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ɺɺɽɼɽʅʀɽ 

ʆʙʱʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʨʘʙʦʪʳ 

ʇʨʦʠʟʚʦʜʩʪʚʦ ʩʦʚʨʝʤʝʥʥʳʭ ʣʝʪʘʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ (ʩʘʤʦʣʝʪʳ, ʚʝʨʪʦʣʝʪʳ, 

ʙʝʩʧʠʣʦʪʥʳʝ ʣʝʪʘʪʝʣʴʥʳʝ ʘʧʧʘʨʘʪʳ) (ʃɸ) ̫ ʚʣʷʝʪʩʷ ʩʚʝʨʭʩʣʦʞʥʳʤ ʧʨʦʮʝʩʩʦʤ, 

ʪʨʝʙʫʶʱʠʤ ʫʯʠʪʳʚʘʪʴ ʤʥʦʞʝʩʪʚʦ ʬʘʢʪʦʨʦʚ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʧʨʦʠʟʚʦʜʩʪʚʦ 

ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʩʣʦʞʥʫʶ ʪʝʭʥʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ. ʅʘ 

ʩʘʤʦʣʝʪʦʩʪʨʦʠʪʝʣʴʥʳʭ ʟʘʚʦʜʘʭ ʦʨʛʘʥʠʟʦʚʘʥʦ ʤʥʦʞʝʩʪʚʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʧʝʨʝʜʝʣʦʚ (ʧʦʜʩʠʩʪʝʤ): ʧʨʦʠʟʚʦʜʩʪʚʦ ʟʘʛʦʪʦʚʦʢ, ʰʪʘʤʧʦʚʦʯʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ, 

ʤʝʭʘʥʦʦʙʨʘʙʘʪʳʚʘʶʱʝʝ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʧʨʦʠʟʚʦʜʩʪʚʦ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʥʘʥʝʩʝʥʠʝ ʧʦʢʨʳʪʠʡ, ʩʙʦʨʦʯʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʠʩʧʳʪʘʪʝʣʴʥʦʝ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ ʪ.ʧ. ʊʘʢʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʧʨʦʠʟʚʦʜʩʪʚ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʙʦʣʴʰʦʡ 

ʧʘʨʢ ʨʘʟʥʦʦʙʨʘʟʥʦʛʦ ʩʪʘʥʦʯʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ (ʵʣʝʤʝʥʪʦʚ ʩʠʩʪʝʤ), ʚʢʣʶʯʘʷ 

ʦʙʨʘʙʘʪʳʚʘʶʱʠʝ ʮʝʥʪʨʳ ʠ ʨʦʙʦʪʦʪʠʟʠʨʦʚʘʥʥʳʝ ʢʦʤʧʣʝʢʩʳ ʨʘʟʣʠʯʥʦʛʦ 

ʥʘʟʥʘʯʝʥʠʷ. 

ʋʩʧʝʰʥʦʩʪʴ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʘʤʦʣʝʪʦʩʪʨʦʠʪʝʣʴʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʪʦʤ ʯʠʩʣʝ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʩʨʝʜʩʪʚ ʘʚʪʦʤʘʪʠʟʘʮʠʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʉʪʘʥʜʘʨʪʳ ʝʜʠʥʦʡ ʩʠʩʪʝʤʳ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʶʪ ʘʚʪʦʤʘʪʠʟʘʮʠʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ ʧʨʦʠʟʚʦʜʩʪʚʘ (ɻʆʉʊ 14419-84 - 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ ʧʨʦʠʟʚʦʜʩʪʚʘ).  

ʊʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʧʦʜʛʦʪʦʚʢʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʦʚʳʭ ʃɸ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ 

ʥʝ ʪʦʣʴʢʦ ʨʘʟʨʘʙʦʪʢʫ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠʭ ʠʟʛʦʪʦʚʣʝʥʠʷ, ʥʦ ʠ ʚʳʙʦʨ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʘʨʠʘʥʪʘ ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʧʨʦʛʨʘʤʤʳ ʚ ʫʩʣʦʚʠʷʭ 

ʢʦʥʢʨʝʪʥʦʛʦ ʩʘʤʦʣʝʪʦʩʪʨʦʠʪʝʣʴʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ. ʆʧʪʠʤʠʟʘʮʠʷ ʚʳʧʦʣʥʝʥʠʷ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʧʨʦʛʨʘʤʤʳ ʪʨʝʙʫʝʪ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʙʘʣʘʥʩʠʨʦʚʢʠ 

ʤʦʱʥʦʩʪʝʡ ʥʘ ʦʩʥʦʚʝ ʘʜʝʢʚʘʪʥʦʡ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʤʦʜʝʣʠ. 

ʂʦʵʬʬʠʮʠʝʥʪʳ ʤʦʜʝʣʠ, ʫʯʘʩʪʚʫʶʱʠʝ ʚ ʨʘʩʯʝʪʘʭ, ʥʘ ʧʨʘʢʪʠʢʝ ʯʘʩʪʦ ʷʚʣʷʶʪʩʷ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʥʘʙʣʶʜʝʥʠʡ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ. ʅʦʚʳʝ 
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ʪʝʭʥʦʣʦʛʠʠ, ʠʥʪʝʥʩʠʚʥʦ ʚʥʝʜʨʷʝʤʳʝ ʚ ʩʘʤʦʣʝʪʦʩʪʨʦʠʪʝʣʴʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ, 

ʪʨʝʙʫʶʪ ʫʪʦʯʥʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ 

ʤʦʜʝʣʠ ʥʘ ʦʩʥʦʚʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʥʘʙʣʶʜʝʥʠʡ ʚ ʨʘʤʢʘʭ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ. 

ɼʠʘʛʥʦʩʪʠʯʝʩʢʠʝ ʚʨʝʤʝʥʥʳʝ ʨʷʜʳ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʚ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ, ʧʦʟʚʦʣʷʶʪ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʪʝʭʥʠʯʝʩʢʦʝ 

ʩʦʩʪʦʷʥʠʝ ʩʪʘʥʢʦʚ, ʧʨʠʙʦʨʦʚ, ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʣʠʥʠʡ ʜʣʷ ʚʳʷʚʣʝʥʠ ̫

ʜʝʬʝʢʪʦʚ ʠ ʫʯʝʪʘ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʨʠʩʢʦʚ ʚ ʭʦʜʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ ʧʨʦʠʟʚʦʜʩʪʚʘ.   

ɿʘʨʫʙʝʞʥʳʝ ʠ ʨʦʩʩʠʡʩʢʠʝ ʫʯʝʥʳʝ, ʚʥʝʩʰʠʝ ʟʥʘʯʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʚ 

ʦʙʣʘʩʪʴ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ ʧʨʦʠʟʚʦʜʩʪʚʘ: Friedrich 

A. Halstenberga, Kai Lindowab, Rainer Starka, Thomas M. Abercrombie, Yi-

MingTai, Marco Cantamessa, Francesca Montagna, Paolo Neirotti, ɽʚʩʝʝʚ ɼ.ɻ., 

ʌʦʤʠʥ ɺ.ɸ., ʂʨʠʚʠʯ ʆ.ʖ., ʉʝʨʛʝʝʚ ʂ.ɸ., ɼʝʥʠʩʦʚ ɺ.ʊ., ɹʠʨʙʨʘʝʨ ʈ.ɸ. 

ɸʬʘʥʘʩʴʝʚ ʄ.ʗ., ʉʘʣʦʤʘʪʠʥʘ ɸ.ɸ., ɸʣʸʰʠʥʘ ɽ.ɽ., ʗʙʣʦʯʥʠʢʦʚ ɽ.ʀ, 

ʂʫʣʠʢʦʚ ɼ.ɼ. ʠ ʜʨ. 

ɿʘʨʫʙʝʞʥʳʝ ʠ ʨʦʩʩʠʡʩʢʠʝ ʫʯʝʥʳʝ, ʚʥʝʩʰʠʝ ʟʥʘʯʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʚ ʦʙʣʘʩʪʴ 

ʧʨʠʤʝʥʝʥʠʷ ʦʥʪʦʣʦʛʠʡ ʚ ʉʇʇʈ ʠ ʦʧʠʩʘʥʠʷ ʟʥʘʥʠʡ ʦ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ: D. 

Bianchini, F. Bobillo, U. Straccia, R.A. Falbo, M. Gao, T.R. Gruber, N. Guarino, G. 

Guizzardi, G. Stumme, A. Maedche ɺʘʛʠʥ ɺ.ʅ., ʍʦʨʦʰʝʚʩʢʠʡ ɺ. ʌ., ɻʘʚʨʠʣʦʚʘ 

ʊ.ɸ., ɻʨʠʙʦʚʘ ɺ.ɺ., ɿʘʛʦʨʫʣʴʢʦ ʖ.ɸ., ʂʣʝʱʝʚ ɸ.ʉ., ʅʦʨʝʥʢʦʚ ʀ.ʇ., ʇʘʣʴʯʫʥʦʚ 

ɼ.ɽ., ʉʤʠʨʥʦʚ ʉ.ɺ., ʠ ʜʨ. 

ɿʘʨʫʙʝʞʥʳʝ ʠ ʨʦʩʩʠʡʩʢʠʝ ʫʯʝʥʳʝ, ʚʥʝʩʰʠʝ ʟʥʘʯʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʚ ʦʙʣʘʩʪʴ 

ʜʠʘʛʥʦʩʪʠʢʠ ʊʉ: Bogdan ŧ·ğtowski, Petra Danļov§, Jan Novos§d, N.A. Makhutov, 

R.S. Akhmetkhanov, E.F. Dubinin, V.I. Kuksova, V. Yakimov, G. Maltsev, 

ɹʘʞʝʥʦʚ ʖ.ɺ, ʂʘʣʝʥʦʚ ɺ.ʇ ʠ ʜʨ. 

ɿʘʨʫʙʝʞʥʳʤʠ ʠ ʨʦʩʩʠʡʩʢʠʤʠ ʫʯʝʥʳʤʠ, ʚʥʝʩʰʠʤʠ ʟʥʘʯʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʚ 

ʦʙʣʘʩʪʴ ʘʥʘʣʠʟʘ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ ʷʚʣʷʶʪʩʷ Box D., Jenkins 

G., Chem S.M., Granger C., Herbst G., Novak V., Perfilieva I.G., ɹʘʪʳʨʰʠʥ ʀ.ɿ., 
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ʂʦʚʘʣʝʚ ʉ.ʄ., ʗʨʫʰʢʠʥʘ ʅ.ɻ., ɸʬʘʥʘʩʴʝʚʘ ʊ.ɺ. ʠ ʜʨ.  ʇʨʦʙʣʝʤʝ ʦʙʥʘʨʫʞʝʥʠʷ 

ʘʥʦʤʘʣʠʡ ʜʣʷ ɺʈ ʧʦʩʚʷʱʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ: Chandola, Agyemang, ʍʦʜʞ ʠ ʜʨ. 

ɿʘʨʫʙʝʞʥʳʝ ʠ ʨʦʩʩʠʡʩʢʠʝ ʫʯʝʥʳʝ, ʚʥʝʩʰʠʝ ʟʥʘʯʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʚ ʦʙʣʘʩʪʴ 

ʚʳʷʚʣʝʥʠʷ ʘʥʦʤʘʣʠʡ ʚʦ ɺʈ: Chandola V., Kumar V., Banerjee A., Agyemang M, 

Barker K., Alhajj R., Hodge V., Austin J. Kyeong-Joong Jeong, Yong-Min Shin, 

Audibert, J., Michiardi, P., Guyard, F., Marti, S., Zuluaga, M. A. ɸʬʘʥʘʩʴʝʚʘ ʊ.ɺ., 

ʈʘʶʰʢʠʥ ʕ.ʉ., ʑʝʨʙʘʢʦʚ ʄ.ɺ., ʏʝʩʥʦʢʦʚ ʄ.ʖ. ʠ ʜʨ. 

ɿʘʨʫʙʝʞʥʳʝ ʠ ʨʦʩʩʠʡʩʢʠʝ ʫʯʝʥʳʝ, ʚʥʝʩʰʠʝ ʟʥʘʯʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʚ ʦʙʣʘʩʪʴ 

ʵʥʪʨʦʧʠʠ ɺʈ: Xiaofeng Liu, Aimin Jiang, Ning Xu, Jianru Xue, Stephan Schwill, 

Mirna Ponce-Flores, Juan Frausto-Sol²s,Guillermo Santamar²a-Bonfil, 

Mikhailovsky, G.E., Levich, A.P., ʂʦʚʘʣʝʚ ʄ.ʉ. ʠ ʜʨ. 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʟʘʜʘʯʘ ʘʥʘʣʠʟʘ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʠ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ ʩ ʫʯʝʪʦʤ ʧʨʦʙʣʝʤʥʦʡ ʦʙʣʘʩʪʠ ʥʝ ʨʝʰʝʥʘ ʚ 

ʧʦʣʥʦʤ ʦʙʲʝʤʝ. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ 

ʇʨʠʤʝʥʝʥʠʝ ʢʦʥʮʝʧʮʠʠ ʫʧʨʘʚʣʝʥʠʷ ʞʠʟʥʝʥʥʳʤ ʮʠʢʣʦʤ ʠʟʜʝʣʠʷ ʚ 

ʩʣʦʞʥʦʤ ʤʥʦʛʦʦʧʝʨʘʮʠʦʥʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ, ʭʘʨʘʢʪʝʨʥʦʤ ʜʣʷ ʧʨʝʜʧʨʠʷʪʠʡ 

ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ, ʥʝʦʙʭʦʜʠʤʦʝ ʫʩʣʦʚʠʝ ʧʦʚʳʰʝʥʠʷ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ, 

ʟʘ ʩʯʝʪ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʚʳʧʫʩʢʘʝʤʦʡ ʧʨʦʜʫʢʮʠʠ, ʩʦʢʨʘʱʝʥʠʷ ʩʨʦʢʦʚ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠʟʜʝʣʠʡ, ʫʤʝʥʴʰʝʥʠʝ ʠʟʜʝʨʞʝʢ. 

ʆʩʥʦʚʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʢʦʥʮʝʧʮʠʠ ʷʚʣʷʝʪʩʷ ʙʳʩʪʨʳʡ ʜʦʩʪʫʧ ʢ 

ʥʫʞʥʦʡ ʠ ʘʢʪʫʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʠʟʜʝʣʠʠ. 

ʋʧʨʘʚʣʝʥʠʝ ʧʨʦʮʝʩʩʘʤʠ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʠʟʜʝʣʠʷ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʦʡ ʟʘʜʘʯʝʡ, 

ʜʣʷ ʝʝ ʨʝʰʝʥʠʷ ʧʨʠʤʝʥʷʶʪ ʮʝʣʳʡ ʥʘʙʦʨ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ. 

ɺʘʞʥʳʤʠ ʬʫʥʢʮʠʷʤʠ ʢʦʥʮʝʧʮʠʠ ʷʚʣʷʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ, ʝʜʠʥʦʛʦ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ, ʠʩʧʦʣʴʟʫʝʤʳʭ 

ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ, ʦʙʲʝʜʠʥʝʥʠʝ ʤʝʪʦʜʠʢ ʠ ʩʨʝʜʩʪʚ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʧʦʜʜʝʨʞʢʠ 

ʠʟʜʝʣʠʡ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʭ ʩʪʘʜʠʡ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ. 
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ɺʥʝʜʨʝʥʠʝ ʥʦʚʳʭ ʵʣʝʤʝʥʪʦʚ ɸʇʋ ʚ ʦʙʱʫʶ ʩʠʩʪʝʤʫ ʠʣʠ ʜʦʙʘʚʣʝʥʠʝ 

ʥʦʚʦʛʦ ʠʟʜʝʣʠʷ ʩʦʧʨʷʞʝʥʦ ʩ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʚʨʝʤʝʥʥʳʭ ʠ ʨʝʩʫʨʩʥʳʭ 

ʠʟʜʝʨʞʝʢ. ɺ ʫʩʣʦʚʠʷʭ ʨʘʙʦʪʳ ʧʨʝʜʧʨʠʷʪʠʡ ʚ ʨʘʤʢʘʭ ʙʦʣʴʰʠʭ ʢʦʨʧʦʨʘʮʠʡ 

ʚʩʝʛʜʘ ʙʫʜʝʪ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʘ ʙʳʩʪʨʦʡ ʦʮʝʥʢʠ ʚʦʟʤʦʞʥʦʩʪʠ ʚʢʣʶʯʝʥʠʷ ʚ 

ʮʠʢʣ ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʦʚʳʭ ʠʟʜʝʣʠʡ ʠ ʥʝʦʙʭʦʜʠʤʳʭ ʨʝʩʫʨʩʦʚ ʜʣʷ ʵʪʦʛʦ. 

ʂʘʯʝʩʪʚʦ ʃɸ, ʠʭ ʩʪʦʠʤʦʩʪʴ ʠ ʩʨʦʢʠ ʚʳʧʫʩʢʘ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʠʩʪʝʤʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ ʩʘʤʦʣʝʪʦʩʪʨʦʠʪʝʣʴʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ. ʉʣʦʞʥʦʩʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʩʘʤʦʣʝʪʦʚ, ʩ ʫʯʝʪʦʤ ʧʦʩʪʦʷʥʥʳʭ ʠʟʤʝʥʝʥʠʡ, ʚ ʩʣʦʞʠʚʰʠʭʩʷ ʫʩʣʦʚʠʷʭ 

ʩʪʘʥʦʚʠʪʩʷ ʦʛʨʦʤʥʦʡ. ʊʘʢ ʪʦʣʴʢʦ ʩʪʦʠʤʦʩʪʴ ʩʨʝʜʩʪʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʦʩʥʘʱʝʥʠʷ ʚ 3-5 ʨʘʟ ʧʨʝʚʳʰʘʝʪ ʩʪʦʠʤʦʩʪʴ ʩʘʤʦʣʝʪʘ, ʘ ʩʨʦʢ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʩʦʠʟʤʝʨʠʤ ʩʦ ʩʨʦʢʦʤ ʵʢʩʧʣʫʘʪʘʮʠʠ ʃɸ. 

ɺ ʩʫʱʝʩʪʚʫʶʱʠʭ ʦʪʝʯʝʩʪʚʝʥʥʳʭ (ɸʉʂʆʅ, ɺʝʨʪʠʢʘʣʴ) ʠ ʟʘʨʫʙʝʞʥʳʭ 

(ʅʇʇ çʀʥʪʝʨʤʝʭè (ʛ. ʄʠʥʩʢ), TECHCARD; Siemens PLM Software, 

Tecnomatix) ʉɸʇʈ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʪʠʤʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ, ʙʘʣʘʥʩʠʨʦʚʢʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʧʝʨʩʦʥʘʣʘ, 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. ʅʦ ʩʨʝʜʠ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ (ʉɸʇʈ) ʠ ʩʠʩʪʝʤ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ ʧʨʦʠʟʚʦʜʩʪʚʘ (ɸʉʊʇʇ) ʥʝ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʨʦʛʨʘʤʤʥʳʝ ʤʦʜʫʣʠ ʜʣʷ ʫʪʦʯʥʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʟʘ ʩʯʝʪ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ. ʆʪʤʝʯʘʷ ʟʥʘʯʠʤʦʩʪʴ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʘ 

ʩʘʤʦʣʝʪʦʩʪʨʦʠʪʝʣʴʥʦʤ ʧʨʝʜʧʨʠʷʪʠʠ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʨʘʟʨʘʙʦʪʢʠ ʤʦʜʝʣʝʡ ʠ ʘʣʛʦʨʠʪʤʦʚ ʩ ʮʝʣʴʶ 

ʩʦʢʨʘʱʝʥʠʷ ʩʨʦʢʦʚ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ 

ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ʀʩʭʦʜʷ ʠʭ ʚʳʰʝʠʟʣʦʞʝʥʥʦʛʦ ʢʨʘʡʥʝ ʘʢʪʫʘʣʴʥʦʡ ʷʚʣʷʝʪʩʷ ʧʨʦʙʣʝʤʘ 

ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ 

ʩʘʤʦʣʝʪʦʩʪʨʦʠʪʝʣʴʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʟʘ ʩʯʝʪ ʩʦʟʜʘʥʠʷ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ 
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ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ. 

ʀʩʭʦʜʷ ʠʟ ʚʳʰʝʠʟʣʦʞʝʥʥʦʛʦ ʪʝʤʘ ʜʠʩʩʝʨʪʘʮʠʠ, ʢʦʪʦʨʘʷ ʧʦʩʚʷʱʝʥʘ 

ʨʘʟʨʘʙʦʪʢʝ ʤʝʪʦʜʦʚ ʠ ʩʨʝʜʩʪʚ ʙʘʣʘʥʩʠʨʦʚʢʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʧʝʨʩʦʥʘʣʘ, ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ 

ʧʨʦʠʟʚʦʜʩʪʚʘ (ɸʉʊʇʇ), ʚ ʢʦʪʦʨʳʭ ʜʣʷ ʫʪʦʯʥʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʡ ʘʥʘʣʠʟ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ.  

ʎʝʣʴ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ 

ʎʝʣʴʶ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʩʦʢʨʘʱʝʥʠʝ ʩʨʦʢʦʚ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʟʘ ʩʯʝʪ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʥʪʦʣʦʛʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ ʜʣʷ ʠʟʚʣʝʯʝʥʠʷ ʜʘʥʥʳʭ ʚ ʟʘʜʘʯʝ 

ʙʘʣʘʥʩʠʨʦʚʢʠ ʤʦʱʥʦʩʪʝʡ. 

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʩʣʫʞʠʣʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ 

ʤʦʜʝʣʴ ʥʘ ʧʨʠʤʝʨʝ ʘʛʨʝʛʘʪʥʦ-ʩʙʦʨʦʯʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʩʘʤʦʣʝʪʦʩʪʨʦʠʪʝʣʴʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ ʚ ʫʩʣʦʚʠʷʭ ʤʫʣʴʪʠʧʨʦʜʫʢʪʦʚʦʡ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʧʨʦʛʨʘʤʤʳ. 

ʇʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʠʥʪʝʣʣʝʢʪʫʘʣʠʟʘʮʠʷ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʘ ʦʩʥʦʚʝ 

ʠʥʪʝʛʨʘʮʠʠ ʦʥʪʦʣʦʛʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ. 

ɿʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʮʝʣʴʶ ʨʘʙʦʪʳ ʘʢʪʫʘʣʴʥʳʤʠ ʷʚʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ 

ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ: 

1. ɺʳʧʦʣʥʠʪʴ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʤʝʪʦʜʦʚ ʠ ʩʨʝʜʩʪʚ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ ʘʚʠʘʩʪʨʦʠʪʝʣʴʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʩʨʝʜʩʪʚ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʙʘʣʘʥʩʠʨʦʚʢʠ 
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ʤʦʱʥʦʩʪʝʡ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʩʦʩʪʦʷʥʠʷ ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʥʘ 

ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ. 

2. ɺʳʧʦʣʥʠʪʴ ʥʘʫʯʥʳʡ ʦʙʟʦʨ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ, 

ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʦʚ ʚ ʟʘʜʘʯʘʭ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ 

ʧʦʜʛʦʪʦʚʢʠ ʘʚʠʘʩʪʨʦʠʪʝʣʴʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

3. ʈʘʟʨʘʙʦʪʘʪʴ ʤʦʜʝʣʴ ʠ ʘʣʛʦʨʠʪʤ ʙʘʣʘʥʩʠʨʦʚʢʠ ʤʦʱʥʦʩʪʝʡ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʘʣʛʦʨʠʪʤʦʚ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʠ ʦʥʪʦʣʦʛʠʡ ʚ ʟʘʜʘʯʘʭ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

4. ʈʘʟʨʘʙʦʪʘʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʵʥʪʨʦʧʠʡʥʦʛʦ ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ, 

ʘʜʘʧʪʠʨʦʚʘʥʥʫʶ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

5. ʈʘʟʨʘʙʦʪʘʪʴ ʘʣʛʦʨʠʪʤ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ, ʦʪʣʠʯʘʶʱʠʡʩʷ ʧʨʠʤʝʥʝʥʠʝʤ 

ʵʥʪʨʦʧʠʡʥʦʛʦ ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ ʜʣʷ ʟʘʜʘʯ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʦʚʝʜʝʥʠʷ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. 

6. ʈʘʟʨʘʙʦʪʘʪʴ ʤʦʜʝʣʠ ʠ ʘʣʛʦʨʠʪʤʳ ʚʳʷʚʣʝʥʠʷ ʘʥʦʤʘʣʠʡ ʵʥʪʨʦʧʠʡʥʦʛʦ 

ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ 

ʤʦʜʝʣʠ ʘʚʠʘʩʪʨʦʠʪʝʣʴʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ.  

7. ʈʘʟʨʘʙʦʪʘʪʴ ʤʦʜʝʣʠ ʠ ʘʣʛʦʨʠʪʤʳ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʚʳʷʚʣʷʝʤʳʭ 

ʘʥʦʤʘʣʠʡ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʜʝʬʝʢʪʥʳʭ ʩʦʩʪʦʷʥʠʡ 

ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʠʩʪʝʤʳ, 

ʚʢʣʶʯʘʶʱʝʡ ʙʘʟʫ ʥʝʯʝʪʢʠʭ ʧʨʘʚʠʣ. 

8. ʈʘʟʨʘʙʦʪʘʪʴ ʘʨʭʠʪʝʢʪʫʨʫ ʧʨʦʛʨʘʤʤʥʦʡ ʩʠʩʪʝʤʳ ʙʘʣʘʥʩʠʨʦʚʢʠ 

ʤʦʱʥʦʩʪʝʡ ʥʘ ʦʩʥʦʚʝ ʦʥʪʦʣʦʛʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ ʚ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʝ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

9. ʈʘʟʨʘʙʦʪʘʪʴ ʧʨʦʛʨʘʤʤʥʫʶ ʩʠʩʪʝʤʫ ʙʘʣʘʥʩʠʨʦʚʢʠ ʤʦʱʥʦʩʪʝʡ ʥʘ 

ʦʩʥʦʚʝ ʦʥʪʦʣʦʛʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ 

ʚ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʝ ʧʨʦʠʟʚʦʜʩʪʚʘ. 
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10. ʇʨʦʚʝʩʪʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ, ʧʦʜʪʚʝʨʞʜʘʶʱʠʝ 

ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʴ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʘ ʦʩʥʦʚʝ ʨʘʟʨʘʙʦʪʘʥʥʳʭ 

ʤʦʜʝʣʝʡ ʠ ʘʣʛʦʨʠʪʤʦʚ. 

11. ɺʥʝʜʨʠʪʴ ʧʨʦʛʨʘʤʤʥʫʶ ʩʠʩʪʝʤʫ ʙʘʣʘʥʩʠʨʦʚʢʠ ʤʦʱʥʦʩʪʝʡ ʥʘ ʦʩʥʦʚʝ 

ʦʥʪʦʣʦʛʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ ʚ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ 

ʜʝʷʪʝʣʴʥʦʩʪʴ ʘʚʠʘʩʪʨʦʠʪʝʣʴʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ. 

ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɺ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ ʧʨʠʤʝʥʷʶʪʩʷ ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ ʚʨʝʤʝʥʥʳʭ 

ʨʷʜʦʚ; ʪʝʦʨʠʷ ʥʝʯʝʪʢʠʭ ʩʠʩʪʝʤ ʠ ʤʷʛʢʠʭ ʚʳʯʠʩʣʝʥʠʡ; ʪʝʦʨʠʷ ʢʣʘʩʪʝʨʠʟʘʮʠʠ; 

ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʢʦʤʧʣʝʢʩʦʚ ʧʨʦʛʨʘʤʤ ʧʨʠʤʝʥʷʣʠʩʴ ʧʦʜʭʦʜʳ ʆʆʇ ʠ ʂʆʇ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ: 

1. ʄʦʜʝʣʴ ʠ ʘʣʛʦʨʠʪʤ ʙʘʣʘʥʩʠʨʦʚʢʠ ʤʦʱʥʦʩʪʝʡ, ʦʪʣʠʯʘʶʱʠʝʩʷ 

ʧʨʠʤʝʥʝʥʠʝʤ ʘʣʛʦʨʠʪʤʦʚ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʠ ʦʥʪʦʣʦʛʠʡ ʚ ʟʘʜʘʯʘʭ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ ʘʚʠʘʩʪʨʦʠʪʝʣʴʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ. 

2. ɸʣʛʦʨʠʪʤ ʧʦʠʩʢʘ ʘʥʦʤʘʣʠʡ ʚ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʚʨʝʤʝʥʥʳʭ ʨʷʜʘʭ, 

ʦʪʣʠʯʘʶʱʠʡʩʷ ʧʨʠʤʝʥʝʥʠʝʤ ʵʥʪʨʦʧʠʡʥʳʭ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ ʚ ʟʘʜʘʯʘʭ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ ʘʚʠʘʩʪʨʦʠʪʝʣʴʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ. 

3. ʄʦʜʝʣʴ ʵʥʪʨʦʧʠʡʥʦʛʦ ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ ʜʣʷ ʟʘʜʘʯ ʧʦʠʩʢʘ ʘʥʦʤʘʣʠʡ ʠ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʦʚʝʜʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʳ. 
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4. ɸʣʛʦʨʠʪʤ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ, ʦʪʣʠʯʘʶʱʠʡʩʷ ʧʨʠʤʝʥʝʥʠʝʤ 

ʵʥʪʨʦʧʠʡʥʦʛʦ ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ ʜʣʷ ʟʘʜʘʯ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʦʚʝʜʝʥʠʷ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. 

5. ɸʨʭʠʪʝʢʪʫʨʘ ʧʨʦʛʨʘʤʤʥʦʡ ʩʠʩʪʝʤʳ ʙʘʣʘʥʩʠʨʦʚʢʠ ʤʦʱʥʦʩʪʝʡ, 

ʦʪʣʠʯʘʶʱʘʷʩʷ ʧʨʠʤʝʥʝʥʠʝʤ ʦʥʪʦʣʦʛʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ ʠ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ ʚ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʘʟʨʘʙʦʪʢʝ ʠ ʨʝʘʣʠʟʘʮʠʠ 

ʥʦʚʳʭ ʵʬʬʝʢʪʠʚʥʳʭ ʤʦʜʝʣʝʡ ʠ ʘʣʛʦʨʠʪʤʦʚ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʘ ʦʩʥʦʚʝ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 

ʧʦʚʝʜʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ 

ʚʨʝʤʝʥʥʳʤʠ ʨʷʜʘʤʠ ʧʦʢʘʟʘʪʝʣʝʡ. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ 

ʈʘʟʨʘʙʦʪʘʥʘ ʧʨʦʛʨʘʤʤʥʘʷ ʩʠʩʪʝʤʘ ʙʘʣʘʥʩʠʨʦʚʢʠ ʤʦʱʥʦʩʪʝʡ ʥʘ ʦʩʥʦʚʝ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ ʚ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ 

ʧʦʜʛʦʪʦʚʢʝ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʚʢʣʶʯʘʶʱʘʷ ʬʫʥʢʮʠʦʥʘʣ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʜʣʷ ʨʘʩʯʝʪʘ ʙʘʣʘʥʩʘ ʤʦʱʥʦʩʪʝʡ ʧʨʝʜʧʨʠʷʪʠʷ. ʇʨʦʛʨʘʤʤʥʘʷ 

ʩʠʩʪʝʤʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ 

ʧʦʜʛʦʪʦʚʢʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʬʠʣʠʘʣʘ ʇɸʆ çʀʣè ï ɸʚʠʘʩʪʘʨ (ʩʦʟʜʘʥ ʟʘ ʩʯʝʪ 

ʨʝʦʨʛʘʥʠʟʘʮʠʠ ʚ ʬʦʨʤʝ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ɸʆ çɸʚʠʘʩʪʘʨ-ʉʇè 01 ʥʦʷʙʨʷ 2021 ʛʦʜʘ). 

ʆʩʥʦʚʘʥʠʷ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪʳ 

ʇʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ ʚʳʧʦʣʥʝʥʠʷ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʨʝʟʫʣʴʪʘʪʳ 

ʧʨʠʤʝʥʷʣʠʩʴ ʚ ʨʷʜʝ ʅʀʆʂʈ, ʚʳʧʦʣʥʝʥʥʳʭ ʚ ʋʣʴʷʥʦʚʩʢʦʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ 

ʪʝʭʥʠʯʝʩʢʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʥʘʧʨʘʚʣʝʥ rʥʘ ʨʝʰʝʥʠʝ ʥʘʫʯʥʦ-

ʪʝʭʥʠʯʝʩʢʠʭ ʟʘʜʘʯ. ʂ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ ʦʪʥʦʩʷʪʩʷ: 
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1. ɻʨʘʥʪ ʈʌʌʀ ˉ14-01-31092 çʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʘ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ 

ʘʥʘʣʠʟʘ ʤʥʦʛʦʤʝʨʥʳʭ ʥʝʯʝʪʢʠʭ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚè, ʫʯʘʩʪʥʠʢ. 

2. ɻʨʘʥʪ ʈʌʌʀ ˉ15-41-02413 çʀʥʪʝʣʣʝʢʪʫʘʣʴʥʳʡ ʘʥʘʣʠʟ ʚʨʝʤʝʥʥʳʭ 

ʨʷʜʦʚ ʥʘ ʦʩʥʦʚʝ ʥʝʯʝʪʢʠʭ ʦʥʪʦʣʦʛʠʡ, ʠʟʚʣʝʢʘʝʤʳʭ ʠʟ ʀʥʪʝʨʥʝʪ-

ʨʝʩʫʨʩʦʚè, ʫʯʘʩʪʥʠʢ. 

3. ɻʨʘʥʪ ʈʌʌʀ ˉ 16-47-732070 çʀʩʩʣʝʜʦʚʘʥʠʝ ʠ ʨʘʟʨʘʙʦʪʢʘ ʤʦʜʝʣʝʡ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʥʝʯʝʪʢʠʭ ʪʝʥʜʝʥʮʠʡ ʤʝʪʨʠʢ ʧʨʦʝʢʪʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠè, ʫʯʘʩʪʥʠʢ.  

4. ɻʨʘʥʪ ʈʌʌʀ ˉ 16-47-732120 çʀʩʩʣʝʜʦʚʘʥʠʝ ʠ ʨʘʟʨʘʙʦʪʢʘ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, ʘʣʛʦʨʠʪʤʦʚ, ʧʨʦʛʨʘʤʤʥʳʭ ʩʠʩʪʝʤ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-

ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩʣʦʞʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦ-

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤ (ʥʘ ʧʨʠʤʝʨʝ ʘʚʠʘʩʪʨʦʝʥʠʷ ʠ 

ʘʚʠʘʧʨʠʙʦʨʦʩʪʨʦʝʥʠʷ)è, ʫʯʘʩʪʥʠʢ. 

5. ɻʨʘʥʪ ʈʌʌʀ ˉ 18-47-730025 çʀʩʩʣʝʜʦʚʘʥʠʝ ʠ ʨʘʟʨʘʙʦʪʢʘ ʩʨʝʜʩʪʚ 

ʜʠʘʛʥʦʩʪʠʢʠ ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʝ ʵʥʪʨʦʧʠʡʥʳʭ ʤʝʨ 

ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚè, ʨʫʢʦʚʦʜʠʪʝʣʴ. 

6. ɻʨʘʥʪ ʈʌʌʀ ˉ 18-47-730022 çʀʩʩʣʝʜʦʚʘʥʠʝ ʠ ʨʘʟʨʘʙʦʪʢʘ ʤʦʜʝʣʝʡ 

ʮʠʬʨʦʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʘ ʙʘʟʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭè, 

ʫʯʘʩʪʥʠʢ.  

7. ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʟʘʜʘʥʠʝ ˉ2.1182.2017 ʥʘ ʚʳʧʦʣʥʝʥʠʝ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʨʘʙʦʪ ʚ ʩʬʝʨʝ ʥʘʫʯʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʄʠʥʦʙʨʥʘʫʢʠ 

ʈʦʩʩʠʠ ʧʦ ʧʨʦʝʢʪʫ çʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʠ ʩʨʝʜʩʪʚ ʘʚʪʦʤʘʪʠʟʘʮʠʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ ʘʛʨʝʛʘʪʥʦ-ʩʙʦʨʦʯʥʦʛʦ 

ʩʘʤʦʣʝʪʦʩʪʨʦʠʪʝʣʴʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ ʫʩʣʦʚʠʷʭ ʤʫʣʴʪʠʧʨʦʜʫʢʪʦʚʦʡ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʧʨʦʛʨʘʤʤʳè, ʫʯʘʩʪʥʠʢ. 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ  

ɺ ʭʦʜʝ ʚʳʧʦʣʥʝʥʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣʠ ʧʦʜʪʚʝʨʞʜʝʥʳ 
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ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʥʘʫʯʥʳʭ ʧʦʣʦʞʝʥʠʡ, ʚʳʚʦʜʦʚ ʠ ʨʝʢʦʤʝʥʜʘʮʠʡ. ʊʘʢʞʝ 

ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʥʘʫʯʥʳʭ ʧʦʣʦʞʝʥʠʡ, ʚʳʚʦʜʦʚ ʠ ʨʝʢʦʤʝʥʜʘʮʠʡ ʙʳʣʠ 

ʧʦʜʪʚʝʨʞʜʝʥʳ ʨʝʟʫʣʴʪʘʪʘʤʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʦʟʜʘʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʠ ʤʝʪʦʜʠʢ 

ʚ ʧʨʦʛʨʘʤʤʝ ʙʘʣʘʥʩʠʨʦʚʢʝ ʤʦʱʥʦʩʪʝʡ ʜʣʷ ʧʨʝʜʧʨʠʷʪʠʷ ʇɸʆ çʀʣè ï 

ɸʚʠʘʩʪʘʨ. 

ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ 

1. ʄʦʜʝʣʴ ʠ ʘʣʛʦʨʠʪʤ ʙʘʣʘʥʩʠʨʦʚʢʠ ʤʦʱʥʦʩʪʝʡ ʥʘ ʦʩʥʦʚʝ ʧʨʠʤʝʥʝʥʠʷ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʠ 

ʦʥʪʦʣʦʛʠʡ ʚ ʟʘʜʘʯʘʭ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ 

ʧʦʜʛʦʪʦʚʢʠ ʘʚʠʘʩʪʨʦʠʪʝʣʴʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʷʚʣʷʶʪʩʷ 

ʨʝʟʫʣʴʪʘʪʠʚʥʳʤʠ. 

2. ɸʣʛʦʨʠʪʤʳ ʧʦʠʩʢʘ ʘʥʦʤʘʣʠʡ ʚ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʚʨʝʤʝʥʥʳʭ ʨʷʜʘʭ 

ʧʦʟʚʦʣʷʶʪ ʫʩʧʝʰʥʦ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʪʝʭʥʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʟʘʜʘʯʘʭ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ 

ʧʦʜʛʦʪʦʚʢʠ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

3. ʄʦʜʝʣʴ ʵʥʪʨʦʧʠʡʥʦʛʦ ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ ʨʝʟʫʣʴʪʘʪʠʚʥʘ ʜʣʷ ʟʘʜʘʯ 

ʧʦʠʩʢʘ ʘʥʦʤʘʣʠʡ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʦʚʝʜʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦ-

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. 

4. ɸʣʛʦʨʠʪʤ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʵʥʪʨʦʧʠʡʥʳʭ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʝʨʝʤʝʥʥʳʭ ʤʦʜʝʣʠ ʙʘʣʘʥʩʠʨʦʚʢʠ ʤʦʱʥʦʩʪʝʡ ʜʣʷ 

ʟʘʜʘʯ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

5. ʇʨʦʛʨʘʤʤʥʘʷ ʩʠʩʪʝʤʘ ʙʘʣʘʥʩʠʨʦʚʢʠ ʤʦʱʥʦʩʪʝʡ ʥʘ ʦʩʥʦʚʝ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ ʠ ʦʥʪʦʣʦʛʠʡ ʩʦʢʨʘʱʘʝʪ ʩʨʦʢʠ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ 

ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ ʠ ʨʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 
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ʞʫʨʥʘʣʘʭ ʠʟ ʇʝʨʝʯʥʷ, ʨʝʢʦʤʝʥʜʦʚʘʥʥʦʛʦ ɺɸʂ ʈʌ: çɸʚʪʦʤʘʪʠʟʘʮʠʷ ʧʨʦʮʝʩʩʦʚ 

ʫʧʨʘʚʣʝʥʠʷè, çʈʘʜʠʦʪʝʭʥʠʢʘè; ʜʦʢʣʘʜʳʚʘʣʠʩʴ, ʦʙʩʫʞʜʘʣʠʩʴ ʠ ʧʦʣʫʯʠʣʠ 

ʦʜʦʙʨʝʥʠʝ: ʥʘ 1-ʦʡ ʚʩʝʨʦʩʩʠʡʩʢʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 

"ʇʨʠʢʣʘʜʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ", ʋʣɻʊʋ-2014, 49ʡ ʅʘʫʯʥʦ-

ʪʝʭʥʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çɺʫʟʦʚʩʢʘʷ ʥʘʫʢʘ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭè, 

ʋʣɻʊʋ-2015, 2-ʦʡ ʚʩʝʨʦʩʩʠʡʩʢʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 

"ʇʨʠʢʣʘʜʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ", ʋʣɻʊʋ-2015, 7-ʡ ɺʩʝʨʦʩʩʠʡʩʢʦʡ 

ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʘʩʧʠʨʘʥʪʦʚ, ʩʪʫʜʝʥʪʦʚ ʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ 

ʀɺʊ-2015, VIII-ʦʡ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 

çʀʥʪʝʛʨʠʨʦʚʘʥʥʳʝ ʤʦʜʝʣʠ ʠ ʤʷʛʢʠʝ ʚʳʯʠʩʣʝʥʠʷ ʚ ʠʩʢʫʩʩʪʚʝʥʥʦʤ ʠʥʪʝʣʣʝʢʪʝè 

(18-20 ʤʘʷ 2015 ʛ., ʂʦʣʦʤʥʘ), ʇʷʪʥʘʜʮʘʪʦʡ ʥʘʮʠʦʥʘʣʴʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʧʦ 

ʠʩʢʫʩʩʪʚʝʥʥʦʤʫ ʠʥʪʝʣʣʝʢʪʫ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ ʂʀʀ-2016, 50ʡ 

ʅʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çɺʫʟʦʚʩʢʘʷ ʥʘʫʢʘ ʚ ʩʦʚʨʝʤʝʥʥʳʭ 

ʫʩʣʦʚʠʷʭè, ʋʣɻʊʋ-2016,  3-ʝʡ ʚʩʝʨʦʩʩʠʡʩʢʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ "ʇʨʠʢʣʘʜʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ", ʋʣɻʊʋ-2016, ʚʦ 

ʚʪʦʨʦʡ ʈʦʩʩʠʡʩʢʦ-ʊʠʭʦʦʢʝʘʥʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʧʦ ʂʦʤʧʴʶʪʝʨʥʳʤ 

ʊʝʭʥʦʣʦʛʠʷʤ ʠ ʇʨʠʣʦʞʝʥʠʷʤ (RPC 2017), 2ʦʡ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ çIntelligent information technologies for industryè (2017), IV 

ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʠ ʤʦʣʦʜʸʞʥʦʡ ʰʢʦʣʝ çʀʥʬʦʨʤʘʮʠʦʥʥʳʝ 

ʪʝʭʥʦʣʦʛʠʠ ʠ ʥʘʥʦʪʝʭʥʦʣʦʛʠʠè (ʀʊʅʊ-2018), ʐʝʩʪʥʘʜʮʘʪʦʡ ʥʘʮʠʦʥʘʣʴʥʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ ʧʦ ʠʩʢʫʩʩʪʚʝʥʥʦʤʫ ʠʥʪʝʣʣʝʢʪʫ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ 

ʂʀʀ-2018 (2018), ʚ ʪʨʝʪʴʝʡ ʈʦʩʩʠʡʩʢʦ-ʊʠʭʦʦʢʝʘʥʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʧʦ 

ʂʦʤʧʴʶʪʝʨʥʳʤ ʊʝʭʥʦʣʦʛʠʷʤ ʠ ʇʨʠʣʦʞʝʥʠʷʤ (RPC 2018), V ʤʝʞʜʫʥʘʨʦʜʥʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ ʠ ʤʦʣʦʜʸʞʥʦʡ ʰʢʦʣʝ çʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠ 

ʥʘʥʦʪʝʭʥʦʣʦʛʠʠè (ʀʊʅʊ-2019), V ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʇʦʩʧʝʣʦʚʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 

ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ çɻʠʙʨʠʜʥʳʝ ʠ ʩʠʥʝʨʛʝʪʠʯʝʩʢʠʝ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʩʠʩʪʝʤʳè (2020). 

 ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ ʠ ʨʝʟʫʣʴʪʘʪʳ ʥʝʦʜʥʦʢʨʘʪʥʦ ʜʦʢʣʘʜʳʚʘʣʠʩʴ ʠ 

ʦʙʩʫʞʜʘʣʠʩʴ ʥʘ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʢʦʥʬʝʨʝʥʮʠʷʭ ʋʣɻʊʋ çɺʫʟʦʚʩʢʘʷ ʥʘʫʢʘ 

ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭè. 
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ʅʘʫʯʥʳʝ ʧʫʙʣʠʢʘʮʠʠ 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʙʦʪʳ ʙʳʣʦ ʦʧʫʙʣʠʢʦʚʘʥʦ 19 ʩʪʘʪʝʡ, ʚ ʪʦʤ ʯʠʩʣʝ, 10 ʚ 

ʞʫʨʥʘʣʘʭ ʠʟ ʇʝʨʝʯʥʷ, ʨʝʢʦʤʝʥʜʦʚʘʥʥʦʛʦ ɺɸʂ ʈʌ, 5 ʧʫʙʣʠʢʘʮʠʡ ʚ ʠʟʜʘʥʠʷʭ, 

ʠʥʜʝʢʩʠʨʫʝʤʳʭ ʚ Scopus ʠ Web of Science, 9 ʚ ʤʘʪʝʨʠʘʣʘʭ ʥʘʫʯʥʳʭ 

ʢʦʥʬʝʨʝʥʮʠʡ. ʇʦʣʫʯʝʥʦ 5 ʩʚʠʜʝʪʝʣʴʩʪʚ ʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. 

ʃʠʯʥʳʡ ʚʢʣʘʜ 

ɺʩʝ ʨʝʟʫʣʴʪʘʪʳ, ʩʦʩʪʘʚʣʷʶʱʠʝ ʩʦʜʝʨʞʘʥʠʝ ʜʠʩʩʝʨʪʘʮʠʠ, ʧʦʣʫʯʝʥʳ 

ʘʚʪʦʨʦʤ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ. ʇʦʜʛʦʪʦʚʢʘ ʢ ʧʫʙʣʠʢʘʮʠʠ ʥʝʢʦʪʦʨʳʭ ʨʝʟʫʣʴʪʘʪʦʚ 

ʧʨʦʚʦʜʠʣʘʩʴ ʩʦʚʤʝʩʪʥʦ ʩ ʩʦʘʚʪʦʨʘʤʠ, ʧʨʠʯʝʤ ʚʢʣʘʜ ʩʦʠʩʢʘʪʝʣʷ ʙʳʣ 

ʦʧʨʝʜʝʣʷʶʱʠʤ. 

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʜʠʩʩʝʨʪʘʮʠʠ 

ɼʠʩʩʝʨʪʘʮʠʷ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, ʯʝʪʳʨʝʭ ʛʣʘʚ, ʟʘʢʣʶʯʝʥʠʷ, ʩʧʠʩʢʘ 

ʠʩʧʦʣʴʟʦʚʘʥʥʦʡ ʣʠʪʝʨʘʪʫʨʳ ʠ ʧʨʠʣʦʞʝʥʠʡ. ʆʩʥʦʚʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʨʘʙʦʪʳ 

ʠʟʣʦʞʝʥʦ ʥʘ 250 ʩʪʨʘʥʠʮʘʭ, ʚʢʣʶʯʘʷ 59 ʨʠʩʫʥʢʦʚ ʠ 16 ʪʘʙʣʠʮ. ʉʧʠʩʦʢ 

ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʩʦʩʪʦʠʪ ʠʟ 170 ʥʘʠʤʝʥʦʚʘʥʠʡ.   
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ɻʃɸɺɸ 1. ʉʈɸɺʅʀʊɽʃʔʅʓʁ ɸʅɸʃʀɿ ʄɽʊʆɼʆɺ ʀ 

ʉʈɽɼʉʊɺ ɸɺʊʆʄɸʊʀɿʀʈʆɺɸʅʅʆʁ 

ʊɽʍʅʆʃʆɻʀʏɽʉʂʆʁ ʇʆɼɻʆʊʆɺʂʀ 

ʇʈʆʀɿɺʆɼʉʊɺɸ 

1.1. ɸʥʘʣʠʟ ʤʝʪʦʜʦʚ ʠ ʩʨʝʜʩʪʚ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʩʨʝʜʩʪʚ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʙʘʣʘʥʩʠʨʦʚʢʠ ʤʦʱʥʦʩʪʝʡ 

1.1.1. ɸʥʘʣʠʟ ʤʝʪʦʜʦʚ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ 

ʧʦʜʛʦʪʦʚʢʠ ʧʨʦʠʟʚʦʜʩʪʚʘ 

1.1.1.1. ɸʥʘʣʠʟ ʥʦʨʤʘʪʠʚʥʦʡ ʙʘʟʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʧʦʜʛʦʪʦʚʢʘ ʧʨʦʠʟʚʦʜʩʪʚʘ (ʜʘʣʝʝ ʧʦ ʪʝʢʩʪʫ ʊʇʇ) ï 

ʧʨʦʮʝʩʩ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʦʙʦʡ ʢʦʤʧʣʝʢʩ ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʳʭ ʨʘʙʦʪ 

ʢʦʥʩʪʨʫʢʪʦʨʩʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʭʘʨʘʢʪʝʨʘ, ʧʨʝʜʦʩʪʘʚʣʷʶʱʠʡ ʚʦʟʤʦʞʥʦʩʪʴ 

ʚʳʧʦʣʥʝʥʠʶ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʠʟʜʝʣʠʡ, ʦʪʚʝʯʘʶʱʠʭ ʪʨʝʙʦʚʘʥʠʷʤ ʟʘʢʘʟʯʠʢʘ ʠʣʠ ʨʳʥʢʘ ʜʘʥʥʦʛʦ ʢʣʘʩʩʘ 

ʠʟʜʝʣʠʡ [1]. 

ʊʇʇ ʩʦʩʪʦʠʪ ʠʟ ʩʣʝʜʫʶʱʠʭ ʦʩʥʦʚʥʳʭ ʧʨʦʮʝʜʫʨ ʩ ʛʨʫʧʧʠʨʦʚʢʦʡ ʧʦ 

ʚʠʜʘʤ ʜʝʷʪʝʣʴʥʦʩʪʠ [2]: 

¶ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʧʣʘʥʠʨʦʚʘʥʠʝ ʮʝʭʦʚ ʦʩʥʦʚʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʘ 

ʦʩʥʦʚʝ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʙʘʣʘʥʩʠʨʦʚʢʠ ʤʦʱʥʦʩʪʝʡ; 

¶ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʧʨʦʨʘʙʦʪʢʘ ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ(ʂɼ); 

¶ ʧʣʘʥʠʨʦʚʘʥʠʝ, ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ, ʠʟʛʦʪʦʚʣʝʥʠʝ ʠ ʧʣʘʥʦʚʦ-

ʧʨʝʜʫʧʨʝʜʠʪʝʣʴʥʳʡ ʨʝʤʦʥʪ (ʜʘʣʝʝ ʇʇʈ) ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʦʩʥʘʩʪʢʠ ʥʘ ʦʩʥʦʚʝ ʜʠʘʛʥʦʩʪʠʢʠ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʩʦʩʪʦʷʥʠʷ;  



20 

 

¶ ʫʧʨʘʚʣʝʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʝʡ; 

¶ ʦʨʛʘʥʠʟʘʮʠʷ ʧʦʜʛʦʪʦʚʢʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢ ʧʨʦʚʝʜʝʥʠʶ ʥʘʟʝʤʥʳʭ ʠ 

ʣʝʪʥʳʭ ʠʩʧʳʪʘʥʠʡ ʠ ʧʦʩʣʝʜʫʶʱʝʤʫ ʩʦʧʨʦʚʦʞʜʝʥʠʶ ʘʚʠʘʮʠʦʥʥʦʡ 

ʪʝʭʥʠʢʠ (ʜʘʣʝʝ ɸʊ). 

ʇʨʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʧʣʘʥʠʨʦʚʘʥʠʠ ʮʝʭʦʚ ʦʩʥʦʚʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʧʨʠʤʝʥʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʚʠʜʳ ʨʘʙʦʪ [3]: 

1. ʨʘʩʯʝʪ ʩʤʝʪʳ ʟʘʪʨʘʪ ʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ ʧʦʜʛʦʪʦʚʢʫ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʠʟʜʝʣʠʷ; 

2. ʨʘʟʨʘʙʦʪʢʘ ʮʠʢʣʦʚʳʭ ʛʨʘʬʠʢʦʚ ʩʙʦʨʢʠ, ʤʦʥʪʘʞʘ ʠ ʠʩʧʳʪʘʥʠʡ 

ʘʛʨʝʛʘʪʦʚ ʠ ʠʟʜʝʣʠʷ; 

3. ʨʘʟʨʘʙʦʪʢʘ ʜʦʢʫʤʝʥʪʘʮʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʩʙʦʨʦʯʥʦ-

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʪʘ (ʉʊʂ) ʠ ʛʨʫʧʧ ʦʧʝʨʝʞʝʥʠʷ (ʜʘʣʝʝ ʧʦ 

ʪʝʢʩʪʫ ï ɻʆ); 

4. ʨʘʟʨʘʙʦʪʢʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʮʝʭʦʚ ʦʩʥʦʚʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ; 

5. ʨʘʩʯʝʪ ʧʝʨʝʯʥʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ; 

6. ʨʘʟʨʘʙʦʪʢʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʣʘʥʠʨʦʚʦʢ; 

7. ʬʦʨʤʠʨʦʚʘʥʠʝ ʟʘʷʚʦʢ ʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ. 

ʎʠʢʣʦʚʦʡ ʛʨʘʬʠʢ ʩʙʦʨʢʠ ï ʪʝʭʥʠʯʝʩʢʠʡ ʜʦʢʫʤʝʥʪ, ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʥʘ 

ʦʩʥʦʚʝ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʣʘʥ-ʛʨʘʬʠʢʘ (ʂʇɻ), ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ, 

ʜʠʨʝʢʪʠʚʥʳʭ ʜʘʥʥʳʭ ʦʙ ʦʙʲʝʤʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʧʨʦʛʨʘʤʤʳ ʚʳʧʫʩʢʘ 

ʠʟʜʝʣʠʡ ʠ ʪʨʫʜʦʝʤʢʦʩʪʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʘʛʨʝʛʘʪʦʚ ʠ ʠʟʜʝʣʠʷ [4]. 

ʇʝʨʝʯʥʠ ʉʊʂ ʠ ʛʨʫʧʧ ʦʧʝʨʝʞʝʥʠʷ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʢʦʤʧʣʝʢʪʥʦʡ, ʧʣʘʥʦʚʦʡ ʠ ʜʠʩʧʝʪʯʝʨʩʢʦʡ ʨʘʙʦʪʳ ʮʝʭʦʚ ʠ ʧʨʝʜʧʨʠʷʪʠʷ. ʉʊʂ ʚ 

ʩʦʚʦʢʫʧʥʦʩʪʠ ʩ ɻʆ ʦʧʨʝʜʝʣʷʶʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʢʦʤʧʣʝʢʪʘʮʠʠ ʠ ʩʙʦʨʢʠ 

ʠʟʜʝʣʠʷ.  

ʊʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʮʝʭʘ ï ʜʦʢʫʤʝʥʪ, ʦʧʨʝʜʝʣʷʶʱʠʡ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʬʠʣʴ ʮʝʭʘ, ʨʫʢʦʚʦʜʷʱʠʡ ʤʘʪʝʨʠʘʣ ʧʨʠ ʨʘʩʧʨʝʜʝʣʝʥʠʠ 
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ʦʙʲʝʤʦʚ ʨʘʙʦʪ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ ʜʝʪʘʣʝʡ, ʩʙʦʨʦʯʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʘʛʨʝʛʘʪʦʚ ʠ 

ʠʟʜʝʣʠʡ ʚ ʮʝʣʦʤ.   

ʊʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʧʨʦʨʘʙʦʪʢʘ ʂɼ ʚ ʧʨʦʮʝʩʩʝ ʧʦʩʪʘʥʦʚʢʠ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ 

ʥʦʚʦʛʦ ʠʟʜʝʣʠʷ ʠ ʧʨʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʠʟʤʝʥʝʥʠʷʭ ʚ ʧʨʦʮʝʩʩʝ ʩʝʨʠʡʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʩʣʝʜʫʶʱʠʝ ʵʪʘʧʳ ʨʘʙʦʪ [5]:  

¶ ʨʘʩʮʝʭʦʚʢʘ ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʝʪʘʣʝʡ ʠ ʩʙʦʨʦʯʥʳʭ ʝʜʠʥʠʮ (ʉɹɽ); 

¶ ʨʘʟʨʘʙʦʪʢʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʤʘʨʰʨʫʪʘ; 

¶ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʝ ʥʦʨʤʠʨʦʚʘʥʠʝ ʨʘʩʭʦʜʘ ʤʘʪʝʨʠʘʣʦʚ; 

¶ ʧʨʦʨʘʙʦʪʢʘ ʂɼ ʠʟʜʝʣʠʷ ʥʘ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʴ; 

¶ ʦʧʨʝʜʝʣʝʥʠʝ ʢʦʤʧʣʝʢʪʘ ʩʨʝʜʩʪʚ ʉʊʆ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʠʟʜʝʣʠʷ ʛʦʣʦʚʥʳʭ ʩʝʨʠʡ;    

¶ ʦʧʨʝʜʝʣʝʥʠʝ ʨʘʮʠʦʥʘʣʴʥʳʭ ʠ ʩʦʛʣʘʩʦʚʘʥʥʳʭ ʤʝʞʮʝʭʦʚʳʭ ʫʩʣʦʚʠʡ 

ʧʦʩʪʘʚʢʠ ʜʝʪʘʣʝʡ ʠ ʩʙʦʨʦʯʥʳʭ ʝʜʠʥʠʮ; 

¶ ʦʬʦʨʤʣʝʥʠʝ ʚʝʜʦʤʦʩʪʠ ʧʦʜʛʦʪʦʚʢʠ ʧʨʦʠʟʚʦʜʩʪʚʘ (ɺʇʇ) ʠ 

ʚʝʜʦʤʦʩʪʠ ʧʣʘʟʦʚʦ-ʰʘʙʣʦʥʥʦʡ ʦʩʥʘʩʪʢʠ (ɺʇʐʆ) ʥʘ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠ ʠʟʛʦʪʦʚʣʝʥʠʝ ʩʨʝʜʩʪʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʦʩʥʘʱʝʥʠʷ. 

ʆʩʥʦʚʥʳʤʠ ʟʘʜʘʯʘʤʠ ʧʣʘʥʠʨʦʚʘʥʠʷ, ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʠʟʛʦʪʦʚʣʝʥʠʷ ʠ 

ʇʇʈ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʦʩʥʘʩʪʢʠ ʷʚʣʷʶʪʩʷ: 

¶ ʦʙʝʩʧʝʯʝʥʠʝ ʚʳʧʦʣʥʝʥʠʷ ʧʦʜʛʦʪʦʚʢʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠʟʜʝʣʠʷ ʚ ʩʨʦʢʠ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʣʘʥ-ʛʨʘʬʠʢʘ; 

¶ ʢʦʦʨʜʠʥʘʮʠʷ ʨʘʙʦʪʳ ʚʩʝʭ ʧʦʜʨʘʟʜʝʣʝʥʠʡ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ 

ʧʦʜʛʦʪʦʚʢʝ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ʊʇʇ ʩʚʷʟʘʥʘ ʩʦ ʩʪʘʜʠʷʤʠ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʧʨʦʜʫʢʪʘ, ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ 

ʧʨʦʚʝʜʝʥʠʝ ʨʘʙʦʪ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠʟʜʝʣʠʡ, ʠʟʛʦʪʦʚʣʝʥʠʠ ʦʧʳʪʥʳʭ 

ʦʙʨʘʟʮʦʚ ʠ ʝʜʠʥʠʯʥʳʭ ʠʟʜʝʣʠʡ, ʧʦʩʪʘʥʦʚʢʝ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʩʝʨʠʡʥʳʭ 

ʠʟʜʝʣʠʡ. 
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ɿʘʜʘʯʘ ʊʇʇ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠʟʜʝʣʠʷ ʷʚʣʷʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʦʧʨʝʜʝʣʷʶʱʠʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʨʝʰʝʥʠʡ ʧʦ ʝʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʫ. 

ʆʩʥʦʚʥʘʷ ʮʝʣʴ ʊʇʇ ï ʵʪʦ ʦʙʝʩʧʝʯʝʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʛʦʪʦʚʥʦʩʪʠ 

ʧʨʦʠʟʚʦʜʩʪʚʘ (ʊɻʇ). ʇʦʜ ʊɻʇ ʧʦʜʨʘʟʫʤʝʚʘʝʪʩʷ, ʯʪʦ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ ʠʤʝʝʪʩʷ 

ʧʦʣʥʳʭ ʥʘʙʦʨ ʜʦʢʫʤʝʥʪʦʚ (ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʭ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ), ʩʨʝʜʩʪʚʘ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʩʥʘʱʝʥʠʷ, ʢʦʪʦʨʳʝ ʪʨʝʙʫʶʪʩʷ ʜʣʷ ʚʳʧʫʩʢʘ 

ʟʘʧʣʘʥʠʨʦʚʘʥʥʦʛʦ ʦʙʲʝʤʘ ʧʨʦʜʫʢʮʠʠ ʧʦʜ ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʪʝʭʥʠʢʦ-

ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ.   

ɺ ʧʨʦʮʝʩʩʝ ʧʨʦʚʝʜʝʥʠʷ ʊʇʇ ʦʧʳʪʥʳʭ ʵʢʟʝʤʧʣʷʨʦʚ ʠʣʠ ʝʜʠʥʠʯʥʳʭ 

ʠʟʜʝʣʠʡ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ [6]: 

¶ ʦʪʨʘʙʦʪʢʘ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ, ʦʧʨʝʜʝʣʷʶʱʠʭ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʨʝʰʝʥʠʡ ʧʦ ʠʟʛʦʪʦʚʣʝʥʠʶ 

ʠʟʜʝʣʠʷ; 

¶ ʦʙʝʩʧʝʯʝʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʛʦʪʦʚʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢ 

ʠʟʛʦʪʦʚʣʝʥʠʶ ʜʣʷ ʧʨʠʝʤʦʯʥʳʭ ʠʩʧʳʪʘʥʠʡ ʦʧʳʪʥʳʭ ʦʙʨʘʟʮʦʚ, 

ʝʜʠʥʠʯʥʳʭ ʠ ʜʨʫʛʠʭ ʠʟʜʝʣʠʡ, ʧʦʜʣʝʞʘʱʠʭ ʧʨʦʤʳʰʣʝʥʥʦʤʫ 

ʦʩʚʦʝʥʠʶ. 

ʂʨʠʪʝʨʠʝʤ ʟʘʚʝʨʰʝʥʥʦʩʪʠ ʊʇʇ ʦʧʳʪʥʳʭ ʦʙʨʘʟʮʦʚ ʠ ʝʜʠʥʠʯʥʳʭ ʠʟʜʝʣʠʡ 

ʷʚʣʷʝʪʩʷ ʬʘʢʪʠʯʝʩʢʦʝ ʚʳʧʦʣʥʝʥʠʝ ʨʘʙʦʪ, ʧʨʝʜʫʩʤʦʪʨʝʥʥʳʭ ʧʣʘʥʦʤ, 

ʧʦʜʪʚʝʨʞʜʝʥʥʦʝ ʦʮʝʥʢʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʛʦʪʦʚʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢ 

ʠʟʛʦʪʦʚʣʝʥʠʶ ʠʟʜʝʣʠʡ ʜʣʷ ʧʨʠʝʤʦʯʥʳʭ ʠʩʧʳʪʘʥʠʡ, ʢʦʪʦʨʫʶ ʚʳʧʦʣʥʷʝʪ 

ʠʟʛʦʪʦʚʠʪʝʣʴ ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ, ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ, ʥʝʟʘʚʠʩʠʤʳʭ ʵʢʩʧʝʨʪʦʚ ʠʟ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʨʛʘʥʠʟʘʮʠʡ, ʝʩʣʠ ʦʥʠ ʥʝ ʫʯʘʩʪʚʫʶʪ ʚ ʊʇʇ. 

ʂ ʟʘʜʘʯʘʤ ʊʇʇ ʩʝʨʠʡʥʳʭ ʠʟʜʝʣʠʡ ʦʪʥʦʩʷʪʩʷ ʟʘʜʘʯʠ ʦʙʝʩʧʝʯʝʥʠʷ ʊɻʇ ʢ 

ʠʟʛʦʪʦʚʣʝʥʠʶ ʟʘʧʫʩʢʘʝʤʳʭ ʚ ʧʨʦʠʟʚʦʜʩʪʚʦ ʠʟʜʝʣʠʡ, ʘ ʪʘʢʞʝ ʠʟʜʝʣʠʡ, ʨʘʥʝʝ 

ʦʩʚʦʝʥʥʳʭ ʜʨʫʛʠʤʠ ʠʟʛʦʪʦʚʠʪʝʣʷʤʠ ʠʣʠ ʠʟʛʦʪʘʚʣʠʚʘʝʤʳʭ ʧʦ ʪʝʭʥʠʯʝʩʢʦʡ 

ʜʦʢʫʤʝʥʪʘʮʠʠ ʠʥʦʩʪʨʘʥʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ. 
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ʂʨʠʪʝʨʠʝʤ ʟʘʚʝʨʰʝʥʥʦʩʪʠ ʊʇʇ ʩʝʨʠʡʥʳʭ ʠʟʜʝʣʠʡ ʷʚʣʷʝʪʩʷ 

ʬʘʢʪʠʯʝʩʢʦʝ ʚʳʧʦʣʥʝʥʠʝ ʨʘʙʦʪ, ʧʨʝʜʫʩʤʦʪʨʝʥʥʳʭ ʧʣʘʥʦʤ, ʧʦʜʪʚʝʨʞʜʝʥʥʦʝ 

ʦʮʝʥʢʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʛʦʪʦʚʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢ ʠʟʛʦʪʦʚʣʝʥʠʶ ʩʝʨʠʡʥʳʭ 

ʠʟʜʝʣʠʡ. 

ʇʦʤʠʤʦ ʫʢʘʟʘʥʥʳʭ ʚʳʰʝ ʬʫʥʢʮʠʡ ʊʇʇ ʪʘʢʞʝ ʠʤʝʶʪʩʷ ʩʣʝʜʫʶʱʠʝ: 

1. ʦʙʝʩʧʝʯʝʥʠʝ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʠ ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʠ; 

2. ʨʘʩʮʝʭʦʚʢʘ ʜʝʪʘʣʝʡ ʠ ʩʙʦʨʦʯʥʳʭ ʝʜʠʥʠʮ ʩ ʮʝʣʴʶ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʦʙʲʝʤʦʚ ʨʘʙʦʪ ʤʝʞʜʫ ʮʝʭʘʤʠ ʦʩʥʦʚʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʝʜʧʨʠʷʪʠʷ; 

3. ʦʨʛʘʥʠʟʘʮʠʷ ʠ ʫʧʨʘʚʣʝʥʠʝ ʊʇʇ. 

ʊʇʇ ʧʨʦʚʦʜʠʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤʠ 

ʩʪʘʥʜʘʨʪʘʤʠ ɽʜʠʥʦʡ ʩʠʩʪʝʤʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʘʤʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ ʧʨʦʠʟʚʦʜʩʪʚʘ (ɽʉʊʇʇ). 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʧʦʜʛʦʪʦʚʢʘ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʩʦʛʣʘʩʥʦ ɽʉʊʇʇ, ʜʦʣʞʥʘ 

ʧʨʦʚʦʜʠʪʴʩʷ ʧʦ ʢʘʣʝʥʜʘʨʥʦʤʫ ʧʣʘʥʫ, ʊʇʇ ʧʨʦʚʦʜʠʪʩʷ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ 

ʫʩʪʘʥʦʚʣʝʥʥʦʤʫ ʪʠʧʫ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ 

ʧʨʝʜʧʨʠʷʪʠʷ. 

ʆʨʛʘʥʠʟʘʮʠʦʥʥʫʶ, ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ ʠ ʪʝʭʥʠʯʝʩʢʫʶ ʩʦʚʤʝʩʪʠʤʦʩʪʴ 

ʨʘʙʦʪ ʊʇʇ ʦʙʝʩʧʝʯʠʚʘʶʪ ʥʘ ʦʩʥʦʚʝ ʧʨʠʤʝʥʝʥʠʷ: ʨʘʮʠʦʥʘʣʴʥʳʭ 

ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʠ ʪʠʧʦʨʘʟʤʝʨʥʳʭ ʨʷʜʦʚ ʦʙʲʝʢʪʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ (ʠʟʜʝʣʠʡ), 

ʪʠʧʦʚʳʭ ʢʦʥʩʪʨʫʢʪʦʨʩʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʨʝʰʝʥʠʡ, 

ʪʨʝʙʦʚʘʥʠʡ ʜʝʡʩʪʚʫʶʱʝʡ ʥʦʨʤʘʪʠʚʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ, 

ʧʨʦʛʨʝʩʩʠʚʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʥʘ ʦʩʥʦʚʝ ʝʜʠʥʳʭ ʙʘʟ 

ʢʦʥʩʪʨʫʢʪʦʨʩʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʤʝʪʦʜʦʚ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʠ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʊʇʇ, ʤʝʪʦʜʦʚ ʩʝʪʝʚʦʛʦ 

ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʊʇʇ. 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʧʦʜʛʦʪʦʚʢʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʦʚʦʜʠʪʩʷ ʩʦʛʣʘʩʥʦ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʣʘʥ-ʛʨʘʬʠʢʘ ʧʦʜʛʦʪʦʚʢʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʝʨʚʦʛʦ 

ʠʟʜʝʣʠʷ (ʜʘʣʝʝ ʧʦ ʪʝʢʩʪʫ ʂʇɻ). ɺʦʟʤʦʞʥʦ ʧʨʠʤʝʥʝʥʠʝ ʪʨʝʭ ʬʦʨʤ ʦʨʛʘʥʠʟʘʮʠʠ 

ʨʘʙʦʪ ʧʦ ʊʇʇ:  

¶ ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʘʷ,  
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¶ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʘʷ;  

¶ ʩʤʝʰʘʥʥʘʷ.  

ɼʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʘʷ ʬʦʨʤʘ ʊʇʇ ʧʨʠʤʝʥʷʝʪʩʷ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ 

ʝʜʠʥʠʯʥʦʛʦ ʠ ʤʝʣʢʦʩʝʨʠʡʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʄʝʪʦʜʠʯʝʩʢʦʝ ʨʫʢʦʚʦʜʩʪʚʦ 

ʦʩʫʱʝʩʪʚʣʷʶʪ ʧʦʜʨʘʟʜʝʣʝʥʠʷ ʛʣʘʚʥʦʛʦ ʤʝʪʘʣʣʫʨʛʘ (ʇɻʄʝʪ), ʛʣʘʚʥʦʛʦ 

ʪʝʭʥʦʣʦʛʘ (ʇɻʊ), ʛʣʘʚʥʦʛʦ ʩʚʘʨʱʠʢʘ (ʇɻʉ). ʊʘʢʞʝ ʦʥʠ ʧʨʦʚʦʜʷʪ ʨʘʙʦʪʳ ʧʦ 

ʪʠʧʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠ ʫʥʠʬʠʢʘʮʠʠ ʦʩʥʘʩʪʢʠ. ʅʘ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʙʶʨʦ ʮʝʭʦʚ (ʊɹ) ʚʦʟʣʘʛʘʶʪʩʷ ʧʨʦʯʠʝ ʨʘʙʦʪʳ. 

ʎʝʥʪʨʘʣʠʟʦʚʘʥʥʘʷ ʬʦʨʤʘ ʊʇʇ ʧʨʠʤʝʥʷʝʪʩʷ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ 

ʢʨʫʧʥʦʩʝʨʠʡʥʦʛʦ ʠ ʤʘʩʩʦʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʅʘ ʪʘʢʠʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ʊɹ 

ʟʘʥʠʤʘʶʪʩʷ ʚʥʝʜʨʝʥʠʝʤ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. 

ʉʤʝʰʘʥʥʘʷ ʬʦʨʤʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ ʩʝʨʠʡʥʦʤ ʪʠʧʝ ʧʨʦʠʟʚʦʜʩʪʚʘ. ɺ ʪʘʢʦʤ 

ʩʣʫʯʘʝ, ʊɹ ʚʳʧʦʣʥʷʶʪ ʨʘʟʨʘʙʦʪʢʫ ʦʧʝʨʘʮʠʦʥʥʳʭ ʨʘʙʦʯʠʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ. 

ɼʣʷ ʩʦʢʨʘʱʝʥʠʷ ʮʠʢʣʘ ʊʇʇ ʠ ʩʥʠʞʝʥʠʷ ʟʘʪʨʘʪ ʠʩʧʦʣʴʟʫʝʪʩʷ ɽʉʊʇʇ ʟʘ 

ʩʯʝʪ ʧʨʠʤʝʥʝʥʠʷ ʪʠʧʦʚʳʭ ʠ ʩʪʘʥʜʘʨʪʥʳʭ ʪʝʭʧʨʦʮʝʩʩʦʚ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

ɽʉʊʇʇ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʥʠʟʠʪʴ ʟʘʪʨʘʪʳ ʥʘ ʧʨʦʚʝʜʝʥʠʝ ʊʇʇ (ʚ ʩʨʝʜʥʝʤ, ʚ 

1,5-2 ʨʘʟʘ), ʫʚʝʣʠʯʠʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʪʨʫʜʘ ʨʘʙʦʪʥʠʢʦʚ (ʚ 

ʤʝʣʢʦʩʝʨʠʡʥʦʤ ʥʘ 30-35%, ʘ ʢʨʫʧʥʦʩʝʨʠʡʥʦʤ ʠ ʤʘʩʩʦʚʦʤ ʧʨʦʠʟʚʦʜʩʪʚʘʭ ʥʘ 

10-15%), ʫʣʫʯʰʠʪʴ ʪʝʭʥʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʢʘʯʝʩʪʚʦ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʨʦʜʫʢʮʠʠ [6-8]. 

ɸʩʩʦʮʠʘʪʠʚʥʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ CAD/CAM-ʩʠʩʪʝʤ 

ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ ʧʦʜʭʦʜʦʤ ʢ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʠ ʧʦʜʛʦʪʦʚʢʝ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʘʚʠʘʮʠʦʥʥʦʡ ʪʝʭʥʠʢʠ. ɺʥʝʜʨʝʥʠʝ ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ ʧʦʟʚʦʣʠʪ ʚʳʧʦʣʥʷʪʴ 

ʢʦʥʩʪʨʫʢʪʦʨʩʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ ʦʪʨʘʙʦʪʢʫ ʠʟʜʝʣʠʷ ʩ ʮʝʣʴʶ ʚʳʙʦʨʘ 

ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ (ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ, 

ʰʪʘʤʧʦʚʢʠ, ʩʚʘʨʢʠ, ʩʙʦʨʢʠ), ʜʣʷ ʧʦʜʙʦʨʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʦʩʥʘʱʝʥʠʷ ʠ ʚʳʙʦʨʘ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ [9]. 
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ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʩʪʦʷʥʥʦʛʦ ʫʣʫʯʰʝʥʠ ̫ ʦʨʛʘʥʠʟʘʮʠʠ ʥʝʦʙʭʦʜʠʤʦ 

ʚʚʦʜʠʪʴ ʤʝʞʜʫʥʘʨʦʜʥʳʝ ʩʪʘʥʜʘʨʪ rʀʉʆ 9001, ʀʉʆ/ʊʋ 16949, ʀʉʆ 14001, AS 

9100, OHSAS 18001, ʧʨʠʤʝʥʷʪʴ ʤʝʪʦʜʳ ʤʝʥʝʜʞʤʝʥʪʘ ʢʘʯʝʩʪʚʘ: çʘʥʘʣʠʟ ʚʠʜʦʚ, 

ʧʨʠʯʠʥ ʠ ʧʦʩʣʝʜʩʪʚʠʡ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʥʝʩʦʦʪʚʝʪʩʪʚʠʡè (FMEA) ʠ 

çʨʘʟʚʝʨʪʳʚʘʥʠʝ ʬʫʥʢʮʠʠ ʢʘʯʝʩʪʚʘè (QFD). ɼʘʥʥʳʝ ʚʥʝʜʨʝʥʠʷ ʧʦʟʚʦʣʷʶʪ 

ʦʨʛʘʥʠʟʘʮʠʷʤ ʨʘʟʚʠʚʘʪʴ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪ ɹʙʘʟʦʚʳʝ ʩʠʩʪʝʤʳ ʤʝʥʝʜʞʤʝʥʪʘ ʠ 

ʷʚʣʷʶʪʩʷ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʤʠ ʠʥʥʦʚʘʮʠʷʤʠ. ʊʘʢ, ʦʩʥʦʚʥʳʤ ʵʣʝʤʝʥʪʦʤ 

çʨʘʟʚʝʨʪʳʚʘʥʠ ̫ ʬʫʥʢʮʠʠ ʢʘʯʝʩʪʚʘè ʙʫʜʝʪ ʨʘʟʚʸʨʪʳʚʘʥʠʝ ʪʨʝʙʦʚʘʥʠʡ 

ʧʦʪʨʝʙʠʪʝʣʷ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ. ʈʝʟʫʣʴʪʘʪʦʤ ʪʘʢʦʛʦ ʨʘʟʚʝʨʪʳʚʘʥʠʷ ʙʫʜʝʪ 

ʜʦʩʪʠʞʝʥʠʝ ʪʝʭʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʦʪʚʝʯʘʶʱʠʭ 

ʦʞʠʜʘʥʠʷʤ ʧʦʪʨʝʙʠʪʝʣʷ. ʇʨʠ ʨʝʘʣʠʟʘʮʠʠ ʪʘʢʠʭ ʧʦʜʭʦʜʦʚ ʩʨʦʢʠ ʧʦʜʛʦʪʦʚʢʠ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʢ ʚʳʧʫʩʢʫ ʥʦʚʦʛʦ ʠʟʜʝʣʠʷ ʩʦʢʨʘʱʘʶʪʩʷ ʥʘ 30ï50%. 

ʂʣʶʯʝʚʳʤ ʬʘʢʪʦʨʦʤ, ʦʙʫʩʣʘʚʣʠʚʘʶʱʠʤ ʫʩʧʝʰʥʦʩʪʴ ʚʥʝʜʨʝʥʠʷ 

ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʚʳʩʪʫʧʘʶʪ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʧʨʝʜʧʨʠʷʪʠʝʤ. 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʪʝʭʥʦʣʦʛʠʡ, ʣʠʙʦ ʥʦʚʳʭ 

ʧʨʠʤʝʥʷʶʪʩʷ ʠʥʥʦʚʘʮʠʠ ʥʘ ʦʩʥʦʚʝ ʣʫʯʰʠʭ ʤʠʨʦʚʳʭ ʜʦʩʪʠʞʝʥʠʡ, 

ʧʨʦʧʠʩʘʥʥʳʭ ʚ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʩʪʘʥʜʘʨʪʘʭ ʠ ʤʝʪʦʜʘʭ ʤʝʥʝʜʞʤʝʥʪʘ ʢʘʯʝʩʪʚʘ. 

ʇʨʠʤʝʥʝʥʠʝ ʠʥʥʦʚʘʮʠʡ ʧʦʟʚʦʣʷʶʪ ʧʦʚʳʩʠʪʴ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ 

ʧʨʝʜʧʨʠʷʪʠʡ [10]. 

1.1.1.2. ɸʥʘʣʠʟ ʪʨʝʙʦʚʘʥʠʡ ʢ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʤ ʩʨʝʜʩʪʚʘʤ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʆʩʥʦʚʫ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ, ʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʘ ʨʦʩʩʠʡʩʢʠʭ ʧʨʝʜʧʨʠʷʪʠʭ ʟʘʢʣʘʜʳʚʘʶʪ ʨʝʢʦʤʝʥʜʘʮʠʠ ʈ 50-

54-5-87 çɽʉʊʇʇ ʈʘʟʨʘʙʦʪʢʘ ʛʨʘʬʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʩʠʩʪʝʤʳ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ ʧʨʦʠʟʚʦʜʩʪʚʘè [11] ʚʚʝʜʝʥʥʳʡ ʚʟʘʤʝʥ ɻʆʉʊ 

14.104-74 çɽʉʊʇʇ. ʇʨʘʚʠʣʘ ʨʘʟʨʘʙʦʪʢʠ ʛʨʘʬʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ 

ʤʦʜʝʣʠ ʩʠʩʪʝʤʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ ʧʨʦʠʟʚʦʜʩʪʚʘè [12].  

ʈʝʢʦʤʝʥʜʘʮʠʠ ʦʧʨʝʜʝʣʷʶʪ ʥʘʟʥʘʯʝʥʠʝ, ʩʪʨʫʢʪʫʨʫ ʠ ʧʨʘʚʠʣʘ ʨʘʟʨʘʙʦʪʢʠ 

ʛʨʘʬʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʩʠʩʪʝʤʳ ʊʇʇ. ʎʝʣʴʶ ʜʦʢʫʤʝʥʪʘ 
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ʷʚʣʷʝʪʩʷ ʨʘʟʲʷʩʥʝʥʠʝ ʚʩʝʤ ʩʦʪʨʫʜʥʠʢʘʤ, ʟʘʥʷʪʳʤ ʚ ʊʇʇ (ʨʫʢʦʚʦʜʠʪʝʣʠ 

ʦʪʨʘʩʣʝʚʳʭ ʦʪʜʝʣʦʚ, ʩʣʫʞʙ, ʘ ʪʘʢʞʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʮʝʭʦʚʳʝ ʪʝʭʥʦʣʦʛʠ ʠ 

ʪ.ʜ.), ʧʦʜʭʦʜʦʚ ʢ ʩʦʟʜʘʥʠʶ ʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʶ  ʛʨʘʬʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʊʇʇ 

[13, 14]. 

ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʦʜ ʪʝʨʤʠʥʦʤ çɻʨʘʬʠʯʝʩʢʘʷ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ 

ʩʠʩʪʝʤʳ ʊʇʇè ʧʦʜʨʘʟʫʤʝʚʘʝʪʩʷ ʩʠʩʪʝʤʥʦʝ ʦʧʠʩʘʥʠʝ ʧʨʦʮʝʩʩʘ ʧʦʜʛʦʪʦʚʢʠ 

ʧʨʦʠʟʚʦʜʩʪʚʘ, ʩ ʚʳʜʝʣʝʥʠʝʤ ʚʩʝʭ ʧʦʜʧʨʦʮʝʩʩʦʚ ʠ ʠʭ ʚʟʘʠʤʦʩʚʷʟʝʡ. 

ʇʦʜʦʙʥʘʷ ʛʨʘʬʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʩʣʫʞʠʪ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʩʣʝʜʫʶʱʠʭ 

ʮʝʣʝʡ: 

1. ʜʣʷ ʢʘʞʜʦʛʦ ʵʣʝʤʝʥʪʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʭʦʜʥʘʷ ʠ ʚʳʭʦʜʥʘʷ ʠʥʬʦʨʤʘʮʠʷ, 

ʨʝʰʘʶʪʩʷ ʚʦʧʨʦʩʳ ʝʜʠʥʦʦʙʨʘʟʠʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʩʦʚʦʢʫʧʥʦʩʪʠ ʵʪʦʡ 

ʠʥʬʦʨʤʘʮʠʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʟʘʜʘʯ 

ʚʥʫʪʨʠ ʩʠʩʪʝʤʳ; 

2. ʬʦʨʤʘʣʠʟʫʝʪʩʷ ʩʦʩʪʘʚ ʙʣʦʢʦʚ ʟʘʜʘʯ, ʜʣʷ ʨʝʰʝʥʠʷ ʚ ʩʠʩʪʝʤʝ ʧʨʠ ʊʇʇ; 

3. ʚʠʟʫʘʣʠʟʠʨʫʶʪʩʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʚʷʟʠ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʟʘʜʘʯ ʊʇʇ, 

ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʚʝʩʪʠ ʫʯʸʪ ʠ ʢʦʨʨʝʢʪʠʨʦʚʢʫ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʦʪʦʢʦʚ 

ʧʨʠ ʤʦʜʠʬʠʢʘʮʠʠ ʤʝʪʦʜʦʚ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʊʇʇ; 

4. ʬʦʨʤʠʨʫʶʪʩʷ ʫʢʨʫʧʥʝʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʜʣʷ ʤʝʪʦʜʦʚ ʨʝʰʝʥʠʷ ʟʘʜʘʯ 

ʊʇʇ; 

5. ʧʨʦʠʩʭʦʜʠʪ ʧʨʠʚʝʜʝʥʠʝ ʢ ʝʜʠʥʦʦʙʨʘʟʠʶ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ, 

ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʩʠʩʪʝʤʝ ʜʣʷ ʩʙʦʨʘ, ʭʨʘʥʝʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ 

ʠʥʬʦʨʤʘʮʠʠ; 

6. ʧʨʦʚʦʜʷʪ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʨʘʟʣʠʯʥʳʭ ʩʠʩʪʝʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ 

ʧʦʜʛʦʪʦʚʢʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩ ʮʝʣʴʶ ʫʩʪʘʥʦʚʣʝʥʠʷ ʦʙʱʥʦʩʪʠ ʨʘʟʣʠʯʠʡ 

ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʩʠʩʪʝʤʳ ʊʇʇ; 

7. ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʚʟʘʠʤʦʩʚʷʟʠ ʩʠʩʪʝʤʳ ʊʇʇ ʩ 

ʜʨʫʛʠʤʠ ʩʠʩʪʝʤʘʤʠ, ʘ ʪʦʤ ʯʠʩʣʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʦʡ 

ʫʧʨʘʚʣʝʥʠʷ ʢʘʯʝʩʪʚʦʤ; 

8. ʦʧʪʠʤʠʟʘʮʠʷ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦʡ ʩʪʨʫʢʪʫʨʳ ʩʣʫʞʙ ʊʇʇ. 
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ɼʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʩʣʦʞʥʳʭ ʧʨʦʮʝʩʩʦʚ ʊʇʇ ʧʨʠʤʝʥʷʶʪ ʢʦʥʮʝʧʮʠʶ 

ʮʠʬʨʦʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʇʦ ʩʫʪʠ, ʵʪʦ ʥʘʙʦʨ ʠʥʩʪʨʫʤʝʥʪʦʚ ʧʣʘʥʠʨʦʚʘʥʠʷ, 

ʧʨʦʚʝʨʢʠ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʥʘʭʦʜʷʱʘʝʩʷ ʚ 

ʝʜʠʥʦʡ ʚʠʨʪʫʘʣʴʥʦʡ ʩʨʝʜʝ [15, 16]. 

ɺ ʫʩʣʦʚʠʷʭ ʮʠʬʨʦʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʝʩʣʠ  ʧʨʦʠʟʚʦʜʩʪʚʦ ʦʙʝʩʧʝʯʝʥʦ 

ʟʘʢʘʟʘʤʠ ʠ ʧʨʦʮʝʩʩ ʠʟʛʦʪʦʚʣʝʥʠʷ ʩʝʨʠʡʥʳʡ, ʪʦ ʦʩʥʦʚʥʳʤʠ ʟʘʜʘʯʘʤʠ ʷʚʣʷʝʪʩʷ 

ʦʧʪʠʤʠʟʘʮʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʩʥʠʞʝʥʠʝ ʠʟʜʝʨʞʝʢ ʠ ʜʦʩʪʠʞʝʥʠʝ 

ʪʨʝʙʫʝʤʦʛʦ ʢʘʯʝʩʪʚʘ. ʇʝʨʚʳʝ ʜʚʘ ʧʫʥʢʪʘ ʨʝʘʣʠʟʫʶʪʩʷ ʦʧʪʠʤʘʣʴʥʦʡ ʟʘʛʨʫʟʢʦʡ, 

ʦʧʪʠʤʠʟʘʮʠʝʡ ʮʝʧʦʯʝʢ ʧʦʩʪʘʚʦʢ ʠ ʪ.ʜ. ʤʠʥʠʤʠʟʠʨʫ ̫ʧʨʦʩʪʦʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ 

ʧʝʨʩʦʥʘʣʘ. ɽʩʣʠ ʧʨʦʠʟʚʦʜʩʪʚʦ ʚ ʩʪʘʜʠʜʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ ʥʦʚʦʛʦ 

ʠʟʜʝʣʠʷ ï ʪʦ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʝʱʝ ʫʩʢʦʨʝʥʠʝ ʧʦʩʪʘʥʦʚʢʠ ʠʟʜʝʣʠʷ ʥʘ 

ʧʨʦʠʟʚʦʜʩʪʚʦ, ʩʦʢʨʘʱʝʥʠʝ ʦʧʳʪʥʳʭ ʦʙʨʘʟʮʦʚ. ʂʘʞʜʳʡ ʦʧʳʪʥʳʡ ʦʙʨʘʟʝʮ, ʠʣʠ 

ʧʨʦʚʝʨʢʘ ʨʝʰʝʥʠʡ çʚ ʤʝʪʘʣʣʝè ʧʨʠʚʦʜʠʪ ʢ ʥʝʦʧʨʘʚʜʘʥʥʳʤ ʟʘʪʨʘʪʘʤ, 

ʵʢʦʥʦʤʠʯʝʩʢʠ ʚʳʛʦʜʥʦ ʧʨʦʠʟʚʦʜʠʪʴ ʚʩʝ ʩ ʧʝʨʚʦʛʦ ʨʘʟʘ [17-20].  

ʆʩʥʦʚʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʮʠʬʨʦʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ [21]: 

1. ʉʦʟʜʘʥʠʝ ʠʥʩʪʨʫʢʮʠʡ (ʨʘʙʦʯʠʭ ʪʝʭʧʨʦʮʝʩʩʦʚ) 

2. ʌʦʨʤʠʨʦʚʘʥʠʝ ʩʚʷʟʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʠʥʩʪʨʫʢʮʠʡ 

3. ʇʣʘʥʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʩʙʦʨʢʠ 

4. ʉʠʤʫʣʷʮʠʷ ʧʨʦʮʝʩʩʘ ʩʙʦʨʢʠ 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ï ʪʝʨʤʠʥ ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʨʘʟʣʠʯʥʦʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʠʟʜʝʣʠʷ ʫ ʢʦʥʩʪʨʫʢʪʦʨʘ (ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʫʟʣʳ) ʠ 

ʪʝʭʥʦʣʦʛʘ (ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʵʪʘʧʳ). ʇʨʦʨʘʙʦʪʘʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʯʣʝʥʝʥʠʷ 

ʢʦʥʩʪʨʫʢʮʠʠ ï ʟʘʣʦʛ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʩʙʦʨʢʠ ʚ ʨʘʟʚʠʪʦʡ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʩʠʩʪʝʤʝ. ʅʘ ʧʨʦʮʝʩʩ ʨʘʟʙʠʝʥʠʷ ʢʦʥʩʪʨʫʢʮʠʠ ʠʤʝʝʪ ʙʦʣʴʰʦʝ 

ʚʣʠʷʥʠʝ ʦʩʥʘʱʝʥʠʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʣʦʱʘʜʦʢ.  

ʆʩʥʦʚʥʳʝ ʨʠʩʢʠ ʩʚʷʟʘʥʥʳʝ ʩ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʨʫʢʪʫʨʦʡ: 

1. ʈʘʟʙʠʝʥʠʝ ʪʝʭʥʦʣʦʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʚʩʣʝʧʫʶ (ʭʦʪʷ ʯʘʩʪʦ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʯʣʝʥʝʥʠʝ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ ʤʦʞʝʪ ʠ ʥʝ ʧʨʦʚʦʜʠʪʴʩʷ) 

ʧʨʠʚʦʜʠʪ ʢ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤ ʠ ʜʦʨʦʛʦʩʪʦʷʱʠʤ ʦʰʠʙʢʘʤ. 
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2. ʅʝ ʧʦʣʥʦʝ ʩʦʦʪʚʝʪʩʚʠʝ ʩʪʨʫʢʪʫʨ ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʛʦ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʜʝʨʝʚʘ (ʢʘʢ ʧʨʘʚʠʣʦ ʦʪʩʫʪʩʪʚʠʝ ʠʥʩʪʨʫʤʝʥʪʘ ʧʨʦʚʝʨʢʠ ʧʦʣʥʦʛʦ 

ʧʦʪʨʝʙʣʝʥʠʷ ɼʉɽ) 

3. ʉʦʟʜʘʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʥʝ ʠʩʧʦʣʴʟʫʶʱʝʡ ʧʦʣʥʦʩʪʴʶ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʤʦʱʥʦʩʪʠ, ʥʘ ʨʘʟʥʳʭ ʧʣʦʱʘʜʢʘʭ ʠʣʠ ʨʘʟʥʳʭ ʵʪʘʧʘʭ 

ʦʩʚʦʝʥʠʷ ʠʟʜʝʣʠʷ. 

4. ʅʝʚʦʟʤʦʞʥʦʩʪʴ ʠʣʠ ʩʠʣʴʥʦʝ ʦʛʨʘʥʠʯʝʥʠʷ ʩʜʚʠʛʘ ʮʠʢʣʘ ʂʊʇʇ ʢ ʩʪʘʜʠʠ 

ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ.  

1.1.2. ɸʥʘʣʠʟ ʧʨʦʛʨʘʤʤʥʳʭ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ ʧʨʦʠʟʚʦʜʩʪʚʘ 

1.1.2.1. ɺʦʟʤʦʞʥʦʩʪʠ ʠʥʩʪʨʫʤʝʥʘʣʴʥʦʛʦ ʩʨʝʜʩʪʚʘ ʘʛʨʝʛʘʪʦʨʘ 

ʠʥʞʝʥʝʨʥʳʭ ʜʘʥʥʳʭ TeamCenter 

Teamcenter ï ʧʘʢʝʪ ʤʘʩʰʪʘʙʠʨʫʝʤʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʨʝʰʝʥʠʡ, 

ʧʨʠʤʝʥʷʤʳʡ ʜʣʷ ʧʦʜʜʝʨʞʢʠ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʠʟʜʝʣʠʡ. ʈʝʰʝʥʠʷ Teamcenter 

ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʫʩʢʦʨʝʥʠʷ ʨʘʟʨʘʙʦʪʦʢ ʠʟʜʝʣʠʡ, ʫʤʝʥʴʰʝʥʠʝ ʩʨʦʢʦʚ ʠʭ 

ʚʳʚʦʜʘ ʥʘ ʨʳʥʦʢ, ʧʨʦʚʝʨʢʫ ʥʘ ʩʦʦʪʚʝʪʩʪʚʠʝ ʟʘʢʦʥʦʜʘʪʝʣʴʥʳʤ ʠ 

ʫʧʨʘʚʣʝʥʯʝʩʢʠʤ ʪʨʝʙʦʚʘʥʠʷʤ, ʦʧʪʠʤʠʟʘʮʠʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʩʫʨʩʦʚ 

ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʧʦʜʜʝʨʞʢʠ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ ʩʦ ʩʤʝʞʥʠʢʘʤʠ [22]. 

ɺʦʟʤʦʞʥʦʩʪʠ TeamCenter: 

1. ʈʘʟʨʘʙʦʪʢʘ ʤʥʦʞʝʩʪʚʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʥʘ ʦʩʥʦʚʝ 

ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʡ ʥʘ ʫʩʣʦʚʥʦ ʣʶʙʦʡ ʩʪʘʜʠʠ ʧʨʦʨʘʙʦʪʢʠ 

2. ɺʠʟʫʘʣʠʟʠʨʦʚʘʥʥʦʝ ʧʦʩʪʨʦʝʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ 

3. ʇʨʦʚʝʨʢʘ ʩʦʦʪʚʝʪʩʪʚʠʷ ʩʪʨʫʢʪʫʨ. ɺʠʟʫʘʣʠʟʘʮʠʷ ʥʝʩʦʦʪʚʝʪʩʚʠʷ 

ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʛʦ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ. 

4. ɽʠʥʥʳʝ ʧʨʦʮʝʩʩ ʚʝʨʠʬʠʢʘʮʠʦʥʥʦʛʦ ʢʦʥʪʨʦʣʷ, ʧʨʦʮʝʩʩʦʚ ʠʟʤʝʥʠʷ ʠ 

ʢʦʥʬʠʛʫʨʘʮʠʠ 

5. ʉʦʟʜʘʥʠʝ ʩʚʷʟʝʡ ʢʦʥʩʪʨʫʢʪʦʨʩʢʘʷ ï ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʜʣʷ 

ʧʦʜʜʝʨʞʢʠ ʧʨʦʮʝʩʩʦʚ ʢʦʥʬʠʛʫʨʘʮʠʠ ʠ ʩʢʚʦʟʥʦʛʦ ʚʥʝʩʝʥʠʷ ʠʟʤʝʥʝʥʠʡ 

ʚ ʝʜʠʥʦʡ ʩʠʩʪʝʤʝ.  
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ʉʠʩʪʝʤʘ Teamcenter ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʟʘʱʠʱʝʥʥʦʡ 

ʩʨʝʜʳ ʜʣʷ ʠʥʬʦʨʤʘʮʠʠ, ʧʦʣʫʯʘʝʤʦʡ ʠʟ ʨʘʟʣʠʯʥʳʭ ʩʠʩʪʝʤ CAM, MCAD, CAE, 

CASE, ECAD ʠ ESM. ʇʦʣʫʯʝʥʥʘʷ ʠʥʦʬʨʤʘʮʠʷ ʭʨʘʥʠʪʩʷ ʢʘʢ ʚ ʝʜʠʥʳʡ 

ʠʩʪʦʯʥʠʢ ʟʥʘʥʠʡ ʦ ʧʨʦʝʢʪʠʨʫʝʤʳʭ ʠʟʜʝʣʠʡ ʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ 

ʩʣʝʜʫʶʱʝʛʦ ʩʧʝʢʪʨʘ ʟʘʜʘʯ: 

¶ ʋʧʨʘʚʣʝʥʠʝ ʜʘʥʥʳʤʠ ʦʙ ʠʟʜʝʣʠʷʭ. 

¶ ʋʧʨʘʚʣʝʥʠʝ ʩʪʨʫʢʪʫʨʦʡ ʠ ʢʦʥʬʠʛʫʨʘʮʠʷʤʠ ʠʟʜʝʣʠʷ. 

¶ ʋʧʨʘʚʣʝʥʠʝ ʧʨʦʮʝʩʩʘʤʠ ʠ ʠʥʞʝʥʝʨʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ. 

ʉʪʦʠʪ ʚʳʜʝʣʠʪʴ ʨʷʜ ʘʩʧʝʢʪʦʚ, ʢʦʪʦʨʳʝ Teamcenter ʥʝ ʩʧʦʩʦʙʝʥ 

ʫʯʠʪʳʚʘʪʴ. ʇʨʠ ʧʣʘʥʠʨʦʚʘʥʠʠ ʧʨʦʮʝʩʩʦʚ ʚʘʞʥʫʶ ʨʦʣʴ ʠʛʨʘʶʪ ʩʢʚʦʟʥʦʝ 

ʦʧʠʩʘʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʦʪ ʟʘʛʦʪʦʚʢʠ ʜʦ ʪʦʯʢʠ ʧʦʪʨʝʙʣʝʥʠʷ. ɹʝʟ 

ʧʦʜʦʙʥʦʛʦ ʦʧʠʩʘʥʠʷ ʨʘʩʯʝʪʳ ʧʣʘʥʦʚ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʧʨʦʚʝʜʝʥʳ ʵʬʬʝʢʪʠʚʥʳʤ 

ʦʙʨʘʟʦʤ. ʕʪʦ ʢʘʩʘʝʪʩʷ ʢʘʢ ʟʘʛʨʫʟʢʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʪʘʢ ʠ ʩʤʝʥʦ ʩʫʪʦʯʥʦʛʦ 

ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʪ.ʜ. ʇʦʪʝʨʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʫʧʨʘʚʣʝʥʠʷ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ 

ʟʘʤʝʪʥʘ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʣʶʙʳʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʠʟʤʝʥʝʥʠʡ ʥʘ ʨʘʟʦʨʚʘʥʥʳʭ, 

ʢʫʩʦʯʥʦ ʦʧʠʩʘʥʥʳʭ ʧʨʦʮʝʩʩʘʭ. ʇʨʠ ʦʪʩʫʪʩʪʚʠʠ ʚʦʟʤʦʞʥʦʩʪʠ ʦʧʠʩʘʥʠʷ 

ʧʘʨʘʣʣʝʣʴʥʦʩʪʠ ʨʘʙʦʪ, ʧʨʦʚʦʜʠʤʳʭ ʥʘ ʩʙʦʨʢʝ ʢʨʫʧʥʳʭ ʵʣʝʤʝʥʪʦʚ ʥʝʚʦʟʤʦʞʥʦ 

ʩʦʩʪʘʚʠʪʴ ʧʨʘʚʠʣʴʥʳʡ ʨʘʩʯʝʪ ʮʠʢʣʘ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ʆʙʱʝʡ ʧʨʦʙʣʝʤʦʡ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʧʦʜʜʝʨʞʢʠ ʷʚʣʷʝʪʩʷ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʟʥʘʥʠʡ ʪʦʣʴʢʦ ʚ ʛʦʣʦʚʘʭ ʙʝʟ ʧʦʩʪʨʦʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʙʘʟʳ 

ʟʥʘʥʠʡ.  

1.1.2.2. ʉʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ çɺʝʨʪʠʢʘʣʴè 

ɺʝʨʪʠʢʘʣʴ ï ʵʪʦ ʉɸʇʈ ʪʝʭʧʨʦʮʝʩʩʦʚ. ʆʥʘ ʨʝʰʘʝʪ ʙʦʣʴʰʠʥʩʪʚʦ ʟʘʜʘʯ ʚ 

ʨʘʤʢʘʭ ʊʇʇ ʠ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʫʧʨʦʱʝʥʠʷ ʬʦʨʤʠʨʦʚʘʥʠ ̫ ʠ 

ʩʦʧʨʦʚʦʞʜʝʥʠ ̫ ʪʝʭʧʨʦʮʝʩʩʦʚ, ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʊɼ ʠ ʦʧʪʠʤʠʟʘʮʠʠ 

ʧʦʢʘʟʘʪʝʣʝʡ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʩʫʨʩʦʚ ʧʨʝʜʧʨʠʷʪʠʷ [23]. 

ʂ ʚʦʟʤʦʞʥʦʩʪʷʤ ʩʠʩʪʝʤʳ ʦʪʥʦʩʷʪ: 

¶ ʈʘʟʨʘʙʦʪʢʘ ʪʝʭ. ʧʨʦʮʝʩʩʦʚ. 
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¶ ʉʦʟʜʘʥʠʝ ʟʘʢʘʟʦʚ ʥʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʉʊʆ ʠ ʨʘʟʨʘʙʦʪʢʘ 

ʫʧʨʘʚʣʷʶʱʠʭ ʧʨʦʛʨʘʤʤ ʜʣʷ ʦʙʦʨʫʜʦʚʘʥʠʷ ʩ ʏʇʋ. 

¶ ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ. 

¶ ʉʦʟʜʘʥʠʝ ʊɼ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ɻʆʉʊ ʈʌ ʠ 

ʩʪʘʥʜʘʨʪʘʤʠ, ʠʩʧʦʣʴʟʫʝʤʳʤʠ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ. 

¶ ʅʘʣʠʯʠʝ ʝʜʠʥʦʛʦ ʙʘʟʳ ʟʥʘʥʠʡ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʞʠʟʥʝʥʥʳʤ ʮʠʢʣʦʤ 

ʠʟʜʝʣʠʷ. 

çɺʝʨʪʠʢʘʣʴè ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʤ ʨʝʞʠʤʝ 

ʧʨʦʝʢʪʠʨʦʚʘʪʴ ʪʝʭ. ʧʨʦʮʝʩʩʳ. ɺ ʦʩʥʦʚʝ ʵʪʠʭ ʪʝʭ. ʧʨʦʮʝʩʩʦʚ ʫʩʪʨʦʝʥʘ 

ʠʝʨʘʨʭʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʦʧʝʨʘʮʠʡ, ʦʙʦʨʫʜʦʚʘʥʠʷ, ʦʩʥʘʩʪʢʠ, 

ʧʝʨʝʭʦʜʦʚ, ʧʨʦʬʝʩʩʠʡ ʠ ʜʨʫʛʠʭ ʪʝʭ. ʦʙʲʝʢʪʦʚ. ʊʘʢʞʝ ʧʦʟʚʦʣʷʝʪ ʚʳʧʦʣʥʷʪʴ 

ʦʧʝʨʘʮʠʠ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʜʣʷ ʩʣʦʞʥʳʭ ʠ ʩʢʚʦʟʥʳʭ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʛʨʫʧʧʦʡ ʪʝʭʥʦʣʦʛʦʚ ʚ ʨʝʘʣʴʥʦʤ ʨʝʞʠʤʝ ʚʨʝʤʝʥʠ. 

ɺ ʩʠʩʪʝʤʝ ʠʤʝʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʢʘʢ ʪʠʧʦʚʳʭ, ʪʘʢ ʠ 

ʛʨʫʧʧʦʚʳʭ ʪʝʭʧʨʦʮʝʩʩʦʚ. ɺ ʨʘʤʢʘʭ ʵʪʦʡ ʚʦʟʤʦʞʥʦʩʪʠ ʤʦʞʥʦ, ʨʘʟʦʚʦ ʚʥʝʩʪʠ 

ʦʙʱʠʝ ʜʘʥʥʳʝ ʧʦ ʊʇ, ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʜʘʣʝʝ ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. 

ɼʦʧʦʣʥʠʪʝʣʴʥʦ çɺʝʨʪʠʢʘʣʴè ʠʤʝʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠ ̫ ʪʠʧʦʚʳʭ ʠ 

ʛʨʫʧʧʦʚʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʥʘ ʙʘʟʝ ʨʘʥʝʝ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ 

ʝʜʠʥʠʯʥʦʛʦ ʪʝʭʧʨʦʮʝʩʩʘ. 

ʆʩʦʙʘʷ ʢʦʤʧʦʥʦʚʢʘ ʠʥʪʝʨʬʝʡʩʘ ʩʠʩʪʝʤʳ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʩʙʦʨʦʯʥʳʝ ʪʝʭʧʨʦʮʝʩʩʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʛʨʘʬʠʯʝʩʢʦʡ ʩʭʝʤʳ ʢʦʤʧʣʝʢʪʦʚʘʥʠʷ ʧʝʨʝʭʦʜʦʚ ʠ ʦʧʝʨʘʮʠʡ. 

ʉʠʩʪʝʤʘ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʜʚʫʩʪʦʨʦʥʥʠʡ ʩʚʷʟʠ ʧʘʨʘʤʝʪʨʦʚ 

ʪʝʭʧʨʦʮʝʩʩʦʚ ʩʠʩʪʝʤʳ ʩ ʧʘʨʘʤʝʪʨʘʤʠ, ʧʦʣʫʯʘʝʤʳʤʠ ʦʪ ʛʨʘʬʠʯʝʩʢʠʭ 

ʜʦʢʫʤʝʥʪʦʚ ʩʠʩʪʝʤʳ ʂʆʄʇɸʉ-3D: ɻ ʩʢʠʟʦʚ, ʯʝʨʪʝʞʝʡ, 3D-ʤʦʜʝʣʝʡ. ɺ ʩʣʫʯʘʝ 

ʚʥʝʩʝʥʠʷ ʠʟʤʝʥʝʥʠʡ ʚ ʛʨʘʬʠʯʝʩʢʠʭ ʜʦʢʫʤʝʥʪʘʭ ʧʨʦʠʩʭʦʜʠʪ ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ 

ʠʟʤʝʥʝʥʠʝ ʘʥʘʣʦʛʠʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ. ʊʘʢʞʝ 

ʧʨʠʩʫʪʩʪʚʫʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠ ʦʙʨʘʪʥʦʛʦ ʦʙʤʝʥʘ ï ʦʙʥʦʚʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʚ 

ʛʨʘʬʠʯʝʩʢʦʤ ʜʦʢʫʤʝʥʪʝ ʚ ʩʣʫʯʘʝ ʠʟʤʝʥʝʥʠʡ ʚ ʪʝʭʧʨʦʮʝʩʩʘʭ. 
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ʇʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʨʘʟʨʘʙʦʪʢʠ ʪʝʭʧʨʦʮʝʩʩʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʚ ʩʝʙʝ ʚʩʝ 

ʩʚʝʜʝʥʠʷ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠʟʜʝʣʠʷ, ʩʠʩʪʝʤʘ ʤʦʞʝʪ ʚ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʩʬʦʨʤʠʨʦʚʘʪʴ ʢʦʤʧʣʝʢʪ ʊɼ. 

ʂʦʤʧʣʝʢʪ ʊɼ ʥʘ ʠʟʜʝʣʠʝ ʚʢʣʶʯʘʝʪ ʜʦʢʫʤʝʥʪʳ, ʢʦʪʦʨʳʝ ʩʦʜʝʨʞʘʪ 

ʩʚʝʜʝʥʠʷ ʠʟ ʝʜʠʥʠʯʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʩʚʦʜʥʫʶ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ ʠʥʬʦʨʤʘʮʠʶ ʧʦ ʚʩʝʤ ʵʣʝʤʝʥʪʘʤ ʠʟʜʝʣʠʷ. ʂ ʪʘʢʠʤ 

ʜʦʢʫʤʝʥʪʘʤ ʦʪʥʦʩʷʪ ʨʘʟʣʠʯʥʳʝ ʚʝʜʦʤʦʩʪʠ, ʪʘʢʠʝ ʢʘʢ, ʚʝʜʦʤʦʩʪʴ ʤʘʪʝʨʠʘʣʦʚ, 

ʚʝʜʦʤʦʩʪʴ ʩʧʝʮʠʬʠʮʠʨʦʚʘʥʥʳʭ ʥʦʨʤ ʨʘʩʭʦʜʘ, ʚʝʜʦʤʦʩʪʴ ʤʘʨʰʨʫʪʦʚ. 

ʉʠʩʪʝʤʘ ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ ʢʘʢ ʚ ʚʠʜʝ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ ʨʝʰʝʥʠʷ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʧʨʦʮʝʩʩʝ ʊʇʇ, ʪʘʢ ʠ ʢʘʢ ʯʘʩʪʴ 

ʙʦʣʴʰʦʡ ʩʠʩʪʝʤʳ, ʧʨʠ ʠʥʪʝʛʨʘʮʠʠ ʩ ʜʨʫʛʠʤʠ ʧʨʦʜʫʢʪʘʤʠ ɸʉʂʆʅ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʙʘʟʘ ʟʥʘʥʠʷ ʦʙ ʠʟʜʝʣʠʷʭ ʩʦʜʝʨʞʠʪ ʧʦʣʥʫʶ ʠʥʬʦʨʤʘʮʠʶ, 

ʪʨʝʙʫʝʤʫʶ ʜʣʷ ʧʦʜʜʝʨʞʢʠ ʵʪʘʧʦʚ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʠʟʜʝʣʠʷ. ʅʘ ʵʪʘʧʝ ʊʇʇ 

ʚʳʧʦʣʥʷʝʪʩʷ ʩʙʦʨ ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʢʦʥʩʪʨʫʢʪʦʨʩʢʦ-

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʦʙʤʝʥ ʜʘʥʥʳʤʠ ʤʝʞʜʫ 

ʠʥʞʝʥʝʨʥʳʤʠ ʩʣʫʞʙʘʤʠ ʢʦʤʧʘʥʠʠ. 

1.1.2.3. ʇʨʦʠʟʚʦʜʩʪʚʝʥʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʥʘ 

ʦʩʥʦʚʝ ʩʠʩʪʝʤʳ çʊʝʄʇ-2è 

ʄʝʪʦʜʳ ʠ ʩʨʝʜʩʪʚʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʠʤʝʥʷʶʪʩʷ  ʥʘ ʤʥʦʛʠʭ ʵʪʘʧʘʭ 

ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʘʤʦʣʝʪʦʚ, ʥʘʯʠʥʘʷ ʩ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʟʘʢʘʥʯʠʚʘʷ ʦʨʛʘʥʠʟʘʮʠʝʡ ʧʦʩʣʝʧʨʦʜʘʞʥʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ [24-28]. ɼʣʷ 

ʦʨʛʘʥʠʟʘʮʠʠ ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʘʠʙʦʣʝʝ ʠʥʪʝʨʝʩʥʳ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ  ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʤʦʜʝʣʠ. ʆʜʥʘʢʦ ʪʦʯʥʦʩʪʴ ʤʥʦʛʠʭ 

ʤʦʜʝʣʝʡ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʨʝʘʣʴʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʥʝʜʦʩʪʘʪʦʯʥʘ. ɸ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠ ʠʭ ʧʨʠʤʝʥʠʤʦʩʪʴ ʚ ʨʝʘʣʴʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ 

ʩʠʣʴʥʦ ʦʛʨʘʥʠʯʝʥʘ. 

ʇʨʦʠʟʚʦʜʩʪʚʝʥʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴ (ʇʊʄ) ʧʨʝʜʧʨʠʷʪʠʷ 

ʩʦʟʜʘʝʪʩʷ ʜʣʷ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʥʘ ʦʩʥʦʚʝ 
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ʧʦʜʛʦʪʦʚʢʠ ʠ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʚʦʟʤʦʞʥʳʭ ʠ ʮʝʣʝʚʳʭ ʩʮʝʥʘʨʠʝʚ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ [29].  

ʇʨʦʠʟʚʦʜʩʪʚʝʥʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʷʚʣʷʝʪʩʷ ʧʦ ʩʫʪʠ 

ʠʤʠʪʘʮʠʦʥʥʳʤ ʠ ʩʦʙʳʪʠʡʥʳʤ, ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʠ 

ʘʣʛʦʨʠʪʤʠʯʝʩʢʠʭ ʤʦʜʝʣʷʭ ʨʝʘʣʠʟʫʝʤʳʭ ʙʠʟʥʝʩ ʧʨʦʮʝʩʩʦʚ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ. 

ʇʦʜ ʇʊʄ ʧʦʥʠʤʘʝʪʩʷ ʧʘʨʘʤʝʪʨʠʟʦʚʘʥʥʘ ̫ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-

ʘʣʛʦʨʠʪʤʠʯʝʩʢʘ ̫ (ʠʤʠʪʘʮʠʦʥʥʘ)̫ ʤʦʜʝʣʴ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʘ ̫

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʧʨʦʮʝʩʩ ʥʘ ʪʨʝʙʫʝʤʦʤ ʫʨʦʚʥʝ ʜʝʪʘʣʠʟʘʮʠʠ (ʨʘʙʦʯʝʝ ʤʝʩʪʦ, 

ʫʯʘʩʪʦʢ, ʮʝʭ, ʧʨʝʜʧʨʠʷʪʠʝ, ʛʨʫʧʧʘ ʧʨʝʜʧʨʠʷʪʠʡ) ʥʘ ʦʩʥʦʚʝ 

ʚʟʘʠʤʦʩʦʛʣʘʩʦʚʘʥʥʳʭ ʢʦʥʩʪʨʫʢʪʦʨʩʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ 

ʜʘʥʥʳʭ. ɿʘʜʘʯʘʤʠ ʇʊʄ ʷʚʣʷʶʪʩʷ [30]: 

1. ʧʦʣʫʯʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʝʢʫʱʝʛʦ ʠ ʧʨʦʛʥʦʟʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʩʠʩʪʝʤʳ ʧʦʜ ʟʘʜʘʥʥʳʝ ʨʝʩʫʨʩʳ ʚ ʦʧʨʝʜʝʣʸʥʥʳʡ 

ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ; 

2. ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʚʝʜʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʩʠʩʪʝʤʳ ʥʘ 

ʩʪʨʝʩʩʦʫʩʪʦʡʯʠʚʦʩʪʴ ʧʨʠ ʜʝʬʠʮʠʪʝ ʤʦʱʥʦʩʪʝʡ ʠ ʨʝʩʫʨʩʦʚ;  

3. ʧʦʠʩʢ ʠ ʦʙʦʩʥʦʚʘʥʠʝ ʥʝʦʙʭʦʜʠʤʳʭ ʧʨʦʝʢʪʥʦ-ʠʥʚʝʩʪʠʮʠʦʥʥʳʭ 

ʨʝʰʝʥʠʡ; 

4. ʤʦʥʠʪʦʨʠʥʛ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʤʝʶʱʠʭʩʷ ʤʦʱʥʦʩʪʝʡ, 

ʪʨʫʜʦʚʳʭ ʠ ʬʠʥʘʥʩʦʚʳʭ ʨʝʩʫʨʩʦʚ. 

ʇʨʠ ʩʦʟʜʘʥʠʠʠ ʤʦʜʝʣʝʡ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʠʭ ʥʘʟʥʘʯʝʥʠʷ, ʧʨʝʜʲʷʚʣʷʶʪʩʷ 

ʨʷʜ ʪʨʝʙʦʚʘʥʠʡ, ʦʩʥʦʚʥʳʝ ʠʟ ʥʠʭ [31]: 

1. ʈʘʮʠʦʥʘʣʴʥʦʩʪʴ ʧʨʠʤʝʥʷʝʤʳʭ ʨʝʰʝʥʠʡ, ʯʪʦ ʦʧʨʝʜʝʣʷʝʪ ʢʘʯʝʩʪʚʝʥʥʦ 

ʥʦʚʳʡ ʧʦʜʭʦʜ ʢ ʨʝʰʝʥʠʶ ʟʘʜʘʯ ʊʇʇ ʠ ʦʨʛʘʥʠʟʘʮʠʶ ʚʩʝʡ ʩʠʩʪʝʤʳ 

ʊʇʇ. ɺ ʧʨʦʮʝʩʩʝ ʨʘʟʨʘʙʦʪʢʠ ʤʦʜʝʣʝʡ ʩʠʩʪʝʤ ʊʇʇ ʫʢʘʟʘʥʥʦʝ 

ʪʨʝʙʦʚʘʥʠʝ ʜʦʣʞʥʦ ʥʘʡʪʠ ʦʪʨʘʞʝʥʠʝ ʚ ʩʣʝʜʫʶʱʠʭ ʧʨʦʮʝʩʩʘʭ: 

ʘ. ʧʨʠ ʫʩʪʘʥʦʚʣʝʥʠʠ ʦʧʪʠʤʘʣʴʥʦʡ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʊʇʇ; 
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ʙ. ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʨʘʮʠʦʥʘʣʴʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʚʷʟʝʡ ʙʣʦʢʦʚ 

ʠ ʩʦʩʪʘʚʘ ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʠʥʬʦʨʤʘʮʠʠ; 

ʚ. ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʝ ʭʘʨʘʢʪʝʨʘ ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʚʳʧʦʣʥʝʥʠʷ 

ʧʨʦʮʝʜʫʨ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʊʇʇ; 

ʛ. ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʚʘʨʠʘʥʪʦʚ ʨʝʰʝʠʷ ʪʠʧʦʚʳʭ ʟʘʜʘʯ ʊʇʇ. 

2. ʀʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʦʚʤʝʩʪʠʤʦʩʪʴ ʙʣʦʢʦʚ ʤʦʜʝʣʠ ʥʝʟʘʚʠʩʠʤʦ ʦʪ 

ʤʝʪʦʜʦʚ ʨʝʰʝʥʠʷ ʟʘʜʘʯ, ʯʪʦ ʦʧʨʝʜʝʣʷʝʪ ʦʜʥʦʟʥʘʯʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ 

ʩʦʩʪʘʚʫ ʚʭʦʜʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʙʣʦʢʦʚ ʥʝʚʘʚʠʩʠʤʦ ʦʪ ʚʘʨʠʘʥʪʥʦʩʪʠ 

ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʊʇʇ. ɹʝʟ ʵʪʦʛʦ ʪʨʝʙʦʚʘʥʠʷ ʥʝʚʦʟʤʦʞʥʦ ʨʝʘʣʠʟʦʚʘʪʴ 

ʤʝʪʦʜ ʘʛʨʝʛʘʪʠʨʦʚʘʥʠʷ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʤʦʜʝʣʝʡ ʩʠʩʪʝʤʳ ʊʇʇ. 

3. ɽʜʠʥʩʪʚʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʷʟʳʢʘ, ʯʪʦ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʝʜʠʥʩʪʚʦ 

ʫʩʣʦʚʥʳʭ ʛʨʘʬʠʯʝʩʢʠʭ ʠʟʦʙʨʘʞʝʥʠʡ (ʩʠʤʚʦʣʦʚ), ʧʨʠʤʝʥʷʝʤʦʡ 

ʪʝʨʤʠʥʦʣʦʛʠʠ ʩʠʩʪʝʤ ʢʦʜʠʨʦʚʘʥʠʷ ʵʣʝʤʝʥʪʦʚ ʤʦʜʝʣʝʡ. 

4. ɼʦʩʪʫʧʥʦʩʪʴ ʚʦʩʧʨʠʷʪʠʷ, ʨʝʘʣʠʟʫʝʤʦʝ ʥʘʛʣʷʜʥʳʤ ʛʨʘʬʠʯʝʩʢʠʤ 

ʦʪʦʙʨʘʞʝʥʠʝʤ ʩ ʥʝʦʙʭʦʜʠʤʦʡ ʩʪʝʧʝʥʴʶ ʜʝʪʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʥʳʭ 

ʨʝʰʝʥʠʡ ʧʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʩʠʩʪʝʤʳ ʊʇʇ ʧʨʝʜʧʨʠʷʪʠʷ. 

ʇʨʦʠʟʚʦʜʩʪʚʝʥʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴ (ʇʊʄ) ï ʧʘʨʘʤʝʪʨʠʟʦʚʘʥʥʘʷ 

ʤʦʜʝʣʴ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ: 

1. ʉʤʦʜʝʣʠʨʦʚʘʪʴ ʩʠʪʫʘʮʠʶ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʤ ʫʯʘʩʪʢʝ ʧʨʠ 

ʚʳʧʦʣʥʝʥʠʠ ʟʘʜʘʥʥʦʡ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʧʨʦʛʨʘʤʤʳ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ 

3D ʧʨʦʩʤʦʪʨʘ ʜʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ; 

2. ʉʬʦʨʤʠʨʦʚʘʪʴ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʝ ʨʘʩʧʠʩʘʥʠʝ; 

3. ʉʬʦʨʤʠʨʦʚʘʪʴ ʧʣʘʥ ʥʘʙʦʨʘ ʯʠʩʣʝʥʥʦʩʪʠ ʧʝʨʩʦʥʘʣʘ; 

4. ʉʬʦʨʤʠʨʦʚʘʪʴ ʧʣʘʥ ʟʘʢʘʟʘ ʦʩʥʘʩʪʢʠ ʠʣʠ ʦʙʦʨʫʜʦʚʘʥʠʷ; 

5. ʇʨʦʠʟʚʝʩʪʠ ʨʘʩʯʝʪ ʟʘʪʨʘʪ. 

ʀʟʤʝʥʷʝʤʳʝ ʧʘʨʘʤʝʪʨʳ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʩʮʝʥʘʨʠʝʚ 

ʇʊʄ ʠ ʫʪʚʝʨʞʜʝʥʠʷ ʇʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʈʘʩʧʠʩʘʥʠʷ: 

1. ʆʩʥʘʩʪʢʘ; 

2. ʆʙʦʨʫʜʦʚʘʥʠʝ; 

3. ʊʨʫʜʦʝʤʢʦʩʪʴ; 
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4. ʂʦʣʠʯʝʩʪʚʦ ʧʝʨʩʦʥʘʣʘ; 

5. ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʨʘʙʦʯʝʛʦ ʜʥʷ; 

6. ʃʦʛʠʩʪʠʢʘ. 

ʉʠʩʪʝʤʘ çʊʝʄʇè ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʧʦʜʛʦʪʦʚʢʠ ʢʦʤʧʣʝʢʪʘ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʮʝʭʦʚʦʛʦ ʫʨʦʚʥʷ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ. 

ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʩʠʩʪʝʤʝ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ 

ʧʨʠʥʮʠʧʘʭ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʘʩʩʦʮʠʘʪʠʚʥʦʡ 

(ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʦʙʲʝʢʪʫ) ʪʝʭʥʦʣʦʛʠʝʡ, ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʦʡ ʜʦ ʫʨʦʚʥʷ 

ʥʦʨʤʘʪʠʚʦʚ ʚʨʝʤʝʥʠ ʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʚʳʙʦʨʘ ʠʥʩʪʨʫʤʝʥʪʘ. 

ʇʨʠʤʝʥʝʥʠʝ ʠʥʩʪʨʫʤʝʥʪʘ çʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴè 

ʥʘ ʩʪʘʜʠʠ:  

1. ʇʨʦʝʢʪʠʨʦʚʘʥʠʷ - ʚr ʷʚʣʷʝʪ ʦʪʢʣʦʥʝʥʠʷ ʥʘ ʨʘʥʥʠʭ ʵʪʘʧʘʭ ʞʠʟʥʝʥʥʦʛʦ 

ʮʠʢʣʘ ʠʟʜʝʣʠʷ; 

2. ʂʦʥʩʪʨʫʢʪʦʨʩʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ï 

ʬʦʨʤʠʨʫʝʪ ʧʨʦʛʥʦʟʥʳʝ ʩʮʝʥʘʨʠʠ ʨʘʟʚʠʪʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ; 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʝ ʨʘʩʧʠʩʘʥʠʝ; 

3. ʇʨʦʠʟʚʦʜʩʪʚʘ ï ʧʨʦʚʦʜʠʪ ʤʦʥʠʪʦʨʠʥʛ ʠ ʦʧʪʠʤʠʟʘʮʠʶ ʩʫʱʝʩʪʚʫʶʱʝʡ 

ʇʊʄ. 

ɼʣʷ ʘʥʘʣʠʟʘ ʠ ʚʳʷʚʣʝʥʠʷ ʦʪʢʣʦʥʝʥʠʡ, ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʦʛʥʦʟʥʳʭ 

ʩʮʝʥʘʨʠʝʚ ʨʘʟʚʠʪʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ 

ʨʘʩʧʠʩʘʥʠʷ ʥʘ ʩʪʘʜʠʠ ʢʦʥʩʪʨʫʢʪʦʨʩʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʪʨʝʙʫʶʪʩʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʣʘʥʠʨʦʚʢʠ. 

ɼʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʩʫʱʝʩʪʚʫʶʱʝʡ ʇʊʄ ʥʘ ʩʪʘʜʠʠ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʪʨʝʙʫʶʪʩʷ  ʨʘʙʦʯʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ. 

ɿʘʥʝʩʷ ʚʩʶ ʵʪʫ ʠʥʬʦʨʤʘʮʠʶ, ʧʦʣʫʯʘʝʤ ʬʘʢʪʠʯʝʩʢʫʶ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦ-

ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʦʡ ʨʘʩʯʠʪʳʚʘʶʪʩʷ ʩʮʝʥʘʨʠʠ 

ʨʘʟʚʠʪʠʷ. ɺʳʙʨʘʚ ʥʘʠʙʦʣʝʝ ʵʢʦʥʦʤʠʯʝʩʢʠ ʚʳʛʦʜʥʳʡ ʜʣʷ ʧʨʝʜʧʨʠʷʪʠʷ 

ʩʮʝʥʘʨʠʡ ʠ ʦʧʪʠʤʘʣʴʥʦʝ ʧʣʘʥʠʨʦʚʦʯʥʦʝ ʨʝʰʝʥʠʝ, ʩʠʩʪʝʤʘ çʊʝʄʇè ʤʦʞʝʪ 

ʬʦʨʤʠʨʦʚʘʪʴ ʧʣʘʥ ʪʝʭʥʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ, ʦʧʪʠʤʘʣʴʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʝ 

ʨʘʩʧʠʩʘʥʠʝ, ʧʣʘʥ ʥʘʙʦʨʘ ʯʠʩʣʝʥʥʦʩʪʠ ʧʝʨʩʦʥʘʣʘ (ʨʠʩʫʥʦʢ 1.1). 
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ʈʠʩʫʥʦʢ 1.1 ï ʉʭʝʤʘ ʩʦʟʜʘʥʠʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʮʝʥʘʨʠʷ ʨʘʟʚʠʪʠʷ ʇʊʄ 

ʌʫʥʢʮʠʦʥʘʣ ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʠʪʴ  ʥʝʩʠʤʤʝʪʨʠʯʥʦʩʪʴ ʟʘʛʨʫʞʝʥʥʦʩʪʠ 

ʨʝʩʫʨʩʦʚ, ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ  ʩʨʦʢʠ ʧʦʩʪʘʚʢʠ ʢʦʤʧʣʝʢʪʫʶʱʠʭ ʠ ʟʘʛʨʫʞʝʥʥʦʩʪʴ 

ʧʝʨʩʦʥʘʣʘ, ʩʦʢʨʘʪʠʪʴ ʠʟʜʝʨʞʢʠ (ʨʠʩʫʥʦʢ 1.2). 

ɽʩʣʠ ʚʝʨʥʫʪʩʷ ʢ ʟʘʜʘʯʝ ʙʘʣʘʥʩʠʨʦʚʢʠ ʤʦʱʥʦʩʪʝʡ, ʪʦ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʧʨʠ ʧʣʘʥʠʨʦʚʘʥʠʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʮʠʢʣʘ ʠʣʠ ʩʦʩʪʘʚʣʝʥʠʷ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʧʨʦʛʨʘʤʤʳ ʚʘʞʥʦ ʫʯʠʪʳʚʘʪʴ ʩʦʩʪʦʷʥʠʝ ʦʙʦʨʫʜʦʚʘʥʠʷ, 

ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ. ʊʘʢʞʝ ʦʜʥʠʤ ʠʟ ʚʘʞʥʳʭ ʧʫʥʢʪʦʚ ʊʇʇ 

ʷʚʣʷʝʪʩʷ ʩʦʩʪʘʚʣʝʥʠʝ ʇʇʈ ʠʤʝʶʱʝʛʦʩʷ ʦʙʦʨʫʜʦʚʘʥʠʷ. ɼʣʷ ʩʦʩʪʘʚʣʝʥʠʷ 

ʛʨʘʬʠʢʘ ʇʇʈ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʚʦʟʤʦʞʥʦʡ ʟʘʛʨʫʞʝʥʥʦʩʪʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʛʨʘʤʤʘʭ, ʪʨʝʙʫʝʪʩʷ ʧʨʦʚʦʜʠʪʴ ʝʛʦ ʪʝʭʥʠʯʝʩʢʫʶ 

ʜʠʘʛʥʦʩʪʠʢʫ. 
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ʈʠʩʫʥʦʢ 1.2 ï ʄʝʪʦʜʠʢʘ ʠ ʘʣʛʦʨʠʪʤʳ ʜʣʷ ʘʥʘʣʠʟʘ ʠ ʦʧʪʠʤʠʟʘʮʠʠ 

ʟʘʛʨʫʞʝʥʥʦʩʪʠ ʨʝʩʫʨʩʦʚ ʚ ʇʊʄ 

1.2. ʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʩʦʩʪʦʷʥʠʷ ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʝ 

ʘʥʘʣʠʟʘ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ 

ʧʨʦʠʟʚʦʜʩʪʚʘ. ʌʫʥʢʮʠʦʥʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʩʦʚʨʝʤʝʥʥʳʭ 

ʩʨʝʜʩʪʚ ʜʠʘʛʥʦʩʪʠʢʠ ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ 

1.2.1. ʆʩʥʦʚʥʳʝ ʧʦʥʷʪʠʷ ʜʠʘʛʥʦʩʪʠʢʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʨʠ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ 

ʧʨʦʠʟʚʦʜʩʪʚʘ.  

ʀʟ ʦʧʨʝʜʝʣʝʥʠʷ ɻʆʉʊ 20911-89 çʪʝʭʥʠʯʝʩʢʘʷ ʜʠʘʛʥʦʩʪʠʢʘ (ʊɼ) ï 

ʦʙʣʘʩʪʴ ʟʥʘʥʠʡ, ʦʭʚʘʪʳʚʘʶʱʘʷ ʪʝʦʨʠʶ, ʤʝʪʦʜʳ ʠ ʩʨʝʜʩʪʚʘ ʦʧʨʝʜʝʣʝʥʠʷ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ (ʊʉ) ʦʙʲʝʢʪʦʚè [32].  

ʊɼ ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʨʝʰʝʥʠʝ ʩʣʝʜʫʶʱʠʭ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʟʘʜʘʯ: 

¶ ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠ ʦʪʥʝʩʝʥʠʝ ʝʛʦ ʢ ʦʜʥʦʤʫ 

ʠʟ ʚʠʜʦʚ ʩʦʩʪʦʷʥʠʡ; 
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¶ ʦʧʨʝʜʝʣʝʥʠʝ ʤʝʩʪʘ ʦʪʢʘʟʘ ʩʠʩʪʝʤʳ ʠʣʠ ʚʳʷʚʣʝʥʠʝ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ 

ʚ ʩʠʩʪʝʤʝ; 

¶ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʚʠʜʘ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ. 

ʆʙʲʝʢʪ ʠʣʠ ʩʠʩʪʝʤʘ, ʊʉ ʢʦʪʦʨʦʛʦ ʪʨʝʙʫʝʪ ʧʨʦʚʝʨʢʠ, ʥʘʟʳʚʘʝʪʩʷ 

ʦʙʲʝʢʪʦʤ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ (ʆɼ).  

ʊʝʭʥʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ (ʊʉ) ʦʙʲʝʢʪʘ ï ʵʪʦ ʩʦʩʪʦʷʥʠʝ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʫʩʪʨʦʡʩʪʚʘ, ʢʦʪʦʨʦʝ ʚ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʧʘʨʘʤʝʪʨʦʚ. 

çʂʦʥʪʨʦʣʴ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ï ʧʨʦʚʝʨʢʘ ʩʦʦʪʚʝʪʩʪʚʠʷ ʟʥʘʯʝʥʠʡ 

ʧʘʨʘʤʝʪʨʦʚ ʦʙʲʝʢʪʘ ʪʨʝʙʦʚʘʥʠʷʤ ʪʝʭʥʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʥʘ 

ʵʪʦʡ ʦʩʥʦʚʝ ʦʜʥʦʛʦ ʠʟ ʚʠʜʦʚ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ 

ʚʨʝʤʝʥʠè [32]. ɺ ʩʪʘʥʜʘʨʪʘʭ ʫʢʘʟʘʥʳ ʚʦʟʤʦʞʥʳʝ ʩʦʩʪʦʷʥʠʷ, ʚ ʢʦʪʦʨʳʭ ʤʦʞʝʪ 

ʥʘʭʦʜʠʪʩʷ ʆɼ. ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

¶ ʀʩʧʨʘʚʥʦʝ ʪʝʭʥʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ï ʵʪʦ ʩʦʩʪʦʷʥʠʝ ʦʙʲʝʢʪʘ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʚʩʝʤ ʪʨʝʙʦʚʘʥʠʷʤ ʜʦʢʫʤʝʥʪʘʮʠʠ, ʚ ʯʘʩʪʥʦʩʪʠ 

ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʡ, ʥʦʨʤʘʪʠʚʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʠ ʪ.ʧ. 

¶ ʅʝʠʩʧʨʘʚʥʦʝ ʪʝʭʥʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ï ʵʪʦ ʩʦʩʪʦʷʥʠʝ ʦʙʲʝʢʪʘ, 

ʥʝʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʭʦʪʷ ʙʳ ʦʜʥʦʤʫ ʠʟ ʪʨʝʙʦʚʘʥʠʡ ʪʝʭʥʠʯʝʩʢʦʡ 

ʜʦʢʫʤʝʥʪʘʮʠʠ. 

¶ ʈʘʙʦʪʦʩʧʦʩʦʙʥʦʝ ʪʝʭʥʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ï ʵʪʦ ʪʘʢʦʝ ʩʦʩʪʦʷʥʠʝ 

ʦʙʲʝʢʪʘ, ʧʨʠ ʢʦʪʦʨʦʤ ʧʦʢʘʟʘʪʝʣʠ ʚʩʝʭ ʵʣʝʤʝʥʪʦʚ ʩʠʩʪʝʤʳ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʧʦʩʦʙʥʦʩʪʴ ʁ ʚʳʧʦʣʥʷʪʴ ʪʨʝʙʫʝʤʳʝ ʦʪ ʥʠʭ 

ʬʫʥʢʮʠʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʪʨʝʙʦʚʘʥʠʷʤ ʜʦʢʫʤʝʥʪʘʮʠʠ. 

¶ ʅʝʨʘʙʦʪʦʩʧʦʩʦʙʥʦʝ ʪʝʭʥʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ï ʩʦʩʪʦʷʥʠʝ ʦʙʲʝʢʪʘ, ʚ 

ʨʘʤʢʘʭ ʢʦʪʦʨʦʛʦ ʥʘʙʣʶʜʘʝʪʩʷ ʦʪʢʣʦʥʝʥʠʝ ʟʥʘʯʝʥʠ ̫ʭʦʪʷ ʙʳ ʦʜʥʦʛʦ 

ʵʣʝʤʝʥʪʘ ʦʙʲʝʢʪʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʛʦ ʩʧʦʩʦʙʥʦʩʪʴ ʚʳʧʦʣʥʷʪʴ 

ʫʢʘʟʘʥʥʳʝ ʬʫʥʢʮʠʠ, ʦʪ ʪʨʝʙʦʚʘʥʠʡ ʜʦʢʫʤʝʥʪʘʮʠʠ. 

ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʝ ʩʦʩʪʦʷʥʠʝ ʤʦʞʥʦ 

ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʢʘʢ ʩʦʩʪʦʷʥʠʝ ʆɼ, ʧʨʠ ʢʦʪʦʨʦʤ ʦʥʦ ʩʧʦʩʦʙʥʦ ʚʳʧʦʣʥʷʪʴ 
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ʩʚʦʠ ʟʘʜʘʯʠ, ʩʦʭʨʘʥʷʷ ʟʥʘʯʝʥʠʷ ʦʧʨʝʜʝʣʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚ ʛʨʘʥʠʮʘʭ, 

ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʜʦʢʫʤʝʥʪʘʮʠʝʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʝʩʣʠ ʊʉ ʚʳʧʦʣʥʷʝʪ ʪʨʝʙʫʝʤʳʝ 

ʦʪ ʥʝʝ ʬʫʥʢʮʠʠ ʠ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʥʘʭʦʜʷʪʩʷ ʚ ʜʦʧʫʩʪʠʤʳʭ ʧʨʝʜʝʣʘʭ, ʪʦ 

ʦʥʘ ʩʯʠʪʘʝʪʩʷ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʡ [33].  

ʆʪʢʘʟʦʤ ʷʚʣʷʝʪʩʷ ʧʝʨʝʭʦʜ ʠʟ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʩʦʩʪʦʷʥʠʝ 

ʥʝʨʘʙʦʪʦʩʧʦʩʦʙʥʦʝ. ʈʘʟʣʠʯʘʶʪ [34]: 

¶ ʇʦʣʥʳʡ ʦʪʢʘʟ ï ʵʪʦ ʦʪʢʘʟ, ʧʨʠʚʦʜʷʱʠʡ ʢ ʧʦʣʥʦʡ ʧʦʪʝʨʝ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʆɼ ï ʧʨʝʢʨʘʱʝʥʠʶ ʚʳʧʦʣʥʝʥʠʷ ʬʫʥʢʮʠʡ 

ʩʠʩʪʝʤʳ. 

¶ ʏʘʩʪʠʯʥʳʡ ʦʪʢʘʟ, ʧʨʠʚʦʜʷʱʠʡ ʢ ʧʦʪʝʨʝ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʠ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʶ ʆɼ, ʚ ʥʝʩʦʦʪʚʝʪʩʪʚʠʠ ʥʦʨʤʘʪʠʚʥʳʤ 

ʪʨʝʙʦʚʘʥʠʷʤ, ʪ.ʝ. ʆɼ ʧʨʦʜʦʣʞʘʝʪ ʚʳʧʦʣʥʷʪʴ ʪʦʣʴʢʦ ʯʘʩʪʴ 

ʪʨʝʙʫʝʤʳʭ ʬʫʥʢʮʠʡ ʠʣʠ ʚʳʧʦʣʥʷʪʴ ʵʪʠ ʬʫʥʢʮʠʠ ʩ ʤʝʥʴʰʠʤʠ 

ʟʥʘʯʝʥʠʷʤʠ ʚʳʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ.  

ʇʨʠʯʠʥʦʡ, ʢʦʪʦʨʘʷ ʧʨʠʚʦʜʠʪ ʢ ʧʦʪʝʨʝ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʠʣʠ ʨʝʟʢʦʛʦ 

ʩʥʠʞʝʥʠʷ ʟʥʘʯʝʥʠʡ ʚʳʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʷʚʣʷʝʪʩʷ ʜʝʬʝʢʪ. ʇʨʠ 

ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʜʝʬʝʢʪʘ ʩʥʠʞʘʝʪʩʷ ʩʪʝʧʝʥʴ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʆɼ ʠ 

ʧʦʚʳʰʘʝʪʩʷ ʚʝʨʦʷʪʥʦʩʪʴ ʥʘʩʪʫʧʣʝʥʠʷ ʦʪʢʘʟʘ ʩʠʩʪʝʤʳ, ʧʨʠʚʦʜʷʱʘʷ ʆɼ ʚ 

ʥʝʨʘʙʦʪʦʩʧʦʩʦʙʥʦʝ ʩʦʩʪʦʷʥʠʝ [35]. ɺ ʪʘʢʠʭ ʩʣʫʯʘʷʭ ʥʝʦʙʭʦʜʠʤʦ ʥʘʣʠʯʠʝ 

ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʳʭ ʦʙʦʩʥʦʚʘʥʥʳʭ ʚʠʜʦʚ ʥʝʠʩʧʨʘʚʥʦʩʪʠ ʠ ʘʣʛʦʨʠʪʤʦʚ 

ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ. 

ʂ ʧʨʠʢʣʘʜʥʳʤ ʟʘʜʘʯʘʤ ʊɼ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʩʣʝʜʫʶʱʠʝ [36]:  

¶ ʢʦʥʪʨʦʣʴ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ, 

¶ ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʦʪʢʘʟʘ (ʥʝʠʩʧʨʘʚʥʦʩʪʠ), 

¶ ʧʦʠʩʢ ʦʪʢʘʟʘʚʰʝʛʦ ʵʣʝʤʝʥʪʘ 

¶ ʦʧʨʝʜʝʣʝʥʠʝ ʧʨʠʯʠʥ ʦʪʢʘʟʘ, ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʩʦʩʪʦʷʥʠʷ. 

ɺ ʜʠʘʛʥʦʩʪʠʢʝ ʧʨʠʥʷʪʦ, ʯʪʦ ʆɼ ʤʦʞʝʪ ʠʤʝʪ ɹʤʥʦʞʝʩʪʚʦ ʩʦʩʪʦʷʥʠʡ 

(ʚʳʜʝʣʷʶʪ ʢʣʘʩʩ r ʩʦʩʪʦʷʥʠʡ). ʅʦ, ʤʦʞʥʦ ʦʛʨʘʥʠʯʠʪʴ ʯʠʩʣʦ ʢʣʘʩʩʦʚ 
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ʩʦʩʪʦʷʥʠʡ, ʝʩʣʠ ʦʥʠ ʙʫʜʫʪ ʧʨʠʚʷʟʘʥʳ ʢ ʦʧʨʝʜʝʣʝʥʥʳʤ ʦʙʲʝʤʘʤ ʨʘʙʦʪ ʧʦ 

ʢʦʥʪʨʦʣʶ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʧʨʦʚʝʜʝʥʠʶ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ 

ʠʭ ʧʝʨʠʦʜʠʯʥʦʩʪʠ. ɺ ʧʨʘʢʪʠʢʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʰʠʨʦʢʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʯʝʪʳʨʝ ʢʣʘʩʩʘ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ [36]:  

¶ I ï ʭʦʨʦʰʝʝ ʩʦʩʪʦʷʥʠʝ, ʧʨʠ ʢʦʪʦʨʦʤ ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ ʠ 

ʨʝʤʦʥʪ ʥʝ ʪʨʝʙʫʝʪʩʷ;  

¶ II ï ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʧʨʠ ʢʦʪʦʨʦʤ ʢʦʥʪʨʦʣʴ ʊʉ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʩʦʢʨʘʱʝʥʥʦʡ ʧʝʨʠʦʜʠʯʥʦʩʪʴʶ;  

¶ III ï ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʧʨʠ ʢʦʪʦʨʦʤ ʧʨʦʚʦʜʠʪʩʷ ʊʆ 

ʠʣʠ ʨʝʤʦʥʪ;  

¶ IV ï ʘʚʘʨʠʡʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʧʨʠ ʢʦʪʦʨʦʤ ʧʨʦʠʩʭʦʜʠʪ ʥʝʤʝʜʣʝʥʥʘʷ 

ʦʩʪʘʥʦʚʢʘ, ʧʨʦʚʦʜʠʪʩʷ ʊʆ ʠʣʠ ʨʝʤʦʥʪ. 

ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʩʪʘʥʜʘʨʪ ISO 2372 [37], ʢʦʪʦʨʳʡ ʦʪʥʦʩʠʪʩʷ ʢ 

ʚʠʙʨʘʮʠʦʥʥʦʡ ʜʠʘʛʥʦʩʪʠʢʝ, ʚʳʜʝʣʷʝʪ ʩʣʝʜʫʶʱʠʝ ʢʣʘʩʩʳ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʩʦʩʪʦʷʥʠʷ: 

¶ ʭʦʨʦʰʝʝ,  

¶ ʧʨʠʝʤʣʝʤʦʝ,  

¶ ʜʦʧʫʩʪʠʤʦʝ,  

¶ ʥʝʜʦʧʫʩʪʠʤʦʝ.  

ʅʝʠʩʧʨʘʚʥʦʩʪʠ ʊʉ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪɹ ʥʘ ʩʣʝʜʫʶʱʠʝ ʚʠʜʳ [38]:  

¶ ʅʘʨʫʰʝʥʠʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ, ʧʦʚʨʝʞʜʝʥʠʷ. ʂ ʪʘʢʠʤ 

ʥʝʠʩʧʨʘʚʥʦʩʪʷʤ ʦʪʥʦʩʷʪʩʷ ʥʘʨʫʰʝʥʠʷ ʠʩʧʨʘʚʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʚ ʭʦʜʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʙʲʝʢʪʘ.  

¶ ʅʝʧʨʘʚʠʣʴʥʦʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ. ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ ʥʘʨʫʰʝʥʠ ̫

ʘʣʛʦʨʠʪʤʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʚ ʭʦʜʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ/ʠʣʠ ʧʨʠ 

ʠʟʛʦʪʦʚʣʝʥʠʠ ʦʙʲʝʢʪʘ. 

¶ ɼʝʬʝʢʪʳ. ʅʘʨʫʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʠʟʛʦʪʦʚʣʝʥʠʷ. 

ɼʠʘʛʥʦʩʪʠʨʦʚʘʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʦʮʝʩʩ ʠʩʩʣʝʜʦʚʘʥʠʷ ʆɼ ʩ 

ʮʝʣʴʶ ʚʳʷʚʣʝʥʠʷ ʚ ʥʝʤ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ. ɺ ʢʘʯʝʩʪʚʝ ʨʝʟʫʣʴʪʘʪʦʚ 
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ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ ʩʦʩʪʦʷʥʠʷ ʆɼ ʙʫʜʫʪ ʟʘʢʣʶʯʝʥʠʷ ʚʠʜʘ: ʆɼ ʥʘʭʦʜʠʪʩʷ ʚ 

ʠʩʧʨʘʚʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʥʝʠʩʧʨʘʚʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʚ ʦʙʲʝʢʪʝ ʠʤʝʪʁ ʤʝʩʪʦ 

ʥʝʠʟʚʝʩʪʥʳʝ ʥʝʠʩʧʨʘʚʥʦʩʪʠ [39]. 

 ɼʠʘʛʥʦʩʪʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʪʩʷ ʥʘ ʨʘʟʥʳʭ ʵʪʘʧʘʭ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʆɼ: 

ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʚʦ ʚʨʝʤʷ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʚʦ ʚʨʝʤʷ ʭʨʘʥʝʥʠʷ ʠ ʚʦ ʚʨʝʤʷ 

ʧʨʦʚʝʜʝʥʠʷ ʨʝʤʦʥʪʘ [40]. ɺ ʧʨʦʮʝʩʩʝ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʚʦ ʚʨʝʤʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠʣʠ 

ʭʨʘʥʝʥʠʷ ʦʙʲʝʢʪʦʚ ʚ ʥʠʭ ʤʦʛʫʪ ʚʦʟʥʠʢʘʪʴ ʠ ʢʦʧʠʪʴʩʷ ʥʝʠʩʧʨʘʚʥʦʩʪʠ. 

ʅʝʢʦʪʦʨʳʝ ʠʟ ʪʘʢʠʭ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ ʤʦʛʫʪ ʧʨʠʚʦʜʠʪɹ ʢ ʪʦʤʫ, ʯʪʦ ʆɼ 

ʧʝʨʝʩʪʘʝʪ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʧʨʝʜʲʷʚʣʷʝʤʳʤ ʢ ʥʝʤʫ ʪʨʝʙʦʚʘʥʠʷʤ ʠ ʧʝʨʝʭʦʜʠʪ ʚ 

ʥʝʨʘʙʦʪʦʩʧʦʩʦʙʥʦʝ ʩʦʩʪʦʷʥʠʝ. ʇʝʨʝʜ ʚʚʦʜʦʤ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʆɼ ʥʝʦʙʭʦʜʠʤʦ 

ʦʧʨʝʜʝʣʷʪʴ ʧʨʠʩʫʪʩʪʚʠʝ ʜʝʬʝʢʪʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʦʚʣʠʷʪʴ ʥʘ ʝʛʦ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʠ ʷʚʠʪʴʩʷ ʧʨʠʯʠʥʦʡ ʥʝʠʩʧʨʘʚʥʦʩʪʠ ʆɼ. ʅʘ ʵʪʦʪ ʚʦʧʨʦʩ 

ʦʪʚʝʯʘʝʪ ʧʨʦʮʝʩʩ ʚʳʷʚʣʝʥʠʷ ʜʝʬʝʢʪʦʚ ʚ ʆɼ. ʆʥ ʜʝʪʘʣʠʟʠʨʫʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʨʝʞʠʤʘ ʠ ʦʩʦʙʝʥʥʦʩʪʝʡ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʆɼ ʠ, ʠʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, ʦʧʨʝʜʝʣʷʶʪ 

ʩʣʝʜʫʶʱʠʡ ʩʧʝʢʪʨ ʟʘʜʘʯ ʚʳʷʚʣʝʥʠʷ ʜʝʬʝʢʪʦʚ [41]: 

1. ʧʨʦʚʝʨʢʘ ʠʩʧʨʘʚʥʦʩʪʠ, ʥʘ ʧʨʝʜʤʝʪ ʚʳʷʚʣʝʥʠʷ ʥʝʠʩʧʨʘʚʥʳʭ ʆɼ. ʆɼ 

ʠʩʧʨʘʚʝʥ, ʝʩʣʠ ʦʥ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʚʩʝʤ ʪʨʝʙʦʚʘʥʠʷʤ ʥʦʨʤʘʪʠʚʥʳʭ 

ʜʦʢʫʤʝʥʪʦʚ; 

2. ʧʨʦʚʝʨʢʘ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ, ʮʝʣʴʶ ʢʦʪʦʨʦʡ ʷʚʣʷʝʪʩʷ ʚʳʷʩʥʝʥʠʝ, 

ʚʳʧʦʣʥʷʝʪ ʣʠ ʦʙʲʝʢʪ ʪʨʝʙʫʝʤʳʝ ʧʦ ʥʦʨʤʘʪʠʚʘʤ ʬʫʥʢʮʠʠ; 

3. ʧʨʦʚʝʨʢʘ ʧʨʘʚʠʣʴʥʦʩʪʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ, ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ 

ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ, ʢʦʪʦʨʳʝ ʥʘʨʫʰʘʶʪ ʧʨʘʚʠʣʴʥʫʶ ʨʘʙʦʪʫ ʆɼ. 

ɺ ʩʣʫʯʘʝ ʚʳʷʚʣʝʥʠʷ ʥʝʠʩʧʨʘʚʥʦʩʪʠ ʆɼ, ʥʝʦʙʭʦʜʠʤʦ ʚʳʷʚʠʪʴ ʥʝʠʩʧʨʘʚʥʳʡ 

ʵʣʝʤʝʥʪ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʝʛʦ ʟʘʤʝʥʳ ʠʣʠ ʨʝʤʦʥʪʘ [36, 42, 43]. 

1.2.2. ɸʥʘʣʠʟ ʤʝʪʦʜʦʚ ʠ ʩʨʝʜʩʪʚ ʜʠʘʛʥʦʩʪʠʢʠ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʨʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ɺʘʞʥʳʤ ʬʘʢʪʦʨʦʤ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ ʩʨʝʜʩʪʚ 

ʜʠʘʛʥʦʩʪʠʢʠ ʷʚʣʷʝʪʩʷ ʢʦʥʪʨʦʣʝʧʨʠʛʦʜʥʦʩʪʴ ʦʙʲʝʢʪʘ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ [44]. 
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ɿʘ ʩʯʝʪ ʵʪʦʛʦ ʩʚʦʡʩʪʚʘ ʦʙʲʝʢʪʘ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʦʮʝʥʢʠ ʊʉ, ʘ 

ʪʘʢʞʝ ʧʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʥʘ ʨʘʥʥʠʭ ʩʪʘʜʠʷʭ ʚʳʷʚʣʷʪʴ ʥʝʠʩʧʨʘʚʥʦʩʪʠ ʠ 

ʦʪʢʘʟʳ. ɼʘʥʥʦʝ ʩʚʦʡʩʪʚʦ ʆɼ ʜʦʣʞʥʦ ʟʘʢʣʘʜʳʚʘʪʴʩʷ ʥʘ ʵʪʘʧʝ ʨʘʟʨʘʙʦʪʢʠ 

ʩʠʩʪʝʤʳ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʜʦʩʪʫʧʘ ʩʠʩʪʝʤ ʜʠʘʛʥʦʩʪʠʢʠ ʢ ʆɼ ʠ ʝʛʦ ʵʣʝʤʝʥʪʘʤ. 

ʉʫʱʝʩʪʚʫʝʪ ʜʚʘ ʚʘʨʠʘʥʪʘ ʧʨʦʚʝʜʝʥʠʷ ʪʝʭʥʠʯʝʩʢʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʆɼ, 

ʥʘʭʦʜʷʱʝʛʦʩʷ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ [45]: 

¶ ʌʫʥʢʮʠʦʥʘʣʴʥʦʝ; 

¶ ʊʝʩʪʦʚʦʝ. 

ʄʝʪʦʜʳ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ ʜʝʣʷʪ ʥʘ ʪʨʠ ʛʨʫʧʧʳ [46]: 

1. ʄʝʪʦʜʳ ʧʨʦʚʝʨʢʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʆɼ. 

2. ʄʝʪʦʜʳ ʧʦʠʩʢʘ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ ʆɼ. 

3. ʄʝʪʦʜʳ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʆɼ. 

 

1.3. ʄʝʩʪʦ ʘʥʘʣʠʟʘ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ ʚ ʧʦʠʩʢʝ ʜʝʬʝʢʪʦʚ 

ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ 

1.3.1. ʄʦʜʝʣʠ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ. 

ʇʨʦʮʝʩʩʳ, ʢʦʪʦʨʳʝ ʧʨʦʠʩʭʦʜʷʪ ʚ ʣʶʙʦʤ ʆɼ, ʟʘʯʘʩʪʫʶ ʠʤʝʶʪ ʩʣʫʯʘʡʥʳʡ 

ʭʘʨʘʢʪʝʨ ʧʦ ʧʨʠʯʠʥʝ ʬʣʫʢʪʫʘʮʠʠ ʚʳʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ. ʇʦʜʦʙʥʳʝ ʷʚʣʝʥʠʷ 

ʠʤʝʁʪ ʤʝʩʪʦ ʚʦʟʥʠʢʘʪʴ ʚ ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʘʭ ʠ ʫʩʪʨʦʡʩʪʚʘʭ ʦʙʲʝʢʪʘ. ʕʪʦ 

ʧʨʦʠʩʭʦʜʠʪ ʠʟ-ʟʘ ʠʟʤʝʥʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʚʥʫʪʨʝʥʥʠʭ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʤʝʥʪʦʚ ʧʦ 

ʧʨʠʯʠʥʝ ʠʭ ʩʪʘʨʝʥʠʷ, ʚʥʝʟʘʧʥʳʭ ʦʪʢʘʟʦʚ, ʨʘʟʨʝʛʫʣʠʨʦʚʘʥʠʷ ʠ ʪ.ʧ. ʀʟ-ʟʘ ʵʪʠʭ 

ʠʟʤʝʥʝʥʠʡ ʠʟʤʝʨʝʥʠʝ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʚʳʧʦʣʥʷʶʪʩʷ ʧʨʠ ʥʘʣʠʯʠʠ 

ʩʣʫʯʘʡʥʳʭ ʧʦʤʝʭ, ʩʙʦʝʚ, ʧʦʛʨʝʰʥʦʩʪʝʡ, ʫʩʣʦʞʥʷʶʱʠʭ ʚʳʷʚʣʝʥʠʷ ʦʩʥʦʚʥʦʡ 

ʪʝʥʜʝʥʮʠʠ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʘ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ 

ʥʝʠʩʧʨʘʚʥʦʩʪʷʭ ʚ ʩʠʩʪʝʤʝ [47]. 

ɺʳʚʦʜ ʦ ʪʝʭʥʠʯʝʩʢʦʤ ʩʦʩʪʦʷʥʠʠ ʦʙʲʝʢʪʘ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ 

ʩʦʜʝʨʞʠʪ ʦʰʠʙʢʫ, ʪʘʢ ʢʘʢ ʠʤʝʝʪ ʤʝʩʪʦ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʢʘʥʘʣ, 

ʰʫʤr ʠ ʧʦʤʝʭʠ, ʚʦʟʥʠʢʘʶʱʠʝ ʚ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʧʦʜʩʠʩʪʝʤ 



42 

 

ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ [48]. ʂʦʨʨʝʢʪʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʡ 

ʧʨʦʮʝʜʫʨʳ ʠ ʚʝʨʦʷʪʥʦʩʪʴ ʦʰʠʙʢʠ ʟʘʚʠʩʷʪ ʦʪ ʨʷʜʘ ʩʦʙʳʪʠʡ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ 

ʩʣʫʯʘʡʥʳʤʠ. ʀʩʭʦʜʷ ʠʟ ʚʳʰʝ ʩʢʘʟʘʥʥʦʛʦ, ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʧʦʢʘʟʘʪʝʣʝʡ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʜʦʧʦʣʥʷʪʴ ʚʝʨʦʷʪʥʦʩʪʥʳʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʩʦʩʪʦʷʥʠʡ ʦʙʲʝʢʪʘ. ʕʣʝʤʝʥʪʳ ʩʪʨʫʢʪʫʨʥʦʡ ʩʭʝʤʳ 

ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʥʘ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʵʪʠʭ 

ʚʝʨʦʷʪʥʦʩʪʝʡ [49, 50]. 

ʏʪʦʙʳ ʧʦʚʳʩʠʪʴ ʢʘʯʝʩʪʚʦ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ ʚʘʞʥʦ ʧʨʘʚʠʣʴʥʦ 

ʦʧʨʝʜʝʣʠʪʴ ʩʪʨʫʢʪʫʨʫ ʘʥʘʣʠʟʠʨʫʝʤʦʛʦ ɺʈ [51-55]. 

ɺ ʪʝʭʥʠʯʝʩʢʦʡ ʜʠʘʛʥʦʩʪʠʢʝ ʜʣʷ ʘʥʘʣʠʟʘ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʧʨʠʤʝʥʷʝʪʩʷ ʩʣʝʜʫʶʱʘʷ ʦʙʦʙʱʝʥʥʘʷ ʤʦʜʝʣʴ [56]: 

ὤὸ ὄὸ ὅὸ ὢὸ ὔὸ   (1.1) 

ʛʜʝ Z( t )  ï ʚʨʝʤʝʥʥʦʡ ʨʷʜ;  

B( t )  ï ʪʨʝʥʜ, ʭʘʨʘʢʪʝʨʠʟʫʝʤʳʡ ʤʝʜʣʝʥʥʳʤʠ, ʧʦʩʪʝʧʝʥʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʚʦ 

ʚʨʝʤʝʥʥʦʤ ʨʷʜʫ; 

C(t )  ï ʧʝʨʠʦʜʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ ʩ ʬʠʢʩʠʨʦʚʘʥʥʳʤʠ ʧʝʨʠʦʜʘʤʠ (ʩʝʟʦʥʥʘʷ 

ʢʦʤʧʦʥʝʥʪʘ);  

X(t)ï ʩʣʫʯʘʡʥʳʡ ʧʨʦʮʝʩʩ ʩ ʥʫʣʝʚʳʤ ʩʨʝʜʥʠʤ, ʢʦʪʦʨʳʡ ʬʦʨʤʠʨʫʝʪʩʷ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʜʝʡʩʪʚʠʷ ʤʥʦʞʝʩʪʚʘ ʥʝʟʘʚʠʩʠʤʳʭ ʠʣʠ ʩʣʘʙʦ 

ʩʚʷʟʘʥʥʳʭ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʬʘʢʪʦʨʦʚ, ʩʨʘʚʥʠʤʳʭ ʧʦ ʵʬʬʝʢʪʫ ʩʚʦʝʛʦ ʫʯʘʩʪʠʷ;  

N(t) ï ʩʣʫʯʘʡʥʘʷ ʧʦʤʝʭʘ, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʢʦʤʙʠʥʘʮʠʝʡ ʨʘʟʣʠʯʥʳʭ ʩʣʫʯʘʡʥʳʭ 

ʧʨʦʮʝʩʩʦʚ, ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʘʭ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤ (ʜʘʪʯʠʢʘʭ), ʢʘʥʘʣʘʭ ʩʚʷʟʠ, ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ ʠ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷʭ. 

1.3.2. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʜʝʬʝʢʪʦʚ ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤʳ ʠ ʧʨʦʮʝʩʩʦʚ 

ʧʦʚʝʜʝʥʠʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘ ʦʩʥʦʚʝ 

ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ 

ɺʘʞʥʳʤ ʬʘʢʪʦʨʦʤ, ʦʢʘʟʳʚʘʶʱʠʤ ʚʣʠʷʥʠʝ ʥʘ ʚʳʙʦʨ ʉɼ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ 

ʊɼ, ʷʚʣʷʝʪʩʷ ʚʠʜʳ ʜʝʬʝʢʪʦʚ, ʢʦʪʦʨʳʝ ʪʨʝʙʫʝʪʩʷ ʚʳʷʚʠʪʴ.  
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ʇʦ ʧʨʠʯʠʥʘʤ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʜʝʬʝʢʪʳ ʧʦʜʨʘʟʜʝʣʷʶʪ ʥʘ [57]: 

¶ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ; 

¶ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ; 

¶ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ. 

ʊʘʢʞʝ, ʯʘʱʝ ʚʩʝʛʦ ʚ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʠʤʝʝʪ ʤʝʩʪʦ ʦʙʲʝʜʠʥʝʥʠʝ 

ʜʝʬʝʢʪʦʚ. ʈʘʟʤʝʨʳ ʜʝʬʝʢʪʦʚ ʩʠʣʴʥʦ ʚʣʠʷʶʪ ʥʘ ʦʧʨʝʜʝʣʝʥʠʝ ʩʧʦʩʦʙʘ ʠ 

ʪʝʭʥʦʣʦʛʠʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ. 

ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʧʨʦʮʝʩʩʦʚ ʧʦʚʝʜʝʥʠʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ʇʦʜ ʥʘʜʝʞʥʦʩʪʴʶ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʦʥʠʤʘʝʪʩʷ ʝʛʦ ʢʦʤʧʣʝʢʩʥʦʝ ʩʚʦʡʩʪʚʦ 

ʚʳʧʦʣʥʷʪʴ ʟʘʜʘʥʥʳʝ ʬʫʥʢʮʠʠ, ʩʦʭʨʘʥʷʷ ʩʚʦʠ ʦʩʥʦʚʥʳʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʧʨʝʜʝʣʘʭ. ʇʦʵʪʦʤʫ ʧʨʠ ʧʦʠʩʢʝ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʜʝʬʝʢʪʦʚ ʧʝʨʚʦʩʪʝʧʝʥʥʳʤ ʩʪʘʥʦʚʠʪʩʷ ʧʨʦʚʝʨʢʘ ʧʦʜʦʙʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘ ʧʨʝʜʤʝʪ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʠʭ ʟʥʘʯʝʥʠʡ ʢ ʥʦʨʤʘʣʴʥʦʤʫ 

ʧʦʚʝʜʝʥʠʶ. 

ʉʘʤʳʡ ʧʨʦʩʪʦʡ ʚʘʨʠʘʥʪ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʚʦʜʠʪʩʷ ʢ ʫʩʪʘʥʦʚʣʝʥʠʶ ʬʘʢʪʘ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʠʣʠ 

ʦʪʢʣʦʥʝʥʠʶ ʦʪ ʟʘʜʘʥʥʦʛʦ ʥʦʨʤʘʣʴʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʵʪʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: 

¶ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʵʪʘʣʦʥʥʦʤʫ ʧʦʚʝʜʝʥʠʶ; 

¶ ʠʤʝʝʪʩʷ ʦʪʢʣʦʥʝʥʠʝ ʦʪ ʵʪʘʣʦʥʥʦʛʦ ʧʦʚʝʜʝʥʠʷ. 

ʇʨʦʮʝʩʩʳ, ʧʦʚʝʜʝʥʠʝ, ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʵʪʘʣʦʥʥʦʤʫ, ʪʘʢʞʝ 

ʢʣʘʩʩʠʬʠʮʠʨʫʶʪʩʷ, ʥʘʧʨʠʤʝʨ, ʧʦ ʜʣʠʪʝʣʴʥʦʩʪʠ: 

¶ ʢʨʘʪʢʦʩʨʦʯʥʳʝ; 

¶ ʜʣʠʪʝʣʴʥʳʝ; 

¶ ʧʦʩʪʦʷʥʥʳʝ. 
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1.3.3. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʘʥʦʤʘʣʠʡ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ 

ʠʥʜʠʢʘʪʦʨʦʚ 

çɸʥʦʤʘʣʠʷ ï ʵʪʦ ʫʯʘʩʪʦʢ ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ, ʥʘ ʢʦʪʦʨʦʤ ʧʦʚʝʜʝʥʠʝ 

ʦʙʲʝʢʪʘ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʞʠʜʘʝʤʳʤ ʧʨʦʛʥʦʟʘʤ ʠʣʠ ʟʥʘʯʠʪʝʣʴʥʦ ʦʪʢʣʦʥʷʝʪʩʷ 

ʦʪ ʪʠʧʠʯʥʦʛʦ ʧʦʚʝʜʝʥʠʷè [58]. 

ɺ ʮʝʣʦʤ, ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʤʝʪʦʜʦʚ ʧʦ ʚʳʷʚʣʝʥʠʶ ʘʥʦʤʘʣʠʡ [58], 

ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʢʦʪʦʨʳʭ ʠʟʫʯʘʝʪ ʦʪʜʝʣʴʥʳʝ ʦʙʲʝʢʪʳ ʥʘ ʧʨʝʜʤʝʪ ʦʪʣʠʯʠʷ ʦʪ 

ʥʦʨʤʘʣʴʥʳʭ ʦʙʲʝʢʪʦʚ. ʆʜʥʘʢʦ ʦʥʠ ʥʝ ʙʝʨʫʪ ʚʦ ʚʥʠʤʘʥʠʝ ʘʩʧʝʢʪ ʚʨʝʤʝʥʥʦʡ 

ʟʥʘʯʠʤʦʩʪʠ ʜʘʥʥʳʭ. ʊʘʢʠʝ ʘʥʦʤʘʣʠʠ ʪʘʢʞʝ ʫʧʦʤʠʥʘʝʪʩʷ ʢʘʢ ʪʦʯʝʯʥʳʝ 

ʘʥʦʤʘʣʠʠ.  

ʇʨʦʙʣʝʤʘ ʦʙʥʘʨʫʞʝʥʠʷ ʘʥʦʤʘʣʠʡ ʜʣʷ ɺʈ ʥʝ ʪʘʢ ʭʦʨʦʰʦ ʧʦʥʠʤʘʝʪʩʷ, ʢʘʢ 

ʪʨʘʜʠʮʠʦʥʥʘʷ ʧʨʦʙʣʝʤʘ ʚʳʷʚʣʝʥʠʷ ʘʥʦʤʘʣʠʡ. ʄʥʦʛʦʯʠʩʣʝʥʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ: Chandola ʠ ʜʨ. [59], Agyemang ʠ ʜʨ. [60], ʍʦʜʞ ʠ ʜʨ. [61] 

ʠʟʫʯʘʣʠ ʧʨʦʙʣʝʤʫ ʦʙʥʘʨʫʞʝʥʠʷ ʘʥʦʤʘʣʠʡ. ɼʣʷ ʩʠʤʚʦʣʠʯʝʩʢʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʥʝʩʢʦʣʴʢʦ ʤʝʪʦʜʦʚ ʦʙʥʘʨʫʞʝʥʠʷ 

ʘʥʦʤʘʣʠʡ. ʆʥʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʦʙʟʦʨʝ Chadola ʠ ʜʨ. [62]. ɺ ʪʦ ʚʨʝʤʷ 

ʩʫʱʝʩʪʚʫʝʪ ʦʛʨʘʥʠʯʝʥʥʦʝ ʯʠʩʣʦ ʤʝʪʦʜʦʚ ʚʳʷʚʣʝʥʠʷ ʘʥʦʤʘʣʠʡ ʜʣʷ 

ʦʜʥʦʤʝʨʥʳʭ ʠ ʤʥʦʛʦʤʝʨʥʳʭ ɺʈ. 

ɺʘʞʥʦ ʫʜʝʣʷʪʴ ʚʥʠʤʘʥʠʝ ʥʝ ʪʦʣʴʢʦ ʚʳʷʚʣʝʥʠʶ ʘʥʦʤʘʣʠʡ ʧʦ ʟʥʘʯʝʥʠʶ 

ʧʘʨʘʤʝʪʨʘ, ʥʦ ʠ ʚʳʷʚʣʝʥʠʡ ʘʥʦʤʘʣʠʡ ʧʦ ʚʨʝʤʝʥʥʳʤ ʠʥʪʝʨʚʘʣʘʤ ʨʷʜʘ [63, 64]. 

ɸʥʦʤʘʣʠʷ ɺʈ ʤʦʞʝʪ ʧʨʦʷʚʣʷʪʴʩʷ ʧʦ-ʨʘʟʥʦʤʫ [65, 66]. ʆʥʘ ʤʦʞʝʪ 

ʧʨʦʷʚʣʷʪʴʩʷ: 

¶ ʚ ʜʣʠʪʝʣʴʥʦʤ ʩʦʭʨʘʥʝʥʠʠ ʦʧʨʝʜʝʣʝʥʥʦʡ ʪʝʥʜʝʥʮʠʠ; 

¶ ʚ ʯʘʩʪʳʭ ʩʤʝʥʘʭ ʪʝʥʜʝʥʮʠʡ; 

¶ ʚ ʠʟʤʝʥʝʥʠʠ ʯʘʩʪʦʪʳ ʨʷʜʘ; 

¶ ʚ ʟʥʘʯʝʥʠʠ ʧʦʢʘʟʘʪʝʣʷ ʥʠʞʝ ʠʣʠ ʚʳʰʝ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʧʦʨʦʛʦʚʦʛʦ 

ʟʥʘʯʝʥʠʷ ʚ ʜʣʠʪʝʣʴʥʳʡ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ. 

ɺʳʜʝʣʷʶʪ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ ʧʦʠʩʢʘ ʘʥʦʤʘʣʠʡ: 

¶ ʈʘʩʧʦʟʥʘʚʘʥʠʝ ʘʥʦʤʘʣʠʡ ʧʦ ʢʦʥʪʝʢʩʪʫ ʠʩʩʣʝʜʫʝʤʦʛʦ ʨʷʜʘ [67]. 
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¶ ɺʳʷʚʣʝʥʠʝ ʨʘʩʭʦʞʜʝʥʠʡ ʧʨʠ ʩʨʘʚʥʝʥʠʠ ʩ ʠʜʝʘʣʴʥʳʤ 

(ʩʧʨʦʛʥʦʟʠʨʦʚʘʥʥʳʤ) ʨʷʜʦʤ. 

¶ ʈʘʩʧʦʟʥʘʚʘʥʠʝ ʘʥʦʤʘʣʠʡ ʚ ʟʘʰʫʤʣʝʥʥʳʭ ʨʷʜʘʭ (ʨʘʟʜʝʣʝʥʠʝ ʰʫʤʦʚ 

ʠ ʘʥʦʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ) [68]. 

ʂʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʘʥʦʤʘʣʠʠ ʤʦʞʥʦ ʧʦ ʧʨʦʙʣʝʤʝ ʦʙʥʘʨʫʞʝʥʠʷ 

ʘʥʦʤʘʣʠʠ ʜʘʥʥʳʭ ɺʈ. 

¶ ʆʙʥʘʨʫʞʝʥʠʝ ʢʦʥʪʝʢʩʪʥʳʭ ʘʥʦʤʘʣʠʡ ʚʦ ɺʈ [69-71].  

¶ ʆʙʥʘʨʫʞʝʥʠʝ ʘʥʦʤʘʣʴʥʦʡ ʧʦʜʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʚ ʪʝʯʝʥʠʝ 

ʟʘʜʘʥʥʦʛʦ ʚʨʝʤʝʥʠ ʩʝʨʠʠ [72, 73]. 

¶ ʆʙʥʘʨʫʞʝʥʠʝ ʘʥʦʤʘʣʴʥʦʛʦ ɺʈ ʧʦ ɺʈ ʙʘʟ ʜʘʥʥʳʭ [62, 74]. 

ʅʝʢʦʪʦʨʳʝ ʧʨʦʙʣʝʤʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʦʙʥʘʨʫʞʝʥʠʝʤ ʘʥʦʤʘʣʠʡ ʜʣʷ ɺʈ [75]: 

1. ɽʩʪʴ ʤʥʦʛʦ ʚʘʨʠʘʥʪʦʚ ʧʨʦʷʚʣʝʥʠʷ ʘʥʦʤʘʣʠʠ, ʚʦʟʥʠʢʘʶʱʠʭ ʚʦ ɺʈ. 

ʉʦʙʳʪʠʝ ʚ ʪʝʯʝʥʠʝ ɺʈ ʤʦʞʝʪ ʙʳʪʴ ʘʥʦʤʘʣʴʥʳʤ; 

ʧʦʜʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʚ ɺʈ ʤʦʞʝʪ ʙʳʪʴ ʘʥʦʤʘʣʴʥʦʡ; ʠʣʠ ʚʝʩʴ ɺʈ 

ʤʦʞʝʪ ʙʳʪʴ ʘʥʦʤʘʣʴʥʳʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʘʙʦʨʦʤ ʥʦʨʤʘʣʴʥʳʭ ɺʈ. 

1. ɼʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʘʥʦʤʘʣʴʥʳʭ ʧʦʜʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʪʦʯʥʘʷ ʜʣʠʥʘ 

ʧʦʜʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʯʘʩʪʦ ʥʝʠʟʚʝʩʪʥʘ. 

2. ʊʝʩʪʦʚʳʝ ɺʈ ʠ ʠʩʩʣʝʜʫʝʤʳʡ ɺʈ ʤʦʛʫʪ ʙʳʪʴ ʨʘʟʥʦʡ ʜʣʠʥʳ. 

3. ʅʘʠʣʫʯʰʠʝ ʤʝʨʳ ʩʭʦʜʩʪʚʘ/ʨʘʟʣʠʯʠʷ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ɺʈ ʥʝ ʣʝʛʢʦ ʦʧʨʝʜʝʣʠʪʴ. ʇʨʦʩʪʳʝ 

ʤʝʨʳ, ʪʘʢʠʝ ʢʘʢ ʝʚʢʣʠʜʦʚʦ ʨʘʩʩʪʦʷʥʠʝ ʥʝ ʚʩʝʛʜʘ ʨʘʙʦʪʘʶʪ ʭʦʨʦʰʦ, 

ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʦʯʝʥʴ ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ ʚʳʙʨʦʩʘʤ, ʠ ʦʥʠ ʪʘʢʞʝ ʥʝ ʤʦʛʫʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ, ʢʦʛʜʘ ɺʈ ʨʘʟʣʠʯʥʦʡ ʜʣʠʥʳ. 

4. ʇʨʝʜʩʪʘʚʣʝʥʠʷ ʤʥʦʛʠʭ ʘʣʛʦʨʠʪʤʦʚ ʦʙʥʘʨʫʞʝʥʠʷ ʘʥʦʤʘʣʠʡ ʦʯʝʥʴ 

ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ ʰʫʤʫ ʚ ʜʘʥʥʳʭ ɺʈ, ʪʘʢ ʢʘʢ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʪʴ 

ʘʥʦʤʘʣʠʠ ʦʪ ʰʫʤʘ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʦʡ ʟʘʜʘʯʝʡ. 

5. ɺʈ ʚ ʨʝʘʣʴʥʳʭ ʧʨʠʣʦʞʝʥʠʷʭ, ʢʘʢ ʧʨʘʚʠʣʦ, ʙʦʣʴʰʠʭ ʨʘʟʤʝʨʦʚ. ʀ 

ʨʘʟʤʝʨ ɺʈ ʫʚʝʣʠʯʠʚʘʝʪ ʚʳʯʠʩʣʠʪʝʣʴʥʫʶ ʩʣʦʞʥʦʩʪʴ. 
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6. ʄʥʦʛʠʝ ʘʣʛʦʨʠʪʤʳ ʦʙʥʘʨʫʞʝʥʠʷ ʘʥʦʤʘʣʠʡ ʦʞʠʜʘʶʪ ʥʝʩʢʦʣʴʢʦ ɺʈ, 

ʯʪʦʙʳ ʠʤʝʪʴ ʩʦʧʦʩʪʘʚʠʤʳʡ ʤʘʩʰʪʘʙ ʧʦ ʚʝʣʠʯʠʥʝ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʣʷ 

ʙʦʣʴʰʠʥʩʪʚʘ ʜʘʥʥʳʭ ʵʪʦ ʥʝʚʦʟʤʦʞʥʦ. 

ʇʦʤʠʤʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʘʥʦʤʘʣʠʡ ʥʝʤʘʣʦʚʘʞʥʳʤ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜʳ 

ʚʳʷʚʣʝʥʠʷ ʵʪʠʭ ʘʥʦʤʘʣʠʡ. ɺʩʝ ʤʝʪʦʜʳ ʫʩʣʦʚʥʦ ʤʦʞʥʦ ʨʘʟʙʠʪʴ ʥʘ 2 ʛʨʫʧʧʳ: 

¶ ʤʝʪʦʜʳ ʧʦʠʩʢʘ ʘʥʦʤʘʣʠʡ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʪʦʣʴʢʦ ʠʩʭʦʜʥʦʛʦ ɺʈ; 

¶ ʤʝʪʦʜʳ ʧʦʠʩʢʘ ʘʥʦʤʘʣʠʡ ʥʘ ʦʩʥʦʚʝ ʩʨʘʚʥʝʥʠʷ ʠʩʭʦʜʥʦʛʦ ɺʈ ʩ 

ʵʪʘʣʦʥʥʳʤʠ ɺʈ. 

ɺr ʰʝ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʤʝʪʦʜʳ ʧʦʠʩʢʘ ʘʥʦʤʘʣʠʡ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʧʝʨʚʦʡ 

ʛʨʫʧʧʝ. ʈʘʩʩʤʦʪʨʠʤ, ʢʘʢʠʝ ʩʫʱʝʩʪʚʫʶʪ ʤʝʪʦʜʳ ʧʦʠʩʢʘ ʘʥʦʤʘʣʠʡ ʥʘ ʦʩʥʦʚʝ 

ʩʨʘʚʥʝʥʠʷ ʧʦʣʫʯʘʝʤʳʭ ɺʈ ʩ ʵʪʘʣʦʥʥʳʤʠ. 

ʂ ʪʘʢʠʤ ʤʝʪʦʜʘʤ ʦʪʥʦʩʷʪ: 

¶ ʤʝʪʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʙʘʟʦʚʦʤ ʷʜʨʝ [65, 70, 71, 76-91]; 

¶ ʤʝʪʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʦʢʥʘʭ [92-94]; 

¶ ʤʘʨʢʦʚʩʢʠʡ ʤʝʪʦʜ [86, 88]; 

¶ ʩʢʨʳʪʳʝ ʤʘʨʢʦʚʩʢʠʝ ʤʝʪʦʜʳ [95-101] 

ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʛʦ ʥʘʫʯʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʝ ʩʪʦʷʣʘ ʟʘʜʘʯʘ ʘʥʘʣʠʟʘ 

ʙʦʣʴʰʠʭ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ, ʧʦʵʪʦʤʫ ʜʝʪʘʣʴʥʳʡ ʦʙʟʦʨ ʤʝʪʦʜʦʚ ʧʨʠʚʦʜʠʪʴʩʷ ʥʝ 

ʙʫʜʝʪ. 

1.4. ʇʨʦʛʨʘʤʤʥʳʝ ʩʨʝʜʩʪʚʘ ʘʥʘʣʠʟʘ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ ʚ ʟʘʜʘʯʘʭ 

ʜʠʘʛʥʦʩʪʠʢʠ 

ʉʫʱʝʩʪʚʫʝʪ ʤʥʦʛʦ ʩʨʝʜʩʪʚ ʜʠʘʛʥʦʩʪʠʢʠ ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʥʦ ʦʥʠ 

ʷʚʣʷʶʪʩʷ ʫʟʢʦʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʤʠ ʠ ʤʘʣʦʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ. ʉ ʜʨʫʛʦʡ 

ʩʪʦʨʦʥʳ, ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʧʨʦʛʨʘʤʤ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʧʣʘʥʘ, ʢʦʪʦʨʳʝ 

ʠʤʝʶʪ ʚ ʩʚʦʝʤ ʨʘʩʧʦʨʷʞʝʥʠʠ ʬʫʥʢʮʠʦʥʘʣ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ɺʈ. ʊʘʢ ʢʘʢ ʚ ʩʣʫʯʘʷʭ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ɺʈ ʟʘʜʘʯʘ ʜʠʘʛʥʦʩʪʠʢʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʚʦʜʠʪʩʷ ʢ ʘʥʘʣʠʟʫ 

ʧʦʚʝʜʝʥʠʷ ɺʈ, ʪʦ ʧʨʦʛʨʘʤʤʳ, ʦʙʨʘʙʘʪʳʚʘʶʱʠʝ ɺʈ ʠ ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ 
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ʵʢʦʥʦʤʠʯʝʩʢʦʤ ʘʥʘʣʠʟʝ, ʪʘʢʞʝ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʠ ʚ ʩʬʝʨʝ ʜʠʘʛʥʦʩʪʠʢʠ 

ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʦʡ ʢʦʨʨʝʢʪʠʨʦʚʢʝ [102, 103]. 

ʊʘʢ, ʚ ʩʦʩʪʘʚ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʧʘʢʝʪʦʚ (ʥʘʧʨʠʤʝʨ, MATLAB, Mathcad), 

ʵʣʝʢʪʨʦʥʥʳʭ ʪʘʙʣʠʮ (ʥʘʧʨʠʤʝʨ, Excel) ʚʭʦʜʷʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ ɺʈ.  

ʈʷʜ ʧʘʢʝʪʦʚ (SAS, STADIA, STATISTICA, SPSS, STATGRAPHICS, S-

plus, SYSTAT, MICROSTA) ʠʤʝʶʪ ʚ ʩʚʦʝʤ ʥʘʙʦʨʝ ʩʧʝʮʠʘʣʴʥʳʝ ʤʝʪʦʜʳ, 

ʢʦʪʦʨʳʝ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ɺʈ ʦʧʨʝʜʝʣʷʶʪ, ʢʘʢʠʤ ʤʝʪʦʜʦʤ ʙʫʜʝʪ ʵʬʬʝʢʪʠʚʥʝʝ 

ʧʨʦʚʦʜʠʪʴ ʘʥʘʣʠʟ [104-106].  

ɺ ʪʘʙʣʠʮʝ 1.1 ʧʨʝʜʩʪʘʚʣʝʥ ʦʙʟʦʨ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ 

ʩʨʝʜʩʪʚ [106]. 

ʊʘʙʣʠʮʘ 1.1 ï ʇʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʨʦʛʨʘʤʤʥʳʭ 

ʩʨʝʜʩʪʚ ʘʥʘʣʠʟʘ ɺʈ 

ʅʘʟʚʘʥʠʝ ʇʨʝʠʤʫʱʝʩʪʚʘ ʅʝʜʦʩʪʘʪʢʠ 

R [107] ʇʦʜʜʝʨʞʠʚʘʝʤʳʝ ʙʠʙʣʠʦʪʝʢʠ; 

ʚʠʟʫʘʣʠʟʘʮʠʷ 

ʉʣʦʞʥʦʩʪʴ ʦʙʫʯʝʥʠʷ 

Matlab [108] ʇʨʦʩʪʘʷ ʧʦʜʜʝʨʞʢʘ ʤʘʪʨʠʮ; 

ʚʠʟʫʘʣʠʟʘʮʠʷ 

ɺʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ; 

ʅʝʧʦʣʥʘʷ ʧʦʜʜʝʨʞʢʘ 

ʩʪʘʪʠʩʪʠʢʠ 

SciPy 

[109]/NumPy/ 

Matplotlib 

ʈʘʟʨʘʙʦʪʘʥ ʥʘ ʷʟʳʢʝ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Python 

ʅʝʜʘʚʥʦ ʨʘʟʨʘʙʦʪʘʥʥʳʡ 

Excel [110] ʇʨʦʩʪʦʡ; ɺʠʟʫʘʣʴʥʳʡ; ɻʠʙʢʠʡ ɼʦʣʛʦ ʦʙʨʘʙʘʪʳʚʘʝʪ 

ʙʦʣʴʰʠʝ ʥʘʙʦʨʳ ʜʘʥʥʳʭ 

SAS [111] ɹʳʩʪʨʦ ʦʙʨʘʙʘʪʳʚʘʝʪ ʙʦʣʴʰʠʝ 

ʥʘʙʦʨʳ ʜʘʥʥʳʭ 

ɺʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ; 

ʅʘʧʠʩʘʥ ʥʘ ʫʩʪʘʨʝʚʰʝʤ 

ʷʟʳʢʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ 

Stata [112] ʇʨʦʩʪʦʡ ʩʪʘʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ  

SPSS [113] ʇʦ ʬʫʥʢʮʠʦʥʘʣʫ ʘʥʘʣʦʛʠʯʝʥ Stata, ʥʦ ʜʦʨʦʞʝ ʠ ʭʫʞʝ ʢʘʯʝʩʪʚʦʤ 
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ʅʘʟʚʘʥʠʝ ʇʨʝʠʤʫʱʝʩʪʚʘ ʅʝʜʦʩʪʘʪʢʠ 

ʀʥʪʝʨʥʝʪ-

ʩʝʨʚʠʩ ʜʣʷ 

ʘʥʘʣʠʟʘ ɺʈ 

[114] 

ʕʢʩʧʝʨʪʥʘʷ ʩʠʩʪʝʤʘ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʥʝʯʝʪʢʦʡ ʣʦʛʠʢʝ 

 

ʂʘʞʜʦʝ ʠʟ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʨʝʰʝʥʠʡ ʠʤʝʝʪ ʩʚʦʠ ʧʣʶʩʳ ʠ ʤʠʥʫʩʳ, ʪʘʢ 

ʨʝʰʝʥʠʷ Stata, SPSS, MS Excel ʧʦʪʨʝʙʫʶʪ ʤʝʥʴʰʝ ʬʠʥʘʥʩʦʚʳʭ ʚʣʦʞʝʥʠʡ ʠ 

ʚʨʝʤʝʥʠ ʥʘ ʦʙʫʯʝʥʠʠ, ʥʦ ʙʫʜʫʪ ʤʝʥʝʝ ʛʠʙʢʠʤʠ ʜʣʷ ʨʝʰʝʥʠʷ ʩʧʝʮʠʬʠʯʝʩʢʠ 

ʟʘʜʘʯ [115]. 

1.5. ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʊʝʤʘ ʜʠʩʩʝʨʪʘʮʠʠ ʧʦʩʚʷʱʝʥʘ ʨʘʟʨʘʙʦʪʢʝ ʤʝʪʦʜʦʚ ʠ ʩʨʝʜʩʪʚ 

ʙʘʣʘʥʩʠʨʦʚʢʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʧʝʨʩʦʥʘʣʘ, ʘʚʪʦʤʘʪʠʟʘʮʠʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ ʧʨʦʠʟʚʦʜʩʪʚʘ (ɸʉʊʇʇ), ʚ ʢʦʪʦʨʳʭ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʡ ʘʥʘʣʠʟ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ ʜʣʷ ʫʪʦʯʥʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ.  

ʎʝʣʴʶ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʩʦʢʨʘʱʝʥʠʝ ʩʨʦʢʦʚ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʟʘ ʩʯʝʪ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʥʪʦʣʦʛʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ ʜʣʷ ʠʟʚʣʝʯʝʥʠʷ ʜʘʥʥʳʭ ʚ ʟʘʜʘʯʝ 

ʙʘʣʘʥʩʠʨʦʚʢʠ ʤʦʱʥʦʩʪʝʡ. 

ʆʙʲʝʢʪʦʤ ʠ ʤʘʪʝʨʠʘʣʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʩʣʫʞʠʣʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦ-

ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʥʘ ʧʨʠʤʝʨʝ ʘʛʨʝʛʘʪʥʦ-ʩʙʦʨʦʯʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʩʘʤʦʣʝʪʦʩʪʨʦʠʪʝʣʴʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ ʚ ʫʩʣʦʚʠʷʭ ʤʫʣʴʪʠʧʨʦʜʫʢʪʦʚʦʡ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʧʨʦʛʨʘʤʤʳ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʮʝʣʴʶ ʨʘʙʦʪʳ ʘʢʪʫʘʣʴʥʳʤʠ ʷʚʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ 

ʟʘʜʘʯʠ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ: 
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1. ɺʳʧʦʣʥʠʪʴ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʤʝʪʦʜʦʚ ʠ ʩʨʝʜʩʪʚ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ ʘʚʠʘʩʪʨʦʠʪʝʣʴʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʩʨʝʜʩʪʚ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʙʘʣʘʥʩʠʨʦʚʢʠ 

ʤʦʱʥʦʩʪʝʡ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʩʦʩʪʦʷʥʠʷ ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʥʘ 

ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ. 

2. ɺʳʧʦʣʥʠʪʴ ʥʘʫʯʥʳʡ ʦʙʟʦʨ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ, 

ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʦʚ ʚ ʟʘʜʘʯʘʭ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ 

ʧʦʜʛʦʪʦʚʢʠ ʘʚʠʘʩʪʨʦʠʪʝʣʴʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ 

3. ʈʘʟʨʘʙʦʪʘʪʴ ʤʦʜʝʣʴ ʠ ʘʣʛʦʨʠʪʤ ʙʘʣʘʥʩʠʨʦʚʢʠ ʤʦʱʥʦʩʪʝʡ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʘʣʛʦʨʠʪʤʦʚ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʠ ʦʥʪʦʣʦʛʠʡ ʚ ʟʘʜʘʯʘʭ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ ʧʨʦʠʟʚʦʜʩʪʚʘ; 

4. ʈʘʟʨʘʙʦʪʘʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʵʥʪʨʦʧʠʡʥʦʛʦ ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ, 

ʘʜʘʧʪʠʨʦʚʘʥʥʫʶ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

5. ʈʘʟʨʘʙʦʪʘʪʴ ʘʣʛʦʨʠʪʤ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ, ʦʪʣʠʯʘʶʱʠʡʩʷ ʧʨʠʤʝʥʝʥʠʝʤ 

ʵʥʪʨʦʧʠʡʥʦʛʦ ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ ʜʣʷ ʟʘʜʘʯ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʦʚʝʜʝʥʠʷ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ 

6. ʈʘʟʨʘʙʦʪʘʪʴ ʤʦʜʝʣʠ ʠ ʘʣʛʦʨʠʪʤʳ ʚʳʷʚʣʝʥʠʷ ʘʥʦʤʘʣʠʡ ʵʥʪʨʦʧʠʡʥʦʛʦ 

ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ 

ʤʦʜʝʣʠ ʘʚʠʘʩʪʨʦʠʪʝʣʴʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ.  

7. ʈʘʟʨʘʙʦʪʘʪʴ ʤʦʜʝʣʠ ʠ ʘʣʛʦʨʠʪʤʳ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʚʳʷʚʣʷʝʤʳʭ 

ʘʥʦʤʘʣʠʡ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʜʝʬʝʢʪʥʳʭ ʩʦʩʪʦʷʥʠʡ 

ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʠʩʪʝʤʳ, 

ʚʢʣʶʯʘʶʱʝʡ ʙʘʟʫ ʥʝʯʝʪʢʠʭ ʧʨʘʚʠʣ. 

8. ʈʘʟʨʘʙʦʪʘʪʴ ʘʨʭʠʪʝʢʪʫʨʫ ʧʨʦʛʨʘʤʤʥʦʡ ʩʠʩʪʝʤʳ ʙʘʣʘʥʩʠʨʦʚʢʠ 

ʤʦʱʥʦʩʪʝʡ ʥʘ ʦʩʥʦʚʝ ʦʥʪʦʣʦʛʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ ʚ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʝ ʧʨʦʠʟʚʦʜʩʪʚʘ. 
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9. ʈʘʟʨʘʙʦʪʘʪʴ ʧʨʦʛʨʘʤʤʥʫʶ ʩʠʩʪʝʤʫ ʙʘʣʘʥʩʠʨʦʚʢʠ ʤʦʱʥʦʩʪʝʡ ʥʘ 

ʦʩʥʦʚʝ ʦʥʪʦʣʦʛʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ 

ʚ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʝ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

10. ʇʨʦʚʝʩʪʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ, ʧʦʜʪʚʝʨʞʜʘʶʱʠʝ 

ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʴ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʘ ʦʩʥʦʚʝ ʨʘʟʨʘʙʦʪʘʥʥʳʭ 

ʤʦʜʝʣʝʡ ʠ ʘʣʛʦʨʠʪʤʦʚ. 

11. ɺʥʝʜʨʠʪʴ ʧʨʦʛʨʘʤʤʥʫʶ ʩʠʩʪʝʤʫ ʙʘʣʘʥʩʠʨʦʚʢʠ ʤʦʱʥʦʩʪʝʡ ʥʘ ʦʩʥʦʚʝ 

ʦʥʪʦʣʦʛʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ ʚ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ 

ʜʝʷʪʝʣʴʥʦʩʪʴ ʘʚʠʘʩʪʨʦʠʪʝʣʴʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ. 
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ɻʃɸɺɸ 2. ʄʆɼɽʃʀ ʀ ɸʃɻʆʈʀʊʄʓ 

ɹɸʃɸʅʉʀʈʆɺʂʀ ʄʆʑʅʆʉʊɽʁ ʀ ʊɽʍʅʀʏɽʉʂʆʁ 

ɼʀɸɻʅʆʉʊʀʂʀ ʆɹʆʈʋɼʆɺɸʅʀʗ ʅɸ ʆʉʅʆɺɽ 

ɸʅɸʃʀɿɸ ɺʈɽʄɽʅʅʓʍ ʈʗɼʆɺ ɺ ɿɸɼɸʏɸʍ 

ɸɺʊʆʄɸʊʀɿʀʈʆɺɸʅʅʆʁ ʊɽʍʅʆʃʆɻʀʏɽʉʂʆʁ 

ʇʆɼɻʆʊʆɺʂʀ ʇʈʆʀɿɺʆɼʉʊɺɸ 

2.1 ʄʦʜʝʣʴ ʠ ʘʣʛʦʨʠʪʤʳ ʙʘʣʘʥʩʠʨʦʚʢʠ ʤʦʱʥʦʩʪʝʡ ʥʘ ʦʩʥʦʚʝ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʚ ʟʘʜʘʯʘʭ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ 

ʧʦʜʛʦʪʦʚʢʠ ʧʨʦʠʟʚʦʜʩʪʚʘ  

2.1.1 ʄʝʪʦʜʠʢʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦ ï ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʘʚʠʘʮʠʦʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ.  

ʇʨʦʮʝʩʩ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʊʇʇ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʨʘʟʨʘʙʦʪʢʫ ʤʦʜʝʣʝʡ ʥʘ 

ʢʘʞʜʦʤ ʪɻʘʧʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʩ ʫʪʦʯʥʝʥʠʝʤ ʜʝʪʘʣʠʟʘʮʠʝʡ ʠ ʚʟʘʠʤʦʫʚʷʟʢʦʡ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʦʪʦʢʦʚ ʊʇʇ [116 ï 118]. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʟʥʘʯʝʥʠʷ ʠ ʦʙʱʥʦʩʪʠ ʤʦʜʝʣʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʢʣʘʩʩʠʬʠʮʠʨʫʶʪʩʷ ʥʘ ʜʠʨʝʢʪʠʚʥʳʡ, ʪʠʧʦʚʦʡ, 

ʨʘʙʦʯʠʡ. 

ɼʠʨʝʢʪʠʚʥʦʝ ʦʧʠʩʘʥʠʝ ʊʇ ʦʪʨʘʞʘʝʪ ʩʠʩʪʝʤʫ ʊʇʇ ʠ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʚ 

ʛʦʣʦʚʥʦʤ ʠʥʩʪʠʪʫʪʝ, ʥʘ ʢʦʥʢʨʝʪʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ. 

ʈʘʙʦʯʠʝ ʊʇ ʦʪʨʘʞʘʶʪ ʪʝʢʫʱʝʝ ʩʦʩʪʦʷʥʠʝ ʊʇʇ ʜʦ ʝʝ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ, ʠ ʦʧʪʠʤʠʟʘʮʠʠ. 

ʊʝʨʤʠʥʳ, ʧʨʠʤʝʥʷʝʤʳʝ ʧʨʠ ʩʦʟʜʘʥʠʠ ʠ ʨʘʙʦʪʝ ʩ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʤʦʜʝʣʴʶ [119 ï 126]: 
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ʇʨʦʮʝʜʫʨʘ ï ʦʧʨʝʜʝʣʝʥʥʘʷ ʩʦʚʦʢʫʧʥʦʩʪʴ ʵʣʝʤʝʥʪʘʨʥʳʭ oneʨʘʮʠʡ ʧʦ 

ʦʙʨʘʙʦʪʢʝ ʜʘʥʥʳʭ, ʧʦ ʨʝʟʫʣʴʪʘʪʫ ʨʘʙʦʪʳ ʢʦʪʦʨʳʭ ʧʨʦʠʩʭʦʜʷʪ ʠʟʤʝʥʝʥʠʷ ʚ 

ʩʦʩʪʘʚʝ ʜʘʥʥʳʭ.  

ɿʘʜʘʯʘ ï ʩʦʚʦʢʫʧʥʦʩʪʴ ʧʨʦʮʝʜʫʨ, ʢʦʪʦʨʳʝ ʚʳʧʦʣʥʷʝʶʪʩʷ ʚ ʩʪʨʦʛʦ 

ʟʘʜʘʥʥʦʡ ʣʦʛʠʯʝʩʢʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʠ ʧʨʠ ʵʪʦʤ ʦʧʨʝʜʝʣʷʶʱʠʭ ʧʨʦʮʝʩʩ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʜʥʦʛʦ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʥʦʩʠʪʝʣʝʡ ʜʘʥʥʳʭ. 

ʌʫʥʢʮʠʷ ï ʥʘʙʦʨ ʧʨʦʮʝʩʩʦʚ ʩʦʟʜʘʥʠʷ ʥʦʩʠʪʝʣʝʡ ʜʘʥʥʳʭ, 

ʩʛʨʫʧʧʠʨʦʚʘʥʥʳʭ ʧʦ ʦʙʱʥʦʩʪʠ ʨʝʰʘʝʤʳʭ ʟʘʜʘʯ. 

ʅʦʩʠʪʝʣʴ ʠʥʬʦʨʤʘʮʠʠ ï ʤʘʪʝʨʠʘʣʴʥʳʡ ʦʙʲʝʢʪ ʠʣʠ ʬʠʟʠʯʝʩʢʘʷ ʩʨʝʜʘ, 

ʢʦʪʦʨʳʡ ʩʦʜʝʨʞʠʪ ʦʧʨʝʜʝʣʝʥʥʳʡ ʦʙʲʝʤ ʠʥʬʦʨʤʘʮʠʠ ʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʝʝ 

ʭʨʘʥʝʥʠʷ. 

ɼʦʢʫʤʝʥʪ ï ʥʦʩʠʪʝʣʴ ʠʥʬʦʨʤʘʮʠʠ, ʠʤʝʶʱʠʡ ʶʨʠʜʠʯʝʩʢʫʶ ʩʠʣʫ. 

ɹʣʦʢ ï ʵʣʝʤʝʥʪ ʛʨʘʬʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʩʠʩʪʝʤʳ ʊʇʇ, 

ʠʤʝʶʱʠʤ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ: ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʚʭʦʜ, ʧʨʦʮʝʩʩ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ, 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʚʳʭʦʜ ʠ ʦʙʨʘʪʥʫʶ ʩʚʷʟʴ. 

ɹʣʦʢ-ʩʭʝʤʘ ï ʛʨʘʬʠʯʝʩʢʠʡ ʜʦʢʫʤʝʥʪ ʤʦʜʝʣʠ ʩʠʩʪʝʤʳ ʊʇʇ, ʚ ʢʦʪʦʨʦʤ 

ʦʪʦʙʨʘʞʘʝʪʩʷ ʚʟʘʠʤʦʩʚʷʟʴ ʙʣʦʢʦʚ ʠ ʧʨʦʮʝʩʩʦʚ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʧʨʠ ʧʦʤʦʱʠ 

ʫʩʣʦʚʥʳʭ ʛʨʘʬʠʯʝʩʢʠʭ ʦʙʦʟʥʘʯʝʥʠʡ. 

ʇʨʦʝʢʪʥʦʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ï ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʠ ʝʝ ʧʨʦʛʨʘʤʤʥʦʝ 

ʦʙʝʩʧʝʯʝʥʠʝ, ʢʦʪʦʨʳʝ ʦʬʦʨʤʣʝʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʜʦʢʫʤʝʥʪʘʮʠʝʡ. 

ʉ ʧʦʤʦʱʴʶ ʇʊʄ  ʨʝʰʘʶʪʩʷ ʟʘʜʘʯʠ: 

1. ɺr ʷʚʣʝʥʠʷ ʦʪʢʣʦʥʝʥʠʷ ʥʘ ʨʘʥʥʠʭ ʩʪʘʜʠʷʭ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʠʟʜʝʣʠʷ. 

2. ʆʧʪʠʤʠʟʘʮʠʠ ʇʊʄ ʥʘ ʚʩʝʭ ʩʪʘʜʠʷʭ ɾʎʀ.  

3. ʌʦʨʤʠʨʦʚʘʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʨʘʩʧʠʩʘʥʠ.̫ 

4. ʄʦʥʠʪʦʨʠʥʛʘ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʩʦʦʪʚʝʪʩʪʚʠʷ ʫʪʚʝʨʞʜʸʥʥʦʡ ʇʊʄ ʠ 

ʬʦʨʤʠʨʦʚʘʥʠ ̫ʧʨʦʛʥʦʟʥʳʭ ʩʮʝʥʘʨʠʝʚ ʨʘʟʚʠʪʠʷ. 

ʇʊʄ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤ ʠ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʤ 

ʦʙʝʩʧʝʯʝʥʠʝʤ, ʤʝʪʦʜʘʤʠ ʨʘʙʦʪʳ ʩ ʥʠʤʠ ʘ ʪʘʢʞʝ ʜʦʢʫʤʝʥʪʘʤʠ (ʢʘʢ 

ʪʝʢʩʪʦʚʳʤʠ, ʪʘʢ ʠ ʨʘʟʣʠʯʥʳʭ ʠʥʞʝʥʝʨʥʳʭ ʬʦʨʤʘʪʦʚ). 

ʇʊʄ ʩʦʩʪʦʠʪ ʠʟ ʩʣʝʜʫʶʱʠʭ ʢʦʤʧʦʥʝʥʪ (ʨʠʩʫʥʦʢ 2.1): 
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¶ ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʤʦʜʝʣʴ  

¶ ʀʥʬʦʨʤʘʮʠʦʥʘʷ ʤʦʜʝʣʴ   

¶ ʈʝʩʫʨʩʥʘʷ ʤʦʜʝʣʴ 

¶ ʆʨʛʘʥʠʟʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ .   

 

ʈʠʩʫʥʦʢ 2.1 ï ʉʪʨʫʢʪʫʨʘ ʇʊʄ 

2.1.2 ʇʦʩʪʨʦʝʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʤʦʜʝʣʠ çʂɸʂ ɽʉʊʔè 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʢʦʥʮʝʧʮʠʷ ʩʦʟʜʘʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ 

ʠʤʝʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʤʝʩʪʦ ʚ ʦʨʛʘʥʠʟʘʮʠʠ ʜʝʷʪʝʣʴʥʦʩʪʠ ʣʶʙʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ 

[127, 128]. ʊʝʭʥʦʣʦʛ, ʥʝ ʚʣʘʜʝʶʱʠʡ ʤʝʪʦʜʘʤʠ ʩʦʟʜʘʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ 

ʜʦʢʫʤʝʥʪʘʮʠʠ, ʥʝ ʤʦʞʝʪ ʵʬʬʝʢʪʠʚʥʦ ʩʤʦʜʝʣʠʨʦʚʘʪʴ ʨʘʙʦʯʠʡ ʧʨʦʮʝʩʩ [129]. 

ʀʥʞʝʥʝʨ, ʥʝ ʧʦʥʠʤʘʶʱʠʡ ʟʥʘʯʝʥʠʝ ʵʪʠʭ ʤʝʪʦʜʦʚ, ʦʙʨʝʯʝʥ ʥʘ ʧʨʠʥʷʪʠʝ 

ʦʰʠʙʦʯʥʳʭ ʨʝʰʝʥʠʡ. ʅʘ ʨʠʩʫʥʢʝ 2.2 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʠʩʪʝʤʘ ʊʝʄʇ, 

ʧʦʩʪʨʦʝʥʥʘʷ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʛʣʘʚʥʦʛʦ ʢʦʥʩʪʨʫʢʪʦʨʘ ʠ ʠʥʞʝʥʝʨʘ. 

ʂʦʥʪʝʢʩʪʥʘʷ ʜʠʘʛʨʘʤʤʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʙʣʦʢʦʤ 

çʉʦʟʜʘʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠè, ʢʦʪʦʨʳʡ ʠʤʝʝʪ ʚ ʢʘʯʝʩʪʚʝ 

ʫʧʨʘʚʣʝʥʠʷ çʈʫʢʦʚʦʜʩʪʚʦ ʧʦʣʴʟʦʚʘʪʝʣʷè, çʅʦʨʤʘʪʠʚʥʳʝ ʜʦʢʫʤʝʥʪʳè, ʚ 

ʢʘʯʝʩʪʚʝ ʤʝʭʘʥʠʟʤʘ ʧʨʝʜʩʪʘʚʣʝʥʳ çʇʦʣʴʟʦʚʘʪʝʣʴè, çɸʈʄ ʧʦʣʴʟʦʚʘʪʝʣʷè. ʅʘ 

ʚʭʦʜ ʧʦʩʪʫʧʘʶʪ çɹɼ ʕʆʀè, çɹɼ ʩʦʩʪʘʚʘ ʠʟʜʝʣʠʷè, ʘ ʥʘ ʚʳʭʦʜʝ ʥʘʭʦʜʷʪʩʷ çʂʂ 

(ʙʫʤʘʞʥʘʷ ʚʝʨʩʠʷ)è, çʕʊɼè, çʎɻè. 

 

 

˽́ ˸

̅ͯͤ͟ͼ͙ͦͤ͊͡Έͤ͊Ύ 

͔ͣͦ͒͡Έ 

˾͔ͫͯͪͫͤ͊Ύ ͔ͣͦ͒͡Έ ˻͎͙ͪ͊ͤ͊͘ͼ͙ͦͤͤ͊Ύ 

͔ͣͦ͒͡Έ 

ˮͤͺͦͪͣ͊ͼ͙ͦͤͤ͊Ύ 

͔ͣͦ͒͡Έ 
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ʈʠʩʫʥʦʢ 2.2 ï ʂʦʥʪʝʢʩʪʥʘʷ ʜʠʘʛʨʘʤʤʘ çʉʦʟʜʘʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ 

ʜʦʢʫʤʝʥʪʘʮʠʠè (ʥʦʪʘʮʠʷ IDEF0) 

ɼʝʢʦʤʧʦʟʠʮʠʷ ʢʦʥʪʝʢʩʪʥʦʡ ʜʠʘʛʨʘʤʤʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʥʘ ʨʠʩʫʥʢʝ 2.3, 

ʩʦʜʝʨʞʠʪ ʦʩʥʦʚʥʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʙʣʦʢʠ, ʢʦʪʦʨʳʝ ʟʘʜʝʡʩʪʚʦʚʘʥʳ ʚ 

ʩʠʩʪʝʤʝ: 

¶ ʨʘʙʦʪʘ ʩ ʂɼ ɸʉʋ-ʄʘʷʢ; 

¶ ʨʘʙʦʪʘ ʩ ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʠ ʠʥʩʪʨʫʤʝʥʪʘʤʠ; 

¶ ʨʘʙʦʪʘ ʩ ʜʝʨʝʚʦʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʩʧʦʨʪʦʚ; 

¶ ʨʘʙʦʪʘ ʩ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʦʤ; 

¶ ʨʘʙʦʪʘ ʩ ʮʠʢʣʦʚʳʤʠ ʛʨʘʬʠʢʘʤʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠʟʜʝʣʠʷ; 

¶ ʨʘʙʦʪʘ ʩ ʢʦʤʧʣʝʢʪʦʚʦʯʥʦʡ ʢʘʨʪʦʡ; 

¶ ʫʪʚʝʨʞʜʝʥʠʝ ʜʠʨʝʢʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ; 

¶ ʨʘʟʨʘʙʦʪʢʘ ʜʝʨʝʚʘ ʩʦʩʪʘʚʘ ʠʟʜʝʣʠʷ. 

ʄʝʭʘʥʠʟʤʳ çʇʦʣʴʟʦʚʘʪʝʣʴè ʠ çɸʈʄ ʧʦʣʴʟʦʚʘʪʝʣʷè ʩʣʫʞʠʪ ʜʣʷ 

ʚʳʧʦʣʥʝʥʠʷ ʚʩʝʭ ʙʣʦʢʦʚ.  

ʌʫʥʢʮʠʦʥʘʣʴʥʳʝ ʙʣʦʢʠ çʈʘʙʦʪʘ ʩ ʂɼ ɸʉʋ-ʄʘʷʢè, çʈʘʙʦʪʘ ʩ ʜʝʨʝʚʦʤ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʩʧʦʨʪʦʚè. ʅʘ ʦʩʥʦʚʘʥʠʠ ʥʦʨʤʘʪʠʚʥʳʭ ʜʦʢʫʤʝʥʪʦʚ ʠ 

ʨʫʢʦʚʦʜʩʪʚʘ ʧʦʣʴʟʦʚʘʪʝʣʷ (ʫʧʨʘʚʣʷʶʱʠʝ ʠʥʪʝʨʬʝʡʩʥʳʝ ʜʫʛʠ), ʧʦʣʴʟʦʚʘʪʝʣʴ 

ʩʦ ʩʚʦʝʛʦ ʨʘʙʦʯʝʛʦ ʤʝʩʪʘ ʜʣʷ ʧʦʜʛʦʪʦʚʢʠ ʢ ʨʘʙʦʪʝ ʩ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ 
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ʧʨʦʮʝʩʩʦʤ ʚʝʜʝʪ ʨʘʙʦʪʫ c ʂɼ ɸʉʋ-ʄʘʷʢ ʠ ʠʩʧʦʣʴʟʫʝʪ ʜʝʨʝʚʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʧʘʩʧʦʨʪʦʚ. 

 
ʈʠʩʫʥʦʢ 2.3 ï ɼʝʢʦʤʧʦʟʠʮʠʷ ʢʦʥʪʝʢʩʪʥʦʡ ʜʠʘʛʨʘʤʤʳ (ʥʦʪʘʮʠʷ 

IDEF0) 

ɺʭʦʜ çɹɼ ʕʆʀè ʙʣʦʢʘ çʈʘʙʦʪʘ ʩ ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʠ ʠʥʩʪʨʫʤʝʥʪʘʤʠè 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʘʙʦʨ ʵʣʝʢʪʨʦʥʥʦ ʦʧʨʝʜʝʣʝʥʥʳʭ ʠʟʜʝʣʠʡ ʜʣʷ ʚʳʙʦʨʘ ʠ 

ʧʦʜʛʦʪʦʚʢʠ ʢ ʨʘʙʦʪʝ ʩ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʦʤ. ʆʧʨʝʜʝʣʝʥʥʳʡ ʥʘʙʦʨ 

ʤʥʦʞʝʩʪʚʘ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʠʥʩʪʨʫʤʝʥʪʦʚ ʷʚʣʷʝʪʩʷ ʚʭʦʜʦʤ ʜʣʷ ʙʣʦʢʘ çʈʘʙʦʪʘ 

ʩ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʦʤè. 

ʈʝʟʫʣʴʪʘʪ ʨʘʙʦʪʳ ʩ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʦʤ ʷʚʣʷʝʪʩʷ ʚʭʦʜʦʤ ʜʣʷ 

ʙʣʦʢʦʚ çʈʘʙʦʪʘ ʩ ʮʠʢʣʦʚʳʤʠ ʛʨʘʬʠʢʘʤʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠʟʜʝʣʠʷè ʠ çʈʘʙʦʪʘ ʩ 

ʢʦʤʧʣʝʢʪʦʚʦʯʥʦʡ ʢʘʨʪʦʡè. ɺʳʭʦʜ çʂʂ (ʙʫʤʘʞʥʘʷ ʚʝʨʩʠʷ)è ʙʣʦʢʘ çʈʘʙʦʪʘ ʩ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʦʤè ʷʚʣʷʝʪʩʷ ʠʪʦʛʦʤ ʨʝʘʣʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʧʨʦʮʝʩʩʘ ʠ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʉʊʂ, ʯʝʨʪʝʞʠ ʠ ʢʨʠʪʝʨʠʠ. 

ɺʳʭʦʜ çʎɻè ʙʣʦʢʘ çʈʘʙʦʪʘ ʩ ʮʠʢʣʦʚʳʤʠ ʛʨʘʬʠʢʘʤʠ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʠʟʜʝʣʠʷè ʷʚʣʷʝʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʘʥʘʣʠʟʘ ʠ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʩʦʙʦʡ ʜʠʘʛʨʘʤʤʫ 

ʦʙʦʟʥʘʯʝʥʠʷ ʟʘʥʷʪʦʩʪʠ ʨʝʩʫʨʩʦʚ ʠ ʪʘʙʣʠʮʫ ʠʟ ʩʣʝʜʫʶʱʠʭ ʩʪʦʣʙʮʦʚ: 

¶ ʥʘʠʤʝʥʦʚʘʥʠʝ ʵʪʘʧʘ (ʚ ʚʠʜʝ ʜʝʨʝʚʘ ʵʪʘʧʦʚ); 

¶ ʢʦʜ ʵʪʘʧʘ; 
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¶ ʮʝʭ/ʤʘʰʠʥʘ; 

¶ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʪʨʫʜʦʝʤʢʦʩʪʴ ʵʪʘʧʘ ʠ ʦʭʚʘʪʳʚʘʶʱʘʷ ʜʦʯʝʨʥʠʭ 

ʵʪʘʧʦʚ; 

¶ ʮʠʢʣ, ʦʭʚʘʪʳʚʘʶʱʠʡ ʜʦʯʝʨʥʠʭ ʵʪʘʧʦʚ (ʚ ʪʦʤ ʯʠʩʣʝ ʟʘʜʥʠʡ ʮʠʢʣ ʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʮʠʢʣ). 

çʋʢʨʫʧʥʝʥʥʘʷ ʤʝʣʢʘʷ ʩʦʩʪʘʚʥʘʷ ʯʘʩʪʴ ʠʟʜʝʣʠʷè ʷʚʣʷʝʪʩʷ ʚʭʦʜʦʤ ʜʣʷ 

ʙʣʦʢʘ çʋʪʚʝʨʞʜʝʥʠʝ ʜʠʨʝʢʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚè, ʢʦʪʦʨʳʡ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʝʨʝʚʦ ʫʢʨʫʧʥʝʥʥʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ, 

ʠʤʝʶʱʝʛʦ ʩʣʝʜʫʶʱʫʶ ʩʪʨʫʢʪʫʨʫ: 

¶ ʢʦʜ ʠʟʜʝʣʠʷ; 

¶ ʦʙʦʟʥʘʯʝʥʠʝ ʫʢʨʫʧʥʝʥʥʦʛʦ ʪʝʭʧʨʦʮʝʩʩʘ; 

¶ ʦʧʝʨʘʮʠʷ ʫʢʨʫʧʥʝʥʥʦʛʦ ʪʝʭʧʨʦʮʝʩʩʘ; 

¶ ʦʙʦʟʥʘʯʝʥʠʝ ʨʘʙʦʯʝʛʦ ʪʝʭʧʨʦʮʝʩʩʘ, ʧʨʠʚʷʟʘʥʥʦʛʦ ʢ ʫʢʨʫʧʥʝʥʥʦʤʫ; 

¶ ʦʧʝʨʘʮʠʷ ʚ ʤʘʨʰʨʫʪʥʦʡ ʢʘʨʪʝ; 

¶ ʦʧʝʨʘʮʠʷ ʚ ʦʧʝʨʘʮʠʦʥʥʦʡ ʢʘʨʪʝ; 

¶ ʢʦʥʝʯʥʦʝ ʩʦʩʪʦʷʥʠʝ ʪʝʭʧʨʦʮʝʩʩʘ. 

ɺʳʭʦʜ ʜʘʥʥʦʛʦ ʙʣʦʢʘ ï çʋʢʨʫʧʥʝʥʥʘʷ ʢʨʫʧʥʘʷ ʩʦʩʪʘʚʥʘʷ ʯʘʩʪʴ 

ʠʟʜʝʣʠʷè. 

çɹɼ ʩʦʩʪʘʚʘ ʠʟʜʝʣʠʷè ʠ çʋʢʨʫʧʥʝʥʥʘʷ ʢʨʫʧʥʘʷ ʩʦʩʪʘʚʥʘʷ ʯʘʩʪʴ ʠʟʜʝʣʠʷè 

ʷʚʣʷʶʪʩʷ ʚʭʦʜʦʤ ʜʣʷ ʙʣʦʢʘ çʈʘʟʨʘʙʦʪʢʘ ʜʝʨʝʚʘ ʩʦʩʪʘʚʘ ʠʟʜʝʣʠʷè, ʨʝʟʫʣʴʪʘʪʦʤ 

ʢʦʪʦʨʦʛʦ ʙʫʜʝʪ ʚʳʭʦʜ çʕʊɼè, ʚ ʢʦʤʧʣʝʢʪ ʢʦʪʦʨʦʛʦ ʚʭʦʜʠʪ: 

¶ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʘʩʧʦʨʪ; 

¶ ʟʘʢʨʳʪʠʝ ʧʘʩʧʦʨʪʦʚ ɹʊʂ; 

¶ ʫʪʚʝʨʞʜʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʘʩʧʦʨʪʘ; 

¶ ʂɼ ɸʉʋ-ʄʘʷʢ; 

¶ ʠʥʩʪʨʫʤʝʥʪ ʠ ʦʙʦʨʫʜʦʚʘʥʠʝ. 

ʉʣʝʜʫʶʱʠʤ ʰʘʛʦʤ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʠ ʷʚʣʷʝʪʩʷ ʜʝʢʦʤʧʦʟʠʮʠʷ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʙʣʦʢʦʚ ʜʠʘʛʨʘʤʤʳ IDEF0-0. ʈʝʟʫʣʴʪʘʪʘʤʠ ʵʪʦʡ 
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ʜʝʢʦʤʧʦʟʠʮʠʠ ʷʚʣʷʶʪʩʷ ʜʠʘʛʨʘʤʤʳ IDEF3. ɺʩʝ ʝʜʠʥʠʮʳ ʨʘʙʦʪ ʚʳʧʦʣʥʷʶʪʩʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʘʚʠʣʦʤ ʚʨʝʤʝʥʥʦʛʦ ʧʨʝʜʰʝʩʪʚʦʚʘʥʠʷ.  

ʅʘ ʨʠʩʫʥʢʝ 2.4 ʧʨʝʜʩʪʘʚʣʝʥʘ ʜʝʢʦʤʧʦʟʠʮʠʷ ʙʣʦʢʘ çʈʘʙʦʪʘ ʩ 

ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʠ ʠʥʩʪʨʫʤʝʥʪʘʤʠè ʚ ʥʦʪʘʮʠʠ IDEF3. 

ʌʫʥʢʮʠʦʥʘʣʴʥʳʡ ʙʣʦʢ ʩʦʩʪʦʠʪ ʠʟ ʩʣʝʜʫʶʱʠʭ ʝʜʠʥʠʮ ʨʘʙʦʪʳ (ʠʟ ʨʘʙʦʪ):  

¶ çɼʦʙʘʚʣʝʥʠʝ ʚ ɹɼ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʠʥʩʪʨʫʤʝʥʪʦʚè; 

¶ çʆʙʥʦʚʣʝʥʠʝ ɹɼè; 

¶ çʋʩʪʘʥʦʚʢʘ ʩʚʷʟʝʡ ʤʝʞʜʫ ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʠ ʠʥʩʪʨʫʤʝʥʪʘʤʠè. 

 

ʈʠʩʫʥʦʢ 2.4 ï ɼʝʢʦʤʧʦʟʠʮʠʷ ʙʣʦʢʘ çʈʘʙʦʪʘ ʩ ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʠ 

ʠʥʩʪʨʫʤʝʥʪʘʤʠè (ʥʦʪʘʮʠʷ IDEF3) 

ʌʫʥʢʮʠʦʥʘʣʴʥʳʡ ʙʣʦʢ çʈʘʙʦʪʘ ʩ ʜʝʨʝʚʦʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʩʧʦʨʪʦʚè 

ʜʝʢʦʤʧʦʟʠʨʫʝʪʩʷ ʥʘ ʨʠʩʫʥʢʝ 2.5. 

 

ʈʠʩʫʥʦʢ 2.5 ï ɼʝʢʦʤʧʦʟʠʮʠʷ ʙʣʦʢʘ çʈʘʙʦʪʘ ʩ ʜʝʨʝʚʦʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʧʘʩʧʦʨʪʦʚè (ʥʦʪʘʮʠʷ IDEF3) 
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ʌʫʥʢʮʠʦʥʘʣʴʥʳʡ ʙʣʦʢ ʩʦʩʪʦʠʪ ʠʟ ʩʣʝʜʫʶʱʠʭ ʝʜʠʥʠʮ ʨʘʙʦʪʳ (ʠʟ ʨʘʙʦʪ):  

¶ çɿʘʧʦʣʥʝʥʠʝ ʊʇ ʩʚʝʜʝʥʠʷʤʠ ʧʦ ʠʟʜʝʣʠʶè; 

¶ çɺʳʧʦʣʥʝʥʠʝ ʧʦʠʩʢʘ ʠʟʜʝʣʠʷ ʧʦ ʝʛʦ ʨʝʢʚʠʟʠʪʘʤè; 

¶ çʋʪʚʝʨʞʜʝʥʠʝ ʊʇè. 

ɼʝʢʦʤʧʦʟʠʮʠʷ ʙʣʦʢʘ çʈʘʙʦʪʘ ʩ ʂɼ ɸʉʋ-ʄʘʷʢè ʚ ʥʦʪʘʮʠʠ IDEF3 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2.6. 

 

ʈʠʩʫʥʦʢ 2.6 ï ɼʝʢʦʤʧʦʟʠʮʠʷ ʙʣʦʢʘ çʈʘʙʦʪʘ ʩ ʂɼ ɸʉʋ-ʄʘʷʢè (ʥʦʪʘʮʠʷ 

IDEF3) 

ʌʫʥʢʮʠʦʥʘʣʴʥʳʡ ʙʣʦʢ ʩʦʩʪʦʠʪ ʠʟ ʩʣʝʜʫʶʱʠʭ ʝʜʠʥʠʮ ʨʘʙʦʪʳ (ʠʟ ʨʘʙʦʪ):  

¶ çʅʘʧʠʩʘʥʠʝ ʜʦʢʫʤʝʥʪʘʮʠʠ ʥʘ ʣʶʙʦʝ ʚʳʧʦʣʥʝʥʠʝ ʧʦʜʩʠʩʪʝʤè; 

¶ çɿʘʧʠʩʴ ʚ ɹɼè; 

¶ çʉʦʦʪʥʦʰʝʥʠʝ ʢ ʚʳʧʦʣʥʷʝʤʦʤʫ ʧʨʦʮʝʩʩʫè. 

ɼʝʢʦʤʧʦʟʠʮʠʷ ʙʣʦʢʘ çʈʘʙʦʪʘ ʩ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʦʤè ʚ ʥʦʪʘʮʠʠ 

IDEF3 ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2.7. 
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ʈʠʩʫʥʦʢ 2.7 ï ɼʝʢʦʤʧʦʟʠʮʠʷ ʙʣʦʢʘ çʈʘʙʦʪʘ ʩ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ 

ʧʨʦʮʝʩʩʦʤè (ʥʦʪʘʮʠʷ IDEF3) 

ʌʫʥʢʮʠʦʥʘʣʴʥʳʡ ʙʣʦʢ ʩʦʩʪʦʠʪ ʠʟ ʩʣʝʜʫʶʱʠʭ ʝʜʠʥʠʮ ʨʘʙʦʪʳ (ʠʟ ʨʘʙʦʪ):  

¶ çʉʦʟʜʘʥʠʝ ʊʇè; 

¶ çʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩ ʫʯʝʪʦʤ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʠʥʩʪʨʫʤʝʥʪʦʚ, 

ʜʦʢʫʤʝʥʪʘʮʠʠ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʩʧʦʨʪʦʚè; 

¶ çɺʳʙʦʨ ʥʘʧʨʘʚʣʝʥʠʷ: ʥʘ ʠʟʛʦʪʦʚʣʝʥʠʝ ʜʝʪʘʣʠ / ʥʘ ʩʙʦʨʢʫè. 

ɼʝʢʦʤʧʦʟʠʮʠʷ ʙʣʦʢʘ çʈʘʙʦʪʘ ʩ ʮʠʢʣʦʚʳʤʠ ʛʨʘʬʠʢʘʤʠ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʠʟʜʝʣʠʷè ʚ ʥʦʪʘʮʠʠ IDEF3 ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2.8. 

 

ʈʠʩʫʥʦʢ 2.8 ï ɼʝʢʦʤʧʦʟʠʮʠʷ ʙʣʦʢʘ çʈʘʙʦʪʘ ʩ ʮʠʢʣʦʚʳʤʠ ʛʨʘʬʠʢʘʤʠ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʠʟʜʝʣʠʷè (ʥʦʪʘʮʠʷ IDEF3) 

ʌʫʥʢʮʠʦʥʘʣʴʥʳʡ ʙʣʦʢ ʩʦʩʪʦʠʪ ʠʟ ʩʣʝʜʫʶʱʠʭ ʝʜʠʥʠʮ ʨʘʙʦʪʳ (ʠʟ ʨʘʙʦʪ):  
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¶ çʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʳʭ ʊʇè; 

¶ çɺʥʝʩʝʥʠʝ ʥʦʨʤè; 

¶ çʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʚʨʝʤʝʥʠ ʩʦʟʜʘʥʠʷ ʠʟʜʝʣʠʷè. 

ɼʝʢʦʤʧʦʟʠʮʠʷ ʙʣʦʢʘ çʈʘʙʦʪʘ ʩ ʮʠʢʣʦʚʳʤʠ ʛʨʘʬʠʢʘʤʠ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʠʟʜʝʣʠʷè ʚ ʥʦʪʘʮʠʠ IDEF3 ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2.9. 

 

ʈʠʩʫʥʦʢ 2.9 ï ɼʝʢʦʤʧʦʟʠʮʠʷ ʙʣʦʢʘ çʈʘʙʦʪʘ ʩ ʢʦʤʧʣʝʢʪʦʚʦʯʥʦʡ ʢʘʨʪʦʡè 

(ʥʦʪʘʮʠʷ IDEF3) 

ʌʫʥʢʮʠʦʥʘʣʴʥʳʡ ʙʣʦʢ ʩʦʩʪʦʠʪ ʠʟ ʩʣʝʜʫʶʱʠʭ ʝʜʠʥʠʮ ʨʘʙʦʪʳ (ʠʟ ʨʘʙʦʪ):  

¶ çʆʙʲʝʜʠʥʝʥʠʝ ʩʦʩʪʘʚʥʳʭ ʊʇè; 

¶ çʋʢʨʫʧʥʝʥʠʝ ʥʘ ʩʣʝʜʫʶʱʝʤ ʫʨʦʚʥʝè. 

ɼʝʢʦʤʧʦʟʠʮʠʷ ʙʣʦʢʘ çʋʪʚʝʨʞʜʝʥʠʝ ʜʠʨʝʢʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚè ʚ ʥʦʪʘʮʠʠ IDEF3 ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2.10. 

 

ʈʠʩʫʥʦʢ 2.10 ï ɼʝʢʦʤʧʦʟʠʮʠʷ ʙʣʦʢʘ çʋʪʚʝʨʞʜʝʥʠʝ ʜʠʨʝʢʪʠʚʥʳʭ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚè (ʥʦʪʘʮʠʷ IDEF3) 

ʌʫʥʢʮʠʦʥʘʣʴʥʳʡ ʙʣʦʢ ʩʦʩʪʦʠʪ ʠʟ ʩʣʝʜʫʶʱʠʭ ʝʜʠʥʠʮ ʨʘʙʦʪʳ (ʠʟ ʨʘʙʦʪ):  

¶ çʇʦʜʪʚʝʨʞʜʝʥʠʝ ʦ ʟʘʢʨʳʪʠʠ ʊʇè; 

¶ çʉʦʩʪʘʚʣʝʥʠʝ ʫʢʨʫʧʥʝʥʥʦʛʦ ʊʇè. 
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ɼʝʢʦʤʧʦʟʠʮʠʷ ʙʣʦʢʘ çʈʘʟʨʘʙʦʪʢʘ ʜʝʨʝʚʘ ʩʦʩʪʘʚʘ ʠʟʜʝʣʠʷè ʚ ʥʦʪʘʮʠʠ 

IDEF3 ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2.11. 

 

ʈʠʩʫʥʦʢ 2.11 ï ɼʝʢʦʤʧʦʟʠʮʠʷ ʙʣʦʢʘ çʈʘʟʨʘʙʦʪʢʘ ʜʝʨʝʚʘ ʩʦʩʪʘʚʘ 

ʠʟʜʝʣʠʷè (ʥʦʪʘʮʠʷ IDEF3) 

ʌʫʥʢʮʠʦʥʘʣʴʥʳʡ ʙʣʦʢ ʩʦʩʪʦʠʪ ʠʟ ʩʣʝʜʫʶʱʠʭ ʝʜʠʥʠʮ ʨʘʙʦʪʳ (ʠʟ ʨʘʙʦʪ):  

¶ çʀʩʧʦʣʴʟʦʚʘʥʠʝ ʫʢʨʫʧʥʝʥʥʳʭ ʊʇ ʩ ʫʯʝʪʦʤ ʜʦʢʫʤʝʥʪʘʮʠʠè; 

¶ çɺʢʣʶʯʝʥʠʝ ʊʇ ʚ ʠʪʦʛʦʚʳʡ ʩʦʩʪʘʚ ʠʟʜʝʣʠʷè; 

¶ çɺʳʚʦʜ ʛʦʪʦʚʦʛʦ ʠʟʜʝʣʠʷè. 

2.1.3 ɿʘʜʘʯʘ ʠ ʤʦʜʝʣʴ ʙʘʣʘʥʩʠʨʦʚʢʠ ʤʦʱʥʦʩʪʝʡ ʧʨʝʜʧʨʠʷʪʠʷ ʥʘ 

ʦʩʥʦʚʝ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ 

ʧʦʢʘʟʘʪʝʣʝʡ 

ɹʘʣʘʥʩ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʤʦʱʥʦʩʪʝʡ ï ʵʪʦ ʩʠʩʪʝʤʘ ʧʦʢʘʟʘʪʝʣʝʡ, 

ʦʧʠʩʳʚʘʶʱʠʭ ʥʘʣʠʯʠʝ, ʜʚʠʞʝʥʠʝ ʠ ʟʘʛʨʫʞʝʥʥʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ 

ʤʦʱʥʦʩʪʝʡ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʨʦʜʫʢʮʠʠ. 

ʇʨʦʠʟʚʦʜʩʪʚʝʥʥʘʷ ʤʦʱʥʦʩʪʴ ï ʵʪʦ ʚʦʟʤʦʞʥʦʩʪʴ ʠʤʝʶʱʠʭʩʷ ʚ ʨʘʩʧʦʨʷʞʝʥʠʠ 

ʧʨʝʜʧʨʠʷʪʠ ̫ ʨʘʟʣʠʯʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ (ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʠ ʩʙʦʨʦʯʥʦ-

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ), ʨʘʙʦʯʠʭ (ʫʯʘʩʪʚʫʶʱʠʭ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʠʟʛʦʪʦʚʣʝʥʠʠ), 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʣʦʱʘʜʝʡ, ʧʨʦʠʟʚʦʜʠʪʴ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʜʫʢʮʠʠ ʟʘ ʟʘʜʘʥʥʳʡ ʧʝʨʠʦʜ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʫʩʪʘʥʦʚʣʝʥʥʳʤ 

ʨʝʞʠʤʦʤ ʨʘʙʦʪʳ. 
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ʇʨʦʮʝʩʩ ʨʘʩʯʝʪʘ ʙʘʣʘʥʩʠʨʦʚʢʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʤʦʱʥʦʩʪʝʡ 

ʧʨʝʜʧʨʠʷʪʠʷ, ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʙʘʣʘʥʩʠʨʦʚʢʠ ʤʦʱʥʦʩʪʝʡ 

ʮʝʭʦʚ ʧʨʝʜʧʨʠʷʪʠʷ ʩ ʫʯʸʪʦʤ ʧʣʘʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʧʨʦʛʨʘʤʤʳ. ʆʩʥʦʚʥʳʤ 

ʨʝʟʫʣʴʪʘʪʦʤ ʚʳʧʦʣʥʝʥʠʷ ʙʘʣʘʥʩʠʨʦʚʢʠ ʷʚʣʷʝʪʩʷ ʜʦʧʦʣʥʝʥʠʝ ʜʘʥʥʳʤʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʘʩʧʦʨʪʘ ʧʨʝʜʧʨʠʷʪʠʷ. ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʘʩʧʦʨʪ ï ʵʪʦ 

ʜʦʢʫʤʝʥʪ, ʦʪʨʘʞʘʶʱʠʡ ʪʝʭʥʠʯʝʩʢʦʝ ʦʩʥʘʱʝʥʠʝ ʧʨʝʜʧʨʠʷʪʠʷ ʠ ʝʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ʄʦʜʝʣʴ ʙʘʣʘʥʩʠʨʦʚʢʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʤʦʱʥʦʩʪʝʡ ʧʨʝʜʧʨʠʷʪʠʷ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʦʡ: 

ὖὅὄ ὖȟὖȟὖȟὖὥίȟ ὙὩὧέά,     (2.1) 

ʛʜʝ ὖ ï ʤʦʱʥʦʩʪʠ ʧʨʝʜʧʨʠʷʪʠʷ (ʦʙʦʨʫʜʦʚʘʥʠʝ, ʧʝʨʩʦʥʘʣ, ʧʣʦʱʘʜʠ), 

ὖὥί ï ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʘʩʧʦʨʪ ʧʨʝʜʧʨʠʷʪʠʷ, 

ὙὩὧέά ï ʥʘʙʦʨ ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ ʫʩʪʨʘʥʝʥʠʶ ʜʝʬʠʮʠʪʘ ʤʦʱʥʦʩʪʝʡ  

ὖ Ὂὖὖȟ˞έὩὪȟ ὝὛ,      (2.2) 

ʛʜʝ ὖὖ ὖὖȟȣȟὖὖȟȣȟὖὖ  ï ʤʫʣʴʪʠʧʨʦʜʫʢʪʦʚʘʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʘʷ 

ʧʨʦʛʨʘʤʤʘ ʧʨʝʜʧʨʠʷʪʠʷ, 

ὖὖ ï i-ʳʡ ʵʣʝʤʝʥʪ ʤʫʣʴʪʠʧʨʦʜʫʢʪʦʚʦʡ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʧʨʦʛʨʘʤʤʳ, 

έ˞ὩὪ ï ʥʘʙʦʨ ʢʦʵʬʬʠʮʠʝʥʪʦʚ, ʪʨʝʙʫʝʤʳʭ ʜʣʷ ʨʘʩʯʝʪʦʚ ʠ ʠʤʝʶʱʠʭ 

ʬʠʢʩʠʨʦʚʘʥʥʳʡ ʩʧʦʩʦʙ ʨʘʩʯʝʪʘ ʠʣʠ ʠʩʪʦʯʥʠʢ ʧʦʣʫʯʝʥʠʷ, 

ὝὛ ï ʥʘʙʦʨ ɺʈ ʟʥʘʯʝʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪʦʚ, ʪʨʝʙʫʝʤʳʭ ʜʣʷ ʨʘʩʯʝʪʦʚ ʠ 

ʧʦʣʫʯʘʝʤʳʭ ʯʝʨʝʟ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ɺʈ ʵʪʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ. 

F ï ʘʣʛʦʨʠʪʤ ʛʝʥʝʨʘʮʠʠ ʚʘʨʠʘʥʪʦʚ ʙʘʣʘʥʩʠʨʦʚʢʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ 

ʤʦʱʥʦʩʪʝʡ ʧʨʝʜʧʨʠʷʪʠʷ. 

ʇʨʦʠʟʚʦʜʩʪʚʝʥʥʘʷ ʧʨʦʛʨʘʤʤʘ ï ʧʣʘʥʠʨʫʝʤʳʡ ʦʙʲʝʤ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʠʟʜʝʣʠʡ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʥʦʤʝʥʢʣʘʪʫʨʳ. ʇʨʦʛʨʘʤʤʘ ʠʟʤʝʨʷʝʪʩʷ ʚ ʫʩʣʦʚʥʳʭ 

ʝʜʠʥʠʮʘʭ ʧʨʦʜʫʢʮʠʠ ʠ ʯʝʣʦʚʝʢʦ-ʯʘʩʘʭ. ʇʦʤʠʤʦ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʧʨʦʛʨʘʤʤʳ 

ʩʫʱʝʩʪʚʫʝʪ ʪʦʚʘʨʥʘ ̫ʧʨʦʛʨʘʤʤʘ, ʧʦʜ ʢʦʪʦʨʦʡ ʧʦʥʠʤʘʝʪʩʷ ʜʠʨʝʢʪʠʚʥʳʡ ʧʣʘʥ 

ʧʦʩʪʘʚʦʢ ʧʨʦʜʫʢʮʠʠ ʧʦ ʦʪʨʘʩʣʝʚʦʡ ʪʝʭʥʠʢʝ. 
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ʎʝʣʴʶ ʨʘʙʦʪʳ ʧʦ ʩʠʩʪʝʤʘʪʠʟʘʮʠʠ ʠ ʫʥʠʬʠʢʘʮʠʠ ʨʘʩʯʝʪʘ ʠ ʫʧʨʘʚʣʝʥʠʶ 

ʤʦʱʥʦʩʪʷʤʠ ʧʨʝʜʧʨʠʷʪʠʷ ʷʚʣʷʝʪʩʷ ʨʝʘʣʠʟʘʮʠʷ ʪʦʚʘʨʥʦʡ ʧʨʦʛʨʘʤʤʳ ʠ 

ʤʠʥʠʤʠʟʘʮʠʷ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʨʠʩʢʦʚ. 

ʇʨʦʮʝʩʩ ʨʘʩʯʝʪʘ ʙʘʣʘʥʩʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʤʦʱʥʦʩʪʝʡ ʧʨʝʜʧʨʠʷʪʠʷ 

ʩʦʩʪʦʠʪ ʠʟ ʩʣʝʜʫʶʱʠʭ ʵʪʘʧʦʚ: 

1. ʚʳʧʦʣʥʷʝʪʩʷ ʨʘʩʯʝʪ ʤʦʱʥʦʩʪʝʡ ʧʦ ʢʘʞʜʦʤʫ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤʫ 

ʧʝʨʝʜʝʣʫ, ʮʝʭʫ, ʫʯʘʩʪʢʫ ʠ ʧʨʝʜʧʨʠʷʪʠʶ ʚ ʮʝʣʦʤ; 

2. ʥʘ ʦʩʥʦʚʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʨʘʩʯʝʪʘ ʩʦʟʜʘʝʪʩʷ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ 

ʫʩʪʨʘʥʝʥʠʶ ʜʝʬʠʮʠʪʘ ʤʦʱʥʦʩʪʝʡ; 

3. ʥʘ ʦʩʥʦʚʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʨʘʩʯʝʪʘ ʧʦʣʫʯʘʝʪʩʷ ʧʨʦʛʥʦʟ ʚʳʧʦʣʥʝʥʠʷ 

ʪʦʚʘʨʥʦʡ ʧʨʦʛʨʘʤʤʳ;  

4. ʥʘ ʦʩʥʦʚʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʨʘʩʯʝʪʘ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʘʩʧʦʨʪ 

ʧʨʝʜʧʨʠʷʪʠʷ ʚʥʦʩʷʪʩʷ ʩʚʝʜʝʥʴʷ ʧʦ ʟʘʛʨʫʟʢʝ ʤʦʱʥʦʩʪʝʡ (ʫʢʘʟʳʚʘʶʪʩʷ 

ʬʘʢʪʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʥʘ ʢʦʥʝʮ ʧʨʝʜʰʝʩʪʚʫʶʱʝʛʦ ʛʦʜʘ, ʘ ʪʘʢʞʝ 

ʧʨʦʛʥʦʟʥʳʝ ʧʦ ʪʝʢʫʱʝʤʫ ʛʦʜʫ); 

5. ʚʳʧʦʣʥʷʝʪʩʷ ʨʘʩʯʝʪ ʢʦʥʩʦʣʠʜʠʨʦʚʘʥʥʦʛʦ ʙʘʣʘʥʩʘ ʤʦʱʥʦʩʪʝʡ ʧʦ 

ʧʨʝʜʧʨʠʷʪʠʶ; 

6. ʚʳʧʦʣʥʷʝʪʩʷ ʩʦʛʣʘʩʦʚʘʥʠʝ ʢʦʥʩʦʣʠʜʠʨʦʚʘʥʥʦʛʦ ʙʘʣʘʥʩʘ ʤʦʱʥʦʩʪʝʡ; 

7. ʩʦʛʣʘʩʦʚʘʥʥʳʡ ʙʘʣʘʥʩ ʤʦʱʥʦʩʪʝʡ ʧʨʦʭʦʜʠʪ ʵʪʘʧ ʫʪʚʝʨʞʜʝʥʠʷ. 

ɹʘʣʘʥʩʠʨʦʚʢʘ ʤʦʱʥʦʩʪʝʡ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦ 3 ʦʩʥʦʚʥʳʤ ʢʘʪʝʛʦʨʠʷʤ: 

¶ ʆʙʦʨʫʜʦʚʘʥʠʝ 

¶ ʇʝʨʩʦʥʘʣ 

¶ ʇʣʦʱʘʜʠ 

ɿʘʜʘʯʘ ʙʘʣʘʥʩʠʨʦʚʢʠ ʫʩʣʦʞʥʷʝʪʩʷ, ʝʩʣʠ ʥʘ ʧʨʝʜʧʨʠʷʪʠʝ ʚʳʧʦʣʥʷʝʪʩʷ 

ʧʦʣʥʳʡ ʮʠʢʣ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠʟʜʝʣʠʷ, ʦʪ ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʝʪʘʣʝʡ ʜʦ ʬʠʥʘʣʴʥʦʡ 

ʩʙʦʨʢʠ. ʇʨʠ ʵʪʦʤ, ʛʘʙʘʨʠʪʳ ʛʦʪʦʚʦʛʦ ʠʟʜʝʣʠʷ ʦʯʝʥʴ ʙʦʣʴʰʠʝ (ʢʦʨʘʙʣʴ ʠʣʠ 

ʩʘʤʦʣʝʪ) [130]. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ, ʙʘʣʘʥʩʠʨʦʚʢʘ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʢʘʞʜʦʛʦ ʚʠʜʘ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʦʞʝʪ ʦʪʣʠʯʘʪʴʩʷ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʝʚʦʟʤʦʞʥʦ ʩʦʩʪʘʚʠʪʴ 

ʝʜʠʥʳʡ ʘʣʛʦʨʠʪʤ ʙʘʣʘʥʩʠʨʦʚʢʠ ʤʦʱʥʦʩʪʝʡ ʧʦ ʦʙʦʨʫʜʦʚʘʥʠ ʁʜʣʷ ʢʘʞʜʦʛʦ 
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ʚʠʜʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʝʜʧʨʠʷʪʠʷ. ʇʦʩʪʨʦʠʤ ʘʣʛʦʨʠʪʤʳ ʙʘʣʘʥʩʠʨʦʚʢʠ 

ʤʦʱʥʦʩʪʝʡ ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʘ ʧʨʠʤʝʨʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʘʤʦʣʝʪʘ. 

ɺ ʧʦʣʥʳʡ ʮʠʢʣ ʠʟʛʦʪʦʚʣʝʥʠʷ ʩʘʤʦʣʝʪʘ ʤʦʛʫʪ ʙʳʪʴ ʚʢʣʶʯʝʥʳ 

ʧʨʦʠʟʚʦʜʩʪʚʘ, ʥʘʯʠʥʘʷ ʦʪ ʢʫʟʥʝʯʥʦʛʦ (ʠʟʛʦʪʦʚʣʝʥʠʝ ʯʘʩʪʝʡ ʬʶʟʝʣʷʞʘ ʠ ʪ.ʧ.), 

ʜʦ ʬʠʥʘʣʴʥʦʡ ʩʙʦʨʢʠ ʢʦʨʧʫʩʘ. 

ʈʘʩʩʤʦʪʨʠʤ ʘʣʛʦʨʠʪʤ ʙʘʣʘʥʩʠʨʦʚʢʠ ʜʣʷ ʤʝʭʘʥʦʢʘʨʢʘʩʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ [131]. 

ʅʘ ʧʨʦʠʟʚʦʜʩʪʚʝ ʟʘʥʠʤʘʶʪʩʷ: ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʦʡ ʙʘʣʦʢ, 

ʢʨʦʥʰʪʝʡʥʦʚ, ʬʠʪʠʥʛʦʚ, ʧʦʷʩʦʚ ʬʶʟʝʣʷʞʘ ʚʩʝʭ ʠʟʜʝʣʠʡ ʠ ʪ.ʜ., ʧʦʚʝʨʭʥʦʩʪʥʳʤ 

ʫʧʨʦʯʥʝʥʠʝʤ ʜʝʪʘʣʝʡ ʢʘʨʢʘʩʘ ʧʣʘʥʝʨʘ ʠ ʪ.ʧ. 

ʈʘʩʯʝʪ ʙʘʣʘʥʩʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʤʦʱʥʦʩʪʝʡ ʧʦ ʦʙʦʨʫʜʦʚʘʥʠʶ ʜʣʷ 

ʤʝʭʘʥʦʢʘʨʢʘʩʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʟʘʚʠʩʠʪ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʧʘʨʘʤʝʪʨʦʚ: 

1. ʎʝʭ, ʚ ʢʦʪʦʨʳʭ ʚʳʧʦʣʥʷʝʪʩʷ ʤʝʭʘʥʦʢʘʨʢʘʩʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ. 

2. ʊʝʭ. ʧʨʦʮʝʩʩʳ, ʢʦʪʦʨʳʝ ʠʤʝʶʪʩʷ ʚ ʮʝʭʘʭ (ʜʣʷ ʢʘʞʜʦʛʦ ʮʝʭʘ ʦʪʜʝʣʴʥʦ). 

3. ɺʠʜʳ ʩʪʘʥʢʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʮʝʭʘʭ. 

4. ʂʦʣʠʯʝʩʪʚʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʢʘʞʜʦʤ ʮʝʭʫ ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ 

ʠʥʬʦʨʤʘʮʠʝʡ, ʩʨʦʢ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʢ ʢʘʢʦʤʫ ʚʠʜʫ ʩʪʘʥʢʦʚ ʦʥ 

ʦʪʥʦʩʠʪʩʷ. 

ʊʘʢʞʝ ʪʨʝʙʫʝʪʩʷ ʨʷʜ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʜʣʷ ʨʘʩʯʝʪʘ: 

1. ʇʦʣʝʟʥʳʡ ʛʦʜʦʚʦʡ ʬʦʥʜ ʚʨʝʤʝʥʠ ʨʘʙʦʪʳ ʝʜʠʥʠʮʳ ʦʙʦʨʫʜʦʚʘʥʠʷ 

(ʇɻʌ) ï ʜʘʥʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʥʦʨʤʘʪʠʚʥʫʶ ʫʢʘʟʳʚʘʝʪ ʟʘʛʨʫʞʝʥʥʦʩʪʴ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʪʝʯʝʥʠʠ ʛʦʜʘ (ʜʘʥʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʙʫʜʝʪ ʨʘʟʣʠʯʘʪʴʩʷ 

ʜʣʷ ʨʘʟʥʳʭ ʚʠʜʦʚ ʩʪʘʥʢʦʚ, ʟʘʜʝʡʩʪʚʦʚʘʥʥʳʭ ʚ ʨʘʟʥʳʭ ʪʝʭ. ʧʨʦʮʝʩʩʘʭ). 

2. ʂʦʵʬʬʠʮʠʝʥʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ (ʂʀ) ï ʦʪʨʘʞʘʝʪ ʩʢʦʣʴʢʦ ʚʨʝʤʝʥʠ ʚ 

ʪʝʯʝʥʠʠ ʛʦʜʘ ʩʪʘʥʦʢ ʙʫʜʝʪ ʨʘʙʦʪʘʪʴ, ʘ ʩʢʦʣʴʢʦ ï ʥʘʭʦʜʠʪʩʷ ʥʘ 

ʧʨʦʬʠʣʘʢʪʠʢʝ. 

3. ʂʦʵʬʬʠʮʠʝʥʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ (ʂʀʩʆ) ï ʢʦʵʬʬʠʮʠʝʥʪ, 

ʦʧʨʝʜʝʣʷʶʱʠʡ ʠʩʧʦʣʴʟʫʝʤʦʩʪʴ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʠʩʭʦʜʷ ʠʟ ʚʠʜʘ ʩʪʘʥʢʘ, 

ʢ ʢʦʪʦʨʦʤʫ ʦʥʦ ʧʨʠʥʘʜʣʝʞʠʪ ʠ ʩʨʦʢʫ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

4. ʂʦʵʬʬʠʮʠʝʥʪ ʧʝʨʝʚʦʜʘ ʠʟ ʯʝʣʦʚʝʢʦ-ʯʘʩʦʚ ʚ ʩʪʘʥʢʦ-ʯʘʩʳ (ʂʇʯʯ-ʩʯ). 
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ʂʦʣʠʯʝʩʪʚʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʧʘʨʘʤʝʪʨʦʤ, 

ʥʝʦʙʭʦʜʠʤʳʤ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʧʨʦʝʢʪʥʦʡ ʤʦʱʥʦʩʪʠ (ʇʄ). ʇʨʦʝʢʪʥʘʷ 

ʤʦʱʥʦʩʪʴ ʚʳʯʠʩʣʷʝʪʩʷ ʦʪʜʝʣʴʥʦ ʜʣʷ ʢʘʞʜʦʛʦ ʚʠʜʘ ʩʪʘʥʢʘ ʠ ʢʘʞʜʦʛʦ ʪʝʭ. 

ʧʨʦʮʝʩʩʘ ʮʝʭʘ: 

˜˙̗̆ȟ̖̓ ̆Ȣ̖̐ ̗̑̏̆̒̒ȟ̃ ̉ ̅̒̓́̎̋́

˗̘̗̏̌̉̆̒̓̃̏̆ȟ̖̓ ̆Ȣ̖̐ ̗̑̏̆̒̒ȟ̃ ̉ ̅̒̓́̎̋́ᶻ

˜ːˡ̓ ̆Ȣ̖̐ ̗̑̏̆̒̒ȟ̃ ̉ ̅̒̓́̎̋́, 

ʛʜʝ ʂʦʣʠʯʝʩʪʚʦ (ʮʝʭ, ʪʝʭ. ʧʨʦʮʝʩʩ, ʚʠʜ ʩʪʘʥʢʘ) ï ʢʦʣʠʯʝʩʪʚʦ ʩʪʘʥʢʦʚ ʮʝʭʘ, 

ʟʘʜʝʡʩʪʚʦʚʘʥʥʳʭ ʚ ʪʝʭ. ʧʨʦʮʝʩʩʝ ʠ ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʚʠʜʫ 

ʩʪʘʥʢʦʚ; 

ʇɻʌ (ʪʝʭ. ʧʨʦʮʝʩʩ, ʚʠʜ ʩʪʘʥʢʘ) ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʣʝʟʥʦʛʦ ʛʦʜʦʚʦʛʦ ʬʦʥʜʘ 

ʚʨʝʤʝʥʠ ʨʘʙʦʪʳ ʝʜʠʥʠʮʳ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʚʠʜʘ ʩʪʘʥʢʘ ʠ 

ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʪʝʭ. ʧʨʦʮʝʩʩʘ. 

ɼʣʷ ʨʘʩʯʝʪʘ ʨʘʩʧʦʣʘʛʘʝʤʦʡ ʤʦʱʥʦʩʪʠ, ʪʘʢʞʝ ʪʨʝʙʫʝʪʩʷ ʂʦʵʬʬʠʮʠʝʥʪ 

ʠʟʥʦʩʘ ʦʙʦʨʫʜʦʚʘʥʠʷ (ʂʀʆ). ɺ ʥʝʤ, ʢʘʢ ʠ ʚ ʇʄ ʦʩʥʦʚʥʳʤ ʨʘʩʯʝʪʥʳʤ 

ʧʘʨʘʤʝʪʨʦʤ ʙʫʜʝʪ ʚʳʩʪʫʧʘʪʴ ʢʦʣʠʯʝʩʪʚʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʈʘʩʩʯʠʪʳʚʘʝʪʩʷ ʂʀʆ 

ʧʦ ʩʣʝʜʫʶʱʝʤʫ ʘʣʛʦʨʠʪʤʫ: 

 

˗˕˛̗ ̆ȟ̖̓ ̆Ȣ̖̐ ̗̑̏̆̒̒ȟ̃ ̉ ̅̒̓́̎̋́ 

˒̠̒̌̉̏ ̘̗̌̉̆̒̓̃̏̆ȟ̖̓ ̆Ȣ̖̐ ̗̑̏̆̒̒ȟ̃ ̉ ̅̒̓́̎̋ π́ȟ̓  ̏ρȟ 

 ̘̉̎́̆  

В ˗̘̗̏̌̉̆̒̓̃̏̆ȟ̖̓ ̆Ȣ̖̐ ̗̑̏̆̒̒ȟ̃ ̉ ̅̒̓́̎̋́ȟ̒ ̞z ˗˕̒˛̃̉ ̅̒̓́̎̋́ȟ̒ ̞̞̒

˗̘̗̏̌̉̆̒̓̃̏̆ȟ̖̓ ̆Ȣ̖̐ ̗̑̏̆̒̒ȟ̃ ̉ ̅̒̓́̎̋́
 

ʛʜʝ ʩʵ ï ʩʨʦʢ ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʙʦʨʫʜʦʚʘʥʠʷ (ʦʙʳʯʥʦ ʙʝʨʝʪʩʷ 5 ʵʪʘʧʦʚ ʚ 

ʜʠʘʧʘʟʦʥʝ [0, Ð) ʩ ʨʘʟʙʠʚʢʦʡ ʥʘ 5 ʣʝʪ ʢʘʞʜʳʡ); 

ʂʦʣʠʯʝʩʪʚʦ (ʮʝʭ, ʪʝʭ. ʧʨʦʮʝʩʩ, ʚʠʜ ʩʪʘʥʢʘ, ʩʵ) ï ʵʪʦ ʢʦʣʠʯʝʩʪʚʦ ʩʪʘʥʢʦʚ ʮʝʭʘ, 

ʟʘʜʝʡʩʪʚʦʚʘʥʥʳʭ ʚ ʪʝʭ. ʧʨʦʮʝʩʩʝ ʠ ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʚʠʜʫ 

ʩʪʘʥʢʦʚ ʠ ʚʭʦʜʷʱʠʭ ʧʦ ʩʨʦʢʫ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ ʪʝʢʫʱʠʡ ʩʵ; 

ʂʀʩʆ (ʚʠʜ ʩʪʘʥʢʘ, ʩʵ) ï ʢʦʵʬʬʠʮʠʝʥʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʚʠʜʘ ʩʪʘʥʢʘ ʠ ʦʪʥʦʩʷʱʠʡʩʷ ʢ ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʩʵ. 
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ʈʘʩʧʦʣʘʛʘʝʤʘʷ ʤʦʱʥʦʩʪʴ ʦʙʦʨʫʜʦʚʘʥʠʷ (ʈʄʆ) ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʥʘ 

ʢʘʞʜʳʡ ʪʝʭ. ʧʨʦʮʝʩʩ ʢʘʞʜʦʛʦ ʮʝʭʘ ʚ ʨʘʟʨʝʟʝ ʚʠʜʦʚ ʩʪʘʥʢʦʚ ʮʝʭʘ. ʆʥʘ ʙʫʜʝʪ 

ʠʤʝʪʴ ʩʣʝʜʫʶʱʫʶ ʬʦʨʤʫʣʫ: 

˝˙˛̗ ̆ȟ̖̓ ̆Ȣ̖̐ ̗̑̏̆̒̒ȟ̃ ̉ ̅̒̓́̎̋́

˜˙̗̆ȟ̖̓ ̆Ȣ̖̐ ̗̑̏̆̒̒ȟ̃ ̉ ̅̒̓́̎̋́ᶻ̠ ˕z

˗˕˛̗ ̆ȟ̖̓ ̆Ȣ̖̐ ̗̑̏̆̒̒ȟ̃ ̉ ̅̒̓́̎̋́, 

ʀʩʭʦʜʷ ʠʟ ʈʄʆ ʥʘ ʪʝʢʫʱʠʡ ʛʦʜ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʫʶ ʧʨʦʛʨʘʤʤʫ ʥʘ 

ʢʘʞʜʳʡ ʚʠʜ ʠʟʜʝʣʠʷ, ʧʨʦʠʟʚʦʜʠʤʳʭ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ ʥʘ n ʣʝʪ ʚʧʝʨʝʜ 

ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʛʨʫʟʢʠ ʦʙʦʨʫʜʦʚʘʥʠʷ (ʂɿʆ) ʥʘ ʵʪʠ n ʣʝʪ. 

ɼʣʷ ʨʘʩʯʝʪʘ ʂɿʆ ʠʟ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʧʨʦʛʨʘʤʤʳ ʥʝʦʙʭʦʜʠʤʦ ʧʦʣʫʯʠʪʴ 

ʩʣʝʜʫʶʱʫʶ ʠʥʬʦʨʤʘʮʠʶ: 

¶ ʇʨʦʠʟʚʦʜʩʪʚʝʥʥʘʷ ʧʨʦʛʨʘʤʤʘ (ʇʇʮ) ʜʣʷ ʢʘʞʜʦʛʦ ʮʝʭʘ ʠ ʚʠʜʘ 

ʠʟʜʝʣʠʷ  

¶ ɼʦʣʷ ʨʘʙʦʪ ʮʝʭʘ (ɼʈʮ) ʚ ʨʘʟʨʝʟʝ ʪʝʭ ʧʨʦʮʝʩʩʘ ʮʝʭʘ, ʚʠʜʘ ʩʪʘʥʢʦʚ ʠ 

ʠʟʜʝʣʠʷ. 

ʅʘ ʦʩʥʦʚʝ ʵʪʦʡ ʠʥʬʦʨʤʘʮʠʠ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʘʷ 

ʧʨʦʛʨʘʤʤʘ ʚ ʨʘʟʨʝʟʝ ʯʝʣʦʚʝʢ-ʯʘʩʦʚ (ʇʇʯʯ): 

 

˜˜̘̘̄̏ ȟ̗̅ ̆ȟ̖̓ ̆Ȣ̖̐ ̗̑̏̆̒̒ȟ̃ ̉ ̅̒̓́̎̋́ 

˜˜̗̄ ̏ȟ̗̅ ̆ȟ̖̓ ̆Ȣ̖̐ ̗̑̏̆̒̒ȟ̃ ̉ ̅̒̓́̎̋́ȟ̉ ̈̅
̉̈̅

ᶻˑ ˝̗̄̏ȟ̗̅ ̆ȟ̖̓ ̆Ȣ̖̐ ̗̑̏̆̒̒ȟ̃ ̉ ̅̒̓́̎̋́ȟ̉ ̈ ̅ 

ʛʜʝ ʠʟʜ ï ʠʟʜʝʣʠʝ, ʚʳʧʫʩʢʘʝʤʦʝ ʥʘ ʧʨʝʜʧʨʠʷʪʠʝ, 

ʇʇʮ (ʮʝʭ, ʪʝʭ. ʧʨʦʮʝʩʩ, ʚʠʜ ʩʪʘʥʢʘ, ʠʟʜ) ï ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʘʷ ʧʨʦʛʨʘʤʤʘ 

ʠʟʜʝʣʠʷ ʥʘ ʦʧʨʝʜʝʣʝʥʥʳʡ ʛʦʜ ʚ ʯ/ʯ ʜʣʷ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʮʝʭʘ, ʝʛʦ ʪʝʭ. ʧʨʦʮʝʩʩʘ, 

ʚʠʜʘ ʩʪʘʥʢʘ; 

ɼʈʮ (ʮʝʭ, ʪʝʭ. ʧʨʦʮʝʩʩ, ʚʠʜ ʩʪʘʥʢʘ, ʠʟʜ) ï ʜʦʣʷ ʨʘʙʦʪ ʜʣʷ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʚʠʜʘ 

ʩʪʘʥʢʦʚ ʪʝʭ. ʧʨʦʮʝʩʩʘ ʮʝʭʘ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʧʨʦʛʨʘʤʤʝ ʠʟʜʝʣʠʷ ʥʘ 

ʦʧʨʝʜʝʣʝʥʥʳʡ ʛʦʜ. 
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ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʠʪʦʛʦʚʦʛʦ ʂɿʆ ʧʦʣʫʯʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʇʇʯʯ ʧʝʨʝʚʦʜʷʪ ʠʟ 

ʯ/ʯ ʚ ʩʪʘʥʢʦ-ʯʘʩʳ, ʜʝʣʷ ʥʘ ʢʦʵʬʬʠʮʠʝʥʪ ʂʇʯʯ-ʩʯ. 

ʌʦʨʤʫʣʘ ʨʘʩʯʝʪʘ ʂɿʆ ʙʫʜʝʪ ʩʣʝʜʫʶʱʝʡ: 

˗˔˛̄ ̏ȟ̗̅ ̆ȟ̖̓ ̆Ȣ̖̐ ̗̑̏̆̒̒ȟ̃ ̉ ̅̒̓́̎̋́ 

˒̒̌ ̉̋ ˙˛̗ ̆ȟ̖̓ ̆Ȣ̖̐ ̗̑̏̆̒̒ȟ̃ ̉ ̅̒̓́̎̋ π́ȟ̓  ̏πȟ  

̘̉̎́̆ 
˜˜̘̘̄̏ ȟ̗̅ ̆ȟ̖̓ ̆Ȣ̖̐ ̗̑̏̆̒̒ȟ̃ ̉ ̅̒̓́̎̋́˗˜̘̘̒ ̘ϳ

˝˙˛̗ ̆ȟ̖̓ ̆Ȣ̖̐ ̗̑̏̆̒̒ȟ̃ ̉ ̅̒̓́̎̋́
 

 

2.1.4 ɸʣʛʦʨʠʪʤ ʨʘʩʯʝʪʘ ʙʘʣʘʥʩʘ ʤʦʱʥʦʩʪʝʡ ʧʦ ʦʙʦʨʫʜʦʚʘʥʠʶ (ʥʘ 

ʧʨʠʤʝʨʝ ʤʝʭʘʥʦʢʘʨʢʘʩʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ)  

ʀʪʦʛʦʚʳʡ ʘʣʛʦʨʠʪʤ ʨʘʩʯʝʪʘ ʙʘʣʘʥʩʘ ʤʦʱʥʦʩʪʝʡ ʧʦ ʦʙʦʨʫʜʦʚʘʥʠʶ ʜʣʷ 

ʤʝʭʘʥʦʢʘʨʢʘʩʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 2.12. 

ʊʘʢ ʢʘʢ ʨʘʩʯʝʪ ʙʘʣʘʥʩʘ ʤʦʱʥʦʩʪʝʡ ʟʘʚʠʩʠʪ ʦʪ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ 

ʧʨʦʛʨʘʤʤʳ, ʪʦ ʜʝʣʘʪʴ ʧʦ ʥʝʤʫ ʧʨʦʛʥʦʟʳ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ. 

ʆʜʥʘʢʦ, ʚ ʨʘʩʯʝʪʘʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ, ʥʘʧʨʠʤʝʨ, 

ʢʦʵʬʬʠʮʠʝʥʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʢʦʪʦʨʳʡ ʪʨʝʙʫʝʪʩʷ ʟʥʘʪʴ ʥʘ ʙʫʜʫʱʠʡ ʧʝʨʠʦʜ, ʥʦ 

ʢʦʪʦʨʳʡ ʥʝ ʧʦʜʘʝʪʩʷ ʨʘʩʯʝʪʘʤ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʫʤʝʩʪʥʦ ʧʨʠʤʝʥʠʪʴ ʤʝʪʦʜ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʝʣʠʯʠʥʳ ʢʦʵʬʬʠʮʠʝʥʪʘ ʥʘ ʚʝʩʴ ʧʝʨʠʦʜ 

ʨʘʩʯʝʪʘ. 
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ʈʠʩʫʥʦʢ 2.12 ï ɸʣʛʦʨʠʪʤ ʨʘʩʯʝʪʘ ʙʘʣʘʥʩʘ ʤʦʱʥʦʩʪʝʡ ʧʦ ʦʙʦʨʫʜʦʚʘʥʠʶ ʜʣʷ 

ʤʝʭʘʥʦ-ʢʘʨʢʘʩʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ 

2.2 ɸʨʭʠʪʝʢʪʫʨʘ ʧʦʜʩʠʩʪʝʤʳ ʙʘʣʘʥʩʠʨʦʚʢʠ ʤʦʱʥʦʩʪʝʡ ʥʘ ʦʩʥʦʚʝ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʚ ʟʘʜʘʯʘʭ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ 

ʧʦʜʛʦʪʦʚʢʠ ʧʨʦʠʟʚʦʜʩʪʚʘ 

2.2.1 ɸʨʭʠʪʝʢʪʫʨʘ ʧʦʜʩʠʩʪʝʤʳ ʙʘʣʘʥʩʠʨʦʚʢʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ 

ʤʦʱʥʦʩʪʝʡ ʧʨʝʜʧʨʠʷʪʠʷ 

ɸʨʭʠʪʝʢʪʫʨʘ ʧʦʜʩʠʩʪʝʤʳ ʙʘʣʘʥʩʠʨʦʚʢʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʤʦʱʥʦʩʪʝʡ 

ʧʨʝʜʧʨʠʷʪʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2.13. 
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ʈʠʩʫʥʦʢ 2.13 ï ɸʨʭʠʪʝʢʪʫʨʘ ʧʦʜʩʠʩʪʝʤʳ ʙʘʣʘʥʩʠʨʦʚʢʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ 

ʤʦʱʥʦʩʪʝʡ ʧʨʝʜʧʨʠʷʪʠʷ 

ʇʦʜʩʠʩʪʝʤʘ ʙʘʣʘʥʩʠʨʦʚʢʠ ʤʦʱʥʦʩʪʝʡ ʩʦʩʪʦʠʪ ʠʟ 5 ʤʦʜʫʣʝʡ: 

¶ ʄʦʜʫʣʴ ʠʟʚʣʝʯʝʥʠʷ ʜʘʥʥʳʭ. ɼʘʥʥʳʡ ʤʦʜʫʣʴ ʦʪʚʝʯʘʝʪ ʟʘ ʧʦʣʫʯʝʥʠʝ 

ʜʘʥʥʳʭ ʠʟ ʨʘʟʣʠʯʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʧʨʝʜʧʨʠʷʪʠʷ, 

ʥʘʧʨʠʤʝʨ, ʨʘʟʣʠʯʥʳʭ ʩʠʩʪʝʤ ʉɸʇʈ. 

¶ ʄʦʜʫʣʴ ʨʫʯʥʦʛʦ ʚʚʦʜʘ. ɼʘʥʥʳʡ ʤʦʜʫʣʴ ʧʦʟʚʦʣʷʝʪ ʜʦʧʦʣʥʷʪʴ 

ʚʨʫʯʥʫʶ ʜʘʥʥʳʝ, ʪʨʝʙʫʝʤʳʝ ʜʣʷ ʨʘʩʯʝʪʘ ʙʘʣʘʥʩʠʨʦʚʢʠ, ʢʦʪʦʨʳʝ 

ʥʝʚʦʟʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʠʟ ʜʨʫʛʠʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 

ʧʨʝʜʧʨʠʷʪʠʷ. 

¶ ʄʦʜʫʣʴ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ. ɼʘʥʥʳʡ ʤʦʜʫʣʴ ʧʦʟʚʦʣʷʝʪ ʚʳʯʠʩʣʷʪʴ 

ʢʦʵʬʬʠʮʠʝʥʪʳ, ʪʨʝʙʫʝʤʳʝ ʜʣʷ ʨʘʩʯʝʪʘ ʙʘʣʘʥʩʠʨʦʚʢʠ, ʯʝʨʝʟ 

ʚʨʝʤʝʥʥʳʝ ʨʷʜʳ ʵʪʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ. 

¶ ʄʦʜʫʣʴ ʨʘʩʯʝʪʘ ʤʦʱʥʦʩʪʝʡ ʧʨʝʜʧʨʠʷʪʠʷ. ʆʩʥʦʚʥʦʡ ʤʦʜʫʣʴ 

ʧʦʜʩʠʩʪʝʤʳ. ʆʥ ʦʪʚʝʯʘʝʪ ʟʘ ʨʘʩʯʝʪ ʤʦʱʥʦʩʪʝʡ ʧʨʝʜʧʨʠʷʪʠʷ, ʠʭ 

ʙʘʣʘʥʩʠʨʦʚʢʫ, ʦʧʪʠʤʠʟʘʮʠʶ. ʊʘʢʞʝ ʯʝʨʝʟ ʜʘʥʥʳʡ ʤʦʜʫʣʴ 

ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʧʨʦʚʦʜʠʪʴ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦʛʦ ʚʢʣʶʯʝʥʠʷ 

ʚ ʩʫʱʝʩʪʚʫʶʱʠʭ ʮʠʢʣ ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʦʚʳʭ ʠʟʜʝʣʠʡ. 

¶ ʄʦʜʫʣʴ ʨʝʢʦʤʝʥʜʘʮʠʡ ʙʘʣʘʥʩʠʨʦʚʢʠ ʤʦʱʥʦʩʪʝʡ. ɼʘʥʥʳʡ ʤʦʜʫʣʴ 

ʦʪʚʝʯʘʝʪ ʟʘ ʣʠʥʛʚʠʩʪʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ 

ʤʦʜʫʣʷ ʙʘʣʘʥʩʠʨʦʚʢʠ ʤʦʱʥʦʩʪʝʡ ʠ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ 
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ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʶ ʦʙʲʝʤʦʚ ʨʘʙʦʪ, ʦʙʦʨʫʜʦʚʘʥʠʷ ʤʝʞʜʫ 

ʧʦʜʨʘʟʜʝʣʝʥʠʷʤʠ, ʨʝʘʣʠʟʫʶʱʠʤʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʫʶ ʧʨʦʛʨʘʤʤʫ. 

ɼʣʷ ʠʟʚʣʝʯʝʥʠʷ ʜʘʥʥʳʭ ʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 

ʧʨʝʜʧʨʠʷʪʠʷ ʚʚʦʜʠʪʩʷ ʧʦʜʩʠʩʪʝʤʘ ʠʥʪʝʛʨʘʮʠʠ. ʀʥʪʝʛʨʘʮʠʷ ʧʦʟʚʦʣʷʝʪ 

ʠʟʙʝʞʘʪʴ ʜʫʙʣʠʨʦʚʘʥʥʦʛʦ ʚʚʦʜʘ ʜʘʥʥʳʭ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʩʦʢʨʘʱʘʝʪ 

ʥʘʛʨʫʟʢʫ ʥʘ ʣʠʮ, ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʟʘ ʘʢʪʫʘʣʠʟʘʮʠʶ ʜʘʥʥʳʭ. ʀ ʯʝʤ ʙʦʣʴʰʝ ʣʠʮ 

ʟʘʜʝʡʩʪʚʦʚʘʥʦ ʚ ʨʘʙʦʪʝ ʩʠʩʪʝʤʳ, ʪʝʤ ʙʦʣʝʝ ʧʨʦʟʨʘʯʥʘ ʙʫʜʝʪ ʜʣʷ ʥʠʭ ʪʘʢʘʷ 

ʠʥʪʝʛʨʘʮʠʷ. ʊʘʢʞʝ ʜʘʥʥʘʷ ʧʦʜʩʠʩʪʝʤʘ ʧʦʟʚʦʣʠʪ ʦʙʲʝʜʠʥʠʪʴ ʚʝʩʴ ʢʦʤʧʣʝʢʩ 

ʉɸʇʈ ʧʨʝʜʧʨʠʷʪʠʷ ʚ ʝʜʠʥʦʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʝ ʧʦʣʝ, ʧʦʣʫʯʠʚ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʤʦʜʝʣʴ ʫʧʨʘʚʣʝʥʠʷ ʧʦʣʥʦʛʦ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʠʟʜʝʣʠʷ. 

2.2.2 ʆʥʪʦʣʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʙʘʟʳ ʟʥʘʥʠʡ ʤʦʜʝʣʠ ʫʧʨʘʚʣʝʥʠʷ 

ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʠʟʜʝʣʠʷ 

ɺ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʙʘʟʳ ʟʥʘʥʠʡ (ɹɿ) ʧʨʦʛʨʘʤʤʥʳʭ 

ʩʠʩʪʝʤ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʥʘ ʧʦʜʜʝʨʞʢʫ ʧʨʠʥʷʪʠʷ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʨʝʰʝʥʠʡ, 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʥʪʦʣʦʛʠʯʝʩʢʠʡ ʧʦʜʭʦʜ. ɺ ʨʘʙʦʪʘʭ ʪʘʢʠʭ ʨʦʩʩʠʡʩʢʠʭ ʠ 

ʠʥʦʩʪʨʘʥʥʳʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʢʘʢ ɺʘʛʠʥ ɺ.ʅ. [132], ʍʦʨʦʰʝʚʩʢʠʡ ɺ. ʌ. [133], 

ɻʘʚʨʠʣʦʚʘ ʊ.ɸ. [134], ɻʨʠʙʦʚʘ ɺ.ɺ. [135], ɿʘʛʦʨʫʣʴʢʦ ʖ.ɸ. [136], ʂʣʝʱʝʚ ɸ.ʉ. 

[137], ʅʦʨʝʥʢʦʚ ʀ.ʇ., ʇʘʣʴʯʫʥʦʚ ɼ.ɽ., ʉʤʠʨʥʦʚ ʉ.ɺ.[138], D. Bianchini [139], 

F. Bobillo [140], U. Straccia [141], R.A. Falbo [142], M. Gao [143], T.R. Gruber 

[144], N. Guarino [145], G. Guizzardi [146], G. Stumme [147], A. Maedche [148] 

ʠ ʜʨ. ʧʦʜʯʝʨʢʠʚʘʝʪʩʷ ʘʢʪʫʘʣʴʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʦʥʪʦʣʦʛʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ ʜʣʷ 

ʦʧʠʩʘʥʠʷ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʟʥʘʥʠʡ ʦ ʧʨʦʙʣʝʤʥʦʡ ʦʙʣʘʩʪʠ (ʇʨʆ). 

ʆʥʪʦʣʦʛʠʷ ï ʤʦʜʝʣʴ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʟʥʘʥʠʡ ʥʝʢʦʪʦʨʦʡ ʇʨʆ, ʩʦʩʪʦʷʱʘʷ ʠʟ 

ʤʥʦʞʝʩʪʚʘ ʦʧʨʝʜʝʣʝʥʠʡ ʦʩʥʦʚʥʳʭ ʧʦʥʷʪʠʡ (ʠʤʝʥ ʢʣʘʩʩʦʚ, ʠʥʜʠʚʠʜʫʘʣʦʚ, 

ʩʚʦʡʩʪʚ ʠ ʪ.ʜ.), ʘ ʪʘʢʞʝ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʩʝʤʘʥʪʠʯʝʩʢʠʭ ʩʚʷʟʝʡ ʤʝʞʜʫ ʥʠʤʠ. ɺ 

ʦʩʥʦʚʝ ʦʥʪʦʣʦʛʠʠ ʥʘʭʦʜʠʪʩʷ ʩʣʦʚʘʨʴ ʪʝʨʤʠʥʦʚ, ʦʪʨʘʞʘʶʱʠʭ ʧʦʥʷʪʠʷ ʇʨʆ, ʠ 

ʩʦʚʦʢʫʧʥʦʩʪʴ ʧʨʘʚʠʣ (ʘʢʩʠʦʤ), ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʳʤ ʵʪʠ ʪʝʨʤʠʥʳ ʤʦʛʫʪ ʙʳʪʴ 

ʩʢʦʤʙʠʥʠʨʦʚʘʥʳ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʜʦʩʪʦʚʝʨʥʳʭ ʫʪʚʝʨʞʜʝʥʠʡ ʦ ʩʦʩʪʦʷʥʠʠ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʦʙʣʘʩʪʠ ʚ ʥʝʢʦʪʦʨʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ [133, 135, 143]. 
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ʇʦʤʠʤʦ ʪʦʛʦ, ʯʪʦ ʦʥʪʦʣʦʛʠʷ ʦʩʥʦʚʘʥʘ ʥʘ ʨʘʟʣʠʯʥʳʭ ʩʝʤʝʡʩʪʚʘʭ ʷʟʳʢʦʚ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʟʥʘʥʠʡ ï ʜʝʩʢʨʠʧʮʠʦʥʥʳʭ ʣʦʛʠʢʘʭ [149], ʧʦʟʚʦʣʷʶʱʠʭ 

ʦʧʠʩʳʚʘʪʴ ʧʦʥʷʪʠʷ ʇʨʆ ʚ ʥʝʜʚʫʩʤʳʩʣʝʥʥʦʤ, ʬʦʨʤʘʣʠʟʦʚʘʥʥʦʤ ʚʠʜʝ, 

ʩʫʱʝʩʪʚʫʝʪ ʪʘʢʞʝ ʰʠʨʦʢʠʡ ʧʝʨʝʯʝʥʴ ʨʘʟʣʠʯʥʳʭ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʩʨʝʜʩʪʚ, 

ʧʦʟʚʦʣʷʶʱʠʭ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʨʘʙʦʪʳ ʩ 

ʦʥʪʦʣʦʛʠʷʤʠ. ʂ ʪʘʢʠʤ ʩʨʝʜʩʪʚʘʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ: 

1. ʈʝʜʘʢʪʦʨ ʦʥʪʦʣʦʛʠʡ Prot®g® [150]. ʈʝʜʘʢʪʦʨ ʦʥʪʦʣʦʛʠʡ ʧʦʟʚʦʣʷʝʪ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʬʦʨʤʠʨʦʚʘʥʠʷ ɹɿ ʇʨʆ ʚ ʚʠʜʝ ʦʥʪʦʣʦʛʠʠ. 

2. ʄʘʰʠʥʳ ʣʦʛʠʯʝʩʢʦʛʦ ʚʳʚʦʜʘ: Pellet [151], FaCT++ [152], HermiT [153] 

ʠ ʜʨ. ʄʘʰʠʥʳ ʣʦʛʠʯʝʩʢʦʛʦ ʚʳʚʦʜʘ (reasoners) ʧʦʟʚʦʣʷʶʪ 

ʦʩʫʱʝʩʪʚʣʷʪʴ ʧʨʦʚʝʨʢʫ ʣʦʛʠʯʝʩʢʦʡ ʮʝʣʦʩʪʥʦʩʪʠ ʦʥʪʦʣʦʛʠʠ ʠ ʝʝ 

ʥʝʧʨʦʪʠʚʦʨʝʯʠʚʦʩʪʴ, ʘ ʪʘʢʞʝ ʧʨʦʠʟʚʦʜʠʪʴ ʥʦʚʳʝ ʟʥʘʥʠʷ ʚ ʧʨʦʮʝʩʩʝ 

ʣʦʛʠʯʝʩʢʦʛʦ ʚʳʚʦʜʘ ʧʦ ʩʦʜʝʨʞʠʤʦʤʫ ʦʥʪʦʣʦʛʠʠ. 

3. ɹʠʙʣʠʦʪʝʢʠ OWLAPI [154] ʠ SWRLAPI [155]. ɹʠʙʣʠʦʪʝʢʠ ʜʣʷ 

ʚʩʪʨʘʠʚʘʥʠʷ ʤʝʭʘʥʠʟʤʦʚ ʨʘʙʦʪʳ ʩ ɹɿ ʇʨʆ ʚ ʚʠʜʝ ʦʥʪʦʣʦʛʠʠ ʚ ʬʦʨʤʘʪʝ 

OWL [156] ʩ ʤʥʦʞʝʩʪʚʦʤ ʣʦʛʠʯʝʩʢʠʭ ʧʨʘʚʠʣ ʥʘ ʷʟʳʢʝ SWRL [157] ʚ 

ʨʘʟʣʠʯʥʳʝ ʧʨʦʛʨʘʤʤʥʳʝ ʩʠʩʪʝʤʳ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʙʘʟʳ ʟʥʘʥʠʡ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʦʥʪʦʣʦʛʠʯʝʩʢʠʡ ʧʦʜʭʦʜ. ʇʨʠ ʵʪʦʤ ɹɿ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʢʘʞʜʳʡ ʠʟ 

ʢʦʪʦʨʳʭ ʚʳʧʦʣʥʷʝʪ ʦʧʨʝʜʝʣʝʥʥʫʶ ʬʫʥʢʮʠʶ: 

1. ʌʦʨʤʠʨʦʚʘʥʠʝ ʤʝʪʘʤʦʜʝʣʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ 

ʧʦʜʩʠʩʪʝʤʳ ʠʥʪʝʛʨʘʮʠʠ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʤʝʭʘʥʠʟʤʘ ʢʦʥʩʦʣʠʜʘʮʠʠ ʜʘʥʥʳʭ ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʧʨʝʜʧʨʠʷʪʠʷ. 

2. ʆʨʛʘʥʠʟʘʮʠʷ ʤʦʜʫʣʷ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʚ ʟʘʜʘʯʝ 

ʙʘʣʘʥʩʠʨʦʚʢʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʤʦʱʥʦʩʪʝʡ. 

ʈʘʩʩʤʦʪʨʠʤ ʦʥʪʦʣʦʛʠʠ ɹɿ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ. 

2.2.3 ʆʥʪʦʣʦʛʠʷ ʤʝʪʘʤʦʜʝʣʠ ʧʦʜʩʠʩʪʝʤʳ ʠʥʪʝʛʨʘʮʠʠ 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʤʝʪʘʤʦʜʝʣʠ ʧʦʜʩʠʩʪʝʤʳ ʠʥʪʝʛʨʘʮʠʠ, ʧʦʟʚʦʣʷʶʱʝʡ 

ʦʨʛʘʥʠʟʦʚʘʪʴ ʤʝʭʘʥʠʟʤ ʢʦʥʩʦʣʠʜʘʮʠʠ ʜʘʥʥʳʭ ʩ ʀʉ ʧʨʝʜʧʨʠʷʪʠʷ, 
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ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʝʪʦʜʳ ʦʥʪʦʣʦʛʠʯʝʩʢʦʛʦ ʠʥʞʠʥʠʨʠʥʛʘ. 

ɺ ʢʘʯʝʩʪʚʝ ʬʦʨʤʘʣʴʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʤʝʪʘʤʦʜʝʣʠ ʙʫʜʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩ ̫ʦʧʨʝʜʝʣʝʥʠʝ ʦʥʪʦʣʦʛʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ [133]: 

ὕ˕ Вὕ ṥὕ ṥὊ  ,   (2.3) 

ʛʜʝ ὕ  ï ʦʥʪʦʣʦʛʠʷ ʢʦʥʩʦʣʠʜʘʮʠʠ ʜʘʥʥʳʭ; 

ὕ ὕ ȟὕ ȟȣȟὕ ȟȣȟὕ  ï ʤʥʦʞʝʩʪʚʦ ʦʥʪʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʤʦʜʝʣʠ ʜʘʥʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʧʨʝʜʧʨʠʷʪʠʷ, ʩ 

ʢʦʪʦʨʳʤʠ ʥʝʦʙʭʦʜʠʤʦ ʦʨʛʘʥʠʟʦʚʘʪʴ ʢʦʥʩʦʣʠʜʘʮʠʶ ʜʘʥʥʳʭ; 

Ὂ  ï ʤʥʦʞʝʩʪʚʦ ʬʫʥʢʮʠʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ, ʨʝʘʣʠʟʦʚʘʥʥʳʭ ʘʣʛʦʨʠʪʤʠʯʝʩʢʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, i-ʝ ʦʥʪʦʣʦʛʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ὕ  (ʬʦʨʤʫʣʘ 2.3) 

ʤʦʜʝʣʠ ʜʘʥʥʳʭ ʀʆ ʀʉ ʧʨʝʜʧʨʠʷʪʠʷ ʙʫʜʝʪ ʠʤʝʪʴ ʚʠʜ: 

ὕ ộὅ ȟὖ ȟὒ ȟὙ Ớȟ    (2.4) 

ʛʜʝ ὅ ὅ ȟὅ ȟȣȟὅ  ï ʤʥʦʞʝʩʪʚʦ ʢʣʘʩʩʦʚ-ʩʫʱʥʦʩʪʝʡ 

ʦʥʪʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʤʦʜʝʣʠ ʜʘʥʥʳʭ ʀʉ; 

ὖ ὖ ȟὖ ȟȣȟὖ  ï ʤʥʦʞʝʩʪʚʦ ʩʚʦʡʩʪʚ ʢʣʘʩʩʦʚ-ʩʫʱʥʦʩʪʝʡ 

ʦʥʪʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʤʦʜʝʣʠ ʜʘʥʥʳʭ ʀʉ; 

ὒ ὒ ȟὒ ȟȣȟὒ ï ʤʥʦʞʝʩʪʚʦ ʦʛʨʘʥʠʯʝʥʠʡ ʩʚʦʡʩʪʚ ʢʣʘʩʩʦʚ-ʩʫʱʥʦʩʪʝʡ 

ʦʥʪʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʤʦʜʝʣʠ ʜʘʥʥʳʭ ʀʉ; 

Ὑ ï ʤʥʦʞʝʩʪʚʦ ʦʪʥʦʰʝʥʠʡ ʦʥʪʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʤʦʜʝʣʠ ʜʘʥʥʳʭ 

ʀʉ ʩʣʝʜʫʶʱʝʛʦ ʚʠʜʘ: 

Ὑ Ὑ ȟὙ ȟὙ ȟ     (2.5) 

ʛʜʝ Ὑ  ï ʤʥʦʞʝʩʪʚʦ ʦʪʥʦʰʝʥʠʡ, ʬʦʨʤʠʨʫʶʱʠʭ ʠʝʨʘʨʭʠʶ ʢʣʘʩʩʦʚ-ʩʫʱʥʦʩʪʝʡ 

ʦʥʪʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʤʦʜʝʣʠ ʜʘʥʥʳʭ ʀʉ; 

Ὑ  ï ʤʥʦʞʝʩʪʚʦ ʦʪʥʦʰʝʥʠʡ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʩʚʷʟʴ ʤʝʞʜʫ ʢʣʘʩʩʘʤʠ-

ʩʫʱʥʦʩʪʷʤʠ ʦʥʪʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʤʦʜʝʣʠ ʜʘʥʥʳʭ ʀʉ ʠ ʠʭ 

ʩʚʦʡʩʪʚʘʤʠ; 

Ὑ  ï ʤʥʦʞʝʩʪʚʦ ʦʪʥʦʰʝʥʠʡ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʩʚʷʟʴ ʤʝʞʜʫ ʩʚʦʡʩʪʚʘʤʠ 

ʢʣʘʩʩʦʚ-ʩʫʱʥʦʩʪʝʡ ʦʥʪʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʤʦʜʝʣʠ ʜʘʥʥʳʭ ʀʉ ʠ ʠʭ 

ʦʛʨʘʥʠʯʝʥʠʷʤʠ. 
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ɺ ʢʘʯʝʩʪʚʝ ʣʦʛʠʯʝʩʢʦʡ ʦʩʥʦʚʳ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʘʩʰʠʨʝʥʠʝ 

ʜʝʩʢʨʠʧʮʠʦʥʥʦʡ ʣʦʛʠʢʠ ꜝflꜟ  ʜʝʩʢʨʠʧʮʠʦʥʥʫʶ ʣʦʛʠʢʫ ꜝflꜟ꞊ꞈ꜠ . 

ɼʝʩʢʨʠʧʮʠʦʥʥʘʷ ʣʦʛʠʢʘ ꜝflꜟ꞊ꞈ꜠  ʧʦʟʚʦʣʷʝʪ ʬʦʨʤʠʨʦʚʘʪʴ ʠʝʨʘʨʭʠʶ ʨʦʣʝʡ 

(꞊), ʜʦʧʫʩʢʘʷ ʬʦʨʤʠʨʦʚʘʥʠʝ ʘʢʩʠʦʤ ʚʣʦʞʝʥʥʦʩʪʠ, ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʨʦʣʠ ()ꞈ, ʘ ʪʘʢʞʝ ʨʘʩʰʠʨʷʪʴ ʦʧʠʩʘʥʠʝ ʢʦʥʢʨʝʪʥʳʤʠ 

ʜʦʤʝʥʘʤʠ (ʪʠʧʘʤʠ ʜʘʥʥʳʭ) ꜠ . 

ɺ ʨʘʤʢʘʭ ʜʝʩʢʨʠʧʮʠʦʥʥʦʡ ʣʦʛʠʢʠ ꜝflꜟ꞊ꞈ꜠  ʦʥʪʦʣʦʛʠʷ ʤʝʪʘʤʦʜʝʣʠ 

ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 

Ὀὄ Ὕὄέὼȟὃὄέὼȟ     (2.6) 

ʛʜʝ Ὕὄέὼ  ï ʥʘʙʦʨ ʪʝʨʤʠʥʦʣʦʛʠʯʝʩʢʠʭ ʘʢʩʠʦʤ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʦʙʱʠʝ 

ʟʥʘʥʠʷ ʦ ʧʦʥʷʪʠʷʭ ʠ ʠʭ ʚʟʘʠʤʦʩʚʷʟʷʭ ʤʝʪʘʤʦʜʝʣʠ; 

ὃὄέὼ ï ʥʘʙʦʨ ʫʪʚʝʨʞʜʝʥʠʡ (ʬʘʢʪʦʚ) ʦʙ ʠʥʜʠʚʠʜʘʭ ʤʝʪʘʤʦʜʝʣʠ. 

ʊʝʨʤʠʥʦʣʦʛʠʶ Ὕὄέὼ ʠ ʥʘʙʦʨ ʬʘʢʪʦʚ ὃὄέὼ ʙʫʜʝʪ ʟʘʧʠʩʳʚʘʪʴʩ ̫ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʩʣʝʜʫʶʱʠʭ ʦʧʝʨʘʪʦʨʦʚ ʠ ʘʢʩʠʦʤ ʜʝʩʢʨʠʧʮʠʦʥʥʦʡ ʣʦʛʠʢʠ 

ꜝflꜟ꞊ꞈ꜠ : 

¶ Ṵ ï ʜʦʤʝʥ; 

¶ ! ṡ" ï ʘʢʩʠʦʤʘ ʚʣʦʞʝʥʥʦʩʪʠ ʢʦʥʮʝʧʪʦʚ; 

¶ ὃṡ ὄ ï ʘʢʩʠʦʤʘ ʥʝʧʝʨʝʩʝʢʘʝʤʦʩʪʠ ʢʦʥʮʝʧʪʦʚ; 

¶ ! ḳ" ï ʘʢʩʠʦʤʘ ʵʢʚʠʚʘʣʝʥʪʥʦʩʪʠ ʢʦʥʮʝʧʪʦʚ (ʠʣʠ ʦʧʨʝʜʝʣʝʥʠʝ 

ʢʦʥʮʝʧʪʦʚ ʩ ʥʝʦʙʭʦʜʠʤʳʤʠ ʠ ʜʦʩʪʘʪʦʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ); 

¶ ! ṣ" ïʧʝʨʝʩʝʯʝʥʠʝ (ʠʣʠ ʢʦʥʲʶʥʢʮʠʷ) ʢʦʥʮʝʧʪʦʚ; 

¶ ! Ṥ" ïʦʙʲʝʜʠʥʝʥʠʝ (ʠʣʠ ʜʠʟʲʶʥʢʮʠʷ) ʢʦʥʮʝʧʪʦʚ; 

¶ 2ᶅȢ! ï ʦʛʨʘʥʠʯʝʥʠʝ ʥʘ ʟʥʘʯʝʥʠʷ ʨʦʣʠ (ʠʣʠ ʦʛʨʘʥʠʯʝʥʠʝ ʢʚʘʥʪʦʨʦʤ 

ʚʩʝʦʙʱʥʦʩʪʠ); 

¶ 2ɱȢ! ï ɻ ʢʟʠʩʪʝʥʮʠʘʣʴʥʦʝ ʦʛʨʘʥʠʯʝʥʠʝ (ʠʣʠ ʦʛʨʘʥʠʯʝʥʠʝ ʢʚʘʥʪʦʨʦʤ 

ʩʫʱʝʩʪʚʦʚʘʥʠʷ); 

¶ Áȡ ! ï ʫʪʚʝʨʞʜʝʥʠʝ ʦ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʠʥʜʠʚʠʜʘ ὥ ʢʦʥʮʝʧʪʫ ὃ; 

¶ ὥȟὦḊὙ ï ʫʪʚʝʨʞʜʝʥʠʝ ʦ ʩʚʷʟʠ ʜʚʫʭ ʠʥʜʠʚʠʜʦʚ ὥ ʠ ὦ ʨʦʣʴʶ Ὑ. 

ʊʦʛʜʘ ʪʝʨʤʠʥʦʣʦʛʠʷ Ὕὄέὼ ʦʥʪʦʣʦʛʠʠ ʤʝʪʘʤʦʜʝʣʠ ʙʫʜʝʪ ʠʤʝʪʴ ʚʠʜ: 
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ὅṡὅ ὅṡὅ ȣ  ὅṡὅ 

ὅ ṡὅ ὅ ṡὅ ὅ ṡὅ ὅ ṡὅ 

ὅ ḳṴṣ ὬɱὥίὔὥάὩȢὛὸὶὭὲὫṣ ὬᶅὥίὔὥάὩȢὛὸὶὭὲὫṣ 

ṣ ὬᶅὥίὃὸὸὶὭὦόὸὩȢὖṣ ὬᶅὥίὖὥὶὩὲὸȢὅȟ 

ὖ ḳṴṣ ὬɱὥίὔὥάὩȢὛὸὶὭὲὫṣ ὬᶅὥίὔὥάὩȢὛὸὶὭὲὫṣ 

ṣ ὬᶅὥίὅέὲίὸὶὥὭὲὸȢὒ 

ὒ ḳṴṣ ὬɱὥίὝώὴὩȢὛὸὶὭὲὫṣ ὬᶅὥίὝώὴὩȢὛὸὶὭὲὫṣ 

ṣ ὬᶅὥίὠὥὰόὩȢὍὲὸὩὫὩὶṤὛὸὶὭὲὫṤὈέόὦὰὩṤὅ 

ʛʜʝ ὅ ï ʢʦʥʮʝʧʪ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʢʣʘʩʩ-ʩʫʱʥʦʩʪʴ ʦʥʪʦʣʦʛʠʯʝʩʢʦʛʦ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʤʦʜʝʣʠ ʜʘʥʥʳʭ ʀʉ; 

ὖ ï ʢʦʥʮʝʧʪ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʚʦʡʩʪʚʦ (ʘʪʨʠʙʫʪ) ʢʣʘʩʩʘ-ʩʫʱʥʦʩʪʠ 

ʦʥʪʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʤʦʜʝʣʠ ʜʘʥʥʳʭ ʀʉ; 

ὒ ï ʢʦʥʮʝʧʪ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʦʛʨʘʥʠʯʝʥʠʝ ʘʪʨʠʙʫʪʘ ʢʣʘʩʩʘ-ʩʫʱʥʦʩʪʠ 

ʦʥʪʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʤʦʜʝʣʠ ʜʘʥʥʳʭ ʀʉ; 

ὬὥίὔὥάὩ ï ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʨʦʣʴ çʠʤʝʝʪ ʥʘʠʤʝʥʦʚʘʥʠʝè, ʧʦʟʚʦʣʷʶʱʘʷ 

ʦʙʦʟʥʘʯʠʪʴ ʢʦʥʮʝʧʪ ʥʝʢʦʪʦʨʳʤ ʠʤʝʥʝʤ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʢʦʥʢʨʝʪʥʳʤ 

ʜʦʤʝʥʦʤ ʪʠʧʘ ὛὸὶὭὲὫ; 

ὬὥίὠὥὰόὩ ï ʨʦʣʴ çʠʤʝʝʪ ʟʥʘʯʝʥʠʝè, ʧʦʟʚʦʣʷʶʱʘʷ ʟʘʜʘʪʴ ʟʥʘʯʝʥʠʝ ʩʚʦʡʩʪʚʘ 

ʢʣʘʩʩʘ-ʩʫʱʥʦʩʪʠ ʦʥʪʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʤʦʜʝʣʠ ʜʘʥʥʳʭ ʀʉ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʦʝ ʢʦʥʢʨʝʪʥʳʤ ʜʦʤʝʥʦʤ ʠʟ ʤʥʦʞʝʩʪʚʘ ʪʠʧʦʚ ʜʘʥʥʳʭ: ὍὲὸὩὫὩὶ, 

ὛὸὶὭὲὫ, ὈέόὦὰὩ, ʣʠʙʦ ʷʚʣʷʶʱʝʝʩʷ ʩʩʳʣʢʦʡ ʥʘ ʢʦʥʮʝʧʪ ʜʣʷ ʦʧʠʩʘʥʠʷ ʥʝʢʦʪʦʨʦʛʦ 

ʢʣʘʩʩʘ-ʩʫʱʥʦʩʪʠ ʦʥʪʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʤʦʜʝʣʠ ʜʘʥʥʳʭ ʀʉ; 

ṡ ï ʘʢʩʠʦʤʘ ʚʣʦʞʝʥʥʦʩʪʠ ʢʦʥʮʝʧʪʦʚ, ʧʦʟʚʦʣʷʶʱʘʷ ʬʦʨʤʠʨʦʚʘʪʴ ʠʝʨʘʨʭʠʶ 

ʢʦʥʮʝʧʪʦʚ ʦʥʪʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʤʦʜʝʣʠ ʜʘʥʥʳʭ ʀʉ; 

ὬὥίὃὸὸὶὭὦόὸὩ ï ʨʦʣʴ çʠʤʝʝʪ ʘʪʨʠʙʫʪè, ʧʦʟʚʦʣʷʶʱʘʷ ʟʘʜʘʪʴ ʩʦʦʪʚʝʪʩʪʚʠʝ 

ʤʝʞʜʫ ʥʝʢʦʪʦʨʳʤ ʢʣʘʩʩʦʤ-ʩʫʱʥʦʩʪʴʶ ʦʥʪʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ 

ʤʦʜʝʣʠ ʜʘʥʥʳʭ ʀʉ ʠ ʝʛʦ ʩʚʦʡʩʪʚʘʤʠ; 

ὬὥίὅέὲίὸὶὥὭὲὸ ï  ʨʦʣʴ çʠʤʝʝʪ ʦʛʨʘʥʠʯʝʥʠʝè, ʧʦʟʚʦʣʷʶʱʘʷ ʟʘʜʘʪʴ 

ʩʦʦʪʚʝʪʩʪʚʠʝ ʤʝʞʜʫ ʥʝʢʦʪʦʨʳʤ ʩʚʦʡʩʪʚʦʤ ʢʣʘʩʩʘ-ʩʫʱʥʦʩʪʠ ʦʥʪʦʣʦʛʠʯʝʩʢʦʛʦ 
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ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʤʦʜʝʣʠ ʜʘʥʥʳʭ ʀʉ ʠ ʝʛʦ ʦʛʨʘʥʠʯʝʥʠʷʤʠ; 

ὬὥίὖὥὶὩὲὸ ï ʨʦʣʴ çʠʤʝʝʪ ʨʦʜʠʪʝʣʷè, ʧʦʟʚʦʣʷʶʱʘʷ ʫʯʠʪʳʚʘʪʴ ʚ ʨʘʤʢʘʭ 

ʦʥʪʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʤʦʜʝʣʠ ʜʘʥʥʳʭ ʀʉ ʤʝʭʘʥʠʟʤ ʥʘʩʣʝʜʦʚʘʥʠʷ 

ʢʣʘʩʩʦʚ-ʩʫʱʥʦʩʪʝʡ. 

ʅʘʙʦʨ ʬʘʢʪʦʚ ὃὄέὼ ʦʥʪʦʣʦʛʠʠ ʤʝʪʘʤʦʜʝʣʠ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

 Ὡȡ Ὁ   Ὡȟὥ ȡ ὬὥίὃὸὸὶὭὦόὸὩ 

 ὥȡ ὃ    Ὡȟὥ ȡ ὬὥίὃὸὸὶὭὦόὸὩ 

 ὥȡ ὃ   ὥȟὧȡ ὬὥίὅέὲίὸὶὥὭὲὸ 

 ὧȡ ὅ   ὥȟὧ ȡ ὬὥίὅέὲίὸὶὥὭὲὸ 

 ὧȡ ὅ   ὥȟὧ ȡ ὬὥίὅέὲίὸὶὥὭὲὸ 

 ὧȡ ὅ   ὧȟὺὥὰόὩρȡὈέόὦὰὩȡ ὬὥίὠὥὰόὩ 

    ὧȟὺὥὰόὩςȡὛὸὶὭὲὫȡ ὬὥίὠὥὰόὩ 

    ὧȟὩ ȡ ὬὥίὠὥὰόὩ 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʥʘʙʦʨ ʬʘʢʪʦʚ ὃὄέὼ ʦʥʪʦʣʦʛʠʠ ʤʝʪʘʤʦʜʝʣʠ, ʦʜʥʘ ʠʟ ʀʉ 

ʧʨʝʜʧʨʠʷʪʠʷ ʩʦʜʝʨʞʠʪ ʢʣʘʩʩ ʩʫʱʥʦʩʪʴ Ὡ, ʢʦʪʦʨʘʷ ʠʤʝʝʪ ʜʚʘ ʩʚʦʡʩʪʚʘ 

(ʘʪʨʠʙʫʪʘ) ὥ ʠ ὥ. ʉʚʦʡʩʪʚʦ ὥ ʠʤʝʝʪ ʜʚʘ ʦʛʨʘʥʠʯʝʥʠʷ  ὧ, ʦʙʣʘʜʘʶʱʝʝ 

ʟʥʘʯʝʥʠʝʤ ʩ ʪʠʧʦʤ ʜʘʥʥʳʭ ὈέόὦὰὩ, ʠ ὧ ʩ ʪʠʧʦʤ ʜʘʥʥʳʭ ὛὸὶὭὲὫ. ʉʚʦʡʩʪʚʦ ὥ 

ʦʙʣʘʜʘʝʪ ʦʛʨʘʥʠʯʝʥʠʝʤ ὧ, ʟʥʘʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʩʩʳʣʢʦʡ ʥʘ ʢʣʘʩʩ-

ʩʫʱʥʦʩʪʴ Ὡ. 

2.2.4 ʆʥʪʦʣʦʛʠʷ ʤʦʜʫʣʷ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʚ ʟʘʜʘʯʝ 

ʙʘʣʘʥʩʠʨʦʚʢʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʤʦʱʥʦʩʪʝʡ 

ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʢʦʤʝʥʜʘʮʠʡ ʚ ʟʘʜʘʯʝ ʙʘʣʘʥʩʠʨʦʚʢʠ ʤʦʱʥʦʩʪʝʡ 

ʩʦʪʨʫʜʥʠʢ, ʦʪʚʝʪʩʪʚʝʥʥʳʡ ʟʘ ʧʨʠʥʷʪʠʝ ʨʝʰʝʥʠʷ, ʤʦʞʝʪ ʦʧʝʨʘʪʠʚʥʦ 

ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʠʟʤʝʥʝʥʠʷ ʩʠʪʫʘʮʠʠ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ. ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ 

ʜʘʥʥʳʭ ʜʣʷ ʤʦʜʫʣʷ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʚʳʩʪʫʧʘʶʪ ʚʨʝʤʝʥʥʳʝ ʨʷʜʳ 

ʦʩʥʦʚʥʳʭ ʠʥʜʠʢʘʪʦʨʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʥʘʧʨʠʤʝʨ, ʬʘʢʪʠʯʝʩʢʘʷ ʠ ʧʣʘʥʠʨʫʝʤʘʷ 

ʤʦʱʥʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʬʘʢʪʠʯʝʩʢʠʡ ʠ ʧʣʘʥʦʚʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʛʨʫʟʢʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʤʦʱʥʦʩʪʝʡ, ʚʦʟʨʘʩʪ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʩʪʘʞ ʨʘʙʦʪʳ ʧʝʨʩʦʥʘʣʘ 
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ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ ʠ ʪ.ʜ. ɼʘʥʥʳʝ ʠʥʜʠʢʘʪʦʨʳ ʙʳʣʠ ʚʳʙʨʘʥʳ ʠʩʭʦʜʷ ʠʟ 

ʪʨʝʙʦʚʘʥʠʡ ʧʨʦʤʳʰʣʝʥʥʦʡ ʤʝʪʦʜʦʣʦʛʠʠ, ʫʪʚʝʨʞʜʝʥʥʦʡ ʚ ʦʪʨʘʩʣʠ, ʢʦʪʦʨʘʷ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʜʣʷ ʨʫʯʥʦʛʦ ʨʘʩʯʝʪʘ ʧʦʢʘʟʘʪʝʣʝʡ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʤʦʱʥʦʩʪʝʡ ʧʨʝʜʧʨʠʷʪʠʷ. ɺ ʧʨʦʮʝʩʩʝ ʘʥʘʣʠʟʘ ʚʨʝʤʝʥʥʳʭ 

ʨʷʜʦʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʠʥʜʠʢʘʪʦʨʦʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʥʦʞʝʩʪʚʘ ʣʦʛʠʯʝʩʢʠʭ 

ʧʨʘʚʠʣ ʥʘ ʷʟʳʢʝ SWRL [156] ʧʨʦʠʩʭʦʜʠʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʨʝʢʦʤʝʥʜʘʮʠʡ. ɺ 

ʩʚʦʶ ʦʯʝʨʝʜʴ, SWRL ʧʨʘʚʠʣʘ ʦʩʥʦʚʘʥʳ ʥʘ ʩʦʜʝʨʞʠʤʦʤ ʦʥʪʦʣʦʛʠʠ ʤʦʜʫʣʷ 

ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ, ʢʦʪʦʨʘʷ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 

ὕ ộὍȟὉȟὛȟὃȟὙȟὊỚȟ    (2.7) 

ʛʜʝ Ὅ ὍȟὍȟȣȟὍ  ï ʤʥʦʞʝʩʪʚʦ ʠʥʜʠʢʘʪʦʨʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʩʦʩʪʦʷʥʠʝ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʤʦʱʥʦʩʪʝʡ ʧʨʝʜʧʨʠʷʪʠʷ ʚ ʥʝʢʦʪʦʨʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ; 

Ὁ ὄὥὨȟὋέέὨȟὌὭὫὬȟὓὭὨὨὰὩȟὒέύ ï ʤʥʦʞʝʩʪʚʦ ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʭ ʤʝʪʦʢ, 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʧʨʦʮʝʩʩʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʟʥʘʯʝʥʠʡ ʠʥʜʠʢʘʪʦʨʦʚ ʩʦʩʪʦʷʥʠʷ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʤʦʱʥʦʩʪʝʡ ʧʨʝʜʧʨʠʷʪʠʷ; 

Ὓ ὛὸὥὸὩὌὭὫὬȟὛὸὥὸὩὓὭὨὨὰὩȟὛὸὥὸὩὒέύ ï ʤʥʦʞʝʩʪʚʦ ʪʝʢʩʪʦʚʳʭ 

ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʭ ʤʝʪʦʢ ὌὭὫὬ, ὓὭὨὨὰὩ ʠ ὒέύ ʤʥʦʞʝʩʪʚʘ Ὁ , 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʢʘʢ ʚ ʧʨʦʮʝʩʩʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʝʢʦʤʝʥʜʘʮʠʡ, ʪʘʢ ʠ ʚ ʧʨʦʮʝʩʩʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʠʥʜʠʢʘʪʦʨʦʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʤʦʱʥʦʩʪʝʡ 

ʧʨʝʜʧʨʠʷʪʠʷ ʧʦʩʣʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʠʭ ʟʥʘʯʝʥʠʡ; 

ὃ ộὍȟὄὥὨỚȟộὍȟὋέέὨỚȟộὍȟὄὥὨỚȟộὍȟὋέέὨỚȟȣȟộὍȟὄὥὨỚȟộὍȟὋέέὨỚ ï 

ʤʥʦʞʝʩʪʚʦ ʪʝʢʩʪʦʚʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʨʝʢʦʤʝʥʜʘʮʠʡ ʜʣʷ ʢʘʞʜʦʛʦ ʠʥʜʠʢʘʪʦʨʘ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʤʦʱʥʦʩʪʝʡ ʧʨʝʜʧʨʠʷʪʠʷ ʩ ʫʯʝʪʦʤ ʨʘʟʣʠʯʥʦʡ ʦʮʝʥʢʠ ʝʛʦ 

ʩʦʩʪʦʷʥʠʷ: ὋέέὨ (ʚ ʧʨʝʜʝʣʘʭ ʥʦʨʤʳ) ʠ ὄὥὨ (ʦʪʢʣʦʥʝʥʠʝ ʦʪ ʥʦʨʤʳ); 

Ὑ  ï ʤʥʦʞʝʩʪʚʦ ʦʪʥʦʰʝʥʠʡ ʦʥʪʦʣʦʛʠʠ ʤʦʜʫʣʷ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ, 

ʢʦʪʦʨʦʝ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʩʣʝʜʫʶʱʠʤ ʚʳʨʘʞʝʥʠʝʤ: 

Ὑ Ὑ ȟὙ ȟὙ ȟ      (2.8) 

ʚ ʢʦʪʦʨʦʤ Ὑ  ï ʤʥʦʞʝʩʪʚʦ ʦʪʥʦʰʝʥʠʡ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʩʚʷʟʴ ʤʝʞʜʫ 

ʣʠʥʛʚʠʩʪʠʯʝʩʢʦʡ ʤʝʪʢʦʡ ʠ ʝʝ ʪʝʢʩʪʦʚʳʤ ʧʨʝʜʩʪʘʚʣʝʥʠʝʤ; 

Ὑ  ï ʤʥʦʞʝʩʪʚʦ ʦʪʥʦʰʝʥʠʡ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʩʚʷʟʴ ʤʝʞʜʫ ʣʠʥʛʚʠʩʪʠʯʝʩʢʦʡ 
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ʤʝʪʢʦʡ ʠ ʪʝʢʩʪʦʚʳʤ ʧʨʝʜʩʪʘʚʣʝʥʠʝʤ ʨʝʢʦʤʝʥʜʘʮʠʠ; 

Ὑ  ï ʤʥʦʞʝʩʪʚʦ ʦʪʥʦʰʝʥʠʡ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʩʚʷʟʴ ʤʝʞʜʫ ʟʥʘʯʝʥʠʝʤ 

ʠʥʜʠʢʘʪʦʨʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʤʦʱʥʦʩʪʝʡ ʧʨʝʜʧʨʠʷʪʠʷ ʠ ʝʛʦ 

ʣʠʥʛʚʠʩʪʠʯʝʩʢʦʡ ʤʝʪʢʦʡ. ɼʘʥʥʳʡ ʚʠʜ ʦʪʥʦʰʝʥʠʡ ʬʦʨʤʠʨʫʝʪʩʷ ʚ ʧʨʦʮʝʩʩʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʟʥʘʯʝʥʠʡ ʠʥʜʠʢʘʪʦʨʦʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʘʰʠʥʳ ʣʦʛʠʯʝʩʢʦʛʦ 

ʚʳʚʦʜʘ ʠ ʥʘʙʦʨʘ ʧʨʘʚʠʣ ʥʘ ʷʟʳʢʝ SWRL; 

Ὂ  ï ʬʫʥʢʮʠʷ ʠʥʪʝʨʧʨʝʪʘʮʠʠ, ʬʦʨʤʠʨʫʶʱʘʷ ʤʥʦʞʝʩʪʚʦ ʦʪʥʦʰʝʥʠʡ Ὑ , 

ʟʘʜʘʥʥʘʷ ʤʥʦʞʝʩʪʚʦʤ ʧʨʘʚʠʣ ʥʘ ʷʟʳʢʝ SWRL. 

ɺ ʢʘʯʝʩʪʚʝ ʣʦʛʠʯʝʩʢʦʡ ʦʩʥʦʚʳ ʦʥʪʦʣʦʛʠʠ ʤʦʜʫʣʷ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ 

ʨʝʰʝʥʠʡ, ʢʘʢ ʠ ʜʣʷ ʦʧʠʩʘʥʠʷ ʦʥʪʦʣʦʛʠʠ ʤʝʪʘʤʦʜʝʣʠ, ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʜʝʩʢʨʠʧʮʠʦʥʥʘʷ ʣʦʛʠʢʘ ꜝflꜟ꞊ꞈ꜠ . 

ɺ ʨʘʤʢʘʭ ʜʝʩʢʨʠʧʮʠʦʥʥʦʡ ʣʦʛʠʢʠ ꜝflꜟ꞊ꞈ꜠  ʦʥʪʦʣʦʛʠʷ ʤʦʜʫʣʷ 

ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 

Ὑ Ὕὄέὼȟὃὄέὼȟ      (2.9) 

ʛʜʝ Ὕὄέὼ ï ʥʘʙʦʨ ʪʝʨʤʠʥʦʣʦʛʠʯʝʩʢʠʭ ʘʢʩʠʦʤ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʦʙʱʠʝ 

ʟʥʘʥʠʷ ʦ ʧʦʥʷʪʠʷʭ ʠ ʠʭ ʚʟʘʠʤʦʩʚʷʟʷʭ ʦʥʪʦʣʦʛʠʠ ʤʦʜʫʣʷ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ 

ʨʝʰʝʥʠʡ; 

ὃὄέὼ ï ʥʘʙʦʨ ʫʪʚʝʨʞʜʝʥʠʡ (ʬʘʢʪʦʚ) ʦʙ ʠʥʜʠʚʠʜʘʭ ʦʥʪʦʣʦʛʠʠ ʤʦʜʫʣʷ 

ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ. 

ʊʝʨʤʠʥʦʣʦʛʠ ̫Ὕὄέὼ ʦʥʪʦʣʦʛʠʠ ʤʦʜʫʣʷ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ 

ʚʳʛʣʷʜʠʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

ὉṡṴ  ὄὥὨṡὉ  ὋέέὨṡὉ 

ὌὭὫὬṡὉ  ὓὭὨὨὰὩṡὉ  ὒέύṡὉ 

ὌὭὫὬṡ ὒέύ  ὌὭὫὬṡ ὓὭὨὨὰὩ 

ὌὭὫὬṡ ὒέύ  ὄὥὨṡ ὋέέὨ 

ὙὩὧέάάὩὲὨὥὸὭέὲṡṴ  ὃṡὙὩὧέάάὩὲὨὥὸὭέὲ 

ὛṡὙὩὧέάάὩὲὨὥὸὭέὲ 

ὛὸὥὸὩὌὭὫὬṡὛ  ὛὸὥὸὩὓὭὨὨὰὩṡὛ  ὛὸὥὸὩὒέύṡὛ 

ὛὸὥὸὩὌὭὫὬṡ ὛὸὥὸὩὓὭὨὨὰὩ  ὛὸὥὸὩὌὭὫὬṡ ὛὸὥὸὩὒέύ 
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ὛὸὥὸὩὒέύṡ ὛὸὥὸὩὓὭὨὨὰὩ 

ὍṡṴ 

Ὅ ḳṴṣ ὬɱὥίὙὩίόάὩȢὃṣ ὬɱὥίὛὸὥὸὩȢὛṣ ὬɱὥίὠὥὰόὩȢὈέόὦὰὩ 

2ÅÃÏÍÍÅÎÄÁÔÉÏÎ ḳṴṣ ὬɱὥίὈὩίὧὶὭὴὸὭέὲȢὛὸὶὭὲὫ ṣ 

ṣ ὬᶅὥίὈὩίὧὶὭὴὸὭέὲȢὛὸὶὭὲὫ 

ʛʜʝ Ὁ ï ʢʦʥʮʝʧʪ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʣʠʥʛʚʠʩʪʠʯʝʩʢʫʶ ʤʝʪʢʫ ʦʥʪʦʣʦʛʠʠ ʤʦʜʫʣʷ 

ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ; 

ὄὥὨ, ὋέέὨ, ὌὭὫὬ, ὓὭὨὨὰὩ, ὒέύ ï ʢʦʥʮʝʧʪʳ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʦʪʜʝʣʴʥʳʝ 

ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʝ ʤʝʪʢʠ ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʟʥʘʯʝʥʠʡ ʠʥʜʠʢʘʪʦʨʦʚ ʩʦʩʪʦʷʥʠʷ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʤʦʱʥʦʩʪʝʡ ʧʨʝʜʧʨʠʷʪʠʷ; 

ὙὩὧέάάὩὲὨὥὸὭέὲ ï ʢʦʥʮʝʧʪ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʝ ʤʝʪʢʠ ʠ 

ʨʝʢʦʤʝʥʜʘʮʠʠ ʦʥʪʦʣʦʛʠʠ ʤʦʜʫʣʷ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ; 

Ὅ ï ʢʦʥʮʝʧʪ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʠʥʜʠʢʘʪʦʨ ʩʦʩʪʦʷʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ 

ʤʦʱʥʦʩʪʝʡ ʧʨʝʜʧʨʠʷʪʠʷ ʦʥʪʦʣʦʛʠʠ ʤʦʜʫʣʷ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ; 

Ὓ ï ʢʦʥʮʝʧʪ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʣʠʥʛʚʠʩʪʠʯʝʩʢʫʶ ʤʝʪʢʫ ʦʥʪʦʣʦʛʠʠ ʤʦʜʫʣʷ 

ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ; 

ὛὸὥὸὩὌὭὫὬ, ὛὸὥὸὩὓὭὨὨὰὩ, ὛὸὥὸὩὒέύ ï ʢʦʥʮʝʧʪʳ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʦʪʜʝʣʴʥʳʝ 

ʩʦʩʪʦʷʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʤʦʱʥʦʩʪʝʡ ʧʨʝʜʧʨʠʷʪʠʷ ʦʥʪʦʣʦʛʠʠ ʤʦʜʫʣʷ 

ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ; 

ὃ ï ʢʦʥʮʝʧʪ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʨʝʢʦʤʝʥʜʘʮʠʠ ʦʥʪʦʣʦʛʠʠ ʤʦʜʫʣʷ ʧʦʜʜʝʨʞʢʠ 

ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ; 

ṡ ï ʘʢʩʠʦʤʘ ʚʣʦʞʝʥʥʦʩʪʠ ʢʦʥʮʝʧʪʦʚ, ʧʦʟʚʦʣʷʶʱʘʷ ʬʦʨʤʠʨʦʚʘʪʴ ʠʝʨʘʨʭʠʶ 

ʢʦʥʮʝʧʪʦʚ ʦʥʪʦʣʦʛʠʠ ʤʦʜʫʣʷ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ; 

ὬὥίὙὩίόάὩ ï ʨʦʣʴ çʠʤʝʝʪ ʨʝʢʦʤʝʥʜʘʮʠʶè, ʧʦʟʚʦʣʷʶʱʘʷ ʟʘʜʘʪʴ ʩʦʦʪʚʝʪʩʪʚʠʝ 

ʤʝʞʜʫ ʨʝʢʦʤʝʥʜʘʮʠʝʡ ʠ ʠʥʜʠʢʘʪʦʨʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʩʦʩʪʦʷʥʠʷ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʤʦʱʥʦʩʪʝʡ ʧʨʝʜʧʨʠʷʪʠʷ ʦʥʪʦʣʦʛʠʠ ʤʦʜʫʣʷ ʧʦʜʜʝʨʞʢʠ 

ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ; 

ὬὥίὛὸὥὸὩ ï ʨʦʣʴ çʠʤʝʝʪ ʩʦʩʪʦʷʥʠʝè, ʧʦʟʚʦʣʷʶʱʘʷ ʟʘʜʘʪʴ ʩʦʦʪʚʝʪʩʪʚʠʝ ʤʝʞʜʫ 

ʣʠʥʛʚʠʩʪʠʯʝʩʢʦʡ ʤʝʪʢʦʡ ʠ ʠʥʜʠʢʘʪʦʨʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʩʦʩʪʦʷʥʠʷ 
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ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʤʦʱʥʦʩʪʝʡ ʧʨʝʜʧʨʠʷʪʠʷ ʦʥʪʦʣʦʛʠʠ ʤʦʜʫʣʷ ʧʦʜʜʝʨʞʢʠ 

ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ; 

ὬὥίὠὥὰόὩ ï ʨʦʣʴ çʠʤʝʝʪ ʟʥʘʯʝʥʠʝè, ʧʦʟʚʦʣʷʶʱʘʷ ʟʘʜʘʪʴ ʟʥʘʯʝʥʠʝ ʪʠʧʘ ὈέόὦὰὩ 

ʠʥʜʠʢʘʪʦʨʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʩʦʩʪʦʷʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʤʦʱʥʦʩʪʝʡ 

ʧʨʝʜʧʨʠʷʪʠʷ ʦʥʪʦʣʦʛʠʠ ʤʦʜʫʣʷ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ; 

ὬὥίὈὩίὧὶὭὴὸὭέὲ  ï ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʨʦʣʴ çʠʤʝʝʪ ʦʧʠʩʘʥʠʝè, ʧʦʟʚʦʣʷʶʱʘʷ 

ʟʘʜʘʪʴ ʪʝʢʩʪʦʚʦʝ ʦʧʠʩʘʥʠʝ (ὛὸὶὭὲὫ) ʣʠʥʛʚʠʩʪʠʯʝʩʢʦʡ ʤʝʪʢʠ ʠʣʠ ʨʝʢʦʤʝʥʜʘʮʠʠ 

ʦʥʪʦʣʦʛʠʠ ʤʦʜʫʣʷ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ. 

ʅʘʙʦʨ ʬʘʢʪʦʚ ὃὄέὼ ʦʥʪʦʣʦʛʠʠ ʤʦʜʫʣʷ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ 

ʙʫʜʝʪ ʠʤʝʪʴ ʚʠʜ: 

ὭȡὍ  ὭȡὌὭὫὬ  ίȡὛὸὥὸὩὌὭὫὬ  ὥȡὃ 

ὭȟὺὥὰόὩρȡὈέόὦὰὩȡὬὥίὠὥὰόὩ  ὭȟίȡὬὥίὛὸὥὸὩ 

ὥȟὺὥὰόὩςȡὛὸὶὭὲὫȡὬὥίὈὩίὧὶὭὴὸὭέὲ  Ὥȟὥ ȡὬὥίὙὩίόάὩ 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʥʘʙʦʨ ʬʘʢʪʦʚ ὃὄέὼ ʦʥʪʦʣʦʛʠʠ ʤʦʜʫʣʷ ʧʦʜʜʝʨʞʢʠ 

ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ, ʠʥʜʠʢʘʪʦʨ ʩʦʩʪʦʷʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʤʦʱʥʦʩʪʝʡ 

ʧʨʝʜʧʨʠʷʪʠʷ Ὥ ʠʤʝʝʪ ʟʥʘʯʝʥʠʝ ὺὥὰόὩρ ʩ ʪʠʧʦʤ ὈέόὦὰὩ. ɺ ʧʨʦʮʝʩʩʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʨʝʢʦʤʝʥʜʘʮʠʡ ʥʘ ʦʩʥʦʚʝ ʤʥʦʞʝʩʪʚʘ SWRL ʧʨʘʚʠʣ ʤʘʰʠʥʘ 

ʣʦʛʠʯʝʩʢʦʛʦ ʚʳʚʦʜʘ ʧʨʠʩʚʦʠʣʘ ʟʥʘʯʝʥʠʶ ʠʥʜʠʢʘʪʦʨʘ Ὥ ʣʠʥʛʚʠʩʪʠʯʝʩʢʫʶ 

ʤʝʪʢʫ ὌὭὫὬ, ʩʦʩʪʦʷʥʠʝ ʠʥʜʠʢʘʪʦʨʘ ί ʠ ʨʝʢʦʤʝʥʜʘʮʠʶ ὥ. ʊʝʢʩʪʦʚʦʝ ʦʧʠʩʘʥʠʝ 

(ὛὸὶὭὲὫ) ʨʝʢʦʤʝʥʜʘʮʠʠ ὥ ʠʤʝʝʪ ʟʥʘʯʝʥʠʝ ὺὥὰόὩς. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʜʝʣʴ ɹɿ ʩʦʜʝʨʞʠʪ ʜʚʘ ʢʦʤʧʦʥʝʥʪʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ 

ʦʥʪʦʣʦʛʠʷʤʠ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʤʝʭʘʥʠʟʤʘ ʢʦʥʩʦʣʠʜʘʮʠʠ ʜʘʥʥʳʭ ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʧʨʝʜʧʨʠʷʪʠʷ ʠ ʦʨʛʘʥʠʟʘʮʠʷ ʤʦʜʫʣʷ ʧʦʜʜʝʨʞʢʠ 

ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʚ ʟʘʜʘʯʝ ʙʘʣʘʥʩʠʨʦʚʢʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʤʦʱʥʦʩʪʝʡ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʧʦʜʭʦʜʦʚ ʠ ʩʨʝʜʩʪʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ɹɿ ʥʘ ʦʩʥʦʚʝ 

ʷʟʳʢʘ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦʥʪʦʣʦʛʠʠ OWL ʠ ʤʥʦʞʝʩʪʚʘ ʣʦʛʠʯʝʩʢʠʭ ʧʨʘʚʠʣ ʥʘ 

ʷʟʳʢʝ SWRL ʧʦʟʚʦʣʷʝʪ ʛʠʙʢʦ ʘʜʘʧʪʠʨʦʚʘʪʴ ʧʦʜʩʠʩʪʝʤʳ ʢ ʜʠʥʘʤʠʯʝʩʢʦʡ 

ʧʨʠʨʦʜʝ ʇʨʆ ʧʨʝʜʧʨʠʷʪʠʷ. 
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2.3 ɸʣʛʦʨʠʪʤ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʩ ʢʦʨʨʝʢʪʠʨʦʚʢʦʡ ʧʨʦʛʥʦʟʘ ʯʝʨʝʟ 

ʧʨʠʤʝʥʝʥʠʝ ʵʥʪʨʦʧʠʡʥʦʛʦ ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ. 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʵʥʪʨʦʧʠʡʥʦʛʦ ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ ʠ ʝʛʦ 

ʜʠʥʘʤʠʢʠ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʟʥʘʯʝʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʜʣʷ ʨʘʩʯʝʪʘ ʙʘʣʘʥʩʠʨʦʚʢʠ 

ʤʦʱʥʦʩʪʝʡ ʥʘ ʙʫʜʫʱʠʡ ʧʝʨʠʦʜ ʧʦ ɺʈ ʵʪʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ 

ʘʣʛʦʨʠʪʤ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ. ɼʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʩʚʦʜʠʪʩʷ ʢ ʚʳʧʦʣʥʝʥʠʶ 

ʩʣʝʜʫʶʱʠʭ ʰʘʛʦʚ: 

1. ʅʘ ʦʩʥʦʚʝ ʣʶʙʦʛʦ ʠʟʚʝʩʪʥʦʛʦ ʤʝʪʦʜʘ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ, ʠʤʝʶʱʝʛʦ 

ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ ʧʨʦʛʥʦʟʘ ʧʦʣʫʯʘʝʪʩʷ ʧʨʦʛʥʦʟʥʦʝ ʟʥʘʯʝʥʠʝ 

(ForecastOrigMethod). 

2. ʅʘ ʦʩʥʦʚʝ ɺʈ ʩʪʨʦʠʪʩʷ ʵʥʪʨʦʧʠʡʥʳʡ ɺʈ (ʕʥɺʈ). 

3. ʀʟʚʝʩʪʥʳʤ ʤʝʪʦʜʦʤ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʦʣʫʯʘʝʪʩʷ ʧʨʦʛʥʦʟ ʧʦʢʘʟʘʪʝʣʷ 

ʜʠʥʘʤʠʢʠ ʕʥɺʈ (DynamicForecast). 

4. ʅʘ ʦʩʥʦʚʝ DynamicForecast ʠ ʟʥʘʯʝʥʠʷ ʵʥʪʨʦʧʠʠ ʚ ʧʦʩʣʝʜʥʝʡ ʪʦʯʢʝ 

ʨʷʜʘ ʬʦʨʤʠʨʫʝʪʩʷ ʧʨʦʛʥʦʟʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʠʩʭʦʜʥʦʛʦ ɺʈ 

(ForecastByEntropy). 

5. ɺʳʯʠʩʣʷʝʪʩʷ ʫʩʨʝʜʥʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʤʝʞʜʫ OrigForecast, ʧʦʣʫʯʝʥʥʦʛʦ 

ʯʝʨʝʟ ʤʝʪʦʜ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠ NewForecast, ʧʦʣʫʯʝʥʥʳʤ ʯʝʨʝʟ 

ʕʥɺʈ. 

╕▫►▄╬╪▼◄
&ÏÒÅÃÁÓÔ/ÒÉÇ-ÅÔÈÏÄ&ÏÒÅÃÁÓÔ"Ù%ÎÔÒÏÐÙ

   (2.10) 

ʈʘʩʩʤʦʪʨʠʤ ʘʣʛʦʨʠʪʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʕʥɺʈ ʠʟ ɺʈ. 

ɺ ʜʠʩʩʝʨʪʘʮʠʠ [158] ʦʧʠʩʘʥʘ ʢʦʥʮʝʧʮʠʷ ʛʨʘʥʫʣʠʨʦʚʘʥʥʳʭ ʚʨʝʤʝʥʥʳʭ 

ʨʷʜʦʚ (ɻʨɺʈ).   

ʇʦʜ ɻʨɺʈ ʧʦʥʠʤʘʝʪʩʷ ʫʧʦʨʷʜʦʯʝʥʥʘʷ ʚʦ ʚʨʝʤʝʥʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 

ʥʝʯʝʪʢʠʭ ʤʝʪʦʢ, ʛʜʝ ʥʝʯʝʪʢʦʝ ʤʥʦʞʝʩʪʚʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʨʝʤʝʥʥʳʤ 
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ʠʥʪʝʨʚʘʣʦʤ, ʠ ʟʥʘʯʝʥʠʷʤʠ ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ, ʚʦʰʝʜʰʠʤʠ ʚ ʜʘʥʥʳʡ ʠʥʪʝʨʚʘʣ. 

ʄʦʜʝʣʴ ʛʨʘʥʫʣʳ ɺʈ ʙʫʜʝʪ ʠʤʝʪʴ ʚʠʜ: 

ὋὝὛὠ ὝͯὶὩὲὨȟͯὸȟͯὍὲὸὩὲί    (2.11) 

ʛʜʝ ὝͯὶὩὲὨ ï ʣʠʥʛʚʠʩʪʠʯʝʩʢʘʷ ʦʮʝʥʢʘ ʭʘʨʘʢʪʝʨʘ ʠʟʤʝʥʝʥʠʷ ʠʩʭʦʜʥʦʛʦ ɺʈ,  

ὸͯ ï ʥʝʯʝʪʢʦʝ ʟʥʘʯʝʥʠʝ ʧʨʦʤʝʞʫʪʢʘ ʚʨʝʤʝʥʠ, ʥʘ ʢʦʪʦʨʦʤ ʥʘʙʣʶʜʘʣʦʩʴ 

ʠʟʤʝʥʝʥʠʝ,  

ὍͯὲὸὩὲί ï ʣʠʥʛʚʠʩʪʠʯʝʩʢʘʷ ʦʮʝʥʢʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʚʝʣʠʯʠʥʳ ʥʘ 

ʜʘʥʥʦʤ ʦʪʨʝʟʢʝ ʚʨʝʤʝʥʠ. 

ʇʨʠ ʘʥʘʣʠʟʝ ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʠʣʠ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʯʘʩʪʦ ʚʳʜʝʣʷʝʪʩʷ 

ʮʠʢʣʠʯʥʦʩʪʴ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʤʦʞʥʦ 

ʨʘʩʩʤʦʪʨʝʪʴ ɺʈ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʷʚʣʝʥʠʷ. ʇʨʠ ʘʥʘʣʠʟʝ ʤʝʩʷʯʥʳʭ ʠ 

ʢʚʘʨʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʣʝʛʢʦ ʚʳʷʚʣʷʶʪʩʷ ʧʝʨʠʦʜʠʯʝʩʢʠʝ ʢʦʣʝʙʘʥʠʷ, ʢʦʪʦʨʳʝ 

ʚʦʟʥʠʢʘʶʪ ʧʦʜ ʚʣʠʷʥʠʝʤ ʩʝʟʦʥʥʦʩʪʠ (ʩʤʝʥʳ ʚʨʝʤʝʥ ʛʦʜʘ, ʥʘʧʨʠʤʝʨ).  

ʇʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ ʘʥʘʣʠʟʘ ʩʝʟʦʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʟʥʘʯʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʦʪʦʙʨʘʞʘʶʪ ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʟʚʠʪʠʷ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʧʨʦʮʝʩʩʦʚ.  ʅʘ ʦʩʥʦʚʝ ʵʪʠʭ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʤʦʞʥʦ ʚʳʷʚʣʷʪʴ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʨʘʟʚʠʪʠʷ ʘʥʘʣʠʟʠʨʫʝʤʳʭ 

ʧʨʦʮʝʩʩʦʚ, ʧʦʣʫʯʘʪʴ ʧʨʦʛʥʦʟʥʳʝ ʟʥʘʯʝʥʠʷ. 

ʇʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʘ ʘʥʘʣʠʟʘ, ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʧʦʥʷʪʠʠ ʛʨʘʥʫʣ ʙʫʜʝʪ 

ʵʬʬʝʢʪʠʚʥʳʤ ʜʣʷ ʨʷʜʦʚ ʠʤʝʶʱʠʭ ʚʳʨʘʞʝʥʥʫʶ ʩʝʟʦʥʥʦʩʪʴ, ʪʘʢ ʢʘʢ ʪʘʢʦʡ 

ʤʝʪʦʜ ʣʝʛʢʦ ʚʳʷʚʣʷʝʪ ʥʘʣʠʯʠʝ ʠʣʠ ʦʪʩʫʪʩʪʚʠʝ ʩʝʟʦʥʥʳʭ ʮʠʢʣʦʚ. ʂʨʦʤʝ ʪʦʛʦ, 

ʤʥʦʛʠʝ ʊʉ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʜʣʠʪʝʣʴʥʦʡ ʨʘʙʦʪʦʡ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʨʝʞʠʤʘʭ, 

ʣʠʙʦ ʥʘʦʙʦʨʦʪ, ʥʘʭʦʞʜʝʥʠʝ ʜʣʠʪʝʣʴʥʳʡ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ ʊʉ ʚ ʦʧʨʝʜʝʣʝʥʥʦʤ 

ʨʝʞʠʤʝ ʤʦʞʝʪ ʛʦʚʦʨʠʪʴ ʦ ʝʛʦ ʥʝʠʩʧʨʘʚʥʦʩʪʠ. 

ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ɻʨɺʈ ʧʨʠʤʝʥʷʝʪʩʷ ACL-ʰʢʘʣʘ (Absolute&Comparative 

Linguistic) [159]. ɸʙʩʦʣʶʪʥʳʝ ʦʮʝʥʢʠ ACL-ʰʢʘʣʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʥʝʯʝʪʢʠʤ 

ʤʝʪʢʘʤ ʫʨʦʚʥʝʡ ɺʈ. ʉʨʘʚʥʠʪʝʣʴʥʳʝ ʦʮʝʥʢʠ ACL-ʰʢʘʣʳ ï ʥʝʯʝʪʢʠʤ 

ʪʝʥʜʝʥʮʠʷʤ ʅɺʈ. ACL-ʰʢʘʣʘ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʘʣʛʝʙʨʘʠʯʝʩʢʦʡ ʩʠʩʪʝʤ:r 

Ὓ ộὔὥάᾩὛȟὢȟὔȟὢȟὋȟὖȟὝὝὩὲὨȟὙὝὩὲὨỚ   (2.12) 

ʛʜʝ ὔὥάᾩὛ ï ʠʤʷ ACL-ʰʢʘʣʳ,  



82 

 

ὢ ï ʙʘʟʦʚʦʝ ʪʝʨʤ-ʤʥʦʞʝʩʪʚʦ ʘʙʩʦʣʶʪʥʳʭ ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʭ ʦʮʝʥʦʢ 

(ʣʠʥʛʚʠʩʪʠʯʝʩʢʦʝ ʥʘʟʚʘʥʠʝ ʛʨʘʜʘʮʠʡ), 

ὔ ï ʤʦʱʥʦʩʪʴ ʙʘʟʦʚʦʛʦ ʪʝʨʤ-ʤʥʦʞʝʩʪʚʘ ʰʢʘʣʳ,  

ὢ ï ʫʥʠʚʝʨʩʘʣʴʥʦʝ ʤʥʦʞʝʩʪʚʦ, ʥʘ ʢʦʪʦʨʦʤ ʦʧʨʝʜʝʣʝʥʘ ʰʢʘʣʘ.  

Ὃ ï ʩʠʥʪʘʢʩʠʯʝʩʢʠʝ ʧʨʘʚʠʣʘ ʚʳʚʦʜʘ(ʧʦʨʦʞʜʝʥʠʷ) ʮʝʧʦʯʝʢ ʦʮʝʥʦʯʥʳʭ 

ʚʳʩʢʘʟʳʚʘʥʠʡ (ʧʨʦʠʟʚʦʜʥʳʝ ʪʝʨʤʦʚ, ʥʝ ʚʭʦʜʷʱʠʭ ʚ ʙʘʟʦʚʦʝ ʪʝʨʤ-ʤʥʦʞʝʩʪʚʦ),  

ὖ - ʩʝʤʘʥʪʠʯʝʩʢʠʝ ʧʨʘʚʠʣʘ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʬʫʥʢʮʠʠ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʜʣʷ 

ʢʘʞʜʦʛʦ ʪʝʨʤʘ (ʟʘʜʘʶʪʩʷ ʦʙʳʯʥʦ ʵʢʩʧʝʨʪʥʦ),  

ὝὝὩὲὨὼȟὼ  ï ʣʠʥʛʚʠʩʪʠʯʝʩʢʦʝ ʦʪʥʦʰʝʥʠʝ, ʬʠʢʩʠʨʫʶʱʝʝ ʪʠʧ ʠʟʤʝʥʝʥʠʷ 

ʤʝʞʜʫ ʜʚʫʤʷ ʦʮʝʥʢʘʤʠ ὼȟὼ ʰʢʘʣʳ,   

ὙὝὩὲὨὼȟὼ  ï ʣʠʥʛʚʠʩʪʠʯʝʩʢʦʝ ʦʪʥʦʰʝʥʠʝ, ʬʠʢʩʠʨʫʶʱʝʝ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʜʚʫʤʷ ʦʮʝʥʢʘʤʠ ὼȟὼ  h ʢʘʣʳ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʪʥʦʰʝʥʠʷ ʪʦʯʢʠ ʢ ʦʜʥʦʡ ʠʟ ʘʙʩʦʣʶʪʥʳʭ 

ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʭ ʦʮʝʥʦʢ (ʥʝʯʝʪʢʠʭ ʤʝʪʦʢ) ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʨʝʫʛʦʣʴʥʘʷ ʬʫʥʢʮʠʷ 

ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ: 

‘ὼ

ừ
Ử
Ừ

Ử
ứ

πȟὼ ὥ

ȟὥ ὼ ὦ

ȟὦ ὼ ὧ

πȟὧ ὼ

     (2.13) 

ɻʨʘʬʠʯʝʩʢʠ ʬʫʥʢʮʠʷ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʚʳʛʣʷʜʠʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ 

(ʨʠʩʫʥʦʢ 2.14): 
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ʈʠʩʫʥʦʢ 2.14 ï ɻʨʘʬʠʢ ʢʣʘʩʩʠʯʝʩʢʦʡ ʬʫʥʢʮʠʠ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ 

ɼʣʷ ʣʶʙʦʡ ACL-ʰʢʘʣʳ ʩʧʨʘʚʝʜʣʠʚʦ ʫʪʚʝʨʞʜʝʥʠʝ, ʯʪʦ ʪʦʯʢʠ, 

ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʦʜʥʦʡ ʥʝʯʝʪʢʦʡ ʤʝʪʢʝ, ʷʚʣʷʶʪʩʷ ʥʝʨʘʟʣʠʯʠʤʳʤʠ. ʆʜʥʘʢʦ, 

ʤʦʛʫʪ ʙʳʪʴ ʩʠʪʫʘʮʠʠ, ʢʦʛʜʘ ʪʨʝʙʫʝʪʩʷ ʥʝ ʧʨʦʩʪʦ ʟʥʘʪʴ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʪʦʯʢʠ 

ʢ ʤʝʪʢʝ, ʥʦ ʠ ʝʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʝʥʪʨʘ ʵʪʦʡ ʤʝʪʢʠ. ɼʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʣʦʞʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʡ ʟʥʘʢ ʤʠʥʫʩ. ʉʯʠʪʘʝʪʩʷ, 

ʯʪʦ ʟʥʘʯʝʥʠʷ, ʤʝʥʴʰʝ ʟʥʘʯʝʥʠʷ ʮʝʥʪʨʘ ʤʝʪʢʠ ï ʦʪʨʠʮʘʪʝʣʴʥʳʝ, ʘ ʙʦʣʴʰʝ ï 

ʧʦʣʦʞʠʪʝʣʴʥʳʝ. ʌʦʨʤʫʣʘ 2.13 ʧʨʠʤʝʪ ʚʠʜ: 

 ‘ὼ

ừ
Ử
Ừ

Ử
ứ

πȟὼ ὥ

ȟὥ ὼ ὦ

ȟὦ ὼ ὧ

πȟὧ ὼ

     (2.14) 

ɻʨʘʬʠʢ ʜʣʷ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʬʫʥʢʮʠʠ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʧʨʝʜʩʪʘʚʣʝʥ 

ʥʘ ʨʠʩʫʥʢʝ 2.15. 
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 ʈʠʩʫʥʦʢ 2.15 ï ɻʨʘʬʠʢ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʬʫʥʢʮʠʠ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ 

ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ACL-ʰʢʘʣʳ ʪʨʝʙʫʝʪʩʷ ʟʘʜʘʪʴ ʢʦʵʬʬʠʮʠʝʥʪʳ a,b,c ʜʣʷ 

ʢʘʞʜʦʡ ʠʟ ʘʙʩʦʣʶʪʥʳʭ ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʭ ʦʮʝʥʦʢ. ɽʩʪʴ ʥʝʩʢʦʣʴʢʦ ʩʧʦʩʦʙʦʚ 

ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ: 

¶ ʩʪʘʪʠʯʝʩʢʠʡ (ʟʘʜʘʶʪʩʷ ʙʝʟ ʟʥʘʥʠʷ ʢʦʥʪʝʢʩʪʘ ɺʈ); 

¶ ʜʠʥʘʤʠʯʝʩʢʠʡ (ʟʘʜʘʶʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʪʝʢʩʪʘ ɺʈ): 

¶ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʡ (ʯʘʩʪʴ ʤʝʪʦʢ ʟʘʜʘʶʪʩʷ ʩʪʘʪʠʯʝʩʢʠ, ʯʘʩʪʴ 

ʜʠʥʘʤʠʯʝʩʢʠ).  

ʂʦʵʬʬʠʮʠʝʥʪʳ ʤʦʛʫʪ ʙʳʪʴ ʟʘʜʘʥʳ ʵʢʩʧʝʨʪʦʤ, ʣʠʙʦ ʨʘʩʩʯʠʪʘʥʳ ʩ 

ʧʦʤʦʱʴʶ ʘʣʛʦʨʠʪʤʘ ʢʣʘʩʪʝʨʠʟʘʮʠʠ. ɼʣʷ ʚʪʦʨʦʛʦ ʚʘʨʠʘʥʪʘ, ʟʥʘʯʝʥʠʝ ʬʫʥʢʮʠʠ 

ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʩʷ ʥʘ ʦʩʥʦʚʝ ʟʥʘʯʝʥʠʷ ʩʪʝʧʝʥʠ 

ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʪʦʯʢʠ ʢ ʢʣʘʩʪʝʨʫ. 

ɼʣʷ ʧʨʠʤʝʨʘ, ʧʨʠ fcm-ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʟʥʘʯʝʥʠʷ ʤʘʪʨʠʮ r

ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ )(xm  ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

‘

В

,      (2.15) 

ʛʜʝ ‘ ï ʩʪʝʧʝʥʴ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ j-ʫ ʢʣʘʩʪʝʨʫ. 

ὧ ï ʚʝʢʪʦʨ ʮʝʥʪʨʘ j-ʛʦ ʢʣʘʩʪʝʨʘ. 

ὅ ï ʚʝʢʪʦʨ ʮʝʥʪʨʘ I-ʛʦ ʢʣʘʩʪʝʨʘ. 



85 

 

ʇʨʠ ʵʪʦʤ ʝʩʣʠ ʜʣʷ ʥʝʢʦʪʦʨʦʛʦ ʢʣʘʩʪʝʨʘ j ὼ ὧ π, ʪʦ ‘ ρ, ʘ ʜʣʷ 

ʚʩʝʭ ʦʩʪʘʣʴʥʳʭ ʢʣʘʩʪʝʨʦʚ ʨʘʚʥʷʣʘʩʴ 0. 

ʄʝʨʘ ʵʥʪʨʦʧʠʠ ʧʦ ʬʫʥʢʮʠʠ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʜʣʷ ʢʘʞʜʦʡ ʪʦʯʢʠ ɺʈ 

ʧʦʣʫʯʘʝʪʩʷ ʧʦ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʝ [160]: 

Ὄ ‘ὼ ÌÎ‘ὼ     (2.16) 

ʛʜʝ ‘ὼ  ï ʟʥʘʯʝʥʠʝ ʬʫʥʢʮʠʠ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʪʦʯʢʠ ὼ ʢ ʥʝʯʝʪʢʦʤʫ 

ʠʥʪʝʨʚʘʣʫ. 

ʅʘ ʧʨʘʢʪʠʢʝ ʯʘʩʪʦ ʧʨʠʤʝʥʷʶʪ ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʟʤʳʪʦʩʪʠ (ʵʥʪʨʦʧʠʠ), 

ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʦʙʦʡ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʥʝʯʝʪʢʠʤ ʤʥʦʞʝʩʪʚʦʤ A ʠ 

ʥʝʢʦʪʦʨʳʤ ʙʘʟʦʚʳʤ ʤʥʦʞʝʩʪʚʦʤ, ʥʘʧʨʠʤʝʨ, ʝʛʦ ʜʦʧʦʣʥʝʥʠʝʤ ὃ: ”ὃȟὃӶ, ʛʜʝ 

ʨʘʩʩʪʦʷʥʠʝ ”ὃȟὃӶ,  ʤʦʞʝʪ ʙʳʪʴ ʚʳʯʠʩʣʝʥʦ ʧʦ ʬʦʨʤʫʣʝ ɽʚʢʣʠʜʘ, ʍʵʤʤʠʥʛʘ 

ʠʣʠ ʜʨ. 

ɺ ʦʪʜʝʣʴʥʦʡ ʪʦʯʢʝ ɺʈ ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʟʤʳʪʦʩʪʠ (ʵʥʪʨʦʧʠʠ) ʙʫʜʝʪ 

ʚʳʯʠʩʣʷʪʴʩ ̫ʧʦ ʬʦʨʤʫʣʝ: 

”ὼ ȿ‘Ӷὼ ‘ ὼȿ ȿρ ‘ ὼ ‘ ὼȿ ȿρ ςz ‘ ὼȿ 

 (2.17) 

ɺ ʢʘʯʝʩʪʚʝ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʨʘʟʤʳʪʦʩʪʠ (ʵʥʪʨʦʧʠʠ) ʚ 

ʪʦʯʢʝ ɺʈ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩ ̫ʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ ʟʥʘʢ ʦʪʢʣʦʥʝʥʠʷ: 

Ὡὼ ρ ςz ‘ ὼ     (2.18) 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʨʷʜʝ ʨʘʙʦʪ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʧʨʠʥʮʠʧʳ ʦʙʦʙʱʝʥʠʷ 

ʤʝʨ ʥʝʯʝʪʢʦʩʪʠ (ʵʥʪʨʦʧʠʠ) ʥʝʯʝʪʢʠʭ ʤʥʦʞʝʩʪʚ [161, 162].  

ɼʦʧʫʩʪʠʤ, f ï ʥʝʢʦʪʦʨʘʷ ʤʦʥʦʪʦʥʥʘʷ ʬʫʥʢʮʠʷ, ɟ(x,y) ï ʤʝʪʨʠʢʘ, A*ï 

ʙʘʟʠʩʥʦʝ ʤʥʦʞʝʩʪʚʦ, ʪʦʛʜʘ ʩʪʝʧʝʥʴʶ ʥʝʯʝʪʢʦʩʪʠ ɝ(A) ʥʝʯʝʪʢʦʛʦ ʤʥʦʞʝʩʪʚʘ A 

ʥʘʟʳʚʘʝʪʩʷ ʟʥʘʯʝʥʠʝ ɝ(A)=f(ɟ(A, A*)). ʌʫʥʢʮʠʷ f ʧʦʜʙʠʨʘʝʪʩʷ ʜʣʷ 

ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʥʝʢʦʪʦʨʳʤ ʝʩʪʝʩʪʚʝʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ ʜʣʷ ʩʪʝʧʝʥʠ ʥʝʯʝʪʢʦʩʪʠ, 

ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪʩʷ ʜʣʷ ʢʘʞʜʦʡ ʟʘʜʘʯʠ. ʇʨʠʤʝʨʘʤʠ ʪʘʢʠʭ ʪʨʝʙʦʚʘʥʠʡ ʤʦʛʫʪ 

ʙʳʪʴ ʠʟʤʝʥʝʥʠʝ ʩʪʝʧʝʥʠ ʥʝʯʝʪʢʦʩʪʠ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 0 ʜʦ 1, ʦʪ -1 ʜʦ 1, ʨʘʚʝʥʩʪʚʦ 

ʩʪʝʧʝʥʠ ʥʝʯʝʪʢʦʩʪʠ ʥʫʣʶ ʜʣʷ ʦʙʳʯʥʦʛʦ ʤʥʦʞʝʩʪʚʘ ʠ ʪ.ʜ. [163]. 
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ʅʘ ʦʩʥʦʚʝ ʦʙʦʙʱʝʥʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʬʦʨʤʠʨʦʚʘʥʠʠ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʥʝʯʝʪʢʦʩʪʠ (ʵʥʪʨʦʧʠʠ) ʪʦʯʢʠ ɺʈ ʜʣʷ ʫʧʨʦʱʝʥʠʷ ʚʳʯʠʩʣʝʥʠʡ ʙʫʜʝʤ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʣʝʜʫʶʱʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʟʤʳʪʦʩʪʠ(ʵʥʪʨʦʧʠʠ): 

Ὡὼ ρ ‘ ὼ     (2.19) 

ɺʟʷʚ ʟʘ ʦʩʥʦʚʫ ʬʦʨʤʫʣʫ 2.14 ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʬʫʥʢʮʠʠ 

ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʠ ʧʦʜʩʪʘʚʠʚ ʚ 2.19 ʟʥʘʯʝʥʠʷ ʚ ʠʥʪʝʨʚʘʣʘʭ {a,b} ʠ {b,c} 

ʧʦʣʫʯʘʝʤ ʩʣʝʜʫʶʱʫʶ ʬʦʨʤʫʣʫ ʨʘʩʯʝʪʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʨʘʟʤʳʪʦʩʪʠ (ʵʥʪʨʦʧʠʠ) 

ʪʦʯʢʠ ɺʈ, ʩ ʫʯʝʪʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʠʥʪʝʨʚʘʣʘ [-1,1] : 

Ὡὼ

ừ
Ử
Ừ

Ử
ứ

ρȟὼ ὥ

ȟὥ ὼ ὦ

πȟὼ ὦ

ȟὦ ὼ ὧ

ρȟὧ ὼ

     (2.20) 

ɿʥʘʯʝʥʠʝ ʚ ʪʦʯʢʝ ʕʥɺʈ ʧʦʢʘʟʳʚʘʝʪ, ʧʦ ʩʫʪʠ, ʫʜʘʣʝʥʥʦʩʪʴ ʪʦʯʢʠ 

ʠʩʭʦʜʥʦʛʦ ɺʈ ʦʪ ʤʝʪʢʠ, ʢ ʢʦʪʦʨʦʡ ʝʝ ʦʪʥʦʩʷʪ. ʇʨʠ ʵʪʦʤ, ʝʩʣʠ ʟʥʘʯʝʥʠʝ 

ʵʥʪʨʦʧʠʠ ʤʝʥʴʰʝ 0, ʪʦ ʵʪʦ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʪʦʯʢʘ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʣʝʚʝʝ ʦʪ 

ʮʝʥʪʘ. ɽʩʣʠ ʟʥʘʯʝʥʠʝ ʵʥʪʨʦʧʠʠ ʙʦʣʴʰʝ 0, ʪʦ ʪʦʯʢʘ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʧʨʘʚʝʝ ʦʪ 

ʮʝʥʪʨʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʘʝʪʩʷ ʛʨʘʬʠʢ, ʦʙʨʘʪʥʳʡ ʛʨʘʬʠʢʫ ʬʫʥʢʮʠʠ 

ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʧʦ ʬʦʨʤʫʣʝ 2.20 (ʨʠʩʫʥʦʢ 2.16). 

ʆʜʥʘʢʦ, ʩʪʨʦʠʪʴ ʧʨʦʛʥʦʟ ʜʣʷ ʠʩʭʦʜʥʦʛʦ ɺʈ ʥʘ ʦʩʥʦʚʝ ʕʥɺʈ ʥʝ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ, ʪʘʢ ʢʘʢ ʧʨʦʛʥʦʟ ʕʥɺʈ ʧʦʢʘʞʝʪ ʫʜʘʣʝʥʥʦʩʪʴ ʪʦʯʢʠ 

ʦʪ ʥʝʢʦʡ ʤʝʪʢʠ, ʦʜʥʘʢʦ ʥʝ ʩʤʦʞʝʪ ʫʢʘʟʘʪʴ ʢʦʥʢʨʝʪʥʫʶ ʤʝʪʢʫ, ʢ ʢʦʪʦʨʦʡ 

ʜʦʣʞʥʘ ʧʨʠʥʘʜʣʝʞʘʪʴ ʧʨʦʛʥʦʟʥʘʷ ʪʦʯʢʘ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʥʝ ʪʦʣʴʢʦ 

ʫʜʘʣʝʥʥʦʩʪʴ ʪʦʯʢʠ ʦʪ ʮʝʥʪʨʘ ʤʝʪʢʠ, ʥʦ ʠ ʩʘʤʦʡ ʤʝʪʢʠ ʚʦʩʧʦʣʴʟʫʝʤʩʷ ɺʈ, 

ʚʳʩʪʨʘʠʚʘʝʤʳʤ ʧʦ ʜʠʥʘʤʠʢʝ ʕʥɺʈ. 
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ʈʠʩʫʥʦʢ 2.16 ï ɻʨʘʬʠʢ ʵʥʪʨʦʧʠʠ 

ʇʦʜ ʜʠʥʘʤʠʢʦʡ ʕʥɺʈ ʧʦʥʠʤʘʝʪʩʷ ʨʘʟʥʠʮʘ ʤʝʞʜʫ ʜʚʫʤʷ ʩʦʩʝʜʥʠʤʠ 

ʪʦʯʢʘʤʠ ʕʥɺʈ. ʇʨʠ ʵʪʦʤ, ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʪʦʯʢʠ ʤʦʛʫʪ ʦʪʥʦʩʠʪʩʷ 

ʢ ʨʘʟʥʳʤ ʤʝʪʢʘʤ: 

Ὠ

Ὡ Ὡ ȟὩᶰὢȟὩ ᶰὢȟὢ ὢ

ȿὩ ρȿ ȿρ ὩȿȟὩᶰὢȟὩ ᶰὢȟὢ ὢ

ȿὩ ρȿ ȿρ Ὡȿᶻ ρȟὩᶰὢȟὩ ᶰὢȟὢ ὢ

, (2.21) 

ʛʜʝ Ὡ ï ʟʥʘʯʝʥʠʝ ʵʥʪʨʦʧʠʠ ʚ i-ʡ ʪʦʯʢʝ, 

Ὡ  ï ʟʥʘʯʝʥʠʝ ʵʥʪʨʦʧʠʠ ʚ (i-1)-ʡ ʪʦʯʢʝ, 

ὢ, ὢ  ï ʥʝʯʝʪʢʠʝ ʤʝʪʢʠ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʙʘʟʦʚʦʤʫ ʪʝʨʤ-ʤʥʦʞʝʩʪʚʫ ʘʙʩʦʣʶʪʥʳʭ 

ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʭ ʦʮʝʥʦʢ, ʧʨʠ ʵʪʦʤ i-ʷ ʪʦʯʢʘ ʦʪʥʦʩʠʪʩʷ ʢ ὢ ʤʝʪʢʝ, ʘ (i-1)-ʷ ʢ ὢ  

ʤʝʪʢʝ, 

ὢ ὢ  ï ʩʠʪʫʘʮʠʷ, ʧʨʠ ʢʦʪʦʨʦʡ i-  ̫ʠ (i-1)-  ̫ʪʦʯʢʘ ʦʪʥʦʩʷʪʩʷ ʢ ʦʜʥʦʡ ʤʝʪʢʝ, 

ὢ ὢ  ï ʩʠʪʫʘʮʠʷ, ʧʨʠ ʢʦʪʦʨʦʡ i-  ̫ʠ (i-1)-  ̫ʪʦʯʢʘ ʦʪʥʦʩʷʪʩʷ ʢ ʨʘʟʥʳʤ ʤʝʪʢʘʤ, 

ʧʨʠ ʵʪʦʤ i-  ̫ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʧʨʘʚʝʝ (i-1)-ʡ ʪʦʯʢʠ, 

ὢ ὢ  ï ʩʠʪʫʘʮʠʷ, ʧʨʠ ʢʦʪʦʨʦʡ i-  ̫ʠ (i-1)-  ̫ʪʦʯʢʘ ʦʪʥʦʩʷʪʩʷ ʢ ʨʘʟʥʳʤ ʤʝʪʢʘʤ, 

ʧʨʠ ʵʪʦʤ i-  ̫ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʣʝʚʝʝ (i-1)-ʡ ʪʦʯʢʠ. 

ɼʣʷ ʧʦʥʠʤʘʥʠʷ ʦʨʠʝʥʪʘʮʠʠ ʪʦʯʝʢ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʘ ʧʨʝʜʩʪʘʚʠʤ 

ʛʨʘʬʠʢ, ʥʘ ʢʦʪʦʨʦʤ ʦʪʦʙʨʘʞʘʶʪʩʷ ʬʫʥʢʮʠʠ ʧʨʠʥʘʜʣʝʞʥʦʩʪʝʡ ʜʣʷ ʚʩʝʭ ʤʝʪʦʢ, 
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ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʙʘʟʦʚʦʤʫ ʪʝʨʤ-ʤʥʦʞʝʩʪʚʫ ʘʙʩʦʣʶʪʥʳʭ ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʭ 

ʦʮʝʥʦʢ (ʨʠʩʫʥʦʢ 2.17).  

 

ʈʠʩʫʥʦʢ 2.17 ï ɻʨʘʬʠʢ ʬʫʥʢʮʠʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʧʦ ʥʝʯʝʪʢʠʤ ʤʝʪʢʘʤ 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʛʨʘʬʠʢʘ, ʚʩʝ ʤʝʪʢʠ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʜʨʫʛ ʟʘ ʜʨʫʛʦʤ (ʤʦʞʝʪ 

ʙʳʪʴ ʩ ʥʝʙʦʣʴʰʠʤ ʥʘʣʦʞʝʥʠʝʤ ʥʘ ʢʨʘʷʭ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʨʘʩʧʦʣʦʞʠʪʴ 

ʚʩʝ ʤʝʪʢʠ ʚ ʦʧʨʝʜʝʣʝʥʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʧʦ ʚʦʟʨʘʩʪʘʥʠʶ ʠ ʟʘʜʘʪʴ 

ʢʘʞʜʦʡ ʤʝʪʢʝ ʚʝʩ, ʥʘʯʠʥʘʷ ʦ 0 ʠʣʠ 1 ʠ ʧʨʠʙʘʚʣʷʷ 1 ʢʘʞʜʦʡ ʩʣʝʜʫʶʱʝʡ ʤʝʪʢʝ. 

ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʬʦʨʤʫʣʳ ʨʘʩʯʝʪʘ ʜʣʷ ʜʠʥʘʤʠʢʠ ʕʥɺʈ ʧʨʦʠʟʚʦʜʠʪʩʷ 

ʩʨʘʚʥʝʥʠʝ ʚʝʩʦʚ ʤʝʪʦʢ, ʢ ʢʦʪʦʨʳʤ ʦʪʥʦʩʷʪ ʩʦʩʝʜʥʠʝ ʪʦʯʢʠ ʕʥɺʈ. ɽʩʣʠ ʚʝʩʘ 

ʦʜʠʥʘʢʦʚʳʝ, ʪʦ ʩʯʠʪʘʝʪʩʷ, ʯʪʦ ὢ ὢ. ɽʩʣʠ ʚʝʩ ʧʝʨʚʦʡ ʪʦʯʢʠ ʙʦʣʴʰʝ, ʪʦ 

ʩʯʠʪʘʝʪʩʷ, ʯʪʦ ὢ ὢ. ʀ, ʝʩʣʠ ʚʝʩ ʧʝʨʚʦʡ ʪʦʯʢʠ ʤʝʥʴʰʝ, ʪʦ ὢ ὢ . ɽʩʣʠ 

ʚʦʟʥʠʢʘʝʪ ʩʠʪʫʘʮʠʷ, ʢʦʛʜʘ ʦʙʝ ʪʦʯʢʠ ʦʪʥʦʩʷʪʩʷ ʢ ʦʜʥʦʡ ʤʝʪʢʝ, ʪʦ ʜʠʥʘʤʠʢʘ 

ʚʳʯʠʩʣʷʝʪʩʷ ʧʨʦʩʪʦ ʢʘʢ ʨʘʟʥʦʩʪʴ ʟʥʘʯʝʥʠʡ ʵʥʪʨʦʧʠʡ ʜʚʫʭ ʪʦʯʝʢ. ɽʩʣʠ ʪʦʯʢʠ 

ʦʪʥʦʩʷʪʩʷ ʢ ʨʘʟʥʳʤ ʤʝʪʢʘʤ, ʪʦ ʥʝʦʙʭʦʜʠʤʦ ʚʳʯʠʩʣʠʪʴ ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʧʝʨʚʦʡ 

ʪʦʯʢʠ ʕʥɺʈ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʧʝʨʚʦʡ ʪʦʯʢʠ ʠʩʭʦʜʥʦʛʦ ɺʈ, ʜʦ ʢʨʘʷ ʤʝʪʢʠ ὢ , 

ʢʦʪʦʨʳʡ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʙʣʠʞʝ ʢ ʤʝʪʢʝ ὢ. ɼʘʣʝʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ 

ʤʝʪʦʢ, ʨʘʩʧʦʣʘʛʘʶʱʠʭʩʷ ʤʝʞʜʫ ʤʝʪʢʘʤʠ ὢ ʠ ὢ . ʀ ʦʧʨʝʜʝʣʷʪʩʷ ʨʘʩʩʪʦʷʥʠʝ ʦʪ 

ʢʨʘʷ ʤʝʪʢʠ ὢ, ʨʘʩʧʦʣʦʞʝʥʥʳʤ ʙʣʠʞʝ ʢ ʤʝʪʢʝ ὢ  ʠ ʜʦ ʚʪʦʨʦʡ ʪʦʯʢʠ ʕʥɺʈ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʚʪʦʨʦʡ ʪʦʯʢʠ ʠʩʭʦʜʥʦʛʦ ɺʈ. ʇʦʣʫʯʝʥʥʳʝ ʪʨʠ ʟʥʘʯʝʥʠʷ 

ʩʫʤʤʠʨʫʶʪʩʷ ʠ ʧʦʣʫʯʘʝʪʩʷ ʜʠʥʘʤʠʢʘ ʜʣʷ ʪʦʯʝʢ ʕʥɺʈ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʨʘʟʥʳʤ 
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ʤʝʪʢʘʤ. ɿʥʘʢ ʜʠʥʘʤʠʢʠ ʙʫʜʝʪ ʫʢʘʟʳʚʘʪʴ ʥʘ ʚʟʘʠʤʦʨʘʩʧʦʣʦʞʝʥʠʝ ʜʚʫʭ ʪʦʯʝʢ, 

ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ ʵʪʘ ʜʠʥʘʤʠʢʘ ʦʧʨʝʜʝʣʝʥʘ. ɽʩʣʠ ʜʠʥʘʤʠʢʘ ʤʝʥʴʰʝ 0, ʪʦ 

ʚʪʦʨʘʷ ʪʦʯʢʘ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʣʝʚʝʝ ʧʝʨʚʦʡ. ɽʩʣʠ ʜʠʥʘʤʠʢʘ ʙʦʣʴʰʝ 0, ʪʦ ʚʪʦʨʘʷ 

ʪʦʯʢʘ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʧʨʘʚʝʝ ʧʝʨʚʦʡ. ɽʩʣʠ ʜʠʥʘʤʠʢʘ ʨʘʚʥʦ 0, ʪʦ ʪʦʯʢʠ ʨʘʚʥʳ 

ʜʨʫʛ ʜʨʫʛʫ. 

2.4 ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʵʥʪʨʦʧʠʡʥʦʛʦ ʚʨʝʤʝʥʥʦʛʦ 

ʨʷʜʘ ʜʣʷ ʟʘʜʘʯ ʧʦʠʩʢʘ ʘʥʦʤʘʣʠʡ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 

ʧʦʚʝʜʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ 

ʅʘ ʦʩʥʦʚʝ ʠʟʣʦʞʝʥʥʦʛʦ ʚ ʧʫʥʢʪʝ 2.3 ʦʧʠʩʘʥʠʷ ʕʥɺʈ ʠ ʝʛʦ 

ʜʠʥʘʤʠʢʠ, ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʪʦʯʢʠ ʕʥɺʈ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

Ὁὲὖὸ ὩὸȟὨὩὸ ,     (2.22) 

ʛʜʝ e ï ʟʥʘʯʝʥʠʝ ʵʥʪʨʦʧʠʠ ʪʦʯʢʠ ʧʦ ʬʦʨʤʫʣʝ 2.20, 

de ï ʟʥʘʯʝʥʠʝ ʜʠʥʘʤʠʢʠ ʵʥʪʨʦʧʠʠ ʚ ʪʦʯʢʝ ʧʦ ʬʦʨʤʫʣʝ 2.21. 

ʄʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʩʘʤʦʛʦ ʕʥɺʈ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʣʠʙʦ ʢʘʢ 

ʥʘʙʦʨ ʪʦʯʝʢ Ὁὲὖ, ʣʠʙʦ ʢʘʢ ʩʦʚʦʢʫʧʥʦʩʪʴ ʜʚʫʭ ɺʈ ï ʥʘ ʦʩʥʦʚʝ ʩʘʤʦʡ ʵʥʪʨʦʧʠʠ 

ʠ ʥʘ ʦʩʥʦʚʝ ʜʠʥʘʤʠʢʠ ʵʥʪʨʦʧʠʠ: 

ὉὲὝὛộὉὝὛȟὈὉὝὛỚ,      (2.23) 

ʛʜʝ ὉὝὛ ï ɺʈ ʥʘ ʦʩʥʦʚʝ ʵʥʪʨʦʧʠʡ ʪʦʯʝʢ, ʚʳʯʠʩʣʝʥʥʳʭ ʧʦ ʬʦʨʤʫʣʝ 2.20, 

ὈὉὝὛ ï ɺʈ ʥʘ ʦʩʥʦʚʝ ʜʠʥʘʤʠʢʠ ʵʥʪʨʦʧʠʡ ʪʦʯʝʢ, ʚʳʯʠʩʣʝʥʥʳʭ ʧʦ 

ʬʦʨʤʫʣʝ 2.21. 

ʀʩʭʦʜʷ ʠʟ ʬʦʨʤʫʣʳ 2.20, ʨʷʜ ὉὝὛ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʦʨʤʘʣʠʟʦʚʘʥʥʫʶ 

ʚʝʨʩʠʶ ʠʩʭʦʜʥʦʛʦ ɺʈ ʚ ʜʠʘʧʘʟʦʥʝ [-1, 1]. ʇʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ɺʈ ʦʪ ʊʉ ʚ 

ʢʘʯʝʩʪʚʝ ʙʘʟʦʚʦʛʦ ʪʝʨʤ-ʤʥʦʞʝʩʪʚʘ ʘʙʩʦʣʶʪʥʳʭ ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʭ ʦʮʝʥʦʢ 

ʤʦʞʥʦ ʧʨʠʥʠʤʘʪʴ ʨʘʟʣʠʯʥʳʝ ʩʦʩʪʦʷʥʠʷ ʝʛʦ ʨʘʙʦʪʳ (ʭʦʣʦʩʪʦʡ ʭʦʜ, ʨʘʙʦʯʠʡ 

ʨʝʞʠʤ, ʧʨʝʜʝʣʳ ʠ ʪ.ʧ.) ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʤ ʜʠʘʧʘʟʦʥʳ ʟʥʘʯʝʥʠʡ, ʚ ʨʘʤʢʘʭ 

ʢʦʪʦʨʳʭ ʦʥʠ ʟʘʢʣʶʯʝʥʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ὉὝὛ ʧʦʣʫʯʘʝʪʩʷ ɺʈ, 

ʥʘ ʢʦʪʦʨʦʤ ʤʦʞʥʦ ʣʝʛʢʦ ʚʳʜʝʣʷʪʴ ʫʯʘʩʪʢʠ ʨʘʙʦʪʳ, ʢʦʛʜʘ ʊʉ ʥʘʭʦʜʠʪʩʷ ʚ 
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ʧʦʛʨʘʥʠʯʥʳʭ ʩʦʩʪʦʷʥʠʷʭ. ʂ ʥʝʜʦʩʪʘʪʢʘʤ ὉὝὛ ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ ʦʪʩʫʪʩʪʚʠʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʬʠʢʩʘʮʠʠ ʩʤʝʥʳ ʤʝʪʦʢ, ʢ ʢʦʪʦʨʳʤ ʧʨʠʥʘʜʣʝʞʘʪ ʪʦʯʢʠ ɺʈ, 

ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʪʦʯʢʘʤʠ ʨʷʜʘ.  

ʈʷʜ ὈὉὝὛ ʧʦʢʘʟʳʚʘʝʪ ʧʦʚʝʜʝʥʠʝ ʨʷʜʘ ὉὝὛ, ʚ ʯʘʩʪʥʦʩʪʠ, ʢʘʢ ʨʘʟ ʩ ʝʛʦ 

ʧʦʤʦʱʴʶ ʤʦʞʥʦ ʬʠʢʩʠʨʦʚʘʪʴ ʠ ʩʤʝʥʳ ʤʝʪʦʢ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʪʦʯʢʘʤʠ ʨʷʜʘ. 

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʦʚʝʩʪʠ ʯʝʪʢʫʶ ʛʨʘʥʠʮʫ, ʯʪʦ ʝʩʣʠ ʛʨʘʬʠʢ ὈὉὝὛ ʚʳʰʝ 

ʠʣʠ ʥʠʞʝ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʧʨʝʜʝʣʘ, ʪʦ ʵʪʦ ʦʟʥʘʯʘʝʪ ʩʤʝʥʫ ʤʝʪʦʢ, ʥʝʚʦʟʤʦʞʥʦ. 

ʄʦʛʫʪ ʙʳʪʴ ʩʣʫʯʘʠ, ʢʦʛʜʘ ʵʥʪʨʦʧʠʷ çʩʢʘʯʘʝʪè ʦʪ ʦʜʥʦʡ ʛʨʘʥʠʮʳ ʤʝʪʢʠ ʜʦ 

ʜʨʫʛʦʡ ʛʨʘʥʠʮʳ ʪʦʡ ʞʝ ʤʝʪʢʠ ʠ ʟʥʘʯʝʥʠʝ ʜʠʥʘʤʠʢʝ ʚ ʪʘʢʦʤ ʩʣʫʯʘʝ ʙʫʜʝʪ 

ʧʨʠʙʣʠʞʘʪʴʩʷ ʢ 2. ʀ ʤʦʛʫʪ ʙʳʪʴ ʩʣʫʯʘʠ, ʢʦʛʜʘ ʵʥʪʨʦʧʠʷ ʜʚʫʭ ʩʦʩʝʜʥʠʭ ʪʦʯʝʢ 

ʦʪʣʠʯʘʝʪʩʷ ʥʘ ʜʝʩʷʪʳʝ ʜʦʣʠ, ʘ ʪʦʯʢʠ ʦʪʥʦʩʷʪʩʷ ʢ ʨʘʟʥʳʤ ʤʝʪʢʘʤ, ʚ ʪʘʢʦʤ 

ʩʣʫʯʘʝ ʜʠʥʘʤʠʢʘ ʪʘʢʞʝ ʙʫʜʝʪ ʙʣʠʟʢʘ ʢ 2.  

ʀʩʭʦʜʷ ʠʟ ʚʳʰʝ ʩʢʘʟʘʥʥʦʛʦ, ʩʦʚʤʝʩʪʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʷʜʦʚ ὉὝὛ ʠ 

ὈὉὝὛ ʚ ʟʘʜʘʯʘʭ ʘʥʘʣʠʟʘ ʠʩʭʦʜʥʦʛʦ ɺʈ (ʠʣʠ ὉὲὝὛ) ʧʦʟʚʦʣʠʪ ʦʧʨʝʜʝʣʷʪʴ ʬʘʢʪʳ 

ʩʤʝʥʳ ʥʝʯʝʪʢʠʭ ʤʝʪʦʢ (ʢʦʪʦʨʳʤ ʤʦʛʫʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʩʦʩʪʦʷʥʠʷ ʊʉ), 

ʧʣʘʚʥʦʩʪʴ ʵʪʠʭ ʩʤʝʥ ʠ ʥʘ ʦʩʥʦʚʝ ʵʪʠʭ ʜʘʥʥʳʭ ʜʝʣʘʪʴ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʦ ʥʘʣʠʯʠʝ 

ʘʥʦʤʘʣʠʡ ʚ ʠʩʭʦʜʥʦʤ ɺʈ ʠ ʥʘʣʠʯʠʷ ʜʝʬʝʢʪʦʚ ʚ ʊʉ, ʩ ʢʦʪʦʨʦʛʦ ɺʈ ʙʳʣ ʧʦʣʫʯʝʥ. 

2.5 ɸʣʛʦʨʠʪʤ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ ʯʝʨʝʟ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʟʥʘʯʝʥʠʷ ʜʠʥʘʤʠʢʠ ʥɻʪʨʦʧʠʡʥʦʛʦ 

ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ. 

ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʘʣʛʦʨʠʪʤʘ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ, ʦʧʠʩʘʥʥʦʛʦ ʚ ʧʫʥʢʪʝ 2.3 

ʪʨʝʙʫʝʪʩʷ ʚʳʯʠʩʣʷʪʴ ʧʨʦʛʥʦʟʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ɺʈ ʯʝʨʝʟ ʕʥɺʈ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ 

ʧʨʦʛʥʦʟʥʦʛʦ ʟʥʘʯʝʥʠʷ ʜʣʷ ɺʈ ʯʝʨʝʟ ʕʥɺʈ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ 

ʘʣʛʦʨʠʪʤ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ɺʈ ʯʝʨʝʟ ʜʠʥʘʤʠʢʫ ʕʥɺʈ.   

ʅʘ ʦʩʥʦʚʝ ʠʤʝʶʱʝʛʦʩʷ ɺʈ ʩʪʨʦʠʪʩʷ ʕʥɺʈ ʧʦ ʬʦʨʤʫʣʝ 2.23. ʃʶʙʳʤ 

ʠʟʚʝʩʪʥʳʤ ʤʝʪʦʜʦʤ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʜʣʷ ɺʈ ὈὉὝὛ ʧʨʦʛʥʦʟʠʨʫʝʪʩʷ ʟʥʘʯʝʥʠʝ. 

ɼʘʣʝʝ ʧʦ ʟʥʘʯʝʥʠʶ ʵʥʪʨʦʧʠʠ ʚ ʧʦʩʣʝʜʥʝʡ ʪʦʯʢʝ ʕʥɺʈ ʠ ʩʧʨʦʛʥʦʟʠʨʦʚʘʥʥʦʡ 
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ʜʠʥʘʤʠʢʝ ʚʳʯʠʩʣʷʝʪʩʷ ʧʨʦʛʥʦʟʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʠʩʭʦʜʥʦʛʦ ɺʈ ʧʦ ʩʣʝʜʫʶʱʝʤʫ 

ʘʣʛʦʨʠʪʤʫ: 

ʐʘʛ 1. ɽʩʣʠ ʩʧʨʦʛʥʦʟʠʨʦʚʘʥʥʦʝ ʟʥʘʯʝʥʠʝ ʜʠʥʘʤʠʢʠ ʨʘʚʥʦ 0, ʪʦ 

ʵʥʪʨʦʧʠʷ ʜʣʷ ʧʨʦʛʥʦʟʥʦʡ ʪʦʯʢʠ ʦʩʪʘʝʪʩʷ ʥʝʠʟʤʝʥʥʦʡ, ʘ, ʟʥʘʯʠʪ, ʠ 

ʧʨʦʛʥʦʟʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʠʩʭʦʜʥʦʛʦ ɺʈ ʙʫʜʝʪ ʨʘʚʥʳʤ ʟʥʘʯʝʥʠʶ ʚ 

ʧʦʩʣʝʜʥʝʡ ʪʦʯʢʝ ɺʈ. ɽʩʣʠ ʩʧʨʦʛʥʦʟʠʨʦʚʘʥʥʦʝ ʟʥʘʯʝʥʠʝ ʜʠʥʘʤʠʢʠ 

ʥʝ ʨʘʚʥʦ 0, ʪʦ ʧʝʨʝʡʪʠ ʢ ʰʘʛʫ 2. 

ʐʘʛ 2. ɼʣʷ ʜʘʣʴʥʝʡʰʠʭ ʨʘʩʯʝʪʦʚ ʥʝʦʙʭʦʜʠʤʦ ʚʳʯʠʩʣʠʪʴ ʟʥʘʯʝʥʠʝ 

ʵʥʪʨʦʧʠʠ ʚ ʧʨʦʛʥʦʟʥʦʡ ʪʦʯʢʝ. ʆʥʦ ʨʘʚʥʦ ʩʫʤʤʝ ʟʥʘʯʝʥʠʷ ʵʥʪʨʦʧʠʠ 

ʚ ʧʦʩʣʝʜʥʝʡ ʪʦʯʢʝ ʠ ʩʧʨʦʛʥʦʟʠʨʦʚʘʥʥʦʤʫ ʟʥʘʯʝʥʠʶ ʜʠʥʘʤʠʢʠ. 

ʐʘʛ 3. ɽʩʣʠ ʩʧʨʦʛʥʦʟʠʨʦʚʘʥʥʦʝ ʟʥʘʯʝʥʠʝ ʜʠʥʘʤʠʢʠ ʤʝʥʴʰʝ 0 ʠ 

ʟʥʘʯʝʥʠʝ ʵʥʪʨʦʧʠʠ ʚ ʧʦʩʣʝʜʥʝʡ ʪʦʯʢʝ ʤʝʥʴʰʝ 0, ʪʦ 

ʐʘʛ 3.1. ɽʩʣʠ ʟʥʘʯʝʥʠʝ ʵʥʪʨʦʧʠʠ ʚ ʧʨʦʛʥʦʟʥʦʡ ʪʦʯʢʝ 

ʤʝʥʴʰʝ -1, ʪʦ ʟʥʘʯʠʪ ʧʨʦʛʥʦʟʥʘʷ ʪʦʯʢʘ ʙʫʜʝʪ ʦʪʥʦʩʠʪʩʷ ʢ ʪʦʡ 

ʞʝ ʤʝʪʢʝ, ʯʪʦ ʠ ʧʦʩʣʝʜʥʷʷ ʪʦʯʢʘ ʨʷʜʘ. ʊʘʢ ʢʘʢ ʟʥʘʯʝʥʠʝ 

ʵʥʪʨʦʧʠʠ ʚ ʧʦʩʣʝʜʥʝʡ ʪʦʯʢʝ ʤʝʥʴʰʝ 0 ʠ ʩʧʨʦʛʥʦʟʠʨʦʚʘʥʥʦʝ 

ʟʥʘʯʝʥʠʝ ʜʠʥʘʤʠʢʠ ʤʝʥʴʰʝ 0, ʪʦ ʟʥʘʯʝʥʠʝ ʵʥʪʨʦʧʠʠ ʚ 

ʧʨʦʛʥʦʟʥʦʡ ʪʦʯʢʝ ʪʦʞʝ ʙʫʜʝʪ ʤʝʥʴʰʝ 0, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʨʘʩʧʦʣʘʛʘʪʴʩʷ ʦʥʘ ʙʫʜʝʪ ʩʣʝʚʘ ʦʪ ʮʝʥʪʨʘ ʤʝʪʢʠ. ʅʘ ʦʩʥʦʚʝ 

ʬʦʨʤʫʣʳ 2.20 ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʥʦʚʦʝ ʧʨʦʛʥʦʟʥʦʝ ʟʥʘʯʝʥʠʝ 

ʠʩʭʦʜʥʦʛʦ ɺʈ ʜʣʷ ʩʣʫʯʘʷ (ὥ ὼ ὦ) 

ὼ ὦz ρ Ὡ Ὡz ὥ    (2.24) 

ʐʘʛ 3.2. ʀʥʘʯʝ, ʝʩʣʠ ʟʥʘʯʝʥʠʝ ʵʥʪʨʦʧʠʠ ʚ ʧʨʦʛʥʦʟʥʦʡ ʪʦʯʢʝ 

ʨʘʚʥʦ -1, ʪʦ ʟʥʘʯʠʪ ʧʨʦʛʥʦʟʥʘʷ ʪʦʯʢʘ ʙʫʜʝʪ ʦʪʥʦʩʠʪʩʷ ʢ ʪʦʡ ʞʝ 

ʤʝʪʢʝ, ʯʪʦ ʠ ʧʦʩʣʝʜʥʷʷ ʪʦʯʢʘ ʨʷʜʘ ʠ ʙʫʜʝʪ ʨʘʩʧʦʣʘʛʘʪʴʩʷ ʥʘ 

ʛʨʘʥʠʮʝ ʵʪʦʡ ʤʝʪʢʠ 

ὼ ὥ      (2.25) 

ʐʘʛ 3.3. ʀʥʘʯʝ ʧʨʦʛʥʦʟʥʘʷ ʪʦʯʢʘ ʙʫʜʝʪ ʦʪʥʦʩʠʪʩʷ ʢ ʠʥʦʡ ʤʝʪʢʝ, 

ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʣʝʚʝʝ ʤʝʪʢʠ, ʢ ʢʦʪʦʨʦʡ ʦʪʥʦʩʠʪʩʷ ʧʦʩʣʝʜʥʷʷ 
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ʪʦʯʢʘ ɺʈ. ɼʣʷ ʜʘʣʴʥʝʡʰʠʭ ʨʘʩʯʝʪʦʚ ʥʝʦʙʭʦʜʠʤʦ ʦʪ ʤʦʜʫʣʷ 

ʩʧʨʦʛʥʦʟʠʨʦʚʘʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʜʠʥʘʤʠʢʠ ʚʳʯʝʩʪʴ ʨʘʟʥʠʮʫ-

ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʛʨʘʥʠʮʳ ʤʝʪʢʠ (-1) ʜʦ ʟʥʘʯʝʥʠʷ ʵʥʪʨʦʧʠʠ ʚ 

ʧʦʩʣʝʜʥʝʡ ʪʦʯʢʝ. ɼʘʣʝʝ ʩʢʦʨʨʝʢʪʠʨʦʚʘʥʥʦʝ 

ʩʧʨʦʛʥʦʟʠʨʦʚʘʥʥʦʝ ʟʥʘʯʝʥʠʝ ʜʠʥʘʤʠʢʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ 7 ʘhʛʝ 

ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʨʦʛʥʦʟʥʦʛʦ ʟʥʘʯʝʥʠʷ. 

ʐʘʛ 4. ʀʥʘʯʝ, ʝʩʣʠ ʩʧʨʦʛʥʦʟʠʨʦʚʘʥʥʦʝ ʟʥʘʯʝʥʠʝ ʜʠʥʘʤʠʢʠ ʤʝʥʴʰʝ 

0 ʠ ʟʥʘʯʝʥʠʝ ʵʥʪʨʦʧʠʠ ʚ ʧʦʩʣʝʜʥʝʡ ʪʦʯʢʝ ʙʦʣʴʰʝ 0, ʪʦ 

ʐʘʛ 4.1. ɽʩʣʠ ʨʘʟʥʠʮʘ ʤʦʜʫʣʝʡ ʩʧʨʦʛʥʦʟʠʨʦʚʘʥʥʦʛʦ ʟʥʘʯʝʥʠ ̫

ʜʠʥʘʤʠʢʠ ʠ ʟʥʘʯʝʥʠ ̫ʵʥʪʨʦʧʠʠ ʚ ʧʦʩʣʝʜʥʝʡ ʪʦʯʢʝ ʤʝʥʴʰʝ 0, 

ʪʦ ʟʥʘʯʠʪ ʧʨʦʛʥʦʟʥʘʷ ʪʦʯʢʘ ʙʫʜʝʪ ʦʪʥʦʩʠʪʩʷ ʢ ʪʦʡ ʞʝ ʤʝʪʢʝ, 

ʯʪʦ ʠ ʧʦʩʣʝʜʥʷʷ ʪʦʯʢʘ ʨʷʜʘ ʠ ʙʫʜʝʪ ʨʘʩʧʦʣʘʛʘʪʴʩʷ ʧʨʘʚʝʝ 

ʮʝʥʪʨʘ ʤʝʪʢʠ. ʅʘ ʦʩʥʦʚʝ ʬʦʨʤʫʣʳ 2.20 ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʥʦʚʦʝ 

ʧʨʦʛʥʦʟʥʦʝ ʟʥʘʯʝʥʠʝ ʠʩʭʦʜʥʦʛʦ ɺʈ ʜʣʷ ʩʣʫʯʘʷ (ὦ ὼ ὧ) 

ὼ Ὡz ̒ ὦz ρ Ὡ    (2.26) 

ʐʘʛ 4.2. ʀʥʘʯʝ, ʝʩʣʠ ʨʘʟʥʠʮʘ ʤʦʜʫʣʝʡ ʩʧʨʦʛʥʦʟʠʨʦʚʘʥʥʦʛʦ 

ʟʥʘʯʝʥʠʷ ʜʠʥʘʤʠʢʠ ʠ ʟʥʘʯʝʥʠʷ ʵʥʪʨʦʧʠʠ ʚ ʧʦʩʣʝʜʥʝʡ ʪʦʯʢʝ 

ʨʘʚʥʘ 0, ʪʦ ʟʥʘʯʠʪ ʧʨʦʛʥʦʟʥʘʷ ʪʦʯʢʘ ʙʫʜʝʪ ʦʪʥʦʩʠʪʩʷ ʢ ʪʦʡ ʞʝ 

ʤʝʪʢʝ, ʯʪʦ ʠ ʧʦʩʣʝʜʥʷʷ ʪʦʯʢʘ ʨʷʜʘ ʠ ʙʫʜʝʪ ʨʘʩʧʦʣʘʛʘʪʴʩʷ ʚ 

ʮʝʥʪʨʝ ʤʝʪʢʠ 

ὼ ὦ      (2.27) 

ʐʘʛ 4.3. ʀʥʘʯʝ, ʝʩʣʠ ʨʘʟʥʠʮʘ ʤʦʜʫʣʝʡ ʩʧʨʦʛʥʦʟʠʨʦʚʘʥʥʦʛʦ 

ʟʥʘʯʝʥʠʷ ʜʠʥʘʤʠʢʠ ʠ ʟʥʘʯʝʥʠʷ ʵʥʪʨʦʧʠʠ ʚ ʧʦʩʣʝʜʥʝʡ ʪʦʯʢʝ 

ʤʝʥʴʰʝ 1, ʪʦ ʟʥʘʯʠʪ ʧʨʦʛʥʦʟʥʘʷ ʪʦʯʢʘ ʙʫʜʝʪ ʦʪʥʦʩʠʪʩʷ ʢ ʪʦʡ 

ʞʝ ʤʝʪʢʝ, ʯʪʦ ʠ ʧʦʩʣʝʜʥʷʷ ʪʦʯʢʘ ʨʷʜʘ ʠ ʙʫʜʝʪ ʨʘʩʧʦʣʘʛʘʪʴʩʷ 

ʣʝʚʝʝ ʮʝʥʪʨʘ ʤʝʪʢʠ. ʇʨʦʛʥʦʟʥʦʝ ʟʥʘʯʝʥʠʝ ʙʫʜʝʪ 

ʨʘʩʩʯʠʪʳʚʘʪʴʩʷ ʧʦ ʬʦʨʤʫʣʝ 2.24. 

ʐʘʛ 4.4. ʀʥʘʯʝ, ʝʩʣʠ ʨʘʟʥʠʮʘ ʤʦʜʫʣʝʡ ʩʧʨʦʛʥʦʟʠʨʦʚʘʥʥʦʛʦ 

ʟʥʘʯʝʥʠʷ ʜʠʥʘʤʠʢʠ ʠ ʟʥʘʯʝʥʠʷ ʵʥʪʨʦʧʠʠ ʚ ʧʦʩʣʝʜʥʝʡ ʪʦʯʢʝ 
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ʨʘʚʥʘ 1, ʪʦ ʟʥʘʯʠʪ ʧʨʦʛʥʦʟʥʘʷ ʪʦʯʢʘ ʙʫʜʝʪ ʦʪʥʦʩʠʪʩʷ ʢ ʪʦʡ ʞʝ 

ʤʝʪʢʝ, ʯʪʦ ʠ ʧʦʩʣʝʜʥʷʷ ʪʦʯʢʘ ʨʷʜʘ ʠ ʙʫʜʝʪ ʨʘʩʧʦʣʘʛʘʪʴʩʷ ʥʘ 

ʛʨʘʥʠʮʝ ʤʝʪʢʠ. ʇʨʦʛʥʦʟʥʦʝ ʟʥʘʯʝʥʠʝ ʙʫʜʝʪ ʨʘʩʩʯʠʪʳʚʘʪʴʩʷ ʧʦ 

ʬʦʨʤʫʣʝ 2.25. 

ʐʘʛ 4.5. ʀʥʘʯʝ ʧʨʦʛʥʦʟʥʘʷ ʪʦʯʢʘ ʙʫʜʝʪ ʦʪʥʦʩʠʪʩʷ ʢ ʠʥʦʡ ʤʝʪʢʝ, 

ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʣʝʚʝʝ ʤʝʪʢʠ, ʢ ʢʦʪʦʨʦʡ ʦʪʥʦʩʠʪʩʷ ʧʦʩʣʝʜʥʷʷ 

ʪʦʯʢʘ ɺʈ. ɼʣʷ ʜʘʣʴʥʝʡʰʠʭ ʨʘʩʯʝʪʦʚ ʥʝʦʙʭʦʜʠʤʦ ʦʪ ʤʦʜʫʣʷ 

ʩʧʨʦʛʥʦʟʠʨʦʚʘʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʜʠʥʘʤʠʢʠ ʦʪʥʷʪʴ ʟʥʘʯʝʥʠʝ 

ʵʥʪʨʦʧʠʠ ʚ ʧʦʩʣʝʜʥʝʡ ʪʦʯʢʝ (ʧʦ ʩʫʪʠ ʨʘʩʩʪʦʷʥʠʝ ʜʦ ʮʝʥʪʨʘ 

ʤʝʪʢʠ) ʠ ʝʜʠʥʠʮʫ (ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʮʝʥʪʨʘ ʤʝʪʢʠ ʜʦ ʢʨʘʷ). ɼʘʣʝʝ 

ʩʢʦʨʨʝʢʪʠʨʦʚʘʥʥʦʝ ʩʧʨʦʛʥʦʟʠʨʦʚʘʥʥʦʝ ʟʥʘʯʝʥʠʝ ʜʠʥʘʤʠʢʠ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ 7 ʰʘʛʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʨʦʛʥʦʟʥʦʛʦ ʟʥʘʯʝʥʠʷ. 

ʐʘʛ 5. ʀʥʘʯʝ, ʝʩʣʠ ʩʧʨʦʛʥʦʟʠʨʦʚʘʥʥʦʝ ʟʥʘʯʝʥʠʝ ʜʠʥʘʤʠʢʠ ʙʦʣʴʰʝ 

0 ʠ ʟʥʘʯʝʥʠʝ ʵʥʪʨʦʧʠʠ ʚ ʧʦʩʣʝʜʥʝʡ ʪʦʯʢʝ ʙʦʣʴʰʝ 0, ʪʦ 

ʐʘʛ 5.1. ɽʩʣʠ ʟʥʘʯʝʥʠʝ ʵʥʪʨʦʧʠʠ ʚ ʧʨʦʛʥʦʟʥʦʡ ʪʦʯʢʝ ʤʝʥʴʰʝ 1, 

ʪʦ ʟʥʘʯʠʪ ʧʨʦʛʥʦʟʥʘʷ ʪʦʯʢʘ ʙʫʜʝʪ ʦʪʥʦʩʠʪʩʷ ʢ ʪʦʡ ʞʝ ʤʝʪʢʝ, 

ʯʪʦ ʠ ʧʦʩʣʝʜʥʷʷ ʪʦʯʢʘ ʨʷʜʘ. ʊʘʢ ʢʘʢ ʟʥʘʯʝʥʠʝ ʵʥʪʨʦʧʠʠ ʚ 

ʧʦʩʣʝʜʥʝʡ ʪʦʯʢʝ ʙʦʣʴʰʝ 0 ʠ ʩʧʨʦʛʥʦʟʠʨʦʚʘʥʥʦʝ ʟʥʘʯʝʥʠʝ 

ʜʠʥʘʤʠʢʠ ʙʦʣʴʰʝ 0, ʪʦ ʟʥʘʯʝʥʠʝ ʵʥʪʨʦʧʠʠ ʚ ʧʨʦʛʥʦʟʥʦʡ ʪʦʯʢʝ 

ʪʦʞʝ ʙʫʜʝʪ ʙʦʣʴʰʝ 0, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʨʘʩʧʦʣʘʛʘʪʴʩʷ ʦʥʘ 

ʙʫʜʝʪ ʩʧʨʘʚʘ ʦʪ ʮʝʥʪʨʘ ʤʝʪʢʠ. ʇʨʦʛʥʦʟʥʦʝ ʟʥʘʯʝʥʠʝ ʙʫʜʝʪ 

ʨʘʩʩʯʠʪʳʚʘʪʴʩʷ ʧʦ ʬʦʨʤʫʣʝ 2.26. 

ʐʘʛ 5.2. ʀʥʘʯʝ, ʝʩʣʠ ʟʥʘʯʝʥʠʝ ʵʥʪʨʦʧʠʠ ʚ ʧʨʦʛʥʦʟʥʦʡ ʪʦʯʢʝ 

ʨʘʚʥʦ 1, ʪʦ ʟʥʘʯʠʪ ʧʨʦʛʥʦʟʥʘʷ ʪʦʯʢʘ ʙʫʜʝʪ ʦʪʥʦʩʠʪʩʷ ʢ ʪʦʡ ʞʝ 

ʤʝʪʢʝ, ʯʪʦ ʠ ʧʦʩʣʝʜʥʷʷ ʪʦʯʢʘ ʨʷʜʘ ʠ ʙʫʜʝʪ ʨʘʩʧʦʣʘʛʘʪʴʩʷ ʥʘ 

ʛʨʘʥʠʮʝ ʵʪʦʡ ʤʝʪʢʠ 

ὼ ὧ      (2.28) 

ʐʘʛ 5.3. ʀʥʘʯʝ ʧʨʦʛʥʦʟʥʘʷ ʪʦʯʢʘ ʙʫʜʝʪ ʦʪʥʦʩʠʪʩʷ ʢ ʠʥʦʡ ʤʝʪʢʝ, 

ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʧʨʘʚʝʝ ʤʝʪʢʠ, ʢ ʢʦʪʦʨʦʡ ʦʪʥʦʩʠʪʩʷ ʧʦʩʣʝʜʥʷʷ 

ʪʦʯʢʘ ɺʈ. ɼʣʷ ʜʘʣʴʥʝʡʰʠʭ ʨʘʩʯʝʪʦʚ ʥʝʦʙʭʦʜʠʤʦ ʦʪ ʤʦʜʫʣʷ 
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ʩʧʨʦʛʥʦʟʠʨʦʚʘʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʜʠʥʘʤʠʢʠ ʚʳʯʝʩʪʴ ʨʘʟʥʠʮʫ-

ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʛʨʘʥʠʮʳ ʤʝʪʢʠ (1) ʜʦ ʟʥʘʯʝʥʠʷ ʵʥʪʨʦʧʠʠ ʚ 

ʧʦʩʣʝʜʥʝʡ ʪʦʯʢʝ. ɼʘʣʝʝ ʩʢʦʨʨʝʢʪʠʨʦʚʘʥʥʦʝ 

ʩʧʨʦʛʥʦʟʠʨʦʚʘʥʥʦʝ ʟʥʘʯʝʥʠʝ ʜʠʥʘʤʠʢʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ 8 ʰʘʛʝ 

ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʨʦʛʥʦʟʥʦʛʦ ʟʥʘʯʝʥʠʷ. 

ʐʘʛ 6. ʀʥʘʯʝ, ʝʩʣʠ ʩʧʨʦʛʥʦʟʠʨʦʚʘʥʥʦʝ ʟʥʘʯʝʥʠʝ ʜʠʥʘʤʠʢʠ ʙʦʣʴʰʝ 

0 ʠ ʟʥʘʯʝʥʠʝ ʵʥʪʨʦʧʠʠ ʚ ʧʦʩʣʝʜʥʝʡ ʪʦʯʢʝ ʤʝʥʴʰʝ 0, ʪʦ 

ʐʘʛ 6.1. ɽʩʣʠ ʨʘʟʥʠʮʘ ʤʦʜʫʣʝʡ ʩʧʨʦʛʥʦʟʠʨʦʚʘʥʥʦʛʦ ʟʥʘʯʝʥʠʷ 

ʜʠʥʘʤʠʢʠ ʠ ʟʥʘʯʝʥʠʷ ʵʥʪʨʦʧʠʠ ʚ ʧʦʩʣʝʜʥʝʡ ʪʦʯʢʝ ʤʝʥʴʰʝ 0, 

ʪʦ ʟʥʘʯʠʪ ʧʨʦʛʥʦʟʥʘʷ ʪʦʯʢʘ ʙʫʜʝʪ ʦʪʥʦʩʠʪʩʷ ʢ ʪʦʡ ʞʝ ʤʝʪʢʝ, 

ʯʪʦ ʠ ʧʦʩʣʝʜʥʷʷ ʪʦʯʢʘ ʨʷʜʘ ʠ ʙʫʜʝʪ ʨʘʩʧʦʣʘʛʘʪʴʩʷ ʣʝʚʝʝ ʮʝʥʪʨʘ 

ʤʝʪʢʠ. ʇʨʦʛʥʦʟʥʦʝ ʟʥʘʯʝʥʠʝ ʙʫʜʝʪ ʨʘʩʩʯʠʪʳʚʘʪʴʩʷ ʧʦ 

ʬʦʨʤʫʣʝ 2.24. 

ʐʘʛ 6.2. ʀʥʘʯʝ, ʝʩʣʠ ʨʘʟʥʠʮʘ ʤʦʜʫʣʝʡ ʩʧʨʦʛʥʦʟʠʨʦʚʘʥʥʦʛʦ 

ʟʥʘʯʝʥʠʷ ʜʠʥʘʤʠʢʠ ʠ ʟʥʘʯʝʥʠʷ ʵʥʪʨʦʧʠʠ ʚ ʧʦʩʣʝʜʥʝʡ ʪʦʯʢʝ 

ʨʘʚʥʘ 0, ʪʦ ʟʥʘʯʠʪ ʧʨʦʛʥʦʟʥʘʷ ʪʦʯʢʘ ʙʫʜʝʪ ʦʪʥʦʩʠʪʩʷ ʢ ʪʦʡ ʞʝ 

ʤʝʪʢʝ, ʯʪʦ ʠ ʧʦʩʣʝʜʥʷʷ ʪʦʯʢʘ ʨʷʜʘ ʠ ʙʫʜʝʪ ʨʘʩʧʦʣʘʛʘʪʴʩʷ ʚ 

ʮʝʥʪʨʝ ʤʝʪʢʠ. ʇʨʦʛʥʦʟʥʦʝ ʟʥʘʯʝʥʠʝ ʙʫʜʝʪ ʨʘʩʩʯʠʪʳʚʘʪʴʩʷ ʧʦ 

ʬʦʨʤʫʣʝ 2.27. 

ʐʘʛ 6.3. ʀʥʘʯʝ, ʝʩʣʠ ʨʘʟʥʠʮʘ ʤʦʜʫʣʝʡ ʩʧʨʦʛʥʦʟʠʨʦʚʘʥʥʦʛʦ 

ʟʥʘʯʝʥʠʷ ʜʠʥʘʤʠʢʠ ʠ ʟʥʘʯʝʥʠʷ ʵʥʪʨʦʧʠʠ ʚ ʧʦʩʣʝʜʥʝʡ ʪʦʯʢʝ 

ʤʝʥʴʰʝ 1, ʪʦ ʟʥʘʯʠʪ ʧʨʦʛʥʦʟʥʘʷ ʪʦʯʢʘ ʙʫʜʝʪ ʦʪʥʦʩʠʪʩʷ ʢ ʪʦʡ 

ʞʝ ʤʝʪʢʝ, ʯʪʦ ʠ ʧʦʩʣʝʜʥʷʷ ʪʦʯʢʘ ʨʷʜʘ ʠ ʙʫʜʝʪ ʨʘʩʧʦʣʘʛʘʪʴʩʷ 

ʧʨʘʚʝʝ ʮʝʥʪʨʘ ʤʝʪʢʠ. ʇʨʦʛʥʦʟʥʦʝ ʟʥʘʯʝʥʠʝ ʙʫʜʝʪ 

ʨʘʩʩʯʠʪʳʚʘʪʴʩʷ ʧʦ ʬʦʨʤʫʣʝ 2.26. 

ʐʘʛ 6.4. ʀʥʘʯʝ, ʝʩʣʠ ʨʘʟʥʠʮʘ ʤʦʜʫʣʝʡ ʩʧʨʦʛʥʦʟʠʨʦʚʘʥʥʦʛʦ 

ʟʥʘʯʝʥʠʷ ʜʠʥʘʤʠʢʠ ʠ ʟʥʘʯʝʥʠʷ ʚ ʧʦʩʣʝʜʥʝʡ ʪʦʯʢʝ ʨʘʚʥʘ 1, ʪʦ 

ʟʥʘʯʠʪ ʧʨʦʛʥʦʟʥʘʷ ʪʦʯʢʘ ʙʫʜʝʪ ʦʪʥʦʩʠʪʩʷ ʢ ʪʦʡ ʞʝ ʤʝʪʢʝ, ʯʪʦ 

ʠ ʧʦʩʣʝʜʥʷʷ ʪʦʯʢʘ ʨʷʜʘ ʠ ʙʫʜʝʪ ʨʘʩʧʦʣʘʛʘʪʴʩʷ ʥʘ ʛʨʘʥʠʮʝ 
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ʤʝʪʢʠ. ʇʨʦʛʥʦʟʥʦʝ ʟʥʘʯʝʥʠʝ ʙʫʜʝʪ ʨʘʩʩʯʠʪʳʚʘʪʴʩʷ ʧʦ 

ʬʦʨʤʫʣʝ 2.28. 

ʐʘʛ 6.5. ʀʥʘʯʝ ʧʨʦʛʥʦʟʥʘʷ ʪʦʯʢʘ ʙʫʜʝʪ ʦʪʥʦʩʠʪʩʷ ʢ ʠʥʦʡ ʤʝʪʢʝ, 

ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʧʨʘʚʝʝ ʤʝʪʢʠ, ʢ ʢʦʪʦʨʦʡ ʦʪʥʦʩʠʪʩʷ ʧʦʩʣʝʜʥʷʷ 

ʪʦʯʢʘ ɺʈ. ɼʣʷ ʜʘʣʴʥʝʡʰʠʭ ʨʘʩʯʝʪʦʚ ʥʝʦʙʭʦʜʠʤʦ ʦʪ ʤʦʜʫʣʷ 

ʩʧʨʦʛʥʦʟʠʨʦʚʘʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʜʠʥʘʤʠʢʠ ʦʪʥʷʪʴ ʟʥʘʯʝʥʠʝ 

ʵʥʪʨʦʧʠʠ ʚ ʧʦʩʣʝʜʥʝʡ ʪʦʯʢʝ (ʧʦ ʩʫʪʠ ʨʘʩʩʪʦʷʥʠʝ ʜʦ ʮʝʥʪʨʘ 

ʤʝʪʢʠ) ʠ ʝʜʠʥʠʮʫ (ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʮʝʥʪʨʘ ʤʝʪʢʠ ʜʦ ʢʨʘʷ). ɼʘʣʝʝ 

ʩʢʦʨʨʝʢʪʠʨʦʚʘʥʥʦʝ ʩʧʨʦʛʥʦʟʠʨʦʚʘʥʥʦʝ ʟʥʘʯʝʥʠʝ ʜʠʥʘʤʠʢʠ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ 8 ʰʘʛʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʨʦʛʥʦʟʥʦʛʦ ʟʥʘʯʝʥʠʷ. 

ʐʘʛ 7. ɽʩʣʠ ʠʤʝʝʪ ʤʝʩʪʦ ʩʠʪʫʘʮʠʷ, ʯʪʦ ʧʨʦʛʥʦʟʥʘʷ ʪʦʯʢʘ ʙʫʜʝʪ 

ʦʪʥʦʩʠʪʩʷ ʢ ʠʥʦʡ ʤʝʪʢʝ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʣʝʚʝʝ ʤʝʪʢʠ, ʢ ʢʦʪʦʨʦʡ 

ʦʪʥʦʩʠʪʩʷ ʧʦʩʣʝʜʥʷʷ ʪʦʯʢʘ ʨʷʜʘ. ɼʣʷ ʨʘʩʯʝʪʘ ʧʨʦʛʥʦʟʘ ʚ ʰʘʛ 

ʧʝʨʝʜʘʝʪʩʷ ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʢʨʘʷ ʤʝʪʢʠ, ʢ ʢʦʪʦʨʦʡ ʦʪʥʦʩʠʪʩʷ 

ʧʦʩʣʝʜʥʷʷ ʪʦʯʢʘ ʨʷʜʘ ʜʦ ʥʦʚʦʛʦ ʟʥʘʯʝʥʠʷ. 

ʐʘʛ 7.1. ʆʧʨʝʜʝʣʷʝʪʩʷ ʩʢʦʣʴʢʦ ʤʝʪʦʢ ʙʫʜʝʪ ʤʝʞʜʫ ʤʝʪʢʦʡ, ʢ 

ʢʦʪʦʨʦʡ ʙʫʜʝʪ ʦʪʥʦʩʠʪʴʩʷ ʧʨʦʛʥʦʟʥʘʷ ʪʦʯʢʘ ʠ ʤʝʪʢʦʡ, ʢ 

ʢʦʪʦʨʦʡ ʦʪʥʦʩʠʪʩʷ ʧʦʩʣʝʜʥʷʷ ʪʦʯʢʘ ʨʷʜʘ. ʇʦ ʩʫʪʠ, ʢʘʞʜʘʷ 

ʤʝʪʢʘ ʠʤʝʝʪ ʩʚʦʶ ʜʣʠʥʫ ʨʘʚʥʦ 2 (ʦʪ -1 ʜʦ 1). ʊʘʢʠʤ ʦʙʨʘʟʦʤ 

ʩʣʝʜʫʝʪ ʦʧʨʝʜʝʣʠʪʴ ʩʢʦʣʴʢʦ çʜʚʦʝʢè ʫʢʣʘʜʳʚʘʝʪʩʷ ʚ 

ʧʝʨʝʜʘʥʥʦʝ ʚ 7 ʰʘʛ ʨʘʩʩʪʦʷʥʠʝ. 

ʐʘʛ 7.2. ɽʩʣʠ ʧʦʣʫʯʝʥʥʘʷ ʨʘʟʥʠʮʘ ʤʝʪʦʢ ʚʳʭʦʜʠʪ ʟʘ ʙʘʟʦʚʦʝ 

ʪʝʨʤ-ʤʥʦʞʝʩʪʚʦ ʘʙʩʦʣʶʪʥʳʭ ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʭ ʦʮʝʥʦʢ, ʪʦ 

ʧʨʦʛʥʦʟʥʦʝ ʟʥʘʯʝʥʠʝ ʙʫʜʝʪ ʦʪʥʦʩʠʪʩʷ ʢ ʢʨʘʡʥʝʡ ʣʝʚʦʡ ʤʝʪʢʝ 

ʤʥʦʞʝʩʪʚʘ ʠ ʚʳʯʠʩʣʷʪʴʩʷ ʧʦ ʬʦʨʤʫʣʝ 2.25. 

ʐʘʛ 7.3. ʀʥʘʯʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʤʝʪʢʘ, ʢ ʢʦʪʦʨʦʡ ʙʫʜʝʪ ʦʪʥʦʩʠʪʩʷ 

ʧʨʦʛʥʦʟʥʦʝ ʟʥʘʯʝʥʠʝ ʠ ʠʟ ʨʘʩʩʪʦʷʥʠʷ ʚʳʯʠʪʘʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ 

ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʤʝʪʦʢ * 2. 

ʐʘʛ 7.4. ɽʩʣʠ ʧʦʣʫʯʝʥʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʨʘʚʥʦ 0, ʪʦ ʧʨʦʛʥʦʟʥʦʝ 

ʟʥʘʯʝʥʠʝ ʙʫʜʝʪ ʨʘʩʩʯʠʪʳʚʘʪʴʩʷ ʧʦ ʬʦʨʤʫʣʝ 2.28. 
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ʐʘʛ 7.5. ʀʥʘʯʝ ʝʩʣʠ ʨʘʩʩʪʦʷʥʠʝ ʤʝʥʴʰʝ 1, ʪʦ ʟʥʘʯʠʪ ʧʨʦʛʥʦʟʥʘʷ 

ʪʦʯʢʘ ʙʫʜʝʪ ʨʘʩʧʦʣʘʛʘʪʴʩʷ ʧʨʘʚʝʝ ʮʝʥʪʨʘ ʤʝʪʢʠ. ʕʥʪʨʦʧʠʷ 

ʪʦʯʢʠ ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʩʷ ʢʘʢ 1 ï ʨʘʩʩʪʦʷʥʠʝ ʠ ʧʨʦʛʥʦʟʥʦʝ 

ʟʥʘʯʝʥʠʝ ʙʫʜʝʪ ʨʘʩʩʯʠʪʳʚʘʪʴʩʷ ʧʦ ʬʦʨʤʫʣʝ 2.26. 

ʐʘʛ 7.6. ʀʥʘʯʝ ʝʩʣʠ ʨʘʩʩʪʦʷʥʠʝ ʨʘʚʥʦ 1, ʪʦ ʧʨʦʛʥʦʟʥʘʷ ʪʦʯʢʘ 

ʙʫʜʝʪ ʨʘʩʧʦʣʘʛʘʪʴʩʷ ʚ ʮʝʥʪʨʝ ʤʝʪʢʠ ʠ ʧʨʦʛʥʦʟʥʦʝ ʟʥʘʯʝʥʠʝ 

ʙʫʜʝʪ ʨʘʩʩʯʠʪʳʚʘʪʴʩʷ ʧʦ ʬʦʨʤʫʣʝ 2.27. 

ʐʘʛ 7.7. ʀʥʘʯʝ ʟʥʘʯʠʪ ʧʨʦʛʥʦʟʥʘʷ ʪʦʯʢʘ ʙʫʜʝʪ ʨʘʩʧʦʣʘʛʘʪʴʩʷ 

ʣʝʚʝʝ ʮʝʥʪʨʘ ʤʝʪʢʠ. ʆʪ ʨʘʩʩʪʦʷʥʠʷ ʦʪʥʠʤʘʝʪʩʷ 1 (ʯʪʦʙʳ 

çʧʨʦʡʪʠè ʜʦ ʮʝʥʪʨʘ ʤʝʪʢʠ). ɽʩʣʠ ʨʘʩʩʪʦʷʥʠʝ ʨʘʚʥʦ 1 ʠʣʠ 

ʙʦʣʝʝ, ʪʦ ʧʨʦʛʥʦʟʥʦʝ ʟʥʘʯʝʥʠʝ ʙʫʜʝʪ ʨʘʩʩʯʠʪʳʚʘʪʴʩʷ ʧʦ 

ʬʦʨʤʫʣʝ 2.25, ʠʥʘʯʝ ʧʦ ʬʦʨʤʫʣʝ 2.24, ʛʜʝ ʟʥʘʯʝʥʠʝ ʵʥʪʨʦʧʠʠ 

ʙʫʜʝʪ ʨʘʚʥʦ ʨʘʩʩʪʦʷʥʠʶ * (-1). 

ʐʘʛ 8. ɽʩʣʠ ʠʤʝʝʪ ʤʝʩʪʦ ʩʠʪʫʘʮʠʷ, ʯʪʦ ʧʨʦʛʥʦʟʥʘʷ ʪʦʯʢʘ ʙʫʜʝʪ 

ʦʪʥʦʩʠʪʩʷ ʢ ʠʥʦʡ ʤʝʪʢʝ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʧʨʘʚʝʝ ʤʝʪʢʠ, ʢ ʢʦʪʦʨʦʡ 

ʦʪʥʦʩʠʪʩʷ ʧʦʩʣʝʜʥʷʷ ʪʦʯʢʘ ʨʷʜʘ. ɼʣʷ ʨʘʩʯʝʪʘ ʧʨʦʛʥʦʟʘ ʚ ʰʘʛ 

ʧʝʨʝʜʘʝʪʩʷ ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʢʨʘʷ ʤʝʪʢʠ, ʢ ʢʦʪʦʨʦʡ ʦʪʥʦʩʠʪʩʷ 

ʧʦʩʣʝʜʥʷʷ ʪʦʯʢʘ ʨʷʜʘ ʜʦ ʥʦʚʦʛʦ ʟʥʘʯʝʥʠʷ. 

ʐʘʛ 8.1. ɸʥʘʣʦʛʠʯʥʦ ʰʘʛʫ 7.1 ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʢʦʣʴʢʦ ʤʝʪʦʢ 

ʩʣʝʜʫʝʪ ʧʨʦʧʫʩʪʠʪʴ. 

ʐʘʛ 8.2. ɽʩʣʠ ʧʦʣʫʯʝʥʥʘʷ ʨʘʟʥʠʮʘ ʤʝʪʦʢ ʚʳʭʦʜʠʪ ʟʘ ʙʘʟʦʚʦʝ 

ʪʝʨʤ-ʤʥʦʞʝʩʪʚʦ ʘʙʩʦʣʶʪʥʳʭ ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʭ ʦʮʝʥʦʢ, ʪʦ 

ʧʨʦʛʥʦʟʥʦʝ ʟʥʘʯʝʥʠʝ ʙʫʜʝʪ ʦʪʥʦʩʠʪʩʷ ʢ ʢʨʘʡʥʝʡ ʧʨʘʚʦʡ ʤʝʪʢʝ 

ʤʥʦʞʝʩʪʚʘ ʠ ʚʳʯʠʩʣʷʪʴʩʷ ʧʦ ʬʦʨʤʫʣʝ 2.28. 

ʐʘʛ 8.3. ʀʥʘʯʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʤʝʪʢʘ, ʢ ʢʦʪʦʨʦʡ ʙʫʜʝʪ ʦʪʥʦʩʠʪʩʷ 

ʧʨʦʛʥʦʟʥʦʝ ʟʥʘʯʝʥʠʝ ʠ ʠʟ ʨʘʩʩʪʦʷʥʠʷ ʚʳʯʠʪʘʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ 

ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʤʝʪʦʢ * 2. 

ʐʘʛ 8.4. ɽʩʣʠ ʧʦʣʫʯʝʥʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʨʘʚʥʦ 0, ʪʦ ʧʨʦʛʥʦʟʥʦʝ 

ʟʥʘʯʝʥʠʝ ʙʫʜʝʪ ʨʘʩʩʯʠʪʳʚʘʪʴʩʷ ʧʦ ʬʦʨʤʫʣʝ 2.25. 
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ʐʘʛ 8.5. ʀʥʘʯʝ ʝʩʣʠ ʨʘʩʩʪʦʷʥʠʝ ʤʝʥʴʰʝ 1, ʪʦ ʟʥʘʯʠʪ ʧʨʦʛʥʦʟʥʘʷ 

ʪʦʯʢʘ ʙʫʜʝʪ ʨʘʩʧʦʣʘʛʘʪʴʩʷ ʣʝʚʝʝ ʮʝʥʪʨʘ ʤʝʪʢʠ. ʕʥʪʨʦʧʠʷ 

ʪʦʯʢʠ ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʩʷ ʢʘʢ ʨʘʩʩʪʦʷʥʠʝ ï 1 ʠ ʧʨʦʛʥʦʟʥʦʝ 

ʟʥʘʯʝʥʠʝ ʙʫʜʝʪ ʨʘʩʩʯʠʪʳʚʘʪʴʩʷ ʧʦ ʬʦʨʤʫʣʝ 2.24. 

ʐʘʛ 8.6. ʀʥʘʯʝ ʝʩʣʠ ʨʘʩʩʪʦʷʥʠʝ ʨʘʚʥʦ 1, ʪʦ ʧʨʦʛʥʦʟʥʘʷ ʪʦʯʢʘ 

ʙʫʜʝʪ ʨʘʩʧʦʣʘʛʘʪʴʩʷ ʚ ʮʝʥʪʨʝ ʤʝʪʢʠ ʠ ʧʨʦʛʥʦʟʥʦʝ ʟʥʘʯʝʥʠʝ 

ʙʫʜʝʪ ʨʘʩʩʯʠʪʳʚʘʪʴʩʷ ʧʦ ʬʦʨʤʫʣʝ 2.27. 

ʐʘʛ 8.7. ʀʥʘʯʝ ʟʥʘʯʠʪ ʧʨʦʛʥʦʟʥʘʷ ʪʦʯʢʘ ʙʫʜʝʪ ʨʘʩʧʦʣʘʛʘʪʴʩʷ 

ʧʨʘʚʝʝ ʮʝʥʪʨʘ ʤʝʪʢʠ. ʆʪ ʨʘʩʩʪʦʷʥʠʷ ʦʪʥʠʤʘʝʪʩʷ 1 (ʯʪʦʙʳ 

çʧʨʦʡʪʠè ʜʦ ʮʝʥʪʨʘ ʤʝʪʢʠ). ɽʩʣʠ ʨʘʩʩʪʦʷʥʠʝ ʨʘʚʥʦ 1 ʠʣʠ 

ʙʦʣʝʝ, ʪʦ ʧʨʦʛʥʦʟʥʦʝ ʟʥʘʯʝʥʠʝ ʙʫʜʝʪ ʨʘʩʩʯʠʪʳʚʘʪʴʩʷ ʧʦ 

ʬʦʨʤʫʣʝ 2.28, ʠʥʘʯʝ ʧʦ ʬʦʨʤʫʣʝ 2.26, ʛʜʝ ʟʥʘʯʝʥʠʝ ʵʥʪʨʦʧʠʠ 

ʙʫʜʝʪ ʨʘʚʥʦ ʨʘʩʩʪʦʷʥʠʶ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳʧʦʣʥʝʥʠʷ ʘʣʛʦʨʠʪʤʘ ʙʫʜʝʪ ʧʦʣʫʯʝʥʦ ʧʨʦʛʥʦʟʥʦʝ 

ʟʥʘʯʝʥʠʝ ʜʣʷ ʠʩʭʦʜʥʦʛʦ ɺʈ. ɹʣʦʢ-ʩʭʝʤʘ ʘʣʛʦʨʠʪʤʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʘʭ 

2.18-2.20.



 

 

 

ʈʠʩʫʥʦʢ 2.18 ï ɹʣʦʢ-ʩʭʝʤʘ ʘʣʛʦʨʠʪʤʘ (ʰʘʛʠ 1-6) 
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ʈʠʩʫʥʦʢ 2.19 ï ɹʣʦʢ-ʩʭʝʤʘ ʘʣʛʦʨʠʪʤʘ LeftPoint (ʰʘʛ 7) 
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ʈʠʩʫʥʦʢ 2.20 ï ɹʣʦʢ-ʩʭʝʤʘ ʘʣʛʦʨʠʪʤʘ RightPoint (ʰʘʛ 8) 

 



 

 

2.6 ɸʣʛʦʨʠʪʤ ʚʳʯʠʩʣʝʥʠʷ ʘʥʦʤʘʣʠʡ ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ 

ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ 

ʤʦʜʝʣʠ ʥʘ ʦʩʥʦʚʝ ʵʥʪʨʦʧʠʡ ʪʦʯʝʢ ʨʷʜʘ 

ɸʣʛʦʨʠʪʤ ʥʘʮʝʣʝʥ ʥʘ ʚʳʷʚʣʝʥʠʝ ʘʥʦʤʘʣʠʡ, ʩʚʷʟʘʥʥʳʭ ʩʦ ʩʤʝʥʘʤʠ ʤʝʪʦʢ 

ʙʘʟʦʚʦʛʦ ʪʝʨʤ-ʤʥʦʞʝʩʪʚʘ. ʏʝʨʝʟ ʕʥɺʈ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʘʥʘʣʠʟ ʧʝʨʝʭʦʜʥʳʭ 

ʩʦʩʪʦʷʥʠʡ, ʠʭ ʧʣʘʚʥʦʩʪʴ ʠʣʠ ʩʢʘʯʢʦʦʙʨʘʟʥʦʩʪʴ. ɸʥʦʤʘʣʴʥʳʤʠ ʙʫʜʫʪ 

ʩʯʠʪʘʪʴʩʷ ʩʠʪʫʘʮʠʠ, ʢʦʛʜʘ, ʥʘʧʨʠʤʝʨ, ʙʫʜʝʪ ʦʞʠʜʘʪʴʩʷ ʧʣʘʚʥʳʡ ʧʝʨʝʭʦʜ ʦʪ 

ʦʜʥʦʡ ʤʝʪʢʠ ʢ ʜʨʫʛʦʡ, ʘ ʥʘ ɺʈ ʚʦʟʥʠʢʘʝʪ ʨʝʟʢʠʡ ʧʝʨʝʭʦʜ. ʇʝʨʝʭʦʜ ʙʫʜʝʪ 

ʩʯʠʪʘʪʴʩʷ çʧʣʘʚʥʳʤè, ʝʩʣʠ ʵʥʪʨʦʧʠʷ ʚ ʨʘʤʢʘʭ ʥʝʩʢʦʣʴʢʠʭ ʪʦʯʝʢ ʙʫʜʝʪ 

ʧʨʠʙʣʠʞʘʪʴʩʷ ʢ 1 (ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʚ ʵʪʠʭ ʪʦʯʢʘʭ ʟʥʘʢʘ ʵʥʪʨʦʧʠʠ) ʠ ʚ ʩʣʝʜʫʶʱʝʡ 

ʪʦʯʢʝ ʦʥʘ ʩʤʝʥʠʪ ʟʥʘʢ ʥʘ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʡ, ʘ ʯʝʨʝʟ ʜʠʥʘʤʠʢʫ ʵʥʪʨʦʧʠʠ 

ʤʦʞʥʦ ʙʫʜʝʪ ʦʪʩʣʝʜʠʪʴ ʩʤʝʥʫ ʤʝʪʦʢ ʚ ʵʪʦʤ ʤʝʩʪʝ. ʇʨʠ ʵʪʦʤ, ʤʝʪʢʠ, ʩʤʝʥʫ 

ʢʦʪʦʨʳʭ ʬʠʢʩʠʨʫʝʪʩʷ, ʷʚʣʷʶʪʩʷ ʩʦʩʝʜʥʠʤʠ. ɼʝʪʘʣʴʥʝʝ ʨʘʟʣʠʯʥʳʝ ʩʠʪʫʘʮʠʠ, ʘ 

ʪʘʢʞʝ ʟʥʘʯʝʥʠʷ ʵʥʪʨʦʧʠʠ ʠ ʜʠʥʘʤʠʢʠ ʵʥʪʨʦʧʠʠ, ʯʝʨʝʟ ʢʦʪʦʨʳʝ ʵʪʠ ʩʠʪʫʘʮʠʠ 

ʚʳʜʝʣʷʶʪʩʷ ʨʘʟʦʙʨʘʥʳ ʥʠʞʝ. 

ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʧʦʠʩʢʘ ʘʥʦʤʘʣʠʡ ʧʨʦʩʤʘʪʨʠʚʘʶʪʩʷ ʧʘʨʘ ʩʦʩʝʜʥʠʭ 

ʪʦʯʝʢ Ὁὲὖ, ʘʥʘʣʠʟʠʨʫʝʪʩʷ ʢʘʢ ʤʝʥʷʶʪʩʷ ʟʥʘʯʝʥʠʷ e ʠ de ʚ ɻʪʠʭ ʪʦʯʢʘʭ. 

ɸʥʘʣʠʟʠʨʫʝʤʳʝ ʜʚʝ ʩʦʩʝʜʥʠʝ ʪʦʯʢʠ ʩʦʦʪʥʦʩʷʪ ʩ ʦʜʥʠʤ ʠʟ ʵʣʝʤʝʥʪʘʨʥʳʭ 

ʧʘʪʪʝʨʥʦʚ ʧʦʚʝʜʝʥʠʷ (ʕʇʇ). ʕʣʝʤʝʥʪʘʨʥʳʝ ʧʘʪʪʝʨʥʳ ʧʦʚʝʜʝʥʠʷ ʦʧʠʩʳʚʘʶʪ 

ʧʦʚʝʜʝʥʠʝ ɺʈ ʚ ʜʚʫʭ ʩʦʩʝʜʥʠʭ ʪʦʯʢʘʭ ʨʷʜʘ ʥʘ ʦʩʥʦʚʝ ʠʟʤʝʥʝʥʠʷ ʟʥʘʯʝʥʠʡ 

ʵʥʪʨʦʧʠʡ ʚ ʪʦʯʢʘʭ ʠ ʜʠʥʘʤʠʢʠ ʵʥʪʨʦʧʠʠ ʤʝʞʜʫ ʪʦʯʢʘʤʠ. ɿʘʜʘʯʘ ʧʦʠʩʢʘ 

ʘʥʦʤʘʣʠʡ ʚ ɺʈ ʩʚʦʜʠʪʩʷ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʵʣʝʤʝʥʪʘʨʥʳʭ 

ʧʘʪʪʝʨʥʦʚ ʚ ʚʠʜʝ ʮʝʧʦʯʝʢ ʠ ʧʦʠʩʢʫ ʵʪʠʭ ʮʝʧʦʯʝʢ ʚ ʨʷʜʫ. ʆʧʨʝʜʝʣʷʪʴ ʥʘʣʠʯʠʝ 

ʘʥʦʤʘʣʠʠ ʚʦ ɺʈ ʧʨʠ ʧʦʷʚʣʝʥʠʠ ʪʘʢʠʭ ʮʝʧʦʯʝʢ ʩʣʝʜʫʝʪ ʪʦʣʴʢʦ ʠʩʭʦʜʷ ʠʟ 

ʢʦʥʪʝʢʩʪʘ ɺʈ. ɼʣʷ ʦʜʥʠʭ ɺʈ ʘʥʦʤʘʣʴʥʳʤ ʫʯʘʩʪʢʦʤ ʙʫʜʝʪ ʩʯʠʪʘʪʴʩʷ ʫʯʘʩʪʦʢ, 

ʥʘ ʢʦʪʦʨʦʤ ʧʦʚʝʜʝʥʠʝ e ʠ de ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʘʪʪʝʨʥʫ ʨʝʟʢʦʡ ʩʤʝʥʳ ʩʦʩʪʦʷʥʠʷ, 

ʜʣʷ ʜʨʫʛʠʭ ɺʈ ï ʩʦʩʪʦʷʥʠʷ ʩʢʘʯʢʘ, ʘ ʜʣʷ ʪʨʝʪʴʠʭ ʥʘʙʦʨ ʩʨʘʟʫ ʠʟ ʥʝʩʢʦʣʴʢʠʭ 

ʧʘʪʪʝʨʥʦʚ ʚ ʦʧʨʝʜʝʣʝʥʥʦʡ (ʣʠʙʦ ʧʨʦʠʟʚʦʣʴʥʦʡ) ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ.  



102 

 

ɸʣʛʦʨʠʪʤ ʧʦʠʩʢʘ ʘʥʦʤʘʣʠʡ ʯʝʨʝʟ ʕʥɺʈ ʩʚʦʜʠʪʩʷ ʢ ʚʳʧʦʣʥʝʥʠʶ 

ʩʣʝʜʫʶʱʠʭ ʰʘʛʦʚ: 

1. ʅʘ ʦʩʥʦʚʝ ʢʦʥʪʝʢʩʪʘ ɺʈ ʚʳʜʝʣʷʶʪʩʷ ʮʝʧʦʯʢʠ ʕʇʇ, 

ʠʜʝʥʪʠʬʠʮʠʨʫʶʱʠʝ ʘʥʦʤʘʣʠʠ. 

2. ʅʘ ʦʩʥʦʚʝ ɺʈ ʬʦʨʤʠʨʫʝʪʩʷ ʕʥɺʈ ʚ ʚʠʜʝ ʨʷʜʘ ʪʦʯʝʢ EnP. 

3. ɼʣʷ ʢʘʞʜʦʡ ʪʦʯʢʠ ʕʥɺʈ (ʢʨʦʤʝ ʧʝʨʚʦʡ) ʦʧʨʝʜʝʣʷʝʪʩʷ ʕʇʇ. 

4. ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʦʛʦ ʨʷʜʘ ʕʇʇ ʚʳʧʦʣʥʷʝʪʩʷ ʧʦʠʩʢ ʮʝʧʦʯʝʢ 

ʧʘʪʪʝʨʥʦʚ ʧʦʚʝʜʝʥʠʷ ʘʥʦʤʘʣʠʡ ʚ ʕʥɺʈ. 

5. ɺʳʧʦʣʥʷʝʪʩʷ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʥʘʡʜʝʥʥʳʭ ʦʪʨʝʟʢʦʚ ʩ ʘʥʦʤʘʣʠʷʤʠ ʚ 

ʕʥɺʈ ʩ ʦʪʨʝʟʢʘʤʠ ʠʩʭʦʜʥʦʛʦ ɺʈ, ʦʙʦʟʥʘʯʝʥʠʝ ʠʭ ʢʘʢ ʘʥʦʤʘʣʴʥʳʝ. 

ɺʳʜʝʣʝʥ ʨʷʜ ʵʣʝʤʝʥʪʘʨʥʳʭ ʧʘʪʪʝʨʥʦʚ ʧʦʚʝʜʝʥʠʷ ʟʥʘʯʝʥʠʡ e ʠ de ʚ 

ʪʦʯʢʘʭ, ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʳʡ ʤʦʞʥʦ ʬʠʢʩʠʨʦʚʘʪʴ ʠʟʤʝʥʝʥʠʷ ʚ ʧʦʚʝʜʝʥʠʠ 

ʠʩʭʦʜʥʦʛʦ ɺʈ: 

1. ɽʩʣʠ ʟʥʘʯʝʥʠʝ e ʧʦ ʤʦʜʫʣʶ ʚ ʦʙʝʠʭ ʪʦʯʢʘʭ ʙʣʠʟʢʦ ʢ 0 ʠ ʟʥʘʯʝʥʠʝ de ʧʦ 

ʤʦʜʫʣʶ ʚʦ ʚʪʦʨʦʡ ʪʦʯʢʝ ʪʘʢʞʝ ʙʣʠʟʢʦ ʢ 0, ʪʦ ʠʤʝʝʪ ʤʝʩʪʦ ʩʪʘʙʠʣʴʥʦʝ 

ʩʦʩʪʦʷʥʠʝ. ɼʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʦʧʠʩʳʚʘʝʪ ʩʠʪʫʘʮʠʶ, ʢʦʛʜʘ ʦʙʝ ʪʦʯʢʠ 

ʨʘʩʧʦʣʦʞʝʥʳ ʙʣʠʟʢʦ ʦʪ ʮʝʥʪʨʘ ʦʜʥʦʡ ʤʝʪʢʠ. 

ίὸὥὦὰὩȡȿὩȿO π Ǫ ȿὩȿO π Ǫ ȿὨὩȿO π 

2. ɽʩʣʠ ʟʥʘʯʝʥʠʝ e ʧʦ ʤʦʜʫʣʶ ʚ ʦʙʝʠʭ ʪʦʯʢʘʭ ʙʣʠʟʢʦ ʢ 1 ʠ ʟʥʘʢʠ ʠʭ ʨʘʚʥʳ 

ʠ ʟʥʘʯʝʥʠʝ de ʧʦ ʤʦʜʫʣʶ ʚʦ ʚʪʦʨʦʡ ʪʦʯʢʝ ʪʘʢʞʝ ʙʣʠʟʢʦ ʢ 0, ʪʦ ʠʤʝʝʪ 

ʤʝʩʪʦ ʥʝʦʧʨʝʜʝʣʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ. ɼʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʦʧʠʩʳʚʘʝʪ 

ʩʠʪʫʘʮʠʶ, ʢʦʛʜʘ ʦʙʝ ʪʦʯʢʠ ʨʘʩʧʦʣʦʞʝʥʳ ʙʣʠʟʢʦ ʢ ʢʨʘʶ ʦʜʥʦʡ ʤʝʪʢʠ. 

όὲὧὩὶὸὥὭὲὸώȡȿὩȿO ρ Ǫ ȿὩȿO ρ Ǫ ίὭὫὲὩ ίὭὫὲὩ  Ǫ ȿὨὩȿO π 

3. ɽʩʣʠ ʟʥʘʯʝʥʠʝ e ʧʦ ʤʦʜʫʣʶ ʚ ʦʙʝʠʭ ʪʦʯʢʘʭ ʙʦʣʴʰʝ 0 ʠ ʤʝʥʴʰʝ 1 ʠ 

ʟʥʘʢʠ ʠʭ ʨʘʚʥʳ ʠ ʟʥʘʯʝʥʠʝ de ʧʦ ʤʦʜʫʣʶ ʚʦ ʚʪʦʨʦʡ ʪʦʯʢʝ ʤʝʥʴʰʝ 1, ʪʦ 

ʠʤʝʝʪ ʤʝʩʪʦ ʫʩʪʦʡʯʠʚʦʝ ʩʦʩʪʦʷʥʠʝ. ɼʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʦʧʠʩʳʚʘʝʪ 

ʩʠʪʫʘʮʠʶ, ʢʦʛʜʘ ʦʙʝ ʪʦʯʢʠ ʨʘʩʧʦʣʦʞʝʥʳ ʩʣʝʚʘ ʠʣʠ ʩʧʨʘʚʘ ʦʪ ʮʝʥʪʨʘ 

ʦʜʥʦʡ ʤʝʪʢʠ, ʠ, ʧʨʠ ʵʪʦʤ, ʫʜʘʣʝʥʳ ʠ ʦʪ ʮʝʥʪʨʘ, ʠ ʦʪ ʢʨʘʷ ʵʪʦʡ ʤʝʪʢʠ. 
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ίόίὸὥὭὲὥὦὰὩȡρ ȿὩȿ π Ǫ ρ ȿὩȿ π Ǫ ίὭὫὲὩ ίὭὫὲὩ Ǫ 

 Ǫ ȿὨὩȿO π 

4. ɽʩʣʠ ʟʥʘʯʝʥʠʝ e ʧʦ ʤʦʜʫʣʶ ʚ ʧʝʨʚʦʡ ʪʦʯʢʝ ʙʦʣʴʰʝ ʟʥʘʯʝʥʠʷ e ʧʦ 

ʤʦʜʫʣʶ ʚʪʦʨʦʡ ʪʦʯʢʠ ʠ ʟʥʘʢʠ ʠʭ ʨʘʚʥʳ ʠ ʟʥʘʯʝʥʠʝ de ʧʦ ʤʦʜʫʣʶ ʚʦ 

ʚʪʦʨʦʡ ʪʦʯʢʝ ʤʝʥʴʰʝ 1, ʣʠʙʦ ʝʩʣʠ ʟʥʘʯʝʥʠʝ e ʧʦ ʤʦʜʫʣʶ ʚ ʧʝʨʚʦʡ ʪʦʯʢʝ 

ʙʦʣʴʰʝ ʟʥʘʯʝʥʠʷ e ʧʦ ʤʦʜʫʣʶ ʚʪʦʨʦʡ ʪʦʯʢʠ ʠ ʟʥʘʢʠ ʠʭ ʥʝ ʨʘʚʥʳ ʠ 

ʟʥʘʯʝʥʠʝ de ʧʦ ʤʦʜʫʣʶ ʚʦ ʚʪʦʨʦʡ ʪʦʯʢʝ ʤʝʥʴʰʝ 2 ʠ ʟʥʘʢ de ʥʝ ʨʘʚʝʥ 

ʟʥʘʢʫ e ʧʝʨʚʦʡ ʪʦʯʢʠ, ʪʦ ʠʤʝʝʪ ʤʝʩʪʦ ʩʪʘʙʠʣʠʟʘʮʠʷ ʩʦʩʪʦʷʥʠʝ. ɼʘʥʥʦʝ 

ʩʦʩʪʦʷʥʠʝ ʦʧʠʩʳʚʘʝʪ ʩʠʪʫʘʮʠʶ, ʢʦʛʜʘ ʠʤʝʝʪ ʤʝʩʪʦ ʜʚʠʞʝʥʠʝ ʢ ʮʝʥʪʨʫ 

ʤʝʪʢʠ, ʢʦʛʜʘ ʚʪʦʨʘʷ ʪʦʯʢʘ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʙʣʠʞʝ ʧʝʨʚʦʡ ʢ ʮʝʥʪʨʫ ʤʝʪʢʠ. 

ʇʨʠ ʵʪʦʤ, ʦʙʝ ʪʦʯʢʠ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʫʩʣʦʚʥʦ ʨʘʟʥʳʭ çʦʙʣʘʩʪʷʭè 

ʤʝʪʢʠ: çʙʣʠʟʢʦ ʢ ʮʝʥʪʨʫè, çʙʣʠʟʢʦ ʢ ʢʨʘʶè ʠʣʠ çʧʦʩʝʨʝʜʠʥʝè. ʊʘʢʞʝ 

ʫʯʠʪʳʚʘʝʪʩʷ ʩʠʪʫʘʮʠʠ, ʢʦʛʜʘ ʪʦʯʢʠ ʨʘʩʧʦʣʦʞʝʥʳ ʧʦ ʨʘʟʥʳʝ ʩʪʦʨʦʥʳ 

ʦʪ ʮʝʥʪʨʘ ʤʝʪʢʠ. 

ίὸὥὦὭὰὭᾀὥὸὭέὲȡ ȿὩȿ  ȿὩȿ Ǫ ȿὨὩȿ ρ ȿ ίὭὫὲὩ ίὭὫὲὩ  Ǫ 

Ǫ ȿὨὩȿ ς Ǫ ίὭὫὲὩ ίὭὫὲὨὩ 

5. ɽʩʣʠ ʟʥʘʯʝʥʠʝ e ʧʦ ʤʦʜʫʣʶ ʚ ʧʝʨʚʦʡ ʪʦʯʢʝ ʤʝʥʴʰʝ ʟʥʘʯʝʥʠʷ e ʧʦ 

ʤʦʜʫʣʶ ʚʪʦʨʦʡ ʪʦʯʢʠ ʠ ʟʥʘʢʠ ʠʭ ʨʘʚʥʳ (ʣʠʙʦ ʟʥʘʯʝʥʠʝ e ʚ ʧʝʨʚʦʡ ʪʦʯʢʝ 

ʨʘʚʥʦ 0) ʠ ʟʥʘʯʝʥʠʝ de ʧʦ ʤʦʜʫʣʶ ʚʦ ʚʪʦʨʦʡ ʪʦʯʢʝ ʤʝʥʴʰʝ 1, ʣʠʙʦ ʝʩʣʠ 

ʟʥʘʯʝʥʠʝ e ʧʦ ʤʦʜʫʣʶ ʚ ʧʝʨʚʦʡ ʪʦʯʢʝ ʤʝʥʴʰʝ ʟʥʘʯʝʥʠʷ e ʧʦ ʤʦʜʫʣʶ 

ʚʪʦʨʦʡ ʪʦʯʢʠ ʠ ʟʥʘʢʠ ʠʭ ʥʝ ʨʘʚʥʳ ʠ ʟʥʘʯʝʥʠʝ de ʧʦ ʤʦʜʫʣʶ ʚʦ ʚʪʦʨʦʡ 

ʪʦʯʢʝ ʤʝʥʴʰʝ 2 ʠ ʟʥʘʢ de ʥʝ ʨʘʚʝʥ ʟʥʘʢʫ e ʧʝʨʚʦʡ ʪʦʯʢʠ, ʠ ʟʥʘʯʝʥʠʝ e 

ʧʝʨʚʦʡ ʪʦʯʢʠ ʥʝ ʨʘʚʥʦ 0, ʪʦ ʠʤʝʝʪ ʤʝʩʪʦ ʩʦʩʪʦʷʥʠʝ ʥʘʨʘʩʪʘʥʠʷ 

ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ. ɼʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʦʧʠʩʳʚʘʝʪ ʩʠʪʫʘʮʠʶ, ʢʦʛʜʘ ʠʤʝʝʪ 

ʤʝʩʪʦ ʜʚʠʞʝʥʠʝ ʢ ʢʨʘʶ ʤʝʪʢʠ, ʢʦʛʜʘ ʚʪʦʨʘʷ ʪʦʯʢʘ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʜʘʣʴʰʝ 

ʧʝʨʚʦʡ ʦʪ ʮʝʥʪʨʘ ʤʝʪʢʠ. ʇʨʠ ʵʪʦʤ, ʦʙʝ ʪʦʯʢʠ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʫʩʣʦʚʥʦ 

ʨʘʟʥʳʭ çʦʙʣʘʩʪʷʭè ʤʝʪʢʠ: çʙʣʠʟʢʦ ʢ ʮʝʥʪʨʫè, çʙʣʠʟʢʦ ʢ ʢʨʘʶè ʠʣʠ 

çʧʦʩʝʨʝʜʠʥʝè. ʊʘʢʞʝ ʫʯʠʪʳʚʘʝʪʩʷ ʩʠʪʫʘʮʠʠ, ʢʦʛʜʘ ʪʦʯʢʠ ʨʘʩʧʦʣʦʞʝʥʳ 

ʧʦ ʨʘʟʥʳʝ ʩʪʦʨʦʥʳ ʦʪ ʮʝʥʪʨʘ ʤʝʪʢʠ. 
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ὫὶέύὭὲὫόὲὧὩὶὸὥὭὲὸώȡ ȿὩȿ  ȿὩȿ Ǫ ίὭὫὲὩ ίὭὫὲὩ  ȿ  

ȿ Ὡ π Ǫ ȿὨὩȿ ρ ȿ ίὭὫὲὩ ίὭὫὲὩ  Ǫ ȿὨὩȿ ς Ǫ 

Ǫ ίὭὫὲὩ ίὭὫὲὨὩ Ǫ Ὡ π 

6. ɽʩʣʠ ʟʥʘʯʝʥʠʝ e ʧʦ ʤʦʜʫʣʶ ʚ ʦʙʝʠʭ ʪʦʯʢʘʭ ʙʣʠʟʢʦ ʢ 1 ʠ ʟʥʘʢʠ ʟʥʘʯʝʥʠʡ 

ʨʘʟʣʠʯʥʳ, ʘ ʟʥʘʯʝʥʠʝ de ʧʦ ʤʦʜʫʣʶ ʙʣʠʟʢʦ ʢ 0, ʪʦ ʠʤʝʝʪ ʤʝʩʪʦ ʧʣʘʚʥʘʷ 

ʩʤʝʥʘ ʩʦʩʪʦʷʥʠʷ. ɼʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʦʧʠʩʳʚʘʝʪ ʩʠʪʫʘʮʠʶ, ʢʦʛʜʘ 

ʧʨʦʠʩʭʦʜʠʪ ʩʤʝʥʘ ʤʝʪʦʢ (ʤʝʪʢʠ çʩʦʩʝʜʥʠʝè) ʚ ʪʦʯʢʘʭ, ʧʨʠ ʵʪʦʤ ʦʙʝ 

ʤʝʪʢʠ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʙʣʠʟʢʦ ʢ ʛʨʘʥʠʮʘʤ ʩʚʦʠʭ ʤʝʪʦʢ. 

ίάέέὸὬὧὬὥὲὫὩȡȿὩȿO ρ Ǫ ȿὩȿO ρ Ǫ ίὭὫὲὩ ίὭὫὲὩ  Ǫ ȿὨὩȿO π 

7. ɽʩʣʠ ʟʥʘʢʠ e ʦʙʝʠʭ ʪʦʯʝʢ ʨʘʟʣʠʯʥʳ ʠ ʟʥʘʢ de ʨʘʚʝʥ ʟʥʘʢʫ e ʧʝʨʚʦʡ 

ʪʦʯʢʠ ʠ ʟʥʘʯʝʥʠʝ de ʧʦ ʤʦʜʫʣʶ, ʤʝʥʴʰʝ 2, ʣʠʙʦ ʝʩʣʠ ʟʥʘʯʝʥʠʝ e ʨʘʚʥʦ 

0 ʠ ʟʥʘʯʝʥʠʝ de ʧʦ ʤʦʜʫʣʶ ʙʦʣʴʰʝ 1 ʠ ʤʝʥʴʰʝ 2, ʪʦ ʠʤʝʝʪ ʤʝʩʪʦ ʩʤʝʥʘ 

ʩʦʩʪʦʷʥʠ.̫ ɼʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʦʧʠʩʳʚʘʝʪ ʩʠʪʫʘʮʠʶ, ʢʦʛʜʘ ʧʨʦʠʩʭʦʜʠʪ 

ʩʤʝʥʘ ʤʝʪʦʢ (ʤʝʪʢʠ çʩʦʩʝʜʥʠʝè) ʚ ʪʦʯʢʘʭ, ʧʨʠ ʵʪʦʤ, ʢʘʢ ʤʠʥʠʤʫʤ ʦʜʥʘ 

ʪʦʯʢʘ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʜʘʣʝʢʦ ʦʪ ʢʨʘʷ ʤʝʪʢʠ. 

ὧὬὥὲὫὩȡίὭὫὲὩ ίὭὫὲὩ  Ǫ ίὭὫὲὩ ίὭὫὲὨὩ Ǫ ȿὨὩȿ ςȿ 

ȿ Ὡ π Ǫ ρ ȿὨὩȿ ς 

8. ɽʩʣʠ ʟʥʘʢʠ e ʚ ʦʙʝʠʭ ʪʦʯʢʘʭ ʨʘʚʥʳ ʠ ʟʥʘʯʝʥʠʝ de ʧʦ ʤʦʜʫʣʶ ʣʝʞʠʪ ʚ 

ʜʠʘʧʘʟʦʥ ʦʪ 1 ʜʦ 4, ʣʠʙʦ ʝʩʣʠ ʟʥʘʢʠ e ʚ ʦʙʝʠʭ ʪʦʯʢʘʭ ʥʝ ʨʘʚʥʳ ʠ 

ʟʥʘʯʝʥʠʝ de ʧʦ ʤʦʜʫʣʶ ʣʝʞʠʪ ʚ ʜʠʘʧʘʟʦʥ ʦʪ 2 ʜʦ 4, ʪʦ ʠʤʝʝʪ ʤʝʩʪʦ 

ʨʝʟʢʘʷ ʩʤʝʥʘ ʩʦʩʪʦʷʥʠʷ. ɼʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʦʧʠʩʳʚʘʝʪ ʩʠʪʫʘʮʠʶ, ʢʦʛʜʘ 

ʧʨʦʠʩʭʦʜʠʪ ʩʤʝʥʘ ʤʝʪʦʢ (ʤʝʪʢʠ çʩʦʩʝʜʥʠʝè) ʚ ʪʦʯʢʘʭ, ʧʨʠ ʵʪʦʤ ʦʙʝ 

ʤʝʪʢʠ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʜʘʣʝʢʦ ʦʪ ʛʨʘʥʠʮ ʩʚʦʠʭ ʤʝʪʦʢ. 

ὥὦὶόὴὸὧὬὥὲὫὩȡίὭὫὲὩ ίὭὫὲὩ  Ǫ ρ ȿὨὩȿ τȿ 

ȿ ίὭὫὲὩ ίὭὫὲὩ  Ǫ ς ȿὨὩȿ τ 

9. ɽʩʣʠ ʟʥʘʯʝʥʠʝ de ʧʦ ʤʦʜʫʣʶ ʙʦʣʴʰʝ 4, ʪʦ ʠʤʝʝʪ ʤʝʩʪʦ ʩʦʩʪʦʷʥʠʝ 

ʩʢʘʯʢʘ. ɼʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʦʧʠʩʳʚʘʝʪ ʩʠʪʫʘʮʠʶ, ʢʦʛʜʘ ʧʨʦʠʩʭʦʜʠʪ 

ʩʤʝʥʘ ʤʝʪʦʢ (ʤʝʪʢʠ ʥʝ çʩʦʩʝʜʥʠʝè) ʚ ʪʦʯʢʘʭ. 

Ὦόάὴȡ ȿὨὩȿ τ 
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ʂʘʢ ʦʪʤʝʯʘʣʦʩʴ ʚ ʥʘʯʘʣʝ ʧʫʥʢʪʘ, ʜʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʣʷʪʴ 

ʘʥʦʤʘʣʠʠ, ʩʚʷʟʘʥʥʳʝ ʩʦ ʩʤʝʥʘʤʠ ʩʦʩʪʦʷʥʠʡ. ʆʜʥʘʢʦ, ʦʥ ʥʝ ʧʨʠʤʝʥʠʤ ʢ 

ʘʥʦʤʘʣʠʷʤ, ʩʚʷʟʘʥʥʳʤ, ʥʘʧʨʠʤʝʨ, ʩ ʜʣʠʪʝʣʴʥʳʤ ʧʨʝʙʳʚʘʥʠʝʤ ʚ ʦʧʨʝʜʝʣʝʥʥʦʤ 

ʩʦʩʪʦʷʥʠʠ, ʠʣʠ ʩʚʷʟʘʥʥʳʭ ʩ ʥʘʨʫʰʝʥʠʝʤ ʦʯʝʨʝʜʥʦʩʪʠ ʩʣʝʜʦʚʘʥʠʷ ʩʦʩʪʦʷʥʠʡ. 

ɼʣʷ ʨʘʩʰʠʨʝʥʠʷ ʛʨʘʥʠʮ ʧʨʠʤʝʥʠʤʦʩʪʠ ʕʥɺʈ ʚ ʟʘʜʘʯʘʭ ʧʦʠʩʢʘ ʘʥʦʤʘʣʠʡ 

ʧʦʪʨʝʙʫʝʪʩʷ ʨʘʩʰʠʨʝʥʠʝ ʤʦʜʝʣʠ Ὁὲὖ (ʥʘʧʨʠʤʝʨ, ʟʥʘʯʝʥʠʝʤ ʥʝʯʝʪʢʦʡ ʤʝʪʢʠ, ʢ 

ʢʦʪʦʨʦʡ ʧʨʠʥʘʜʣʝʞʠʪ ʪʦʯʢʘ), ʣʠʙʦ ʚʢʣʶʯʝʥʠʝ ʤʦʜʝʣʠ ὉὲὝὛ ʚ ʙʦʣʝʝ ʢʨʫʧʥʳʝ 

ʤʦʜʝʣʠ. 

2.7 ʄʝʪʦʜʠʢʘ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʘʥʦʤʘʣʠʠ ʵʥʪʨʦʧʠʡʥʦʛʦ 

ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ ʚ ʪʝʨʤʠʥʘʭ ʜʝʬʝʢʪʦʚ ʪʝʭʥʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤ 

ʅʘ ʦʩʥʦʚʝ ʚʳʜʝʣʝʥʥʳʭ ʫʯʘʩʪʢʦʚ ʘʥʦʤʘʣʠʡ ʯʝʨʝʟ ʕʥɺʈ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʥʘʣʠʯʠʝ ʜʝʬʝʢʪʦʚ ʊʉ. 

ʈʘʩʩʤʦʪʨʠʤ, ʜʣʷ ʢʘʢʠʭ ʚʠʜʦʚ ʜʝʬʝʢʪʦʚ ʧʨʠʤʝʥʠʤ ʘʣʛʦʨʠʪʤ ʜʠʘʛʥʦʩʪʠʢʠ 

ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʕʥɺʈ. 

1. ʂʦʥʩʪʨʫʢʪʠʚʥʳʝ ʜʝʬʝʢʪʳ. ʂ ʜʘʥʥʳʤ ʜʝʬʝʢʪʘʤ ʦʪʥʦʩʷʪ ʦʪʢʣʦʥʝʥʠ ̫ʦʪ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʧʨʘʚʠʣ ʨʘʟʨʘʙʦʪʢʠ (ʚʥʝʩʝʥʠʷ ʠʟʤʝʥʝʥʠʡ) ʠʟʜʝʣʠʡ ʠʣʠ 

ʦʪ ʪʨʝʙʦʚʘʥʠʡ ʪʝʭʥʠʯʝʩʢʦʛʦ ʟʘʜʘʥʠʷ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʦʧʠʩʘʥʥʳʡ 

ʘʣʛʦʨʠʪʤ ʤʘʣʦ ʧʨʠʛʦʜʝʥ, ʪʘʢ ʢʘʢ, ʢʘʢ ʧʨʘʚʠʣʦ, ʦʪʩʫʪʩʪʚʫʶʪ ɺʈ ʦʪ ʊʉ. 

ʆʜʥʘʢʦ, ʝʩʣʠ, ʚʩʝ ʞʝ ʠʤʝʶʪʩʷ ʧʨʠʙʦʨʳ, ʩʧʦʩʦʙʥʳʝ ʧʨʦʚʦʜʠʪʴ 

ʜʠʘʛʥʦʩʪʠʢʫ ʊʉ ʥʘ ʥʘʣʠʯʠʝ ʧʦʜʦʙʥʳʭ ʜʝʬʝʢʪʦʚ ʠ, ʠʤʝʶʱʠʭ ʚ ʢʘʯʝʩʪʚʝ 

ʚʳʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ɺʈ, ʪʦ ʘʣʛʦʨʠʪʤ ʜʠʘʛʥʦʩʪʠʢʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʕʥɺʈ ʧʨʠʤʝʥʠʤ. ɺ ʪʘʢʠʭ ʩʣʫʯʘʷʭ ʘʥʦʤʘʣʴʥʦʡ ʙʫʜʝʪ ʩʯʠʪʘʪʴʩʷ ʣʶʙʘʷ 

ʩʤʝʥʘ ʩʦʩʪʦʷʥʠʷ (ʝʩʣʠ ʩʯʠʪʘʪʴ, ʯʪʦ ʧʨʠʙʦʨ ʚʳʜʘʝʪ ʧʦʢʘʟʘʥʠʷ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʩʧʨʘʚʥʦʤʫ ʩʦʩʪʦʷʥʠʶ, ʩʪʨʦʛʦ ʚ ʦʧʨʝʜʝʣʝʥʥʦʤ 

ʜʠʘʧʘʟʦʥʝ), ʘ ʪʘʢʞʝ ʥʘʣʠʯʠʝ ʧʘʪʪʝʨʥʦʚ çʩʦʩʪʦʷʥʠ ̫

ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠè. 
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2. ʇʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʜʝʬʝʢʪʳ. ʂ ʜʘʥʥʳʤ ʜʝʬʝʢʪʘʤ ʦʪʥʦʩʷʪ 

ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ ʪʨʝʙʦʚʘʥʠʷʤ ʜʦʢʫʤʝʥʪʘʮʠʠ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ, 

ʨʝʤʦʥʪʝ ʧʨʦʜʫʢʮʠʠ. ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʧʦʜʦʙʥʳʭ ʜʝʬʝʢʪʦʚ ʯʝʨʝʟ ʕʥɺʈ 

ʪʘʢʞʝ ʧʦʪʨʝʙʫʶʪʩʷ ʧʨʠʙʦʨʳ ʜʠʘʛʥʦʩʪʠʢʠ, ʩʧʦʩʦʙʥʳʝ ʚʳʜʘʚʘʪʴ ʥʘ 

ʚʳʭʦʜʝ ɺʈ. ʇʨʠ ʘʥʘʣʠʟʝ ʧʦʣʫʯʝʥʥʳʭ ɺʈ, ʧʝʨʝʯʝʥʴ ʧʦʪʝʥʮʠʘʣʴʥʦ 

ʘʥʦʤʘʣʴʥʳʭ ʩʠʪʫʘʮʠʡ ʙʫʜʝʪ ʛʦʨʘʟʜʦ ʰʠʨʝ. ʅʘ ʨʝʰʝʥʠʝ ʦʙ 

ʘʥʦʤʘʣʴʥʦʩʪʠ ʩʠʪʫʘʮʠʠ ʠ ʥʘʣʠʯʠʷ ʜʝʬʝʢʪʘ ʊʉ ʥʘ ʦʩʥʦʚʝ ʧʨʠʩʫʪʩʪʚʠʷ 

ʵʪʦʡ ʘʥʦʤʘʣʴʥʦʩʪʠ ʙʫʜʝʪ ʚʣʠʷʪʴ ʪʝʭʥʠʯʝʩʢʘʷ ʜʦʢʫʤʝʥʪʘʮʠʷ ʧʦ 

ʜʠʘʛʥʦʩʪʠʨʫʝʤʦʤʫ ʊʉ.  ɼʣʷ ʦʜʥʠʭ ʊʉ ʧʨʠʟʥʘʢʘʤʠ ʥʘʣʠʯʠʷ ʜʝʬʝʢʪʦʚ 

ʙʫʜʝʪ ʚʳʩʪʫʧʘʪʴ ʧʘʪʪʝʨʥ çʨʝʟʢʦʡ ʩʤʝʥ rʩʦʩʪʦʷʥʠʷè, ʜʣʷ ʜʨʫʛʠʭ ï 

çʧʣʘʚʥʦʡ ʩʤʝʥ r ʩʦʩʪʦʷʥʠʷè. ʅʘʣʠʯʠʝ ʧʘʪʪʝʨʥʘ çʥʝʦʧʨʝʜʝʣʝʥʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷè (ʦʩʦʙʝʥʥʦ, ʝʩʣʠ ʧʦʜʦʙʥʦʝ ʩʦʩʪʦʷʥʠʝ ʜʝʨʞʠʪʩʷ ʜʦʣʛʦ) 

ʤʦʞʝʪ ʙʳʪʴ ʧʦʚʦʜʦʤ ʜʣʷ ʦʪʧʨʘʚʢʠ ʊʉ ʥʘ ʙʦʣʝʝ ʜʝʪʘʣʴʥʫʶ ʜʠʘʛʥʦʩʪʠʢʫ 

ʠ ʧʨʦʬʠʣʘʢʪʠʢʫ. ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ, ʧʝʨʚʳʤ ʰʘʛʦʤ ʧʦʠʩʢʘ ʜʝʬʝʢʪʦʚ 

ʯʝʨʝʟ ʕʥɺʈ ʙʫʜʝʪ ʘʥʘʣʠʟ ʜʦʢʫʤʝʥʪʘʮʠʠ ʧʦ ʊʉ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʷ 

ʫʢʘʟʘʥʥʳʭ ʚ ʥʠʭ ʩʣʫʯʘʷʭ ʥʦʨʤʘʣʴʥʦʛʦ ʠ ʥʝʰʪʘʪʥʦʛʦ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʊʉ ʚ ʧʘʪʪʝʨʥʘʭ ʧʦʚʝʜʝʥʠʷ ʕʥɺʈ. 

3. ʕʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʜʝʬʝʢʪʳ. ʂ ʜʘʥʥʳʤ ʜʝʬʝʢʪʘʤ ʦʪʥʦʩʷʪ ʨʘʟʣʠʯʥʳʝ 

ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʟʘʜʘʥʥʦʛʦ ʥʦʨʤʘʣʴʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʊʉ. ʂʘʢ ʦʪʤʝʯʘʣʦʩʴ 

ʚ ʧʝʨʚʦʡ ʛʣʘʚʝ, ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʜʝʬʝʢʪʳ ʠʤʝʶʪ ʨʷʜ ʚʥʫʪʨʝʥʥʠʭ 

ʢʣʘʩʩʠʬʠʢʘʮʠʡ. 

ʘ. ʇʦ ʩʦʧʦʩʪʘʚʣʝʥʠʶ ʩ ʵʪʘʣʦʥʥʳʤ ʧʦʚʝʜʝʥʠʝʤ. ɼʣʷ ʜʘʥʥʦʛʦ 

ʪʠʧʘ ʜʝʬʝʢʪʦʚ ʧʨʠʚʦʜʠʤʳʡ ʘʣʛʦʨʠʪʤ ʜʠʘʛʥʦʩʪʠʢʠ ʥʝ 

ʧʨʠʤʝʥʷʣʩʷ, ʪʘʢ ʢʘʢ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʤʝʭʘʥʠʟʤʳ 

ʩʨʘʚʥʝʥʠʷ ʦʜʥʦʛʦ ɺʈ ʩ ʜʨʫʛʠʤ ʯʝʨʝʟ ʠʭ ʕʥɺʈ. 

ʙ. ʇʦ ʜʣʠʪʝʣʴʥʦʩʪʠ. ʆʧʠʩʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʜʠʘʛʥʦʩʪʠʢʠ 

ʭʦʨʦʰʦ ʧʨʠʤʝʥʠʤ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʜʣʷ ʚʳʷʚʣʝʥʠʷ 

ʜʝʬʝʢʪʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʝʤʳʭ ʢʨʘʪʢʦʩʨʦʯʥʳʤʠ ʧʝʨʠʦʜʦʤ. 

ʂʨʘʪʢʦʩʨʦʯʥʳʝ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʰʪʘʪʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʙʫʜʫʪ 

ʭʦʨʦʰʦ ʨʘʟʣʠʯʠʤʳ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʥʘ ʛʨʘʬʠʢʝ ὈὉὝὛ, 
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ʣʠʙʦ ʧʨʠ ʥʘʣʠʯʠʠ ʩʨʘʟʫ ʥʝʩʢʦʣʴʢʠʭ ʧʘʪʪʝʨʥʦʚ ʩʤʝʥʳ 

ʩʦʩʪʦʷʥʠʡ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʜʨʫʛ ʟʘ ʜʨʫʛʦʤ. ɼʣʷ ʚʳʷʚʣʝʥʠʷ 

ʜʝʬʝʢʪʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʝʤʳʭ ʜʣʠʪʝʣʴʥʳʤ ʧʝʨʠʦʜʦʤ, 

ʧʦʪʨʝʙʫʝʪʩʷ ʫʩʣʦʞʥʝʥʠʝ ʠʤʝʶʱʝʛʦ ʘʣʛʦʨʠʪʤʘ, ʥʘʧʨʠʤʝʨ, 

ʚʚʝʜʝʥʠʝʤ ʛʨʘʥʫʣ, ʚ ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʚʢʣʶʯʘʪʴʩʷ ʟʥʘʯʝʥʠʷ 

ʵʥʪʨʦʧʠʡ, ʪʝʥʜʝʥʮʠʡ ʵʥʪʨʦʧʠʡ, ʘ ʪʘʢʞʝ ʠʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ, 

ʧʦʣʫʯʘʝʤʳʭ ʩ ɺʈ (ʥʝʯʝʪʢʘʷ ʤʝʪʢʘ, ʵʣʝʤʝʥʪʘʨʥʘʷ 

ʪʝʥʜʝʥʮʠʷ). ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʧʦʩʪʦʷʥʥʳʭ ʜʝʬʝʢʪʦʚ 

ʧʦʪʨʝʙʫʝʪʩʷ ʜʦʢʫʤʝʥʪʘʮʠʷ ʧʦ ʊʉ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʠ ʠʭ ʛʨʘʥʠʮ, ʠ ʥʘʣʠʯʠʝ 

ʧʘʪʪʝʨʥʦʚ ʩʤʝʥʳ ʩʦʩʪʦʷʥʠʷ ʚ ʕʥɺʈ, ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ 

ʨʘʙʦʪʝ ʫʩʪʨʦʡʩʪʚʘ. 

ʚ. ʇʦ ʠʟʤʝʥʝʥʠʶ ʧʦʢʘʟʘʪʝʣʷ ʥʘ ɺʈ. ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʧʦʜʦʙʥʳʭ 

ʜʝʬʝʢʪʦʚ ʘʣʛʦʨʠʪʤ ʙʫʜʝʪ ʠʜʝʥʪʠʯʥʳʤ, ʢʘʢ ʠ ʜʣʷ 

ʚʳʷʚʣʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʜʝʬʝʢʪʦʚ. ʇʦʪʨʝʙʫʝʪʩʷ ʥʘ 

ʦʩʥʦʚʝ ʜʦʢʫʤʝʥʪʘʮʠʠ ʧʦ ʊʉ ʚʳʜʝʣʠʪʴ ʧʘʪʪʝʨʥʳ ʧʦʚʝʜʝʥʠʷ 

(ʣʠʙʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʧʘʪʪʝʨʥʦʚ ʧʦʚʝʜʝʥʠʷ), 

ʫʢʘʟʳʚʘʶʱʠʝ ʥʘ ʥʘʣʠʯʠʝ ʘʥʦʤʘʣʴʥʦʛʦ ʧʦʚʝʜʝʥʠʷ 

ʧʦʢʘʟʘʪʝʣʷ. ʇʨʠ ʚʳʷʚʣʝʥʠʠ ʧʦʜʦʙʥʳʭ ʧʘʪʪʝʨʥʦʚ ʚ ʕʥɺʈ 

ʜʝʣʘʪʴ ʚʳʚʦʜʳ ʦ ʥʘʣʠʯʠʠ ʜʝʬʝʢʪʦʚ ʚ ʊʉ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʤʝʥʝʥʠʝ ʘʣʛʦʨʠʪʤʘ ʜʠʘʛʥʦʩʪʠʢʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʕʥɺʈ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʷʪʴ ʜʝʬʝʢʪʳ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʧʨʠ ʥʘʣʠʯʠʠ, ʚ ʧʝʨʚʫʶ 

ʦʯʝʨʝʜʴ, ʜʦʢʫʤʝʥʪʘʮʠʠ ʧʦ ʊʉ ʠ ʵʢʩʧʝʨʪʘ (ʣʠʙʦ ʵʢʩʧʝʨʪʥʦʡ ʩʠʩʪʝʤʳ), ʢʦʪʦʨʳʡ 

ʩʧʦʩʦʙʝʥ ʥʘ ʦʩʥʦʚʝ ʜʦʢʫʤʝʥʪʘʮʠʠ ʚʳʜʝʣʠʪʴ ʮʝʧʦʯʢʠ ʧʘʪʪʝʨʥʦʚ ʧʦʚʝʜʝʥʠʷ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʘʥʦʤʘʣʴʥʦʤʫ ʧʦʚʝʜʝʥʠʶ ɺʈ ʧʨʠ ʥʘʣʠʯʠʠ ʜʝʬʝʢʪʦʚ ʚ ʊʉ, 

ʣʠʙʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʧʘʪʪʝʨʥʦʚ, ʪʘʢʞʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʘʥʦʤʘʣʴʥʦʤʫ 

ʧʦʚʝʜʝʥʠʶ ɺʈ ʧʨʠ ʥʘʣʠʯʠʠ ʜʝʬʝʢʪʦʚ ʚ ʊʉ. ɺ ʩʣʫʯʘʝ ʦʪʩʫʪʩʪʚʠʷ ʜʦʢʫʤʝʥʪʘʮʠʠ 

ʧʨʠ ʜʠʘʛʥʦʩʪʠʢʝ ʊʉ ʧʦʪʨʝʙʫʝʪʩʷ ʵʢʩʧʝʨʪ, ʩʧʦʩʦʙʥʳʡ ʨʝʰʘʪʴ, ʩʯʠʪʘʪʴ ʣʠ 

ʥʘʣʠʯʠʝ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʧʘʪʪʝʨʥʘ ʧʦʚʝʜʝʥʠʷ, ʣʠʙʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʧʘʪʪʝʨʥʦʚ ʧʦʚʝʜʝʥʠʷ ʧʨʠʟʥʘʢʦʤ ʘʥʦʤʘʣʠʠ ʚʦ ɺʈ. 
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ɽʩʣʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚʘʨʠʘʥʪ ʚʳʷʚʣʝʥʠʷ ʜʝʬʝʢʪʦʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʢɻʩʧʝʨʪʥʦʡ ʩʠʩʪʝʤʳ, ʪʦ ʚ ʢʘʯʝʩʪʚʝ ʪʘʢʦʡ ʩʠʩʪʝʤʳ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪ ʩʠʩʪʝʤʳ 

ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ (ʉʇʇʈ). ʇʨʠ ʵʪʦʤ, ʜʣʷ ʩʦʟʜʘʥʠʷ ʉʇʇʈ, ʢʘʢ 

ʦʪʤʝʯʘʣʦʩʴ ʚʳʰʝ, ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʦʜʭʦʜʳ ʠʟ ʦʙʣʘʩʪʠ ʦʥʪʦʣʦʛʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ 

ʠ ʠʥʞʝʥʝʨʠʠ ʟʥʘʥʠʡ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʪʝʭʥʦʣʦʛʠʡ Semantic Web: OWL ʠ SWRL. 

2.8 ɺʳʚʦʜʳ ʧʦ ʛʣʘʚʝ 

ɺ ʭʦʜʝ ʚʳʧʦʣʥʝʥʠʷ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ: 

1. ʄʦʜʝʣʴ ʠ ʘʣʛʦʨʠʪʤʳ ʙʘʣʘʥʩʠʨʦʚʢʠ ʤʦʱʥʦʩʪʝʡ ʥʘ ʦʩʥʦʚʝ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʠ 

ʦʥʪʦʣʦʛʠʡ ʚ ʟʘʜʘʯʘʭ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ 

ʧʦʜʛʦʪʦʚʢʠ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

2. ɸʨʭʠʪʝʢʪʫʨʘ ʧʦʜʩʠʩʪʝʤʳ ʙʘʣʘʥʩʠʨʦʚʢʠ ʤʦʱʥʦʩʪʝʡ ʥʘ ʦʩʥʦʚʝ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʠ 

ʦʥʪʦʣʦʛʠʡ ʚ ʟʘʜʘʯʘʭ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ 

ʧʦʜʛʦʪʦʚʢʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩ ʠʥʪʝʛʨʘʮʠʝʡ ʚ ʦʙʱʫʶ ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ 

ʩʨʝʜʫ ʧʨʝʜʧʨʠʷʪʠʷ. 

3. ɸʣʛʦʨʠʪʤ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʘ 

ʦʩʥʦʚʝ ʧʦʠʩʢʘ ʘʥʦʤʘʣʠʡ ʚ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʚʨʝʤʝʥʥʳʭ ʨʷʜʘʭ ʚ ʟʘʜʘʯʘʭ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʧʦʠʩʢʘ ʘʥʦʤʘʣʠʡ ʚ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʚʨʝʤʝʥʥʳʭ ʨʷʜʘʭ 

ʚ ʟʘʜʘʯʘʭ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʙʳʣʠ ʨʝʰʝʥʳ ʩʣʝʜʫʶʱʠʝ ʧʦʜʟʘʜʘʯʠ: 

1. ʈʘʟʨʘʙʦʪʘʥ ʘʣʛʦʨʠʪʤ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʩ ʢʦʨʨʝʢʪʠʨʦʚʢʦʡ ʧʨʦʛʥʦʟʘ ʯʝʨʝʟ ʧʨʠʤʝʥʝʥʠʝ ʕʥɺʈ. 

2. ʈʘʟʨʘʙʦʪʘʥ ʧʦʜʭʦʜ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʕʥɺʈ ʥʘ ʦʩʥʦʚʝ ɺʈ ʠ ʧʦʜʭʦʜ ʢ 

ʬʦʨʤʠʨʦʚʘʥʠʶ ɺʈ ʜʠʥʘʤʠʢʠ ʕʥɺʈ.  

3. ʈʘʟʨʘʙʦʪʘʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʵʥʪʨʦʧʠʡʥʦʛʦ ɺʈ. 
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4. ʈʘʟʨʘʙʦʪʘʥ ʘʣʛʦʨʠʪʤ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ɺʈ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ɺʈ 

ʜʠʥʘʤʠʢʠ ʕʥɺʈ. 

5. ʈʘʟʨʘʙʦʪʘʥ ʘʣʛʦʨʠʪʤ ʚʳʷʚʣʝʥʠʷ ʘʥʦʤʘʣʠʡ ɺʈ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ɺʈ 

ʵʥʪʨʦʧʠʠ ʠ ɺʈ ʜʠʥʘʤʠʢʠ ʵʥʪʨʦʧʠʠ. 

6. ʈʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʘʥʦʤʘʣʠʠ ʵʥʪʨʦʧʠʡʥʦʛʦ ɺʈ ʚ 

ʪʝʨʤʠʥʘʭ ʜʝʬʝʢʪʦʚ ʊʉ. 

  



110 

 

ɻʃɸɺɸ 3. ʇʈʆɻʈɸʄʄʅɸʗ ʉʀʉʊɽʄɸ 

ɹɸʃɸʅʉʀʈʆɺʂʀ ʄʆʑʅʆʉʊɽʁ ʅɸ ʆʉʅʆɺɽ 

ʇʈʆɻʅʆɿʀʈʆɺɸʅʀʗ ʇʈʆʀɿɺʆɼʉʊɺɽʅʅʓʍ ʀ 

ɼʀɸɻʅʆʉʊʀʏɽʉʂʀʍ ɺʈɽʄɽʅʅʓʍ ʈʗɼʆɺ ɺ 

ɸɺʊʆʄɸʊʀɿʀʈʆɺɸʅʅʆʁ ʊɽʍʅʆʃʆɻʀʏɽʉʂʆʁ 

ʇʆɼɻʆʊʆɺʂʀ ʇʈʆʀɿɺʆɼʉʊɺɸ 

3.1 ɸʨʭʠʪʝʢʪʫʨ r ʧʨʦʛʨʘʤʤʥʦʡ ʩʠʩʪʝʤʳ ʙʘʣʘʥʩʠʨʦʚʢʠ 

ʤʦʱʥʦʩʪʝʡ ʥʘ ʦʩʥʦʚʝ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʠ ʧʨʦʛʨʘʤʤʥʦʡ ʩʠʩʪʝʤʳ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ ʚ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ 

ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʂʘʢ ʛʦʚʦʨʠʣʦʩʴ ʚʦ ʚʪʦʨʦʡ ʛʣʘʚʝ, ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ ʫʞʝ ʩʫʱʝʩʪʚʫʝʪ ʨʷʜ 

ʧʨʦʛʨʘʤʤʥʳʭ ʨʝʰʝʥʠʡ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ 

ʩʦʟʜʘʥʠʷ ʜʦʢʫʤʝʥʪʘʮʠʠ ʧʦ ʊʇʇ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʚʦʟʥʠʢʘʝʪ ʨʷʜ ʚʘʨʠʘʥʪʦʚ 

ʧʦʣʫʯʝʥʠʷ ʜʘʥʥʳʭ ʜʣʷ ʨʘʩʯʝʪʘ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʩʠʩʪʝʤʳ ʙʘʣʘʥʩʠʨʦʚʢʠ 

ʤʦʱʥʦʩʪʝʡ: 

1. ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʝ ʠʟʚʣʝʯʝʥʠʝ ʜʘʥʥʳʭ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʨʘʩʯʝʪʘ 

ʤʦʱʥʦʩʪʝʡ ʧʨʝʜʧʨʠʷʪʠʷ ʠʟ ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ. ɼʘʥʥʳʡ ʤʝʭʘʥʠʟʤ ʧʦʟʚʦʣʠʪ ʫʩʢʦʨʠʪʴ ʧʨʦʮʝʩʩ 

ʟʘʧʦʣʥʝʥʠʷ ʧʝʨʚʠʯʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʙʘʣʘʥʩʠʨʦʚʢʠ. 

2. ɿʘʧʦʣʥʝʥʠʝ ʚ ʨʫʯʥʦʤ ʨʝʞʠʤʝ ʜʘʥʥʳʭ, ʢʦʪʦʨʳʝ ʦʪʩʫʪʩʪʚʫʶʪ ʚ 

ʠʤʝʶʱʝʤʩʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʨʝʜʧʨʠʷʪʠʷ, ʥʦ 

ʪʨʝʙʫʶʱʠʝʩʷ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʨʘʩʯʝʪʦʚ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ, 

ʦʪʚʝʪʩʪʚʝʥʥʳʡ ʟʘ ʚʳʧʦʣʥʝʥʠʝ ʦʧʝʨʘʮʠʠ ʨʘʩʯʝʪ ʜʦʣʞʝʥ ʚʨʫʯʥʫʶ 

ʚʥʝʩʪʠ ʪʨʝʙʫʝʤʳʝ ʜʘʥʥʳʝ. 
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ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʵʪʠʭ ʚʘʨʠʘʥʪʦʚ ʧʦʣʫʯʝʥʠʷ ʜʘʥʥʳʭ ʚ ʩʠʩʪʝʤʝ ʦʧʨʝʜʝʣʝʥʦ 

ʜʚʘ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʙʣʦʢʘ. ʇʝʨʚʳʡ ʙʣʦʢ ʦʪʚʝʯʘʝʪ ʟʘ ʩʦʛʣʘʩʦʚʘʥʠʷ 

ʠʥʪʝʨʬʝʡʩʥʳʭ ʯʘʩʪʝʡ (ʠʥʪʝʛʨʘʮʠʷ ʩ ʩʫʱʝʩʪʚʫʶʱʠʤʠ ʉɸʇʈ ʠ ɸʉʋʊʇʇ 

ʧʨʝʜʧʨʠʷʪʠʷ) ʠ ʙʣʦʢ ʜʦʧʦʣʥʝʥʠʷ ʧʦʣʫʯʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ (ʨʫʯʥʦʡ ʚʚʦʜ 

ʜʘʥʥʳʭ) (ʨʠʩʫʥʦʢ 3.1). ʇʝʨʚʳʡ ʙʣʦʢ ʣʦʛʠʯʥʦ ʚʳʥʝʩʪʠ ʚʥʝ ʩʠʩʪʝʤʳ 

ʙʘʣʘʥʩʠʨʦʚʢʠ ʤʦʱʥʦʩʪʝʡ (ʥʘʧʨʠʤʝʨ, ʢʘʢ ʥʝʟʘʚʠʩʠʤʳʤ ʙʣʦʢʦʤ). ʊʘʢʦʡ ʧʦʜʭʦʜ 

ʧʦʟʚʦʣʠʪ ʣʝʛʢʦ ʤʝʥʷʪʴ ʥʘʩʪʨʦʡʢʠ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ ʤʝʞʜʫ ʀʉ ʧʨʝʜʧʨʠʷʪʠʷ ʙʝʟ 

ʟʘʪʨʘʛʠʚʘʥʠʷ ʨʘʙʦʪʫ ʧʨʦʯʠʭ ʩʠʩʪʝʤ ʧʨʝʜʧʨʠʷʪʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʨʘʟʨʘʙʘʪʳʚʘʝʤʫʶ ʩʠʩʪʝʤʫ ʙʘʣʘʥʩʠʨʦʚʢʠ ʤʦʱʥʦʩʪʝʡ ʧʨʝʜʧʨʠʷʪʠʷ. 

 

 

ʈʠʩʫʥʦʢ 3.1 ï ʉʦʛʣʘʩʦʚʘʥʠʝ ʠʥʪʝʨʬʝʡʩʦʚ 

ʊʘʢ ʢʘʢ ʥʝ ʚʩʝ ʜʘʥʥʳʝ, ʪʨʝʙʫʝʤʳʝ ʜʣʷ ʨʘʩʯʝʪʦʚ, ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʦʪ 

ʀʉ ʧʨʝʜʧʨʠʷʪʠʷ, ʪʦ ʜʣʷ ʩʪʘʙʠʣʴʥʦʡ ʠ ʙʳʩʪʨʦʡ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʧʦʪʨʝʙʫʝʪʩʷ 

ʩʦʙʩʪʚʝʥʥʘʷ ʙʘʟʘ ʜʘʥʥʳʭ, ʚ ʢʦʪʦʨʦʡ ʙʫʜʫʪ ʭʨʘʥʠʪʩʷ ʚʩʝ ʪʨʝʙʫʝʤʳʝ ʜʘʥʥʳʝ, ʢʘʢ 

ʧʦʣʫʯʝʥʥʳʝ ʦʪ ʀʉ ʧʨʝʜʧʨʠʷʪʠʷ, ʪʘʢ ʠ ʚʚʝʜʝʥʥʳʝ ʚʨʫʯʥʫʶ. ɼʦʧʦʣʥʠʪʝʣʴʥʫʶ 

ʩʣʦʞʥʦʩʪʴ ʚʥʦʩʠʪ ʯʘʩʪʘʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʝʨʝʨʘʩʯʝʪʘ ʙʘʣʘʥʩʘ ʤʦʱʥʦʩʪʝʡ. ɺ 

ʪʘʢʦʤ ʩʣʫʯʘʝ, ʜʣʷ ʫʩʢʦʨʝʥʠʷ ʚʳʧʦʣʥʝʥʠʷ ʨʘʩʯʝʪʦʚ ʚ ʩʠʩʪʝʤʝ ʚʚʦʜʠʪʩʷ 

ʚʝʨʩʠʦʥʥʦʩʪʴ ʜʘʥʥʳʭ, ʧʦʟʚʦʣʷʶʱʘʷ ʩʦʟʜʘʚʘʪʴ ʥʝʩʢʦʣʴʢʦ ʨʘʟʣʠʯʥʳʭ ʥʘʙʦʨʦʚ 

ʚʘʨʠʘʥʪʦʚ ʨʘʩʯʝʪʘ. 

ɺʝʨʩʠʦʥʥʦʩʪʴ ʧʦʟʚʦʣʷʝʪ ʚʳʧʦʣʥʷʪʴ ʨʘʩʯʝʪʳ ʙʘʣʘʥʩʠʨʦʚʢʠ ʤʦʱʥʦʩʪʝʡ 

ʧʦ ʠʤʝʶʱʝʤʫʩʷ ʥʘʙʦʨʫ ʤʦʱʥʦʩʪʝʡ ʧʨʝʜʧʨʠʷʪʠʷ, ʥʦ ʜʣʷ ʨʘʟʥʳʭ ʚʘʨʠʘʥʪʦʚ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʛʨʘʤʤʳ ʩ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʠʣʠ 

ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʥʘ ʠʤʝʶʱʠʭʩʷ ʤʦʱʥʦʩʪʷʭ ʧʨʝʜʧʨʠʷʪʠʷ ʥʘʣʘʜʠʪʴ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʚʳʧʫʩʢ ʨʷʜʘ ʥʦʚʳʭ ʠʟʜʝʣʠʡ. ɼʣʷ ʵʪʦʛʦ ʥʘ ʦʩʥʦʚʝ ʘʢʪʫʘʣʴʥʦʡ 
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ʚʝʨʩʠʠ ʨʘʩʯʝʪʘ ʤʦʱʥʦʩʪʝʡ ʧʨʝʜʧʨʠʷʪʠʷ ʩʦʟʜʘʝʪʩʷ ʥʦʚʘʷ, ʚ ʢʦʪʦʨʫʶ ʚʚʦʜʷʪ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʧʨʦʛʨʘʤʤʳ, ʢʦʪʦʨʳʝ ʥʝ ʧʨʦʧʠʩʘʥʳ ʚ ʠʥʳʭ 

ʀʉ ʧʨʝʜʧʨʠʷʪʠʷ (ʪʘʢ ʢʘʢ ʦʥʠ ʥʝ ʚʚʝʜʝʥʳ, ʘ ʪʦʣʴʢʦ ʨʝʰʘʝʪʩʷ ʚʦʧʨʦʩ ʦʙ ʠʭ 

ʚʢʣʶʯʝʥʠʠ ʚ ʦʙʱʠʡ ʧʣʘʥ) ʠ ʚʳʧʦʣʥʷʝʪʩʷ ʨʘʩʯʝʪ ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʤʦʱʥʦʩʪʷʭ. 

ʆʙʱʘʷ ʩʪʨʫʢʪʫʨʘ ʩʠʩʪʝʤʳ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 3.2. 

  

ʈʠʩʫʥʦʢ 3.2 ï ʆʙʱʠʡ ʚʠʜ ʢʦʤʧʦʥʝʥʪʦʚ ʩʠʩʪʝʤʳ 

ʅʘ ʩʭʝʤʝ ʧʦʢʘʟʘʥʦ ʢʘʢ ʧʨʦʠʩʭʦʜʠʪ ʫʧʨʘʚʣʝʥʠʝ ʚʝʨʩʠʷʤʠ ʨʘʩʯʝʪʦʚ 

(ʨʠʩʫʥʦʢ 3.3). 
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ʈʠʩʫʥʦʢ 3.3 ï ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʦʧʝʨʘʮʠʡ ʧʨʠ ʨʘʩʯʝʪʝ 

ʙʘʣʘʥʩʘ 

 

ɹʳʣʠ ʚʳʜʝʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʨʦʣʠ ʚ ʩʠʩʪʝʤʝ: 

1. ɸʜʤʠʥʠʩʪʨʘʪʦʨ ʩʠʩʪʝʤʳ. ʆʪʚʝʯʘʝʪ ʟʘ ʠʥʪʝʛʨʘʮʠʶ ʩ ʩʫʱʝʩʪʚʫʶʱʠʤʠ 

ʀʉ ʧʨʝʜʧʨʠʷʪʠʷ ʠ ʠʟʚʣʝʯʝʥʠʷ ʜʘʥʥʳʭ ʠʟ ʥʠʭ.  

2. ʆʪʚʝʪʩʪʚʝʥʥʳʡ ʟʘ ʩʦʩʪʘʚʣʝʥʠʝ ʦʪʯʝʪʘ ʧʦ ʙʘʣʘʥʩʠʨʦʚʢʝ. ɺʳʧʦʣʥʷʝʪ 

ʨʫʯʥʦʡ ʚʚʦʜ ʜʘʥʥʳʭ, ʢʦʪʦʨʳʭ ʥʝʪ ʚ ʀʉ ʧʨʝʜʧʨʠʷʪʠʷ. ɿʘʧʫʩʢʘʝʪ 
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ʚʳʧʦʣʥʝʥʠʝ ʦʧʝʨʘʮʠʠ ʨʘʩʯʝʪʘ ʙʘʣʘʥʩʘ ʤʦʱʥʦʩʪʝʡ. ʋʧʨʘʚʣʷʝʪ 

ʚʝʨʩʠʦʥʥʦʩʪʴʶ. 

3. ʆʪʚʝʪʩʪʚʝʥʥʳʡ ʟʘ ʘʢʪʫʘʣʠʟʘʮʠʶ ʜʘʥʥʳʭ ʚ ʩʠʩʪʝʤʝ ʧʨʝʜʧʨʠʷʪʠʷ. 

ʅʘ ʨʠʩʫʥʢʝ 3.4 ʧʨʝʜʩʪʘʚʣʝʥʘ Use-case ʜʠʘʛʨʘʤʤʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʩ ʩʠʩʪʝʤʦʡ. 

 

ʈʠʩʫʥʦʢ 3.4 ï ʉʮʝʥʘʨʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

3.2 ʀʥʬʦʨʤʘʮʠʦʥʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʧʨʦʛʨʘʤʤʥʦʡ ʩʠʩʪʝʤʳ 

ʙʘʣʘʥʩʠʨʦʚʢʠ ʤʦʱʥʦʩʪʝʡ ʠ ʧʨʦʛʨʘʤʤʥʦʡ ʩʠʩʪʝʤʳ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ 

3.2.1 ʀʥʬʦʨʤʘʮʠʦʥʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʧʨʦʛʨʘʤʤʥʦʡ ʩʠʩʪʝʤʳ 

ʙʘʣʘʥʩʠʨʦʚʢʠ ʤʦʱʥʦʩʪʝʡ 

ɺ ʭʦʜʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʀʆ ʩʠʩʪʝʤʳ ʦʧʪʠʤʠʟʘʮʠʠ ʨʝʩʫʨʩʦʚ ʙʳʣʠ ʚʳʜʝʣʝʥʳ 

ʩʣʝʜʫʶʱʠʝ ʩʫʱʥʦʩʪʠ: 

¶ ʆʙʦʨʫʜʦʚʘʥʠʝ. 

¶ ʇʦʜʨʘʟʜʝʣʝʥʠʷ. 
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¶ ʉʦʪʨʫʜʥʠʢʠ. 

ɺʳʜʝʣʝʥʥʳʝ ʩʫʱʥʦʩʪʠ ʙʫʜʫʪ ʢʣʶʯʝʚʳʤʠ ʪʘʙʣʠʮʘʤʠ. ʏʝʨʝʟ ʨʘʟʣʠʯʥʳʝ 

ʦʪʥʦʰʝʥʠʷ ʦʥʠ ʩʚʷʟʘʥʳ ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʪʘʙʣʠʮʘʤʠ ʙʘʟʳ ʜʘʥʥʳʭ. 

ʉʫʱʥʦʩʪʴ çʉʦʪʨʫʜʥʠʢè ʩʚʷʟʘʥʘ ʩ ʩʫʱʥʦʩʪʴʶ çɼʦʣʞʥʦʩʪʴè (position) ʪʠʧʦʤ 

ʩʚʷʟʠ çʤʥʦʛʠʝ-ʢʦ-ʤʥʦʛʠʤè. ɼʘʥʥʘʷ ʩʚʷʟʴ ʦʧʨʝʜʝʣʷʝʪ ʢʘʢʫʶ ʜʦʣʞʥʦʩʪʴ 

ʟʘʥʠʤʘʝʪ ʩʦʪʨʫʜʥʠʢ. 

ʉʫʱʥʦʩʪʴ çɼʦʣʞʥʦʩʪʴè ʩʦʜʝʨʞʠʪ ʧʝʨʝʯʝʥʴ ʜʦʣʞʥʦʩʪʝʡ. 

ʉʫʱʥʦʩʪʴ çʆʙʦʨʫʜʦʚʘʥʠʝè ʩʚʷʟʘʥʘ ʩ ʩʫʱʥʦʩʪʴʶ çʊʠʧ ʦʙʦʨʫʜʦʚʘʥʠʷè 

(tool_type) ʪʠʧʦʤ ʩʚʷʟʠ çʤʥʦʛʠʝ-ʢʦ-ʤʥʦʛʠʤè. ʊʘʢʞʝ ʵʪʘ ʩʫʱʥʦʩʪʴ ʩʚʷʟʘʥʥʘ ʩ 

ʩʫʱʥʦʩʪʴʶ çʊʠʧ ʨʘʙʦʪʳè (work_type). ɼʘʥʥʘʷ ʩʚʷʟʴ ʦʧʨʝʜʝʣʷʝʪ ʪʠʧ ʨʘʙʦʪ, 

ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʚʳʧʦʣʥʷʪʴ ʥʘ ʦʙʦʨʫʜʦʚʘʥʠʠ. 

ʉʫʱʥʦʩʪʴ çʊʠʧ ʦʙʦʨʫʜʦʚʘʥʠʷè ʩʦʜʝʨʞʠʪ ʧʝʨʝʯʝʥʴ ʪʠʧʦʚ. 

ʉʫʱʥʦʩʪʴ çʊʠʧ ʨʘʙʦʪʳè ʩʦʜʝʨʞʠʪ ʧʝʨʝʯʝʥʴ ʪʠʧʦʚ ʨʘʙʦʪ. 

ʊʘʢʞʝ ʝʩʪʴ ʩʫʱʥʦʩʪʴ çɺʝʨʩʠʷ ʜʘʥʥʳʭè. ʕʪʘ ʩʫʱʥʦʩʪʴ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʚ ʨʘʟʣʠʯʥʳʭ ʚʨʝʤʝʥʥʳʭ ʨʘʟʨʝʟʘʭ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʧʦʣʫʯʠʪʴ ʘʢʪʫʘʣʴʥʳʝ ʜʘʥʥʳʝ ʥʘ ʪʨʝʙʫʝʤʫʶ ʜʘʪʫ. 

ʈʘʟʨʘʙʦʪʘʥʘ OWL-ʦʥʪʦʣʦʛʠʷ ʠʥʪʝʛʨʘʮʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ ʘʚʠʘʩʪʨʦʠʪʝʣʴʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ ʜʣʷ ʟʘʜʘʯʠ ʙʘʣʘʥʩʠʨʦʚʢʠ, 

ʢʦʪʦʨʘʷ ʠʤʝʝʪ ʠʝʨʘʨʭʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ ʠ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 32 ʢʣʘʩʩʘ, 31 

ʦʙʲʝʢʪʥʦʝ ʩʚʦʡʩʪʚʦ, 47 ʪʠʧʦʚ ʜʘʥʥʳʭ. ʅʘ ʨʠʩʫʥʢʝ 3.5 ʧʨʝʜʩʪʘʚʣʝʥʘ ʜʠʘʛʨʘʤʤʘ 

ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʦʥʪʦʣʦʛʠʠ. 

 

 



116 

 

 

ʈʠʩʫʥʦʢ 3.5 ï ʉʭʝʤʘ ʦʥʪʦʣʦʛʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʠʥʪʝʛʨʘʮʠʠ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʘʚʠʘʩʪʨʦʠʪʝʣʴʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ ʜʣʷ ʟʘʜʘʯʠ 

ʙʘʣʘʥʩʠʨʦʚʢʠ 

ɺ ʧʨʦʮʝʩʩʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʀʆ ʩʠʩʪʝʤʳ ʦʧʪʠʤʠʟʘʮʠʠ ʨʝʩʫʨʩʦʚ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ: 

1. ʈʘʩʩʤʦʪʨʝʥʳ ʧʨʦʙʣʝʤʳ, ʧʦʜʭʦʜʳ, ʤʝʪʦʜʳ ʠ ʘʣʛʦʨʠʪʤʳ ʧʦʩʪʨʦʝʥʠʷ 

ʀʆ ʀʉ. 

2. ʇʨʝʜʩʪʘʚʣʝʥʳ ʤʝʪʦʜʳ ʠ ʘʣʛʦʨʠʪʤʳ ʨʝʰʝʥʠʷ ʪʝʭʥʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ 

ʠʥʪʝʛʨʘʮʠʠ ʩʠʩʪʝʤʳ ʦʧʪʠʤʠʟʘʮʠʠ ʨʝʩʫʨʩʦʚ ʩ ʩʫʱʝʩʪʚʫʶʱʠʤʠ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʧʨʝʜʧʨʠʷʪʠʷ. 

3. ʆʧʠʩʘʥʳ ʤʝʪʦʜʳ ʠ ʘʣʛʦʨʠʪʤʳ ʨʝʰʝʥʠʷ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ 

ʠʥʪʝʛʨʘʮʠʠ ʩʠʩʪʝʤʳ ʦʧʪʠʤʠʟʘʮʠʠ ʨʝʩʫʨʩʦʚ ʩ ʩʫʱʝʩʪʚʫʶʱʠʤʠ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʧʨʝʜʧʨʠʷʪʠʷ. 

4. ʆʧʨʝʜʝʣʝʥʳ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʝ ʧʨʦʙʣʝʤʳ ʠʥʪʝʛʨʘʮʠʠ ʩʠʩʪʝʤʳ 

ʦʧʪʠʤʠʟʘʮʠʠ ʨʝʩʫʨʩʦʚ ʩ ʩʫʱʝʩʪʚʫʶʱʠʤʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ 

ʩʠʩʪʝʤʘʤʠ ʧʨʝʜʧʨʠʷʪʠʷ. 
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5. ʈʘʩʩʤʦʪʨʝʥr  ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʤʦʜʝʣʴ ʜʘʥʥʳʭ ʀɹ ʩʠʩʪʝʤʳ ʦʧʪʠʤʠʟʘʮʠʠ 

ʨʝʩʫʨʩʦʚ. 

6. ʇʨʝʜʩʪʘʚʣʝʥʘ ʜʠʘʛʨʘʤʤʘ çʉʫʱʥʦʩʪʴ-ʉʚʷʟʴè ʤʦʜʝʣʠ ʜʘʥʥʳʭ ʀɹ 

ʩʠʩʪʝʤʳ ʦʧʪʠʤʠʟʘʮʠʠ ʨʝʩʫʨʩʦʚ 

3.2.2 ʀʥʬʦʨʤʘʮʠʦʥʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʧʨʦʛʨʘʤʤʥʦʡ ʩʠʩʪʝʤʳ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ. ɹʘʟʘ ʜʘʥʥʳʭ 

ʅʘ ʨʠʩʫʥʢʝ 3.6 ʧʨʝʜʩʪʘʚʣʝʥʘ ʨʘʟʚʝʨʥʫʪʘʷ ʩʪʨʫʢʪʫʨʘ ɹɼ. 

 

ʈʠʩʫʥʦʢ 3.6 ï ɼʠʘʛʨʘʤʤʘ ɹɼ 

ʆʧʠʩʘʥʠʝ ʪʘʙʣʠʮ, ʫʢʘʟʘʥʥʳʭ ʥʘ ʜʠʘʛʨʘʤʤʝ: 

¶ TimeSerieses 

ɻʣʘʚʥʘʷ ʪʘʙʣʠʮʘ, ʚ ʢʦʪʦʨʦʡ ʩʦʜʝʨʞʘʪʩʷ ʩʚʝʜʝʥʴʷ ʦ ɺʈ. ʍʨʘʥʷʪʩʷ 

ʩʣʝʜʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ: ʠʜʝʥʪʠʬʠʢʘʪʦʨ, ʠʤʷ ʨʷʜʘ. 
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¶ FuzzyLabels 

ʊʘʙʣʠʮʘ ʜʣʷ ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ ʦ ʥʝʯʝʪʢʠʭ ʤʝʪʢʘʭ ɺʈ. ʍʨʘʥʷʪʩʷ 

ʩʣʝʜʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ: ʠʜʝʥʪʠʬʠʢʘʪʦʨ, ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʨʷʜʘ, ʢ 

ʢʦʪʦʨʦʤʫ ʦʪʥʦʩʠʪʩʷ ʤʝʪʢʘ, ʣʠʥʛʚʠʩʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʥʝʯʝʪʢʦʡ 

ʤʝʪʢʠ, ʯʠʩʣʦʚʳʝ ʟʥʘʯʝʥʠʷ ʛʨʘʥʠʮ ʠ ʮʝʥʪʨʘ ʤʝʪʢʠ, ʧʦʨʷʜʢʦʚʳʡ 

ʥʦʤʝʨ ʤʝʪʢʠ. 

¶ TimeSeriesPoints 

ʊʘʙʣʠʮʘ ʜʣʷ ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ ʦ ʪʦʯʢʘʭ ɺʈ. ʍʨʘʥʷʪʩʷ ʩʣʝʜʫʶʱʠʝ 

ʧʘʨʘʤʝʪʨʳ: ʠʜʝʥʪʠʬʠʢʘʪʦʨ, ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʨʷʜʘ, ʢ ʢʦʪʦʨʦʤʫ 

ʦʪʥʦʩʠʪʩʷ ʪʦʯʢʘ, ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʥʝʯʝʪʢʦʡ ʤʝʪʢʠ, ʢ ʢʦʪʦʨʦʡ 

ʦʪʥʦʩʠʪʩʷ ʪʦʯʢʘ, ʯʠʩʣʦʚʦʝ ʟʥʘʯʝʥʠʝ, ʚʨʝʤʝʥʥʘʷ ʤʝʪʢʘ ʠ ʟʥʘʯʝʥʠʝ Õ. 

¶ Forecasts 

ʊʘʙʣʠʮʘ ʜʣʷ ʭʨʘʥʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʛʥʦʟʘ ʧʦ ɺʈ. ʍʨʘʥʷʪʩʷ 

ʩʣʝʜʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ: ʠʜʝʥʪʠʬʠʢʘʪʦʨ, ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʨʷʜʘ, ʧʦ 

ʢʦʪʦʨʦʤʫ ʩʪʨʦʠʪʩʷ ʧʨʦʛʥʦʟ, ʥʘʟʚʘʥʠʝ ʤʝʪʦʜʘ, ʧʦ ʢʦʪʦʨʦʤʫ 

ʩʦʚʝʨʰʘʝʪʩʷ ʧʨʦʛʥʦʟ, ʜʘʪʘ ʧʨʦʛʥʦʟʘ, ʟʥʘʯʝʥʠʝ ʚ ʧʦʩʣʝʜʥʝʡ ʪʦʯʢʝ 

ɺʈ, ʧʨʦʛʥʦʟ ʯʝʨʝʟ ʤʝʪʦʜ, ʧʨʦʛʥʦʟ ʜʣʷ ʜʠʥʘʤʠʢʠ ʵʥʪʨʦʧʠʠ ɺʈ. 

¶ AnomalyPatterns 

ʊʘʙʣʠʮʘ ʭʨʘʥʝʥʠʷ ʧʘʪʪʝʨʥʦʚ ʘʥʦʤʘʣʠʡ ʧʦ ɺʈ. ʍʨʘʥʷʪʩʷ ʩʣʝʜʫʶʱʠʝ 

ʧʘʨʘʤʝʪʨʳ: ʠʜʝʥʪʠʬʠʢʘʪʦʨ, ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʨʷʜʘ, ʧʦ ʢʦʪʦʨʦʤʫ 

ʟʘʜʘʝʪʩʷ ʧʘʪʪʝʨʥ, ʥʘʟʚʘʥʠʝ ʧʘʪʪʝʨʥʘ, ʝʛʦ ʦʧʠʩʘʥʠʝ, ʘ ʪʘʢʞʝ ʩʘʤʦʡ 

ʩʝʨʠʠ ʧʘʪʪʝʨʥʦʚ. ʉʝʨʠʷ ʟʘʧʠʩʳʚʘʝʪʩʷ ʚ ʚʠʜʝ ʩʪʨʦʢʠ ʯʠʩʝʣ, 

ʨʘʟʜʝʣʝʥʥʳʭ ʩʧʝʮʠʘʣʴʥʳʤ ʨʘʟʜʝʣʠʪʝʣʝʤ. ʂʘʞʜʦʝ ʯʠʩʣʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʘʙʦʨʫ ʧʘʪʪʝʨʥʦʚ ʧʦʚʝʜʝʥʠʷ, ʦʜʠʥ ʠʟ ʢʦʪʦʨʳʭ ʤʦʞʝʪ 

ʙʳʪʴ ʫ ʥʫʞʥʦʡ ʪʦʯʢʠ ʠʩʩʣʝʜʫʝʤʦʛʦ ʨʷʜʘ. 

¶ AnomalyDetecteds 

ʊʘʙʣʠʮʘ ʭʨʘʥʝʥʠʷ ʥʘʡʜʝʥʥʳʭ ʘʥʦʤʘʣʠʡ ʧʨʠ ʘʥʘʣʠʟʝ ɺʈ. ʍʨʘʥʷʪʩʷ 

ʩʣʝʜʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ: ʠʜʝʥʪʠʬʠʢʘʪʦʨ, ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʨʷʜʘ, ʧʦ 

ʢʦʪʦʨʦʤʫ ʧʨʦʚʦʜʠʣʩʷ ʘʥʘʣʠʟ, ʜʘʪʘ ʧʨʦʚʝʜʝʥʠʷ ʘʥʘʣʠʟʘ, ʩʧʠʩʦʢ 
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ʥʘʡʜʝʥʥʳʭ ʘʥʦʤʘʣʠʡ ʚ ʚʠʜʝ ʩʪʨʦʢʠ. ɺ ʩʧʠʩʦʢ ʯʝʨʝʟ ʨʘʟʜʝʣʠʪʝʣʴ 

ʟʘʧʠʩʳʚʘʶʪʩʷ ʜʘʥʥʳʝ: ʥʦʤʝʨ ʪʦʯʢʠ, ʩ ʢʦʪʦʨʦʡ ʥʘʯʠʥʘʝʪʩʷ ʧʘʪʪʝʨʥ 

ʘʥʦʤʘʣʠʠ ʠ ʥʘʟʚʘʥʠʝ ʧʘʪʪʝʨʥʘ ʘʥʦʤʘʣʠʠ.  

3.3 ʆʙʦʩʥʦʚʘʥʠʝ ʠʥʩʪʨʫʤʝʥʪʦʚ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʛʨʘʤʤʥʦʡ 

ʩʠʩʪʝʤʳ ʙʘʣʘʥʩʠʨʦʚʢʠ ʤʦʱʥʦʩʪʝʡ ʠ ʧʨʦʛʨʘʤʤʥʦʡ 

ʩʠʩʪʝʤʳ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ 

ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʙʳʣ ʧʨʠʤʝʥʝʥ 

ʢʦʤʧʦʥʝʥʪʥʦïʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʧʦʜʭʦʜ. ɼʣʷ ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ ʦʙʨʘʙʦʪʢʠ ɺʈ 

ʚʳʙʨʘʥʘ ʉʋɹɼ ʨʝʣʷʮʠʦʥʥʦʛʦ ʪʠʧʘ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʩʠʩʪʝʤʳ ʜʦʣʞʥʳ ʙʳʪʴ ʛʠʙʢʠʤʠ ʠ ʘʜʘʧʪʠʨʫʝʤʳʤʠ. ɼʣʷ 

ʵʪʦʛʦ ʙʳʣʘ ʧʨʠʤʝʥʝʥʘ ʢʦʥʮʝʧʮʠʷ DAL (Data Access Layer), ʧʨʠ ʢʦʪʦʨʦʡ 

ʤʝʪʦʜʳ ʨʘʙʦʪʳ ʩ ɹɼ ʙʳʣʠ ʚʳʥʝʩʝʥʳ ʚ ʦʪʜʝʣʴʥʳʡ ʤʦʜʫʣʴ, ʯʪʦʙʳ ʚ ʩʣʫʯʘʝ 

ʧʦʷʚʣʝʥʠʷ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʩʨʝʜʩʪʚ ʦʙʨʘʙʦʪʢʠ ʠ ʭʨʘʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ 

ʙʳʣʦ ʚʦʟʤʦʞʥʦ ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʠʟʜʝʨʞʝʢ ʧʝʨʝʡʪʠ ʥʘ ʥʠʭ. ʊʘʢ ʞʝ ʚ 

ʦʪʜʝʣʴʥʳʡ ʤʦʜʫʣʴ ʚʳʥʝʩʝʥʘ ʙʠʟʥʝʩ-ʣʦʛʠʢʘ ʜʣʷ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʥʝʩʢʦʣʴʢʠʭ ʚʘʨʠʘʥʪʦʚ ʠʥʪʝʨʬʝʡʩʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʧʦʣʴʟʦʚʘʪʝʣʝʤ 

(ʥʘʧʨʠʤʝʨ, ʜʝʩʢʪʦʧʥʦʝ ʧʨʠʣʦʞʝʥʠʝ ʠʣʠ web-ʢʣʠʝʥʪ). ʂ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʤʫ ʇʆ 

ʧʨʝʜʲʷʚʣʷʝʪʩʷ ʪʨʝʙʦʚʘʥʠʷ ʢʨʦʩʩʧʣʘʪʬʦʨʤʝʥʥʦʩʪʠ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʨʘʙʦʪʘʪʴ ʥʘ 

ʨʘʟʣʠʯʥʳʭ ʆʉ.  

ɻʣʘʚʥʦʝ ʪʨʝʙʦʚʘʥʠʝ, ʧʨʝʜʲʷʚʣʷʝʤʦʝ ʢ ʩʨʝʜʝ ʨʘʟʨʘʙʦʪʢʠ ï ʵʪʦ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʩʪʦʡ ʠ ʫʜʦʙʥʦʡ ʨʘʙʦʪʳ ʩ ʉʋɹɼ, ʧʦʟʚʦʣʷʶʱʝʝ ʧʠʩʘʪʴ 

ʟʘʧʨʦʩʳ, ʨʘʙʦʪʘʶʱʠʝ ʚ ʨʘʟʣʠʯʥʳʭ ʉʋɹɼ ʙʝʟ ʠʟʤʝʥʝʥʠʷ ʪʝʢʩʪʦʚ ʟʘʧʨʦʩʦʚ 

(ʪʝʭʥʦʣʦʛʠʷ Entity Framework), ʘ ʪʘʢʞʝ ʫʜʦʙʥʳʡ ʨʝʜʘʢʪʦʨ ʢʦʜʘ. 

ʉʣʝʜʫʷ ʵʪʠʤ ʢʨʠʪʝʨʠʷʤ, ʚʳʙʦʨ ʙʳʣ ʩʜʝʣʘʥ ʚ ʧʦʣʴʟʫ ʷʟʳʢʘ C# ʠ ʩʨʝʜʳ 

ʨʘʟʨʘʙʦʪʢʠ ï Visual Studio 2019, ʧʦʟʚʦʣʷʶʱʠʡ ʨʝʘʣʠʟʦʚʘʪʴ ʚʩʝ ʪʨʝʙʫʝʤʳʝ 

ʫʩʣʦʚʠʷ. ɼʘʥʥʘʷ ʩʨʝʜʘ ʧʦʟʚʦʣʷʝʪ ʣʝʛʢʦ ʨʝʘʣʠʟʦʚʘʪʴ ʨʘʟʙʠʝʥʠʝ 

ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʧʣʘʪʬʦʨʤʳ ʥʘ ʦʪʜʝʣʴʥʳʝ ʤʦʜʫʣʠ ʠ ʠʤʝʪʴ ʧʨʦʩʪʦ ʠ ʫʜʦʙʥʳʡ 

ʠʥʪʝʨʬʝʡʩ ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʚ 
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ʯʘʩʪʥʦʩʪʠ, Entity Framework. ʅʘʣʠʯʠʝ ʚʝʨʩʠʠ Core ʠʣʠ .Net ʚʝʨʩʠʠ 5 ʠ ʚʳʰʝ 

ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʢʨʦʩʩʧʣʘʪʬʦʨʤʝʥʥʳʝ ʧʨʠʣʦʞʝʥʠʷ. 

ɺ ʢʘʯʝʩʪʚʝ ʠʩʧʦʣʴʟʫʝʤʦʡ ʉʋɹɼ ʚʳʙʦʨ ʧʘʣ ʥʘ Microsoft SQL Server. 

ɺʳʙʦʨ ʙʳʣ ʩʜʝʣʘʥ ʚ ʪʦʤ ʯʠʩʣʝ ʟʘ ʩʯʝʪ ʥʘʣʠʯʠʷ ʫʜʦʙʥʦʛʦ ʠʥʪʝʨʬʝʡʩʘ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ɹɼ, ʠ ʧʨʦʩʪʦʪʦʡ ʧʦʜʢʣʶʯʝʥʠʷ ʢ ʉʋɹɼ ʯʝʨʝʟ ʪʝʭʥʦʣʦʛʠʶ 

Entity Framework. 

3.4 ʉʪʨʫʢʪʫʨʳ ʜʘʥʥʳʭ ʧʨʦʛʨʘʤʤʥʦʡ ʩʠʩʪʝʤʳ 

ʙʘʣʘʥʩʠʨʦʚʢʠ ʤʦʱʥʦʩʪʝʡ ʠ ʧʨʦʛʨʘʤʤʥʦʡ ʩʠʩʪʝʤʳ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ 

3.4.1 ʉʪʨʫʢʪʫʨʳ ʜʘʥʥʳʭ ʧʨʦʛʨʘʤʤʥʦʡ ʩʠʩʪʝʤʳ ʙʘʣʘʥʩʠʨʦʚʢʠ 

ʤʦʱʥʦʩʪʝʡ 

3.4.1.1 ʉʪʨʫʢʪʫʨʘ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ 

ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʨʘʩʯʝʪʘ ʙʘʣʘʥʩʠʨʦʚʢʠ ʤʦʱʥʦʩʪʝʡ ʪʨʝʙʫʶʪʩʷ 

ʩʣʝʜʫʶʱʠʝ ʚʭʦʜʥʳʝ ʜʘʥʥʳʝ: 

¶ ʢʦʣʠʯʝʩʪʚʦ ʩʦʪʨʫʜʥʠʢʦʚ ʧʦ ʮʝʭʘʤ; 

¶ ʜʝʡʩʪʚʠʪʝʣʴʥʳʡ ʛʦʜʦʚʦʡ ʬʦʥʜ ʚʨʝʤʝʥʠ ʨʘʙʦʯʝʛʦ; 

¶ ʢʧʥ; 

¶ ʢʦʣʠʯʝʩʪʚʦ ʩʪʘʥʢʦʚ (ʫʥʠʚʝʨʩʘʣʴʥʳʝ, ʩ ʏʇʋ, 

ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʝ ʆʎ); 

¶ ʜʣʷ ʢʘʞʜʦʛʦ ʮʝʭʘ ʠ ʪʠʧʘ ʩʪʘʥʢʦʚ çʋʜʝʣʴʥʘʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʘʷ 

ʧʣʦʱʘʜʴ ʥʘ ʝʜʠʥʠʮʫ ʦʙʦʨʫʜʦʚʘʥʠʷè; 

¶ ʪʘʙʣʠʮʘ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ; 

¶ ʧʣʦʱʘʜʠ, ʟʘʢʨʝʧʣʸʥʥʳʝ ʟʘ ʮʝʭʘʤʠ ʧʦ ʦʙʲʝʢʪʘʤ ʥʝʜʚʠʞʠʤʦʩʪʠ 

(ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ, ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ, ʩʢʣʘʜʩʢʠʝ, 

ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʝ); 

ʕʪʠ ʜʘʥʥʳʝ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ ʧʦʩʪʦʷʥʥʳʤ ʚ ʪʦʤ ʧʣʘʥʝ, ʯʪʦ ʦʥʠ 

ʥʝʠʟʤʝʥʥʳ ʢʘʢ ʜʣʷ ʬʘʢʪʠʯʝʩʢʦʡ ʙʘʣʘʥʩʠʨʦʚʢʠ ʤʦʱʥʦʩʪʝʡ, ʪʘʢ ʠ ʜʣʷ 
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ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʟʘʛʨʫʞʝʥʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʠ ʨʘʟʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ 

ʧʨʦʛʨʘʤʤʘʭ. 

ɻʣʘʚʥʳʡ ʚʭʦʜʥʦʡ ʧʘʨʘʤʝʪʨ, ʚʣʠʷʶʱʠʡ ʥʘ ʟʘʛʨʫʞʝʥʥʦʩʪʴ ʨʝʩʫʨʩʦʚ ï 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʘʷ ʧʨʦʛʨʘʤʤʘ ʧʨʝʜʧʨʠʷʪʠʷ. ɺ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʧʨʦʛʨʘʤʤʝ 

ʦʧʠʩʳʚʘʝʪʩʷ ʧʨʦʠʟʚʦʜʠʤʳʝ ʧʨʝʜʧʨʠʷʪʠʝʤ ʠʟʜʝʣʠʷ, ʘ ʪʘʢʞʝ, ʪʨʫʜʦʟʘʪʨʘʪʳ ʥʘ 

ʠʭ ʧʨʦʠʟʚʦʜʩʪʚʦ. 

ʈʘʟʨʘʙʘʪʳʚʘʝʤʘʷ ʩʠʩʪʝʤʘ ʜʦʣʞʥʘ ʨʘʙʦʪʘʪʴ ʚ ʜʚʫʭ ʨʝʞʠʤʘʭ: 

1. ɹʘʣʘʥʩʠʨʦʚʢʘ ʤʦʱʥʦʩʪʝʡ ʧʦ ʬʘʢʪʠʯʝʩʢʦʡ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ 

ʧʨʦʛʨʘʤʤʝ. 

2. ɸʥʘʣʠʟ ʚʦʟʤʦʞʥʦʩʪʠ ʦʧʝʨʘʪʠʚʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʬʘʢʪʠʯʝʩʢʦʡ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʜʦʙʘʚʣʝʥʠʷ ʥʦʚʳʭ ʠʟʜʝʣʠʡ. 

ɺʪʦʨʦʡ ʨʝʞʠʤ ï ʵʪʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʟʘʛʨʫʞʝʥʥʦʩʪʠ ʨʝʩʫʨʩʦʚ 

ʧʨʝʜʧʨʠʷʪʠʷ ʩ ʫʯʝʪʦʤ ʚʚʦʜʘ ʚ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʦʚʳʭ ʠʟʜʝʣʠʡ. ʇʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʜʘʥʥʦʛʦ ʬʫʥʢʮʠʦʥʘʣʘ ʦʙʫʩʣʦʚʣʝʥʘ ʚʢʣʶʯʝʥʠʝʤ ʧʨʝʜʧʨʠʷʪʠʷ ʚ ʙʦʣʴʰʫʶ 

ʢʦʨʧʦʨʘʮʠʶ. ʇʝʨʠʦʜʠʯʝʩʢʠʡ ʫ ʧʨʝʜʧʨʠʷʪʠʷ ʚʦʟʥʠʢʘʝʪ ʧʦʪʨʝʙʥʦʩʪʴ ʜʘʪʴ 

ʦʮʝʥʢʫ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ ʢʘʢ ʢʦʤʧʦʥʝʥʪʦʚ ʠʟʜʝʣʠʡ, 

ʪʘʢ ʠ ʧʦʣʥʦʛʦ ʠʟʜʝʣʠʷ ʜʣʷ ʜʨʫʛʠʭ ʧʨʝʜʧʨʠʷʪʠʡ ʢʦʨʧʦʨʘʮʠʠ. ɼʘʥʥʳʡ ʨʝʞʠʤ 

ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʟʘʛʨʫʞʝʥʥʦʩʪʴ ʨʝʩʫʨʩʦʚ ʧʨʝʜʧʨʠʷʪʠʷ ʩ ʫʯʝʪʦʤ 

ʠʟʤʝʥʝʥʠʷ ʪʝʢʫʱʝʡ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʧʨʦʛʨʘʤʤʳ (ʜʦʙʘʚʣʝʥʠʝ ʧʨʦʛʨʘʤʤ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʦʚʳʭ ʢʦʤʧʦʥʝʥʪʦʚ/ʠʟʜʝʣʠʡ) ʠ ʠʤʝʶʱʠʤʠʩʷ ʨʝʩʫʨʩʘʤʠ 

(ʧʝʨʩʦʥʘʣ, ʩʪʘʥʢʠ, ʧʣʦʱʘʜʠ) ʠ ʜʘʪʴ ʦʮʝʥʢʫ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʪʨʝʙʫʝʤʳʭ ʢʦʤʧʦʥʝʥʪʦʚ/ʠʟʜʝʣʠʡ. 

3.4.1.2 ʉʪʨʫʢʪʫʨʘ ʚʳʭʦʜʥʳʭ ʜʘʥʥʳʭ 

ɺʳʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʷʚʣʷʶʪʩʷ ʧʦʢʘʟʘʪʝʣʠ ʟʘʛʨʫʞʝʥʥʦʩʪʠ ʨʝʩʫʨʩʦʚ ʠ ʠʭ 

ʧʨʦʬʠʮʠʪ/ʜʝʬʠʮʠʪ ʜʣʷ ʢʘʞʜʦʛʦ ʚʠʜʘ ʨʝʩʫʨʩʦʚ ʥʘ ʢʘʞʜʳʡ ʛʦʜ (ʨʠʩʫʥʦʢ 3.7). 
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ʈʠʩʫʥʦʢ 3.7 ï ʇʨʠʤʝʨ ʨʝʟʫʣʴʪʘʪʘ ʙʘʣʘʥʩʠʨʦʚʢʠ ʤʦʱʥʦʩʪʝʡ 

ʂʦʵʬʬʠʮʠʝʥʪ ʟʘʛʨʫʟʢʠ ʥʘʨʘʚʥʝ ʩʦ ʟʥʘʯʝʥʠʝʤ ʧʨʦʬʠʮʠʪʘ/ʜʝʬʠʮʠʪʘ 

ʨʝʩʫʨʩʘ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʷʪʴ ʟʘʛʨʫʞʝʥʥʦʩʪʴ ʨʝʩʫʨʩʦʚ ʢʘʢ ʦʪʜʝʣʴʥʳʭ 

ʫʯʘʩʪʢʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ (ʥʘʧʨʠʤʝʨ, ʮʝʭʦʚ), ʪʘʢ ʠ ʚʩʝʛʦ ʫʯʘʩʪʢʘ ʚ ʮʝʣʦʤ. ʊʘʢʞʝ 

ʥʘ ʦʩʥʦʚʝ ʵʪʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʤʦʞʥʦ ʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʧʦʪʨʝʙʥʦʩʪʠ ʧʦʧʦʣʥʝʥʠʷ 

ʨʝʩʫʨʩʦʚ. 

3.4.2 ʉʪʨʫʢʪʫʨʳ ʜʘʥʥʳʭ ʧʨʦʛʨʘʤʤʥʦʡ ʩʠʩʪʝʤʳ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ 

ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ 

3.4.2.1 ʉʪʨʫʢʪʫʨʘ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ 

ɺ ʢʘʯʝʩʪʚʝ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ ʙʫʜʫʪ ʚʳʩʪʫʧʘʪʴ ʬʘʡʣʳ ʩ ɺʈ. ʇʨʦʛʨʘʤʤʘ 

ʠʤʝʝʪ ʠʥʪʝʨʬʝʡʩ ʜʣʷ ʫʢʘʟʘʥʠʷ ʧʦʨʷʜʢʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʜʘʥʥʳʭ ʚ ʬʘʡʣʝ. ʊ.ʝ., 

ʥʘʧʨʠʤʝʨ, ʩʧʝʨʚʘ ʠʜʝʪ ʯʠʩʣʦʚʦʝ ʟʥʘʯʝʥʠʝ, ʧʦʪʦʤ ʜʘʪʘ/ʚʨʝʤʷ. ɺ ʢʘʯʝʩʪʚʝ 

ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʨʘʩʯʝʪʦʚ ʜʘʥʥʳʭ ʪʨʝʙʫʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʜʘʥʥʳʝ: ʦʪʤʝʪʢʘ 

ʜʘʪʳ/ʚʨʝʤʝʥʠ, ʯʠʩʣʦʚʦʝ ʟʥʘʯʝʥʠʝ. ʅʘ ʨʠʩʫʥʢʝ 3.8 ʧʨʝʜʩʪʘʚʣʝʥ ʠʥʪʝʨʬʝʡʩ 

ʥʘʩʪʨʦʡʢʠ ʟʘʛʨʫʞʘʝʤʦʛʦ ʬʘʡʣʘ ʠ ʢʦʥʬʠʛʫʨʠʨʦʚʘʥʠʷ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʛʦ ʪʝʩʪʘ. 
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ʈʠʩʫʥʦʢ 3.8 ï ʀʥʪʝʨʬʝʡʩ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʥʘʩʪʨʦʡʢʠ ʟʘʛʨʫʞʘʝʤʦʛʦ ʬʘʡʣʘ 

ʉ ʧʦʤʦʱʴʶ ʢʥʦʧʦʢ ç>>è, ç<<è, çɺʚʝʨʭè, çɺʥʠʟè ʫʢʘʟʳʚʘʝʪʩʷ ʢʘʢʠʝ 

ʜʘʥʥʳʝ ʙʫʜʫʪ ʩʦʜʝʨʞʘʪʴʩʷ ʚʦ ʚʭʦʜʥʦʤ ʬʘʡʣʝ ʠ ʚ ʢʘʢʦʤ ʧʦʨʷʜʢʝ ʦʥʠ ʪʘʤ ʙʫʜʫʪ 

ʨʘʩʧʦʣʘʛʘʪʴʩʷ. 

ʅʘ ʦʩʥʦʚʥʦʡ ʬʦʨʤʝ ʧʨʝʜʫʩʤʦʪʨʝʥ ʚʳʙʦʨ ʠʩʪʦʯʥʠʢʘ ʜʘʥʥʳʭ. ʀʤ ʤʦʞʝʪ 

ʚʳʩʪʫʧʘʪʴ ʪʝʢʩʪʦʚʳʡ ʬʘʡʣ ʠʣʠ excel-ʬʘʡʣ, ʣʠʙʦ ɺʈ ʧʦʜʛʨʫʞʘʝʪʩʷ ʠʟ 

ʭʨʘʥʠʣʠʱʘ (ʨʠʩʫʥʦʢ 3.9). ɽʩʣʠ ʚʳʙʠʨʘʝʪʩʷ ʚʘʨʠʘʥʪ ʟʘʛʨʫʟʢʠ ʩ ʪʝʢʩʪʦʚʦʛʦ ʠʣʠ 

excel-ʬʘʡʣʘ, ʪʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʙʫʜʝʪ ʚʳʟʚʘʥ ʠʥʪʝʨʬʝʡʩ ʥʘʩʪʨʦʡʢʠ 

ʟʘʛʨʫʞʘʝʤʦʛʦ ʬʘʡʣʘ. 

 

ʈʠʩʫʥʦʢ 3.9 ï ʆʩʥʦʚʥʦʡ ʠʥʪʝʨʬʝʡʩ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʨʘʙʦʪʳ ʩ ɺʈ 
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3.4.2.2. ʉʪʨʫʢʪʫʨʘ ʚʳʭʦʜʥʳʭ ʜʘʥʥʳʭ 

ɺ ʢʘʯʝʩʪʚʝ ʚʳʭʦʜʥʳʭ ʜʘʥʥʳʭ ʚʳʩʪʫʧʘʶʪ: 

¶ ʟʘʧʠʩʠ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ ʚʳʧʦʣʥʝʥʠʷ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʛʦ ʪʝʩʪʘ 

(ʨʠʩʫʥʦʢ 3.10), ʚ ʢʦʪʦʨʳʭ ʦʪʤʝʯʘʝʪʩʷ ʥʘʟʚʘʥʠʝ ʚʩʪʨʝʯʝʥʥʦʛʦ 

ʧʘʪʪʝʨʥʘ ʠ ʥʦʤʝʨ ʪʦʯʢʠ, ʩ ʢʦʪʦʨʦʡ ʦʥ ʥʘʯʠʥʘʝʪʩʷ 

 

ʈʠʩʫʥʦʢ 3.10 ï ʇʨʠʤʝʨ ʟʘʧʠʩʝʡ ʨʝʟʫʣʴʪʘʪʦʚ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʛʦ ʪʝʩʪʘ 

¶ ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʜʣʷ ʨʷʜʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ 

ʨʠʩʫʥʢʝ 3.11, ʚ ʢʦʪʦʨʦʤ ʦʪʦʙʨʘʞʘʝʪʩʷ ʥʘʟʚʘʥʠʝ ʤʝʪʦʜʘ, ʣʠʙʦ 

ʠʩʪʦʯʥʠʢʘ ʧʨʦʛʥʦʟʥʳʭ ʟʥʘʯʝʥʠʡ, ʟʥʘʯʝʥʠʝ ʚ ʧʦʩʣʝʜʥʝʡ ʪʦʯʢʝ ʨʷʜʘ 

(ʢʦʪʦʨʦʝ ʧʨʦʛʥʦʟʠʨʫʝʤ), ʟʥʘʯʝʥʠʝ ʧʨʦʛʥʦʟʘ ʯʝʨʝʟ ʤʝʪʦʜ ʣʠʙʦ 

ʠʩʪʦʯʥʠʢ, ʟʥʘʯʝʥʠʝ SMAPE ʜʣʷ ʵʪʦʛʦ ʧʨʦʛʥʦʟʘ, ʟʥʘʯʝʥʠʝ ʧʨʦʛʥʦʟʘ 

ʯʝʨʝʟ ʜʠʥʘʤʠʢʫ ʵʥʪʨʦʧʠʠ, ʟʥʘʯʝʥʠʝ SMAPE ʜʣʷ ʵʪʦʛʦ ʧʨʦʛʥʦʟʘ, 

ʫʩʨʝʜʥʝʥʥʦʝ ʧʨʦʛʥʦʟʥʦʝ ʟʥʘʯʝʥʠʝ ʠ ʟʥʘʯʝʥʠʝ SMAPE ʜʣʷ 

ʫʩʨʝʜʥʝʥʥʦʛʦ ʧʨʦʛʥʦʟʥʦʛʦ ʟʥʘʯʝʥʠʷ 
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ʈʠʩʫʥʦʢ 3.11 ï ʇʨʠʤʝʨ ʟʘʧʠʩʝʡ ʧʦ ʧʨʦʛʥʦʟʫ 

3.5 ʇʨʦʛʨʘʤʤʥʳʝ ʤʦʜʫʣʠ ʧʨʦʛʨʘʤʤʥʦʡ ʩʠʩʪʝʤʳ 

ʙʘʣʘʥʩʠʨʦʚʢʠ ʤʦʱʥʦʩʪʝʡ ʠ ʧʨʦʛʨʘʤʤʥʦʡ ʩʠʩʪʝʤʳ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ 

3.5.1 ʇʨʦʛʨʘʤʤʥʳʝ ʤʦʜʫʣʠ ʧʨʦʛʨʘʤʤʥʦʡ ʩʠʩʪʝʤʳ ʙʘʣʘʥʩʠʨʦʚʢʠ 

ʤʦʱʥʦʩʪʝʡ 

ʇʨʦʛʨʘʤʤʘ ɼɺʈ ʨʘʟʙʠʪʘ ʥʘ ʨʷʜ ʤʦʜʫʣʝʡ. ʆʜʠʥ ʠʟ ʤʦʜʫʣʝʡ ʦʪʚʝʯʘʝʪ ʟʘ 

ʨʘʩʯʝʪ ʙʘʣʘʥʩʠʨʦʚʢʠ ʤʦʱʥʦʩʪʝʡ. ʄʦʜʫʣʴ ʧʦʩʪʨʦʝʥ ʥʘ ʘʨʭʠʪʝʢʪʫʨʥʦʤ ʩʪʠʣʝ 

REST. 

ɺ ʤʦʜʝʣʷʭ ʦʧʠʩʘʥʳ ʚʩʝ ʢʣʘʩʩʳ, ʪʨʝʙʫʝʤʳʝ ʜʣʷ ʨʘʩʯʝʪʘ ʙʘʣʘʥʩʘ. ʂʣʘʩʩʳ, 

ʦʧʠʩʳʚʘʶʱʠʝ ʧʝʨʩʦʥʘʣ, ʩʪʘʥʢʠ ʠ ʧʣʦʱʘʜʠ ʧʨʝʜʧʨʠʷʪʠʷ. ʂʣʘʩʩʳ, 

ʦʧʠʩʳʚʘʶʱʠʝ ʠʥʬʦʨʤʘʮʠʶ ʧʦ ʙʘʣʘʥʩʠʨʦʚʢʠ ʜʣʷ ʧʝʨʩʦʥʘʣʘ, ʩʪʘʥʢʦʚ ʠ 

ʧʣʦʱʘʜʝʡ.  ɸ ʪʘʢʞʝ ʧʝʨʠʦʜʳ ʨʘʩʯʝʪʘ ʠ ʟʥʘʯʝʥʠʷ ʨʘʩʯʝʪʘ ʙʘʣʘʥʩʘ ʥʘ ʧʝʨʠʦʜʳ 

(ʨʠʩʫʥʦʢ 3.12).  
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ʈʠʩʫʥʦʢ 3.12 ï ɼʠʘʛʨʘʤʤʘ ʢʣʘʩʩʦʚ ʤʦʜʝʣʝʡ ʤʦʜʫʣʷ ʇʉɹʄ 



127 

 

 

ɹʠʟʥʝʩ-ʣʦʛʠʢʘ ʩʦʜʝʨʞʠʪ ʨʝʘʣʠʟʘʮʠʶ ʘʣʛʦʨʠʪʤʦʚ ʨʘʩʯʸʪʘ ʙʘʣʘʥʩʘ 

ʧʨʝʜʝʣʦʚ ʧʨʝʜʧʨʠʷʪʠʷ. ʊʘʢ ʢʘʢ ʬʦʨʤʫʣʳ ʨʘʩʯʝʪʘ ʟʘʛʨʫʞʝʥʥʦʩʪʠ ʜʣʷ ʢʘʞʜʦʛʦ 

ʨʝʩʫʨʩʘ ʦʪʣʠʯʘʶʪʩʷ, ʪʦ ʙʳʣʦ ʚʳʜʝʣʝʥʦ 3 ʦʪʜʝʣʴʥʳʭ ʩʝʨʚʠʩʘ ʜʣʷ ʨʘʩʯʝʪʦʚ 

ʢʘʞʜʦʛʦ ʠʟ ʥʠʭ (ʩʪʘʥʢʠ, ʧʝʨʩʦʥʘʣ, ʨʝʩʫʨʩʳ). ʊʘʢʞʝ ʠʤʝʝʪʩʷ ʛʣʘʚʥʳʡ ʩʝʨʚʠʩ 

ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ, ʪʨʝʙʫʝʤʳʭ ʧʨʠ ʙʘʣʘʥʩʠʨʦʚʢʝ ʤʦʱʥʦʩʪʝʡ 

(ʨʠʩʫʥʦʢ 3.13). 

ʆʩʥʦʚʥʳʝ ʢʣʘʩʩʳ ʩʝʨʚʠʩʘ: 

¶ ʂʣʘʩʩ BalanceAreaService ʦʪʚʝʯʘʝʪ ʟʘ ʨʘʩʯʝʪ ʥʘʛʨʫʟʢʠ ʧʦ ʧʣʦʱʘʜʷʤ 

ʧʨʦʠʟʚʦʜʩʪʚʘ. 

¶ ʂʣʘʩʩ BalanceEmployeeService ʦʪʚʝʯʘʝʪ ʟʘ ʨʘʩʯʝʪ ʥʘʛʨʫʟʢʠ ʥʘ 

ʧʝʨʩʦʥʘʣ, ʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝʚʦʜʘ ʨʘʙʦʪʥʠʢʦʚ ʩ 

ʨʘʟʣʠʯʥʳʭ ʫʯʘʩʪʢʦʚ ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ ʜʝʬʠʮʠʪʦʚ/ʧʨʦʬʠʮʠʪʦʚ ʥʘ ʥʠʭ. 

¶ ʂʣʘʩʩ BalanceToolService ʦʪʚʝʯʘʝʪ ʟʘ ʨʘʩʯʝʪ ʥʘʛʨʫʟʢʠ ʥʘ ʩʪʘʥʢʠ ʠ 

ʧʨʦʯʝʝ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʠʩʧʦʣʴʟʫʝʤʦʝ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ. 

¶ ʂʣʘʩʩ BalanceService ʦʪʚʝʯʘʝʪ ʟʘ ʧʦʣʫʯʝʥʠʝ ʚʩʝʭ ʥʝʦʙʭʦʜʠʤʳʭ 

ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʨʘʩʯʝʪʦʚ. 

ɺʩʝ ʢʣʘʩʩʳ ʧʨʠʚʷʟʘʥʳ ʢ ʩʧʝʮʠʘʣʴʥʦʤʫ ʩʝʨʚʠʩʫ VersionService, ʢʦʪʦʨʳʡ 

ʦʪʚʝʯʘʝʪ ʟʘ ʚʝʨʩʠʦʥʥʦʩʪʴ ʨʘʩʯʝʪʦʚ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʦʧʝʨʠʨʦʚʘʪʴ ʩʨʘʟʫ 

ʥʝʩʢʦʣʴʢʠʤʠ ʨʘʩʯʝʪʘʤʠ ʥʘʛʨʫʟʦʢ, ʠʩʭʦʜʷ ʠʟ ʨʘʟʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʣʘʥʘʭ 

ʠ ʠʤʝʶʱʠʭʩʷ (ʠʣʠ ʚʦʟʤʦʞʥʳʭ) ʨʝʩʫʨʩʦʚ. 
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ʈʠʩʫʥʦʢ 3.13 ï ɼʠʘʛʨʘʤʤʘ ʢʣʘʩʩʦʚ ʩʝʨʚʠʩʦʚ ʤʦʜʫʣʷ ʇʉɹʄ 
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ʂʦʥʪʨʦʣʣʝʨʳ ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʠʥʪʝʨʬʝʡʩʳ ʜʣʷ ʟʘʧʨʦʩʦʚ (rest-ʪʝʭʥʦʣʦʛʠʷ) 

ʧʦʣʴʟʦʚʘʪʝʣʷ ʜʣʷ ʨʘʙʦʪʳ ʩ ʤʦʜʫʣʝʤ. ʂʦʥʪʨʦʣʣʝʨ BalanceChartController 

ʦʪʚʝʯʘʝʪ ʟʘ ʚʳʚʦʜ ʜʠʘʛʨʘʤʤ ʠ ʛʨʘʬʠʢʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʙʘʣʘʥʩʠʨʦʚʢʦʡ 

ʤʦʱʥʦʩʪʝʡ. ʆʥ ʩʚʷʟʘʥ ʩ ʩʝʨʚʠʩʦʤ BalanceChartService, ʢʦʪʦʨʳʡ ʧʨʝʜʦʩʪʘʚʣʷʝʪ 

ʚʩʝ ʥʝʦʙʭʦʜʠʤʳʝ ʜʘʥʥʳʝ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʛʨʘʬʠʢʦʚ. ʂʦʥʪʨʦʣʣʝʨ 

BalanceController ʦʪʚʝʯʘʝʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʟʘ ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʬʫʥʢʮʠʦʥʘʣʘ 

ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʙʘʣʘʥʩʠʨʦʚʢʠ ʠ ʨʘʩʯʝʪʦʚ ʟʘʛʨʫʞʝʥʥʦʩʪʠ ʨʝʩʫʨʩʦʚ. ʆʥ ʩʚʷʟʘʥ 

ʩ ʢʣʶʯʝʚʳʤʠ ʩʝʨʚʠʩʘʤʠ ʩʠʩʪʝʤʳ: BalanceService, BalanceEmployeeService, 

BalanceToolService, BalanceAreaService ʠ BalanceValidationService 

(ʨʠʩʫʥʦʢ 3.14). 
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3.5.2 ʇʨʦʛʨʘʤʤʥʳʝ ʤʦʜʫʣʠ ʧʨʦʛʨʘʤʤʥʦʡ ʩʠʩʪʝʤʳ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ 

ʇʨʦʛʨʘʤʤʘ ɼɺʈ ʧʦʩʪʨʦʝʥʘ ʥʘ ʦʩʥʦʚʝ ʢʦʥʮʝʧʮʠʠ DAL ʠ ʨʘʟʙʠʪʘ ʥʘ 3 

ʤʦʜʫʣʷ:  

¶ ʤʦʜʫʣʴ ʨʘʙʦʪʳ ʩ ɹɼ,  

¶ ʤʦʜʫʣʴ, ʦʪʚʝʯʘʶʱʠʡ ʟʘ ʙʠʟʥʝʩ-ʣʦʛʠʢʫ, 

¶ ʤʦʜʫʣʴ ʠʥʪʝʨʬʝʡʩʘ ʧʦʣʴʟʦʚʘʪʝʣʷ. 

ʄʦʜʫʣʴ ʨʘʙʦʪʳ ʩ ɹɼ ʦʪʚʝʯʘʝʪ ʟʘ ʩʦʭʨʘʥʝʥʠʝ ʠ ʧʦʣʫʯʝʥʠʝ ʜʘʥʥʳʭ ʠʟ ʙʘʟʳ 

ʜʘʥʥʳʭ. ɺ ʢʘʯʝʩʪʚʝ ʉʋɹɼ ʠʩʧʦʣʴʟʫʝʪʩʷ MS SQL Server.  

ɺ ʤʦʜʫʣʝ ʩʦʜʝʨʞʘʪʩʷ: 

¶ ʂʣʘʩʩʳ ʜʣʷ ʩʦʟʜʘʥʠʷ ɹɼ (ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʝʭʥʦʣʦʛʠʷ Entity 

Framework Code-First). 

¶ ɺʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʢʣʘʩʩʳ ʜʣʷ ʢʦʥʚʝʨʪʘʮʠʠ ʜʘʥʥʳʭ ʠʟ ʦʜʥʠʭ 

ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʪʠʧʦʚ ʚ ʜʨʫʛʠʝ. 

¶ ʂʣʘʩʩʳ ʜʣʷ ʨʘʙʦʪʳ ʩ ɹɼ. 

ʅʘ ʨʠʩʫʥʢʝ 3.15 ʧʨʝʜʩʪʘʚʣʝʥʘ ʜʠʘʛʨʘʤʤʳ ʢʣʘʩʩʦʚ ʤʦʜʫʣʷ ʨʘʙʦʪʳ ʩ ɹɼ. 

ɺʩʝʛʦ ʠʤʝʝʪʩʷ 6 ʢʣʘʩʩʦʚ-ʤʦʜʝʣʝʡ, ʢʦʪʦʨʳʝ ʥʘʩʣʝʜʫʶʪʩʷ ʦʪ ʢʣʘʩʩʦʚ-ʤʦʜʝʣʝʡ, 

ʦʙʲʷʚʣʝʥʥʳʭ ʚ ʧʨʦʝʢʪʝ ʩ ʙʠʟʥʝʩ-ʣʦʛʠʢʦʡ ʠ ʨʘʩʰʠʨʷʶʪʩʷ ʩʚʷʟʷʤʠ ʤʝʞʜʫ 

ʩʫʱʥʦʩʪʷʤʠ ɹɼ. ʂʣʘʩʩʳ ʜʣʷ ʨʘʙʦʪʳ ʩ ɹɼ ʥʘʩʣʝʜʫʶʪʩʷ ʦʪ ʠʥʪʝʨʬʝʡʩʦʚ, 

ʦʙʲʷʚʣʝʥʥʳʭ ʚ ʧʨʦʝʢʪʝ ʩ ʙʠʟʥʝʩ-ʣʦʛʠʢʦʡ ʠ ʨʝʘʣʠʟʫʶʪ ʤʝʪʦʜʳ ʜʣʷ ʩʯʠʪʳʚʘʥʠʷ, 

ʜʦʙʘʚʣʝʥʠʷ, ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʠ ʫʜʘʣʝʥʠʷ ʟʘʧʠʩʝʡ ʠʟ ɹɼ ʜʣʷ ʢʘʞʜʦʡ ʠʟ ʢʣʘʩʩʦʚ-

ʤʦʜʝʣʝʡ. ʆʪʜʝʣʴʥʦ ʠʤʝʝʪʩʷ ʢʣʘʩʩ-ʥʘʩʣʝʜʥʠʢ ʦʪ DbContext, ʥʝʦʙʭʦʜʠʤʳʡ ʜʣʷ 

ʨʘʙʦʪʳ ʩ ɹɼ ʯʝʨʝʟ ʪʝʭʥʦʣʦʛʠʶ EntityFramework, ʘ ʪʘʢʞʝ ʩʪʘʪʠʯʝʩʢʠʡ ʢʣʘʩʩ ʜʣʷ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʢʣʘʩʩʦʚ-ʤʦʜʝʣʝʡ ʩ ʧʨʦʝʢʪʘ ʙʠʟʥʝʩ-ʣʦʛʠʢʠ ʚ ʢʣʘʩʩʳ-ʤʦʜʝʣʠ 

ʧʨʦʝʢʪʘ ʨʘʙʦʪʳ ʩ ɹɼ ʠ ʥʘʦʙʦʨʦʪ. 
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ʠʥʬʦʨʤʘʮʠʶ ʧʦ ɺʈ 
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ʄʦʜʫʣʴ ʨʝʘʣʠʟʘʮʠʠ ʙʠʟʥʝʩ-ʣʦʛʠʢʠ ʦʪʚʝʯʘʝʪ ʟʘ ʨʝʘʣʠʟʘʮʠʶ ʤʝʪʦʜʦʚ, 

ʨʘʙʦʪʳ ʩ ɺʈ, ʘ ʪʘʢʞʝ ʨʝʘʣʠʟʘʮʠʶ ʤʝʪʦʜʦʚ, ʦʧʠʩʘʥʥʳʭ ʚʦ ʚʪʦʨʦʡ ʛʣʘʚʝ ʜʣʷ 

ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ ʊʉ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʦʩʣʝʜʫʶʱʠʭ ʟʥʘʯʝʥʠʡ. 

ʄʦʜʫʣʴ ʩʦʜʝʨʞʠʪ ʩʣʝʜʫʶʱʠʝ ʢʣʘʩʩʳ: 

¶ ʢʣʘʩʩʳ-ʤʦʜʝʣʠ ʦʩʥʦʚʥʳʭ ʩʫʱʥʦʩʪʝʡ (ʚ ʢʦʥʮʝ ʠʤʝʥ ʢʣʘʩʩʦʚ 

ʩʦʜʝʨʞʠʪʩʷ ʧʨʠʩʪʘʚʢʘ çModelè) ʩ ʥʘʙʦʨʦʤ ʜʘʥʥʳʭ, ʢʦʪʦʨʳʝ 

ʩʣʝʜʫʝʪ ʭʨʘʥʠʪʴ ʚ ʭʨʘʥʠʣʠʱʝ; 

¶ ʢʣʘʩʩʳ, ʨʘʩʰʠʨʷʶʱʠʝ ʢʣʘʩʩʳ-ʤʦʜʝʣʠ ʜʣʷ ʨʘʙʦʪʳ ʣʦʛʠʢʠ, ʥʦ ʥʝ 

ʪʨʝʙʫʶʱʠʝ ʭʨʘʥʝʥʠʝ (ʨʘʟʣʠʯʥʳʝ ʚʳʯʠʩʣʷʝʤʳʝ ʧʦʣʷ ʠ ʪ.ʧ.); 

¶ ʠʥʪʝʨʬʝʡʩʳ, ʦʧʠʩʳʚʘʶʱʠʝ ʤʝʪʦʜʳ ʜʣʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ 

ʭʨʘʥʠʣʠʱʝʤ (ʚ ʢʦʥʮʝ ʠʤʝʥ ʠʥʪʝʨʬʝʡʩʦʚ ʩʦʜʝʨʞʠʪʩʷ ʧʨʠʩʪʘʚʢʘ 

çStorageè); 

¶ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʠʥʪʝʨʬʝʡʩʳ ʠ ʠʭ ʨʝʘʣʠʟʘʮʠʠ ʜʣʷ ʟʘʛʨʫʟʢʠ ɺʈ ʠʟ 

ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʬʘʡʣʦʚ, ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚ ʅɺʈ, ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ; 

¶ ʢʣʘʩʩ ʩ ʦʩʥʦʚʥʦʡ ʣʦʛʠʢʦʡ ʜʣʷ ʨʘʙʦʪʳ ʩ ɺʈ, ʜʣʷ ʧʦʠʩʢʘ ʘʥʦʤʘʣʠʡ ʠ 

ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ (ʚ ʢʦʥʮʝ ʠʤʝʥ ʢʣʘʩʩʦʚ ʩʦʜʝʨʞʠʪʩʷ ʧʨʠʩʪʘʚʢʘ 

çLogicè); 

¶ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ binding ʠ view ʤʦʜʝʣʠ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʢʣʘʩʩʘʭ 

ʣʦʛʠʢʠ. 

ʅʘ ʨʠʩʫʥʢʘʭ 3.16 ï 3.18 ʧʨʝʜʩʪʘʚʣʝʥʳ ʬʨʘʛʤʝʥʪʳ ʜʠʘʛʨʘʤʤʳ ʢʣʘʩʩʦʚ 

ʤʦʜʫʣʷ ʨʝʘʣʠʟʘʮʠʠ ʙʠʟʥʝʩ-ʣʦʛʠʢʠ. ʅʘ ʨʠʩʫʥʢʝ 3.16 ʩʛʨʫʧʧʠʨʦʚʘʥʳ ʢʣʘʩʩʳ-

ʤʦʜʝʣʠ, ʢʣʘʩʩʳ, ʨʘʩʰʠʨʷʶʱʠʝ ʢʣʘʩʩʳ-ʤʦʜʝʣʠ ʠ ʠʥʪʝʨʬʝʡʩʳ, ʦʧʠʩʳʚʘʶʱʠʝ 

ʤʝʪʦʜʳ ʜʣʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʭʨʘʥʠʣʠʱʝʤ. ʅʘ ʨʠʩʫʥʢʝ 3.17 ʩʛʨʫʧʧʠʨʦʚʘʥʳ 

ʨʘʟʣʠʯʥʳʝ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʠʥʪʝʨʬʝʡʩʳ ʠ ʠʭ ʨʝʘʣʠʟʘʮʠʠ. ʅʘ ʨʠʩʫʥʢʝ 3.18 ï 

ʢʣʘʩʩ ʩ ʦʩʥʦʚʥʦʡ ʣʦʛʠʢʦʡ ʜʣʷ ʨʘʙʦʪʳ ʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ binding ʠ view 

ʤʦʜʝʣʠ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʢʣʘʩʩʘʭ ʣʦʛʠʢʠ. 
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ʣʦʛʠʢʠ ʩ ʥʘʙʦʨʦʤ ʢʣʘʩʩʦʚ-ʤʦʜʝʣʝʡ, ʢʣʘʩʩʦʚ, ʨʘʩʰʠʨʷʶʱʠʭ ʢʣʘʩʩʳ-ʤʦʜʝʣʠ ʠ 

ʠʥʪʝʨʬʝʡʩʦʚ, ʦʧʠʩʳʚʘʶʱʠʭ ʤʝʪʦʜʳ ʜʣʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʭʨʘʥʠʣʠʱʝʤ 
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ʣʦʛʠʢʠ ʩ ʥʘʙʦʨʦʤ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʠʥʪʝʨʬʝʡʩʳ ʠ ʠʭ ʨʝʘʣʠʟʘʮʠʡ 
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ʈʠʩʫʥʦʢ 3.18 ï ʌʨʘʛʤʝʥʪ ʜʠʘʛʨʘʤʤʳ ʢʣʘʩʩʦʚ ʤʦʜʫʣʷ ʨʝʘʣʠʟʘʮʠʠ ʙʠʟʥʝʩ-

ʣʦʛʠʢʠ ʩ ʥʘʙʦʨʦʤ ʢʣʘʩʩʦʚ ʩ ʦʩʥʦʚʥʦʡ ʣʦʛʠʢʦʡ ʜʣʷ ʨʘʙʦʪʳ ʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ 

binding ʠ view ʤʦʜʝʣʝʡ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʢʣʘʩʩʘʭ ʣʦʛʠʢʠ  

ʄʦʜʫʣʴ ʠʥʪʝʨʬʝʡʩʘ ʧʦʣʴʟʦʚʘʪʝʣʷ ʦʪʚʝʯʘʝʪ ʟʘ ʚʠʟʫʘʣʠʟʘʮʠʶ ʜʘʥʥʳʭ ʧʦ 

ʜʠʘʛʥʦʩʪʠʢʝ ɺʈ ʧʦʣʴʟʦʚʘʪʝʣʶ ʩʠʩʪʝʤʳ. 

ɺ ʩʦʩʪʘʚ ʤʦʜʫʣʷ ʚʭʦʜʷʪ ʨʘʟʣʠʯʥʳʝ ʬʦʨʤʳ, ʜʣʷ ʨʘʙʦʪʳ ʩ ɺʈ. ʅʘ ʨʠʩʫʥʢʘʭ 

3.19 ʠ 3.20 ʧʨʝʜʩʪʘʚʣʝʥʳ ʚʩʝ ʬʦʨʤʳ ʩ ʨʘʟʙʠʚʢʦʡ ʥʘ 2 ʛʨʫʧʧʳ: 

¶ ʬʦʨʤʳ ʜʣʷ ʨʘʙʦʪʳ ʩ ɺʈ, ʝʛʦ ʟʘʛʨʫʟʢʠ, ʧʝʨʚʠʯʥʦʡ ʦʙʨʘʙʦʪʢʠ; 
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¶ ʬʦʨʤʳ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʘʥʘʣʠʟʘ ɺʈ ʠ ʧʦʣʫʯʝʥʠʷ ʧʨʦʛʥʦʟʥʦʛʦ 

ʟʥʘʯʝʥʠʷ. 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʥʘ ʨʠʩʫʥʢʝ 3.19 ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʝʨʚʘʷ ʛʨʫʧʧʘ ʬʦʨʤ, ʘ ʥʘ 

ʨʠʩʫʥʢʝ 3.20 ʚʪʦʨʘʷ. 
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ʈʠʩʫʥʦʢ 3.19 ï ʌʨʘʛʤʝʥʪ ʜʠʘʛʨʘʤʤʳ ʢʣʘʩʩʦʚ ʤʦʜʫʣʷ ʠʥʪʝʨʬʝʡʩʘ 

ʧʦʣʴʟʦʚʘʪʝʣʷ ʩ ʬʦʨʤʘʤʠ ʜʣʷ ʨʘʙʦʪʳ ʩ ɺʈ 
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ʈʠʩʫʥʦʢ 3.20 ï ʌʨʘʛʤʝʥʪ ʜʠʘʛʨʘʤʤʳ ʢʣʘʩʩʦʚ ʤʦʜʫʣʷ ʠʥʪʝʨʬʝʡʩʘ 

ʧʦʣʴʟʦʚʘʪʝʣʷ ʩ ʬʦʨʤʘʤʠ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʘʥʘʣʠʟʘ ɺʈ ʠ ʧʦʣʫʯʝʥʠʷ ʧʨʦʛʥʦʟʦʚ 
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3.6 ɼʠʘʛʨʘʤʤʳ ʧʨʦʝʢʪʘ ʧʨʦʛʨʘʤʤʥʦʡ ʩʠʩʪʝʤʳ 

ʧʨʦʛʨʘʤʤʥʦʡ ʩʠʩʪʝʤʳ ʙʘʣʘʥʩʠʨʦʚʢʠ ʤʦʱʥʦʩʪʝʡ ʠ 

ʧʨʦʝʢʪʘ ʧʨʦʛʨʘʤʤʥʦʡ ʩʠʩʪʝʤʳ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ 

ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ 

3.6.1 ɼʠʘʛʨʘʤʤʳ ʧʨʦʛʨʘʤʤʥʦʡ ʩʠʩʪʝʤʳ ʙʘʣʘʥʩʠʨʦʚʢʠ ʤʦʱʥʦʩʪʝʡ 

ʆʩʥʦʚʥʳʝ ʜʠʘʛʨʘʤʤʳ ʇʉ ɹʄ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 3.1-3.4 ʠ 

ʦʧʠʩʘʥʳ ʚ ʧʫʥʢʪʝ 3.1 ʧʦʵʪʦʤʫ ʥʝ ʙʫʜʝʤ ʟʜʝʩʴ ʧʦʚʪʦʨʷʪʴʩʷ. 

3.6.2 ɼʠʘʛʨʘʤʤʳ ʧʨʦʛʨʘʤʤʥʦʡ ʩʠʩʪʝʤʳ ʙʘʣʘʥʩʠʨʦʚʢʠ ʤʦʱʥʦʩʪʝʡ 

ʠ ʧʨʦʛʨʘʤʤʥʦʡ ʩʠʩʪʝʤʳ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ 

3.6.2.1 ɼʠʘʛʨʘʤʤʘ ʚʘʨʠʘʥʪʦʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤʥʦʡ 

ʩʠʩʪʝʤʳ ʜʠʘʛʥʦʩʪʠʢʠ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ 

ɼʠʘʛʨʘʤʤʘ ʚʘʨʠʘʥʪʦʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ (use-case) ʦʧʠʩʳʚʘʝʪ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʥʘʟʥʘʯʝʥʠʝ ʧʨʠʣʦʞʝʥʠʷ. Use-case ʜʠʘʛʨʘʤʤʘ ʷʚʣʷʝʪʩʷ 

ʩʪʘʨʪʦʚʳʤ ʧʨʝʜʩʪʘʚʣʝʥʠʝʤ ʠʣʠ ʢʦʥʮʝʧʪʫʘʣʴʥʦʡ ʤʦʜʝʣʴʶ ʠ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ 

ʥʘ ʵʪʘʧʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʧʨʠʣʦʞʝʥʠʷ. 

ʇʦʣʴʟʦʚʘʪʝʣʴ ʠʤʝʝʪ ʪʨʠ ʦʩʥʦʚʥʳʭ ʚʘʨʠʘʥʪʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ: 

¶ ʚʚʦʜ ɺʈ ʠ ʦʩʫʱʝʩʪʚʣʝʥʠʝ ʝʛʦ ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ; 

¶ ʧʨʦʚʝʜʝʥʠʝ ʘʥʘʣʠʟʘ ɺʈ (ʧʦʠʩʢʘ ʘʥʦʤʘʣʠʡ); 

¶ ʧʦʣʫʯʝʥʠʝ ʧʨʦʛʥʦʟʥʦʛʦ ʟʥʘʯʝʥʠʷ; 

ʇʨʠ ʚʚʦʜʝ ʜʘʥʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʴ ʜʦʣʞʝʥ ʟʘʧʦʣʥʠʪʴ ʨʷʜ ʧʦʢʘʟʘʪʝʣʝʡ ʧʦ 

ʠʩʩʣʝʜʫʝʤʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʘ ʪʘʢʞʝ ʚʳʧʦʣʥʠʪʴ ʨʷʜ ʦʙʨʘʙʦʪʦʢ: 

¶ ʟʘʛʨʫʟʠʪʴ ɺʈ ʠʟ ʬʘʡʣʘ; 

¶ ʟʘʜʘʪʴ ʥʝʯʝʪʢʠʝ ʤʝʪʢʠ ʠ ʚʳʧʦʣʥʠʪʴ ʧʨʦʮʝʜʫʨʫ ʬʘʟʟʠʬʠʢʘʮʠʠ ʨʷʜʘ; 

¶ ʚʳʧʦʣʥʠʪʴ ʢʣʘʩʪʝʨʠʟʘʮʠʶ ʨʷʜʘ; 

¶ ʧʨʦʩʤʦʪʨʝʪʴ ʥʝʯʝʪʢʠʝ ʤʝʪʢʠ ɺʈ; 

¶ ʟʘʛʨʫʟʠʪʴ ɺʈ ʠʟ ʭʨʘʥʠʣʠʱʘ; 

¶ ʩʦʭʨʘʥʠʪʴ ɺʈ ʚ ʭʨʘʥʠʣʠʱʝ; 
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¶ ʫʜʘʣʠʪʴ ɺʈ ʠʟ ʭʨʘʥʠʣʠʱʘ. 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʧʦʠʩʢʘ ʘʥʦʤʘʣʠʡ ʜʦʩʪʫʧʥʳ ʩʣʝʜʫʶʱʠʝ ʜʝʡʩʪʚʠʷ: 

¶ ʩʬʦʨʤʠʨʦʚʘʪʴ ʥʘʙʦʨʳ ʧʘʪʪʝʨʥʦʚ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʘʥʦʤʘʣʠʡ 

(ʜʦʙʘʚʣʝʥʠʝ, ʨʝʜʘʢʪʠʨʦʚʘʥʠʝ, ʫʜʘʣʝʥʠʝ, ʧʨʦʩʤʦʪʨ); 

¶ ʚʳʧʦʣʥʠʪʴ ʘʥʘʣʠʟ ʨʷʜʘ; 

¶ ʩʦʭʨʘʥʠʪʴ ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʚ ʭʨʘʥʠʣʠʱʝ; 

¶ ʧʨʦʩʤʦʪʨʝʪʴ ʨʘʥʝʝ ʚʳʧʦʣʥʝʥʥʳʝ ʘʥʘʣʠʟʳ ʧʦ ʵʪʦʤʫ ʨʷʜʫ; 

¶ ʫʜʘʣʝʥʠʝ ʨʘʥʝʝ ʚʳʧʦʣʥʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʧʦ ʵʪʦʤʫ ʨʷʜʫ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʝ ʧʨʦʛʥʦʟʥʦʛʦ ʟʥʘʯʝʥʠʷ ʜʦʩʪʫʧʥʳ ʩʣʝʜʫʶʱʠʝ ʜʝʡʩʪʚʠʷ: 

¶ ʧʦʣʫʯʠʪʴ ʧʨʦʛʥʦʟʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ɺʈ; 

¶ ʩʦʭʨʘʥʠʪʴ ʨʝʟʫʣʴʪʘʪ ʧʨʦʛʥʦʟʘ ʚ ʭʨʘʥʠʣʠʱʝ; 

¶ ʧʨʦʩʤʦʪʨʝʪʴ ʨʘʥʝʝ ʧʦʣʫʯʝʥʥʳʝ ʧʨʦʛʥʦʟʳ ʧʦ ʨʷʜʫ; 

¶ ʧʨʦʩʤʦʪʨʝʪʴ ʧʨʦʛʥʦʟʳ ʧʦ ʚʩʝʤ ʨʷʜʘʤ ʠʟ ʭʨʘʥʠʣʠʱʘ. 

ɼʝʡʩʪʚʠʷ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʘʥʘʣʠʟʘ ɺʈ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʥʝ ʤʦʛʫʪ 

ʚʳʧʦʣʥʷʪʴʩʷ, ʧʦʢʘ ʥʝ ʙʫʜʝʪ ʚʳʧʦʣʥʝʥ ʵʪʘʧ ʟʘʛʨʫʟʢʠ ɺʈ ʠʟ ʬʘʡʣʘ ʠ ʝʛʦ 

ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ, ʣʠʙʦ ʟʘʛʨʫʟʢʠ ʫʞʝ ʟʘʨʘʥʝʝ ʦʙʨʘʙʦʪʘʥʥʦʛʦ ɺʈ ʠʟ 

ʭʨʘʥʠʣʠʱʘ. ʊʘʢʞʝ, ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʧʦʠʩʢʘ ʘʥʦʤʘʣʠʡ ʥʝʦʙʭʦʜʠʤʦ ʥʘʣʠʯʠʝ 

ʧʘʪʪʝʨʥʦʚ (ʭʦʪʷ ʙʳ ʦʜʥʦʛʦ), ʢʦʪʦʨʳʝ ʥʫʞʥʦ ʙʫʜʝʪ ʠʩʢʘʪʴ ʚ ʨʷʜʫ. 

ʅʘ ʨʠʩʫʥʢʝ 3.21 ʧʨʝʜʩʪʘʚʣʝʥʘ use-case ʜʠʘʛʨʘʤʤʘ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ 

ʩʠʩʪʝʤʳ. 
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ʈʠʩʫʥʦʢ 3.21 ï ɼʠʘʛʨʘʤʤʘ ʚʘʨʠʘʥʪʦʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 
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3.6.2.2 ɼʠʘʛʨʘʤʤʘ ʩʦʩʪʦʷʥʠʡ ʧʨʦʛʨʘʤʤʥʦʡ ʩʠʩʪʝʤʳ ʜʠʘʛʥʦʩʪʠʢʠ 

ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ 

ɼʠʘʛʨʘʤʤʳ ʩʦʩʪʦʷʥʠʡ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʦʪʦʙʨʘʞʝʥʠʷ ʨʘʙʦʪʳ ʩʣʦʞʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ʠʣʠ ʦʙʲʝʢʪʦʚ. ʅʘ ʜʠʘʛʨʘʤʤʝ ʦʪʦʙʨʘʞʘʝʪʩʷ ʚʩʝ ʜʦʧʫʩʪʠʤʳʝ 

ʩʦʩʪʦʷʥʠʷ ʜʣʷ ʵʢʟʝʤʧʣʷʨʘ ʢʣʘʩʩʘ, ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʳʝ ʚʘʨʠʘʥʪʳ ʠʟʤʝʥʝʥʠʷ ʝʛʦ 

ʩʦʩʪʦʷʥʠʷ. ʅʘ ʦʩʥʦʚʝ ʧʦʩʪʨʦʝʥʥʦʡ ʜʠʘʛʨʘʤʤʳ ʤʦʜʝʣʠʨʫʶʪʩʷ ʚʩʝ ʚʦʟʤʦʞʥʳʝ 

ʩʤʝʥʳ ʩʦʩʪʦʷʥʠʡ ʦʙʲʝʢʪʘ ʥʘ ʚʥʝʰʥʠʝ ʚʦʟʜʝʡʩʪʚʠʷ. 

ʅʘ ʨʠʩʫʥʢʝ 3.22 ʧʨʝʜʩʪʘʚʣʝʥʘ ʜʠʘʛʨʘʤʤʘ ʩʦʩʪʦʷʥʠʡ ʦʧʠʩʳʚʘʝʤʦʡ 

ʩʠʩʪʝʤʳ. 
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ʈʠʩʫʥʦʢ 3.22 ï ɼʠʘʛʨʘʤʤʘ ʩʦʩʪʦʷʥʠʡ 



145 

 

3.6.2.3 ɼʠʘʛʨʘʤʤʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʧʨʦʛʨʘʤʤʥʦʡ ʩʠʩʪʝʤʳ 

ʜʠʘʛʥʦʩʪʠʢʠ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ 

ɼʠʘʛʨʘʤʤʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ (sequence diagram) ʧʨʠʤʝʥʷʪʩʷ ʜʣʷ 

ʦʪʦʙʨʘʞʝʥʠʷ ʘʢʪʠʚʥʦʩʪʠ ʧʦʚʝʜʝʥʠʷ ʩʠʩʪʝʤʳ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʷʚʥʦ ʚʨʝʤʷ 

ʥʝ ʦʪʦʙʨʘʞʘʝʪʩʷ ʥʘ ʜʠʘʛʨʘʤʤʝ. ɺʨʝʤʝʥʥʦʡ ʘʩʧʝʢʪ ʧʦʚʝʜʝʥʠʷ ʩʠʩʪʝʤʳ ʤʦʞʝʪ 

ʠʤʝʪʴ ʟʥʘʯʠʤʦʝ ʚʣʠʷʥʠʝ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʩʠʥʭʨʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ. ɼʣʷ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʙʲʝʢʪʦʚ ʚʦ ʚʨʝʤʝʥʠ ʚ UML ʧʨʠʤʝʥʷʶʪʩʷ 

ʜʠʘʛʨʘʤʤʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ (sequence diagram).  ʅʘ ʜʘʥʥʦʤ ʪʠʧʝ ʜʠʘʛʨʘʤʤ 

ʬʠʛʫʨʠʨʫʶʪ ʦʙʲʝʢʪʳ, ʫʯʘʩʪʚʫʶʱʠʝ ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ. ɻʣʘʚʥʳʤ ʘʩʧʝʢʪʦʤ 

ʜʣʷ sequence diagram ʷʚʣʷʝʪʩʷ ʧʨʦʮʝʩʩ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʙʲʝʢʪʦʚ ʚ ʪʝʯʝʥʠʠ 

ʚʨʝʤʝʥʠ. 

ʇʨʠ ʟʘʧʫʩʢʝ ʩʠʩʪʝʤʳ ʧʦʣʴʟʦʚʘʪʝʣʴ ʦʪʢʨʳʚʘʝʪ ʦʩʥʦʚʥʫʶ ʬʦʨʤʫ (ʥʘ 

ʜʠʘʛʨʘʤʤʝ ʥʘʟʳʚʘʝʪʩʷ çMainFormè). ʆʩʥʦʚʥʘʷ ʬʦʨʤʘ ʷʚʣʷʝʪʩʷ ʧʦʩʪʦʷʥʥʦ 

ʘʢʪʠʚʥʳʤ ʦʙʲʝʢʪʦʤ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʡ ʣʠʥʠʠ ʞʠʟʥʠ. ʕʪʦ ʦʪʦʙʨʘʞʘʝʪʩʷ ʯʝʨʝʟ 

ʝʛʦ ʬʦʢʫʩ ʫʧʨʘʚʣʝʥʠʷ. ʅʘ ʜʠʘʛʨʘʤʤʝ ʬʦʢʫʩ ʫʧʨʘʚʣʝʥʠʷ ʠʟʦʙʨʘʞʘʝʪʩʷ ʚ ʚʠʜʝ 

ʚʳʪʷʥʫʪʦʛʦ ʚʜʦʣʴ ʣʠʥʠʠ ʞʠʟʥʠ ʫʟʢʦʛʦ ʧʨʷʤʦʫʛʦʣʴʥʠʢʘ. ɺʝʨʭʥʷʷ ʩʪʦʨʦʥʘ 

ʬʦʢʫʩʘ ʫʧʨʘʚʣʝʥʠʷ ʦʙʦʟʥʘʯʘʝʪ ʥʘʯʘʣʦ ʘʢʪʠʚʥʦʩʪʠ ʦʙʲʝʢʪʘ. ʅʠʞʥʷʷ ʩʪʦʨʦʥʘ 

ʬʦʢʫʩʘ ʫʧʨʘʚʣʝʥʠʷ ʦʙʦʟʥʘʯʘʝʪ ʦʢʦʥʯʘʥʠʝ ʘʢʪʠʚʥʦʩʪʠ. ɽʩʣʠ ʥʘ ʚʩʝʤ 

ʧʨʦʪʷʞʝʥʠʠ ʣʠʥʠʶ ʞʠʟʥʠ ʬʦʢʫʩ ʫʧʨʘʚʣʝʥʠʷ ʷʚʣʷʝʪʩʷ ʘʢʪʠʚʥʳʤ, ʪʦ ʚʤʝʩʪʦ 

ʧʫʥʢʪʠʨʥʦʡ ʣʠʥʠʠ ʞʠʟʥʠ ʠʟʦʙʨʘʞʘʝʪʩʷ ʧʨʷʤʦʫʛʦʣʴʥʠʢ ʬʦʢʫʩ ʫʧʨʘʚʣʝʥʠʷ.  

ʅʘ ʜʘʥʥʦʡ ʜʠʘʛʨʘʤʤʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʦʮʝʩʩ ʧʨʦʚʝʜʝʥʠʷ ʘʥʘʣʠʟʘ ɺʈ. 

ʇʦʩʣʝ ʦʪʢʨʳʪʠʷ ʦʩʥʦʚʥʦʡ ʬʦʨʤʳ ʥʝʦʙʭʦʜʠʤʦ ʦʪʢʨʳʪʴ ʬʦʨʤʫ ʜʣʷ ʘʥʘʣʠʟʘ. 

ɽʩʣʠ ʨʷʜ ʧʦʜʛʨʫʞʘʣʩʷ ʩ ʭʨʘʥʠʣʠʱʘ, ʪʦ ʥʘ ʬʦʨʤʫ ʙʫʜʫʪ ʚʳʚʝʜʝʥʳ ʩʧʠʩʢʠ 

ʧʘʪʪʝʨʥʦʚ ʧʦʜ ʵʪʦʪ ʨʷʜ, ʢʦʪʦʨʳʝ ʭʨʘʥʷʪʩʷ ʚ ʭʨʘʥʠʣʠʱʝ ʠ ʩʧʠʩʦʢ ʨʘʥʝʝ 

ʧʨʦʚʝʜʝʥʥʳʭ ʠ ʩʦʭʨʘʥʝʥʥʳʭ ʚ ʭʨʘʥʠʣʠʱʝ ʘʥʘʣʠʟʦʚ. ɺ ʦʪʢʨʳʚʰʝʡʩʷ ʬʦʨʤʝ 

ʤʦʞʥʦ ʚʳʟʚʘʪʴ ʬʦʨʤʫ ʜʣʷ ʨʘʙʦʪʳ ʩ ʧʘʪʪʝʨʥʘʤʠ ʠ ʠʟʤʝʥʠʪʴ ʠʭ (ʦʙʷʟʘʪʝʣʴʥʦ, 

ʝʩʣʠ ʨʷʜ ʥʝ ʠʟ ʭʨʘʥʠʣʠʱʘ). ɼʘʣʝʝ ʚʳʧʦʣʥʷʝʪʩʷ ʘʥʘʣʠʟ ɺʈ ʠ ʚʳʚʦʜ ʨʝʟʫʣʴʪʘʪʦʚ. 

ʈʝʟʫʣʴʪʘʪʳ ʤʦʞʥʦ ʩʦʭʨʘʥʠʪʴ ʚ ʭʨʘʥʠʣʠʱʝ, ʥʦ ʥʝ ʦʙʷʟʘʪʝʣʴʥʦ. 
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ʅʘ ʨʠʩʫʥʢʝ 3.23 ʧʨʝʜʩʪʘʚʣʝʥʘ ʜʠʘʛʨʘʤʤʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ʧʨʦʚʝʜʝʥʠʷ ʘʥʘʣʠʟʘ ɺʈ. 

3.6.2.4 ɼʠʘʛʨʘʤʤʘ ʢʦʤʧʦʥʝʥʪʦʚ ʧʨʦʛʨʘʤʤʥʦʡ ʩʠʩʪʝʤʳ 

ʜʠʘʛʥʦʩʪʠʢʠ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ 

ɼʠʘʛʨʘʤʤʘ ʢʦʤʧʦʥʝʥʪʦʚ (component diagram) ʦʪʦʙʨʘʞʘʝʪ ʦʩʦʙʝʥʥʦʩʪʠ 

ʬʠʟʠʯʝʩʢʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʩʠʩʪʝʤʳ. ɼʠʘʛʨʘʤʤʘ ʦʪʦʙʨʘʞʘʝʪ ʘʨʭʠʪʝʢʪʫʨʫ 

ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ ʧʨʠʣʦʞʝʥʠʷ, ʧʦʟʚʦʣʷʝʪ ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ 

ʧʨʦʛʨʘʤʤʥʳʤʠ ʤʦʜʫʣʷʤʠ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʦʛʨʘʤʤʥʳʭ ʤʦʜʫʣʝʡ ʚʳʩʪʫʧʘʶʪ 

ʦʪʜʝʣʴʥʳʝ ʧʨʦʝʢʪʳ ʩ ʠʩʭʦʜʥʳʤ ʢʦʜʦʤ (ʙʠʙʣʠʦʪʝʢʠ ʢʣʘʩʩʦʚ) ʠ ʧʨʦʝʢʪʳ ʩ 

ʠʩʧʦʣʥʷʝʤʳʤ ʢʦʜʦʤ. ʂ ʛʣʘʚʥʳʤ ʵʣʝʤʝʥʪʘʤʠ component diagram ʦʪʥʦʩʷʪʩʷ 

ʠʥʪʝʨʬʝʡʩʳ, ʢʦʤʧʦʥʝʥʪʳ, ʘ ʪʘʢʞʝ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʥʠʤʠ. 

ɺ ʧʨʦʮʝʩʩʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʙʳʣʦ ʚʳʜʝʣʝʥʦ 3 ʤʦʜʫʣʷ. ʂʘʞʜʳʡ ʤʦʜʫʣʴ 

ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʧʘʢʝʪʳ ʩ ʢʦʤʧʦʥʝʥʪʘʤʠ ʠ ʦʪʜʝʣʴʥʳʝ ʚʘʞʥʳʝ ʢʦʤʧʦʥʝʥʪʳ. ʅʘ 

ʜʠʘʛʨʘʤʤʝ ʚʠʜʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʤʦʜʫʣʝʡ ʠ ʢʦʤʧʦʥʝʥʪʦʚ ʤʝʞʜʫ ʩʦʙʦʡ ʯʝʨʝʟ 

çʦʪʥʦʰʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠè. ʆʪʥʦʰʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʝʜʥʘʟʥʘʯʝʥʦ ʜʣʷ 

ʦʪʦʙʨʘʞʝʥʠʷ ʩʚʷʟʠ ʤʝʞʜʫ ʤʦʜʫʣʷʤʠ ʠʣʠ ʢʦʤʧʦʥʝʥʪʘʤʠ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ 

ʠʟʤʝʥʝʥʠʷ ʚ ʦʜʥʦʤ ʵʣʝʤʝʥʪʝ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʧʨʠʚʦʜʠʪ ʢ 

ʠʟʤʝʥʝʥʠʷʤ ʚ ʜʨʫʛʦʤ ʵʣʝʤʝʥʪʝ. ʅʘ ʜʠʘʛʨʘʤʤʝ ʢʦʤʧʦʥʝʥʪʦʚ ʩʚʷʟʴ-çʦʪʥʦʰʝʥʠʝ 

ʟʘʚʠʩʠʤʦʩʪʠè ʠʟʦʙʨʘʞʘʝʪʩʷ ʧʫʥʢʪʠʨʥʦʡ ʣʠʥʠʝʡ ʩʦ ʩʪʨʝʣʢʦʡ. ʉʪʨʝʣʢʘ ʟʘʜʘʝʪʩʷ 

ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʦʪ ʢʣʠʝʥʪʘ (ʵʣʝʤʝʥʪʘ, ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʟʘʚʠʩʠʤʳʤ ʚ ʩʚʷʟʠ) ʢ 

ʠʩʪʦʯʥʠʢʫ (ʵʣʝʤʝʥʪʫ, ʦʪ ʢʦʪʦʨʦʛʦ ʙʫʜʝʪ ʟʘʚʠʩʝʪʴ ʜʨʫʛʦʡ ʵʣʝʤʝʥʪ). 
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ɺ ʧʨʦʝʢʪʝ ʠʤʝʶʪʩʷ ʜʚʘ ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʤʧʦʥʝʥʪʘ ï ʙʠʙʣʠʦʪʝʢʠ: 

¶ çTimeSeriesImplements.dllè ï ʜʣʷ ʨʘʙʦʪʳ ʩ ʪʘʙʣʠʮʘʤʠ ʙʘʟʳ ʜʘʥʥʳʭ; 

¶ çTimeSeriesAnalizer.dllè ï ʢʦʤʧʦʥʝʥʪ, ʚ ʢʦʪʦʨʦʤ ʨʝʘʣʠʟʦʚʘʥʘ 

ʙʠʟʥʝʩ-ʣʦʛʠʢʘ. 

ʂ ʢʦʤʧʦʥʝʥʪʘʤ ʨʘʟʚʝʨʪʳʚʘʥʠʷ ʦʪʥʦʩʷʪʩʷ ʩʣʝʜʫʶʱʠʝ ʢʦʤʧʦʥʝʥʪʳ ï

ʧʦʜʢʣʶʯʘʝʤʳʝ ʙʠʙʣʠʦʪʝʢʠ çMicrosoft.EntityFrameworkCore.SqlServer.dllè, 

çMicrosoft.EntityFrameworkCore.Tools.dllè ʠ 

çMicrosoft.EntityFrameworkCore.dllè. ʆʥʠ ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʨʘʙʦʪʳ ʩ ʉʋɹɼ ʠ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʤʦʜʫʣʝ TimeSeriesImplements. ʇʦʜʢʣʶʯʘʝʤʳʝ ʙʠʙʣʠʦʪʝʢʠ 

çDocumentFormat.OpenXml.dllè ʠ çNewtonsoft.Json.dllè ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ 

ʤʦʜʫʣʝ TimeSeriesAnalizer. 

ʂ ʢʦʤʧʦʥʝʥʪʘʤ ʠʩʧʦʣʥʝʥʠʷ ʦʪʥʦʩʠʪʩʷ ʢʦʤʧʦʥʝʥʪ 

çWindowsFormsApp.exeè. ɺ ʥʝʤ ʪʘʢʞʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʦʜʢʣʶʯʘʝʤʳʝ 

ʙʠʙʣʠʦʪʝʢʠ çMicrosoft.EntityFrameworkCore.Design.dllè (ʪʨʝʙʫʝʪʩʷ ʜʣʷ 

ʢʦʨʨʝʢʪʥʦʡ ʨʘʙʦʪʳ ʤʦʜʫʣʷ TimeSeriesImplements) ʠ çUnity.dllè (ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʜʣʷ ʚʥʝʜʨʝʥʠʷ DI ʠ ʫʤʝʥʴʰʝʥʠʷ ʩʚʷʟʘʥʥʦʩʪʠ ʢʣʘʩʩʦʚ). 

ʅʘ ʨʠʩʫʥʢʝ 3.24 ʠʟʦʙʨʘʞʝʥʘ ʜʠʘʛʨʘʤʤʘ ʢʦʤʧʦʥʝʥʪʦʚ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ 

ʧʨʠʣʦʞʝʥʠʷ. 
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3.7 ɺʳʚʦʜʳ ʧʦ ʛʣʘʚʝ 

ɺ ʪʨʝʪʴʝʡ ʛʣʘʚʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʦʧʠʩʘʥʠʝ ʩʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ 

ʨʝʰʝʥʠʷ ʧʨʦʛʨʘʤʤʥʦʡ ʩʠʩʪʝʤʳ ʙʘʣʘʥʩʠʨʦʚʢʠ ʤʦʱʥʦʩʪʝʡ ʥʘ ʦʩʥʦʚʝ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ ʠ ʦʥʪʦʣʦʛʠʡ ʚ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʝ ʧʨʦʠʟʚʦʜʩʪʚʘ.  

ʄʦʜʫʣʴ ʧʨʦʛʨʘʤʤʥʦʡ ʩʠʩʪʝʤʳ ʙʘʣʘʥʩʠʨʦʚʢʠ ʤʦʱʥʦʩʪʝʡ ʧʦʟʚʦʣʷʝʪ: 

¶ ɺʳʷʚʣʷʪʴ ʧʝʨʝʛʨʫʞʝʥʥʳʝ ʠ ʥʝʜʦʛʨʫʞʝʥʥʳʝ ʤʦʱʥʦʩʪʠ 

ʧʨʦʠʟʚʦʜʩʪʚʘ. 

¶ ʄʦʜʝʣʠʨʦʚʘʪʴ ʟʘʛʨʫʞʝʥʥʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʠ ʨʘʟʥʳʭ ʧʣʘʥʘʭ 

ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ʄʦʜʫʣʴ ʧʨʦʛʨʘʤʤʥʦʡ ʩʠʩʪʝʤʳ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ ʊʉ ʥʘ ʦʩʥʦʚʝ ʥʘʙʦʨʦʚ 

ʩʠʪʫʘʮʠʡ ʧʦʟʚʦʣʷʝʪ: 

¶ ɺʳʷʚʣʷʪʴ ʘʥʦʤʘʣʠʠ ʚʦ ɺʈ ʠ ʜʠʘʛʥʦʩʪʠʨʦʚʘʪʴ ʥʝʠʩʧʨʘʚʥʦʩʪʠ ʊʉ ʥʘ 

ʦʩʥʦʚʝ ʚʳʷʚʣʝʥʥʳʭ ʘʥʦʤʘʣʠʡ. 

¶ ʇʨʦʛʥʦʟʠʨʦʚʘʪʴ ʟʥʘʯʝʥʠʝ ɺʈ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʙʫʜʫʱʝʛʦ ʩʦʩʪʦʷʥʠ ̫

ʊʉ ʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʵʪʦʛʦ ʩʦʩʪʦʷʥʠʷ ʦ ʧʦʪʨʝʙʥʦʩʪʠ ʚ 

ʧʨʦʬʠʣʘʢʪʠʢʝ ʠʣʠ ʟʘʤʝʥʳ ʊʉ. 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʚ ʚʠʜʝ ʩʚʠʜʝʪʝʣʴʩʪʚ ʨʝʛʠʩʪʨʘʮʠʠ 

ʧʨʦʛʨʘʤʤ ʕɺʄ (ʇʨʠʣʦʞʝʥʠʝ ɸ) ʠ ʘʢʪʘ ʦ ʚʥʝʜʨʝʥʠʠ (ʇʨʠʣʦʞʝʥʠʝ ɹ). 
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ɻʃɸɺɸ 4. ʕʌʌɽʂʊʀɺʅʆʉʊʔ ʉʈɽɼʉʊɺ 

ɼʀɸɻʅʆʉʊʀʂʀ ʊɽʍʅʀʏɽʉʂʀʍ ʉʀʉʊɽʄ ʅɸ 

ʆʉʅʆɺɽ ʕʅʊʈʆʇʀʁʅʓʍ ʄɽʈ ɺʈɽʄɽʅʅʓʍ 

ʈʗɼʆɺ. ɺʓʏʀʉʃʀʊɽʃʔʅʓɽ ʕʂʉʇɽʈʀʄɽʅʊʓ. 

ɺʅɽɼʈɽʅʀɽ. 

4.1 ʇʣʘʥ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʘʥʘʣʠʟʫ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ 

ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ ʚ ʟʘʜʘʯʘʭ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ɼʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʢ 

ʙʘʣʘʥʩʠʨʦʚʢʝ ʤʦʱʥʦʩʪʝʡ ʠ ʤʝʪʦʜʘ ʧʨʦʚʝʜʝʥʠʷ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʛʦ ʪʝʩʪʘ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʵʥʪʨʦʧʠʡʥʳʭ ɺʈ ʨʘʟʨʘʙʦʪʘʥʳ ʥʝʩʢʦʣʴʢʦ ʧʣʘʥʦʚ ʵʢʩʧʝʨʠʤʝʥʪʦʚ.  

ʇʝʨʚʳʡ ʧʣʘʥ ʨʘʩʩʯʠʪʘʥ ʥʘ ʧʨʦʚʝʨʢʫ ʪʦʯʥʦʩʪʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 

ʧʦʩʣʝʜʫʶʱʝʛʦ ʟʥʘʯʝʥʠʷ. ʕʢʩʧʝʨʠʤʝʥʪ ʙʫʜʝʪ ʨʘʟʙʠʪ ʥʘ ʜʚʝ ʯʘʩʪʠ. ɺ ʨʘʤʢʘʭ 

ʧʝʨʚʦʡ ʯʘʩʪʠ ʙʫʜʝʪ ʧʨʦʚʝʨʝʥʘ ʪʦʯʥʦʩʪʴ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ɺʈ ʯʝʨʝʟ 

ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʪʦʯʥʦʩʪʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʯʝʨʝʟ 

ʩʫʱʝʩʪʚʫʶʱʠʝ ʤʝʪʦʜʳ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ. ɼʣʷ ʵʪʦʛʦ ʧʨʝʜʣʦʞʝʥ ʩʣʝʜʫʶʱʠʡ 

ʧʦʨʷʜʦʢ ʜʝʡʩʪʚʠʡ: 

¶ ʆʧʨʝʜʝʣʷʝʤ ʥʝʯʝʪʢʠʝ ʤʝʪʢʠ ʜʣʷ ɺʈ. 

¶ ʆʧʨʝʜʝʣʷʝʤ ʵʥʪʨʦʧʠʡʥʳʡ ɺʈ ʠ ɺʈ ʜʠʥʘʤʠʢʠ ʵʥʪʨʦʧʠʠ. 

¶ ʆʧʨʝʜʝʣʷʝʤ ʤʝʪʦʜ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ, ʯʝʨʝʟ ʢʦʪʦʨʳʡ ʙʫʜʝʪ 

ʚʳʩʯʠʪʳʚʘʪʴʩʷ ʧʨʦʛʥʦʟʥʦʝ ʟʥʘʯʝʥʠʝ. 

¶ ɺʳʯʠʩʣʷʝʤ ʪʨʠ ʧʨʦʛʥʦʟʥʳʭ ʟʥʘʯʝʥʠʷ, ʩʘʤʠʤ ʤʝʪʦʜʦʤ, ʯʝʨʝʟ 

ʜʠʥʘʤʠʢʫ ʵʥʪʨʦʧʠʠ ʠ ʩʢʦʨʨʝʢʪʠʨʦʚʘʥʥʳʡ ʧʨʦʛʥʦʟ. 

¶ ɺʳʯʠʩʣʷʝʤ ʦʰʠʙʢʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ. ʉ ʵʪʦʡ ʮʝʣʴʶ ʧʨʠʤʝʥʷʝʪʩʷ 

ʢʨʠʪʝʨʠʠ ʦʮʝʥʢʠ ʪʦʯʥʦʩʪʠ ʥʝʯʝʪʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʯʠʩʣʦʚʳʭ 
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ʫʨʦʚʥʝʡ ɺʈ ʚ ʚʠʜʝ ʩʠʤʤʝʪʨʠʯʥʦʡ ʩʨʝʜʥʝʡ ʘʙʩʦʣʶʪʥʦʡ ʧʨʦʮʝʥʪʥʦʡ 

ʦʰʠʙʢʠ (SMAPE): 

ὛὓὃὖὉ
ρ

ὲ

ȿὊ ὃȿ

ȿὃȿ ȿὊȿςϳ
ȟ 

ʛʜʝ Ὂï t-ʝ ʧʨʦʛʥʦʟʥʦʝ ʟʥʘʯʝʥʠʝ, 

ὃ ï ʨʝʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʚ ʪʦʯʢʝ t, 

n ï ʛʦʨʠʟʦʥʪ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ. 

ʅʘ ʦʩʥʦʚʝ ʠʤʝʶʱʠʭʩʷ ʟʥʘʥʠʡ ʠ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʧʨʦʛʥʦʟʘ ʜʝʣʘʝʪʩʷ 

ʟʘʢʣʶʯʝʥʠʝ ʦ ʪʦʯʥʦʩʪʠ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʤʝʪʦʜʘ. ɺʦ ʚʪʦʨʦʡ ʯʘʩʪʠ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʟʘʚʠʩʠʤʦʩʪʴ ʪʦʯʥʦʩʪʠ ʧʨʦʛʥʦʟʘ ʯʝʨʝʟ ʕʥɺʈ ʦʪ ʪʦʯʥʦʩʪʠ 

ʧʨʦʛʥʦʟʘ ʤʝʪʦʜʘ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ, ʯʝʨʝʟ ʢʦʪʦʨʳʡ ʧʦʣʫʯʘʝʪʩʷ ʧʨʦʛʥʦʟʥʦʝ 

ʟʥʘʯʝʥʠʝ ʜʠʥʘʤʠʢʠ ʵʥʪʨʦʧʠʠ. 

ɺʪʦʨʦʡ ʧʣʘʥ ʨʘʟʨʘʙʦʪʘʥ ʜʣʷ ʧʨʦʚʝʨʢʠ ʢʦʨʨʝʢʪʥʦʩʪʠ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʛʦ 

ʪʝʩʪʘ. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʧʦʩʦʙʥʦʩʪʴ ʘʣʛʦʨʠʪʤʘ 

ʥʘʭʦʜʠʪʴ ʘʥʦʤʘʣʴʥʳʝ ʫʯʘʩʪʢʠ ʥʘ ɺʈ ʠ ʢʘʯʝʩʪʚʦ ʧʦʠʩʢʘ ʘʥʦʤʘʣʠʡ. ʅʘ ʚʪʦʨʦʤ 

ʵʪʘʧʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʧʦʩʦʙʥʦʩʪʴ ʘʣʛʦʨʠʪʤʘ ʥʘ ʦʩʥʦʚʝ ʥʘʡʜʝʥʥʳʭ ʘʥʦʤʘʣʠʡ 

ʩʫʜʠʪʴ ʦ ʥʘʣʠʯʠʠ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ ʚ ʊʉ ʠ ʚʳʜʘʚʘʪʴ ʨʝʢʦʤʝʥʜʘʮʠʠ. ʅʘ ʪʨʝʪʴʝʤ 

ʵʪʘʧʝ ʚʳʧʦʣʥʷʝʪʩʷ ʩʨʘʚʥʝʥʠʝ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʧʦʠʩʢʘ ʘʥʦʤʘʣʠʡ ʩ 

ʠʤʝʶʱʠʤʠʩʷ ʤʝʪʦʜʘʤʠ ʠ ʘʣʛʦʨʠʪʤʘʤʠ. 

ʊʨʝʪʠʡ ʧʣʘʥ ï ʵʪʦ ʘʧʨʦʙʘʮʠʷ ʩʦʟʜʘʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʙʘʣʘʥʩʠʨʦʚʢʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʤʦʱʥʦʩʪʝʡ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ ʇɸʆ çʀʣè ï ɸʚʠʘʩʪʘʨ. ɺ 

ʨʘʤʢʘʭ ʧʝʨʚʦʛʦ ʵʪʘʧʘ ʧʨʦʚʦʜʠʪʩʷ ʦʮʝʥʢʘ ʩʦʢʨʘʱʝʥʠʷ ʚʨʝʤʝʥʠ ʚʳʧʦʣʥʝʥʠʷ 

ʨʘʩʯʝʪʘ ʙʘʣʘʥʩʠʨʦʚʢʠ ʤʦʱʥʦʩʪʝʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʨʘʙʦʪʘʥʥʦʡ 

ʧʦʜʩʠʩʪʝʤʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʫʱʝʩʪʚʫʶʱʠʤ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʥʘ 

ʧʨʝʜʧʨʠʷʪʠʠ ʧʦʜʭʦʜʦʤ ʢ ʨʘʩʯʝʪʫ ʙʘʣʘʥʩʠʨʦʚʢʠ ʤʦʱʥʦʩʪʝʡ. ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ 

ʧʨʦʚʝʨʷʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʩʦʩʪʦʷʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦ-

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʥʘ ʦʩʥʦʚʝ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ 

ʧʦʢʘʟʘʪʝʣʝʡ. ʅʘ ʪʨʝʪʴʝʤ ʵʪʘʧʝ ʚʳʧʦʣʥʷʝʪʩʷ ʧʨʦʚʝʨʢʘ ʢʦʥʪʨʦʣʷ ʣʦʛʠʯʝʩʢʦʡ 

ʮʝʣʦʩʪʥʦʩʪʠ ʧʨʘʚʠʣ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʭʘʥʠʟʤʘ ʣʦʛʠʯʝʩʢʦʛʦ ʚʳʚʦʜʘ. ʅʘ 
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ʯʝʪʚʝʨʪʦʤ ʵʪʘʧʝ ʧʨʦʚʝʨʷʝʪʩʷ ʘʜʝʢʚʘʪʥʦʩʪʴ ʨʝʟʫʤʠʨʦʚʘʥʠʷ ʧʦʜʩʠʩʪʝʤʳ 

ʙʘʣʘʥʩʠʨʦʚʢʠ ʤʦʱʥʦʩʪʝʡ ʧʦ ʧʦʪʨʝʙʥʦʩʪʷʤ ʚ ʤʦʱʥʦʩʪʷʭ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʧʦʪʨʝʙʥʦʩʪʝʡ ʚ ʵʪʠʭ ʤʦʱʥʦʩʪʷʭ. 

4.2 ɺʳʯʠʩʣʠʪʝʣʴʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʘʥʘʣʠʟʘ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʳʭ 

ʙʝʥʯʤʘʨʢʘʭ 

ɺ ʦʧʠʩʳʚʘʝʤʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʜʣʷ ʧʨʦʚʝʨʢʠ ʪʦʯʥʦʩʪʠ ʧʨʦʛʥʦʟʠʨʫʝʤʦʛʦ 

ʟʥʘʯʝʥʠʷ ʙʳʣʠ ʚʟʷʪʳ ʜʘʥʥʳʝ ʩ ʩʦʨʝʚʥʦʚʘʥʠʡ IRAFM 2015 [164]. ɼʘʥʥʳʝ 

ʩʦʨʝʚʥʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ɺʈ. 

IRAFM 2015 ʙʳʣ ʨʘʩʩʯʠʪʘʥ ʜʣʷ ʤʝʪʦʜʦʚ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, ʢ 

ʢʦʪʦʨʳʤ ʦʪʥʦʩʷʪ: ʥʝʯʝʪʢʠʡ ʤʝʪʦʜ, ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ, 

ʵʚʦʣʶʮʠʦʥʥʳʝ ʘʣʛʦʨʠʪʤʳ, ʨʝʰʝʥʠʷ ʠ ʨʝʛʨʝʩʩʠʦʥʥʘʷ ʩʪʨʫʢʪʫʨʘ, 

ʧʦʜʜʝʨʞʠʚʘʶʱʠʝ ʚʝʢʪʦʨʥʳʝ ʤʘʰʠʥʳ, ʛʠʙʨʠʜʥʳʝ ʧʦʜʭʦʜʳ ʠ ʪ. ʜ., 

ʠʩʧʦʣʴʟʫʝʤʳʝ ʚʦ ʚʩʝʭ ʦʙʣʘʩʪʷʭ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ, ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠ ʘʥʘʣʠʟʘ 

ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ ʠ ʪ. ʜ. ʊʘʢʞʝ ʜʦʧʫʩʢʘʶʪʩʷ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʝ ʤʝʪʦʜʳ, 

ʠʩʧʦʣʴʟʫʶʱʠʝ ʣʶʙʦʡ ʤʝʪʦʜ CI. ɼʣʷ ʫʯʘʩʪʥʠʢʦʚ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ 

ʩʦʛʣʘʩʦʚʘʥʥʘʷ ʤʝʪʦʜʦʣʦʛʠʷ ʜʣʷ ʚʩʝʭ ɺʈ. 

ʇʦ ʧʨʠʯʠʥʝ ʪʦʛʦ, ʯʪʦ ʠʩʩʣʝʜʫʝʤʳʝ ɺʈ ʥʝ ʠʤʝʶʪ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ, 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʘ ʠʭ ʦʩʥʦʚʝ ʅɺʈ ʙʫʜʝʪ ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ fcm-

ʢʣʘʩʪʝʨʠʟʘʮʠʠ. 

ʉ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʟʘʚʠʩʠʤʦʩʪʠ ʢʘʯʝʩʪʚʘ ʠʪʦʛʦʚʦʛʦ ʧʨʦʛʥʦʟʘ ʦʪ 

ʢʘʯʝʩʪʚʘ ʧʨʦʛʥʦʟʘ ʚʳʙʨʘʥʥʦʛʦ ʤʝʪʦʜʘ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʙʳʣʦ ʚʳʙʨʘʥʦ 3 

ʨʘʟʥʳʭ ʤʝʪʦʜʘ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ. 

ʀʩʪʦʯʥʠʢʦʤ ʧʨʦʛʥʦʟʥʳʭ ʟʥʘʯʝʥʠʷ ʧʝʨʚʦʛʦ ʤʝʪʦʜʘ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʜʣʷ 

ɺʈ ʚʳʩʪʫʧʘʣʘ ʩʠʩʪʝʤʘ ʘʥʘʣʠʟʘ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ɺʈ, ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʥʘ 

ʢʘʬʝʜʨʝ çʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳè (http://time-series.athene.tech/). 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʩʠʩʪʝʤʘ ʠʤʝʝʪ API ʯʝʨʝʟ ʢʦʪʦʨʳʡ ʤʦʞʥʦ ʧʝʨʝʜʘʚʘʪʴ ɺʈ ʠ 

ʧʦʣʫʯʘʪʴ ʧʨʦʛʥʦʟʥʳʝ ʟʥʘʯʝʥʠʷ ʥʘ ʪʨʝʙʫʝʤʳʡ ʧʝʨʠʦʜ. ɼʣʷ ʜʘʥʥʳʭ ʨʷʜʦʚ 
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ʩʠʩʪʝʤʘ ʠʩʧʦʣʴʟʦʚʘʣʘ ʤʝʪʦʜ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʛʦ ʩʛʣʘʞʠʚʘʥʠʷ ʩ ʪʨʝʥʜʦʤ ʠ 

ʩʝʟʦʥʥʦʩʪʴʶ ʍʦʣʴʪʘ-ɺʠʥʪʝʨʩʘ [165]. 

ɺ ʢʘʯʝʩʪʚʝ ʚʪʦʨʦʛʦ ʤʝʪʦʜʘ ʙʳʣ ʚʳʙʨʘʥ ʤʝʪʦʜ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʛʦ 

ʩʛʣʘʞʠʚʘʥʠʷ [166]. ʄʝʪʦʜ ʙʳʣ ʚʳʙʨʘʥ ʢʘʢ ʧʨʦʩʪʦʡ ʚ ʨʝʘʣʠʟʘʮʠʠ, ʥʦ ʠʤʝʶʱʠʡ 

ʥʠʟʢʦʝ ʢʘʯʝʩʪʚʦ ʧʨʦʛʥʦʟʘ. ʎʝʣʴ ʚʳʙʦʨʘ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ, ʦʧʨʝʜʝʣʠʪʴ 

ʟʘʚʠʩʠʤʦʩʪʴ ʢʘʯʝʩʪʚʘ ʧʨʦʛʥʦʟʘ ʤʝʪʦʜʘ ʥʘ ʢʘʯʝʩʪʚʦ ʧʨʦʛʥʦʟʘ ʯʝʨʝʟ ʜʠʥʘʤʠʢʫ 

ʵʥʪʨʦʧʠʠ. 

ʊʨʝʪʴʠʤ ʤʝʪʦʜʦʤ ʙʳʣ ʚʳʙʨʘʥ ʤʝʪʦʜ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʥʘ ʦʩʥʦʚʝ 

ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ. ʉʝʪʴ ʦʙʫʯʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʦʙʨʘʪʥʦʛʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʦʰʠʙʢʠ [167]. ɼʘʥʥʳʡ ʤʝʪʦʜ ʠʤʝʝʪ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ, 

ʦʜʥʘʢʦ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʠʥʳʭ ʘʣʛʦʨʠʪʤʘʭ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ, ʥʝʞʝʣʠ ʚʳʰʝ 

ʦʧʠʩʘʥʥʳʝ.  

ʈʘʩʩʤʦʪʨʠʤ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʥʘ ʧʨʠʤʝʨʝ ʧʝʨʚʦʛʦ ɺʈ. ʅʘ ʜʠʘʛʨʘʤʤʝ ʨʷʜ 

ʚʳʛʣʷʜʠʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ (ʨʠʩʫʥʦʢ 4.1). 

 

ʈʠʩʫʥʦʢ. 4.1 ï ʇʨʠʤʝʨ ɺʈ ʩ ʩʦʨʝʚʥʦʚʘʥʠʡ IRAFM 

ʇʦʩʣʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʨʷʜʘ ʨʘʚʥʦ 1592,16733774914. 
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ʇʨʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʠ ʤʝʪʦʜʦʤ ʍʦʣʴʪʘ-ɺʠʥʪʝʨʩʘ ʧʦʣʫʯʠʣʦʩʴ 

ʧʨʦʛʥʦʟʥʦʝ ʟʥʘʯʝʥʠʝ, ʨʘʚʥʦʝ 1650,343800163443. ɿʥʘʯʝʥʠʝ SMAPE ʨʘʚʥʦ 

3,58%. ʇʨʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʠ ʯʝʨʝʟ ʵʥʪʨʦʧʠʶ ʜʠʥʘʤʠʢʠ ʤʝʪʦʜʦʤ ʍʦʣʴʪʘ-

ɺʠʥʪʝʨʩʘ ʧʦʣʫʯʠʣʦʩʴ ʧʨʦʛʥʦʟʥʦʝ ʟʥʘʯʝʥʠʝ, ʨʘʚʥʦʝ 1665,00092848864. 

ɿʥʘʯʝʥʠʝ SMAPE ʨʘʚʥʦ 4,47%. ʉʢʦʨʨʝʢʪʠʨʦʚʘʥʥʦʝ ʧʨʦʛʥʦʟʥʦʝ ʟʥʘʯʝʥʠʝ 

ʨʘʚʥʦ 1657,6723643260416. ɿʥʘʯʝʥʠʝ SMAPE ʨʘʚʥʦ 4,03%. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ, 

ʩʢʦʨʨʝʢʪʠʨʦʚʘʥʥʦʝ ʟʥʘʯʝʥʠʝ ʦʢʘʟʘʣʦʩʴ ʭʫʞʝ ʠʩʭʦʜʥʦʛʦ. 

ʇʨʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʠ ʤʝʪʦʜʦʤ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʛʦ ʩʛʣʘʞʠʚʘʥʠʷ 

ʧʦʣʫʯʠʣʦʩʴ ʧʨʦʛʥʦʟʥʦʝ ʟʥʘʯʝʥʠʝ, ʨʘʚʥʦʝ 186,41632063578513. ɿʥʘʯʝʥʠʝ 

SMAPE ʨʘʚʥʦ 158%. ʇʨʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʠ ʯʝʨʝʟ ʵʥʪʨʦʧʠʶ ʜʠʥʘʤʠʢʠ 

ʤʝʪʦʜʦʤ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʛʦ ʩʛʣʘʞʠʚʘʥʠʷ ʧʦʣʫʯʠʣʦʩʴ ʧʨʦʛʥʦʟʥʦʝ ʟʥʘʯʝʥʠʝ, 

ʨʘʚʥʦʝ 1665,00092848864. ɿʥʘʯʝʥʠʝ SMAPE ʨʘʚʥʦ 4,47%. ʉʢʦʨʨʝʢʪʠʨʦʚʘʥʥʦʝ 

ʧʨʦʛʥʦʟʥʦʝ ʟʥʘʯʝʥʠʝ ʨʘʚʥʦ 925,7086245622125. ɿʥʘʯʝʥʠʝ SMAPE ʨʘʚʥʦ 

52,93%. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ, ʩʢʦʨʨʝʢʪʠʨʦʚʘʥʥʦʝ ʟʥʘʯʝʥʠʝ ʦʢʘʟʘʣʦʩʴ ʣʫʯʰʝ 

ʠʩʭʦʜʥʦʛʦ, ʥʦ ʭʫʞʝ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʯʝʨʝʟ ʵʥʪʨʦʧʠʶ ʜʠʥʘʤʠʢʠ. 

ʇʨʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʠ ʥʝʡʨʦʥʥʦʡ ʩʝʪʴʶ ʧʦʣʫʯʠʣʦʩʴ ʧʨʦʛʥʦʟʥʦʝ 

ʟʥʘʯʝʥʠʝ, ʨʘʚʥʦʝ 1430,048989234488. ɿʥʘʯʝʥʠʝ SMAPE ʨʘʚʥʦ 10,72%. ʇʨʠ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʠ ʯʝʨʝʟ ʵʥʪʨʦʧʠʶ ʜʠʥʘʤʠʢʠ ʥʝʡʨʦʥʥʦʡ ʩʝʪʴʶ ʧʦʣʫʯʠʣʦʩʴ 

ʧʨʦʛʥʦʟʥʦʝ ʟʥʘʯʝʥʠʝ, ʨʘʚʥʦʝ 1665,00092848864. ɿʥʘʯʝʥʠʝ SMAPE ʨʘʚʥʦ 

4,47%. ʉʢʦʨʨʝʢʪʠʨʦʚʘʥʥʦʝ ʧʨʦʛʥʦʟʥʦʝ ʟʥʘʯʝʥʠʝ ʨʘʚʥʦ 1547,524958861564. 

ɿʥʘʯʝʥʠʝ SMAPE ʨʘʚʥʦ 2,84%. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ, ʩʢʦʨʨʝʢʪʠʨʦʚʘʥʥʦʝ ʟʥʘʯʝʥʠʝ 

ʦʢʘʟʘʣʦʩʴ ʩʘʤʳʤ ʪʦʯʥʳʤ. 

ɹʳʣ ʧʨʦʚʝʜʝʥ ʵʢʩʧʝʨʠʤʝʥʪ, ʚ ʨʘʤʢʘʭ ʢʦʪʦʨʦʛʦ ʧʨʦʛʥʦʟʠʨʦʚʘʣʦʩʴ n ʪʦʯʝʢ 

ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ, ʜʣʷ ʣʫʯʰʝʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʢʘʯʝʩʪʚʘ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ. ɺ 

ʢʘʯʝʩʪʚʝ ʟʥʘʯʝʥʠʷ n ʙʳʣʦ ʟʘʜʘʥʦ ʯʠʩʣʦ 5. ɹʳʣʠ ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ 

ʨʝʟʫʣʴʪʘʪʳ: 

¶ ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʦʰʠʙʢʠ SMAPE ʜʣʷ ʧʦʩʣʝʜʥʠʭ ʠʟ 

ʧʨʦʛʥʦʟʠʨʫʝʤʳʭ ʟʥʘʯʝʥʠʡ ɺʈ, ʚʟʷʪʳʭ ʩ IRAFM (ʪʘʙʣʠʮʘ 4.1).  
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ʊʘʙʣʠʮʘ 4.1 ï ɿʥʘʯʝʥʠʷ SMAPE ʚ ʧʦʩʣʝʜʥʠʭ ʪʦʯʢʘʭ ʧʨʦʛʥʦʟʘ ɺʈ 

ʅʘʟʚʘʥʠʝ ʤʝʪʦʜʘ ʉʨʝʜʥʝʝ 

ʟʥʘʯʝʥʠʝ 

SMAPE 

ʠʩʭʦʜʥʦʛʦ 

ʤʝʪʦʜʘ 

ʉʨʝʜʥʝʝ 

ʟʥʘʯʝʥʠʝ 

SMAPE 

ʜʠʥʘʤʠʢʠ 

ʵʥʪʨʦʧʠʠ 

ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ 

SMAPE 

ʩʢʦʨʨʝʢʪʠʨʦʚʘʥʥʦʛʦ 

ʧʨʦʛʥʦʟʘ 

ʄʝʪʦʜ ʍʦʣʴʪʘ-

ɺʠʥʪʝʨʩʘ 
32,11 32,00 21,96 

ʄʝʪʦʜ 

ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʛʦ 

ʩʛʣʘʞʠʚʘʥʠʷ 

162,8 12,13 57,86 

ʅʝʡʨʦʥʥʘʷ ʩʝʪʴ 26,82 12,49 18,15 

 

¶ ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʦʰʠʙʢʠ SMAPE ʜʣʷ ʦʜʥʦʪʦʯʝʯʥʦʛʦ ʧʨʦʛʥʦʟʘ ɺʈ, 

ʚʟʷʪʳʭ ʩ IRAFM (ʪʘʙʣʠʮʘ 4.2).  

ʊʘʙʣʠʮʘ 4.2 ï ɿʥʘʯʝʥʠʷ SMAPE ʚ ʧʝʨʚʳʭ ʪʦʯʢʘʭ ʧʨʦʛʥʦʟʘ ɺʈ 

ʅʘʟʚʘʥʠʝ ʤʝʪʦʜʘ ʉʨʝʜʥʝʝ 

ʟʥʘʯʝʥʠʝ 

SMAPE 

ʠʩʭʦʜʥʦʛʦ 

ʤʝʪʦʜʘ 

ʉʨʝʜʥʝʝ 

ʟʥʘʯʝʥʠʝ 

SMAPE 

ʜʠʥʘʤʠʢʠ 

ʵʥʪʨʦʧʠʠ 

ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ 

SMAPE 

ʩʢʦʨʨʝʢʪʠʨʦʚʘʥʥʦʛʦ 

ʧʨʦʛʥʦʟʘ 

ʄʝʪʦʜ ʍʦʣʴʪʘ-

ɺʠʥʪʝʨʩʘ 
17,37 18,56 15,33 

ʄʝʪʦʜ 

ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʛʦ 

ʩʛʣʘʞʠʚʘʥʠʷ 

156,06 11,67 55,90 

ʅʝʡʨʦʥʥʘʷ ʩʝʪʴ 23,57 11,56 16,32 
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¶ ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʦʰʠʙʢʠ SMAPE ʧʦ ʚʩʝʤ ʧʨʦʛʥʦʟʠʨʫʝʤʳʤ 

ʟʥʘʯʝʥʠʷʤ ɺʈ, ʚʟʷʪʳʭ ʩ IRAFM (ʪʘʙʣʠʮʘ 4.3). 

ʊʘʙʣʠʮʘ 4.3 ï ɿʥʘʯʝʥʠʷ SMAPE ʚʦ ʚʩʝʭ ʪʦʯʢʘʭ ʧʨʦʛʥʦʟʘ ɺʈ 

ʅʘʟʚʘʥʠʝ ʤʝʪʦʜʘ ʉʨʝʜʥʝʝ 

ʟʥʘʯʝʥʠʝ 

SMAPE 

ʠʩʭʦʜʥʦʛʦ 

ʤʝʪʦʜʘ 

ʉʨʝʜʥʝʝ 

ʟʥʘʯʝʥʠʝ 

SMAPE 

ʜʠʥʘʤʠʢʠ 

ʵʥʪʨʦʧʠʠ 

ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ 

SMAPE 

ʩʢʦʨʨʝʢʪʠʨʦʚʘʥʥʦʛʦ 

ʧʨʦʛʥʦʟʘ 

ʄʝʪʦʜ ʍʦʣʴʪʘ-

ɺʠʥʪʝʨʩʘ 
23,15 24,14 17,91 

ʄʝʪʦʜ 

ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʛʦ 

ʩʛʣʘʞʠʚʘʥʠʷ 

171,83 11,84 63,51 

ʅʝʡʨʦʥʥʘʷ ʩʝʪʴ 24,24 12,46 16,51 

 

ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʜʘʥʥʳʡ 

ʤʝʪʦʜ ʤʦʞʝʪ ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʷʪʴʩʷ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʦʩʣʝʜʫʶʱʠʭ 

ʟʥʘʯʝʥʠʡ ʜʣʷ ɺʈ ʧʨʠ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʠ ʊʉ. ʊʘʢʞʝ, ʥʘ ʦʩʥʦʚʝ ʧʨʦʛʥʦʟʘ ʤʦʞʥʦ 

ʦʧʨʝʜʝʣʠʪʴ, ʯʪʦ ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʤʝʪʦʜʦʚ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʚʳʯʠʩʣʝʥʠʝ 

ʧʨʦʛʥʦʟʥʦʛʦ ʟʥʘʯʝʥʠʷ ʯʝʨʝʟ ʜʠʥʘʤʠʢʫ ʵʥʪʨʦʧʠʠ ʙʫʜʝʪ ʪʦʯʥʝʝ ʜʘʞʝ 

ʩʢʦʨʨʝʢʪʠʨʦʚʘʥʥʦʛʦ ʧʨʦʛʥʦʟʥʦʛʦ ʟʥʘʯʝʥʠʷ. ʆʜʥʘʢʦ, ʵʪʦ ʨʘʙʦʪʘʝʪ ʥʝ ʜʣʷ ʚʩʝʭ 

ʤʝʪʦʜʦʚ. ɸ ʩʢʦʨʨʝʢʪʠʨʦʚʘʥʥʦʝ ʟʥʘʯʝʥʠʝ ʚ ʣʶʙʦʤ ʩʣʫʯʘʝ ʧʦʣʫʯʘʝʪʩʷ ʪʦʯʥʝʝ 

ʧʨʦʛʥʦʟʥʦʛʦ ʟʥʘʯʝʥʠʷ, ʚʳʯʠʩʣʷʝʤʦʛʦ ʠʟ ʤʝʪʦʜʘ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʥʘʧʨʷʤʫʶ.  

4.3 ʇʨʠʤʝʥʝʥʠʝ ʵʥʪʨʦʧʠʡʥʳʭ ʤʝʨ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ ʜʣʷ 

ʜʠʘʛʥʦʩʪʠʢʠ (ʥʘ ʧʨʠʤʝʨʝ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ ʚʝʨʪʦʣʝʪʥʳʭ 

ʘʛʨʝʛʘʪʦʚ) 

ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʥʘʙʣʶʜʘʝʪʩʷ ʚʳʩʦʢʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ 

ʚʝʨʪʦʣʝʪʦʚ ʜʣʷ ʨʝʰʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʟʘʜʘʯ.  ʆʥʠ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ 
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ʧʦʠʩʢʦʚʦ-ʩʧʘʩʘʪʝʣʴʥʳʭ ʦʧʝʨʘʮʠʷʭ, ʪʨʘʥʩʧʦʨʪʥʳʭ ʟʘʜʘʯʘʭ, ʚ ʫʩʣʦʚʠʷʭ 

ʦʪʩʫʪʩʪʚʠʷ ʚʟʣʝʪʥʦ-ʧʦʩʘʜʦʯʥʳʭ ʧʦʣʦʩ ʠ ʪ.ʜ.  ʇʨʠ ʵʪʦʤ ʫʩʧʝʰʥʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʝʨʪʦʣʝʪʥʦʡ ʪʝʭʥʠʢʠ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʦʪ ʦʙʝʩʧʝʯʝʥʠʷ 

ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʦʣʝʪʦʚ.  

ʅʘ ʫʨʦʚʝʥʴ ʙʝʟʦʧʘʩʥʦʩʪʴ ʚʣʠʷʶʪ ʩʣʝʜʫʶʱʠʝ ʬʘʢʪʦʨʳ: 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʡ ʨʝʞʠʤ, ʥʘʜʝʞʥʦʩʪʴ ʚʝʨʪʦʣʝʪʘ ʚ ʮʝʣʦʤ ʠ ʝʛʦ ʧʦʜʩʠʩʪʝʤ, 

ʦʪʚʝʯʘʶʱʠʭ ʟʘ ʝʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ, ʯʝʣʦʚʝʯʝʩʢʠʡ ʬʘʢʪʦʨ ʠ ʪ.ʜ. ʅʝʢʦʪʦʨʳʝ 

ʠʟ ʬʘʢʪʦʨʦʚ ʤʦʞʥʦ ʩʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʠ ʣʠʙʦ ʠʟʙʝʞʘʪʴ ʠʭ, ʣʠʙʦ ʩʚʠʩʪʠ ʢ 

ʤʠʥʠʤʫʤʫ ʠʭ ʚʦʟʜʝʡʩʪʚʠʝ.  

ɺ ʜʘʥʥʦʤ ʧʫʥʢʪʝ ʙʫʜʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʟʘʜʘʯʘ ʦʮʝʥʢʠ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʚʝʨʪʦʣʝʪʘ ʩ ʮʝʣʴʶ ʩʥʠʞʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 

ʥʝʰʪʘʪʥʳʭ ʩʠʪʫʘʮʠʡ.  

ʂʘʢ ʦʪʤʝʯʘʣʦʩʴ ʚ ʧʝʨʚʦʡ ʛʣʘʚʝ, ʦʙʲʝʢʪʘ ʥʘʭʦʜʠʪʩʷ ʚ ʠʩʧʨʘʚʥʦʤ 

ʩʦʩʪʦʷʥʠʠ, ʝʩʣʠ ʦʥ ʦʪʚʝʯʘʝʪ ʚʩʝʤ ʪʨʝʙʦʚʘʥʠʷʤ ʥʦʨʤʘʪʠʚʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʠ 

ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ. 

ɺ ʚʝʨʪʦʣʝʪʝ ʥʘʩʯʠʪʳʚʘʝʪʩʷ ʤʥʦʞʝʩʪʚʦ ʨʘʟʣʠʯʥʳʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʫʟʣʦʚ ʠ 

ʘʛʨʝʛʘʪʦʚ, ʠʤʝʶʱʠʭ ʦʛʨʘʥʠʯʝʥʥʳʡ ʨʝʩʫʨʩ ʠ ʧʦʜʚʝʨʞʝʥʥʳʭ ʦʪʢʘʟʫ. ʊʘʢ ʢʘʢ 

ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʚʩʝ ʠʟ ʥʠʭ ʥʝʚʦʟʤʦʞʥʦ, ʪʨʝʙʫʝʪʩʷ ʚʳʜʝʣʠʪʴ ʛʣʘʚʥʳʝ: 

¶ ʛʣʘʚʥʳʡ ʨʝʜʫʢʪʦʨ; 

¶ ʩʠʣʦʚʘʷ ʫʩʪʘʥʦʚʢʘ ʜʚʠʛʘʪʝʣʷ. 

ʈʘʩʩʤʦʪʨʠʤ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʫʢʘʟʘʥʥʳʭ ʵʣʝʤʝʥʪʦʚ.  

ɻʣʘʚʥʳʡ ʨʝʜʫʢʪʦʨ ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʧʝʨʝʜʘʯʠ ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ ʦʪ 

ʜʚʠʛʘʪʝʣʝʡ ʢ ʥʝʩʫʱʝʤʫ ʚʠʥʪʫ ʚʝʨʪʦʣʝʪʘ ʠ ʜʣʷ ʧʨʠʚʦʜʘ ʘʛʨʝʛʘʪʦʚ, ʩʪʦʷʱʠʭ ʥʘ 

ʨʝʜʫʢʪʦʨʝ. ɼʣʷ ʩʥʠʞʝʥʠʷ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʧʨʠʤʝʥ̫ʁʪʩʷ ʪʨʠ ʩʪʫʧʝʥʠ 

ʨʝʜʫʢʮʠʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚ ʛʣʘʚʥʦʤ ʨʝʜʫʢʪʦʨʝ. ʉʘʤ ʨʝʜʫʢʪʦʨ ʩʦʩʪʦʠʪ ʠʟ 

ʩʣʝʜʫʶʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ: 

¶ ʧʨʠʚʦʜ ʚʘʣʘ ʥʝʩʫʱʝʛʦ ʚʠʥʪʘ,  

¶ ʚʘʣ ʥʝʩʫʱʝʛʦ ʚʠʥʪʘ,  

¶ ʧʨʠʚʦʜ ʨʫʣʝʚʦʛʦ ʚʠʥʪʘ ʠ  
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¶ ʧʨʠʚʦʜ rʘʛʨʝʛʘʪʦʚ,  

¶ ʢʘʨʪʝʨ,  

¶ ʜʚʝ ʤʫʬʪr ʩʚʦʙʦʜʥʦʛʦ ʭʦʜʘ,  

¶ ʪʨʠ ʤʘʛʥʠʪʥʳʝ ʧʨʦʙʢʠ, 

¶ ʤʘʩʣʦʤʝʨʥʳʝ ʩʪʝʢʣʘ.  

ʉʠʩʪʝʤʘ ʩʤʘʟʢʠ ʛʣʘʚʥʦʛʦ ʨʝʜʫʢʪʦʨʘ ʦʪʚʝʯʘʝʪ ʟʘ ʧʦʜʘʯʫ ʤʘʩʣʘ ʧʦʜ 

ʜʘʚʣʝʥʠʝʤ ʢ ʧʦʜʰʠʧʥʠʢʘʤ ʠ ʟʫʙʯʘʪʳʤ ʢʦʣʝʩʘʤ, ʩʤʘʟʢʫ ʤʝʭʘʥʠʟʤʦʚ, 

ʦʭʣʘʞʜʝʥʠʝ ʠ ʚʳʥʦʩ ʧʨʦʜʫʢʪʦʚ ʠʟʥʘʰʠʚʘʥʠʷ ʠʟ ʨʝʜʫʢʪʦʨʘ. 

ʂ ʦʩʦʙʝʥʥʦʩʪʷʤ ʢʦʥʩʪʨʫʢʮʠʠ ʜʚʠʛʘʪʝʣʝʡ ʦʪʥʦʩʷʪ ʥʘʣʠʯʠʝ ʩʚʦʙʦʜʥʦʡ 

ʪʫʨʙʠʥʳ, ʢʦʪʦʨʘʷ ʢʠʥʝʤʘʪʠʯʝʩʢʠ ʥʝ ʩʚʷʟʘʥʥʘ ʩ ʨʦʪʦʨʦʤ ʪʫʨʙʦʢʦʤʧʨʝʩʩʦʨʘ 

ʜʚʠʛʘʪʝʣʷ. ɼʚʠʛʘʪʝʣʴ ʩʦʩʪʦʠʪ ʠʟ ʩʣʝʜʫʶʱʠʭ ʢʦʤʧʦʥʝʥʪ: 

¶ ʧʨʠʚʦʜ rʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ,  

¶ ʪʦʧʣʠʚʥʘ ̫ʩʠʩʪʝʤʘ, 

¶ ʦʩʝʚʦʡ ʢʦʤʧʨʝʩʩʦʨ, 

¶ ʢʘʤʝʨʘ ʩʛʦʨʘʥʠʷ, 

¶ ʚʳʭʣʦʧʥʦʝ ʫʩʪʨʦʡʩʪʚʦ, 

¶ ʩʠʩʪʝʤʘ ʦʪʙʦʨʘ ʚʦʟʜʫʭʘ, 

¶ ʩʠʩʪʝʤʘ ʟʘʧʫʩʢʘ.  

ɼʣʷ ʚʳʰʝ ʦʧʠʩʘʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚʳʜʝʣʷʝʪʩʷ ʩʧʠʩʦʢ ʦʪʢʘʟʦʚ ʠ ʟʥʘʯʝʥʠʷ 

ʬʠʟʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ, ʢʦʪʦʨʳʝ ʠʭ ʩʦʧʨʦʚʦʞʜʘʶʪ. ɼʣʷ ʛʣʘʚʥʦʛʦ ʨʝʜʫʢʪʦʨʘ, 

ʦʩʥʦʚʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʥʘʣʠʯʠʷ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ ʙʫʜʝʪ ʦʪʢʣʦʥʝʥʠʝ ʚʝʣʠʯʠʥ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʘʚʣʝʥʠʷ ʤʘʩʣʘ ʦʪ ʥʦʨʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ. 

ɼʣʷ ʩʠʣʦʚʦʡ ʫʩʪʘʥʦʚʢʠ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʝ ʧʦʢʘʟʘʪʝʣʠ:   

¶ ʪʝʤʧʝʨʘʪʫʨʘ ʚʳʭʣʦʧʥʳʭ ʛʘʟʦʚ, 

¶ ʪʝʤʧʝʨʘʪʫʨʘ ʤʘʩʣʘ ʥʘ ʚʭʦʜʝ, 

¶ ʜʘʚʣʝʥʠʝ ʤʘʩʣʘ. 

ɿʥʘʯʝʥʠʷ ʚʳʰʝ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʤʦʞʥʦ ʠʟʤʝʨʠʪʴ, ʠʩʧʦʣʴʟʫʷ 

ʜʘʪʯʠʢʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚ ʚʝʨʪʦʣʝʪʝ. ɺʦ ʚʨʝʤʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʫʟʣʳ ʚʝʨʪʦʣʝʪʘ 

ʧʦʜʚʝʨʛʘʶʪʩʷ ʠʟʥʦʩʫ, ʢʦʪʦʨʳʡ ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ. 
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ʀʟʥʦʩ ʚʦʟʥʠʢʘʝʪ, ʚ ʪʦʤ ʯʠʩʣʝ, ʧʨʠ ʯʘʩʪʦʡ ʩʤʝʥʝ ʩʦʩʪʦʷʥʠʡ ʫʟʣʦʚ, ʢʦʪʦʨʳʝ 

ʤʦʞʥʦ ʟʘʬʠʢʩʠʨʦʚʘʪʴ ʯʝʨʝʟ ʠʟʤʝʥʝʥʠʝ ʝʛʦ ʧʦʢʘʟʘʪʝʣʝʡ. ʇʨʠʟʥʘʢʦʤ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʨʦʚʝʜʝʥʠʷ ʨʝʤʦʥʪʥʳʭ ʠ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʭ ʨʘʙʦʪ ʙʫʜʝʪ 

ʥʘʣʠʯʠʝ ʯʘʩʪʦ ʚʩʪʨʝʯʘʝʤʳʭ ʩʤʝʥ ʩʦʩʪʦʷʥʠʡ ʧʦʢʘʟʘʪʝʣʝʡ ʫʟʣʦʚ. ʊʘʢʞʝ 

ʩʣʠʰʢʦʤ ʨʝʟʢʦʝ ʫʚʝʣʠʯʝʥʠʝ ʠʣʠ ʫʤʝʥʴʰʝʥʠʝ ʧʦʢʘʟʘʪʝʣʷ ʤʦʞʝʪ ʛʦʚʦʨʠʪʴ ʦ 

ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʙʦʣʴʰʦʡ ʧʝʨʝʛʨʫʟʢʠ, ʣʠʙʦ ʦ ʚʦʟʥʠʢʰʝʡ ʥʝʠʩʧʨʘʚʥʦʩʪʠ. ɺ 

ʣʶʙʦʤ ʩʣʫʯʘʝ, ʥʘʣʠʯʠʝ ʪʘʢʠʭ ʧʨʠʟʥʘʢʦʚ ï ʧʦʚʦʜ ʢ ʧʨʦʚʝʜʝʥʠʶ ʜʝʪʘʣʴʥʦʡ 

ʜʠʘʛʥʦʩʪʠʢʠ ʫʟʣʦʚ ʘʛʨʝʛʘʪʘ. ɺ ʪʘʙʣʠʮʝ 4.4 ʧʨʝʜʩʪʘʚʣʝʥ ʩʧʠʩʦʢ ʬʠʟʠʯʝʩʢʠʭ 

ʚʝʣʠʯʠʥ ʩ ʥʦʨʤʘʪʠʚʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ, ʬʠʢʩʠʨʫʶʱʠʤʠ ʜʦʧʫʩʪʠʤʳʝ 

ʧʨʝʜʝʣʳ. 

ʊʘʙʣʠʮʘ 4.4 ï ʂʣʶʯʝʚʳʝ ʬʠʟʠʯʝʩʢʠʝ ʚʝʣʠʯʠʥʳ 

ʌʠʟʠʯʝʩʢʠʡ ʧʘʨʘʤʝʪʨ 
ɻʣʘʚʥʳʡ 

ʨʝʜʫʢʪʦʨ 

ʉʠʣʦʚʘʷ 

ʫʩʪʘʥʦʚʢʘ 

ʊʝʤʧʝʨʘʪʫʨʘ ʚʳʭ. ʛʘʟʦʚ ʜʚʠʛʘʪʝʣʷ, ʉ̄  0-1000 

ʊʝʤʧʝʨʘʪʫʨʘ ʤʘʩʣʘ ʚ ʜʚʠʛʘʪʝʣʝ, ʉ̄  -50-200 

ɼʘʚʣʝʥʠʝ ʤʘʩʣʘ ʚ ʜʚʠʛʘʪʝʣʝ, ʢʛ/ʩʤ2  0-8 

ʊʝʤʧʝʨʘʪʫʨʘ ʤʘʩʣʘ ʛʣʘʚʥʦʛʦ ʨʝʜʫʢʪʦʨʘ,ʉ̄ -50-150  

ɼʘʚʣʝʥʠʝ ʤʘʩʣʘ ʛʣʘʚʥʦʛʦ ʨʝʜʫʢʪʦʨʘ, ʢʛ/ʩʤ2 0-8  

 

ɼʠʘʛʥʦʩʪʠʢʘ ʚʝʨʪʦʣʝʪʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʨʦʚʝʨʢʝ ʝʛʦ ʘʛʨʝʛʘʪʦʚ ʩ ʮʝʣʴʶ 

ʦʧʨʝʜʝʣʝʥʠʷ ʠʭ ʠʩʧʨʘʚʥʦʩʪʠ, ʜʦʧʫʩʪʠʤʦʩʪʠ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʣʠʙʦ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʨʦʚʝʜʝʥʠʷ ʨʝʤʦʥʪʥʳʭ ʨʘʙʦʪ. ʊʘʢ ʢʘʢ ʧʨʦʚʝʜʝʥʠʝ 

ʜʠʘʛʥʦʩʪʠʢʠ ï ʧʨʦʮʝʜʫʨʘ ʜʦʨʦʛʦʩʪʦʷʱʘʷ, ʪʦ ʧʨʠʤʝʥʝʥʠʝ ʵʢʩʧʝʨʪʥʦʡ ʩʠʩʪʝʤʳ 

ʧʦʟʚʦʣʠʪ ʦʧʨʝʜʝʣʠʪʴ, ʥʝʦʙʭʦʜʠʤʘ ʣʠ ʜʠʘʛʥʦʩʪʠʢʘ ʫʟʣʦʚ ʠʣʠ ʥʘ ʤʦʤʝʥʪ 

ʧʨʦʚʝʨʢʠ ʫʟʣʳ ʠ ʩʧʨʘʚʥʳ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚ ʧʨʦʚʝʜʝʥʠʠ ʜʠʘʛʥʦʩʪʠʢʠ ʥʝʪ. 

ʈʝʟʫʣʴʪʘʪʦʤ ʧʨʦʚʝʜʝʥʠʷ ʘʥʘʣʠʟʘ ʙʫʜʝʪ ʦʮʝʥʢʘ ʟʥʘʯʝʥʠʡ ʢʣʶʯʝʚʳʭ 

ʬʠʟʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ ʠ ʠʭ ʪʝʥʜʝʥʮʠʡ. ʆʩʥʦʚʥʘʷ ʮʝʣʴ ï ʦʮʝʥʠʪʴ ʦʧʘʩʥʦʩʪʴ 

ʟʥʘʯʝʥʠʡ ʠ ʪʝʥʜʝʥʮʠʡ ʧʦʢʘʟʘʪʝʣʝʡ. ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ ʥʝʦʙʭʦʜʠʤʦ 

ʧʦʩʪʨʦʠʪʴ ʤʦʜʝʣʠ ʧʦʚʝʜʝʥʠʷ ʚʳʙʨʘʥʥʳʭ ʫʟʣʦʚ ʠ ʩ ʧʦʤʦʱʴʶ ʤʦʜʝʣʝʡ ʜʝʣʘʪʴ 
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ʟʘʢʣʶʯʝʥʠʷ ʦʙ ʠʩʧʨʘʚʥʦʩʪʠ ʫʟʣʦʚ. ʄʦʜʝʣʠ ʧʦʩʪʨʦʝʥʳ ʚ ʚʠʜʝ ʵʢʩʧʝʨʪʥʦʡ ʙʘʟʳ 

ʩʫʞʜʝʥʠʡ ʦ ʧʦʚʝʜʝʥʠʠ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʥʘ ʦʩʥʦʚʝ ʦʥʪʦʣʦʛʠʠ. 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʘʥʘʣʠʟʘ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʨʘʙʦʯʠʝ ʜʠʘʧʘʟʦʥʳ ʜʣʷ 

ʧʦʢʘʟʘʪʝʣʝʡ ʜʠʘʛʥʦʩʪʠʨʫʝʤʳʭ ʊʉ (ʪʘʙʣʠʮʘ 4.5). 

ʊʘʙʣʠʮʘ 4.5 ï ʈʘʙʦʯʠʝ ʜʠʘʧʘʟʦʥʳ ʧʦʢʘʟʘʪʝʣʝʡ ʜʠʘʛʥʦʩʪʠʨʫʝʤʳʭ ʊʉ 

ʌʠʟʠʯʝʩʢʠʡ 

ʧʘʨʘʤʝʪʨ 

ɻʨʘʥʠʮʳ 

ʜʠʘʧʘʟʦʥʘ 

ʆʧʘʩʥʦ 

ʤʘʣʦ 
ʄʘʣʦ ʅʦʨʤʘ ɺʝʣʠʢʦ 

ʆʧʘʩʥʦ 

ʚʝʣʠʢʦ 

ʊʝʤʧʝʨʘʪʫʨʘ 

ʚʳʭ. ʛʘʟʦʚ 

ʜʚʠʛʘʪʝʣʷ, 

ʉ̄ 

0-1000   

a,b<0 

c=560 

d=600,5 

a=600 

b=700 

c=720,5 

a=720 

b=800 

c>1000 

ʊʝʤʧʝʨʘʪʫʨʘ 

ʤʘʩʣʘ ʚ 

ʜʚʠʛʘʪʝʣʝ, 

ʉ̄ 

-50-200 

a<-60 

b=-50 

c=-40 

a=-

39,9 

b=-30 

c=-5 

a=-4,9 

b=80 

c=110,1 

a=110 

b=115 

c=120,1 

a=120 

b=150 

c>200 

ɼʘʚʣʝʥʠʝ 

ʤʘʩʣʘ ʚ 

ʜʚʠʛʘʪʝʣʝ, 

ʢʛʩ/ʩʤ2 

0-8 

a<0 

b=1 

c=2 

a=1,99 

b=2,2 

c=2,5 

a=2,45 

b=3 

c=4,05 

a=4 

b=4,2 

c=4,55 

a=4,5 

b=5 

c>8 

ʊʝʤʧʝʨʘʪʫʨʘ 

ʤʘʩʣʘ 

ʛʣʘʚʥʦʛʦ 

ʨʝʜʫʢʪʦʨʘ,ʉ̄ 

-50-150 

a<-60 

b=-50 

c=-40 

a=-

39,9 

b=-30 

c=-15 

a=-14,9 

b=60 

c=70,1 

a=70 

b=80 

c=90,1 

a=90 

b=100 

c>150 

ɼʘʚʣʝʥʠʝ 

ʤʘʩʣʘ 

ʛʣʘʚʥʦʛʦ 

ʨʝʜʫʢʪʦʨʘ, 

ʢʛʩ/ʩʤ2 

0-8 

a<0 

b=1 

c=2 

a=1,99 

b=2,2 

c=3,5 

a=3,45 

b=4 

c=4,55 

a=4,55 

b=5 

c=7,55 

a=7,5 

b=7,8 

c>8 
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ɼʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʳʣ ʨʘʩʩʤʦʪʨʝʥ ɺʈ ʧʦʢʘʟʘʪʝʣʷ ʪʝʤʧʝʨʘʪʫʨʳ 

ʚʳʭʦʜʥʳʭ ʛʘʟʦʚ ʜʣʷ ʚʝʨʪʦʣʝʪʥʦʛʦ ʜʚʠʛʘʪʝʣʷ (ʨʠʩʫʥʦʢ 4.2). 

 

ʈʠʩʫʥʦʢ 4.2 ï ɺʈ ʪʝʤʧʝʨʘʪʫʨʳ ʚʳʭʦʜʥʳʭ ʛʘʟʦʚ ʚʝʨʪʦʣʝʪʥʦʛʦ ʜʚʠʛʘʪʝʣʷ 

ʉ ʧʦʤʦʱʴʶ ʵʢʩʧʝʨʪʘ ʙʳʣʠ ʩʦʩʪʘʚʣʝʥʳ ʧʘʪʪʝʨʥʳ ʧʦʚʝʜʝʥʠʷ, 

ʬʠʢʩʠʨʫʶʱʠʝ ʥʘʣʠʯʠʝ ʯʘʩʪʳʭ ʩʤʝʥ ʩʦʩʪʦʷʥʠʷ ʧʦʢʘʟʘʪʝʣʷ, ʣʠʙʦ ʥʘʣʠʯʠʝ 

ʩʢʘʯʢʦʚ ʩʤʝʥ ʩʦʩʪʦʷʥʠʷ (ʢʦʛʜʘ ʩʦʩʪʦʷʥʠʝ ʤʝʥʷʝʪʩʷ ʩʨʘʟʫ ʯʝʨʝʟ ʥʝʩʢʦʣʴʢʦ 

ʜʠʘʧʘʟʦʥʦʚ). 

ʇʝʨʚʳʡ ʧʘʪʪʝʨʥ ʦʧʠʩʳʚʘʝʪ ʩʠʪʫʘʮʠʶ ʩ ʥʝʩʢʦʣʴʢʠʤʠ ʧʦʜʨʷʜ ʨʝʟʢʠʤʠ 

ʩʤʝʥʘʤʠ ʩʦʩʪʦʷʥʠʡ (ʥʝ ʤʝʥʝʝ 3-ʭ) ʩ ʚʦʟʤʦʞʥʳʤ ʧʨʦʤʝʞʫʪʦʯʥʳʤ ʩʦʩʪʦʷʥʠʝʤ, 

ʢʦʛʜʘ ʧʦʢʘʟʘʪʝʣʴ ʥʘʭʦʜʠʪʩʷ ʚ ʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʥʦ ʥʝ ʙʦʣʝʝ ʦʜʥʦʡ ʪʦʯʢʠ, ʧʦʩʣʝ 

ʢʦʪʦʨʦʡ ʩʥʦʚʘ ʩʣʝʜʫʝʪ ʨʝʟʢʘʷ ʩʤʝʥʘ ʩʦʩʪʦʷʥʠʷ. ʆʧʠʩʘʥʠʝ ʧʘʪʪʝʨʥʘ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʪʘʙʣʠʮʝ 4.6. 

ʊʘʙʣʠʮʘ 4.6 ï ʇʘʪʪʝʨʥ ʯʘʩʪʳʭ ʩʤʝʥ ʩʦʩʪʦʷʥʠʡ 

ʇʦʟ. ʕʣʝʤʝʥʪʘʨʥʳʡ ʧʘʪʪʝʨʥ ʧʦʚʝʜʝʥʠʷ ʂʦʣʠʯʝʩʪʚʦ ʪʦʯʝʢ 

1.  ʩʪʘʙʠʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ ʠʣʠ ʥʝʦʧʨʝʜʝʣʝʥʥʦʝ 

ʩʦʩʪʦʷʥʠʝ ʠʣʠ ʫʩʪʦʡʯʠʚʦʝ ʩʦʩʪʦʷʥʠʝ ʠʣʠ 

ʩʪʘʙʠʣʠʟʘʮʠʷ ʩʦʩʪʦʷʥʠʷ ʠʣʠ ʩʦʩʪʦʷʥʠʝ 

ʥʘʨʘʩʪʘʥʠʷ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ 
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ʇʦʟ. ʕʣʝʤʝʥʪʘʨʥʳʡ ʧʘʪʪʝʨʥ ʧʦʚʝʜʝʥʠʷ ʂʦʣʠʯʝʩʪʚʦ ʪʦʯʝʢ 

2.  ʩʤʝʥʘ ʩʦʩʪʦʷʥʠʷ ʠʣʠ ʨʝʟʢʘʷ ʩʤʝʥʘ ʩʦʩʪʦʷʥʠʷ ʅʝ ʤʝʥʝʝ 1 ʪʦʯʢʠ 

3.  ʩʪʘʙʠʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ ʠʣʠ ʥʝʦʧʨʝʜʝʣʝʥʥʦʝ 

ʩʦʩʪʦʷʥʠʝ ʠʣʠ ʫʩʪʦʡʯʠʚʦʝ ʩʦʩʪʦʷʥʠʝ ʠʣʠ 

ʩʪʘʙʠʣʠʟʘʮʠʷ ʩʦʩʪʦʷʥʠʷ ʠʣʠ ʩʦʩʪʦʷʥʠʝ 

ʥʘʨʘʩʪʘʥʠʷ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ 

ʅʝ ʙʦʣʝʝ 1, ʥʦ 

ʤʦʞʝʪ ʠ ʥʝ ʙʳʪʴ 

4.  ʩʤʝʥʘ ʩʦʩʪʦʷʥʠʷ ʠʣʠ ʨʝʟʢʘʷ ʩʤʝʥʘ ʩʦʩʪʦʷʥʠʷ ʅʝ ʤʝʥʝʝ 1 ʪʦʯʢʠ 

5.  ʩʪʘʙʠʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ ʠʣʠ ʥʝʦʧʨʝʜʝʣʝʥʥʦʝ 

ʩʦʩʪʦʷʥʠʝ ʠʣʠ ʫʩʪʦʡʯʠʚʦʝ ʩʦʩʪʦʷʥʠʝ ʠʣʠ 

ʩʪʘʙʠʣʠʟʘʮʠʷ ʩʦʩʪʦʷʥʠʷ ʠʣʠ ʩʦʩʪʦʷʥʠʝ 

ʥʘʨʘʩʪʘʥʠʷ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ 

ʅʝ ʙʦʣʝʝ 1, ʥʦ 

ʤʦʞʝʪ ʠ ʥʝ ʙʳʪʴ 

6.  ʩʤʝʥʘ ʩʦʩʪʦʷʥʠʷ ʠʣʠ ʨʝʟʢʘʷ ʩʤʝʥʘ ʩʦʩʪʦʷʥʠʷ ʅʝ ʤʝʥʝʝ 1 ʪʦʯʢʠ 

7.  ʩʪʘʙʠʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ ʠʣʠ ʥʝʦʧʨʝʜʝʣʝʥʥʦʝ 

ʩʦʩʪʦʷʥʠʝ ʠʣʠ ʫʩʪʦʡʯʠʚʦʝ ʩʦʩʪʦʷʥʠʝ ʠʣʠ 

ʩʪʘʙʠʣʠʟʘʮʠʷ ʩʦʩʪʦʷʥʠʷ ʠʣʠ ʩʦʩʪʦʷʥʠʝ 

ʥʘʨʘʩʪʘʥʠʷ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ 

ɹʦʣʝʝ 2-ʭ ʪʦʯʝʢ 

 

ɺʪʦʨʦʡ ʧʘʪʪʝʨʥ ʦʧʠʩʳʚʘʝʪ ʩʠʪʫʘʮʠʶ ʥʘʣʠʯʠʷ ʧʝʨʝʭʦʜʘ ʩʦʩʪʦʷʥʠʷ 

ʤʠʥʠʤʫʤ ʯʝʨʝʟ ʦʜʠʥ ʜʠʘʧʘʟʦʥ ʧʦʢʘʟʘʪʝʣʷ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʪʘʢʦʤʫ ʧʝʨʝʭʦʜʫ 

ʤʦʛʫʪ ʧʨʝʜʰʝʩʪʚʦʚʘʪʴ, ʣʠʙʦ ʚʦʟʥʠʢʘʪʴ ʧʦʩʣʝ, ʩʠʪʫʘʮʠʠ ʩʤʝʥʳ ʩʦʩʪʦʷʥʠʡ. 

ʆʧʠʩʘʥʠʝ ʧʘʪʪʝʨʥʘ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʪʘʙʣʠʮʝ 4.7. 

 

ʊʘʙʣʠʮʘ 4.7 ï ʇʘʪʪʝʨʥ ʩʢʘʯʢʘ ʩʤʝʥʳ ʩʦʩʪʦʷʥʠʡ 

ʇʦʟ ʕʣʝʤʝʥʪʘʨʥʳʡ ʧʘʪʪʝʨʥ ʧʦʚʝʜʝʥʠʷ ʂʦʣʠʯʝʩʪʚʦ ʪʦʯʝʢ 

1.  ʩʪʘʙʠʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ ʠʣʠ ʥʝʦʧʨʝʜʝʣʝʥʥʦʝ 

ʩʦʩʪʦʷʥʠʝ, ʠʣʠ ʫʩʪʦʡʯʠʚʦʝ ʩʦʩʪʦʷʥʠʝ ʠʣʠ 

ʩʪʘʙʠʣʠʟʘʮʠʷ ʩʦʩʪʦʷʥʠʷ, ʠʣʠ ʩʦʩʪʦʷʥʠʝ 

ʥʘʨʘʩʪʘʥʠʷ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ 

 

1 
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ʇʦʟ ʕʣʝʤʝʥʪʘʨʥʳʡ ʧʘʪʪʝʨʥ ʧʦʚʝʜʝʥʠʷ ʂʦʣʠʯʝʩʪʚʦ ʪʦʯʝʢ 

2.  ʩʤʝʥʘ ʩʦʩʪʦʷʥʠʷ ʠʣʠ ʨʝʟʢʘʷ ʩʤʝʥʘ ʩʦʩʪʦʷʥʠʷ ʅʝ ʙʦʣʝʝ 3, ʥʦ 

ʤʦʞʝʪ ʠ ʥʝ ʙʳʪʴ 

3.  ʩʦʩʪʦʷʥʠʝ ʩʢʘʯʢʘ ʅʝ ʤʝʥʝʝ 1 ʪʦʯʢʠ 

4.  ʩʤʝʥʘ ʩʦʩʪʦʷʥʠʷ ʠʣʠ ʨʝʟʢʘʷ ʩʤʝʥʘ ʩʦʩʪʦʷʥʠʷ ʅʝ ʙʦʣʝʝ 3, ʥʦ 

ʤʦʞʝʪ ʠ ʥʝ ʙʳʪʴ 

5.  ʩʪʘʙʠʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ ʠʣʠ ʥʝʦʧʨʝʜʝʣʝʥʥʦʝ 

ʩʦʩʪʦʷʥʠʝ ʠʣʠ ʫʩʪʦʡʯʠʚʦʝ ʩʦʩʪʦʷʥʠʝ ʠʣʠ 

ʩʪʘʙʠʣʠʟʘʮʠʷ ʩʦʩʪʦʷʥʠʷ ʠʣʠ ʩʦʩʪʦʷʥʠʝ 

ʥʘʨʘʩʪʘʥʠʷ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ 

ɹʦʣʝʝ 2-ʭ ʪʦʯʝʢ 

 

ʈʘʟʨʘʙʦʪʘʥʘ Fuzzy OWL-ʦʥʪʦʣʦʛʠʷ, ʢʦʪʦʨʘʷ ʠʤʝʝʪ ʠʝʨʘʨʭʠʯʝʩʢʫʶ 

ʩʪʨʫʢʪʫʨʫ ʠ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 55 ʢʣʘʩʩʦʚ, 8 ʦʙʲʝʢʪʥʳʭ ʩʚʦʡʩʪʚ, 40 ʪʠʧʦʚ 

ʜʘʥʥʳʭ. ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʦʥʪʦʣʦʛʠʠ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʧʨʦʛʨʘʤʤʘ Prot®g® [168] ï 

ʣʦʢʘʣʴʥʘʷ, ʩʚʦʙʦʜʥʦ ʨʘʩʧʨʦʩʪʨʘʥʷʝʤʘʷ Java-ʧʨʦʛʨʘʤʤʘ.  

Prot®g® ʦʩʥʦʚʘʥ ʥʘ ʬʨʝʡʤʦʚʦʡ ʤʦʜʝʣʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʟʥʘʥʠʷ ʠ ʩʥʘʙʞʝʥ 

ʨʷʜʦʤ ʧʣʘʛʠʥʦʚ [169], ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʝʛʦ ʘʜʘʧʪʠʨʦʚʘʪʴ ʜʣʷ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ 

ʤʦʜʝʣʝʡ, ʭʨʘʥʠʤʳʭ ʚ ʨʘʟʥʳʭ ʬʦʨʤʘʪʘʭ. ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʥʝʯʝʪʢʦʡ ʦʥʪʦʣʦʛʠʠ 

ʫʢʘʟʘʥʥʳʡ ʨʝʜʘʢʪʦʨ ʙʳʣ ʨʘʩʰʠʨʝʥ ʩʚʦʙʦʜʥʦ ʨʘʩʧʨʦʩʪʨʘʥʷʝʤʳʤ ʧʣʘʛʠʥʦʤ 

FuzzyOWL Plugin, ʢʦʪʦʨʳʡ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʠ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʥʝʯʝʪʢʠʭ ʵʣʝʤʝʥʪʦʚ ʦʥʪʦʣʦʛʠʠ ʚ ʥʦʪʘʮʠʠ Fuzzy OWL. 

ʅʘ ʨʠʩʫʥʢʝ 4.3 ʧʨʝʜʩʪʘʚʣʝʥʦ ʛʨʘʬʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʨʘʟʨʘʙʦʪʘʥʥʦʡ 

ʦʥʪʦʣʦʛʠʠ. 

Cʬʦʨʤʠʨʦʚʘʥʳ SWRL-ʧʨʘʚʠʣʘ (ʣʠʩʪʠʥʛ 4.1) 

PATTERN_CHANGE_STATE_COUNT(?ind) ^ hasValue(?ind, ?val) ^ 

^ swrlb:lessThanOrEqual(?val, 5) -> Norm(?ind) 

PATTERN_CHANGE_STATE_COUNT(?ind) ^ hasValue(?ind, ?val) ^  

^ swrlb:greaterThan(?val, 5) ^ swrlb:lessThanOrEqual(?val, 10) -> 

AddToPPT(?ind) 
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PATTERN_CHANGE_STATE_COUNT(?ind) ^hasValue(?ind, ?val) ^  

^ swrlb:greaterThan(?val, 10) -> NeedDiag(?ind) 

ʃʠʩʪʠʥʛ 4.1 ï ʇʨʠʤʝʨ SWRL-ʧʨʘʚʠʣʘ 

 

 

ʈʠʩʫʥʦʢ 4.3 ï ɻʨʘʬʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦʥʪʦʣʦʛʠʠ 

ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʪʝʣʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚʳʭʦʜʥʳʭ ʛʘʟʦʚ 

ʚʝʨʪʦʣʝʪʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʥʘ ʧʨʝʜʤʝʪ ʥʘʣʠʯʠʷ ʚʳʰʝ ʦʧʠʩʘʥʥʳʭ ʧʘʪʪʝʨʥʦʚ 

ʚʳʷʚʠʣ ʩʣʝʜʫʶʱʠʝ ʚʭʦʞʜʝʥʠʷ (ʪʘʙʣʠʮʘ 4.8). 
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ʊʘʙʣʠʮʘ 4.8 ï ɺʳʷʚʣʝʥʥʳʝ ʧʘʪʪʝʨʥʳ ʚʦ ɺʈ ʧʦʢʘʟʘʪʝʣʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚʳʭʦʜʥʳʭ 

ʛʘʟʦʚ ʚʝʨʪʦʣʝʪʥʦʛʦ ʜʚʠʛʘʪʝʣʷ 

ʇʦʟ. ʇʘʪʪʝʨʥ 
ʅʘʯʘʣʴʥʘʷ ʪʦʯʢʘ 

ʧʘʪʪʝʨʥʘ ʚ ʨʷʜʫ 

1.  ʅʝʩʢʦʣʴʢʦ ʩʤʝʥ ʩʦʩʪʦʷʥʠʷ 574 

2.  ʅʝʩʢʦʣʴʢʦ ʩʤʝʥ ʩʦʩʪʦʷʥʠʷ 576 

3.  ʅʝʩʢʦʣʴʢʦ ʩʤʝʥ ʩʦʩʪʦʷʥʠʷ  1253 

4.  ʅʝʩʢʦʣʴʢʦ ʩʤʝʥ ʩʦʩʪʦʷʥʠʷ 1261 

5.  ʇʨʳʞʦʢ ʩ ʧʝʨʝʭʦʜʘʤʠ 1706 

6.  ʅʝʩʢʦʣʴʢʦ ʩʤʝʥ ʩʦʩʪʦʷʥʠʷ 1712 

7.  ʇʨʳʞʦʢ ʩ ʧʝʨʝʭʦʜʘʤʠ 2057 

8.  ʅʝʩʢʦʣʴʢʦ ʩʤʝʥ ʩʦʩʪʦʷʥʠʷ 2084 

9.  ʅʝʩʢʦʣʴʢʦ ʩʤʝʥ ʩʦʩʪʦʷʥʠʷ 2095 

10.  ʅʝʩʢʦʣʴʢʦ ʩʤʝʥ ʩʦʩʪʦʷʥʠʷ 2331 

11.  ʅʝʩʢʦʣʴʢʦ ʩʤʝʥ ʩʦʩʪʦʷʥʠʷ 2339 

12.  ʅʝʩʢʦʣʴʢʦ ʩʤʝʥ ʩʦʩʪʦʷʥʠʷ 3402 

13.  ʅʝʩʢʦʣʴʢʦ ʩʤʝʥ ʩʦʩʪʦʷʥʠʷ 3409 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʚ ʜʘʥʥʦʤ ʧʦʢʘʟʘʪʝʣʝ ʯʘʩʪʦ 

ʚʩʪʨʝʯʘʝʪʩʷ ʧʘʪʪʝʨʥ ʯʘʩʪʳʭ ʩʤʝʥ ʩʦʩʪʦʷʥʠʷ, ʘ ʪʘʢʞʝ ʜʚʘʞʜʳ ʚʩʪʨʝʯʘʝʪʩʷ 

ʧʘʪʪʝʨʥ çʧʨʳʞʢʘè.  

ʈʘʩʩʤʦʪʨʠʤ ʧʘʨʫ ʚʳʷʚʣʝʥʥʳʭ ʩʠʪʫʘʮʠʡ, ʥʘʧʨʠʤʝʨ, ʚ ʪʦʯʢʘʭ 574 ʠ 576 

(ʨʠʩʫʥʦʢ 4.4). 
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ʈʠʩʫʥʦʢ 4.4 ï ʆʪʨʝʟʦʢ ʛʨʘʬʠʢʘ ʧʦʢʘʟʘʪʝʣʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚʳʭʦʜʥʳʭ ʛʘʟʦʚ 

ʚʝʨʪʦʣʝʪʥʦʛʦ ʜʚʠʛʘʪʝʣʷ 

ʇʝʨʚʫʶ ʩʠʪʫʘʮʠʶ ʤʦʞʥʦ ʧʨʝʜʩʢʘʟʘʪʴ ʚʠʟʫʘʣʴʥʦ, ʧʦ ʙʳʩʪʨʦʤʫ ʨʦʩʪʫ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʪʦʯʢʘʭ [1, 11]. ʇʦʢʘʟʘʪʝʣʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩʤʝʥʠʣ ʥʝʩʢʦʣʴʢʦ 

ʩʚʦʠʭ ʜʠʘʧʘʟʦʥʦʚ ʦʪ çʅʦʨʤʘ 1è ʜʦ çʆʧʘʩʥʦ ʚʳʩʦʢʦ 1è. ɺʪʦʨʘʷ ʩʠʪʫʘʮʠʷ 

ʦʢʘʟʘʣʘʩʴ ʚʣʦʞʝʥʥʦʡ ʚ ʧʝʨʚʫʶ ʠ ʦʧʠʩʳʚʘʝʪ ʧʦʚʝʜʝʥʠʝ, ʢʦʛʜʘ ʧʘʨʘʤʝʪʨ ʩʧʝʨʚʘ 

ʥʘʭʦʜʠʪʩʷ ʚ ʦʜʥʦʤ ʜʠʘʧʘʟʦʥʝ, ʟʘʪʝʤ ʨʝʟʢʦ ʧʝʨʝʭʦʜʠʪ ʚ ʩʦʩʝʜʥʠʡ ʠ 

ʚʦʟʚʨʘʱʘʝʪʩʷ ʚ ʠʩʭʦʜʥʳʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʘʝʪʩʷ ʢʦʣʝʙʘʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ 

ʩ ʨʝʟʢʠʤʠ ʩʤʝʥʘʤʠ ʩʦʩʪʦʷʥʠʡ. ɺ ʪʘʙʣʠʮʝ 4.9 ʧʨʝʜʩʪʘʚʣʝʥ ʨʘʩʯʝʪ ʵʥʪʨʦʧʠʠ, ʝʝ 

ʜʠʥʘʤʠʢʠ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʵʣʝʤʝʥʪʘʨʥʳʭ ʧʘʪʪʝʨʥʦʚ ʩʦʩʪʦʷʥʠʷ ʜʣʷ 

ʘʥʘʣʠʟʠʨʫʝʤʦʛʦ ʦʪʨʝʟʢʘ. 

ʊʘʙʣʠʮʘ 4.9 ï ʈʘʩʯʝʪ ʵʥʪʨʦʧʠʠ ʪʦʯʢʠ, ʜʠʥʘʤʠʢʠ ʵʥʪʨʦʧʠʠ ʠ ʦʧʨʝʜʝʣʝʥʠʝ 

ʵʣʝʤʝʥʪʘʨʥʳʭ ʧʘʪʪʝʨʥʦʚ ʩʦʩʪʦʷʥʠʷ ʜʣʷ ʘʥʘʣʠʟʠʨʫʝʤʦʛʦ ʦʪʨʝʟʢʘ 

ʇʦʟ. ɿʥʘʯʝʥʠʝ ɼʠʘʧʘʟʦʥ ʕʥʪʨʦʧʠʷ ɼʠʥʘʤʠʢʘ 
ʕʣʝʤʝʥʪʘʨʥʳʡ 

ʧʘʪʪʝʨʥ 

1.  14,59 ʅʦʨʤʘ 1 -0,84564 0,045446 
ʥʝʦʧʨʝʜʝʣʝʥʥʦʝ 

ʩʦʩʪʦʷʥʠʝ 

2.  42,12 ʅʦʨʤʘ 1 -0,57307 0,272574 
ʩʪʘʙʠʣʠʟʘʮʠʷ 

ʩʦʩʪʦʷʥʠʷ 
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ʇʦʟ. ɿʥʘʯʝʥʠʝ ɼʠʘʧʘʟʦʥ ʕʥʪʨʦʧʠʷ ɼʠʥʘʤʠʢʘ 
ʕʣʝʤʝʥʪʘʨʥʳʡ 

ʧʘʪʪʝʨʥ 

3.  94,45 ʅʦʨʤʘ 1 -0,05495 0,518119 
ʩʪʘʙʠʣʠʟʘʮʠʷ 

ʩʦʩʪʦʷʥʠʷ 

4.  153,3 ʅʦʨʤʘ 1 0,530348 0,585299 

ʩʦʩʪʦʷʥʠʝ 

ʥʘʨʘʩʪʘʥʠʷ 

ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ 

5.  210,73 ʅʦʨʤʘ 2 -0,8927 0,576952 ʩʤʝʥʘ ʩʦʩʪʦʷʥʠʷ 

6.  280,94 ʅʦʨʤʘ 2 -0,1906 0,7021 
ʩʪʘʙʠʣʠʟʘʮʠʷ 

ʩʦʩʪʦʷʥʠʷ 

7.  367,25 ʅʦʨʤʘ 2 0,669154 0,859754 

ʩʦʩʪʦʷʥʠʝ 

ʥʘʨʘʩʪʘʥʠʷ 

ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ 

8.  466,29 ʅʦʨʤʘ 3 -0,3371 0,993746 ʩʤʝʥʘ ʩʦʩʪʦʷʥʠʷ 

9.  582,78 ʅʦʨʤʘ 3 0,823682 1,160782 

ʩʦʩʪʦʷʥʠʝ 

ʥʘʨʘʩʪʘʥʠʷ 

ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ 

10.  687,68 ɺʳʩʦʢʦ 2 -0,07733 3,098985 
ʨʝʟʢʘʷ ʩʤʝʥʘ 

ʩʦʩʪʦʷʥʠʷ 

11.  726 
ʆʧʘʩʥʦ 

ʚʳʩʦʢʦ 1 
-0,91429 1,163048 

ʨʝʟʢʘʷ ʩʤʝʥʘ 

ʩʦʩʪʦʷʥʠʷ 

12.  716,81 ɺʳʩʦʢʦ 2 0,879016 -0,2067 
ʧʣʘʚʥʘʷ ʩʤʝʥʘ 

ʩʦʩʪʦʷʥʠʷ 

13.  713,45 ɺʳʩʦʢʦ 2 0,768852 -0,11016 
ʩʪʘʙʠʣʠʟʘʮʠʷ 

ʩʦʩʪʦʷʥʠʷ 

14.  710,26 ɺʳʩʦʢʦ 2 0,664262 -0,10459 
ʩʪʘʙʠʣʠʟʘʮʠʷ 

ʩʦʩʪʦʷʥʠʷ 
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ʍʦʪʷ, ʨʦʩʪ ʧʦʢʘʟʘʪʝʣʷ ʥʘʯʘʣʩʷ ʚ ʪʦʯʢʝ 1 ʠ ʧʦʩʪʦʷʥʥʦ ʫʚʝʣʠʯʠʚʘʣʩʷ, 

ʧʝʨʚʘʷ ʩʠʪʫʘʮʠʷ ʥʘʯʠʥʘʝʪʩʷ ʪʦʣʴʢʦ ʚ ʪʦʯʢʝ 7, ʪʘʢ ʢʘʢ ʜʦ ʥʝʝ ʧʦʢʘʟʘʪʝʣʴ 

ʥʝʩʢʦʣʴʢʦ ʪʦʯʝʢ ʧʦʜʨʷʜ ʥʘʭʦʜʠʣʩʷ ʚ ʜʠʘʧʘʟʦʥʝ çʅʦʨʤʘ 2è, ʯʪʦ ʥʝ 

ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʫʩʣʦʚʠʶ ʧʘʪʪʝʨʥʘ. ɺʪʦʨʘʷ ʩʠʪʫʘʮʠʷ ʥʘʯʠʥʘʝʪʩʷ ʚ ʪʦʯʢʝ 9. ʉʘʤʦ 

ʧʦ ʩʝʙʝ ʧʨʠʩʫʪʩʪʚʠʝ ʦʙʝʠʭ ʩʠʪʫʘʮʠʡ ʜʣʷ ʧʦʢʘʟʘʪʝʣʷ ʥʝ ʷʚʣʷʝʪʩʷ ʨʝʰʘʶʱʠʤ 

ʬʘʢʪʦʨʦʤ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʜʝʪʘʣʴʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʜʚʠʛʘʪʝʣʷ, ʦʜʥʘʢʦ, ʥʘʣʠʯʠʝ 

11 ʧʦʜʦʙʥʳʭ ʩʠʪʫʘʮʠʡ, ʫʩʫʛʫʙʣʝʥʥʳʭ ʥʘʣʠʯʠʝʤ ʩʠʪʫʘʮʠʡ çʩʢʘʯʢʦʚè, ʜʘʝʪ 

ʧʦʚʦʜ ʢ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʨʦʚʝʜʝʥʠʷ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʨʘʙʦʪ ʜʣʷ ʘʥʘʣʠʟʠʨʫʝʤʦʛʦ 

ʜʚʠʛʘʪʝʣʷ. ɼʘʥʥʳʡ ʚʳʚʦʜ ʠʜʝʥʪʠʯʝʥ ʚʳʚʦʜʫ. ʇʦʣʫʯʝʥʥʦʤʫ ʯʝʨʝʟ ʵʢʩʧʝʨʪʥʫʶ 

ʩʠʩʪʝʤʫ. ʅʘ ʦʩʥʦʚʝ ʟʘʜʘʥʥʦʛʦ ʧʨʘʚʠʣʘ, ʯʪʦ, ʝʩʣʠ ʯʘʩʪʦʪʘ ʚʩʪʨʝʯ ʧʘʪʪʝʨʥʦʚ 

ʩʤʝʥ ʩʦʩʪʦʷʥʠʷ ʙʦʣʝʝ 8, ʪʦ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʧʨʦʚʝʜʝʥʠʝ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʨʘʙʦʪ. 

ɹʳʣ ʨʘʩʩʤʦʪʨʝʥ ɺʈ ʧʦʢʘʟʘʪʝʣʷ ʜʘʚʣʝʥʠʷ ʤʘʩʣʘ ʚʝʨʪʦʣʝʪʥʦʛʦ ʜʚʠʛʘʪʝʣʷ 

(ʨʠʩʫʥʦʢ 4.5). 

ʇʘʪʪʝʨʥʳ ʧʦʚʝʜʝʥʠʷ ʜʣʷ ʜʘʚʣʝʥʠʷ ʤʘʩʣʘ ʙʫʜʫʪ ʠʜʝʥʪʠʯʥʳ ʧʘʪʪʝʨʥʘʤ 

ʧʦʚʝʜʝʥʠʷ ʜʣʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚʳʭʦʜʥʳʭ ʛʘʟʦʚ. 

 

ʈʠʩʫʥʦʢ 4.5 ï ɺʈ ʜʘʚʣʝʥʠʷ ʤʘʩʣʘ ʚʝʨʪʦʣʝʪʥʦʛʦ ʜʚʠʛʘʪʝʣʷ 

ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʚʳʷʚʠʣ ʧʨʠʩʫʪʩʪʚʠʝ ʚʦ ɺʈ ʩʠʪʫʘʮʠʡ, ʦʧʠʩʘʥʥʳʭ ʚ 

ʧʝʨʚʦʤ ʧʘʪʪʝʨʥʝ. ʅʘʡʜʝʥʦ 2 ʪʘʢʠʭ ʩʣʫʯʘʷ (ʪʘʙʣʠʮʘ 4.10). 
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 ʊʘʙʣʠʮʘ 4.10 ï ɺʳʷʚʣʝʥʥʳʝ ʧʘʪʪʝʨʥʳ ʚʦ ɺʈ ʧʦʢʘʟʘʪʝʣʷ ʜʘʚʣʝʥʠʷ ʤʘʩʣʘ 

ʚʝʨʪʦʣʝʪʥʦʛʦ ʜʚʠʛʘʪʝʣʷ 

ʇʦʟ. ʇʘʪʪʝʨʥ 
ʅʘʯʘʣʴʥʘʷ ʪʦʯʢʘ 

ʧʘʪʪʝʨʥʘ ʚ ʨʷʜʫ 

1.  ʅʝʩʢʦʣʴʢʦ ʩʤʝʥ ʩʦʩʪʦʷʥʠʷ 457 

2.  ʅʝʩʢʦʣʴʢʦ ʩʤʝʥ ʩʦʩʪʦʷʥʠʷ 475 

 

ʈʘʩʩʤʦʪʨʠʤ ʚʳʷʚʣʝʥʥʳʝ ʩʠʪʫʘʮʠʠ (ʨʠʩʫʥʦʢ 4.6). 

 

ʈʠʩʫʥʦʢ 4.6 ï ʆʪʨʝʟʦʢ ʛʨʘʬʠʢʘ ʧʦʢʘʟʘʪʝʣʷ ʜʘʚʣʝʥʠʷ ʤʘʩʣʘ ʚʝʨʪʦʣʝʪʥʦʛʦ 

ʜʚʠʛʘʪʝʣʷ 

ɼʘʞʝ ʚʠʟʫʘʣʴʥʦ ʚʠʜʥʦ, ʯʪʦ ʠʤʝʝʪ ʤʝʩʪʦ ʙʳʪʴ ʢʦʣʝʙʘʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ. ʀ 

ʧʝʨʚʘʷ ʩʠʪʫʘʮʠʷ ʠʤʝʝʪ ʙʦʣʝʝ ʩʣʦʞʥʫʶ ʢʘʨʪʠʥʫ. 

ʉʧʝʨʚʘ ʨʘʩʩʤʦʪʨʠʤ ʵʪʫ ʩʠʪʫʘʮʠʶ ʥʘ ɺʈ. ɺʠʟʫʘʣʴʥʦ ʧʦ ʛʨʘʬʠʢʫ ɺʈ 

ʚʳʷʚʠʪʴ ʵʪʫ ʩʠʪʫʘʮʠʶ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʦ, ʪʘʢ ʢʘʢ ʦʥʘ ʪʝʨʷʝʪʩʷ ʥʘ ʬʦʥʝ 

ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʪʦʯʝʢ ʥʘʙʣʶʜʝʥʠʷ (ʨʠʩʫʥʦʢ 4.7). ʆʜʥʘʢʦ, ʝʩʣʠ ʨʘʩʩʤʦʪʨʝʪʴ 

ʛʨʘʬʠʢ ɺʈ ʜʠʥʘʤʠʢʠ ʵʥʪʨʦʧʠʠ ʧʦ ɺʈ ʧʦʢʘʟʘʪʝʣʷ ʜʘʚʣʝʥʠʷ ʤʘʩʣʘ ʚʝʨʪʦʣʝʪʥʦʛʦ 

ʜʚʠʛʘʪʝʣʷ, ʪʦ ʵʪʦʪ ʫʯʘʩʪʦʢ ʙʫʜʝʪ ʩʠʣʴʥʦ ʚʳʜʝʣʷʪʴʩʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʩʪʘʣʴʥʳʤ 

ʨʷʜʦʤ (ʨʠʩʫʥʦʢ 4.8).  
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ʅʘ ʦʩʥʦʚʝ ʚʳʰʝʠʟʣʦʞʝʥʥʦʛʦ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ, ʚʦ-ʧʝʨʚʳʭ, 

ʚʳʷʚʣʷʪʴ ʪʦʯʢʠ ʩʤʝʥʳ ʩʦʩʪʦʷʥʠʷ ʚʦʟʤʦʞʥʦ ʯʝʨʝʟ ʵʢʩʪʨʝʤʫʤʳ ʛʨʘʬʠʢʦʚ 

ʵʥʪʨʦʧʠʠ ʠ ʜʠʥʘʤʠʢʠ ʵʥʪʨʦʧʠʠ, ʘ ʚʦ-ʚʪʦʨʳʭ, ʘʣʛʦʨʠʪʤ ʧʦʟʚʦʣʷʝʪ ʢʦʨʨʝʢʪʥʦ 

ʥʘʭʦʜʠʪʴ ʮʝʧʦʯʢʠ ʕʇʇ ʚʦ ɺʈ ʧʦ ʰʘʙʣʦʥʘʤ ʮʝʧʦʯʝʢ, ʦʙʦʟʥʘʯʘʶʱʠʭ 

ʘʥʦʤʘʣʴʥʦʝ ʧʦʚʝʜʝʥʠʝ ɺʈ. 

 

 

ʈʠʩʫʥʦʢ 4.7 ï ɺʈ ʜʘʚʣʝʥʠʷ ʤʘʩʣʘ ʚʝʨʪʦʣʝʪʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʩ ʦʪʤʝʪʢʦʡ 

ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʥʘʡʜʝʥʥʳʭ ʩʠʪʫʘʮʠʡ 

ɼʣʷ ʙʦʣʴʰʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʜʘʥʥʳʝ ʦ ʧʨʦʛʦʥʝ ʪʨʝʭ 

ʤʘʰʠʥ. ɼʣʷ ʚʩʝʭ ʧʦʢʘʟʘʪʝʣʝʡ ʙʳʣʠ ʩʦʩʪʘʚʣʝʥʳ ʧʘʪʪʝʨʥʳ ʧʦʚʝʜʝʥʠʷ ʠ ʟʘʜʘʥʳ 

swrl-ʧʨʘʚʠʣʘ. ʊʘʢ ʢʘʢ ʜʣʷ ʨʘʟʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʫʩʣʦʚʠʷ ʥʘʣʠʯʠʷ ʥʝʩʪʘʥʜʘʨʪʥʳʭ 

ʩʠʪʫʘʮʠʡ ʚʦ ɺʈ ʙʳʣʠ ʠʜʝʥʪʠʯʥʳ, ʪʦ ʠ ʧʦʣʫʯʝʥʥʳʝ ʧʘʪʪʝʨʥʳ ʠʜʝʥʪʠʯʥʳ, 

ʦʧʠʩʘʥʥʳʤ ʚ ʪʘʙʣʠʮʘʭ 4.6 ʠ 4.7. ʆʧʠʩʘʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʠʚʝʜʝʥʦ ʚ ʪʘʙʣʠʮʝ 

4.11. ʂʦʣʦʥʢʘ çʅʝʦʙʭʦʜʠʤʦʩʪʴ ʜʠʘʛʥʦʩʪʠʢʠè ʟʘʧʦʣʥʝʥʘ ʥʘ ʦʩʥʦʚʘʥʠʠ ʚʳʚʦʜʘ 

ʵʢʩʧʝʨʪʥʦʡ ʩʠʩʪʝʤʳ. 
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ʈʠʩʫʥʦʢ 4.8 ï ɺʈ ʜʠʥʘʤʠʢʠ ʵʥʪʨʦʧʠʠ ʧʦ ɺʈ ʧʦʢʘʟʘʪʝʣʷ ʜʘʚʣʝʥʠʷ ʤʘʩʣʘ 

ʚʝʨʪʦʣʝʪʥʦʛʦ ʜʚʠʛʘʪʝʣʷ 

 

ʊʘʙʣʠʮʘ 4.11 ï ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ɺʈ ʧʦʢʘʟʘʪʝʣʝʡ ʚʝʨʪʦʣʝʪʥʳʭ ʘʛʨʝʛʘʪʦʚ 

ʅʦʤʝʨ 

ʨʷʜʘ 
ʇʦʢʘʟʘʪʝʣʴ ʅʘʣʠʯʠʝ ʧʘʪʪʝʨʥʦʚ 

ʅʝʦʙʭʦʜʠʤʦʩʪʴ 

ʜʠʘʛʥʦʩʪʠʢʠ 

ɹʦʨʪʦʚʦʡ ʥʦʤʝʨ 210111 

ɻʣʘʚʥʳʡ ʨʝʜʫʢʪʦʨ 

1.  ɼʘʚʣʝʥʠʝ 

ʤʘʩʣʘ 

1 ʩʠʪʫʘʮʠʷ ʧʘʪʪʝʨʥʘ 

çʅʝʩʢʦʣʴʢʦ ʩʤʝʥ ʩʦʩʪʦʷʥʠʷè 

ʅʝ ʪʨʝʙʫʝʪʩʷ 

2.  ʊʝʤʧʝʨʘʪʫʨʘ 

ʤʘʩʣʘ 

1 ʩʠʪʫʘʮʠʷ ʧʘʪʪʝʨʥʘ 

çʅʝʩʢʦʣʴʢʦ ʩʤʝʥ ʩʦʩʪʦʷʥʠʷè 

ʅʝ ʪʨʝʙʫʝʪʩʷ 

ʃʝʚʳʡ ʜʚʠʛʘʪʝʣʴ 

3.  ɼʘʚʣʝʥʠʝ 

ʤʘʩʣʘ 

2 ʩʠʪʫʘʮʠʠ ʧʘʪʪʝʨʥʘ 

çʅʝʩʢʦʣʴʢʦ ʩʤʝʥ ʩʦʩʪʦʷʥʠʷè 

ʅʝ ʪʨʝʙʫʝʪʩʷ 
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ʅʦʤʝʨ 

ʨʷʜʘ 
ʇʦʢʘʟʘʪʝʣʴ ʅʘʣʠʯʠʝ ʧʘʪʪʝʨʥʦʚ 

ʅʝʦʙʭʦʜʠʤʦʩʪʴ 

ʜʠʘʛʥʦʩʪʠʢʠ 

4.  ʊʝʤʧʝʨʘʪʫʨʘ 

ʤʘʩʣʘ 

14 ʩʠʪʫʘʮʠʡ ʧʘʪʪʝʨʥʘ 

çʅʝʩʢʦʣʴʢʦ ʩʤʝʥ ʩʦʩʪʦʷʥʠʷè 

ʈʝʢʦʤʝʥʜʫʝʪʩʷ 

ʧʨʦʚʝʩʪʠ 

ʜʠʘʛʥʦʩʪʠʢʫ 

5.  ʊʝʤʧʝʨʘʪʫʨʘ 

ʚʳʭʦʜʥʳʭ 

ʛʘʟʦʚ 

11 ʩʠʪʫʘʮʠʡ ʧʘʪʪʝʨʥʘ 

çʅʝʩʢʦʣʴʢʦ ʩʤʝʥ ʩʦʩʪʦʷʥʠʷè ʠ 

2 ʩʠʪʫʘʮʠʠ ʧʘʪʪʝʨʥʘ çʇʨʳʞʦʢ 

ʩ ʧʝʨʝʭʦʜʘʤʠè 

ʈʝʢʦʤʝʥʜʫʝʪʩʷ 

ʧʨʦʚʝʩʪʠ 

ʜʠʘʛʥʦʩʪʠʢʫ 

ʇʨʘʚʳʡ ʜʚʠʛʘʪʝʣʴ 

6.  ɼʘʚʣʝʥʠʝ 

ʤʘʩʣʘ 

2 ʩʠʪʫʘʮʠʠ ʧʘʪʪʝʨʥʘ 

çʅʝʩʢʦʣʴʢʦ ʩʤʝʥ ʩʦʩʪʦʷʥʠʷè 

ʅʝ ʪʨʝʙʫʝʪʩʷ 

7.  ʊʝʤʧʝʨʘʪʫʨʘ 

ʤʘʩʣʘ 

6 ʩʠʪʫʘʮʠʡ ʧʘʪʪʝʨʥʘ 

çʅʝʩʢʦʣʴʢʦ ʩʤʝʥ ʩʦʩʪʦʷʥʠʷè 

ʈʝʢʦʤʝʥʜʫʝʪʩʷ 

ʚʢʣʶʯʠʪʴ ʚ ʧʣʘʥ 

ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʭ 

ʨʘʙʦʪ 

8.  ʊʝʤʧʝʨʘʪʫʨʘ 

ʚʳʭʦʜʥʳʭ 

ʛʘʟʦʚ 

5 ʩʠʪʫʘʮʠʡ ʧʘʪʪʝʨʥʘ 

çʅʝʩʢʦʣʴʢʦ ʩʤʝʥ ʩʦʩʪʦʷʥʠʷè ʠ 

5 ʩʠʪʫʘʮʠʠ ʧʘʪʪʝʨʥʘ çʇʨʳʞʦʢ 

ʩ ʧʝʨʝʭʦʜʘʤʠè 

ʈʝʢʦʤʝʥʜʫʝʪʩʷ 

ʧʨʦʚʝʩʪʠ 

ʜʠʘʛʥʦʩʪʠʢʫ 

ɹʦʨʪʦʚʦʡ ʥʦʤʝʨ 240111 

ɻʣʘʚʥʳʡ ʨʝʜʫʢʪʦʨ 

9.  ɼʘʚʣʝʥʠʝ 

ʤʘʩʣʘ 

1 ʩʠʪʫʘʮʠʷ ʧʘʪʪʝʨʥʘ çʇʨʳʞʦʢ 

ʩ ʧʝʨʝʭʦʜʘʤʠè 

ʅʝʦʙʭʦʜʠʤʦ 

ʥʘʙʣʶʜʝʥʠʝ 

10.  ʊʝʤʧʝʨʘʪʫʨʘ 

ʤʘʩʣʘ 

ʅʝ ʥʘʡʜʝʥʦ ʅʝ ʪʨʝʙʫʝʪʩʷ 

ʃʝʚʳʡ ʜʚʠʛʘʪʝʣʴ 
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ʅʦʤʝʨ 

ʨʷʜʘ 
ʇʦʢʘʟʘʪʝʣʴ ʅʘʣʠʯʠʝ ʧʘʪʪʝʨʥʦʚ 

ʅʝʦʙʭʦʜʠʤʦʩʪʴ 

ʜʠʘʛʥʦʩʪʠʢʠ 

11.  ɼʘʚʣʝʥʠʝ 

ʤʘʩʣʘ 

1 ʩʠʪʫʘʮʠʷ ʧʘʪʪʝʨʥʘ 

çʅʝʩʢʦʣʴʢʦ ʩʤʝʥ ʩʦʩʪʦʷʥʠʷè 

ʅʝ ʪʨʝʙʫʝʪʩʷ 

12.  ʊʝʤʧʝʨʘʪʫʨʘ 

ʤʘʩʣʘ 

9 ʩʠʪʫʘʮʠʡ ʧʘʪʪʝʨʥʘ 

çʅʝʩʢʦʣʴʢʦ ʩʤʝʥ ʩʦʩʪʦʷʥʠʷè 

ʈʝʢʦʤʝʥʜʫʝʪʩʷ 

ʚʢʣʶʯʠʪʴ ʚ ʧʣʘʥ 

ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʭ 

ʨʘʙʦʪ 

13.  ʊʝʤʧʝʨʘʪʫʨʘ 

ʚʳʭʦʜʥʳʭ 

ʛʘʟʦʚ 

5 ʩʠʪʫʘʮʠʡ ʧʘʪʪʝʨʥʘ 

çʅʝʩʢʦʣʴʢʦ ʩʤʝʥ ʩʦʩʪʦʷʥʠʷè ʠ 

1 ʩʠʪʫʘʮʠʷ ʧʘʪʪʝʨʥʘ çʇʨʳʞʦʢ 

ʩ ʧʝʨʝʭʦʜʘʤʠè 

ʈʝʢʦʤʝʥʜʫʝʪʩʷ 

ʚʢʣʶʯʠʪʴ ʚ ʧʣʘʥ 

ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʭ 

ʨʘʙʦʪ 

ʇʨʘʚʳʡ ʜʚʠʛʘʪʝʣʴ 

14.  ɼʘʚʣʝʥʠʝ 

ʤʘʩʣʘ 

ʅʝ ʥʘʡʜʝʥʦ ʅʝ ʪʨʝʙʫʝʪʩʷ 

15.  ʊʝʤʧʝʨʘʪʫʨʘ 

ʤʘʩʣʘ 

15 ʩʠʪʫʘʮʠʡ ʧʘʪʪʝʨʥʘ 

çʅʝʩʢʦʣʴʢʦ ʩʤʝʥ ʩʦʩʪʦʷʥʠʷè 

ʈʝʢʦʤʝʥʜʫʝʪʩʷ 

ʧʨʦʚʝʩʪʠ 

ʜʠʘʛʥʦʩʪʠʢʫ 

16.  ʊʝʤʧʝʨʘʪʫʨʘ 

ʚʳʭʦʜʥʳʭ 

ʛʘʟʦʚ 

5 ʩʠʪʫʘʮʠʡ ʧʘʪʪʝʨʥʘ 

çʅʝʩʢʦʣʴʢʦ ʩʤʝʥ ʩʦʩʪʦʷʥʠʷè ʠ 

3 ʩʠʪʫʘʮʠʠ ʧʘʪʪʝʨʥʘ çʇʨʳʞʦʢ 

ʩ ʧʝʨʝʭʦʜʘʤʠè 

ʈʝʢʦʤʝʥʜʫʝʪʩʷ 

ʧʨʦʚʝʩʪʠ 

ʜʠʘʛʥʦʩʪʠʢʫ 

ɹʦʨʪʦʚʦʡ ʥʦʤʝʨ 250111 

ɻʣʘʚʥʳʡ ʨʝʜʫʢʪʦʨ 

17.  ɼʘʚʣʝʥʠʝ 

ʤʘʩʣʘ 

ʅʝ ʥʘʡʜʝʥʦ ʅʝ ʪʨʝʙʫʝʪʩʷ 
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ʅʦʤʝʨ 

ʨʷʜʘ 
ʇʦʢʘʟʘʪʝʣʴ ʅʘʣʠʯʠʝ ʧʘʪʪʝʨʥʦʚ 

ʅʝʦʙʭʦʜʠʤʦʩʪʴ 

ʜʠʘʛʥʦʩʪʠʢʠ 

18.  ʊʝʤʧʝʨʘʪʫʨʘ 

ʤʘʩʣʘ 

7 ʩʠʪʫʘʮʠʡ ʧʘʪʪʝʨʥʘ 

çʅʝʩʢʦʣʴʢʦ ʩʤʝʥ ʩʦʩʪʦʷʥʠʷè 

ʈʝʢʦʤʝʥʜʫʝʪʩʷ 

ʚʢʣʶʯʠʪʴ ʚ ʧʣʘʥ 

ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʭ 

ʨʘʙʦʪ 

ʃʝʚʳʡ ʜʚʠʛʘʪʝʣʴ 

19.  ɼʘʚʣʝʥʠʝ 

ʤʘʩʣʘ 

ʅʝ ʥʘʡʜʝʥʦ ʅʝ ʪʨʝʙʫʝʪʩʷ 

20.  ʊʝʤʧʝʨʘʪʫʨʘ 

ʤʘʩʣʘ 

6 ʩʠʪʫʘʮʠʡ ʧʘʪʪʝʨʥʘ 

çʅʝʩʢʦʣʴʢʦ ʩʤʝʥ ʩʦʩʪʦʷʥʠʷè 

ʈʝʢʦʤʝʥʜʫʝʪʩʷ 

ʚʢʣʶʯʠʪʴ ʚ ʧʣʘʥ 

ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʭ 

ʨʘʙʦʪ 

21.  ʊʝʤʧʝʨʘʪʫʨʘ 

ʚʳʭʦʜʥʳʭ 

ʛʘʟʦʚ 

ʅʝ ʥʘʡʜʝʥʦ ʅʝ ʪʨʝʙʫʝʪʩʷ 

ʇʨʘʚʳʡ ʜʚʠʛʘʪʝʣʴ 

22.  ɼʘʚʣʝʥʠʝ 

ʤʘʩʣʘ 

ʅʝ ʥʘʡʜʝʥʦ ʅʝ ʪʨʝʙʫʝʪʩʷ 

23.  ʊʝʤʧʝʨʘʪʫʨʘ 

ʤʘʩʣʘ 

1 ʩʠʪʫʘʮʠʷ ʧʘʪʪʝʨʥʘ 

çʅʝʩʢʦʣʴʢʦ ʩʤʝʥ ʩʦʩʪʦʷʥʠʷè 

 

ʅʝ ʪʨʝʙʫʝʪʩʷ 

24.  ʊʝʤʧʝʨʘʪʫʨʘ 

ʚʳʭʦʜʥʳʭ 

ʛʘʟʦʚ 

3 ʩʠʪʫʘʮʠʡ ʧʘʪʪʝʨʥʘ 

çʅʝʩʢʦʣʴʢʦ ʩʤʝʥ ʩʦʩʪʦʷʥʠʷè ʠ 

7 ʩʠʪʫʘʮʠʠ ʧʘʪʪʝʨʥʘ çʇʨʳʞʦʢ 

ʩ ʧʝʨʝʭʦʜʘʤʠè 

ʈʝʢʦʤʝʥʜʫʝʪʩʷ 

ʧʨʦʚʝʩʪʠ 

ʜʠʘʛʥʦʩʪʠʢʫ 
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ʆʮʝʥʢʘ ʵʢʩʧʝʨʪʘ ʧʦ ʘʥʘʣʠʟʠʨʫʝʤʳʤ ɺʈ ʩʦʚʧʘʜʘʝʪ ʩ ʨʝʢʦʤʝʥʜʘʮʠʷʤʠ 

ʩʠʩʪʝʤʳ ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ɺʈ ʧʦʜ ʥʦʤʝʨʦʤ 20. ɺʳʷʚʣʝʥʥʳʝ ʚ ʨʘʤʢʘʭ ʘʥʘʣʠʟʘ 

ʩʠʪʫʘʮʠʠ ʠʤʝʶʪ ʩʛʨʫʧʧʠʨʦʚʘʥʥʳʡ ʭʘʨʘʢʪʝʨ, ʠ ʵʢʩʧʝʨʪ ʨʝʢʦʤʝʥʜʦʚʘʣ ʧʨʦʚʝʩʪʠ 

ʜʝʪʘʣʴʥʫʶ ʜʠʘʛʥʦʩʪʠʢʫ ʵʪʦʛʦ ʫʟʣʘ. 

ʊʘʢʞʝ ʙʳʣ ʧʨʦʚʝʜʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʤʝʪʦʜʦʚ ʠ ʘʣʛʦʨʠʪʤʦʚ 

ʧʦʠʩʢʘ ʘʥʦʤʘʣʠʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʫʱʝʩʪʚʫʶʱʠʤʠ. 

ɼʣ̫ ʩʨʘʚʥʝʥʠʷ ʙʳʣʠ ʚʳʙʨʘʥʳ ʩʣʝʜʫʶʱʠʝ ʤʝʪʦʜʳ: 

¶ ɸʣʛʦʨʠʪʤ çTS-ADEEPè [170]. ɼʘʥʥʳʡ ʤʝʪʦʜ ʦʙʥʘʨʫʞʝʥʠʷ 

ʘʥʦʤʘʣʠʡ ʚ ʥʘʙʦʨʘʭ ɺʈ ʷʚʣʷʝʪʩʷ ʤʦʜʠʬʠʢʘʮʠʝʡ ʤʝʪʦʜʘ, 

ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʪʦʯʥʦʤ ʦʧʠʩʘʥʠʠ ʠʩʢʣʶʯʝʥʠʷ ʠʟ ʢʣʘʩʩʘ 

ʥʦʨʤʘʣʴʥʳʭ ʦʙʲʝʢʪʦʚ. 

¶ ʇʦʠʩʢ ʘʥʦʤʘʣʠʡ ʯʝʨʝʟ ɻʨɺʈ. ɼʘʥʥʳʡ ʤʝʪʦʜ ʩʪʨʦʠʪ ʥʘ ʦʩʥʦʚʝ ɺʈ 

ɻʨɺʈ ʠ ʠʱʝʪ ʚ ʥʝʤ ʛʨʘʥʫʣʳ ʙʦʣʴʰʝ ʦʧʨʝʜʝʣʝʥʥʦʡ ʜʣʠʥʳ ʠ ʩ 

ʦʧʨʝʜʝʣʝʥʥʳʤ ʥʘʙʦʨʦʤ ʧʘʨʘʤʝʪʨʦʚ. ɽʩʣʠ ʪʘʢʠʝ ʛʨʘʥʫʣʳ 

ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʨʷʜʫ, ʪʦ ʦʥʠ ʩʯʠʪʘʶʪʩʷ ʘʥʦʤʘʣʴʥʳʤʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʤʝʪʦʜʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 4.12. 

ʊʘʙʣʠʮʘ 4.12 ï ʉʨʘʚʥʝʥʠʝ ʤʝʪʦʜʦʚ ʦʧʨʝʜʝʣʝʥʠʷ ʜʝʬʝʢʪʥʳʭ ʊʉ ʯʝʨʝʟ 

ʧʦʠʩʢ ʘʥʦʤʘʣʠʡ ʚʦ ɺʈ ʠʭ ʧʦʢʘʟʘʪʝʣʝʡ 

ʄʝʪʦʜ ɻʈ1 ʃɼ1 ʇɼ1 ɻʈ2 ʃɼ2 ʇɼ2 ɻʈ3 ʃɼ3 ʇɼ3 

TS-ADEEP - + + - - - - + + 

ɻʨɺʈ - - - - - - + - - 

ʕʥɺʈ+ʉʇʇʈ - + + - + + + + + 

 

ʆʙʦʟʥʘʯʝʥʠʷ: 

ɻʈ ï ʛʣʘʚʥʳʡ ʨʝʜʫʢʪʦʨ, 

ʃɼ ï ʣʝʚʳʡ ʜʚʠʛʘʪʝʣʴ, 

ʇɼ ï ʧʨʘʚʳʡ ʜʚʠʛʘʪʝʣʴ 

ʇʦ ʧʨʦʚʝʜʝʥʥʦʤʫ ʩʨʘʚʥʝʥʠʶ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜʳ, ʯʪʦ ʧʨʝʜʣʦʞʝʥʥʳʡ 

ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʣʷʪʴ ʘʥʦʤʘʣʠʠ ʥʝ ʭʫʞʝ ʜʨʫʛʠʭ ʤʝʪʦʜʦʚ ʧʦʠʩʢʘ ʘʥʦʤʘʣʠʡ.  
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ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʵʢʩʧʝʨʠʤʝʥʪʘ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʜʘʥʥʳʡ ʧʦʜʭʦʜ 

ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʨʝʢʦʤʝʥʜʘʪʝʣʴʥʳʭ ʩʠʩʪʝʤʘʭ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ʊʉ. 

4.4 ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʠ ʚʥʝʜʨʝʥʠʷ ʨʘʟʨʘʙʦʪʘʥʥʦʡ 

ʧʨʦʛʨʘʤʤʥʦʡ ʩʠʩʪʝʤʳ ʙʘʣʘʥʩʠʨʦʚʢʠ ʤʦʱʥʦʩʪʝʡ ʚ 

ʧʨʦʮʝʩʩ ʨʘʩʯʝʪʘ ʙʘʣʘʥʩʘ ʧʨʝʜʧʨʠʷʪʠʷ ʇɸʆ çʀʣè ï 

ɸʚʠʘʩʪʘʨ.  

4.4.1 ɸʥʘʣʠʟ ʩʦʢʨʘʱʝʥʠʷ ʚʨʝʤʝʥʥʳʭ ʟʘʪʨʘʪ ʥʘ ʚʳʧʦʣʥʝʥʠʝ 

ʦʧʝʨʘʮʠʠ ʙʘʣʘʥʩʠʨʦʚʢʠ ʤʦʱʥʦʩʪʝʡ ʧʨʝʜʧʨʠʷʪʠʷ 

ʇʝʨʚʳʤ ʵʢʩʧʝʨʠʤʝʥʪʦʤ ʚʳʧʦʣʥʷʝʪʩʷ ʧʨʦʚʝʨʢʘ ʩʦʢʨʘʱʝʥʠʷ ʚʨʝʤʝʥʠ 

ʚʳʧʦʣʥʝʥʠʷ ʦʧʝʨʘʮʠʠ ʨʘʩʯʝʪʘ ʤʦʱʥʦʩʪʝʡ ʧʨʝʜʧʨʠʷʪʠʷ ʠ ʠʭ ʙʘʣʘʥʩʠʨʦʚʢʠ. 

ɼʣʷ ʵʪʦʛʦ ʵʢʩʧʝʨʪ ʚʳʧʦʣʥʠʣ ʩ ʟʘʤʝʨʦʤ ʚʨʝʤʝʥʠ ʦʧʝʨʘʮʠʶ ʨʘʩʯʝʪʘ ʤʦʱʥʦʩʪʝʡ 

ʧʨʝʜʧʨʠʷʪʠʷ ʠʤʝʶʱʠʤʠʩʷ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʠʥʩʪʨʫʤʝʥʪʘʤʠ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ 

(MS Excel) ʠ ʩ ʧʦʤʦʱʴʶ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʧʦʜʩʠʩʪʝʤʳ ʙʘʣʘʥʩʠʨʦʚʢʠ. 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʩʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʫ 4.13. 

ʊʘʙʣʠʮʘ 4.13 ï ʈʝʟʫʣʴʪʘʪʳ ʟʘʤʝʨʦʚ ʚʨʝʤʝʥʠ ʚʳʧʦʣʥʝʥʠʷ ʦʧʝʨʘʮʠʠ 

ʙʘʣʘʥʩʠʨʦʚʢʠ ʤʦʱʥʦʩʪʝʡ ʧʨʝʜʧʨʠʷʪʠʷ 

ɿʘʜʘʯʘ Excel ʇɹʄʇ 

ɺʚʦʜ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʛʨʘʤʤ 2-3 ʯʘʩʘ/ʧʨʦʛʨ. 1-2 ʤʠʥʫʪʳ* 

ɺʚʦʜ ʤʦʱʥʦʩʪʝʡ ʮʝʭʘ 1-4 ʯʘʩʘ 1-2 ʤʠʥʫʪʳ 

ɺʚʦʜ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 1-2 ʯʘʩʘ 30-60 ʤʠʥʫʪ 

ɹʘʣʘʥʩʠʨʦʚʢʘ ʤʦʱʥʦʩʪʝʡ 3-10 ʯʘʩʦʚ 10-20 ʤʠʥʫʪ 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʨʝʢʦʤʝʥʜʘʮʠʡ 1-2 ʯʘʩʘ 1-2 ʤʠʥʫʪʳ 

ʀʪʦʛʦ (ʧʦ ʧʨʝʜʧʨʠʷʪʠʶ) 2-4 ʜʥʷ 1-2 ʯʘʩʘ 
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ʈʘʩʩʤʦʪʨʠʤ ʢʘʞʜʳʡ ʧʫʥʢʪ: 

¶ ɺʚʦʜ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʛʨʘʤʤ. ʉʫʱʝʩʪʚʫʶʱʠʤʠ 

ʠʥʩʪʨʫʤʝʥʪʘʤʠ ʚʚʦʜ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʧʨʦʛʨʘʤʤʳ ʧʦ ʢʘʞʜʦʤʫ 

ʠʟʜʝʣʠʶ ʟʘʥʠʤʘʝʪ ʥʝʩʢʦʣʴʢʦ ʯʘʩʦʚ. ɺ ʥʦʚʦʡ ʧʦʜʩʠʩʪʝʤʝ ʵʪʦ 

ʟʘʥʠʤʘʝʪ ʥʝʩʢʦʣʴʢʦ ʤʠʥʫʪ ʟʘ ʩʯʝʪ ʧʦʣʫʯʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ 

ʧʨʦʛʨʘʤʤʳ ʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʀʉ ʧʨʝʜʧʨʠʷʪʠʷ. ʀʩʢʣʶʯʝʥʠʝʤ 

ʙʫʜʝʪ ʩʠʪʫʘʮʠʷ, ʢʦʛʜʘ ʪʨʝʙʫʝʪʩʷ ʩʤʦʜʝʣʠʨʦʚʘʪʴ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ 

ʧʨʦʮʝʩʩ ʩ ʚʢʣʶʯʝʥʠʝʤ ʥʦʚʳʭ ʠʟʜʝʣʠʡ. ʊʘʢ ʢʘʢ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʘʷ 

ʧʨʦʛʨʘʤʤʘ ʜʣʷ ʥʠʭ ʥʝ ʚʥʝʩʝʥʘ ʚ ʉɸʇʈ ʧʨʝʜʧʨʠʷʪʠʷ, ʪʦ ʠʟʚʣʝʢʘʪʴ 

ʜʘʥʥʳʝ ʥʝ ʦʪʢʫʜʘ ʠ ʧʦʪʨʝʙʫʝʪʩʷ ʨʫʯʥʦʡ ʚʚʦʜ, ʢʦʪʦʨʳʡ ʙʫʜʝʪ 

ʟʘʥʠʤʘʪʴ ʩʪʦʣʴʢʦ ʞʝ ʚʨʝʤʝʥʠ, ʩʢʦʣʴʢʦ ʠ ʜʣʷ ʪʝʢʫʱʝʛʦ ʧʦʜʭʦʜʘ. 

¶ ɺʚʦʜ ʤʦʱʥʦʩʪʝʡ ʮʝʭʘ. ʉʫʱʝʩʪʚʫʶʱʠʤʠ ʠʥʩʪʨʫʤʝʥʪʘʤʠ ʚʚʦʜ 

ʤʦʱʥʦʩʪʝʡ ʧʦ ʢʘʞʜʦʤʫ ʮʝʭʫ ʧʨʝʜʧʨʠʷʪʠʷ ʟʘʥʠʤʘʝʪ ʦʪ ʦʜʥʦʛʦ ʜʦ 

ʥʝʩʢʦʣʴʢʦ ʯʘʩʦʚ. ɺ ʥʦʚʦʡ ʧʦʜʩʠʩʪʝʤʝ ʵʪʦ ʟʘʥʠʤʘʝʪ ʥʝʩʢʦʣʴʢʦ ʤʠʥʫʪ 

ʟʘ ʩʯʝʪ ʧʦʣʫʯʝʥʠʷ ʜʘʥʥʳʭ ʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʀʉ ʧʨʝʜʧʨʠʷʪʠʷ. 

¶ ɺʚʦʜ ʢʦʵʬʬʠʮʠʝʥʪʦʚ. ʊʘʢ ʢʘʢ ʙʦʣʴʰʠʥʩʪʚʦ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʜʣʷ ʨʘʩʯʝʪʘ ʙʘʣʘʥʩʠʨʦʚʢʠ 

ʤʦʱʥʦʩʪʝʡ, ʪʦ ʪʫʪ ʨʘʟʥʠʮʘ ʧʦ ʚʨʝʤʝʥʠ ʩʫʱʝʩʪʚʫʶʱʠʤʠ 

ʠʥʩʪʨʫʤʝʥʪʘʤʠ ʠ ʧʦʜʩʠʩʪʝʤʦʡ ʙʫʜʝʪ ʥʝ ʪʘʢʦʡ ʙʦʣʴʰʦʡ, ʪʘʢ, ʢʘʢ ʠ 

ʪʘʤ ʠ ʪʘʤ ʙʫʜʝʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʨʫʯʥʦʡ ʚʚʦʜ. ʀʩʢʣʶʯʝʥʠʝ ʙʫʜʝʪ 

ʪʦʣʴʢʦ ʚ ʢʦʵʬʬʠʮʠʝʥʪʘʭ, ʟʥʘʯʝʥʠʷ ʢʦʪʦʨʳʭ ʚ ʧʦʜʩʠʩʪʝʤʝ 

ʚʳʯʠʩʣʷʶʪʩʷ ʯʝʨʝʟ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ɺʈ. 

¶ ɹʘʣʘʥʩʠʨʦʚʢʘ ʤʦʱʥʦʩʪʝʡ. ʉʫʱʝʩʪʚʫʶʱʠʝ ʠʥʩʪʨʫʤʝʥʪʳ ʥʝ ʠʤʝʶʪ 

ʚʦʟʤʦʞʥʦʩʪʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʚʳʧʦʣʥʝʥʠʷ ʦʧʝʨʘʮʠʠ 

ʙʘʣʘʥʩʠʨʦʚʢʠ ʤʦʱʥʦʩʪʝʡ, ʜʘʥʥʫʶ ʦʧʝʨʘʮʠʶ ʧʨʠʭʦʜʠʪʩʷ ʜʝʣʘʪʴ ʚ 

ʨʫʯʥʦʤ ʨʝʞʠʤʝ, ʠ ʦʥʘ ʟʘʥʠʤʘʝʪ ʙʦʣʴʰʝ ʚʨʝʤʷ, ʪʘʢ ʢʘʢ ʜʘʥʥʫʶ 

ʟʘʜʘʯʫ ʩʣʝʜʫʝʪ ʚʳʧʦʣʥʷʪʴ ʚ ʨʘʟʨʝʟʝ ʚʩʝʛʦ ʧʨʝʜʧʨʠʷʪʠʷ. ɺ ʥʦʚʦʡ 

ʧʦʜʩʠʩʪʝʤʝ ʦʧʝʨʘʮʠʷ ʚʳʧʦʣʥʷʝʪʩʷ ʚ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʤ ʨʝʞʠʤʝ, 

ʯʪʦ ʢʨʘʪʥʦ ʩʦʢʨʘʱʘʝʪ ʚʨʝʤʷ ʚʳʧʦʣʥʝʥʠʷ. 
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¶ ʌʦʨʤʠʨʦʚʘʥʠʝ ʨʝʢʦʤʝʥʜʘʮʠʡ. ʉʫʱʝʩʪʚʫʶʱʠʝ ʠʥʩʪʨʫʤʝʥʪʳ ʥʝ 

ʠʤʝʶʪ ʚʦʟʤʦʞʥʦʩʪʠ ʚʳʜʘʚʘʪʴ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʫʩʪʨʘʥʝʥʠʶ 

ʥʝʭʚʘʪʦʢ ʤʦʱʥʦʩʪʝʡ ʧʨʝʜʧʨʠʷʪʠʷ, ʵʢʩʧʝʨʪʫ ʥʝʦʙʭʦʜʠʤʦ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ, ʥʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʮʠʬʨ ʬʦʨʤʠʨʦʚʘʪʴ 

ʨʝʢʦʤʝʥʜʘʮʠʠ. ɺ ʥʦʚʦʡ ʧʦʜʩʠʩʪʝʤʝ ʟʘ ʩʯʝʪ ʨʝʢʦʤʝʥʜʘʪʝʣʴʥʦʛʦ 

ʤʦʜʫʣʷ ʩ ʦʥʪʦʣʦʛʠʝʡ ʦʧʝʨʘʮʠʷ ʚʳʧʦʣʥʷʝʪʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ. 

ɺ ʮʝʣʦʤ ʧʦ ʧʨʝʜʧʨʠʷʪʠʶ ʧʨʦʮʝʩʩ ʨʘʩʯʝʪʘ ʤʦʱʥʦʩʪʝʡ ʧʨʝʜʧʨʠʷʪʠʷ ʠ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ ʫʩʪʨʘʥʝʥʠʶ ʥʝʭʚʘʪʦʢ ʤʦʱʥʦʩʪʝʡ ʟʘʥʠʤʘʝʪ 

ʥʝʩʢʦʣʴʢʦ ʜʥʝʡ. ɺʥʝʜʨʝʥʠʝ ʥʦʚʦʡ ʧʦʜʩʠʩʪʝʤʳ ʧʦʟʚʦʣʠʪʴ ʩʦʢʨʘʪʠʪʴ ʜʘʥʥʳʡ 

ʧʨʦʮʝʩʩ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʯʘʩʦʚ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʠ ʨʝʘʣʠʟʦʚʘʥʥʘʷ ʧʦʜʩʠʩʪʝʤʘ 

ʧʦʟʚʦʣʷʶʪ ʟʥʘʯʠʪʝʣʴʥʦ ʩʦʢʨʘʪʠʪʴ ʩʨʦʢʠ ʚʳʧʦʣʥʝʥʠʷ ʦʧʝʨʘʮʠʠ ʙʘʣʘʥʩʠʨʦʚʢʠ 

ʤʦʱʥʦʩʪʝʡ ʧʨʝʜʧʨʠʷʪʠʷ ʚ ʟʘʜʘʯʘʭ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ 

ʧʦʜʛʦʪʦʚʢʠ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

4.4.2 ʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʩʦʩʪʦʷʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦ- 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʥʘ ʦʩʥʦʚʝ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ 

 ʂʘʢ ʛʦʚʦʨʠʣʦʩʴ ʚ ʧʝʨʚʦʡ ʛʣʘʚʝ, ʧʨʠ ʧʣʘʥʠʨʦʚʘʥʠʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ 

ʮʠʢʣʘ ʠʣʠ ʩʦʩʪʘʚʣʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʧʨʦʛʨʘʤʤʳ ʚʘʞʥʦ ʫʯʠʪʳʚʘʪʴ 

ʩʦʩʪʦʷʥʠʝ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ. ʇʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ 

ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʠʟʜʝʣʠʡ, ʦʙʦʨʫʜʦʚʘʥʠʝ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ 

ʵʣʝʤʝʥʪʦʤ, ʪʘʢ ʢʘʢ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʥʦʚʳʭ ʧʣʦʱʘʜʷʭ, ʧʝʨʩʦʥʘʣʝ ʙʫʜʝʪ 

ʦʧʨʝʜʝʣʷʪʩʷ ʠʟ ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ. ʇʨʠ ʨʘʩʯʝʪʝ 

ʙʘʣʘʥʩʘ ʤʦʱʥʦʩʪʝʡ ʧʨʝʜʧʨʠʷʪʠʷ ʥʝʦʙʭʦʜʠʤʦ, ʚ ʯʘʩʪʥʦʩʪʠ, ʫʯʠʪʳʚʘʪʴ ʛʨʘʬʠʢ 

ʧʣʘʥʦʚʦ-ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʭ ʨʘʙʦʪ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʧʦʪʨʝʙʥʦʩʪʴ ʚ 

ʨʝʤʦʥʪʝ, ʣʠʙʦ ʟʘʤʝʥʝ ʥʝʠʩʧʨʘʚʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ɼʣʷ ʩʦʩʪʘʚʣʝʥʠʷ ʛʨʘʬʠʢʘ ʇʇʈ, ʣʠʙʦ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʜʝʬʝʢʪʦʚ ʚ 

ʦʙʦʨʫʜʦʚʘʥʠʠ ʤʦʞʥʦ ʧʨʠʤʝʥʷʪʴ ʵʢʩʧʝʨʪʥʳʝ ʩʠʩʪʝʤʳ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʕʥɺʈ, ʢʘʢ ʵʪʦ ʙʳʣʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʚʦ ʚʪʦʨʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ. ɼʘʥʥʳʡ 
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ʧʦʜʭʦʜ, ʧʨʠ ʚʥʝʜʨʝʥʠʠ ʚ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʧʦʟʚʦʣʠʪ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʦ 

ʩʦʩʪʘʚʣʷʪʴ ʛʨʘʬʠʢ ʇʇʈ ʠ ʫʯʠʪʳʚʘʪʴ ʝʛʦ ʧʨʠ ʨʘʩʯʝʪʝ ʙʘʣʘʥʩʘ ʤʦʱʥʦʩʪʝʡ. 

ɺ ʩʣʫʯʘʝ, ʝʩʣʠ ʥʝʚʦʟʤʦʞʥʦ ʧʨʠʤʝʥʷʪʴ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ 

ʜʣʷ ʩʦʩʪʘʚʣʝʥʠʷ ʛʨʘʬʠʢʘ ʇʇʈ, ʣʠʙʦ ʠʤʝʶʱʝʝʩʷ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʝ 

ʦʙʦʨʫʜʦʚʘʥʠʝ ʥʝʚʦʟʤʦʞʥʦ ʠʥʪʝʛʨʠʨʦʚʘʪʴ ʚ ʦʙʱʫʶ ʩʠʩʪʝʤʫ ʘʥʘʣʠʟʘ 

ʟʘʛʨʫʞʝʥʥʦʩʪʠ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʪʦ ʤʦʞʥʦ ʢʦʩʚʝʥʥʦ ʦʮʝʥʠʪʴ ʩʦʩʪʦʷʥʠʝ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʝʛʦ ʚ ʧʨʝʜʳʜʫʱʠʝ ʧʝʨʠʦʜʳ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ, 

ʧʨʠ ʜʠʘʛʥʦʩʪʠʢʝ ʫʟʣʦʚ ʊʉ, ʦʜʥʠʤ ʠʟ ʚʘʞʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʙʫʜʝʪ ʷʚʣʷʪʴʩʷ 

ʟʘʛʨʫʞʝʥʥʦʩʪʴ ʩʪʘʥʢʘ ʚ ʪʝʯʝʥʠʠ ʛʦʜʘ (ʢʦʵʬʬʠʮʠʝʥʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ). ɻʣʘʚʥʳʤ 

ʬʘʢʪʦʨʦʤ ʟʘʛʨʫʞʝʥʥʦʩʪʠ ʙʫʜʝʪ ʨʘʙʦʯʘʷ ʧʨʦʛʨʘʤʤʘ, ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʦʡ 

ʦʧʨʝʜʝʣʷʝʪʩʷ, ʯʪʦ ʠ ʢʘʢʠʤʠ ʩʨʝʜʩʪʚʘʤʠ ʙʫʜʝʪ ʧʨʦʠʟʚʦʜʠʪʴʩʷ. ʅʘ ʧʨʝʜʧʨʠʷʪʠʠ 

ʚʝʜʝʪʩʷ ʫʯʝʪ ʚʨʝʤʝʥʠ ʥʘʭʦʞʜʝʥʠʷ ʢʘʞʜʦʛʦ ʩʪʘʥʢʘ ʚ ʨʘʟʣʠʯʥʳʭ ʩʦʩʪʦʷʥʠʷʭ: 

¶ ʩʪʘʥʦʢ ʚʳʢʣʶʯʝʥ; 

¶ ʩʪʘʥʦʢ ʦʩʪʘʥʦʚʣʝʥ; 

¶ ʩʪʘʥʦʢ ʨʘʙʦʪʘʝʪ ʙʝʟ ʥʘʛʨʫʟʢʠ; 

¶ ʩʪʘʥʦʢ ʥʘ ʨʝʤʦʥʪʝ; 

¶ ʧʨʦʩʪʦʡ. 

ɿʥʘʷ ʩʢʦʣʴʢʦ ʚʨʝʤʝʥʠ ʩʪʘʥʦʢ ʥʘʭʦʜʠʪʩʷ ʚ ʢʘʞʜʦʤ ʠʟ ʩʦʩʪʦʷʥʠʡ, ʤʦʞʥʦ 

ʦʧʨʝʜʝʣʠʪʴ ʝʛʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠ ʚʢʣʶʯʝʥʠʠ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ, 

ʟʘʛʨʫʞʝʥʥʦʩʪʴ ʠ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʧʨʦʬʠʣʘʢʪʠʢʝ ʠʣʠ ʨʝʤʦʥʪʝ. ʊʘʢʞʝ ʤʦʞʥʦ 

ʧʨʝʜʧʦʣʦʞʠʪʴ ʘʥʘʣʦʛʠʯʥʦʝ ʧʦʚʝʜʝʥʠʝ ʜʣʷ ʩʪʘʥʢʦʚ ʪʦʛʦ ʞʝ ʪʠʧʘ. 

ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʧʨʠ ʘʥʘʣʠʟʝ ʙʫʜʫʪ ʠʥʪʝʨʝʩʦʚʘʪʴ ʧʦʢʘʟʘʪʝʣʴ ʚʨʝʤʝʥʠ 

ʥʘʭʦʞʜʝʥʠʷ ʩʪʘʥʢʘ ʥʘ ʨʝʤʦʥʪʝ. ʇʦʢʘʟʘʪʝʣʴ ʘʚʘʨʠʡʥʦʛʦ ʨʝʤʦʥʪʘ ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ, ʝʩʣʠ ʧʦ ʢʘʢʠʤ-ʪʦ ʧʨʠʯʠʥʘʤ ʥʝʚʦʟʤʦʞʥʦ ʧʨʦʚʝʩʪʠ ʜʠʘʛʥʦʩʪʠʢʫ 

ʩʘʤʦʛʦ ʩʪʘʥʢʘ ʠ ʦʧʨʝʜʝʣʠʪʴ ʝʛʦ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʨʝʤʦʥʪʝ. ʅʘ ʦʩʥʦʚʝ ʧʦʢʘʟʘʪʝʣʷ 

ʘʚʘʨʠʡʥʦʩʪʠ ʤʦʞʥʦ ʧʳʪʘʪʴʩʷ ʧʨʝʜʩʢʘʟʘʪʴ ʥʘʜʝʞʥʦʩʪʴ ʦʙʦʨʫʜʦʚʘʥʠʷ, 

ʚʦʟʤʦʞʥʳʝ ʘʚʘʨʠʡʥʳʝ ʩʠʪʫʘʮʠʠ ʠ ʧʨʠʥʠʤʘʪʴ ʨʝʰʝʥʠʝ ʦ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʦʙʦʨʫʜʦʚʘʥʠʷ, ʣʠʙʦ ʦ ʝʛʦ ʩʧʠʩʘʥʠʠ. 
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ʈʘʩʩʤʦʪʨʠʤ ʥʘ ʧʨʠʤʝʨʝ ʨʷʜʘ ʩʪʘʥʢʦʚ. ɺ ʪʘʙʣʠʮʝ 4.14 ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʪʘʥʢʘ 1 ʚ ʪʝʯʝʥʠʝ 3 ʢʚʘʨʪʘʣʦʚ ʦʜʥʦʛʦ ʛʦʜʘ. 

ɼʘʥʥʳʡ ʩʪʘʥʦʢ ʥʘʭʦʜʠʣʩʷ ʚ ʨʘʙʦʯʝʤ ʩʦʩʪʦʷʥʠʠ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʚʨʝʤʷ ʠ 

ʧʨʦʛʥʦʟ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʘʚʘʨʠʡʥʦʛʦ ʨʝʤʦʥʪʘ ʥʘʭʦʜʠʪʩʷ ʥʠʞʝ 1% (ʨʠʩʫʥʦʢ 4.9). 

 

ʈʠʩʫʥʦʢ 4.9 ï ʇʨʦʛʥʦʟ ʧʨʦʮʝʥʪʘ ʘʚʘʨʠʡʥʳʭ ʨʘʙʦʪ ʜʣʷ ʩʪʘʥʢʘ 1 
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ʊʘʙʣʠʮʘ 4.14 ï ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʦʚʦʛʦ, ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʦʛʦ ʠ ʩʪʘʨʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʩ ʏʇʋ, 

ʧʦʜʢʣʶʯʝʥʥʦʛʦ ʢ ʩʠʩʪʝʤʝ ʤʦʥʠʪʦʨʠʥʛʘ ʜʣʷ ʉʪʘʥʢʘ 1 

ʄʝʩʷʮ 

ʇʝʨʠʦʜ ʩ 01.04.2018 ʧʦ 30.04.2018 

ʈʘʙʦʪʘ ʧʦ 

ʧʨʦʛʨʘʤʤʝ, 

% 

ʈʘʙʦʪʘ ʚ 

ʨʫʯʥʦʤ 

ʨʝʞʠʤʝ,% 

ʇʦʢʘʟʘʪʝʣʠ ʧʦʪʝʨʴ 

ʉʪʘʥʦʢ 

ʚʳʢʣʶʯʝʥ, 

% 

ʉʪʘʥʦʢ 

ʦʩʪʘʥʦʚʣʝʥ, 

% 

ʈʘʙʦʪʘ 

ʙʝʟ 

ʥʘʛʨʫʟʢʠ, 

% 

ɸʚʘʨʠʡʥʳʡ  

ʨʝʤʦʥʪ, % 

ʇʨʦʩʪʦʠ, 

% 

ɺʩʝʛʦ 

ʧʦʪʝʨʴ, % 

ɸʧʨʝʣʴ 37,1262 0 17,6418 10,7662 0 0,2969 34,1687 62,8738 

ʄʘʡ 39,8859 0 9,77031 7,2479 0 1,5624 41,5333 60,1140 

ʀʶʥʴ 41,5976 0 15,5857 9,3409 0 1,0497 32,4259 58,4023 

ʀʶʣʴ 35,3912 0 17,9848 7,5832 0 0,0002 39,0403 64,6087 

ɸʚʛʫʩʪ 33,4599 0 26,0672 10,9485 0 0,1309 29,3931 66,5400 

ʉʝʥʪʷʙʨʴ 45,4186 0 14,0590 12,5266 0 0 27,9956 54,5813 

ʆʢʪʷʙʨʴ 41,9892 0 8,07750 13,0858 0 0,9494 35,8979 58,0107 

ʅʦʷʙʨʴ 40,9332 0 14,1573 12,1050 0 1,6658 31,1385 59,0667 

ɼʝʢʘʙʨʴ 36,0707 0 25,3443 12,3985 3,31869 0 22,8676 63,929 



 

 

ɺ ʪʘʙʣʠʮʝ 4.15 ʧʨʝʜʩʪʘʚʣʝʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʪʘʥʢʘ 2 ʚ 

ʪʝʯʝʥʠʝ 3 ʢʚʘʨʪʘʣʦʚ ʦʜʥʦʛʦ ʛʦʜʘ. 

ɼʘʥʥʳʡ ʩʪʘʥʦʢ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʥʘʭʦʜʠʣʩʷ ʚ ʘʚʘʨʠʡʥʦʤ 

ʩʦʩʪʦʷʥʠʠ, ʥʦ ʧʨʦʛʥʦʟ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʘʚʘʨʠʡʥʦʛʦ ʨʝʤʦʥʪʘ ʙʣʠʟʦʢ ʢ 1%, ʟʘ 

ʩʯʝʪ ʪʦʛʦ, ʯʪʦ ʚ ʧʦʩʣʝʜʥʠʝ ʤʝʩʷʮʳ ʘʚʘʨʠʡʥʳʝ ʨʘʙʦʪʳ ʧʦ ʩʪʘʥʢʫ 2 ʙʳʣʠ 

ʟʘʚʝʨʰʝʥʳ (ʨʠʩʫʥʦʢ 4.10). 

 

ʈʠʩʫʥʦʢ 4.10 ï ʇʨʦʛʥʦʟ ʧʨʦʮʝʥʪʘ ʘʚʘʨʠʡʥʳʭ ʨʘʙʦʪ ʜʣʷ ʩʪʘʥʢʘ 2 

ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʚʦʟʤʦʞʥʦʩʪʠ 

ʚʢʣʶʯʝʥʠʷ ʦʙʦʠʭ ʩʪʘʥʢʦʚ ʚ ʜʦʩʪʫʧʥʳʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʤʦʱʥʦʩʪʠ 

ʧʨʝʜʧʨʠʷʪʠʷ. 
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ʊʘʙʣʠʮʘ 4.15 ï ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʦʚʦʛʦ, ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʦʛʦ ʠ ʩʪʘʨʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʩ ʏʇʋ, 

ʧʦʜʢʣʶʯʝʥʥʦʛʦ ʢ ʩʠʩʪʝʤʝ ʤʦʥʠʪʦʨʠʥʛʘ ʜʣʷ ʉʪʘʥʢʘ 2 

ʄʝʩʷʮ 

ʇʝʨʠʦʜ ʩ 01.04.2018 ʧʦ 30.04.2018 

ʈʘʙʦʪʘ ʧʦ 

ʧʨʦʛʨʘʤʤʝ, 

% 

ʈʘʙʦʪʘ ʚ 

ʨʫʯʥʦʤ 

ʨʝʞʠʤʝ,

% 

ʇʦʢʘʟʘʪʝʣʠ ʧʦʪʝʨʴ 

ʉʪʘʥʦʢ 

ʚʳʢʣʶʯʝʥ, 

% 

ʉʪʘʥʦʢ 

ʦʩʪʘʥʦʚʣʝʥ, 

% 

ʈʘʙʦʪʘ ʙʝʟ 

ʥʘʛʨʫʟʢʠ, 

% 

ɸʚʘʨʠʡʥʳʡ  

ʨʝʤʦʥʪ, % 

ʇʨʦʩʪʦʠ, 

% 

ɺʩʝʛʦ 

ʧʦʪʝʨʴ, % 

ɸʧʨʝʣʴ 0 0 0 0 0 99,9988 0 100 

ʄʘʡ 0 0 0 0 0 99,9988 0 100 

ʀʶʥʴ 0,6091 0 0 0,0837 0 98,6437 0,6622 99,3908 

ʀʶʣʴ 29,6199 0 21,9992 2,9554 0 42,3702 3,0546 70,3800 

ɸʚʛʫʩʪ 29,7918 0 15,1317 4,2414 0 43,9383 6,8960 70,2081 

ʉʝʥʪʷʙʨʴ 49,9540 0 24,2586 8,3470 0 3,8668 13,5732 50,0459 

ʆʢʪʷʙʨʴ 66,5205 0 1,3854 11,7465 0 5,0134 15,3340 33,4794 

ʅʦʷʙʨʴ 65,4587 0 2,6586 10,4745 0 8,5473 12,8607 34,5412 

ɼʝʢʘʙʨʴ 64,0656 0 0,0522 13,5445 4,7885 2,4099 15,1390 35,9343 

 



 

 

4.4.3 ɸʥʘʣʠʟ ʢʦʨʨʝʢʪʥʦʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ 

ʙʘʣʘʥʩʠʨʦʚʢʠ ʤʦʱʥʦʩʪʝʡ ʧʨʝʜʧʨʠʷʪʠʷ 

ʈʘʩʩʤʦʪʨʠʤ ʨʘʙʦʪʫ ʤʦʜʫʣʷ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʚ ʟʘʜʘʯʝ 

ʙʘʣʘʥʩʠʨʦʚʢʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʤʦʱʥʦʩʪʝʡ ʧʨʝʜʧʨʠʷʪʠʷ ʥʘ ʧʨʠʤʝʨʝ ʥʘʙʦʨʘ 

SWRL-ʧʨʘʚʠʣ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚʦ ʚʪʦʨʦʡ ʛʣʘʚʝ ʠ ʩʣʝʜʫʶʱʠʭ ʠʥʜʠʢʘʪʦʨʦʚ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʤʦʱʥʦʩʪʝʡ: 

1. ʄʦʱʥʦʩʪʴ ʚ ʩʪʘʥʢʦ-ʯʘʩʘʭ ʚ ʨʘʩʯʝʪʝ ʥʘ 1 ʤʝʩʷʮ. 

2. ʄʦʱʥʦʩʪʴ ʚ ʯʝʣʦʚʝʢʦ-ʯʘʩʘʭ ʚ ʨʘʩʯʝʪʝ ʥʘ 1 ʤʝʩʷʮ. 

3. ɿʘʥʠʤʘʝʤʘʷ ʧʣʦʱʘʜʴ. 

4. ʂʦʣʠʯʝʩʪʚʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ɼʦʧʫʩʪʠʤ, ʠʥʜʠʢʘʪʦʨʳ ʠʤʝʶʪ ʩʣʝʜʫʶʱʠʝ ʟʥʘʯʝʥʠʷ: 

1. ʄʦʱʥʦʩʪʴ ʚ ʩʪʘʥʢʦ-ʯʘʩʘʭ ʚ ʨʘʩʯʝʪʝ ʥʘ 1 ʤʝʩʷʮ: 2700. 

2. ʄʦʱʥʦʩʪʴ ʚ ʯʝʣʦʚʝʢʦ-ʯʘʩʘʭ ʚ ʨʘʩʯʝʪʝ ʥʘ 1 ʤʝʩʷʮ: 3610.4. 

3. ɿʘʥʠʤʘʝʤʘʷ ʧʣʦʱʘʜʴ: 144. 

4. ʂʦʣʠʯʝʩʪʚʦ ʦʙʦʨʫʜʦʚʘʥʠʷ: 18. 

ʊʦʛʜʘ, ʨʝʟʫʣʴʪʘʪ ʣʠʥʛʚʠʩʪʠʯʝʩʢʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ 

ʠʥʜʠʢʘʪʦʨʦʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʤʦʱʥʦʩʪʝʡ ʧʨʝʜʧʨʠʷʪʠʷ ʙʫʜʝʪ ʩʣʝʜʫʶʱʠʤ: 

1. ʄʦʱʥʦʩʪʴ ʚ ʩʪʘʥʢʦ-ʯʘʩʘʭ ʚ ʨʘʩʯʝʪʝ ʥʘ 1 ʤʝʩʷʮ: ɿʥʘʯʝʥʠʝ ʧʦʢʘʟʘʪʝʣʷ 

ʷʚʣʷʝʪʩʷ ʩʨʝʜʥʠʤ. 

2. ʄʦʱʥʦʩʪʴ ʚ ʯʝʣʦʚʝʢʦ-ʯʘʩʘʭ ʚ ʨʘʩʯʝʪʝ ʥʘ 1 ʤʝʩʷʮ: ɿʥʘʯʝʥʠʝ 

ʧʦʢʘʟʘʪʝʣʷ ʷʚʣʷʝʪʩʷ ʩʨʝʜʥʠʤ. 

3. ɿʘʥʠʤʘʝʤʘʷ ʧʣʦʱʘʜʴ: ɿʥʘʯʝʥʠʝ ʧʦʢʘʟʘʪʝʣʷ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʠʤ. 

4. ʂʦʣʠʯʝʩʪʚʦ ʦʙʦʨʫʜʦʚʘʥʠʷ: ɿʥʘʯʝʥʠʝ ʧʦʢʘʟʘʪʝʣʷ ʷʚʣʷʝʪʩʷ ʥʠʟʢʠʤ. 

ɺ ʠʪʦʛʝ, ʚ ʢʘʯʝʩʪʚʝ ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ ʙʘʣʘʥʩʠʨʦʚʢʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ 

ʤʦʱʥʦʩʪʝʡ ʙʫʜʫʪ ʚʳʚʝʜʝʥʳ ʩʣʝʜʫʶʱʠʝ ʩʚʝʜʝʥʠʷ: 

ʄʦʱʥʦʩʪʠ ʚ ʯʝʣʦʚʝʢʦ-ʯʘʩʘʭ ʠ ʤʦʱʥʦʩʪʠ ʚ ʩʪʘʥʢʦ-ʯʘʩʘʭ ʚ ʨʘʩʯʝʪʝ ʥʘ 1 

ʤʝʩʷʮ ʥʝʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʧʨʦʛʨʘʤʤʳ. 

ʅʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʠʪʴ ʩʣʝʜʫʶʱʠʝ ʜʝʡʩʪʚʠʷ: 
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ʧʝʨʝʨʘʩʧʨʝʜʝʣʠʪʴ ʥʘ ʧʝʨʠʦʜ _____ ʩʪʘʥʦʢ _____ʪʠʧʘ _____ ʥʘ 

ʧʨʦʛʨʘʤʤʫ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠʟʜʝʣʠʷ  _____. 

ʦʨʛʘʥʠʟʦʚʘʪʴ ʥʘ ʧʝʨʠʦʜ _________ ʨʘʙʦʪʫ ʫʯʘʩʪʢʘ ________ ʮʝʭʘ 

________ ʚ ʜʚʝ ʧʦʣʥʳʭ ʩʤʝʥʳ. 

ʇʨʠʤʝʨ ʨʘʙʦʪʳ ʤʦʜʫʣʷ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʚ ʟʘʜʘʯʝ 

ʙʘʣʘʥʩʠʨʦʚʢʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʤʦʱʥʦʩʪʝʡ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 4.11. 

 

ʈʠʩʫʥʦʢ 4.11 ï ʇʨʠʤʝʨ ʨʘʙʦʪʳ ʤʦʜʫʣʷ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ 

ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʟʥʘʯʝʥʠʷ ʠʥʜʠʢʘʪʦʨʘ çʄʦʱʥʦʩʪʴ ʚ ʯʝʣʦʚʝʢʦ-ʯʘʩʘʭ ʚ 

ʨʘʩʯʝʪʝ ʥʘ 1 ʤʝʩʷʮè ʜʦ 36104.1 (ʨʠʩʫʥʦʢ 4.12) ʪʝʢʩʪʦʚʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ 

ʣʠʥʛʚʠʩʪʠʯʝʩʢʦʡ ʤʝʪʢʠ ʜʣʷ ʜʘʥʥʦʛʦ ʠʥʜʠʢʘʪʦʨʘ ʙʫʜʝʪ ʠʤʝʪʴ ʚʠʜ çɿʥʘʯʝʥʠʝ 

ʧʦʢʘʟʘʪʝʣʷ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʠʤè, ʘ ʨʝʢʦʤʝʥʜʘʮʠʠ ʙʫʜʫʪ ʩʦʜʝʨʞʘʪʴ ʩʣʝʜʫʶʱʠʝ 

ʩʚʝʜʝʥʠʷ: 

ʄʦʱʥʦʩʪʠ ʚ ʯʝʣʦʚʝʢʦ-ʯʘʩʘʭ ʚ ʨʘʩʯʝʪʝ ʥʘ 1 ʤʝʩʷʮ ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ 

ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʧʨʦʛʨʘʤʤʳ. 

ʄʦʱʥʦʩʪʠ ʚ ʩʪʘʥʢʦ-ʯʘʩʘʭ ʚ ʨʘʩʯʝʪʝ ʥʘ 1 ʤʝʩʷʮ ʥʝʜʦʩʪʘʪʦʯʥʦ ʜʣʷ 

ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʧʨʦʛʨʘʤʤʳ. ʅʝʦʙʭʦʜʠʤʦ ʢʫʧʠʪʴ ʦʙʦʨʫʜʦʚʘʥʠʝ. 
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ʈʠʩʫʥʦʢ 4.12 ï ʇʨʠʤʝʨ ʨʘʙʦʪʳ ʤʦʜʫʣʷ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʧʨʠ 

ʫʚʝʣʠʯʝʥʥʦʤ ʟʥʘʯʝʥʠʠ ʠʥʜʠʢʘʪʦʨʘ çʄʦʱʥʦʩʪʴ ʚ ʯʝʣʦʚʝʢʦ-ʯʘʩʘʭ ʚ ʨʘʩʯʝʪʝ ʥʘ 

1 ʤʝʩʷʮè 

ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʟʥʘʯʝʥʠʷ ʠʥʜʠʢʘʪʦʨʘ çʄʦʱʥʦʩʪʴ ʚ ʩʪʘʥʢʦ-ʯʘʩʘʭ ʚ 

ʨʘʩʯʝʪʝ ʥʘ 1 ʤʝʩʷʮè ʜʦ 27000 (ʨʠʩʫʥʦʢ 4.13) ʪʝʢʩʪʦʚʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ 

ʣʠʥʛʚʠʩʪʠʯʝʩʢʦʡ ʤʝʪʢʠ ʜʣʷ ʜʘʥʥʦʛʦ ʠʥʜʠʢʘʪʦʨʘ ʙʫʜʝʪ ʠʤʝʪʴ ʚʠʜ çɿʥʘʯʝʥʠʝ 

ʧʦʢʘʟʘʪʝʣʷ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʠʤè, ʘ ʨʝʢʦʤʝʥʜʘʮʠʠ ʙʫʜʫʪ ʩʦʜʝʨʞʘʪʴ ʩʣʝʜʫʶʱʠʝ 

ʩʚʝʜʝʥʠʷ: 

ʄʦʱʥʦʩʪʠ ʚ ʯʝʣʦʚʝʢʦ-ʯʘʩʘʭ ʠ ʤʦʱʥʦʩʪʠ ʚ ʩʪʘʥʢʦ-ʯʘʩʘʭ ʚ ʨʘʩʯʝʪʝ ʥʘ 1 

ʤʝʩʷʮ ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʧʨʦʛʨʘʤʤʳ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʤʦʜʫʣʴ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ 

ʨʝʰʝʥʠʡ ʚ ʟʘʜʘʯʝ ʙʘʣʘʥʩʠʨʦʚʢʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʤʦʱʥʦʩʪʝʡ ʨʘʙʦʪʘʝʪ 

ʘʜʝʢʚʘʪʥʦ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʟʥʘʯʝʥʠʡ ʠʥʜʠʢʘʪʦʨʦʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ 

ʤʦʱʥʦʩʪʝʡ ʧʨʝʜʧʨʠʷʪʠʷ. 
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ʈʠʩʫʥʦʢ 4.13 ï ʇʨʠʤʝʨ ʨʘʙʦʪʳ ʤʦʜʫʣʷ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʧʨʠ 

ʫʚʝʣʠʯʝʥʥʦʤ ʟʥʘʯʝʥʠʠ ʠʥʜʠʢʘʪʦʨʘ çʄʦʱʥʦʩʪʴ ʚ ʩʪʘʥʢʦ-ʯʘʩʘʭ ʚ ʨʘʩʯʝʪʝ ʥʘ 

1 ʤʝʩʷʮè 

4.4.4 ɸʥʘʣʠʟ ʟʘʚʠʩʠʤʦʩʪʠ ʨʝʢʦʤʝʥʜʘʪʝʣʴʥʦʛʦ ʤʦʜʫʣʷ ʧʦʜʩʠʩʪʝʤʳ 

ʙʘʣʘʥʩʠʨʦʚʢʠ ʤʦʱʥʦʩʪʝʡ ʦʪ ʢʘʯʝʩʪʚʘ SWRL-ʧʨʘʚʠʣ 

ʈʘʙʦʪʘ ʤʦʜʫʣʷ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʚ ʟʘʜʘʯʝ ʙʘʣʘʥʩʠʨʦʚʢʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʤʦʱʥʦʩʪʝʡ ʩʠʣʴʥʦ ʟʘʚʠʩʠʪ ʦʪ ʢʘʯʝʩʪʚʘ SWRL-ʧʨʘʚʠʣ. 

ʂʘʯʝʩʪʚʦ SWRL-ʧʨʘʚʠʣ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʦʩʦʙʝʥʥʦʩʪʝʡ ʇʨʆ ʧʦʣʥʦʩʪʴʶ ʟʘʚʠʩʠʪ 

ʦʪ ʢʦʤʧʝʪʝʥʮʠʡ ʵʢʩʧʝʨʪʘ. ʂʘʯʝʩʪʚʦ SWRL-ʧʨʘʚʠʣ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʣʦʛʠʯʝʩʢʦʡ 

ʥʝʧʨʦʪʠʚʦʨʝʯʠʚʦʩʪʠ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʤʘʰʠʥʦʡ ʣʦʛʠʯʝʩʢʦʛʦ ʚʳʚʦʜʘ ʥʘ ʵʪʘʧʝ 

ʬʦʨʤʠʨʦʚʘʥʠʷ SWRL-ʧʨʘʚʠʣ. 

ʈʘʩʩʤʦʪʨʠʤ ʧʨʠʤʝʨ ʢʦʥʪʨʦʣʷ ʣʦʛʠʯʝʩʢʦʡ ʮʝʣʦʩʪʥʦʩʪʠ ʧʨʘʚʠʣ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʭʘʥʠʟʤʘ ʣʦʛʠʯʝʩʢʦʛʦ ʚʳʚʦʜʘ. ɼʦʧʫʩʪʠʤ, ʵʢʩʧʝʨʪ ʜʦʧʫʩʪʠʣ 

ʦʰʠʙʢʫ ʧʨʠ ʩʦʩʪʘʚʣʝʥʠʠ SWRL-ʧʨʘʚʠʣ, ʩʦʟʜʘʚ ʩʣʝʜʫʶʱʠʝ ʧʨʦʪʠʚʦʨʝʯʠʚʳʝ 

ʧʨʘʚʠʣʘ (ʣʠʩʪʠʥʛ 4.2). 

EMPLOYEE_POWER(?ind) ^ hasValue(?ind, ?val) ^  

swrlb:greaterThan(?val, 2000) ^ swrlb:lessThanOrEqual(?val, 40000) ->  
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-> Middle(?ind) 

EMPLOYEE_POWER(?ind) ^ hasValue(?ind, ?val) ^  

^ swrlb:greaterThan(?val, 4000) ->  High(?ind) 

ʃʠʩʪʠʥʛ 4.2 ï ʇʨʦʪʠʚʦʨʝʯʠʚʳʝ SWRL-ʧʨʘʚʠʣʘ 

ʇʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ ʜʘʥʥʳʭ SWRL-ʧʨʘʚʠʣ ʠʥʜʠʢʘʪʦʨ 

ὉὓὖὒὕὣὉὉὖͅὕὡὉὙ ʙʫʜʝʪ ʦʙʲʷʚʣʝʥ ʠʥʜʠʚʠʜʫʘʣʦʤ ʢʣʘʩʩʦʚ ὓὭὨὨὰὩ ʠ ὌὭὫὬ 

ʦʜʥʦʚʨʝʤʝʥʥʦ. ʊʘʢ ʢʘʢ ʜʘʥʥʳʝ ʢʣʘʩʩʳ ʦʙʲʷʚʣʝʥʳ ʚ ʦʥʪʦʣʦʛʠʠ 

ʥʝʧʝʨʝʩʝʢʘʶʱʠʤʠʩʷ (disjoint), ʤʘʰʠʥʘ ʣʦʛʠʯʝʩʢʦʛʦ ʚʳʚʦʜʘ ʚʳʜʘʩʪ 

ʩʣʝʜʫʶʱʫʶ ʦʰʠʙʢʫ: 

An error occurred during reasoning: 

Cannot do reasoning with inconsistent ontologies! 

Reason for inconsistency: Individual #EMPLOYEE_POWER is forced to 

belong to class s#Middle and its complement. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʘʰʠʥʘ ʣʦʛʠʯʝʩʢʦʛʦ ʚʳʚʦʜʘ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʦʪʚʨʘʪʠʪʴ 

ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʩʠʪʫʘʮʠʠ ʥʘʣʠʯʠʷ ʧʨʦʪʠʚʦʨʝʯʠʚʳʭ SWRL-ʧʨʘʚʠʣ ʚ ʩʦʩʪʘʚʝ 

ʦʥʪʦʣʦʛʠʠ ʤʦʜʫʣʷ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʚ ʟʘʜʘʯʝ ʙʘʣʘʥʩʠʨʦʚʢʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʤʦʱʥʦʩʪʝʡ. 

4.5 ɺʳʚʦʜʳ ʧʦ ʛʣʘʚʝ 

ɺ ʯʝʪʚʝʨʪʦʡ ʛʣʘʚʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, 

ʧʨʦʚʦʜʠʤʳʭ ʥʘ ɺʈ ʜʘʥʥʳʭ ʦ ʢʦʵʬʬʠʮʠʝʥʪʘʭ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʨʠ ʨʘʩʯʝʪʝ 

ʙʘʣʘʥʩʘ ʤʦʱʥʦʩʪʝʡ ʤʝʭʘʥʦʢʘʨʢʘʩʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ɺʈ ʧʦʢʘʟʘʪʝʣʝʡ 

ʢʣʶʯʝʚʳʭ ʵʣʝʤʝʥʪʦʚ ʩʠʩʪʝʤ ʚʝʨʪʦʣʝʪʥʳʭ ʜʚʠʛʘʪʝʣʝʡ, ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʥʦʚʳʭ ʟʥʘʯʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʤʝʞʜʫʥʘʨʦʜʥʳʭ 

ʙʝʡʯʤʘʨʢʦʚ ʩ ʩʦʨʝʚʥʦʚʘʥʠʡ IRAFM 2015. 

ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʤʦʜʝʣʠ, ʘʣʛʦʨʠʪʤʳ ʠ ʤʝʪʦʜʠʢʘ ʚʥʝʜʨʝʥʳ ʚ ʧʨʦʮʝʩʩ ʨʘʩʯʝʪʘ 

ʙʘʣʘʥʩʘ ʧʨʝʜʧʨʠʷʪʠʷ ʇɸʆ çʀʣè ï ɸʚʠʘʩʪʘʨ ʚ ʬʦʨʤʝ ʧʨʦʛʨʘʤʤʥʦʡ ʩʠʩʪʝʤʳ. ɺ 

ʭʦʜʝ ʧʨʦʚʝʜʝʥʠʷ ʚʥʝʜʨʝʥʠʷ ʧʦʣʫʯʝʥʳ ʟʥʘʯʠʪʝʣʴʥʦʝ ʩʦʢʨʘʱʝʥʠʝ ʩʨʦʢʦʚ 

ʙʘʣʘʥʩʠʨʦʚʢʠ ʤʦʱʥʦʩʪʝʡ ʚ ɸʊʇʇ ʩ ʥʝʩʢʦʣʴʢʠʭ ʜʥʝʡ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʯʘʩʦʚ. 
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ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ 

ʧʨʝʜʣʦʞʝʥʥʳʡ ʤʝʪʦʜ ʜʠʘʛʥʦʩʪʠʢʠ ʊʉ ʧʦʢʘʟʳʚʘʝʪ ʦʪʣʠʯʥʳʝ ʧʦʢʘʟʘʪʝʣʠ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠ ʚʳʷʚʣʝʥʠʷ ʘʥʦʤʘʣʠʡ ʠ ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ 

ʪʠʧʘʭ ʟʘʜʘʯ, ʛʜʝ ʧʨʠʤʝʥʷʶʪʩʷ ɺʈ. ʄʝʪʦʜ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʝʟʝʥ ʧʨʠ ʩʦʩʪʘʚʣʝʥʠʠ 

ʛʨʘʬʠʢʦʚ ʧʣʘʥʦʚʦ-ʧʨʝʜʫʧʨʝʜʠʪʝʣʴʥʳʭ ʨʘʙʦʪʳ ʧʦ ʦʙʦʨʫʜʦʚʘʥʠʶ ʧʨʝʜʧʨʠʷʪʠʷ. 

ʊʘʢʞʝ ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʩʷ ʚ ʘʥʘʣʠʟʝ ʢʨʫʧʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʦʙʲʝʢʪʦʚ ʚ 

ʟʘʜʘʯʘʭ ʙʘʣʘʥʩʠʨʦʚʢʠ. 
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ɿɸʂʃʖʏɽʅʀɽ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪʳ ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʧʨʘʢʪʠʯʝʩʢʠʝ ʠ 

ʥʘʫʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ: 

ɺ ʭʦʜʝ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ 

ʨʝʟʫʣʴʪʘʪʳ: 

1. ʧʨʦʚʝʜʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʤʝʪʦʜʦʚ ʠ ʩʨʝʜʩʪʚ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʩʨʝʜʩʪʚ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʙʘʣʘʥʩʠʨʦʚʢʠ ʤʦʱʥʦʩʪʝʡ ʠ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʩʦʩʪʦʷʥʠʷ ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ, ʩʦʚʨʝʤʝʥʥʳʭ ʩʨʝʜʩʪʚ ʜʠʘʛʥʦʩʪʠʢʠ 

ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ; 

2. ʚʳʧʦʣʥʝʥ ʥʘʫʯʥʳʡ ʦʙʟʦʨ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ, 

ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʦʚ ʚ ʟʘʜʘʯʘʭ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ 

ʧʦʜʛʦʪʦʚʢʠ ʧʨʦʠʟʚʦʜʩʪʚʘ; ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ ɺʈ 

ʠ ʤʝʪʦʜʦʚ ʚʳʷʚʣʝʥʠʷ ʘʥʦʤʘʣʠʡ ʚʦ ɺʈ; 

3. ʨʘʟʨʘʙʦʪʘʥʘ ʤʦʜʝʣʴ ʠ ʘʣʛʦʨʠʪʤ ʙʘʣʘʥʩʠʨʦʚʢʠ ʤʦʱʥʦʩʪʝʡ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʘʣʛʦʨʠʪʤʦʚ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʠ ʦʥʪʦʣʦʛʠʡ ʚ ʟʘʜʘʯʘʭ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ ʧʨʦʠʟʚʦʜʩʪʚʘ; 

4. ʨʘʟʨʘʙʦʪʘʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʵʥʪʨʦʧʠʡʥʦʛʦ ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ, 

ʘʜʘʧʪʠʨʦʚʘʥʥʘʷ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ ʧʨʦʠʟʚʦʜʩʪʚʘ; 

5. ʨʘʟʨʘʙʦʪʘʥ ʘʣʛʦʨʠʪʤ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ, ʦʪʣʠʯʘʶʱʠʡʩʷ ʧʨʠʤʝʥʝʥʠʝʤ 

ʵʥʪʨʦʧʠʡʥʦʛʦ ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ ʜʣʷ ʟʘʜʘʯ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʦʚʝʜʝʥʠʷ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ; 

6. ʨʘʟʨʘʙʦʪʘʥʳ ʤʦʜʝʣʴ ʠ ʘʣʛʦʨʠʪʤ ʚʳʷʚʣʝʥʠʷ ʘʥʦʤʘʣʠʡ ʵʥʪʨʦʧʠʡʥʦʛʦ 

ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 
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ʧʨʦʮʝʩʩʦʚ ʘʚʠʘʩʪʨʦʠʪʝʣʴʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʨʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ 

ʚʳʷʚʣʝʥʠʷ ʘʥʦʤʘʣʠʡ ɺʈ ʥʘ ʦʩʥʦʚʝ ʥʘʙʦʨʦʚ ʕʇʇ; 

7. ʨʘʟʨʘʙʦʪʘʥʘ ʤʦʜʝʣʴ ʠ ʘʣʛʦʨʠʪʤ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʚʳʷʚʣʷʝʤʳʭ ʘʥʦʤʘʣʠʡ 

ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʜʝʬʝʢʪʥʳʭ ʩʦʩʪʦʷʥʠʡ ʪʝʭʥʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʠʩʪʝʤʳ, ʚʢʣʶʯʘʶʱʝʡ ʙʘʟʫ 

ʥʝʯʝʪʢʠʭ ʧʨʘʚʠʣ; 

8. ʨʘʟʨʘʙʦʪʘʥʘ ʘʨʭʠʪʝʢʪʫʨʘ ʧʨʦʛʨʘʤʤʥʦʡ ʩʠʩʪʝʤʳ ʙʘʣʘʥʩʠʨʦʚʢʠ 

ʤʦʱʥʦʩʪʝʡ ʥʘ ʦʩʥʦʚʝ ʦʥʪʦʣʦʛʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ ʚ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʝ ʧʨʦʠʟʚʦʜʩʪʚʘ; 

9. ʨʘʟʨʘʙʦʪʘʥʘ ʧʨʦʛʨʘʤʤʥʘʷ ʩʠʩʪʝʤʘ ʙʘʣʘʥʩʠʨʦʚʢʠ ʤʦʱʥʦʩʪʝʡ ʥʘ ʦʩʥʦʚʝ 

ʦʥʪʦʣʦʛʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ ʚ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʝ ʧʨʦʠʟʚʦʜʩʪʚʘ; 

10. ʧʨʦʚʝʜʝʥʳ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ, ʦʩʥʦʚʥʳʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 

ʘ. ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʤʦʜʝʣʴ ʠ ʘʣʛʦʨʠʪʤ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 

ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʘʪʴ ʧʨʦʛʥʦʟʥʳʝ ʟʥʘʯʝʥʠʷ ʩ ʩʪʝʧʝʥʴʶ 

ʪʦʯʥʦʩʪʠ, ʜʦʩʪʘʪʦʯʥʦʡ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ 

ʧʨʦʠʟʚʦʜʩʪʚʘ; 

ʙ. ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʤʦʜʝʣʴ ʠ ʘʣʛʦʨʠʪʤ ʧʦʟʚʦʣʷʶʪ 

ʦʙʥʘʨʫʞʠʚʘʪʴ ʘʥʦʤʘʣʠʠ ʚʦ ʚʨʝʤʝʥʥʳʭ ʨʷʜʘʭ ʠ ʦʧʨʝʜʝʣʷʪʴ 

ʜʝʬʝʢʪʳ ʊʉ ʥʘ ʦʩʥʦʚʝ ʥʘʡʜʝʥʥʳʭ ʘʥʦʤʘʣʠʡ; 

11. ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʥʝʜʨʝʥʳ ʚ ʧʨʦʮʝʩʩ ʨʘʩʯʝʪʘ ʙʘʣʘʥʩʘ 

ʧʨʝʜʧʨʠʷʪʠʷ ʇɸʆ çʀʣè ï ɸʚʠʘʩʪʘʨ, ʚ ʭʦʜʝ ʧʨʦʚʝʜʝʥʠʷ ʚʥʝʜʨʝʥʠʷ 

ʧʦʣʫʯʝʥʦ ʩʦʢʨʘʱʝʥʠʝ ʩʨʦʢʦʚ ʙʘʣʘʥʩʠʨʦʚʢʠ ʤʦʱʥʦʩʪʝʡ ʚ ɸʊʇʇ ʩ 

ʥʝʩʢʦʣʴʢʠʭ ʯʘʩʦʚ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʤʠʥʫʪ. ɺ ʢʦʥʢʨʝʪʥʦʤ ʨʘʩʯʝʪʝ 

ʜʦʩʪʠʛʥʫʪʦ ʩʦʢʨʘʱʝʥʠʝ ʩʨʦʢʦʚ ʚ 8 ʨʘʟ. 
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ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʘʚʷʪ ʥʦʚʳʝ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ ʟʘʜʘʯʠ, 

ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʦʞʝʥʳ ʚ ʨʘʟʚʠʪʠʝ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ, ʚ ʯʘʩʪʥʦʩʪʠ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʦʜʦʣʞʠʪʴ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠ ʨʘʟʨʘʙʦʪʢʫ ʤʝʪʦʜʦʚ ʠ ʩʨʝʜʩʪʚ 

ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. 
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ʉʇʀʉʆʂ ʉʆʂʈɸʑɽʅʀʁ 

ɸʈʄ  
ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʝ ʨʘʙʦʯʝʝ ʤʝʩʪʦ  

ɸʉʋ  ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ  

ɹɼ  ɹʘʟʘ ʜʘʥʥʳʭ  

ɹɼ ʕʆʀ  ʙʘʟʘ ʜʘʥʥʳʭ ʵʣʝʢʪʨʦʥʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʠʟʜʝʣʠʷ  

ɹʊʂ ʙʶʨʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ 

ʂɼ  ʢʦʥʩʪʨʫʢʪʦʨʩʢʘʷ ʜʦʢʫʤʝʥʪʘʮʠʷ  

ʂʂ ʢʦʤʧʣʝʢʪʦʚʦʯʥʘʷ ʢʘʨʪʘ 

ʉʊʂ  ʩʙʦʨʦʯʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʪ 

ʊʝʄʇ  ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ  

ʊʇ  ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ  

ʎɻ  ʮʠʢʣʦʚʦʡ ʛʨʘʬʠʢ  

ʕʆʀ  ʵʣʝʢʪʨʦʥʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʠʟʜʝʣʠʷ  

ʕʊɼ  ʵʣʝʢʪʨʦʥʥʘʷ ʪʝʭʥʠʯʝʩʢʘʷ ʜʦʢʫʤʝʥʪʘʮʠʷ  

ɺʈ ʚʨʝʤʝʥʥʦʡ ʨʷʜ 

ʀʂʊ ʠʥʬʦʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ 

ʅɺʈ ʥʝʯʝʪʢʠʡ ʚʨʝʤʝʥʥʦʡ ʨʷʜ 

ʅʊ ʥʝʯʝʪʢʘʷ ʪʝʥʜʝʥʮʠʷ 

ʅʕʊ ʥʝʯʝʪʢʘʷ ʵʣʝʤʝʥʪʘʨʥʘʷ ʪʝʥʜʝʥʮʠʷ 

ɽʀʇ  ɽʜʠʥʦʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʦʨʛʘʥʠʟʘʮʠʠ 

ɼɿʆ ʜʦʯʝʨʥʠʝ ʠ ʟʘʚʠʩʠʤʳʝ ʦʙʱʝʩʪʚʘ ʢʦʨʧʦʨʘʮʠʠ 

ʆʂʈ ʦʧʳʪʥʦ-ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʝ ʨʘʙʦʪʳ 

ʆʇʈ ʦʩʥʦʚʥʳʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʨʘʙʦʯʠʝ ʦʩʥʦʚʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʉʊʆ ʩʙʦʨʦʯʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ 

ʀʆ ʠʥʬʦʨʤʘʮʠʦʥʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ 

ʀʉ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ 

ʀɹ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʙʘʟʘ 

ʇʨʆ ʧʨʝʜʤʝʪʥʘʷ ʦʙʣʘʩʪʴ 
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ʋʉɼ ʫʥʠʬʠʮʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ʜʦʢʫʤʝʥʪʘʮʠʠ 

ʕɼ ʵʣʝʢʪʨʦʥʥʘʷ ʬʦʨʤʘ ʜʦʢʫʤʝʥʪʘ 

ɹɼ ʙʘʟʘ ʜʘʥʥʳʭ 

ʉʋɹɼ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʙʘʟʘʤʠ ʜʘʥʥʳʭ 

ETL ʠʟʚʣʝʯʝʥʠʝ, ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʠ ʟʘʛʨʫʟʢʘ ʜʘʥʥʳʭ 

ʊʇʇ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʧʦʜʛʦʪʦʚʢʘ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʇʊʄ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴ 

ɸɹʉ ʘʣʛʝʙʨʘʠʯʝʩʢʘʷ ʙʘʡʝʩʦʚʩʢʘʷ ʩʝʪʴ 

ʃɸ ʣʝʪʘʪʝʣʴʥʳʡ ʘʧʧʘʨʘʪ 

  



196 

 

 

 

ɹʀɹʃʀʆɻʈɸʌʀʏɽʉʂʀʁ ʉʇʀʉʆʂ 

1. ɻʆʉʊ 14.004-83 ʊʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʧʦʜʛʦʪʦʚʢʘ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʊʝʨʤʠʥʳ 

ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʦʩʥʦʚʥʳʭ ʧʦʥʷʪʠʡ ï ʄ.: ʉʊɸʅɼɸʈʊʀʅʌʆʈʄ, 2009 

2. ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ 

ʧʨʦʠʟʚʦʜʩʪʚʘ.  ʕʥʮʠʢʣʦʧʝʜʠʷ ʪʝʭʥʠʢʠ. [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] ï ʈʝʞʠʤ 

ʜʦʩʪʫʧʘ: 

https://dic.academic.ru/dic.nsf/enc_tech/1534/%D0%90%D0%B2%D1%82

%D0%BE%D0%BC%D0%B0%D1%82%D0%B8%D0%B7%D0%B8%D1

%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%BD%D0%B0%D1%8F 

3. ɺʘʰʫʢʦʚ, ʖ. ɸ. ʊʝʭʥʦʣʦʛʠʷ ʠ ʦʙʦʨʫʜʦʚʘʥʠʝ ʩʙʦʨʦʯʥʳʭ ʧʨʦʮʝʩʩʦʚ 

[ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]: ʤʫʣʴʪʠʤʝʜ. ʧʦʩʦʙʠʝ /ʖ. ɸ. ɺʘʰʫʢʦʚ, ʆ. ɺ. 

ʃʦʤʦʚʩʢʦʡ, ɸ. ɸ. ʐʘʨʦʚ; ʄ-ʚʦ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʥʘʫʢʠ ʈʦʩ. ʌʝʜʝʨʘʮʠʠ, 

ʉʘʤʘʨ. ʛʦʩ. ʘʵʨʦʢʦʩʤ. ʫʥ-ʪ ʠʤ. ʉ. ʇ. ʂʦʨʦʣʝʚʘ (ʥʘʮ. ʠʩʩʣʝʜ. ʫʥ-ʪ). -  

ʉʘʤʘʨʘ, 2011.  

4. ʃʝʢʮʠʷ 4: ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ 

ʧʨʦʠʟʚʦʜʩʪʚʘ. [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

https://www.intuit.ru/studies/courses/651/507/lecture/11535. 

5. ɺʦʣʴʩʢʦʚ ɼ.ɻ. ʉʦʚʨʝʤʝʥʥʳʝ ʧʦʜʭʦʜʳ ʢ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ: ʇʨʘʢʪʠʢʫʤ / ɼ.ɻ. ɺʦʣʴʩʢʦʚ. ï ʋʣʴʷʥʦʚʩʢ: 

ʋʣɻʊʋ, 2016. ï 69 ʩ. 

6. ɺʷʣʦʚ, ɸ. ɺ. ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʚ 

ʘʚʠʘʩʪʨʦʝʥʠʠ :ʫʯʝʙ. ʧʦʩʦʙʠʝ / ɸ. ɺ. ɺʷʣʦʚ. ï ʂʦʤʩʦʤʦʣʴʩʢ-ʥʘ-ɸʤʫʨʝ : 

ʌɻɹʆʋ ɺʇʆ çʂʥɸɻʊʋè, 2014 ï 171 ʩ. 

7. ɻʆʉʊ 14.102-73 ɽʜʠʥʘʷ ʩʠʩʪʝʤʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ 

ʧʨʦʠʟʚʦʜʩʪʚʘ. ʉʪʘʜʠʠ ʨʘʟʨʘʙʦʪʢʠ ʜʦʢʫʤʝʥʪʘʮʠʠ ʧʦ ʦʨʛʘʥʠʟʘʮʠʠ ʠ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ ʧʨʦʠʟʚʦʜʩʪʚʘ 

[ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

https://standartgost.ru/g/%D0%93%D0%9E%D0%A1%D0%A2_14.102-73 



197 

 

 

 

8. ɻʆʉʊ 14.314-74 ɽʜʠʥʘʷ ʩʠʩʪʝʤʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ 

ʧʨʦʠʟʚʦʜʩʪʚʘ. ʊʨʝʙʦʚʘʥʠʷ ʢ ʦʨʛʘʥʠʟʘʮʠʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ 

ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʦʙʦʨʫʜʦʚʘʥʠʝʤ 

[ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

https://standartgost.ru/g/%D0%93%D0%9E%D0%A1%D0%A2_14.314-74 

9. ɼʤʠʪʨʠʝʚ, ɸ. ʗ. ʈʦʙʘʩʪʥʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ 

ʧʦʜʛʦʪʦʚʢʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠʟʜʝʣʠʡ ʘʚʠʘʮʠʦʥʥʦʡ ʪʝʭʥʠʢʠ: ʫʯʝʙ. 

ʧʦʩʦʙʠʝ / ɸ.ʗ. ɼʤʠʪʨʠʝʚ, ʖ.ɸ. ɺʘʰʫʢʦʚ, ʊ.ɸ. ʄʠʪʨʦʰʢʠʥʘ. ï ʉʘʤʘʨʘ: 

ʀʟʜ-ʚʦ ʉɻɸʋ, 2016. ï 76 ʩ. 

10. ɹʝʨʥʜ ʍʠʣʣʝʨ. ʀʥʜʫʩʪʨʠʷ 4.0 ï ʫʤʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʙʫʜʫʱʝʛʦ. ʆʧʳʪ 

çʮʠʬʨʦʚʠʟʘʮʠʠè ɻʝʨʤʘʥʠʠ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

http://3d-conf.ru/pdf-2017/hiller.pdf 

11. ʈ 50-54-5-87 ʈʘʟʨʘʙʦʪʢʘ ʛʨʘʬʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ 

ʩʠʩʪʝʤʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ ʧʨʦʠʟʚʦʜʩʪʚʘ [ʕʣʝʢʪʨʦʥʥʳʡ 

ʨʝʩʫʨʩ] ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

http://www.gostrf.com/normadata/1/4293850/4293850551.pdf 

12. ɻʆʉʊ 14.104-74 ɽʜʠʥʘʷ ʩʠʩʪʝʤʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ 

ʧʨʦʠʟʚʦʜʩʪʚʘ. ʇʨʘʚʠʣʘ ʨʘʟʨʘʙʦʪʢʠ ʛʨʘʬʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ 

ʤʦʜʝʣʠ ʩʠʩʪʝʤʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ ʧʨʦʠʟʚʦʜʩʪʚʘ 

[ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

https://standartgost.ru/g/%D0%93%D0%9E%D0%A1%D0%A2_14.104-74 

13. ʈ 50-54-87-88 ʆʨʛʘʥʠʟʘʮʠʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ï ʄ.: ʉʊɸʅɼɸʈʊʀʅʌʆʈʄ, 1988  

14. ʈ 50-54-93-88 ʂʣʘʩʩʠʬʠʢʘʮʠʷ, ʨʘʟʨʘʙʦʪʢʘ ʠ ʧʨʠʤʝʥʝʥʠʝ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ï ʄ.: ʉʊɸʅɼɸʈʊʀʅʌʆʈʄ, 1988 

15. ʄʠʥʧʨʦʤʪʦʨʛ ʈʦʩʩʠʠ ʠ ʨʷʜ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʳʭ ʢʦʤʧʘʥʠʡ 

ʧʨʝʜʩʪʘʚʠʣʠ ʮʠʬʨʦʚʦʡ ʧʨʦʝʢʪ ʚ ʩʬʝʨʝ ʘʚʠʘʩʪʨʦʝʥʠʷ - "ʀʥʜʫʩʪʨʠʷ 4.0" 

- AEX.RU [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

https://www.aex.ru/news/2017/7/24/172835/ 



198 

 

 

 

16. ʇʨʦʛʨʘʤʤʘ çʎʠʬʨʦʚʘʷ ʵʢʦʥʦʤʠʢʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠè. ʋʪʚʝʨʞʜʝʥʘ 

ʨʘʩʧʦʨʷʞʝʥʠʝʤ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʌ ʦʪ 28 ʠʶʣʷ 2017 ʛ. ˉ 1632-ʨ 

17. ʇʣʘʢʠʪʢʠʥ ʖ.ɸ., ʇʣʘʢʠʪʢʠʥʘ ʃ.ʉ.. ʄʠʨʦʚʦʡ ʠʥʥʦʚʘʮʠʦʥʥʳʡ ʧʨʦʝʢʪ 

çʀʥʜʫʩʪʨʠʷ-4.0è ï ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʚ ʫʛʦʣʴʥʦʡ ʦʪʨʘʩʣʠ 

ʈʦʩʩʠʠ. 1. ʇʨʦʛʨʘʤʤʘ çʀʥʜʫʩʪʨʠʷ-4.0è ï ʥʦʚʳʝ ʧʦʜʭʦʜʳ ʠ ʨʝʰʝʥʠʷ 

[ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

https://www.eriras.ru/files/plakitkin_-8-.pdf 

18. ʈʝʚʦʣʶʮʠʦʥʥʳʡ ʪʝʤʧ: ʀʥʜʫʩʪʨʠʷ 4.0 [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] ï ʈʝʞʠʤ 

ʜʦʩʪʫʧʘ: http://siemens.rbc.ru/article2.html 

19. ʉʪʨʘʪʝʛʠʠ ʨʘʟʚʠʪʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʱʝʩʪʚʘ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ 

ʥʘ 2017 - 2030 ʛʦʜʳ. ʋʪʚʝʨʞʜʝʥʘ ʋʢʘʟʦʤ ʇʨʝʟʠʜʝʥʪʘ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠ ʦʪ 9 ʤʘʷ 2017 ʛ. ˉ 203 çʆ ʉʪʨʘʪʝʛʠʠ ʨʘʟʚʠʪʠʷ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʱʝʩʪʚʘ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʥʘ 2017 - 2030 ʛʦʜʳè 

20. ʌʠʣʘʪʦʚ ɸ. ʅ. ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʠ ʤʦʜʝʣʝʡ ʧʘʨʘʣʣʝʣʴʥʦʛʦ 

ʥʠʩʭʦʜʷʱʝʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʨʘʢʝʪʥʦ-ʢʦʩʤʠʯʝʩʢʦʡ ʪʝʭʥʠʢʠ ʚ ʝʜʠʥʦʤ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʨʝʜʧʨʠʷʪʠʷ : ʜʠʩ. é ʢʘʥʜ. ʪʝʭ. ʥʘʫʢ. 

: 05.07.02 /  ʌʠʣʘʪʦʚ, ɸʣʝʢʩʘʥʜʨ ʅʠʢʦʣʘʝʚʠʯ, ï ʉʘʤʘʨʘ, 2014 ï  163 ʩ. 

21. ʐʘʙʘʣʢʠʥ, ɼ.ʖ. ʀʥʪʝʛʨʠʨʦʚʘʥʥʘʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ 

ʢʦʥʩʪʨʫʢʪʦʨʩʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʘʢ ʦʩʥʦʚʘ 

ʮʠʬʨʦʚʦʡ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʩʠʩʪʝʤʳ / ɼ.ʖ. ʐʘʙʘʣʢʠʥ, ɺ.ɺ. ʅʘʟʘʨʦʚ, 

ɸ.ʄ. ʊʦʧʦʨʢʦʚ, ʖ.ɺ. ʇʦʣʷʥʩʢʦʚ // ʀʟʚʝʩʪʠʷ ʉʘʤʘʨʩʢʦʛʦ ʥʘʫʯʥʦʛʦ 

ʮʝʥʪʨʘ ʈɸʅ, ʪʦʤ 16. ï 2014. - ˉ 1(5) - ʩ. 1647-1654. 

22. ɻʣʘʚʥʘʷ. Teamcenter [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

https://plmclub.ru/products/teamcenter. 

23. ɸʩʢʦʥ. ɺɽʈʊʀʂɸʃʔ. [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

https://ascon.ru/products/420/review/. 

24. ɸʭʘʪʦʚ, ʈ.ʍ.  ɸ.ʉ. ɻʦʚʦʨʢʦʚ, ɸ.ʉ. ɾʠʣʷʝʚ. ʈʘʟʨʘʙʦʪʢʘ ʠ ʚʥʝʜʨʝʥʠʝ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ çʉʠʩʪʝʤʘ ʘʥʘʣʠʟʘ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʠ 

ʢʦʥʩʪʨʫʢʮʠʠ ʠʟʜʝʣʠʡè ʧʨʠ ʟʘʧʫʩʢʝ ʚ ʧʨʦʠʟʚʦʜʩʪʚʦ ʠʟʜʝʣʠʡ / ʈ.ʍ.  



199 

 

 

 

ɸʭʘʪʦʚ, ɸ.ʉ. ɻʦʚʦʨʢʦʚ, ɸ.ʉ. ɾʠʣʷʝʚ // ʀʟʚʝʩʪʠʷ ʉʘʤʘʨʩʢʦʛʦ ʥʘʫʯʥʦʛʦ 

ʮʝʥʪʨʘ ʈɸʅ, ʪʦʤ 16. ï 2014. - ˉ 1(5) - ʩ. 1279-1283 

25. ɺʷʣʦʚ, ɸ.ɺ. ʆʩʥʦʚʳ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʘʤʦʣʝʪʦʚ : ʫʯʝʙ. 

ʧʦʩʦʙʠʝ /  ɸ. ɺ. ɺʷʣʦʚ. ï 2-ʝ ʠʟʜ., ʜʦʧ. ï ʂʦʤʩʦʤʦʣʴʩʢ-ʥʘ-ɸʤʫʨʝ : 

ʌɻɹʆʋ ɺʇʆ çʂʥɸɻʊʋè, 2013. ï 145 ʩ. 

26. ɻʨʫʥʜʩʣʝʥʴʢʠʩ ʗ.ɸ., ʊʝʥʛʝʨʠʩ ʗ.ʂ. ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʧʦʩʪʨʦʝʥʠʷ 

ʪʦʧʦʣʦʛʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʩʣʦʞʥʦʡ ʩʠʩʪʝʤʳ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ 

ʜʠʘʛʥʦʩʪʠʢʠ // ɻʠʙʨʠʜʥʳʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʤʘʰʠʥʳ ʠ ʢʦʤʧʣʝʢʩʳ. ï 

ɺʳʧ. 3. ʂʠʝʚ: ʅʘʫʢʦʚʘ ʜʫʤʢʘ, 1980. ï ʉ. 88ï93. 

27. ʂʫʟʴʤʝʥʢʦ ʅ.ɺ. ʋʯʝʙʥʦʝ ʧʦʩʦʙʠʝ ʜʣʷ ʩʪʫʜʝʥʪʦʚ ʟʘʦʯʥʦʡ ʬʦʨʤʳ 

ʦʙʫʯʝʥʠʷ ʧʦ ʜʠʩʮʠʧʣʠʥʝ çɸʚʪʦʤʘʪʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ 

ʠ ʧʨʦʠʟʚʦʜʩʪʚè ʚ ʜʚʫʭ ʯʘʩʪʷʭ. ʏʘʩʪʴ I. ʂʦʥʩʧʝʢʪ ʣʝʢʮʠʡ / ʋʯʝʙʥʦʝ 

ʧʦʩʦʙʠʝ. ï ɸʥʛʘʨʩʢ. ï 2005. 

28. ʃʝʙʝʜʝʚ, ɸ.ɺ. ʂʣʘʩʩʠʬʠʢʘʪʦʨ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʦʩʥʘʩʪʢʠ ʢʘʢ ʩʨʝʜʩʪʚʦ 

ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ / ɸ.ɺ. ʃʝʙʝʜʝʚ, 

ɺ.ʀ. ʂʦʯʝʨʛʠʥ, ʇ.ʖ. ʇʘʚʣʦʚ // ʀʟʚʝʩʪʠʷ ʉʘʤʘʨʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʮʝʥʪʨʘ 

ʈɸʅ, ʪʦʤ 17. ï 2015. - ˉ 2(4) - ʩ. 811-816 

29. ʄʘʣʠʢʦʚʘ ɼ.ʄ. ʇʨʠʢʣʘʜʥʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʨʫʤʝʥʪʘʨʠʡ 

çɹʝʨʝʞʣʠʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘè ʥʘ ʧʨʦʤʳʰʣʝʥʥʦʤ ʧʨʝʜʧʨʠʷʪʠʠ 

ʉʙʦʨʥʠʢ ʤʘʪʝʨʠʘʣʦʚ IV ɺʅʊʂɸʄʄʋ. ʄʦʣʦʜʳʝ ʫʯʝʥʳʝ - ʫʩʢʦʨʝʥʠʶ 

ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʦʛʨʝʩʩʘ ɺ XXI ɺɽʂɽ : ʀʅʅʆɺɸ. ï 2016. ï 

ʩ.479-483    

30. ʉʦʩʥʠʥ ʆ.ʄ. ʆʩʥʦʚʳ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠ 

ʧʨʦʠʟʚʦʜʩʪʚ: ʫʯʝʙʥʦʝ ʧʦʩʦʙʠʝ ʜʣʷ ʩʪʫʜ. ʚʳʩʰ. ʫʯʝʙ. ʟʘʚʝʜʝʥʠʡ /  ʆ.ʄ. 

ʉʦʩʥʠʥ. ï 2-ʝ ʠʟʜ., ʩʪʝʨ. ï ʄ. : ʀʟʜʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ çɸʢʘʜʝʤʠʷè, 2009. ï 240ʩ. 

31. ʇʘʚʣʦʚ, ʇ.ʖ. ʆʥʪʦʣʦʛʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʠʟʘʮʠʷ ʚ ʧʘʨʘʣʣʝʣʴʥʦʤ 

ʠʥʞʠʥʠʨʠʥʛʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʙʦʨʦʯʥʳʭ ʧʨʠʩʧʦʩʦʙʣʝʥʠʡ ʜʣʷ 

ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ / ʇ.ʖ. ʇʘʚʣʦʚ, ʇ.ʀ. ʉʦʩʥʠʥ, ɸ.ɺ. ʃʝʙʝʜʝʚ // 



200 

 

 

 

ʀʟʚʝʩʪʠʷ ʉʘʤʘʨʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʮʝʥʪʨʘ ʈɸʅ, ʪʦʤ 18. ï 2016. - ˉ 1(2) - 

ʩ. 373-377. 

32. ɻʆʉʊ 20911-89. ʊʝʭʥʠʯʝʩʢʘʷ ʜʠʘʛʥʦʩʪʠʢʘ. ʊʝʨʤʠʥʳ ʠ ʦʧʨʝʜʝʣʝʥʠʷ. 

[ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

http://docs.cntd.ru/document/gost-20911-89 

33. ɽʬʠʤʦʚ ɸ.ɺ., ɻʘʣʢʠʥ ɸ.ɻ. ʆʩʥʦʚʳ ʪʝʭʥʠʯʝʩʢʦʡ ʜʠʘʛʥʦʩʪʠʢʠ: ʂʫʨʩ 

ʣʝʢʮʠʡ. ï ɽʢʘʪʝʨʠʥʙʫʨʛ: ʋʨɻʋʇʉ, ï 2006. 

34. ʊʝʭʥʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʤʘʰʠʥ ʠ ʘʛʨʝʛʘʪʦʚ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] ï 

ʈʝʞʠʤ ʜʦʩʪʫʧʘ: http://autocarta.ru/tex-sostojanie-machin-agregatov/tex-

sostojanie-machin-agregatov.html 

35. ʊʝʭʥʠʯʝʩʢʘʷ ʜʠʘʛʥʦʩʪʠʢʘ (ʢʦʥʩʧʝʢʪ ʣʝʢʮʠʡ), ʯʘʩʪʴ I. / ʄʘʣʳʰʝʥʢʦ 

ʖ.ɺ. [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

http://abc.vvsu.ru/Books/Teh_diag/page0001.asp 

36. ɼʠʘʛʥʦʩʪʠʢʘ ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʚʦʝʥʥʦʛʦ ʠ ʛʨʘʞʜʘʥʩʢʦʛʦ 

ʥʘʟʥʘʯʝʥʠʷ : ʫʯʝʙ, ʧʦʩʦʙʠʝ / ʆ.ɻ. ɸʛʦʰʢʦʚ [ʠ ʜʨ.]; ɹʘʣʪ. ʛʦʩ. ʪʝʭʥ. ʫʥ-

ʪ. ð ʉʇʙ., 2008,- 148 ʩ. 

37. ISO 2372:1974. Mechanical vibration of machines with operating speeds 

from 10 to 200 rev/s -- Basis for specifying evaluation standards / 

[ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

http://www.iso.org/iso/ru/iso_catalogue/catalogue_ics/catalogue_detail_ics

.htm?csnumber=7212 

38. ɸʣʝʢʩʝʝʚ ɸ.ɸ., ʂʦʨʘʙʣʝʚ ʖ. ɸ., ʐʝʩʪʦʧʘʣʦʚ ʄ.ʖ. ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʠ 

ʜʠʘʛʥʦʩʪʠʢʘ ʩʠʩʪʝʤ // ï ʄ.: ʀʟʜ-ʚʦ çɸʢʘʜʝʤʠʷè, 2009. ï 352 ʩ. 

39. ʄʝʪʦʜʳ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ. ʆʙʨʘʟʦʚʘʪʝʣʴʥʳʡ 

ʧʦʨʪʘʣ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: http://konspekta.net/lek-

1159.html 

40. ʊʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ ʠ ʩʠʩʪʝʤʳ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ. ʕʥʮʠʢʣʦʧʝʜʠʷ 

ʪʝʭʥʠʢʠ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: http://enciklopediya-



201 

 

 

 

tehniki.ru/nadezhnost-i-diagnostika/tehnicheskie-sredstva-i-sistemy-

diagnostirovaniya.html 

41. ɸʚʪʦʤʘʪʠʯʝʩʢʠʡ ʧʦʠʩʢ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ / ʄʦʟʛʘʣʝʚʩʢʠʡ ɸ.ɺ., ɻʘʩʢʘʨʦʚ 

ɼ.ɺ., ɻʣʘʟʫʥʦʚ ʃ.ʇ.ʠ ʜʨ. ï ʄ.: ʄʘʰʠʥʦʩʪʨʦʝʥʠʝ, 1967. 

42. ɼʠʘʛʥʦʩʪʠʢʘ ʥʘʨʫʰʝʥʠʡ ʠ ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʡ ʚ ʪʝʭʥʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤʘʭ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] / ʕʣʝʢʪʨʦʥʥʦʝ ʫʯʝʙʥʦʝ ʧʦʩʦʙʠʝ ï 

ʈʝʞʠʤ ʜʦʩʪʫʧʘ: http://www.obzh.ru/nad/index.html 

43. ʄʦʟʛʘʣʝʚʩʢʠʡ ɸ.ɺ., ɻʘʩʢʘʨʦʚ ɼ.ɺ. ʊʝʭʥʠʯʝʩʢʘʷ ʜʠʘʛʥʦʩʪʠʢʘ: ʋʯʝʙ. 

ʧʦʩʦʙʠʝ ʜʣʷ ʚʫʟʦʚ. ï ʄ.: ɺʳʩʰʘʷ ʰʢʦʣʘ, 1975. ï 207 ʩ. 

44. ʂʘʣʷʚʠʥ ɺ.ʇ. ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ 

ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ // ʄʝʪʦʜʳ ʠ ʩʠʩʪʝʤʳ ʪʝʭʥʠʯʝʩʢʦʡ ʜʠʘʛʥʦʩʪʠʢʠ. ï 

ʉʘʨʘʪʦʚ: ʀʟʜ-ʚʦ ʉʘʨʘʪʦʚʩʢʦʛʦ ʫʥ-ʪʘ, 1981. ï ɺʳʧ. 2. ï ʉ. 20ï25. 

45. ɼʷʣʦʚ ɺ.ɸ., ʂʘʙʘʥʦʚ ɸ.ʅ., ʄʠʣʦʚ ʃ.ʊ. ʂʦʥʪʨʦʣʴ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. 

ï ʃ.: ʕʥʝʨʛʠʷ, 1978. ï 88 ʩ. 

46. ʇʦʨʪʥʷʛʠʥ ʅ. ʅ., ʇʶʢʢʝ ɻ. ɸ. ʇʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʘ ʠʩʢʣʶʯʝʥʠʷ 

ʚʘʨʴʠʨʫʝʤʦʛʦ ʧʘʨʘʤʝʪʨʘ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ // 

ɸʢʘʜʝʤʠʷ ɽʩʪʝʩʪʚʦʟʥʘʥʠʷ. ï  2009. 

47. Angeli. Diagnostic Expert Systems: From Expertôs Knowledge to Real-

Time Systems // Advanced Knowledg Based Systems (Model, Applications 

& Search), Vol. 1, 2010, pp. 50-73. 

48. Automated Fault Detection and Diagnostics for the Mechanical Services in 

Commercial Buildings Project [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

http://www.nist.gov/el/building_environment/mechsys/afddmscb.cfm 

49. ɸʭʤʝʪʭʘʥʦʚ ʈ.ʉ., ɼʫʙʠʥʠʥ ɽ.ʌ., ʇʝʪʨʦʚ ɺ.ʇ., ʈʝʟʥʠʢʦʚ ɼ.ʆ. 

ɼʠʘʛʥʦʩʪʠʢʘ ʩʠʩʪʝʤ ʧʦʜʘʥʥʳʤ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ ʠ ʦʮʝʥʢʘ ʨʠʩʢʦʚ // 

ʇʨʦʙʣʝʤʳ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ ʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ. 2008. ˉ 3. ʉ. 38ï49. 

50. ɻʣʫʱʝʥʢʦ ʇ.ɺ. ʊʝʭʥʠʯʝʩʢʘʷ ʜʠʘʛʥʦʩʪʠʢʘ: ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʚ 

ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʠ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʠ ʩʦʩʪʦʷʥʠʷ ʪʝʭʥʠʯʝʩʢʠʭ 

ʦʙʲʝʢʪʦʚ. ī ʄ.: ɺʫʟʦʚʩʢʘʷ ʢʥʠʛʘ, 2004. ï 248 ʩ. 



202 

 

 

 

51. Zadeh, L.A. Fuzzy sets / L.A. Zadeh // Information and control. ï 1965. ï 

Vol. 8, ˉ. 3. ï pp. 338-353. 

52. ɸʜʜʠʪʠʚʥʘʷ ʠ ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʥʘʷ ʤʦʜʝʣʠ ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ // 

[ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: http://lektsii.net/3-52448.html 

53. ɸʜʜʠʪʠʚʥʘʷ ʤʦʜʝʣʴ ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] ï ʈʝʞʠʤ 

ʜʦʩʪʫʧʘ: http://eko-otv.narod.ru/index/0-24 

54. ɸʭʤʝʪʭʘʥʦʚ ʈ.ʉ., ɼʫʙʠʥʠʥ ɽ.ʌ., ʂʫʢʩʦʚʘ ɺ.ʀ.. ɸʥʘʣʠʟ ʚʨʝʤʝʥʥʳʭ 

ʨʷʜʦʚ ʚ ʜʠʘʛʥʦʩʪʠʢʝ ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ//ʄʘʰʠʥʦʩʪʨʦʝʥʠʝ ʠ 

ʠʥʞʝʥʝʨʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ, 2003. ï ˉ2. ï ʉ. 11 ï 20. 

55. ʕʢʦʥʦʤʠʯʝʩʢʦʝ ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʥʘ ʢʦʤʧʴʶʪʝʨʝ.  3. 

ɼʨʫʛʠʝ ʢʦʤʧʦʥʝʥʪʳ ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] ï ʈʝʞʠʤ 

ʜʦʩʪʫʧʘ: http://kek.ksu.ru/EOS/Model/uchebnik/3_1.htm 

56. ɹʦʣʴʰʘʢʦʚ ɸ.ɸ., ʂʘʨʠʤʦʚ ʈ.ʅ. ʄʝʪʦʜʳ ʦʙʨʘʙʦʪʢʠ ʤʥʦʛʦʤʝʨʥʳʭ ʜʘʥʥʳʭ 

ʠ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ. ī ʄ.: ɻʦʨʷʯʘʷ ʣʠʥʠʷ ï ʊʝʣʝʢʦʤ, 2007. ï 522 ʩ. 

57. ʕʡʢʭʦʬʬ ʇ. ʆʩʥʦʚʳ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ. ï ʄ.: ʄʠʨ, 

1975. ï 648 ʩ. 

58. ɿʘʚʘʨʟʠʥ ɼ.ɺ. ʂ ʚʦʧʨʦʩʫ ʧʦʠʩʢʘ ʘʥʦʤʘʣʠʡ ʚʦ ʚʨʝʤʝʥʥʳʭ ʨʷʜʘʭ // 

ʀʥʥʦʚʘʮʠʠ ʚ ʥʘʫʢʝ: ʩʙ. ʩʪ. ʧʦ ʤʘʪʝʨ. XXIX ʤʝʞʜʫʥʘʨ. ʥʘʫʯ.-ʧʨʘʢʪ. 

ʢʦʥʬ. ˉ 1(26). ï ʅʦʚʦʩʠʙʠʨʩʢ: ʉʠʙɸʂ, 2014. 

59. Arindam Banerjee, Varun Chandola and Vipin Kumar. Anomaly detection 

: A survey. To Appear in ACM Computing Surveys, 2009. 

60. Malik Agyemang, Ken Barker, and Rada Alhajj. A comprehensive survey 

of numeric and symbolic outlier mining techniques. Intell. Data Anal., 

10(6):521ï538, 2006. 

61. Victoria Hodge and Jim Austin. A survey of outlier detection 

methodologies. Artif. Intell. Rev., 22(2):85ï126, 2004. 

62. Arindam Banerjee, Varun Chandola and Vipin Kumar. Anomaly detection 

for discrete sequences : A survey. Unpublished Work. 



203 

 

 

 

63. ɺʳʷʚʣʝʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʚʦ ʚʨʝʤʝʥʥʳʭ ʨʷʜʘʭ ʚ ʟʘʜʘʯʘʭ 

ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʩʦʩʪʦʷʥʠʡ ʜʠʥʘʤʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ : ʄʦʥʦʛʨʘʬʠʷ / ɺ.ɻ. 

ɹʫʢʨʝʝʚ, ʉ.ʀ. ʂʦʣʝʩʥʠʢʦʚʘ, ɸ.ɽ. ʗʥʢʦʚʩʢʘʷ. ʊʦʤʩʢ: ʊʦʤʩʢʠʡ 

ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 2011, ï 254ʩ. 

64. ʉʫʭʘʥʦʚ ɸ. ɺ. ʀʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʤʝʪʦʜʳ ʦʙʥʘʨʫʞʝʥʠʷ ʠ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʘʥʦʤʘʣʴʥʳʭ ʩʦʙʳʪʠʡ ʚ ʪʝʤʧʦʨʘʣʴʥʳʭ ʜʘʥʥʳʭ : ʜʠʩ. 

é ʢʘʥʜ. ʪʝʭ. ʥʘʫʢ. : 05.13.01 /  ʉʫʭʘʥʦʚ, ɸʥʜʨʝʡ ɺʘʣʝʨʴʝʚʠʯ, ï ʈʦʩʪʦʚ-

ʥʘ-ʜʦʥʫ, 2015 ï  159 ʩ. 

65. J. Ma and S. Perkins. Time-series novelty detection using one-class support 

vector machines. volume 3, pages 1741ï1745 vol.3, 2003. 

66. N. A. Snooke, C. J. Price. Integrating reliability analysis and diagnostics for 

complex technical systems // Proceedings of the Institution of Mechanical 

Engineers, Part O: Journal of Risk and Reliability June 1, 2009 223: 167-179 

67. J.Korbicz, M. Kowal. Intelligent systems in technical and medical 

diagnostics // Dordrecht : Springer, 2013. - 530 p. 

68. Siddique, N. Evolutionary Neural Networks / N. Siddique, H. Adeli // 

Computational Intelligence: Synergies of Fuzzy Logic, Neural Networks 

and Evolutionary Computing 2013. ï pp. 307-355. 

69. A. J. Fox. Outliers in time series. Journal of the Royal Statistical Society. 

Series B(Methodological), 34(3):350ï363, 1972. 

70. Junshui Ma and Simon Perkins. Online novelty detection on temporal 

sequences. In KDD ô03: Proceedings of the ninth ACM SIGKDD 

international conference on Knowledge discovery and data mining, pages 

613ï618, New York, NY, USA, 2003. ACM. 

71. Qingtao Wu and Zhiqing Shao. Network anomaly detection using time 

series analysis. In Proceedings of the Joint International Conference on 

Autonomic and Autonomous Systems and International Conference on 

Networking and Services, page 42, Washington, DC, USA, 2005. IEEE 

Computer Society. 



204 

 

 

 

72. Eamonn Keogh, Jessica Lin, and Ada Fu. Hot sax: Efficiently finding the 

most unusual time series subsequence. In Proceedings of the Fifth IEEE 

International Conference on Data Mining, pages 226ï233, Washington, DC, 

USA, 2005. IEEE Computer Society. 

73. Eamonn Keogh, Jessica Lin, Sang-Hee Lee, and Helga Van Herle. Finding 

the most unusual time series subsequence: algorithms and applications. 

Knowledge and Information Systems, 11(1):1ï27, 2006. 

74. NASA DashLink. In [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

https://dashlink.arc.nasa.gov. 

75. Patcha, A. An overview of anomaly detection techniques: Existing solutions 

and latest technological trends / A. Patcha, J. M. Park // Computer 

Networks. ï 2007. ï Vol. 51, ˉ. 12. ï pp. 3448-3470. 

76. C. Michael and A. Ghosh. Two state-based approaches to program-based 

anomaly detection. In ACSAC ô00: Proceedings of the 16th Annual 

Computer Security Applications Conference, page 21, Washington, DC, 

USA, 2000. IEEE Computer Society. 

77. David L. Iverson. Inductive system health monitoring. International 

Conference on Artificial Intelligence, 2004. 

78. Deepthi Cheboli Varun Chandola and Vipin Kumar. Detecting anomalies in 

a time series database. Technical Report, 09-004. 

79. Keogh and T. Folias. In The ucr time series data mining archive. 

80. L. Goldberger et al. Physiobank physiotoolkit and physionet: Components 

of a new research resource for complex physiologic signals. 2000. 

81. Li Wei, Nitin Kumar, Venkata Lolla, Eamonn J. Keogh, Stefano Lonardi, 

and Chotirat Ratanamahatana. Assumption-free anomaly detection in time 

series. In Proceedings of the 17th international conference on Scientific and 

statistical database management, pages 237ï240, Berkeley, CA, US, 2005. 

Lawrence Berkeley Laboratory. 



205 

 

 

 

82. Manuele Bicego and Vittorio Murino. Investigating hidden markov modelsô 

capabilities in 2d shape classification. IEEE Trans. Pattern Anal. Mach. 

Intell., 26(2):281ï286, 2004. 

83. Philip K. Chan and Matthew V. Mahoney. Modeling multiple time series 

for anomaly detection. In Proceedings of the Fifth IEEE International 

Conference on Data Mining, pages 90ï97, Washington, DC, USA, 2005. 

IEEE Computer Society. 

84. Stan Salvador and Philip Chan. Learning states and rules for detecting 

anomalies in time series. Applied Intelligence, 23(3):241ï255, 2005. 

85. Thomas Lotze, Galit Shmueli, Sean Murphy, and Howard Burkom. A wavelet-

based anomaly detector for early detection of disease outbreaks. 2008. 

86. U. Rebbapragada, P. Protopapas, C. E. Brodley, and C. Alcock. Finding anomalous 

periodic time series. Submitted to the Machine Learning Journal, 2008. 

87. Xiaoqiang Zhang, Pingzhi Fan, and Zhongliang Zhu. A new anomaly 

detection method based on hierarchical hmm. In Proceedings of the 4th 

International Conference on Parallel and Distributed Computing, 

Applications and Technologies, pages 249ï252, 2003. 

88. Zhang J, Tsui FC, Wagner MM, and Hogan WR. Detection of outbreaks from 

time series data using wavelet transform. AMIA Annu Symp Proc, 2003. 

89. ʂʨʫʪʴʢʦ ʇ.ɼ. ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʤʝʪʦʜʦʤ ʪʝʦʨʠʠ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ // ʀʟʚ. ɸʅ ʉʉʉʈ. ʊʝʭʥʠʯʝʩʢʘʷ ʜʠʘʛʥʦʩʪʠʢʘ. ï 1969. 

ï ˉ 6. ï ʉ. 146ï153. 

90. ʄʝʪʦʜʳ ʪʝʦʨʠʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʫʧʨʘʚʣʝʥʠʠ / ʇʦʜ 

ʨʝʜ. ɽ.ʅ. ʈʦʟʝʥʚʘʥʩʩʝʨʘ, ʈ.ʄ. ʖʩʫʧʦʚʘ. ï ʃ.: ʕʥʝʨʛʠʷ, 1971. ï 334 ʩ. 

91. ʇʨʷʤʳʝ ʠ ʦʙʨʘʪʥʳʝ ʟʘʜʘʯʠ ʪʝʦʨʠʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ / ɺ.ʀ. 

ɻʦʨʦʜʝʮʢʠʡ, ʌ.ʅ. ɿʘʭʘʨʠʥ, ɺ.ʀ. ʇʦʥʦʤʘʨʝʚ ʠ ʜʨ. // ʀʟʚ. ɸʅ ʉʉʉʈ. 

ʊʝʭʥʠʯʝʩʢʘʷ ʢʠʙʝʨʥʝʪʠʢʘ. ï 1971. ï ˉ 5. ï ʉ. 177. 

92. Bishop, C. M. Neural networks for pattern recognition. / C. M. Bishop et al. 

ï 1995. 



206 

 

 

 

93. Cunningham, P. Supervised Learning / P. Cunningham, M. Cord, S. J. 

Delany // Machine Learning Techniques for Multimedia. ï Springer Berlin 

Heidelberg, 2008. ï pp. 21-49. 

94. Haibin Cheng, Pang-Ning Tan, Christopher Potter, and Steven Klooster. 

Detection and characterization of anomalies in multivariate time series. In 

Proceedings of the ninth SIAM International Conference on Data Mining, 2009. 

95. Bilge, L. Before we knew it: an empirical study of zero-day attacks in the real 

world // L. Bilge, T. Dumitras // Proceedings of the 2012 ACM conference on 

Computer and communications security. ï 2012. ï pp. 833-844. 

96. Christopher Bishop. Pattern Recognition and Machine Learning. Springer 

Science Business Media LLC, 2006. 

97. Freisleben B. Aleskerov, E. and Rao. Cardwatch: A neural network based 

database mining system for credit card fraud detection. In In Proceedings of 

IEEE Computational Intelligence for Financial Engineering. 220-226, 1997. 

98. Hai-Tao He and Xiao-Nan Luo. A novel hmm-based approach to anomaly 

detection. 2004. 

99. L. Rabiner and B. Juang. An introduction to hidden markov models. ASSP 

Magazine, IEEE, 3(1):4ï16, Jan 1986. 

100. Shrijit S. Joshi and Vir V. Phoha. Investigating hidden markov models 

capabilities in anomaly detection. In ACM-SE 43: Proceedings of the 43rd 

annual Southeast regional conference, pages 98ï103, New York, NY, USA, 

2005. ACM. 

101. Veselina Jecheva. About some applications of hidden markov model in 

intrusion detection systems. In International Conference on Computer 

Systems and Technologies - CompSysTech, 2006. 

102. 1ʉ:ERP ʋʇʈɸɺʃɽʅʀɽ ʇʈɽɼʇʈʀʗʊʀɽʄ 2 [ʕʣʝʢʪʨʦʥʥʳʡ 

ʨʝʩʫʨʩ] ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: http://v8.1c.ru/erp/. 

103. ɿʘʷʮ ʆ.ɸ. ʆʙʟʦʨ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʩʨʝʜʩʪʚ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 

ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ / X ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-



207 

 

 

 

ʤʝʪʦʜʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʅʦʚʳʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ 

ʚʫʟʝè, ʋʨʘʣʴʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, 2013 

104. Asap Consulting. SAP R/3 (R3) - IT ʪʝʭʥʦʣʦʛʠʠ ʙʫʜʫʱʝʛʦ, 

ʨʘʙʦʪʘʶʱʠʝ ʫʞʝ ʩʝʛʦʜʥʷ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

http://asapcg.com/press-center/articles/sap-r3/. 

105. ʂʘʮʢʦ, ʀ.ɸ. ʇʨʘʢʪʠʢʫʤ ʧʦ ʘʥʘʣʠʟʫ ʜʘʥʥʳʭ ʥʘ ʢʦʤʧʴʶʪʝʨʝ / ʀ.ɸ. 

ʂʘʮʢʦ, ʅ.ɹ. ʇʘʢʣʠʥ; ʧʦʜ ʨʝʜ. ɻ.ɺ. ɻʦʨʝʣʦʚʦʡ. ï ʄ.: ʂʦʣʦʩʉ, ï 2009. ï 278 ʩ. 

106. ʏʫʯʫʝʚʘ ʀ. ʉʨʘʚʥʝʥʠʝ ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦʜʫʢʪʦʚ ʜʣʷ ʘʥʘʣʠʟʘ 

ʜʘʥʥʳʭ: R, MATLAB, SciPy, MS Excel, SAS, SPSS, Stata. [ʕʣʝʢʪʨʦʥʥʳʡ 

ʨʝʩʫʨʩ] ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: http://www.mbureau.ru/blog/sravnenie-

programmnyh-produktov-dlya-analiza-dannyh-r-matlab-scipy-ms-excel-

sas-spss-stata 

107. R (ʷʟʳʢ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ) [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] ï ʈʝʞʠʤ 

ʜʦʩʪʫʧʘ: 

https://ru.wikipedia.org/wiki/R_(%D1%8F%D0%B7%D1%8B%D0%BA_

%D0%BF%D1%80%D0%BE%D0%B3%D1%80%D0%B0%D0%BC%D

0%BC%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%

B8%D1%8F) 

108. MATLAB - ʚʳʩʦʢʦʫʨʦʚʥʝʚʳʡ ʷʟʳʢ ʪʝʭʥʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ 

[ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

http://matlab.ru/products/matlab 

109. SciPy.org // [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

https://www.scipy.org/ 

110. Microsoft Excel ð ɺʠʢʠʧʝʜʠʷ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] ï ʈʝʞʠʤ 

ʜʦʩʪʫʧʘ: https://ru.wikipedia.org/wiki/Microsoft_Excel 

111. Iteranet. It ʞʫʨʥʘʣ. ʆʙʟʦʨ ERP ʩʠʩʪʝʤʳ: Oracle E-Business Suite 

[ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: http://iteranet.ru/it-

novosti/2013/12/23/obzor-erp-sistemy-oracle-e-business-suite/. 



208 

 

 

 

112. ʆʙʨʘʟʦʚʘʪʝʣʴʥʳʡ ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʩʘʡʪ Exponenta.ru. ʈʘʟʜʝʣ 

ɼʨʫʛʠʝ ʧʘʢʝʪʳ. ʉʪʘʪʠʩʪʠʯʝʩʢʠʡ ʧʘʢʝʪ Stata [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] ï 

ʈʝʞʠʤ ʜʦʩʪʫʧʘ: http://old.exponenta.ru/soft/others/stata/stata.asp 

113. IBM SPSS Statistics [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

http://www.predictivesolutions.ru/software/statistics.htm 

114. Afanasieva T., Time Series Forecasting Using Combination of 

Exponential Models and Fuzzy Techniques. // Afanasieva T., Yarushkina 

N., Zavarzin D., Guskov G., Romanov A. ï In: Abraham A., Kovalev S., 

Tarassov V., Sn§ġel V. (eds) Proceedings of the First International Scientific 

Conference ñIntelligent Information Technologies for Industryò (IITIô16). 

Advances in Intelligent Systems and Computing, vol 450. ï Springer, Cham. 

ï 2016 [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

https://link.springer.com/chapter/10.1007/978-3-319-33609-

1_4#copyrightInformation 

115. Comparison of data analysis packages: R, Matlab, SciPy, Excel, SAS, 

SPSS, Stata. [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

http://brenocon.com/blog/2009/02/comparison-of-data-analysis-packages-

r-matlab-scipy-excel-sas-spss-stata/ 

116. ʆʉʊ 1 00350-88 ʉʘʤʦʣʸʪʳ ʠ ʚʝʨʪʦʣʸʪʳ. ʇʦʨʷʜʦʢ ʧʝʨʝʜʘʯʠ 

ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʩʝʨʠʡʥʦʤʫ ʧʨʝʜʧʨʠʷʪʠʶ ʜʣʷ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʦʧʳʪʥʳʭ ʦʙʨʘʟʮʦʚ, ʧʦʜʛʦʪʦʚʢʠ ʠ ʦʩʚʦʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ 

[ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

http://www.vniiki.ru/document/3557713.aspx 

117. ʆʉʊ 1 41708-89 ʊʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʨʘʟʨʘʙʦʪʢʠ ʠ 

ʧʦʩʪʘʥʦʚʢʠ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʃʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ. ʇʦʨʷʜʦʢ 

ʦʪʨʘʙʦʪʢʠ ʢʦʥʩʪʨʫʢʮʠʠ ʠʟʜʝʣʠʷ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʫʶ 

ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʴ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

http://www.standards.ru/document/3570683.aspx 



209 

 

 

 

118. ʆʉʊ 1 42390-2003 ʇʦʨʷʜʦʢ ʨʘʟʨʘʙʦʪʢʠ ʠ ʩʦʜʝʨʞʘʥʠʝ ʜʠʨʝʢʪʠʚʥʳʭ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

http://docs.cntd.ru/document/471814764 

119. ɻʆʉʊ 2.511-2011 ɽʜʠʥʘʷ ʩʠʩʪʝʤʘ ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ. 

ʇʨʘʚʠʣʘ ʧʝʨʝʜʘʯʠ ʵʣʝʢʪʨʦʥʥʳʭ ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʭ ʜʦʢʫʤʝʥʪʦʚ ï ʄ.: 

ʉʊɸʅɼɸʈʊʀʅʌʆʈʄ, 2011  

120. ɻʆʉʊ 2.512-2011 ɽʜʠʥʘʷ ʩʠʩʪʝʤʘ ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ. 

ʇʨʘʚʠʣʘ ʚʳʧʦʣʥʝʥʠʷ ʧʘʢʝʪʘ ʜʘʥʥʳʭ ʜʣʷ ʧʝʨʝʜʘʯʠ ʵʣʝʢʪʨʦʥʥʳʭ 

ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʭ ʜʦʢʫʤʝʥʪʦʚ ï ʄ.: ʉʊɸʅɼɸʈʊʀʅʌʆʈʄ, 2011  

121. ɻʆʉʊ 3.1102-2011 ɽʜʠʥʘʷ ʩʠʩʪʝʤʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ 

ʜʦʢʫʤʝʥʪʘʮʠʠ. ʉʪʘʜʠʠ ʨʘʟʨʘʙʦʪʢʠ ʠ ʚʠʜʳ ʜʦʢʫʤʝʥʪʦʚ. ʆʙʱʠʝ 

ʧʦʣʦʞʝʥʠʷ ï ʄ.: ʉʊɸʅɼɸʈʊʀʅʌʆʈʄ, 2011  

122. ɻʆʉʊ 3.1103-2011 ɽʜʠʥʘʷ ʩʠʩʪʝʤʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ 

ʜʦʢʫʤʝʥʪʘʮʠʠ ʆʩʥʦʚʥʳʝ ʥʘʜʧʠʩʠ. ʆʙʱʠʝ ʧʦʣʦʞʝʥʠʷ 

123. ɻʆʉʊ 3.1109-82 ɽʜʠʥʘʷ ʩʠʩʪʝʤʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ. 

ʊʝʨʤʠʥʳ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʦʩʥʦʚʥʳʭ ʧʦʥʷʪʠʡ ï ʄ.: 

ʉʊɸʅɼɸʈʊʀʅʌʆʈʄ, 2012  

124. ɻʆʉʊ 3.1119-83 ɽʜʠʥʘʷ ʩʠʩʪʝʤʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ. 

ʆʙʱʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʢʦʤʧʣʝʢʪʥʦʩʪʠ ʠ ʦʬʦʨʤʣʝʥʠʶ ʢʦʤʧʣʝʢʪʦʚ 

ʜʦʢʫʤʝʥʪʦʚ ʥʘ ʝʜʠʥʠʯʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ï ʄ.: 

ʉʊɸʅɼɸʈʊʀʅʌʆʈʄ, 2012 

125. ɻʆʉʊ 3.1407-86 ʌʦʨʤʳ ʠ ʪʨʝʙʦʚʘʥʠʷ ʢ ʟʘʧʦʣʥʝʥʠʶ ʠ ʦʬʦʨʤʣʝʥʠʶ 

ʜʦʢʫʤʝʥʪʦʚ ʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ (ʦʧʝʨʘʮʠʠ), 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʧʦ ʤʝʪʦʜʘʤ ʩʙʦʨʢʠ ï ʄ.: ʉʊɸʅɼɸʈʊʀʅʌʆʈʄ, 2003 

126. ɽʜʠʥʘʷ ʩʠʩʪʝʤʘ ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ. ʕʣʝʢʪʨʦʥʥʳʝ 

ʜʦʢʫʤʝʥʪʳ. ʆʙʱʠʝ ʧʦʣʦʞʝʥʠʷ: ɻʆʉʊ 2.051-2006. ï ɺʚʝʜ.2006 - 06 - 22. 

- 119 ʩ.  

127. ʅʀʎ ʀʥʩʪʠʪʫʪ ʠʤʝʥʠ ʅ.ɽ. ɾʫʢʦʚʩʢʦʛʦ ʨʘʟʨʘʙʦʪʘʣ ʤʝʪʦʜʦʣʦʛʠʶ 

ʚʳʷʚʣʝʥʠʷ ʮʝʥʪʨʦʚ ʢʦʤʧʝʪʝʥʮʠʡ ʘʚʠʘʮʠʦʥʥʦʡ ʥʘʫʢʠ [ʕʣʝʢʪʨʦʥʥʳʡ 



210 

 

 

 

ʨʝʩʫʨʩ] ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

https://www.aviaport.ru/digest/2017/12/21/509797.html 

128. ʇʦʧʦʚ, ʄ.ɽ. ʄʝʪʦʜʳ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ 

ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʡ ʠʟʜʝʣʠʡ ʚ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʉɸʇʈ 

/ʄ.ɽ. ʇʦʧʦʚ, ɸ.ʄ. ʇʦʧʦʚ // ɺʝʩʪʥʠʢ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ. ï 2003. ï ˉ 10 

ï ʩ. 48-53. 

129. ʄʘʪʘʣʠʥ ɸ.ɸ. ʊʝʭʥʦʣʦʛʠʷ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ: ʫʯʝʙʥʠʢ ʜʣʷ 

ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ ʚʫʟʦʚ ʧʦ ʩʧʝʮʠʘʣʴʥʦʩʪʠ çʊʝʭʥʦʣʦʛʠʷ 

ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ, ʤʝʪʘʣʣʦʨʝʞʫʱʠʝ ʩʪʘʥʢʠ ʠ ʠʥʩʪʨʫʤʝʥʪʳè. ï ʃ.: 

ʄʘʰʠʥʦʩʪʨʦʝʥʠʝ, 1985 ï 496ʩ.    

130. ʄʘʜʘʥʦʚ, ɸ.ɺ. ɸʥʘʣʠʟ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʘʚʠʘʮʠʦʥʥʳʭ ʜʝʪʘʣʝʡ ʩʣʦʞʥʦʡ ʛʝʦʤʝʪʨʠʠ ʥʘ ʩʪʘʥʢʘʭ ʩ ʯʠʩʣʦʚʳʤ 

ʧʨʦʛʨʘʤʤʥʳʤ ʫʧʨʘʚʣʝʥʠʝʤ / ɸ.ɺ. ʄʘʜʘʥʦʚ. ï ʀʟʚʝʩʪʠʷ ʩʘʤʘʨʩʢʦʛʦ 

ʥʘʫʯʥʦʛʦ ʮʝʥʪʨʘ ʨʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ. ï ʉʘʤʘʨʘ : ʉʘʤʘʨʩʢʠʡ 

ʥʘʫʯʥʳʡ ʮʝʥʪʨ ʈɸʅ. ï ʊ. 16. ï ʅʦʤʝʨ 1-5. ï 2014. ï  1467-1472 ʩ. 

131. ʈʝʰʝʪʥʠʢʦʚʘ, ɽ.ʇ. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʜʝʪʘʣʝʡ ʩʦ 

ʩʣʦʞʥʦʧʨʦʬʠʣʴʥʳʤʠ ʧʦʚʝʨʭʥʦʩʪʷʤʠ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʝ 

ʤʝʭʘʥʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʧʨʦʠʟʚʦʜʩʪʚ / ɽ.ʇ. ʈʝʰʝʪʥʠʢʦʚʘ, ʇ.ʖ. 

ɹʦʯʢʘʨʝʚ // ɺʝʩʪʥʠʢ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ. ï 2017. ï ˉ 16 ï ʩ. 173-177. 

132. ɺʘʛʠʥ ɺ. ʅ., ʄʠʭʘʡʣʦʚ ʀ. ʉ. ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʘ ʠʥʪʝʛʨʘʮʠʠ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʝ ʤʝʪʘʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʦʥʪʦʣʦʛʠʠ 

ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ // ʇʨʦʛʨʘʤʤʥʳʝ ʧʨʦʜʫʢʪʳ ʠ ʩʠʩʪʝʤʳ. ï 2008. ï ̄ . 1. 

133. ɻʘʚʨʠʣʦʚʘ ʊ. ɸ., ʍʦʨʦʰʝʚʩʢʠʡ ɺ. ʌ. ɹʘʟʳ ʟʥʘʥʠʡ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ. ï 2000. 

134. ɻʘʚʨʠʣʦʚʘ ʊ. ɸ., ʂʫʜʨʷʚʮʝʚ ɼ. ɺ., ʂʫʟʥʝʮʦʚʘ ɸ. ɺ. ɺʳʙʦʨ 

ʠʥʩʪʨʫʤʝʥʪʦʚ ʫʧʨʘʚʣʝʥʠʷ ʟʥʘʥʠʷʤʠ ʩ ʫʯʝʪʦʤ ʩʧʝʮʠʬʠʢʠ ʧʨʝʜʤʝʪʥʦʡ 

ʦʙʣʘʩʪʠ // ʀʥʥʦʚʘʮʠʠ. ï 2019. ï ˉ. 8. ï ʉ. 44-52. 

135. ɻʨʠʙʦʚʘ ɺ. ɺ., ʆʢʫʥʴ ɼ. ɹ. ʆʥʪʦʣʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʟʥʘʥʠʡ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʣʝʯʝʥʠʷ ʢʘʢ ʨʝʩʫʨʩ ʤʝʜʠʮʠʥcʢʠʭ 



211 

 

 

 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ // ʀʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʩʠʩʪʝʤʳ. ï 2019. ï ˉ. 

2. ï ʉ. 60. 

136. ɿʘʛʦʨʫʣʴʢʦ ʖ. ɸ., ɹʦʨʦʚʠʢʦʚʘ ʆ. ʀ. ʇʨʦʙʣʝʤʳ ʧʦʩʪʨʦʝʥʠʷ 

ʦʥʪʦʣʦʛʠʡ ʥʘʫʯʥʳʭ ʧʨʝʜʤʝʪʥʳʭ ʦʙʣʘʩʪʝʡ ʥʘ ʦʩʥʦʚʝ ʧʘʪʪʝʨʥʦʚ 

ʦʥʪʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ // ʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠ 

ʩʠʩʪʝʤʳ. ï 2019. ï ʉ. 157-161.  

137. ʂʣʝʱʝʚ ɸ. ʉ., ʉʤʘʛʠʥ ʉ. ɺ. ʇʨʦʙʣʝʤʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʩʧʦʩʦʙ 

ʦʙʲʝʢʪʠʚʥʦʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʙʘʟ ʟʥʘʥʠʡ ʜʣʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ 

// ʇʷʪʥʘʜʮʘʪʘʷ ʥʘʮʠʦʥʘʣʴʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʧʦ ʠʩʢʫʩʩʪʚʝʥʥʦʤʫ 

ʠʥʪʝʣʣʝʢʪʫ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ. ï 2016. ï ʉ. 41-49. 

138. ʉʘʤʦʡʣʦʚ ɼ. ɽ., ʉʝʤʝʥʦʚʘ ɺ. ɸ., ʉʤʠʨʥʦʚ ʉ. ɺ. ʇʘʪʪʝʨʥʳ 

ʩʪʨʫʢʪʫʨʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʩʠʩʪʝʤʳ ʠʟʤʝʨʷʝʤʳʭ ʩʚʦʡʩʪʚ ʚ 

ʦʥʪʦʣʦʛʠʯʝʩʢʦʤ ʘʥʘʣʠʟʝ ʜʘʥʥʳʭ // ʇʨʦʙʣʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʠ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʩʣʦʞʥʳʭ ʩʠʩʪʝʤʘʭ. ï 2018. ï ʉ. 358-366. 

139. Bianchini D. et al. Using a Smart City Ontology to support Personalised 

Exploration of Urban Data (Discussion Paper). ï 2019. 

140. Huitzil I., Alegre F., Bobillo F. GimmeHop: A recommender system 

for mobile devices using ontology reasoners and fuzzy logic //Fuzzy Sets 

and Systems. ï 2019. 

141. Di Noia T. et al. A fuzzy ontology-based approach for tool-supported 

decision making in architectural design //Knowledge and Information 

Systems. ï 2019. ï V. 58. ï No. 1. ï Pp. 83-112. 

142. Almeida J. P. A., Falbo R. A., Guizzardi G. Events as entities in 

ontology-driven conceptual modeling //International Conference on 

Conceptual Modeling. ï Springer, Cham, 2019. ï Pp. 469-483. 

143. Ye Y. et al. Constructive Justification Extraction for OWL Ontologies 

//International Conference on Knowledge Science, Engineering and 

Management. ï Springer, Cham, 2018. ï Pp. 144-155. 



212 

 

 

 

144. Shaaban A. M., Gruber T., Schmittner C. Ontology-based security tool 

for critical cyber-physical systems //Proceedings of the 23rd International 

Systems and Software Product Line Conference-Volume B. ï 2019. ï Pp. 

207-210. 

145. Almeida J. P. A., Guarino N. Relations in Ontology-Driven Conceptual 

Modeling //Conceptual Modeling: 38th International Conference, ER 2019, 

Salvador, Brazil, November 4ï7, 2019, Proceedings. ï Springer Nature, 

2019. ï V. 11788. ï Pp. 28 

146. Griffo C. et al. Service contract modeling in Enterprise Architecture: 

An ontology-based approach //Information Systems. ï 2019. ï Pp. 401-454. 

147. Hanika T., Marx M., Stumme G. Discovering implicational knowledge 

in Wikidata //International Conference on Formal Concept Analysis. ï 

Springer, Cham, 2019. ï Pp. 315-323. 

148. Feine J., Morana S., Maedche A. Leveraging Machine-Executable 

Descriptive Knowledge in Design Science ResearchïThe Case of Designing 

Socially-Adaptive Chatbots //International Conference on Design Science 

Research in Information Systems and Technology. ï Springer, Cham, 2019. 

ï Pp. 76-91. 

149. Baader F., Horrocks I., Sattler U. Description logics as ontology 

languages for the semantic web //Mechanizing mathematical reasoning. ï 

Springer, Berlin, Heidelberg, 2005. ï ʉ. 228-248. 

150. Prot®g® - A free, open-source ontology editor and framework for 

building intelligent systems [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

https://protege.stanford.edu\ 

151. Pellet: An Open Source OWL DL reasoner for Java [ʕʣʝʢʪʨʦʥʥʳʡ 

ʨʝʩʫʨʩ]ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: https://github.com/stardog-union/pellet 

152. FaCT++ reasoner [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

http://owl.cs.manchester.ac.uk/tools/fact/ 



213 

 

 

 

153. HermiT OWL Reasoner [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

http://www.hermit-reasoner.com/ 

154. OWL API [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

https://owlcs.github.io/owlapi/ 

155. SWRLAPI [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. URL: https://github.com/ 

156. OWL 2 Web Ontology Language [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ 

ʜʦʩʪʫʧʘ: https://www.w3.org/TR/owl2-overview/ 

157. SWRL: A Semantic Web Rule Language [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]ï 

ʈʝʞʠʤ ʜʦʩʪʫʧʘ: https://www.w3.org/Submission/SWRL/ 

158. ɺʦʨʦʥʠʥʘ ɺ. ɺ. ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʘʛʨʝʛʘʪʦʚ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ ʥʘ ʦʩʥʦʚʝ 

ʛʨʘʥʫʣʠʨʦʚʘʥʥʳʭ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ : ʜʠʩ. é ʢʘʥʜ. ʪʝʭ. ʥʘʫʢ. : 05.13.18 

/  ɺʦʨʦʥʠʥʘ, ɺʘʣʝʨʠʷ ɺʘʜʠʤʦʚʥʘ, ï ʋʣʴʷʥʦʚʩʢ, 2011 ï  171 ʩ. 

159. ɸʬʘʥʘʩʴʝʚʘ ʊ.ɺ. ʄʦʜʝʣʴ ACL-ʰʢʘʣʳ ʜʣʷ ʛʝʥʝʨʘʮʠʠ 

ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʭ ʦʮʝʥʦʢ ʚ ʧʨʠʥʷʪʠʠ ʨʝʰʝʥʠʡ / ʊ.ɺ. ɸʬʘʥʘʩʴʝʚʘ // 

ɺʦʧʨʦʩʳ ʩʦʚʨʝʤʝʥʥʦʡ ʥʘʫʢʠ ʠ ʧʨʘʢʪʠʢʠ. ʋʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɺ.ʀ. 

ɺʝʨʥʘʜʩʢʦʛʦ. ʊ2 ʉʝʨʠʷ çʊʝʭʥʠʯʝʩʢʠʝ ʥʘʫʢʠè. ï 2008. - ̄ 4(14).- ʉ. 91-97. 

160. 1S. Al-Sharhan, F. Karray, W. Gueaieb, O. Basir, Fuzzy enpropy: a 

brief survey// The 10th IEEE International Conference on Fuzzy Systema, 

2001. Vol. 3(S.I., 2001), 1135-1139 

161. Bart Kosko, Fuzzy Entropy and Conditioning, Information Sciences 40 

(1986) 165-174 

162. De Luca, S. Termini, A definition of non-probabilistic entropy in the 

setting of fuzzy sets theory, Information and Control 20(1972)301-312 

163. ʈʳʞʦʚ ɸ.ʇ. ʆʮʝʥʢʘ ʩʪʝʧʝʥʠ ʥʝʯʝʪʢʦʩʪʠ ʠ ʝʝ ʧʨʠʤʝʥʝʥʠʝ ʚ 

ʩʠʩʪʝʤʘʭ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ. ʀʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʩʠʩʪʝʤʳ. ʊ.1, 

ɺʳʧ. 1-4, ʄʦʩʢʚʘ, ʄʅʎ ʂʀʊ,  1996, ʩ. 95 - 102. 

164. Computational Intelligence in Forecasting (CIF) [ʕʣʝʢʪʨʦʥʥʳʡ 

ʨʝʩʫʨʩ] ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: http://irafm.osu.cz/cif/main.php 



214 

 

 

 

165. ʄʝʪʦʜ ʍʦʣʴʪʘ-ɺʠʥʪʝʨʩʘ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

https://fnow.ru/algorithm-comparison/metod-holta-wintersa 

166. ʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʤʝʪʦʜʦʤ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʛʦ ʩʛʣʘʞʠʚʘʥʠʷ (ES, 

exponential smoothing) [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

https://fnow.ru/algorithm-comparison/jeksponencial-noe-sglazhivanie 

167. ɸʣʛʦʨʠʪʤ ʦʙʫʯʝʥʠʷ ʤʥʦʛʦʩʣʦʡʥʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʤʝʪʦʜʦʤ 

ʦʙʨʘʪʥʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʦʰʠʙʢʠ (Backpropagation) [ʕʣʝʢʪʨʦʥʥʳʡ 

ʨʝʩʫʨʩ] ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: https://habr.com/ru/post/198268/ 

168. protegeproject/swrlapi [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

https://github.com/protegeproject/swrlapi 

169. ʆʙʟʦʨ ʠʥʩʪʨʫʤʝʥʪʦʚ ʠʥʞʝʥʝʨʠʠ ʦʥʪʦʣʦʛʠʠ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] 

ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

http://www.elbib.ru/index.phtml?page=elbib/rus/journal/2004/part4/op 

170. ɸʥʪʠʧʦʚ ʉʝʨʛʝʡ ɻʝʥʘʜʴʝʚʠʯ, ɺʘʛʠʥ ɺʘʜʠʤ ʅʠʢʦʣʘʝʚʠʯ, ʌʦʤʠʥʘ 

ʄʘʨʠʥʘ ɺʣʘʜʠʤʠʨʦʚʥʘ ʄʝʪʦʜʳ ʜʠʘʛʥʦʩʪʠʢʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ 

ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ // ʀʊʅʆʋ: ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ 

ʪʝʭʥʦʣʦʛʠʠ ʚ ʥʘʫʢʝ, ʦʙʨʘʟʦʚʘʥʠʠ ʠ ʫʧʨʘʚʣʝʥʠʠ. 2017. ˉ2 (2).  



215 

 

 

 

 

ʇʈʀʃʆɾɽʅʀɽ ɸ 

ʉɺʀɼɽʊɽʃʔʉʊɺɸ ʆ ɻʆʉʋɼɸʈʉʊɺɽʅʅʆʁ 

ʈɽɻʀʉʊʈɸʎʀʀ ʇʈʆɻʈɸʄʄ ɼʃʗ ʕɺʄ 

 



216 

 

 

 

 



217 

 

 

 



218 

 

 

 



219 

 

 

 

 

  



220 

 

 

 

ʇʈʀʃʆɾɽʅʀɽ ɹ 

ɸʂʊ ʆ ɺʅɽɼʈɽʅʀʀ 

  



221 

 

 

 

ʇʈʀʃʆɾɽʅʀɽ ɺ 

ʈɽɿʋʃʔʊɸʊʓ ʕʂʉʇɽʈʀʄɽʅʊʆɺ 

ʇʈʆɻʅʆɿʀʈʆɺɸʅʀʗ ɺʈɽʄɽʅʅʓʍ ʈʗɼʆɺ 

ʊʘʙʣʠʮʘ ɺ.1 ï ʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ɺʈ ʤʝʪʦʜʦʤ ʍʦʣʴʪʘ-ɺʠʥʪʝʨʩʘ 

ʈʷʜ ʇʦʟ. 
ʌʘʢʪ. 

ʟʥʘʯ. 

ʇʨʦʛʥʦʟ. 

ʟʥʘʯ. 

ʤʝʪʦʜʦʤ 

SMAPE 

ʇʨʦʛʥʦʟ. 

ʟʥʘʯ. 

ʵʥʪʨʦʧʠʝʡ 

SMAPE 

ʇʨʦʛʥʦʟ. 

ʟʥʘʯ. 

ʫʩʨʝʜ. 

SMAPE 

irafmts01 0 1611,9430 1580,7663 0,0195 1845,9264 0,1353 1713,3464 0,0610 

irafmts01 1 1600,2299 1653,4621 0,0327 1644,2046 0,0271 1648,8334 0,0299 

irafmts01 2 1665,0009 1613,9790 0,0311 1401,7726 0,1717 1507,8758 0,0990 

irafmts01 3 1554,9669 1679,7494 0,0772 1327,9239 0,1575 1503,8367 0,0334 

irafmts01 4 1592,1673 1647,6927 0,0343 602,8433 0,9014 1125,2680 0,3436 

irafmts02 0 700,4858 707,5769 0,0101 671,5701 0,0421 689,5735 0,0157 

irafmts02 1 733,5106 696,0267 0,0524 464,5535 0,4490 580,2901 0,2332 

irafmts02 2 724,6577 712,2157 0,0173 449,2667 0,4692 580,7412 0,2205 

irafmts02 3 729,6662 722,3929 0,0100 771,3259 0,0555 746,8594 0,0233 

irafmts02 4 738,6399 734,0058 0,0063 746,0553 0,0100 740,0305 0,0019 

irafmts03 0 776,2585 817,5297 0,0518 737,5494 0,0511 777,5395 0,0016 

irafmts03 1 800,7731 813,0079 0,0152 715,1755 0,1129 764,0917 0,0469 

irafmts03 2 793,9910 807,7447 0,0172 595,8723 0,2851 701,8085 0,1233 

irafmts03 3 737,5494 802,8145 0,0847 840,8741 0,1309 821,8443 0,1081 

irafmts03 4 758,5038 798,6031 0,0515 798,4898 0,0514 798,5465 0,0514 

irafmts04 0 859,7410 904,2764 0,0505 906,8323 0,0533 905,5544 0,0519 

irafmts04 1 894,1693 915,3651 0,0234 908,8539 0,0163 912,1095 0,0199 

irafmts04 2 931,1489 925,7679 0,0058 920,6818 0,0113 923,2249 0,0085 

irafmts04 3 901,8027 936,2360 0,0375 854,8475 0,0535 895,5418 0,0070 

irafmts04 4 982,9558 946,7082 0,0376 957,5963 0,0261 952,1523 0,0318 

irafmts05 0 529,7807 523,4994 0,0119 474,2037 0,1107 498,8515 0,0601 

irafmts05 1 529,2861 532,2413 0,0056 540,0588 0,0201 536,1500 0,0129 

irafmts05 2 532,8159 531,7096 0,0021 481,6796 0,1008 506,6946 0,0503 

irafmts05 3 527,5356 532,5708 0,0095 476,8864 0,1009 504,7286 0,0442 

irafmts05 4 522,8133 533,4352 0,0201 468,5362 0,1095 500,9857 0,0426 

irafmts06 0 937,8954 960,8461 0,0242 942,1984 0,0046 951,5222 0,0144 

irafmts06 1 952,2965 943,0421 0,0098 875,6237 0,0839 909,3329 0,0462 

irafmts06 2 952,3498 926,8561 0,0271 867,4750 0,0933 897,1655 0,0597 

irafmts06 3 875,6237 910,4722 0,0390 791,2870 0,1012 850,8796 0,0287 

irafmts06 4 902,9423 893,9936 0,0100 737,6093 0,2016 815,8015 0,1014 
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irafmts07 0 517,9209 528,6966 0,0206 521,1958 0,0063 524,9462 0,0135 

irafmts07 1 522,2113 530,0494 0,0149 526,4151 0,0080 528,2323 0,0115 

irafmts07 2 526,9157 531,4654 0,0086 534,2293 0,0138 532,8473 0,0112 

irafmts07 3 528,6013 533,0465 0,0084 541,1981 0,0235 537,1223 0,0160 

irafmts07 4 540,9352 534,6520 0,0117 541,1981 0,0005 537,9250 0,0056 

irafmts08 0 498,7571 488,6033 0,0206 489,8021 0,0181 489,2027 0,0193 

irafmts08 1 488,4240 491,6953 0,0067 501,8435 0,0271 496,7694 0,0169 

irafmts08 2 485,1312 491,6651 0,0134 496,0376 0,0222 493,8513 0,0178 

irafmts08 3 478,5853 491,7698 0,0272 503,4784 0,0507 497,6241 0,0390 

irafmts08 4 494,2438 491,9763 0,0046 525,0503 0,0604 508,5133 0,0285 

irafmts09 0 488,7110 540,5320 0,1007 602,0647 0,2078 571,2983 0,1558 

irafmts09 1 467,6615 562,9873 0,1850 438,0305 0,0654 500,5089 0,0679 

irafmts09 2 481,5658 585,9824 0,1956 356,0782 0,2996 471,0303 0,0221 

irafmts09 3 491,4956 608,7470 0,2131 395,4107 0,2167 502,0789 0,0213 

irafmts09 4 454,4260 631,2218 0,3257 357,2278 0,2395 494,2248 0,0839 

irafmts10 0 13,8990 11,8383 0,1601 15,7209 0,1230 13,7796 0,0086 

irafmts10 1 13,4235 11,1213 0,1876 17,2953 0,2521 14,2083 0,0568 

irafmts10 2 14,3938 10,3086 0,3308 18,7537 0,2631 14,5312 0,0095 

irafmts10 3 13,2235 9,1725 0,3618 19,9831 0,4071 14,5778 0,0974 

irafmts10 4 12,3295 8,1061 0,4133 12,3295 0,0000 10,2178 0,1873 

irafmts11 0 499,0152 503,5236 0,0090 704,4859 0,3415 604,0047 0,1904 

irafmts11 1 508,5669 509,2435 0,0013 646,3887 0,2387 577,8161 0,1275 

irafmts11 2 498,9509 511,8661 0,0256 646,3887 0,2575 579,1274 0,1487 

irafmts11 3 499,1270 514,1531 0,0297 646,3887 0,2571 580,2709 0,1504 

irafmts11 4 509,9074 516,5351 0,0129 646,3887 0,2361 581,4619 0,1311 

irafmts12 0 431,3766 456,0376 0,0556 478,4305 0,1034 467,2341 0,0798 

irafmts12 1 453,1480 438,0492 0,0339 563,8752 0,2177 500,9622 0,1002 

irafmts12 2 437,5645 462,4074 0,0552 325,3158 0,2943 393,8616 0,1051 

irafmts12 3 438,2370 443,4887 0,0119 480,5744 0,0922 462,0315 0,0529 

irafmts12 4 478,4305 468,3823 0,0212 196,1241 0,8370 332,2532 0,3606 

irafmts13 0 923,0195 1180,7427 0,2450 942,7862 0,0212 1061,7645 0,1398 

irafmts13 1 948,1170 1052,8968 0,1047 926,6058 0,0229 989,7513 0,0430 

irafmts13 2 1099,7367 1184,7153 0,0744 701,8277 0,4417 943,2715 0,1532 

irafmts13 3 926,5209 1143,0234 0,2092 701,3386 0,2767 922,1810 0,0047 

irafmts13 4 927,7032 1199,3197 0,2554 733,6787 0,2336 966,4992 0,0410 

irafmts14 0 1478,6763 1627,7787 0,0960 1733,9563 0,1589 1680,8675 0,1280 

irafmts14 1 1429,3655 1705,8552 0,1764 1790,9478 0,2246 1748,4015 0,2008 

irafmts14 2 1598,8986 1786,5520 0,1109 1677,6079 0,0480 1732,0799 0,0800 

irafmts14 3 1467,4412 1862,7055 0,2374 1758,7857 0,1806 1810,7456 0,2094 

irafmts14 4 1450,1343 1940,4408 0,2892 1611,8364 0,1056 1776,1386 0,2021 
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irafmts15 0 1006,1186 1620,6860 0,4679 995,6517 0,0105 1308,1688 0,2610 

irafmts15 1 1256,9931 1656,7089 0,2744 1941,2400 0,4279 1798,9745 0,3547 

irafmts15 2 1226,4236 1696,2505 0,3215 2491,1974 0,6804 2093,7239 0,5224 

irafmts15 3 1178,1902 1734,6293 0,3821 2327,4111 0,6556 2031,0202 0,5315 

irafmts15 4 1422,9438 1773,3195 0,2192 2369,8714 0,4993 2071,5954 0,3712 

irafmts16 0 1946,8470 1973,8546 0,0138 1977,2296 0,0155 1975,5421 0,0146 

irafmts16 1 1614,0270 2109,6742 0,2662 1977,2296 0,2023 2043,4519 0,2348 

irafmts16 2 1778,4380 2251,6046 0,2348 1977,2296 0,1059 2114,4171 0,1726 

irafmts16 3 1854,0471 2389,1527 0,2522 1977,2296 0,0643 2183,1912 0,1631 

irafmts16 4 1977,2296 2531,9545 0,2460 1977,2296 0,0000 2254,5921 0,1311 

irafmts17 0 854,5822 735,6847 0,1495 694,6162 0,2065 715,1504 0,1777 

irafmts17 1 874,5111 628,7330 0,3270 720,9583 0,1925 674,8457 0,2577 

irafmts17 2 961,2867 566,8954 0,5162 713,1700 0,2964 640,0327 0,4012 

irafmts17 3 783,8628 563,3677 0,3273 716,0477 0,0904 639,7077 0,2025 

irafmts17 4 813,1105 400,1388 0,6808 713,4278 0,1306 556,7833 0,3742 

irafmts18 0 749,4569 1084,5548 0,3654 749,4569 0,0000 917,0059 0,2011 

irafmts18 1 1002,5844 1059,7885 0,0555 616,5902 0,4768 838,1894 0,1786 

irafmts18 2 787,0749 1075,8749 0,3100 749,4569 0,0490 912,6659 0,1478 

irafmts18 3 927,0222 1136,0920 0,2027 610,7086 0,4114 873,4003 0,0596 

irafmts18 4 949,5780 1022,9717 0,0744 661,7305 0,3573 842,3511 0,1197 

irafmts19 0 1455,2727 1530,9614 0,0507 1719,8075 0,1666 1625,3845 0,1104 

irafmts19 1 1701,1906 1562,9883 0,0847 1706,3226 0,0030 1634,6555 0,0399 

irafmts19 2 1555,4982 1609,5670 0,0342 870,0212 0,5652 1239,7941 0,2259 

irafmts19 3 1559,3833 1657,6798 0,0611 1008,9305 0,4286 1333,3052 0,1563 

irafmts19 4 1590,7304 1708,1324 0,0712 464,0825 1,0966 1086,1075 0,3770 

irafmts20 0 1246,9804 1563,9476 0,2255 1594,3779 0,2445 1579,1628 0,2351 

irafmts20 1 1367,5300 1576,3069 0,1418 1366,8177 0,0005 1471,5623 0,0733 

irafmts20 2 1416,0481 1588,7036 0,1149 1460,5489 0,0309 1524,6262 0,0738 

irafmts20 3 1515,4932 1601,1002 0,0549 1226,0503 0,2112 1413,5753 0,0696 

irafmts20 4 1545,8891 1610,7590 0,0411 1702,1807 0,0962 1656,4698 0,0691 

irafmts21 0 126,8759 249,8262 0,6528 190,4425 0,4006 220,1343 0,5375 

irafmts21 1 204,1721 210,5026 0,0305 228,7436 0,1135 219,6231 0,0729 

irafmts21 2 202,2417 194,4165 0,0395 371,2592 0,5894 282,8379 0,3323 

irafmts21 3 122,8385 159,4433 0,2593 348,6980 0,9580 254,0707 0,6964 

irafmts21 4 209,6733 113,9783 0,5913 356,8322 0,5195 235,4052 0,1156 

irafmts22 0 154,8995 210,5902 0,3047 215,2948 0,3263 212,9425 0,3156 

irafmts22 1 214,2780 209,6920 0,0216 310,7719 0,3676 260,2320 0,1937 

irafmts22 2 147,5104 222,9581 0,4073 286,6572 0,6410 254,8076 0,5334 

irafmts22 3 189,8817 192,5537 0,0140 298,9263 0,4462 245,7400 0,2565 

irafmts22 4 172,9100 206,1863 0,1756 315,5862 0,5841 260,8863 0,4056 
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irafmts23 0 237,7347 277,0615 0,1528 320,2598 0,2958 298,6607 0,2272 

irafmts23 1 242,2352 307,1554 0,2363 325,7764 0,2942 316,4659 0,2657 

irafmts23 2 274,3155 283,9947 0,0347 323,7711 0,1654 303,8829 0,1023 

irafmts23 3 240,2225 362,0683 0,4046 367,0527 0,4177 364,5605 0,4112 

irafmts23 4 272,5412 290,8599 0,0650 337,7752 0,2138 314,3175 0,1424 

irafmts24 0 212,6613 199,5069 0,0638 187,9158 0,1235 193,7113 0,0933 

irafmts24 1 175,2047 205,1450 0,1574 243,8519 0,3276 224,4984 0,2467 

irafmts24 2 149,4297 211,0602 0,3419 150,3177 0,0059 180,6890 0,1894 

irafmts24 3 157,4498 217,0625 0,3183 57,0330 0,9364 137,0477 0,1386 

irafmts24 4 151,3794 223,1314 0,3832 56,0939 0,9185 139,6126 0,0809 

irafmts25 0 1077,6837 1149,4241 0,0644 944,9575 0,1312 1047,1908 0,0287 

irafmts25 1 1199,2171 1178,7539 0,0172 945,8806 0,2362 1062,3173 0,1211 

irafmts25 2 1169,0670 1182,1228 0,0111 945,6590 0,2113 1063,8909 0,0942 

irafmts25 3 1194,5785 1186,8739 0,0065 949,3204 0,2288 1068,0972 0,1118 

irafmts25 4 1135,9090 1194,0790 0,0499 959,0323 0,1689 1076,5557 0,0537 

irafmts26 0 837,9083 1000,9069 0,1773 882,1111 0,0514 941,5090 0,1164 

irafmts26 1 792,9527 883,4370 0,1080 883,8260 0,1084 883,6315 0,1082 

irafmts26 2 927,0508 1062,5502 0,1362 885,4431 0,0459 973,9966 0,0494 

irafmts26 3 817,9404 658,8179 0,2155 887,0601 0,0811 772,9390 0,0566 

irafmts26 4 919,9077 899,2524 0,0227 888,6772 0,0345 893,9648 0,0286 

irafmts27 0 923,8319 1074,4591 0,1508 1125,6308 0,1969 1100,0450 0,1741 

irafmts27 1 932,5858 1092,7803 0,1582 1133,8713 0,1948 1113,3258 0,1767 

irafmts27 2 955,6474 1112,6115 0,1518 1137,0066 0,1733 1124,8090 0,1626 

irafmts27 3 1091,8009 1133,3165 0,0373 1141,4357 0,0445 1137,3761 0,0409 

irafmts27 4 848,7734 1153,1302 0,3041 1172,8279 0,3206 1162,9791 0,3124 

irafmts28 0 1804,0506 1609,8258 0,1138 1505,4597 0,1804 1557,6428 0,1466 

irafmts28 1 2083,8426 1628,4981 0,2453 1426,4181 0,3746 1527,4581 0,3081 

irafmts28 2 1991,4142 1642,8129 0,1918 1521,2630 0,2677 1582,0380 0,2291 

irafmts28 3 1976,5186 1654,5351 0,1773 1542,2593 0,2468 1598,3972 0,2115 

irafmts28 4 1973,0580 1670,0239 0,1664 1571,1639 0,2268 1620,5939 0,1962 

irafmts29 0 793,9405 660,9906 0,1828 758,5803 0,0456 709,7854 0,1119 

irafmts29 1 800,1900 685,9583 0,1537 795,1201 0,0064 740,5392 0,0774 

irafmts29 2 777,2365 604,6321 0,2498 837,0672 0,0741 720,8497 0,0753 

irafmts29 3 738,1942 622,8196 0,1695 853,6520 0,1451 738,2358 0,0001 

irafmts29 4 807,9414 385,8127 0,7072 853,6520 0,0550 619,7323 0,2637 

irafmts30 0 587,5438 534,0384 0,0954 398,3467 0,3838 466,1925 0,2303 

irafmts30 1 465,6471 530,6036 0,1304 346,3532 0,2938 438,4784 0,0601 

irafmts30 2 535,8887 528,6937 0,0135 898,1989 0,5053 713,4463 0,2842 

irafmts30 3 476,6271 528,8790 0,1039 354,5372 0,2938 441,7081 0,0760 

irafmts30 4 522,9212 529,2268 0,0120 830,8194 0,4549 680,0231 0,2612 
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irafmts31 0 310,8309 348,3469 0,1138 358,4581 0,1423 353,4025 0,1282 

irafmts31 1 331,0634 355,3487 0,0708 248,0621 0,2866 301,7054 0,0928 

irafmts31 2 353,5009 361,9701 0,0237 301,1531 0,1599 331,5616 0,0641 

irafmts31 3 302,5798 368,3094 0,1959 274,4980 0,0973 321,4037 0,0603 

irafmts31 4 323,4488 374,1852 0,1455 178,2345 0,5789 276,2098 0,1576 

irafmts32 0 780,5420 144,5560 1,3750 804,9999 0,0309 474,7780 0,4871 

irafmts32 1 748,2242 1330,8132 0,5604 789,1955 0,0533 1060,0044 0,3448 

irafmts32 2 677,2042 1921,2734 0,9575 819,5304 0,1902 1370,4019 0,6771 

irafmts32 3 746,7243 2581,8237 1,1026 819,5304 0,0930 1700,6770 0,7796 

irafmts32 4 736,1639 3280,1807 1,2668 893,3985 0,1930 2086,7896 0,9569 

irafmts33 0 690,7762 1005,0888 0,3707 903,1064 0,2664 954,0976 0,3202 

irafmts33 1 875,7402 670,5330 0,2654 956,5824 0,0882 813,5577 0,0736 

irafmts33 2 697,8108 981,5704 0,3379 1364,3797 0,6465 1172,9750 0,5080 

irafmts33 3 633,8713 770,6095 0,1947 1364,3797 0,7311 1067,4946 0,5097 

irafmts33 4 701,4721 960,6399 0,3119 1498,5285 0,7246 1229,5842 0,5470 

irafmts34 0 1268,7432 1185,2808 0,0680 1027,1917 0,2104 1106,2363 0,1368 

irafmts34 1 1103,1209 1119,8243 0,0150 1027,1917 0,0713 1073,5080 0,0272 

irafmts34 2 1027,1917 1060,0424 0,0315 1098,7383 0,0673 1079,3904 0,0496 

irafmts34 3 1199,4148 1003,7413 0,1776 1094,9990 0,0910 1049,3701 0,1334 

irafmts34 4 1161,7135 942,2469 0,2086 1287,4102 0,1026 1114,8285 0,0412 

irafmts35 0 431,5095 359,5337 0,1820 357,3274 0,1881 358,4306 0,1850 

irafmts35 1 431,1358 335,1119 0,2506 348,2179 0,2128 341,6649 0,2315 

irafmts35 2 416,3038 313,8646 0,2806 349,1397 0,1755 331,5021 0,2268 

irafmts35 3 402,6632 294,5260 0,3102 335,2087 0,1828 314,8674 0,2447 

irafmts35 4 399,7858 274,7523 0,3707 347,9593 0,1386 311,3558 0,2487 

irafmts36 0 447,1225 561,3841 0,2266 539,7482 0,1877 550,5661 0,2074 

irafmts36 1 498,4845 583,2746 0,1568 539,7482 0,0795 561,5114 0,1189 

irafmts36 2 493,3505 606,1167 0,2051 539,7482 0,0898 572,9325 0,1493 

irafmts36 3 470,1890 629,5972 0,2899 539,7482 0,1377 584,6727 0,2171 

irafmts36 4 520,5337 651,9089 0,2241 539,7482 0,0362 595,8286 0,1349 

irafmts37 0 2230,2608 1434,9653 0,4340 1853,1500 0,1847 1644,0576 0,3026 

irafmts37 1 2067,4304 1526,2667 0,3012 2328,7057 0,1189 1927,4862 0,0701 

irafmts37 2 2259,9640 1528,6797 0,3860 2126,3442 0,0609 1827,5120 0,2116 

irafmts37 3 2129,8493 1517,2650 0,3359 2141,6232 0,0055 1829,4441 0,1517 

irafmts37 4 2160,8534 1455,0613 0,3904 2049,7362 0,0528 1752,3988 0,2088 

irafmts38 0 394,6380 374,8260 0,0515 200,6937 0,6516 287,7599 0,3132 

irafmts38 1 321,1458 375,2611 0,1554 173,5421 0,5968 274,4016 0,1570 

irafmts38 2 328,4782 379,8899 0,1452 195,3359 0,5084 287,6129 0,1327 

irafmts38 3 334,0678 383,4033 0,1375 478,5304 0,3556 430,9668 0,2533 

irafmts38 4 377,0383 385,5944 0,0224 191,3414 0,6534 288,4679 0,2662 
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irafmts39 0 1475,1626 2182,9458 0,3870 1776,5162 0,1854 1979,7310 0,2921 

irafmts39 1 2015,1664 1570,6453 0,2479 1827,9424 0,0974 1699,2939 0,1701 

irafmts39 2 1296,3312 1715,3740 0,2783 1736,4575 0,2902 1725,9158 0,2843 

irafmts39 3 1309,0420 1697,8142 0,2586 3345,8096 0,8751 2521,8119 0,6332 

irafmts39 4 1902,3870 1582,9209 0,1833 2570,4762 0,2987 2076,6985 0,0876 

irafmts40 0 943,4718 888,3595 0,0602 1011,6902 0,0698 950,0248 0,0069 

irafmts40 1 1100,1523 822,1078 0,2893 942,4576 0,1544 882,2827 0,2198 

irafmts40 2 1093,7022 748,6101 0,3746 1120,5163 0,0242 934,5632 0,1569 

irafmts40 3 975,5409 539,4372 0,5757 975,1559 0,0004 757,2966 0,2519 

irafmts40 4 1107,4261 505,7691 0,7459 793,6514 0,3301 649,7102 0,5210 

irafmts41 0 54,1050 39,4231 0,3140 40,8477 0,2792 40,1354 0,2965 

irafmts41 1 48,8682 32,7736 0,3943 37,3847 0,2663 35,0791 0,3285 

irafmts41 2 52,5236 31,0853 0,5128 33,0780 0,4543 32,0817 0,4832 

irafmts41 3 40,0982 29,5386 0,3033 36,2512 0,1008 32,8949 0,1974 

irafmts41 4 49,7177 26,4627 0,6105 41,2273 0,1867 33,8450 0,3799 

irafmts42 0 1199,8072 1452,6488 0,1906 621,0860 0,6356 1036,8674 0,1457 

irafmts42 1 899,4493 1558,0053 0,5360 885,5083 0,0156 1221,7568 0,3039 

irafmts42 2 931,7772 1670,6842 0,5679 725,9610 0,2483 1198,3226 0,2503 

irafmts42 3 1319,9627 1460,6331 0,1012 587,8310 0,7675 1024,2320 0,2523 

irafmts42 4 1042,0139 1691,0112 0,4749 579,6738 0,5702 1135,3425 0,0857 

irafmts43 0 429,2995 518,0073 0,1873 438,5023 0,0212 478,2548 0,1079 

irafmts43 1 416,7975 530,9474 0,2409 664,0403 0,4575 597,4938 0,3563 

irafmts43 2 446,5729 509,4938 0,1316 608,4198 0,3068 558,9568 0,2235 

irafmts43 3 467,5940 567,8674 0,1937 145,0898 1,0528 356,4786 0,2697 

irafmts43 4 457,1480 574,1510 0,2269 575,1697 0,2287 574,6603 0,2278 

irafmts44 0 111,3806 106,8488 0,0415 103,9051 0,0694 105,3770 0,0554 

irafmts44 1 129,7635 104,6595 0,2142 107,5335 0,1874 106,0965 0,2007 

irafmts44 2 133,6614 103,1204 0,2580 104,1811 0,2479 103,6508 0,2529 

irafmts44 3 131,0829 101,5993 0,2534 103,7989 0,2323 102,6991 0,2428 

irafmts44 4 128,7791 100,0752 0,2508 101,3238 0,2386 100,6995 0,2447 

irafmts45 0 1323,9769 1894,5728 0,3546 1296,4267 0,0210 1595,4997 0,1860 

irafmts45 1 1522,5457 1295,9115 0,1608 1335,9691 0,1305 1315,9403 0,1456 

irafmts45 2 1111,1951 1805,9209 0,4763 1075,7607 0,0324 1440,8408 0,2583 

irafmts45 3 1686,3947 1397,6392 0,1873 1111,1951 0,4112 1254,4171 0,2938 

irafmts45 4 1399,4575 1779,7644 0,2392 1129,5789 0,2134 1454,6716 0,0387 

irafmts46 0 1444,2105 998,0144 0,3654 1132,9566 0,2415 1065,4855 0,3018 

irafmts46 1 1420,0199 951,3251 0,3953 1180,1703 0,1845 1065,7477 0,2850 

irafmts46 2 1513,1810 915,4870 0,4922 1252,2820 0,1887 1083,8845 0,3306 

irafmts46 3 1222,8282 808,7598 0,4076 1566,9179 0,2467 1187,8389 0,0290 

irafmts46 4 1365,6481 738,8292 0,5957 1654,9766 0,1916 1196,9029 0,1317 
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irafmts47 0 486,4814 603,8349 0,2153 332,0034 0,3775 467,9192 0,0389 

irafmts47 1 583,7087 379,4429 0,4242 474,2499 0,2069 426,8464 0,3104 

irafmts47 2 475,5541 227,4754 0,7057 639,1744 0,2936 433,3249 0,0929 

irafmts47 3 578,3576 23,0326 1,8468 747,7292 0,2554 385,3809 0,4005 

irafmts47 4 525,2638 -179,3699 2,0000 813,8534 0,4310 317,2417 0,4938 

irafmts48 0 2185,4293 2395,5870 0,0918 2497,3045 0,1332 2446,4457 0,1127 

irafmts48 1 2333,8788 2458,8700 0,0522 2497,3045 0,0677 2478,0872 0,0599 

irafmts48 2 2107,7667 2515,8660 0,1765 2779,4868 0,2749 2647,6764 0,2271 

irafmts48 3 1917,2341 2575,8872 0,2932 2497,3045 0,2628 2536,5958 0,2781 

irafmts48 4 2497,3045 2632,3295 0,0526 2755,5798 0,0983 2693,9546 0,0758 

irafmts49 0 0,8425 0,9047 0,0712 0,8865 0,0509 0,8956 0,0611 

irafmts49 1 0,8380 0,9198 0,0930 0,8999 0,0712 0,9098 0,0821 

irafmts49 2 0,8518 0,9355 0,0936 0,8996 0,0546 0,9175 0,0743 

irafmts49 3 0,8519 0,9513 0,1102 0,8932 0,0474 0,9222 0,0793 

irafmts49 4 0,8999 0,9670 0,0719 0,8877 0,0136 0,9274 0,0301 

irafmts50 0 0,8888 0,8888 0,0000 0,8287 0,0700 0,8587 0,0344 

irafmts50 1 0,8949 0,8924 0,0029 0,9369 0,0458 0,9146 0,0217 

irafmts50 2 0,8820 0,8962 0,0160 0,8849 0,0033 0,8905 0,0096 

irafmts50 3 0,8791 0,9006 0,0242 0,9410 0,0680 0,9208 0,0463 

irafmts50 4 0,9212 0,9044 0,0184 0,7568 0,1959 0,8306 0,1034 

irafmts51 0 
446716 

9,0300 

477212 

4,0774 
0,0660 

-24457, 

9143 
2,0000 

237383 

3,0816 
0,6120 

irafmts51 1 
392345 

1,5600 

558640 

1,6563 
0,3497 

839788 

2,9604 
0,7263 

699214 

2,3084 
0,5623 

irafmts51 2 
445125 

6,3000 

482669 

4,1489 
0,0809 

-7598, 

6373 
2,0000 

240954 

7,7558 
0,5952 

irafmts51 3 
399472 

8,0900 

627944 

5,7687 
0,4447 

351424 

8,3411 
0,1280 

489684 

7,0549 
0,2029 

irafmts51 4 
399350 

4,4200 

529062 

3,5401 
0,2794 

279129, 

6857 
1,7387 

278487 

6,6129 
0,3566 

irafmts52 0 
206029 

5,2500 

153387 

1,3126 
0,2929 

193717 

3,0599 
0,0616 

173552 

2,1862 
0,1711 

irafmts52 1 
321715 

2,3600 

121883 

5,2935 
0,9010 

196129 

1,9020 
0,4850 

159006 

3,5978 
0,6769 

irafmts52 2 
227783 

9,8100 

91320 

1,1020 
0,8553 

184226 

4,6700 
0,2114 

137773 

2,8860 
0,4925 

irafmts52 3 
259790 

7,0300 

61569 

8,8457 
1,2336 

440536 

8,8182 
0,5162 

251053 

3,8319 
0,0342 

irafmts52 4 
275509 

8,2000 

31229 

9,9236 
1,5927 

222572 

0,3028 
0,2126 

126901 

0,1132 
0,7386 

irafmts53 0 
10256, 

0000 

10281, 

3548 
0,0025 

10268, 

0363 
0,0012 

10274, 

6955 
0,0018 

irafmts53 1 
10277, 

0000 

10307, 

0966 
0,0029 

10235, 

5598 
0,0040 

10271, 

3282 
0,0006 
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irafmts53 2 
10244, 

0000 

10331, 

6948 
0,0085 

10217, 

1880 
0,0026 

10274, 

4414 
0,0030 

irafmts53 3 
10238, 

0000 

10355, 

7167 
0,0114 

10170, 

4523 
0,0066 

10263, 

0845 
0,0024 

irafmts53 4 
10212, 

0000 

10379, 

7385 
0,0163 

10079, 

2564 
0,0131 

10229, 

4975 
0,0017 

irafmts54 0 
14823830 

94,4300 

14819459 

20,9151 
0,0003 

14794567 

95,0719 
0,0020 

14807013 

57,9935 
0,0011 

irafmts54 1 
14810621 

77,5000 

14829309 

19,1697 
0,0013 

14783736 

39,4122 
0,0018 

14806522 

79,2910 
0,0003 

irafmts54 2 
14828232 

52,4900 

14877608 

09,8699 
0,0033 

14777438 

16,6700 
0,0034 

14827523 

13,2700 
0,0000 

irafmts54 3 
14825018 

50,9500 

14921933 

22,2121 
0,0065 

14768085 

62,8969 
0,0038 

14845009 

42,5545 
0,0013 

irafmts54 4 
14813813 

18,6200 

14966258 

34,5543 
0,0102 

14730569 

22,7768 
0,0056 

14848413 

78,6656 
0,0023 

irafmts55 0 
14823830 

94,4300 

14824600 

30,0303 
0,0001 

14860946 

45,8289 
0,0025 

14842773 

37,9296 
0,0013 

irafmts55 1 
14810621 

77,5000 

14825411 

01,5738 
0,0010 

14807935 

77,2658 
0,0002 

14816673 

39,4198 
0,0004 

irafmts55 2 
14828232 

52,4900 

14826221 

73,1172 
0,0001 

14664463 

55,3151 
0,0111 

14745342 

64,2162 
0,0056 

irafmts55 3 
14825018 

50,9500 

14827032 

44,6607 
0,0001 

14663582 

50,2565 
0,0109 

14745307 

47,4586 
0,0054 

irafmts55 4 
14813813 

18,6200 

14827843 

16,2042 
0,0009 

14666173 

42,2962 
0,0100 

14747008 

29,2502 
0,0045 

irafmts56 0 163,0000 134,9624 0,1882 258,1783 0,4520 196,5704 0,1867 

irafmts56 1 187,0000 116,0970 0,4679 402,1744 0,7304 259,1357 0,3234 

irafmts56 2 250,0000 100,8421 0,8503 328,5407 0,2715 214,6914 0,1520 

irafmts56 3 221,0000 80,1525 0,9354 160,5095 0,3171 120,3310 0,5899 

irafmts56 4 133,0000 60,3176 0,7519 81,6442 0,4785 70,9809 0,6081 

irafmts57 0 
10405, 

0000 
7744,5917 0,2932 8924,0000 0,1532 8334,2958 0,2210 

irafmts57 1 
11066, 

0000 
6647,3927 0,4989 8924,0000 0,2143 7785,6963 0,3480 

irafmts57 2 
9772, 

0000 
5124,4176 0,6240 15035,1253 0,4243 10079,7715 0,0310 

irafmts57 3 
11019, 

0000 
3640,2013 1,0067 11735,1570 0,0629 7687,6792 0,3562 

irafmts57 4 
9017, 

0000 
2251,1109 1,2009 35686,0602 1,1932 18968,5856 0,7112 

irafmts58 0 456,0000 677,5964 0,3910 589,1707 0,2548 633,3836 0,3257 

irafmts58 1 565,0000 547,7307 0,0310 456,0000 0,2135 501,8654 0,1184 

irafmts58 2 475,0000 436,7736 0,0839 456,0000 0,0408 446,3868 0,0621 

irafmts58 3 557,0000 325,2494 0,5254 456,0000 0,1994 390,6247 0,3511 

irafmts58 4 548,0000 213,9727 0,8767 456,0000 0,1833 334,9864 0,4825 
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irafmts59 0 
35176, 

0000 

36141, 

4877 
0,0271 

18258, 

4937 
0,6332 

27199, 

9907 
0,2557 

irafmts59 1 
34609, 

0000 

34841, 

1025 
0,0067 

29713, 

7774 
0,1522 

32277, 

4400 
0,0697 

irafmts59 2 
36950, 

0000 

33514, 

2204 
0,0975 7006,3456 1,3624 

20260, 

2830 
0,5835 

irafmts59 3 
34830, 

0000 

32146, 

0043 
0,0801 

34220, 

8447 
0,0176 

33183, 

4245 
0,0484 

irafmts59 4 
36871, 

0000 

30851, 

6256 
0,1778 4827,0638 1,5370 

17839, 

3447 
0,6957 

irafmts60 0 
81395, 

0000 

70288, 

8353 
0,1464 

79370, 

3708 
0,0252 

74829, 

6030 
0,0841 

irafmts60 1 
79799, 

0000 

73066, 

4502 
0,0881 

80913, 

1014 
0,0139 

76989, 

7758 
0,0358 

irafmts60 2 95174,0000 
72806, 

2420 
0,2663 

79780, 

4204 
0,1760 

76293, 

3312 
0,2202 

irafmts60 3 
70811, 

0000 

72773, 

1623 
0,0273 

81121, 

9217 
0,1357 

76947, 

5420 
0,0831 

irafmts60 4 
68351, 

0000 

72742, 

5378 
0,0623 

80049, 

2826 
0,1577 

76395, 

9102 
0,1112 

irafmts61 0 4431,0000 4785,4852 0,0769 3754,6158 0,1653 4270,0505 0,0370 

irafmts61 1 4681,0000 4796,4040 0,0244 3438,1804 0,3061 4117,2922 0,1281 

irafmts61 2 4559,0000 4930,2139 0,0782 3243,7505 0,3371 4086,9822 0,1092 

irafmts61 3 4810,0000 4957,0433 0,0301 2897,7410 0,4962 3927,3921 0,2020 

irafmts61 4 3989,0000 4998,1543 0,2246 2561,0935 0,4360 3779,6239 0,0539 

irafmts62 0 322,0000 283,7251 0,1264 292,0000 0,0977 287,8625 0,1120 

irafmts62 1 305,0000 296,3121 0,0289 292,0000 0,0436 294,1560 0,0362 

irafmts62 2 400,0000 252,9988 0,4502 520,3218 0,2615 386,6603 0,0339 

irafmts62 3 472,0000 261,4328 0,5742 473,5173 0,0032 367,4750 0,2490 

irafmts62 4 430,0000 229,2388 0,6091 493,0458 0,1366 361,1423 0,1741 

irafmts63 0 549,0000 521,4544 0,0515 503,9874 0,0855 512,7209 0,0683 

irafmts63 1 581,0000 480,8346 0,1887 448,5848 0,2572 464,7097 0,2224 

irafmts63 2 536,0000 443,0008 0,1900 582,1665 0,0826 512,5837 0,0447 

irafmts63 3 478,0000 396,8498 0,1855 651,0849 0,3066 523,9674 0,0918 

irafmts63 4 508,0000 370,1359 0,3140 777,2198 0,4189 573,6778 0,1214 

irafmts64 0 406,0000 266,7311 0,4140 316,0586 0,2491 291,3949 0,3287 

irafmts64 1 343,0000 252,8964 0,3024 262,8045 0,2648 257,8505 0,2834 

irafmts64 2 355,0000 231,9717 0,4192 261,2479 0,3043 246,6098 0,3603 

irafmts64 3 352,0000 207,0547 0,5185 277,2717 0,2375 242,1632 0,3697 

irafmts64 4 286,0000 187,3283 0,4169 294,6530 0,0298 240,9906 0,1708 

irafmts65 0 
13221, 

0000 

15965, 

3838 
0,1881 

15554, 

1962 
0,1622 

15759, 

7900 
0,1752 

irafmts65 1 
12026, 

0000 

15467, 

3323 
0,2503 

15117, 

9193 
0,2278 

15292, 

6258 
0,2392 
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irafmts65 2 
13012, 

0000 

16265, 

0197 
0,2222 

15899, 

1702 
0,1997 

16082, 

0950 
0,2110 

irafmts65 3 
13489, 

0000 

15825, 

5792 
0,1594 

14731, 

5648 
0,0881 

15278, 

5720 
0,1244 

irafmts65 4 
9915, 

0000 

16984, 

1975 
0,5256 

14427, 

5545 
0,3708 

15705, 

8760 
0,4520 

irafmts66 0 
44189, 

0000 

50294, 

1862 
0,1292 

39713, 

2426 
0,1067 

45003, 

7144 
0,0183 

irafmts66 1 
47709, 

0000 

48947, 

4773 
0,0256 

69238, 

7544 
0,3682 

59093, 

1158 
0,2132 

irafmts66 2 
44886, 

0000 

43881, 

7809 
0,0226 

66367, 

4604 
0,3862 

55124, 

6206 
0,2048 

irafmts66 3 
45536, 

0000 

47350, 

1796 
0,0391 

66366, 

4617 
0,3723 

56858, 

3207 
0,2212 

irafmts66 4 
45629, 

0000 

42608, 

8668 
0,0685 

66525, 

8572 
0,3726 

54567, 

3620 
0,1784 

irafmts68 0 
25113, 

0000 

29770, 

0379 
0,1697 

25212, 

8068 
0,0040 

27491, 

4223 
0,0904 

irafmts68 1 
23835, 

0000 

28366, 

6371 
0,1736 

24813, 

4772 
0,0402 

26590, 

0572 
0,1093 

irafmts68 2 
25457, 

0000 

26909, 

2251 
0,0555 

22749, 

7864 
0,1123 

24829, 

5057 
0,0250 

irafmts68 3 
25426, 

0000 

25429, 

4652 
0,0001 

21636, 

2340 
0,1611 

23532, 

8496 
0,0773 

irafmts68 4 
20148, 

0000 

23884, 

7813 
0,1697 

20148, 

0000 
0,0000 

22016, 

3906 
0,0886 

irafmts69 0 
25113, 

0000 

29709, 

0812 
0,1677 

31578, 

6354 
0,2281 

30643, 

8583 
0,1984 

irafmts69 1 
23835, 

0000 

28217, 

3223 
0,1684 

33713, 

0286 
0,3433 

30965, 

1755 
0,2602 

irafmts69 2 
25457, 

0000 

26713, 

4559 
0,0482 

33051, 

3316 
0,2596 

29882, 

3938 
0,1599 

irafmts69 3 
25426, 

0000 

25185, 

4404 
0,0095 

35456, 

7504 
0,3295 

30321, 

0954 
0,1756 

irafmts69 4 
20148, 

0000 

23617, 

0402 
0,1585 

39156, 

7201 
0,6411 

31386, 

8801 
0,4362 

irafmts70 0 
1153246 

54,8500 

1052379 

79,7596 
0,0915 

1015627 

97,6425 
0,1269 

1034003 

88,7010 
0,1090 

irafmts70 1 
1083110 

62,2240 

1026220 

06,9996 
0,0539 

969402 

58,0840 
0,1108 

997811 

32,5418 
0,0820 

irafmts70 2 
969402 

58,0840 

1000060 

34,2396 
0,0311 

969402 

58,0840 
0,0000 

984731 

46,1618 
0,0157 

irafmts70 3 
1034131 

35,1900 

973900 

61,4797 
0,0600 

969402 

58,0840 
0,0646 

971651 

59,7818 
0,0623 

irafmts70 4 
1081979 

99,5700 

947740 

88,7197 
0,1323 

969402 

58,0840 
0,1098 

958571 

73,4019 
0,1210 

irafmts71 0 
7984610 

,9700 

64060 

13,8615 
0,2194 

79131 

77,0940 
0,0090 

71595 

95,4778 
0,1090 
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irafmts71 1 
8362348 

,9260 

41736 

68,8746 
0,6683 

103554 

70,6107 
0,2130 

72645 

69,7426 
0,1405 

irafmts71 2 
8356513 

,4520 

32108 

87,7451 
0,8897 

118483 

50,2905 
0,3456 

75296 

19,0178 
0,1041 

irafmts71 3 
8593656 

,9240 

22162 

24,6631 
1,1799 

126599 

71,5926 
0,3826 

74380 

98,1278 
0,1442 

irafmts71 4 
8362499 

,2920 

12980 

46,2333 
1,4625 

132509 

94,5934 
0,4524 

72745 

20,4133 
0,1392 

irafmts72 0 
207252 

26,8200 

225280 

03,0860 
0,0834 

249837 

32,4444 
0,1863 

237558 

67,7652 
0,1363 

irafmts72 1 
210406 

87,7400 

221009 

38,8651 
0,0492 

227698 

41,3058 
0,0789 

224353 

90,0854 
0,0642 

irafmts72 2 
184612 

42,9500 

214553 

91,0147 
0,1500 

213473 

20,7015 
0,1450 

214013 

55,8581 
0,1475 

irafmts72 3 
233051 

00,6100 

208137 

34,3259 
0,1129 

193933 

66,7194 
0,1832 

201035 

50,5226 
0,1475 

irafmts72 4 
208502 

63,3500 

201724 

12,9503 
0,0330 

197419 

74,9566 
0,0546 

199571 

93,9535 
0,0438 

   

ʊʘʙʣʠʮʘ ɺ.2 ï ʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ɺʈ ʤʝʪʦʜʦʤ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʛʦ ʩʛʣʘʞʠʚʘʥʠʷ 

ʈʷʜ ʇʦʟ. 
ʌʘʢʪ. 

ʟʥʘʯ. 

ʇʨʦʛʥʦʟ. 

ʟʥʘʯ. 

ʤʝʪʦʜʦʤ 

SMAPE 

ʇʨʦʛʥʦʟ. 

ʟʥʘʯ. 

ʵʥʪʨʦʧʠʝʡ 

SMAPE 

ʇʨʦʛʥʦʟ. 

ʟʥʘʯ. 

ʫʩʨʝʜ. 

SMAPE 

irafmts01 0 1611,9430 182,5721 1,5930 1627,4659 0,0096 905,0190 0,5617 

irafmts01 1 1600,2299 -177,1777 2,0000 1626,1231 0,0161 724,4727 0,7534 

irafmts01 2 1665,0009 171,6004 1,6263 1627,3741 0,0229 899,4873 0,5970 

irafmts01 3 1554,9669 -166,7566 2,0000 1626,2054 0,0448 729,7244 0,7224 

irafmts01 4 1592,1673 161,7293 1,6312 1627,2944 0,0218 894,5118 0,5611 

irafmts02 0 700,4858 88,7717 1,5501 716,6021 0,0227 402,6869 0,5399 

irafmts02 1 733,5106 -86,1857 2,0000 716,5648 0,0234 315,1896 0,7978 

irafmts02 2 724,6577 83,5080 1,5867 716,6048 0,0112 400,0564 0,5772 

irafmts02 3 729,6662 -81,1846 2,0000 716,5621 0,0181 317,6887 0,7867 

irafmts02 4 738,6399 78,7692 1,6145 716,6074 0,0303 397,6883 0,6001 

irafmts03 0 776,2585 154,4752 1,3361 825,0773 0,0610 489,7763 0,4526 

irafmts03 1 800,7731 -150,0209 2,0000 821,8021 0,0259 335,8906 0,8180 

irafmts03 2 793,9910 145,4033 1,3809 824,9152 0,0382 485,1593 0,4829 

irafmts03 3 737,5494 -141,3988 2,0000 821,9466 0,1082 340,2739 0,7372 

irafmts03 4 758,5038 137,2312 1,3872 824,7715 0,0837 481,0013 0,4478 

irafmts04 0 859,7410 92,1727 1,6127 874,8628 0,0174 483,5177 0,5602 

irafmts04 1 894,1693 -89,4967 2,0000 886,0811 0,0091 398,2922 0,7673 

irafmts04 2 931,1489 86,7250 1,6592 875,1813 0,0620 480,9531 0,6376 

irafmts04 3 901,8027 -84,3205 2,0000 885,2903 0,0185 400,4849 0,7699 

irafmts04 4 982,9558 81,8200 1,6926 875,4656 0,1157 478,6428 0,6901 
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irafmts05 0 529,7807 74,8855 1,5046 536,9158 0,0134 305,9006 0,5358 

irafmts05 1 529,2861 -72,7045 2,0000 533,8237 0,0085 230,5596 0,7863 

irafmts05 2 532,8159 70,4459 1,5329 536,7951 0,0074 303,6205 0,5480 

irafmts05 3 527,5356 -68,4861 2,0000 533,9299 0,0120 232,7219 0,7756 

irafmts05 4 522,8133 66,4487 1,5489 536,6874 0,0262 301,5680 0,5368 

irafmts06 0 937,8954 174,2761 1,3732 978,0494 0,0419 576,1628 0,4778 

irafmts06 1 952,2965 -169,3263 2,0000 979,8394 0,0285 405,2565 0,8059 

irafmts06 2 952,3498 164,1865 1,4118 978,2034 0,0268 571,1949 0,5004 

irafmts06 3 875,6237 -159,7334 2,0000 979,7002 0,1122 409,9834 0,7244 

irafmts06 4 902,9423 155,0910 1,4137 978,3371 0,0802 566,7140 0,4576 

irafmts07 0 517,9209 55,4409 1,6132 519,9884 0,0040 287,7147 0,5715 

irafmts07 1 522,2113 -53,8282 2,0000 522,2384 0,0001 234,2051 0,7615 

irafmts07 2 526,9157 52,1582 1,6397 520,0780 0,0131 286,1181 0,5923 

irafmts07 3 528,6013 -50,7093 2,0000 522,1592 0,0123 235,7250 0,7664 

irafmts07 4 540,9352 49,2029 1,6665 520,1584 0,0392 284,6806 0,6208 

irafmts08 0 498,7571 61,4549 1,5612 495,3734 0,0068 278,4142 0,5670 

irafmts08 1 488,4240 -59,6503 2,0000 491,9698 0,0072 216,1598 0,7728 

irafmts08 2 485,1312 57,7833 1,5743 495,2246 0,0206 276,5039 0,5478 

irafmts08 3 478,5853 -56,1623 2,0000 492,1016 0,0278 217,9697 0,7483 

irafmts08 4 494,2438 54,4787 1,6029 495,0922 0,0017 274,7854 0,5707 

irafmts09 0 488,7110 100,7738 1,3162 521,7259 0,0653 311,2499 0,4437 

irafmts09 1 467,6615 -97,8624 2,0000 518,7595 0,1036 210,4485 0,7586 

irafmts09 2 481,5658 94,8448 1,3418 521,5781 0,0798 308,2115 0,4390 

irafmts09 3 491,4956 -92,2276 2,0000 518,8912 0,0542 213,3318 0,7893 

irafmts09 4 454,4260 89,5043 1,3418 521,4471 0,1374 305,4757 0,3920 

irafmts10 0 13,8990 2,4972 1,3908 14,2949 0,0281 8,3960 0,4937 

irafmts10 1 13,4235 -2,4269 2,0000 15,2464 0,1272 6,4098 0,7073 

irafmts10 2 14,3938 2,3537 1,4378 14,3014 0,0064 8,3276 0,5340 

irafmts10 3 13,2235 -2,2904 2,0000 15,2384 0,1416 6,4740 0,6853 

irafmts10 4 12,3295 2,2244 1,3887 14,3072 0,1485 8,2658 0,3946 

irafmts11 0 499,0152 70,2382 1,5065 504,2842 0,0105 287,2612 0,5386 

irafmts11 1 508,5669 -68,2114 2,0000 504,9497 0,0071 218,3692 0,7984 

irafmts11 2 498,9509 66,1104 1,5320 504,3127 0,0107 285,2115 0,5451 

irafmts11 3 499,1270 -64,2884 2,0000 504,9245 0,0115 220,3180 0,7751 

irafmts11 4 509,9074 62,3924 1,5639 504,3380 0,0110 283,3652 0,5712 

irafmts12 0 431,3766 48,1044 1,5987 434,8880 0,0081 241,4962 0,5644 

irafmts12 1 453,1480 -46,6833 2,0000 431,6823 0,0485 192,4995 0,8074 

irafmts12 2 437,5645 45,2139 1,6254 434,6928 0,0066 239,9533 0,5833 

irafmts12 3 438,2370 -43,9376 2,0000 431,7839 0,0148 193,9232 0,7729 

irafmts12 4 478,4305 42,6129 1,6729 434,5186 0,0962 238,5657 0,6691 
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irafmts13 0 923,0195 116,4969 1,5517 1025,9789 0,1057 571,2379 0,4708 

irafmts13 1 948,1170 -113,1122 2,0000 1031,2030 0,0840 459,0454 0,6951 

irafmts13 2 1099,7367 109,6064 1,6375 1026,2306 0,0692 567,9185 0,6378 

irafmts13 3 926,5209 -106,5645 2,0000 1030,9792 0,1067 462,2073 0,6687 

irafmts13 4 927,7032 103,4014 1,5989 1026,4536 0,1011 564,9275 0,4861 

irafmts14 0 1478,6763 199,7589 1,5239 1598,8986 0,0781 899,3287 0,4873 

irafmts14 1 1429,3655 -193,7156 2,0000 1533,9874 0,0706 670,1359 0,7232 

irafmts14 2 1598,8986 187,4819 1,5802 1596,2534 0,0017 891,8676 0,5677 

irafmts14 3 1467,4412 -182,0589 2,0000 1536,3233 0,0459 677,1322 0,7370 

irafmts14 4 1450,1343 176,4440 1,5661 1593,8910 0,0945 885,1675 0,4838 

irafmts15 0 1006,1186 246,5976 1,2126 1570,2238 0,4379 908,4107 0,1021 

irafmts15 1 1256,9931 -239,5292 2,0000 1569,4273 0,2211 664,9490 0,6161 

irafmts15 2 1226,4236 232,1973 1,3632 1570,2866 0,2459 901,2420 0,3057 

irafmts15 3 1178,1902 -225,8419 2,0000 1569,3672 0,2847 671,7626 0,5475 

irafmts15 4 1422,9438 219,2234 1,4660 1570,3398 0,0985 894,7816 0,4558 

irafmts16 0 1946,8470 213,0860 1,6054 1898,5043 0,0251 1055,7951 0,5935 

irafmts16 1 1614,0270 -206,7170 2,0000 1837,9996 0,1298 815,6413 0,6572 

irafmts16 2 1778,4380 200,1393 1,5954 1896,1666 0,0641 1048,1530 0,5167 

irafmts16 3 1854,0471 -194,4216 2,0000 1840,0579 0,0076 822,8182 0,7705 

irafmts16 4 1977,2296 188,4940 1,6519 1894,0747 0,0430 1041,2843 0,6201 

irafmts17 0 854,5822 111,7871 1,5373 732,8042 0,1534 422,2956 0,6771 

irafmts17 1 874,5111 -108,6220 2,0000 731,1622 0,1786 311,2701 0,9500 

irafmts17 2 961,2867 105,3347 1,6050 732,8078 0,2697 419,0712 0,7856 

irafmts17 3 783,8628 -102,4877 2,0000 731,1556 0,0696 314,3340 0,8551 

irafmts17 4 813,1105 99,5188 1,5638 732,8088 0,1039 416,1638 0,6458 

irafmts18 0 749,4569 173,1659 1,2492 963,5345 0,2499 568,3502 0,2749 

irafmts18 1 1002,5844 -168,0069 2,0000 935,1069 0,0696 383,5500 0,8932 

irafmts18 2 787,0749 162,6773 1,3149 962,4337 0,2005 562,5555 0,3327 

irafmts18 3 927,0222 -158,0457 2,0000 936,0757 0,0097 389,0150 0,8176 

irafmts18 4 949,5780 153,2426 1,4442 961,4497 0,0124 557,3461 0,5206 

irafmts19 0 1455,2727 165,7608 1,5910 1458,0336 0,0019 811,8972 0,5676 

irafmts19 1 1701,1906 -160,9423 2,0000 1477,3292 0,1409 658,1934 0,8841 

irafmts19 2 1555,4982 155,9517 1,6355 1458,9472 0,0641 807,4494 0,6331 

irafmts19 3 1559,3833 -151,6217 2,0000 1476,5168 0,0546 662,4475 0,8074 

irafmts19 4 1590,7304 147,1194 1,6614 1459,7583 0,0859 803,4389 0,6577 

irafmts20 0 1246,9804 153,9469 1,5604 1507,8726 0,1894 830,9098 0,4005 

irafmts20 1 1367,5300 -149,7314 2,0000 1549,6547 0,1249 699,9617 0,6458 

irafmts20 2 1416,0481 145,3374 1,6277 1509,2372 0,0637 827,2873 0,5249 

irafmts20 3 1515,4932 -141,5410 2,0000 1547,9544 0,0212 703,2067 0,7322 

irafmts20 4 1545,8891 137,5673 1,6731 1510,4528 0,0232 824,0101 0,6092 
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irafmts21 0 126,8759 40,6962 1,0286 196,2444 0,4294 118,4703 0,0685 

irafmts21 1 204,1721 -39,4616 2,0000 191,3189 0,0650 75,9286 0,9157 

irafmts21 2 202,2417 38,1884 1,3647 196,0443 0,0311 117,1164 0,5331 

irafmts21 3 122,8385 -37,0806 2,0000 191,4955 0,4368 77,2074 0,4562 

irafmts21 4 209,6733 35,9339 1,4148 195,8657 0,0681 115,8998 0,5761 

irafmts22 0 154,8995 28,2962 1,3822 223,0019 0,3604 125,6490 0,2085 

irafmts22 1 214,2780 -27,5295 2,0000 225,8961 0,0528 99,1833 0,7343 

irafmts22 2 147,5104 26,7294 1,3864 223,1365 0,4081 124,9330 0,1657 

irafmts22 3 189,8817 -26,0386 2,0000 225,7764 0,1727 99,8689 0,6213 

irafmts22 4 172,9100 25,3147 1,4892 223,2563 0,2542 124,2855 0,3272 

irafmts23 0 237,7347 49,7787 1,3075 335,1027 0,3399 192,4407 0,2106 

irafmts23 1 242,2352 -48,2131 2,0000 304,0228 0,2262 127,9048 0,6178 

irafmts23 2 274,3155 46,6044 1,4191 333,8777 0,1959 190,2411 0,3620 

irafmts23 3 240,2225 -45,2014 2,0000 304,9829 0,2376 129,8908 0,5962 

irafmts23 4 272,5412 43,7546 1,4467 332,7861 0,1990 188,2704 0,3657 

irafmts24 0 212,6613 20,0671 1,6551 192,7694 0,0981 106,4183 0,6659 

irafmts24 1 175,2047 -19,4758 2,0000 193,8818 0,1012 87,2030 0,6707 

irafmts24 2 149,4297 18,8643 1,5516 192,8349 0,2536 105,8496 0,3414 

irafmts24 3 157,4498 -18,3333 2,0000 193,8230 0,2071 87,7449 0,5686 

irafmts24 4 151,3794 17,7819 1,5795 192,8927 0,2412 105,3373 0,3587 

irafmts25 0 1077,6837 119,4163 1,6010 1174,2400 0,0858 646,8282 0,4997 

irafmts25 1 1199,2171 -116,0627 2,0000 1194,5195 0,0039 539,2284 0,7593 

irafmts25 2 1169,0670 112,5768 1,6486 1175,1529 0,0052 643,8648 0,5794 

irafmts25 3 1194,5785 -109,5598 2,0000 1193,7092 0,0007 542,0747 0,7514 

irafmts25 4 1135,9090 106,4109 1,6574 1175,9655 0,0347 641,1882 0,5568 

irafmts26 0 837,9083 96,7664 1,5859 854,9004 0,0201 475,8334 0,5512 

irafmts26 1 792,9527 -94,1013 2,0000 879,9440 0,1040 392,9214 0,6747 

irafmts26 2 927,0508 91,3247 1,6413 855,5447 0,0802 473,4347 0,6478 

irafmts26 3 817,9404 -88,9245 2,0000 879,4969 0,0725 395,2862 0,6967 

irafmts26 4 919,9077 86,4136 1,6565 856,1170 0,0718 471,2653 0,6450 

irafmts27 0 923,8319 189,3717 1,3195 1112,8196 0,1856 651,0957 0,3463 

irafmts27 1 932,5858 -183,7806 2,0000 1090,7700 0,1564 453,4947 0,6913 

irafmts27 2 955,6474 177,9989 1,3719 1111,9834 0,1512 644,9912 0,3882 

irafmts27 3 1091,8009 -172,9771 2,0000 1091,5502 0,0002 459,2865 0,8156 

irafmts27 4 848,7734 167,7641 1,3399 1111,1934 0,2678 639,4787 0,2813 

irafmts28 0 1804,0506 177,1124 1,6424 1599,9827 0,1199 888,5475 0,6800 

irafmts28 1 2083,8426 -172,0682 2,0000 1588,1889 0,2700 708,0604 0,9856 

irafmts28 2 1991,4142 166,8325 1,6908 1599,7666 0,2181 883,2996 0,7709 

irafmts28 3 1976,5186 -162,2962 2,0000 1588,3679 0,2178 713,0358 0,9395 

irafmts28 4 1973,0580 157,5688 1,7042 1599,5639 0,2091 878,5663 0,7676 
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irafmts29 0 793,9405 108,8821 1,5176 740,0541 0,0703 424,4681 0,6065 

irafmts29 1 800,1900 -105,6592 2,0000 729,5617 0,0923 311,9513 0,8780 

irafmts29 2 777,2365 102,3274 1,5346 739,6133 0,0496 420,9703 0,5947 

irafmts29 3 738,1942 -99,4330 2,0000 729,9514 0,0112 315,2592 0,8029 

irafmts29 4 807,9414 96,4293 1,5735 739,2204 0,0888 417,8249 0,6365 

irafmts30 0 587,5438 94,4539 1,4460 545,8128 0,0736 320,1334 0,5892 

irafmts30 1 465,6471 -91,7245 2,0000 539,4751 0,1469 223,8753 0,7013 

irafmts30 2 535,8887 88,8954 1,4309 545,5840 0,0179 317,2397 0,5126 

irafmts30 3 476,6271 -86,4416 2,0000 539,6757 0,1241 226,6171 0,7110 

irafmts30 4 522,9212 83,8883 1,4470 545,3788 0,0420 314,6335 0,4974 

irafmts31 0 310,8309 34,2815 1,6027 332,1897 0,0664 183,2356 0,5165 

irafmts31 1 331,0634 -33,3042 2,0000 336,5706 0,0165 151,6332 0,7434 

irafmts31 2 353,5009 32,2900 1,6652 332,3724 0,0616 182,3312 0,6389 

irafmts31 3 302,5798 -31,4112 2,0000 336,4091 0,1059 152,4989 0,6596 

irafmts31 4 323,4488 30,4956 1,6554 332,5353 0,0277 181,5155 0,5622 

irafmts32 0 780,5420 93,8538 1,5707 758,8836 0,0281 426,3687 0,5869 

irafmts32 1 748,2242 -91,0996 2,0000 757,2507 0,0120 333,0756 0,7679 

irafmts32 2 677,2042 88,2499 1,5388 758,8032 0,1136 423,5266 0,4609 

irafmts32 3 746,7243 -85,7759 2,0000 757,3222 0,0141 335,7731 0,7593 

irafmts32 4 736,1639 83,2063 1,5938 758,7321 0,0302 420,9692 0,5448 

irafmts33 0 690,7762 139,0451 1,3298 526,6900 0,2696 332,8675 0,6993 

irafmts33 1 875,7402 -135,1433 2,0000 530,1755 0,4916 197,5161 1,2639 

irafmts33 2 697,8108 131,0861 1,3674 526,8715 0,2792 328,9788 0,7184 

irafmts33 3 633,8713 -127,5738 2,0000 530,0142 0,1785 201,2202 1,0362 

irafmts33 4 701,4721 123,9069 1,3995 527,0306 0,2840 325,4688 0,7323 

irafmts34 0 1268,7432 223,9155 1,4000 1277,4169 0,0068 750,6662 0,5131 

irafmts34 1 1103,1209 -217,5477 2,0000 1264,3090 0,1362 523,3806 0,7129 

irafmts34 2 1027,1917 210,9366 1,3185 1276,9119 0,2168 743,9243 0,3199 

irafmts34 3 1199,4148 -205,2086 2,0000 1264,7531 0,0530 529,7723 0,7745 

irafmts34 4 1161,7135 199,2379 1,4144 1276,4608 0,0941 737,8493 0,4463 

irafmts35 0 431,5095 57,8137 1,5274 357,3930 0,1879 207,6034 0,7007 

irafmts35 1 431,1358 -56,1448 2,0000 356,2695 0,1902 150,0624 0,9672 

irafmts35 2 416,3038 54,4149 1,5376 357,3460 0,1524 205,8805 0,6764 

irafmts35 3 402,6632 -52,9147 2,0000 356,3111 0,1221 151,6982 0,9054 

irafmts35 4 399,7858 51,3535 1,5447 357,3042 0,1122 204,3288 0,6471 

irafmts36 0 447,1225 51,6586 1,5857 530,2107 0,1700 290,9347 0,4232 

irafmts36 1 498,4845 -50,1820 2,0000 539,2775 0,0786 244,5477 0,6835 

irafmts36 2 493,3505 48,6499 1,6410 530,6768 0,0729 289,6633 0,5203 

irafmts36 3 470,1890 -47,3221 2,0000 538,8619 0,1361 245,7699 0,6269 

irafmts36 4 520,5337 45,9388 1,6756 531,0888 0,0201 288,5138 0,5736 
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irafmts37 0 2230,2608 348,0783 1,4600 2328,7057 0,0432 1338,3920 0,4998 

irafmts37 1 2067,4304 -336,6070 2,0000 2100,7245 0,0160 882,0587 0,8038 

irafmts37 2 2259,9640 324,8718 1,4973 2318,3275 0,0255 1321,5997 0,5240 

irafmts37 3 2129,8493 -314,6074 2,0000 2107,1711 0,0107 896,2819 0,8153 

irafmts37 4 2160,8534 304,0716 1,5066 2309,0724 0,0663 1306,5720 0,4927 

irafmts38 0 394,6380 43,7276 1,6010 357,8822 0,0977 200,8049 0,6511 

irafmts38 1 321,1458 -42,4679 2,0000 359,8433 0,1137 158,6877 0,6771 

irafmts38 2 328,4782 41,1620 1,5546 357,9685 0,0859 199,5652 0,4883 

irafmts38 3 334,0678 -40,0296 2,0000 359,7668 0,0741 159,8686 0,7054 

irafmts38 4 377,0383 38,8511 1,6263 358,0455 0,0517 198,4483 0,6207 

irafmts39 0 1475,1626 257,8399 1,4049 1590,9481 0,0755 924,3940 0,4591 

irafmts39 1 2015,1664 -250,9216 2,0000 1564,1717 0,2520 656,6250 1,0170 

irafmts39 2 1296,3312 243,6925 1,3670 1589,9510 0,2035 916,8218 0,3430 

irafmts39 3 1309,0420 -237,4541 2,0000 1565,0469 0,1781 663,7964 0,6541 

irafmts39 4 1902,3870 230,9078 1,5670 1589,0589 0,1795 909,9834 0,7057 

irafmts40 0 943,4718 91,4577 1,6465 808,1270 0,1545 449,7923 0,7087 

irafmts40 1 1100,1523 -89,0354 2,0000 832,2638 0,2773 371,6142 0,9900 

irafmts40 2 1093,7022 86,5011 1,7068 809,2521 0,2990 447,8766 0,8379 

irafmts40 3 975,5409 -84,3167 2,0000 831,2639 0,1597 373,4736 0,8926 

irafmts40 4 1107,4261 82,0213 1,7242 810,2519 0,3099 446,1366 0,8513 

irafmts41 0 54,1050 7,3485 1,5217 39,9636 0,3007 23,6561 0,7831 

irafmts41 1 48,8682 -7,1233 2,0000 38,8122 0,2294 15,8445 1,0206 

irafmts41 2 52,5236 6,8912 1,5361 39,9172 0,2727 23,4042 0,7670 

irafmts41 3 40,0982 -6,6891 2,0000 38,8532 0,0315 16,0821 0,8550 

irafmts41 4 49,7177 6,4802 1,5388 39,8757 0,2197 23,1779 0,7282 

irafmts42 0 1199,8072 166,2435 1,5132 1336,4493 0,1078 751,3464 0,4597 

irafmts42 1 899,4493 -161,7388 2,0000 1365,2836 0,4114 601,7724 0,3966 

irafmts42 2 931,7772 157,0373 1,4231 1337,8751 0,3579 747,4562 0,2195 

irafmts42 3 1319,9627 -152,9776 2,0000 1364,1480 0,0329 605,5852 0,7420 

irafmts42 4 1042,0139 148,7228 1,5004 1339,0991 0,2495 743,9109 0,3338 

irafmts43 0 429,2995 51,0724 1,5747 519,2475 0,1897 285,1599 0,4035 

irafmts43 1 416,7975 -49,5867 2,0000 514,4763 0,2098 232,4448 0,5679 

irafmts43 2 446,5729 48,0481 1,6114 519,0951 0,1502 283,5716 0,4465 

irafmts43 3 467,5940 -46,7132 2,0000 514,6087 0,0957 233,9477 0,6661 

irafmts43 4 457,1480 45,3255 1,6392 518,9579 0,1266 282,1417 0,4734 

irafmts44 0 111,3806 14,7227 1,5330 101,5095 0,0927 58,1161 0,6285 

irafmts44 1 129,7635 -14,3022 2,0000 102,0575 0,2390 43,8777 0,9892 

irafmts44 2 133,6614 13,8658 1,6240 101,5337 0,2732 57,6997 0,7939 

irafmts44 3 131,0829 -13,4876 2,0000 102,0361 0,2492 44,2742 0,9901 

irafmts44 4 128,7791 13,0936 1,6308 101,5551 0,2364 57,3244 0,7679 
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irafmts45 0 1323,9769 226,1438 1,4164 1201,4376 0,0970 713,7907 0,5989 

irafmts45 1 1522,5457 -220,2080 2,0000 1256,9957 0,1911 518,3938 0,9840 

irafmts45 2 1111,1951 213,9912 1,3541 1203,9769 0,0802 708,9841 0,4419 

irafmts45 3 1686,3947 -208,6360 2,0000 1254,7400 0,2935 523,0520 1,0531 

irafmts45 4 1399,4575 203,0028 1,4933 1206,2364 0,1483 704,6196 0,6605 

irafmts46 0 1444,2105 219,7851 1,4717 1258,9282 0,1371 739,3566 0,6456 

irafmts46 1 1420,0199 -213,6485 2,0000 1264,4729 0,1159 525,4122 0,9197 

irafmts46 2 1513,1810 207,2646 1,5181 1259,2729 0,1832 733,2688 0,6944 

irafmts46 3 1222,8282 -201,7401 2,0000 1264,1632 0,0332 531,2116 0,7886 

irafmts46 4 1365,6481 195,9694 1,4980 1259,5763 0,0808 727,7728 0,6094 

irafmts47 0 486,4814 54,1848 1,5991 478,2548 0,0171 266,2198 0,5853 

irafmts47 1 583,7087 -52,8961 2,0000 498,3891 0,1577 222,7465 0,8952 

irafmts47 2 475,5541 51,5303 1,6089 479,1250 0,0075 265,3276 0,5675 

irafmts47 3 578,3576 -50,3625 2,0000 497,5859 0,1501 223,6117 0,8847 

irafmts47 4 525,2638 49,1190 1,6579 479,8998 0,0903 264,5094 0,6603 

irafmts48 0 2185,4293 280,6529 1,5448 2423,3226 0,1032 1351,9877 0,4712 

irafmts48 1 2333,8788 -272,0717 2,0000 2356,6475 0,0097 1042,2879 0,7651 

irafmts48 2 2107,7667 263,2300 1,5559 2420,6372 0,1382 1341,9336 0,4440 

irafmts48 3 1917,2341 -255,5334 2,0000 2359,0160 0,2066 1051,7413 0,5830 

irafmts48 4 2497,3045 247,5737 1,6392 2418,2404 0,0322 1332,9070 0,6080 

irafmts49 0 0,8425 -0,0467 2,0000 0,8476 0,0060 0,4004 0,7113 

irafmts49 1 0,8380 0,0441 1,8002 0,8508 0,0152 0,4475 0,6077 

irafmts49 2 0,8518 -0,0421 2,0000 0,8482 0,0042 0,4031 0,7152 

irafmts49 3 0,8519 0,0396 1,8225 0,8503 0,0019 0,4449 0,6276 

irafmts49 4 0,8999 -0,0377 2,0000 0,8486 0,0587 0,4054 0,7576 

irafmts50 0 0,8888 -0,0656 2,0000 0,8215 0,0787 0,3780 0,8065 

irafmts50 1 0,8949 0,0590 1,7526 0,8333 0,0713 0,4461 0,6693 

irafmts50 2 0,8820 -0,0545 2,0000 0,8240 0,0680 0,3848 0,7850 

irafmts50 3 0,8791 0,0498 1,7854 0,8314 0,0558 0,4406 0,6645 

irafmts50 4 0,9212 -0,0466 2,0000 0,8253 0,1098 0,3894 0,8116 

irafmts51 0 
4467169, 

0300 

811699, 

4532 
1,3849 

5027644, 

5554 
0,1181 

2919672, 

0043 
0,4190 

irafmts51 1 
3923451, 

5600 

-759047, 

2652 
2,0000 

4850696, 

4854 
0,2114 

2045824, 

6101 
0,6291 

irafmts51 2 
4451256, 

3000 

707990, 

4332 
1,4511 

5011439, 

9821 
0,1184 

2859715, 

2076 
0,4354 

irafmts51 3 
3994728, 

0900 

-665911, 

6268 
2,0000 

4864218, 

8026 
0,1963 

2099153, 

5879 
0,6221 

irafmts51 4 
3993504, 

4200 

624675, 

4210 
1,4589 

4998660, 

6647 
0,2236 

2811668, 

0428 
0,3473 

irafmts52 0 
2060295, 

2500 

537193, 

6601 
1,1727 

2678738, 

6455 
0,2610 

1607966, 

1528 
0,2466 
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irafmts52 1 
3217152, 

3600 

-507508, 

0997 
2,0000 

2749851, 

4532 
0,1566 

1121171, 

6767 
0,9663 

irafmts52 2 
2277839, 

8100 

478132, 

1735 
1,3060 

2683818, 

4789 
0,1636 

1580975, 

3262 
0,3612 

irafmts52 3 
2597907, 

0300 

-454110, 

1969 
2,0000 

2745630, 

4651 
0,0553 

1145760, 

1341 
0,7758 

irafmts52 4 
2755098, 

2000 

430049, 

4014 
1,4599 

2687940, 

0308 
0,0247 

1558994, 

7161 
0,5545 

irafmts53 0 10256,0000 1364,3618 1,5304 10274,5550 0,0018 5819,4584 0,5520 

irafmts53 1 10277,0000 -1277,3112 2,0000 10271,1452 0,0006 4496,9170 0,7825 

irafmts53 2 10244,0000 1192,7020 1,5829 10274,4043 0,0030 5733,5532 0,5646 

irafmts53 3 10238,0000 -1123,4758 2,0000 10271,2651 0,0032 4573,8947 0,7648 

irafmts53 4 10212,0000 1055,3849 1,6253 10274,2778 0,0061 5664,8313 0,5728 

irafmts54 0 
14823830 

94,4300 

1804577 

42,3617 
1,5659 

14821806 

70,9879 
0,0001 

8313192 

06,6748 
0,5628 

irafmts54 1 
14810621 

77,5000 

-1701982 

20,7708 
2,0000 

14819076 

77,3783 
0,0006 

6558547 

28,3038 
0,7723 

irafmts54 2 
14828232 

52,4900 

1601023 

74,3068 
1,6102 

14821851 

06,1192 
0,0004 

8211437 

40,2130 
0,5744 

irafmts54 3 
14825018 

50,9500 

-1517361 

60,2199 
2,0000 

14819030 

84,9051 
0,0004 

6650834 

62,3426 
0,7612 

irafmts54 4 
14813813 

18,6200 

1434218 

07,6934 
1,6469 

14821873 

26,4763 
0,0005 

8128045 

67,0849 
0,5828 

irafmts55 0 
14823830 

94,4300 

2798358 

18,2844 
1,3648 

14821731 

89,6568 
0,0001 

8810045 

03,9706 
0,5089 

irafmts55 1 
14810621 

77,5000 

-2248832 

22,6043 
2,0000 

14819763 

18,6589 
0,0006 

6285465 

48,0273 
0,8082 

irafmts55 2 
14828232 

52,4900 

1828184 

87,2588 
1,5610 

14821277 

20,4682 
0,0005 

8324731 

03,8635 
0,5618 

irafmts55 3 
14825018 

50,9500 

-1551618 

40,8771 
2,0000 

14820061 

75,4704 
0,0003 

6634221 

67,2967 
0,7634 

irafmts55 4 
14813813 

18,6200 

1323507 

60,6025 
1,6719 

14821042 

58,1062 
0,0005 

8072275 

09,3543 
0,5891 

irafmts56 0 163,0000 -33,2302 2,0000 158,6974 0,0267 62,7336 0,8884 

irafmts56 1 187,0000 31,0191 1,4309 160,6942 0,1513 95,8567 0,6444 

irafmts56 2 250,0000 -29,2364 2,0000 158,9441 0,4453 64,8539 1,1761 

irafmts56 3 221,0000 27,4774 1,5577 160,4747 0,3173 93,9760 0,8066 

irafmts56 4 133,0000 -26,0553 2,0000 159,1223 0,1788 66,5335 0,6662 

irafmts57 0 10405,0000 -4339,1779 2,0000 8924,0000 0,1532 2292,4110 1,2778 

irafmts57 1 11066,0000 3947,8548 0,9482 9387,5686 0,1641 6667,7117 0,4960 

irafmts57 2 9772,0000 -3645,2367 2,0000 8973,0706 0,0852 2663,9170 1,1432 

irafmts57 3 11019,0000 3356,7792 1,0660 9342,8625 0,1646 6349,8208 0,5377 

irafmts57 4 9017,0000 -3131,9790 2,0000 9008,3262 0,0010 2938,1736 1,0169 

irafmts58 0 456,0000 -249,6850 2,0000 789,6825 0,5357 269,9988 0,5124 

irafmts58 1 565,0000 221,9477 0,8719 759,6126 0,2938 490,7801 0,1406 
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irafmts58 2 475,0000 -201,6222 2,0000 787,0031 0,4945 292,6905 0,4750 

irafmts58 3 557,0000 182,7927 1,0117 762,1351 0,3110 472,4639 0,1642 

irafmts58 4 548,0000 -168,7812 2,0000 785,1051 0,3557 308,1619 0,5603 

irafmts59 0 35176,0000 -5378,5092 2,0000 36336,3289 0,0325 15478,9098 0,7777 

irafmts59 1 34609,0000 5042,6653 1,4913 37247,3266 0,0734 21144,9959 0,4830 

irafmts59 2 36950,0000 -4770,1685 2,0000 36408,5478 0,0148 15819,1896 0,8009 

irafmts59 3 34830,0000 4498,7951 1,5424 37178,7069 0,0652 20838,7510 0,5027 

irafmts59 4 36871,0000 -4278,1208 2,0000 36465,3489 0,0111 16093,6141 0,7846 

irafmts60 0 81395,0000 -2875,2013 2,0000 73415,7912 0,1031 35270,2949 0,7907 

irafmts60 1 79799,0000 2759,8007 1,8663 73870,8607 0,0772 38315,3307 0,7024 

irafmts60 2 95174,0000 -2664,2279 2,0000 73438,8063 0,2578 35387,2892 0,9158 

irafmts60 3 70811,0000 2564,1571 1,8602 73847,8645 0,0420 38206,0108 0,5982 

irafmts60 4 68351,0000 -2481,3082 2,0000 73458,3402 0,0720 35488,5160 0,6329 

irafmts61 0 4431,0000 -483,1798 2,0000 3751,7567 0,1660 1634,2885 0,9222 

irafmts61 1 4681,0000 458,9168 1,6429 3788,1274 0,2109 2123,5221 0,7517 

irafmts61 2 4559,0000 -438,8666 2,0000 3754,1756 0,1936 1657,6545 0,9334 

irafmts61 3 4810,0000 418,4733 1,6799 3785,7855 0,2383 2102,1294 0,7835 

irafmts61 4 3989,0000 -401,6108 2,0000 3756,1538 0,0601 1677,2715 0,8160 

irafmts62 0 322,0000 -63,2848 2,0000 354,7733 0,0969 145,7442 0,7536 

irafmts62 1 305,0000 60,2846 1,3399 347,7073 0,1309 203,9959 0,3969 

irafmts62 2 400,0000 -57,8146 2,0000 354,2813 0,1212 148,2333 0,9185 

irafmts62 3 472,0000 55,2793 1,5806 348,2776 0,3017 201,7784 0,8021 

irafmts62 4 430,0000 -53,1915 2,0000 353,8831 0,1942 150,3458 0,9638 

irafmts63 0 549,0000 154,7599 1,1204 566,1378 0,0307 360,4488 0,4146 

irafmts63 1 581,0000 -143,7584 2,0000 560,1324 0,0366 208,1870 0,9448 

irafmts63 2 536,0000 133,1981 1,2038 565,3404 0,0533 349,2692 0,4219 

irafmts63 3 478,0000 -124,7011 2,0000 560,7864 0,1594 218,0426 0,7470 

irafmts63 4 508,0000 116,4222 1,2542 564,7472 0,1058 340,5847 0,3946 

irafmts64 0 406,0000 -36,0415 2,0000 315,1982 0,2518 139,5783 0,9767 

irafmts64 1 343,0000 34,3238 1,6361 318,8145 0,0731 176,5691 0,6406 

irafmts64 2 355,0000 -32,9086 2,0000 315,3525 0,1183 141,2219 0,8616 

irafmts64 3 352,0000 31,4570 1,6719 318,6559 0,0994 175,0564 0,6714 

irafmts64 4 286,0000 -30,2607 2,0000 315,4845 0,0980 142,6119 0,6691 

irafmts65 0 13221,0000 -964,6421 2,0000 14984,2155 0,1250 7009,7867 0,6140 

irafmts65 1 12026,0000 921,9392 1,7152 15134,0684 0,2289 8028,0038 0,3987 

irafmts65 2 13012,0000 -886,3911 2,0000 14993,5121 0,1415 7053,5605 0,5939 

irafmts65 3 13489,0000 849,8037 1,7629 15125,0179 0,1144 7987,4108 0,5123 

irafmts65 4 9915,0000 -819,3468 2,0000 15001,2275 0,4083 7090,9403 0,3321 

irafmts66 0 44189,0000 -4804,8839 2,0000 40426,2639 0,0889 17810,6900 0,8509 

irafmts66 1 47709,0000 4551,7086 1,6516 41472,0578 0,1399 23011,8832 0,6984 
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irafmts66 2 44886,0000 -4342,9918 2,0000 40500,1056 0,1027 18078,5569 0,8515 

irafmts66 3 45536,0000 4131,6981 1,6673 41400,9886 0,0951 22766,3434 0,6667 

irafmts66 4 45629,0000 -3957,3515 2,0000 40559,9880 0,1176 18301,3183 0,8549 

irafmts67 0 44752,0000 15587,9972 0,9667 65324,5682 0,3738 40456,2827 0,1008 

irafmts67 1 43407,0000 
-

13862,9895 
2,0000 70497,5996 0,4757 28317,3051 0,4208 

irafmts67 2 47858,0000 12325,4314 1,1808 66197,5220 0,3216 39261,4767 0,1974 

irafmts67 3 44714,0000 
-

11181,4037 
2,0000 70115,4451 0,4424 29467,0207 0,4111 

irafmts67 4 32323,0000 10126,3213 1,0458 66772,0391 0,6953 38449,1802 0,1731 

irafmts68 0 25113,0000 -6305,5425 2,0000 26151,4970 0,0405 9922,9772 0,8671 

irafmts68 1 23835,0000 5620,2953 1,2368 26220,2882 0,0953 15920,2918 0,3982 

irafmts68 2 25457,0000 -5117,2110 2,0000 26165,9758 0,0275 10524,3824 0,8300 

irafmts68 3 25426,0000 4648,1676 1,3818 26208,4184 0,0303 15428,2930 0,4894 

irafmts68 4 20148,0000 -4298,6191 2,0000 26174,9005 0,2602 10938,1407 0,5925 

irafmts69 0 25113,0000 -7480,8502 2,0000 30053,8106 0,1791 11286,4802 0,7597 

irafmts69 1 23835,0000 7122,7762 1,0797 31089,6841 0,2642 19106,2301 0,2202 

irafmts69 2 25457,0000 -6823,3995 2,0000 30121,4406 0,1679 11649,0205 0,7442 

irafmts69 3 25426,0000 6518,9922 1,1837 31024,0978 0,1983 18771,5450 0,3011 

irafmts69 4 20148,0000 -6264,3948 2,0000 30177,5164 0,3986 11956,5608 0,5103 

irafmts70 0 
1153246 

54,8500 

19088469, 

3333 
1,4319 

1078055 

51,7045 
0,0674 

63447010, 

5189 
0,5804 

irafmts70 1 
1083110 

62,2240 

-17297593, 

5621 
2,0000 

1077970 

00,7647 
0,0048 

45249703, 

6013 
0,8213 

irafmts70 2 
969402 

58,0840 

15648690, 

9686 
1,4440 

1078136 

48,0027 
0,1062 

61731169, 

4857 
0,4438 

irafmts70 3 
1034131 

35,1900 

-14373608, 

6115 
2,0000 

1077906 

62,6803 
0,0415 

46708527, 

0344 
0,7554 

irafmts70 4 
1081979 

99,5700 

13171840, 

9297 
1,5659 

1078183 

83,0333 
0,0035 

60495111, 

9815 
0,5656 

irafmts71 0 
79846 

10,9700 

2757105, 

0902 
0,9733 

8893716, 

1942 
0,1077 

5825410, 

6422 
0,3127 

irafmts71 1 
83623 

48,9260 

-2501723, 

1344 
2,0000 

8683925, 

5892 
0,0377 

3091101, 

2274 
0,9205 

irafmts71 2 
83565 

13,4520 

2266041, 

9915 
1,1467 

8862691, 

6520 
0,0588 

5564366, 

8217 
0,4011 

irafmts71 3 
85936 

56,9240 

-2083785, 

1011 
2,0000 

8708110, 

4395 
0,0132 

3312162, 

6692 
0,8872 

irafmts71 4 
83624 

99,2920 

1911598, 

0786 
1,2558 

8841361, 

4613 
0,0557 

5376479, 

7700 
0,4347 

irafmts72 0 
207252 

26,8200 

4604454, 

5299 
1,2729 

228937 

90,5257 
0,0994 

13749122, 

5278 
0,4047 

irafmts72 1 
210406 

87,7400 

-4173108, 

9127 
2,0000 

236261 

48,0099 
0,1158 

9726519, 

5486 
0,7355 
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irafmts72 2 
184612 

42,9500 

3775880, 

4825 
1,3208 

229885 

80,0892 
0,2184 

13382230, 

2858 
0,3190 

irafmts72 3 
233051 

00,6100 

-3468729, 

9616 
2,0000 

235522 

33,4289 
0,0105 

10041751, 

7337 
0,7955 

irafmts72 4 
208502 

63,3500 

3179172, 

2930 
1,4708 

230550 

45,2646 
0,1004 

13117108, 

7788 
0,4553 

 

ʊʘʙʣʠʮʘ ɺ.3 ï ʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ɺʈ ʩ ʧʦʤʦʱʴʶ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ 

ʈʷʜ ʇʦʟ. 
ʌʘʢʪ. 

ʟʥʘʯ. 

ʇʨʦʛʥʦʟ. 

ʟʥʘʯ. 

ʤʝʪʦʜʦʤ 

SMAPE 

ʇʨʦʛʥʦʟ. 

ʟʥʘʯ. 

ʵʥʪʨʦʧʠʝʡ 

SMAPE 

ʇʨʦʛʥʦʟ. 

ʟʥʘʯ. 

ʫʩʨʝʜ. 

SMAPE 

irafmts01 0 1611,9430 182,5721 1,5930 1627,4659 0,0096 905,0190 0,5617 

irafmts01 1 1600,2299 -177,1777 2,0000 1626,1231 0,0161 724,4727 0,7534 

irafmts01 2 1665,0009 171,6004 1,6263 1627,3741 0,0229 899,4873 0,5970 

irafmts01 3 1554,9669 -166,7566 2,0000 1626,2054 0,0448 729,7244 0,7224 

irafmts01 4 1592,1673 161,7293 1,6312 1627,2944 0,0218 894,5118 0,5611 

irafmts02 0 700,4858 88,7717 1,5501 716,6021 0,0227 402,6869 0,5399 

irafmts02 1 733,5106 -86,1857 2,0000 716,5648 0,0234 315,1896 0,7978 

irafmts02 2 724,6577 83,5080 1,5867 716,6048 0,0112 400,0564 0,5772 

irafmts02 3 729,6662 -81,1846 2,0000 716,5621 0,0181 317,6887 0,7867 

irafmts02 4 738,6399 78,7692 1,6145 716,6074 0,0303 397,6883 0,6001 

irafmts03 0 776,2585 154,4752 1,3361 825,0773 0,0610 489,7763 0,4526 

irafmts03 1 800,7731 -150,0209 2,0000 821,8021 0,0259 335,8906 0,8180 

irafmts03 2 793,9910 145,4033 1,3809 824,9152 0,0382 485,1593 0,4829 

irafmts03 3 737,5494 -141,3988 2,0000 821,9466 0,1082 340,2739 0,7372 

irafmts03 4 758,5038 137,2312 1,3872 824,7715 0,0837 481,0013 0,4478 

irafmts04 0 859,7410 92,1727 1,6127 874,8628 0,0174 483,5177 0,5602 

irafmts04 1 894,1693 -89,4967 2,0000 886,0811 0,0091 398,2922 0,7673 

irafmts04 2 931,1489 86,7250 1,6592 875,1813 0,0620 480,9531 0,6376 

irafmts04 3 901,8027 -84,3205 2,0000 885,2903 0,0185 400,4849 0,7699 

irafmts04 4 982,9558 81,8200 1,6926 875,4656 0,1157 478,6428 0,6901 

irafmts05 0 529,7807 74,8855 1,5046 536,9158 0,0134 305,9006 0,5358 

irafmts05 1 529,2861 -72,7045 2,0000 533,8237 0,0085 230,5596 0,7863 

irafmts05 2 532,8159 70,4459 1,5329 536,7951 0,0074 303,6205 0,5480 

irafmts05 3 527,5356 -68,4861 2,0000 533,9299 0,0120 232,7219 0,7756 

irafmts05 4 522,8133 66,4487 1,5489 536,6874 0,0262 301,5680 0,5368 

irafmts06 0 937,8954 174,2761 1,3732 978,0494 0,0419 576,1628 0,4778 

irafmts06 1 952,2965 -169,3263 2,0000 979,8394 0,0285 405,2565 0,8059 

irafmts06 2 952,3498 164,1865 1,4118 978,2034 0,0268 571,1949 0,5004 

irafmts06 3 875,6237 -159,7334 2,0000 979,7002 0,1122 409,9834 0,7244 

irafmts06 4 902,9423 155,0910 1,4137 978,3371 0,0802 566,7140 0,4576 
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irafmts07 0 517,9209 55,4409 1,6132 519,9884 0,0040 287,7147 0,5715 

irafmts07 1 522,2113 -53,8282 2,0000 522,2384 0,0001 234,2051 0,7615 

irafmts07 2 526,9157 52,1582 1,6397 520,0780 0,0131 286,1181 0,5923 

irafmts07 3 528,6013 -50,7093 2,0000 522,1592 0,0123 235,7250 0,7664 

irafmts07 4 540,9352 49,2029 1,6665 520,1584 0,0392 284,6806 0,6208 

irafmts08 0 498,7571 61,4549 1,5612 495,3734 0,0068 278,4142 0,5670 

irafmts08 1 488,4240 -59,6503 2,0000 491,9698 0,0072 216,1598 0,7728 

irafmts08 2 485,1312 57,7833 1,5743 495,2246 0,0206 276,5039 0,5478 

irafmts08 3 478,5853 -56,1623 2,0000 492,1016 0,0278 217,9697 0,7483 

irafmts08 4 494,2438 54,4787 1,6029 495,0922 0,0017 274,7854 0,5707 

irafmts09 0 488,7110 100,7738 1,3162 521,7259 0,0653 311,2499 0,4437 

irafmts09 1 467,6615 -97,8624 2,0000 518,7595 0,1036 210,4485 0,7586 

irafmts09 2 481,5658 94,8448 1,3418 521,5781 0,0798 308,2115 0,4390 

irafmts09 3 491,4956 -92,2276 2,0000 518,8912 0,0542 213,3318 0,7893 

irafmts09 4 454,4260 89,5043 1,3418 521,4471 0,1374 305,4757 0,3920 

irafmts10 0 13,8990 2,4972 1,3908 14,2949 0,0281 8,3960 0,4937 

irafmts10 1 13,4235 -2,4269 2,0000 15,2464 0,1272 6,4098 0,7073 

irafmts10 2 14,3938 2,3537 1,4378 14,3014 0,0064 8,3276 0,5340 

irafmts10 3 13,2235 -2,2904 2,0000 15,2384 0,1416 6,4740 0,6853 

irafmts10 4 12,3295 2,2244 1,3887 14,3072 0,1485 8,2658 0,3946 

irafmts11 0 499,0152 70,2382 1,5065 504,2842 0,0105 287,2612 0,5386 

irafmts11 1 508,5669 -68,2114 2,0000 504,9497 0,0071 218,3692 0,7984 

irafmts11 2 498,9509 66,1104 1,5320 504,3127 0,0107 285,2115 0,5451 

irafmts11 3 499,1270 -64,2884 2,0000 504,9245 0,0115 220,3180 0,7751 

irafmts11 4 509,9074 62,3924 1,5639 504,3380 0,0110 283,3652 0,5712 

irafmts12 0 431,3766 48,1044 1,5987 434,8880 0,0081 241,4962 0,5644 

irafmts12 1 453,1480 -46,6833 2,0000 431,6823 0,0485 192,4995 0,8074 

irafmts12 2 437,5645 45,2139 1,6254 434,6928 0,0066 239,9533 0,5833 

irafmts12 3 438,2370 -43,9376 2,0000 431,7839 0,0148 193,9232 0,7729 

irafmts12 4 478,4305 42,6129 1,6729 434,5186 0,0962 238,5657 0,6691 

irafmts13 0 923,0195 116,4969 1,5517 1025,9789 0,1057 571,2379 0,4708 

irafmts13 1 948,1170 -113,1122 2,0000 1031,2030 0,0840 459,0454 0,6951 

irafmts13 2 1099,7367 109,6064 1,6375 1026,2306 0,0692 567,9185 0,6378 

irafmts13 3 926,5209 -106,5645 2,0000 1030,9792 0,1067 462,2073 0,6687 

irafmts13 4 927,7032 103,4014 1,5989 1026,4536 0,1011 564,9275 0,4861 

irafmts14 0 1478,6763 199,7589 1,5239 1598,8986 0,0781 899,3287 0,4873 

irafmts14 1 1429,3655 -193,7156 2,0000 1533,9874 0,0706 670,1359 0,7232 

irafmts14 2 1598,8986 187,4819 1,5802 1596,2534 0,0017 891,8676 0,5677 

irafmts14 3 1467,4412 -182,0589 2,0000 1536,3233 0,0459 677,1322 0,7370 

irafmts14 4 1450,1343 176,4440 1,5661 1593,8910 0,0945 885,1675 0,4838 
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irafmts15 0 1006,1186 246,5976 1,2126 1570,2238 0,4379 908,4107 0,1021 

irafmts15 1 1256,9931 -239,5292 2,0000 1569,4273 0,2211 664,9490 0,6161 

irafmts15 2 1226,4236 232,1973 1,3632 1570,2866 0,2459 901,2420 0,3057 

irafmts15 3 1178,1902 -225,8419 2,0000 1569,3672 0,2847 671,7626 0,5475 

irafmts15 4 1422,9438 219,2234 1,4660 1570,3398 0,0985 894,7816 0,4558 

irafmts16 0 1946,8470 213,0860 1,6054 1898,5043 0,0251 1055,7951 0,5935 

irafmts16 1 1614,0270 -206,7170 2,0000 1837,9996 0,1298 815,6413 0,6572 

irafmts16 2 1778,4380 200,1393 1,5954 1896,1666 0,0641 1048,1530 0,5167 

irafmts16 3 1854,0471 -194,4216 2,0000 1840,0579 0,0076 822,8182 0,7705 

irafmts16 4 1977,2296 188,4940 1,6519 1894,0747 0,0430 1041,2843 0,6201 

irafmts17 0 854,5822 111,7871 1,5373 732,8042 0,1534 422,2956 0,6771 

irafmts17 1 874,5111 -108,6220 2,0000 731,1622 0,1786 311,2701 0,9500 

irafmts17 2 961,2867 105,3347 1,6050 732,8078 0,2697 419,0712 0,7856 

irafmts17 3 783,8628 -102,4877 2,0000 731,1556 0,0696 314,3340 0,8551 

irafmts17 4 813,1105 99,5188 1,5638 732,8088 0,1039 416,1638 0,6458 

irafmts18 0 749,4569 173,1659 1,2492 963,5345 0,2499 568,3502 0,2749 

irafmts18 1 1002,5844 -168,0069 2,0000 935,1069 0,0696 383,5500 0,8932 

irafmts18 2 787,0749 162,6773 1,3149 962,4337 0,2005 562,5555 0,3327 

irafmts18 3 927,0222 -158,0457 2,0000 936,0757 0,0097 389,0150 0,8176 

irafmts18 4 949,5780 153,2426 1,4442 961,4497 0,0124 557,3461 0,5206 

irafmts19 0 1455,2727 165,7608 1,5910 1458,0336 0,0019 811,8972 0,5676 

irafmts19 1 1701,1906 -160,9423 2,0000 1477,3292 0,1409 658,1934 0,8841 

irafmts19 2 1555,4982 155,9517 1,6355 1458,9472 0,0641 807,4494 0,6331 

irafmts19 3 1559,3833 -151,6217 2,0000 1476,5168 0,0546 662,4475 0,8074 

irafmts19 4 1590,7304 147,1194 1,6614 1459,7583 0,0859 803,4389 0,6577 

irafmts20 0 1246,9804 153,9469 1,5604 1507,8726 0,1894 830,9098 0,4005 

irafmts20 1 1367,5300 -149,7314 2,0000 1549,6547 0,1249 699,9617 0,6458 

irafmts20 2 1416,0481 145,3374 1,6277 1509,2372 0,0637 827,2873 0,5249 

irafmts20 3 1515,4932 -141,5410 2,0000 1547,9544 0,0212 703,2067 0,7322 

irafmts20 4 1545,8891 137,5673 1,6731 1510,4528 0,0232 824,0101 0,6092 

irafmts21 0 126,8759 40,6962 1,0286 196,2444 0,4294 118,4703 0,0685 

irafmts21 1 204,1721 -39,4616 2,0000 191,3189 0,0650 75,9286 0,9157 

irafmts21 2 202,2417 38,1884 1,3647 196,0443 0,0311 117,1164 0,5331 

irafmts21 3 122,8385 -37,0806 2,0000 191,4955 0,4368 77,2074 0,4562 

irafmts21 4 209,6733 35,9339 1,4148 195,8657 0,0681 115,8998 0,5761 

irafmts22 0 154,8995 28,2962 1,3822 223,0019 0,3604 125,6490 0,2085 

irafmts22 1 214,2780 -27,5295 2,0000 225,8961 0,0528 99,1833 0,7343 

irafmts22 2 147,5104 26,7294 1,3864 223,1365 0,4081 124,9330 0,1657 

irafmts22 3 189,8817 -26,0386 2,0000 225,7764 0,1727 99,8689 0,6213 

irafmts22 4 172,9100 25,3147 1,4892 223,2563 0,2542 124,2855 0,3272 
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irafmts23 0 237,7347 49,7787 1,3075 335,1027 0,3399 192,4407 0,2106 

irafmts23 1 242,2352 -48,2131 2,0000 304,0228 0,2262 127,9048 0,6178 

irafmts23 2 274,3155 46,6044 1,4191 333,8777 0,1959 190,2411 0,3620 

irafmts23 3 240,2225 -45,2014 2,0000 304,9829 0,2376 129,8908 0,5962 

irafmts23 4 272,5412 43,7546 1,4467 332,7861 0,1990 188,2704 0,3657 

irafmts24 0 212,6613 20,0671 1,6551 192,7694 0,0981 106,4183 0,6659 

irafmts24 1 175,2047 -19,4758 2,0000 193,8818 0,1012 87,2030 0,6707 

irafmts24 2 149,4297 18,8643 1,5516 192,8349 0,2536 105,8496 0,3414 

irafmts24 3 157,4498 -18,3333 2,0000 193,8230 0,2071 87,7449 0,5686 

irafmts24 4 151,3794 17,7819 1,5795 192,8927 0,2412 105,3373 0,3587 

irafmts25 0 1077,6837 119,4163 1,6010 1174,2400 0,0858 646,8282 0,4997 

irafmts25 1 1199,2171 -116,0627 2,0000 1194,5195 0,0039 539,2284 0,7593 

irafmts25 2 1169,0670 112,5768 1,6486 1175,1529 0,0052 643,8648 0,5794 

irafmts25 3 1194,5785 -109,5598 2,0000 1193,7092 0,0007 542,0747 0,7514 

irafmts25 4 1135,9090 106,4109 1,6574 1175,9655 0,0347 641,1882 0,5568 

irafmts26 0 837,9083 96,7664 1,5859 854,9004 0,0201 475,8334 0,5512 

irafmts26 1 792,9527 -94,1013 2,0000 879,9440 0,1040 392,9214 0,6747 

irafmts26 2 927,0508 91,3247 1,6413 855,5447 0,0802 473,4347 0,6478 

irafmts26 3 817,9404 -88,9245 2,0000 879,4969 0,0725 395,2862 0,6967 

irafmts26 4 919,9077 86,4136 1,6565 856,1170 0,0718 471,2653 0,6450 

irafmts27 0 923,8319 189,3717 1,3195 1112,8196 0,1856 651,0957 0,3463 

irafmts27 1 932,5858 -183,7806 2,0000 1090,7700 0,1564 453,4947 0,6913 

irafmts27 2 955,6474 177,9989 1,3719 1111,9834 0,1512 644,9912 0,3882 

irafmts27 3 1091,8009 -172,9771 2,0000 1091,5502 0,0002 459,2865 0,8156 

irafmts27 4 848,7734 167,7641 1,3399 1111,1934 0,2678 639,4787 0,2813 

irafmts28 0 1804,0506 177,1124 1,6424 1599,9827 0,1199 888,5475 0,6800 

irafmts28 1 2083,8426 -172,0682 2,0000 1588,1889 0,2700 708,0604 0,9856 

irafmts28 2 1991,4142 166,8325 1,6908 1599,7666 0,2181 883,2996 0,7709 

irafmts28 3 1976,5186 -162,2962 2,0000 1588,3679 0,2178 713,0358 0,9395 

irafmts28 4 1973,0580 157,5688 1,7042 1599,5639 0,2091 878,5663 0,7676 

irafmts29 0 793,9405 108,8821 1,5176 740,0541 0,0703 424,4681 0,6065 

irafmts29 1 800,1900 -105,6592 2,0000 729,5617 0,0923 311,9513 0,8780 

irafmts29 2 777,2365 102,3274 1,5346 739,6133 0,0496 420,9703 0,5947 

irafmts29 3 738,1942 -99,4330 2,0000 729,9514 0,0112 315,2592 0,8029 

irafmts29 4 807,9414 96,4293 1,5735 739,2204 0,0888 417,8249 0,6365 

irafmts30 0 587,5438 94,4539 1,4460 545,8128 0,0736 320,1334 0,5892 

irafmts30 1 465,6471 -91,7245 2,0000 539,4751 0,1469 223,8753 0,7013 

irafmts30 2 535,8887 88,8954 1,4309 545,5840 0,0179 317,2397 0,5126 

irafmts30 3 476,6271 -86,4416 2,0000 539,6757 0,1241 226,6171 0,7110 

irafmts30 4 522,9212 83,8883 1,4470 545,3788 0,0420 314,6335 0,4974 
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irafmts31 0 310,8309 34,2815 1,6027 332,1897 0,0664 183,2356 0,5165 

irafmts31 1 331,0634 -33,3042 2,0000 336,5706 0,0165 151,6332 0,7434 

irafmts31 2 353,5009 32,2900 1,6652 332,3724 0,0616 182,3312 0,6389 

irafmts31 3 302,5798 -31,4112 2,0000 336,4091 0,1059 152,4989 0,6596 

irafmts31 4 323,4488 30,4956 1,6554 332,5353 0,0277 181,5155 0,5622 

irafmts32 0 780,5420 93,8538 1,5707 758,8836 0,0281 426,3687 0,5869 

irafmts32 1 748,2242 -91,0996 2,0000 757,2507 0,0120 333,0756 0,7679 

irafmts32 2 677,2042 88,2499 1,5388 758,8032 0,1136 423,5266 0,4609 

irafmts32 3 746,7243 -85,7759 2,0000 757,3222 0,0141 335,7731 0,7593 

irafmts32 4 736,1639 83,2063 1,5938 758,7321 0,0302 420,9692 0,5448 

irafmts33 0 690,7762 139,0451 1,3298 526,6900 0,2696 332,8675 0,6993 

irafmts33 1 875,7402 -135,1433 2,0000 530,1755 0,4916 197,5161 1,2639 

irafmts33 2 697,8108 131,0861 1,3674 526,8715 0,2792 328,9788 0,7184 

irafmts33 3 633,8713 -127,5738 2,0000 530,0142 0,1785 201,2202 1,0362 

irafmts33 4 701,4721 123,9069 1,3995 527,0306 0,2840 325,4688 0,7323 

irafmts34 0 1268,7432 223,9155 1,4000 1277,4169 0,0068 750,6662 0,5131 

irafmts34 1 1103,1209 -217,5477 2,0000 1264,3090 0,1362 523,3806 0,7129 

irafmts34 2 1027,1917 210,9366 1,3185 1276,9119 0,2168 743,9243 0,3199 

irafmts34 3 1199,4148 -205,2086 2,0000 1264,7531 0,0530 529,7723 0,7745 

irafmts34 4 1161,7135 199,2379 1,4144 1276,4608 0,0941 737,8493 0,4463 

irafmts35 0 431,5095 57,8137 1,5274 357,3930 0,1879 207,6034 0,7007 

irafmts35 1 431,1358 -56,1448 2,0000 356,2695 0,1902 150,0624 0,9672 

irafmts35 2 416,3038 54,4149 1,5376 357,3460 0,1524 205,8805 0,6764 

irafmts35 3 402,6632 -52,9147 2,0000 356,3111 0,1221 151,6982 0,9054 

irafmts35 4 399,7858 51,3535 1,5447 357,3042 0,1122 204,3288 0,6471 

irafmts36 0 447,1225 51,6586 1,5857 530,2107 0,1700 290,9347 0,4232 

irafmts36 1 498,4845 -50,1820 2,0000 539,2775 0,0786 244,5477 0,6835 

irafmts36 2 493,3505 48,6499 1,6410 530,6768 0,0729 289,6633 0,5203 

irafmts36 3 470,1890 -47,3221 2,0000 538,8619 0,1361 245,7699 0,6269 

irafmts36 4 520,5337 45,9388 1,6756 531,0888 0,0201 288,5138 0,5736 

irafmts37 0 2230,2608 348,0783 1,4600 2328,7057 0,0432 1338,3920 0,4998 

irafmts37 1 2067,4304 -336,6070 2,0000 2100,7245 0,0160 882,0587 0,8038 

irafmts37 2 2259,9640 324,8718 1,4973 2318,3275 0,0255 1321,5997 0,5240 

irafmts37 3 2129,8493 -314,6074 2,0000 2107,1711 0,0107 896,2819 0,8153 

irafmts37 4 2160,8534 304,0716 1,5066 2309,0724 0,0663 1306,5720 0,4927 

irafmts38 0 394,6380 43,7276 1,6010 357,8822 0,0977 200,8049 0,6511 

irafmts38 1 321,1458 -42,4679 2,0000 359,8433 0,1137 158,6877 0,6771 

irafmts38 2 328,4782 41,1620 1,5546 357,9685 0,0859 199,5652 0,4883 

irafmts38 3 334,0678 -40,0296 2,0000 359,7668 0,0741 159,8686 0,7054 

irafmts38 4 377,0383 38,8511 1,6263 358,0455 0,0517 198,4483 0,6207 
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irafmts39 0 1475,1626 257,8399 1,4049 1590,9481 0,0755 924,3940 0,4591 

irafmts39 1 2015,1664 -250,9216 2,0000 1564,1717 0,2520 656,6250 1,0170 

irafmts39 2 1296,3312 243,6925 1,3670 1589,9510 0,2035 916,8218 0,3430 

irafmts39 3 1309,0420 -237,4541 2,0000 1565,0469 0,1781 663,7964 0,6541 

irafmts39 4 1902,3870 230,9078 1,5670 1589,0589 0,1795 909,9834 0,7057 

irafmts40 0 943,4718 91,4577 1,6465 808,1270 0,1545 449,7923 0,7087 

irafmts40 1 1100,1523 -89,0354 2,0000 832,2638 0,2773 371,6142 0,9900 

irafmts40 2 1093,7022 86,5011 1,7068 809,2521 0,2990 447,8766 0,8379 

irafmts40 3 975,5409 -84,3167 2,0000 831,2639 0,1597 373,4736 0,8926 

irafmts40 4 1107,4261 82,0213 1,7242 810,2519 0,3099 446,1366 0,8513 

irafmts41 0 54,1050 7,3485 1,5217 39,9636 0,3007 23,6561 0,7831 

irafmts41 1 48,8682 -7,1233 2,0000 38,8122 0,2294 15,8445 1,0206 

irafmts41 2 52,5236 6,8912 1,5361 39,9172 0,2727 23,4042 0,7670 

irafmts41 3 40,0982 -6,6891 2,0000 38,8532 0,0315 16,0821 0,8550 

irafmts41 4 49,7177 6,4802 1,5388 39,8757 0,2197 23,1779 0,7282 

irafmts42 0 1199,8072 166,2435 1,5132 1336,4493 0,1078 751,3464 0,4597 

irafmts42 1 899,4493 -161,7388 2,0000 1365,2836 0,4114 601,7724 0,3966 

irafmts42 2 931,7772 157,0373 1,4231 1337,8751 0,3579 747,4562 0,2195 

irafmts42 3 1319,9627 -152,9776 2,0000 1364,1480 0,0329 605,5852 0,7420 

irafmts42 4 1042,0139 148,7228 1,5004 1339,0991 0,2495 743,9109 0,3338 

irafmts43 0 429,2995 51,0724 1,5747 519,2475 0,1897 285,1599 0,4035 

irafmts43 1 416,7975 -49,5867 2,0000 514,4763 0,2098 232,4448 0,5679 

irafmts43 2 446,5729 48,0481 1,6114 519,0951 0,1502 283,5716 0,4465 

irafmts43 3 467,5940 -46,7132 2,0000 514,6087 0,0957 233,9477 0,6661 

irafmts43 4 457,1480 45,3255 1,6392 518,9579 0,1266 282,1417 0,4734 

irafmts44 0 111,3806 14,7227 1,5330 101,5095 0,0927 58,1161 0,6285 

irafmts44 1 129,7635 -14,3022 2,0000 102,0575 0,2390 43,8777 0,9892 

irafmts44 2 133,6614 13,8658 1,6240 101,5337 0,2732 57,6997 0,7939 

irafmts44 3 131,0829 -13,4876 2,0000 102,0361 0,2492 44,2742 0,9901 

irafmts44 4 128,7791 13,0936 1,6308 101,5551 0,2364 57,3244 0,7679 

irafmts45 0 1323,9769 226,1438 1,4164 1201,4376 0,0970 713,7907 0,5989 

irafmts45 1 1522,5457 -220,2080 2,0000 1256,9957 0,1911 518,3938 0,9840 

irafmts45 2 1111,1951 213,9912 1,3541 1203,9769 0,0802 708,9841 0,4419 

irafmts45 3 1686,3947 -208,6360 2,0000 1254,7400 0,2935 523,0520 1,0531 

irafmts45 4 1399,4575 203,0028 1,4933 1206,2364 0,1483 704,6196 0,6605 

irafmts46 0 1444,2105 219,7851 1,4717 1258,9282 0,1371 739,3566 0,6456 

irafmts46 1 1420,0199 -213,6485 2,0000 1264,4729 0,1159 525,4122 0,9197 

irafmts46 2 1513,1810 207,2646 1,5181 1259,2729 0,1832 733,2688 0,6944 

irafmts46 3 1222,8282 -201,7401 2,0000 1264,1632 0,0332 531,2116 0,7886 

irafmts46 4 1365,6481 195,9694 1,4980 1259,5763 0,0808 727,7728 0,6094 
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irafmts47 0 486,4814 54,1848 1,5991 478,2548 0,0171 266,2198 0,5853 

irafmts47 1 583,7087 -52,8961 2,0000 498,3891 0,1577 222,7465 0,8952 

irafmts47 2 475,5541 51,5303 1,6089 479,1250 0,0075 265,3276 0,5675 

irafmts47 3 578,3576 -50,3625 2,0000 497,5859 0,1501 223,6117 0,8847 

irafmts47 4 525,2638 49,1190 1,6579 479,8998 0,0903 264,5094 0,6603 

irafmts48 0 2185,4293 280,6529 1,5448 2423,3226 0,1032 1351,9877 0,4712 

irafmts48 1 2333,8788 -272,0717 2,0000 2356,6475 0,0097 1042,2879 0,7651 

irafmts48 2 2107,7667 263,2300 1,5559 2420,6372 0,1382 1341,9336 0,4440 

irafmts48 3 1917,2341 -255,5334 2,0000 2359,0160 0,2066 1051,7413 0,5830 

irafmts48 4 2497,3045 247,5737 1,6392 2418,2404 0,0322 1332,9070 0,6080 

irafmts49 0 0,8425 -0,0467 2,0000 0,8476 0,0060 0,4004 0,7113 

irafmts49 1 0,8380 0,0441 1,8002 0,8508 0,0152 0,4475 0,6077 

irafmts49 2 0,8518 -0,0421 2,0000 0,8482 0,0042 0,4031 0,7152 

irafmts49 3 0,8519 0,0396 1,8225 0,8503 0,0019 0,4449 0,6276 

irafmts49 4 0,8999 -0,0377 2,0000 0,8486 0,0587 0,4054 0,7576 

irafmts50 0 0,8888 -0,0656 2,0000 0,8215 0,0787 0,3780 0,8065 

irafmts50 1 0,8949 0,0590 1,7526 0,8333 0,0713 0,4461 0,6693 

irafmts50 2 0,8820 -0,0545 2,0000 0,8240 0,0680 0,3848 0,7850 

irafmts50 3 0,8791 0,0498 1,7854 0,8314 0,0558 0,4406 0,6645 

irafmts50 4 0,9212 -0,0466 2,0000 0,8253 0,1098 0,3894 0,8116 

irafmts51 0 
446716 

9,0300 

811699, 

4532 
1,3849 

5027644, 

5554 
0,1181 

2919672, 

0043 
0,4190 

irafmts51 1 
392345 

1,5600 

-759047, 

2652 
2,0000 

4850696, 

4854 
0,2114 

2045824, 

6101 
0,6291 

irafmts51 2 
445125 

6,3000 

707990, 

4332 
1,4511 

5011439, 

9821 
0,1184 

2859715, 

2076 
0,4354 

irafmts51 3 
399472 

8,0900 

-665911, 

6268 
2,0000 

4864218, 

8026 
0,1963 

2099153, 

5879 
0,6221 

irafmts51 4 
399350 

4,4200 

624675, 

4210 
1,4589 

4998660, 

6647 
0,2236 

2811668, 

0428 
0,3473 

irafmts52 0 
206029 

5,2500 

537193, 

6601 
1,1727 

2678738, 

6455 
0,2610 

1607966, 

1528 
0,2466 

irafmts52 1 
321715 

2,3600 

-507508, 

0997 
2,0000 

2749851, 

4532 
0,1566 

1121171, 

6767 
0,9663 

irafmts52 2 
227783 

9,8100 

478132, 

1735 
1,3060 

2683818, 

4789 
0,1636 

1580975, 

3262 
0,3612 

irafmts52 3 
259790 

7,0300 

-454110, 

1969 
2,0000 

2745630, 

4651 
0,0553 

1145760, 

1341 
0,7758 

irafmts52 4 
275509 

8,2000 

430049, 

4014 
1,4599 

2687940, 

0308 
0,0247 

1558994, 

7161 
0,5545 

irafmts53 0 10256,0000 1364,3618 1,5304 10274,5550 0,0018 5819,4584 0,5520 

irafmts53 1 10277,0000 -1277,3112 2,0000 10271,1452 0,0006 4496,9170 0,7825 

irafmts53 2 10244,0000 1192,7020 1,5829 10274,4043 0,0030 5733,5532 0,5646 

irafmts53 3 10238,0000 -1123,4758 2,0000 10271,2651 0,0032 4573,8947 0,7648 
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irafmts53 4 10212,0000 1055,3849 1,6253 10274,2778 0,0061 5664,8313 0,5728 

irafmts54 0 
14823830 

94,4300 

1804577 

42,3617 
1,5659 

14821806 

70,9879 
0,0001 

8313192 

06,6748 
0,5628 

irafmts54 1 
14810621 

77,5000 

-1701982 

20,7708 
2,0000 

14819076 

77,3783 
0,0006 

6558547 

28,3038 
0,7723 

irafmts54 2 
14828232 

52,4900 

1601023 

74,3068 
1,6102 

14821851 

06,1192 
0,0004 

8211437 

40,2130 
0,5744 

irafmts54 3 
14825018 

50,9500 

-1517361 

60,2199 
2,0000 

14819030 

84,9051 
0,0004 

6650834 

62,3426 
0,7612 

irafmts54 4 
14813813 

18,6200 

1434218 

07,6934 
1,6469 

14821873 

26,4763 
0,0005 

8128045 

67,0849 
0,5828 

irafmts55 0 
14823830 

94,4300 

2798358 

18,2844 
1,3648 

14821731 

89,6568 
0,0001 

8810045 

03,9706 
0,5089 

irafmts55 1 
14810621 

77,5000 

-2248832 

22,6043 
2,0000 

14819763 

18,6589 
0,0006 

6285465 

48,0273 
0,8082 

irafmts55 2 
14828232 

52,4900 

1828184 

87,2588 
1,5610 

14821277 

20,4682 
0,0005 

8324731 

03,8635 
0,5618 

irafmts55 3 
14825018 

50,9500 

-1551618 

40,8771 
2,0000 

14820061 

75,4704 
0,0003 

6634221 

67,2967 
0,7634 

irafmts55 4 
14813813 

18,6200 

1323507 

60,6025 
1,6719 

14821042 

58,1062 
0,0005 

8072275 

09,3543 
0,5891 

irafmts56 0 163,0000 -33,2302 2,0000 158,6974 0,0267 62,7336 0,8884 

irafmts56 1 187,0000 31,0191 1,4309 160,6942 0,1513 95,8567 0,6444 

irafmts56 2 250,0000 -29,2364 2,0000 158,9441 0,4453 64,8539 1,1761 

irafmts56 3 221,0000 27,4774 1,5577 160,4747 0,3173 93,9760 0,8066 

irafmts56 4 133,0000 -26,0553 2,0000 159,1223 0,1788 66,5335 0,6662 

irafmts57 0 10405,0000 -4339,1779 2,0000 8924,0000 0,1532 2292,4110 1,2778 

irafmts57 1 11066,0000 3947,8548 0,9482 9387,5686 0,1641 6667,7117 0,4960 

irafmts57 2 9772,0000 -3645,2367 2,0000 8973,0706 0,0852 2663,9170 1,1432 

irafmts57 3 11019,0000 3356,7792 1,0660 9342,8625 0,1646 6349,8208 0,5377 

irafmts57 4 9017,0000 -3131,9790 2,0000 9008,3262 0,0010 2938,1736 1,0169 

irafmts58 0 456,0000 -249,6850 2,0000 789,6825 0,5357 269,9988 0,5124 

irafmts58 1 565,0000 221,9477 0,8719 759,6126 0,2938 490,7801 0,1406 

irafmts58 2 475,0000 -201,6222 2,0000 787,0031 0,4945 292,6905 0,4750 

irafmts58 3 557,0000 182,7927 1,0117 762,1351 0,3110 472,4639 0,1642 

irafmts58 4 548,0000 -168,7812 2,0000 785,1051 0,3557 308,1619 0,5603 

irafmts59 0 35176,0000 -5378,5092 2,0000 36336,3289 0,0325 15478,9098 0,7777 

irafmts59 1 34609,0000 5042,6653 1,4913 37247,3266 0,0734 21144,9959 0,4830 

irafmts59 2 36950,0000 -4770,1685 2,0000 36408,5478 0,0148 15819,1896 0,8009 

irafmts59 3 34830,0000 4498,7951 1,5424 37178,7069 0,0652 20838,7510 0,5027 

irafmts59 4 36871,0000 -4278,1208 2,0000 36465,3489 0,0111 16093,6141 0,7846 

irafmts60 0 81395,0000 -2875,2013 2,0000 73415,7912 0,1031 35270,2949 0,7907 

irafmts60 1 79799,0000 2759,8007 1,8663 73870,8607 0,0772 38315,3307 0,7024 

irafmts60 2 95174,0000 -2664,2279 2,0000 73438,8063 0,2578 35387,2892 0,9158 
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irafmts60 3 70811,0000 2564,1571 1,8602 73847,8645 0,0420 38206,0108 0,5982 

irafmts60 4 68351,0000 -2481,3082 2,0000 73458,3402 0,0720 35488,5160 0,6329 

irafmts61 0 4431,0000 -483,1798 2,0000 3751,7567 0,1660 1634,2885 0,9222 

irafmts61 1 4681,0000 458,9168 1,6429 3788,1274 0,2109 2123,5221 0,7517 

irafmts61 2 4559,0000 -438,8666 2,0000 3754,1756 0,1936 1657,6545 0,9334 

irafmts61 3 4810,0000 418,4733 1,6799 3785,7855 0,2383 2102,1294 0,7835 

irafmts61 4 3989,0000 -401,6108 2,0000 3756,1538 0,0601 1677,2715 0,8160 

irafmts62 0 322,0000 -63,2848 2,0000 354,7733 0,0969 145,7442 0,7536 

irafmts62 1 305,0000 60,2846 1,3399 347,7073 0,1309 203,9959 0,3969 

irafmts62 2 400,0000 -57,8146 2,0000 354,2813 0,1212 148,2333 0,9185 

irafmts62 3 472,0000 55,2793 1,5806 348,2776 0,3017 201,7784 0,8021 

irafmts62 4 430,0000 -53,1915 2,0000 353,8831 0,1942 150,3458 0,9638 

irafmts63 0 549,0000 154,7599 1,1204 566,1378 0,0307 360,4488 0,4146 

irafmts63 1 581,0000 -143,7584 2,0000 560,1324 0,0366 208,1870 0,9448 

irafmts63 2 536,0000 133,1981 1,2038 565,3404 0,0533 349,2692 0,4219 

irafmts63 3 478,0000 -124,7011 2,0000 560,7864 0,1594 218,0426 0,7470 

irafmts63 4 508,0000 116,4222 1,2542 564,7472 0,1058 340,5847 0,3946 

irafmts64 0 406,0000 -36,0415 2,0000 315,1982 0,2518 139,5783 0,9767 

irafmts64 1 343,0000 34,3238 1,6361 318,8145 0,0731 176,5691 0,6406 

irafmts64 2 355,0000 -32,9086 2,0000 315,3525 0,1183 141,2219 0,8616 

irafmts64 3 352,0000 31,4570 1,6719 318,6559 0,0994 175,0564 0,6714 

irafmts64 4 286,0000 -30,2607 2,0000 315,4845 0,0980 142,6119 0,6691 

irafmts65 0 13221,0000 -964,6421 2,0000 14984,2155 0,1250 7009,7867 0,6140 

irafmts65 1 12026,0000 921,9392 1,7152 15134,0684 0,2289 8028,0038 0,3987 

irafmts65 2 13012,0000 -886,3911 2,0000 14993,5121 0,1415 7053,5605 0,5939 

irafmts65 3 13489,0000 849,8037 1,7629 15125,0179 0,1144 7987,4108 0,5123 

irafmts65 4 9915,0000 -819,3468 2,0000 15001,2275 0,4083 7090,9403 0,3321 

irafmts66 0 44189,0000 -4804,8839 2,0000 40426,2639 0,0889 17810,6900 0,8509 

irafmts66 1 47709,0000 4551,7086 1,6516 41472,0578 0,1399 23011,8832 0,6984 

irafmts66 2 44886,0000 -4342,9918 2,0000 40500,1056 0,1027 18078,5569 0,8515 

irafmts66 3 45536,0000 4131,6981 1,6673 41400,9886 0,0951 22766,3434 0,6667 

irafmts66 4 45629,0000 -3957,3515 2,0000 40559,9880 0,1176 18301,3183 0,8549 

irafmts67 0 44752,0000 15587,9972 0,9667 65324,5682 0,3738 40456,2827 0,1008 

irafmts67 1 43407,0000 
-

13862,9895 
2,0000 70497,5996 0,4757 28317,3051 0,4208 

irafmts67 2 47858,0000 12325,4314 1,1808 66197,5220 0,3216 39261,4767 0,1974 

irafmts67 3 44714,0000 
-

11181,4037 
2,0000 70115,4451 0,4424 29467,0207 0,4111 

irafmts67 4 32323,0000 10126,3213 1,0458 66772,0391 0,6953 38449,1802 0,1731 

irafmts68 0 25113,0000 -6305,5425 2,0000 26151,4970 0,0405 9922,9772 0,8671 

irafmts68 1 23835,0000 5620,2953 1,2368 26220,2882 0,0953 15920,2918 0,3982 
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irafmts68 2 25457,0000 -5117,2110 2,0000 26165,9758 0,0275 10524,3824 0,8300 

irafmts68 3 25426,0000 4648,1676 1,3818 26208,4184 0,0303 15428,2930 0,4894 

irafmts68 4 20148,0000 -4298,6191 2,0000 26174,9005 0,2602 10938,1407 0,5925 

irafmts69 0 25113,0000 -7480,8502 2,0000 30053,8106 0,1791 11286,4802 0,7597 

irafmts69 1 23835,0000 7122,7762 1,0797 31089,6841 0,2642 19106,2301 0,2202 

irafmts69 2 25457,0000 -6823,3995 2,0000 30121,4406 0,1679 11649,0205 0,7442 

irafmts69 3 25426,0000 6518,9922 1,1837 31024,0978 0,1983 18771,5450 0,3011 

irafmts69 4 20148,0000 -6264,3948 2,0000 30177,5164 0,3986 11956,5608 0,5103 

irafmts70 0 
1153246 

54,8500 

1908846 

9,3333 
1,4319 

1078055 

51,7045 
0,0674 

6344701 

0,5189 
0,5804 

irafmts70 1 
1083110 

62,2240 

-1729759 

3,5621 
2,0000 

1077970 

00,7647 
0,0048 

4524970 

3,6013 
0,8213 

irafmts70 2 
969402 

58,0840 

1564869 

0,9686 
1,4440 

1078136 

48,0027 
0,1062 

6173116 

9,4857 
0,4438 

irafmts70 3 
1034131 

35,1900 

-1437360 

8,6115 
2,0000 

1077906 

62,6803 
0,0415 

4670852 

7,0344 
0,7554 

irafmts70 4 
1081979 

99,5700 

1317184 

0,9297 
1,5659 

1078183 

83,0333 
0,0035 

6049511 

1,9815 
0,5656 

irafmts71 0 
798461 

0,9700 

275710 

5,0902 
0,9733 

889371 

6,1942 
0,1077 

582541 

0,6422 
0,3127 

irafmts71 1 
836234 

8,9260 

-250172 

3,1344 
2,0000 

868392 

5,5892 
0,0377 

309110 

1,2274 
0,9205 

irafmts71 2 
835651 

3,4520 

226604 

1,9915 
1,1467 

886269 

1,6520 
0,0588 

556436 

6,8217 
0,4011 

irafmts71 3 
859365 

6,9240 

-208378 

5,1011 
2,0000 

870811 

0,4395 
0,0132 

331216 

2,6692 
0,8872 

irafmts71 4 
836249 

9,2920 

191159 

8,0786 
1,2558 

884136 

1,4613 
0,0557 

537647 

9,7700 
0,4347 

irafmts72 0 
2072522 

6,8200 

460445 

4,5299 
1,2729 

2289379 

0,5257 
0,0994 

1374912 

2,5278 
0,4047 

irafmts72 1 
2104068 

7,7400 

-417310 

8,9127 
2,0000 

2362614 

8,0099 
0,1158 

972651 

9,5486 
0,7355 

irafmts72 2 
1846124 

2,9500 

377588 

0,4825 
1,3208 

2298858 

0,0892 
0,2184 

1338223 

0,2858 
0,3190 

irafmts72 3 
2330510 

0,6100 

-346872 

9,9616 
2,0000 

2355223 

3,4289 
0,0105 

1004175 

1,7337 
0,7955 

irafmts72 4 
2085026 

3,3500 

317917 

2,2930 
1,4708 

2305504 

5,2646 
0,1004 

1311710 

8,7788 
0,4553 

 


