪʨʘʚʤʘʪʠʯʥʦʛʦ ʚʭʦʞʜʝʥʠʷ ʨʝʙʝʥʢʘ ʚ ʨʘʩʰʠʨʝʥʥʳʡ ʩʦʮʠʫʤ. ʉʣʘʙʘʷ 

ʧʦʜʛʦʪʦʚʢʘ ʨʦʜʠʪʝʣʝʡ ʠ ʥʝʧʨʠʚʳʯʥʦ ʩʪʨʦʛʠʝ ʫʩʣʦʚʠʷ ʧʨʝʙʳʚʘʥʠʷ ʚ ʜʦʰʢʦʣʴʥʦʤ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʤ ʫʯʨʝʞʜʝʥʠʠ (ʜʘʣʝʝ ʧʦ ʪʝʢʩʪʫ ɼʆʋ) ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʫʭʫʜʰʝʥʠʶ 

ʧʩʠʭʦʣʦʛʠʯʝʩʢʦʛʦ ʟʜʦʨʦʚʴʷ ʜʝʪʝʡ. ʅʘ ʵʪʦ ʚʣʠʷʶʪ ʠ ʜʨʫʛʠʝ ʬʘʢʪʦʨʳ, ʪʘʢʠʝ ʢʘʢ ʵʢʦʣʦʛʠʯʝʩʢʘʷ 

ʦʙʩʪʘʥʦʚʢʘ, ʧʦʣʠʪʠʯʝʩʢʠʝ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʠ ʪ.ʜ. ʆʜʥʘʢʦ ʦʩʪʘʝʪʩʷ ʬʘʢʪ ʪʦʛʦ, ʯʪʦ 

ʧʩʠʭʠʯʝʩʢʠʝ ʟʘʙʦʣʝʚʘʥʠʷ ʫ ʜʝʪʝʡ ʩʦʩʪʘʚʣʷʶʪ 16,5% ʦʪ ʦʙʱʝʛʦ ʯʠʩʣʘ ʜʝʪʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ, ʘ 

ʧʦʚʝʜʝʥʯʝʩʢʠʝ ʩʠʥʜʨʦʤʳ ʠʟ ʯʠʩʣʘ ʧʩʠʭʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ ʩʦʩʪʘʚʣʷʶʪ 54,3% (ʜʘʥʥʳʝ ʥʘ 

2007 ʛʦʜ) [2].  

ɼʆʋ ï ʠʥʩʪʠʪʫʪ ʩʦʮʠʘʣʠʟʘʮʠʠ, ʩʚʝʨʩʪʥʠʢʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʤʠʢʨʦʬʣʦʨʫ ʦʙʱʝʩʪʚʘ, 

ʘ ʚʦʩʧʠʪʘʪʝʣʠ ï ʧʨʦʚʦʜʥʠʢʠ ʚ ʥʦʚʫʶ ʩʨʝʜʫ. ʇʦʵʪʦʤʫ ʧʨʦʙʣʝʤʘ ʩʦʮʠʘʣʴʥʦʡ ʘʜʘʧʪʘʮʠʠ ʜʝʪʝʡ ʠ 

ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʝʝ ʫʩʧʝʰʥʦʛʦ ʧʨʦʪʝʢʘʥʠʷ ʚ ɼʆʋ ʚʳʟʳʚʘʝʪ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʫ 

ʧʝʜʘʛʦʛʦʚ ʠ ʧʩʠʭʦʣʦʛʦʚ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʘʢʪʫʘʣʴʥʘ ʪʝʤʘ ʛʫʤʘʥʠʟʘʮʠʠ ʚ ʚʦʩʧʠʪʘʪʝʣʴʥʦʤ 

ʧʨʦʮʝʩʩʝ, ʘ ʠʤʝʥʥʦ, ʫʯʝʪ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʠ ʨʝʘʣʠʟʘʮʠʶ ʚʦʟʤʦʞʥʦʩʪʝʡ ʢʘʞʜʦʛʦ 

ʜʦʰʢʦʣʴʥʠʢʘ. ʂʨʦʤʝ ʪʦʛʦ, ʤʥʦʛʦ ʚʥʠʤʘʥʠʷ ʫʜʝʣʷʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʶ ʪʘʢʦʡ ʚʦʩʧʠʪʳʚʘʶʱʝʡ 

ʩʨʝʜʳ, ʢʦʪʦʨʘʷ ʩʣʫʞʠʣʘ ʙʳ ʫʩʧʝʰʥʦʡ ʘʜʘʧʪʘʮʠʠ ʠ ʩʦʮʠʘʣʠʟʘʮʠʠ ʜʦʰʢʦʣʴʥʠʢʦʚ.  

ʀʜʝʠ ʛʫʤʘʥʥʦʡ ʧʝʜʘʛʦʛʠʢʠ ʜʘʚʥʦ ʧʨʦʩʣʝʞʠʚʘʣʠʩʴ ʚ ʪʨʫʜʘʭ ʧʝʜʘʛʦʛʦʚ ʧʨʦʰʣʦʛʦ (ɺ.ɸ. 

ʉʫʭʦʤʣʠʥʩʢʠʡ, ʂ.ɼ. ʋʰʠʥʩʢʠʡ) [4]. ʅʘ ʨʫʙʝʞʝ XX-XXI ʚʚ ʧʨʦʠʟʦʰʝʣ ʧʝʨʝʭʦʜ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʥʘʢʦʧʣʝʥʠʷ ʠʜʝʡ ʛʫʤʘʥʥʦʡ ʧʝʜʘʛʦʛʠʢʠ ʚ ʠʭ ʢʘʯʝʩʪʚʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ. ʐ.ɸ. 

ɸʤʦʥʘʰʚʠʣʠ ʚʝʣ ʘʢʪʠʚʥʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ ʧʦ ʧʨʦʧʘʛʘʥʜʝ ʠʜʝʡ ʛʫʤʘʥʥʦʡ ʧʝʜʘʛʦʛʠʢʠ, ʦʧʨʝʜʝʣʷʷ 

ʝʝ ʢʘʢ ʧʝʜʘʛʦʛʠʢʫ ʪʨʝʪʴʝʛʦ ʪʳʩʷʯʝʣʝʪʠʷ [3]. 



ɼʦʩʪʦʠʥʩʪʚʦ ʛʫʤʘʥʥʦʡ ʧʝʜʘʛʦʛʠʢʠ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʦʥʘ ʦʧʠʨʘʝʪʩʷ ʥʘ ʠʜʝʠ ʙʝʨʝʞʥʦʛʦ 

ʦʪʥʦʰʝʥʠʷ ʢ ʜʫʭʦʚʥʦʤʫ ʤʠʨʫ ʨʝʙʝʥʢʘ, ʩʪʘʥʦʚʣʝʥʠʶ ʝʛʦ ʣʠʯʥʦʩʪʠ, ʚʦʩʧʨʠʷʪʠʷ ʝʛʦ ʢʘʢ 

ʩʫʙʲʝʢʪʘ ʚʦʩʧʠʪʘʪʝʣʴʥʦ-ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ [3]. ʂ ʩʦʞʘʣʝʥʠʶ, ʚ ʥʘʫʯʥʦʡ ʩʨʝʜʝ 

ʥʝʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʦ ʠʟʚʝʩʪʥʳ ʧʨʠʥʮʠʧʳ ʛʫʤʘʥʥʦʡ ʧʝʜʘʛʦʛʠʢʠ, ʧʦʵʪʦʤʫ ʥʘʤʠ ʙʳʣʦ 

ʦʩʫʱʝʩʪʚʣʝʥʦ ʧʨʠʢʣʘʜʥʦʝ ʥʘʫʯʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦ ʚʳʷʚʣʝʥʠʶ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʦʮʠʘʣʴʥʦʡ 

ʘʜʘʧʪʘʮʠʠ ʚʦʩʧʠʪʘʥʥʠʢʦʚ ɼʆʋ. ʆʜʥʠʤ ʠʟ ʘʩʧʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʩʪʘʣʘ 

ʧʦʧʫʣʷʨʠʟʘʮʠʷ ʧʦʩʪʫʣʘʪʦʚ ʛʫʤʘʥʥʦʡ ʧʝʜʘʛʦʛʠʢʠ ʚ ʩʨʝʜʝ ʫʯʝʥʳʭ ʠ ʨʦʜʠʪʝʣʝʡ, ʪʘʢ ʢʘʢ ʚʘʞʥʦ 

ʩʦʟʜʘʚʘʪʴ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʘʜʘʧʪʘʮʠʠ ʠ ʨʘʟʚʠʪʠʷ ʨʝʙʝʥʢʘ ʥʝ ʪʦʣʴʢʦ ʚ ʜʦʰʢʦʣʴʥʦʤ 

ʫʯʨʝʞʜʝʥʠʠ, ʥʦ ʠ ʜʦʤʘ.      

ɺ ʦʩʥʦʚʫ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʘ ʧʦʣʦʞʝʥʘ ʛʠʧʦʪʝʟʘ ʦ ʪʦʤ, ʯʪʦ ʨʝʘʣʠʟʘʮʠʷ ʢʦʥʮʝʧʮʠʠ 

ʛʫʤʘʥʥʦʡ ʧʝʜʘʛʦʛʠʢʠ ʚ ɼʆʋ ʩʦʟʜʘʝʪ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʜʣʷ ʩʦʮʠʘʣʴʥʦʡ 

ʘʜʘʧʪʘʮʠʠ ʜʝʪʝʡ, ʫʣʫʯʰʘʝʪ ʧʨʦʮʝʩʩ ʩʦʮʠʘʣʴʥʦʡ ʘʜʘʧʪʘʮʠʠ.  

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʤʝʪʦʜʠʢʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʝʧʝʥʠ ʩʦʮʠʘʣʴʥʦʡ 

ʘʜʘʧʪʘʮʠʠ ʨʝʙʝʥʢʘ ʚ ɼʆʋ ɺ.ʅ.ʄʝʨʢʫʣʦʚʦʡ ʠ ʃ.ɻ.ʉʘʤʦʭʦʜʢʠʥʦʡ, ʜʠʘʛʥʦʩʪʠʢʘ ʫʨʦʚʥʷ 

ʘʜʘʧʪʠʨʦʚʘʥʥʦʩʪʠ ʨʝʙʝʥʢʘ ʢ ʜʦʰʢʦʣʴʥʦʤʫ ʫʯʨʝʞʜʝʥʠʶ ʧʦ ʤʝʪʦʜʠʢʝ ɸ.ʉ.ʈʦʥʴʞʠʥʦʡ. ɺ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʨʠʥʠʤʘʣʦ ʫʯʘʩʪʠʝ 10 ʜʝʪʝʡ ʚ ʚʦʟʨʘʩʪʝ ʦʪ 2 ʜʦ 4,2 ʣʝʪ ï ʚʦʩʧʠʪʘʥʥʠʢʠ ʤʣʘʜʰʝʡ 

ʛʨʫʧʧʳ ɼʆʋ çʏʫʜʦ-ʨʘʜʫʛʘè, ʛ.ʆʤʩʢ, ʢʦʪʦʨʦʝ ʚ ʩʚʦʝʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʨʝʘʣʠʟʫʝʪ ʢʦʥʮʝʧʮʠʶ 

ʛʫʤʘʥʥʦʡ ʧʝʜʘʛʦʛʠʢʠ.  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʮʠʘʣʴʥʦʡ ʘʜʘʧʪʘʮʠʠ ʨʝʙʝʥʢʘ ʚ ɼʆʋ ʧʦ ʤʝʪʦʜʫ 

ɺ.ʅ.ʄʝʨʢʫʣʦʚʦʡ ʠ ʃ.ɻ.ʉʘʤʦʭʦʜʢʠʥʦʡ ʧʦ ʯʝʪʳʨʝʤ ʬʘʢʪʦʨʘʤ ʧʦʚʝʜʝʥʯʝʩʢʦʡ ʘʜʘʧʪʘʮʠʠ 

(ʤɻʦʮʠʦʥʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ ʨʝʙʝʥʢʘ, ʩʦʮʠʘʣʴʥʳʝ ʢʦʥʪʘʢʪʳ ʨʝʙʝʥʢʘ, ʧʦʩʣʝʧʦʣʫʜʝʥʥʳʡ ʩʦʥ, 

ʘʧʧʝʪʠʪ ʨʝʙʝʥʢʘ) ʧʦʢʘʟʘʣʦ, ʯʪʦ ʠʟ 10 ʜʝʪʝʡ ʫ ʯʝʪʚʝʨʳʭ (40%) ʫʨʦʚʝʥʴ ʘʜʘʧʪʘʮʠʠ çʩʨʝʜʥʠʡè, ʫ 

ʰʝʩʪʝʨʳʭ (60%) ï ʫʨʦʚʝʥʴ ʘʜʘʧʪʘʮʠʠ çʣʝʛʢʠʡè. ʅʝʪ ʥʠ ʦʜʥʦʛʦ ʨʝʙʝʥʢʘ ʩ ʫʩʣʦʞʥʝʥʥʦʡ 

ʘʜʘʧʪʘʮʠʝʡ ʠ ʜʝʟʘʜʘʧʪʘʮʠʝʡ. 

ʇʨʦʚʝʜʝʥʠʝ ʜʠʘʛʥʦʩʪʠʢʠ ʧʦ ʤʝʪʦʜʠʢʝ ɸ.ʉ. ʈʦʥʴʞʠʥʦʡ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʠʟ 10 ʜʝʪʝʡ ʫ 

ʯʝʪʚʝʨʳʭ (40%) ʫʨʦʚʝʥʴ ʘʜʘʧʪʘʮʠʠ çʩʨʝʜʥʠʡè, ʫ ʰʝʩʪʝʨʳʭ (60%) ï ʫʨʦʚʝʥʴ ʘʜʘʧʪʘʮʠʠ 

çʚʳʩʦʢʠʡè. ʅʝʪ ʥʠ ʦʜʥʦʛʦ ʨʝʙʝʥʢʘ ʩ ʥʠʟʢʠʤ ʫʨʦʚʥʝʤ ʘʜʘʧʪʘʮʠʠ. 

ɺʦ ʚʨʝʤʷ ʧʨʦʚʝʜʝʥʠʷ ʜʠʘʛʥʦʩʪʠʢʠ ʦʮʝʥʠʚʘʣʦʩʴ ʩʦʩʪʦʷʥʠʝ ʨʝʙʝʥʢʘ ʚ ʧʝʨʚʳʝ ʜʥʠ ʝʛʦ 

ʧʦʩʪʫʧʣʝʥʠʷ ʚ ʜʝʪʩʢʠʡ ʩʘʜ. ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʢʘʟʳʚʘʝʪ ʫʩʧʝʰʥʦʩʪʴ ʢʦʥʮʝʧʮʠʠ ʛʫʤʘʥʥʦʡ 

ʧʝʜʘʛʦʛʠʢʠ: ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʜʝʪʝʡ ʧʦʢʘʟʘʣʠ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʘʜʘʧʪʘʮʠʠ, ʬʘʢʪʠʯʝʩʢʠ 

ʦʪʩʫʪʩʪʚʫʶʪ ʜʝʪʠ ʩ ʧʦʥʠʞʝʥʥʳʤ ʫʨʦʚʥʝʤ ʘʜʘʧʪʘʮʠʠ. ɻʠʧʦʪʝʟʘ, ʧʦʣʦʞʝʥʥʘʷ ʚ ʦʩʥʦʚʫ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʦʜʪʚʝʨʜʠʣʘʩʴ, ʩʦʮʠʘʣʴʥʘʷ ʘʜʘʧʪʘʮʠʷ ʜʝʪʝʡ ʚ ɼʆʋ, ʨʝʘʣʠʟʫʶʱʝʤ ʢʦʥʮʝʧʮʠʶ 

ʛʫʤʘʥʥʦʡ ʧʝʜʘʛʦʛʠʢʠ, ʩʦʟʜʘʝʪ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʜʣʷ ʩʦʮʠʘʣʴʥʦʡ 

ʘʜʘʧʪʘʮʠʠ ʜʝʪʝʡ, ʫʣʫʯʰʘʝʪ ʧʨʦʮʝʩʩ ʩʦʮʠʘʣʴʥʦʡ ʘʜʘʧʪʘʮʠʠ. 
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ɿʅɸʏɽʅʀɽ ʇɽɼɸɻʆɻʀʂʀ ʌʀɿʀʏɽʉʂʆʁ ʂʋʃʔʊʋʈʓ ɺ ʉʆɺʈɽʄɽʅʅʆʄ ʆɹʑɽʉʊɺɽ 

ʇʘʨʬʝʥʦʚʘ ɺ.ʕ., ʇʘʥʷʛʠʥ ɼ.ʄ. 

ʌɻɹʆʋ ɺʆ "ʂʘʟʘʥʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ", 

ʅʠʞʥʝʢʘʤʩʢʠʡ ʭʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪ (ʬʠʣʠʘʣ) 

 

ʉʦʚʨʝʤʝʥʥʦʝ ʦʙʱʝʩʪʚʦ ʘʢʪʠʚʥʦ ʘʢʮʝʥʪʠʨʫʝʪ ʚʥʠʤʘʥʠʝ ʥʘ ʟʜʦʨʦʚʦʤ ʦʙʨʘʟʝ ʞʠʟʥʠ ʠ ʟʘʙʦʪʝ 

ʦ ʩʚʦʝʤ ʬʠʟʠʯʝʩʢʦʤ ʩʦʩʪʦʷʥʠʠ. ʇʝʜʘʛʦʛʠʢʘ ʬʠʟʠʯʝʩʢʦʡ ʢʫʣʴʪʫʨʳ ʠ ʩʧʦʨʪʘ ʠʛʨʘʝʪ 

ʟʥʘʯʠʪʝʣʴʥʫʶ ʨʦʣʴ ʚ ʵʪʦʤ ʧʨʦʮʝʩʩʝ, ʧʦʦʱʨʷʷ ʣʶʜʝʡ ʢ ʘʢʪʠʚʥʦʡ ʞʠʟʥʝʥʥʦʡ ʧʦʟʠʮʠʠ ʠ 

ʬʦʨʤʠʨʦʚʘʥʠʶ ʟʜʦʨʦʚʦʛʦ ʦʙʨʘʟʘ ʞʠʟʥʠ. ʉʧʦʨʪ ʩʧʦʩʦʙʩʪʚʫʝʪ ʥʝ ʪʦʣʴʢʦ ʫʢʨʝʧʣʝʥʠʶ 

ʬʠʟʠʯʝʩʢʦʛʦ ʟʜʦʨʦʚʴʷ, ʥʦ ʠ ʩʪʠʤʫʣʠʨʫʝʪ ʩʦʮʠʘʣʴʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ, ʨʘʟʚʠʚʘʝʪ ʣʠʯʥʦʩʪʴ ʠ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʦʩʪʫ ʢʘʯʝʩʪʚʘ ʞʠʟʥʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʇʝʜʘʛʦʛʠʢʘ, ʬʠʟʠʯʝʩʢʘʷ ʢʫʣʴʪʫʨʘ, ʩʧʦʨʪ, ʚʦʩʧʠʪʘʥʠʝ, ʨʘʟʚʠʪʠʝ. 

 

ɺ ʥʘʰʝ ʚʨʝʤʷ ʚʘʞʥʦ ʧʦʥʠʤʘʪʴ, ʯʪʦ ʟʘʙʦʪʘ ʦ ʩʚʦʝʤ ʟʜʦʨʦʚʴʝ ʠ ʩʪʨʝʤʣʝʥʠʝ ʢ ʟʜʦʨʦʚʦʤʫ 

ʦʙʨʘʟʫ ʞʠʟʥʠ ï ɻ ʪʦ ʢʣʶʯʝʚʳʝ ʬʘʢʪʦʨʳ ʜʣʷ ʫʩʧʝʰʥʦʡ ʞʠʟʥʠ. ʆʪʩʫʪʩʪʚʠʝ ʟʘʙʦʪʳ ʦ ʬʠʟʠʯʝʩʢʦʤ 

ʩʦʩʪʦʷʥʠʠ ʠ ʥʝʧʨʘʚʠʣʴʥʳʝ ʧʨʠʚʳʯʢʠ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʥʦʚʳʭ ʟʘʙʦʣʝʚʘʥʠʡ ʠ 

ʦʩʣʘʙʣʝʥʠʶ ʠʤʤʫʥʠʪʝʪʘ. ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʟʘʥʷʪʠʷ ʬʠʟʠʯʝʩʢʦʡ ʢʫʣʴʪʫʨʦʡ ʠ ʩʧʦʨʪʦʤ 

ʩʧʦʩʦʙʩʪʚʫʶʪ ʬʦʨʤʠʨʦʚʘʥʠʶ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʟʜʦʨʦʚʦʤ ʦʙʨʘʟʝ ʞʠʟʥʠ. ʕʪʦ ʧʨʝʜʩʪʘʚʣʝʥʠʝ 

ʥʘʯʠʥʘʝʪ ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʩ ʩʘʤʦʛʦ ʨʘʥʥʝʛʦ ʜʝʪʩʪʚʘ ʠ ʩʦʧʨʦʚʦʞʜʘʝʪ ʯʝʣʦʚʝʢʘ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 

ʚʩʝʡ ʝʛʦ ʞʠʟʥʠ: ʚ ʰʢʦʣʝ, ʚ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʷʭ, ʥʘ ʨʘʙʦʪʝ ʠ ʚ ʧʦʚʩʝʜʥʝʚʥʦʡ ʞʠʟʥʠ. 

ʌʠʟʠʯʝʩʢʦʝ ʚʦʩʧʠʪʘʥʠʝ ʣʠʯʥʦʩʪʠ ʠʤʝʝʪ ʜʚʦʡʥʦʝ ʧʨʝʜʥʘʟʥʘʯʝʥʠʝ: ʦʟʜʦʨʦʚʠʪʝʣʴʥʦʝ ʠ 

ʚʦʩʧʠʪʘʪʝʣʴʥʦʝ. ɺʟʘʠʤʦʩʚʷʟʴ ʵʪʠʭ ʟʘʜʘʯ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʣʫʯʰʝʥʠʶ ʬʠʟʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʦʨʛʘʥʠʟʤʘ ʠ ʫʢʨʝʧʣʷʝʪ ʝʛʦ ʚʳʥʦʩʣʠʚʦʩʪʴ. ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʦʙʱʝʩʪʚʝ ʪʦʣʴʢʦ ʝʜʠʥʠʮʳ ʘʢʪʠʚʥʦ 

ʧʦʜʜʝʨʞʠʚʘʶʪ ʟʜʦʨʦʚʳʡ ʦʙʨʘʟ ʞʠʟʥʠ, ʝʩʣʠ ʠʤ ʩ ʜʝʪʩʪʚʘ ʚʥʫʰʘʣʠ ʣʶʙʦʚʴ ʢ ʩʧʦʨʪʫ, ʘʢʪʠʚʥʳʤ 

ʠʛʨʘʤ, ʧʨʘʚʠʣʴʥʦʤʫ ʧʠʪʘʥʠʶ ʠ ʩʘʤʦʨʘʟʚʠʪʠʶ. ʆʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʫʯʨʝʞʜʝʥʠʷ, ʪʘʢʠʝ ʢʘʢ 

ʰʢʦʣʳ, ʪʝʭʥʠʢʫʤʳ, ʠʥʩʪʠʪʫʪʳ ʠ ʫʥʠʚʝʨʩʠʪʝʪʳ, ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʵʪʦʤ ʧʨʦʮʝʩʩʝ [1]. 

ʇʝʜʘʛʦʛʠ ʠʛʨʘʶʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚʦ ʚʢʣʶʯʝʥʠʠ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ʚ ʘʢʪʠʚʥʳʝ ʟʘʥʷʪʠʷ 

ʬʠʟʠʯʝʩʢʦʡ ʢʫʣʴʪʫʨʦʡ ʠ ʩʧʦʨʪʦʤ. ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʘʣʠʯʠʝ ʦʧʳʪʥʦʛʦ ʧʝʜʘʛʦʛʘ ʯʘʩʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʦʩʪʠ ʣʶʜʝʡ ʚ ʩʧʦʨʪʝ ʠ ʟʜʦʨʦʚʦʤ ʦʙʨʘʟʝ ʞʠʟʥʠ. ʇʝʜʘʛʦʛ ʜʦʣʞʝʥ 

ʙʳʪʴ ʦʙʨʘʟʮʦʤ ʘʢʪʠʚʥʦʛʦ ʦʙʨʘʟʘ ʞʠʟʥʠ ʠ ʫʤʝʪʴ ʤʦʪʠʚʠʨʦʚʘʪʴ ʜʘʞʝ ʩʘʤʳʭ ʤʘʣʦʧʦʜʚʠʞʥʳʭ 

ʫʯʘʱʠʭʩʷ. ʇʦʜʙʦʨ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʧʨʝʧʦʜʘʚʘʪʝʣʷ, ʨʘʟʨʘʙʦʪʢʘ ʯʝʪʢʦʛʦ ʧʣʘʥʘ ʟʘʥʷʪʠʡ ʠ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʡ ʧʦʜʭʦʜ ʢ ʢʘʞʜʦʤʫ - ʚʩʝ ʵʪʦ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤʠ ʧʨʠʥʮʠʧʘʤʠ ʚ ʨʘʟʚʠʪʠʠ 

ʤʝʪʦʜʦʚ ʧʨʝʧʦʜʘʚʘʥʠʷ ʬʠʟʠʯʝʩʢʦʡ ʢʫʣʴʪʫʨʳ ʠ ʩʧʦʨʪʘ. 

ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʝʜʘʛʦʛʠʢʘ ʬʠʟʠʯʝʩʢʦʡ ʢʫʣʴʪʫʨʳ ʠ ʩʧʦʨʪʘ ʩʪʘʣʘ ʘʢʪʠʚʥʦ 

ʨʘʟʚʠʚʘʪʴʩʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ. ʇʨʝʧʦʜʘʚʘʪʝʣʴ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʜʦʣʞʝʥ ʦʙʣʘʜʘʪʴ 

ʨʘʟʥʦʦʙʨʘʟʥʳʤʠ ʤʝʪʦʜʘʤʠ ʠ ʧʨʠʝʤʘʤʠ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʦʙʫʯʝʥʠʷ. ɽʛʦ ʟʘʜʘʯʠ ʚʢʣʶʯʘʶʪ ʚ 

ʩʝʙʷ ʩʪʠʤʫʣʠʨʦʚʘʥʠʝ ʟʜʦʨʦʚʦʛʦ ʦʙʨʘʟʘ ʞʠʟʥʠ, ʠʟʫʯʝʥʠʝ ʜʚʠʛʘʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʫʯʘʱʠʭʩʷ, 

ʧʦʜʜʝʨʞʘʥʠʝ ʠ ʨʘʟʚʠʪʠʝ ʠʭ ʤʦʨʘʣʴʥʳʭ ʢʘʯʝʩʪʚ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʥʘʚʳʢʦʚ ʦʙʱʝʥʠʷ ʚ ʛʨʫʧʧʝ, ʘ 

ʪʘʢʞʝ ʫʯʝʪ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ [2]. 

ʇʝʜʘʛʦʛ ʜʦʣʞʝʥ ʟʘʨʘʥʝʝ ʩʦʩʪʘʚʠʪʴ ʦʧʨʝʜʝʣʝʥʥʳʡ ʧʣʘʥ ʧʨʦʚʝʜʝʥʠʷ ʟʘʥʷʪʠʷ, ʫʯʠʪʳʚʘʷ 

ʝʛʦ ʩʦʜʝʨʞʘʥʠʝ ʠ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ. ɻʘʨʘʥʪʠʝʡ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʨʝʤʝʥʠ ʷʚʣʷʝʪʩʷ 

ʩʦʩʪʘʚʣʝʥʠʝ ʪʘʢʦʛʦ ʧʣʘʥʘ. ɺʘʞʥʦ, ʯʪʦʙʳ ʧʣʘʥ ʚʢʣʶʯʘʣ ʥʝ ʪʦʣʴʢʦ ʩʦʜʝʨʞʘʥʠʝ ʟʘʥʷʪʠʷ, ʥʦ ʠ ʝʛʦ 

ʮʝʣʠ. ʊʘʢʞʝ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʬʦʨʤʫ ʧʨʦʚʝʜʝʥʠʷ ʟʘʥʷʪʠʷ ʠ ʚʠʜ ʩʧʦʨʪʘ, ʢʦʪʦʨʦʤʫ ʦʥʦ 

ʧʦʩʚʷʱʝʥʦ. 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʟʘʥʷʪʠʡ ʧʦ ʩʧʦʨʪʠʚʥʳʤ ʠʛʨʘʤ ʠʣʠ ʧʨʠʢʣʘʜʥʦʡ ʛʠʤʥʘʩʪʠʢʝ, ʚʘʞʥʦ 

ʫʯʠʪʳʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʬʘʢʪʦʨʳ, ʪʘʢʠʝ ʢʘʢ ʚʦʟʨʘʩʪ ʠ ʚʝʩ ʫʯʝʥʠʢʘ, ʘ ʪʘʢʞʝ ʝʛʦ ʫʨʦʚʝʥʴ 



ʬʠʟʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʩʣʝʜʫʝʪ ʫʜʝʣʠʪʴ ʠʥʜʠʚʠʜʫʘʣʴʥʦʤʫ ʧʦʜʭʦʜʫ ʢ 

ʢʘʞʜʦʤʫ ʫʯʝʥʠʢʫ, ʯʪʦʙʳ ʧʦʩʪʝʧʝʥʥʦ ʨʘʟʚʠʚʘʪʴ ʝʛʦ ʬʠʟʠʯʝʩʢʠʝ ʩʧʦʩʦʙʥʦʩʪʠ. ɺ ʢʦʥʮʝ ʢʘʞʜʦʛʦ 

ʟʘʥʷʪʠʷ ʚʘʞʥʦ ʧʨʦʚʝʩʪʠ ʦʙʱʠʡ ʘʥʘʣʠʟ ʠ ʚʳʜʝʣʠʪʴ ʩʠʣʴʥʳʝ ʩʪʦʨʦʥʳ ʢʘʞʜʦʛʦ ʫʯʘʱʝʛʦʩʷ. ʕʪʦʪ 

ʰʘʛ ʧʦʤʦʞʝʪ ʩʦʟʜʘʪʴ ʤʦʪʠʚʘʮʠʦʥʥʫʶ ʩʨʝʜʫ ʠ ʧʦʦʱʨʠʪʴ ʨʘʟʚʠʪʠʝ ʫ ʚʩʝʭ [3]. 

ɺʘʞʥʦ ʨʘʟʚʠʚʘʪʴ ʫʤʝʥʠʝ ʧʨʠʚʣʝʢʘʪʴ ʚʥʠʤʘʥʠʝ ʢʘʞʜʦʛʦ ʯʝʣʦʚʝʢʘ ʜʣʷ ʨʘʟʚʠʪʠʷ ʩʚʦʠʭ 

ʬʠʟʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʯʪʦ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʚʦʩʧʠʪʘʥʠʶ ʣʶʙʚʠ ʢʘʢ ʢ ʩʘʤʦʡ 

ʩʝʙʝ, ʪʘʢ ʠ ʢ ʩʧʦʨʪʫ ʚ ʮʝʣʦʤ. ʂʦʛʜʘ ʦʙʫʯʘʶʱʠʡʩʷ ʩʦʙʣʶʜʘʝʪ ʚʩʝ ʵʪʠ ʢʨʠʪʝʨʠʠ, ʫ ʥʝʛʦ ʥʝ ʪʦʣʴʢʦ 

ʬʦʨʤʠʨʫʝʪʩʷ ʦʙʱʝʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʬʠʟʠʯʝʩʢʦʡ ʢʫʣʴʪʫʨʝ ʠ ʬʠʟʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʝ, ʥʦ ʠ 

ʧʨʦʠʩʭʦʜʠʪ ʨʘʟʚʠʪʠʝ ʤʦʨʘʣʴʥʦʛʦ ʩʦʟʥʘʥʠʷ, ʧʩʠʭʦʣʦʛʠʯʝʩʢʘʷ ʧʦʜʛʦʪʦʚʢʘ ʠ ʫʣʫʯʰʝʥʠʝ 

ʚʳʥʦʩʣʠʚʦʩʪʠ. ʀʥʦʛʜʘ ʧʨʘʚʠʣʴʥʳʡ ʧʦʜʭʦʜ ʢ ʧʨʦʚʝʜʝʥʠʶ ʟʘʥʷʪʠʡ ʠʤʝʝʪ ʢʣʶʯʝʚʦʝ ʟʥʘʯʝʥʠʝ 

ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʥʘʚʳʢʦʚ ʠ ʫʣʫʯʰʝʥʠʷ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʢʘʯʝʩʪʚ. 

ʀʥʜʠʚʠʜʫʘʣʴʥʳʡ ʧʦʜʭʦʜ ʠ ʫʯʝʪ ʦʩʦʙʝʥʥʦʩʪʝʡ ʦʙʫʯʘʶʱʠʭʩʷ - ʵʪʦ ʦʜʥʘ ʠʟ ʧʨʦʙʣʝʤ, 

ʢʦʪʦʨʫʶ ʩʪʦʠʪ ʚʳʜʝʣʠʪʴ ʚ ʧʝʜʘʛʦʛʠʢʝ ʬʠʟʠʯʝʩʢʦʡ ʢʫʣʴʪʫʨʳ ʠ ʩʧʦʨʪʘ. ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠʛʨʦʚʦʛʦ ʤʝʪʦʜʘ ʦʙʫʯʝʥʠʷ ʫʯʝʥʠʢʠ ʨʘʟʚʠʚʘʶʪ ʥʘʚʳʢʠ ʨʘʙʦʪʳ ʚ ʢʦʤʘʥʜʝ, 

ʩʪʨʝʤʷʪʩʷ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʩʚʦʠ ʫʤʝʥʠʷ ʠ ʩʦʟʜʘʶʪ ʙʣʘʛʦʧʨʠʷʪʥʫʶ ʘʪʤʦʩʬʝʨʫ ʜʣʷ 

ʧʦʜʜʝʨʞʢʠ ʩʚʦʝʡ ʛʨʫʧʧʳ. ʅʝ ʩʪʦʠʪ ʟʘʙʳʚʘʪʴ, ʯʪʦ ʬʠʟʠʯʝʩʢʘʷ ʧʝʜʘʛʦʛʠʢʘ ʧʦʩʪʦʷʥʥʦ 

ʨʘʟʚʠʚʘʝʪʩʷ ʠ ʜʚʠʞʝʪʩʷ ʚʧʝʨʝʜ, ʥʦ ʚʘʞʥʦ ʫʜʝʣʷʪʴ ʚʥʠʤʘʥʠʝ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤ ʦʩʦʙʝʥʥʦʩʪʷʤ 

ʢʘʞʜʦʛʦ ʫʯʘʱʝʛʦʩʷ. 

ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʦʙʱʝʩʪʚʝ ʚʘʞʥʦ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʧʝʜʘʛʦʛʠʢʘ ʬʠʟʠʯʝʩʢʦʡ ʢʫʣʴʪʫʨʳ ʠ 

ʩʧʦʨʪʘ ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ. ʋʯʠʪʳʚʘʷ ʣʠʯʥʦʩʪʴ ʢʘʞʜʦʛʦ ʫʯʝʥʠʢʘ ʠʣʠ ʩʪʫʜʝʥʪʘ ʚ ʩʚʦʝʡ 

ʨʘʙʦʪʝ, ʧʝʜʘʛʦʛ ʩʧʦʩʦʙʩʪʚʫʝʪ ʘʢʪʠʚʥʦʤʫ ʨʘʟʚʠʪʠʶ ʠ ʬʦʨʤʠʨʦʚʘʥʠʶ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ 

ʦʪʥʦʰʝʥʠʷ ʢ ʧʨʝʜʤʝʪʫ ʠ ʩʧʦʨʪʫ ʚ ʮʝʣʦʤ. ʕʪʦ ʠʤʝʝʪ ʦʛʨʦʤʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ 

ʟʜʦʨʦʚʦʛʦ ʦʙʨʘʟʘ ʞʠʟʥʠ. ʇʝʜʘʛʦʛ ʚʘʞʝʥ ʢʘʢ ʥʘʩʪʘʚʥʠʢ, ʢʦʪʦʨʳʡ ʧʦʢʘʟʳʚʘʝʪ, ʢʘʢ ʧʦʜʜʝʨʞʠʚʘʪʴ 

ʩʚʦʝ ʟʜʦʨʦʚʴʝ, ʠ ʩʪʠʤʫʣʠʨʫʝʪ ʦʙʫʯʘʶʱʠʭʩʷ ʢ ʘʢʪʠʚʥʦʤʫ ʦʙʨʘʟʫ ʞʠʟʥʠ. ɺʳʚʦʜʷ ʠʪʦʛ ʚʩʝʤʫ 

ʩʢʘʟʘʥʥʦʤʫ, ʤʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʧʝʜʘʛʦʛʠʢʘ ʬʠʟʠʯʝʩʢʦʡ ʢʫʣʴʪʫʨʳ ʠ ʩʧʦʨʪʘ ʷʚʣʷʝʪʩʷ 

ʢʣʶʯʝʚʳʤ ʵʣʝʤʝʥʪʦʤ ʩʦʚʨʝʤʝʥʥʦʛʦ ʨʘʟʚʠʪʠʷ ʦʙʱʝʩʪʚʘ. 

ʈʘʟʚʠʪʠʝ ʤʦʨʘʣʴʥʦ-ʥʨʘʚʩʪʚʝʥʥʦʛʦ ʠ ʧʩʠʭʦʣʦʛʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʣʠʯʥʦʩʪʠ ʥʘʧʨʷʤʫʶ 

ʟʘʚʠʩʠʪ ʦʪ ʧʦʜʙʦʨʘ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʩʧʝʮʠʘʣʠʩʪʘ, ʢʦʪʦʨʳʡ ʵʬʬʝʢʪʠʚʥʦ ʨʫʢʦʚʦʜʠʪ 

ʟʘʥʷʪʠʷʤʠ ʧʦ ʬʠʟʠʯʝʩʢʦʡ ʢʫʣʴʪʫʨʝ ʠ ʩʧʦʨʪʫ. ʕʪʦʪ ʧʦʜʭʦʜ ʩʧʦʩʦʙʩʪʚʫʝʪ ʬʦʨʤʠʨʦʚʘʥʠʶ ʩʠʣʳ 

ʚʦʣʠ, ʤʫʞʝʩʪʚʘ ʠ ʭʨʘʙʨʦʩʪʠ ʫ ʯʝʣʦʚʝʢʘ. ʂʨʦʤʝ ʪʦʛʦ, ʫʯʘʩʪʠʝ ʚ ʩʧʦʨʪʠʚʥʳʭ ʟʘʥʷʪʠʷʭ ʫʯʠʪ 

ʨʘʙʦʪʘʪʴ ʚ ʢʦʤʘʥʜʝ ʩ ʨʘʟʣʠʯʥʳʤʠ ʢʘʯʝʩʪʚʘʤʠ.  

ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʨʘʟʚʠʪʠʝ ʤʦʨʘʣʴʥʦ-ʥʨʘʚʩʪʚʝʥʥʦʛʦ ʠ ʧʩʠʭʦʣʦʛʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ 

ʣʠʯʥʦʩʪʠ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʦʙʱʝʩʪʚʝ. ʇʝʜʘʛʦʛʠʢʘ ʬʠʟʠʯʝʩʢʦʡ ʢʫʣʴʪʫʨʳ ʠ 

ʩʧʦʨʪʘ ʩʧʦʩʦʙʩʪʚʫʝʪ ʥʝ ʪʦʣʴʢʦ ʫʢʨʝʧʣʝʥʠʶ ʬʠʟʠʯʝʩʢʦʛʦ ʟʜʦʨʦʚʴʷ, ʥʦ ʠ ʬʦʨʤʠʨʦʚʘʥʠʶ ʫ 

ʫʯʘʱʠʭʩʷ ʪʘʢʠʭ ʢʘʯʝʩʪʚ, ʢʘʢ ʪʨʫʜʦʣʶʙʠʝ, ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʠ ʮʝʣʝʫʩʪʨʝʤʣʝʥʥʦʩʪʴ. ʋʯʘʩʪʠʝ ʚ 

ʩʧʦʨʪʠʚʥʳʭ ʟʘʥʷʪʠʷʭ ʫʯʠʪ ʜʝʪʝʡ ʠ ʚʟʨʦʩʣʳʭ ʩʧʨʘʚʣʷʪʴʩʷ ʩ ʪʨʫʜʥʦʩʪʷʤʠ, ʜʦʩʪʠʛʘʪʴ 

ʧʦʩʪʘʚʣʝʥʥʳʭ ʮʝʣʝʡ ʠ ʫʢʨʝʧʣʷʪʴ ʜʫʭʦʚʥʳʝ ʮʝʥʥʦʩʪʠ. 

ʆʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʤʦʤʝʥʪʦʚ ʚ ʧʝʜʘʛʦʛʠʢʝ ʬʠʟʠʯʝʩʢʦʡ ʢʫʣʴʪʫʨʳ ʠ ʩʧʦʨʪʘ ʷʚʣʷʝʪʩʷ 

ʩʦʟʜʘʥʠʝ ʘʪʤʦʩʬʝʨʳ ʚʟʘʠʤʦʧʦʥʠʤʘʥʠʷ ʠ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ. ʇʝʜʘʛʦʛ ʜʦʣʞʝʥ ʫʤʝʪʴ ʚʦʚʣʝʯʴ 

ʢʘʞʜʦʛʦ ʫʯʘʱʝʛʦʩʷ ʚ ʫʯʝʙʥʳʡ ʧʨʦʮʝʩʩ, ʧʦʜʜʝʨʞʠʚʘʪʴ ʤʦʪʠʚʘʮʠʶ ʠ ʨʘʟʚʠʚʘʪʴ ʫʚʝʨʝʥʥʦʩʪʴ ʚ 

ʩʚʦʠʭ ʩʠʣʘʭ. ʊʦʣʴʢʦ ʪʘʢʦʡ ʠʥʜʠʚʠʜʫʘʣʴʥʳʡ ʧʦʜʭʦʜ ʢ ʢʘʞʜʦʤʫ ʫʯʝʥʠʢʫ ʧʦʟʚʦʣʠʪ ʜʦʙʠʪʴʩʷ 

ʦʧʪʠʤʘʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʦʙʫʯʝʥʠʠ ʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʟʜʦʨʦʚʦʛʦ ʦʙʨʘʟʘ ʞʠʟʥʠ.  

ɺʘʞʥʦ ʧʦʥʠʤʘʪʴ, ʯʪʦ ʟʜʦʨʦʚʳʡ ʦʙʨʘʟ ʞʠʟʥʠ ʠ ʨʝʛʫʣʷʨʥʳʝ ʟʘʥʷʪʠʷ ʩʧʦʨʪʦʤ ʥʝ ʪʦʣʴʢʦ 

ʩʧʦʩʦʙʩʪʚʫʶʪ ʫʢʨʝʧʣʝʥʠʶ ʬʠʟʠʯʝʩʢʦʛʦ ʟʜʦʨʦʚʴʷ, ʥʦ ʠ ʦʢʘʟʳʚʘʶʪ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʧʩʠʭʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʯʝʣʦʚʝʢʘ. ʇʝʜʘʛʦʛ, ʨʘʙʦʪʘʶʱʠʡ ʚ ʦʙʣʘʩʪʠ ʬʠʟʠʯʝʩʢʦʡ ʢʫʣʴʪʫʨʳ ʠ 

ʩʧʦʨʪʘ, ʠʤʝʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʥʝ ʪʦʣʴʢʦ ʬʦʨʤʠʨʦʚʘʪʴ ʬʠʟʠʯʝʩʢʠ ʟʜʦʨʦʚʦʝ ʧʦʢʦʣʝʥʠʝ, ʥʦ ʠ 



ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʨʘʟʚʠʪʠʶ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʩʪʨʝʩʩʘʤ, ʫʣʫʯʰʝʥʠʶ ʩʘʤʦʦʮʝʥʢʠ ʠ ʧʦʚʳʰʝʥʠʶ 

ʦʙʱʝʡ ʞʠʟʥʝʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʫ ʩʚʦʠʭ ʫʯʝʥʠʢʦʚ [4]. 
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Modern society actively focuses on a healthy lifestyle and taking care of one's physical condition. The 

pedagogy of physical culture and sports plays a significant role in this process, encouraging people 

to take an active lifestyle and form a healthy lifestyle. Sport not only promotes physical health, but 

also stimulates social interaction, develops personality and contributes to an increase in the quality 

of life. 

Keywords: Physical education, sports, education, development. 
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ɸʢʪʫʘʣʴʥʦʩʪʴ ʧʨʦʙʣʝʤʳ ʢʦʥʬʣʠʢʪʥʦʩʪʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʩʨʝʜʳ ʠ ʙʣʘʛʦʧʦʣʫʯʠʷ ʦʯʝʚʠʜʥʘ. 

ʎʝʣʴ ʩʪʘʪʴʠ ï ʚʳʷʚʠʪʴ ʥʘ ʦʩʥʦʚʝ ʠʥʪʝʨʚʴʶʠʨʦʚʘʥʠʷ ʠ ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʪʴ ʢʦʥʬʣʠʢʪʥʳʝ 

ʩʠʪʫʘʮʠʠ, ʢʦʪʦʨʳʝ ʩʪʫʜʝʥʪʳ ʩʯʠʪʘʶʪ ʠʩʪʦʯʥʠʢʦʤ ʢʦʥʬʣʠʢʪʥʦʩʪʠ ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ 

ʩʨʝʜʝ ʚʫʟʘ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʦʥʬʣʠʢʪʥʳʝ ʩʠʪʫʘʮʠʠ, ʦʙʨʘʟʦʚʘʪʝʣʴʥʘʷ ʩʨʝʜʘ ʚʫʟʘ, ʠʥʪʝʨʚʴʶ-ʙʝʩʝʜʘ, 

ʠʥʪʝʨʚʴʶʠʨʦʚʘʥʠʷ, ʢʦʥʬʣʠʢʪʥʦʩʪʴ - ʙʣʘʛʦʧʦʣʫʯʠʝ ʩʨʝʜʳ 

 

ʀʩʩʣʝʜʦʚʘʥʠʷʤ ʢʦʥʬʣʠʢʪʥʦʩʪʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʩʨʝʜʳ ʠ ʥʘʣʠʯʠʷʤ ʢʦʥʬʣʠʢʪʥʳʭ 

ʩʠʪʫʘʮʠʡ, ʩʢʨʳʪʳʭ ʚ ʧʨʠʨʦʜʝ ʧʝʜʘʛʦʛʠʯʝʩʢʦʛʦ ʢʦʥʬʣʠʢʪʘ, ʧʦʩʚʷʱʝʥʦ ʤʥʦʞʝʩʪʚʦ ʥʘʫʯʥʳʭ 

ʨʘʙʦʪ. ʇʨʝʜʩʪʘʚʠʪʝʣʷʤʠ ʥʘʫʯʥʳʭ ʠʥʪʝʨʝʩʦʚ ʩʬʝʨʳ ʧʝʜʘʛʦʛʠʯʝʩʢʦʡ ʢʦʥʬʣʠʢʪʦʣʦʛʠʠ 

ʚʳʩʪʫʧʘʶʪ ʪʘʢʠʝ ʘʚʪʦʨʳ ʢʘʢ ʍʘʨʭʘʥʦʚʘ ɻ.ʉ., ʅʠʢʫʣʠʥʘ ʀ.ɺ., ɹʘʥʳʢʠʥʘ ʉ.ɺ., ʉʘʬʨʦʥʦʚʘ ʀ.ɺ. 

ʠ ʜʨʫʛʠʝ, ʢʦʪʦʨʳʝ ʘʢʮʝʥʪʠʨʫʶʪ ʚʥʠʤʘʥʠʝ ʥʘ ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ ʢʦʥʬʣʠʢʪ, ʢʘʢ ʥʘ ʧʨʦʷʚʣʝʥʠʝ 

ʦʙʦʩʪʨʠʚʰʠʭʩʷ ʧʨʦʪʠʚʦʨʝʯʠʡ ʫ ʫʯʘʩʪʥʠʢʦʚ ʧʝʜʘʛʦʛʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ [3, ʩ.6; 4]. 

ɼʘʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʝʜʝʥʦ ʚ ʬʦʨʤʝ ʠʥʪʝʨʚʴʶʠʨʦʚʘʥʠʷ ʩʪʫʜʝʥʪʦʚ ʫʯʝʙʥʳʭ ʛʨʫʧʧ. 

ʆʙʱʘʷ ʯʠʩʣʝʥʥʦʩʪʴ ʨʝʩʧʦʥʜʝʥʪʦʚ ʩʦʩʪʘʚʠʣʘ 34 ʯʝʣʦʚʝʢʘ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʠ 

ʩʬʦʨʤʫʣʠʨʦʚʘʥʦ ʜʚʝ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ: 1) ʚʳʷʚʠʪʴ ʫʨʦʚʝʥʴ ʢʦʥʬʣʠʢʪʥʦʩʪʠ-ʙʣʘʛʦʧʦʣʫʯʠʷ 

ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʛʨʫʧʧʝ; 2. ʚʳʷʚʠʪʴ ʠ ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʪʴ ʢʦʥʬʣʠʢʪʥʳʝ ʩʠʪʫʘʮʠʠ ʚ ʜʘʥʥʦʡ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʩʨʝʜʝ. 

ɿʘʜʘʯʘ 1. ɺʳʷʚʠʪʴ ʫʨʦʚʝʥʴ ʢʦʥʬʣʠʢʪʥʦʩʪʠ-ʙʣʘʛʦʧʦʣʫʯʠʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʩʨʝʜʳ 

(ʨʠʩ.1). 

 

 



 
ʈʠʩ. 1. ʆʩʦʙʝʥʥʦʩʪʠ ʢʦʥʬʣʠʢʪʥʦʩʪʠ ʩʨʝʜʳ 

 

ɿʘʜʘʯʘ 2. ɺʳʷʚʠʪʴ ʠ ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʪʴ ʢʦʥʬʣʠʢʪʥʳʝ ʩʠʪʫʘʮʠʠ ʚ ʵʪʦʡ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ 

ʩʨʝʜʝ. 

ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʦʪʚʝʪʦʚ ʩʪʫʜʝʥʪʦʚ ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʪʨʠ ʛʨʫʧʧʳ ʢʦʥʬʣʠʢʪʦʚ ʚ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʩʨʝʜʝ ʚʫʟʘ, ʘ ʠʤʝʥʥʦ, ʚʥʫʪʨʠʛʨʫʧʧʦʚʳʝ, ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʝ ʠ ʣʠʯʥʦʩʪʥʳʝ [1; 

2]. 

¶ ɺʥʫʪʨʠʛʨʫʧʧʦʚʳʝ ʢʦʥʬʣʠʢʪʳ: ʜʨʫʛʦʡ ʯʝʣʦʚʝʢ ʚ ʫʯʝʙʥʦʡ ʛʨʫʧʧʝ ʢʘʢ ʠʩʪʦʯʥʠʢ 

ʨʘʟʜʨʘʞʝʥʠʷ, ʥʝ ʧʦʥʠʤʘʥʠʷ, ʦʙʝʩʮʝʥʠʚʘʥʠʷ. 

¶ ʆʨʛʘʥʠʟʘʮʠʦʥʥʳʝ: ʪʝʭʥʠʯʝʩʢʠʝ (ʪʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ), ʧʝʜʘʛʦʛʠʯʝʩʢʠʝ 

(ʢʦʤʧʝʪʝʥʪʥʦʩʪʴ ʧʨʝʧʦʜʘʚʘʪʝʣʷ), ʫʧʨʘʚʣʝʥʠʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʤ ʧʨʦʮʝʩʩʦʤ (ʨʘʩʧʠʩʘʥʠʝ, 

ʧʨʘʢʪʠʢʠ, ʩʪʦʣʦʚʘʷ). 

¶ ʃʠʯʥʦʩʪʥʳʝ: ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʥʘʩʪʨʦʝʥʠʷ, ʩʦʩʪʦʷʥʠʷ ʟʜʦʨʦʚʴʷ, ʫʩʣʦʚʠʡ ʚ ʫʯʝʙʥʦʡ 

ʘʫʜʠʪʦʨʠʠ. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʧʨʦʚʝʜʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʅʘ ʦʩʥʦʚʝ ʧʨʦʚʝʜʝʥʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʦʙʨʘʟʦʚʘʪʝʣʴʥʘʷ ʩʨʝʜʘ ʷʚʣʷʝʪʩʷ ʙʣʘʛʦʧʦʣʫʯʥʦʡ ʜʣʷ 

ʩʪʫʜʝʥʪʦʚ, ʧʦʩʢʦʣʴʢʫ 73% ʨʝʩʧʦʥʜʝʥʪʦʚ ʥʝ ʠʩʧʳʪʳʚʘʶʪ ʥʝʛʘʪʠʚʥʳʝ ʵʤʦʮʠʠ ʧʨʠ ʧʦʩʝʱʝʥʠʠ 

ʟʘʥʷʪʠʡ. ʂʣʶʯʝʚʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʢʦʥʬʣʠʢʪʥʦʩʪʠ ʩʨʝʜʳ ʤʦʞʥʦ ʥʘʟʚʘʪʴ ʪʦ, ʯʪʦ ʚ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʩʨʝʜʝ ʧʨʠ ʨʝʜʢʦʡ ʯʘʩʪʦʪʝ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʢʦʥʬʣʠʢʪʦʚ ʧʦʩʣʝʜʥʠʝ ʚʩʝ ʨʘʚʥʦ 

ʥʝʛʘʪʠʚʥʦ ʩʢʘʟʳʚʘʶʪʩʷ ʥʘ ʨʝʘʣʠʟʘʮʠʠ ʫʯʝʙʥʦʡ ʠ ʣʠʯʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. 

ʅʘ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʧʨʦʪʠʚʦʨʝʯʠʚʳʭ ʩʠʪʫʘʮʠʡ ʚʣʠʷʶʪ ʙʠʦʣʦʛʠʯʝʩʢʠʝ (ʧʦʪʨʝʙʥʦʩʪʠ 

ʦʨʛʘʥʠʟʤʘ ʚ ʙʠʦʨʠʪʤʝ ʠ ʬʠʟʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʩʘʤʦʩʦʭʨʘʥʝʥʠʠ), ʩʦʮʠʘʣʴʥʦ-ʨʦʣʝʚʳʝ 

(ʧʦʪʨʝʙʥʦʩʪʴ ʩʘʤʦʫʪʚʝʨʞʜʝʥʠʷ, ʦʙʱʝʥʠʷ, ʩʦʮʠʘʣʴʥʦʡ ʟʥʘʯʠʤʦʩʪʠ, ʩʦʮʠʘʣʴʥʦʡ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ, ʩʦʮʠʘʣʴʥʦʛʦ ʩʪʘʪʫʩʘ ʠ ʪ.ʜ.) ʠ ʜʫʭʦʚʥʳʝ (ʧʦʪʨʝʙʥʦʩʪʴ ʩʘʤʦʚʳʨʘʞʝʥʠʷ ʠ 

ʩʘʤʦʨʝʘʣʠʟʘʮʠʠ) ʧʦʪʨʝʙʥʦʩʪʠ ʣʠʯʥʦʩʪʠ, ʧʦʩʢʦʣʴʢʫ ʩʫʙʲʝʢʪ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʩʨʝʜʳ ʩʪʨʝʤʠʪʩʷ 

ʫʜʦʚʣʝʪʚʦʨʠʪʴ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʨʝʩʫʨʩʝ, ʨʦʣʠ ʠʣʠ ʮʝʥʥʦʩʪʠ, ʘ ʜʝʬʠʮʠʪ (ʥʝʭʚʘʪʢʘ) 

ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʧʦʪʨʝʙʥʦʩʪʝʡ ʷʚʣʷʝʪʩʷ ʧʨʠʯʠʥʦʡ (ʤʦʪʠʚʦʤ) ʜʣʷ ʙʫʜʫʱʠʭ ʢʦʥʬʣʠʢʪʦʚ ʚ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʩʨʝʜʝ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʘʤʘ ʧʨʠʨʦʜʘ ʢʦʥʬʣʠʢʪʘ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʥʝʠʟʙʝʞʥʳʡ, ʘ ʚ 

ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʠ ʥʝʦʙʭʦʜʠʤʳʡ ʵʣʝʤʝʥʪ ʜʝʷʪʝʣʴʥʦʩʪʠ ʣʶʙʦʡ ʩʦʚʨʝʤʝʥʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ. 

ʂʦʥʬʣʠʢʪʳ ʥʦʩʷʪ ʥʝʛʘʪʠʚʥʳʡ ʭʘʨʘʢʪʝʨ, ʥʦ ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʤʦʛʫʪ ʧʦʤʦʯʴ ʚʳʷʚʠʪʴ ʨʘʟʣʠʯʥʳʝ 



ʪʦʯʢʠ ʟʨʝʥʠʷ, ʧʨʝʜʦʩʪʘʚʠʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʠ ʚʳʷʚʠʪʴ ʙʦʣʴʰʝ ʚʘʨʠʘʥʪʦʚ ʠ 

ʨʝʰʝʥʠʷ ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʦʙʣʝʤ [1, ʩ. 20]. 
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IT -ʊEʍʅʆʃʆɻʀʀ: ʇʃʖCʓ ʀ ʄʀʅʋCʓ ɺ ʈɸɿɺʀʊʀʀ ʌʀɿʀʏECʂʆɻʆ ɺʆCʇʀʊɸʅʀʗ ɺ 

CʆɺʈEʄEʅʅʆʄ ɺʋɿE 

ʐʘʙʘʥʦʚ ɼ.ɸ., ʈʦʥʩʢʘʷ ʊ.ʅ. 

ʌɻɹʆʋ ɺʆ ɼʦʥʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 

ʈʘʟʚʠʪʠe IT-ʪeʭʥʦʣʦʛʠʡ ʚ cʬeʨe ʬʠʟʠʯecʢʦʛʦ ʚʦcʧʠʪʘʥʠʷ ʚ cʦʚʨeʤeʥʥʦʤ ʚʫʟe ʠʤeeʪ ʢʘʢ 

ʧʦʣʦʞʠʪeʣʴʥʳe, ʪʘʢ ʠ ʦʪʨʠʮʘʪeʣʴʥʳe cʪʦʨʦʥʳ. ɺ ʜʘʥʥʦʡ cʪʘʪʴe ʤʳ ʵʪʦ ʨʘccʤʦʪʨʠʤ. 

 

Cʪʨeʤʠʪeʣʴʥʦe ʨʘʟʚʠʪʠe ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪeʭʥʦʣʦʛʠʡ ʦʢʘʟʳʚʘeʪ ʚce ʙʦʣee ʟʘʤeʪʥʦe 

ʚʣʠʷʥʠe ʥʘ ʨʘʟʣʠʯʥʳe cʬeʨʳ ʥʘʰeʡ ʞʠʟʥʠ. ʍʘʨʘʢʪeʨʥʦʡ ʯeʨʪʦʡ cʦʚʨeʤeʥʥʦʛʦ ʨʦccʠʡcʢʦʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ ʷʚʣʷeʪcʷ ʚʥeʜʨeʥʠe ʮʠʬʨʦʚʳʭ ʪeʭʥʦʣʦʛʠʡ ʚ ʧʨʦʮecc ʧʨeʧʦʜʘʚʘʥʠʷ ʙʦʣʴʰʠʥcʪʚʘ 

ʜʠcʮʠʧʣʠʥ ʠ ʢʫʨcʦʚ. ʂ cʦʞʘʣeʥʠʶ, ʮʠʬʨʦʚʳe ʪeʭʥʦʣʦʛʠʠ ʨeʜʢʦ ʚʥeʜʨʷʶʪcʷ ʚ cʬeʨʫ 

ʬʠʟʠʯecʢʦʡ ʢʫʣʴʪʫʨʳ. ʕʪʦ ʚʣeʯeʪ ʟʘ cʦʙʦʡ ʨʷʜ ʥeʛʘʪʠʚʥʳʭ ʧʦcʣeʜcʪʚʠʡ: ʦʪcʫʪcʪʚʠe 

ʟʘʠʥʪeʨecʦʚʘʥʥʦcʪʠ ʠ ʠʥʠʮʠʘʪʠʚʳ cʪʫʜeʥʪʦʚ, cʥʠʞeʥʠe ʫʤcʪʚeʥʥʦʡ ʘʢʪʠʚʥʦcʪʠ, ʧʘʜeʥʠe 

ʤʦʪʦʨʥʦʡ ʧʣʦʪʥʦcʪʠ ʟʘʥʷʪʠʡ, cʥʠʞeʥʠe ʫʨʦʚʥʷ ʟʥʘʥʠʡ, ʧʨʠʦʙʨeʪeʥʥʳʭ ʥʘ ʟʘʥʷʪʠʷʭ ʧʦ 

ʬʠʟʠʯecʢʦʡ ʢʫʣʴʪʫʨe ʚ ʚʫʟe. 

IT-ʪeʭʥʦʣʦʛʠʠ ʚ ʬʠʟʠʯecʢʦʤ ʚʦcʧʠʪʘʥʠʠ cʦʚʨeʤeʥʥʦʛʦ ʚʫʟʘ - ʵʪʦ, ʧʨeʞʜe ʚceʛʦ, 

ʠʥcʪʨʫʤeʥʪ ʜʣʷ ʧʦʚʳʰeʥʠʷ ʵʬʬeʢʪʠʚʥʦcʪʠ ʪʨeʥʠʨʦʚʦʯʥʦʛʦ ʧʨʦʮeccʘ ʠ ʚʦʚʣeʯeʥʥʦcʪʠ 

cʪʫʜeʥʪʦʚ. ʂʘʢ cʪʫʜeʥʪ, ʷ eʞeʜʥeʚʥʦ cʪʘʣʢʠʚʘʶcʴ c ʨʘʟʣʠʯʥʳʤʠ ʮʠʬʨʦʚʳʤʠ ʨeʰeʥʠʷʤʠ, 

ʢʦʪʦʨʳe ʧʦʤʦʛʘʶʪ ʤʥe ʜʦcʪʠʛʘʪʴ cʚʦʠʭ ʮeʣeʡ ʚ ʦʙʣʘcʪʠ ʬʠʟʠʯecʢʦʡ ʢʫʣʴʪʫʨʳ.  

ʈʘccʤʦʪʨʠʤ ʧʦʜʨʦʙʥeʡ ʧʦʣʦʞʠʪeʣʴʥʳe cʪʦʨʦʥʳ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪeʭʥʦʣʦʛʠʡ ʚ 

ʬʠʟʠʯecʢʦʤ ʚʦcʧʠʪʘʥʠʠ.  ʆʜʥʠʤ ʠʟ ʛʣʘʚʥʳʭ ʧʨeʠʤʫʱecʪʚ ʠcʧʦʣʴʟʦʚʘʥʠʷ IT-ʪeʭʥʦʣʦʛʠʡ 

ʷʚʣʷeʪcʷ ʚʦʟʤʦʞʥʦcʪʴ ʧʦʚʳʰeʥʠʷ ʵʬʬeʢʪʠʚʥʦcʪʠ ʪʨeʥʠʨʦʚʦʯʥʦʛʦ ʧʨʦʮeccʘ ʠ ʨʘʟʨʘʙʦʪʢʘ 

ʧeʨcʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʧʨʦʛʨʘʤʤ ʬʠʟʠʯecʢʦʡ ʧʦʜʛʦʪʦʚʢʠ c ʫʯeʪʦʤ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ 

ʦcʦʙeʥʥʦcʪeʡ ʠ ʮeʣeʡ ʢʘʞʜʦʛʦ cʪʫʜeʥʪʘ. ʈʘʟʣʠʯʥʳe ʤʦʙʠʣʴʥʳe ʧʨʠʣʦʞeʥʠʷ, ʜʘʪʯʠʢʠ ʠ 

ʛʘʜʞeʪʳ ʧʦʟʚʦʣʷʶʪ cʪʫʜeʥʪʘʤ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʜʠʥʘʤʠʢʫ, ʦʪcʣeʞʠʚʘʪʴ cʚʦʠ ʬʠʟʠʯecʢʠe 

ʧʦʢʘʟʘʪeʣʠ ʠ ʢʦʨʨeʢʪʠʨʦʚʘʪʴ ʪʨeʥʠʨʦʚʦʯʥʳʡ ʧʣʘʥ ʜʣʷ ʜʦcʪʠʞeʥʠʷ ʤʘʢcʠʤʘʣʴʥʦʛʦ ʨeʟʫʣʴʪʘʪʘ.  

ʊʘʢ, ʥʘʧʨʠʤeʨ, ʫʞe cʦʟʜʘʥʳ ʧʨʦʛʨʘʤʤʳ, ʢʦʪʦʨʳe ʧʨeʜʥʘʟʥʘʯeʥʳ ʜʣʷ ʪecʪʠʨʦʚʘʥʠʷ ʠ 

ʢʦʥʪʨʦʣʷ ʪʨeʥʠʨʦʚʦʯʥʦʛʦ ʧʨʦʮeccʘ ʦʙʫʯʘʶʱeʛʦcʷ ʚ cʧʦʨʪʠʚʥʦʤ ʥʘʧʨʘʚʣeʥʠʠ. ʏeʣʦʚeʢ ʠʤeeʪ 

ʚʦʟʤʦʞʥʦcʪʴ ʧʦʜʦʙʨʘʪʴ ʜʣʷ ceʙʷ ʠʥʜʠʚʠʜʫʘʣʴʥʫʶ ʧʨʦʛʨʘʤʤʫ ʪʨeʥʠʨʦʚʦʢ ʠ 

cʦcʪʘʚʠʪʴ ʧʨʘʚʠʣʴʥʫʶ ʠ ʫʜʦʙʥʫʶ ʜʠeʪʫ. 

IT-ʪeʭʥʦʣʦʛʠʠ ʧʦʤʦʛʘʶʪ ʧʨeʧʦʜʘʚʘʪeʣʷʤ ʬʠʟʢʫʣʴʪʫʨʳ ʣʫʯʰe ʧʦʥʠʤʘʪʴ ʧʦʪʨeʙʥʦcʪʠ 

cʪʫʜeʥʪʦʚ. Cʙʦʨ ʠ ʘʥʘʣʠʟ ʜʘʥʥʳʭ ʦ ʬʠʟʠʯecʢʦʡ ʘʢʪʠʚʥʦcʪʠ ʧʦʟʚʦʣʷeʪ ʠʤ ʚʳʷʚʣʷʪʴ 

ʧʨʦʙʣeʤʥʳe ʦʙʣʘcʪʠ ʠ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʵʬʬeʢʪʠʚʥʳe ʤeʨʳ ʧʦ ʠʭ ʫcʪʨʘʥeʥʠʶ. 

ɸ ʨʘʟʚʠʪʠe ʦʥʣʘʡʥ-ʨecʫʨcʦʚ, ʚʠʨʪʫʘʣʴʥʳʭ ʪʨeʥʠʨʦʚʦʢ ʠ ʚʠʜeʦʫʨʦʢʦʚ ʜeʣʘeʪ ʟʘʥʷʪʠʷ 

cʧʦʨʪʦʤ ʙʦʣee ʜʦcʪʫʧʥʳʤʠ ʠ ʢʦʤʬʦʨʪʥʳʤʠ ʜʣʷ cʪʫʜeʥʪʦʚ. ʆʥʠ ʧʦʟʚʦʣʷʶʪ ʠʤ ʟʘʥʠʤʘʪʴcʷ ʚ 

ʫʜʦʙʥʦe ʚʨeʤʷ ʠ ʚ ʫʜʦʙʥʦʤ ʤecʪe.  

Cʫʱecʪʚʫeʪ ʤʥʦʞecʪʚʦ ʦʙʫʯʘʶʱʠʭ ʪeʭʥʦʣʦʛʠʡ, c ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ ʥe 

ʧʦʜʛʦʪʦʚʣeʥʥʳʡ ʯeʣʦʚeʢ ʤʦʞeʪ ʠʟʫʯʘʪʴ ʨʘʟʣʠʯʥʳe cʧʦʨʪʠʚʥʳe ʜʠcʮʠʧʣʠʥʳ, ʤʦʞeʪ ʧʦʣʫʯʠʪʴ 

ʠʥʬʦʨʤʘʮʠʶ ʥeʦʙʭʦʜʠʤʫʶ eʤʫ ʜʣʷ ʦʙʫʯeʥʠʷ. ʊʘʢʞe, ʙʦʣʴʰʦe ʨʘcʧʨʦcʪʨʘʥeʥʠe ʧʦʣʫʯʠʣʠ 

ʧʨʦʛʨʘʤʤʳ, ʧʦʟʚʦʣʷʶʱʠe ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ ʥʘ ʵʢʨʘʥe ʤʦʥʠʪʦʨʘ ʠʟʫʯʘeʤʳʡ ʧʨʦʮecc. ɹʣʘʛʦʜʘʨʷ 

ʵʪʦʤʫ ʯeʣʦʚeʢ ʧʦʣʫʯʘeʪ ʚʦʟʤʦʞʥʦcʪʴ ʠʟʫʯʠʪʴ ʦʙʲeʢʪ ʚ ʜeʪʘʣʷʭ, ʧʨʠʥʠʤʘʷ ʚ ʨʘcʯeʪ ʚʨeʤeʥʥʦe 

ʠ ʧʨʦcʪʨʘʥcʪʚeʥʥʦe ʜʚʠʞeʥʠe ʧʨʦʮeccʘ.  

ɺʦ ʚʨeʤʷ ʧʘʥʜeʤʠʠ COVID-19 ʫʥʠʚeʨcʠʪeʪ ʦʨʛʘʥʠʟʦʚʘʣ ʦʥʣʘʡʥ-ʪʨeʥʠʨʦʚʢʠ c 

ʠcʧʦʣʴʟʦʚʘʥʠeʤ ʚʠʜeʦʢʦʥʬeʨeʥʮcʚʷʟʠ. ʕʪʦ ʧʦʟʚʦʣʠʣʦ cʪʫʜeʥʪʘʤ ʟʘʥʠʤʘʪʴcʷ ʬʠʟʠʯecʢʦʡ 

ʢʫʣʴʪʫʨʦʡ ʜʠcʪʘʥʮʠʦʥʥʦ, ʥe ʚʳʭʦʜʷ ʠʟ ʜʦʤʘ. ʄʥʦʛʠe cʪʫʜeʥʪʳ ʦʪʤeʪʠʣʠ, ʯʪʦ ʪʘʢʦʡ ʬʦʨʤʘʪ 



ʟʘʥʷʪʠʡ ʦʯeʥʴ ʫʜʦʙeʥ ʠ ʧʦʟʚʦʣʷeʪ ʠʤ ʧʦʜʜeʨʞʠʚʘʪʴ ʬʠʟʠʯecʢʫʶ ʬʦʨʤʫ ʜʘʞe ʚ ʫcʣʦʚʠʷʭ 

ʦʛʨʘʥʠʯeʥʠʡ. 

Cʦʚʨeʤeʥʥʳe ʨeʰeʥʠʷ ʧʦʟʚʦʣʷʶʪ ʧʦʚʳcʠʪʴ ʤʦʪʠʚʘʮʠʶ ʠ ʚʦʚʣeʯeʥʥʦcʪʴ, 

ʠʥʜʠʚʠʜʫʘʣʠʟʠʨʦʚʘʪʴ ʪʨeʥʠʨʦʚʦʯʥʳʡ ʧʨʦʮecc, cʜeʣʘʪʴ ʟʘʥʷʪʠʷ ʙʦʣee ʜʦcʪʫʧʥʳʤʠ ʠ 

ʢʦʤʬʦʨʪʥʳʤʠ, ʘ ʪʘʢʞe ʦʙecʧeʯʠʪʴ ʘʥʘʣʠʟ ʬʠʟʠʯecʢʦʡ ʘʢʪʠʚʥʦcʪʠ. 

ʆʜʥʘʢʦ ecʪʴ ʠ ʤʠʥʫcʳ ʚ ʨʘʟʚʠʪʠʠ ʬʠʟʠʯecʢʦʛʦ ʚʦcʧʠʪʘʥʠʷ ʚ cʦʚʨeʤeʥʥʦʤ ʚʫʟe. 

ʏʨeʟʤeʨʥʦe ʫʚʣeʯeʥʠe ʛaʜʞeʪʘʤʠ ʠ cʦʢʨʘʱeʥʠe ʚʨeʤeʥʠ, ʧʨʦʚʦʜʠʤʦʛʦ ʚ ʘʢʪʠʚʥʳʭ 

ʬʠʟʠʯecʢʠʭ ʟʘʥʷʪʠʷʭ, ʤʦʞeʪ ʥeʛʘʪʠʚʥʦ cʢʘʟʘʪʴcʷ ʥʘ ʟʜʦʨʦʚʴe cʪʫʜeʥʪʦʚ, ʧʨʠʚʦʜʷ ʢ ʧʨʦʙʣeʤʘʤ 

cʦ ʟʨeʥʠeʤ, ʦcʘʥʢʦʡ ʠ ʦʙʱʠʤ ʬʠʟʠʯecʢʠʤ cʦcʪʦʷʥʠeʤ. 

ʇʨeʜcʪʘʚʠʤ, ʯʪʦ cʪʫʜeʥʪ X ʫʚʣeʢcʷ ʚʠʨʪʫʘʣʴʥʳʤʠ ʪʨeʥʠʨʦʚʢʘʤʠ, ʢʦʪʦʨʳe ʧʨʦʚʦʜʷʪcʷ 

c ʠcʧʦʣʴʟʦʚʘʥʠeʤ VR-ʰʣeʤʘ. ʆʥ ʤʥʦʛʦ ʚʨeʤeʥʠ ʟʘʥʠʤʘeʪcʷ ʚ ʚʠʨʪʫʘʣʴʥʦʤ ʪʨeʥʘʞeʨʥʦʤ ʟʘʣe, 

ʥʦ ʧʨʠ ʵʪʦʤ cʪaʣ ʤeʥʴʰe ʚʨeʤeʥʠ ʫʜeʣʷʪʴ ʨeʘʣʴʥʳʤ ʬʠʟʠʯecʢʠʤ ʫʧʨʘʞʥeʥʠʷʤ. ɿʘʤeʪʥʦ, ʯʪʦ 

ʬʠʟʠʯecʢʘʷ ʧʦʜʛʦʪʦʚʢʘ X ʫʭʫʜʰʠʣʘcʴ ʟʘ ʧʦcʣeʜʥʠʡ ʛʦʜ. 

ɼʨʫʛʦʡ ʧʨʠʤeʨ: Cʪʫʜeʥʪʢʘ Y ʧʦcʪʦʷʥʥʦ ʠcʧʦʣʴʟʫeʪ ʬʠʪʥec-ʪʨeʢeʨ ʚʦ ʚʨeʤʷ ʟʘʥʷʪʠʡ 

cʧʦʨʪʦʤ. ʆʥʘ ʥʘcʪʦʣʴʢʦ ʫʚʣeʯeʥʘ ʦʪcʣeʞʠʚʘʥʠeʤ ʧʦʢʘʟʘʪeʣeʡ, ʯʪʦ ʟʘʙʳʚʘeʪ cʦcʨeʜʦʪʦʯʠʪʴcʷ 

ʥʘ ʧʨʘʚʠʣʴʥʦʤ ʚʳʧʦʣʥeʥʠʠ ʫʧʨʘʞʥeʥʠʡ. ɺ ʨeʟʫʣʴʪʘʪe Y ʧʦʣʫʯʠʣʘ ʪʨʘʚʤʫ. 

ʂʨʦʤe ʪʦʛʦ, ʯʨeʟʤeʨʥʘʷ ʟʘʚʠcʠʤʦcʪʴ ʦʪ ʪeʭʥʦʣʦʛʠʡ ʤʦʞeʪ cʥʠʟʠʪʴ cʘʤʦcʪʦʷʪeʣʴʥʦcʪʴ 

cʪʫʜeʥʪʦʚ ʚ ʟʘʥʷʪʠʷʭ ʬʠʟʠʯecʢʦʡ ʢʫʣʴʪʫʨʦʡ, cʜeʣʘʚ ʠʭ ʧʘccʠʚʥʳʤʠ ʧʦʪʨeʙʠʪeʣʷʤʠ 

ʧʨeʜʣʘʛʘeʤʳʭ ʨeʰeʥʠʡ. 

ɺʥeʜʨeʥʠe ʠ ʧʦʜʜeʨʞʢʘ IT-ʪeʭʥʦʣʦʛʠʡ ʚ ʬʠʟʠʯecʢʦʤ ʚʦcʧʠʪʘʥʠʠ ʪʘʢʞe ʪʨeʙʫeʪ 

ʟʥʘʯʠʪeʣʴʥʳʭ ʬʠʥʘʥcʦʚʳʭ ʚʣʦʞeʥʠʡ cʦ cʪʦʨʦʥʳ ʚʳcʰʠʭ ʫʯeʙʥʳʭ ʟʘʚeʜeʥʠʡ, ʯʪʦ ʥe ʚceʛʜʘ 

ʷʚʣʷeʪcʷ ʧʨʠʦʨʠʪeʪʦʤ ʚ ʫcʣʦʚʠʷʭ ʦʛʨʘʥʠʯeʥʥʳʭ ʙʶʜʞeʪʦʚ. ʕʪʦ ʤʦʞeʪ ʧʨʠʚecʪʠ ʢ 

ʧeʨeʨʘcʧʨeʜeʣeʥʠʶ cʨeʜcʪʚ. ʀ ʤʦʞeʪ ʦʪʨʘʟʠʪʴcʷ ʥʘ ʬʠʥʘʥcʠʨʦʚʘʥʠʠ ʜʨʫʛʠʭ ʥʘʧʨʘʚʣeʥʠʡ, ʚ 

ʪʦʤ ʯʠcʣe ʠ ʥʘ ʨʘʟʚʠʪʠʠ ʪʨʘʜʠʮʠʦʥʥʳʭ ʬʦʨʤ ʬʠʟʠʯecʢʦʛʦ ʚʦcʧʠʪʘʥʠʷ. 

ʕʪʠ ʧʨʠʤeʨʳ ʜeʤʦʥcʪʨʠʨʫʶʪ, ʯʪʦ ʯʨeʟʤeʨʥʦe ʫʚʣeʯeʥʠe IT-ʪeʭʥʦʣʦʛʠʷʤʠ ʚ 

ʬʠʟʠʯecʢʦʤ ʚʦcʧʠʪʘʥʠʠ cʪʫʜeʥʪʦʚ ʤʦʞeʪ ʧʨʠʚecʪʠ ʢ cʥʠʞeʥʠʶ ʠʭ ʬʠʟʠʯecʢʦʡ ʘʢʪʠʚʥʦcʪʠ, 

ʟʘʚʠcʠʤʦcʪʠ ʦʪ ʛʘʜʞeʪʦʚ, ʘ ʪʘʢʞe ʬʠʥʘʥcʦʚʳʤ ʧʨʦʙʣeʤʘʤ ʜʣʷ ʚʫʟʘ. ʅeʦʙʭʦʜʠʤ ʙʘʣʘʥc, ʥʫʞʥʦ 

cʦʯeʪʘʪʴ ʪʨʘʜʠʮʠʦʥʥʳe ʤeʪʦʜʳ ʠ cʦʚʨeʤeʥʥʳe ʪeʭʥʦʣʦʛʠʠ, ʯʪʦʙʳ ʦʙecʧeʯʠʪʴ ʛʘʨʤʦʥʠʯʥʦe 

ʨʘʟʚʠʪʠe ʬʠʟʠʯecʢʦʛʦ ʚʦcʧʠʪʘʥʠʷ ʚ cʦʚʨeʤeʥʥʦʤ ʚʫʟe. 

ɺ ʮeʣʦʤ, ʜʣʷ ʤeʥʷ IT-ʪeʭʥʦʣʦʛʠʠ ʚ ʬʠʟʠʯecʢʦʤ ʚʦcʧʠʪʘʥʠʠ cʦʚʨeʤeʥʥʦʛʦ ʚʫʟʘ - ʵʪʦ 

ʤʦʱʥeʡʰʠʡ ʠʥcʪʨʫʤeʥʪ ʜʣʷ ʧʦʚʳʰeʥʠʷ ʤʦʪʠʚʘʮʠʠ, ʵʬʬeʢʪʠʚʥʦcʪʠ ʪʨeʥʠʨʦʚʦʢ ʠ 

ʜʦcʪʫʧʥʦcʪʠ ʟʘʥʷʪʠʡ. ʆʥʠ ʧʦʤʦʛʘʶʪ ʤʥe, ʘ ʪʘʢʞe, ʷ ʜʫʤʘʶ, ʤʥʦʛʠʤ cʪʫʜeʥʪ, ʜʦcʪʠʛʘʪʴ cʚʦʠʭ 

ʮeʣeʡ ʚ ʦʙʣʘcʪʠ ʬʠʟʠʯecʢʦʡ ʢʫʣʴʪʫʨʳ ʠ cʧʦcʦʙcʪʚʫʶʪ ʨʘʟʚʠʪʠʶ ʟʜʦʨʦʚʦʛʦ ʦʙʨʘʟʘ ʞʠʟʥʠ 

cʨeʜʠ cʪʫʜeʥʪʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠcʧʦʣʴʟʦʚʘʥʠe it - ʪeʭʥʦʣʦʛʠʡ ʚ ʬʠʟʠʯecʢʦʤ ʚʦcʧʠʪʘʥʠʠ cʪʫʜeʥʪʦʚ - 

ʵʪʦ ʧeʨcʧeʢʪʠʚʥʦe ʥʘʧʨʘʚʣeʥʠe, ʢʦʪʦʨʦe ʦʪʢʨʳʚʘeʪ ʥʦʚʳe ʚʦʟʤʦʞʥʦcʪʠ ʜʣʷ ʧʦʚʳʰeʥʠʷ 

ʵʬʬeʢʪʠʚʥʦcʪʠ ʵʪʦʛʦ ʧʨʦʮeccʘ. ʆʜʥʘʢʦ ʜʣʷ ʜʦcʪʠʞeʥʠʷ ʤʘʢcʠʤʘʣʴʥʦʛʦ ʵʬʬeʢʪʘ ʥeʦʙʭʦʜʠʤ 

ʧʨʦʜʫʤʘʥʥʳʡ ʠ cʙʘʣʘʥcʠʨʦʚʘʥʥʳʡ ʧʦʜʭʦʜ, cʦʯeʪʘʶʱʠʡ ʪʨʘʜʠʮʠʦʥʥʳe ʤeʪʦʜʳ ʠ 

cʦʚʨeʤeʥʥʳe IT-ʨeʰeʥʠʷ. 

ʉʧʠʩʦʢ ʠʩʪʦʯʥʠʢʦʚ 

1. ʎʠʬʨʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʬʠʟʠʯʝʩʢʦʤ ʚʦʩʧʠʪʘʥʠʠ ʩʪʫʜʝʥʪʦʚ ʚʫʟʘ. ʊʝʢʩʪ ʥʘʫʯʥʦʡ 

ʩʪʘʪʴʠ ʧʦ ʩʧʝʮʠʘʣʴʥʦʩʪʠ çʅʘʫʢʠ ʦʙ ʦʙʨʘʟʦʚʘʥʠʠè. 

2. ʇʣʶʩʳ ʠ ʤʠʥʫʩʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʦʙʨʘʟʦʚʘʥʠʠ. ʧʨʘʚʣʝʥʠʝ 

ʅʇ çɸʋʈɸè 

3. ɻʫʣʫʭʠʜʠ ɺ.ʀ..ʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʢʘʢ ʩʨʝʜʩʪʚʘ ʧʦʚʳʰʝʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʟʘʥʷʪʠʡ ʧʦ ʬʠʟʠʯʝʩʢʦʡ ʢʫʣʴʪʫʨʝ ʠ ʩʧʦʨʪʫ ʚ ʚʫʟʝ.   



ɺʃʀʗʅʀɽ ʊʈɽʅʀʈʆɺʆʏʅʓʍ ʅɸɻʈʋɿʆʂ ʅɸ ʉʆʉʊʆʗʅʀɽ ɼɽɺʆʏɽʂ ʄʃɸɼʐɽɻʆ 

ʐʂʆʃʔʅʆɻʆ ɺʆɿʈɸʉʊɸ, ɿɸʅʀʄɸʖʑʀʍʉʗ ʍʋɼʆɾɽʉʊɺɽʅʅʆʁ ɻʀʄʅɸʉʊʀʂʆʁ 

ʍʘʣʠʣʦʚʘ ʃ.ʀ., ʄʠʨʥʠʯʝʥʢʦ ɺ.ɸ. 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʝʜʠʘʪʨʠʯʝʩʢʠʡ ʤʝʜʠʮʠʥʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ,  

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ 

 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʣʠʷʥʠʝ ʪʨʝʥʠʨʦʚʦʯʥʳʭ ʥʘʛʨʫʟʦʢ ʥʘ ʩʦʩʪʦʷʥʠʝ ʟʜʦʨʦʚʴʷ 

ʛʠʤʥʘʩʪʦʢ ʤʣʘʜʰʝʛʦ ʰʢʦʣʴʥʦʛʦ ʚʦʟʨʘʩʪʘ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʦʙʨʘʱʘʝʪʩʷ ʥʘ ʚʦʟʨʘʩʪʥʳʝ 

ʠʟʤʝʥʝʥʠʷ ʤʣʘʜʰʠʭ ʰʢʦʣʴʥʠʮ. ʇʨʝʜʩʪʘʚʣʝʥʘ ʜʠʘʛʥʦʩʪʠʢʘ ʦʙʱʝʡ ʠ ʩʧʝʮʠʘʣʴʥʦʡ ʬʠʟʠʯʝʩʢʦʡ 

ʧʦʜʛʦʪʦʚʢʠ ʛʠʤʥʘʩʪʦʢ (7ï8 ʣʝʪ). ɺʳʷʚʣʝʥʦ, ʯʪʦ ʚ ʜʝʪʩʢʦʤ ʚʦʟʨʘʩʪʝ ʛʠʤʥʘʩʪʢʘʤ ʥʝʦʙʭʦʜʠʤʦ 

ʙʦʣʝʝ ʚʥʠʤʘʪʝʣʴʥʦ ʦʪʥʦʩʠʪʴʩʷ ʢ ʦʪʨʘʙʦʪʢʝ ʵʣʝʤʝʥʪʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʢʦʦʨʜʠʥʘʮʠʝʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʦʥʠʪʦʨʠʥʛ, ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʩʧʦʩʦʙʥʦʩʪʠ, ʤʣʘʜʰʠʡ ʰʢʦʣʴʥʳʡ ʚʦʟʨʘʩʪ, 

ʭʫʜʦʞʝʩʪʚʝʥʥʘʷ ʛʠʤʥʘʩʪʠʢʘ, ʪʝʭʥʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ 

 

ɺʚʝʜʝʥʠʝ. ʇʝʨʚʳʝ ʰʘʛʠ ʚ ʭʫʜʦʞʝʩʪʚʝʥʥʦʡ ʛʠʤʥʘʩʪʠʢʝ ʜʦʣʞʥʳ ʥʘʯʠʥʘʪʴʩʷ ʚ ʚʦʟʨʘʩʪʝ 

4-5 ʣʝʪ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʜʝʪʩʢʠʡ ʦʨʛʘʥʠʟʤ ʚ ʵʪʦʤ ʚʦʟʨʘʩʪʝ ʙʦʣʝʝ ʚʦʩʧʨʠʠʤʯʠʚ ʢ 

ʨʘʟʚʠʪʠʶ ʛʠʙʢʦʩʪʠ ʠ ʢʦʦʨʜʠʥʘʮʠʠ. 

ʉʦʚʨʝʤʝʥʥʘʷ ʭʫʜʦʞʝʩʪʚʝʥʥʘʷ ʛʠʤʥʘʩʪʠʢʘ ʧʨʝʜʲʷʚʣʷʝʪ ʚʳʩʦʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢʘʢ ʢ 

ʬʠʟʠʯʝʩʢʦʡ ʠ ʧʩʠʭʦʣʦʛʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʝ ʩʧʦʨʪʩʤʝʥʦʢ, ʪʘʢ ʠ ʢ ʠʭ ʪʝʭʥʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʝ. 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʦʚʣʘʜʝʪʴ ʚʩʝʤʠ ʪʝʭʥʠʯʝʩʢʠʤʠ ʩʨʝʜʩʪʚʘʤʠ, ʠʩʧʦʣʴʟʫʝʤʳʤʠ ʚ ʩʦʚʨʝʤʝʥʥʦʡ 

ʭʫʜʦʞʝʩʪʚʝʥʥʦʡ ʛʠʤʥʘʩʪʠʢʝ, ʛʠʤʥʘʩʪʢʠ ʚ ʚʦʟʨʘʩʪʝ 7-8 ʣʝʪ ʜʦʣʞʥʳ ʙʳʪʴ ʭʦʨʦʰʦ ʨʘʟʚʠʪʳ ʧʦ 

ʮʝʣʦʤʫ ʨʷʜʫ ʬʠʟʠʯʝʩʢʠʭ ʢʘʯʝʩʪʚ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚʝʜʝʪʩʷ ʧʦʠʩʢ ʤʝʪʦʜʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ 

ʛʠʤʥʘʩʪʢʘʤ ʤʘʢʩʠʤʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʥʘ ʩʦʨʝʚʥʦʚʘʥʠʷʭ ʩ ʫʯʝʪʦʤ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʜʘʥʥʳʭ. 

ʎʝʣʴ: ʆʮʝʥʠʪʴ ʚʣʠʷʥʠʝ ʪʨʝʥʠʨʦʚʦʯʥʳʭ ʥʘʛʨʫʟʦʢ ʥʘ ʩʦʩʪʦʷʥʠʝ ʟʜʦʨʦʚʴʷ ʛʠʤʥʘʩʪʦʢ 

ʭʫʜʦʞʥʠʮ (7ï8 ʣʝʪ).  

ɼʣʷ ʝʸ ʨʝʘʣʠʟʘʮʠʠ ʙʳʣʘ ʧʦʩʪʘʚʣʝʥʘ ʩʣʝʜʫʶʱʘʷ ʟʘʜʘʯʘ:  

ʀʩʩʣʝʜʦʚʘʪʴ ʜʚʠʛʘʪʝʣʴʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʜʝʚʦʯʝʢ ʤʣʘʜʰʝʛʦ ʰʢʦʣʴʥʦʛʦ ʚʦʟʨʘʩʪʘ ʚ 

ʫʩʣʦʚʠʷʭ ʪʨʝʥʠʨʦʚʦʯʥʦʛʦ ʧʨʦʮʝʩʩʘ ʠ ʦʮʝʥʠʪʴ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʧʦ ʟʘʚʝʨʰʝʥʠʶ 

ʟʘʥʷʪʠʡ  

ʄʝʪʦʜʠʢʘ ʠ ʦʨʛʘʥʠʟʘʮʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʩʧʦʨʪʠʚʥʳʭ 

ʩʝʢʮʠʷʭ ʌʨʫʥʟʝʥʩʢʦʛʦ ʨʘʡʦʥʘ ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ ʚ ʘʧʨʝʣʝ 2024 ʛʦʜʘ.  

ʋʯʘʩʪʥʠʮʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʘʣʠ 28 ʜʝʚʦʯʝʢ, ʟʘʥʠʤʘʶʱʠʭʩʷ ʭʫʜʦʞʝʩʪʚʝʥʥʦʡ 

ʛʠʤʥʘʩʪʠʢʦʡ ʚ ʰʢʦʣʴʥʦʡ ʩʝʢʮʠʠ ʭʫʜʦʞʝʩʪʚʝʥʥʦʡ ʛʠʤʥʘʩʪʠʢʠ ʧʦʩʣʝ ʫʨʦʢʦʚ. ɹʦʣʴʰʠʥʩʪʚʦ 

ʠʩʩʣʝʜʫʝʤʳʭ ʭʫʜʦʞʝʩʪʚʝʥʥʳʭ ʛʠʤʥʘʩʪʦʢ (19) ʟʘʥʠʤʘʣʠʩʴ ʦʜʥʦʡ ʜʠʩʮʠʧʣʠʥʦʡ, ʦʩʪʘʣʴʥʳʝ (9) 

- ʜʚʫʤʷ ʜʠʩʮʠʧʣʠʥʘʤʠ. ʆʩʥʦʚʥʦʡ ʤʝʪʦʜ ʠʩʩʣʝʜʦʚʘʥʠʷ - ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ: ʥʘ 

ʪʨʝʥʠʨʦʚʦʯʥʦʤ ʵʪʘʧʝ ʚʳʧʦʣʥʷʣʠʩʴ ʨʘʟʣʠʯʥʳʝ ʫʧʨʘʞʥʝʥʠʷ ʠʟ ʥʦʨʤʘʪʠʚʥʦʛʦ ʧʝʨʝʯʥʷ ʦʙʱʝʡ ʠ 

ʩʧʝʮʠʘʣʴʥʦʡ ʬʠʟʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ.  

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ: 

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ (ʦʩʝʥʴ 2023-2024 ʛʛ.) ʙʳʣʘ ʩʦʙʨʘʥʘ ʠʩʭʦʜʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʜʣʷ 

ʦʙʲʝʢʪʠʚʥʦʛʦ ʠʟʫʯʝʥʠʷ ʪʨʝʥʠʨʦʚʦʯʥʦʛʦ ʩʪʘʪʫʩʘ, ʩʪʠʣʷ, ʢʘʯʝʩʪʚʘ ʞʠʟʥʠ ʠ ʟʜʦʨʦʚʴʷ ʛʠʤʥʘʩʪʦʢ 

ʚ ʚʦʟʨʘʩʪʝ 7-8 ʣʝʪ. 

ʕʪʘʧ 2 (ʚʝʩʥʘ 2023-2024 ʛʛ.). ʧʨʦʚʦʜʠʤ ʦʙʩʣʝʜʦʚʘʥʠʝ ʫʨʦʚʥʷ ʬʠʟʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ 

ʧʦ ʤʝʪʦʜʠʢʝ ɻ.ʃ. ɸʧʘʥʘʩʝʥʢʦ.  

ʈʝʟʫʣʴʪʘʪʳ 1 ʵʪʘʧʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʘʭ. 

 



ʈʘʟʚʠʪʠʝ ʚ ʤʣʘʜʰʝʤ ʰʢʦʣʴʥʦʤ ʚʦʟʨʘʩʪʝ ʠʜʸʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʘʚʥʦʤʝʨʥʦ, ʧʦʩʪʝʧʝʥʥʦ ʜʦʣʞʥʳ 

ʧʦʚʳʰʘʪʴʩʷ ʪʨʝʥʠʨʦʚʦʯʥʳʝ ʪʨʝʙʦʚʘʥʠʷ (7-8 ʣʝʪ) 

1.ʧʨʦʠʩʭʦʜʷʪ ʩʫʱʝʩʪʚʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ 

ʜʚʠʛʘʪʝʣʴʥʦʡ ʬʫʥʢʮʠʠ. ʇʦ ʤʥʦʛʠʤ ʧʘʨʘʤʝʪʨʘʤ 

ʦʥʘ ʜʦʩʪʠʛʘʝʪ ʦʯʝʥʴ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ, ʧʦʵʪʦʤʫ 

ʩʦʟʜʘʶʪʩʷ ʥʘʠʙʦʣʝʝ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʧʨʝʜʧʦʩʳʣʢʠ 

ʜʣʷ ʦʙʫʯʝʥʠʷ ʠ ʨʘʟʚʠʪʠʷ ʬʠʟʠʯʝʩʢʠʭ ʢʘʯʝʩʪʚ. 

2.ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ ʜʦʩʪʠʛʘʝʪ ʢʦʨʘ 

ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ. II ʩʠʛʥʘʣʴʥʘʷ ʩʠʩʪʝʤʘ, ʩʣʦʚʦ 

ʠʤʝʝʪ ʚʩʸ ʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ.  

3.ʉʠʣʦʚʳʝ ʠ ʩʪʘʪʠʯʝʩʢʠʝ ʫʧʨʘʞʥʝʥʠʷ ʚʳʟʳʚʘʶʪ 

ʙʳʩʪʨʦʝ ʫʪʦʤʣʝʥʠʝ; ʣʫʯʰʝ ʚʦʩʧʨʠʥʠʤʘʶʪʩʷ 

ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʝ ʩʢʦʨʦʩʪʥʦ-ʩʠʣʦʚʳʝ ʫʧʨʘʞʥʝʥʠʷ.  

ʅʝʦʙʭʦʜʠʤʦ ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʪʦʪ 

ʧʝʨʠʦʜ ʜʣʷ ʦʙʫʯʝʥʠʷ ʥʦʚʳʤ, ʚ ʪʦʤ ʯʠʩʣʝ ʩʣʦʞʥʳʤ, 

ʜʚʠʞʝʥʠʷʤ, ʘ ʪʘʢʞʝ ʘʢʪʠʚʠʟʠʨʦʚʘʪʴ ʨʘʙʦʪʫ ʧʦ 

ʨʘʟʚʠʪʠʶ ʩʧʝʮʠʘʣʴʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʢʘʯʝʩʪʚ, 

ʦʩʦʙʝʥʥʦ ʣʦʚʢʦʩʪʠ, ʛʠʙʢʦʩʪʠ, ʙʳʩʪʨʦʪʳ. ɺʩʝ 

ʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ ʚ ʦʙʫʯʝʥʠʠ ʜʦʣʞʥʳ 

ʧʨʠʦʙʨʝʪʘʪʴ ʩʣʦʚʝʩʥʳʝ ʤʝʪʦʜʳ. ɺ ʪʨʝʥʠʨʦʚʢʝ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʩʦʙʣʶʜʘʪʴ ʩʢʦʨʦʩʪʥʦ-ʩʠʣʦʚʦʡ 

ʨʝʞʠʤ, ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʥʘʛʨʫʟʢʠ ʜʘʚʘʪʴ ʚ 

ʦʛʨʘʥʠʯʝʥʥʦʤ ʦʙʲʸʤʝ. 

ʊʘʙʣʠʮʘ  

 

ɺ ʧʨʦʮʝʩʩʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘ ʩʪʘʣʦ ʷʩʥʦ, ʯʪʦ 

ʙʦʣʴʰʠʥʩʪʚʦ ʠʩʧʳʪʫʝʤʳʭ (21ʛʠʤʥ.) ʠʩʧʳʪʳʚʘʶʪ ʪʨʫʜʥʦʩʪʠ ʚ ʚʳʧʦʣʥʝʥʠʠ ʵʣʝʤʝʥʪʦʚ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʢʦʦʨʜʠʥʘʮʠʝʡ (ʚ ʩʠʣʫ ʚʦʟʨʘʩʪʘ)[2]. 

ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʤʳ ʧʨʝʜʣʦʞʠʣʠ ʦʙʩʣʝʜʦʚʘʥʠʝ ʫʨʦʚʥʷ ʬʠʟʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ ʧʦ 

ʤʝʪʦʜʠʢʝ ʧʨʦʬʝʩʩʦʨʘ ɻ.ʃ. ɸʧʘʥʘʩʝʥʢʦ. ɺʳʷʚʣʝʥʦ, ʯʪʦ ʚ ʥʠʟʢʦʤ ʫʨʦʚʥʝ ʬʠʟʠʯʝʩʢʦʡ 

ʧʦʜʛʦʪʦʚʣʝʥʥʦʩʪʠ ʥʘʭʦʜʠʣʠʩʴ 11,1 % ʛʠʤʥʘʩʪʦʢ. ɺ ʧʦʩʨʝʜʩʪʚʝʥʥʦʤ ʫʨʦʚʥʝ ï 43,3 %, ʚ 

ʭʦʨʦʰʝʤ ï 36,6 %. 
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The article discusses various ways to improve the quality of performance of technical elements in 

rhythmic gymnastics. Special attention is paid to frequently made mistakes when performing 

technical elements. Diagnostics of general and special physical training of gymnasts (8-10 years old) 

is presented. It was revealed that in childhood gymnasts need to be more attentive to the development 

of elements related to coordination. 
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ʅɸʉʊɸɺʅʀʏɽʉʊɺʆ ɺ ʉʆɺʈɽʄɽʅʅʓʍ ʋʉʃʆɺʀʗʍ ʋʇʈɸɺʃɽʅʀʗ 

ʆɹʈɸɿʆɺɸʊɽʃʔʅʆʁ ʆʈɻɸʅʀɿɸʎʀɽʁ 

ʊʘʥʠʤʦʚʘ ɸ.ɽ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʋʚʘʨʦʚʩʢʘʷ ʆ.ɺ. 

ʌɻɹʆʋ ɺʆ çʉɻʋ ʠʤ. ʇʠʪʠʨʠʤʘ ʉʦʨʦʢʠʥʘè 

 

ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʩʦʧʨʦʚʦʞʜʝʥʠʶ ʧʝʜʘʛʦʛʘ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʫʧʨʘʚʣʝʥʠʷ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʦʨʛʘʥʠʟʘʮʠʝʡ ʧʦʩʨʝʜʩʪʚʦʤ ʥʘʩʪʘʚʥʠʯʝʩʪʚʘ. ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ 

ʩʫʱʥʦʩʪʴ ʥʘʩʪʘʚʥʠʯʝʩʪʚʘ, ʚʳʜʝʣʷʶʪʩʷ ʮʝʣʠ ʥʘʩʪʘʚʥʠʯʝʩʪʚʘ, ʨʘʩʢʨʳʚʘʶʪʩʷ ʤʦʜʝʣʠ 

ʥʘʩʪʘʚʥʠʯʝʩʪʚʘ, ʘ ʪʘʢʞʝ ʦʙʲʷʩʥʷʝʪʩʷ ʟʥʘʯʠʤʦʩʪʴ ʨʦʣʠ ʥʘʩʪʘʚʥʠʢʘ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʘʩʪʘʚʥʠʯʝʩʪʚʦ, ʥʘʩʪʘʚʥʠʢ, ʧʦʜʦʧʝʯʥʳʡ ʠʣʠ ʥʘʩʪʘʚʣʷʝʤʳʡ, 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷ, ʩʦʚʨʝʤʝʥʥʦʝ ʦʙʱʝʩʪʚʦ 

 

ʉʦʮʠʘʣʴʥʳʡ ʠʥʩʪʠʪʫʪ ʥʘʩʪʘʚʥʠʯʝʩʪʚʘ ʧʨʦʰʝʣ ʟʥʘʯʠʤʳʡ ʧʫʪʴ ʚ ʩʚʦʝʤ ʩʪʘʥʦʚʣʝʥʠʠ. 

ʇʦʪʨʝʙʥʦʩʪʴ ʚ ʨʘʩʰʠʨʝʥʠʠ ʤʝʭʘʥʠʟʤʦʚ ʠ ʧʨʘʢʪʠʢ ʥʘʩʪʘʚʥʠʯʝʩʪʚʘ ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ 

ʦʨʛʘʥʠʟʘʮʠʷʭ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʧʦʩʣʝʜʥʠʭ ʣʝʪ ʦʩʦʟʥʘʝʪʩʷ ʥʘ ʨʘʟʣʠʯʥʳʭ ʫʨʦʚʥʷʭ ʫʧʨʘʚʣʝʥʠʷ 

ʦʙʨʘʟʦʚʘʥʠʝʤ. ʉʦʚʨʝʤʝʥʥʳʝ ʫʩʣʦʚʠʷ ʜʠʢʪʫʶʪ ʥʘʤ ʧʦʜʥʷʪʴ ʟʥʘʯʠʤʦʩʪʴ ʥʘʩʪʘʚʥʠʢʘ, ʫʣʫʯʰʠʪʴ 

ʧʦʜʭʦʜʳ ʥʘʩʪʘʚʥʠʯʝʩʪʚʘ ʠ ʤʝʭʘʥʠʟʤʳ ʝʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ. ʅʘʩʪʘʚʥʠʯʝʩʪʚʦ ï ʢʘʜʨʦʚʘʷ 

ʪʝʭʥʦʣʦʛʠʷ, ʢʦʪʦʨʘʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʝʨʝʜʘʯʫ ʥʘʚʳʢʦʚ, ʟʥʘʥʠʡ ʠ ʫʩʪʘʥʦʚʦʢ ʦʪ ʦʧʳʪʥʦʛʦ 

ʩʦʪʨʫʜʥʠʢʘ ʦʨʛʘʥʠʟʘʮʠʠ ʤʝʥʝʝ ʦʧʳʪʥʦʤʫ ʧʨʠ ʧʦʤʦʱʠ ʧʣʘʥʦʤʝʨʥʦʡ ʨʘʙʦʪʳ [5].  

ʅʘʩʪʘʚʥʠʯʝʩʪʚʦ ï ʵʪʦ ʢʣʶʯʝʚʦʡ ʤʝʭʘʥʠʟʤ ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʨʘʙʦʪʝ 

ʢʦʣʣʝʢʪʠʚʘ. ʕʪʦ ʤʦʪʠʚʘʪʦʨ ʩʦʚʨʝʤʝʥʥʳʭ ʤʦʣʦʜʳʭ ʩʦʪʨʫʜʥʠʢʦʚ, ʫ ʢʦʪʦʨʳʭ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʘʷ 

ʞʠʟʥʴ ʙʫʜʝʪ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʟʥʘʥʠʡ [3, ʩ. 92]. ʅʘʩʪʘʚʥʠʯʝʩʪʚʦ ï ʵʪʦ ʬʦʨʤʘ 

ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʩʪʘʥʦʚʣʝʥʠʷ, ʨʘʟʚʠʪʠʷ ʠ ʘʜʘʧʪʘʮʠʠ ʢ ʢʚʘʣʠʬʠʢʘʮʠʦʥʥʦʤʫ 

ʠʩʧʦʣʥʝʥʠʶ ʜʦʣʞʥʦʩʪʥʳʭ ʦʙʷʟʘʥʥʦʩʪʝʡ ʣʠʮ, ʚ ʦʪʥʦʰʝʥʠʠ ʢʦʪʦʨʳʭ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʥʘʩʪʘʚʥʠʯʝʩʪʚʦ [6, ʩ. 18]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʦʩʥʦʚʫ ʜʝʷʪʝʣʴʥʦʩʪʠ ʥʘʩʪʘʚʥʠʢʘ ʚ ʦʙʨʘʟʦʚʘʥʠʠ 

ʚʭʦʜʠʪ ʥʝ ʪʦʣʴʢʦ ʧʝʜʘʛʦʛʠʯʝʩʢʦʝ ʩʦʧʨʦʚʦʞʜʝʥʠʝ, ʥʦ ʠ ʩʦʟʜʘʶʪʩʷ ʫʩʣʦʚʠʷ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʫ ʧʦʜʦʧʝʯʥʦʛʦ ʫʤʝʥʠʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʨʘʟʨʝʰʘʪʴ ʩʦʮʠʘʣʴʥʳʝ, ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʠʣʠ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ, ʚʦʟʥʠʢʘʶʱʠʝ ʥʘ ʧʫʪʠ ʨʘʙʦʯʝʛʦ ʧʨʦʮʝʩʩʘ [1, ʩ. 5].  

ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʦʨʛʘʥʠʟʘʮʠʷʭ ʥʘʩʪʘʚʥʠʯʝʩʪʚʦ ʦʭʚʘʪʳʚʘʝʪ ʥʝ ʪʦʣʴʢʦ 

ʤʦʣʦʜʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʥʦ ʠ ʚʩʝʭ ʫʯʘʩʪʥʠʢʦʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʥʦʡ 

ʢʘʪʝʛʦʨʠʠ ʣʠʮ ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʥʘʩʪʘʚʥʠʯʝʩʪʚʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʨʘʟʥʳʭ ʮʝʣʷʭ: 

ʜʣʷ ʩʪʘʨʰʝʢʣʘʩʩʥʠʢʦʚ ï 93 ʧʨʦʬʦʨʠʝʥʪʘʮʠʷ; ʜʣʷ ʩʪʫʜʝʥʪʦʚ ʠʣʠ ʩʪʘʞʝʨʦʚ ï ʫʛʣʫʙʣʝʥʠʝ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʧʦʜʛʦʪʦʚʢʘ ʢ ʙʫʜʫʱʝʡ ʧʨʦʬʝʩʩʠʠ; ʜʣʷ ʤʦʣʦʜʳʭ 

ʩʧʝʮʠʘʣʠʩʪʦʚ ï ʘʜʘʧʪʘʮʠʷ ʚ ʢʦʣʣʝʢʪʠʚʝ, ʚʭʦʞʜʝʥʠʝ ʚ ʨʘʙʦʯʠʡ ʨʝʞʠʤ; ʜʣʷ ʨʫʢʦʚʦʜʠʪʝʣʝʡ ï 

ʧʦʜʛʦʪʦʚʢʘ ʢ ʫʧʨʘʚʣʝʥʯʝʩʢʦʡ ʢʘʨʴʝʨʝ [3, ʩ. 104].  

ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʦʨʛʘʥʠʟʘʮʠʷʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʤʦʜʝʣʠ 

ʥʘʩʪʘʚʥʠʯʝʩʪʚʘ: ʪʨʘʜʠʮʠʦʥʥʦʝ ʥʘʩʪʘʚʥʠʯʝʩʪʚʦ, ʩʠʪʫʘʮʠʦʥʥʦʝ ʥʘʩʪʘʚʥʠʯʝʩʪʚʦ, ʛʨʫʧʧʦʚʦʝ 

ʥʘʩʪʘʚʥʠʯʝʩʪʚʦ, ʩʢʦʨʦʩʪʥʦʝ ʥʘʩʪʘʚʥʠʯʝʩʪʚʦ, ʬʣʵʰʥʘʩʪʘʚʥʠʯʝʩʪʚʦ, ʚʠʨʪʫʘʣʴʥʦʝ 

ʥʘʩʪʘʚʥʠʯʝʩʪʚʦ, ʩʘʤʦʨʝʛʫʣʠʨʫʝʤʦʝ ʥʘʩʪʘʚʥʠʯʝʩʪʚʦ, ʨʝʚʝʨʩʠʚʥʦʝ ʥʘʩʪʘʚʥʠʯʝʩʪʚʦ [7].  

ɼʣʷ ʫʩʧʝʰʥʦʛʦ ʦʙʤʝʥʘ ʦʧʳʪʦʤ, ʟʥʘʥʠʷʤʠ ʠ ʧʨʘʢʪʠʯʝʩʢʠʤʠ ʫʤʝʥʠʷʤʠ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ 

ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʳʭ ʧʨʦʙʣʝʤ ʦʩʫʱʝʩʪʚʠʪʴ ʧʨʘʚʠʣʴʥʳʡ ʧʦʜʙʦʨ ʨʦʣʠ ʥʘʩʪʘʚʥʠʢʘ. ʈʦʣʠ 

ʥʘʩʪʘʚʥʠʢʘ: ʧʨʦʚʦʜʥʠʢ (ʦʙʝʩʧʝʯʠʚʘʝʪ ʟʥʘʢʦʤʩʪʚʦ ʩ ʩʠʩʪʝʤʦʡ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʫʯʨʝʞʜʝʥʠʷ 

çʠʟʥʫʪʨʠè), ʟʘʱʠʪʥʠʢ ʠʥʪʝʨʝʩʦʚ (ʧʦʤʦʛʘʝʪ ʚ ʨʘʟʨʝʰʝʥʠʠ ʢʦʥʬʣʠʢʪʥʳʭ ʩʠʪʫʘʮʠʡ), ʢʫʤʠʨ 

(ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʨʦʤ ʜʣʷ ʧʦʜʨʘʞʘʥʠʷ), ʢʦʥʩʫʣʴʪʘʥʪ (ʧʦʤʦʛʘʝʪ ʚ ʪʦʤ ʦʙʲʝʤʝ, ʩʢʦʣʴʢʦ 



ʥʝʦʙʭʦʜʠʤʦ ʧʦʜʦʧʝʯʥʦʤʫ), ʢʦʥʪʨʦʣʝʨ (ʩʠʩʪʝʤʘʪʠʯʥʦ ʢʦʥʪʨʦʣʠʨʫʝʪ ʧʨʘʚʠʣʴʥʦʩʪʴ 

ʜʝ̫ʪʝʣʴʥʦʩʪʠ ʧʦʜʦʧʝʯʥʦʛʦ) [4, ʩ. 46ï51].  

ɹʳʪʴ ʥʘʩʪʘʚʥʠʢʦʤ ï ʦʯʝʥʴ ʦʪʚʝʪʩʪʚʝʥʥʘʷ ʯʘʩʪʴ ʨʘʙʦʪʳ, ʢʦʪʦʨʘʷ ʪʨʝʙʫʝʪ ʢʘʢ ʛʣʫʙʦʢʠʭ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʟʥʘʥʠʡ ʥʘʩʪʘʚʥʠʢʘ, ʪʘʢ ʠ ʧʨʘʚʠʣʴʥʦʛʦ ʧʦʜʙʦʨʘ ʩʦ ʩʪʦʨʦʥʳ ʫʧʨʘʚʣʝʥʠʷ ʧʦʜ 

ʢʦʥʢʨʝʪʥʦʛʦ ʧʦʜʦʧʝʯʥʦʛʦ ʦʧʨʝʜʝʣʝʥʥʦʡ ʧʨʦʛʨʘʤʤʳ ʥʘʩʪʘʚʥʠʯʝʩʪʚʘ ʠ ʚʝʨʥʦʛʦ ʚʳʙʦʨʘ ʨʦʣʠ 

ʥʘʩʪʘʚʥʠʢʘ. ʅʘʩʪʘʚʥʠʢ ï ʵʪʦ ʯʝʣʦʚʝʢ, ʦʙʣʘʜʘʶʱʠʡ ʦʧʨʝʜʝʣʝʥʥʳʤ ʦʧʳʪʦʤ, ʥʘʢʦʧʣʝʥʥʳʤʠ 

ʟʥʘʥʠʷʤʠ ʠ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʟʥʘʥʠʡ, ʩʪʨʝʤʷʱʠʡʩʷ ʧʦʤʦʯʴ ʩʚʦʝʤʫ 

ʧʦʜʦʧʝʯʥʦʤʫ ʧʨʠʦʙʨʝʩʪʠ ʥʝʦʙʭʦʜʠʤʳʡ ʦʧʳʪ, ʧʦʤʦʛʘʶʱʠʡ ʙʳʩʪʨʦ ʦʚʣʘʜʝʪʴ ʥʫʞʥʳʤʠ 

ʟʥʘʥʠʷʤʠ ʚ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʩʪʘʚʥʠʯʝʩʪʚʦ ï ʵʪʦ ʧʦʩʪʦʷʥʥʳʡ ʜʠʘʣʦʛ, ʤʝʞʣʠʯʥʦʩʪʥʘʷ 

ʢʦʤʤʫʥʠʢʘʮʠʷ ʥʘʩʪʘʚʥʠʢʘ ʠ ʥʘʩʪʘʚʣʷʝʤʦʛʦ. ʇʦʵʪʦʤʫ ʢ ʥʘʩʪʘʚʥʠʢʫ ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʪʨʝʙʦʚʘʥʠʷ 

ʥʝ ʪʦʣʴʢʦ ʢ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ, ʤʝʪʦʜʠʯʝʩʢʦʡ, ʧʝʜʘʛʦʛʠʯʝʩʢʦʡ ʢʦʤʧʝʪʝʥʪʥʦʩʪʠ, ʥʦ ʠ ʢ 

ʢʦʤʤʫʥʠʢʘʪʠʚʥʳʤ, ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʤ ʠ ʣʠʯʥʦʩʪʥʳʤ ʢʘʯʝʩʪʚʘʤ. 
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ʀʅʊɽʈɸʂʊʀɺʅʓɽ ʊɽʍʅʆʃʆɻʀʀ ʈɸɿɺʀʊʀʗ ʄʆʊʀɺɸʎʀʀ ʂ ʀɿʋʏɽʅʀʖ ʇʈʀʈʆɼʓ 

ɼʆʅɹɸʉʉɸ ʄʃɸɼʐʀʍ ʐʂʆʃʔʅʀʂʆɺ 

ʇʝʨʝʣʳʛʠʥʘ ɽ.ɸ. 

ʄɹʆʋ çʐʢʦʣʘ ˉ 46 ʛʦʨʦʜʘ ɼʦʥʝʮʢʘè, ʌɻɹʆʋ ɺʆ çɼʦʥʝʮʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ 

ʫʥʠʚʝʨʩʠʪʝʪè, ɼʦʥʝʮʢʘʷ ʅʘʨʦʜʥʘʷ ʈʝʩʧʫʙʣʠʢʘ, ɼʦʥʝʮʢ 

 

ɺ ʩʪʘʪʴʝ ʠʟʫʯʝʥʘ ʧʨʦʙʣʝʤʘ ʚʥʝʜʨʝʥʠʷ ʠʥʪʝʨʘʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʦʙʫʯʝʥʠʷ ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʡ 

ʧʨʦʮʝʩʩ ʤʣʘʜʰʠʭ ʰʢʦʣʴʥʠʢʦʚ. ʇʨʝʜʩʪʘʚʣʝʥ ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʝʜʘʛʦʛʠʯʝʩʢʦʡ ʧʨʦʙʣʝʤʳ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʥʪʝʨʘʢʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʦʙʫʯʝʥʠʠ ʥʘʯʘʣʴʥʳʭ ʢʣʘʩʩʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʦ 

ʘʚʪʦʨʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʥʘ ʦʩʥʦʚʝ ʧʨʦʚʝʜʝʥʠʷ ʬʦʨʤʠʨʫʶʱʝʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʥʘʧʨʘʚʣʝʥʥʦʛʦ 

ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʠ ʧʦʚʳʰʝʥʠʝ ʫʨʦʚʥʷ ʤʦʪʠʚʘʮʠʠ ʤʣʘʜʰʠʭ ʰʢʦʣʴʥʠʢʦʚ ʢ ʠʟʫʯʝʥʠʶ ʧʨʠʨʦʜʳ 

ɼʦʥʙʘʩʩʘ ʥʘ ʫʨʦʢʘʭ ʦʢʨʫʞʘʶʱʝʛʦ ʤʠʨʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʝʜʘʛʦʛʠʢʘ, ʥʘʯʘʣʴʥʳʝ ʢʣʘʩʩʳ, ʦʢʨʫʞʘʶʱʠʡ ʤʠʨ, ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ, 

ʠʥʪʝʨʘʢʪʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʩʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʦʙʫʯʝʥʠʷ. 

 

ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʠʟʫʯʝʥʠʷ ʤʦʪʠʚʘʮʠʠ ʤʣʘʜʰʠʭ ʰʢʦʣʴʥʠʢʦʚ 

ʄʦʪʠʚʘʮʠʷ ʚ ʢʦʥʪʝʢʩʪʝ ʧʝʜʘʛʦʛʠʯʝʩʢʦʡ ʠ ʧʩʠʭʦʣʦʛʠʯʝʩʢʦʡ ʥʘʫʢ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ 

ʧʨʦʙʣʝʤʦʡ ʜʣʷ ʩʦʚʨʝʤʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʠ ʝʛʦ ʫʣʫʯʰʝʥʠʷ. 

ʉʦʚʨʝʤʝʥʥʘʷ ʧʝʜʘʛʦʛʠʢʘ ʧʨʠʢʣʘʜʳʚʘʝʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʫʩʠʣʠʡ ʠ ʩʨʝʜʩʪʚ ʥʘ ʘʜʘʧʪʘʮʠʶ 

ʦʙʨʘʟʦʚʘʥʠʷ ʧʦʜ ʩʦʚʨʝʤʝʥʥʳʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʩʪʘʥʜʘʨʪʳ ʚ ʮʝʣʷʭ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ. 

ʅʘʯʘʣʴʥʘʷ ʰʢʦʣʘ ʷʚʣʷʝʪʩʷ ʬʫʥʜʘʤʝʥʪʦʤ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʙʘʟʦʚʳʭ ʥʘʚʳʢʦʚ ʠ ʫʤʝʥʠʡ, 

ʩʧʦʩʦʙʥʦʩʪʝʡ ʠ ʚʦʟʤʦʞʥʦʩʪʝʡ ʢʘʞʜʦʛʦ ʰʢʦʣʴʥʠʢʘ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʚʳʩʦʢʠʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ ʥʝʦʙʭʦʜʠʤʘ ʠ ʚʳʩʦʢʘʷ ʤʦʪʠʚʘʮʠʷ, ʢʦʪʦʨʘʷ ʩʧʦʩʦʙʩʪʚʫʝʪ ʙʦʣʴʰʝʡ 

ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʦʩʪʠ ʠ ʚʥʠʤʘʪʝʣʴʥʦʩʪʠ ʦʙʫʯʘʶʱʝʛʦʩʷ ʥʘ ʫʨʦʢʝ. ʈʘʩʩʤʦʪʨʠʤ ʥʝʩʢʦʣʴʢʦ ʪʝʦʨʠʡ 

ʤʦʪʠʚʘʮʠʠ ʚ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʠ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢʘʭ. 

ʊʝʦʨʠʷ ʦʞʠʜʘʝʤʦʡ ʮʝʥʥʦʩʪʠ ʩʚʷʟʳʚʘʝʪ ʢʘʪʝʛʦʨʠʶ ʤʦʪʠʚʘʮʠʠ ʫʯʘʱʝʛʦʩʷ ʩ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝʤ ʠ ʦʞʠʜʘʥʠʝʤ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ ʚ ʭʦʜʝ ʫʯʝʙʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ɺ 

ʩʪʨʫʢʪʫʨʝ ʜʘʥʥʦʡ ʪʝʦʨʠʠ ʚʳʜʝʣʷʝʪʩʷ 2 ʢʦʤʧʦʥʝʥʪʘ ʤʦʪʠʚʘʮʠʠ:  

1) ʆʞʠʜʘʥʠʷ ʫʯʝʥʠʢʘ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʩʧʨʘʚʠʪʴʩʷ ʩ ʦʧʨʝʜʝʣʸʥʥʳʤ ʟʘʜʘʥʠʝʤ; 

2) ʆʞʠʜʘʥʠʷ ʫʯʝʥʠʢʘ ʢʘʩʘʪʝʣʴʥʦ ʮʝʥʥʦʩʪʠ ʠ ʚʘʞʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʜʣʷ 

ʧʦʟʥʘʚʘʪʝʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ [1]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʪʠʚʘʮʠʷ ʩʢʣʘʜʳʚʘʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʮʝʥʥʦʩʪʠ ʚʳʧʦʣʥʷʝʤʦʛʦ ʟʘʜʘʥʠʷ ʚ 

ʦʪʥʦʰʝʥʠʝ ʚʥʫʪʨʝʥʥʝʛʦ ʠʥʪʝʨʝʩʘ ʫʯʝʥʠʢʘ, ʧʨʘʢʪʠʯʝʩʢʦʡ ʧʦʣʴʟʳ ʨʘʙʦʪʳ, ʣʠʯʥʦʡ ʟʥʘʯʠʤʦʩʪʠ. 

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʞʠʜʘʥʠʝ ʫʩʧʝʭʘ ʚ ʭʦʜʝ ʚʳʧʦʣʥʝʥʠʷ ʟʘʜʘʥʠʷ ʟʘʚʠʩʠʪ ʦʪ ʣʠʯʥʦʩʪʥʳʭ 

ʢʘʯʝʩʪʚ ʰʢʦʣʴʥʠʢʘ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʤʦʪʠʚʘʮʠʠ ï ʚʥʠʤʘʪʝʣʴʥʦʩʪʠ, ʫʩʝʨʜʥʦʩʪʠ, ʫʩʠʜʯʠʚʦʩʪʠ ʠ 

ʜʦʚʝʜʝʥʠʷ ʟʘʜʘʥʠʷ ʜʦ ʢʦʥʮʘ. 

ʊʝʦʨʠʷ ʘʪʨʠʙʫʮʠʠ ʦʙʲʷʩʥʷʝʪ ʤʦʪʠʚʘʮʠʶ ʢʘʢ ʫʩʪʘʥʦʚʣʝʥʠʷ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʨʠʯʠʥ 

ʫʩʧʝʭʘ ʠʣʠ ʥʝʫʜʘʯʠ ʚ ʢʦʥʪʝʢʩʪʝ ʚʳʧʦʣʥʝʥʠʷ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʟʘʜʘʥʠʷ, ʢ ʪʘʢʠʤ ʩʚʦʡʩʪʚʘʤ 

ʧʩʠʭʦʣʦʛ ɹʝʨʥʘʨʜ ɺʘʡʥʝʨ ʦʪʥʦʩʠʪ: 

1) ɺʥʫʪʨʝʥʥʠʡ ʠ ʚʥʝʰʥʠʡ ʣʦʢʫʩ ʧʨʠʯʠʥʳ ʤʦʪʠʚʘʮʠʠ ʢʘʢ ʧʦʥʠʤʘʥʠʝ ʫʯʝʥʠʢʦʤ 

ʧʨʝʜʧʦʩʳʣʢʠ ʜʦʩʪʠʞʝʥʠʷ ʨʝʟʫʣʴʪʘʪʘ: ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʩʦʙʩʪʚʝʥʥʳʭ ʫʤʝʥʠʡ ʠ ʩʧʦʩʦʙʥʦʩʪʝʡ ʠʣʠ 

ʚʣʠʷʥʠʝ ʚʝʰʥʠʭ ʦʙʩʪʦʷʪʝʣʴʩʪʚ ʥʘ ʨʝʟʫʣʴʪʘʪ ʨʘʙʦʪʳ; 

2) ʉʪʘʙʠʣʴʥʦʩʪʴ ï ʩʪʘʪʠʯʥʦʩʪʴ ʠʣʠ ʜʠʥʘʤʠʯʥʦʩʪʴ ʧʨʠʯʠʥ, ʚʣʠʷʶʱʠʭ ʥʘ ʨʝʟʫʣʴʪʘʪ 

ʨʘʙʦʪʳ; 



3) ʂʦʥʪʨʦʣʠʨʫʝʤʦʩʪʴ ï ʦʧʨʝʜʝʣʝʥʠʝ ʫʨʦʚʥʷ ʢʦʥʪʨʦʣʷ ʧʨʠʯʠʥ, ʚʣʠʷʶʱʠʭ ʥʘ 

ʜʦʩʪʠʞʝʥʠʝ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ ʚ ʭʦʜʝ ʚʳʧʦʣʥʝʥʠʷ ʟʘʜʘʥʠʷ [3]. 

ʈʝʟʫʣʴʪʘʪʳ ʬʦʨʤʠʨʫʶʱʝʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦ ʬʦʨʤʠʨʦʚʘʥʠʶ ʠ ʧʦʚʳʰʝʥʠʶ ʫʨʦʚʥʷ 

ʤʦʪʠʚʘʮʠʠ ʩʨʝʜʠ ʫʯʝʥʠʢʦʚ 3-ʭ ʢʣʘʩʩʦʚ 

ʌʦʨʤʠʨʫʶʱʠʡ ʵʢʩʧʝʨʠʤʝʥʪ ʧʦ ʨʘʟʚʠʪʠʶ ʤʦʪʠʚʘʮʠʠ ʢ ʠʟʫʯʝʥʠʶ ʧʨʠʨʦʜʳ ʤʣʘʜʰʠʭ 

ʰʢʦʣʴʥʠʢʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʨʘʟʚʠʚʘʶʱʫʶ ʧʨʦʛʨʘʤʤʫ, ʩʦʩʪʦʷʱʫʶ ʠʟ 3 ʟʘʥʷʪʠʡ 

ʧʦʩʨʝʜʩʪʚʦʤ ʤʝʪʦʜʘ ʠʥʪʝʨʘʢʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. 

ɿʘʥʷʪʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʛʨʫʧʧʝ ʤʣʘʜʰʠʭ ʰʢʦʣʴʥʠʢʦʚ 3ɸ (20 ʯʝʣ.) 

ʠ 3ɹ (20 ʯʝʣ.) ʢʣʘʩʩʘ ʥʘ ʙʘʟʝ ʰʢʦʣʳ çʄɹʆʋ ʰʢʦʣʘ ˉ46 ʛʦʨʦʜʘ ɼʦʥʝʮʢʘè. ɺʳʙʦʨʢʘ ʩʦʩʪʘʚʣʷʣʘ 

ʦʙʲʝʤ ʚ ʢʦʣʠʯʝʩʪʚʝ 40 ʯʝʣʦʚʝʢ ʩʦʩʪʦʷʱʘʷ ʠʟ 11 ʤʘʣʴʯʠʢʦʚ ʠ 18 ʜʝʚʦʯʝʢ, ʚ ʚʦʟʨʘʩʪʝ 9-10 ʣʝʪ. 

ʎʝʣʴʶ ʬʦʨʤʠʨʫʶʱʝʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʷʚʣʷʣʦʩʴ ʚʢʣʶʯʝʥʠʝ ʦʙʫʯʘʶʱʠʭʩʷ 3 çɸè 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʢʣʘʩʩʘ ʚ ʠʥʪʝʨʘʢʪʠʚʥʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ ʥʘ ʫʨʦʢʘʭ ʦʢʨʫʞʘʶʱʝʛʦ ʤʠʨʘ ʧʦ 

ʠʟʫʯʝʥʠʶ ʧʨʠʨʦʜʳ ɼʦʥʙʘʩʩʘ. 

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʬʦʨʤʠʨʫʶʱʝʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʜʠʘʛʥʦʩʪʠʢʘ, ʚ ʭʦʜʝ 

ʢʦʪʦʨʦʡ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʤʝʪʦʜʠʢʘ ʅ. ʃʫʩʢʘʥʦʚʦʡ ʧʦ ʚʳʷʚʣʝʥʠʶ ʫʨʦʚʥʷ ʤʦʪʠʚʘʮʠʠ 

ʰʢʦʣʴʥʠʢʦʚ ʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʊ.ɸ. ʅʝʞʥʦʚʦʡ, ɸ.ʃ. ɺʝʥʛʝʨʘ, ɼ.ɹ. ʕʣʴʢʦʥʠʥʘ, 

ʥʘʧʨʘʚʣʝʥʥʘʷ ʥʘ ʚʳʷʚʣʝʥʠʝ ʩʬʦʨʤʠʨʦʚʘʥʥʦʩʪʠ ʚʥʫʪʨʝʥʥʝʡ ʧʦʟʠʮʠʠ ʰʢʦʣʴʥʠʢʘ - ʚʳʷʚʣʝʥʠʝ 

ʤʦʪʠʚʘʮʠʠ ʫʯʝʥʠʷ [2].  

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʧʨʝʜʣʦʞʝʥʥʳʤ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʤ ʤʝʪʦʜʠʢʘʤ (ʨʠʩʫʥʦʢ 1) 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ ʫʯʘʱʠʭʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ (3ɸ) ʠ ʢʦʥʪʨʦʣʴʥʦʛʦ (3ɹ) ʢʣʘʩʩʦʚ 

ʠʤʝʶʪ ʩʨʝʜʥʠʡ ʫʨʦʚʝʥʴ ʫʯʝʙʥʦʡ ʤʦʪʠʚʘʮʠʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ 

ʰʢʦʣʴʥʠʢʦʚ ʧʨʠʚʣʝʢʘʶʪ ʦʧʨʝʜʝʣʝʥʥʳʝ ʪʠʧʳ ʟʘʥʷʪʠʡ, ʢʦʥʢʨʝʪʥʳʝ ʰʢʦʣʴʥʳʝ ʧʨʝʜʤʝʪʳ, 

ʠʤʝʶʪ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʦʪʥʦʰʝʥʠʝ ʢ ʰʢʦʣʝ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ, ʢ ʚʥʝʫʨʦʯʥʳʤ ʟʘʥʷʪʠʷʤ ʠ 

ʰʢʦʣʴʥʳʤ ʧʨʘʟʜʥʠʢʘʤ ʠ ʤʝʨʦʧʨʠʷʪʠʷʤ. ʊʘʢʠʝ ʜʝʪʠ ʜʦʩʪʘʪʦʯʥʦ ʙʣʘʛʦʧʦʣʫʯʥʦ ʯʫʚʩʪʚʫʶʪ ʩʝʙʷ 

ʚ ʰʢʦʣʝ, ʦʜʥʘʢʦ ʯʘʱʝ ʭʦʜʷʪ ʚ ʰʢʦʣʫ, ʯʪʦʙʳ ʦʙʱʘʪʴʩʷ ʩ ʜʨʫʟʴʷʤʠ, ʩ ʫʯʠʪʝʣʝʤ. ʀʤ ʥʨʘʚʠʪʴʩʷ 

ʦʱʫʱʘʪʴ ʩʝʙʷ ʫʯʝʥʠʢʘʤʠ, ʠʤʝʪʴ ʢʨʘʩʠʚʳʡ ʧʦʨʪʬʝʣʴ, ʨʫʯʢʠ, ʪʝʪʨʘʜʠ. ʇʦʟʥʘʚʘʪʝʣʴʥʳʝ ʤʦʪʠʚʳ 

ʫ ʪʘʢʠʭ ʜʝʪʝʡ ʩʬʦʨʤʠʨʦʚʘʥʳ ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ ʠ ʫʯʝʙʥʳʡ ʧʨʦʮʝʩʩ ʠʭ ʤʘʣʦ ʧʨʠʚʣʝʢʘʝʪ. 

 

 
ʈʠʩʫʥʦʢ 1 ï ʋʨʦʚʝʥʴ ʨʘʟʚʠʪʠʠ ʤʦʪʠʚʘʮʠʠ ʫʯʘʱʠʭʩʷ 3 ʢʣʘʩʩʦʚ ʧʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʡ ʤʝʪʦʜʠʢʠ 

 

ʇʦʩʣʝ ʨʘʟʨʘʙʦʪʢʠ ʪʨʝʭ ʟʘʥʷʪʠʡ ʜʣʷ ʫʨʦʢʦʚ ʦʢʨʫʞʘʶʱʝʛʦ ʤʠʨʘ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ 

ʠʟʫʯʝʥʠʝ ʧʨʠʨʦʜʳ ɼʦʥʙʘʩʩʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʠʥʪʝʨʘʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʦʙʫʯʝʥʠʷ, ʨʝʘʣʠʟʦʚʘʥʘ 

ʩʦʩʪʘʚʣʝʥʥʘʷ ʧʨʦʛʨʘʤʤʘ ʚ ʨʘʤʢʘʭ ʬʦʨʤʠʨʫʶʱʝʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠ ʧʨʦʚʝʜʝʥʘ ʧʦʚʪʦʨʥʘʷ 

ʜʠʘʛʥʦʩʪʠʢʘ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʫʣʫʯʰʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʤʦʪʠʚʘʮʠʠ.  






































































































































































































































































































































































































































































































































































































































































































































































