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ʂʯʯʰʴʢʸʪˁ. Ȯ ɝɞɌɞɨɑ ɚɍɝɟɒɐɌɑɞɝɫ Ɏɚɓɘɚɒəɚɝɞɨ ɔ ɢɑɗɑɝɚɚɍɜɌɓəɚɝɞɨ ɛɜɑɛɚɐɌɎɌəɔɫ 
ɘɌɞɑɘɌɞɔɖɔ, ɠɔɓɔɖɔ ɔ ɔəɠɚɜɘɌɞɔɖɔ Ɏ ɜɌɘɖɌɡ ɚɐəɚɕ ɟɣɑɍəɚɕ ɐɔɝɢɔɛɗɔəɧ ɝ ɟɝɗɚɎəɧɘ əɌɓɎɌəɔɑɘ 
ɀɔɓȸɌɞȴəɠɚɜɘɔɖɌ (ɀȸȴ). ȹɌ ɛɜɔɘɑɜɑ ɜɑɤɑəɔɫ ɓɌɐɌɣɔ ɚ ɛɚɐɎɑɝəɚɕ ɖɌəɌɞəɚɕ ɐɚɜɚɏɑ (ɢɑɛɨ ɝ 
ɛɚɐɎɑɤɑəəɧɘ ɐɎɔɒɟɥɔɘɝɫ ɏɜɟɓɚɘ) ɚɍɝɟɒɐɌɑɞɝɫ əɚɎɧɕ ɞɔɛ ɟɜɌɎəɑəɔɫ ʒ ɛɜɚɏɜɌɘɘəɚɑ ɟɜɌɎəɑəɔɑ. 
ȺɍɝɟɒɐɌɪɞɝɫ Ɏɚɛɜɚɝɧ ɔɝɛɚɗɨɓɚɎɌəɔɫ ɌəɔɘɌɢɔɔ ɐɗɫ ɎɑɜɔɠɔɖɌɢɔɔ ɜɑɤɑəɔɫ ɓɌɐɌɣɔ. 
 

ʌʭˀʹʧʤʽʧ ʳʭʰʤʢ: ȸɌɞɑɘɌɞɔɖɌ, ɀɔɓɔɖɌ, ȴəɠɚɜɘɌɞɔɖɌ, Mathcad, ɢɑɛəɌɫ ɠɟəɖɢɔɫ, 

ɛɜɚɏɜɌɘɘɔɝɞɝɖɚɑ ɟɜɌɎəɑəɔɑ, ɌəɔɘɌɢɔɫ, ɚɞɗɌɐɖɌ ɜɑɤɑəɔɫ ɓɌɐɌɣɔ. 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʤ ʧʨʦʮʝʩʩʝ ʥʘʤʝʯʘʝʪʩʷ ʪʝʥʜʝʥʮʠʷ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ 

ʯʪʝʥʠʷ ʢʫʨʩʘ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʤʘʪʝʤʘʪʠʢʠ. ɺ ʨʘʤʢʘʭ ʵʪʦʡ ʫʯʝʙʥʦʡ ʜʠʩʮʠʧʣʠʥʳ (ʫʩʣʦʚʥʦʝ 

ʥʘʟʚʘʥʠʝ ʀʥʬʦʄʘʪʠʢʘ ʠʣʠ ʄʘʪʀʥʬʦʨʤʠʢʘ) ʤʦʞʥʦ ʪʘʢʞʝ ʟʘʪʨʘʛʠʚʘʪʴ ʚʦʧʨʦʩʳ ʠ ʫʯʝʙʥʳʭ ʢʫʨʩʦʚ 

ʌʠʟʠʢʘ ʠ/ʠʣʠ ɺʚʝʜʝʥʠʝ ʚ ʩʧʝʮʠʘʣʴʥʦʩʪʴ. ʊʝʤ ʙʦʣʝʝ ʚ ʠʩʪʦʨʠʠ ʝʩʪʴ ʧʨʝʮʝʜʝʥʪʳ: ʚ ʪʨʠʜʮʘʪʳʝ ʛʦʜʳ 

ʧʨʦʰʣʦʛʦ ʩʪʦʣʝʪʠʷ, ʥʘʧʨʠʤʝʨ, ʚʳʜʘʶʱʠʡʩʷ ʫʯʝʥʳʡ ʅʦʨʙʝʨʪ ɺʠʥʝʨ ʯʠʪʘʣ ʚ ʫʥʠʚʝʨʩʠʪʝʪʝ ʛʦʜʦʚʦʡ 

ʦʙʲʝʜʠʥʝʥʥʳʡ ʢʫʨʩ ʣʝʢʮʠʡ ʧʦ ʤʘʪʝʤʘʪʠʢʝ ʠ ʵʣʝʢʪʨʦʪʝʭʥʠʢʝ. 

ʅʘ ʥʘʯʘʣʴʥʦʤ (ʧʝʨʝʭʦʜʥʦʤ) ʵʪʘʧʝ ʤʦʞʥʦ ʥʝ ʤʝʥʷʪʴ ʪʘʢ ʢʘʨʜʠʥʘʣʴʥʦ ʩʦʜʝʨʞʘʥʠʝ ʣʝʢʮʠʡ ʧʦ 

ʤʘʪʝʤʘʪʠʢʝ ʠ ʠʥʬʦʨʤʘʪʠʢʝ, ʦʙʲʝʜʠʥʷʷ ʠʭ ʚ ʦʜʥʫ, ʘ ʧʦʩʪʫʧʠʪʴ ʧʦ-ʠʥʦʤʫ. ɼʦʧʫʩʪʠʤʦ ʥʘ ʧʝʨʚʦʡ 

ʧʘʨʝ ʣʝʢʮʠʦʥʥʳʭ ʟʘʥʷʪʠʡ ʧʨʦʯʝʩʪʴ ʩʪʫʜʝʥʪʘʤ ʢʣʘʩʩʠʯʝʩʢʫʶ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʣʝʢʮʠʶ ʧʦ ʘʥʘʣʠʟʫ 

ʬʫʥʢʮʠʠ ʦʜʥʦʛʦ ʘʨʛʫʤʝʥʪʘ, ʘ ʟʘʪʝʤ ʥʘ ʚʪʦʨʦʡ ʧʘʨʝ ï ʣʝʢʮʠʶ ʚ ʨʘʤʢʘʭ ʟʘʥʷʪʠʡ ʧʦ ʀʥʬʦʨʤʘʪʠʢʝ ʦ 

ʪʦʤ, ʢʘʢ ʀʥʪʝʨʥʝʪ ʠ ʩʦʚʨʝʤʝʥʥʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʧʨʦʛʨʘʤʤʳ ʤʦʛʫʪ ʥʘ ʧʨʠʤʝʨʝ ʨʝʰʝʥʠʷ 

ʢʦʥʢʨʝʪʥʦʡ ʠʥʞʝʥʝʨʥʦʡ ʟʘʜʘʯʠ ʨʘʙʦʪʘʪʴ ʩ ʧʨʦʠʟʚʦʜʥʳʤʠ, ʠʥʪʝʛʨʘʣʘʤʠ, ʨʷʜʘʤʠ ʠ ʧʨʦʯʠʤʠ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʤʠ ʧʦʥʷʪʠʷʤʠ, ʦ ʢʦʪʦʨʳʭ ʙʳʣʦ ʨʘʩʩʢʘʟʘʥʦ ʥʘ ʧʨʝʜʳʜʫʱʝʡ ʣʝʢʮʠʠ. ɺ ʪʘʢʫʶ ʩʚʷʟʢʫ 

ʤʦʞʥʦ ʚʢʣʠʥʠʪʴ ʠ ʣʝʢʮʠʶ ʧʦ ʬʠʟʠʢʝ (ʨʘʟʜʝʣʳ: ʤʝʭʘʥʠʢʘ, ʵʣʝʢʪʨʠʯʝʩʪʚʦ, ʦʧʪʠʢʘ ʠ ʧʨʦʯ.). 

ʇʦʣʫʯʠʪʩʷ ʦʯʝʥʴ ʠʥʪʝʨʝʩʥʘʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʚ ʨʘʤʢʘʭ ʜʠʩʮʠʧʣʠʥʳ ʩ ʫʩʣʦʚʥʳʤ 

ʥʘʟʚʘʥʠʝʤ ʌʠʟʄʘʪʀʥʬʦʨʤʠʢʘ (ʌʄʀ): ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʥʝʢʦʪʦʨʦʛʦ 

ʧʨʦʮʝʩʩʘ (ʤʘʪʝʤʘʪʠʢʘ), ʜʘʣʝʝ ʩʪʘʚʠʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪ ʠ ʜʘʝʪʩʷ ʝʛʦ ʪʦʣʢʦʚʘʥʠʝ (ʬʠʟʠʢʘ), ʘ ʚ 

ʟʘʚʝʨʰʝʥʠʠ ʩʦʟʜʘʝʪʩʷ, ʨʝʘʣʠʟʫʝʪʩʷ (ʘʥʘʣʠʪʠʯʝʩʢʠ ʠ/ʠʣʠ ʯʠʩʣʝʥʥʦ) ʠ ʘʥʠʤʠʨʫʝʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ 

ʤʦʜʝʣʴ ʧʨʦʮʝʩʩʘ. 

ɺʦʪ ʢʦʥʢʨʝʪʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʧʦʜʦʙʥʦʡ ʣʝʢʮʠʠ ʠʣʠ ʩʝʨʠʠ ʣʝʢʮʠʡ, ʟʘʭʚʘʪʳʚʘʶʱʝʡ 

ʤʘʪʝʤʘʪʠʢʫ, ʬʠʟʠʢʫ (ʪʝʦʨʝʪʠʯʝʩʢʫʶ ʤʝʭʘʥʠʢʫ, ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʵʣʝʢʪʨʦʪʝʭʥʠʢʠ) ʠ 

ʠʥʬʦʨʤʘʪʠʢʫ. 

ʉʪʫʜʝʥʪʘʤ-ʵʣʝʢʪʨʠʢʘʤ ʥʘ ʣʝʢʮʠʷʭ ʨʘʩʩʢʘʟʳʚʘʶʪ ʪʘʢʫʶ "ʩʪʨʘʰʥʫʶ" ʠ ʧʦʫʯʠʪʝʣʴʥʫʶ 

ʠʩʪʦʨʠʶ. ɿʠʤʦʡ ʧʝʨʝʢʠʜʳʚʘʣʠ ʯʝʨʝʟ ʦʜʥʫ ʩʠʙʠʨʩʢʫʶ ʨʝʢʫ ʚʦʟʜʫʰʥʫʶ ʣʠʥʠʶ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ 

(ʃʕʇ). ɺʩʝ ʙʳʣʦ ʚʨʦʜʝ ʙʳ ʧʨʘʚʠʣʴʥʦ ʨʘʩʩʯʠʪʘʥʦ, ʩʧʨʦʝʢʪʠʨʦʚʘʥʦ ʠ ʩʜʝʣʘʥʦ, ʠ ʚʳʩʦʢʦʚʦʣʴʪʥʳʝ 



ʧʨʦʚʦʜʘ ʥʝ ʜʦʣʞʥʳ ʙʳʣʠ ʤʝʰʘʪʴ ʩʫʜʦʭʦʜʩʪʚʫ
1
. ʅʦ ʚʝʩʥʦʡ, ʢʦʛʜʘ ʩ ʨʝʢʠ ʩʦʰʝʣ ʣʝʜ ʠ ʥʘʯʘʣʘʩʴ 

ʥʘʚʠʛʘʮʠʷ, ʦʜʠʥ ʪʝʧʣʦʭʦʜ ʚʩʝ-ʪʘʢʠ ʟʘʜʝʣ ʩʚʦʝʡ ʤʘʯʪʦʡ ʧʨʦʚʦʜ ʧʦʜ ʥʘʧʨʷʞʝʥʠʝʤ. ɺ ʯʝʤ ʧʨʠʯʠʥʘ 

ʪʘʢʦʡ ʠʥʞʝʥʝʨʥʦʡ ʦʰʠʙʢʠ? ɺʝʩʥʦʡ ʧʦʪʝʧʣʝʣʦ, ʧʨʦʚʠʩʘʶʱʠʝ ʥʘʜ ʨʝʢʦʡ ʧʨʦʚʦʜʘ ʩʪʘʣʠ ʜʣʠʥʥʝʝ 

ʚʩʣʝʜʩʪʚʠʝ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʤʝʪʘʣʣʘ ʠ ʟʘʟʦʨ ʤʝʞʜʫ ʥʠʞʥʝʡ ʪʦʯʢʦʡ ʧʨʦʚʦʜʘ ʠ ʨʝʢʦʡ ʩʪʘʣ 

ʤʝʥʴʰʝ ʪʦʛʦ, ʢʘʢʦʡ ʙʳʣ ʚʦ ʚʨʝʤʷ ʟʠʤʥʝʡ ʧʨʦʢʣʘʜʢʠ ʚʦʟʜʫʰʥʦʡ ʣʠʥʠʠ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ
2
. ʂʨʦʤʝ 

ʪʦʛʦ, ʫʨʦʚʝʥʴ ʚʦʜʳ ʚ ʨʝʢʝ ʦʢʘʟʘʣʩʷ ʘʥʦʤʘʣʴʥʦ ʚʳʩʦʢʠʤ. ʏʪʦ ʷʚʠʣʦʩʴ ʧʨʠʯʠʥʦʡ ʘʚʘʨʠʠ ð 

ʪʝʨʤʠʯʝʩʢʦʝ ʨʘʩʰʠʨʝʥʠʝ ʧʨʦʚʦʜʦʚ (ʠʭ ʝʱʝ ʠ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ ʥʝʤʥʦʛʦ ʥʘʛʨʝʣ) ʠʣʠ ʚʳʩʦʢʠʡ 

ʫʨʦʚʝʥʴ ʚʦʜʳ ʚ ʨʝʢʝ? ʆʪʚʝʪʠʪʴ ʥʘ ʵʪʦʪ ʚʦʧʨʦʩ ʥʝʣʴʟʷ ʙʫʜʝʪ ʙʝʟ ʨʘʩʯʝʪʦʚ, ʧʨʠʚʝʜʝʥʥʳʭ ʥʠʞʝ. 

ɽʩʣʠ ʚʟʷʪʴ ʘʙʩʦʣʶʪʥʦ ʛʠʙʢʠʡ ʧʨʦʚʦʜ (ʮʝʧʴ) ʠ ʧʦʜʚʝʩʠʪʴ ʝʛʦ (ʝʝ) ʥʘ ʜʚʫʭ ʦʧʦʨʘʭ, ʪʦ ʬʦʨʤʫ 

ʢʨʠʚʦʡ, ʢʦʪʦʨʫʶ ʩʬʦʨʤʠʨʫʝʪ ʮʝʧʴ, ʙʫʜʝʪ ʟʘʜʘʚʘʪʴ ʬʫʥʢʮʠʷ, ʢʦʪʦʨʫʶ ʪʘʢ ʠ ʥʘʟʳʚʘʶʪ ð ʮʝʧʥʘʷ 

ʬʫʥʢʮʠʷ (a catenary). ʎʝʧʴ ʤʦʞʥʦ ʧʦʨʚʘʪʴ, ʥʦ ʝʝ ʥʝʣʴʟʷ ʧʦʣʦʤʘʪʴ ʠʟʛʠʙʦʤ. ʅʘ ʟʚʝʥʴʷ 

ʧʨʦʚʠʩʘʶʱʝʡ ʮʝʧʠ ʜʝʡʩʪʚʫʶʪ ʪʦʣʴʢʦ ʩʠʣʳ ʨʘʩʪʷʞʝʥʠʷ ʠ ʪʘʤ ʥʝʪ ʠʟʛʠʙʘʶʱʠʭ ʩʠʣ, ʢʘʢʠʝ ʠʤʝʶʪ 

ʤʝʩʪʦ ʚ ʞʝʩʪʢʦʡ ʙʘʣʢʝ. ɽʩʣʠ ʧʨʦʚʠʩʘʶʱʝʡ ʮʝʧʠ ʩʢʘʟʘʪʴ "ʟʘʤʨʠ" ʠ ʧʝʨʝʚʝʨʥʫʪʴ ʝʝ "ʚʚʝʨʭ 

ʪʦʨʤʘʰʢʘʤʠ", ʪʦ ʧʦʣʫʯʠʪʩʷ ʘʨʢʘ, ʢʦʪʦʨʘʷ ʪʘʢʞʝ ʦʙʣʘʜʘʝʪ ʧʦʜʦʙʥʳʤ ʫʥʠʢʘʣʴʥʳʤ ʩʚʦʡʩʪʚʦʤ ð ʥʘ 

ʵʣʝʤʝʥʪʳ ʪʘʢʦʡ ʘʨʢʠ ʜʝʡʩʪʚʫʶʪ ʪʦʣʴʢʦ ʩʠʣ rʩʞʘʪʠʷ, ʥʦ ʪʘʤ ʥʝ ʙʫʜʝʪ ʠʟʛʠʙʘʶʱʠʭ ʩʠʣ. ʕʪʦ 

ʩʚʦʡʩʪʚʦ ʘʨʢʠ ʘʧʨʠʦʨʥʦ ʠ ʠʥʪʫʠʪʠʚʥʦ ʧʳʪʘʣʠʩʴ ʠʩʧʦʣʴʟʦʚʘʪ ɹ ʝʱʝ ʚ ʜʨʝʚʥʦʩʪʠ: ʟʥʘʯʝʥʠʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʞʘʪʠʶ ʤʥʦʛʠʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘʤʥʦʛʦ ʚʳʰʝ ʟʥʘʯʝʥʠʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʠʟʛʠʙʘ: ʢʠʨʧʠʯ, ʥʘʧʨʠʤʝʨ, ʤʦʞʥʦ ʨʘʟʣʦʤʠʪʴ ʥʘ ʜʚʝ ʧʦʣʦʚʠʥʢʠ ʠ ʨʫʢʘʤʠ
3
, ʥʦ ʧʨʘʢʪʠʯʝʩʢʠ 

ʥʝʚʦʟʤʦʞʥʦ ʨʘʟʜʘʚʠʪʴ ʚʨʫʯʥʫʶ. 

ɺ ʤʦʥʦʛʨʘʬʠʷʭ [1] ʠ ʩʧʨʘʚʦʯʥʠʢʘʭ, ʘ ʪʘʢʞʝ ʚ ʀʥʪʝʨʥʝʪʝ
4
 ʤʦʞʥʦ ʥʘʡʪʠ ʬʦʨʤʫʣʳ ʜʣʷ 

ʮʝʧʥʦʡ ʬʫʥʢʮʠʠ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʰʝʥʠʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʙʘʣʘʥʩʘ ʩʠʣ, 

ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʵʣʝʤʝʥʪʘʨʥʳʡ ʵʣʝʤʝʥʪ (ʧʘʨʜʦʥ ʟʘ ʪʘʚʪʦʣʦʛʠʶ ð ʥʘ ʟʚʝʥʦ) ʮʝʧʠ. ɺ ʵʪʠʭ 

ʬʦʨʤʫʣʘʭ ʧʨʠʩʫʪʩʪʚʫʝʪ ʩʘʤʘʷ, ʥʘʚʝʨʥʦʝ, "ʩʪʦʡʢʘʷ" ʵʣʝʤʝʥʪʘʨʥʘʷ ʬʫʥʢʮʠʷ ð ʵʢʩʧʦʥʝʥʪʘ
5
 ʝʭ, 

ʛʣʘʚʥʦʝ ʩʚʦʡʩʪʚʦ (ʩʪʦʡʢʦʩʪʴ!) ʢʦʪʦʨʦʡ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʝʝ ʤʦʞʥʦ ʩʢʦʣʴ ʫʛʦʜʥʦ ʨʘʟ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʪʴ (ʙʨʘʪʴ ʧʨʦʠʟʚʦʜʥʫʶ), ʥʦ ʦʥʘ ʦʩʪʘʝʪʩʷ ʩʘʤʘ ʩʦʙʦʡ ʠ ʥʝ ʠʟʤʝʥʷʝʪ ʩʚʦʡ ʚʠʜ. 

ʇʘʨʘʙʦʣʘ ʞʝ, ʧʦʭʦʞʘʷ ʧʦ ʬʦʨʤʝ ʥʘ ʮʝʧʥʫʶ ʣʠʥʠʶ (ʤʳ ʦʙ ʵʪʦʤ ʝʱʝ ʫʧʦʤʷʥʝʤ ʥʠʞʝ), 

ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʥʫʣʴ ʧʦʩʣʝ ʚʩʝʛʦ ʣʠʰʴ ʪʨʦʝʢʨʘʪʥʦʛʦ ʚʟʷʪʠʷ ʧʨʦʠʟʚʦʜʥʦʡ: ax
2
 + bx + c Ÿ 2ax + b 

Ÿ2a Ÿ 0. 

                                                           
1
 ʀʥʞʝʥʝʨʫ ʧʨʠʭʦʜʠʪʩʷ ʨʝʰʘʪʴ ʥʝ ʧʨʦʩʪʦ ʠʥʞʝʥʝʨʥʳʝ ʟʘʜʘʯʠ, ʘ ʟʘʜʘʯʠ ʩ ʵʣʝʤʝʥʪʘʤʠ ʵʢʦʥʦʤʠʢʠ. ɺ ʩʣʫʯʘʝ ʩ 

ʃʕʇ ʤʦʞʥʦ ʙʳʣʦ ʜʣʷ ʩʪʨʘʭʦʚʢʠ ʫʚʝʣʠʯʠʪʴ ʥʘ ʩʢʦʣʴʢʦ ʚʦʟʤʦʞʥʦ ʚʳʩʦʪʫ ʜʚʫʭ ʧʨʠʙʨʝʞʥʳʭ ʤʘʯʪ ʠʣʠ ʧʦʪʫʞʝ 

ʥʘʪʷʥʫʪʴ ʧʨʦʚʦʜʘ ʥʘ ʥʠʭ, ʥʦ ʵʪʦ ʙʳ ʧʨʠʚʝʣʦ ʢ ʫʜʦʨʦʞʘʥʠʶ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʣʠʥʠʠ 

ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ.  
2
 ɽʩʪʴ ʪʘʢʘʷ ʟʘʜʘʯʘ ï ʥʘʩʢʦʣʴʢʦ ʨʝʣʴʩʳ ʊʨʘʥʩʩʠʙʘ ʫʢʦʨʘʯʠʚʘʶʪʩʷ ʟʠʤʦʡ. ʊʫʪ ʤʦʞʥʦ ʟʘʜʘʪʴ ʜʚʝ ʪʝʤʧʝʨʘʪʫʨʳ, 

ʫʪʦʯʥʠʪʴ ʢʦʵʬʬʠʮʠʝʥʪ ʣʠʥʝʡʥʦʛʦ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʨʝʣʴʩʦʚʦʡ ʩʪʘʣʠ ʠ ʨʝʰʠʪʴ ʟʘʜʘʯʫ ʧʨʦʩʪʳʤ 

ʫʤʥʦʞʝʥʠʝʤ. ɸ ʤʦʞʥʦ ʩʤʦʜʝʣʠʨʦʚʘʪʴ ʪʝʤʧʝʨʘʪʫʨʥʦʝ ʧʦʣʝ ʨʝʣʴʩʦʚ ʟʠʤʦʡ ʠ ʣʝʪʦʤ ʠ ʨʝʰʠʪʴ ʟʘʜʘʯʫ ʯʝʨʝʟ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ (ʤʝʪʦʜ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ) ʠʣʠ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝ. ʂʩʪʘʪʠ, ʥʘ ʘʚʪʦʨʩʢʦʤ ʩʘʡʪʝ 

http://twtmas.mpei.ac.ru/mas/Worksheets/HBPipePP/Pipe_Tab_5_1.mcd ʤʦʞʥʦ ʥʘʡʪʠ ʟʥʘʯʝʥʠʷ ʫʜʝʣʴʥʳʭ 

ʪʝʧʣʦʚʳʭ ʫʜʣʠʥʝʥʠʡ ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʩʪʘʣʝʡ. 
3
 ʀʣʠ ʨʘʟʙʠʪʴ ʦ ʛʦʣʦʚʫ ï ʟʘʙʘʚʘ ʤʥʦʛʠʭ ʜʝʡʩʪʚʫʶʱʠʭ ʠ ʙʳʚʰʠʭ ʪʨʝʟʚʳʭ ʠ ʥʝ ʩʦʚʩʝʤ ʪʨʝʟʚʳʭ ʜʝʩʘʥʪʥʠʢʦʚ. 

4
 ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʚʦʧʨʦʩʘ ʨʫʢʘ ʚʩʝ ʯʘʱʝ ʠ ʯʘʱʝ ʪʷʥʝʪʩʷ ʟʘ ʩʧʨʘʚʢʦʡ ʥʝ ʢ ʧʦʣʢʝ ʩ 

ʢʥʠʛʘʤʠ, ʘ ʢ ʤʳʰʢʝ ʢʦʤʧʴʶʪʝʨʘ. 
5
 ɺ ʈʦʩʩʠʠ ʩʘʡʪ, ʧʦʜʜʝʨʞʠʚʘʶʱʠʡ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʧʘʢʝʪʳ, ʚʢʣʶʯʘʷ ʠ Mathcad, ʠʤʝʝʪ ʠʤʷ exponenta.ru . 

ʊʘʤ, ʢʩʪʘʪʠ, ʤʦʞʥʦ ʥʘʡʪʠ ʩʪʨʦʛʠʡ ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʚʳʚʦʜ ʫʨʘʚʥʝʥʠʷ ʮʝʧʥʦʡ ʣʠʥʠʠ ð ʩʤ. 

http://www.exponenta.ru/educat/class/test/hyperb/10.asp. 



ʌʦʨʤʫʣʫ ʮʝʧʥʦʡ ʬʫʥʢʮʠʠ ʤʦʞʥʦ ʥʘʡʪʠ ʥʝ ʪʦʣʴʢʦ ʚ ʢʥʠʛʘʭ ʠʣʠ ʚ ʀʥʪʝʨʥʝʪʝ, ʥʦ ʠ ʥʘé 

ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʦʙʲʝʢʪʘʭ, ʵʢʩʧʣʫʘʪʠʨʫʶʱʠʭ ʢʨʘʩʦʪʫ ʠ ʫʥʠʢʘʣʴʥʦʝ ʧʨʦʯʥʦʩʪʥʦʝ ʩʚʦʡʩʪʚʦ 

ʧʝʨʝʚʝʨʥʫʪʦʡ ʮʝʧʠ, ð ʩʤ. ʥʘ ʨʠʩʫʥʢʝ 1 ʟʥʘʤʝʥʠʪʫʶ ʘʨʢʫ (Gateway Arch), ʚʦʟʚʝʜʝʥʥʫʶ ʚ 

ʘʤʝʨʠʢʘʥʩʢʦʤ ʛʦʨʦʜʝ ʉʝʥʪ-ʃʫʠʩʝ ʥʘ ʟʘʧʘʜʥʦʤ ʙʝʨʝʛʫ ʨʝʢʠ ʄʠʩʩʠʩʠʧʠ
6
. 

 

 

 

 

 

 

  

 

ʈʠʩ. 1. ɸʨʢʘ ʚ ʉʝʥʪ-ʃʫʠʩʝ ʚ ʚʠʜʝ ʧʝʨʝʚʝʨʥʫʪʦʡ ʮʝʧʠ (https://en.wikipedia.org/wiki/Gateway_Arch) 

                                                           
6
 ɽʩʣʠ ʩʤʦʪʨʝʪʴ ʥʘ ʵʪʫ ʘʨʢʫ ʩ ʜʨʫʛʦʛʦ, ʚʦʩʪʦʯʥʦʛʦ ʙʝʨʝʛʘ ʨʝʢʠ, ʪʦ ʥʘ ʚʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʞʥʦ ʚʠʜʝʪʴé 

ʧʨʦʚʠʩʘʶʱʫʶ ʮʝʧʴ ï ʦʪʨʘʞʝʥʠʝ ʘʨʢʠ.  



ʋ ʦʩʥʦʚʘʥʠʷ ʘʨʢʠ ʧʨʦʧʠʩʘʥʘ ʝʝ ʬʦʨʤʫʣʘ ʚ ʬʫʪʘʭ: 

y = 757.7' ï 127.7'  Ā ch ( x /  127.7') , 

ɺ ʬʦʨʤʫʣʝ ʮʝʧʥʦʡ ʬʫʥʢʮʠʠ ʬʠʛʫʨʠʨʫʝʪ ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ ʛʠʧʝʨʙʦʣʠʯʝʩʢʠʡ ʢʦʩʠʥʫʩ ch , 

ʩʦʩʪʦʷʱʠʡ ʠʭ ʜʚʫʭ ʵʢʩʧʦʥʝʥʪ: ch ( x)  = (ʝ
ʭ 

+ ʝ
-ʭ

)/2 . ɺ ʥʦʪʘʮʠʠ ʧʘʢʝʪʘ Mathcad ʦʥ 

ʦʙʦʟʥʘʯʝʥ ʢʘʢ cosh. ɽʩʣʠ ʚ ʵʪʦʡ ʬʦʨʤʫʣʝ ʧʣʶʩ ʤʝʞʜʫ ʵʢʩʧʦʥʝʥʪʘʤʠ ʟʘʤʝʥʠʪʴ ʥʘ ʤʠʥʫʩ, ʪʦ ʤʳ 

ʧʦʣʫʯʠʤ ʛʠʧʝʨʙʦʣʠʯʝʩʢʠʡ ʩʠʥʫʩ (sin h ʠʣʠ sh  ð ʩʤ. ʨʠʩ. 10 ʥʠʞʝ), ʧʨʠʩʫʪʩʪʚʫʶʱʠʡ ʚ ʬʦʨʤʫʣʝ 

ʧʨʦʠʟʚʦʜʥʦʡ ʮʝʧʥʦʡ ʬʫʥʢʮʠʠ. ɺʦ ʚʪʦʨʦʡ ʞʝ ʧʨʦʠʟʚʦʜʥʦʡ ʩʥʦʚʘ ʧʦʷʚʠʪʩʷ ʛʠʧʝʨʙʦʣʠʯʝʩʢʠʡ 

ʢʦʩʠʥʫʩ. ʕʪʘ ʦʩʦʙʝʥʥʦʩʪʴ (cos-sin-cos-siné) ʠ ʜʨʫʛʦʝ ʨʦʜʥʠʪ ʦʙʳʯʥʳʝ ʪʨʠʛʦʥʦʤʝʪʨʠʯʝʩʢʠʝ ʠ 

ʛʠʧʝʨʙʦʣʠʯʝʩʢʠʝ ʪʨʠʛʦʥʦʤʝʪʨʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ. 

ʅʘ ʨʠʩʫʥʢʝ 2 ʧʦʢʘʟʘʥ ʨʘʩʯʝʪ ʠ ʛʨʘʬʠʯʝʩʢʦʝ ʦʪʦʙʨʘʞʝʥʠʝ ʨʘʟʤʝʨʦʚ ʘʨʢʠ ʉʝʥʪ-ʃʫʠʩʘ ʚ 

ʙʦʣʝʝ ʧʨʠʚʳʯʥʳʭ ʜʣʷ ʥʘʩ ʤʝʪʨʘʭ ʩ ʦʧʦʨʦʡ ʥʘ ʚʳʰʝʧʨʠʚʝʜʝʥʥʫʶ ʬʦʨʤʫʣʫ ʚ ʬʫʪʘʭ. 

 

ʈʠʩ. 2. ʈʘʩʯʝʪ ʛʝʦʤʝʪʨʠʠ ʘʨʢʠ ʛʦʨʦʜʘ ʉʝʥʪ-ʃʫʠʩʘ ʚ ʩʨʝʜʝ Mathcad 

ʅʘ ʨʠʩʫʥʢʝ 2 ʥʝ ʪʦʣʴʢʦ ʧʦʩʪʨʦʝʥ ʛʨʘʬʠʢ ʬʫʥʢʮʠʠ, ʧʨʦʧʠʩʘʥʥʦʡ ʥʘ ʘʨʢʝ ʉʝʥʪ-ʃʫʠʩʘ, ʥʦ ʠ 

ʦʧʨʝʜʝʣʝʥʘ ʝʝ ʚʳʩʦʪʘ (ʟʥʘʯʝʥʠʝ ʬʫʥʢʮʠʠ y( x)  ʧʨʠ x = 0) ʠ "ʰʘʛ" ʘʨʢʠ ï ʨʘʩʩʪʦʷʥʠʝ L ʤʝʞʜʫ ʝʝ 

ʦʧʦʨʘʤʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʤʣʠ. ɸʨʢʘ ʚʧʠʩʳʚʘʝʪʩʷ ʚ ʢʚʘʜʨʘʪ ʩʦ ʩʪʦʨʦʥʦʡ 630 ʬʫʪʦʚ
7
 (210 ʷʨʜʦʚ 

ʠʣʠ 192 ʤʝʪʨʘ: ʷʨʜʦʚ ʪʦʯʥʦ, ʘ ʤʝʪʨʦʚ ï ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ). 

                                                           
7
 630 ʬʫʪʦʚ ð ʵʪʦ ʥʝʢʦʝ ʤʘʛʠʯʝʩʢʦʝ ʯʠʩʣʦ. ɽʩʪʴ ʧʨʦʝʢʪ ʚʦʟʚʝʜʝʥʠʷ ʚ ʅʴʶ-ʁʦʨʢʝ ʢʦʣʝʩʘ ʦʙʦʟʨʝʥʠʷ ʩ ʪʘʢʠʤ 

ʜʠʘʤʝʪʨʦʤ. ʄʥʦʛʠʝ ʥʝʙʦʩʢʨʸʙʳ ʚ ɸʤʝʨʠʢʝ ʠʤʝʶʪ ʠʤʝʥʥʦ ʪʘʢʫʶ ʚʳʩʦʪʫ. ʇʦʧʳʪʢʠ ʘʚʪʦʨʦʚ ʨʘʟʛʘʜʘʪʴ ʩ 

ʧʦʤʦʱʴʶ ʀʥʪʝʨʥʝʪʘ ʟʘʛʘʜʢʫ 630 ʬʫʪʦʚ ʥʝ ʫʚʝʥʯʘʣʠʩʴ ʫʩʧʝʭʦʤ. ʄʦʞʝʪ ʙʳʪʴ, ʯʠʪʘʪʝʣʷʤ ʵʪʦ ʫʜʘʩʪʩʷ.   



ʊʨʘʜʠʮʠʦʥʥʘʷ (ʢʘʥʦʥʠʯʝʩʢʘʷ
8
) ʬʦʨʤʘ ʟʘʧʠʩʠ ʮʝʧʥʦʡ ʬʫʥʢʮʠʠ, ʧʨʠʚʦʜʷʱʘʷʩʷ ʚ 

ʩʧʨʘʚʦʯʥʠʢʘʭ, ʪʘʢʘʷ y = a Ā ch ( x /  a). ʆʥʘ ʣʘʢʦʥʠʯʥʘ, ʥʦ ʥʝ ʩʦʚʩʝʤ ʫʜʦʙʥʘ ʚ ʧʨʘʢʪʠʯʝʩʢʠʭ 

ʨʘʩʯʝʪʘʭ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʦʧʠʩʘʥʳ ʥʠʞʝ. ʄʳ ʙʫʜʝʤ ʨʘʙʦʪʘʪʴ ʩ ʜʨʫʛʦʡ ʬʦʨʤʫʣʦʡ ʮʝʧʥʦʡ ʬʫʥʢʮʠʠ, 

ʠʤʝʶʱʝʡ ʦʜʠʥ ʘʨʛʫʤʝʥʪ x  ʠ ʪʨʠ ʧʘʨʘʤʝʪʨʘ, ʟʘʜʘʶʱʠʭ ʥʝ ʪʦʣʴʢʦ ʝʝ ʬʦʨʤʫ, ʥʦ ʠ ʝʝ ʧʦʣʦʞʝʥʠʝ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʙʨʘʥʥʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ. 

ʅʘ ʘʚʪʦʨʩʢʦʤ ʩʘʡʪʝ ʧʦ ʘʜʨʝʩʫ http://twt.mpei.ac.ru/MCS/Worksheets/chain.xmcd 

ʨʘʟʤʝʱʝʥ ʩʝʪʝʚʦʡ ʠʥʪʝʨʘʢʪʠʚʥʳʡ ʦʪʢʨʳʪʳʡ ʨʘʩʯʝʪ ʧʨʦʚʠʩʘʥʠʷ ʮʝʧʠ, ʦʪʦʙʨʘʞʝʥʥʳʡ ʥʘ ʨʠʩ. 3. 

ʇʨʠ ʩʦʟʜʘʥʠʠ ʵʪʦʛʦ ʨʘʩʯʝʪʘ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʬʫʥʢʮʠʷ ʚʠʜʘ y = h + aĀch (( x ð x0)/ʘ) ð 

1) , ʚ ʢʦʪʦʨʦʡ x0 ð ʵʪʦ ʪʦʯʢʘ ʥʘ ʦʩʠ ʭ, ʛʜʝ ʮʝʧʥʘʷ ʬʫʥʢʮʠʷ ʠʤʝʝʪ ʣʠʙʦ ʤʠʥʠʤʫʤ (ʧʨʦʚʠʩʘʶʱʘʷ 

ʮʝʧʴ ð ʩʤ. ʨʠʩ. 3), ʣʠʙʦ ʤʘʢʩʠʤʫʤ (ʘʨʢʘ
9
 ð ʩʤ. ʨʠʩ. 1 ʠ 2); h ð ʵʪʦ ʟʥʘʯʝʥʠʝ ʮʝʧʥʦʡ ʬʫʥʢʮʠʠ ʧʨʠ 

x0 (ʤʠʥʠʤʘʣʴʥʦʝ ʠʣʠ ʤʘʢʩʠʤʘʣʴʥʦʝ ʝʝ ʟʥʘʯʝʥʠʝ ð ʚʳʩʦʪʘ ʘʨʢʠ, ʥʘʧʨʠʤʝʨ). ʇʘʨʘʤʝʪʨ ʞʝ ʘ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʚʠʜ ʮʝʧʥʦʡ ʣʠʥʠʠ: ʧʨʠ ʘ ῃ 0 ð ʵʪʦ ʧʨʦʚʠʩʘʶʱʘʷ ʮʝʧʴ, ʧʨʠ ʘ ῂ 0 ð ʘʨʢʘ. ʎʝʧʴ 

ʙʫʜʝʪ ʩʪʨʝʤʠʪʴʩʷ ʢ ʧʨʷʤʦʡ ʣʠʥʠʠ, ʝʩʣʠ ʝʝ ʩʠʣʴʥʦ ʥʘʪʷʥʫʪʴ ʩ ʜʚʫʭ ʢʦʥʮʦʚ: ʚʩʧʦʤʥʠʤ ʩʪʨʫʥʥʳʝ 

ʤʫʟʳʢʘʣʴʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ. ɸ ʝʱʝ ʤʦʞʥʦ ʚʩʧʦʤʥʠʪʴé ʢʠʨʧʠʯʥʫʶ ʢʣʘʜʢʫ, ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ 

ʤʝʞʢʠʨʧʠʯʥʳʝ ʣʠʥʠʠ ʢʦʪʦʨʦʡ (ʟʘʟʦʨʳ ʩ ʟʘʩʪʳʚʰʠʤ ʨʘʩʪʚʦʨʦʤ) ʵʪʦ ʩʪʨʦʛʦ ʛʦʚʦʨʷ ʥʝ ʦʪʨʝʟʢʠ 

ʧʨʷʤʳʭ, ʘ ʦʪʨʝʟʢʠé ʮʝʧʥʦʡ ʣʠʥʠʠ. ɺʝʜʴ ʧʨʠ ʢʣʘʜʢʝ ʢʠʨʧʠʯʥʦʡ ʩʪʝʥʳ ʢʘʤʝʥʱʠʢʠ ʩʪʨʦʛʦ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦ ʥʘʪʷʛʠʚʘʶʪ ʙʝʯʝʚʫ (ʚʝʨʝʚʦʯʢʫ) ʜʣʷ ʢʦʥʪʨʦʣʷ ʨʦʚʥʦʩʪʠ ʫʢʣʘʜʢʠ ʢʠʨʧʠʯʝʡ. ʅʦ ʵʪʘ 

ʙʝʯʝʚʘ ʚʩʝ-ʪʘʢʠ ʩʣʝʛʢʘ ʧʨʦʚʠʩʘʝʪ. ʅʘʪʷʛʠʚʘʝʪʩʷ ʞʝ ʵʪʘ ʚʝʨʝʚʦʯʢʘ ʧʝʨʝʢʠʜʳʚʘʥʠʝʤ ʝʝ ʣʠʙʦ ʯʝʨʝʟ 

ʙʣʦʢ, ʣʠʙʦ ʯʝʨʝʟ ʛʣʘʜʢʠʡ ʮʠʣʠʥʜʨʠʯʝʩʢʠʡ ʩʪʝʨʞʝʥʴ ʩ ʧʦʜʚʝʰʠʚʘʥʠʝʤ ʛʨʫʟʘ. ʕʪʦʪ ʛʦʨʠʟʦʥʪʘʣʴʥʳʡ 

ʢʦʥʝʮ ʚʝʨʝʚʦʯʢʠ ʤʦʞʝʪ ʩʣʫʞʠʪ ɹʟʘʦʜʥʦ ʠ ʜʣʷ ʢʦʥʪʨʦʣʷ ʚʝʨʪʠʢʘʣʴʥʦʩʪʠ ʢʣʘʜʢʠ ʢʠʨʧʠʯʥʦʡ ʩʪʝʥʳ. 

ʊʫʪ, ʢʩʪʘʪʠ, "ʚʩʧʣʳʚʘʝʪ" ʝʱʝ ʦʜʥʘ ʵʢʩʧʦʥʝʥʪʘ ï ʩʠʣʘ ʪʨʝʥʠʷ ʢʘʥʘʪʘ ʦ ʮʠʣʠʥʜʨ, ʥʘ ʢʦʪʦʨʳʡ 

ʥʘʢʠʥʫʪ ʠʣʠ ʥʘʤʦʪʘʥ ʢʘʥʘʪ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʵʢʩʧʦʥʝʥʪʝ ʦʪ ʫʛʣʘ ʥʘʤʦʪʢʠ. ʕʪʫ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ 

ʠʥʪʫʠʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʣʠ ʝʱʝ ʚ ʜʨʝʚʥʦʩʪʠ, ʧʨʠʰʚʘʨʪʦʚʳʚʘʷ ʢʦʨʘʙʣʠ ʢ ʧʨʠʩʪʘʥʠ. ʌʦʨʤʫʣʫ ʞʝ ʩ 

ʵʢʩʧʦʥʝʥʪʦʡ ʚʳʚʝʣ ʚʝʣʠʢʠʡ ʕʡʣʝʨ. 

ʉʘʡʪ, ʧʦʢʘʟʘʥʥʳʡ ʥʘ ʨʠʩʫʥʢʝ 3, ʪʨʝʙʫʝʪ ʦʪ ʧʦʩʝʪʠʪʝʣʷ ʚʚʝʩʪʠ ʟʥʘʯʝʥʠʷ ʚʳʩʦʪ ʧʦʜʚʝʩʘ ʮʝʧʠ 

ʥʘ ʜʚʫʭ ʦʧʦʨʘʭ (ʤʘʯʪʘʭ ʃʕʇ ð ʩʤ. ʥʘʯʘʣʦ ʵʪʦʡ ʩʪʘʪʴʠ ʩʦ "ʩʪʨʘʰʥʦʡ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʦʡ 

ʠʩʪʦʨʠʝʡ"): ʚʳʩʦʪʳ h1 ʠ ʚʳʩʦʪʳ h2,  ʟʥʘʯʝʥʠʝ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʦʧʦʨʘʤʠ ʧʦ ʛʦʨʠʟʦʥʪʘʣʠ L ʠ 

ʟʥʘʯʝʥʠʝ ʜʣʠʥʳ ʮʝʧʠ S. ʇʦ ʵʪʠʤ ʜʘʥʥʳʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʛʝʦʤʝʪʨʠʷ ʮʝʧʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʟʥʘʯʝʥʠʝ h 

ʤʠʥʠʤʘʣʴʥʦʛʦ ʟʘʟʦʨʘ ʤʝʞʜʫ ʮʝʧʴʶ ʠ ʥʫʣʝʚʦʡ ʦʪʤʝʪʢʦʡ (ʟʝʤʣʝʡ ʠʣʠ ʚʦʜʦʡ ʚ ʨʝʢʝ). ɼʦʧʦʣʥʠʪʝʣʴʥʦ 

ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʟʥʘʯʝʥʠʷ ʫʛʣʦʚ Ŭ1 ʠ Ŭ2, ʧʨʠ ʢʦʪʦʨʳʭ ʥʘʰʘ ʮʝʧʠ ʙʫʜʝʪ ʪʷʥʫʪʴ ʦʧʦʨʳ. ʕʪʠ ʫʛʣʳ ʥʘʤ 

ʧʨʠʛʦʜʷʪʩʷ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯʠ ʦ ʮʝʧʠ ʩ ʧʦʜʚʝʰʝʥʥʳʤ ʛʨʫʟʦʤ (ʩʤ. ʥʠʞʝ). ɿʘʜʘʯʘ ʩʚʦʜʠʪʩʷ ʢ 
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 ʂʘʥʦʥʠʯʝʩʢʘʷ ʚ ʪʦʤ ʩʤʳʩʣʝ, ʯʪʦ ʚʳʙʨʘʥʘ ʪʘʢʘʷ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ, ʧʨʠ ʢʦʪʦʨʦʡ ʚ ʬʦʨʤʫʣʝ ʦʩʪʘʣʩʷ ʚʩʝʛʦ 

ʣʠʰʴ ʦʜʠʥ ʧʘʨʘʤʝʪʨ a. ʆʩʪʘʣʴʥʳʝ ʜʚʘ ʧʘʨʘʤʝʪʨʘ ʧʨʠ ʵʪʦʤ ʩʪʘʥʦʚʷʪʩʷ ʨʘʚʥʳʤʠ ʥʫʣʶ. ɺ ʬʦʨʤʫʣʝ ʘʨʢʠ 

ʛʦʨʦʜʘ ʉʝʥʪ-ʃʫʠʩʘ ʦʩʪʘʚʣʝʥʳ ʜʚʘ ʧʘʨʘʤʝʪʨʘ, ʧʨʦʧʠʩʘʥʥʳʝ ʚ ʚʠʜʝ ʢʦʥʩʪʘʥʪ: 757. 7 ʠ 127. 7 ʬʫʪʦʚ. ɺ [] 

ʙʳʣʘ ʩʜʝʣʘʥʘ ʧʦʧʳʪʢʘ ʧʨʠʚʝʩʪʠ ʢʨʠʚʫʶ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʢ ʢʘʥʦʥʠʯʝʩʢʦʤʫ ʚʠʜʫ, ʙʳʣʘ ʦʙʩʫʞʜʝʥʘ ʪʝʭʥʦʣʦʛʠ ̫

ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʛʠʧʝʨʙʦʣʳ, ʠʤʝʶʱʝʡ ʧʷʪʴ ʧʘʨʘʤʝʪʨʦʚ, ʢ ʢʘʥʦʥʠʯʝʩʢʦʤʫ ʚʠʜʫ, ʠʤʝʶʱʝʤʫ ʜʚʘ ʧʘʨʘʤʝʪʨʘ. 

ʂʘʥʦʥʠʯʝʩʢʘʷ ʟʘʧʠʩʴ ʧʘʨʘʙʦʣʳ ʪʘʢʞʝ ʠʤʝʝʪ ʦʜʠʥ ʧʘʨʘʤʝʪʨ p: y = 2pĀx
2. 

9
 ʅʘ ʘʨʢʝ ʛʦʨʦʜ ʉʝʥʪ-ʃʫʠʩ ʣʫʯʰʝ ʙʳʣʦ ʙʳ ʧʨʦʧʠʩʘʪʴ ʥʘʰʫ ʬʦʨʤʫʣʫ, ʠʟ ʢʦʪʦʨʦʡ ʯʝʪʢʦ ʙʳʣʘ ʙʳ ʚʠʜʥʘ 

ʚʳʩʦʪʘ ʘʨʢʠ ʠ ʝʝ ʰʠʨʠʥʘ (ʧʦʣʫʰʠʨʠʥʘ) ʫ ʦʩʥʦʚʘʥʠʷ. ʋ ʣʝʚʦʛʦ ʦʩʥʦʚʘʥʠʷ ʙʘʣʢʠ ʤʦʞʥʦ ʙʳʣʦ ʙʳ ʜʚʫʤʷ 

ʩʪʨʝʣʢʘʤʠ (ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʠ ʚʝʨʪʠʢʘʣʴʥʦʡ) ʟʘʬʠʢʩʠʨʦʚʘʪʴ ʥʘʯʘʣʦ ʢʦʦʨʜʠʥʘʪ. ʉʝʡʯʘʩ ʞʝ ʥʘʯʘʣʦ ʢʦʦʨʜʠʥʘʪ 

ʥʘʭʦʜʠʪʩʷ ʥʘ ʟʝʤʣʝ ʧʦʜ ʪʦʯʢʦʡ ʤʘʢʩʠʤʘʣʴʥʦʡ ʚʳʩʦʪʳ ʘʨʢʠ. 



ʨʝʰʝʥʠʶ ʩʠʩʪʝʤʳ ʪʨʝʭ ʫʨʘʚʥʝʥʠʡ ʩ ʪʨʝʤʷ ʥʝʠʟʚʝʩʪʥʳʤʠ ð ʧʘʨʘʤʝʪʨʘʤʠ x0, h ʠ a, 

ʬʦʨʤʠʨʫʶʱʠʤʠ ʮʝʧʥʫʶ ʬʫʥʢʮʠʶ. ʇʝʨʚʦʝ ʫʨʘʚʥʝʥʠʝ ð ʵʪʦ ʘʙʩʮʠʩʩʘ ʪʦʯʢʠ ʢʨʝʧʣʝʥʠʷ ʮʝʧʠ ʫ 

ʣʝʚʦʡ ʦʧʦʨʳ, ʚʪʦʨʦʝ ʫʨʘʚʥʝʥʠʝ ð ʘʙʩʮʠʩʩʘ ʪʦʯʢʠ ʢʨʝʧʣʝʥʠʷ ʮʝʧʠ ʫ ʧʨʘʚʦʡ ʦʧʦʨʳ ʠ ʪʨʝʪʴʝ 

ʫʨʘʚʥʝʥʠʝ ð ʵʪʦ ʬʦʨʤʫʣʘ ʜʣʠʥʳ ʢʨʠʚʦʡ
10

. 
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 ʕʪʦ ʫʨʘʚʥʝʥʠʝ ʠ ʝʛʦ ʚʳʚʦʜ ʪʘʢʞʝ ʥʝʩʣʦʞʥʦ ʥʘʡʪʠ ʚ ʢʥʠʛʘʭ ʠ ʀʥʪʝʨʥʝʪʝ. ɺ ʧʦʜʳʥʪʝʛʨʘʣʴʥʦʤ ʚʳʨʘʞʝʥʠʠ 

ʷʩʥʦ ʧʨʦʩʤʘʪʨʠʚʘʝʪʩʷ ʪʝʦʨʝʤʘ ʇʠʬʘʛʦʨʘ. ɺ ʩʣʫʯʘʝ ʩ ʮʝʧʥʦʡ ʣʠʥʠʝʡ ʝʛʦ ʤʦʞʥʦ ʫʧʨʦʩʪʠʪʴ, ʠʟʙʘʚʠʚʰʠʩʴ ʦʪ 

ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʠʥʪʝʛʨʘʣʘ ʥʘ ʦʪʨʝʟʢʝ ʦʪ 0 ʜʦ L. ʅʦ ʤʳ ʥʝ ʙʫʜʝʤ ʵʪʦʛʦ ʜʝʣʘʪʴ, ʦʩʪʘʚʣʷʷ "ʧʝʨʚʦʨʦʜʥʳʡ" ʚʠʜ 

ʚʳʨʘʞʝʥʠʷ. ʊʘʢ ʙʫʜʝʪ ʣʫʯʰʝ ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʮʝʣʷʭ.  



 

ʈʠʩ. 3. ʉʘʡʪ ʜʣʷ ʨʘʩʯʝʪʘ ʧʨʦʚʠʩʘʥʠʷ ʮʝʧʠ 

ʅʘ ʚ ʨʘʩʯʝʪʝ, ʧʦʢʘʟʘʥʥʦʤ ʥʘ ʨʠʩʫʥʢʝ 3, ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʙʣʦʢ Given ðFind  (ɼʘʥʦ-ʅʘʡʪʠ). 

ʇʨʠ ʵʪʦʤ ʥʝ ʧʦʢʘʟʘʥʦ ʟʘʜʘʥʠʝ ʧʝʨʚʦʛʦ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ï ʦʥʦ ʟʘʧʨʷʪʘʥʦ ʚ ʩʢʨʳʪʦʡ ʦʙʣʘʩʪʠ. 

ʈʝʰʝʥʠʝ ʧʨʦʚʝʨʷʝʪʩʷ ʧʨʠʢʣʘʜʳʚʘʥʠʝʤ ʢ ʢʨʠʚʦʡ ʣʠʥʠʠ ʥʘ ʛʨʘʬʠʢʝ, ʧʨʦʨʠʩʦʚʘʥʥʦʡ ʚ ʧʨʘʚʠʣʴʥʦʤ 

ʤʘʩʰʪʘʙʝ ʨʝʘʣʴʥʦʡ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʮʝʧʠ. ʅʘ ʨʠʩʫʥʢʝ 4 ʧʦʢʘʟʘʥʘ ʪʘʢʘʷ ʧʨʦʚʝʨʢʘ ð ʨʘʩʧʝʯʘʪʢʘ 

ʨʘʩʯʝʪʘ, ʦʪʦʙʨʘʞʝʥʥʦʛʦ ʥʘ ʨʠʩ. 3, ʚʩʪʘʚʢʘ ʨʘʩʧʝʯʘʪʢʠ ʚ ʜʝʨʝʚʷʥʥʫʶ ʨʘʤʢʫ, ʢ ʢʦʪʦʨʦʡ ʧʨʠʙʠʪʘ 

ʢʦʥʪʨʦʣʴʥʘʷ ʮʝʧʴ. ʊʘʢʦʝ "ʧʨʦʠʟʚʝʜʝʥʠʷ ʠʟʦʙʨʘʟʠʪʝʣʴʥʦʛʦ ʠʩʢʫʩʩʪʚʘ" ʚʠʩʠʪ ʚ ʢʘʙʠʥʝʪʝ ʦʜʥʦʛʦ ʠʟ 



ʘʚʪʦʨʦʚ ʠ ʧʨʠʚʣʝʢʘʝʪ ʚʥʠʤʘʥʠʝ ʤʥʦʛʠʭ ʤʘʪʝʤʘʪʠʢʦʚ ʠ ʥʝʤʘʪʝʤʘʪʠʢʦʚ. ʕʪʦʪ ʩʘʡʪ ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʦʙʩʯʝʪʘ "ʩʪʨʘʰʥʦʡ ʠʩʪʦʨʠʠ", ʧʨʠʚʝʜʝʥʥʦʡ ʚ ʥʘʯʘʣʝ ʩʪʘʪʴʠ. ɼʣʷ ʵʪʦʛʦ 

ʥʝʦʙʭʦʜʠʤʦ ʚʚʝʩʪʠ ʚ ʨʘʩʯʝʪ "ʟʠʤʥʝʝ" ʠ "ʣʝʪʥʝʝ" ʟʥʘʯʝʥʠʷ ʜʣʠʥʳ ʧʨʦʚʦʜʘ ʠ ʧʦʜʩʯʠʪʘʪʴ "ʟʠʤʥʠʡ" ʠ 

"ʣʝʪʥʠʡ" ʟʘʟʦʨʳ ʥʘʜ ʨʝʢʦʡ. ʅʦ ʥʝʦʙʭʦʜʠʤʦ ʪʘʢʞʝ ʫʯʠʪʳʚʘʪʴ ʠ ʣʠʥʝʡʥʦʝ ʫʜʣʠʥʝʥʠʝ ʧʨʦʚʦʜʘ ʟʘ 

ʩʯʝʪ ʩʦʙʩʪʚʝʥʥʦʛʦ ʚʝʩʘ, ʢʦʪʦʨʦʝ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʪʘʢʞʝ ʟʘʚʠʩʠʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʦʚʦʜʘ. ʊʘʢ ʯʪʦ 

ʪʫʪ ʥʝ ʪʘʢ ʚʩʝ ʧʨʦʩʪʦ. 

 

ʈʠʩ. 4. ʈʝʘʣʴʥʘʷ ʠ ʚʠʨʪʫʘʣʴʥʘʷ ʮʝʧʠ 



ɺʪʦʨʦʝ ʘʚʪʦʨʩʢʦʝ "ʧʨʦʠʟʚʝʜʝʥʠʝ ʠʟʦʙʨʘʟʠʪʝʣʴʥʦʛʦ ʠʩʢʫʩʩʪʚʘ", ʪʘʢʞʝ ʩʚʷʟʘʥʥʦʝ ʩ ʮʝʧʥʦʡ 

ʣʠʥʠʝʡ, ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 5. ʕʪʦʪ ʮʝʧʥʦʡ (ʚʠʩʷʯʠʡ) ʤʦʩʪ ʙʳʣ ʥʘʨʠʩʦʚʘʥ ʪʘʢ [2]. ʂʦʛʜʘ ʧʦʷʚʠʣʘʩʴ 

ʚʝʨʩʠʷ Mathcad ʩʦ ʚʩʪʨʦʝʥʥʦʡ ʬʫʥʢʮʠʝʡ odesolve , ʪʦ ʘʚʪʦʨʳ ʩʨʘʟʫ ʧʦʧʳʪʘʣʠʩʴ ʧʨʦʪʝʩʪʠʨʦʚʘʪʴ 

ʝʝ ʥʘ ʪʘʢʦʡ ʧʨʦʩʪʦʡ ʢʨʘʝʚʦʡ ʟʘʜʘʯʝ: ʜʘʥʳ ʯʝʪʳʨʝ ʪʦʯʢʠ ʢʨʝʧʣʝʥʠʷ ʮʝʧʠ ʤʦʩʪʘ (0-0 ð ʟʝʤʣʷ, 2-5 ð 

ʧʝʨʚʳʡ ʧʠʣʦʥ, 9-5 ð ʚʪʦʨʦʡ ʧʠʣʦʥ ʠ 11-0 ð ʟʝʤʣʷ ʥʘ ʜʨʫʛʦʤ ʙʝʨʝʛʫ ʨʝʢʠ), ʥʝʦʙʭʦʜʠʤʦ 

ʦʧʨʝʜʝʣʠʪʴ ʬʦʨʤʫ ʮʝʧʠ, ʦʪʚʝʯʘʶʱʝʡ ʪʘʢʦʤʫ ʝʝ ʩʚʦʡʩʪʚʫ: ʚʪʦʨʘʷ ʧʨʦʠʟʚʦʜʥʘʷ ʨʘʚʥʘ ʩʘʤʦʡ 

ʬʫʥʢʮʠʠ (ʚʪʦʨʘʷ ʧʨʦʠʟʚʦʜʥʘʷ ʛʠʧʝʨʙʦʣʠʯʝʩʢʦʛʦ ʢʦʩʠʥʫʩʘ ʨʘʚʥʘ ʛʠʧʝʨʙʦʣʠʯʝʩʢʦʤʫ ʢʦʩʠʥʫʩʫ). 

ʈʝʰʝʥʠʝ ʵʪʦʡ ʟʘʜʘʯʠ (a ð ʯʠʩʣʝʥʥʦʝ ʠ b ð ʘʥʘʣʠʪʠʯʝʩʢʦʝ) ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 5 ʩ ʛʨʘʬʠʯʝʩʢʠʤ 

ʦʪʦʙʨʘʞʝʥʠʝʤ ʥʘ ʧʣʦʩʢʦʩʪʠ, ʘ ʥʘ ʨʠʩ. 6 ʚ ʦʙʲʝʤʝ. ʅʘ ʨʠʩʫʥʢʝ 6 ʧʨʦʨʠʩʦʚʘʥʳ "ʜʚʝ ʮʝʧʠ" ʩ 

ʯʝʪʳʨʴʤʷ ʪʦʯʢʘʤʠ ʢʨʝʧʣʝʥʠʷ ʫ ʢʘʞʜʦʡ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʪʫʤʘʥʘ
11
, ʧʝʨʩʧʝʢʪʠʚʳ, ʧʦʣʦʪʥʘ ʜʦʨʦʛʠ ʩ 

ʨʘʟʜʝʣʠʪʝʣʴʥʦʡ ʣʠʥʠʝʡ, ʫʟʣʦʚ ʢʨʝʧʣʝʥʠʷ ʚʝʨʪʠʢʘʣʴʥʳʭ ʢʘʥʘʪʦʚ ʠé ʧʘʨʷʱʝʛʦ ʦʨʣʘ. ʉʘʤʠ 

ʚʝʨʪʠʢʘʣʴʥʳʝ ʢʘʥʘʪʳ ʥʝ ʥʘʨʠʩʦʚʘʥʳ ʠ ʚʦʪ ʧʦʯʝʤʫ. ʎʝʧʴ (ʢʘʥʘʪ) ʧʦʜʚʝʩʥʦʛʦ ʤʦʩʪʘ ʠʤʝʝʪ ʬʦʨʤʫ ʥʝ 

ʮʝʧʥʦʡ ʬʫʥʢʮʠʠ, ʘ ʫʞʝ ʫʧʦʤʠʥʘʚʰʝʡʩʷ ʥʘʤʠ ʧʘʨʘʙʦʣʳ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʥʘʛʨʫʟʢʠ ʦʪ ʧʦʣʦʪʥʘ ʜʦʨʦʛʠ 

ʥʘ ʚʝʨʪʠʢʘʣʴʥʳʝ ʢʘʥʘʪʳ ʧʨʠ ʠʭ ʨʘʚʥʦʤʝʨʥʦʤ ʨʘʩʧʦʣʦʞʝʥʠʠ ʚʜʦʣʴ ʤʦʩʪʘ ʙʫʜʫʪ ʦʜʠʥʘʢʦʚʳʤʠ. ʊʘʢ 

ʯʪʦ ʥʘ ʨʠʩʫʥʢʝ 6 ʤʳ ʚʠʜʠʤ ʧʦʢʘ ʪʦʣʴʢʦ ʩʪʨʦʷʱʠʡʩʷ ʤʦʩʪ, ʢ ʢʦʪʦʨʦʤʫ ʥʘ ʧʦʥʪʦʥʘʭ ʧʦʜʚʝʣʠ 

ʧʦʣʦʪʥʦ ʧʨʦʝʟʞʝʡ ʯʘʩʪʠ ʠ ʢ ʢʦʪʦʨʦʤʫ ʝʱʝ ʪʦʣʴʢʦ ʩʦʙʠʨʘʶʪʩʷ ʢʨʝʧʠʪʴ ʚʝʨʪʠʢʘʣʴʥʳʝ ʢʘʥʘʪʳ 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʜʣʠʥʳ ʪʘʢ, ʯʪʦʙʳ ʮʝʧʴ ʠʟʤʝʥʠʣʘ ʩʚʦʶ ʬʦʨʤʫ ʩ ʮʝʧʥʦʡ ʬʫʥʢʮʠʠ ʥʘ ʧʘʨʘʙʦʣʫ
12

. 

ʉʪʨʦʛʦ ʛʦʚʦʨʷ, ʮʝʧʥʘʷ ʬʫʥʢʮʠʷ ʠ ʧʘʨʘʙʦʣʘ ï ʵʪʦ ʜʚʝ ʨʘʟʣʠʯʥʳʝ ʢʨʠʚʳʝ, ʛʨʘʬʠʢʠ ʢʦʪʦʨʳʭ ʥʠʢʦʛʜʘ 

ʥʝ ʩʦʚʧʘʜʫʪ. ʅʦ, ʢʘʢ ʠʟʚʝʩʪʥʦ, ʚʩʝ ʙʝʩʢʦʥʝʯʥʦ ʜʠʬʬʝʨʝʥʮʠʨʫʝʤʳʝ ʬʫʥʢʮʠʠ (ʘ ʢ ʥʠʤ ʦʪʥʦʩʠʪʩʷ ʠ 

ʮʝʧʥʘʷ ʬʫʥʢʮʠʷ) ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʙʝʩʢʦʥʝʯʥʦʡ ʩʫʤʤʳ ʩʪʝʧʝʥʥʳʭ ʬʫʥʢʮʠʡ. ʊʘʢʦʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʥʘʟʳʚʘʝʪʩʷ ʨʷʜʦʤ ʊʝʡʣʦʨʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʝʩʣʠ ʚ ʨʘʟʣʦʞʝʥʠʠ aĀch(x/a) = aĀ [1 + 

(1/2!)Ā(x/a)
2
 + (1/4!)Ā (x/a)

4
 + (1/6!)Ā (x/a)

6
 + é] ʫʯʠʪʳʚʘʪʴ ʪʦʣʴʢʦ ʧʝʨʚʳʝ ʜʚʘ ʩʣʘʛʘʝʤʳʭ, ʪʦ ʩ 

ʥʝʢʦʪʦʨʦʡ ʧʦʛʨʝʰʥʦʩʪʴʶ ʮʝʧʥʘʷ ʣʠʥʠʷ ʧʨʠʙʣʠʞʘʝʪʩʷ ʢ ʧʘʨʘʙʦʣʝ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʧʦʛʨʝʰʥʦʩʪʴ ʪʝʤ 

ʤʝʥʴʰʝ, ʯʝʤ ʙʣʠʞʝ ʪʦʯʢʘ ʭ ʢ ʥʫʣʶ ʠ ʯʝʤ ʙʦʣʴʰʝ ʧʦ ʤʦʜʫʣʶ ʧʘʨʘʤʝʪʨ ʘ. ʋʢʘʟʘʥʥʳʝ ʨʘʟʣʠʯʠʷ 

                                                           
11

 ʊʫʤʘʥ, ʧʝʨʩʧʝʢʪʠʚʘ ʠ ʦʩʚʝʱʝʥʠʝ ð ʵʪʦ ʦʩʥʦʚʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʧʦʚʳʰʝʥʠʷ ʦʙʲʝʤʥʦʩʪʠ ʪʨʝʭʤʝʨʥʳʭ 

ʦʙʲʝʢʪʦʚ ʥʘ ʧʣʦʩʢʦʤ ʜʠʩʧʣʝʝ ʢʦʤʧʴʶʪʝʨʘ ʠʣʠ ʥʘ ʣʠʩʪʝ ʙʫʤʘʛʠ. 
12

 ç... ɼʨʫʛʦʡ ʩʧʦʩʦʙ ʥʘʯʝʨʪʠʪʴ ʠʩʢʦʤʫʶ ʧʘʨʘʙʦʣʫ ʥʘ ʧʨʠʟʤʝ ʩʦʩʪʦʠʪ ʚ ʩʣʝʜʫʶʱʝʤ. ɺʦʙʴʸʤ ʚ ʩʪʝʥʫ ʜʚʘ 

ʛʚʦʟʜʷ ʥʘ ʦʜʠʥʘʢʦʚʦʡ ʚʳʩʦʪʝ ʥʘʜ ʛʦʨʠʟʦʥʪʦʤ ʠ ʥʘ ʪʘʢʦʤ ʨʘʩʩʪʦʷʥʠʠ ʜʨʫʛ ʦʪ ʜʨʫʛʘ, ʯʪʦʙʳ ʦʥʦ ʨʘʚʥʷʣʦʩʴ 

ʜʚʦʡʥʦʡ ʰʠʨʠʥʝ ʧʨʷʤʦʫʛʦʣʴʥʠʢʘ, ʥʘ ʢʦʪʦʨʦʤ ʞʝʣʘʪʝʣʴʥʦ ʧʦʩʪʨʦʠʪʴ ʧʘʨʘʙʦʣʫ; ʤʝʞʜʫ ʦʜʥʠʤ ʠ ʜʨʫʛʠʤ 

ʛʚʦʟʜʸʤ ʧʦʜʚʝʩʠʤ ʪʦʥʢʫʶ ʮʝʧʦʯʢʫ, ʢʦʪʦʨʘʷ ʩʚʝʰʠʚʘʣʘʩʴ ʙʳ ʚʥʠʟ ʠ ʙʳʣʘ ʪʘʢʦʡ ʜʣʠʥʳ, ʯʪʦʙʳ ʩʘʤʘʷ ʥʠʟʢʘʷ 

ʪʦʯʢʘ ʝʸ ʥʘʭʦʜʠʣʘʩʴ ʦʪ ʫʨʦʚʥʷ ʛʚʦʟʜʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ, ʨʘʚʥʦʤ ʜʣʠʥʝ ʧʨʠʟʤʳ. ʎʝʧʦʯʢʘ ʵʪʘ, ʩʚʠʩʘʷ, 

ʨʘʩʧʦʣʦʞʠʪʩʷ ʚ ʚʠʜʝ ʧʘʨʘʙʦʣʳ, ʪʘʢ ʯʪʦ, ʦʪʤʝʪʠʚ ʝʸ ʩʣʝʜ ʥʘ ʩʪʝʥʝ ʧʫʥʢʪʠʨʦʤ, ʤʳ ʧʦʣʫʯʠʤ ʧʦʣʥʫʶ 

ʧʘʨʘʙʦʣʫ, ʨʘʩʩʝʢʘʝʤʫʶ ʧʦʧʦʣʘʤ ʧʝʨʧʝʥʜʠʢʫʣʷʨʦʤ, ʧʨʦʚʝʜʸʥʥʳʤ ʯʝʨʝʟ ʩʝʨʝʜʠʥʫ ʣʠʥʠʠ, ʩʦʝʜʠʥʷʶʱʝʡ ʦʙʘ 

ʛʚʦʟʜʷ. ɻʘʣʠʣʝʦ ɻʘʣʠʣʝʡ. çɹʝʩʝʜʳ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘéè. 1638 ʛʦʜ. 

ʆʜʥʘʢʦ ʤʵʪʨ ʦʰʠʙʘʣʩʷ. ʄʝʞʜʫ ʧʘʨʘʙʦʣʦʡ ʠ ʣʠʥʠʝʡ ʧʨʦʚʠʩʰʝʡ ʮʝʧʠ ʙʫʜʝʪ ʥʝʙʦʣʴʰʦʝ ʨʘʟʣʠʯʠʝ. ʃʠʰʴ 

ʧʦʣʚʝʢʘ ʩʧʫʩʪʷ ʀʦʛʘʥʥʦʤ ɹʝʨʥʫʣʣʠ, ɻʦʪʬʨʠʜʦʤ ʃʝʡʙʥʠʮʝʤ ʠ ʍʨʠʩʪʠʘʥʦʤ ɻʶʡʛʝʥʩʦʤ ʙʳʣʦ ʚʳʚʝʜʝʥʦ 

ʫʨʘʚʥʝʥʠʝ ʮʝʧʥʦʡ ʣʠʥʠʠ. ɺ ʥʸʤ ʫʯʘʩʪʚʫʝʪ ʧʘʨʘʤʝʪʨ, ʠʟʤʝʥʷʷ ʢʦʪʦʨʳʡ ʤʦʞʥʦ ʧʦʣʫʯʘʪʴ ʨʘʟʣʠʯʥʳʝ ʢʨʠʚʳʝ 

ʧʨʦʚʠʩʘʥʠʷ ʮʝʧʠ. ɺʦʟʥʠʢʥʦʚʝʥʠʶ ʩʘʤʦʛʦ ʥʘʟʚʘʥʠʷ "ʮʝʧʥʘʷ ʣʠʥʠʷ" ʤʳ ʦʙʷʟʘʥʳ ɻʶʡʛʝʥʩʫ.è (ʏʠʪʘʪʴ 

ʧʦʣʥʦʩʪʴʶ: http://www.etudes.ru/ru/etudes/catenary). ʂʩʪʘʪʠ, ʝʩʣʠ ʩʪʫʜʝʥʪʘʤ ʥʘ ʟʘʥʷʪʠʷʭ ʧʦ ʤʘʪʝʤʘʪʠʢʝ, 

ʬʠʟʠʢʝ ʠʣʠ ʠʥʬʦʨʤʘʪʠʢʝ ʧʦʢʘʟʘʪʴ ʨʝʘʣʴʥʫʶ ʧʨʦʚʠʩʘʶʱʫʶ ʮʝʧʴ (ʘʚʪʦʨʳ ʚʩʝʛʜʘ ʜʝʣʘʶʪ ʵʪʦ ʧʝʨʝʜ ʯʪʝʥʠʝʤ 

ʜʘʥʥʦʡ ʣʝʢʮʠʠ-ʩʪʘʪʴʠ) ʠ ʩʧʨʦʩʠʪʴ ʠʭ, ʢʘʢʦʡ ʬʦʨʤʫʣʦʡ ʦʥʘ ʦʧʠʩʳʚʘʝʪʩʷ, ʪʦ ʩʪʫʜʝʥʪʳ, ʚʪʦʨʷ ɻʘʣʠʣʝʶ, ʭʦʨʦʤ 

ʦʪʚʝʪʷʪ, ʯʪʦ ʵʪʦ ʧʘʨʘʙʦʣʘ. ɽʱʝ ʦʜʠʥ ʩʧʦʩʦʙ ʧʦʢʘʟʘʪʴ ʮʝʧʥʫʶ ʣʠʥʠʶ ï ʵʪʦ ʥʘʪʷʥʫʪʴ ʤʳʣʴʥʫʶ ʧʣʝʥʢʫ ʚʥʫʪʨʠ 

ʧʨʦʚʦʣʦʯʥʦʛʦ ʢʦʣʴʮʘ ʠ ʨʘʟʤʝʩʪʠʪʴ ʝʛʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦ. ʇʣʝʥʢʘ ʧʨʦʚʠʩʥʝʪ ʠ ʧʨʠʤʝʪ ʬʦʨʤʫ ʢʘʪʝʥʦʠʜʘ ï 

ʧʦʚʝʨʭʥʦʩʪʠ, ʦʙʨʘʟʫʝʤʦʡ ʚʨʘʱʝʥʠʝʤ ʮʝʧʥʦʡ ʣʠʥʠʠ. 



ʭʦʨʦʰʦ ʚʠʜʥʳ ʥʘ ʨʠʩ. 27. ʅʘ ʨʠʩʫʥʢʝ 28 ʧʦʢʘʟʘʥʦ, ʢʘʢ ʧʘʢʝʪ Mathcad ʨʘʙʦʪʘʝʪ ʩ ʨʷʜʦʤ ʊʝʡʣʦʨʘ ʥʘ 

ʧʨʠʤʝʨʝ ʮʝʧʥʦʡ ʬʫʥʢʮʠʠ. 

 

a) 

 

ʈʠʩ. 5. ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ ʦ ʚʠʨʪʫʘʣʴʥʦʤ ʚʠʩʷʯʝʤ ʤʦʩʪʝ: 

a) ʯʠʩʣʝʥʥʦʝ ʨʝʰʝʥʠʝ ʚ ʩʨʝʜʝ Mathcad 15 ʜʣʷ ʪʨʝʭ ʧʨʦʣʝʪʦʚ, 

 b) ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʥʘ ʩʘʡʪʝ ʬʠʨʤʳ Wolfram ʜʣʷ ʮʝʥʪʨʘʣʴʥʦʛʦ ʧʨʦʣʝʪʘ 



 

ʈʠʩ. 6. ɺʠʨʪʫʘʣʴʥʳʡ ʚʠʩʷʯʠʡ ʤʦʩʪ 

ɺʦʪ ʪʘʢʠʝ ʥʝ ʪʦʣʴʢʦ ʵʩʪʝʪʠʯʝʩʢʠʝ, ʥʦ ʠ "ʠʥʞʝʥʝʨʥʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ" ʯʫʚʩʪʚʘ ʚʦʟʥʠʢʘʶʪ 

ʧʨʠ ʣʶʙʦʚʘʥʠʠ "ʧʨʦʠʟʚʝʜʝʥʠʷʤʠ ʠʟʦʙʨʘʟʠʪʝʣʴʥʦʛʦ ʠʩʢʫʩʩʪʚʘ", ʧʦʢʘʟʘʥʥʳʤʠ ʥʘ ʨʠʩ. 1, 4 ʠ 6. 

ʇʨʦʚʠʩʘʶʱʘʷ ʮʝʧʴ ʠʤʝʝʪ ʝʱʝ ʦʜʥʦ ʠʥʪʝʨʝʩʥʦʝ ʩʚʦʡʩʪʚʦ ð ʝʝ ʚʠʜ ʥʠʢʘʢ ʥʝ ʟʘʚʠʩʠʪ ʦʪ 

ʤʘʩʩʳ ʮʝʧʠ. ʊʘʢ ʯʪʦ ʠ ʪʦʥʢʠʡ ʰʥʫʨ (ʙʝʯʝʚʘ ʢʘʤʝʥʱʠʢʘ) ʠ ʤʘʩʩʠʚʥʘʷ ʮʝʧʴ ʙʫʜʫʪ ʦʜʠʥʘʢʦʚʦ 

ʧʨʦʚʠʩʘʪʴ, ʝʩʣʠ ʫ ʥʠʭ ʦʜʠʥʘʢʦʚʳʝ ʜʣʠʥʳ ʠ ʪʦʯʢʠ ʢʨʝʧʣʝʥʠʷ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʥʘ ʫʤ ʧʨʠʭʦʜʠʪ ʝʱʝ 

ʦʜʠʥ ʟʥʘʤʝʥʠʪʳʡ ʬʠʟʠʯʝʩʢʠʡ ʟʘʢʦʥ ʩ ʵʣʝʤʝʥʪʘʤʠ ʧʘʨʘʜʦʢʩʘʣʴʥʦʩʪʠ ð ʩʢʦʨʦʩʪʴ ʧʘʜʝʥʠʷ ʪʝʣʘ ʚ 

ʚʘʢʫʫʤʝ ʦʜʠʥʘʢʦʚʘʷ ʠ ʜʣʷ ʧʝʨʳʰʢʘ ʠ ʜʣʷ ʢʠʨʧʠʯʘ [3]. 

ɿʘʜʘʯʘ ʦ ʧʨʦʚʠʩʘʥʠʠ ʮʝʧʠ, ʢʦʪʦʨʫʶ ʤʳ ʪʦʣʴʢʦ ʯʪʦ ʦʧʠʩʘʣʠ, ʜʦʚʦʣʴʥʦ ʪʨʠʚʠʘʣʴʥʘ. ɸ ʚʦʪ 

ʙʦʣʝʝ ʩʣʦʞʥʘʷ ʠ ʙʦʣʝʝ "ʩʚʝʞʘʷ" ʟʘʜʘʯʘ. ʆʥʘ ʚʦʟʥʠʢʣʘ ʚʦ ʚʨʝʤʷ ʧʨʦʛʫʣʢʠ ʦʜʥʦʛʦ ʠʟ ʘʚʪʦʨʦʚ ʧʦ 

ʜʘʯʥʦʤʫ ʫʯʘʩʪʢʫ, ʛʜʝ ʚʠʩʷʪ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʨʦʚʦʜʘ, ʥʘʪʷʥʫʪʳʝ ʤʝʞʜʫ ʩʪʦʣʙʘʤʠ. ʊʘʢ ʚʦʪ, ʥʘ ʦʜʥʦʤ 

ʧʨʦʚʦʜʝ ʙʳʣ ʧʦʜʚʝʰʝʥé ʢʠʨʧʠʯ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʚʝʪʝʨ ʩʠʣʴʥʦ ʥʝ ʨʘʩʢʘʯʠʚʘʣ ʦʛʦʣʝʥʥʳʡ 

ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʧʨʦʚʦʜ, ʠ ʦʥ ʥʝ ʟʘʜʝʚʘʣ ʩʦʩʝʜʥʠʡ. ʄʳʩʣʠ ʘʚʪʦʨʘ ʪʫʪ ʞʝ ʧʝʨʝʢʣʶʯʠʣʠʩʴ ʩ ʢʠʨʧʠʯʘ 

ʥʘé ʧʦʜʚʝʩʥʫʶ ʢʘʥʘʪʥʫʶ ʜʦʨʦʛʫ, ʠ ʩʨʘʟʫ ʚʦʟʥʠʢʣʘ ʠʜʝʷ ʦʙʩʯʠʪʘʪʴ ʚʩʝ ʵʪʦ ʠ ʩʦʟʜʘʪʴ ʪʘʢʫʶ 

ʘʥʠʤʘʮʠʶ: ʥʘ ʜʚʫʭ ʩʪʦʣʙʘʭ ʚʳʩʦʪʦʡ H1 ʠ H2 ʧʦʜʚʝʰʝʥ ʘʙʩʦʣʶʪʥʦ ʛʠʙʢʠʡ ʪʨʦʩ (ʢʘʥʘʪ, ʮʝʧʴ) 

ʜʣʠʥʦʡ S ʠ ʫʜʝʣʴʥʦʡ (ʣʠʥʝʡʥʦʡ) ʤʘʩʩʦʡ gʩ, ʚʜʦʣʴ ʢʦʪʦʨʦʛʦ ʩʢʦʣʴʟʠʪ ʛʨʫʟ ʤʘʩʩʦʡ G. ʂʘʢ ʙʫʜʝʪ 

ʤʝʥʷʪʴʩʷ ʬʦʨʤʘ ʵʪʦʛʦ ʢʘʥʘʪʘ ʠ ʢʘʢʠʝ ʩʠʣʳ ʙʫʜʫʪ ʜʝʡʩʪʚʦʚʘʪʴ ʥʘ ʢʘʥʘʪ ʚ ʪʦʯʢʘʭ ʦʧʦʨʳ ʠ ʚ ʪʦʯʢʝ 

ʢʨʝʧʣʝʥʠʷ ʛʨʫʟʘ? 

 ʅʘʯʥʝʤ ʞʝ ʤʳ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʦ ʧʦʜʚʝʩʥʦʡ ʢʘʥʘʪʥʦʡ ʜʦʨʦʛʝ ʩ ʙʦʣʝʝ ʧʨʦʩʪʦʡ ʟʘʜʘʯʠ ï ʩ 

ʟʘʜʘʯʠ ʦʙ ʦʧʪʠʤʘʣʴʥʦʡ ʧʨʦʚʠʩʘʶʱʝʡ ʮʝʧʠ. 

ʅʘ ʨʠʩʫʥʢʝ 7 ʧʦʢʘʟʘʥ ʯʠʩʣʝʥʥʳʡ ʧʦʠʩʢ ʜʣʠʥʳ ʮʝʧʠ (S) ʩ ʟʘʜʘʥʥʦʡ ʣʠʥʝʡʥʦʡ ʤʘʩʩʦʡ (gc), 

ʢʦʪʦʨʫʶ ʧʦʜʚʝʩʠʣʠ ʥʘ ʜʚʫʭ ʦʧʦʨʘʭ ʥʘ ʦʜʥʦʡ ʚʳʩʦʪʝ ʠ ʥʘ ʨʘʩʩʪʦʷʥʠʠ L ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʠ ʢʦʪʦʨʘʷ 

ʙʫʜʝʪ ʠʤʝʪʴ ʥʘʠʤʝʥʴʰʫʶ ʩʠʣʫ ʨʘʟʨʳʚʘ (F) ʚ ʪʦʯʢʘʭ ʧʦʜʚʝʩʘ. ɽʩʣʠ ʜʣʠʥʫ ʮʝʧʠ ʫʚʝʣʠʯʠʚʘʪʴ, ʪʦ ʵʪʘ 



ʩʠʣʘ ʙʫʜʝʪ ʨʘʩʪʠ ʟʘ ʩʯʝʪ ʚʝʩʘ ʮʝʧʠ (ʚʝʨʪʠʢʘʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʩʠʣʳ ʨʘʟʨʳʚʘ Fy). ɽʩʣʠ ʞʝ ʮʝʧʴ 

ʫʢʦʨʘʯʠʚʘʪʴ, ʪʦ ʵʪʘ ʩʠʣʘ ʙʫʜʝʪ ʨʘʩʪʠ, ʟʘ ʩʯʝʪ ʩʠʣʳ ʥʘʪʷʞʝʥʠʷ ʮʝʧʠ (ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ 

ʩʠʣʳ ʨʘʟʨʳʚʘ Fx). 

ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ ʥʫʞʥʦ ʩʚʷʟʘʪʴ ʩʠʣʫ ʨʘʟʨʳʚʘ ʮʝʧʠ F ʚ ʪʦʯʢʝ ʧʦʜʚʝʩʘ ʠ ʜʣʠʥʫ ʮʝʧʠ 

S, ʪ.ʝ. ʩʦʟʜʘʪʴ ʬʫʥʢʮʠʶ F( S), ʧʦʩʪʨʦʠʪʴ ʜʣʷ ʥʘʛʣʷʜʥʦʩʪʠ ʝʝ ʛʨʘʬʠʢ ʠ ʦʧʨʝʜʝʣʠʪʴ ʟʥʘʯʝʥʠʝ S, ʧʨʠ 

ʢʦʪʦʨʦʤ ʵʪʘ ʬʫʥʢʮʠʷ ʙʫʜʝʪ ʠʤʝʪʴ ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ. ʅʘ ʨʠʩʫʥʢʝ 7 ʟʘʜʘʶʪʩʷ ʪʨʠ ʬʫʥʢʮʠʠ 

ʧʦʣʴʟʦʚʘʪʝʣʷ: ʮʝʧʥʘʷ ʬʫʥʢʮʠʷ y, ʝʝ ʧʨʦʠʟʚʦʜʥʘʷ
13

 yô ʧʦ x  ʠ ʬʫʥʢʮʠʷ ʜʣʠʥʳ ʮʝʧʠ Sc. ɺʝʣʠʯʠʥʘ x ð 

ʵʪʦ ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʣʝʚʦʡ ʦʧʦʨʳ. ɿʘʜʘʯʘ ʩʚʦʜʠʪʩʷ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʡ ʬʫʥʢʮʠʠ 

a( S)ʯʝʨʝʟ ʯʠʩʣʝʥʥʳʡ ʧʦʠʩʢ ʥʫʣʷ ʬʫʥʢʮʠʠ S- Sʩ(L,  a)  ð ʯʝʨʝʟ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ 

S=Sʩ(L,  a). ɼʘʣʝʝ ʬʦʨʤʠʨʫʝʪʩʷ ʚʩʧʦʤʦʛʘʪʝʣʴʥʘʷ ʬʫʥʢʮʠʷ Ŭ(S), ʩʚʷʟʳʚʘʶʱʘʷ ʟʥʘʯʝʥʠʝ ʫʛʣʘ 

ʢʨʝʧʣʝʥʠʷ ʮʝʧʠ ʫ ʧʨʘʚʦʡ ʦʧʦʨʳ, ʠ ʩʘʤʘ ʮʝʣʝʚʘʷ ʬʫʥʢʮʠʷ ʦʧʪʠʤʠʟʘʮʠʠ F( S), ʧʦ ʢʦʪʦʨʦʡ ʩʪʨʦʠʪʩʷ 

ʛʨʘʬʠʢ ʠ ʫ ʢʦʪʦʨʦʡ ʫʪʦʯʥʷʝʪʩʷ ʤʠʥʠʤʫʤ ʪʦʯʢʘ, ʛʜʝ ʟʥʘʯʝʥʠʝ ʧʨʦʠʟʚʦʜʥʦʡ ʨʘʚʥʦ ʥʫʣʶ. 

 

                                                           
13

 ʊʫʪ ʧʨʘʚʠʣʴʥʝʝ ʙʳʣʦ ʙʳ ʥʘʧʠʩʘʪʴ "ʯʘʩʪʥʘʷ ʧʨʦʠʟʚʦʜʥʘʷ", ʪ.ʢ. ʬʫʥʢʮʠʷ y  ʠʤʝʝʪ ʥʝ ʦʜʠʥ, ʘ ʮʝʣʳʭ ʪʨʠ 

ʘʨʛʫʤʝʥʪʘ. ʕʪʦ ʯʝʣʦʚʝʢ ʩʯʠʪʘʝʪ, ʯʪʦ ʬʫʥʢʮʠʷ y  ʠʤʝʝʪ ʦʜʠʥ ʘʨʛʫʤʝʥʪ x  (ʨʘʩʩʪʦʷʥʠʝ ʧʦ ʛʦʨʠʟʦʥʪʘʣʠ ʦʪ ʣʝʚʦʛʦ 

ʧʦʜʚʝʩʘ ʮʝʧʠ) ʠ ʜʚʘ ʧʘʨʘʤʝʪʨʘ L (ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʪʦʯʢʘʤʠ ʧʦʜʚʝʩʘ ʮʝʧʠ) ʠ a ("ʢʨʫʪʠʟʥʘ" ʮʝʧʥʦʡ ʣʠʥʠʠ). 

ɼʣʷ ʧʘʢʝʪʘ Mathcad ʚʩʝ ʵʪʠ ʧʝʨʝʤʝʥʥʳʝ ʪʘʢʞʝ ʷʚʣʷʶʪʩʷ ʘʨʛʫʤʝʥʪʘʤʠ ʬʫʥʢʮʠʠ. ɽʩʣʠ, ʥʘʧʨʠʤʝʨ, ʩʧʨʦʩʠʪʴ ʫ 

ʩʪʫʜʝʥʪʦʚ, ʯʝʤʫ ʨʘʚʥʘ ʧʨʦʠʟʚʦʜʥʘʷ ʦʪ ʬʫʥʢʮʠʠ x
n, ʪʦ 99 ʩʪʫʜʝʥʪʦʚ ʠʟ ʩʪʘ ʩʢʘʞʫʪ, ʯʪʦ ʥʝ ʟʥʘʶʪ ʠʣʠ ʥʘʟʦʚʫʪ 

ʚʳʨʘʞʝʥʠʝ nx
n- 1, ʠ ʪʦʣʴʢʦ ʦʜʠʥ ʩʦʦʙʨʘʟʠʪ, ʯʪʦ ʥʫʞʥʦ ʫʪʦʯʥʠʪʴ, ʧʦ ʢʘʢʦʡ ʧʝʨʝʤʝʥʥʦʡ ʚʝʜʝʪʩʷ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʝ ï ʧʦ x  (ʩʪʝʧʝʥʥʘʷ ʬʫʥʢʮʠʷ) ʠʣʠ ʧʦ n (ʧʦʢʘʟʘʪʝʣʴʥʘʷ ʬʫʥʢʮʠʷ). 



 

ʈʠʩ. 7. ʉʦʟʜʘʥʠʝ ʬʫʥʢʮʠʠ ʧʦʣʴʟʦʚʘʪʝʣʷ ʩ ʦʧʦʨʦʡ ʥʘ ʬʫʥʢʮʠʶ Find 

ɸʥʘʣʠʪʠʯʝʩʢʦʝ (ʩʠʤʚʦʣʴʥʦʝ) ʨʝʰʝʥʠʠ ʟʘʜʘʯʠ ʦʙ ʦʧʪʠʤʘʣʴʥʦʡ ʮʝʧʠ ʤʦʞʥʦ ʥʘʡʪʠ ʥʘ ʩʘʡʪʝ 

https://www.ptcusercommunity.com/thread/126010. ʆʥʦ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʯʠʩʣʦ 1.258 (ʦʪʥʦʰʝʥʠʝ 

ʜʣʠʥʳ ʦʧʪʠʤʘʣʴʥʦʡ ʮʝʧʠ ʢ ʨʘʩʩʪʦʷʥʠʶ ʤʝʞʜʫ ʪʦʯʢʘʤʠ ʝʝ ʢʨʝʧʣʝʥʠʷ ʥʘ ʦʜʥʦʤ ʫʨʦʚʥʝ) ʤʦʞʥʦ 

ʩʯʠʪʘʪʴ ʥʝʢʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʢʦʥʩʪʘʥʪʦʡ ʠ ʜʘʪʴ ʝʡ ʠʤʷ ć (ʮʝʧʥʦʝ (a catenary, a chain) ʯʠʩʣʦ ˊ). 

ʄʦʞʥʦ ʥʘʯʘʪʴ ʛʦʥʢʫ ï ʚʳʩʯʠʪʳʚʘʪʴ ʤʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʯʠʩʝʣ ʚ ʵʪʦʡ ʢʦʥʩʪʘʥʪʝ ʥʘʧʦʜʦʙʠʝ 

ʪʦʛʦ, ʢʘʢ ʵʪʦ ʜʝʣʘʝʪʩʷ ʚ ʦʪʥʦʰʝʥʠʠ "ʢʨʫʛʦʚʦʛʦ" ʯʠʩʣʘ ˊ: 3.142 (ʦʪʥʦʰʝʥʠʝ ʜʣʠʥʳ ʦʢʨʫʞʥʦʩʪʠ ʢ ʝʝ 

ʜʠʘʤʝʪʨʫ). 

ʇʨʠʤʝʯʘʥʠʝ. ʇʦʩʣʝ ʥʘʧʠʩʘʥʠʷ ʵʪʦʛʦ ʬʨʘʛʤʝʥʪʘ ʩʪʘʪʴʠ ʙʳʣ ʩʜʝʣʘʥ ʧʦʠʩʢ ʚ ʠʥʪʝʨʥʝʪʝ ʧʦ 

ʢʣʶʯʫ "1.258 catenary", ʢʦʪʦʨʳʡ ʧʨʠʚʝʣ ʢ ʧʫʙʣʠʢʘʮʠʠ [4], ʚ ʢʦʪʦʨʦʡ ʫʞʝ ʬʠʛʫʨʠʨʫʝʪ ʢʦʥʩʪʘʥʪʘ 



1.258. ʊʘʢ ʯʪʦ ʤʳ ʥʝʤʥʦʛʦ ʦʧʦʟʜʘʣʠ ʩ ʧʨʠʦʨʠʪʝʪʦʤ ʥʘ ʵʪʫ ʢʦʥʩʪʘʥʪʫ. ɺ ʜʨʫʛʦʡ ʧʫʙʣʠʢʘʮʠʠ ʵʪʦʛʦ 

ʞʝ ʘʚʪʦʨʘ ʦʙʩʫʞʜʘʝʪʩʷ ʦʧʪʠʤʘʣʴʥʘʷ ʬʦʨʤʘ ʢʫʧʦʣʘ ʚ ʚʠʜʝ ʢʘʪʝʥʦʠʜʳ ï ʧʦʚʝʨʭʥʦʩʪʠ ʮʝʧʥʦʡ 

ʬʫʥʢʮʠʠ, ʧʦʣʫʯʝʥʥʦʡ ʚʨʘʱʝʥʠʝʤ ʦʧʪʠʤʘʣʴʥʦʡ ʧʝʨʝʚʝʨʥʫʪʦʡ ʮʝʧʥʦʡ ʣʠʥʠʠ (ʘʨʢʠ) ʚʦʢʨʫʛ ʦʩʠ Y 

[7]. 

ʊʝʧʝʨʴ ʧʨʝʩʪʫʧʠʤ ʢ ʙʦʣʝʝ ʩʣʦʞʥʦʡ ʟʘʜʘʯʝ ï ʢ ʟʘʜʘʯʝ ʦ ʢʘʥʘʪʥʦʡ ʧʦʜʚʝʩʥʦʡ ʜʦʨʦʛʝ ʩ 

ʛʨʫʟʦʤ. ʇʨʠ ʵʪʦʤ ʪʦʯʢʠ ʢʨʝʧʣʝʥʠʷ ʪʨʦʩʘ (ʮʝʧʠ) ʤʦʛʫʪ ʥʘʭʦʜʠʪʴʩʷ ʥʘ ʨʘʟʥʳʭ ʫʨʦʚʥʷʭ, 

ʌʦʨʤʫʣʠʨʦʚʢʫ ʵʪʦʡ ʟʘʜʘʯʠ ʚʳʚʝʩʠʣ ʥʘ ʬʦʨʫʤʝ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʧʘʢʝʪʘ Mathcad (ʈʊʉ 

Community ï https://www.ptcusercommunity.com/community/mathcad) ʦʜʠʥ ʬʠʥʩʢʠʡ ʩʪʫʜʝʥʪ, 

ʜʠʧʣʦʤʥʘʷ ʨʘʙʦʪʘ ʢʦʪʦʨʦʛʦ ʙʳʣʘ ʩʚʷʟʘʥʘ ʩ ʵʪʦʡ ʠʥʞʝʥʝʨʥʦʡ ʟʘʜʘʯʝʡ. ʕʪʦ ʦʙʳʯʥʘʷ ʩʦʚʨʝʤʝʥʥʘʷ 

ʧʨʘʢʪʠʢʘ ð ʠʥʞʝʥʝʨ, ʧʦʣʫʯʠʚ ʥʦʚʦʝ ʟʘʜʘʥʠʝ, ʩʨʘʟʫ ʠʱʝʪ ʘʥʘʣʦʛʠʯʥʳʝ ʨʝʰʝʥʠʷ [5], ʫʯʘʩʴ ʥʝ ʥʘ 

ʩʚʦʠʭ, ʘ ʥʘ ʯʫʞʠʭ ʦʰʠʙʢʘʭ. ʉʪʫʜʝʥʪ ʞʝ ʚ ʪʘʢʦʡ ʩʠʪʫʘʮʠʠ ʠʱʝʪ ʪʘʢ ʥʘʟʳʚʘʝʤʫʶ "ʨʳʙʫ" ð ʫʞʝ 

ʚʳʧʦʣʥʝʥʥʦʝ ʢʝʤ-ʪʦ ʫʯʝʙʥʦʝ ʟʘʜʘʥʠʝ. ɺ ʵʧʦʭʫ ʠʥʪʝʨʥʝʪʘ ʵʪʦ ʜʝʣʘʪʴ ʩʪʘʣʦ ʥʘʤʥʦʛʦ ʧʨʦʱʝ, ʧʨʦʩʷ ʦ 

ʧʦʤʦʱʠ ʘʫʜʠʪʦʨʠʶ ʩʦʮʠʘʣʴʥʳʭ ʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʩʝʪʝʡ. ɺ [5] ʩʜʝʣʘʥʘ ʧʦʧʳʪʢʘ ʥʫ ʥʝ ʙʦʨʴʙʳ ʩ 

ʪʘʢʦʡ ʬʦʨʤʦʡ ʩʧʠʩʳʚʘʥʠʷ (ʵʪʦ ʩʠʟʠʬʦʚ ʪʨʫʜ), ʘ ʧʦʧʳʪʢʘ ʧʝʨʝʚʝʩʪʠ ʵʪʦ ʷʚʣʝʥʠʝ ʚ ʮʠʚʠʣʠʟʦʚʘʥʥʦʝ 

ʨʫʩʣʦ. 

ʗʩʥʦ, ʯʪʦ ʤʳ ʪʫʪ ʙʫʜʝʤ ʠʤʝʪʴ ʜʝʣʦ ʫʞʝ ʩ ʜʚʫʤʷ ʮʝʧʥʳʤʠ ʬʫʥʢʮʠʷʤʠ, "ʧʦʜʚʝʰʝʥʥʳʤʠ" 

ʤʝʞʜʫ ʢʘʞʜʳʤ ʠʟ ʩʪʦʣʙʦʚ ʠ ʪʦʯʢʦʡ ʧʦʜʚʝʩʘ ʛʨʫʟʘ. ɽʩʣʠ ʚʝʩ ʛʨʫʟʘ ʫʚʝʣʠʯʠʚʘʪʴ, ʪʦ ʵʪʠ ʢʨʠʚʳʝ 

ʙʫʜʫʪ ʩʧʨʷʤʣʷʪʴʩʷ ʠ ʟʘʜʘʯʘ ʙʫʜʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʫʧʨʦʱʝʥʘ. ɽʩʣʠ ʞʝ ʚʝʩ ʛʨʫʟʘ ʫʤʝʥʴʰʘʪʴ ʜʦ ʥʫʣʷ, 

ʪʦ ʵʪʠ ʜʚʝ ʮʝʧʥʳʝ ʣʠʥʠʠ ʜʦʣʞʥʳ ʩʣʠʪʴʩʷ ʚ ʦʜʥʫ, ʢʦʪʦʨʫʶ ʤʳ ʦʙʩʯʠʪʘʣʠ ʨʘʥʝʝ (ʩʤ. ʨʠʩ. 3). ɿʘʜʘʯʫ 

ʦ ʧʦʜʚʝʩʥʦʡ ʢʘʥʘʪʥʦʡ ʜʦʨʦʛʝ ʩ ʛʨʫʟʦʤ, ʨʘʩʩʝʢʘʶʱʠʤ ʮʝʧʥʫʶ ʣʠʥʠʶ ʥʘ ʜʚʝ ʦʪʜʝʣʴʥʳʝ, ʤʦʞʥʦ 

ʩʚʝʩʪʠ ʢ ʨʝʰʝʥʠʶ ʩʠʩʪʝʤʳ ʜʝʚʷʪʠ ʫʨʘʚʥʝʥʠʡ, ʯʝʪʳʨʝ ʠʟ ʢʦʪʦʨʳʭ ʫʯʠʪʳʚʘʶʪ ʛʝʦʤʝʪʨʠʶ, ʘ ʧʷʪʴ ð 

ʙʘʣʘʥʩ ʩʠʣ ʠ ʤʦʤʝʥʪʦʚ ʩʠʣ (ʩʤ. ʩʭʝʤʫ ʥʘ ʨʠʩ. 8). 

ɺʦʪ ʵʪʠ ʫʨʘʚʥʝʥʠʷ. 

 ð ʛʝʦʤʝʪʨʠʷ: 

1. ʉʫʤʤʘ ʜʣʠʥ ʜʚʫʭ ʚʝʪʚʝʡ (ʯʘʩʪʝʡ) ʮʝʧʠ ʨʘʚʥʘ ʟʘʜʘʥʥʦʤʫ ʟʥʘʯʝʥʠʶ S. 

2. ʃʝʚʘʷ ʚʝʪʚʴ ʮʝʧʠ ʢʨʝʧʠʪʩʷ ʫ ʣʝʚʦʛʦ ʩʪʦʣʙʘ ʠ ʟʘʢʘʥʯʠʚʘʝʪʩʷ ʚ ʪʦʯʢʝ ʧʦʜʚʝʩʘ ʛʨʫʟʘ. 

3. ʇʨʘʚʘʷ ʚʝʪʚʴ ʮʝʧʠ ʥʘʯʠʥʘʝʪʩʷ ʚ ʪʦʯʢʝ ʧʦʜʚʝʩʘ ʛʨʫʟʘ ʠ ʢʨʝʧʠʪʩʷ ʫ ʧʨʘʚʦʛʦ ʩʪʦʣʙʘ. 

4. ɼʚʝ ʚʝʪʚʠ ʮʝʧʠ ʧʝʨʝʩʝʢʘʶʪʩʷ ʚ ʪʦʯʢʝ ʧʦʜʚʝʩʘ ʛʨʫʟʘ. 

  ð ʙʘʣʘʥʩ ʩʠʣ: 

5. ʉʫʤʤʘ ʚʝʨʪʠʢʘʣʴʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʨʝʘʢʮʠʠ ʦʧʦʨ (Fy1 + Fy2) ʨʘʚʥʘ ʩʫʤʤʝ ʚʝʩʘ ʮʝʧʠ 

ʠ ʚʝʩʘ ʧʦʜʚʝʰʝʥʥʦʛʦ ʛʨʫʟʘ. ʉʨʘʟʫ ʦʪʤʝʪʠʤ, ʯʪʦ ʜʚʝ ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ 

ʨʝʘʢʮʠʠ ʮʝʧʠ ʫ ʦʧʦʨ ʨʘʚʥʳ (Fx1 = Fx2 = Fʭ), ʪ.ʢ. ʜʨʫʛʠʭ "ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ" ʩʠʣ ʚ 

ʩʠʩʪʝʤʝ ʥʝʪ. 

6 ʠ 8. ɽʩʣʠ Fx1 = Fx2 = Fx ʠ ʠʟʚʝʩʪʥʳ ʟʥʘʯʝʥʠʷ ʧʨʦʠʟʚʦʜʥʳʭ ʜʚʫʭ ʮʝʧʥʳʭ ʬʫʥʢʮʠʠ ʚ 

ʪʦʯʢʘʭ ʦʧʦʨʳ, ʪʦ ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʟʥʘʯʝʥʠʷ Fy1 ʠ Fy2, ʧʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ, ʯʪʦ 

ʟʥʘʯʝʥʠʝ ʧʨʦʠʟʚʦʜʥʦʡ ð ʵʪʦ ʪʘʥʛʝʥʩ ʫʛʣʘ ʥʘʢʣʦʥʘ ʢʘʩʘʪʝʣʴʥʦʡ ʚ ʜʘʥʥʦʡ ʪʦʯʢʝ (ʩʤ. ʨʠʩ. 7, 

ʛʜʝ ʙʳʣ ʟʘʜʝʡʩʪʚʦʚʘʥ ʘʨʢʪʘʥʛʝʥʩ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʵʪʦʛʦ ʫʛʣʘ). 



8. ɺ ʪʦʯʢʝ ʧʝʨʝʩʝʯʝʥʠʷ ʚʝʪʚʝʡ ʮʝʧʠ ʚʝʩ ʛʨʫʟʘ ʫʨʘʚʥʦʚʝʰʠʚʘʝʪʩʷ ʜʚʫʤʷ ʚʝʨʪʠʢʘʣʴʥʳʤʠ 

ʩʠʣʘʤʠ ʦʪ ʣʝʚʦʡ ʠ ʧʨʘʚʦʡ ʚʝʪʚʝʡ ʮʝʧʠ. ɺ ʵʪʦʤ ʫʨʘʚʥʝʥʠʠ ʪʦʞʝ ʫʯʘʩʪʚʫʝʪ ʟʥʘʯʝʥʠʷ 

ʧʨʦʠʟʚʦʜʥʳʭ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ ʚʝʨʪʠʢʘʣʴʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʩʠʣ ʚʳʨʘʞʘʶʪʩʷ ʯʝʨʝʟ 

ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ. 

9. ʈʘʚʝʥʩʪʚʦ ʤʦʤʝʥʪʦʚ ʩʠʣ, ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʩʠʩʪʝʤʫ ʚ ʪʦʯʢʝ ʧʝʨʝʩʝʯʝʥʠʷ ʚʝʪʚʝʡ ʮʝʧʠ: ʪʨʠ 

ʩʠʣʳ (Fy1, Fx y ʧʨʘʚʦʡ ʦʧʦʨʳ ʠ ʚʝʩ ʧʨʘʚʦʡ ʚʝʪʚʠ ʮʝʧʠ) ʨʘʟʚʦʨʘʯʠʚʘʶʪ ʩʠʩʪʝʤʫ ʧʦ ʯʘʩʦʚʦʡ 

ʩʪʨʝʣʢʝ, ʘ ʪʨʠ ʜʨʫʛʠʝ ʩʠʣʳ (Fx  y ʣʝʚʦʡ ʦʧʦʨʳ, Fy2 ʠ ʚʝʩ ʣʝʚʦʡ ʚʝʪʚʠ ʮʝʧʠ) ʨʘʟʚʦʨʘʯʠʚʘʶʪ 

ʩʠʩʪʝʤʫ ʧʨʦʪʠʚ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʠ. ʊʫʪ ʩʜʝʣʘʥʦ ʦʜʥʦ ʜʦʧʫʱʝʥʠʝ, ʦʙʦʩʥʦʚʘʥʥʦʩʪʴ ʢʦʪʦʨʦʛʦ 

ʤʳ ʝʱʝ ʦʙʩʫʜʠʤ ʚ ʢʦʥʮʝ ʩʪʘʪʴʠ: ʦʨʜʠʥʘʪʳ ʮʝʥʪʨʦʚ ʤʘʩʩ ʜʚʫʭ ʚʝʪʚʝʡ ʮʝʧʠ ʥʘʭʦʜʷʪʩʷ ʥʘ 

ʩʝʨʝʜʠʥʘʭ ʦʪʨʝʟʢʦʚ 0-x0 (ʣʝʚʘʷ ʚʝʪʚʴ ʮʝʧʠ) ʠ x0-L (ʧʨʘʚʘʷ ʚʝʪʚʴ). 

 

ʈʠʩ. 8. ʉʠʣʳ, ʜʝʡʩʪʚʫʶʱʠʝ ʥʘ ʧʦʜʚʝʰʝʥʥʫʶ ʮʝʧʴ ʩ ʛʨʫʟʦʤ 

ʅʘ ʨʠʩʫʥʢʝ 9 ʧʦʢʘʟʘʥʦ ʥʘʯʘʣʦ ʨʘʩʯʝʪʥʦʛʦ ʜʦʢʫʤʝʥʪʘ (Mathcad Prime 3) ʩ ʪʘʙʣʠʮʝʡ 

ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʠ ʜʚʫʤʷ ʬʫʥʢʮʠʷʤʠ ʧʦʣʴʟʦʚʘʪʝʣʷ ð ʩ ʩʘʤʦʡ ʮʝʧʥʦʡ ʬʫʥʢʮʠʝʡ (ʫ ʥʝʝ ʦʜʠʥ 

ʘʨʛʫʤʝʥʪ x  ʠ ʪʨʠ ʧʘʨʘʤʝʪʨʘ ð h, a  ʠ x0 ð ʩʤ. ʪʘʢʞʝ ʨʠʩ. 3) ʠ ʝʝ ʧʨʦʠʟʚʦʜʥʦʡ (ʦʜʠʥ ʘʨʛʫʤʝʥʪ x  

ʠ ʜʚʘ ʧʘʨʘʤʝʪʨʘ a ʠ x0). ʇʘʨʘʤʝʪʨʳ ʚ ʫʨʘʚʥʝʥʠʷʭ ʧʨʠ ʠʭ ʚʳʟʦʚʝ ʙʫʜʫʪ ʠʤʝʪʴ ʠʥʜʝʢʩʳ 1 ʠ 2, 

ʦʪʤʝʯʘʶʱʠʝ ʣʝʚʫʶ (1) ʠʣʠ ʧʨʘʚʫʶ (2) ʚʝʪʚʠ ʮʝʧʠ. 

 

ʈʠʩ. 9. ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʢ ʟʘʜʘʯʝ ʦ ʧʨʦʚʠʩʘʶʱʝʡ ʮʝʧʠ ʩ ʛʨʫʟʦʤ 

ʅʘ ʨʠʩʫʥʢʝ 10 ʧʦʢʘʟʘʥʳ ʜʝʚʷʪʴ ʫʨʘʚʥʝʥʠʡ, ʟʘʧʠʩʘʥʥʳʭ ʚ ʦʙʣʘʩʪʠ ʦʛʨʘʥʠʯʝʥʠʡ ʙʣʦʢʘ 

ʈʝʰʠʪʴ ʧʘʢʝʪʘ Mathcad Prime.  

 



 

ʈʠʩ. 10. ʉʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʚ ʟʘʜʘʯʝ ʦ ʧʨʦʚʠʩʘʶʱʝʡ ʮʝʧʠ ʩ ʛʨʫʟʦʤ 

 ʅʘ ʨʠʩʫʥʢʝ 11 ʧʦʢʘʟʘʥʳ ʪʨʠ ʛʨʘʬʠʢʘ, ʦʪʦʙʨʘʞʘʶʱʠʝ ʧʨʦʚʠʩʘʶʱʫʶ ʮʝʧʴ ʧʨʠ ʪʨʝʭ 

ʧʦʣʦʞʝʥʠʷʭ ʛʨʫʟʘ: ʧʨʠ x0=5 ʤ, x0=60 ʤ ʠ x0=115 ʤ. ʇʫʥʢʪʠʨʦʤ ʦʪʤʝʯʝʥʳ ʧʨʦʜʦʣʞʝʥʠʷ ʜʚʫʭ 

ʚʝʪʚʝʡ ʮʝʧʥʦʡ ʣʠʥʠʠ.  

  

 



 

ʈʠʩ. 11. ʌʦʨʤʘ ʧʨʦʚʠʩʘʶʱʝʡ ʮʝʧʠ ʧʨʠ ʪʨʝʭ ʧʦʣʦʞʝʥʠʷʭ ʛʨʫʟʘ (ʧʨʦʧʦʨʮʠʠ ʦʩʝʡ ʥʝ ʩʦʙʣʶʜʝʥʳ) 

ʅʘ ʨʠʩʫʥʢʝ 12 ʧʦʢʘʟʘʥ ʢʘʜʨ ʘʥʠʤʘʮʠʠ ʜʚʠʞʝʥʠʷ ʛʨʫʟʘ ʚʜʦʣʴ ʦʩʠ ʦʨʜʠʥʘʪ. 



 

ʈʠʩ. 12. ʂʘʜʨ ʘʥʠʤʘʮʠʠ ʜʚʠʞʝʥʠʷ ʛʨʫʟʘ, ʧʦʜʚʝʰʝʥʥʦʛʦ ʥʘ ʮʝʧʠ 

 ʉʦʟʜʘʥʥʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʥʝ ʙʫʜʝʪ ʨʘʙʦʪʘʪʴ ʧʨʠ ʥʫʣʝʚʦʡ ʤʘʩʩʝ ʮʝʧʠ (gc=0), ʪ.ʢ. ʚ 

ʵʪʦʤ ʩʣʫʯʘʝ ʫʨʘʚʥʝʥʠʷ ʮʝʧʥʦʡ ʬʫʥʢʮʠʠ (ʩʤ. ʨʠʩ. 9) ʥʫʞʥʦ ʙʫʜʝʪ ʤʝʥʷʪʴ ʥʘ ʫʨʘʚʥʝʥʠʷ ʧʨʷʤʦʡ 

ʣʠʥʠʠ. ɼʘ ʠ ʪʘʢʘʷ ʥʝʚʝʩʦʤʘʷ ʮʝʧʴ ʜʦʣʞʥʘ ʠʤʝʪʴ ʥʫʣʝʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʨʘʟʨʳʚʫ. ʅʦ ʤʦʜʝʣʴ 

ʜʦʣʞʥʘ ʨʘʙʦʪʘʪʴ ʧʨʠ ʥʫʣʝʚʦʡ ʤʘʩʩʝ ʛʨʫʟʘ (G=0) ʠ ʚʳʜʘʚʘʪʴ ʨʝʟʫʣʴʪʘʪ, ʘʥʘʣʦʛʠʯʥʳʡ ʪʦʤʫ, ʯʪʦ ʜʘʥ 

ʥʘ ʨʠʩ. 3. ʅʘ ʨʠʩʫʥʢʝ 13 ʧʦʢʘʟʘʥ ʢʘʜʨ ʘʥʠʤʘʮʠʠ ʜʚʠʞʝʥʠʷ ʥʫʣʝʚʦʛʦ ʛʨʫʟʘ ʩ ʜʚʫʤʷ ʩʣʠʚʰʠʤʠʩʷ 

ʚʝʪʚʷʤʠ ʮʝʧʠ. 

 

ʈʠʩ. 13. ʊʝʩʪʠʨʦʚʘʥʠʝ ʤʦʜʝʣʠ ʢʘʥʘʪʥʦʡ ʜʦʨʦʛʠ ʩ ʥʫʣʝʚʳʤ ʛʨʫʟʦʤ ð ʚʩʝ ʆʂ. 

 ʅʦ ʝʩʣʠ ʛʨʫʟ ʦʢʘʟʳʚʘʝʪʩʷ ʚʙʣʠʟʠ ʣʝʚʦʛʦ ʠʣʠ ʧʨʘʚʦʛʦ ʩʪʦʣʙʘ, ʪʦ ʧʨʠ ʥʫʣʝʚʦʤ ʚʝʩʝ ʛʨʫʟʘ ʜʚʝ 

ʚʝʪʚʠ ʮʝʧʠ ʨʘʩʭʦʜʷʪʩʷ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʜʦʧʫʱʝʥʠʝʤ ʚ ʜʝʚʷʪʦʤ ʫʨʘʚʥʝʥʠʠ (ʙʘʣʘʥʩ ʤʦʤʝʥʪʦʚ ʩʠʣ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʦʯʢʠ ʧʦʜʚʝʩʘ ʛʨʫʟʘ), ʦʪʤʝʯʝʥʥʳʤ ʚʳʰʝ. 



 

ʈʠʩ. 14. ʊʝʩʪʠʨʦʚʘʥʠʝ ʤʦʜʝʣʠ ʢʘʥʘʪʥʦʡ ʜʦʨʦʛʠ ʩ ʥʫʣʝʚʳʤ ʛʨʫʟʦʤ ð ʦʰʠʙʢʘ ʫ ʧʨʘʚʦʛʦ ʢʨʘʷ 

ʈʠʩʫʥʦʢ 14 ʥʝ ʜʘʚʘʣ ʧʦʢʦʷ ʘʚʪʦʨʘʤ. ɺʜʨʫʛ ʢʪʦ-ʪʦ ʩʧʨʦʝʢʪʠʨʫʝʪ ʢʘʥʘʪʥʫʶ ʧʦʜʚʝʩʥʫʶ 

ʜʦʨʦʛʫ ʩ ʥʘʰʠʤ ʜʦʧʫʱʝʥʠʝʤ ʜʣʷ ʜʝʚʷʪʦʛʦ ʫʨʘʚʥʝʥʠʷ ʙʘʣʘʥʩʘ ʤʦʤʝʥʪʦʚ ʩʠʣ, ʠ ʢʘʥʘʪ ʧʦʨʚʝʪʩʷ. ʅʝ 

ʫʩʧʦʢʘʠʚʘʣʘ ʠ ʤʳʩʣʴ ʦ ʪʦʤ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʘʷ ʥʘʛʨʫʟʢʘ ʥʘ ʢʘʥʘʪ ʚʦʟʥʠʢʘʝʪ ʪʦʛʜʘ, ʢʦʛʜʘ ʛʨʫʟ 

ʥʘʭʦʜʠʪʩʷ ʚ ʩʝʨʝʜʠʥʝ ʢʘʥʘʪʘ, ʘ ʥʝ ʫ ʝʛʦ ʢʨʘʝʚ ð ʩʤ. ʮʠʬʨʳ ʜʣʷ F1 ʠ F2 ʥʘ ʨʠʩ. 11. ɺʩʧʦʤʥʠʣʘʩʴ 

ʠʩʪʦʨʠʷ, ʢʦʪʦʨʫʶ ʨʘʩʩʢʘʟʳʚʘʶʪ ʦʙ ʦʜʥʦʤ ʟʥʘʤʝʥʠʪʦʤ ʨʫʩʩʢʦʤ ʤʝʭʘʥʠʢʝ. ʆʥ ʚ ʩʪʫʜʝʥʯʝʩʢʠʝ ʛʦʜʳ 

ʫʩʪʨʘʠʚʘʣʩʷ ʧʦʜʨʘʙʘʪʳʚʘʪʴ ʚ ʦʜʥʦ ʠʥʞʝʥʝʨʥʦʝ ʙʶʨʦ. ɽʤʫ ʚ ʢʘʯʝʩʪʚʝ ʠʩʧʳʪʘʥʠʷ ʜʘʣʠ ʧʨʦʝʢʪ 

ʦʜʥʦʛʦ ʤʦʩʪʘ ʠ ʧʦʧʨʦʩʠʣʠ ʝʛʦ ʧʨʦʚʝʨʠʪʴ. ʉʪʫʜʝʥʪ ʩʝʣ ʟʘ ʨʘʙʦʪʫ, ʥʘʰʝʣ ʚ ʧʨʦʝʢʪʝ ʦʰʠʙʢʫ ʠ 

ʧʦʙʝʞʘʣ ʚ ʙʶʨʦ, ʛʜʝ ʟʘʢʨʠʯʘʣ: "ʕʪʦʪ ʤʦʩʪ ʩʪʨʦʠʪʴ ʥʝʣʴʟʷ ð ʦʥ ʨʘʟʨʫʰʠʪʴʩʷ!". ɽʤʫ ʩʢʘʟʘʣʠ, ʯʪʦ 

ʵʪʦʪ ʤʦʩʪ ʙʳʣ ʧʦʩʪʨʦʝʥ ʠ ʦʥ ʨʘʟʨʫʰʠʣʩʷ. ʉʪʫʜʝʥʪ ʙʳʣ ʧʨʠʥʷʪ ʥʘ ʨʘʙʦʪʫ. ɺʩʧʦʤʥʠʣʦʩʴ ʠ ʪʦ, ʯʪʦ 

ʩʦʟʜʘʪʝʣʠ ʤʦʩʪʦʚ ʜʦʣʞʥʳ ʙʳʣʠ ʩʪʦʷʪʴ ʧʦʜ ʥʠʤʠ ʚʦ ʚʨʝʤʷ ʧʝʨʚʦʛʦ ʠʩʧʳʪʘʥʠʷ ʤʦʩʪʘ ʧʦʜ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʥʘʛʨʫʟʢʦʡ ʣʠʙʦ ʝʭʘʪʴ ʩ ʵʪʦʡ ʥʘʛʨʫʟʢʦʡ ʧʦ ʤʦʩʪʫ ʧʝʨʚʳʤʠ. 

ʅʘ ʨʠʩʫʥʢʝ 15 ʧʦʢʘʟʘʥʦ ʫʪʦʯʥʝʥʥʦʝ ʫʨʘʚʥʝʥʠʝ ʙʘʣʘʥʩʘ ʤʦʤʝʥʪʦʚ ʩʠʣ, ʚ ʢʦʪʦʨʦʝ ʙʳʣʦ 

ʚʩʪʘʚʣʝʥʦ ʦʧʨʝʜʝʣʝʥʠʝ ʤʦʤʝʥʪʘ ʩʠʣ ʦʪ ʚʝʩʘ ʧʨʦʚʠʩʘʶʱʠʭ ʚʝʪʚʝʡ ʮʝʧʠ, ʟʘʜʘʥʥʦʝ ʩ ʧʦʤʦʱʴʶ ʮʠʢʣʘ 

ʩ ʧʘʨʘʤʝʪʨʦʤ. ʎʝʧʴ ʨʘʟʙʠʚʘʝʪʩʷ ʥʘ 1000 ʵʣʝʤʝʥʪʘʨʥʳʭ ʢʫʩʦʯʢʦʚ (ʵʣʝʤʝʥʪʦʚ) ʩʦ ʩʚʦʠʤ ʤʦʤʝʥʪʦʤ 

ʩʠʣ, ʘ ʟʘʪʝʤ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩʫʤʤʠʨʦʚʘʥʠʝ. 



 

ʈʠʩ. 15. ʋʪʦʯʥʝʥʥʦʝ ʜʝʚʷʪʦʝ ʫʨʘʚʥʝʥʠʝ 

 ʂʘʢ ʠʟʚʝʩʪʥʦ, ʫʨʘʚʥʝʥʠʷ ʙʳʚʘʶʪ ʘʣʛʝʙʨʘʠʯʝʩʢʠʤʠ ʠ ʥʝʘʣʛʝʙʨʘʠʯʝʩʢʠʤʠ 

(ʪʨʘʥʩʮʝʥʜʝʥʪʥʳʤʠ), ʢʦʪʦʨʳʝ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʜʝʣʷʪʩʷ ʥʘ ʨʘʮʠʦʥʘʣʴʥʳʝ, ʠʨʨʘʮʠʦʥʘʣʴʥʳʝ, 

ʣʦʛʘʨʠʬʤʠʯʝʩʢʠʝ, ʧʦʢʘʟʘʪʝʣʴʥʳʝ ʠ ʧʨʦʯʠʝ. ʋʨʘʚʥʝʥʠʷ ʪʘʢʞʝ ʙʳʚʘʶʪ ʠʥʪʝʛʨʘʣʴʥʳʤʠ (ʩʤ. ʨʠʩ. 10) 

ʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤʠ [3]. ʋ ʥʘʩ ʞʝ ʧʦʣʫʯʠʣʦʩʴ ʥʝʢʦʝ ʧʨʦʛʨʘʤʤʥʦʝ, ʝʩʣʠ ʪʘʢ ʤʦʞʥʦ ʚʳʨʘʟʠʪʴʩʷ, 

ʫʨʘʚʥʝʥʠʝ. ɺ ʪʘʢʦʤ ʫʨʘʚʥʝʥʠʠ ʢʘʢ ʤʠʥʠʤʫʤ ʦʜʠʥ ʯʣʝʥ ʧʨʝʜʩʪʘʚʣʷʁ ʪ ʩʦʙʦʡé ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʜ. 

ʄʦʞʥʦ, ʧʨʘʚʜʘ, ʝʱʝ ʧʦʜʫʤʘʪʴ ʥʝʤʥʦʛʦ ʠ ʟʘʤʝʥʠʪʴ ʩʫʤʤʫ ʥʘ ʦʧʨʝʜʝʣʝʥʥʳʡ ʠʥʪʝʛʨʘʣ
14

 ð ʩʤ. ʨʠʩ. 

16. 

                                                           
14

 ʆʪ ʠʥʪʝʛʨʘʣʘ ʞʝ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʤʦʞʥʦ ʠʟʙʘʚʠʪʴʩʷ, ʚʟʷʚ ʝʛʦ Ƅ ʥʘʡʜʷ ʧʝʨʚʦʦʙʨʘʟʥʫʶ ʧʦʜʳʥʪʝʛʨʘʣʴʥʦʛʦ 

ʚʳʨʘʞʝʥʠʷ: ʧʨʦʛʨʘʤʤʠʩʪʩʢʦʝ ʫʨʘʚʥʝʥʠʝ ʤʦʞʥʦ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʩʚʝʩʪʠ ʢ ʠʥʪʝʛʨʘʣʴʥʦʤʫ, ʘ ʠʥʪʝʛʨʘʣʴʥʦʝ ʢ 

ʦʙʳʯʥʦʤʫ ʘʣʛʝʙʨʘʠʯʝʩʢʦʤʫ ʠʣʠ ʪʨʘʥʩʮʝʥʜʝʥʪʥʦʤʫ (ʥʝʘʣʛʝʙʨʘʠʯʝʩʢʦʤʫ). 



 

ʈʠʩ. 16. ɿʘʤʝʥʘ ʩʫʤʤʳ (ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ) ʥʘ ʠʥʪʝʛʨʘʣ ʚ ʜʝʚʷʪʦʤ ʫʨʘʚʥʝʥʠʠ 

 ʅʦ ʩʫʤʤʘ (ʨʠʩ. 15) ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʝʡ ʠʥʪʝʛʨʘʣʘ (ʧʦʩʣʝʜʥʠʡ ʦʧʝʨʘʪʦʨ ʥʘ ʨʠʩ. 16) ʚ ʨʫʩʣʝ 

ʦʩʥʦʚʥʦʡ ʠʜʝʠ ʩʪʘʪʴʠ [6], ʫʪʚʝʨʞʜʘʶʱʝʡ, ʯʪʦ ʚ ʬʦʨʤʫʣʝ ʜʦʣʞʥʘ ʧʨʦʷʚʣʷʪʴʩʷ ʝʝ ʬʠʟʠʢʦ-

ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʩʫʪʴ. ɺ ʩʫʤʤʝ ʦʥʘ ʩʨʘʟʫ ʚʠʜʥʘ (ʩʫʤʤʠʨʦʚʘʥʠʝ ʤʦʤʝʥʪʦʚ ʩʠʣ ʦʪ ʵʣʝʤʝʥʪʘʨʥʳʭ 

ʫʯʘʩʪʢʦʚ ʮʝʧʠ M=M+gĀȹmĀl ), ʘ ʚ ʠʥʪʝʛʨʘʣʝ ð ʥʝʪ.  

 ʇʦʚʪʦʨʥʦʝ ʠʩʧʳʪʘʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʥʘʰʝʡ ʧʦʜʚʝʩʥʦʡ ʢʘʥʘʪʥʦʡ ʜʦʨʦʛʠ 

ʧʦʢʘʟʘʣʦ, ʯʪʦ ʜʚʝ ʢʨʠʚʳʝ ʮʝʧʥʦʡ ʬʫʥʢʮʠʠ ʩʣʠʚʘʶʪʩʷ ʚ ʦʜʥʫ ʠ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʛʨʫʟ ʩ ʥʫʣʝʚʦʡ 

ʤʘʩʩʦʡ ʥʘʭʦʜʠʪʩʷ ʚʙʣʠʟʠ ʦʧʦʨʳ ð ʩʨʘʚʥʠʪʝ ʨʠʩ. 14 ʩ ʨʠʩʫʥʢʘʤʠ 17 ʠ 18.  

 

ʈʠʩ. 17. ɻʨʫʟ ʩ ʥʫʣʝʚʦʡ ʤʘʩʩʦʡ ʫ ʣʝʚʦʡ ʦʧʦʨʳ ʧʦʜʚʝʩʥʦʡ ʢʘʥʘʪʥʦʡ ʜʦʨʦʛʠ 


