
ʄʠʥʠʩʪʝʨʩʪʚʦ ʪʨʘʥʩʧʦʨʪʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ (ʄʠʥʪʨʘʥʩ ʈʦʩʩʠʠ) 

ʌʝʜʝʨʘʣʴʥʦʝ ʘʛʝʥʪʩʪʚʦ ʚʦʟʜʫʰʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ (ʈʦʩʘʚʠʘʮʠʷ) 

ʌɻʆʋ ɺʇʆ çʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ 

ʫʥʠʚʝʨʩʠʪʝʪ ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʠè 

 

 

 

 

ʖ.ʅ. ʉʘʨʘʡʩʢʠʡ 

 

 

ɻɽʆʀʅʌʆʈʄɸʎʀʆʅʅʓɽ ʆʉʅʆɺʓ ʅɸɺʀɻɸʎʀʀ 

 

ʋʯʝʙʥʦʝ ʧʦʩʦʙʠʝ 

 

ɼʦʧʫʱʝʥʦ ʋʄʆ ʧʦ ʦʙʨʘʟʦʚʘʥʠʶ ʚ ʦʙʣʘʩʪʠ ʘʵʨʦʥʘʚʠʛʘʮʠʠ ʚ ʢʘʯʝʩʪʚʝ ʫʯʝʙʥʦʛʦ ʧʦʩʦʙʠʷ 

ʜʣʷ ʩʪʫʜʝʥʪʦʚ ʚʳʩʰʠʭ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʡ, ʦʙʫʯʘʶʱʠʭʩʷ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʧʦʜʛʦʪʦʚʢʠ 

çɸʵʨʦʥʘʚʠʛʘʮʠʷè ʠ ʩʧʝʮʠʘʣʴʥʦʩʪʷʤ ʚʳʩʰʝʛʦ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ 

çʕʢʩʧʣʫʘʪʘʮʠʷ ʚʦʟʜʫʰʥʳʭ ʩʫʜʦʚ ʠ ʦʨʛʘʥʠʟʘʮʠʷ ʚʦʟʜʫʰʥʦʛʦ ʜʚʠʞʝʥʠʷè, çʃʝʪʥʘʷ 

ʵʢʩʧʣʫʘʪʘʮʠʷ ʚʦʟʜʫʰʥʳʭ ʩʫʜʦʚè ʠ çɸʵʨʦʥʘʚʠʛʘʮʠʦʥʥʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʚʦʟʜʫʰʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘè 

 

 

 

 

 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ 

2010 
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ʐ87 (03) 

 

 

 

ʉʘʨʘʡʩʢʠʡ ʖ.ʅ. ɻɽʆʀʅʌʆʈʄɸʎʀʆʅʅʓɽ ʆʉʅʆɺʓ ʅɸɺʀɻɸʎʀʀ: 

ʋʯʝʙʥʦʝ ʧʦʩʦʙʠʝ/ʋʥʠʚʝʨʩʠʪʝʪ ɻɸ. ʉ.-ʇʝʪʝʨʙʫʨʛ,2010.ī250 ʩ. 

ʀʟʣʦʞʝʥʳ ʦʩʥʦʚʥʳʝ ʩʚʝʜʝʥʠʷ ʠʟ ʛʝʦʜʝʟʠʠ, ʢʘʨʪʦʛʨʘʬʠʠ ʠ ʘʩʪʨʦʥʦʤʠʠ, 

ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʘʵʨʦʥʘʚʠʛʘʮʠʦʥʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʧʦʜʛʦʪʦʚʢʠ ʠ 

ʚʳʧʦʣʥʝʥʠʷ ʧʦʣʝʪʦʚ. 

ʇʨʝʜʥʘʟʥʘʯʝʥʦ ʜʣʷ ʩʪʫʜʝʥʪʦʚ, ʦʙʫʯʘʶʱʠʭʩʷ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʧʦʜʛʦʪʦʚʢʠ 

çɸʵʨʦʥʘʚʠʛʘʮʠʷè. ʄʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʧʝʨʩʦʥʘʣʦʤ 

ʘʵʨʦʥʘʚʠʛʘʮʠʦʥʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʣʝʪʦʚ, ʣʝʪʥʳʤ ʠ ʜʠʩʧʝʪʯʝʨʩʢʠʤ ʩʦʩʪʘʚʦʤ 

ʧʦʜʨʘʟʜʝʣʝʥʠʡ ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʠ. 

ʊʘʙʣ. 7. ʀʣ.127. ɹʠʙʣ. 39 ʥʘʟʚ. 

 

ʈʝʮʝʥʟʝʥʪʳ:  

 

ɼʨ̫ʛʠʥ ɼ.ʄ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʛʣʘʚʥʳʡ ʢʦʥʩʪʨʫʢʪʦʨ ɿɸʆ çʊʨʘʥʟʘʩ-

ɸʚʠʘʮʠʷè; 

ɺʳʩʦʯʠʥ ʉ.ɸ., ʥʘʯʘʣʴʥʠʢ ʦʪʜʝʣʘ ʘʵʨʦʥʘʚʠʛʘʮʠʦʥʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ɿɸʆ 

çʊʨʘʥʟʘʩ-ɸʚʠʘʮʠʷè; 

ɿʘʪʦʥʩʢʠʡ ɺ.ʄ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 
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ʆʨʛʘʥʠʟʘʮʠʷ, ʧʦʜʛʦʪʦʚʢʘ, ʦʙʝʩʧʝʯʝʥʠʝ ʠ ʚʳʧʦʣʥʝʥʠʝ ʧʦʣʝʪʦʚ 

ʥʝʚʦʟʤʦʞʥʳ ʙʝʟ ʟʥʘʥʠʷ ʘʚʠʘʮʠʦʥʥʳʤ ʧʝʨʩʦʥʘʣʦʤ ʰʠʨʦʢʦʛʦ ʢʨʫʛʘ ʚʦʧʨʦʩʦʚ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʩʠʩʪʝʤ ʢʦʦʨʜʠʥʘʪ ʥʘ ʟʝʤʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʧʦʩʪʨʦʝʥʠʝʤ ʘʚʠʘʮʠʦʥʥʳʭ ʢʘʨʪ, ʠʟʤʝʨʝʥʠʝʤ ʚʨʝʤʝʥʠ ʠ 

ʦʧʨʝʜʝʣʝʥʠʝʤ ʫʩʣʦʚʠʡ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʦʩʚʝʱʝʥʠʷ. 

ʅʘ ʧʨʦʪʷʞʝʥʠʠ ʜʝʩʷʪʠʣʝʪʠʡ ʚ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʷʭ ʛʨʘʞʜʘʥʩʢʦʡ 

ʘʚʠʘʮʠʠ ʵʪʠ ʚʦʧʨʦʩʳ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʚ ʜʠʩʮʠʧʣʠʥʝ çɸʚʠʘʮʠʦʥʥʘʷ 

ʢʘʨʪʦʛʨʘʬʠʷè, ʧʦʩʢʦʣʴʢʫ ʠʤʝʥʥʦ ʧʦʣʝʪʥʘʷ ʢʘʨʪʘ ʪʨʘʜʠʮʠʦʥʥʦ ʷʚʣʷʣʘʩʴ 

ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʩʨʝʜʩʪʚ ʧʦʜʛʦʪʦʚʢʠ ʠ ʚʳʧʦʣʥʝʥʠʷ ʧʦʣʝʪʘ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʰʠʨʦʢʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʠ 

ʩʦʚʨʝʤʝʥʥʳʭ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ 

ʘʵʨʦʥʘʚʠʛʘʮʠʦʥʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʣʝʪʦʚ, ʧʦʚʳʰʝʥʠʝ ʪʨʝʙʦʚʘʥʠʡ ʢ 

ʪʦʯʥʦʩʪʠ ʘʵʨʦʥʘʚʠʛʘʮʠʠ ʧʨʠʚʝʣʠ ʢ ʪʦʤʫ, ʯʪʦ ʢʘʨʪʘ ʢʘʢ ʩʨʝʜʩʪʚʦ 

ʥʘʚʠʛʘʮʠʦʥʥʦʡ ʦʨʠʝʥʪʠʨʦʚʢʠ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʫʪʨʘʪʠʣʘ ʩʚʦʝ 

ʟʥʘʯʝʥʠʝ. ʆʥʘ ʧʨʝʚʨʘʪʠʣʘʩʴ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʚ ʥʦʩʠʪʝʣʷ ʘʵʨʦʥʘʚʠʛʘʮʠʦʥʥʳʭ 

ʜʘʥʥʳʭ: ʢʦʦʨʜʠʥʘʪ, ʧʝʣʝʥʛʦʚ, ʧʫʪʝʚʳʭ ʫʛʣʦʚ ʠ ʪ.ʜ. ʀʤʝʥʥʦ ʜʘʥʥʳʝ ʷʚʣʷʶʪʩʷ 

ʦʩʥʦʚʦʡ ʩʦʚʨʝʤʝʥʥʦʡ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʥʘʚʠʛʘʮʠʠ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʵʪʠʤ 

ʚ ʩʦʜʝʨʞʘʥʠʠ ʜʠʩʮʠʧʣʠʥʳ ʚʦʟʨʦʩʣʘ ʨʦʣʴ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʚʦʧʨʦʩʦʚ, 

ʢʘʩʘʶʱʠʭʩʷ ʩʠʩʪʝʤ ʢʦʦʨʜʠʥʘʪ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʩʦʙʩʪʚʝʥʥʦ ʢʘʨʪʦʛʨʘʬʠʷ 

ʦʪʦʰʣʘ ʥʘ ʚʪʦʨʦʡ ʧʣʘʥ. 

ɺ ʩʚʷʟʠ ʩ ʠʟʤʝʥʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ ʠ ʩʪʨʫʢʪʫʨʳ ʜʠʩʮʠʧʣʠʥʘ ʙʳʣʘ 

ʧʝʨʝʠʤʝʥʦʚʘʥʘ ʚ çɻʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʦʩʥʦʚʳ ʥʘʚʠʛʘʮʠʠè. ʊʘʢʦʝ ʥʘʟʚʘʥʠʝ 

ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʤ, ʯʪʦ ʤʘʪʝʨʠʘʣ ʜʠʩʮʠʧʣʠʥʳ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʢʘʩʘʝʪʩʷ 

ʬʦʨʤʳ ʠ ʬʠʟʠʯʝʩʢʠʭ ʧʦʣʝʡ ʥʘʰʝʡ ʧʣʘʥʝʪʳ, ʘ ʩ ʜʨʫʛʦʡ ī ʷʚʣʷʝʪʩʷ ʪʦʡ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʦʩʥʦʚʦʡ, ʙʝʟ ʢʦʪʦʨʦʡ  ʥʝʚʦʟʤʦʞʥʦ ʦʩʫʱʝʩʪʚʣʝʥʠʝ 

ʘʵʨʦʥʘʚʠʛʘʮʠʠ. 

ʋʯʝʙʥʦʝ ʧʦʩʦʙʠʝ ʥʘʧʠʩʘʥʦ ʥʘ ʦʩʥʦʚʝ ʢʫʨʩʘ ʣʝʢʮʠʡ, ʯʠʪʘʝʤʳʭ ʘʚʪʦʨʦʤ 

ʚ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʦʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʠ 

ʜʣʷ ʩʪʫʜʝʥʪʦʚ ʩʧʝʮʠʘʣʠʟʘʮʠʡ ʚʦʟʜʫʰʥʘʷ ʥʘʚʠʛʘʮʠʷ, ʘʵʨʦʥʘʚʠʛʘʮʠʦʥʥʦʝ 

ʦʙʝʩʧʝʯʝʥʠʝ ʧʦʣʝʪʦʚ, ʣʝʪʥʘʷ ʵʢʩʧʣʫʘʪʘʮʠʷ ʛʨʘʞʜʘʥʩʢʠʭ ʚʦʟʜʫʰʥʳʭ ʩʫʜʦʚ. 

ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʢʦʣʣʝʛʘʤ ʧʦ ʢʘʬʝʜʨʝ ʘʵʨʦʥʘʚʠʛʘʮʠʠ 

ʉʇʙ ɻʋɻɸ ʟʘ ʮʝʥʥʳʝ ʩʦʚʝʪʳ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʫʯʝʙʥʦʛʦ ʧʦʩʦʙʠʷ ʠ ʦʩʦʙʝʥʥʦ 

ʆ.ɽ.ɸʨʭʠʧʦʚʦʡ ʟʘ ʧʦʤʦʱʴ ʚ ʧʦʜʛʦʪʦʚʢʝ ʨʫʢʦʧʠʩʠ ʢ ʧʝʯʘʪʠ ʠ ʦʬʦʨʤʣʝʥʠʝ 

ʠʣʣʶʩʪʨʘʪʠʚʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. 
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1. ɺɺɽɼɽʅʀɽ 

 

1.1. ʇʨʝʜʤʝʪ ʜʠʩʮʠʧʣʠʥʳ 

 

ɺ ʧʨʦʮʝʩʩʝ ʘʵʨʦʥʘʚʠʛʘʮʠʠ ʠ ʘʵʨʦʥʘʚʠʛʘʮʠʦʥʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʣʝʪʦʚ 

ʧʦʩʪʦʷʥʥʦ ʚʦʟʥʠʢʘʶʪ ʟʘʜʘʯʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʦʧʨʝʜʝʣʝʥʠʝʤ ʢʦʦʨʜʠʥʘʪ ʪʦʯʝʢ ʥʘ 

ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ (ʤʝʩʪʘ ʩʘʤʦʣʝʪʘ, ʧʫʥʢʪʦʚ ʤʘʨʰʨʫʪʘ ʠ ʦʨʠʝʥʪʠʨʦʚ), 

ʨʘʩʩʪʦʷʥʠʡ ʤʝʞʜʫ ʥʠʤʠ ʠ ʥʘʧʨʘʚʣʝʥʠʡ (ʧʫʪʝʚʳʭ ʫʛʣʦʚ, ʧʝʣʝʥʛʦʚ), 

ʧʦʩʪʨʦʝʥʠʝʤ ʣʠʥʠʡ ʧʦʣʦʞʝʥʠʷ ʠ ʪ.ʜ. ʀ  ʧʨʠ ʨʝʰʝʥʠʠ ʜʘʞʝ ʧʨʦʩʪʳʭ ʟʘʜʘʯ 

ʚʦʟʥʠʢʘʶʪ ʥʝʧʨʦʩʪʳʝ ʚʦʧʨʦʩ.r 

 ʅʘʧʨʠʤʝʨ, ʠʟʚʝʩʪʥʳ ʜʚʘ ʤʝʩʪʘ ʩʘʤʦʣʝʪʘ ʚ ʦʧʨʝʜʝʣʝʥʥʳʝ ʤʦʤʝʥʪʳ 

ʚʨʝʤʝʥʠ ʠ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʧʫʪʝʚʫʶ ʩʢʦʨʦʩʪʴ. ʇʝʨʚʦʝ, ʯʪʦ ʧʨʠʭʦʜʠʪ ʚ 

ʛʦʣʦʚʫ ï ʠʟʤʝʨʠʪʴ ʧʨʦʡʜʝʥʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʥʘ ʢʘʨʪʝ ʠ ʨʘʟʜʝʣʠʪʴ ʥʘ ʚʨʝʤʷ. ʅʦ 

ʩʪʦʠʪ ʟʘʜʫʤʘʪʴʩʷ: ʘ ʯʪʦ ʪʘʢʦʝ, ʩʦʙʩʪʚʝʥʥʦ, ʢʘʨʪʘ? ɺ ʢʘʢʦʤ ʩʦʦʪʥʦʰʝʥʠʠ ʦʥʘ 

ʥʘʭʦʜʠʪʩʷ ʩ ʤʝʩʪʥʦʩʪʴʶ, ʢʦʪʦʨʫʶ ʠʟʦʙʨʘʞʘʝʪ? ɻʜʝ ʛʘʨʘʥʪʠʷ, ʯʪʦ ʨʘʩʩʪʦʷʥʠʝ, 

ʠʟʤʝʨʝʥʥʦʝ ʥʘ ʢʘʨʪʝ, ʙʫʜʝʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʨʘʩʩʪʦʷʥʠʶ, ʧʨʦʡʜʝʥʥʦʤʫ 

ʩʘʤʦʣʝʪʦʤ ʥʘ ʤʝʩʪʥʦʩʪʠ? 

ʏʪʦʙʳ ʥʝ ʦʪʚʝʯʘʪʴ ʥʘ ʵʪʠ ʚʦʧʨʦʩʳ, ʤʦʞʥʦ ʧʦʧʳʪʘʪʴʩʷ ʦʙʦʡʪʠʩʴ ʠ ʙʝʟ 

ʢʘʨʪʳ. ʄʦʞʥʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʵʪʠ ʜʚʘ ʤʝʩʪʘ ʩʘʤʦʣʝʪʘ ʧʦʣʫʯʝʥʳ ʚ ʚʠʜʝ 

ʢʦʦʨʜʠʥʘʪ (ʰʠʨʦʪʳ, ʜʦʣʛʦʪʳ ʠ ʚʳʩʦʪʳ) ʩ ʧʦʤʦʱʴʶ ʩʧʫʪʥʠʢʦʚʦʡ 

ʥʘʚʠʛʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʠ ʧʦʧʨʦʙʦʚʘʪʴ ʨʘʩʩʯʠʪʘʪʴ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʵʪʠʤʠ 

ʜʚʫʤʷ ʪʦʯʢʘʤʠ ʧʦ ʬʦʨʤʫʣʘʤ. ʅʦ ʪʦʛʜʘ ʚʦʟʥʠʢʥʫʪ ʜʨʫʛʠʝ ʚʦʧʨʦʩʳ. ɸ ʯʪʦ 

ʪʘʢʦʝ ʰʠʨʦʪʘ ʠ ʜʦʣʛʦʪʘ? ʆʪ ʢʘʢʦʛʦ ʫʨʦʚʥʷ ʠʟʤʝʨʷʝʪʩʷ ʧʦʣʫʯʝʥʥʘʷ ʚʳʩʦʪʘ? 

ʂʘʢ, ʟʥʘʷ ʢʦʦʨʜʠʥʘʪʳ ʜʚʫʭ ʪʦʯʝʢ, ʨʘʩʩʯʠʪʘʪʴ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʥʠʤʠ? 

ʎʝʣʳʡ ʨʷʜ ʚʦʧʨʦʩʦʚ ʚʦʟʥʠʢʘʝʪ ʠ ʚ ʩʚʷʟʠ ʩ ʠʟʤʝʨʝʥʠʝʤ ʚʨʝʤʝʥʠ. ʏʪʦ 

ʪʘʢʦʝ ʚʨʝʤʷ? ʏʪʦ, ʩʦʙʩʪʚʝʥʥʦ, ʦʟʥʘʯʘʝʪ, ʢʦʛʜʘ ʤʳ ʛʦʚʦʨʠʤ, ʯʪʦ ʩʝʡʯʘʩ, 

ʥʘʧʨʠʤʝʨ,  13 ʯʘʩ 46 ʤʠʥ 54 ʩʝʢ? ʇʦʯʝʤʫ ʠʤʝʥʥʦ ʩʪʦʣʴʢʦ? 

ɼʣʷ ʦʪʚʝʪʘ ʥʘ ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʚʦʧʨʦʩʳ, ʨʝʰʝʥʠʷ ʵʪʠʭ ʠ, ʢʦʥʝʯʥʦ, 

ʤʥʦʞʝʩʪʚʘ ʜʨʫʛʠʭ, ʟʘʜʘʯ ʥʝʦʙʭʦʜʠʤʳ ʩʚʝʜʝʥʠʷ ʠʟ ʨʘʟʥʳʭ ʥʘʫʢ, ʪʘʢʠʭ ʢʘʢ 

ʢʘʨʪʦʛʨʘʬʠʷ, ʛʝʦʜʝʟʠʷ, ʘʩʪʨʦʥʦʤʠʷ. 

ɻʝʦʜʝʟʠʷ (ʦʪ ʛʨʝʯʝʩʢʠʭ ʩʣʦʚ, ʦʟʥʘʯʘʶʱʠʭ çʟʝʤʣʷè ʠ çʜʝʣʠʪʴ ʥʘ ʯʘʩʪʠè) 

ï ʵʪʦ ʥʘʫʢʘ, ʠʟʫʯʘʶʱʘʷ ʬʦʨʤʫ ʠ ʨʘʟʤʝʨʳ ɿʝʤʣʠ ʠ ʨʘʟʨʘʙʘʪʳʚʘʶʱʘʷ ʚʦʧʨʦʩʳ 

ʩʦʟʜʘʥʠʷ ʢʦʦʨʜʠʥʘʪʥʦʡ ʦʩʥʦʚʳ ʜʣʷ ʨʝʰʝʥʠʷ ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯ. 

ʆʥʘ ʫʩʣʦʚʥʦ ʨʘʟʜʝʣʷʝʪʩʷ ʥʘ ʚʳʩʰʫʶ ʛʝʦʜʝʟʠʶ ʠ ʠʥʞʝʥʝʨʥʫʶ ʛʝʦʜʝʟʠʶ 

(çʥʠʟʰʝʡè ʝʝ ʥʝ ʥʘʟʳʚʘʶʪ, ʥʦ ʠʥʦʛʜʘ ʥʘʟʳʚʘʶʪ ʧʨʠʢʣʘʜʥʦʡ). ɺʳʩʰʘʷ 

ʛʝʦʜʝʟʠʷ ʠʟʫʯʘʝʪ ʬʠʛʫʨʫ ɿʝʤʣʠ ʢʘʢ ʧʣʘʥʝʪʳ ʚ ʮʝʣʦʤ, ʝʝ ʛʨʘʚʠʪʘʮʠʦʥʥʦʝ 

ʧʦʣʝ, ʦʪ ʢʦʪʦʨʦʛʦ ʵʪʘ ʬʦʨʤʘ  ʟʘʚʠʩʠʪ. ʆʥʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ, ʚ ʯʘʩʪʥʦʩʪʠ, 

ʩʬʝʨʦʠʜʠʯʝʩʢʫʶ ʛʝʦʜʝʟʠʶ, ʠʟʫʯʘʶʱʫʶ ʛʝʦʤʝʪʨʠʶ ʟʝʤʥʦʛʦ ʵʣʣʠʧʩʦʠʜʘ, 

ʢʦʪʦʨʳʡ ʘʧʧʨʦʢʩʠʤʠʨʫʝʪ ʬʦʨʤʫ ʨʝʘʣʴʥʦʡ ɿʝʤʣʠ. 

ʀʥʞʝʥʝʨʥʘʷ ʛʝʦʜʝʟʠʷ ʟʘʥʠʤʘʝʪʩʷ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʠʤʠ ʫʯʘʩʪʢʘʤʠ 

ɿʝʤʣʠ ʠ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʨʝʰʝʥʠʝ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʯ:  ʦʧʨʝʜʝʣʝʥʠʝ 

ʨʘʩʩʪʦʷʥʠʡ ʠ ʥʘʧʨʘʚʣʝʥʠʡ ʤʝʞʜʫ ʪʦʯʢʘʤʠ ʥʘ ʤʝʩʪʥʦʩʪʠ, ʚʳʩʦʪ ʨʝʣʴʝʬʘ ʠ ʪ.ʜ. 
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ʆʥʘ ʠʤʝʝʪ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʘʵʨʦʜʨʦʤʦʚ, 

ʟʜʘʥʠʡ, ʩʦʦʨʫʞʝʥʠʡ, ʜʦʨʦʛ ʠ ʪ.ʧ. 

ʂʘʨʪʦʛʨʘʬʠʷ ï ʵʪʦ ʥʘʫʢʘ ʦ ʩʦʩʪʘʚʣʝʥʠʠ, ʧʨʦʠʟʚʦʜʩʪʚʝ ʠ ʧʨʠʤʝʥʝʥʠʠ 

ʢʘʨʪ.  

ɽʩʪʝʩʪʚʝʥʥʦ, ʚʦʟʥʠʢʘʝʪ ʚʦʧʨʦʩ ï ʯʪʦ ʪʘʢʦʝ ʢʘʨʪʘ? ɼʦʩʪʘʪʦʯʥʦ ʧʦʣʥʦʝ 

ʦʧʨʝʜʝʣʝʥʠʝ ʚʳʛʣʷʜʠʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. 

ʂʘʨʪʘ ï ʵʪʦ ʫʤʝʥʴʰʝʥʥʦʝ, ʠʟʤʝʨʠʤʦʝ ʠ ʦʙʦʙʱʝʥʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʥʘ 

ʧʣʦʩʢʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ ʠʣʠ ʥʝʙʝʩʥʳʭ ʪʝʣ, ʧʦʩʪʨʦʝʥʥʦʝ ʧʦ 

ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʤʘʪʝʤʘʪʠʯʝʩʢʦʤʫ ʟʘʢʦʥʫ ʠ ʥʘʛʣʷʜʥʦ ʧʦʢʘʟʳʚʘʶʱʝʝ ʧʨʠ 

ʧʦʤʦʱʠ ʫʩʣʦʚʥʳʭ ʟʥʘʢʦʚ ʨʘʟʤʝʱʝʥʠʝ ʠ ʩʚʷʟʠ ʨʘʟʣʠʯʥʳʭ ʧʨʝʜʤʝʪʦʚ ʠ 

ʷʚʣʝʥʠʡ, ʠʭ ʢʘʯʝʩʪʚʝʥʥʳʝ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ʊʘʢʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʦʭʚʘʪʳʚʘʝʪ ʚʩʝ ʚʦʟʤʦʞʥʳʝ ʚʠʜʳ ʢʘʨʪ. ɼʣʷ ʥʘʰʠʭ 

ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʮʝʣʝʡ ʤʦʞʥʦ ʜʘʪʴ ʠ ʙʦʣʝʝ ʧʨʦʩʪʦʝ ʦʧʨʝʜʝʣʝʥʠʝ. 

ʂʘʨʪʘ ï ʵʪʦ ʩʧʣʦʰʥʦʝ ʫʩʣʦʚʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠʣʠ 

ʦʪʜʝʣʴʥʳʭ ʝʝ ʯʘʩʪʝʡ ʥʘ ʧʣʦʩʢʦʩʪʠ, ʚʳʧʦʣʥʝʥʥʦʝ ʧʦ ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʟʘʢʦʥʫ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʝ ʣʶʙʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ, 

ʚʳʧʦʣʥʝʥʥʦʝ ʚ ʤʘʩʰʪʘʙʝ, ʤʦʞʥʦ ʥʘʟʚʘʪʴ ʢʘʨʪʦʡ. ʅʘʧʨʠʤʝʨ, ʤʦʞʥʦ 

ʩʭʝʤʘʪʠʯʝʩʢʠ ʠʟʦʙʨʘʟʠʪʴ ʥʘ ʣʠʩʪʝ ʙʫʤʘʛʠ ʨʘʩʧʦʣʦʞʝʥʠʝ ʧʦʩʪʨʦʝʢ ʠ ʛʨʷʜʦʢ 

ʥʘ  ʩʘʜʦʚʦʤ ʫʯʘʩʪʢʝ. ʇʨʠ ʵʪʦʤ, ʢʦʥʝʯʥʦ, ʤʦʞʥʦ ʩʯʠʪʘʪʴ ɿʝʤʣʶ ʧʣʦʩʢʦʡ, ʯʪʦ 

ʚʧʦʣʥʝ ʜʦʧʫʩʪʠʤʦ ʜʣʷ ʩʪʦʣʴ ʥʝʙʦʣʴʰʦʛʦ ʫʯʘʩʪʢʘ ʤʝʩʪʥʦʩʪʠ. ʊʘʢʦʝ 

ʠʟʦʙʨʘʞʝʥʠʝ ʚ ʤʘʩʰʪʘʙʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʠʭ ʫʯʘʩʪʢʦʚ ʤʝʩʪʥʦʩʪʠ, ʧʨʠ 

ʢʦʪʦʨʦʤ ʧʨʝʥʝʙʨʝʛʘʝʪʩʷ ʢʨʠʚʠʟʥʦʡ ɿʝʤʣʠ, ʥʘʟʳʚʘʝʪʩʷ ʧʣʘʥʦʤ.  ʇʨʠ 

ʠʟʦʙʨʘʞʝʥʠʠ ʙʦʣʴʰʠʭ ʪʝʨʨʠʪʦʨʠʡ ʥʝ ʫʯʠʪʳʚʘʪʴ ʵʪʫ ʢʨʠʚʠʟʥʫ ʥʝʣʴʟʷ ī ʠʥʘʯʝ 

ʧʨʠ ʠʟʤʝʨʝʥʠʷʭ ʥʘ ʢʘʨʪʝ ʙʫʜʫʪ ʙʦʣʴʰʠʝ ʧʦʛʨʝʰʥʦʩʪʠ. 

ʂ ʩʦʞʘʣʝʥʠʶ, çʢʨʠʚʫʶè ʧʦʚʝʨʭʥʦʩʪʴ ɿʝʤʣʠ ʠʟʦʙʨʘʟʠʪʴ ʥʘ ʧʣʦʩʢʦʩʪʠ 

(ʣʠʩʪʝ ʙʫʤʘʛʠ) ʙʝʟ ʨʘʟʨʳʚʦʚ ʠ ʠʩʢʘʞʝʥʠʡ (ʩʞʘʪʠʡ, ʨʘʩʪʷʞʝʥʠʡ) ʥʝʚʦʟʤʦʞʥʦ. 

ʇʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʘʢʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʟʘʢʦʥ ʦʪʦʙʨʘʞʝʥʠʷ 

(ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʫʶ ʧʨʦʝʢʮʠʶ), ʧʨʠ ʢʦʪʦʨʦʤ ʠʩʢʘʞʝʥʠʷ ʙʳʣʠ ʙʳ ʧʦ 

ʚʦʟʤʦʞʥʦʩʪʠ ʤʝʥʴʰʝ.  

ʂʘʨʪʦʛʨʘʬʠʷ ʪʦʞʝ ʜʝʣʠʪʩʷ ʥʘ ʥʝʩʢʦʣʴʢʦ ʩʦʩʪʘʚʣʷʶʱʠʭ : 

- ʤʘʪʝʤʘʪʠʯʝʩʢʫ  ʁ ʢʘʨʪʦʛʨʘʬʠ,ʁ ʢʦʪʦʨʘʷ ʟʘʥʠʤʘʝʪʩʷ 

ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʤʠ ʧʨʦʝʢʮʠʷʤʠ, ʠʩʢʘʞʝʥʠʷʤʠ ʥʘ ʢʘʨʪʘʭ, ʢʦʦʨʜʠʥʘʪʥʳʤʠ 

ʩʝʪʢʘʤʠ; 

-  ʢʘʨʪʦʚʝʜʝʥʠʝ,  ʠʟʫʯʘʶʱʝʝ ʩʚʦʡʩʪʚʘ ʢʘʨʪ, ʠʭ ʚʠʜʳ ʠ ʵʣʝʤʝʥʪʳ, ʠʭ 

ʠʩʪʦʨʠʶ ʠ ʪ.ʧ.; 

- ʢʘʨʪʦʤʝʪʨʠʶ, ʟʘʥʠʤʘʶʱʫʶʩʷ ʚʦʧʨʦʩʘʤʠ ʠʟʤʝʨʝʥʠʷ ʥʘ ʢʘʨʪʘʭ; 

- ʦʬʦʨʤʣʝʥʠʝ ʢʘʨʪ (ʠʟʫʯʘʝʪ ʫʩʣʦʚʥʳʝ ʟʥʘʢʠ, ʮʚʝʪʘ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʥʘ 

ʢʘʨʪʘʭ ʠ ʪ.ʧ.); 

- ʠʟʜʘʥʠʝ ʢʘʨʪ (ʤʝʪʦʜʳ ʧʝʯʘʪʠ ʠ ʧʨ.) ʠ, ʢʦʥʝʯʥʦ, ʜʨʫʛʠʝ ʩʦʩʪʘʚʣʷʶʱʠʝ, 

ʢʦʪʦʨʳʝ ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʟʜʝʩʴ ʧʝʨʝʯʠʩʣʷʪʴ. 

ʇʦʥʷʪʥʦ, ʯʪʦ ʢʘʨʪʳ ʚʦʦʙʱʝ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʩʘʤʳʭ ʨʘʟʥʳʭ ʦʙʣʘʩʪʷʭ 

ʞʠʟʥʠ ʠ ʦʪʨʘʩʣʷʭ ʭʦʟʷʡʩʪʚʘ: ʛʝʦʛʨʘʬʠʠ, ʧʦʣʠʪʠʢʝ, ʵʢʦʥʦʤʠʢʝ, ʤʦʨʝʧʣʘʚʘʥʠʠ, 

ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ ʠ ʪ.ʧ. ʈʘʟʫʤʝʝʪʩʷ, ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʢʘʨʪʳ ʠ ʚ 
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ʘʚʠʘʮʠʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʦʬʦʨʤʠʣʘʩʴ ʪʘʢʘʷ ʜʠʩʮʠʧʣʠʥʘ ʢʘʢ ʘʚʠʘʮʠʦʥʥʘʷ 

ʢʘʨʪʦʛʨʘʬʠʷ, ʢʦʪʦʨʘʷ ʠʟʫʯʘʝʪ ʚʦʧʨʦʩʳ ʧʨʠʤʝʥʝʥʠʷ ʢʘʨʪ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ 

ʘʵʨʦʥʘʚʠʛʘʮʠʠ. ʆʥʘ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʤʘʪʝʨʠʘʣʘʭ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ 

ʢʘʨʪʦʛʨʘʬʠʠ, ʠ ʢʘʨʪʦʤʝʪʨʠʠ ʠ ʜʨʫʛʠʭ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʜʠʩʮʠʧʣʠʥ, ʚ ʪʦʤ ʯʠʩʣʝ, 

ʢʦʥʝʯʥʦ, ʚʳʩʰʝʡ ʛʝʦʜʝʟʠʠ, ʢʦʪʦʨʘʷ ʟʘʥʠʤʘʝʪ ʚ ʵʪʦʡ ʜʠʩʮʠʧʣʠʥʝ ʚʘʞʥʦʝ 

ʤʝʩʪʦ. 

ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʝʱʝ 20-30 ʣʝʪ ʥʘʟʘʜ ʦʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʚ ʵʪʦʡ 

ʜʠʩʮʠʧʣʠʥʝ ʫʜʝʣʷʣʦʩʴ ʩʦʙʩʪʚʝʥʥʦ ʢʘʨʪʦʛʨʘʬʠʠ, ʧʦʩʢʦʣʴʢʫ ʠʤʝʥʥʦ ʩ 

ʧʦʤʦʱʴʶ ʢʘʨʪ ʰʪʫʨʤʘʥ ʦʧʨʝʜʝʣʷʣ  ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ ʠ 

ʨʝʰʘʣ ʥʘʚʠʛʘʮʠʦʥʥʳʝ ʟʘʜʘʯʠ. ɻʝʦʜʝʟʠʷ ʞʝ ʚ ʩʦʜʝʨʞʘʥʠʠ ʵʪʦʡ ʜʠʩʮʠʧʣʠʥ r

ʠʛʨʘʣʘ ʚʩʧʦʤʦʛʘʪʝʣʴʥʫʶ ʨʦʣʴ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʠʪʫʘʮʠʷ ʠʟʤʝʥʠʣʘʩʴ ʥʘ ʧʨʦʪʠʚʦʧʦʣʦʞʥʫʶ. ʂʘʨʪ rʚ 

ʧʦʣʝʪʝ ʚʩʝ ʨʝʞʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʠʟʤʝʨʝʥʠʡ ʠ ʨʝʰʝʥʠʷ ʥʘʚʠʛʘʮʠʦʥʥʳʭ 

ʟʘʜʘʯ, ʘ ʚ ʦʩʥʦʚʥʦʤ ʦʥʠ ʠʛʨʘʶʪ ʨʦʣʴ ʥʦʩʠʪʝʣʷ ʘʵʨʦʥʘʚʠʛʘʮʠʦʥʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ (ʜʘʥʥʳʭ ʦ ʨʘʙʦʪʝ ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ, ʧʘʨʘʤʝʪʨʦʚ 

ʤʘʨʰʨʫʪʘ ʠ ʪ.ʧ.). ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʰʠʨʦʢʠʤ ʚʥʝʜʨʝʥʠʝʤ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ 

ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʦʧʨʝʜʝʣʷʪʴ ʤʝʩʪʦ ʩʘʤʦʣʝʪʘ ʠ 

ʦʙʝʩʧʝʯʠʚʘʪʴ ʚʦʞʜʝʥʠʝ ʧʦ ʣʠʥʠʠ ʟʘʜʘʥʥʦʛʦ ʧʫʪʠ ʥʘ ʦʩʥʦʚʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʚʚʝʜʝʥʥʳʭ ʚ ʥʠʭ ʘʵʨʦʥʘʚʠʛʘʮʠʦʥʥʳʭ ʜʘʥʥʳʭ. ʇʨʠ ʵʪʦʤ ʥʠʢʘʢʠʭ ʛʨʘʬʠʯʝʩʢʠʭ 

ʧʦʩʪʨʦʝʥʠʡ ʵʢʠʧʘʞʫ ʚʳʧʦʣʥʷʪʴ, ʝʩʪʝʩʪʚʝʥʥʦ, ʥʝ ʥʫʞʥʦ. ʅʦ, ʚʤʝʩʪʝ ʩ ʪʝʤ, 

ʥʝʠʟʤʝʨʠʤʦ ʚʦʟʨʦʩʣʘ ʨʦʣʴ ʩʘʤʠʭ ʜʘʥʥʳʭ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʢʦʦʨʜʠʥʘʪ 

ʧʫʥʢʪʦʚ ʤʘʨʰʨʫʪʘ ʠ ʨʘʜʠʦʤʘʷʢʦʚ. ɺʦʧʨʦʩʳ ʦʙʝʩʧʝʯʝʥʠʷ ʠʭ ʥʝʦʙʭʦʜʠʤʦʡ  

ʪʦʯʥʦʩʪʠ ʪʝʩʥʦ ʩʚʷʟʘʥʳ ʩ ʛʝʦʜʝʟʠʝʡ, ʢʦʪʦʨʘʷ ʟʘʥʠʤʘʝʪ ʪʝʧʝʨʴ ʙʦʣʝʝ ʚʘʞʥʦʝ 

ʤʝʩʪʦ. 

ʇʦʣʝʪ ʧʨʦʪʝʢʘʝʪ ʥʝ ʪʦʣʴʢʦ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʥʦ ʠ ʚʦ ʚʨʝʤʝʥʠ, ʢʦʪʦʨʦʝ 

ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʯʝʪʚʝʨʪʫʶ ʢʦʦʨʜʠʥʘʪʫ, ʦʧʨʝʜʝʣʷʶʱʫʶ ʧʦʣʦʞʝʥʠʝ 

ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ. ʈʘʟʫʤʝʝʪʩʷ, ʘʚʠʘʮʠʦʥʥʦʤʫ ʩʧʝʮʠʘʣʠʩʪʫ ʥʝʦʙʭʦʜʠʤʦ 

ʠʤʝʪʴ ʜʦʩʪʘʪʦʯʥʦ ʧʦʣʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʪʦʤ, ʢʘʢ ʫʩʪʨʦʝʥʘ ʰʢʘʣʘ ʚʨʝʤʝʥʠ, 

ʢʘʢ ʦʥʦ ʠʟʤʝʨʷʝʪʩʷ. ʀʩʪʦʨʠʯʝʩʢʠ ʠʟʤʝʨʝʥʠʝ ʚʨʝʤʝʥʠ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ 

ʚʠʜʠʤʦʤ ʜʚʠʞʝʥʠʠ ʥʝʙʝʩʥʳʭ ʩʚʝʪʠʣ ʠ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʉʦʣʥʮʘ. ʆʪʩʶʜʘ 

ʩʣʝʜʫʝʪ, ʯʪʦ ʜʣʷ ʧʨʘʚʠʣʴʥʦʛʦ ʧʦʥʠʤʘʥʠʷ ʵʪʠʭ ʚʦʧʨʦʩʦʚ ʥʝʦʙʭʦʜʠʤʦ ʠʤʝʪʴ 

ʦʧʨʝʜʝʣʝʥʥʳʝ ʟʥʘʥʠʷ ʧʦ ʘʩʪʨʦʥʦʤʠʠ. 

ʆʙʱʝʡ ʜʣʷ ʚʩʝʛʦ ʧʝʨʝʯʠʩʣʝʥʥʦʛʦ ʢʨʫʛʘ ʚʦʧʨʦʩʦʚ ʷʚʣʷʝʪʩʷ ʠʭ ʩʚʷʟʴ ʩ 

ɿʝʤʣʝʡ ʢʘʢ ʧʣʘʥʝʪʦʡ, ʝʝ ʬʦʨʤʦʡ ʠ ʜʚʠʞʝʥʠʝʤ. ʇʦʵʪʦʤʫ ʩʚʝʜʝʥʠʷ ʠʟ ʚʳʩʰʝʡ 

ʛʝʦʜʝʟʠʠ, ʢʘʨʪʦʛʨʘʬʠʠ ʠ ʘʩʪʨʦʥʦʤʠʠ, ʧʦʟʚʦʣʷʶʱʠʝ ʧʨʘʚʠʣʴʥʦ ʧʦʥʠʤʘʪʴ ʠ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʘʚʠʛʘʮʠʦʥʥʫʶ ʠʥʬʦʨʤʘʮʠʶ, ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʦʡ ʜʣʷ 

ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʘʵʨʦʥʘʚʠʛʘʮʠʠ ʚ ʧʦʣʝʪʝ. ʕʪʦ ʠ ʦʙʫʩʣʦʚʠʣʦ ʥʘʟʚʘʥʠʝ 

ʜʠʩʮʠʧʣʠʥʳ ʠ ʜʘʥʥʦʛʦ ʫʯʝʙʥʦʛʦ ʧʦʩʦʙʠʷ ï ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʦʩʥʦʚʳ 

ʥʘʚʠʛʘʮʠʠ. 
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1.2. ʂʨʘʪʢʘʷ ʠʩʪʦʨʠʯʝʩʢʘʷ ʩʧʨʘʚʢʘ 

 

ɻʝʦʜʝʟʠʷ, ʢʘʨʪʦʛʨʘʬʠʷ ʠ ʘʩʪʨʦʥʦʤʠʷ ʠʤʝʶʪ ʩʚʦʶ ʜʦʣʛʫʶ ʠʥʪʝʨʝʩʥʫʶ 

ʠʩʪʦʨʠʶ. ɺ ʜʘʥʥʦʤ ʧʘʨʘʛʨʘʬʝ ʦʪʤʝʯʝʥʳ ʣʠʰʴ ʥʝʢʦʪʦʨʳʝ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʝ 

ʚʝʭʠ ʠʭ ʨʘʟʚʠʪʠʷ. 

ʆ ʪʦʤ, ʯʪʦ ɿʝʤʣʷ ʢʨʫʛʣʘʷ, ʚʦʟʤʦʞʥʦ, ʟʥʘʣ ʫʞʝ ʇʠʬʘʛʦʨ (571-497 ʜʦ 

ʥ.ʵ.). ʉʦʚʝʨʰʝʥʥʦ ʪʦʯʥʦ ʦʙ ʵʪʦʤ ʙʳʣʦ ʠʟʚʝʩʪʥʦ ɸʨʠʩʪʦʪʝʣʶ (384-322 ʜʦ 

ʥ.ʵ.), ʢʦʪʦʨʳʡ ʜʘʞʝ ʧʨʝʜʣʦʞʠʣ ʨʷʜ ʩʚʠʜʝʪʝʣʴʩʪʚ ʵʪʦʛʦ: ʧʦʩʪʝʧʝʥʥʦʝ 

ʠʩʯʝʟʥʦʚʝʥʠʝ ʢʦʨʘʙʣʝʡ ʟʘ ʛʦʨʠʟʦʥʪʦʤ, ʘʥʘʣʦʛʠʷ ʩ ʬʦʨʤʦʡ ʜʨʫʛʠʭ ʥʝʙʝʩʥʳʭ 

ʩʚʝʪʠʣ ʠ ʪ.ʧ. ʇʨʘʚʜʘ, ʧʦ ʝʛʦ ʤʥʝʥʠʶ, ʥʝʠʟʚʝʩʪʥʦ, ʥʘ ʯʝʤ ʦʩʥʦʚʘʥʥʦʤʫ, ɿʝʤʣʷ 

ʙʳʣʘ ʚ 1,5-2 ʨʘʟʘ ʙʦʣʴʰʝ, ʯʝʤ ʥʘ ʩʘʤʦʤ ʜʝʣʝ.  

ɺʧʝʨʚʳʝ  ʦʧʨʝʜʝʣʠʪʴ ʨʘʟʤʝʨʳ ʥʘʰʝʡ ʧʣʘʥʝʪʳ ʫʜʘʣʦʩʴ ʕʨʘʪʦʩʬʝʥʫ 

(278-196 ʛ. ʜʦ ʥ.ʵ.). ɼʣʷ ʵʪʦʛʦ ʦʥ ʠʟʦʙʨʝʣ ʩʧʦʩʦʙ, ʢʦʪʦʨʳʡ ʧʦʪʦʤ 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʠ ʜʨʫʛʠʤʠ ʫʯʝʥʳʤʠ. 

ʉʧʦʩʦʙ ʟʘʢʣʶʯʘʣʩʷ ʚ ʩʣʝʜʫʶʱʝʤ. ɺ ɽʛʠʧʪʝ ʚ ʛʦʨʦʜʝ ɸʣʝʢʩʘʥʜʨʠʷ  ʚ 

ʧʦʣʜʝʥʴ ʚ ʜʝʥʴ ʣʝʪʥʝʛʦ ʩʦʣʥʮʝʩʪʦʷʥʠʷ ʕʨʘʪʦʩʬʝʥ ʠʟʤʝʨʠʣ ʟʝʥʠʪʥʦʝ 

ʨʘʩʩʪʦʷʥʠʝ ʉʦʣʥʮʘ, ʪʦ ʝʩʪʴ ʫʛʦʣ, ʤʝʞʜʫ ʥʘʧʨʘʚʣʝʥʠʝʤ ʚ ʟʝʥʠʪ ʠ ʥʘ ʉʦʣʥʮʝ. 

ʕʪʦʪ ʢʦʪʦʨʳʡ ʦʢʘʟʘʣʩʷ  ʨʘʚʥʳʤ 7,2Á ʠʣʠ 1/50 ʧʦʣʥʦʡ ʦʢʨʫʞʥʦʩʪʠ.  

ʕʨʘʪʦʩʬʝʥ ʟʥʘʣ, ʯʪʦ ʚ ʵʪʦ ʞʝ ʚʨʝʤʷ ʚ ʛʦʨʦʜʝ ʉʠʝʥʘ (ʩʝʡʯʘʩ ʵʪʦ ɸʩʫʘʥ) 

ʉʦʣʥʮʝ ʥʘʭʦʜʠʪʩʷ ʚ ʟʝʥʠʪʝ (ʧʨʷʤʦ ʥʘʜ ʛʦʣʦʚʦʡ). ʇʦʩʢʦʣʴʢʫ ʉʠʝʥʘ ʥʘʭʦʜʠʪʩʷ 

ʢ ʶʛʫ ʦʪ ɸʣʝʢʩʘʥʜʨʠʠ ʥʘ  ʨʘʩʩʪʦʷʥʠʠ 5000 ʩʪʘʜʠʡ, ʥʝʪʨʫʜʥʦ ʦʧʨʝʜʝʣʠʪʴ 

ʦʢʨʫʞʥʦʩʪʴ ɿʝʤʣʠ (ʦʥʘ ʚ 50 ʨʘʟ ʙʦʣʴʰʝ ʵʪʦʛʦ ʨʘʩʩʪʦʷʥʠʷ) ʠ ʟʘʪʝʤ ʝʝ ʨʘʜʠʫʩ  

(ʨʠʩ. 1.1). 

 

 
 

ʈʠʩ. 1.1.  ʆʧʨʝʜʝʣʝʥʠʝ ʨʘʟʤʝʨʦʚ ɿʝʤʣʠ ʕʨʘʪʦʩʬʝʥʦʤ 

 

ʅʝʠʟʚʝʩʪʥʦ, ʥʘʩʢʦʣʴʢʦ ʪʦʯʥʦ ʕʨʘʪʦʩʬʝʥʫ ʫʜʘʣʦʩʴ ʨʝʰʠʪʴ ʵʪʫ ʟʘʜʘʯʫ, 

ʧʦʩʢʦʣʴʢʫ ʪʝʧʝʨʴ ʫʞʝ ʥʠʢʦʤʫ ʥʝ ʠʟʚʝʩʪʥʘ ʪʦʯʥʘʷ ʜʣʠʥʘ ʦʜʥʦʡ ʩʪʘʜʠʠ ʚ 

ʩʦʚʨʝʤʝʥʥʳʭ ʝʜʠʥʠʮʘʭ. ʇʨʝʜʧʦʣʘʛʘʶʪ, ʯʪʦ ʦʰʠʙʢʘ ʩʦʩʪʘʚʠʣʘ ʦʪ 1 ʜʦ 20%. 

ʅʦ ʢʘʢ ʙʳ ʪʦ ʥʠ ʙʳʣʦ, ʟʘʩʣʫʛʘ ʕʨʘʪʦʩʬʝʥʘ ʚ ʪʦʤ, ʯʪʦ ʦʥ ʚʧʝʨʚʳʝ ʧʨʝʜʣʦʞʠʣ 

ʥʘʫʯʥʳʡ ʤʝʪʦʜ ʜʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ. 
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ʊʘʢʠʤ ʞʝ ʤʝʪʦʜʦʤ ʘʨʘʙʳ ʥʘ ʨʫʙʝʞʝ VII  ʠ IX ʚʝʢʦʚ ʫʞʝ ʥʘʰʝʡ ʵʨʳ 

ʠʟʤʝʨʠʣʠ ʜʣʠʥʫ ʦʜʥʦʛʦ ʛʨʘʜʫʩʘ ʤʝʨʠʜʠʘʥʘ (ʧʨʘʚʜʘ, ʠʩʧʦʣʴʟʦʚʘʣʠ ʥʝ ʉʦʣʥʮʝ, 

ʘ ʟʚʝʟʜʳ). ʕʪʘ ʜʣʠʥʘ ʫ ʥʠʭ ʦʢʘʟʘʣʘʩʴ ʨʘʚʥʦʡ 111,8 ʢʤ. ʕʪʦʪ ʨʝʟʫʣʴʪʘʪ ʜʣʷ 

ʩʨʝʜʥʠʭ ʚʝʢʦʚ ʥʘʩʪʦʣʴʢʦ  ʪʦʯʝʥ (ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʩʨʝʜʥʝʡ ʜʣʠʥʳ ʦʜʥʦʛʦ ʛʨʘʜʫʩʘ 

ʤʝʨʠʜʠʘʥʘ ʣʠʰʴ ʥʘ 600 ʤʝʪʨʦʚ), ʯʪʦ, ʚʦʟʤʦʞʥʦ, ʪʘʢ ʪʦʯʥʦ ʧʦʣʫʯʠʣʦʩʴ 

ʩʣʫʯʘʡʥʦ. 

ɺʘʞʥʳʤ ʚʢʣʘʜʦʤ ʚ ʥʘʫʢʫ ʷʚʠʣʦʩʴ ʠʟʦʙʨʝʪʝʥʠʝ ʉʥʝʣʣʠʫʩʦʤ (1580-1626 

ʛʛ.) ʤʝʪʦʜʘ ʪʨʠʘʥʛʫʣʷʮʠʠ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʨʘʩʩʪʦʷʥʠʡ ʥʘ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʕʪʦʪ ʤʝʪʦʜ ʠ ʩʝʡʯʘʩ ʦʩʪʘʝʪʩʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʛʝʦʜʝʟʠʠ.   

ʊʝʨʤʠʥ ʪʨʠʘʥʛʫʣʷʮʠʷ ʧʨʦʠʩʭʦʜʠʪ ʦʪ ʩʣʦʚʘ triangle (ʪʨʝʫʛʦʣʴʥʠʢ), ʘ ʩʘʤ 

ʤʝʪʦʜ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ. ʉ ʤʘʢʩʠʤʘʣʴʥʦʡ ʪʦʯʥʦʩʪʴʶ ʠʟʤʝʨʷʝʪʩʷ 

ʜʣʠʥʘ ʙʘʟʠʩʘ, ʪʦ ʝʩʪʴ ʨʘʩʩʪʦʷʥʠʝ ʚʝʞʜʫ ʜʚʫʤʷ ʧʫʥʢʪʘʤʠ ɸ ʠ ɺ.  ʀʟ ʵʪʠʭ 

ʧʫʥʢʪʦʚ ʩ ʧʦʤʦʱʴʶ ʫʛʣʦʤʝʨʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ (ʪʝʦʜʦʣʠʪʦʚ) ʠʟʤʝʨʷʶʪʩʷ 

ʫʛʣʳ ʤʝʞʜʫ ʙʘʟʠʩʦʤ ʠ ʥʘʧʨʘʚʣʝʥʠʝʤ ʥʘ ʪʨʝʪʠʡ ʧʫʥʢʪ ʉ (ʨʠʩ.1.2). ɼʚʘ ʫʛʣʘ ʠ 

ʩʪʦʨʦʥʘ ʤʝʞʜʫ ʥʠʤʠ ʧʦʣʥʦʩʪʴʶ ʦʧʨʝʜʝʣʷʶʪ ʪʨʝʫʛʦʣʴʥʠʢ ɸɺʉ. ʈʘʩʩʪʦʷʥʠʷ 

ɸʉ ʠ ɺʉ ʤʦʞʥʦ ʧʨʦʩʪʦ ʚʳʯʠʩʣʠʪʴ ʧʦ ʬʦʨʤʫʣʘʤ ʪʨʠʛʦʥʦʤʝʪʨʠʠ.  

ʊʝʧʝʨʴ ʫʞʝ ɸʉ ʠ ɺʉ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʦʩʥʦʚʦʡ ʜʣʷ ʨʝʰʝʥʠʷ ʜʨʫʛʠʭ 

ʩʤʝʞʥʳʭ ʩ ʥʠʤʠ ʪʨʝʫʛʦʣʴʥʠʢʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʧʨʦʜʦʣʞʠʪʴ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʩʝʪʠ ʪʨʝʫʛʦʣʴʥʠʢʦʚ ʥʘ ʩʢʦʣʴ ʫʛʦʜʥʦ ʙʦʣʴʰʠʝ ʨʘʩʩʪʦʷʥʠʷ, 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʦʧʨʝʜʝʣʷʷ  ʢʦʦʨʜʠʥʘʪʳ ʧʫʥʢʪʦʚ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʩʷ 

ʪʝʨʨʠʪʦʨʠʷ ʩʪʨʘʥʳ ʧʦʢʨʳʪʘ ʪʘʢʠʤʠ ʛʝʦʜʝʟʠʯʝʩʢʠʤʠ ʩʝʪʷʤʠ. ɹʝʟ ʵʪʦʛʦ 

ʩʧʦʩʦʙʘ ʙʳʣʦ ʙʳ ʥʝʚʦʟʤʦʞʥʦ ʦʧʨʝʜʝʣʷʪʴ ʨʘʩʩʪʦʷʥʠʷ ʜʦ ʥʝʜʦʩʪʫʧʥʳʭ 

ʦʙʲʝʢʪʦʚ, ʢʦʪʦʨʳʝ ʠʟ-ʟʘ ʭʘʨʘʢʪʝʨʘ ʤʝʩʪʥʦʩʪʠ ʨʫʣʝʪʢʦʡ ʠʟʤʝʨʠʪʴ ʥʝʚʦʟʤʦʞʥʦ. 

 

 
 

ʈʠʩ. 1.2. ʊʨʠʘʥʛʫʣʷʮʠʷ 

 

ʅʘ ʦʩʥʦʚʝ ʤʝʪʦʜʘ ʪʨʠʘʥʛʫʣʷʮʠʠ ʬʨʘʥʮʫʟʩʢʠʡ ʫʯʝʥʳʡ ʇʠʢʘʨ ʚ 1870 ʛ. 

ʦʧʨʝʜʝʣʠʣ ʜʣʠʥʫ ʦʜʥʦʛʦ ʛʨʘʜʫʩʘ ʤʝʨʠʜʠʘʥʘ ʩ ʦʰʠʙʢʦʡ ʚʩʝʛʦ ʣʠʰʴ 8 ʤʝʪʨʦʚ. 

ɺʢʣʘʜ ʀ.ʅʴʶʪʦʥʘ (1642-1727 ʛʛ.) ʚ ʛʝʦʜʝʟʠʶ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʦʥ 

ʟʘʣʦʞʠʣ ʦʩʥʦʚʳ ʪʝʦʨʠʠ ʬʠʛʫʨʳ ɿʝʤʣʠ. ʅʴʶʪʦʥ ʩʦʚʝʨʰʝʥʥʦ ʧʨʘʚʠʣʴʥʦ 

ʧʨʝʜʧʦʣʦʞʠʣ, ʯʪʦ ʩʠʣʘ ʪʷʞʝʩʪʠ ʷʚʣʷʝʪʩʷ ʨʘʚʥʦʜʝʡʩʪʚʫʶʱʝʡ ʩʠʣʳ 
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ʧʨʠʪʷʞʝʥʠʷ ɿʝʤʣʠ  ʠ ʮʝʥʪʨʦʙʝʞʥʦʡ ʩʠʣʳ. ʉʠʣʘ ʧʨʠʪʷʞʝʥʠʷ ʚʳʟʚʘʥʘ ʤʘʩʩʦʡ 

ɿʝʤʣʠ ʠ ʜʝʡʩʪʚʫʝʪ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʦʪʢʨʳʪʳʤ ʪʝʤ ʞʝ ʅʴʶʪʦʥʦʤ ʟʘʢʦʥʦʤ 

ʚʩʝʤʠʨʥʦʛʦ ʪʷʛʦʪʝʥʠʷ. ʎʝʥʪʨʦʙʝʞʥʘʷ ʩʠʣʘ ʚʦʟʥʠʢʘʝʪ ʠʟ-ʟʘ ʚʨʘʱʝʥʠʷ ʥʘʰʝʡ 

ʧʣʘʥʝʪʳ ʚʦʢʨʫʛ ʩʚʦʝʡ ʦʩʠ. ʅʘ ʨʘʟʥʳʭ ʰʠʨʦʪʘʭ ʮʝʥʪʨʦʙʝʞʥʘʷ ʩʠʣʘ ʨʘʟʣʠʯʥʘ, 

ʧʦʩʢʦʣʴʢʫ ʦʥʘ ʟʘʚʠʩʠʪ ʥʝ ʪʦʣʴʢʦ ʦʪ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ, ʥʦ ʠ ʨʘʜʠʫʩʘ 

ʚʨʘʱʝʥʠʷ, ʪ.ʝ. ʨʘʜʠʫʩʘ ʧʘʨʘʣʣʝʣʠ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʨʘʟʣʠʯʥʘ ʠ ʚʝʣʠʯʠʥʘ ʩʠʣʳ 

ʪʷʞʝʩʪʠ, ʠ ʝʝ ʥʘʧʨʘʚʣʝʥʠʝ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʮʝʥʪʨʫ ɿʝʤʣʠ. 

ʇʨʝʜʧʦʣʦʞʠʚ, ʯʪʦ ɿʝʤʣʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʨʘʱʘʶʱʫʶʩʷ 

ʦʜʥʦʨʦʜʥʫʶ ʤʘʩʩʫ, ʅʴʶʪʦʥ ʚʳʚʝʣ, ʯʪʦ ɿʝʤʣʷ ʜʦʣʞʥʘ ʙʳʪʴ çʩʧʣʶʩʥʫʪʘè, ʪʦ 

ʝʩʪʴ ʠʤʝʪʴ ʬʦʨʤʫ ʥʝ ʰʘʨʘ, ʘ ʵʣʣʠʧʩʦʠʜʘ. ʅʴʶʪʦʥ ʨʘʩʩʯʠʪʘʣ, ʯʪʦ ʩʞʘʪʠʝ 

ʵʪʦʛʦ ʵʣʣʠʧʩʦʠʜʘ ʜʦʣʞʥʦ ʩʦʩʪʘʚʣʷʪʴ 1/230. ʅʘ ʩʘʤʦʤ ʜʝʣʝ, ɿʝʤʣʷ, ʢʦʥʝʯʥʦ, 

ʥʝ ̫ʚʣʷʝʪʩʷ ʦʜʥʦʨʦʜʥʦʡ ʠ ʧʦʵʪʦʤʫ ʨʝʘʣʴʥʦʝ ʩʞʘʪʠʝ  ʤʝʥʴʰʝ (ʧʨʠʤʝʨʥʦ 

1/298). ʀʟ ʨʘʩʯʝʪʦʚ ʅʴʶʪʦʥʘ ʩʣʝʜʦʚʘʣʦ, ʯʪʦ ʜʣʠʥʘ ʦʜʥʦʛʦ ʛʨʘʜʫʩʘ ʤʝʨʠʜʠʘʥʘ 

ʥʘ ʨʘʟʣʠʯʥʳʭ ʰʠʨʦʪʘʭ ʜʦʣʞʥʘ ʙʳʪʴ ʨʘʟʥʦʡ. ʕʪʦ ʙʣʝʩʪʷʱʝ ʧʦʜʪʚʝʨʜʠʣʦʩʴ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʩʥʘʨʷʞʝʥʥʳʤʠ ʜʣʷ ʧʨʦʚʝʨʢʠ ʜʘʥʥʦʛʦ ʬʘʢʪʘ 

ʵʢʩʧʝʜʠʮʠʷʤʠ. 

ɻʨʘʜʫʩʥʳʝ ʠʟʤʝʨʝʥʠʷ ʧʦ ʤʝʨʠʜʠʘʥʫ ʠʤʝʶʪ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ 

ʛʝʦʜʝʟʠʠ, ʦʥʠ ʤʥʦʛʦʢʨʘʪʥʦ ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʚ ʨʘʟʥʳʭ ʩʪʨʘʥʘʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʚ 

ʈʦʩʩʠʠ. ʇʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ɺʘʩʠʣʠʷ ʗʢʦʚʣʝʚʠʯʘ ʉʪʨʫʚʝ (1793-1864), 

ʜʠʨʝʢʪʦʨʘ ʇʫʣʢʦʚʩʢʦʡ ʦʙʩʝʨʚʘʪʦʨʠʠ, ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʠʟʤʝʨʝʥʠʝ ʜʣʠʥʳ 

ʤʝʨʠʜʠʘʥʘ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 2820 ʢʤ (çʜʫʛʘ ʉʪʨʫʚʝè ʠʣʠ çʈʫʩʩʢʦ-ʩʢʘʥʜʠʥʘʚʩʢʘʷ 

ʜʫʛʘè). ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʦʜʦʙʥʳʭ ʠʟʤʝʨʝʥʠʡ ʙʳʣʠ ʧʝʨʚʦʥʘʯʘʣʴʥʦ  

ʫʩʪʘʥʦʚʣʝʥʳ ʪʘʢʠʝ ʝʜʠʥʠʮʳ ʠʟʤʝʨʝʥʠʷ ʢʘʢ ʤʝʪʨ (ʦʜʥʘ ʜʝʩʷʪʠʤʠʣʣʠʦʥʥʘʷ 

ʯʘʩʪʴ ʜʣʠʥʳ ʇʘʨʠʞʩʢʦʛʦ ʤʝʨʠʜʠʘʥʘ ʦʪ ʵʢʚʘʪʦʨʘ ʜʦ ʧʦʣʶʩʘ) ʠ ʤʦʨʩʢʘʷ ʤʠʣʷ 

(nautical mile), ʨʘʚʥʘʷ ʩʨʝʜʥʝʡ ʜʣʠʥʝ ʦʜʥʦʡ ʤʠʥʫʪʳ (1/60 ʛʨʘʜʫʩʘ) ʤʝʨʠʜʠʘʥʘ. 

ʀ ʚ ʈʦʩʩʠʠ ʛʝʦʜʝʟʠʷ ʠʤʝʝʪ ʜʨʝʚʥʶʶ ʠʩʪʦʨʠʶ. ʇʝʪʨ ʇʝʨʚʳʡ ʝʱʝ ʚ 1696 

ʛ. ʦʨʛʘʥʠʟʦʚʘʣ ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʝ ʩʲʝʤʢʠ ʥʘ ɼʦʥʫ. ɺ 1822 ʛ. ʙʳʣ ʩʦʟʜʘʥ ʢʦʨʧʫʩ 

ʚʦʝʥʥʳʭ ʪʦʧʦʛʨʘʬʦʚ. ʇʨʠ ʩʦʚʝʪʩʢʦʡ ʚʣʘʩʪʠ ʙʳʣʦ ʩʜʝʣʘʥʦ ʤʥʦʛʦ ʚ ʦʙʣʘʩʪʠ 

ʛʝʦʜʝʟʠʠ ʢʘʢ ʚ ʪʝʦʨʝʪʠʯʝʩʢʦʤ, ʪʘʢ ʠ ʚ ʧʨʘʢʪʠʯʝʩʢʦʤ ʦʪʥʦʰʝʥʠʠ. ʉʨʝʜʠ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʫʯʝʥʳʭ ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ ʌʝʦʜʦʩʠʷ ʅʠʢʦʣʘʝʚʠʯʘ 

ʂʨʘʩʦʚʩʢʦʛʦ (1878-1948), ʄʠʭʘʠʣʘ ʉʝʨʛʝʝʚʠʯʘ ʄʦʣʦʜʝʥʩʢʦʛʦ (1909-1991) ʠ 

ɺʣʘʜʠʤʠʨʘ ɺʣʘʜʠʤʠʨʦʚʠʯʘ ʂʘʚʨʘʡʩʢʦʛʦ (1884-1954), ʦ ʚʢʣʘʜʝ ʢʦʪʦʨʳʭ ʚ ʵʪʫ 

ʥʘʫʢʫ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ ʙʫʜʝʪ ʨʘʩʩʢʘʟʘʥʦ ʜʘʣʴʰʝ. 

ʀʩʪʦʨʠʷ ʩʦʙʩʪʚʝʥʥʦ ʢʘʨʪʦʛʨʘʬʠʠ ʪʘʢʞʝ ʜʦʚʦʣʴʥʦ ʜʨʝʚʥʷʷ. ɺ VI ʚ. ʜʦ 

ʥ.ʵ. ɸʥʘʢʩʠʤʘʥʜʨ ʄʠʣʝʪʩʢʠʡ ʩʦʩʪʘʚʠʣ ʧʝʨʚʫʶ  ʢʘʨʪʫ ʠʟʚʝʩʪʥʦʡ ʪʦʛʜʘ ʯʘʩʪʠ 

ʤʠʨʘ. ɺʦ  II  ʚ.  ʫʞʝ ʥʘʰʝʡ ʵʨʳ ʇʪʦʣʝʤʝʡ ʥʘʧʠʩʘʣ ʪʨʫʜ çɻʝʦʛʨʘʬʠʷè, ʚ 

ʢʦʪʦʨʦʤ ʨʘʩʩʤʦʪʨʝʣ ʩʧʦʩʦʙʳ ʩʦʟʜʘʥʠʷ ʢʘʨʪ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʟʤʝʨʦʚ ɿʝʤʣʠ. 

ʇʦʩʣʝ ʵʧʦʭʠ ɺʦʟʨʦʞʜʝʥʠʷ ʙʫʨʥʦ ʨʘʟʚʠʚʘʣʘʩʴ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʢʘʨʪʦʛʨʘʬʠʷ, 

ʨʘʟʨʘʙʘʪʳʚʘʣʠʩʴ ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʧʨʦʝʢʮʠʡ: ʄʝʨʢʘʪʦʨʘ, ʉʘʥʩʦʥʘ, ʃʘʤʙʝʨʪʘ. 

çʂʦʨʦʣʴ ʤʘʪʝʤʘʪʠʢʦʚè ʂʘʨʣ ɻʘʫʩʩ ʨʝʰʠʣ ʟʘʜʘʯʫ ʨʘʚʥʦʫʛʦʣʴʥʦʛʦ 

ʦʪʦʙʨʘʞʝʥʠʷ ʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘ ʜʨʫʛʫʶ, ʯʪʦ ʠʤʝʣʦ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ 

ʢʘʨʪʦʛʨʘʬʠʠ. 
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ɺ ʢʦʥʮʝ XVI  ʚ. ʙʳʣʘ ʩʦʟʜʘʥʘ ʧʝʨʚʘʷ ʢʘʨʪʘ ʄʦʩʢʦʚʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʘ ï 

çɹʦʣʴʰʦʡ ʯʝʨʪʝʞè, ʘ ʚ 1701 ï çʏʝʨʪʝʞʥʘʷ ʢʥʠʛʘ ʉʠʙʠʨʠè. ʇʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ 

ʄ.ɺ.ʃʦʤʦʥʦʩʦʚʘ ʛʝʦʛʨʘʬʠʯʝʩʢʠʡ ʜʝʧʘʨʪʘʤʝʥʪ ʈʦʩʩʠʠ ʩʦʟʜʘʣ ʢʘʨʪʳ ʚʩʝʛʦ 

ʤʠʨʘ, ʚʢʣʶʯʘʷ, ʢʦʥʝʯʥʦ, ʈʦʩʩʠʶ ʩ ʉʝʚʝʨʥʳʤ ʃʝʜʦʚʠʪʳʤ ʦʢʝʘʥʦʤ. ʇʨʠ ʵʪʦʤ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʢʦʩʘʷ ʩʪʝʨʝʦʛʨʘʬʠʯʝʩʢʘʷ, ʨʘʚʥʦʫʛʦʣʴʥʘʷ ʮʠʣʠʥʜʨʠʯʝʩʢʘʷ, 

ʥʦʨʤʘʣʴʥʘʷ ʘʟʠʤʫʪʘʣʴʥʘʷ ʨʘʚʥʦʧʨʦʤʝʞʫʪʦʯʥʘʷ ʧʨʦʝʢʮʠʠ. 

ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʩʦʙʳʭ ʢʘʨʪ ʜʣʷ  ʚʦʟʜʫʭʦʧʣʘʚʘʥʠʷ 

ʦʪʤʝʯʘʣʘʩʴ ʝʱʝ ʚ ʦʜʥʦʡ ʠʟ ʢʥʠʛ ʚ 1866 ʛ. ʇʝʨʚʘʷ  ʘʚʠʘʮʠʦʥʥʘʷ ʢʘʨʪʘ ʙʳʣʘ 

ʠʟʜʘʥʘ ʚ 1911 ʛ. ʜʣʷ ʧʝʨʝʣʝʪʘ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛīʄʦʩʢʚʘ. ʆʥʘ ʦʭʚʘʪʳʚʘʣʘ 

ʧʦʣʦʩʫ ʰʠʨʠʥʦʡ  15-20 ʚʝʨʩʪ ʠ ʙʳʣʘ ʩʦʩʪʘʚʣʝʥʘ ʚ ʤʘʩʰʪʘʙʘʭ ʚ 1 ʜʶʡʤʝ 2 

ʚʝʨʩʪʳ, ʚ 1 ʜʶʡʤʝ 10 ʚʝʨʩʪ. ʄʘʛʥʠʪʥʳʡ ʤʝʨʠʜʠʘʥ ʙʳʣ ʠʟʦʙʨʘʞʝʥ ʩʪʨʝʣʢʘʤʠ 

ʫ ʧʦʚʦʨʦʪʦʚ  ʞʝʣʝʟʥʦʡ ʜʦʨʦʛʠ, ʚʜʦʣʴ ʢʦʪʦʨʦʡ ʠ ʧʨʝʜʧʦʣʘʛʘʣʦʩʴ ʚʳʧʦʣʥʝʥʠʝ 

ʧʦʣʝʪʘ. ɺ 1924 ʛʦʜʫ ʙʳʣʘ ʠʟʜʘʥʘ ʢʘʨʪʘ ʜʣʷ ʧʦʣʝʪʘ ʧʦ ʤʘʨʰʨʫʪʫ 

ʄʦʩʢʚʘīʅ.ʅʦʚʛʦʨʦʜīʂʘʟʘʥʴ ʤʘʩʰʪʘʙʦʤ  ʚ 1ʩʤ 10 ʢʤ. 

ʅʘ ʧʨʦʪʷʞʝʥʠʠ ʤʥʦʛʠʭ ʣʝʪ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʚʠʟʫʘʣʴʥʳʭ 

ʧʦʣʝʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʢʘʨʪʳ ʚ ʚʠʜʦʠʟʤʝʥʝʥʥʦʡ ʧʦʣʠʢʦʥʠʯʝʩʢʦʡ ʧʨʦʝʢʮʠʠ 

ʤʘʩʰʪʘʙʘ ʚ 1 ʩʤ 10 ʢʤ (çʜʝʩʷʪʠʢʠʣʦʤʝʪʨʦʚʢʠè), ʥʘ ʢʦʪʦʨʳʭ ʥʘʥʝʩʝʥʦ ʤʥʦʛʦ 

ʥʘʟʝʤʥʳʭ ʦʨʠʝʥʪʠʨʦʚ. ʉ ʧʦʷʚʣʝʥʠʝʤ ʙʦʣʝʝ ʩʢʦʨʦʩʪʥʳʭ ʨʝʘʢʪʠʚʥʳʭ 

ʚʦʟʜʫʰʥʳʭ ʩʫʜʦʚ ʩʪʘʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʢʘʨʪʳ ʤʘʩʰʪʘʙʘ ʚ 1 ʩʤ 20 ʢʤ 

(çʜʚʘʜʮʘʪʠʢʠʣʦʤʝʪʨʦʚʢʠè), ʩʦʩʪʘʚʣʝʥʥʳʝ ʚ ʪʦʡ ʞʝ ʧʨʦʝʢʮʠʠ. ʅʦ ʜʣʷ ʧʦʣʝʪʦʚ 

ʧʦ ʧʨʠʙʦʨʘʤ ʥʘʟʝʤʥʳʝ ʚʠʟʫʘʣʴʥʳʝ ʦʨʠʝʥʪʠʨʳ ʥʝ ʥʫʞʥʳ. ʉ 80-ʭ ʛʦʜʦʚ 

ʧʨʦʰʣʦʛʦ ʚʝʢʘ ʥʘʯʘʪ ʚʳʧʫʩʢ ʨʘʜʠʦʥʘʚʠʛʘʮʠʦʥʥʳʭ ʢʘʨʪ (ʈʅʂ). ʆʥʠ ʠʟʜʘʶʪʩʷ 

ʚ ʨʘʚʥʦʫʛʦʣʴʥʦʡ ʢʦʥʠʯʝʩʢʦʡ ʧʨʦʝʢʮʠʠ ʃʘʤʙʝʨʪʘ ʠ ʩʦʜʝʨʞʘʪ ʙʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʘʵʨʦʥʘʚʠʛʘʮʠʦʥʥʳʭ ʜʘʥʥʳʭ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʧʨʠʙʦʨʥʳʭ 

ʧʦʣʝʪʦʚ. ɸʥʘʣʦʛʠʯʥʳʝ ʤʘʨʰʨʫʪʥʳʝ ʢʘʨʪʳ ʚʳʧʫʩʢʘʶʪʩʷ ʠ ʟʘ ʨʫʙʝʞʦʤ 

ʨʘʟʣʠʯʥʳʤʠ ʬʠʨʤʘʤʠ. 
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2. ɿɽʄʃʗ ʂɸʂ ʇʃɸʅɽʊɸ 

 

2.1. ʌʠʛʫʨʘ ɿʝʤʣʠ ʠ ʝʝ ʜʚʠʞʝʥʠʝ 

 

ɿʝʤʣʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʝʙʝʩʥʦʝ ʪʝʣʦ ʧʨʠʤʝʨʥʦ ʵʣʣʠʧʩʦʠʜʘʣʴʥʦʡ 

ʬʦʨʤʳ. ʇʦ ʪʚʝʨʜʦʩʪʠ ʝʝ ʤʦʞʥʦ ʥʘʟʚʘʪʴ ʫʧʨʫʛʦʚʷʟʢʦʡ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʝʩʣʠ  

ɿʝʤʣʶ ʙʳʩʪʨʦ ʩʜʘʚʠʪʴ (ʫʜʘʨʠʪʴ), ʪʦ ʦʥʘ  ʫʧʨʫʛʘʷ, ʘ ʝʩʣʠ ʤʝʜʣʝʥʥʦ ï ʚʷʟʢʘʷ.  

ɼʦʩʪʦʚʝʨʥʦ ʦ ʧʨʦʠʩʭʦʞʜʝʥʠʠ ɿʝʤʣʠ ʥʝʠʟʚʝʩʪʥʦ. ɺʦʟʨʘʩʪ ʥʘʰʝʡ 

ʧʣʘʥʝʪʳ ʦʮʝʥʠʚʘʝʪʩʷ ʚ 4,5 ʤʠʣʣʠʘʨʜʘ ʣʝʪ. ʈʘʥʴʰʝ ʩʯʠʪʘʣʠ, ʯʪʦ 

ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʦʥʘ ʙʳʣʘ ʦʛʥʝʥʥʦ-ʞʠʜʢʦʡ, ʥʦ ʩʝʡʯʘʩ ʫʯʝʥʳʝ ʩʢʣʦʥʷʶʪʩʷ ʢ 

ʪʦʤʫ, ʯʪʦ ɿʝʤʣʷ ʦʙʨʘʟʦʚʘʣʘʩʴ ʠʟ  ʛʘʟʦʧʳʣʝʚʦʛʦ ʦʙʣʘʢʘ. 

ʄʘʩʩʘ ɿʝʤʣʠ 6Ŀ10
24

 ʢʛ, ʘ ʩʨʝʜʥʷʷ ʧʣʦʪʥʦʩʪʴ 5,52 ʢʛ/ʩʤ
3
  ʅʦ ʚʥʫʪʨʠ 

ʧʣʘʥʝʪʳ ʝʝ  ʧʣʦʪʥʦʩʪʴ ʥʝʨʘʚʥʦʤʝʨʥʘ. ʋ  ʧʦʚʝʨʭʥʦʩʪʠ ʦʥʘ ʩʦʩʪʘʚʣʷʝʪ ʤʝʥʝʝ  

3,5 ʢʛ/ʩʤ
3
, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʦ ʚʥʫʪʨʝʥʥʠʭ ʩʣʦʷʭ ʧʣʦʪʥʦʩʪʴ ʛʦʨʘʟʜʦ ʙʦʣʴʰʝ. 

 
ʄʦʞʥʦ ʚʳʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʝ ʩʣʦʠ ʧʣʘʥʝʪʳ. 

1. ɿʝʤʥʘʷ ʢʦʨʘ ʪʦʣʱʠʥʦʡ ʦʙʳʯʥʦ 30-40 ʢʤ. ʄʘʢʩʠʤʘʣʴʥʘʷ ʪʦʣʱʠʥʘ 70 

ʢʤ, ʘ ʤʠʥʠʤʘʣʴʥʘʷ (ʚ ʦʢʝʘʥʘʭ) ʜʦ 6 ʢʤ. 

2. ʆʙʦʣʦʯʢʘ (ʤʘʥʪʠʷ), ʧʨʦʩʪʠʨʘʶʱʘʷʩʷ ʦʪ ʢʦʨʳ ʜʦ ʛʣʫʙʠʥʳ 2900 ʢʤ. 

ɻʨʘʥʠʮʘ ʤʝʞʜʫ ʢʦʨʦʡ ʠ ʤʘʥʪʠʝʡ ʥʘʟʚʘʥʘ ʛʨʘʥʠʮʝʡ ʄʦʭʦʨʦʚʠʯʘ ʚ ʯʝʩʪʴ 

ʶʛʦʩʣʘʚʩʢʦʛʦ ʛʝʦʬʠʟʠʢʘ. 

3. ʗʜʨʦ ï ʥʘ ʛʣʫʙʠʥʝ ʦʪ 2900 ʢʤ ʜʦ 5100 ʢʤ. 

4. ʉʫʙʲʷʜʨʦ ï ʦʪ ʛʣʫʙʠʥʳ 5100 ʢʤ ʜʦ ʮʝʥʪʨʘ ʧʣʘʥʝʪʳ (ʨʘʜʠʫʩ ɿʝʤʣʠ 

ʦʢʦʣʦ 6400 ʢʤ). ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʚ ʩʫʙʲʷʜʨʝ ʧʣʦʪʥʦʩʪʴ ʜʦʩʪʠʛʘʝʪ 19  

ʢʛ/ʩʤ
3
  

ɿʝʤʥʘʷ ʢʦʨʘ ï ʩʘʤʘʷ ʥʝʨʘʚʥʦʤʝʨʥʘʷ ʠ ʧʦʜʚʠʞʥʘʷ ʯʘʩʪʴ ʧʣʘʥʝʪʳ. ɽʡ 

ʩʚʦʡʩʪʚʝʥʥʳ ʧʨʠʣʠʚʥʦ-ʦʪʣʠʚʥʳʝ ʜʚʠʞʝʥʠʷ, ʧʝʨʝʤʝʱʝʥʠʷ ʤʘʪʝʨʠʢʦʚ. ʄʘʩʩʘ 

ʢʦʨʳ ʚʩʝʛʦ 1%, ʥʦ ʚʩʝ ʥʝʧʨʘʚʠʣʴʥʦʩʪʠ ʟʘʣʦʞʝʥʳ ʠʤʝʥʥʦ ʚ ʢʦʨʝ. 

ʇʝʨʝʤʝʱʝʥʠʷ ʢʦʥʪʠʥʝʥʪʦʚ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʚ ʩʨʝʜʥʝʤ 

ʩʦʩʪʘʚʣʷʶʪ 3 ʩʤ ʚ ʛʦʜ, ʘ ʚ ʚʝʨʪʠʢʘʣʴʥʦʤ 4 ʩʤ ʚ ʛʦʜ. ʅʦ ʚ ʥʝʢʦʪʦʨʳʭ ʤʝʩʪʘʭ 

ʛʦʨʘʟʜʦ ʙʦʣʴʰʝ, ʥʘʧʨʠʤʝʨ, ʄʝʭʠʢʦ ʟʘ 100 ʣʝʪ ʦʧʫʩʪʠʣʩʷ ʥʘ 6 ʤ. 

ʇʦʩʢʦʣʴʢʫ ʥʘ ɿʝʤʣʝ ʥʝʦʙʭʦʜʠʤʦ ʟʘʜʘʪʴ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ, ʚʘʞʥʦʝ 

ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʚʦʧʨʦʩ ʦ ʪʦʤ, ʢʘʢʫʶ ʬʦʨʤʫ ʠʤʝʝʪ ʧʦʚʝʨʭʥʦʩʪʴ ʧʣʘʥʝʪʳ. 

ʆʪʚʝʪʠʪʴ ʥʘ ʚʦʧʨʦʩ ʢʘʢʫʶ ʬʦʨʤʫ ʠʣʠ, ʢʘʢ ʛʦʚʦʨʷʪ, ʬʠʛʫʨʫ  ʠʤʝʝʪ ɿʝʤʣʷ, 

ʥʝʣʴʟʷ ʦʜʥʦʟʥʘʯʥʦ, ʵʪʦ ʟʘʚʠʩʠʪ ʦʪ ʪʦʛʦ, ʯʪʦ ʧʦʥʠʤʘʪʴ ʧʦʜ ʬʦʨʤʦʡ. ʂʦʥʝʯʥʦ, 

ʢʘʢ ʠ ʣʶʙʦʝ ʪʝʣʦ, ɿʝʤʣʷ ʠʤʝʝʪ ʬʦʨʤʫ, ʦʛʨʘʥʠʯʝʥʥʫʶ ʝʝ ʪʘʢ ʥʘʟʳʚʘʝʤʦʡ 

ʬʠʟʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ, ʧʨʠʯʝʤ ʬʦʨʤʫ ʜʦʚʦʣʴʥʦ ʥʝʧʨʘʚʠʣʴʥʫʶ ï ʩʦ ʚʩʝʤʠ 

ʥʝʨʦʚʥʦʩʪʷʤʠ ʨʝʣʴʝʬʘ. ʆʥʘ ʢ ʪʦʤʫ ʞʝ ʚʩʝ ʚʨʝʤʷ ʤʝʥʷʝʪʩʷ ʠ ʥʝ ʪʦʣʴʢʦ 

ʚʩʣʝʜʩʪʚʠʝ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. ʃʶʙʦʡ ʯʝʣʦʚʝʢ, ʥʘʧʨʠʤʝʨ, ʚʳʢʦʧʘʚ 

ʷʤʫ, ʠʟʤʝʥʷʝʪ ʬʠʟʠʯʝʩʢʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ɿʝʤʣʠ.  

ʀʩʧʦʣʴʟʦʚʘʪʴ ʬʠʟʠʯʝʩʢʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ɿʝʤʣʠ ʜʣʷ ʥʘʚʠʛʘʮʠʠ, 

ʥʘʧʨʠʤʝʨ, ʟʘʜʘʪʴ ʥʘ ʥʝʡ ʧʨʘʚʠʣʴʥʫʶ ʢʦʦʨʜʠʥʘʪʥʫʶ ʩʝʪʢʫ, ʧʨʘʢʪʠʯʝʩʢʠ 

ʥʝʚʦʟʤʦʞʥʦ. ʄʝʨʠʜʠʘʥʳ ʠ ʧʘʨʘʣʣʝʣʠ ʙʳʣʠ ʙʳ ʢʨʠʚʳʤʠ. ʇʦ ʢʦʦʨʜʠʥʘʪʘʤ 
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ʪʦʯʝʢ ʚ ʪʘʢʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʙʳʣʦ ʙʳ ʥʝʚʦʟʤʦʞʥʦ ʧʦ ʬʦʨʤʫʣʘʤ 

ʨʘʩʩʯʠʪʳʚʘʪʴ ʨʘʩʩʪʦʷʥʠʷ ʠ ʥʘʧʨʘʚʣʝʥʠʷ ʤʝʞʜʫ ʪʦʯʢʘʤʠ  

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʬʠʟʠʯʝʩʢʫʶ ʧʦʚʝʨʭʥʦʩʪ ɹ ɿʝʤʣʠ ʥʝʦʙʭʦʜʠʤʦ 

çʩʛʣʘʜʠʪʴè. ʕʪʘ ʦʧʝʨʘʮʠʷ ʚʳʧʦʣʥʷʝʪʩʷ ʩ ʧʦʤʦʱɹ ʶ ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ 

ʫʨʦʚʝʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ. 

ʋʨʦʚʝʥʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ï ʵʪʦ ʪʘʢʘʷ ʧʦʚʝʨʭʥʦʩʪʴ, ʢʦʪʦʨʘʷ ʧʝʨʝʩʝʢʘʝʪ 

ʚʩʝ ʦʪʚʝʩʥʳʝ ʣʠʥʠʠ ʧʦʜ ʧʨʷʤʳʤ ʫʛʣʦʤ. 

ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʦʪʚʝʩʥʘʷ ʣʠʥʠʷ ï ʵʪʦ ʣʠʥʠʷ, ʩʦʚʧʘʜʘʶʱʘʷ ʩ 

ʥʘʧʨʘʚʣʝʥʠʝʤ ʩʠʣʳ ʪʷʞʝʩʪʠ ʚ ʜʘʥʥʦʡ ʪʦʯʢʝ.  

ʆʪʚʝʩʦʤ ʤʳ ʥʘʟʳʚʘʝʤ ʛʨʫʟ, ʧʦʜʚʝʰʝʥʥʳʡ ʥʘ ʥʠʪʠ. ʅʘʧʨʘʚʣʝʥʠʝ ʵʪʦʡ 

ʥʠʪʠ ʠ ʝʩʪʴ ʥʘʧʨʘʚʣʝʥʠʝ ʦʪʚʝʩʥʦʡ ʣʠʥʠʠ. ʅʘʧʨʘʚʣʝʥʳ ʦʪʚʝʩʥʳʝ ʣʠʥʠʠ ʚʥʠʟ, 

ʥʦ ʚʦʚʩʝ ʥʝ ʪʦʯʥʦ ʢ ʮʝʥʪʨʫ ɿʝʤʣʠ, ʢʘʢ ʤʦʞʥʦ ʙʳʣʦ ʙʳ ʧʦʜʫʤʘʪʴ. ʆʪʚʝʩʥʳʝ 

ʣʠʥʠʠ ʥʝ ʧʘʨʘʣʣʝʣʴʥʳ ʚ ʨʘʟʥʳʭ ʜʘʞʝ ʙʣʠʟʣʝʞʘʱʠʭ ʤʝʩʪʘʭ ʢʘʢ ʤʠʥʠʤʫʤ ʧʦ 

ʜʚʫʤ ʧʨʠʯʠʥʘʤ. ɺʦ-ʧʝʨʚʳʭ, ʧʦʪʦʤʫ, ʯʪʦ  ʤʘʩʩʳ ʚ ʟʝʤʥʦʡ ʢʦʨʝ ʨʘʩʧʨʝʜʝʣʝʥʳ 

ʥʝʨʘʚʥʦʤʝʨʥʦ, ʘ ʚʝʜʴ ʠʤʝʥʥʦ ʦʥʠ ʩʦʟʜʘʶʪ ʩʠʣʫ ʧʨʠʪʷʞʝʥʠʷ. ɸ ʚʦ-ʚʪʦʨʳʭ, 

ʧʦʪʦʤʫ, ʯʪʦ ɿʝʤʣʷ ʩʧʣʶʩʥʫʪʘʷ ʠ ʚʨʘʱʘʝʪʩʷ, ʠʟ-ʟʘ ʯʝʛʦ ʥʘ ʢʘʞʜʦʝ 

ʤʘʪʝʨʠʘʣʴʥʦʝ ʪʝʣʦ ʜʝʡʩʪʚʫʝʪ ʮʝʥʪʨʦʙʝʞʥʘʷ ʩʠʣʘ, ʚʳʟʳʚʘʶʱʘʷ ʫʢʣʦʥʝʥʠʝ 

ʦʪʚʝʩʥʦʡ ʣʠʥʠʠ. 

ʋʢʣʦʥʝʥʠʷ ʦʪʚʝʩʥʳʭ ʣʠʥʠʡ ʥʝʚʝʣʠʢʠ (ʦʙʳʯʥʦ ʩʦʩʪʘʚʣʷʶʪ ʝʜʠʥʠʮʳ 

ʫʛʣʦʚʳʭ ʩʝʢʫʥʜ), ʥʦ ʪʝʤ ʥʝ ʤʝʥʝʝ ʚ ʢʘʞʜʦʡ ʪʦʯʢʝ ʦʪʚʝʩʥʳʝ ʣʠʥʠʠ 

ʥʘʧʨʘʚʣʝʥʳ ʧʦ-ʨʘʟʥʦʤʫ. ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʠ ʫʨʦʚʝʥʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ, 

ʧʨʦʚʝʜʝʥʥʳʝ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʵʪʠʤ ʣʠʥʠʷʤ, ʙʫʜʫʪ ʠʤʝʪʴ ʥʝʧʨʘʚʠʣʴʥʫʶ 

ʬʦʨʤʫ (ʨʠʩ. 2.1). 

ʋʨʦʚʝʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʤʦʞʥʦ ʧʨʦʚʝʩʪʠ ʙʝʩʢʦʥʝʯʥʦ ʤʥʦʛʦ ʠ ʦʥʠ 

ʧʨʠʤʝʨʥʦ ʧʘʨʘʣʣʝʣʴʥʳ ʜʨʫʛ ʜʨʫʛʫ (ʝʩʣʠ ʥʝ ʫʯʠʪʳʚʘʪʴ ʩʞʘʪʠʝ ɿʝʤʣʠ ʠ 

ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʦʣʷ). ʆʜʥʘ ʠʟ ʥʠʭ ʧʨʠʥʠʤʘʝʪʩʷ ʟʘ 

ʧʦʚʝʨʭʥʦʩʪʴ, ʦʛʨʘʥʠʯʠʚʘʶʱʫʶ ʬʠʛʫʨʫ ɿʝʤʣʠ. ʇʦ ʧʨʝʜʣʦʞʝʥʠʶ ʥʝʤʝʮʢʦʛʦ 

ʬʠʟʠʢʘ ʃʠʩʪʠʥʛʘ (1873 ʛ.) ʵʪʘ ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʣʫʯʠʣʘ ʥʘʟʚʘʥʠʝ ʛʝʦʠʜʘ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʛʝʦʠʜʘ ʦʩʥʦʚʘʥʦ ʥʘ ʪʦʤ, ʯʪʦ ʣʶʙʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʚʦʜʳ ʚ 

ʩʧʦʢʦʡʥʦʤ ʩʦʩʪʦʷʥʠʠ (ʚ ʯʘʰʢʝ, ʚ ʚʘʥʥʝ, ʚ ʤʦʨʝ) ʷʚʣʷʝʪʩʷ ʫʨʦʚʝʥʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʴʶ. ɺʦʜʘ ʚʩʝʛʜʘ ʨʘʩʪʝʢʘʝʪʩʷ ʪʘʢ, ʯʪʦ ʝʝ ʧʦʚʝʨʭʥʦʩʪʴ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘ ʢ ʥʘʧʨʘʚʣʝʥʠʶ ʩʠʣʳ ʪʷʞʝʩʪʠ. 

ɻʝʦʠʜ ï ʬʠʛʫʨʘ ɿʝʤʣʠ, ʦʙʨʘʟʦʚʘʥʥʘʷ ʫʨʦʚʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ, 

ʩʦʚʧʘʜʘʶʱʝʡ ʚ ʦʪʢʨʳʪʳʭ ʤʦʨʷʭ ʠ ʦʢʝʘʥʘʭ ʩ ʠʭ ʩʧʦʢʦʡʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ.  

 

 
 

ʈʠʩ. 2.1. ʋʨʦʚʝʥʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ 
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ʅʘ ʩʫʰʝ ʧʦʚʝʨʭʥʦʩʪʴ ʛʝʦʠʜʘ ʧʨʦʭʦʜʠʪ ʪʘʢ, ʯʪʦ ʦʥʘ ʷʚʣʷʝʪʩʷ  

ʧʨʦʜʦʣʞʝʥʠʝʤ ʧʦʚʝʨʭʥʦʩʪʠ ʦʢʝʘʥʘ ʠ ʚʝʟʜʝ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘ ʦʪʚʝʩʥʳʤ 

ʣʠʥʠʷʤ. 

ʇʦʩʢʦʣʴʢʫ ʫʨʦʚʝʥʴ ʤʦʨʝʡ ʠ ʦʢʝʘʥʦʚ ʚʩʣʝʜʩʪʚʠʝ ʧʨʠʣʠʚʦʚ ʠ ʦʪʣʠʚʦʚ, ʥʝ 

ʛʦʚʦʨʷ ʫʞʝ ʦ ʚʦʣʥʘʭ, ʥʝʧʨʝʨʳʚʥʦ ʤʝʥʷʝʪʩʷ, ʥʝʦʙʭʦʜʠʤʦ ʜʦʛʦʚʦʨʠʪʴʩʷ ʦ ʪʦʤ, 

ʛʜʝ ʞʝ ʧʨʦʭʦʜʠʪ ʵʪʦʪ çʩʨʝʜʥʠʡ ʫʨʦʚʝʥʴ ʤʦʨʷè (ʧʦʚʝʨʭʥʦʩʪʴ ʛʝʦʠʜʘ). ɺ ʥʘʰʝʡ 

ʩʪʨʘʥʝ ʟʘ ʥʝʛʦ ʚ ʢʘʯʝʩʪʚʝ ʥʘʯʘʣʘ ʦʪʩʯʝʪʘ ʚʳʩʦʪ ʧʨʠʥʷʪ çʥʦʣʴ 

ʂʨʦʥʰʪʘʜʪʩʢʦʛʦ ʬʫʪʰʪʦʢʘè ī ʤʝʨʥʦʡ ʣʠʥʝʡʢʠ, ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʚ ʆʙʚʦʜʥʦʤ 

ʢʘʥʘʣʝ ʂʨʦʥʰʪʘʜʪʘ. 

ʇʦʚʝʨʭʥʦʩʪʴ ʛʝʦʠʜʘ ʚ ʦʪʣʠʯʠʝ ʦʪ ʬʠʟʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ 

ʛʣʘʜʢʘʷ, ʥʦ ʪʦʞʝ ʜʦʚʦʣʴʥʦ ʥʝʧʨʘʚʠʣʴʥʘʷ ʠʟ-ʟʘ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʘʩʩ ʚʥʫʪʨʠ ʧʣʘʥʝʪʳ. ɽʩʣʠ ʩʨʘʚʥʠʚʘʪʴ ʩ ʪʝʣʦʤ  ʙʦʣʝʝ 

ʧʨʘʚʠʣʴʥʦʡ ʬʦʨʤʳ ï ʵʣʣʠʧʩʦʠʜʦʤ, ʪʦ ʛʝʦʠʜ ʠʤʝʝʪ ʠ ʚʧʘʜʠʥʳ (ʥʘ ʶʛʝ ʀʥʜʠʠ  

160 ʤ, ʥʘ ʂʫʙʝ 97 ʤ) ʠ ʚʳʧʫʢʣʦʩʪʠ (ʚ ʇʘʧʫʘ 120 ʤ, ʚ ɿʘʧʘʜʥʦʡ ɸʬʨʠʢʝ 136 

ʤ).  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʛʝʦʠʜ ʧʦ ʬʦʨʤʝ ʙʦʣʴʰʝ ʧʦʭʦʞ ʥʝ ʥʘ hʘʨ, ʘ ʥʘ ʛʨʫʫh. 

ʈʘʟʫʤʝʝʪʩʷ, ʵʪʦ ʫʪʨʠʨʦʚʘʥʥʦ, ʪʘʢ ʢʘʢ ʫʢʘʟʘʥʥʳʝ ʥʝʨʦʚʥʦʩʪʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʨʘʟʤʝʨʘʤʠ ɿʝʤʣʠ ʦʯʝʥʴ ʤʘʣʳ (ʨʠʩ. 2.2). 

ɼʣʷ ʩʦʩʪʘʚʣʝʥʠʷ ʢʘʨʪ ʚʩʝ ʪʦʯʢʠ ʥʘ ʬʠʟʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ 

ʩʥʘʯʘʣʘ ʧʨʦʝʢʪʠʨʫʶʪ ʥʘ ʛʝʦʠʜ. ʂʦʥʝʯʥʦ, ʠ ʚʳʩʦʪʫ ʪʦʯʝʢ ʞʝʣʘʪʝʣʴʥʦ 

ʠʟʤʝʨʷʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʚʝʨʭʥʦʩʪʠ ʛʝʦʠʜʘ, ʥʦ ʪʫʪ ʚʦʟʥʠʢʘʝʪ ʧʨʦʙʣʝʤʘ. 

ʆʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʧʦʣʦʞʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʛʝʦʠʜʘ ʚ ʦʢʝʘʥʘʭ ʦʧʨʝʜʝʣʠʪʴ 

ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʦ, ʫʩʨʝʜʥʠʚ ʫʨʦʚʝʥʴ ʦʢʝʘʥʘ, ʅʦ ʥʘ ʩʫʰʝ ʵʪʦ  ʩʜʝʣʘʪʴ 

ʥʝʚʦʟʤʦʞʥʦ. ɻʝʦʠʜ ʠ ʥʘ ʩʫʰʝ ʜʦʣʞʝʥ ʧʨʦʭʦʜʠʪʴ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʦʪʚʝʩʥʳʤ 

ʣʠʥʠʷʤ, ʥʦ ʥʘʧʨʘʚʣʝʥʠʝ ʦʪʚʝʩʥʳʭ ʣʠʥʠʡ ʚʥʫʪʨʠ ʤʘʪʝʨʠʢʘ  ʥʝʠʟʚʝʩʪʥʦ, 

ʧʦʩʢʦʣʴʢʫ ʥʝʠʟʚʝʩʪʥʦ  ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʤʘʩʩ ʚʥʫʪʨʠ ɿʝʤʣʠ.  

 

 
 

ʈʠʩ. 2.2. ʅʝʨʦʚʥʦʩʪʠ ʛʝʦʠʜʘ (ʧʨʝʫʚʝʣʠʯʝʥʦ) 
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ʇʦʵʪʦʤʫ ʚʤʝʩʪʦ ʧʦʚʝʨʭʥʦʩʪʠ ʛʝʦʠʜʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʦʚʝʨʭʥʦʩʪʴ 

ʢʚʘʟʠʛʝʦʠʜʘ. ʆʥʘ ʩʦʚʧʘʜʘʝʪ ʩ ʛʝʦʠʜʦʤ ʚ ʤʦʨʷʭ ʠ ʦʢʝʘʥʘʭ ʠ ʧʦʯʪʠ ʩʦʚʧʘʜʘʝʪ 

ʥʘ ʢʦʥʪʠʥʝʥʪʘʭ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʚ ʨʘʚʥʠʥʥʦʡ ʤʝʩʪʥʦʩʪʠ ʨʘʩʭʦʞʜʝʥʠʝ ʧʦ 

ʚʳʩʦʪʝ ʩʦʩʪʘʚʣʷʝʪ ʜʦ 20 ʩʤ, ʘ ʚ ʛʦʨʘʭ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 2-3 ʤ. ʇʦʣʦʞʝʥʠʝ 

ʧʦʚʝʨʭʥʦʩʪʠ ʢʚʘʟʠʛʝʦʠʜʘ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʛʝʦʠʜʘ, ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʦ 

ʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʦ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʭ, ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʠ 

ʘʩʪʨʦʥʦʤʠʯʝʩʢʠʭ ʩʲʝʤʦʢ. ɹʦʣʝʝ ʧʦʜʨʦʙʥʦ ʜʘʥʥʘʷ ʧʨʦʙʣʝʤʘ ʙʫʜʝʪ 

ʨʘʩʩʤʦʪʨʝʥʘ ʜʘʣʝʝ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʚʩʝʭ ʢʘʨʪʘʭ ʫʨʦʚʝʥʴ ʨʝʣʴʝʬʘ ʤʝʩʪʥʦʩʪʠ ʩʪʨʦʛʦ 

ʛʦʚʦʨʷ ʫʢʘʟʳʚʘʝʪʩʷ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʢʚʘʟʠʛʝʦʠʜʘ. ʅʦ ʧʨʘʢʪʠʯʝʩʢʠ ʤʦʞʥʦ 

ʩʯʠʪʘʪʴ ʠ ʯʪʦ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʛʝʦʠʜʘ, ʫʯʠʪʳʚʘʷ ʥʝʟʥʘʯʠʪʝʣʴʥʫʶ ʨʘʟʥʠʮʫ 

ʤʝʞʜʫ ʥʠʤʠ (ʨʠʩ. 2.3.). 

 

 
 

ʈʠʩ. 2.3. ʇʦʚʝʨʭʥʦʩʪʠ ʛʝʦʠʜʘ, ʢʚʘʟʠʛʝʦʠʜʘ ʠ ʵʣʣʠʧʩʦʠʜʘ 

 

ʂʘʢ ʛʝʦʠʜ, ʪʘʢ ʠ ʢʚʘʟʠʛʝʦʠʜ ʥʝ ʷʚʣʷʶʪʩʷ ʪʝʣʘʤʠ ʧʨʘʚʠʣʴʥʦʡ ʬʦʨʤʳ, ʥʝ 

ʠʤʝʶʪ ʧʨʦʩʪʦʛʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ ʠ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʜʣʷ ʟʘʜʘʥʠʷ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ. ɿʝʤʣʶ ʥʝʦʙʭʦʜʠʤʦ ʝʱʝ ʙʦʣʴʰʝ çʩʛʣʘʜʠʪʴè. 

ʇʦʵʪʦʤʫ ʜʣʷ ʟʘʜʘʥʠʷ ʥʘ ɿʝʤʣʝ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʛʝʦʠʜ ʘʧʧʨʦʢʩʠʤʠʨʫʶʪ 

ʵʣʣʠʧʩʦʠʜʦʤ ʚʨʘʱʝʥʠʷ, ʪʦ ʝʩʪʴ ʬʠʛʫʨʦʡ, ʦʙʨʘʟʦʚʘʥʥʦʡ ʧʫʪʝʤ ʚʨʘʱʝʥʠ ̫ 

ʵʣʣʠʧʩʘ (ʧʣʦʩʢʦʡ ʬʠʛʫʨʳ)  ʚʦʢʨʫʛ ʤʘʣʦʡ ʝʛʦ ʦʩʠ. ʕʣʣʠʧʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʩʞʘʪʫʶ ʦʢʨʫʞʥʦʩʪʴ. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʛʦ, ʢʘʢʦʛʦ ʨʘʟʤʝʨʘ ʚʳʙʨʘʥ ʵʣʣʠʧʩʦʠʜ ʠ ʢʘʢ ʦʥ 

ʨʘʩʧʦʣʦʞʝʥ ʚ ʪʝʣʝ ʛʝʦʠʜʘ, ʧʦʚʝʨʭʥʦʩʪʴ ʵʣʣʠʧʩʦʠʜʘ ʤʦʞʝʪ ʦʪʭʦʜʠʪʴ ʦʪ ʛʝʦʠʜʘ 

ʥʘ ʜʝʩʷʪʢʠ ʠ ʩʦʪʥʠ ʤʝʪʨʦʚ. ʅʘʧʨʘʚʣʝʥʠʝ ʦʪʚʝʩʥʦʡ ʣʠʥʠʠ (ʧʝʨʧʝʥʜʠʢʫʣʷʨʘ ʢ 

ʛʝʦʠʜʫ) ʥʝ ʩʦʚʧʘʜʘʝʪ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ ʥʦʨʤʘʣʠ (ʧʝʨʧʝʥʜʠʢʫʣʷʨʘ) ʢ 

ʵʣʣʠʧʩʦʠʜʫ. 

ʀʤʝʥʥʦ ʟʘ ʵʣʣʠʧʩʦʠʜ  ʧʨʠʥʠʤʘʶʪ ɿʝʤʣʶ ʠ ʥʘ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʠ ʚʚʦʜʷʪ 

ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ. ʕʣʣʠʧʩʦʠʜ ï ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʧʨʘʚʠʣʴʥʦʝ ʪʝʣʦ, ʧʦʵʪʦʤʫ 

ʧʦ ʢʦʦʨʜʠʥʘʪʘʤ ʪʦʯʝʢ ʥʘ ʵʣʣʠʧʩʦʠʜʝ ʤʦʞʥʦ ʧʦ ʬʦʨʤʫʣʘʤ ʩ ʣʶʙʦʡ ʪʦʯʥʦʩʪʴʶ 

ʨʘʩʩʯʠʪʳʚʘʪʴ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʥʠʤʠ, ʥʘʧʨʘʚʣʝʥʠʷ ʠʟ ʦʜʥʦʡ ʪʦʯʢʠ ʚ ʜʨʫʛʫʶ. 

ʅʦ ʵʣʣʠʧʩʦʠʜ ï ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʘʷ ʬʠʛʫʨʘ, ʧʦʵʪʦʤʫ ʨʘʩʯʝʪʥʳʝ 

ʬʦʨʤʫʣʳ ʠʤʝʶʪ ʩʣʦʞʥʳʡ ʚʠʜ. ɽʩʣʠ ʞʝ ʦʯʝʥʴ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʠ ʥʝ 

ʪʨʝʙʫʝʪʩʷ, ʪʦ ɿʝʤʣʶ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʝʱʝ ʙʦʣʝʝ ʧʨʦʩʪʦʡ ʬʠʛʫʨʦʡ ï 
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ʩʬʝʨʦʡ, ʪʦ ʝʩʪʴ ʥʝʩʞʘʪʳʤ ʵʣʣʠʧʩʦʠʜʦʤ. ʅʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʬʝʨʳ ʨʘʩʯʝʪʳ 

ʚʳʧʦʣʥʷʶʪʩʷ ʥʝ ʩʪʦʣʴ ʪʦʯʥʦ, ʥʦ ʧʦ ʙʦʣʝʝ ʧʨʦʩʪʳʤ ʬʦʨʤʫʣʘʤ, ʭʦʪʷ ʠ ʙʦʣʝʝ 

ʩʣʦʞʥʳʤ, ʯʝʤ ʧʨʠ ʨʘʩʯʝʪʘʭ ʥʘ ʧʣʦʩʢʦʩʪʠ. ɽʩʣʠ ʞʝ ʨʝʯʴ ʠʜʝʪ ʦ ʨʘʩʯʝʪʝ 

ʨʘʩʩʪʦʷʥʠʡ ʠ ʥʘʧʨʘʚʣʝʥʠʡ ʥʘ ʦʛʨʘʥʠʯʝʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ (ʚ ʧʨʝʜʝʣʘʭ 

ʥʝʩʢʦʣʴʢʠʭ ʢʠʣʦʤʝʪʨʦʚ), ʪʦ ʧʦʚʝʨʭʥʦʩʪʴ ɿʝʤʣʠ ʚ ʵʪʦʤ ʨʘʡʦʥʝ ʤʦʞʥʦ ʧʨʦʩʪʦ 

ʧʨʠʥʷʪʴ ʟʘ ʧʣʦʩʢʦʩʪʴ, ʪʦ ʝʩʪʴ ʥʝ ʫʯʠʪʳʚʘʪʴ ʢʨʠʚʠʟʥʫ ɿʝʤʣʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʝʰʘʝʤʦʡ ʟʘʜʘʯʠ, ʪʨʝʙʫʝʤʦʡ 

ʪʦʯʥʦʩʪʠ ʠ ʨʘʟʤʝʨʘ ʦʭʚʘʪʳʚʘʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ ʚ ʢʘʯʝʩʪʚʝ ʬʠʛʫʨʳ ɿʝʤʣʠ 

ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʝʝ ʤʦʜʝʣʠ (ʘʧʧʨʦʢʩʠʤʘʮʠʠ): 

- ʬʠʟʠʯʝʩʢʫʶ ʧʦʚʝʨʭʥʦʩʪʴ (ʬʘʢʪʠʯʝʩʢʫʶ ʬʠʛʫʨʫ ɿʝʤʣʠ); 

- ʛʝʦʠʜ (ʢʚʘʟʠʛʝʦʠʜ); 

- ʵʣʣʠʧʩʦʠʜ; 

- ʩʬʝʨʫ; 

- ʧʣʦʩʢʦʩʪʴ. 

ɿʝʤʣʷ ʥʝʧʨʝʨʳʚʥʦ ʜʚʠʞʝʪʩʷ. ʆʥʘ ʚʨʘʱʘʝʪʩʷ ʚʦʢʨʫʛ ʩʚʦʝʡ ʦʩʠ ʠ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʦʙʨʘʱʘʝʪʩʷ ʚʦʢʨʫʛ ʉʦʣʥʮʘ ʧʦ ʙʣʠʟʢʦʡ ʢ ʦʢʨʫʞʥʦʩʪʠ 

ʵʣʣʠʧʪʠʯʝʩʢʦʡ ʦʨʙʠʪʝ  (ʵʢʩʮʝʥʪʨʠʩʠʪʝʪ   0,01672). ʆʜʠʥ ʦʙʦʨʦʪ ɿʝʤʣʠ ʚʦʢʨʫʛ 

ʩʚʦʝʡ ʦʩʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʉʦʣʥʮʘ ʟʘʥʠʤʘʝʪ ʨʦʚʥʦ 24 ʯʘʩʘ, ʧʦʩʢʦʣʴʢʫ ʧʦ 

ʦʧʨʝʜʝʣʝʥʠʶ ʦʜʠʥ ʯʘʩ ʵʪʦ 1/24 ʯʘʩʪʴ ʩʦʣʥʝʯʥʳʭ ʩʫʪʦʢ. ʆʪʥʦʩʠʪʝʣʴʥʦ ʟʚʝʟʜ 

ɿʝʤʣʷ ʩʦʚʝʨʰʘʝʪ ʦʙʦʨʦʪ ʚʦʢʨʫʛ ʩʚʦʝʡ ʦʩʠ ʧʨʠʤʝʨʥʦ ʟʘ 23 ʯ 56 ʤʠʥ. ʕʪʦ 

ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ ɿʝʤʣʷ ʫʩʧʝʚʘʝʪ ʧʝʨʝʤʝʩʪʠʪʴʩʷ ʧʦ ʩʚʦʝʡ 

ʦʨʙʠʪʝ. ɽʩʣʠ, ʥʘʧʨʠʤʝʨ, ʚ ʥʝʢʦʪʦʨʳʡ ʤʦʤʝʥʪ ʥʘʧʨʘʚʣʝʥʠʝ ʥʘ ʉʦʣʥʮʝ ʠ 

ʢʘʢʫʶ-ʥʠʙʫʜʴ ʟʚʝʟʜʫ ʩʦʚʧʘʜʘʣʦ, ʪʦ ʯʝʨʝʟ ʩʫʪʢʠ ʵʪʠ ʥʘʧʨʘʚʣʝʥʠʷ ʙʫʜʫʪ 

ʦʪʣʠʯʘʪʴʩʷ ʧʨʠʤʝʨʥʦ ʥʘ 1Ü. 

ɿʘ ʩʯʝʪ ʩʫʪʦʯʥʦʛʦ ʚʨʘʱʝʥʠʷ ɿʝʤʣʠ ʧʨʦʠʩʭʦʜʠʪ ʩʤʝʥʘ ʜʥʷ ʠ ʥʦʯʠ. 

ʇʣʦʩʢʦʩʪʴ ʦʨʙʠʪʳ ɿʝʤʣʠ ʥʘʟʳʚʘʝʪʩʷ ʧʣʦʩʢʦʩʪʴʶ ʵʢʣʠʧʪʠʢʠ (ʨʠʩ.2.4). 

 

 
 

 

ʈʠʩ. 2.4. ʇʣʦʩʢʦʩʪʴ ʵʢʣʠʧʪʠʢʠ ʠ ʦʩʴ ʚʨʘʱʝʥʠʷ ɿʝʤʣʠ 
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ʆʩʴ ʚʨʘʱʝʥʠʷ ɿʝʤʣʠ ʥʘʢʣʦʥʝʥʘ ʢ ʧʣʦʩʢʦʩʪʠ ʵʢʣʠʧʪʠʢʠ ʧʨʠʤʝʨʥʦ ʥʘ 

66Á33', ʘ ʢ ʧʝʨʧʝʥʜʠʢʫʣʷʨʫ ʢ ʵʢʣʠʧʪʠʢʝ, ʨʘʟʫʤʝʝʪʩʷ, ʥʘ 23Á27'. ʕʪʦʪ ʫʛʦʣ 

ʦʩʪʘʝʪʩʷ ʧʦʯʪʠ ʥʝʠʟʤʝʥʥʳʤ, ʧʦʩʢʦʣʴʢʫ ʚʨʘʱʘʶʱʘʷʩʷ ɿʝʤʣʷ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʛʠʨʦʩʢʦʧ, ʢʦʪʦʨʳʡ ʩʪʨʝʤʠʪʩʷ ʩʦʭʨʘʥʠʪʴ ʥʘʧʨʘʚʣʝʥʠʝ ʦʩʠ ʚʨʘʱʝʥʠʷ 

ʧʦʩʪʦʷʥʥʳʤ. ɿʘ ʩʯʝʪ ʵʪʦʛʦ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʛʦ ʩʝʚʝʨʥʳʤ ʠʣʠ ʶʞʥʳʤ 

ʧʦʣʫʰʘʨʠʝʤ ɿʝʤʣʷ ʦʙʨʘʱʝʥʘ ʢ ʉʦʣʥʮʫ, ʧʨʦʠʩʭʦʜʠʪ ʩʤʝʥʘ ʚʨʝʤʝʥ ʛʦʜʘ. 

ʂʦʛʜʘ ɿʝʤʣʷ ʥʘʢʣʦʥʝʥʘ ʢ ʉʦʣʥʮʫ ʩʝʚʝʨʥʳʤ ʧʦʣʫʰʘʨʠʝʤ, ʩʦʣʥʝʯʥʳʝ ʣʫʯʠ ʪʘʤ 

ʧʘʜʘʶʪ ʥʘ ʟʝʤʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʙʦʣʝʝ ʦʪʚʝʩʥʦ ʠ ʣʫʯʰʝ ʝʝ ʧʨʦʛʨʝʚʘʶʪ. ɺ ʵʪʦ 

ʚʨʝʤʷ ʚ ʩʝʚʝʨʥʦʤ ʧʦʣʫʰʘʨʠʠ ʣʝʪʦ. ɸ ʨʘʡʦʥ ʚʙʣʠʟʠ ʩʝʚʝʨʥʦʛʦ ʧʦʣʶʩʘ 

ʦʩʪʘʝʪʩʷ ʦʩʚʝʱʝʥʥʳʤ ʢʨʫʛʣʳʝ ʩʫʪʢʠ (ʧʦʣʷʨʥʳʡ ʜʝʥʴ). ɺ ʵʪʦ ʚʨʝʤʷ ʚ ʶʞʥʦʤ 

ʧʦʣʫʰʘʨʠʠ ʟʠʤʘ, ʘ ʚ ʨʘʡʦʥʝ ʶʞʥʦʛʦ ʧʦʣʶʩʘ ï ʧʦʣʷʨʥʘʷ ʥʦʯʴ. ʏʝʨʝʟ ʧʦʣʛʦʜʘ 

ʩʠʪʫʘʮʠʷ ʤʝʥʷʝʪʩʷ ʥʘ ʧʨʦʪʠʚʦʧʦʣʦʞʥʫʶ. 

ʅʦ ʟʝʤʥʘʷ ʦʩʴ ʩʦʚʝʨʰʘʝʪ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʤʝʜʣʝʥʥʦʝ ʢʦʥʫʩʦʦʙʨʘʟʥʦʝ 

ʜʚʠʞʝʥʠʝ ʩ ʧʝʨʠʦʜʦʤ 26000 ʣʝʪ, ʥʘʟʳʚʘʝʤʦʝ ʧʨʝʮʝʩʩʠʝʡ (ʧʨʝʮʝʩʩʠʷ ï 

ʜʦʩʣʦʚʥʦ ʧʨʝʜʚʘʨʝʥʠʝ), ʘ ʩ ʧʝʨʠʦʜʦʤ 18,67 ʛʦʜʘ ï ʪʘʢʞʝ ʙʦʣʝʝ ʤʝʣʢʠʝ 

ʢʦʣʝʙʘʥʠʷ, ʚʳʟʳʚʘʶʱʠʝ ʠʟʤʝʥʝʥʠʝ ʥʘʢʣʦʥʘ ʟʝʤʥʦʡ ʦʩʠ ʢ ʵʢʣʠʧʪʠʢʝ ʠ 

ʥʘʟʳʚʘʝʤʳʝ ʥʫʪʘʮʠʝʡ (ʨʠʩ.2.5). ʇʨʠʯʠʥʦʡ ʵʪʠʭ ʜʚʠʞʝʥʠʡ ʷʚʣʷʶʪʩʷ 

ʵʣʣʠʧʩʦʠʜʘʣʴʥʦʩʪʴ ɿʝʤʣʠ ʠ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʝʝ ʧʣʦʪʥʦʩʪʠ, ʧʦʩʢʦʣʴʢʫ 

ʚʳʧʫʢʣʳʝ ʯʘʩʪʠ ɿʝʤʣʠ ʧʨʠʪʷʛʠʚʘʶʪʩʷ ʉʦʣʥʮʝʤ ʠ ʃʫʥʦʡ ʩʠʣʴʥʝʝ. 

ʀʟ-ʟʘ ʧʨʝʮʝʩʩʠʠ ʠ ʥʫʪʘʮʠʠ ʦʩʴ ʚʨʘʱʝʥʠʷ ɿʝʤʣʠ ʤʝʥʷʝʪ ʧʦʣʦʞʝʥʠʝ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʚʤʝʩʪʝ ʩ ʪʝʣʦʤ ɿʝʤʣʠ, ʪʦ ʝʩʪʴ ʚʝʜʝʪ ʩʝʙʷ ʢʘʢ ʢʘʯʘʶʱʠʡʩʷ 

ʚʦʣʯʦʢ. ʇʨʠ ʵʪʦʤ ʠʟʤʝʥʷʶʪʩʷ ʢʦʦʨʜʠʥʘʪʳ ʥʝʙʝʩʥʳʭ ʩʚʝʪʠʣ ï ʚʝʜʴ ʩʠʩʪʝʤʘ 

ʥʝʙʝʩʥʳʭ ʢʦʦʨʜʠʥʘʪ ʩʚʷʟʘʥʘ ʩ ʦʩʴʶ ʚʨʘʱʝʥʠʷ. ɸ ʢʦʦʨʜʠʥʘʪʳ ʧʫʥʢʪʦʚ ʥʘ 

ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʢʦʥʝʯʥʦ, ʥʝ ʠʟʤʝʥʷʶʪʩʷ.  

 

 
 

ʈʠʩ. 2.5. ʇʨʝʮʝʩʩʠʷ ʠ ʥʫʪʘʮʠʷ 

 



17 

 

 

ʂʨʦʤʝ ʪʦʛʦ, ʩʫʱʝʩʪʚʫʝʪ ʠ ʪʘʢ ʥʘʟʳʚʘʝʤʦʝ ʜʚʠʞʝʥʠʝ ʧʦʣʶʩʦʚ. ʇʦʣʶʩʘ ï 

ʵʪʦ ʪʦʯʢʠ ʧʝʨʝʩʝʯʝʥʠʷ ʦʩʠ ʚʨʘʱʝʥʠʷ ɿʝʤʣʠ ʩ ʝʝ ʧʦʚʝʨʭʥʦʩʪʴʶ. ʆʢʘʟʳʚʘʝʪʩʷ, 

ʚʥʫʪʨʠ ʪʝʣʘ ɿʝʤʣʠ ʤʛʥʦʚʝʥʥʘʷ ʦʩʴ ʝʝ ʚʨʘʱʝʥʠʷ ʥʝʧʨʝʨʳʚʥʦ ʤʝʥʷʝʪ ʩʚʦʝ 

ʧʦʣʦʞʝʥʠʝ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʦʣʶʩʘ çʛʫʣʷʶʪè ʧʨʠʤʝʨʥʦ ʚ ʢʚʘʜʨʘʪʝ 20 ʥʘ 20 ʤ. 

ʕʪʦ ʷʚʣʝʥʠʝ ʚʳʟʳʚʘʝʪ, ʚʦʦʙʱʝ ʛʦʚʦʨʷ, ʠʟʤʝʥʝʥʠʝ ʤʛʥʦʚʝʥʥʳʭ (ʪʦ ʝʩʪʴ ʥʝ 

ʩʨʝʜʥʠʭ, ʘ ʠʤʝʥʥʦ ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ) ʢʦʦʨʜʠʥʘʪ ʪʦʯʝʢ ï ʠʭ ʰʠʨʦʪ ʠ 

ʜʦʣʛʦʪ, ʧʦʩʢʦʣʴʢʫ ʢʦʦʨʜʠʥʘʪʥʘʷ ʩʝʪʢʘ ʩʚʷʟʘʥʘ ʩ ʧʦʣʶʩʘʤʠ. ʅʦ ʵʪʦ ʠʟʤʝʥʝʥʠʝ 

ʥʝʚʝʣʠʢʦ, ʥʝ ʧʨʝʚʳʰʘʝʪ 0,3'' ʧʦ ʰʠʨʦʪʝ ʠ ʜʦʣʛʦʪʝ. 

ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʩʣʫʞʙʘ ʜʚʠʞʝʥʠʷ ʧʦʣʶʩʘ  IPMS (International Polar 

Motion Service)  ʝʞʝʥʝʜʝʣʴʥʦ ʧʫʙʣʠʢʫʝʪ ʢʦʦʨʜʠʥʘʪʳ ʤʛʥʦʚʝʥʥʦʛʦ ʧʦʣʶʩʘ. 

ʅʘ ʨʠʩ.2.6 ʩʧʣʦʰʥʦʡ ʣʠʥʠʝʡ ʧʦʢʘʟʘʥʦ ʠʟʤʝʥʝʥʠʝ  ʧʦʣʦʞʝʥʠʷ ʩʨʝʜʥʝʛʦ 

ʧʦʣʶʩʘ (ʦʩʨʝʜʥʝʥʥʦʛʦ ʟʘ ʜʝʩʷʪʠʣʝʪʥʠʡ ʧʝʨʠʦʜ) ʚ ʧʝʨʠʦʜ ʩ 1890 ʧʦ 2000 ʛ., ʘ 

ʧʫʥʢʪʠʨʦʤ ï ʪʨʘʝʢʪʦʨʠʷ ʧʝʨʝʤʝʱʝʥʠʷ ʤʛʥʦʚʝʥʥʦʛʦ ʧʦʣʶʩʘ ʩ 1996 ʧʦ 2000 ʛ. 

ʈʘʩʩʪʦʷʥʠʷ ʧʦ ʦʩʷʤ ʢʦʦʨʜʠʥʘʪ ʫʢʘʟʘʥʳ ʚ ʫʛʣʦʚʳʭ ʩʝʢʫʥʜʘʭ ʰʠʨʦʪʳ. 

ɺʨʘʱʝʥʠʝ ɿʝʤʣʠ ʚʦʢʨʫʛ ʩʚʦʝʡ  ʦʩʠ ʪʘʢʞʝ ʥʝʨʘʚʥʦʤʝʨʥʦ. ɿʘ ʩʯʝʪ 

ʧʨʠʣʠʚʥʳʭ ʩʠʣ ʉʦʣʥʮʘ ʠ ʃʫʥʳ ɿʝʤʣʷ ʚʨʘʱʘʝʪʩʷ ʚʩʝ ʤʝʜʣʝʥʥʝʝ ʠ ʩʫʪʢʠ 

ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʥʘ 0,0014 ʩʝʢʫʥʜʳ ʟʘ 100 ʣʝʪ (ʧʦ ʥʘʙʣʶʜʝʥʠʷʤ ʟʘ ʧʦʩʣʝʜʥʠʝ 

250 ʣʝʪ). ʉʫʱʝʩʪʚʫʶʪ ʠ ʩʝʟʦʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʩ ʘʤʧʣʠʪʫʜʦʡ  ʧʦʨʷʜʢʘ 0,0025 ʩ 

ʟʘ 100 ʣʝʪ (ʟʠʤʦʡ ɿʝʤʣʷ ʚʨʘʱʘʝʪʩʷ ʙʳʩʪʨʝʝ), ʘ ʪʘʢʞʝ ʥʝʨʝʛʫʣʷʨʥʳʝ (0,003 ʩ) 

ʥʝʠʟʚʝʩʪʥʦʡ ʧʨʠʨʦʜʳ. ʅʘ ʨʠʩ.2.7 ʧʦʢʘʟʘʥʳ ʦʪʢʣʦʥʝʥʠʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ 

ʩʫʪʦʢ ʦʪ ʠʭ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ʟʘ ʧʦʩʣʝʜʥʠʝ 350 ʣʝʪ.  

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʦʩʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ ʠʟʤʝʥʝʥʠʷ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ 

ɿʝʤʣʠ ʷʚʣʷʝʪʩʷ ʠʟʤʝʥʝʥʠʝ ʝʝ ʤʦʤʝʥʪʘ ʠʥʝʨʮʠʠ ʠʟ-ʟʘ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʚʦʜʥʳʭ ʤʘʩʩ ʚ ʦʢʝʘʥʘʭ ʠ ʚʦʟʜʫʰʥʳʭ ʤʘʩʩ ʚ ʘʪʤʦʩʬʝʨʝ. 

 

 
 

ʈʠʩ. 2.6. ɼʚʠʞʝʥʠʝ ʧʦʣʶʩʦʚ ɿʝʤʣʠ 
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ʈʠʩ. 2.7. ʆʪʢʣʦʥʝʥʠʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʩʫʪʦʢ ʦʪ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ  

(ʚ ʤʠʣʣʠʩʝʢʫʥʜʘʭ) 

 

ʀʟʤʝʥʝʥʠʝ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʥʘʰʝʡ ʧʣʘʥʝʪʳ ʦʪʩʣʝʞʠʚʘʝʪʩʷ 

ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʩʣʫʞʙʦʡ ʚʨʘʱʝʥʠʷ ɿʝʤʣʠ IERS (International Earth Rotation 

and Reference Service). 

 

 

2.2. ɻʨʘʚʠʪʘʮʠʦʥʥʦʝ ʧʦʣʝ ɿʝʤʣʠ 

 

ʇʦʩʢʦʣʴʢʫ ʬʦʨʤʘ ɿʝʤʣʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʠʣʦʡ ʪʷʞʝʩʪʠ, ʝʝ ʠʟʫʯʝʥʠʝ 

ʥʝʚʦʟʤʦʞʥʦ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʢʦʥʦʤ ʚʩʝʤʠʨʥʦʛʦ ʪʷʛʦʪʝʥʠʷ, ʦʪʢʨʳʪʳʤ 

ʀ.ʅʴʶʪʦʥʦʤ, ʜʚʝ ʤʘʪʝʨʠʘʣʴʥʳʝ ʪʦʯʢʠ ʩ ʤʘʩʩʘʤʠ m1 ʠ  m2 ʧʨʠʪʷʛʠʚʘʶʪʩʷ 

ʜʨʫʛ ʢ ʜʨʫʛʫ ʩ ʩʠʣʦʡ F, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʡ ʵʪʠʤ ʤʘʩʩʘʤ ʠ ʦʙʨʘʪʥʦ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʡ ʨʘʩʩʪʦʷʥʠʶ r ʤʝʞʜʫ ʥʠʤʠ:  

,
2

21

r

mm
fF -=  

ʛʜʝ f = 6,67Ā10
-11
ʤ

3
/(ʢʛĀʩ

2
) ï ʫʥʠʚʝʨʩʘʣʴʥʘʷ ʛʨʘʚʠʪʘʮʠʦʥʥʘʷ ʧʦʩʪʦʷʥʥʘʷ. 

ʈʘʩʩʤʦʪʨʠʤ ʧʨʦʙʥʦʝ ʤʘʪʝʨʠʘʣʴʥʦʝ ʪʝʣʦ ʩ ʤʘʩʩʦʡ, ʨʘʚʥʦʡ ʝʜʠʥʠʮʝ. ʆʥʦ 

ʙʫʜʝʪ ʧʨʠʪʷʛʠʚʘʪʴʩʷ ʢʘʞʜʦʡ ʠʟ ʙʝʩʢʦʥʝʯʥʦʛʦ ʤʥʦʞʝʩʪʚʘ ʩʦʩʪʘʚʣʷʶʱʠʭ  

ɿʝʤʣʶ ʤʘʪʝʨʠʘʣʴʥʳʭ ʪʦʯʝʢ ʩ ʙʝʩʢʦʥʝʯʥʦ ʤʘʣʳʤʠ ʤʘʩʩʘʤʠ dm. ɺʩʝ ʦʥʠ 

ʥʘʭʦʜʷʪʩʷ ʥʘ ʨʘʟʥʳʭ ʨʘʩʩʪʦʷʥʠʷʭ ʦʪ ʧʨʦʙʥʦʛʦ ʪʝʣʘ ʠ ʚ ʨʘʟʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ 

ʦʪ ʥʝʛʦ. 

ʈʝʟʫʣʴʪʠʨʫʶʱʘʷ ʩʠʣʘ, ʚʳʟʚʘʥʥʘʷ ʧʨʠʪʷʞʝʥʠʝʤ ʚʩʝʭ ʪʦʯʝʢ, ʥʘʟʳʚʘʝʪʩʷ 

ʩʠʣʦʡ ʧʨʠʪʷʞʝʥʠʷ Fʧʨʠʪʷʞ  ʠʣʠ ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʩʠʣʦʡ.  ʕʪʦ ʚʝʢʪʦʨ, ʢʦʪʦʨʳʡ 
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ʣʠʰʴ ʧʨʠʤʝʨʥʦ  ʥʘʧʨʘʚʣʝʥ ʢ ʮʝʥʪʨʫ ɿʝʤʣʠ (ʪʦ, ʯʪʦ ʤʳ ʥʘʟʳʚʘʝʤ çʚʥʠʟè), ʘ ʥʘ 

ʩʘʤʦʤ ʜʝʣʝ ʚ ʨʘʟʥʳʭ ʪʦʯʢʘʭ ɿʝʤʣʠ ʦʥ ʠʤʝʝʪ ʨʘʟʣʠʯʥʳʝ ʚʝʣʠʯʠʥʫ  ʠ 

ʥʘʧʨʘʚʣʝʥʠʝ ʠʟ-ʟʘ ʥʝʨʘʚʥʦʤʝʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʝʤʥʳʭ ʤʘʩʩ ʠ ʠʟ-ʟʘ 

ʩʞʘʪʠʷ ɿʝʤʣʠ.  

ʕʪʘ ʩʠʣʘ ʤʦʞʝʪ ʙʳʪʴ ʨʘʩʩʯʠʪʘʥʘ, ʝʩʣʠ ʧʦʜʩʪʘʚʠʪʴ ʚ ʧʨʠʚʝʜʝʥʥʫʶ 

ʬʦʨʤʫʣʫ ʚ ʢʘʯʝʩʪʚʝ ʦʜʥʦʡ ʠʟ ʤʘʩʩ ʤʘʩʩʫ ɿʝʤʣʠ ( mʟʝʤ= 5,976Ā10
24

 ʢʛ). 

ʅʦ ʥʘ ʢʘʞʜʫʶ ʤʘʪʝʨʠʘʣʴʥʫʶ ʪʦʯʢʫ ʜʝʡʩʪʚʫʝʪ ʪʘʢʞʝ ʮʝʥʪʨʦʙʝʞʥʘʷ 

ʩʠʣʘ Fʮʝʥ , ʚʳʟʚʘʥʥʘʷ ʚʨʘʱʝʥʠʝʤ ɿʝʤʣʠ: 
 

Fʮʝʥ = ɟ ɤʟʝʤ
2
 m , 

 

ʛʜʝ     ɟ ï ʨʘʩʩʪʦʷʥʠʝ ʪʦʯʢʠ ʦʪ ʦʩʠ ʚʨʘʱʝʥʠʷ ɿʝʤʣʠ (ʨʘʜʠʫʩ ʧʘʨʘʣʣʝʣʠ); 

ɤʟʝʤ =7,27Ā10
-5
 1/ʩ ï ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ɿʝʤʣʠ (360Á ʟʘ 24 ʯʘʩʘ, 

ʪ.ʝ. 15Á  ʚ ʯʘʩ); 

m ï ʤʘʩʩʘ ʤʘʪʝʨʠʘʣʴʥʦʡ ʪʦʯʢʠ. 

ʎʝʥʪʨʦʙʝʞʥʘʷ ʩʠʣʘ ʥʘʧʨʘʚʣʝʥʘ ʚ ʩʪʦʨʦʥʫ ʦʪ ʦʩʠ ʚʨʘʱʝʥʠʷ  

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʢ ʥʝʡ, ʪʦ ʝʩʪʴ ʧʘʨʘʣʣʝʣʴʥʦ ʵʢʚʘʪʦʨʫ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʯʝʤ 

ʙʣʠʞʝ ʢ ʵʢʚʘʪʦʨʫ, ʪʝʤ ʙʦʣʴʰʝ ʨʘʜʠʫʩ ʚʨʘʱʝʥʠʷ ʠ ʪʝʤ ʙʦʣʴʰʝ ʚʝʣʠʯʠʥʘ 

ʮʝʥʪʨʦʙʝʞʥʦʡ ʩʠʣʳ.  

ɺʝʢʪʦʨʥʘʷ ʩʫʤʤʘ ʩʠʣʳ ʧʨʠʪʷʞʝʥʠʷ ʠ ʮʝʥʪʨʦʙʝʞʥʦʡ ʩʠʣʳ ʥʘʟʳʚʘʝʪʩʷ 

ʩʠʣʦʡ ʪʷʞʝʩʪʠ (ʨʠʩ. 2.8): 

 

F =Fʧʨʠʪʷʞ + Fʮʝʥ. 
 

 

 
 

ʈʠʩ. 2.8 . ʉʠʣʘ ʪʷʞʝʩʪʠ 
 

ʅʘʧʨʘʚʣʝʥʠʝ ʵʪʦʡ ʩʠʣʳ ʚ ʢʘʞʜʦʡ ʪʦʯʢʝ ɿʝʤʣʠ ï ʵʪʦ ʠ ʝʩʪʴ ʥʘʧʨʘʚʣʝʥʠʝ 

ʦʪʚʝʩʥʦʡ ʣʠʥʠʠ ʚ ʜʘʥʥʦʡ ʪʦʯʢʝ. ʆʥʦ ʪʘʢʞʝ ʨʘʟʣʠʯʥʦ ʚ ʨʘʟʥʳʭ ʪʦʯʢʘʭ, ʢʘʢ ʠʟ-

ʟʘ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʝʤʥʳʭ ʤʘʩʩ, ʪʘʢ ʠ ʠʟ-ʟʘ ʨʘʟʥʦʛʦ ʟʥʘʯʝʥʠʷ 

ʮʝʥʪʨʦʙʝʞʥʦʡ ʩʠʣʳ. 

ɺ ʢʘʞʜʦʡ ʪʦʯʢʝ ʛʨʘʚʠʪʘʮʠʦʥʥʦʝ ʧʦʣʝ (ʧʦʣʝ ʩʠʣr  ʪʷʞʝʩʪʠ) 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʝʛʦ ʥʘʧʨʷʞʝʥʥʦʩʪʴʶ,  ʨʘʚʥʦʡ ʚʝʣʠʯʠʥʝ ʩʠʣʳ, ʜʝʡʩʪʚʫʶʱʝʡ 
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ʥʘ ʝʜʠʥʠʯʥʫʶ ʤʘʩʩʫ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ, 

ʨʘʟʜʝʣʠʚ ʩʠʣʫ, ʜʝʡʩʪʚʫʶʱʫʶ ʥʘ ʪʝʣʦ, ʥʘ ʤʘʩʩʫ ʵʪʦʛʦ ʪʝʣʘ: F/m. ʅʦ, ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʚʪʦʨʳʤ ʟʘʢʦʥʦʤ ʅʴʶʪʦʥʘ (ʩʠʣʘ ʨʘʚʥʘ ʧʨʦʠʟʚʝʜʝʥʠʶ ʤʘʩʩʳ 

ʥʘ ʫʩʢʦʨʝʥʠʝ) ʵʪʘ ʚʝʣʠʯʠʥʘ ʠ ʙʫʜʝʪ ʨʘʚʥʘ ʫʩʢʦʨʝʥʠʶ, ʢʦʪʦʨʦʝ ʩʠʣʘ ʪʷʞʝʩʪʠ 

ʧʨʠʜʘʩʪ ʜʘʥʥʦʤʫ ʪʝʣʫ: 
 

F = mg ,           g = F/m. 
 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʩʢʦʨʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ g  ʢʘʢ ʚʝʢʪʦʨʥʘʷ 

ʚʝʣʠʯʠʥʘ, ʪʦ ʝʩʪʴ ʠʤʝʶʱʘʷ ʤʦʜʫʣʴ ʠ ʥʘʧʨʘʚʣʝʥʠʝ, ʭʘʨʘʢʪʝʨʠʟʫʝʪ 

ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʦʣʷ. 

ɽʩʣʠ ʧʨʠʥʷʪʴ ʤʘʩʩʫ ʪʝʣʘ ʨʘʚʥʦʡ ʝʜʠʥʠʮʝ (çʧʨʦʙʥʘʷ ʤʘʩʩʘè),  ʪʦ 

ʫʩʢʦʨʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ ʙʫʜʝʪ ʯʠʩʣʝʥʥʦ ʨʘʚʥʦ ʜʝʡʩʪʚʫʶʱʝʡ ʥʘ ʵʪʫ 

ʤʘʩʩʫ ʩʠʣʝ, ʧʦʵʪʦʤʫ ʚ ʛʨʘʚʠʤʝʪʨʠʠ  ʫʩʢʦʨʝʥʠʝ g  ʧʨʠʥʷʪʦ ʥʘʟʳʚʘʪʴ çʩʠʣʦʡ 

ʪʷʞʝʩʪʠè, ʯʪʦ ʥʘ ʩʘʤʦʤ ʜʝʣʝ ʥʝ ʚʧʦʣʥʝ ʢʦʨʨʝʢʪʥʦ. 

ɺ ʩʠʩʪʝʤʝ ʉʀ ʨʘʟʤʝʨʥʦʩʪʴ ʫʩʢʦʨʝʥʠʷ ʝʩʪʴ ʤ/ʩ
2
. ɺ ʛʨʘʚʠʤʝʪʨʠʠ ʚʩʝ ʝʱʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʘ ʙʦʣʝʝ ʩʪʘʨʘʷ ʝʜʠʥʠʮʘ ï ʛʘʣ.  ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʫʩʢʦʨʝʥʠʷ 

ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ g  ʥʘ ʚʩʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ ʩʦʩʪʘʚʣʷʝʪ  
 

g = 9,80665 ʤ/ ʩ
2
    = 980,665 ʛʘʣ. 

 

ʅʦ ʠʟ-ʟʘ ʩʞʘʪʠʷ ɿʝʤʣʠ ʠ ʝʝ ʚʨʘʱʝʥʠʷ ʚʝʣʠʯʠʥʘ g ʥʘ ʨʘʟʥʳʭ ʰʠʨʦʪʘʭ 

ʨʘʟʣʠʯʥʘ. ɹʦʣʴʰʝ ʚʩʝʛʦ ʦʥʘ ʥʘ ʧʦʣʶʩʘʭ, ʘ ʤʝʥʴʰʝ ʚʩʝʛʦ ï ʥʘ ʵʢʚʘʪʦʨʝ. 

ʇʦʵʪʦʤʫ ʣʶʙʳʝ ʤʘʷʪʥʠʢʦʚʳʝ ʯʘʩʳ ʚ ʧʦʣʷʨʥʳʭ ʨʘʡʦʥʘʭ ʠʜʫʪ ʙʳʩʪʨʝʝ  

(ʩʧʝʰʘʪ) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʘʢʠʤʠ ʞʝ ʯʘʩʘʤʠ ʥʘ ʵʢʚʘʪʦʨʝ. ɺʝʜʴ ʧʝʨʠʦʜ 

ʢʦʣʝʙʘʥʠʡ ʤʘʷʪʥʠʢʘ ʟʘʚʠʩʠʪ ʦʪ ʚʝʣʠʯʠʥʳ ʫʩʢʦʨʝʥʠʷ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ. 

ɺʝʣʠʯʠʥʘ ʮʝʥʪʨʦʙʝʞʥʦʡ ʩʠʣʳ ʛʦʨʘʟʜʦ ʤʝʥʴʰʝ, ʯʝʤ ʩʠʣʳ ʧʨʠʪʷʞʝʥʠʷ. 

ɼʘʞʝ ʥʘ ʵʢʚʘʪʦʨʝ, ʛʜʝ ʦʥʘ ʤʘʢʩʠʤʘʣʴʥʘ, ʚʳʟʚʘʥʥʦʝ ʝʶ ʫʩʢʦʨʝʥʠʝ ʩʦʩʪʘʚʣʷʝʪ 

ʚʩʝʛʦ 3,4 ʛʘʣ.  

ʋʤʝʥɹ ʰʘʝʪʩʷ ʚʝʣʠʯʠʥʘ g  ʠ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʚʳʩʦʪʳ, ʪʦ ʝʩʪʴ ʨʘʩʩʪʦʷʥʠʷ 

ʜʦ ʧʨʠʪʷʛʠʚʘʶʱʠʭ ʧʨʦʙʥʦʝ ʪʝʣʦ ʪʦʯʝʢ. 

ʇʨʝʜʣʦʞʝʥʳ ʨʘʟʣʠʯʥʳʝ ʬʦʨʤʫʣʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʨʘʩʩʯʠʪʘʪʴ ʩʨʝʜʥʝʝ 

ʟʥʘʯʝʥʠʝ g  ʥʘ ʢʘʢʦʡ ʣʠʙʦ ʰʠʨʦʪʝ  ʠ ʚʳʩʦʪʝ, ʥʘʧʨʠʤʝʨ: 

 

g=978,049Ĭ(1+ 0,0052884sin
2
űī0,0000059sin

2
2ű)ī0,0003086H, 

 

ʛʜʝ ű ï ʰʠʨʦʪʘ ʪʦʯʢʠ; H - ʚʳʩʦʪʘ ʚ ʤʝʪʨʘʭ; g ï ʫʩʢʦʨʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ 

ʚ ʛʘʣʘʭ. ʈʘʟʫʤʝʝʪʩʷ, ʟʜʝʩʴ ʨʝʯʴ ʠʜʝʪ ʦ ʥʝ ʦʯʝʥʴ ʙʦʣʴʰʠʭ ʚʳʩʦʪʘʭ ʠ ʦ ʩʨʝʜʥʠʭ 

ʟʥʘʯʝʥʠʷʭ g, ʥʝ ʫʯʠʪʳʚʘʶʱʠʭ ʤʝʩʪʥʳʝ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʟʝʤʥʳʭ ʤʘʩʩ, ʢʦʪʦʨʳʝ ʚʳʟʳʚʘʶʪ ʦʪʢʣʦʥʝʥʠʷ ʦʪʚʝʩʥʳʭ ʣʠʥʠʡ ʠ ʠʟʤʝʥʝʥʠʝ g 

ʥʘ ʫʨʦʚʥʝ ʤʦʨʷ. 

ɺʘʞʥʳʤ ʜʣʷ ʦʧʠʩʘʥʠʷ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʦʣʷ ʷʚʣʷʝʪʩʷ ʧʦʥʷʪʠʝ ʝʛʦ 

ʧʦʪʝʥʮʠʘʣʘ, ʢʦʪʦʨʦʝ ʩʚʷʟʘʥʦ ʩ ʨʘʙʦʪʦʡ, ʚʳʧʦʣʥʷʝʤʦʡ ʩʠʣʦʡ ʪʷʞʝʩʪʠ. ɺ 
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ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʵʣʝʤʝʥʪʘʨʥʦʡ ʬʠʟʠʢʦʡ ʨʘʙʦʪʘ ï ʵʪʦ ʧʨʦʠʟʚʝʜʝʥʠʝ ʩʠʣʳ F ʥʘ 

ʨʘʩʩʪʦʷʥʠʝ S, ʥʘ ʢʦʪʦʨʦʝ ʧʝʨʝʤʝʱʝʥʦ ʪʝʣʦ ʵʪʦʡ ʩʠʣʦʡ, ʠ ʥʘ ʢʦʩʠʥʫʩ ʫʛʣʘ Ŭ 

ʤʝʞʜʫ ʥʘʧʨʘʚʣʝʥʠʝʤ ʩʠʣʳ ʠ ʥʘʧʨʘʚʣʝʥʠʝʤ ʧʝʨʝʤʝʱʝʥʠʷ: 

 

W=F S cos Ŭ. 
 

ʇʦʪʝʥʮʠʘʣ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʦʣʷ ʚ ʜʘʥʥʦʡ ʪʦʯʢʝ ï ʵʪʦ ʨʘʙʦʪʘ, 

ʢʦʪʦʨʫʶ ʜʦʣʞʥʘ ʚʳʧʦʣʥʠʪʴ ʩʠʣʘ ʪʷʞʝʩʪʠ, ʯʪʦʙʳ ʧʝʨʝʤʝʩʪʠʪʴ ʝʜʠʥʠʯʥʫʶ 

ʤʘʩʩʫ ʠʟ ʙʝʩʢʦʥʝʯʥʦ ʫʜʘʣʝʥʥʦʡ ʪʦʯʢʠ ʚ ʜʘʥʥʫʶ ʪʦʯʢʫ ʧʨʦʩʪʨʘʥʩʪʚʘ. ʅʦ 

ʤʦʞʥʦ ʩʢʘʟʘʪʴ ʠ ʥʘʦʙʦʨʦʪ ï ʵʪʦ ʨʘʙʦʪʘ, ʢʦʪʦʨʫʁ  ʤʳ ʜʦʣʞʥʳ ʚʳʧʦʣʥʠʪʴ 

ʧʨʦʪʠʚ ʩʠʣʳ ʪʷʞʝʩʪʠ, ʯʪʦʙʳ ʧʝʨʝʤʝʩʪʠʪʴ ʧʨʦʙʥʫʶ ʝʜʠʥʠʯʥʫʶ ʤʘʩʩʫ ʠʟ 

ʜʘʥʥʦʡ ʪʦʯʢʠ ʚ ʙʝʩʢʦʥʝʯʥʦʩʪʴ. 

ʇʨʠ ʧʝʨʝʤʝʱʝʥʠʠ ʠʟ ʦʜʥʦʡ ʪʦʯʢʠ ʚ ʜʨʫʛʫʶ ʧʨʠʨʘʱʝʥʠʝ ʧʦʪʝʥʮʠʘʣʘ 

ʨʘʚʥʦ ʨʘʙʦʪʝ, ʩʦʚʝʨʰʘʝʤʦʡ ʧʨʠ ʵʪʦʤ ʩʠʣʦʡ ʪʷʞʝʩʪʠ ʥʘʜ ʝʜʠʥʠʯʥʦʡ ʤʘʩʩʦʡ.  

ʇʨʠʚʝʜʝʥʥʘʷ ʬʦʨʤʫʣʘ ʜʣʷ ʚʝʣʠʯʠʥʳ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʫʧʨʦʱʝʥʥʦʡ. ɺ 

ʦʙʱʝʤ ʩʣʫʯʘʝ, ʫʯʠʪʳʚʘʷ, ʯʪʦ ʚʝʣʠʯʠʥʘ ʩʠʣʳ ʚ ʧʨʦʮʝʩʩʝ ʧʝʨʝʤʝʱʝʥʠʷ ʤʦʞʝʪ 

ʠʟʤʝʥʷʪʴʩʷ, ʨʘʙʦʪʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʠʥʪʝʛʨʘʣ ʦʪ ʩʠʣʳ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ 

ʧʝʨʝʤʝʱʝʥʠʷ.  

ʇʦʩʢʦʣʴʢʫ ʩʠʣʘ ʪʞ̫ʝʩʪʠ ʧʦ ʤʝʨʝ ʫʜʘʣʝʥʠʷ ʦʪ ʧʨʠʪʷʛʠʚʘʶʱʝʛʦ ʪʝʣʘ 

ʫʤʝʥʴʰʘʝʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʢʦʥʦʤ ʚʩʝʤʠʨʥʦʛʦ ʪʷʛʦʪʝʥʠʷ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʢʚʘʜʨʘʪʫ ʨʘʩʩʪʦʷʥʠʷ, ʪʦ ʠ ʫʤʝʥʴʰʝʥʠʝ ʧʦʪʝʥʮʠʘʣʘ 

ʷʚʣʷʝʪʩʷ ʥʝʣʠʥʝʡʥʳʤ. ʅʦ, ʢʦʥʝʯʥʦ, ʚ ʩʨʝʜʥʝʤ, ʯʝʤ ʜʘʣʴʰʝ ʪʦʯʢʘ ʦʪ  ʮʝʥʪʨʘ 

ɿʝʤʣʠ, ʪʝʤ ʤʝʥʴʰʝ ʚ ʥʝʡ ʧʦʪʝʥʮʠʘʣ. 

ʈʘʙʦʪʘ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʢʦʩʠʥʫʩʫ ʫʛʣʘ ʤʝʞʜʫ ʥʘʧʨʘʚʣʝʥʠʝʤ ʩʠʣʳ ʠ 

ʥʘʧʨʘʚʣʝʥʠʝʤ ʧʝʨʝʤʝʱʝʥʠʷ. ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʧʨʠ ʧʝʨʝʤʝʱʝʥʠʠ ʧʨʦʙʥʦʡ 

ʤʘʪʝʨʠʘʣʴʥʦʡ ʪʦʯʢʠ  ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤ ʩʠʣʝ, ʨʘʙʦʪʘ ʥʝ 

ʧʨʦʠʟʚʦʜʠʪʩʷ (cos 90Á=0) ʠ ʧʦʪʝʥʮʠʘʣ ʥʝ ʠʟʤʝʥʷʝʪʩʷ. ʏʝʨʝʟ ʣʶʙʫʶ ʪʦʯʢʫ 

ʤʦʞʥʦ ʧʨʦʚʝʩʪʠ ʧʦʚʝʨʭʥʦʩʪʴ, ʚʩʝ ʪʦʯʢʠ ʢʦʪʦʨʦʡ ʠʤʝʶʪ ʦʜʠʥʘʢʦʚʳʡ 

ʧʦʪʝʥʮʠʘʣ. ʊʘʢʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʥʘʟʳʚʘʶʪ ʵʢʚʠʧʦʪʝʥʮʠʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ. 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʚʦ ʚʩʝʭ ʪʦʯʢʘʭ ʦʥʘ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘ ʩʠʣʝ ʪʷʞʝʩʪʠ, ʪʦ ʝʩʪʴ 

ʥʘʧʨʘʚʣʝʥʠʶ ʦʪʚʝʩʥʦʡ ʣʠʥʠʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʵʢʚʠʧʦʪʝʥʮʠʘʣʴʥʘʷ 

ʧʦʚʝʨʭʥʦʩʪʴ ʵʪʦ ʠ ʝʩʪʴ ʫʨʦʚʝʥʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ. ʕʪʦ ʝʝ ʜʨʫʛʦʝ ʥʘʟʚʘʥʠʝ.  

ʂʦʛʜʘ ʤʳ ʫʩʪʘʥʘʚʣʠʚʘʝʤ ʢʘʢʦʡ ʣʠʙʦ ʧʨʠʙʦʨ ʠʣʠ ʧʣʦʪʥʠʯʠʡ ʫʨʦʚʝʥʴ ʩ 

ʧʦʤʦʱʴʶ ʧʫʟʳʨʴʢʦʚ ʚʦʟʜʫʭʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦ, ʤʳ ʬʘʢʪʠʯʝʩʢʠ ʫʩʪʘʥʘʚʣʠʚʘʝʤ 

ʝʛʦ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʫʨʦʚʝʥʥʦʡ (ʵʢʚʠʧʦʪʝʥʮʠʘʣʴʥʦʡ) ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʜʘʥʥʦʡ 

ʪʦʯʢʝ, ʪʦʯʥʝʝ ï ʧʦ ʢʘʩʘʪʝʣʴʥʦʡ ʢ ʥʝʡ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚʝʨʪʠʢʘʣʴʥʳʤ 

ʥʘʧʨʘʚʣʝʥʠʝʤ ʤʳ ʥʘʟʳʚʘʝʤ ʥʘʧʨʘʚʣʝʥʠʝ ʧʝʨʧʝʥʜʠʢʫʣʷʨʘ ʢ ʫʨʦʚʝʥʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʪʦ ʝʩʪʴ ʥʘʧʨʘʚʣʝʥʠʝ ʦʪʚʝʩʥʦʡ ʣʠʥʠʠ. 

ʕʢʚʠʧʦʪʝʥʮʠʘʣʴʥʳʭ (ʫʨʦʚʝʥʥʳʭ) ʧʦʚʝʨʭʥʦʩʪʝʡ ʙʝʩʢʦʥʝʯʥʦ ʤʥʦʛʦ ï 

ʚʝʜʴ ʦʥʠ ʤʦʛʫʪ ʙʳʪʴ ʧʨʦʚʝʜʝʥʳ ʯʝʨʝʟ ʣʶʙʫʶ ʪʦʯʢʫ. ʆʥʠ ʥʠʢʦʛʜʘ ʥʝ 

ʧʝʨʝʩʝʢʘʶʪʩʷ ʜʨʫʛ ʩ ʜʨʫʛʦʤ, ʥʦ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʧʦʚʝʨʭʥʦʩʪʷʤʠ 

ʤʦʞʝʪ ʫʚʝʣʠʯʠʚʘʪʴʩʷ ʠ ʣʠ ʫʤʝʥʴʰʘʪʴʩʷ ʧʨʠ ʧʝʨʝʤʝʱʝʥʠʠ ʚ ʜʨʫʛʦʝ ʤʝʩʪʦ 
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ɿʝʤʣʠ. ʊʘ ʠʟ ʵʪʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʥʘ ʢʦʪʦʨʦʡ ʧʦʪʝʥʮʠʘʣ ʨʘʚʝʥ ʧʦʪʝʥʮʠʘʣʫ ʥʘ 

ʩʨʝʜʥʝʤ ʫʨʦʚʥʝ ʤʦʨʷ, ʠ ʧʦʣʫʯʠʣʘ ʥʘʟʚʘʥʠʝ ʛʝʦʠʜʘ. 

ʇʨʠ ʧʝʨʝʤʝʱʝʥʠʠ ʩ ʦʜʥʦʡ ʵʢʚʠʧʦʪʝʥʮʠʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘ ʜʨʫʛʫʶ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʢ ʥʠʤ ʚʝʣʠʯʠʥʘ ʧʦʪʝʥʮʠʘʣʘ ʠʟʤʝʥʷʝʪʩʷ. ʇʦʩʢʦʣʴʢʫ 

ʧʨʠʨʘʱʝʥʠʝ ʧʦʪʝʥʮʠʘʣʘ (ʨʘʙʦʪʘ)  ʷʚʣʷʝʪʩʷ ʠʥʪʝʛʨʘʣʦʤ ʦʪ ʩʠʣʳ, ʪʦ ʠ 

ʥʘʦʙʦʨʦʪ ī ʧʨʦʠʟʚʦʜʥʘʷ ʧʦʪʝʥʮʠʘʣʘ ʧʦ ʵʪʦʤʫ ʥʘʧʨʘʚʣʝʥʠʶ, ʪʦ ʝʩʪʴ ʩʢʦʨʦʩʪʴ 

ʝʛʦ ʠʟʤʝʥʝʥʠʷ, ʨʘʚʥʘ ʩʠʣʝ ʪʷʞʝʩʪʠ, ʜʝʡʩʪʚʫʶʱʝʡ ʥʘ ʪʝʣʦ ʝʜʠʥʠʯʥʦʡ ʤʘʩʩʳ. 

ɸ ʵʪʘ ʩʠʣʘ, ʢʘʢ ʫʞʝ ʛʦʚʦʨʠʣʦʩʴ,  ʯʠʩʣʝʥʥʦ ʨʘʚʥʘ ʫʩʢʦʨʝʥʠʶ ʩʚʦʙʦʜʥʦʛʦ 

ʧʘʜʝʥʠʷ g  ʚ ʜʘʥʥʦʤ ʤʝʩʪʝ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʵʢʚʠʧʦʪʝʥʮʠʘʣʴʥʘʷ (ʫʨʦʚʝʥʥʘʷ) ʧʦʚʝʨʭʥʦʩʪʴ ʚʦʚʩʝ ʥʝ 

ʷʚʣʷʝʪʩʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʩʪʦʤ ʪʦʯʝʢ ʩ ʦʜʠʥʘʢʦʚʳʤ ʟʥʘʯʝʥʠʝʤ g, ʢʘʢ 

ʠʥʦʛʜʘ ʜʫʤʘʶʪ. ʅʘʦʙʦʨʦʪ, ʚʝʣʠʯʠʥʘ g ʷʚʣʷʝʪʩʷ ʧʨʦʠʟʚʦʜʥʦʡ ʦʪ ʧʦʪʝʥʮʠʘʣʘ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʯʝʤ ʙʦʣʴʰʝ g, ʪʝʤ çʛʫʱʝè ʨʘʩʧʦʣʦʞʝʥʳ ʵʢʚʠʧʦʪʝʥʮʠʘʣʴʥʳʝ 

ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʜʘʥʥʦʤ ʤʝʩʪʝ. 

ɼʣʷ ʜʝʪʘʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʦʣʷ ʟʝʤʣʠ ʩ ʫʯʝʪʦʤ ʝʛʦ 

ʨʝʛʠʦʥʘʣʴʥʳʭ ʠ ʤʝʩʪʥʳʭ ʘʥʦʤʘʣʠʡ ʧʨʦʚʦʜʠʪʩʷ ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʘʷ ʩʲʝʤʢʘ, ʪʦ 

ʝʩʪʴ ʠʟʤʝʨʝʥʠʝ ʫʩʢʦʨʝʥʠʷ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʪʦʯʢʘʭ ʧʣʘʥʝʪʳ. 

ɼʣʷ ʪʘʢʠʭ ʠʟʤʝʨʝʥʠʡ ʠʩʧʦʣʴʟʫʶʪʩʷ ʛʨʘʚʠʤʝʪʨʳ, ʤʘʷʪʥʠʢʦʚʳʝ ʧʨʠʙʦʨʳ, 

ʛʨʘʚʠʪʘʮʠʦʥʥʳʝ ʚʘʨʠʦʤʝʪʨʳ ʠ ʜʨʫʛʠʝ ʫʩʪʨʦʡʩʪʚʘ. ʅʘʧʨʠʤʝʨ, ʛʨʘʚʠʤʝʪʨ - 

ʵʪʦ ʧʨʠʙʦʨ ʜʣʷ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʠʟʤʝʨʝʥʠʷ ʫʩʢʦʨʝʥʠʷ ʩʠʣʳ ʪʷʞʝʩʪʠ, ʪʦ ʝʩʪʴ 

ʦʧʨʝʜʝʣʝʥʠʷ ʚʝʣʠʯʠʥʳ ʝʛʦ ʠʟʤʝʥʝʥʠʷ ʚ ʨʘʟʥʳʭ ʪʦʯʢʘʭ. ɻʨʘʚʠʤʝʪʨ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʦʯʥʳʝ ʧʨʫʞʠʥʥʳʝ ʠʣʠ ʢʨʫʪʠʣʴʥʳʝ ʚʝʩʳ, ʢʦʪʦʨʳʝ 

ʠʟʤʝʨʷʶʪ ʨʘʟʥʦʩʪʠ ʫʩʢʦʨʝʥʠʡ ʩʠʣʳ ʪʷʞʝʩʪʠ ʧʦ ʠʟʤʝʥʝʥʠʶ ʜʝʬʦʨʤʘʮʠʠ 

ʧʨʫʞʠʥʳ ʠʣʠ ʫʛʣʘ ʟʘʢʨʫʯʠʚʘʥʠʷ ʫʧʨʫʛʦʡ ʥʠʪʠ, ʢʦʤʧʝʥʩʠʨʫʶʱʠʭ ʩʠʣʫ 

ʪʷʞʝʩʪʠ ʥʝʙʦʣʴʰʦʛʦ ʛʨʫʟʠʢʘ. ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʷʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʥʘ 

ʠʩʭʦʜʥʦʤ ʧʫʥʢʪʝ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʫʩʢʦʨʝʥʠʝ ʩʠʣʳ ʪʷʞʝʩʪʠ ʠʟʚʝʩʪʥʦ, ʠ ʥʘ 

ʠʩʩʣʝʜʫʝʤʦʤ ʧʫʥʢʪʝ. ʊʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʘ: 10
-7
 ʤ/ʩ
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 ʠ 

ʪʦʯʥʝʝ. ɼʣʷ ʩʨʘʚʥʝʥʠʷ: ʝʩʣʠ ʙʳ ʥʝʧʦʜʚʠʞʥʦʝ ʪʝʣʦ ʥʘʯʘʣʦ ʧʝʨʝʤʝʱʘʪʴʩʷ ʩ 

ʪʘʢʠʤ ʫʩʢʦʨʝʥʠʝʤ, ʪʦ ʟʘ ʜʚʝ ʤʠʥʫʪʳ ʦʥʦ ʩʜʚʠʥʫʣʦʩʴ ʙʳ ʤʝʥʴʰʝ ʯʝʤ ʥʘ 

ʤʠʣʣʠʤʝʪʨ, ʘ ʜʦ ʩʢʦʨʦʩʪʠ ʧʝʰʝʭʦʜʘ ʨʘʟʦʛʥʘʣʦʩʴ ʙʳ ʧʨʠʤʝʨʥʦ ʯʝʨʝʟ ʯʝʪʳʨʝ 

ʤʝʩʷʮʘ. 

ʉ ʠʟʦʙʨʝʪʝʥʠʝʤ ʤʘʷʪʥʠʢʦʚʳʭ ʧʨʠʙʦʨʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʠʟʤʝʨʷʪʴ g, 

ʥʘʭʦʜʷʩʴ ʥʘ ʧʦʜʚʠʞʥʦʤ ʦʩʥʦʚʘʥʠʠ (ʥʘʧʨʠʤʝʨ, ʥʘ ʧʘʣʫʙʝ ʢʦʨʘʙʣʷ), ʩʪʘʣʦ 

ʚʦʟʤʦʞʥʳʤ ʧʨʦʚʦʜʠʪʴ ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʫʶ ʩʲʝʤʢʫ ʚ ʤʦʨʩʢʠʭ ʨʘʡʦʥʘʭ. 

ɻʨʘʚʠʪʘʮʠʦʥʥʳʝ ʚʘʨʠʦʤʝʪʨʳ ʧʨʝʜʥʘʟʥʘʯʝʥʳ  ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʚʪʦʨʦʡ 

ʧʨʦʠʟʚʦʜʥʦʡ ʧʦʪʝʥʮʠʘʣʘ ʩʠʣr  ʪʷʞʝʩʪʠ, ʢʦʪʦʨʘʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʢʨʠʚʠʟʥʫ 

ʫʨʦʚʝʥʥʦʡ (ʵʢʚʠʧʦʪʝʥʮʠʘʣʴʥʦʡ) ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʚʝʨʪʠʢʘʣʴʥʳʡ ʛʨʘʜʠʝʥʪ g, ʪʦ 

ʝʩʪʴ ʩʢʦʨʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʫʩʢʦʨʝʥʠʷ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ ʩ ʚʳʩʦʪʦʡ. 

ʀʩʭʦʜʥʳʤ ʧʫʥʢʪʦʤ ʤʠʨʦʚʦʡ ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʦʡ ʩʝʪʠ ʷʚʣʷʝʪʩʷ 

ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʡ ʧʫʥʢʪ ʚ ʛ. ʇʦʪʩʜʘʤ (ɻʝʨʤʘʥʠʷ), ʛʜʝ ʝʱʝ ʚ ʥʘʯʘʣʝ ʍʍ ʚʝʢʘ 

ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʪʦʯʥʳʝ ʠʟʤʝʨʝʥʠʷ ʘʙʩʦʣʶʪʥʦʡ ʚʝʣʠʯʠʥʳ g. ʂʘʞʜʘʷ ʩʪʨʘʥʘ 

ʠʤʝʝʪ ʩʚʦʡ ʠʩʭʦʜʥʳʡ ʧʫʥʢʪ, ʩʚʷʟʘʥʥʳʡ ʩ ʧʦʪʩʜʘʤʩʢʠʤ ʧʫʥʢʪʦʤ. ɺʩʝ ʵʪʠ 

ʧʫʥʢʪʳ ʚʤʝʩʪʝ ʦʙʨʘʟʫʶʪ ʪʘʢ ʥʘʟʳʚʘʝʤʫʶ ʧʦʩʪʜʘʤʩʢʫʶ ʩʠʩʪʝʤʫ. 
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ɺʥʫʪʨʠ ʢʘʞʜʦʡ ʩʪʨʘʥʳ ʩʦʟʜʘʝʪʩʷ ʚʳʩʦʢʦʪʦʯʥʘʷ ʩʝʪʴ ʦʧʦʨʥʳʭ ʧʫʥʢʪʦʚ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʥʘʮʠʦʥʘʣʴʥʳʤ ʠʩʭʦʜʥʳʤ ʧʫʥʢʪʦʤ, ʘ ʫʞʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʝ 

ʩʪʨʦʷʪʩʷ ʤʝʩʪʥʳʝ ʦʧʦʨʥʳʝ ʩʝʪʠ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʦʪʜʝʣʴʥʳʭ ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʭ 

ʩʲʝʤʦʢ. 

ʊʳʩʷʯʠ  ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʭ ʧʫʥʢʪʦʚ ʧʦʢʨʳʚʘʶʪ ʥʘʰʫ ʧʣʘʥʝʪʫ 

ʥʝʨʘʚʥʦʤʝʨʥʦ. ʂʦʥʝʯʥʦ, ʙʦʣʴʰʝ ʚʩʝʛʦ ʠʟʤʝʨʝʥʠʡ ʧʨʦʚʝʜʝʥʦ ʚ ɽʚʨʦʧʝ, 

ʉʝʚʝʨʥʦʡ ɸʤʝʨʠʢʝ, ʤʝʥʴʰʝ  ʚ ɸʬʨʠʢʝ, ɸʟʠʠ, ʝɦ ʝ ʤʝʥʴʰʝ ʚ ɸʥʪʘʨʢʪʠʜʝ, ʚ 

ʨʘʡʦʥʘʭ ʦʢʝʘʥʦʚ. ɺ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʜʣʷ ʠʟʫʯʝʥʠʷ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ 

ʧʦʣʷ  ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʠ ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʩʧʫʪʥʠʢʠ ɿʝʤʣʠ. ɺ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʢʦʥʘʤʠ ʥʝʙʝʩʥʦʡ ʤʝʭʘʥʠʢʠ  ʩʧʫʪʥʠʢʠ ʠʤʝʶʪ ʵʣʣʠʧʪʠʯʝʩʢʠʝ 

ʦʨʙʠʪʳ, ʬʦʨʤʘ ʠ ʨʘʩʧʦʣʦʞʝʥʠʝ ʢʦʪʦʨʳʭ ʦʧʠʩʳʚʘʝʪʩʷ ʰʝʩʪʴʶ ʧʘʨʘʤʝʪʨʘʤʠ. 

ʅʝʧʨʘʚʠʣʴʥʘʷ ʬʦʨʤʘ ʛʝʦʠʜʘ ʚʳʟʳʚʘʝʪ ʚʦʟʤʫʱʝʥʠʷ ʦʨʙʠʪ ʩʧʫʪʥʠʢʦʚ, ʪʦ ʝʩʪʴ 

ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʵʪʠʭ ʦʨʙʠʪ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ. ʀʟʫʯʘʷ ʵʪʠ 

ʚʦʟʤʫʱʝʥʠʷ ʤʦʞʥʦ ʩʫʜʠʪʴ ʦ ʧʘʨʘʤʝʪʨʘʭ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʦʣʷ ʚ ʨʘʟʥʳʭ 

ʨʝʛʠʦʥʘʭ, ʦ ʬʦʨʤʝ ʛʝʦʠʜʘ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʤʥʦʛʠʭ ʟʘʜʘʯ ʥʘʚʠʛʘʮʠʠ ʠ ʛʝʦʬʠʟʠʢʠ ʥʝʦʙʭʦʜʠʤʦ ʠʤʝʪʴ 

ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʦʣʷ ɿʝʤʣʠ, ʪʦ ʝʩʪʴ ʬʦʨʤʫʣʳ  ʠ 

ʢʦʵʬʬʠʮʠʝʥʪʳ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʧʘʨʘʤʝʪʨʳ ʧʦʣʷ ʚ 

ʣʶʙʦʡ ʪʦʯʢʝ ʩ ʥʝʦʙʭʦʜʠʤʦʡ ʪʦʯʥʦʩʪʴʶ. 

ɺʝʣʠʯʠʥʘ ʮʝʥʪʨʦʙʝʞʥʦʡ ʩʠʣʳ, ʚʦʟʥʠʢʘʶʱʝʡ ʠʟ-ʟʘ ʚʨʘʱʝʥʠʷ ʧʣʘʥʝʪʳ, 

ʠ ʩʦʟʜʘʚʘʝʤʦʝ ʝʶ ʫʩʢʦʨʝʥʠʝ ʤʦʛʫʪ ʙʳʪʴ ʣʝʛʢʦ ʨʘʩʩʯʠʪʘʥʳ ʜʣʷ ʣʶʙʦʡ ʪʦʯʢʠ. 

ʇʦʵʪʦʤʫ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʤ ʠ ʩʣʦʞʥʳʤ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʧʦʪʝʥʮʠʘʣʘ V,  

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ  ʩʠʣʝ ʧʨʠʪʷʞʝʥʠʷ (ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʩʠʣʝ). ʉ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʬʝʨʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ ʵʪʦʪ ʧʦʪʝʥʮʠʘʣ ʜʣʷ ʣʶʙʦʡ ʪʦʯʢʠ 

ʤʦʞʝʪ ʙʳʪʴ ʨʘʩʩʯʠʪʘʥ ʠ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 
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ű, ɚ ï ʰʠʨʦʪʘ ʠ ʜʦʣʛʦʪʘ ʪʦʯʢʠ, ʚ ʢʦʪʦʨʦʡ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦʪʝʥʮʠʘʣ; 

ɟ ï ʨʘʩʩʪʦʷʥʠʝ ʪʦʯʢʠ ʦʪ ʮʝʥʪʨʘ ɿʝʤʣʠ; 

Cnm  ʠ  Snm ï ʢʦʵʬʬʠʮʠʝʥʪʳ, ʟʘʚʠʩʷʱʠʝ ʦʪ ʬʠʛʫʨʳ ɿʝʤʣʠ ʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚ ʥʝʡ ʤʘʩʩ (ʦʧʨʝʜʝʣʷʶʪʩʷ ʥʘ ʦʩʥʦʚʳ ʠʟʤʝʨʝʥʠʷ g  ʚ 

ʨʘʟʣʠʯʥʳʭ ʪʦʯʢʘʭ ʧʣʘʥʝʪʳ); 

f ï ʫʥʠʚʝʨʩʘʣʴʥʘʷ ʛʨʘʚʠʪʘʮʠʦʥʥʘʷ ʧʦʩʪʦʷʥʥʘʷ; 

mʟʝʤ  - ʤʘʩʩʘ ɿʝʤʣʠ; 

a ï ʙʦʣʴʰʘʷ ʧʦʣʫʦʩʴ ɿʝʤʣʠ. 

ɺʳʨʘʞʝʥʠʝ, ʩʪʦʷʱʝʝ ʧʝʨʝʜ ʢʚʘʜʨʘʪʥʦʡ ʩʢʦʙʢʦʡ, ʦʧʨʝʜʝʣʷʝʪ ʧʦʪʝʥʮʠʘʣ, 

ʢʦʪʦʨʳʡ ʠʤʝʣʘ ʙʳ ɿʝʤʣʷ ʚ ʬʦʨʤʝ ʰʘʨʘ. ʂʦʵʬʬʠʮʠʝʥʪ ʚʪʦʨʦʡ ʩʪʝʧʝʥʠ 

ʥʫʣʝʚʦʛʦ ʧʦʨʷʜʢʘ  C2,0   ʦʪʨʘʞʘʝʪ ʠʟʤʝʥʝʥʠʝ ʧʦʪʝʥʮʠʘʣʘ ʟʘ ʩʯʝʪ ʩʞʘʪʠʷ 

ɿʝʤʣʠ. ʆʩʪʘʣʴʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ (ʦʥʠ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ ʧʦ ʚʝʣʠʯʠʥʝ) 

ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʜʝʪʘʣʠ ʬʠʛʫʨʳ ʠ ʩʪʨʦʝʥʠʷ ɿʝʤʣʠ. 
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ɽʩʣʠ ʚʩʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʚ ʧʨʠʚʝʜʝʥʥʦʡ ʬʦʨʤʫʣʝ, ʢʨʦʤʝ C2,0, ʧʨʠʥʷʪʴ 

ʨʘʚʥʳʤʠ ʥʫʣʶ, ʪʦ ʬʦʨʤʫʣʘ ʧʨʝʚʨʘʪʠʪʩʷ ʚ ʫʨʘʚʥʝʥʠʝ ʵʣʣʠʧʩʦʠʜʘ, 

ʷʚʣʷʶʱʝʛʦʩʷ ʵʢʚʠʧʦʪʝʥʮʠʘʣʴʥʦʡ (ʫʨʦʚʝʥʥʦʡ) ʧʦʚʝʨʭʥʦʩʪʴʶ. ʄʦʞʥʦ 

ʧʦʜʦʙʨʘʪʴ ʪʘʢʦʝ ʟʥʘʯʝʥʠʝ C2,0 , ʯʪʦʙʳ ʧʦʪʝʥʮʠʘʣ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʵʪʦʛʦ 

ʫʨʦʚʝʥʥʦʛʦ ʵʣʣʠʧʩʦʠʜʘ (ʩ ʫʯʝʪʦʤ ʧʦʪʝʥʮʠʘʣʘ ʮʝʥʪʨʦʙʝʞʥʦʡ ʩʠʣʳ) ʙʳʣ ʢʘʢ 

ʤʦʞʥʦ ʙʣʠʞʝ ʢ ʧʦʪʝʥʮʠʘʣʘʤ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠʟʤʝʨʝʥʥʳʤ ʚ ʨʘʟʥʳʭ ʪʦʯʢʘʭ 

ʧʣʘʥʝʪʳ. ʊʘʢʦʡ ʫʨʦʚʝʥʥʳʡ ʵʣʣʠʧʩʦʠʜ, ʚ ʛʨʘʚʠʪʘʮʠʦʥʥʦʤ ʩʤʳʩʣʝ 

ʟʘʤʝʥʷʶʱʠʡ çʥʝʧʨʘʚʠʣʴʥʫʶè ɿʝʤʣʶ, ʥʘʟʳʚʘʶʪ ʥʦʨʤʘʣʴʥʦʡ ɿʝʤʣʝʡ, ʘ 

ʧʦʪʝʥʮʠʘʣ ʥʘ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʠ ï ʥʦʨʤʘʣʴʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ U0. 

ʀʩʧʦʣʴʟʫʝʤʘʷ ʚ ʬʦʨʤʫʣʝ ʬʫʥʢʮʠʷ  Pn
m
(sin ű) ʥʘʟʳʚʘʝʪʩʷ 

ʧʨʠʩʦʝʜʠʥʝʥʥʦʡ (ʘʩʩʦʮʠʘʪʠʚʥʦʡ) ʬʫʥʢʮʠʝʡ ʃʝʞʘʥʜʨʘ ʩʪʝʧʝʥʠ  n ʠ ʧʦʨʷʜʢʘ 

m. ʆʥʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʬʦʨʤʫʣʦʡ: 
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ʛʜʝ Pn(x) -  ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ ʧʦʣʠʥʦʤʳ ʃʝʞʘʥʜʨʘ, ʢʦʪʦʨʳʝ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ 

ʤʦʛʫʪ ʙʳʪʴ ʨʘʩʩʯʠʪʘʥʳ ʧʦ ʬʦʨʤʫʣʝ ʈʦʜʨʠʛʘ: 
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ʏʝʤ ʚʳʰʝ ʩʪʝʧʝʥʴ n ʠ ʧʦʨʷʜʦʢ m ʢʦʵʬʬʠʮʠʝʥʪʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ  ʚ 

ʤʦʜʝʣʠ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʦʣʷ, ʪʝʤ ʙʦʣʝʝ ʪʦʯʥʦ ʦʥʘ ʝʛʦ ʦʧʠʩʳʚʘʝʪ, ʪʝʤ 

ʙʦʣʴʰʝ ʬʘʢʪʦʨʦʚ ʫʯʠʪʳʚʘʝʪ.  

ʐʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʘ ʤʦʜʝʣʴ EGM 96 ((EGM ï Earth Geopotential 

Model)  ʩʪʝʧʝʥʠ ʠ ʧʦʨʷʜʢʘ 360, ʨʘʟʨʘʙʦʪʘʥʥʘʷ NASA, NGA  ʠ ʊʝʭʥʠʯʝʩʢʠʤ 

ʫʥʠʚʝʨʩʠʪʝʪʦʤ ʰʪʘʪʘ ʆʛʘʡʦ. ɺ 2008 ʛ. ʨʘʟʨʘʙʦʪʘʥʘ ʙʦʣʝʝ ʧʦʣʥʘʷ ʚʝʨʩʠʷ 

ʤʦʜʝʣʠ ï EGM 2008 ʩʪʝʧʝʥʠ 2190 ʠ ʧʦʨʷʜʢʘ 2159. ʀʩʧʦʣʴʟʫʶʪʩʷ ʠ ʙʦʣʝʝ 

ʧʨʦʩʪʳʝ ʤʦʜʝʣʠ. ʅʘʧʨʠʤʝʨ, ʜʣʷ ʨʘʩʯʝʪʘ ʚʦʣʥʳ ʛʝʦʠʜʘ ʥʘʜ ʵʣʣʠʧʩʦʠʜʦʤWGS-

84  ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʦʜʝʣʴ ʩʪʝʧʝʥʠ ʠ ʧʦʨʷʜʢʘ 180. 

 

 

2.3. ʄʘʛʥʠʪʥʦʝ ʧʦʣʝ ɿʝʤʣʠ 
 

ɹʦʣʴʰʠʥʩʪʚʦ ʧʣʘʥʝʪ ʩʦʣʥʝʯʥʦʡ ʩʠʩʪʝʤʳ ʚ ʪʦʡ ʠʣʠ ʠʥʦʡ ʩʪʝʧʝʥʠ 

ʦʙʣʘʜʘʶʪ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ. ʀʤʝʝʪʩʷ ʦʥʦ ʠ ʫ ɿʝʤʣʠ. 

ʆʙʱʝʧʨʠʟʥʘʥʥʦʡ ʪʝʦʨʠʠ, ʦʙʲʷʩʥʷʶʱʝʡ ʥʘʣʠʯʠʝ ʫ ɿʝʤʣʠ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ, ʥʝ ʩʫʱʝʩʪʚʫʝʪ. ʄʥʦʛʠʝ ʫʯʝʥʳʝ ʩʯʠʪʘʶʪ, ʯʪʦ  ʞʠʜʢʘʷ ʤʝʪʘʣʣʠʯʝʩʢʘʷ 

ʦʙʦʣʦʯʢʘ ʷʜʨʘ ɿʝʤʣʠ, ʨʘʩʧʣʘʚʣʝʥʥʘʷ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʚʳʩʦʢʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ, ʧʝʨʝʤʝʱʘʝʪʩʷ ʚʩʣʝʜʩʪʚʠʝ ʚʨʘʱʝʥʠʷ ɿʝʤʣʠ ʠ ʢʦʥʚʝʢʮʠʠ, 

ʧʝʨʝʥʦʩʷʱʝʡ ʪʝʧʣʦ ʦʪ ʷʜʨʘ ʢ ʧʦʚʝʨʭʥʦʩʪʠ. ɺ ʧʝʨʝʤʝʱʘʶʱʠʭʩʷ 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʤʘʩʩʘʭ ʚʦʟʥʠʢʘʝʪ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ, ʢʦʪʦʨʳʡ ʠ ʷʚʣʷʝʪʩʷ 

ʧʨʠʯʠʥʦʡ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. 
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ʀʥʪʝʥʩʠʚʥʦʩʪʴ  ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʤʦʞʥʦ ʢʦʣʠʯʝʩʪʚʝʥʥʦ 

ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʣʠʙʦ ʝʛʦ ʥʘʧʨʷʞʝʥʥʦʩʪʴʶ, ʣʠʙʦ ʚʝʣʠʯʠʥʦʡ ʤʘʛʥʠʪʥʦʡ 

ʠʥʜʫʢʮʠʠ. ʅʘʧʨʷʞʝʥʥʦʩʪʴ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʊ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʠʣʫ, ʩ ʢʦʪʦʨʦʡ 

ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʜʝʡʩʪʚʫʝʪ ʥʘ ʧʦʤʝʱʝʥʥʳʡ ʚ ʥʝʛʦ ʧʨʦʙʥʳʡ ʤʘʛʥʠʪ. ʕʪʦ 

ʚʝʢʪʦʨ, ʥʘʧʨʘʚʣʝʥʥr ʡ ʧʦ ʢʘʩʘʪʝʣʴʥʦʡ ʢ ʤʘʛʥʠʪʥʦʡ ʩʠʣʦʚʦʡ ʣʠʥʠʠ ʚ ʜʘʥʥʦʡ 

ʪʦʯʢʝ. 

ʄʦʜʫʣʴ ʵʪʦʛʦ ʚʝʢʪʦʨʘ ʧʦ ʩʠʩʪʝʤʝ ʉʀ ʠʟʤʝʨʷʝʪʩʷ ʚ ʘʤʧʝʨʘʭ ʥʘ ʤʝʪʨ 

(ɸ/ʤ), ʥʦ  ʚ ʣʠʪʝʨʘʪʫʨʝ ʧʦ ʛʝʦʬʠʟʠʢʝ  ʯʘʱʝ ʠʩʧʦʣʴʟʫʶʪʩʷ  ʝʜʠʥʠʮʳ 

ʠʟʤʝʨʝʥʠʷ ʚ ʩʪʘʨʳʭ ʩʠʩʪʝʤʘʭ:  ʵʨʩʪʝʜ (ʕ) ʠ ʛʘʤʤʘ  (g). ʉʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ 

ʵʪʠʤʠ ʝʜʠʥʠʮʘʤʠ ʩʣʝʜʫʶʱʝʝ: 

1 ʕ = 79,6 ɸ/ʤ;           1 g   = 10
-5
 ʕ. 

 

ɻʘʤʤʘ ʷʚʣʷʝʪʩʷ ʧʨʦʩʪʦ ʙʦʣʝʝ ʤʝʣʢʦʡ ʝʜʠʥʠʮʝʡ ʠʟʤʝʨʝʥʠʷ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʵʨʩʪʝʜʦʤ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʙʦʣʝʝ ʫʜʦʙʥʦʡ ʜʣʷ ʦʧʠʩʘʥʠʷ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ɿʝʤʣʠ, ʧʦʩʢʦʣʴʢʫ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʝʛʦ ʥʝʚʝʣʠʢʘ.  

ʄʘʛʥʠʪʥʘʷ ʠʥʜʫʢʮʠʷ B ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʠʤʧʫʣʴʩ ʥʘʧʨʷʞʝʥʠʷ, 

ʠʥʜʫʮʠʨʫʝʤʳʡ ʚ ʧʨʦʙʥʦʤ ʩʦʣʝʥʦʠʜʝ (ʢʘʪʫʰʢʝ) ʧʨʠ ʧʦʤʝʱʝʥʠʠ ʝʛʦ ʚ 

ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ. ɽʜʠʥʠʮʝʡ ʠʟʤʝʨʝʥʠʷ ʠʥʜʫʢʮʠʠ ʷʚʣʷʝʪʩʷ ʊʝʩʣʘ (ʊʣ). 

 

1 ʊʣ = 1 ɺĀʩ/ʤ
2 
. 

 

ʅʘʧʨʷʞʝʥʥʦʩʪʴ ʠ ʠʥʜʫʢʮʠʷ ʚʝʢʪʦʨʥʳʝ ʚʝʣʠʯʠʥʳ. ɺ ʚʘʢʫʫʤʝ ʠʭ 

ʥʘʧʨʘʚʣʝʥʠʷ ʩʦʚʧʘʜʘʶʪ, ʘ ʤʦʜʫʣʠ ʩʚʷʟʘʥʳ ʧʨʦʩʪʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ: 

 

B = ɛ0 T, 

 
ʛʜʝ ɛ0 =1,257 10

-6
 ɺĀʩ/ɸĀʤ ï ʤʘʛʥʠʪʥʘʷ ʧʦʩʪʦʷʥʥʘʷ.  

ʀʩʧʦʣʴʟʫʷ ʧʨʠʚʝʜʝʥʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ ʥʝʪʨʫʜʥʦ ʫʙʝʜʠʪʴʩʷ, ʯʪʦ 

ʠʥʜʫʢʮʠʠ ʚ 1 ʊʣ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʧʨʠʤʝʨʥʦ 10 000 ʕ, ʘ 

ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʚ   1 ʛʘʤʤʫ ï ʠʥʜʫʢʮʠʷ ʚ 10
-9
 ʊʣ , ʪʦ ʝʩʪʴ 1 ʥʘʥʦʪʝʩʣʫ. 

ʅʘʧʨʷʞʝʥʥʦʩʪʴ  ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ɿʝʤʣʠ ʥʝʚʝʣʠʢʘ. ɺ ʨʘʟʥʳʭ ʪʦʯʢʘʭ 

ʧʣʘʥʝʪʳ ʦʥʘ ʥʝ ʧʨʝʚʳʰʘʝʪ 0,6é0,7 ʕ, ʘ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʠ ʚ ʩʨʝʜʥʝʤ 

ʩʦʩʪʘʚʣʷʝʪ 0,2é0,4 ʕ. ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʩʘʤʳʡ ʩʠʣʴʥʳʡ 

ʩʦʚʨʝʤʝʥʥʳʡ (ʥʘ 2009 ʛ.) ʵʣʝʢʪʨʦʤʘʛʥʠʪ, ʧʦʩʪʨʦʝʥʥʳʡ ʥʘ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʘʭ,   ʩʦʟʜʘʝʪ ʠʥʜʫʢʮʠʶ 26,8 ʊʣ, ʯʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʘʧʨʷʞʝʥʥʦʩʪʠ 267 847 ʕ. 

ʅʘʧʨʘʚʣʝʥʥʳʡ  ʧʦ ʢʘʩʘʪʝʣʴʥʦʡ ʢ ʤʘʛʥʠʪʥʳʤ ʩʠʣʦʚʳʤ ʣʠʥʠʷʤ  ʚʝʢʪʦʨ 

ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʊ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʥʝ ʣʝʞʠʪ ʚ ʧʣʦʩʢʦʩʪʠ ʛʦʨʠʟʦʥʪʘ ʠ ʥʝ 

ʩʦʚʧʘʜʘʝʪ ʩ ʧʣʦʩʢʦʩʪʴʶ ʛʝʦʛʨʘʬʠʯʝʩʢʦʛʦ ʤʝʨʠʜʠʘʥʘ. ɽʩʣʠ ʨʘʟʤʝʩʪʠʪʴ ʚ 

ʣʶʙʦʡ ʪʦʯʢʝ ʆ ʥʘʯʘʣʦ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʠ ʥʘʧʨʘʚʠʪʴ ʦʩʴ 

ʆʍ ʧʦ ʤʝʨʠʜʠʘʥʫ ʥʘ ʩʝʚʝʨ, ʦʩʴ ʆʋ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʢ ʥʝʡ ʥʘ ʚʦʩʪʦʢ, ʘ ʦʩʴ 

OZ ʥʘʧʨʘʚʠʪʴ ʚʥʠʟ, ʪʦ ʚʝʢʪʦʨ ʊ ʤʦʞʥʦ ʨʘʟʣʦʞʠʪʴ ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʫʶ 

ʩʦʩʪʘʚʣʷʶʱʫʶ ʅ ʠ ʚʝʨʪʠʢʘʣʴʥʫʶ Z (ʨʠʩ. 2.9).  
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ʅʘʧʨʘʚʣʝʥʠʝ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʅ ʷʚʣʷʝʪʩʷ ʦʯʝʥʴ ʚʘʞʥʳʤ 

ʜʣʷ ʘʵʨʦʥʘʚʠʛʘʮʠʠ, ʪʘʢ ʢʘʢ ʵʪʦ ʥʘʧʨʘʚʣʝʥʠʝ ʠ ʥʘʟʳʚʘʝʪʩʷ ʩʝʚʝʨʥʳʤ 

ʥʘʧʨʘʚʣʝʥʠʝʤ ʤʘʛʥʠʪʥʦʛʦ ʤʝʨʠʜʠʘʥʘ ʚ ʜʘʥʥʦʡ ʪʦʯʢʝ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʫʛʦʣ 

ʤʝʞʜʫ ʦʩʴʶ ʆʍ (ʥʘʧʨʘʚʣʝʥʠʝʤ ʠʩʪʠʥʥʦʛʦ ʤʝʨʠʜʠʘʥʘ) ʠ ʥʘʧʨʘʚʣʝʥʠʝʤ 

ʚʝʢʪʦʨʘ ʅ (ʥʘʧʨʘʚʣʝʥʠʝʤ ʤʘʛʥʠʪʥʦʛʦ ʤʝʨʠʜʠʘʥʘ), ʝʩʪʴ ʥʝ ʯʪʦ ʠʥʦʝ, ʢʘʢ 

ʤʘʛʥʠʪʥʦʝ ʩʢʣʦʥʝʥʠʝ Dʄ ʚ ʜʘʥʥʦʡ ʪʦʯʢʝ.  

ʋʛʦʣ  q   ʤʝʞʜʫ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʴʶ ʠ ʥʘʧʨʘʚʣʝʥʠʝʤ ʚʝʢʪʦʨʘ 
ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʊ ʥʘʟʳʚʘʝʪʩʷ ʤʘʛʥʠʪʥʳʤ ʥʘʢʣʦʥʝʥʠʝʤ. ʅʘʢʣʦʥʝʥʠʝ 

ʩʯʠʪʘʝʪʩʷ ʧʦʣʦʞʠʪʝʣʴʥʳʤ, ʝʩʣʠ ʚʝʢʪʦʨ ʊ ʦʪʢʣʦʥʝʥ ʦʪ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ 

ʧʣʦʩʢʦʩʪʠ ʚʥʠʟ. 

ɺ ʣʠʪʝʨʘʪʫʨʝ ʧʦ ʛʝʦʬʠʟʠʢʝ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʥʘʚʠʛʘʮʠʠ, ʤʘʛʥʠʪʥʦʝ 

ʩʢʣʦʥʝʥʠʝ ʧʨʠʥʷʪʦ ʦʙʦʟʥʘʯʘʪʴ ʙʫʢʚʦʡ D (ʦʪ ʩʣʦʚʘ declination), ʘ ʤʘʛʥʠʪʥʦʝ 

ʥʘʢʣʦʥʝʥʠʝ ï I (ʦʪ ʩʣʦʚʘ inclination). 

 

 
 

ʈʠʩ.2.9. ʕʣʝʤʝʥʪʳ ʟʝʤʥʦʛʦ ʤʘʛʥʝʪʠʟʤʘ 

 

ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʛʦʨʠʟʦʥʪʘʣʴʥʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʅ 

ʪʘʢʞʝ ʤʦʞʥʦ ʨʘʟʣʦʞʠʪʴ ʥʘ ʩʦʩʪʘʚʣʷʶʱʫʶ ʧʦ ʤʝʨʠʜʠʘʥʫ ʍ ʠ ʩʦʩʪʘʚʣʷʶʱʫʶ 

ʧʦ ʧʘʨʘʣʣʝʣʠ ʋ. ʅʝʪʨʫʜʥʦ ʟʘʧʠʩʘʪʴ ʩʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ  ʧʝʨʝʯʠʩʣʝʥʥʳʤʠ 

ʚʝʣʠʯʠʥʘʤʠ, ʥʘʟʳʚʘʝʤʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʟʝʤʥʦʛʦ ʤʘʛʥʝʪʠʟʤʘ: 

 

H = T cos q ;   Z = T sin q ;      X = H cos Dʄ ;    Y = H sin Dʄ ; 

tg Dʄ = Y/X ;   cos q   = H/T . 
 

ʄʘʛʥʠʪʥʳʝ ʩʠʣʦʚʳʝ ʣʠʥʠʠ ʚʳʭʦʜʷʪ ʠʟ ʦʜʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʶʩʘ 

ɿʝʤʣʠ ʠ ʚʭʦʜʷʪ ʚ ʜʨʫʛʦʡ (ʨʠʩ. 2.10). 

 ʀʟ ʨʠʩʫʥʢʘ (ʩʤ. ʨʠʩ. 2.10) ʧʦʥʷʪʥʦ, ʯʪʦ ʚ ʪʝʭ ʤʝʩʪʘʭ, ʛʜʝ ʚʝʢʪʦʨ ʊ 

ʨʘʩʧʦʣʦʞʝʥ ʛʦʨʠʟʦʥʪʘʣʴʥʦ (ʚ ʵʢʚʘʪʦʨʠʘʣʴʥʳʭ ʨʘʡʦʥʘʭ) ʥʘʢʣʦʥʝʥʠʝ q ʠ 
ʚʝʨʪʠʢʘʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʥʘʧʨʷʞʝʥʥʦʩʪʠ Z ʨʘʚʥʳ ʥʫʣʶ. ɺ ʧʦʣʷʨʥʳʭ 

ʨʘʡʦʥʘʭ, ʛʜʝ ʚʝʢʪʦʨ ʊ ʢʨʫʪʦ ʥʘʢʣʦʥʝʥ ʢ ʛʦʨʠʟʦʥʪʫ (ʚʥʠʟ ʠʣʠ ʚʚʝʨʭ), 



27 

 

 

ʥʘʢʣʦʥʝʥʠʝ q ʙʣʠʟʢʦ ʢ Ñ90Á , ʘ ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʥʘʧʨʷʞʝʥʥʦʩʪʠ 

ʅ ʤʘʣʘ. ʕʪʦ ʠʤʝʝʪ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʘʵʨʦʥʘʚʠʛʘʮʠʠ, ʧʦʩʢʦʣʴʢʫ ʤʘʛʥʠʪʥʳʝ 

ʢʦʤʧʘʩʳ ʨʝʘʛʠʨʫʶʪ ʠʤʝʥʥʦ ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ. ʀ, ʝʩʣʠ ʦʥʘ 

ʤʘʣʘ, ʢʦʤʧʘʩ ʙʫʜʝʪ ʨʘʙʦʪʘʪʴ ʥʝʫʩʪʦʡʯʠʚʦ. 

 
 

ʈʠʩ.2.10. ʇʦʣʝ ʜʠʧʦʣʷ 

 

ʄʘʛʥʠʪʥʦʝ ʧʦʣʝ ɿʝʤʣʠ ʠʤʝʝʪ ʙʦʣʝʝ ʩʣʦʞʥʫʶ ʩʪʨʫʢʪʫʨʫ, ʯʝʤ ʵʪʦ 

ʠʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩʫʥʢʝ. ɺ ʥʝʤ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʥʝʩʢʦʣʴʢʦ ʩʦʩʪʘʚʣʷʶʱʠʭ: 

ʧʦʣʝ ʜʠʧʦʣʷ, ʤʘʪʝʨʠʢʦʚʦʝ ʧʦʣʝ, ʘʥʦʤʘʣʴʥʦʝ ʧʦʣʝ ʠ ʧʦʣʝ ʚʘʨʠʘʮʠʡ. 

ʇʦʣʝ ʜʠʧʦʣʷ, ʠʣʠ ʠʥʘʯʝ ï ʧʦʣʝ ʦʜʥʦʨʦʜʥʦʛʦ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ, ʷʚʣʷʝʪʩʷ 

ʦʩʥʦʚʥʦʡ ʯʘʩʪʴʶ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ɿʝʤʣʠ ʠ ʩʦʩʪʘʚʣʷʝʪ ʦʪ ʥʝʛʦ ʧʨʠʤʝʨʥʦ 70%. 

ɼʠʧʦʣʝʤ ʚ ʬʠʟʠʢʝ ʥʘʟʳʚʘʶʪ ʩʦʚʦʢʫʧʥʦʩʪʴ ʜʚʫʭ ʬʠʢʪʠʚʥʳʭ ʤʘʛʥʠʪʥʳʭ 

ʟʘʨʷʜʦʚ ʨʘʟʥʦʛʦ ʟʥʘʢʘ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʥʝʢʦʪʦʨʦʤ ʨʘʩʩʪʦʷʥʠʠ ʜʨʫʛ ʦʪ 

ʜʨʫʛʘ. ʆʙʳʯʥʦ ʝʛʦ ʠʟʦʙʨʘʞʘʶʪ ʚ ʚʠʜʝ ʣʠʥʝʡʥʦʛʦ ʤʘʛʥʠʪʘ ʩ ʢʨʘʩʥʳʤ ʠ ʩʠʥʠʤ 

ʢʦʥʮʘʤʠ. ʄʦʞʥʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʚʥʫʪʨʠ ɿʝʤʣʠ ʥʘʭʦʜʠʪʩʷ ʦʛʨʦʤʥʳʡ ʤʘʛʥʠʪ, 

ʢʦʪʦʨʳʡ ʠ ʩʦʟʜʘʝʪ ʧʦʣʝ ʜʠʧʦʣʷ. ʅʦ ʦʩʴ ʜʠʧʦʣʷ ʥʝ ʩʦʚʧʘʜʘʝʪ ʩ ʦʩʴʶ ʚʨʘʱʝʥʠʷ 

ɿʝʤʣʠ, ʘ ʩʦʩʪʘʚʣʷʝʪ ʩ ʥʝʡ ʧʨʠʤʝʨʥʦ 11,5Á. ɼʚʝ ʪʦʯʢʠ, ʚ ʢʦʪʦʨʳʭ ʦʩʴ ʜʠʧʦʣʷ 

ʧʝʨʝʩʝʢʘʝʪ ʧʦʚʝʨʭʥʦʩʪʴ ɿʝʤʣʠ, ʥʘʟʳʚʘʶʪ ʛʝʦʤʘʛʥʠʪʥʳʤʠ ʧʦʣʶʩʘʤʠ. ʊʦʪ ʠʟ 

ʥʠʭ, ʢʦʪʦʨʳʡ ʨʘʩʧʦʣʦʞʝʥ ʚ ʩʝʚʝʨʥʦʤ ʧʦʣʫʰʘʨʠʠ, ʥʘʟʳʚʘʶʪ ʩʝʚʝʨʥʳʤ 

ʛʝʦʤʘʛʥʠʪʥʳʤ ʧʦʣʶʩʦʤ, ʘ ʪʦʪ, ʢʦʪʦʨʳʡ ʥʘʭʦʜʠʪʩʷ ʚ ʶʞʥʦʤ ʧʦʣʫʰʘʨʠʠ, ï 

ʶʞʥʳʤ. ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʬʠʟʠʢʠ ʚʩʝ ʦʙʩʪʦʠʪ ʥʘʦʙʦʨʦʪ: ʚ 

ʩʝʚʝʨʥʦʤ ʧʦʣʫʰʘʨʠʠ ɿʝʤʣʠ ʥʘʭʦʜʠʪʩʷ ʪʦʪ ʧʦʣʶʩ ʤʘʛʥʠʪʘ, ʢʦʪʦʨʳʡ ʥʘ ʩʘʤʦʤ 

ʜʝʣʝ ʷʚʣʷʝʪʩʷ ʶʞʥʳʤ. 

ɽʩʣʠ ʙʳ ɿʝʤʣʷ ʠʤʝʣʘ ʪʦʣʴʢʦ ʧʦʣʝ ʜʠʧʦʣʷ, ʪʦ ʚʩʝ ʙʳʣʦ ʙʳ ʜʦʚʦʣʴʥʦ 

ʧʨʦʩʪʦ. ʂʘʞʜʘʷ ʩʠʣʦʚʘʷ ʣʠʥʠʷ ʧʦʣʷ ʣʝʞʘʣʘ ʙʳ ʚ ʦʜʥʦʡ ʧʣʦʩʢʦʩʪʠ, 

ʧʨʦʭʦʜʷʱʝʡ ʯʝʨʝʟ ʛʝʦʤʘʛʥʠʪʥʳʝ ʧʦʣʶʩʘ, ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʚ ʢʘʞʜʦʡ ʪʦʯʢʝ 

ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʅ  ʙʳʣʘ ʙʳ ʥʘʧʨʘʚʣʝʥʘ ʢ 

ʛʝʦʤʘʛʥʠʪʥʦʤʫ ʧʦʣʶʩʫ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚʝʣʠʯʠʥʫ ʤʘʛʥʠʪʥʦʛʦ ʩʢʣʦʥʝʥʠʷ 

ʤʦʞʥʦ ʙʳʣʦ ʙʳ ʨʘʩʩʯʠʪʘʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʧʦ ʢʦʦʨʜʠʥʘʪʘʤ ʪʦʯʢʠ. 
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ʅʦ ʥʘ ʧʦʣʝ ʜʠʧʦʣʷ ʥʘʢʣʘʜʳʚʘʝʪʩʷ  ʜʨʫʛʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ ɿʝʤʣʠ ï ʪʘʢ ʥʘʟʳʚʘʝʤʦʝ ʤʘʪʝʨʠʢʦʚʦʝ ʧʦʣʝ. ʆʥʦ ʚʳʟʚʘʥʦ 

ʥʘʤʘʛʥʠʯʝʥʥʳʤʠ ʧʦʨʦʜʘʤʠ ʚ ʟʝʤʥʦʡ ʢʦʨʝ ʢʦʥʪʠʥʝʥʪʦʚ ʠ ʠʩʢʘʞʘʝʪ ʧʦʣʝ 

ʜʠʧʦʣʷ ʚ ʨʘʟʥʳʭ ʨʝʛʠʦʥʘʭ ɿʝʤʣʠ ʧʦ-ʨʘʟʥʦʤʫ. ʆʪʢʣʦʥʝʥʠʷ, ʚʳʟʚʘʥʥʳʝ 

ʤʘʪʝʨʠʢʦʚʳʤ ʧʦʣʝʤ ʠʥʦʛʜʘ ʥʘʟʳʚʘʶʪ ʤʠʨʦʚʳʤʠ ʘʥʦʤʘʣʠʷʤʠ (ɺʦʩʪʦʯʥʦ-

ʉʠʙʠʨʩʢʘʷ, ɹʨʘʟʠʣʴʩʢʘʷ ʘʥʦʤʘʣʠʠ ʠ ʪ.ʜ.). ʄʘʪʝʨʠʢʦʚʦʝ ʧʦʣʝ ʩʦʩʪʘʚʣʷʝʪ 

ʦʢʦʣʦ 20% ʦʪ ʦʙʱʝʛʦ ʠ ʚʳʟʳʚʘʝʪ ʠʩʢʨʠʚʣʝʥʠʝ ʤʘʛʥʠʪʥʳʭ ʩʠʣʦʚʳʭ ʣʠʥʠʡ. 

ʈʘʟʜʝʣ ʛʝʦʬʠʟʠʢʠ, ʠʟʫʯʘʶʱʠʡ ʩʪʨʫʢʪʫʨʫ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ɿʝʤʣʠ, 

ʥʘʟʳʚʘʝʪʩʷ ʛʝʦʤʘʛʥʝʪʠʟʤʦʤ. ɺ ʤʘʛʥʠʪʥʳʭ ʦʙʩʝʨʚʘʪʦʨʠʷʭ ʨʘʟʥʳʭ ʩʪʨʘʥ ʩ  

ʧʦʤʦʱʴʶ ʤʘʛʥʠʪʦʤʝʪʨʦʚ ʠ ʤʘʛʥʠʪʦʛʨʘʬʦʚ ʧʨʦʚʦʜʷʪʩʷ ʧʦʩʪʦʷʥʥʳʝ 

ʠʟʤʝʨʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʟʝʤʥʦʛʦ ʤʘʛʥʝʪʠʟʤʘ ʚ ʨʘʟʣʠʯʥʳʭ ʪʦʯʢʘʭ ʧʣʘʥʝʪʳ. ʅʘ 

ʦʩʥʦʚʝ ʵʪʠʭ ʠʟʤʝʨʝʥʠʡ ʩʦʩʪʘʚʣʷʶʪ ʢʘʨʪʳ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʥʘ ʢʦʪʦʨʳʭ 

ʥʘʥʝʩʝʥʳ ʣʠʥʠʠ ʩ ʦʜʠʥʘʢʦʚʳʤ ʟʥʘʯʝʥʠʝʤ ʢʘʢʦʛʦ-ʣʠʙʦ ʵʣʝʤʝʥʪʘ (ʠʟʦʣʠʥʠʠ).  

ʃʠʥʠʠ, ʩʦʝʜʠʥʷʶʱʠʝ ʪʦʯʢʠ ʩ ʦʜʠʥʘʢʦʚʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʤʘʛʥʠʪʥʦʛʦ 

ʩʢʣʦʥʝʥʠʷ ȹʄ ʥʘʟʳʚʘʶʪʩʷ ʠʟʦʛʦʥʳ. ʀʟʦʛʦʥʳ ʩʭʦʜʷʪʩʷ ʚ ʯʝʪʳʨʝʭ ʪʦʯʢʘʭ: ʚ 

ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʠ ʚ ʤʘʛʥʠʪʥʳʭ ʧʦʣʶʩʘʭ. ʀʟʦʛʦʥʫ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ 

ʥʫʣʝʚʦʤʫ ʤʘʛʥʠʪʥʦʤʫ ʩʢʣʦʥʝʥʠʶ, ʥʘʟʳʚʘʶʪ ʘʛʦʥʠʯʝʩʢʦʡ ʣʠʥʠʝʡ. 

ʃʠʥʠʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʦʩʪʦʷʥʥʦʤʫ ʤʘʛʥʠʪʥʦʤʫ ʥʘʢʣʦʥʝʥʠʶ, ï 

ʠʟʦʢʣʠʥʳ. ʀʟʦʢʣʠʥʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʥʫʣʝʚʦʤʫ ʥʘʢʣʦʥʝʥʠʶ, ʫʩʣʦʚʥʦ 

ʥʘʟʳʚʘʝʪʩʷ ʤʘʛʥʠʪʥʳʤ ʵʢʚʘʪʦʨʦʤ. ʊʦʯʢʠ, ʚ ʢʦʪʦʨʳʭ ʤʘʛʥʠʪʥʦʝ ʥʘʢʣʦʥʝʥʠʝ  

ʩʦʩʪʘʚʣʷʝʪ +90Á ʠʣʠ -90Á , ʪʦ ʝʩʪʴ ʚ ʢʦʪʦʨʳʭ ʚʝʢʪʦʨ ʊ ʨʘʩʧʦʣʦʞʝʥ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʢ ʛʦʨʠʟʦʥʪʫ, ʥʘʟʳʚʘʶʪʩʷ ʤʘʛʥʠʪʥʳʤʠ ʧʦʣʶʩʘʤʠ. ʀʟ-ʟʘ 

ʠʩʢʘʞʝʥʠʷ ʧʦʣʷ ʜʠʧʦʣʷ ʤʘʪʝʨʠʢʦʚʳʤ ʧʦʣʝʤ ʤʘʛʥʠʪʥʳʝ ʧʦʣʶʩʘ ʥʝ ʩʦʚʧʘʜʘʶʪ 

ʩ ʛʝʦʤʘʛʥʠʪʥʳʤʠ. ʄʘʣʦ ʪʦʛʦ, ʠʟ-ʟʘ ʤʝʩʪʥʳʭ ʘʥʦʤʘʣʠʡ ʤʘʛʥʠʪʥʳʭ ʧʦʣʶʩʦʚ 

ʤʦʞʝʪ ʙʳʪʴ ʥʝʩʢʦʣʴʢʦ. 

ɸ ʣʠʥʠʠ ʩ ʦʜʠʥʘʢʦʚʳʤ ʟʥʘʯʝʥʠʝʤ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʧʦʣʷ  ʊ (ʠʣʠ 

ʠʥʜʫʢʮʠʠ ɺ), ʠʣʠ ʠʭ ʩʦʩʪʘʚʣʷʶʱʠʭ (X, Y ʠʣʠ Z)  ʥʘʟʳʚʘʶʪʩʷ ʠʟʦʜʠʥʘʤʳ. ʅʘ 

ʨʠʩ.2.11-2.14 ʧʨʠʚʝʜʝʥʳ ʢʘʨʪʳ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʵʣʝʤʝʥʪʦʚ 

ʟʝʤʥʦʛʦ ʤʘʛʥʝʪʠʟʤʘ. ʄʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ ʠʟʦʣʠʥʠʠ ʟʥʘʯʠʪʝʣʴʥʦ ʠʩʢʨʠʚʣʝʥʳ. 

ʉʫʤʤʫ ʧʦʣʷ ʦʜʥʦʨʦʜʥʦʛʦ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ (ʧʦʣʷ ʜʠʧʦʣʷ) ʠ 

ʤʘʪʝʨʠʢʦʚʦʛʦ ʧʦʣʷ ʠʥʦʛʜʘ ʥʘʟʳʚʘʶʪ ʥʦʨʤʘʣʴʥʳʤ ʧʦʣʝʤ. ʆʥʦ ʷʚʣʷʝʪʩʷ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʪʘʙʠʣʴʥʳʤ, ʥʦ ʚʩʝ ʞʝ ʤʝʜʣʝʥʥʦ ʤʝʥʷʝʪʩʷ. ʉʢʦʨʦʩʪʴ 

ʠʟʤʝʥʝʥʠʷ ʢʘʞʜʦʛʦ ʵʣʝʤʝʥʪʘ ʟʝʤʥʦʛʦ ʤʘʛʥʝʪʠʟʤʘ ʚ ʨʘʟʥʳʭ ʤʝʩʪʘʭ ʧʣʘʥʝʪʳ 

ʨʘʟʣʠʯʥʘ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʤʝʥʷʝʪʩʷ ʠ ʬʦʨʤʘ ʠʟʦʣʠʥʠʡ ʥʘ ʢʘʨʪʘʭ. ʅʘʧʨʠʤʝʨ, 

ʚ ʘʵʨʦʧʦʨʪʫ ʇʫʣʢʦʚʦ 1 ʷʥʚʘʨʷ 2010 ʛ ʤʘʛʥʠʪʥʦʝ ʩʢʣʦʥʝʥʠʝ ʩʦʩʪʘʚʣʷʣʦ 9Á21'  

ʠ ʫʚʝʣʠʯʠʚʘʣʦʩʴ ʩʦ ʩʢʦʨʦʩʪʴʶ  7' ʚ ʛʦʜ. ʅʦ ʚʧʦʣʥʝ ʚʦʟʤʦʞʥʦ, ʯʪʦ ʚ ʙʫʜʫʱʝʤ 

ʦʥʦ ʙʫʜʝʪ ʫʤʝʥʴʰʘʪʴʩʷ. ɺʝʣʠʯʠʥʫ ʠʟʤʝʥʝʥʠʷ ʟʝʤʥʦʛʦ ʤʘʛʥʝʪʠʟʤʘ ʚ ʜʘʥʥʦʡ 

ʪʦʯʢʝ ʚ ʪʝʯʝʥʠʝ ʛʦʜʘ ʥʘʟʳʚʘʶʪ ʚʝʢʦʚʳʤ ʭʦʜʦʤ ʵʪʦʛʦ ʵʣʝʤʝʥʪʘ (ʤʘʛʥʠʪʥʦʛʦ 

ʩʢʣʦʥʝʥʠʷ, ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʠ ʪ.ʜ.). 

ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʘʵʨʦʥʘʚʠʛʘʮʠʦʥʥʳʭ ʢʘʨʪ ʩ 

ʥʘʥʝʩʝʥʥʳʤʠ ʥʘ ʥʠʭ ʠʟʦʛʦʥʘʤʠ, ʩʣʝʜʫʝʪ ʦʙʨʘʱʘʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʪʦ, ʢ ʢʘʢʦʤʫ 

ʛʦʜʫ (ʠʣʠ, ʢʘʢ ʛʦʚʦʨʷʪ, ʢ ʢʘʢʦʡ ʵʧʦʭʝ) ʦʪʥʦʩʷʪʩʷ ʜʘʥʥʳʝ ʦ ʤʘʛʥʠʪʥʦʤ 

ʩʢʣʦʥʝʥʠʠ. ɺʝʜʴ ʥʘ ʜʝʥʴ ʧʦʣʝʪʘ ʦʥʠ ʤʦʛʫʪ ʩʫʱʝʩʪʚʝʥʥʦ ʫʩʪʘʨʝʪʴ. 



29 

 

 

 
 

ʈʠʩ. 2.11.  ʂʘʨʪʘ ʠʟʦʛʦʥ 

(ʟʥʘʯʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʩʢʣʦʥʝʥʠʷ ʫʢʘʟʘʥʳ ʚ ʛʨʘʜʫʩʘʭ) 

 

 
 

ʈʠʩ. 2.12. ʂʘʨʪʘ ʠʟʦʛʦʥ ʩʝʚʝʨʥʦʡ ʧʦʣʷʨʥʦʡ ʦʙʣʘʩʪʠ ɿʝʤʣʠ 

(ʟʥʘʯʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʩʢʣʦʥʝʥʠʷ ʫʢʘʟʘʥʳ ʚ ʛʨʘʜʫʩʘʭ 
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ʈʠʩ. 2.13. . ʂʘʨʪʘ ʠʟʦʢʣʠʥ (ʟʥʘʯʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʥʘʢʣʦʥʝʥʠʷ ʫʢʘʟʘʥʳ ʚ 

ʛʨʘʜʫʩʘʭ) 

 

 

 

 
 

ʈʠʩ. 2.14. ʂʘʨʪʘ ʠʟʦʜʠʥʘʤ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʤʘʛʥʠʪʥʦʛʦ  

ʧʦʣʷ ɿʝʤʣʠ (ʟʥʘʯʝʥʠʷ ʠʥʜʫʢʮʠʠ ʫʢʘʟʘʥʳ ʚ ʥʘʥʦʪʝʩʣʘʭ) 
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ʉʫʱʝʩʪʚʫʶʪ ʩʧʝʮʠʘʣʴʥʳʝ ʢʘʨʪʳ, ʥʘ ʢʦʪʦʨʳʭ ʥʘʥʝʩʝʥʳ ʣʠʥʠʠ 

(ʠʟʦʧʦʨʳ), ʩʦʝʜʠʥʷʶʱʠʝ ʪʦʯʢʠ ʩ ʦʜʠʥʘʢʦʚʳʤ ʚʝʢʦʚʳʤ ʭʦʜʦʤ ʢʘʢʦʛʦ-ʣʠʙʦ 

ʵʣʝʤʝʥʪʘ ʟʝʤʥʦʛʦ ʤʘʛʥʝʪʠʟʤʘ. ʉ ʠʭ ʧʦʤʦʱʴʶ ʤʦʞʥʦ ʙʦʣʝʝ ʪʦʯʥʦ ʦʧʨʝʜʝʣʠʪʴ 

ʟʥʘʯʝʥʠʝ ʵʪʦʛʦ ʵʣʝʤʝʥʪʘ ʥʘ ʢʘʢʫʶ-ʣʠʙʦ ʜʘʪʫ. 

ɸʥʦʤʘʣʴʥʦʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ɿʝʤʣʠ ʥʘʢʣʘʜʳʚʘʝʪʩʷ ʥʘ ʥʦʨʤʘʣʴʥʦʝ ʧʦʣʝ 

ʠ ʚʳʟʳʚʘʝʪ ʝʛʦ ʠʩʢʘʞʝʥʠʷ ʚ ʥʝʢʦʪʦʨʳʭ ʨʘʡʦʥʘʭ ʧʣʘʥʝʪʳ. ʕʪʠ ʨʘʡʦʥʳ 

ʥʘʟʳʚʘʶʪ ʨʘʡʦʥʘʤʠ ʤʘʛʥʠʪʥʳʭ ʘʥʦʤʘʣʠʡ (ʩʣʦʚʦ ʘʥʦʤʘʣʠʷ ʦʟʥʘʯʘʝʪ 

ʦʪʢʣʦʥʝʥʠʝ). ɸʥʦʤʘʣʠʠ, ʦʭʚʘʪʳʚʘʶʱʠʝ ʜʝʩʷʪʢʠ ʠ ʩʦʪʥʠ ʢʠʣʦʤʝʪʨʦʚ, 

ʥʘʟʳʚʘʶʪ ʨʝʛʠʦʥʘʣʴʥʳʤʠ, ʘ ʙʦʣʝʝ ʤʝʣʢʠʝ ï ʣʦʢʘʣʴʥʳʤʠ (ʤʝʩʪʥʳʤʠ).  ʆʥʠ, 

ʢʘʢ ʧʨʘʚʠʣʦ, ʚʳʟʚʘʥʳ ʥʘʤʘʛʥʠʯʝʥʥʳʤʠ ʛʦʨʥʳʤʠ ʧʦʨʦʜʘʤʠ (ʥʘʧʨʠʤʝʨ, 

ʞʝʣʝʟʥʦʡ ʨʫʜʦʡ), ʨʘʩʧʦʣʘʛʘʶʱʠʤʠʩʷ ʚ ʟʝʤʥʦʡ ʢʦʨʝ. 

ɺ ʨʘʡʦʥʘʭ ʤʘʛʥʠʪʥʳʭ ʘʥʦʤʘʣʠʡ ʵʣʝʤʝʥʪʳ ʟʝʤʥʦʛʦ ʤʘʛʥʝʪʠʟʤʘ ʤʦʛʫʪ 

ʩʠʣʴʥʦ ʦʪʣʠʯʘʪʴʩʷ ʦʪ ʠʭ ʟʥʘʯʝʥʠʡ ʥʘ ʧʨʠʣʝʛʘʶʱʝʡ ʪʝʨʨʠʪʦʨʠʠ ʠ ʙʳʩʪʨʦ 

ʤʝʥʷʪʴʩʷ ʧʨʠ ʧʝʨʝʤʝʱʝʥʠʠ ʧʦ ʪʝʨʨʠʪʦʨʠʠ ʨʘʡʦʥʘ. ɺ ʨʘʡʦʥʝ ʂʫʨʩʢʦʡ 

ʤʘʛʥʠʪʥʦʡ ʘʥʦʤʘʣʠʠ, ʦʪʢʨʳʪʦʡ ʝʱʝ ʚ XVIII   ʚʝʢʝ, ʤʘʛʥʠʪʥʦʝ ʩʢʣʦʥʝʥʠʝ 

ʠʟʤʝʥʷʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ Ñ180Á, ʪʦʛʜʘ ʢʘʢ ʝʛʦ ʥʦʨʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʩʦʩʪʘʚʣʷʝʪ 

ʚʩʝʛʦ ʥʝʩʢʦʣʴʢʦ ʛʨʘʜʫʩʦʚ. ɹʦʣʴʰʦʛʦ ʟʥʘʯʝʥʠʷ ʜʦʩʪʠʛʘʝʪ ʟʜʝʩʴ ʠ ʚʝʨʪʠʢʘʣʴʥʘʷ 

ʩʦʩʪʘʚʣʷʶʱʘʷ ʧʦʣʷ. ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʠ ʪʘʢʞʝ ʧʨʠʤʝʯʘʪʝʣʴʥʘ ɸʥʛʘʨʦ-

ʀʣʠʤʩʢʘʷ ʘʥʦʤʘʣʠʷ, ʚ ʨʘʡʦʥʝ ʢʦʪʦʨʦʡ ʜʘʞʝ ʤʘʛʥʠʪʥʦʝ ʥʘʢʣʦʥʝʥʠʝ ʠʤʝʝʪ  

ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʡ ʟʥʘʢ. ʉʝʚʝʨʥʳʡ ʢʦʥʝʮ ʤʘʛʥʠʪʥʦʡ ʩʪʨʝʣʢʠ ʦʪʢʣʦʥʷʝʪʩʷ ʥʝ 

ʚʥʠʟ, ʢʘʢ ʚ ʧʨʠʣʝʛʘʶʱʠʭ ʢ ʘʥʦʤʘʣʠʠ ʨʘʡʦʥʘʭ, ʘ ʚʚʝʨʭ. ʉʠʣʴʥʳʝ  ʘʥʦʤʘʣʠʠ 

ʠʤʝʶʪʩʷ ʠ ʚ ʜʨʫʛʠʭ ʤʝʩʪʘʭ ʧʣʘʥʝʪʳ. 

ɺ  ʨʘʡʦʥʘʭ ʤʘʛʥʠʪʥʳʭ ʘʥʦʤʘʣʠʡ ʠʟʦʣʠʥʠʠ ʩʪʘʥʦʚʷʪʩʷ ʦʯʝʥʴ 

ʠʟʚʠʣʠʩʪʳʤʠ, ʤʦʛʫʪ ʙʳʪʴ ʟʘʤʢʥʫʪʳʤʠ, ʘ ʠʥʦʛʜʘ ʠʭ ʚʦʦʙʱʝ ʪʨʫʜʥʦ ʧʨʦʚʝʩʪʠ. 

ɺ ʵʪʠʭ ʩʣʫʯʘʷʭ ʥʘ ʘʵʨʦʥʘʚʠʛʘʮʠʦʥʥʳʭ ʢʘʨʪʘʭ ʧʨʦʩʪʦ ʫʢʘʟʳʚʘʶʪ, ʯʪʦ ʚ 

ʜʘʥʥʦʤ ʨʘʡʦʥʝ ʤʘʛʥʠʪʥʦʝ ʩʢʣʦʥʝʥʠʝ ʤʝʥʷʝʪʩʷ ʦʪ ʩʪʦʣʴʢʠ-ʪʦ ʜʦ ʩʪʦʣʴʢʠ-ʪʦ 

ʛʨʘʜʫʩʦʚ. 

ʅʦ ʚʣʠʷʥʠʝ ʤʘʛʥʠʪʥʳʭ ʘʥʦʤʘʣʠʡ ʩʢʘʟʳʚʘʝʪʩʷ ʣʠʰʴ ʜʦ ʚʳʩʦʪʳ 3-4 

ʪʳʩʷʯʠ ʤʝʪʨʦʚ. ʇʦʵʪʦʤʫ ʥʘ ʤʘʨʰʨʫʪʥʳʭ ʢʘʨʪʘʭ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ 

ʧʦʣʝʪʦʚ ʥʘ ʩʨʝʜʥʠʭ ʠ ʙʦʣʴʰʠʭ ʚʳʩʦʪʘʭ, ʠʟʦʛʦʥʳ ʥʝ ʠʤʝʶʪ ʨʝʟʢʠʭ ʠʟʛʠʙʦʚ. 

ʉʘʤʘʷ ʠʟʤʝʥʯʠʚʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ɿʝʤʣʠ ï ʧʦʣʝ 

ʚʘʨʠʘʮʠʡ. ɼʘʞʝ ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ ʚʩʝ ʵʣʝʤʝʥʪʳ ʟʝʤʥʦʛʦ ʤʘʛʥʝʪʠʟʤʘ ʥʝʩʢʦʣʴʢʦ 

ʠʟʤʝʥʷʶʪʩʷ. ʅʘʧʨʠʤʝʨ, ʤʘʛʥʠʪʥʦʝ ʩʢʣʦʥʝʥʠʝ ʤʝʥʷʝʪʩʷ ʩ ʘʤʧʣʠʪʫʜʦʡ 

ʧʦʨʷʜʢʘ 15-20' , ʪʦ ʝʩʪʴ ȹʄ  ʚ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʪʦʯʢʝ ʫʪʨʦʤ ʠ ʚʝʯʝʨʦʤ 

ʨʘʟʣʠʯʥʦ. ʊʘʢʠʝ ʠʟʤʝʥʝʥʠʷ  ʚʳʟʚʘʥʳ ʧʨʦʮʝʩʩʘʤʠ, ʧʨʦʪʝʢʘʶʱʠʤʠ ʚ 

ʠʦʥʦʩʬʝʨʝ ɿʝʤʣʠ ʧʦʜ ʚʣʠʷʥʠʝʤ ʉʦʣʥʮʘ (ʩʦʣʥʝʯʥʦ-ʩʫʪʦʯʥʳʝ ʚʘʨʠʘʮʠʠ). 

ʋʣɹʪʨʘʬʠʦʣʝʪʦʚʳʝ ʣʫʯʠ ʠʦʥʠʟʠʨʫʶʪ ʚʝʨʭʥʠʝ ʩʣʦʠ ʘʪʤʦʩʬʝʨʳ, ʪʦ ʝʩʪʴ 

ʩʦʟʜʘʶʪ ʵʣʝʢʪʨʠʯʝʩʢʠ ʟʘʨʷʞʝʥʥʳʝ ʯʘʩʪʠʮʳ. ɺʩʣʝʜʩʪʚʠʝ ʧʨʠʣʠʚʥʳʭ ʠ 

ʪʝʧʣʦʚʳʭ ʧʨʦʮʝʩʩʦʚ ʠʦʥʦʩʬʝʨʥʳʝ ʩʣʦʠ ʥʝʧʨʝʨʳʚʥʦ ʜʚʠʞʫʪʩʷ, ʘ ʜʚʠʞʝʥʠʝ 

ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ, ʢʦʪʦʨʳʡ ʩʦʟʜʘʝʪ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ. 

ʆʙʥʘʨʫʞʝʥʳ ʪʘʢʞʝ ʣʫʥʥʦ-ʩʫʪʦʯʥʳʝ ʚʘʨʠʘʮʠʠ ʠ ʥʝʧʝʨʠʦʜʠʯʝʩʢʠʝ 

ʚʘʨʠʘʮʠʠ ʥʝʠʟʚʝʩʪʥʦʡ ʧʨʠʨʦʜʳ. 
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ɺʨʝʤʷ ʦʪ ʚʨʝʤʝʥʠ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ɿʝʤʣʠ ʧʨʝʪʝʨʧʝʚʘʝʪ ʩʝʨʴʝʟʥʳʝ 

ʚʦʟʤʫʱʝʥʠʷ ï ʤʘʛʥʠʪʥʳʝ ʙʫʨʠ. ʀʭ ʧʨʠʯʠʥʦʡ ʷʚʣʷʝʪʩʷ ʉʦʣʥʮʝ, ʢʦʪʦʨʦʝ ʚ 

ʧʝʨʠʦʜ ʩʚʦʝʡ ʘʢʪʠʚʥʦʩʪʠ (ʚʦʟʨʘʩʪʘʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʧʷʪʝʥ) ʚʳʙʨʘʩʳʚʘʝʪ 

ʤʦʱʥʳʝ ʧʦʪʦʢʠ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ. ʇʨʠʤʝʨʥʦ ʯʝʨʝʟ ʜʚʘ ʜʥʷ ʦʥʠ ʜʦʩʪʠʛʘʶʪ 

ɿʝʤʣʠ ʠ ʟʘʭʚʘʪʳʚʘʶʪʩʷ ʝʝ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ. ɺʦʢʨʫʛ ʧʣʘʥʝʪʳ ʥʘ ʥʝʩʢʦʣʴʢʦ 

ʜʥʝʡ  ʦʙʨʘʟʫʝʪʩʷ ʛʠʛʘʥʪʩʢʠʡ ʚʦʜʦʚʦʨʦʪ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ, ʩʦʟʜʘʶʱʠʡ ʩʚʦʝ 

ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ. ʅʘʠʙʦʣʝʝ ʩʠʣʴʥʦ ʦʥʦ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʧʦʣʷʨʥʳʭ ʨʘʡʦʥʘʭ, ʛʜʝ 

ʟʘʨʷʞʝʥʥʳʝ ʯʘʩʪʠʮʳ, ʜʚʠʛʘʷʩʴ ʧʦ ʩʠʣʦʚʳʤ ʣʠʥʠʷʤ, ʚʭʦʜʷʪ ʚ ʘʪʤʦʩʬʝʨʫ ʠ  

ʠʦʥʠʟʠʨʫʶʪ ʝʝ ʘʪʦʤʳ. ɺʳʟʚʘʥʥʦʝ ʵʪʠʤ ʩʚʝʯʝʥʠʝ ʚʝʨʭʥʠʭ ʩʣʦʝʚ ʘʪʤʦʩʬʝʨʳ 

ʤʳ ʥʘʟʳʚʘʝʤ ʧʦʣʷʨʥʳʤ ʩʠʷʥʠʝʤ (ʨʠʩ. 2.15). 

 

 
 

ʈʠʩ. 2.15. ʇʦʣʷʨʥʦʝ ʩʠʷʥʠʝ 

 

ɺʦ ʚʨʝʤʷ ʤʘʛʥʠʪʥʳʭ ʙʫʨʴ ʠʟʤʝʥʝʥʠʷ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ 

ʩʨʝʜʥʠʭ ʰʠʨʦʪʘʭ ʩʦʩʪʘʚʣʷʶʪ ʜʦ ʪʳʩʷʯʠ ʛʘʤʤ. ʄʘʛʥʠʪʥʳʝ ʢʦʤʧʘʩʳ ʤʦʛʫʪ 

ʜʘʚʘʪʴ ʟʥʘʯʠʪʝʣʴʥʳʝ ʧʦʛʨʝʰʥʦʩʪʠ, ʫʭʫʜʰʘʝʪʩʷ ʧʨʦʭʦʞʜʝʥʠʝ ʨʘʜʠʦʚʦʣʥ, ʯʪʦ 

ʚʝʜʝʪ ʢ ʧʝʨʝʙʦʷʤ ʨʘʜʠʦʩʚʷʟʠ ʠ ʥʘʨʫʰʝʥʠʶ ʨʘʙʦʪʳ ʨʘʜʠʦʥʘʚʠʛʘʮʠʦʥʥʳʭ 

ʩʨʝʜʩʪʚ. ʉʠʣʴʥʳʝ ʤʘʛʥʠʪʥʳʝ ʙʫʨʠ ʤʦʛʫʪ ʜʘʞʝ ʧʦʚʨʝʞʜʘʪʴ ʵʣʝʢʪʨʠʯʝʩʢʠʝ 

ʩʝʪʠ. ʅʝʦʜʥʦʢʨʘʪʥʦ ʦʪʤʝʯʘʣʠʩʴ ʩʣʫʯʘʠ, ʢʦʛʜʘ ʮʝʣʳʝ ʨʝʛʠʦʥʳ ʦʩʪʘʚʘʣʠʩʴ ʙʝʟ 

ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʠʟ-ʟʘ ʩʛʦʨʘʥʠʷ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʠ ʜʨʫʛʠʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʫʩʪʨʦʡʩʪʚ. ʆʜʠʥ ʠʟ  ʪʘʢʠʭ ʩʣʫʯʘʝʚ ʠʤʝʣ ʤʝʩʪʦ 15.05.2005 ʛ. ʚ ʉʐɸ. 

ʏʝʣʦʚʝʯʝʩʪʚʦ ʩʪʘʣʦ ʠʟʫʯʘʪʴ ʟʝʤʥʦʡ ʤʘʛʥʝʪʠʟʤ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʜʘʚʥʦ. 

ʇʨʘʚʜʘ, ʝʱʝ ʢʠʪʘʡʮʳ ʚ XII   ʚʝʢʝ ʟʥʘʣʠ, ʯʪʦ ʤʘʛʥʠʪʥʘʷ ʩʪʨʝʣʢʘ ʥʝʪʦʯʥʦ 

ʧʦʢʘʟʳʚʘʝʪ ʥʘ ʩʝʚʝʨ, ʥʦ ʥʝ ʧʨʠʜʘʚʘʣʠ ʵʪʦʤʫ ʟʥʘʯʝʥʠʷ, ʧʦʩʢʦʣʴʢʫ ʦʪʢʣʦʥʝʥʠʝ 

ʙʳʣʦ ʥʝʚʝʣʠʢʦ. ʅʦ ʍʨʠʩʪʦʬʦʨ ʂʦʣʫʤʙ (1492 ʛ.) ʥʝ ʤʦʛ ʥʝ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠ ̫
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ʥʘ ʠʟʤʝʥʝʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʩʢʣʦʥʝʥʠʷ, ʧʦʩʢʦʣʴʢʫ ʚ ʧʣʘʚʘʥʠʠ ʯʝʨʝʟ 

ɸʪʣʘʥʪʠʯʝʩʢʠʡ ʦʢʝʘʥ ʟʘ ʯʝʪʳʨʝ ʜʥʷ ʤʘʛʥʠʪʥʘʷ ʩʪʨʝʣʢʘ ʦʪʢʣʦʥʠʣʘʩʴ ʥʘ 11Á. 

ʇʝʨʚʫʶ ʢʘʨʪʫ ʤʘʛʥʠʪʥʦʛʦ ʩʢʣʦʥʝʥʠʷ ʜʣʷ ɸʪʣʘʥʪʠʢʠ ʩʦʟʜʘʣ ʚ 1701 ʛ. 

ʘʥʛʣʠʡʩʢʠʡ ʫʯʝʥʳʡ ʕ.ɻʘʣʣʝʡ (ʚ ʝʛʦ ʯʝʩʪʴ ʥʘʟʚʘʥʘ ʦʪʢʨʳʪʘʷ ʠʤ  ʦʜʥʘ ʠʟ 

ʩʘʤʳʭ ʷʨʢʠʭ ʢʦʤʝʪ). ɺʧʦʩʣʝʜʩʪʚʠʠ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ɿʝʤʣʠ ʠʟʫʯʘʣʠ ʤʥʦʛʠʝ 

ʚʠʜʥʳʝ ʫʯʝʥʳʝ, ʚ ʪʦʤ ʯʠʩʣʝ ʃ.ʕʡʣʝʨ, ʄ.ʃʦʤʦʥʦʩʦʚ, ʂ.ɻʘʫʩʩ. 

ɺ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʨʘʟʚʠʚʘʝʪʩʷ ʠ ʪʘʢʦʝ ʥʘʧʨʘʚʣʝʥʠʝ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʢʘʢ ʧʘʣʝʦʤʘʛʥʝʪʠʟʤ, ʧʦʟʚʦʣʷʶʱʝʝ ʦʧʨʝʜʝʣʠʪʴ, ʢʘʢʠʤ ʙʳʣʦ 

ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ɿʝʤʣʠ ʪʳʩʷʯʠ ʠ ʤʠʣʣʠʦʥʳ ʣʝʪ ʥʘʟʘʜ. ʆʥʦ ʦʩʥʦʚʘʥʦ ʥʘ ʪʦʤ, 

ʯʪʦ ʤʠʥʝʨʘʣʳ ʠ ʛʦʨʥʳʝ ʧʦʨʦʜʳ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʚʳʰʝ ʦʧʨʝʜʝʣʝʥʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ (ʪʦʯʢʠ ʂʶʨʠ) ʪʝʨʷʶʪ ʩʧʦʩʦʙʥʦʩʪʴ ʥʘʤʘʛʥʠʯʠʚʘʪʴʩʷ. ʀ 

ʥʘʦʙʦʨʦʪ, ʝʩʣʠ ʨʘʩʧʣʘʚʣʝʥʥʘʷ ʚ ʥʝʜʨʘʭ ɿʝʤʣʠ ʤʘʛʤʘ ʟʘʩʪʳʚʘʝʪ,  ʪʦ ʦʥʘ 

ʩʦʭʨʘʥʷʝʪ ʪʫ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ, ʢʦʪʦʨʘʷ ʙʳʣʘ ʩʦʟʜʘʥʘ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ 

ɿʝʤʣʠ ʚ ʤʦʤʝʥʪ ʟʘʩʪʳʚʘʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟʫʯʘʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ 

ʜʨʝʚʥʠʭ ʧʦʨʦʜ, ʤʦʞʥʦ ʩʫʜʠʪʴ ʦ ʚʝʣʠʯʠʥʝ ʠ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

ɿʝʤʣʠ ʚ ʨʘʟʥʳʭ ʝʝ ʪʦʯʢʘʭ ʚ ʜʨʝʚʥʠʝ ʚʨʝʤʝʥʘ. ʕʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʠʣʠ 

ʫʩʪʘʥʦʚʠʪʴ, ʯʪʦ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʤʠʣʣʠʦʥʦʚ ʣʝʪ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ɿʝʤʣʠ 

ʥʝʦʜʥʦʢʨʘʪʥʦ ʤʝʥʷʣʦʩʴ ʢʦʨʝʥʥʳʤ ʦʙʨʘʟʦʤ. ʄʘʣʦ ʪʦʛʦ, ʯʪʦ ʛʝʦʤʘʛʥʠʪʥʳʝ 

ʧʦʣʶʩʳ ʧʝʨʝʤʝʱʘʶʪʩʷ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʘʥʝʪʳ, ʦʧʠʩʳʚʘʷ ʩʣʦʞʥʳʝ 

ʪʨʘʝʢʪʦʨʠʠ, ʥʦ ʝʱʝ ʢʘʞʜʳʝ 200-250 ʪʳʩʷʯ ʣʝʪ  ʩʝʚʝʨʥʳʡ ʠ ʶʞʥʳʡ ʧʦʣʶʩʳ 

ʤʝʥʷʶʪʩʷ ʤʝʩʪʘʤʠ. ʊʘʢʘʷ ʠʥʚʝʨʩʠʷ (ʧʝʨʝʚʦʨʦʪ) ʧʨʦʪʝʢʘʝʪ ʟʘ ʥʝʩʢʦʣʴʢʦ ʩʦʪʝʥ 

ʠʣʠ ʪʳʩʷʯ ʣʝʪ. ʇʦʣʶʩʳ ʥʘʯʠʥʘʶʪ ʧʝʨʝʤʝʱʘʪʴʩʷ ʙʳʩʪʨʝʝ, ʜʚʠʛʘʷʩʴ ʚ ʩʪʦʨʦʥʫ 

ʵʢʚʘʪʦʨʘ, ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʧʦʣʷ ʫʤʝʥʴʰʘʝʪʩʷ ʚ ʜʝʩʷʪʢʠ ʨʘʟ, ʘ ʢʘʢʦʝ-ʪʦ ʚʨʝʤʷ, 

ʚʦʟʤʦʞʥʦ, ʚʦʦʙʱʝ ʦʪʩʫʪʩʪʚʫʝʪ. ɿʘʪʝʤ ʚʥʦʚʴ ʧʦʷʚʣʷʝʪʩʷ, ʥʦ ʫʞʝ ʩ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʡ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴʶ. 

ʇʦʩʣʝʜʥʠʡ ʨʘʟ ʪʘʢʦʝ ʷʚʣʝʥʠʝ ʧʨʦʠʟʦʰʣʦ ʩʣʠʰʢʦʤ ʜʘʚʥʦ - 720-780 

ʪʳʩʷʯ ʣʝʪ ʥʘʟʘʜ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚ ʙʣʠʞʘʡʰʝʝ ʚʨʝʤʷ (ʚ ʪʝʯʝʥʠʝ ʧʦʣʫʪʦʨʘ-

ʜʚʫʭ ʪʳʩʷʯ ʣʝʪ) ʚʝʩʴʤʘ ʚʝʨʦʷʪʥʘ ʦʯʝʨʝʜʥʘʷ ʠʥʚʝʨʩʠʷ. ʀ, ʧʦʭʦʞʝ,  ʧʨʠʟʥʘʢʠ ʝʝ 

ʥʘʯʠʥʘʶʪ ʧʨʦʷʚʣʷʪʴʩʷ. ʅʘʧʨʷʞʝʥʥʦʩʪʴ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ɿʝʤʣʠ ʫʙʳʚʘʝʪ ʫʞʝ 

ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʧʦʩʣʝʜʥʠʭ 2,5 ʪʳʩʷʯ ʣʝʪ, ʘ ʚ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʝʝ 

ʧʘʜʝʥʠʝ ʩʪʘʣʦ ʦʯʝʥʴ ʨʝʟʢʠʤ.  ʊʘʢʞʝ ʟʥʘʯʠʪʝʣʴʥʦ ʚʦʟʨʦʩʣʘ ʩʢʦʨʦʩʪʴ 

ʧʝʨʝʤʝʱʝʥʠʷ ʤʘʛʥʠʪʥʳʭ ʧʦʣʶʩʦʚ. ɽʩʣʠ  ʚ ʤʦʤʝʥʪ ʦʪʢʨʳʪʠʷ ʚ 1931 ʛ. 

ʩʝʚʝʨʥʦʛʦ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʶʩʘ ʦʥ ʧʝʨʝʤʝʱʘʣʩʷ ʩʦ ʩʢʦʨʦʩʪʴʶ 10 ʢʤ ʚ ʛʦʜ, 

ʪʦ ʩʝʡʯʘʩ ʵʪʘ ʩʢʦʨʦʩʪʴ ʜʦʩʪʠʛʘʝʪ 40 ʢʤ. ʕʪʦʪ ʧʦʣʶʩ ʜʚʠʞʝʪʩʷ  ʠʟ ʂʘʥʘʜʳ ʢ 

ʪʝʨʨʠʪʦʨʠʠ ʉʠʙʠʨʠ. ʂʨʦʤʝ ʪʦʛʦ, ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʥʘʙʣʶʜʝʥʠʡ ʩʦ ʩʧʫʪʥʠʢʦʚ, ʚ 

ʨʘʡʦʥʝ ʖʞʥʦʡ ɸʪʣʘʥʪʠʢʠ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʧʨʠʦʙʨʝʣʦ ʥʝʦʙʳʯʥʫʶ ʩʪʨʫʢʪʫʨʫ 

ï ʩʠʣʦʚʳʝ ʣʠʥʠʠ ʢʘʢ ʙʳ ʥʘʧʨʘʚʣʝʥʳ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʫʶ ʩʪʦʨʦʥʫ. 

ʅʝʢʦʪʦʨʳʝ ʫʯʝʥʳʝ ʩʯʠʪʘʶʪ, ʯʪʦ ʠʤʝʥʥʦ ʪʘʢ ʜʦʣʞʥʘ ʥʘʯʠʥʘʪʴʩʷ ʠʥʚʝʨʩʠʷ. ɸ 

ʝʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʙʳʪʴ ʧʝʯʘʣʴʥʳʤʠ. ʊʦ, ʯʪʦ ʚ ʧʝʨʠʦʜ ʚʨʝʤʝʥʥʦʛʦ 

ʠʩʯʝʟʥʦʚʝʥʠʷ ʧʦʣʷ ʧʝʨʝʩʪʘʥʫʪ ʨʘʙʦʪʘʪʴ ʤʘʛʥʠʪʥʳʝ ʢʦʤʧʘʩʳ ʠ ʥʘʨʫʰʠʪʩʷ 

ʨʘʜʠʦʩʚʷʟʴ ï ʵʪʦ ʧʦʣʙʝʜʳ. ʍʫʞʝ ʪʦ, ʯʪʦ ʠʩʯʝʟʥʝʪ ʫʜʝʨʞʠʚʘʝʤʳʡ ʤʘʛʥʠʪʥʳʤ 

ʧʦʣʝʤ ʦʟʦʥʦʚʳʡ ʩʣʦʡ, ʟʘʱʠʱʘʶʱʠʡ ʥʘʰʫ ʧʣʘʥʝʪʫ ʦʪ ʩʤʝʨʪʝʣʴʥʦ ʦʧʘʩʥʦʛʦ 
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ʞʝʩʪʢʦʛʦ ʢʦʩʤʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ. ɺ ʖʞʥʦʡ ɸʪʣʘʥʪʠʢʝ ʵʪʦʪ ʩʣʦʡ ʫʞʝ 

ʟʥʘʯʠʪʝʣʴʥʦ ʠʩʪʦʥʯʠʣʩʷ. 

ʅʝ ʚʩʝ ʫʯʝʥʳʝ ʩʤʦʪʨʷʪ ʚ ʧʝʨʩʧʝʢʪʠʚʫ ʩʪʦʣʴ ʧʝʩʩʠʤʠʩʪʠʯʥʦ. ɺʝʜʴ 

ʠʥʚʝʨʩʠʠ ʧʦʣʷ ʫʞʝ ʤʥʦʛʦʢʨʘʪʥʦ ʩʣʫʯʘʣʠʩʴ ʚ ʧʨʦʰʣʦʤ, ʘ ʞʠʟʥʴ ʥʘ ɿʝʤʣʝ ʚʩʝ 

ʞʝ ʩʫʱʝʩʪʚʫʝʪ. ʅʦ, ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʜʠʥʦʟʘʚʨʳ ʚʝʜʴ ʦʪʯʝʛʦ-ʪʦ ʚʳʤʝʨʣʠé 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ɿʝʤʣʠ ʠʤʝʝʪ ʩʣʦʞʥʫʶ ʠ 

ʥʝʧʨʘʚʠʣʴʥʫʶ ʩʪʨʫʢʪʫʨʫ, ʧʨʝʜʧʨʠʥʠʤʘʶʪʩʷ ʧʦʧʳʪʢʠ ʦʧʠʩʘʪʴ ʝʛʦ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠ. ʈʘʟʨʘʙʦʪʘʥʘ ʤʝʞʜʫʥʘʨʦʜʥʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʵʪʦʛʦ 

ʧʦʣʷ  (IGRF - The International Geomagnetic Reference Field), ʪʦ ʝʩʪʴ, 

ʬʦʨʤʫʣʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʨʘʩʩʯʠʪʘʪʴ ʚʩʝ ʵʣʝʤʝʥʪʳ ʟʝʤʥʦʛʦ ʤʘʛʥʝʪʠʟʤʘ ʜʣʷ 

ʣʶʙʦʡ ʪʦʯʢʠ ʥʘ ʣʶʙʫʶ ʜʘʪʫ. ʂʘʞʜʳʝ ʧʷʪʴ ʣʝʪ ʵʪʘ ʤʦʜʝʣʴ ʫʪʦʯʥʷʝʪʩʷ. ʅʘ 

ʧʝʨʠʦʜ  2005 ī 2010 ʛʛ. ʜʝʡʩʪʚʫʝʪ 10-ʦʝ  ʧʦʢʦʣʝʥʠʝ  ʤʦʜʝʣʠ. ʉʦʩʪʘʚʣʷʶʱʠʝ 

ʵʪʫ ʤʦʜʝʣʴ ʬʦʨʤʫʣʳ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʙʦʣʝʝ ʜʚʫʭ ʪʳʩʷʯ ʯʠʩʣʝʥʥʳʭ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʪʦʯʥʦʩʪʴ ʨʘʩʯʝʪʘ  ʩʦʩʪʘʚʣʷʶʱʠʭ ʚʝʢʪʦʨʘ 

ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 0,1 ʥʘʥʦʪʝʩʣ.r ʉʫʱʝʩʪʚʫʶʪ ʠ 

ʫʧʨʦʱʝʥʥʳʝ ʤʝʥʝʝ ʪʦʯʥʳʝ ʤʦʜʝʣʠ ʩ ʤʝʥʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʢʦʵʬʬʠʮʠʝʥʪʦʚ. 

ʈʝʘʣʠʟʫʶʱʠʝ ʠʭ ʢʦʤʧʴʶʪʝʨʥʳʝ ʧʨʦʛʨʘʤʤʳ ʤʦʞʥʦ ʥʘʡʪʠ ʚ ʠʥʪʝʨʥʝʪʝ. 

ɸʥʘʣʦʛʠʯʥʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʠ 

ʥʘ ʩʦʚʨʝʤʝʥʥʳʭ ʚʦʟʜʫʰʥʳʭ ʩʫʜʘʭ. ʀʥʝʨʮʠʘʣʴʥʘʷ ʥʘʚʠʛʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʥʘ 

ʙʦʨʪʫ ʩʦʚʨʝʤʝʥʥʦʛʦ ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ  ʥʝʧʨʝʨʳʚʥʦ ʠʟʤʝʨʷʝʪ ʠʩʪʠʥʥʳʡ ʢʫʨʩ 

ʠ ʩʯʠʩʣʷʝʪ ʤʝʩʪʦ ʩʘʤʦʣʝʪʘ. ʈʘʩʩʯʠʪʘʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʤʦʜʝʣʠ ʧʦʣʷ  ʟʥʘʯʝʥʠʷ 

ʤʘʛʥʠʪʥʦʛʦ ʩʢʣʦʥʝʥʠʷ ʟʘʥʝʩʝʥʳ ʚ ʧʘʤʷʪʴ ʙʦʨʪʦʚʦʛʦ ʢʦʤʧʴʶʪʝʨʘ. ɿʥʘʷ 

ʰʠʨʦʪʫ ʠ ʜʦʣʛʦʪʫ ʤʝʩʪʘ ʩʘʤʦʣʝʪʘ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ȹʄ  ʚ ʜʘʥʥʦʡ ʪʦʯʢʝ ʠ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʛʦ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʨʘʩʯʝʪʘ ʤʘʛʥʠʪʥʦʛʦ ʢʫʨʩʘ ʧʦ ʠʟʚʝʩʪʥʦʤʫ 

ʟʥʘʯʝʥʠʶ ʠʩʪʠʥʥʦʛʦ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʦʪʧʘʜʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʟʤʝʨʷʪʴ 

ʤʘʛʥʠʪʥʳʡ ʢʫʨʩ  ʩ ʧʦʤʦʱʴʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ ʤʘʛʥʠʪʥʦʛʦ ʢʦʤʧʘʩʘ 

(ʠʥʜʫʢʮʠʦʥʥʦʛʦ ʜʘʪʯʠʢʘ). 
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3. ɿɽʄʅʓɽ ʉʀʉʊɽʄʓ ʂʆʆʈɼʀʅɸʊ 

 

3.1. ʇʨʷʤʦʫʛʦʣʴʥʳʝ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ 

 

ʇʨʷʤʦʫʛʦʣʴʥʳʝ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ī  ʵʪʦ ʦʙʳʯʥʳʝ ʜʝʢʘʨʪʦʚ r

ʩʠʩʪʝʤʳ, ʠʤʝʶʱʠʝ ʪʨʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʭ ʦʩʠ (X, Y, Z). ʆʥʠ  ʠʩʧʦʣʴʟʫʪʁʩʷ 

ʜʣʷ ʦʧʠʩʘʥʠʷ ʧʦʣʦʞʝʥʠʷ ʪʦʯʝʢ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠʣʠ ʚʥʫʪʨʠ 

ɿʝʤʣʠ. ɽʩʣʠ ʥʘʯʘʣʦ   ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ (ʪʦʯʢʘ ʧʝʨʝʩʝʯʝʥʠʷ 

ʪʨʝʭ ʦʩʝʡ) ʨʘʩʧʦʣʦʞʝʥʦ ʚ ʮʝʥʪʨʝ ʤʘʩʩ ɿʝʤʣʠ,  ʪʦ ʩʠʩʪʝʤʫ ʥʘʟʳʚʘʶʪ 

ʛʝʦʮʝʥʪʨʠʯʝʩʢʦʡ, ʘ ʝʩʣʠ ʚ ʮʝʥʪʨʝ ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʝʛʦ ɿʝʤʣʶ ʵʣʣʠʧʩʦʠʜʘ ï 

ʪʦ ʨʝʬʝʨʝʥʮʥʦʡ.  

ʉʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ, ʥʘʯʘʣʦ ʢʦʪʦʨʳʭ  ʥʘʭʦʜʠʪʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ,  

ʥʘʟʳʚʘʶʪ ʪʦʧʦʮʝʥʪʨʠʯʝʩʢʠʤʠ (ʨʠʩ. 3.1). ʊʦʧʦʮʝʥʪʨʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʣʦʞʝʥʠʷ ʪʦʯʝʢ ʥʘ ʥʝʙʦʣʴʰʦʡ ʪʝʨʨʠʪʦʨʠʠ, ʚ 

ʧʨʝʜʝʣʘʭ ʢʦʪʦʨʦʡ ʢʨʠʚʠʟʥʦʡ ɿʝʤʣʠ ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ. ʅʘʧʨʠʤʝʨ, 

ʢʦʦʨʜʠʥʘʪʳ ʧʨʝʧʷʪʩʪʚʠʡ ʚ ʨʘʡʦʥʝ ʘʵʨʦʜʨʦʤʘ ʧʨʝʜʦʩʪʘʚʣʷʶʪʩʷ ʚ 

ʪʦʧʦʮʝʥʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ, ʥʘʯʘʣʦ ʢʦʪʦʨʦʡ ʨʘʩʧʦʣʦʞʝʥʦ ʚ ʪʦʯʢʝ ʧʝʨʝʩʝʯʝʥʠʷ 

ʦʩʝʚʦʡ ʣʠʥʠʠ ʠ ʧʦʨʦʛʘ ɺʇʇ.  

 
 

ʈʠʩ. 3.1. ɻʝʦʮʝʥʪʨʠʯʝʩʢʘʷ ʠ ʪʦʧʦʮʝʥʪʨʠʯʝʩʢʘʷ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ 

 

ɺ ʛʝʦʮʝʥʪʨʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ ʢʦʦʨʜʠʥʘʪ ʦʩʴ OZ ʥʘʧʨʘʚʣʝʥʘ ʧʦ ʦʩʠ 

ʚʨʘʱʝʥʠʷ ɿʝʤʣʠ, ʘ ʚ ʨʝʬʝʨʝʥʮʥʳʭ ï ʧʦ ʤʘʣʦʡ ʦʩʠ ʵʣʣʠʧʩʦʠʜʘ ʚ ʩʪʦʨʦʥʫ 

ʉʝʚʝʨʥʦʛʦ ʧʦʣʶʩʘ. ʆʩʠ ʆʍ ʠ ʆY ʣʝʞʘʪ ʚ ʧʣʦʩʢʦʩʪʠ ʵʢʚʘʪʦʨʘ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʜʨʫʛ ʜʨʫʛʫ.  

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʛʦ, ʚʨʘʱʘʝʪʩʷ ʣʠ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ ʚʤʝʩʪʝ ʩ 

ɿʝʤʣʝʡ, ʨʘʟʣʠʯʘʶʪ ʛʨʠʥʚʠʯʩʢʠʝ ʠ ʠʥʝʨʮʠʘʣʴʥʳʝ ʩʠʩʪʝʤʳ (ʨʠʩ. 3.2). 
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ʈʠʩ. 3.2. ɻʨʠʥʚʠʯʩʢʘ ̫ʠ ʠʥʝʨʮʠʘʣʴʥʘ ̫ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ 

 

 

ɺ ʛʨʠʥʚʠʯʩʢʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʦʩʴ ʆʍɻ ʣʝʞʠʪ ʚ  ʧʣʦʩʢʦʩʪʠ 

ɻʨʠʥʚʠʯʩʢʦʛʦ ʤʝʨʠʜʠʘʥʘ ʠ ʧʝʨʝʩʝʢʘʝʪ ʧʦʚʝʨʭʥʦʩʪʴ ɿʝʤʣʠ ʚ ʪʦʯʢʝ ʩ ʰʠʨʦʪʦʡ 

ʠ ʜʦʣʛʦʪʦʡ ʨʘʚʥʳʤʠ ʥʫʣʶ. ʊʘʢʘʷ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ ʚʨʘʱʘʝʪʩʷ ʚʤʝʩʪʝ ʩ 

ɿʝʤʣʝʡ, ʧʦʵʪʦʤʫ ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʝʢ ʥʘ ɿʝʤʣʝ ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ ʥʝ ʤʝʥʷʶʪʩʷ.  

ɺ ʠʥʝʨʮʠʘʣʴʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʦʩʴ ʆʍʀ ʥʘʧʨʘʚʣʝʥʘ ʚ ʪʦʯʢʫ 

ʚʝʩʝʥʥʝʛʦ ʨʘʚʥʦʜʝʥʩʪʚʠʷ ʥʘ ʥʝʙʝʩʥʦʡ ʩʬʝʨʝ. ʕʪʦ ʪʦʯʢʘ, ʚ ʢʦʪʦʨʦʡ 

ʧʝʨʝʩʝʢʘʶʪʩʷ   ʥʝʙʝʩʥʳʡ ʵʢʚʘʪʦʨ ʠ ʵʢʣʠʧʪʠʢʘ. ʄʦʞʥʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʦʥʘ 

ʟʘʥʠʤʘʝʪ ʬʠʢʩʠʨʦʚʘʥʥʦʝ ʧʦʣʦʞʝʥʠʝ  ʦʪʥʦʩʠʪʝʣʴʥʦ ʟʚʝʟʜ. ʇʦʩʢʦʣʴʢʫ ʵʪʘ 

ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ ʬʠʢʩʠʨʦʚʘʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʝʩʥʦʡ ʩʬʝʨʳ ʠ ʚʤʝʩʪʝ ʩ 

ɿʝʤʣʝʡ ʥʝ ʚʨʘʱʘʝʪʩʷ,  ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʝʢ ʥʘ ʚʨʘʱʘʶʱʝʡʩʷ ɿʝʤʣʝ ʥʝʧʨʝʨʳʚʥʦ  

ʠʟʤʝʥʷʶʪʩʷ. ɺʤʝʩʪʝ ʩ ʪʝʤ ʚʟʘʠʤʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʠʥʝʨʮʠʘʣʴʥʦʡ ʠ 

ʛʨʠʥʚʠʯʩʢʦʡ ʩʠʩʪʝʤ ʤʦʞʝʪ ʙʳʪʴ ʪʦʯʥʦ ʦʧʨʝʜʝʣʝʥʦ ʚ ʣʶʙʦʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ, 

ʧʦʩʢʦʣʴʢʫ ʫʛʦʣ ʤʝʞʜʫ ʦʩʷʤʠ OXɻ ʠ ʆʍʀ ï ʵʪʦ ʛʨʠʥʚʠʯʩʢʦʝ ʟʚʝʟʜʥʦʝ ʚʨʝʤʷ 

(Sʛʨ).  

ʇʨʷʤʦʫʛʦʣʴʥʳʝ ʛʝʦʮʝʥʪʨʠʯʝʩʢʠʝ ʠ ʨʝʬʝʨʝʥʮʥʳʝ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʩʧʫʪʥʠʢʦʚʳʭ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ, ʢʦʪʦʨʳʝ ʦʩʥʦʚʘʥʳ ʥʘ 

ʠʟʤʝʨʝʥʠʠ ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʩʘʤʦʣʝʪʘ ʜʦ ʩʧʫʪʥʠʢʦʚ. ʉʧʫʪʥʠʢʠ ʜʚʠʞʫʪʩʷ ʧʦ 

ʟʘʢʦʥʘʤ ʥʝʙʝʩʥʦʡ ʤʝʭʘʥʠʢʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʫʨʘʚʥʝʥʠʷʤʠ, ʦʧʠʩʳʚʘʝʤʳʤʠ ʚ 

ʠʥʝʨʮʠʘʣʴʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ. ʇʦʩʣʝ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ 

ʤʝʩʪʘ ʩʘʤʦʣʝʪʘ ʚ ʵʪʦʡ ʩʠʩʪʝʤʝ ʝʛʦ ʢʦʦʨʜʠʥʘʪʳ ʧʝʨʝʩʯʠʪʳʚʘʪʁʩʷ ʚ 

ʛʨʠʥʚʠʯʩʢʫʶ ʧʨʷʤʦʫʛʦʣʴʥʫʶ, ʘ ʟʘʪʝʤ ʚ ʛʝʦʜʝʟʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ. 
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3.2. ʉʬʝʨʠʯʝʩʢʠʝ ʩʠʩʪʝʤ rʢʦʦʨʜʠʥʘʪ 

 

ɽʩʣʠ ɿʝʤʣʶ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʩʬʝʨ,r ʪʦ ʥʘ ʥʝʡ ʤʦʞʝʪ ʙʳʪʴ ʟʘʜʘʥʘ 

ʩʬʝʨʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ. ʕʪʦ ʯʘʩʪʥʳʡ ʩʣʫʯʘʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʥʘ 

ʵʣʣʠʧʩʦʠʜʝ, ʧʦʩʢʦʣʴʢʫ ʩʬʝʨʘ ī  ɻ ʪʦ ʵʣʣʠʧʩʦʠʜ ʩ ʥʫʣʝʚʳʤ ʩʞʘʪʠʝʤ.  

ɽʩʣʠ ʧʦʣʶʩ r ʩʬʝʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ, ʪʦ ʝʩʪʴ ʪʦʯʢʠ, ʚ 

ʢʦʪʦʨʳʭ ʩʭʦʜʷʪʩʷ ʤʝʨʠʜʠʘʥʳ, ʩʦʚʧʘʜʘʶʪ ʩ ʛʝʦʛʨʘʬʠʯʝʩʢʠʤʠ ʧʦʣʶʩʘʤʠ 

ɿʝʤʣʠ, ʪʦ ʝʩʪʴ ʪʦʯʢʘʤʠ ʧʝʨʝʩʝʯʝʥʠʷ ʦʩʠ ʚʨʘʱʝʥʠʷ ɿʝʤʣʠ ʩ ʝʝ ʧʦʚʝʨʭʥʦʩʪʴʶ, 

ʪʦ ʪʘʢʫʶ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ ʥʘʟʳʚʘʶʪ ʥʦʨʤʘʣʴʥʦʡ ʩʬʝʨʠʯʝʩʢʦʡ. 

ʂʦʦʨʜʠʥʘʪʥʳʝ  ʣʠʥʠʠ ʥʘ ʩʬʝʨʝ ʟʘʜʘʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʙʦʣʴʰʠʭ ʢʨʫʛʦʚ. 

ɹʦʣʴʰʠʤ ʢʨʫʛʦʤ ʥʘ ʣʶʙʦʡ ʩʬʝʨʝ ʥʘʟʳʚʘʝʪʩʷ ʣʠʥʠʷ, ʦʙʨʘʟʦʚʘʥʥʘʷ 

ʧʫʪʝʤ ʩʝʯʝʥʠʷ ʩʬʝʨʳ ʧʣʦʩʢʦʩʪʴʶ, ʧʨʦʭʦʜʷʱʝʡ ʯʝʨʝʟ ʮʝʥʪʨ ʩʬʝʨʳ.  

ʕʪʘ ʣʠʥʠʷ ʢʘʢ ʙʳ ʜʝʣʠʪ ʩʬʝʨʫ ʧʦʧʦʣʘʤ ʠ ʠʤʝʝʪ ʬʦʨʤʫ ʦʢʨʫʞʥʦʩʪʠ ʩ 

ʨʘʜʠʫʩʦʤ, ʨʘʚʥʳʤ ʨʘʜʠʫʩʫ ʩʘʤʦʡ ʩʬʝʨʳ. ɽʝ ʥʘʟʚʘʥʠʝ  ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ 

ʥʘ ʩʬʝʨʝ ʥʝʚʦʟʤʦʞʥʦ ʥʘʨʠʩʦʚʘʪʴ ʦʢʨʫʞʥʦʩʪʴ ʝʱʝ ʙʦʣʴʰʝʛʦ ʨʘʜʠʫʩʘ. ʇʨʦʩʪʦ 

ʥʝ ʧʦʤʝʩʪʠʪʩʷ. ɼʫʛʘ ʙʦʣʴʰʦʛʦ ʢʨʫʛʘ ʥʘ ʟʝʤʥʦʡ ʩʬʝʨʝ ʚ ʥʘʚʠʛʘʮʠʠ ʥʘʟʳʚʘʝʪʩʷ 

ʦʨʪʦʜʨʦʤʠʝʡ (ʧʦ-ʘʥʛʣʠʡʩʢʠ ï Great Circle) ʠ ʠʤʝʝʪ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ, 

ʧʦʩʢʦʣʴʢʫ ʩʦʝʜʠʥʷʝʪ ʣʶʙʳʝ ʜʚʝ ʪʦʯʢʠ, ʯʝʨʝʟ ʢʦʪʦʨʳʝ ʦʥʘ ʧʨʦʭʦʜʠʪ, ʧʦ 

ʢʨʘʪʯʘʡʰʝʤʫ ʨʘʩʩʪʦʷʥʠʶ. 

ʆʩʪʘʣʴʥʳʝ ʦʢʨʫʞʥʦʩʪʠ ʥʘ ʩʬʝʨʝ, ʧʣʦʩʢʦʩʪʠ ʢʦʪʦʨʳʭ ʥʝ ʧʨʦʭʦʜʷʪ ʯʝʨʝʟ 

ʝʝ ʮʝʥʪʨ, ʥʘʟʳʚʘʶʪʩʷ ʤʘʣʳʤʠ ʢʨʫʛʘʤʠ. 

ʈʘʟʫʤʝʝʪʩʷ, ʥʘ ʩʬʝʨʝ ʤʦʞʥʦ ʧʨʦʚʝʩʪʠ ʩʢʦʣʴʢʦ ʫʛʦʜʥʦ ʙʦʣʴʰʠʭ ʢʨʫʛʦʚ. 

ʄʝʨʠʜʠʘʥ ï ʙʦʣʴʰʦʡ ʢʨʫʛ, ʧʣʦʩʢʦʩʪʴ ʢʦʪʦʨʦʛʦ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʦʩʴ 

ʚʨʘʱʝʥʠʷ ɿʝʤʣʠ. ʄʝʨʠʜʠʘʥʦʚ ʙʝʩʢʦʥʝʯʥʦ ʤʥʦʛʦ, ʧʦʩʢʦʣʴʢʫ ʠʭ ʤʦʞʥʦ 

ʧʨʦʚʝʩʪʠ ʯʝʨʝʟ ʣʶʙʫʶ ʪʦʯʢʫ (ʨʠʩ. 3.3). 

ʕʢʚʘʪʦʨ ï  ʙʦʣʴʰʦʡ ʢʨʫʛ,  ʧʣʦʩʢʦʩʪʴ ʢʦʪʦʨʦʛʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘ ʦʩʠ 

ʚʨʘʱʝʥʠʷ ɿʝʤʣʠ. ʕʢʚʘʪʦʨ ʪʦʣʴʢʦ ʦʜʠʥ (ʚ ʢʦʥʢʨʝʪʥʦʡ ʩʬʝʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ 

ʢʦʦʨʜʠʥʘʪ). 

ʇʘʨʘʣʣʝʣʴ ï ʜʫʛʘ ʤʘʣʦʛʦ ʢʨʫʛʘ, ʧʣʦʩʢʦʩʪʴ ʢʦʪʦʨʦʛʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘ 

ʦʩʠ ʚʨʘʱʝʥʠʷ ɿʝʤʣʠ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʘʨʘʣʣʝʣʴʥʘ ʵʢʚʘʪʦʨʫ. ʉʘʤ ʵʢʚʘʪʦʨ 

ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʯʘʩʪʥʳʤ ʩʣʫʯʘʝʤ ʧʘʨʘʣʣʝʣʠ. 

ʉʬʝʨʠʯʝʩʢʘ ̫ ʰʠʨʦʪʘ  ű ï ʵʪʦ ʫʛʦʣ ʤʝʞʜʫ ʧʣʦʩʢʦʩʪʴʶ ʵʢʚʘʪʦʨʘ ʠ 

ʥʘʧʨʘʚʣʝʥʠʝʤ ʠʟ ʮʝʥʪʨʘ ʩʬʝʨʳ ʥʘ ʜʘʥʥʫʶ ʪʦʯʢʫ. 

ʐʠʨʦʪʘ ʠʟʤʝʨʷʝʪʩʷ ʦʪ 90Á ʶʞʥʦʡ ʰʠʨʦʪʳ (ʖʞʥʳʡ ʧʦʣʶʩ) ʜʦ 90Á 

ʩʝʚʝʨʥʦʡ ʰʠʨʦʪʳ (ʉʝʚʝʨʥʳʡ ʧʦʣʶʩ). ʊʦʯʢʠ ʥʘ ʵʢʚʘʪʦʨʝ ʠʤʝʶʪ ʰʠʨʦʪʫ, 

ʨʘʚʥʫʶ ʥʫʣʶ. ʇʨʠ ʨʘʩʯʝʪʘʭ ʧʦ ʬʦʨʤʫʣʘʤ ʩʝʚʝʨʥʳʤ ʰʠʨʦʪʘʤ ʧʨʠʧʠʩʳʚʘʝʪʩʷ 

ʟʥʘʢ ʧʣʶʩ, ʘ ʶʞʥʳʤ ï ʤʠʥʫʩ. 

ʉʬʝʨʠʯʝʩʢʘʷ ʜʦʣʛʦʪʘ ɚ ï ʜʚʫʛʨʘʥʥʳʡ ʫʛʦʣ ʤʝʞʜʫ ʧʣʦʩʢʦʩʪʷʤʠ 

ʥʘʯʘʣʴʥʦʛʦ  ʤʝʨʠʜʠʘʥʘ ʠ ʤʝʨʠʜʠʘʥʘ ʜʘʥʥʦʡ ʪʦʯʢʠ. 

ɺʳʙʦʨ ʥʘʯʘʣʴʥʦʛʦ ʤʝʨʠʜʠʘʥʘ ʫʩʣʦʚʝʥ. ɺ ʨʘʟʥʳʝ ʠʩʪʦʨʠʯʝʩʢʠʝ ʧʝʨʠʦʜʳ 

ʚ ʢʘʯʝʩʪʚʝ ʥʘʯʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʠ ʇʘʨʠʞʩʢʠʡ ʤʝʨʠʜʠʘʥ, ʠ ʤʝʨʠʜʠʘʥ 
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ʦʩʪʨʦʚʘ ʌʝʨʨʦ (ʚ ɸʪʣʘʥʪʠʯʝʩʢʦʤ ʦʢʝʘʥʝ), ʠ ʜʘʞʝ ʇʫʣʢʦʚʩʢʠʡ ʤʝʨʠʜʠʘʥ, 

ʧʨʦʭʦʜʷʱʠʡ ʯʝʨʝʟ ʮʝʥʪʨ ʢʨʫʛʣʦʛʦ ʟʘʣʘ ʇʫʣʢʦʚʩʢʦʡ ʦʙʩʝʨʚʘʪʦʨʠʠ ʧʦʜ ʉʘʥʢʪ-

ʇʝʪʝʨʙʫʨʛʦʤ. 

 

 
 

ʈʠʩ. 3.3. ʉʬʝʨʠʯʝʩʢʠʝ ʰʠʨʦʪʘ ʠ ʜʦʣʛʦʪʘ. 

 

ʉ 1884 ʛ. ʚ ʢʘʯʝʩʪʚʝ ʥʘʯʘʣʴʥʦʛʦ ʤʝʨʠʜʠʘʥʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʘʢ 

ʥʘʟʳʚʘʝʤʳʡ ɻʨʠʥʚʠʯʩʢʠʡ ʤʝʨʠʜʠʘʥ, ʧʨʦʭʦʜʷʱʠʡ ʯʝʨʝʟ ʧʘʩʩʘʞʥʳʡ 

ʠʥʩʪʨʫʤʝʥʪ ʚʩʝʤʠʨʥʦ ʠʟʚʝʩʪʥʦʡ ɻʨʠʥʚʠʯʩʢʦʡ ʦʙʩʝʨʚʘʪʦʨʠʠ ʚʙʣʠʟʠ ʃʦʥʜʦʥʘ. 

ʇʘʩʩʘʞʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ï ʵʪʦ ʪʝʣʝʩʢʦʧ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʩʪʨʦʛʦ ʩ ʩʝʚʝʨʘ ʥʘ 

ʛʁ ʠ ʩʣʫʞʘʱʠʡ ʜʣʷ ʬʠʢʩʠʨʦʚʘʥʠʷ ʤʦʤʝʥʪʦʚ ʧʨʦʭʦʞʜʝʥʠʷ ʟʚʝʟʜ ʯʝʨʝʟ 

ʥʝʙʝʩʥʳʡ ʤʝʨʠʜʠʘʥ. ʉʝʡʯʘʩ, ʚ ʩʚʷʟʠ ʩ ʨʘʟʨʘʩʪʘʥʠʝʤ ʃʦʥʜʦʥʘ, ʦʙʩʝʨʚʘʪʦʨʠʷ  

ʦʢʘʟʘʣʘʩʴ ʚʥʫʪʨʠ ʛʦʨʦʜʘ ʠ ʝʝ ʧʨʠʰʣʦʩʴ ʧʝʨʝʚʝʩʪʠ ʚ ʜʨʫʛʦʝ ʤʝʩʪʦ, ʥʦ 

ʥʘʯʘʣʴʥʳʡ ʤʝʨʠʜʠʘʥ ʦʩʪʘʣʩʷ ʥʘ ʧʨʝʞʥʝʤ ʤʝʩʪʝ.  

ɼʦʣʛʦʪʘ ʠʟʤʝʨʷʝʪʩʷ ʦʪ 180Á ʟʘʧʘʜʥʦʡ ʜʦʣʛʦʪʳ (ʚ ʬʦʨʤʫʣʘʭ ʝʡ 

ʧʨʠʧʠʩʳʚʘʝʪʩʷ ʤʠʥʫʩ) ʜʦ 180Á ʚʦʩʪʦʯʥʦʡ ʜʦʣʛʦʪʳ, ʢʦʪʦʨʘʷ ʩʯʠʪʘʝʪʩʷ 

ʧʦʣʦʞʠʪʝʣʴʥʦʡ. ʅʘ ʧʦʣʶʩʘʭ ʜʦʣʛʦʪʘ ʥʝ ʦʧʨʝʜʝʣʝʥʘ, ʧʦʩʢʦʣʴʢʫ ʧʦʣʶʩʳ 

ʣʝʞʘʪ ʚ ʧʣʦʩʢʦʩʪʷʭ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚʩʝʭ ʤʝʨʠʜʠʘʥʦʚ. 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʚʦ ʚʩʝʭ ʪʦʯʢʘʭ ʧʘʨʘʣʣʝʣʠ ʦʜʠʥʘʢʦʚʘ ʰʠʨʦʪʘ, ʘ ʚʦ ʚʩʝʭ 

ʪʦʯʢʘʭ ʤʝʨʠʜʠʘʥʘ ï ʜʦʣʛʦʪʘ. 

ʄʦʞʥʦ ʚʳʚʝʩʪʠ ʩʣʝʜʫʶʱʠʝ ʩʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʢʦʦʨʜʠʥʘʪʘʤʠ ʪʦʯʢʠ 

(ű , ɚ) ʚ ʩʬʝʨʠʯʝʩʢʦʡ  ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʥʘ ʩʬʝʨʝ ʨʘʜʠʫʩʘ R  ʠ ʢʦʦʨʜʠʥʘʪʘʤʠ 

(x,y,z) ʵʪʦʡ ʞʝ ʪʦʯʢʠ ʚ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʛʨʠʥʚʠʯʩʢʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ (ʨʠʩ. 

3.4): 

 



39 

 

 

x = R cos ű cos ɚ; 

                                        y  = R cos ű sin ɚ;                  (3.1) 

                                        z  = R sin ű. 
 

 

ű = arcsin (z/R); 

                                         ɚ = arctg (y/x);                     (3.2) 

                                              .222 zyxR ++=  

 

ʀʟ ʵʪʦʛʦ ʞʝ ʨʠʩʫʥʢʘ ʣʝʛʢʦ ʫʚʠʜʝʪʴ, ʯʪʦ ʨʘʜʠʫʩ ʧʘʨʘʣʣʝʣʠ r ʥʘ ʩʬʝʨʝ 

ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ ʢʦʩʠʥʫʩʫ ʰʠʨʦʪʳ ʵʪʦʡ ʧʘʨʘʣʣʝʣʠ: 

 

                                           r = R cos ű.                              (3.3) 

 

ʕʪʦʪ ʬʘʢʪ ʙʫʜʝʪ ʯʘʩʪʦ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʜʘʣʴʥʝʡʰʝʤ. 

 

 
 

ʈʠʩ. 3.4. ʉʚʷʟʴ ʤʝʞʜʫ ʩʬʝʨʠʯʝʩʢʠʤʠ ʠ ʧʨʷʤʦʫʛʦʣʴʥʳʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ 

 

ʉʬʝʨʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ ʥʝ ʦʙʷʟʘʪʝʣʴʥʦ ʜʦʣʞʥʘ ʙʳʪʴ 

ʥʦʨʤʘʣʴʥʦʡ, ʪʦ ʝʩʪ ɹ ʛʝʦʛʨʘʬʠʯʝʩʢʠʝ ʧʦʣʶʩʳ ɿʝʤʣʠ  ʠ ʧʦʣʶʩʳ ʩʠʩʪʝʤʳ 

ʢʦʦʨʜʠʥʘʪ ʤʦʛʫʪ ʥʝ ʩʦʚʧʘʜʘʪʴ. ɽʩʣʠ ʧʨʝʜʩʪʘʚʠʪʴ ʩʝʪʢʫ ʤʝʨʠʜʠʘʥʦʚ ʠ 

ʧʘʨʘʣʣʝʣʝʡ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʚ ʚʠʜʝ ʩʝʪʢʠ, ʥʘʜʝʪʦʡ ʥʘ ʛʣʦʙʫʩ (ɿʝʤʣʶ), ʪʦ ʝʝ 
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ʤʦʞʥʦ ʩʤʝʩʪʠʪʴ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʩʬʝʨʳ ʠ ʨʘʟʤʝʩʪʠʪʴ ʧʦʣʶʩʳ ʩʠʩʪʝʤʳ 

ʢʦʦʨʜʠʥʘʪ (ʪʦʯʢʠ ʩʭʦʞʜʝʥʠʷ ʤʝʨʠʜʠʘʥʦʚ)  ʚ ʣʶʙʦʤ ʤʝʩʪʝ. ɺ ʪʘʢʠʭ 

ʩʤʝʱʝʥʥʳʭ ʩʠʩʪʝʤʘʭ ʢʦʦʨʜʠʥʘʪ ʪʘʢʞʝ ʙʫʜʫʪ ʩʚʦʠ ʰʠʨʦʪʳ ʠ ʜʦʣʛʦʪʳ, ʥʦ 

ʠʟʤʝʨʷʪʴʩʷ ʦʥʠ ʙʫʜʫʪ ʩ ʧʦʤʦʱʴʶ ʫʩʣʦʚʥʳʭ ʤʝʨʠʜʠʘʥʦʚ ʠ ʧʘʨʘʣʣʝʣʝʡ. ɺ 

ʢʘʨʪʦʛʨʘʬʠʠ  ʪʘʢʠʝ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʥʘʟʳʚʘʶʪ ʢʦʩʳʤʠ ʩʬʝʨʠʯʝʩʢʠʤʠ, ʘ ʚ 

ʚ ʥʘʚʠʛʘʮʠʠ ï ʦʨʪʦʜʨʦʤʠʯʝʩʢʠʤʠ ʩʠʩʪʝʤʘʤʠ ʢʦʦʨʜʠʥʘʪ (ʨʠʩ. 3.5).  

 

 
 

ʈʠʩ. 3.5. ʂʦʩʘʷ ʩʬʝʨʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ 

 

ɿʘ ʫʩʣʦʚʥʳʡ ʵʢʚʘʪʦʨ  ʦʨʪʦʜʨʦʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʧʨʠʥʠʤʘʶʪ 

ʣʠʥʠʶ ʟʘʜʘʥʥʦʛʦ ʧʫʪʠ ʫʯʘʩʪʢʘ ʤʘʨʰʨʫʪʘ (ʯʘʩʪʥʦʦʨʪʦʜʨʦʤʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ) 

ʠʣʠ ʪʘʢ ʥʘʟʳʚʘʝʤʫʶ çʛʣʘʚʥʫʶ ʦʨʪʦʜʨʦʤʠʶè, ʧʨʦʭʦʜʷʱʫʶ ʦʪ ʠʩʭʦʜʥʦʛʦ ʜʦ 

ʢʦʥʝʯʥʦʛʦ ʧʫʥʢʪʦʚ ʤʘʨʰʨʫʪʘ (ʛʣʘʚʥʦʦʨʪʦʜʨʦʤʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ). 

ʆʜʥʘ ʠʟ ʜʫʛ ʙʦʣʴʰʦʛʦ ʢʨʫʛʘ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʭ ʵʪʦʤʫ ʫʩʣʦʚʥʦʤʫ ʵʢʚʘʪʦʨʫ 

(ʥʘʧʨʠʤʝʨ, ʧʨʦʭʦʜʷʱʘʷ ʯʝʨʝʟ ʘʵʨʦʜʨʦʤ ʚʳʣʝʪʘ),  ʧʨʠʥʠʤʘʝʪʩʷ ʟʘ ʥʘʯʘʣʴʥʳʡ 

ʫʩʣʦʚʥʳʡ ʤʝʨʠʜʠʘʥ (ʨʠʩ. 3.6). 

ɺ ʛʣʘʚʥʦʦʨʪʦʜʨʦʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʦʩʠ ʦʙʦʟʥʘʯʘʶʪʩʷ X, Z 

ʠʣʠ X,; Y. ɺ ʯʘʩʪʥʦʦʨʪʦʜʨʦʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ī S , Z. ʆʨʪʦʜʨʦʤʠʯʝʩʢʠʝ 

ʢʦʦʨʜʠʥʘʪʳ, ʭʦʪʷ ʠ ʷʚʣʷʶʪʩʷ ʫʩʣʦʚʥʳʤʠ  ʰʠʨʦʪʘʤʠ ʠ ʜʦʣʛʦʪʘʤʠ, ʪʦ ʝʩʪʴ 

ʫʛʣʦʚʳʤʠ ʚʝʣʠʯʠʥʘʤʠ, ʦʙʳʯʥʦ ʠʟʤʝʨʷʶʪʩʷ ʚ ʣʠʥʝʡʥʦʡ ʤʝʨʝ, ʪʦ ʝʩʪʴ ʚ 

ʢʠʣʦʤʝʪʨʘʭ. 

ɼʦʩʪʦʠʥʩʪʚʦʤ ʛʣʘʚʥʦʦʨʪʦʜʨʦʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʥʘ 

ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʤʘʨʰʨʫʪʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʜʥʘ ʠ ʪʘ ʞʝ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ 

ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʪʦʛʦ, ʥʘ ʢʘʢʦʤ ʫʯʘʩʪʢʝ ʤʘʨʰʨʫʪʘ ʚʳʧʦʣʥʷʝʪʩʷ ʧʦʣʝʪ. 

ʅʝʜʦʩʪʘʪʢʦʤ ʞʝ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʧʦ ʟʥʘʯʝʥʠʷʤ ʢʦʦʨʜʠʥʘʪ X ʠ Y ʥʝʣʴʟʷ 

ʦʧʨʝʜʝʣʠʪʴ ʙʝʟ ʥʘʥʝʩʝʥʠʷ ʪʦʯʢʠ ʥʘ ʢʘʨʪʫ ʚʝʣʠʯʠʥʫ ʫʢʣʦʥʝʥʠʷ ʦʪ ʃɿʇ, 

ʦʩʪʘʚʰʝʝʩʷ ʠ ʧʨʦʡʜʝʥʥʦʝ ʨʘʩʩʪʦʷʥʠʝ. 
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ɺ ʯʘʩʪʥʦʦʨʪʦʜʨʦʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ, ʢʦʪʦʨʘʷ ʩʚʷʟʘʥʘ ʩ ʃɿʇ ʢʦʥʢʨʝʪʥʦʛʦ 

ʫʯʘʩʪʢʘ,  ʢʦʦʨʜʠʥʘʪʳ ʠʤʝʶʪ ʧʦʥʷʪʥʳʡ ʛʝʦʤʝʪʨʠʯʝʩʢʠʡ ʩʤʳʩʣ: Z ï ʣʠʥʝʡʥʦʝ 

ʙʦʢʦʚʦʝ ʫʢʣʦʥʝʥʠʝ,  S ï ʧʨʦʡʜʝʥʥʦʝ ʨʘʩʩʪʦʷʥʠʝ. 

  

 
 

ʈʠʩ. 3.6. ɻʣʘʚʥʦʦʨʪʦʜʨʦʤʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ 

 

ʇʨʝʠʤʫʱʝʩʪʚʦʤ  ʦʨʪʦʜʨʦʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʢʦʦʨʜʠʥʘʪ ʜʣʷ ʥʘʚʠʛʘʮʠʠ 

ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʧʦʣʝʪ ʚʳʧʦʣʥʷʝʪʩʷ ʚʙʣʠʟʠ ʫʩʣʦʚʥʦʛʦ ʵʢʚʘʪʦʨʘ, 

ʩʦʚʧʘʜʘʶʱʝʛʦ ʠʣʠ ʙʣʠʟʢʦʛʦ ʢ ʣʠʥʠʠ ʟʘʜʘʥʥʦʛʦ ʧʫʪʠ, ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʫʛʦʣ 

ʩʭʦʞʜʝʥʠʷ ʫʩʣʦʚʥʳʭ ʤʝʨʠʜʠʘʥʦʚ ʙʣʠʟʦʢ ʢ ʥʫʣʶ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʫʟʢʦʡ ʧʦʣʦʩʝ 

ʚʙʣʠʟʠ ʫʩʣʦʚʥʦʛʦ ʵʢʚʘʪʦʨʘ  ʵʪʫ ʩʬʝʨʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ 

ʢʘʢ ʧʣʦʩʢʫʶ ʜʝʢʘʨʪʦʚʫ ʩʠʩʪʝʤʫ, ʯʪʦ ʫʧʨʦʱʘʝʪ ʨʘʩʯʝʪʳ.  

 

 

3.3. ʇʘʨʘʤʝʪʨʳ ʟʝʤʥʦʛʦ ʵʣʣʠʧʩʦʠʜʘ ʠ ʛʝʦʜʝʟʠʯʝʩʢʘ ̫ʩʠʩʪʝʤʘ 

ʢʦʦʨʜʠʥʘʪ 

 

ʅʘ ʚʩʝʭ ʢʘʨʪʘʭ ʠ ʚ ʜʦʢʫʤʝʥʪʘʭ ʘʵʨʦʥʘʚʠʛʘʮʠʦʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ 

ʫʢʘʟʳʚʘʶʪʩʷ ʰʠʨʦʪʳ ʠ ʜʦʣʛʦʪʳ ʧʫʥʢʪʦʚ ʚ ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ 

ʢʦʦʨʜʠʥʘʪ, ʢʦʪʦʨʘʷ ʟʘʜʘʥʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʵʣʣʠʧʩʦʠʜʘ ʚʨʘʱʝʥʠʷ. 

ʕʣʣʠʧʩʦʠʜ - ʵʪʦ  ʦʙʲʝʤʥʦʝ ʪʝʣʦ, ʦʙʨʘʟʦʚʘʥʥʦʝ ʧʫʪʝʤ ʚʨʘʱʝʥʠʷ ʵʣʣʠʧʩʘ 

(ʧʣʦʩʢʦʡ ʬʠʛʫʨʳ) ʚʦʢʨʫʛ ʝʛʦ ʤʘʣʦʡ ʦʩʠ.  

ʕʣʣʠʧʩ ï ʧʣʦʩʢʘʷ ʢʨʠʚʘʷ, ʦʧʠʩʳʚʘʝʤʘʷ ʫʨʘʚʥʝʥʠʝʤ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ 

(ʨʠʩ. 3.7). ʅʘʧʨʠʤʝʨ, ʚ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ, ʥʘʯʘʣʦ ʢʦʪʦʨʦʡ 

ʩʦʚʧʘʜʘʝʪ ʩ ʮʝʥʪʨʦʤ ʵʣʣʠʧʩʘ, ʝʛʦ ʫʨʘʚʥʝʥʠʝ ʠʤʝʝʪ ʚʠʜ: 
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=+                   (3.4) 

ʛʜʝ  ʘ ï ʙʦʣʴʰʘʷ, b  ïʤʘʣʘʷ ʧʦʣʫʦʩʠ ʵʣʣʠʧʩʘ. 

 

 
 

ʈʠʩ. 3.7. ʕʣʣʠʧʩ 

 

ʕʣʣʠʧʩ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʩʞʘʪʦʡ (ʩʧʣʶʩʥʫʪʦʡ) ʦʢʨʫʞʥʦʩʪʴʶ. ʄʳ 

ʝʞʝʜʥʝʚʥʦ ʚʠʜʠʤ ʵʣʣʠʧʩʳ ʚ ʦʙʳʜʝʥʥʦʡ ʞʠʟʥʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʢʦʛʜʘ ʩʤʦʪʨʠʤ 

ʥʘ ʧʣʦʩʢʠʝ ʢʨʫʛʣʳʝ ʧʨʝʜʤʝʪʳ (ʥʘʧʨʠʤʝʨ, ʪʘʨʝʣʢʠ) ʧʦʜ ʫʛʣʦʤ ʢ ʠʭ ʧʣʦʩʢʦʩʪʠ. 

ʂʨʦʤʝ ʧʦʣʫʦʩʝʡ ʵʣʣʠʧʩʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʠ ʜʨʫʛʠʝ ʝʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ʉʞʘʪʠʝ Ŭ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʪʥʦʰʝʥʠʝ ʨʘʟʥʦʩʪʠ ʧʦʣʫʦʩʝʡ ʢ ʜʣʠʥʝ 

ʙʦʣʴʰʦʡ ʧʦʣʫʦʩʠ:  

.
a

ba-
=a

 

ʉʞʘʪʠʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʬʦʨʤʫ ʵʣʣʠʧʩʘ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠ ʤʦʞʝʪ ʣʝʞʘʪʴ ʚ 

ʧʨʝʜʝʣʘʭ  0 ÒŬÒ 1 . ɿʥʘʯʝʥʠʝ  Ŭ = 0 ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʢʨʫʞʥʦʩʪʠ, ʘ Ŭ = 1 ï 

ʵʣʣʠʧʩʫ, ʩʞʘʪʦʤʫ ʚ ʪʘʢʦʡ ʩʪʝʧʝʥʠ, ʯʪʦ ʦʥ ʧʨʝʚʨʘʪʠʣʩʷ ʚ ʣʠʥʠʶ. 

ɼʣʷ ʟʝʤʥʦʛʦ ʵʣʣʠʧʩʦʠʜʘ ʩʞʘʪʠʝ ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʤʝʨʥʦ 1/298. ʕʪʦ 

ʦʟʥʘʯʘʝʪ, ʯʪʦ ʤʘʣʘʷ ʧʦʣʫʦʩʴ (ʧʦʣʷʨʥʳʡ ʨʘʜʠʫʩ ɿʝʤʣʠ) ʧʨʠʤʝʨʥʦ ʥʘ 21 ʢʤ 

ʤʝʥʴʰʝ ʙʦʣʴʰʦʡ (ʵʢʚʘʪʦʨʠʘʣʴʥʦʛʦ ʨʘʜʠʫʩʘ).  

ɼʨʫʛʦʡ ʚʝʣʠʯʠʥʦʡ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʡ ʵʪʦ ʞʝ ʩʚʦʡʩʪʚʦ ʵʣʣʠʧʩʘ (ʝʛʦ 

ʬʦʨʤʫ) ʷʚʣʷʝʪʩʷ ʵʢʩʮʝʥʪʨʠʩʠʪʝʪ e, ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʪʥʦʰʝʥʠʝ 

ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʮʝʥʪʨʘ ʵʣʣʠʧʩʘ O ʜʦ ʣʶʙʦʛʦ ʠʟ  ʜʚʫʭ ʝʛʦ ʬʦʢʫʩʦʚ F ʢ ʜʣʠʥʝ 

ʙʦʣʴʰʦʡ ʧʦʣʫʦʩʠ: 

.
a

OF
e=  
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ʌʦʢʫʩʳ ʵʣʣʠʧʩʘ F1, F2  (ʩʤ. ʨʠʩ. 3.7) ï ʵʪʦ ʪʘʢʠʝ ʜʚʝ ʪʦʯʢʠ ʥʘ ʝʛʦ 

ʙʦʣʴʰʦʡ ʦʩʠ, ʯʪʦ ʩʫʤʤʘ ʨʘʩʩʪʦʷʥʠʡ ʜʦ ʥʠʭ ʦʪ ʣʶʙʦʡ ʪʦʯʢʠ ʵʣʣʠʧʩʘ ʝʩʪʴ 

ʚʝʣʠʯʠʥʘ ʧʦʩʪʦʷʥʥʘʷ. 

ʇʦ ʤʝʨʝ ʫʤʝʥʴʰʝʥʠʷ ʩʞʘʪʠʷ ʵʣʣʠʧʩʘ ʝʛʦ ʬʦʢʫʩʳ ʧʨʠʙʣʠʞʘʶʪʩʷ ʢ 

ʮʝʥʪʨʫ, ʧʦʵʪʦʤʫ ʜʣʷ ʦʢʨʫʞʥʦʩʪʠ ʝ = 0, ʘ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ     0 Ò ʝ Ò 1. 

ʇʦʣʫʦʩʠ ʵʣʣʠʧʩʘ a ʠ  b, ʝʛʦ ʩʞʘʪʠʝ Ŭ ʠ ʵʢʩʮʝʥʪʨʠʩʠʪʝʪ  ʝ ʩʚʷʟʘʥʳ 

ʤʝʞʜʫ ʩʦʙʦʡ ʨʘʟʣʠʯʥʳʤʠ ʩʦʦʪʥʦʰʝʥʠʷʤʠ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʨʘʩʩʯʠʪʘʪʴ 

ʦʜʥʠ ʠʟ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ ʩ ʧʦʤʦʱʴʶ ʜʨʫʛʠʭ. ʅʘʧʨʠʤʝʨ: 

.222e

;
2a

2b2a2e

aa-=

-
=

 
ʏʪʦʙʳ ʧʦʣʥʦʩʪʴʶ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʨʘʟʤʝʨʳ ʠ ʬʦʨʤʫ ʵʣʣʠʧʩʘ, 

ʜʦʩʪʘʪʦʯʥʦ  ʜʚʫʭ ʠʟ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʥʦ ʭʦʪʷ ʙʳ ʦʜʠʥ ʠʟ ʥʠʭ 

ʜʦʣʞʝʥ ʙʳʪʴ ʣʠʥʝʡʥʳʤ (ʧʦʣʫʦʩʴʶ), ʠʥʘʯʝ ʙʫʜʫʪ ʥʝ ʦʧʨʝʜʝʣʝʥʳ ʨʘʟʤʝʨʳ 

ʵʣʣʠʧʩʘ. 

ʇʨʠ ʚʨʘʱʝʥʠʠ ʵʣʣʠʧʩʘ ʚʦʢʨʫʛ ʤʘʣʦʡ ʦʩʠ ʚʩʝ ʝʛʦ ʪʦʯʢʠ ʦʧʠʩʳʚʘʶʪ 

ʦʢʨʫʞʥʦʩʪʴ ʠ ʢʘʢ ʙʳ ʦʙʨʘʟʫʶʪ ʦʙʲʝʤʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ï ʵʣʣʠʧʩʦʠʜ ʩ ʪʘʢʠʤʠ 

ʞʝ ʘ, b, Ŭ, ʝ    ʢʘʢ ʫ  ʠʩʭʦʜʥʦʛʦ ʵʣʣʠʧʩʘ. ʊʘʢ ʞʝ ʢʘʢ ʠ ʥʘ ʩʬʝʨʝ, ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʵʣʣʠʧʩʦʠʜʘ ʧʫʪʝʤ ʝʛʦ ʩʝʯʝʥʠʷ ʧʣʦʩʢʦʩʪʷʤʠ ʤʦʞʥʦ ʦʙʨʘʟʦʚʘʪʴ 

ʧʘʨʘʣʣʝʣʠ ʠ ʤʝʨʠʜʠʘʥʳ. ʇʦʩʢʦʣʴʢʫ ʵʣʣʠʧʩʦʠʜ ʧʦʣʫʯʝʥ ʚʨʘʱʝʥʠʝʤ ʵʣʣʠʧʩʘ, 

ʥʝʪʨʫʜʥʦ ʩʦʦʙʨʘʟʠʪʴ, ʯʪʦ ʧʘʨʘʣʣʝʣʠ  ʠʤʝʶʪ ʬʦʨʤʫ ʦʢʨʫʞʥʦʩʪʠ, ʘ ʤʝʨʠʜʠʘʥʳ 

ʷʚʣʷʶʪʩʷ ʵʣʣʠʧʩʘʤʠ. 

ʉ ʵʣʣʠʧʩʦʠʜʦʤ ʩʚʷʟʘʥʘ ʛʝʦʜʝʟʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ,  ʚ ʢʦʪʦʨʦʡ 

ʢʦʦʨʜʠʥʘʪʘʤʠ ʷʚʣʷʶʪʩʷ ʛʝʦʜʝʟʠʯʝʩʢʠʝ ʰʠʨʦʪʘ B, ʛʝʦʜʝʟʠʯʝʩʢʘʷ ʜʦʣʛʦʪʘ L ʠ 

ʛʝʦʜʝʟʠʯʝʩʢʘʷ ʚʳʩʦʪʘ Hʛ (ʨʠʩ. 3.8). 

ɻʝʦʜʝʟʠʯʝʩʢʘʷ ʰʠʨʦʪʘ B - ʵʪʦ ʫʛʦʣ, ʟʘʢʣʶʯʝʥʥʳʡ ʤʝʞʜʫ ʧʣʦʩʢʦʩʪʴʶ 

ʵʢʚʘʪʦʨʘ ʠ ʥʦʨʤʘʣʴʶ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʵʣʣʠʧʩʦʠʜʘ ʚ ʜʘʥʥʦʡ ʪʦʯʢʝ. 

ʅʦʨʤʘʣʴ ï ʵʪʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨ ʢ ʢʘʩʘʪʝʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ, ʧʨʦʚʝʜʝʥʥʦʡ ʚ 

ʜʘʥʥʦʡ ʪʦʯʢʝ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʵʣʣʠʧʩʦʠʜʘ. 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʩʬʝʨʳ, ʫ ʢʦʪʦʨʦʡ ʥʦʨʤʘʣʴ ʩʦʚʧʘʜʘʝʪ ʩ ʨʘʜʠʫʩʦʤ ʩʬʝʨʳ ʠ 

ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʝʝ ʮʝʥʪʨ, ʫ ʵʣʣʠʧʩʦʠʜʘ ʥʦʨʤʘʣʴ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʯʝʨʝʟ ʮʝʥʪʨ 

ʥʝ ʧʨʦʭʦʜʠʪ ʠ ʧʝʨʝʩʝʢʘʝʪ ʤʘʣʫʶ ʦʩʴ ʵʣʣʠʧʩʦʠʜʘ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʤ 

ʧʦʣʫʰʘʨʠʠ. 

ɻʝʦʜʝʟʠʯʝʩʢʘʷ ʜʦʣʛʦʪʘ L ï ʵʪʦ ʜʚʫʛʨʘʥʥʳʡ ʫʛʦʣ ʤʝʞʜʫ ʧʣʦʩʢʦʩʪʷʤʠ 

ʥʘʯʘʣʴʥʦʛʦ ʤʝʨʠʜʠʘʥʘ ʠ ʤʝʨʠʜʠʘʥʘ ʜʘʥʥʦʡ ʪʦʯʢʠ. ʅʝʪʨʫʜʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ 

ʦʧʨʝʜʝʣʝʥʠʷ ʩʬʝʨʠʯʝʩʢʦʡ ʠ ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʜʦʣʛʦʪ ʩʦʚʧʘʜʘʶʪ. 

ɽʩʣʠ ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʪʦʯʢʠ, ʥʝ ʥʘʭʦʜʷʱʠʝʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʵʣʣʠʧʩʦʠʜʘ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʨʝʪʴʷ ʢʦʦʨʜʠʥʘʪʘ  Hʛ. 

ɻʝʦʜʝʟʠʯʝʩʢʘʷ ʚʳʩʦʪʘ Hʛ ï ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʪʦʯʢʠ ʜʦ ʧʦʚʝʨʭʥʦʩʪʠ 

ʵʣʣʠʧʩʦʠʜʘ ʧʦ ʥʦʨʤʘʣʠ ʢ ʥʝʡ. 
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ʈʠʩ. 3.8. ɻʝʦʜʝʟʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ 

 

ʇʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʵʣʣʠʧʩʦʠʜʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʨʷʜ 

ʚʝʣʠʯʠʥ ʠ ʬʫʥʢʮʠʡ, ʢʦʪʦʨʳʝ ʫʧʨʦʱʘʶʪ ʟʘʧʠʩʴ ʬʦʨʤʫʣ. 

ʅʘʧʨʠʤʝʨ, ʧʝʨʚʘʷ ʩʬʝʨʦʠʜʠʯʝʩʢʘʷ ʬʫʥʢʮʠʷ W, ʟʘʚʠʩʷʱʘʷ ʦʪ ʰʠʨʦʪʳ 

ʪʦʯʢʠ: 

 

ɺsine1W 22-= .               (3.5) 

 

ʄʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ W ʨʘʚʥʘ 1 ʥʘ ʵʢʚʘʪʦʨʝ, ʘ ʚ ʦʩʪʘʣʴʥʳʭ ʪʦʯʢʘʭ ʥʝ ʥʘ 

ʤʥʦʛʦ ʤʝʥʴʰʝ ʝʜʠʥʠʮʳ. 

ɽʩʣʠ ʯʝʨʝʟ ʥʦʨʤʘʣʴ (ʧʝʨʧʝʥʜʠʢʫʣʷʨ) ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʵʣʣʠʧʩʦʠʜʘ 

ʧʨʦʚʝʩʪʠ ʣʶʙʫʶ ʧʣʦʩʢʦʩʪʴ, ʪʦ ʦʥʘ ʧʝʨʝʩʝʯʝʪ ʧʦʚʝʨʭʥʦʩʪʴ ʵʣʣʠʧʩʦʠʜʘ ʧʦ 

ʣʠʥʠʠ, ʥʘʟʳʚʘʝʤʦʡ ʥʦʨʤʘʣʴʥʳʤ ʩʝʯʝʥʠʝʤ ʵʣʣʠʧʩʦʠʜʘ. ɺ ʢʘʞʜʦʡ ʪʦʯʢʝ ʩʨʝʜʠ 

ʤʥʦʞʝʩʪʚʘ ʚʦʟʤʦʞʥʳʭ ʥʦʨʤʘʣʴʥʳʭ ʩʝʯʝʥʠʡ ʚʳʜʝʣʷʶʪ ʜʚʘ ʛʣʘʚʥʳʭ 

ʥʦʨʤʘʣʴʥʳʭ ʩʝʯʝʥʠʷ: ʦʜʥʦ ʠʟ ʥʠʭ ʷʚʣʷʝʪʩʷ ʤʝʨʠʜʠʘʥʦʤ, ʘ ʜʨʫʛʦʝ, 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʝ ʢ ʥʝʤʫ, ʥʘʟʳʚʘʝʪʩʷ  ʧʝʨʚʳʤ ʚʝʨʪʠʢʘʣʦʤ. ʅʝ ʩʣʝʜʫʝʪ 

ʧʫʪʘʪʴ ʧʝʨʚʳʡ ʚʝʨʪʠʢʘʣ ʩ ʧʘʨʘʣʣʝʣʴʶ. ɺʝʜʴ ʧʣʦʩʢʦʩʪʴ ʧʘʨʘʣʣʝʣʠ ʥʝ 

ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʥʦʨʤʘʣʴ (ʨʠʩ. 3.9). 

ʀ ʤʝʨʠʜʠʘʥ, ʠ ʧʝʨʚʳʡ ʚʝʨʪʠʢʘʣ  ʷʚʣʷʶʪʩʷ ʢʨʠʚʳʤʠ ʧʝʨʝʤʝʥʥʦʡ 

ʢʨʠʚʠʟʥʳ, ʟʘʚʠʩʷʱʝʡ ʦʪ ʰʠʨʦʪʳ ʪʦʯʢʠ ʠ, ʢʦʥʝʯʥʦ, ʦʪ ʧʘʨʘʤʝʪʨʦʚ 

ʵʣʣʠʧʩʦʠʜʘ. ʅʘʧʦʤʥʠʤ, ʯʪʦ ʨʘʜʠʫʩʦʤ ʢʨʠʚʠʟʥʳ ʧʨʦʠʟʚʦʣʴʥʦʡ ʢʨʠʚʦʡ 

ʥʘʟʳʚʘʶʪ ʨʘʜʠʫʩ ʦʢʨʫʞʥʦʩʪʠ, ʧʨʦʚʝʜʝʥʥʦʡ ʯʝʨʝʟ ʪʨʠ ʙʝʩʢʦʥʝʯʥʦ ʙʣʠʟʢʠʝ 

ʪʦʯʢʠ ʵʪʦʡ ʢʨʠʚʦʡ. 
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ʈʠʩ. 3.9. ɻʣʘʚʥʳʝ ʥʦʨʤʘʣʴʥʳʝ ʩʝʯʝʥʠʷ ʵʣʣʠʧʩʦʠʜʘ 

 

ʈʘʜʠʫʩ ʢʨʠʚʠʟʥʳ ʤʝʨʠʜʠʘʥʘ ʄ ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʧʦ ʬʦʨʤʫʣʝ: 

                                    .
)1(

3

2

W

ʝʘ
M

-
=                     (3.6) 

ʈʘʜʠʫʩ ʢʨʠʚʠʟʥʳ ʧʝʨʚʦʛʦ ʚʝʨʪʠʢʘʣʘ N: 

                                      .
W

a
N=                                 (3.7) 

ɺʦ ʚʩʝʭ ʪʦʯʢʘʭ ʵʣʣʠʧʩʦʠʜʘ M ʠ N  ʨʘʟʣʠʯʥʳ, ʧʨʠʯʝʤ N>M, ʢʨʦʤʝ 

ʧʦʣʶʩʦʚ, ʛʜʝ N=M. 

ɻʝʦʤʝʪʨʠʯʝʩʢʠʡ ʩʤʳʩʣ ʚʝʣʠʯʠʥʳ N  ī ʵʪʦ ʜʣʠʥʘ ʥʦʨʤʘʣʠ ʦʪ 

ʧʦʚʝʨʭʥʦʩʪʠ ʵʣʣʠʧʩʦʠʜʘ ʜʦ ʪʦʯʢʠ ʝʝ ʧʝʨʝʩʝʯʝʥʠʷ ʩ ʦʩʴʶ ʚʨʘʱʝʥʠʷ (ʨʠʩ. 

3.10). 

ʀʟ ʨʠʩʫʥʢʘ ʣʝʛʢʦ ʥʘʡʪʠ ʨʘʜʠʫʩ ʧʘʨʘʣʣʝʣʠ ʥʘ ʵʣʣʠʧʩʦʠʜʝ: 

 

                                            r = N cos B.                    (3.8) 
 

ʉʨʘʚʥʠʚ ʵʪʫ ʬʦʨʤʫʣʫ  ʩ ʬʦʨʤʫʣʦʡ ʨʘʜʠʫʩʘ ʧʘʨʘʣʣʝʣʠ ʥʘ ʩʬʝʨʝ 

 

r = R cosű, 
 

ʤʦʞʥʦ ʫʙʝʜʠʪʴʩʷ, ʯʪʦ ʦʥʠ ʧʦʭʦʞʠ. ɺ ʵʪʠʭ ʬʦʨʤʫʣʘʭ ʨʘʟʣʠʯʘʶʪʩʷ ʰʠʨʦʪʳ 

(ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʛʝʦʜʝʟʠʯʝʩʢʘʷ ʠ ʩʬʝʨʠʯʝʩʢʘʷ), ʘ ʚʤʝʩʪʦ ʨʘʜʠʫʩʘ ʩʬʝʨʳ ʥʘ 

ʵʣʣʠʧʩʦʠʜʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʨʘʜʠʫʩ ʢʨʠʚʠʟʥʳ ʧʝʨʚʦʛʦ ʚʝʨʪʠʢʘʣʘ. 
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ʈʠʩ. 3.10. ʈʘʜʠʫʩ ʧʘʨʘʣʣʝʣʠ ʥʘ ʵʣʣʠʧʩʦʠʜʝ 

 

ʇʦʩʢʦʣʴʢʫ ʧʘʨʘʣʣʝʣʴ ʷʚʣʷʝʪʩʷ ʦʢʨʫʞʥʦʩʪʴʶ ʨʘʜʠʫʩʘ  r, ʪʦ ʜʣʠʥʘ S ʜʫʛʠ 

ʧʘʨʘʣʣʝʣʠ ʤʝʞʜʫ ʪʦʯʢʘʤʠ ʩ ʜʦʣʛʦʪʘʤʠ L1 ʠ L2. ʩʦʩʪʘʚʠʪ 

 

                                    Sʧʘʨ=N cosB  æL,                    (3.9) 

 

ʛʜʝ ʨʘʟʥʦʩʪʴ ʜʦʣʛʦʪ  æL= L2 - L1   ʜʦʣʞʥʘ ʙʳʪʴ ʚʳʨʘʞʝʥʘ ʚ ʨʘʜʠʘʥʘʭ. 

ʄʝʨʠʜʠʘʥ ʥʘ ʵʣʣʠʧʩʦʠʜʝ ʠʤʝʝʪ ʬʦʨʤʫ ʵʣʣʠʧʩʘ, ʝʛʦ ʢʨʠʚʠʟʥʘ 

ʠʟʤʝʥʷʝʪʩʷ ʩ ʰʠʨʦʪʦʡ. ɼʣʠʥʫ ʝʛʦ ʜʫʛʠ ʤʝʞʜʫ ʪʦʯʢʘʤʠ ʩ ʰʠʨʦʪʘʤʠ B 1 ʠ B2 

ʥʝʣʴʟʷ ʟʘʧʠʩʘʪʴ ʧʨʦʩʪʦʡ ʬʦʨʤʫʣʦʡ, ʧʦʩʢʦʣʴʢʫ ʦʥʘ ʚʳʨʘʞʘʝʪʩʷ ʠʥʪʝʛʨʘʣʦʤ, 

ʢʦʪʦʨʳʡ ʘʥʘʣʠʪʠʯʝʩʢʠ ʥʝ ʙʝʨʝʪʩʷ: 

ñ=
B

ʤʝʨ dBMS
0

. 

ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʬʦʨʤʫʣ (3.5) ʠ (3.6), M  ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʝʡ ʰʠʨʦʪʳ, 

ʧʦʵʪʦʤʫ ʚʳʥʝʩʪʠ ʝʛʦ ʟʘ ʟʥʘʢ ʠʥʪʝʛʨʘʣʘ ʥʝʣʴʟʷ. 

ʅʘ ʧʨʘʢʪʠʢʝ ʜʣʷ ʨʘʩʯʝʪʦʚ ʧʨʠʤʝʥʷʝʪʩʷ ʨʘʟʣʦʞʝʥʠʝ ʚ ʙʝʩʢʦʥʝʯʥʳʡ ʨʷʜ, 

ʚ ʢʦʪʦʨʦʤ ʠʩʧʦʣʴʟʫʶʪʩʷ ʥʝʩʢʦʣʴʢʦ ʧʝʨʚʳʭ ʯʣʝʥʦʚ,  ʠʣʠ ʟʘʨʘʥʝʝ 

ʨʘʩʩʯʠʪʘʥʥʳʝ ʪʘʙʣʠʮʳ. ʅʘʧʨʠʤʝʨ, ʜʣʷ ʵʣʣʠʧʩʦʠʜʘ ʂʨʘʩʦʚʩʢʦʛʦ, 

ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʚ ʈʦʩʩʠʠ,  ʜʣʠʥʘ ʤʝʨʠʜʠʘʥʘ ʦʪ ʵʢʚʘʪʦʨʘ ʜʦ ʧʘʨʘʣʣʝʣʠ ʩ 

ʰʠʨʦʪʦʡ B ʤʦʞʝʪ ʙʳʪʴ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ 0,2 ʤ  ʨʘʩʩʯʠʪʘʥʘ ʧʦ ʬʦʨʤʫʣʝ 

 
Sʤʝʨå6367558,4969ĀBīsin B cos B[32005,7801+(133,9213+0,7032 sin

2
B) sin

2
B]. 

 

ɼʣʷ ʥʝʙʦʣʴʰʦʡ ʨʘʟʥʦʩʪʠ ʰʠʨʦʪ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠʙʣʠʞʝʥʥʫʶ 

ʬʦʨʤʫʣʫ: 

                                                 Sʤʝʨ= ʄʩʨĀæB,                        (3.10) 
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ʛʜʝ  ʄʩʨ ï ʩʨʝʜʥʠʡ ʨʘʜʠʫʩ ʢʨʠʚʠʟʥʳ ʤʝʨʠʜʠʘʥʘ ʥʘ ʜʘʥʥʦʤ ʝʛʦ ʦʪʨʝʟʢʝ, ʘ 

ʨʘʟʥʦʩʪʴ ʰʠʨʦʪ  æB ʪʘʢʞʝ ʙʝʨʝʪʩʷ ʚ ʨʘʜʠʘʥʘʭ. 

ʉ ʜʣʠʥʦʡ ʜʫʛʠ ʤʝʨʠʜʠʘʥʘ ʩʚʷʟʘʥʘ ʦʜʥʘ ʠʟ ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʥʘʚʠʛʘʮʠʠ 

ʝʜʠʥʠʮ ʠʟʤʝʨʝʥʠʷ ʨʘʩʩʪʦʷʥʠʷ ï ʤʦʨʩʢʘʷ ʤʠʣʷ, ʤ.ʤ. (nautical mile, n.m.). 

ʀʩʪʦʨʠʯʝʩʢʠ ʦʥʘ ʚʦʟʥʠʢʣʘ ʢʘʢ ʜʣʠʥʘ ʦʜʥʦʡ ʤʠʥʫʪʳ (1') ʤʝʨʠʜʠʘʥʘ. ʀʟ-ʟʘ 

ʩʞʘʪʠʷ ɿʝʤʣʠ ʵʪʘ ʜʣʠʥʘ ʨʘʟʣʠʯʥʘ ʥʘ ʨʘʟʥʳʭ ʰʠʨʦʪʘʭ ʠ ʠʟʤʝʥʷʝʪʩʷ ʧʨʠʤʝʨʥʦ 

ʦʪ 1843 ʤ ʥʘ ʵʢʚʘʪʦʨʝ ʜʦ 1862 ʤ ʥʘ ʧʦʣʶʩʘʭ. 

ʅʦ ʣʶʙʘʷ ʝʜʠʥʠʮʘ ʠʟʤʝʨʝʥʠʷ ʜʦʣʞʥʘ ʠʤʝʪʴ ʧʦʩʪʦʷʥʥʦʝ ʟʥʘʯʝʥʠʝ. ɺ 

1928 ʛ. ʄʝʞʜʫʥʘʨʦʜʥʦʝ ʛʝʦʛʨʘʬʠʯʝʩʢʦʝ ʙʶʨʦ ʧʨʠʥʷʣʦ ʜʣʷ ʤʦʨʩʢʦʡ ʤʠʣʠ 

ʟʥʘʯʝʥʠʝ 1852 ʤ (ʪʦʯʥʦ). ʕʪʦ ʞʝ ʟʥʘʯʝʥʠʝ ʠʩʧʦʣʴʟʫʝʪʩʷ  ʄʝʞʜʫʥʘʨʦʜʥʦʡ 

ʦʨʛʘʥʠʟʘʮʠʝʡ ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʠ (ʀʂɸʆ). 

 

 

3.4. ʉʠʩʪʝʤʘ ʠʟʤʝʨʝʥʠʷ ʚʳʩʦʪ 

 

ɺʠʜʳ ʚʳʩʦʪ. ʂʘʢ ʫʞʝ ʦʪʤʝʯʘʣʦʩʴ, ʪʨʝʪʴʝʡ ʢʦʦʨʜʠʥʘʪʦʡ ʚ ʩʠʩʪʝʤʝ 

ʛʝʦʜʝʟʠʯʝʩʢʠʭ  ʢʦʦʨʜʠʥʘʪ ʷʚʣʷʝʪʩʷ ʛʝʦʜʝʟʠʯʝʩʢʘʷ ʚʳʩʦʪʘ ʅʛ. ʆʥʘ 

ʦʪʩʯʠʪʳʚʘʝʪʩʷ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʵʣʣʠʧʩʦʠʜʘ ʧʦ ʥʦʨʤʘʣʠ ʢ ʥʝʡ. ɺ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʅʛ ʥʘ ʙʦʨʪʫ ɺʉ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʘ ʪʦʣʴʢʦ ʩ ʧʦʤʦʱʴʶ 

ʩʧʫʪʥʠʢʦʚʳʭ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ. ʇʦʩʢʦʣʴʢʫ ʧʦʚʝʨʭʥʦʩʪʴ ʛʝʦʠʜʘ ʤʦʞʝʪ 

ʙʳʪʴ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʥʘ ʩʘʤʳʤʠ ʨʘʟʥʳʤʠ ʨʝʬʝʨʝʥʮ-ʵʣʣʠʧʩʦʠʜʘʤʠ, ʦʜʥʘ ʠ ʪʘ 

ʞʝ ʪʦʯʢʘ ʤʦʞʝʪ ʠʤʝʪʴ ʥʝʩʢʦʣʴʢʦ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʚʳʩʦʪ. 

 ʆʨʪʦʤʝʪʨʠʯʝʩʢʘʷ ʚʳʩʦʪʘ Hʦʨʪ ʠʟʤʝʨʷʝʪʩʷ ʦʪ ʫʨʦʚʥʷ ʛʝʦʠʜʘ ʧʦ 

ʥʘʧʨʘʚʣʝʥʠʶ ʦʪʚʝʩʥʦʡ ʣʠʥʠʠ (ʨʠʩ. 3.11). 

ʇʨʝʚʳʰʝʥʠʝ N ʛʝʦʠʜʘ ʥʘʜ ʧʦʚʝʨʭʥʦʩʪʴʶ ʵʣʣʠʧʩʦʠʜʘ ʚ ʜʘʥʥʦʡ ʪʦʯʢʝ 

ʥʘʟʳʚʘʝʪʩʷ ʚʦʣʥʦʡ ʛʝʦʠʜʘ ʠʣʠ  ʘʥʦʤʘʣʠʝʡ ʚʳʩʦʪʳ (undulation).  

ɺʦʣʥʘ ʛʝʦʠʜʘ ʩʯʠʪʘʝʪʩʷ ʧʦʣʦʞʠʪʝʣʴʥʦʡ, ʝʩʣʠ ʧʦʚʝʨʭʥʦʩʪʴ ʛʝʦʠʜʘ 

ʧʨʦʭʦʜʠʪ ʚʳʰʝ ʧʦʚʝʨʭʥʦʩʪʠ ʵʣʣʠʧʩʦʠʜʘ.  

 

 
 

ʈʠʩ. 3.11. ɺʳʩʦʪʳ ʠ ʚʦʣʥʘ ʛʝʦʠʜʘ 
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ɿʥʘʷ ʚʦʣʥʫ ʛʝʦʠʜʘ, ʤʦʞʥʦ ʧʝʨʝʡʪʠ ʦʪ ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʚʳʩʦʪʳ ʢ 

ʦʨʪʦʤʝʪʨʠʯʝʩʢʦʡ ʠ ʦʙʨʘʪʥʦ: 

 

                                        Hʛ=Hʦʨʪ + N.               (3.11) 
 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ʀʂɸʆ ʚʦʣʥʘ ʛʝʦʠʜʘ ʜʣʷ ʧʦʨʦʛʘ ɺʇʇ 

ʜʦʣʞʥʘ ʧʫʙʣʠʢʦʚʘʪʴʩʷ ʚ ʜʦʢʫʤʝʥʪʘʭ ʘʵʨʦʥʘʚʠʛʘʮʠʦʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. 

ʅʦ ʦʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʦʧʨʝʜʝʣʠʪʴ ʟʥʘʯʝʥʠʝ ʦʨʪʦʤʝʪʨʠʯʝʩʢʦʡ ʚʳʩʦʪʳ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʦ. ʈʘʩʩʤʦʪʨʠʤ ʵʪʦʪ ʚʦʧʨʦʩ ʧʦʜʨʦʙʥʝʝ. 

ʅʠʚʝʣʠʨʦʚʘʥʠʝ. ɺʳʩʦʪʳ ʪʦʯʝʢ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠ ʛʝʦʜʝʟʠʯʝʩʢʦʡ 

ʩʲʝʤʢʝ ʦʧʨʝʜʝʣʷʶʪ ʤʝʪʦʜʦʤ ʥʠʚʝʣʠʨʦʚʘʥʠʷ  (ʨʠʩ. 3.12). ʅʠʚʝʣʠʨ ï ʵʪʦ 

ʦʧʪʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʡ ʧʨʠʙʦʨ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʦʙʦʡ ʟʘʢʨʝʧʣʝʥʥʫʶ ʥʘ 

ʰʪʘʪʠʚʝ ʟʨʠʪʝʣʴʥʫʶ ʪʨʫʙʫ, ʦʩʴ ʢʦʪʦʨʦʡ ʩ ʧʦʤʦʱʴʶ ʩʠʩʪʝʤʳ ʧʫʟʳʨʴʢʦʚʳʭ 

ʫʨʦʚʥʝʡ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʛʦʨʠʟʦʥʪʘʣʴʥʦ. ʅʘ ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʥʠʚʝʣʠʨʘ ʩʪʘʚʷʪ 

ʚʝʨʪʠʢʘʣʴʥʦ ʛʝʦʜʝʟʠʯʝʩʢʫ  ʁʨʝʡʢʫ ʩ ʜʝʣʝʥʠʷʤʠ. ʅʘʙʣʶʜʘʷ ʝʝ ʚ ʟʨʠʪʝʣʴʥʫʶ 

ʪʨʫʙʫ, ʦʪʤʝʯʘʶʪ ʥʘʭʦʜʷʱʝʝʩʷ ʧʨʦʪʠʚ ʨʠʩʢʠ ʚ ʧʦʣʝ ʟʨʝʥʠʷ ʥʠʚʝʣʠʨʘ ʜʝʣʝʥʠʝ 

ʥʘʥʝʩʝʥʥʦʡ ʥʘ ʨʝʡʢʝ ʰʢʘʣʳ.  ɿʘʪʝʤ ʨʝʡʢʫ ʧʝʨʝʥʦʩʷʪ ʥʘ ʧʨʦʪʠʚʦʧʦʣʦʞʥʫʶ  

ʩʪʦʨʦʥʫ  ʦʪ ʥʠʚʝʣʠʨʘ, ʘ ʝʛʦ ʟʨʠʪʝʣʴʥʫʶ ʪʨʫʙʫ ʧʦʚʦʨʘʯʠʚʘʶʪ ʚʦʢʨʫʛ 

ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʩʠ ʥʘ 180Á , ʥʘʧʨʘʚʣʷʷ ʥʘ ʨʝʡʢʫ, ʠ ʚʥʦʚʴ ʬʠʢʩʠʨʫʶʪ ʜʝʣʝʥʠʝ 

ʰʢʘʣʳ. 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʨʘʟʥʦʩʪʴ ʦʪʩʯʝʪʦʚ ʧʦ ʨʝʡʢʝ a1 ʠ  a2    ʨʘʚʥʘ ʨʘʟʥʦʩʪʠ 

ʚʳʩʦʪ H1 ʠ  H2   ʪʦʯʝʢ, ʚ ʢʦʪʦʨʳʭ ʨʝʡʢʘ ʙʳʣʘ ʫʩʪʘʥʦʚʣʝʥʘ:   

 

ȹh = H2 -  H1  =   a1 -  a2 . 
 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʝʨʝʤʝʱʘʷʩʴ ʦʪ ʪʦʯʢʠ, ʥʘʭʦʜʷʱʝʡʩʷ ʥʘ ʫʨʦʚʥʝ ʤʦʨʷ, ʠ 

ʧʝʨʝʩʪʘʚʣʷʷ ʥʠʚʝʣʠʨ ʠ ʨʝʡʢʫ, ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʚʳʩʦʪʫ ʣʶʙʦʡ ʪʦʯʢʠ 

ʨʝʣʴʝʬʘ, ʩʢʣʘʜʳʚʘʷ ʚʳʩʦʪʳ çʩʪʫʧʝʥʝʢè ȹh. 

 

 
 

ʈʠʩ. 3.12. ʅʠʚʝʣʠʨʦʚʘʥʠʝ 
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ʅʘ ʩʘʤʦʤ ʜʝʣʝ ʚʩʝ ʦʢʘʟʳʚʘʝʪʩʷ ʥʝ ʪʘʢ ʧʨʦʩʪʦ. ɺʝʜʴ ʥʠʚʝʣʠʨ 

ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʛʦʨʠʟʦʥʪʘʣʴʥʦ ʩ ʧʦʤʦʱʴʶ ʩʠʩʪʝʤʳ ʧʫʟʳʨʴʢʦʚʳʭ ʫʨʦʚʥʝʡ, ʘ 

ʵʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ ʧʣʦʩʢʦʩʪʴ ʚ ʜʘʥʥʦʡ ʪʦʯʢʝ ʩʦʚʧʘʜʘʝʪ ʩ 

ʫʨʦʚʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ. ʅʦ ʫʨʦʚʝʥʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ, ʧʨʦʭʦʜʷʱʠʝ ʥʘ ʨʘʟʥʳʭ 

ʚr ʩʦʪʘʭ, ʥʝ ʧʘʨʘʣʣʝʣʴʥʳ ʜʨʫʛ ʜʨʫʛʫ. ʕʪʦ ʚʳʟʚʘʥʦ ʠ ʵʣʣʠʧʪʠʯʝʩʢʦʡ ʬʦʨʤʦʡ 

ɿʝʤʣʠ, ʠ ʝʝ ʚʨʘʱʝʥʠʝʤ, ʠ ʥʝʨʘʚʥʦʤʝʨʥʦʡ ʧʣʦʪʥʦʩʪʴʶ  ʧʣʘʥʝʪʳ. ʋʨʦʚʝʥʥʳʝ 

ʧʦʚʝʨʭʥʦʩʪʠ ʛʜʝ-ʪʦ ʩʙʣʠʞʘʶʪʩʷ, ʛʜʝ-ʪʦ ʨʘʩʭʦʜʷʪʩʷ, ʢʦʥʝʯʥʦ, ʧʦʜ ʦʯʝʥʴ 

ʤʘʣʳʤʠ ʫʛʣʘʤʠ (ʨʠʩ. 3.13). 

 

 

 
 

ʈʠʩ. 3.13. ʋʨʦʚʝʥʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʚʳʩʦʪʳ ʪʦʯʝʢ 

 

ʀʟ-ʟʘ ʵʪʦʛʦ ʧʦʣʫʯʘʝʪʩʷ, ʯʪʦ ʚʳʩʦʪʘ ʪʦʯʢʠ (ʥʘʧʨʠʤʝʨ, ʪʦʯʢʠ ɺ ʥʘ ʨʠʩ. 

3.13), ʧʦʣʫʯʝʥʥʘʷ ʧʫʪʝʤ ʩʫʤʤʠʨʦʚʘʥʠʷ ȹhi , ʠʟʤʝʨʝʥʥʳʭ ʧʨʠ ʥʠʚʝʣʠʨʦʚʘʥʠʠ  

ʦʪ ʪʦʯʢʠ ɸ (ʥʘ ʫʨʦʚʥʝ ʤʦʨʷ) ʜʦ ʪʦʯʢʠ ɺ, ʦʢʘʞʝʪʩʷ ʨʘʟʥʦʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʧʫʪʠ ʥʠʚʝʣʠʨʦʚʘʥʠʷ, ʪʦ ʝʩʪʴ ʪʨʘʝʢʪʦʨʠʠ, ʧʦ ʢʦʪʦʨʦʡ ʧʨʦʠʟʚʦʜʠʣʠʩʴ 

ʠʟʤʝʨʝʥʠʷ. ʌʘʢʪʠʯʝʩʢʠ ʤʦʞʥʦ ʧʨʦʡʪʠ ʩ ʥʠʚʝʣʠʨʦʤ ʪʦʣʴʢʦ ʧʦ ʬʠʟʠʯʝʩʢʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ ʧʦ ʩʢʣʦʥʫ ʛʦʨʳ ʦʪ ɸ ʜʦ ɺ. ʅʦ ʜʣʷ ʥʘʛʣʷʜʥʦʩʪʠ 

ʨʘʩʩʤʦʪʨʠʤ ʠ ʛʠʧʦʪʝʪʠʯʝʩʢʠʝ ʩʣʫʯʘʠ. 

ʇʫʩʪʴ ʉ ï ʪʦʯʢʘ, ʥʘʭʦʜʷʱʘʷʩʷ ʚʝʨʪʠʢʘʣʴʥʦ ʥʘʜ ɸ (ʩʤ. ʨʠʩ. 3.13) ʥʘ ʪʦʡ 

ʞʝ ʫʨʦʚʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʯʪʦ ʠ ʠʥʪʝʨʝʩʫʶʱʘʷ ʥʘʩ ʪʦʯʢʘ ɺ. ɽʩʣʠ ʧʨʦʡʪʠ ʩ 

ʥʠʚʝʣʠʨʦʤ ʦʪ ɸ ʜʦ ʉ (ʦʩʪʘʚʠʚ ʚ ʩʪʦʨʦʥʝ ʚʦʧʨʦʩ, ʢʘʢ ʵʪʦ ʨʝʘʣʠʟʦʚʘʪʴ 

ʧʨʘʢʪʠʯʝʩʢʠ), ʪʦ ʧʦʣʫʯʠʤ ʚʳʩʦʪʫ, ʨʘʚʥʫʶ ʜʣʠʥʝ ʦʪʨʝʟʢʘ ɸʉ. ʇʨʠ 

ʧʝʨʝʤʝʱʝʥʠʠ ʦʪ ʉ ʜʦ ɺ ʥʠʢʘʢʦʛʦ ʧʨʠʨʘʱʝʥʠʷ ʚʳʩʦʪ ʥʝ ʧʨʦʠʟʦʡʜʝʪ, 

ʧʦʩʢʦʣʴʢʫ ʪʦʯʢʠ ʥʘʭʦʜʷʪʩʷ ʥʘ ʦʜʥʦʡ ʫʨʦʚʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ (ʢʘʢ ʙʳ ʥʘ 

ʦʜʥʦʡ ʛʦʨʠʟʦʥʪʘʣʠ). ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʳʩʦʪʘ ʪʦʯʢʠ ɺ ʦʢʘʞʝʪʩʷ ʨʘʚʥʦʡ 

ʨʘʩʩʪʦʷʥʠʶ ɸʉ. 

ʅʦ ʝʩʣʠ ʧʨʦʚʝʩʪʠ ʥʠʚʝʣʠʨʦʚʘʥʠʝ ʧʦ ʜʨʫʛʦʤʫ ʧʫʪʠ, ʥʘʧʨʠʤʝʨ ɸ-D-ɺ, ʪʦ 

ʚʳʩʦʪʘ ʦʢʘʞʝʪʩʷ ʜʨʫʛʦʡ. ʊʦʯʢʠ ɸ ʠ D ʥʘʭʦʜʷʪʩʷ ʥʘ ʦʜʥʦʤ ʫʨʦʚʥʝ, ʟʜʝʩʴ 

ʧʨʠʨʘʱʝʥʠʷ ʚʳʩʦʪʳ ʥʝ ʙʫʜʝʪ,  ʧʦʵʪʦʤʫ ʚʳʩʦʪʘ ʪʦʯʢʠ ɺ ʦʢʘʞʝʪʩʷ ʨʘʚʥʦʡ 

ʜʣʠʥʝ ʦʪʨʝʟʢʘ Dɺ.  ʅʦ ʟʜʝʩʴ ʪʝ ʞʝ ʩʘʤʳʝ ʫʨʦʚʝʥʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʭʦʜʷʪʩʷ 

ʫʞʝ ʥʘ ʜʨʫʛʠʭ ʨʘʩʩʪʦʷʥʠʷʭ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʠ ʠʭ ʩʫʤʤʠʨʦʚʘʥʠʝ ʜʘʩʪ ʜʨʫʛʦʝ 
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ʟʥʘʯʝʥʠʝ ʚʳʩʦʪʳ. ɸʥʘʣʦʛʠʯʥʦ, ʣʶʙʦʡ ʜʨʫʛʦʡ ʧʫʪʴ ʥʠʚʝʣʠʨʦʚʘʥʠʷ ʢʘʞʜʳʡ 

ʨʘʟ ʙʫʜʝʪ ʜʘʚʘʪʴ ʥʦʚʦʝ ʟʥʘʯʝʥʠʝ ʚʳʩʦʪʳ ʪʦʯʢʠ ɺ ʥʘʜ ʫʨʦʚʥʝʤ ʤʦʨʷ.  

ʂʘʢʘʷ ʞʝ ʠʟ ʵʪʠʭ ʚʳʩʦʪ ʙʫʜʝʪ ʷʚʣʷʪʴʩʷ çʧʨʘʚʠʣʴʥʦʡè, ʪʦ ʝʩʪʴ 

ʦʨʪʦʤʝʪʨʠʯʝʩʢʦʡ ʚʳʩʦʪʦʡ ʥʘʜ ʛʝʦʠʜʦʤ? ʂʦʥʝʯʥʦ, ʚʳʩʦʪʘ, ʠʟʤʝʨʝʥʥʘʷ ʚʜʦʣʴ 

ʣʠʥʠʠ Dɺ. ʅʦ ʠʟʤʝʨʠʪʴ ʝʝ ʥʠʚʝʣʠʨʦʤ ʬʠʟʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʦ ï ʦʥʘ 

ʥʘʭʦʜʠʪʩʷ ʥʠʞʝ ʫʨʦʚʥʷ ʨʝʣʴʝʬʘ! ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʘ ʩʫʰʝ ʪʦʯʥʦ ʠʟʤʝʨʠʪʴ 

ʦʨʪʦʤʝʪʨʠʯʝʩʢʫʶ ʚʳʩʦʪʫ ʨʝʣʴʝʬʘ ʤʝʩʪʥʦʩʪʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʥʝʚʦʟʤʦʞʥʦ. 

ʇʨʠʨʘʱʝʥʠʝ ʛʝʦʧʦʪʝʥʮʠʘʣʘ. ʈʘʩʩʤʦʪʨʠʤ, ʢʘʢ ʛʝʦʜʝʟʠʩʪʳ ʚʳʰʣʠ ʠʟ 

ʵʪʦʡ ʪʫʧʠʢʦʚʦʡ ʩʠʪʫʘʮʠʠ. ʈʘʩʭʦʞʜʝʥʠʝ ʠ ʩʭʦʞʜʝʥʠʝ ʫʨʦʚʝʥʥʳʭ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ʚʳʟʚʘʥʦ ʠʟʤʝʥʝʥʠʝʤ ʫʩʢʦʨʝʥʠʷ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ  g ʚ 

ʨʘʟʥʳʭ ʤʝʩʪʘʭ ʧʣʘʥʝʪʳ, ʘ ʪʘʢʞʝ ʥʘ ʨʘʟʥʳʭ ʚʳʩʦʪʘʭ.  ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʝʩʣʠ 

ʩʫʤʤʠʨʦʚʘʪʴ ʥʝ ʩʘʤʠ ʧʨʠʨʘʱʝʥʠʷ ʚʳʩʦʪ ȹhi , ʘ ʠʭ ʧʨʦʠʟʚʝʜʝʥʠʷ ʥʘ ʫʩʢʦʨʝʥʠʝ 

ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ  gi ʚ ʜʘʥʥʦʤ ʤʝʩʪʝ, ʪʦ ʩʫʤʤʘ Ɇgiȹhi (ʧʨʠʨʘʱʝʥʠʝ 

ʛʝʦʧʦʪʝʥʮʠʘʣʘ) ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʧʫʪʠ ʥʠʚʝʣʠʨʦʚʘʥʠʷ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ 

ʨʘʟʣʠʯʠʝ ʚʝʣʠʯʠʥ  ȹhi    ʥʘ ʨʘʟʥʳʭ ʧʫʪʷʭ ʥʠʚʝʣʠʨʦʚʘʥʠʷ ʢʦʤʧʝʥʩʠʨʫʝʪʩʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʠʟʤʝʥʝʥʠʝʤ ʚʝʣʠʯʠʥʳ gi . ɺʝʜʴ ʫʩʢʦʨʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ 

ʧʘʜʝʥʠʷ ï ʵʪʦ ʧʨʦʠʟʚʦʜʥʘʷ ʛʝʦʧʦʪʝʥʮʠʘʣʘ. ʏʝʤ ʦʥʦ ʙʦʣʴʰʝ, ʪʝʤ ʙʣʠʞʝ 

ʧʨʦʭʦʜʷʪ ʜʨʫʛ ʢ ʜʨʫʛʫ ʫʨʦʚʝʥʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ, ʪʝʤ ʤʝʥʴʰʝ ʤʝʞʜʫ ʥʠʤʠ 

ʨʘʩʩʪʦʷʥʠʷ ȹhi. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʠʚʝʣʠʨʦʚʘʪʴ ʤʦʞʥʦ ʧʦ ʣʶʙʦʤʫ ʧʫʪʠ  ʠ, ʚ ʯʘʩʪʥʦʩʪʠ, 

ʧʦ ʩʢʣʦʥʫ ʛʦʨʳ ʦʪ ɸ ʜʦ ɺ. ʉʫʤʤʘ ʧʨʠʨʘʱʝʥʠʡ ʛʝʦʧʦʪʝʥʮʠʘʣʘ ʙʫʜʝʪ ʦʜʥʘ ʠ ʪʘ 

ʞʝ. 

ɿʘʤʝʪʠʤ, ʯʪʦ ʝʩʣʠ ʟʥʘʯʝʥʠʷ ȹhi  ʫʤʝʥʴʰʘʪʴ ʜʦ ʙʝʩʢʦʥʝʯʥʦʩʪʠ (ʧʨʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʫʚʝʣʠʯʝʥʠʠ ʢʦʣʠʯʝʩʪʚʘ çʰʘʛʦʚè ʥʠʚʝʣʠʨʦʚʘʥʠʷ), ʪʦ ʩʫʤʤʘ 

Ɇgi ȹhi  ʙʫʜʝʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʩʦʙʦʡ ʦʧʨʝʜʝʣʝʥʥʳʡ ʠʥʪʝʛʨʘʣ ï ʩʫʤʤʫ 

ʙʝʩʢʦʥʝʯʥʦ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʙʝʩʢʦʥʝʯʥʦ ʤʘʣʳʭ ʩʣʘʛʘʝʤʳʭ. 

ɼʦʧʫʩʪʠʤ, ʯʪʦ ʧʨʠʨʘʱʝʥʠʝ ʛʝʦʧʦʪʝʥʮʠʘʣʘ Ɇgiȹhi ʫʞʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʧʨʝʜʝʣʝʥʦ. ʅʦ ʢʘʢ ʪʝʧʝʨʴ ʥʘʡʪʠ ʩʘʤʫ ʚʳʩʦʪʫ HB  , ʪʦ ʝʩʪʴ 

ʜʣʠʥʫ ʦʪʨʝʟʢʘ Dɺ?  ʅʘ ʧʦʤʦʱʴ ʧʨʠʜʝʪ ʪʝʦʨʝʤʘ ʦʙ ʠʥʪʝʛʨʘʣʴʥʦʤ ʩʨʝʜʥʝʤ ʠʟ 

ʚʳʩʰʝʡ ʤʘʪʝʤʘʪʠʢʠ.  

ʅʘʧʦʤʥʠʤ, ʯʪʦ ʠʥʪʝʛʨʘʣʴʥʦʝ ʩʨʝʜʥʝʝ fʩʨ ʬʫʥʢʮʠʠ f(x) ʥʘ ʠʥʪʝʨʚʘʣʝ ʦʪ a 

ʜʦ b ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʢʘʢ 
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ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʜʣʠʥʫ ʠʥʪʝʨʚʘʣʘ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ, ʨʘʟʜʝʣʠʚ 

ʠʥʪʝʛʨʘʣ ʦʪ ʬʫʥʢʮʠʠ ʥʘ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʬʫʥʢʮʠʠ. ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ, ʯʪʦ  
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ʚʳʩʦʪʫ ʪʦʯʢʠ  HB =Ɇ ȹhi  (ʛʜʝ  ȹhi - ʧʨʠʨʘʱʝʥʠʷ ʚʳʩʦʪʳ ʚʜʦʣʴ ʦʪʨʝʟʢʘ DB) 

ʤʦʞʥʦ ʥʘʡʪʠ, ʧʦʜʝʣʠʚ ʥʘʡʜʝʥʥʦʝ ʩʫʤʤʘʨʥʦʝ ʧʨʠʨʘʱʝʥʠʝ ʛʝʦʧʦʪʝʥʮʠʘʣʘ (ʝʛʦ 

ʠʥʪʝʛʨʘʣ) ʥʘ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ gʩʨ ʫʩʢʦʨʝʥʠʷ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ ʥʘ ʦʪʨʝʟʢʝ 

DB: 
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=                (3.12) 

 

ʅʦ ʪʦʛʜʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʳʩʦʪʳ ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ, ʢʘʢ ʠʟʤʝʥʷʝʪʩʷ g 

ʥʝ ʪʦʣʴʢʦ ʚʜʦʣʴ ʧʫʪʠ ʥʠʚʝʣʠʨʦʚʘʥʠʷ, ʥʦ ʠ ʚʜʦʣʴ ʚʝʨʪʠʢʘʣʴʥʦʡ ʣʠʥʠʠ DB, 

ʯʪʦʙʳ  ʤʦʞʥʦ ʙʳʣʦ ʦʧʨʝʜʝʣʠʪʴ gcp. 

ʂ ʩʦʞʘʣʝʥʠʶ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠʟʤʝʨʠʪʴ g ʚʥʫʪʨʠ  ɿʝʤʣʠ ʧʦʜ ʝʝ 

ʧʦʚʝʨʭʥʦʩʪʴʶ ʬʠʟʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʦ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʘ ʩʫʰʝ ʥʝʚʦʟʤʦʞʥʦ 

ʦʧʨʝʜʝʣʠʪʴ   ʦʨʪʦʤʝʪʨʠʯʝʩʢʫʶ ʚʳʩʦʪʫ. 

ʂʚʘʟʠʛʝʦʠʜ. ʅʦ ʫʯʝʥʳʝ ʚʳʰʣʠ ʠ ʠʟ ʵʪʦʛʦ ʧʦʣʦʞʝʥʠʷ. ɺ XVI II  ʚʝʢʝ 

ɸ.ʂʣʝʨʦ ʚʳʚʝʣ ʫʨʘʚʥʝʥʠʝ, ʧʦ ʢʦʪʦʨʦʤʫ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʫʩʢʦʨʝʥʠʝ 

ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ g ʚ ʣʶʙʦʡ ʪʦʯʢʝ ʠʜʝʘʣʴʥʦʛʦ ʦʜʥʦʨʦʜʥʦʛʦ ʵʣʣʠʧʩʦʠʜʘ ʩ 

ʫʯʝʪʦʤ ʝʛʦ ʚʨʘʱʝʥʠʷ: 

 

g = ge(1+b sin
2
B),                (3.13) 
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ge - ʫʩʢʦʨʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ ʥʘ ʵʢʚʘʪʦʨʝ ʵʣʣʠʧʩʦʠʜʘ; 

B - ʛʝʦʜʝʟʠʯʝʩʢʘʷ ʰʠʨʦʪʘ ʪʦʯʢʠ ʥʘ ʵʣʣʠʧʩʦʠʜʝ; 

a - ʩʞʘʪʠʝ ʵʣʣʠʧʩʦʠʜʘ; 

a - ʙʦʣʴʰʘʷ ʧʦʣʫʦʩʴ ʵʣʣʠʧʩʦʠʜʘ; 

ɤ - ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʵʣʣʠʧʩʦʠʜʘ. 

ʕʪʦ ʫʨʘʚʥʝʥʠʝ ʧʦʣʫʯʝʥʦ ʯʠʩʪʦ ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʠ ʦʪʥʦʩʠʪʩʷ ʢ 

ʘʙʩʪʨʘʢʪʥʦʤʫ ʵʣʣʠʧʩʦʠʜʫ. ʈʝʘʣʴʥʘʷ ʞʝ ɿʝʤʣʷ ʥʝʦʜʥʦʨʦʜʥʘ ʠ ʠʤʝʝʪ 

ʥʝʧʨʘʚʠʣʴʥʫʶ ʬʦʨʤʫ. ʇʦʵʪʦʤʫ ʨʘʩʩʯʠʪʘʥʥʳʝ ʧʦ ʫʨʘʚʥʝʥʠʶ ʂʣʝʨʦ ʟʥʘʯʝʥʠʷ  

g ʥʝ ʙʫʜʫʪ ʩʦʚʧʘʜʘʪʴ ʩ ʨʝʘʣʴʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ g ʚ ʨʘʟʥʳʭ ʪʦʯʢʘʭ ʧʣʘʥʝʪʳ. 

ʅʦ ʥʘ ʦʩʥʦʚʝ ʫʨʘʚʥʝʥʠʷ ʂʣʝʨʦ ʤʦʞʥʦ ʨʝʰʠʪʴ ʠ ʦʙʨʘʪʥʫʶ ʟʘʜʘʯʫ ï 

ʠʟʤʝʨʠʪʴ ʚ ʨʘʟʥʳʭ ʪʦʯʢʘʭ ɿʝʤʣʠ ʤʥʦʞʝʩʪʚʦ ʟʥʘʯʝʥʠʡ g  ʠ ʧʦʜʦʙʨʘʪʴ ʪʘʢʫʶ 

ʬʦʨʤʫ ʠ ʨʘʟʤʝʨ ʘʙʩʪʨʘʢʪʥʦʛʦ ʵʣʣʠʧʩʦʠʜʘ (a ʠ a), ʯʪʦʙʳ ʨʘʩʯʝʪʥʳʝ ʟʥʘʯʝʥʠʷ 

g  ʧʦ ʫʨʘʚʥʝʥʠʶ ʂʣʝʨʦ ʢʘʢ ʤʦʞʥʦ ʙʣʠʞʝ ʩʦʚʧʘʜʘʣʠ ʩ ʠʟʤʝʨʝʥʥʳʤʠ ʥʘ 

ʨʝʘʣʴʥʦʡ ɿʝʤʣʝ. ʊʘʢʦʡ ʧʦʜʦʙʨʘʥʥʳʡ ʵʣʣʠʧʩʦʠʜ ʥʘʟʳʚʘʝʪʩʷ ʥʦʨʤʘʣʴʥʦʡ 

ɿʝʤʣʝʡ. ʄʦʞʥʦ ʩʯʠʪʘʪʴ, ʯʪʦ  ʦʥ ʘʧʧʨʦʢʩʠʤʠʨʫʝʪ ʨʝʘʣʴʥʫʶ ɿʝʤʣʶ, ʥʦ ʥʝ ʩ 

ʪʦʯʢʠ ʟʨʝʥʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʙʣʠʟʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ, ʘ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʛʨʘʚʠʪʘʮʠʠ.  
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ʉʠʣʘ ʪʷʞʝʩʪʠ  ʥʘ ʪʘʢʦʡ ʥʦʨʤʘʣʴʥʦʡ ɿʝʤʣʝ ʚ ʣʶʙʦʡ ʪʦʯʢʝ ʤʦʞʝʪ ʙʳʪʴ 

ʚʳʯʠʩʣʝʥʘ ʧʦ ʫʨʘʚʥʝʥʠʶ ʂʣʝʨʦ ʠ ʥʘʟʳʚʘʝʪʩʷ ʥʦʨʤʘʣʴʥʦʡ ʩʠʣʦʡ ʪʷʞʝʩʪʠ. 

ʌʘʢʪʠʯʝʩʢʘʷ ʞʝ ʩʠʣʘ ʪʷʞʝʩʪʠ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʥʦʨʤʘʣʴʥʦʡ ʚ ʦʩʥʦʚʥʦʤ ʟʘ ʩʯʝʪ 

ʨʝʛʠʦʥʘʣʴʥʳʭ ʠ ʤʝʩʪʥʳʭ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʘʥʦʤʘʣʠʡ. 

ʄ.ʉ.ʄʦʣʦʜʝʥʩʢʠʡ ʧʨʝʜʣʦʞʠʣ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʤʝʩʪʦ ʥʝʠʟʚʝʩʪʥʦʛʦ 

ʬʘʢʪʠʯʝʩʢʦʛʦ  ʟʥʘʯʝʥʠ ̫ gcp ʥʘ ʦʪʨʝʟʢʝ DB, ʟʥʘʯʝʥʠʝ, ʨʘʩʩʯʠʪʘʥʥʦʝ ʜʣʷ 

ʥʦʨʤʘʣʴʥʦʡ ʩʠʣʳ ʪʷʞʝʩʪʠ. ʇʦʜʩʪʘʚʠʚ ʝʛʦ ʚ ʬʦʨʤʫʣʫ (3.12), ʧʦʣʫʯʠʤ ʚʳʩʦʪʫ 

HDB , ʢʦʪʦʨʘʷ ʥʘʟʳʚʘʝʪʩʷ ʥʦʨʤʘʣʴʥʦʡ ʚʳʩʦʪʦʡ. ʆʥʘ ʥʝ ʩʦʚʧʘʜʘʝʪ ʩ 

ʦʨʪʦʤʝʪʨʠʯʝʩʢʦʡ. ɽʩʣʠ  ʦʪʣʦʞʠʪʴ ʚʥʠʟ ʦʪ ʪʦʯʢʠ ɺ ʥʦʨʤʘʣʴʥʫʶ ʚʳʩʦʪʫ, 

ʧʦʣʫʯʠʤ ʫʨʦʚʝʥʴ, ʥʘʟʳʚʘʝʤʳʡ ʫʨʦʚʥʝʤ ʢʚʘʟʠʛʝʦʠʜʘ. 

ɺ ʤʦʨʷʭ ʠ ʦʢʝʘʥʘʭ, ʛʜʝ ʥʝʪ ʧʨʦʙʣʝʤʳ ʩ ʦʧʨʝʜʝʣʝʥʠʝʤ gcp , ʫʨʦʚʥʠ 

ʛʝʦʠʜʘ ʠ ʢʚʘʟʠʛʝʦʠʜʘ ʩʦʚʧʘʜʘʶʪ. ʅʘ ʩʫʰʝ ʚ ʨʘʚʥʠʥʥʦʡ ʤʝʩʪʥʦʩʪʠ ʵʪʠ ʫʨʦʚʥʠ, 

ʢʘʢ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʤʦʛʫʪ ʨʘʩʭʦʜʠʪʴʩʷ ʜʦ 20-30 ʩʤ, ʘ ʚ ʛʦʨʥʦʡ ʤʝʩʪʥʦʩʪʠ ʜʦ 

2-3 ʤ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʚʝʨʭʥʦʩʪʴ ʢʚʘʟʠʛʝʦʠʜʘ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʛʝʦʠʜʘ, ʤʦʞʝʪ 

ʙʳʪʴ ʦʜʥʦʟʥʘʯʥʦ ʦʧʨʝʜʝʣʝʥʘ ʠ ʥʘ ʩʫʰʝ, ʧʦʵʪʦʤʫ ʠʤʝʥʥʦ ʦʥʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ 

ʢʘʯʝʩʪʚʝ ʥʘʯʘʣʘ ʦʪʩʯʝʪʘ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʚʳʩʦʪ.  

ɹʘʣʪʠʡʩʢʘʷ ʩʠʩʪʝʤʘ ʚʳʩʦʪ. ɺʳʩʦʪʘ, ʠʟʤʝʨʝʥʥʘʷ ʦʪ ʫʨʦʚʥʷ 

ʢʚʘʟʠʛʝʦʠʜʘ, ʥʘʟʳʚʘʝʪʩʷ ʥʦʨʤʘʣʴʥʦʡ ʚʳʩʦʪʦʡ, ʘ ʚ ʥʘʚʠʛʘʮʠʠ ʝʝ ʥʘʟʳʚʘʶʪ 

ʘʙʩʦʣʶʪʥʦʡ ʚʳʩʦʪʦʡ. ɺʧʨʦʯʝʤ, ʫʯʠʪʳʚʘʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʨʘʩʭʦʞʜʝʥʠʝ 

ʛʝʦʠʜʘ ʠ ʢʚʘʟʠʛʝʦʠʜʘ, ʠʤ ʯʘʩʪʦ ʧʨʝʥʝʙʨʝʛʘʶʪ ʠ ʩʯʠʪʘʶʪ, ʯʪʦ ʘʙʩʦʣʶʪʥʘʷ 

ʚʳʩʦʪʘ ʦʪʩʯʠʪʳʚʘʝʪʩʷ ʦʪ ʛʝʦʠʜʘ. ɺ ʥʘʚʠʛʘʮʠʠ ʫʨʦʚʝʥʴ ʛʝʦʠʜʘ (ʢʚʘʟʠʛʝʦʠʜʘ) 

ʥʘʟʳʚʘʶʪ ʩʨʝʜʥʠʤ ʫʨʦʚʥʝʤ ʤʦʨʷ (MSL ï mean sea level). 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʜ ʩʨʝʜʥʠʤ ʫʨʦʚʥʝʤ ʤʦʨʷ MSL  ʧʦʥʠʤʘʶʪ 

ʠʤʝʥʥʦ ʵʢʚʠʧʦʪʝʥʮʠʘʣʴʥʫʶ (ʫʨʦʚʝʥʥʫʶ) ʧʦʚʝʨʭʥʦʩʪʴ, ʢʦʪʦʨʘʷ ʩʦʚʧʘʜʘʝʪ ʩ 

ʧʦʚʝʨʭʥʦʩʪʴʶ ʦʢʝʘʥʘ ʚ ʝʛʦ ʩʧʦʢʦʡʥʦʤ ʩʦʩʪʦʷʥʠʠ. ʅʦ ʢʘʢ ʦʧʨʝʜʝʣʠʪʴ 

ʧʦʣʦʞʝʥʠʝ ʵʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ? ʈʘʟʫʤʝʝʪʩʷ, ʥʫʞʥʦ ʚ ʢʘʢʦʤ-

ʣʠʙʦ ʤʝʩʪʝ ʤʥʦʛʦ ʣʝʪ ʧʨʦʚʦʜʠʪʴ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʬʘʢʪʠʯʝʩʢʠʤ ʫʨʦʚʥʝʤ ʤʦʨʷ ʠ 

ʦʩʨʝʜʥʠʪʴ ʝʛʦ, ʯʪʦʙʳ ʠʟʙʘʚʠʪʴʩʷ ʦʪ ʚʣʠʷʥʠʷ ʚʦʣʥ, ʧʨʠʣʠʚʦʚ ʠ ʦʪʣʠʚʦʚ. ʅʦ 

ʬʠʟʠʯʝʩʢʠʡ, ʨʝʘʣʴʥʳʡ ʩʨʝʜʥʠʡ ʫʨʦʚʝʥʴ ʤʦʨʷ,  ʦʧʨʝʜʝʣʝʥʥʳʡ ʧʦ 

ʤʥʦʛʦʣʝʪʥʠʤ ʥʘʙʣʶʜʝʥʠʷʤ, ʤʦʞʝʪ ʦʪʣʠʯʘʪʴʩʷ ʚ ʨʘʟʥʳʭ ʤʝʩʪʘʭ ʧʣʘʥʝʪʳ  ʠʟ-

ʟʘ ʨʘʟʣʠʯʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʩʦʣʝʥʦʩʪʠ ʤʦʨʩʢʦʡ ʚʦʜʳ, ʨʘʟʣʠʯʠʷ 

ʛʠʜʨʦʛʨʘʬʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ. ʇʦʵʪʦʤʫ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʧʨʝʜʝʣʝʥʥʳʝ ʚ 

ʨʘʟʥʳʭ ʩʪʨʘʥʘʭ ʩʨʝʜʥʠʝ ʫʨʦʚʥʠ ʤʦʨʝʡ ʤʦʛʫʪ ʨʘʟʣʠʯʘʪʴʩʷ, ʪʦ ʝʩʪʴ ʣʝʞʘʪʴ ʥʘ 

ʨʘʟʥʳʭ ʫʨʦʚʝʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʷʭ. 

ɺ ʈʦʩʩʠʠ ʨʝʛʫʣʷʨʥʳʝ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʫʨʦʚʥʝʤ ʤʦʨʷ ʙʳʣʠ ʥʘʯʘʪʳ ʚ 1703 

ʛʦʜʫ ʧʦ ʫʢʘʟʘʥʠʶ ʇʝʪʨʘ ʇʝʨʚʦʛʦ ʚ ʚʦʝʥʥʦ-ʤʦʨʩʢʦʡ ʢʨʝʧʦʩʪʠ ʂʨʦʥʰʪʘʜʪ (ʦ. 

ʂʦʪʣʠʥ ʚ ʌʠʥʩʢʦʤ ʟʘʣʠʚʝ ɹʘʣʪʠʡʩʢʦʛʦ ʤʦʨʷ). ʂ ʩʦʞʘʣʝʥʠʶ, ʜʘʥʥʳʝ ʪʝʭ ʣʝʪ 

ʙʳʣʠ ʫʪʝʨʷʥʳ. ʅʦ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʟʤʝʨʝʥʠʡ, ʧʨʦʚʝʜʝʥʥʳʭ ʚ 1825-1840 ʛʛ., 

ʙʳʣ ʦʧʨʝʜʝʣʝʥ ʩʨʝʜʥʠʡ ʫʨʦʚʝʥʴ ɹʘʣʪʠʡʩʢʦʛʦ ʤʦʨʷ ʠ ʟʘʢʨʝʧʣʝʥ ʚ ʚʠʜʝ çʥʫʣʷ 

ʂʨʦʥʰʪʘʜʪʩʢʦʛʦ ʬʫʪʰʪʦʢʘè. ʌʫʪʰʪʦʢ ï ʵʪʦ ʚʦʜʦʤʝʨʥʘʷ ʨʝʡʢʘ ʩ ʜʝʣʝʥʠʷʤʠ, 

ʟʘʢʨʝʧʣʝʥʥʘʷ ʥʘ ʫʩʪʦʝ ʉʠʥʝʛʦ ʤʦʩʪʘ ʯʝʨʝʟ ʆʙʚʦʜʥʳʡ ʢʘʥʘʣ ʚ ʛ.ʂʨʦʥʰʪʘʜʪ. 

ʈʷʜʦʤ ʫʩʪʘʥʦʚʣʝʥʘ ʜʦʩʢʘ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʥʘʜʧʠʩʴʶ (ʨʠʩ. 3.14). 
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ʈʠʩ. 3.14. ʇʘʤʷʪʥʘʷ ʜʦʩʢʘ ʚʙʣʠʟʠ ʂʨʦʥʰʪʘʜʪʩʢʦʛʦ ʬʫʪʰʪʦʢʘ 

 

ɺ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʦʪ ʬʫʪʰʪʦʢʘ  ʥʘʭʦʜʠʪʩʷ  ʫʨʦʚʥʝʚʳʡ ʧʦʩʪ 

ï ʧʘʚʠʣʴʦʥ ʩ ʨʘʩʧʦʣʦʞʝʥʥʳʤ ʚʥʫʪʨʠ ʢʦʣʦʜʮʝʤ, ʢʦʪʦʨʳʡ ʩʦʝʜʠʥʷʝʪʩʷ ʩ 

ʆʙʚʦʜʥʳʤ ʢʘʥʘʣʦʤ (ʨʠʩ.3.15). ʈʘʩʧʦʣʦʞʝʥʥʳʝ ʚ ʥʝʤ ʧʨʠʙʦʨʳ ʥʝʧʨʝʨʳʚʥʦ 

ʨʝʛʠʩʪʨʠʨʫʶʪ ʫʨʦʚʝʥʴ ʤʦʨʷ. 

ʅʫʣʴ ʂʨʦʥʰʪʘʜʪʩʢʦʛʦ ʬʫʪʰʪʦʢʘ ʷʚʣʷʝʪʩʷ ʫʨʦʚʥʝʤ ʥʘʯʘʣʘ ʦʪʩʯʝʪʘ 

ʚʳʩʦʪ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ, ʯʝʨʝʟ ʥʝʛʦ ʧʨʦʭʦʜʠʪ ʛʝʦʠʜ. ʇʦʩʢʦʣʴʢʫ ʬʫʪʰʪʦʢ 

ʥʘʭʦʜʠʪʩʷ ʥʘ ʦʩʪʨʦʚʝ, ʥʘʯʠʥʘʪʴ ʦʪ ʥʝʛʦ ʥʠʚʝʣʠʨʦʚʘʥʠʝ ʥʝʫʜʦʙʥʦ. ʇʦʵʪʦʤʫ 

ʵʪʦʪ ʫʨʦʚʝʥʴ ʧʝʨʝʥʝʩʝʥ ʧʫʪʝʤ ʥʠʚʝʣʠʨʦʚʘʥʠʷ ʧʦ ʣʴʜʫ ʌʠʥʩʢʦʛʦ ʟʘʣʠʚʘ ʥʘ 

ʤʘʪʝʨʠʢ ʠ ʟʘʢʨʝʧʣʝʥ ʚ ʚʠʜʝ ʨʝʧʝʨʘ ʚ ʧʘʨʢʝ ʛ. ʃʦʤʦʥʦʩʦʚ (ʆʨʘʥʠʝʥʙʘʫʤ). ʆʪ 

ʵʪʦʛʦ ʨʝʧʝʨʘ ʠ ʧʨʦʜʦʣʞʘʣʦʩʴ ʥʠʚʝʣʠʨʦʚʘʥʠʝ ʧʦ ʚʩʝʡ ʪʝʨʨʠʪʦʨʠʠ ʩʪʨʘʥʳ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʚʳʩʦʪ ʨʝʣʴʝʬʘ ʤʝʩʪʥʦʩʪʠ. ʂʦʛʜʘ ʥʠʚʝʣʠʨʥʳʝ ʩʝʪʠ ʜʦʩʪʠʛʣʠ 

ʜʨʫʛʠʭ ʤʦʨʝʡ, ʢ ʫʜʠʚʣʝʥʠʶ ʛʝʦʜʝʟʠʩʪʦʚ ʦʢʘʟʘʣʦʩʴ, ʯʪʦ ʫʨʦʚʥʠ ʵʪʠʭ ʤʦʨʝʡ ʥʝ 

ʩʦʚʧʘʜʘʶʪ ʩ ʫʨʦʚʥʝʤ ɹʘʣʪʠʡʩʢʦʛʦ ʤʦʨʷ, ʪʦ ʝʩʪʴ ʥʘʭʦʜʷʪʩʷ ʥʘ ʜʨʫʛʠʭ 

ʫʨʦʚʝʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʷʭ. ʋʨʦʚʝʥʴ ʏʝʨʥʦʛʦ ʤʦʨʷ ʦʢʘʟʘʣʩʷ ʥʠʞʝ ʧʨʠʤʝʨʥʦ ʥʘ 

25 ʩʤ, ɹʝʣʦʛʦ ï ʥʘ 30 ʩʤ. ʋʨʦʚʝʥʴ ʊʠʭʦʛʦ ʦʢʝʘʥʘ ʚʦ ɺʣʘʜʠʚʦʩʪʦʢʝ ʥʠʞʝ ʥʘ 1 

ʤ, ʘ ʚ ʄʘʛʘʜʘʥʝ ï ʥʘ 52 ʩʤ. ʂʘʩʧʠʡʩʢʦʝ ʤʦʨʝ (ʥʘ ʩʘʤʦʤ ʜʝʣʝ ʵʪʦ ʦʟʝʨʦ) ʣʝʞʠʪ 

ʧʦʯʪʠ ʥʘ 29 ʤ ʥʠʞʝ ʫʨʦʚʥʷ ʂʨʦʥʰʪʘʜʪʩʢʦʛʦ ʬʫʪʰʪʦʢʘ. 
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ʈʠʩ. 3.15. ʇʘʚʠʣʴʦʥ ʫʨʦʚʥʝʚʦʛʦ ʧʦʩʪʘ 

 

ʉʠʩʪʝʤʘ ʦʪʩʯʝʪʘ ʚʳʩʦʪ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʥʫʣʝ ʂʨʦʥʰʪʘʜʪʩʢʦʛʦ ʬʫʪʰʪʦʢʘ, 

ʧʦʣʫʯʠʣʘ ʥʘʟʚʘʥʠʝ ɹʘʣʪʠʡʩʢʦʡ ʩʠʩʪʝʤʳ ʚʳʩʦʪ. ɺ ʜʨʫʛʠʭ ʩʪʨʘʥʘʭ ʫʨʦʚʝʥʴ 

ʥʘʯʘʣʘ ʦʪʩʯʝʪʘ ʚʳʩʦʪ ʤʦʞʝʪ ʙʳʪʴ ʜʨʫʛʠʤ, ʦʩʥʦʚʘʥʥʳʤ ʥʘ ʤʥʦʛʦʣʝʪʥʠʭ 

ʠʟʤʝʨʝʥʠʷʭ ʫʨʦʚʥʝʡ ʜʨʫʛʠʭ ʤʦʨʝʡ. 

 

 

3.5. ɸʩʪʨʦʥʦʤʠʯʝʩʢʠʝ ʢʦʦʨʜʠʥʘʪʳ 

 

ʇʦʩʢʦʣʴʢʫ ʛʝʦʜʝʟʠʯʝʩʢʠʝ ʰʠʨʦʪʘ ʠ ʜʦʣʛʦʪʘ ʩʚʷʟʘʥʳ ʩ ʥʦʨʤʘʣʴʶ ʢ 

ʧʦʚʝʨʭʥʦʩʪʠ ʵʣʣʠʧʩʦʠʜʘ, ʦʧʨʝʜʝʣʠʪʴ ʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʥʝʚʦʟʤʦʞʥʦ. ɺʝʜʴ 

ʠ ʵʣʣʠʧʩʦʠʜ, ʠ ʥʦʨʤʘʣʴ ʢ ʥʝʤʫ ʷʚʣʷʶʪʩʷ ʘʙʩʪʨʘʢʪʥʳʤʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤʠ 

ʧʦʥʷʪʠʷʤʠ ʠ ʥʠʢʘʢʦʡ ʧʨʠʙʦʨ ʥʝ ʤʦʞʝʪ ʦʧʨʝʜʝʣʠʪʴ, ʢʘʢ ʧʨʦʭʦʜʠʪ ʥʦʨʤʘʣʴ ʢ 

ʵʣʣʠʧʩʦʠʜʫ. ʇʦʵʪʦʤʫ ʥʘ ʩʘʤʦʤ ʜʝʣʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʧʨʝʜʝʣʷʶʪ ʪʘʢ 

ʥʘʟʳʚʘʝʤʳʝ ʘʩʪʨʦʥʦʤʠʯʝʩʢʠʝ ʰʠʨʦʪʫ ʠ ʜʦʣʛʦʪʫ.  

ɸʩʪʨʦʥʦʤʠʯʝʩʢʘʷ ʰʠʨʦʪʘ ï ʵʪʦ ʫʛʦʣ ʤʝʞʜʫ ʧʣʦʩʢʦʩʪʴʶ ʵʢʚʘʪʦʨʘ ʠ 

ʥʘʧʨʘʚʣʝʥʠʝʤ ʦʪʚʝʩʥʦʡ ʣʠʥʠʠ ʚ ʜʘʥʥʦʡ ʪʦʯʢʝ. 

ɸʩʪʨʦʥʦʤʠʯʝʩʢʘʷ ʜʦʣʛʦʪʘ ï ʜʚʫʛʨʘʥʥʳʡ ʫʛʦʣ ʤʝʞʜʫ ʧʣʦʩʢʦʩʪʴʶ 

ʥʘʯʘʣʴʥʦʛʦ ʤʝʨʠʜʠʘʥʘ ʠ ʧʣʦʩʢʦʩʪʴʶ ʘʩʪʨʦʥʦʤʠʯʝʩʢʦʛʦ ʤʝʨʠʜʠʘʥʘ ʜʘʥʥʦʡ 

ʪʦʯʢʠ. 

ʇʨʠ ʵʪʦʤ ʧʦʜ  ʧʣʦʩʢʦʩʪʴʶ ʘʩʪʨʦʥʦʤʠʯʝʩʢʦʛʦ ʤʝʨʠʜʠʘʥʘ ʧʦʥʠʤʘʝʪʩʷ 

ʧʣʦʩʢʦʩʪʴ, ʧʨʦʭʦʜʷʱʘʷ ʯʝʨʝʟ ʦʪʚʝʩʥʫʶ ʣʠʥʠʶ  ʠ ʧʘʨʘʣʣʝʣʴʥʘʷ ʦʩʠ ʚʨʘʱʝʥʠʷ 

ɿʝʤʣʠ. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʩʪʨʦʥʦʤʠʯʝʩʢʠʝ ʰʠʨʦʪʘ ʠ ʜʦʣʛʦʪʘ ʩʚʷʟʘʥʳ ʥʝ ʩ 

ʥʦʨʤʘʣʴʶ ʢ ʵʣʣʠʧʩʦʠʜʫ, ʘ ʩ ʦʪʚʝʩʥʦʡ ʣʠʥʠʝʡ. ɸ ʵʪʦ ʫʞʝ ʬʠʟʠʯʝʩʢʦʝ ʧʦʥʷʪʠʝ, 

ʧʦʩʢʦʣʴʢʫ ʥʘʧʨʘʚʣʝʥʠʝ ʦʪʚʝʩʥʦʡ ʣʠʥʠʠ ï ʵʪʦ ʥʘʧʨʘʚʣʝʥʠʝ ʩʠʣʳ ʪʷʞʝʩʪʠ, 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʝ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʛʝʦʠʜʘ. ɽʛʦ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ. 

ɸʩʪʨʦʥʦʤʠʯʝʩʢʠʝ ʢʦʦʨʜʠʥʘʪʳ ʧʫʥʢʪʦʚ ʠʟʤʝʨʷʶʪʩʷ ʧʦ ʥʘʙʣʶʜʝʥʠʷʤ 

ʥʝʙʝʩʥʳʭ ʩʚʝʪʠʣ ʩ ʧʦʤʦʱʴʶ ʘʩʪʨʦʥʦʤʠʯʝʩʢʠʭ ʧʨʠʙʦʨʦʚ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦ, ʪʦ ʝʩʪʴ ʧʦ ʫʨʦʚʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ 

ʦʪʚʝʩʥʦʡ ʣʠʥʠʠ. 

ʆʪʚʝʩʥʘʷ ʣʠʥʠʷ ʥʝ ʩʦʚʧʘʜʘʝʪ ʩ ʥʦʨʤʘʣʴʶ ʢ ʵʣʣʠʧʩʦʠʜʫ ʠ ʤʦʞʝʪ 

ʦʪʢʣʦʥʷʪʴʩʷ ʦʪ ʥʝʝ ʢʘʢ ʚ ʧʣʦʩʢʦʩʪʠ ʤʝʨʠʜʠʘʥʘ, ʪʘʢ ʠ ʚ ʧʣʦʩʢʦʩʪʠ ʧʝʨʚʦʛʦ 

ʚʝʨʪʠʢʘʣʘ. ɽʩʣʠ ʚ ʜʘʥʥʦʤ ʧʫʥʢʪʝ ʠʟʚʝʩʪʥʳ ʫʢʣʦʥʝʥʠʷ ʦʪʚʝʩʥʦʡ ʣʠʥʠʠ ʦʪ 

ʥʦʨʤʘʣʠ ʢ ʟʝʤʥʦʤʫ ʵʣʣʠʧʩʦʠʜʫ, ʪʦ ʤʦʞʥʦ ʣʝʛʢʦ ʦʧʨʝʜʝʣʠʪʴ ʠ ʛʝʦʜʝʟʠʯʝʩʢʠʝ 

ʢʦʦʨʜʠʥʘʪʳ ʧʫʥʢʪʘ. 

ɺ ʢʘʞʜʦʡ ʪʦʯʢʝ ʘʩʪʨʦʥʦʤʠʯʝʩʢʠʝ ʰʠʨʦʪʘ ʠ ʜʦʣʛʦʪʘ ʠʤʝʶʪ ʚʧʦʣʥʝ 

ʦʧʨʝʜʝʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ. ʅʦ ʛʦʚʦʨʠʪʴ ʦ ʩʠʩʪʝʤʝ ʘʩʪʨʦʥʦʤʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪ 

ʚʨʷʜ ʣʠ ʧʨʘʚʠʣʴʥʦ. ɽʩʣʠ ʥʘ ʛʝʦʠʜʝ ʧʨʦʚʝʩʪʠ ʣʠʥʠʠ ʩ ʦʜʠʥʘʢʦʚʳʤʠ 

ʘʩʪʨʦʥʦʤʠʯʝʩʢʠʤʠ ʰʠʨʦʪʘʤʠ ʠ ʜʦʣʛʦʪʘʤʠ (ʧʘʨʘʣʣʝʣʠ ʠ ʤʝʨʠʜʠʘʥʳ), ʪʦ ʦʥʠ 

ʙʫʜʫʪ ʥʝʧʨʘʚʠʣʴʥʳʤʠ ʢʨʠʚʳʤʠ, ʧʦʩʢʦʣʴʢʫ ʥʘʧʨʘʚʣʝʥʠʝ ʦʪʚʝʩʥʦʡ ʣʠʥʠʠ 

ʤʝʥʷʝʪʩʷ ʦʪ ʪʦʯʢʠ ʢ ʪʦʯʢʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʙʣʠʟʣʝʞʘʱʠʭ 

ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʤʘʩʩ. ʊʝʦʨʝʪʠʯʝʩʢʠ ʜʘʞʝ ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ, ʯʪʦ ʜʚʝ ʨʘʟʥʳʝ 

ʪʦʯʢʠ ʠʤʝʶʪ ʦʜʠʥʘʢʦʚʳʝ ʰʠʨʦʪʫ ʠ ʜʦʣʛʦʪʫ. 

 

 

3.6. ʄʥʦʛʦʦʙʨʘʟʠʝ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʢʦʦʨʜʠʥʘʪ 

 

ʅʘ ʢʘʨʪʘʭ ʠ ʚ ʜʦʢʫʤʝʥʪʘʭ ʘʵʨʦʥʘʚʠʛʘʮʠʦʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʚʩʝʛʜʘ 

ʧʨʠʚʝʜʝʥʳ ʰʠʨʦʪʳ ʠ ʜʦʣʛʦʪʳ ʚ ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ, ʟʘʜʘʥʥʦʡ 

ʥʘ ʵʣʣʠʧʩʦʠʜʝ, ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʝʤ ɿʝʤʣʶ. 

ɿʝʤʣʷ ʦʜʥʘ, ʥʦ ʤʦʞʥʦ ʧʦʜʦʙʨʘʪʴ ʤʥʦʛʦ ʵʣʣʠʧʩʦʠʜʦʚ, ʧʦ-ʨʘʟʥʦʤʫ 

ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʠʭ ʧʦʚʝʨʭʥʦʩʪʴ ʛʝʦʠʜʘ ʠ ʨʘʟʣʠʯʘʶʱʠʭʩʷ ʜʣʠʥʘʤʠ 

ʧʦʣʫʦʩʝʡ, ʩʞʘʪʠʝʤ, ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʠ ʦʨʠʝʥʪʘʮʠʝʡ ʚʥʫʪʨʠ ʛʝʦʠʜʘ. 

ʂʘʞʜʘʷ ʩʪʨʘʥʘ ʜʣʷ ʟʘʜʘʥʠʷ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʠ ʠʟʜʘʥʠʷ ʢʘʨʪ ʜʣʷ 

ʩʚʦʝʡ ʪʝʨʨʠʪʦʨʠʠ ʚʳʙʠʨʘʝʪ ʵʣʣʠʧʩʦʠʜ ʪʘʢʠʭ ʨʘʟʤʝʨʦʚ ʠ ʪʘʢʦʡ ʬʦʨʤʳ, ʯʪʦʙʳ 

ʦʥ ʢʘʢ ʤʦʞʥʦ ʙʣʠʞʝ ʧʦʜʭʦʜʠʣ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʛʝʦʠʜʘ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʜʘʥʥʦʡ 

ʩʪʨʘʥʳ. ʕʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩ ʤʠʥʠʤʘʣʴʥʳʤʠ ʧʦʛʨʝʰʥʦʩʪʷʤʠ ʧʝʨʝʥʝʩʪʠ 

ʪʦʯʢʠ ʩ ʛʝʦʠʜʘ ʥʘ ʵʣʣʠʧʩʦʠʜ, ʯʪʦʙʳ ʟʘʪʝʤ çʨʘʟʚʝʨʥʫʪʴè ʝʛʦ ʥʘ ʧʣʦʩʢʦʩʪʴ 

(ʢʘʨʪʫ). 

ʇʨʠ ʵʪʦʤ ʚ ʜʨʫʛʠʭ ʨʝʛʠʦʥʘʭ ʟʝʤʥʦʛʦ ʰʘʨʘ ʨʘʩʭʦʞʜʝʥʠʝ ʵʣʣʠʧʩʦʠʜʘ ʠ 

ʛʝʦʠʜʘ ʧʦ ʚʳʩʦʪʝ ʤʦʞʝʪ ʙʳʪʴ ʟʥʘʯʠʪʝʣʴʥʳʤ ʠ ʜʦʩʪʠʛʘʪʴ ʩʦʪʝʥ ʤʝʪʨʦʚ.  

ʇʨʝʞʜʝ ʯʝʤ ʧʦʜʦʙʨʘʪʴ ʧʘʨʘʤʝʪʨʳ ʵʣʣʠʧʩʦʠʜʘ, ʧʨʦʚʦʜʷʪ ʛʝʦʜʝʟʠʯʝʩʢʫʶ 

ʩʲʝʤʢʫ, ʯʪʦʙʳ ʠʟʫʯʠʪʴ ʬʦʨʤʫ ʛʝʦʠʜʘ ʥʘ ʜʘʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ. 
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ʆʙʳʯʥʦ ʵʣʣʠʧʩʦʠʜʫ ʧʨʠʩʚʘʠʚʘʶʪ ʥʘʟʚʘʥʠʝ, ʩʦʩʪʦʷʱʝʝ ʠʟ ʬʘʤʠʣʠʠ 

ʧʨʝʜʣʦʞʠʚʰʝʛʦ ʝʛʦ ʫʯʝʥʦʛʦ ʠ ʛʦʜʘ, ʢʦʛʜʘ ʦʥ ʙʳʣ ʚʚʝʜʝʥ. ʅʘʧʨʠʤʝʨ, 

ʵʣʣʠʧʩʦʠʜʳ ɼʝʣʘʤʙʝʨʘ-1800, ʂʣʘʨʢʘ-1880, ʍʝʡʬʦʨʜʘ-1909 ʠ ʪ.ʜ.  

ʉ  XIX  ʚʝʢʘ ʚ ʨʘʟʥʳʭ ʩʪʨʘʥʘʭ  ʧʦ ʤʝʨʝ ʧʦʷʚʣʝʥʠʷ ʥʦʚʳʭ ʜʘʥʥʳʭ 

ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʩʲʝʤʦʢ  ʙʳʣʠ ʧʨʝʜʣʦʞʝʥʳ ʩʦʪʥʠ ʨʘʟʣʠʯʥʳʭ ʵʣʣʠʧʩʦʠʜʦʚ. ʀʭ 

ʥʘʟʳʚʘʶʪ ʨʝʬʝʨʝʥʮ- ʵʣʣʠʧʩʦʠʜʘʤʠ ʦʪ ʘʥʛʣʠʡʩʢʦʛʦ to refer ( ʩʩʳʣʘʪʴʩʷ ʥʘ ʯʪʦ-

ʪʦ, ʦʪʥʦʩʠʪʴʩʷ ʢ ʯʝʤʫ-ʪʦ). ʀʥʦʛʜʘ ʵʪʦ ʧʝʨʝʚʦʜʷʪ ʢʘʢ çʵʣʣʠʧʩʦʠʜ ʦʪʥʝʩʝʥʠʷè ʚ 

ʪʦʤ ʩʤʳʩʣʝ, ʯʪʦ ʚʩʝ ʪʦʯʢʠ ʥʘ ʨʝʘʣʴʥʦʡ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʝʨʝʥʦʩʷʪ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʴ ʵʪʦʛʦ ʵʣʣʠʧʩʦʠʜʘ ʠ ʠʩʧʦʣʴʟʫʶʪ ʟʘʜʘʥʥʫʶ ʥʘ ʥʝʤ ʩʠʩʪʝʤʫ  

ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪ.  

ʏʘʩʪʦ ʨʘʩʧʦʣʦʞʝʥʠʝ ʨʝʬʝʨʝʥʮ- ʣɻʣʠʧʩʦʠʜʘ ʚ ʪʝʣʝ ʛʝʦʠʜʘ  ʟʘʜʘʶʪ ʩ 

ʧʦʤʦʱʴʶ ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ ʠʩʭʦʜʥʳʭ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʜʘʪ (ʦʪ ʘʥʛʣʠʡʩʢʦʛʦ data 

ï ʜʘʥʥʳʝ, ʚ ʝʜʠʥʩʪʚʝʥʥʦʤ ʯʠʩʣʝ ï datum). ɺ ʢʘʯʝʩʪʚʝ ʵʪʠʭ ʜʘʪ ʦʙʳʯʥʦ 

ʚʳʩʪʫʧʘʶʪ: 

- ʢʦʦʨʜʠʥʘʪʳ ʧʫʥʢʪʘ, ʧʨʠʥʷʪʦʛʦ ʟʘ ʠʩʭʦʜʥʳʡ, ʚ ʢʦʪʦʨʦʤ ʛʝʦʜʝʟʠʯʝʩʢʠʝ 

ʰʠʨʦʪʘ ʠ ʜʦʣʛʦʪʘ (ʥʘ ʵʣʣʠʧʩʦʠʜʝ) ʩʦʚʧʘʜʘʶʪ ʩ ʘʩʪʨʦʥʦʤʠʯʝʩʢʠʤʠ ʰʠʨʦʪʦʡ ʠ 

ʜʦʣʛʦʪʦʡ (ʥʘ ʛʝʦʠʜʝ) ʠʣʠ ʞʝ ʨʘʟʣʠʯʘʶʪʩʷ ʥʘ ʚʧʦʣʥʝ ʦʧʨʝʜʝʣʝʥʥʫʶ ʚʝʣʠʯʠʥʫ; 

- ʘʟʠʤʫʪ ʩ ʠʩʭʦʜʥʦʛʦ ʛʝʦʜʝʟʠʯʝʩʢʦʛʦ ʧʫʥʢʪʘ ʥʘ ʜʨʫʛʦʡ ʩʤʝʞʥʳʡ ʧʫʥʢʪ; 

- ʚʳʩʦʪʘ ʛʝʦʠʜʘ ʥʘʜ ʵʣʣʠʧʩʦʠʜʦʤ ʚ ʠʩʭʦʜʥʦʤ ʧʫʥʢʪʝ. 

ʅʘʧʨʘʚʣʝʥʠʝ ʤʘʣʦʡ ʦʩʠ ʵʣʣʠʧʩʦʠʜʘ ʦʙʳʯʥʦ ʚʳʙʠʨʘʶʪ ʩʦʚʧʘʜʘʶʱʠʤ 

ʠʣʠ ʦʯʝʥʴ ʙʣʠʟʢʠʤ ʢ ʥʘʧʨʘʚʣʝʥʠʶ ʦʩʠ ʚʨʘʱʝʥʠʷ ɿʝʤʣʠ. ʎʝʥʪʨ ʨʝʬʝʨʝʥʮ-

ʵʣʣʠʧʩʦʠʜʘ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝ ʩʦʚʧʘʜʘʝʪ ʩ ʮʝʥʪʨʦʤ ʤʘʩʩ ɿʝʤʣʠ. 

ɽʩʣʠ ʞʝ ʵʣʣʠʧʩʦʠʜ ʧʦʜʦʙʨʘʥ ʥʝ ʜʣʷ ʦʪʜʝʣʴʥʦʡ ʩʪʨʘʥʳ, ʘ ʜʣʷ ɿʝʤʣʠ ʚ 

ʮʝʣʦʤ (ʯʪʦʙʳ ʚ ʩʨʝʜʥʝʤ ʧʦʜʭʦʜʠʣ ʙʣʠʞʝ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʚʩʝʛʦ ʛʝʦʠʜʘ), ʪʦ ʝʛʦ 

ʥʘʟʳʚʘʶʪ ʦʙʱʝʟʝʤʥʳʤ ʵʣʣʠʧʩʦʠʜʦʤ. ʎʝʥʪʨ ʤʘʩʩ ʪʘʢʦʛʦ ʵʣʣʠʧʩʦʠʜʘ 

ʨʘʟʤʝʱʘʶʪ ʚ ʮʝʥʪʨʝ ʤʘʩʩ ʧʣʘʥʝʪʳ. 

 

 

3.7. ɻʝʦʜʝʟʠʯʝʩʢʠʝ ʩʝʪʠ 

 

ʏʪʦʙʳ ʧʦʜʦʙʨʘʪʴ ʵʣʣʠʧʩʦʠʜ, ʧʦʜʭʦʜʷʱʠʡ ʢ ʛʝʦʠʜʫ ʚ ʮʝʣʦʤ ʠʣʠ ʥʘ 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ, ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʬʦʨʤʫ ʛʝʦʠʜʘ ʥʘ ʜʘʥʥʦʡ 

ʪʝʨʨʠʪʦʨʠʠ. ɼʣʷ ʵʪʦʛʦ ʠʩʧʦʣʴʟʫʶʪ ʛʝʦʜʝʟʠʯʝʩʢʠʝ ʩʝʪʠ. 

ɻʝʦʜʝʟʠʯʝʩʢʘʷ ʩʝʪʴ ï ʵʪʦ ʩʦʚʦʢʫʧʥʦʩʪʴ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʧʫʥʢʪʦʚ, 

ʟʘʢʨʝʧʣʝʥʥʳʭ ʥʘ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʧʦʣʦʞʝʥʠʝ ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʝʥʦ ʚ 

ʦʙʱʝʡ ʜʣʷ ʥʠʭ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ.  

ɻʝʦʜʝʟʠʯʝʩʢʠʡ ʧʫʥʢʪ ʥʘ ʤʝʩʪʥʦʩʪʠ ʦʙʦʟʥʘʯʝʥ ʩʧʝʮʠʘʣʴʥʳʤ 

ʩʦʦʨʫʞʝʥʠʝʤ, ʢʦʪʦʨʦʝ ʩʦʩʪʦʠʪ ʠʟ ʧʦʜʟʝʤʥʦʡ ʠ ʥʘʨʫʞʥʦʡ ʯʘʩʪʝʡ. ʇʦʜʟʝʤʥʘʷ 

ʯʘʩʪʴ ʥʘʟʳʚʘʝʪʩʷ ʮʝʥʪʨʦʤ ʧʫʥʢʪʘ. ʀʤʝʥʥʦ ʦʥ ʷʚʣʷʝʪʩʷ ʥʦʩʠʪʝʣʝʤ 

ʢʦʦʨʜʠʥʘʪ, ʧʦʵʪʦʤʫ ʜʦʣʞʥʦ ʙʳʪʴ ʦʙʝʩʧʝʯʝʥʦ ʦʪʩʫʪʩʪʚʠʝ ʝʛʦ ʩʤʝʱʝʥʠʷ ʠ 

ʩʦʭʨʘʥʥʦʩʪʴ. ʋʩʪʨʦʡʩʪʚʦ ʝʛʦ ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʥʳʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʤʝʩʪʥʦʩʪʠ. ʅʘʧʨʠʤʝʨ, ʚ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʟʦʥʳ ʩʝʟʦʥʥʦʛʦ ʧʨʦʤʝʨʟʘʥʠʷ ʮʝʥʪʨ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʞʝʣʝʟʦʙʝʪʦʥʥʫʶ ʩʚʘʶ ʜʠʘʤʝʪʨʦʤ 20 ʩʤ, ʫʭʦʜʷʱʫʶ ʚ 
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ʟʝʤʣʶ ʥʘ ʛʣʫʙʠʥʫ ʜʦ 4 ʤʝʪʨʦʚ. ɺ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʮʝʥʪʨʘ (ʥʘ ʟʝʤʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ) ʟʘʢʨʝʧʣʝʥʘ ʯʫʛʫʥʥʘʷ ʤʘʨʢʘ, ʥʘ ʩʬʝʨʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʢʦʪʦʨʦʡ ʠʤʝʝʪʩʷ ʦʪʚʝʨʩʪʠʝ ʜʠʘʤʝʪʨʦʤ 2 ʤʤ ï ʪʘʢ ʥʘʟʳʚʘʝʤʘʷ ʤʝʪʢʘ 

(ʨʠʩ.3.16). ʀʤʝʥʥʦ ʢ ʤʝʪʢʝ ʠ ʦʪʥʦʩʷʪʩʷ ʢʦʦʨʜʠʥʘʪʳ, ʦʧʨʝʜʝʣʝʥʥʳʝ ʜʣʷ 

ʜʘʥʥʦʛʦ ʛʝʦʜʝʟʠʯʝʩʢʦʛʦ ʧʫʥʢʪʘ. ʅʘ ʤʘʨʢʝ ʠʤʝʝʪʩʷ ʦʪʣʠʪʘʷ ʚʤʝʩʪʝ ʩ ʥʝʡ 

ʥʘʜʧʠʩʴ, ʫʢʘʟʳʚʘʶʱʘʷ ʚʠʜ ʠ ʥʦʤʝʨ ʛʝʦʜʝʟʠʯʝʩʢʦʛʦ ʧʫʥʢʪʘ. ɽʩʣʠ ʧʫʥʢʪ 

ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʦʙʦʟʥʘʯʝʥʠʷ ʚʳʩʦʪʳ ʜʘʥʥʦʡ ʪʦʯʢʠ ʥʘʜ ʫʨʦʚʥʝʤ ʛʝʦʠʜʘ, ʪʦ 

ʝʩʪʴ ʚʭʦʜʠʪ ʚ ʩʝʪʴ ʥʠʚʝʣʠʨʦʚʘʥʠʷ, ʪʦ ʝʛʦ ʥʘʟʳʚʘʶʪ ʨʝʧʝʨʦʤ. ʈʷʜʦʤ ʩ ʮʝʥʪʨʦʤ 

(ʠʣʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʥʝʤ, ʝʩʣʠ ʦʥ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʪʫʧʘʝʪ ʥʘʜ ʟʝʤʣʝʡ)  

ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʯʫʛʫʥʥʘʷ ʪʘʙʣʠʯʢʘ ʩ ʥʘʜʧʠʩʴʶ çɻʝʦʜʝʟʠʯʝʩʢʠʡ ʧʫʥʢʪ. 

ʆʭʨʘʥʷʝʪʩʷ ʛʦʩʫʜʘʨʩʪʚʦʤè. 

 

 
 

ʈʠʩ.3.16. ʄʘʨʢʘ ʠ ʤʝʪʢʘ ʮʝʥʪʨʘ ʛʝʦʜʝʟʠʯʝʩʢʦʛʦ ʧʫʥʢʪʘ 

 

ʅʘʨʫʞʥʘʷ ʯʘʩʪʴ ʛʝʦʜʝʟʠʯʝʩʢʦʛʦ ʧʫʥʢʪʘ ʥʘʟʳʚʘʝʪʩʷ ʛʝʦʜʝʟʠʯʝʩʢʠʤ 

ʟʥʘʢʦʤ. 

ʀʩʧʦʣʴʟʫʶʪʩʷ ʟʥʘʢʠ  ʨʘʟʥʳʭ ʚʠʜʦʚ (ʪʫʨʳ, ʧʠʨʘʤʠʜʳ, ʧʨʦʩʪʳʝ ʠ 

ʩʣʦʞʥʳʝ ʩʠʛʥʘʣʳ) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʭʘʨʘʢʪʝʨʘ ʤʝʩʪʥʦʩʪʠ ʠ ʦʪ ʪʦʛʦ, 

ʥʘʩʢʦʣʴʢʦ ʚʳʩʦʢʦ ʥʝʦʙʭʦʜʠʤʦ ʧʦʜʥʷʪʴ ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʧʨʠʙʦʨ (ʥʘʧʨʠʤʝʨ, 

ʪʝʦʜʦʣʠʪ), ʯʪʦʙʳ ʟʘʚʠʟʠʨʦʚʘʪʴ ʩʦʩʝʜʥʠʡ ʟʥʘʢ. ʅʘʧʨʠʤʝʨ, ʝʩʣʠ ʪʨʝʙʫʝʤʘʷ 

ʚʳʩʦʪʘ ʫʩʪʘʥʦʚʢʠ ʧʨʠʙʦʨʘ ʩʦʩʪʘʚʣʷʝʪ ʥʝʩʢʦʣʴʢʦ ʤʝʪʨʦʚ, ʪʦ ʛʝʦʜʝʟʠʯʝʩʢʠʡ 

ʟʥʘʢ ʩʦʦʨʫʞʘʝʪʩʷ ʚ ʚʠʜʝ ʩʠʛʥʘʣʘ. ʇʨʦʩʪʦʡ ʩʠʛʥʘʣ (ʨʠʩ.3.17) ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ 

ʧʠʨʘʤʠʜ (ʚʳʰʝʢ), ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʦʜʥʘ ʚ ʜʨʫʛʦʡ. ʅʘ ʚʥʫʪʨʝʥʥʝʡ ʧʠʨʘʤʠʜʝ 

ʢʨʝʧʠʪʩʷ ʰʪʘʪʠʚ ʧʨʠʙʦʨʘ, ʘ ʥʘ ʚʥʝʰʥʝʡ ï ʧʣʦʱʘʜʢʘ, ʥʘ ʢʦʪʦʨʦʡ ʩʪʦʠʪ 

ʥʘʙʣʶʜʘʪʝʣʴ ʠ  ʥʘ ʢʦʪʦʨʦʡ ʩʚʝʨʭʫ ʢʨʝʧʠʪʩʷ ʚʠʟʠʨʥʘʷ ʮʝʣʴ, ʠʤʝʶʱʘʷ ʦʙʳʯʥʦ 

ʬʦʨʤʫ ʮʠʣʠʥʜʨʘ. ʀʤʝʥʥʦ ʝʝ ʚʠʟʠʨʫʶʪ ʩ ʧʦʤʦʱʴʶ ʪʝʦʜʦʣʠʪʘ ʩ ʩʦʩʝʜʥʝʛʦ 

ʛʝʦʜʝʟʠʯʝʩʢʦʛʦ ʧʫʥʢʪʘ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʪʨʠʘʥʛʫʣʷʮʠʠ. ʉʠʛʥʘʣ ʤʦʞʝʪ ʠʤʝʪʴ ʠ 

ʙʦʣʝʝ ʩʣʦʞʥʦʝ ʫʩʪʨʦʡʩʪʚʦ. ɺʳʩʦʪʘ ʩʠʛʥʘʣʘ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 55 ʤ ʠ ʩ ʥʝʛʦ 

ʤʦʞʥʦ ʚʠʟʠʨʦʚʘʪʴ ʛʝʦʜʝʟʠʯʝʩʢʠʝ ʧʫʥʢʪʳ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʜʦ 30-50 ʢʤ. 
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ɻʝʦʜʝʟʠʯʝʩʢʠʝ ʩʝʪʠ ʤʦʛʫʪ ʙʳʪʴ ʧʣʘʥʦʚʳʝ, ʥʠʚʝʣʠʨʥʳʝ, 

ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʝ. 

ʇʣʘʥʦʚʳʝ ʩʝʪʠ ʩʪʨʦʷʪʩʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʩʩʪʦʷʥʠʡ ʤʝʞʜʫ ʧʫʥʢʪʘʤʠ 

ʠ ʠʭ ʢʦʦʨʜʠʥʘʪ ʩ ʧʦʤʦʱʴʶ ʪʨʠʘʥʛʫʣʷʮʠʠ, ʧʦʣʠʛʦʥʦʤʝʪʨʠʠ ʠ ʜʨʫʛʠʭ ʤʝʪʦʜʦʚ, 

ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʚ ʛʝʦʜʝʟʠʠ.  

ʅʠʚʝʣʠʨʥʳʝ (ʚʳʩʦʪʥʳʝ) ʩʝʪʠ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʧʫʥʢʪʳ, ʜʣʷ ʢʦʪʦʨʳʭ 

ʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʦ ʦʧʨʝʜʝʣʝʥʘ ʠʭ ʚʳʩʦʪʘ ʥʘʜ ʫʨʦʚʥʝʤ ʢʚʘʟʠʛʝʦʠʜʘ. 

ɻʨʘʚʠʤʝʪʨʠʯʝʩʢʘʷ ʩʝʪʴ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʧʫʥʢʪʳ, ʚ ʢʦʪʦʨʳʭ ʩ 

ʥʘʠʚʳʩʰʝʡ ʪʦʯʥʦʩʪʴʶ ʦʧʨʝʜʝʣʝʥʦ ʫʩʢʦʨʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ. 

ʈʘʟʫʤʝʝʪʩʷ, ʠ ʢʦʦʨʜʠʥʘʪʳ ʵʪʠʭ ʧʫʥʢʪʦʚ ʜʦʣʞʥʳ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʳ ʜʦʩʪʘʪʦʯʥʦ 

ʪʦʯʥʦ. 

 
 

ʈʠʩ. 3.17.  ʇʨʦʩʪʦʡ ʩʠʛʥʘʣ 

 

ʆʜʠʥ ʠ ʪʦʪ ʞʝ ʛʝʦʜʝʟʠʯʝʩʢʠʡ ʧʫʥʢʪ ʤʦʞʝʪ ʧʨʠʥʘʜʣʝʞʘʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʧʣʘʥʦʚʦʡ, ʥʠʚʝʣʠʨʥʦʡ ʠ ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʦʡ ʩʝʪʷʤ. 

ɽʩʣʠ ʚ ʥʝʢʦʪʦʨʳʭ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʧʫʥʢʪʘʭ ʩʝʪʠ ʦʧʨʝʜʝʣʝʥʳ ʥʝ ʪʦʣʴʢʦ 

ʛʝʦʜʝʟʠʯʝʩʢʠʝ, ʥʦ ʠ ʘʩʪʨʦʥʦʤʠʯʝʩʢʠʝ ʢʦʦʨʜʠʥʘʪʳ (ʰʠʨʦʪʘ ʠ ʜʦʣʛʦʪʘ), ʪʦ 

ʪʘʢʠʝ ʩʝʪʠ ʥʘʟʳʚʘʶʪ ʘʩʪʨʦʥʦʤʦ-ʛʝʦʜʝʟʠʯʝʩʢʠʤʠ (ɸɻʉ). 

ɻʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʛʝʦʜʝʟʠʯʝʩʢʘʷ ʩʝʪʴ (ɻɻʉ) ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ 

ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʘʩʪʨʦʥʦʤʦ-ʛʝʦʜʝʟʠʯʝʩʢʠʝ ʩʝʪʠ 1 ʠ 2 ʢʣʘʩʩʦʚ, ʘ ʪʘʢʞʝ 

ʛʝʦʜʝʟʠʯʝʩʢʠʝ ʩʝʪʠ ʩʛʫʱʝʥʠʷ 3 ʠ 4 ʢʣʘʩʩʦʚ, ʨʘʟʣʠʯʘʶʱʠʝʩʷ ʛʝʦʤʝʪʨʠʝʡ 

ʧʦʩʪʨʦʝʥʠʷ ʠ ʪʦʯʥʦʩʪʴʶ. ʉʝʪʴ 1 ʢʣʘʩʩʘ ʦʙʨʘʟʦʚʘʥʘ ʨʷʜʘʤʠ ʪʨʠʘʥʛʫʣʷʮʠʠ, 

ʜʣʠʥʦʡ 200-250 ʢʤ, ʧʨʦʭʦʜʷʱʠʤʠ ʚʜʦʣʴ ʤʝʨʠʜʠʘʥʦʚ ʠ ʧʘʨʘʣʣʝʣʝʡ (ʨʠʩ.3.18). 

ɺ ʘʩʪʨʦʥʦʤʦ-ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʧʫʥʢʪʘʭ ʵʪʦʡ ʩʝʪʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʢʘʢ 

ʛʝʦʜʝʟʠʯʝʩʢʠʝ, ʪʘʢ ʠ ʘʩʪʨʦʥʦʤʠʯʝʩʢʠʝ ʢʦʦʨʜʠʥʘʪʳ.  ʈʷʜʳ ʪʨʠʘʥʛʫʣʷʮʠʠ 2 
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ʢʣʘʩʩʘ ʜʣʠʥʦʡ 100-120 ʢʤ ʟʘʧʦʣʥʷʶʪ ʪʝʨʨʠʪʦʨʠʠ ʤʝʞʜʫ ʨʷʜʘʤʠ 1 ʢʣʘʩʩʘ.  

ʉʝʪʠ 3 ʠ 4 ʢʣʘʩʩʦʚ ʩʛʫʱʘʶʪ ʜʦ ʥʝʦʙʭʦʜʠʤʦʡ ʧʣʦʪʥʦʩʪʠ ʩʝʪʠ 2 ʢʣʘʩʩʘ. 

ɺ ʩʝʪʷʭ 1 ʢʣʘʩʩʘ ʜʣʠʥʘ ʩʪʦʨʦʥʳ ʪʨʝʫʛʦʣʴʥʠʢʘ ʩʦʩʪʘʚʣʷʝʪ 20-25 ʢʤ, 

ʩʨʝʜʥʷʷ ʢʚʘʜʨʘʪʠʯʝʩʢʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʝʛʦ ʫʛʣʦʚ ï ʤʝʥʝʝ 1'', 

ʩʨʝʜʥʷʷ ʢʚʘʜʨʘʪʠʯʝʩʢʘʷ ʧʦʛʨʝʰʥʦʩʪʴ  ʚʟʘʠʤʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʩʤʝʞʥʳʭ 

ʧʫʥʢʪʦʚ ʥʝ ʧʨʝʚʳʰʘʝʪ ʥʝʩʢʦʣʴʢʠʭ ʩʘʥʪʠʤʝʪʨʦʚ. 

 

 
 

ʈʠʩ.3.18. ʉʪʨʫʢʪʫʨʘ ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʩʝʪʠ 

 

ʂʨʦʤʝ ʪʦʛʦ, ʚ ɻɻʉ ʚʢʣʶʯʝʥʳ ʥʝʢʦʪʦʨʳʝ ʧʫʥʢʪʳ ʢʦʩʤʠʯʝʩʢʦʡ 

ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʩʝʪʠ. ʕʪʘ ʩʝʪʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʛʣʦʙʘʣʴʥʦʝ ʛʝʦʜʝʟʠʯʝʩʢʦʝ 

ʧʦʩʪʨʦʝʥʠʝ, ʦʩʥʦʚʘʥʥʦʝ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʩʧʫʪʥʠʢʦʚ ɿʝʤʣʠ. 

ɺ ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʧʫʥʢʪʦʚ ʵʪʦʡ ʩʝʪʠ ʠʟʤʝʨʷʝʪʩʷ 

ʥʘʧʨʘʚʣʝʥʠʝ ʥʘ ʩʧʫʪʥʠʢ ʠ  ʫʜʘʣʝʥʠʝ ʜʦ ʥʝʛʦ. ʇʦ ʠʟʤʝʨʝʥʥʳʤ ʜʘʥʥʳʤ ʤʦʞʥʦ 

ʦʧʨʝʜʝʣʠʪʴ ʚʟʘʠʤʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʵʪʠʭ ʧʫʥʢʪʦʚ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ 

ʙʣʘʛʦʜʘʨʷ ʠʟʙʳʪʦʯʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ. ʂʦʩʤʠʯʝʩʢʠʝ ʛʝʦʜʝʟʠʯʝʩʢʠʝ ʩʝʪʠ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʩʚʷʟʠ ʤʝʞʜʫ ʦʪʜʝʣʴʥʳʤʠ ʛʝʦʜʝʟʠʯʝʩʢʠʤʠ 

ʩʠʩʪʝʤʘʤʠ, ʨʘʟʜʝʣʝʥʥʳʤʠ, ʥʘʧʨʠʤʝʨ, ʦʢʝʘʥʘʤʠ, ʚ ʢʦʪʦʨʳʭ ʪʨʘʜʠʮʠʦʥʥʘʷ 

ʪʨʠʘʥʛʫʣʷʮʠʷ, ʨʘʟʫʤʝʝʪʩʷ, ʥʝʚʦʟʤʦʞʥʘ. 

ʉʫʱʝʩʪʚʫʝʪ ʪʘʢʞʝ ʜʦʧʣʝʨʦʚʩʢʘʷ ʛʝʦʜʝʟʠʯʝʩʢʘʷ ʩʝʪʴ, ʚʢʣʶʯʘʶʱʘʷ ʚ 

ʩʝʙʷ 162 ʧʫʥʢʪʘ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʙʳʚʰʝʛʦ ʉʉʉʈ ʠ ʩʪʨʘʥ ɺʦʩʪʦʯʥʦʡ ɽʚʨʦʧʳ. 

ʂʦʦʨʜʠʥʘʪʳ ʧʫʥʢʪʦʚ ʵʪʦʡ ʩʝʪʠ ʦʧʨʝʜʝʣʷʣʠʩʴ  ʧʫʪʝʤ ʤʥʦʛʦʢʨʘʪʥʳʭ 
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ʠʟʤʝʨʝʥʠʡ, ʚʳʧʦʣʥʝʥʥʳʭ ʚ ʧʝʨʠʦʜ ʩ 1984 ʧʦ 1993 ʛʛ. ʩ ʧʦʤʦʱʴʶ 

ʩʧʫʪʥʠʢʦʚʦʡ ʥʘʚʠʛʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ çʊʨʘʥʟʠʪè (ʉʐɸ). ʕʪʦ ʧʝʨʚʘʷ 

ʥʘʚʠʛʘʮʠʦʥʥʘʷ ʩʧʫʪʥʠʢʦʚʘʷ ʩʠʩʪʝʤʘ, ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʚ ʥʘʯʘʣʝ 60-ʭ ʛʦʜʦʚ ʠ ʩ 

1967 ʛ. ʥʘʭʦʜʷʱʘʷʩʷ ʚ ʦʪʢʨʳʪʦʤ ʢʦʤʤʝʨʯʝʩʢʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ. ʇʨʠʥʮʠʧ ʝʝ 

ʜʝʡʩʪʚʠʷ ʦʩʥʦʚʘʥ ʥʘ ʵʬʬʝʢʪʝ ɼʦʧʣʝʨʘ, ʦʪʩʶʜʘ ʠ ʥʘʟʚʘʥʠʝ ʩʝʪʠ. ɺ ʉʉʉʈ 

ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʩʧʫʪʥʠʢʦʚʘʷ ʩʠʩʪʝʤʘ çʎʠʢʘʜʘè ʩ ʘʥʘʣʦʛʠʯʥʳʤ ʧʨʠʥʮʠʧʦʤ 

ʜʝʡʩʪʚʠʷ. 

ʃʶʙʳʝ ʠʟʤʝʨʝʥʠʷ, ʢʘʢʠʤʠ ʙʳ ʪʦʯʥʳʤʠ ʧʨʠʙʦʨʘʤʠ ʦʥʠ ʥʝ 

ʦʩʫʱʝʩʪʚʣʷʣʠʩʴ, ʩʦʜʝʨʞʘʪ ʧʦʛʨʝʰʥʦʩʪʠ. ʕʪʦ ʦʪʥʦʩʠʪʩʷ ʠ ʢ ʫʛʣʘʤ 

ʪʨʠʘʥʛʫʣʷʮʠʦʥʥʳʭ ʪʨʝʫʛʦʣʴʥʠʢʦʚ, ʠ ʢ ʠʭ ʩʪʦʨʦʥʘʤ. ʇʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʦʜʥʦʛʦ 

ʪʨʝʫʛʦʣʴʥʠʢʘ ʢ ʜʨʫʛʦʤʫ ʧʦʛʨʝʰʥʦʩʪʠ ʥʘʢʘʧʣʠʚʘʶʪʩʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʦʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ, ʥʘʧʨʠʤʝʨ, ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʛʝʦʜʝʟʠʯʝʩʢʠʤʠ ʧʫʥʢʪʘʤʠ, 

ʨʘʩʩʯʠʪʘʥʥʦʝ ʠʟ ʦʜʥʦʛʦ ʪʨʝʫʛʦʣʴʥʠʢʘ, ʥʝ ʩʦʚʧʘʜʘʝʪ ʩʦ ʟʥʘʯʝʥʠʝʤ, 

ʧʦʣʫʯʝʥʥʳʤ ʠʟ ʜʨʫʛʦʛʦ ʪʨʝʫʛʦʣʴʥʠʢʘ, ʩʤʝʞʥʦʛʦ ʩ ʧʝʨʚʳʤ. ʕʪʦ ʞʝ ʦʪʥʦʩʠʪʩʷ 

ʢʦ ʚʩʝʤ ʩʪʦʨʦʥʘʤ ʪʨʝʫʛʦʣʴʥʠʢʦʚ ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʩʝʪʠ, ʘ ʪʘʢʞʝ  ʢ ʫʛʣʘʤ ʠ  

ʢʦʦʨʜʠʥʘʪʘʤ ʧʫʥʢʪʦʚ.  

ʇʦʵʪʦʤʫ ʦʜʥʦʡ ʠʟ ʚʘʞʥʳʭ ʟʘʜʘʯ ʛʝʦʜʝʟʠʠ ʷʚʣʷʝʪʩʷ ʫʨʘʚʥʠʚʘʥʠʝ 

ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ. ɼʣʷ ʵʪʦʛʦ ʩʦʩʪʘʚʣʷʝʪʩʷ ʩʠʩʪʝʤʘ ʠʟ ʩʦʪʝʥ ʠ ʜʘʞʝ 

ʪʳʩʷʯ ʫʨʘʚʥʝʥʠʡ, ʚ ʢʦʪʦʨʳʭ ʥʝʠʟʚʝʩʪʥʳʤʠ ʷʚʣʷʶʪʩʷ ʩʪʦʨʦʥʳ ʠ ʫʛʣʳ 

ʪʨʝʫʛʦʣʴʥʠʢʦʚ. ʅʝʠʟʚʝʩʪʥʳʭ ʚ ʪʘʢʦʡ ʩʠʩʪʝʤʝ ʤʝʥʴʰʝ, ʯʝʤ ʫʨʘʚʥʝʥʠʡ, 

ʧʦʩʢʦʣʴʢʫ ʦʜʠʥ ʵʣʝʤʝʥʪ (ʥʘʧʨʠʤʝʨ, ʩʪʦʨʦʥʘ) ʤʦʞʝʪ ʚʭʦʜʠʪʴ ʚ ʜʚʘ 

ʪʨʝʫʛʦʣʴʥʠʢʘ. ʈʝʰʝʥʠʝ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʪʘʢʠʭ 

ʟʥʘʯʝʥʠʡ ʵʣʝʤʝʥʪʦʚ ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʩʝʪʠ (ʨʘʩʩʪʦʷʥʠʡ, ʫʛʣʦʚ), ʯʪʦʙʳ ʦʥʠ ʙʳʣʠ 

ʢʘʢ ʤʦʞʥʦ ʙʣʠʞʝ ʢ ʠʟʤʝʨʝʥʥʳʤ ʟʥʘʯʝʥʠʷʤ. ɼʣʷ ʵʪʦʛʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʪʦʜ 

ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʪʘʢʠʝ ʟʥʘʯʝʥʠʷ 

ʥʝʠʟʚʝʩʪʥʳʭ, ʯʪʦʙʳ ʩʫʤʤʘ ʢʚʘʜʨʘʪʦʚ ʠʭ ʦʪʢʣʦʥʝʥʠʡ ʦʪ ʠʟʤʝʨʝʥʥʳʭ ʟʥʘʯʝʥʠʡ 

ʙʳʣʘ ʤʠʥʠʤʘʣʴʥʦʡ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʜʦ ʧʦʷʚʣʝʥʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ 

ʨʝʰʝʥʠʝ ʪʘʢʠʭ ʩʠʩʪʝʤ ʫʨʘʚʥʝʥʠʡ ʙʳʣʦ ʥʝʧʨʦʩʪʦʡ ʟʘʜʘʯʝʡ. 

 

 

3.8. ɻʝʦʜʝʟʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ ʉʂ-42 

 

ɺ 30-ʝ ʛʦʜʳ ʍʍ ʚʝʢʘ ʚ  ʉʦʚʝʪʩʢʦʤ ʉʦʶʟʝ ʙʳʣʠ ʥʘʯʘʪʳ ʨʘʙʦʪʳ ʧʦ 

ʦʧʨʝʜʝʣʝʥʠʶ ʧʘʨʘʤʝʪʨʦʚ ʨʝʬʝʨʝʥʮ-ʵʣʣʠʧʩʦʠʜʘ, ʥʘʠʣʫʯʰʠʤ ʦʙʨʘʟʦʤ 

ʧʦʜʭʦʜʷʱʝʛʦ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʛʝʦʠʜʘ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʉʉʉʈ. ɼʣʷ ʵʪʦʛʦ ʥʫʞʥʦ 

ʙʳʣʦ ʧʨʦʚʝʩʪʠ ʛʝʦʜʝʟʠʯʝʩʢʫʶ ʩʲʝʤʢʫ ʪʝʨʨʠʪʦʨʠʠ ʩʪʨʘʥʳ. ʈʫʢʦʚʦʜʩʪʚʦ 

ʨʘʙʦʪʘʤʠ ʦʩʫʱʝʩʪʚʣʷʣʠ ʧʨʦʬʝʩʩʦʨ ʌʝʦʜʦʩʠʡ ʅʠʢʦʣʘʝʚʠʯ ʂʨʘʩʦʚʩʢʠʡ (1878-

1948) (ʨʠʩ. 3.19) ʠ ʝʛʦ ʫʯʝʥʠʢ ɸʣʝʢʩʘʥʜʨ ɸʣʝʢʩʘʥʜʨʦʚʠʯ ʀʟʦʪʦʚ (1907-1988). 

ɺʘʞʥʫʶ ʨʦʣʴ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʠʛʨʘʣ ʠ ʄʠʭʘʠʣ ʉʝʨʛʝʝʚʠʯ ʄʦʣʦʜʝʥʩʢʠʡ (1909-

1991). 

ɼʦ ʧʨʦʚʝʜʝʥʠʷ ʵʪʠʭ ʨʘʙʦʪ ʚ ʩʪʨʘʥʝ ʥʝ ʩʫʱʝʩʪʚʦʚʘʣʦ ʝʜʠʥʦʛʦ, 

ʦʬʠʮʠʘʣʴʥʦ ʧʨʠʥʷʪʦʛʦ ʨʝʬʝʨʝʮ-ʵʣʣʠʧʩʦʠʜʘ. ɼʣʷ ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʩʲʝʤʢʠ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʨʘʟʣʠʯʥʳʝ ʵʣʣʠʧʩʦʠʜʳ ï ʂʣʘʨʢʘ, ʍʝʡʬʦʨʜʘ, ɹʝʩʩʝʣʷ. 
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ʉ 1910 ʛ. ʥʦʤʠʥʘʣʴʥʳʤ ʠʩʭʦʜʥʳʤ ʧʫʥʢʪʦʤ ʘʩʪʨʦʥʦʤʦ-ʛʝʦʜʝʟʠʯʝʩʢʠʭ 

ʩʝʪʝʡ ʩʪʨʘʥʳ ʷʚʣʷʝʪʩʷ ʫʛʣʫʙʣʝʥʠʝ ʥʘ ʮʝʥʪʨʘʣʴʥʦʡ ʧʣʠʪʢʝ ʧʦʣʘ ʚ ʮʝʥʪʨʝ 

ʂʨʫʛʣʦʛʦ ʟʘʣʘ   ʛʣʘʚʥʦʛʦ ʟʜʘʥʠʷ ʇʫʣʢʦʚʩʢʦʡ ʘʩʪʨʦʥʦʤʠʯʝʩʢʦʡ ʦʙʩʝʨʚʘʪʦʨʠʠ 

ʧʦʜ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʦʤ (ʨʠʩ. 3.20). ɸʩʪʨʦʥʦʤʠʯʝʩʢʘʷ ʰʠʨʦʪʘ ʵʪʦʛʦ ʧʫʥʢʪʘ 

59Á46'18,71'' , ʘ ʜʦʣʛʦʪʘ 30Á19'38,40'' (ʧʦ ʫʪʦʯʥʝʥʥʳʤ ʜʘʥʥʳʤ ʥʘ 1975 ʛ.). 

ʇʦʩʢʦʣʴʢʫ ʮʝʥʪʨ ʂʨʫʛʣʦʛʦ ʟʘʣʘ, ʝʩʪʝʩʪʚʝʥʥʦ, ʥʝ ʷʚʣʷʣʩʷ ʧʫʥʢʪʦʤ 

ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʩʝʪʠ, ʦʥ ʙʳʣ çʧʨʠʚʷʟʘʥè ʢ ʛʝʦʜʝʟʠʯʝʩʢʦʤʫ ʧʫʥʢʪʫ çʉʠʛʥʘʣ ɸè 

ʉʘʙʣʠʥʩʢʦʡ ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʩʝʪʠ (ʥʘʟʚʘʥʘ ʧʦ ʥʘʠʤʝʥʦʚʘʥʠʶ ʥʘʩʝʣʝʥʥʦʛʦ 

ʧʫʥʢʪʘ ʉʘʙʣʠʥʦ ʧʦʜ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʦʤ). ʕʪʦʪ ʩʠʛʥʘʣ ʨʘʩʧʦʣʦʞʝʥ ʥʝ ʜʘʣʝʝ 

ʜʚʫʭʩʦʪ ʤʝʪʨʦʚ ʦʪ ʂʨʫʛʣʦʛʦ ʟʘʣʘ. 

 

 
 

ʈʠʩ.3.19. ʌ.ʅ.ʂʨʘʩʦʚʩʢʠʡ 

 

ʉ 1932 ʛ. ʇʫʣʢʦʚʩʢʘʷ ʛʝʦʜʝʟʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʨʘʩʧʨʦʩʪʨʘʥʷʣʘʩʴ ʥʘ 

ʚʦʩʪʦʢ ʠ ʜʦʩʪʠʛʣʘ ʂʨʘʩʥʦʷʨʩʢʘ, ʂʘʟʘʭʩʪʘʥʘ ʠ ʉʨʝʜʥʝʡ ɸʟʠʠ. ʆʜʥʦʚʨʝʤʝʥʥʦ 

ʧʨʦʚʦʜʠʣʠʩʴ ʨʘʙʦʪʳ ʠ ʚ ʚʦʩʪʦʯʥʳʭ ʨʘʡʦʥʘʭ ʩʪʨʘʥʳ. ʂ ʩʝʨʝʜʠʥʝ 30-ʭ ʛʦʜʦʚ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ʉʉʉʈ ʦʙʨʘʟʦʚʘʣʠʩʴ ʪʨʠ ʥʝʟʘʚʠʩʠʤʳʝ ʛʝʦʜʝʟʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ï 

ʇʫʣʢʦʚʩʢʘʷ, ʊʘʰʢʝʥʪʩʢʘʷ ʠ ʉʚʦʙʦʜʥʝʥʩʢʘʷ (ʧʦ ʥʘʠʤʝʥʦʚʘʥʠʶ ʛ. 

ʉʚʦʙʦʜʥʳʡ). ʆʥʠ ʩʦʟʜʘʚʘʣʠʩʴ ʥʘ ʦʩʥʦʚʝ ʵʣʣʠʧʩʦʠʜʘ ɹʝʩʩʝʣʷ 1841 ʛ., ʥʦ ʚ 

ʢʘʞʜʦʡ ʠʟ ʩʠʩʪʝʤ ʵʣʣʠʧʩʦʠʜ ʠʤʝʣ ʩʦʙʩʪʚʝʥʥʫʶ ʦʨʠʝʥʪʘʮʠʶ. ʕʪʦ ʧʨʠʚʦʜʠʣʦ 

ʢ ʪʦʤʫ, ʯʪʦ ʢʦʦʨʜʠʥʘʪʳ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʪʦʯʢʠ ʚ ʨʘʟʥʳʭ ʩʠʩʪʝʤʘʭ ʨʘʩʭʦʜʠʣʠʩʴ 

ʥʘ ʩʦʪʥʠ ʤʝʪʨʦʚ. ʊʨʝʙʦʚʘʣʦʩʴ ʧʨʦʠʟʚʝʩʪʠ ʫʨʘʚʥʠʚʘʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ 

ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʩʲʝʤʢʠ. ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ ʨʝʰʠʪʴ ʩʠʩʪʝʤʫ ʠʟ 484 

ʫʨʘʚʥʝʥʠʡ. ʇʨʠ ʵʪʦʤ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʪʘʢʞʝ ʜʘʥʥʳʝ ʧʦ ʉʐɸ ʠ ɿʘʧʘʜʥʦʡ 

ɽʚʨʦʧʝ. ɼʦ ʵʪʦʛʦ ʨʘʙʦʪ ʪʘʢʦʛʦ ʤʘʩʰʪʘʙʘ ʠ ʪʦʯʥʦʩʪʠ ʚ ʤʠʨʝ ʥʝ ʧʨʦʚʦʜʠʣʦʩʴ. 

 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʫʨʘʚʥʠʚʘʥʠʷ ʌ.ʅ.ʂʨʘʩʦʚʩʢʠʡ ʧʨʝʜʣʦʞʠʣ ʧʨʠʥʷʪʴ ʜʣʷ 

ʟʝʤʥʦʛʦ ʵʣʣʠʧʩʦʠʜʘ ʙʦʣʴʰʫʶ ʧʦʣʫʦʩʴ ʨʘʚʥʦʡ  6 378 245 ʤ, ʘ ʩʞʘʪʠʝ 1:298,3. 
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ɺ 1942 ʛ. ʵʪʠ ʧʘʨʘʤʝʪʨʳ ʙʳʣʠ ʫʪʚʝʨʞʜʝʥʳ. ɺʧʦʩʣʝʜʩʪʚʠʠ ʵʪʦʪ ʵʣʣʠʧʩʦʠʜ 

ʧʦʣʫʯʠʣ ʠʤʷ ʂʨʘʩʦʚʩʢʦʛʦ. 

ɺ 1943 ʛ. ʚʳʰʝʣ ʧʨʠʢʘʟ ɻʣʘʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʛʝʦʜʝʟʠʠ ʠ ʢʘʨʪʦʛʨʘʬʠʠ 

ʦʙ ʫʩʪʘʥʦʚʣʝʥʠʠ ʠʩʭʦʜʥʳʭ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʜʘʪ. ʀʩʭʦʜʥʳʤ ʧʫʥʢʪʦʤ 

ʫʩʪʘʥʦʚʣʝʥ ʮʝʥʪʨ ʂʨʫʛʣʦʛʦ ʟʘʣʘ ʇʫʣʢʦʚʩʢʦʡ ʦʙʩʝʨʚʘʪʦʨʠʠ, ʝʛʦ 

ʛʝʦʜʝʟʠʯʝʩʢʠʝ ʢʦʦʨʜʠʥʘʪʳ   B = 59Á46'18,55'';   L= 30Á19'42,09''. 

ɺʳʯʠʩʣʝʥʥʳʡ ʘʟʠʤʫʪ ʥʘ ʧʫʥʢʪ çɹʫʛʨʳè ʉʘʙʣʠʥʩʢʦʡ ʩʝʪʠ ʩʦʩʪʘʚʠʣ 121Á 

40' 38,79'' . ʊʝʤ ʩʘʤʳʤ ʙʳʣʘ ʟʘʜʘʥʘ ʦʨʠʝʥʪʘʮʠʷ ʵʣʣʠʧʩʦʠʜʘ ʂʨʘʩʦʚʩʢʦʛʦ. 

 

 
 

ʈʠʩ. 3.20. ʇʫʣʢʦʚʩʢʘʷ ʦʙʩʝʨʚʘʪʦʨʠʷ (ʜʦʚʦʝʥʥʳʡ ʩʥʠʤʦʢ) 

 

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʵʪʠ ʠʩʭʦʜʥʳʝ ʛʝʦʜʝʟʠʯʝʩʢʠʝ ʜʘʪʳ ʙʳʣʠ 

ʨʘʩʩʯʠʪʘʥʳ, ʘ ʥʝ ʧʦʣʫʯʝʥʳ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʲʝʤʢʠ, ʧʦʩʢʦʣʴʢʫ ʟʜʘʥʠʝ 

ʇʫʣʢʦʚʩʢʦʡ ʦʙʩʝʨʚʘʪʦʨʠʠ ʚʦ ʚʨʝʤʷ ʚʦʡʥʳ ʙʳʣʦ ʨʘʟʨʫʰʝʥʦ. ɼʘ ʠ ʩʘʤ 

ʠʩʭʦʜʥʳʡ ʧʫʥʢʪ ʥʘʭʦʜʠʣʩʷ ʚ ʵʪʦ ʚʨʝʤʷ ʥʘ ʪʝʨʨʠʪʦʨʠʠ, ʟʘʥʷʪʦʡ ʚʨʘʛʦʤ. 

ɺ ʵʪʦʤ ʞʝ ʧʨʠʢʘʟʝ ʦʪʤʝʯʘʣʦʩʴ, ʯʪʦ ʚ ʠʩʭʦʜʥʦʤ ʧʫʥʢʪʝ ʚʳʩʦʪʘ ʛʝʦʠʜʘ 

ʥʘʜ ʵʣʣʠʧʩʦʠʜʦʤ ʨʘʚʥʘ ʥʫʣʶ. ʂʦʥʝʯʥʦ, ʵʪʦ ʨʝʰʝʥʠʝ ʙʳʣʦ ʦʰʠʙʦʯʥʳʤ. ɺʝʜʴ 

ʧʦʣʦʞʝʥʠʝ ʵʣʣʠʧʩʦʠʜʘ ʥʫʞʥʦ ʙʳʣʦ ʧʦʜʦʙʨʘʪʴ ʪʘʢ, ʯʪʦʙʳ ʦʥ ʧʦʜʭʦʜʠʣ ʢʘʢ 

ʤʦʞʥʦ ʙʣʠʞʝ ʢ ʛʝʦʠʜʫ ʥʘ ʚʩʝʡ ʪʝʨʨʠʪʦʨʠʠ ʩʪʨʘʥʳ, ʘ ʥʝ ʩʦʚʧʘʜʘʣ ʩ ʥʠʤ 

ʠʤʝʥʥʦ ʚ ʇʫʣʢʦʚʦ. ɺʧʦʩʣʝʜʩʪʚʠʠ ʵʪʦ ʧʦʣʦʞʝʥʠʝ ʙʳʣʦ ʦʪʤʝʥʝʥʦ, ʥʦ ʦʥʦ ʜʦ 

ʩʠʭ ʧʦʨ ʫʧʦʤʠʥʘʝʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʫʯʝʙʥʠʢʘʭ. 

ʂ 1946 ʛ. ʫʨʘʚʥʠʚʘʥʠʝ ʘʩʪʨʦʥʦʤʦ-ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʩʝʪʠ ʙʳʣʦ ʟʘʚʝʨʰʝʥʦ ʠ 

ʙʳʣʦ ʧʨʠʥʷʪʦ ʇʦʩʪʘʥʦʚʣʝʥʠʝ ʉʦʚʝʪʘ ʄʠʥʠʩʪʨʦʚ ʉʉʉʈ ˉ 760 ʦʪ 7 ʘʧʨʝʣʷ 

1946 ʛ. çʆ ʚʚʝʜʝʥʠʠ ʝʜʠʥʦʡ ʩʠʩʪʝʤʳ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪ ʠ ʚʳʩʦʪ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ʉʉʉʈè. ʕʪʠʤ ʇʦʩʪʘʥʦʚʣʝʥʠʝʤ ʫʯʨʝʞʜʘʣʘʩʴ çʉʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ 

1942 ʛ (ʉʂ-42)è ʥʘ ʵʣʣʠʧʩʦʠʜʝ ʂʨʘʩʦʚʩʢʦʛʦ. ɿʘ ʠʩʭʦʜʥʳʡ ʧʫʥʢʪ ʧʨʠʥʠʤʘʣʦʩʴ 

ʇʫʣʢʦʚʦ, ʘ ʟʘ ʠʩʭʦʜʥʳʡ ʫʨʦʚʝʥʴ ʦʪʩʯʝʪʘ ʚʳʩʦʪ ï ʥʫʣʴ ʂʨʦʥʰʪʘʜʪʩʢʦʛʦ 

ʬʫʪʰʪʦʢʘ. 
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ʆʜʥʘʢʦ ʚ ʜʘʥʥʦʤ ʇʦʩʪʘʥʦʚʣʝʥʠʠ ʥʝ ʛʦʚʦʨʠʣʦʩʴ,  ʢʘʢʦʡ ʠʤʝʥʥʦ ʧʫʥʢʪ ʚ 

ʇʫʣʢʦʚʦ ʷʚʣʷʝʪʩʷ ʠʩʭʦʜʥʳʤ. ʎʝʥʪʨ ʂʨʫʛʣʦʛʦ ʟʘʣʘ ʜʣʷ ʵʪʦʡ ʮʝʣʠ ʥʝ ʦʯʝʥʴ 

ʫʜʦʙʝʥ, ʧʦʩʢʦʣʴʢʫ ʠʟ ʥʝʛʦ ʥʝʚʦʟʤʦʞʥʦ ʥʘʯʠʥʘʪʴ ʩʲʝʤʢʫ.  ʇʦʵʪʦʤʫ ʚ 1948 ʛ 

ʙʳʣʦ ʧʨʠʥʷʪʦ, ʯʪʦ ʠʩʭʦʜʥʳʤ ʧʫʥʢʪʦʤ ʪʨʠʘʥʛʫʣʷʮʠʠ ʉʉʉʈ ʷʚʣʷʝʪʩʷ  

ʛʝʦʜʝʟʠʯʝʩʢʠʡ ʧʫʥʢʪ çʉʠʛʥʘʣ ɸè ʉʘʙʣʠʥʩʢʦʡ ʩʝʪʠ ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ 

 

B = 59Á46'15,359''  ;     L = 30Á19'28,318''. 

 

ɸʟʠʤʫʪ ʩ ʧʫʥʢʪʘ çʉʠʛʥʘʣ ɸè ʥʘ ʧʫʥʢʪ çɹʫʛʨʳè     A = 121Á06'42,305''. 

ʀʤʝʥʥʦ ʚ ʵʪʦʡ ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʉʂ-42 ʥʘ ʵʣʣʠʧʩʦʠʜʝ 

ʂʨʘʩʦʚʩʢʦʛʦ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʜʝʩʷʪʠʣʝʪʠʡ ʫʢʘʟʳʚʘʶʪʩʷ ʰʠʨʦʪʳ ʠ ʜʦʣʛʦʪʳ ʥʘ 

ʢʘʨʪʘʭ ʠ ʚ ʜʦʢʫʤʝʥʪʘʭ ʘʵʨʦʥʘʚʠʛʘʮʠʦʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʥʘʰʝʡ ʩʪʨʘʥʳ. ɺ 

ʟʘʨʫʙʝʞʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʦʥʘ ʯʘʩʪʦ ʦʙʦʟʥʘʯʘʝʪʩʷ ʢʘʢ Pulkovo 42 ʠʣʠ SK-42. 

 

 

3.9. ʄʝʞʜʫʥʘʨʦʜʥʳʝ ʩʠʩʪʝʤʳ ʦʪʩʯʝʪʘ 

 

ʉʦʚʨʝʤʝʥʥʘʷ ʘʵʨʦʥʘʚʠʛʘʮʠʷ ʷʚʣʷʝʪʩʷ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʠ ʦʯʝʚʠʜʥʦ, ʯʪʦ 

ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʜʦʣʞʥʳ ʫʩʪʘʥʘʚʣʠʚʘʪʴʩʷ ʜʣʷ ʚʩʝʡ ɿʝʤʣʠ ʚ ʮʝʣʦʤ, ʘ ʥʝ 

ʪʘʢ, ʯʪʦʙʳ ʦʥʠ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʠ ʧʦʚʝʨʭʥʦʩʪʠ ʛʝʦʠʜʘ ʪʦʣʴʢʦ ʥʘ ʦʧʨʝʜʝʣʝʥʥʦʡ 

ʪʝʨʨʠʪʦʨʠʠ. 

ʄʝʞʜʫʥʘʨʦʜʥʳʝ ʛʝʦʜʝʟʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ  ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʩʥʦʚʘʥʳ 

ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʟʝʤʥʦʡ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ, ʢʦʪʦʨʘʷ ʧʨʠʥʷʪʘ ʚ 1988 ʛ.  ʕʪʘ 

ʩʠʩʪʝʤʘ  ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʙʘʟʠʨʫʶʱʝʡʩʷ ʚ ʇʘʨʠʞʝ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʩʣʫʞʙʦʡ 

ʚʨʘʱʝʥʠʷ ɿʝʤʣʠ (IERS ī International Earth Rotation and Reference Systems 

Service). ʕʪʘ ʦʨʛʘʥʠʟʘʮʠʷ ʦʪʚʝʯʘʝʪ ʟʘ ʦʮʝʥʢʫ ʧʘʨʘʤʝʪʨʦʚ ʚʨʘʱʝʥʠʷ ʠ 

ʢʦʦʨʜʠʥʘʪ ɿʝʤʣʠ, ʟʘ ʧʦʜʜʝʨʞʘʥʠʝ ʚʩʝʤʠʨʥʦʛʦ ʚʨʝʤʝʥʠ, ʩʪʘʥʜʘʨʪʥʳʭ 

ʥʝʙʝʩʥʦʡ (ICRS) ʠ ʟʝʤʥʦʡ (ITRS) ʩʠʩʪʝʤ ʦʪʩʯʝʪʘ. ʂʨʦʤʝ ʪʦʛʦ, ʦʨʛʘʥʠʟʘʮʠʷ 

ʦʪʚʝʪʩʪʚʝʥʥʘ ʟʘ ʜʦʙʘʚʣʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʩʝʢʫʥʜ ʢʦ ʚʨʝʤʝʥʠ UTC. ɼʦ 

1988 ʛ. ʘʥʘʣʦʛʠʯʥʳʝ ʬʫʥʢʮʠʠ ʚʳʧʦʣʥʷʣʘ ʦʨʛʘʥʠʟʘʮʠʷ ʩ ʜʨʫʛʠʤ ʥʘʟʚʘʥʠʝʤ ï 

ʄʝʞʜʫʥʘʨʦʜʥʦʝ ʙʶʨʦ ʚʨʝʤʝʥʠ (BIH ī Burau International de lôHeure). 

ʉʦʟʜʘʥʠʝ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʩʠʩʪʝʤʳ ʦʪʩʯʝʪʘ ʦʙʫʩʣʦʚʣʝʥʦ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʦʙʝʩʧʝʯʝʥʠʷ ʝʜʠʥʩʪʚʘ ʘʩʪʨʦʥʦʤʠʯʝʩʢʠʭ ʥʘʙʣʶʜʝʥʠʡ, 

ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʠ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʨʘʙʦʪ, ʥʘʙʣʶʜʝʥʠʡ ʟʘ ʩʧʫʪʥʠʢʘʤʠ. 

ʄʝʞʜʫʥʘʨʦʜʥʫʶ ʟʝʤʥʫʶ ʩʠʩʪʝʤʫ ʦʪʩʯʝʪʘ (ITRS ī International 

Terrestrial Reference System -) ʠʥʦʛʜʘ ʥʝʧʨʘʚʠʣʴʥʦ ʥʘʟʳʚʘʶʪ ʩʠʩʪʝʤʦʡ 

ʢʦʦʨʜʠʥʘʪ. ʆʥʘ, ʢʦʥʝʯʥʦ, ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ, ʥʦ ʵʪʦ  

ʦʙʳʯʥʘʷ ʠʟʚʝʩʪʥʘʷ ʠʟ ʤʘʪʝʤʘʪʠʢʠ ʧʨʷʤʦʫʛʦʣʴʥʘʷ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ OXYZ. 

ITRS ʞʝ ʧʦ ʩʫʪʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʦʩʪʦ ʥʘʙʦʨ ʤʝʞʜʫʥʘʨʦʜʥʳʭ  

ʩʦʛʣʘʰʝʥʠʡ (ʜʦʛʦʚʦʨʝʥʥʦʩʪʝʡ), ʦʧʨʝʜʝʣʷʶʱʠʭ ʧʦʨʷʜʦʢ ʦʪʩʯʝʪʘ 

ʧʨʷʤʦʫʛʦʣʴʥʳʭ ʢʦʦʨʜʠʥʘʪ ʠ ʚʨʝʤʝʥʠ: ʛʜʝ ʠʤʝʥʥʦ ʥʘʭʦʜʠʪʩʷ ʥʘʯʘʣʦ ʩʠʩʪʝʤʳ 

ʢʦʦʨʜʠʥʘʪ, ʢʫʜʘ ʥʘʧʨʘʚʣʝʥʳ ʝʝ ʦʩʠ  ʠ ʪ.ʜ. ʕʪʠ ʩʦʛʣʘʰʝʥʠʷ ʟʘʢʣʶʯʘʶʪʩʷ ʚ 

ʩʣʝʜʫʶʱʝʤ. 

http://ru.wikipedia.org/wiki/%D0%97%D0%B5%D0%BC%D0%BB%D1%8F
http://ru.wikipedia.org/wiki/ICRS
http://ru.wikipedia.org/wiki/ITRS
http://ru.wikipedia.org/wiki/%D0%94%D0%BE%D0%BF%D0%BE%D0%BB%D0%BD%D0%B8%D1%82%D0%B5%D0%BB%D1%8C%D0%BD%D1%8B%D0%B5_%D1%81%D0%B5%D0%BA%D1%83%D0%BD%D0%B4%D1%8B
http://ru.wikipedia.org/wiki/%D0%92%D1%81%D0%B5%D0%BC%D0%B8%D1%80%D0%BD%D0%BE%D0%B5_%D0%BA%D0%BE%D0%BE%D1%80%D0%B4%D0%B8%D0%BD%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%BD%D0%BE%D0%B5_%D0%B2%D1%80%D0%B5%D0%BC%D1%8F
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Cʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ ʚ ITRS ʷʚʣʷʝʪʩʷ ʛʝʦʮʝʥʪʨʠʯʝʩʢʦʡ, ʪʦ ʝʩʪʴ ʝʝ ʥʘʯʘʣʦ 

ʥʘʭʦʜʠʪʩʷ ʚ ʮʝʥʪʨʝ ʤʘʩʩ ɿʝʤʣʠ  (ʚʢʣʶʯʘʷ ʤʘʩʩʫ ʦʢʝʘʥʦʚ ʠ ʘʪʤʦʩʬʝʨʳ). ʆʩʴ Z  

ʥʘʧʨʘʚʣʝʥʘ ʚ ʦʧʦʨʥʳʡ ʧʦʣʶʩ (IRP ī IERS Reference Pole). ʕʪʦ ʪʦʯʢʘ, ʢʦʪʦʨʘʷ 

ʧʨʘʢʪʠʯʝʩʢʠ ʩʦʚʧʘʜʘʝʪ ʩʦ ʩʨʝʜʥʠʤ ʧʦʣʦʞʝʥʠʝʤ ʟʝʤʥʦʛʦ ʧʦʣʶʩʘ ʧʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʠʟʤʝʨʝʥʠʡ ʩ 1900 ʧʦ 1905 ʛʛ. 

ʆʩʴ X  ʣʝʞʠʪ ʚ ʧʣʦʩʢʦʩʪʠ ʦʧʦʨʥʦʛʦ ʤʝʨʠʜʠʘʥʘ (IRM ī IERS Reference 

Meridian). ʀʩʪʦʨʠʯʝʩʢʠ ʪʘʢ ʩʣʦʞʠʣʦʩʴ, ʯʪʦ ʵʪʦʪ ʤʝʨʠʜʠʘʥ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʥʘ 

5,31'' ʚʦʩʪʦʯʥʝʝ çʪʨʘʜʠʮʠʦʥʥʦʛʦè ɻʨʠʥʚʠʯʩʢʦʛʦ ʤʝʨʠʜʠʘʥʘ, ʧʨʦʭʦʜʷʱʝʛʦ 

ʯʝʨʝʟ ʧʘʩʩʘʞʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʦʙʩʝʨʚʘʪʦʨʠʠ. 

ʆʩʴ Y  ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘ ʢ ʜʚʫʤ ʦʩʪʘʣʴʥʳʤ ʦʩʷʤ. 

ɼʣʷ ʠʟʤʝʨʝʥʠʡ ʚ ITRS ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʠʩʪʝʤʘ ʉʀ, ʪʦ ʝʩʪʴ ʢʦʦʨʜʠʥʘʪʳ 

ʠʟʤʝʨʷʶʪʩʷ ʚ ʤʝʪʨʘʭ. ʐʢʘʣʦʡ ʢʦʦʨʜʠʥʘʪʥʦʛʦ ʚʨʝʤʝʥʠ ʣʦʢʘʣʴʥʦʡ 

ʛʝʦʮʝʥʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ ʰʢʘʣʘ TCG (Geocentric Coordinate Time), 

ʢʦʪʦʨʘʷ ʧʨʘʢʪʠʯʝʩʢʠ ʩʦʚʧʘʜʘʝʪ ʩ ʘʪʦʤʥʳʤ ʚʨʝʤʝʥʝʤ TAI. 

ʇʝʨʝʯʠʩʣʝʥʥʳʝ ʧʦʣʦʞʝʥʠʷ ʠ ʩʦʩʪʘʚʣʷʶʪ ITRS, ʥʦ ʦʥʠ  ʣʠʰʴ 

ʪʝʦʨʝʪʠʯʝʩʢʠ ʦʧʠʩʳʚʘʶʪ ʧʦʣʦʞʝʥʠʝ ʠ ʦʨʠʝʥʪʘʮʠʶ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ. ɸ 

ʢʘʢʠʤ ʦʙʨʘʟʦʤ ʦʧʨʝʜʝʣʠʪʴ ʢʦʦʨʜʠʥʘʪʳ ʢʘʢʦʛʦ-ʥʠʙʫʜʴ ʟʝʤʥʦʛʦ ʧʫʥʢʪʘ ʚ ʵʪʦʡ 

ʩʠʩʪʝʤʝ? ɺʝʜʴ ʥʝʚʦʟʤʦʞʥʦ ʠʟʤʝʨʠʪʴ ʝʛʦ ʫʜʘʣʝʥʠʝ ʦʪ ʦʩʠ ʚʨʘʱʝʥʠʷ ɿʝʤʣʠ, 

ʧʣʦʩʢʦʩʪʠ ʵʢʚʘʪʦʨʘ, ʮʝʥʪʨʘ ʤʘʩʩ ʧʣʘʥʝʪʳ. 

ʌʠʟʠʯʝʩʢʠ ITRS ʩʚʷʟʘʥʘ ʩ ɿʝʤʣʝʡ ʩ ʧʦʤʦʱʴʶ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʟʝʤʥʦʡ 

ʦʪʩʯʝʪʥʦʡ ʦʩʥʦʚʳ (ITRF ī International Terrestrial Reference Frame). ʕʪʦ 

ʧʦʥʷʪʠʝ ʪʘʢʞʝ ʯʘʩʪʦ ʥʝʧʨʘʚʠʣʴʥʦ  ʥʘʟʳʚʘʶʪ  ʩʠʩʪʝʤʦʡ ʢʦʦʨʜʠʥʘʪ. ʉʣʦʚʦ 

frame  ʧʝʨʝʚʦʜʠʪʩʷ ʢʘʢ ʢʘʨʢʘʩ, ʦʩʥʦʚʘ, ʥʘ ʢʦʪʦʨʦʡ ʯʪʦ-ʪʦ ʜʝʨʞʠʪʩʷ. ʀ ʚ 

ʜʘʥʥʦʤ ʩʣʫʯʘʝ ITRF ʷʚʣʷʝʪʩʷ ʪʝʤ çʢʘʨʢʘʩʦʤè, ʢʦʪʦʨʳʤ ʧʨʷʤʦʫʛʦʣʴʥʘʷ 

ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ çʧʨʠʢʨʝʧʣʝʥʘè ʢ ɿʝʤʣʝ.  

ITRF ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʚʠʜʝ ʥʘʙʦʨʘ ʧʨʷʤʦʫʛʦʣʴʥʳʭ ʢʦʦʨʜʠʥʘʪ (X,Y,Z)  

ʨʷʜʘ ʧʫʥʢʪʦʚ ʥʘ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʝʩʣʠ ʥʝʩʢʦʣʴʢʠʤ 

ʧʫʥʢʪʘʤ ʥʘ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠʧʠʩʘʪʴ ʢʦʥʢʨʝʪʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʦʨʜʠʥʘʪ 

X,Y,Z, ʪʦ ʪʝʤ ʩʘʤʳʤ ʠ ʙʫʜʝʪ ʟʘʜʘʥʦ, ʛʜʝ ʥʘʭʦʜʠʪʩʷ ʥʘʯʘʣʦ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ 

ʠ ʢʘʢ ʥʘʧʨʘʚʣʝʥʳ ʝʝ ʦʩʠ. 

ɺʟʘʠʤʥʳʝ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʵʪʠʤʠ ʧʫʥʢʪʘʤʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʩ 

ʤʠʣʣʠʤʝʪʨʦʚʦʡ ʪʦʯʥʦʩʪʴʶ ʩʘʤʳʤʠ ʨʘʟʥʳʤʠ ʤʝʪʦʜʘʤʠ. ʕʪʦ ʠ ʧʨʠʤʝʥʝʥʠʝ 

ʩʧʫʪʥʠʢʦʚʳʭ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ, ʠ ʨʘʜʠʦʠʥʪʝʨʬʝʨʝʥʦʤʝʪʨʠʷ ʩʦ 

ʩʚʝʨʭʜʣʠʥʥʦʡ ʙʘʟʦʡ, ʠ ʣʘʟʝʨʥʳʝ ʠʟʤʝʨʝʥʠʷ ʜʘʣʴʥʦʩʪʠ ʜʦ ʃʫʥʳ ʠ ʩʧʫʪʥʠʢʦʚ.   

ʊʘʢʘʷ ʚʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ ʧʦʟʚʦʣʷʝʪ ʜʘʞʝ ʦʪʩʣʝʞʠʚʘʪʴ  ʠʟʤʝʥʝʥʠʝ ʨʘʩʩʪʦʷʥʠʡ 

ʤʝʞʜʫ ʧʫʥʢʪʘʤʠ, ʚʳʟʚʘʥʥʦʝ ʧʝʨʝʤʝʱʝʥʠʝʤ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʧʣʠʪ ʨʘʟʥʳʭ 

ʢʦʥʪʠʥʝʥʪʦʚ. ɸ ʵʪʘ ʩʢʦʨʦʩʪʴ ʦʙʳʯʥʦ ʩʦʩʪʘʚʣʷʝʪ  ʥʝʩʢʦʣʴʢʦ ʤʠʣʣʠʤʝʪʨʦʚ ʚ 

ʛʦʜ. 

ʈʘʟʣʠʯʠʝ ʤʝʞʜʫ ITRS ʠ ITRF ʤʦʞʥʦ ʧʦʷʩʥʠʪʴ ʩʣʝʜʫʶʱʠʤ ʧʨʦʩʪʳʤ 

ʧʨʠʤʝʨʦʤ. ɼʦʧʫʩʪʠʤ, ʚʳ ʭʦʪʠʪʝ ʥʘʨʠʩʦʚʘʪʴ ʥʘ ʣʠʩʪʝ ʙʫʤʘʛʠ ʦʩʠ ʦʙʳʯʥʦʡ 

ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ OXY  ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʥʘʯʘʣʦ 

ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʨʘʩʧʦʣʘʛʘʣʦʩʴ ʚ ʮʝʥʪʨʝ ʣʠʩʪʘ, ʘ ʦʩʠ ʙʳʣʠ ʧʘʨʘʣʣʝʣʴʥʳ 

ʝʛʦ ʢʨʘʷʤ. ʕʪʠ ʪʨʝʙʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʘʥʘʣʦʛʦʤ ITRS.  
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ʅʦ ʢʘʢʠʤ ʦʙʨʘʟʦʤ ʧʨʘʢʪʠʯʝʩʢʠ ʦʧʨʝʜʝʣʠʪʴ ʮʝʥʪʨ ʣʠʩʪʘ? ʄʦʞʥʦ 

ʩʯʠʪʘʪʴ ʟʘ ʮʝʥʪʨ ʪʦʯʢʫ ʧʝʨʝʩʝʯʝʥʠʷ ʜʠʘʛʦʥʘʣʝʡ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʣʠʩʪʘ, ʘ 

ʤʦʞʥʦ ʠ ʪʦʯʢʫ ʧʝʨʝʩʝʯʝʥʠʷ ʣʠʥʠʡ, ʩʦʝʜʠʥʷʶʱʠʭ ʩʝʨʝʜʠʥʳ ʩʪʦʨʦʥ. ʕʪʠ 

ʪʦʯʢʠ ʩʦʚʧʘʜʫʪ, ʪʦʣʴʢʦ ʝʩʣʠ ʣʠʩʪ ʙʫʤʘʛʠ ʠʜʝʘʣʴʥʦ ʧʨʷʤʦʫʛʦʣʴʥʳʡ, ʯʪʦ, 

ʢʦʥʝʯʥʦ, ʥʝ ʪʘʢ. ɼʘ ʠ ʢʨʘʷ ʣʠʩʪʘ ʥʝ ʩʦʚʩʝʤ ʧʘʨʘʣʣʝʣʴʥʳ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʥʘʧʨʘʚʣʝʥʠʝ ʦʩʝʡ ʢʦʦʨʜʠʥʘʪ ʪʘʢʞʝ ʥʝʦʜʥʦʟʥʘʯʥʦ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠ 

ʛʨʘʬʠʯʝʩʢʦʤ ʚʳʧʦʣʥʝʥʠʠ ʵʪʠʭ ʧʦʩʪʨʦʝʥʠʡ ʩ ʧʦʤʦʱʴʶ ʣʠʥʝʡʢʠ ʠ 

ʪʨʘʥʩʧʦʨʪʠʨʘ ʥʝʠʟʙʝʞʥʳ ʥʝʙʦʣʴʰʠʝ ʩʣʫʯʘʡʥʳʝ ʧʦʛʨʝʰʥʦʩʪʠ, ʚʳʟʚʘʥʥʳʝ 

ʥʝʪʦʯʥʦʩʪʴʶ ʵʪʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʛʦ, ʢʘʢʠʤ ʦʙʨʘʟʦʤ ʩʪʨʦʠʣʘʩʴ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ, 

ʢʘʢʠʝ ʪʦʯʢʠ ʣʠʩʪʘ ʙʫʤʘʛʠ ʙʳʣʠ ʚʳʙʨʘʥʳ ʚ ʢʘʯʝʩʪʚʝ çʦʧʦʨʥʳʭè ʠ ʩ ʫʯʝʪʦʤ 

ʩʣʫʯʘʡʥʳʭ ʧʦʛʨʝʰʥʦʩʪʝʡ, ʤʦʛʫʪ ʙʳʪʴ ʨʝʘʣʴʥʦ ʧʦʩʪʨʦʝʥʳ ʥʝʩʢʦʣʴʢʦ ʨʘʟʥʳʭ 

ʩʠʩʪʝʤ ʢʦʦʨʜʠʥʘʪ ï ʯʫʪʴ-ʯʫʪʴ ʩʜʚʠʥʫʪʳʭ ʠ ʧʦʚʝʨʥʫʪʳʭ ʜʨʫʛ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʜʨʫʛʘ. ɺʦʪ ʵʪʠ çʦʧʦʨʥʳʝè ʪʦʯʢʠ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʬʘʢʪʠʯʝʩʢʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ 

ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ, ʠ ʷʚʣʷʶʪʩʷ ʦʪʩʯʝʪʥʦʡ ʦʩʥʦʚʦʡ, ʘʥʘʣʦʛʦʤ ITRF. 

ʀʟʤʝʥʝʥʠʝ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʧʫʥʢʪʦʚ, ʚʳʟʚʘʥʥʦʝ ʜʚʠʞʝʥʠʝʤ ʟʝʤʥʦʡ 

ʢʦʨʳ, ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʧʦʣʦʞʝʥʠʷ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʚ ʪʝʣʝ ɿʝʤʣʠ. 

ʆʪʩʣʝʞʠʚʘʥʠʝʤ ʵʪʠʭ ʠʟʤʝʥʝʥʠʡ ʠ ʟʘʥʠʤʘʝʪʩʷ IERS. ITRF  ʥʝʧʨʝʨʳʚʥʦ 

ʦʙʥʦʚʣʷʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʠʟʤʝʨʝʥʠʡ ʢʦʦʨʜʠʥʘʪ ʠ ʩʢʦʨʦʩʪʝʡ ʧʝʨʝʤʝʱʝʥʠʷ ʙʦʣʝʝ 

ʯʝʤ 500 ʧʫʥʢʪʦʚ ʧʫʪʝʤ ʩʦʚʤʝʩʪʥʦʛʦ ʫʨʘʚʥʠʚʘʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʵʪʠʭ 

ʠʟʤʝʨʝʥʠʡ.  

ʇʦʩʢʦʣʴʢʫ ʦʩʠ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʟʘʜʘʶʪʩʷ ʢʦʦʨʜʠʥʘʪʘʤʠ ʧʫʥʢʪʦʚ, ʪʦ 

ʠʟʤʝʥʝʥʠʝ ʵʪʠʭ ʢʦʦʨʜʠʥʘʪ (ʥʘʧʨʠʤʝʨ, ʠʭ ʩʤʝʱʝʥʠʝ ʚ ʦʜʥʫ ʠ ʪʫ ʞʝ ʩʪʦʨʦʥʫ) 

ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʧʦʚʦʨʦʪʫ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʤʦʞʝʪ 

ʙʳʪʴ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʥʦ ʢʘʢ ʥʝʧʨʝʜʩʢʘʟʫʝʤʦʝ ʠʟʤʝʥʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ 

ʚʨʘʱʝʥʠʷ ɿʝʤʣʠ. ʇʦʵʪʦʤʫ ʩʪʘʙʠʣʴʥʦʩʪʴ ʧʦʣʦʞʝʥʠʷ ʦʩʝʡ ITRS 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʨʠʥʷʪʠʝʤ ʫʩʣʦʚʠʷ ʦʪʩʫʪʩʪʚʠʷ ʛʣʦʙʘʣʴʥʦʛʦ ʚʨʘʱʝʥʠʷ ʢʦʨʳ 

ɿʝʤʣʠ ʠʟ-ʟʘ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʜʚʠʞʝʥʠʡ.  

ɺ ITRF  ʫʯʠʪʳʚʘʶʪʩʷ ʠ ʚʝʨʪʠʢʘʣʴʥʳʝ ʧʝʨʝʤʝʱʝʥʠʷ ʧʫʥʢʪʦʚ. ʕʪʠ 

ʧʝʨʝʤʝʱʝʥʠʷ ʚʳʟʚʘʥʳ ʥʝ ʪʦʣʴʢʦ ʪʝʢʪʦʥʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ, ʥʦ ʠ 

ʧʨʠʣʠʚʥʳʤʠ ʚʦʟʜʝʡʩʪʚʠʷʤʠ.  ʃʫʥʘ ʚʳʟʳʚʘʝʪ ʥʝ ʪʦʣʴʢʦ ʤʦʨʩʢʠʝ ʧʨʠʣʠʚʳ, ʥʦ 

ʠ  ʧʨʠʣʠʚʳ ʟʝʤʥʦʡ ʢʦʨʳ (ʢʦʥʝʯʥʦ, ʛʦʨʘʟʜʦ ʤʝʥʴʰʠʝ ʧʦ ʚʝʣʠʯʠʥʝ). 

ʋʯʠʪʳʚʘʝʪʩʷ ʜʘʞʝ ʚʦʟʜʝʡʩʪʚʠʝ ʘʪʤʦʩʬʝʨʳ ʥʘ ʟʝʤʥʫʶ ʢʦʨʫ. ʋʩʪʘʥʦʚʣʝʥʦ, 

ʥʘʧʨʠʤʝʨ, ʯʪʦ ʉʠʙʠʨʩʢʠʡ ʘʥʪʠʮʠʢʣʦʥ (ʦʙʣʘʩʪʴ ʧʦʚʳʰʝʥʥʦʛʦ ʘʪʤʦʩʬʝʨʥʦʛʦ 

ʜʘʚʣʝʥʠʷ) ʚʳʟʳʚʘʝʪ ʧʨʦʩʝʜʘʥʠʝ ʟʝʤʥʦʡ ʢʦʨʳ ʥʘ 1,5 ʩʤ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ITRF  ʥʝʧʨʝʨʳʚʥʦ ʢʦʨʨʝʢʪʠʨʫʝʪʩʷ ʠ ʦʙʥʦʚʣʷʝʪʩʷ. ɺ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʪʘʥʜʘʨʪʘʤʠ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʩʣʫʞʙʳ ʚʨʘʱʝʥʠʷ ɿʝʤʣʠ 

ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʠʩʪʝʤʫ ITRF 2005. 

ʉʘʤʘ ITRS  ʥʝ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʢʘʢʦʡ-ʣʠʙʦ ʵʣʣʠʧʩʦʠʜ ʠ ʥʝ 

ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʨʠʤʝʥʝʥʠʷ ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʩʠʩʪʝʤ r ʢʦʦʨʜʠʥʘʪ. ʅʦ, ʝʩʣʠ 

ʥʝʦʙʭʦʜʠʤʦ ʪʘʢʫʶ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ ʠʩʧʦʣʴʟʦʚʘʪʴ, ʪʦ ʩʦʛʣʘʩʥʦ ʩʪʘʥʜʘʨʪʘʤ 

IERS ʜʣʷ ʮʝʣʝʡ ʛʝʦʜʝʟʠʠ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʣʣʠʧʩʦʠʜ GRS80 ʩ 

ʧʘʨʘʤʝʪʨʘʤʠ: 
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a=6378137,0  ; 1/Ŭ=298,257222101. 

 

ʈʘʟʫʤʝʝʪʩʷ, ʝʛʦ ʮʝʥʪʨ ʠ ʦʩʠ ʩʦʚʧʘʜʘʶʪ ʩ ʮʝʥʪʨʦʤ ʠ ʦʩʷʤʠ 

ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ. 

ʏʘʩʪʴʶ ITRF  ʷʚʣʷʝʪʩʷ  ETRF (European Terrestrial Reference Frame), ʪʦ 

ʝʩʪʴ ɽʚʨʦʧʝʡʩʢʘʷ ʟʝʤʥʘʷ ʦʪʩʯʝʪʥʘʷ ʦʩʥʦʚʘ. ʆʥʘ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʝʜʠʥʩʪʚʘ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ ʚ ɽʚʨʦʧʝ ʠ ʦʪʣʠʯʘʝʪʩʷ 

ʙʦʣʴʰʝʡ ʛʫʩʪʦʪʦʡ ʧʫʥʢʪʦʚ (ʠʭ ʙʦʣʝʝ 130). ʆʙʨʘʙʦʪʢʘ ʢʦʦʨʜʠʥʘʪ ʧʫʥʢʪʦʚ ʚ 

ʵʪʦʡ ʩʠʩʪʝʤʝ ʚʳʧʦʣʥʷʝʪʩʷ ʪʦʯʥʝʝ ʠ ʙʳʩʪʨʝʝ, ʧʦʩʢʦʣʴʢʫ ʥʝ ʥʘʜʦ ʫʯʠʪʳʚʘʪʴ 

ʪʝʢʪʦʥʠʯʝʩʢʠʝ ʧʝʨʝʤʝʱʝʥʠʷ ï ʚʝʜʴ ʚʩʝ ʧʫʥʢʪʳ ʥʘʭʦʜʷʪʩʷ ʥʘ ʦʜʥʦʡ 

ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʧʣʠʪʝ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ (2009 ʛ.) ʨʝʢʦʤʝʥʜʫʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ETRF 2000. 

ʅʦʚʘʷ ʩʠʩʪʝʤʘ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪ ʚ ɽʚʨʦʧʝ ʜʦʣʞʥʘ ʙʳʪʴ 

ʦʩʥʦʚʘʥʘ ʥʘ ITRS, ʘ ʚ ʢʘʯʝʩʪʚʝ ʵʣʣʠʧʩʦʠʜʘ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ GRS80. 

ʇʦʩʢʦʣʴʢʫ ʚʧʝʨʚʳʝ  ʝʚʨʦʧʝʡʩʢʫʶ ʦʧʦʨʥʫʶ ʩʝʪʴ ETRF ʨʝʘʣʠʟʦʚʘʣʠ ʚ 1989 ʛ., 

ʪʦ ʠ ʝʚʨʦʧʝʡʩʢʫʶ ʩʠʩʪʝʤʫ ʦʪʩʯʝʪʘ ʥʘʟʳʚʘʶʪ ETRS 89 (ETRS ī European 

Terrestrial Reference System). ɺ 1999 ʛ. ɽʚʨʦʧʝʡʩʢʠʡ ʉʦʶʟ ʫʪʚʝʨʜʠʣ ʵʪʫ 

ʩʠʩʪʝʤʫ ʚ ʢʘʯʝʩʪʚʝ ʤʝʞʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ. ʕʪʦ ʥʝ ʟʘʧʨʝʱʘʝʪ ʩʪʨʘʥʘʤ ɽʚʨʦʧʳ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʚʦʠ ʥʘʮʠʦʥʘʣʴʥʳʝ ʩʠʩʪʝʤʳ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪ, ʥʦ ʦʥʠ 

ʦʙʷʟʘʥʳ ʦʧʫʙʣʠʢʦʚʘʪʴ ʧʘʨʘʤʝʪʨʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥʠʝ 

ʢʦʦʨʜʠʥʘʪ ʠʟ ʦʜʥʦʡ ʩʠʩʪʝʤʳ ʚ ʜʨʫʛʫʶ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ 30 ʩʤ. 

ʂʨʦʤʝ ʪʦʛʦ, ʯʪʦ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ ʜʦʣʞʥʘ ʙʳʪʴ ʧʨʠʚʷʟʘʥʘ ʢ ɿʝʤʣʝ, 

ʜʦʣʞʥʦ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʦ ʠ ʝʝ ʧʦʣʦʞʝʥʠʝ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʜʨʫʛʠʤ ʥʝʙʝʩʥʳʤ 

ʪʝʣʘʤ (ʟʚʝʟʜʘʤ). 

ʆʨʠʝʥʪʘʮʠʷ ɿʝʤʣʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ 

ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʥʝʙʝʩʥʦʡ ʩʠʩʪʝʤʳ ʦʪʩʯʝʪʘ (ICRS ī International Celestian 

Reference System). ɽʝ ʮʝʥʪʨ ʥʘʭʦʜʠʪʩʷ ʚ ʙʘʨʠʮʝʥʪʨʝ (ʮʝʥʪʨʝ ʤʘʩʩ)  ʉʦʣʥʝʯʥʦʡ 

ʩʠʩʪʝʤʳ, ʘ ʥʘʧʨʘʚʣʝʥʠʷ ʦʩʝʡ ʦʧʨʝʜʝʣʝʥʳ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʩ ʧʦʤʦʱʴʶ 

ʢʚʘʟʘʨʦʚ (quasar ð ʩʦʢʨʘʱʝʥʠʝ ʦʪ QUASi stellAR radio sourceð 

çʢʚʘʟʠʟʚʸʟʜʥʳʡ ʨʘʜʠʦʠʩʪʦʯʥʠʢè). ʕʪʦ ʚʥʝʛʘʣʘʢʪʠʯʝʩʢʠʝ ʦʙʲʝʢʪʳ 

(ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʩʚʷʟʘʥʥʳʝ ʩ ʯʝʨʥʳʤʠ ʜʳʨʘʤʠ) ʦʯʝʥʴ ʤʘʣʳʭ ʫʛʣʦʚʳʭ 

ʨʘʟʤʝʨʦʚ. ʅʘʧʦʜʦʙʠʝ ʪʦʛʦ, ʢʘʢ ITRS ʬʠʟʠʯʝʩʢʠ ʟʘʜʘʥʘ ʢʦʦʨʜʠʥʘʪʘʤʠ ʧʫʥʢʪʦʚ 

ʥʘ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʪʦ ʝʩʪʴ ʩ ʧʦʤʦʱʴʶ ITRF, ʪʦʯʥʦ ʪʘʢ ʞʝ ʬʠʟʠʯʝʩʢʠ 

ICRS ʟʘʜʘʥʘ ʩ ʧʦʤʦʱʴʶ International Celestian Reference Frame (ICRF), 

ʧʨʝʜʩʪʘʚʣʷʶʱʝʡ ʩʦʙʦʡ ʥʘʙʦʨ ʢʦʦʨʜʠʥʘʪ ʥʘ ʥʝʙʝʩʥʦʡ ʩʬʝʨʝ ʤʥʦʞʝʩʪʚʘ 

ʚʥʝʛʘʣʘʢʪʠʯʝʩʢʠʭ ʠʩʪʦʯʥʠʢʦʚ ʠʟʣʫʯʝʥʠʷ 
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3.10. ɺʩʝʤʠʨʥʘʷ ʛʝʦʜʝʟʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ WGS-84 

 

ʂʘʢ  ʫʞʝ ʦʪʤʝʯʘʣʦʩʴ, ʨʘʟʣʠʯʠʝ ʩʠʩʪʝʤ ʦʪʩʯʝʪʘ ʠ ʩʠʩʪʝʤ ʢʦʦʨʜʠʥʘʪ ʚ 

ʨʘʟʥʳʭ ʩʪʨʘʥʘʭ ʧʨʝʧʷʪʩʪʚʫʝʪ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʘʵʨʦʥʘʚʠʛʘʮʠʠ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ 

ʩʦ ʩʪʘʥʜʘʨʪʘʤʠ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʠ (ʀʂɸʆ) 

ʩ 1998 ʛ. ʚʩʝ ʛʦʩʫʜʘʨʩʪʚʘ ï ʯʣʝʥʳ ʀʂɸʆ ʜʦʣʞʥʳ ʧʫʙʣʠʢʦʚʘʪʴ ʚ ʜʦʢʫʤʝʥʪʘʭ 

ʘʵʨʦʥʘʚʠʛʘʮʠʦʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʢʦʦʨʜʠʥʘʪʳ ʚʩʝʭ ʧʫʥʢʪʦʚ ʚ ʦʙʱʝʡ ʜʣʷ ʚʩʝʭ 

ɺʩʝʤʠʨʥʦʡ ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ WGS-84 (World Geodetic System). 

ʆʧʠʩʘʥʠʝ ʩʠʩʪʝʤʳ ʠ ʧʨʘʚʠʣʘ ʝʝ ʧʨʠʤʝʥʝʥʠʷ ʧʨʠʚʝʜʝʥʳ ʚ ʜʦʢʫʤʝʥʪʝ ʀʂɸʆ 

ʈʫʢʦʚʦʜʩʪʚʦ ʧʦ ʚʩʝʤʠʨʥʦʡ ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ï 1984 (WGS-84) 

(Doc.9674, World Geodetic System Manual). 

WGS-84  ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʛʣʦʙʘʣʴʥʫʶ ʦʪʩʯʝʪʥʫʶ ʦʩʥʦʚʫ (reference 

frame), ʢʦʪʦʨʘʷ ʚ ʨʫʩʩʢʦʤ ʧʝʨʝʚʦʜʝ  ʜʦʢʫʤʝʥʪʘ 9674 ʥʘʟʚʘʥʘ çʛʣʦʙʘʣʴʥʦʡ 

ʦʧʦʨʥʦʡ ʩʠʩʪʝʤʦʡè. ʉ ʝʝ ʧʦʤʦʱʴʶ ʦʧʨʝʜʝʣʝʥʳ: 

- ʧʨʷʤʦʫʛʦʣʴʥʘʷ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ; 

- ʵʣʣʠʧʩʦʠʜ, ʥʘ ʢʦʪʦʨʦʤ ʟʘʜʘʥʘ ʛʝʦʜʝʟʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ; 

- ʤʦʜʝʣʴ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʦʣʷ ɿʝʤʣʠ. 

ʉʠʩʪʝʤʘ ʧʦʷʚʠʣʘʩʴ ʥʝ ʥʘ ʧʫʩʪʦʤ ʤʝʩʪʝ. ɽʱʝ ʩ ʢʦʥʮʘ 50-ʭ ʛʦʜʦʚ ʍʍ 

ʚʝʢʘ ʫʩʠʣʠʷ ʄʠʥʠʩʪʝʨʩʪʚʘ ʦʙʦʨʦʥʳ ʉʐɸ ʙʳʣʠ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʩʦʟʜʘʥʠʝ 

ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʘʷ ʙʳ ʦʙʝʩʧʝʯʠʚʘʣʘ ʝʜʠʥʩʪʚʦ ʛʝʦʜʝʟʠʯʝʩʢʠʭ, 

ʘʩʪʨʦʥʦʤʠʯʝʩʢʠʭ ʠ ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦ 

ʩʦʟʜʘʚʘʣʠʩʴ ʪʘʢʠʝ ʦʙʱʝʟʝʤʥʳʝ ʩʠʩʪʝʤʳ ʢʘʢ WGS-60, WGS-66, WGS-72, 

WGS-84. ʅʘʯʠʥʘʷ ʩ WGS-66,  ʵʪʠ ʩʠʩʪʝʤʳ ʚʢʣʶʯʘʣʠ ʚ ʩʝʙʷ ʠ ʤʠʨʦʚʦʡ ʛʝʦʠʜ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʚ ʚʠʜʝ ʤʦʜʝʣʠ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʦʣʷ ɿʝʤʣʠ. 

WGS-72  ʨʘʟʨʘʙʘʪʳʚʘʣʘʩʴ ʢʘʢ ʛʝʦʜʝʟʠʯʝʩʢʘʷ ʦʩʥʦʚʘ ʧʝʨʚʦʡ ʚ ʤʠʨʝ 

ʩʧʫʪʥʠʢʦʚʦʡ ʥʘʚʠʛʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ Transit. ɺ ʢʘʯʝʩʪʚʝ ʦʙʱʝʟʝʤʥʦʛʦ 

ʵʣʣʠʧʩʦʠʜʘ ʚ ʵʪʦʡ ʩʠʩʪʝʤʝ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʵʢʚʠʧʦʪʝʥʮʠʘʣʴʥʳʡ ʵʣʣʠʧʩʦʠʜ 

GRS 67, ʧʨʝʜʣʦʞʝʥʥʳʡ ʄʝʞʜʫʥʘʨʦʜʥʳʤ ʩʦʶʟʦʤ ʧʦ ʛʝʦʜʝʟʠʠ ʠ ʛʝʦʬʠʟʠʢʝ ʚ 

1967 ʛ. ʇʦʚʝʨʭʥʦʩʪʴ ʵʪʦʛʦ ʵʣʣʠʧʩʦʠʜʘ ʷʚʣʷʝʪʩʷ ʫʨʦʚʝʥʥʦʡ 

(ʵʢʚʠʧʦʪʝʥʮʠʘʣʴʥʦʡ) ʧʦʚʝʨʭʥʦʩʪʴʶ ʜʣʷ ʥʦʨʤʘʣʴʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʩʠʣʳ 

ʪʷʞʝʩʪʠ, ʦʧʨʝʜʝʣʷʝʤʦʛʦ ʟʦʥʘʣʴʥʳʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʚʪʦʨʦʡ ʩʪʝʧʝʥʠ ʥʫʣʝʚʦʛʦ 

ʧʦʨʷʜʢʘ ( ʉ2,0 ). ʆʥ ʷʚʣʷʝʪʩʷ ʢʦʥʩʪʘʥʪʦʡ ʜʘʥʥʦʛʦ ʵʣʣʠʧʩʦʠʜʘ. 

ɺʧʦʩʣʝʜʩʪʚʠʠ ʧʦʷʚʠʣʠʩʴ ʥʦʚʳʝ ʤʝʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ ʬʦʨʤʳ 

ʬʠʟʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ (ʩʧʫʪʥʠʢʦʚʳʝ, ʣʘʟʝʨʥʳʝ, 

ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʯʝʩʢʠʝ) ʠ ʚʳʷʩʥʠʣʦʩʴ, ʯʪʦ ʵʣʣʠʧʩʦʠʜ ʚ WGS-72  

ʥʝʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʦ ʦʨʠʝʥʪʠʨʦʚʘʥ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ. ʂʨʦʤʝ ʪʦʛʦ, 

ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʩʦʶʟ ʧʦ ʛʝʦʜʝʟʠʠ ʠ ʛʝʦʬʠʟʠʢʝ ʧʨʠʥʷʣ ʥʦʚʫʶ ʛʝʦʜʝʟʠʯʝʩʢʫʶ 

ʩʠʩʪʝʤʫ ʦʪʩʯʝʪʘ  GRS 80 (Geodetic Reference System), ʢʦʪʦʨʘʷ ʙʳʣʘ 

ʨʝʢʦʤʝʥʜʦʚʘʥʘ ʜʣʷ ʧʦʚʩʝʤʝʩʪʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. 

ʉʠʩʪʝʤʘ GRS 80  ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʦʯʝʪʘʥʠʝ ʛʝʦʠʜʘ, ʦʙʱʝʟʝʤʥʦʛʦ 

ʵʣʣʠʧʩʦʠʜʘ ʠ ʤʦʜʝʣʠ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʦʣʷ ɿʝʤʣʠ. ʅʘʯʘʣʦ ʩʠʩʪʝʤʳ 

ʢʦʦʨʜʠʥʘʪ ʨʘʟʤʝʱʝʥʦ ʚ ʮʝʥʪʨʝ ʤʘʩʩ ɿʝʤʣʠ, ʦʩʠ ʥʘʧʨʘʚʣʝʥʳ ʚ 

ʤʝʞʜʫʥʘʨʦʜʥʳʡ ʫʩʣʦʚʥʳʡ ʧʦʣʶʩ ʠ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʥʫʣʝʚʦʛʦ ʤʝʨʠʜʠʘʥʘ, 
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ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʙʶʨʦ ʚʨʝʤʝʥʠ  BIH (ʩ 1987 ʛ. ʝʛʦ ʬʫʥʢʮʠʠ  

ʚʳʧʦʣʥʷʝʪ IERS). 

ʅʝʢʦʪʦʨʳʝ ʩʪʨʘʥʳ ʩʪʘʣʠ ʚʥʝʜʨʷʪʴ ʫ ʩʝʙʷ ʥʦʚʫʶ ʩʠʩʪʝʤʫ. ɺ ʉʐɸ ʵʪʦ 

ʚʳʣʠʣʦʩʴ ʚ ʧʨʠʥʷʪʠʝ ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ NAD 83 (North American Datum 

1983).  ɼʦ ʵʪʦʛʦ ʚ ʉʐɸ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ NAD 27, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʵʣʣʠʧʩʦʠʜʝ 

ʂʣʘʨʢʘ 1866 ʛ. ʩ ʧʘʨʘʤʝʪʨʘʤʠ a=6378206,4 ʤ; 1/Ŭ=298,2786982. 

ʕʪʦ ʙʳʣ ʢʣʘʩʩʠʯʝʩʢʠʡ ʨʝʬʝʨʝʥʮ-ʵʣʣʠʧʩʦʠʜ, ʧʨʠʚʷʟʘʥʥʳʡ ʢ ɿʝʤʣʝ 

ʠʩʭʦʜʥʳʤʠ ʛʝʦʜʝʟʠʯʝʩʢʠʤʠ ʜʘʪʘʤʠ (ʚ ʛʝʦʜʝʟʠʯʝʩʢʦʤ ʧʫʥʢʪʝ  Meades Ranch ʚ 

ʰʪʘʪʝ ʂʘʥʟʘʩ). 

NAD 83, ʚ ʦʪʣʠʯʠʝ ʦʪ NAD 27, ʫʞʝ ʥʝ ʷʚʣʷʝʪʩʷ ʘʩʪʨʦʥʦʤʦ-

ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʩʠʩʪʝʤʦʡ. ʂʦʦʨʜʠʥʘʪʳ ʝʝ ʧʫʥʢʪʦʚ ʥʝ ʦʪʩʯʠʪʳʚʘʶʪʩʷ ʦʪ 

ʠʩʭʦʜʥʦʛʦ ʧʫʥʢʪʘ, ʘ ʦʧʨʝʜʝʣʝʥʳ ʠʥʜʠʚʠʜʫʘʣʴʥʦ ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʥʠʭ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʫʣʝʚʦʛʦ ʤʝʨʠʜʠʘʥʘ ʠ ʧʣʦʩʢʦʩʪʠ ʵʢʚʘʪʦʨʘ. ʕʪʘ ʩʠʩʪʝʤʘ 

ʧʨʠʥʷʪʘ ʉʐɸ, ʂʘʥʘʜʦʡ, ʄʝʢʩʠʢʦʡ, ʩʪʨʘʥʘʤʠ ʎʝʥʪʨʘʣʴʥʦʡ ɸʤʝʨʠʢʠ ʠ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʠʤʠ ʢʘʢ ʥʘʮʠʦʥʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʜʣʷ ʨʝʰʝʥʠʷ ʥʝʚʦʝʥʥʳʭ ʟʘʜʘʯ 

ʛʝʦʜʝʟʠʠ, ʢʘʨʪʦʛʨʘʬʠʠ, ʛʝʦʣʦʛʠʠ. 

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʄʠʥʠʩʪʝʨʩʪʚʦ ʦʙʦʨʦʥʳ ʉʐɸ (DoD, Department of 

Defence)  ʧʨʠʥʷʣʦ ʨʝʰʝʥʠʝ ʦ ʩʦʟʜʘʥʠʠ ʩʦʙʩʪʚʝʥʥʦʡ ʩʠʩʪʝʤʳ ʦʪʩʯʝʪʘ (WGS-

84), ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʥʘ ʨʝʰʝʥʠʝ ʚʦʝʥʥʳʭ ʟʘʜʘʯ ʠ ʥʘʚʠʛʘʮʠʶ  ʧʦ 

ʩʧʫʪʥʠʢʦʚʦʡ ʥʘʚʠʛʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ Navstar GPS, ʪʘʢʞʝ ʬʠʥʘʥʩʠʨʫʝʤʦʡ 

ʵʪʠʤ ʄʠʥʠʩʪʝʨʩʪʚʦʤ. 

WGS-84 ʚʚʝʜʝʥʘ ʚ 1987 ʛ. ʠ ʦʯʝʥʴ ʙʣʠʟʢʘ ʢ  NAD 83. ʅʘʧʨʘʚʣʝʥʠʷ ʦʩʝʡ 

ʠʭ ʩʠʩʪʝʤ ʧʨʷʤʦʫʛʦʣʴʥʳʭ ʢʦʦʨʜʠʥʘʪ ʩʦʚʧʘʜʘʶʪ. ʉʦʚʧʘʜʘʶʪ ʠ ʙʦʣʴʰʠʝ 

ʧʦʣʫʦʩʠ ʵʣʣʠʧʩʦʠʜʦʚ, ʥʦ ʤʘʣʳʝ ʧʦʣʫʦʩʠ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʨʘʟʣʠʯʘʶʪʩʷ. 

ʇʨʠʤʝʨʥʦ ʥʘ 2 ʤʝʪʨʘ ʩʜʚʠʥʫʪʳ ʥʘʯʘʣʘ ʦʪʩʯʝʪʘ ʢʦʦʨʜʠʥʘʪ, ʧʦʩʢʦʣʴʢʫ ʚ 

ʦʙʱʝʟʝʤʥʦʡ ʩʠʩʪʝʤʝ WGS-84  ʥʘʯʘʣʦ ʩʦʚʧʘʜʘʝʪ ʩ ʮʝʥʪʨʦʤ ʤʘʩʩ ʧʣʘʥʝʪʳ, ʘ ʚ  

NAD 83 ʵʣʣʠʧʩʦʠʜ GRS 80 ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʘʢ  ʣʦʢʘʣʴʥʳʡ ʨʝʬʝʨʝʥʮ-

ʵʣʣʠʧʩʦʠʜ, ʙʣʠʟʢʠʡ ʢ ʛʝʦʠʜʫ  ʜʣʷ ʦʧʨʝʜʝʣʝʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ. ɺ WGS-84 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʥʝʝ ʪʦʯʥʘʷ ʤʦʜʝʣʴ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʦʣʷ ɿʝʤʣʠ ʠ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʝʥʝʝ ʪʦʯʥʦ ʦʧʨʝʜʝʣʷʶʪʩʷ ʚʝʨʪʠʢʘʣʴʥʳʝ ʢʦʦʨʜʠʥʘʪʳ. 

ɹʣʘʛʦʜʘʨʷ ʧʦʚʩʝʤʝʩʪʥʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ Navstar GPS ʩʠʩʪʝʤʘ WGS-84 

ʧʦʣʫʯʠʣʘ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʠ ʫʩʪʘʥʦʚʣʝʥʘ ʀʂɸʆ ʜʣʷ 

ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ. 

ʉʠʩʪʝʤʘ ʦʪʩʯʝʪʘ (reference system) ʫ WGS-84 ʚ ʧʨʠʥʮʠʧʝ ʩʦʚʧʘʜʘʝʪ ʩ 

ITRS, ʪʦ ʝʩʪʴ:  

-  ʥʘʯʘʣʦ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʨʘʩʧʦʣʦʞʝʥʦ ʚ ʮʝʥʪʨʝ 

ʤʘʩʩ ɿʝʤʣʠ (ʩ ʫʯʝʪʦʤ ʤʘʩʩʳ ʦʢʝʘʥʦʚ ʠ ʘʪʤʦʩʬʝʨʳ); 

-  ʦʩʴ Z ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʦʧʦʨʥʳʡ ʧʦʣʶʩ, ʫʩʪʘʥʦʚʣʝʥʥʳʡ IERS; 

-  ʦʩʴ X  ʣʝʞʠʪ     ʚ  ʧʣʦʩʢʦʩʪʠ  ʥʫʣʝʚʦʛʦ   ʦʧʦʨʥʦʛʦ    ʤʝʨʠʜʠʘʥʘ, 

ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ IERS; 

-  ʦʩʴ Y ʜʦʧʦʣʥʷʝʪ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ ʜʦ ʧʨʘʚʦʩʪʦʨʦʥʥʝʡ. 

ɺʩʣʝʜʩʪʚʠʝ ʪʘʢʦʡ ʦʨʠʝʥʪʘʮʠʠ ʦʩʴ Z  ʩʦʚʧʘʜʘʝʪ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ ʥʘ 

ʫʩʣʦʚʥʳʡ ʟʝʤʥʦʡ ʧʦʣʶʩ (Conventional Terrestrial Pole), ʫʩʪʘʥʦʚʣʝʥʳʡ 
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ʄʝʞʜʫʥʘʨʦʜʥʳʤ ʙʶʨʦ ʚʨʝʤʝʥʠ (BIH) ʥʘ ʵʧʦʭʫ 1984 ʛ. ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ 0,005'',  

ʘ ʦʩʴ X  ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ ʥʫʣʝʚʦʛʦ ʤʝʨʠʜʠʘʥʘ BIH ʩ ʪʘʢʦʡ ʞʝ ʪʦʯʥʦʩʪʴʶ. 

ʆʨʠʝʥʪʘʮʠʷ ʦʩʝʡ ʥʝ ʤʝʥʷʝʪʩʷ ʚʦ ʚʨʝʤʝʥʠ ʠʟ-ʟʘ ʜʚʠʞʝʥʠʷ ʟʝʤʥʦʡ ʢʦʨʳ. 

ɻʝʦʜʝʟʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ  WGS-84 ʟʘʜʘʥʘ ʥʘ ʵʣʣʠʧʩʦʠʜʝ ʩ 

ʧʘʨʘʤʝʪʨʘʤʠ: 

a=6378137,0;          1/Ŭ=298,257223563, 

ʎʝʥʪʨ ʵʣʣʠʧʩʦʠʜʘ ʩʦʚʧʘʜʘʝʪ ʩ ʥʘʯʘʣʦʤ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʩʠʩʪʝʤʳ 

ʢʦʦʨʜʠʥʘʪ. 

ʌʠʟʠʯʝʩʢʠ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ ʩʚʷʟʘʥʘ ʩ ɿʝʤʣʝʡ ʦʧʦʨʥʦʡ ʦʩʥʦʚʦʡ TRF 

(Terrestrial  Reference Frame), ʧʨʝʜʩʪʘʚʣʷʶʱʝʡ ʩʦʙʦʡ ʩʝʪʴ ʦʧʦʨʥʳʭ ʧʫʥʢʪʦʚ. 

ʂʦʦʨʜʠʥʘʪʳ ʵʪʠʭ ʧʫʥʢʪʦʚ ʥʘ ʵʧʦʭʫ 1984 ʛ. ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʩ ʚʳʩʦʢʦʡ 

ʪʦʯʥʦʩʪʴʶ ʥʘ ʦʩʥʦʚʝ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ, ʘ ʪʘʢʞʝ ʩ ʧʦʤʦʱʴʶ 

ʩʧʫʪʥʠʢʦʚʦʡ ʩʠʩʪʝʤʳ Transit  

ʇʝʨʚʦʥʘʯʘʣʴʥʘʷ (original) ʦʧʦʨʥʘʷ ʦʩʥʦʚʘ, ʦʧʨʝʜʝʣʝʥʥʘʷ ʥʘ ʵʧʦʭʫ 1984 

ʛ.,  ʧʦʣʫʯʠʣʘ ʦʙʦʟʥʘʯʝʥʠʝ WGS-84 (orig.) ʠ ʜʝʡʩʪʚʦʚʘʣʘ ʜʦ 1994 ʛ. 

ʇʦʟʞʝ  ʢʦʦʨʜʠʥʘʪʳ ʧʫʥʢʪʦʚ ʦʧʦʨʥʦʡ ʩʝʪʠ ʙʳʣʠ ʥʝ ʨʘʟ ʧʝʨʝʦʧʨʝʜʝʣʝʥʳ 

ʩ ʝʱʝ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʩ ʧʦʤʦʱʴʶ Navstar GPS. ʊʘʢ, ʚ 2002 ʛʦʜʫ 

ʧʨʠʥʷʪʘ ʚʝʨʩʠʷ WGS-84 (G1150). ʎʠʬʨʳ ʚ ʩʢʦʙʢʘʭ ʦʟʥʘʯʘʶʪ ʥʦʤʝʨ ʥʝʜʝʣʠ ʚ 

ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ ʚʨʝʤʝʥʠ, ʠʩʧʦʣʴʟʫʝʤʦʡ ʚ GPS Navstar. 

ɼʣʷ ʢʘʞʜʦʡ ʠʟ 17 ʦʧʦʨʥʳʭ ʩʪʘʥʮʠʡ TRF  ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ 

ʦʧʨʝʜʝʣʝʥʳ ʠʭ ʧʨʷʤʦʫʛʦʣʴʥʳʝ (X,Y,Z), ʛʝʦʜʝʟʠʯʝʩʢʠʝ  (B,L) ʢʦʦʨʜʠʥʘʪʳ ʠ 

ʚʳʩʦʪʘ ʥʘʜ ʧʦʚʝʨʭʥʦʩʪɹ ʶ ʵʣʣʠʧʩʦʠʜʘ (ʛʝʦʜʝʟʠʯʝʩʢʘʷ ʚʳʩʦʪʘ). ʊʝʤ ʩʘʤʳʤ 

ʵʣʣʠʧʩʦʠʜ ʠ ʧʨʠʢʨʝʧʣʝʥ ʢ ʬʠʟʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ. ɹʦʣʴʰʘʷ ʯʘʩʪʴ 

ʵʪʠʭ ʩʪʘʥʮʠʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʫʪʦʯʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʦʨʙʠʪʳ Navstar GPS. 

ʇʦʵʪʦʤʫ ʪʦʯʥʦʩʪʴ ʟʘʜʘʥʠʷ ʢʦʦʨʜʠʥʘʪ ʩʪʘʥʮʠʡ (ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʟʘʜʘʥʠʷ 

ʩʘʤʦʛʦ  ʵʣʣʠʧʩʦʠʜʘ) ʦʧʨʝʜʝʣʷʝʪ ʧʨʝʜʝʣʴʥʫʶ ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʢʦʦʨʜʠʥʘʪ 

ɺʉ ʩ ʧʦʤʦʱʴʶ ʩʧʫʪʥʠʢʦʚʦʡ ʥʘʚʠʛʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ.  

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʩʪʘʥʮʠʡ ʩ ʩʘʥʪʠʤʝʪʨʦʚʦʡ ʪʦʯʥʦʩʪʴʶ  

ʫʯʠʪʳʚʘʶʪʩʷ ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʧʝʨʝʤʝʱʝʥʠʷ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʧʣʠʪ (ʠʭ ʩʢʦʨʦʩʪʴ 

ʤʦʞʝʪ ʩʦʩʪʘʚʣʷʪʴ ʥʝʩʢʦʣʴʢʦ ʩʘʥʪʠʤʝʪʨʦʚ ʚ ʛʦʜ), ʚʝʨʪʠʢʘʣʴʥʳʝ ʧʨʠʣʠʚʥʳʝ  

ʧʝʨʠʦʜʠʯʝʩʢʠʝ ʧʝʨʝʤʝʱʝʥʠʷ ʟʝʤʥʦʡ ʢʦʨʳ (ʩ ʘʤʧʣʠʪʫʜʦʡ ʜʦ 42 ʩʤ), 

ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ɿʝʤʣʠ. 

ʊʝʦʨʝʪʠʯʝʩʢʠ ʩʠʩʪʝʤʳ ʧʨʷʤʦʫʛʦʣʴʥʳʭ ʢʦʦʨʜʠʥʘʪ, ʧʨʠʥʷʪʳʝ ʚ ITRS ʠ 

WGS-84, ʦʜʠʥʘʢʦʚʳ. ʅʦ ITRS ʛʦʨʘʟʜʦ ʪʦʯʥʝʝ ʧʨʠʚʷʟʘʥʘ ʢ ʮʝʥʪʨʫ ʤʘʩʩ ɿʝʤʣʠ, 

ʧʦʩʢʦʣʴʢʫ  ʝʝ ʦʪʩʯʝʪʥʘʷ ʦʩʥʦʚʘ ITRF  ʥʘʩʯʠʪʳʚʘʝʪ ʥʝʩʢʦʣʴʢʦ ʩʦʪʝʥ ʧʫʥʢʪʦʚ. 

ʈʘʟʥʠʮʘ ʤʝʞʜʫ ʢʦʦʨʜʠʥʘʪʘʤʠ ʚ ʵʪʠʭ ʜʚʫʭ ʩʠʩʪʝʤʘʭ ʥʝ ʧʨʝʚʳʰʘʝʪ 10 ʩʤ. 

ʆʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ɺʩʝʤʠʨʥʦʡ ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ WGS-84  

ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ.3.1. 

ʉʦʩʪʘʚʥʦʡ ʯʘʩʪʴʶ ʩʠʩʪʝʤʳ ʦʪʩʯʝʪʘ WGS-84  ʷʚʣʷʝʪʩʷ ʤʦʜʝʣʴ 

ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʦʣʷ ɿʝʤʣʠ. ɺ ʢʘʯʝʩʪʚʝ ʪʘʢʦʡ ʤʦʜʝʣʠ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʫʧʦʤʠʥʘʚʰʘʷʩʷ EGM 96 (Earth Gravitational Model). ʇʦʣʥʳʡ ʚʘʨʠʘʥʪ ʵʪʦʡ 

ʤʦʜʝʣʠ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʛʘʨʤʦʥʠʢʠ ʜʦ 360-ʡ ʩʪʝʧʝʥʠ ʠ 360-ʛʦ ʧʦʨʷʜʢʘ (ʚʩʝʛʦ 

130317 ʢʦʵʬʬʠʮʠʝʥʪʦʚ). ʅʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʨʝʙʫʝʤʦʡ ʪʦʯʥʦʩʪʠ ʨʝʰʝʥʠʷ 



70 

 

 

ʢʦʥʢʨʝʪʥʳʭ ʟʘʜʘʯ ʠʩʧʦʣʴʟʫʶʪʩʷ ʠ ʙʦʣʝʝ ʧʨʦʩʪʳʝ, ʤʝʥʝʝ ʪʦʯʥʳʝ ʚʘʨʠʘʥʪʳ 

ʤʦʜʝʣʠ. ɼʣʷ ʚʳʯʠʩʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʦʨʙʠʪ ʩʧʫʪʥʠʢʦʚ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʦʜʝʣʴ 

ʩʪʝʧʝʥʠ ʠ ʧʦʨʷʜʢʘ 70. ɺ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʙʦʨʪʦʚʳʭ ʧʨʠʝʤʥʠʢʘʭ GPS  - ʜʦ 

41 ʩʪʝʧʝʥʠ ʠ ʧʦʨʷʜʢʘ, ʘ ʚ ʙʦʣʝʝ ʧʨʦʩʪʳʭ ï ʜʦ 18. ɺ ʣʶʙʠʪʝʣʴʩʢʠʭ ʧʨʠʝʤʥʠʢʘʭ 

ʧʦʪʝʥʮʠʘʣ ʤʦʞʝʪ ʥʝ ʨʘʩʩʯʠʪʳʚʘʪʴʩʷ ʧʦ ʤʦʜʝʣʠ, ʘ ʧʨʦʩʪʦ ʠʥʪʝʨʧʦʣʠʨʦʚʘʪʴʩʷ 

ʤʝʞʜʫ ʟʥʘʯʝʥʠʷʤʠ, ʟʘʜʘʥʥʳʤʠ ʜʣʷ ʥʝʩʢʦʣʴʢʠʭ ʩʦʪʝʥ ʪʦʯʝʢ ʧʣʘʥʝʪʳ. 

 

ʊʘʙʣʠʮʘ 3.1 

ʆʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʠ ʬʠʟʠʯʝʩʢʠʝ ʢʦʥʩʪʘʥʪʳ, ʧʨʠʥʷʪʳʝ ʚ WGS-84 

 

ʇʘʨʘʤʝʪʨ ɿʥʘʯʝʥʠʝ 

ɹʦʣʴʰʘʷ ʧʦʣʫʦʩʴ, a 6378137,0 ʤ 

ʄʘʣʘʷ ʧʦʣʫʦʩʴ, b 6356752,3142 ʤ 

ɿʥʘʤʝʥʘʪʝʣʴ ʩʞʘʪʠʷ, 1/Ŭ 298,257223563 

ʕʢʩʮʝʥʪʨʠʩʠʪʝʪ, e 0,081819190842622 

ʂʚʘʜʨʘʪ ʵʢʩʮʝʥʪʨʠʩʠʪʝʪʘ, e
2 

0,00669437999014 

ʋʥʠʚʝʨʩʘʣʴʥʘʷ ʛʨʘʚʠʪʘʮʠʦʥʥʘʷ ʧʦʩʪʦʷʥʥʘʷ, f 6,673Ŀ10
-11

 ʤ
3
 /ʢʛĿ ʩ

2 

ɻʨʘʚʠʪʘʮʠʦʥʥʘʷ ʧʦʩʪʦʷʥʥʘʷ ɿʝʤʣʠ (ʧʨʦʠʟʚʝʜʝʥʠʝ 

ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʧʦʩʪʦʷʥʥʦʡ ʥʘ ʤʘʩʩʫ ɿʝʤʣʠ, 

ʚʢʣʶʯʘʷ ʘʪʤʦʩʬʝʨʫ) 

3986004,418Ŀ10
8
 ʤ

3
/ʩ

2
 

ʉʨʝʜʥʷʷ ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ɿʝʤʣʠ 7292115,0Ŀ10
-11

 ʨʘʜ/ʩ 

ʂʦʵʬʬʠʮʠʝʥʪ ʚʪʦʨʦʡ ʩʪʝʧʝʥʠ ʥʫʣʝʚʦʛʦ ʧʦʨʷʜʢʘ 

ʤʦʜʝʣʠ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʦʣʷ, C2,0 

-0,00484166774985 

ʅʦʨʤʘʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ ʵʣʣʠʧʩʦʠʜʘ, U0 62636851,7146 ʤ
2
 /ʩ

2 

ʋʩʢʦʨʝʥʠʝ ʩʠʣʳ ʪʷʞʝʩʪʠ ʥʘ ʵʢʚʘʪʦʨʝ ʵʣʣʠʧʩʦʠʜʘ, 

ge 

9,7803253359 ʤ /ʩ
2
 

ʋʩʢʦʨʝʥʠʝ ʩʠʣʳ ʪʷʞʝʩʪʠ ʥʘ ʧʦʣʶʩʝ ʵʣʣʠʧʩʦʠʜʘ, gp 9.8321849378 ʤ /ʩ
2
 

ʉʢʦʨʦʩʪʴ ʩʚʝʪʘ ʚ ʚʘʢʫʫʤʝ, c 299 792 458 ʤ/ʩ 

 

Cʠʩʪʝʤʘ WGS-84 ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʠ ʦʧʨʝʜʝʣʝʥʥʳʤ ʦʙʨʘʟʦʤ 

ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʛʝʦʠʜ. ʈʘʩʩʤʦʪʨʠʤ, ʢʘʢ ʵʪʦ ʩʜʝʣʘʥʦ. 

ɽʩʣʠ ʙʳ ɿʝʤʣʷ ʙʳʣʘ ʞʠʜʢʦʡ  ʠ ʦʙʣʘʜʘʣʘ ʨʘʚʥʦʤʝʨʥʦʡ ʧʣʦʪʥʦʩʪʴʶ, ʪʦ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʚʨʘʱʝʥʠʷ ʦʥʘ ʙʳ ʧʨʠʥʷʣʘ ʬʦʨʤʫ ʠʜʝʘʣʴʥʦʛʦ ʵʣʣʠʧʩʦʠʜʘ, 

ʧʦʚʝʨʭʥʦʩʪʴ ʢʦʪʦʨʦʛʦ ʷʚʣʷʣʘʩʴ ʙʳ ʫʨʦʚʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ. ʇʦʵʪʦʤʫ ʣʶʙʦʡ 

ʵʣʣʠʧʩʦʠʜ ʚʨʘʱʝʥʠʷ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʥʝ ʪʦʣʴʢʦ ʯʠʩʪʦ ʛʝʦʤʝʪʨʠʯʝʩʢʠ (ʝʛʦ 

ʨʘʟʤʝʨʘʤʠ, ʩʞʘʪʠʝʤ), ʥʦ ʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʵʢʚʠʧʦʪʝʥʮʠʘʣʴʥʫʶ 

(ʫʨʦʚʝʥʥʫʶ) ʧʦʚʝʨʭʥʦʩʪʴ. ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʟʘʜʘʪʴ ʯʝʪʳʨʝ ʧʘʨʘʤʝʪʨʘ: 

- ʙʦʣʴʰʫʶ ʧʦʣʫʦʩʴ ʵʣʣʠʧʩʦʠʜʘ; 

- ʚʪʦʨʦʡ ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʡ ʛʘʨʤʦʥʠʯʝʩʢʠʡ ʟʦʥʘʣʴʥʳʡ ʛʨʘʚʠʪʘʮʠʦʥʥʳʡ 

ʢʦʵʬʬʠʮʠʝʥʪ (ʦʥ ʦʧʨʝʜʝʣʷʝʪ ʩʞʘʪʠʝ ʵʣʣʠʧʩʦʠʜʘ); 

- ʫʛʣʦʚʫʶ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ɿʝʤʣʠ; 

- ʛʨʘʚʠʪʘʮʠʦʥʥʫʶ ʧʦʩʪʦʷʥʥʫʶ ɿʝʤʣʠ (ʵʪʦ ʧʨʦʠʟʚʝʜʝʥʠʝ ʫʥʠʚʝʨʩʘʣʴʥʦʡ 

ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʧʦʩʪʦʷʥʥʦʡ ʥʘ ʤʘʩʩʫ ɿʝʤʣʠ). 
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ʉ ʵʪʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʠ ʧʦʚʝʨʭʥʦʩʪʴ ʵʣʣʠʧʩʦʠʜʘ WGS-84 (ʦʥʘ 

ʧʨʘʢʪʠʯʝʩʢʠ ʩʦʚʧʘʜʘʝʪ ʩ GRS 80) ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʫʨʦʚʝʥʥʫʶ 

ʧʦʚʝʨʭʥʦʩʪʴ (ʧʦʚʝʨʭʥʦʩʪʴ ʩ ʧʦʩʪʦʷʥʥʳʤ ʟʥʘʯʝʥʠʝʤ ʧʦʪʝʥʮʠʘʣʘ) ʥʝʢʦʪʦʨʦʡ 

çʠʜʝʘʣʠʟʠʨʦʚʘʥʥʦʡè ɿʝʤʣʠ.   ʆʜʥʘʢʦ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ   ʵʣʣʠʧʩʦʠʜ WGS-84, ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʟʘʜʘʥʠʷ 

ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪ,  ʥʝ ʷʚʣʷʝʪʩʷ ʥʦʨʤʘʣʴʥʦʡ ɿʝʤʣʝʡ. ʅʘʧʦʤʥʠʤ, ʯʪʦ 

ʥʦʨʤʘʣʴʥʦʡ ɿʝʤʣʝʡ ʥʘʟʳʚʘʶʪ ʪʘʢʦʡ ʧʨʘʚʠʣʴʥʳʡ ʵʣʣʠʧʩʦʠʜ, ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʢʦʪʦʨʦʛʦ ʧʦʪʝʥʮʠʘʣ ʥʘʠʤʝʥʴʰʠʤ ʦʙʨʘʟʦʤ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʧʦʪʝʥʮʠʘʣʦʚ, 

ʬʘʢʪʠʯʝʩʢʠ  ʠʟʤʝʨʝʥʥʳʭ ʚ ʨʘʟʥʳʭ ʪʦʯʢʘʭ ʧʣʘʥʝʪʳ. ʇʦʣʫʦʩʠ ʵʪʠʭ ʜʚʫʭ 

ʵʣʣʠʧʩʦʠʜʦʚ  (ʥʦʨʤʘʣʴʥʦʛʦ ʠ WGS-84) ʦʪʣʠʯʘʶʪʩʷ ʥʘ 0,54 ʤ. 

ʆʜʥʠʤ ʠʟ ʧʘʨʘʤʝʪʨʦʚ WGS-84  ʷʚʣʷʝʪʩʷ ʥʦʨʤʘʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ U0, ʪʦ 

ʝʩʪʴ ʧʦʪʝʥʮʠʘʣ ʥʦʨʤʘʣʴʥʦʡ ɿʝʤʣʠ. ʂʦʥʝʯʥʦ, ʥʘ ʩʘʤʦʤ ʜʝʣʝ  

ʵʢʚʠʧʦʪʝʥʮʠʘʣʴʥʳʝ (ʫʨʦʚʝʥʥʳʝ) ʧʦʚʝʨʭʥʦʩʪʠ ʨʝʘʣʴʥʦʡ ɿʝʤʣʠ ʚʦʚʩʝ ʥʝ 

ʠʤʝʶʪ ʬʦʨʤʫ ʵʣʣʠʧʩʦʠʜʘ ʚʩʣʝʜʩʪʚʠʝ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʘʩʩ 

ʚʥʫʪʨʠ ɿʝʤʣʠ. ʊʘ ʠʟ ʵʪʠʭ ʥʝʧʨʘʚʠʣʴʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʥʘ ʢʦʪʦʨʦʡ ʧʦʪʝʥʮʠʘʣ 

ʨʘʚʝʥ ʧʦʪʝʥʮʠʘʣʫ ʥʘ çʥʦʨʤʘʣʴʥʦʡè ɿʝʤʣʝ, ʠ ʧʨʠʥʷʪʘ ʟʘ ʧʦʚʝʨʭʥʦʩʪʴ ʛʝʦʠʜʘ ʚ  

WGS-84.  

ʄʘʪʝʤʘʪʠʯʝʩʢʠ ʧʦʚʝʨʭʥʦʩʪʴ ʛʝʦʠʜʘ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʘ ʧʫʪʝʤ 

ʟʘʜʘʥʠʷ ʚ ʢʘʞʜʦʡ ʪʦʯʢʝ ʚʦʣʥʳ ʛʝʦʠʜʘ N (undulation), ʧʦʢʘʟʳʚʘʶʱʝʡ 

ʥʘʩʢʦʣʴʢʦ ʚʳʰʝ (ʠʣʠ ʥʠʞʝ) ʥʘʭʦʜʠʪʩʷ ʛʝʦʠʜ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʵʣʣʠʧʩʦʠʜʫ 

WGS-84. ɺʦʣʥʘ ʛʝʦʠʜʘ ʤʦʞʝʪ ʙʳʪʴ ʨʘʩʩʯʠʪʘʥʘ ʩ ʧʦʤʦʱʴʶ ʤʦʜʝʣʠ 

ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʦʣʷ EGM 96 ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ 0,5 ʤ. ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ 

ʚʦʣʥʳ ʛʝʦʠʜʘ ʥʘ ʚʩʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ ʩʦʩʪʘʚʣʷʝʪ -0,57 ʤ, ʩʨʝʜʥʝʝ 

ʢʚʘʜʨʘʪʠʯʝʩʢʦʝ ʦʪʢʣʦʥʝʥʠʝ 30,56 ʤ, ʤʠʥʠʤʘʣʴʥʦʝ ʦʪʢʣʦʥʝʥʠʝ -106,99 ʤ, ʘ 

ʤʘʢʩʠʤʘʣʴʥʦʝ +85,39 ʤ.  

ɺʦʣʥʘ ʛʝʦʠʜʘ WGS-84 ʚ ʇʫʣʢʦʚʦ ʩʦʩʪʘʚʣʷʝʪ +18 ʤ. ɼʣʷ ʩʨʘʚʥʝʥʠʷ 

ʦʪʤʝʪʠʤ, ʯʪʦ ʚʳʩʦʪʘ ʛʝʦʠʜʘ, ʧʨʠʥʷʪʦʛʦ ʚ ʈʦʩʩʠʠ (ʦʥ ʧʨʦʭʦʜʠʪ  ʯʝʨʝʟ ʥʦʣʴ 

ʂʨʦʥʰʪʘʜʪʩʢʦʛʦ ʬʫʪʰʪʦʢʘ), ʥʘʜ ʵʣʣʠʧʩʦʠʜʦʤ ʂʨʘʩʦʚʩʢʦʛʦ ʩʦʩʪʘʚʣʷʝʪ ʚ ʵʪʦʤ  

ʞʝ ʤʝʩʪʝ +12,8 ʤ. ʂʦʥʝʯʥʦ, ʨʘʟʣʠʯʠʝ ʚ ʚʳʩʦʪʘʭ ʚ ʦʩʥʦʚʥʦʤ ʚʳʟʚʘʥʦ ʨʘʟʥʳʤʠ 

ʵʣʣʠʧʩʦʠʜʘʤʠ. ʅʦ ʠ ʫʨʦʚʥʠ ʛʝʦʠʜʦʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟʣʠʯʘʶʪʩʷ. ɺʝʜʴ ʚ ʥʘʰʝʡ 

ʩʪʨʘʥʝ ʝʛʦ ʫʨʦʚʝʥʴ ʦʧʨʝʜʝʣʝʥ ʦʩʨʝʜʥʝʥʠʝʤ ʫʨʦʚʥʷ ɹʘʣʪʠʡʩʢʦʛʦ ʤʦʨʷ, ʘ ʛʝʦʠʜ 

WGS-84  ʫʩʪʘʥʦʚʣʝʥ ʟʥʘʯʝʥʠʝʤ ʧʦʪʝʥʮʠʘʣʘ, çʩʨʝʜʥʝʛʦè ʜʣʷ ʚʩʝʡ ʧʣʘʥʝʪʳ.  

 

 

3.11. ʉʠʩʪʝʤʘ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ɿʝʤʣʠ ʇɿ-90 

 

ʇʦʜʦʙʥʦ ʪʦʤʫ, ʢʘʢ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʘʤʝʨʠʢʘʥʩʢʦʡ ʩʧʫʪʥʠʢʦʚʦʡ 

ʥʘʚʠʛʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ Navstar  GPS  ʙʳʣʘ ʩʦʟʜʘʥʘ ʛʝʦʜʝʟʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ  

WGS-84, ʪʘʢ ʠ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʨʦʩʩʠʡʩʢʦʡ ɻʃʆʅɸʉʉ 

ʙʳʣʘ ʩʦʟʜʘʥʘ ʇɿ-90. ʇʦʩʪʘʥʦʚʣʝʥʠʝʤ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ 

(ˉ568 ʦʪ 2000 ʛ.)  ʩ 2002 ʛ. ʵʪʘ ʩʠʩʪʝʤʘ ʧʨʠʥʷʪʘ ʚ ʢʘʯʝʩʪʚʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ 

ʜʣʷ ʮʝʣʝʡ ʥʘʚʠʛʘʮʠʠ ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʦʨʙʠʪʘʣʴʥʳʭ ʧʦʣʝʪʦʚ. 
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ʇɿ-90 (çʇʘʨʘʤʝʪʨʳ ɿʝʤʣʠ-90è) ʷʚʣʷʝʪʩʷ ʩʠʩʪʝʤʦʡ ʦʪʩʯʝʪʘ (reference 

system), ʢʦʪʦʨʘʷ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ: 

- ʛʝʦʮʝʥʪʨʠʯʝʩʢʫ  ʁʧʨʷʤʦʫʛʦʣʴʥʫ  ʁʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ (X, Y, Z); 

- ʵʣʣʠʧʩʦʠʜ ʩ ʟʘʜʘʥʥʦʡ ʥʘ ʥʝʤ ʩʠʩʪʝʤʦʡ  ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪ (B, 

L, H); 

- ʧʘʨʘʤʝʪʨ rʩʚʷʟʠ ʩ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʟʝʤʥʦʡ ʦʪʩʯʝʪʥʦʡ ʦʩʥʦʚʦʡ ITRF 

2000 (ʥʘ ʵʧʦʭʫ 2000 ʛʦʜʘ);  

- ʤʦʜʝʣ ɹʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʦʣʷ ɿʝʤʣʠ.  

ʉʠʩʪʝʤʘ ʧʨʷʤʦʫʛʦʣʥɹʳʭ ʢʦʦʨʜʠʥʘʪ ʦʨʠʝʥʪʠʨʦʚʘʥʘ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ: 

- ʥʘʯʘʣʦ ʢʦʦʨʜʠʥʘʪ ʩʦʚʤʝʱʝʥʦ ʩ ʮʝʥʪʨʦʤ ʤʘʩʩ ɿʝʤʣʠ, ʚʢʣʶʯʘʷ ʤʘʩʩʳ 

ʦʢʝʘʥʦʚ ʠ ʘʪʤʦʩʬʝʨʳ;  

- ʦʩʴ Z ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʫʩʣʦʚʥʳʡ ʉʝʚʝʨʥʳʡ ʧʦʣʶʩ ɿʝʤʣʠ, ʢʘʢ 

ʦʧʨʝʜʝʣʝʥʦ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʩʣʫʞʙʦʡ ʚʨʘʱʝʥʠʷ ɿʝʤʣʠ (International Earth 

Rotation and Reference Systems Service);  

- ʦʩʴ X ʥʘʧʨʘʚʣʝʥʘ ʚ ʪʦʯʢʫ ʧʝʨʝʩʝʯʝʥʠʷ ʧʣʦʩʢʦʩʪʠ ʵʢʚʘʪʦʨʘ ʠ 

ʥʘʯʘʣʴʥʦʛʦ (ʥʫʣʝʚʦʛʦ) ʤʝʨʠʜʠʘʥʘ, ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʄʝʞʜʫʥʘʨʦʜʥʳʤ ʙʶʨʦ 

ʚʨʝʤʝʥʠ (Bureau International de lôHeure);  

- ʦʩʴ Y ʜʦʧʦʣʥʷʝʪ ʛʝʦʮʝʥʪʨʠʯʝʩʢʫʶ ʧʨʷʤʦʫʛʦʣʴʥʫʶ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ 

ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ ʜʦ ʧʨʘʚʦʡ.  

ʄʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ ʩʠʩʪʝʤʘ ʦʪʩʯʝʪʘ ʇɿ-90 (ʩʦʛʣʘʰʝʥʠʝ ʦ ʥʘʯʘʣʝ 

ʢʦʦʨʜʠʥʘʪ, ʥʘʧʨʘʚʣʝʥʠʠ ʦʩʝʡ) ʧʨʘʢʪʠʯʝʩʢʠ ʩʦʚʧʘʜʘʝʪ ʩ ʤʝʞʜʫʥʘʨʦʜʥʦʡ, ʪʦ 

ʝʩʪʴ ʩ ITRS.  ʅʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪʩʯʝʪʥʘʷ ʦʩʥʦʚʘ (reference frame), ʪʦ ʝʩʪʴ 

ʥʘʙʦʨ ʧʫʥʢʪʦʚ ʥʘ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, çʟʘʢʨʝʧʣʷʶʱʠʡè ʜʘʥʥʫʶ ʩʠʩʪʝʤʫ 

ʢʦʦʨʜʠʥʘʪ.  ɼʣʷ ITRS, ʢʘʢ ʫʞʝ ʛʦʚʦʨʠʣʦʩʴ, ʪʘʢʦʡ ʦʩʥʦʚʦʡ ʷʚʣʷʝʪʩʷ  ITRF, ʘ 

ʜʣʷ ʇɿ-90 ï ʧʫʥʢʪʳ ʢʦʩʤʠʯʝʩʢʦʡ ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʩʝʪʠ (ʂɻʉ) ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠ. ʂʦʦʨʜʠʥʘʪʳ ʵʪʠʭ ʧʫʥʢʪʦʚ ʦʧʨʝʜʝʣʷʣʠʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʧʝʮʠʘʣʴʥʳʭ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʩʧʫʪʥʠʢʦʚ ɻɽʆʀʂ, ʩʧʫʪʥʠʢʦʚ ʩʠʩʪʝʤ ɻʃʆʅɸʉʉ 

ʠ ʕʊɸʃʆʅ. ʈʘʟʫʤʝʝʪʩʷ, ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʨʝʟʫʣʴʪʘʪʳ ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʠ 

ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʦʡ ʩʲʝʤʢʠ, ʣʘʟʝʨʥʳʝ ʠ ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʠʝ ʜʘʣʴʥʦʤʝʨʥʳʝ 

ʠʟʤʝʨʝʥʠʷ ʠ ʜʨʫʛʠʝ ʤʝʪʦʜʳ. ɺ ʵʪʦʡ ʩʝʪʠ 26 ʧʫʥʢʪʦʚ ʥʘʭʦʜʷʪʩʷ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ʙʳʚʰʝʛʦ ʉʉʉʈ ʠ ʝʱʝ 7 ʚ ɸʥʪʘʨʢʪʠʜʝ. 

ʇʦʩʢʦʣʴʢʫ ʥʘʙʦʨ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ, ʟʘʢʨʝʧʣʷʶʱʠʭ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ, 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ  ʨʘʟʥʳʡ, ʪʦ ʠ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ, ʟʘʜʘʥʥʳʝ ʇɿ-90 ʠ ITRF, 

ʦʢʘʟʘʣʠʩʴ ʥʝʩʢʦʣʴʢʦ ʩʤʝʱʝʥʥʳʤʠ ʜʨʫʛ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʘ (ʭʦʪʷ 

ʪʝʦʨʝʪʠʯʝʩʢʠ ʜʦʣʞʥʳ ʩʦʚʧʘʜʘʪʴ). ɺ ʜʦʢʫʤʝʥʪʘʭ, ʦʧʠʩʳʚʘʶʱʠʭ ʇɿ-90, 

ʧʨʠʚʝʜʝʥʳ ʧʘʨʘʤʝʪʨʳ ʦʨʠʝʥʪʠʨʦʚʘʥʠʷ ʵʪʦʡ ʩʠʩʪʝʤʳ ʦʪʥʦʩʠʪʝʣʴʥʦ WGS-84, 

ʢʦʪʦʨʘʷ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʩʦʚʧʘʜʘʝʪ ʩ ITRF ʩ ʩʘʥʪʠʤʝʪʨʦʚʦʡ ʪʦʯʥʦʩʪʴʶ.  

ɺ ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʚʝʨʩʠʠ ʇɿ-90 ʩʜʚʠʛ ʥʘʯʘʣ ʵʪʠʭ ʩʠʩʪʝʤ ʢʦʦʨʜʠʥʘʪ 

ʩʦʩʪʘʚʣʷʣ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʢʦʚ ʩʘʥʪʠʤʝʪʨʦʚ ʠ,  ʢʨʦʤʝ ʪʦʛʦ, ʠʤʝʣʩʷ ʧʦʚʦʨʦʪ 

ʩʠʩʪʝʤ ʚʦʢʨʫʛ ʦʩʠ Z  ʧʨʠʤʝʨʥʦ ʥʘ ʦʜʥʫ ʪʨʝʪʴ ʫʛʣʦʚʦʡ ʩʝʢʫʥʜʳ. ʅʦ ʩ 2007 

ʛʦʜʘ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʥʦʚʳʭ ʠʟʤʝʨʝʥʠʡ  ʚʚʝʜʝʥʘ ʦʯʝʨʝʜʥʘʷ ʚʝʨʩʠʷ ʩʠʩʪʝʤʳ, 

ʧʦʣʫʯʠʚʰʘʷ ʦʙʦʟʥʘʯʝʥʠʝ ʇɿ-90.02. ɺ ʵʪʦʡ ʚʝʨʩʠʠ ʥʘʧʨʘʚʣʝʥʠʷ ʦʩʝʡ ʪʦʯʥʦ 
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ʩʦʚʧʘʜʘʶʪ ʩ WGS-84 (ʧʦʚʦʨʦʪʘ ʥʝʪ), ʘ ʥʘʯʘʣʦ ʢʦʦʨʜʠʥʘʪ ʩʜʚʠʥʫʪʦ ʧʦ 

ʥʘʧʨʘʚʣʝʥʠʷʤ ʦʩʝʡ  ʥʘ ʛʦʨʘʟʜʦ ʤʝʥʴʰʫʶ ʚʝʣʠʯʠʥʫ (ʤʘʢʩʠʤʫʤ ʧʦ ʦʩʠ X ï  36 

ʩʤ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʠʩʪʝʤʳ ʧʨʷʤʦʫʛʦʣʴʥʳʭ ʢʦʦʨʜʠʥʘʪ WGS-84, ITRF  ʠ 

ʇɿ-90.02  ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʠʜʝʥʪʠʯʥʳʤʠ ʩ  ʧʨʘʢʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʪʦ ʝʩʪʴ 

ʜʘʞʝ ʧʨʠ ʨʝʰʝʥʠʠ  ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʟʘʜʘʯ, ʪʨʝʙʫʶʱʠʭ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʠ 

(ʥʘʧʨʠʤʝʨ, ʟʘʭʦʜ ʥʘ ʧʦʩʘʜʢʫ). 

ʇɿ-90 ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʪʘʢʞʝ  ʵʣʣʠʧʩʦʠʜ, ʮʝʥʪʨ ʢʦʪʦʨʦʛʦ ʠ 

ʥʘʧʨʘʚʣʝʥʠʷ ʦʩʝʡ ʩʦʚʧʘʜʘʶʪ ʩ ʮʝʥʪʨʦʤ ʠ ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʦʩʝʡ 

ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ. ʕʪʦʪ ʵʣʣʠʧʩʦʠʜ, ʪʘʢ ʞʝ ʢʘʢ ʚ WGS-84, 

ʷʚʣʷʝʪʩʷ ʦʙʱʝʟʝʤʥʳʤ ʵʣʣʠʧʩʦʠʜʦʤ, ʧʨʠʟʚʘʥʥʳʤ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʪʴ ʛʝʦʠʜ ʥʘ 

ʚʩʝʡ ʪʝʨʨʠʪʦʨʠʠ ʧʣʘʥʝʪʳ. ɿʝʤʣʷ ʫ ʥʘʩ ʥʘ ʚʩʝʭ ʦʜʥʘ, ʥʦ  ʧʘʨʘʤʝʪʨʳ 

ʵʣʣʠʧʩʦʠʜʦʚ ʇɿ-90 ʠ WGS-84 ʥʝʩʢʦʣʴʢʦ ʦʪʣʠʯʘʶʪʩʷ, ʧʦʩʢʦʣʴʢʫ ʧʦʜʦʙʨʘʥʳ 

ʧʦ ʨʘʟʥʳʤ ʥʘʙʦʨʘʤ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʦ ʛʝʦʠʜʝ (ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʦʪʝʯʝʩʪʚʝʥʥʳʤ ʠ ʘʤʝʨʠʢʘʥʩʢʠʤ). 

ʄʦʜʝʣʴ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʦʣʷ ɿʝʤʣʠ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʧʘʨʘʤʝʪʨʦʚ 

ʥʦʨʤʘʣʴʥʦʛʦ ʠ ʘʥʦʤʘʣʴʥʦʛʦ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʧʦʣʝʡ.  

ʅʦʨʤʘʣʴʥʦʝ ʛʨʘʚʠʪʘʮʠʦʥʥʦʝ ʧʦʣʝ, ʪʦ ʝʩʪʴ ʧʦʣʝ çʫʩʨʝʜʥʝʥʥʦʡè ɿʝʤʣʠ ʚ 

ʬʦʨʤʝ ʵʣʣʠʧʩʦʠʜʘ,  ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʜʚʫʭ ʚʘʨʠʘʥʪʘʭ.  

1. ɺ ʚʠʜʝ ʥʦʨʤʠʨʦʚʘʥʥʳʭ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʥʦʨʤʘʣʴʥʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ. ʕʪʦʪ ʩʧʦʩʦʙ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʘʥʘʣʦʛʠʯʝʥ ʨʘʩʩʤʦʪʨʝʥʥʳʤ ʨʘʥʝʝ ʠ 

ʠʩʧʦʣʴʟʫʝʤʳʤ ʚ ʜʨʫʛʠʭ ʤʦʜʝʣʷʭ ʧʦʣʷ.  

2. ɺ ʚʠʜʝ ʩʝʤʠ ʪʦʯʝʯʥʳʭ ʤʘʩʩ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʦʩʠ ʚʨʘʱʝʥʠʷ ɿʝʤʣʠ 

ʥʝ ʦʯʝʥʴ ʜʘʣʝʢʦ ʦʪ ʝʝ ʮʝʥʪʨʘ (ʜʦ 300 ʢʤ). ʈʘʩʧʦʣʦʞʝʥʠʝ ʠ ʚʝʣʠʯʠʥʘ ʵʪʠʭ ʤʘʩʩ 

ʧʦʜʦʙʨʘʥʳ ʪʘʢ, ʯʪʦʙʳ ʩʦʟʜʘʚʘʝʤʦʝ ʠʤʠ ʨʝʟʫʣʴʪʠʨʫʶʱʝʝ ʧʦʣʝ 

ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʦ ʥʦʨʤʘʣʴʥʦʤʫ ʛʨʘʚʠʪʘʮʠʦʥʥʦʤʫ ʧʦʣʶ ɿʝʤʣʠ.  

ɸʥʦʤʘʣʴʥʦʝ ʛʨʘʚʠʪʘʮʠʦʥʥʦʝ ʧʦʣʝ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʝ ʦʪʢʣʦʥʝʥʠʝ ʦʪ 

ʥʦʨʤʘʣʴʥʦʛʦ, ʪʘʢʞʝ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʘʟʥʳʤʠ ʩʧʦʩʦʙʘʤʠ:  

- ʚ ʚʠʜʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʨʘʟʣʦʞʝʥʠʷ ʛʝʦʧʦʪʝʥʮʠʘʣʘ ʚ ʨʷʜ ʧʦ 

ʩʬʝʨʠʯʝʩʢʠʤ ʬʫʥʢʮʠʷʤ ʜʦ 36 ʩʪʝʧʝʥʠ ʠ ʧʦʨʷʜʢʘ;  

-    ʚ ʬʦʨʤʝ ʧʘʨʘʤʝʪʨʦʚ ʩʠʩʪʝʤʳ 320 ʪʦʯʝʯʥʳʭ ʤʘʩʩ;  

-    ʚ ʬʦʨʤʝ ʧʘʨʘʤʝʪʨʦʚ 60 ʪʦʯʝʯʥʳʭ ʤʘʩʩ;  

- ʚ ʚʠʜʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʨʘʟʣʦʞʝʥʠʷ ʛʝʦʧʦʪʝʥʮʠʘʣʘ ʚ ʨʷʜ ʧʦ 

ʩʬʝʨʠʯʝʩʢʠʤ ʬʫʥʢʮʠʷʤ ʜʦ 200 ʩʪʝʧʝʥʠ ʠ ʧʦʨʷʜʢʘ.  

ʇʦʩʣʝʜʥʠʡ ʠʟ ʵʪʠʭ ʩʧʦʩʦʙʦʚ ʦʙʝʩʧʝʯʠʚʘʝʪ  ʨʘʩʯʝʪ ʚʳʩʦʪʳ ʢʚʘʟʠʛʝʦʠʜʘ 

ʥʘʜ ʵʣʣʠʧʩʦʠʜʦʤ  ʩʦ ʩʨʝʜʥʝʡ ʢʚʘʜʨʘʪʠʯʝʩʢʦʡ ʧʦʛʨʝʰʥʦʩʪʴʶ 2 ʤ. 

ʂʘʞʜʳʡ ʧʦʣʴʟʦʚʘʪʝʣʴ ʇɿ-90 ʚʳʙʠʨʘʝʪ ʦʧʪʠʤʘʣʴʥʳʡ ʚʘʨʠʘʥʪ ʤʦʜʝʣʠ 

ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʦʣʷ ɿʝʤʣʠ ʜʣʷ ʨʝʰʝʥʠʷ ʢʦʥʢʨʝʪʥʦʡ ʧʨʠʢʣʘʜʥʦʡ ʟʘʜʘʯʠ. 

ʅʘʧʨʠʤʝʨ, ʚ ʙʦʨʪʦʚʳʭ ʧʨʠʝʤʥʠʢʘʭ ɻʃʆʅɸʉʉ ʠʩʧʦʣʴʟʫʶʪʩʷ ʛʘʨʤʦʥʠʯʝʩʢʠʝ 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʛʝʦʧʦʪʝʥʮʠʘʣʘ ʜʦ 8 ʩʪʝʧʝʥʠ ʠ ʧʦʨʷʜʢʘ ʚʢʣʶʯʠʪʝʣʴʥʦ. ʅʘ 

ʥʘʟʝʤʥʳʭ ʩʪʘʥʮʠʷʭ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʦʨʙʠʪ ʩʧʫʪʥʠʢʦʚ 

ʠʩʧʦʣʴʟʫʶʪʩʷ, ʢʦʥʝʯʥʦ, ʙʦʣʝʝ ʪʦʯʥʳʝ ʤʦʜʝʣʠ. ɺ ʪʘʙʣ.3.2 ʧʨʠʚʝʜʝʥʳ 

ʦʩʥʦʚʥʳʝ ʜʘʥʥʳʝ, ʢʘʩʘʶʱʠʝʩʷ ʇɿ-90.02. 
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ʊʘʙʣʠʮʘ  3.2 

ʆʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʠ ʬʠʟʠʯʝʩʢʠʝ ʢʦʥʩʪʘʥʪʳ, ʧʨʠʥʷʪʳʝ ʚ ʇɿ-90.02 

 

ʇʘʨʘʤʝʪʨ ɿʥʘʯʝʥʠʝ 

ɹʦʣʴʰʘʷ ʧʦʣʫʦʩʴ, a 6 378 136,0 ʤ 

ʄʘʣʘʷ ʧʦʣʫʦʩʴ, b 6 356 751,36 ʤ 

ɿʥʘʤʝʥʘʪʝʣʴ ʩʞʘʪʠʷ, 1/Ŭ 298,257839303 

ʂʚʘʜʨʘʪ ʵʢʩʮʝʥʪʨʠʩʠʪʝʪʘ, e
2 

0,0066943662 

ɻʨʘʚʠʪʘʮʠʦʥʥʘʷ ʧʦʩʪʦʷʥʥʘʷ ɿʝʤʣʠ (ʧʨʦʠʟʚʝʜʝʥʠʝ 

ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʧʦʩʪʦʷʥʥʦʡ ʥʘ ʤʘʩʩʫ ɿʝʤʣʠ, 

ʚʢʣʶʯʘʷ ʘʪʤʦʩʬʝʨʫ) 

3986004,418Ŀ10
8
 ʤ

3
/ʩ

2
 

ʉʨʝʜʥʷʷ ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ɿʝʤʣʠ 7292115,0Ŀ10
-11

 ʨʘʜ/ʩ 

ʂʦʵʬʬʠʮʠʝʥʪ ʚʪʦʨʦʡ ʩʪʝʧʝʥʠ ʥʫʣʝʚʦʛʦ ʧʦʨʷʜʢʘ 

ʤʦʜʝʣʠ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʦʣʷ, C2,0 

-0,00484164953 

ʅʦʨʤʘʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ ʵʣʣʠʧʩʦʠʜʘ, U0 62636861,4 ʤ
2
 /ʩ

2 

ʋʩʢʦʨʝʥʠʝ ʩʠʣʳ ʪʷʞʝʩʪʠ ʥʘ ʵʢʚʘʪʦʨʝ ʵʣʣʠʧʩʦʠʜʘ, 

ge 

9,7803284 ʤ /ʩ
2
 

ʉʢʦʨʦʩʪʴ ʩʚʝʪʘ ʚ ʚʘʢʫʫʤʝ, c 299 792 458 ʤ/ʩ 

 

 

 

3.12. ɻʝʦʜʝʟʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ ʉʂ-95 

 

ʊʝʤ ʞʝ ʇʦʩʪʘʥʦʚʣʝʥʠʝʤ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ, 

ʢʦʪʦʨʳʤ ʚ ʢʘʯʝʩʪʚʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʩʠʩʪʝʤʳ  ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʚʠʛʘʮʠʠ ʠ 

ʦʨʙʠʪʘʣʴʥʳʭ ʧʦʣʝʪʦʚ ʙʳʣʘ ʚʚʝʜʝʥʘ ʩʠʩʪʝʤʘ ʇɿ-90, ʙʳʣʘ ʚʚʝʜʝʥʘ ʪʘʢʞʝ  

ʛʝʦʜʝʟʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ ʉʂ-95. ʆʥʘ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʠ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʭ ʨʘʙʦʪ ʠ ʟʘʤʝʥʠʣʘ ʠʩʧʦʣʴʟʦʚʘʚʰʫʶʩʷ 

ʙʦʣʝʝ 50 ʣʝʪ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ ʉʂ-42. 

ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʟʘʤʝʥʳ ʙʳʣʘ ʚʳʟʚʘʥʘ ʥʝʜʦʩʪʘʪʢʘʤʠ ʉʂ-42, 

ʚʳʷʚʠʚʰʠʤʠʩʷ ʧʦ ʤʝʨʝ ʥʘʢʦʧʣʝʥʠʷ ʥʦʚʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʛʝʦʜʝʟʠʯʝʩʢʠʭ 

ʠʟʤʝʨʝʥʠʡ, ʚʳʧʦʣʥʝʥʥʳʭ ʚ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ. ɼʝʣʦ ʚ ʪʦʤ, ʯʪʦ 

ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʵʪʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ  ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʛʝʦʜʝʟʠʯʝʩʢʘʷ ʩʝʪʴ 1 

ʢʣʘʩʩʘ ʫʨʘʚʥʠʚʘʣʘʩʴ ʦʪʜʝʣʴʥʳʤʠ ʙʣʦʢʘʤʠ. ʅʘ ʛʨʘʥʠʮʘʭ ʙʣʦʢʦʚ ʨʝʟʫʣʴʪʘʪʳ 

ʧʨʝʜʳʜʫʱʝʛʦ ʫʨʘʚʥʠʚʘʥʠʷ ʧʨʠʥʠʤʘʣʠʩʴ ʟʘ ʘʙʩʦʣʶʪʥʦ ʪʦʯʥʳʝ. ʇʦ ʪʘʢʦʤʫ ʞʝ 

ʧʨʠʥʮʠʧʫ ʫʨʘʚʥʠʚʘʣʠʩʴ ʩʝʪʠ 2 ʢʣʘʩʩʘ, ʟʘʧʦʣʥʷʚʰʠʝ  ʧʦʣʠʛʦʥʳ ʩʝʪʠ 1 ʢʣʘʩʩʘ. 

ʉʂ-42 ʨʘʩʧʨʦʩʪʨʘʥʷʣʘʩʴ ʧʦ ʪʝʨʨʠʪʦʨʠʠ ʩʪʨʘʥʳ ʚ ʚʠʜʝ ʩʠʩʪʝʤʳ ʥʘʥʠʟʘʥʥʳʭ 

ʜʨʫʛ ʥʘ ʜʨʫʛʘ ʙʣʦʢʦʚ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʫʨʘʚʥʠʚʘʣʩʷ ʦʪʜʝʣʴʥʦ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʥʘ ʛʨʘʥʠʮʘʭ ʙʣʦʢʦʚ, ʘ ʪʘʢʞʝ ʥʘ ʛʨʘʥʠʮʘʭ ʨʷʜʦʚ 1 ʠ 2 ʢʣʘʩʩʦʚ,   

ʚʳʷʚʠʣʘʩʴ ʜʝʬʦʨʤʘʮʠʷ ʩʝʪʠ. ʂʦʦʨʜʠʥʘʪʳ ʪʦʯʝʢ ʚ ʉʂ-42 ʦʢʘʟʘʣʠʩʴ 

ʥʝʪʦʯʥʳʤʠ, ʧʨʠʯʝʤ ʚ ʨʘʟʥʳʭ ʨʝʛʠʦʥʘʭ ʩʪʨʘʥʳ ʚ ʨʘʟʥʦʡ ʩʪʝʧʝʥʠ. 

ʂ 1991 ʛʦʜʫ ʟʘʥʦʚʦ ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ ʫʨʘʚʥʠʚʘʥʠʝ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʭ 

ʠʤʝʚʰʠʭʩʷ ʥʘ ʪʦ ʚʨʝʤʷ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʜʘʥʥʳʭ. ʇʨʠ ʵʪʦʤ ʚʳʷʚʠʣʦʩʴ, ʯʪʦ 
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ʦʙʱʠʝ ʨʝʛʠʦʥʘʣʴʥʳʝ ʜʝʬʦʨʤʘʮʠʠ ʥʘ ʩʝʚʝʨʝ ʠ ʚʦʩʪʦʢʝ ʩʪʨʘʥʳ ʜʦʩʪʠʛʘʶʪ 20-

30 ʤ, ʘ ʣʦʢʘʣʴʥʳʝ (ʥʘ ʛʨʘʥʠʮʘʭ ʙʣʦʢʦʚ) ʩʦʩʪʘʚʣʷʶʪ 10 ʤ ʠ ʙʦʣʝʝ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʉʂ-42 ʥʝ ʫʜʦʚʣʝʪʚʦʨʷʣʘ ʩʦʚʨʝʤʝʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ ʢ ʪʦʯʥʦʩʪʠ. 

ɹʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʦ ʚʚʝʜʝʥʠʠ ʥʦʚʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ, ʢʦʪʦʨʘʷ ʠ 

ʧʦʣʫʯʠʣʘ ʦʙʦʟʥʘʯʝʥʠʝ ʉʂ-95. ʅʦʩʠʪʝʣʝʤ ʵʪʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʷʚʣʷʶʪʩʷ 

164 ʪʳʩʷʯʠ ʧʫʥʢʪʦʚ, ʩʦʚʤʝʩʪʥʦ ʫʨʘʚʥʝʥʥʳʭ ʘʩʪʨʦʥʦʤʠʯʝʩʢʦʡ, ʢʦʩʤʠʯʝʩʢʦʡ ʠ 

ʜʦʧʣʝʨʦʚʩʢʦʡ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʩʝʪʝʡ. 

ʇʨʠ ʨʝʰʝʥʠʠ ʚʦʧʨʦʩʘ ʦ ʚʳʙʦʨʝ ʵʣʣʠʧʩʦʠʜʘ ʜʣʷ ʵʪʦʡ ʩʠʩʪʝʤʳ 

ʢʦʦʨʜʠʥʘʪ ʨʘʩʩʤʘʪʨʠʚʘʣʩʷ ʚʘʨʠʘʥʪ ʚʳʙʦʨʘ ʦʙʱʝʟʝʤʥʦʛʦ ʵʣʣʠʧʩʦʠʜʘ ʩ 

ʮʝʥʪʨʦʤ ʚ ʮʝʥʪʨʝ ʤʘʩʩ ɿʝʤʣʠ ʚʤʝʩʪʦ ʨʝʬʝʨʝʥʮ-ʵʣʣʠʧʩʦʠʜʘ ʂʨʘʩʦʚʩʢʦʛʦ, 

ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʚ ʉʂ-42 ʠ ʧʦʜʦʙʨʘʥʥʦʛʦ ʠʟ ʩʦʦʙʨʘʞʝʥʠʡ ʝʛʦ ʙʣʠʟʦʩʪʠ ʢ 

ʛʝʦʠʜʫ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʉʉʉʈ. ʅʦ, ʧʦʩʢʦʣʴʢʫ ʉʂ-95 ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʢʘʨʪʦʛʨʘʬʠʠ, ʪʘʢʦʝ ʨʝʰʝʥʠʝ ʧʦʪʨʝʙʦʚʘʣʦ ʙʳ ʧʝʨʝʠʟʜʘʥʠʷ 

ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʭ ʢʘʨʪ ʜʣʷ ʪʝʨʨʠʪʦʨʠʠ ʩʪʨʘʥʳ. ɺʝʜʴ ʨʘʟʤʝʨʳ ʠ ʦʨʠʝʥʪʘʮʠʷ 

ʵʪʠʭ ʵʣʣʠʧʩʦʠʜʦʚ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʟʣʠʯʥʳ.  

ʇʦʵʪʦʤʫ ʙʳʣʦ ʨʝʰʝʥʦ ʦʩʪʘʚʠʪʴ ʪʦʪ ʞʝ ʵʣʣʠʧʩʦʠʜ ʂʨʘʩʦʚʩʢʦʛʦ, ʥʦ 

ʠʟʤʝʥʠʪʴ ʝʛʦ ʦʨʠʝʥʪʘʮʠʶ ʚ ʪʝʣʝ ʛʝʦʠʜʘ. ɻʝʦʜʝʟʠʯʝʩʢʠʝ ʢʦʦʨʜʠʥʘʪʳ 

ʠʩʭʦʜʥʦʛʦ ʧʫʥʢʪʘ ʇʫʣʢʦʚʦ ʦʩʪʘʣʠʩʴ ʧʨʝʞʥʠʝ, ʪʦ ʝʩʪʴ ʦʥʠ ʩʦʚʧʘʜʘʶʪ ʚ ʉʂ-42 

ʠ ʉʂ-95. ʅʦ ʵʣʣʠʧʩʦʠʜ, ʫʧʨʦʱʝʥʥʦ ʛʦʚʦʨʷ, ʢʘʢ ʙʳ ʧʦʚʝʨʥʫʪ, ʯʪʦʙʳ 

ʫʩʪʨʘʥʠʪʴ ʜʝʬʦʨʤʘʮʠʠ ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʩʝʪʠ ʠ ʙʦʣʝʝ ʪʦʯʥʦ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ 

ʨʝʟʫʣʴʪʘʪʘʤ ʥʦʚʦʛʦ ʫʨʘʚʥʠʚʘʥʠʷ. ʅʘʧʨʘʚʣʝʥʠʷ ʦʩʝʡ ʵʣʣʠʧʩʦʠʜʘ ʉʂ-95 

ʩʦʚʧʘʜʘʶʪ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ ʦʩʝʡ ʦʙʱʝʟʝʤʥʦʛʦ ʵʣʣʠʧʩʦʠʜʘ ʇɿ-90. ʎʝʥʪʨʳ 

ʵʪʠʭ ʜʚʫʭ ʵʣʣʠʧʩʦʠʜʦʚ ʥʝ ʩʦʚʧʘʜʘʶʪ ʥʘ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʢʦʚ ʤʝʪʨʦʚ, ʥʦ 

ʚʝʣʠʯʠʥʳ ʩʤʝʱʝʥʠʷ ʧʦ ʦʩʷʤ ʢʦʦʨʜʠʥʘʪ ʠʟʚʝʩʪʥ r ʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʦ. ʕʪʦ 

ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʭʦʜʠʪʴ ʦʪ ʢʦʦʨʜʠʥʘʪ ʚ ʉʂ-95 ʢ ʢʦʦʨʜʠʥʘʪʘʤ ʚ ʦʙʱʝʟʝʤʥʳʭ 

ʩʠʩʪʝʤʘʭ, ʥʘʧʨʠʤʝʨ, ʚ WGS-84. 

ɻʣʘʚʥʘʷ ʧʨʦʙʣʝʤʘ, ʩʚʷʟʘʥʥʘʷ ʩ ʚʚʝʜʝʥʠʝʤ ʉʂ-95, ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, 

ʯʪʦ ʠʟʤʝʥʠʣʠʩʴ ʢʦʦʨʜʠʥʘʪʳ ʚʩʝʭ ʦʙʲʝʢʪʦʚ ʤʝʩʪʥʦʩʪʠ. ʀ ʯʝʤ ʜʘʣʴʰʝ ʦʪ 

ʇʫʣʢʦʚʦ, ʪʝʤ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʠʣʴʥʝʝ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʝʨʝʜ ʢʘʨʪʦʛʨʘʬʘʤʠ ʠ 

ʛʝʦʜʝʟʠʩʪʘʤʠ ʚʩʪʘʝʪ ʟʘʜʘʯʘ ʧʝʨʝʠʟʜʘʥʠʷ ʤʥʦʛʠʭ ʚʠʜʦʚ ʢʘʨʪ ʜʣʷ ʪʝʨʨʠʪʦʨʠʠ 

ʈʦʩʩʠʠ, ʦʩʦʙʝʥʥʦ ʜʣʷ ʨʘʡʦʥʦʚ ʉʠʙʠʨʠ ʠ ɼʘʣʴʥʝʛʦ ɺʦʩʪʦʢʘ. ʆʢʦʣʦ 20% ʢʘʨʪ 

ʜʦʣʞʥʳ ʙʳʪʴ ʧʝʨʝʠʟʜʘʥʳ ʠ ʜʣʷ ɽʚʨʦʧʝʡʩʢʦʡ ʯʘʩʪʠ ʪʝʨʨʠʪʦʨʠʠ ʩʪʨʘʥʳ. ʈʝʯʴ 

ʠʜʝʪ ʦ ʢʘʨʪʘʭ ʜʦʩʪʘʪʦʯʥʦ ʢʨʫʧʥʦʛʦ ʤʘʩʰʪʘʙʘ ï 1:100000 (ʚ 1 ʩʤ 1 ʢʤ) ʠ 

ʢʨʫʧʥʝʝ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʵʪʦ ʥʝ ʢʘʩʘʝʪʩʷ ʘʵʨʦʥʘʚʠʛʘʮʠʦʥʥʳʭ ʤʘʨʰʨʫʪʥʳʭ 

ʢʘʨʪ, ʢʦʪʦʨʳʝ ʦʙʳʯʥʦ ʠʟʜʘʶʪʩʷ ʚ ʤʘʩʰʪʘʙʘʭ 1:1000000 (ʚ 1 ʩʤ 10 ʢʤ), 

1:2000000 (ʚ 1 ʩʤ 20 ʢʤ). ʅʘ ʪʘʢʠʭ ʢʘʨʪʘʭ ʠʟʤʝʥʝʥʠʝ ʢʦʦʨʜʠʥʘʪʥʦʡ ʩʝʪʢʠ ʚ 

ʩʚʷʟʠ ʩ ʚʚʝʜʝʥʠʝʤ ʥʦʚʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʟʘʤʝʪʥʦ (ʩʜʚʠʛ 

ʩʦʩʪʘʚʠʪ ʜʦʣʠ ʤʠʣʣʠʤʝʪʨʘ ʢʘʨʪʳ). 

ʉ 2002 ʛʦʜʘ ʠʟʜʘʥʠʝ ʥʦʚʳʭ ʢʘʨʪ ʠ ʛʝʦʜʝʟʠʯʝʩʢʠʝ ʨʘʙʦʪʳ ʜʦʣʞʥʳ 

ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʚ ʥʦʚʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ. ɺʚʝʜʝʥʠʝ ʉʂ-95 ʧʦʟʚʦʣʠʣʦ ʚ 10-

15 ʨʘʟ ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʠ ʩ ʤʠʥʠʤʘʣʴʥʳʤʠ 

ʠʟʜʝʨʞʢʘʤʠ ʦʙʝʩʧʝʯʠʪʴ ʧʝʨʝʭʦʜ ʢ ʛʝʦʮʝʥʪʨʠʯʝʩʢʠʤ (ʦʙʱʝʟʝʤʥʳʤ) ʩʠʩʪʝʤʘʤ 
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ʢʦʦʨʜʠʥʘʪ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ, ʚ ʯʘʩʪʥʦʩʪʠ, ʜʣʷ ʥʘʚʠʛʘʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʧʫʪʥʠʢʦʚʳʭ ʩʠʩʪʝʤ. 

ʅʝʦʙʭʦʜʠʤʦ ʫʧʦʤʷʥʫʪʴ, ʯʪʦ ʚ ʨʷʜʝ ʥʘʫʯʥʳʭ ʧʫʙʣʠʢʘʮʠʡ ʩʦʜʝʨʞʠʪʩʷ 

ʢʨʠʪʠʢʘ ʥʦʚʦʡ ʩʠʩʪʝʤʳ, ʦʪʤʝʯʘʶʪʩʷ ʦʰʠʙʢʠ, ʢʦʪʦʨʳʤʠ ʩʦʧʨʦʚʦʞʜʘʣʦʩʴ, ʧʦ 

ʤʥʝʥʠʶ ʘʚʪʦʨʦʚ ʧʫʙʣʠʢʘʮʠʡ, ʝʝ ʚʚʝʜʝʥʠʝ ʠ ʫʨʘʚʥʠʚʘʥʠʝ ʩʝʪʝʡ. ʂʘʢ ʙʳ ʪʦ ʥʠ 

ʙʳʣʦ, ʦʯʝʚʠʜʥʦ, ʯʪʦ ʧʦ ʤʝʨʝ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʩʝʪʝʡ 

ʩʪʨʘʥʳ ʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʷʚʷʪʩʷ ʥʦʚʳʝ ʙʦʣʝʝ 

ʩʦʚʝʨʰʝʥʥʳʝ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ.  

 

 

3.13. ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪ 

 

ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ. ɼʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ 

ʘʵʨʦʥʘʚʠʛʘʮʠʦʥʥʳʭ ʜʘʥʥʳʭ ʠ ʩʦʟʜʘʥʠʷ ʢʘʨʪ ʢʘʞʜʦʝ ʛʦʩʫʜʘʨʩʪʚʦ ʠʩʧʦʣʴʟʫʝʪ 

ʛʝʦʜʝʟʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ, ʦʩʥʦʚʘʥʥʫʶ ʥʘ ʩʚʦʝʤ ʨʝʬʝʨʝʥʮ-

ʵʣʣʠʧʩʦʠʜʝ. ʇʦʵʪʦʤʫ ʢʦʦʨʜʠʥʘʪʳ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʪʦʯʢʠ ʚ ʨʘʟʣʠʯʥʳʭ 

ʩʠʩʪʝʤʘʭ ʢʦʦʨʜʠʥʘʪ ʠʤʝʶʪ ʨʘʟʥʳʝ ʟʥʘʯʝʥʠʷ. ʀ ʥʘʦʙʦʨʦʪ, ʦʜʥʠʤ ʠ ʪʝʤ ʞʝ 

ʟʥʘʯʝʥʠʷʤ ʰʠʨʦʪʳ ʠ ʜʦʣʛʦʪʳ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʥʘ ʢʘʨʪʘʭ ʨʘʟʥʳʭ ʛʦʩʫʜʘʨʩʪʚ 

ʨʘʟʣʠʯʥʳʝ ʪʦʯʢʠ. ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʥʠʤʠ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ ʩʦʪʝʥ ʤʝʪʨʦʚ. 

ɼʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʪʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʩʪʘ ʩʘʤʦʣʝʪʘ ʩ ʧʦʤʦʱʴʶ 

ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʩʨʝʜʩʪʚ ʙʳʣʘ ʥʝʚʳʩʦʢʘ, ʨʘʟʣʠʯʠʝ ʤʝʞʜʫ ʩʠʩʪʝʤʘʤʠ 

ʢʦʦʨʜʠʥʘʪ ʥʝ ʠʤʝʣʦ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʧʦʛʨʝʰʥʦʩʪʴ ʚ 

ʩʦʪʥʶ-ʜʨʫʛʫʶ ʤʝʪʨʦʚ ʥʝ ʙʳʣʘ  ʩʫʱʝʩʪʚʝʥʥʦʡ, ʢʦʛʜʘ ʩʘʤʦ ʤʝʩʪʦ ʩʘʤʦʣʝʪʘ 

ʤʦʛʣʦ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʦ ʩ ʧʦʛʨʝʰʥʦʩʪʴʶ ʚ ʣʫʯʰʝʤ ʩʣʫʯʘʝ ʦʜʠʥ-ʜʚʘ 

ʢʠʣʦʤʝʪʨʘ, ʘ ʪʨʝʙʦʚʘʥʠʷ ʢ ʪʦʯʥʦʩʪʠ ʚʳʜʝʨʞʠʚʘʥʠʷ ʣʠʥʠʠ ʟʘʜʘʥʥʦʛʦ ʧʫʪʠ 

ʙʳʣʠ ʥʝ ʦʯʝʥʴ ʞʝʩʪʢʠʤʠ (ʰʠʨʠʥʘ ʚʦʟʜʫʰʥʦʡ ʪʨʘʩʩʳ ʦʙʳʯʥʦ 10 ʢʤ). ʅʦ ʩ 

ʧʦʷʚʣʝʥʠʝʤ ʩʧʫʪʥʠʢʦʚʳʭ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ, ʩʧʦʩʦʙʥʳʭ ʜʘʞʝ ʚ ʦʙʳʯʥʦʤ 

ʨʝʞʠʤʝ ʨʘʙʦʪʳ ʦʧʨʝʜʝʣʠʪʴ ʢʦʦʨʜʠʥʘʪʳ ʩ ʪʦʯʥʦʩʪʴʶ 15-20 ʤ, ʨʘʩʭʦʞʜʝʥʠʝ 

ʩʠʩʪʝʤ ʢʦʦʨʜʠʥʘʪ ʩʪʘʣʦ ʠʛʨʘʪʴ ʙʦʣʴʰʫʶ ʨʦʣʴ. ɽʩʣʠ ʥʘʚʠʛʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ 

ʚʳʜʘʝʪ ʢʦʦʨʜʠʥʘʪʳ ʚ ʦʜʥʦʡ ʩʠʩʪʝʤʝ, ʘ ʢʦʦʨʜʠʥʘʪʳ ʧʦʨʦʛʘ ɺʇʇ, ʥʘ ʢʦʪʦʨʫʶ 

ʥʫʞʥʦ ʚʳʧʦʣʥʠʪʴ ʧʦʩʘʜʢʫ, ʟʘʜʘʥʳ ʚ ʜʨʫʛʦʡ, ʪʦ ʦʯʝʚʠʜʥʦ, ʯʪʦ ʚʦʟʜʫʰʥʦʝ 

ʩʫʜʥʦ ʥʝ ʧʦʧʘʜʝʪ ʚ ʟʘʜʘʥʥʫʶ ʪʦʯʢʫ. 

ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʤʘʪʝʨʠʘʣʘ ʧʨʝʜʳʜʫʱʠʭ ʛʣʘʚ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ 

ʈʦʩʩʠʠ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʩʣʝʜʫʶʱʠʝ ʚʠʜʳ ʩʠʩʪʝʤ ʢʦʦʨʜʠʥʘʪ. 

1. ʈʘʟʣʠʯʥʳʝ ʩʠʩʪʝʤʳ ʧʨʷʤʦʫʛʦʣʴʥʳʭ ʢʦʦʨʜʠʥʘʪ OXYZ, ʥʘʯʘʣʘ ʢʦʪʦʨʳʭ 

ʩʦʚʧʘʜʘʶʪ ʩ ʮʝʥʪʨʦʤ ʤʘʩʩ ɿʝʤʣʠ ʠʣʠ ʩ ʮʝʥʪʨʘʤʠ ʨʘʟʥʳʭ ʨʝʬʝʨʝʥʮ-

ʵʣʣʠʧʩʦʠʜʦʚ. ʅʘʧʨʘʚʣʝʥʠʷ ʦʩʝʡ ʵʪʠʭ ʩʠʩʪʝʤ ʪʘʢʞʝ ʤʦʛʫʪ ʥʝʩʢʦʣʴʢʦ 

ʨʘʟʣʠʯʘʪʴʩʷ. 

2. ɺʩʝʤʠʨʥʘʷ ʛʝʦʜʝʟʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ WGS-84. ʀʤʝʥʥʦ ʚ ʵʪʦʡ ʩʠʩʪʝʤʝ 

ʚʩʝ ʛʦʩʫʜʘʨʩʪʚʘ-ʯʣʝʥʳ ʀʂɸʆ ʜʦʣʞʥʳ ʧʫʙʣʠʢʦʚʘʪʴ ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʝʢ ʚ 

ʩʚʦʠʭ ʜʦʢʫʤʝʥʪʘʭ ʘʵʨʦʥʘʚʠʛʘʮʠʦʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠ ʚ ʥʝʡ ʞʝ ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʢʦʦʨʜʠʥʘʪʳ ʩ ʧʦʤʦʱʴʶ  ʘʤʝʨʠʢʘʥʩʢʦʡ ʩʧʫʪʥʠʢʦʚʦʡ ʥʘʚʠʛʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ 
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Navstar GPS (ʚʧʨʦʯʝʤ, ʥʝʢʦʪʦʨʳʝ ʚʠʜʳ ʙʦʨʪʦʚʳʭ ʧʨʠʝʤʥʠʢʦʚ ʧʦʟʚʦʣʷʶʪ 

ʚʳʙʨʘʪʴ ʠʟ ʤʝʥʶ ʜʨʫʛʫʶ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ). 

3. ɻʝʦʮʝʥʪʨʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʇɿ-90.02, ʠʩʧʦʣʴʟʫʝʤʘʷ ʚ ʈʦʩʩʠʠ ʜʣʷ 

ʥʘʚʠʛʘʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʫʪʥʠʢʦʚʦʡ ʩʠʩʪʝʤʳ ɻʃʆʅɸʉʉ. 

4. ɻʝʦʜʝʟʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ ʉʂ-95, ʢʦʪʦʨʘʷ ʩ 2002 ʛ. 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʈʦʩʩʠʠ ʜʣʷ ʠʟʜʘʥʠʷ ʢʘʨʪ ʠ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʨʘʙʦʪ. 

5. ɻʝʦʜʝʟʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ ʉʂ-42, ʢʦʪʦʨʘʷ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ 

ʜʦ ʚʚʝʜʝʥʠʷ ʉʂ-95 ʠ ʚ ʢʦʪʦʨʦʡ ʠʟʜʘʥʳ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʢʘʨʪʳ ʜʣʷ 

ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚ ʧʨʘʢʪʠʢʝ ʘʵʨʦʥʘʚʠʛʘʮʠʦʥʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʣʝʪʦʚ 

ʚʦʟʥʠʢʘʶʪ ʟʘʜʘʯʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥʠʷ 

ʢʦʦʨʜʠʥʘʪ, ʪʦ ʝʩʪʴ ʧʝʨʝʩʯʝʪʘ ʢʦʦʨʜʠʥʘʪ ʪʦʯʝʢ ʠʟ ʦʜʥʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʚ 

ʜʨʫʛʫʶ.  

ʊʫ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ, ʚ ʢʦʪʦʨʦʡ ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʢʠ ʠʟʚʝʩʪʥʳ, ʙʫʜʝʤ 

ʜʣʷ ʢʨʘʪʢʦʩʪʠ ʥʘʟʳʚʘʪʴ ʩʪʘʨʦʡ ʩʠʩʪʝʤʦʡ, ʘ ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʥʝʡ ʟʥʘʯʝʥʠʷ 

ʦʙʦʟʥʘʯʘʪʴ ʠʥʜʝʢʩʦʤ 1. ʅʦʚʦʡ ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ ʪʫ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ, ʚ 

ʢʦʪʦʨʦʡ ʢʦʦʨʜʠʥʘʪʳ ʵʪʦʡ ʞʝ ʪʦʯʢʠ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʥʝʡ ʚʝʣʠʯʠʥʳ ʙʫʜʫʪ ʦʙʦʟʥʘʯʘʪʴʩʷ ʠʥʜʝʢʩʦʤ 2. 

ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʧʨʷʤʦʫʛʦʣʴʥʳʭ ʢʦʦʨʜʠʥʘʪ. ʃʶʙʦʝ ʠʟʤʝʥʝʥʠʝ 

ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʜʚʫʭ ʦʧʝʨʘʮʠʡ 

(ʨʠʩ. 3.21): 

- ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʧʝʨʝʥʦʩʘ ʦʩʝʡ ʢʦʦʨʜʠʥʘʪ, ʪʦ ʝʩʪʴ ʩʤʝʱʝʥʠʷ ʥʘʯʘʣʘ 

ʥʦʚʦʡ ʩʠʩʪʝʤʳ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʩʪʘʨʦʡ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʢʘʞʜʦʡ ʠʟ ʦʩʝʡ ʥʘ 

ʦʧʨʝʜʝʣʝʥʥʫʶ ʚʝʣʠʯʠʥʫ (ȹx, ȹy, ȹz); 

- ʧʦʚʦʨʦʪʘ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʚʦʢʨʫʛ ʢʘʞʜʦʡ  ʠʟ ʪʨʝʭ ʦʩʝʡ ʢʦʦʨʜʠʥʘʪ. 

ʇʘʨʘʣʣʝʣʴʥʳʡ ʧʝʨʝʥʦʩ ʥʘʯʘʣʘ ʢʦʦʨʜʠʥʘʪ ʧʨʠʚʦʜʠʪ ʧʨʦʩʪʦ ʢ ʠʟʤʝʥʝʥʠʶ 

ʢʦʦʨʜʠʥʘʪ ʣʶʙʦʡ ʪʦʯʢʠ ʥʘ ʚʝʣʠʯʠʥʫ ʧʝʨʝʥʦʩʘ ʧʦ  ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʦʩʠ. 

ʀʟʤʝʥʝʥʠʝ ʢʦʦʨʜʠʥʘʪ, ʩʚʷʟʘʥʥʦʝ ʩ ʧʦʚʦʨʦʪʦʤ ʦʩʝʡ, ʤʦʞʝʪ ʙʳʪʴ 

ʨʘʩʩʯʠʪʘʥʦ ʨʘʟʥʳʤʠ ʩʧʦʩʦʙʘʤʠ. ʂʣʘʩʩʠʯʝʩʢʠʡ ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʤʝʪʦʜ 

ʦʩʥʦʚʘʥ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʘʧʨʘʚʣʷʶʱʠʭ ʢʦʩʠʥʫʩʦʚ, ʪʦ ʝʩʪʴ ʢʦʩʠʥʫʩʦʚ ʫʛʣʦʚ 

ʤʝʞʜʫ  ʦʩʷʤʠ ʩʪʘʨʦʡ ʠ ʥʦʚʦʡ ʩʠʩʪʝʤ. ɼʨʫʛʦʡ ʤʝʪʦʜ ʦʩʥʦʚʘʥ ʥʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ ʫʛʣʦʚ ʕʡʣʝʨʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʪʨʠ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʧʦʚʦʨʦʪʘ ʩʪʘʨʦʡ ʩʠʩʪʝʤʳ  ʢʦʦʨʜʠʥʘʪ ʜʦ ʝʝ ʩʦʚʧʘʜʝʥʠʷ ʩ 

ʥʦʚʦʡ. ʉʨʘʚʥʠʪʝʣʴʥʦ ʥʦʚʳʤ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ ʢʚʘʪʝʨʥʠʦʥʦʚ (ʠʤʝʥʥʦ ʦʥ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʠ ʢʦʤʧʴʶʪʝʨʥʳʭ ʠʛʨ). 

ɼʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʢʦʦʨʜʠʥʘʪ, ʩʚʷʟʘʥʥʳʭ ʩ ɿʝʤʣʝʡ (ʵʣʣʠʧʩʦʠʜʘʤʠ), 

ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥ ʠ ʫʜʦʙʝʥ ʩʧʦʩʦʙ ɻʝʣʴʤʝʨʪʘ (Friedrich Robert 

Helmert, 1843-1917). ʆʥ ʦʩʥʦʚʘʥ ʥʘ ʪʦʤ, ʯʪʦ   ʫʛʣʳ ʧʦʚʦʨʦʪʘ ʦʩʝʡ ʪʘʢʠʭ 

ʩʠʩʪʝʤ  ʦʯʝʥʴ ʤʘʣʳ (ʦʙʳʯʥʦ ʩʦʩʪʘʚʣʷʶʪ ʜʦʣʠ ʫʛʣʦʚʦʡ ʩʝʢʫʥʜʳ ʠʣʠ ʜʘʞʝ 

ʨʘʚʥʳ ʥʫʣʶ). ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʢʦʩʠʥʫʩʳ ʵʪʠʭ ʫʛʣʦʚ ʤʦʞʥʦ ʧʨʠʥʷʪʴ ʨʘʚʥʳʤʠ 

ʝʜʠʥʠʮʝ, ʘ ʩʠʥʫʩʳ ʫʛʣʦʚ ï ʨʘʚʥʳʤʠ ʩʘʤʠʤ ʫʛʣʘʤ, ʚʳʨʘʞʝʥʥʳʤ ʚ ʨʘʜʠʘʥʘʭ.  
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ʈʠʩ. 3.21. ʇʘʨʘʣʣʝʣʴʥʳʡ ʧʝʨʝʥʦʩ ʠ ʧʦʚʦʨʦʪ ʩʠʩʪʝʤ ʢʦʦʨʜʠʥʘʪ 

 

ɽʩʣʠ ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʢʠ ʚ ʩʪʘʨʦʡ ʩʠʩʪʝʤʝ ʚʳʨʘʟʠʪʴ ʚ ʚʠʜʝ ʚʝʢʪʦʨʘ-

ʩʪʦʣʙʮʘ [x1, y1, z1]
T
, ʪʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʵʪʦʡ ʪʦʯʢʝ ʚʝʢʪʦʨ ʢʦʦʨʜʠʥʘʪ ʚ 

ʥʦʚʦʡ ʩʠʩʪʝʤʝ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥ ʧʦ ʬʦʨʤʫʣʝ: 
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ʛʜʝ  ȹx, ȹy, ȹz ï ʢʦʦʨʜʠʥʘʪʳ ʮʝʥʪʨʘ ʩʪʘʨʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ, ʚʳʨʘʞʝʥʥʳʝ 

ʚ ʥʦʚʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ; 

       Ůx,, Ůy , Ůz-  ʫʛʣʳ ʧʦʚʦʨʦʪʘ ʥʦʚʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʚʦʢʨʫʛ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʦʩʝʡ OX, OY, OZ  ʩʪʘʨʦʡ ʩʠʩʪʝʤʳ; ʦʥʠ ʜʦʣʞʥʳ ʙʳʪʴ ʚʳʨʘʞʝʥʳ ʚ ʨʘʜʠʘʥʘʭ; 

ʫʛʦʣ ʩʯʠʪʘʝʪʩʷ ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʧʨʠ ʧʦʚʦʨʦʪʝ ʧʦ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʝ, ʝʩʣʠ 

ʩʤʦʪʨʝʪʴ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʩʠ (ʧʨʘʚʠʣʦ ʙʫʨʘʚʯʠʢʘ); 

(1+dm) ï ʤʘʩʰʪʘʙʥʳʡ ʤʥʦʞʠʪʝʣʴ. 

ʄʘʩʰʪʘʙʥʳʡ ʤʥʦʞʠʪʝʣʴ ʫʯʠʪʳʚʘʝʪ ʚʦʟʤʦʞʥʦʝ ʨʘʟʣʠʯʠʝ ʣʠʥʝʡʥʳʭ 

ʤʘʩʰʪʘʙʦʚ ʚ ʜʚʫʭ ʩʠʩʪʝʤʘʭ ʢʦʦʨʜʠʥʘʪ. ʆʙʳʯʥʦ ʦʥ ʦʯʝʥʴ ʙʣʠʟʦʢ ʢ ʝʜʠʥʠʮʝ ʠ 

ʧʦʵʪʦʤʫ ʟʘʧʠʩʳʚʘʝʪʩʷ ʚ ʚʠʜʝ (1+dm), ʛʜʝ  dm ʦʯʝʥʴ ʤʘʣʦʝ ʯʠʩʣʦ. ɺʝʣʠʯʠʥʫ 

dm (ʦʥʘ ʠʥʦʛʜʘ ʦʙʦʟʥʘʯʘʝʪʩʷ ʠ ʙʫʢʚʦʡ ɛ)  ʧʨʠʥʷʪʦ ʫʢʘʟʳʚʘʪʴ ʚ ʤʠʣʣʠʦʥʥʳʭ 

ʜʦʣʷʭ ʝʜʠʥʠʮʳ (10
-6
). ʇʦʵʪʦʤʫ, ʝʩʣʠ, ʥʘʧʨʠʤʝʨ, ʫʢʘʟʘʥʦ   dm =0,22, ʪʦ 

ʤʘʩʰʪʘʙʥʳʡ ʤʥʦʞʠʪʝʣʴ 

 (1+dm)= (1+0,22Ā10
-6
)= 1,00000022. 

ʏʠʩʪʦ ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʩʤʳʩʣ ʤʘʩʰʪʘʙʥʦʛʦ ʤʥʦʞʠʪʝʣʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʪʦʤ, ʯʪʦ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʦʩʠ ʥʦʚʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʤʦʛʫʪ ʙʳʪʴ ʨʘʩʪʷʥʫʪʳ 

ʠʣʠ ʩʞʘʪʳ  ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʩʷʤʠ ʩʪʘʨʦʡ. ʀʣʠ, ʯʪʦ ʪʦ ʞʝ ʩʘʤʦʝ,   ʝʜʠʥʠʮʳ 
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ʠʟʤʝʨʝʥʠʷ ʨʘʩʩʪʦʷʥʠʡ ʧʦ ʦʩʷʤ  ʩʪʘʨʦʡ ʠ ʥʦʚʦʡ ʩʠʩʪʝʤ ʤʦʛʫʪ ʙʳʪʴ ʨʘʟʣʠʯʥʳ 

(ʥʘʧʨʠʤʝʨ, ʚ ʩʪʘʨʦʡ ï ʢʠʣʦʤʝʪʨʳ, ʚ ʥʦʚʦʡ ï ʤʠʣʠ).  

ʅʘ ʧʨʘʢʪʠʢʝ ʝʜʠʥʠʮʳ, ʢʦʥʝʯʥʦ, ʠʩʧʦʣʴʟʫʶʪʩʷ ʦʜʠʥʘʢʦʚʳʝ, ʘ 

ʤʘʩʰʪʘʙʥʳʡ ʤʥʦʞʠʪʝʣʴ ʠʤʝʝʪ ʙʦʣʝʝ ʬʦʨʤʘʣʴʥʳʡ ʠ ʧʨʦʟʘʠʯʝʩʢʠʡ ʩʤʳʩʣ, 

ʢʦʪʦʨʳʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ. ʂʘʞʜʘʷ ʠʟ ʜʚʫʭ ʩʠʩʪʝʤ ʢʦʦʨʜʠʥʘʪ 

ʬʠʟʠʯʝʩʢʠ ʟʘʜʘʥʘ ʩʚʦʝʡ ʦʪʩʯʝʪʥʦʡ ʦʩʥʦʚʦʡ (reference frame), ʪʦ ʝʩʪʴ 

ʢʦʦʨʜʠʥʘʪʘʤʠ ʧʫʥʢʪʦʚ ʥʘ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ɽʩʣʠ ʢʦʦʨʜʠʥʘʪʳ ʧʫʥʢʪʦʚ 

ʪʦʯʥʦ ʠʟʚʝʩʪʥʳ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚ ʦʙʝʠʭ ʩʠʩʪʝʤʘʭ ʢʦʦʨʜʠʥʘʪ, ʪʦ ʤʦʞʥʦ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʥʘʡʪʠ ʧʘʨʘʤʝʪʨʳ  ȹx, ȹy, ȹz, Ůx,, Ůy , Ůz  ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʢʦʦʨʜʠʥʘʪ ʠʟ ʦʜʥʦʡ ʩʠʩʪʝʤʳ ʚ ʜʨʫʛʫʶ. ʅʦ ʢʦʦʨʜʠʥʘʪʳ ʢʘʞʜʦʛʦ ʧʫʥʢʪʘ 

ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʩʣʫʯʘʡʥʳʝ ʧʦʛʨʝʰʥʦʩʪʠ ʠʭ ʦʧʨʝʜʝʣʝʥʠʷ, ʧʦʵʪʦʤʫ ʥʝ 

ʩʫʱʝʩʪʚʫʝʪ ʪʘʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʠʣʠ ʙʳ ʘʙʩʦʣʶʪʥʦ ʪʦʯʥʦ 

ʧʝʨʝʩʯʠʪʘʪʴ ʢʦʦʨʜʠʥʘʪʳ ʢʘʞʜʦʛʦ ʧʫʥʢʪʘ ʠʟ ʦʜʥʦʡ ʩʠʩʪʝʤʳ ʚ ʜʨʫʛʫʶ. ɺ ʩʚʷʟʠ 

ʩ ʵʪʠʤ ʥʘ ʧʨʘʢʪʠʢʝ ʧʘʨʘʤʝʪʨʳ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʦʮʝʥʠʚʘʶʪ ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʘ 

ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ, ʪʦ ʝʩʪʴ ʧʦʜʙʠʨʘʶʪ ʪʘʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʯʪʦʙʳ ʧʦʩʣʝ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʫʤʤʘ ʢʚʘʜʨʘʪʦʚ ʦʪʢʣʦʥʝʥʠʡ ʨʘʩʯʝʪʥʳʭ ʟʥʘʯʝʥʠʡ ʦʪ 

ʬʘʢʪʠʯʝʩʢʠʭ ʙʳʣʘ ʤʠʥʠʤʘʣʴʥʦʡ. ʏʝʤ ʙʦʣʴʰʝ ʧʘʨʘʤʝʪʨʦʚ ʫʯʘʩʪʚʫʝʪ ʚ 

ʬʦʨʤʫʣʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, ʪʝʤ ʤʝʥʴʰʝʡ ʩʫʤʤʳ ʢʚʘʜʨʘʪʦʚ ʦʪʢʣʦʥʝʥʠʡ ʤʦʞʥʦ 

ʜʦʙʠʪʴʩʷ, ʪʦ ʝʩʪʴ ʪʝʤ ʪʦʯʥʝʝ ʚʳʧʦʣʥʠʪʴ ʧʝʨʝʩʯʝʪ ʢʦʦʨʜʠʥʘʪ. ʉ ʵʪʦʡ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʤʘʩʰʪʘʙʥʳʡ ʤʥʦʞʠʪʝʣʴ ʧʨʦʩʪʦ ʷʚʣʷʝʪʩʷ ʝʱʝ ʦʜʥʠʤ ʧʘʨʘʤʝʪʨʦʤ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʧʦʛʨʝʰʥʦʩʪʠ 

ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʧʫʥʢʪʦʚ ʦʧʦʨʥʦʡ ʦʩʥʦʚʳ. 

ɺ ʯʘʩʪʥʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʤʘʩʰʪʘʙʥʳʡ ʤʥʦʞʠʪʝʣʴ ʨʘʚʝʥ ʝʜʠʥʠʮʝ, ʘ ʚʩʝ 

ʫʛʣʳ ʧʦʚʦʨʦʪʘ ʨʘʚʥʳ ʥʫʣʶ, ʬʦʨʤʫʣʘ (3.13) ʧʨʠʦʙʨʝʪʘʝʪ ʩʦʚʩʝʤ ʧʨʦʩʪʦʡ ʚʠʜ: 

 

x2=x1 + ȹx;         y2=y1 + ȹy;         z2=z1 + ȹz; 
 

ʏʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥʠʷ ʠʟ ʦʜʥʦʡ ʩʠʩʪʝʤʳ 

ʚ ʜʨʫʛʫʶ ʧʨʠʚʝʜʝʥʳ ʚ ʨʘʟʣʠʯʥʳʭ ʦʬʠʮʠʘʣʴʥʳʭ ʠʩʪʦʯʥʠʢʘʭ (ɻʆʉʊ, 

ʀʥʪʝʨʬʝʡʩʥʳʡ ʢʦʥʪʨʦʣʴʥʳʡ ʜʦʢʫʤʝʥʪ ɻʃʆʅɸʉʉ, çʇʘʨʘʤʝʪʨʳ ɿʝʤʣʠ-90è ʠ 

ʜʨʫʛʠʭ), ʘ ʪʘʢʞʝ ʚ ʥʘʫʯʥʳʭ ʧʫʙʣʠʢʘʮʠʷʭ. ʂʦʣʠʯʝʩʪʚʝʥʥʦ ʵʪʠ ʟʥʘʯʝʥʠʷ 

ʥʝʩʢʦʣʴʢʦ ʨʘʟʣʠʯʘʶʪʩʷ, ʧʦʩʢʦʣʴʢʫ ʧʦʣʫʯʝʥʳ, ʚʠʜʠʤʦ, ʨʘʟʥʳʤʠ ʤʝʪʦʜʘʤʠ ʠ ʚ 

ʨʘʟʥʦʝ ʚʨʝʤʷ ʥʘ ʦʩʥʦʚʝ ʨʘʟʣʠʯʥʳʭ ʥʘʙʦʨʦʚ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ. ɺ ʪʘʙʣ. 3.3 

ʧʨʠʚʝʜʝʥʳ ʟʥʘʯʝʥʠʷ ʠʟ ɻʆʉʊ ʈ 51794-2001 çɸʧʧʘʨʘʪʫʨʘ 

ʨʘʜʠʦʥʘʚʠʛʘʮʠʦʥʥʘʷ ʛʣʦʙʘʣʴʥʦʡ ʩʧʫʪʥʠʢʦʚʦʡ ʥʘʚʠʛʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʠ 

ʛʣʦʙʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ. ʄʝʪʦʜʳ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʢʦʦʨʜʠʥʘʪ 

ʦʧʨʝʜʝʣʷʝʤʳʭ ʪʦʯʝʢè ʩ ʫʯʝʪʦʤ ʠʟʤʝʥʝʥʠʡ, ʚʥʝʩʝʥʥʳʭ ʚ ʵʪʦʪ ʩʪʘʥʜʘʨʪ ʚ 2007 

ʛ. ʚ ʩʚʷʟʠ ʩ ʚʚʝʜʝʥʠʝʤ ʥʦʚʦʡ ʚʝʨʩʠʠ ʇɿ-90.02. 

ʋʛʣʳ ʧʦʚʦʨʦʪʘ ʦʩʝʡ (ʩʤ. ʪʘʙʣ. 3.3) ʧʨʠʚʝʜʝʥʳ ʢʘʢ ʚ ʫʛʣʦʚʳʭ ʩʝʢʫʥʜʘʭ, 

ʪʘʢ ʠ ʚ ʤʠʣʣʠʦʥʥʳʭ ʜʦʣʷʭ ʨʘʜʠʘʥʘ (ʚ ʩʢʦʙʢʘʭ). 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʢ ʧʘʨʘʤʝʪʨʘʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚ ʉʂ-42 (ʠʣʠ ʠʟ 

ʉʂ-42 ʚ ʜʨʫʛʠʝ ʩʠʩʪʝʤʳ)  ʩʣʝʜʫʝʪ ʦʪʥʦʩʠʪʴʩʷ ʩ ʦʩʪʦʨʦʞʥʦʩʪʴʶ, ʧʦʩʢʦʣʴʢʫ 

ʦʥʠ ʥʝ ʷʚʣʷʶʪʩʷ ʚ ʧʨʷʤʦʤ ʩʤʳʩʣʝ ʧʘʨʘʤʝʪʨʘʤʠ ʦʨʠʝʥʪʠʨʦʚʘʥʠʷ ʦʜʥʦʛʦ 



80 

 

 

ʵʣʣʠʧʩʦʠʜʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʦʛʦ. ʂʘʢ ʩʢʘʟʘʥʦ ʨʘʥʝʝ, ʉʂ-42 ʧʨʠ ʝʝ 

ʧʝʨʚʦʥʘʯʘʣʴʥʦʤ ʫʨʘʚʥʠʚʘʥʠʠ ʦʢʘʟʘʣʘʩʴ ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʡ ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ çʣʦʩʢʫʪʥʦʝ ʦʜʝʷʣʦè, ʩʰʠʪʦʝ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʨʝʛʠʦʥʘʣʴʥʳʭ ʙʣʦʢʦʚ. ɼʣʷ 

ʢʘʞʜʦʛʦ ʠʟ ʙʣʦʢʦʚ ʩʣʝʜʫʝʪ ʧʦʜʙʠʨʘʪʴ ʩʚʦʠ ʧʘʨʘʤʝʪʨʳ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, 

ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʥʘʠʙʦʣʴʰʫʶ ʪʦʯʥʦʩʪʴ ʚ ʜʘʥʥʦʤ ʨʝʛʠʦʥʝ. ɺ ʪʘʙʣ.3.3 

ʫʢʘʟʘʥʳ çʩʨʝʜʥʠʝè ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʜʣʷ ʚʩʝʡ ʪʝʨʨʠʪʦʨʠʠ, ʥʦ ʚ 

ʦʪʜʝʣʴʥʳʭ ʨʘʡʦʥʘʭ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʟʥʘʯʠʪʝʣʴʥʳʤ 

ʧʦʛʨʝʰʥʦʩʪʷʤ. ʇʦʵʪʦʤʫ ʧʝʨʝʩʯʝʪ ʢʦʦʨʜʠʥʘʪ ʠʟ ʉʂ-42 ʚ ʜʨʫʛʠʝ ʩʠʩʪʝʤʳ (ʇɿ-

90.02, WGS-84) ʧʨʦʠʟʚʦʜʠʪʴ ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʦ, ʘ ʣʫʯʰʝ ʧʨʦʚʝʩʪʠ 

ʛʝʦʜʝʟʠʯʝʩʢʫʶ ʩʲʝʤʢʫ ʤʝʩʪʥʦʩʪʠ ʩʨʘʟʫ ʚ ʥʫʞʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ.  

 

ʊʘʙʣʠʮʘ 3.3 

ʕʣʝʤʝʥʪʳ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥʠʷ ʢʦʦʨʜʠʥʘʪ 

. 

ʀʟ 

ʢʘʢʦʡ 

ʩʠʩʪʝʤʳ 

ɺ 

ʢʘʢʫʶ 

ʩʠʩʪʝʤʫ 

dm, 
(10

-6
) 

ȹx, 
ʤ 

ȹy, 
ʤ 

ȹz, 
ʤ 

Ůx,'' 
(ʨʘʜ 10

-6
) 

Ůy,'' 
(ʨʘʜ 10

-6
) 

Ůz,'' 
(ʨʘʜ 10

-6
) 

ʉʂ-42 ʇɿ-90.02 -0,22 +23,93 -141,03 -79,98 0,00 

(0) 

-0,35 

(-1,6968) 

-0,79 

(-3,8300) 

ʇɿ-90.02 ʉʂ-42 +0,22 -23,93 +141,03 +79,98 0,00 

(0) 

+0,35 

(+1,6968) 

+0,79 

(+3,8300) 

ʉʂ-95 ʇɿ-90.02 -0,22 +24,83 -130,97 -81,74 0,00 

(0) 

0,00 

(0) 

-0,13 

(-0,6302) 

ʇɿ-90.02 ʉʂ-95 +0,22 -24,83 +130,97 +81,74 0,00 

(0) 

0,00 

(0) 

+0,13 

(+0,6302) 

ʇɿ-90.02 WGS-84 0,00 -0,36 +0,08 +0,18 0,00 

(0) 

0,00 

(0) 

0,00 

(0) 

WGS-84 ʇɿ-90.02 0,00 +0,36 -0,08 -0,18 0,00 

(0) 

0,00 

(0) 

0,00 

(0) 

ʉʂ-42 WGS-84 -0,22 +23,57 -140,95 -79,80 0,00 

(0) 

-0,35 

(-1,6968) 

-0,79 

(-3,8300) 

WGS-84 ʉʂ-42 +0,22 -23,57 +140,95 +79,80 0,00 

(0) 

+0,35 

(+1,6968) 

+0,79 

(+3,8300) 

 

ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ. ʆʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʪʨʠ ʵʪʘʧʘ. ʉʥʘʯʘʣʘ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʝʨʝʭʦʜ ʦʪ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪ ʥʘ ʩʪʘʨʦʤ ʵʣʣʠʧʩʦʠʜʝ ʢ 

ʧʨʷʤʦʫʛʦʣʴʥʳʤ ʢʦʦʨʜʠʥʘʪʘʤ, ʩʚʷʟʘʥʥʳʤ ʩ ʵʪʠʤ ʞʝ ʵʣʣʠʧʩʦʠʜʦʤ. ɿʘʪʝʤ 

ʧʝʨʝʭʦʜ ʦʪ ʩʪʘʨʦʡ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʢ ʥʦʚʦʡ (ʩʚʷʟʘʥʥʦʡ ʩ 

ʥʦʚʳʤ ʵʣʣʠʧʩʦʠʜʦʤ), ʘ ʟʘʪʝʤ ʦʪ ʥʦʚʦʡ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʩʠʩʪʝʤʳ ī ʢ 

ʛʝʦʜʝʟʠʯʝʩʢʠʤ ʢʦʦʨʜʠʥʘʪʘʤ ʥʘ ʥʦʚʦʤ ʵʣʣʠʧʩʦʠʜʝ. 

ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʪʘʢʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, ʢʨʦʤʝ ʧʘʨʘʤʝʪʨʦʚ 

ʦʨʠʝʥʪʠʨʦʚʘʥʠʷ ʧʨʷʤʦʫʛʦʣʴʥʳʭ ʩʠʩʪʝʤ ʢʦʦʨʜʠʥʘʪ (ʩʤ. ʪʘʙʣ. 3.3), 
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ʥʝʦʙʭʦʜʠʤʦ ʪʘʢʞʝ ʟʥʘʪʴ ʧʘʨʘʤʝʪʨʳ ʩʪʘʨʦʛʦ ʠ ʥʦʚʦʛʦ ʵʣʣʠʧʩʦʠʜʦʚ (ʙʦʣʴʰʠʝ 

ʧʦʣʫʦʩʠ  a1, a2  ʠ ʵʢʩʮʝʥʪʨʠʩʠʪʝʪʳ  e1 ,  e2  ).  ʇʘʨʘʤʝʪʨʳ ʥʝʢʦʪʦʨʳʭ 

ʵʣʣʠʧʩʦʠʜʦʚ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 3.4. 

ʊʘʙʣʠʮʘ 3.4 

ʇʘʨʘʤʝʪʨʳ  ʥʝʢʦʪʦʨʳʭ ʵʣʣʠʧʩʦʠʜʦʚ 

 

ʇʘʨʘʤʝʪʨ ʌ.ʅ.ʂʨʘʩʦʚʩʢʦʛʦ ʇɿ-90 WGS-84 

a 6378245,0000 6 378 136,00000 6378137,0000 

b 6356863.01877 6 356 751,36 6 356 752,31425 

Ŭ 1/298,3 1/298,25784 1/298,257223563 

e
2 

0,006693421623 0,0066943662 0,00669437999014 

 

ʈʘʩʩʤʦʪʨʠʤ ʧʦʨʷʜʦʢ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪ ʪʦʯʢʠ 

B1, L1, H1  ʚ ʩʪʘʨʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʚ ʢʦʦʨʜʠʥʘʪʳ  B2, L2, H2 ʵʪʦʡ ʞʝ ʪʦʯʢʠ 

ʚ ʥʦʚʦʡ ʩʠʩʪʝʤʝ. 

ʕʪʘʧ I. ʇʝʨʝʭʦʜ ʦʪ ʩʪʘʨʳʭ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪ ʢ ʧʨʷʤʦʫʛʦʣʴʥʳʤ 

ʢʦʦʨʜʠʥʘʪʘʤ, ʩʚʷʟʘʥʥʳʤ ʩ ʵʪʠʤ ʞʝ ʵʣʣʠʧʩʦʠʜʦʤ. 

 

x1 = (N1+H1) cosB1 cosL1; 

y1 = (N1+H1) cosB1 sinL1; 

                                 z1 = [ N1 (1 ï e
2
1)+H1] sinB1, 

 

ʛʜʝ N1  - ʨʘʜʠʫʩ ʢʨʠʚʠʟʥʳ ʧʝʨʚʦʛʦ ʚʝʨʪʠʢʘʣʘ ʵʣʣʠʧʩʦʠʜʘ ʚ ʜʘʥʥʦʡ ʪʦʯʢʝ, 

ʨʘʩʩʯʠʪʘʥʥʳʡ, ʨʘʟʫʤʝʝʪʩʷ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʘʨʘʤʝʪʨʦʚ ʩʪʘʨʦʛʦ ʵʣʣʠʧʩʦʠʜʘ 

(a1, e1). 

ɽʩʣʠ ʛʝʦʜʝʟʠʯʝʩʢʘʷ ʚʳʩʦʪʘ H1  , ʪʦ ʝʩʪʴ ʚʳʩʦʪʘ ʪʦʯʢʠ ʥʘʜ ʧʦʚʝʨʭʥʦʩʪʴʶ 

ʩʪʘʨʦʛʦ ʵʣʣʠʧʩʦʠʜʘ, ʨʘʚʥʘ ʥʫʣʶ, ʪʦ ʧʨʠʚʝʜʝʥʥʳʝ ʬʦʨʤʫʣʳ ʫʧʨʦʱʘʶʪʩʷ. 

ʕʪʘʧ II . ʇʝʨʝʭʦʜ ʦʪ ʩʪʘʨʦʡ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʢ ʥʦʚʦʡ 

ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʩʠʩʪʝʤʝ, ʩʚʷʟʘʥʥʦʡ ʩ ʥʦʚʳʤ ʵʣʣʠʧʩʦʠʜʦʤ. 

ɺʳʧʦʣʥʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʘʤ ɻʝʣʴʤʝʨʪʘ (3.14). ʂʦʦʨʜʠʥʘʪʳ x1, y1, z1  

ʧʨʝʦʙʨʘʟʫʶʪʩʷ ʚ x2, y2, z2 . 

ʕʪʘʧ III . ʇʝʨʝʭʦʜ ʦʪ ʥʦʚʦʡ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʢ ʥʦʚʦʡ 

ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ, ʪʦ ʝʩʪʴ ʟʘʜʘʥʥʦʡ ʥʘ ʥʦʚʦʤ ʵʣʣʠʧʩʦʠʜʝ. ʅʝʦʙʭʦʜʠʤʦ 

ʨʘʩʩʯʠʪʘʪʴ ʛʝʦʜʝʟʠʯʝʩʢʠʝ ʰʠʨʦʪʫ, ʜʦʣʛʦʪʫ ʠ ʚʳʩʦʪʫ ʪʦʯʢʠ ʚ ʩʠʩʪʝʤʝ 

ʢʦʦʨʜʠʥʘʪ ʥʦʚʦʛʦ ʵʣʣʠʧʩʦʠʜʘ. 

ɺ ʯʘʩʪʥʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʪʦʯʢʘ ʥʘʭʦʜʠʣʘʩʴ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʘʨʦʛʦ 

ʵʣʣʠʧʩʦʠʜʘ (H1=0), ʝʝ ʥʦʚʘʷ ʰʠʨʦʪʘ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʩʨʘʟʫ ʧʦ ʬʦʨʤʫʣʝ 
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ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʣʠʥʫ ʧʨʦʝʢʮʠʠ ʨʘʜʠʫʩʘ-ʚʝʢʪʦʨʘ ʪʦʯʢʠ ʥʘ ʧʣʦʩʢʦʩʪʴ 

ʵʢʚʘʪʦʨʘ. 

ɺ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ (H1Í 0) ʰʠʨʦʪʘ B2 ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʠʪʝʨʘʮʠʦʥʥʳʤ 

ʤʝʪʦʜʦʤ (ʧʫʪʝʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ). 

ʇʝʨʚʦʝ ʧʨʠʙʣʠʞʝʥʠʝ ʰʠʨʦʪʳ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ H1=0, 

ʪʦ ʝʩʪʴ ʧʦ ʬʦʨʤʫʣʝ (3.15).ʇʦ ʧʦʣʫʯʝʥʥʦʤʫ ʥʘ ʵʪʦʤ ʰʘʛʝ (ʠʣʠ ʥʘ ʦʯʝʨʝʜʥʦʤ  

iïʦʤ ʰʘʛʝ) ʟʥʘʯʝʥʠʶ ʰʠʨʦʪʳ B2i ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʘʨʘʤʝʪʨʦʚ ʥʦʚʦʛʦ 

ʵʣʣʠʧʩʦʠʜʘ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʨʘʜʠʫʩ ʢʨʠʚʠʟʥʳ ʧʝʨʚʦʛʦ ʚʝʨʪʠʢʘʣʘ 
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ù
ú

ø
é
ê

è

-
Ö=+

i2i2
2
2

2
1i2

BcosNeD

z
arctgB . 

 

ɿʘʪʝʤ ʰʘʛʠ ʧʦʚʪʦʨʷʶʪʩʷ: ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʦʯʝʨʝʜʥʦʝ ʟʥʘʯʝʥʠʝ ʨʘʜʠʫʩʘ 

ʢʨʠʚʠʟʥʳ, ʰʠʨʦʪʳ ʠ ʪ.ʜ. ʀʪʝʨʘʮʠʠ ʧʨʝʨʳʚʘʶʪʩʷ, ʢʦʛʜʘ ʨʘʟʥʦʩʪʴ ʤʝʞʜʫ 

ʰʠʨʦʪʘʤʠ, ʨʘʩʩʯʠʪʘʥʥʳʤʠ ʥʘ ʜʚʫʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʰʘʛʘʭ, ʩʪʘʥʝʪ ʤʝʥʴʰʝ 

ʥʘʧʝʨʝʜ ʟʘʜʘʥʥʦʡ ʚʝʣʠʯʠʥʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʪʨʝʙʫʝʤʦʡ ʪʦʯʥʦʩʪʠ ʨʘʩʯʝʪʘ. 

ɼʘʞʝ ʧʨʠ ʪʦʯʥʳʭ ʨʘʩʯʝʪʘʭ ʦʙʳʯʥʦ ʪʨʝʙʫʝʪʩʷ ʥʝ ʙʦʣʝʝ ʰʝʩʪʠ ʠʪʝʨʘʮʠʡ. 

ɿʘʪʝʤ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʛʝʦʜʝʟʠʯʝʩʢʘʷ ʚʳʩʦʪʘ ʚ ʥʦʚʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ 

2

2

2 N
Bcos

D
H -= . 

ɿʜʝʩʴ  B2 ʠ N2   ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʟʥʘʯʝʥʠʷʤ, ʧʦʣʫʯʝʥʥʳʤ ʥʘ ʧʦʩʣʝʜʥʝʤ 

ʰʘʛʝ ʠʪʝʨʘʮʠʡ. 

ʅʦʚʫʶ ʛʝʦʜʝʟʠʯʝʩʢʫʶ ʜʦʣʛʦʪʫ ʫʜʦʙʥʦ ʨʘʩʩʯʠʪʳʚʘʪʴ ʧʦ ʬʦʨʤʫʣʝ: 

 

D

x
arccosL 2

2 = . 

 

ʇʦʣʫʯʝʥʥʦʝ ʧʦ ʵʪʦʡ ʬʦʨʤʫʣʝ ʟʥʘʯʝʥʠʝ ʚʩʝʛʜʘ ʦʢʘʞʝʪʩʷ 

ʧʦʣʦʞʠʪʝʣʴʥʳʤ. ʌʘʢʪʠʯʝʩʢʠʡ ʟʥʘʢ ʜʦʣʛʦʪʳ  ʩʦʚʧʘʜʘʝʪ ʩʦ ʟʥʘʢʦʤ y2, ʪʦ ʝʩʪʴ, 

ʝʩʣʠ, ʥʘʧʨʠʤʝʨ, y2<0  , ʪʦ ʜʦʣʛʦʪʘ ʟʘʧʘʜʥʘʷ (çʩ ʤʠʥʫʩʦʤè). 

ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪ ʧʦ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤ 

ʬʦʨʤʫʣʘʤ ʄ.ʉ.ʄʦʣʦʜʝʥʩʢʦʛʦ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʘʥʥʦʛʦ ʩʧʦʩʦʙʘ 

ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʧʦʧʨʘʚʢʠ æB, æL, æH  ʢ ʩʪʘʨʳʤ ʛʝʦʜʝʟʠʯʝʩʢʠʤ ʢʦʦʨʜʠʥʘʪʘʤ 

ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʥʦʚʳʭ. ʕʪʦʪ ʩʧʦʩʦʙ ʧʨʠʤʝʥʠʤ ʪʦʣʴʢʦ ʧʨʠ |B|<89Á. 
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B2=B1+æB; 

L2=L1+æL; 

H2=H1+æH; 
 

ɺ ʯʘʩʪʥʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʦʪʩʫʪʩʪʚʫʶʪ ʫʛʣʳ ʧʦʚʦʨʦʪʘ ʦʩʝʡ, ʤʘʩʰʪʘʙʥʳʡ 

ʤʥʦʞʠʪʝʣʴ ʨʘʚʝʥ ʝʜʠʥʠʮʝ, ʘ ʛʝʦʜʝʟʠʯʝʩʢʘʷ ʚʳʩʦʪʘ ʪʦʯʢʠ ʨʘʚʥʘ ʥʫʣʶ, 

ʬʦʨʤʫʣʳ ʄ.ʉ.ʄʦʣʦʜʝʥʩʢʦʛʦ ʧʨʠʦʙʨʝʪʘʶʪ ʚʠʜ: 

 

ȹB''={ -ȹx sinB1 cos Ŭ1 -ȹy sin B1 sin L1 +ȹz cos B1 + 

+(ȹa/a1)N1e1
2
 sinB1 cosB1+ 

 +ȹŬ [M1 (a1/b1) + N1 (b1/a1)] sinB1cosB1}/(M1 sin 1''), 
 

ȹL''=( -ȹx sin L1 + ȹy cos L1)/(N1 cosB1 sin 1''), 
 

ʛʜʝ     ȹB'', ȹL'' ï ʧʦʧʨʘʚʢʠ ʢ ʢʦʦʨʜʠʥʘʪʘʤ, ʚʳʨʘʞʝʥʥʳʝ ʚ ʫʛʣʦʚʳʭ ʩʝʢʫʥʜʘʭ; 

æa ï ʨʘʟʥʦʩʪʴ ʙʦʣʴʰʠʭ ʧʦʣʫʦʩʝʡ ʵʣʣʠʧʩʦʠʜʦʚ (æa=a2-a1); 

æŬ ï ʨʘʟʥʦʩʪʴ ʩʞʘʪʠʡ ʵʣʣʠʧʩʦʠʜʦʚ (æŬ=Ŭ2 - Ŭ1 );  

a1,b1 ï ʙʦʣʴʰʘʷ ʠ ʤʘʣʘʷ ʧʦʣʫʦʩʠ ʩʪʘʨʦʛʦ ʵʣʣʠʧʩʦʠʜʘ; 

M1, N1 ï ʨʘʜʠʫʩʳ ʢʨʠʚʠʟʥʳ ʤʝʨʠʜʠʘʥʘ ʠ ʧʝʨʚʦʛʦ ʚʝʨʪʠʢʘʣʘ ʚ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʪʦʯʢʝ ʥʘ ʩʪʘʨʦʤ ʵʣʣʠʧʩʦʠʜʝ; 

sin 1'' ï ʩʠʥʫʩ ʦʜʥʦʡ ʫʛʣʦʚʦʡ ʩʝʢʫʥʜʳ. 

ʉʫʱʝʩʪʚʫʶʪ ʬʦʨʤʫʣʳ ʄ.ʉ.ʄʦʣʦʜʝʥʩʢʦʛʦ ʠ ʜʣʷ ʦʙʱʝʛʦ ʩʣʫʯʘʷ (ʩ 

ʫʯʝʪʦʤ ʫʛʣʦʚ ʧʦʚʦʨʦʪʘ ʦʩʝʡ ʠ ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʚʳʩʦʪʳ), ʥʦ ʦʥʠ ʝʱʝ ʙʦʣʝʝ 

ʛʨʦʤʦʟʜʢʠʝ ʠ ʟʜʝʩʴ ʥʝ ʧʨʠʚʦʜʷʪʩʷ. 

ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʫʨʘʚʥʝʥʠʡ ʤʥʦʞʝʩʪʚʝʥʥʦʡ ʨʝʛʨʝʩʩʠʠ. ɼʘʥʥʳʡ ʩʧʦʩʦʙ ʧʨʠʤʝʥʠʤ ʜʣʷ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʢʦʦʨʜʠʥʘʪ ʚ ʦʪʜʝʣʴʥʳʭ ʨʝʛʠʦʥʘʭ (ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʛʦ 

ʤʘʩʰʪʘʙʘ). ʇʦʧʨʘʚʢʠ ʢ ʩʪʘʨʳʤ ʢʦʦʨʜʠʥʘʪʘʤ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ  ʢʘʢ ʧʦʣʠʥʦʤʳ 

ʜʝʚʷʪʦʡ ʩʪʝʧʝʥʠ ʦʪ ʰʠʨʦʪʳ ʠ ʜʦʣʛʦʪʳ ʪʦʯʢʠ. ʂʦʵʬʬʠʮʠʝʥʪʳ ʵʪʠʭ ʧʦʣʠʥʦʤʦʚ 

ʜʦʣʞʥʳ ʙʳʪʴ ʟʘʨʘʥʝʝ ʦʧʨʝʜʝʣʝʥʳ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʦʥʠ ʦʙʝʩʧʝʯʠʚʘʣʠ 

ʤʘʢʩʠʤʘʣʴʥʦ ʪʦʯʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʢʦʦʨʜʠʥʘʪ ʚ ʢʦʥʢʨʝʪʥʦʤ ʨʝʛʠʦʥʝ. 
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4. ɻɽʆɼɽɿʀʏɽʉʂʀɽ ɿɸɼɸʏʀ ʅɸ ʉʌɽʈɽ ʀ ʕʃʃʀʇʉʆʀɼɽ 

 

4.1. ʆʪʦʙʨʘʞʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʤʥʦʛʦ ʵʣʣʠʧʩʦʠʜʘ ʥʘ ʩʬʝʨʫ 

 

ʂʦʦʨʜʠʥʘʪʳ ʪʦʯʝʢ ʥʘ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʟʘʜʘʶʪʩʷ ʚ ʛʝʦʜʝʟʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ, ʪʦ ʝʩʪʴ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʵʣʣʠʧʩʦʠʜʘ. ʇʦ ʠʟʚʝʩʪʥʳʤ 

ʛʝʦʜʝʟʠʯʝʩʢʠʤ ʢʦʦʨʜʠʥʘʪʘʤ  B ʠ L  ʜʚʫʭ ʪʦʯʝʢ  ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʩ ʣʶʙʦʡ 

ʪʦʯʥʦʩʪʴʶ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʥʠʤʠ ʠ ʥʘʧʨʘʚʣʝʥʠʝ ʦʪ ʦʜʥʦʡ ʪʦʯʢʠ ʥʘ ʜʨʫʛʫʶ, 

ʥʦ ʬʦʨʤʫʣʳ ʜʣʷ ʨʘʩʯʝʪʘ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʜʦʚʦʣʴʥʦ ʩʣʦʞʥʳʝ ʠ ʛʨʦʤʦʟʜʢʠʝ. 

ʇʦʵʪʦʤʫ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ, ʥʝ ʪʨʝʙʫʶʱʠʭ ʦʯʝʥʴ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʠ, ʨʘʩʯʝʪ r

ʚʳʧʦʣʥʷʪʁʩʷ ʥʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʵʣʣʠʧʩʦʠʜʘ, ʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʬʝʨʳ ʧʦ 

ʙʦʣʝʝ ʧʨʦʩʪʳʤ ʬʦʨʤʫʣʘʤ. 

ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʩʥʘʯʘʣʘ ʦʪʦʙʨʘʟʠʪʴ ʧʦʚʝʨʭʥʦʩʪʴ ʵʣʣʠʧʩʦʠʜʘ ʥʘ 

ʟʘʤʝʥʷʶʱʫʶ ʝʛʦ ʩʬʝʨʫ, ʪʦ ʝʩʪʴ ʢʘʞʜʦʡ ʪʦʯʢʝ ʩ ʛʝʦʜʝʟʠʯʝʩʢʠʤʠ 

ʢʦʦʨʜʠʥʘʪʘʤʠ B ʠ L ʥʘ ʵʣʣʠʧʩʦʠʜʝ ʧʦʩʪʘʚʠʪʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʪʦʯʢʫ ʥʘ ʩʬʝʨʝ 

ʩʦ ʩʬʝʨʠʯʝʩʢʠʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ ű ʠ ɚ: 

 

B, L (ʥʘ ɻʣʣʠʧʩʦʠʜʝ) Ÿ ű, ɚ (ʥʘ ʩʬʝʨʝ). 

 

ʇʦʩʢʦʣʴʢʫ ʛʝʦʜʝʟʠʯʝʩʢʘʷ ʠ ʩʬʝʨʠʯʝʩʢʘʷ ʜʦʣʛʦʪʳ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ 

ʩʦʚʧʘʜʘʶʪ, ʜʦʩʪʘʪʦʯʥʦ  ʧʨʝʦʙʨʘʟʦʚʘʪʴ ʪʦʣʴʢʦ ʛʝʦʜʝʟʠʯʝʩʢʫʶ ʰʠʨʦʪʫ ʚ 

ʩʬʝʨʠʯʝʩʢʫʶ ʠ ʚʳʙʨʘʪʴ ʨʘʜʠʫʩ ʩʬʝʨʳ R  ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʨʝʟʫʣʴʪʘʪʳ 

ʨʘʩʯʝʪʘ ʨʘʩʩʪʦʷʥʠʡ ʠ ʥʘʧʨʘʚʣʝʥʠʡ ʥʘ ʩʬʝʨʝ ʙʳʣʠ ʢʘʢ ʤʦʞʥʦ ʙʣʠʞʝ ʢ 

ʨʝʟʫʣʴʪʘʪʘʤ ʪʦʯʥʦʛʦ ʨʘʩʯʝʪʘ ʥʘ ʵʣʣʠʧʩʦʠʜʝ. ɺ ʦʙʱʝʤ ʚʠʜʝ ʦʪʦʙʨʘʞʝʥʠʝ 

ʧʦʚʝʨʭʥʦʩʪʠ ʵʣʣʠʧʩʦʠʜʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʩʬʝʨʳ (ʧʝʨʝʩʯʝʪ ʢʦʦʨʜʠʥʘʪ) ʤʦʞʥʦ 

ʧʨʝʜʩʪʘʚʠʪʴ ʬʦʨʤʫʣʘʤʠ: 
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ʈʘʟʫʤʝʝʪʩʷ, ʩʧʦʩʦʙʦʚ ʦʪʦʙʨʘʞʝʥʠʷ ʩʫʱʝʩʪʚʫʝʪ ʙʝʩʢʦʥʝʯʥʦ ʤʥʦʛʦ ʠ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ,  ʚʳʙʠʨʘʷ ʚʠʜ ʬʫʥʢʮʠʠ f ʠ ʚʝʣʠʯʠʥʫ R, ʤʦʞʥʦ ʜʦʙʠʪʴʩʷ 

ʚʳʧʦʣʥʝʥʠʷ ʞʝʣʘʝʤʳʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʪʦʯʥʦʩʪʠ ʨʘʩʯʝʪʦʚ.  

ɽʩʣʠ ʨʘʟʣʦʞʠʪ ɹ ű ʠ R  ʚ ʙʝʩʢʦʥʝʯʥʳʡ ʪʨʠʛʦʥʦʤʝʪʨʠʯʝʩʢʠʡ ʨʷʜ ʠ 

ʦʛʨʘʥʠʯʠʪʴʩʷ ʧʝʨʚʳʤʠ ʜʚʫʤʷ ʝʛʦ ʯʣʝʥʘʤʠ,  ʣʶʙʦʡ ʩʧʦʩʦʙ  ʦʪʦʙʨʘʞʝʥʠʷ 

ʵʣʣʠʧʩʦʠʜʘ ʥʘ ʩʬʝʨʫ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʚʠʜʝ: 
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                    (4.1) 

 

ʛʜʝ a ʠ  e - ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʙʦʣʴʰʘʷ ʧʦʣʫʦʩʴ ʠ ʵʢʩʮʝʥʪʨʠʩʠʪʝʪ ʵʣʣʠʧʩʦʠʜʘ. 
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ɺʳʙʠʨʘʷ ʨʘʟʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ Kű  ʠ KR ,  ʙʫʜʝʤ ʧʦʣʫʯʘʪʴ 

ʨʘʟʥʳʝ ʩʧʦʩʦʙʳ ʠʟʦʙʨʘʞʝʥʠʷ. ʈʘʩʩʤʦʪʨʠʤ ʥʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ. 

 

1. ʆʪʦʙʨʘʞʝʥʠʝ ʩ ʩʦʦʪʚʝʪʩʪʚʠʝʤ ʧʦ ʥʦʨʤʘʣʷʤ. 

 

ű=B, 

ɚ=L. 
 

ʉʬʝʨʠʯʝʩʢʠʝ ʰʠʨʦʪʘ ʠ ʜʦʣʛʦʪʘ ʩʦʚʧʘʜʘʶʪ ʩ ʛʝʦʜʝʟʠʯʝʩʢʠʤʠ, ʪʦ ʝʩʪʴ ʧʦ 

ʩʫʪʠ ʥʠʯʝʛʦ ʧʝʨʝʩʯʠʪʳʚʘʪʴ ʥʝ ʥʘʜʦ. 

ʕʪʦʪ ʩʧʦʩʦʙ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʟʥʘʯʝʥʠʷʤ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

Kű=0;     KR=
4

1
. 

ʆʥ  ʥʘʟʳʚʘʝʪʩʷ çʩ ʩʦʦʪʚʝʪʩʪʚʠʝʤ ʧʦ ʥʦʨʤʘʣʷʤè, ʧʦʩʢʦʣʴʢʫ ʥʦʨʤʘʣʠ ʢ 

ʵʣʣʠʧʩʦʠʜʫ ʠ ʩʬʝʨʝ  ʧʨʠʥʠʤʘʶʪʩʷ ʧʘʨʘʣʣʝʣʴʥʳʤʠ (ʨʠʩ. 4.1). 

 

 
 

ʈʠʩ. 4.1. ʆʪʦʙʨʘʞʝʥʠʝ ʩ ʩʦʦʪʚʝʪʩʪʚʠʝʤ ʧʦ ʥʦʨʤʘʣʷʤ 

 

ʊʦʯʢʘ ʄ ʥʘ ʵʣʣʠʧʩʦʠʜʝ ʙʫʜʝʪ ʦʪʦʙʨʘʞʝʥʘ ʚ ʚʠʜʝ ʪʦʯʢʠ ʄ' ʥʘ ʩʬʝʨʝ. 

ʂʦʦʨʜʠʥʘʪʳ ʪʦʯʝʢ ʥʘ ʵʣʣʠʧʩʦʠʜʝ ʠ ʩʬʝʨʝ ʯʠʩʣʝʥʥʦ ʩʦʚʧʘʜʘʶʪ, ʥʦ 

ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʪʦʯʢʘʤʠ ʠ ʫʛʣʳ ʥʘ ʩʬʝʨʝ ʙʫʜʫʪ ʥʝ ʪʘʢʠʤʠ, ʢʘʢ ʥʘ 

ʵʣʣʠʧʩʦʠʜʝ. ʄʘʢʩʠʤʘʣʴʥʦʝ ʠʩʢʘʞʝʥʠʝ ʫʛʣʦʚ, ʪʦ ʝʩʪʴ ʨʘʟʥʦʩʪʴ ʫʛʣʦʚ 

(ʥʘʧʨʠʤʝʨ, ʧʝʣʝʥʛʦʚ) ʥʘ ʵʣʣʠʧʩʦʠʜʝ ʠ ʩʬʝʨʝ, ʩʦʩʪʘʚʣʷʝʪ  æŬ=23'cos
2
B. 

ʄʘʢʩʠʤʘʣʴʥʦʝ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʠʩʢʘʞʝʥʠʝ ʨʘʩʩʪʦʷʥʠʡ %5,0
S

S
=

D
, ʛʜʝ S ï 

ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʪʦʯʢʘʤʠ; ȹS ī ʨʘʟʥʦʩʪʴ ʨʘʩʩʪʦʷʥʠʡ ʥʘ ʵʣʣʠʧʩʦʠʜʝ ʠ ʩʬʝʨʝ. 

ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʨʘʩʩʪʦʷʥʠʝ ʚ 1000 ʢʤ ʤʦʞʝʪ ʙʳʪʴ ʨʘʩʩʯʠʪʘʥʦ ʩ 

ʧʦʛʨʝʰʥʦʩʪʴʶ ʚ 5 ʢʤ (ʧʦʣʧʨʦʮʝʥʪʘ ʦʪ ʩʘʤʦʛʦ ʨʘʩʩʪʦʷʥʠʷ). ʕʪʦ ʩʣʠʰʢʦʤ 
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ʙʦʣʴʰʘʷ ʧʦʛʨʝʰʥʦʩʪʴ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʝʩʣʠ ʥʝ ʧʝʨʝʩʯʠʪʳʚʘʪʴ ʛʝʦʜʝʟʠʯʝʩʢʫʶ 

ʰʠʨʦʪʫ ʚ ʩʬʝʨʠʯʝʩʢʫʶ, ʪʦʯʥʦʩʪʴ ʨʝʰʝʥʠʷ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʟʘʜʘʯ ʙʫʜʝʪ ʦʯʝʥʴ 

ʥʠʟʢʦʡ. 

 

2. ʂʦʥʬʦʨʤʥʦʝ (ʨʘʚʥʦʫʛʦʣʴʥʦʝ) ʦʪʦʙʨʘʞʝʥʠʝ. 

ɿʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʜʣʷ ʪʘʢʦʛʦ ʦʪʦʙʨʘʞʝʥʠʷ 

Kű =
2

1
;      KR=

4

1
. 

ʋʛʣʳ (ʧʝʣʝʥʛʠ ʠ ʪ.ʧ.) ʧʝʨʝʜʘʶʪʩʷ ʙʝʟ ʠʩʢʘʞʝʥʠʡ, ʪʦ ʝʩʪʴ ʙʫʜʫʪ 

ʩʦʚʧʘʜʘʪʴ ʥʘ ʵʣʣʠʧʩʦʠʜʝ ʠ ʩʬʝʨʝ. ʅʦ ʥʝ ʙʫʜʫʪ ʩʦʚʧʘʜʘʪʴ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ 

ʪʦʯʢʘʤʠ. ʄʘʢʩʠʤʘʣʴʥʦʝ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʠʩʢʘʞʝʥʠʝ ʨʘʩʩʪʦʷʥʠʡ: 

%.17,0
S

S
=

D
 

 

3. ʉʧʦʩʦʙ  ɺ.ɺ. ʂʘʚʨʘʡʩʢʦʛʦ. 

ʕʪʦʪ ʩʧʦʩʦʙ ʦʙʝʩʧʝʯʠʚʘʝʪ ʤʠʥʠʤʘʣʴʥʦʝ ʠʩʢʘʞʝʥʠʝ ʢʘʢ ʫʛʣʦʚ, ʪʘʢ ʠ 

ʨʘʩʩʪʦʷʥʠʡ ʚ ʩʨʝʜʥʝʤ ʥʘ ʚʩʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʬʝʨʳ. 

Kű =
8

3
;  KR=

8

1
. 

ʄʘʢʩʠʤʘʣʴʥʦʝ ʠʩʢʘʞʝʥʠʝ ʫʛʣʦʚ æŬ = 5,7'cosB, ʘ ʨʘʩʩʪʦʷʥʠʡ  

%.08,0
S

S
=

D
 

ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʧʦʛʨʝʰʥʦʩʪʴ ʨʘʩʯʝʪʘ ʫʛʣʦʚ ʥʘ ʩʬʝʨʝ ʥʝ ʧʨʝʚʳʩʠʪ 

0,1Á. ʇʨʠ ʨʘʩʯʝʪʝ ʨʘʩʩʪʦʷʥʠʷ ʚ 1000 ʢʤ ʧʦʛʨʝʰʥʦʩʪʴ ʙʫʜʝʪ ʥʝ ʙʦʣʝʝ 800 ʤ. 

ɼʣʷ ʥʘʚʠʛʘʮʠʠ, ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʪʨʘʜʠʮʠʦʥʥʳʭ ʩʨʝʜʩʪʚ, ʪʘʢʘʷ 

ʪʦʯʥʦʩʪʴ ʷʚʣʷʝʪʩʷ ʚʧʦʣʥʝ ʧʨʠʝʤʣʝʤʦʡ. ɽʩʣʠ ʞʝ ʥʫʞʥʘ ʙʦʣʝʝ ʚʳʩʦʢʘʷ 

ʪʦʯʥʦʩʪʴ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʩʧʫʪʥʠʢʦʚʳʭ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ, 

ʨʘʩʯʝʪʳ ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʷʪʴ ʧʦ ʬʦʨʤʫʣʘʤ ʛʝʦʤʝʪʨʠʠ ʵʣʣʠʧʩʦʠʜʘ. 

ʉʧʦʩʦʙ ʂʘʚʨʘʡʩʢʦʛʦ ʧʦʣʫʯʠʣ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʜʣʷ ʨʘʩʯʝʪʘ 

ʨʘʩʩʪʦʷʥʠʡ ʠ ʥʘʧʨʘʚʣʝʥʠʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʬʝʨʳ. ɽʩʣʠ ʚ ʦʙʱʠʝ ʬʦʨʤʫʣʳ 

(4.1) ʧʦʜʩʪʘʚʠʪʴ ʧʘʨʘʤʝʪʨʳ ʵʣʣʠʧʩʦʠʜʘ ʂʨʘʩʦʚʩʢʦʛʦ, ʪʦ ʦʥʠ ʧʨʠʤʫʪ ʚʠʜ 
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               (4.2) 

 

ʛʜʝ  k = 0,143814Á = 8'38'' å 8,6'. 
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4.2. ʆʩʥʦʚʥʳʝ ʩʚʝʜʝʥʠʷ ʠʟ ʩʬʝʨʠʯʝʩʢʦʡ ʪʨʠʛʦʥʦʤʝʪʨʠʠ 

 

ʆʙʳʯʥʘʷ ʪʨʠʛʦʥʦʤʝʪʨʠʷ  ʟʘʥʠʤʘʝʪʩʷ ʨʝʰʝʥʠʝʤ ʪʨʝʫʛʦʣʴʥʠʢʦʚ ʥʘ 

ʧʣʦʩʢʦʩʪʠ, ʘ ʩʬʝʨʠʯʝʩʢʘʷ ʪʨʠʛʦʥʦʤʝʪʨʠʷ ʠʤʝʝʪ ʩʚʦʠʤ ʧʨʝʜʤʝʪʦʤ  ʨʝʰʝʥʠʝ 

ʪʨʝʫʛʦʣʴʥʠʢʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʬʝʨʳ. 

ʉʬʝʨʠʯʝʩʢʠʤ ʪʨʝʫʛʦʣʴʥʠʢʦʤ  ʥʘʟʳʚʘʝʪʩʷ ʬʠʛʫʨʘ, ʦʙʨʘʟʦʚʘʥʥʘʷ ʥʘ 

ʩʬʝʨʝ ʦʪʨʝʟʢʘʤʠ ʪʨʝʭ ʧʦʧʘʨʥʦ ʧʝʨʝʩʝʢʘʶʱʠʭʩʷ ʙʦʣʴʰʠʭ ʢʨʫʛʦʚ (ʨʠʩ. 4.2). 

 

 
 

ʈʠʩ. 4.2. ʉʬʝʨʠʯʝʩʢʠʡ ʪʨʝʫʛʦʣʴʥʠʢ 

 

 ɺ ʦʪʣʠʯʠʝ ʦʪ ʧʣʦʩʢʠʭ ʪʨʝʫʛʦʣʴʥʠʢʦʚ ʚ ʩʬʝʨʠʯʝʩʢʦʤ ʪʨʝʫʛʦʣʴʥʠʢʝ  ʥʝ 

ʪʦʣʴʢʦ ʫʛʣʳ, ʥʦ ʠ ʩʪʦʨʦʥʳ ʠʟʤʝʨʷʶʪʩʷ ʚ ʫʛʣʦʚʦʡ ʤʝʨʝ (ʚ ʛʨʘʜʫʩʘʭ ʠʣʠ 

ʨʘʜʠʘʥʘʭ). ɼʣʠʥʘ ʩʪʦʨʦʥʳ ʧʨʠʥʠʤʘʝʪʩʷ ʨʘʚʥʦʡ ʮʝʥʪʨʘʣʴʥʦʤʫ ʫʛʣʫ, 

ʩʪʷʛʠʚʘʝʤʦʤʫ ʵʪʦʡ ʩʪʦʨʦʥʦʡ (ʨʠʩ. 4.3). 

 

 
 

ʈʠʩ. 4.3. ʎʝʥʪʨʘʣʴʥʳʡ ʫʛʦʣ 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʬʝʨʠʯʝʩʢʘʷ ʪʨʠʛʦʥʦʤʝʪʨʠʷ ʢʘʢ ʨʘʟʜʝʣ ʤʘʪʝʤʘʪʠʢʠ ʥʝ 

ʠʤʝʝʪ ʜʝʣʦ ʩ ʣʠʥʝʡʥʳʤʠ ʚʝʣʠʯʠʥʘʤʠ (ʨʘʩʩʪʦʷʥʠʷʤʠ) ʠ ʧʦʵʪʦʤʫ ʨʘʜʠʫʩ 

ʩʬʝʨʳ ʥʝ ʠʤʝʝʪ ʟʥʘʯʝʥʠʷ. ɽʩʣʠ ʞʝ ʜʣʷ ʨʝʰʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʯ 

ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ ʩʪʦʨʦʥʫ ʪʨʝʫʛʦʣʴʥʠʢʘ ʚ ʣʠʥʝʡʥʳʭ ʚʝʣʠʯʠʥʘʭ (ʥʘʧʨʠʤʝʨ, 
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ʢʠʣʦʤʝʪʨʘʭ), ʪʦ  ʫʛʣʦʚʫʶ ʚʝʣʠʯʠʥʫ ʩʪʦʨʦʥʳ ʪʨʝʫʛʦʣʴʥʠʢʘ, ʚʳʨʘʞʝʥʥʫʶ ʚ 

ʨʘʜʠʘʥʘʭ, ʥʫʞʥʦ ʫʤʥʦʞʠʪʴ ʥʘ ʨʘʜʠʫʩ ʩʬʝʨʳ. 

ɺ ʩʬʝʨʠʯʝʩʢʦʤ ʪʨʝʫʛʦʣʴʥʠʢʝ ʤʦʞʝʪ ʙʳʪʴ ʥʝ ʙʦʣʝʝ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, 

ʜʣʠʥʘ ʢʦʪʦʨʦʡ ʙʦʣʴʰʝ 180Á (ʧʦʣʦʚʠʥʳ ʦʢʨʫʞʥʦʩʪʠ). ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʝʩʣʠ 

ʪʘʢʠʭ ʩʪʦʨʦʥ ʜʚʝ, ʪʦ ʦʥʠ ʧʝʨʝʩʝʢʫʪʩʷ, ʪʘʢ ʠ ʥʝ ʚʩʪʨʝʪʠʚ ʪʨʝʪʴʝʡ ʩʪʦʨʦʥʳ 

(ʧʦʣʫʯʠʪʩʷ ʬʠʛʫʨʘ, ʥʘʟʳʚʘʝʤʘʷ ʜʚʫʫʛʦʣʴʥʠʢʦʤ). 

 ʆʜʥʘ ʩʪʦʨʦʥʘ ʤʦʞʝʪ ʙʳʪʴ ʙʦʣʴʰʝ 180Á, ʥʦ ʩʬʝʨʠʯʝʩʢʘʷ ʪʨʠʛʦʥʦʤʝʪʨʠʷ 

ʪʘʢʠʝ ʪʨʝʫʛʦʣʴʥʠʢʠ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪ. ɺʝʜʴ ʚʤʝʩʪʦ ʪʘʢʦʛʦ ʪʨʝʫʛʦʣʴʥʠʢʘ 

ʤʦʞʥʦ ʨʝʰʠʪʴ ʜʨʫʛʦʡ, ʩʣʫʞʘʱʠʡ ʜʦʧʦʣʥʝʥʠʝʤ ʧʝʨʚʦʛʦ ʜʦ ʧʦʣʫʩʬʝʨʳ, ʘ ʫ 

ʥʝʛʦ ʚʩʝ ʩʪʦʨʦʥʳ ʙʫʜʫʪ ʤʝʥʴʰʝ 180Á. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʟʥʘʷ ʵʣʝʤʝʥʪʳ ʪʘʢʦʛʦ 

ʪʨʝʫʛʦʣʴʥʠʢʘ, ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʠ ʚʩʝ ʵʣʝʤʝʥʪʳ ʧʝʨʚʦʛʦ, ʠʩʢʦʤʦʛʦ. 

ʇʨʠʥʷʪʦ ʚ ʩʬʝʨʠʯʝʩʢʠʭ ʪʨʝʫʛʦʣʴʥʠʢʘʭ ʫʛʣʳ ʦʙʦʟʥʘʯʘʪʴ ʧʨʦʧʠʩʥʳʤʠ 

ʙʫʢʚʘʤʠ, ʥʘʧʨʠʤʝʨ, A, B, C, ʘ ʩʪʦʨʦʥʳ ï ʩʪʨʦʯʥʳʤʠ ï a, b, c, ʦʜʥʦʠʤʝʥʥʳʤʠ 

ʧʨʦʪʠʚʦʣʝʞʘʱʠʤ ʫʛʣʘʤ (ʨʠʩ. 4.4). 

 

 
 

ʈʠʩ. 4.4. ʉʪʦʨʦʥʳ ʠ ʫʛʣʳ ʩʬʝʨʠʯʝʩʢʦʛʦ ʪʨʝʫʛʦʣʴʥʠʢʘ 

 

ɼʣʷ ʩʬʝʨʠʯʝʩʢʦʛʦ ʪʨʝʫʛʦʣʴʥʠʢʘ ʩʧʨʘʚʝʜʣʠʚʳ ʩʣʝʜʫʶʱʠʝ ʩʦʦʪʥʦʰʝʥʠʷ: 

- ʢʘʞʜʘʷ ʩʪʦʨʦʥʘ ʤʝʥʴʰʝ ʩʫʤʤʳ, ʥʦ ʙʦʣʴʰʝ ʨʘʟʥʦʩʪʠ ʜʚʫʭ ʜʨʫʛʠʭ 

ʩʪʦʨʦʥ; 

- ʩʫʤʤʘ ʩʪʦʨʦʥ ʤʝʥʴʰʝ 360Á; 

- ʧʦʣʫʧʝʨʠʤʝʪʨ ʙʦʣʴʰʝ ʢʘʞʜʦʡ ʠʟ ʩʪʦʨʦʥ; 

- ʩʫʤʤʘ ʫʛʣʦʚ ʙʦʣʴʰʝ 180Á, ʥʦ ʤʝʥʴʰʝ 540Á. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʩʬʝʨʠʯʝʩʢʦʤ ʪʨʝʫʛʦʣʴʥʠʢʝ ʩʫʤʤʘ ʫʛʣʦʚ ʚʩʝʛʜʘ 

ʙʦʣʴʰʝ 180Á, ʚ ʦʪʣʠʯʠʝ ʦʪ ʧʣʦʩʢʠʭ ʪʨʝʫʛʦʣʴʥʠʢʦʚ, ʚ ʢʦʪʦʨʳʭ ʦʥʘ ʚʩʝʛʜʘ 180Á. 

ʈʘʟʥʦʩʪʴ ʤʝʞʜʫ ʩʫʤʤʦʡ ʫʛʣʦʚ ʩʬʝʨʠʯʝʩʢʦʛʦ ʪʨʝʫʛʦʣʴʥʠʢʘ ʠ 180Á 

ʥʘʟʳʚʘʝʪʩʷ ʩʬʝʨʠʯʝʩʢʠʤ ʠʟʙʳʪʢʦʤ ʪʨʝʫʛʦʣʴʥʠʢʘ:  

 

Ů = A + B + C ī 180Á. 

 

ɽʩʣʠ ʚʳʨʘʟʠʪʴ ʩʬʝʨʠʯʝʩʢʠʡ ʠʟʙʳʪʦʢ ʚ ʨʘʜʠʘʥʘʭ ʠ ʟʥʘʪʴ ʨʘʜʠʫʩ ʩʬʝʨʳ 

R , ʪʦ ʣʝʛʢʦ ʥʘʡʪʠ ʧʣʦʱʘʜʴ ʪʨʝʫʛʦʣʴʥʠʢʘ: 
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S = R
2
 Ů . 

 

ʋʩʣʦʚʠʷ ʨʘʚʝʥʩʪʚʘ ʩʬʝʨʠʯʝʩʢʠʭ ʪʨʝʫʛʦʣʴʥʠʢʦʚ ʧʦʯʪʠ ʩʦʚʧʘʜʘʶʪ ʩ 

ʫʩʣʦʚʠʷʤʠ ʨʘʚʝʥʩʪʚʘ ʧʣʦʩʢʠʭ ʪʨʝʫʛʦʣʴʥʠʢʦʚ. ʉʬʝʨʠʯʝʩʢʠʝ ʪʨʝʫʛʦʣʴʥʠʢʠ 

ʨʘʚʥʳ: 

- ʧʦ ʜʚʫʤ ʩʪʦʨʦʥʘʤ ʠ ʫʛʣʫ ʤʝʞʜʫ ʥʠʤʠ; 

- ʧʦ ʩʪʦʨʦʥʝ ʠ ʜʚʫʤ ʧʨʠʣʝʞʘʱʠʤ ʢ ʥʝʡ ʫʛʣʘʤ; 

- ʧʦ ʪʨʝʤ ʩʪʦʨʦʥʘʤ; 

- ʧʦ ʪʨʝʤ ʫʛʣʘʤ. 

ɿʘʤʝʪʠʤ, ʯʪʦ ʧʦʩʣʝʜʥʝʝ ʠʟ ʫʩʣʦʚʠʡ ʚ ʧʣʦʩʢʦʡ ʪʨʠʛʦʥʦʤʝʪʨʠʠ ʥʝ 

ʚʳʧʦʣʥʷʝʪʩʷ ï ʪʘʤ ʪʘʢʠʝ ʪʨʝʫʛʦʣʴʥʠʢʠ ʧʦʜʦʙʥʳ, ʥʦ ʥʝ ʦʙʷʟʘʪʝʣʴʥʦ ʨʘʚʥʳ. 

ɽʩʪʴ ʠ ʜʨʫʛʠʝ ʧʦʣʦʞʝʥʠʷ ʩʬʝʨʠʯʝʩʢʦʡ ʪʨʠʛʦʥʦʤʝʪʨʠʠ, ʩʦʚʧʘʜʘʶʱʠʝ ʩ 

ʪʨʠʛʦʥʦʤʝʪʨʠʝʡ ʥʘ ʧʣʦʩʢʦʩʪʠ: 

- ʧʨʦʪʠʚ ʨʘʚʥʳʭ ʩʪʦʨʦʥ ʣʝʞʘʪ ʨʘʚʥʳʝ ʫʛʣʳ ʠ ʥʘʦʙʦʨʦʪ; 

- ʧʨʦʪʠʚ ʙʦʣʴʰʝʛʦ ʫʛʣʘ ʣʝʞʠʪ ʙʦʣʴʰʘʷ ʩʪʦʨʦʥʘ ʠ ʥʘʦʙʦʨʦʪ; 

- ʙʠʩʩʝʢʪʨʠʩʳ ʧʝʨʝʩʝʢʘʶʪʩʷ ʚ ʮʝʥʪʨʝ ʚʧʠʩʘʥʥʦʛʦ ʚ ʪʨʝʫʛʦʣʴʥʠʢ ʤʘʣʦʛʦ 

ʢʨʫʛʘ ʠ ʪ.ʜ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʩʬʝʨʠʯʝʩʢʦʛʦ ʪʨʝʫʛʦʣʴʥʠʢʘ, ʪʦ ʝʩʪʴ ʥʘʭʦʞʜʝʥʠʷ 

ʥʝʠʟʚʝʩʪʥʳʭ ʝʛʦ ʵʣʝʤʝʥʪʦʚ  ʧʦ ʠʟʚʝʩʪʥʳʤ, ʠʩʧʦʣʴʟʫʶʪʩʷ ʬʦʨʤʫʣʳ ʠʣʠ, ʢʘʢ 

ʠʭ ʝʱʝ ʥʘʟʳʚʘʶʪ, ʪʝʦʨʝʤʳ ʩʬʝʨʠʯʝʩʢʦʡ ʪʨʠʛʦʥʦʤʝʪʨʠʠ. ɿʜʝʩʴ ʙʫʜʫʪ 

ʧʨʠʚʝʜʝʥʳ ʣʠʰʴ ʥʝʢʦʪʦʨʳʝ. 

ʉʣʝʜʫʝʪ ʠʤʝʪʴ ʚ ʚʠʜʫ, ʯʪʦ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʟʘʧʦʤʠʥʘʥʠʷ ʪʝʦʨʝʤ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʟʘʧʦʤʥʠʪʴ ʠʭ ʩʣʦʚʝʩʥʫʶ ʬʦʨʤʫʣʠʨʦʚʢʫ. ʊʦʛʜʘ ʦʥʘ ʙʫʜʝʪ 

ʣʝʛʢʦ ʧʨʠʤʝʥʠʤʘ ʢ ʣʶʙʦʡ ʩʪʦʨʦʥʝ (ʫʛʣʫ) ʪʨʝʫʛʦʣʴʥʠʢʘ ʠ ʥʝ ʙʫʜʝʪ ʟʘʚʠʩʝʪʴ ʦʪ 

ʙʫʢʚʝʥʥʳʭ ʦʙʦʟʥʘʯʝʥʠʡ ʵʣʝʤʝʥʪʦʚ ʚ ʢʦʥʢʨʝʪʥʦʤ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ 

ʪʨʝʫʛʦʣʴʥʠʢʝ. ɺʧʨʦʯʝʤ, ʤʦʞʥʦ ʧʦʩʪʫʧʠʪɹ ʠ ʧʦ-ʜʨʫʛʦʤʫ: ʧʝʨʝʦʙʦʟʥʘʯʠʪɹ   ʚ 

ʨʝʰʘʝʤʦʤ ʪʨʝʫʛʦʣʴʥʠʢʝ ʵʣʝʤʝʥʪʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʪʘʥʜʘʨʪʥʳʤʠ 

ʦʙʦʟʥʘʯʝʥʠʷʤʠ (ʩʤ. ʨʠʩ. 4.4) ʠ  ʧʦʜʦʙʨʘʪɹ ʥʫʞʥʫʶ  ʬʦʨʤʫʣʫ. 

 

1. ʌʦʨʤʫʣʘ ʢʦʩʠʥʫʩʘ ʩʪʦʨʦʥʳ. 

ʂʦʩʠʥʫʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʩʬʝʨʠʯʝʩʢʦʛʦ ʪʨʝʫʛʦʣʴʥʠʢʘ ʨʘʚʝʥ 

ʧʨʦʠʟʚʝʜʝʥʠʶ ʢʦʩʠʥʫʩʦʚ ʜʚʫʭ ʜʨʫʛʠʭ ʩʪʦʨʦʥ ʧʣʶʩ ʧʨʦʠʟʚʝʜʝʥʠʝ ʩʠʥʫʩʦʚ ʪʝʭ 

ʞʝ ʩʪʦʨʦʥ ʥʘ ʢʦʩʠʥʫʩ ʫʛʣʘ ʤʝʞʜʫ ʥʠʤʠ. 

ʅʘʧʨʠʤʝʨ,  

 

cos a = cos c cos b + sin c sin b cos A.          (4.3) 
 

ʈʘʟʫʤʝʝʪʩʷ, ʯʪʦ ʜʘʥʥʫʶ ʩʣʦʚʝʩʥʫʶ ʬʦʨʤʫʣʠʨʦʚʢʫ ʤʦʞʥʦ ʧʨʠʤʝʥʠʪʴ ʥʝ 

ʪʦʣʴʢʦ ʢ ʩʪʦʨʦʥʝ a, ʥʦ ʠ ʢ ʣʶʙʦʡ ʜʨʫʛʦʡ ʩʪʦʨʦʥʝ ʪʨʝʫʛʦʣʴʥʠʢʘ. 
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2.  ʌʦʨʤʫʣʘ ʩʠʥʫʩʦʚ. 

ʉʠʥʫʩʳ ʩʪʦʨʦʥ ʩʬʝʨʠʯʝʩʢʦʛʦ ʪʨʝʫʛʦʣʴʥʠʢʘ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳ ʩʠʥʫʩʘʤ 

ʧʨʦʪʠʚʦʣʝʞʘʱʠʭ ʠʤ ʫʛʣʦʚ. 

 

.
Csin

csin

Bsin

bsin

Asin

asin
==                      (4.4) 

 

3.  ʌʦʨʤʫʣʘ ʢʦʩʠʥʫʩʘ ʫʛʣʘ. 

ʂʦʩʠʥʫʩ ʫʛʣʘ ʨʘʚʝʥ ʦʪʨʠʮʘʪʝʣʴʥʦʤʫ ʧʨʦʠʟʚʝʜʝʥʠʶ ʢʦʩʠʥʫʩʦʚ ʜʚʫʭ 

ʜʨʫʛʠʭ ʫʛʣʦʚ, ʩʣʦʞʝʥʥʦʤʫ ʩ ʧʨʦʠʟʚʝʜʝʥʠʝʤ ʩʠʥʫʩʦʚ ʪʝʭ ʞʝ ʫʛʣʦʚ ʥʘ ʢʦʩʠʥʫʩ 

ʩʪʦʨʦʥʳ, ʧʨʦʪʠʚʦʣʝʞʘʱʝʡ ʧʝʨʚʦʤʫ ʫʛʣʫ. 

 

cos A = - cos B  cos C + sin B sin C  cos a .       (4.5) 

 

4.  ʌʦʨʤʫʣʘ ʯʝʪʳʨʝʭ ʵʣʝʤʝʥʪʦʚ. 

ʕʣʝʤʝʥʪʘʤʠ ʪʨʝʫʛʦʣʴʥʠʢʘ ʷʚʣʷʶʪʩʷ ʝʛʦ ʩʪʦʨʦʥʳ ʠ ʫʛʣʳ. ʌʦʨʤʫʣʘ 

ʩʚʷʟʳʚʘʝʪ ʯʝʪʳʨʝ ʵʣʝʤʝʥʪʘ, ʣʝʞʘʱʠʭ ʨʷʜʦʤ, ʪʦ ʝʩʪʴ ʠʜʫʱʠʭ ʧʦʜʨʷʜ. ʀʟ ʥʠʭ 

ʚʩʝʛʜʘ ʜʚʘ ʫʛʣʘ ʠ ʜʚʝ ʩʪʦʨʦʥʳ. ʆʜʠʥ ʫʛʦʣ ʢʨʘʡʥʠʡ, ʜʨʫʛʦʡ ʚʥʫʪʨʝʥʥʠʡ ʚ 

ʜʘʥʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʯʝʪʳʨʝʭ ʵʣʝʤʝʥʪʦʚ. ɸʥʘʣʦʛʠʯʥʦ, ʦʜʥʘ ʩʪʦʨʦʥʘ 

ʢʨʘʡʥʷʷ, ʜʨʫʛʘʷ ʚʥʫʪʨʝʥʥʷʷ. ʅʘʧʨʠʤʝʨ, ʜʣʷ ʪʨʝʫʛʦʣʴʥʠʢʘ ʥʘ ʨʠʩ. 4.4 ʵʪʠʤʠ 

ʵʣʝʤʝʥʪʘʤʠ ʤʦʛʫʪ ʷʚʣʷʪʴʩʷ: 

a,B,c,A   ʠʣʠ C,b,A,c. ʈʘʟʫʤʝʝʪʩʷ, ʚʦʟʤʦʞʥʳ ʠ ʝʱʝ ʯʝʪʳʨʝ ʚʘʨʠʘʥʪʘ. 

ʉʣʦʚʝʩʥʘʷ ʬʦʨʤʫʣʠʨʦʚʢʘ ʬʦʨʤʫʣʳ ʧʨʝʜʣʦʞʝʥʘ ʰʦʪʣʘʥʜʩʢʠʤ 

ʤʘʪʝʤʘʪʠʢʦʤ ʅʝʧʝʨʦʤ. 

ʇʨʦʠʟʚʝʜʝʥʠʝ ʢʦʩʠʥʫʩʦʚ ʩʨʝʜʥʠʭ ʵʣʝʤʝʥʪʦʚ ʨʘʚʥʦ  ʨʘʟʥʦʩʪʠ ʤʝʞʜʫ 

ʧʨʦʠʟʚʝʜʝʥʠʷʤʠ ʩʠʥʫʩʘ ʩʨʝʜʥʝʡ ʩʪʦʨʦʥʳ ʥʘ ʢʦʪʘʥʛʝʥʩ ʢʨʘʡʥʝʡ ʩʪʦʨʦʥʳ ʠ 

ʩʠʥʫʩʘ ʩʨʝʜʥʝʛʦ ʫʛʣʘ ʥʘ ʢʦʪʘʥʛʝʥʩ ʢʨʘʡʥʝʛʦ ʫʛʣʘ. 

ʅʘʧʨʠʤʝʨ,  

 

cos c  cos B = sin c  ctg a ï sin B  ctg A.          (4.6) 
 

5.  ʌʦʨʤʫʣʘ ʧʷʪʠ ʵʣʝʤʝʥʪʦʚ. 

ʉʠʥʫʩ ʩʪʦʨʦʥʳ, ʫʤʥʦʞʝʥʥʳʡ ʥʘ ʢʦʩʠʥʫʩ ʧʨʠʣʝʞʘʱʝʛʦ ʢ ʥʝʡ ʫʛʣʘ, 

ʨʘʚʝʥ ʩʠʥʫʩʫ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʦʛʨʘʥʠʯʠʚʘʶʱʝʡ ʵʪʦʪ ʫʛʦʣ, ʫʤʥʦʞʝʥʥʦʤʫ ʥʘ 

ʢʦʩʠʥʫʩ ʪʨʝʪʴʝʡ ʩʪʦʨʦʥʳ ʤʠʥʫʩ ʢʦʩʠʥʫʩ ʩʪʦʨʦʥʳ, ʦʛʨʘʥʠʯʠʚʘʶʱʝʡ ʫʛʦʣ, 

ʫʤʥʦʞʝʥʥʳʡ ʥʘ ʧʨʦʠʟʚʝʜʝʥʠʝ ʩʠʥʫʩʘ ʪʨʝʪʴʝʡ ʩʪʦʨʦʥʳ ʠ ʢʦʩʠʥʫʩʘ ʫʛʣʘ, 

ʧʨʦʪʠʚʦʣʝʞʘʱʝʛʦ ʧʝʨʚʦʡ ʩʪʦʨʦʥʝ. 

 

sin a  cos C = sin b  cos c ï cos b  sin c  cos A          (4.7) 
 

ɽʩʣʠ ʠʟʚʝʩʪʥʳ ʚʩʝ ʪʨʠ ʩʪʦʨʦʥʳ, ʘ ʥʫʞʥʦ ʥʘʡʪʠ ʫʛʣʳ, ʪʦ ʵʪʦ ʤʦʞʥʦ 

ʣʝʛʢʦ ʩʜʝʣʘʪʴ, ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʧʨʠʤʝʥʷʷ ʬʦʨʤʫʣʫ ʢʦʩʠʥʫʩʘ ʩʪʦʨʦʥʳ, 

ʚʳʨʘʟʠʚ ʠʟ ʥʝʝ ʢʦʩʠʥʫʩ ʫʛʣʘ. ɸʥʘʣʦʛʠʯʥʦ, ʝʩʣʠ ʠʟʚʝʩʪʥʳ ʚʩʝ ʫʛʣʳ, ʪʦ 
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ʩʪʦʨʦʥʳ ʤʦʞʥʦ ʥʘʡʪʠ ʩ ʧʦʤʦʱʴʶ ʬʦʨʤʫʣʳ ʢʦʩʠʥʫʩʘ ʫʛʣʘ, ʚʳʨʘʟʠʚ ʠʟ ʥʝʝ 

ʢʦʩʠʥʫʩ ʩʪʦʨʦʥʳ. 

 

ɽʩʣʠ ʚ ʩʬʝʨʠʯʝʩʢʦʤ ʪʨʝʫʛʦʣʴʥʠʢʝ ʦʜʠʥ ʠʟ ʫʛʣʦʚ ʨʘʚʝʥ 90Á, ʪʦ 

ʪʨʝʫʛʦʣʴʥʠʢ ʥʘʟʳʚʘʝʪʩʷ ʧʨʷʤʦʫʛʦʣʴʥʳʤ ʠ ʧʨʠʚʝʜʝʥʥʳʝ ʬʦʨʤʫʣʳ ʜʣʷ ʝʛʦ 

ʨʝʰʝʥʠʷ ʟʥʘʯʠʪʝʣʴʥʦ ʫʧʨʦʱʘʶʪʩʷ, ʧʦʩʢʦʣʴʢʫ ʩʠʥʫʩ ʠ ʢʦʩʠʥʫʩ 90Á ʨʘʚʥʳ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʝʜʠʥʠʮʝ ʠ ʥʫʣʶ.  

ʅʦ ʥʘ ʩʘʤʦʤ ʜʝʣʝ ʚʩʝ ʚʘʞʥʳʝ ʬʦʨʤʫʣʳ, ʢʘʩʘʶʱʠʝʩʷ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ 

ʪʨʝʫʛʦʣʴʥʠʢʘ, ʤʦʞʥʦ ʩʚʝʩʪʠ ʚʩʝʛʦ ʢ ʦʜʥʦʤʫ ʧʨʘʚʠʣʫ. ʇʨʝʞʜʝ ʯʝʤ ʝʛʦ 

ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ, ʫʢʘʞʝʤ ʜʚʘ ʜʦʧʫʱʝʥʠʷ, ʢʦʪʦʨʳʝ ʥʫʞʥʦ ʥʝ ʟʘʙʳʪʴ ʫʯʝʩʪʴ 

ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʜʘʥʥʦʛʦ ʧʨʘʚʠʣʘ: 

- ʧʨʷʤʦʡ ʫʛʦʣ çʥʝ ʩʯʠʪʘʝʪʩʷè ʵʣʝʤʝʥʪʦʤ, ʢʘʢ ʙʳ ʠʛʥʦʨʠʨʫʝʪʩʷ, ʪʦ ʝʩʪʴ 

ʜʚʘ ʢʘʪʝʪʘ ʩʯʠʪʘʶʪʩʷ ʣʝʞʘʱʠʤʠ ʨʷʜʦʤ; 

- ʚʤʝʩʪʦ ʢʘʪʝʪʦʚ ʙʝʨʫʪʩʷ ʠʭ ʜʦʧʦʣʥʝʥʠʷ ʜʦ 90Á . 

ʇʨʘʚʠʣʦ ʅʝʧʝʨʘ ʜʣʷ ʧʨʷʤʦʫʛʦʣʴʥʳʭ ʪʨʝʫʛʦʣʴʥʠʢʦʚ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ 

ʯʘʩʪʝʡ: 

 

- ʝʩʣʠ ʪʨʠ ʵʣʝʤʝʥʪʘ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʪʨʝʫʛʦʣʴʥʠʢʘ ʣʝʞʘʪ ʨʷʜʦʤ, ʪʦ 

ʢʦʩʠʥʫʩ ʩʨʝʜʥʝʛʦ ʵʣʝʤʝʥʪʘ ʨʘʚʝʥ ʧʨʦʠʟʚʝʜʝʥʠʶ ʢʦʪʘʥʛʝʥʩʦʚ ʢʨʘʡʥʠʭ 

ʵʣʝʤʝʥʪʦʚ;  

- ʝʩʣʠ ʵʣʝʤʝʥʪʳ ʥʝ ʣʝʞʘʪ ʨʷʜʦʤ, ʪʦ ʢʦʩʠʥʫʩ ʦʪʜʝʣʴʥʦ ʣʝʞʘʱʝʛʦ 

ʵʣʝʤʝʥʪʘ ʨʘʚʝʥ ʧʨʦʠʟʚʝʜʝʥʠʶ ʩʠʥʫʩʦʚ ʵʣʝʤʝʥʪʦʚ, ʣʝʞʘʱʠʭ ʨʷʜʦʤ. 

 

ɽʩʣʠ ʩʪʦʨʦʥʳ ʩʬʝʨʠʯʝʩʢʦʛʦ ʪʨʝʫʛʦʣʴʥʠʢʘ ʤʘʣʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʨʘʜʠʫʩʦʤ ʩʬʝʨʳ, ʪʦ ʩ ʜʦʩʪʘʪʦʯʥʳʤ ʧʨʠʙʣʠʞʝʥʠʝʤ ʝʛʦ ʤʦʞʥʦ ʨʝʰʘʪʴ ʢʘʢ 

ʧʣʦʩʢʠʡ ʪʨʝʫʛʦʣʴʥʠʢ, ʠʤʝʶʱʠʡ ʪʝ ʞʝ ʩʪʦʨʦʥʳ, ʘ ʫʛʣʳ, ʨʘʚʥʳʝ ʫʛʣʘʤ 

ʩʬʝʨʠʯʝʩʢʦʛʦ ʪʨʝʫʛʦʣʴʥʠʢʘ, ʥʦ ʫʤʝʥʴʰʝʥʥʳʤ ʥʘ ʦʜʥʫ ʪʨʝʪʴ ʩʬʝʨʠʯʝʩʢʦʛʦ 

ʠʟʙʳʪʢʘ (ʪʝʦʨʝʤʘ ʃʝʞʘʥʜʨʘ). ʇʨʠʤʝʥʝʥʠʝ ʜʘʥʥʦʛʦ ʧʨʘʚʠʣʘ ʢ ʪʨʝʫʛʦʣʴʥʠʢʘʤ 

ʥʘ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʦ ʩʪʦʨʦʥʘʤʠ ʜʦ 200 ʢʤ ʜʘʝʪ ʪʦʯʥʦʩʪʴ ʚʳʯʠʩʣʝʥʠʷ 

ʫʛʣʦʚ ʜʦ 0,01¡¡.  

ɽʩʣʠ ʩʪʦʨʦʥʳ ʪʨʝʫʛʦʣʴʥʠʢʘ ʥʝ ʧʨʝʚʳʰʘʶʪ 7 ʢʤ, ʪʦ ʪʨʝʫʛʦʣʴʥʠʢ ʤʦʞʥʦ 

ʨʝʰʘʪʴ ʢʘʢ ʧʣʦʩʢʠʡ ʜʘʞʝ ʙʝʟ ʫʯʝʪʘ ʩʬʝʨʠʯʝʩʢʦʛʦ ʠʟʙʳʪʢʘ, ʧʦʩʢʦʣʴʢʫ  ʩʘʤ 

ʵʪʦʪ ʠʟʙʳʪʦʢ ʥʝ ʧʨʝʚʳʰʘʝʪ 0,01¡¡. 

 

 

4.3. ʇʨʘʢʪʠʢʘ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʩ ʧʦʤʦʱʴʶ 

ʤʠʢʨʦʢʘʣʴʢʫʣʷʪʦʨʦʚ 

 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʧʨʘʚʠʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʠ ʨʘʩʯʝʪʝ ʢʘʢ ʧʦ ʫʞʝ 

ʧʨʠʚʝʜʝʥʥʳʤ ʬʦʨʤʫʣʘʤ, ʪʘʢ ʠ ʧʦ ʬʦʨʤʫʣʘʤ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ 

ʜʘʣʝʝ, ʘ ʪʘʢʞʝ ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʪʨʫʜʦʝʤʢʦʩʪʠ ʵʪʠʭ ʨʘʩʯʝʪʦʚ, ʥʝʦʙʭʦʜʠʤʦ 

ʦʪʤʝʪʠʪʴ ʥʝʢʦʪʦʨʳʝ ʦʩʦʙʝʥʥʦʩʪʠ  ʚʳʯʠʩʣʝʥʠʡ ʥʘ ʤʠʢʨʦʢʘʣʴʢʫʣʷʪʦʨʘʭ ʠ 

ʧʨʝʜʦʩʪʝʨʝʯʴ ʦʪ ʚʦʟʤʦʞʥʳʭ ʦʰʠʙʦʢ. 
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ʆʯʝʚʠʜʥʦ, ʯʪʦ ʠʩʧʦʣʴʟʫʝʤʳʡ ʤʠʢʨʦʢʘʣʴʢʫʣʷʪʦʨ ʜʦʣʞʝʥ ʠʤʝʪʴ 

ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʯʠʩʣʝʥʠʷ ʪʨʠʛʦʥʦʤʝʪʨʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ, ʣʦʛʘʨʠʬʤʦʚ, 

ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ ʬʫʥʢʮʠʠ ʠ ʠʤʝʪʴ ʭʦʪʷ ʙʳ ʦʜʠʥ ʨʝʛʠʩʪʨ ʧʘʤʷʪʠ. ʊʘʢʠʤ 

ʪʨʝʙʦʚʘʥʠʷʤ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʥʘʫʯʥʦ-ʠʥʞʝʥʝʨʥʳʝ ʢʘʣʴʢʫʣʷʪʦʨʳ. ʅʝʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʣʦʞʥʳʝ ʠ ʜʦʨʦʛʠʝ ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʝ 

ʢʘʣʴʢʫʣʷʪʦʨʳ ʠʣʠ ʪʘʢʠʝ, ʚ ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʚʚʝʩʪʠ ʨʘʩʯʝʪʥʫʶ ʬʦʨʤʫʣʫ, ʘ 

ʧʦʪʦʤ ʚʳʧʦʣʥʠʪʴ ʨʘʩʯʝʪ ʧʨʠ ʣʶʙʳʭ ʟʥʘʯʝʥʠʷʭ ʚʭʦʜʷʱʠʭ ʚ ʬʦʨʤʫʣʫ 

ʧʘʨʘʤʝʪʨʦʚ. ʅʝʩʤʦʪʨʷ ʥʘ ʢʘʞʫʱʝʝʩʷ ʠʭ ʫʜʦʙʩʪʚʦ, ʦʥʠ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʟʘʪʨʫʜʥʷʶʪ ʚʳʷʚʣʝʥʠʝ ʚʦʟʤʦʞʥʦʡ ʦʰʠʙʢʠ ʚ ʚʳʯʠʩʣʝʥʠʷʭ, ʧʦʩʢʦʣʴʢʫ ʥʝ 

ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʩʤʦʪʨʝʪʴ ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ. 

ɼʘʞʝ ʥʘ ʧʨʦʩʪʦʤ ʥʘʫʯʥʦ-ʠʥʞʝʥʝʨʥʦʤ ʢʘʣʴʢʫʣʷʪʦʨʝ ʨʘʩʯʝʪʳ ʤʦʞʥʦ 

ʚʳʧʦʣʥʠʪʴ ʙʳʩʪʨʦ ʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʙʝʟ ʟʘʧʠʩʠ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘ 

ʙʫʤʘʛʝ.  

ʂʘʣʴʢʫʣʷʪʦʨ ʠʤʝʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʟʘʧʠʩʘʪʴ ʯʠʩʣʦ ʠʟ ʨʝʛʠʩʪʨʘ (ʵʪʦ ʪʦ, 

ʯʪʦ ʦʪʦʙʨʘʞʘʝʪʩʷ ʥʘ ʠʥʜʠʢʘʪʦʨʝ) ʚ ʧʘʤʷʪʴ. ɼʣʷ ʵʪʦʛʦ,  ʢʘʢ ʧʨʘʚʠʣʦ, 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʣʘʚʠʰʘ < x Ÿ M >. ɿʜʝʩʴ x  ʦʙʦʟʥʘʯʘʝʪ ʯʠʩʣʦ ʚ ʨʝʛʠʩʪʨʝ, M ï 

ʧʘʤʷʪʴ (memory). ʇʨʠ ʥʘʞʘʪʠʠ ʵʪʦʡ ʢʣʘʚʠʰʠ ʟʥʘʯʝʥʠʝ, ʢʦʪʦʨʦʝ ʜʦ ʵʪʦʛʦ ʫʞʝ 

ʥʘʭʦʜʠʣʦʩʴ ʚ ʧʘʤʷʪʠ, ʧʨʦʧʘʜʘʝʪ ʠ ʟʘʤʝʥʷʝʪʩʷ ʟʥʘʯʝʥʠʝʤ ʠʟ ʨʝʛʠʩʪʨʘ.   

ʏʠʩʣʦ ʠʟ ʧʘʤʷʪʠ ʤʦʞʥʦ ʚ ʣʶʙʦʡ ʤʦʤʝʥʪ ʩʥʦʚʘ ʚʳʟʚʘʪʴ ʚ ʨʝʛʠʩʪʨ 

ʥʘʞʘʪʠʝʤ ʢʣʘʚʠʰʠ <RM> (request memory). ʀʥʦʛʜʘ ʵʪʘ ʞʝ ʢʣʘʚʠʰʘ 

ʦʙʦʟʥʘʯʝʥʘ <MR>.  

ɼʣʷ ʨʘʙʦʪʳ ʩ ʧʘʤʷʪʴʶ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʪʘʢʞʝ ʢʣʘʚʠʰʘ <M+>. ʆʥʘ ʪʘʢʞʝ 

ʟʘʩʳʣʘʝʪ ʯʠʩʣʦ ʠʟ ʨʝʛʠʩʪʨʘ ʚ ʧʘʤʷʪʴ, ʥʦ ʦʥʦ ʥʝ ʟʘʤʝʥʷʝʪ ʫʞʝ ʥʘʭʦʜʷʱʝʝʩʷ 

ʪʘʤ ʯʠʩʣʦ, ʘ ʧʨʠʙʘʚʣʷʝʪʩʷ ʢ ʥʝʤʫ. ʕʪʘ ʢʣʘʚʠʰʘ ʫʜʦʙʥʘ ʜʣʷ ʩʫʤʤʠʨʦʚʘʥʠʷ ʚ 

ʧʘʤʷʪʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʚʚʦʜʠʤʳʭ ʯʠʩʝʣ. 

ʇʨʝʞʜʝ ʯʝʤ ʚʳʧʦʣʥʷʪʴ ʨʘʩʯʝʪ ʧʦ ʢʘʢʦʡ-ʣʠʙʦ ʬʦʨʤʫʣʝ, ʩʣʝʜʫʝʪ 

ʧʨʦʜʫʤʘʪʴ ʪʘʢʦʡ ʧʦʨʷʜʦʢ ʨʘʩʯʝʪʘ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʠʪ ʠʟʙʝʞʘʪʴ 

ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʟʘʧʠʩʝʡ ʥʘ ʙʫʤʘʛʝ, ʧʦʩʢʦʣʴʢʫ ʧʨʠ ʪʘʢʦʡ ʟʘʧʠʩʠ ʚʝʨʦʷʪʥʳ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʦʰʠʙʢʠ. ʊʘʢʞʝ, ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʢʘʣʴʢʫʣʷʪʦʨʳ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʫʯʠʪʳʚʘʶʪ ʧʨʠʦʨʠʪʝʪʳ ʘʨʠʬʤʝʪʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ 

(ʩʥʘʯʘʣʘ ʚʳʧʦʣʥʷʝʪʩʷ ʫʤʥʦʞʝʥʠʝ ʠ ʜʝʣʝʥʠʝ, ʟʘʪʝʤ ʩʣʦʞʝʥʠʝ ʠ ʚʳʯʠʪʘʥʠʝ ʠ 

ʪ.ʧ.), ʣʫʯʰʝ ʚʨʫʯʥʫʶ ʟʘʩʪʘʚʠʪʴ ʢʘʣʴʢʫʣʷʪʦʨ ʧʦʣʫʯʠʪʴ ʧʨʦʤʝʞʫʪʦʯʥʳʡ 

ʨʝʟʫʣʴʪʘʪ ʥʘʞʘʪʠʝʤ ʢʣʘʚʠʰʠ <=>, ʧʨʝʞʜʝ ʯʝʤ ʚʳʧʦʣʥʷʪʴ ʜʘʣʴʥʝʡʰʠʡ 

ʨʘʩʯʝʪ. ʇʨʦʠʣʣʶʩʪʨʠʨʫʝʤ ʵʪʦ ʧʨʠʤʝʨʦʤ. 

ɼʦʧʫʩʪʠʤ, ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʠʪʴ ʨʘʩʯʝʪ ʧʦ ʬʦʨʤʫʣʝ: 

 

.
12cos8sin2

10cos5sin5,0
W

¯¯+

¯¯+
=  

 

ʆʜʠʥ ʠʟ ʚʦʟʤʦʞʥʳʭ ʨʘʮʠʦʥʘʣʴʥʳʭ ʩʧʦʩʦʙʦʚ ʨʘʩʯʝʪʘ ʧʦ ʜʘʥʥʦʡ 

ʬʦʨʤʫʣʝ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʚʥʘʯʘʣʝ ʚʳʯʠʩʣʷʝʪʩʷ ʟʥʘʤʝʥʘʪʝʣʴ, 

ʟʘʧʠʩʳʚʘʝʪʩʷ ʚ ʧʘʤʷʪʴ, ʟʘʪʝʤ ʚʳʯʠʩʣʷʝʪʩʷ ʯʠʩʣʠʪʝʣʴ ʠ ʜʝʣʠʪʩʷ ʥʘ ʟʥʘʯʝʥʠʝ ʚ 

ʧʘʤʷʪʠ. ʇʨʠ ʵʪʦʤ  ʯʠʩʣʠʪʝʣʴ ʠ ʟʥʘʤʝʥʘʪʝʣʴ ʣʫʯʰʝ ʥʘʯʘʪʴ ʨʘʩʩʯʠʪʳʚʘʪʴ 
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ʩʧʨʘʚʘ ʥʘʣʝʚʦ, ʪʦ ʝʩʪʴ ʥʘʯʠʥʘʷ ʩ ʧʨʦʠʟʚʝʜʝʥʠʷ ʪʨʠʛʦʥʦʤʝʪʨʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ. 

ʇʦʨʷʜʦʢ ʥʘʞʘʪʠʷ ʢʣʘʚʠʰ ʙʫʜʝʪ ʪʘʢʦʡ (ʟʥʘʢʘʤʠ <> ʦʙʦʟʥʘʯʘʝʤ ʚʚʝʜʝʥʥʦʝ 

ʯʠʩʣʦ ʠʣʠ ʥʘʞʘʪʫʶ ʢʣʘʚʠʰʫ): 

<12> , <cos> (ʥʘ ʠʥʜʠʢʘʪʦʨʝ ʧʦʷʚʠʪʩʷ ʟʥʘʯʝʥʠʝ ʢʦʩʠʥʫʩʘ 12Á), <Ĭ>, 

<8>,<sin> (ʧʦʷʚʠʪʩʷ ʟʥʘʯʝʥʠʝ ʩʠʥʫʩʘ), <=> (ʧʦʷʚʠʪʩʷ ʧʨʦʠʟʚʝʜʝʥʠʝ ʢʦʩʠʥʫʩʘ 

ʥʘ ʩʠʥʫʩ), <+>, <2>,<=> (ʧʦʷʚʠʪʩʷ ʟʥʘʯʝʥʠʝ ʧʦʜʢʦʨʝʥʥʦʛʦ ʚʳʨʘʞʝʥʠʷ), <ãľ> 

(ʧʦʷʚʠʪʩʷ ʨʝʟʫʣʴʪʘʪ ʠʟʚʣʝʯʝʥʠʷ ʢʦʨʥʷ), < x Ÿ M >, <5>, <sin>, <Ĭ>, <10>, 

<cos>, <=>, <+> , <0,5> , <=> (ʧʦʷʚʠʪʩʷ ʟʥʘʯʝʥʠʝ ʯʠʩʣʠʪʝʣʷ),<:>, <RM>, 

<=>. 

ʇʨʠ ʧʨʘʚʠʣʴʥʦʤ ʚʳʧʦʣʥʝʥʠʠ ʦʧʝʨʘʮʠʡ ʙʫʜʝʪ ʧʦʣʫʯʝʥʦ ʟʥʘʯʝʥʠʝ 

W=0,400828695. 

ɺʘʞʥʫʶ ʨʦʣʴ ʠʛʨʘʝʪ ʪʦʯʥʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʨʘʩʯʝʪʦʚ, ʘ ʧʨʘʚʠʣʴʥʝʝ 

ʩʢʘʟʘʪʴ ï ʨʘʟʨʝʰʝʥʠʝ ʚʚʦʜʠʤʳʭ ʯʠʩʝʣ, ʦʧʨʝʜʝʣʷʝʤʦʝ ʢʦʣʠʯʝʩʪʚʦʤ ʟʥʘʢʦʚ ʚ 

ʯʠʩʣʝ, ʥʘʧʨʠʤʝʨ, ʧʦʩʣʝ ʟʘʧʷʪʦʡ. ɽʩʣʠ ʵʪʠʭ ʟʥʘʢʦʚ ʥʝʜʦʩʪʘʪʦʯʥʦ, 

ʧʦʛʨʝʰʥʦʩʪʴ ʚʳʯʠʩʣʝʥʠʷ ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ ʦʯʝʥʴ ʙʦʣʴʰʦʡ.  

ɼʦʧʫʩʪʠʤ, ʥʫʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʟʥʘʯʝʥʠʝ ʫʛʣʘ, ʩʠʥʫʩ ʢʦʪʦʨʦʛʦ 0,9914. ʕʪʦ 

ʟʥʘʯʝʥʠʝ ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʤʝʨʥʦ 82,5Á. ʅʦ ʝʩʣʠ ʦʢʨʫʛʣʠʪʴ ʟʥʘʯʝʥʠʝ ʩʠʥʫʩʘ ʜʦ 

ʪʨʝʭ ʟʥʘʢʦʚ ʧʦʩʣʝ ʟʘʧʷʪʦʡ, ʪʦ ʝʩʪʴ ʚʟʷʪʴ 0,991, ʪʦ ʟʥʘʯʝʥʠʝ ʫʛʣʘ ʙʫʜʝʪ ʫʞʝ 

82,3Á. ʂʘʟʘʣʦʩʴ ʙʳ, ʨʘʟʥʠʮʘ ʥʝʚʝʣʠʢʘ. ʅʦ ʝʩʣʠ ʚʩʧʦʤʥʠʪʴ, ʯʪʦ 1Á ʜʫʛʠ 

ʤʝʨʠʜʠʘʥʘ ʠʣʠ ʵʢʚʘʪʦʨʘ ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʤʝʨʥʦ 111 ʢʤ, ʪʦ ʨʘʟʥʠʮʘ ʚ ʫʛʣʝ 0,2Á 

ʵʢʚʠʚʘʣʝʥʪʥʘ ʧʦʛʨʝʰʥʦʩʪʠ ʧʨʠʤʝʨʥʦ ʚ 22 ʢʤ! 

ʆʪʩʶʜʘ ʚʘʞʥʳʡ ʚʳʚʦʜ: ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʙʦʣʴʰʠʥʩʪʚʘ ʨʘʩʯʝʪʦʚ 

ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʝ ʤʝʥʝʝ ʰʝʩʪʠ ʟʥʘʢʦʚ ʧʦʩʣʝ ʟʘʧʷʪʦʡ, ʘ ʣʫʯʰʝ, 

ʦʩʦʙʝʥʥʦ ʧʨʠ ʨʘʩʯʝʪʘʭ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʠ, ʝʱʝ ʙʦʣʴʰʝ. ʉʦʚʨʝʤʝʥʥʳʝ 

ʢʘʣʴʢʫʣʷʪʦʨʳ ʧʦʟʚʦʣʷʶʪ ʚʚʦʜʠʪʴ ʠ ʧʦʣʫʯʘʪʴ ʨʝʟʫʣʴʪʘʪʳ ʩ ʨʘʟʨʝʰʝʥʠʝʤ 8-10 

ʟʥʘʢʦʚ ʠ ʣʫʯʰʝ ʠʭ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʩʝ, ʯʪʦ ʣʝʛʢʦ ʩʜʝʣʘʪʴ, ʝʩʣʠ ʧʨʦʜʫʤʘʥʥʳʡ 

ʧʦʨʷʜʦʢ ʨʘʩʯʝʪʘ ʧʦʟʚʦʣʷʝʪ ʠʟʙʝʞʘʪʴ ʟʘʧʠʩʠ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘ 

ʙʫʤʘʛʝ. ɸ ʚʦʪ ʢʦʥʝʯʥʳʡ ʨʝʟʫʣʴʪʘʪ ʫʞʝ ʤʦʞʥʦ ʠ ʥʫʞʥʦ ʦʢʨʫʛʣʠʪʴ ʜʦ ʩʪʦʣʴʢʠʭ 

ʟʥʘʢʦʚ, ʩʢʦʣʴʢʦ ʪʨʝʙʫʝʪʩʷ, ʠʣʠ ʜʦ ʪʦʡ ʩʪʝʧʝʥʠ ʪʦʯʥʦʩʪʠ, ʢʦʪʦʨʫʶ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʠʩʧʦʣʴʟʫʝʤʘʷ ʬʦʨʤʫʣʘ. ʅʘʧʦʤʥʠʤ, ʯʪʦ ʧʨʠ ʦʢʨʫʛʣʝʥʠʠ  

ʧʦʩʣʝʜʥʷʷ ʮʠʬʨʘ 5 ʦʢʨʫʛʣʷʝʪʩʷ ʚ ʙʦʣʴʰʫʶ ʩʪʦʨʦʥʫ, ʪʦ ʝʩʪʴ 0,025 

ʦʢʨʫʛʣʷʝʪʩʷ ʜʦ 0,03 (ʝʩʣʠ ʪʨʝʙʫʝʪʩʷ ʜʚʘ ʟʥʘʢʘ ʧʦʩʣʝ ʟʘʧʷʪʦʡ). 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʚ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʨʘʩʯʝʪʘʭ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʫʛʣʦʚʳʝ 

ʚʝʣʠʯʠʥʳ. ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʡ ʝʜʠʥʠʮʝʡ ʠʟʤʝʨʝʥʠʷ ʫʛʣʦʚ ʷʚʣʷʝʪʩʷ 

ʛʨʘʜʫʩ (1Á). ɻʨʘʜʫʩ ʜʝʣʠʪʩʷ ʥʘ 60 ʤʠʥʫʪ (60'), ʘ ʤʠʥʫʪʘ ï ʥʘ 60 ʩʝʢʫʥʜ (60''). 

ʂʘʢ ʧʨʘʚʠʣʦ, ʜʣʷ ʚʚʦʜʘ  ʫʛʣʘ ʚ ʢʘʣʴʢʫʣʷʪʦʨ ʠʩʧʦʣʴʟʫʝʪʩʷ  ʟʥʘʯʝʥʠʝ ʫʛʣʘ ʚ 

ʛʨʘʜʫʩʘʭ ʠ ʜʝʩʷʪʠʯʥʳʭ ʜʦʣʷʭ ʛʨʘʜʫʩʘ, ʥʘʧʨʠʤʝʨ, 67,768Á, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʨʘʩʯʝʪʘ (ʥʘʧʨʠʤʝʨ, ʰʠʨʦʪʘ ʠ ʜʦʣʛʦʪʘ) ʚʳʨʘʞʝʥʳ ʚ 

ʛʨʘʜʫʩʘʭ, ʤʠʥʫʪʘʭ ʠ ʩʝʢʫʥʜʘʭ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʤʥʦʛʠʝ ʢʘʣʴʢʫʣʷʪʦʨʳ 

ʠʤʝʶʪ ʬʫʥʢʮʠʶ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʧʝʨʝʚʦʜʘ ʫʛʣʘ ʠʟ ʛʨʘʜʫʩʥʦ-ʤʠʥʫʪʥʦ-

ʩʝʢʫʥʜʥʦʡ ʬʦʨʤʳ ʚ ʜʝʩʷʪʠʯʥʫʶ ʬʦʨʤʫ (ʚ ʛʨʘʜʫʩʘʭ ʠ ʝʛʦ ʜʦʣʷʭ), ʥʫʞʥʦ ʫʤʝʪʴ 

ʦʩʫʱʝʩʪʚʣʷʪʴ ʪʘʢʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʚʨʫʯʥʫʶ. 
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ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʥʘʯʠʥʘʝʪʩʷ ʩ ʢʦʥʮʘ (ʩ ʧʨʘʚʳʭ ʮʠʬʨ ʫʛʣʘ), ʪʦ ʝʩʪʴ ʩ 

ʩʝʢʫʥʜ. ʉʥʘʯʘʣʘ ʥʫʞʥʦ ʥʘʡʪʠ, ʢʘʢʫʶ ʜʦʣʶ ʤʠʥʫʪʳ ʩʦʩʪʘʚʣʷʶʪ ʩʝʢʫʥʜʳ (ʜʣʷ 

ʵʪʦʛʦ ʢʦʣʠʯʝʩʪʚʦ ʩʝʢʫʥʜ ʜʝʣʷʪ ʥʘ 60), ʟʘʪʝʤ ʜʦʙʘʚʠʪʴ ʮʝʣʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʤʠʥʫʪ ʚ ʟʘʜʘʥʥʦʤ ʫʛʣʝ ʠ ʨʝʟʫʣʴʪʘʪ ʧʦʜʝʣʠʪʴ ʥʘ 60, ʯʪʦʙʳ ʫʟʥʘʪʴ, ʢʘʢʫʶ ʜʦʣʶ 

ʛʨʘʜʫʩʘ ʩʦʩʪʘʚʣʷʶʪ ʧʦʣʫʯʠʚʰʠʝʩʷ ʥʘ ʧʨʝʜʳʜʫʱʠʭ ʰʘʛʘʭ ʤʠʥʫʪʳ. ʕʪʦ ʠ 

ʙʫʜʝʪ ʜʨʦʙʥʘʷ ʯʘʩʪʴ ʫʛʣʘ ʚ ʛʨʘʜʫʩʘʭ (ʧʦʩʣʝ ʟʘʧʷʪʦʡ). ʅʫ ʘ ʮʝʣʘʷ ʯʘʩʪʴ ʫʛʣʘ ʚ 

ʛʨʘʜʫʩʘʭ ʠʟʥʘʯʘʣʴʥʦ ʠʟʚʝʩʪʥʘ, ʝʝ ʥʫʞʥʦ ʧʨʦʩʪʦ ʧʨʠʧʠʩʘʪʴ (ʥʘ ʢʘʣʴʢʫʣʷʪʦʨʝ ï 

ʧʨʠʙʘʚʠʪʴ). ʅʘʧʨʠʤʝʨ, ʫʛʦʣ 17Á24'36,19'' ʤʦʞʥʦ ʧʨʝʦʙʨʘʟʦʚʘʪʴ ʚ ʜʝʩʷʪʠʯʥʳʝ 

ʜʦʣʠ ʛʨʘʜʫʩʦʚ ʥʘʞʘʪʠʝʤ ʩʣʝʜʫʶʱʠʭ ʢʣʘʚʠʰ: 

<36,19>,<:>,<60>,<=>,<+>,<24>,<=>,<:>,<60>,<=>,<+>,<17>,<=>. 

ɹʫʜʝʪ ʧʦʣʫʯʝʥ ʨʝʟʫʣʴʪʘʪ 17,41005278Á. ɺʦʟʤʦʞʥʦ, ʧʦʩʣʝ ʮʠʬʨʳ 8 

ʩʣʝʜʫʶʪ ʠ ʜʨʫʛʠʝ ʟʥʘʢʠ, ʥʦ ʦʥʠ ʥʝ ʚʤʝʩʪʠʣʠʩʴ ʚ ʨʝʛʠʩʪʨ ʢʘʣʴʢʫʣʷʪʦʨʘ ʠ ʙʳʣʠ 

ʦʢʨʫʛʣʝʥʳ. 

ʆʙʨʘʪʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ ʧʦʨʷʜʢʝ. 

ɼʨʦʙʥʘʷ ʯʘʩʪʴ ʫʛʣʘ ʚ ʛʨʘʜʫʩʘʭ (ʝʝ ʣʝʛʢʦ ʧʦʣʫʯʠʪʴ, ʚʳʯʪʷ ʠʟ ʫʛʣʘ ʮʝʣʫʶ 

ʯʘʩʪʴ) ʫʤʥʦʞʘʝʪʩʷ ʥʘ 60, ʠʟ ʨʝʟʫʣʴʪʘʪʘ ʚʳʯʠʪʘʝʪʩʷ ʮʝʣʦʝ ʯʠʩʣʦ ʤʠʥʫʪ (ʝʛʦ 

ʥʫʞʥʦ ʟʘʧʠʩʘʪʴ) ʠ ʦʩʪʘʪʦʢ ʩʥʦʚʘ ʫʤʥʦʞʘʝʪʩʷ ʥʘ 60. ʕʪʦ ʙʫʜʫʪ ʩʝʢʫʥʜʳ ʠ 

ʜʦʣʠ ʩʝʢʫʥʜ. ɼʣʷ ʥʘʰʝʛʦ ʧʨʠʤʝʨʘ ʧʦʨʷʜʦʢ ʥʘʞʘʪʠʷ ʢʣʘʚʠʰ ʩʣʝʜʫʶʱʠʡ: 

<17,41005278>, <ī>,<17>,<=>,<Ĭ>,<60>,<=> (ʧʦʣʫʯʠʣʦʩʴ 24,6031668), 

<ī>,<24>,<=>,<Ĭ>,<60>,<=> (ʧʦʣʫʯʠʣʦʩʴ  36,190008). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʟʫʣʴʪʘʪ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 17,41005278Á 

=17Á24'36,190008''. ʆʥ ʥʘ ʚʦʩʝʤʴ ʤʠʣʣʠʦʥʥʳʭ ʜʦʣʝʡ ʩʝʢʫʥʜʳ ʦʪʣʠʯʘʝʪʩʷ ʦʪ 

ʠʩʭʦʜʥʦʛʦ ʫʛʣʘ (17Á24'36,19''), ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʦʢʨʫʛʣʝʥʠʝʤ ʚ ʢʘʣʴʢʫʣʷʪʦʨʝ 

ʧʨʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʠ ʚ ʛʨʘʜʫʩʳ ʠ ʝʛʦ ʜʝʩʷʪʠʯʥʳʝ ʜʦʣʠ. 

ɻʨʘʜʫʩ ï ʥʝ ʝʜʠʥʩʪʚʝʥʥʘʷ ʝʜʠʥʠʮʘ ʠʟʤʝʨʝʥʠʷ ʫʛʣʦʚ. ʄʘʣʦ ʪʦʛʦ, ʵʪʦ 

ʝʜʠʥʠʮʘ ʠʩʢʫʩʩʪʚʝʥʥʘʷ. ʆʥʘ  ʠʩʪʦʨʠʯʝʩʢʠ ʧʦʷʚʠʣʘʩʴ ʫ ʜʨʝʚʥʠʭ ʚʘʚʠʣʦʥʷʥ, 

ʢʦʛʜʘ ʦʥʠ ʨʝʰʠʣʠ ʦʢʨʫʞʥʦʩʪʴ ʨʘʟʜʝʣʠʪʴ ʥʘ 360 ʯʘʩʪʝʡ (ʧʦʩʢʦʣʴʢʫ ʛʦʜ ʫ ʥʠʭ 

ʩʦʩʪʦʷʣ ʠʟ 360 ʜʥʝʡ).  

ʉʘʤʦʡ ʝʩʪʝʩʪʚʝʥʥʦʡ ʝʜʠʥʠʮʝʡ ʷʚʣʷʝʪʩʷ ʨʘʜʠʘʥ. ʇʦ ʦʧʨʝʜʝʣʝʥʠʶ   

ʨʘʜʠʘʥ ï ʵʪʦ ʮʝʥʪʨʘʣʴʥʳʡ ʫʛʦʣ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʜʫʛʝ, ʜʣʠʥʘ ʢʦʪʦʨʦʡ ʨʘʚʥʘ 

ʝʝ ʨʘʜʠʫʩʫ (ʨʠʩ. 4.5). 

ʇʨʠ ʪʘʢʦʤ ʦʧʨʝʜʝʣʝʥʠʠ ʝʜʠʥʠʮʳ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʫʛʣʦʚ ʥʝʪ  ʥʠʢʘʢʦʛʦ 

ʧʨʦʠʟʚʦʣʘ ʧʨʠ ʜʝʣʝʥʠʠ ʦʢʨʫʞʥʦʩʪʠ ʥʘ ʩʢʦʣʴʢʦ-ʪʦ ʯʘʩʪʝʡ ʠ ʥʝ ʚʦʟʥʠʢʘʝʪ 

ʚʦʧʨʦʩ, ʧʦʯʝʤʫ ʠʤʝʥʥʦ ʥʘ ʩʪʦʣʴʢʦ? ʆʢʨʫʞʥʦʩʪʴ ʝʩʪʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ 

ʜʝʣʠʪʩʷ ʥʘ ʩʪʦʣʴʢʦ ʯʘʩʪʝʡ, ʩʢʦʣʴʢʦ ʨʘʟ ʨʘʜʠʫʩ ʫʤʝʱʘʝʪʩʷ ʚ ʜʣʠʥʝ 

ʦʢʨʫʞʥʦʩʪʠ. ʆʪ ʚʝʣʠʯʠʥʳ ʩʘʤʦʛʦ ʨʘʜʠʫʩʘ ʨʘʜʠʘʥ, ʢʦʥʝʯʥʦ, ʥʝ ʟʘʚʠʩʠʪ. 

ɺʘʞʥʳʤ ʜʦʩʪʦʠʥʩʪʚʦʤ ʨʘʜʠʘʥʘ ʢʘʢ ʝʜʠʥʠʮʳ ʠʟʤʝʨʝʥʠʷ ʫʛʣʦʚ ʷʚʣʷʝʪʩʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʩ ʝʛʦ ʧʦʤʦʱʴʶ ʣʝʛʢʦ ʦʧʨʝʜʝʣʷʪʴ ʜʣʠʥʫ ʜʫʛʠ ʧʦ ʠʟʚʝʩʪʥʦʤʫ 

ʨʘʜʠʫʩʫ ʠ ʥʘʦʙʦʨʦʪ ï ʦʧʨʝʜʝʣʷʪʴ ʫʛʦʣ ʧʦ ʨʘʜʠʫʩʫ ʠ ʜʫʛʝ. 

ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʝʩʣʠ, ʥʘʧʨʠʤʝʨ, ʫʛʦʣ ʩʪʷʛʠʚʘʝʪ ʜʫʛʫ ʚʜʚʦʝ ʤʝʥʴʰʫʶ 

ʨʘʜʠʫʩʘ, ʪʦ ʟʥʘʯʠʪ ʠ ʫʛʦʣ ʩʦʩʪʘʚʣʷʝʪ  0,5 ʨʘʜʠʘʥʘ. ɸ ʝʩʣʠ ʫʛʦʣ ʩʦʩʪʘʚʣʷʝʪ 1,4 

ʨʘʜʠʘʥʘ, ʪʦ ʦʥ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʣʠʥʝ ʜʫʛʠ ʚ 1,4 ʙʦʣʴʰʝ ʨʘʜʠʫʩʘ. ʆʪʩʶʜʘ 

ʩʣʝʜʫʝʪ: 
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ʛʜʝ S ï ʜʣʠʥʘ ʜʫʛʠ; R ï ʨʘʜʠʫʩ ʩʬʝʨʳ;  Ŭʨʘʜ ï ʫʛʦʣ, ʚʳʨʘʞʝʥʥʳʡ ʚ ʨʘʜʠʘʥʘʭ. 

ʀʟ ʧʝʨʚʦʡ ʠʟ ʵʪʠʭ ʬʦʨʤʫʣ ʚʠʜʥʦ, ʯʪʦ ʫʛʦʣ, ʠʟʤʝʨʷʝʤʳʡ ʚ ʨʘʜʠʘʥʘʭ ï ʥʘ 

ʩʘʤʦʤ ʜʝʣʝ ʚʝʣʠʯʠʥʘ ʙʝʟʨʘʟʤʝʨʥʘʷ (ʝʜʠʥʠʮʳ ʜʣʠʥʳ, ʚ ʢʦʪʦʨʳʭ ʠʟʤʝʨʷʶʪʩʷ S 

ʠ R, ʩʦʢʨʘʱʘʶʪʩʷ), ʠ ʪʦʣʴʢʦ ʜʣʷ ʫʜʦʙʩʪʚʘ ʚʦʟʣʝ ʚʝʣʠʯʠʥʳ ʫʢʘʟʳʚʘʶʪ ʠʥʦʛʜʘ 

ʨʘʟʤʝʨʥʦʩʪʴ çʨʘʜè. 

 

 
 

ʈʠʩ. 4.5. ʈʘʜʠʘʥ 

 

ʇʨʝʦʙʨʘʟʦʚʘʪʴ ʛʨʘʜʫʩʳ ʚ ʨʘʜʠʘʥʳ ʠ ʦʙʨʘʪʥʦ ʥʝʪʨʫʜʥʦ, ʝʩʣʠ ʫʯʝʩʪʴ, ʯʪʦ 

ʧʦʣʥʘʷ ʦʢʨʫʞʥʦʩʪʴ ʩʦʜʝʨʞʠʪ 360Ü, ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ 2ˊ ʨʘʜʠʘʥ (ʜʣʠʥʘ 

ʦʢʨʫʞʥʦʩʪʠ 2ˊR, ʪʦ ʝʩʪʴ ʚ ʥʝʡ ʫʢʣʘʜʳʚʘʝʪʩʷ 2ˊ ʨʘʜʠʫʩʦʚ). ɽʩʣʠ ʩʦʩʪʘʚʠʪʴ 

ʧʨʦʧʦʨʮʠʶ, ʪʦ ʠʟ ʥʝʝ ʣʝʛʢʦ ʧʦʣʫʯʠʪʴ ʩʣʝʜʫʶʱʠʝ ʩʦʦʪʥʦʰʝʥʠʷ: 

;
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ʈʘʟʫʤʝʝʪʩʷ, ʧʨʠ ʨʘʩʯʝʪʝ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʝ ʤʝʥʝʝ 6 ʟʥʘʢʦʚ 

ʧʦʩʣʝ ʟʘʧʷʪʦʡ ʯʠʩʣʘ ˊ. ʀʭ ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʦʤʥʠʪʴ ʥʘʠʟʫʩʪʴ, ʧʦʩʢʦʣʴʢʫ 

ʥʘʫʯʥʦ-ʠʥʞʝʥʝʨʥʳʝ ʢʘʣʴʢʫʣʷʪʦʨʳ ʠʤʝʶʪ ʬʫʥʢʮʠʶ ʚʳʟʦʚʘ  ʯʠʩʣʘ ˊ ʚ ʣʶʙʦʡ 

ʤʦʤʝʥʪ, ʢʦʛʜʘ ʦʥʦ ʧʦʪʨʝʙʫʝʪʩʷ ʜʣʷ ʨʘʩʯʝʪʘ. ʄʥʦʞʠʪʝʣʴ, ʠʩʧʦʣʴʟʫʝʤʳʡ ʜʣʷ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, ʨʘʚʝʥ: 

.29577951,57
180

=
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ʉʪʦʣʴʢʦ ʚ ʦʜʥʦʤ ʨʘʜʠʘʥʝ ʛʨʘʜʫʩʦʚ. ʇʨʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʠ ʚ ʛʨʘʜʫʩʳ ʥʘ 

ʵʪʦ ʯʠʩʣʦ ʩʣʝʜʫʝʪ ʫʤʥʦʞʠʪʴ ʫʛʦʣ ʚ ʨʘʜʠʘʥʘʭ, ʘ ʧʨʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʠ ʚ 

ʨʘʜʠʘʥʳ ï ʨʘʟʜʝʣʠʪʴ. 

ʂʘʣʴʢʫʣʷʪʦʨ ʤʦʞʝʪ ʧʨʠʥʠʤʘʪʴ ʠ ʚʳʜʘʚʘʪʴ ʫʛʣʳ ʥʝ ʪʦʣʴʢʦ ʚ ʛʨʘʜʫʩʘʭ ʠ 

ʨʘʜʠʘʥʘʭ, ʥʦ ʠ ʚ ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ ʛʨʘʜʘʭ. ɻʨʘʜ ï ʵʪʦ ʪʦʞʝ ʠʩʢʫʩʩʪʚʝʥʥʘʷ ʠ 

ʤʘʣʦʠʩʧʦʣʴʟʫʝʤʘʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʝʜʠʥʠʮʘ ʠʟʤʝʨʝʥʠʷ ʫʛʣʦʚ, ʢʦʪʦʨʘʷ 
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ʧʦʣʫʯʝʥʘ ʜʝʣʝʥʠʝʤ ʦʢʨʫʞʥʦʩʪʠ ʥʝ ʥʘ 360, ʘ ʥʘ 400 ʯʘʩʪʝʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʧʨʷʤʦʡ ʫʛʦʣ ʩʦʩʪʘʚʣʷʝʪ 100 ʛʨʘʜʦʚ. 

ʇʝʨʝʢʣʶʯʝʥʠʝ ʝʜʠʥʠʮ ʠʟʤʝʨʝʥʠʷ ʫʛʣʦʚ ʥʘ ʢʘʣʴʢʫʣʷʪʦʨʝ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘʞʘʪʠʝʤ ʢʣʘʚʠʰʠ, ʥʘ ʢʦʪʦʨʦʡ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʘʧʠʩʘʥʦ 

çDRGè. ʇʨʠ ʵʪʦʤ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʠʥʜʠʢʘʪʦʨʘ ʧʦʷʚʣʷʝʪʩʷ ʦʜʥʦ ʠʟ ʩʣʝʜʫʶʱʠʭ 

ʦʙʦʟʥʘʯʝʥʠʡ: 

deg   - ʛʨʘʜʫʩʳ (degree);  

rad   - ʨʘʜʠʘʥʳ; 

grad ï ʛʨʘʜʳ. 

ʇʝʨʝʜ ʣʶʙʳʤʠ ʨʘʩʯʝʪʘʤʠ ʥʘ ʢʘʣʴʢʫʣʷʪʦʨʝ ʚʘʞʥʦ ʫʙʝʜʠʪʴʩʷ, ʯʪʦ 

ʦʪʦʙʨʘʞʘʝʤʳʡ ʩʠʤʚʦʣ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʞʝʣʘʝʤʳʤ ʝʜʠʥʠʮʘʤ ʠʟʤʝʨʝʥʠʷ. 

ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʘ ʦʰʠʙʢʘ, ʢʦʛʜʘ grad  ʧʨʠʥʠʤʘʶʪ ʟʘ ʛʨʘʜʫʩʳ. 

ʈʘʟʫʤʝʝʪʩʷ, ʨʘʩʯʝʪʳ ʧʨʠ ʵʪʦʤ ʙʫʜʫʪ ʥʝʚʝʨʥʳ. 

 

 

4.4. ʆʨʪʦʜʨʦʤʠʷ 

 

ʋʨʘʚʥʝʥʠʝ ʦʨʪʦʜʨʦʤʠʠ. ʆʨʪʦʜʨʦʤʠʝʡ ʚ ʥʘʚʠʛʘʮʠʠ ʥʘʟʳʚʘʝʪʩʷ ʜʫʛʘ 

ʙʦʣʴʰʦʛʦ ʢʨʫʛʘ ʥʘ ʟʝʤʥʦʡ ʩʬʝʨʝ. ʅʘʧʦʤʥʠʤ, ʯʪʦ ʙʦʣʴʰʦʡ ʢʨʫʛ ï ʵʪʦ ʣʠʥʠʷ, 

ʦʙʨʘʟʦʚʘʥʥʘʷ ʩʝʯʝʥʠʝʤ ʩʬʝʨʳ ʧʣʦʩʢʦʩʪʴʶ, ʧʨʦʭʦʜʷʱʝʡ ʯʝʨʝʟ ʮʝʥʪʨ ʩʬʝʨʳ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʝʨʤʠʥ ʦʨʪʦʜʨʦʤʠʷ ʧʨʠʤʝʥʠʤ ʪʦʣʴʢʦ ʢ ʣʠʥʠʠ ʥʘ ʩʬʝʨʝ, ʘ 

ʛʦʚʦʨʠʪʴ ʦʙ ʦʨʪʦʜʨʦʤʠʠ, ʥʘʧʨʠʤʝʨ, ʥʘ ʵʣʣʠʧʩʦʠʜʝ ï ʥʝʚʝʨʥʦ.  

ɿʥʘʯʝʥʠʝ ʦʨʪʦʜʨʦʤʠʠ ʜʣʷ ʥʘʚʠʛʘʮʠʠ  ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʤ, ʯʪʦ ʦʥʘ 

ʷʚʣʷʝʪʩʷ  ʣʠʥʠʝʡ, ʩʦʝʜʠʥʷʶʱʝʡ ʜʚʝ ʪʦʯʢʠ ʧʦ ʢʨʘʪʯʘʡʰʝʤʫ ʨʘʩʩʪʦʷʥʠʶ ʧʦ 

ʧʦʚʝʨʭʥʦʩʪʠ. ʇʦʵʪʦʤʫ ʥʘ ʩʬʝʨʝ ʦʥʘ ʠʛʨʘʝʪ ʪʘʢʫʶ ʞʝ ʨʦʣʴ, ʢʘʢʫʶ ʥʘ 

ʧʣʦʩʢʦʩʪʠ ʠʛʨʘʝʪ ʧʨʷʤʘʷ ʣʠʥʠʷ. 

ʆʪʨʝʟʢʦʤ  ʦʨʪʦʜʨʦʤʠʠ ʷʚʣʷʝʪʩʷ ʣʠʥʠʷ ʟʘʜʘʥʥʦʛʦ ʧʫʪʠ (ʃɿʇ) ʫʯʘʩʪʢʘ 

ʤʘʨʰʨʫʪʘ ʤʝʞʜʫ ʜʚʫʤʷ ʇʇʄ. ʆʨʪʦʜʨʦʤʠʝʡ ʷʚʣʷʝʪʩʷ ʠ ʣʠʥʠ ̫ ʨʘʚʥʳʭ 

ʧʝʣʝʥʛʦʚ ʩʘʤʦʣʝʪʘ (ʃʈʇʉ), ʠʩʧʦʣʴʟʫʝʤʘʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʩʪʘ ɺʉ. 

ʆʨʪʦʜʨʦʤʠʷ ʧʝʨʝʩʝʢʘʝʪ  ʤʝʨʠʜʠʘʥʳ ʚ ʢʘʞʜʦʡ ʩʚʦʝʡ ʪʦʯʢʝ ʧʦʜ ʨʘʟʥʳʤʠ 

ʫʛʣʘʤʠ, ʥʘʟʳʚʘʝʤʳʤʠ ʧʫʪʝʚʳʤʠ ʫʛʣʘʤʠ ʦʨʪʦʜʨʦʤʠʠ. ʕʪʦ ʥʘʟʚʘʥʠʝ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʣʫʯʘʶ, ʢʦʛʜʘ ʧʦʜ ʦʨʪʦʜʨʦʤʠʝʡ ʧʦʜʨʘʟʫʤʝʚʘʝʪʩʷ ʠʤʝʥʥʦ ʃɿʇ, 

ʥʦ ʦʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʘʨʪʦʛʨʘʬʠʠ ʠ ʪʦʛʜʘ, ʢʦʛʜʘ ʥʘʟʥʘʯʝʥʠʝ ʦʨʪʦʜʨʦʤʠʠ 

ʷʚʣʷʝʪʩʷ ʜʨʫʛʠʤ. ʅʘʧʨʠʤʝʨ,  ʝʩʣʠ ʨʝʯʴ ʠʜʝʪ ʦ ʃʈʇʉ, ʪʦ ɻʪʦʪ  ʫʛʦʣ ʥʘ ʩʘʤʦʤ 

ʜʝʣʝ ʷʚʣʷʝʪʩʷ ʧʝʣʝʥʛʦʤ (ʘʟʠʤʫʪʦʤ).  

ʇʫʪʝʚʳʝ ʫʛʣʳ ʚ ʥʘʚʠʛʘʮʠʠ ʧʨʠʥʷʪʦ ʦʪʩʯʠʪʳʚʘʪʴ ʦʪ ʩʝʚʝʨʥʦʛʦ 

ʥʘʧʨʘʚʣʝʥʠʷ ʤʝʨʠʜʠʘʥʘ ʧʦ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʝ. 

ɺʳʚʝʜʝʤ ʫʨʘʚʥʝʥʠʝ, ʦʧʠʩʳʚʘʶʱʝʝ ʦʨʪʦʜʨʦʤʠʶ ʥʘ ʩʬʝʨʝ. 

ʇʫʩʪʴ  ɓ0 ï ʧʫʪʝʚʦʡ ʫʛʦʣ ʦʨʪʦʜʨʦʤʠʠ ʚ ʪʦʯʢʝ ɽ ʧʝʨʝʩʝʯʝʥʠʷ ʝʝ ʩ 

ʵʢʚʘʪʦʨʦʤ, ɚ0 ī ʜʦʣʛʦʪʘ ʵʪʦʡ ʪʦʯʢʠ, ʘ ʉ ï ʧʨʦʠʟʚʦʣʴʥʘʷ ʪʦʯʢʘ ʦʨʪʦʜʨʦʤʠʠ ʩ 

ʢʦʦʨʜʠʥʘʪʘʤʠ ű , ɚ (ʨʠʩ. 4.6). ʄʝʨʠʜʠʘʥʳ, ʧʨʦʭʦʜʷʱʠʝ ʯʝʨʝʟ ʧʦʣʶʩ ʈ ʠ ʪʦʯʢʠ 

ɽ ʠ ʉ, ʘ ʪʘʢʞʝ ʩʘʤʘ ʦʨʪʦʜʨʦʤʠʷ ʦʙʨʘʟʫʶʪ ʩʬʝʨʠʯʝʩʢʠʡ ʪʨʝʫʛʦʣʴʥʠʢ. ʋʛʦʣ 

ʪʨʝʫʛʦʣʴʥʠʢʘ ʧʨʠ ʚʝʨʰʠʥʝ ʈ ʨʘʚʝʥ ʨʘʟʥʦʩʪʠ ʜʦʣʛʦʪ ʵʪʠʭ ʤʝʨʠʜʠʘʥʦʚ  (ɚīɚ0 ), 
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ʩʪʦʨʦʥʘ ɽʉ ʨʘʚʥʘ 90Á (ʦʥʘ ʠʜʝʪ ʦʪ ʵʢʚʘʪʦʨʘ ʜʦ ʧʦʣʶʩʘ), ʘ ʩʪʦʨʦʥʘ ʈʉ 

ʷʚʣʷʝʪʩʷ ʜʦʧʦʣʥʝʥʠʝʤ ʰʠʨʦʪʳ ʪʦʯʢʠ ʉ ʜʦ 90Á . 

ɺʦʟʴʤʝʤ ʯʝʪʳʨʝ ʠʜʫʱʠʭ ʧʦ ʧʦʨʷʜʢʫ ʵʣʝʤʝʥʪʘ ʵʪʦʛʦ ʪʨʝʫʛʦʣʴʥʠʢʘ: ɓ0 , 

90Á, ɚīɚ0 , 90Á-ű.   ʊʦʛʜʘ ʠʟ ʩʬʝʨʠʯʝʩʢʦʛʦ ʪʨʝʫʛʦʣʴʥʠʢʘ ʈɽʉ ʧʦ ʬʦʨʤʫʣʝ (4.6) 

ʯʝʪʳʨʝʭ ʨʷʜʦʤ ʣʝʞʘʱʠʭ ʵʣʝʤʝʥʪʦʚ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ: 

 

( ) ( ) ( ) .ctgsin90ctg90sincos90cos
000
blljll ---̄¯=-¯   

 

 
 

ʈʠʩ. 4.6. ʂ ʚʳʚʦʜʫ ʫʨʘʚʥʝʥʠʷ ʦʨʪʦʜʨʦʤʠʠ 

 

ʀʩʧʦʣʴʟʫʷ ʠʟʚʝʩʪʥʳʝ ʠʟ ʦʙʳʯʥʦʡ ʪʨʠʛʦʥʦʤʝʪʨʠʠ ʬʦʨʤʫʣʳ ʧʨʠʚʝʜʝʥʠʷ 

ʠ ʚʳʥʝʩʷ ʚ ʣʝʚʫʶ ʯʘʩʪʴ ʨʘʚʝʥʩʪʚʘ ʪʘʥʛʝʥʩ ʰʠʨʦʪʳ, ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ: 

 

( )00 sinctgtg llbj -=               (4.9) 

 

ʇʦʣʫʯʝʥʥʦʝ ʚʳʨʘʞʝʥʠʝ ʷʚʣʷʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ ʦʨʪʦʜʨʦʤʠʠ. ʆʥʦ 

ʧʦʢʘʟʳʚʘʝʪ, ʢʘʢ ʩʚʷʟʘʥʳ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʰʠʨʦʪʘ ʠ ʜʦʣʛʦʪʘ ʣʶʙʦʡ ʪʦʯʢʠ 

ʦʨʪʦʜʨʦʤʠʠ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʧʦʜʩʪʘʚʣʷʷ ʚ ʧʨʘʚʫʶ ʯʘʩʪʴ ʟʥʘʯʝʥʠʝ ʣʶʙʦʡ 

ʜʦʣʛʦʪʳ ɚ, ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʪʘʥʛʝʥʩ ʠ ʟʘʪʝʤ ʰʠʨʦʪʫ ű ʪʦʯʢʠ ʦʨʪʦʜʨʦʤʠʠ ʩ 

ʜʘʥʥʦʡ ʜʦʣʛʦʪʦʡ.   

ɺ ʜʘʥʥʦʤ ʫʨʘʚʥʝʥʠʠ 0l ʠ ɓ0 ʜʣʷ ʜʘʥʥʦʡ ʦʨʪʦʜʨʦʤʠʠ ʷʚʣʷʶʪʩʷ 

ʢʦʥʩʪʘʥʪʘʤʠ, ʦʧʨʝʜʝʣʷʶʱʠʤʠ, ʚ ʢʘʢʦʤ ʤʝʩʪʝ ʜʘʥʥʘʷ ʦʨʪʦʜʨʦʤʠʷ ʧʝʨʝʩʝʢʘʝʪ 

ʵʢʚʘʪʦʨ ʠ ʧʦʜ ʢʘʢʠʤ ʫʛʣʦʤ ʢ ʤʝʨʠʜʠʘʥʫ. 

ʆʩʥʦʚʥʦʝ ʩʚʦʡʩʪʚʦ ʦʨʪʦʜʨʦʤʠʠ. ʀʟ ʵʪʦʛʦ ʞʝ ʩʬʝʨʠʯʝʩʢʦʛʦ 

ʪʨʝʫʛʦʣʴʥʠʢʘ, ʦʙʦʟʥʘʯʠʚ ʯʝʨʝʟ ɓ ʧʫʪʝʚʦʡ ʫʛʦʣ ʦʨʪʦʜʨʦʤʠʠ ʚ ʧʨʦʠʟʚʦʣʴʥʦʡ 

ʪʦʯʢʝ ʉ, ʧʦ ʬʦʨʤʫʣʝ ʩʠʥʫʩʦʚ (4.4) ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ: 
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( )
( )j
bb

-
¯

=
¯

-
¯

90sin

sin

90sin

180sin 0 , 

ʦʪʢʫʜʘ 

  

const== 0sincossin bjb .           (4.10) 

 

ɼʘʥʥʦʝ ʚʳʨʘʞʝʥʠʝ ʦʪʨʘʞʘʝʪ  ʦʩʥʦʚʥʦʝ ʩʚʦʡʩʪʚʦ ʦʨʪʦʜʨʦʤʠʠ: ʜʣʷ 

ʣʶʙʦʡ ʪʦʯʢʠ ʦʨʪʦʜʨʦʤʠʠ ʧʨʦʠʟʚʝʜʝʥʠʝ ʩʠʥʫʩʘ ʧʫʪʝʚʦʛʦ ʫʛʣʘ ʥʘ ʢʦʩʠʥʫʩ 

ʰʠʨʦʪʳ ʝʩʪʴ ʚʝʣʠʯʠʥʘ ʧʦʩʪʦʷʥʥʘʷ. 

ɺʝʨʪʝʢʩʳ ʦʨʪʦʜʨʦʤʠʠ. ʀʟ  ʫʨʘʚʥʝʥʠʷ ʦʨʪʦʜʨʦʤʠʠ ʤʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ 

ʧʦʩʢʦʣʴʢʫ ʩʠʥʫʩ ʤʝʥʷʝʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ ī1 ʜʦ +1, ʪʦ ʤʠʥʠʤʘʣʴʥʦʝ ʠ 

ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠ ̫ʪʘʥʛʝʥʩʘ ʰʠʨʦʪʳ ʦʨʪʦʜʨʦʤʠʠ ʨʘʚʥ:r 

 

( )00 90
max

bbj -¯°=°= tgctgtg , 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʠʥʠʤʘʣʴʥʘʷ ʠ ʤʘʢʩʠʤʘʣʴʥʘʷ ʰʠʨʦʪʳ ʪʦʯʝʢ ʦʨʪʦʜʨʦʤʠʠ 

ʨʘʚʥʳ: 

 

( )090
max

bj -̄°= . 

 

ʊʘʢʠʝ ʜʚʝ ʪʦʯʢʠ ʦʨʪʦʜʨʦʤʠʠ, ʚ ʢʦʪʦʨʳʭ ʰʠʨʦʪʘ (ʩʝʚʝʨʥʘʷ  ʠ ʶʞʥʘʷ) 

ʤʘʢʩʠʤʘʣʴʥʳ, ʥʘʟʳʚʘʶʪʩʷ ʪʦʯʢʘʤʠ ʚʝʨʪʝʢʩʘ V (ʨʠʩ.4.7). ʀʭ ʢʦʦʨʜʠʥʘʪʳ: 

 

( )

.90

;90

0

0

¯°=

-̄°=

ll

bj

v

v
 

 

ʇʦʜʩʪʘʚʠʚ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ űv ʚ ʚʳʨʘʞʝʥʠʝ (4.10) ʜʣʷ 

ʦʩʥʦʚʥʦʛʦ ʩʚʦʡʩʪʚʘ ʦʨʪʦʜʨʦʤʠʠ, ʧʦʣʫʯʠʤ: 

 

( ) 00 sin90cossin bbb =-̄ . 

 

ʇʦʩʢʦʣʴʢʫ ʢʦʩʠʥʫʩ (90Á ï ɓ0)  ʨʘʚʝʥ ʩʠʥʫʩʫ ɓ0, ʧʦʩʣʝ ʩʦʢʨʘʱʝʥʠʷ 

ʧʦʣʫʯʘʝʤ     sin ɓ = 1, ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ,      ɓ = 90Á. ɽʩʣʠ ʙʳ ʧʦʜʩʪʘʚʠʣʠ 

ʦʪʨʠʮʘʪʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ űv  ,  ʪʦ ʧʦʣʫʯʠʣʠ ʙʳ ɓ =ï 90Á= 270Á. 

ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʚ ʪʦʯʢʘʭ ʚʝʨʪʝʢʩʘ ʦʨʪʦʜʨʦʤʠʷ ʧʝʨʝʩʝʢʘʝʪ ʤʝʨʠʜʠʘʥ 

ʧʦʜ ʧʨʷʤʳʤ ʫʛʣʦʤ, ʪ.ʝ. ʧʫʪʝʚʦʡ ʫʛʦʣ ʦʨʪʦʜʨʦʤʠʠ ʩʦʩʪʘʚʣʷʝʪ 90Á (ʠʣʠ 270Á, 

ʝʩʣʠ ʣʝʪʝʪʴ ʧʦ ʵʪʦʡ ʞʝ ʦʨʪʦʜʨʦʤʠʠ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʫʶ ʩʪʦʨʦʥʫ). 

ɺ ʪʦʯʢʘʭ ʚʝʨʪʝʢʩʘ ʦʨʪʦʜʨʦʤʠʷ ʙʣʠʞʝ ʚʩʝʛʦ ʧʦʜʭʦʜʠʪ ʢ ʧʦʣʶʩʘʤ. 

ʃʶʙʘʷ ʦʨʪʦʜʨʦʤʠʷ ʠʤʝʝʪ ʜʚʝ ʪʦʯʢʠ ʚʝʨʪʝʢʩʘ (ʢʨʦʤʝ ʵʢʚʘʪʦʨʘ, ʥʘ ʢʦʪʦʨʦʤ ʚʩʝ 

ʪʦʯʢʠ ʠʤʝʶʪ ʦʜʠʥʘʢʦʚʫʶ ʥʫʣʝʚʫʶ ʰʠʨʦʪʫ).  
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ʊʦʯʢʠ ʚʝʨʪʝʢʩʘ ʨʘʩʧʦʣʦʞʝʥʳ ʩʠʤʤʝʪʨʠʯʥʦ ʥʘ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ 

ʢʦʥʮʘʭ ʜʠʘʤʝʪʨʘ ʦʨʪʦʜʨʦʤʠʠ (ʦʥ ʞʝ ʜʠʘʤʝʪʨ ʩʬʝʨʳ). ʇʦʵʪʦʤʫ ʠʭ ʰʠʨʦʪʳ 

ʦʪʣʠʯʘʶʪʩʷ ʪʦʣʴʢʦ ʟʥʘʢʦʤ, ʘ ʜʦʣʛʦʪʳ ʨʘʟʣʠʯʘʶʪʩʷ ʥʘ 180Á. 

 
ʈʠʩ. 4.7.  ʊʦʯʢʠ ʚʝʨʪʝʢʩʘ 

 

ʇʫʪʝʚʦʡ ʫʛʦʣ ʠ ʜʣʠʥʘ ʦʨʪʦʜʨʦʤʠʠ. ʈʘʩʩʤʦʪʨʠʤ ʦʪʨʝʟʦʢ ʦʨʪʦʜʨʦʤʠʠ 

ʤʝʞʜʫ ʪʦʯʢʘʤʠ ʉ1 ʠ ʉ2  ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ű1, ɚ 1 ʠ ű2, ɚ2 (ʨʠʩ. 

4.8). 

ʇʦ ʬʦʨʤʫʣʝ ʯʝʪʳʨʝʭ ʨʷʜʦʤ ʣʝʞʘʱʠʭ ʵʣʝʤʝʥʪʦʚ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ: 

 

( ) ( ) ( ) .ctgsin90ctg)90sin(cos)90cos(
1

1221121 blljjllj ---̄-̄=--̄  

ʋʯʠʪʳʚʘʷ, ʯʪʦ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʢʦʩʝʢʘʥʩʘ  ,
sin

1
eccos

a
a=  ʠ ʠʩʧʦʣʴʟʫʷ 

ʬʦʨʤʫʣʳ ʧʨʠʚʝʜʝʥʠʷ, ʧʦʣʫʯʠʤ ʬʦʨʤʫʣʫ ʨʘʩʯʝʪʘ ʧʫʪʝʚʦʛʦ ʫʛʣʘ ʦʨʪʦʜʨʦʤʠʠ ʚ 

ʪʦʯʢʝ ű1, ɚ 1: 

 

( ) ( )12112121 ctgsineccoscostgctg lljlljjb ---=  .     (4.11) 

ɿʜʝʩʴ ʠʥʜʝʢʩ ç1è ʚ ʦʙʦʟʥʘʯʝʥʠʠ ʧʫʪʝʚʦʛʦ ʫʛʣʘ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʵʪʦ 

ʧʫʪʝʚʦʡ ʫʛʦʣ ʠʤʝʥʥʦ ʚ ʧʝʨʚʦʡ ʪʦʯʢʝ ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ ű1, ɚ 1. ɺʝʜʴ ʚ ʢʘʞʜʦʡ 

ʪʦʯʢʝ ʦʨʪʦʜʨʦʤʠʠ ʧʫʪʝʚʦʡ ʫʛʦʣ ʨʘʟʣʠʯʥʳʡ. 

ʇʨʠ ʨʘʩʯʝʪʝ ʧʫʪʝʚʦʛʦ ʫʛʣʘ ʧʦ ʜʘʥʥʦʡ ʬʦʨʤʫʣʝ ʥʘ ʢʘʣʴʢʫʣʷʪʦʨʝ 

ʚʦʟʥʠʢʥʫʪ ʜʚʝ ʥʝʙʦʣʴʰʠʝ ʧʨʦʙʣʝʤʳ. ʇʝʨʚʘʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʥʘ 

ʢʘʣʴʢʫʣʷʪʦʨʝ, ʢʘʢ ʧʨʘʚʠʣʦ, ʦʪʩʫʪʩʪʚʫʶʪ ʬʫʥʢʮʠʠ ʢʦʪʘʥʛʝʥʩʘ ʠ 

ʘʨʢʢʦʪʘʥʛʝʥʩʘ, ʧʦʵʪʦʤʫ ʧʦʩʣʝ ʨʘʩʯʝʪʘ ʧʨʘʚʦʡ ʯʘʩʪʠ ʬʦʨʤʫʣʳ ʥʝʚʦʟʤʦʞʥʦ 

ʩʨʘʟʫ ʦʧʨʝʜʝʣʠʪʴ ʧʫʪʝʚʦʡ ʫʛʦʣ ɓ1 . ʈʝʰʘʝʪʩʷ ʵʪʘ ʧʨʦʙʣʝʤʘ ʧʨʦʩʪʦ. ʈʘʩʩʯʠʪʘʚ 

ʧʨʘʚʫʶ ʯʘʩʪʴ ʬʦʨʤʫʣʳ (ʦʙʦʟʥʘʯʠʤ ʝʝ ʟʥʘʯʝʥʠʝ a), ʪʦ ʝʩʪʴ ʢʦʪʘʥʛʝʥʩ ʧʫʪʝʚʦʛʦ 
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ʫʛʣʘ, ʧʨʝʦʙʨʘʟʫʝʤ ʝʛʦ ʚ ʪʘʥʛʝʥʩ ʠ ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʬʫʥʢʮʠʝʡ ʘʨʢʪʘʥʛʝʥʩʘ 

ʢʘʣʴʢʫʣʷʪʦʨʘ: 

actg =1b ;        
a

tg
1

1 =b  ;     ö
÷

õ
æ
ç

å
=

a
arctg

1
1b . 

 

 

 
 

ʈʠʩ. 4.8. ʂ ʚʳʚʦʜʫ ʧʫʪʝʚʦʛʦ ʫʛʣʘ ʠ ʜʣʠʥʳ ʦʨʪʦʜʨʦʤʠʠ 

 

ɺʪʦʨʘʷ ʧʨʦʙʣʝʤʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʪʘʥʛʝʥʩ ï ʬʫʥʢʮʠʷ, ʠʤʝʶʱʘʷ 

ʧʝʨʠʦʜ 180Á. ʆʜʥʦ ʠ ʪʦ ʞʝ ʟʥʘʯʝʥʠʝ ʪʘʥʛʝʥʩʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ, ʥʘʧʨʠʤʝʨ, ʠ ʫʛʣʫ 

30Á, ʠ ʫʛʣʫ 210Á. ʂʘʣʴʢʫʣʷʪʦʨ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʬʫʥʢʮʠʠ ʘʨʢʪʘʥʛʝʥʩʘ 

ʚʳʜʘʝʪ ʛʣʘʚʥʦʝ ʟʥʘʯʝʥʠʝ ʫʛʣʘ, ʣʝʞʘʱʝʝ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ ï90Á ʜʦ +90Á . ʅʦ 

ʧʫʪʝʚʦʡ ʫʛʦʣ ʦʨʪʦʜʨʦʤʠʠ, ʨʘʟʫʤʝʝʪʩʷ, ʤʦʞʝʪ ʙʳʪʴ ʣʶʙʳʤ ʦʪ 0Á ʜʦ 360Á. ɼʣʷ 

ʪʦʛʦ, ʯʪʦʙʳ ʥʘʡʪʠ ʧʨʘʚʠʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʧʫʪʝʚʦʛʦ ʫʛʣʘ, ʥʝʦʙʭʦʜʠʤʦ 

ʧʨʠʤʝʥʠʪʴ ʩʣʝʜʫʶʱʝʝ ʧʨʘʚʠʣʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʥʘʢʘ ʯʠʩʣʘ, ʚʳʜʘʥʥʦʛʦ 

ʢʘʣʴʢʫʣʷʪʦʨʦʤ (ʦʙʦʟʥʘʯʠʤ ʵʪʦ ʯʠʩʣʦ ɓ
*
1) ʠ ʥʘʧʨʘʚʣʝʥʠʷ ʦʨʪʦʜʨʦʤʠʠ ï ʥʘ 

ʚʦʩʪʦʢ ʠʣʠ ʥʘ ʟʘʧʘʜ. 

ʇʨʠ  ɚ 2 >ɚ 1 (ʧʦʣʝʪ ʥʘ ʚʦʩʪʦʢ)       ʝʩʣʠ  ɓ
*
1 >0, ʪʦ  ɓ1 =  ɓ

*
1 ; 

                                                          ʝʩʣʠ  ɓ
*
1 <0, ʪʦ  ɓ1 =  180Á+ɓ

*
1. 

ʇʨʠ  ɚ 2 <ɚ 1 (ʧʦʣʝʪ ʥʘ ʟʘʧʘʜ)         ʝʩʣʠ  ɓ
*
1 >0, ʪʦ  ɓ1 =  180Á+ɓ

*
1; 

                                                          ʝʩʣʠ  ɓ
*
1 <0, ʪʦ  ɓ1 =  360Á+ɓ

*
1. 
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ʇʨʠ ʧʨʠʤʝʥʝʥʠʠ ʜʘʥʥʦʛʦ ʧʨʘʚʠʣʘ ʛʣʘʚʥʳʤ ʷʚʣʷʝʪʩʷ ʠʤʝʥʥʦ 

ʥʘʧʨʘʚʣʝʥʠʝ ʦʨʪʦʜʨʦʤʠʠ ʧʦ ʢʨʘʪʯʘʡʰʝʤʫ ʨʘʩʩʪʦʷʥʠʶ ʠʟ ʧʝʨʚʦʡ ʪʦʯʢʠ ʥʘ 

ʚʪʦʨʫʶ (ʥʘ ʚʦʩʪʦʢ ʠʣʠ ʥʘ ʟʘʧʘʜ), ʘ ʥʝ ʬʦʨʤʘʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ 

ʜʦʣʛʦʪʘʤʠ ʪʦʯʝʢ. ʅʘʧʨʠʤʝʨ, ʝʩʣʠ  ɚ 1=ï170Ü, ʘ     ɚ 2 =+170Ü , ʪʦ ʯʠʩʪʦ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠ ɚ 2 >ɚ 1, ʥʦ ʣʝʪʝʪʴ ʠʟ ʧʝʨʚʦʡ ʪʦʯʢʠ ʚʦ ʚʪʦʨʫʶ ʢʦʨʦʯʝ, ʢʦʥʝʯʥʦ, 

ʥʘ ʟʘʧʘʜ. 

ʆʧʨʝʜʝʣʠʪʴ ʦʙʨʘʪʥʳʡ ʧʫʪʝʚʦʡ ʫʛʦʣ ʦʨʪʦʜʨʦʤʠʠ ɓʦʙʨ ʜʣʷ ʧʦʣʝʪʘ ʧʦ 

ʵʪʦʡ ʞʝ ʃɿʇ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʫʶ ʩʪʦʨʦʥʫ, ʪʦ ʝʩʪʴ ʠʟ ʉ2 ʠ ʉ1, ʤʦʞʥʦ ʪʘʢʞʝ ʧʦ 

ʬʦʨʤʫʣʝ (4.11), ʧʨʦʩʪʦ ʧʦʤʝʥʷʚ ʟʥʘʯʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ï ʚʪʦʨʫʶ ʪʦʯʢʫ ʧʨʠʥʷʪʴ 

ʟʘ ʧʝʨʚʫʶ ʠ ʥʘʦʙʦʨʦʪ. 

ʇʫʪʝʚʦʡ ʫʛʦʣ ɓ2 ʜʣʷ ʧʦʣʝʪʘ ʚ ʧʨʷʤʦʤ ʥʘʧʨʘʚʣʝʥʠʠ (ʠʟ ʉ1 ʚ ʉ2), ʥʦ 

ʠʟʤʝʨʝʥʥʳʡ ʦʪ ʤʝʨʠʜʠʘʥʘ ʚʪʦʨʦʡ ʪʦʯʢʠ 

 

ɓ2 = ɓʦʙʨ Ñ 180Á. 
 

ʅʘʡʜʝʤ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ  ʪʦʯʢʘʤʠ ʉ1 ʠ ʉ2, ʪʦ ʝʩʪʴ ʜʣʠʥʫ ʦʨʪʦʜʨʦʤʠʠ. 

ʇʦ ʬʦʨʤʫʣʝ ʢʦʩʠʥʫʩʘ ʩʪʦʨʦʥʳ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ: 

 

( ) ( ) ( ) ( ) ( ).cos90sin90sin90cos90coscos 122121 lljjjj --̄-̄+-̄-¯=S
 

ʇʨʠʤʝʥʠʚ ʬʦʨʤʫʣʳ ʧʨʠʚʝʜʝʥʠʷ ʪʨʠʛʦʥʦʤʝʪʨʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ, 

ʧʦʣʫʯʠʤ ʬʦʨʤʫʣʫ ʨʘʩʯʝʪʘ ʜʣʠʥʳ ʦʨʪʦʜʨʦʤʠʠ ʤʝʞʜʫ ʜʚʫʤʷ ʪʦʯʢʘʤʠ: 

 

cos S = sin ű1 sinű2   + cosű1 cosű2 cos(ɚ2  īɚ1 ).          (4.12) 

 
ʈʘʩʩʪʦʷʥʠʝ S ʤʝʞʜʫ ʜʚʫʤʷ ʪʦʯʢʘʤʠ ʦʨʪʦʜʨʦʤʠʠ, ʨʘʩʩʯʠʪʘʥʥʦʝ ʧʦ ʵʪʦʡ 

ʬʦʨʤʫʣʝ,  ʧʦʣʫʯʘʝʪʩʷ ʚ ʫʛʣʦʚʦʡ ʤʝʨʝ (ʚ ʛʨʘʜʫʩʘʭ, ʝʩʣʠ ʥʘ ʢʘʣʴʢʫʣʷʪʦʨʝ 

ʫʩʪʘʥʦʚʣʝʥʦ ñdegò). ʏʪʦʙʳ ʧʦʣʫʯʠʪʴ ʝʛʦ ʚ ʣʠʥʝʡʥʦʡ ʤʝʨʝ (ʚ ʢʠʣʦʤʝʪʨʘʭ) 

ʥʝʦʙʭʦʜʠʤʦ ʧʝʨʝʚʝʩʪʠ S  ʚ ʨʘʜʠʘʥʳ ʠ ʫʤʥʦʞʠʪʴ ʥʘ ʨʘʜʠʫʩ ʩʬʝʨʳ 

ʂʘʚʨʘʡʩʢʦʛʦ: 

 

Sʢʤ=Rʟ Sʨʘʜ ;         Rʟ=6372,9 ʢʤ. 

 

ɽʩʣʠ ʧʫʪʝʚʦʡ ʫʛʦʣ ʦʨʪʦʜʨʦʤʠʠ ɓ1 ʫʞʝ ʠʟʚʝʩʪʝʥ, ʪʦ ʜʣʠʥʘ ʦʨʪʦʜʨʦʤʠʠ S 

ʤʦʞʝʪ ʙʳʪʴ ʨʘʩʩʯʠʪʘʥʘ ʠ ʧʦ ʜʨʫʛʦʡ ʬʦʨʤʫʣʝ, ʧʦʣʫʯʝʥʥʦʡ ʥʘ ʦʩʥʦʚʝ ʪʝʦʨʝʤʳ 

ʩʠʥʫʩʦʚ: 

1

2

2 sin

)90sin(

)1sin(

Ssin

b

j

ll

-̄
=

-
 , 

ʦʪʢʫʜʘ 
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1

212

sin

cos)sin(
sin

b

jll-
=S  .           (4.13) 

ʇʨʘʚʜʘ, ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʚʦʟʤʦʞʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʨʘʩʯʝʪʘ ʧʫʪʝʚʦʛʦ ʫʛʣʘ 

ʧʨʠʚʝʜʝʪ ʢ ʧʦʛʨʝʰʥʦʩʪʠ ʨʘʩʯʝʪʘ ʨʘʩʩʪʦʷʥʠʷ. 

ʂʦʦʨʜʠʥʘʪʳ ʚʝʨʪʝʢʩʘ. ʈʝʰʝʥʠʝ ʤʥʦʛʠʭ ʟʘʜʘʯ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʦʨʪʦʜʨʦʤʠʝʡ, ʩʫʱʝʩʪʚʝʥʥʦ ʫʧʨʦʱʘʝʪʩʷ, ʝʩʣʠ ʟʘʨʘʥʝʝ ʨʘʩʩʯʠʪʘʪʴ ʢʦʦʨʜʠʥʘʪʳ 

ʪʦʯʝʢ ʚʝʨʪʝʢʩʘ V. ʈʘʥʝʝ ʫʞʝ ʧʨʠʚʝʜʝʥʳ ʬʦʨʤʫʣʳ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʵʪʠʭ 

ʢʦʦʨʜʠʥʘʪ, ʥʦ ʚ ʥʠʭ ʚʭʦʜʷʪ ʜʦʣʛʦʪʘ ʠ ʧʫʪʝʚʦʡ ʫʛʦʣ ʚ ʪʦʯʢʝ ʧʝʨʝʩʝʯʝʥʠʷ 

ʦʨʪʦʜʨʦʤʠʠ ʩ ʵʢʚʘʪʦʨʦʤ. ʕʪʠ ʚʝʣʠʯʠʥʳ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝ ʠʟʚʝʩʪʥʳ. ʆʙʳʯʥʦ 

ʠʟʚʝʩʪʥʳ ʪʦʣʴʢʦ ʢʦʦʨʜʠʥʘʪʳ ʥʘʯʘʣʴʥʦʛʦ ʠ ʢʦʥʝʯʥʦʛʦ ʇʇʄ ʦʪʨʝʟʢʘ 

ʦʨʪʦʜʨʦʤʠʠ. 

ʇʦʣʫʯʠʤ ʬʦʨʤʫʣʳ ʜʣʷ ʨʘʩʯʝʪʘ ʢʦʦʨʜʠʥʘʪ ʪʦʯʝʢ V, ʫʜʦʙʥʳʝ ʜʣʷ 

ʧʨʠʤʝʥʝʥʠʷ ʥʘ ʧʨʘʢʪʠʢʝ. 

ʆʙʦʟʥʘʯʠʤ V ï ʚʝʨʪʝʢʩ, ʉ1   ï ʥʘʯʘʣʴʥʳʡ ʧʫʥʢʪ ʦʨʪʦʜʨʦʤʠʠ,  ɓ1  ï 

ʧʫʪʝʚʦʡ ʫʛʦʣ ʦʨʪʦʜʨʦʤʠʠ ʚ ʵʪʦʤ ʧʫʥʢʪʝ (ʨʠʩ. 4.9). ʉʬʝʨʠʯʝʩʢʠʡ ʪʨʝʫʛʦʣʴʥʠʢ 

P ʉ1V ʷʚʣʷʝʪʩʷ ʧʨʷʤʦʫʛʦʣʴʥʳʤ, ʧʦʩʢʦʣʴʢʫ ʦʨʪʦʜʨʦʤʠʷ ʧʝʨʝʩʝʢʘʝʪ ʤʝʨʠʜʠʘʥ 

ʚ ʪʦʯʢʝ ʚʝʨʪʝʢʩʘ ʧʦʜ ʫʛʣʦʤ 90Á. 

 

 
 

 

ʈʠʩ. 4.9. ʂ ʦʧʨʝʜʝʣʝʥʠʶ ʢʦʦʨʜʠʥʘʪ ʚʝʨʪʝʢʩʘ  

 

ʇʦ ʧʨʘʚʠʣʫ ʅʝʧʝʨʘ ʜʣʷ ʪʨʝʭ ʨʷʜʦʤ ʣʝʞʘʱʠʭ ʵʣʝʤʝʥʪʦʚ (ɓ1,   90Á ï ű1 ,      

ɚ 2ïɚ1) ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ: 

 

),()90cos(
111 llbj -=-̄ Vctgctg  

ʦʪʢʫʜʘ 

                                 111V tgsin)(ctg bjll =- .                          (4.14) 
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ʇʨʝʦʙʨʘʟʦʚʘʚ ʜʣʷ ʨʘʩʯʝʪʘ ʥʘ ʢʘʣʴʢʫʣʷʪʦʨʝ ʧʦʣʫʯʝʥʥʦʝ ʟʥʘʯʝʥʠʝ 

ʢʦʪʘʥʛʝʥʩʘ ʚ ʟʥʘʯʝʥʠʝ ʪʘʥʛʝʥʩʘ, ʤʦʞʥʦ ʥʘʡʪʠ   (ɚVïɚ1), ʘ ʟʘʪʝʤ ʠ ɚV, ʧʨʠʙʘʚʠʚ 

ʜʦʣʛʦʪʫ ɚ1. 

ʀʟ ʵʪʦʛʦ ʞʝ ʪʨʝʫʛʦʣʴʥʠʢʘ ʧʦ ʧʨʘʚʠʣʫ ʅʝʧʝʨʘ ʜʣʷ ʥʝ ʣʝʞʘʱʠʭ ʨʷʜʦʤ 

ʪʨʝʭ ʵʣʝʤʝʥʪʦʚ ɓ1 , 90Áïű1 , 90ÁïűV , ʫʯʠʪʳʚʘʷ, ʯʪʦ ʚʤʝʩʪʦ ʢʘʪʝʪʘ PV  

ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʛʦ ʜʦʧʦʣʥʝʥʠʝ ʜʦ 90Á, ʧʦʣʫʯʠʤ:  

 

[ ] 11 sin)90sin()90(90cos bjj -¯=-¯-¯ V , 

ʠ ʧʦʩʣʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ: 

 

11 sincoscos bjj =v .             (4.15) 

 

ʇʦ ʧʨʠʚʝʜʝʥʥʳʤ ʬʦʨʤʫʣʘʤ (4.14, 4.15) ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʰʠʨʦʪʳ ʠ 

ʜʦʣʛʦʪʳ ʩʨʘʟʫ ʦʙʝʠʭ ʪʦʯʝʢ ʚʝʨʪʝʢʩʘ. ʂʘʢ ʫʞʝ ʦʪʤʝʯʘʣʦʩʴ, ʠʭ ʰʠʨʦʪʳ 

ʨʘʟʣʠʯʘʶʪʩʷ ʪʦʣʴʢʦ ʟʥʘʢʦʤ, ʘ ʜʦʣʛʦʪʳ ï ʥʘ 180Á. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʵʪʠʭ 

ʢʦʦʨʜʠʥʘʪ ʜʣʷ ʜʘʣʴʥʝʡʰʠʭ ʨʘʩʯʝʪʦʚ ʥʝʦʙʭʦʜʠʤʦ ʩʣʝʜʠʪʴ, ʯʪʦʙʳ ʰʠʨʦʪʘ ʠ 

ʜʦʣʛʦʪʘ ʦʪʥʦʩʠʣʠʩʴ ʢ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʪʦʯʢʝ ʚʝʨʪʝʢʩʘ. ɼʣʷ ʵʪʦʛʦ ʤʦʞʥʦ 

ʤʳʩʣʝʥʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʠʣʠ ʧʦʩʤʦʪʨʝʪʴ ʥʘ ʛʣʦʙʫʩʝ, ʢʘʢ ʧʨʠʤʝʨʥʦ ʧʨʦʭʦʜʠʪ 

ʦʨʪʦʜʨʦʤʠʷ, ʝʩʣʠ ʝʝ ʧʨʦʜʦʣʞʠʪʴ ʧʦ ʚʩʝʡ ʩʬʝʨʝ, ʠ ʛʜʝ ʧʨʠʤʝʨʥʦ ʥʘʭʦʜʷʪʩʷ 

ʦʙʝ ʪʦʯʢʠ ʚʝʨʪʝʢʩʘ ï ʚ ʩʝʚʝʨʥʦʤ ʠʣʠ ʶʞʥʦʤ, ʟʘʧʘʜʥʦʤ ʠʣʠ ʚʦʩʪʦʯʥʦʤ 

ʧʦʣʫʰʘʨʠʷʭ. 

ʇʨʦʤʝʞʫʪʦʯʥʳʝ ʪʦʯʢʠ ʦʨʪʦʜʨʦʤʠʠ. ɺʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʜʣʷ 

ʨʝʰʝʥʠʷ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʟʘʜʘʯ ʜʦʩʪʘʪʦʯʥʦ ʪʦʣʴʢʦ ʨʘʩʩʯʠʪʘʪʴ ʧʫʪʝʚʦʡ ʫʛʦʣ ʠ 

ʜʣʠʥʫ ʦʨʪʦʜʨʦʤʠʠ. ʅʦ ʯʘʩʪʦ ʦʨʪʦʜʨʦʤʠʶ ʥʝʦʙʭʦʜʠʤʦ ʥʘʥʝʩʪʠ ʥʘ ʢʘʨʪʫ, 

ʯʪʦʙʳ ʫʟʥʘʪʴ, ʯʝʨʝʟ ʢʘʢʠʝ ʨʘʡʦʥʳ ʠ ʧʫʥʢʪʳ ʦʥʘ ʧʨʦʭʦʜʠʪ.  

ɺʦ ʚʩʝʭ ʧʨʦʝʢʮʠʷʭ (ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʮʝʥʪʨʘʣʴʥʦʡ ʘʟʠʤʫʪʘʣʴʥʦʡ) 

ʦʨʪʦʜʨʦʤʠʷ ʥʘ ʢʘʨʪʝ  ʠʟʦʙʨʘʞʘʝʪʩʷ ʚ ʚʠʜʝ ʢʨʠʚʦʡ ʣʠʥʠʠ. ʇʨʘʚʜʘ, 

ʘʵʨʦʥʘʚʠʛʘʮʠʦʥʥʳʝ ʢʘʨʪʳ ʩʧʝʮʠʘʣʴʥʦ ʠʟʜʘʶʪʩʷ ʚ ʪʘʢʠʭ ʧʨʦʝʢʮʠʷʭ, ʯʪʦ 

ʦʨʪʦʜʨʦʤʠʷ ʥʝʙʦʣʴʰʦʡ ʜʣʠʥʳ (ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʩʦʪʝʥ ʢʠʣʦʤʝʪʨʦʚ) ʚʳʛʣʷʜʠʪ  ʚ 

ʚʠʜʝ ʧʦʯʪʠ ʧʨʷʤʦʡ ʠ  ʥʘ ʧʨʘʢʪʠʢʝ ʝʝ ʤʦʞʥʦ ʧʨʦʢʣʘʜʳʚʘʪʴ ʧʦ ʣʠʥʝʡʢʝ. 

ʆʪʢʣʦʥʝʥʠʝ ʙʫʜʝʪ ʥʝʟʘʤʝʪʥʳʤ ʠ ʥʝ ʧʨʝʚʳʩʠʪ, ʥʘʧʨʠʤʝʨ, ʪʦʣʱʠʥʳ 

ʢʘʨʘʥʜʘʰʥʦʡ ʣʠʥʠʠ.  

ʅʦ ʦʨʪʦʜʨʦʤʠʶ ʙʦʣʴʰʦʡ ʧʨʦʪʷʞʝʥʥʦʩʪʠ ʥʝʣʴʟʷ ʠʟʦʙʨʘʞʘʪʴ   ʚ ʚʠʜʝ 

ʧʨʷʤʦʡ ʣʠʥʠʠ. ʂʨʦʤʝ ʪʦʛʦ, ʤʘʨʰʨʫʪ ʙʦʣʴʰʦʡ ʜʣʠʥʳ ʤʦʞʝʪ ʥʝ ʫʤʝʩʪʠʪʴʩʷ ʥʘ 

ʦʜʥʦʤ ʣʠʩʪʝ ʢʘʨʪʳ ʠ ʦʨʪʦʜʨʦʤʠʶ ʧʨʠʜʝʪʩʷ ʧʨʦʢʣʘʜʳʚʘʪʴ ʧʦ ʯʘʩʪʷʤ. 

ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ  ʧʦʩʪʨʦʝʥʠʷ ʦʨʪʦʜʨʦʤʠʠ ʥʘ ʢʘʨʪʝ ʨʘʩʩʯʠʪʳʚʘʶʪ ʧʦ 

ʬʦʨʤʫʣʘʤ  ʢʦʦʨʜʠʥʘʪʳ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʪʦʯʝʢ ʦʨʪʦʜʨʦʤʠʠ ʠ ʥʘʥʦʩʷʪ ʠʭ ʥʘ 

ʢʘʨʪʫ. ɽʩʣʠ ʪʦʯʢʠ ʚʳʙʨʘʥʳ ʥʘ ʥʝʙʦʣʴʰʦʤ ʨʘʩʩʪʦʷʥʠʠ ʜʨʫʛ ʦʪ ʜʨʫʛʘ,  ʢʘʞʜʳʡ 

ʫʯʘʩʪʦʢ ʦʨʪʦʜʨʦʤʠʠ ʤʝʞʜʫ ʥʠʤʠ ʥʘʥʦʩʷʪ  ʚ ʚʠʜʝ ʧʨʷʤʦʡ (ʨʠʩ. 4.10). 
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ʈʠʩ. 4.10. ʇʨʦʤʝʞʫʪʦʯʥʳʝ ʪʦʯʢʠ ʦʨʪʦʜʨʦʤʠʠ 

 

ɽʩʣʠ ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʢʠ ʚʝʨʪʝʢʩʘ ʠʟʚʝʩʪʥʳ, ʪʦ ʢʦʦʨʜʠʥʘʪʳ ű ʠ ɚ  ʣʶʙʦʡ 

ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʪʦʯʢʠ ʉ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ ʠʟ 

ʪʨʝʫʛʦʣʴʥʠʢʘ CPV (ʨʠʩ.4.11). 

 
 

ʈʠʩ.4.11. ʂ ʦʧʨʝʜʝʣʝʥʠʶ ʢʦʦʨʜʠʥʘʪ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʪʦʯʝʢ ʦʨʪʦʜʨʦʤʠʠ 

 

ʇʦ ʧʨʘʚʠʣʫ ʅʝʧʝʨʘ: 

 

[ ],)90(90)90()cos( VV ctgctg jjll -̄-̄-̄=-
    

ʦʪʢʫʜʘ, ʟʘʤʝʥʷʷ ʢʦʪʘʥʛʝʥʩʳ ʪʘʥʛʝʥʩʘʤʠ, 

 

)cos( lljj -= VVtgtg  .       (4.16) 

 

ʇʦ ʵʪʦʡ ʬʦʨʤʫʣʝ, ʟʘʜʘʚʘʷʩʴ ʣʶʙʳʤʠ ʜʦʣʛʦʪʘʤʠ ɚ ʧʨʦʤʝʞʫʪʦʯʥʳʭ 

ʪʦʯʝʢ, ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʰʠʨʦʪʳ ʵʪʠʭ ʪʦʯʝʢ. 
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ɽʩʣʠ ʦʨʪʦʜʨʦʤʠʷ ʧʨʦʭʦʜʠʪ ʩ ʩʝʚʝʨʘ ʥʘ ʶʛ ʠʣʠ ʩ ʶʛʘ ʥʘ ʩʝʚʝʨ, ʪʦ 

ʫʜʦʙʥʝʝ ʥʘʦʙʦʨʦʪ ʟʘʜʘʚʘʪʴʩʷ ʰʠʨʦʪʘʤʠ, ʧʦʜʩʪʘʚʣʷʷ ʠʭ ʚ ʣʝʚʫʶ ʯʘʩʪʴ 

ʬʦʨʤʫʣʳ, ʘ ʨʘʩʩʯʠʪʳʚʘʪʴ ʜʦʣʛʦʪʳ. 

ɼʨʫʛʦʡ ʩʧʦʩʦʙ ʨʘʩʯʝʪʘ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʪʦʯʝʢ ʥʝ ʪʨʝʙʫʝʪ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʨʘʩʯʝʪʘ ʢʦʦʨʜʠʥʘʪ ʚʝʨʪʝʢʩʘ. ʇʦʜʩʪʘʚʣʷʷ ʚ ʧʨʘʚʫʶ ʯʘʩʪʴ 

ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʳ (ʧʨʠʚʦʜʠʪʩʷ ʙʝʟ ʚʳʚʦʜʘ) ʣʶʙʦʝ ʟʥʘʯʝʥʠʝ ʜʦʣʛʦʪʳ 

ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʪʦʯʢʠ, ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʝʝ ʰʠʨʦʪʫ: 

 

).(cos

);(cosʛʜʝ

);sin()sin(

1222

1211

2112

llj

llj

llllj

-=

-=

-+= -

ectgA

ectgA

AAtg

      (4.17) 

 A1   ʠ   A2  - ʷʚʣʷʶʪʩʷ ʢʦʥʩʪʘʥʪʘʤʠ  ʜʣʷ ʜʘʥʥʦʡ ʦʨʪʦʜʨʦʤʠʠ, ʠʭ ʥʫʞʥʦ 

ʨʘʩʩʯʠʪʘʪʴ ʪʦʣʴʢʦ ʦʜʠʥ ʨʘʟ. 

ʇʦʩʢʦʣʴʢʫ ʮʝʣʴʶ ʨʘʩʯʝʪʘ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʪʦʯʝʢ ʷʚʣʷʝʪʩʷ ʥʘʥʝʩʝʥʠʝ ʠʭ 

ʥʘ ʢʘʨʪʫ, ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʟʘʜʘʚʘʪʴʩʷ çʢʨʫʛʣʳʤʠè ʟʥʘʯʝʥʠʷʤʠ ʜʦʣʛʦʪ (ʠʣʠ 

ʰʠʨʦʪ), ʪʦ ʝʩʪʴ ʪʘʢʠʤʠ, ʜʣʷ ʢʦʪʦʨʳʭ ʥʘ ʢʘʨʪʝ ʥʘʥʝʩʝʥʳ ʤʝʨʠʜʠʘʥʳ 

(ʧʘʨʘʣʣʝʣʠ). ʕʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʦʙʣʝʛʯʠʪ ʥʘʥʝʩʝʥʠʝ ʪʦʯʝʢ. 

ʅʝʦʙʭʦʜʠʤʦ ʧʦʤʥʠʪʴ, ʯʪʦ ʨʘʩʩʯʠʪʘʥʥʳʝ ʢʦʦʨʜʠʥʘʪʳ ʧʨʦʤʝʞʫʪʦʯʥʳʭ 

ʪʦʯʝʢ ʷʚʣʷʶʪʩʷ ʩʬʝʨʠʯʝʩʢʠʤʠ. ʅʦ ʥʘ ʢʘʨʪʝ ʥʘʥʝʩʝʥʘ ʩʝʪʢʘ ʛʝʦʜʝʟʠʯʝʩʢʠʭ 

ʢʦʦʨʜʠʥʘʪ. ʇʦʵʪʦʤʫ ʧʝʨʝʜ ʥʘʥʝʩʝʥʠʝʤ ʪʦʯʝʢ ʥʘ ʢʘʨʪʫ ʩʬʝʨʠʯʝʩʢʠʝ ʰʠʨʦʪʳ 

ʥʫʞʥʦ ʧʨʝʦʙʨʘʟʦʚʘʪʴ ʚ ʛʝʦʜʝʟʠʯʝʩʢʠʝ:  

 
.2sin6,8B jj ¡+=
 

 

4.5. ʋʛʦʣ ʩʭʦʞʜʝʥʠʷ ʤʝʨʠʜʠʘʥʦʚ ʥʘ ʩʬʝʨʝ 

 

ʋʛʦʣ ʩʭʦʞʜʝʥʠʷ ʤʝʨʠʜʠʘʥʦʚ ʠʤʝʝʪ ʦʯʝʥʴ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʚ ʥʘʚʠʛʘʮʠʠ. 

ʆʥ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ ʨʘʩʯʝʪʝ ʠ ʧʨʦʢʣʘʜʢʝ ʣʠʥʠʡ ʧʦʣʦʞʝʥʠʷ, ʧʨʠ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʠ ʥʘʧʨʘʚʣʝʥʠʡ (ʢʫʨʩʦʚ, ʧʫʪʝʚʳʭ ʫʛʣʦʚ, ʧʝʣʝʥʛʦʚ) ʠʟ ʦʜʥʦʡ 

ʩʠʩʪʝʤʳ ʦʪʩʯʝʪʘ ʚ ʜʨʫʛʫʶ. ʆʥ ʷʚʣʷʝʪʩʷ ʩʦʩʪʘʚʥʦʡ ʯʘʩʪʴʶ ʘʟʠʤʫʪʘʣʴʥʦʡ 

ʧʦʧʨʘʚʢʠ, ʠʩʧʦʣʴʟʫʝʤʦʡ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʠʩʪʠʥʥʦʛʦ ʤʝʨʠʜʠʘʥʘ ʢ ʦʧʦʨʥʦʤʫ. 

ʅʘʟʚʘʥʠʝ ʵʪʦʡ ʚʝʣʠʯʠʥʳ ʥʝʤʥʦʛʦ ʩʙʠʚʘʝʪ ʩ ʪʦʣʢʫ. ʄʦʞʥʦ ʧʦʜʫʤʘʪʴ, 

ʯʪʦ ʵʪʦ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʫʛʦʣ, ʧʦʜ ʢʦʪʦʨʳʤ ʩʭʦʜʷʪʩʷ ʤʝʨʠʜʠʘʥʳ, ʥʦ ʵʪʦ ʥʝ ʪʘʢ. 

ʄʝʨʠʜʠʘʥʳ, ʢʦʥʝʯʥʦ,  ʠ ʚ ʩʘʤʦʤ ʜʝʣʝ ʩʭʦʜʷʪʩʷ (ʚ ʪʦʯʢʘʭ ʧʦʣʶʩʦʚ), ʥʦ ʥʝ ʧʦʜ 

ʫʛʣʦʤ ʩʭʦʞʜʝʥʠʷ ʤʝʨʠʜʠʘʥʦʚ, ʘ ʧʦʜ ʫʛʣʦʤ, ʨʘʚʥʳʤ ʨʘʟʥʦʩʪʠ ʠʭ ʜʦʣʛʦʪ. 

ʋʛʦʣ ʩʭʦʞʜʝʥʠʷ ʤʝʨʠʜʠʘʥʦʚ ʚ ʜʚʫʭ ʪʦʯʢʘʭ ʩʬʝʨʳ (ŭʩʭ) ï ʵʪʦ ʨʘʟʥʦʩʪʴ 

ʧʫʪʝʚʳʭ ʫʛʣʦʚ ʦʨʪʦʜʨʦʤʠʠ, ʧʨʦʭʦʜʷʱʝʡ ʯʝʨʝʟ ʵʪʠ ʪʦʯʢʠ (ʨʠʩ. 4.12). 
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ʈʠʩ. 4.12. ʋʛʦʣ ʩʭʦʞʜʝʥʠʷ ʤʝʨʠʜʠʘʥʦʚ 

 

ʆʨʪʦʜʨʦʤʠʷ ʧʝʨʝʩʝʢʘʝʪ ʤʝʨʠʜʠʘʥʳ ʧʦʜ ʨʘʟʣʠʯʥʳʤʠ ʫʛʣʘʤʠ. ɽʩʣʠ ʚ 

ʧʝʨʚʦʡ ʪʦʯʢʝ ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ ű1, ɚ1 ʧʫʪʝʚʦʡ ʫʛʦʣ ɓ1 , ʘ ʚʦ ʚʪʦʨʦʡ ʪʦʯʢʝ ʩ 

ʢʦʦʨʜʠʥʘʪʘʤʠ  ű2 , ɚ2  ʧʫʪʝʚʦʡ ʫʛʦʣ  ɓ2 , ʪʦ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ: 

 

ŭʩʭ = ɓ2 - ɓ1 .                (4.18) 
 

ʂʦʥʝʯʥʦ, ʥʘʡʪʠ ʯʠʩʣʝʥʥʦʝ ʟʥʘʯʝʥʠʝ  ŭʩʭ  ʤʦʞʥʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʦ 

ʵʪʦʡ ʬʦʨʤʫʣʝ, ʥʦ ʪʦʛʜʘ ʩʥʘʯʘʣʘ ʥʫʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʩʘʤʠ ʧʫʪʝʚʳʝ ʫʛʣʳ ʧʦ 

ʬʦʨʤʫʣʘʤ, ʚʳʚʝʜʝʥʥʳʤ ʨʘʥʝʝ. ɽʩʣʠ ʧʨʷʤʦʡ ɓ1 ʠ ʦʙʨʘʪʥʳʡ ɓʦʙʨ  ʧʫʪʝʚʳʝ ʫʛʣʳ 

ʫʞʝ ʠʟʚʝʩʪʥr, ʪʦ ʥʘʡʪʠ  ɓ2  ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʦ: 

 

ɓ2 = ɓʦʙʨ Ñ 180Á. 
 

ʄʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ ɓ2 ʠ ʦʩʥʦʚʥʦʝ ʩʚʦʡʩʪʚʦ 

ʦʨʪʦʜʨʦʤʠʠ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʦʪʦʨʳʤ  

 

sin ɓ1 cosű1 = sin ɓ2 cosű2 , 
 

ʦʪʢʫʜʘ 

 

.
cos

cos
sinsin

2

1
12

j

j
bb =  

ʅʦ ʜʣʷ ʨʝʰʝʥʠʷ ʤʥʦʛʠʭ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʟʘʜʘʯ ʩʘʤʠ ʧʫʪʝʚʳʝ ʫʛʣʳ ʥʝ 

ʥʫʞʥʳ, ʘ ʠʥʪʝʨʝʩʫʝʪ ʪʦʣʴʢʦ ʫʛʦʣ ʩʭʦʞʜʝʥʠʷ ʤʝʨʠʜʠʘʥʦʚ. 

ɽʩʣʠ ʠʟʚʝʩʪʥʳ ʪʦʣʴʢʦ ʢʦʦʨʜʠʥʘʪʳ ʦʙʝʠʭ ʪʦʯʝʢ, ʪʦ  ʟʥʘʯʝʥʠʝ ʫʛʣʘ 

ʩʭʦʞʜʝʥʠʷ ʤʝʨʠʜʠʘʥʦʚ ʥʘ ʩʬʝʨʝ ʤʦʞʝʪ ʙʳʪʴ ʨʘʩʩʯʠʪʘʥʦ ʧʦ ʩʣʝʜʫʶʱʝʡ 

ʪʦʯʥʦʡ ʬʦʨʤʫʣʝ (ʧʨʠʚʦʜʠʪʩʷ ʙʝʟ ʚʳʚʦʜʘ): 
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= tgtg ʩʭ                   (4.19) 

ʕʪʘ ʪʦʯʥʘʷ, ʭʦʪʷ ʠ ʥʝʩʢʦʣʴʢʦ ʛʨʦʤʦʟʜʢʘʷ, ʬʦʨʤʫʣʘ ʤʦʞʝʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʘ ʧʨʠ ʣʶʙʦʤ ʨʘʩʩʪʦʷʥʠʠ ʤʝʞʜʫ ʪʦʯʢʘʤʠ. 

ʇʨʠ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʠʭ ʨʘʩʩʪʦʷʥʠʷʭ ʝʝ ʤʦʞʥʦ ʫʧʨʦʩʪʠʪʴ. ɽʩʣʠ 

ʨʘʟʥʦʩʪʠ ʰʠʨʦʪ ʠ ʜʦʣʛʦʪ ʪʦʯʝʢ ʥʝʚʝʣʠʢʠ, ʪʦ  ʫʛʣ rŭʩʭ  ʠ   (ɚ2 ï ɚ1) ʤʘʣr  ʠ ʠʭ 

ʪʘʥʛʝʥʩʳ ʤʦʞʥʦ ʟʘʤʝʥʠʪʴ ʟʥʘʯʝʥʠʷʤʠ ʩʘʤʠʭ ʫʛʣʦʚ (ʚ ʨʘʜʠʘʥʘʭ), ʘ ʢʦʩʠʥʫʩ 

ʧʦʣʫʨʘʟʥʦʩʪʠ ʰʠʨʦʪ ʤʦʞʥʦ ʧʨʠʥʷʪʴ ʨʘʚʥʳʤ ʝʜʠʥʠʮʝ. ʊʦʛʜʘ ʣʝʛʢʦ ʧʦʣʫʯʠʪʴ: 

 

       ( ) ( ) ,sin
2

sin 12
21

12
ʩʨ

ʩʭ jll
jj

lld -=
+

-º                     (4.20) 

 

ʛʜʝ  űʩʨ ï ʩʨʝʜʥʷʷ ʰʠʨʦʪʘ ʜʘʥʥʳʭ ʜʚʫʭ ʪʦʯʝʢ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʵʪʘ ʬʦʨʤʫʣʘ ʷʚʣʷʝʪʩʷ ʧʨʠʙʣʠʞʝʥʥʦʡ, ʦʥʘ ʜʘʝʪ 

ʚʧʦʣʥʝ ʪʦʯʥʳʝ ʜʣʷ ʧʨʘʢʪʠʢʠ ʨʝʟʫʣʴʪʘʪʳ ʥʘ ʜʦʚʦʣʴʥʦ ʙʦʣʴʰʠʭ ʨʘʩʩʪʦʷʥʠʷʭ ʠ 

ʧʦʵʪʦʤʫ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʥʘʚʠʛʘʮʠʠ. ɼʣʷ ʧʨʠʤʝʨʘ ʧʨʠʚʝʜʝʤ 

ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ŭʩʭ ʜʣʷ ʪʨʝʭ ʦʨʪʦʜʨʦʤʠʡ ʧʦ ʧʨʠʙʣʠʞʝʥʥʦʡ (4.20) ʠ ʪʦʯʥʦʡ 

(4.19) ʬʦʨʤʫʣʘʤ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ ʤʠʥʫʪʳ. 

 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ-ʄʦʩʢʚʘ:            ʪʦʯʥʦ 6Á11',      ʧʨʠʙʣʠʞʝʥʥʦ 6Á11'.  

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ-ʅʦʚʦʩʠʙʠʨʩʢ:  ʪʦʯʥʦ 45Á16',    ʧʨʠʙʣʠʞʝʥʥʦ 44Á20'. 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ-ɺʣʘʜʠʚʦʩʪʦʢ:   ʪʦʯʥʦ 88Á15',    ʧʨʠʙʣʠʞʝʥʥʦ 79Á32'. 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʘʞʝ ʥʘ ʨʘʩʩʪʦʷʥʠʷʭ, ʠʟʤʝʨʷʝʤʳʭ ʜʚʫʤʷ-ʪʨʝʤʷ 

ʪʳʩʷʯʘʤʠ ʢʠʣʦʤʝʪʨʦʚ (ʅʦʚʦʩʠʙʠʨʩʢ), ʧʦʛʨʝʰʥʦʩʪʴ ʥʝ ʧʨʝʚʳʰʘʝʪ 1Á. ɽʩʣʠ ʞʝ 

ʨʝʯʴ ʠʜʝʪ ʦ ʩʦʪʥʷʭ ʢʠʣʦʤʝʪʨʦʚ (ʚ ʩʨʝʜʥʠʭ ʰʠʨʦʪʘʭ), ʪʦ ʧʨʠʙʣʠʞʝʥʥʘʷ 

ʬʦʨʤʫʣʘ ʧʨʘʢʪʠʯʝʩʢʠ ʪʦʯʥʘ. ɺ ʧʦʣʷʨʥʳʭ ʨʘʡʦʥʘʭ, ʛʜʝ ʤʝʨʠʜʠʘʥʳ 

ʨʘʩʧʦʣʦʞʝʥʳ çʛʫʩʪʦè,  ʜʘʞʝ ʧʨʠ ʥʝʙʦʣʴʰʦʤ ʨʘʩʩʪʦʷʥʠʠ ʤʝʞʜʫ ʪʦʯʢʘʤʠ 

ʨʘʟʥʦʩʪʴ ʠʭ ʜʦʣʛʦʪ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʫʛʦʣ ʩʭʦʞʜʝʥʠʷ ʤʝʨʠʜʠʘʥʦʚ, ʤʦʛʫʪ 

ʙʳʪʴ ʚʝʣʠʢʠ. 

ʋʛʦʣ ʩʭʦʞʜʝʥʠʷ  ʤʝʨʠʜʠʘʥʦʚ ʠʤʝʝʪ ʟʥʘʢ. ɺ ʩʝʚʝʨʥʦʤ ʧʦʣʫʰʘʨʠʠ (ʢʦʛʜʘ 

ʰʠʨʦʪʳ ʧʦʣʦʞʠʪʝʣʴʥʳ), ʝʩʣʠ ʚʪʦʨʘʷ ʪʦʯʢʘ ʥʘʭʦʜʠʪʩʷ ʚʦʩʪʦʯʥʝʝ ʧʝʨʚʦʡ, ŭʩʭ  

ʧʦʣʦʞʠʪʝʣʝʥ, ʘ ʝʩʣʠ ʟʘʧʘʜʥʝʝ ï ʦʪʨʠʮʘʪʝʣʝʥ. ɺ ʶʞʥʦʤ ʧʦʣʫʰʘʨʠʠ ï 

ʥʘʦʙʦʨʦʪ. 

ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʬʦʨʤʫʣʳ (4.19), ŭʩʭ  ʨʘʚʝʥ ʥʫʣʶ ʢʦʛʜʘ ʨʘʟʥʦʩʪʴ ʜʦʣʛʦʪ 

ʨʘʚʥʘ ʥʫʣʶ (ʦʙʝ ʪʦʯʢʠ ʥʘ ʦʜʥʦʤ ʤʝʨʠʜʠʘʥʝ), ʣʠʙʦ ʩʨʝʜʥʷʷ ʰʠʨʦʪʘ ʨʘʚʥʘ 

ʥʫʣʶ (ʦʙʝ ʪʦʯʢʠ ʥʘ ʵʢʚʘʪʦʨʝ ʠʣʠ ʨʘʩʧʦʣʦʞʝʥʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʛʦ 

ʩʠʤʤʝʪʨʠʯʥʦ). 
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4.6. ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʩʬʝʨʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪ ʚ ʦʨʪʦʜʨʦʤʠʯʝʩʢʠʝ 

 

ɼʣʷ ʧʨʠʤʝʥʝʥʠʷ ʥʝʢʦʪʦʨʳʭ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʠ ʧʠʣʦʪʘʞʥʦ-

ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʥʝʦʙʭʦʜʠʤʦ  ʟʥʘʪʴ ʯʘʩʪʥʦʦʨʪʦʜʨʦʤʠʯʝʩʢʠʝ 

ʢʦʦʨʜʠʥʘʪʳ ʨʘʜʠʦʤʘʷʢʦʚ zp ʠ sp  ʚ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ, ʩʚʷʟʘʥʥʦʡ ʩ ʪʝʢʫʱʠʤ 

ʫʯʘʩʪʢʦʤ ʤʘʨʰʨʫʪʘ. ɽʩʣʠ ʠʟʚʝʩʪʥʳ ʩʬʝʨʠʯʝʩʢʠʝ ʢʦʦʨʜʠʥʘʪʳ ʨʘʜʠʦʤʘʷʢʘ űʨ ʠ  

ɚʨ, ʘ ʪʘʢʞʝ ʩʬʝʨʠʯʝʩʢʠʝ ʢʦʦʨʜʠʥʘʪʳ ʥʘʯʘʣʴʥʦʛʦ ʠ ʢʦʥʝʯʥʦʛʦ ʇʇʄ ʫʯʘʩʪʢʘ 

(ű1, ɚ1 ʠ ű2 , ɚ2), ʪʦ ʯʘʩʪʥʦʦʨʪʦʜʨʦʤʠʯʝʩʢʠʝ ʢʦʦʨʜʠʥʘʪʳ ʨʘʜʠʦʤʘʷʢʘ ʤʦʛʫʪ 

ʙʳʪʴ ʨʘʩʩʯʠʪʘʥʳ ʧʦ ʬʦʨʤʫʣʘʤ ʩʬʝʨʠʯʝʩʢʦʡ ʪʨʠʛʦʥʦʤʝʪʨʠʠ.  

ʂʘʢ ʫʞʝ ʦʪʤʝʯʘʣʦʩʴ, ʦʨʪʦʜʨʦʤʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ ʷʚʣʷʝʪʩʷ ʧʦ 

ʩʫʪʠ ʢʦʩʦʡ  ʩʬʝʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʦʡ ʢʦʦʨʜʠʥʘʪ, ʦʪʣʠʯʘʶʱʝʡʩʷ ʦʪ ʥʦʨʤʘʣʴʥʦʡ 

ʩʬʝʨʠʯʝʩʢʦʡ (ʚ ʢʦʪʦʨʦʡ ʠ ʟʘʜʘʥʳ ʢʦʦʨʜʠʥʘʪʳ ű ʠ  ɚ ʨʘʜʠʦʤʘʷʢʘ ʠ ʇʇʄ) 

ʪʦʣʴʢʦ ʩʤʝʱʝʥʥʳʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʧʦʣʶʩʦʚ ʠ ʫʩʣʦʚʥʦʛʦ ʵʢʚʘʪʦʨʘ. ʇʦʵʪʦʤʫ 

ʟʘʜʘʯʘ ʦʧʨʝʜʝʣʝʥʠʷ ʯʘʩʪʥʦʦʨʪʦʜʨʦʤʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪ ʩ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ 

ʩʪʦʨʦʥʳ ʷʚʣʷʝʪʩʷ ʟʘʜʘʯʝʡ ʧʝʨʝʩʯʝʪʘ ʢʦʦʨʜʠʥʘʪ ʠʟ ʦʜʥʦʡ ʩʬʝʨʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʳ ʚ ʜʨʫʛʫʶ. 

ʉʫʱʝʩʪʚʫʶʪ ʬʦʨʤʫʣʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʚʳʧʦʣʥʠʪʴ ʪʘʢʦʡ ʧʝʨʝʩʯʝʪ  ʚ 

ʦʙʱʝʤ ʩʣʫʯʘʝ, ʪʦ ʝʩʪʴ ʧʨʠ ʣʶʙʦʤ ʨʘʩʧʦʣʦʞʝʥʠʠ ʫʯʘʩʪʢʘ ʤʘʨʰʨʫʪʘ ʠ 

ʨʘʜʠʦʤʘʷʢʘ, ʜʘʞʝ ʝʩʣʠ ʦʥʠ ʥʘʭʦʜʷʪʩʷ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʧʦʣʫʰʘʨʠʷʭ. 

ʅʘ ʧʨʘʢʪʠʢʝ  ʨʘʜʠʦʤʘʷʢ ʥʘʭʦʜʠʪʩʷ ʤʘʢʩʠʤʫʤ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 

ʥʝʩʢʦʣʴʢʠʭ ʩʦʪʝʥ ʢʠʣʦʤʝʪʨʦʚ ʦʪ ʃɿʇ (ʠʥʘʯʝ ʝʛʦ ʥʝʚʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ 

ʧʦʣʝʪʝ). ɼʣʷ ʵʪʦʛʦ ʩʣʫʯʘʷ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʝ ʤʝʥʝʝ ʪʦʯʥʳʡ, ʥʦ ʙʦʣʝʝ 

ʥʘʛʣʷʜʥʳʡ  ʩʧʦʩʦʙ ʨʘʩʯʝʪʘ. 

ʇʫʩʪʴ ʉ1 ʠ ʉ2 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʥʘʯʘʣʴʥʳʡ ʠ ʢʦʥʝʯʥʳʡ ʇʇʄ ʫʯʘʩʪʢʘ 

ʤʘʨʰʨʫʪʘ (ʨʠʩ. 4.13). ʅʘʯʘʣʦ ʯʘʩʪʥʦʦʨʪʦʜʨʦʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ 

ʫʩʪʘʥʦʚʠʤ ʚ ʥʘʯʘʣʴʥʦʤ ʇʇʄ ʫʯʘʩʪʢʘ ʉ1, ʦʩʴ S ʥʘʧʨʘʚʠʤ ʧʦ ʃɿʇ, ʘ ʦʩʴ   Z 

ʚʧʨʘʚʦ. ʇʫʩʪʴ ʊ ï ʨʘʩʧʦʣʦʞʝʥʥʘʷ ʥʘ ʃɿʇ ʪʦʯʢʘ ʪʨʘʚʝʨʟʘ ʨʘʜʠʦʤʘʷʢʘ ʈ. ʊʦʯʢʠ  

ʉ1 , ʊ,  ʈ ʦʙʨʘʟʫʶʪ ʩʬʝʨʠʯʝʩʢʠʡ ʪʨʝʫʛʦʣʴʥʠʢ, ʩʪʦʨʦʥʘʤʠ ʢʦʪʦʨʦʛʦ ʷʚʣʷʶʪʩʷ 

ʪʨʠ ʦʨʪʦʜʨʦʤʠʠ. 

 
 

ʈʠʩ. 4.13. ʂ ʦʧʨʝʜʝʣʝʥʠʶ ʯʘʩʪʥʦʦʨʪʦʜʨʦʤʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪ ʨʘʜʠʦʤʘʷʢʘ 



109 

 

 

 

ʈʘʩʩʪʦʷʥʠʝ ʉ1 ʊ   ï ʵʪʦ ʠʩʢʦʤʘʷ ʢʦʦʨʜʠʥʘʪʘ ʨʘʜʠʦʤʘʷʢʘ  sp; ʊʈ ï   

ʢʦʦʨʜʠʥʘʪʘ ʨʘʜʠʦʤʘʷʢʘ zp ; ʉ1ʈ ï ʵʪʦ ʫʜʘʣʝʥʠʝ Dʨ  ʨʘʜʠʦʤʘʷʢʘ ʦʪ ʇʇʄ. 

ʕʪʦʪ ʪʨʝʫʛʦʣʴʥʠʢ ʧʨʷʤʦʫʛʦʣʴʥʳʡ, ʧʨʷʤʦʡ ʫʛʦʣ ʧʨʠ ʚʝʨʰʠʥʝ ʊ. 

ʇʦʨʷʜʦʢ ʨʘʩʯʝʪʘ ʢʦʦʨʜʠʥʘʪ zp ʠ sp ʩʣʝʜʫʶʱʠʡ. 

1. ʇʦ ʢʦʦʨʜʠʥʘʪʘʤ ʇʇʄ j1,l1 ʠ j2,l2  ʨʘʩʩʯʠʪʘʪʴ ʧʫʪʝʚʦʡ ʫʛʦʣ b1 

ʫʯʘʩʪʢʘ ʤʘʨʰʨʫʪʘ (ʧʦ ʫʞʝ ʠʟʚʝʩʪʥʦʡ ʬʦʨʤʫʣʝ ʧʫʪʝʚʦʛʦ ʫʛʣʘ ʦʨʪʦʜʨʦʤʠʠ). 

2. ʈʘʩʩʯʠʪʘʪʴ ʘʟʠʤʫʪ ɸʨ ʠ ʫʜʘʣʝʥʠʝ Dʨ ʨʘʜʠʦʤʘʷʢʘ ʦʪ ʥʘʯʘʣʴʥʦʛʦ 

ʇʇʄ. ʈʘʩʯʝʪ ʚʳʧʦʣʥʷʝʪʩʷ ʧʦ ʠʟʚʝʩʪʥʳʤ ʬʦʨʤʫʣʘʤ ʧʫʪʝʚʦʛʦ ʫʛʣʘ ʠ ʜʣʠʥʳ 

ʦʨʪʦʜʨʦʤʠʠ (ʚ ʢʘʯʝʩʪʚʝ ʧʝʨʚʦʡ ʪʦʯʢʠ ʙʝʨʝʪʩʷ ʇʇʄ, ʘ ʚʪʦʨʦʡ ï ʨʘʜʠʦʤʘʷʢ). 

3. ʈʘʩʩʯʠʪʘʪʴ ʨʘʟʥʦʩʪʴ ʘʟʠʤʫʪʘ ʨʘʜʠʦʤʘʷʢʘ ʠ ʧʫʪʝʚʦʛʦ ʫʛʣʘ ʫʯʘʩʪʢʘ 

æb=ɸʨ ï b1. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʟʥʘʢ æb ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʪʦʨʦʥʝ ʨʘʩʧʦʣʦʞʝʥʠʷ 
ʨʘʜʠʦʤʘʷʢʘ ʦʪ ʃɿʇ (ʧʣʶʩ ï ʩʧʨʘʚʘ, ʤʠʥʫʩ ʩʣʝʚʘ). ʊʘʢʦʡ ʞʝ ʧʦʣʫʯʠʪʩʷ ʠ ʟʥʘʢ 

zʨ. 

4. ʇʦ ʧʨʘʚʠʣʫ ʅʝʧʝʨʘ ʜʣʷ ʪʨʝʭ ʨʷʜʦʤ ʣʝʞʘʱʠʭ ʵʣʝʤʝʥʪʦʚ (sp, æb, 
Dʨ) ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʪʨʝʫʛʦʣʴʥʠʢʘ ʤʦʞʥʦ ʟʘʧʠʩʘʪ:ɹ 

 

cos æb=ctgD ctg(90Áīsp), 
 

ʦʪʢʫʜʘ ʧʦʩʣʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʦʣʫʯʘʝʤ ʬʦʨʤʫʣʫ ʨʘʩʯʝʪʘ sʨ: 

 

                       tg sp=cosæb tgDʨ.                              (4.21) 
 

5)    ʇʦ ʧʨʘʚʠʣʫ ʅʝʧʝʨʘ ʜʣʷ ʵʣʝʤʝʥʪʦʚ, ʥʝ ʣʝʞʘʱʠʭ ʨʷʜʦʤ (æb, Dʨ, zp), 

ʧʦʣʫʯʠʤ:  

 

cos(90Áïzp) = sinæb sinDʨ, 

 
ʦʪʢʫʜʘ ʤʦʞʥʦ ʥʘʡʪʠ zʨ ʢʘʢ 

 

                           sin zp = sinæb sinDʨ.                              (4.22) 

 

ɿʥʘʯʝʥʠʷ zʨ ʠ sʨ ʧʦ ʜʘʥʥʳʤ ʬʦʨʤʫʣʘʤ ʙʫʜʫʪ ʧʦʣʫʯʝʥʳ ʚ ʫʛʣʦʚʦʡ ʤʝʨʝ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʵʪʠʭ ʢʦʦʨʜʠʥʘʪ ʚ ʣʠʥʝʡʥʦʡ ʤʝʨʝ (ʢʠʣʦʤʝʪʨʘʭ) ʠʭ ʟʥʘʯʝʥʠʷ ʚ 

ʨʘʜʠʘʥʘʭ ʥʝʦʙʭʦʜʠʤʦ ʫʤʥʦʞʠʪʴ ʥʘ ʨʘʜʠʫʩ ʩʬʝʨʳ ʂʘʚʨʘʡʩʢʦʛʦ. 

ɽʩʣʠ ʥʘʯʘʣʦ ʯʘʩʪʥʦʦʨʪʦʜʨʦʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʚʳʙʨʘʥʦ ʥʝ ʚ 

ʥʘʯʘʣʴʥʦʤ, ʘ ʚ ʢʦʥʝʯʥʦʤ  ʧʫʥʢʪʝ ʫʯʘʩʪʢʘ ʤʘʨʰʨʫʪʘ, ʪʦ ʢʦʦʨʜʠʥʘʪʘ   zʨ  

ʦʩʪʘʥʝʪʩʷ ʪʘʢʦʡ ʞʝ, ʘ ʢʦʦʨʜʠʥʘʪʘ sʨ  ʙʫʜʝʪ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʠ ʨʘʚʥʦʡ ʨʘʟʥʦʩʪʠ 

ʜʣʠʥʳ ʫʯʘʩʪʢʘ ʠ ʚʝʣʠʯʠʥʳ sʨ , ʨʘʩʩʯʠʪʘʥʥʦʡ ʧʦ ʬʦʨʤʫʣʝ (4.21). 
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4.7. ʃʦʢʩʦʜʨʦʤʠʷ 

 

ʃʦʢʩʦʜʨʦʤʠʷ ï ʵʪʦ ʢʨʠʚʘʷ ʥʘ ʩʬʝʨʝ, ʧʝʨʝʩʝʢʘʶʱʘʷ ʤʝʨʠʜʠʘʥʳ ʧʦʜ 

ʧʦʩʪʦʷʥʥʳʤ ʫʛʣʦʤ, ʪʦ ʝʩʪʴ ʪʘʢʘʷ ʣʠʥʠʷ, ʚ ʢʘʞʜʦʡ ʪʦʯʢʝ ʢʦʪʦʨʦʡ ʦʜʠʥ ʠ ʪʦʪ 

ʞʝ ʧʫʪʝʚʦʡ ʫʛʦʣ ɓ= const. 

ʀʩʪʦʨʠʯʝʩʢʠ ʣʦʢʩʦʜʨʦʤʠʷ ʧʦʷʚʠʣʘʩʴ ʚ ʥʘʚʠʛʘʮʠʠ ʚ ʩʚʷʟʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʘʛʥʠʪʥʳʭ ʢʦʤʧʘʩʦʚ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʝʩʣʠ ʩʘʤʦʣʝʪ ʣʝʪʠʪ ʩ 

ʧʦʩʪʦʷʥʥʳʤ ʢʫʨʩʦʤ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʝʢʫʱʝʛʦ ʧʨʦʣʝʪʘʝʤʦʛʦ ʤʝʨʠʜʠʘʥʘ, ʪʦ ʧʨʠ 

ʦʪʩʫʪʩʪʚʠʠ ʚʝʪʨʘ ʠ ʥʫʣʝʚʦʤ ʤʘʛʥʠʪʥʦʤ ʩʢʣʦʥʝʥʠʠ ʦʥ ʙʫʜʝʪ ʣʝʪʝʪʴ ʧʦ 

ʣʦʢʩʦʜʨʦʤʠʠ. 

ʇʫʩʪʴ ʉ1C2 ï ʙʝʩʢʦʥʝʯʥʦ ʤʘʣʳʡ ʦʪʨʝʟʦʢ ʣʦʢʩʦʜʨʦʤʠʠ, ʧʝʨʝʩʝʢʘʶʱʝʡ 

ʤʝʨʠʜʠʘʥ rʧʦʜ ʫʛʣʦʤ ɓ (ʨʠʩ. 4.14).  

 

 
 

ʈʠʩ. 4.14. ʂ ʚʳʚʦʜʫ ʫʨʘʚʥʝʥʠʷ ʣʦʢʩʦʜʨʦʤʠʠ 

 

ɹʝʩʢʦʥʝʯʥʦ ʤʘʣʳʡ ʪʨʝʫʛʦʣʴʥʠʢ ɽʉ1ʉ2 ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ 

ʧʣʦʩʢʠʡ. ʊʦʛʜʘ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ: 

                                               ʉ1ɽ=Rdj; 

EC2=rdl=Rcosj dl , 
ʛʜʝ R ïʨʘʜʠʫʩ ʟʝʤʥʦʡ ʩʬʝʨʳ, r ï ʨʘʜʠʫʩ ʧʘʨʘʣʣʝʣʠ ʩ ʰʠʨʦʪʦʡ ű.  

ʊʦʛʜʘ 

 

tg ɓ=
1

2

EC

EC
=

j

lj

Rd

dcosR
, 

ʦʪʢʫʜʘ   

dl=tgb 
j

j

cos

d
.             (4.23) 
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ʇʨʦʠʥʪʝʛʨʠʨʫʝʤ ʦʙʝ ʯʘʩʪʠ ʚʳʨʘʞʝʥʠʷ ʩ ʫʯʝʪʦʤ ʪʦʛʦ, ʯʪʦ  ʜʣʷ 

ʢʦʥʢʨʝʪʥʦʡ ʣʦʢʩʦʜʨʦʤʠʠ tgb=const. ʇʨʠ ʵʪʦʤ ʠʩʧʦʣʴʟʫʝʤ ʟʥʘʯʝʥʠʝ 

ʪʘʙʣʠʯʥʦʛʦ ʠʥʪʝʛʨʘʣʘ: 

 

ñ += ).
24

(  tgln
cos

x

x

dx p
 

 

ʇʦʣʫʯʠʤ: 

l=tgb ln tg ö
÷

õ
æ
ç

å
+

24

jp
+k , 

ʛʜʝ k ï ʧʦʩʪʦʷʥʥʘʷ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ. 

ʏʪʦʙʳ ʚʳʷʩʥʠʪʴ ʬʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ k, ʧʦʜʩʪʘʚʠʤ ʚ ʧʦʣʫʯʝʥʥʫʶ 

ʬʦʨʤʫʣʫ j = 0 ʠ ʧʦʣʫʯʠʤ l=k. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, k ï ʵʪʦ ʜʦʣʛʦʪʘ ʪʦʯʢʠ 

ʧʝʨʝʩʝʯʝʥʠʷ ʣʦʢʩʦʜʨʦʤʠʠ ʩ ʵʢʚʘʪʦʨʦʤ (ʦʙʦʟʥʘʯʠʤ ʝʝ l0). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʨʘʚʥʝʥʠʝ ʣʦʢʩʦʜʨʦʤʠʠ ʠʤʝʝʪ ʚʠʜ 

 

ɚīɚ0=tgb ln tg ö
÷

õ
æ
ç

å
+

24

jp
.             (4.24) 

 

ɺ ʵʪʦʤ ʫʨʘʚʥʝʥʠʠ b ʠ l0 ï ʧʦʩʪʦʷʥʥʳʝ ʜʣʷ ʜʘʥʥʦʡ ʣʦʢʩʦʜʨʦʤʠʠ 

ʚʝʣʠʯʠʥʳ. ʇʦʜʩʪʘʚʣʷʷ ʚ ʧʨʘʚʫʶ ʯʘʩʪʴ ʫʨʘʚʥʝʥʠʷ ʣʶʙʫʶ ʰʠʨʦʪʫ ű, ʤʦʞʥʦ 

ʥʘʡʪʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʝʡ ʜʦʣʛʦʪʫ l ʪʦʯʢʠ ʥʘ ʣʦʢʩʦʜʨʦʤʠʠ. 

ɸʥʘʣʠʟ ʜʘʥʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʦ ʬʦʨʤʝ ʣʦʢʩʦʜʨʦʤʠʷ ʚ 

ʦʙʱʝʤ ʩʣʫʯʘʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʣʦʛʘʨʠʬʤʠʯʝʩʢʫʶ ʩʧʠʨʘʣʴ, 

ʘʩʠʤʧʪʦʪʠʯʝʩʢʠ ʧʨʠʙʣʠʞʘʶʱʫʶʩʷ ʢ ʧʦʣʶʩʘʤ ʠ ʥʠʢʦʛʜʘ ʠʭ ʥʝ ʜʦʩʪʠʛʘʶʱʫʶ  

(ʨʠʩ.4.15).  ʃʠʰʴ ʚ ʯʘʩʪʥʳʭ ʩʣʫʯʘʷʭ ʣʦʢʩʦʜʨʦʤʠʷ ʠʤʝʝʪ ʚʠʜ ʦʢʨʫʞʥʦʩʪʠ ï 

ʵʪʦ ʧʘʨʘʣʣʝʣʠ ʠ ʵʢʚʘʪʦʨ (ʧʝʨʝʩʝʢʘʶʪ ʤʝʨʠʜʠʘʥʳ ʧʦʜ 90Á), ʤʝʨʠʜʠʘʥʳ 

(çʧʝʨʝʩʝʢʘʶʪè ʩʘʤʠ ʩʝʙʷ ʧʦʜ ʥʫʣʝʚʳʤ ʫʛʣʦʤ).  

ʇʨʦʠʥʪʝʛʨʠʨʫʝʤ ʨʘʚʝʥʩʪʚʦ (4.23) ï ʧʨʘʚʫʶ ʯʘʩʪʴ ʦʪ j1 ʜʦ  j2 , ʘ ʣʝʚʫʶ 

ʦʪ l1 ʜʦ  l2, ʧʦʣʫʯʠʤ: 

,
2

45tgln
2

45tglntg 12
12 ù

ú

ø
é
ê

è
ö
÷

õ
æ
ç

å
+-öö

÷

õ
ææ
ç

å
+=-

jj
bll AA

 

ʦʪʢʫʜʘ  ʤʦʞʥʦ ʚʳʨʘʟʠʪʴ ʪʘʥʛʝʥʩ ʧʫʪʝʚʦʛʦ ʫʛʣʘ 

 

( )

ù
ú

ø
é
ê

è
ö
÷

õ
æ
ç

å
+-ö

÷

õ
æ
ç

å
+

-
=

2
45tgln

2
45tgln

tg
12

ʨʘʜ12

jj

ll
b

AA

.     (4.25) 

ʇʦ ʵʪʦʡ ʬʦʨʤʫʣʝ ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʧʫʪʝʚʦʡ ʫʛʦʣ ʣʦʢʩʦʜʨʦʤʠʠ. 
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ʈʠʩ. 4.15. ʆʙʱʠʡ ʚʠʜ ʣʦʢʩʦʜʨʦʤʠʠ ʥʘ ʩʬʝʨʝ 

 

ʅʘʡʜʝʤ ʜʣʠʥʫ ʣʦʢʩʦʜʨʦʤʠʠ. ʀʟ ʙʝʩʢʦʥʝʯʥʦ ʤʘʣʦʛʦ ʪʨʝʫʛʦʣʴʥʠʢʘ 

EC1C2, ʢʦʪʦʨʳʡ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʧʣʦʩʢʠʤ, ʧʦʣʫʯʠʤ: 

 

ɽʉ1=ʉ1ʉ2 cosb, 
 

ʛʜʝ EC=Rdj ï ʜʣʠʥʘ ʙʝʩʢʦʥʝʯʥʦ ʤʘʣʦʛʦ ʦʪʨʝʟʢʘ ʤʝʨʠʜʠʘʥʘ;    C1C2=RdS ï  

ʜʣʠʥʘ ʙʝʩʢʦʥʝʯʥʦ ʤʘʣʦʛʦ ʦʪʨʝʟʢʘ ʣʦʢʩʦʜʨʦʤʠʠ (ʟʜʝʩʴ ű ʠ S  ʠʟʤʝʨʷʶʪʩʷ ʚ 

ʫʛʣʦʚʦʡ ʤʝʨʝ). ʊʦʛʜʘ 

Rdj=RdScosb, 
ʦʪʢʫʜʘ 

.
cos

d
dS

b

j
=  

ʇʝʨʝʭʦʜʷ ʦʪ ʙʝʩʢʦʥʝʯʥʦ ʤʘʣʳʭ ʦʪʨʝʟʢʦʚ ʢ ʢʦʥʝʯʥʳʤ ʚʝʣʠʯʠʥʘʤ ʧʦʩʣʝ 

ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʧʦʣʫʯʠʤ: 

.
cos

S 12
ʣʦʢʩ

b

jj-
=               (4.26) 

ʇʦ ʵʪʦʡ ʬʦʨʤʫʣʝ ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʜʣʠʥʫ ʣʦʢʩʦʜʨʦʤʠʠ ʤʝʞʜʫ ʜʚʫʤʷ 

ʪʦʯʢʘʤʠ ʩ ʠʟʚʝʩʪʥʳʤʠ ʰʠʨʦʪʘʤʠ ʧʨʠ ʟʘʜʘʥʥʦʤ ʧʫʪʝʚʦʤ ʫʛʣʝ. ɼʣʠʥʘ 

ʧʦʣʫʯʘʝʪʩʷ ʚ ʪʝʭ ʞʝ ʝʜʠʥʠʮʘʭ ʠʟʤʝʨʝʥʠʷ, ʚ ʢʘʢʠʭ ʚ ʬʦʨʤʫʣʫ ʙʳʣʠ 

ʧʦʜʩʪʘʚʣʝʥʳ ʰʠʨʦʪʳ (ʛʨʘʜʫʩʳ, ʨʘʜʠʘʥʳ). ɽʝ ʤʦʞʥʦ ʧʨʝʦʙʨʘʟʦʚʘʪʴ ʚ 

ʣʠʥʝʡʥʳʝ ʝʜʠʥʠʮʳ (ʢʠʣʦʤʝʪʨʳ) ʘʥʘʣʦʛʠʯʥʦ ʪʦʤʫ, ʢʘʢ ʵʪʦ ʙʳʣʦ ʨʘʩʩʤʦʪʨʝʥʦ 

ʜʣʷ ʦʨʪʦʜʨʦʤʠʠ (ʧʨʝʦʙʨʘʟʦʚʘʪʴ ʚ ʨʘʜʠʘʥʳ ʠ ʫʤʥʦʞʠʪʴ ʥʘ ʨʘʜʠʫʩ ʩʬʝʨʳ). 
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ʇʨʠ ʧʫʪʝʚʳʭ ʫʛʣʘʭ ʣʦʢʩʦʜʨʦʤʠʠ, ʙʣʠʟʢʠʭ ʢ A90=b  ʠʣʠ A270=b  

ʯʠʩʣʠʪʝʣʴ ʠ ʟʥʘʤʝʥʘʪʝʣʴ ʧʨʠʚʝʜʝʥʥʦʡ ʬʦʨʤʫʣʳ ʦʯʝʥʴ ʤʘʣʳ, ʧʦʵʪʦʤʫ ʦʥʘ 

ʤʦʞʝʪ ʜʘʚʘʪʴ  ʙʦʣʴʰʠʝ ʧʦʛʨʝʰʥʦʩʪʠ ʧʨʠ ʧʨʘʢʪʠʯʝʩʢʦʤ ʨʘʩʯʝʪʝ ʥʘ 

ʢʘʣʴʢʫʣʷʪʦʨʝ ʠʟ-ʟʘ ʦʢʨʫʛʣʝʥʠʷ ʧʦʩʣʝʜʥʠʭ ʨʘʟʨʷʜʦʚ ʯʠʩʝʣ. ɺ ʪʘʢʠʭ ʩʣʫʯʘʷʭ 

ʣʫʯʰʝ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʨʫʛʦʡ ʬʦʨʤʫʣʦʡ, ʧʦʣʫʯʘʝʤʦʡ ʠʟ ʪʦʛʦ ʞʝ 

ʪʨʝʫʛʦʣʴʥʠʢʘ: 

 

                                               ɽʉ2=ʉ1ʉ2 sinb; 

R cosj dl = R dS sinb;  
 

b

j
l

sin

cos
ddS= . 

ʊʘʢ ʢʘʢ ʧʨʠ ʪʘʢʠʭ ʧʫʪʝʚʳʭ ʫʛʣʘʭ ʣʦʢʩʦʜʨʦʤʠʷ ʧʨʦʭʦʜʠʪ ʚʙʣʠʟʠ  

ʧʘʨʘʣʣʝʣʠ ʠ j1ºj2 , ʤʦʞʥʦ ʧʨʠʥʷʪʴ, ʯʪʦ  

cosj = cosjʩʨ= cos
2

21 jj+
. 

ʇʦʩʣʝ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʧʦʣʫʯʠʤ: 

( ) .
sin

cos
S

ʩʨ

12ʣʦʢʩ
b

j
ll-=           (4.27) 

ʕʪʘ ʬʦʨʤʫʣʘ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʷʚʣʷʝʪʩʷ ʧʨʠʙʣʠʞʝʥʥʦʡ, ʧʦʩʢʦʣʴʢʫ 

ʚʤʝʩʪʦ ʬʘʢʪʠʯʝʩʢʠʭ ʰʠʨʦʪ ʪʦʯʝʢ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʨʝʜʥʷʷ ʰʠʨʦʪʘ, ʥʦ ʦʥʘ ʪʝʤ 

ʪʦʯʥʝʝ, ʯʝʤ ʙʣʠʞʝ ʣʦʢʩʦʜʨʦʤʠʷ ʢ ʧʘʨʘʣʣʝʣʠ. 

ɺ ʧʨʘʢʪʠʢʝ ʥʘʚʠʛʘʮʠʠ, ʢʦʛʜʘ ʥʝ ʪʨʝʙʫʝʪʩʷ ʚʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʫʪʝʚʦʛʦ ʫʛʣʘ ʣʦʢʩʦʜʨʦʤʠʠ, ʝʛʦ ʦʧʨʝʜʝʣʷʶʪ ʛʨʘʬʠʯʝʩʢʠ ʧʫʪʝʤ 

ʠʟʤʝʨʝʥʠʷ ʥʘ ʢʘʨʪʝ (ʨʠʩ. 4.16).  

 

 
 

ʈʠʩ. 4.16. ɻʨʘʬʠʯʝʩʢʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʣʦʢʩʦʜʨʦʤʠʯʝʩʢʦʛʦ ʧʫʪʝʚʦʛʦ ʫʛʣʘ 
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ʇʦʩʢʦʣʴʢʫ ʣʦʢʩʦʜʨʦʤʠʷ ʥʘ ʧʦʣʝʪʥʳʭ ʢʘʨʪʘʭ ʥʝ ʥʘʥʝʩʝʥʘ (ʥʘʥʝʩʝʥʳ 

ʪʦʣʴʢʦ ʫʯʘʩʪʢʠ ʃɿʇ, ʠʤʝʶʱʠʝ ʬʦʨʤʫ ʦʨʪʦʜʨʦʤʠʠ), ʪʨʘʥʩʧʦʨʪʠʨʦʤ ʠʟʤʝʨʷʶʪ 

ʧʫʪʝʚʦʡ ʫʛʦʣ ʦʨʪʦʜʨʦʤʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʨʝʜʥʝʛʦ ʤʝʨʠʜʠʘʥʘ ʫʯʘʩʪʢʘ. ʆʥ ʠ 

ʙʫʜʝʪ ʩʦʚʧʘʜʘʪʴ ʩ ʧʫʪʝʚʳʤ ʫʛʣʦʤ ʣʦʢʩʦʜʨʦʤʠʠ, ʧʦʩʢʦʣʴʢʫ ʧʦʩʝʨʝʜʠʥʝ 

ʫʯʘʩʪʢʘ ʤʘʨʰʨʫʪʘ ʦʨʪʦʜʨʦʤʠʷ ʠ ʣʦʢʩʦʜʨʦʤʠʷ ʧʨʠʤʝʨʥʦ ʧʘʨʘʣʣʝʣʴʥʳ. 

 

 

4.8. ʉʨʘʚʥʝʥʠʝ ʣʦʢʩʦʜʨʦʤʠʠ ʠ ʦʨʪʦʜʨʦʤʠʠ 

 

ʇʦʩʢʦʣʴʢʫ ʦʨʪʦʜʨʦʤʠʷ ï ʣʠʥʠʷ ʢʨʘʪʯʘʡʰʝʛʦ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʜʚʫʤʷ 

ʪʦʯʢʘʤʠ ʥʘ ʩʬʝʨʝ, ʪʦ ʣʦʢʩʦʜʨʦʤʠʷ ʚʩʝʛʜʘ ʜʣʠʥʥʝʝ ʦʨʪʦʜʨʦʤʠʠ (ʢʦʥʝʯʥʦ, ʝʩʣʠ 

ʦʥʠ ʥʝ ʩʦʚʧʘʜʘʪʁ). 

ʈʘʟʥʦʩʪʴ ʜʣʠʥ  ȹS ʙʫʜʝʪ ʥʘʠʙʦʣʴʰʝʡ, ʢʦʛʜʘ ʣʦʢʩʦʜʨʦʤʠʷ ʩʦʚʧʘʜʘʝʪ ʩ 

ʧʘʨʘʣʣʝʣʴʶ. 

ʄʘʢʩʠʤʘʣʴʥʦʝ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʫʜʣʠʥʝʥʠʝ 
ö
ö

÷

õ

æ
æ

ç

åD

ʦʨʪS

S
 ʠʤʝʝʪ ʤʝʩʪʦ ʚʙʣʠʟʠ 

ʧʦʣʶʩʘ ʠ ʜʦʩʪʠʛʘʝʪ 57%. 

ɺ ʵʢʚʘʪʦʨʠʘʣʴʥʳʭ ʠ ʩʨʝʜʥʠʭ ʰʠʨʦʪʘʭ ʧʨʠ ʥʝ ʦʯʝʥʴ ʙʦʣʴʰʠʭ 

ʨʘʩʩʪʦʷʥʠʭ̫  ʤʝʞʜʫ ʪʦʯʢʘʤʠ (ʤʘʣʘ ʨʘʟʥʦʩʪʴ ʜʦʣʛʦʪ) ʫʜʣʠʥʝʥʠʝ ʥʝ ʦʯʝʥʴ 

ʚʝʣʠʢʦ ʠ ʥʝ ʠʛʨʘʝʪ ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʦʣʠ. ʅʘʧʨʠʤʝʨ, ʧʨʠ ʩʨʝʜʥʝʡ ʰʠʨʦʪʝ 

j=54Ü30'  ʠ ʨʘʟʥʦʩʪʠ ʜʦʣʛʦʪ Dl=30Ü (ʵʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʘʩʩʪʦʷʥʠʶ ʧʨʠʤʝʨʥʦ 

S=2000 ʢʤ) ʫʜʣʠʥʝʥʠʝ ʩʦʩʪʘʚʠʪ ʚʩʝʛʦ DS=15ʢʤ. 

ʃʦʢʩʦʜʨʦʤʠʷ ʫʢʣʦʥʷʝʪʩʷ ʦʪ ʦʨʪʦʜʨʦʤʠʠ ʚ ʩʪʦʨʦʥʫ ʵʢʚʘʪʦʨʘ (ʨʠʩ. 4.17), 

ʪʦ ʝʩʪʴ ʚ ʩʝʚʝʨʥʦʤ ʧʦʣʫʰʘʨʠʠ ʢ ʶʛʫ, ʘ ʚ ʶʞʥʦʤ ï ʢ ʩʝʚʝʨʫ. 

 

 
 

ʈʠʩ. 4.17. ʋʢʣʦʥʝʥʠʝ ʣʦʢʩʦʜʨʦʤʠʠ ʦʪ ʦʨʪʦʜʨʦʤʠʠ 
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ʄʘʢʩʠʤʘʣʴʥʦʝ ʙʦʢʦʚʦʝ ʫʢʣʦʥʝʥʠʝ Zmax ʠʤʝʝʪ ʤʝʩʪʦ ʧʨʠʤʝʨʥʦ 

ʧʦʩʝʨʝʜʠʥʝ ʣʦʢʩʦʜʨʦʤʠʠ ʠ ʤʦʞʝʪ ʙʳʪʴ ʦʮʝʥʝʥʦ (ʚ ʢʠʣʦʤʝʪʨʘʭ) ʧʦ 

ʧʨʠʙʣʠʞʝʥʥʦʡ ʬʦʨʤʫʣʝ: 

458
max

A
ʩʭS

Z
d

º , 

ʛʜʝ ŭʩʭ ï ʫʛʦʣ ʩʭʦʞʜʝʥʠʷ ʤʝʨʠʜʠʘʥʦʚ ʥʘʯʘʣʘ ʠ ʢʦʥʮʘ ʣʦʢʩʦʜʨʦʤʠʠ (ʚ 

ʛʨʘʜʫʩʘʭ).   

ʈʘʩʩʤʦʪʨʠʤ ʜʚʘ ʧʨʠʤʝʨʘ ʨʘʩʯʝʪʘ ʧʦ  ʵʪʦʡ ʬʦʨʤʫʣʝ. 

1) j1 = j2 = 60A;   Dl = 5A;   S = 275 ʢʤ;   dʩʭ = 4,3A. ʇʦ ʬʦʨʤʫʣʝ 

ʧʦʣʫʯʘʝʤ Zmax = 2,6 ʢʤ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʘʭʦʞʜʝʥʠʶ ɺʉ, ʚʳʧʦʣʥʷʶʱʝʛʦ 

ʧʦʣʝʪ ʧʦ ʣʦʢʩʦʜʨʦʤʠʠ, ʚ ʧʨʝʜʝʣʘʭ ʰʠʨʠʥʳ ʪʨʘʩʩʳ. 

2) j1 = j2 = 60A;   Dl = 20A;   S = 1100 ʢʤ;  dʩʭ º17,3A. ɺ ʵʪʦʤ ʩʣʫʯʘʝ 

Zmax = 41 ʢʤ ʠ ʧʦʣʝʪ ʧʦ ʣʦʢʩʦʜʨʦʤʠʯʝʩʢʦʡ ʃɿʇ, ʢʦʥʝʯʥʦ, ʥʝʜʦʧʫʩʪʠʤ. 

ɽʩʣʠ ʥʘ ɺʉ ʠʩʧʦʣʴʟʫʶʪʩʷ ʣʦʢʩʦʜʨʦʤʠʯʝʩʢʠʝ ʢʫʨʩʦʚʳʝ ʧʨʠʙʦʨʳ, 

ʥʘʧʨʠʤʝʨ, ʤʘʛʥʠʪʥʳʡ ʢʦʤʧʘʩ, ʠ ʧʦʣʝʪ ʤʦʞʝʪ ʚʳʧʦʣʥʷʪʴʩʷ ʪʦʣʴʢʦ ʧʦ 

ʣʦʢʩʦʜʨʦʤʠʠ, ʪʦ ʝʩʪʴ ʩ ʟʘʚʝʜʦʤʳʤ ʦʪʢʣʦʥʝʥʠʝʤ ʦʪ ʃɿʇ, ʪʦ ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ 

ʫʢʣʦʥʝʥʠʷ ʢʘʞʜʳʡ ʫʯʘʩʪʦʢ ʤʘʨʰʨʫʪʘ ʙʦʣʴʰʦʡ ʧʨʦʪʷʞʝʥʥʦʩʪʠ  ʤʦʞʥʦ 

ʨʘʟʙʠʪʴ ʥʘ ʜʚʝ-ʪʨʠ ʯʘʩʪʠ ʠ ʜʣʷ ʢʘʞʜʦʡ ʠʟ ʥʠʭ ʦʧʨʝʜʝʣʠʪʴ ʩʚʦʡ 

ʣʦʢʩʦʜʨʦʤʠʯʝʩʢʠʡ ʧʫʪʝʚʦʡ ʫʛʦʣ. 

 

 

4.9. ʃʠʥʠʠ ʧʦʣʦʞʝʥʠʷ ʥʘ ʩʬʝʨʝ 

 

ʇʦʥʷʪʠʝ ʦʙ ʦʙʦʙʱʝʥʥʦʤ ʤʝʪʦʜʝ ʣʠʥʠʡ ʧʦʣʦʞʝʥʠʷ.  ʇʨʘʢʪʠʯʝʩʢʠ 

ʣʶʙʦʡ ʩʧʦʩʦʙ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʩʪʘ ʩʘʤʦʣʝʪʘ ʧʦ ʧʨʠʙʦʨʘʤ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ 

ʢʘʢ ʯʘʩʪʥʳʡ ʩʣʫʯʘʡ ʧʨʠʤʝʥʝʥʠʷ ʦʙʦʙʱʝʥʥʦʛʦ ʤʝʪʦʜʘ ʣʠʥʠʡ ʧʦʣʦʞʝʥʠʷ. 

ʊʝʦʨʝʪʠʯʝʩʢʫʶ ʦʩʥʦʚʫ ʵʪʦʛʦ ʤʝʪʦʜʘ, ʧʦʟʚʦʣʷʶʱʫʶ ʫʥʠʬʠʮʠʨʦʚʘʪʴ ʨʘʟʥʳʝ 

ʩʧʦʩʦʙʳ ʤʝʩʪʦʦʧʨʝʜʝʣʝʥʠʷ ʠ ʦʮʝʥʢʫ ʠʭ ʪʦʯʥʦʩʪʠ, ʟʘʣʦʞʠʣ ɺ.ɺ.ʂʘʚʨʘʡʩʢʠʡ. 

ʆʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʧʦʥʷʪʠʡ ʦʙʦʙʱʝʥʥʦʛʦ ʤʝʪʦʜʘ ʣʠʥʠʡ ʧʦʣʦʞʝʥʠʷ 

ʷʚʣʷʝʪʩʷ ʧʦʥʷʪʠʝ ʥʘʚʠʛʘʮʠʦʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ. ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ 

ʥʘʚʠʛʘʮʠʦʥʥʳʤ ʧʘʨʘʤʝʪʨʦʤ ʥʘʟʳʚʘʝʪʩʷ ʣʶʙʘʷ ʬʠʟʠʯʝʩʢʘʷ ʠʣʠ 

ʛʝʦʤʝʪʨʠʯʝʩʢʘʷ ʚʝʣʠʯʠʥʘ, ʟʥʘʯʝʥʠʝ ʢʦʪʦʨʦʡ ʢʘʢ ʙʳ çʟʘʢʨʝʧʣʝʥʦè ʟʘ ʢʘʞʜʦʡ 

ʪʦʯʢʦʡ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʪʦ ʝʩʪʴ ʚʝʣʠʯʠʥʘ, ʷʚʣʷʶʱʘʷʩʷ ʬʫʥʢʮʠʝʡ ʢʦʦʨʜʠʥʘʪ 

ʪʦʯʢʠ. 

ʆʜʥʦ ʠ ʪʦ ʞʝ ʟʥʘʯʝʥʠʝ ʥʘʚʠʛʘʮʠʦʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʠʤʝʝʪ ʤʝʩʪʦ ʥʝ ʚ 

ʦʜʥʦʡ, ʘ ʚ ʙʝʩʢʦʥʝʯʥʦʤ ʤʥʦʞʝʩʪʚʝ ʪʦʯʝʢ. ʂʘʢ ʧʨʘʚʠʣʦ, ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʚʩʝ 

ʪʦʯʢʠ ʩ ʦʜʠʥʘʢʦʚʳʤ ʟʥʘʯʝʥʠʝʤ ʧʘʨʘʤʝʪʨʘ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʥʘ ʢʘʢʦʡ-ʪʦ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʤʥʦʡ ʩʬʝʨ rï ʥʘ ʢʘʢʦʡ-ʪʦ ʣʠʥʠʠ. 

ʃʠʥʠʝʡ ʧʦʣʦʞʝʥʠʷ (ʃʇ) ʥʘʟʳʚʘʝʪʩʷ ʛʝʦʤʝʪʨʠʯʝʩʢʦʝ ʤʝʩʪʦ ʪʦʯʝʢ ʥʘ 

ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʦʜʠʥʘʢʦʚʳʤ ʟʥʘʯʝʥʠʝʤ ʥʘʚʠʛʘʮʠʦʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ. 

ʂʘʞʜʦʤʫ ʚʠʜʫ ʥʘʚʠʛʘʮʠʦʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʣʠʥʠʷ ʧʦʣʦʞʝʥʠʷ 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʬʦʨʤʳ. ɿʥʘʷ ʟʥʘʯʝʥʠʝ ʥʘʚʠʛʘʮʠʦʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʠ  ʬʦʨʤʫ 
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ʃʇ, ʝʝ ʤʦʞʥʦ ʧʨʦʣʦʞʠʪʴ ʥʘ ʢʘʨʪʝ ʚ ʧʦʣʝʪʝ ʠʣʠ ʟʘʨʘʥʝʝ ʥʘʥʝʩʪʠ ʩʝʤʝʡʩʪʚʦ 

ʃʇ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʘʟʣʠʯʥʳʤ ʟʥʘʯʝʥʠʷʤ ʥʘʚʠʛʘʮʠʦʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ. 

ɽʩʣʠ ʚ ʧʦʣʝʪʝ ʩ ʧʦʤʦʱʴʶ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʧʨʠʙʦʨʦʚ ʠʟʤʝʨʝʥʦ ʟʥʘʯʝʥʠʝ 

ʥʘʚʠʛʘʮʠʦʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʚ ʪʦʯʢʝ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ɺʉ, ʪʦ ʦʯʝʚʠʜʥʦ, ʯʪʦ ʵʪʘ 

ʪʦʯʢʘ ʥʘʭʦʜʠʪʩʷ ʛʜʝ-ʪʦ ʥʘ ʃʇ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʜʘʥʥʦʤʫ ʟʥʘʯʝʥʠʶ 

ʧʘʨʘʤʝʪʨʘ. ɸʥʘʣʦʛʠʯʥʦ, ʠʟʤʝʨʠʚ ʜʨʫʛʦʡ ʥʘʚʠʛʘʮʠʦʥʥʳʡ ʧʘʨʘʤʝʪʨ ʠ 

ʦʧʨʝʜʝʣʠʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʝʤʫ ʚʪʦʨʫʶ ʃʇ, ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʠ ʤʝʩʪʦ 

ʩʘʤʦʣʝʪʘ. ʕʪʦ ʙʫʜʝʪ ʪʦʯʢʘ ʧʝʨʝʩʝʯʝʥʠʷ ʜʚʫʭ ʃʇ. 

ʄʦʞʥʦ ʥʝ ʧʨʦʢʣʘʜʳʚʘʪʴ  ʣʠʥʠʠ ʧʦʣʦʞʝʥʠʷ ʛʨʘʬʠʯʝʩʢʠ ʥʘ ʢʘʨʪʝ, ʝʩʣʠ 

ʠʟʚʝʩʪʥʳ ʠʭ ʫʨʘʚʥʝʥʠʷ  ʥʘ ʩʬʝʨʝ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʤʦʞʥʦ ʘʥʘʣʠʪʠʯʝʩʢʠʤ ʧʫʪʝʤ 

(ʧʦ ʬʦʨʤʫʣʘʤ) ʨʘʩʩʯʠʪʘʪʴ ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʢʠ ʧʝʨʝʩʝʯʝʥʠʷ ʃʇ, ʪʦ ʝʩʪʴ 

ʰʠʨʦʪʫ ʠ ʜʦʣʛʦʪʫ ʤʝʩʪʘ ʩʘʤʦʣʝʪʘ. ʆʜʥʘʢʦ, ʧʦʩʢʦʣʴʢʫ ʵʪʠ ʫʨʘʚʥʝʥʠʷ ʥʘ ʩʬʝʨʝ 

ʜʦʩʪʘʪʦʯʥʦ ʛʨʦʤʦʟʜʢʠ, ʥʘ ʧʨʘʢʪʠʢʝ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʢʦʦʨʜʠʥʘʪ 

ʨʝʘʣʠʟʫʝʪʩʷ ʪʦʣʴʢʦ ʧʨʠ ʥʘʣʠʯʠʠ ʥʘ ʙʦʨʪʫ ʮʠʬʨʦʚʦʛʦ ʥʘʚʠʛʘʮʠʦʥʥʦʛʦ 

ʚʳʯʠʩʣʠʪʝʣʷ (ʢʦʤʧʴʶʪʝʨʘ). 

ʈʘʩʩʤʦʪʨʠʤ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʥʘʚʠʛʘʮʠʠ ʥʘʚʠʛʘʮʠʦʥʥʳʝ 

ʧʘʨʘʤʝʪʨʳ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʤ ʣʠʥʠʠ ʧʦʣʦʞʝʥʠʷ. 

ʃʠʥʠʷ ʨʘʚʥʳʭ ʧʝʣʝʥʛʦʚ ʩʘʤʦʣʝʪʘ (ʃʈʇʉ). ʕʪʦ ʣʠʥʠʷ ʥʘ ʟʝʤʥʦʡ 

ʩʬʝʨʝ, ʚ ʢʘʞʜʦʡ ʪʦʯʢʝ ʢʦʪʦʨʦʡ ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʧʝʣʝʥʛ ʩʘʤʦʣʝʪʘ. 

ʇʝʣʝʥʛ ʩʘʤʦʣʝʪʘ ï  ʵʪʦ ʫʛʦʣ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ, ʟʘʢʣʶʯʝʥʥʳʡ  

ʤʝʞʜʫ ʩʝʚʝʨʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʤʝʨʠʜʠʘʥʘ, ʧʨʦʭʦʜʷʱʝʛʦ ʯʝʨʝʟ ʨʘʜʠʦʤʘʷʢ, ʠ 

ʥʘʧʨʘʚʣʝʥʠʝʤ ʥʘ ʩʘʤʦʣʝʪ (ʨʠʩ.4.18). 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʧʦʜ çʥʘʧʨʘʚʣʝʥʠʝʤ ʥʘ ʩʘʤʦʣʝʪè ʧʦʥʠʤʘʝʪʩʷ 

ʥʘʧʨʘʚʣʝʥʠʝ ʧʦ ʣʠʥʠʠ ʢʨʘʪʯʘʡʰʝʛʦ ʨʘʩʩʪʦʷʥʠʷ. ʊʘʢʦʡ ʣʠʥʠʝʡ ʥʘ ʧʣʦʩʢʦʩʪʠ 

ʷʚʣʷʝʪʩʷ ʧʨʷʤʘʷ, ʘ ʥʘ ʩʬʝʨʝ ï ʜʫʛʘ ʙʦʣʴʰʦʛʦ ʢʨʫʛʘ (ʦʨʪʦʜʨʦʤʠʷ). ʆʯʝʚʠʜʥʦ, 

ʯʪʦ ʚ ʢʘʞʜʦʡ ʪʦʯʢʝ ʵʪʦʡ  ʣʠʥʠʠ ʙʫʜʝʪ ʦʜʠʥʘʢʦʚʳʡ ʧʝʣʝʥʛ ʩʘʤʦʣʝʪʘ (ʩʤ. ʨʠʩ. 

4.18). 

 

 
 

ʈʠʩ. 4.18. ʃʠʥʠʷ ʨʘʚʥʳʭ ʧʝʣʝʥʛʦʚ ʩʘʤʦʣʝʪʘ ʥʘ ʧʣʦʩʢʦʩʪʠ ʠ ʥʘ ʩʬʝʨʝ 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʃʈʇʉ ʥʘ ʩʬʝʨʝ ʠʤʝʝʪ ʬʦʨʤʫ ʦʨʪʦʜʨʦʤʠʠ, ʪʦ ʝʩʪʴ 

ʦʢʨʫʞʥʦʩʪʠ ʩ ʨʘʜʠʫʩʦʤ, ʨʘʚʥʳʤ ʨʘʜʠʫʩʫ ʩʬʝʨʳ. 
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ʋʨʘʚʥʝʥʠʝ ʃʈʇʉ ʥʘ ʩʬʝʨʝ ʣʝʛʢʦ ʧʦʣʫʯʠʪʴ ʠʟ ʫʨʘʚʥʝʥʠʷ (4.11) ʧʫʪʝʚʦʛʦ 

ʫʛʣʘ ʦʨʪʦʜʨʦʤʠʠ, ʧʨʦʩʪʦ ʟʘʤʝʥʠʚ ʦʙʦʟʥʘʯʝʥʠʷ. ʇʦʜʩʪʘʚʠʚ ʚʤʝʩʪʦ ʧʫʪʝʚʦʛʦ 

ʫʛʣʘ ɓ ʧʝʣʝʥʛ ʩʘʤʦʣʝʪʘ ʇʩ , ʚʤʝʩʪʦ ʰʠʨʦʪʳ ű1 ʠ ʜʦʣʛʦʪʳ ɚ1 ʧʝʨʚʦʡ ʪʦʯʢʠ ï 

ʢʦʦʨʜʠʥʘʪʳ ʨʘʜʠʦʤʘʷʢʘ űʨ ʠ ɚʨ , ʘ ʚʤʝʩʪʦ ʢʦʦʨʜʠʥʘʪ ʚʪʦʨʦʡ ʪʦʯʢʠ ï ʰʠʨʦʪʫ ű 

ʠ ʜʦʣʛʦʪʫ ɚ ʧʨʦʠʟʚʦʣʴʥʦʡ ʪʦʯʢʠ ʥʘ ʦʨʪʦʜʨʦʤʠʠ, ʧʦʣʫʯʠʤ:  

 

( ) ( )ʨʨʨʨʩ
ctgectgctgʇ lljlljj ---= sincoscos . 

ʕʪʦ ʠ ʙʫʜʝʪ ʫʨʘʚʥʝʥʠʝ ʃʈʇʉ (ʦʨʪʦʜʨʦʤʠʠ) ʥʘ ʩʬʝʨʝ. ɺ ʥʝʤ ʇʩ , űʨ ʠ ɚʨ  

ʷʚʣʷʶʪʩʷ ʧʦʩʪʦʷʥʥʳʤʠ ʜʣʷ ʜʘʥʥʦʡ ʃʈʇʉ ʚʝʣʠʯʠʥʘʤʠ. ʇʝʨʝʤʝʥʥʳʤʠ 

ʷʚʣʷʶʪʩʷ ű ʠ ɚ  ʧʨʦʠʟʚʦʣʴʥʦʡ ʪʦʯʢʠ. ɽʩʣʠ ʠʟ ʵʪʦʛʦ ʚʳʨʘʞʝʥʠʷ ʚʳʨʘʟʠʪʴ 

ʰʠʨʦʪʫ ű, ʧʝʨʝʥʝʩʷ ʝʝ ʚ ʣʝʚʫʶ ʯʘʩʪʴ ʠ ʦʩʪʘʚʠʚ ʚ ʧʨʘʚʦʡ ɚ,  ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ 

ʫʨʘʚʥʝʥʠʝ ʠ ʚ ʷʚʥʦʤ ʚʠʜʝ, ʪʦ ʝʩʪʴ ʦʧʨʝʜʝʣʠʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ʰʠʨʦʪʳ ʦʪ 

ʜʦʣʛʦʪʳ ʜʣʷ ʪʦʯʝʢ, ʥʘʭʦʜʷʱʠʭʩʷ ʥʘ ʃʈʇʉ. 

ʈʘʟʫʤʝʝʪʩʷ, ʚʩʝ ʚʳʚʦʜʳ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʩʜʝʣʘʥʳ ʨʘʥʝʝ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ 

ʦʨʪʦʜʨʦʤʠʠ, ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʦʪʥʦʩʷʪʩʷ ʠ ʢ ʃʈʇʉ ï ʵʪʦ ʦʜʥʘ ʠ ʪʘ ʞʝ ʣʠʥʠʷ.  

ʃʠʥʠʷ ʨʘʚʥʳʭ ʧʝʣʝʥʛʦʚ ʨʘʜʠʦʩʪʘʥʮʠʠ (ʃʈʇʈ). ʇʝʣʝʥʛ ʨʘʜʠʦʩʪʘʥʮʠʠ 

ï ʵʪʦ ʫʛʦʣ, ʟʘʢʣʶʯʝʥʥʳʡ ʤʝʞʜʫ ʤʝʨʠʜʠʘʥʦʤ  ʪʦʯʢʠ (ʩʘʤʦʣʝʪʘ) ʠ 

ʥʘʧʨʘʚʣʝʥʠʝʤ ʥʘ ʨʘʜʠʦʩʪʘʥʮʠʶ. ʃʈʇʈ ï ʵʪʦ ʣʠʥʠʷ ʥʘ ʩʬʝʨʝ, ʚʦ ʚʩʝʭ ʪʦʯʢʘʭ 

ʢʦʪʦʨʦʡ ʵʪʦʪ ʫʛʦʣ ʦʜʠʥʘʢʦʚ. ʅʘ ʧʝʨʚʳʡ ʚʟʛʣʷʜ ʵʪʦ ʜʦʣʞʥʘ ʙʳʪʴ ʪʘʢʘʷ ʞʝ 

ʣʠʥʠʷ, ʯʪʦ ʠ ʃʈʇʉ. ʂʘʟʘʣʦʩʴ ʙʳ, ʯʪʦ ʧʝʣʝʥʛ ʩʘʤʦʣʝʪʘ ï ʵʪʦ çʪʫʜʘè, ʘ ʧʝʣʝʥʛ 

ʨʘʜʠʦʩʪʘʥʮʠʠ çʦʙʨʘʪʥʦè, ʪʦ ʝʩʪʴ ʵʪʦ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʦʜʥʦʡ ʠ 

ʪʦʡ ʞʝ ʣʠʥʠʠ. 

ʅʘ ʩʘʤʦʤ ʜʝʣʝ ʵʪʦ ʥʝ ʪʘʢ, ʧʦʩʢʦʣʴʢʫ ʧʝʣʝʥʛ ʩʘʤʦʣʝʪʘ ʠʟʤʝʨʷʝʪʩʷ ʦʪ 

ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʤʝʨʠʜʠʘʥʘ (ʨʘʜʠʦʩʪʘʥʮʠʠ), ʥʝʟʘʚʠʩʠʤʦ ʦʪ  ʪʦʛʦ, ʛʜʝ 

ʥʘʭʦʜʠʪʩʷ ʪʝʢʫʱʘʷ ʪʦʯʢʘ (ʩʘʤʦʣʝʪ), ʘ ʚʦʪ ʧʝʣʝʥʛ ʨʘʜʠʦʩʪʘʥʮʠʠ ʢʘʞʜʳʡ ʨʘʟ 

ʠʟʤʝʨʷʝʪʩʷ ʦʪ ʥʦʚʦʛʦ ʤʝʨʠʜʠʘʥʘ ï ʤʝʨʠʜʠʘʥʘ ʪʝʢʫʱʝʡ ʪʦʯʢʠ (ʩʘʤʦʣʝʪʘ). 

ʇʦʩʢʦʣʴʢʫ ʤʝʨʠʜʠʘʥʳ ʥʝ ʧʘʨʘʣʣʝʣʴʥʳ, ʵʪʦ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʤʝʥʷʝʪ ʚʩʶ 

ʢʘʨʪʠʥʫ. ʃʈʇʈ ʠʤʝʝʪ ʩʣʦʞʥʫʶ ʬʦʨʤʫ, ʥʘʟʳʚʘʝʤʫʶ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ 

ʣʝʤʥʠʩʢʘʪʦʡ. 

 
 

ʈʠʩ. 4.19. ʃʠʥʠʷ ʨʘʚʥʳʭ ʧʝʣʝʥʛʦʚ ʨʘʜʠʦʩʪʘʥʮʠʠ 
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ʅʘ ʨʠʩ. 4.19  ʃʈʇʈ ʠʟʦʙʨʘʞʝʥʘ ʩʧʣʦʰʥʦʡ ʣʠʥʠʝʡ, ʘ ʦʨʪʦʜʨʦʤʠʯʝʩʢʠʝ 

ʥʘʧʨʘʚʣʝʥʠʷ ʥʘ ʨʘʜʠʦʩʪʘʥʮʠʶ ï ʧʫʥʢʪʠʨʦʤ. ʃʈʇʈ ï ʵʪʦ ʪʘʢʘʷ ʣʠʥʠʷ, ʥʘ 

ʢʦʪʦʨʦʡ ʚ ʢʘʞʜʦʡ ʝʝ ʪʦʯʢʝ ʫʛʦʣ ʤʝʞʜʫ ʤʝʨʠʜʠʘʥʦʤ ʵʪʦʡ ʪʦʯʢʠ ʠ 

ʥʘʧʨʘʚʣʝʥʠʝʤ ʧʦ ʦʨʪʦʜʨʦʤʠʠ (ʧʫʥʢʪʠʨ) ʥʘ ʨʘʜʠʦʩʪʘʥʮʠʶ  ʦʜʠʥʘʢʦʚ. 

ʋʨʘʚʥʝʥʠʝ ʃʈʇʈ ʪʘʢʞʝ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʠʟ ʬʦʨʤʫʣ rʧʫʪʝʚʦʛʦ ʫʛʣʘ 

ʦʨʪʦʜʨʦʤʠʠ, ʪʦʣʴʢʦ ʪʝʧʝʨʴ ʚʤʝʩʪʦ ʢʦʦʨʜʠʥʘʪ ʚʪʦʨʦʡ ʪʦʯʢʠ ʥʫʞʥʦ ʧʦʜʩʪʘʚʠʪʴ 

ʢʦʦʨʜʠʥʘʪʳ ʨʘʜʠʦʤʘʷʢʘ, ʘ ʚʤʝʩʪʦ ʢʦʦʨʜʠʥʘʪ ʧʝʨʚʦʡ ʪʦʯʢʠ ï ʪʝʢʫʱʠʝ ű ʠ ɚ: 

 

ctg ʇʨ =cosj tgjʨ cosec(lp- l) - sinj ctg(lp- l). 
 

ʂʘʞʜʦʤʫ ʟʥʘʯʝʥʠʶ ʇʨ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʚʦʷ ʃʈʇʈ, ʦʥʠ ʦʙʨʘʟʫʶʪ 

ʩʝʤʝʡʩʪʚʦ ʵʪʠʭ ʣʠʥʠʡ ʧʦʣʦʞʝʥʠʷ. ɽʩʣʠ ʠʭ ʧʨʦʜʦʣʞʠʪʴ  ʧʦ ʚʩʝʡ ʩʬʝʨʝ, 

ʦʪʚʣʝʢʘʷʩʴ ʦʪ ʪʦʛʦ, ʯʪʦ ʚ ʨʝʘʣʴʥʦʩʪʠ ʨʘʜʠʦʤʘʷʢʠ ʠʤʝʶʪ ʦʛʨʘʥʠʯʝʥʥʫʶ 

ʜʘʣʴʥʦʩʪʴ ʜʝʡʩʪʚʠʷ, ʪʦ ʧʦʣʫʯʠʪʩʷ  ʩʣʝʜʫʶʱʘʷ ʢʘʨʪʠʥʘ (ʨʠʩ. 4.20. ɿʜʝʩʴ 

ʨʘʜʠʦʤʘʷʢ ʨʘʩʧʦʣʦʞʝʥ ʥʘ ʰʠʨʦʪʝ jʨ = 20Á ʩ.ʰ.). 

ʉʝʤʝʡʩʪʚʦ ʃʈʇʈ ʦʙʣʘʜʘʝʪ ʩʣʝʜʫʶʱʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. 

1. ɺʩʝ ʃʈʇʈ ʧʨʦʭʦʜʷʪ ʯʝʨʝʟ ʯʝʪʳʨʝ ʪʦʯʢʠ: ʨʘʜʠʦʤʘʷʢ, ʪʦʯʢʫ 

ʜʠʘʤʝʪʨʘʣʴʥʦ ʝʤʫ ʧʨʦʪʠʚʦʧʦʣʦʞʥʫʶ ʥʘ ʟʝʤʥʦʤ ʰʘʨʝ, ʜʚʘ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ 

ʧʦʣʶʩʘ. 

2.   ʕʢʚʘʪʦʨ ʧʝʨʝʩʝʢʘʶʪ ʪʦʣʴʢʦ ʪʝ ʃʈʇʈ, ʜʣʷ ʢʦʪʦʨʳʭ ʇʨ < 90Aī jʨ. 
3.  ʂʘʞʜʘʷ ʃʈʇʈ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʚʝʪʚʝʡ, ʨʘʩʧʦʣʘʛʘʶʱʠʭʩʷ ʧʦ-ʨʘʟʥʦʤʫ 

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ ʇʨ ʠ (90Aī jʨ). 
4. ʉʝʤʝʡʩʪʚʦ ʃʈʇʈ ʩʠʤʤʝʪʨʠʯʥʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʝʨʠʜʠʘʥʘ ʨʘʜʠʦʤʘʷʢʘ. 

 

 
 

ʈʠʩ. 4.20. ʉʝʤʝʡʩʪʚʦ ʃʈʇʈ ʥʘ ʩʬʝʨʝ 
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ʅʘ ʧʨʘʢʪʠʢʝ ʫʛʣʦʤʝʨʥʳʝ ʨʘʜʠʦʤʘʷʢʠ ʠʤʝʶʪ ʦʛʨʘʥʠʯʝʥʥʫʶ ʜʘʣʴʥʦʩʪʴ 

ʜʝʡʩʪʚʠʷ (ʦʙʳʯʥʦ ʥʝ ʙʦʣʝʝ 400 ʢʤ). ʅʘ ʤʘʣʳʭ ʫʜʘʣʝʥʠʷʭ ʜʦ ʨʘʜʠʦʤʘʷʢʘ 

(ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʢʦʚ ʢʠʣʦʤʝʪʨʦʚ) ʃʈʇʈ ʙʣʠʟʢʘ ʢ ʦʨʪʦʜʨʦʤʠʠ (ʃʈʇʉ), ʘ ʧʨʠ 

ʙʦʣʴʰʠʭ ʫʜʘʣʝʥʠʷʭ ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪ ʥʝʝ ʦʪʢʣʦʥʷʪʴʩʷ. ʕʪʦ ʦʟʥʘʯʘʝʪ, 

ʯʪʦ ʚʳʧʦʣʥʷʷ ʧʦʣʝʪ ʥʘ ʨʘʜʠʦʤʘʷʢ ʧʫʪʝʤ ʚʳʜʝʨʞʠʚʘʥʠʷ ʧʦʩʪʦʷʥʥʦʛʦ ʧʝʣʝʥʛʘ 

ʨʘʜʠʦʩʪʘʥʮʠʠ  ʇʨ, ʩʘʤʦʣʝʪ ʫʢʣʦʥʠʪʩʷ ʦʪ ʦʨʪʦʜʨʦʤʠʯʝʩʢʦʡ ʃɿʇ (ʨʠʩ. 4.21).  

ʄʘʢʩʠʤʘʣʴʥʘʷ ʚʝʣʠʯʠʥʘ ʫʢʣʦʥʝʥʠʷ Zʩ  ʚ ʢʠʣʦʤʝʪʨʘʭ ʤʦʞʝʪ ʙʳʪʴ 

ʦʮʝʥʝʥʘ ʧʦ ʧʨʠʙʣʠʞʝʥʥʦʡ ʬʦʨʤʫʣʝ: 
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ʛʜʝ S ï ʥʘʯʘʣʴʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʨʘʜʠʦʤʘʷʢʘ (ʚ ʢʠʣʦʤʝʪʨʘʭ); ʇʨ  ʠ  ʨj  - 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚʳʜʝʨʞʠʚʘʝʤʳʡ ʧʝʣʝʥʛ ʨʘʜʠʦʩʪʘʥʮʠʠ ʠ ʝʝ ʰʠʨʦʪʘ (ʚ 

ʛʨʘʜʫʩʘʭ). 

ʀʟ ʬʦʨʤʫʣʳ ʚʠʜʥʦ, ʯʪʦ ʫʢʣʦʥʝʥʠʝ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʩʠʥʫʩʫ ʧʝʣʝʥʛʘ, ʠ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʷʚʣʷʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʳʤ ʧʨʠ ʇʨ   90Á ʠ 270Á, ʘ ʧʨʠ ʧʦʣʝʪʝ ʥʘ 

ʩʝʚʝʨ ʠʣʠ ʶʛ ʙʫʜʝʪ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤ. ʀʟ ʟʥʘʤʝʥʘʪʝʣʷ ʩʣʝʜʫʝʪ, ʯʪʦ ʚ ʧʦʣʷʨʥʳʭ 

ʨʘʡʦʥʘʭ ʫʢʣʦʥʝʥʠʷ ʧʨʠ ʧʨʦʯʠʭ ʨʘʚʥʳʭ ʫʩʣʦʚʠʷʭ ʙʦʣʴʰʝ. ʉʫʱʝʩʪʚʝʥʥʦ 

ʟʘʚʠʩʠʪ ʫʢʣʦʥʝʥʠʝ ʦʪ ʥʘʯʘʣʴʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ S ī  ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʝʛʦ 

ʢʚʘʜʨʘʪʫ. ʅʘʧʨʠʤʝʨ, ʧʨʠ ʰʠʨʦʪʝ ʨʘʜʠʦʤʘʷʢʘ 60Á ʠ ʚʳʜʝʨʞʠʚʘʥʠʠ ʧʝʣʝʥʛʘ 

90Á ʧʨʠ ʥʘʯʘʣʴʥʦʤ ʫʜʘʣʝʥʠʠ S=150 ʢʤ ʫʢʣʦʥʝʥʠʝ ʩʦʩʪʘʚʠʪ ʧʨʠʤʝʨʥʦ 1,7 ʢʤ, 

ʘ ʧʨʠ S=300  ʢʤ ʦʥʦ ʙʫʜʝʪ ʫʞʝ ʦʢʦʣʦ 7 ʢʤ, ʪʦ ʝʩʪʴ ʧʨʝʚʳʩʠʪ ʧʦʣʦʚʠʥʫ 

ʰʠʨʠʥʳ ʪʨʘʩʩʳ.  

 

 
 

ʈʠʩ. 4.21. ʋʢʣʦʥʝʥʠʝ ʦʪ ʃɿʇ ʧʨʠ ʧʦʣʝʪʝ ʧʦ ʃʈʇʈ 
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ʃʠʥʠʷ ʨʘʚʥʳʭ ʨʘʩʩʪʦʷʥʠʡ (ʃʈʈ). ʕʪʘ ʃʇ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʥʘʚʠʛʘʮʠʦʥʥʦʤʫ ʧʘʨʘʤʝʪʨʫ çʫʜʘʣʝʥʠʝ ʩʘʤʦʣʝʪʘ ʦʪ ʨʘʜʠʦʤʘʷʢʘè, ʪʦ ʝʩʪʴ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʜʘʣʴʥʦʩʪʠ D.  ʃʈʈ ï ʛʝʦʤʝʪʨʠʯʝʩʢʦʝ ʤʝʩʪʦ ʪʦʯʝʢ ʥʘ ʟʝʤʥʦʡ 

ʩʬʝʨʝ, ʨʘʚʥʦʫʜʘʣʝʥʥʳʭ ʦʪ ʥʝʢʦʪʦʨʦʡ ʪʦʯʢʠ (ʨʘʜʠʦʤʘʷʢʘ). 

ʅʝʪʨʫʜʥʦ ʧʨʝʜʩʪʘʚʠʪʴ, ʯʪʦ ʠ ʥʘ ʩʬʝʨʝ, ʠ ʥʘ ʧʣʦʩʢʦʩʪʠ ʃʈʈ ʠʤʝʝʪ 

ʬʦʨʤʫ ʦʢʨʫʞʥʦʩʪʠ (ʨʠʩ. 4.22). ʋʨʘʚʥʝʥʠʝ ʃʈʈ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʦ ʠʟ 

ʬʦʨʤʫʣʳ   ʜʣʠʥʳ ʦʨʪʦʜʨʦʤʠʠ (4.12). 

ɺʳʨʘʟʠʚ  ʨʘʩʩʪʦʷʥʠʝ D  ʯʝʨʝʟ ʢʦʦʨʜʠʥʘʪʳ ʨʘʜʠʦʤʘʷʢʘ ʠ ʧʨʦʠʟʚʦʣʴʥʦʡ 

ʪʦʯʢʠ ʥʘ ʃʈʈ (ʩʤ. ʨʠʩ. 4.22), ʧʦʣʫʯʠʤ: 

 

cosD = sinj sinjp + cosjp cosj cos(l - lp). 
 

 
 

ʈʠʩ. 4.22. ʃʠʥʠʷ ʨʘʚʥʳʭ ʨʘʩʩʪʦʷʥʠʡ 

 

ʃʠʥʠʷ ʨʘʚʥʳʭ ʨʘʟʥʦʩʪʝʡ ʨʘʩʩʪʦʷʥʠʡ (ʃʈʈʈ). ʉʦʦʪʚʝʪʩʪʚʫʝʪ 

ʥʘʚʠʛʘʮʠʦʥʥʦʤʫ ʧʘʨʘʤʝʪʨʫ ȹD= D2 ï D1  , ʪʦ ʝʩʪʴ ʨʘʟʥʦʩʪʠ ʨʘʩʩʪʦʷʥʠʡ ʦʪ 

ʜʘʥʥʦʡ ʪʦʯʢʠ (ʩʘʤʦʣʝʪʘ) ʜʦ ʜʚʫʭ ʟʘʜʘʥʥʳʭ ʨʘʜʠʦʩʪʘʥʮʠʡ (ʨʠʩ. 4.23).   

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʃʈʈʈ ï ʛʝʦʤʝʪʨʠʯʝʩʢʦʝ ʤʝʩʪʦ ʪʦʯʝʢ, ʨʘʟʥʦʩʪʴ 

ʨʘʩʩʪʦʷʥʠʡ ʦʪ ʢʦʪʦʨʳʭ ʜʦ ʜʚʫʭ ʟʘʜʘʥʥʳʭ ʪʦʯʝʢ (ʨʘʜʠʦʩʪʘʥʮʠʡ) ʧʦʩʪʦʷʥʥʘ.   

ʃʈʈʈ ʥʘ ʧʣʦʩʢʦʩʪʠ ʠʤʝʝʪ ʬʦʨʤʫʣʫ ʛʠʧʝʨʙʦʣʳ, ʬʦʢʫʩʘʤʠ ʢʦʪʦʨʦʡ 

ʷʚʣʷʶʪʩʷ ʨʘʜʠʦʩʪʘʥʮʠʠ. ʅʘ ʩʬʝʨʝ ʵʪʦ ʩʬʝʨʠʯʝʩʢʠʝ ʛʠʧʝʨʙʦʣʳ, ʢʦʪʦʨʳʝ ʚ 

ʦʪʣʠʯʠʝ ʦʪ ʧʣʦʩʢʠʭ ʛʠʧʝʨʙʦʣ ʷʚʣʷʶʪʩʷ ʟʘʤʢʥʫʪʳʤʠ ʢʨʠʚʳʤʠ (ʨʠʩ.4.24).  

ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʥʘ ʩʬʝʨʝ ʃʈʈʈ ʷʚʣʷʝʪʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʠ ʣʠʥʠʝʡ ʨʘʚʥʳʭ 

ʩʫʤʤ ʨʘʩʩʪʦʷʥʠʡ ʜʦ ʜʚʫʭ ʟʘʜʘʥʥʳʭ ʪʦʯʝʢ. ʅʘ ʧʣʦʩʢʦʩʪʠ ʪʘʢʠʤ ʩʚʦʡʩʪʚʦʤ 

ʦʙʣʘʜʘʝʪ ʵʣʣʠʧʩ, ʧʦʵʪʦʤʫ ʃʈʈʈ ʷʚʣʷʝʪʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʠ ʩʬʝʨʠʯʝʩʢʦʡ 

ʛʠʧʝʨʙʦʣʦʡ, ʠ ʩʬʝʨʠʯʝʩʢʠʤ ʵʣʣʠʧʩʦʤ. 
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ʈʠʩ. 4.23. ʃʠʥʠʠ ʨʘʚʥʳʭ ʨʘʟʥʦʩʪʝʡ ʨʘʩʩʪʦʷʥʠʡ ʥʘ ʧʣʦʩʢʦʩʪʠ 

 

 

 
 

ʈʠʩ. 4.24. ʃʠʥʠʠ ʨʘʚʥʳʭ ʨʘʟʥʦʩʪʝʡ ʨʘʩʩʪʦʷʥʠʡ ʥʘ ʩʬʝʨʝ 

 

 

 

4.10. ɻʝʦʜʝʟʠʯʝʩʢʘʷ ʣʠʥʠʷ ʥʘ ʵʣʣʠʧʩʦʠʜʝ 

 

ʇʨʠʚʝʜʝʥʥʳʝ  ʬʦʨʤʫʣʳ ʜʣʷ ʨʘʩʯʝʪʘ ʧʫʪʝʚʦʛʦ ʫʛʣʘ ʠ ʜʣʠʥʳ ʦʨʪʦʜʨʦʤʠʠ 

ʧʦʟʚʦʣʷʶʪ ʦʧʨʝʜʝʣʷʪʴ ʨʘʩʩʪʦʷʥʠʷ ʠ ʥʘʧʨʘʚʣʝʥʠʷ ʤʝʞʜʫ ʜʚʫʤʷ ʪʦʯʢʘʤʠ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʩʬʝʨʳ. ʇʦʩʢʦʣʴʢʫ ʥʘ ʩʘʤʦʤ ʜʝʣʝ ʢʦʦʨʜʠʥʘʪʳ ʧʫʥʢʪʦʚ ʥʘ ʟʝʤʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʟʘʜʘʥʳ ʚ ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ, ʪʦ ʝʩʪʴ ʥʘ 

ʵʣʣʠʧʩʦʠʜʝ, ʨʘʩʯʝʪ ʥʘ ʩʬʝʨʝ ʦʙʣʘʜʘʝʪ ʦʛʨʘʥʠʯʝʥʥʦʡ ʪʦʯʥʦʩʪʴʶ. ɺʦʟʥʠʢʘʝʪ 

ʚʦʧʨʦʩ: ʘ ʤʦʞʥʦ ʣʠ ʨʘʩʩʯʠʪʳʚʘʪʴ ʨʘʩʩʪʦʷʥʠʷ ʠ ʥʘʧʨʘʚʣʝʥʠʷ, ʥʝ ʧʝʨʝʭʦʜʷ ʥʘ 

ʩʬʝʨʫ, ʪʦ ʝʩʪʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʦ ʛʝʦʜʝʟʠʯʝʩʢʠʤ ʢʦʦʨʜʠʥʘʪʘʤ ʪʦʯʝʢ B  ʠ L 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʵʣʣʠʧʩʦʠʜʘ? 
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ʇʨʝʞʜʝ ʯʝʤ ʦʪʚʝʪʠʪʴ ʥʘ ʵʪʦʪ ʚʦʧʨʦʩ, ʥʝʦʙʭʦʜʠʤʦ ʚʳʷʩʥʠʪʴ ï ʜʣʠʥʫ ʠ 

ʥʘʧʨʘʚʣʝʥʠʝ ʢʘʢʦʡ ʠʤʝʥʥʦ ʣʠʥʠʠ ʤʳ ʭʦʪʠʤ ʦʧʨʝʜʝʣʠʪʴ? ʈʘʟʫʤʝʝʪʩʷ, ʨʝʯʴ 

ʠʜʝʪ ʦ ʣʠʥʠʠ, ʩʦʝʜʠʥʷʶʱʝʡ ʜʚʝ ʪʦʯʢʠ ʧʦ ʢʨʘʪʯʘʡʰʝʤʫ ʨʘʩʩʪʦʷʥʠʶ. ʊʘʢʠʝ 

ʣʠʥʠʠ ʥʘʟʳʚʘʶʪ ʛʝʦʜʝʟʠʯʝʩʢʠʤʠ. ɻʝʦʜʝʟʠʯʝʩʢʘʷ ʣʠʥʠʷ ʠʤʝʝʪ ʨʘʟʥʫʶ ʬʦʨʤʫ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʛʦ, ʥʘ ʢʘʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʥʘ ʧʨʦʚʝʜʝʥʘ. ʅʘ ʧʣʦʩʢʦʩʪʠ ʵʪʦ, 

ʦʯʝʚʠʜʥʦ, ʧʨʷʤʘʷ ʣʠʥʠʷ. ʅʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʬʝʨʳ ï ʜʫʛʘ ʙʦʣʴʰʦʛʦ ʢʨʫʛʘ 

(ʦʨʪʦʜʨʦʤʠʷ). ɸ ʯʪʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʛʝʦʜʝʟʠʯʝʩʢʘʷ ʣʠʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʵʣʣʠʧʩʦʠʜʘ? 

ʇʫʩʪʴ ʚ ʪʦʯʢʝ ɸ ʧʨʦʚʝʜʝʥʘ ʥʦʨʤʘʣʴ (ʧʝʨʧʝʥʜʠʢʫʣʷʨ) ʢ ʧʦʚʝʨʭʥʦʩʪʠ 

ʵʣʣʠʧʩʦʠʜʘ. ʃʶʙʘʷ ʧʣʦʩʢʦʩʪʴ, ʧʨʦʚʝʜʝʥʥʘʷ ʯʝʨʝʟ ʵʪʫ ʥʦʨʤʘʣʴ, ʨʘʩʩʝʢʘʝʪ 

ʵʣʣʠʧʩʦʠʜ ʧʦ ʣʠʥʠʠ, ʥʘʟʳʚʘʝʤʦʡ ʥʦʨʤʘʣʴʥʳʤ ʩʝʯʝʥʠʝʤ ʵʣʣʠʧʩʦʠʜʘ. ʈʘʥʝʝ 

ʫʞʝ ʫʧʦʤʠʥʘʣʦʩʴ ʦ ʜʚʫʭ ʛʣʘʚʥʳʭ ʥʦʨʤʘʣʴʥʳʭ ʩʝʯʝʥʠʷʭ ï ʤʝʨʠʜʠʘʥʝ ʠ 

ʧʝʨʚʦʤ ʚʝʨʪʠʢʘʣʝ. ʅʦ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʧʨʦʚʝʜʝʤ ʧʣʦʩʢʦʩʪʴ ʪʘʢ, ʯʪʦʙʳ ʦʥʘ 

ʧʨʦʭʦʜʠʣʘ ʠ ʯʝʨʝʟ ʥʝʢʦʪʦʨʫʶ ʜʨʫʛʫʶ ʪʦʯʢʫ ɺ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʵʣʣʠʧʩʦʠʜʘ. 

ʃʠʥʠʶ, ʦʙʨʘʟʦʚʘʥʥʫʶ ʩʝʯʝʥʠʝʤ ʵʣʣʠʧʩʦʠʜʘ ʵʪʦʡ ʧʣʦʩʢʦʩʪʴʶ ʥʘʟʳʚʘʶʪ 

ʧʨʷʤʳʤ ʥʦʨʤʘʣʴʥʳʤ ʩʝʯʝʥʠʝʤ (ʨʠʩ. 4.25, ʣʠʥʠʷ AaB). ʇʨʘʢʪʠʯʝʩʢʠ ʵʪʫ 

ʦʧʝʨʘʮʠʶ ʤʦʞʥʦ ʧʨʦʜʝʣʘʪʴ ʩ ʧʦʤʦʱʴʶ ʪʝʦʜʦʣʠʪʘ, ʝʩʣʠ ʝʛʦ ʫʩʪʘʥʦʚʠʪʴ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦ ʚ ʪʦʯʢʝ ɸ ʠ ʥʘʧʨʘʚʠʪʴ ʝʛʦ ʟʨʠʪʝʣʴʥʫʶ ʦʩʴ ʥʘ ɺ. 

ʂʘʟʘʣʦʩʴ ʙʳ, ʵʪʦ ʠ ʙʫʜʝʪ ʣʠʥʠʷ ʢʨʘʪʯʘʡʰʝʛʦ ʨʘʩʩʪʦʷʥʠʷ. ʅʦ ʝʩʣʠ ʤʳ 

ʧʨʦʜʝʣʘʝʤ ʵʪʫ ʞʝ ʦʧʝʨʘʮʠʶ ʚ ʪʦʯʢʝ ɺ, ʪʦ ʝʩʪʴ ʧʨʦʚʝʜʝʤ ʚ ʥʝʡ ʥʦʨʤʘʣʴ, ʘ 

ʯʝʨʝʟ ʥʝʝ ʧʣʦʩʢʦʩʪʴ, ʧʨʦʭʦʜʷʱʫʶ ʯʝʨʝʟ ʪʦʯʢʫ ɸ, ʪʦ, ʦʢʘʟʳʚʘʝʪʩʷ, ʵʪʦ ʙʫʜʝʪ 

ʫʞʝ ʜʨʫʛʘʷ ʧʣʦʩʢʦʩʪʴ ʠ ʜʨʫʛʘʷ ʣʠʥʠʷ ï ʦʙʨʘʪʥʦʝ ʥʦʨʤʘʣʴʥʦʝ ʩʝʯʝʥʠʝ, ʠʟ ɺ ʚ 

ɸ (ʨʠʩ. 4.25, ʣʠʥʠʷ BbA). 

ʈʘʩʭʦʞʜʝʥʠʝ ʧʨʷʤʦʛʦ ʠ ʦʙʨʘʪʥʦʛʦ ʥʦʨʤʘʣʴʥʳʭ ʩʝʯʝʥʠʡ ʦʙʲʷʩʥʷʝʪʩʷ 

ʪʝʤ, ʯʪʦ ʥʦʨʤʘʣʠ ʢ ʵʣʣʠʧʩʦʠʜʫ ʚ ʪʦʯʢʘʭ  ɸ ʠ ɺ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ (ʝʩʣʠ ʪʦʯʢʠ 

ʥʝ ʥʘ ʦʜʥʦʤ ʤʝʨʠʜʠʘʥʝ ʠ ʥʝ ʥʘ ʦʜʥʦʡ ʧʘʨʘʣʣʝʣʠ)  ʥʝ ʣʝʞʘʪ ʚ ʦʜʥʦʡ 

ʧʣʦʩʢʦʩʪʠ, ʪʦ ʝʩʪʴ ʷʚʣʷʶʪʩʷ ʩʢʨʝʱʠʚʘʶʱʠʤʠʩʷ ʧʨʷʤʳʤʠ. ʅʝʣʴʟʷ ʧʨʦʚʝʩʪʠ 

ʦʜʥʫ ʧʣʦʩʢʦʩʪʴ ʯʝʨʝʟ ʦʙʝ ʥʦʨʤʘʣʠ, ʤʦʞʥʦ ʪʦʣʴʢʦ ʯʝʨʝʟ ʦʜʥʫ ʠʟ ʥʦʨʤʘʣʝʡ ʠ 

ʪʦʯʢʫ. 

ʇʦʩʢʦʣʴʢʫ ʪʦʯʢʠ ɸ ʠ ɺ ʠ ʧʨʦʚʝʜʝʥʥʳʝ ʚ ʥʠʭ ʩʝʯʝʥʠʷ ʘʙʩʦʣʶʪʥʦ 

ʨʘʚʥʦʧʨʘʚʥʳ, ʦʯʝʚʠʜʥʦ, ʯʪʦ ʥʠ ʦʜʥʦ ʠʟ ʥʦʨʤʘʣʴʥʳʭ ʩʝʯʝʥʠʡ ʥʝ ʷʚʣʷʝʪʩʷ 

ʣʠʥʠʝʡ ʢʨʘʪʯʘʡʰʝʛʦ ʨʘʩʩʪʦʷʥʠʷ ï ʚʝʜʴ ʛʝʦʜʝʟʠʯʝʩʢʘʷ ʣʠʥʠʷ ʤʦʞʝʪ ʙʳʪʴ 

ʪʦʣʴʢʦ ʦʜʥʘ. 

 

 
 

ʈʠʩ. 4.25. ʇʨʷʤʦʝ ʠ ʦʙʨʘʪʥʦʝ ʥʦʨʤʘʣʴʥʳʝ ʩʝʯʝʥʠʷ ʵʣʣʠʧʩʦʠʜʘ 
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ɻʝʦʜʝʟʠʯʝʩʢʠʝ ʣʠʥʠʠ ʥʘ ʧʨʦʠʟʚʦʣʴʥʳʭ ʧʦʚʝʨʭʥʦʩʪʷʭ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ 

ʠʟʫʯʘʶʪʩʷ ʚ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʛʝʦʤʝʪʨʠʠ (ʵʪʦ ʨʘʟʜʝʣ ʚʳʩʰʝʡ ʤʘʪʝʤʘʪʠʢʠ), 

ʛʜʝ ʜʘʝʪʩʷ ʩʣʝʜʫʶʱʝʝ ʦʧʨʝʜʝʣʝʥʠʝ. 

ɻʝʦʜʝʟʠʯʝʩʢʘʷ ʣʠʥʠʷ ʥʘ ʧʨʦʠʟʚʦʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ï ʵʪʦ ʪʘʢʘʷ ʢʨʠʚʘʷ, ʚ 

ʢʘʞʜʦʡ ʪʦʯʢʝ ʢʦʪʦʨʦʡ ʩʦʧʨʠʢʘʩʘʶʱʘʷʩʷ ʧʣʦʩʢʦʩʪʴ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʥʦʨʤʘʣʴ ʢ 

ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʜʘʥʥʦʡ ʪʦʯʢʝ. 

ʅʦʨʤʘʣʴ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ï ʵʪʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨ ʢ ʧʣʦʩʢʦʩʪʠ, ʢʘʩʘʪʝʣʴʥʦʡ 

ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʜʘʥʥʦʡ ʪʦʯʢʝ. ɸ ʩʦʧʨʠʢʘʩʘʶʱʫʶʩʷ ʧʣʦʩʢʦʩʪʴ ʤʦʞʥʦ 

ʧʨʝʜʩʪʘʚʠʪʴ ʩʝʙʝ ʢʘʢ ʧʣʦʩʢʦʩʪʴ, ʚ ʢʦʪʦʨʦʡ ʣʝʞʠʪ ʙʝʩʢʦʥʝʯʥʦ ʤʘʣʳʡ ʦʪʨʝʟʦʢ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʢʨʠʚʦʡ. ɽʩʣʠ ʚʟʷʪʴ ʥʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʢʨʠʚʦʡ (ʪʦ ʝʩʪʴ 

ʥʝ ʦʙʷʟʘʪʝʣʴʥʦ ʣʝʞʘʱʝʡ ʚ ʦʜʥʦʡ ʧʣʦʩʢʦʩʪʠ) ʪʨʠ ʧʨʦʠʟʚʦʣʴʥʳʝ ʪʦʯʢʠ, ʪʦ 

ʯʝʨʝʟ ʥʠʭ ʚʩʝʛʜʘ ʤʦʞʥʦ ʧʨʦʚʝʩʪʠ ʧʣʦʩʢʦʩʪʴ. ɽʩʣʠ ʪʝʧʝʨʴ ʢʨʘʡʥʠʝ ʪʦʯʢʠ 

ʧʨʠʙʣʠʞʘʪʴ ʢ ʩʨʝʜʥʝʡ, ʪʦ ʠ ʧʣʦʩʢʦʩʪʴ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʙʫʜʝʪ ʤʝʥʷʪʴ ʩʚʦʝ 

ʧʦʣʦʞʝʥʠʝ. ɺ ʧʨʝʜʝʣʝ, ʢʦʛʜʘ ʪʦʯʢʠ ʙʫʜʫʪ ʥʘʭʦʜʠʪʴʩʷ ʥʘ ʙʝʩʢʦʥʝʯʥʦ ʤʘʣʦʤ 

ʨʘʩʩʪʦʷʥʠʠ ʜʨʫʛ ʦʪ ʜʨʫʛʘ, ʧʦʣʫʯʠʤ ʩʦʧʨʠʢʘʩʘʶʱʫʶʩʷ ʧʣʦʩʢʦʩʪʴ ʚ ʩʨʝʜʥʝʡ ʠʟ 

ʪʨʝʭ ʪʦʯʝʢ.  

ʊʘʢ ʚʦʪ, ʝʩʣʠ ʢʨʠʚʘʷ ʧʨʦʚʝʜʝʥʘ ʪʘʢ, ʯʪʦ ʚʦ ʚʩʝʭ ʪʦʯʢʘʭ 

ʩʦʧʨʠʢʘʩʘʶʱʘʷʩʷ ʧʣʦʩʢʦʩʪʴ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʥʦʨʤʘʣʴ ʢ ʧʦʚʝʨʭʥʦʩʪʠ, ʥʘ 

ʢʦʪʦʨʦʡ ʥʘʥʝʩʝʥʘ ʢʨʠʚʘʷ, ʪʦ ʵʪʘ ʢʨʠʚʘʷ ʠ ʙʫʜʝʪ ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʣʠʥʠʝʡ.  

ʅʘʧʨʠʤʝʨ, ʥʘ ʩʬʝʨʝ ʜʫʛʘ ʙʦʣʴʰʦʛʦ ʢʨʫʛʘ (ʦʨʪʦʜʨʦʤʠʷ) ʷʚʣʷʝʪʩʷ 

ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʣʠʥʠʝʡ, ʧʦʩʢʦʣʴʢʫ ʥʦʨʤʘʣʴ ʢ ʩʬʝʨʝ (ʝʝ ʨʘʜʠʫʩ) ʚʩʝʛʜʘ ʣʝʞʠʪ ʚ 

ʧʣʦʩʢʦʩʪʠ ʦʨʪʦʜʨʦʤʠʠ, ʢʦʪʦʨʘʷ ʠ ʷʚʣʷʝʪʩʷ  ʩʦʧʨʠʢʘʩʘʶʱʝʡʩʷ ʧʣʦʩʢʦʩʪʴʶ. ɸ 

ʚʦʪ ʧʘʨʘʣʣʝʣʴ ʥʝ ʷʚʣʷʝʪʩʷ ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʣʠʥʠʝʡ, ʧʦʩʢʦʣʴʢʫ ʝʝ ʧʣʦʩʢʦʩʪʴ ʥʝ 

ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʥʦʨʤʘʣʴ ʢ ʩʬʝʨʝ. 

ʅʘ ʧʦʚʝʨʭʥʦʩʪʠ ʵʣʣʠʧʩʦʠʜʘ ʛʝʦʜʝʟʠʯʝʩʢʘʷ ʣʠʥʠʷ ʠʤʝʝʪ ʩʣʦʞʥʳʡ ʚʠʜ. 

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʦʥʘ ʧʨʦʭʦʜʠʪ ʤʝʞʜʫ ʧʨʷʤʳʤ ʠ ʦʙʨʘʪʥʳʤ ʩʝʯʝʥʠʷʤʠ, ʧʨʠʯʝʤ 

ʩʥʘʯʘʣʘ ʙʣʠʞʝ ʢ ʧʨʷʤʦʤʫ (ʦʪʩʪʦʠʪ ʦʪ ʥʝʛʦ ʥʘ ʦʜʥʫ ʪʨʝʪʴ ʫʛʣʘ ʤʝʞʜʫ ʜʚʫʤʷ 

ʩʝʯʝʥʠʷʤʠ), ʘ ʧʦʪʦʤ ʙʣʠʞʝ ʢ ʦʙʨʘʪʥʦʤʫ, ʪʘʢʞʝ ʥʘ ʦʜʥʫ ʪʨʝʪʴ ʫʛʣʘ (ʩʤ. 

ʨʠʩ.4.25). ʀ ʪʦʣʴʢʦ ʚ ʯʘʩʪʥʳʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʪʦʯʢʠ ʥʘʭʦʜʷʪʩʷ ʥʘ ʦʜʥʦʤ 

ʤʝʨʠʜʠʘʥʝ ʠʣʠ ʥʘ ʦʜʥʦʡ ʧʘʨʘʣʣʝʣʠ, ʦʙʘ ʥʦʨʤʘʣʴʥʳʝ ʩʝʯʝʥʠʷ ʠ ʛʝʦʜʝʟʠʯʝʩʢʘʷ 

ʣʠʥʠʷ ʩʦʚʧʘʜʘʶʪ. 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʦʨʪʦʜʨʦʤʠʠ ʥʘ ʩʬʝʨʝ, ʛʝʦʜʝʟʠʯʝʩʢʘʷ ʣʠʥʠʷ ʥʘ 

ʵʣʣʠʧʩʦʠʜʝ, ʝʩʣʠ ʝʝ ʧʨʦʜʦʣʞʘʪʴ ʟʘ ʧʨʝʜʝʣʳ ʦʪʨʝʟʢʘ ɸ ʠ ɺ, ʪʦ ʝʩʪʴ ʧʨʦʚʝʩʪʠ 

ʧʦ ʚʩʝʤʫ ʵʣʣʠʧʩʦʠʜʫ, ʥʝ ʷʚʣʷʝʪʩʷ ʟʘʤʢʥʫʪʦʡ ʣʠʥʠʝʡ. ʆʥʘ ʥʝ ʚʝʨʥʝʪʩʷ ʚ ʪʫ ʞʝ 

ʪʦʯʢʫ, ʠʟ ʢʦʪʦʨʦʡ ʝʝ ʥʘʯʘʣʠ ʧʨʦʚʦʜʠʪʴ, ʘ ʙʫʜʝʪ ʢʘʢ ʙʳ ʦʙʚʠʚʘʪʴ ʵʣʣʠʧʩʦʠʜ 

ʙʝʩʢʦʥʝʯʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʚʠʪʢʦʚ (ʨʠʩ. 4.26). 

ɺ ʚʳʩʰʝʡ ʛʝʦʜʝʟʠʠ ʜʦʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʥʘ ʵʣʣʠʧʩʦʠʜʝ ʛʝʦʜʝʟʠʯʝʩʢʘʷ 

ʣʠʥʠʷ ʦʙʣʘʜʘʝʪ ʩʣʝʜʫʶʱʠʤ ʩʚʦʡʩʪʚʦʤ. 

ɺ ʢʘʞʜʦʡ ʪʦʯʢʝ ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʣʠʥʠʠ ʧʨʦʠʟʚʝʜʝʥʠʝ ʨʘʜʠʫʩʘ ʧʘʨʘʣʣʝʣʠ 

ʥʘ ʩʠʥʫʩ ʧʫʪʝʚʦʛʦ ʫʛʣʘ (ʘʟʠʤʫʪʘ) ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʣʠʥʠʠ ʝʩʪʴ ʚʝʣʠʯʠʥʘ 

ʧʦʩʪʦʷʥʥʘʷ. 

 

r sin ɓ = const. 
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ʈʠʩ. 4.26. ɻʝʦʜʝʟʠʯʝʩʢʘʷ ʣʠʥʠʷ ʥʘ ʵʣʣʠʧʩʦʠʜʝ 

 

ʋʯʠʪʳʚʘʷ, ʯʪʦ ʨʘʜʠʫʩ ʧʘʨʘʣʣʝʣʠ ʥʘ ʵʣʣʠʧʩʦʠʜʝ  r = N cos B,ʤʦʞʥʦ 
ʟʘʧʠʩʘʪʴ 

 

N cos B sin ɓ = const. 
 

ʆʪʩʶʜʘ ʚʳʪʝʢʘʝʪ ʠ ʯʘʩʪʥʳʡ ʩʣʫʯʘʡ ï ʦʩʥʦʚʥʦʝ ʩʚʦʡʩʪʚʦ ʦʨʪʦʜʨʦʤʠʠ ʥʘ 

ʩʬʝʨʝ (4.10). ʕʪʦ ʥʝ ʫʜʠʚʠʪʝʣʴʥʦ, ʧʦʩʢʦʣʴʢʫ ʩʬʝʨʘ ï ʯʘʩʪʥʳʡ ʩʣʫʯʘʡ 

ʵʣʣʠʧʩʦʠʜʘ, ʘ ʦʨʪʦʜʨʦʤʠʷ ʠ ʝʩʪʴ ʛʝʦʜʝʟʠʯʝʩʢʘʷ ʣʠʥʠʷ ʥʘ ʩʬʝʨʝ. 

 

 

4.11. ʆʧʨʝʜʝʣʝʥʠʝ ʨʘʩʩʪʦʷʥʠʡ ʠ ʥʘʧʨʘʚʣʝʥʠʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʵʣʣʠʧʩʦʠʜʘ 

 

ʇʦʩʢʦʣʴʢʫ ʛʝʦʜʝʟʠʯʝʩʢʘʷ ʣʠʥʠʷ ʥʘ ʵʣʣʠʧʩʦʠʜʝ ʷʚʣʷʝʪʩʷ ʜʦʚʦʣʴʥʦ 

ʩʣʦʞʥʦʡ ʢʨʠʚʦʡ, ʧʦʥʷʪʥʦ, ʯʪʦ ʦʧʨʝʜʝʣʝʥʠʝ ʝʝ ʜʣʠʥʳ ʠ ʥʘʧʨʘʚʣʝʥʠʷ ʪʘʢʞʝ 

ʷʚʣʷʝʪʩʷ ʥʝʧʨʦʩʪʦʡ ʟʘʜʘʯʝʡ. ɽʩʣʠ ʧʦʩʪʨʦʠʪʴ ʥʘ ʵʣʣʠʧʩʦʠʜʝ ʩʬʝʨʦʠʜʠʯʝʩʢʠʡ 

ʪʨʝʫʛʦʣʴʥʠʢ, ʘʥʘʣʦʛʠʯʥʳʡ ʩʬʝʨʠʯʝʩʢʦʤʫ ʪʨʝʫʛʦʣʴʥʠʢʫ ʥʘ ʩʬʝʨʝ (ʨʠʩ. 4.27), 

ʪʦ ʝʛʦ ʩʪʦʨʦʥʳ ʥʝ ʙʫʜʫʪ, ʢʦʥʝʯʥʦ, ʜʫʛʘʤʠ ʙʦʣʴʰʠʭ ʢʨʫʛʦʚ (ʠʭ ʥʘ ʵʣʣʠʧʩʦʠʜʝ 

ʥʝ ʩʫʱʝʩʪʚʫʝʪ). ɼʚʝ ʩʪʦʨʦʥʳ ʪʘʢʦʛʦ ʪʨʝʫʛʦʣʴʥʠʢʘ ʷʚʣʷʶʪʩʷ ʤʝʨʠʜʠʘʥʘʤʠ ʠ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ,  ʦʪʨʝʟʢʘʤʠ ʵʣʣʠʧʩʘ, ʘ ʪʨʝʪʴʷ ʩʪʦʨʦʥʘ ī ʛʝʦʜʝʟʠʯʝʩʢʘʷ ʣʠʥʠʷ. 

ʈʘʩʩʤʦʪʨʝʥʥʳʝ ʨʘʥʝʝ ʬʦʨʤʫʣʳ ʩʬʝʨʠʯʝʩʢʦʡ ʪʨʠʛʦʥʦʤʝʪʨʠʠ ʥʘ ʵʣʣʠʧʩʦʠʜʝ, 

ʨʘʟʫʤʝʝʪʩʷ, ʥʝ ʧʨʠʤʝʥʠʤʳ. 

ɺʤʝʩʪʝ ʩ ʪʝʤ, ʟʘʜʘʯʠ ʧʦ ʪʦʯʥʦʤʫ ʨʘʩʯʝʪʫ ʨʘʩʩʪʦʷʥʠʡ ʠ ʥʘʧʨʘʚʣʝʥʠʡ 

ʤʝʞʜʫ ʧʫʥʢʪʘʤʠ ʩ ʠʟʚʝʩʪʥʳʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ, ʘ ʪʘʢʞʝ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ 

ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪ ʧʫʥʢʪʘ ʧʦ ʠʟʚʝʩʪʥʦʤʫ ʨʘʩʩʪʦʷʥʠʶ ʠ ʥʘʧʨʘʚʣʝʥʠʶ 

ʦʪ ʜʨʫʛʦʛʦ ʧʫʥʢʪʘ, ʚʦʟʥʠʢʘʣʠ ʫ ʫʯʝʥʳʭ ʠ ʛʝʦʜʝʟʠʩʪʦʚ ʝʱʝ ʩ XIX   ʚʝʢʘ. ɺ 
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ʛʝʦʜʝʟʠʠ ʪʘʢʠʝ ʟʘʜʘʯʠ ʥʘʟʳʚʘʶʪ ʛʣʘʚʥʳʤʠ ʛʝʦʜʝʟʠʯʝʩʢʠʤʠ ʟʘʜʘʯʘʤʠ. ʀʭ ʜʚʝ 

ï ʧʨʷʤʘʷ ʠ ʦʙʨʘʪʥʘʷ. 

 

 
 

ʈʠʩ. 4.27. ʉʬʝʨʦʠʜʠʯʝʩʢʠʡ ʪʨʝʫʛʦʣʴʥʠʢ 

 

ʇʨʷʤʘʷ ʛʝʦʜʝʟʠʯʝʩʢʘʷ ʟʘʜʘʯʘ. 

ɼʘʥʦ: - ʛʝʦʜʝʟʠʯʝʩʢʠʝ ʢʦʦʨʜʠʥʘʪʳ  B1;L1  ʪʦʯʢʠ ɸ; 

           - ʘʟʠʤʫʪ (ʧʫʪʝʚʦʡ ʫʛʦʣ)  A1-2  ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʣʠʥʠʠ ʠʟ ɸ ʚ ɺ; 

           - ʜʣʠʥʘ ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʣʠʥʠʠ S . 

ʅʘʡʪʠ:  ʢʦʦʨʜʠʥʘʪʳ ɺ2 ʠ L2 ʜʣʷ ʪʦʯʢʠ ɺ ʠ ʘʟʠʤʫʪ A2-1 (ʨʠʩ. 4.28,ʘ). 

ɺ ʥʘʚʠʛʘʮʠʠ  ʟʘʜʘʯʘ ʪʘʢʦʛʦ ʨʦʜʘ ʚʦʟʥʠʢʘʝʪ ʧʨʠ ʩʯʠʩʣʝʥʠʠ ʢʦʦʨʜʠʥʘʪ, 

ʢʦʛʜʘ ʠʟʚʝʩʪʥʳ ʥʘʯʘʣʴʥʳʝ ʢʦʦʨʜʠʥʘʪʳ ɺʉ, ʥʘʧʨʘʚʣʝʥʠʝ ʝʛʦ ʜʚʠʞʝʥʠʷ ʠ 

ʧʨʦʡʜʝʥʥʦʝ ʨʘʩʩʪʦʷʥʠʝ, ʘ ʥʝʦʙʭʦʜʠʤʦ ʥʘʡʪʠ ʪʝʢʫʱʠʝ ʢʦʦʨʜʠʥʘʪʳ ɺʉ. 

 

 
ʈʠʩ. 4.28. ɻʝʦʜʝʟʠʯʝʩʢʠʝ ʟʘʜʘʯʠ: ʘ ï ʧʨʷʤʘʷ, ʙ - ʦʙʨʘʪʥʘʷ  

 

ʆʙʨʘʪʥʘʷ ʛʝʦʜʝʟʠʯʝʩʢʘʷ ʟʘʜʘʯʘ. 

ɼʘʥʦ: ʛʝʦʜʝʟʠʯʝʩʢʠʝ ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʝʢ ɸ ʠ ɺ (B1, L1 ʠ B2, L2). 

ʅʘʡʪʠ: ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʪʦʯʢʘʤʠ S,  ʘʟʠʤʫʪʳ (ʧʫʪʝʚʳʝ ʫʛʣʳ)  ʠʟ ʪʦʯʢʠ 

ɸ ʥʘ ʪʦʯʢʫ ɺ ʠ ʦʙʨʘʪʥʦ (A1-2  ʠ  A2-1 ). 

ɺ ʥʘʚʠʛʘʮʠʠ ʪʘʢʫʶ ʟʘʜʘʯʫ ʧʨʠʭʦʜʠʪʩʷ ʨʝʰʘʪʴ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʨʘʩʯʝʪʝ 

ʧʫʪʝʚʦʛʦ ʫʛʣʘ ʠ ʜʣʠʥʳ ʫʯʘʩʪʢʘ ʤʘʨʰʨʫʪʘ. ʉʦʙʩʪʚʝʥʥʦ, ʨʘʩʩʤʦʪʨʝʥʥʳʡ ʨʘʥʝʝ 
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ʨʘʩʯʝʪ ʧʫʪʝʚʦʛʦ ʫʛʣʘ ʠ ʜʣʠʥʳ ʦʨʪʦʜʨʦʤʠʠ ʠ ʷʚʣʷʣʩʷ ʨʝʰʝʥʠʝʤ ʦʙʨʘʪʥʦʡ 

ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʟʘʜʘʯʠ, ʥʦ ʪʦʣʴʢʦ ʥʘ ʩʬʝʨʝ. 

ʅʘ ʧʨʦʪʷʞʝʥʠʠ ʜʝʩʷʪʠʣʝʪʠʡ ʠ ʜʘʞʝ ʩʪʦʣʝʪʠʡ ʨʘʟʨʘʙʘʪʳʚʘʣʠʩʴ 

ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʤʝʪʦʜʳ ʨʝʰʝʥʠʷ ʛʣʘʚʥʳʭ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʟʘʜʘʯ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʪʨʝʙʫʝʤʫʶ (ʢʘʢ ʧʨʘʚʠʣʦ, ʦʯʝʥʴ ʚʳʩʦʢʫʶ) ʪʦʯʥʦʩʪʴ ʠ 

ʛʣʘʚʥʦʝ ʫʜʦʙʥʳʝ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʠʭ ʚʳʯʠʩʣʝʥʠʡ. ɺʝʜʴ ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ 

ʪʝʭʥʠʢʘ ʧʦʷʚʠʣʘʩʴ ʪʦʣʴʢʦ ʚʦ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʝ XX ʚʝʢʘ. ɺ ʵʪʠʭ ʤʝʪʦʜʘʭ, 

ʯʪʦʙʳ ʦʙʦʡʪʠ ʧʨʦʙʣʝʤʫ çʥʝʙʝʨʫʱʠʭʩʷè ʠʥʪʝʛʨʘʣʦʚ (ʥʘʧʨʠʤʝʨ, ʚʳʨʘʞʘʶʱʠʭ 

ʜʣʠʥʫ ʤʝʨʠʜʠʘʥʘ) ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʨʘʟʣʦʞʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʬʫʥʢʮʠʡ ʚ 

ʙʝʩʢʦʥʝʯʥʳʡ ʨʷʜ. ʇʨʠ ʵʪʦʤ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʨʘʩʯʝʪʦʚ ʙʝʨʫʪ ʩʪʦʣʴʢʦ ʯʣʝʥʦʚ 

ʵʪʦʛʦ ʨʷʜʘ, ʩʢʦʣʴʢʦ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʪʨʝʙʫʝʤʦʡ ʪʦʯʥʦʩʪʠ.  

ʅʘʧʨʠʤʝʨ, ʩʧʦʩʦʙ ʐʨʝʡʙʝʨʘ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʯʠʪʘʪʴ ʢʦʦʨʜʠʥʘʪʳ ʧʫʥʢʪʦʚ 

ʩ ʪʦʯʥʦʩʪʴʶ 0,0001'', ʘ ʘʟʠʤʫʪʳ ʩ ʪʦʯʥʦʩʪʴʶ  0,001'', ʝʩʣʠ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ 

ʧʫʥʢʪʘʤʠ ʥʝ ʧʨʝʚʳʰʘʝʪ 100 ʢʤ. ʇʨʠ ʨʘʩʩʪʦʷʥʠʷʭ ʜʦ 600 ʢʤ ʵʪʠ ʞʝ ʬʦʨʤʫʣʳ, 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʦʣʫʯʝʥʠʝ ʢʦʦʨʜʠʥʘʪ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ 0,1''. ʄʝʪʦʜ ʨʝʰʝʥʠʷ 

ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʟʘʜʘʯ ʩ ʧʦʤʦʱʴʶ ʮʝʥʪʨʘʣʴʥʦʛʦ ʩʝʯʝʥʠʷ ʵʣʣʠʧʩʦʠʜʘ ʧʦʟʚʦʣʷʝʪ 

ʨʘʩʩʯʠʪʳʚʘʪʴ ʜʣʠʥʫ ʣʶʙʦʡ ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʣʠʥʠʠ ʩ ʧʦʛʨʝʰʥʦʩʪʴʶ ʥʝ ʙʦʣʝʝ 

0,5 ʤ, ʘ ʘʟʠʤʫʪ ʜʦ  1-2''. ʕʪʠ ʠ ʜʨʫʛʠʝ ʤʝʪʦʜʳ ʦʧʠʩʳʚʘʶʪʩʷ ʜʦʚʦʣʴʥʦ 

ʛʨʦʤʦʟʜʢʠʤʠ ʬʦʨʤʫʣʘʤʠ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʥʘʡʪʠ ʚ ʫʯʝʙʥʠʢʘʭ ʧʦ  ʛʝʦʜʝʟʠʠ. 

ʉʫʱʝʩʪʚʫʝʪ ʣʠ ʤʝʪʦʜ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʨʘʩʩʪʦʷʥʠʝ ʠ 

ʘʟʠʤʫʪ (ʧʫʪʝʚʦʡ ʫʛʦʣ) ʘʙʩʦʣʶʪʥʦ ʪʦʯʥʦ? ʉʫʱʝʩʪʚʫʝʪ. ʅʦ ʥʝ ʘʙʩʦʣʶʪʥʦ 

ʪʦʯʥʦ, ʘ ʩ ʣʶʙʦʡ ʪʨʝʙʫʝʤʦʡ ʪʦʯʥʦʩʪʴʶ (ʜʦ ʤʝʪʨʘ, ʤʠʣʣʠʤʝʪʨʘ, ʤʠʢʨʦʥʘé). 

ʕʪʦ ʤʝʪʦʜ, ʧʨʝʜʣʦʞʝʥʥʳʡ ʥʝʤʝʮʢʠʤ ʫʯʝʥʳʤ ʌʨʠʜʨʠʭʦʤ ɺʠʣʴʛʝʣʴʤʦʤ 

ɹʝʩʩʝʣʝʤ (1784-1846) ʚ 1825 ʛ. 

ʆʙʱʘʷ ʠʜʝʷ ʨʝʰʝʥʠʷ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʟʘʜʘʯ ʤʝʪʦʜʦʤ ɹʝʩʩʝʣʷ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʝʨʝʭʦʜʝ ʦʪ  ʪʨʝʫʛʦʣʴʥʠʢʘ ʥʘ ʵʣʣʠʧʩʦʠʜʝ  ʢ ʩʬʝʨʠʯʝʩʢʦʤʫ 

ʪʨʝʫʛʦʣʴʥʠʢʫ ʥʘ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʡ ʩʬʝʨʝ. ʇʦʩʣʝ ʨʝʰʝʥʠʷ ʩʬʝʨʠʯʝʩʢʦʛʦ 

ʪʨʝʫʛʦʣʴʥʠʢʘ  ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʦʙʨʘʪʥʳʡ ʧʝʨʝʭʦʜ ʥʘ ʵʣʣʠʧʩʦʠʜ. ʅʦ ʧʨʠ ʵʪʦʤ 

ʧʦʷʚʣʷʝʪʩʷ ʨʘʩʭʦʞʜʝʥʠʝ ʢʦʦʨʜʠʥʘʪ, ʚʳʟʚʘʥʥʦʝ ʪʝʤ, ʯʪʦ ʨʝʰʝʥʠʝ 

ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʥʘ ʩʬʝʨʝ. ʅʘ ʵʣʣʠʧʩʦʠʜʝ ʪʨʝʫʛʦʣʴʥʠʢ ʩ ʨʘʩʩʯʠʪʘʥʥʳʤʠ 

ʩʪʦʨʦʥʘʤʠ ʠ ʫʛʣʘʤʠ ʥʝ ʙʫʜʝʪ ʷʚʣʷʪʴʩʷ ʟʘʤʢʥʫʪʦʡ ʬʠʛʫʨʦʡ (ʩʪʦʨʦʥʳ 

ʨʘʟʦʡʜʫʪʩʷ). ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʝʣʠʯʠʥʳ ʨʘʩʭʦʞʜʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦʧʨʘʚʢʘ 

ʠ  ʧʨʦʮʝʩʩ ʨʘʩʯʝʪʘ ʧʦʚʪʦʨʷʝʪʩʷ ʩʪʦʣʴʢʦ ʨʘʟ, ʩʢʦʣʴʢʦ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ 

ʜʦʩʪʠʞʝʥʠʷ ʪʨʝʙʫʝʤʦʡ ʪʦʯʥʦʩʪʠ, ʪʦ ʝʩʪʴ ʧʦʢʘ ʧʦʧʨʘʚʢʘ ʥʘ ʦʯʝʨʝʜʥʦʤ ʰʘʛʝ 

ʥʝ ʩʪʘʥʝʪ ʤʝʥʴʰʝ ʥʘʧʝʨʝʜ ʟʘʜʘʥʥʦʡ ʤʘʣʦʡ ʚʝʣʠʯʠʥʳ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʝʪʦʜ ɹʝʩʩʝʣʷ ʷʚʣʷʝʪʩʷ ʠʪʝʨʘʮʠʦʥʥʳʤ, ʪʦ ʝʩʪʴ  

ʤʝʪʦʜʦʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʧʨʠʙʣʠʞʝʥʠʡ. ʅʘ ʢʘʞʜʦʡ ʠʪʝʨʘʮʠʠ ʚʳʧʦʣʥʷʝʪʩʷ 

ʨʘʩʯʝʪ ʧʦ 12 ʬʦʨʤʫʣʘʤ. ʂʨʦʤʝ ʪʦʛʦ, ʜʦ ʥʘʯʘʣʘ ʠʪʝʨʘʮʠʡ ʧʦ 11 ʬʦʨʤʫʣʘʤ 

ʧʨʦʚʦʜʷʪʩʷ ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʳʝ ʚʳʯʠʩʣʝʥʠʷ, ʘ ʚ ʢʦʥʮʝ ī ʧʦ ʪʨʝʤ ʬʦʨʤʫʣʘʤ  

ʟʘʢʣʶʯʠʪʝʣʴʥʳʝ ʚʳʯʠʩʣʝʥʠʷ ʧʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʠʪʝʨʘʮʠʡ. ʏʝʤ ʚʳʰʝ 

ʪʨʝʙʫʝʤʘʷ ʪʦʯʥʦʩʪʴ, ʪʝʤ ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʠʪʝʨʘʮʠʡ ʥʝʦʙʭʦʜʠʤʦ ʩʜʝʣʘʪʴ. 

ʇʦʥʷʪʥʦ, ʯʪʦ ʠʟ-ʟʘ ʪʨʫʜʦʝʤʢʦʩʪʠ ʨʘʩʯʝʪʦʚ ʩʧʦʩʦʙ ɹʝʩʩʝʣʷ ʥʝ ʤʦʛ 

ʧʨʠʤʝʥʷʪʴʩʷ ʜʦ ʧʦʷʚʣʝʥʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ. 
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5. ɸɺʀɸʎʀʆʅʅɸʗ ʂɸʈʊʆɻʈɸʌʀʗ 

 

5.1. ʇʦʥʷʪʠʝ ʦ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʦʡ ʧʨʦʝʢʮʠʠ 

 

ɿʘʜʘʯʝʡ ʢʘʨʪʦʛʨʘʬʠʠ ʷʚʣʷʝʪʩʷ ʧʨʘʚʠʣʴʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʟʝʤʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʥʘ ʧʣʦʩʢʦʩʪʠ, ʪʦ ʝʩʪʴ ʥʘ ʢʘʨʪʝ. ʀʟʦʙʨʘʟʠʪʴ ʩʨʘʚʥʠʪʝʣʴʥʦ 

ʥʝʙʦʣʴʰʦʡ ʫʯʘʩʪʦʢ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʥʝʪʨʫʜʥʦ. ɼʦʩʪʘʪʦʯʥʦ ʫʤʝʥʴʰʠʪʴ 

ʨʘʟʤʝʨʳ ʚʩʝʭ ʦʪʦʙʨʘʞʘʝʤʳʭ ʦʙʲʝʢʪʦʚ ʠ ʥʘʨʠʩʦʚʘʪʴ ʠʭ ʥʘ ʣʠʩʪʝ ʙʫʤʘʛʠ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ  ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʥʘ ʤʝʩʪʥʦʩʪʠ. ʊʘʢʦʝ  ʠʟʦʙʨʘʞʝʥʠʝ ʚ ʢʨʫʧʥʦʤ 

ʤʘʩʰʪʘʙʝ ʤʘʣʳʭ ʫʯʘʩʪʢʦʚ ɿʝʤʣʠ ʙʝʟ ʧʨʘʢʪʠʯʝʩʢʠ ʟʘʤʝʪʥʳʭ ʠʩʢʘʞʝʥʠʡ 

ʥʘʟʳʚʘʝʪʩʷ ʧʣʘʥʦʤ. ʄʦʞʥʦ ʩʦʩʪʘʚʠʪʴ ʧʣʘʥ ʢʦʤʥʘʪʳ, ʩʘʜʦʚʦʛʦ ʫʯʘʩʪʢʘ, ʜʘʞʝ 

ʪʝʨʨʠʪʦʨʠʠ ʘʵʨʦʜʨʦʤʘ.  

ʅʦ ʪʝʨʨʠʪʦʨʠʶ ʙʦʣʝʝ ʟʥʘʯʠʪʝʣʴʥʳʭ ʨʘʟʤʝʨʦʚ ʠʟʦʙʨʘʟʠʪʴ ʙʝʟ 

ʠʩʢʘʞʝʥʠʡ ʥʝʚʦʟʤʦʞʥʦ. ɺʝʜʴ ɿʝʤʣʷ çʢʨʫʛʣʘʷè, ʘ ʣʠʩʪ ʙʫʤʘʛʠ ʧʣʦʩʢʠʡ. ɽʩʣʠ 

ʧʦʧʳʪʘʪʴʩʷ, ʥʘʧʨʠʤʝʨ,  ʠʟʦʙʨʘʟʠʪʴ ʥʘ ʣʠʩʪʝ ʙʫʤʘʛʠ ʩʬʝʨʠʯʝʩʢʠʡ 

ʪʨʝʫʛʦʣʴʥʠʢ ʥʘ ʟʝʤʥʦʡ ʩʬʝʨʝ, ʫʤʝʥʴʰʠʚ ʝʛʦ ʩʪʦʨʦʥʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʚʳʙʨʘʥʥʳʤ ʤʘʩʰʪʘʙʦʤ, ʪʦ ʦʢʘʞʝʪʩʷ, ʯʪʦ ʫʛʣʳ ʧʣʦʩʢʦʛʦ ʪʨʝʫʛʦʣʴʥʠʢʘ ʥʝ 

ʙʫʜʫʪ ʩʦʚʧʘʜʘʪʴ ʩ ʫʛʣʘʤʠ ʩʬʝʨʠʯʝʩʢʦʛʦ.  

ʆʜʥʦ ʠʟ ʢʣʶʯʝʚʳʭ ʧʦʣʦʞʝʥʠʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʢʘʨʪʦʛʨʘʬʠʠ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʧʦʚʝʨʭʥʦʩʪʴ ʩʬʝʨʳ (ʘ ʪʝʤ ʙʦʣʝʝ ʵʣʣʠʧʩʦʠʜʘ) 

ʠʟʦʙʨʘʟʠʪʴ ʥʘ ʧʣʦʩʢʦʩʪʠ ʙʝʟ ʠʩʢʘʞʝʥʠʡ ʥʝʚʦʟʤʦʞʥʦ. ʕʪʦ ʧʦʣʦʞʝʥʠʝ 

ʜʦʢʘʟʳʚʘʝʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠ, ʥʦ ʚ ʝʛʦ ʩʧʨʘʚʝʜʣʠʚʦʩʪʠ ʤʦʛ ʫʙʝʜʠʪʴʩʷ 

ʢʘʞʜʳʡ, ʢʦʤʫ ʧʨʠʭʦʜʠʣʦʩʴ, ʥʘʜʨʝʟʘʚ ʨʝʟʠʥʦʚʳʡ ʤʷʯ, ʧʦʧʳʪʘʪʴʩʷ ʨʘʩʧʨʷʤʠʪʴ 

ʝʛʦ ʚ ʧʣʦʩʢʦʩʪʴ. ʈʘʩʧʨʷʤʠʪʴ, ʢʦʥʝʯʥʦ, ʤʦʞʥʦ, ʥʦ ʪʦʣʴʢʦ ʧʫʪʝʤ ʩʞʘʪʠʡ ʠ 

ʨʘʩʪʷʞʝʥʠʡ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʠ, ʧʨʠ ʢʦʪʦʨʳʭ ʨʠʩʫʥʦʢ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʷʯʘ 

ʜʝʬʦʨʤʠʨʫʝʪʩʷ. 

ʅʝ ʚʩʷʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʪʝʨʨʠʪʦʨʠʠ ʙʦʣʴʰʠʭ ʨʘʟʤʝʨʦʚ ʤʦʞʥʦ ʥʘʟʚʘʪʴ 

ʢʘʨʪʦʡ. 

ʂʘʨʪʘ ï ʵʪʦ ʩʧʣʦʰʥʦʝ, ʪʦ ʝʩʪʴ ʙʝʟ ʨʘʟʨʳʚʦʚ ʠ ʩʢʣʘʜʦʢ, ʠʟʦʙʨʘʞʝʥʠʝ 

ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ ʠʣʠ ʦʪʜʝʣʴʥʳʭ ʝʝ ʯʘʩʪʝʡ ʥʘ ʧʣʦʩʢʦʩʪʠ, ʚʳʧʦʣʥʝʥʥʦʝ ʧʦ 

ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʟʘʢʦʥʫ. 

ʇʦʜ ʟʘʢʦʥʦʤ ʧʦʥʠʤʘʝʪʩʷ ʩʪʨʦʛʦʝ ʚʟʘʠʤʥʦʝ ʩʦʦʪʚʝʪʩʪʚʠʝ ʪʦʯʝʢ ʥʘ ɿʝʤʣʝ 

ʠ ʥʘ ʢʘʨʪʝ. ʇʦʵʪʦʤʫ, ʥʘʧʨʠʤʝʨ, ʠʟʦʙʨʘʞʝʥʠʝ ʦʪ ʨʫʢʠ ɸʬʨʠʢʠ ʠʣʠ ɽʚʨʦʧʳ, 

ʜʘʞʝ ʝʩʣʠ ʦʥʦ ʙʫʜʝʪ ʧʦʭʦʞʝ ʧʦ ʦʯʝʨʪʘʥʠʷʤ ʥʘ ʦʨʠʛʠʥʘʣ, ʢʘʨʪʦʡ ʥʝ ʷʚʣʷʝʪʩʷ. 

ɿʘʢʦʥ, ʧʦ ʢʦʪʦʨʦʤʫ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʩʦʦʪʚʝʪʩʪʚʠʝ ʪʦʯʝʢ ʥʘ ɿʝʤʣʝ ʠ ʥʘ 

ʢʘʨʪʝ, ʥʘʟʳʚʘʝʪʩʷ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʦʡ ʧʨʦʝʢʮʠʝʡ ʢʘʨʪ r(ʨʠʩ. 5.1).  

ʇʦʣʦʞʝʥʠʝ ʣʶʙʦʡ ʪʦʯʢʠ ʥʘ ɿʝʤʣʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʝʝ ʢʦʦʨʜʠʥʘʪʘʤʠ ï  

ʰʠʨʦʪʦʡ ʠ ʜʦʣʛʦʪʦʡ. ʃʠʙʦ ʩʬʝʨʠʯʝʩʢʠʤʠ ī ű  ʠ ɚ, ʝʩʣʠ ɿʝʤʣʷ ʧʨʠʥʠʤʘʝʪʩʷ ʟʘ 

ʩʬʝʨʫ, ʣʠʙʦ ʛʝʦʜʝʟʠʯʝʩʢʠʤʠ ī B ʠ L, ʝʩʣʠ ɿʝʤʣʷ ʧʨʠʥʠʤʘʝʪʩʷ ʟʘ ʵʣʣʠʧʩʦʠʜ. 

ʏʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ, ʚ ʢʘʢʦʤ ʤʝʩʪʝ ʵʪʘ ʪʦʯʢʘ ʜʦʣʞʥʘ ʙʳʪʴ ʠʟʦʙʨʘʞʝʥʘ ʥʘ 

ʧʣʦʩʢʦʩʪʠ (ʢʘʨʪʝ),  ʥʫʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʝʝ ʢʦʦʨʜʠʥʘʪʳ ʥʘ ʧʣʦʩʢʦʩʪʠ. ʅʦ ʥʘ 

ʧʣʦʩʢʦʩʪʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʦʚʩʝʤ ʜʨʫʛʠʝ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ, ʯʝʤ ʥʘ ʩʬʝʨʝ. ʅʘ 

ʧʣʦʩʢʦʩʪʠ ʚ ʧʨʠʥʮʠʧʝ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʰʠʨʦʪʳ ʠ ʜʦʣʛʦʪʳ ï ʜʦʩʪʘʪʦʯʥʦ 
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ʚʩʧʦʤʥʠʪʴ ʦʧʨʝʜʝʣʝʥʠʝ ʰʠʨʦʪʳ: çé ʫʛʦʣ ʤʝʞʜʫ ʧʣʦʩʢʦʩʪʴʶ ʵʢʚʘʪʦʨʘ ʠéè. 

ɿʜʝʩʴ ʥʝʪ ʥʠ ʧʣʦʩʢʦʩʪʠ ʵʢʚʘʪʦʨʘ, ʥʠ ʧʣʦʩʢʦʩʪʠ ʤʝʨʠʜʠʘʥʘ, ʥʠ ʩʘʤʠʭ 

ʤʝʨʠʜʠʘʥʦʚ ʠ ʧʘʨʘʣʣʝʣʝʡ. ʅʘ ʢʘʨʪʝ ʤʦʞʝʪ ʙʳʪʴ ʣʠʰʴ ʠʟʦʙʨʘʞʝʥʠʝ 

ʤʝʨʠʜʠʘʥʦʚ ʠ ʧʘʨʘʣʣʝʣʝʡ ī ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʘʷ ʩʝʪʢʘ. ʅʦ ʚ ʵʪʦʤ ʠ ʩʦʩʪʦʠʪ 

ʟʘʜʘʯʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʢʘʨʪʦʛʨʘʬʠʠ ï ʠʟʦʙʨʘʟʠʪʴ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʫʶ ʩʝʪʢʫ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʠʥʷʪʳʤ ʟʘʢʦʥʦʤ ʩʦʦʪʚʝʪʩʪʚʠʷ ʪʦʯʝʢ ʥʘ ʩʬʝʨʝ ʠ ʧʣʦʩʢʦʩʪʠ. 

ʉʦʙʩʪʚʝʥʥʦ, ʢʘʨʪʦʛʨʘʬʠʷ ʠ ʟʘʥʠʤʘʝʪʩʷ ʠʤʝʥʥʦ ʩʝʪʢʘʤʠ, ʘ ʥʝ ʩʘʤʠʤʠ 

ʥʘʟʝʤʥʳʤʠ ʦʙʲʝʢʪʘʤʠ. ɽʩʣʠ ʩʝʪʢʘ ʫʞʝ ʠʟʦʙʨʘʞʝʥʘ, ʥʘʥʝʩʪʠ ʧʦ ʥʝʡ 

ʥʘʩʝʣʝʥʥʳʝ ʧʫʥʢʪʳ, ʜʦʨʦʛʠ ʠ ʜʨʫʛʠʝ ʦʙʲʝʢʪʳ ʫʞʝ ʥʝ ʪʨʫʜʥʦ. 

ʅʘ ʧʣʦʩʢʦʩʪʠ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʢʘʨʪʳ ʧʨʠʤʝʥʷʶʪ ʦʙʳʯʥʳʝ çʧʣʦʩʢʠʝè 

ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ. ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʩʝʤ ʠʟʚʝʩʪʥʘʷ 

ʧʨʷʤʦʫʛʦʣʴʥʘʷ ʜʝʢʘʨʪʦʚʘ ʩʠʩʪʝʤʘ OXY, ʘ ʪʘʢʞʝ ʧʦʣʷʨʥʘʷ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ, 

ʚ ʢʦʪʦʨʦʡ ʢʦʦʨʜʠʥʘʪʘʤʠ ʷʚʣʷʶʪʩʷ ʫʛʦʣ  ŭ ʤʝʞʜʫ ʦʧʦʨʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʠ 

ʥʘʧʨʘʚʣʝʥʠʝʤ ʥʘ ʪʦʯʢʫ ʠ ʨʘʩʩʪʦʷʥʠʝ ɟ ʦʪ ʪʦʯʢʠ ʜʦ ʥʘʯʘʣʘ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ 

(ʘʥʘʣʦʛʠʯʥʦ ʧʝʣʝʥʛʫ ʠ ʜʘʣʴʥʦʩʪʠ). ɺʦʧʨʦʩ ʚʳʙʦʨʘ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʥʘ 

ʧʣʦʩʢʦʩʪʠ ʥʝ ʧʨʠʥʮʠʧʠʘʣʝʥ, ʟʘʚʠʩʠʪ ʦʪ ʫʜʦʙʩʪʚʘ. 

 

 
 

ʈʠʩ. 5.1. ʂʘʨʪʦʛʨʘʬʠʯʝʩʢʘʷ ʧʨʦʝʢʮʠʷ 

 

ʂʘʨʪʦʛʨʘʬʠʯʝʩʢʘʷ ʧʨʦʝʢʮʠʷ ï ʵʪʦ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʬʦʨʤʫʣʳ ʠʣʠ 

ʘʣʛʦʨʠʪʤ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪ ʩʚʷʟʴ ʤʝʞʜʫ ʢʦʦʨʜʠʥʘʪʘʤʠ ʪʦʯʢʠ (j,l  ʠʣʠ B, 

L) ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ ʠ  ʢʦʦʨʜʠʥʘʪʘʤʠ ʵʪʦʡ ʪʦʯʢʠ ʥʘ ʧʣʦʩʢʦʩʪʠ ï 

ʧʨʷʤʦʫʛʦʣʴʥʳʤʠ (x,y) ʠʣʠ ʧʦʣʷʨʥʳʤʠ (r,d). ʕʪʠ ʬʦʨʤʫʣʳ ʥʘʟʳʚʘʶʪʩʷ 

ʫʨʘʚʥʝʥʠʷʤʠ ʧʨʦʝʢʮʠʠ. 

ɺ ʦʙʱʝʤ ʚʠʜʝ ʦʥʠ ʤʦʛʫʪ ʙʳʪʴ ʟʘʧʠʩʘʥʳ ʢʘʢ 
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x = f1(j,l); 

y = f2(j,l), 
ʠʣʠ 

r = f1(j,l;); 

d = f2(j,l.). 
 

ʇʨʦʝʢʮʠʝʡ ʟʜʝʩʴ ʷʚʣʷʝʪʩʷ ʩʘʤ ʚʠʜ ʬʫʥʢʮʠʡ f1  ʠ  f2, ʦʧʨʝʜʝʣʷʶʱʠʡ, ʢʘʢ 

ʠʤʝʥʥʦ ʟʘʚʠʩʷʪ ʢʦʦʨʜʠʥʘʪʳ ʥʘ ʧʣʦʩʢʦʩʪʠ ʦʪ ʢʦʦʨʜʠʥʘʪ ʥʘ ʩʬʝʨʝ. 

ʇʦʜʩʪʘʚʣʷʷ ʚ ʧʨʘʚʳʝ ʯʘʩʪʠ ʬʦʨʤʫʣ ʢʦʦʨʜʠʥʘʪʳ ʣʶʙʳʭ ʪʦʯʝʢ ʥʘ ʩʬʝʨʝ, 

ʤʦʞʥʦ ʧʦʣʫʯʘʪʴ ʢʦʦʨʜʠʥʘʪʳ ʵʪʠʭ ʪʦʯʝʢ ʥʘ ʙʫʤʘʛʝ ʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ 

ʧʝʨʝʥʝʩʪʠ ʚʩʝ ʪʦʯʢʠ ʥʘ ʧʣʦʩʢʦʩʪʴ. ʂʦʥʝʯʥʦ, ʚʩʝ ʪʦʯʢʠ ʧʝʨʝʥʝʩʪʠ 

ʥʝʚʦʟʤʦʞʥʦ, ʧʦʩʢʦʣʴʢʫ ʠʭ ʙʝʩʢʦʥʝʯʥʦ ʤʥʦʛʦ. ʅʘ ʩʘʤʦʤ ʜʝʣʝ ʜʦʩʪʘʪʦʯʥʦ 

ʧʝʨʝʥʝʩʪʠ ʪʦʣʴʢʦ ʩʝʪʢʫ ʤʝʨʠʜʠʘʥʦʚ ʠ ʧʘʨʘʣʣʝʣʝʡ. ɼʣʷ ʵʪʦʛʦ ʤʦʞʥʦ 

ʨʘʩʩʯʠʪʘʪʴ ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʝʢ ʧʝʨʝʩʝʯʝʥʠʷ ʤʝʨʠʜʠʘʥʦʚ ʠ ʧʘʨʘʣʣʝʣʝʡ ʩ 

ʚʳʙʨʘʥʥʳʤ ʰʘʛʦʤ ʧʦ ʰʠʨʦʪʝ ʠ ʜʦʣʛʦʪʝ, ʥʘʥʝʩʪʠ ʠʭ ʥʘ ʣʠʩʪʝ ʙʫʤʘʛʠ (ʢʘʨʪʝ) ʠ 

ʩʦʝʜʠʥʠʪʴ ʧʣʘʚʥʳʤʠ ʣʠʥʠʷʤʠ, ʠʟʦʙʨʘʞʘʶʱʠʤʠ ʤʝʨʠʜʠʘʥʳ ʠ ʧʘʨʘʣʣʝʣʠ.  

ʂʘʨʪʦʛʨʘʬʠʯʝʩʢʠʭ ʧʨʦʝʢʮʠʡ ʙʝʩʢʦʥʝʯʥʦ ʤʥʦʛʦ. ʃʶʙʳʝ ʧʨʦʠʟʚʦʣʴʥʦ 

ʟʘʧʠʩʘʥʥʳʝ ʬʫʥʢʮʠʠ, ʣʠʰʴ ʙʳ ʦʥʠ ʙʳʣʠ ʥʝʧʨʝʨʳʚʥʳʤʠ ʠ ʦʜʥʦʟʥʘʯʥʳʤʠ, 

ʙʫʜʫʪ ʦʧʨʝʜʝʣʷʪʴ ʢʘʢʫʶ-ʪʦ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʫʶ ʧʨʦʝʢʮʠʶ. ɼʨʫʛʦʝ ʜʝʣʦ, 

ʥʘʩʢʦʣʴʢʦ ʭʦʨʦʰʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʦʥʘ ʙʫʜʝʪ ʦʙʣʘʜʘʪʴ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʮʝʣʝʡ 

ʥʘʚʠʛʘʮʠʠ. 

ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʚʷʟʴ ʩʬʝʨʠʯʝʩʢʠʭ (ʛʝʦʜʝʟʠʯʝʩʢʠʭ) ʠ ʧʣʦʩʢʠʭ 

ʢʦʦʨʜʠʥʘʪ ʥʝ ʦʙʷʟʘʪʝʣʴʥʦ ʜʦʣʞʥʘ ʚʳʨʘʞʘʪʴʩʷ ʦʧʨʝʜʝʣʝʥʥʦʡ ʬʦʨʤʫʣʦʡ. 

ɻʣʘʚʥʦʝ, ʯʪʦʙʳ ʵʪʘ ʩʚʷʟʴ ʙʳʣʘ ʚʧʦʣʥʝ ʦʧʨʝʜʝʣʝʥʥʦʡ, ʘ ʫʩʪʘʥʦʚʣʝʥʘ ʦʥʘ 

ʤʦʞʝʪ ʙʳʪʴ ʣʶʙʳʤ ʩʧʦʩʦʙʦʤ, ʥʘʧʨʠʤʝʨ, ʘʣʛʦʨʠʪʤʦʤ, ʪʦ ʝʩʪʴ ʧʦʨʷʜʢʦʤ 

ʧʦʩʪʨʦʝʥʠʷ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʦʡ ʩʝʪʢʠ. 

ʊʝʨʤʠʥ çʧʨʦʝʢʮʠʷè  ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʠ 

ʥʘʯʝʨʪʘʪʝʣʴʥʦʡ ʛʝʦʤʝʪʨʠʠ, ʚ ʯʝʨʯʝʥʠʠ, ʪʝʭʥʠʢʝ. ʇʦʵʪʦʤʫ ʦʥ ʘʩʩʦʮʠʠʨʫʝʪʩʷ ʩ 

ʯʝʤ-ʪʦ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤ:  ʧʨʦʝʢʪʠʨʦʚʘʥʠʝʤ ʪʦʯʢʠ ʠʣʠ ʬʠʛʫʨʳ ʥʘ ʧʣʦʩʢʦʩʪʴ 

ʠʣʠ ʧʨʷʤʫʶ ʩ ʧʦʤʦʱʴʶ ʣʫʯʝʡ, ʧʨʷʤʳʭ ʣʠʥʠʡ. ʅʝʦʙʭʦʜʠʤʦ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ 

ʚ ʢʘʨʪʦʛʨʘʬʠʠ ʵʪʦʪ ʪʝʨʤʠʥ ʠʤʝʝʪ ʙʦʣʝʝ ʦʙʱʠʡ ʠ ʰʠʨʦʢʠʡ ʩʤʳʩʣ ʠ ʚʦʚʩʝ ʥʝ 

ʦʙʷʟʘʪʝʣʴʥʦ ʩʚʷʟʘʥ  ʩ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝʤ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, 

ʯʘʩʪʦ ʫʨʘʚʥʝʥʠʷ ʧʨʦʝʢʮʠʠ ʤʦʛʫʪ ʙʳʪʴ ʥʘʛʣʷʜʥʦ ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʥʳ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠ ï ʢʘʢ ʙʫʜʪʦ ʩʬʝʨʘ ʣʫʯʘʤʠ ʧʨʦʝʢʪʠʨʫʝʪʩʷ ʥʘ ʧʣʦʩʢʦʩʪʴ, 

ʮʠʣʠʥʜʨ ʠʣʠ ʜʨʫʛʫʶ ʚʩʧʦʤʦʛʘʪʝʣʴʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ. ʅʦ ʵʪʦ ʣʠʰʴ 

ʠʣʣʶʩʪʨʘʮʠʷ, ʦʙʣʝʛʯʘʶʱʘʷ ʠʟʫʯʝʥʠʝ ʧʨʦʝʢʮʠʠ, ʠ ʭʦʨʦʰʦ, ʝʩʣʠ  ʦʥʘ 

ʩʫʱʝʩʪʚʫʝʪ. ɹʦʣʴʰʠʥʩʪʚʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʥʘʚʠʛʘʮʠʠ ʧʨʦʝʢʮʠʡ ʪʨʫʜʥʦ ʠʣʠ 

ʥʝʚʦʟʤʦʞʥʦ ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʪʴ ʛʝʦʤʝʪʨʠʯʝʩʢʠ. ʅʦ ʵʪʦ ʠ ʥʝ ʦʙʷʟʘʪʝʣʴʥʦ. 

ʂʘʨʪʦʛʨʘʬʠʯʝʩʢʘʷ ʧʨʦʝʢʮʠʷ ï ʵʪʦ ʟʘʢʦʥ, ʩʚʷʟʳʚʘʶʱʠʡ ʢʦʦʨʜʠʥʘʪʳ ʥʘ ʟʝʤʣʝ 

ʠ ʥʘ ʢʘʨʪʝ, ʠ ʟʘʜʘʥ ʦʥ ʤʦʞʝʪ ʙʳʪʴ ʣʶʙʳʤ ʩʧʦʩʦʙʦʤ. 
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5.2. ʄʘʩʰʪʘʙ 

 

ɻʣʘʚʥʳʡ ʤʘʩʰʪʘʙ. ʇʨʠ ʩʦʩʪʘʚʣʝʥʠʠ ʢʘʨʪʳ ʚʦʟʥʠʢʘʶʪ ʜʚʝ ʧʨʦʙʣʝʤʳ. 

ʆʜʥʘ ʠʟ ʥʠʭ ʤʘʣʝʥʴʢʘʷ ʠ ʣʝʛʢʦ ʨʝʰʘʝʤʘʷ, ʘ ʚʪʦʨʘʷ ʛʦʨʘʟʜʦ ʙʦʣʝʝ ʩʣʦʞʥʘʷ. 

ʇʝʨʚʘʷ çʧʨʦʙʣʝʤʘè ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ɿʝʤʣʷ ʙʦʣʴʰʘʷ, ʘ ʣʠʩʪ 

ʙʫʤʘʛʠ, ʥʘ ʢʦʪʦʨʦʤ ʝʝ ʥʫʞʥʦ ʠʟʦʙʨʘʟʠʪʴ (ʢʘʨʪʘ),  ʤʘʣʝʥʴʢʠʡ. ʇʦʵʪʦʤʫ ɿʝʤʣʶ 

ʥʝʦʙʭʦʜʠʤʦ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʫʤʝʥʴʰʠʪʴ. ʇʨʠ ʵʪʦʤ ʨʝʯʴ ʠʜʝʪ ʫʞʝ ʥʝ ʦ 

ʨʝʘʣʴʥʦʡ ʬʠʟʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ ʩʦ ʚʩʝʤʠ ʝʝ ʥʝʨʦʚʥʦʩʪʷʤʠ, ʘ ʦ ʝʝ 

ʤʦʜʝʣʠ ï ʩʬʝʨʝ ʠʣʠ ʵʣʣʠʧʩʦʠʜʝ, ʥʘ ʢʦʪʦʨʳʝ ʩʧʨʦʝʢʪʠʨʦʚʘʥʳ ʨʝʘʣʴʥʳʝ 

ʟʝʤʥʳʝ ʦʙʲʝʢʪʳ. ʋʤʝʥʴʰʝʥʥʘʷ ʤʦʜʝʣʴ ɿʝʤʣʠ ï ʵʪʦ ʛʣʦʙʫʩ. ʊʘʢʦʡ ʪʝʨʤʠʥ ʠ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʘʨʪʦʛʨʘʬʠʠ. 

ɻʣʘʚʥʳʡ ʤʘʩʰʪʘʙ ʄ - ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʪʝʧʝʥʴ ʫʤʝʥʴʰʝʥʠʷ ɿʝʤʣʠ ʜʦ 

ʨʘʟʤʝʨʦʚ ʛʣʦʙʫʩʘ ʠ ʨʘʚʝʥ ʦʪʥʦʰʝʥʠʶ ʜʣʠʥʳ ʦʪʨʝʟʢʘ ʥʘ ʛʣʦʙʫʩʝ ʢ ʜʣʠʥʝ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʝʤʫ ʦʪʨʝʟʢʘ ʥʘ ɿʝʤʣʝ (ʨʠʩ. 5.2). 

 

 

 
 

ʈʠʩ. 5.2. ɻʣʘʚʥʳʡ ʠ ʯʘʩʪʥʳʡ ʤʘʩʰʪʘʙʳ 

 

ʊʦ ʝʩʪʴ, ʛʣʘʚʥʳʡ ʤʘʩʰʪʘʙ ï ʵʪʦ ʯʠʩʣʦ, ʧʦʣʫʯʝʥʥʦʝ ʜʝʣʝʥʠʝʤ ʜʣʠʥ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʜʨʫʛ ʜʨʫʛʫ ʦʪʨʝʟʢʦʚ ʥʘ ʛʣʦʙʫʩʝ ʠ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʅʘ 

ʦʙʨʝʟʝ ʣʶʙʦʡ ʢʘʨʪʳ ʦʙʷʟʘʪʝʣʴʥʦ ʫʢʘʟʳʚʘʝʪʩʷ ʛʣʘʚʥʳʡ ʤʘʩʰʪʘʙ, ʥʦ ʬʦʨʤʘ, ʚ 

ʢʦʪʦʨʦʡ ʦʥ ʚʳʨʘʞʝʥ, ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʥʘʷ. 

ʏʠʩʣʝʥʥʳʡ ʤʘʩʰʪʘʙ ï ʵʪʦ ʛʣʘʚʥʳʡ ʤʘʩʰʪʘʙ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʚʳʨʘʞʝʥʥʳʡ ʚ ʚʠʜʝ ʜʨʦʙʠ (ʦʪʥʦʰʝʥʠʷ) ʦʪʨʝʟʢʦʚ ʥʘ ʛʣʦʙʫʩʝ l ʛʣ  ʠ ɿʝʤʣʝ  lʟʝʤ , 

ʥʘʧʨʠʤʝʨ, 

ʄ=
ɿʝʤ

ʛʣ

l

l
=

500000

1
=1:500000. 

 

ɼʣʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʧʨʘʚʠʣʴʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʵʪʦʛʦ ʦʪʥʦʰʝʥʠʷ 

ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʝʜʠʥʠʮʳ ʠʟʤʝʨʝʥʠʷ ʦʙʦʠʭ ʦʪʨʝʟʢʦʚ ʙʳʣʠ ʦʜʠʥʘʢʦʚʳ, ʥʦ 

ʥʝʚʘʞʥʦ ʢʘʢʠʝ ʠʤʝʥʥʦ: ʤʝʪʨʳ, ʩʘʥʪʠʤʝʪʨʳ, ʜʶʡʤʳé ʅʝ ʠʤʝʝʪ ʟʥʘʯʝʥʠʷ ʠ 

ʜʣʠʥʘ ʦʪʨʝʟʢʘ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʝʩʣʠ ʦʪʨʝʟʢʫ ʥʘ ʛʣʦʙʫʩʝ ʜʣʠʥʦʡ 1 ʩʤ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʘ ɿʝʤʣʝ      1 000 000 ʩʘʥʪʠʤʝʪʨʦʚ, ʪʦ ʄ=1:1 000 000. ʅʦ ʝʩʣʠ 
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ʚʟʷʪʴ ʦʪʨʝʟʦʢ ʚ 3 ʜʶʡʤʘ, ʪʦ ʝʤʫ ʙʫʜʝʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʥʘ ɿʝʤʣʝ 3 000 000 

ʜʶʡʤʦʚ, ʘ ʠʭ ʦʪʥʦʰʝʥʠʝ (ʤʘʩʰʪʘʙ) ʦʩʪʘʥʝʪʩʷ ʪʝʤ ʞʝ. 

ɻʨʘʬʠʯʝʩʢʠʡ ʤʘʩʰʪʘʙ ʢʘʢ ʬʦʨʤʘ ʚʳʨʘʞʝʥʠʷ ʛʣʘʚʥʦʛʦ ʤʘʩʰʪʘʙʘ 

ʩʪʨʦʠʪʩʷ ʥʘ ʢʘʨʪʝ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʨʘʩʩʪʦʷʥʠʡ ʩ ʧʦʤʦʱʴʶ ʮʠʨʢʫʣʷ. 

ʇʨʦʩʪʝʡʰʠʡ ʝʛʦ ʚʠʜ ï ʣʠʥʝʡʥʳʡ ʤʘʩʰʪʘʙ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʦʙʦʡ ʧʨʷʤʫʶ 

ʣʠʥʠʶ, ʨʘʟʜʝʣʝʥʥʫʶ ʥʘ ʯʘʩʪʠ ʠ ʦʮʠʬʨʦʚʘʥʥʫʶ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʛʣʘʚʥʳʤ 

ʤʘʩʰʪʘʙʦʤ (ʨʠʩ. 5.3). 

 

 

 
 

ʈʠʩ.5.3. ɻʨʘʬʠʯʝʩʢʠʡ ʤʘʩʰʪʘʙ 

 

ʇʝʨʚʦʝ ʠʟ ʜʝʣʝʥʠʡ ʛʨʘʬʠʯʝʩʢʦʛʦ ʤʘʩʰʪʘʙʘ ʦʙʳʯʥʦ ʨʘʟʜʝʣʝʥʦ ʥʘ ʙʦʣʝʝ 

ʤʝʣʢʠʝ ʯʘʩʪʠ, ʯʪʦʙʳ ʦʧʨʝʜʝʣʷʪʴ  ʨʘʩʩʪʦʷʥʠʷ ʙʦʣʝʝ ʪʦʯʥʦ. ʇʦʣʴʟʫʶʪʩʷ 

ʣʠʥʝʡʥʳʤ ʤʘʩʰʪʘʙʦʤ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʅʦʞʢʠ ʮʠʨʢʫʣʷ ʫʩʪʘʥʘʚʣʠʚʘʶʪ 

ʥʘ ʥʫʞʥʳʝ ʧʫʥʢʪʳ ʥʘ ʢʘʨʪʝ, ʘ ʟʘʪʝʤ ʧʝʨʝʥʦʩʷʪ ʮʠʨʢʫʣʴ ʥʘ ʠʟʦʙʨʘʞʝʥʠʝ 

ʣʠʥʝʡʥʦʛʦ ʤʘʩʰʪʘʙʘ. ʇʨʘʚʫʶ ʥʦʞʢʫ ʩʪʘʚʷʪ ʥʘ ʦʜʥʦ ʠʟ ʦʮʠʬʨʦʚʘʥʥʳʭ 

ʜʝʣʝʥʠʡ ʪʘʢ, ʯʪʦʙʳ ʣʝʚʘʷ ʧʦʧʘʣʘ ʥʘ ʧʝʨʚʳʡ ʦʪʨʝʟʦʢ ʩ ʙʦʣʝʝ ʤʝʣʢʠʤʠ 

ʜʝʣʝʥʠʷʤʠ. ʇʦʩʣʝ ʵʪʦʛʦ ʦʪʩʯʠʪʳʚʘʶʪ ʨʘʩʩʪʦʷʥʠʝ ʢʘʢ ʩʫʤʤʫ ʟʥʘʯʝʥʠʷ 

ʫʢʘʟʘʥʥʦʛʦ ʫ ʧʨʘʚʦʡ ʥʦʞʢʠ ʧʣʶʩ ʟʥʘʯʝʥʠʝ, ʦʧʨʝʜʝʣʝʥʥʦʝ ʧʦ ʣʝʚʦʡ ʥʦʞʢʝ 

ʮʠʨʢʫʣʷ. 

ʅʘʪʫʨʘʣʴʥʘʷ ʬʦʨʤʘ ʚʳʨʘʞʝʥʠʷ ʛʣʘʚʥʦʛʦ ʤʘʩʰʪʘʙʘ ʧʨʝʜʥʘʟʥʘʯʝʥʘ, 

ʚʠʜʠʤʦ, ʜʣʷ ʣʶʜʝʡ, ʥʝ ʩʚʝʜʫʱʠʭ ʚ ʢʘʨʪʦʛʨʘʬʠʠ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʥʘ ʢʘʨʪʝ 

ʧʨʦʩʪʦ ʧʠʰʫʪ, ʥʘʧʨʠʤʝʨ, çʚ 1ʩʤ 20 ʢʤè. ʏʪʦʙʳ ʧʝʨʝʚʝʩʪʠ ʯʠʩʣʝʥʥʫʶ ʬʦʨʤʫ 

ʤʘʩʰʪʘʙʘ (ʥʘʧʨʠʤʝʨ, 1:350000) ʚ ʥʘʪʫʨʘʣʴʥʫʶ, ʥʫʞʥʦ  ʟʥʘʤʝʥʘʪʝʣʴ 

ʤʘʩʰʪʘʙʘ ʨʘʟʜʝʣʠʪʴ ʥʘ 100 000 (ʩʪʦʣʴʢʦ ʩʘʥʪʠʤʝʪʨʦʚ ʚ ʦʜʥʦʤ ʢʠʣʦʤʝʪʨʝ), 

ʜʣʷ ʯʝʛʦ ʜʦʩʪʘʪʦʯʥʦ ʧʝʨʝʜʚʠʥʫʪʴ ʜʝʩʷʪʠʯʥʫʶ ʟʘʧʷʪʫʶ ʥʘ ʧʷʪʴ ʟʥʘʢʦʚ 

(ʦʪʙʨʦʩʠʪʴ ʧʷʪʴ ʥʫʣʝʡ). ɺ ʜʘʥʥʦʤ ʧʨʠʤʝʨʝ ʧʦʣʫʯʠʪʩʷ ʚ 1 ʩʤ 3,5 ʢʤ.  

ʅʘ ʟʘʨʫʙʝʞʥʳʭ ʢʘʨʪʘʭ ʯʘʩʪʦ ʫʢʘʟʳʚʘʶʪ ʢʦʣʠʯʝʩʪʚʦ ʤʦʨʩʢʠʭ ʤʠʣʴ ʚ 

ʦʜʥʦʤ ʜʶʡʤʝ. ʇʝʨʝʚʝʩʪʠ ʤʘʩʰʪʘʙ ʠʟ ʪʘʢʦʡ ʬʦʨʤʳ ʚ ʙʦʣʝʝ ʧʨʠʚʳʯʥʫʶ 

(ʢʦʣʠʯʝʩʪʚʦ ʢʠʣʦʤʝʪʨʦʚ ʚ ʩʘʥʪʠʤʝʪʨʝ) ʥʝʪʨʫʜʥʦ, ʫʯʠʪʳʚʘʷ, ʯʪʦ 1 ʤʦʨʩʢʘʷ 

ʤʠʣʷ (nautical mile) ʩʦʩʪʘʚʣʷʝʪ 1852 ʤʝʪʨʘ, ʘ 1 ʜʶʡʤ (inch)  2,54 ʩʤ. 

ʇʦʣʫʯʘʝʪʩʷ, ʯʪʦ ʤʘʩʰʪʘʙ ʚ 1 ʤʠʣʶ ʚ ʜʶʡʤʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 0,729 ʢʤ ʚ 

ʩʘʥʪʠʤʝʪʨʝ (ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ ʪʨʝʭ ʟʥʘʢʦʚ ʧʦʩʣʝ ʟʘʧʷʪʦʡ). ɿʥʘʯʠʪ, ʥʘ ʵʪʦ ʯʠʩʣʦ 

ʠ ʥʫʞʥʦ ʫʤʥʦʞʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʤʠʣʴ ʚ ʜʶʡʤʝ, ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʢʦʣʠʯʝʩʪʚʦ 

ʢʠʣʦʤʝʪʨʦʚ ʚ ʩʘʥʪʠʤʝʪʨʝ. ɼʣʷ ʧʨʠʙʣʠʞʝʥʥʦʡ ʧʨʠʢʠʜʢʠ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʦʢʨʫʛʣʝʥʥʦʝ ʯʠʩʣʦ 0,75 = Ĳ .  ʅʘʧʨʠʤʝʨ, ʝʩʣʠ ʫʢʘʟʘʥ ʤʘʩʰʪʘʙ 20 ʤʠʣʴ ʚ 

ʜʶʡʤʝ, ʪʦ ʵʪʦ ʧʨʠʤʝʨʥʦ 20Ț Ĳ = 15 ʢʤ ʚ ʩʘʥʪʠʤʝʪʨʝ (ʙʦʣʝʝ ʪʦʯʥʦ 14,58 ʢʤ). 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ɿʝʤʣʠ ʜʦ ʨʘʟʤʝʨʦʚ ʛʣʦʙʫʩʘ ʥʠʢʘʢʠʭ 

ʠʩʢʘʞʝʥʠʡ ʬʦʨʤʳ ʦʙʲʝʢʪʦʚ ʥʘ ʝʝ ʧʦʚʝʨʭʥʦʩʪʠ ʥʝ ʧʨʦʠʟʦʡʜʝʪ. ʊʦ, ʯʪʦ ʙʳʣʦ 

ʢʨʫʛʣʳʤ, ʪʨʝʫʛʦʣʴʥʳʤ ʠʣʠ ʢʚʘʜʨʘʪʥʳʤ ʥʘ ɿʝʤʣʝ, ʪʘʢʠʤ ʞʝ ʦʩʪʘʥʝʪʩʷ ʠ ʥʘ 
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ʛʣʦʙʫʩʝ. ʊʦʣʴʢʦ ʨʘʩʩʪʦʷʥʠʷ, ʜʣʠʥʳ ʩʪʦʨʦʥ ʬʠʛʫʨ ʫʤʝʥʴʰʘʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ 

ʩ ʛʣʘʚʥʳʤ ʤʘʩʰʪʘʙʦʤ. ʇʦʩʢʦʣʴʢʫ ʦʜʠʥʘʢʦʚʦ ʫʤʝʥʴʰʘʶʪʩʷ ʚʩʝ ʨʘʩʩʪʦʷʥʠʷ, 

ʪʦ ʫʛʣʳ ʬʠʛʫʨ ʦʩʪʘʶʪʩʷ ʥʝʠʟʤʝʥʥʳʤʠ. 

ʏʘʩʪʥʳʡ ʤʘʩʰʪʘʙ. ɺʪʦʨʘʷ ʠʟ ʫʧʦʤʷʥʫʪʳʭ ʧʨʦʙʣʝʤ ï ʢʘʢ ʫʞʝ 

ʫʤʝʥʴʰʝʥʥʫʶ ɿʝʤʣʶ, ʪʦ ʝʩʪʴ ʛʣʦʙʫʩ, çʨʘʟʚʝʨʥʫʪʴè ʚ ʧʣʦʩʢʦʩʪʴ ʠ ʢʘʢ ʦʮʝʥʠʪʴ 

ʥʝʠʟʙʝʞʥʦ ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʵʪʦʤ ʠʩʢʘʞʝʥʠʷ. 

ɺ ʧʨʠʚʝʜʝʥʥʦʤ ʧʨʠʤʝʨʝ ʩ ʤʷʯʦʤ ʦʯʝʚʠʜʥʦ, ʯʪʦ ʧʦʚʝʨʭʥʦʩʪʴ ʤʷʯʘ ʧʨʠ 

ʝʝ ʨʘʩʧʨʷʤʣʝʥʠʠ ʚ ʧʣʦʩʢʦʩʪʴ, ʧʨʠʜʝʪʩʷ ʚ ʥʝʢʦʪʦʨʳʭ ʤʝʩʪʘʭ ʨʘʩʪʷʥʫʪʴ, ʚ 

ʥʝʢʦʪʦʨʳʭ ʩʞʘʪʴ.  ʆʪʨʝʟʦʢ, ʢʦʪʦʨʳʡ ʥʘ ʢʨʫʛʣʦʤ ʤʷʯʝ (ʛʣʦʙʫʩʝ) 

ʩʦʦʪʚʝʪʩʪʚʦʚʘʣ, ʥʘʧʨʠʤʝʨ, 20 ʢʤ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʥʘ ʨʘʩʧʨʷʤʣʝʥʥʦʤ 

ʤʯ̫ʝ ʙʫʜʝʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʵʪʦʤʫ ʞʝ ʨʘʩʩʪʦʷʥʠʶ, ʥʦ ʝʛʦ ʜʣʠʥʘ ʙʫʜʝʪ ʜʨʫʛʦʡ  

ʚʩʣʝʜʩʪʚʠʝ ʨʘʩʪʷʞʝʥʠʷ ʠʣʠ ʩʞʘʪʠʷ. ʂʘʞʜʳʡ ʩʘʥʪʠʤʝʪʨ ʥʘ ʨʘʩʧʨʷʤʣʝʥʥʦʤ 

ʤʷʯʝ ʙʫʜʝʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʜʨʫʛʦʤʫ ʢʦʣʠʯʝʩʪʚʫ ʢʠʣʦʤʝʪʨʦʚ. ʇʨʠ ʵʪʦʤ 

ʠʩʢʘʞʝʥʠʷ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʙʫʜʫʪ ʨʘʟʣʠʯʥʳ ʚ ʨʘʟʥʳʭ ʪʦʯʢʘʭ ʨʘʩʧʨʷʤʣʝʥʥʦʛʦ 

ʤʷʯʘ (ʢʘʨʪʳ) ʠ ʜʘʞʝ ʚ ʦʜʥʦʡ ʪʦʯʢʝ ʤʦʛʫʪ ʙʳʪʴ ʨʘʟʥʳʤʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʦʨʠʝʥʪʘʮʠʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʦʪʨʝʟʢʘ. ɺʝʜʴ, ʚʦʟʤʦʞʥʦ, ʧʦ ʢʘʢʦʤʫ-ʪʦ 

ʥʘʧʨʘʚʣʝʥʠʶ ʤʷʯ ʧʨʠʰʣʦʩʴ ʨʘʩʪʷʥʫʪʴ, ʘ ʚ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ï 

ʩʞʘʪʴ. 

ʀʩʢʘʞʝʥʠʷ, ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʦʪʦʙʨʘʞʝʥʠʠ ʩʬʝʨʳ (ʵʣʣʠʧʩʦʠʜʘ) ʥʘ 

ʧʣʦʩʢʦʩʪʴ,  ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʯʘʩʪʥʳʡ ʤʘʩʰʪʘʙ. ʇʨʠ ʵʪʦʤ ʧʦʜ ʩʬʝʨʦʡ 

(ʵʣʣʠʧʩʦʠʜʦʤ) ʧʦʥʠʤʘʝʪʩʷ ʫʞʝ ʫʤʝʥʴʰʝʥʥʘʷ ɿʝʤʣʷ, ʪʦ ʝʩʪʴ ʛʣʦʙʫʩ. ʏʘʩʪʥʳʡ 

ʤʘʩʰʪʘʙ, ʘʥʘʣʦʛʠʯʥʦ ʛʣʘʚʥʦʤʫ, ʪʦʞʝ ʷʚʣʷʝʪʩʷ ʦʪʥʦʰʝʥʠʝʤ ʜʚʫʭ ʦʪʨʝʟʢʦʚ ï 

ʥʘ ʢʘʨʪʝ ʠ ʥʘ ʛʣʦʙʫʩʝ. 

ʏʘʩʪʥʳʡ ʤʘʩʰʪʘʙ m ï ʵʪʦ ʦʪʥʦʰʝʥʠʝ ʜʣʠʥʳ ʙʝʩʢʦʥʝʯʥʦ ʤʘʣʦʛʦ 
ʦʪʨʝʟʢʘ  ʥʘ ʧʣʦʩʢʦʩʪʠ (ʢʘʨʪʝ), ʚʟʷʪʦʛʦ ʚ ʜʘʥʥʦʡ ʪʦʯʢʝ ʧʦ ʜʘʥʥʦʤʫ 

ʥʘʧʨʘʚʣʝʥʠʶ, ʢ ʜʣʠʥʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʝʤʫ ʙʝʩʢʦʥʝʯʥʦ ʤʘʣʦʛʦ ʦʪʨʝʟʢʘ ʥʘ 

ʛʣʦʙʫʩʝ. 

ʆʙʦʟʥʘʯʘʷ ʜʣʠʥʳ ʙʝʩʢʦʥʝʯʥʦ ʤʘʣʳʭ ʦʪʨʝʟʢʦʚ ʢʘʢ ʜʠʬʬʝʨʝʥʮʠʘʣʳ, 

ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʵʪʦ ʦʪʥʦʰʝʥʠʝ ʢʘʢ: 

m =
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ɽʩʣʠ ʦʪʨʝʟʢʠ ʥʝ ʙʝʩʢʦʥʝʯʥʦ ʤʘʣʳʝ, ʥʦ ʥʝ ʦʯʝʥʴ ʚʝʣʠʢʠ, ʪʦ ʦʪʥʦʰʝʥʠʝ 

ʠʭ ʜʣʠʥ ʙʫʜʝʪ ʧʨʠʙʣʠʞʝʥʥʦ ʨʘʚʥʦ ʯʘʩʪʥʦʤʫ ʤʘʩʰʪʘʙʫ. 

ʇʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʛʣʘʚʥʦʛʦ ʤʘʩʰʪʘʙʘ ʦʪʤʝʯʘʣʦʩʴ, ʯʪʦ ʜʣʠʥʳ ʦʪʨʝʟʢʦʚ  

ʤʦʛʫʪ ʙʳʪʴ ʣʶʙʳʝ ï ʠʭ ʦʪʥʦʰʝʥʠʝ (ʛʣʘʚʥʳʡ ʤʘʩʰʪʘʙ) ʦʪ ʵʪʦʛʦ ʥʝ ʠʟʤʝʥʠʪʩʷ. 

ʅʦ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʯʘʩʪʥʦʛʦ ʤʘʩʰʪʘʙʘ ʨʝʯʴ ʠʜʝʪ ʠʤʝʥʥʦ ʦ ʙʝʩʢʦʥʝʯʥʦ ʤʘʣʳʭ 

ʦʪʨʝʟʢʘʭ, ʧʦʪʦʤʫ ʯʪʦ ʚ ʢʘʞʜʦʡ ʪʦʯʢʝ ʢʘʨʪʳ ʯʘʩʪʥʳʡ ʤʘʩʰʪʘʙ (ʩʪʝʧʝʥʴ 

ʨʘʩʪʷʞʝʥʠʷ ʠʣʠ ʩʞʘʪʠʷ) ʨʘʟʥʳʡ. ɺʝʜʴ ʝʩʣʠ ʚʟʷʪʴ ʥʘ ʢʘʨʪʝ ʦʪʨʝʟʦʢ ʢʦʥʝʯʥʦʡ 

ʜʣʠʥʳ (ʥʘʧʨʠʤʝʨ, 1 ʩʤ), ʪʦ ʚʦ ʚʩʝʭ ʝʛʦ ʪʦʯʢʘʭ ʟʥʘʯʝʥʠʝ ɛ  ʙʫʜʝʪ ʨʘʟʣʠʯʥʳʤ. 

ʇʦʜʝʣʠʚ ʝʛʦ ʜʣʠʥʫ ʥʘ ʜʣʠʥʫ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʦʪʨʝʟʢʘ ʥʘ ʛʣʦʙʫʩʝ, ʧʦʣʫʯʠʤ 

ʥʝʢʦʪʦʨʦʝ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʤʘʩʰʪʘʙʘ ʥʘ ʜʘʥʥʦʤ ʦʪʨʝʟʢʝ. ʅʦ ʝʩʣʠ ʚʟʷʪʴ 

ʦʪʨʝʟʦʢ ʢʦʨʦʯʝ (ʥʘʧʨʠʤʝʨ, 1 ʤʤ), ʪʦ ʠ ʩʨʝʜʥʠʡ ʤʘʩʰʪʘʙ ʙʫʜʝʪ ʜʨʫʛʠʤ. ɼʣʷ 
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ʪʦʛʦ, ʯʪʦʙʳ ʪʦʯʥʝʝ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʠʩʢʘʞʝʥʠʷ ʠʤʝʥʥʦ ʚ ʢʦʥʢʨʝʪʥʦʡ ʪʦʯʢʝ, 

ʥʝʦʙʭʦʜʠʤʦ ʙʨʘʪʴ ʦʪʨʝʟʦʢ ʢʘʢ ʤʦʞʥʦ ʢʦʨʦʯʝ. ɺ ʧʨʝʜʝʣʝ ī ʙʝʩʢʦʥʝʯʥʦ ʤʘʣʳʡ. 

ɸ ʙʝʩʢʦʥʝʯʥʦ ʤʘʣʳʡ ʦʪʨʝʟʦʢ ʧʦ ʩʫʪʠ ʵʪʦ ʠ ʝʩʪʴ ʪʦʯʢʘ. 

ɺ ʦʧʨʝʜʝʣʝʥʠʠ ʯʘʩʪʥʦʛʦ ʤʘʩʰʪʘʙʘ ʛʦʚʦʨʠʪʩʷ ʦʙ ʦʪʨʝʟʢʝ, ʚʟʷʪʦʤ çʧʦ 

ʜʘʥʥʦʤʫ ʥʘʧʨʘʚʣʝʥʠʶè. ʕʪʦ ʷʚʣʷʝʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʪʦʛʦ, ʯʪʦ ʜʘʞʝ ʚ ʦʜʥʦʡ 

ʪʦʯʢʝ ʯʘʩʪʥʳʡ ʤʘʩʰʪʘʙ ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʥʳʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʛʦ, ʚ ʢʘʢʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ ʦʨʠʝʥʪʠʨʦʚʘʥ ʦʪʨʝʟʦʢ (ʩ ʩʝʚʝʨʘ ʥʘ ʶʛ, ʩ ʟʘʧʘʜʘ ʥʘ ʚʦʩʪʦʢé), 

ʧʦʩʢʦʣʴʢʫ ʩʪʝʧʝʥʴ ʨʘʩʪʷʞʝʥʠʷ ʠʣʠ ʩʞʘʪʠʷ ʧʦ ʨʘʟʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʤʦʞʝʪ 

ʙʳʪʴ ʨʘʟʣʠʯʥʦʡ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʘʝʪʩʷ, ʯʪʦ ʝʩʣʠ ʛʣʘʚʥʳʡ ʤʘʩʰʪʘʙ ʫ ʢʘʨʪʳ ʣʠʰʴ 

ʦʜʠʥ (ʦʙʱʘʷ ʩʪʝʧʝʥʴ ʫʤʝʥʴʰʝʥʠʷ ɿʝʤʣʠ ʜʦ ʨʘʟʤʝʨʦʚ ʛʣʦʙʫʩʘ), ʪʦ ʯʘʩʪʥʳʭ 

ʤʘʩʰʪʘʙʦʚ ʙʝʩʢʦʥʝʯʥʦ ʤʥʦʛʦ. ɺʦ-ʧʝʨʚʳʭ, ʧʦʪʦʤʫ ʯʪʦ ʚʦ ʚʩʝʤ ʙʝʩʢʦʥʝʯʥʦʤ 

ʤʥʦʞʝʩʪʚʝ ʪʦʯʝʢ ʥʘ ʢʘʨʪʝ   ʦʥʠ ʨʘʟʥʳʝ, ʘ, ʚʦ-ʚʪʦʨʳʭ, ʧʦʪʦʤʫ ʯʪʦ  ʚ ʢʘʞʜʦʡ 

ʪʦʯʢʝ ʠʭ ʪʦʞʝ ʙʝʩʢʦʥʝʯʥʦ ʤʥʦʛʦ ï ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʨʠʝʥʪʘʮʠʠ ʦʪʨʝʟʢʘ.  

ʏʘʩʪʥʳʡ ʤʘʩʰʪʘʙ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʠʩʢʘʞʝʥʠʝ ʜʣʠʥ ʥʘ ʢʘʨʪʝ ʚ ʜʘʥʥʦʡ 

ʪʦʯʢʝ ʧʦ ʜʘʥʥʦʤʫ ʥʘʧʨʘʚʣʝʥʠʶ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʛʣʦʙʫʩʦʤ. ɽʩʣʠ, ʥʘʧʨʠʤʝʨ, 

ʦʪʨʝʟʢʠ ʥʘ ʢʘʨʪʝ ʠ ʥʘ ʛʣʦʙʫʩʝ ʨʘʚʥʳ, ʪʦ ɛ=1. ɽʩʣʠ ʞʝ ʥʘ ʛʣʦʙʫʩʝ ʦʪʨʝʟʦʢ ʙʳʣ 

10 ʤʤ, ʘ ʥʘ ʢʘʨʪʝ ʦʥ ʧʨʝʚʨʘʪʠʣʩʷ ʚ 8 ʤʤ, ʪʦ 

m å 

ʛʣ

ʢʘʨ

l

l
=

10

8
=0,8 . 

ɺ ʜʘʥʥʦʤ ʧʨʠʤʝʨʝ ʩʪʦʠʪ ʟʥʘʢ ʧʨʠʙʣʠʞʝʥʥʦʛʦ ʨʘʚʝʥʩʪʚʘ, ʧʦʩʢʦʣʴʢʫ ʥʘ 

ʩʘʤʦʤ ʜʝʣʝ ʥʝʦʙʭʦʜʠʤʦ ʙʨʘʪʴ ʦʪʥʦʰʝʥʠʝ ʙʝʩʢʦʥʝʯʥʦ ʤʘʣʳʭ ʦʪʨʝʟʢʦʚ. 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʝʩʣʠ m ʤʝʥʴʰʝ ʝʜʠʥʠʮʳ, ʪʦ ʥʘ ʢʘʨʪʝ ʜʣʠʥʘ ʦʪʨʝʟʢʘ 

ʤʝʥʴʰʝ, ʯʝʤ ʥʘ ʛʣʦʙʫʩʝ. ʇʦ ʜʘʥʥʦʤʫ ʥʘʧʨʘʚʣʝʥʠʶ ʚʩʝ ʩʞʘʪʦ. 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʨʠ m>1  ʥʘ ʢʘʨʪʝ ʚʩʝ ʨʘʩʪʷʥʫʪʦ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʛʣʘʚʥʳʡ ʤʘʩʰʪʘʙ M  ʩʚʷʟʳʚʘʝʪ ʙʦʣʴʰʫʶ ɿʝʤʣʶ ʩ 

ʤʘʣʝʥʴʢʠʤ ʛʣʦʙʫʩʦʤ, ʘ ʯʘʩʪʥʳʡ ʤʘʩʰʪʘʙ m  ʩʚʷʟʳʚʘʝʪ ʛʣʦʙʫʩ ʩ ʢʘʨʪʦʡ (ʩʤ. 

ʨʠʩ. 5.2). ʀ ʪʦ, ʠ ʜʨʫʛʦʝ ï ʦʪʥʦʰʝʥʠʝ ʦʪʨʝʟʢʦʚ. ʇʨʠ ʵʪʦʤ ʚʩʝʛʜʘ ʜʝʣʷʪ ʪʦ, ʯʪʦ 

ʧʦʣʫʯʠʣʦʩʴ, ʥʘ ʪʦ, ʯʪʦ ʙʳʣʦ (çʛʣʦʙʫʩ ʥʘ ɿʝʤʣʶè, çʢʘʨʪʫ ʥʘ ʛʣʦʙʫʩè). 

ɽʩʣʠ ʞʝ ʥʝʦʙʭʦʜʠʤʦ ʧʦʣʫʯʠʪʴ ʩʨʘʟʫ ʦʪʥʦʰʝʥʠʝ ʦʪʨʝʟʢʘ ʥʘ ʢʘʨʪʝ ʢ 

ʦʪʨʝʟʢʫ ʥʘ ɿʝʤʣʝ (ʤʠʥʫʷ ʛʣʦʙʫʩ), ʤʦʞʥʦ ʧʨʦʩʪʦ ʧʝʨʝʤʥʦʞʠʪʴ m  ʠ M. 

ʅʘʧʨʠʤʝʨ, ʝʩʣʠ M 1:1 000 000 (ʚ 1 ʩʤ 10 ʢʤ), ʘ ʚ ʜʘʥʥʦʡ ʪʦʯʢʝ ʢʘʨʪʳ m=0,5 

(ʚʩʝ ʚʜʚʦʝ ʩʞʘʪʦ), ʪʦ ʧʦʣʫʯʠʤ 
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ʊʦ ʝʩʪʴ, ʚ ʜʘʥʥʦʤ ʤʝʩʪʝ  1 ʩʤ ʢʘʨʪʳ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 20 ʢʤ ʥʘ ʟʝʤʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʭʦʪʷ ʥʘ ʛʣʦʙʫʩʝ ʵʪʦʪ ʞʝ ʩʘʥʪʠʤʝʪʨ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣ 10 ʢʤ. ʇʨʠ 

ʨʘʟʚʝʨʪʳʚʘʥʠʠ ʛʣʦʙʫʩʘ ʚ ʧʣʦʩʢʦʩʪʴ ʧʨʦʠʟʦʰʣʦ ʩʞʘʪʠʝ ʠ ʚ ʩʘʥʪʠʤʝʪʨ 

çʫʤʝʩʪʠʣʦʩʴè ʙʦʣʴʰʝʝ ʨʘʩʩʪʦʷʥʠʝ. 
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ʇʨʠ ʦʪʦʙʨʘʞʝʥʠʠ ʩʬʝʨʳ (ʵʣʣʠʧʩʦʠʜʘ) ʥʘ ʧʣʦʩʢʦʩʪʴ ʠʩʢʘʞʘʶʪʩʷ ʥʝ 

ʪʦʣʴʢʦ ʜʣʠʥʳ ʦʪʨʝʟʢʦʚ, ʥʦ ʠ ʧʣʦʱʘʜʠ ʦʙʲʝʢʪʦʚ. ɸʥʘʣʦʛʠʯʥʦ ʯʘʩʪʥʦʤʫ 

ʤʘʩʰʪʘʙʫ ʜʣʠʥ ʚʚʦʜʠʪʩʷ ʧʦʥʷʪʠʝ ʤʘʩʰʪʘʙʘ ʧʣʦʱʘʜʝʡ. 

ʄʘʩʰʪʘʙʦʤ ʧʣʦʱʘʜʝʡ P ʥʘʟʳʚʘʝʪʩʷ ʦʪʥʦʰʝʥʠʝ ʙʝʩʢʦʥʝʯʥʦ ʤʘʣʦʡ 

ʧʣʦʱʘʜʠ ʥʘ ʢʘʨʪʝ ʢ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʝʡ ʧʣʦʱʘʜʠ ʥʘ ʛʣʦʙʫʩʝ: 
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ɺ ʥʘʚʠʛʘʮʠʠ, ʢʦʥʝʯʥʦ, ʧʣʦʱʘʜʠ ʦʙʲʝʢʪʦʚ ʥʝ ʠʩʧʦʣʴʟʫʶʪʩʷ. ʅʦ ʚ ʜʨʫʛʠʭ 

ʦʪʨʘʩʣʷʭ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʧʦ ʢʘʨʪʝ ʧʣʦʱʘʜʝʡ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʫʛʦʜʠʡ ʟʥʘʪʴ ʟʥʘʯʝʥʠʝ P  ʥʝʦʙʭʦʜʠʤʦ. 

 

 

5.3. ʆʩʥʦʚʥʳʝ ʧʦʥʷʪʠʷ ʪʝʦʨʠʠ ʠʩʢʘʞʝʥʠʡ 

 

ʕʣʣʠʧʩ ʠʩʢʘʞʝʥʠʡ. ʂʘʢ ʫʞʝ ʦʪʤʝʯʘʣʦʩʴ, ʧʨʠ ʦʪʦʙʨʘʞʝʥʠʠ ʩʬʝʨʳ ʠʣʠ 

ʵʣʣʠʧʩʦʠʜʘ ʥʘ ʧʣʦʩʢʦʩʪʴ ʠʩʢʘʞʘʶʪʩʷ ʜʣʠʥʳ, ʧʣʦʱʘʜʠ, ʫʛʣʳ. ʕʪʦ ʦʟʥʘʯʘʝʪ, 

ʯʪʦ  ʟʥʘʯʝʥʠʷ ʵʪʠʭ ʚʝʣʠʯʠʥ ʥʘ ʧʣʦʩʢʦʩʪʠ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʠʭ ʟʥʘʯʝʥʠʷʤ ʥʘ 

ʛʣʦʙʫʩʝ. ʉʧʦʩʦʙʦʚ ʦʪʦʙʨʘʞʝʥʠʷ, ʪʦ ʝʩʪʴ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʭ ʧʨʦʝʢʮʠʡ, 

ʩʫʱʝʩʪʚʫʝʪ ʙʝʩʢʦʥʝʯʥʦ ʤʥʦʛʦ ʠ ʢʘʞʜʦʤʫ ʠʟ ʥʠʭ  ʩʚʦʡʩʪʚʝʥʥʳ ʩʦʙʩʪʚʝʥʥʳʝ 

ʟʘʢʦʥʳ ʠʩʢʘʞʝʥʠʡ.  ʅʦ ʧʨʠ ʵʪʦʤ ʠʤʝʶʪʩʷ ʠ ʦʙʱʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ, 

ʧʨʠʩʫʱʠʝ ʣʶʙʦʡ ʧʨʦʝʢʮʠʠ. ʆʥʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚ ʪʝʦʨʠʠ ʠʩʢʘʞʝʥʠʡ ï 

ʨʘʟʜʝʣʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʢʘʨʪʦʛʨʘʬʠʠ. ʈʘʩʩʤʦʪʨʠʤ ʦʩʥʦʚʥʳʝ ʠʟ ʵʪʠʭ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ. 

ɺʦʟʴʤʝʤ ʥʘ ʛʣʦʙʫʩʝ ʣʶʙʫʶ ʪʦʯʢʫ ʆ ʠ ʦʧʠʰʝʤ ʚʦʢʨʫʛ ʥʝʝ ʦʢʨʫʞʥʦʩʪʴ 

ʙʝʩʢʦʥʝʯʥʦ ʤʘʣʦʛʦ ʨʘʜʠʫʩʘ  r (ʨʠʩ.5.4). ʇʨʦʠʟʚʦʣʴʥʦ ʚʳʙʝʨʝʤ ʥʘʧʨʘʚʣʝʥʠʷ 

ʦʩʝʡ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ X ʠ Y. 

 

 
 

ʈʠʩ. 5.4. ʂ ʚʳʚʦʜʫ ʫʨʘʚʥʝʥʠʷ ʵʣʣʠʧʩʘ ʠʩʢʘʞʝʥʠʡ 
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ʊʘʢ ʢʘʢ ʦʢʨʫʞʥʦʩʪʴ ʙʝʩʢʦʥʝʯʥʦ ʤʘʣʘʷ,  ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʝʝ ʧʣʦʩʢʦʡ. 

ʊʦʛʜʘ ʢʦʦʨʜʠʥʘʪʳ x ʠ y  ʣʁ ʙʦʡ ʪʦʯʢʠ A ʥʘ ʵʪʦʡ ʦʢʨʫʞʥʦʩʪʠ ʩʚʷʟʘʥʳ 

ʩʦʦʪʥʦʰʝʥʠʝʤ 

                             x
2
 + y

2
 = r

2
.                        (5.1) 

 
ʅʘ ʧʣʦʩʢʦʩʪʠ (ʢʘʨʪʝ) ʪʦʯʢʘ O ʠʟʦʙʨʘʟʠʪʩʷ ʪʦʯʢʦʡ O' , ʪʦʯʢʘ A ʪʦʯʢʦʡ 

A'. ʆʢʨʫʞʥʦʩʪʴ ʠʟʦʙʨʘʟʠʪʩʷ ʥʝʢʦʪʦʨʦʡ ʟʘʤʢʥʫʪʦʡ ʢʨʠʚʦʡ. ɿʘʤʢʥʫʪʦʡ ʦʥʘ 

ʙʫʜʝʪ ʧʦʪʦʤʫ, ʯʪʦ ʣʶʙʘʷ ʧʨʦʝʢʮʠʷ ʜʦʣʞʥʘ ʷʚʣʷʪʴʩʷ ʥʝʧʨʝʨʳʚʥʳʤ 

ʦʪʦʙʨʘʞʝʥʠʝʤ. ʆʩʠ O'X' ʠ O'Y'  ʚ  ʙʝʩʢʦʥʝʯʥʦ ʤʘʣʦʡ ʦʢʨʝʩʪʥʦʩʪʠ ʪʦʯʢʠ ʆ' 

ʪʘʢʞʝ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʧʨʷʤʳʤʠ, ʥʦ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʦʥʠ ʧʝʨʝʩʝʢʫʪʩʷ ʥʝ ʧʦʜ 

ʧʨʷʤʳʤ ʫʛʣʦʤ. 

ʆʙʦʟʥʘʯʠʤ ʯʝʨʝʟ m ʯʘʩʪʥʳʡ ʤʘʩʰʪʘʙ ʧʦ ʦʩʠ  OX, ʘ ʯʝʨʝʟ n - ʧʦ ʦʩʠ OY.  

ʆʪʨʝʟʢʠ x ʠ y, ʘ ʪʘʢʞʝ ʠʭ ʠʟʦʙʨʘʞʝʥʠʷ x' ʠ y' , ʙʝʩʢʦʥʝʯʥʦ ʤʘʣʳʝ, 

ʧʦʵʪʦʤʫ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʦʧʨʝʜʝʣʝʥʠʝʤ ʯʘʩʪʥʦʛʦ ʤʘʩʰʪʘʙʘ 
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ʇʦʜʩʪʘʚʠʚ ʚ ʫʨʘʚʥʝʥʠʝ (5.1 ) ʠ ʧʦʜʝʣʠʚ ʥʘ r
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ʕʪʦ ʩʦʦʪʥʦʰʝʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʫʨʘʚʥʝʥʠʝ ʵʣʣʠʧʩʘ ʩ ʧʦʣʫʦʩʷʤʠ 

ɛr  ʠ  ɜr  ʚ ʢʦʩʦʫʛʦʣʴʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ O'X' Y'. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʘʞʥʳʡ ʠ ʠʥʪʝʨʝʩʥʳʡ ʚʳʚʦʜ: ʚʩʷʢʠʡ 

ʙʝʩʢʦʥʝʯʥʦ ʤʘʣʳʡ ʢʨʫʞʦʢ ʥʘ ʛʣʦʙʫʩʝ ʠʟʦʙʨʘʞʘʝʪʩʷ ʥʘ ʢʘʨʪʝ ʣʶʙʦʡ 

ʧʨʦʝʢʮʠʠ ʚ ʚʠʜʝ ʙʝʩʢʦʥʝʯʥʦ ʤʘʣʦʛʦ ʵʣʣʠʧʩʘ. 

ʅʘ ʧʝʨʚʳʡ ʚʟʛʣʷʜ ʵʪʦ ʤʦʞʝʪ ʧʦʢʘʟʘʪʴʩʷ ʩʪʨʘʥʥʳʤ. ɺʝʜʴ ʨʝʯʴ ʠʜʝʪ ʦ 

ʣʶʙʦʡ ʩʦʚʝʨʰʝʥʥʦ ʧʨʦʠʟʚʦʣʴʥʦʡ ʧʨʦʝʢʮʠʠ. ʅʠʛʜʝ ʚ ʧʨʠʚʝʜʝʥʥʦʤ ʚʳʚʦʜʝ 

ʬʦʨʤʫʣʳ ʥʝ ʥʘʢʣʘʜʳʚʘʣʠʩʴ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʩʧʦʩʦʙ ʦʪʦʙʨʘʞʝʥʠʷ. ʅʝʫʞʝʣʠ 

ʢʨʫʞʦʢ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʷʯʘ ʧʨʠ ʨʘʩʧʨʷʤʣʝʥʠʠ ʝʛʦ ʥʘ ʧʣʦʩʢʦʩʪʴ ʥʝʣʴʟʷ 

ʧʨʝʚʨʘʪʠʪʴ ʚ ʢʘʢʫʶ-ʪʦ ʜʨʫʛʫʶ ʬʠʛʫʨʫ, ʢʨʦʤʝ ʵʣʣʠʧʩʘ? ʂʦʥʝʯʥʦ, ʤʦʞʥʦ, ʥʦ 

ʪʦʣʴʢʦ ʝʩʣʠ ʵʪʦ ʢʨʫʞʦʢ ʢʦʥʝʯʥʦʛʦ ʨʘʟʤʝʨʘ. ʊʦʛʜʘ ʢʘʢʫʶ-ʪʦ ʯʘʩʪʴ ʢʨʫʞʢʘ 

ʤʦʞʥʦ ʨʘʩʪʷʥʫʪʴ, ʜʨʫʛʫʶ ʧʦʜʞʘʪʴé  

ʅʦ ʟʜʝʩʴ ʨʝʯʴ ʠʜʝʪ  ʦ ʙʝʩʢʦʥʝʯʥʦ ʤʘʣʦʤ ʢʨʫʞʢʝ, ʧʦ ʩʫʪʠ ï ʦ ʪʦʯʢʝ. ɸ 

ʪʦʯʢʘ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʦʧʨʝʜʝʣʝʥʠʝʤ ɽʚʢʣʠʜʘ çʵʪʦ ʪʦ, ʯʪʦ ʥʝ ʠʤʝʝʪ ʯʘʩʪʝʡè. 

ʈʘʩʪʷʥʫʪʴ ʠ ʧʦʜʞʘʪʴ ʦʪʜʝʣʴʥʳʝ ʝʝ ʯʘʩʪʠ ʥʝ ʫʜʘʩʪʩʷ. ʇʦʵʪʦʤʫ, ʢʘʢ ʩʣʝʜʫʝʪ ʠʟ 

ʤʘʪʝʤʘʪʠʢʠ, ʦʙʷʟʘʪʝʣʴʥʦ ʧʦʣʫʯʠʪʩʷ ʵʣʣʠʧʩ.  
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ʅʘʧʨʘʚʣʝʥʠʝ ʙʦʣʴʰʦʡ ʠ ʤʘʣʦʡ ʦʩʝʡ ʵʪʦʛʦ ʵʣʣʠʧʩʘ (ʦʥʠ, ʢʦʥʝʯʥʦ, 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳ)  ʥʘʟʳʚʘʶʪ ʛʣʘʚʥʳʤʠ ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʚ ʜʘʥʥʦʡ ʪʦʯʢʝ ʢʘʨʪʳ. 

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʚ ʨʘʟʥʳʭ ʪʦʯʢʘʭ ʢʘʨʪʳ ʛʣʘʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʟʣʠʯʥʳ, ʪʦ 

ʝʩʪʴ ʵʣʣʠʧʩ ʦʨʠʝʥʪʠʨʦʚʘʥ ʧʦ-ʨʘʟʥʦʤʫ. 

ʇʨʠʤʝʤ, ʯʪʦ ʨʘʜʠʫʩ ʠʩʭʦʜʥʦʡ ʦʢʨʫʞʥʦʩʪʠ ʥʘ ʛʣʦʙʫʩʝ r = 1 (ʨʘʜʠʫʩ ʥʝ 

ʠʤʝʝʪ ʧʨʠʥʮʠʧʠʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ, ʧʦʩʢʦʣʴʢʫ ʦʢʨʫʞʥʦʩʪʴ ʙʝʩʢʦʥʝʯʥʦ ʤʘʣʘʷ). 

ʊʦʛʜʘ ʧʦʣʫʦʩʠ ʵʣʣʠʧʩʘ ʙʫʜʫʪ ʨʘʚʥʳ m ʠ  n. ʇʝʨʝʦʙʦʟʥʘʯʠʤ ʠʭ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ 

ʩ ʦʙʱʝʧʨʠʥʷʪʳʤʠ ʜʣʷ ʵʣʣʠʧʩʘ ʩʠʤʚʦʣʘʤʠ (a =  m; b =  n) ʠ ʧʦʣʫʯʠʤ. 

.
b

y

a

x
1

22

=
¡

+
¡

öö
÷

õ
ææ
ç

å
öö
÷

õ
ææ
ç

å
 

ʊʘʢʦʡ ʵʣʣʠʧʩ, ʷʚʣʷʶʱʠʡʩʷ ʠʟʦʙʨʘʞʝʥʠʝʤ ʙʝʩʢʦʥʝʯʥʦ ʤʘʣʦʛʦ ʢʨʫʞʢʘ 

ʝʜʠʥʠʯʥʦʛʦ ʨʘʜʠʫʩʘ,  ʥʘʟʳʚʘʝʪʩʷ ʵʣʣʠʧʩʦʤ ʠʩʢʘʞʝʥʠʡ, ʧʦʩʢʦʣʴʢʫ ʦʥ 

ʥʘʛʣʷʜʥʦ ʧʦʢʘʟʳʚʘʝʪ ʜʣʷ ʜʘʥʥʦʡ ʪʦʯʢʠ ʢʘʨʪʳ, ʚ ʢʘʢʫʶ ʩʪʦʨʦʥʫ ʠ ʚ ʢʘʢʦʡ 

ʩʪʝʧʝʥʠ ʠʟʦʙʨʘʞʝʥʠʝ ʨʘʩʪʷʥʫʪʦ ʠʣʠ ʩʞʘʪʦ. 

ʅʝʪʨʫʜʥʦ ʫʙʝʜʠʪʴʩʷ, ʯʪʦ ʨʘʜʠʫʩ ʵʣʣʠʧʩʘ ʠʩʢʘʞʝʥʠʡ ʧʦ ʣʶʙʦʤʫ 

ʥʘʧʨʘʚʣʝʥʠʶ ʨʘʚʝʥ ʯʘʩʪʥʦʤʫ ʤʘʩʰʪʘʙʫ ʧʦ ʵʪʦʤʫ ʥʘʧʨʘʚʣʝʥʠʶ. ɺʝʜʴ 

ʯʘʩʪʥʳʡ ʤʘʩʰʪʘʙ ï ʦʪʥʦʰʝʥʠʝ ʙʝʩʢʦʥʝʯʥʦ ʤʘʣʳʭ ʦʪʨʝʟʢʦʚ ʥʘ ʢʘʨʪʝ ʠ 

ʛʣʦʙʫʩʝ. ɸ ʨʘʜʠʫʩʳ ʵʣʣʠʧʩʘ ʠ ʢʨʫʞʢʘ ʠ ʝʩʪʴ ʙʝʩʢʦʥʝʯʥʦ ʤʘʣʳʝ ʦʪʨʝʟʢʠ. 

ʈʘʜʠʫʩ ʢʨʫʞʢʘ, ʢʦʥʝʯʥʦ, ʦʜʠʥʘʢʦʚ ʧʦ ʚʩʝʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʠ ʨʘʚʝʥ ʝʜʠʥʠʮʝ. ɸ 

ʨʘʜʠʫʩ ʵʣʣʠʧʩʘ ʧʦ ʨʘʟʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʨʘʟʣʠʯʝʥ, ʠ ʝʛʦ ʦʪʥʦʰʝʥʠʝ ʢ 

ʝʜʠʥʠʮʝ ʩʦʚʧʘʜʘʝʪ ʩ ʥʠʤ ʩʘʤʠʤ. 

ɺ ʯʘʩʪʥʦʩʪʠ, ʯʘʩʪʥʳʝ ʤʘʩʰʪʘʙʳ ʧʦ ʛʣʘʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʨʘʚʥʳ 

ʧʦʣʫʦʩʷʤ ʵʣʣʠʧʩʘ ʠʩʢʘʞʝʥʠʡ, ʪʦ ʝʩʪʴ a  ʠ b . ʆʜʠʥ ʠʟ ʥʠʭ ʥʘʠʙʦʣʴʰʠʡ ʠʟ 

ʚʩʝʭ ʯʘʩʪʥʳʭ ʤʘʩʰʪʘʙʦʚ (ʨʘʜʠʫʩʦʚ ʵʣʣʠʧʩʘ), ʜʨʫʛʦʡ ï ʥʘʠʤʝʥʴʰʠʡ. 

ʀʩʢʘʞʝʥʠʝ ʜʣʠʥ. ʏʘʩʪʥʳʡ ʤʘʩʰʪʘʙ ɛ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʠʩʢʘʞʝʥʠʝ 

ʜʣʠʥ (ʨʘʩʩʪʦʷʥʠʡ) ʧʦ ʜʘʥʥʦʤʫ ʥʘʧʨʘʚʣʝʥʠʶ. ɽʩʣʠ ʠʟʚʝʩʪʥʳ ʧʘʨʘʤʝʪʨʳ 

ʵʣʣʠʧʩʘ ʠʩʢʘʞʝʥʠʡ a  ʠ b , ʪʦ ʤʦʞʥʦ ʥʘʡʪʠ ʯʘʩʪʥʳʡ ʤʘʩʰʪʘʙ ɛŬ   ʧʦ ʣʶʙʦʤʫ 

ʜʨʫʛʦʤʫ ʥʘʧʨʘʚʣʝʥʠʶ, ʩʦʩʪʘʚʣʷʶʱʝʤʫ ʫʛʦʣ Ŭ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ ʙʦʣʴʰʦʡ 

ʧʦʣʫʦʩʠ ʵʣʣʠʧʩʘ.  

ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʯʘʩʪʥʦʛʦ ʤʘʩʰʪʘʙʘ 

mŬ = 
r

r¡
, 

ʛʜʝ r - ʨʘʜʠʫʩ ʦʢʨʫʞʥʦʩʪʠ ʥʘ ʛʣʦʙʫʩʝ; r' - ʨʘʜʠʫʩ ʵʣʣʠʧʩʘ ʧʦ ʚʳʙʨʘʥʥʦʤʫ 

ʥʘʧʨʘʚʣʝʥʠʶ.  

ʅʘʧʨʘʚʣʝʥʠʷ ʦʩʝʡ X  ʠ Y ʥʘ ʛʣʦʙʫʩʝ ʙʳʣʠ ʚʳʙʨʘʥʳ ʧʨʦʠʟʚʦʣʴʥʦ. ʇʫʩʪʴ 

ʦʥʠ ʚʳʙʨʘʥʳ ʪʘʢ, ʯʪʦ ʠʭ ʠʟʦʙʨʘʞʝʥʠ ̫ʥʘ ʢʘʨʪʝ (ʦʩʠ  X' ʠ Y') ʩʦʚʧʘʜʘʶʪ ʩ 

ʙʦʣʴʰʦʡ ʠ ʤʘʣʦʡ ʦʩʷʤʠ ʵʣʣʠʧʩʘ (ʨʠʩ.5.5). 

ʊʦʛʜʘ (ʩʤ. ʨʠʩ. 5.5):  

rô = 22 yx ¡+¡ . 

 

ɽʩʣʠ  a ï ʯʘʩʪʥʳʡ ʤʘʩʰʪʘʙ ʧʦ ʦʩʠ X, ʘ b ï ʧʦ ʦʩʠ Y, ʪʦ 
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                             x' = ax;                        y' = by; 

x = r cosa;                 y = r sina. 
ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʧʦʜʩʪʘʚʠʚ ʵʪʠ ʚʳʨʘʞʝʥʠʷ ʚ ʬʦʨʤʫʣʫ ʜʣʷ ma, ʧʦʣʫʯʠʤ: 

 

.sinbcosa aa
a
m 2222 +=  

 

ʇʦ ʵʪʦʡ ʬʦʨʤʫʣʝ ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʯʘʩʪʥʳʡ ʤʘʩʰʪʘʙ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʠʩʢʘʞʝʥʠʝ ʜʣʠʥ, ʧʦ ʣʶʙʦʤʫ ʟʘʜʘʥʥʦʤʫ ʥʘʧʨʘʚʣʝʥʠʶ. ɼʣʷ 

ʵʪʦʛʦ ʥʫʞʥʦ ʟʥʘʪʴ ʪʦʣʴʢʦ ʯʘʩʪʥʳʝ ʤʘʩʰʪʘʙʳ ʧʦ ʛʣʘʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ a  ʠ b 

ʠ ʫʛʦʣ, ʢʦʪʦʨʳʡ ʩʦʩʪʘʚʣʷʝʪ ʥʫʞʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʩ ʦʜʥʠʤ ʠʟ ʛʣʘʚʥʳʭ 

ʥʘʧʨʘʚʣʝʥʠʡ (ʘ ʠʤʝʥʥʦ ʩ ʪʝʤ, ʧʦ ʢʦʪʦʨʦʤʫ ʯʘʩʪʥʳʡ ʤʘʩʰʪʘʙ ʦʙʦʟʥʘʯʝʥ ʚ 

ʬʦʨʤʫʣʝ ʢʘʢ  a). 

 

 
ʈʠʩ. 5.5. ʀʩʢʘʞʝʥʠʷ ʨʘʩʩʪʦʷʥʠʡ ʠ ʥʘʧʨʘʚʣʝʥʠʡ 

 

ʀʥʦʛʜʘ ʜʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʩʢʘʞʝʥʠʷ ʜʣʠʥ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʝʣʠʯʠʥʘ na, 

ʢʦʪʦʨʘʷ ʪʘʢ ʠ ʥʘʟʳʚʘʝʪʩʷ ï çʠʩʢʘʞʝʥʠʝ ʜʣʠʥè: 

na = ma - 1. 
ʆʥʘ ʤʦʞʝʪ ʙʳʪʴ ʚʳʨʘʞʝʥʘ ʠ ʚ ʧʨʦʮʝʥʪʘʭ. ʅʘʧʨʠʤʝʨ, ʝʩʣʠ ma= 1,3  , ʪʦ 

na =ma-1= 0,3 = 30%. 

 

ʀʩʢʘʞʝʥʠʝ ʥʘʧʨʘʚʣʝʥʠʡ ʠ ʫʛʣʦʚ. ʂʨʦʤʝ ʨʘʩʩʪʦʷʥʠʡ, ʥʘ ʢʘʨʪʝ ʤʦʛʫʪ 

ʠʩʢʘʞʘʪʴʩʷ ʥʘʧʨʘʚʣʝʥʠʷ ʠ ʫʛʣʳ. 

ʅʘʧʨʘʚʣʝʥʠʝʤ ʚ ʢʘʨʪʦʛʨʘʬʠʠ ʧʨʠʥʷʪʦ ʥʘʟʳʚʘʪʴ ʫʛʦʣ, ʠʟʤʝʨʷʝʤʳʡ  ʦʪ 

ʥʘʧʨʘʚʣʝʥʠʷ ʥʘʯʘʣʘ ʦʪʩʯʝʪʘ, ʥʘʧʨʠʤʝʨ, ʤʝʨʠʜʠʘʥʘ. ʕʪʦ ʪʦ, ʯʪʦ ʚ ʥʘʚʠʛʘʮʠʠ 

ʥʘʟʳʚʘʶʪ ʧʝʣʝʥʛʦʤ, ʘʟʠʤʫʪʦʤ. ɸ ʫʛʣʦʤ ʚ ʢʘʨʪʦʛʨʘʬʠʠ ʥʘʟʳʚʘʶʪ ʩʦʙʩʪʚʝʥʥʦ 

ʫʛʦʣ ʤʝʞʜʫ ʜʚʫʤʷ ʥʘʧʨʘʚʣʝʥʠʷʤʠ (ʨʘʟʥʦʩʪʴ ʧʝʣʝʥʛʦʚ):  a1, a2 ï ʥʘʧʨʘʚʣʝʥʠ,̫ 

ʘ d - ʫʛʦʣ (ʨʠʩ. 5.6). 
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ʈʠʩ. 5.6. ʅʘʧʨʘʚʣʝʥʠʷ ʠ ʫʛʣʳ 

 

ɽʩʣʠ ʩʯʠʪʘʪʴ, ʯʪʦ    ʦʩʴ OX  ʩʦʚʧʘʜʘʝʪ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ ʤʝʨʠʜʠʘʥʘ (ʩʤ. 

ʨʠʩ. 5.5), ʪʦ ʪʦʯʢʘ A  ʥʘʭʦʜʠʪʩʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ  Ŭ . ʅʦ ʥʘ ʢʘʨʪʝ ʠʟʦʙʨʘʞʝʥʠʝ 

A'  ʵʪʦʡ ʪʦʯʢʠ ʥʘʭʦʜʠʪʩʷ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʚ ʜʨʫʛʦʤ ʥʘʧʨʘʚʣʝʥʠʠ  ɓ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʟʦʙʨʘʞʝʥʠʷ ʤʝʨʠʜʠʘʥʘ O'X'. ʀʟ ʨʠʩʫʥʢʘ ʚʠʜʥʦ, ʯʪʦ 

tga =
x

y
  ,        tgb =

x

y

¡

¡
 . 

 

ʋʯʠʪʳʚʘʷ, ʯʪʦ      =¡x ax  ,     y¡= by, ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ 

 

.ab tg
a

b
tg =  

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʟʥʘʷ ʥʘʧʨʘʚʣʝʥʠʝ ʥʘ ʛʣʦʙʫʩʝ ʠ ʯʘʩʪʥʳʝ ʤʘʩʰʪʘʙʳ ʧʦ 

ʛʣʘʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ, ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʥʘʧʨʘʚʣʝʥʠʝ ʥʘ ʢʘʨʪʝ. 

ɽʩʣʠ ʠʟʤʝʥʷʪʴ Ŭ ʦʪ 0Á ʜʦ 360Á , ʪʦ ʚ ʪʘʢʠʭ ʞʝ ʧʨʝʜʝʣʘʭ ʙʫʜʝʪ 

ʠʟʤʝʥʷʪʴʩʷ ʠ ɓ. ʅʦ ʨʘʟʥʦʩʪʴ ʤʝʞʜʫ ʥʠʤʠ ʟʘʚʠʩʠʪ ʦʪ ʩʘʤʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʠ 

ʙʫʜʝʪ ʪʦ ʙʦʣʴʰʝ, ʪʦ ʤʝʥʴʰʝ, ʤʝʥʷʷ ʟʥʘʢ. ʅʘ ʧʨʘʢʪʠʢʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ 

ʥʘʠʙʦʣʴʰʘʷ ʨʘʟʥʦʩʪʴ Ŭ ʠ  ɓ, ʪʦ ʝʩʪʴ, ʥʘ ʢʘʢʫʶ ʚʝʣʠʯʠʥʫ  ʤʘʢʩʠʤʫʤ ʤʦʞʥʦ 

ʦʰʠʙʠʪʴʩʷ ʧʨʠ ʠʟʤʝʨʝʥʠʠ  ʥʘʧʨʘʚʣʝʥʠʷ ʥʘ ʢʘʨʪʝ ʚ ʜʘʥʥʦʡ ʪʦʯʢʝ. 

ʆʢʘʟʳʚʘʝʪʩʷ, ʤʘʢʩʠʤʘʣʴʥʦʝ ʠʩʢʘʞʝʥʠʝ ʥʘʧʨʘʚʣʝʥʠʡ ɤ=(aīb)max ʪʘʢʞʝ 

ʤʦʞʝʪ ʙʳʪʴ ʨʘʩʩʯʠʪʘʥʦ ʧʦ ʠʟʚʝʩʪʥʳʤ  a ʠ b ʧʦ ʬʦʨʤʫʣʝ (ʙʝʟ ʚʳʚʦʜʘ): 

 

.sin
ba

ba

+

-
=w  

 

ʅʘʧʨʠʤʝʨ, ʝʩʣʠ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʚ ʜʘʥʥʦʡ ʪʦʯʢʝ ʢʘʨʪʳ  ʯʘʩʪʥʳʝ ʤʘʩʰʪʘʙʳ 

a = 1,1;  b=0,9 , ʪʦ     sinɤ = 0,2/2=0,1 , ʦʪʢʫʜʘ ɤ=5,7Á. ʊʦ ʝʩʪʴ, ʧʨʠ 

ʠʟʤʝʨʝʥʠʠ ʧʝʣʝʥʛʦʚ ʚ ʜʘʥʥʦʡ ʪʦʯʢʝ ʢʘʨʪʳ ʤʦʞʥʦ ʦʰʠʙʠʪʴʩʷ ʤʘʢʩʠʤʫʤ ʥʘ 
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5,7Á. ɿʜʝʩʴ, ʢʦʥʝʯʥʦ, ʨʝʯʴ ʠʜʝʪ ʦ ʪʦʯʥʦʩʪʠ ʩʘʤʦʡ ʢʘʨʪʳ, ʘ ʥʝ ʦ ʪʱʘʪʝʣʴʥʦʩʪʠ 

ʛʨʘʬʠʯʝʩʢʦʡ ʨʘʙʦʪʳ ʯʝʣʦʚʝʢʘ ʩ ʪʨʘʥʩʧʦʨʪʠʨʦʤ. 

ʄʘʢʩʠʤʘʣʴʥʦʝ ʠʩʢʘʞʝʥʠʝ ʫʛʣʦʚ, ʪʦ ʝʩʪʴ ʨʘʟʥʦʩʪʝʡ ʥʘʧʨʘʚʣʝʥʠʡ, ʨʦʚʥʦ 

ʚ 2 ʨʘʟʘ ʙʦʣʴʰʝ ʠʩʢʘʞʝʥʠʷ ʥʘʧʨʘʚʣʝʥʠʡ (ʨʠʩ. 5.7): 

 

( dd ¡- )max = 2ɤ. 

 

ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʩʘʤʳʡ ʭʫʜʰʠʡ ʩʣʫʯʘʡ, ʢʦʛʜʘ ʜʣʷ ʧʝʨʚʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ 

ʦʰʠʙʢʘ ʠʤʝʝʪ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʚ ʤʝʥʴʰʫʶ ʩʪʦʨʦʥʫ, ʘ ʜʣʷ ʚʪʦʨʦʛʦ ī 

ʪʘʢʦʝ ʞʝ ʟʥʘʯʝʥʠʝ ʚ ʙʦʣʴʰʫʶ. 

 

 
ʈʠʩ.5.7. ʄʘʢʩʠʤʘʣʴʥʦʝ ʠʩʢʘʞʝʥʠʝ ʫʛʣʦʚ 

 

ʀʩʢʘʞʝʥʠʝ ʧʣʦʱʘʜʝʡ. ʉʪʝʧʝʥʴ ʠʩʢʘʞʝʥʠ ̫ ʧʣʦʱʘʜʝʡ ʦʙʲʝʢʪʦʚ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʫʞʝ ʫʧʦʤʠʥʘʚʰʠʤʩʷ  ʤʘʩʰʪʘʙʦʤ ʧʣʦʱʘʜʝʡ P, ʚʝʣʠʯʠʥʘ 

ʢʦʪʦʨʦʛʦ ʪʘʢʞʝ ʤʦʞʝʪ ʙʳʪʴ ʥʘʡʜʝʥʘ ʩ ʧʦʤʦʱʴʶ ʧʘʨʘʤʝʪʨʦʚ ʵʣʣʠʧʩʘ 

ʠʩʢʘʞʝʥʠʡ. 

ʀʟ  ʤʘʪʝʤʘʪʠʢʠ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʧʣʦʱʘʜʴ ʢʨʫʞʢʘ (ʥʘ ʛʣʦʙʫʩʝ)   Sʢʨ= pr2
, ʘ 

ʧʣʦʱʘʜʴ ʵʣʣʠʧʩʘ (ʥʘ ʢʘʨʪʝ)   Sɻ ʣ= pab, ʛʜʝ a ʠ b ï ʧʦʣʫʦʩʠ ʵʣʣʠʧʩʘ. ɺ ʵʣʣʠʧʩʝ 

ʠʩʢʘʞʝʥʠʡ ʵʪʠ ʧʦʣʫʦʩʠ ʷʚʣʷʶʪʩʷ ʯʘʩʪʥʳʤʠ ʤʘʩʰʪʘʙʘʤʠ ʧʦ ʛʣʘʚʥʳʤ 

ʥʘʧʨʘʚʣʝʥʠʷʤ. ʊʦʛʜʘ ʤʘʩʰʪʘʙ ʧʣʦʱʘʜʝʡ 

2r

ab

S

S
P

ʢʨ

ʵʣ

p

p
== . 

ʇʨʠʥʷʚ r =1, ʧʦʣʫʯʠʤ: 

 

P=ab. 
 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʥʘʷ a ʠ  b, ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʣʶʙʳʝ ʠʩʢʘʞʝʥʠʷ ʥʘ 

ʢʘʨʪʝ ʚ ʜʘʥʥʦʡ ʪʦʯʢʝ: ʨʘʩʩʪʦʷʥʠʡ, ʫʛʣʦʚ, ʧʣʦʱʘʜʝʡ. 
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ʏʘʩʪʥʳʝ ʤʘʩʰʪʘʙʳ ʧʦ ʤʝʨʠʜʠʘʥʫ ʠ ʧʘʨʘʣʣʝʣʠ. ʂʨʦʤʝ ʯʘʩʪʥʳʭ 

ʤʘʩʰʪʘʙʦʚ ʧʦ ʛʣʘʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʯʘʩʪʦ ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʥʪʝʨʝʩ ʯʘʩʪʥʳʝ 

ʤʘʩʰʪʘʙʳ ʧʦ ʥʘʧʨʘʚʣʝʥʠʷʤ ʤʝʨʠʜʠʘʥʘ ʠ ʧʘʨʘʣʣʝʣʠ. ʏʘʩʪʥʳʡ ʤʘʩʰʪʘʙ ʧʦ 

ʥʘʧʨʘʚʣʝʥʠʶ ʤʝʨʠʜʠʘʥʘ  ʧʨʠʥʷʪʦ ʦʙʦʟʥʘʯʘʪʴ m, ʘ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʧʘʨʘʣʣʝʣʠ 

ī n . ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʵʪʠ ʥʘʧʨʘʚʣʝʥʠʷ ʥʝ ʩʦʚʧʘʜʘʶʪ ʩ ʦʩʷʤʠ ʵʣʣʠʧʩʘ 

ʠʩʢʘʞʝʥʠʡ, ʪʦ ʝʩʪʴ ʩ ʛʣʘʚʥʳʤʠ ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʚ ʜʘʥʥʦʡ ʪʦʯʢʝ ʢʘʨʪʳ. 

ɺ ʥʘʯʘʣʝ ʜʘʥʥʦʛʦ ʧʘʨʘʛʨʘʬʘ ʥʘʧʨʘʚʣʝʥʠʷ ʦʩʝʡ OX  ʠ OY   ʚ ʪʦʯʢʝ O 

ʙʳʣʠ ʚʳʙʨʘʥʳ ʧʨʦʠʟʚʦʣʴʥʦ, ʣʠʰʴ ʙʳ ʦʥʠ ʙʳʣʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳ. ʅʦ ʧʨʠ 

ʨʘʟʣʠʯʥʦʤ ʚʳʙʦʨʝ ʥʘʧʨʘʚʣʝʥʠʡ ʵʪʠʭ ʦʩʝʡ ʦʢʘʞʫʪʩʷ ʨʘʟʥʳʤʠ ʫʛʣʳ ʤʝʞʜʫ 

ʠʟʦʙʨʘʞʝʥʠʷʤʠ ʵʪʠʭ ʦʩʝʡ ʥʘ ʢʘʨʪʝ, ʪʦ ʝʩʪʴ ʤʝʞʜʫ O'X'  ʠ O'Y'.  

ʆʢʘʟʳʚʘʝʪʩʷ,  ʚ ʣʶʙʦʤ ʩʣʫʯʘʝ ʵʪʠ ʥʘʧʨʘʚʣʝʥʠʷ ʙʫʜʫʪ ʩʦʚʧʘʜʘʪʴ ʩ 

ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʩʦʧʨʷʞʝʥʥʳʭ ʜʠʘʤʝʪʨʦʚ ʵʣʣʠʧʩʘ ʠʩʢʘʞʝʥʠʡ. ɺ ʤʘʪʝʤʘʪʠʢʝ 

ʜʠʘʤʝʪʨʦʤ ʵʣʣʠʧʩʘ, ʩʦʧʨʷʞʝʥʥʳʤ ʩ ʜʨʫʛʠʤ ʜʠʘʤʝʪʨʦʤ, ʥʘʟʳʚʘʝʪʩʷ ʪʘʢʦʡ  

ʜʠʘʤʝʪʨ, ʢʦʪʦʨʳʡ  ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʩʝʨʝʜʠʥʳ ʭʦʨʜ, ʧʘʨʘʣʣʝʣʴʥʳʭ ʵʪʦʤʫ 

ʜʨʫʛʦʤʫ ʜʠʘʤʝʪʨʫ (ʨʠʩ. 5.8) 

. 

 
 

ʈʠʩ. 5.8. ʉʦʧʨʷʞʝʥʥʳʝ ʜʠʘʤʝʪʨʳ ʵʣʣʠʧʩʘ 

 

ʅʘ ʨʠʩ. 5.8 ʜʠʘʤʝʪʨ ʵʣʣʠʧʩʘ D1 ʷʚʣʷʝʪʩʷ ʩʦʧʨʷʞʝʥʥʳʤ ʩ ʜʠʘʤʝʪʨʦʤ D2 , 

ʧʦʪʦʤʫ ʯʪʦ  ʦʥ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʩʝʨʝʜʠʥʳ ʭʦʨʜ, ʢʦʪʦʨʳʝ ʧʘʨʘʣʣʝʣʴʥʳ D1 . 

ɽʩʣʠ D1  ʷʚʣʷʝʪʩʷ ʩʦʧʨʷʞʝʥʥʳʤ ʩ D2 , ʪʦ ʠ  D2 ʷʚʣʷʝʪʩʷ ʩʦʧʨʷʞʝʥʥʳʤ ʩ D1. 

ʋ ʣʶʙʦʛʦ ʵʣʣʠʧʩʘ ʙʝʩʢʦʥʝʯʥʦ ʤʥʦʛʦ ʧʘʨ ʩʦʧʨʷʞʝʥʥʳʭ ʜʠʘʤʝʪʨʦʚ. ʅʦ 

ʪʦʣʴʢʦ ʜʚʘ ʠʟ ʥʠʭ ʷʚʣʷʶʪʩʷ ʚʟʘʠʤʥʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʤʠ ï ʵʪʦ ʙʦʣʴʰʘʷ ʠ 

ʤʘʣʘʷ ʧʦʣʫʦʩʠ ʵʣʣʠʧʩʘ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʨʝʜʠ ʤʥʦʞʝʩʪʚʘ ʚʦʟʤʦʞʥʳʭ 

ʥʘʧʨʘʚʣʝʥʠʡ ʦʩʝʡ  OX  ʠ OY  ʥʘ ʛʣʦʙʫʩʝ ʩʫʱʝʩʪʚʫʝʪ  ʪʦʣʴʢʦ ʦʜʥʘ ʧʘʨʘ ʪʘʢʠʭ 

ʥʘʧʨʘʚʣʝʥʠʡ,  ʢʦʪʦʨʳʝ ʦʩʪʘʥʫʪʩʷ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʤʠ ʧʨʠ ʠʭ ʦʪʦʙʨʘʞʝʥʠʠ 

ʥʘ ʢʘʨʪʫ. ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪ ʪʘʢʠʝ ʧʨʦʝʢʮʠʠ, ʚ ʢʦʪʦʨʳʭ ʵʪʠ 

ʥʘʧʨʘʚʣʝʥʠʷ ʩʦʚʧʘʜʘʶʪ ʩ ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʤʝʨʠʜʠʘʥʦʚ ʠ ʧʘʨʘʣʣʝʣʝʡ ʚ ʢʘʞʜʦʡ 

ʪʦʯʢʝ ʢʘʨʪʳ. ʕʪʠ ʥʘʧʨʘʚʣʝʥʠʷ ʠ ʙʫʜʫʪ ʛʣʘʚʥʳʤʠ ʚ ʢʘʞʜʦʡ ʪʦʯʢʝ (ʨʠʩ. 5.9). 

ʊʦʛʜʘ ʤʝʨʠʜʠʘʥʳ ʠ ʧʘʨʘʣʣʝʣʠ ʥʘ ʢʘʨʪʝ ʙʫʜʫʪ, ʢʘʢ ʠ ʥʘ ʛʣʦʙʫʩʝ, 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳ ʜʨʫʛ ʜʨʫʛʫ, ʯʪʦ ʚʧʦʣʥʝ ʨʘʟʫʤʥʦ ʠ ʫʜʦʙʥʦ. ʊʘʢʠʝ ʧʨʦʝʢʮʠʠ 

ʥʘʟʳʚʘʶʪ ʦʨʪʦʛʦʥʘʣʴʥʳʤʠ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʤʘʩʰʪʘʙʳ ʧʦ ʤʝʨʠʜʠʘʥʫ ʠ 
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ʧʘʨʘʣʣʝʣʠ  m ʠ n ʠ ʙʫʜʫʪ ʷʚʣʷʪʴʩʷ ʤʘʩʰʪʘʙʘʤʠ ʧʦ ʛʣʘʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ( a 

ʠ b ).  

 

 

 
 

ʈʠʩ. 5.9. ɻʣʘʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʠ ʥʘʧʨʘʚʣʝʥʠʷ ʤʝʨʠʜʠʘʥʦʚ ʠ ʧʘʨʘʣʣʝʣʝʡ: 

ʘ ī ʥʝ ʩʦʚʧʘʜʘʶʪ;    ʙ ī ʩʦʚʧʘʜʘʶʪ 

 

ɼʘʣʝʝ ʚ ʜʘʥʥʦʡ ʢʥʠʛʝ, ʝʩʣʠ ʥʝ ʦʛʦʚʦʨʝʥʦ ʠʥʦʝ, ʙʫʜʫʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ 

ʠʤʝʥʥʦ ʪʘʢʠʝ ʦʨʪʦʛʦʥʘʣʴʥʳʝ ʧʨʦʝʢʮʠʠ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʦʣʫʯʝʥʥʳʝ ʚʳʰʝ 

ʬʦʨʤʫʣʳ ʜʣʷ ʦʮʝʥʢʠ ʠʩʢʘʞʝʥʠʡ ʚ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʧʨʦʝʢʮʠʷʭ ʧʨʠʤʫʪ ʚʠʜ: 

 

.sinncosm aa
a
m 2222 +=          (5.2) 

.tg
m

n
tg ab=                                    (5.3) 

.
nm

nm
sin

+

-
=w                                   (5.4) 

P=mn.                                             (5.5) 

 

ɺ ʵʪʠʭ ʬʦʨʤʫʣʘʭ ʠʟʤʝʥʝʥʳ ʪʦʣʴʢʦ ʙʫʢʚʝʥʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ ʯʘʩʪʥʳʭ 

ʤʘʩʰʪʘʙʦʚ. 

 

 

5.4. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʧʨʦʝʢʮʠʡ ʧʦ ʭʘʨʘʢʪʝʨʫ ʠʩʢʘʞʝʥʠʡ 

 

ʂʘʨʪʦʛʨʘʬʠʯʝʩʢʠʝ ʧʨʦʝʢʮʠʠ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʢʣʘʩʩʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʪʦʛʦ, ʢʘʢʠʝ ʠʤʝʥʥʦ ʚʝʣʠʯʠʥʳ (ʫʛʣʳ, ʨʘʩʩʪʦʷʥʠʷ, ʧʣʦʱʘʜʠ) ʚ ʜʘʥʥʦʡ 

ʧʨʦʝʢʮʠʠ ʠʩʢʘʞʘʶʪʩʷ, ʘ ʢʘʢʠʝ ʥʝʪ. ɿʥʘʪʴ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʢʦʥʢʨʝʪʥʦʡ 

ʠʩʧʦʣʴʟʫʝʤʦʡ ʧʨʦʝʢʮʠʠ  ʢ ʪʦʤʫ ʠʣʠ ʠʥʦʤʫ ʢʣʘʩʩʫ ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ 

ʧʨʘʚʠʣʴʥʦ ʧʦʣʴʟʦʚʘʪʴʩʷ ʢʘʨʪʦʡ. 

 

1.ʈʘʚʥʦʫʛʦʣʴʥʳʝ (ʢʦʥʬʦʨʤʥʳʝ) ʧʨʦʝʢʮʠʠ. 

ɺ ʪʘʢʠʭ ʧʨʦʝʢʮʠʷʭ ʥʘʧʨʘʚʣʝʥʠʷ ʠ ʫʛʣʳ ʧʝʨʝʜʘʶʪʩʷ ʙʝʟ ʠʩʢʘʞʝʥʠʡ, ʪʦ 

ʝʩʪʴ ʫʛʣʳ ʥʘ ʢʘʨʪʝ ʩʦʚʧʘʜʘʶʪ ʩ ʫʛʣʘʤʠ ʥʘ ʛʣʦʙʫʩʝ. ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ, ʯʪʦ 
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ʙʝʩʢʦʥʝʯʥʦ ʤʘʣʳʝ ʬʠʛʫʨʳ (ʥʘʧʨʠʤʝʨ, ʪʨʝʫʛʦʣʴʥʠʢʠ) ʥʘ ʛʣʦʙʫʩʝ ʠ ʢʘʨʪʝ 

ʧʦʜʦʙʥʳ ʜʨʫʛ ʜʨʫʛʫ. 

ʀʟ ʬʦʨʤʫʣʳ (5.4) ʤʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ ʧʨʦʝʢʮʠʷ ʙʫʜʝʪ ʨʘʚʥʦʫʛʦʣʴʥʦʡ 

(ʤʘʢʩʠʤʘʣʴʥʦʝ ʠʩʢʘʞʝʥʠʝ ʥʘʧʨʘʚʣʝʥʠʡ ɤ ʨʘʚʥʦ ʥʫʣʶ), ʢʦʛʜʘ 

 

m = n. 

 

ʕʪʦ ʠ ʝʩʪʴ ʫʩʣʦʚʠʝ ʨʘʚʥʦʫʛʦʣʴʥʦʩʪʠ ʧʨʦʝʢʮʠʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʯʘʩʪʥʳʭ 

ʤʘʩʰʪʘʙʦʚ. 

ʂʦʥʝʯʥʦ, ʚ ʨʘʟʥʳʭ ʪʦʯʢʘʭ ʢʘʨʪʳ m  ʠ n ʥʝ ʦʙʷʟʘʪʝʣʴʥʦ ʜʦʣʞʥʳ ʠʤʝʪʴ 

ʦʜʥʦ ʠ ʪʦ ʞʝ ʟʥʘʯʝʥʠʝ. ɻʜʝ-ʪʦ ʦʥʠ ʤʦʛʫʪ ʙʳʪʴ ʙʦʣʴʰʝ, ʛʜʝ-ʪʦ ʤʝʥʴʰʝ, ʥʦ 

ʨʘʚʥʳ ʜʨʫʛ ʜʨʫʛʫ.  

ʇʦʩʢʦʣʴʢʫ ʯʘʩʪʥʳʝ ʤʘʩʰʪʘʙʳ ʧʦ ʛʣʘʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʵʪʦ ʨʘʜʠʫʩʳ 

ʵʣʣʠʧʩʘ ʠʩʢʘʞʝʥʠʡ ʧʦ ʵʪʠʤ ʥʘʧʨʘʚʣʝʥʠʷʤ, ʪʦ ʚ ʩʠʣʫ ʨʘʚʝʥʩʪʚʘ ʜʘʥʥʳʭ 

ʤʘʩʰʪʘʙʦʚ ʵʣʣʠʧʩ ʠʩʢʘʞʝʥʠʡ ʠʤʝʝʪ ʚʠʜ ʦʢʨʫʞʥʦʩʪʠ, ʭʦʪʷ, ʚʦʟʤʦʞʥʦ, 

ʨʘʟʥʦʛʦ ʨʘʜʠʫʩʘ ʚ ʨʘʟʥʳʭ ʪʦʯʢʘʭ ʢʘʨʪʳ  (ʨʠʩ. 5.10,ʘ). 

 

 

 
 

ʈʠʩ. 5.10. ɺʠʜ ʵʣʣʠʧʩʘ ʠʩʢʘʞʝʥʠʡ: ʘ ī ʚ ʨʘʚʥʦʫʛʦʣʴʥʦʡ, ʙ ī ʚ 

ʨʘʚʥʦʧʨʦʤʝʞʫʪʦʯʥʦʡ ʧʦ ʤʝʨʠʜʠʘʥʫ, ʚ ī ʚ ʨʘʚʥʦʚʝʣʠʢʦʡ  ʧʨʦʝʢʮʠʷʭ 

 

ʈʘʚʝʥʩʪʚʦ ʫʛʣʦʚ ʠ ʧʦʜʦʙʠʝ ʙʝʩʢʦʥʝʯʥʦ ʤʘʣʳʭ ʬʠʛʫʨ ʥʘ ʪʘʢʠʭ ʢʘʨʪʘʭ ʚ 

ʦʙʱʝʤ ʩʣʫʯʘʝ ʚʦʚʩʝ ʥʝ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʥʘ ʢʘʨʪʝ ʤʦʞʥʦ ʘʙʩʦʣʶʪʥʦ ʪʦʯʥʦ 

ʠʟʤʝʨʷʪʴ ʫʛʣʳ,  ʠ ʯʪʦ ʣʶʙʳʝ, ʥʝ ʙʝʩʢʦʥʝʯʥʦ ʤʘʣʳʝ, ʬʠʛʫʨʳ ʙʫʜʫʪ ʧʦʜʦʙʥʳ. 

ʅʘ ʛʣʦʙʫʩʝ ʫʛʦʣ ʠʟʤʝʨʷʝʪʩʷ ʤʝʞʜʫ  ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʥʘ ʜʚʝ ʪʦʯʢʠ ʧʦ 

ʢʨʘʪʯʘʡʰʝʤʫ ʨʘʩʩʪʦʷʥʠʶ (ʦʨʪʦʜʨʦʤʠʷʤʠ). ɸ ʥʘ ʢʘʨʪʝ ʦʙʳʯʥʦ ʠʟʤʝʨʷʶʪ ʫʛʦʣ 

ʤʝʞʜʫ ʥʘʧʨʘʚʣʝʥʠʷʤʠ, ʥʘʥʝʩʝʥʥʳʤʠ ʚ ʚʠʜʝ ʧʨʷʤʳʭ ʣʠʥʠʡ. ʅʦ ʦʨʪʦʜʨʦʤʠʷ  

ʠʟʦʙʨʘʞʘʝʪʩʷ ʥʘ ʪʘʢʠʭ ʢʘʨʪʘʭ ʚʦʚʩʝ ʥʝ ʧʨʷʤʦʡ ʣʠʥʠʝʡ (ʭʦʪʷ ʥʘ 

ʘʵʨʦʥʘʚʠʛʘʮʠʦʥʥʳʭ ʢʘʨʪʘʭ ʙʣʠʟʢʦʡ ʢ ʥʝʡ), ʧʦʵʪʦʤʫ ʠ ʫʛʦʣ ʙʫʜʝʪ ʦʧʨʝʜʝʣʝʥ 

ʥʝ ʘʙʩʦʣʶʪʥʦ ʪʦʯʥʦ. 

ɹʝʩʢʦʥʝʯʥʦ ʤʘʣʳʡ ʢʨʫʞʦʢ ʥʘ ʛʣʦʙʫʩʝ ʠʟʦʙʨʘʞʘʝʪʩʷ ʚ ʨʘʚʥʦʫʛʦʣʴʥʳʭ 

ʧʨʦʝʢʮʠʷʭ ʪʘʢʞʝ ʙʝʩʢʦʥʝʯʥʦ ʤʘʣʳʤ ʢʨʫʞʢʦʤ. ʅʦ ʢʨʫʞʢʠ (ʠ ʣʶʙʳʝ ʜʨʫʛʠʝ 

ʬʠʛʫʨʳ) ʢʦʥʝʯʥʳʭ ʨʘʟʤʝʨʦʚ ʠʩʢʘʞʘʶʪʩʷ. ɺʝʜʴ ʯʘʩʪʥʳʝ ʤʘʩʰʪʘʙʳ ʚ ʨʘʟʥʳʭ 

ʪʦʯʢʘʭ ʢʘʨʪʳ ʨʘʟʣʠʯʥʳ. ʇʦʵʪʦʤʫ, ʥʘʧʨʠʤʝʨ, ʩʝʚʝʨʥʘʷ ʯʘʩʪʴ ʦʟʝʨʘ ʤʦʞʝʪ 

ʦʢʘʟʘʪʴʩʷ ʨʘʩʪʷʥʫʪʦʡ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ, ʯʝʤ ʶʞʥʘʷ, ʠ ʧʦʵʪʦʤʫ ʢʨʫʛʣʦʝ ʥʘ 

ʛʣʦʙʫʩʝ ʦʟʝʨʦ ʧʨʠʤʝʪ ʥʘ ʢʘʨʪʝ ʬʦʨʤʫ ʛʨʫʰʠ ʠʣʠ ʷʡʮʘ.  
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ʈʘʚʥʦʫʛʦʣʴʥʳʝ ʧʨʦʝʢʮʠʠ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʠʟʜʘʥʠʷ 

ʘʵʨʦʥʘʚʠʛʘʮʠʦʥʥʳʭ ʢʘʨʪ, ʧʦʩʢʦʣʴʢʫ ʥʘ ʥʠʭ ʤʦʞʥʦ  ʠʟʤʝʨʷʪʴ ʧʝʣʝʥʛʠ, 

ʧʫʪʝʚʳʝ ʫʛʣʳ ʠ ʜʨʫʛʠʝ ʚʘʞʥʳʝ ʜʣʷ ʥʘʚʠʛʘʮʠʠ ʫʛʣʦʚʳʝ ʚʝʣʠʯʠʥʳ. 

 

2. ʈʘʚʥʦʧʨʦʤʝʞʫʪʦʯʥʳʝ (ʵʢʚʠʜʠʩʪʘʥʪʥʳʝ) ʧʨʦʝʢʮʠʠ. 

ɺ ʨʘʚʥʦʧʨʦʤʝʞʫʪʦʯʥʳʭ ʧʨʦʝʢʮʠʷʭ ʚ ʣʶʙʦʡ ʪʦʯʢʝ ʜʣʠʥʘ ʦʪʨʝʟʢʘ ʥʘ 

ʢʘʨʪʝ ʧʦ ʦʜʥʦʤʫ ʠʟ ʛʣʘʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʨʘʚʥʘ ʜʣʠʥʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ 

ʦʪʨʝʟʢʘ ʥʘ ʛʣʦʙʫʩʝ, ʪʦ ʝʩʪʴ ʨʘʩʩʪʦʷʥʠʷ, ʠʟʤʝʨʝʥʥʳʝ ʧʦ ʵʪʦʤʫ ʥʘʧʨʘʚʣʝʥʠʶ, 

ʥʝ ʠʩʢʘʞʘʶʪʩʷ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʦʪʥʦʰʝʥʠʝ ʦʪʨʝʟʢʦʚ (ʯʘʩʪʥʳʡ ʤʘʩʰʪʘʙ) ʨʘʚʥʦ 

ʝʜʠʥʠʮʝ. ɼʣʷ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʧʨʦʝʢʮʠʡ, ʚ ʢʦʪʦʨʳʭ ʛʣʘʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ 

ʩʦʚʧʘʜʘʶʪ ʩ ʤʝʨʠʜʠʘʥʦʤ ʠ ʧʘʨʘʣʣʝʣʴʶ, ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʯʘʩʪʥʳʭ ʤʘʩʰʪʘʙʦʚ 

ʫʩʣʦʚʠʝ ʨʘʚʥʦʧʨʦʤʝʞʫʪʦʯʥʦʩʪʠ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʢʘʢ 

 

m = 1 ʠʣʠ n = 1. 

 

ʊʦ ʝʩʪʴ, ʠʣʠ ʪʦ, ʠʣʠ ʜʨʫʛʦʝ. ʄʦʞʥʦ ʣʠ ʧʦʩʪʨʦʠʪʴ ʧʨʦʝʢʮʠʶ, ʚ ʢʦʪʦʨʦʡ 

ʦʙʘ ʯʘʩʪʥʳʭ ʤʘʩʰʪʘʙʘ ʙʳʣʠ ʨʘʚʥʳ ʝʜʠʥʠʮʝ, ʪʦ ʝʩʪʴ ʨʘʚʥʦʧʨʦʤʝʞʫʪʦʯʥʫʶ ʧʦ 

ʜʚʫʤ ʥʘʧʨʘʚʣʝʥʠʷʤ? ɽʩʣʠ ʙʳ ʵʪʦ ʫʜʘʣʦʩʴ ʩʜʝʣʘʪʴ, ʪʦ ʯʘʩʪʥʳʡ ʤʘʩʰʪʘʙ 

(ʨʘʜʠʫʩ ʵʣʣʠʧʩʘ ʠʩʢʘʞʝʥʠʡ) ʦʢʘʟʘʣʩʷ ʙʳ ʨʘʚʝʥ ʝʜʠʥʠʮʝ ʠ ʧʦ ʚʩʝʤ ʜʨʫʛʠʤ 

ʥʘʧʨʘʚʣʝʥʠʷʤ ï ʚʝʜʴ ʵʣʣʠʧʩ ʧʨʝʚʨʘʪʠʣʩʷ ʙʳ ʚ ʦʢʨʫʞʥʦʩʪʴ. ʇʨʦʝʢʮʠʷ ʙʳʣʘ 

ʙʳ ʨʘʚʥʦʧʨʦʤʝʞʫʪʦʯʥʦʡ ʧʦ ʚʩʝʤ ʥʘʧʨʘʚʣʝʥʠʷʤ, ʥʠʢʘʢʠʝ ʨʘʩʩʪʦʷʥʠʷ  ʥʝ 

ʠʩʢʘʞʘʣʠʩʴ ʙ.r ʅʦ ʧʨʦʝʢʮʠʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʙʳʣʘ ʙʳ ʠ ʨʘʚʥʦʫʛʦʣʴʥʦʡ, ʚʝʜʴ 

ʚʝʟʜʝ m =  n . ɸʚʪʦʤʘʪʠʯʝʩʢʠ ʙʝʟ ʠʩʢʘʞʝʥʠʡ ʧʝʨʝʜʘʚʘʣʠʩʴ ʙʳ ʠ ʧʣʦʱʘʜʠ 

ʦʙʲʝʢʪʦʚ. ʕʪʦ ʦʟʥʘʯʘʣʦ ʙʳ, ʯʪʦ ʥʠʢʘʢʠʭ ʠʩʢʘʞʝʥʠʡ ʥʘ ʢʘʨʪʝ ʥʝʪ, ʪʦ ʝʩʪʴ 

ʫʜʘʣʦʩʴ ʧʦʚʝʨʭʥʦʩʪʴ ʩʬʝʨʳ ʧʝʨʝʥʝʩʪʠ ʥʘ ʧʣʦʩʢʦʩʪʴ ʙʝʟ ʠʩʢʘʞʝʥʠʡ! ʅʦ ʵʪʦ 

ʥʝʚʦʟʤʦʞʥʦ. 

ʕʣʣʠʧʩ ʠʩʢʘʞʝʥʠʡ ʚ ʨʘʚʥʦʧʨʦʤʝʞʫʪʦʯʥʳʭ ʧʨʦʝʢʮʠʷʭ ʠʤʝʝʪ ʚʦ ʚʩʝʭ 

ʪʦʯʢʘʭ ʢʘʨʪʳ ʧʦʩʪʦʷʥʥʳʡ (ʨʘʚʥʳʡ ʝʜʠʥʠʮʝ) ʨʘʜʠʫʩ ʧʦ ʪʦʤʫ ʥʘʧʨʘʚʣʝʥʠʶ, ʧʦ 

ʢʦʪʦʨʦʤʫ ʧʨʦʝʢʮʠʷ ʨʘʚʥʦʧʨʦʤʝʞʫʪʦʯʥʘ. ʇʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤʫ 

ʥʘʧʨʘʚʣʝʥʠʶ ʨʘʜʠʫʩ ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʥʳʤ ʚ ʨʘʟʣʠʯʥʳʭ ʪʦʯʢʘʭ ʢʘʨʪʳ (ʨʠʩ. 

5.10,ʙ). 

ɺ ʥʘʚʠʛʘʮʠʠ ʨʘʚʥʦʧʨʦʤʝʞʫʪʦʯʥʳʝ ʧʨʦʝʢʮʠʠ ʥʝ ʥʘʰʣʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ. ɺʝʜʴ ʨʘʩʩʪʦʷʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʧʨʘʚʠʣʴʥʦ ʠʟʤʝʨʷʪʴ ʧʦ ʚʩʝʤ 

ʥʘʧʨʘʚʣʝʥʠʷʤ, ʘ ʥʝ ʧʦ ʦʜʥʦʤʫ ʠʟʙʨʘʥʥʦʤʫ. ɼʘ ʠ ʫʛʣʳ ʙʫʜʫʪ ʧʝʨʝʜʘʚʘʪʴʩʷ ʩ 

ʠʩʢʘʞʝʥʠʷʤʠ, ʧʦʩʢʦʣʴʢʫ ʨʘʚʥʦʧʨʦʤʝʞʫʪʦʯʥʦʩʪʴ ʧʨʦʝʢʮʠʠ ʠʩʢʣʶʯʘʝʪ ʝʝ 

ʨʘʚʥʦʫʛʦʣʴʥʦʩʪʴ. 

 

3. ʈʘʚʥʦʚʝʣʠʢʠʝ (ʵʢʚʠʚʘʣʝʥʪʥʳʝ ʧʨʦʝʢʮʠʠ). 

ɺ ʨʘʚʥʦʚʝʣʠʢʠʭ ʧʨʦʝʢʮʠʷʭ ʧʣʦʱʘʜʠ ʬʠʛʫʨ ʥʘ ʢʘʨʪʝ ʨʘʚʥ rʧʣʦʱʘʜʷʤ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʬʠʛʫʨ ʥʘ ʛʣʦʙʫʩʝ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʤʘʩʰʪʘʙ ʧʣʦʱʘʜʝʡ P=mn 

ʜʦʣʞʝʥ ʙʳʪʴ ʨʘʚʝʥ ʝʜʠʥʠʮʝ, ʪʦ ʝʩʪʴ ʫʩʣʦʚʠʝʤ ʨʘʚʥʦʚʝʣʠʢʦʩʪʠ ʧʨʦʝʢʮʠʠ 

ʷʚʣʷʝʪʩʷ 
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mn = 1. 

 

ʂʦʥʝʯʥʦ, ʬʦʨʤʘ ʠ ʨʘʟʤʝʨʳ ʬʠʛʫʨ ʚ ʪʘʢʠʭ ʧʨʦʝʢʮʠʷʭ ʤʦʛʫʪ ʟʥʘʯʠʪʝʣʴʥʦ 

ʠʩʢʘʞʘʪʴʩʷ, ʩʦʭʨʘʥʷʶʪʩʷ ʪʦʣʴʢʦ ʧʣʦʱʘʜʠ. ɹʝʩʢʦʥʝʯʥʦ ʤʘʣʳʡ ʢʨʫʞʦʢ ʥʘ 

ʛʣʦʙʫʩʝ ʠʟʦʙʨʘʞʘʝʪʩʷ ʥʘ ʢʘʨʪʘʭ ʚ ʨʘʚʥʦʚʝʣʠʢʠʭ ʧʨʦʝʢʮʠʷʭ ʚ ʚʠʜʝ ʵʣʣʠʧʩʘ, 

ʧʣʦʱʘʜʴ ʢʦʪʦʨʦʛʦ ʨʘʚʥʘ ʧʣʦʱʘʜʠ ʢʨʫʞʢʘ (ʨʠʩ.5.10, ʚ). 

 

4.ʇʨʦʠʟʚʦʣʴʥʳʝ. 

ɺʩʝ ʦʩʪʘʣʴʥʳʝ ʧʨʦʝʢʮʠʠ, ʪʦ ʝʩʪʴ ʪʘʢʠʝ, ʚ ʢʦʪʦʨʳʭ ʠʩʢʘʞʘʶʪʩʷ ʠ 

ʨʘʩʩʪʦʷʥʠʷ, ʠ ʫʛʣʳ, ʠ ʧʣʦʱʘʜʠ, ʥʘʟʳʚʘʶʪʩʷ ʧʨʦʠʟʚʦʣʴʥʳʤʠ. 

ʅʝʩʤʦʪʨʷ ʥʘ, ʢʘʟʘʣʦʩʴ ʙʳ, ʙʝʩʧʦʣʝʟʥʦʩʪʴ ʪʘʢʠʭ ʧʨʦʝʢʮʠʡ, ʦʥʠ ʥʘʭʦʜʷʪ 

ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ. ɺʝʜʴ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʘʨʪ ʥʝʦʙʭʦʜʠʤʦ ʠʟʤʝʨʷʪʴ ʠ 

ʨʘʩʩʪʦʷʥʠʷ, ʠ ʫʛʣʳ, ʠ ʧʣʦʱʘʜʠ. ʅʦ ʣʶʙʘʷ ʧʨʦʝʢʮʠʷ ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʪʴ ʪʦʯʥʦʝ 

ʠʟʤʝʨʝʥʠʝ ʪʦʣʴʢʦ ʯʝʛʦ-ʪʦ ʦʜʥʦʛʦ. ʇʦʵʪʦʤʫ ʩʧʝʮʠʘʣʴʥʦ ʨʘʟʨʘʙʘʪʳʚʘʶʪ ʪʘʢʠʝ 

ʚʠʜʳ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʭ ʧʨʦʝʢʮʠʡ, ʚ ʢʦʪʦʨʳʭ ʠʩʢʘʞʘʝʪʩʷ ʚʩʝ, ʥʦ ʧʦʥʝʤʥʦʛʫ. 

ʊʘʢ, ʯʪʦʙʳ ʧʨʠ ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʘʙʦʪʝ ʩ ʣʠʥʝʡʢʦʡ ʠ ʪʨʘʥʩʧʦʨʪʠʨʦʤ ʠʩʢʘʞʝʥʠʷ 

ʢʘʨʪʳ ʙʳʣʠ ʥʝʟʘʤʝʪʥʳ, ʥʘʧʨʠʤʝʨ, ʥʝ ʧʨʝʚʳʰʘʣʠ ʜʦʣʠ ʤʠʣʣʠʤʝʪʨʘ ʠ ʛʨʘʜʫʩʘ. 

 

 

5.5. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʧʨʦʝʢʮʠʡ ʧʦ ʚʠʜʫ ʥʦʨʤʘʣʴʥʦʡ ʩʝʪʢʠ 

 

ʉʝʪʢʘ ʤʝʨʠʜʠʘʥʦʚ ʠ ʧʘʨʘʣʣʝʣʝʡ ʥʘ ɿʝʤʣʝ (ʛʣʦʙʫʩʝ) ʥʘʟʳʚʘʝʪʩʷ 

ʛʝʦʛʨʘʬʠʯʝʩʢʦʡ ʩʝʪʢʦʡ. ɽʝ ʠʟʦʙʨʘʞʝʥʠʝ ʥʘ ʢʘʨʪʝ ʥʘʟʳʚʘʝʪʩʷ 

ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʦʡ ʩʝʪʢʦʡ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʧʦʩʦʙʘ ʦʪʦʙʨʘʞʝʥʠʷ ʩʬʝʨʳ ʥʘ 

ʧʣʦʩʢʦʩʪʴ, ʪʦ ʝʩʪʴ ʦʪ ʚʠʜʘ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʦʡ ʧʨʦʝʢʮʠʠ, ʬʦʨʤʘ ʤʝʨʠʜʠʘʥʦʚ ʠ 

ʧʘʨʘʣʣʝʣʝʡ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʦʡ ʩʝʪʢʠ ʙʫʜʝʪ ʨʘʟʣʠʯʥʦʡ ʠ ʧʦʜʯʘʩ ʦʯʝʥʴ 

ʩʣʦʞʥʦʡ. ʂʨʦʤʝ ʪʦʛʦ, ʢʘʢ ʫʧʦʤʠʥʘʣʦʩʴ ʚ ʧ. 3.2, ʥʘ ɿʝʤʣʝ (ʛʣʦʙʫʩʝ) ʤʦʞʥʦ 

ʟʘʜʘʪʴ ʤʥʦʞʝʩʪʚʦ ʨʘʟʣʠʯʥʳʭ ʩʬʝʨʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʢʦʦʨʜʠʥʘʪ ʠ 

ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʘʷ ʩʝʪʢʘ ʜʣʷ ʢʘʞʜʦʡ ʠʟ ʥʠʭ ʙʫʜʝʪ ʠʤʝʪʴ ʨʘʟʥʳʡ ʚʠʜ ʚ ʦʜʥʦʡ ʠ 

ʪʦʡ ʞʝ ʧʨʦʝʢʮʠʠ. ʊʘ ʠʟ ʵʪʦʛʦ ʤʥʦʞʝʩʪʚʘ ʩʝʪʦʢ, ʢʦʪʦʨʘʷ ʚ ʜʘʥʥʦʡ ʧʨʦʝʢʮʠʠ 

ʠʤʝʝʪ ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʦʡ ʚʠʜ, ʥʘʟʳʚʘʝʪʩʷ ʥʦʨʤʘʣʴʥʦʡ ʩʝʪʢʦʡ. 

ʇʨʠʚʝʜʝʤ ʧʨʠʤʝʨ, ʦʧʠʨʘʶʱʠʡʩʷ ʥʘ ʛʝʦʤʝʪʨʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ 

ʧʨʦʝʢʮʠʠ. ʇʫʩʪʴ ʛʣʦʙʫʩ ʩ ʥʘʥʝʩʝʥʥʦʡ ʥʘ ʥʝʤ ʩʝʪʢʦʡ ʤʝʨʠʜʠʘʥʦʚ ʠ 

ʧʘʨʘʣʣʝʣʝʡ ʠʟʛʦʪʦʚʣʝʥ ʠʟ ʧʦʣʫʧʨʦʟʨʘʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ɺ ʮʝʥʪʨʝ ʛʣʦʙʫʩʘ ï 

ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʣʘʤʧʦʯʢʘ. ʅʘ ʛʣʦʙʫʩʝ ʨʘʟʤʝʱʝʥ ʧʣʦʩʢʠʡ ʵʢʨʘʥ (ʢʘʨʪʘ), 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʡ ʢ ʦʩʠ ʛʣʦʙʫʩʘ ʠ ʢʘʩʘʶʱʠʡʩʷ ʝʛʦ ʚ ʪʦʯʢʝ ʧʦʣʶʩʘ. ʇʨʠ 

ʚʢʣʶʯʝʥʠʠ ʣʘʤʧʦʯʢʠ ʤʝʨʠʜʠʘʥʳ ʠ ʧʘʨʘʣʣʝʣʠ ʩʧʨʦʝʢʪʠʨʫʶʪʩʷ ʥʘ ʵʢʨʘʥ 

(ʢʘʨʪʫ). ʅʝʪʨʫʜʥʦ ʧʨʝʜʩʪʘʚʠʪʴ, ʯʪʦ ʤʝʨʠʜʠʘʥʳ ʥʘ ʪʘʢʦʡ ʢʘʨʪʝ ʙʫʜʫʪ ʠʤʝʪʴ 

ʚʠʜ ʧʨʷʤʳʭ ʣʠʥʠʡ, ʨʘʩʭʦʜʷʱʠʭʩʷ ʠʟ ʪʦʯʢʠ ʧʦʣʶʩʘ, ʘ ʧʘʨʘʣʣʝʣʠ ʙʫʜʫʪ 

ʠʟʦʙʨʘʞʝʥʳ ʚ ʚʠʜʝ ʢʦʥʮʝʥʪʨʠʯʝʩʢʠʭ ʦʢʨʫʞʥʦʩʪʝʡ (ʨʠʩ. 5.11). 

ʇʨʷʤʳʝ ʠ ʦʢʨʫʞʥʦʩʪʠ ï ʧʨʦʩʪʳʝ ʣʠʥʠʠ. ʇʦʵʪʦʤʫ ʪʘʢʘʷ 

ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʘʷ ʩʝʪʢʘ ʠ ʙʫʜʝʪ ʷʚʣʷʪʴʩʷ ʥʦʨʤʘʣʴʥʦʡ ʜʣʷ ʵʪʦʡ ʧʨʦʝʢʮʠʠ. 
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ʈʠʩ. 5.11.  ʇʨʠʤʝʨ ʥʦʨʤʘʣʴʥʦʡ ʩʝʪʢʠ 

 

ʅʦ ʝʩʣʠ ʵʢʨʘʥ ʧʨʠʣʦʞʠʪʴ ʢ ʛʣʦʙʫʩʫ ʥʝ ʚ ʪʦʯʢʝ ʧʦʣʶʩʘ, ʘ ʚ ʢʘʢʦʡ-ʪʦ 

ʜʨʫʛʦʡ, ʪʦ ʦʯʝʚʠʜʥʦ, ʯʪʦ ʵʪʠ ʞʝ ʩʘʤʳʝ ʤʝʨʠʜʠʘʥʳ ʠ ʧʘʨʘʣʣʝʣʠ ʛʣʦʙʫʩʘ 

ʧʨʠʦʙʨʝʪʫʪ ʥʘ ʢʘʨʪʝ ʙʦʣʝʝ ʩʣʦʞʥʳʡ ʚʠʜ. ɼʣʷ ʪʘʢʦʡ ʧʨʦʝʢʮʠʠ ʦʙʳʯʥʳʝ 

ʤʝʨʠʜʠʘʥʳ ʠ ʧʘʨʘʣʣʝʣʠ ʫʞʝ ʥʝ ʙʫʜʫʪ ʷʚʣʷʪʴʩʷ ʥʦʨʤʘʣʴʥʦʡ ʩʝʪʢʦʡ. 

ʅʦ ʠ ʜʣʷ ʵʪʦʡ ʧʨʦʝʢʮʠʠ ʥʦʨʤʘʣʴʥʘʷ ʩʝʪʢʘ ʩʫʱʝʩʪʚʫʝʪ. ɽʩʣʠ ʥʘʨʠʩʦʚʘʪʴ 

ʥʘ ʛʣʦʙʫʩʝ ʫʩʣʦʚʥʳʝ ʤʝʨʠʜʠʘʥʳ, ʩʭʦʜʷʱʠʝʩʷ ʚ ʪʦʯʢʝ ʢʘʩʘʥʠʷ ʛʣʦʙʫʩʘ ʩ 

ʢʘʨʪʦʡ, ʠ ʧʝʨʝʩʝʢʘʶʱʠʝ ʠʭ ʧʘʨʘʣʣʝʣʠ, ʪʦ ʪʘʢʘʷ ʩʝʪʢʘ ʢʦʩʳʭ ʩʬʝʨʠʯʝʩʢʠʭ 

ʢʦʦʨʜʠʥʘʪ ʙʫʜʝʪ ʠʤʝʪʴ ʥʘ ʢʘʨʪʝ ʪʘʢʦʡ ʞʝ ʧʨʦʩʪʦʡ ʚʠʜ, ʢʘʢʦʡ ʠʤʝʣʠ ʦʙʳʯʥʳʝ 

ʤʝʨʠʜʠʘʥʳ ʠ ʧʘʨʘʣʣʝʣʠ ʚ ʧʝʨʚʦʤ ʩʣʫʯʘʝ. ʊʘʢʘʷ ʩʝʪʢʘ ʥʘ ʛʣʦʙʫʩʝ ʠ ʙʫʜʝʪ 

ʥʦʨʤʘʣʴʥʦʡ ʜʣʷ ʜʘʥʥʦʡ ʧʨʦʝʢʮʠʠ. 

ʇʨʦʝʢʮʠʠ ʢʣʘʩʩʠʬʠʮʠʨʫʶʪ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʛʦ, ʢʘʢ ʚʳʛʣʷʜʠʪ 

ʥʦʨʤʘʣʴʥʘʷ ʩʝʪʢʘ. ʅʘʟʚʘʥʠʷ ʢʣʘʩʩʦʚ, ʢʘʢ ʧʨʘʚʠʣʦ, ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʥʘʟʚʘʥʠʷ 

ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ (ʮʠʣʠʥʜʨʘ, ʢʦʥʫʩʘ ʠ ʪ.ʜ.), ʥʘ ʢʦʪʦʨʳʝ ʢʘʢ ʙʳ 

ʧʝʨʝʥʦʩʠʪʩʷ ʧʦʚʝʨʭʥʦʩʪʴ ʩʬʝʨʳ ʠ ʢʦʪʦʨʳʝ ʟʘʪʝʤ ʨʘʟʚʦʨʘʯʠʚʘʶʪʩʷ ʚ 

ʧʣʦʩʢʦʩʪʴ. ʊʘʢʦʝ ʛʝʦʤʝʪʨʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʧʨʦʝʢʮʠʠ ʠʛʨʘʝʪ ʯʠʩʪʦ 

ʠʣʣʶʩʪʨʘʪʠʚʥʫʶ ʨʦʣʴ, ʧʦʤʦʛʘʝʪ ʥʘʛʣʷʜʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʪʫ ʠʣʠ ʠʥʫʶ 

ʧʨʦʝʢʮʠʶ. ʅʦ ʥʘ ʩʘʤʦʤ ʜʝʣʝ, ʢʘʢ ʫʞʝ ʧʦʜʯʝʨʢʠʚʘʣʦʩʴ, ʧʦʥʷʪʠʝ ʧʨʦʝʢʮʠʠ ʥʝ 

ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʦʙʷʟʘʪʝʣʴʥʳʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʦʩʪʨʦʝʥʠʡ. ʀ ʧʨʦʝʢʮʠʠ 

ʢʣʘʩʩʠʬʠʮʠʨʫʶʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʛʦ, ʢʘʢ ʚʳʛʣʷʜʷʪ ʤʝʨʠʜʠʘʥʳ ʠ 

ʧʘʨʘʣʣʝʣʠ ʥʦʨʤʘʣʴʥʦʡ ʩʝʪʢʠ, ʘ ʥʝ ʦʪ ʪʦʛʦ, ʢʘʢʫʶ ʬʦʨʤʫ ʠʤʝʝʪ 

ʚʩʧʦʤʦʛʘʪʝʣʴʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ. 

ʉʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʢʣʘʩʩʦʚ ʧʨʦʝʢʮʠʡ, ʠ ʨʘʩʩʤʦʪʨʝʥʠʝ ʧʦʜʨʦʙʥʦʡ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʟʘʥʷʣʦ ʙʳ ʤʥʦʛʦ ʤʝʩʪʘ. ɿʜʝʩʴ ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ ʪʦʣʴʢʦ 

ʦʩʥʦʚʥʳʝ ʢʣʘʩʩʳ. 
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1. ʎʠʣʠʥʜʨʠʯʝʩʢʠʝ ʧʨʦʝʢʮʠʠ. 

ʄʝʨʠʜʠʘʥʳ ʠʟʦʙʨʘʞʘʶʪʩʷ ʧʘʨʘʣʣʝʣʴʥʳʤʠ ʧʨʷʤʳʤʠ ʣʠʥʠʷʤʠ ʥʘ 

ʦʜʠʥʘʢʦʚʳʭ ʨʘʩʩʪʦʷʥʠʷʭ ʜʨʫʛ ʦʪ  ʜʨʫʛʘ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʭ ʨʘʟʥʦʩʪʷʤ ʠʭ 

ʜʦʣʛʦʪ. ʇʘʨʘʣʣʝʣʠ ï ʧʘʨʘʣʣʝʣʴʥʳʝ ʧʨʷʤʳʝ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʝ ʤʝʨʠʜʠʘʥʘʤ. 

ʈʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʧʘʨʘʣʣʝʣʷʤʠ ʤʦʛʫʪ ʙʳʪʴ ʨʘʟʣʠʯʥʳʤʠ ʚ ʨʘʟʥʳʭ 

ʢʦʥʢʨʝʪʥʳʭ ʧʨʦʝʢʮʠʷʭ ʵʪʦʛʦ ʢʣʘʩʩʘ. 

ʅʘʛʣʷʜʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʧʦʩʪʨʦʝʥʠʝ ʪʘʢʠʭ ʧʨʦʝʢʮʠʡ ʤʦʞʥʦ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ (ʨʠʩ. 5.12).  

 

 
 

ʈʠʩ. 5.12. ʀʣʣʶʩʪʨʘʮʠʷ ʧʦʩʪʨʦʝʥʠʷ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʧʨʦʝʢʮʠʡ 

 

ʅʘ ʛʣʦʙʫʩ ʥʘʜʝʚʘʝʪʩʷ ʮʠʣʠʥʜʨ, ʢʘʩʘʶʱʠʡʩʷ ʛʣʦʙʫʩʘ, ʥʘʧʨʠʤʝʨ, ʧʦ 

ʵʢʚʘʪʦʨʫ. ɺʩʝ ʪʦʯʢʠ ʛʣʦʙʫʩʘ ʪʝʤ ʠʣʠ ʠʥʳʤ ʦʙʨʘʟʦʤ ʧʝʨʝʥʦʩʷʪʩʷ ʥʘ ʮʠʣʠʥʜʨ. 

ʉʧʦʩʦʙ ʧʝʨʝʥʝʩʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʥʳʤ ʚ ʢʘʞʜʦʡ ʢʦʥʢʨʝʪʥʦʡ ʧʨʦʝʢʮʠʠ (ʥʘ 

ʨʠʩ. 5.12  ʠʟʦʙʨʘʞʝʥ ʪʦʣʴʢʦ ʦʜʠʥ ʠʟ ʥʠʭ). ɿʘʪʝʤ ʮʠʣʠʥʜʨ ʨʘʟʨʝʟʘʝʪʩʷ ʧʦ 

ʩʚʦʝʡ ʦʙʨʘʟʫʶʱʝʡ ʠ ʨʘʟʚʦʨʘʯʠʚʘʝʪʩʷ ʚ ʧʣʦʩʢʦʩʪʴ (ʢʘʨʪʫ). ʆʯʝʚʠʜʥʦ, ʯʪʦ ʧʨʠ 

ʨʘʟʚʦʨʘʯʠʚʘʥʠʠ ʮʠʣʠʥʜʨʘ ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʥʠʢʘʢʠʭ ʠʩʢʘʞʝʥʠʡ, ʩʞʘʪʠʡ, 

ʨʘʩʪʷʞʝʥʠʡ. ɺ ʵʪʦʤ ʤʦʛ ʫʙʝʜʠʪʴʩʷ ʢʘʞʜʳʡ, ʢʦʤʫ ʧʨʠʭʦʜʠʣʦʩʴ ʩʚʦʨʘʯʠʚʘʪʴ ʚ 

ʪʨʫʙʦʯʢʫ ʠ ʨʘʟʚʦʨʘʯʠʚʘʪʴ ʣʠʩʪ ʙʫʤʘʛʠ. 

 

2. ɸʟʠʤʫʪʘʣʴʥʳʝ (ʧʝʨʩʧʝʢʪʠʚʥʳʝ) ʧʨʦʝʢʮʠʠ. 

ɺ ʵʪʠʭ ʧʨʦʝʢʮʠʷʭ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʷʚʣʷʝʪʩʷ ʧʣʦʩʢʦʩʪʴ, 

ʪʦ ʝʩʪʴ ʩʘʤʘ ʢʘʨʪʘ, ʥʘ ʢʦʪʦʨʫʶ ʠ ʧʨʦʝʢʪʠʨʫʝʪʩʷ ʛʣʦʙʫʩ. ʇʨʠʤʝʨ 

ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʘʟʠʤʫʪʘʣʴʥʦʡ ʧʨʦʝʢʮʠʠ (ʩ ʣʘʤʧʦʯʢʦʡ ʚʥʫʪʨʠ 

ʛʣʦʙʫʩʘ) ʙʳʣ ʫʞʝ ʧʨʠʚʝʜʝʥ ʨʘʥʝʝ. 

ʇʘʨʘʣʣʝʣʠ ʥʦʨʤʘʣʴʥʦʡ ʩʝʪʢʠ ʚ ʘʟʠʤʫʪʘʣʴʥʳʭ ʧʨʦʝʢʮʠʷʭ ʠʤʝʶʪ ʚʠʜ 

ʢʦʥʮʝʥʪʨʠʯʝʩʢʠʭ ʦʢʨʫʞʥʦʩʪʝʡ, ʘ ʤʝʨʠʜʠʘʥʳ ī ʧʨʷʤʳʭ ʣʠʥʠʡ, ʷʚʣʷʶʱʠʭʩʷ 

ʨʘʜʠʫʩʘʤʠ ʵʪʠʭ ʦʢʨʫʞʥʦʩʪʝʡ (ʨʠʩ. 5.13). ɺʘʞʥʦ, ʯʪʦ ʫʛʣʳ ʤʝʞʜʫ 

ʤʝʨʠʜʠʘʥʘʤʠ ʥʘ ʢʘʨʪʝ ʨʘʚʥʳ ʨʘʟʥʦʩʪʷʤ ʠʭ  ʜʦʣʛʦʪ. 
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ʈʠʩ. 5.13. ɸʟʠʤʫʪʘʣʴʥʳʝ ʧʨʦʝʢʮʠʠ 

 

3.ʂʦʥʠʯʝʩʢʠʝ ʧʨʦʝʢʮʠʠ 

ʂʦʥʠʯʝʩʢʠʝ ʧʨʦʝʢʮʠʠ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʢʘʢ ʨʝʟʫʣʴʪʘʪ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʬʝʨʳ  ʥʘ ʢʦʥʫʩ, ʢʦʪʦʨʳʡ ʥʘʜʝʪ ʥʘ ʛʣʦʙʫʩ. ʈʘʟʨʝʟʘʚ ʢʦʥʫʩ ʧʦ  

ʦʙʨʘʟʫʶʱʝʡ, ʝʛʦ ʪʘʢʞʝ ʤʦʞʥʦ ʨʘʟʚʝʨʥʫʪʴ ʚ ʧʣʦʩʢʦʩʪʴ ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʠʩʢʘʞʝʥʠʡ (ʠʩʢʘʞʝʥʠʷ ʚʦʟʥʠʢʥʫʪ ʪʦʣʴʢʦ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ). 

ʂʘʨʪʦʛʨʘʬʠʯʝʩʢʘʷ ʩʝʪʢʘ ʢʦʥʠʯʝʩʢʠʭ ʧʨʦʝʢʮʠʡ ʧʦʭʦʞʘ ʥʘ ʩʝʪʢʫ 

ʘʟʠʤʫʪʘʣʴʥʳʭ. ʅʦ ʥʝʪʨʫʜʥʦ ʧʨʝʜʩʪʘʚʠʪʴ, ʯʪʦ çʚʳʢʨʦʡʢʘè ʢʦʥʫʩʘ ʙʫʜʝʪ ʠʤʝʪʴ 

ʚʳʨʝʟʘʥʥʳʡ ʩʝʢʪʦʨ, ʢʨʘʷ ʢʦʪʦʨʦʛʦ ʧʨʝʜʩʪʘʚʣʷʶʪ ʣʠʥʠʶ ʨʘʟʨʝʟʘ (ʨʠʩ. 5.14). 

ʇʘʨʘʣʣʝʣʠ ʠʤʝʶʪ ʚʠʜ ʦʢʨʫʞʥʦʩʪʝʡ (ʩ ʚʳʨʝʟʘʥʥʳʤ ʩʝʢʪʦʨʦʤ), ʘ 

ʤʝʨʠʜʠʘʥʳ ʠʟʦʙʨʘʞʘʶʪʩʷ ʧʨʷʤʳʤʠ ʣʠʥʠʷʤʠ, ʷʚʣʷʶʱʠʤʠʩʷ ʨʘʜʠʫʩʘʤʠ ʵʪʠʭ 

ʦʢʨʫʞʥʦʩʪʝʡ. 

ɺʘʞʥʳʤ ʦʪʣʠʯʠʝʤ ʦʪ ʘʟʠʤʫʪʘʣʴʥʦʡ ʩʝʪʢʠ (ʧʦʤʠʤʦ ʚʳʨʝʟʘ) ʷʚʣʷʝʪʩʷ ʪʦ, 

ʯʪʦ ʫʛʣʳ ʤʝʞʜʫ ʤʝʨʠʜʠʘʥʘʤʠ ʥʝ ʨʘʚʥʳ, ʘ ʪʦʣʴʢʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳ 

ʨʘʟʥʦʩʪʷʤ ʜʦʣʛʦʪ ʵʪʠʭ ʤʝʨʠʜʠʘʥʦʚ (ʦʙʳʯʥʦ ʤʝʥʴʰʝ ʠʭ). ɼʝʡʩʪʚʠʪʝʣʴʥʦ, 360Á 

ʚʦʢʨʫʛ ʧʦʣʶʩʘ ʥʘ ʛʣʦʙʫʩʝ ʠʟʦʙʨʘʟʠʣʠʩʴ ʥʘ ʢʘʨʪʝ ʚ ʚʠʜʝ ʤʝʥʴʰʝʛʦ ʫʛʣʘ (ʠʟ-ʟʘ 

ʚʳʨʝʟʘ), ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʫʛʣʳ ʤʝʞʜʫ ʤʝʨʠʜʠʘʥʘʤʠ ʥʘ ʢʘʨʪʝ ʤʝʥʴʰʝ, ʯʝʤ ʥʘ 

ʛʣʦʙʫʩʝ.. 

 
 

ʈʠʩ. 5.14. ʂʦʥʠʯʝʩʢʠʝ ʧʨʦʝʢʮʠʠ 
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4. ʇʨʦʯʠʝ  ʧʨʦʝʢʮʠʠ. 

ʂʘʢ ʫʞʝ ʦʪʤʝʯʘʣʦʩ,ɹ ʚʠʜʦʚ ʧʨʦʝʢʮʠʡ ʦʯʝʥʴ ʤʥʦʛʦ, ʘ ʨʘʩʩʤʦʪʨʝʥʥʳʝ 

ʮʠʣʠʥʜʨʠʯʝʩʢʠʝ, ʘʟʠʤʫʪʘʣʴʥʳʝ ʠ ʢʦʥʠʯʝʩʢʠʝ ʧʨʦʝʢʮʠʠ ʷʚʣʷʶʪʩʷ ʢʘʢ ʙʳ 

ʦʩʥʦʚʥʳʤʠ, çʢʣʘʩʩʠʯʝʩʢʠʤʠè ʠ ʩʘʤʳʤʠ ʜʨʝʚʥʠʤʠ ʠʟ ʧʨʦʝʢʮʠʡ. ʇʦʣʥʘʷ 

ʩʠʩʪʝʤʘ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʧʨʦʝʢʮʠʡ ʧʦ ʚʠʜʫ ʥʦʨʤʘʣʴʥʦʡ ʩʝʪʢʠ ʷʚʣʷʝʪʩʷ 

ʩʣʦʞʥʦʡ ʠ ʨʘʟʚʝʪʚʣʝʥʥʦʡ, ʧʨʠʯʝʤ ʨʘʟʥʳʝ ʫʯʝʥʳʝ ʧʨʝʜʣʘʛʘʶʪ ʨʘʟʥʳʝ 

ʩʠʩʪʝʤʳ ʢʣʘʩʩʠʬʠʢʘʮʠʠ. ʉʫʱʝʩʪʚʫʶʪ ʧʨʦʝʢʮʠʠ ʧʦʣʠʢʦʥʠʯʝʩʢʠʝ, 

ʧʩʝʚʜʦʢʦʥʠʯʝʩʢʠʝ, ʧʩʝʚʜʦʮʠʣʠʥʜʨʠʯʝʩʢʠʝ, ʢʨʫʛʦʚʳʝ ʠ ʪ.ʜ., ʠ ʪ.ʜ. ʅʝʢʦʪʦʨʳʝ 

ʠʟ ʥʠʭ ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ ʜʘʣʝʝ. 

ʄʘʣʦ ʪʦʛʦ, ʥʝʢʦʪʦʨʳʝ ʠʟ ʢʣʘʩʩʦʚ ʧʨʦʝʢʮʠʡ ʷʚʣʷʶʪʩʷ ʯʘʩʪʥʳʤʠ 

ʩʣʫʯʘʷʤʠ ʜʨʫʛʠʭ. ɼʘʞʝ ʫʞʝ ʨʘʩʩʤʦʪʨʝʥʥʳʝ  ʮʠʣʠʥʜʨʠʯʝʩʢʠʝ ʠ ʘʟʠʤʫʪʘʣʴʥʳʝ 

ʧʨʦʝʢʮʠʠ ʥʘ ʩʘʤʦʤ ʜʝʣʝ ʷʚʣʷʶʪʩʷ ʯʘʩʪʥʳʤ ʩʣʫʯʘʝʤ ʢʦʥʠʯʝʩʢʠʭ, ʯʪʦ ʣʝʛʢʦ 

ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʪʴ ʩ ʧʦʤʦʱʴʶ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʩʦʦʙʨʘʞʝʥʠʡ. 

ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʝʩʣʠ ʫʛʦʣ ʨʘʩʪʚʦʨʘ ʢʦʥʫʩʘ ʚ ʢʦʥʠʯʝʩʢʦʡ ʧʨʦʝʢʮʠʠ ʫʚʝʣʠʯʠʪʴ 

ʜʦ 180Á , ʪʦ ʢʦʥʫʩ ʧʨʝʚʨʘʪʠʪʩʷ ʚ ʧʣʦʩʢʦʩʪʴ ʠ ʧʦʣʫʯʠʪʩʷ ʘʟʠʤʫʪʘʣʴʥʘʷ 

ʧʨʦʝʢʮʠʷ. ɸ ʝʩʣʠ ʵʪʦʪ ʫʛʦʣ ʫʤʝʥʴʰʘʪʴ ʚ ʧʨʝʜʝʣʝ ʜʦ ʥʫʣʷ, ʪʦ ʚʝʨʰʠʥʘ ʢʦʥʫʩʘ 

ʙʫʜʝʪ ʫʜʘʣʷʪʴʩʷ ʚ ʙʝʩʢʦʥʝʯʥʦʩʪʴ ʠ ʚ ʧʨʝʜʝʣʝ ʦʙʨʘʟʫʶʱʠʝ ʢʦʥʫʩʘ ʩʪʘʥʫʪ 

ʧʘʨʘʣʣʝʣʴʥʳʤʠ. ʇʦʣʫʯʠʪʩʷ ʮʠʣʠʥʜʨʠʯʝʩʢʘʷ ʧʨʦʝʢʮʠʷ. 

 

 

5.6. ɼʨʫʛʠʝ ʚʠʜʳ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʧʨʦʝʢʮʠʡ 

 

ɺ ʢʘʨʪʦʛʨʘʬʠʠ ʧʨʦʝʢʮʠʠ ʢʣʘʩʩʠʬʠʮʠʨʫʶʪ ʥʝ ʪʦʣʴʢʦ ʧʦ ʭʘʨʘʢʪʝʨʫ 

ʠʩʢʘʞʝʥʠʡ ʠ ʚʠʜʫ ʥʦʨʤʘʣʴʥʦʡ ʩʝʪʢʠ, ʥʦ ʠ ʧʦ ʜʨʫʛʠʤ ʧʨʠʟʥʘʢʘʤ. 

 ʀʟ ʠʟʣʦʞʝʥʥʦʛʦ ʨʘʥʝʝ ʧʦʥʷʪʥʦ, ʯʪʦ ʯʘʩʪʦ ʧʨʦʝʢʮʠʶ ʤʦʞʥʦ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠ ʧʨʝʜʩʪʘʚʠʪʴ ʢʘʢ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʩʬʝʨʳ ʥʘ ʥʝʢʦʪʦʨʫʶ 

ʚʩʧʦʤʦʛʘʪʝʣʴʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ: ʮʠʣʠʥʜʨ, ʢʦʥʫʩ, ʧʣʦʩʢʦʩʪʴ. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʟʘʠʤʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʟʝʤʥʦʡ ʦʩʠ ʠ ʦʩʠ 

ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʧʨʦʝʢʮʠʠ ʨʘʟʜʝʣʷʶʪʩʷ ʥʘ: 

1) ʥʦʨʤʘʣʴʥʳʝ (ʧʨʷʤʳʝ), ʢʦʛʜʘ ʦʩʴ ʧʦʚʝʨʭʥʦʩʪʠ ʧʘʨʘʣʣʝʣʴʥʘ ʦʩʠ 

ɿʝʤʣʠ; 

2) ʧʦʧʝʨʝʯʥʳʝ, ʢʦʛʜʘ ʵʪʠ ʦʩʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳ; 

3) ʢʦʩʳʝ, ʢʦʛʜʘ  ʦʩʠ ʨʘʩʧʦʣʦʞʝʥʳ ʧʦʜ ʧʨʦʠʟʚʦʣʴʥʳʤ ʫʛʣʦʤ. 

ɽʩʣʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʷʚʣʷʝʪʩʷ ʧʣʦʩʢʦʩʪʴ 

(ʘʟʠʤʫʪʘʣʴʥʳʝ ʧʨʦʝʢʮʠʠ), ʪʦ ʟʘ ʝʝ ʦʩʴ ʧʨʠʥʠʤʘʝʪʩʷ  ʧʝʨʧʝʥʜʠʢʫʣʷʨ ʢ 

ʧʣʦʩʢʦʩʪʠ. 

ʅʘʟʚʘʥʠʝ ʧʨʦʝʢʮʠʠ ʧʦʣʫʯʘʶʪ ʢʦʤʙʠʥʠʨʫʷ ʥʘʟʚʘʥʠʷ ʢʣʘʩʩʦʚ, ʢ ʢʦʪʦʨʳʤ 

ʦʥʘ ʧʨʠʥʘʜʣʝʞʠʪ. ʅʘʧʨʠʤʝʨ,  çʨʘʚʥʦʫʛʦʣʴʥʘʷ ʧʦʧʝʨʝʯʥʘʷ ʮʠʣʠʥʜʨʠʯʝʩʢʘʷ 

ʧʨʦʝʢʮʠʷè. ʅʘ ʨʠʩ. 5.15 ʧʨʠʚʝʜʝʥʳ ʧʨʠʤʝʨʳ ʦʙʨʘʟʦʚʘʥʠʷ ʥʘʟʚʘʥʠʡ 

ʥʝʢʦʪʦʨʳʭ ʧʨʦʝʢʮʠʡ (ʧʫʥʢʪʠʨʦʤ ʦʙʦʟʥʘʯʝʥʳ ʦʩʠ ʚʨʘʱʝʥʠʷ ɿʝʤʣʠ ʠ 

ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ). 
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ʈʠʩ. 5.15. ʆʙʨʘʟʦʚʘʥʠʝ ʥʘʟʚʘʥʠʡ ʧʨʦʝʢʮʠʡ: ʘ ī ʧʦʧʝʨʝʯʥʘʷ ʢʦʥʠʯʝʩʢʘʷ,   

  ʙ ī ʧʨʷʤʘʷ ʘʟʠʤʫʪʘʣʴʥʘʷ, ʚ ī ʢʦʩʘʷ ʮʠʣʠʥʜʨʠʯʝʩʢʘʷ 

 

ʄʥʦʛʦʛʨʘʥʥʳʤʠ (ʤʥʦʛʦʣʠʩʪʥʳʤʠ) ʥʘʟʳʚʘʶʪʩʷ ʧʨʦʝʢʮʠʠ, ʧʨʠ 

ʧʦʩʪʨʦʝʥʠʠ ʢʦʪʦʨʳʭ ʥʘ ʧʣʦʩʢʦʩʪʴ (ʮʠʣʠʥʜʨ, ʢʦʥʫʩ)  ʧʨʦʝʢʪʠʨʫʝʪʩʷ ʥʝ ʚʩʷ 

ʟʝʤʥʘʷ ʩʬʝʨʘ ʩʨʘʟʫ, ʘ ʝʝ ʯʘʩʪʴ. ɼʨʫʛʠʝ ʯʘʩʪʠ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʨʦʝʢʪʠʨʫʶʪʩʷ ʥʘ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʨʘʩʧʦʣʦʞʝʥʳ ʧʦ-

ʜʨʫʛʦʤʫ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʩʬʝʨʝ. ʅʘ ʢʘʨʪʘʭ ʚ ʪʘʢʠʭ ʧʨʦʝʢʮʠʷʭ ʩʧʣʦʰʥʦʝ 

ʠʟʦʙʨʘʞʝʥʠʝ ʧʦʣʫʯʘʝʪʩʷ ʪʦʣʴʢʦ ʚ ʧʨʝʜʝʣʘʭ ʦʧʨʝʜʝʣʝʥʥʦʡ ʯʘʩʪʠ ʩʬʝʨʳ 

(ʟʦʥʳ), ʘ ʢʘʨʪʘ ʚʩʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ ʩʦʩʪʦʠʪ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʦʪʜʝʣʴʥʳʭ 

ʣʠʩʪʦʚ, ʩʢʣʝʠʪʴ ʢʦʪʦʨʳʝ ʙʝʟ ʧʨʦʤʝʞʫʪʢʦʚ ʤʝʞʜʫ ʥʠʤʠ ʥʝʚʦʟʤʦʞʥʦ. 

 

 

5.7. ʆʙʱʠʝ ʩʚʦʡʩʪʚʘ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʧʨʦʝʢʮʠʡ 

 

ʂʘʢ ʫʞʝ ʦʪʤʝʯʘʣʦʩʴ, ʤʥʦʛʠʝ ʠʟ ʧʨʦʝʢʮʠʡ ʵʪʦʛʦ ʢʣʘʩʩʘ ʤʦʞʥʦ ʥʘʛʣʷʜʥʦ 

ʧʨʝʜʩʪʘʚʠʪʴ ʢʘʢ ʨʝʟʫʣʴʪʘʪ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʛʣʦʙʫʩʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʮʠʣʠʥʜʨʘ, 

ʢʦʪʦʨʳʡ ʟʘʪʝʤ ʨʘʟʚʦʨʘʯʠʚʘʝʪʩʷ ʚ ʧʣʦʩʢʦʩʪʴ. ɼʣʷ ʧʨʦʩʪʦʪʳ ʠ ʦʜʥʦʟʥʘʯʥʦʩʪʠ 

ʜʘʣʝʝ, ʝʩʣʠ ʥʝ ʦʛʦʚʦʨʝʥʦ ʠʥʦʝ,  ʙʫʜʝʤ ʧʨʠʥʠʤʘʪʴ ʛʣʦʙʫʩ ʟʘ ʩʬʝʨʫ, ʥʦ 

ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʚʳʚʦʜʳ ʙʫʜʫʪ ʩʧʨʘʚʝʜʣʠʚʳ ʠ ʜʣʷ ʛʣʦʙʫʩʘ ʚ ʬʦʨʤʝ 

ʵʣʣʠʧʩʦʠʜʘ. 

ʄʝʨʠʜʠʘʥʳ ʠ ʧʘʨʘʣʣʝʣʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʝ ʜʨʫʛ 

ʜʨʫʛʫ  ʧʨʷʤʳʝ, ʧʦʵʪʦʤʫ ʥʘ ʧʣʦʩʢʦʩʪʠ (ʢʘʨʪʝ)  ʜʣʷ ʟʘʧʠʩʠ ʫʨʘʚʥʝʥʠʡ 

ʧʨʦʝʢʮʠʠ ʫʜʦʙʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʷʤʦʫʛʦʣʴʥʫʶ ʜʝʢʘʨʪʦʚʫ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ 

OXY. ɺ ʢʘʨʪʦʛʨʘʬʠʠ ʧʨʠʥʷʪʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʣʝʚʫʶ ʧʨʷʤʦʫʛʦʣʴʥʫʶ ʩʠʩʪʝʤʫ 

ʢʦʦʨʜʠʥʘʪ. ʆʩʴ OX  ʥʘʧʨʘʚʣʝʥʘ ʧʦ ʩʝʚʝʨʥʦʤʫ ʥʘʧʨʘʚʣʝʥʠʶ  ɻʨʠʥʚʠʯʩʢʦʛʦ 

ʤʝʨʠʜʠʘʥʘ (ʥʘ ʢʘʨʪʝ ï ʚʚʝʨʭ), ʘ  OY - ʧʦ ʵʢʚʘʪʦʨʫ (ʥʘ ʢʘʨʪʝ ï ʚʧʨʘʚʦ). 

ʆʙʱʠʝ ʫʨʘʚʥʝʥʠʷ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʧʨʦʝʢʮʠʡ ʠʤʝʶʪ ʚʠʜ 

 

x = f(j); 

y = R ɚ, 
 

ʛʜʝ R  - ʨʘʜʠʫʩ ʩʬʝʨʳ-ʛʣʦʙʫʩʘ, ʪʦ ʝʩʪʴ ɿʝʤʣʠ, ʫʤʝʥʴʰʝʥʥʦʡ ʩ ʫʯʝʪʦʤ 

ʛʣʘʚʥʦʛʦ ʤʘʩʰʪʘʙʘ. 

ʍʘʨʘʢʪʝʨʥʦ, ʯʪʦ x , ʢʘʢ ʩʣʝʜʫʝʪ ʠʟ ʧʝʨʚʦʛʦ ʫʨʘʚʥʝʥʠʷ,  ʟʘʚʠʩʠʪ ʪʦʣʴʢʦ 

ʦʪ ʰʠʨʦʪʳ j, ʘ y , ʢʘʢ ʩʣʝʜʫʝʪ ʠʟ ʚʪʦʨʦʛʦ ʫʨʘʚʥʝʥʠʷ, ï ʪʦʣʴʢʦ ʦʪ ʜʦʣʛʦʪʳ l, 
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ʧʨʠʯʝʤ ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ ʝʡ.  ɺ ʫʨʘʚʥʝʥʠʷʭ ʧʨʦʝʢʮʠʡ ʚʩʝʛʜʘ ʧʦʜʨʘʟʫʤʝʚʘʝʪʩʷ, 

ʯʪʦ ʫʛʣʦʚʳʝ ʚʝʣʠʯʠʥʳ (ʥʘʧʨʠʤʝʨ, ű, ɚ) ʠʟʤʝʨʷʶʪʩʷ ʚ ʨʘʜʠʘʥʘʭ. 

ɺʪʦʨʦʝ ʫʨʘʚʥʝʥʠʝ ʦʜʠʥʘʢʦʚʦ ʜʣʷ ʚʩʝʭ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʧʨʦʝʢʮʠʡ, 

ʧʦʵʪʦʤʫ ʨʘʟʥʳʝ ʧʨʦʝʢʮʠʠ ʨʘʟʣʠʯʘʶʪʩʷ ʪʦʣʴʢʦ ʚʠʜʦʤ ʬʫʥʢʮʠʠ f. 

ɻʣʘʚʥʝr ʥʘʧʨʘʚʣʝʥʠʷ ʥʘ ʢʘʨʪʝ, ʪʦ ʝʩʪʴ ʥʘʧʨʘʚʣʝʥʠʷ ʦʩʝʡ ʵʣʣʠʧʩʘ 

ʠʩʢʘʞʝʥʠʡ,  ʩʦʚʧʘʜʘʶʪ ʩ ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʤʝʨʠʜʠʘʥʦʚ ʠ ʧʘʨʘʣʣʝʣʝʡ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʮʠʣʠʥʜʨʠʯʝʩʢʠʝ ʧʨʦʝʢʮʠʠ ʷʚʣʷʶʪʩʷ ʦʨʪʦʛʦʥʘʣʴʥʳʤʠ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʥʦʨʤʘʣʴʥʦʡ ʩʝʪʢʝ. 

 

 

5.8. ʇʨʦʝʢʮʠʷ ʋʵʪʯʘ 

 

ʎʠʣʠʥʜʨʠʯʝʩʢʘʷ ʧʨʦʝʢʮʠʷ ʋʵʪʯʘ ʥʝ ʦʙʣʘʜʘʝʪ ʢʘʢʠʤʠ-ʣʠʙʦ ʧʦʣʝʟʥʳʤʠ 

ʜʣʷ ʥʘʚʠʛʘʮʠʠ ʩʚʦʡʩʪʚʘʤʠ ʠ ʥʝ ʦʪʥʦʩʠʪʩʷ ʢ ʨʘʟʨʷʜʫ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʤʳʭ. ʅʦ 

ʝʝ ʧʦʩʪʨʦʝʥʠʝ ʣʝʛʢʦ ʦʙʲʷʩʥʠʪʴ ʛʝʦʤʝʪʨʠʯʝʩʢʠ, ʘ ʤʳ ʨʘʩʩʤʦʪʨʠʤ ʝʝ ʟʜʝʩʴ 

ʪʦʣʴʢʦ ʜʣʷ ʧʦʷʩʥʝʥʠʷ ʤʝʪʦʜʠʢʠ ʚʳʚʦʜʘ ʫʨʘʚʥʝʥʠʡ ʧʨʦʝʢʮʠʠ  ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʝʝ ʩʚʦʡʩʪʚ. 

ɻʝʦʤʝʪʨʠʯʝʩʢʠ ʵʪʫ ʧʨʦʝʢʮʠʶ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʢʘʢ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ 

ʩʬʝʨʳ ʠʟ ʝʝ ʮʝʥʪʨʘ ʥʘ ʥʘʜʝʪʳʡ ʥʘ ʥʝʝ ʮʠʣʠʥʜʨ (ʨʠʩ. 5.16). 

ʂʘʞʜʘʷ ʪʦʯʢʘ M  ʛʣʦʙʫʩʘ  ʧʨʦʝʢʪʠʨʫʝʪʩʷ ʣʫʯʦʤ ʠʟ ʮʝʥʪʨʘ ʩʬʝʨʳ O ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʴ ʮʠʣʠʥʜʨʘ, ʛʜʝ ʠ ʧʦʣʫʯʘʝʪʩʷ ʝʝ ʠʟʦʙʨʘʞʝʥʠʝ M' . ɽʩʣʠ ʚ ʮʝʥʪʨʝ 

ʩʬʝʨʳ ʧʦʤʝʩʪʠʪʴ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʣʘʤʧʦʯʢʫ, ʪʦ ʥʘ ʮʠʣʠʥʜʨʠʯʝʩʢʦʤ ʵʢʨʘʥʝ 

ʧʦʣʫʯʠʪʩʷ ʠʟʦʙʨʘʞʝʥʠʝ ʤʝʨʠʜʠʘʥʦʚ ʠ ʧʘʨʘʣʣʝʣʝʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ 

ʧʨʦʝʢʮʠʠ ʋʵʪʯʘ. 

ʀʟ ʨʠʩʫʥʢʘ ʚʠʜʥʦ, ʯʪʦ ʨʘʩʩʪʦʷʥʠʝ  x , ʥʘ ʢʦʪʦʨʦʤ M'  ʥʘʭʦʜʠʪʩʷ ʦʪ 

ʵʢʚʘʪʦʨʘ ʥʘ ʮʠʣʠʥʜʨʝ (ʘ, ʟʥʘʯʠʪ, ʠ ʥʘ ʢʘʨʪʝ) ʩʦʩʪʘʚʣʷʝʪ  x= R tg ű   . ʕʪʦ ʠ 

ʙʫʜʝʪ ʧʝʨʚʦʝ ʫʨʘʚʥʝʥʠʝ ʜʘʥʥʦʡ ʧʨʦʝʢʮʠʠ. 

ɺʪʦʨʦʝ ʫʨʘʚʥʝʥʠʝ ʜʦʣʞʥʦ ʦʪʦʙʨʘʞʘʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʦʨʜʠʥʘʪʳ y  

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʪʦʯʢʠ ʦʪ ʜʦʣʛʦʪʳ. ʕʪʘ ʢʦʦʨʜʠʥʘʪʘ ʨʘʚʥʘ ʨʘʩʩʪʦʷʥʠʶ ʚʜʦʣʴ 

ʵʢʚʘʪʦʨʘ ʦʪ ɻʨʠʥʚʠʯʩʢʦʛʦ ʤʝʨʠʜʠʘʥʘ ʜʦ ʤʝʨʠʜʠʘʥʘ ʪʦʯʢʠ ʠ ʨʘʚʥʦ y=Rɚ 

(ʜʣʠʥʘ ʜʫʛʠ ʨʘʚʥʘ ʨʘʜʠʫʩʫ ʦʢʨʫʞʥʦʩʪʠ, ʫʤʥʦʞʝʥʥʦʤʫ ʥʘ ʮʝʥʪʨʘʣʴʥʳʡ ʫʛʦʣ ʚ 

ʨʘʜʠʘʥʘʭ). ʕʪʦ ʨʘʩʩʪʦʷʥʠʝ  ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʰʠʨʦʪʳ ʪʦʯʢʠ, ʪʦ ʝʩʪʴ ʦʪ ʪʦʛʦ, ʚ 

ʢʘʢʦʤ ʠʤʝʥʥʦ ʤʝʩʪʝ ʤʝʨʠʜʠʘʥʘ ʥʘʭʦʜʠʪʩʷ ʪʦʯʢʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʨʘʚʥʝʥʠʷ ʧʨʦʝʢʮʠʠ ʠʤʝʶʪ ʚʠʜ: 

 

x= R tg ű; 

                                              y=Rɚ. 
 

ʄʳ ʚʦʩʧʦʣʴʟʦʚʘʣʠʩʴ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤʠ ʧʦʩʪʨʦʝʥʠʷʤʠ ʜʣʷ ʟʘʧʠʩʠ ʵʪʠʭ 

ʫʨʘʚʥʝʥʠʡ, ʥʦ ʥʘ ʩʘʤʦʤ ʜʝʣʝ ʵʪʦ ʣʠʰʴ ʥʘʛʣʷʜʥʘʷ ʛʝʦʤʝʪʨʠʯʝʩʢʘʷ 

ʠʣʣʶʩʪʨʘʮʠʷ. ʄʦʞʥʦ ʙʳʣʦ ʙʳ ʦʙʦʡʪʠʩʴ ʙʝʟ ʥʝʝ ʧʨʦʩʪʦ ʫʢʘʟʘʚ, ʯʪʦ ʧʨʦʝʢʮʠʷ 

ʟʘʜʘʝʪʩʷ ʪʘʢʠʤʠ ʫʨʘʚʥʝʥʠʷʤʠ. 
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ʈʠʩ. 5.16. ʇʨʦʝʢʮʠʷ ʋʵʪʯʘ 

 

ʅʘ ʩʬʝʨʝ ʤʝʨʠʜʠʘʥʳ ʩʙʣʠʞʘʶʪʩʷ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʧʦ ʤʝʨʝ ʧʨʠʙʣʠʞʝʥʠʷ 

ʢ ʧʦʣʶʩʘʤ, ʥʦ ʥʘ ʧʦʣʫʯʝʥʥʦʡ ʢʘʨʪʝ ʦʥʠ, ʢʘʢ ʠ ʚʦ ʚʩʝʭ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ 

ʧʨʦʝʢʮʠʷʭ, ʧʨʦʭʦʜʷʪ ʥʘ ʦʜʠʥʘʢʦʚʦʤ ʨʘʩʩʪʦʷʥʠʠ ʜʨʫʛ ʦʪ ʜʨʫʛʘ, ʘ ʠʤʝʥʥʦ ʥʘ 

ʪʘʢʦʤ, ʥʘ ʢʘʢʦʤ ʦʥʠ ʥʘʭʦʜʷʪʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʥʘ ʵʢʚʘʪʦʨʝ. 

ʅʝʪʨʫʜʥʦ ʫʚʠʜʝʪʴ (ʩʤ. ʨʠʩ.5.16), ʯʪʦ ʧʘʨʘʣʣʝʣʠ (ʥʘʧʨʠʤʝʨ, 

ʧʨʦʚʝʜʝʥʥʳʝ ʯʝʨʝʟ ʢʘʞʜʳʝ 10Á) ʙʫʜʫʪ ʥʘʭʦʜʠʪʴʩʷ ʥʘ ʨʘʟʥʦʤ ʨʘʩʩʪʦʷʥʠʠ ʜʨʫʛ 

ʦʪ ʜʨʫʛʘ, ʧʦʩʢʦʣʴʢʫ ʪʘʥʛʝʥʩ ʰʠʨʦʪʳ ʥʝ  ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ ʩʘʤʦʡ ʰʠʨʦʪʝ. ʕʪʠ 

ʨʘʩʩʪʦʷʥʠʷ ʙʫʜʫʪ ʚʩʝ ʫʚʝʣʠʯʠʚʘʪʴʩʷ ʧʦ ʤʝʨʝ ʫʜʘʣʝʥʠʷ ʧʘʨʘʣʣʝʣʠ ʦʪ ʵʢʚʘʪʦʨʘ. 

ɸ ʧʦʣʶʩ ʚ ʪʘʢʦʡ ʧʨʦʝʢʮʠʠ ʥʝ ʦʪʦʙʨʘʟʠʪʩʷ ʚʦʚʩʝ, ʧʦʩʢʦʣʴʢʫ ʧʨʷʤʘʷ, 

ʧʨʦʚʝʜʝʥʥʘʷ ʯʝʨʝʟ ʮʝʥʪʨ ʩʬʝʨʳ ʠ ʧʦʣʶʩ, ʥʝ ʧʝʨʝʩʝʯʝʪ ʮʠʣʠʥʜʨ, ʘ ʧʨʦʡʜʝʪ ʧʦ 

ʝʛʦ ʦʩʠ. ɺʧʨʦʯʝʤ, ʤʦʞʥʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʧʦʣʶʩ ʙʫʜʝʪ ʚʩʝ ʞʝ ʠʟʦʙʨʘʞʝʥ, ʥʦ ʥʘ 

ʙʝʩʢʦʥʝʯʥʦ ʙʦʣʴʰʦʤ ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʵʢʚʘʪʦʨʘ (ʪʘʥʛʝʥʩ ʩʪʨʝʤʠʪʩʷ ʢ 

ʙʝʩʢʦʥʝʯʥʦʩʪʠ, ʝʩʣʠ ʰʠʨʦʪʘ ʩʪʨʝʤʠʪʩʷ ʢ 90Á).  

ʏʪʦʙʳ ʠʩʩʣʝʜʦʚʘʪʴ ʩʚʦʡʩʪʚʘ ʧʨʦʝʢʮʠʠ ʋʵʪʯʘ, ʥʘʡʜʝʤ ʯʘʩʪʥʳʝ 

ʤʘʩʰʪʘʙʳ ʧʦ ʤʝʨʠʜʠʘʥʫ  m ʠ ʧʦ ʧʘʨʘʣʣʝʣʠ n. 

ʏʘʩʪʥʳʡ ʤʘʩʰʪʘʙ ʧʦ ʤʝʨʠʜʠʘʥʫ ï ʵʪʦ ʦʪʥʦʰʝʥʠʝ ʙʝʩʢʦʥʝʯʥʦ ʤʘʣʦʛʦ 

ʦʪʨʝʟʢʘ ʤʝʨʠʜʠʘʥʘ ʥʘ ʢʘʨʪʝ ʢ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤʫ ʝʤʫ ʙʝʩʢʦʥʝʯʥʦ ʤʘʣʦʤʫ 

ʦʪʨʝʟʢʫ ʤʝʨʠʜʠʘʥʘ ʥʘ ʛʣʦʙʫʩʝ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʯʘʩʪʥʳʡ ʤʘʩʰʪʘʙ ʧʦ 

ʧʘʨʘʣʣʝʣʠ ï ʵʪʦ ʦʪʥʦʰʝʥʠʝ ʙʝʩʢʦʥʝʯʥʦ ʤʘʣʦʛʦ ʦʪʨʝʟʢʘ ʧʘʨʘʣʣʝʣʠ ʥʘ ʢʘʨʪʝ ʢ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤʫ ʝʤʫ ʙʝʩʢʦʥʝʯʥʦ ʤʘʣʦʤʫ ʦʪʨʝʟʢʫ ʧʘʨʘʣʣʝʣʠ ʥʘ ʛʣʦʙʫʩʝ. 
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ɼʣʠʥʫ ʦʪʨʝʟʢʘ ʤʝʨʠʜʠʘʥʘ ʥʘ ʩʬʝʨʠʯʝʩʢʦʤ ʛʣʦʙʫʩʝ ʥʘʡʪʠ ʥʝʪʨʫʜʥʦ, 

ʧʦʩʢʦʣʴʢʫ ʤʝʨʠʜʠʘʥ ʷʚʣʷʝʪʩʷ ʦʢʨʫʞʥʦʩʪʴʶ ʩ ʨʘʜʠʫʩʦʤ, ʨʘʚʥʳʤ ʨʘʜʠʫʩʫ 

ʩʬʝʨʳ (ʨʠʩ. 5.17). 

 

 
 

ʈʠʩ. 5.17. ʂ ʦʧʨʝʜʝʣʝʥʠʶ ʜʣʠʥʳ ʙʝʩʢʦʥʝʯʥʦ ʤʘʣʳʭ ʦʪʨʝʟʢʦʚ ʤʝʨʠʜʠʘʥʘ ʠ 

ʧʘʨʘʣʣʝʣʠ ʥʘ ʩʬʝʨʝ 

 

ʇʨʠʨʘʱʝʥʠʶ ʰʠʨʦʪʳ ʥʘ ʙʝʩʢʦʥʝʯʥʦ ʤʘʣʫʶ ʚʝʣʠʯʠʥʫ dű  

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʫʛʘ ʤʝʨʠʜʠʘʥʘ R dű   (ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ dű , ʢʘʢ ʠ ʚʩʝ ʫʛʣʳ, 

ʠʟʤʝʨʷʝʪʩʷ ʚ ʨʘʜʠʘʥʘʭ). ʇʘʨʘʣʣʝʣʴ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʦʢʨʫʞʥʦʩʪʴʶ, ʥʦ ʨʘʜʠʫʩ 

ʝʝ r=Rcos ű . ɹʝʩʢʦʥʝʯʥʦ ʤʘʣʦʤʫ ʧʨʠʨʘʱʝʥʠʶ ʜʦʣʛʦʪʳ  dɚ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʜʫʛʘ ʧʘʨʘʣʣʝʣʠ Rcos ű dɚ . 

 ʆʯʝʚʠʜʥʦ, ʯʪʦ ʧʦʩʢʦʣʴʢʫ ʧʦʣʫʯʝʥʥʳʝ ʚʳʨʘʞʝʥʠʷ ʙʝʩʢʦʥʝʯʥʦ ʤʘʣʳʭ 

ʜʫʛ ʤʝʨʠʜʠʘʥʘ ʠ ʧʘʨʘʣʣʝʣʠ ʥʘ ʩʬʝʨʝ ʦʪʥʦʩʷʪʩʷ ʢ ʛʣʦʙʫʩʫ, ʘ ʥʝ ʢ ʢʘʨʪʝ, ʪʦ ʦʥʠ 

ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʘʥʘʣʠʟʝ ʣʶʙʳʭ ʧʨʦʝʢʮʠʡ. 

ɼʣʠʥʳ ʙʝʩʢʦʥʝʯʥʦ ʤʘʣʳʭ ʦʪʨʝʟʢʦʚ ʤʝʨʠʜʠʘʥʘ ʠ ʧʘʨʘʣʣʝʣʠ ʥʘ ʢʘʨʪʝ 

ʤʦʛʫʪ ʙʳʪʴ ʥʘʡʜʝʥʳ ʧʫʪʝʤ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʷ ʫʨʘʚʥʝʥʠʡ ʧʨʦʝʢʮʠʠ. 

ʇʦʩʢʦʣʴʢʫ ʤʝʨʠʜʠʘʥʳ ʠ ʧʘʨʘʣʣʝʣʠ ʚ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʧʨʦʝʢʮʠʷʭ ʥʘʧʨʘʚʣʝʥʳ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʦ ʦʩʷʤ OX  ʠ OY, ʪʦ ʵʪʠ ʜʣʠʥʳ ʨʘʚʥʳ ʜʠʬʬʝʨʝʥʮʠʘʣʘʤ x ʠ y: 

 

dlʤʝʨ ʢʘʨ = dx = (R tgj)' dj = ;
cos2

j
j

d
R

 

dlʧʘʨ ʢʘʨ = dy = (R l)' dl =  R dl. 
 

ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ: 

;
cos

1cos
2

2

jj

j
j

==
Rd

d
R

m  
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cos jlj
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==

dR
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ʀʟ ʧʦʣʫʯʝʥʥʳʭ ʬʦʨʤʫʣ ʤʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ ʦʙʘ ʯʘʩʪʥʳʭ ʤʘʩʰʪʘʙʘ 

ʟʘʚʠʩʷʪ ʪʦʣʴʢʦ ʦʪ ʰʠʨʦʪʳ. ʅʘ ʵʢʚʘʪʦʨʝ (ű=0, cosű = 1) ʧʦʣʫʯʠʤ   m=n=1, ʪʦ 

ʝʩʪʴ, ʥʝʪ ʥʠʢʘʢʠʭ ʠʩʢʘʞʝʥʠʡ. ʕʪʦ ʥʝ ʫʜʠʚʠʪʝʣʴʥʦ, ʧʦʩʢʦʣʴʢʫ ʣʠʥʠʷ ʵʢʚʘʪʦʨʘ 

ʧʨʠʥʘʜʣʝʞʠʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʠ ʛʣʦʙʫʩʫ, ʠ ʮʠʣʠʥʜʨʫ (ʢʘʨʪʝ) ï ʵʪʦ ʦʜʥʘ ʠ ʪʘ ʞʝ 

ʣʠʥʠʷ. ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʦʥʘ ʥʝ ʨʘʩʪʷʛʠʚʘʝʪʩʷ ʠ ʥʝ ʩʞʠʤʘʝʪʩʷ, ʧʨʦʩʪʦ ʧʨʠ 

ʨʘʟʚʦʨʘʯʠʚʘʥʠʠ ʮʠʣʠʥʜʨʘ ʧʨʝʚʨʘʱʘʝʪʩʷ ʠʟ ʦʢʨʫʞʥʦʩʪʠ ʚ ʧʨʷʤʫʶ ʣʠʥʠʶ. 

ʇʨʠ ʚʦʟʨʘʩʪʘʥʠʠ ʰʠʨʦʪʳ ʦʙʘ ʤʘʩʰʪʘʙʘ ʫʚʝʣʠʯʠʚʘʶʪʩʷ, ʧʦʩʢʦʣʴʢʫ 

ʢʦʩʠʥʫʩ ʩʪʘʥʦʚʠʪʩʷ ʤʝʥʴʰʝ ʝʜʠʥʠʮʳ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʠʟʦʙʨʘʞʝʥʠʝ ʥʘ 

ʢʘʨʪʝ ʨʘʩʪʷʛʠʚʘʝʪʩʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʛʣʦʙʫʩʦʤ ï ʯʝʤ ʜʘʣʴʰʝ ʦʪ ʵʢʚʘʪʦʨʘ, ʪʝʤ 

ʩʠʣʴʥʝʝ. ʅʦ ʯʘʩʪʥʳʡ ʤʘʩʰʪʘʙ ʧʦ ʤʝʨʠʜʠʘʥʫ ʨʘʩʪʝʪ ʙʳʩʪʨʝʝ, ʧʦʩʢʦʣʴʢʫ ʚ 

ʬʦʨʤʫʣʫ ʚʭʦʜʠʪ ʢʚʘʜʨʘʪ ʢʦʩʠʥʫʩʘ. ʅʘʧʨʠʤʝʨ, ʥʘ ʰʠʨʦʪʝ ű=60Á, cosű =0,5 ʠ 

m=4 ,ʘ  n=2. 

ʇʦʩʢʦʣʴʢʫ m ʠ n  ʠʤʝʶʪ ʛʝʦʤʝʪʨʠʯʝʩʢʠʡ ʩʤʳʩʣ ʨʘʜʠʫʩʦʚ ʵʣʣʠʧʩʘ 

ʠʩʢʘʞʝʥʠʡ ʧʦ ʤʝʨʠʜʠʘʥʫ ʠ ʧʘʨʘʣʣʝʣʠ, ʧʦʥʷʪʥʦ, ʯʪʦ ʧʦ ʤʝʨʝ ʫʜʘʣʝʥʠʷ ʦʪ 

ʵʢʚʘʪʦʨʘ ʵʣʣʠʧʩ ʙʫʜʝʪ ʫʚʝʣʠʯʠʚʘʪʴʩʷ ʚ ʨʘʟʤʝʨʘʭ, ʨʘʩʪʷʛʠʚʘʷʩʴ ʧʦ ʤʝʨʠʜʠʘʥʫ 

ʙʦʣʴʰʝ, ʯʝʤ ʧʦ ʧʘʨʘʣʣʝʣʠ (ʩʤ. ʨʠʩ.5.16). 

ɺʠʜ ʢʘʨʪʳ ʤʠʨʘ ʚ ʧʨʦʝʢʮʠʠ ʋʵʪʯʘ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩ 5.18. 

ɸʥʘʣʠʟʠʨʫʷ  m ʠ n, ʤʦʞʥʦ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʧʨʦʝʢʮʠʶ ʋʵʪʯʘ ʧʦ 

ʭʘʨʘʢʪʝʨʫ ʠʩʢʘʞʝʥʠʡ. 

ʇʦʩʢʦʣʴʢʫ m  ̧n ,  ʧʨʦʝʢʮʠʷ ʥʝ ʨʘʚʥʦʫʛʦʣʴʥʘʷ. 

ʇʦʩʢʦʣʴʢʫ m  ̧1 ʠ n  ̧1,  ʧʨʦʝʢʮʠʷ ʥʝ ʨʘʚʥʦʧʨʦʤʝʞʫʪʦʯʥʘʷ. 

ʇʦʩʢʦʣʴʢʫ  1
1
3
¸=
jcos

mn  ,  ʧʨʦʝʢʮʠʷ ʥʝ ʨʘʚʥʦʚʝʣʠʢʘʷ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʵʪʦ ʧʨʦʝʢʮʠʷ ʧʨʦʠʟʚʦʣʴʥʘʷ. ʀʩʢʘʞʘʶʪʩʷ ʫʛʣʳ, 

ʨʘʩʩʪʦʷʥʠʷ, ʧʣʦʱʘʜʠ. 

 

 
 

ʈʠʩ. 5.18. ʂʘʨʪʘ ʤʠʨʘ ʚ ʧʨʦʝʢʮʠʠ ʋʵʪʯʘ 
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5.9. ʇʨʦʩʪʘʷ (ʢʚʘʜʨʘʪʥʘʷ) ʮʠʣʠʥʜʨʠʯʝʩʢʘʷ ʧʨʦʝʢʮʠʷ. 

 

ʕʪʦ ʦʜʥʘ ʠʟ ʩʘʤʳʭ ʜʨʝʚʥʠʭ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʭ ʧʨʦʝʢʮʠʡ. ʉʯʠʪʘʝʪʩʷ, 

ʯʪʦ ʦʥʘ ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʚ 1438 ʛ. ɻʝʥʨʠʭʦʤ ʄʦʨʝʧʣʘʚʘʪʝʣʝʤ (Don Enrique o 

Navigator, 1394-1460). ʕʪʦ ʧʦʨʪʫʛʘʣʴʩʢʠʡ ʧʨʠʥʮ (ʨʠʩ. 5.19), ʩʥʘʨʷʞʘʚʰʠʡ 

ʵʢʩʧʝʜʠʮʠʠ ʜʣʷ ʦʙʩʣʝʜʦʚʘʥʠʷ ʘʪʣʘʥʪʠʯʝʩʢʦʛʦ ʧʦʙʝʨʝʞʴʷ ɸʬʨʠʢʠ ʠ 

ʦʩʥʦʚʘʚʰʠʡ ʤʦʨʝʭʦʜʥʫʶ ʰʢʦʣʫ. 

ʇʨʦʝʢʮʠʷ ʥʘʟʳʚʘʝʪʩʷ ʧʨʦʩʪʦʡ, ʧʦʩʢʦʣʴʢʫ ʝʝ ʫʨʘʚʥʝʥʠʷ ʠʤʝʶʪ ʧʨʦʩʪʦʡ 

ʚʠʜ, ʘ ʧʦʩʪʨʦʝʥʠʝ ʧʨʦʝʢʮʠʠ ʤʦʞʝʪ ʙʳʪʴ ʣʝʛʢʦ ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʥʦ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠ.  

ʇʨʝʜʩʪʘʚʠʤ ʩʝʙʝ, ʯʪʦ ʤʝʨʠʜʠʘʥʳ ʥʘ ʛʣʦʙʫʩʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʫʧʨʫʛʠʝ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʧʨʦʚʦʣʦʯʢʠ, ʧʨʠʢʨʝʧʣʝʥʥʳʝ ʢ ʛʣʦʙʫʩʫ ʥʘ ʵʢʚʘʪʦʨʝ ʠ 

ʩʢʨʝʧʣʝʥʥʳʝ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʚ ʧʦʣʶʩʘʭ, ʘ ʧʘʨʘʣʣʝʣʠ ï ʨʝʟʠʥʢʠ, ʥʘʪʷʥʫʪʳʝ 

ʤʝʞʜʫ ʤʝʨʠʜʠʘʥʘʤʠ. ɽʩʣʠ ʨʘʩʢʨʝʧʠʪʴ ʚ ʧʦʣʶʩʘʭ ʤʝʨʠʜʠʘʥʳ, ʪʦ ʦʥʠ 

ʨʘʩʧʨʷʤʷʪʩʷ ʠ ʣʷʛʫʪ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʮʠʣʠʥʜʨʘ. ɼʣʠʥʘ ʠʭ ʧʨʠ ʵʪʦʤ, ʢʦʥʝʯʥʦ, 

ʥʝ ʠʟʤʝʥʠʪʩʷ. ɸ ʚʦʪ ʧʘʨʘʣʣʝʣʠ-ʨʝʟʠʥʢʠ ʨʘʩʪʷʥʫʪʩʷ, ʧʨʠʯʝʤ ʪʝʤ ʩʠʣʴʥʝʝ, ʯʝʤ 

ʜʘʣʴʰʝ ʦʥʠ ʦʪ ʵʢʚʘʪʦʨʘ. ʇʦʣʫʯʝʥʥʘʷ ʧʦʩʣʝ ʨʘʩʧʨʷʤʣʝʥʠʷ ʮʠʣʠʥʜʨʘ ʩʝʪʢʘ ʠ 

ʙʫʜʝʪ ʩʝʪʢʦʡ ʧʨʦʩʪʦʡ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʧʨʦʝʢʮʠʠ . 

çʄʝʪʘʣʣʠʯʝʩʢʠʝè ʤʝʨʠʜʠʘʥʳ ʥʝ ʨʘʩʪʷʛʠʚʘʣʠʩʴ ʠ ʥʝ ʩʞʠʤʘʣʠʩʴ, ʘ 

ʧʨʦʩʪʦ ʨʘʩʧʨʷʤʠʣʠʩʴ. ʇʦʵʪʦʤʫ ʧʨʦʠʟʚʦʣʴʥʘʷ ʪʦʯʢʘ M, ʚʟʷʪʘʷ  ʥʘ ʛʣʦʙʫʩʝ, 

ʧʦʧʘʜʝʪ ʥʘ ʮʠʣʠʥʜʨ (ʘ, ʟʥʘʯʠʪ, ʠ ʥʘ ʢʘʨʪʫ) ʚ ʪʦʯʢʫ M' , ʥʘʭʦʜʷʱʫʶʩʷ ʥʘ 

ʪʘʢʦʤ ʞʝ ʨʘʩʩʪʦʷʥʠʠ  x ʦʪ ʵʢʚʘʪʦʨʘ, ʥʘ ʢʘʢʦʤ ʦʪ ʵʢʚʘʪʦʨʘ ʙʳʣʘ ʪʦʯʢʘ M ʥʘ 

ʛʣʦʙʫʩʝ  (ʨʠʩ. 5.20). 

 
 

ʈʠʩ. 5.19 . ɻʝʥʨʠʭ ʄʦʨʝʧʣʘʚʘʪʝʣʴ 
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ʈʘʩʩʪʦʷʥʠʝ ʣʶʙʦʡ ʪʦʯʢʠ ʥʘ ʩʬʝʨʝ ʦʪ ʵʢʚʘʪʦʨʘ ʨʘʚʥʦ Rj, ʧʦʵʪʦʤʫ 
ʫʨʘʚʥʝʥʠʷ ʧʨʦʝʢʮʠʠ ʠʤʝʶʪ ʚʠʜ: 

 

x =R j; 

y = R l. 
 

ʅʘʡʜʝʤ ʯʘʩʪʥʳʝ ʤʘʩʰʪʘʙʳ ʧʦ ʤʝʨʠʜʠʘʥʫ ʠ ʧʘʨʘʣʣʝʣʠ, ʘʥʘʣʦʛʠʯʥʦ 

ʪʦʤʫ, ʢʘʢ ʵʪʦ ʙʳʣʦ ʩʜʝʣʘʥʦ ʧʨʠ ʘʥʘʣʠʟʝ ʧʨʦʝʢʮʠʠ ʋʵʪʯʘ: 

 

;
dR

dx
m

j
=                                          .

dcosR

dy
n

lj
=  

 

ʀʟ ʫʨʘʚʥʝʥʠʡ ʧʨʦʝʢʮʠʠ 

 

dx = (R j)' dj = R dj; 

dy = (Rl)' dl = R dl. 
 

ʇʦʜʩʪʘʚʠʚ ʵʪʠ ʚʝʣʠʯʠʥʳ ʚ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʤʘʩʰʪʘʙʦʚ, ʧʦʣʫʯʠʤ: 

 

;1==
j

j

dR

dR
m              .

cos

1

cos jlj
l
==

dR

dR
n  

 
 

ʈʠʩ. 5.20. ʇʦʩʪʨʦʝʥʠʝ ʧʨʦʩʪʦʡ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʧʨʦʝʢʮʠʠ 
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ʇʦʩʢʦʣʴʢʫ m=1, ʧʨʦʝʢʮʠʷ ʷʚʣʷʝʪʩʷ ʨʘʚʥʦʧʨʦʤʝʞʫʪʦʯʥʦʡ ʧʦ 

ʤʝʨʠʜʠʘʥʫ, ʯʪʦ, ʚʧʨʦʯʝʤ, ʧʦʥʷʪʥʦ ʠ ʙʝʟ ʚʩʷʢʦʡ ʤʘʪʝʤʘʪʠʢʠ ʠʩʭʦʜʷ ʠʟ ʩʧʦʩʦʙʘ 

ʝʝ ʧʦʩʪʨʦʝʥʠʷ ï ʨʘʩʩʪʦʷʥʠʷ ʚʜʦʣʴ ʤʝʨʠʜʠʘʥʘ ʥʘ ʢʘʨʪʝ ʠ ʛʣʦʙʫʩʝ ʩʦʚʧʘʜʘʶʪ. 

ʇʦʩʢʦʣʴʢʫ ʥʘ ʛʣʦʙʫʩʝ ʧʘʨʘʣʣʝʣʠ ʧʨʦʭʦʜʷʪ ʥʘ ʦʜʠʥʘʢʦʚʦʤ ʨʘʩʩʪʦʷʥʠʠ 

ʜʨʫʛ ʦʪ ʜʨʫʛʘ, ʥʘ ʪʘʢʦʤ ʞʝ ʨʘʩʩʪʦʷʥʠʠ ʦʥʠ ʙʫʜʫʪ ʧʨʦʭʦʜʠʪʴ ʠ ʥʘ ʢʘʨʪʝ. ɸ 

ʧʦʩʢʦʣʴʢʫ ʦʜʠʥ ʛʨʘʜʫʩ ʤʝʨʠʜʠʘʥʘ ʠ ʵʢʚʘʪʦʨʘ ʥʘ ʩʬʝʨʝ ʠʤʝʶʪ ʦʜʠʥʘʢʦʚʫʶ 

ʜʣʠʥʫ, ʪʦ ʠ ʨʘʩʩʪʦʷʥʠ ̫ʤʝʞʜʫ ʧʘʨʘʣʣʝʣʷʤʠ ʙʫʜʝʪ ʩʦʚʧʘʜʘʪʴ ʩ ʨʘʩʩʪʦʷʥʠʷʤʠ 

ʤʝʞʜʫ ʤʝʨʠʜʠʘʥʘʤʠ. ʂʘʨʪʦʛʨʘʬʠʯʝʩʢʘʷ ʩʝʪʢʘ ʙʫʜʝʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʩʦʙʦʡ 

ʢʚʘʜʨʘʪʥʫʶ ʨʝʰʝʪʢʫ (ʝʩʣʠ ʤʝʨʠʜʠʘʥʳ ʠ ʧʘʨʘʣʣʝʣʠ ʧʨʦʚʦʜʠʪʴ ʯʝʨʝʟ 

ʦʜʠʥʘʢʦʚʦʝ ʢʦʣʠʯʝʩʪʚʦ ʛʨʘʜʫʩʦʚ). 

ʄʝʨʠʜʠʘʥʳ ʩʦʭʨʘʥʷʶʪ ʩʚʦʶ ʜʣʠʥʫ, ʥʦ ʧʘʨʘʣʣʝʣʠ ʨʘʩʪʷʛʠʚʘʶʪʩʷ, 

ʧʨʠʯʝʤ  ʪʝʤ ʩʠʣʴʥʝʝ, ʯʝʤ ʜʘʣʴʰʝ ʦʥʠ ʧʨʦʭʦʜʷʪ ʦʪ ʵʢʚʘʪʦʨʘ. ʆʙ ʵʪʦʤ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʠ ʯʘʩʪʥʳʡ ʤʘʩʰʪʘʙ ʧʦ ʧʘʨʘʣʣʝʣʠ n . ʅʘʧʨʠʤʝʨ, ʥʘ ʰʠʨʦʪʝ 

60Á ʧʘʨʘʣʣʝʣʴ ʙʫʜʝʪ ʨʘʩʪʷʥʫʪʘ ʚ ʜʚʘ ʨʘʟʘ. ɸ ʧʦʣʶʩ, ʢʦʪʦʨʳʡ ʥʘ ʛʣʦʙʫʩʝ 

ʷʚʣʷʝʪʩʷ ʪʦʯʢʦʡ, ʥʘ ʢʘʨʪʝ ʠʟʦʙʨʘʞʘʝʪʩʷ ʣʠʥʠʝʡ ʪʘʢʦʡ ʞʝ ʜʣʠʥʳ, ʢʘʢ ʵʢʚʘʪʦʨ, 

ʪʦ ʝʩʪʴ ʨʘʩʪʷʛʠʚʘʝʪʩʷ ʚ ʙʝʩʢʦʥʝʯʥʦʡ ʩʪʝʧʝʥʠ. 

ʕʣʣʠʧʩ ʠʩʢʘʞʝʥʠʡ ʠʤʝʝʪ ʧʦʩʪʦʷʥʥʳʡ ʨʘʜʠʫʩ ʧʦ ʤʝʨʠʜʠʘʥʫ, ʘ ʧʦ 

ʧʘʨʘʣʣʝʣʠ ï ʫʚʝʣʠʯʠʚʘʶʱʠʡʩʷ ʧʦ ʤʝʨʝ ʧʨʠʙʣʠʞʝʥʠʷ ʢ ʧʦʣʶʩʘʤ. 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʥʘ ʪʘʢʦʡ ʢʘʨʪʝ ʚʩʝ ʛʝʦʛʨʘʬʠʯʝʩʢʠʝ ʦʙʲʝʢʪʳ ʦʢʘʟʳʚʘʶʪʩʷ 

ʨʘʩʪʷʥʫʪʳʤʠ ʩ ʟʘʧʘʜʘ ʥʘ ʚʦʩʪʦʢ ʠ, ʯʝʤ ʜʘʣʴʰʝ ʦʪ ʵʢʚʘʪʦʨʘ, ʪʝʤ ʩʠʣʴʥʝʝ 

(ʨʠʩ.5.21). ʇʨʦʝʢʮʠʷ ʥʝ ʷʚʣʷʝʪʩʷ ʨʘʚʥʦʫʛʦʣʴʥʦʡ ʠ ʨʘʚʥʦʚʝʣʠʢʦʡ ʠ ʥʝ ʥʘʭʦʜʠʪ 

ʧʨʠʤʝʥʝʥʠʷ ʚ ʥʘʚʠʛʘʮʠʠ. ʀʥʦʛʜʘ ʦʥʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʩʦʩʪʘʚʣʝʥʠʷ ʢʘʨʪ, ʥʘ 

ʢʦʪʦʨʳʭ ʥʝ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʚʳʧʦʣʥʷʪʴ ʢʘʢʠʝ-ʣʠʙʦ ʠʟʤʝʨʝʥʠʷ ï ʩʧʨʘʚʦʯʥʳʭ 

(ʥʘʧʨʠʤʝʨ, ʢʘʨʪʘ ʯʘʩʦʚʳʭ ʧʦʷʩʦʚ), ʨʝʢʣʘʤʥʳʭ ʠ ʪ.ʧ. 
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