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ȮȮȱȰȱȹȴȱ 

 

ȿɣɑɍəɚɑ ɛɚɝɚɍɔɑ ɛɚ ɖɟɜɝɟ çȻɜɚɑɖɞɔɜɚɎɌəɔɑ ɜɚɍɚɞɚɎ ɔ ɜɚɍɚɞɚɞɑɡ-

əɔɣɑɝɖɔɡ ɝɔɝɞɑɘè ɛɜɑɐəɌɓəɌɣɑəɚ ɐɗɫ ɝɞɟɐɑəɞɚɎ əɌɛɜɌɎɗɑəɔɫ 

221000.62 çȸɑɡɌɞɜɚəɔɖɌ ɔ ɜɚɍɚɞɚɞɑɡəɔɖɌè, ɔ ɝɚɝɞɚɔɞ ɔɓ 4-ɡ ɜɌɓɐɑɗɚɎ. 

ȼɌɓɐɑɗ 1 ɝɚɐɑɜɒɔɞ ɚɍɥɔɑ ɝɎɑɐɑəɔɫ ɚ ɛɜɚɑɖɞɔɜɚɎɌəɔɔ ɜɚɍɚɞɚɞɑɡ-

əɔɣɑɝɖɔɡ ɝɔɝɞɑɘ, ɩɞɌɛɧ ɛɜɚɢɑɝɝɌ ɜɌɓɜɌɍɚɞɖɔ, ɝɚɐɑɜɒɌəɔɑ ɩɞɌɛɚɎ ɔ 

ɚɛɔɝɌəɔɑ ɚɝəɚɎəɧɡ ɜɌɓɜɌɍɌɞɧɎɌɑɘɧɡ ɐɚɖɟɘɑəɞɚɎ. ȾɌɖɒɑ ɚɛɔɝɧɎɌɪɞɝɫ 

ɛɜɔəɢɔɛɧ ɛɜɚɑɖɞɔɜɚɎɌəɔɫ ɜɚɍɚɞɚɎ ɔ ɝɜɑɐɝɞɎɌ ɌɎɞɚɘɌɞɔɓɌɢɔɔ ɜɌɓɗɔɣ-

əɧɡ ɩɞɌɛɚɎ ɜɌɓɜɌɍɚɞɖɔ ɜɚɍɚɞɚɞɑɡəɔɣɑɝɖɚɕ ɝɔɝɞɑɘɧ. 

ȼɌɓɐɑɗ 2 ɝɚɐɑɜɒɔɞ ɚɝəɚɎəɧɑ ɝɎɑɐɑəɔɫ ɚ ɜɌɓɜɌɍɚɞɖɑ ɘɌɞɑɘɌɞɔɣɑ-

ɝɖɚɏɚ ɚɛɔɝɌəɔɫ ɜɚɍɚɞɌ. ȴɓɟɣɑəɔɑ ɘɌɞɑɜɔɌɗɌ, ɛɜɑɐɝɞɌɎɗɑəəɚɏɚ Ɏ ɜɌɓ-

ɐɑɗɑ 2, ɞɜɑɍɟɑɞ ɛɜɑɐɎɌɜɔɞɑɗɨəɚɏɚ ɔɓɟɣɑəɔɫ ɖɟɜɝɌ çȸɌɞɑɘɌɞɔɣɑɝɖɔɑ 

ɘɚɐɑɗɔ ɜɚɍɚɞɚɎè. ȼɌɝɝɘɌɞɜɔɎɌɪɞɝɫ ɚɝəɚɎəɧɑ ɩɞɌɛɧ ɝɚɓɐɌəɔɫ ɘɚɐɑɗɑɕ 

ɜɚɍɚɞɌ, ɛɜɔɎɚɐɫɞɝɫ ɛɜɔɘɑɜɧ ɝ ɔɝɛɚɗɨɓɚɎɌəɔɑɘ ɝɚɎɜɑɘɑəəɧɡ ɝɜɑɐɝɞɎ 

ɌɎɞɚɘɌɞɔɓɌɢɔɔ ɔ ɛɜɚɑɖɞəɧɑ ɓɌɐɌəɔɫ. 

Ȯ ɜɌɓɐɑɗɑ 3 ɜɌɝɝɘɌɞɜɔɎɌɪɞɝɫ ɛɜɚɢɑɐɟɜɧ ɌəɌɗɔɓɌ ɘɚɐɑɗɑɕ ɔ ɝɔə-

ɞɑɓɌ ɝɔɝɞɑɘ ɟɛɜɌɎɗɑəɔɫ ɜɚɍɚɞɌɘɔ əɌ ɚɝəɚɎɑ ɗɔəɑɕəɧɡ ɔ əɑɗɔəɑɕəɧɡ 

ɘɚɐɑɗɑɕ. ȼɌɝɝɘɌɞɜɔɎɌɪɞɝɫ ɝɛɚɝɚɍɧ ɗɔəɑɌɜɔɓɌɢɔɔ ɘɚɐɑɗɑɕ, ɌəɌɗɔɓɌ 

ɟɝɞɚɕɣɔɎɚɝɞɔ ɔ ɟɛɜɌɎɗɫɑɘɚɝɞɔ, ɝɔəɞɑɓɌ ɗɔəɑɕəɚ-ɖɎɌɐɜɌɞɔɣəɧɡ ɔ ɛɚ-

ɓɔɢɔɚəəɚ-ɞɜɌɖɞɚɜəɧɡ ɜɑɏɟɗɫɞɚɜɚɎ ɝ ɔɝɛɚɗɨɓɚɎɌəɔɑɘ Matlab . ȻɜɔɎɚ-

ɐɫɞɝɫ ɛɜɔɘɑɜɧ, ɛɜɚɑɖɞəɧɑ ɓɌɐɌəɔɫ ɔ ɖɚəɞɜɚɗɨəɧɑ Ɏɚɛɜɚɝɧ. ȰɌəəɧɕ 

ɜɌɓɐɑɗ ɍɌɓɔɜɟɑɞɝɫ əɌ ɖɟɜɝɌɡ çȾɑɚɜɔɫ ɌɎɞɚɘɌɞɔɣɑɝɖɚɏɚ ɟɛɜɌɎɗɑəɔɫè ɔ 

çȿɛɜɌɎɗɑəɔɑ ɜɚɍɚɞɌɘɔ ɔ ɜɚɍɚɞɚɞɑɡəɔɣɑɝɖɔɘɔ ɝɔɝɞɑɘɌɘɔè. 

Ȯ ɜɌɓɐɑɗɑ 4 ɜɌɝɝɘɚɞɜɑəɌ ɜɑɌɗɔɓɌɢɔɫ ɝɔɝɞɑɘɧ ɟɛɜɌɎɗɑəɔɫ, Ɏɖɗɪ-

ɣɌɫ ɩɞɌɛɧ ɝɚɝɞɌɎɗɑəɔɫ ɞɑɡəɔɣɑɝɖɚɏɚ ɓɌɐɌəɔɫ, ɩɝɖɔɓəɚɏɚ ɔ ɞɑɡəɔɣɑɝɖɚ-

ɏɚ ɛɜɚɑɖɞɔɜɚɎɌəɔɫ, Ɍ ɞɌɖɒɑ ɜɌɓɜɌɍɚɞɖɟ ɝɞɜɟɖɞɟɜəɚ-Ɍɗɏɚɜɔɞɘɔɣɑɝɖɚɏɚ 

ɔ ɛɜɚɏɜɌɘɘəɚɏɚ ɚɍɑɝɛɑɣɑəɔɫ, Ɏɧɍɚɜ ɌɛɛɌɜɌɞəɚɕ ɣɌɝɞɔ, ɜɌɝɣɑɞ əɌɐɑɒ-

əɚɝɞɔ, ɛɚɐɏɚɞɚɎɖɟ ɔ ɛɜɚɎɑɐɑəɔɑ ɔɝɛɧɞɌəɔɕ. ȻɜɔɎɚɐɫɞɝɫ ɛɜɔɘɑɜɧ, 

ɛɜɚɑɖɞəɧɑ ɓɌɐɌəɔɫ ɔ ɖɚəɞɜɚɗɨəɧɑ Ɏɚɛɜɚɝɧ. 
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1. ȺȽȹȺȮȹɇȱ ȽȮȱȰȱȹȴɋ Ⱥ ȻȼȺȱȶȾȴȼȺȮȬȹȴȴ ȼȺȭȺȾȺȮ ȴ  

ȼȺȭȺȾȺȾȱɁȹȴɃȱȽȶȴɁ ȽȴȽȾȱȸ 

ɺ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʧʨʠʚʦʜʪ̫ʩʷ ʦʩʥʦʚ rʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ 

ʨʦʙʦʪʦʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʵʪʘʧʳ, ʧʨʦʮʝʜʫʨʳ ʠ ʩʨʝʜʩʪʚʘ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʨʦʙʦʪʦʚ ʠ ʨʦʙʦʪʦʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. ʇʨʠʚʦʜʷʪʩʷ ʧʨʠʤʝ-

ʨʳ. 

1.1. Ⱥɍɥɔɑ ɝɎɑɐɑəɔɫ ɚ ɛɜɚɑɖɞɔɜɚɎɌəɔɔ ɜɚɍɚɞɚɎ 

ʇʨʦʮʝʩʩ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʨʦʙʦʪʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʘʟʨʘʙʦʪʢʝ ʪʝʭʥʠʯʝ-

ʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʡ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʨʦʙʦʪʘ [1, 2]. 

ʉʦʩʪʘʚ ʪʝʭʥʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʦʧʨʝʜʝʣʝʥ  ʩʪʘʥʜʘʨʪʘʤʠ, ʢʦʪʦʨʳʝ 

ʦʙ̡ʝʜʠʥʝʥʳ ʚ ʝʜʠʥʫʶ ʩʠʩʪʝʤʫ ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ (ɽʉʂɼ). 

ɼʦʢʫʤʝʥʪʘʮʠʶ ʥʘ ʧʨʦʛʨʘʤʤʥʳʝ ʧʨʦʜʫʢʪʳ  ʦʙʳʯʥʦ ʨʘʟʨʘʙʘʪʳʚʘʶʪ ʦʪ-

ʜʝʣʴʥʦ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʝʜʠʥʦʡ ʩʠʩʪʝʤʦʡ ʧʨʦʛʨʘʤʤʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ 

(ɽʉʇɼ).  

ʉʦʩʪʘʚ ʢʦʤʧʣʝʢʪʘ ʜʦʢʫʤʝʥʪʦʚ ʥʘ ʠʟʜʝʣʠʷ ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥ ɻʆʉʊ 

2.102-68 [3], ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʤʫ ʪʝʭʥʠʯʝʩʢʘʷ ʜʦʢʫʤʝʥʪʘʮʠʷ ʤʦʞʝʪ ʚʢʣʁ -

ʯʘʪʴ ʚ ʩʝʙʷ: 

1) ʯʝʨʪʝʞ ʜʝʪʘʣʠ ï ʜʦʢʫʤʝʥʪ, ʩʦʜʝʨʞʘʱʠʡ ʠʟʦʙʨʘʞʝʥʠʝ ʜʝʪʘʣʠ ʠ ʜʨʫ-

ʛʠʝ ʜʘʥʥʳʝ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʝʝ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠ ʢʦʥʪʨʦʣʷ; 

2) ʩʙʦʨʦʯʥʳʡ ʯʝʨʪʝʞ ï ʜʦʢʫʤʝʥʪ, ʩʦʜʝʨʞʘʱʠʡ ʠʟʦʙʨʘʞʝʥʠʝ ʩʙʦʨʦʯ-

ʥʦʡ ʝʜʠʥʠʮʳ ʠ ʜʨʫʛʠʝ ʜʘʥʥʳʝ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʝʝ ʩʙʦʨʢʠ (ʠʟʛʦʪʦʚʣʝʥʠʷ) 

ʠ ʢʦʥʪʨʦʣʷ; 

3) ʯʝʨʪʝʞ ʦʙʱʝʛʦ ʚʠʜʘ ï ʜʦʢʫʤʝʥʪ, ʦʧʨʝʜʝʣʷʶʱʠʡ ʢʦʥʩʪʨʫʢʮʠʶ ʠʟ-

ʜʝʣʠʷ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʝʛʦ ʩʦʩʪʘʚʥʳʭ ʯʘʩʪʝʡ ʠ ʧʦʷʩʥʷʶʱʠʡ ʧʨʠʥʮʠʧ ʨʘ-

ʙʦʪʳ ʠʟʜʝʣʠʷ; 

4) ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʯʝʨʪʝʞ ï ʜʦʢʫʤʝʥʪ, ʦʧʨʝʜʝʣʷʶʱʠʡ ʛʝʦʤʝʪʨʠʯʝʩʢʫʶ 

ʬʦʨʤʫ (ʦʙʚʦʜʳ) ʠʟʜʝʣʠʷ ʠ ʢʦʦʨʜʠʥʘʪʳ ʨʘʩʧʦʣʦʞʝʥʠʷ ʩʦʩʪʘʚʥʳʭ ʯʘʩʪʝʡ; 

5) ʛʘʙʘʨʠʪʥʳʡ ʯʝʨʪʝʞ ï ʜʦʢʫʤʝʥʪ, ʩʦʜʝʨʞʘʱʠʡ ʢʦʥʪʫʨʥʦʝ (ʫʧʨʦʱʝʥ-

ʥʦʝ) ʠʟʦʙʨʘʞʝʥʠʝ ʠʟʜʝʣʠʷ ʩ ʛʘʙʘʨʠʪʥʳʤʠ, ʫʩʪʘʥʦʚʦʯʥʳʤʠ ʠ ʧʨʠʩʦʝʜʠʥʠ-

ʪʝʣʴʥʳʤʠ ʨʘʟʤʝʨʘʤʠ; 

6) ʵʣʝʢʪʨʦʤʦʥʪʘʞʥʳʡ ʯʝʨʪʝʞ ï ʜʦʢʫʤʝʥʪ, ʩʦʜʝʨʞʘʱʠʡ ʜʘʥʥʳʝ, ʥʝʦʙ-

ʭʦʜʠʤʳʝ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʤʦʥʪʘʞʘ ʠʟʜʝʣʠʷ; 

7) ʤʦʥʪʘʞʥʳʡ ʯʝʨʪʝʞ ï ʜʦʢʫʤʝʥʪ, ʩʦʜʝʨʞʘʱʠʡ ʢʦʥʪʫʨʥʦʝ (ʫʧʨʦʱʝʥ-

ʥʦʝ) ʠʟʦʙʨʘʞʝʥʠʝ ʠʟʜʝʣʠʷ, ʘ ʪʘʢʞʝ ʜʘʥʥʳʝ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʝʛʦ ʫʩʪʘʥʦʚ-

ʢʠ (ʤʦʥʪʘʞʘ) ʥʘ ʤʝʩʪʝ ʧʨʠʤʝʥʝʥʠʷ; 

8) ʫʧʘʢʦʚʦʯʥʳʡ ʯʝʨʪʝʞ ï ʜʦʢʫʤʝʥʪ, ʩʦʜʝʨʞʘʱʠʡ ʜʘʥʥʳʝ, ʥʝʦʙʭʦʜʠ-

ʤʳʝ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʫʧʘʢʦʚʳʚʘʥʠʷ ʠʟʜʝʣʠʷ; 
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9) ʩʭʝʤʘ ʧʦ ɻʆʉʊ 2.701- 2008 ï ʜʦʢʫʤʝʥʪ, ʥʘ ʢʦʪʦʨʦʤ ʧʦʢʘʟʘʥʳ ʚ ʚʠ-

ʜʝ ʫʩʣʦʚʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʠʣʠ ʦʙʦʟʥʘʯʝʥʠʡ ʩʦʩʪʘʚʥʳʝ ʯʘʩʪʠ ʠʟʜʝʣʠʷ ʠ 

ʩʚʷʟʠ ʤʝʞʜʫ ʥʠʤʠ; 

10) ʩʧʝʮʠʬʠʢʘʮʠʷ ï ʜʦʢʫʤʝʥʪ, ʦʧʨʝʜʝʣʷʶʱʠʡ ʩʦʩʪʘʚ ʩʙʦʨʦʯʥʦʡ ʝʜʠ-

ʥʠʮʳ, ʢʦʤʧʣʝʢʩʘ ʠʣʠ ʢʦʤʧʣʝʢʪʘ; 

11) ʚʝʜʦʤʦʩʪʴ ʩʧʝʮʠʬʠʢʘʮʠʡ ï ʜʦʢʫʤʝʥʪ, ʩʦʜʝʨʞʘʱʠʡ ʧʝʨʝʯʝʥʴ ʚʩʝʭ 

ʩʧʝʮʠʬʠʢʘʮʠʡ ʩʦʩʪʘʚʥʳʭ ʯʘʩʪʝʡ ʠʟʜʝʣʠʷ ʩ ʫʢʘʟʘʥʠʝʤ ʠʭ ʢʦʣʠʯʝʩʪʚʘ ʠ 

ʚʭʦʜʠʤʦʩʪʠ; 

12) ʚʝʜʦʤʦʩʪʴ ʩʩʳʣʦʯʥʳʭ ʜʦʢʫʤʝʥʪʦʚ ï ʜʦʢʫʤʝʥʪ, ʩʦʜʝʨʞʘʱʠʡ ʧʝʨʝ-

ʯʝʥʴ ʜʦʢʫʤʝʥʪʦʚ, ʥʘ ʢʦʪʦʨʳʝ ʠʤʝʶʪʩʷ ʩʩʳʣʢʠ ʚ ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʭ ʜʦʢʫ-

ʤʝʥʪʘʭ ʠʟʜʝʣʠʷ; 

13) ʚʝʜʦʤʦʩʪʴ ʧʦʢʫʧʥʳʭ ʠʟʜʝʣʠʡ ï ʜʦʢʫʤʝʥʪ, ʩʦʜʝʨʞʘʱʠʡ ʧʝʨʝʯʝʥʴ 

ʧʦʢʫʧʥʳʭ ʠʟʜʝʣʠʡ, ʧʨʠʤʝʥʝʥʥʳʭ ʚ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʤ ʠʟʜʝʣʠʠ; 

14) ʚʝʜʦʤʦʩʪʴ ʨʘʟʨʝʰʝʥʠʷ ʧʨʠʤʝʥʝʥʠʷ ʧʦʢʫʧʥʳʭ ʠʟʜʝʣʠʡ ï ʜʦʢʫʤʝʥʪ, 

ʩʦʜʝʨʞʘʱʠʡ ʧʝʨʝʯʝʥʴ ʧʦʢʫʧʥʳʭ ʠʟʜʝʣʠʡ, ʨʘʟʨʝʰʝʥʥʳʭ ʢ ʧʨʠʤʝʥʝʥʠʶ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ɻʆʉʊ 2.124-85; 

15) ʚʝʜʦʤʦʩʪʴ ʜʝʨʞʘʪʝʣʝʡ ʧʦʜʣʠʥʥʠʢʦʚ ï ʜʦʢʫʤʝʥʪ, ʩʦʜʝʨʞʘʱʠʡ ʧʝ-

ʨʝʯʝʥʴ ʧʨʝʜʧʨʠʷʪʠʡ (ʦʨʛʘʥʠʟʘʮʠʡ), ʥʘ ʢʦʪʦʨʳʭ ʭʨʘʥʷʪ ʧʦʜʣʠʥʥʠʢʠ ʜʦʢʫ-

ʤʝʥʪʦʚ, ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʠ (ʠʣʠ) ʧʨʠʤʝʥʝʥʥʳʭ ʜʣʷ ʜʘʥʥʦʛʦ ʠʟʜʝʣʠʷ; 

16) ʚʝʜʦʤʦʩʪʴ ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʝʜʣʦʞʝʥʠʷ ï ʜʦʢʫʤʝʥʪ, ʩʦʜʝʨʞʘʱʠʡ 

ʧʝʨʝʯʝʥʴ ʜʦʢʫʤʝʥʪʦʚ, ʚʦʰʝʜʰʠʭ ʚ ʪʝʭʥʠʯʝʩʢʦʝ ʧʨʝʜʣʦʞʝʥʠʝ; 

17) ʚʝʜʦʤʦʩʪʴ ʵʩʢʠʟʥʦʛʦ ʧʨʦʝʢʪʘ ï ʜʦʢʫʤʝʥʪ, ʩʦʜʝʨʞʘʱʠʡ ʧʝʨʝʯʝʥʴ 

ʜʦʢʫʤʝʥʪʦʚ, ʚʦh ʝʜʰʠʭ ʚ ʵʩʢʠʟʥʳʡ ʧʨʦʝʢʪ; 

18) ʚʝʜʦʤʦʩʪʴ ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʦʝʢʪʘ ï ʜʦʢʫʤʝʥʪ, ʩʦʜʝʨʞʘʱʠʡ ʧʝʨʝ-

ʯʝʥʴ ʜʦʢʫʤʝʥʪʦʚ, ʚʦʰʝʜʰʠʭ ʚ ʪʝʭʥʠʯʝʩʢʠʡ ʧʨʦʝʢʪ; 

19) ʧʦʷʩʥʠʪʝʣʴʥʘʷ ʟʘʧʠʩʢʘ ï ʜʦʢʫʤʝʥʪ, ʩʦʜʝʨʞʘʱʠʡ ʦʧʠʩʘʥʠʝ ʫʩʪʨʦʡ-

ʩʪʚʘ ʠ ʧʨʠʥʮʠʧʘ ʜʝʡʩʪʚʠʷ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ ʠʟʜʝʣʠʷ, ʘ ʪʘʢʞʝ ʦʙʦʩʥʦʚʘʥʠʝ 

ʧʨʠʥʷʪʳʭ ʧʨʠ ʝʛʦ ʨʘʟʨʘʙʦʪʢʝ ʪʝʭʥʠʯʝʩʢʠʭ ʠ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʨʝ-

ʰʝʥʠʡ; 

20) ʪʝʭʥʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ï ʜʦʢʫʤʝʥʪ, ʩʦʜʝʨʞʘʱʠʡ ʪʨʝʙʦʚʘʥʠʷ (ʩʦʚʦ-

ʢʫʧʥʦʩʪʴ ʚʩʝʭ ʧʦʢʘʟʘʪʝʣʝʡ, ʥʦʨʤ, ʧʨʘʚʠʣ ʠ ʧʦʣʦʞʝʥʠʡ) ʢ ʠʟʜʝʣʠʶ, ʝʛʦ ʠʟ-

ʛʦʪʦʚʣʝʥʠʶ, ʢʦʥʪʨʦʣʶ, ʧʨʠʝʤʢʝ ʠ ʧʦʩʪʘʚʢʝ, ʢʦʪʦʨʳʝ ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʦ 

ʫʢʘʟʳʚʘʪʴ ʚ ʜʨʫʛʠʭ ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʭ ʜʦʢʫʤʝʥʪʘʭ; 

21) ʧʨʦʛʨʘʤʤʘ ʠ ʤʝʪʦʜʠʢʘ ʠʩʧʳʪʘʥʠʡ ï ʜʦʢʫʤʝʥʪ, ʩʦʜʝʨʞʘʱʠʡ ʪʝʭ-

ʥʠʯʝʩʢʠʝ ʜʘʥʥʳʝ, ʧʦʜʣʝʞʘʱʠʝ ʧʨʦʚʝʨʢʝ ʧʨʠ ʠʩʧʳʪʘʥʠʠ ʠʟʜʝʣʠʡ, ʘ ʪʘʢʞʝ 

ʧʦʨʷʜʦʢ ʠ ʤʝʪʦʜʳ ʠʭ ʢʦʥʪʨʦʣʷ; 

22) ʪʘʙʣʠʮʘ ï ʜʦʢʫʤʝʥʪ, ʩʦʜʝʨʞʘʱʠʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʝʛʦ ʥʘʟʥʘʯʝʥʠʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʜʘʥʥʳʝ, ʩʚʝʜʝʥʥʳʝ ʚ ʪʘʙʣʠʮʫ; 

23 ʨʘʩʯʝʪ ï ʜʦʢʫʤʝʥʪ, ʩʦʜʝʨʞʘʱʠʡ ʨʘʩʯʝʪʳ ʧʘʨʘʤʝʪʨʦʚ ʠ ʚʝʣʠʯʠʥ, 

ʥʘʧʨʠʤʝʨ, ʨʘʩʯʝʪ ʨʘʟʤʝʨʥʳʭ ʮʝʧʝʡ, ʨʘʩʯʝʪ ʥʘ ʧʨʦʯʥʦʩʪʴ ʠ ʜʨ.; 
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24) ʠʥʩʪʨʫʢʮʠʷ ï ʜʦʢʫʤʝʥʪ, ʩʦʜʝʨʞʘʱʠʡ ʫʢʘʟʘʥʠʷ ʠ ʧʨʘʚʠʣʘ, ʠʩʧʦʣʴ-

ʟʫʝʤʳʝ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʠʟʜʝʣʠʷ (ʩʙʦʨʢʝ, ʨʝʛʫʣʠʨʦʚʢʝ, ʢʦʥʪʨʦʣʝ, ʧʨʠʝʤ-

ʢʝ ʠ ʪ. ʧ.); 

25) ʨʫʢʦʚʦʜʩʪʚʦ ʧʦ ʵʢʩʧʣʫʘʪʘʮʠʠ ï ʜʦʢʫʤʝʥʪ, ʩʦʜʝʨʞʘʱʠʡ ʩʚʝʜʝʥʠʷ ʦ 

ʢʦʥʩʪʨʫʢʮʠʠ, ʧʨʠʥʮʠʧʝ ʜʝʡʩʪʚʠʷ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ (ʩʚʦʡʩʪʚʘʭ) ʠʟʜʝʣʠʷ, 

ʝʛʦ ʩʦʩʪʘʚʥʳʭ ʯʘʩʪʝʡ ʠ ʫʢʘʟʘʥʠʷ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʧʨʘʚʠʣʴʥʦʡ ʠ ʙʝʟʦʧʘʩ-

ʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠʟʜʝʣʠʷ (ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦ ʥʘʟʥʘʯʝʥʠʶ, ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʦʙʩʣʫʞʠʚʘʥʠʷ, ʪʝʢʫʱʝʛʦ ʨʝʤʦʥʪʘ, ʭʨʘʥʝʥʠʷ ʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʷ) ʠ ʦʮʝ-

ʥʦʢ ʝʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʦʪʧʨʘʚ-

ʢʠ ʝʛʦ ʚ ʨʝʤʦʥʪ, ʘ ʪʘʢʞʝ ʩʚʝʜʝʥʠʷ ʧʦ ʫʪʠʣʠʟʘʮʠʠ ʠʟʜʝʣʠʷ ʠ ʝʛʦ ʩʦʩʪʘʚʥʳʭ 

ʯʘʩʪʝʡ; 

26) ʠʥʩʪʨʫʢʮʠʷ ʧʦ ʤʦʥʪʘʞʫ, ʧʫʩʢʫ, ʨʝʛʫʣʠʨʦʚʘʥʠʶ ʠ ʦʙʢʘʪʢʝ ʠʟʜʝʣʠʷ 

ï ʜʦʢʫʤʝʥʪ, ʩʦʜʝʨʞʘʱʠʡ ʩʚʝʜʝʥʠʷ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʤʦʥʪʘʞʘ, ʥʘʣʘʜʢʠ, 

ʧʫʩʢʘ, ʨʝʛʫʣʠʨʦʚʘʥʠʷ, ʦʙʢʘʪʢʠ ʠ ʩʜʘʯʠ ʠʟʜʝʣʠʷ ʠ ʝʛʦ ʩʦʩʪʘʚʥʳʭ ʯʘʩʪʝʡ ʚ 

ʵʢʩʧʣʫʘʪʘʮʠʶ ʥʘ ʤʝʩʪʝ ʝʛʦ ʧʨʠʤʝʥʝʥʠʷ; 

27) ʬʦʨʤʫʣʷʨ ï ʜʦʢʫʤʝʥʪ, ʩʦʜʝʨʞʘʱʠʡ ʩʚʝʜʝʥʠʷ, ʫʜʦʩʪʦʚʝʨʷʶʱʠʝ ʛʘ-

ʨʘʥʪʠʠ ʠʟʛʦʪʦʚʠʪʝʣʷ, ʟʥʘʯʝʥʠʷ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

(ʩʚʦʡʩʪʚ) ʠʟʜʝʣʠʷ, ʩʚʝʜʝʥʠʷ, ʦʪʨʘʞʘʶʱʠʝ ʪʝʭʥʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʜʘʥʥʦʛʦ 

ʠʟʜʝʣʠʷ, ʩʚʝʜʝʥʠʷ ʦ ʩʝʨʪʠʬʠʢʘʮʠʠ ʠ ʫʪʠʣʠʟʘʮʠʠ ʠʟʜʝʣʠʷ, ʘ ʪʘʢʞʝ ʩʚʝʜʝ-

ʥʠʷ, ʢʦʪʦʨʳʝ ʚʥʦʩʷʪ ʚ ʧʝʨʠʦʜ ʝʛʦ ʵʢʩʧʣʫʘʪʘʮʠʠ (ʜʣʠʪʝʣʴʥʦʩʪʴ ʠ ʫʩʣʦʚʠʷ 

ʨʘʙʦʪʳ, ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ, ʨʝʤʦʥʪ ʠ ʜʨʫʛʠʝ ʜʘʥʥʳʝ); 

28) ʧʘʩʧʦʨʪ ï ʜʦʢʫʤʝʥʪ, ʩʦʜʝʨʞʘʱʠʡ ʩʚʝʜʝʥʠʷ, ʫʜʦʩʪʦʚʝʨʷʶʱʠʝ ʛʘ-

ʨʘʥʪʠʠ ʠʟʛʦʪʦʚʠʪʝʣʷ, ʟʥʘʯʝʥʠʷ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

(ʩʚʦʡʩʪʚ) ʠʟʜʝʣʠʷ, ʘ ʪʘʢʞʝ ʩʚʝʜʝʥʠʷ ʦ ʩʝʨʪʠʬʠʢʘʮʠʠ ʠ ʫʪʠʣʠʟʘʮʠʠ ʠʟʜʝ-

ʣʠʷ; 

29) ʵʪʠʢʝʪʢʘ ï ʜʦʢʫʤʝʥʪ, ʩʦʜʝʨʞʘʱʠʡ ʛʘʨʘʥʪʠʠ ʠʟʛʦʪʦʚʠʪʝʣʷ, ʟʥʘʯʝ-

ʥʠʷ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ʩʚʦʡʩʪʚ) ʠʟʜʝʣʠʷ, ʩʚʝʜʝʥʠʷ ʦ 

ʩʝʨʪʠʬʠʢʘʮʠʠ ʠʟʜʝʣʠʷ; 

30) ʢʘʪʘʣʦʛ ʜʝʪʘʣʝʡ ʠ ʩʙʦʨʦʯʥʳʭ ʝʜʠʥʠʮ ï ʜʦʢʫʤʝʥʪ, ʩʦʜʝʨʞʘʱʠʡ ʧʝ-

ʨʝʯʝʥʴ ʜʝʪʘʣʝʡ ʠ ʩʙʦʨʦʯʥʳʭ ʝʜʠʥʠʮ ʠʟʜʝʣʠʷ ʩ ʠʣʣʶʩʪʨʘʮʠʷʤʠ ʠ ʩʚʝʜʝʥʠʷ 

ʦʙ ʠʭ ʢʦʣʠʯʝʩʪʚʝ, ʨʘʩʧʦʣʦʞʝʥʠʠ ʚ ʠʟʜʝʣʠʠ, ʚʟʘʠʤʦʟʘʤʝʥʷʝʤʦʩʪʠ, ʢʦʥ-

ʩʪʨʫʢʪʠʚʥʳʭ ʦʩʦʙʝʥʥʦʩʪʷʭ ʠ ʤʘʪʝʨʠʘʣʘʭ; 

31) ʥʦʨʤʳ ʨʘʩʭʦʜʘ ʟʘʧʘʩʥʳʭ ʯʘʩʪʝʡ ï ʜʦʢʫʤʝʥʪ, ʩʦʜʝʨʞʘʱʠʡ ʥʦʤʝʥ-

ʢʣʘʪʫʨʫ ʟʘʧʘʩʥʳʭ ʯʘʩʪʝʡ ʠʟʜʝʣʠʷ ʠ ʠʭ ʢʦʣʠʯʝʩʪʚʦ, ʨʘʩʭʦʜʫʝʤʦʝ ʥʘ ʥʦʨʤʠ-

ʨʫʝʤʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʟʜʝʣʠʡ ʚ ʧʝʨʠʦʜ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʠ; 

32) ʥʦʨʤʳ ʨʘʩʭʦʜʘ ʤʘʪʝʨʠʘʣʦʚ ï ʜʦʢʫʤʝʥʪ, ʩʦʜʝʨʞʘʱʠʡ ʥʦʤʝʥʢʣʘʪʫ-

ʨʫ ʤʘʪʝʨʠʘʣʦʚ ʠ ʠʭ ʢʦʣʠʯʝʩʪʚʦ, ʨʘʩʭʦʜʫʝʤʦʝ ʥʘ ʥʦʨʤʠʨʫʝʤʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʠʟʜʝʣʠʡ ʚ ʧʝʨʠʦʜ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʠ; 

33) ʚʝʜʦʤʦʩʪʴ ʢʦʤʧʣʝʢʪʘ ʟʘʧʘʩʥʳʭ ʯʘʩʪʝʡ, ʠʥʩʪʨʫʤʝʥʪʘ ʠ ʧʨʠʥʘʜʣʝʞ-

ʥʦʩʪʝʡ (ɿʀʇ) ï ʜʦʢʫʤʝʥʪ, ʩʦʜʝʨʞʘʱʠʡ ʥʦʤʝʥʢʣʘʪʫʨʫ, ʥʘʟʥʘʯʝʥʠʝ, ʢʦʣʠ-

ʯʝʩʪʚʦ ʠ ʤʝʩʪʘ ʫʢʣʘʜʢʠ ʟʘʧʘʩʥʳʭ ʯʘʩʪʝʡ, ʠʥʩʪʨʫʤʝʥʪʦʚ, ʧʨʠʥʘʜʣʝʞʥʦʩʪʝʡ 

ʠ ʤʘʪʝʨʠʘʣʦʚ, ʨʘʩʭʦʜʫʝʤʳʭ ʟʘ ʩʨʦʢ ʩʣʫʞʙʳ ʠʟʜʝʣʠʷ; 
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34) ʫʯʝʙʥʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʧʣʘʢʘʪʳ ï ʜʦʢʫʤʝʥʪʳ, ʩʦʜʝʨʞʘʱʠʝ ʩʚʝʜʝʥʠʷ 

ʦ ʢʦʥʩʪʨʫʢʮʠʠ ʠʟʜʝʣʠʷ, ʧʨʠʥʮʠʧʘʭ ʜʝʡʩʪʚʠʷ, ʧʨʠʝʤʘʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, 

ʪʝʭʥʠʯʝʩʢʦʤ ʦʙʩʣʫʞʠʚʘʥʠʠ, ʦʙʣʘʩʪʷʭ ʪʝʭʥʠʯʝʩʢʠʭ ʟʥʘʥʠʡ ʩ ʥʝʦʙʭʦʜʠʤʳ-

ʤʠ ʠʣʣʶʩʪʨʘʮʠʷʤʠ; 

35) ʚʝʜʦʤʦʩʪʴ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʜʦʢʫʤʝʥʪʦʚ ï ʜʦʢʫʤʝʥʪ, ʫʩʪʘʥʘʚʣʠ-

ʚʘʶʱʠʡ ʢʦʤʧʣʝʢʪ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʜʦʢʫʤʝʥʪʦʚ ʠ ʤʝʩʪʘ ʫʢʣʘʜʢʠ ʜʦʢʫ-

ʤʝʥʪʦʚ, ʧʦʩʪʘʚʣʷʝʤʳʭ ʩ ʠʟʜʝʣʠʝʤ ʠʣʠ ʦʪʜʝʣʴʥʦ ʦʪ ʥʝʛʦ; 

36) ʨʝʤʦʥʪʥʳʝ ʜʦʢʫʤʝʥʪʳ ʧʦ ɻʆʉʊ 2.602-95.  

ʉʦʩʪʘʚ ʢʦʤʧʣʝʢʪʘ ʜʦʢʫʤʝʥʪʦʚ ʥʘ ʧʨʦʛʨʘʤʤʫ (ʧʨʦʛʨʘʤʤʥʦʝ ʠʟʜʝʣʠʝ) 

ʩʦʛʣʘʩʥʦ ɻʆʉʊ 19.101ï77 [4]: 

1) ʩʧʝʮʠʬʠʢʘʮʠʷ ï ʩʦʩʪʘʚ ʧʨʦʛʨʘʤʤʳ ʠ ʜʦʢʫʤʝʥʪʘʮʠʠ ʥʘ ʥʝʝ; 

2) ʚʝʜʦʤʦʩʪʴ ʜʝʨʞʘʪʝʣʝʡ ʧʦʜʣʠʥʥʠʢʦʚ ï ʧʝʨʝʯʝʥʴ ʧʨʝʜʧʨʠʷʪʠʡ, ʥʘ 

ʢʦʪʦʨʳʭ ʭʨʘʥʷʪ ʧʦʜʣʠʥʥʠʢʠ ʧʨʦʛʨʘʤʤʥʳʭ ʜʦʢʫʤʝʥʪʦʚ; 

3) ʪʝʢʩʪ ʧʨʦʛʨʘʤʤʳ ï ʟʘʧʠʩʴ ʧʨʦʛʨʘʤʤʳ ʩ ʥʝʦʙʭʦʜʠʤʳʤʠ ʢʦʤʤʝʥʪʘ-

ʨʠʷʤʠ; 

4) ʦʧʠʩʘʥʠʝ ʧʨʦʛʨʘʤʤʳ ï ʩʚʝʜʝʥʠʷ ʦ ʣʦʛʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ ʠ ʬʫʥʢʮʠ-

ʦʥʠʨʦʚʘʥʠʠ ʧʨʦʛʨʘʤʤʳ; 

5) ʧʨʦʛʨʘʤʤʘ ʠ ʤʝʪʦʜʠʢʘ ʠʩʧʳʪʘʥʠʡ ï ʪʨʝʙʦʚʘʥʠʷ, ʧʦʜʣʝʞʘʱʠʝ ʧʨʦ-

ʚʝʨʢʝ ʧʨʠ ʠʩʧʳʪʘʥʠʠ ʧʨʦʛʨʘʤʤʳ, ʘ ʪʘʢʞʝ ʧʦʨʷʜʦʢ ʠ ʤʝʪʦʜʳ ʠʭ ʢʦʥʪʨʦʣʷ; 

6) ʪʝʭʥʠʯʝʩʢʦʝ ʟʘʜʘʥʠʝ ï ʥʘʟʥʘʯʝʥʠʝ ʠ ʦʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʧʨʦʛʨʘʤ-

ʤʳ, ʪʝʭʥʠʯʝʩʢʠʝ, ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʠ ʩʧʝʮʠʘʣʴʥʳʝ ʪʨʝʙʦʚʘʥʠʷ, 

ʧʨʝʜʲʷʚʣʷʝʤʳʝ ʢ ʧʨʦʛʨʘʤʤʝ, ʥʝʦʙʭʦʜʠʤʳʝ ʩʪʘʜʠʠ ʠ ʩʨʦʢʠ ʨʘʟʨʘʙʦʪʢʠ, ʚʠ-

ʜʳ ʠʩʧʳʪʘʥʠʡ; 

7) ʧʦʷʩʥʠʪʝʣʴʥʘʷ ʟʘʧʠʩʢʘ ï ʩʭʝʤʘ ʘʣʛʦʨʠʪʤʘ, ʦʙʱʝʝ ʦʧʠʩʘʥʠʝ ʘʣʛʦ-

ʨʠʪʤʘ ʠ (ʠʣʠ) ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤʳ, ʘ ʪʘʢʞʝ ʦʙʦʩʥʦʚʘʥʠʝ ʧʨʠʥʷ-

ʪʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʠ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ; 

8) ʚʝʜʦʤʦʩʪʴ ʢɻʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʜʦʢʫʤʝʥʪʦʚ ï ʧʝʨʝʯʝʥʴ ʵʢʩʧʣʫʘʪʘʮʠ-

ʦʥʥʳʭ ʜʦʢʫʤʝʥʪʦʚ ʥʘ ʧʨʦʛʨʘʤʤʫ; 

9) ʬʦʨʤʫʣʷʨ ï ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʛʨʘʤʤʳ, ʢʦʤʧʣʝʢʪʥʦʩʪʴ ʠ 

ʩʚʝʜʝʥʠʷ ʦʙ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʨʦʛʨʘʤʤʳ; 

10) ʦʧʠʩʘʥʠʝ ʧʨʠʤʝʥʝʥʠʷ ï ʩʚʝʜʝʥʠʷ ʦ ʥʘʟʥʘʯʝʥʠʠ ʧʨʦʛʨʘʤʤʳ, ʦʙʣʘ-

ʩʪʠ ʧʨʠʤʝʥʝʥʠʷ, ʧʨʠʤʝʥʷʝʤʳʭ ʤʝʪʦʜʘʭ, ʢʣʘʩʩʝ ʨʝʰʘʝʤʳʭ ʟʘʜʘʯ, ʦʛʨʘʥʠ-

ʯʝʥʠʷʭ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ, ʤʠʥʠʤʘʣʴʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʪʝʭʥʠʯʝʩʢʠʭ 

ʩʨʝʜʩʪʚ; 

11) ʨʫʢʦʚʦʜʩʪʚʦ ʩʠʩʪʝʤʥʦʛʦ ʧʨʦʛʨʘʤʤʠʩʪʘ ï ʩʚʝʜʝʥʠʷ ʜʣʷ ʧʨʦʚʝʨʢʠ, 

ʦʙʝʩʧʝʯʝʥʠʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʠ ʥʘʩʪʨʦʡʢʠ ʧʨʦʛʨʘʤʤʳ ʥʘ ʫʩʣʦʚʠʷ ʢʦʥ-

ʢʨʝʪʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ; 

12) ʨʫʢʦʚʦʜʩʪʚʦ ʧʨʦʛʨʘʤʤʠʩʪʘ ï ʩʚʝʜʝʥʠʷ ʜʣʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʨʦʛʨʘʤ-

ʤ ;r 

13) ʨʫʢʦʚʦʜʩʪʚʦ ʦʧʝʨʘʪʦʨʘ ï ʩʚʝʜʝʥʠʷ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʦʮʝʜʫʨʳ 

ʦʙʱʝʥʠʷ ʦʧʝʨʘʪʦʨʘ ʩ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʦʡ ʚ ʧʨʦʮʝʩʩʝ ʚʳʧʦʣʥʝʥʠʷ 

ʧʨʦʛʨʘʤʤʳ; 
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13) ʦʧʠʩʘʥʠʝ ʷʟʳʢʘ ï ʦʧʠʩʘʥʠʝ ʩʠʥʪʘʢʩʠʩʘ ʠ ʩʝʤʘʥʪʠʢʠ ʷʟʳʢʘ; 

14) ʨʫʢʦʚʦʜʩʪʚʦ ʧʦ ʪʝʭʥʠʯʝʩʢʦʤʫ ʦʙʩʣʫʞʠʚʘʥʠʶ ï ʩʚʝʜʝʥʠʷ ʜʣʷ ʧʨʠ-

ʤʝʥʝʥʠʷ ʪʝʩʪʦʚʳʭ ʠ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʧʨʦʛʨʘʤʤ ʧʨʠ ʦʙʩʣʫʞʠʚʘʥʠʠ ʪʝʭʥʠ-

ʯʝʩʢʠʭ ʩʨʝʜʩʪʚ. 

ʇʨʠ ʠʥʠʮʠʘʪʠʚʥʦʡ ʨʘʟʨʘʙʦʪʢʝ ʪʨʝʙʫʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʠʡ ʦʙʲ-

ʝʤ ʜʦʢʫʤʝʥʪʦʚ [5]: 

ï ʪʝʭʥʠʯʝʩʢʦʝ ʟʘʜʘʥʠʝ; 

ï ʧʦʷʩʥʠʪʝʣʴʥʘʷ ʟʘʧʠʩʢʘ; 

ï ʦʧʠʩʘʥʠʝ ʢʦʤʧʣʝʢʩʘ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ; 

ï ʦʧʠʩʘʥʠʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ; 

ï ʦʧʠʩʘʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ; 

ï ʦʧʠʩʘʥʠʝ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ. 

1.2. Ȼɜɔəɢɔɛɧ ɛɜɚɑɖɞɔɜɚɎɌəɔɫ ɜɚɍɚɞɚɎ 

ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ï ʵʪʦ ʚʳʧʦʣʥʝʥʠʝ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʥʘʙʦʨʘ ʨʘʙʦʪ ï ʠʩ-

ʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ, ʨʘʩʯʝʪʥʳʭ ʠ ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʭ. 

ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʭʘʨʘʢʪʝʨʥʦ ʨʘʟʙʠʝʥʠʝ ʨʦʙʦʪʘ ʥʘ ʦʪʜʝʣʴʥʳʝ ʚʟʘ-

ʠʤʦʜʝʡʩʪʚʫʶʱʠʝ ʯʘʩʪʠ, ʘʥʘʣʦʛʠʯʥʦ ʤʝʪʦʜʠʢʘʤ, ʠʩʧʦʣʴʟʫʝʤʳʤ ʚ ʩʠʩʪʝʤ-

ʥʦʤ ʘʥʘʣʠʟʝ [6]. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʩʠʩʪʝʤʥʳʤ ʧʦʜʭʦʜʦʤ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʪʨʠ ʧʦʜʭʦʜʘ 

ʢ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʨʦʙʦʪʦʚ: ʩʪʨʫʢʪʫʨʥʳʡ, ʙʣʦʯʥʦ-ʠʝʨʘʨʭʠʯʝʩʢʠʡ ʠ ʦʙʲ-

ʝʢʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ [7]. 

ʉʪʨʫʢʪʫʨʥʳʡ ʧʦʜʭʦʜ ʧʨʝʜʧʦʣʘʛʘʝʪ ʨʘʟʨʘʙʦʪʢʫ ʨʘʟʣʠʯʥʳʭ ʚʘʨʠʘʥʪʦʚ 

ʨʦʙʦʪʘ ʠʟ ʠʤʝʶʱʠʭʩʷ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʦʮʝʥʢʫ ʵʪʠʭ ʚʘʨʠʘʥʪʦʚ ʧʦ ʟʘʜʘʥʥʳʤ 

ʢʨʠʪʝʨʠʷʤ. ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʦʩʥʦʚʘʥ ʥʘ ʨʘʟʙʠʝʥʠʠ ʨʦʙʦʪʘ ʥʘ ʙʣʦʢʠ ʧʦ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʤʫ ʧʨʠʟʥʘʢʫ, ʢʦʛʜʘ ʢʘʞʜʳʡ ʙʣʦʢ ʨʦʙʦʪʘ ʚʳʧʦʣʥʷʝʪ ʦʪ-

ʜʝʣʴʥʫʶ ʬʫʥʢʮʠʶ. 

ɹʣʦʯʥʦ-ʠʝʨʘʨʭʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʦʩʥʦʚʘʥ ʥʘ ʚʳʜʝʣʝʥʠʠ ʨʘʟʣʠʯʥʳʭ 

ʠʝʨʘʨʭʠʯʝʩʢʠʭ ʫʨʦʚʥʝʡ ʨʦʙʦʪʘ, ʥʘʧʨʠʤʝʨ ʫʨʦʚʝʥʴ ʧʣʘʥʠʨʦʚʘʥʠʷ ʜʚʠʞʝ-

ʥʠʷ, ʫʨʦʚʝʥʴ ʫʧʨʘʚʣʝʥʠʷ, ʫʨʦʚʝʥʴ ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʤʝʭʘʥʠʟʤʦʚ. ʇʨʠ ʵʪʦʤ 

ʥʘ ʚʝʨʭʥʝʤ ʜʘʝʪʩʷ ʦʙʱʝʝ ʦʧʠʩʘʥʠʝ ʨʦʙʦʪʘ, ʘ ʥʘ ʧʦʩʣʝʜʫʶʱʠʭ ʫʨʦʚʥʷʭ ʵʪʦ 

ʦʧʠʩʘʥʠʝ ʜʝʪʘʣʠʟʠʨʫʝʪʩʷ. ɼʣʷ ʠʝʨʘʨʭʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʭʘʨʘʢʪʝʨʥʘ ʩʚʷʟʴ 

ʵʣʝʤʝʥʪʦʚ ʩ ʩʦʩʝʜʥʠʤʠ ʫʨʦʚʥʷʤʠ, ʘ ʤʝʞʵʣʝʤʝʥʪʥʳʝ ʩʚʷʟʠ ʥʘ ʦʜʥʦʤ 

ʫʨʦʚʥʝ ʦʪʩʫʪʩʪʚʫʶʪ. 

ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ ʨʘʟʣʠʯʘʶʪ ʪʨʠ ʫʨʦʚʥʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ʅʘ ʚʝʨʭʥʝʤ 

ʫʨʦʚʥʝ ʦʙʳʯʥʦ ʨʘʟʨʘʙʘʪʳʚʘʶʪ ʩʪʨʫʢʪʫʨʥʳʝ ʩʭʝʤʳ, ʦʙʱʠʡ ʚʠʜ ʨʦʙʦʪʘ ʠ 

ʧʨ. ʅʘ ʩʨʝʜʥʝʤ ʫʨʦʚʥʝ ʧʨʦʠʩʭʦʜʠʪ ʨʘʟʨʘʙʦʪʢʘ ʦʪʜʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʚ ʨʝ-

ʟʫʣʴʪʘʪʝ ʯʝʛʦ ʧʦʷʚʣʷʶʪʩʷ ʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʠ ʧʨʠʥʮʠʧʠʘʣʴʥʳʝ ʩʭʝʤʳ. 

ʅʘ ʥʠʞʥʝʤ ʫʨʦʚʥʝ ʧʨʦʝʢʪʠʨʫʶʪʩ ̫ʦʪʜʝʣʴʥʳʝ ʜʝʪʘʣʠ ʠ ʵʣʝʤʝʥʪʳ ʨʦʙʦʪʦʚ. 

ʂʘʢ ʧʨʘʚʠʣʦ, ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʨʦʙʦʪʘ ʷʚʣʷʝʪʩʷ ʤʥʦʛʦʰʘʛʦʚʦʡ ʧʨʦʮʝ-

ʜʫʨʦʡ, ʚʢʣʶʯʘʶʱʝʡ ʚ ʩʝʙʷ: ʵʪʘʧ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪ (ʅʀʈ);  

ʵʪʘʧ ʵʩʢʠʟʥʦʛʦ ʧʨʦʝʢʪʘ ʠʣʠ ʦʧʳʪʥʦ-ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʭ ʨʘʙʦʪ (ʆʂʈ); ʵʪʘʧ 
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ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʦʝʢʪʘ; ʵʪʘʧ ʨʘʙʦʯʝʛʦ ʧʨʦʝʢʪʘ; ʵʪʘʧ ʠʩʧrʪʘʥʠʡ ʦʧʳʪʥʳʭ 

ʦʙʨʘʟʮʦʚ ʨʦʙʦʪʦʚ. 

ʂʘʞʜʳʡ ʠʟ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʵʪʘʧʦʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʨʦʙʦʪʘ ʤʦʞʝʪ ʙʳʪʴ 

ʨʘʟʜʝʣʝʥ ʥʘ ʩʦʩʪʘʚʥʳʝ ʯʘʩʪʠ, ʥʘʟʳʚʘʝʤʳʝ ʧʨʦʝʢʪʥʳʤʠ ʧʨʦʮʝʜʫʨʘʤʠ, 

ʥʘʧʨʠʤʝʨ: ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʨʦʙʦʪʘ; ʨʘʟʨʘʙʦʪʢʘ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ; ʨʘʟʨʘ-

ʙʦʪʢʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ; ʨʘʟʨʘʙʦʪʢʘ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʩʭʝʤʳ ʠ ʪ.ʜ. 

ʇʨʦʝʢʪʥʳʝ ʧʨʦʮʝʜʫʨʳ ʪʘʢʞʝ ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʦʪʜʝʣʴʥʳʝ ʦʧʝʨʘʮʠʠ, 

ʥʘʧʨʠʤʝʨ ʨʝʰʝʥʠʝ ʧʨʷʤʦʡ ʟʘʜʘʯʠ ʢʠʥʝʤʘʪʠʢʠ, ʨʘʩʯʝʪ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʨʝ-

ʛʫʣ̫ʪʦʨʘ ʠ ʪ.ʜ. 

ʆʙʱʘʷ ʧʨʦʮʝʜʫʨʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1.1 [8]. 

 

ʈʠʩ. 1.1. ʀʪʝʨʘʮʠʦʥʥʘʷ ʧʨʦʮʝʜʫʨʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʢʦʣʠʯʝ-

ʩʪʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʮʝʣʝʡ. 

ʇʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʬʦʨʤʫʣʠʨʦʚʢʠ ʮʝʣʝʡ ʜʘʝʪʩ ̫ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʦʧʠ-

ʩʘʥʠʝ ʬʫʥʢʮʠʡ, ʢʦʪʦʨʳʝ ʜʦʣʞʝʥ ʚʳʧʦʣʥʷʪʴ ʨʦʙʦʪ ʠ ʝʛʦ ʧʦʜʩʠʩʪʝʤʳ. ʕʪʘ 

ʧʨʦʮʝʜʫʨʘ ʥʘʟʳʚʘʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʮʝʣʝʡ ʠ ʬʫʥʢʮʠʡ ʨʦʙʦʪʘ. ʌʫʥʢʮʠʠ 

ʠ ʮʝʣʠ ʤʦʛʫʪ ʬʦʨʤʫʣʠʨʦʚʘʪʴʩʷ ʚ ʢʘʯʝʩʪʚʝʥʥʦʤ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʤ ʚʠʜʝ. 

ʅʘʧʨʠʤʝʨ, ʪʨʝʙʫʝʪʩʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʨʦʙʦʪʘ ʚ ʨʝʞʠʤʝ ʘʚʪʦʥʦʤʥʦʛʦ 

ʧʦʣʝʪʘ ʠ ʚ ʨʝʞʠʤʝ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ. ʀʣʠ ʜʘʣʴʥʦʩʪʴ ʜʝʡʩʪʚʠʷ 

ʨʦʙʦʪʘ ʩʦʩʪʘʚʣʷʝʪ 20 ʢʤ. 

ʉʣʝʜʫʶʱʠʤ ʵʪʘʧʦʤ ʷʚʣʷʝʪʩʷ ʢʦʥʮʝʧʪʫʘʣʴʥʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ, ʚ ʭʦʜʝ 

ʢʦʪʦʨʦʛʦ ʩʦʟʜʘʝʪʩʷ ʪʝʭʥʠʯʝʩʢʠʡ ʦʙʣʠʢ ʧʨʦʝʢʪʠʨʫʝʤʦʛʦ ʨʦʙʦʪʘ. ʆʧʨʝʜʝʣʝ-

ʥʠʝ ʦʙʣʠʢʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʥʘʠʙʦʣʝʝ ʧʨʠʝʤʣʝʤʦʡ ʢʦʥʬʠʛʫ-

ʨʘʮʠʠ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʠʪ ʜʦʩʪʠʯʴ ʪʨʝʙʫʝʤʳʭ ʮʝʣʝʡ. ʇʫʩʪʴ ʪʨʝʙʫʝʪʩʷ ʩʦ-

ʟʜʘʪʴ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʦʝ ʩʨʝʜʩʪʚʦ, ʢʦʪʦʨʦʝ ʜʦʣʞʥʦ ʚ ʘʚʪʦʥʦʤʥʦʤ ʨʝʞʠʤʝ 

ʦʩʫʱʝʩʪʚʣʷʪʴ ʤʦʥʠʪʦʨʠʥʛ ʥʝʢʦʪʦʨʦʡ ʪʝʨʨʠʪʦʨʠʠ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 1 ï 2 ʯʘ-

ʩʦʚ ʠ ʠʤʝʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʟʘʚʠʩʘʪʴ ʚ ʟʘʜʘʥʥʦʡ ʪʦʯʢʝ, ʪʦʛʜʘ ʤʦʞʥʦ ʧʨʝʜʣʦ-

ʞʠʪʴ ʜʚʝ ʢʦʥʮʝʧʮʠʠ ï ʧʣʘʪʬʦʨʤʘ ʥʘ ʙʘʟʝ ʚʝʨʪʦʣʝʪʘ ʠ ʥʘ ʙʘʟʝ ʜʠʨʠʞʘʙʣʷ. 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʜʚʘ ʚʘʨʠʘʥʪʘ ʨʦʙʦʪʘ ʠ ʬʦʨʤʠʨʫʝʪʩʷ ʦʙʣʠʢ 

ʜʣʷ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʝʛʦ ʠʟ ʥʠʭ. 

ʅʘ ʩʣʝʜʫʶʱʝʤ ʰʘʛʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚʳʙʦʨ ʦʧʪʠʤʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʨʦʙʦʪʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʝʭʥʠʯʝʩʢʠʤ ʟʘʜʘʥʠʝʤ. ʅʘʧʨʠʤʝʨ, ʝʩʣʠ ʚ ʢʘʯʝʩʪʚʝ 

ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʚʳʙʨʘʥ ʜʠʨʠʞʘʙʣʴ, ʪʦ 
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ʩʪʘʚʠʪʩʷ ʟʘʜʘʯʘ ʨʘʩʩʯʠʪʘʪʴ ʝʛʦ ʜʣʠʥʫ, ʦʙʲʝʤ, ʤʦʱʥʦʩʪʠ ʜʚʠʛʘʪʝʣʝʡ, ʧʣʦ-

ʱʘʜʠ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʨʫʣʝʡ.  

ʇʦʩʣʝʜʥʠʤ ʵʪʘʧʦʤ ʷʚʣʷʝʪʩʷ ʦʧʠʩʘʥʠʝ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʨʦʙʦʪʘ ï ʩʦʩʪʘʚ-

ʣʝʥʠʝ ʧʦʷʩʥʠʪʝʣʴʥʦʡ ʟʘʧʠʩʢʠ, ʦʬʦʨʤʣʝʥʠʝ ʯʝʨʪʝʞʝʡ, ʨʫʢʦʚʦʜʩʪʚ ʠ ʧʨ. 

ʆʪʤʝʪʠʤ, ʯʪʦ ʧʨʦʮʝʩʩ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʨʦʙʦʪʘ ʷʚʣʷʝʪʩʷ ʠʪʝʨʘʪʠʚʥʳʤ. 

ʅʘ ʢʘʞʜʦʤ ʰʘʛʝ ʧʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʤʦʞʥʦ ʚʝʨʥʫʪʴʩʷ ʥʘ ʦʜʠʥ ʠʟ ʧʨʝʜʳ-

ʜʫʱʠʭ ʵʪʘʧʦʚ. 

ʆʩʥʦʚʥʳʝ ʵʪʘʧʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʨʦʙʦʪʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 1.2. 

ʊʝʭʥʠʯʝʩʢʦʝ 

ʟʘʜʘʥʠʝ

ʊʝʭʥʠʯʝʩʢʦʝ 

ʧʨʝʜʣʦʞʝʥʠʝ

ʕʩʢʠʟʥʳʡ ʧʨʦʝʢʪ

ʊʝʭʥʠʯʝʩʢʠʡ 

ʧʨʦʝʢʪ

ʈʘʙʦʯʘʷ 

ʜʦʢʫʤʝʥʪʘʮʠʷ

ʆʧʳʪʥʳʡ 

ʦʙʨʘʟʝʮ

ʋʩʪʘʥʦʚʦʯʥʘʷ 

ʩʝʨʠʷ

ʇʨʦʤʳʰʣʝʥʥʘʷ 

ʩʝʨʠʷ

ʅʘʟʥʘʯʝʥʠʝ ʨʦʙʦʪʘ

ʊʝʭʥʠʯʝʩʢʠʝ ʪʨʝʙʦʚʘʥʠʷ

ʊʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʝ ʦʙʦʩʥʦʚʘʥʠʝ

ɸʥʘʣʠʟ ʨʳʥʢʘ

ɹʠʟʥʝʩ-ʧʣʘʥ

ʇʘʪʝʥʪʥʳʡ ʧʦʠʩʢ

ʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ ʨʘʙʦʪʳ

ʆʧʳʪʥʦ-ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʝ ʨʘʙʦʪʳ

ʉʪʘʥʜʘʨʪʥʳʝ ʠ ʫʥʠʬʠʮʠʨʦʚʘʥʥʳʝ ʫʟʣʳ ʠ ʜʝʪʘʣʠ

ʂʦʥʩʪʨʫʢʮʠʷ, ʧʘʨʘʤʝʪʨʳ, ʨʘʩʯʝʪʳ

ʈʘʩʯʝʪ ʥʘʜʝʞʥʦʩʪʠ ʨʦʙʦʪʘ

ʆʙʱʠʝ ʚʠʜʳ, ʩʭʝʤʳ, ʪʝʭʥʠʯʝʩʢʠʝ ʪʨʝʙʦʚʘʥʠʷ

ɼʝʪʘʣʠʨʦʚʢʘ, ʩʙʦʨʦʯʥʳʝ ʯʝʨʪʝʞʠ, ʪʨʝʙʦʚʘʥʠʷ ʢ ʜʝʪʘʣʷʤ ʠ ʫʟʣʘʤ

ʂʦʨʨʝʢʮʠʷ ʜʦʢʫʤʝʥʪʦʚ

ʇʘʩʧʦʨʪ, ʨʫʢʦʚʦʜʩʪʚʦ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʪʝʭʥʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ

ʈʘʩʯʝʪ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ

ʊʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʧʦʜʛʦʪʦʚʢʘ ʧʨʦʠʟʚʦʜʩʪʚʘ

ʀʩʧʳʪʘʥʠʷ

ɼʦʨʘʙʦʪʢʘ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʪʝʭʥʦʣʦʛʠʠ

ʂʦʨʨʝʢʪʠʨʦʚʢʘ ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʡ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ

ʕʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʥʘʙʣʶʜʝʥʠʷ ʠ ʠʩʧʳʪʘʥʠʷ

ʂʦʨʨʝʢʪʠʨʦʚʢʘ ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʡ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ
 

ʈʠʩ. 1.2. ʕʪʘʧʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʨʦʙʦʪʘ 

ɺ ʪʝʭʥʠʯʝʩʢʦʤ ʟʘʜʘʥʠʠ (ʊɿ) ʟʘʜʘʶʪʩʷ ʮʝʣʴ ʠ ʩʦʜʝʨʞʘʥʠʝ ʧʨʦʚʦʜʠʤʳʭ 

ʨʘʙʦʪ, ʦʩʥʦʚʥʦʝ ʥʘʟʥʘʯʝʥʠʝ ʨʦʙʦʪʘ, ʜʘʝʪʩʷ ʦʧʠʩʘʥʠʝ ʬʫʥʢʮʠʡ ʠ ʪʝʭʥʠʯʝ-

ʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʦʙʦʪʘ, ʧʨʠʚʦʜʷʪʩʷ ʪʝʭʥʠʯʝʩʢʠʝ ʪʨʝʙʦʚʘʥʠʷ. 

ʊʝʭʥʠʯʝʩʢʦʝ ʧʨʝʜʣʦʞʝʥʠʝ ï ʩʦʚʦʢʫʧʥʦʩʪʴ ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʭ ʜʦʢʫʤʝʥ-

ʪʦʚ, ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʩʦʜʝʨʞʘʪʴ ʫʪʦʯʥʸʥʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʠ ʪʝʭʥʠʢʦ-
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ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʦʙʦʩʥʦʚʘʥʠʷ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʨʘʟʨʘʙʦʪʢʠ ʜʦʢʫʤʝʥʪʘʮʠʠ 

ʠʟʜʝʣʠʷ [9]. 

ʊʝʭʥʠʯʝʩʢʦʝ ʧʨʝʜʣʦʞʝʥʠʝ ʩʦʜʝʨʞʠʪ:  

ï ʘʥʘʣʠʟ ʪʝʭʥʠʯʝʩʢʦʛʦ ʟʘʜʘʥʠʷ ʟʘʢʘʟʯʠʢʘ ʠ ʨʘʟʣʠʯʥʳʭ ʚʘʨʠʘʥʪʦʚ ʚʦʟ-

ʤʦʞʥʳʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʨʝʰʝʥʠʡ; 

ï ʩʨʘʚʥʠʪʝʣʴʥʫʶ ʦʮʝʥʢʫ ʨʝʰʝʥʠʡ ʩ ʫʯʸʪʦʤ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʠ ʵʢʩʧʣʫ-

ʘʪʘʮʠʦʥʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ ʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʠʟʜʝʣʠʡ ʠ 

ʜʨ. 

ʊʝʭʥʠʯʝʩʢʦʝ ʧʨʝʜʣʦʞʝʥʠʝ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʚ ʩʣʫʯʘʝ, ʝʩʣʠ ʵʪʦ ʧʨʝʜʫ-

ʩʤʦʪʨʝʥʦ ʪʝʭʥʠʯʝʩʢʠʤ ʟʘʜʘʥʠʝʤ. ʊʝʭʥʠʯʝʩʢʦʝ ʧʨʝʜʣʦʞʝʥʠʝ ʨʘʟʨʘʙʘʪʳʚʘ-

ʝʪʩʷ ʩ ʮʝʣʴʶ ʚʳʷʚʣʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʠʣʠ ʫʪʦʯʥʝʥʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʢ 

ʠʟʜʝʣʠʶ (ʪʝʭʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ ʠ ʜʨ.), ʢʦʪʦ-

ʨʳʝ ʥʝ ʤʦʛʣʠ ʙʳʪʴ ʫʢʘʟʘʥʳ ʚ ʪʝʭʥʠʯʝʩʢʦʤ ʟʘʜʘʥʠʠ, ʠ ʵʪʦ ʮʝʣʝʩʦʦʙʨʘʟʥʦ 

ʩʜʝʣʘʪʴ ʥʘ ʦʩʥʦʚʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʡ ʧʨʦʨʘʙʦʪʢʠ ʠ ʘʥʘʣʠ-

ʟʘ ʨʘʟʣʠʯʥʳʭ ʚʘʨʠʘʥʪʦʚ ʠʟʜʝʣʠʷ. 

ʕʩʢʠʟʥʳʡ ʧʨʦʝʢʪ [10] ʨʘʟʨʘʙʘʪʳʚʘʶʪ ʩ ʮʝʣʴʶ ʫʩʪʘʥʦʚʣʝʥʠʷ ʧʨʠʥʮʠ-

ʧʠʘʣʴʥʳʭ (ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ, ʩʭʝʤʥʳʭ ʠ ʜʨ.) ʨʝʰʝʥʠʡ, ʜʘʶʱʠʭ ʦʙʱʝʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʧʨʠʥʮʠʧʝ ʨʘʙʦʪʳ ʠ (ʠʣʠ) ʫʩʪʨʦʡʩʪʚʝ ʨʦʙʦʪʘ, ʢʦʛʜʘ ʵʪʦ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʩʜʝʣʘʪʴ ʜʦ ʨʘʟʨʘʙʦʪʢʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʦʝʢʪʘ ʠʣʠ ʨʘʙʦʯʝʡ 

ʜʦʢʫʤʝʥʪʘʮʠʠ. 

ʅʘ ʩʪʘʜʠʠ ʨʘʟʨʘʙʦʪʢʠ ʵʩʢʠʟʥʦʛʦ ʧʨʦʝʢʪʘ ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʚʘʨʠʘʥʪʳ ʨʦ-

ʙʦʪʘ ʠ (ʠʣʠ) ʝʛʦ ʩʦʩʪʘʚʥʳʭ ʯʘʩʪʝʡ. ʕʩʢʠʟʥʳʡ ʧʨʦʝʢʪ ʤʦʞʝʪ ʨʘʟʨʘʙʘʪʳ-

ʚʘʪʴʩʷ ʙʝʟ ʨʘʩʩʤʦʪʨʝʥʠʷ ʥʘ ʵʪʦʡ ʩʪʘʜʠʠ ʨʘʟʣʠʯʥʳʭ ʚʘʨʠʘʥʪʦʚ. 

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʵʩʢʠʟʥʦʛʦ ʧʨʦʝʢʪʘ ʚʳʧʦʣʥʷʶʪ ʨʘʙʦʪʳ, ʥʝʦʙʭʦʜʠʤʳʝ 

ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʝʜʲʷʚʣʷʝʤʳʭ ʢ ʨʦʙʦʪʫ ʪʨʝʙʦʚʘʥʠʡ ʠ ʧʦʟʚʦʣʷʶʱʠʝ 

ʫʩʪʘʥʦʚʠʪʴ ʧʨʠʥʮʠʧʠʘʣʴʥʳʝ ʨʝʰʝʥʠʷ. ʇʝʨʝʯʝʥʴ ʥʝʦʙʭʦʜʠʤʳʭ ʨʘʙʦʪ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʯʠʢʦʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʭʘʨʘʢʪʝʨʘ ʠ ʥʘʟʥʘʯʝʥʠʷ ʨʦ-

ʙʦʪʘ ʠ ʩʦʛʣʘʩʦʚʳʚʘʝʪʩʷ ʩ ʟʘʢʘʟʯʠʢʦʤ, ʝʩʣʠ ʨʦʙʦʪ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʧʦ ʟʘʢʘ-

ʟʘʤ ʄʠʥʠʩʪʝʨʩʪʚʘ ʦʙʦʨʦʥʳ. 

ʅʘ ʩʪʘʜʠʠ ʵʩʢʠʟʥʦʛʦ ʧʨʦʝʢʪʘ ʥʝ ʧʦʚʪʦʨʷʶʪ ʨʘʙʦʪʳ, ʧʨʠʚʝʜʝʥʥʳʝ ʥʘ 

ʩʪʘʜʠʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʝʜʣʦʞʝʥʠʷ, ʝʩʣʠ ʦʥʠ ʥʝ ʤʦʛʫʪ ʜʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴ-

ʥʳʭ ʜʘʥʥʳʭ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʥʝʝ ʧʨʦʚʝʜʝʥʥʳʭ ʨʘʙʦʪ ʦʪʨʘʞʘ-

ʪʁ ʚ ʧʦʷʩʥʠʪʝʣʴʥʦʡ ʟʘʧʠʩʢʝ. 

ʊʝʭʥʠʯʝʩʢʠʡ ʧʨʦʝʢʪ [11] ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʦʢʦʥʯʘʪʝʣʴʥʫʶ ʢʦʥʩʪʨʫʢ-

ʪʦʨʩʢʫʶ ʧʨʦʨʘʙʦʪʢʫ ʚʩʝʭ ʫʟʣʦʚ, ʩʭʝʤ ʨʦʙʦʪʘ ʠ ʝʛʦ ʦʙʱʠʭ ʚʠʜʦʚ. ʇʨʠ ʨʘʟ-

ʨʘʙʦʪʢʝ ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʦʝʢʪʘ ʚʳʧʦʣʥʷʶʪ ʨʘʙʦʪʳ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʦʙʝʩ-

ʧʝʯʝʥʠʷ ʧʨʝʜʲʷʚʣʷʝʤʳʭ ʢ ʨʦʙʦʪʫ ʪʨʝʙʦʚʘʥʠʡ ʠ ʧʦʟʚʦʣʷʶʱʠʝ ʧʦʣʫʯʠʪʴ 

ʧʦʣʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʢʦʥʩʪʨʫʢʮʠʠ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ ʨʦʙʦʪʘ, ʦʮʝʥʠʪʴ 

ʝʛʦ ʩʦʦʪʚʝʪʩʪʚʠʝ ʪʨʝʙʦʚʘʥʠʷʤ ʪʝʭʥʠʯʝʩʢʦʛʦ ʟʘʜʘʥʠʷ, ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʴ, 

ʩʪʝʧʝʥʴ ʩʣʦʞʥʦʩʪʠ ʠʟʛʦʪʦʚʣʝʥʠʷ, ʩʧʦʩʦʙʳ ʫʧʘʢʦʚʢʠ, ʚʦʟʤʦʞʥʦʩʪʠ ʪʨʘʥʩ-

ʧʦʨʪʠʨʦʚʘʥʠʷ ʠ ʤʦʥʪʘʞʘ ʥʘ ʤʝʩʪʝ ʧʨʠʤʝʥʝʥʠʷ, ʫʜʦʙʩʪʚʦ ʵʢʩʧʣʫʘʪʘʮʠʠ, 

ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʤʦʥʪʘ ʠ ʪ.ʧ. 
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ʈʘʟʨʘʙʦʪʢʘ ʨʘʙʦʯʝʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʨʘʟʨʘʙʦʪʢʫ ʨʘʙʦ-

ʯʠʭ ʯʝʨʪʝʞʝʡ ʜʝʪʘʣʝʡ ʨʦʙʦʪʘ, ʩʦʩʪʘʚʣʝʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘ-

ʮʠʠ, ʢʦʨʨʝʢʪʠʨʦʚʢʫ ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʦʝʢʪʘ, ʩʦʩʪʘʚʣʝʥʠʝ ʩʧʝʮʠʬʠʢʘʮʠʡ, 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʘʩʧʦʨʪʘ ʨʦʙʦʪʘ, ʠʥʩʪʨʫʢʮʠʠ ʧʦ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʨʷʜʘ ʜʨʫ-

ʛʠʭ ʜʦʢʫʤʝʥʪʦʚ. 

ʇʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʨʘʟʨʘʙʦʪʢʠ ʢʦʤʧʣʝʢʪʘ ʨʘʙʦʯʝʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʦʩʫ-

ʱʝʩʪʚʣʷʶʪʩʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʧʦʜʛʦʪʦʚʢʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʧʦʩʣʝʜʫʁ ʱʠʝ 

ʵʪʘʧʳ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠ ʦʪʣʘʜʢʠ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ ʨʦʙʦʪʘ. 

1.3. ȹɌɟɣəɚ-ɔɝɝɗɑɐɚɎɌɞɑɗɨɝɖɌɫ ɜɌɍɚɞɌ 

ʕʪʘʧ ʅʀʈ ʥʘʯʠʥʘʝʪʩʷ ʩ ʧʘʪʝʥʪʥʦʛʦ ʧʦʠʩʢʘ. ʈʘʟʣʠʯʘʶʪ ʪʨʠ ʦʩʥʦʚʥʳʝ 

ʛʨʫʧʧʳ ʧʘʪʝʥʪʥʦʛʦ ʧʦʠʩʢʘ: 

ï ʫʩʪʘʥʦʚʣʝʥʠʝ ʫʨʦʚʥʷ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ; 

ï ʫʩʪʘʥʦʚʣʝʥʠʝ ʦʙʲʝʤʘ ʧʨʘʚ ʧʘʪʝʥʪʦʦʙʣʘʜʘʪʝʣʷ; 

ï ʫʩʪʘʥʦʚʣʝʥʠʝ ʫʩʣʦʚʠʡ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʧʨʘʚ ʧʘʪʝʥʪʦʦʙʣʘʜʘʪʝʣʷ. 

ʇʦʠʩʢ ʥʝʦʙʭʦʜʠʤʳʭ ʧʘʪʝʥʪʥʳʭ ʜʦʢʫʤʝʥʪʦʚ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʧʨʦʚʦʜʠʪʴ 

ʚ ʩʣʝʜʫʶʱʝʤ ʧʦʨʷʜʢʝ:  ʦʧʨʝʜʝʣʝʥʠʝ ʧʨʝʜʤʝʪʘ ʧʦʠʩʢʘ;  ʚʳʙʦʨ ʩʪʨʘʥʳ 

(ʩʪʨʘʥ) ʧʦʠʩʢʘ; ʦʧʨʝʜʝʣʝʥʠʝ ʛʣʫʙʠʥʳ ʧʦʠʩʢʘ; ʫʩʪʘʥʦʚʣʝʥʠʝ ʦʩʥʦʚʥʳʭ ʠ 

ʩʤʝʞʥʳʭ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʳʭ ʨʫʙʨʠʢ. 

ʈʝʟʫʣʴʪʘʪʳ ʧʘʪʝʥʪʥʦʛʦ ʧʦʠʩʢʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʅʀʈ ʠ 

ʆʂʈ ʥʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʩʪʘʜʠʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʜʣʷ ʦʬʦʨʤʣʝʥʠʷ ʪʝʭʥʠ-

ʯʝʩʢʦʛʦ ʟʘʜʘʥʠʷ ʠ ʢʦʥʢʨʝʪʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʝʜʣʦʞʝʥʠʷ ʧʦ ʧʨʦʝʢʪʫ. 

ʊʝʭʥʠʯʝʩʢʦʝ ʟʘʜʘʥʠʝ ʥʘ ʅʀʈ ʤʦʞʝʪ ʩʦʩʪʘʚʣʷʪʴʩʷ ʥʘ ʙʘʟʝ ʩʣʝʜʫʶɦ ʝʡ 

ʩʪʨʫʢʪʫʨʳ: 

ï ʪʠʪʫʣʴʥʳʡ ʣʠʩʪ, ʩʦʜʝʨʞʘʱʠʡ ʩʦʛʣʘʩʫʶʱʠʝ ʧʦʜʧʠʩʠ, ʥʘʟʚʘʥʠʝ ʠ 

ʰʠʬʨ ʨʘʙʦʪʳ, ʛʦʜ ʩʦʩʪʘʚʣʝʥʠʷ ʊɿ; 

ï  ʦʩʥʦʚʘʥʠʝ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʩʦʩʪʘʚʥʦʡ ʯʘʩʪʠ ʅʀʈ. ʆʩʥʦʚʘʥʠʝʤ ʜʣʷ 

ʚʳʧʦʣʥʝʥʠʷ ʅʀʈ ʤʦʞʝʪ ʷʚʣʷʪʴʩʷ ʧʦʩʪʘʥʦʚʣʝʥʠʝ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʧʦ ʚʳ-

ʧʦʣʥʝʥʠʶ ʪʦʡ ʠʣʠ ʠʥʦʡ ʧʨʦʛʨʘʤʤʳ, ʟʘʢʣʶʯʝʥʥʳʡ ʜʦʛʦʚʦʨ ʤʝʞʜʫ ʠʩʧʦʣ-

ʥʠʪʝʣʝʤ ʠ ʟʘʢʘʟʯʠʢʦʤ; 

ï  ʮʝʣʠ ʠ ʟʘʜʘʯʠ ʩʦʩʪʘʚʥʦʡ ʯʘʩʪʠ ʅʀʈ; 

ï ʪʨʝʙʦʚʘʥʠʷ ʢ ʚʳʧʦʣʥʝʥʠʶ ʅʀʈ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʚʢʣʶʯʘʪʴ ʪʨʝʙʦʚʘ-

ʥʠʷ ʢ ʠʩʧʦʣʴʟʫʝʤʳʤ ʤʝʪʦʜʘʤ ʘʥʘʣʠʟʘ, ʤʦʜʝʣʠʨʦʚʘʥʠʷ (ʥʘʧʨʠʤʝʨ, ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʝ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʠʣʠ ʥʘʪʫʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ), ʢ ʪʝʭʥʦʣʦʛʠʷʤ, ʢ 

ʩʪʝʧʝʥʠ ʫʥʠʬʠʢʘʮʠʠ. ʊʘʢʞʝ ʪʨʝʙʦʚʘʥʠʷ ʩʦʜʝʨʞʘʪ ʩʩʳʣʢʠ ʥʘ ɻʆʉʊʳ ʚ ʯʘ-

ʩʪʠ ʧʨʦʚʝʜʝʥʠʷ ʧʘʪʝʥʪʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʩʩʳʣʦʢ ʥʘ ʣʠʪʝʨʘʪʫʨʥʳʝ ʠʩʪʦʯ-

ʥʠʢʠ ʠ ʧʨ.; 

ï ʪʝʭʥʠʯʝʩʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʨʦʙʦʪʫ, ʚ ʪʦʤ ʯʠʩʣʝ: ʚʳʧʦʣʥʷʝʤʳʝ ʬʫʥʢ-

ʮʠʠ (ʥʘʧʨʠʤʝʨ, ʜʠʩʪʘʥʮʠʦʥʥʳʡ ʨʝʞʠʤ, ʘʚʪʦʥʦʤʥʦʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ, 

ʥʘʣʠʯʠʝ ʧʦʜʚʠʞʥʳʭ ʠʣʠ ʥʝʧʦʜʚʠʞʥʳʭ ʧʨʝʧʷʪʩʪʚʠʡ); ʪʝʭʥʠʯʝʩʢʠʝ ʧʘʨʘ-

ʤʝʪʨʳ (ʥʘʧʨʠʤʝʨ, ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ, ʜʘʣʥɹʦʩʪʴ ʜʝʡʩʪʚʠʷ, ʚʳʩʦʪʘ ʧʦʣʝʪʘ, 
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ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ, ʧʦʛʨʝʰʥʦʩʪʠ); ʪʨʝʙʦʚʘʥʠʷ ʧʦ 

ʥʘʜʝʞʥʦʩʪʠ ʠʣʠ ʚʝʨʦʷʪʥʦʩʪʴ ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ; 

ï ʢʘʣʝʥʜʘʨʥʳʡ ʧʣʘʥ, ʚ ʢʦʪʦʨʦʤ ʧʝʨʝʯʠʩʣʷʶʪʩʷ ʵʪʘʧʳ ʅʀʈ, ʧʝʨʝʯʝʥʴ 

ʚʳʜʘʚʘʝʤʦʡ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʧʨʦʜʫʢʮʠʠ ʥʘ ʢʘʞʜʦʤ ʵʪʘʧʝ, ʩʨʦʢʠ ʠʩ-

ʧʦʣʥʝʥʠʷ ʢʘʞʜʦʛʦ ʵʪʘʧʘ; 

ï  ʪʨʝʙʦʚʘʥʠʷ ʢ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ, ʢʦʪʦʨʳʝ ʦʙʳʯʥʦ ʟʘ-

ʢʣʶʯʘʶʪʩʷ ʚ ʫʢʘʟʘʥʠʠ ʧʝʨʝʯʥʷ ɻʆʉʊʦʚ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʦʪʦʨʳʤʠ ʚʳ-

ʧʦʣʥʷʝʪʩʷ ʅʀʈ. ʊʘʢʞʝ ʫʢʘʟʳʚʘʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ ʵʢʟʝʤʧʣʷʨʦʚ ʠ ʬʦʨʤʘʪ 

ʵʣʝʢʪʨʦʥʥʦʛʦ ʜʦʢʫʤʝʥʪʘ; 

ï ʧʦʨʷʜʦʢ ʚʳʧʦʣʥʝʥʠʷ ʠ ʧʨʠʝʤʢʠ ʅʀʈ (ʵʪʘʧʦʚ ʅʀʈ), ʢʦʪʦʨʡr ʩʦʜʝʨ-

ʞʠʪ: ʩʩʳʣʢʫ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ɻʆʉʊ (ʥʘʧʨʠʤʝʨ, ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʢʦʥ-

ʪʨʘʢʪʦʚ ʧʦ ʟʘʢʘʟʫ ʄʠʥʠʩʪʝʨʩʪʚʘ ʦʙʦʨʦʥʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʦʙʩʪʚʝʥʥʳʝ ɻʆ-

ʉʊʳ [12]); ʧʦʨʷʜʦʢ ʨʘʟʨʘʙʦʪʢʠ ʠ ʩʦʛʣʘʩʦʚʘʥʠʷ ʧʣʘʥʘ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪ; 

ʧʦʨʷʜʦʢ ʠʩʧʳʪʘʥʠʡ ʪʘʢʠʭ ʤʘʢʝʪʦʚ (ʤʦʜʝʣʝʡ); ʧʦʨʷʜʦʢ ʨʘʩʩʤʦʪʨʝʥʠʷ ʨʝ-

ʟʫʣʴʪʘʪʦʚ ʵʪʘʧʦʚ ʅʀʈ; 

ï ʪʨʝʙʦʚʘʥʠʷ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʩʦʭʨʘʥʝʥʠʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʪʘʡʥʳ [13] 

ʠ ʫʩʣʦʚʠʷ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʠ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʅʀʈ; 

ï  ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʪʨʝʙʦʚʘʥʠʷ: ʩʪʦʠʤʦʩʪʠ ʵʪʘʧʦʚ, ʤʦʜʝʣʴ ʮʝ-

ʥʳ (ʪʚʝʨʜʘʷ ʬʠʢʩʠʨʦʚʘʥʥʘʷ ʠʣʠ ʬʠʢʩʠʨʦʚʘʥʥʘʷ ʢʦʨʨʝʢʪʠʨʫʝʤʘʷ). 

ʄʝʪʦʜʳ, ʧʨʠʤʝʥʷʝʤʳʝ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʅʀʈ, ʚʢʣʯʁʘʪʁ ʚ ʩʝʙʷ ʨʘʟ-

ʣʠʯʥʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʨʘʩʯʝʪʘ ʫʩʪʦʡʯʠʚʦʩʪʠ, ʘʥʘʣʠʟʘ ʫʧʨʘʚʣʷʝ-

ʤʦʩʪʠ, ʤʝʪʦʜʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʘʵʨʦʜʠʥʘʤʠʢʠ, ʤʝʭʘʥʠʢʠ, ʵʣʝʢʪʨʦʤʝʭʘʥʠ-

ʢʠ, ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʥʳʭ ʠ ʵʣʝʢʪʨʦʥʥʳʭ ʧʦʜʩʠʩʪʝʤ ʨʦʙʦʪʘ. ɺ ʅʀʈ ʪʘʢʞʝ 

ʧʨʠʤʝʥʷʶʪʩʷ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʤʝʪʦʜʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʠʤʠʪʘʮʠʠ ʪʝʭʥʠʯʝ-

ʩʢʠʭ ʩʠʩʪʝʤ ʩ ʮʝʣʴʶ ʠʭ ʦʧʪʠʤʠʟʘʮʠʠ ʠ ʧʨʦʚʝʨʢʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ. ʐʠ-

ʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʘʢʞʝ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

(ʉɸʇʈ). 

ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʭ ʨʘʙʦʪ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʷʚʣʷʝʪʩʷ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝ ʙʘʟ ʜʘʥʥʳʭ, ʩʦʜʝʨʞʘʱʠʭ  ʠʟʚʝʩʪʥʳʝ ʨʝʰʝʥʠʷ ʧʨʠʤʝʥʠʪʝʣʴʥʦ 

ʢ ʨʦʙʦʪʦʪʝʭʥʠʯʝʩʢʠʤ ʩʠʩʪʝʤʘʤ. ʇʨʠ ʥʘʣʠʯʠʠ ʪʘʢʦʡ ʙʘʟʳ ʜʘʥʥʳʭ ʤʦʞʥʦ 

ʚʳʙʨʘʪʴ ʥʘʠʙʦʣʝʝ ʙʣʠʟʢʠʡ ʧʨʦʪʦʪʠʧ ʠ ʤʦʜʝʨʥʠʟʠʨʦʚʘʪʴ ʝʛʦ ʜʣʷ ʧʦʣʫʯʝ-

ʥʠʷ ʥʫʞʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ. 

1.4. Ƚɔɝɞɑɘɧ ɌɎɞɚɘɌɞɔɓɔɜɚɎɌəəɚɏɚ ɛɜɚɑɖɞɔɜɚɎɌəɔɫ 

ʉʝʛʦʜʥʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʨʘʟʨʘʙʘʪʳʚʘ-

ʶʪʩʷ ʠ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʚʩʝʭ ʵʪʘʧʦʚ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʨʦʙʦʪʦʪʝʭʥʠʯʝ-

ʩʢʦʛʦ ʩʨʝʜʩʪʚʘ. ɼʣʷ ʨʦʙʦʪʦʚ ʩʫʱʝʩʪʚʫʝʪ ʤʦʜʝʣʴ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ, ʚʢʣʶ-

ʯʘʶʱʘʷ ʚ ʩʝʙʷ ʵʪʘʧʳ: 

ï ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʨʦʙʦʪʘ; 

ï ʧʦʜʛʦʪʦʚʢʘ ʧʨʦʠʟʚʦʜʩʪʚʘ; 

ï ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ ʨʝʘʣʠʟʘʮʠʷ; 

ï ʵʢʩʧʣʫʘʪʘʮʠʷ; 
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ï ʫʪʠʣʠʟʘʮʠʷ. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʳʧʦʣʥʷʝʤʳʭ ʟʘʜʘʯ ʨʘʟʣʠʯʘʶʪ ʩʣʝʜʫʶʱʠʝ ʨʘʟʥʦ-

ʚʠʜʥʦʩʪʠ ʉɸʇʈ: 

1) CAE ï Computer Aided Engineering (ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʨʘʩʯʝʪʳ ʠ 

ʘʥʘʣʠʟ); 

2) CAD ï Computer Aided Design (ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʝ ʧʨʦʝʢʪʠʨʦʚʘ-

ʥʠʝ); 

3) CAM ï Computer Aided Manufacturing (ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʪʝʭʥʦ-

ʣʦʛʠʯʝʩʢʘʷ ʧʦʜʛʦʪʦʚʢʘ ʧʨʦʠʟʚʦʜʩʪʚʘ); 

4) PDM ï Product Data Management (ʫʧʨʘʚʣʝʥʠʝ ʧʨʦʝʢʪʥʳʤʠ ʜʘʥʥʳ-

ʤʠ); 

5) ERP ï Enterprise Resource Planning (ʧʣʘʥʠʨʦʚʘʥʠʝ ʠ ʫʧʨʘʚʣʝʥʠʝ 

ʧʨʝʜʧʨʠʷʪʠʝʤ); 

6) MRP-2 ï Manufacturing Requirement Planning (ʧʣʘʥʠʨʦʚʘʥʠʝ ʧʨʦʠʟ-

ʚʦʜʩʪʚʘ); 

7) MES ï Manufacturing Execution System (ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʘʷ ʠʩʧʦʣʥʠ-

ʪʝʣʴʥʘʷ ʩʠʩʪʝʤʘ); 

8) SCM ï Supply Chain Management (ʫʧʨʘʚʣʝʥʠʝ ʮʝʧʦʯʢʘʤʠ ʧʦʩʪʘʚʦʢ); 

9) CRM ï Customer Relationship Management (ʫʧʨʘʚʣʝʥʠʝ ʚʟʘʠʤʦʦʪ-

ʥʦʰʝʥʠʷʤʠ ʩ ʟʘʢʘʟʯʠʢʘʤʠ); 

10) SCADA ï Supervisory Control and Data Acquisition (ʜʠʩʧʝʪʯʝʨʩʢʦʝ 

ʫʧʨʘʚʣʝʥʠʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ); 

11) CNC ï Computer Numerical Control (ʢʦʤʧʴʶʪʝʨʥʦʝ ʯʠʩʣʦʚʦʝ 

ʫʧʨʘʚʣʝʥʠʝ); 

12) S&SM ï Sales and Service Management (ʫʧʨʘʚʣʝʥʠʝ ʧʨʦʜʘʞʘʤʠ ʠ 

ʦʙʩʣʫʞʠʚʘʥʠʝʤ); 

13) CPC ï Collaborative Product Commerce (ʩʦʚʤʝʩʪʥʳʡ ʵʣʝʢʪʨʦʥʥʳʡ 

ʙʠʟʥʝʩ). 

ʉʨʝʜʠ ʩʨʝʜʩʪʚ ʉɸʇʈ ʚʳʜʝʣʷʶʪ ʧʨʦʝʢʪʠʨʫʶʱʠʝ ʠ ʦʙʩʣʫʞʠʚʘʶʱʠʝ 

ʩʠʩʪʝʤʳ. ʇʨʦʝʢʪʠʨʫʶʱʠʝ ʩʠʩʪʝʤʳ ʚʳʧʦʣʥʷʶʪ ʧʨʦʝʢʪʥʳʝ ʧʨʦʮʝʜʫʨʳ, 

ʥʘʧʨʠʤʝʨ ʩʠʩʪʝʤʘ ʪʨʝʭʤʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʠʩ-

ʩʣʝʜʦʚʘʥʠʷ, ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʠʥʘʤʠʢʠ, ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʡ ʜʦ-

ʢʫʤʝʥʪʘʮʠʠ, ʪʨʘʩʩʠʨʦʚʢʠ ʧʝʯʘʪʥʳʭ ʧʣʘʪ. ʆʙʩʣʫʞʠʚʘʶʱʠʝ ʩʠʩʪʝʤʳ ʦʙʝʩ-

ʧʝʯʠʚʘʶʪ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʧʨʦʝʢʪʠʨʫʶʱʠʭ ʧʦʜʩʠʩʪʝʤ. 

ʉʫʱʝʩʪʚʫʝʪ ʩʝʤʴ ʚʠʜʦʚ ʦʙʝʩʧʝʯʝʥʠʷ ʉɸʇʈ: 

ï ʪʝʭʥʠʯʝʩʢʦʝ, ʚʢʣʶʯʘʶʱʝʝ ʘʧʧʘʨʘʪʥʳʝ ʩʨʝʜʩʪʚʘ; 

ï ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ, ʦʙʲʝʜʠʥʷʶʱʝʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ, ʤʦʜʝʣʠ ʠ 

ʘʣʛʦʨʠʪʤʳ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ; 

ï ʧʨʦʛʨʘʤʤʥʦʝ, ʧʨʝʜʩʪʘʚʣʷʝʤʦʝ ʢʦʤʧʴʶʪʝʨʥʳʤʠ ʧʨʦʛʨʘʤʤʘʤʠ ʉɸʇʈ; 

ï ʠʥʬʦʨʤʘʮʠʦʥʥʦʝ, ʩʦʩʪʦʷʱʝʝ ʠʟ ʙʘʟʳ ʜʘʥʥʳʭ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʨʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ; 

ï ʣʠʥʛʚʠʩʪʠʯʝʩʢʦʝ (ʷʟʳʢʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʠ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ); 
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ï ʤʝʪʦʜʠʯʝʩʢʦʝ, ʚʢʣʶʯʘʶʱʝʝ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʠʢʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ; 

ï ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʝ, ʧʨʝʜʩʪʘʚʣʷʝʤʦʝ ʰʪʘʪʥʳʤʠ ʨʘʩʧʠʩʘʥʠʷʤʠ, ʜʦʣʞ-

ʥʦʩʪʥʳʤʠ ʠʥʩʪʨʫʢʮʠʷʤʠ ʠ ʧʨ. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʙʣʘʩʪʠ ʧʨʠʣʦʞʝʥʠʡ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʣʝʜʫʶʱʠʝ 

ʛʨʫʧʧʳ ʉɸʇʈ: 

1. ʉɸʇʈ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʦʪʨʘʩʣʷʭ ʦʙʱʝʛʦ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ. 

2. ʉɸʇʈ ʜʣʷ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ. 

3. ʉɸʇʈ ʚ ʦʙʣʘʩʪʠ ʘʨʭʠʪʝʢʪʫʨʳ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ. 

ʊʘʢʞʝ ʉɸʇʈ ʢʣʘʩʩʠʬʠʮʠʨʫʶʪʩʷ ʧʦ ʪʠʧʫ ʙʘʟʦʚʦʡ ʧʦʜʩʠʩʪʝʤʳ: 

1) ʉɸʇʈ ʥʘ ʙʘʟʝ ʤʘʰʠʥʥʦʡ ʛʨʘʬʠʢʠ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘ-

ʥʠʷ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠ,̫ ʦʧʨʝʜʝʣʝʥʠʝ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʬʦʨʤ ʠ ʚʟʘʠʤʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʦʙʲʝʢʪʦʚ. 

2) ʉɸʇʈ ʥʘ ʙʘʟʝ ʙʘʟ ʜʘʥʥʳʭ, ʚ ʢʦʪʦʨʳʭ ʧʨʠ ʥʝʙʦʣʴʰʦʤ ʦʙʲʝʤʝ ʤʘʪʝ-

ʤʘʪʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʦʙʨʘʙʘʪʳʚʘʝʪʩʷ ʙʦʣʴʰʦʡ ʦʙʲʝʤ ʜʘʥʥʳʭ. 

3) ʉɸʇʈ ʥʘ ʙʘʟʝ ʢʦʥʢʨʝʪʥʦʛʦ ʧʨʠʢʣʘʜʥʦʛʦ ʧʘʢʝʪʘ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚ-

ʣʷʶʪ ʩʦʙʦʡ ʘʚʪʦʥʦʤʥʦ ʠʩʧʦʣʴʟʫʝʤʳʝ ʧʘʢʝʪʳ, ʥʘʧʨʠʤʝʨ, ʧʨʦʛʨʘʤʤʳ ʣʦʛʠ-

ʯʝʩʢʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʥʘ ʙʘʟʝ ʷʟʳʢʘ VHDL, ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʧʘʢʝʪʳ ʪʠ-

ʧʘ MathCAD, Matlab, Maple. 

4) ʂʦʤʧʣʝʢʩʥʳʝ ʉɸʇʈ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʩʦʚʦʢʫʧʥʦʩʪʠ ʧʦʜʩʠʩʪʝʤ 

ʧʨʝʜʳʜʫʱʠʭ ʚʠʜʦʚ. 

1.5. ȸɚɐɑɗɔɜɚɎɌəɔɑ ɔ ɌəɌɗɔɓ ɜɚɍɚɞɚɎ 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʘʥʘʣʠʟ ʟʘʥʠʤʘʶʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʤʝʩʪʦ ʧʨʠ ʧʨʦʝʢʪʠ-

ʨʦʚʘʥʠʠ ʨʦʙʦʪʦʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. ʄʝʩʪʦ ʤʦʜʝʣʠ ʠ ʝʝ ʘʥʘʣʠʟ ʚ ʧʨʦʮʝʜʫ-

ʨʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʧʨʠʥʷʪʦʡ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ, ʧʨʝʜ-

ʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 1.3. 

ʉʦʛʣʘʩʥʦ ʢʣʘʩʩʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʫʧʨʘʚʣʝʥʠʷ, ʧʨʦʮʝʜʫʨʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ 

ʩʠʥʪʝʟʘ ʨʦʙʦʪʘ ʩʦʩʪʦʠʪ ʠʟ ʩʣʝʜʫʶʱʠʭ ʵʪʘʧʦʚ [14]: 

ï ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ, ʬʦʨʤʫʣʠʨʦʚʢʘ ʢʨʠʪʝʨʠʝʚ ʠ ʧʦʩʪʨʦʝʥʠʝ ʤʦʜʝʣʠ 

ʨʦʙʦʪʘ; 

ï ʘʥʘʣʠʟ ʤʦʜʝʣʠ ʠ ʢʦʨʨʝʢʪʠʨʦʚʢʘ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʫʧʨʘʚʣʝʥʠʷ 

ʠʣʠ ʤʦʜʝʣʠ; 

ï ʩʠʥʪʝʟ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʜʘʥʥʳʤʠ ʢʨʠʪʝʨʠʷ-

ʤʠ; 

ï ʘʥʘʣʠʟ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʨʦʙʦʪʦʤ; 

ï ʩʪʨʫʢʪʫʨʥʦ-ʘʣʛʦʨʠʪʤʠʯʝʩʢʘʷ ʠ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʘʷ ʨʝʘʣʠʟʘʮʠʷ 

ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʨʦʙʦʪʘ. 

ɺʳʧʦʣʥʝʥʠʝ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʵʪʘʧʦʚ ʷʚʣʷʝʪʩʷ ʠʪʝʨʘʮʠʦʥʥʦʡ ʧʨʦʮʝʜʫ-

ʨʦʡ, ʚʦʟʤʦʞʥʳ ʧʝʨʝʭʦʜʳ ʢ ʧʨʝʜʳʜʫʱʠʤ ʵʪʘʧʘʤ ʩ ʮʝʣʴʶ ʫʪʦʯʥʝʥʠʷ ʤʦʜʝ-

ʣʠ ʨʦʙʦʪʘ, ʠʟʤʝʥʝʥʠʷ ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯʠ ʠʣʠ ʧʦʚʪʦʨʥʦʤʫ ʩʠʥʪʝʟʫ ʩʠʩʪʝʤʳ 

ʫʧʨʘʚʣʝʥʠʷ ʧʦ ʨʝʟʫʣʪɹʘʪʘʤ ʝʝ ʘʥʘʣʠʟʘ. 
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ʂʘʞʜʳʡ ʠʟ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʵʪʘʧʦʚ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ, ʦʜʥʘʢʦ ʚ 

ʢʘʞʜʦʤ ʢʦʥʢʨʝʪʥʦʤ ʩʣʫʯʘʝ ʟʥʘʯʠʤʦʩʪʴ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʵʪʘʧʘ ʤʦʞʝʪ ʧʨʝʚʘ-

ʣʠʨʦʚʘʪʴ ʥʘʜ ʦʩʪʘʣʥɹʳʤʠ. 

ʈʠʩ. 1.3. ʇʨʦʮʝʜʫʨʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʨʦʙʦʪʘ 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʚʝʜʝʥʠʷ ʨʦʙʦʪʘ ʧʦ ʝʛʦ ʤʦʜʝʣʠ ʥʘʠʣʫʯʰʠʤʠ ʤʦ-

ʜʝʣʷʤʠ ʷʚʣʷʶʪʩʷ ʪʝ, ʢʦʪʦʨʳʝ ʧʦʩʪʨʦʝʥʳ ʥʘ ʦʩʥʦʚʝ ʬʠʟʠʯʝʩʢʠʭ (ʤʝʭʘʥʠʯʝ-

ʩʢʠʭ, ɻ ʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʭ ʠ ʜʨ.) ʟʘʢʦʥʦʚ, ʦʧʠʩʳʚʘʶʱʠʭ ʨʦʙʦʪ. 

ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʫʧʨʘʚʣʝʥʠʡ ʯʘʩʪʦ ʜʦʩʪʘʪʦʯʥʦ ʦʧʨʝʜʝʣʠʪʴ ʨʝʘʢʮʠʶ 

ʨʦʙʦʪʘ ʥʘ ʚʦʟʜʝʡʩʪʚʠʝ, ʥʘʧʨʠʤʝʨ ʚ ʚʠʜʝ ʧʝʨʝʭʦʜʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʣʠ 

ʧʝʨʝʜʘʪʦʯʥʦʡ ʬʫʥʢʮʠʠ. 

ʅʘ ʥʘʯʘʣʴʥʳʭ ʵʪʘʧʘʭ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʝʡ, ʢʦʛʜʘ ʧʨʦʠʩʭʦʜʠʪ ʢʘʯʝ-

ʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ ʨʦʙʦʪʘ, ʩʪʨʦʷʪʩʷ ʦʧʠʩʘʪʝʣʴʥʳʝ ʤʦʜʝʣʠ, ʦʪʨʘʞʘʶʱʠʝ ʦʩ-

ʥʦʚʥʳʝ ʢʘʯʝʩʪʚʝʥʥʳʝ ʠ ʩʪʨʫʢʪʫʨʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ. 

ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʠ ʦʩʥʦʚʥʳʝ ʪʠʧʳ ʤʦʜʝʣʝʡ ʨʦʙʦʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ 

ʨʠʩ. 1.4. 

ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʨʦʙʦʪʘ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʤʦʜʝʣʴ, ʥʝʦʙʭʦʜʠʤʫʶ 

ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʫʧʨʘʚʣʝʥʠʷ. ʇʨʠ ʵʪʦʤ ʫʞʝ ʥʘ ʵʪʦʤ ʵʪʘʧʝ ʫʯʠʪʳʚʘʝʪʩʷ ʮʝ-

ʣʝʚʘʷ ʬʫʥʢʮʠʷ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ. ʈʦʙʦʪʳ ʦʪʥʦʩʷʪʩʷ ʢ ʦʙʲʝʢʪʘʤ, ʩʪʨʫʢ-

ʪʫʨʘ ʢʦʪʦʨʳʭ ʭʦʨʦʰʦ ʠʟʫʯʝʥʘ ʠ ʢʦʪʦʨʳʝ ʬʫʥʢʮʠʦʥʠʨʫʶʪ ʚ ʟʘʨʘʥʝʝ ʦʧʨʝ-

ʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ. ɼʣʷ ʪʘʢʠʭ ʦʙʲʝʢʪʦʚ ʚʦʟʤʦʞʥʦ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʧʦʩʪʨʦ-

ʝʥʠʝ ʤʦʜʝʣʠ ʩ ʫʪʦʯʥʝʥʠʝʤ ʧʘʨʘʤʝʪʨʦʚ ʩ ʧʦʤʦʱʴʶ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ [15]. 

ɸʥʘʣʠʟ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʨʦʙʦʪʘ ʩʚʦʜʠʪʩʷ ʢ ʘʥʘʣʠʟʫ ʝʛʦ ʫʩʪʦʡ-

ʯʠʚʦʩʪʠ, ʫʧʨʘʚʣʷʝʤʦʩʪʠ ʠ ʥʘʙʣʶʜʘʝʤʦʩʪʠ. 

ʇʦʜ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʧʦʥʠʤʘʝʪʩʷ ʩʚʦʡʩʪʚʦ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʚʦʟ-

ʚʨʘʱʘʪʴʩʷ ʚ ʧʦʣʦʞʝʥʠʝ ʨʘʚʥʦʚʝʩʠʷ ʠʟ ʥʝʢʦʪʦʨʦʡ ʝʛʦ ʦʢʨʝʩʪʥʦʩʪʠ ʧʨʠ ʦʪ-

ʩʫʪʩʪʚʠʠ ʚʥʝʰʥʠʭ ʚʦʟʤʫʱʘʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʡ [16]. 
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ʉʚʦʡʩʪʚʦ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʦʣʦʞʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ ʩʠʩʪʝʤʳ ʧʦʷʩʥʷʝʪʩʷ ʥʘ 

ʨʠʩ. 1.5, ʠʟ ʢʦʪʦʨʦʛʦ ʚʠʜʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʫʩʪʦʡʯʠʚʳʭ ʠ ʥʝʫʩʪʦʡʯʠʚʳʭ ʩʦ-

ʩʪʦʷʥʠʡ: 

˿͔͔ͦ͒ͪ͗͊ͭ͡Έͤ·͔ ͔͙ͣͦ͒͡Υ 
ͫͭͪͯͭͯͪ͊͟Τ ͙ͨͪ;͙ͤͤͦ-

͔͍͔ͫ͒ͫͭͤͤ͡·͔ ͍ͫΎ͙͘Τ  ͙͙͔ͦͨͫ͊ͤ 
ͺͯͤ͟ͼ͙͚Φ

˸͔ͦ͒͡Έ ͙ͨͦͤ͊ͤ͘Ύ

̅ͦͪͣ͊͡Έͤ·͔ ͔͙ͣͦ͒͡Υ
-͔͙ͣ͊ͭͣ͊ͭ;͔͙͔ͫ͟ ͔͙ͣͦ͒͡Τ

-ͦͣͨ͟ΈΌ͔ͭͪͤ·͔ ͙͙ͣͭ͊ͭͦͪ·Φ

͙͙̅͘;͔͙͔ͫ͟ ͔͙ͣͦ͒͡

 

ʈʠʩ. 1.4. ʄʦʜʝʣʠ ʨʦʙʦʪʦʚ 

ï ʝʩʣʠ ʧʦʣʦʞʝʥʠʝ ʨʘʚʥʦʚʝʩʠʷ ʫʩʪʦʡʯʠʚʦ, ʪʦ ʦʙʲʝʢʪ ʧʨʠʪʷʛʠʚʘʝʪʩʷ ʢ 

ʥʝʤʫ ʠʟ ʥʝʢʦʪʦʨʦʡ ʦʢʨʝʩʪʥʦʩʪʠ, ʥʘʟʳʚʘʝʤʦʡ ʦʙʣʘʩʪʴʶ ʫʩʪʦʡʯʠʚʦʩʪʠ. ɺ 

ʥʝʢʦʪʦʨʳʭ ʧʨʠʣʦʞʝʥʠʷʭ, ʥʘʧʨʠʤʝʨ ʥʝʣʠʥʝʡʥʦʡ ʜʠʥʘʤʠʢʝ, ʪʘʢʠʝ ʧʦʣʦʞʝ-

ʥʠʷ ʥʘʟʳʚʘʶʪ ʘʪʪʨʘʢʪʦʨʘʤʠ; 

ï ʚ ʩʣʫʯʘʝ ʥʝʫʩʪʦʡʯʠʚʦʛʦ ʧʦʣʦʞʝʥʠʷ ʦʙʲʝʢʪ ʦʪʪʘʣʢʠʚʘʝʪʩʷ ʦʪ ʥʝʛʦ, ʚ 

ʥʝʣʠʥʝʡʥʦʡ ʜʠʥʘʤʠʢʝ ʪʘʢʠʝ ʧʦʣʦʞʝʥʠʷ ʥʘʟʳʚʘʶʪ ʨʝʧʝʣʣʝʨʘʤʠ. 

͚̂ͫͭͦ;͙͍͔ͦ ͔͙͔ͨͦͦ͗ͤ͡ ͍͍͔͙ͪ͊ͤͦͫΎ

˹͔͚ͯͫͭͦ;͙͍͔ͦ ͔͙͔ͨͦͦ͗ͤ͡ ͍͍͔͙ͪ͊ͤͦͫΎ˹͔͚ͯͫͭͦ;͙͍͔ͦ ͔͙͔ͨͦͦ͗ͤ͡ ͍͍͔͙ͪ͊ͤͦͫΎ

˻͋͊ͫͭ͡Έ ͚ͯͫͭͦ;͙͍͙ͦͫͭ
 

ʈʠʩ. 1.5. ʋʩʪʦʡʯʠʚʳʝ ʠ ʥʝʫʩʪʦʡʯʠʚʳʝ ʧʦʣʦʞʝʥʠʷ 

ʇʨʠʜʘʥʠʝ ʩʦʩʪʦʷʥʠʶ ʨʘʚʥʦʚʝʩʠʷ ʩʚʦʡʩʪʚʘ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʦʟʚʦʣʷʝʪ 

ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʟʘʪʨʘʪ ʫʜʝʨʞʠʚʘʪʴ ʦʙʲʝʢʪ ʚ ʵʪʦʤ ʩʦ-

ʩʪʦʷʥʠʠ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʫʩʪʦʡʯʠʚʦʩʪʴ ï ʦʙʷʟʘ-

ʪʝʣʴʥʦʝ ʩʚʦʡʩʪʚʦ ʮʝʣʝʚʳʭ ʩʦʩʪʦʷʥʠʡ ʫʧʨʘʚʣʷʝʤʳʭ ʨʦʙʦʪʦʚ. 
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ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʨʷʜ ʟʘʜʘʯ, ʚ ʢʦʪʦʨʳʭ ʪʨʝʙʫʝʪʩʷ ʦʨʛʘ-

ʥʠʟʘʮʠʷ ʥʝʫʩʪʦʡʯʠʚʳʭ ʧʦʣʦʞʝʥʠʡ ʨʘʚʥʦʚʝʩʠʷ. ɺ ʯʘʩʪʥʦʩʪʠ, ʚ ʨʘʙʦʪʘʭ [17, 

18] ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʧʨʦʩʳ ʦʨʛʘʥʠʟʘʮʠʠ ʨʝʞʠʤʦʚ ʜʚʠʞʝʥʠʷ ʧʦʜʚʠʞʥʳʭ 

ʦʙʲʝʢʪʦʚ, ʥʝʫʩʪʦʡʯʠʚʳʭ ʧʦ ʨʘʩʩʪʦʷʥʠʶ ʜʦ ʧʨʝʧʷʪʩʪʚʠʷ. 

ɸʥʘʣʠʟ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʠʩʪʝʤʳ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʪʝʦʨʠʠ ʃʷʧʫʥʦʚʘ [16, 

19], ʢʦʪʦʨʘʷ ʠʩʧʦʣʴʟʫʝʪ ʧʦʥʷʪʠʷ ʚʦʟʤʫʱʝʥʥʦʛʦ ʠ ʥʝʚʦʟʤʫʱʝʥʥʦʛʦ ʜʚʠʞʝ-

ʥʠʷ. ɼʚʠʞʝʥʠʝ x
0
(t) ʠʜʝʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ ʥʝʚʦʟʤʫʱʝʥʥʳʤ. ɼʚʠʞʝ-

ʥʠʝ x(t) ʨʝʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʧʦ ʃʷʧʫʥʦʚʫ ʥʘʟʳʚʘʝʪʩʷ ʚʦʟʤʫʱʝʥʥʳʤ. 

ʅʝʚʦʟʤʫʱʝʥʥʦʝ (ʠʜʝʘʣʴʥʦʝ) ʜʚʠʞʝʥʠʝ ʥʘʟʳʚʘʝʪʩʷ ʫʩʪʦʡʯʠʚʳʤ ʧʦ ʃʷ-

ʧʫʥʦʚʫ, ʝʩʣʠ ʤʘʣʳʝ ʥʘʯʘʣʴʥʳʝ ʦʪʢʣʦʥʝʥʠʷ ʤʝʞʜʫ ʚʦʟʤʫʱʝʥʥʳʤ ʠ ʥʝʚʦʟ-

ʤʫʱʝʥʥʳʤ ʜʚʠʞʝʥʠʷʤʠ ʦʩʪʘʶʪʩʷ ʤʘʣʳʤʠ ʚ ʧʨʦʮʝʩʩʝ ʜʚʠʞʝʥʠʷ ʩʠʩʪʝʤʳ. 

ɽʩʣʠ ʧʨʠ ʵʪʦʤ ʦʰʠʙʢʘ e(t) = x
0
(t) ï x(t) ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʩʪʨʝʤʠʪʩʷ 

ʢ ʥʫʣʶ, ʪʦ ʩʠʩʪʝʤʘ ʷʚʣʷʝʪʩʷ ʘʩʠʤʧʪʦʪʠʯʝʩʢʠ ʫʩʪʦʡʯʠʚʦʡ ʧʦ ʃʧ̫ʫʥʦʚʫ. 

ɽʩʣʠ ʞʝ ʚʦʟʤʫʱʝʥʥʦʝ ʜʚʠʞʝʥʠʝ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʩʠʣʴʥʦ ʦʪʢʣʦʥʷ-

ʝʪʩʷ ʦʪ ʥʝʚʦʟʤʫʱʝʥʥʦʛʦ ʜʚʠʞʝʥʠʷ, ʪʦ ʪʘʢʦʝ ʜʚʠʞʝʥʠʝ ʷʚʣʷʝʪʩʷ ʥʝʫʩʪʦʡ-

ʯʠʚʳʤ ʧʦ ʃʷʧʫʥʦʚʫ. 

ʇʨʠʤʝʨʳ ʫʩʪʦʡʯʠʚʳʭ ʠ ʥʝʫʩʪʦʡʯʠʚʳʭ ʜʚʠʞʝʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ 

ʨʠʩ. 1.6 ʠ 1.7. 

˹͔͍ͦͣͯ͘΅͔͔ͤͤͦ ͍͙͔͙͔͒͗ͤ()tx0

ˤͦͣͯ͘΅͔͔ͤͤͦ ͍͙͔͙͔͒͗ͤ()tx
 

ʈʠʩ. 1.6. ʋʩʪʦʡʯʠʚʦʝ ʜʚʠʞʝʥʠʝ 

˹͔͍ͦͣͯ͘΅͔͔ͤͤͦ ͍͙͔͙͔͒͗ͤ()tx0

ˤͦͣͯ͘΅͔͔ͤͤͦ ͍͙͔͙͔͒͗ͤ()tx

 

ʈʠʩ. 1.7. ʅʝʫʩʪʦʡʯʠʚʦʝ ʜʚʠʞʝʥʠʝ 

ɺ ʦʩʥʦʚʝ ʧʨʷʤʦʛʦ ʤʝʪʦʜʘ ʃʷʧʫʥʦʚʘ ʣʝʞʠʪ ʧʦʥʷʪʠʝ ʟʥʘʢʦʦʧʨʝʜʝʣʝʥ-

ʥʳʭ ʬʫʥʢʮʠʡ. ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʤʦʜʝʣʴ ʨʦʙʦʪʘ ʚ ʚʠʜʝ ʫʨʘʚʥʝʥʠʷ 

 
()

()xf
x
=

dt

td
, (1.1) 

ʛʜʝ ()tx  ï n ʚʝʢʪʦʨ ʧʝʨʝʤʝʥʥʳʭ ʩʦʩʪʦʷʥʠʷ; ()xf  ï ʬʫʥʢʮʠʷ, ʫʜʦʚʣʝʪʚʦʨʷʶ-

ʱʘʷ ʫʩʣʦʚʠʷʤ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʨʝʰʝʥʠʷ. 
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ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʨʷʤʳʤ ʤʝʪʦʜʦʤ ʃʷʧʫʥʦʚʘ ʚʚʦʜʠʪʩʷ 

ʧʦʣʦʞʠʪʝʣʴʥʦ ʦʧʨʝʜʝʣʝʥʥʘʷ ʬʫʥʢʮʠʷ () 0>xV . ɼʘʣʝʝ ʚʳʯʠʩʣʷʝʪʩʷ ʧʨʦʠʟ-

ʚʦʜʥʘʷ ʧʦ ʚʨʝʤʝʥʠ ʦʪ ʬʫʥʢʮʠʠ ()xV  ʩ ʫʯʝʪʦʤ ʫʨʘʚʥʝʥʠʷ (1.1): 

 
() () () ()

() ()xxf
x

xx

x

xx
W

V

dt

tdV

dt

dV
=

µ

µ
=

µ

µ
= . (1.2) 

ʊʦʛʜʘ ʢʨʠʪʝʨʠʡ ʘʩʠʤʧʪʦʪʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʦ ʃʷʧʫʥʦʚʫ ʬʦʨʤʫ-

ʣʠʨʫʝʪʩʷ ʚ ʚʠʜʝ ʩʣʝʜʫʶʱʝʡ ʪʝʦʨʝʤʳ. 

ɽʩʣʠ ʜʣʷ ʩʠʩʪʝʤʳ (1.1) ʚ ʥʝʢʦʪʦʨʦʡ ʦʙʣʘʩʪʠ ʩʫʱʝʩʪʚʫʝʪ ʟʥʘʢʦʧʦ-

ʣʦʞʠʪʝʣʴʥʘʷ ʬʫʥʢʮʠʷ ()xV , ʧʨʦʠʟʚʦʜʥʘʷ ʧʦ ʚʨʝʤʝʥʠ ʢʦʪʦʨʦʡ ()xW , ʚʳʯʠʩ-

ʣʝʥʥʘʷ ʚ ʩʠʣʫ ʫʨʘʚʥʝʥʠʡ (1.1) ʷʚʣʷʝʪʩʷ ʦʪʨʠʮʘʪʝʣʴʥʦ ʦʧʨʝʜʝʣʝʥʥʦʡ, ʪʦ 

ʧʦʣʦʞʝʥʠʝ ʨʘʚʥʦʚʝʩʠʷ ʩʠʩʪʝʤʳ (1.1) ʷʚʣʷʝʪʩʷ ʘʩʠʤʧʪʦʪʠʯʝʩʢʠ ʫʩʪʦʡʯʠ-

ʚʳʤ. 

ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʫʩʣʦʚʠʡ ʪʝʦʨʝʤʳ ʬʫʥʢʮʠʷ ()xV  ʥʘʟʳʚʘʝʪʩʷ ʬʫʥʢʮʠʝʡ 

ʃʷʧʫʥʦʚʘ ʠ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʦʙʣʘʩʪʴ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʚʨʝʤʷ ʧʝʨʝʭʦʜ-

ʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʩʠʩʪʝʤʝ. ʂʨʦʤʝ ʪʦʛʦ, ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʘʷ ʪʝʦʨʝʤʘ ʥʝ 

ʥʘʢʣʘʜʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ ʥʘ ʬʫʥʢʮʠʶ ()xf , ʯʪʦ ʜʘʝʪ ʚʦʟ-

ʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʷʤʦʡ ʤʝʪʦʜ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʦʙʲʝʢʪʘʤ ʨʘʟʣʠʯ-

ʥʦʡ ʧʨʠʨʦʜʳ. 

ʂʦʛʜʘ ʟʘʜʘʥʘ ʞʝʣʘʝʤʘʷ ʪʨʘʝʢʪʦʨʠʷ ʜʚʠʞʝʥʠʷ x
0
 ʩʠʩʪʝʤʳ (1.1), ʪʦ ʚ ʥʝ-

ʢʦʪʦʨʦʡ ʝʝ ʦʙʣʘʩʪʠ ʤʦʞʥʦ ʧʨʠʤʝʥʠʪʴ ʧʨʦʮʝʜʫʨʫ ʣʠʥʝʘʨʠʟʘʮʠʠ, ʢʦʪʦʨʘʷ 

ʧʦʟʚʦʣʷʝʪ ʫʧʨʦʩʪʠʪʴ ʘʥʘʣʠʟ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʠʩʪʝʤʳ. ʇʨʦʮʝʜʫʨʘ ʣʠʥʝʘʨʠʟʘ-

ʮʠʠ ʤʦʜʝʣʠ (1.1) ʧʦʟʚʦʣʷʝʪ ʧʨʠʚʝʩʪʠ ʝʝ ʢ ʣʠʥʝʡʥʦʡ ʩʠʩʪʝʤʝ ʚʠʜʘ 

 
()

Ax
x
=

dt

td
, (1.3) 

ʛʜʝ 
()

0
xxx

xf
A

=µ

µ
=  ï ʤʘʪʨʠʮʘ ʧʦʩʪʦʷʥʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ. 

ɼʣʷ ʣʠʥʝʡʥʦʡ ʩʠʩʪʝʤʳ ʫʩʪʦʡʯʠʚʦʩʪʴ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʙʩʪʚʝʥʥʳʤʠ 

ʯʠʩʣʘʤʠ ʤʘʪʨʠʮʳ ɸ. 

ɽʩʣʠ ʚʩʝ ʩʦʙʩʪʚʝʥʥʳʝ ʯʠʩʣʘ ʤʘʪʨʠʮʳ A ʠʤʝʶʪ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʚʝʱʝ-

ʩʪʚʝʥʥʳʝ ʯʘʩʪʠ, ʪʦ ʨʝʰʝʥʠʝ ʚʝʢʪʦʨʥʦʛʦ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ 

(1.3) 

 () () ( )ñ= dtt Axx exp0  (1.4) 

ʩʪʨʝʤʠʪʩʷ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʢ ʥʫʣʶ, ʪ.ʝ. ʥʫʣʝʚʦʝ ʧʦʣʦʞʝʥʠʝ ʨʘʚʥʦʚʝʩʠʷ 

ʩʠʩʪʝʤʳ (1.1) ʚ̫ʣʷʝʪʩʷ ʘʩʠʤʧʪʦʪʠʯʝʩʢʠ ʫʩʪʦʡʯʠʚʳʤ ʧʦ ʃʷʧʫʥʦʚʫ. 

ɽʩʣʠ ʩʨʝʜʠ ʩʦʙʩʪʚʝʥʥʳʭ ʯʠʩʝʣ ʤʘʪʨʠʮʳ A ʠʤʝʶʪʩʷ ʪʘʢʠʝ, ʫ ʢʦʪʦʨʳʭ 

ʚʝʱʝʩʪʚʝʥʥʳʝ ʯʘʩʪʠ ʧʦʣʦʞʠʪʝʣʴʥʳʝ, ʪʦ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʨʝh ʝʥʠʝ (1.4) 

ʩʪʨʝʤʷʪʩʷ ʢ ʙʝʩʢʦʥʝʯʥʦʩʪʠ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʝʫʩʪʦʡʯʠʚʦʡ ʪʨʘʝʢʪʦʨʠʠ 

()tx . 
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ɽʩʣʠ ʞʝ ʩʦʙʩʪʚʝʥʥʳʝ ʯʠʩʣʘ ʤʘʪʨʠʮʳ A ʠʤʝʶʪ ʥʝ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʚʝ-

ʱʝʩʪʚʝʥʥʳʝ ʯʘʩʪʠ, ʪʦ ʛʦʚʦʨʷʪ, ʯʪʦ ʩʠʩʪʝʤʘ, ʦʧʠʩʳʚʘʝʤʘʷ ʤʦʜʝʣʴʶ (1.3), 

ʥʘʭʦʜʠʪʩʷ ʥʘ ʛʨʘʥʠʮʝ ʫʩʪʦʡʯʠʚʦʩʪʠ, ʘ ʘʥʘʣʠʟ ʪʨʘʝʢʪʦʨʠʡ ʜʚʠʞʝʥʠʷ ʩʠʩʪʝ-

ʤʳ (1.1) ʪʨʝʙʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʫʧʨʘʚʣʷʝʤʦʩʪʠ ʨʦʙʦʪʘ ʤʦʞʥʦ ʧʨʦʚʦʜʠʪʴ ʣʠʙʦ ʥʘ ʦʩʥʦ-

ʚʝ ʫʧʨʘʚʣʷʝʤʦʩʪʠ ʧʦ ʂʘʣʤʘʥʫ, ʣʠʙʦ ʥʘ ʦʩʥʦʚʝ ʫʧʨʘʚʣʷʝʤʦʩʪʠ ʧʦ ʇʷʪʥʠʮ-

ʢʦʤʫ. 

ʂʣʘʩʩʠʯʝʩʢʦʝ ʧʦʥʷʪʠʝ ʫʧʨʘʚʣʷʝʤʦʩʪʠ ʚ ʩʤʳʩʣʝ ʂʘʣʤʘʥʘ [20] ʤʦʞʥʦ 

ʪʨʘʢʪʦʚʘʪʴ ʢʘʢ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʩʪʨʦʠʪʴ ʪʘʢʦʝ ʫʧʨʘʚʣʷʶʱʝʝ ʚʦʟʜʝʡʩʪʚʠʝ, 

ʢʦʪʦʨʦʝ ʟʘ ʢʦʥʝʯʥʳʡ ʠʥʪʝʨʚʘʣ ʚʨʝʤʝʥʠ ʧʝʨʝʚʦʜʠʪ ʨʦʙʦʪ ʠʟ ʧʨʦʠʟʚʦʣʴʥʦʛʦ 

ʥʘʯʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʞʝʣʘʝʤʦʝ ʩʦʩʪʦʷʥʠʝ. ʅʘʧʨʠʤʝʨ, ʥʘ ʨʠʩ. 1.8 ʧʨʝʜ-

ʩʪʘʚʣʝʥʘ ʩʪʨʫʢʪʫʨʥʦ-ʥʝʫʧʨʘʚʣʷʝʤʘʷ ʩʠʩʪʝʤʘ, ʚ ʢʦʪʦʨʦʡ ʧʨʠʩʫʪʩʪʚʫʝʪ 

ʯʘʩʪʴ, ʥʝ ʧʦʜʚʝʨʞʝʥʥʘʷ ʚʦʟʜʝʡʩʪʚʠʶ ʫʧʨʘʚʣʝʥʠʷ. ɺ ʯʘʩʪʥʦʩʪʠ, ʥʝʫʧʨʘʚʣʷ-

ʝʤʦʡ ʯʘʩʪʴʶ ʩʠʩʪʝʤʳ ʜʣʷ ʨʦʙʦʪʘ ʤʦʞʝʪ ʙʳʪʴ ʤʦʜʝʣʴ ʧʦʜʚʠʞʥʦʛʦ ʧʨʝʧʷʪ-

ʩʪʚʠʷ. 

͍̂ͨͪ͊͡Ύ͔ͣ͊Ύ ;͊ͫͭΈ

˹͔͍ͯͨͪ͊͡Ύ͔ͣ͊Ύ 
;͊ͫͭΈ

͍͔͙͔̂ͨͪ͊ͤ͡ ˤ·ͻͦ͒ ͙͔ͫͫͭͣ·

˹͔ ͍͔ͨͦͤ͡ ͍ͯͨͪ͊͡Ύ͔ͣ͊Ύ ͙͔ͫͫͭͣ͊

 

ʈʠʩ. 1.8. ʉʪʨʫʢʪʫʨʥʦ-ʥʝʫʧʨʘʚʣʷʝʤʘʷ ʩʠʩʪʝʤʘ 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʧʦʥʷʪʠʷ ʫʧʨʘʚʣʷʝʤʦʩʪʠ ɽ.ʉ. ʇʷʪʥʠʮʢʠʡ 

ʧʨʝʜʣʦʞʠʣ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʫʧʨʘʚʣʷʝʤʦʩʪʴ ʩ ʫʯʝʪʦʤ ʦʛʨʘʥʠʯʝʥʠʡ [21]. 

ʇʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʧʦʜʚʠʞʥʦʛʦ ʨʦʙʦʪʘ ʫʩʣʦʚʠʷ 

ʫʧʨʘʚʣʷʝʤʦʩʪʠ ʧʦ ɽ.ʉ. ʇʷʪʥʠʮʢʦʤʫ ʤʦʛʫʪ ʙʳʪʴ ʟʘʧʠʩʘʥʳ ʚ ʚʠʜʝ 

 

*

*

( ) ( ) ,

( ) ( ) ,

, , ,

ʫʧʨi ʫʧʨi

ʫʧʨi ʫʧʨi

P P

N N

i x y z

d > d

d > d

=

 (1.5) 

ʛʜʝ ( ), ( )ʫʧʨi ʫʧʨiP Nd d ï ʧʦʪʨʝʙʥʳʝ ʫʧʨʘʚʣʷʶʱʠʝ ʩʠʣʳ ʠ ʤʦʤʝʥʪʳ; * *( ), ( )ʫʧʨi ʫʧʨiP Nd d 

ï ʠʤʝʶʱʠʝʩʷ ʚ ʥʘʣʠʯʠʠ ʫʧʨʘʚʣʷʶʱʠʝ ʩʠʣʳ ʠ ʤʦʤʝʥʪʳ; d ï ʚʝʢʪʦʨ ʩʦʩʪʦ-

ʷʥʠʷ ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʨʦʙʦʪʘ. 

ʇʦʥʷʪʠʝ ʥʘʙʣʶʜʘʝʤʦʩʪʠ ʩʫʱʝʩʪʚʝʥʥʦ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʤʠʥʠʤʘʣʴʥʦ 

ʥʝʦʙʭʦʜʠʤʦʛʦ ʩʝʥʩʦʨʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʠ ʥʘʚʠʛʘʮʠʦʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʨʦʙʦʪʘ. ʇʦʜ ʥʘʙʣʶʜʘʝʤʦʩʪʴʶ [22] ʧʦʥʠʤʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ 

ʚʩʝʭ ʧʝʨʝʤʝʥʥʳʭ ʝʛʦ ʩʦʩʪʦʷʥʠʷ, ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʟʤʝʨʝʥʠʷ ʚʳʭʦʜʥʳʭ 

ʥʘʙʣʶʜʘʝʤʳʭ ʧʝʨʝʤʝʥʥʳʭ. 
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ʅʝʥʘʙʣʶʜʘʝʤʦʩʪʴ ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʘ ʥʘʣʠʯʠʝʤ ʯʘʩʪʠ ʧʝʨʝʤʝʥʥʳʭ 

ʩʦʩʪʦʷʥʠʷ, ʢʦʪʦʨʳʝ ʥʝ ʚʣʠʷʶʪ ʥʘ ʠʟʤʝʨʷʝʤʳʡ ʚʳʭʦʜ ʩʠʩʪʝʤʳ (ʨʠʩ. 1.9). 

 

ʈʠʩ. 1.9. ʉʪʨʫʢʪʫʨʥʦ-ʥʝʥʘʙʣʶʜʘʝʤʘʷ ʩʠʩʪʝʤʘ 

ʂʦʥʪʨʦʣʴʥʳʝ ʚʦʧʨʦʩʳ 

1. ʂʘʢʘʷ ʜʦʢʫʤʝʥʪʘʮʠʷ ʪʨʝʙʫʝʪʩʷ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʨʦʙʦʪʘ ʚ ʨʘʤʢʘʭ ʚʳ-

ʧʦʣʥʝʥʠʷ ʠʥʠʮʠʘʪʠʚʥʦʛʦ ʧʨʦʝʢʪʘ? 

2. ʆʧʠʰʠʪʝ ʩʪʨʫʢʪʫʨʥʳʡ ʠ ʙʣʦʯʥʦ-ʠʝʨʘʨʭʠʯʝʩʢʠʡ ʧʦʜʭʦʜʳ ʢ ʨʘʟʨʘ-

ʙʦʪʢʝ ʨʦʙʦʪʦʪʝʭʥʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ. 

3. ʇʝʨʝʯʠʩʣʠʪʝ ʦʩʥʦʚʥʳʝ ʵʪʘʧʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʨʦʙʦʪʘ, ʚʳʜʝʣʷʝʤʳʝ 

ʚ ʨʘʤʢʘʭ ʠʪʝʨʘʮʠʦʥʥʦʡ ʧʨʦʮʝʜʫʨʳ. 

4. ʆʧʠʰʠʪʝ ʦʩʥʦʚʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʝʜʣʦʞʝʥʠʷ. 

5. ɼʘʡʪʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʩʪʘʜʠʠ ʵʩʢʠʟʥʦʛʦ ʧʨʦʝʢʪʘ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʨʦ-

ʙʦʪʘ. 

6. ʆʧʠʰʠʪʝ ʪʝʭʥʠʯʝʩʢʠʡ ʧʨʦʝʢʪ ʠ ʝʛʦ ʩʦʜʝʨʞʘʥʠʝ. ʂʘʢʘʷ ʨʘʙʦʯʘʷ ʜʦ-

ʢʫʤʝʥʪʘʮʠʷ ʧʦʷʚʣʷʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʳʧʦʣʥʝʥʠʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʦʝʢʪʘ? 

7. ʇʨʠʚʝʜʠʪʝ ʦʩʥʦʚʥʳʝ ʛʨʫʧʧʳ ʧʘʪʝʥʪʥʦʛʦ ʧʦʠʩʢʘ.  

8. ʂʘʢʫʶ ʩʪʨʫʢʪʫʨʫ ʠʤʝʝʪ ʪʝʭʥʠʯʝʩʢʦʝ ʟʘʜʘʥʠʝ ʥʘ ʅʀʈ? 

9. ʇʝʨʝʯʠʩʣʠʪʝ ʦʩʥʦʚʥʳʝ ʵʪʘʧʳ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʠʟʜʝʣʠʷ. 

10. ʂʘʢʠʝ ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʉɸʇʈ ʩʫʱʝʩʪʚʫʶʪ? 

11. ʇʝʨʝʯʠʩʣʠʪʝ ʚʠʜʳ ʦʙʝʩʧʝʯʝʥʠʷ ʉɸʇʈ. 

12. ʂʘʢʠʤ ʦʙʨʘʟʦʤ ʉɸʇʈ ʢʣʘʩʩʠʬʠʮʠʨʫʝʪʩʷ ʧʦ ʪʠʧʫ ʙʘʟʦʚʦʡ ʧʦʜʩʠ-

ʩʪʝʤʳ? 

13. ʆʧʠʰʠʪʝ ʧʨʦʮʝʜʫʨʫ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʨʦʙʦʪʘ ʢʘʢ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝ-

ʥʠʷ. 

14. ɺ ʯʝʤ ʟʘʢʣʶʯʘʝʪʩʷ ʩʚʦʡʩʪʚʦ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʦʣʦʞʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ 

ʩʠʩʪʝʤʳ? 

15. ʆʧʠʰʠʪʝ ʧʨʦʮʝʜʫʨʫ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʥʝʣʠʥʝʡʥʦʡ ʩʠ-

ʩʪʝʤʳ ʤʝʪʦʜʦʤ ʬʫʥʢʮʠʡ ʃʷʧʫʥʦʚʘ. 
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16. ʂʘʢʠʤ ʦʙʨʘʟʦʤ ʘʥʘʣʠʟʠʨʫʝʪʩʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʩʠʩʪʝʤʳ ʧʦ ʝʝ ʣʠʥʝ-

ʘʨʠʟʦʚʘʥʥʦʡ ʤʦʜʝʣʠ? 

17. ʇʦʷʩʥʠʪʝ ʩʚʦʡʩʪʚʦ ʫʧʨʘʚʣʷʝʤʦʩʪʠ. ɺ ʯʝʤ ʟʘʢʣʶʯʘʝʪʩʷ ʩʤʳʩʣ 

ʫʧʨʘʚʣʝ̫ʤʦʩʪʠ ʧʦ ʇʷʪʥʠʮʢʦʤʫ? 

18. ʇʦʷʩʥʠʪʝ ʧʦʥʷʪʠʝ ʥʘʙʣʶʜʘʝʤʦʩʪʠ. 
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2. ȼȬȳȼȬȭȺȾȶȬ ȸȬȾȱȸȬȾȴɃȱȽȶȺȯȺ ȺȻȴȽȬȹȴɋ ȼȺȭȺȾȬ 

ɺ ʥʘʩʪʦʷʱʝʤ ʨʘʟʜʝʣʝ ʧʨʠʚʦʜʠʪʩʷ ʧʨʦʮʝʜʫʨʘ ʨʘʟʨʘʙʦʪʢʠ ʤʘʪʝʤʘʪʠʯʝ-

ʩʢʦʛʦ ʦʧʠʩʘʥʠʷ ʨʦʙʦʪʘ. ʈʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʪʨʝʭʤʝʨʥʘʷ ʤʦʜʝʣʴ, ʦʧʨʝʜʝʣʷʶʪ-

ʩʷ ʝʝ ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ɼʘʝʪʩʷ ʦʧʠʩʘʥʠʝ ʧʨʦʛʨʘʤʤʳ SolidWorks 

ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʪʨʝʭʤʝʨʥʦʡ ʤʦʜʝʣʠ. ʈʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʤʦʜʝʣʴ ʚ ʚʠʜʝ ʩʠʩʪʝ-

ʤʳ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʠ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ. ʇʨʦʚʦʜʠʪʩʷ ʘʵʨʦʜʠ-

ʥʘʤʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʦʜʝʣʠ, ʘʥʘʣʠʟ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʫʧʨʘʚʣʷʝʤʦʩʪʠ. 

ɼʘʶʪʩʷ ʧʨʦʝʢʪʥʳʝ ʟʘʜʘʥʠʷ, ʢʦʥʪʨʦʣʴʥʳʝ ʚʦʧʨʦʩʳ ʧʦ ʨʘʟʜʝʣʫ. 

2.1. ȴɝɛɚɗɨɓɚɎɌəɔɑ ɛɌɖɑɞɌ SolidWorks ɐɗɫ ɜɌɓɜɌɍɚɞɖɔ ɞɜɑɡɘɑɜəɚɕ  

ɘɚɐɑɗɔ ɜɚɍɚɞɌ 

ʇʘʢʝʪ SolidWorks ʩʦʜʝʨʞʠʪ ʤʦʱʥʫʶ ʩʠʩʪʝʤʫ ʧʦʤʦʱʠ ʠ ʧʦʜʜʝʨʞʢʠ 

ʧʦʣʴʟʦʚʘʪʝʣʷ, ʚʢʣʶʯʘʷ ʚʩʪʨʦʝʥʥʳʝ ʚ ʥʝʛʦ ʵʣʝʢʪʨʦʥʥʳʝ ʫʯʝʙʥʠʢʠ. ʉ ʜʘʥʥʳʤ 

ʧʘʢʝʪʦʤ ʤʦʞʥʦ ʪʘʢʞʝ ʦʟʥʘʢʦʤʠʪʴʩʷ ʚ ʤʥʦʛʦʯʠʩʣʝʥʥʦʡ ʣʠʪʝʨʘʪʫʨʝ [23]. 

ʈʘʩʩʤʦʪʨʠʤ ʦʩʥʦʚʥʳʝ ʧʨʠʝʤʳ ʨʘʙʦʪʳ ʚ ʧʘʢʝʪʝ SolidWorks ʥʘ ʧʨʠʤʝʨʝ 

ʨʘʟʨʘʙʦʪʢʠ ʪʨʝʭʤʝʨʥʦʡ ʤʦʜʝʣʠ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʥʘ ʙʘʟʝ ʜʠ-

ʨʠʞʘʙʣʷ. 

ʇʦʩʣʝ ʟʘʧʫʩʢʘ ʧʘʢʝʪʘ ʧʦʷʚʣʷʝʪʩʷ ʦʢʥʦ, ʚʥʝʰʥʠʡ ʚʠʜ ʢʦʪʦʨʦʛʦ ʧʨʝʜ-

ʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 2.1. 

 

ʈʠʩ. 2.1. ʆʩʥʦʚʥʦʝ ʦʢʥʦ ʧʘʢʝʪʘ SolidWorks 

ɺ ʧʨʘʚʦʡ ʯʘʩʪʠ ʜʘʥʥʦʛʦ ʦʢʥʘ ʠʤʝʝʪʩʷ ʢʥʦʧʢʘ çʋʯʝʙʥʳʝ ʧʦʩʦʙʠʷè, ʧʦ-

ʩʣʝ ʥʘʞʘʪʠʷ ʢʦʪʦʨʦʡ ʧʦʷʚʣʷʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʦʢʥʦ çʋʯʝʙʥʳʝ ʧʦʩʦʙʠʷ 

SolidWorksè, ʧʨʝʜʩʪʘʚʣʝʥʥʦʝ ʥʘ ʨʠʩ. 2.2. ʕʪʦ ʦʢʥʦ ʩʦʜʝʨʞʠʪ ʙʘʟʦʚʳʝ ʠʥ-

ʩʪʨʫʢʮʠʠ ʧʦ ʨʘʙʦʪʝ ʚ ʧʘʢʝʪʝ ʠ ʠʥʩʪʨʫʢʮʠʠ ʧʦ ʩʦʟʜʘʥʠʶ ʨʘʟʣʠʯʥʳʭ ʵʣʝ-

ʤʝʥʪʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʧʨʠʢʣʘʜʥʳʭ ʦʪʨʘʩʣʷʭ. 

ʀʩʧʦʣʴʟʫʷ ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʫʯʝʙʥʳʝ ʧʦʩʦʙʠʷ, ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʩʧʨʘʚ-

ʢʫ ʦ ʙʘʟʦʚʳʭ ʥʘʚʳʢʘʭ ʨʘʙʦʪʳ ʚ ʧʘʢʝʪʝ SolidWorks. 
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ʈʠʩ. 2.2. ʆʢʥʦ çʋʯʝʙʥʳʝ ʧʦʩʦʙʠʷ SolidWorksè 

ʈʘʩʩʤʦʪʨʠʤ ʧʨʦʮʝʜʫʨʫ ʩʦʟʜʘʥʠʷ ʤʦʜʝʣʠ ʜʠʨʠʞʘʙʣʷ ʩʠʛʘʨʦʦʙʨʘʟʥʦʡ 

ʬʦʨʤʳ ʩ ʦʙʚʦʜʘʤʠ ʢʦʨʧʫʩʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤʠ ʚ ʪʘʙʣ. 2.1. ɺ ʪʘʙʣʠʮʝ ʧʨʠ-

ʥʷʪʳ ʦʙʦʟʥʘʯʝʥʠʷ: X ï ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʥʘʯʘʣʴʥʦʡ ʪʦʯʢʠ (ʢʦʨʤʳ); R ï ʨʘʜʠ-

ʫʩ ʦʢʨʫʞʥʦʩʪʠ ʩʝʯʝʥʠʷ. 

ʊʘʙʣʠʮʘ 2.1  

ʆʙʚʦʜʳ ʢʦʨʧʫʩʘ ʜʠʨʠʞʘʙʣʷ 

X, ʤʤ 0 1000 2000 3000 4000 5000 6000 

R, ʤʤ 100 1000 1400 1600 1770 1920 2050 

X, ʤʤ 7000 8000 9000 10000 11000 12000 13000 

R, ʤʤ 2170 2290 2400 2500 2400 2290 2170 

X, ʤʤ 14000 15000 16000 17000 18000 19000 20000 

R, ʤʤ 2050 1920 1770 1600 1400 1000 100 

ɼʣʷ ʩʦʟʜʘʥʠʷ ʧʨʦʝʢʪʘ ʚ ʦʩʥʦʚʥʦʤ ʦʢʥʝ ʥʘ ʧʘʥʝʣʠ ʙʳʩʪʨʦʛʦ ʜʦʩʪʫʧʘ 

ʥʝʦʙʭʦʜʠʤʦ ʥʘʞʘʪʴ ʢʥʦʧʢʫ çʉʦʟʜʘʥʠʝ ʥʦʚʦʛʦ ʬʘʡʣʘè, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ 

ʨʠʩ. 2.3. 

ɼʘʣʝʝ ʚ ʧʦʷʚʠʚʰʝʤʩʷ ʦʢʥʝ ʚʳʙʠʨʘʝʤ ʢʥʦʧʢʫ çʊʨʝʭʤʝʨʥʦʝ ʧʨʝʜʩʪʘʚ-

ʣʝʥʠʝ ʦʜʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘè (ʢʥʦʧʢʘ çɼʝʪʘʣʴè ʥʘ ʨʠʩ. 2.4) ʠ ʥʘʞʠʤʘʝʤ ʆʂ. 
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ʈʠʩ. 2.3. ʉʦʟʜʘʥʠʝ ʥʦʚʦʛʦ ʬʘʡʣʘ 

 

ʈʠʩ. 2.4. ɺʳʙʦʨ ʦʜʠʥʦʯʥʦʡ ʜʝʪʘʣʠ 

ʅʘ ʵʢʨʘʥʝ ʧʦʷʚʠʪʩʷ ʦʩʥʦʚʥʦʝ ʛʨʘʬʠʯʝʩʢʦʝ ʦʢʥʦ, ʚ ʢʦʪʦʨʦʤ ʩʦʟʜʘʝʪʩʷ 

ʪʨʝʭʤʝʨʥʘʷ ʤʦʜʝʣʴ ʜʠʨʠʞʘʙʣʷ. ɺ ʣʝʚʦʡ ʯʘʩʪʠ ʵʪʦʛʦ ʦʢʥʘ ʩʦʜʝʨʞʠʪʩʷ ʜʝ-

ʨʝʚʦ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ, ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʥʘʭʦʜʠʪʩʷ ʦʩʥʦʚʥʦʝ ʤʝʥʶ, ʧʘʥʝʣʴ 

ʙʳʩʪʨʦʛʦ ʜʦʩʪʫʧʘ ʠ ʧʘʥʝʣʴ ʚʠʜʦʚ. ɺ ʧʨʘʚʦʡ ʯʘʩʪʠ ʧʨʠ ʟʘʧʫʩʢʝ ʧʘʢʝʪʘ 

SolidWorks ʧʦʷʚʣʷʝʪʩʷ ʦʢʥʦ, ʧʦʟʚʦʣʷʶʱʝʝ ʥʘʯʘʪʴ ʨʘʙʦʪʫ. ɺʥʘʯʘʣʝ ʩʦʟʜʘ-

ʝʪʩʷ ʦʙʦʣʦʯʢʘ ʜʠʨʠʞʘʙʣʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʦʙʚʦʜʘʤʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤʠ ʚ 

ʪʘʙʣ. 2.1. ɼʘʥʥʫʶ ʦʧʝʨʘʮʠʶ ʤʦʞʥʦ ʚʳʧʦʣʥʠʪʴ ʩ ʧʦʤʦʱʴʶ ʨʘʟʜʝʣʘ çʕʣʝ-

ʤʝʥʪʳ ʧʦ ʩʝʯʝʥʠʷʤè ʠʟ ʩʠʩʪʝʤʳ ʧʦʤʦʱʠ ʧʘʢʝʪʘ SolidWorks. 

ɺ ʦʩʥʦʚʥʦʤ ʤʝʥʶ ʧʘʢʝʪʘ ʚʳʙʝʨʝʤ ʚʢʣʘʜʢʫ çɺʠʜè ʠ ʫʙʝʜʠʤʩʷ, ʯʪʦ ʟʘ-

ʢʣʘʜʢʘ çʇʣʦʩʢʦʩʪʠè ʚʳʙʨʘʥʘ (ʨʠʩ. 2.5). ɼʘʣʝʝ ʚ ʜʝʨʝʚʝ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ 

ʩʣʝʚʘ ʦʪ ʦʩʥʦʚʥʦʛʦ ʦʢʥʘ ʚʳʙʠʨʘʝʤ ʵʣʝʤʝʥʪ çFrontè ʠ ʢʥʦʧʢʫ çʇʦʢʘʟʘʪʴè. 

ʇʝʨʝʜʥʷʷ ʧʣʦʩʢʦʩʪʴ ʦʪʦʙʨʘʟʠʪʩʷ ʚ ʛʨʘʬʠʯʝʩʢʦʡ ʦʙʣʘʩʪʠ (ʨʠʩ. 2.6). ʉʦʭʨʘ-

ʥʷʷ ʧʝʨʝʜʥʶʶ ʧʣʦʩʢʦʩʪʴ ʚʳʙʨʘʥʥʦʡ, ʥʘʞʤʠʪʝ ʢʥʦʧʢʫ çʇʣʦʩʢʦʩʪʴè ʥʘ ʧʘ-

ʥʝʣʠ ʠʥʩʪʨʫʤʝʥʪʦʚ çʉʧʨʘʚʦʯʥʘʷ ʛʝʦʤʝʪʨʠʷè, ʢʦʪʦʨʘʷ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʘʚʦʡ 

ʯʘʩʪʠ ʧʘʥʝʣʠ ʙʳʩʪʨʦʛʦ ʜʦʩʪʫʧʘ (ʨʠʩ. 2.7). 

ʉʣʝʚʘ ʧʦʷʚʠʪʩʷ ʦʢʥʦ PropertyManager çʇʣʦʩʢʦʩʪʴè (ʨʠʩ. 2.8). ʇʨʝʜʚʘ-

ʨʠʪʝʣʴʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʥʦʚʦʡ ʧʣʦʩʢʦʩʪʠ çʇʣʦʩʢʦʩʪʴ1è ʦʪʦʙʨʘʟʠʪʩʷ ʚ 

ʛʨʘʬʠʯʝʩʢʦʡ ʦʙʣʘʩʪʠ. ʇʝʨʝʜʥʷʷ ʧʣʦʩʢʦʩʪʴ çFrontè ʦʪʦʙʨʘʞʘʝʪʩʷ ʚ ʦʢʥʝ 
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çʇʝʨʚʘʷ ʩʩʳʣʢʘè. ʅʝʦʙʭʦʜʠʤʦ ʟʘʜʘʪʴ ʩʤʝʱʝʥʠʝ 1 ʤʤ ʠ ʥʘʞʘʪʴ ʢʥʦʧʢʫ ʆʂ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʫʜʝʪ ʩʦʟʜʘʥʘ ʧʣʦʩʢʦʩʪʴ çʇʣʦʩʢʦʩʪʴ 1è, ʩʤʝʱʝʥʥʘʷ ʥʘ 1 ʤʤ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʣʦʩʢʦʩʪʠ çFrontè. 

 

ʈʠʩ. 2.5. ɿʘʢʣʘʜʢʘ ʧʣʦʩʢʦʩʪʠ 

 

ʈʠʩ. 2.6. ʆʪʦʙʨʘʞʝʥʠʝ ʧʣʦʩʢʦʩʪʠ çFrontè 

ɼʘʣʝʝ ʚʳʙʠʨʘʝʤ ʧʣʦʩʢʦʩʪʴ çʇʣʦʩʢʦʩʪʴ 1è ʠ ʩʥʦʚʘ ʢʥʦʧʢʫ çʇʣʦʩ-

ʢʦʩʪʴè ʥʘ ʧʘʥʝʣʠ ʠʥʩʪʨʫʤʝʥʪʦʚ çʉʧʨʘʚʦʯʥʘʷ ʛʝʦʤʝʪʨʠʷè. ɿʘʜʘʝʤ ʩʤʝʱʝ-

ʥʠʝ 1000 ʤʤ ʠ ʩʦʟʜʘʝʤ ʧʣʦʩʢʦʩʪʴ çʇʣʦʩʢʦʩʪʴ 2è, ʩʤʝʱʝʥʥʫʶ ʦʪʥʦʩʠʪʝʣʴ-

ʥʦ çʇʣʦʩʢʦʩʪʠ 1è ʥʘ 1000 ʤʤ. 
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ʈʠʩ. 2.7. ʂʥʦʧʢʘ çʇʣʦʩʢʦʩʪʴè ʧʘʥʝʣʠ ʠʥʩʪʨʫʤʝʥʪʦʚ çʉʧʨʘʚʦʯʥʘʷ  

ʛʝʦʤʝʪʨʠʷè 

 

ʈʠʩ. 2.8. ʉʦʟʜʘʥʠʝ ʥʦʚʦʡ ʧʣʦʩʢʦʩʪʠ 

ʊʝʧʝʨʴ ʚʳʙʠʨʘʝʤ ʧʣʦʩʢʦʩʪʴ çʇʣʦʩʢʦʩʪʴ 2è ʠ ʩʥʦʚʘ ʢʥʦʧʢʫ çʇʣʦʩ-

ʢʦʩʪʴè ʥʘ ʧʘʥʝʣʠ ʠʥʩʪʨʫʤʝʥʪʦʚ çʉʧʨʘʚʦʯʥʘʷ ʛʝʦʤʝʪʨʠʷè. ɿʘʜʘʝʤ ʩʤʝʱʝ-

ʥʠʝ 1000 ʤʤ ʠ ʩʦʟʜʘʝʤ ʧʣʦʩʢʦʩʪʴ çʇʣʦʩʢʦʩʪʴ 3è, ʩʤʝʱʝʥʥʫʶ ʦʪʥʦʩʠʪʝʣʴ-

ʥʦ çʇʣʦʩʢʦʩʪʠ 2è ʥʘ 1000 ʤʤ. ɸʥʘʣʦʛʠʯʥʦ ʩʦʟʜʘʝʤ ʦʩʪʘʣʴʥʳʝ ʧʣʦʩʢʦʩʪʠ. 

ʅʘʞʘʚ ʢʥʦʧʢʫ çʀʟʤʝʥʠʪʴ ʚ ʨʘʟʤʝʨ ʵʢʨʘʥʘè (ʨʠʩ. 2.9), ʤʦʞʥʦ ʫʚʠʜʝʪʴ ʚʩʝ 

ʩʦʟʜʘʥʥʳʝ ʧʣʦʩʢʦʩʪʠ. ʂʦʣʠʯʝʩʪʚʦ ʧʣʦʩʢʦʩʪʝʡ ʨʘʚʥʦ ʯʠʩʣʫ ʩʝʯʝʥʠʡ, ʟʘ-

ʜʘʥʥʳʭ ʚ ʪʘʙʣ. 2.1. 

ʂʦʨʧʫʩ ʜʠʨʠʞʘʙʣʷ ʩʦʟʜʘʝʪʩʷ ʧʦ ʩʝʯʝʥʠʷʤ. ɺʳʙʝʨʝʤ ʧʣʦʩʢʦʩʪʴ 

çʇʣʦʩʢʦʩʪʴ 1è ʚ ʜʝʨʝʚʝ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʠ ʚʳʙʝʨʝʤ ʚʠʜ ʩʧʝʨʝʜʠ ʥʘ ʧʘʥʝ-

ʣʠ ʠʥʩʪʨʫʤʝʥʪʦʚ (ʨʠʩ. 2.10). ʇʣʦʩʢʦʩʪʴ çFrontè ʨʘʟʤʝʩʪʠʪʩʷ ʧʝʨʝʜ ʧʨʦʝʢ-

ʪʠʨʦʚʱʠʢʦʤ. ɼʘʣʝʝ ʚʳʙʠʨʘʝʤ ʢʥʦʧʢʫ çʕʩʢʠʟè ʠ ʥʘ ʧʘʥʝʣʠ ʠʥʩʪʨʫʤʝʥʪʦʚ 

ʚʳʙʠʨʘʝʤ çʆʢʨʫʞʥʦʩʪʴè (ʨʠʩ. 2.11). ʅʘʚʦʜʠʤ ʢʫʨʩʦʨ ʤʳʰʠ ʥʘ ʮʝʥʪʨ ʢʦ-
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ʦʨʜʠʥʘʪ. ʇʨʠ ʵʪʦʤ ʥʘ ʵʢʨʘʥʝ ʧʦʷʚʣʷʝʪʩʷ ʟʥʘʯʦʢ . ʅʘʞʠʤʘʝʤ ʢʥʦʧʢʫ 

ʤʳʰʠ ʠ ʨʠʩʫʝʤ ʦʢʨʫʞʥʦʩʪʴ. ʈʘʟʤʝʨʳ ʦʢʨʫʞʥʦʩʪʠ ʧʨʦʠʟʚʦʣʴʥʳ, ʠʭ ʤʦʞʥʦ 

ʩʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʧʦʟʞʝ. ɺ ʧʘʨʘʤʝʪʨʘʭ ʦʢʨʫʞʥʦʩʪʠ ʟʘʜʘʝʪʩʷ ʨʘʜʠʫʩ 100 ʤʤ 

ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʘʙʣ. 2.1 ʠ ʥʘʞʠʤʘʝʪʩʷ ʢʥʦʧʢʘ ʆʂ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʦʟʜʘʥʘ 

ʦʢʨʫʞʥʦʩʪʴ ʨʘʜʠʫʩʦʤ 100 ʤʤ. ʅʘʞʠʤʘʝʤ ʢʥʦʧʢʫ ʚʳʭʦʜ ʠʟ ʵʩʢʠʟʘ. 

 
 

ʈʠʩ. 2.9. ʄʘʩʰʪʘʙʠʨʦʚʘʥʠʝ ʜʦ 

ʨʘʟʤʝʨʦʚ ʵʢʨʘʥʘ 

ʈʠʩ. 2.10. ɺʳʙʦʨ ʧʝʨʝʜʥʝʛʦ ʚʠʜʘ  

ʩɻʢʠʟʘ 

ɼʘʣʝʝ ʚʳʙʠʨʘʝʤ ʧʣʦʩʢʦʩʪʴ çʇʣʦʩʢʦʩʪʴ 2è ʠ ʩʪʨʦʠʤ ʥʘ ʥʝʡ ʦʢʨʫʞ-

ʥʦʩʪʴ ʨʘʜʠʫʩʦʤ 1000 ʤʤ. ʉʪʨʦʠʤ ʦʩʪʘʣʴʥʳʝ ʦʢʨʫʞʥʦʩʪʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ 

ʨʘʜʠʫʩʘʤʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤʠ  ʚ ʪʘʙʣ. 2.1. ʂʘʞʜʘʷ ʦʢʨʫʞʥʦʩʪʴ ʩʪʦʠʪʩʷ ʥʘ 

ʩʚʦʝʡ ʧʣʦʩʢʦʩʪʠ ʠ ʧʨʝʜʩʪʘʚʣʝ̫ʪ ʩʦʙʦʡ ʩʝʯʝʥʠʝ ʜʠʨʠʞʘʙʣʷ. 

 

ʈʠʩ. 2.11. ʇʦʩʪʨʦʝʥʠʝ ʦʢʨʫʞʥʦʩʪʠ 

ɺʳʙʨʘʚ ʚʠʜ çʀʟʦʤʝʪʨʠʷè ʥʘ ʧʘʥʝʣʠ ʚʠʜʦʚ (ʩʤ. ʨʠʩ. 2.10), ʧʦʣʫʯʠʤ 

ʧʦʩʪʨʦʝʥʥʳʝ ʩʝʯʝʥʠʷ ʜʠʨʠʞʘʙʣʷ ʚ ʪʨʝʭʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ (ʨʠʩ. 2.12). 

ʊʝʧʝʨʴ ʚʳʙʠʨʘʝʤ ʢʥʦʧʢʫ çʕʣʝʤʝʥʪʳè, ʨʘʩʧʦʣʦʞʝʥʥʫʶ ʥʘʜ ʜʝʨʝʚʦʤ 

ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ, ʠ ʚʳʙʠʨʘʝʤ ʥʘ ʧʘʥʝʣʠ ʠʥʩʪʨʫʤʝʥʪʦʚ ʬʫʥʢʮʠʶ çɹʦʙʳʰ-

ʢʘ/ʦʩʥʦʚʘʥʠʝ ʧʦ ʩʝʯʝʥʠʷʤè ʜʣʷ ʩʦʟʜʘʥʠʷ ʪʚʝʨʜʦʪʝʣʴʥʦʡ ʤʦʜʝʣʠ ʥʘ ʦʩʥʦʚʝ 

ʧʨʦʬʠʣʝʡ. 



 29 

 

ʈʠʩ. 2.12. ʉʝʯʝʥʠʷ ʜʠʨʠʞʘʙʣʷ 

ɺ ʛʨʘʬʠʯʝʩʢʦʡ ʦʙʣʘʩʪʠ ʥʝʦʙʭʦʜʠʤʦ ʫʢʘʟʳʚʘʪʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʪʦʯʢʠ 

ʥʘ ʢʘʞʜʦʡ ʧʣʦʩʢʦʩʪʠ, ʢʦʪʦʨʳʝ ʧʦʜʣʝʞʘʪ ʩʦʝʜʠʥʝʥʠʶ. ɼʦʩʪʘʪʦʯʥʦ ʥʘ ʢʘʞ-

ʜʦʡ ʦʢʨʫʞʥʦʩʪʠ ʫʢʘʟʘʪʴ ʦʜʥʫ ʪʦʯʢʫ. ʇʨʠ ʵʪʦʤ ʞʝʣʘʪʝʣʴʥʦ ʚʳʙʠʨʘʪʴ ʦʜʠ-

ʥʘʢʦʚʫʶ ʪʦʯʢʫ,  ʥʘʧʨʠʤʝʨ ʚʝʨʭʥʶʶ ʪʦʯʢʫ ʦʢʨʫʞʥʦʩʪʠ, ʯʪʦʙʳ ʧʦʣʫʯʘʝʤʳʝ 

ʩʦʝʜʠʥʝʥʠʷ ʥʝ ʠʤʝʣʠ ʠʟʛʠʙʦʚ. 

ʇʨʠ ʩʦʟʜʘʥʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦ ʧʨʦʬʠʣʷʤ ʫʜʦʙʥʦ ʧʨʠʙʣʠʞʘʪʴ ʧʨʦʬʠ-

ʣʠ, ʠʩʧʦʣʴʟʫʷ ʧʘʥʝʣʴ ʚʠʜʦʚ, ʚʪʦʨʫʶ ʢʥʦʧʢʘ ʩʣʝʚʘ (ʩʤ. ʨʠʩ. 2.10). 

ʅʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʤ ʠʟʦʙʨʘʞʝʥʠʠ ʧʦʢʘʟʳʚʘʝʪʩʷ, ʢʘʢ ʙʫʜʫʪ ʩʦʝʜʠʥʝʥʳ 

ʧʨʦʬʠʣʠ. ʉʠʩʪʝʤʘ ʩʦʝʜʠʥʷʝʪ ʪʦʯʢʠ ʠʣʠ ʚʝʨʰʠʥʳ, ʙʣʠʞʘʡʰʠʝ ʢ ʫʢʘʟʘʥʥʦ-

ʤʫ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʤʝʩʪʫ. 

ʇʦʩʣʝ ʩʦʝʜʠʥʝʥʠʷ ʧʨʦʬʠʣʝʡ ʥʘ ʵʢʨʘʥʝ ʧʦʷʚʠʪʩʷ ʧʨʦʬʠʣʴ, ʧʨʝʜʩʪʘʚ-

ʣʝʥʥʳʡ ʥʘ ʨʠʩ. 2.13. 

 

ʈʠʩ. 2.13. ʊʚʝʨʜʦʪʝʣʴʥʘʷ ʤʦʜʝʣʴ ʜʠʨʠʞʘʙʣʷ 

ɼʘʣʝʝ ʫʜʘʣʷʝʤ ʤʘʪʝʨʠʘʣ ʠʟ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʜʣʷ ʩʦʟʜʘʥʠʷ ʪʦʥʢʦʩʪʝʥʥʦʛʦ 

ʵʣʝʤʝʥʪʘ. ɼʣʷ ʵʪʦʛʦ ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʢʥʦʧʢʦʡ çʆʙʦʣʦʯʢʘè ʥʘ ʧʘʥʝʣʠ ʠʥ-

ʩʪʨʫʤʝʥʪʦʚ (ʨʠʩ. 2.14). 
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ʈʠʩ. 2.14. ʉʦʟʜʘʥʠʝ ʪʦʥʢʦʩʪʝʥʥʦʡ ʦʙʦʣʦʯʢʠ  

ʇʦʩʣʝ ʵʪʦʛʦ ʤʳʰʴʶ ʚʳʙʠʨʘʝʤ ʩʦʟʜʘʥʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʪʚʝʨʜʦʪʝʣʴʥʦʡ 

ʜʝʪʘʣʠ ʠ ʫʢʘʟʳʚʘʝʤ ʩʧʨʘʚʘ ʚ ʦʢʥʝ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʪʦʣʱʠʥʫ ʩʪʝʥʢʠ 5 ʤʤ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʫʜʝʪ ʩʦʟʜʘʥʘ ʦʙʦʣʦʯʢʘ ʜʠʨʠʞʘʙʣʷ çʆʙʦʣʦʯʢʘ 1è. 

ɼʘʣʝʝ ʜʚʦʡʥʳʤ ʱʝʣʯʢʦʤ ʤʳʰʠ ʚʳʙʠʨʘʝʤ ʥʘʟʚʘʥʠʝ ʦʙʦʣʦʯʢʠ ʚ ʜʝʨʝʚʝ 

ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʠ ʤʝʥʷʝʤ ʝʛʦ ʥʘ çʆʙʦʣʦʯʢʘ_ʜʠʨʠʞʘʙʣʷè. ʉʦʭʨʘʥʷʷ ʦʙʦ-

ʣʦʯʢʫ ʚʳʙʨʘʥʥʦʡ, ʧʝʨʝʭʦʜʠʤ ʚʚʝʨʭ ʧʦ ʜʝʨʝʚʫ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʠ ʧʨʘʚʦʡ 

ʢʥʦʧʢʦʡ ʤʳʰʠ ʚʳʟʳʚʘʝʤ ʢʦʥʪʝʢʩʪʥʦʝ ʤʝʥʶ ʨʘʟʜʝʣʘ çʄʘʪʝʨʠʘʣè, ʚ ʢʦʪʦ-

ʨʦʤ ʚʳʙʠʨʘʝʤ ʧʫʥʢʪ çɺʳʙʨʘʪʴ ʤʘʪʝʨʠʘʣè. ɺ ʨʝʟʫʣʴʪʘʪʝ ʥʘ ʵʢʨʘʥʝ ʧʦʷʚʣʷ-

ʝʪʩʷ ʦʢʥʦ çʄʘʪʝʨʠʘʣè (ʨʠʩ. 2.15), ʚ ʢʦʪʦʨʦʤ ʥʫʞʥʦ ʚʳʙʨʘʪʴ ʪʨʝʙʫʝʤʳʡ 

ʤʘʪʝʨʠʘʣ ʜʣʷ ʦʙʦʣʦʯʢʠ ʜʠʨʠʞʘʙʣʷ. 

 

ʈʠʩ. 2.15. ɺʳʙʦʨ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʦʙʦʣʦʯʢʠ ʜʠʨʠʞʘʙʣʷ 

ʄʘʪʝʨʠʘʣʦʤ ʜʣʷ ʦʙʦʣʦʯʢʠ ʜʠʨʠʞʘʙʣʝʡ ʦʙʳʯʥʦ ʩʣʫʞʘʪ ʩʧʝʮʠʘʣʴʥʳʝ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʪʢʘʥʠ. ʉʨʝʜʠ ʥʠʭ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʤʝʪʘʣʣʠʟʠʨʦʚʘʥʥʳʡ 

ʣʘʚʩʘʥ (ʧʦʣʠʵʪʠʣʝʥʪʝʨʝʬʪʘʣʘʪ ï PET), ʣʘʚʩʘʥʦʚʫʶ ʪʢʘʥʴ ʩ ʧʦʣʠʫʨʝʪʘʥʦ-

ʚʦʡ ʧʣʝʥʢʦʡ ʠ ʩʧʝʮʠʘʣʴʥʳʝ ʘʵʨʦʩʪʘʪʠʯʝʩʢʠʝ ʪʢʘʥʠ. ʅʘʭʦʜʠʤ ʚ ʨʘʟʜʝʣʝ 
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çʇʣʘʩʪʠʢè (ʨʠʩ. 2.15) ʧʦʣʠʵʪʠʣʝʥʪʝʨʝʬʪʘʣʘʪ (PET) ʠ ʚʳʙʠʨʘʝʤ ʝʛʦ ʚ ʢʘʯʝ-

ʩʪʚʝ ʪʢʘʥʠ. ʅʘʞʠʤʘʝʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʢʥʦʧʢʠ çʇʨʠʤʝʥʠʪʴè ʠ ʟʘʢʨʳʪʴ. 

ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ  ʤʦʞʥʦ ʦʧʨʝʜʝʣʷʪʴ ʩʦʙʩʪʚʝʥʥʳʝ ʩʚʦʡʩʪʚʘ ʠʩ-

ʧʦʣʴʟʫʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʘʝʤ ʦʙʦʣʦʯʢʫ ʜʠʨʠʞʘʙʣʷ, ʧʨʝʜʩʪʘʚʣʝʥʥʫʶ ʥʘ 

ʨʠʩ. 2.16. 

 

ʈʠʩ. 2.16. ʆʙʦʣʦʯʢʘ ʜʠʨʠʞʘʙʣʷ ʩ ʚʳʙʨʘʥʥʳʤ ʤʘʪʝʨʠʘʣʦʤ 

ʈʘʩʩʤʦʪʨʠʤ ʝʱʝ ʦʜʠʥ ʚʘʨʠʘʥʪ ʩʦʟʜʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʯʝʨʝʟ ʠʥʩʪʨʫ-

ʤʝʥʪ çʇʦʚʝʨʭʥʦʩʪʴ ʧʦ ʩʝʯʝʥʠʷʤè. ɼʣʷ ʵʪʦʛʦ ʩʦʭʨʘʥʠʤ ʜʝʪʘʣʴ ʢʘʢ çʆʙʦ-

ʣʦʯʢʘ_ʜʠʨʠʞʘʙʣʷ_1è. ɺʳʙʝʨʝʤ ʚ ʜʝʨʝʚʝ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʧʨʘʚʦʡ ʢʥʦʧʢʦʡ 

ʤʳʰʠ ʩʦʟʜʘʥʥʫʶ ʪʦʥʢʦʩʪʝʥʥʫʶ ʦʙʦʣʦʯʢʫ ʠ ʚ ʧʦʷʚʠʚʰʝʤʩʷ ʢʦʥʪʝʢʩʪʥʦʤ 

ʤʝʥʶ ʚʳʙʝʨʝʤ ʧʫʥʢʪ çʋʜʘʣʠʪʴè. ɸʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ ʫʜʘʣʠʤ ʪʚʝʨʜʦ-

ʪʝʣʴʥʳʡ ʵʣʝʤʝʥʪ, ʩʦʟʜʘʥʥʳʡ ʨʘʥʝʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʩʪʘʥʫʪʩʷ ʪʦʣʴʢʦ ʧʣʦʩ-

ʢʦʩʪʠ ʠ ʩʝʯʝʥʠʷ. 

ɺʳʙʝʨʝʤ ʧʫʥʢʪ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʜ ʜʝʨʝʚʦʤ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʠ ʚʳʙʝʨʝʤ 

ʢʥʦʧʢʫ çʇʦʚʝʨʭʥʦʩʪʠ ʧʦ ʩʝʯʝʥʠʷʤè, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2.17. 

 

ʈʠʩ. 2.17. ʇʦʩʪʨʦʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦ ʩʝʯʝʥʠʷʤ 
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ɼʘʣʝʝ ʚʳʙʠʨʘʝʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʪʦʯʢʠ ʥʘ ʧʨʦʬʠʣʷʭ, ʢʦʪʦʨʳʝ ʥʫʞʥʦ 

ʩʦʝʜʠʥʠʪʴ, ʩʪʘʨʘʷʩʴ, ʯʪʦʙʳ ʩʦʝʜʠʥʝʥʠʷ ʙʳʣʠ ʧʨʷʤʦʣʠʥʝʡʥʳʤʠ, ʙʝʟ ʠʟʛʠ-

ʙʦʚ. ʅʘʞʘʚ ʆʂ, ʟʘʚʝʨʰʘʝʤ ʧʦʩʪʨʦʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ. 

ɺʝʨʥʝʤʩʷ ʢ ʬʘʡʣʫ çʆʙʦʣʦʯʢʘ_ʜʠʨʠʞʘʙʣʷè, ʦʪʢʨʳʚ ʝʛʦ ʯʝʨʝʟ ʛʣʘʚʥʦʝ 

ʤʝʥʶ ʧʘʢʝʪʘ. 

ɺʳʙʝʨʝʤ ʚ ʜʝʨʝʚʝ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʵʣʝʤʝʥʪ çʆʙʦʣʦʯʢʘ ʜʠʨʠʞʘʙʣʷè, 

ʘ ʟʘʪʝʤ ʧʫʥʢʪ ʤʝʥʶ çɸʥʘʣʠʟʠʨʦʚʘʪʴè ʥʘ ʧʘʥʝʣʠ ʙʳʩʪʨʦʛʦ ʜʦʩʪʫʧʘ. ʅʘ ʧʘ-

ʥʝʣʠ ʙʳʩʪʨʦʛʦ ʜʦʩʪʫʧʘ ʧʦʷʚʠʪʩʷ ʢʥʦʧʢʘ çʄʘʩʩʦʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠè, 

ʥʘʞʘʚ ʢʦʪʦʨʫʶ, ʧʦʣʫʯʘʝʤ ʜʦʩʪʫʧ ʢ ʦʢʥʫ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʤʫ ʥʘ ʨʠʩ. 2.18. 

ʇʦ ʫʤʦʣʯʘʥʠʶ ʚʩʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʦʣʦʯʢʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʤʠʣʣʠ-

ʤʝʪʨʘʭ ʠ ʛʨʘʤʤʘʭ. ʅʘʩʪʨʦʡʢʠ ʤʦʞʥʦ ʠʟʤʝʥʠʪʴ ʯʝʨʝʟ ʢʥʦʧʢʫ çʇʘʨʘʤʝʪʨʳè 

(ʨʠʩ. 2.18). 

 

ʈʠʩ. 2.18. ʆʧʨʝʜʝʣʝʥʠʝ ʤʘʩʩʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙʦʣʦʯʢʠ 

ʄʘʩʩʦʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʲʝʢʪʘ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ: 

ï ʧʣʦʪʥʦʩʪʴ: 1420 ʢʛ/ʤ
3
; 

ï ʤʘʩʩʫ ʦʙʦʣʦʯʢʠ :1638.58034 ʢʛ; 

ï ʦʙʲʝʤ ʦʙʦʣʦʯʢʠ: 1.15393 ʤ
3
; 

ï ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ: 462.53039 ʤ
2
; 

ïʢʦʦʨʜʠʥʘʪʳ ʮʝʥʪʨʘ ʤʘʩʩ: X = ï 0.00190 ʤ, Y = 0.00014 ʤ,  

Z = 10.00598 ʤ; 

ï ʦʩʥʦʚʥʳʝ ʦʩʠ ʠʥʝʨʮʠʠ: Ix = (0.00008, ï 0.00001, 1.00000),  

Iy = (0.15357, ï 0.98814, ï0.00003), Iz = (0.98814, 0.15357, ï 0.00008); 
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ïʦʩʥʦʚʥʳʝ ʤʦʤʝʥʪʳ ʠʥʝʨʮʠʠ: Jx = 6562.57248 ʢʛĀʤ
2
, Jy=44393.07106 

ʢʛĀʤ
2
, Jz = 44755.88043 ʢʛĀʤ

2
; 

ï ʤʦʤʝʥʪʳ  ʠʥʝʨʮʠʠ,  ʧʦʤʝʱʝʥʥʳʝ  ʚ  ʮʝʥʪʨ  ʤʘʩʩʳ  ʠ  ʚʳʨʦʚʥʝʥ-

ʥʳʝ ʧʦ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʚʳʚʦʜʘ: Jxx = 44747.32388 ʢʛĀʤ
2
,  

Jxy = ï 55.05541 ʢʛĀʤ
2
, Jxz = 3.11225 ʢʛĀʤ

2
, Jyx = ï 55.05541 ʢʛĀʤ

2
,  

Jyy = 44401.62735 ʢʛĀʤ
2
, Jyz = ï 0.55188 ʢʛĀʤ

2
, Jzx = 3.11225 ʢʛĀʤ

2
,  

Jzy = ï 0.55188 ʢʛĀʤ
2
, Jzz = 6562.57274 ʢʛĀʤ

2
. 

ʊʝʧʝʨʴ ʩʦʟʜʘʜʠʤ ʩʦʜʝʨʞʠʤʦʝ, ʥʘʭʦʜʷʱʝʝʩʷ ʚ ʦʙʦʣʦʯʢʝ. ɹʫʜʝʤ ʩʯʠ-

ʪʘʪʴ, ʯʪʦ ʜʠʨʠʞʘʙʣʴ ʟʘʧʦʣʥʝʥ ʛʝʣʠʝʤ. ʂʨʦʤʝ ʪʦʛʦ, ʦʥ ʩʦʜʝʨʞʠʪ ʙʘʣʣʦʥʝʪ ʩ 

ʚʦʟʜʫʭʦʤ. ɹʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʜʠʨʠʞʘʙʣʴ ʥʘ ʥʝʢʦʪʦʨʦʡ ʚʳʩʦʪʝ, ʥʘ ʢʦʪʦ-

ʨʦʡ ʚʦʟʜʫʭ ʠʟ ʙʘʣʣʦʥʝʪʦʚ ʚʳʪʝʩʥʝʥ, ʪ.ʝ. ʦʙʝ̡ʤ ʙʘʣʣʦʥʝʪʘ ʨʘʚʝʥ ʥʫʣʶ. ɼʣʷ 

ʩʦʟʜʘʥʠʷ ʪʝʣʘ ʠʟ ʛʝʣʠʷ ʩʦʭʨʘʥʠʤ ʦʙʦʣʦʯʢʫ ʜʠʨʠʞʘʙʣʷ ʚ ʥʦʚʦʤ ʬʘʡʣʝ çʉʦ-

ʜʝʨʞʠʤʦʝ ʦʙʦʣʦʯʢʠè. ɿʘʪʝʤ ʚʳʙʝʨʝʤ ʚ ʜʝʨʝʚʝ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʵʣʝʤʝʥʪ 

çʆʙʣʦʯʢʘ_ʜʠʨʠʞʘʙʣʴè ʠ, ʚʳʟʚʘʚ ʧʨʘʚʦʡ ʢʥʦʧʢʦʡ ʤʳʰʠ ʢʦʥʪʝʢʩʪʥʦʝ ʤʝ-

ʥʶ, ʫʜʘʣʠʤ ʵʪʦʪ ʵʣʝʤʝʥʪ. 

ɼʘʣʝʝ ʚ ʦʩʥʦʚʥʦʤ ʤʝʥʶ ʚʳʙʠʨʘʝʤ çɺʩʪʘʚʢʘè, ʜʘʣʝʝ çʕʣʝʤʝʥʪè ʠ 

çʄʘʩʰʪʘʙè (ʨʠʩ. 2.19). 

 

ʈʠʩ. 2.19. ʉʦʟʜʘʥʠʝ ʪʝʣʘ ʠʟ ʛʝʣʠʷ ʚ ʤʘʩʰʪʘʙʝ 

ɼʘʣʝʝ ʚ ʧʦʷʚʠʚʰʝʤʩʷ ʦʢʥʝ ʚʳʙʠʨʘʝʤ ʤʘʩʰʪʘʙ 0.99 ʠ ʟʘʚʝʨʰʘʝʤ ʩʦ-

ʟʜʘʥʠʝ ʪʝʣʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʘʝʤ ʥʦʚʫʶ ʜʝʪʘʣʴ, ʤʝʥʴʰʫʶ ʧʦ ʨʘʟʤʝʨʘʤ 

ʦʙʦʣʦʯʢʠ ʜʠʨʠʞʘʙʣʷ. 

ʇʨʘʚʦʡ ʢʥʦʧʢʦʡ ʤʳʰʠ ʚʳʙʠʨʘʝʤ ʚ ʜʝʨʝʚʝ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʤʘʪʝʨʠʘʣ, 

ʜʘʣʝʝ ʚʳʙʠʨʘʝʤ ʚ ʧʦʷʚʠʚʰʝʤʩʷ ʤʝʥʶ ʥʘʩʪʨʘʠʚʘʝʤʳʡ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʤʘʪʝ-

ʨʠʘʣ ʠ ʚ ʥʦʚʦʤ ʦʢʥʝ ʚʚʦʜʠʤ ʩʚʦʡʩʪʚʘ ʛʝʣʠʷ (ʨʠʩ. 2.20). 

ʅʘʞʘʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʢʥʦʧʢʠ çʇʨʠʤʝʥʠʪʴè ʠ çɿʘʢʨʳʪʴè, ʟʘʚʝʨʰʘʝʤ 

ʩʦʟʜʘʥʠʝ ʩʦʜʝʨʞʠʤʦʛʦ ʦʙʦʣʦʯʢʠ. 
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ʈʠʩ. 2.20. ɿʘʜʘʥʠʝ ʩʚʦʡʩʪʚ ʛʝʣʠʷ 

ɸʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ ʤʦʞʥʦ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʩʦʟʜʘʪʴ ʙʘʣʣʦʥʝʪ. 

ʊʝʧʝʨʴ ʩʦʟʜʘʜʠʤ ʝʱʝ ʪʨʠ ʵʣʝʤʝʥʪʘ ʜʣʷ ʜʠʨʠʞʘʙʣʷ: ʛʦʥʜʦʣʫ, ʜʚʠʛʘʪʝ-

ʣʠ ʠ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʇʫʪʴ ʛʦʥʜʦʣʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʷʤʦʫʛʦʣʴʥʳʡ ʷʱʠʢ ʜʣʠʥʦʡ 2 ʤ, 

ʰʠʨʠʥʦʡ 1 ʤ ʠ ʚʳʩʦʪʦʡ 0,5 ʤ. ʊʦʣʱʠʥʘ ʩʪʝʥʦʢ ʩʦʩʪʘʚʣʷʝʪ 10 ʤʤ. 

ʉʦʟʜʘʜʠʤ ʥʦʚʳʡ ʬʘʡʣ çʛʦʥʜʦʣʘè. ɺʳʙʝʨʝʤ ʤʝʥʶ çʕʩʢʠʟè ʥʘ ʧʘʥʝʣʠ 

ʠʥʩʪʨʫʤʝʥʪʦʚ (ʨʠʩ. 2.21). ɼʘʣʝʝ ʚʳʙʠʨʘʝʤ ʥʘ ʧʘʥʝʣʠ ʚʠʜʦʚ (ʩʤ. ʨʠʩ. 2.10) 

ʚʠʜ çʉʧʝʨʝʜʠè. ʊʝʧʝʨʴ ʧʝʨʝʜ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʨʘʩʧʦʣʦʞʝʥʘ ʧʝʨʝʜʥʷʷ ʧʣʦʩ-

ʢʦʩʪʴ. ʅʘ ʧʘʥʝʣʠ ʠʥʩʪʨʫʤʝʥʪʦʚ çʕʩʢʠʟè ʚʳʙʠʨʘʝʪʩʷ ʫʛʣʦʚʦʡ ʧʨʷʤʦʫʛʦʣʴ-

ʥʠʢ ʠ ʩʪʨʦʠʪʩʷ ʧʨʷʤʦʫʛʦʣʴʥʠʢ ʰʠʨʠʥʦʡ 1 ʤ ʠ ʚʳʩʦʪʦʡ 0,5 ʤ. ɼʘʣʝʝ ʥʘʞʠ-

ʤʘʝʤ ʢʥʦʧʢʫ çɺʳʭʦʜ ʠʟ ʵʩʢʠʟʘè (ʣʝʚʘʷ ʚʝʨʭʥʷʷ ʢʥʦʧʢʘ ʥʘ ʨʠʩ. 2.21). ɼʘʣʝʝ 

ʚʳʙʠʨʘʝʪʩʷ ʤʝʥʶ çʕʣʝʤʝʥʪʳè ʠ çɺʳʪʷʥʫʪʘʷ ʙʦʙʳʰʢʘ/ʦʩʥʦʚʘʥʠʝè 

(ʨʠʩ. 2.22). 

 

ʈʠʩ. 2.21. ʄʝʥʶ ʩʦʟʜʘʥʠʷ ʵʩʢʠʟʦʚ 
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ʈʠʩ. 2.22. ʇʦʣʫʯʝʥʠʝ ʪʨʝʭʤʝʨʥʦʡ ʬʠʛʫʨʳ ʠʟ ʵʩʢʠʟʘ 

ɺ ʧʦʷʚʠʚʰʝʤʩʷ ʦʢʥʝ ʫʢʘʟʳʚʘʝʤ 2000 ʤʤ ï ʨʘʩʩʪʦʷʥʠʝ, ʥʘ ʢʦʪʦʨʦʝ 

ʥʫʞʥʦ ʚʳʪʷʥʫʪʴ ʥʘʨʠʩʦʚʘʥʥʳʡ ʧʨʷʤʦʫʛʦʣʴʥʠʢ ʠ ʥʘʞʠʤʘʝʤ ʆʂ. ɺ ʨʝʟʫʣʴ-

ʪʘʪʝ ʙʫʜʝʪ ʧʦʣʫʯʝʥʘ ʧʨʷʤʦʫʛʦʣʴʥʘʷ ʜʝʪʘʣʴ. ɺʳʙʝʨʝʤ ʜʣʷ ʵʪʦʡ ʜʝʪʘʣʠ ʤʘ-

ʪʝʨʠʘʣ ï ʧʦʣʠʢʘʨʙʦʥʘʪ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʠʩ. 2.15. ʊʝʧʝʨʴ ʚʳʙʝʨʝʤ ʩʦʟʜʘʥ-

ʥʫʶ ʜʝʪʘʣʴ ʠ ʚʳʙʝʨʝʤ ʧʫʥʢʪ çʆʙʦʣʦʯʢʘè (ʩʤ. ʨʠʩ. 2.14). ɺ ʜʝʨʝʚʝ ʢʦʥ-

ʩʪʨʫʠʨʦʚʘʥʠʷ ʫʢʘʞʝʤ ʪʦʣʱʠʥʫ ʦʙʦʣʦʯʢʠ 10 ʤʤ ʠ ʥʘʞʠʤʘʝʤ ʆʂ. ʉʦʟʜʘʥʠʝ 

ʛʦʥʜʦʣʳ ʟʘʚʝʨʰʝʥʦ. 

ɼʘʣʝʝ ʩʦʟʜʘʶʪʩʷ ʜʚʠʛʘʪʝʣʠ. ɹʣʦʢ ʜʚʠʛʘʪʝʣʝʡ ʙʫʜʝʤ ʤʦʜʝʣʠʨʦʚʘʪʴ 

ʫʧʨʦʱʝʥʥʳʤ ʠʟʦʙʨʘʞʝʥʠʝʤ ʚ ʚʠʜʝ ʮʠʣʠʥʜʨʦʚ ʨʘʜʠʫʩʦʤ 0,2 ʤ, ʜʣʠʥʦʡ 

0,5 ʤ. ʄʘʪʝʨʠʘʣ ï ʩʪʘʣɹ . ɼʚʠʛʘʪʝʣʠ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʥʘ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ 

ʰʪʘʥʛʝ. 

ʉʦʟʜʘʝʤ ʥʦʚʳʡ ʜʦʢʫʤʝʥʪ ʚ SolidWorks. 

ɼʚʠʛʘʪʝʣʴ ʩʦʟʜʘʝʪʩʷ ʥʘ ʙʘʟʝ ʮʠʣʠʥʜʨʘ, ʚʳʪʷʥʫʪʦʛʦ ʠʟ ʵʩʢʠʟʥʦʛʦ ʢʨʫʛ-

ʣʦʛʦ ʧʨʦʬʠʣʷ. 

1. ɼʣʷ ʵʪʦʛʦ ʥʘʞʠʤʘʝʪʩʷ ʢʥʦʧʢʘ çɺʳʪʷʥʫʪʘʷ ʙʦʙʳʰʢʘ/ʦʩʥʦʚʘʥʠʝè  

ʥʘ ʧʘʥʝʣʠ ʠʥʩʪʨʫʤʝʥʪʦʚ çʕʣʝʤʝʥʪʳè. ɺ ʛʨʘʬʠʯʝʩʢʦʡ ʦʙʣʘʩʪʠ ʧʦʷʚʷʪʩʷ 

ʇʝʨʝʜʥʷʷ, ɺʝʨʭʥʷʷ ʠ ʇʨʘʚʘʷ ʧʣʦʩʢʦʩʪʠ.  

2. ɼʘʣʝʝ ʧʝʨʝʤʝʱʘʝʪʩʷ ʫʢʘʟʘʪʝʣʴ ʥʘ ʧʣʦʩʢʦʩʪʴ çʉʧʝʨʝʜʠè ʠ ʚʳʙʠʨʘ-

ʝʪʩʷ ʱʝʣʯʢʦʤ ʤʘʥʠʧʫʣʷʪʦʨʘ. ʀʟʦʙʨʘʞʝʥʠʝ ʥʘ ʜʠʩʧʣʝʝ ʠʟʤʝʥʠʪʩʷ ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʯʪʦ ʧʣʦʩʢʦʩʪʴ çʉʧʝʨʝʜʠè ʙʫʜʝʪ ʦʙʨʘʱʝʥʘ ʧʨʷʤʦ ʥʘ ʧʦʣʴʟʦʚʘʪʝ-

ʣʷ. ʕʩʢʠʟ ʦʪʢʨʦʝʪʩʷ ʥʘ ʧʣʦʩʢʦʩʪʠ çʉʧʝʨʝʜʠè. 

3. ʅʘʞʠʤʘʝʪʩʷ ʢʥʦʧʢʘ çʆʢʨʫʞʥʦʩʪʴè  ʥʘ ʧʘʥʝʣʠ ʠʥʩʪʨʫʤʝʥʪʦʚ çʕʩ-

ʢʠʟè. ʉʣʝʚʘ ʚ ʦʢʥʝ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʦʪʢʨʳʚʘʝʪʩʷ ʦʢʥʦ çʆʢʨʫʞʥʦʩʪʴè. 

4. ʋʢʘʟʘʪʝʣʴ ʧʦʤʝʱʘʝʪʩʷ ʥʘ ʠʩʭʦʜʥʫʶ ʪʦʯʢʫ. ʇʨʠ ʵʪʦʤ ʫʢʘʟʘʪʝʣʴ 

ʧʨʠʤʝʪ ʬʦʨʤʫ , ʯʪʦ ʦʟʥʘʯʘʝʪ ʩʦʚʧʘʜʝʥʠʝ ʮʝʥʪʨʘ ʦʢʨʫʞʥʦʩʪʠ ʠ ʮʝʥʪʨʘ 

ʥʘʯʘʣʘ ʢʦʦʨʜʠʥʘʪ. ʅʘʞʤʠʪʝ ʢʥʦʧʢʫ ʤʳʰʠ ʜʣʷ ʨʘʟʤʝʱʝʥʠʷ ʮʝʥʪʨʘ ʚ ʠʩ-

ʭʦʜʥʦʡ ʪʦʯʢʝ. 
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5. ʅʘʞʠʤʘʝʪʩʷ ʢʥʦʧʢʘ ʤʘʥʠʧʫʣʷʪʦʨʘ ʠ ʨʠʩʫʝʪʩʷ ʦʢʨʫʞʥʦʩʪʴ ʜʦ ʪʝʭ 

ʧʦʨ, ʧʦʢʘ ʥʝ ʙʫʜʝʪ ʦʪʧʫʱʝʥʘ ʢʥʦʧʢʘ ʤʳʰʠ.  

6. ɼʘʣʝʝ ʚ ʦʢʥʝ çʆʢʨʫʞʥʦʩʪʴè ʫʢʘʟʳʚʘʝʪʩʷ ʨʘʜʠʫʩ 200 ʤʤ (0,2 ʤ) ʠ 

ʥʘʞʠʤʘʝʪʩʷ ʢʥʦʧʢʘ  ʜʣʷ ʟʘʚʝʨʰʝʥʠʷ ʧʦʩʪʨʦʝʥʠʷ ʦʢʨʫʞʥʦʩʪʠ. ʏʪʦʙʳ 

ʫʚʠʜʝʪʴ ʚʩʶ ʦʢʨʫʞʥʦʩʪʴ ʜʦʩʪʘʪʦʯʥʦ ʥʘʞʘʪʴ ʢʥʦʧʢʫ  ʥʘ ʧʘʥʝʣʠ ʚʠʜʦʚ 

(ʩʤ. ʨʠʩ. 2.10). ʈʘʟʤʝʨʳ ʦʢʨʫʞʥʦʩʪʠ ʤʦʛʫʪ ʙʳʪʴ ʥʘʥʝʩʝʥʳ ʧʦʟʞʝ ʩ ʧʦʤʦ-

ʱʴʶ ʢʥʦʧʢʠ çɸʚʪʦʤʘʪʠʯʝʩʢʦʝ ʥʘʥʝʩʝʥʠʝ ʨʘʟʤʝʨʦʚè  ʥʘ ʧʘʥʝʣʠ ʠʥʩʪʨʫ-

ʤʝʥʪʦʚ çʕʩʢʠʟè. ʇʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ ʚʳʙʨʘʪʴ çʆʢʨʫʞʥʦʩʪʴè ʠ ʧʦ ʱʝʣʯ-

ʢʫ ʤʳʰʠ ʚʳʩʚʝʪʠʪʩʷ ʦʢʥʦ, ʚ ʢʦʪʦʨʦʤ ʤʦʞʥʦ ʚʚʝʩʪʠ ʪʨʝʙʫʝʤʳʡ ʨʘʟʤʝʨ ʠ 

ʥʘʞʘʪʴ ʟʥʘʯʦʢ ʆʂ (). ɼʘʣʝʝ ʥʘʞʠʤʘʝʪʩʷ ʆʂ ʚ ʦʢʥʝ çʈʘʟʤʝʨè ʚ ʜʝʨʝʚʝ 

ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ. ʊʝʧʝʨʴ ʥʘ ʵʢʨʘʥʝ ʦʢʨʫʞʥʦʩʪʴ ʩ ʥʘʥʝʩʝʥʥʳʤ ʨʘʟʤʝʨʦʤ 

(ʨʠʩ. 2.23). 

 

ʈʠʩ. 2.23. ʆʢʨʫʞʥʦʩʪʴ ʩ ʥʘʥʝʩʝʥʥʳʤ ʨʘʟʤʝʨʦʤ 

ɼʘʣʝʝ ʥʝʦʙʭʦʜʠʤʦ ʚʳʪʷʥʫʪʴ ʜʚʫʭʤʝʨʥʳʡ ʵʩʢʠʟ ʜʣʷ ʩʦʟʜʘʥʠʷ ʪʨʝʭʤʝʨ-

ʥʦʛʦ ʮʠʣʠʥʜʨʘ. ɼʣʷ ʵʪʦʛʦ ʥʘʞʤʝʪʩʷ ʢʥʦʧʢʘ çɺʳʡʪʠ ʠʟ ʵʩʢʠʟʘè ʥʘ ʧʘʥʝʣʠ 

ʠʥʩʪʨʫʤʝʥʪʦʚ çʕʩʢʠʟè. ɺ ʦʢʥʝ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʧʘʨʘʤʝʪʨʳ ʚʳʪʷʞʢʠ. ɺ 

ʨʘʟʜʝʣʝ çʅʘʧʨʘʚʣʝʥʠʝ 1è ʚrʙʝʨʝʪʩʷ çʅʘ ʟʘʜʘʥʥʦʝ ʨʘʩʩʪʦʷʥʠʝè ʠ ʫʢʘʟʳʚʘ-

ʝʪʩʷ ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ çɻʣʫʙʠʥʘè 500 ʤʤ. ʅʘʞʠʤʘʝʪʩʷ ʆʂ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʧʦʣʫʯʝʥ ʪʨʝʙʫʝʤʳʡ ʮʠʣʠʥʜʨ. ʈʝʟʫʣʴʪʘʪʳ ʩʦʭʨʘʥʷʶʪʩʷ ʚ ʦʪʜʝʣʴʥʦʤ ʬʘʡʣʝ. 

ʊʝʧʝʨʴ, ʢʘʢ ʠ ʚ ʧʨʦʮʝʜʫʨʝ ʩʦʟʜʘʥʠʷ ʦʙʦʣʦʯʢʠ, ʚʳʙʠʨʘʝʤ ʢʥʦʧʢʫ çʄʘʪʝʨʠ-

ʘʣè ʚ ʜʝʨʝʚʝ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʠ ʚʳʙʠʨʘʝʤ ʤʘʪʝʨʠʘʣ çAISI 1020 ʩʪʘʣʴ ʭʦ-

ʣʦʜʥʦʢʘʪʥʘʷè ʜʣʷ ʜʚʠʛʘʪʝʣʷ. ʅʘʞʠʤʘʝʤ çʇʨʠʤʝʥʠʪʴè ʠ çɿʘʢʨʳʪʴè. 

ɺ ʢʘʯʝʩʪʚʝ ʰʪʘʥʛʠ, ʥʘ ʢʦʪʦʨʦʡ ʢʨʝʧʷʪʩʷ ʜʚʠʛʘʪʝʣʠ, ʙʫʜʝʤ ʠʩʧʦʣʴʟʦ-

ʚʘʪʴ ʧʫʩʪʦʪʝʣʳʡ ʮʠʣʠʥʜʨ ʚʥʝʰʥʠʤ ʨʘʜʠʫʩʦʤ 40 ʤʤ ʩ ʪʦʣʱʠʥʦʡ ʩʪʝʥʦʢ 

10 ʤʤ. ɼʣʠʥʘ ʮʠʣʠʥʜʨʘ 2,5 ʤ. 

ɸʥʘʣʦʛʠʯʥʦ ʧʨʦʮʝʜʫʨʝ ʩʦʟʜʘʥʠʷ ʮʠʣʠʥʜʨʘ ʜʣʷ ʜʚʠʛʘʪʝʣʷ ʩʦʟʜʘʝʪʩʷ 

ʮʠʣʠʥʜʨ ʜʣʷ ʝʛʦ ʢʨʝʧʣʝʥʠʷ ʢ ʛʦʥʜʦʣʝ. ʇʦʩʣʝ ʩʦʟʜʘʥʠʷ ʥʦʚʦʛʦ ʬʘʡʣʘ ʚʳ-

ʙʠʨʘʝʪʩʷ ʢʥʦʧʢʘ çɺʳʪʷʥʫʪʘʷ ʙʦʙʳʰʢʘ/ʦʩʥʦʚʘʥʠʝè, ʟʘʪʝʤ ʚʳʙʠʨʘʝʪʩʷ ʧʝ-

ʨʝʜʥʷʷ ʧʣʦʩʢʦʩʪʴ ʠ ʥʘ ʥʝʡ ʨʠʩʫʝʪʩʷ ʦʢʨʫʞʥʦʩʪʴ ʨʘʜʠʫʩʦʤ 40 ʤʤ. ʇʦʩʣʝ 
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ʥʘʞʘʪʠʷ ʢʥʦʧʢʠ ʆʂ ʦʩʫɦ ʝʩʪʚʣʷʝʪʩʷ ʚʳʭʦʜ ʠʟ ʵʩʢʠʟʘ ʢʥʦʧʢʦʡ . ɼʘʣʝʝ ʚ 

ʧʦʷʚʠʚʰʝʤʩʷ ʦʢʥʝ ʫʢʘʟʳʚʘʝʤ ʜʣʠʥʫ ʰʪʘʥʛʠ 2500 ʤʤ ʠ ʥʘʞʠʤʘʝʤ ʆʂ. ɺr -

ʙʠʨʘʝʤ ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʘ ʩʧʣʘʚ ʘʣʶʤʠʥʠʷ ç1060-ʅ12 ʉʪʝʨʞʝʥʴè. 

ʊʝʧʝʨʴ ʚʳʙʠʨʘʝʪʩʷ ʠʥʩʪʨʫʤʝʥʪ çɺʳʪʷʥʫʪʳʡ ʚʳʨʝʟè  ʥʘ ʧʘʥʝʣʠ ʠʥ-

ʩʪʨʫʤʝʥʪʦʚ çʕʣʝʤʝʥʪʳè. ɺʳʙʠʨʘʝʪʩʷ ʚʠʜ çʉʧʝʨʝʜʠè ʥʘ ʧʘʥʝʣʠ ʚʠʜʦʚ (ʩʤ. 

ʨʠʩ. 2.10). ɺʳʙʠʨʘʝʪʩʷ ʧʝʨʝʜʥʷʷ ʛʨʘʥʴ ʩʦʟʜʘʥʥʦʛʦ ʮʠʣʠʥʜʨʘ. ʇʨʠ ʵʪʦʤ ʘʚ-

ʪʦʤʘʪʠʯʝʩʢʠ ʚʢʣʶʯʘʝʪʩʷ ʧʘʥʝʣʴ çʕʩʢʠʟè. ɼʘʣʝʝ ʥʘʞʠʤʘʝʪʩʷ ʢʥʦʧʢʘ 

çʆʢʨʫʞʥʦʩʪʴè ʥʘ ʧʘʥʝʣʠ ʠʥʩʪʨʫʤʝʥʪʦʚ çʕʩʢʠʟè ʫʢʘʟʘʪʝʣʴ ʧʦʤʝʱʘʝʪʩʷ ʥʘ 

ʠʩʭʦʜʥʫʶ ʪʦʯʢʫ. ɼʘʣʝʝ ʨʠʩʫʝʪʩʷ ʦʢʨʫʞʥʦʩʪʴ ʨʘʜʠʫʩʦʤ 30 ʤʤ. ɺ ʜʝʨʝʚʝ 

ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʧʦʷʚʣʷʝʪʩʷ ʦʢʥʦ çɺʨrʝʟ-ʚʳʪʷʥʫʪʴè, ʧʨʝʜʩʪʘʚʣʝʥʥʦʝ ʥʘ 

ʨʠʩ. 2.24, ʚ ʢʦʪʦʨʦʤ ʤʦʞʥʦ ʫʢʘʟʘʪʴ ʛʣʫʙʠʥʫ ʚʳʨʝʟʘ. ʋʢʘʟʳʚʘʝʪʩʷ ʜʣʠʥʘ 

2500 ʤʤ. 

 

ʈʠʩ. 2.24. ʉʦʟʜʘʥʠʝ ʚʳʨʝʟʘ ʚ ʜʝʪʘʣʠ 

ʇʦʩʣʝ ʥʘʞʘʪʠʷ ʆʂ ʚ ʛʨʘʬʠʯʝʩʢʦʡ ʦʙʣʘʩʪʠ ʧʦʷʚʠʪʩʷ ʪʨʫʙʢʘ, ʦʪʦʙʨʘ-

ʞʘʶʱʘʷ ʪʨʝʙʫʝʤʫʶ ʜʝʪʘʣʴ, ʧʨʝʜʩʪʘʚʣʝʥʥʫʶ ʥʘ ʨʠʩ. 2.25. 

ʇʦʩʣʝʜʥʝʡ ʜʝʪʘʣʴʶ, ʩʦʟʜʘʚʘʝʤʦʡ ʚ ʜʘʥʥʦʤ ʧʨʠʤʝʨʝ, ʷʚʣʷʝʪʩʷ ʘʵʨʦʜʠ-

ʥʘʤʠʯʝʩʢʠʡ ʩʪʘʙʠʣʠʟʘʪʦʨ, ʢʦʪʦʨʳʡ ʩʪʨʦʠʪʩʷ ʠʟ ʦʪʜʝʣʴʥʳʭ ʣʠʥʠʡ. ɼʣʷ 

ʵʪʦʛʦ ʩʦʟʜʘʝʪʩʷ ʥʦʚʳʡ ʬʘʡʣ, ʚʳʙʠʨʘʝʪʩʷ ʧʝʨʝʜʥʷʷ ʧʣʦʩʢʦʩʪʴ ʜʣʷ ʨʠʩʦʚʘ-

ʥʠʷ ʵʩʢʠʟʘ. ʅʘ ʧʘʥʝʣʠ ʠʥʩʪʨʫʤʝʥʪʦʚ çʕʩʢʠʟè ʚʳʙʠʨʘʝʪʩʷ ʢʥʦʧʢʘ çʃʠʥʠʷè, 

ʜʘʣʝʝ ʱʝʣʯʢʦʤ ʚʳʙʠʨʘʝʪʩʷ ʧʝʨʝʜʥʷʷ ʧʣʦʩʢʦʩʪʴ ʠ ʧʨʦʚʦʜʠʪʩʷ ʛʦʨʠʟʦʥ-

ʪʘʣʴʥʘʷ ʣʠʥʠʷ ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2.26. ʃʠʥʠʷ ʥʘʯʠʥʘʝʪʩʷ ʧʨʠ ʦʜʥʦʢʨʘʪ-

ʥʦʤ ʱʝʣʯʢʝ ʤʘʥʠʧʫʣʷʪʦʨʦʤ, ʘ ʟʘʢʘʥʯʠʚʘʝʪʩʷ ʜʚʦʡʥʳʤ ʱʝʣʯʢʦʤ ʥʘ ʢʦʥʝʯ-

ʥʦʡ ʪʦʯʢʝ. 

ɼʘʣʝʝ ʥʘʞʠʤʘʝʤ ʆʂ ʠ ʚʳʙʠʨʘʝʤ ʱʝʣʯʢʦʤ ʥʘʨʠʩʦʚʘʥʥʫʶ ʣʠʥʠʶ, ʧʦ-

ʩʣʝ ʯʝʛʦ ʩʣʝʚʘ ʚ ʜʝʨʝʚʝ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʫʢʘʟʳʚʘʝʪʩʷ ʜʣʠʥʘ ʣʠʥʠʠ 

1000 ʤʤ. ʇʦʩʣʝ ʵʪʦʛʦ ʥʘʞʠʤʘʝʪʩʷ ʆʂ ʠ ʢʥʦʧʢʘ çʀʟʤʝʥʠʪʴ ʚ ʨʘʟʤʝʨ ʦʢʥʘè 

ʥʘ ʧʘʥʝʣʠ ʚʠʜʦʚ. ɸʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ ʠʟ ʥʘʯʘʣʴʥʦʡ ʪʦʯʢʠ ʧʨʦʚʦʜʠʪʩʷ 

ʚʝʨʪʠʢʘʣʴʥʘʷ ʣʠʥʠʷ ʜʣʠʥʦʡ 700 ʤʤ (ʨʠʩ. 2.27). 
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ʈʠʩ. 2.25. ʐʪʘʥʛʘ ʜʣʷ ʢʨʝʧʣʝʥʠʷ 

ʜʚʠʛʘʪʝʣʝʡ 

ʈʠʩ. 2.26. ʅʠʞʥʷʷ ʛʨʘʥʠʮʘ 

 ʩʪʘʙʠʣʠʟʘʪʦʨʘ 

ɼʘʣʝʝ ʩʪʨʦʠʤ ʠʟ ʚʝʨʭʥʝʡ ʪʦʯʢʠ ʚʝʨʪʠʢʘʣʴʥʦʡ ʣʠʥʠʠ ʛʦʨʠʟʦʥʪʘʣʴʥʫʶ 

ʣʠʥʠʠ ʜʣʠʥʦʡ 700 ʤʤ ʠ ʧʦʣʫʯʝʥʥʫʶ ʣʠʥʠʶ ʩʦʝʜʠʥʷʝʤ ʩ ʥʠʞʥʝʡ ʛʨʘʥʠʮʝʡ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʠʤ ʬʠʛʫʨʫ, ʧʨʝʜʩʪʘʚʣʝʥʥʫʶ ʥʘ ʨʠʩ. 2.28. 

  

ʈʠʩ. 2.27. ʅʠʞʥʷʷ ʠ ʧʨʘʚʘʷ 

 ʛʨʘʥʠʮʳ ʩʪʘʙʠʣʠʟʘʪʦʨʘ 
ʈʠʩ. 2.28. ʂʦʥʪʫʨʳ ʩʪʘʙʠʣʠʟʘʪʦʨʘ 

ɼʘʣʝʝ ʚʳʭʦʜʠʤ ʠʟ çʕʩʢʠʟʘè, ʧʝʨʝʭʦʜʠʤ ʚ ʧʘʥʝʣʴ çʕʣʝʤʝʥʪʳè ʠ ʚr -

ʙʠʨʘʝʤ ʢʥʦʧʢʫ çɺʳʪʷʥʫʪʘʷ ʙʦʙʳʰʢʘ/ʦʩʥʦʚʘʥʠʝè. ɺ ʧʦʷʚʠʚʰʝʤʩʷ ʦʢʥʝ 

ʫʢʘʟʳʚʘʝʤ ʪʦʣʱʠʥʫ ʩʪʘʙʠʣʠʟʘʪʦʨʘ 20 ʤʤ. ʇʦʩʣʝ ʥʘʞʘʪʠʷ ʆʂ ʩʦʟʜʘʝʪʩʷ 

ʩʪʘʙʠʣʠʟʘʪʦʨ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʥʘ ʨʠʩ. 2.29. 

 

ʈʠʩ. 2.29. ʉʦʟʜʘʥʥʳʡ ʩʪʘʙʠʣʠʟʘʪʦʨ 
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ɺ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʘ ʩʪʘʙʠʣʠʟʘʪʦʨʘ ʚʳʙʝʨʝʤ ʤʘʪʝʨʠʘʣ ʛʦʥʜʦʣʳ ï ʧʦ-

ʣʠʢʘʨʙʦʥʘʪ. 

ʊʝʧʝʨʴ ʚʩʝ ʥʝʦʙʭʦʜʠʤʳʝ ʜʝʪʘʣʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʫʧʨʦʱʝʥʥʦʡ ʤʦʜʝʣʠ 

ʜʠʨʠʞʘʙʣʷ ʛʦʪʦʚʳ. 

ʉʦʟʜʘʝʪʩʷ ʥʦʚʳʡ ʬʘʡʣ, ʧʨʠ ʵʪʦʤ ʚʳʙʠʨʘʝʪʩʷ çʊʨʝʭʤʝʨʥʦʝ ʨʘʩʧʦʣʦ-

ʞʝʥʠʝ ʜʝʪʘʣʝʡ ʠ ʜʨʫʛʠʭ ʩʙʦʨʦʢè. 

ɺ ʜʝʨʝʚʝ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʦʪʦʙʨʘʞʘʝʪʩʷ ʦʢʥʦ çʅʘʯʘʪʴ ʩʙʦʨʢʫè. ɺ 

ʵʪʦʤ ʦʢʥʝ ʚ ʨʘʟʜʝʣʝ çɼʝʪʘʣʴ/ʉʙʦʨʢʘ ʜʣʷ ʚʩʪʘʚʢʠè ʚʳʙʠʨʘʝʤ ʢʥʦʧʢʫ çʆʙ-

ʟʦʨè, ʥʘʭʦʜʠʤ ʬʘʡʣ çʆʙʦʣʦʯʢʘ ʜʠʨʠʞʘʙʣʷè ʠ ʚʩʪʘʚʣʷʝʤ ʝʛʦ ʚ ʧʨʦʝʢʪ. ɼʘ-

ʣʝʝ ʧʦʤʝʱʘʝʤ ʢʫʨʩʦʨ ʚ ʥʘʯʘʣʦ ʢʦʦʨʜʠʥʘʪ, ʢʦʛʜʘ ʦʥ ʧʨʠʥʠʤʘʝʪ ʚʠʜ , ʠ 

ʥʘʞʠʤʘʝʤ ʤʘʥʠʧʫʣʷʪʦʨ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʙʦʣʦʯʢʘ ʜʠʨʠʞʘʙʣʷ ʚʩʪʘʚʣʝʥʘ ʩ 

ʧʨʠʚʷʟʢʦʡ ʢ ʥʘʯʘʣʴʥʦʡ ʪʦʯʢʝ. 

ʊʝʧʝʨʴ ʘʥʘʣʦʛʠʯʥʦ ʚʩʪʘʚʣʷʝʤ ʬʘʡʣ ʩ ʩʦʜʝʨʞʠʤʳʤ ʦʙʦʣʦʯʢʠ ʜʠʨʠ-

ʞʘʙʣʷ. ʇʨʠ ʵʪʦʤ ʢʫʨʩʦʨ ʩʥʦʚʘ ʧʦʤʝʱʘʝʤ ʚ ʠʩʭʦʜʥʫʶ ʪʦʯʢʫ. ʊʦʛʜʘ ʩʦʜʝʨ-

ʞʠʤʦʝ ʦʙʦʣʦʯʢʠ ʨʘʟʤʝʱʘʝʪʩʷ ʚʥʫʪʨʠ ʩʘʤʦʡ ʦʙʦʣʦʯʢʠ, ʪʘʢ ʢʘʢ ʵʪʘ ʜʝʪʘʣʴ 

ʥʘ 1 % ʤʝʥʴʰʝ. 

ɼʘʣʝʝ ʚʩʪʘʚʣʷʝʤ ʚ ʧʨʦʠʟʚʦʣʴʥʳʝ ʤʝʩʪʘ ʦʩʪʘʣʴʥʳʝ ʜʝʪʘʣʠ ʜʠʨʠʞʘʙʣʷ: 

ʛʦʥʜʦʣʫ; ʜʚʠʛʘʪʝʣʴ (2 ʨʘʟʘ); ʰʪʘʥʛʫ (2 ʨʘʟʘ), ʩʪʘʙʠʣʠʟʘʪʦʨ (4 ʨʘʟʘ). 

ʊʝʧʝʨʴ ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʧʦʣʦʞʠʪʴ ʜʝʪʘʣʠ ʦʪʥʦʩʠʪʝʣʥɹʦ ʜʨʫʛ ʜʨʫʛʘ. 

ɺʳʙʠʨʘʝʤ ʧʨʘʚʦʡ ʢʥʦʧʢʦʡ ʤʳʰʠ ʚ ʜʝʨʝʚʝ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʚ ʤʝʥʶ 

çʈʘʩʧʦʣʦʞʝʥʠʝè ʵʣʝʤʝʥʪ çɻʦʥʜʦʣʘè. ɺ ʧʦʷʚʠʚʰʝʤʩʷ ʤʝʥʶ ʚʳʙʠʨʘʝʤ 

ʧʫʥʢʪ çʇʝʨʝʤʝʩʪʠʪʴ ʩ ʩʠʩʪʝʤʦʡ ʢʦʦʨʜʠʥʘʪè, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2.30. 

 

ʈʠʩ. 2.30. ʇʝʨʝʤʝʱʝʥʠʝ ʦʙʲʝʢʪʦʚ 

ɼʘʣʝʝ ʧʝʨʝʪʘʩʢʠʚʘʝʤ ʤʳʰʴʶ ʛʦʥʜʦʣʫ ʧʦʜ ʦʙʦʣʦʯʢʫ. ʇʨʠ ʥʝʦʙʭʦʜʠ-

ʤʦʩʪʠ ʤʦʞʥʦ ʤʝʥʷʪʴ ʧʨʦʝʢʮʠʶ ʧʨʦʩʤʦʪʨʘ ʛʨʘʬʠʯʝʩʢʦʡ ʯʘʩʪʠ ʯʝʨʝʟ ʤʝʥʶ 

ʚʠʜʦʚ. 
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ɿʘʪʝʤ ʧʝʨʝʤʝʱʘʝʤ ʠ ʧʦʚʦʨʘʯʠʚʘʝʤ ʰʪʘʥʛʫ ʜʣʷ ʜʚʠʛʘʪʝʣʝʡ. ɺʳʙʠʨʘʝʤ 

ʧʨʘʚʦʡ ʢʥʦʧʢʦʡ ʤʘʥʠʧʫʣʷʪʦʨʘ ʰʪʘʥʛʫ ʜʣʷ ʜʚʠʛʘʪʝʣʝʡ ʠ ʚʳʙʠʨʘʝʤ ʧʫʥʢʪ 

çʇʝʨʝʤʝʩʪʠʪʴ ʩ ʩʠʩʪʝʤʦʡ ʢʦʦʨʜʠʥʘʪè. ʐʪʘʥʛʫ ʥʫʞʥʦ ʧʦʚʝʨʥʫʪʴ ʥʘ 90 

ʛʨʘʜʫʩʦʚ. ɼʣʷ ʵʪʦʛʦ ʟʘʭʚʘʪʳʚʘʝʤ ʤʳʰʴʶ ʛʦʨʠʟʦʥʪʘʣʴʥʫʶ ʦʢʨʫʞʥʦʩʪʴ, ʢʘʢ 

ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2.31 ʠ ʚʨʘʱʘʝʤ ʝʝ ʜʦ 90 ʛʨʘʜʫʩʦʚ. 

ɼʘʣʝʝ ʚʳʙʠʨʘʝʤ ʥʘ ʧʘʥʝʣʠ ʚʠʜʦʚ çɺʠʜ ʩʧʝʨʝʜʠè, ʟʘʭʚʘʪʳʚʘʝʤ ʤʳʰʴʶ 

ʚʝʨʪʠʢʘʣʴʥʫʶ ʦʩʴ ʠ ʪʘʱʠʤ ʰʪʘʥʛʫ ʚʚʝʨʭ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2.32. 

 
 

ʈʠʩ. 2.31. ʇʦʚʦʨʦʪ ʰʪʘʥʛʠ  

ʢʨʝʧʣʝʥʠʷ ʜʚʠʛʘʪʝʣʝʡ ʈʠʩ. 2.32. ʇʝʨʝʪʘʩʢʠʚʘʥʠʝ ʰʪʘʥʛʠ 

ɿʘʪʝʤ, ʟʘʭʚʘʪʠʚ ʰʪʘʥʛʫ ʟʘ ʛʦʨʠʟʦʥʪʘʣʴʥʫʶ ʦʩʴ, ʧʦʜʪʘʩʢʠʚʘʝʤ ʝʝ ʪʘʢ, 

ʯʪʦʙʳ ʦʥʘ ʩʦʧʨʠʢʘʩʘʣʘʩʴ ʩ ʛʦʥʜʦʣʦʡ ʜʠʨʠʞʘʙʣʷ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2.33. 

ɸʥʘʣʦʛʠʯʥʦ ʨʘʩʧʦʣʘʛʘʝʤ ʚʪʦʨʫʶ ʰʪʘʥʛʫ ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ ʛʦʥʜʦʣʳ. 

ɸʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ ʫʩʪʘʥʘʚʣʠʚʘʝʤ ʜʚʠʛʘʪʝʣʠ ʠ ʩʪʘʙʠʣʠʟʘʪʦʨʳ ʚ 

ʚʠʜʝ ʢʨʝʩʪʦʦʙʨʘʟʥʦʛʦ ʦʧʝʨʝʥʠʷ. ʇʨʠ ʵʪʦʤ ʫʜʦʙʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʚʥʘʯʘʣʝ 

ʥʝʦʙʭʦʜʠʤʫʶ ʦʨʠʝʥʪʘʮʠʶ ʜʝʪʘʣʠ, ʘ ʟʘʪʝʤ ʧʝʨʝʤʝʱʝʥʠʝ. ʇʨʠ ʧʝʨʝʤʝʱʝ-

ʥʠʠ ʥʫʞʥʦ ʨʘʩʧʦʣʘʛʘʪʴ ʜʝʪʘʣʴ ʩʥʘʯʘʣʘ ʚ ʦʜʥʦʡ ʧʨʦʝʢʮʠʠ, ʘ ʟʘʪʝʤ ï ʚ ʜʨʫ-

ʛʦʡ. ʈʝʟʫʣʴʪʘʪ ʩʙʦʨʢʠ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 2.34. 

  

ʈʠʩ. 2.33. ʋʩʪʘʥʦʚʢʘ ʰʪʘʥʛʠ ʥʘ 

ʛʦʥʜʦʣʫ 

ʈʠʩ. 2.34. ʉʦʙʨʘʥʥʘʷ ʪʨʝʭʤʝʨʥʘʷ  

ʤʦʜʝʣʴ ʜʠʨʠʞʘʙʣʷ 

ʊʝʧʝʨʴ ʦʧʨʝʜʝʣʷʝʤ ʤʘʩʩʦ-ʠʥʝʨʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʥʝʦʙʭʦʜʠ-

ʤʳʝ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ. ʇʝʨʝʭʦʜʠʤ ʚ ʨʘʟʜʝʣ çɸʥʘʣʠ-
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ʟʠʨʦʚʘʪʴè ʠ ʚʳʙʠʨʘʝʤ çʄʘʩʩʦʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠè. ʈʝʟʫʣʴʪʘʪ ʧʨʝʜʩʪʘʚ-

ʣʝʥ ʥʘ ʨʠʩ. 2.35. 

 

ʈʠʩ. 2.35. ʄʘʩʩʦʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʠʨʠʞʘʙʣʷ 

ʊʝʧʝʨʴ ʩʦʟʜʘʜʠʤ ʯʝʨʪʝʞ ʩʦʟʜʘʥʥʦʛʦ ʦʙʲʝʢʪʘ. ɺʥʘʯʘʣʝ  ʥʘ ʧʘʥʝʣʠ ʠʥ-

ʩʪʨʫʤʝʥʪʦʚ ʥʘʞʠʤʘʝʪʩʷ ʢʥʦʧʢʘ çʇʘʨʘʤʝʪʨʳè . ʅʘ ʚʢʣʘʜʢʝ çʅʘʩʪʨʦʡʢʠ 

ʧʦʣʴʟʦʚʘʪʝʣʷè ʚʳʙʠʨʘʝʪʩʷ ʧʘʨʘʤʝʪʨ çʄʝʩʪʦʨʘʩʧʦʣʦʞʝʥʠʝ ʬʘʡʣʦʚè. ɺ 

ʨʘʟʜʝʣʝ çʆʪʦʙʨʘʟʠʪʴ ʧʘʧʢʠè ʚʳʙʠʨʘʝʪʩʷ çʐʘʙʣʦʥʳ ʜʦʢʫʤʝʥʪʦʚè ʠ ʢʥʦʧʢʘ 

çɼʦʙʘʚʠʪʴè. ɺ ʜʠʘʣʦʛʦʚʦʤ ʦʢʥʝ çʅʘʡʪʠ ʧʘʧʢʫè ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʝʨʝʭʦʜ ʚ 

ʢʘʪʘʣʦʛ_ʫʩʪʘʥʦʚʢʠ \ Program Files \ SolidWorks Corp \ SolidWorks \ lang \ 

english \ Tutorial. ʕʪʘ ʧʘʧʢʘ ʩʦʜʝʨʞʠʪ ʰʘʙʣʦʥʳ ʩʫʱʝʩʪʚʫʶʱʠʭ ʫʯʝʙʥʳʭ 

ʧʦʩʦʙʠʡ. ɼʚʘʞʜʳ ʥʘʞʠʤʘʝʪʩʷ OK. ʊʝʧʝʨʴ ʚ ʧʨʦʝʢʪ ʤʦʞʝʪ ʙʳʪʴ ʜʦʙʘʚʣʝʥ 

ʰʘʙʣʦʥ ʯʝʨʪʝʞʘ ʩ ʦʩʥʦʚʥʦʡ ʥʘʜʧʠʩʴʶ. 

ʉʦʟʜʘʝʪʩʷ ʥʦʚʳʡ ʬʘʣ ʠ ʚʦ ʚʢʣʘʜʢʝ çTutorialè ʚʳʙʠʨʘʝʪʩʷ ʰʘʙʣʦʥ 

çDrawè . ʇʦʩʣʝ ʵʪʦʛʦ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʩʦʟʜʘʝʪʩʷ ʰʘʙʣʦʥ ʯʝʨʪʝʞʘ. 

ɼʘʣʝʝ ʚ ʜʝʨʝʚʝ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʚʳʙʠʨʘʝʪʩʷ ʢʥʦʧʢʘ çʆʙʟʦʨè ʠ ʚʳʙʠ-

ʨʘʝʪʩʷ ʚ ʜʠʘʣʦʛʦʚʦʤ ʦʢʥʝ ʠʤʷ ʬʘʡʣʘ ʩ ʜʝʪʘʣʴʶ, ʜʣʷ ʢʦʪʦʨʦʡ ʥʫʞʥʦ ʩʦ-

ʟʜʘʪʴ ʯʝʨʪʝʞ. 

ɺ ʜʝʨʝʚʝ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʚʳʙʠʨʘʝʪʩʷ ʢʥʦʧʢʘ çʉʦʟʜʘʪʴ ʥʝʩʢʦʣʴʢʦ 

ʚʠʜʦʚè, ʚʳʙʠʨʘʶʪʩʷ ʚʠʜʳ çʉʧʝʨʝʜʠè, çʉʚʝʨʭʫè, çʉʧʨʘʚʘè ʠ çʀʟʦʤʝʪʨʠʷè. 

ʅʘʞʠʤʘʝʪʩʷ ʆʂ. ʅʘ ʯʝʨʪʝʞʝ ʧʦʷʚʣʷʶʪʩʷ ʚʩʝ ʪʨʝʙʫʝʤʳʝ ʚʠʜʳ (ʨʠʩ. 2.36). 
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ʈʠʩ. 2.36. ʉʦʟʜʘʥʠʝ ʯʝʨʪʝʞʘ 

ʑʝʣʯʢʦʤ ʧʨʘʚʦʡ ʢʥʦʧʢʠ ʤʳʰʠ ʚʳʟʳʚʘʝʪʩʷ ʢʦʥʪʝʢʩʪʥʦʝ ʤʝʥʶ, ʚ ʢʦ-

ʪʦʨʦʤ ʤʦʞʥʦ ʚʳʙʨʘʪʴ ʨʘʟʜʝʣ çʈʝʜʘʢʪʠʨʦʚʘʪʴ ʦʩʥʦʚʥʫʶ ʥʘʜʧʠʩʴè ʠ ʜʚʦʡ-

ʥʳʤ ʱʝʣʯʢʦʤ ʚʳʙʠʨʘʪʴ ʵʣʝʤʝʥʪʳ ʠ ʨʝʜʘʢʪʠʨʦʚʘʪʴ ʠʭ. 

2.2. Ȼɜɚɑɖɞəɚɑ ɓɌɐɌəɔɑ 2.1 

ʉ ʧʦʤʦʱʴʶ ʧʘʢʝʪʘ Solid Works ʨʘʟʨʘʙʦʪʘʪʴ ʪʨʝʭʤʝʨʥʫʶ ʤʦʜʝʣʴ ʜʠ-

ʨʠʞʘʙʣʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʚʘʨʠʘʥʪʦʤ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʥʠʞʝ ʚ ʪʘʙʣ. 2.2. 

ɺʘʨʠʘʥʪ ʪʘʢʞʝ ʤʦʞʝʪ ʙʳʪʴ ʚʳʙʨʘʥ ʧʦ ʪʝʤʝ ʜʠʧʣʦʤʥʦʛʦ ʧʨʦʝʢʪʘ ʠʣʠ 

ʅʀʈʉ ʩʪʫʜʝʥʪʘ. 

ʊʨʝʭʤʝʨʥʘʷ ʤʦʜʝʣʴ ʜʦʣʞʥʘ ʩʦʜʝʨʞʘʪʴ ʥʝ ʤʝʥʝʝ ʰʝʩʪʠ ʨʘʟʣʠʯʥʳʭ ʜʝ-

ʪʘʣʝʡ (ʦʜʥʘ ʜʝʪʘʣʴ, ʠʩʧʦʣʴʟʫʝʤʘʷ ʚ ʤʦʜʝʣʠ ʥʝʩʢʦʣʴʢʦ ʨʘʟ, ʩʯʠʪʘʝʪʩʷ ʦʜʠʥ 

ʨʘʟ). 

ɼʣʷ ʩʦʟʜʘʥʥʦʡ ʤʦʜʝʣʠ ʦʧʨʝʜʝʣʠʪʴ ʤʘʪʝʨʠʘʣ ʢʘʞʜʦʡ ʜʝʪʘʣʠ ʠ ʩ ʧʦʤʦ-

ʱʴʶ Solid Works ʨʘʩʩʯʠʪʘʪʴ ʧʦʣʦʞʝʥʠʝ ʮʝʥʪʨʘ ʤʘʩʩ, ʤʘʩʩʫ ʦʙʲʝʢʪʘ, ʝʛʦ 

ʦʙʲʝʤ, ʤʦʤʝʥʪʳ ʠʥʝʨʮʠʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪʳ ʦʬʦʨʤʠʪʴ ʚ ʚʠʜʝ ʦʪʯʝʪʘ, ʩʦʜʝʨʞʘʱʝ-

ʛʦ: ʪʠʪʫʣʴʥʳʡ ʣʠʩʪ, ʟʘʜʘʥʠʝ, ʚʘʨʠʘʥʪ, ʦʙʱʠʡ ʚʠʜ ʩʦʟʜʘʥʥʦʡ ʤʦʜʝʣʠ, ʯʝʨ-

ʪʝʞ, ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʠʥʝʨʮʠʦʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ. ʆʪʯʝʪ ʪʘʢʞʝ 

ʜʦʣʞʝʥ ʩʦʜʝʨʞʘʪʴ ʤʘʪʝʨʠʘʣ, ʦʪʨʘʞʘʶʱʠʡ ʭʦʜ ʩʦʟʜʘʥʠʷ ʤʦʜʝʣʠ. ʆʪʯʝʪ 

ʦʬʦʨʤʣʷʝʪʩʷ ʚ ʵʣʝʢʪʨʦʥʥʦʤ ʚʠʜʝ. ʂ ʦʪʯʝʪʫ ʧʨʠʣʘʛʘʝʪʩʷ ʧʘʧʢʘ ʩ ʬʘʣʘʤʠ 

ʧʨʦʝʢʪʘ, ʩʦʟʜʘʥʥʦʛʦ ʚ ʧʘʢʝʪʝ Solid Works. 
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ʊʘʙʣʠʮʘ 2.2  

ɺʘʨʠʘʥʪʳ ʟʘʜʘʥʠʡ 

 ̄ ɺʥʝʰʥʠʡ ʚʠʜ ʦʙʲʝʢʪʘ ʇʘʨʘʤʝʪʨʳ 

1 

 

ɼʣʠʥʘ ï 40 ʤ 

ʐʠʨʠʥʘ ï 18 ʤ 

ɺʳʩʦʪʘ ï 10 ʤ 

ɺʝʩ ʦʙʦʣʦʯʢʠ ï 500 ʢʛ, ʪʦʣɦ ʠʥʘ  

ï 5 ʤʤ 

ɿʘʧʦʣʥʝʥ ʛʝʣʠʝʤ 

ɺʝʩ ʜʚʠʛʘʪʝʣ ̫ ï 400 ʢʛ 

ɺʝʩ ʩʪʘʙʠʣʠʟʘʪʦʨʘ ï 50 ʢʛ 

ʄʘʩʩʘ ʦʩʪʘʣʴʥʦʡ ʥʘʛʨʫʟʢʠ ï 

1500 ʢʛ 

2 

 

ʈʘʜʠʫʩ ï 150 ʤʤ 

ʄʘʩʩʘ ï 100 ʢʛ 

ʊʦʣʱʠʥʘ ʩʪʝʥʦʢ ï 10 ʤʤ 

3 
  

 

ɼʣʠʥʘ ï 800 ʤʤ 

ʐʠʨʠʥʘ ï 400 ʤʤ 

ʈʘʜʠʫʩ ʢʦʣʝʩʘ ï 100 ʤʤ 

ʆʙʱʠʡ ʚʝʩ ï 7 ʢʛ 

4 

 

ɺʳʩʦʪʘ ï 320 ʤʤ 

ʈʘʜʠʫʩ ʢʦʣʝʩ ï 50 ʤʤ 

ʈʘʜʠʫʩ ʧʣʘʪʬʦʨʤʳ ï 80 ʤʤ 

ʄʘʩʩʘ ï 1 ʢʛ 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣ. 2.2 

5 

 

ɼʣʠʥʘ ï 620 ʤʤ 

ʐʠʨʠʥʘ ï 300 ʤʤ 

ɺʳʩʦʪʘ ï 100 ʤʤ 

ɺʝʩ ï 500 ʛ 

6 

 

ʈʘʟʤʘʭ ʢʨʣrʘ ï 600 ʤʤ 

ɼʣʠʥʘ ï 600 ʤʤ 

ʇʣʦʱʘʜʴ ʢʨʳʣʘ ï 21 ʜʤ
2
  

ɺʝʩ ï 200 ʛ 

7 

 

ɼʣʠʥʘ ï 610 ʤʤ 

ɺʳʩʦʪʘ ï 210 ʤʤ 

ɼʠʘʤʝʪʨ ʦʩʥʦʚʥʦʛʦ ʨʦʪʦʨʘ ï 

680 ʤʤ 

ɼʠʘʤʝʪʨ ʭʚʦʩʪʦʚʦʛʦ ʨʦʪʦʨʘ ï 

150 ʤʤ 

ʇʦʣʝʪʥʳʡ ʚʝʩ ï 750 ʛ 

8 

 

ɼʣʠʥʘ ï 1500 ʤʤ 

ʐʠʨʠʥʘ ï 800 ʤʤ 

ɺʳʩʦʪʘ ï 700 ʤʤ 

ɺʝʩ ʥʘʛʨʫʟʢʠ ï 20 ʢʛ 

ʄʘʩʩʘ ʢʦʨʧʫʩʘ ï 20 ʢʛ 

9 

 

ɼʣʠʥʘ ï 7,40 ʤ 

ʐʠʨʠʥʘ ï 2,47 ʤ 

ɺʳʩʦʪʘ ʙʦʨʪʘ ï 1,08 ʤ 

ʄʘʪʝʨʠʘʣ ʢʦʨʧʫʩʘ ï ʩʫʜʦʩʪʨʦʠ-

ʪʝʣʴʥʘʷ ʩʪʘʣʴ 

ʄʘʩʩʘ ʢʦʨʧʫʩʘ ï 1200 ʢʛ 
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ʆʢʦʥʯʘʥʠʝ ʪʘʙʣ. 2.2 

10 

 

ɼʣʠʥʘ ï 8 ʤ 

ʐʠʨʠʥʘ ï 2,5 ʤ 

ɺʦʜʦʠʟʤʝʱʝʥʠʝ ï 2,7 ʪ 

ɺʳʩʦʪʘ ï 4 ʤ 

11 

 

ɼʣʠʥʘ ï 1410 ʤʤ 

ɺʳʩʦʪʘ ï 450 ʤʤ 

ʐʠʨʠʥʘ ï 230 ʤʤ 

ʅʝʩʫɦ ʠʡ ʚʠʥʪ ï 1545 ʤʤ 

ʈʫʣʝʚʦʡ ʚʠʥʪ ï 260 ʤʤ 

ɺʝʩ ï 4550 ʛ 

 

2.3. ȿɜɌɎəɑəɔɫ ɘɌɞɑɘɌɞɔɣɑɝɖɚɕ ɘɚɐɑɗɔ ɜɚɍɚɞɌ 

ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʨʦʙʦʪʘ ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʜʝʣʝʥʘ ʥʘ ʤʦʜʝʣʴ ʢʠ-

ʥʝʤʘʪʠʢʠ, ʤʦʜʝʣʴ ʜʠʥʘʤʠʢʠ ʠ ʤʦʜʝʣʴ ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʤʝʭʘʥʠʟʤʦʚ. 

ʄʦʜʝʣʴ ʢʠʥʝʤʘʪʠʢʠ ʩʚʷʟʳʚʘʝʪ ʩʢʦʨʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʨʦʙʦʪʘ 

ʚʦ ʚʥʝʰʥʝʡ ʠ ʩʚʷʟʘʥʥʦʡ ʩʠʩʪʝʤʘʭ ʢʦʦʨʜʠʥʘʪ. ʋʨʘʚʥʝʥʠʷ ʜʠʥʘʤʠʢʠ ʩʚʷʟʳ-

ʚʘʶʪ ʩʢʦʨʦʩʪʠ ʨʦʙʦʪʘ ʚ ʩʚʷʟʘʥʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʠ ʧʨʠʣʦʞʝʥʥʳʝ ʢ 

ʥʝʤʫ ʩʠʣʳ ʠ ʤʦʤʝʥʪʳ. ʋʨʘʚʥʝʥʠʷ ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʦʧʠʩʳʚʘ-

ʶʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʫʧʨʘʚʣʷʶʱʠʭ ʩʠʣ ʠ ʤʦʤʝʥʪʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʝʨʝ-

ʤʝʥʥʳʭ ʩʦʩʪʦʷʥʠʷ ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʤʝʭʘʥʠʟʤʦʚ (ʪʷʛ ʚʠʥʪʦʚ, ʫʛʣʦʚ ʧʦʚʦ-

ʨʦʪʦʚ ʜʚʠʛʘʪʝʣʝʡ, ʧʦʣʦʞʝʥʠ ̫ʨʫʣʝʡ ʠ ʧʨ.). 

ʈʘʩʩʤʦʪʨʠʤ ʥʝʢʦʪʦʨʳʝ ʧʨʠʤʝʨʳ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʨʦʙʦʪʦʪʝʭ-

ʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. 

ɺʥʘʯʘʣʝ ʨʘʩʩʤʦʪʨʠʤ ʤʦʜʝʣʴ ʧʦʜʚʠʞʥʦʛʦ ʦʙʲʝʢʪʘ ʚ ʪʨʝʭʤʝʨʥʦʤ ʧʨʦ-

ʩʪʨʘʥʩʪʚʝ. 

ʂʠʥʝʤʘʪʠʢʘ ʪʘʢʦʛʦ ʦʙʲʝʢʪʘ, ʢʘʢ ʪʚʝʨʜʦʛʦ ʪʝʣʘ, ʤʦʞʝʪ ʙʳʪʴ ʦʧʠʩʘʥʘ 

ʫʨʘʚʥʝʥʠʝʤ 

 Y RX= , (2.1) 

ʛʜʝ 0[ ]T T ʊY r= Q ; [ ]T T TX V= w ; 
0

0

TA
R

Aw

è ø
=é ù
ê ú

; 0r , Q ï ʣʠʥʝʡʥʳʝ ʠ ʫʛʣʦʚʳʝ ʢʦ-

ʦʨʜʠʥʘʪʳ ʜʠʨʠʞʘʙʣʷ ʚ ʟʝʤʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ; ,V w ï ʣʠʥʝʡʥʳʝ ʠ ʫʛ-

ʣʦʚʳʝ ʩʢʦʨʦʩʪʠ ʚ ʩʚʷʟʘʥʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ; ,TA Aw ï ʤʘʪʨʠʮʳ ʢʠʥʝʤʘ-

ʪʠʢʠ, ʠʤʝʶɦ ʠʝ ʚʠʜ 
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cos cos sin sin cos

( , , ) sin sin cos sin cos cos cos cos sin sin sin cos

sin cos cos sin sin cos sin cos cos sin sin sin

A

y J J y Jè ø
é ù

y J g = - y g- y J g J g y g- y J g
é ù
é ù- y g+ y J g - J g y g+ y J gê ú

,(2.2) 

 

cos sin
0

cos cos

0 sin cos

1 cos sin

A

tg tg

w

g g

J J

g g

J g J g

è ø
-é ù

é ù
=é ù
é ù-
é ù
ê ú

, (2.3) 

ʛʜʝ , ,y J g ï ʫʛʣʳ ʕʡʣʝʨʘ. 

ʋʨʘʚʥʝʥʠʷ ʜʠʥʘʤʠʢʠ ʜʠʨʠʞʘʙʣʷ ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʤʘʩʩʝ ʠʤʝʶʪ ʚʠʜ 

 
1

FV
M

N

-
è ø è ø
=é ù é ù

w ê úê ú
, (2.4) 

ʛʜʝ ,F N  ï ʨʝʟʫʣʴʪʠʨʫʶʱʠʝ ʚʝʢʪʦʨʳ ʩʠʣ ʠ ʤʦʤʝʥʪʦʚ, ʜʝʡʩʪʚʫʶʱʠʝ ʥʘ ʜʠ-

ʨʠʞʘʙʣʴ; 

 

11 12 13 14 ʪ 15 ʪ 16

12 22 23 ʪ 24 13 ʪ 26

13 23 33 ʪ 34 ʪ 15 36

14 ʪ 24 ʪ 34 44 45 46

ʪ 15 25 ʪ 35 45 55 56

ʪ 16 ʪ 26 36 46

x xy xz

xy y yz

xz yz

m mz my

m mz mx

m my mz
M

mz my J J J

mz mx J J J

my mx J J

+l l l l +l - +l

l +l l - +l l +l

l l +l +l +l l
=

l - +l +l +l - +l - +l

+l l - +l - +l +l - +l

- +l +l l - +l - +l56 66zJ

è ø
é ù
é ù
é ù
é ù
é ù
é ù
é ù

+lé ùê ú

, (2.5) 

mï ʤʘʩʩʘ ʜʠʨʠʞʘʙʣʷ; ijl  ï ʧʨʠʩʦʝʜʠʥʝʥʥʳʝ ʤʘʩʩʳ; , , , , ,x y z xy xz yzJ J J J J J  ï 

ʤʦʤʝʥʪʳ ʠʥʝʨʮʠʠ. 

ɺʝʢʪʦʨʳ ʩʠʣ ,F N  ʤʦʞʥʦ ʨʘʟʣʦʞʠʪʴ ʥʘ ʠʭ ʩʦʩʪʘʚʣʷʶʱʠʝ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ [24]: 

 F = FT + Fa + Fu + Ra, (2.6) 

 N = NT + Nu + Na, (2.7) 

ʛʜʝ FT ʠ NT ï ʚʝʢʪʦʨ ʠ ʤʦʤʝʥʪ ʩʠʣ ʪʷʞʝʩʪʠ; Fa ï ʚʝʢʪʦʨ ʩʠʣʳ ɸʨʭʠʤʝʜʘ; Fu 

ʠ Nu ï ʚʝʢʪʦʨ ʠ ʤʦʤʝʥʪ ʩʠʣʳ ʪʷʛʠ, ʩʦʟʜʘʚʘʝʤʦʡ ʜʚʠʛʘʪʝʣʷʤʠ; Ra ʠ Naï ʚʝʢ-

ʪʦʨ ʠ ʤʦʤʝʥʪ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʣ, ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʜʠʨʠʞʘʙʣʴ. 

ɺʝʢʪʦʨ ʩʠʣʳ ʪʷʞʝʩʪʠ FT ʚ ʩʚʷʟʘʥʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʨʘʚʝʥ 

 

ʪ 12 ʪ

ʪ ʪ 22 ʪ

ʪ 32 ʪ

0

0

x

y

z

F a F

F A mg F a F

F a F

è ø-è ø è ø
é ùé ù é ù

= Ö - = = -é ùé ù é ù
é ùé ù é ù-ê ú ê úê ú

, (2.8) 

ʛʜʝ aij ï ʵʣʝʤʝʥʪʳ ʤʘʪʨʠʮs (2/6); ʪ ʪ ʪ, ,x y zF F F  ï ʧʨʦʝʢʮʠʠ ʩʠʣʳ ʪʷʞʝʩʪʠ ʥʘ 

ʦʩʠ ʩʚʷʟʘʥʥʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ. 
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ʄʦʤʝʥʪʳ, ʩʦʟʜʘʚʘʝʤʳʝ ʩʠʣʦʡ ʪʷʞʝʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʝʡ ʜʠʨʠʞʘʙʣʷ, 

ʨʘʚʥ  r

 

ʪ ʪ ʪ ʪ ʪ

ʪ ʪ ʪ ʪ ʪ

ʪ ʪ ʪ ʪ ʪ

,

,

,

x z y

y x z

z y x

N y F z F

N z F x F

N x F y F

= -

= -

= -

 (2.9) 

ʛʜʝ ʪ ʪ ʪ, ,x y zN N N  ï ʧʨʦʝʢʮʠʠ ʤʦʤʝʥʪʘ ʩʠʣʳ ʪʷʞʝʩʪʠ ʜʠʨʠʞʘʙʣʷ ʥʘ ʦʩʠ ʩʚʷ-

ʟʘʥʥʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ. 

ʂʦʤʧʦʥʝʥʪʳ ʩʠʣʳ ɸʨʭʠʤʝʜʘ Fa ʚ ʩʚʟ̫ʘʥʥʦʡ ʩʠʩʪʝʤʝ K  ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʚʳʨʘʞʝʥʠʤ̫ʠ 

a sinxF gU=r J, a cos cosyF gU=r J g, a cos sinzF gU=-r J g.           (2.10) 

ʇʨʦʝʢʮʠʠ ʥʘ ʩʚʷʟʘʥʥʳʝ ʦʩʠ ʚʝʢʪʦʨʘ aR  ʠ ʤʦʤʝʥʪʘ aN  ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʩʠʣ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʧʦ ʩʣʝʜʫʶʱʠʤ ʬʦʨʤʫʣʘʤ [24]: 

 

( )( )2 2

a

6
2

3 2
1

( ) 0,5 ;
=

=- w - w + w w + w w - w +w -

- l w -l w - rä

x

y z y z T x y T x z T y z

k k y k z x
k

R m V V y z x

q ʩ S V
 (2.11) 

 

( )( )2 2

a

6
2

1 3
1

( ) 0,5 ;
=

=- w - w + w w + w +w + w w -

- l w -l w + rä

y

z x z x T x y T x z T y z

k k z k x y
k

R m V V x y z

q ʩ S V
 (2.12) 

 

( )( )2 2

a

6
2

2 1
1

( ) 0,5 ;
=

=- w - w + w w + w w - w +w -

- l w -l w + rä

z

x y x y T x z T y z T x y

k k x k y z
k

R m V V x y z

q ʩ S V
 (2.13) 

 

( ) ( )( )

( )

2 2

a

6
2

6 5
1

( ) 0,5 ;
=

=w w - w + w -w + - w w -

- - w + w - w + w -

- l w -l w + rä

x

x xz y xy z yz y z y z y z

T x y T y x T x z T z x

k k y k z x
k

N J J J J J

m y V y V z V z V

q m U V

 (2.14) 

 

( ) ( )( )

( )

2 2

a

6
2

4 6
1

( ) 0,5 ;
=

=w w - w + w -w + - w w -

- w - w - w + w -

- l w -l w + rä

y

y xy z yz x xz z x z x x z

T x y T y x T y z T z y

k k z k x y
k

N J J J J J

m x V x V z V z V

q m U V

 (2.15) 

 

( ) ( )( )

( )

2 2

a

6
2

5 4
1

( ) 0,5 ,
=

=w w - w + w -w + - w w -

- w - w + w + w -

- l w -l w + rä

z

z yz x xz y xy x y x y x y

T x z T z x T y z T z y

k k x k y z
k

N J J J J J

m x V x V y V y V

q m U V

 (2.16) 
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ʛʜʝ 1 xq V= ; 2 yq V= ; zVq =3 ; xq w=4 ; 5 yq =w; 6 zq w= ; 
3

2

US=  ï ʭʘʨʘʢʪʝʨʠʩʪʠʯʝ-

ʩʢʘʷ ʧʣʦʱʘʜʴ ʜʠʨʠʞʘʙʣʷ; U  ï ʦʙʲʝʤ ʦʙʦʣʦʯʢʠ; , , , , ,x y z x y zc c c m m mï ʘʵʨʦ-

ʜʠʥʘʤʠʯʝʩʢʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ; 2 2 2

x y zV V V V= + + . 

ʋʧʨʘʚʣʷʶʱʠʝ ʩʠʣʳ ʠ ʤʦʤʝʥʪʳ ʩʦʟʜʘʶʪʩʷ ʜʚʠʛʘʪʝʣʷʤʠ, ʜʣʷ ʢʦʪʦʨʳʭ 

ʧʝʨʝʤʝʥʥʳʤʠ ʩʦʩʪʦʷʥʠʷ ʷʚʣʷʶʪʩʷ ʪʷʛʠ ʠ ʫʛʣʳ ʧʦʚʦʨʦʪʦʚ ʚʠʥʪʦʚ. ʈʘʩ-

ʩʤʦʪʨʠʤ ʜʣʷ ʧʨʠʤʝʨʘ ʨʘʟʤʝʱʝʥʠʝ ʜʚʠʛʘʪʝʣʝʡ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʝ ʥʘ 

ʨʠʩ. 2.37. 

 
ʈʠʩ. 2.37. ʈʘʟʤʝʱʝʥʠʝ ʜʚʠʛʘʪʝʣʝʡ 

ɼʣʷ ʚʘʨʠʘʥʪʘ ʨʘʟʤʝʱʝʥʠʷ ʜʚʠʛʘʪʝʣʝʡ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʥʘ ʨʠʩ. 2.37, 

ʩʭʝʤʘ ʧʨʠʣʦʞʝʥʠʷ ʩʠʣ, ʩʦʟʜʘʚʘʝʤʳʭ ʤʘʨʰʝʚʳʤʠ ʠ ʨʫʣʝʚʳʤʠ ʜʚʠʛʘʪʝʣʷ-

ʤʠ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 2.38, ʛʜʝ  1P  ʠ 2P  ï ʚʝʢʪʦʨʳ ʪʷʛʠ, ʩʦʟʜʘʚʘʝʤʳʝ ʩʦ-

ʦʪʚʝʪʩʪʚʝʥʥʦ ʣʝʚʳʤ ʠ ʧʨʘʚʳʤ ʤʘʨʰʝʚʳʤʠ ʜʚʠʛʘʪʝʣʷʤʠ, ʘ 3P  ʠ 4P  ï ʚʝʢʪʦ-

ʨʳ ʪʷʛʠ, ʩʦʟʜʘʚʘʝʤʳʝ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʣʝʚʳʤ ʠ ʧʨʘʚʳʤ ʨʫʣʝʚʳʤʠ ʜʚʠʛʘʪʝ-

ʣʷʤʠ: 

 

1 2 3 4

1 1 2 2 3 3 4 4

3 40 0

x x x x

y y y y

z z

P P P P

P P P P P P P P

P P

è ø è ø è ø è ø
é ù é ù é ù é ù
= = = =
é ù é ù é ù é ù
é ù é ù é ù é ùê ú ê ú ê ú ê ú

. (2.17) 
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ʈʠʩ. 2.38. ʈʘʟʤʝʱʝʥʠʝ ʜʚʠʛʘʪʝʣʝʡ 

ʈʘʩʩʤʦʪʨʠʤ ʚʝʢʪʦʨʳ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʜʚʠʛʘʪʝʣʝʡ: 
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12 12 34 34

1 12 2 12 3 34 4 34

1 1 3 3
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z z z z

è ø è ø è ø è ø
é ù é ù é ù é ù
= = = =
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é ù é ù é ù é ù- -ê ú ê ú ê ú ê ú

. (2.18) 

ʊʦʛʜʘ ʧʨʦʝʢʮʠʠ ʫʧʨʘʚʣʷʶʱʝʡ ʩʠʣʳ 
uF  ʠ ʤʦʤʝʥʪʘ 

uN  ʥʘ ʦʩʠ ʩʚʷʟʘʥʥʦʡ 

ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʦʧʨʝʜʝʣʷʶʪʩʷ ʤʘʪʨʠʯʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ 
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. (2.19) 

ʇʨʦʝʢʮʠʠ ʚʝʢʪʦʨʦʚ ʚ (2.17) ʦʧʨʝʜʝʣʷʶʪʩʷ ʚʳʨʘʞʝʥʠ̫ ʤʠ 
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, (2.20) 
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x

y

z

P

P P P

P

a bè ø è ø
é ù é ù
= = a
é ù é ù
é ù é ùa bê ú ê ú

, (2.21) 

ʛʜʝ 1ʪP , 2ʪP , 3ʪP , 4ʪP  ï ʪʷʛʠ ʜʚʠʛʘʪʝʣʝʡ; 1 2 3 3 4 4, , , , ,a a a b a b ï ʫʛʣʳ ʧʦʚʦʨʦʪʦʚ 

ʜʚʠʛʘʪʝʣʝʡ (ʨʠʩ. 2.38). 

ʉʚʷʟʴ ʤʝʞʜʫ ʫʧʨʘʚʣʷʶʱʠʤʠ ʩʠʣʘʤʠ ʠ ʤʦʤʝʥʪʘʤʠ ʠ ʪʷʛʘʤʠ ʠ ʫʛʣʘʤʠ 

ʧʦʚʦʨʦʪʦʚ ʜʚʠʛʘʪʝʣʝʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʨʘʞʝʥʠʷʤʠ 

 

u 1ʪ 1 2ʪ 2 3ʪ 3 3 4ʪ 4 4

u 1ʪ 1 2ʪ 2 3ʪ 3 4ʪ 4

u 3 4 3ʪ 3 3 4ʪ 4 4

u 1 2ʪ 2 1ʪ 1 34 3ʪ 3 3 4ʪ 4 4

3 4ʪ

cos cos cos cos cos cos ;

sin sin sin sin ;

cos sin cos sin ;

( sin sin ) ( cos sin cos sin )

( sin

= a + a + a b + a b

= a + a + a + a

= + = a b + a b

= a - a + a b + a b +

+ a

x

x

x

z z

x

F P P P P

F P P P P

F P P P P

N z P P y P P

z P 4 3ʪ 3

u 1 1ʪ 1 2ʪ 2 34 3ʪ 3 3 4ʪ 4 4

3 3ʪ 3 3 4ʪ 4 4

u 12 1ʪ 1 2ʪ 2 12 1ʪ 1 2ʪ 2

34 3ʪ 3 4ʪ 4 34 3ʪ 3 3 4ʪ

sin );

( cos cos ) ( cos sin cos sin )

( cos cos cos cos );

( sin sin ) ( cos cos )

( sin sin ) ( cos cos c

- a

= a - a - a b + a b +

+ a b - a b

= a + a - a + a +

+ a + a - a b +

y

z

P

N z P P x P P

z P P

N x P P y P P

x P P y P P 4 4os cos ).a b

 (2.22) 
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ɼʠʥʘʤʠʢʘ ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʦʧʠʩʳʚʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ 

ʚʠʜʝ: 

 ʠʤ ʠʤT K Ud=- d+ , (2.23) 

ʛʜʝ [ ]1ʪ 1 2ʪ 2 3ʪ 3 3 4ʪ 4 4P P P Pd a a a b a b=  ï ʚʝʢʪʦʨ ʪʷʛ ʠ ʧʦʣʦʞʝʥʠʡ; 

ʠʤT , ʠʤK  ï ʤʘʪʨʠʮʳ ʧʦʩʪʦʷʥʥʳʭ ʚʨʝʤʝʥʠ ʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʝʨʝʜʘʯ;  

U  ï ʫʧʨʘʚʣʝʥʠʝ. 

2.4. Ȼɜɚɑɖɞəɚɑ ɓɌɐɌəɔɑ 2.2 

ʉʦʩʪʘʚʠʪʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʜʘʥʥʳʤ ʚʘʨʠʘʥʪʦʤ ʫʨʘʚʥʝʥʠʷ ʢʠʥʝʤʘ-

ʪʠʢʠ, ʜʠʥʘʤʠʢʠ ʠ ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ ʨʦʙʦʪʘ. 

ʋʨʘʚʥʝʥʠʷ ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʫʯʠʪʳʚʘʶʪʩʷ ʚ ʚʠʜʝ (2.23), ʝʩʣʠ 

ʠʭ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʩʫʱʝʩʪʚʝʥʥʦ ʚʳʰʝ ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ ʨʦʙʦʪʘ. 

2.5. Ⱥɛɜɑɐɑɗɑəɔɑ ɛɌɜɌɘɑɞɜɚɎ ɜɚɍɚɞɌ 

ʂʦʦʨʜʠʥʘʪʳ ʮʝʥʪʨʘ ʤʘʩʩ, ʤʘʩʩʘ ʠ ʤʦʤʝʥʪʳ ʠʥʝʨʮʠʠ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ 

ʚ ʧʦʜʨʘʟʜ. 2.1. 

ʆʩʥʦʚʥʫʶ ʩʣʦʞʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʘʨʘʤʝʪʨʳ, ʦʧʨʝʜʝʣʷʶʱʠʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʨʦʙʦʪʘ ʩʦ ʩʨʝʜʦʡ: 

ï ʤʘʪʨʠʮʘ ʧʨʠʩʦʝʜʠʥʝʥʥʳʭ ʤʘʩʩ { },m nl ; 

ï ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʝ (ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʝ) ʢʦʵʬʬʠʮʠʝʥʪʳ 

zrxzyx mmmccc ,,,,,  ʠʣʠ ʢʦʵʬʬʠʮʠʝʥʪʳ ʩʮʝʧʣʝʥʠʷ ʨʦʙʦʪʘ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ 

ʜʣʷ ʥʘʟʝʤʥʳʭ ʨʦʙʦʪʦʚ. 

ʈʘʩʯʝʪ ʧʨʠʩʦʝʜʠʥʝʥʥʳʭ ʤʘʩʩ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʵʤʧʠʨʠʯʝʩʢʠʤ ʟʘʚʠ-

ʩʠʤʦʩʪʷʤ ʚ ʧʨʠʙʣʠʞʝʥʠʠ ʬʦʨʤʳ ʨʦʙʦʪʘ [25] ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʝʛʦ ʛʘʙʘ-

ʨʠʪʥʳʤʠ ʨʘʟʤʝʨʘʤʠ. ʇʫʩʪʴ ʜʠʨʠʞʘʙʣʴ ʠʤʝʝʪ ʨʘʟʤʝʨʳ 41 ʥʘ 18,5 ʥʘ 

10,25 ʤ. ʊʦʛʜʘ ʟʥʘʯʝʥʠʷ ʧʦʣʫʦʩʝʡ ʵʣʣʠʧʩʦʠʜʘ ʨʘʚʥʳ: 

 / 2 20,5a L= = , / 2 5,125yc D= = , / 2 9,25zb D= = . (2.24) 

ɼʘʣʝʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʩʝʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 11 66k k-  ʧʨʠʩʦʝʜʠʥʝʥ-

ʥʳʭ ʤʘʩʩ ʠʩʧʦʣʴʟʫʶʪʩʷ ʛʨʘʬʠʢʠ ʠʟ [25], ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʨʠʩ. 2.39 ï 

2.44. 

ʅʘ ʨʠʩ. 2.39 ï 2.44 ʧʘʨʘʤʝʪʨʳ p = a / b ʠ q = c / b. ʊʦʛʜʘ ʧʨʠʩʦʝʜʠʥʝʥ-

ʥʳʝ ʤʘʩʩʳ ʨʘʚʥʳ 

 , 1,3ii iik m il= = , 44 44 xxk Jl = , 55 55 yyk Jl = , 66 66 zzk Jl = . (2.25) 

ɼʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʜʠʨʠʞʘʙʣʷ ʚʝʣʠʯʠʥʳ p = 2,2, ʘ q = 0,554. 
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ʈʠʩ. 2.39. ɼʠʘʛʨʘʤʤʳ ʜʣʷ ʢʦʵʬʬʠʮʠʝʥʪʘ k11 

ʇʦ ʨʠʩ. 2.39 ʧʦʣʫʯʘʝʤ 11 11 ( ) 0,12 ( )k m h m hl= = Ö . 

22k

 

33k

 

ʈʠʩ. 2.40. ɼʠʘʛʨʘʤʤʳ ʜʣʷ  

ʢʦʬɻʬʠʮʠʝʥʪʘ k22 

ʈʠʩ. 2.41. ɼʠʘʛʨʘʤʤʳ ʜʣʷ 

 ʢʦʬɻʬʠʮʠʝʥʪʘ k33 

ɸʥʘʣʦʛʠʯʥʦ, ʧʦ ʨʠʩ. 2.40 ï 2.44 ʧʦʣʫʯʘʝʤ: 22 22 ( ) 1,45 ( )k m h m hl = = Ö ; 

33 33 ( ) 0,45 ( )k m h m hl = = Ö ; 44 44 ( ) 0,32 ( )xx xxk J h J hl = = Ö ; 55 55 ( ) 0,19 ( )yy yyk J h J hl = = Ö ; 

66 66 ( ) 0,87 ( )zz zzk J h J hl = = Ö . 
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55k

 

ʈʠʩ. 2.42. ɼʠʘʛʨʘʤʤʳ ʜʣʷ  

ʢʦʬɻʬʠʮʠʝʥʪʘ k44 

ʈʠʩ. 2.43. ɼʠʘʛʨʘʤʤʳ ʜʣʷ  

ʢʦʬɻʬʠʮʠʝʥʪʘ k55 

66k

 

ʈʠʩ. 2.44. ɼʠʘʛʨʘʤʤʳ ʜʣʷ ʢʦʵʬʬʠʮʠʝʥʪʘ k66 

ɼʣʷ ʨʘʩʯʝʪʘ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʣʝʜʫʶ-

ʱʠʝ ʧʨʦʛʨʘʤʤʥʳʝ ʢʦʤʧʣʝʢʩʳ FineHexa (NUMECA International), STAR 

CD. 

ʈʘʩʩʤʦʪʨʠʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦʜʫʢʪʘ 

NUMECA International ʜʣʷ ʚʠʨʪʫʘʣʴʥʦʡ ʦʙʜʫʚʢʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʚ ʢʘ-

ʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʜʠʨʠʞʘʙʣʷ: 

1) ʧʦʜʛʦʪʦʚʢʘ ʪʨʝʭʤʝʨʥʦʡ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʤʦʜʝʣʠ; 

2) ʠʤʧʦʨʪʠʨʦʚʘʥʠʝ ʩʦʟʜʘʥʥʦʡ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʚ ʧʘʢʝʪ 

NUMECA International; 

3) ʟʘʜʘʥʠʝ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ ʧʦʣʫʯʝʥʥʦʡ ʦʙʣʘʩʪʠ; 
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4) ʛʝʥʝʨʘʮʠʷ ʩʝʪʢʠ; 

5) ʚʳʙʦʨ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩʨʝʜʳ; 

6) ʚʳʙʦʨ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, ʦʧʠʩʳʚʘʶʱʝʡ ʢʠʥʝʤʘʪʠʢʫ ʠ ʜʠʥʘ-

ʤʠʢʫ ʩʧʣʦʰʥʦʡ ʩʨʝʜʳ;  

7) ʟʘʜʘʥʠʝ ʥʘʯʘʣʴʥʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ ʢ ʨʝʰʝʥʠʶ; 

8) ʟʘʜʘʥʠʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʪ.ʝ. ʚʝʣʠʯʠʥ, ʢʦʪʦʨʳʝ ʦʧʨʝ-

ʜʝʣʷʶʪ ʠʩʧʦʣʴʟʫʝʤʳʝ ʘʣʛʦʨʠʪʤʳ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ; 

9) ʟʘʜʘʥʠʝ ʚʳʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʪʠʧʦʚ ʠʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʧʦʩʣʝ ʚʳ-

ʚʦʜʘ; 

10) ʟʘʧʫʩʢ ʤʦʜʝʣʠ ʥʘ ʨʘʩʯʝʪ ʚ ʚʳʯʠʩʣʠʪʝʣʴʥʦʤ ʤʦʜʫʣʝ ʠ ʢʦʥʪʨʦʣʴ 

ʩʭʦʜʠʤʦʩʪʠ ʧʨʦʮʝʩʩʘ ʨʘʩʯʝʪʘ; 

11) ʧʨʦʩʤʦʪʨ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʘ ʩ ʧʦʤʦʱʴʶ ʙʣʦʢʘ 

CFView. 

ʈʝʘʣʠʟʘʮʠʷ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʧʨʠʚʝʜʝʥʘ ʥʠʞʝ. 

ʇʦʜʛʦʪʦʚʢʘ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʜʠʨʠʞʘʙʣʷ ʧʨʦʚʦʜʠʪʩ ̫ʚ ʧʘʢʝʪʝ 

SolidWorks. ʇʨʠ ʩʦʟʜʘʥʠʠ ʪʨʝʭʤʝʨʥʦʡ ʤʦʜʝʣʠ ʜʣʷ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʨʘʩ-

ʯʝʪʦʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩʦʟʜʘʝʪʩʷ: 

ï ʛʝʦʤʝʪʨʠʷ ʠʩʩʣʝʜʫʝʤʦʛʦ ʪʝʣʘ; 

ï ʛʝʦʤʝʪʨʠʷ ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ ʙʝʟ ʪʝʣʘ; 

ï ʝʜʠʥʘʷ ʛʝʦʤʝʪʨʠʷ ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ, ʚʢʣʶʯʘʷ ʛʝʦʤʝʪʨʠʶ ʨʘʩʯʝʪʥʦʡ 

ʦʙʣʘʩʪʠ ʩ ʧʦʣʦʩʪʴʶ ʚ ʚʠʜʝ ʠʩʩʣʝʜʫʝʤʦʛʦ ʜʠʨʠʞʘʙʣʷ. 

ɺ ʩʠʣʫ ʩʠʤʤʝʪʨʠʠ ʜʠʨʠʞʘʙʣʷ ʚʳʙʠʨʘʝʤ ʩʠʤʤʝʪʨʠʯʥʫʶ ʨʘʩʯʝʪʥʫʶ 

ʦʙʣʘʩʪʴ ʚ ʚʠʜʝ ʧʘʨʘʣʣʝʣʝʧʠʧʝʜʘ, ʣʠʥʝʡʥʳʝ ʨʘʟʤʝʨʳ ʢʦʪʦʨʦʛʦ ʚ 10 ʨʘʟ 

ʙʦʣʴʰʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʘʟʤʝʨʦʚ ʜʠʨʠʞʘʙʣʷ. ɼʠʨʠʞʘʙʣʴ ʨʘʩʧʦʣʘʛʘʝʤ ʚ 

ʮʝʥʪʨʝ ʧʘʨʘʣʣʝʣʝʧʠʧʝʜʘ. ʈʘʩʯʝʪʥʫʶ ʦʙʣʘʩʪʴ ʧʦʣʫʯʘʝʤ ʩ ʧʦʤʦʱʴʶ ʦʧʝʨʘ-

ʮʠʠ çʧʦʣʦʩʪʴè, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʡ ʩʦʟʜʘʝʪʩʷ ʢʦʥʝʯʥʘʷ ʨʘʩʯʝʪʥʘʷ ʦʙ-

ʣʘʩʪʴ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʥʘ ʨʠʩ. 2.45. 

 

ʈʠʩ. 2.45. ʄʦʜʝʣʴ ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ ʩ ʜʠʨʠʞʘʙʣʝʤ 
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ʇʨʠ ʦʩʫʱʝʩʪʚʣʝʥʠʠ ʠʤʧʦʨʪʘ ʩʦʟʜʘʥʥʦʡ ʛʝʦʤʝʪʨʠʠ ʚ ʧʘʢʝʪʝ NUMECA 

International, ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʚʳʧʦʣʥʷʶʪʩʷ ʜʚʘ ʜʝʡʩʪʚʠʷ. ɺʥʘʯʘʣʝ ʦʩʫ-

ʱʝʩʪʚʣʷʝʪʩʷ ʠʤʧʦʨʪ ʚʩʝʡ ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ, ʘ ʟʘʪʝʤ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʪʦʯ-

ʥʦʩʪʴ ʬʘʩʝʪʦʯʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʪʚʝʨʜʦʛʦ ʪʝʣʘ, ʢʘʢ ʧʦʢʘʟʘ-

ʥʦ ʥʘ ʨʠʩ. 2.46. 

 

ʈʠʩ. 2.46. ʄʦʜʝʣʴ ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ ʩ ʜʠʨʠʞʘʙʣʝʤ 

ɻʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʧʦʟʚʦʣʷʶʪ ʫʯʠʪʳʚʘʪʴ ʧʦʚʝʜʝʥʠʝ ʠʩʢʦʤʳʭ ʚʝʣʠ-

ʯʠʥ ʥʘ ʛʨʘʥʠʯʥʳʭ ʧʦʚʝʨʭʥʦʩʪʷʭ ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʛʝʦ-

ʤʝʪʨʠʠ ʵʪʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʠ ʦʪ ʪʠʧʘ ʛʨʘʥʠʮ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʵʪʠʤ ʧʦ-

ʚʝʨʭʥʦʩʪʷʤ. ɺʦʟʤʦʞʥʳ ʪʘʢʠʝ ʪʠʧʳ ʛʨʘʥʠʮ, ʢʘʢ ɺʭʦʜ (Inlet), ɺʳʭʦʜ 

(Outlet), ʉʪʝʥʢʘ (Solid) ï ʛʨʘʥʠʮʘ ʪʚʝʨʜʦʛʦ ʪʝʣʘ, ʟʝʨʢʘʣʴʥʦʝ ʦʪʨʘʞʝʥʠʝ 

(Mirror), ʠ ʥʝʢʦʪʦʨʳʝ ʜʨʫʛʠʝ. 

ʇʦʩʣʝ ʠʤʧʦʨʪʘ ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ ʚ ʧʦʜʧʨʦʛʨʘʤʤʫ ʛʝʥʝʨʘʮʠʠ ʩʝʪʢʠ 

FineHexa ʧʨʦʛʨʘʤʤʥʦʛʦ ʤʦʜʫʣʷ NUMECA ʚʳʙʠʨʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʛʨʘ-

ʥʠʯʥʳʝ ʫʩʣʦʚʠʷ: 

ï ʥʘ ʚʥʝʰʥʠʭ ʧʦʚʝʨʭʥʦʩʪʷʭ ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ ʫʩʣʦʚʠʷ ʪʠʧʦʚ çʚʭʦʜ-

ʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴè ʠ çʚʳʭʦʜʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴè ï ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʧʨʘʚ-

ʣʝʥʠʷ ʜʚʠʞʝʥʠʷ ʧʦʪʦʢʘ; 

ï ʥʘ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʜʝʣʠ ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ ï ʫʩʣʦʚʠʝ 

ʪʠʧʘ çʩʪʝʥʢʘè. 

ʅʘ ʨʠʩ. 2.47 ʠ 2.48 ʧʨʝʜʩʪʘʚʣʝʥʳ ʵʣʝʤʝʥʪʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʠʥʪʝʨ-

ʬʝʡʩʘ ʥʘʟʥʘʯʝʥʠʷ ʢʘʞʜʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʛʨʘʥʠʯʥʦʛʦ ʫʩʣʦʚʠʷ. 

ʈʘʟʙʠʝʥʠʝ ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ ʥʘ ʷʯʝʡʢʠ (ʩʝʪʢʫ) ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦʜʧʨʦ-

ʛʨʘʤʤʦʡ HEXPRESSÊ. ɺ ʧʦʣʫʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʵʪʘ ʧʦʜʧʨʦʛʨʘʤʤʘ 

ʩʪʨʦʠʪ ʩʝʪʢʫ, ʢʘʞʜʘʷ ʷʯʝʡʢʘ ʢʦʪʦʨʦʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʛʝʢʩʘʵʜʨ. 

ɻʝʥʝʨʘʮʠʷ ʩʝʪʢʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʚ 5 ʵʪʘʧʦʚ: 

1) ʧʦʩʪʨʦʝʥʠʝ ʥʘʯʘʣʴʥʦʡ ʩʝʪʢʠ;  

2) ʧʨʠʙʣʠʞʝʥʥʘʷ ʘʜʘʧʪʘʮʠʷ ʥʘʯʘʣʴʥʦʡ ʩʝʪʢʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʛʝʦʤʝʪ-

ʨʠʝʡ ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ; 
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ʈʠʩ. 2.47. ɿʘʜʘʥʠʝ ʛʨʘʥʠʯʥʦʛʦ ʫʩʣʦʚʠʷ Outlet 

 

ʈʠʩ. 2.48. ɿʘʜʘʥʠʝ ʛʨʘʥʠʯʥʦʛʦ ʫʩʣʦʚʠʷ çɻʨʘʥʠʮʘ ʪʚʝʨʜʦʛʦ ʪʝʣʘè 

3) ʜʝʬʦʨʤʘʮʠʷ ʷʯʝʝʢ ʧʨʠʙʣʠʞʝʥʥʦ ʘʜʘʧʪʠʨʦʚʘʥʥʦʡ ʩʝʪʢʠ ʚ ʩʦʦʪʚʝʪ-

ʩʪʚʠʠ ʩ ʛʝʦʤʝʪʨʠʝʡ ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ; 

4) ʦʧʪʠʤʠʟʘʮʠʷ ʧʦʣʫʯʝʥʥʦʡ ʥʘ ʧʨʝʜʳʜʫʱʠʭ ʰʘʛʘʭ ʩʝʪʢʠ, ʧʨʝʜʧʦʣʘ-

ʛʘʶʱʘʷ ʤʘʢʩʠʤʘʣʴʥʳʡ ʫʯʝʪ ʚʩʝʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʛʝʦʤʝʪʨʠʠ ʧʨʠ ʤʠʥʠʤʫʤʝ 

ʯʠʩʣʘ ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʵʪʦʛʦ ʷʯʝʝʢ, ʘ ʪʘʢʞʝ ʤʠʥʠʤʠʟʘʮʠʶ ʯʠʩʣʘ ʚʦʛʥʫ-

ʪʳʭ ʷʯʝʝʢ, ʢʦʪʦʨʳʝ ʥʝʙʣʘʛʦʧʨʠʷʪʥʦ ʩʢʘʟʳʚʘʶʪʩʷ ʥʘ ʩʭʦʜʠʤʦʩʪʠ ʚʳʯʠʩʣʠ-

ʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ; 

5) ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʜʨʦʙʣʝʥʠʝ ʩʝʪʢʠ ʜʣʷ ʫʯʝʪʘ çʚʷʟʢʠʭ ʩʣʦʝʚè ʚ ʧʨʠ-

ʩʪʝʥʦʯʥʦʡ ʦʙʣʘʩʪʠ ʦʢʦʣʦ ʪʚʝʨʜʦʛʦ ʪʝʣʘ, ʚ ʢʦʪʦʨʳʭ ʧʨʦʠʩʭʦʜʠʪ çʧʨʠʣʠʧʘ-

ʥʠʝè ʯʘʩʪʠʮ ʞʠʜʢʦʩʪʠ ʠʣʠ ʛʘʟʘ ʢ ʩʪʝʥʢʝ ʜʚʠʞʫʱʝʛʦʩʷ ʪʝʣʘ. 

ʅʘ ʨʠʩ. 2.49 ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʘʨʘʤʝʪʨʳ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʜʝʣʝʥʠʷ ʨʘʩ-

ʯʝʪʥʦʡ ʦʙʣʘʩʪʠ ʥʘ ʧʦʜʦʙʣʘʩʪʠ: 16 ʜʝʣʝʥʠʡ ʧʦ ʦʩʠ OX, 10 ʜʝʣʝʥʠʡ ʧʦ ʦʩʠ 

OY, 7 ʜʝʣʝʥʠʡ ʧʦ ʦʩʠ OZ. 
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ʈʠʩ. 2.49. ʅʘʯʘʣʴʥʦʝ ʩʝʪʦʯʥʦʝ ʨʘʟʙʠʝʥʠʝ 

ʄʘʢʩʠʤʘʣʴʥʦʝ ʯʠʩʣʦ ʜʨʦʙʣʝʥʠʡ ʚʩʝʡ ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ ʟʘʜʘʥʦ ʯʠʩ-

ʣʦʤ 17, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2.50. ɼʣʷ ʢʘʞʜʦʛʦ ʵʣʝʤʝʥʪʘ ʨʘʩʯʝʪʥʦʡ ʦʙʣʘ-

ʩʪʠ ʤʦʞʥʦ ʟʘʜʘʪʴ ʦʪʜʝʣʴʥʦ ʤʘʢʩʠʤʘʣʴʥʦʝ ʯʠʩʣʦ ʜʝʣʝʥʠʡ. 

 

ʈʠʩ. 2.50. ɿʘʜʘʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʯʠʩʣʘ ʨʘʟʙʠʝʥʠʡ 

ʇʨʠ ʜʘʣʴʥʝʡʰʝʡ ʜʝʬʦʨʤʘʮʠʠ ʘʜʘʧʪʠʨʦʚʘʥʥʦʡ ʩʝʪʢʠ ʧʦʜ ʛʝʦʤʝʪʨʠʶ 

ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʤʘʢʩʠʤʘʣʴʥʦʝ ʧʝʨʚʠʯʥʦʝ ʯʠʩʣʦ ʥʝʛʘʪʠʚʥʳʭ ʷʯʝʝʢ ʚʳʙʨʘʥʦ 

ʨʘʚʥʳʤ 120. ʏʠʩʣʦ ʧʨʠʩʪʝʥʦʯʥʳʭ ʩʣʦʝʚ - ʧʷʪʴ, ʢʦʵʬʬʠʮʠʝʥʪ ʠʥʬʣʷʮʠʠ 

ʪʦʣʱʠʥʳ ʩʣʦʷ - 1,2. ʉʛʝʥʝʨʠʨʦʚʘʥʥʘʷ ʩʝʪʢʘ ʥʘʩʯʠʪʳʚʘʝʪ ʧʦʨʷʜʢʘ 300 000 

ʷʯʝʝʢ, ʯʪʦ ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʛʝʦʤʝʪʨʠʠ ʜʘʥʥʦʡ ʩʣʦʞʥʦʩʪʠ. 

ʈʝʟʫʣʴʪʘʪ ʩʝʪʦʯʥʦʛʦ ʨʘʟʙʠʝʥʠʷ ʜʣʷ ʠʩʩʣʝʜʫʝʤʦʛʦ ʜʠʨʠʞʘʙʣʷ ʠ ʨʘʩ-

ʯʝʪʥʦʡ ʦʙʣʘʩʪʠ ʧʦʩʣʝ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʚʩʝʭ ʥʘʩʪʨʦʝʢ ʠ ʘʜʘʧʪʘʮʠʡ ʧʨʝʜʩʪʘʚ-

ʣʝʥ ʥʘ ʨʠʩ. 2.51 ʠ 2.52. 

ɺ ʧʨʦʮʝʩʩʝ ʚʳʙʦʨʘ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩʨʝʜʳ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʦʧʨʝ-

ʜʝʣʝʥʠʝ ʤʦʜʝʣʠ ʩʨʝʜʳ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʦʜʝʣʴ ʥʝʩʞʠʤʘʝ-

ʤʦʛʦ ʚʦʟʜʫʭʘ AIR Incompressible, ʧʘʨʘʤʝʪʨʳ ʢʦʪʦʨʦʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ 

ʨʠʩ. 2.53. 
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ʈʠʩ. 2.51. ʉʝʪʦʯʥʦʝ ʨʘʟʙʠʝʥʠʝ ʜʠʨʠʞʘʙʣʷ 

 

ʈʠʩ. 2.52. ʉʝʪʦʯʥʦʝ ʨʘʟʙʠʝʥʠʝ ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ 

 

ʈʠʩ. 2.53. ʇʘʨʘʤʝʪʨʳ ʥʝʩʞʠʤʘʝʤʦʛʦ ʚʦʟʜʫʭʘ 
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ʇʦʩʢʦʣʴʢʫ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʜʠʘʧʘʟʦʥʝ ʩʢʦʨʦʩʪʝʡ ʯʠʩʣʘ ʈʝʡʥʦʣʴʜʩʘ 

ʠ ʄʘʭʘ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʫʩʣʦʚʠʷʤ 7Re 8 10>= Öʠ 1M <<, ʪʦ, ʩʦʛʣʘʩʥʦ ʨʫʢʦ-

ʚʦʜʩʪʚʫ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʚ ʧʦʜʧʨʦʛʨʘʤʤʝ Fine 

Hexa, ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʫʨʙʫʣʝʥʪʥʘʷ ʤʦʜʝʣʴ ʥʝʩʞʠʤʘʝʤʦʛʦ ʚʦʟʜʫʭʘ ʠ ʚʳʙʨʘ-

ʥʘ ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʅʘʚʴʝïʉʪʦʢʩʘ ʩ ʫʯʝʪʦʤ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʧʦ ʉʧʘ-

ʣʘʨʪïɸʣʤʘʨʝʩʫ. ʇʘʨʘʤʝʪʨʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ 

ʨʠʩ. 2.54. 

 

ʈʠʩ. 2.54. ɺʳʙʦʨ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʜʚʠʞʝʥʠʷ ʩʧʣʦʰʥʦʡ ʩʨʝʜ  r

ʅʘʯʘʣʴʥʦʝ ʧʨʠʙʣʠʞʝʥʠʝ ʢ ʠʩʢʦʤʦʤʫ ʨʝʰʝʥʠʶ, ʢʦʪʦʨʦʝ ʟʘʜʘʝʪʩʷ ʢʘʢ 

ʩʦʚʦʢʫʧʥʦʩʪʴ ʟʥʘʯʝʥʠʡ ʢʦʤʧʦʥʝʥʪ ʩʢʦʨʦʩʪʠ ʥʝʚʦʟʤʫʱʝʥʥʦʛʦ ʧʦʪʦʢʘ ʚ 

ʚʳʙʨʘʥʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ, ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 2.55. 

 

ʈʠʩ. 2.55. ɿʘʜʘʥʠʝ ʥʘʯʘʣʴʥʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ 
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ɿʘʜʘʥʠʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʦʟʚʦʣʷʝʪ ʟʘʜʘʪʴ: ʤʘʢʩʠʤʘʣʴ-

ʥʳʡ ʧʦʨʷʜʦʢ ʘʜʘʧʪʘʮʠʠ ʩʝʪʢʠ ʚ ʧʨʦʮʝʩʩʝ ʚʳʯʠʩʣʝʥʠʡ, ʢʨʠʪʝʨʠʠ ʘʜʘʧʪʘʮʠʠ 

ʩʝʪʢʠ ʧʨʠ ʚʳʯʠʩʣʝʥʠʷʭ, ʧʦʨʷʜʦʢ ʢʦʥʝʯʥʦ-ʨʘʟʥʦʩʪʥʦʡ ʩʭʝʤʳ, ʧʨʠʤʝʥʷʝʤʦʡ 

ʜʣʷ ʨʝʰʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʠ ʪ.ʜ. ʅʘ 

ʨʠʩ. 2.56 ï 2.58 ʧʨʝʜʩʪʘʚʣʝʥʳ ʠʥʪʝʨʬʝʡʩʳ ʫʩʪʘʥʦʚʢʠ ʥʝʢʦʪʦʨʳʭ ʠʟ ʵʪʠʭ 

ʧʘʨʘʤʝʪʨʦʚ. 

 

ʈʠʩ. 2.56. ʋʩʪʘʥʦʚʢʘ ʩʪʝʧʝʥʠ ʘʜʘʧʪʘʮʠʠ ʩʝʪʢʠ ʚ ʧʨʦʮʝʩʩʝ ʨʝʰʝʥʠʷ 

 

ʈʠʩ. 2.57. ʋʩʪʘʥʦʚʢʘ ʧʦʨʷʜʢʘ ʢʦʥʝʯʥʦ-ʨʘʟʥʦʩʪʥʦʡ ʩʭʝʤʳ ʨʝʰʘʝʤʳʭ ʜʠʬ-

ʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ 

ʇʦʩʣʝ ʟʘʜʘʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʦʧʨʝʜʝʣʷ-

ʶʪʩʷ ʦʩʦʙʝʥʥʦʩʪʠ ʢʦʥʪʨʦʣʷ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ: 

ï ʥʘʧʨʘʚʣʝʥʠʷ ʚʝʢʪʦʨʦʚ ʧʦʜʲʝʤʥʦʡ ʩʠʣʳ ʠ ʩʠʣʳ ʣʦʙʦʚʦʛʦ ʩʦʧʨʦʪʠʚ-

ʣʝʥʠʷ ʚ ʟʘʜʘʥʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ; 
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ï ʛʨʘʥʠ ʜʠʨʠʞʘʙʣʷ, ʥʘ ʢʦʪʦʨʳʭ ʧʨʦʠʩʭʦʜʠʪ ʚʠʟʫʘʣʠʟʘʮʠʷ ʨʘʩʧʨʝʜʝʣʝ-

ʥʠʷ ʠʩʢʦʤʳʭ ʩʢʘʣʷʨʥʳʭ ʠ ʚʝʢʪʦʨʥʳʭ ʚʝʣʠʯʠʥ; 

ï ʩʦʦʪʥʦʰʝʥʠʝ ʬʠʟʠʯʝʩʢʦʛʦ ʚʨʝʤʝʥʠ ʠ ʧʩʝʚʜʦʚʨʝʤʝʥʠ (ʧʘʨʘʤʝʪʨ Cfl); 

ï ʢʨʠʪʝʨʠʡ ʩʭʦʜʠʤʦʩʪʠ ʠ ʜʨʫʛʠʝ. 

 

ʈʠʩ. 2.58. ɿʘʜʘʥʠʝ ʫʩʪʘʥʦʚʢʠ ʢʨʠʪʝʨʠʝʚ ʘʜʘʧʪʘʮʠʠ ʚ ʧʨʦʮʝʩʩʝ  

ʨʝʝhʥʠʷ 

ɺ ʦʢʥʝ Output parameters ʚʳʙʠʨʘʝʪʩʷ ʪʠʧ ʚʥʝʰʥʝʛʦ ʦʙʪʝʢʘʥʠʷ 

(External flow) ʠ ʥʘʯʘʣʦ ʩʚʷʟʘʥʥʦʡ ʩ ʜʠʨʠʞʘʙʣʝʤ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ, ʚ ʢʦ-

ʪʦʨʦʡ ʧʨʦʛʨʘʤʤʘ ʙʫʜʝʪ ʨʘʩʩʯʠʪʳʚʘʪʴ ʩʦʩʪʘʚʣʷʶʱʠʝ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʩʠʣ ʠ ʤʦʤʝʥʪʦʚ. ʅʘʧʨʘʚʣʝʥʠʝ ʥʘʙʝʛʘʶʱʝʛʦ ʧʦʪʦʢʘ (Drag direction), ʩʦʦʪ-

ʚʝʪʩʪʚʫʶʱʝʝ ʦʩʠ OX ʤʝʩʪʥʦʡ ʩʠʩʪʝʤʳ, ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʝʢʪʦʨʦʤ (1; 0; 0), 

ʥʘʧʨʘʚʣʝʥʠʝ ʜʝʡʩʪʚʠʷ ʧʦʜʲʝʤʥʦʡ ʩʠʣʳ (Lift direction) ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʩʦ-

ʦʪʚʝʪʩʪʚʠʠ ʩ ʥʦʨʤʘʣʴʥʦʡ ʦʨʠʝʥʪʘʮʠʝʡ ʜʠʨʠʞʘʙʣʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʟʝʤʣʠ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʝʢʪʦʨʦʤ (0; 1; 0), ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ 

ʨʠʩ. 2.59. ʆʧʮʠʝʡ Moment axis ʫʩʪʘʥʘʚʣʠʚʘʝʤ ʥʘʧʨʘʚʣʷʶʱʠʡ ʚʝʢʪʦʨ ʦʩʠ, 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʪʦʨʦʡ ʚʳʯʠʩʣʷʝʪʩʷ ʤʦʤʝʥʪ, ʜʠʥʘʤʠʢʘ ʩʭʦʜʠʤʦʩʪʠ ʢʦʪʦʨʦ-

ʛʦ ʚʳʚʦʜʠʪʩʷ ʥʘ ʵʢʨʘʥ. ɺʳʙʦʨ ʚ ʵʪʦʡ ʦʧʮʠʠ ʚ ʢʘʯʝʩʪʚʝ ʥʘʧʨʘʚʣʷʶʱʝʛʦ 

ʚʝʢʪʦʨʘ (0; 0; 1) ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʚʦʜ ʥʘ ʵʢʨʘʥ ʤʦʤʝʥʪʘ ʪʘʥʛʘʞʘ. 

ɼʘʣʝʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘʧʫʩʢ ʤʦʜʝʣʠ ʥʘ ʨʘʩʯʝʪ ʚ ʚʳʯʠʩʣʠʪʝʣʴʥʦʤ ʤʦ-

ʜʫʣʝ ʠ ʢʦʥʪʨʦʣʴ ʩʭʦʜʠʤʦʩʪʠ ʧʨʦʮʝʩʩʘ ʨʘʩʯʝʪʘ. ʄʦʜʝʣʴ ʟʘʧʫʩʢʘʝʪʩʷ ʥʘ 

ʨʘʩʯʝʪ ʩ ʧʦʤʦʱʴʶ ʧʦʜʧʨʦʛʨʘʤʤʳ HEXSTREAM. 

ʉ ʧʦʤʦʱʴʶ ʧʦʜʧʨʦʛʨʘʤʤʳ Monitor ʤʦʞʥʦ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝ-

ʤʝʥʠ ʦʪʦʙʨʘʞʘʪʴ ʧʨʦʮʝʩʩ ʩʭʦʜʠʤʦʩʪʠ ʧʦ ʚʳʙʨʘʥʥʳʤ ʚ ʦʧʮʠʠ Output 

parameters ʧʨʦʝʢʮʠʷʤ ʩʠʣ ʠ ʤʦʤʝʥʪʦʚ. ʅʘ ʨʠʩ. 2.60 ʧʨʝʜʩʪʘʚʣʝʥʘ ʜʠʥʘʤʠ-

ʢʘ ʩʭʦʜʠʤʦʩʪʠ ʠʪʝʨʘʮʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʧʦ ʚʳʙʨʘʥʥʳʤ ʩʢʘʣʷʨʥʳʤ ʚʝʣʠ-

ʯʠʥʘʤ. 
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ʈʠʩ. 2.59. ʋʩʪʘʥʦʚʢʘ ʚʳʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

 

ʈʠʩ. 2.60. ʉʭʦʜʠʤʦʩʪʴ ʧʨʦʮʝʩʩʘ ʧʦ ʩʠʣʝ ʣʦʙʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʇʦʩʣʝ ʧʨʦʚʝʜʝʥʥʳʭ ʨʘʩʯʝʪʦʚ, ʠʭ ʨʝʟʫʣʴʪʘʪʳ ʚʠʟʫʘʣʠʟʠʨʫʶʪʩʷ ʩ ʧʦ-

ʤʦʱʴʶ ʧʦʜʧʨʦʛʨʘʤʤʳ CFViewÊ. ʅʘ ʨʠʩ. 2.61 ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʘʩʧʨʝʜʝʣʝ-

ʥʠʝ ʜʘʚʣʝʥʠʷ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʜʠʨʠʞʘʙʣʷ. ʀʟ ʨʠʩ. 2.61 ʚʠʜʥʦ, ʯʪʦ ʤʘʢʩʠ-

ʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʜʘʚʣʝʥʠʷ ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʥʳ ʚ ʪʦʡ ʦʙʣʘʩʪʠ ʥʘ ʧʦʚʝʨʭ-

ʥʦʩʪʠ ʜʠʨʠʞʘʙʣʷ, ʢʘʩʘʪʝʣʴʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʢ ʢʦʪʦʨʳʤ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘ ʢ 

ʥʘʧʨʘʚʣʝʥʠʶ ʥʘʙʝʛʘʶʱʝʛʦ ʧʦʪʦʢʘ. 

ʅʘ ʨʠʩ. 2.62 ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʝʢʪʦʨʦʚ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ 

ʚʦʟʜʫʭʘ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʜʠʨʠʞʘʙʣʷ ʧʨʠ ʩʢʦʨʦʩʪʠ ʜʠʨʠʞʘʙʣʷ 7 ʤ/ʩ. ʀʟ ʵʪʠʭ 

ʨʠʩʫʥʢʦʚ ʤʦʞʥʦ ʫʚʠʜʝʪʴ ʪʘʢʠʝ ʵʬʬʝʢʪʳ, ʢʘʢ ʚʠʭʨʝʦʙʨʘʟʦʚʘʥʠʝ ʚ ʦʢʨʝʩʪ-

ʥʦʩʪʷʭ ʩʪʘʙʠʣʠʟʘʪʦʨʦʚ, ʪʦʨʤʦʞʝʥʠʝ ʧʦʪʦʢʘ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʢʦʨʤʦʚʦʡ ʯʘʩʪʠ 

ʜʠʨʠʞʘʙʣʷ, ʨʘʟʨʝʞʝʥʠʝ ʟʘ ʩʪʘʙʠʣʠʟʘʪʦʨʘʤʠ. 
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ʈʠʩ. 2.61. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʜʘʚʣʝʥʠʷ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʜʠʨʠʞʘʙʣʷ ʧʨʠ  

ʩʢʦʨʦʩʪʠ V = 7 ʤ/ʩ 

 

ʈʠʩ. 2.62. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʪʦʢʦʚ ʚʦʟʜʫʭʘ ʚ ʧʣʦʩʢʦʩʪʠ OXY 

ɿʥʘʯʝʥʠʷ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʣ ʠ ʤʦʤʝʥʪʦʚ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʚ ʩʢʦ-

ʨʦʩʪʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ. ʆʪ ʨʘʩʩʯʠʪʘʥʥʳʭ ʩʠʣ ʠ ʤʦʤʝʥʪʦʚ ʧʝʨʝʭʦʜ ʢ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʠʤ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʤ ʢʦʵʬʬʠʮʠʝʥʪʘʤ ʦʩʫɦ ʝʩʪʚʣʷʣʩʷ 

ʧʦ ʬʦʨʤʫʣʘʤ 

 , ʭʘʨ/ ( )x flow flowʩ X q S¤= , , ʭʘʨ/ ( )y flow flowʩ Y q S¤= ,  (2.26) 

 z, ʭʘʨ/ ( )flow flowʩ Z q S¤= , , , ʭʘʨ/ ( )x flow x flowm M q S L¤= ,  (2.27) 

 , , ʭʘʨ/ ( )y flow y flowm M q S L¤= , , , ʭʘʨ/ ( )z flow z flowm M q S L¤= ,  (2.28) 

ʛʜʝ  
2 / 2q Vr¤=  ï ʩʢʦʨʦʩʪʥʦʡ ʥʘʧʦʨ; ɟ ï ʧʣʦʪʥʦʩʪʴ ʚʦʟʜʫʭʘ; L ï ʜʣʠʥʘ ʢʦʨ-

ʧʫʩʘ ʜʠʨʠʞʘʙʣʷ; 
2/3

ʭʘʨS U=  ï ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʘʷ ʧʣʦʱʘʜʴ ʜʠʨʠʞʘʙʣʷ,  U ï 

ʦʙʲʝʤ ʜʠʨʠʞʘʙʣʷ. 
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ʇʝʨʝʭʦʜ ʚ ʩʚʷʟʘʥʥʫʶ ʩ ʜʠʨʠʞʘʙʣʝʤ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ ʧʨʦʠʟʚʦʜʠʪʩʷ 

ʧʦ ʬʦʨʤʫʣʘʤ 

 , , ,cos cos sin cos sinx x flow y flow z flowc c c ca b a a b= - + ,  (2.29) 

 , , ,sin cos cos sin siny x flow y flow z flowc c c ca b a a b= + + ,  (2.30) 

 , ,sin cosz x flow z flowc c cb b=- + ,  (2.31) 

 , , ,cos cos sin cos sinx x flow y flow z flowm m m ma b a a b= + - ,  (2.32) 

 , , ,sin cos cos sin siny x flow y flow z flowm m m ma b a a b=- + + ,  (2.33) 

 , ,sin cosz x flow z flowm m mb b= + ,  (2.34) 

ʛʜʝ Ŭ ʠ ɓ ï ʫʛʣʳ ʘʪʘʢʠ ʠ ʩʢʦʣʴʞʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʇʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʷʚʣʷʶʪʩʷ 

ʪʘʙʣʠʯʥʳʤʠ ʬʫʥʢʮʠʷʤʠ ʪʨʝʭ ʧʝʨʝʤʝʥʥʳʭ ï ʩʢʦʨʦʩʪʠ, ʫʛʣʘ ʘʪʘʢʠ ʠ ʩʢʦʣʴ-

ʞʝʥʠʷ. ɺʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʪʠʭ ʪʨʝʭʤʝʨʥʳʭ ʤʘʩʩʠʚʦʚ ʚ ʪʘʙʣʠʯʥʦʤ 

ʚʠʜʝ. ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʩʢʦʨʦʩʪʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʩʥʠʞʝʥʠʷ ʚʳʯʠʩʣʠʪʝʣʴ-

ʥʦʡ ʥʘʛʨʫʟʢʠ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʘʧʧʨʦʢʩʠʤʘʮʠʶ ʧʦʣʫʯʝʥʥʳʭ ʪʘʙʣʠʯ-

ʥʳʭ ʜʘʥʥʳʭ. ʅʘʧʨʠʤʝʨ, ʧʫʩʪʴ ʧʨʦʜʫʚʢʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʜʣʷ ʨʘʟʣʠʯʥʳʭ 

ʩʢʦʨʦʩʪʝʡ ʩ ʰʘʛʦʤ 1 ʤ/ʩ. ʊʦʛʜʘ ʚ ʬʫʥʢʮʠʠ ʨʘʩʯʝʪʘ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʢʦ-

ʵʬʬʠʮʠʝʥʪʦʚ ʥʝʦʙʭʦʜʠʤʦ ʦʢʨʫʛʣʠʪʴ ʠʟʤʝʨʝʥʥʫʶ ʩʢʦʨʦʩʪʴ ʜʠʨʠʞʘʙʣʷ ʜʦ 

ʙʣʠʞʘʡh ʝʛʦ ʮʝʣʦʛʦ ʯʠʩʣʘ. 

ɸʧʧʨʦʢʩʠʤʘʮʠʷ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʫʥʢʮʠʠ Matlab Surface fitting, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ 

ʨʠʩ. 2.63. ɼʘʥʥʘʷ ʬʫʥʢʮʠʷ ʧʦʟʚʦʣʷʝʪ ʧʦ ʤʘʩʩʠʚʘʤ ʩ ʜʘʥʥʳʤʠ ʧʦʣʫʯʘʪʴ 

ʯʠʩʣʝʥʥʳʝ ʚʳʨʘʞʝʥʠʷ. 

 

ʈʠʩ. 2.63. ɺʳʟʦʚ ʬʫʥʢʮʠʠ Surface fitting 
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ʅʘʧʨʠʤʝʨ, ʥʘ ʨʠʩ. 2.64 ʧʨʝʜʩʪʘʚʣʝʥ ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʣʦʙʦʚʦʛʦ ʩʦ-

ʧʨʦʪʠʚʣʝʥʠʷ ʦʪ ʫʛʣʦʚ ʘʪʘʢʠ ʠ ʩʢʦʣʴʞʝʥʠʷ ʧʨʠ ʩʢʦʨʦʩʪʠ ʜʠʨʠʞʘʙʣʷ 7 ʤ/ʩ. 
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ʈʠʩ. 2.64. ʂʦʵʬʬʠʮʠʝʥʪ ʣʦʙʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʇʨʠʤʝʥʝʥʠʝ ʬʫʥʢʮʠʠ Surface fitting ʩ ʧʦʣʠʥʦʤʠʘʣʴʥʦʡ ʘʧʧʨʦʢʩʠʤʘ-

ʮʠʝʡ ʧʷʪʦʛʦ ʧʦʨʷʜʢʘ (ʨʠʩ. 2.65) ʜʘʝʪ ʩʣʝʜʫʶɦ ʝʝ ʚʳʨʘʞʝʥʠʝ:  
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- - -

- - - -

- - - -

- -

= - a- Ö b+ Ö a - Ö ab+

+ Ö b - Ö a + Ö a b+ Ö ab -

- Ö b - Ö a - Ö a b- Ö a b +

+ Ö ab + Ö b

xc

4 11 5 10 4

10 3 2 10 2 3 10 4 10 5

1,661 10 1,353 10

5,310 10 3,342 10 4,676 10 1,146 10 .

- -

- - - -

+ Ö a + Ö a b+

+ Ö a b + Ö a b - Ö ab - Ö b

 (2.35) 

 

ʈʠʩ. 2.65. ʆʢʥʦ ʬʫʥʢʮʠʠ Surface fitting 

ɺ ʦʪʢʨʳʚʘʶʱʝʤʩʷ ʤʝʥʶ X input ʚʳʙʠʨʘʝʪʩʷ ʤʘʩʩʠʚ ʫʛʣʦʚ ʘʪʘʢʠ, ʚ 

ʦʢʥʝ Y input ï ʤʘʩʩʠʚ ʫʛʣʦʚ ʩʢʦʣʴʞʝʥʠʷ, ʘ ʚ ʦʢʥʝ Z output ï ʤʘʩʩʠʚ ʟʥʘʯʝ-

ʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪʘ cx. 
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2.6. Ⱥɛɜɑɐɑɗɑəɔɑ ɖɚɩɠɠɔɢɔɑəɞɌ ɝɢɑɛɗɑəɔɫ ɖɚɗɑɝɌ ɝ ɛɚɎɑɜɡəɚɝɞɨɪ 

ʈʘʩʩʤʦʪʨʠʤ ʩʥʘʯʘʣʘ ʜʚʠʞʝʥʠʝ ʢʦʣʝʩʥʦʛʦ ʨʦʙʦʪʘ, ʠʤʝʶʱʝʛʦ ʥʝʩʢʦʣʴ-

ʢʦ ʢʦʣʝʩʥʳʭ ʧʘʨ (ʦʩʝʡ) ʩ ʚʳʢʣʶʯʝʥʥʳʤʠ ʧʨʠʚʦʜʘʤʠ ʧʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ. ʇʨʝʜʧʦʣʦʞʠʤ, ʵʪʦʪ (ʧʘʩʩʠʚʥʳʡ) ʨʦʙʦʪ ʥʘʯʠʥʘʝʪ ʜʚʠʞʝʥʠʝ ʠ 

ʜʚʠʞʝʪʩʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʜʨʫʛʦʛʦ (ʘʢʪʠʚʥʦʛʦ) ʨʦʙʦʪʘ. ʊʦʛʜʘ ʩʠʣʘ, ʩ ʢʦʪʦ-

ʨʦʡ ʘʢʪʠʚʥʳʡ ʨʦʙʦʪ ʚʦʟʜʝʡʩʪʚʫʝʪ ʥʘ ʧʘʩʩʠʚʥʳʡ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʛʣʘʩʥʦ 

[26 ï 29] ʚʳʨʘʞʝʥʠʝʤ 

 
ʵʚ ʵʚ ʵʚ ʵʚʪʢ ʪʢ

ʩʵʚ ʩʢʧ ʵʚ ʵʚ ʵʚ ʵʚ

ʢ ʢ

8
8

ʢʧ

P P P P
F n F V V P V

g R g R g

d d
= + = + = + ,           (2.36) 

ʛʜʝ ʩʵʚF  ʠ ʩʢʧF ï ʩʠʣʳ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʚʠʞʝʥʠʶ ʧʘʩʩʠʚʥʦʛʦ ʨʦʙʦʪʘ ʠ ʦʜʥʦʡ 

ʢʦʣʝʩʥʦʡ ʧʘʨʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʅ; ʪʢdï ʢʦɻʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʢʘʯʝʥʠʷ, ʤʤ; 

ʵʚP ï ʚʝʩ ʨʦʙʦʪʘ, ʅ; ʵʚV ʠ ɻʚV  ï ʫʩʢʦʨʝʥʠʝ ʠ ʩʢʦʨʦʩʪʴ ʨʦʙʦʪʘ. 

ʇʨʠ ʵʪʦʤ ʚ ʢʦʥʪʘʢʪʝ çʧʦʚʝʨʭʥʦʩʪʴïʢʦʣʝʩʦè, ʩʦʛʣʘʩʥʦ [27, 29, 30], 

ʚʦʟʥʠʢʘʝʪ ʪʦʣʴʢʦ ʚʝʨʪʠʢʘʣʴʥʘʷ, ʩʤʝʱʝʥʥʘʷ ʧʦ ʭʦʜʫ ʜʚʠʞʝʥʠʷ ʨʝʘʢʮʠʷ N  

ʧʦʚʝʨʭʥʦʩʪʠ (ʨʠʩ. 2.66), ʢʦʪʦʨʘʷ ʩʦʟʜʘʝʪ ʤʦʤʝʥʪ ʩʢʧ ʪʢM N=d  ʠʣʠ ʩʠʣʫ 

ʵʚʪʢ
ʩʢʧ

ʢ ʢʧ

P
F

R n

d
=  ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚʨʘʱʝʥʠʶ ʢʘʞʜʦʡ ʢʦʣʝʩʥʦʡ ʧʘʨʳ. 

ʆ

N

ʄʊ

Fʉʂʇ

Fʉʂʇ

Fʊ ʆ

N
Fʩʮ

Fʩʮ

ʄɺʈ

Fʉʂʇ

 

ʈʠʩ. 2.66. ʉʠʣʳ ʠ ʤʦʤʝʥʪʳ, ʧʨʠʣʦʞʝʥʥʳʝ ʢ ʢʦʣʝʩʥʦʡ ʧʘʨʝ 

ʕʪʠ ʚʦʩʝʤʴ ʩʠʣ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʢʧF  ʧʨʝʦʜʦʣʝʚʘʶʪʩʷ ʩʠʣʦʡ ʪF , ʠ ʠʤʝʥ-

ʥʦ ʢʘʞʜʘʷ ʠʟ ʵʪʠʭ ʩʠʣ  ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʨʘɦ ʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʢʦʣʝʩʥʦʡ 

ʧʘʨʳ. ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʢʘʢ ʪʦʣʴʢʦ ʚʨʘʱʘʶʱʠʡ ʤʦʤʝʥʪ ʪ ʪ ʢ/ ʢʧM F R n= , ʩʦ-

ʟʜʘʚʘʝʤʳʡ ʩʠʣʦʡ ʪ ʩʢʧ ʵʚ ʵʚF F m V= +  ʥʘ ʢʘʞʜʦʡ ʢʦʣʝʩʥʦʡ ʧʘʨʝ, ʧʨʝʚʳʩʠʪ ʤʦ-

ʤʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʢʧ ʢF R , ʧʘʨʘ ʥʘʯʠʥʘʝʪ ʚʨʘʱʘʪʴʩʷ, ʘ ʦʙʝʩʪʦʯʝʥʥʳʡ ʨʦ-

ʙʦʪ ʥʘʯʠʥʘʝʪ ʫʩʢʦʨʝʥʥʦ, ʝʩʣʠ ʪ ʪ ʢ/ ʢʧM F R n> , ʧʝʨʝʤʝʱʘʪʴʩʷ ʚ ʛʦʨʠʟʦʥʪʘʣʴ-

ʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. 

ʇʨʠʯʝʤ, ʝʩʣʠ ʢʦʣʝʩʘ ʠ ʧʦʚʝʨʭʥʦʩʪʴ ʷʚʣʷʶʪʩʷ ʩʪʘʣʴʥʳʤʠ (ʥʘʧʨʠʤʝʨ, 

ʜʣʷ ʵʣʝʢʪʨʦʚʦʟʘ), ʪʦ, ʩʦʛʣʘʩʥʦ [26], ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʪʢ 0,5d = ʤʤ. ʉʠʣʘ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʚʠʞʝʥʠʶ ʦʙʝʩʪʦʯʝʥʥʦʛʦ ʨʦʙʦʪʘ ʜʦʩʪʘʪʦʯʥʦ ʤʘʣʘ. ʅʘʧʨʠ-

ʤʝʨ, ʝʩʣʠ ʚʝʩ ʨʦʙʦʪʘ ʩʦʩʪʘʚʣʷʝʪ 50 ʪ, ʘ ʜʠʘʤʝʪʨ ʝʛʦ ʢʦʣʝʩ ʨʘʚʝʥ 1,25 ʤ, ʪʦ 
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 ʩʵʚ

0,0005
50000 9,81 392,4 H 40ʢʛ

0,625
F = Ö = = .  (2.37) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʦʧʠʩʘʥʥʦʤ ʧʦʜʭʦʜʝ ʚ ʢʦʥʪʘʢʪʝ çʢʦʣʝʩʦï

ʧʦʚʝʨʭʥʦʩʪʴè ʥʝʪ ʩʢʦʣʴʞʝʥʠʷ, ʝʩʪʴ ʪʦʣʴʢʦ ʢʘʯʝʥʠʝ ï ʚʨʘʱʝʥʠʝ ʢʦʣʝʩʘ, ʚʳ-

ʟʳʚʘʝʤʦʝ ʤʦʤʝʥʪʦʤ ʠʣʠ ʩʠʣʦʡ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʢʘʯʝʥʠʶ. 

ʇʨʝʜʧʦʣʦʞʠʤ ʪʝʧʝʨʴ, ʯʪʦ ʚʩʝ ʢʦʣʝʩʘ ʨʦʙʦʪʘ ʟʘʢʣʠʥʝʥʳ ʠ ʥʝ ʤʦʛʫʪ 

ʚʨʘʱʘʪʴʩʷ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʪʦʣʢʘʶʱʠʡ ʨʦʙʦʪ ʜʦʣʞʝʥ ʧʨʝʦʜʦʣʝʪʴ ʩʥʘʯʘʣʘ 

ʩʠʣʫ ʪʨʝʥʠʷ ʧʦʢʦʷ, ʘ ʟʘʪʝʤ ʩʠʣʫ ʪʨʝʥʠʷ ʩʢʦʣʴʞʝʥʠʷ (ʧʨʠ ʵʚ 0V ¸ ). ʕʪʘ ʩʠʣʘ 

ʨʘʚʥʘ ʪʨʩʢ ʪʨʩʢ ʵʚF f P¡=  ʠ ʥʘʤʥʦʛʦ ʙʦʣʴʰʝ ʩʠʣʳ ʪʨʝʥʠʷ ʢʘʯʝʥʠʷ. ʌʘʢʪʠʯʝʩʢʠ 

ʧʨʠ ʵʪʦʤ ʨʦʙʦʪ ʙʫʜʝʪ ʩʦʚʝʨʰʘʪʴ ʜʚʠʞʝʥʠʝ, ʥʘʟʳʚʘʝʤʦʝ ʶʟʦʤ, ʧʦʵʪʦʤʫ ʩʠ-

ʣʫ ʪʨʝʥʠʷ, ʚ ʵʪʦʤ ʩʣʫʯʘʝ, ʤʦʞʥʦ ʥʘʟʳʚʘʪʴ çʩʠʣʦʡ ʪʨʝʥʠʷ ʶʟʘè ʨʦʙʦʪʘ.  

ʅʘʧʨʠʤʝʨ, ʚ ʩʣʫʯʘʝ ʩʪʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʢʦʣʝʩ ʪʨʩʢ0,15f¡ =  [26, 29], ʧʦ-

ʵʪʦʤʫ ʧʨʠ ʵʚ 50P =  ʪ ʩʠʣʘ ʪʨʶʟ0,15 50 7,5F = Ö = ʪ. 

ʈʘʩʩʤʦʪʨʠʤ ʜʘʣʝʝ ʜʚʠʞʝʥʠʝ ʵʪʦʛʦ ʞʝ ʨʦʙʦʪʘ ʚ ʘʢʪʠʚʥʦʤ ʨʝʞʠʤʝ, 

ʧʨʝʜʧʦʣʘʛʘʷ, ʯʪʦ ʦʥ ʠʤʝʝʪ ʜʚʝ ʚʝʜʫʱʠʭ ʠ ʰʝʩʪʴ ʧʘʩʩʠʚʥʳʭ ʢʦʣʝʩʥʳʭ ʧʘʨ. 

ʊʦʛʜʘ ʩʠʣʳ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʢʘʯʝʥʠʶ ʚʝʜʫʱʠʭ ʩʢ1F  ʠ ʚʝʜʦʤʳʭ ʢʦʣʝʩʥʳʭ ʧʘʨ 

ʩʢ3F  ʙʫʜʫʪ ʦʧʠʩʳʚʘʪʴʩʷ  [31, 32] ʩʣʝʜʫʶʱʠʤʠ ʚʳʨʘʞʝʥʠʤ̫ʠ: 

 
ʵʚ

ʩʢ1

1,9

4000

P
F = , 

ʵʚ
ʩʢ3

5,7

4000

P
F = , ʅ. (2.38) 

ɿʜʝʩʴ ʵʚP  ï ʚʝʩ ʨʦʙʦʪʘ ʚ ʅʴʶʪʦʥʘʭ. ʇʨʠ ʵʪʦʤ ʩʯʠʪʘʝʪʩʷ, ʯʪʦ ʩʠʣʘ ʪʨʝʥʠʷ 

ʢʘʯʝʥʠʷ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ [26, 29]. ʊʘʢ, ʅ.ʅ. ɹʫʪʝʥʠʥ ʚ 

ʢʥʠʛʝ [27] ʧʠʰʝʪ: çʂʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʢʘʯʝʥʠʷ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʥʝʟʘʚʠ-

ʩʷʱʠʤ ʦʪ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʢʘʪʢʘ ʠ ʝʛʦ ʩʢʦʨʦʩʪʠ ʩʢʦʣʴʞʝʥʠʷ ʚ ʪʝʭʥʠʯʝ-

ʩʢʠʭ ʨʘʩʯʝʪʘʭ. ʇʨʠ ʢʘʯʝʥʠʠ ʚʘʛʦʥʥʦʛʦ ʢʦʣʝʩʘ ʧʦ ʩʪʘʣʴʥʦʤʫ ʨʝʣʴʩʫ ʢʦʵʬ-

ʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʢʘʯʝʥʠʷ 0,5dº  ʤʤè.  

ɸʢʪʠʚʥʳʡ ʨʦʙʦʪ ʩʘʤ ʧʦ ʩʝʙʝ ʜʚʠʞʝʪʩʷ ʟʘ ʩʯʝʪ ʚʨʘʱʘʶʱʝʛʦ ʤʦʤʝʥʪʘ 

ʚʨM , ʨʘʟʚʠʚʘʝʤʦʛʦ ʜʚʠʛʘʪʝʣʷʤʠ ʚʝʜʫʱʠʭ ʢʦʣʝʩʥʳʭ ʧʘʨ, ʢʦʪʦʨʳʡ, ʢʘʢ ʠ 

ʨʝʘʢʮʠʷ ʨN , ʧʨʠʣʦʞʝʥ ʢ ʚʝʜʫʱʠʤ ʢʦʣʝʩʥʳʤ ʧʘʨʘʤ (ʨʠʩ. 2.66). 

ɼʣʷ ʧʨʦʩʪʦʪʳ, ʙʫʜʝʤ ʧʨʝʜʧʦʣʘʛʘʪʴ, ʯʪʦ ʚʝʜʫʱʠʝ ʧʘʨʳ ʥʘʭʦʜʷʪʩʷ ʚ 

ʨʘʚʥʳʭ ʫʩʣʦʚʠʷʭ ʠ ʵʢʚʠʚʘʣʝʥʪʥʳ ʦʜʥʦʡ ʧʘʨʝ ʩ ʫʜʚʦʝʥʥʳʤ ʤʦʤʝʥʪʦʤ. ʕʪʦʪ 

ʚʨʘʱʘʶʱʠʡ ʤʦʤʝʥʪ, ʩʪʨʝʤʷʱʠʡʩʷ ʧʦʚʝʨʥʫʪʴ ʢʦʣʝʩʘ ʧʘʨʳ ʚʦʢʨʫʛ ʦʩʝʡ, ʩʦ-

ʟʜʘʝʪ ʚ ʢʦʥʪʘʢʪʥʦʡ ʧʣʦʱʘʜʢʝ çʢʦʣʝʩʦïʧʦʚʝʨʭʥʦʩʪʴè ʢʘʩʘʪʝʣʴʥʫʶ ʩʠʣʫ 

ʩʮʝʧʣʝʥʠʷ ʩʮ ʚʨ ʢ/=F M R , ʧʨʠʣʦʞʝʥʥʫʶ ʢ ʦʙʦʜʫ ʢʦʣʝʩ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ 

ʨʠʩ. 2.66 ʠ 2.67. ɽʩʣʠ ʢʦʥʪʘʢʪʠʨʫʝʪ ʫʧʨʫʛʠʡ ʤʘʪʝʨʠʘʣ, ʪʦ ʩʠʣʳ ʩʮF  ʠ N, 

ʧʨʠʣʦʞʝʥʥʳʝ ʚ ʥʝʢʦʪʦʨʳʭ ʪʦʯʢʘʭ ʢʦʥʪʘʢʪʥʦʡ ʧʣʦʱʘʜʢʠ çʢʦʣʝʩʦ-

ʧʦʚʝʨʭʥʦʩʪʴè, ʚʳʟʳʚʘʶʪ ʫʧʨʫʛʫʶ ʜʝʬʦʨʤʘʮʠʶ ʤʘʪʝʨʠʘʣʘ ʵʪʦʡ ʧʣʦʱʘʜʢʠ. 

ʋʩʣʦʚʥʦ ʵʪʘ ʩʠʪʫʘʮʠʷ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 2.67. 
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ʈʠʩ. 2.67. ʋʧʨʫʛʘʷ ʜʝʬʦʨʤʘʮʠʷ ʚ ʢʦʥʪʘʢʪʝ 

ʕʪʠ ʷʚʣʝʥʠʷ ʜʝʬʦʨʤʘʮʠʠ ʤʘʪʝʨʠʘʣʘ ʧʣʦʱʘʜʢʠ ʢʦʥʪʘʢʪʘ çʢʦʣʝʩʦï

ʨʝʣʴʩè ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʘʩʘʪʝʣʴʥʦʡ ʩʠʣʳ ʩʮʝʧʣʝʥʠʷ ʩʮF  ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ 

ʚʦ ʤʥʦʛʠʭ ʨʘʙʦʪʘʭ, ʩʚʷʟʘʥʥʳʭ ʩ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʡ ʪʝʤʘʪʠʢʦʡ [33 ï 41]. 

ʆʜʥʘʢʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʜʣʠʪʝʣʴʥʫʶ ʠʩʪʦʨʠʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʪʠʭ ʷʚʣʝʥʠʡ, 

ʝʜʠʥʦʛʦ ʤʥʝʥʠʷ ʦ ʧʨʠʨʦʜʝ ʠ ʤʝʭʘʥʠʟʤʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʠʣʳ ʩʮʝʧʣʝʥʠʷ ʩʮF  

ʩʨʝʜʠ ʩʧʝʮʠʘʣʠʩʪʦʚ ʥʝʪ. ʇʦʜʨʦʙʥʳʡ ʘʥʘʣʠʟ ʫʢʘʟʘʥʥʳʭ ʠ ʜʨʫʛʠʭ ʨʘʙʦʪ 

ʠʤʝʝʪʩʷ ʚ ʢʥʠʛʘʭ [39, 41]. ʇʨʝʦʙʣʘʜʘʶʱʝʡ ʛʠʧʦʪʝʟʦʡ, ʩʨʝʜʠ ʤʥʦʞʝʩʪʚʘ 

ʜʨʫʛʠʭ, ʷʚʣʷʝʪʩʷ ʩʣʝʜʫʶʱʝʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ. 

ɼʝʬʦʨʤʘʮʠʷ ʤʘʪʝʨʠʘʣʘ ʧʣʦʱʘʜʢʠ ʠ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʢʘʩʘʪʝʣʴʥʦʡ ʩʠʣʳ 

ʩʮʝʧʣʝʥʠʷ ʩʮF  ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʧʦʩʣʝ ʧʨʠʣʦʞʝʥʠʷ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴ-

ʰʦʛʦ ʚʨʘʱʘʶʱʝʛʦ ʤʦʤʝʥʪʘ (ʙʦʣʴʰʝʛʦ ʩʢ1 ʢF R), ʢʦʣʝʩʘ ʚʝʜʫʱʝʡ ʧʘʨʳ ʧʦʚʦ-

ʨʘʯʠʚʘʶʪʩʷ ʥʘ ʥʝʢʦʪʦʨʳʡ ʫʛʦʣ. ɺ ʨʘʙʦʪʝ [33] ʵʪʦ ʷʚʣʝʥʠʝ ʥʘʟʳʚʘʝʪʩʷ 

çʧʨʝʜʚʘʨʠʪʝʣʴʥʳʤ ʧʝʨʝʤʝʱʝʥʠʝʤè ʠʣʠ ʤʠʢʨʦʩʢʦʣʴʞʝʥʠʝʤ, ʘ ʚ [41] ï 

ʤʘʢʨʦʩʢʦʣʴʞʝʥʠʝʤ. ʅʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ 

ʦʩʠ ʩʠʣʘ ʩʮF  ʥʝʜʦʩʪʘʪʦʯʥʘ ʜʣʷ ʧʨʦʜʦʣʴʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʦʩʝʡ ʚʝʜʫʱʝʡ 

ʧʘʨʳ (ʘ ʚʤʝʩʪʝ ʩ ʥʝʶ ʠ ʨʦʙʦʪʘ). ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʜʣʷ ʧʝʨʝʤʝʱʝ-

ʥʠʷ ʚʩʝʛʦ ʨʦʙʦʪʘ ʥʝʦʙʭʦʜʠʤʦ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʚʳʰʝ, ʧʨʠʣʦʞʠʪʴ ʢ ʥʝʤʫ ʝʱʝ 

ʠ ʩʠʣʫ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʢʘʯʝʥʠʶ ʦʩʪʘʣʴʥʳʭ ʚʝʜʦʤʳʭ ʧʘʨ ïʩʢ3F , ʘ ʧʦʢʘ ʞʝ 

ʧʨʠʣʦʞʝʥʘ ʩʠʣʘ ʪʦʣʢɹʦ ʩʢ1F . 

ʉʦʛʣʘʩʥʦ [34, 35, 37, 39], ʫʧʨʫʛʘʷ ʧʨʦʜʦʣʴʥʘʷ ʜʝʬʦʨʤʘʮʠʷ ʤʘʪʝʨʠʘʣʘ 

ʢʦʥʪʘʢʪʥʦʡ ʧʣʦʱʘʜʢʠ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʥʦʨʤʘʣʴʥʦʡ ʩʠʣʝ N ʠ ʨʘʟʥʦʩʪʠ 

ʩʢʦʨʦʩʪʝʡ ʜʚʠʞʝʥʠʷ ʪʦʯʝʢ ʢʦʣʝʩʘ ʠ ʪʦʯʝʢ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʵʪʦʡ ʧʣʦʱʘʜʢʝ. 

ʕʪʘ ʨʘʟʥʦʩʪʴ ʥʘʟʳʚʘʝʪʩʷ ʩʢʦʨʦʩʪʴʶ ʩʢʦʣʴʞʝʥʠʷ ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʨʘʞʝ-

ʥʠʝʤ 

 ʩʢ ʢ ʢ ʵʚV R V=w - ,  (2.39) 

ʛʜʝ ʩʢV ï ʩʢʦʨʦʩʪʴ ʩʢʦʣʴʞʝʥʠʷ, ʢw  ï ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʢʦʣʝʩ ʚʝ-

ʜʫʱʠʭ ʧʘʨ, ʵʚV ï ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʨʦʙʦʪʘ (ʪʦʯʢʠ ʆ, ʩʤ ʨʠʩ. 2.66, 

ʨʠʩ. 2.67). 

ʅʘʣʠʯʠʝ ʨʘʟʥʦʩʪʠ ʣʠʥʝʡʥʳʭ ʩʢʦʨʦʩʪʝʡ ʜʚʠʞʝʥʠʷ ʪʦʯʝʢ ʢʦʣʝʩʘ ʠ ʪʦ-

ʯʝʢ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʢʦʥʪʘʢʪʥʦʡ ʧʣʦʱʘʜʢʝ ʧʦʜʯʝʨʢʠʚʘʝʪʩʷ ʠ ʚ ʵʥʮʠʢʣʦʧʝ-
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ʜʠʠ [38]. ʉʢʦʣʴʞʝʥʠʷ, ʦʯʝʥʴ ʩʣʘʙʳʝ, ʥʦ ʨʝʘʣʴʥʳʝ, ʧʨʦʠʩʭʦʜʷʪ ʚ ʩʪʨʫʢʪʫ-

ʨʘʭ ʠʥʪʝʨʬʝʡʩʘ çʢʦʣʝʩʦïʧʦʚʝʨʭʥʦʩʪʴè. 

ʀʪʘʢ, ʜʣʷ ʪʦʛʦ ʯʪʦʙʳ ʨʦʙʦʪ ʥʘʯʘʣ ʜʚʠʛʘʪʴʩʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ, ʨʘʟʚʠʚʘ-

ʝʤʳʡ ʜʚʠʛʘʪʝʣʷʤʠ ʤʦʤʝʥʪ ʚʨʘʱʝʥʠʷ ʚʨM  ʜʦʣʞʝʥ ʩʪʘʪʴ ʙʦʣʴʰʝ ʤʦʤʝʥʪʘ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʢʘʯʝʥʠʷ ʩʢ1 ʩʢ1 ʢM F R=  ʚʝʜʫʱʠʭ ʧʘʨ ʢʦʣʝʩ ʨʦʙʦʪʘ. ʊʦʢ ʷʢʦʨʷ, ʘ 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʤʦʤʝʥʪ ʚʨM  ʧʦʩʣʝ ʧʦʜʘʯʠ ʥʘ ʜʚʠʛʘʪʝʣʠ ʥʘʧʨʷʞʝʥʠʷ ʫʚʝ-

ʣʠʯʠʚʘʶʪʩʷ ʧʦʩʪʝʧʝʥʥʦ, ʥʘʯʠʥʘʷ ʩ ʥʫʣʷ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2.68. ʇʦʵʪʦ-

ʤʫ ʜʦ ʤʦʤʝʥʪʘ ʚʨʝʤʝʥʠ 1t  ʨʦʙʦʪ ʠ ʝʛʦ ʢʦʣʝʩʘ ʥʝʧʦʜʚʠʞʥʳ, ʪʘʢ ʢʘʢ 

ʚʨ ʩʢ1M M¢ . ʅʘʯʠʥʘʷ ʩ 1t t> , ʚʨʘʱʘʶʱʠʡ ʤʦʤʝʥʪ ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʴʰʝ ʤʦʤʝʥʪʘ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʢ1M  ʚʨʘʱʝʥʠʶ ʢʦʣʝʩ ʠ ʝʛʦ ʢʦʣʝʩʘ ʥʘʯʠʥʘʶʪ ʧʦʚʦʨʘʯʠʚʘʪʴ-

ʩʷ, ʩʦʟʜʘʚʘʷ ʫʧʨʫʛʫʶ ʜʝʬʦʨʤʘʮʠʶ ʤʘʪʝʨʠʘʣʘ ʚ ʢʦʥʪʘʢʪʝ çʧʦʚʝʨʭʥʦʩʪʴï

ʢʦʣʝʩʦè. ʇʨʠ ʵʪʦʤ ʨʦʙʦʪ ʧʨʦʜʦʣʞʘʝʪ ʦʩʪʘʚʘʪʴʩʷ ʥʝʧʦʜʚʠʞʥʳʤ, ʪ.ʝ. ʵʚ 0V = . 

ʉ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʠ ʨʦʩʪʦʤ ʚʨʘʱʘʶʱʝʛʦ ʤʦʤʝʥʪʘ ʚʨM  ʩʢʦʨʦʩʪʴ ʚʨʘʱʝ-

ʥʠʷ ʢʦʣʝʩ ʢw  ʚ ʧʨʦʮʝʩʩʝ ʩʢʦʣʴʞʝʥʠʷ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʘ ʪʘʢ ʢʘʢ ʵʚ 0V = , ʪʦ 

ʘʥʘʣʦʛʠʯʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʠ ʩʢʦʨʦʩʪʴ ʩʢʦʣʴʞʝʥʠʷ ʩʢV , ʩʦʛʣʘʩʥʦ (2.39) ʨʘʚ-

ʥʘʷ ʚ ʵʪʦ ʚʨʝʤʷ ʢ ʢRw . ʆʜʥʦʚʨʝʤʝʥʥʦ ʩ ʵʪʠʤ ʨʘʩʪʝʪ ʩʠʣʘ ʩʮʝʧʣʝʥʠʷ ʩʮF , 

ʧʨʠʣʦʞʝʥʥʘʷ ʢʘʢ ʢ ʦʙʦʜʘʤ ʚʝʜʫɦ ʠʭ ʢʦʣʝʩ. 
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ʈʠʩ. 2.68. ʇʨʦʮʝʩʩ ʪʨʦʛʘʥʠ̫  ʨʦʙʦʪʘ 
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ʂʦʛʜʘ ʩʠʣʘ ʩʮʝʧʣʝʥʠʷ ʩʮF  ʧʨʝʚʳʩʠʪ ʟʥʘʯʝʥʠʝ ʩʠʣʳ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʢ3F  

ʢʘʯʝʥʠʶ ʧʘʩʩʠʚʥʳʭ ʧʘʨ ʨʦʙʦʪʘ (ʧʨʠ 2t t> , ʨʠʩ. 2.68), ʧʦʷʚʣʷʝʪʩʷ ʣʠʥʝʡʥʦʝ 

ʫʩʢʦʨʝʥʠʝ, ʠ ʩʢʦʨʦʩʪʴ ʨʦʙʦʪʘ ʥʘʯʠʥʘʝʪ ʫʚʝʣʠʯʠʚʘʪʴʩʷ. ʇʨʠ ʵʪʦʤ ʫʩʢʦʨʝ-

ʥʠʝ ʩʢʦʨʦʩʪʠ ʩʢʦʣʴʞʝʥʠʷ ʥʝʩʢʦʣʴʢʦ ʫʤʝʥʴʰʠʪʩʷ. 

ʇʦ [36] ʩʠʣʘ ʩʮʝʧʣʝʥʠʷ ʚʝʜʫʱʠʭ ʢʦʣʝʩ ʟʘʚʠʩʠʪ ʦʪ ʩʢʦʨʦʩʪʠ ʨʦʙʦʪʘ, 

ʥʦʨʤʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ, ʩʢʦʨʦʩʪʠ ʩʢʦʣʴʞʝʥʠʷ ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ 

 ʩʮ ʩʢ ʵʚ ʩʢ max ʵʚ( , ) ( ) ( )F V V k V V N= y , ʅ, (2.40) 

ʛʜʝ maxy ï ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʮʝʧʣʝʥʠʷ; Nï ʩʠʣʘ ʚʝʩʘ 

ʵʣʝʢʪʨʦʚʦʟʘ, ʧʨʠʭʦʜʷʱʘʷʩʷ ʥʘ ʚʝʜʫʱʫʶ ʦʩʴ, ʚ ʅ; ʩʢ( )k V ï ʦʪʥʦʩʠʪʝʣʥɹʳʡ 

ʢʦʵʬʬʠʮʠʝʥʪ ʩʮʝʧʣʝʥʠʷ. 

ɺ ʨʘʟʣʠʯʥʳʭ ʠʩʪʦʯʥʠʢʘʭ ʧʨʠʚʦʜʷʪʩʷ ʨʘʟʣʠʯʥʳʝ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʦʧʨʝ-

ʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʮʝʧʣʝʥʠʷ ʩʢ( )k V . ʅʘʧʨʠʤʝʨ, ʠʟ ʬʦʨʤʫʣ, ʧʨʠʚʝʜʝʥ-

ʥʳʭ ʚ [36], ʚʳʪʝʢʘʶʪ ʩʣʝʜʫʶʱʠʝ ʧʨʠʙʣʠʞʝʥʥʳʝ ʚʨrʘʞʝʥʠʷ: 

 ʩʢ ʩʢ( ) 25,712k V V= Ö  ʧʨʠ ʩʢ0 0,0195V¢ ¢  ʤ/ʩ, (2.41) 

 
ʩʢ

ʩʢ

ʩʢ

24,1394 0,155
( )

22,3302 0,196

V
k V

V

Ö -
=

Ö +
 ʧʨʠ ʩʢ0,0195 0,194V¢ ¢  ʤ/ʩ, (2.42) 

 ʩʢ ʩʢ( ) 1,06657 0,34314k V V= - Ö ʧʨʠ ʩʢ0,194 0,347V¢ ¢  ʤ/ʩ, (2.43) 

 ʩʢ

ʩʢ

1
( )

0,9396 0,3336
k V

V
=

+ Ö
 ʧʨʠ ʩʢ0,347 1,389V¢ <  ʤ/ʩ. (2.44) 

ɿʥʘʯʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʮʝʧʣʝʥʠʷ maxy  ʧʦ ʜʘʥʥʳʤ 

ʤʥʦʛʠʭ ʨʘʙʦʪ ʟʘʚʠʩʠʪ ʦʪ ʩʢʦʨʦʩʪʠ ʨʦʙʦʪʘ. ɺ ʯʘʩʪʥʦʩʪʠ, ʜʣʷ ʵʣʝʢʪʨʦʚʦʟʦʚ 

ʵʪʠ ʟʥʘʯʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʘʙʣ. 2.3, ʧʦʟʘʠʤʩʪʚʦʚʘʥʥʦʡ ʠʟ ʨʘ-

ʙʦʪ [40, 41]. 

ʊʘʙʣʠʮʘ 2.3  

ʂʦʵʬʬʠʮʠʝʥʪ ʩʮʝʧʣʝʥʠʷ 

ʵʚV , ʢʤ/ʯ 0 ï 5 10 20 40 60 80 100 120 

ʩʢ,ʢʨ ʢ/V R . 1ʩ-  0,04ï0,1 0,1ï0,2 0,2 0,25 0,35 0,45 0,6 0,7 

maxy  0,35ï0,4 0,3ï0,35 0,3 0,29 0,27 0,25 0,23 0,21 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣ. 2.3, ʢʦʵʬʬʠʮʠʝʥʪ ʩʮʝʧʣʝʥʠʷ ʩʮ ʩʮ/F Ny =  ʦʪ ʩʢʦʨʦ-

ʩʪʠ ʨʦʙʦʪʘ, ʚʦʦʙʱʝ ʛʦʚʦʨʷ, ʟʘʚʠʩʠʪ ʩʣʘʙʦ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʚ ʦʙʣʘʩʪʠ ʩʢʦ-

ʨʦʩʪʝʡ ʜʚʠʞʝʥʠʷ ʦʪ 10 ʜʦ 40 ʢʤ/ʯ ʟʥʘʯʝʥʠʝ max ʵʚ( )Vy  ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʤʝ-

ʥʷʝʪʩʷ. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʨʘʙʦʪ ʦʥ ʧʨʠʥʠʤʘʝʪʩʷ ʧʦʩʪʦʷʥ-

ʥʳʤ. 
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ʉʦʛʣʘʩʥʦ [40], ʟʘʚʠʩʠʤʦʩʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʢʦʣʴʞʝ-

ʥʠʷ ʠʟ (2.40) ʦʪ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʩʢʦʣʴʞʝʥʠʷ ʩʢ ʩʢ ʢ/V Rw =  ʤʦʞʥʦ ʘʧʧʨʦʢ-

ʩʠʤʠʨʦʚʘʪʴ ʚʳʨʘʞʝʥʠʝʤ 

 
ʩʢ

ʩʢ 2
ʩʢ ʩʢ

( )k
a b c

w
w =

w + w +
.  (2.45) 

ɿʥʘʯʝʥʠʝ ʩʢw , ʧʨʠ ʢʦʪʦʨʦʤ ʧʨʦʠʟʚʦʜʥʘʷ ʩʢ ʩʢ( ) / 0d k dw w =, ʥʘʟʳʚʘʝʪʩʷ 

ʢʨʠʪʠʯʝʩʢʠʤ ʟʥʘʯʝʥʠʝʤ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʩʢʦʣʴʞʝʥʠʷ ʩʢ,ʢʨw . ʇʨʠ ʵʪʦʤ, 

ʢʘʢ ʩʣʝʜʫʝʪ ʠʟ ʧʨʠʚʝʜʝʥʥʳʭ ʚʳʰʝ ʟʘʚʠʩʠʤʦʩʪʝʡ ʠ ʠʟ [40], ʩʢ,ʢʨ( ) 1k w =. ʕʪʦ 

ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʩʪʘʚʠʪʴ ʟʘʚʠʩʠʤʦʩʪʴ (2.45) ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʇʨʦʠʟ-

ʚʦʜʥʘʷ ʧʨʘʚʦʡ ʯʘʩʪʠ (2.45) ʧʦ ʩʢw  ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ 

 
ʩʢ ʩʢ ʩʢ

2 2

ʩʢ ʩʢ ʩʢ ʩʢ ʩʢ

( ) (2 )1
1

d k a b

d a b c a b c

å õw w w +
= -æ ö

w w + w + w + w +ç ÷
.  (2.46) 

ʇʨʠʨʘʚʥʠʚʘʷ ʵʪʦ ʚʳʨʘʞʝʥʠʝ ʢ ʥʫʣʶ, ʥʘʭʦʜʠʤ 
2

ʩʢ,ʢʨc a= w , ʘ ʧʦʜʩʪʘʚʣʷʷ 

ʵʪʦ ʟʥʘʯʝʥʠʝ ʚ ʨʘʚʝʥʩʪʚʦ (2.45), ʧʦʣʫʯʠʤ 

 
ʩʢ

ʩʢ 2 2

ʩʢ ʩʢ,ʢʨ ʩʢ

( )
( )

k
a b

w
w =

w +w + w
.  (2.47) 

ɼʘʣʝʝ ʠʟ ʫʩʣʦʚʠʷ ʩʢ,ʢʨ( ) 1k w = ʠʤʝʝʤ ʩʢ,ʢʨ1 2b a= - w . ʉ ʫʯʝʪʦʤ ʵʪʦʛʦ ʚʳ-

ʨʘʞʝʥʠʷ ʠʟ ʧʨʝʜʳʜʫʱʝʛʦ ʨʘʚʝʥʩʪʚʘ ʚʳʚʦʜʠʤ 

 
ʩʢ

ʩʢ 2

ʩʢ ʩʢ,ʢʨ ʩʢ

( )
( )

k
a

w
w =

w -w +w
,  (2.48) 

ʛʜʝ a, b, c ï ʯʠʩʣʝʥʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ. 

ʅʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʪʘʙʣ. 2.3 ʚʳʪʝʢʘʝʪ ʩʣʝʜʫʶʱʝʝ ʚʳʨʘʞʝʥʠʝ, ʘʧʧʨʦʢ-

ʩʠʤʠʨʫʶʱʝʝ ʟʘʚʠʩʠʤʦʩʪʴ ʢʨʠʪʠʯʝʩʢʦʛʦ ʟʥʘʯʝʥʠʷ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ 

ʩʢʦʣʴʞʝʥʠʷ ʩʢ,ʢʨw  ʦʪ ʩʢʦʨʦʩʪʠ ʨʦʙʦʪʘ: 

 ʩʢ,ʢʨ ʵʚ0,0051688172043 0,064618279570Vw = + .  (2.49) 

ʇʦʣʫʯʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ (2.48) ʠ (2.49) ʧʦʟʚʦʣʷʶʪ ʚ ʷʚʥʦʡ ʬʦʨʤʝ 

ʧʨʝʜʩʪʘʚʠʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʢʦʣʴʞʝʥʠʷ ʦʪ 

ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʩʢʦʣʴʞʝʥʠʷ ʚ ʠʥʪʝʨʚʘʣʝ: ʩʢ0 10¢w ¢ ʨʘʜ/ʩ. ʕʪʠ ʟʘʚʠʩʠʤʦ-

ʩʪʠ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 2.69, ʜʣʷ ʩʢʦʨʦʩʪʝʡ ʨʦʙʦʪʘ ʦʪ ʥʫʣʷ ʜʦ 120 ʢʤ/ʯ 

(ʩʣʝʚʘ ʥʘʧʨʘʚʦ). 

ɼʣʷ ʥʘʛʣʷʜʥʦʩʪʠ ʥʘ ʨʠʩ. 2.70 ʧʨʠʚʝʜʝʥʳ ʥʘʯʘʣʴʥʳʝ ʫʯʘʩʪʢʠ ʛʨʘʬʠʢʦʚ, 

ʧʦʢʘʟʘʥʥʳʭ ʥʘ ʨʠʩ. 2.69. 
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ʈʠʩ. 2.70. ʀʟʤʝʥʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʢʦʣʴʞʝʥʠʷ ʧʨʠ ʤʘʣʳʭ  

ʟʥʘʯʝʥʠ̫ ʭ ʩʢʦʨʦʩʪʠ ʩʢʦʣʴʞʝʥʠʷ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʵʬʬʠʮʠʝʥʪ ʩʮʝʧʣʝʥʠʷ ʩʮ ʩʮ/F Ny =  ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠ-

ʝʡ ʜʚʫʭ ʧʝʨʝʤʝʥʥʳʭ ʩʢV  ʠ ɻʚV , ʪ.ʝ. 

 ʩʮ ʩʮ ʩʢ ʵʚ ʩʢ max ʵʚ( , ) ( ) ( )V V k V Vy =y = y .  (2.50) 

2.7. Ȼɜɚɑɖɞəɚɑ ɓɌɐɌəɔɑ 2.3 

ʇʨʦʚʝʩʪʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʜʘʥʥʳʤ ʚʘʨʠʘʥʪʦʤ ʦʧʨʝʜʝʣʝʥʠʝ ʘʵʨʦʜʠ-

ʥʘʤʠʯʝʩʢʠʭ, ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʠʣʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʩʮʝʧʣʝʥʠʷ ʢʦʣʝʩ ʩ 

ʧʦʚʝʨʭʥʦʩʪʴʶ. ʈʘʩʯʝʪ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪ-

ʩʷ ʧʦ ʘʥʘʣʦʛʠʠ ʩ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ. 
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ʂʦʥʪʨʦʣʴʥʳʝ ʚʦʧʨʦʩʳ 

1. ʂʘʢʠʤ ʦʙʨʘʟʦʤ ʩʦʟʜʘʝʪʩʷ ʤʦʜʝʣʴ ʨʦʙʦʪʘ ʚ ʧʘʢʝʪʝ SolidWorks, ʝʩʣʠ 

ʦʥ ʟʘʜʘʥ ʩʚʦʠʤʠ ʩʝʯʝʥʠʷʤʠ? 

2. ʇʦʷʩʥʠʪʝ ʧʨʦʮʝʜʫʨʫ ʩʦʟʜʘʥʠʷ ʪʨʝʭʤʝʨʥʦʛʦ ʪʦʥʢʦʩʪʝʥʥʦʛʦ ʵʣʝʤʝʥʪʘ 

ʠʣʠ ʜʝʪʘʣʠ. 

3. ʂʘʢʦʡ ʛʘʟ ʧʦʤʝʱʘʝʪʩʷ ʚ ʦʙʦʣʦʯʢʫ ʜʠʨʠʞʘʙʣʷ? ʂʘʢʠʝ ʤʘʪʝʨʠʘʣʳ 

ʠʩʧʦʣʟɹʫʶʪʩʷ ʜʣʷ ʩʦʟʜʘʥʠʷ ʦʙʦʣʦʯʝʢ ʜʠʨʠʞʘʙʣʝʡ? 

4. ʇʦʷʩʥʠʪʝ ʧʨʦʮʝʜʫʨʫ ʩʦʟʜʘʥʠʷ ʪʨʝʭʤʝʨʥʦʡ ʤʦʜʝʣʠ ʪʚʝʨʜʦʛʦ ʪʝʣʘ, 

ʠʩʧʦʣʴʟʫʷ ʝʝ ʵʩʢʠʟ ʥʘ ʧʣʦʩʢʦʩʪʠ. 

5. ʂʘʢʠʤ ʦʙʨʘʟʦʤ ʩʦʟʜʘʝʪʩʷ ʚʳʨʝʟ ʚ ʪʨʝʭʤʝʨʥʦʡ ʜʝʪʘʣʠ? ʂʘʢ ʤʦʞʥʦ 

ʨʝʛʫʣʠʨʦʚʘʪʴ ʛʣʫʙʠʥʫ ʩʦʟʜʘʚʘʝʤʦʛʦ ʚʳʨʝʟʘ? 

6. ɼʣʷ ʯʝʛʦ ʩʫʱʝʩʪʚʫʝʪ ʤʝʥʶ ʚʠʜʦʚ ʚ SolidWorks? ʇʝʨʝʯʠʩʣʠʪʝ ʦʩ-

ʥʦʚʥʳʝ ʚʠʜʳ, ʜʦʩʪʫʧʥʳʝ ʠʟ ʜʘʥʥʦʛʦ ʤʝʥʶ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʷ. 

7. ʂʘʢʠʝ ʧʘʨʘʤʝʪʨʳ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʯʝʨʝʟ ʦʧʝʨʘʮʠʶ 

çʄʘʩʩʦʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫè ʨʘʟʜʝʣʘ çɸʥʘʣʠʟʠʨʦʚʘʪʴè? 

8. ʇʨʠʚʝʜʠʪʝ ʦʙʱʠʡ ʚʠʜ ʫʨʘʚʥʝʥʠʡ ʢʠʥʝʤʘʪʠʢʠ ʧʦʜʚʠʞʥʦʛʦ ʪʝʣʘ ʚ 

ʤʘʪʨʠʯʥʦʡ ʬʦʨʤʝ. ʇʦʷʩʥʠʪʝ ʧʝʨʝʤʝʥʥʳʝ, ʚʭʦʜʷʱʠʝ ʚ ʵʪʦ ʫʨʘʚʥʝʥʠʝ. 

9. ʇʨʠʚʝʜʠʪʝ ʦʙʱʠʡ ʚʠʜ ʫʨʘʚʥʝʥʠʡ ʜʠʥʘʤʠʢʠ ʧʦʜʚʠʞʥʦʛʦ ʪʝʣʘ ʚ ʤʘʪ-

ʨʠʯʥʦʡ ʬʦʨʤʝ. ʇʦʷʩʥʠʪʝ ʧʝʨʝʤʝʥʥʳʝ, ʚʭʦʜʷʱʠʝ ʚ ʵʪʦ ʫʨʘʚʥʝʥʠʝ. ʀʟ ʢʘʢʠʭ 

ʩʦʩʪʘʚʣʷʶʱʠʭ ʩʦʩʪʦʷʪ ʩʠʣʳ ʠ ʤʦʤʝʥʪʳ, ʜʝʡʩʪʚʫʶʱʠʝ ʥʘ ʪʚʝʨʜʦʝ ʪʝʣʦ? 

10. ʂʘʢʠʤ ʦʙʨʘʟʦʤ ʩʚʷʟʳʚʘʶʪʩʷ ʫʧʨʘʚʣʷʶʱʠʝ ʩʠʣʳ ʠ ʤʦʤʝʥʪʳ ʩ ʩʠ-

ʣʘʤʠ, ʩʦʟʜʘʚʘʝʤʳʤʠ ʠʩʧʦʣʥʠʪʝʣʴʥʳʤʠ ʤʝʭʘʥʠʟʤʘʤʠ ʧʦʜʚʠʞʥʦʛʦ ʨʦʙʦʪʘ? 

11. ʇʝʨʝʯʠʩʣʠʪʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʦʧʝʨʘʮʠʡ ʧʨʠ ʵʣʝʢʪʨʦʥʥʦʡ ʦʙ-

ʜʫʚʢʝ ʧʦʜʚʠʞʥʦʛʦ ʦʙʲʝʢʪʘ ʚ ʧʘʢʝʪʝ NUMECA International. 

12. ʂʘʢʦʚʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʜʝʡʩʪʚʠʡ ʧʨʠ ʛʝʥʝʨʘʮʠʠ ʨʘʩʯʝʪʥʦʡ 

ʩʝʪʢʠ? 

13. ʂʘʢʠʤ ʦʙʨʘʟʦʤ ʩʚʷʟʘʥʳ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʩʠʣʳ ʠ ʤʦʤʝʥʪʳ ʩ 

ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ? 

14. ʌʫʥʢʮʠʷʤʠ ʢʘʢʠʭ ʧʝʨʝʤʝʥʥʳʭ ʷʚʣʷʶʪʩʷ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʢʦʵʬ-

ʬʠʮʠʝʥʪʳ? 

15. ʇʦʷʩʥʠʪʝ ʧʨʦʮʝʩʩ ʪʨʦʛʘʥʠʷ ʥʘʟʝʤʥʦʛʦ ʢʦʣʝʩʥʦʛʦ ʨʦʙʦʪʘ ʧʨʠ 

ʥʘʣʠʯʠʠ ʩʢʦʣʴʞʝʥʠʷ. ʇʨʠʚʝʜʠʪʝ ʨʠʩʫʥʦʢ. 
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3. ȽȴȹȾȱȳ ȿȻȼȬȮȷȱȹȴȵ ȻȺ ȿȻȼȺɅȱȹȹɇȸ ȸȺȰȱȷɋȸ  

ȼȺȭȺȾȺȮ 

ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʨʦʙʦʪʘ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʥʝʣʠʥʝʡʥʫʶ ʤʥʦʛʦʩʚʷʟʥʫʶ ʩʠʩʪʝʤʫ, ʧʦʵʪʦʤʫ ʧʨʠ ʘʥʘʣʠʟʝ ʝʝ ʩʚʦʡʩʪʚ ʠʩ-

ʧʦʣʴʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʫʧʨʦʱʝʥʠʷ. ɺ ʯʘʩʪʥʦʩʪʠ, ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʧʨʘʚ-

ʣʷʝʤʦʩʪʠ ʨʦʙʦʪʘ ʠʣʠ ʫʩʪʦʡʯʠʚʦʩʪʠ, ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʣʠʥʝʘʨʠʟʦʚʘʥ-

ʥʳʝ (ʣʠʥʝʡʥʳʝ) ʤʦʜʝʣʠ ʨʦʙʦʪʦʚ ʠ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ. ʇʨʠ ʵʪʦʤ ʣʠʥʝʡ-

ʥʳʝ ʤʦʜʝʣʠ ʩʪʨʦʷʪʩʷ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʪʝʭ ʜʚʠʞʝʥʠʡ ʨʦʙʦʪʘ ʠʣʠ ʩʠʩʪʝʤʳ, 

ʩʚʦʡʩʪʚʘ ʢʦʪʦʨʳʭ ʥʝʦʙʭʦʜʠʤʦ ʠʩʩʣʝʜʦʚʘʪʴ. ʇʦʵʪʦʤʫ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʣʠ-

ʥʝʘʨʠʟʦʚʘʥʥʳʭ ʤʦʜʝʣʝʡ ʨʦʙʦʪʘ ʠ ʝʛʦ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ, ʧʨʝʞʜʝ ʚʩʝʛʦ, 

ʥʝʦʙʭʦʜʠʤʦ ʥʘʡʪʠ ʫʨʘʚʥʝʥʠʷ ʫʩʪʘʥʦʚʠʚʰʝʛʦʩʷ ʜʚʠʞʝʥʠʷ ʢʘʢ ʩʦʙʩʪʚʝʥʥʦ 

ʨʦʙʦʪʘ, ʪʘʢ ʠ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʠʤ ʚ ʮʝʣʦʤ.  

3.1. Ⱥɛɜɑɐɑɗɑəɔɑ ɟɛɜɌɎɗɑəɔɕ, ɚɍɑɝɛɑɣɔɎɌɪɥɔɡ ɟɝɞɌəɚɎɔɎɤɔɑɝɫ  

ɐɎɔɒɑəɔɫ ɐɔɜɔɒɌɍɗɫ 

ʈʘʩʩʤʦʪʨʠʤ ʧʨʦʮʝʜʫʨʫ ʦʧʨʝʜʝʣʝʥʠʷ ʫʧʨʘʚʣʝʥʠʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ 

ʫʩʪʘʥʦʚʠʚʰʝʝʩʷ ʜʚʠʞʝʥʠʝ ʨʦʙʦʪʘ, ʥʘ ʧʨʠʤʝʨʝ ʜʠʨʠʞʘʙʣʷ. ʇʫʩʪʴ ʞʝʣʘʝʤʦʝ 

ʜʚʠʞʝʥʠʝ ʜʠʨʠʞʘʙʣʷ ʟʘʜʘʝʪʩʷ ʚ ʚʠʜʝ ʥʝʢʦʪʦʨʦʡ ʚʝʢʪʦʨʥʦʡ ʬʫʥʢʮʠʠ ʢʦʦʨ-

ʜʠʥʘʪ ʦʙʲʝʢʪʘ 

 ( )0 0 0 0, ,Y X d =f 0 ,  (3.1) 

ʛʜʝ  Y  ï ʚʝʢʪʦʨ ʚʥʝʰʥʠʭ ʢʦʦʨʜʠʥʘʪ; X  ï ʚʝʢʪʦʨ ʩʢʦʨʦʩʪʠ; d ï ʚʝʢʪʦʨ ʩʦ-

ʩʪʦʷʥʠʷ ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʤʝʭʘʥʠʟʤʦʚ; 0 ï ʥʫʣʝʚʦʡ ʚʝʢʪʦʨ ʩʦʦʪʚʝʪʩʪʚʫʶ-

ʱʝʡ ʨʘʟʤʝʨʥʦʩʪʠ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʟʜʘʚʘʝʤʳʭ ʜʚʠʛʘʪʝʣʷʤʠ ʫʧʨʘʚʣʷʶʱʠʭ ʚʦʟʜʝʡ-

ʩʪʚʠʡ, ʧʨʠ ʢʦʪʦʨʳʭ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʞʝʣʘʝʤʦʝ ʜʚʠʞʝʥʠʝ ʜʠʨʠʞʘʙʣʷ, ʪ.ʝ. 

ʞʝʣʘʝʤʳʝ ʠʟʤʝʥʝʥʠʷ ʚʝʢʪʦʨʦʚ ,Y X  ʜʠʨʠʞʘʙʣʷ, ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʫʨʘʚʥʝʥʠ-

ʷʤʠ (2.1) ʠ (2.4). 

ʈʘʩʩʤʦʪʨʠʤ ʜʣʷ ʧʨʠʤʝʨʘ ʧʦʨʷʜʦʢ ʦʧʨʝʜʝʣʝʥʠʷ ʫʧʨʘʚʣʝʥʠʷ, ʦʙʝʩʧʝʯʠ-

ʚʘʶʱʝʛʦ ʟʘʚʠʩʘʥʠʝ ʜʠʨʠʞʘʙʣʷ ʚ ʪʦʯʢʝ, ʢʦʛʜʘ ʚʩʝ ʚʥʝʰʥʠʝ ʢʦʦʨʜʠʥʘʪʳ ʧʦ-

ʩʪʦʷʥʥʳ, ʪ.ʝ. ʢʦʛʜʘ 

 0Y =0 .  (3.2) 

ʇʨʠ ʵʪʦʤ ʧʨʦʠʟʚʦʜʥʘʷ ʧʦ ʚʨʝʤʝʥʠ ʵʪʦʛʦ ʚʝʢʪʦʨʘ ʨʘʚʥʘ ʥʫʣʶ, ʠ 0Y =0, ʘ 

ʤʘʪʨʠʮʳ A Const=  ʠ A Constw= , ʧʦʵʪʦʤʫ ʠʟ ʫʨʘʚʥʝʥʠʷ (2.1) ʩʣʝʜʫʝʪ, ʯʪʦ 

 0X =0.  (3.3) 

ʊʦʛʜʘ ʚ ʩʠʣʫ ʫʨʘʚʥʝʥʠʡ ʦʙʲʝʢʪʘ ʠʤʝʝʤ aR =0 , aN =0  ʠ ʫʨʘʚʥʝʥʠʝ (2.4) 

ʧʝʨʝʭʦʜʠʪ ʚ ʩʠʩʪʝʤʫ ʜʚʫʭ ʚʝʢʪʦʨʥʳʭ ʥʝʣʠʥʝʡʥʳʭ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʫʨʘʚʥʝ-

ʥʠʡ 

 ʪ a u0F F F+ + =, (3.4) 

 ʪ u 0N N+ =. (3.5) 
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ʈʝʰʝʥʠʝ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ (3.4), (3.5) ʜʘʝʪ ʚʝʢʪʦʨ ʫʧʨʘʚʣʷʶʱʠʭ 

ʚʦʟʜʝʡʩʪʚʠʡ d, ʪ.ʝ. ʥʘʧʨʘʚʣʝʥʠʷ ʠ ʟʥʘʯʝʥʠʷ ʩʠʣ ʪʷʛʠ, ʨʘʟʚʠʚʘʝʤʳʭ ʜʚʠʛʘ-

ʪʝʣʷʤʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʫʜʝʨʞʘʥʠʝ ʜʠʨʠʞʘʙʣʷ ʚ ʪʦʯʢʝ 0Y =0  ʠ ʧʨʝʜʦʪ-

ʚʨʘʱʝʥʠʝ ʝʛʦ ʚʨʘɦ ʘʪʝʣʴʥʳʭ ʜʚʠʞʝʥʠʡ. 

ʆʪʤʝʪʠʤ, ʯʪʦ ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ (3.4), (3.5) ʷʚʣʷʝʪʩʷ ʥʝʣʠʥʝʡʥʦʡ ʩʠ-

ʩʪʝʤʦʡ ʩ ʙʦʣʴʰʠʤ ʯʠʩʣʦʤ ʥʝʠʟʚʝʩʪʥʳʭ, ʧʦʵʪʦʤʫ ʚʦʟʤʦʞʥʦ ʝʸ ʧʨʠʙʣʠʞʝʥ-

ʥʦʝ ʨʝʰʝʥʠʝ ʩ ʧʦʤʦʱʴʶ ʢʦʤʧʴʶʪʝʨʘ. 

ʈʘʩʩʤʦʪʨʠʤ ʧʦʨʷʜʦʢ ʚʳʚʦʜʘ ʫʨʘʚʥʝʥʠʡ ʣʠʥʝʡʥʦʡ ʤʦʜʝʣʠ ʚ ʦʢʨʝʩʪʥʦ-

ʩʪʠ ʥʝʢʦʪʦʨʦʛʦ ʞʝʣʘʝʤʦʛʦ ʜʚʠʞʝʥʠʷ, ʦʧʨʝʜʝʣʷʝʤʦʛʦ ʧʝʨʝʤʝʥʥʳʤʠ ʜʠʨʠ-

ʞʘʙʣʷ 0 0 0, ,Y X d ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ, ʢʘʢ ʬʫʥʢʮʠʷʤʠ ʚʨʝʤʝʥʠ. 

ʉ ʮʝʣʴʶ ʣʠʥʝʘʨʠʟʘʮʠʠ ʫʨʘʚʥʝʥʠʡ ʢʠʥʝʤʘʪʠʢʠ ʜʠʨʠʞʘʙʣʷ ʚʚʝʜʝʤ ʚʝʢ-

ʪʦʨʳ ʦʪʢʣʦʥʝʥʠʡ 
0

1x Y Y= - , 0

2x X X= - . ʊʦʛʜʘ ʣʠʥʝʡʥʳʝ ʫʨʘʚʥʝʥʠʷ, ʩʦʦʪ-

ʚʝʪʩʪʚʫʶʱʠʝ ʩʠʩʪʝʤʝ (2.1), ʙʫʜʫʪ ʠʤʝʪʴ ʚʠʜ 

 
( )

( )
00

0

1 1 20

R XY
x x R xY

Y

µ
= +

µ
, (3.6) 

ʛʜʝ  

( ) ( )
0

0

00

0
YY

X X

R XY R XY

YY =

=

µ µ
=
µµ . 

ʃʠʥʝʘʨʠʟʘʮʠ ̫ʫʨʘʚʥʝʥʠʡ ʜʠʥʘʤʠʢʠ ʜʠʨʠʞʘʙʣʷ ʧʨʠʚʦʜʠʪ ʢ ʩʣʝʜʫʶ-

ʝɦʤʫ ʫʨʘʚʥʝʥʠʁ : 

 [ ]
1

2 0 2 1D D D Bx M A x B H x F
-

= + d+ +, (3.7) 

ʛʜʝ 
1

0M
-

 ï ʤʘʪʨʠʮʘ 
1

M
-

, ʚʳʯʠʩʣʷʝʤʘʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʚʳʨʘʞʝʥʠʝʤ (2.5) 
0X X= ; BF  ï ʚʥʝʰʥʠʝ ʚʦʟʤʫʱʝʥʠʷ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷʤʠ ʩʠʣ ʠ ʤʦ-

ʤʝʥʪʦʚ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʩʢʦʨʦʩʪʠ, ʫʛʣʦʚ ʦʨʠʝʥʪʘʮʠʠ ʠ ʚʳʩʦʪʳ ʜʠʨʠʞʘʙʣʷ. 

ʄʘʪʨʠʮʳ ʠʟ ʣʠʥʝʡʥʦʛʦ ʫʨʘʚʥʝʥʠʷ (3.7) ʦʧʨʝʜʝʣʷʶʪʩʷ ʚ ʪʦʯʢʘʭ ʣʠʥʝʘ-

ʨʠʟʘʮʠʠ ʩʣʝʜʫʶʱʠʤʠ ʚʳʨʘʞʝʥʠʷʤʠ 

 

0

D

F

N
A

X

è ø
µé ù
ê ú

=
µ , 

0

D

F

N
B

è ø
µé ù
ê ú

=
µd , 

0

D

F

N
H

Y

è ø
µé ù
ê ú

=
µ . (3.8) 

ɺʝʢʪʦʨ ʩʠʣʳ ʠ ʤʦʤʝʥʪʘ ʪʷʞʝʩʪʠ ʪF  ʠ ʪN  ʣʠʥʝʘʨʠʟʫʝʪʩʷ ʚ ʩʦʦʪʚʝʪ-

ʩʪʚʠʠ ʩ ʚʳʨʘʞʝʥʠ̫ ʤʠ: 

 ʪ

sin

cos cos

cos sin

F mg

- Jè ø
é ù

= - J g
é ù
é ùJ gê ú

, (3.9) 
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T T

ʪ T T

T T

( sin cos )cos

sin cos sin

cos cos sin

y z

N mg z x

x y

g+ g Jè ø
é ù

= - J+ J g
é ù
é ù- J g+ Jê ú

. (3.10) 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʦʠʟʚʦʜʥʳʝ ʦʪ ʚʝʢʪʦʨʦʚ (3.9), (3.10) ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʚʳʨʘʞʝʥʠ̫ ʤʠ 

 
ʪ

0 cos 0

0 sin cos cos sin

0 sin sin cos cos

F
mg

Y

- Jè ø
µ é ù
= J g J g

é ùµ
é ù- J g J gê ú

, (3.11) 

 
ʪ

sin

cos cos

cos sin

F

mg

- Jè ø
µ é ù

= - J g
é ùµ
é ùJ gê ú

, (3.12) 

 

T T

ʪ

T T

T T

( sin cos )cos

sin cos sin

cos cos sin

y z
N

z x
mg

x y

g+ g Jè ø
µ é ù

= - J+ J g
é ùµ
é ù- J g+ Jê ú

, (3.13) 

 
ʪ

0 cos sin cos cos

cos sin 0 sin

cos cos sin 0T

N
mg

r

- J g J gè ø
µ é ù
= - J g J

é ùµ
é ùJ g - Jê ú

, (3.14) 

 

T T T T

ʪ

T T T

T T T

0 ( sin cos )sin ( cos sin )cos

0 cos sin sin cos cos

0 sin cos cos cos sin

y z y z
N

mg z x x
Y

x y x

- g+ g J g- g Jè ø
µ é ù
= - J- J g J g

é ùµ
é ùJ g+ J J gê ú

. (3.15) 

ɺʝʢʪʦʨ ʩʠʣʳ ɸʨʭʠʤʝʜʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ (2.10), ʢʦʪʦʨʦʝ ʚ 

ʤʘʪʨʠʯʥʦʡ ʬʦʨʤʝ ʠʤʝʝʪ ʚʠʜ 

 

sin

cos cos

cos sin

aF gU

Jè ø
é ù

=r J g
é ù
é ù- J gê ú

, (3.16) 

ʪʦʛʜʘ  

 

0 cos 0

0 sin cos cos sin

0 sin sin cos cos

aF
gU

Y

Jè ø
µ é ù
=r - J g - J g

é ùµ
é ùJ g - J gê ú

, (3.17) 

 

sin

cos cos

cos sin

aF

gU

Jè ø
µ é ù

= J g
é ùµr
é ù- J gê ú

. (3.18) 

ʉ ʮʝʣʴʶ ʚʳʚʦʜʘ ʣʠʥʝʘʨʠʟʦʚʘʥʥʦʛʦ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʚʝʢʪʦʨʘ ʘʵʨʦʜʠʥʘ-

ʤʠʯʝʩʢʠʭ ʩʠʣ ʩ ʫʯʝʪʦʤ ʟʘʚʠʩʠʤʦʩʪʠ ( , , )c c V= ab ʣʠʥʝʘʨʠʟʫʝʤ ʚʨrʘʞʝʥʠʝ 
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2
ʭʘʨ

( , , )
2

x

a y

z

ʩ
V S

R V c ʩ

ʩ

è ø
r é ù

r =-
é ù
é ùê ú

. (3.19) 

ʉ ʵʪʦʡ ʮʝʣʴʶ ʥʘʡʜʝʤ ʯʘʩʪʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʚʳʨʘʞʝʥʠʷ (3.19) ʧʦ ʚʩʝʤ 

ʝʛʦ ʘʨʛʫʤʝʥʪʘʤ 

 

2
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å µ µ õè ø è ø
µ æ öé ù é ù
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, (3.20) 
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ʩ

µ µbè ø
µ é ù
=-r µ µb

é ùµb
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. (3.21) 

ɸʥʘʣʦʛʠʯʥʦ ʥʘʡʜʝʤ ʚʝʢʪʦʨ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʤʦʤʝʥʪʦʚ ʩ ʫʯʝʪʦʤ ʟʘ-

ʚʠʩʠʤʦʩʪʠ ( , , )m m V= ab: 
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2

x
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m
V S L

N V m m
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è ø
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. (3.22) 

ʏʘʩʪʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʦʪ (3.22) ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʦʧʨʝʜʝʣʷʶʪʩʷ ʚʳʨʘʞʝ-

ʥʠʷʤʠ 
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, (3.23) 
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µ µbè ø
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é ùµb
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. (3.24) 

ʆʯʝʥʴ ʯʘʩʪʦ ʫʩʪʘʥʦʚʠʚʰʝʝʩʷ (ʞʝʣʘʝʤʦʝ) ʜʚʠʞʝʥʠʝ ʜʠʨʠʞʘʙʣʷ ʦʧʨʝ-

ʜʝʣʷʝʪʩʷ ʟʘʜʘʥʠʝʤ ʣʠʰʴ ʩʢʦʨʦʩʪʝʡ 

 0X X= . (3.25) 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʣʠʥʝʘʨʠʟʫʶʪʩʷ ʪʦʣʴʢʦ ʫʨʘʚʥʝʥʠʷ ʜʠʥʘʤʠʢʠ, ʫʨʘʚʥʝʥʠʷ 

ʞʝ ʢʠʥʝʤʘʪʠʢʠ ʠʥʪʝʛʨʠʨʫʶʪʩʷ ʯʠʩʣʝʥʥʦ. 

3.2. ȴɝɝɗɑɐɚɎɌəɔɑ ɘɚɐɑɗɔ ɜɚɍɚɞɌ 

ʈʘʩʩʤʦʪʨʠʤ ʧʨʠʤʝʥʝʥʠʝ ʩʦʦʪʥʦʰʝʥʠʡ (3.1) ï (3.24) ʜʣʷ ʣʠʥʝʘʨʠʟʘʮʠʠ 

ʫʨʘʚʥʝʥʠʡ ʨʦʙʦʪʘ ʥʘ ʧʨʠʤʝʨʝ ʨʘʩʩʤʦʪʨʝʥʥʦʛʦ ʚʳʰʝ ʜʠʨʠʞʘʙʣʷ, ʧʦʣʦʞʝ-

ʥʠʝ ʢʦʪʦʨʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʩʪʘʙʠʣʠʟʠʨʦʚʘʪʴ ʥʘ ʚʳʩʦʪʝ 0 4000h =  ʤ ʚ ʪʦʯʢʝ, 

ʦʧʨʝʜʝʣʷʝʤʦʡ ʩʣʝʜʫʶʱʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʧʝʨʝʤʝʥʥʳʭ ʚ ʟʝʤʥʦʡ ʩʠʩʪʝʤʝ ʢʦ-

ʦʨʜʠʥʘʪ 

 0 0 0 0 0 0( , , , , , ) (0, 4000, 0, 0, 0, 0)x y z y J g = . (3.26) 
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ɼʠʬʬʝʨʝʥʮʠʨʫʷ ʵʪʠ ʧʝʨʝʤʝʥʥʳʝ ʧʦ ʚʨʝʤʝʥʠ ʠ ʧʦʜʩʪʘʚʣʷʷ ʠʭ ʚ ʫʨʘʚ-

ʥʝʥʠʷ (2.1), ʧʦʣʫʯʘʝʤ ʟʥʘʯʝʥʠʷ ʩʢʦʨʦʩʪʝʡ ʚ ʩʚʷʟʘʥʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ 

 [ ]0 0 0 0 0 0 0 0 0 0 0 0
T T

x y z x y zV V Vè øw w w =ê ú . (3.27) 

ɼʘʣʝʝ ʥʘʡʜʝʤ ʟʥʘʯʝʥʠʷ ʫʧʨʘʚʣʷʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʡ, ʫʜʝʨʞʠʚʘʶʱʠʭ 

ʜʠʨʠʞʘʙʣʴ ʚ ʪʦʯʢʝ (3.26), (3.27). 

ʉ ʵʪʦʡ ʮʝʣʴʶ ʧʦʜʩʪʘʚʠʤ ʚʝʢʪʦʨ r(3.26), (3.27) ʚ ʫʨʘʚʥʝʥʠʝ (2.4) ʠ ʨʝ-

ʰʠʤ ʝʛʦ ʩ ʧʦʤʦʱʴʶ ʧʘʢʝʪʘ Matlab. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʠʤ ʩʣʝʜʫʶʱʠʝ ʟʥʘ-

ʯʝʥʠʷ ʠʩʢʦʤʳʭ ʧʘʨʘʤʝʪʨʦʚ: 

 P1= 475 ʅ;  P2= 475 ʅ;  P3= 212,5 ʅ;  P4= 212,5 ʅ; (3.28) 

                    ŬP1 = 1,57 rad;  ŬP2 = 1,57 rad; ŬP3 = 1,57 rad; ŬP4 = 1,57 rad; (3.29) 

 ɓP1=0;  ɓP2=0;  ɓP3=0; ɓP4=0. (3.30) 

ʇʦʜʩʪʘʚʣʷʷ ʥʘʡʜʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʧʝʨʝʤʝʥʥʳʭ ʚ ʫʨʘʚʥʝʥʠʝ (3.6), ʧʦʣʫ-

ʯʠʤ ʣʠʥʝʡʥʳʝ ʫʨʘʚʥʝʥʠʷ ʢʠʥʝʤʘʪʠʢʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʟʘʧʠʩʘʪʴ ʫʧʨʦʱʝʥ-

ʥʳʝ ʫʨʘʚʥʝʥʠʷ ʢʠʥʝʤʘʪʠʢʠ ʜʠʨʠʞʘʙʣʷ ʚ ʚʠʜʝ 

 1 2

1 0 0 0 0 0

0 1 0 0 0 0

0 0 1 0 0 0

0 0 0 0 1 0

0 0 0 0 0 1

0 0 0 1 0 0

x x

è ø
é ù
é ù
é ù
=é ù
é ù
é ù
é ù
é ùê ú

.
 (3.31) 

ɺ ʵʪʦʡ ʩʠʩʪʝʤʝ ʢʦʤʧʦʥʝʥʪʳ ʚʝʢʪʦʨʘ 1x  ʷʚʣʷʶʪʩʷ ʧʝʨʝʤʝʥʥʳʤʠ ʩʦʩʪʦ-

ʷʥʠʷ, ʘ ʚʝʢʪʦʨ 2x  ʬʘʢʪʠʯʝʩʢʠ ʠʛʨʘʝʪ ʨʦʣʴ çʫʧʨʘʚʣʝʥʠʡè. ʇʦʵʪʦʤʫ ʢʠʥʝ-

ʤʘʪʠʢʘ ʜʠʨʠʞʘʙʣʷ ʷʚʣʷʝʪʩʷ ʩʠʩʪʝʤʦʡ ʥʘ ʛʨʘʥʠʮʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠʣʠ ʫʩʪʦʡ-

ʯʠʚʦʡ ʚ ʩʤʳʩʣʝ ʃʷʧʫʥʦʚʘ. ɺʩʝ ʰʝʩʪʴ ʢʦʨʥʝʡ ʝʸ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʛʦ 

ʫʨʘʚʥʝʥʠʷ ʨʘʚʥʳ ʥʫʣʶ. 

ʏʪʦ ʢʘʩʘʝʪʩʷ ʫʧʨʘʚʣʷʝʤʦʩʪʠ ʵʪʦʡ ʩʠʩʪʝʤʳ, ʪʦ ʝʸ ʤʘʪʨʠʮʘ ʫʧʨʘʚʣʷʝʤʦ-

ʩʪʠ ʧʦ ʂʘʣʤʘʥʫ ʩʦʚʧʘʜʘʝʪ ʩ ʤʘʪʨʠʮʝʡ ʚʭʦʜʦʚ, ʥʘ ʢʦʪʦʨʫʶ ʫʤʥʦʞʘʝʪʩʷ 

ʚʝʢʪʦʨ 2x . ʃʝʛʢʦ ʚʠʜʝʪʴ, ʯʪʦ ʨʘʥʛ ʵʪʦʡ ʤʘʪʨʠʮʳ ʨʘʚʝʥ ʰʝʩʪʠ, ʪ.ʝ. ʩʠʩʪʝʤʘ 

(3.31) ʚ  ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʩʣʫʯʘʝ ʷʚʣʷʝʪʩʷ ʚʧʦʣʥʝ ʫʧʨʘʚʣʷʝʤʦʡ. ʂʠʥʝʤʘ-

ʪʠʢʘ ʜʠʨʠʞʘʙʣʷ ʚʩʝʛʜʘ (ʢʨʦʤʝ ʩʣʫʯʘʷ 90J= ) ʷʚʣʷʝʪʩʷ ʚʧʦʣʥʝ ʫʧʨʘʚʣʷʝ-

ʤʦʡ. 

ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʫʧʨʘʚʣʷʶʱʠʤʠ ʚʦʟʜʝʡʩʪʚʠʷʤʠ ʙʫʜʝʤ ʩʯʠʪʘʪʴ ʟʥʘʯʝ-

ʥʠʷ ʩʠʣ ʪʷʛʠ ʜʚʠʞʠʪʝʣʝʡ ʠ ʠʭ ʥʘʧʨʘʚʣʝʥʠʷ. ʇʦʵʪʦʤʫ ʚʝʢʪʦʨ ʫʧʨʘʚʣʝʥʠʡ 

ʠʤʝʝʪ ʨʘʟʤʝʨʥʦʩʪʴ, ʨʘʚʥʫʶ ʜʝʩʷʪʠ. ʇʦʜʩʪʘʚʣʷʷ ʟʥʘʯʝʥʠʷ ʧʝʨʝʤʝʥʥʳʭ 

(3.26) ï (3.30) ʚ ʫʨʘʚʥʝʥʠʝ (3.7), ʧʦʣʫʯʠʤ ʯʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠ-

ʝʥʪʦʚ ʚʩʝʭ ʤʘʪʨʠʮ ʠʟ ʫʨʘʚʥʝʥʠʡ ʜʠʥʘʤʠʢʠ 
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0 0 0 0 0 0

0 0 0 0 0 0

0 0 0 0 0 0

0 0 0 0 0 0

0 0 0 0 0 0

0 0 0 0 0 0
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, (3.32) 

 [ ]1 2DB B B= , (3.33) 

ʛʜʝ 

 1

0,0000 0,4750 0,0000 0,4750 0,0000

0,0010 0,0000 0,0010 0,0000 0,0010

0,0000 0,0000 0,0000 0,0000 0,0000

0,0108 0,0000 0,0108 0,0000 0,0041

0,0000 5,1301 0,0000 5,1301 0,0000

0,0097 0,0000 0,0097 0,0000 0,0216

B

- - - - -è
é

- -
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, (3.34) 

 2

0,0000 0,2125 0,0000 0,0000 0,2125

0,0000 0,0000 0,0010 0,0000 0,0010

0,2125 0,0000 0,0000 0,2125 0,0000

0,0000 0,0000 0,0041 0,0000 0,0000

4,5934 0,8711 0,0000 4,5934 0,8711

0,0000 0,0000 0,0216 0,0000 0,0000

B

- - -è
é

- -

- -
=

- -

- - - -
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ø
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, (3.35) 

 

0 0 0 0 0 0

0 0 0 1 1 0

0 0 0 0 0 0
0

0 0 0 0 0 0

0 0 0 0 0 0

0 0 0 0 0 0

H

è ø
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é ù
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. (3.36) 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʧʨʠʚʝʜʝʥʥʳʭ ʚʳʨʘʞʝʥʠʡ, ʣʠʥʝʡʥʳʝ ʫʨʘʚʥʝʥʠʷ ʜʠʨʠ-

ʞʘʙʣʷ ʠʤʝʶʪ ʚʳʩʦʢʠʡ ʧʦʨʷʜʦʢ ʠ ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʫʧʨʘʚʣʷʶʱʠʭ ʠ ʚʦʟʤʫ-

ʱʘʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʡ. ʇʨʠ ʵʪʦʤ ʩʠʩʪʝʤʥʳʝ ʤʘʪʨʠʮʳ ʫʨʘʚʥʝʥʠʡ ʢʠʥʝʤʘ-

ʪʠʢʠ ʠ ʜʠʥʘʤʠʢʠ ʨʘʚʥʳ ʥʫʣʶ. ʕʪʦ ʝʩʪʝʩʪʚʝʥʥʦ, ʧʦʩʢʦʣʴʢʫ ʜʠʨʠʞʘʙʣʴ 

ʥʝʧʦʜʚʠʞʝʥ ʠ ʚʩʝ ʝʛʦ ʩʢʦʨʦʩʪʠ ʠ ʫʛʣʳ ʦʨʠʝʥʪʘʮʠʠ ʨʘʚʥʳ ʥʫʣʶ. 

ʈʘʩʩʤʦʪʨʠʤ ʪʝʧʝʨʴ ʫʧʨʦʱʝʥʥʫʶ ʤʦʜʝʣʴ ʧʨʷʤʦʣʠʥʝʡʥʦʛʦ ʜʚʠʞʝʥʠʷ 

ʜʠʨʠʞʘʙʣʷ ʥʘ ʚʳʩʦʪʝ 0 4000y =  ʤ ʩʦ ʩʢʦʨʦʩʪʴʶ 22,22 ʤ/ʩ ʧʦʜ ʫʛʣʦʤ ʤʠ-

ʥʫʩ 30Á ʢ ʦʩʠ oOX  ʟʝʤʥʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ. ʊʨʘʝʢʪʦʨʠʷ ʜʚʠʞʝʥʠʷ ʜʠ-

ʨʠʞʘʙʣʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʵʪʦʤʫ ʩʣʫʯʘʶ, ʧʦʢʘʟʘʥʘ ʚ ʟʝʤʥʦʡ ʩʠʩʪʝʤʝ ʢʦ-

ʦʨʜʠʥʘʪ ʥʘ ʨʠʩ. 3.1. ɾʝʣʘʝʤʦʝ ʫʩʪʘʥʦʚʠʚʰʝʝʩʷ ʜʚʠʞʝʥʠʝ ʜʠʨʠʞʘʙʣʷ ʚ 

ʵʪʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʦʧʠʩʚrʘʝʪʩʷ ʚʳʨʘʞʝʥʠʷʤʠ 

 0
0 22,22 cos( 30 ) 19,24x t t= - = , 0

0 20 sin( 30 ) 11,11z t t=- - = , (3.37) 
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 0
0 4000y = , 0 30 0,5236y =- =- , 0 ConstJ = , 0 0g =. (3.38) 

ʇʦʜʩʪʘʚʣʷʷ 0 0 0 0 0 0
0 0 0 0 0 0[ ] [19,24 0 11,11 0 0 0]x y z y J g =  ʚ ʩʠʩʪʝʤʫ (2.1), 

ʥʘʡʜʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʟʥʘʯʝʥʠʷ ʩʢʦʨʦʩʪʝʡ ʚ ʩʚʷʟʘʥʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨ-

ʜʠʥʘʪ 

 [ ]0 0 0 0 0 0 19,24 0 11,11 0 0 0
T T

x y z x y zV V Vè øw w w =ê ú .  (3.39) 

ɣ
ʆ0

Z0

ʍ0

ʆ

Z X

V

 

ʈʠʩ. 3.1. ɼʚʠʞʝʥʠʝ ʜʠʨʠʞʘʙʣʷ ʚʜʦʣʴ ʧʨʷʤʦʡ 

ɿʥʘʯʝʥʠʷ ʧʨʦʠʟʚʦʜʥʳʭ ʧʦ ʚʨʝʤʝʥʠ ʦʪ ʚʝʢʪʦʨʘ (3.39), ʢʘʢ ʠ ʚ ʧʨʝʜʳ-

ʜʫʱʝʤ ʩʣʫʯʘʝ, ʨʘʚʥʳ ʥʫʣʶ. ʆʜʥʘʢʦ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʚʦʟʤʫʱʘʶʱʠʝ ʩʠʣʳ 

ʠ ʤʦʤʝʥʪʳ ʙʫʜʫʪ ʥʝ ʨʘʚʥʳʤʠ ʥʫʣʶ, ʪʘʢ ʢʘʢ ʩʢʦʨʦʩʪʠ Vx, Vz ʥʝ ʨʘʚʥʳ ʥʫ-

ʣʶ. 

ɺ ʜʘʥʥʦʤ ʨʝʞʠʤʝ ʜʚʠʞʝʥʠʷ ʜʠʨʠʞʘʙʣʷ ʫʧʨʘʚʣʷʶʱʠʤʠ ʚʦʟʜʝʡʩʪʚʠʷ-

ʤʠ ʙʫʜʝʤ ʩʯʠʪʘʪʴ ʩʠʣʳ ʠ ʤʦʤʝʥʪʳ, ʨʘʟʚʠʚʘʝʤʳʝ ʜʚʠʛʘʪʝʣʷʤʠ. ʇʦʵʪʦʤʫ 

ʨʘʟʤʝʨʥʦʩʪʴ ʚʝʢʪʦʨʘ ʫʧʨʘʚʣʝʥʠʡ ʚ ʩʠʩʪʝʤʝ (2.4) ʨʘʚʥʘ ʰʝʩʪʠ, ʘ ʤʘʪʨʠʮʘ 

ɺD ï ʝʜʠʥʠʯʥʘʷ, ʨʘʟʤʝʨʦʤ 6Ĭ6. 

ʏʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʠʩʢʦʤʳʭ ʫʧʨʘʚʣʷʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʡ uxF , uyF , uzF , 

uxN , uyN , uzN  ʨʘʚʥʳ ʯʠʩʣʝʥʥʳʤ ʟʥʘʯʝʥʠʷʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʠʣ ʠ ʤʦ-

ʤʝʥʪʦʚ, ʚʳʜʘʚʘʝʤʳʭ ʫʢʘʟʘʥʥʦʡ ʧʨʦʛʨʘʤʤʦʡ, ʚʟʷʪʳʤ ʩ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʤʠ 

ʟʥʘʢʘʤʠ. 

ʅʘʧʨʠʤʝʨ, ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʧʨʷʤʦʣʠʥʝʡʥʦʛʦ ʜʚʠʞʝʥʠʷ ʥʘ ʚʳʩʦʪʝ 
0 4000y = ʤ ʩ ʢʨʝʡʩʝʨʩʢʦʡ ʩʢʦʨʦʩʪʴʶ 22,22 ʤ/ʩ ʧʦʜ ʫʛʣʦʤ ʤʠʥʫʩ 30Á ʢ ʦʩʠ 

oOX  ʟʝʤʥʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʫʧʨʘʚʣʷʶʱʠʝ ʩʠʣʳ ʠ ʤʦʤʝʥʪʳ ʨʘʚʥʳ 

 Fx = 2460 N,   Fy = 3000 N,   Fz = 0 N, (3.40) 

 Nx = 0 NĿm,  Ny = ï2200 NĿm, Nz =  2570 NĿm. (3.41) 

ʋʧʨʦʱʝʥʥʳʝ ʫʨʘʚʥʝʥʠʷ ʢʠʥʝʤʘʪʠʢʠ ʜʠʨʠʞʘʙʣʷ ʧʨʠ ʧʨʷʤʦʣʠʥʝʡʥʦʤ 

ʜʚʠʞʝʥʠʠ ʠʤʝʶʪ ʪʦʪ ʞʝ ʚʠʜ, ʯʪʦ ʠ ʚ ʨʝʞʠʤʝ ʟʘʚʠʩʘʥʠʷ (3.31). 

ʋʧʨʦʱʝʥʥʳʝ ʫʨʘʚʥʝʥʠʷ ʜʠʥʘʤʠʢʠ ʜʠʨʠʞʘʙʣʷ ʧʦʣʫʯʘʶʪʩʷ ʘʥʘʣʦʛʠʯʥʦ 

ʩʣʫʯʘʶ ʟʘʚʠʩʘʥʠʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʥʘʡʜʝʤ, ʯʪʦ ʤʘʪʨʠʮʳ, ʚʭʦʜʷʱʠʝ ʚ ʚʳʨʘ-

ʞʝʥʠʝ (3.7), ʨʘʚʥʳ 
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0,0000 0,0133 0,0000 0 15,7875 0

0 0,0000 0,0000 5,8635 0 7,1570

0,0036 0,0708 0,0016 0 13,4915 0

0,0048 0,0945 0,0022 0 0,0899 0

0,0433 0,0048 0,0200 0 0,0045 0

0,0000 0,0125 0,0000 0 0,0211 0
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0,0377 0 0,0001 0 0 0

0 0 0 0.0001 0,0001 0

0 0 0,0927 0 0 0

0 0 0,1237 0 0 0

0 0 0,0062 0 0 0

0,0355 0 0 0 0 0
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.  (3.44) 

ʂʘʢ ʧʦʢʘʟʘʥʦ ʚʳʰʝ, ʤʦʜʝʣʴ ʢʠʥʝʤʘʪʠʢʠ ʜʠʨʠʞʘʙʣʷ ʚʩʝʛʜʘ (ʢʨʦʤʝ 

ʩʣʫʯʘʷ, ʢʦʛʜʘ ʫʛʦʣ 90J= ) ʷʚʣʷʝʪʩʷ ʫʧʨʘʚʣʷʝʤʦʡ. ʇʦʵʪʦʤʫ ʦʛʨʘʥʠʯʠʤʩʷ ʠʩ-

ʩʣʝʜʦʚʘʥʠʝʤ ʫʧʨʘʚʣʷʝʤʦʩʪʠ ʤʦʜʝʣʠ ʜʠʥʘʤʠʢʠ ʜʠʨʠʞʘʙʣʷ. ɼʣʷ ʠʩʩʣʝʜʦʚʘ-

ʥʠʷ ʫʧʨʘʚʣʷʝʤʦʩʪʠ ʤʦʜʝʣʠ ʜʠʥʘʤʠʢʠ ʜʠʨʠʞʘʙʣʷ ʧʨʠ ʧʨʷʤʦʣʠʥʝʡʥʦʤ 

ʜʚʠʞʝʥʠʠ ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʫʨʘʚʥʝʥʠʝʤ (3.7), ʛʜʝ ʤʘʪʨʠʮʳ AD ʠ BD ʦʧʨʝʜʝ-

ʣʷʶʪʩʷ ʚʳʨʘʞʝʥʠʷʤʠ (3.42) ï (3.44). ʊʘʢ ʢʘʢ ʤʘʪʨʠʮʘ AD ʠʤʝʝʪ ʨʘʟʤʝʨ-

ʥʦʩʪʴ 6Ĭ6, ʘ ʤʘʪʨʠʮʘ BD ʠʤʝʝʪ ʨʘʟʤʝʨʥʦʩʪʴ 6Ĭ10, ʪʦ ʤʘʪʨʠʮʘ ʫʧʨʘʚʣʷʝʤʦ-

ʩʪʠ ʤʦʜʝʣʠ ʜʠʥʘʤʠʢʠ ʜʠʨʠʞʘʙʣ ̫

 2 3 4 5[ ( ) ( ) ( ) ( ) ]D D D D D D D D D D DU B A B A B A B A B A B=   (3.45) 

ʠʤʝʝʪ ʨʘʟʤʝʨʥʦʩʪʴ 6Ĭ60. ʇʦʵʪʦʤʫ ʧʨʠʚʦʜʠʪʴ ʤʳ ʝʝ ʥʝ ʙʫʜʝʤ.  

ʇʦʜʩʪʘʚʣʷʷ ʯʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʤʘʪʨʠʮ AD ʠ BD ʠ 

ʦʧʨʝʜʝʣʷʷ, ʥʘʧʨʠʤʝʨ, ʩ ʧʦʤʦʱʴʶ MATLAB  ʝʝ ʨʘʥʛ, ʥʘʡʜʝʤ, ʯʪʦ ʦʥ ʨʘʚʝʥ 

6. ʆʪʩʶʜʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʨʠʪʝʨʠʝʤ ʫʧʨʘʚʣʷʝʤʦʩʪʠ ʈ. ʂʘʣʤʘʥʘ ʩʣʝʜʫʝʪ, 

ʯʪʦ ʤʦʜʝʣʴ ʜʠʥʘʤʠʢʠ ʜʠʨʠʞʘʙʣʷ, ʢʘʢ ʦʙʲʝʢʪʘ ʫʧʨʘʚʣʝʥʠʷ, ʷʚʣʷʝʪʩʷ 

ʚʧʦʣʥʝ ʫʧʨʘʚʣʷʝʤʦʡ ʚ ʧʦʣʦʞʝʥʠʠ ʨʘʚʥʦʚʝʩʠʷ. 

ɼʣʷ ʫʧʨʘʚʣʷʝʤʦʩʪʠ ʜʠʨʠʞʘʙʣʷ ʚʘʞʥʳ ʥʝ ʪʦʣʴʢʦ ʟʥʘʯʝʥʠʷ ʨʘʥʛʘ ʤʘʪ-

ʨʠʮʳ ʫʧʨʘʚʣʷʝʤʦʩʪʠ ʚ ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʘʭ ʧʦʣʝʪʘ ʜʠʨʠʞʘʙʣʷ, ʥʦ ʠ ʯʠʩ-

ʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʫʧʨʘʚʣʷʶʱʠʭ ʩʠʣ ʠ ʤʦʤʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʩʦʟʜʘ-

ʚʘʪʴʩʷ ʜʚʠʞʠʪʝʣʷʤʠ ʜʠʨʠʞʘʙʣʷ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʨʠʚʝʜʝʥʘ ʪʘʙʣ. 3.1, ʚ ʢʦ-

ʪʦʨʦʡ ʩʦʜʝʨʞʘʪʩʷ ʟʥʘʯʝʥʠʷ ʫʧʨʘʚʣʷʶʱʠʭ ʩʠʣ Fx, Fy, Fz ʠ ʤʦʤʝʥʪʦʚ Nx, Ny, 

Nz ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʩʢʦʨʦʩʪʷʭ ʠ ʥʘ ʨʘʟʣʠʯʥʳʭ ʚʳʩʦʪʘʭ ʧʦʣʝʪʘ ʜʠʨʠʞʘʙʣʷ. 
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ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʫʩʪʘʥʦʚʠʚʰʠʭʩʷ ʜʚʠʞʝʥʠʡ ʜʠʨʠʞʘʙ-

ʣʷ ʚ ʤʘʣʦʤ (ʧʨʠ ʤʘʣʳʭ ʦʪʢʣʦʥʝʥʠʷʭ ʧʝʨʝʤʝʥʥʳʭ ʦʪ ʫʩʪʘʥʦʚʠʚʰʠʭʩʷ ʟʥʘ-

ʯʝʥʠʡ) ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʧʝʨʚʳʤ ʤʝʪʦʜʦʤ ɸ. ʄ. ʃʷʧʫʥʦʚʘ ʠ ʧʦʣʫʯʝʥʥʳʤʠ 

ʚʳʰʝ ʣʠʥʝʡʥʳʤʠ ʫʨʘʚʥʝʥʠʷʤʠ ʜʠʨʠʞʘʙʣʷ, ʦʧʠʩʳʚʘʶʱʠʤʠ ʝʛʦ ʨʘʟʣʠʯʥʳʝ 

ʨʝʞʠʤʳ. 

 

 

                                                                                                      ʊʘʙʣʠʮʘ 3.1  

ɿʥʘʯʝʥʠʷ ʫʧʨʘʚʣʷʶʱʠʭ ʩʠʣ ʠ ʤʦʤʝʥʪʦʚ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʩʢʦʨʦʩʪʷʭ ʥʘ  

ʚrʩʦʪʝ 4000 ʤ 

ʉʠʣʳ ʠ 

ʤʦʤʝʥʪʳ 
V = 10 ʤ/ʩ V = 15 ʤ/ʩ V = 22,22 ʤ/ʩ V = 33,33 ʤ/ʩ 

Fx 564 1040 2460 5470 

Fy 2054 2980 3000 6410 

Fz 0 0 0 0 

Nx 0 0 0 0 

Ny ï43 ï88 ï200 ï465 

Nz 68 76 6 ï1 

ʋʩʪʦʡʯʠʚʦʩʪʴ ʧʨʷʤʦʣʠʥʝʡʥʦʛʦ ʜʚʠʞʝʥʠʷ ʜʠʨʠʞʘʙʣʷ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʩʦʙʩʪʚʝʥʥʳʤʠ ʯʠʩʣʘʤʠ ʤʘʪʨʠʮʳ AD. ʕʪʘ ʤʘʪʨʠʮʘ ʜʣʷ ʩʢʦʨʦʩʪʠ ʧʦʣʝʪʘ 

22,22 ʤ/ʩ ʥʘ ʚʳʩʦʪʝ 4000 ʤ ʠʤʝʝʪ ʚʠʜ (3.42). ɸʥʘʣʦʛʠʯʥʳʡ ʚʠʜ ʦʥʘ ʠʤʝʝʪ ʠ 

ʧʨʠ ʜʨʫʛʠʭ ʟʥʘʯʝʥʠʷʭ ʚʳʩʦʪʳ ʠ ʩʢʦʨʦʩʪʠ ʧʦʣʝʪʘ. ɼʣʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʚʘʞʥʘ 

ʥʝ ʩʘʤʘ ʤʘʪʨʠʮʘ AD, ʘ ʝʸ ʩʦʙʩʪʚʝʥʥʳʝ ʯʠʩʣʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʜʚʠʞʝʥʠʶ 

ʜʠʨʠʞʘʙʣʷ ʥʘ ʦʧʨʝʜʝʣʝʥʥʦʡ ʚʳʩʦʪʝ ʠ ʩʢʦʨʦʩʪʠ ʧʦʣʝʪʘ. ʇʨʠʯʝʤ, ʢʘʢ ʧʦʢʘ-

ʟʳʚʘʶʪ ʨʘʩʯʝʪʳ, ʵʪʠ ʚʝʣʠʯʠʥʳ ʩʫʱʝʩʪʚʝʥʥʦ ʠʟʤʝʥʷʶʪʩʷ ʩ ʠʟʤʝʥʝʥʠʝʤ 

ʚʳʩʦʪʳ ʠ ʩʢʦʨʦʩʪʠ ʧʦʣʝʪʘ. ɼʣʷ ʥʘʛʣʷʜʥʦʩʪʠ ʧʨʝʜʩʪʘʚʠʤ ʚ ʪʘʙʣ. 3.2 ʟʥʘʯʝ-

ʥʠʷ ʩʦʙʩʪʚʝʥʥʳʭ ʯʠʩʝʣ ʤʘʪʨʠʮʳ AD, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʚʳʩʦʪʝ ʧʦʣʝʪʘ 

4000 ʤ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʩʢʦʨʦʩʪʷʭ ʧʦʣʝʪʘ ʜʠʨʠʞʘʙʣʷ. 

ʊʘʙʣʠʮʘ 3.2  

ʉʦʙʩʪʚʝʥʥʳʝ ʯʠʩʣʘ ʤʘʪʨʠʮʳ AD (ʚʳʩʦʪʘ 4000 ʤ) 

V = 10 ʤ/ʩ V = 15 ʤ/ʩ V = 22,22 ʤ/ʩ V = 33,33 ʤ/ʩ 

ï0,0039 + 0,4415i ï0,0059 + 0,6622i ï0,0088 + 0,9809i ï0,0132 + 1,4714i 

ï0,0039 ï 0,4415i ï0,0059 ï 0,6622i ï0,0088 ï 0,9809i ï-0,0132 ï 1,4714i 

0,0026 + 0,3587i 0,0038 + 0,5381i 0,0057 + 0,7971i 0,0085 + 1,1957i 

0,0026 ï 0,3587i 0,0038 ï 0,5381i 0,0057 ï 0,7971i 0,0085 ï 1,1957i 

0 0 0 0 

0 0 0 0 
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ʀʟ ʧʨʠʚʝʜʝʥʥʳʭ ʪʘʙʣ. 3.1 ʠ. 3.2 ʩʣʝʜʫʝʪ, ʯʪʦ ʜʚʠʞʝʥʠʷ ʜʠʨʠʞʘʙʣʷ ʧʨʠ 

ʚʩʝʭ ʩʢʦʨʦʩʪʷʭ ʧʦʣʝʪʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʪʴʝʡ ʪʝʦʨʝʤʦʡ ʧʝʨʚʦʛʦ ʤʝʪʦʜʘ 

ʃʷʧʫʥʦʚʘ (ʦ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʧʦ ʧʝʨʚʦʤʫ ʧʨʠʙʣʠʞʝʥʠʶ) ʷʚʣʷʶʪʩʷ ʥʝ-

ʫʩʪʦʡʯʠʚʳʤʠ. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʥʘʣʠʯʠʝʤ ʚ ʪʘʙʣ. 3.2 ʧʨʠ ʚʩʝʭ ʟʥʘʯʝʥʠʷʭ 

ʩʢʦʨʦʩʪʝʡ ʧʦʣʝʪʘ ʢʦʨʥʝʡ ʩ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʚʝʱʝʩʪʚʝʥʥʦʡ ʯʘʩʪʴʶ. 

3.3. Ȼɜɚɑɖɞəɚɑ ɓɌɐɌəɔɑ çȴɝɝɗɑɐɚɎɌəɔɑ ɘɚɐɑɗɔ ɜɚɍɚɞɌè 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʦʣʫʯʝʥʥʦʡ ʨʘʥʝʝ ʤʦʜʝʣʴʶ ʨʦʙʦʪʘ ʚʳʧʦʣʥʠʪʴ ʩʣʝ-

ʜʫʶʱʠʝ ʜʝʡʩʪʚʠʷ: 

ï ʣʠʥʝʘʨʠʟʦʚʘʪʴ ʤʦʜʝʣʴ ʨʦʙʦʪʘ ʧʨʠ ʝʛʦ ʧʨʷʤʦʣʠʥʝʡʥʦʤ ʜʚʠʞʝʥʠʠ ʩ 

ʢʨʝʡʩʝʨʩʢʦʡ ʩʢʦʨʦʩʪʴʶ; 

ï ʧʨʦʚʝʩʪʠ ʘʥʘʣʠʟ ʫʧʨʘʚʣʷʝʤʦʩʪʠ ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʦʙʦʪʘ ʧʦ ʝʛʦ ʣʠʥʝ-

ʘʨʠʟʦʚʘʥʥʦʡ ʤʦʜʝʣʠ; 

ï ʦʧʨʝʜʝʣʠʪʴ ʟʥʘʯʝʥʠʷ ʫʧʨʘʚʣʷʶʱʠʭ ʩʠʣ ʠ ʤʦʤʝʥʪʦʚ, ʥʝʦʙʭʦʜʠʤʳʭ 

ʜʣʷ ʫʜʝʨʞʘʥʠʷ ʨʦʙʦʪʘ ʥʘ ʟʘʜʘʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ. 

3.4. Ƚɔəɞɑɓ ɗɔəɑɕəɚ-ɖɎɌɐɜɌɞɔɣəɚɏɚ ɜɑɏɟɗɫɞɚɜɌ ɝ ɔɝɛɚɗɨɓɚɎɌəɔɑɘ  

ɛɌɖɑɞɌ Matlab  

ʉʠʥʪʝʟ ʣʠʥʝʡʥʦ-ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʙʫʜʝʤ ʦʩʫʱʝʩʪʚʣʷʪʴ ʧʦ 

ʣʠʥʝʘʨʠʟʦʚʘʥʥʳʤ ʫʨʘʚʥʝʥʠʷʤ ʢʠʥʝʤʘʪʠʢʠ ʥʘ ʧʨʠʤʝʨʝ ʜʠʨʠʞʘʙʣʷ. ɺ ʨʝ-

ʟʫʣʴʪʘʪʝ ʩʠʥʪʝʟʘ ʙʫʜʝʪ ʧʦʣʫʯʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʫʧʨʘʚʣʷʶʱʠʭ ʩʠʣ ʠ ʤʦʤʝʥ-

ʪʦʚ ʦʪ ʩʢʦʨʦʩʪʝʡ ʜʠʨʠʞʘʙʣʷ. 

ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʚʠʜʘ (3.7). ʇʨʠ ʩʠʥʪʝʟʝ ʣʠ-

ʥʝʡʥʦ-ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʚʦʟʤʫʱʝʥʠʷ, ʦʙʫ-

ʩʣʦʚʣʝʥʥʳʝ ʚʥʝʰʥʠʤʠ ʩʠʣʘʤʠ, ʨʘʚʥʳ ʥʫʣʶ, ʪ.ʝ. 0BF = . ʊʘʢ ʢʘʢ ʨʘʩʩʤʘʪ-

ʨʠʚʘʶʪʩʷ ʪʦʣʴʢʦ ʫʨʘʚʥʝʥʠʷ ʜʠʥʘʤʠʢʠ, ʪʦ ʚʝʢʪʦʨ 1 0x =  ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ 

ʚʥʝʰʥʠʤ ʚʦʟʤʫʱʝʥʠʝʤ, ʨʘʚʥʳʤ ʥʫʣʶ. ʊʦʛʜʘ ʨʘʚʥʝʥʠʝ (3.7) ʧʨʠʥʠʤʘʝʪ 

ʚʠʜ 

 
1 1

2 0 2 0D D ux M A x M B F
- -

= + . (3.45) 

ʋʧʨʘʚʣʷʝʤʳʤʠ ʧʝʨʝʤʝʥʥʳʤʠ ʜʠʨʠʞʘʙʣʷ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʷʚʣʷʶʪʩʷ 

ʚʩʝ ʣʠʥʝʡʥʳʝ ʠ ʫʛʣʦʚʳʝ ʩʢʦʨʦʩʪʠ ʜʠʨʠʞʘʙʣʷ, ʧʦʵʪʦʤʫ ʫʨʘʚʥʝʥʠʝ ʚʳʭʦʜʘ 

ʠʤʝʝʪ ʚʠʜ 

 2 uy Cx DF= + , (3.46) 

ʛʜʝ C  ï ʝʜʠʥʠʯʥʘʷ ʤʘʪʨʠʮʘ ʨʘʟʤʝʨʥʦʩʪʴ  ʁ 6 6³ ; D  ï ʥʫʣʝʚʘʷ ʤʘʪʨʠʮʘ 

ʨʘʟʤʝʨʥʦʩʪʴ  ʁ6 6³ . 

ʎʝʣʴʶ ʫʧʨʘʚʣʝʥʠʷ ʷʚʣʷʝʪʩʷ ʜʚʠʞʝʥʠʝ ʚʜʦʣʴ ʧʨʷʤʦʣʠʥʝʡʥʦʡ ʪʨʘʝʢʪʦ-

ʨʠʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ ʨʠʩ. 3.1. ʊʦʛʜʘ ʪʨʝʙʦʚʘʥʠʷ ʢ ʩʢʦʨʦʩʪʷʤ ʦʧʨʝʜʝʣʷ-

ʶʪʩʷ ʚʳʨʘʞʝʥʠʝʤ (3.39), ʘ ʤʘʪʨʠʮʳ ,D DA B  ʫʨʘʚʥʝʥʠʷʤʠ (3.42), (3.43). 

ʆʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʜʠʨʠʞʘʙʣʷ: ʧʦʣʥʘʷ ʤʘʩʩʘ 5000m=  ʢʛ; ʧʦʣʦʞʝ-

ʥʠʝ ʮʝʥʪʨʘ ʪʷʞʝʩʪʠ [ ]0 1,5 0= -Tr  ʤ; ʤʦʤʝʥʪʳ ʠʥʝʨʮʠʠ 
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235 700, 579 800, 453 200= = =x y zJ J J  ʢʛʤ
2
; ʧʨʠʩʦʝʜʠʥʝʥʥʳʝ ʤʘʩʩʳ 11 0,12l = m, 

22 1,45l = m, 33 0,45l = m , 44 0,3l = xJ , 55 0,19l = yJ , 66 0,87l = zJ . 

ʊʦʛʜʘ ʤʘʪʨʠʮʘ 0M  ʠʟ (2.5) ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʚʨrʘʞʝʥʠʝʤ: 

 0

5936 0 0 0 0 7950

0 12985 0 0 0 0

0 0 7685 7950 0 0

0 0 7950 306410 0 0

0 0 0 0 689962 0

7950 0 0 0 0 847484

M

è ø
é ù
é ù
é ù-
=é ù

-é ù
é ù
é ù
é ùê ú

. (3.47) 

ʃʠʥʝʡʥʦ-ʢʚʘʜʨʘʪʠʯʥʳʡ ʨʝʛʫʣʷʪʦʨ ʩʠʥʪʝʟʠʨʫʝʪʩʷ ʧʦ ʣʠʥʝʘʨʠʟʦʚʘʥʥʦʡ 

ʤʦʜʝʣʠ (3.45), (3.46) ʠ ʤʠʥʠʤʠʟʠʨʫʝʪ ʩʣʝʜʫʶɦ ʠʡ ʬʫʥʢʮʠʦʥʘʣ ʢʘʯʝʩʪʚʘ: 

 ( )2T T TJ x Qx u Ru x Nu dt= + +ñ , (3.48) 

ʛʜʝ  , ,Q R Nï ʤʘʪʨʠʮʳ ʚʝʩʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ. 

ɼʣʷ ʩʠʥʪʝʟʘ ʨʝʛʫʣʷʪʦʨʘ ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʧʘʢʝʪʦʤ Matlab ʠ ʧʨʦʛʨʘʤʤʦʡ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʠʞʝ. 

ʃʠʩʪʠʥʛ ʧʨʦʛʨʘʤʤʳ ʩʠʥʪʝʟʘ ʣʠʥʝʡʥʦ-ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ 

 

clear all ; % ɚɣɔɝɞɖɌ Ɏɝɑɡ ɛɑɜɑɘɑəəɧɡ 

clc           % ɚɣɔɝɞɖɌ ɩɖɜɌəɌ 

% ɓɌɐɌəɔɑ ɘɌɞɜɔɢ ɚɍɦɑɖɞɌ 

Ad=[0 ð0.0133 0 0 ð15.7875 0; 0 0 0 5.8635 0 ð7.157; 0.0036  ð0.0708  

ð0.0016 0 13.4915 0; 0.0048 ð0.0945 -0.0022 0 ð0.0899 0; 0.0433 ð0.0048  

ð0.02 0 ð0.0045 0; 0 0.0125 0 0 0.0211 0]; 

Bd=eye(6,6); 

Cd=eye(6,6); 

Dd=zeros(6,6); 

M0=[5936 0 0 0 0 7950; 0 12985 0 0 0 0; 0 0 7685 -7950 0 0; 0 0 0 ð7950 

306410 0; 0 0 0 0 689962 0; 7950 0 0 0 0 847484]; 

% ɝɚɓɐɌəɔɑ ɘɚɐɑɗɔ ɐɔɜɔɒɌɍɗɫ Ɏ Ɏɔɐɑ ɟɜɌɎəɑəɔɕ Ɏ ɛɑɜɑɘɑəəɧɡ ɝɚɝɞɚ-

ɫəɔɫ 

sys_dir=ss(M0^( -1)*Ad,M0^( -1)*Bd,Cd,Dd);  

% ɓɌɐɌəɔɑ ɎɑɝɚɎɧɡ ɘɌɞɜɔɢ ɠɟəɖɢɔɚəɌɗɌ ɖɌɣɑɝɞɎɌ 

Q1=[1 0 0 0 0 0; 0 1 0 0 0 0; 0 0 1 0 0 0; 0 0 0 1 0 0; 0 0 0 0 1 0; 0 0 0 0 0 1];  

R1=[1 0 0 0 0 0; 0 1 0 0 0 0; 0 0 1 0 0 0; 0 0 0 1 0 0; 0 0 0 0 1 0; 0 0 0 0 0 1];  

N1=zeros(6,6); 

% əɌɡɚɒɐɑəɔɑ ɖɚɩɠɠɔɢɔɑəɞɚɎ ɟɝɔɗɑəɔɫ ɜɑɏɟɗɫɞɚɜɌ 

[K1,S1,E1] = LQR(sys_dir,Q1,R1,N1);  

% ɝɚɓɐɌəɔɑ ɘɚɐɑɗɔ ɝɔɝɞɑɘɧ ɟɛɜɌɎɗɑəɔɫ ɐɔɜɔɒɌɍɗɑɘ 

sys_dir 1=ss(M0^(ð1)*Ad-M0^(ð1)*Bd*K1,M0^(ð1)*Bd,Cd,Dd); 

% ɛɜɚɝɘɚɞɜ ɜɑɓɟɗɨɞɌɞɚɎ ɘɚɐɑɗɔɜɚɎɌəɔɫ 
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ltiview( 'step',sys_dir1);  

ɺ ʧʨʠʚʝʜʝʥʥʦʤ ʣʠʩʪʠʥʛʝ ʜʣʷ ʩʦʟʜʘʥʠʷ ʦʧʠʩʘʥʠʷ ʣʠʥʝʡʥʦʡ ʤʦʜʝʣʠ ʜʠ-

ʨʠʞʘʙʣʷ ʚ ʚʠʜʝ ʫʨʘʚʥʝʥʠʡ ʚ ʧʝʨʝʤʝʥʥʳʭ ʩʦʩʪʦʷʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥ ʦʧʝʨʘʪʦʨ 

ss, ʢʦʪʦʨʳʡ ʩʦʟʜʘʝʪ ʦʙʲʝʢʪ ʚʠʜʘ (3.45), (3.46). ʇʨʠ ʩʦʟʜʘʥʠʠ ʦʙʲʝʢʪʘ ʚʭʦʜ-

ʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʦʧʝʨʘʪʦʨʘ ss ʷʚʣʷʶʪʩʷ ʯʝʪʳʨʝ ʤʘʪʨʠʮʳ, ʧʦʩʣʝʜʦʚʘ-

ʪʝʣʴʥʦ ʟʘʜʘʚʘʝʤʳʝ ʯʝʨʝʟ ʟʘʧʷʪʫʶ. 

ɺ ʢʘʯʝʩʪʚʝ ʤʘʪʨʠʮ ʚʝʩʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚʳʙʨʘʥʳ ʜʚʝ ʝʜʠʥʠʯʥʳʝ 

ʤʘʪʨʠʮʳ ʠ ʦʜʥʘ ʥʫʣʝʚʘʷ. ʆʪʤʝʪʠʤ, ʯʪʦ ʦʙʳʯʥʦ ʤʘʪʨʠʮʘ R ʟʘʜʘʝʪʩʷ ʝʜʠ-

ʥʠʯʥʦʡ, ʘ ʢʦʵʬʬʠʮʠʝʥʪʳ ʤʘʪʨʠʮʳ Q ʠʟʤʝʥʷʶʪʩʷ ʚ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʣʷ 

ʧʨʠʜʘʥʠʷ ʪʨʝʙʫʝʤʳʭ ʩʚʦʡʩʪʚ ʟʘʤʢʥʫʪʦʡ ʩʠʩʪʝʤʳ. 

ʆʧʝʨʘʪʦʨ lqr ʦʩʫʱʝʩʪʚʣʷʝʪ ʥʘʭʦʞʜʝʥʠʝ ʚʝʢʪʦʨʘ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʫʩʠ-

ʣʝʥʠʷ ʨʝʛʫʣʷʪʦʨʘ K1, ʘ ʪʘʢʞʝ ʚʳʜʘʝʪ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ ʈʠʢʢʘʪʠ S1 ʠ 

ʩʦʙʩʪʚʝʥʥʳʝ ʯʠʩʣʘ ʟʘʤʢʥʫʪʦʡ ʩʠʩʪʝʤʳ. ʋʧʨʘʚʣʝʥʠʝ, ʦʧʪʠʤʘʣʴʥʦʝ ʧʦ ʟʘ-

ʜʘʥʥʦʤʫ ʢʨʠʪʝʨʠʶ ʢʘʯʝʩʪʚʘ, ʠʤʝʝʪ ʚʠʜ 

 1u K x=- . (3.49) 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʤʢʥʫʪʦʡ ʩʠʩʪʝʤʳ ʚ ʧʨʦʛʨʘʤʤʝ ʩʦʟʜʘʝʪʩʷ ʤʦʜʝʣʴ 

ʟʘʤʢʥʫʪʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʜʠʨʠʞʘʙʣʷ, ʜʣʷ ʢʦʪʦʨʦʡ ʩ ʧʦʤʦʱʴʶ ʦʧʝ-

ʨʘʪʦʨʘ ltiview ʩʪʨʦʷʪʩʷ ʧʝʨʝʭʦʜʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʢʘʢ ʨʝʘʢʮʠʷ ʢʘʞʜʦʛʦ 

ʚʳʭʦʜʘ ʥʘ ʢʘʞʜʳʡ ʚʭʦʜ. ʅʘʧʨʠʤʝʨ, ʥʘ ʨʠʩ. 3.2 ʧʨʝʜʩʪʘʚʣʝʥʘ ʨʝʘʢʮʠʷ ʧʝʨ-

ʚʦʛʦ ʚʳʭʦʜʘ (ʩʢʦʨʦʩʪʴ Vx) ʥʘ ʝʜʠʥʠʯʥʳʡ ʩʢʘʯʦʢ ʥʘ ʧʝʨʚʦʤ ʚʭʦʜʝ. ʄʦʞʥʦ 

ʟʘʤʝʪʠʪʴ, ʯʪʦ ʚʨʝʤʷ ʧʝʨʝʭʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ ʧʦʣʫʯʘʝʪʩʷ ʦʯʝʥʴ ʙʦʣʴʰʠʤ, 

ʦʢʦʣʦ 60 000 ʩ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʤʘʣʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚʝ-

ʩʦʚʦʡ ʤʘʪʨʠʮʳ Q. ʇʨʠ ʝʝ ʪʝʢʫʱʝʤ ʟʥʘʯʝʥʠʠ ʚʝʢʪʦʨ ʩʦʙʩʪʚʝʥʥʳʭ ʯʠʩʝʣ 

ʟʘʤʢʥʫʪʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʜʠʨʠʞʘʙʣʝʤ ʨʘʚʝʥ 

E1 =   ï0.0002125 + 0.0001326i 

           ï0.0002125 ï 0.0001326i 

           ï0.0001684           

           ï0.0001299           

           ï0.0000283           

           ï0.0000018 
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ʈʠʩ. 3.2. ʇʝʨʝʭʦʜʥʳʡ ʧʨʦʮʝʩʩ ʧʦ ʧʝʨʚʦʤʫ ʚʭʦʜʫ 

ʂʨʦʤʝ ʤʘʣʳʭ ʟʥʘʯʝʥʠʡ ʩʦʙʩʪʚʝʥʥʳʭ ʯʠʩʝʣ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʚʘ 

ʧʦʩʣʝʜʥʠʭ ʯʠʩʣʘ ʥʘ ʧʦʨʷʜʦʢ ʠ ʥʘ ʜʚʘ ʧʦʨʷʜʢʘ ʤʝʥʴʰʝ ʦʩʪʘʣʴʥʳʭ ʩʦʙ-

ʩʪʚʝʥʥʳʭ ʯʠʩʝʣ. 

ɺ ʵʪʦʡ ʩʚʷʟʠ ʫʚʝʣʠʯʠʤ ʢʦʵʬʬʠʮʠʝʥʪʳ ʤʘʪʨʠʮʳ Q ʩʣʝʜʫʶʱʠʤ ʦʙʨʘ-

ʟʦʤ: 

 

10 0 0 0 0 0

0 10 0 0 0 0

0 0 10 0 0 0

0 0 0 10 0 0

0 0 0 0 1000 0

0 0 0 0 0 1000

Q

è ø
é ù
é ù
é ù
=é ù
é ù
é ù
é ù
é ùê ú

.  

ʊʦʛʜʘ ʩʦʙʩʪʚʝʥʥʳʝ ʯʠʩʣʘ ʟʘʤʢʥʫʪʦʡ ʩʠʩʪʝʤʳ ʠʤʝʶʪ ʚʠʜ 

E1 =  ï0.0006520           

          ï0.0005414           

          ï0.0003491 + 0.0001377i 

          ï0.0003491 ï 0.0001377i 

          ï0.0000502 

          ï0.0000374 

ɺʠʜʠʤ, ʯʪʦ ʩʦʙʩʪʚʝʥʥʳʝ ʯʠʩʣʘ ʫʚʝʣʠʯʠʣʠʩʴ ʧʦ ʤʦʜʫʣʶ ʧʨʠʤʝʨʥʦ ʚ 3 

ʨʘʟʘ, ʧʨʠʯʝʤ ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʜʝʡʩʪʚʠʪʝʣʴʥʦʡ ʯʘʩʪʠ, ʦʧʨʝʜʝʣʷʁ ʱʝʝ 

ʚʨʝʤʷ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʫʚʝʣʠʯʠʣʦʩʴ ʚ 30 ʨʘʟ. ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ, 

ʤʦʞʥʦ ʠʟʤʝʥʷʪʴ ʜʘʣʝʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʤʘʪʨʠʮʳ Q, ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʪʨʝʙʫ-

ʝʤʦʝ ʚʨʝʤʷ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ. 

ʅʘʧʨʠʤʝʨ, ʧʨʠ ʤʘʪʨʠʮʝ 
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300 0 0 0 0 0

0 300 0 0 0 0

0 0 300 0 0 0

0 0 0 300 0 0

0 0 0 0 90000 0

0 0 0 0 0 90000

Q

è ø
é ù
é ù
é ù
=é ù
é ù
é ù
é ù
é ùê ú

  

ʩʧʝʢʪʨ ʟʘʤʢʥʫʪʦʡ ʩʠʩʪʝʤʳ ʨʘʚʝʥ 

E1 =   ï0.0039           

           ï0.0030           

           ï0.0014 + 0.0002i 

           ï0.0014 ï 0.0002i 

           ï0.0003           

           ï0.0004 

ɺʨʝʤʷ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʧʦ ʧʝʨʚʦʤʫ ʚʳʭʦʜʫ ʧʦʨʷʜʢʘ 1 500 ʩ, ʢʘʢ 

ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 3.3. 

 

ʈʠʩ. 3.3. ʇʝʨʝʭʦʜʥʳʡ ʧʨʦʮʝʩʩ ʧʨʠ ʫʚʝʣʠʯʝʥʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʘʭ  

ʤʘʪʨʠʮʳ Q 

ɹʦʣʝʝ ʧʦʜʨʦʙʥʦ ʩʠʥʪʝʟ ʣʠʥʝʡʥʳʭ ʨʝʛʫʣʷʪʦʨʦʚ ʠʟʣʘʛʘʝʪʩʷ ʚ ʢʫʨʩʝ 

çʋʧʨʘʚʣʝʥʠʝ ʨʦʙʦʪʘʤʠ ʠ ʨʦʙʦʪʦʪʝʭʥʠʯʝʩʢʠʤʠ ʩʠʩʪʝʤʘʤʠè. 

3.5. Ȼɜɚɑɖɞəɚɑ ɓɌɐɌəɔɑ çȽɔəɞɑɓ ɗɔəɑɕəɚ-ɖɎɌɐɜɌɞɔɣəɚɏɚ ɜɑɏɟɗɫɞɚɜɌè 

ɼʣʷ ʣʠʥʝʘʨʠʟʦʚʘʥʥʦʡ ʚʜʦʣʴ ʧʨʷʤʦʣʠʥʝʡʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʤʦʜʝʣʠ ʨʦʙʦ-

ʪʘ ʧʨʦʚʝʩʪʠ ʩʠʥʪʝʟ ʣʠʥʝʡʥʦ-ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ, ʠʩʧʦʣʴʟʫʷ ʧʘʢʝʪ 

Matlab. ʀʟʤʝʥʷʷ ʤʘʪʨʠʮʫ ʚʝʩʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ Q ʬʫʥʢʮʠʦʥʘʣʘ (3.48), 

ʥʘʩʪʨʦʠʪʴ ʨʝʛʫʣʷʪʦʨ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʚʨʝʤʷ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ 

ʧʦ ʚʩʝʤ ʢʘʥʘʣʘʤ ʙʳʣʦ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʦʜʠʥʘʢʦʚʳʤ ʠ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʦ 

ʪʨʝʙʦʚʘʥʠʷʤ ʢʦʥʢʨʝʪʥʦʛʦ ʨʦʙʦʪʘ. 
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3.6. Ƚɔəɞɑɓ ɛɚɓɔɢɔɚəəɚ-ɞɜɌɑɖɞɚɜəɚɏɚ ɜɑɏɟɗɫɞɚɜɌ 

ʄʝʪʦʜ ʧʦʟʠʮʠʦʥʥʦ-ʪʨʘʝʢʪʦʨʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʧʦʜʚʠʞʥʳʤʠ ʦʙʲʝʢʪʘʤʠ 

[18] ʧʦʟʚʦʣʷʝʪ ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʘʣʛʦʨʠʪʤʳ ʫʧʨʘʚʣʝʥʠʷ ʨʦʙʦʪʦʪʝʭʥʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʦʡ ʥʘ ʙʘʟʝ ʝʝ ʥʝʣʠʥʝʡʥʦʡ ʤʥʦʛʦʩʚʷʟʥʦʡ ʤʦʜʝʣʠ (2.1), (2.4). 

ɹʫʜʝʤ ʧʦʣʘʛʘʪʴ, ʯʪʦ ʧʦʩʪʦʷʥʥʘʷ ʚʨʝʤʝʥʠ ʜʚʠʛʘʪʝʣʝʡ ʩʫʱʝʩʪʚʝʥʥʦ 

ʤʝʥʴʰʝ ʧʦʩʪʦʷʥʥʳʭ ʚʨʝʤʝʥʠ ʜʠʨʠʞʘʙʣʷ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʥʝ ʚʢʣʶʯʘʪʴ 

ʫʨʘʚʥʝʥʠʷ ʜʚʠʛʘʪʝʣʝʡ ʚ ʦʩʥʦʚʥʦʡ ʢʦʥʪʫʨ ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʝʤ, ʠ ʩʠʩʪʝ-

ʤʘ ʫʧʨʘʚʣʝʥʠʷ ʩʠʥʪʝʟʠʨʫʝʪʩʷ ʧʦ ʫʨʘʚʥʝʥʠʷʤ (2.1), (2.2). ɸʣʛʦʨʠʪʤ ʫʧʨʘʚ-

ʣʝʥʠʷ ʜʚʠʞʝʥʠʝʤ ʜʠʨʠʞʘʙʣʷ ʠʤʝʝʪ ʚʠʜ 
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ʛʜʝ 2 3,A A  ï ʤʘʪʨʠʮʘ ʠ ʚʝʢʪʦʨ, ʢʦʵʬʬʠʮʠʝʥʪʳ ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʷʶʪ ʪʨʘʝʢ-

ʪʦʨʠʶ ʜʚʠʞʝʥʠʷ ʜʠʨʠʞʘʙʣʷ; ʊʈy  ï ʚʝʢʪʦʨ ʪʨʘʝʢʪʦʨʥʳʭ ʦʰʠʙʦʢ; 1 2 3, ,T T T  ï 

ʤʘʪʨʠʮʳ ʧʦʩʪʦʷʥʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ; Vy  ï ʩʢʦʨʦʩʪʥʘʷ ʦʰʠʙʢʘ ʩʠʩʪʝʤʳ 

ʫʧʨʘʚʣʝʥʠʷ; yS ï ʦʙʦʙʱʝʥʥʘʷ ʦʰʠʙʢʘ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ; F  ï ʚʝʢʪʦʨ 

ʜʠʥʘʤʠʯʝʩʢʠʭ ʠ ʚʥʝʰʥʠʭ ʩʠʣ ʠ ʤʦʤʝʥʪʦʚ, ʜʝʡʩʪʚʫʶɦ ʠʭ ʥʘ ʜʠʨʠʞʘʙʣʴ; 

Aw  ï ʤʘʪʨʠʮʘ ʧʨʦʠʟʚʦʜʥʳʭ ʧʦ ʚʨʝʤʝʥʠ ʦʪ ʵʣʝʤʝʥʪʦʚ ʤʘʪʨʠʮʳ Aw; ĔBF  ï 

ʚʝʢʪʦʨ ʦʮʝʥʦʢ ʚʦʟʤʫʱʘʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʡ; 
*y  ï ʟʘʜʘʥʥʘʷ ʚʳʩʦʪʘ ʧʦʣʝʪʘ; 
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*a  ï ʦʧʪʠʤʘʣʴʥʳʡ ʫʛʦʣ ʘʪʘʢʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʤʠʥʠʤʘʣʴʥʳʡ ʤʦʤʝʥʪ 

ʪʘʥʛʘʞʘ ʜʠʨʠʞʘʙʣʷ; 1k  ï ʢʦʵʬʬʠʮʠʝʥʪ ʥʘʩʪʨʦʡʢʠ; 
*V  ï ʟʘʜʘʥʥʘʷ ʩʢʦʨʦʩʪʴ 

ʜʚʠʞʝʥʠʷ ʜʠʨʠʞʘʙʣʷ. 

ʋʨʘʚʥʝʥʠʷ ʨʦʙʘʩʪʥʦʛʦ ʥʘʙʣʶʜʘʪʝʣʷ ʚʦʟʤʫʱʝʥʠʡ ʠʤʝʶʪ ʚʠʜ [24, 40, 41] 
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ɸʣʛʦʨʠʪʤ ʫʧʨʘʚʣʝʥʠʷ (3.50) ï (3.54) ʜʦʧʦʣʥʷʝʪʩʷ ʦʛʨʘʥʠʯʠʚʘʶʱʠʤʠ 

ʤʘʢʩʠʤʘʣʴʥʳʝ ʠ ʤʠʥʠʤʘʣʴʥʳʝ ʫʛʣʳ ʪʘʥʛʘʞʘ ʥʝʨʘʚʝʥʩʪʚʘʤʠ. ʂʨʦʤʝ ʪʦʛʦ, 

ʘʣʛʦʨʠʪʤ ʫʧʨʘʚʣʝʥʠʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʦʛʨʘʥʠʯʠʚʘʝʪ ʩʢʦʨʦʩʪʴ ʜʠʨʠʞʘʙʣʷ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʨʝʜʳ ʠ ʫʛʣʦʚʳʝ ʩʢʦʨʦʩʪʠ. ɽʩʣʠ ʜʠʨʠʞʘʙʣʴ ʧʦʧʘʜʘʝʪ ʚ ʩʠ-

ʪʫʘʮʠʶ, ʢʦʛʜʘ ʫʛʣʳ ʧʨʝʚʳʰʘʶʪ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʳʝ ʟʥʘʯʝʥʠʷ, ʩʠ-

ʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʧʨʝʢʨʘʱʘʝʪ ʚʳʧʦʣʥʝʥʠʝ ʮʝʣʝʚʦʛʦ ʟʘʜʘʥʠʷ ʠ ʩʪʘʙʠʣʠʟʠ-

ʨʫʝʪ ʘʧʧʘʨʘʪ ʚ ʨʝʞʠʤʝ ʜʨʝʡʬʘ ʚʜʦʣʴ ʧʦʪʦʢʘ ʚʝʪʨʘ. ʇʦʩʣʝ ʵʪʦʛʦ ʦʩʫʱʝʩʪʚ-

ʣʷʝʪʩʷ ʚʦʟʦʙʥʦʚʣʝʥʠʝ ʚʳʧʦʣʥʝʥʠʷ ʟʘʜʘʥʠʷ. 

ʇʦʣʫʯʝʥʥʳʡ ʚʝʢʪʦʨ ʫʧʨʘʚʣʝʥʠʡ ʠʤʝʝʪ ʨʘʟʤʝʨʥʦʩʪʴ, ʨʘʚʥʫʶ ʧʷʪʠ. ʕʪʦ 

ʩʚ̫ʟʘʥʦ ʩ ʪʝʤ ʬʘʢʪʦʤ, ʯʪʦ ʠʩʧʦʣʥʠʪʝʣʴʥʳʝ ʤʝʭʘʥʠʟʤʳ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ 

ʜʠʨʠʞʘʙʣʷ ʥʝ ʧʦʟʚʦʣʷʶʪ ʩʦʟʜʘʚʘʪʴ ʩʫʱʝʩʪʚʝʥʥʦʡ ʫʧʨʘʚʣʷʶʱʝʡ ʩʠʣʳ 

ʚʜʦʣʴ ʦʩʠ OZ ʩʚ̫ʟʘʥʥʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ. 

ʈʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʜʠʨʠʞʘʙʣʴ ʠʤʝʝʪ 10 ʫʧʨʘʚʣʷʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʡ: 

ï ʜʚʝ ʪʷʛʠ ʤʘʨʰʝʚʳʭ ʜʚʠʛʘʪʝʣʝʡ P1 ʠ P2 ʜʦ 3000 ʅ ʢʘʞʜʘʷ; 

ï ʜʚʝ ʪʷʛʠ ʭʚʦʩʪʦʚʳʭ ʜʚʠʛʘʪʝʣʝʡ P3 ʠ P4 ʜʦ 200 ʅ ʢʘʞʜʘʷ; 
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ï ʢʘʞʜʳʡ ʤʘʨʰʝʚʳʡ ʜʚʠʛʘʪʝʣʴ ʧʦʚʦʨʘʯʠʚʘʝʪʩʷ ʚ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʣʦʩ-

ʢʦʩʪʠ ʥʘ ʫʛʦʣ 1 2,a a ʚ ʧʨʝʜʝʣʘʭ 180°  ï ʝʱʝ 2 ʢʘʥʘʣʘ ʫʧʨʘʚʣʝʥʠʷ; 

ï ʢʘʞʜʳʡ ʭʚʦʩʪʦʚʦʡ ʜʚʠʛʘʪʝʣʴ ʧʦʚʦʨʘʯʠʚʘʝʪʩʷ ʚ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʣʦʩ-

ʢʦʩʪʠ ʥʘ ʫʛʦʣ 3 4,a a ʚ ʧʨʝʜʝʣʘʭ 90°  ï ʝʱʝ 2 ʢʘʥʘʣʘ ʫʧʨʘʚʣʝʥʠʷ; 

ï ʢʘʞʜʳʡ ʭʚʦʩʪʦʚʦʡ ʜʚʠʛʘʪʝʣʴ ʧʦʚʦʨʘʯʠʚʘʝʪʩʷ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ 

ʧʣʦʩʢʦʩʪʠ ʥʘ ʫʛʦʣ 3 4,b b ʚ ʧʨʝʜʝʣʘʭ 90°  ï ʝʱʝ 2 ʢʘʥʘʣʘ ʫʧʨʘʚʣʝʥʠʷ. 

ʇʨʠ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʫʧʨʘʚʣʷʶʱʠʭ ʩʠʣ ʠ ʤʦʤʝʥʪʦʚ ʧʨʠʥʷʪʳ ʩʣʝʜʫʶ-

ʱʠʝ ʧʨʘʚʠʣʘ: 

ï ʚ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʤʦʱʥʦʩʪʴ ʭʚʦʩʪʦʚʳʭ ʜʚʠʛʘʪʝʣʝʡ ʤʘʣʘ, ʫʛʣʳ ʧʦʚʦ-

ʨʦʪʦʚ ʭʚʦʩʪʦʚʳʭ ʜʚʠʛʘʪʝʣʝʡ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʧʨʠʥʷʪʳ ʥʫʣʝ-

ʚʳʤʠ 3 4, 0b b =; 

ï ʭʚʦʩʪʦʚʳʝ ʜʚʠʛʘʪʝʣʠ ʨʘʙʦʪʘʶʪ ʩʠʥʭʨʦʥʥʦ, ʪ.ʝ. 3 4a =a ʠ 3 4 200P P= = . 

ɺ ʵʪʦʡ ʩʠʪʫʘʮʠʠ ʦʩʪʘʝʪʩʷ 5 ʥʝʟʘʚʠʩʠʤʳʭ ʢʘʥʘʣʦʚ ʫʧʨʘʚʣʝʥʠʷ: ʜʚʝ ʪ̫ -

ʛʠ ʠ 2 ʫʛʣʘ ʧʦʚʦʨʦʪʦʚ ʤʘʨʰʝʚʳʭ ʜʚʠʛʘʪʝʣʝʡ ʠ ʫʛʦʣ ʧʦʚʦʨʦʪʘ ʭʚʦʩʪʦʚʳʭ 

ʜʚʠʛʘʪʝʣʝʡ. 

ʊʦʛʜʘ ʘʣʛʦʨʠʪʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʫʧʨʘʚʣʷʶʱʠʭ ʩʠʣ ʠ ʤʦʤʝʥʪʦʚ ʦʧʠʩʳ-

ʚʘʝʪʩʷ ʩʣʝʜʫʶɦ ʠʤʠ ʚʳʨʘʞʝʥʠʷʤʠ: 

 3 4 200P P= = , 3 4 0b =b =,  
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, ( )2 2 2tan 2 ,y xa P Pa = ,  

 ( )3 3 3tan 2 ,y xa P Pa = , 4 3a =a,  

ʛʜʝ tan 2a  ï ʬʫʥʢʮʠʷ ʘʨʢʪʘʥʛʝʥʩʘ, ʦʧʨʝʜʝʣʝʥʥʘʷ ʚ ʦʙʣʘʩʪʠ °p. 

ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʟʠʮʠʦʥʥʦ-ʪʨʘʝʢʪʦʨʥʦʡ ʟʘʤʢʥʫʪʦʡ ʩʠʩʪʝʤʳ 

ʫʧʨʘʚʣʝʥʠʷ ʜʠʨʠʞʘʙʣʝʤ ʠʩʧʦʣʴʟʫʝʤ ʧʘʢʝʪ Matlab. 

ʇʨʦʛʨʘʤʤʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʦʩʥʦʚʥʳʭ ʬʘʡʣʦʚ ï ʩʮʝʥʘ-

ʨʠʷ main_dir.m ʠ ode-ʬʫʥʢʮʠʠ fun_dir.m. ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʥʝʩʢʦʣʴʢʦ ʬʫʥʢʮʠʡ, ʚ ʢʦʪʦʨʳʭ ʧʨʦʧʠʩʘʥʳ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʢʦʵʬʬʠʮʠ-

ʝʥʪʳ ʠ ʜʨʫʛʠʝ ʧʘʨʘʤʝʪʨʳ ʜʠʨʠʞʘʙʣʷ ʠ ʩʨʝʜʳ. 
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ʌʘʡʣ ʩʮʝʥʘʨʠʡ main_dir.m ʠʤʝʝʪ ʚʠʜ 
clear all  

clc  

close all  

  

% I nitial conditions of airship dynamical equations  

x_vec=[0;0;0;0;0;0];  

% Initial conditions of the equations of airship kinema t-

ics  

y_vec=[0;2000;0;0.5;0.01;0];  

% Initial conditions of the equations of actuators  

delta_vec=[40;0;40;0;200;0;0;200;0;0];  

% Initi al conditions of estimator  

z_est=[0;0;0;0;0;0];  

  

% current vector of vars we integrate  

all_vars_vec_0 = [y_vec;x_vec;delta_vec;z_est];  

  

% integration procedure options  

 options = odeset( 'RelTol' ,1e - 3, 'AbsTol' ,ones(28,1)*1e -

3);  

  

% start and finish time  

t _start = 0;  

t_end = 20;  

  

% estimator parameters  

L_11=1;  

L=diag([L_11;L_11;L_11;L_11;L_11;L_11]);  

  

%volume of airship  

Vobol=4300;  

  

[t1,x1]=ode45( 'fun_dir' ,[t_start t_end], 

all_vars_vec_0,options,L,Vobol);  

  

figure(1); hold on; grid on; plot(t1,x1(:,2));  

figure(2); hold on; grid on; plot(x1(:,1),x1(:,3));  

figure(3); hold on; grid on; plot(t1,x1(:,7:12));  

figure(4); hold on; grid on; plot(t1,x1(:,13:22));  

ɺ ʧʨʦʛʨʘʤʤʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʦʯʠʩʪʢʘ ʚʩʝʭ ʧʝʨʝʤʝʥʥʳʭ ʠ ʟʘʢʨʳʪʠʝ 

ʚʩʝʭ ʦʢʦʥ, ʟʘʜʘʥʠʝ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ, ʫʩʪʘʥʦʚʢʘ ʧʘʨʘʤʝʪʨʦʚ ʧʦ ʪʦʯʥʦʩʪʠ 

ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ, ʟʘʜʘʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʥʘʙʣʜʁʘʪʝʣʷ ʠ ʦʙʲʝʤʘ ʜʠʨʠʞʘʙʣʷ ʠ 

ʯʠʩʣʝʥʥʦʝ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝ ʩ ʧʦʤʦʱʴʶ ʦʧʝʨʘʪʦʨʘ ode45. ɺ ʢʦʥʮʝ ʧʨʦ-

ʛʨʘʤʤʳ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚʳʚʦʜ ʥʘ ʵʢʨʘʥ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 
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ʌʘʡʣ ode-ʬʫʥʢʮʠʠ fun_dir.m ʠʤʝʝʪ ʚʠʜ 
function  y=fun_dir(t,x,flag,L,Vobol)  

% x coordinate  

x0=x(1);  

% y coordinate  

y0=x(2);  

% z coordinate  

z0=x(3);  

% yaw angle  

psi=x(4);  

% pitch  

upsilon= x(5);  

% angle of roll  

gamma=x(6);  

% X component of the linear velocity  

Vx=x(7);  

% Y component of the linear velocity  

Vy=x(8);  

% Z component of the linear velocity  

Vz=x(9);  

% X component of the angular velocity  

wx=x(10);  

% Y component of the angular velocit y 

wy=x(11);  

% Z component of the angular velocity  

wz=x(12);  

% force of the first main drive  

P1=x(13);  

% angle of the first main drive  

alpha1=x(14);  

% force of the second main drive  

P2=x(15);  

% angle of the second main drive  

alpha2=x(16);  

% force of the fir st tail drive  

P3=x(17);  

% vertical angle of the first tail drive  

alpha3=x(18);  

% horizontal angle of the first tail drive  

beta3=x(19);  

% force of the second tail drive  

P4=x(20);  

% vertical angle of the secondtail drive  

alpha4=x(21);  

% horizontal angle of t he secondtail drive  
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beta4=x(22);  

% estimator variables  

z_est(1,1)=x(23);  

z_est(2,1)=x(24);  

z_est(3,1)=x(25);  

z_est(4,1)=x(26);  

z_est(5,1)=x(27);  

z_est(6,1)=x(28);  

 

% additional vectors  

x_vec=[Vx;Vy;Vz;wx;wy;wz];  

V_vec=[Vx; Vy; Vz];  

omega_vec=[wx; wy; wz];  

angles_vec=[psi;upsilon;gamma];  

 

%------------- Kinematics equations ---------------------  

A = [cos(upsilon)*cos(psi), sin(upsilon),              

cos(upsilon)*sin(psi);  

        - sin(gamma)*sin(psi) -  

cos(gamma)*cos(psi)*sin(upsilon),  

cos(gamma)*cos(upsilon) , cos(psi)*sin(gamma) -  

cos(gamma)*sin(upsilon)*sin(psi);  

        cos(psi)*sin(gamma)*sin(upsilon) -  

cos(gamma)*sin(psi), - cos(upsilon)*sin(gamma), 

cos(gamma)*cos(psi) + sin(gamma)*sin(upsilon)*sin(psi)];  

  

Aw = [0 , cos(gamma)/cos(upsilon)    , -

sin(gamma )/cos(upsilon);  

      0 , sin(gamma)                 , cos(gamma)       ;  

      1 , - cos(gamma)*tan(upsilon)   , 

sin(gamma)*tan(upsilon) ];  

y_kin=[A'       zeros(3,3);  

   zeros(3,3)     Aw]*[V_vec;omega_vec];  

  

%------------- Dynamics equations ------------- ----------  

% ballonets pressure  

dP_b=[500;500];  

% added mass matrix  

lambda1=lambda_ii(y0,dP_b);  

lambda=zeros(6,6);  

lambda(1,1)=lambda1(1,1);  

lambda(2,2)=lambda1(1,2);  

lambda(3,3)=lambda1(1,3);  

lambda(4,4)=lambda1(1,4);  

lambda(5,5)=lambda1(1,5);  
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lambda(6,6) =lambda1(1,6);  

% inertia matrix and its elements  

J_m=J(y0,dP_b);  

Jx=J_m(1,1);  

Jxy=J_m(1,2);  

Jxz=J_m(1,3);  

Jy=J_m(2,2);  

Jyz=J_m(2,3);  

Jz=J_m(3,3);  

% vector of the center of mass coordinates and the coo r-

dinates  

r_m=r(y0);  

xT=r_m(1);  

yT=r_m(2);  

zT=r_m(3);  

% airship inertia matrix  

M = [m(y0,dP_b)+lambda(1,1)   ,         0             , 0                     

, 0                         , m(y0,dP_b)*zT        , -

m(y0,dP_b)*yT;  

    0                         , m(y0,dP_b)+lambda(2,2), 0                     

, - m(y0,d P_b)*zT            , 0                    , 

m(y0,dP_b)*xT ;  

    0                         , 0                     , 

m(y0,dP_b)+lambda(3,3), m(y0,dP_b)*yT             , -

m(y0,dP_b)*xT       , 0             ;  

    0                         , - m(y0,dP_b)*zT        , 

m(y0,dP_b)*yT         , Jx+lambda(4,4)            , - Jxy                 

, - Jxz          ;  

    m(y0,dP_b)*zT             , 0                     , -

m(y0,dP_b)*xT        , - Jxy                      , 

Jy+lambda(5,5)       , - Jyz          ;  

    - m(y0,d P_b)*yT            , m(y0,dP_b)*xT         , 0                     

, - Jxz                      , - Jyz                 , 

Jz+lambda(6,6)];  

% Determination of air speed  

Vwx1=3; Vwy1=0; Vwz1=0;  

Vw_vec = (A')^( - 1)*[Vwx1; Vwy1; Vwz1];  

Vwx=Vw_vec(1);  

Vwy=Vw_vec(2 );  

Vwz=Vw_vec(3);  

V_air=((Vx - Vwx)^2+(Vy - Vwy)^2+(Vz - Vwz)^2)^(0.5);  

if (V_air>0)  

    beta=asin((Vz - Vwz)/V_air);  

    if (Vy - Vwy==0&&Vx- Vwx==0)  

        alpha=0;  



 94 

    else  

        alpha= - asin((Vy - Vwy)/V_air/cos(beta));  

    end  

else  

  alpha=0;  

  beta=0;   

end  

% cal culation of aerodynamic coefficients  

c_vec=aerodyn_coeff(V_air,alpha,beta,wx,wy,wz);  

cx=c_vec(1);  

cy=c_vec(2);  

cz=c_vec(3);  

mx=c_vec(4);  

my=c_vec(5);  

mz=c_vec(6);  

% airship characteristic area  

s=Vobol^(2/3);  

L_dir=41;  

x12=0; x34= - 21.63;  

y12=0; y34=0;  

z1= - 10.7; z3= - 4.1;  

  

% The universal gas constant  

R=8.31;  

% Acceleration of gravity  

g=9.807;  

P0=101000;  

mu_air0=0.029;  

T0=293;  

% Air density at a given height  

mu_air=mu_air0*P0*exp( - mu_air0*g*y0/(R*(T0 -

0.0065*y0)))/(R*(T0 - 0.0065*y0));  

  

% The components of the  dynamic forces and moments  

F_d1= - m(y0,dP_b)*(wy*Vz - Vy*wz+yT*wx*wy+zT*wx*wz -

xT*(wy^2+wz^2)) - Vx*(lambda(3,1)*wy - lambda(2,1)*wz) -

Vy*(lambda(3,2)*wy - lambda(2,2)*wz) - Vz*(lambda(3,3)*wy -

lambda(2,3)*wz) - ...  

    wx*(lambda(3,4)*wy - lambda(2,4)*wz) -

wy*(lambda(3,5)* wy- lambda(2,5)*wz) - wz*(lambda(3,6)*wy -

lambda(2,6)*wz) -

0.5*cx*s*mu_air*V_air+40*(cos(alpha1)+cos(alpha2));  

  

F_d2= - m(y0,dP_b)*(Vx*wz - Vz*wx+xT*wx*wy -

yT*(wx^2+wz^2)+zT*wy*wz)+Vx*(lambda(1,1)*wz -
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lambda(3,1)*wx)+Vy*(lambda(1,2)*wz -

lambda(3,2)*wx)+Vz*(lambda(1,3 )*wz - lambda(3,3)*wx)+ ...  

    wx*(lambda(1,4)*wz -

lambda(3,4)*wx)+wy*(lambda(1,5)*wz -

lambda(3,5)*wx)+wz*(lambda(1,5)*wz -

lam b-

da(3,6)*wx)+0.5*cy*s*mu_air*V_air+40*(sin(alpha1)+sin(alp

ha2));  

  

F_d3= - m(y0,dP_b)*( - Vx*wy+Vy*wx+xT*wx*wz+yT*wy*wz -

zT*(wx^2+wy^2))+Vx* (lambda(2,1)*wx -

lambda(1,1)*wy)+Vy*(lambda(2,2)*wx -

lambda(1,2)*wy)+Vz*(lambda(2,3)*wx - lambda(1,3)*wy) - ...  

    wx*(lambda(2,4)*wx -

lambda(1,4)*wy)+wy*(lambda(2,5)*wx -

lambda(1,5)*wy)+wz*(lambda(2,6)*wx -

lambda(1,6)*wy)+0.5*cz*s*mu_air*V_air;  

  

F_d4=wx*(Jxz*wy - Jxy*wz)+Jyz*(wy^2 - wz^2)+(Jy - Jz)*wy*wz -

m(y0,dP_b)*( - yT*Vx*wy+yT*Vy*wx - zT*Vx*wz+zT*Vz*wx) -

Vx*(lambda(6,1)*wy - lambda(5,1)*wz) - Vy*(lambda(6,2)*wy -

lambda(5,2)*wz) - Vz*(lambda(6,3)*wy - lambda(5,3)*wz) - ...  

    wx*(lambda(6,4)*wy - lambda(5,4)*wz) -

wy*(lambda(6,5)*wy - l ambda(5,5)*wz) - wz*(lambda(6,6)*wy -

lam b-

da(5,6)*wz)+0.5*mx*s*L_dir*mu_air*V_air+40*z1*(sin(alpha2

) - sin(alpha1));  

  

F_d5=wy*(Jxy*wz - Jyz*wx)+Jxz*(wz^2 - wx^2)+(Jz - Jx)*wx*wz -

m(y0,dP_b)*(xT*Vx*wy - xT*Vy*wx - zT*Vy*wz+zT*Vz*wy) -

Vx*(lambda(4,1)*wz - lambda(6,1)*wx) - Vy*(l ambda(4,2)*wz -

lambda(6,2)*wx) - Vz*(lambda(4,3)*wz - lambda(6,3)*wx) - ...  

    wx*(lambda(4,4)*wz - lambda(6,4)*wx) -

wy*(lambda(4,5)*wz - lambda(6,5)*wx) - wz*(lambda(4,6)*wz -

lam b-

da(6,6)*wx)+0.5*my*s*L_dir*mu_air*V_air+40*z1*(cos(alpha1

) - cos(alpha2));  

  

F_d6=wz*(Jyz*wx - Jxz*wy)+Jxy*(wx^2 - wy^2)+(Jx - Jy)*wx*wy -

m(y0,dP_b)*(xT*Vx*wz - xT*Vz*wx+yT*Vy*wz - yT*Vz*wy) -

Vx*(lambda(5,1)*wx - lambda(4,1)*wy) - Vy*(lambda(5,2)*wx -

lambda(4,2)*wy) - Vz*(lambda(5,3)*wx - lambda(4,3)*wy) - ...  

    wx*(lambda(5,4)*wx - lambda(4,4)*wy) -

wy*(lambda(5,5)*wx - l ambda(4,5)*wy) - wz*(lambda(5,6)*wx -

lam b-
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da(4,6)*wy)+0.5*mz*s*L_dir*mu_air*V_air+40*x12*(sin(alpha

1)+sin(alpha2)) - 40*y12*(cos(alpha1)+cos(alpha2));  

  

% vector of dynamic forces and moments  

F_d=[F_d1; F_d2; F_d3; F_d4; F_d5; F_d6];  

% component of the gravitati onal force  

Gx=- sin(upsilon)*m(y0,dP_b)*g;  

Gy=- cos(upsilon)*cos(gamma)*m(y0,dP_b)*g;  

Gz=cos(upsilon)*sin(gamma)*m(y0,dP_b)*g;  

% components of moment of the gravitational force  

Ngx=(cos(upsilon)*cos(gamma)*zT+cos(upsilon)*sin(gamma)*y

T)*m(y0,dP_b)*g;  

Ngy=(co s(upsilon)*sin(gamma)*xT -

sin(upsilon)*zT)*m(y0,dP_b)*g;  

Ngz=(sin(upsilon)*yT -

cos(upsilon)*cos(gamma)*xT)*m(y0,dP_b)*g;  

% Archimedes force components  

Ax=sin(upsilon)*mu_air*g*Vobol;  

Ay=cos(upsilon)*cos(gamma)*mu_air*g*Vobol;  

Az=- cos(upsilon)*sin(gamma)*mu_a ir*g*Vobol;  

  

% the vector of external forces  

F_v=[Gx+Ax; Gy+Ay; Gz+Az; Ngx; Ngy; Ngz];  

disturbance=[0;0;0;0;0;0];  

  

% calculation of control forces and moments  

Fconx=P1*cos(alpha1)+P2*cos(alpha2)+P3*cos(alpha3)*cos(be

ta3)+P4*cos(alpha4)*cos(beta4);  

Fco-

ny= P1*sin(alpha1)+P2*sin(alpha2)+P3*sin(alpha3)+P4*sin(al

pha4);  

Fconz=P3*cos(alpha3)*sin(beta3)+P4*cos(alpha4)*sin(beta4)

;  

Nconx=z1*(P2*sin(alpha2) -

P1*sin(alpha1))+y34*(P3*cos(alpha3)*sin(beta3)+P4*cos(alp

ha4)*sin(beta4))+z3*(P4*sin(alpha4) - P3*sin(alpha3));  

Ncony=z1*(P1*cos(alpha1) - P2*cos(alpha2)) -

x34*(P3*cos(alpha3)*sin(beta3)+P4*cos(alpha4)*sin(beta4))

+z3*(P3*cos(beta3)*cos(alpha3) -

P4*cos(beta4)*cos(alpha4));  

Nconz=x12*(P1*sin(alpha1)+P2*sin(alpha2)) -

y12*(P1*cos(alpha1)+P2*cos(alpha2))+x34*(P3*sin(alpha3)+P

4*sin(alpha4)) -

y34*(P3*cos(alpha3)*cos(beta3)+P4*cos(alpha4)*cos(beta4))

;  
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% formation of the output vector  

F_con=[Fconx; Fcony; Fconz; Nconx; Ncony; Nconz];  

  

y_dyn=M^( - 1)*(F_d+F_v+F_con+disturbance);  

  

%------------------- Regulator -------------------------  

angles_vec_dt=Aw*omega_vec;  

dAw=[0, -

sin(gamma)*angles_vec_dt(3)/cos(upsilon)+cos(gamma)/cos(u

psilon)^2*sin(upsilon)*angles_vec_dt(2), -

cos(gamma)*angles_vec_dt(3)/cos(upsilon) -

sin(gamma)/cos(upsilon)^2*sin(upsilon)*angles_vec_dt(2); .

..  

     0, cos(gamma) *angles_vec_dt(3), -

sin(gamma)*angles_vec_dt(3); ...  

     0, sin(gamma)*angles_vec_dt(3)*tan(upsilon) -

cos(gamma)*(1+tan(upsilon)^2)*angles_vec_dt(2), 

cos(gamma)*angles_vec_dt(3)*tan(upsilon)+sin(gamma)*(1+ta

n(upsilon)^2)*angles_vec_dt(2)];  

  

A2 = [1 0 0; 0 1 0; 0 0 1];  

a161= - 2000;  

upsilon_0= - 0.001*(y0+a161);  

if  (upsilon_0>0.1)  

    upsilon_0=0.1;  

elseif (upsilon_0< - 0.1)  

    upsilon_0= - 0.1;  

end  

  

% positioning coefficients  

xc= - 5000;  

zc= - 5000;  

  

% references for speeds  

vk=10;  

  

psi_01=atan2((zc - z0),(xc - x0)) - atan 2(Vz,Vx);  

  

if  (psi - psi_01< - pi)  

    psi_01=psi_01 - 2*pi;  

end ;  

if  (psi - psi_01>pi)  

    psi_01=psi_01+2*pi;  

end ;  
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psi_0=psi+(psi_01 - psi)/20;  

gamma_0=0;  

  

alpha0=0.1*3.14/180;  

if (Vx - Vwx>7)  

   alpha0=(2.044e - 005*(Vx - Vwx)^5 - 0.001068*(Vx -

Vwx)^4+0.01869*(Vx - Vwx)^3 - 0.1204*(Vx - Vwx)^2+0.2082*(Vx -

Vwx)+0.3561)*3.14/180;  

   elseif (Vx - Vwx>20)  

   alpha0=0.47*3.14/180;  

end  

  

Vy_0= - V_air*sin(alpha0)*cos(beta);  

  

A3 = [ - psi_0; - upsilon_0; - gamma_0];  

A4 = [1 0; 0 1];  

A5 = [ - vk; - Vy_0];  

  

% path manifold  

psi_tr=A2*angles_vec+A3 ;  

  

for  i=1:3  

    while ( psi_tr(i) > pi )  

        psi_tr(i) = psi_tr(i) -  2*pi;  

    end  

    while ( psi_tr(i) < - pi )  

        psi_tr(i) = psi_tr(i) + 2*pi;  

    end  

end  

  

% path manifold time derivative  

psi_tr_dt=A2*Aw*omega_vec;  

  

% speed manifold  

X_vec1=[V x;Vy];  

psi_v=A4*X_vec1+A5;  

  

% control coefficients  

t11=0.05; t22=0.05;  

T1 = [2*t11+2*t22 0 0;  0 2*t11+2*t22 0; 0 0 

2*t11+2*t22];  

T2 = [4*t11*t22 0 0;  0 4*t11*t22 0; 0 0 4*t11*t22];  

t311=0.05; t322=0.05;  

T3=[t311 0; 0 t322];  
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% control  

Minv=M^( - 1);  

Mdv=[Minv(1,:); Minv(2,:); Minv(4,:); Minv(5,:); 

Minv(6,:)];  

Mcon=[Minv(1,1) Minv(1,2) Minv(1,4) Minv(1,5) Minv(1,6);  

      Minv(2,1) Minv(2,2) Minv(2,4) Minv(2,5) Minv(2,6);  

      Minv(4,1) Minv(4,2) Minv(4,4) Minv(4,5) Minv(4,6);  

      Minv(5,1) Minv(5,2) Mi nv(5,4) Minv(5,5) Minv(5,6);  

      Minv(6,1) Minv(6,2) Minv(6,4) Minv(6,5) Minv(6,6)];  

psi_s=[A4^( - 1)*T3*psi_v; (A2*Aw)^( -

1)*(A2*dAw*omega_vec+T2*psi_tr+T1*psi_tr_dt)];  

  

F_est = L*M*x_vec+z_est;  

F_con_reg= - Mcon^( - 1)*(Mdv*(F_d+F_v+F_est)+psi_s);  

  

max_elec tro = 200;  

max_main = 3000;  

  

Fux=F_con_reg(1);  

Fuy=F_con_reg(2);  

Nux=F_con_reg(3);  

Nuy=F_con_reg(4);  

Nuz=F_con_reg(5);  

  

P31=max_electro; P41=P31; beta31=0; beta41=beta31;  

P3y=Nuz/2/x34;  

if (abs(P3y)>P31)  

    P3y=P31*sign(P3y);  

end  

P3x=(P31^2 - P3y^2)^(1/2);  

P2x=(Fux - 2*P3x - Nuy/z1)/2;  

P1x=Nuy/z1+P2x;  

P2y=(Fuy - 2*P3y+Nux/z1)/2;  

P1y=- Nux/z1+P2y;  

P11=sqrt(P1x^2+P1y^2);  

alpha11=atan2(P1y,P1x);  

P21=sqrt(P2x^2+P2y^2);  

alpha21=atan2(P2y,P2x);  

alpha31=atan2(P3y,P3x);  

alpha41=alpha31;  

% end forces distrubution  

  

if (P11> max_main)  

    P11=max_main;  

end ;  
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if (P21>max_main)  

    P21=max_main;  

end ;  

if (P31>max_electro)  

    P31=max_electro;  

end ;  

if (P41>max_electro)  

    P41=max_electro;  

end ;  

u=[P11;alpha11;P21;alpha21;P31;alpha31;beta31;P41;alpha41

;beta41];  

  

%------------------- Model of actuators -----------------  

u22= - 5*x(2)+5*u(2);  

if (abs(u22)>3.1415926/9)  

    u22=3.1415926/9*sign(u22);  

end ;  

u44= - 5*x(4)+5*u(4);  

if (abs(u44)>3.1415926/9)  

    u44=3.1415926/9*sign(u44);  

end ;  

u66= - 5*x(6)+5*u(6);  

if (abs(u66)>3.1415926/9)  

    u66=3.14159 26/9*sign(u66);  

end ;  

u77= - 5*x(7)+5*u(7);  

if (abs(u77)>3.1415926/9)  

    u77=3.1415926/9*sign(u77);  

end ;  

u99= - 5*x(9)+5*u(9);  

if (abs(u99)>3.1415926/9)  

    u99=3.1415926/9*sign(u99);  

end ;  

u1010= - 5*x(10)+5*u(10);  

if (abs(u1010)>3.1415926/9)  

    u1010=3.1415926/9* sign(u1010);  

end ;  

y_actuator(1,1)= - 5*P1+5*u(1);  

y_actuator(2,1)=u22;  

y_actuator(3,1)= - 5*P2+5*u(3);  

y_actuator(4,1)=u44;  

y_actuator(5,1)= - 5*P3+5*u(5);  

y_actuator(6,1)=u66;  

y_actuator(7,1)=u77;  

y_actuator(8,1)= - 5*P4+5*u(8);  
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y_actuator(9,1)=u99;  

y_actuator(10 ,1)=u1010;  

  

%----------------- Estimator -------------------------  

y_est= - L*z_est - L*L*M*x_vec - L*(F_d+F_v+F_con);  

  

y=[y_kin;y_dyn;y_actuator;y_est];  

ɺ ʬʫʥʢʮʠʠ ʚʥʘʯʘʣʝ ʜʣʷ ʫʜʦʙʩʪʚʘ ʚʚʦʜʷʪʩʷ ʦʙʦʟʥʘʯʝʥʠʷ ʧʝʨʝʤʝʥʥʳʭ, 

ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʩʠʩʪʝʤʝ ʫʧʨʘʚʣʝʥʠʷ. ɿʘʪʝʤ ʬʦʨʤʠʨʫʝʪʩʷ ʨʷʜ ʚʩʧʦʤʦʛʘ-

ʪʝʣʴʥʳʭ ʚʝʢʪʦʨʦʚ. ɼʘʣʝʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʬʦʨʤʠʨʫʶʪʩʷ ʫʨʘʚʥʝʥʠʷ ʢʠʥʝ-

ʤʘʪʠʢʠ, ʜʠʥʘʤʠʢʠ, ʧʦʟʠʮʠʦʥʥʦ-ʪʨʘʝʢʪʦʨʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ, ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ 

ʤʝʭʘʥʠʟʤʦʚ ʠ ʥʘʙʣʶʜʘʪʝʣʷ. ʇʨʠ ʵʪʦʤ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʧʨʠʩʦʝʜʠʥʝʥʥʳʭ 

ʤʘʩʩ, ʤʘʩʩʳ, ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʠ ʤʦʤʝʥʪʦʚ ʠʥʝʨʮʠʠ ʠʩ-

ʧʦʣʴʟʫʶʪʩʷ ʦʪʜʝʣʴʥʳʝ ʬʫʥʢʮʠʠ. 

3.7. Ȼɜɚɑɖɞəɚɑ ɓɌɐɌəɔɑ çȽɔəɞɑɓ ɛɚɓɔɢɔɚəəɚ-ɞɜɌɑɖɞɚɜəɚɏɚ ɜɑɏɟɗɫɞɚɜɌè 

ɼʣʷ ʥʝʣʠʥʝʡʥʦʡ ʤʥʦʛʦʩʚʷʟʥʦʡ ʤʦʜʝʣʠ ʚʜʦʣʴ ʧʨʷʤʦʣʠʥʝʡʥʦʡ ʪʨʘʝʢʪʦ-

ʨʠʠ ʤʦʜʝʣʠ ʨʦʙʦʪʘ ʧʨʦʚʝʩʪʠ ʩʠʥʪʝʟ ʧʦʟʠʮʠʦʥʥʦ-ʪʨʘʝʢʪʦʨʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ, 

ʠʩʧʦʣʴʟʫʷ ʧʘʢʝʪ Matlab ʠ ʧʨʠʚʝʜʝʥʥʳʝ ʚʳʰʝ ʧʨʠʤʝʨʳ ʧʨʦʛʨʘʤʤ. ʅʘʩʪʨʦ-

ʠʪʴ ʨʝʛʫʣʷʪʦʨ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʨʦʙʦʪ ʦʩʫʱʝʩʪʚʣʷʣ ʧʨʷʤʦʣʠʥʝʡʥʦʝ 

ʜʚʠʞʝʥʠʝ. 

ȶɚəɞɜɚɗɨəɧɑ Ɏɚɛɜɚɝɧ 

1. ȶɌɖɔɘ ɚɍɜɌɓɚɘ ɔɓ ɘɚɐɑɗɔ ɚɍɦɑɖɞɌ ɘɚɒəɚ ɛɚɗɟɣɔɞɨ ɟɜɌɎəɑəɔɫ 

ɟɝɞɌəɚɎɔɎɤɑɏɚɝɫ ɜɑɒɔɘɌ? 

2. Ȯ ɣɑɘ ɓɌɖɗɪɣɌɑɞɝɫ ɛɜɚɢɑɐɟɜɌ ɗɔəɑɌɜɔɓɌɢɔɔ ɟɜɌɎəɑəɔɕ ɜɚɍɚɞɌ? 

3. Ȯ ɖɌɖɚɘ ɝɗɟɣɌɑ ɘɚɒəɚ ɗɔəɑɌɜɔɓɚɎɌɞɨ ɞɚɗɨɖɚ ɟɜɌɎəɑəɔɫ ɐɔəɌ-

ɘɔɖɔ ɜɚɍɚɞɌ? 

4. ȶɌɖɔɘ ɚɍɜɌɓɚɘ əɌɡɚɐɫɞɝɫ ɟɛɜɌɎɗɑəɔɫ, ɞɜɑɍɟɑɘɧɑ ɐɗɫ ɟɐɑɜɒɌ-

əɔɫ ɜɚɍɚɞɌ əɌ ɓɌɐɌəəɚɕ ɞɜɌɑɖɞɚɜɔɔ? 

5. ȶɌɖɔɘ ɚɍɜɌɓɚɘ ɘɚɒəɚ ɔɝɝɗɑɐɚɎɌɞɨ ɟɛɜɌɎɗɫɑɘɚɝɞɨ ɜɚɍɚɞɌ ɛɚ 

ȶɌɗɘɌəɟ? 

6. ȶɌɖɔɘ ɚɍɜɌɓɚɘ ɔɝɝɗɑɐɟɑɞɝɫ ɟɝɞɚɕɣɔɎɚɝɞɨ ɐɎɔɒɑəɔɫ ɜɚɍɚɞɌ Ɏ 

ɘɌɗɚɘ? 

7. ȻɜɔɎɑɐɔɞɑ ɚɍɥɟɪ ɠɚɜɘɟ ɠɟəɖɢɔɚəɌɗɌ ɖɌɣɑɝɞɎɌ ɔ ɟɛɜɌɎɗɑəɔɫ 

ɛɜɔ ɜɑɤɑəɔɔ ɓɌɐɌɣɔ ɚɛɞɔɘɔɓɌɢɔɔ ɐɎɔɒɑəɔɫ ɜɚɍɚɞɌ ɛɚ ɖɎɌɐɜɌɞɔɣəɚɘɟ 

ɖɜɔɞɑɜɔɪ. 

8. ȶɌɖɔɘ ɚɍɜɌɓɚɘ ɘɚɒəɚ Ɏɗɔɫɞɨ əɌ ɖɌɣɑɝɞɎɚ ɛɑɜɑɡɚɐəɚɏɚ ɛɜɚɢɑɝɝɌ 

ɛɜɔ ɌɎɞɚɘɌɞɔɓɔɜɚɎɌəəɚɘ ɝɔəɞɑɓɑ LQR-ɜɑɏɟɗɫɞɚɜɌ? 

9. ȶɌɖɔɘ ɚɍɜɌɓɚɘ ɓɌɐɌɪɞɝɫ ɞɜɑɍɚɎɌəɔɫ ɖ ɞɜɌɑɖɞɚɜɔɔ ɔ ɝɖɚɜɚɝɞɔ 

ɐɎɔɒɑəɔɫ Ɏ ɘɑɞɚɐɑ ɛɚɓɔɢɔɚəəɚ-ɞɜɌɑɖɞɚɜəɚɏɚ ɟɛɜɌɎɗɑəɔɫ? 

10. ȻɜɔɎɑɐɔɞɑ ɚɍɥɔɕ Ɏɔɐ ɛɚɓɔɢɔɚəəɚ-ɞɜɌɑɖɞɚɜəɚɏɚ ɜɑɏɟɗɫɞɚɜɌ Ɏ 

ɘɌɞɜɔɣəɚɕ ɠɚɜɘɑ. Ȼɚɫɝəɔɞɑ ɩɞɚ ɎɧɜɌɒɑəɔɑ. 
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4. ȮɇȻȺȷȹȱȹȴȱ ɉȾȬȻȺȮ ȻȼȺȱȶȾȴȼȺȮȬȹȴɋ 

ȼȺȭȺȾȺȾȱɁȹȴɃȱȽȶȺȵ ȽȴȽȾȱȸɇ 

 

4.1. Ⱦɑɡəɔɣɑɝɖɚɑ ɓɌɐɌəɔɑ 

Ⱦɑɡəɔɣɑɝɖɚɑ ɓɌɐɌəɔɑ ɫɎɗɫɑɞɝɫ ɔɝɡɚɐəɧɘ ɘɌɞɑɜɔɌɗɚɘ ɐɗɫ ɝɚɓɐɌ-

əɔɫ ɜɚɍɚɞɚɞɑɡəɔɣɑɝɖɚɕ ɝɔɝɞɑɘɧ [42]. Ȼɚɩɞɚɘɟ Ⱦȳ ɐɚɗɒəɚ ɝɚɐɑɜɒɌɞɨ 

ɚɝəɚɎəɧɑ ɞɑɡəɔɣɑɝɖɔɑ ɞɜɑɍɚɎɌəɔɫ ɖ ɜɚɍɚɞɟ ɔ ɚɞɎɑɣɌɞɨ əɌ Ɏɚɛɜɚɝ, ɣɞɚ 

ɐɌəəɧɕ ɜɚɍɚɞ ɐɚɗɒəɌ ɐɑɗɌɞɨ, ɖɌɖ ɜɌɍɚɞɌɞɨ ɔ ɛɜɔ ɖɌɖɔɡ ɟɝɗɚɎɔɫɡ. 

ȶɌɖ ɛɜɌɎɔɗɚ, ɩɞɌɛɟ ɝɚɝɞɌɎɗɑəɔɫ ɞɑɡəɔɣɑɝɖɚɏɚ ɓɌɐɌəɔɫ ɛɜɑɐɤɑ-

ɝɞɎɟɑɞ ɛɜɚɎɑɐɑəɔɑ ɚɍɝɗɑɐɚɎɌəɔɫ ɛɜɑɐɘɑɞəɚɕ ɚɍɗɌɝɞɔ, ɖɚɞɚɜɚɑ ɓɌɎɑɜ-

ɤɌɑɞɝɫ ɝɚɓɐɌəɔɑɘ ɌəɌɗɔɞɔɣɑɝɖɚɏɚ ɚɞɣɑɞɌ. ȬəɌɗɔɞɔɣɑɝɖɔɕ ɚɞɣɑɞ ɔɗɔ 

ɌəɌɗɔɞɔɣɑɝɖɌɫ ɓɌɛɔɝɖɌ ɫɎɗɫɪɞɝɫ ɚɝəɚɎɚɕ ɐɚɖɟɘɑəɞɌ çȾɑɡəɔɣɑɝɖɚɑ ɓɌ-

ɐɌəɔɑè. 

ȾɌɖɔɘ ɚɍɜɌɓɚɘ, Ⱦȳ ɫɎɗɫɑɞɝɫ ɐɚɖɟɘɑəɞɚɘ, ɖɚɞɚɜɧɕ ɛɚɓɎɚɗɫɑɞ ɖɌɖ 

ɜɌɓɜɌɍɚɞɣɔɖɟ, ɞɌɖ ɔ ɓɌɖɌɓɣɔɖɟ ɛɜɑɐɝɞɌɎɔɞɨ ɖɚəɑɣəɧɕ ɛɜɚɐɟɖɞ ɔ Ɏɧ-

ɛɚɗəɔɞɨ ɛɜɚɎɑɜɖɟ əɌ ɝɚɚɞɎɑɞɝɞɎɔɑ ɛɜɑɐɦɫɎɗɑəəɧɘ ɞɜɑɍɚɎɌəɔɫɘ. 

ȼɟɖɚɎɚɐɝɞɎɟɪɥɔɘɔ ɝɞɌəɐɌɜɞɌɘɔ ɛɜɔ əɌɛɔɝɌəɔɔ ɞɑɡəɔɣɑɝɖɚɏɚ ɓɌ-

ɐɌəɔɫ ɫɎɗɫɪɞɝɫ ȯȺȽȾ 34.602.89 çȾɑɡəɔɣɑɝɖɚɑ ɓɌɐɌəɔɑ əɌ ɝɚɓɐɌəɔɑ ɌɎ-

ɞɚɘɌɞɔɓɔɜɚɎɌəəɚɕ ɝɔɝɞɑɘɧè ɔ ȯȺȽȾ 19.201-78 çȾɑɡəɔɣɑɝɖɚɑ ɓɌɐɌəɔɑ. 

ȾɜɑɍɚɎɌəɔɫ ɖ ɝɚɐɑɜɒɌəɔɪ ɔ ɚɠɚɜɘɗɑəɔɪè. ȻɑɜɎɧɕ ɝɞɌəɐɌɜɞ ɛɜɑɐəɌ-

ɓəɌɣɑə ɐɗɫ ɜɌɓɜɌɍɚɞɣɔɖɚɎ ɌɎɞɚɘɌɞɔɓɔɜɚɎɌəəɧɡ ɝɔɝɞɑɘ, Ɏɞɚɜɚɕ ɐɗɫ 

ɛɜɚɏɜɌɘɘəɧɡ ɝɜɑɐɝɞɎ. 

ȽɚɏɗɌɝəɚ ȯȺȽȾ 34.602.89 çȾɑɡəɔɣɑɝɖɚɑ ɓɌɐɌəɔɑ əɌ ɝɚɓɐɌəɔɑ ɌɎɞɚ-

ɘɌɞɔɓɔɜɚɎɌəəɚɕ ɝɔɝɞɑɘɧè Ⱦȳ əɌ ɌɎɞɚɘɌɞɔɓɔɜɚɎɌəəɟɪ ɝɔɝɞɑɘɟ ɐɚɗɒəɚ 

ɝɚɐɑɜɒɌɞɨ: 

1. Ⱥɍɥɔɑ ɝɎɑɐɑəɔɫ. 

2. ȹɌɓəɌɣɑəɔɑ ɔ ɢɑɗɔ ɝɚɓɐɌəɔɫ ɝɔɝɞɑɘɧ. 

3. ɁɌɜɌɖɞɑɜɔɝɞɔɖɌ ɚɍɦɑɖɞɌ ɌɎɞɚɘɌɞɔɓɌɢɔɔ. 

4. ȾɜɑɍɚɎɌəɔɫ ɖ ɝɔɝɞɑɘɑ. 

4.1. ȾɜɑɍɚɎɌəɔɫ ɖ ɝɔɝɞɑɘɑ Ɏ ɢɑɗɚɘ. 

4.1.1. ȾɜɑɍɚɎɌəɔɫ ɖ ɝɞɜɟɖɞɟɜɑ ɔ ɠɟəɖɢɔɚəɔɜɚɎɌəɔɪ ɝɔɝɞɑɘɧ. 

4.1.2. ȾɜɑɍɚɎɌəɔɫ ɖ ɣɔɝɗɑəəɚɝɞɔ ɔ ɖɎɌɗɔɠɔɖɌɢɔɔ ɛɑɜɝɚəɌɗɌ ɝɔ-

ɝɞɑɘɧ ɔ ɜɑɒɔɘɟ ɑɏɚ ɜɌɍɚɞɧ. 

4.1.3. ȻɚɖɌɓɌɞɑɗɔ əɌɓəɌɣɑəɔɫ. 

4.1.4. ȾɜɑɍɚɎɌəɔɫ ɖ əɌɐɑɒəɚɝɞɔ. 

4.1.5. ȾɜɑɍɚɎɌəɔɫ ɖ ɍɑɓɚɛɌɝəɚɝɞɔ. 

4.1.6. ȾɜɑɍɚɎɌəɔɫ ɖ ɩɜɏɚəɚɘɔɖɑ ɔ ɞɑɡəɔɣɑɝɖɚɕ ɩɝɞɑɞɔɖɑ. 

4.1.7. ȾɜɑɍɚɎɌəɔɫ ɖ ɞɜɌəɝɛɚɜɞɌɍɑɗɨəɚɝɞɔ ɐɗɫ ɛɚɐɎɔɒəɧɡ ɝɔɝɞɑɘ. 

4.1.8. ȾɜɑɍɚɎɌəɔɫ ɖ ɩɖɝɛɗɟɌɞɌɢɔɔ, ɞɑɡəɔɣɑɝɖɚɘɟ ɚɍɝɗɟɒɔɎɌəɔɪ, 

ɜɑɘɚəɞɟ ɔ ɡɜɌəɑəɔɪ ɖɚɘɛɚəɑəɞɚɎ ɝɔɝɞɑɘɧ. 
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4.1.9. ȾɜɑɍɚɎɌəɔɫ ɖ ɓɌɥɔɞɑ ɔəɠɚɜɘɌɢɔɔ ɚɞ əɑɝɌəɖɢɔɚəɔɜɚɎɌəəɚɏɚ 

ɐɚɝɞɟɛɌ. 

 

4.1.10. ȾɜɑɍɚɎɌəɔɫ ɛɚ ɝɚɡɜɌəəɚɝɞɔ ɔəɠɚɜɘɌɢɔɔ ɛɜɔ ɌɎɌɜɔɫɡ. 

4.1.11. ȾɜɑɍɚɎɌəɔɫ ɖ ɓɌɥɔɞɑ ɚɞ Ɏɗɔɫəɔɫ Ɏəɑɤəɔɡ ɎɚɓɐɑɕɝɞɎɔɕ. 

4.1.12. ȾɜɑɍɚɎɌəɔɫ ɖ ɛɌɞɑəɞəɚɕ ɣɔɝɞɚɞɑ. 

4.1.13. ȾɜɑɍɚɎɌəɔɫ ɛɚ ɝɞɌəɐɌɜɞɔɓɌɢɔɔ ɔ ɟəɔɠɔɖɌɢɔɔ. 

4.1.14. Ȱɚɛɚɗəɔɞɑɗɨəɧɑ ɞɜɑɍɚɎɌəɔɫ. 

4.2. ȾɜɑɍɚɎɌəɔɫ ɖ ɠɟəɖɢɔɫɘ (ɓɌɐɌɣɌɘ), Ɏɧɛɚɗəɫɑɘɧɘ ɝɔɝɞɑɘɚɕ. 

4.3. ȾɜɑɍɚɎɌəɔɫ ɖ ɎɔɐɌɘ ɚɍɑɝɛɑɣɑəɔɫ. 

5. ȽɚɝɞɌɎ ɔ ɝɚɐɑɜɒɌəɔɑ ɜɌɍɚɞ ɛɚ ɝɚɓɐɌəɔɪ ɝɔɝɞɑɘɧ. 

6 Ȼɚɜɫɐɚɖ ɖɚəɞɜɚɗɫ ɔ ɛɜɔɑɘɖɔ ɝɔɝɞɑɘɧ. 

7. ȾɜɑɍɚɎɌəɔɫ ɖ ɝɚɝɞɌɎɟ ɔ ɝɚɐɑɜɒɌəɔɪ ɜɌɍɚɞ ɛɚ ɛɚɐɏɚɞɚɎɖɑ ɚɍɦɑɖɞɌ 

ɌɎɞɚɘɌɞɔɓɌɢɔɔ ɖ ɎɎɚɐɟ ɝɔɝɞɑɘɧ Ɏ ɐɑɕɝɞɎɔɑ. 

8. ȾɜɑɍɚɎɌəɔɫ ɖ ɐɚɖɟɘɑəɞɔɜɚɎɌəɔɪ. 

9. ȴɝɞɚɣəɔɖɔ ɜɌɓɜɌɍɚɞɖɔ. 

ȽɚɏɗɌɝəɚ ȯȺȽȾ 19.201-78 çȾɑɡəɔɣɑɝɖɚɑ ɓɌɐɌəɔɑ. ȾɜɑɍɚɎɌəɔɫ ɖ ɝɚ-

ɐɑɜɒɌəɔɪ ɔ ɚɠɚɜɘɗɑəɔɪè Ⱦȳ əɌ ɛɜɚɏɜɌɘɘəɚɑ ɝɜɑɐɝɞɎɚ ɐɚɗɒəɚ ɝɚɐɑɜ-

ɒɌɞɨ: 

1. ȮɎɑɐɑəɔɑ. 

2. ȺɝəɚɎɌəɔɑ ɐɗɫ ɜɌɓɜɌɍɚɞɖɔ. 

3. ȹɌɓəɌɣɑəɔɑ ɜɌɓɜɌɍɚɞɖɔ. 

4. ȾɜɑɍɚɎɌəɔɫ ɖ ɛɜɚɏɜɌɘɘɑ ɔɗɔ ɛɜɚɏɜɌɘɘəɚɘɟ ɔɓɐɑɗɔɪ. 

4.1. ȾɜɑɍɚɎɌəɔɫ ɖ ɠɟəɖɢɔɚəɌɗɨəɧɘ ɡɌɜɌɖɞɑɜɔɝɞɔɖɌɘ. 

4.2. ȾɜɑɍɚɎɌəɔɫ ɖ əɌɐɑɒəɚɝɞɔ. 

4.3. ȿɝɗɚɎɔɫ ɩɖɝɛɗɟɌɞɌɢɔɔ. 

4.4. ȾɜɑɍɚɎɌəɔɫ ɖ ɝɚɝɞɌɎɟ ɔ ɛɌɜɌɘɑɞɜɌɘ ɞɑɡəɔɣɑɝɖɔɡ ɝɜɑɐɝɞɎ. 

4.5. ȾɜɑɍɚɎɌəɔɫ ɖ ɔəɠɚɜɘɌɢɔɚəəɚɕ ɔ ɛɜɚɏɜɌɘɘəɚɕ ɝɚɎɘɑɝɞɔɘɚɝɞɔ. 

4.6. ȾɜɑɍɚɎɌəɔɫ ɖ ɘɌɜɖɔɜɚɎɖɑ ɔ ɟɛɌɖɚɎɖɑ. 

4.7. ȾɜɑɍɚɎɌəɔɫ ɖ ɞɜɌəɝɛɚɜɞɔɜɚɎɌəɔɪ ɔ ɡɜɌəɑəɔɪ. 

4.8. ȽɛɑɢɔɌɗɨəɧɑ ɞɜɑɍɚɎɌəɔɫ. 

5. ȾɜɑɍɚɎɌəɔɫ ɖ ɛɜɚɏɜɌɘɘəɚɕ ɐɚɖɟɘɑəɞɌɢɔɔ. 

6. Ⱦɑɡəɔɖɚ-ɩɖɚəɚɘɔɣɑɝɖɔɑ ɛɚɖɌɓɌɞɑɗɔ. 

7. ȽɞɌɐɔɔ ɔ ɩɞɌɛɧ ɜɌɓɜɌɍɚɞɖɔ. 

8. Ȼɚɜɫɐɚɖ ɖɚəɞɜɚɗɫ ɔ ɛɜɔɑɘɖɔ. 

ȼɌɝɝɘɚɞɜɔɘ ɝɚɐɑɜɒɌəɔɑ ɜɌɓɐɑɗɚɎ Ⱦȳ əɌ ɛɜɔɘɑɜɑ çȽɔɝɞɑɘɌ ɟɛɜɌɎ-

ɗɑəɔɫ ɔ əɌɎɔɏɌɢɔɔ ɐɔɜɔɒɌɍɗɫè [42, 43]. 

1. Ⱥɍɥɔɑ ɝɎɑɐɑəɔɫ 

1.1. ȹɌɔɘɑəɚɎɌəɔɑ ɝɔɝɞɑɘɧ 

ȰɌəəɧɕ ɜɌɓɐɑɗ Ⱦȳ ɐɚɗɒɑə ɝɚɐɑɜɒɌɞɨ ɛɚɗəɚɑ əɌɔɘɑəɚɎɌəɔɑ ɝɔ-

ɝɞɑɘɧ ɔ Ɏɝɑ ɎɌɜɔɌəɞɧ ɝɚɖɜɌɥɑəɔɕ, ɖɚɞɚɜɧɑ ɍɟɐɟɞ ɔɝɛɚɗɨɓɚɎɌəɧ ɛɜɔ 

ɜɌɓɜɌɍɚɞɖɑ ɐɚɖɟɘɑəɞɌɢɔɔ. 

Ȼɜɔɘɑɜ. 



 104 

1.1.1. Ȼɚɗəɚɑ əɌɔɘɑəɚɎɌəɔɑ ɝɔɝɞɑɘɧ: ȽɔɝɞɑɘɌ ɟɛɜɌɎɗɑəɔɫ ɔ 

əɌɎɔɏɌɢɔɔ ɐɔɜɔɒɌɍɗɫ 

1.1.2. ȶɜɌɞɖɚɑ əɌɔɘɑəɚɎɌəɔɑ ɝɔɝɞɑɘɧ: ȽȿȹȰ, ȽɔɝɞɑɘɌ 

1.2. ȺɝəɚɎɌəɔɫ ɐɗɫ ɛɜɚɎɑɐɑəɔɫ ɜɌɍɚɞ 

Ȼɑɜɑɣɑəɨ ɐɚɖɟɘɑəɞɚɎ, əɌ ɚɝəɚɎɌəɔɔ ɖɚɞɚɜɧɡ ɝɚɓɐɌɑɞɝɫ ɝɔɝɞɑɘɌ, 

ɖɑɘ ɔ ɖɚɏɐɌ ɟɞɎɑɜɒɐɑəɧ ɐɚɖɟɘɑəɞɧ (ɟɖɌɓɧ, ɓɌɖɚəɧ, ɛɚɝɞɌəɚɎɗɑəɔɫ 

ɛɜɌɎɔɞɑɗɨɝɞɎɌ, ɤɔɠɜ ɞɑɘɧ ɔɗɔ ɤɔɠɜ (əɚɘɑɜ) ɐɚɏɚɎɚɜɌ, ɐɌɞɌ ɐɚɏɚɎɚ-

ɜɌ). 

Ȼɜɔɘɑɜ.  

ȼɌɍɚɞɌ Ɏɧɛɚɗəɫɑɞɝɫ əɌ ɚɝəɚɎɌəɔɔ ɜɑɤɑəɔɫ ɖɚəɖɟɜɝəɚɕ ɖɚɘɔɝɝɔɔ 

ȽɚɎɑɞɌ ɛɚ ɏɜɌəɞɌɘ ȻɜɑɓɔɐɑəɞɌ ȼɚɝɝɔɕɝɖɚɕ ɠɑɐɑɜɌɢɔɔ Ψ 15.2013.1098-

ȸȰ ɚɞ 3 ɠɑɎɜɌɗɫ 2013 ɏ. ɔ ɐɚɏɚɎɚɜɚɘ Ψ 14.125.13.1098-ȸȰ ɚɞ 4 ɠɑɎɜɌ-

ɗɫ 2013 ɏ. (ɐɌɗɑɑ ȰɚɏɚɎɚɜ). 

1.3. ȹɌɔɘɑəɚɎɌəɔɑ ɚɜɏɌəɔɓɌɢɔɕ ð ȳɌɖɌɓɣɔɖɌ ɔ ȼɌɓɜɌɍɚɞɣɔɖɌ 

1.3.1. ȳɌɖɌɓɣɔɖ 

Ȼɚɗəɚɑ əɌɔɘɑəɚɎɌəɔɑ: ȸɔəɔɝɞɑɜɝɞɎɚ ɚɍɜɌɓɚɎɌəɔɫ ɔ əɌɟɖɔ ȼɚɝ-

ɝɔɕɝɖɚɕ ɀɑɐɑɜɌɢɔɔ 

ȽɚɖɜɌɥɬəəɚɑ əɌɔɘɑəɚɎɌəɔɑ: ȸɔəɚɍɜəɌɟɖɔ ȼɚɝɝɔɔ. 

Ȭɐɜɑɝ: ɟɗ. ȾɎɑɜɝɖɌɫ, ɐ.11, ɏ. ȸɚɝɖɎɌ, ȯȽȻ-3, 125993. 

Ⱦɑɗɑɠɚə/ ɀɌɖɝ +7 (495) 629-70-62 / +7 (495) 629-08-91. 

1.3.2. ȼɌɓɜɌɍɚɞɣɔɖ 

Ȼɚɗəɚɑ əɌɔɘɑəɚɎɌəɔɑ: ɀɑɐɑɜɌɗɨəɚɑ ɏɚɝɟɐɌɜɝɞɎɑəəɚɑ ɌɎɞɚəɚɘəɚɑ 

ɚɍɜɌɓɚɎɌɞɑɗɨəɚɑ ɟɣɜɑɒɐɑəɔɑ Ɏɧɝɤɑɏɚ ɛɜɚɠɑɝɝɔɚəɌɗɨəɚɏɚ ɚɍɜɌɓɚɎɌəɔɫ 

Ɋɒəɧɕ ɠɑɐɑɜɌɗɨəɧɕ ɟəɔɎɑɜɝɔɞɑɞ 

ȽɚɖɜɌɥɬəəɚɑ əɌɔɘɑəɚɎɌəɔɑ: Ɋɒəɧɕ ɠɑɐɑɜɌɗɨəɧɕ ɟəɔɎɑɜɝɔɞɑɞ. 

1.4. ȻɗɌəɚɎɧɑ ɝɜɚɖɔ əɌɣɌɗɌ ɔ ɚɖɚəɣɌəɔɫ ɜɌɍɚɞɧ 

ȿɖɌɓɧɎɌɪɞɝɫ ɛɗɌəɚɎɧɑ ɝɜɚɖɔ əɌɣɌɗɌ ɔ ɚɖɚəɣɌəɔɫ ɜɌɍɚɞ ɛɚ ɝɚɓɐɌ-

əɔɪ ɝɔɝɞɑɘɧ (əɌ ɚɝəɚɎɌəɔɔ ȰɚɏɚɎɚɜɌ). ȱɝɗɔ ɝɜɚɖɔ ɚɛɜɑɐɑɗɑəɧ əɑ ɞɚɣ-

əɚ, ɞɚ ɟɖɌɓɌɞɨ əɌ ɖɌɖɚɕ ɝɞɌɐɔɔ ɝɜɚɖɔ ɟɞɚɣəɫɪɞɝɫ. 

Ȼɜɔɘɑɜ. 

ȹɌɣɌɗɚ ɜɌɍɚɞ: ɘɌɜɞ 2013 ɏ. 

ȺɖɚəɣɌəɔɑ ɜɌɍɚɞ: ç01è əɚɫɍɜɫ 2014 ɏ. 

1.5. ȴɝɞɚɣəɔɖɔ ɔ ɛɚɜɫɐɚɖ ɠɔəɌəɝɔɜɚɎɌəɔɫ 

ȱɝɗɔ əɑ ɢɑɗɑɝɚɚɍɜɌɓəɚ ɟɖɌɓɧɎɌɞɨ ɩɞɔ ɝɎɑɐɑəɔɫ, ɞɚ ɐɌɑɞɝɫ ɝɝɧɗɖɌ 

əɌ ȰɚɏɚɎɚɜ. 

Ȼɜɔɘɑɜ. ȴɝɞɚɣəɔɖɔ ɔ ɛɚɜɫɐɚɖ ɠɔəɌəɝɔɜɚɎɌəɔɫ ɚɛɜɑɐɑɗɫɪɞɝɫ ɐɚ-

ɏɚɎɚɜɚɘ Ψ 14.125.13.1098-ȸȰ ɚɞ 4 ɠɑɎɜɌɗɫ 2013 ɏ. 

1.6. Ȼɚɜɫɐɚɖ ɚɠɚɜɘɗɑəɔɫ ɔ ɛɜɑɐɦɫɎɗɑəɔɫ ɓɌɖɌɓɣɔɖɟ ɜɑɓɟɗɨɞɌɞɚɎ 

ɜɌɍɚɞ 

Ⱥɛɜɑɐɑɗɫɑɞɝɫ ɛɚɜɫɐɚɖ ɚɠɚɜɘɗɑəɔɫ ɔ ɛɜɑɐɦɫɎɗɑəɔɫ ɓɌɖɌɓɣɔɖɟ ɜɑ-

ɓɟɗɨɞɌɞɚɎ ɜɌɍɚɞ ɛɚ ɝɚɓɐɌəɔɪ ɝɔɝɞɑɘɧ (ɑɑ ɣɌɝɞɑɕ), ɛɚ ɔɓɏɚɞɚɎɗɑəɔɪ ɔ 

əɌɗɌɐɖɑ ɚɞɐɑɗɨəɧɡ ɝɜɑɐɝɞɎ (ɞɑɡəɔɣɑɝɖɔɡ, ɛɜɚɏɜɌɘɘəɧɡ, ɔəɠɚɜɘɌɢɔ-
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ɚəəɧɡ) ɔ ɛɜɚɏɜɌɘɘəɚ-ɞɑɡəɔɣɑɝɖɔɡ (ɛɜɚɏɜɌɘɘəɚ-ɘɑɞɚɐɔɣɑɝɖɔɡ) ɖɚɘ-

ɛɗɑɖɝɚɎ ɝɔɝɞɑɘɧ. 

 

Ȼɜɔɘɑɜ. 

ȼɌɍɚɞɧ ɛɚ ɝɚɓɐɌəɔɪ ȽȿȹȰ ɝɐɌɪɞɝɫ ȼɌɓɜɌɍɚɞɣɔɖɚɘ ɛɚɩɞɌɛəɚ Ɏ ɝɚ-

ɚɞɎɑɞɝɞɎɔɔ ɝ ɖɌɗɑəɐɌɜəɧɘ ɛɗɌəɚɘ. Ȼɚ ɚɖɚəɣɌəɔɔ ɖɌɒɐɚɏɚ ɔɓ ɩɞɌɛɚɎ 

ɜɌɍɚɞ ȼɌɓɜɌɍɚɞɣɔɖ ɝɐɌɑɞ ȳɌɖɌɓɣɔɖɟ ɝɚɚɞɎɑɞɝɞɎɟɪɥɔɑ ɚɞɣɑɞəɧɑ ɐɚɖɟ-

ɘɑəɞɧ ɩɞɌɛɌ, ɝɚɝɞɌɎ ɖɚɞɚɜɧɡ ɚɛɜɑɐɑɗɑəɧ ȰɚɏɚɎɚɜɚɘ. 

2. ȹɌɓəɌɣɑəɔɑ ɔ ɢɑɗɔ ɝɚɓɐɌəɔɫ ɝɔɝɞɑɘɧ 

ȽɔɝɞɑɘɌ ɟɛɜɌɎɗɑəɔɫ ɔ əɌɎɔɏɌɢɔɔ ɐɔɜɔɒɌɍɗɫ ɛɜɑɐəɌɓəɌɣɑəɌ ɐɗɫ 

ɐɔɝɞɌəɢɔɚəəɚɏɚ ɔ ɌɎɞɚɘɌɞɔɣɑɝɖɚɏɚ ɟɛɜɌɎɗɑəɔɫ ɐɔɜɔɒɌɍɗɑɘ ɔ ɌɎɞɚɘɌ-

ɞɔɣɑɝɖɚɕ ɚɜɔɑəɞɌɢɔɔ ɐɔɜɔɒɌɍɗɫ Ɏ ɛɜɚɝɞɜɌəɝɞɎɑ. 

ɂɑɗɨɪ ɜɌɍɚɞɧ ɫɎɗɫɑɞɝɫ ɜɌɓɜɌɍɚɞɖɌ ɝɔɝɞɑɘɧ ɟɛɜɌɎɗɑəɔɫ ɔ əɌɎɔ-

ɏɌɢɔɔ ɐɔɜɔɒɌɍɗɫ, ɛɚɓɎɚɗɫɪɥɑɕ ɚɝɟɥɑɝɞɎɗɫɞɨ: 

ð ɌɎɞɚɘɌɞɔɣɑɝɖɟɪ ɚɜɔɑəɞɌɢɔɪ Ɏ ɛɜɚɝɞɜɌəɝɞɎɑ ɛɜɔ Ɏɧɛɚɗəɑəɔɔ 

ɛɚɗɑɞəɚɏɚ ɓɌɐɌəɔɫ; 

ð ɌɎɞɚɘɌɞɔɣɑɝɖɚɑ (ɛɚ ɛɚɗɑɞəɚɘɟ ɓɌɐɌəɔɪ) ɟɛɜɌɎɗɑəɔɑ ɞɜɌɑɖɞɚɜɔ-

ɑɕ ɛɚɗɑɞɌ; 

ð ɐɔɝɞɌəɢɔɚəəɚɑ ɟɛɜɌɎɗɑəɔɑ ɛɚɗɑɞɚɘ ɝ ɔɝɛɚɗɨɓɚɎɌəɔɑɘ ɞɑɜɘɔəɌ-

ɗɚɎ ɞɑɗɑɖɚɘɘɟəɔɖɌɢɔɔ; 

ð Ɏɧɝɚɖɚɝɖɚɜɚɝɞəɚɕ ɔəɠɚɜɘɌɢɔɚəəɧɕ ɚɍɘɑə ɐɌəəɧɘɔ ɘɑɒɐɟ ɐɔ-

ɜɔɒɌɍɗɑɘ  ɔ əɌɓɑɘəɧɘ ɛɟəɖɞɚɘ ɟɛɜɌɎɗɑəɔɫ. 

3. ɁɌɜɌɖɞɑɜɔɝɞɔɖɌ ɚɍɦɑɖɞɌ ɌɎɞɚɘɌɞɔɓɌɢɔɔ 

ȺɝəɚɎəɧɑ ɡɌɜɌɖɞɑɜɔɝɞɔɖɔ ɐɔɜɔɒɌɍɗɫ: 

ȻɌɜɌɘɑɞɜ ȳəɌɣɑəɔɑ 

ɄɔɜɔəɌ 17 ɘ 

ȰɗɔəɌ 39 ɘ 

ȮɧɝɚɞɌ 9,5 ɘ 

ɠɚɜɘɌ ɚɍɚɗɚɣɖɔ ɐɎɚɕəɚɕ ɩɗɗɔɛɝɚɔɐ 

ɘɌɖɝɔɘɌɗɨəɧɕ ɛɚɞɚɗɚɖ 4000 ɘ 

ɖɜɑɕɝɑɜɝɖɌɫ ɎɧɝɚɞɌ 3000 ɘ 

ɘɌɖɝɔɘɌɗɨəɌɫ ɝɖɚɜɚɝɞɨ 80 ɖɘ/ɣ 

ɖɜɑɕɝɑɜɝɖɌɫ ɝɖɚɜɚɝɞɨ 60 ɖɘ/ɣ 

ɐɌɗɨəɚɝɞɨ ɛɚɗɑɞɌ Ɏ ɌɎɞɚəɚɘəɚɘ ɜɑ-

ɒɔɘɑ 

ɐɚ 150 ɖɘ 

ɘɔəɔɘɌɗɨəɧɕ ɜɌɐɔɟɝ ɛɚɎɚɜɚɞɌ 150 ɘ 

Ɏɑɝ ɛɚɗɑɓəɚɕ əɌɏɜɟɓɖɔ ɐɚ 200 ɖɏ 

ɘɚɥəɚɝɞɨ ɛɚɗɑɓəɚɕ əɌɏɜɟɓɖɔ 2 ȶȮɞ 

Ɏɜɑɘɫ ɛɚɗɑɞɌ Ó 8 ɣ 

ɣɔɝɗɚ ɘɌɜɤɑɎɧɡ ɐɎɔɏɌɞɑɗɑɕ 2 

ɣɔɝɗɚ ɜɟɗɑɎɧɡ ɐɎɔɏɌɞɑɗɑɕ 2 

ɐɔɌɛɌɓɚəɧ ɟɏɗɌ ɛɚɎɚɜɚɞɌ ɩɗɑɖɞɜɔɣɑ-Ñ90, Ü 
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ɝɖɚɏɚ ɐɎɔɏɌɞɑɗɫ Ɏ ɏɚɜɔɓɚəɞɌɗɨəɚɕ ɔ 

ɎɑɜɞɔɖɌɗɨəɚɕ ɛɗɚɝɖɚɝɞɔ 

ɐɔɌɛɌɓɚə ɔɓɘɑəɑəɔɫ ɟɏɗɚɎ ɛɚɎɚɜɚɞɌ 

ɘɌɜɤɑɎɧɡ ɐɎɔɏɌɞɑɗɑɕ* 

+180 Ü; ð 180 Ü 

ȳɌɖɌɓɣɔɖ ɐɚɛɚɗəɔɞɑɗɨəɚ ɛɜɑɐɚɝɞɌɎɗɫɑɞ: 

ð ɚɛɔɝɌəɔɑ ɠɚɜɘɧ ɔ ɏɌɍɌɜɔɞɚɎ ɚɍɚɗɚɣɖɔ ɐɔɜɔɒɌɍɗɫ; 

ð ɜɑɖɚɘɑəɐɟɑɘɧɑ ɘɑɝɞɌ ɟɝɞɌəɚɎɖɔ ɐɌɞɣɔɖɚɎ ɜɌɝɝɞɚɫəɔɫ ɐɚ ɛɚ-

Ɏɑɜɡəɚɝɞɔ ɓɑɘɗɔ ɔ ɝɖɚɜɚɝɞɔ ɔ əɌɛɜɌɎɗɑəɔɫ ɎɑɞɜɌ; 

ð əɌɔɘɑəɚɎɌəɔɑ ɘɚɐɑɗɔ ɘɌɜɤɑɎɧɡ ɐɎɔɏɌɞɑɗɑɕ, ɚɝəɌɥɑəəɧɡ ɍɗɚ-

ɖɚɘ ɩɗɑɖɞɜɚəəɚɏɚ ɟɛɜɌɎɗɑəɔɫ, ɓɌɎɔɝɔɘɚɝɞɔ ɞɫɏ ɚɞ ɚɍɚɜɚɞɚɎ ɐɎɔɏɌɞɑ-

ɗɑɕ, Ɏɧɝɚɞɧ ɛɚɗɑɞɌ; 

ð əɌɔɘɑəɚɎɌəɔɑ ɘɚɐɑɗɔ ɔ ɞɑɡəɔɣɑɝɖɔɑ ɡɌɜɌɖɞɑɜɔɝɞɔɖɔ ɡɎɚɝɞɚɎɧɡ 

ɐɎɔɏɌɞɑɗɑɕ, ɚɝəɌɥɑəəɧɡ ɍɗɚɖɚɘ ɩɗɑɖɞɜɚəəɚɏɚ ɟɛɜɌɎɗɑəɔɫ, ɓɌɎɔɝɔɘɚ-

ɝɞɔ ɞɫɏ ɚɞ ɚɍɚɜɚɞɚɎ ɐɎɔɏɌɞɑɗɑɕ Ɏɧɝɚɞɧ ɛɚɗɑɞɌ; 

ð əɌɔɘɑəɚɎɌəɔɑ ɘɚɐɑɗɔ ɔ ɞɑɡəɔɣɑɝɖɔɑ ɡɌɜɌɖɞɑɜɔɝɞɔɖɔ ɜɟɗɑɎɧɡ 

ɘɌɤɔəɚɖ ɔ ɐɌɞɣɔɖɚɎ ɟɏɗɚɎ ɛɚɎɚɜɚɞɌ; 

ð ɘɑɝɞɌ ɜɌɓɘɑɥɑəɔɫ ɩɗɑɖɞɜɔɣɑɝɖɔɡ ɔ ɘɌɜɤɑɎɧɡ ɐɎɔɏɌɞɑɗɑɕ; 

ð ɚɛɔɝɌəɔɑ ɔ ɞɑɡəɔɣɑɝɖɔɑ ɡɌɜɌɖɞɑɜɔɝɞɔɖɔ ɍɌɗɗɚəɑɞɚɎ ɔ ɔɡ ɔɝɛɚɗ-

əɔɞɑɗɨəɧɡ ɘɑɡɌəɔɓɘɚɎ. 

4. ȾɜɑɍɚɎɌəɔɫ ɖ ɝɔɝɞɑɘɑ 

ȰɌəəɧɕ ɜɌɓɐɑɗ Ⱦȳ ɛɜɑɐəɌɓəɌɣɑə ɐɗɫ ɚɛɔɝɌəɔɫ ɚɝəɚɎəɧɡ ɠɟəɖ-

ɢɔɚəɌɗɨəɧɡ ɞɜɑɍɚɎɌəɔɕ ɝɔɝɞɑɘɧ. ɉɞɚ ɝɌɘɌɫ ɎɌɒəɌɫ ɣɌɝɞɨ ɞɑɡəɔɣɑɝɖɚ-

ɏɚ ɓɌɐɌəɔɫ. Ȯ Ⱦȳ ɐɚɗɒəɧ ɍɧɞɨ ɛɜɑɐɝɞɌɎɗɑəɧ Ɏɝɑ ɞɜɑɍɚɎɌəɔɫ, ɎɧɫɎ-

ɗɑəəɧɑ əɌ ɩɞɌɛɑ ɛɜɚɎɑɐɑəɔɫ ɌəɌɗɔɓɌ ɚɍɦɑɖɞɌ ɌɎɞɚɘɌɞɔɓɌɢɔɔ. 

4.1. ȾɜɑɍɚɎɌəɔɫ ɖ ɝɔɝɞɑɘɑ Ɏ ɢɑɗɚɘ 

4.1.1. ȾɜɑɍɚɎɌəɔɫ ɖ ɝɞɜɟɖɞɟɜɑ ɔ ɠɟəɖɢɔɚəɔɜɚɎɌəɔɪ ɝɔɝɞɑɘɧ 

Ⱥɛɜɑɐɑɗɫɑɞɝɫ ɛɑɜɑɣɑəɨ ɠɟəɖɢɔɚəɌɗɨəɧɡ ɛɚɐɝɔɝɞɑɘ, ɔɡ əɌɓəɌɣɑ-

əɔɑ ɔ ɚɝəɚɎəɧɑ ɡɌɜɌɖɞɑɜɔɝɞɔɖɔ, ɞɜɑɍɚɎɌəɔɫ ɖ ɣɔɝɗɟ ɟɜɚɎəɑɕ ɔɑɜɌɜ-

ɡɔɔ ɔ ɝɞɑɛɑəɔ ɢɑəɞɜɌɗɔɓɌɢɔɔ ɝɔɝɞɑɘɧ. 

ȽɞɜɟɖɞɟɜɌ ɝɔɝɞɑɘɧ ɛɜɑɐɝɞɌɎɗɑəɌ əɌ ɜɔɝ. 1. 
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ʉʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠ̫ ʧʦʣʝʪʦʤ

ɹʣʦʢ ʩʦʧʨ̫ʞʝʥʠ̫ ʩ 

ʠʩʧʦʣʥʠʪʝʣɹʥr ʤʠ 

ʤʝʭʘʥʠʟʤʘʤʠ

ʅʘʚʠʛʘʮʠʦʥʥʘ̫ ʩʠʩʪʝʤʘ

ʀʥʝʨʮʠʘʣɹʥʘ̫ 

ʥʘʚʠʛʘʮʠʦʥʥʘ̫ 

ʩʠʩʪʝʤʘ

ɼʘʪʯʠʢ ʨʘʩʩʪʦ̫ʥʠ̫ ʜʦ 

ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʤʣʠ

˨͊ ;͙͙ͭ͟ ͍ͤ ͔́ ͔ͤ  ͚ͪͫ ͔͒·

ɹʣʦʢ ʩʙʦʨʘ 

ʜʘʥʥr ʭ

ɼʘʪʯʠʢ ʩʢʦʨʦʩʪʠ ʠ 

ʥʘʧʨʘʚʣʝʥʠ̫ ʚʝʪʨʘ

ɼʘʪʯʠʢ 

ʪʝʤʧʝʨʘʪʫʨr

ɼʘʪʯʠʢ 

ʜʘʚʣʝʥʠ̫

˨͊ ;͙ͭ  ͟
͍͊͗͡ ͙ͤͦͫͭ

ɼʘʪʯʠʢ ʘʟʠʤʫʪʘʣɹʥʦʛʦ 

ʥʘʧʨʘʚʣʝʥʠ̫

ʊʝʨʤʠʥʘʣr  ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʠ

ɹʦʨʪʦʚʦʡ ʪʝʨʤʠʥʘʣ 

ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʠ

˹͔͊ͣͤ͘ ·͚ 
͔ͭͪͣ ͙ͤ͊͡ 
͔͔ͭͦͣͣ͟͡ ͯ
͙ͤ͊͟ͼ͙  ͙

ʅʘʟʝʤʥr ʡ 

ʧʫʥʢʪ 

ʫʧʨʘʚʣʝʥʠ̫

ˤ͔ͤ́ ΎͤΎ ͫͪ ͔͒͊

ɼʠʨʠʞʘʙʣɹ

ˣ͍͚ͦͪͭͦͦ 
ͦͣͨ͟ΈΌ͔ͭͪ

ɼʠʘʛʥʦʩʪʠʯʝʩʢʘ̫ 

ʩʠʩʪʝʤʘ

ɸʚʘʨʠʡʥʘ̫ 

ʩʠʩʪʝʤʘ

ɺʠʜʝʦʢʘʤʝʨʘ

ˮͫͨͦͤ͡ -͙
͔ͭ Έͤ͡·͔ 
͎ͦͪ͊ͤ ·

ʋʧʨʘʚʣʝʥʠʝ 

ʙʘʣʣʦʥʝʪʦʤ

ɼʘʪʯʠʢʠ 

ʦʨʛʘʥʦʚ 

ʫʧʨʘʚʣʝʥʠ̫

ˣͦ͟͡ ͯͨ ͍͔ͪ͊ͤ͡ Ύ͙ 
͙͙͔ͫͨͦͤͭ͡͡Έͤ·-

͙ͣ 
͔ͣ ͻ͙͙͊ͤͣ͊ͣ͘

 ͔́ ͪͣ ͙ͤ͊͡ 
ͨͯ Έͭ͡  ͊
ͪͯ;͎ͤͦ  ͦ
͍͔ͯͨͪ͊ͤ͡ Ύ͙ 

ʉʧʫʪʥʠʢʦʚʘ̫ 

ʥʘʚʠʛʘʮʠʦʥʥʘ̫ 

ʩʠʩʪʝʤʘ GPS

ʉʧʫʪʥʠʢʦʚʘ̫ 

ʥʘʚʠʛʘʮʠʦʥʥʘ̫ 

ʩʠʩʪʝʤʘ ɻʃʆʅɸʉʉ

 ʇʫʣɹʪ 

ʨʫʯʥʦʛʦ 

ʫʧʨʘʚʣʝʥʠ̫ 

ɹʦʨʪʦʚʘ̫ ʯʘʩʪɹ ʉʠʩʪʝʤr  ʫʧʨʘʚʣʝʥʠ̫

ʅʘʟʝʤʥʘ̫ ʯʘʩʪɹ ʉʠʩʪʝʤr  ʫʧʨʘʚʣʝʥʠ̫

˾͊͋ͦ;͔  ͔
͔ͣ ͫͭͦ  
͔ͦͨͪ͊ͭͦͪ  ͊
͔ͭͪͣ ͙ͤ͊ͦ͡
 ͍͔͔ͭͦ͟͡ .ͣ

 
ȼɔɝ. 4.1.  ȽɞɜɟɖɞɟɜɌ ɝɔɝɞɑɘɧ ɟɛɜɌɎɗɑəɔɫ ɔ əɌɎɔɏɌɢɔɔ 

ȽɔɝɞɑɘɌ ɟɛɜɌɎɗɑəɔɫ ɔ əɌɎɔɏɌɢɔɔ ɝɚɝɞɚɔɞ ɔɓ ɐɎɟɡ ɣɌɝɞɑɕ: əɌɓɑɘ-

əɚɕ ɔ ɍɚɜɞɚɎɚɕ, ɝɎɫɓɌəəɧɡ ɘɑɒɐɟ ɝɚɍɚɕ ɗɔəɔɑɕ ɜɌɐɔɚɝɎɫɓɔ.  

Ȯ əɌɓɑɘəɟɪ ɣɌɝɞɨ Ɏɡɚɐɔɞ: 

ð əɌɓɑɘəɧɕ ɛɟəɖɞ ɟɛɜɌɎɗɑəɔɫ; 

ð əɌɓɑɘəɧɕ ɞɑɜɘɔəɌɗ ɞɑɗɑɖɚɘɘɟəɔɖɌɢɔɔ; 

ð ɜɟɣəɚɕ ɛɟɗɨɞ ɟɛɜɌɎɗɑəɔɫ; 

ð ɞɑɜɘɔəɌɗ ɛɟɗɨɞɌ ɜɟɣəɚɏɚ ɟɛɜɌɎɗɑəɔɫ. 

Ȯ ɍɚɜɞɚɎɟɪ ɣɌɝɞɨ ɝɔɝɞɑɘɧ ɟɛɜɌɎɗɑəɔɫ Ɏɡɚɐɫɞ: 

ð ɝɔɝɞɑɘɌ ɟɛɜɌɎɗɑəɔɫ ɛɚɗɑɞɌ; 

ð əɌɎɔɏɌɢɔɚəəɌɫ ɝɔɝɞɑɘɌ; 

ð ɐɌɞɣɔɖɔ Ɏəɑɤəɑɕ ɝɜɑɐɧ; 

ð ɍɚɜɞɚɎɚɕ ɞɑɜɘɔəɌɗ ɞɑɗɑɖɚɘɘɟəɔɖɌɢɔɔ. 

Ȯ ɝɚɝɞɌɎ əɌɎɔɏɌɢɔɚəəɚɕ ɝɔɝɞɑɘɧ Ɏɡɚɐɫɞ: 

ð ɔəɑɜɢɔɌɗɨəɌɫ əɌɎɔɏɌɢɔɚəəɌɫ ɝɔɝɞɑɘɌ; 

ð ɝɛɟɞəɔɖɚɎɌɫ əɌɎɔɏɌɢɔɚəəɌɫ ɝɔɝɞɑɘɌ GPS; 

ð ɝɛɟɞəɔɖɚɎɌɫ əɌɎɔɏɌɢɔɚəəɌɫ ɝɔɝɞɑɘɌ ȯȷȺȹȬȽȽ; 

ð ɐɌɞɣɔɖ ɜɌɝɝɞɚɫəɔɫ ɐɚ ɛɚɎɑɜɡəɚɝɞɔ. 

ȰɌɞɣɔɖɔ Ɏəɑɤəɑɕ ɝɜɑɐɧ ɎɖɗɪɣɌɪɞ Ɏ ɝɑɍɫ: 

ð ɐɌɞɣɔɖ ɝɖɚɜɚɝɞɔ ɔ əɌɛɜɌɎɗɑəɔɫ ɎɑɞɜɌ; 

ð ɐɌɞɣɔɖ ɞɑɘɛɑɜɌɞɟɜɧ ɚɖɜɟɒɌɪɥɑɕ ɝɜɑɐɧ; 

ð ɐɌɞɣɔɖ ɐɌɎɗɑəɔɫ ɚɖɜɟɒɌɪɥɑɕ ɝɜɑɐɧ; 

ð ɐɌɞɣɔɖ ɎɗɌɒəɚɝɞɔ ɚɖɜɟɒɌɪɥɑɕ ɝɜɑɐɧ; 

ð ɐɌɞɣɔɖ ɜɌɝɝɞɚɫəɔɫ ɐɚ ɛɜɑɛɫɞɝɞɎɔɫ. 

ȭɚɜɞɚɎɌɫ ɝɔɝɞɑɘɌ ɟɛɜɌɎɗɑəɔɫ ɛɚɗɑɞɚɘ ɎɖɗɪɣɌɑɞ Ɏ ɝɑɍɫ: 

ð ɍɚɜɞɚɎɚɕ ɖɚɘɛɨɪɞɑɜ ɔɝɛɚɗəɑəɔɫ; 

ð ɍɗɚɖ ɝɚɛɜɫɒɑəɔɫ ɝ ɔɝɛɚɗəɔɞɑɗɨəɧɘɔ ɘɑɡɌəɔɓɘɌɘɔ; 

ð ɐɔɌɏəɚɝɞɔɣɑɝɖɟɪ ɝɔɝɞɑɘɟ; 
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ð ɌɎɌɜɔɕəɟɪ ɝɔɝɞɑɘɟ; 

ð ɎɔɐɑɚɖɌɘɑɜɟ. 

ȭɗɚɖ ɝɚɏɗɌɝɚɎɌəɔɫ ɝ ɔɝɛɚɗəɔɞɑɗɨəɧɘɔ ɘɑɡɌəɔɓɘɌɘɔ ɝɚɝɞɚɔɞ: 

ð ɔɓ ɩɗɑɖɞɜɔɣɑɝɖɔɡ ɐɎɔɏɌɞɑɗɑɕ; 

ð ɘɌɜɤɑɎɧɡ ɐɎɔɏɌɞɑɗɑɕ; 

ð ɟɏɗɚɎ ɛɚɎɚɜɚɞɌ ɐɎɔɏɌɞɑɗɑɕ; 

ð ɩɗɑɖɞɜɚɘɌɏəɔɞəɚɏɚ ɖɗɌɛɌəɌ ɍɗɚɖɌ ɟɛɜɌɎɗɑəɔɫ ɐɌɎɗɑəɔɑɘ Ɏɚɓ-

ɐɟɡɌ Ɏ ɍɌɗɗɚəɑɞɑ.  

Ⱥɍɘɑə ɐɌəəɧɘɔ ɝɔɝɞɑɘɧ ɍɚɜɞɚɎɚɕ ɝɔɝɞɑɘɧ ɟɛɜɌɎɗɑəɔɫ ɝ ɔɝɛɚɗ-

əɔɞɑɗɨəɧɘɔ ɘɑɡɌəɔɓɘɌɘɔ ɚɝɟɥɑɝɞɎɗɫɑɞɝɫ ɛɚ CAN -ɤɔəɑ. 

ȮɔɐɑɚɖɌɘɑɜɌ ɎɖɗɪɣɌɑɞ Ɏ ɝɎɚɕ ɝɚɝɞɌɎ ɛɚɎɚɜɚɞəɚɑ ɟɝɞɜɚɕɝɞɎɚ ɝ Ɏɚɓ-

ɘɚɒəɚɝɞɨɪ ɛɚɎɚɜɚɞɌ ɖɌɘɑɜɧ əɌ ɟɏɚɗ ɚɍɓɚɜɌ Ɏ ɏɚɜɔɓɚəɞɌɗɨəɚɕ ɛɗɚɝɖɚ-

ɝɞɔ ɚɞ 0 ɐɚ 360Ü ɔ əɌɖɗɚə ɚɞ 0 ɐɚ 90Ü. 

Ȯ ɝɚɝɞɌɎ ɞɑɜɘɔəɌɗɚɎ ɞɑɗɑɖɚɘɘɟəɔɖɌɢɔɔ Ɏɡɚɐɫɞ: 

ð ɍɚɜɞɚɎɚɕ ɞɑɜɘɔəɌɗ ɞɑɗɑɖɚɘɘɟəɔɖɌɢɔɔ; 

ð əɌɓɑɘəɧɕ ɞɑɜɘɔəɌɗ ɞɑɗɑɖɚɘɘɟəɔɖɌɢɔɔ; 

ð ɜɌɍɚɣɑɑ ɘɑɝɞɚ ɚɛɑɜɌɞɚɜɌ ɍɚɜɞɚɎɚɏɚ ɔ əɌɓɑɘəɚɏɚ ɞɑɜɘɔəɌɗɚɎ ɞɑ-

ɗɑɖɚɘɘɟəɔɖɌɢɔɔ; 

ð ɞɑɜɘɔəɌɗ ɛɟɗɨɞɌ ɜɟɣəɚɏɚ ɟɛɜɌɎɗɑəɔɫ. 

Ȯ ɝɚɝɞɌɎ ɍɚɜɞɚɎɚɏɚ ɞɑɜɘɔəɌɗɌ ɞɑɗɑɖɚɘɘɟəɔɖɌɢɔɔ Ɏɡɚɐɫɞ: 

ð ɛɜɔɑɘɚɛɑɜɑɐɌɪɥɔɕ Ɍəɞɑəəɚ-ɩɗɑɖɞɜɚəəɧɕ ɍɗɚɖ; 

ð ɍɗɚɖ ɢɔɠɜɚɎɚɏɚ ɛɜɔɑɘɌ-ɛɑɜɑɐɌɣɔ. 

Ȯ ɝɚɝɞɌɎ əɌɓɑɘəɚɏɚ ɞɑɜɘɔəɌɗɌ ɞɑɗɑɖɚɘɘɟəɔɖɌɢɔɔ Ɏɡɚɐɫɞ: 

ð ɛɜɔɑɘɚɛɑɜɑɐɌɪɥɔɕ Ɍəɞɑəəɚ-ɩɗɑɖɞɜɚəəɧɕ ɍɗɚɖ; 

ð ɍɗɚɖ  ɢɔɠɜɚɎɚɏɚ ɛɜɔɑɘɌ-ɛɑɜɑɐɌɣɔ;  

Ȯ ɝɚɝɞɌɎ ɜɌɍɚɣɑɏɚ ɘɑɝɞɌ ɚɛɑɜɌɞɚɜɌ ɍɚɜɞɚɎɚɏɚ ɔ əɌɓɑɘəɚɏɚ ɞɑɜɘɔ-

əɌɗɚɎ ɞɑɗɑɖɚɘɘɟəɔɖɌɢɔɔ Ɏɡɚɐɫɞ: 

ð ɓɌɥɔɥɑəəɧɕ ɖɚɘɛɨɪɞɑɜ;  

ð ɓɌɥɔɥɑəəɧɕ ɛɜɚɘɧɤɗɑəəɧɕ ɒɔɐɖɚɖɜɔɝɞɌɗɗɔɣɑɝɖɔɕ ɘɚəɔɞɚɜ;  

ð ɓɌɥɔɥɑəəɌɫ ɖɗɌɎɔɌɞɟɜɌ. 

Ȯ ɝɚɝɞɌɎ əɌɓɑɘəɚɏɚ ɛɟəɖɞɌ ɟɛɜɌɎɗɑəɔɫ Ɏɡɚɐɫɞ: 

ð ɜɌɍɚɣɑɑ ɘɑɝɞɚ ɚɛɑɜɌɞɚɜɌ; 

ð ɛɟɗɨɞ ɜɟɣəɚɏɚ ɟɛɜɌɎɗɑəɔɫ; 

ð ɟɝɞɜɚɕɝɞɎɚ ɝɛɟɞəɔɖɚɎɚɕ əɌɎɔɏɌɢɔɔ GPS/ȯȷȺȹȬȽȽ. 

Ȯ ɖɌɣɑɝɞɎɑ ɟɝɞɜɚɕɝɞɎ ɟɛɜɌɎɗɑəɔɫ ɛɜɔɘɑəɫɪɞɝɫ ɐɒɚɕɝɞɔɖ ɔ ɛɑɐɌ-

ɗɔ. ȴɝɛɚɗɨɓɚɎɌəɔɑ ɐɌəəɧɡ ɐɒɚɕɝɞɔɖɚɎ ɔ ɛɑɐɌɗɑɕ ɛɚɓɎɚɗɫɑɞ ɜɑɌɗɔɓɚ-

ɎɌɞɨ ɟɛɜɌɎɗɑəɔɫ ɐɎɔɒɑəɔɑɘ ɐɔɜɔɒɌɍɗɫ Ɏ ɐɔɝɞɌəɢɔɚəəɚɘ ɜɑɒɔɘɑ. 

ɉɗɑɖɞɜɚɝəɌɍɒɑəɔɑ ɝɔɝɞɑɘɧ ɟɛɜɌɎɗɑəɔɫ ɚɝɟɥɑɝɞɎɗɫɑɞɝɫ ȳɌɖɌɓɣɔ-

ɖɚɘ: 

ð ɐɗɫ ɍɚɜɞɚɎɚɕ ɣɌɝɞɔ ð ɛɚɝɞɚɫəəɧɕ ɞɚɖ, 27 Ñ3 Ȯ, 600 Ȯɞ; 

ð ɐɗɫ əɌɓɑɘəɚɕ ɣɌɝɞɔ ð ɛɚɝɞɚɫəəɧɕ ɞɚɖ, 27 Ñ3 Ȯ, 600 Ȯɞ. 

ȻɜɑɚɍɜɌɓɚɎɌəɔɑ əɌɛɜɫɒɑəɔɫ Ɏ əɚɘɔəɌɗɧ, ɞɜɑɍɟɑɘɧɑ ɐɗɫ ɩɗɑɘɑə-

ɞɚɎ Ƚɔɝɞɑɘɧ ɟɛɜɌɎɗɑəɔɫ, ɚɝɟɥɑɝɞɎɗɫɑɞ ȴɝɛɚɗəɔɞɑɗɨ. 
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ȻɔɞɌəɔɑ əɌɏɜɟɓɖɔ, ɔɝɛɚɗəɔɞɑɗɨəɧɡ ɘɑɡɌəɔɓɘɚɎ, ɝɔɗɚɎɧɡ ɛɜɑɚɍ-

ɜɌɓɚɎɌɞɑɗɑɕ ɔ ɐɌɞɣɔɖɚɎ, Ɏɡɚɐɫɥɔɡ Ɏ ɝɚɝɞɌɎ ɐɔɜɔɒɌɍɗɫ, ɚɍɑɝɛɑɣɔɎɌɑɞ-

ɝɫ ɝɔɝɞɑɘɚɕ ɩɗɑɖɞɜɚɛɔɞɌəɔɫ ɐɔɜɔɒɌɍɗɫ. 

ȽɔɝɞɑɘɌ ɩɗɑɖɞɜɚɛɔɞɌəɔɫ ɛɟɗɨɞɌ ɜɟɣəɚɏɚ ɞɑɗɑɟɛɜɌɎɗɑəɔɫ ɚɝɟ-

ɥɑɝɞɎɗɫɑɞɝɫ ɚɞ Ɏɝɞɜɚɑəəɚɏɚ ɌɖɖɟɘɟɗɫɞɚɜɌ. 

4.1.2. ȾɜɑɍɚɎɌəɔɫ ɖ ɣɔɝɗɑəəɚɝɞɔ ɔ ɖɎɌɗɔɠɔɖɌɢɔɔ ɛɑɜɝɚəɌɗɌ ɝɔ-

ɝɞɑɘɧ ɔ ɜɑɒɔɘɟ ɑɏɚ ɜɌɍɚɞɧ 

4.1.2.1. ȾɜɑɍɚɎɌəɔɫ ɖ ɣɔɝɗɑəəɚɝɞɔ ɛɑɜɝɚəɌɗɌ 

Ȯ ɝɚɝɞɌɎ ɛɑɜɝɚəɌɗɌ, əɑɚɍɡɚɐɔɘɚɏɚ ɐɗɫ ɚɍɑɝɛɑɣɑəɔɫ ɩɖɝɛɗɟɌɞɌɢɔɔ 

ɝɔɝɞɑɘɧ ɟɛɜɌɎɗɑəɔɫ ɔ əɌɎɔɏɌɢɔɔ ɐɔɜɔɒɌɍɗɫ, əɑɚɍɡɚɐɔɘɚ Ɏɧɐɑɗɑəɔɑ 

ɝɗɑɐɟɪɥɔɡ ɚɞɎɑɞɝɞɎɑəəɧɡ ɗɔɢ: 

ð ɜɟɖɚɎɚɐɔɞɑɗɨ ɛɚɗɑɞɌɘɔ ð 1 ɣɑɗ.; 

ð əɌɣɌɗɨəɔɖ ɝɘɑəɧ ð 2 ɣɑɗ.; 

ð ɚɛɑɜɌɞɚɜ ɝɛɑɢəɌɏɜɟɓɖɔ ð 2 ɣɑɗ.; 

ð ɚɛɑɜɌɞɚɜ ɟɛɜɌɎɗɑəɔɫ ɐɎɔɒɑəɔɑɘ ɐɔɜɔɒɌɍɗɫ ð 2 ɣɑɗ.; 

ð ɚɛɑɜɌɞɚɜ ɞɑɜɘɔəɌɗɚɎ ɞɑɗɑɖɚɘɘɟəɔɖɌɢɔɔ ð 2 ɣɑɗ.; 

ð ɔəɒɑəɑɜ ɛɚ ɞɑɡəɔɣɑɝɖɚɘɟ ɚɍɝɗɟɒɔɎɌəɔɪ ð 2 ɣɑɗ.; 

ð ɞɑɡəɔɣɑɝɖɔɡ ɛɑɜɝɚəɌɗ ɚɍɑɝɛɑɣɑəɔɫ ɛɚɗɑɞɚɎ ð 4 ɣɑɗ. 

ȺɞɎɑɞɝɞɎɑəəɧɑ ɗɔɢɌ ɐɚɗɒəɧ Ɏɧɛɚɗəɫɞɨ ɝɗɑɐɟɪɥɔɑ ɠɟəɖɢɔɚ-

əɌɗɨəɧɑ ɚɍɫɓɌəəɚɝɞɔ: 

ð ɜɟɖɚɎɚɐɔɞɑɗɨ ɛɚɗɑɞɌɘɔ ɚɝɟɥɑɝɞɎɗɫɑɞ ɚɍɥɑɑ ɜɟɖɚɎɚɐɝɞɎɚ, ɚɢɑəɔ-

ɎɌɑɞ ɏɚɞɚɎəɚɝɞɨ ɝɔɝɞɑɘɧ ɔ ɝɚɚɞɎɑɞɝɞɎɔɑ ɛɚɏɚɐəɧɡ ɟɝɗɚɎɔɕ, ɐɌɑɞ ɜɌɓɜɑ-

ɤɑəɔɑ əɌ ɛɚɗɑɞ; 

ð əɌɣɌɗɨəɔɖ ɝɘɑəɧ ɚɝɟɥɑɝɞɎɗɫɑɞ əɑɛɚɝɜɑɐɝɞɎɑəəɚɑ ɟɛɜɌɎɗɑəɔɑ 

ɛɚɗɑɞɚɘ, ɖɚɚɜɐɔəɌɢɔɪ ɐɑɕɝɞɎɔɕ ɩɖɔɛɌɒɌ, ɛɜɔəɔɘɌɑɞ ɜɑɤɑəɔɑ ɚ 

Ɏɖɗɪɣɑəɔɔ ɐɔɝɞɌəɢɔɚəəɚɏɚ ɔɗɔ ɌɎɞɚɘɌɞɔɣɑɝɖɚɏɚ ɜɑɒɔɘɚɎ ɛɚɗɑɞɌ, ɚ 

ɐɑɕɝɞɎɔɫɡ Ɏ ɌɎɌɜɔɕəɧɡ ɝɔɞɟɌɢɔɫɡ; 

ð ɚɛɑɜɌɞɚɜ ɝɛɑɢəɌɏɜɟɓɖɔ ɚɝɟɥɑɝɞɎɗɫɑɞ ɖɚəɞɜɚɗɨ ɔ ɟɛɜɌɎɗɑəɔɑ ɢɑ-

ɗɑɎɚɕ ɝɔɝɞɑɘɚɕ, ɟɝɞɌəɚɎɗɑəəɚɕ əɌ ɍɚɜɞɟ ɐɔɜɔɒɌɍɗɫ; 

ð ɚɛɑɜɌɞɚɜ ɟɛɜɌɎɗɑəɔɫ ɐɎɔɒɑəɔɑɘ ɚɝɟɥɑɝɞɎɗɫɑɞ ɛɑɜɑɐɌɣɟ ɛɚɗɑɞ-

əɚɏɚ ɓɌɐɌəɔɫ, ɛɑɜɑɖɗɪɣɑəɔɑ ɜɑɒɔɘɚɎ ɜɌɍɚɞɧ ɝɔɝɞɑɘɧ ɟɛɜɌɎɗɑəɔɫ, 

ɟɛɜɌɎɗɑəɔɑ ɐɎɔɒɑəɔɑɘ ɐɔɜɔɒɌɍɗɫ Ɏ ɐɔɝɞɌəɢɔɚəəɚɘ ɜɑɒɔɘɑ, ɖɚə-

ɞɜɚɗɨ ɛɌɜɌɘɑɞɜɚɎ ɐɎɔɒɑəɔɫ ɔ ɛɚɐɝɔɝɞɑɘ ɐɔɜɔɒɌɍɗɫ; 

ð ɚɛɑɜɌɞɚɜ ɞɑɜɘɔəɌɗɚɎ ɞɑɗɑɖɚɘɘɟəɔɖɌɢɔɔ ɚɝɟɥɑɝɞɎɗɫɑɞ ɖɚəɞɜɚɗɨ 

ɔ ɟɛɜɌɎɗɑəɔɑ ɜɌɐɔɚɝɎɫɓɨɪ; 

ð ɔəɒɑəɑɜ ɛɚ ɞɑɡəɔɣɑɝɖɚɘɟ ɚɍɝɗɟɒɔɎɌəɔɪ ɚɝɟɥɑɝɞɎɗɫɑɞ ɛɜɑɐɛɚ-

ɗɑɞəɧɕ ɔ ɛɚɝɗɑɛɚɗɑɞəɧɕ ɚɝɘɚɞɜ ɔ ɘɑɜɚɛɜɔɫɞɔɫ ɛɚ ɞɑɡəɔɣɑɝɖɚɘɟ ɚɍ-

ɝɗɟɒɔɎɌəɔɪ ɝɔɝɞɑɘɧ; 

ð ɞɑɡəɔɣɑɝɖɔɕ ɛɑɜɝɚəɌɗ ɚɝɟɥɑɝɞɎɗɫɑɞ ɜɑɏɗɌɘɑəɞəɧɑ ɔ ɜɑɘɚəɞəɧɑ 

ɜɌɍɚɞɧ ɛɚɐ ɜɟɖɚɎɚɐɝɞɎɚɘ ɔəɒɑəɑɜɌ, ɤɎɌɜɞɚɎɖɟ ɔ ɚɞɤɎɌɜɞɚɎɖɟ ɐɔɜɔ-

ɒɌɍɗɫ, əɌɍɗɪɐɑəɔɑ ɓɌ ɐɔɜɔɒɌɍɗɑɘ Ɏɚ Ɏɜɑɘɫ ɠɗɪɏɔɜɚɎɌəɔɫ. 

4.1.2.2. ȾɜɑɍɚɎɌəɔɫ ɖ ɖɎɌɗɔɠɔɖɌɢɔɔ ɛɑɜɝɚəɌɗɌ 
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ð ɜɟɖɚɎɚɐɔɞɑɗɨ ɛɚɗɑɞɌɘɔ ð Ɏɧɝɤɑɑ ɛɜɚɠɑɝɝɔɚəɌɗɨəɚɑ ɚɍɜɌɓɚɎɌəɔɑ 

(ɞɑɡəɔɣɑɝɖɚɑ ɔɗɔ Ɏɚɑəəɚɑ) ɔ ɝɞɌɒ ɜɌɍɚɞɧ əɌ ɜɟɖɚɎɚɐɫɥɑɕ ɐɚɗɒəɚɝɞɔ 

əɑ ɘɑəɑɑ 5 ɗɑɞ; 

ð əɌɣɌɗɨəɔɖ ɝɘɑəɧ ð Ɏɧɝɤɑɑ ɛɜɚɠɑɝɝɔɚəɌɗɨəɚɑ ɚɍɜɌɓɚɎɌəɔɑ (ɞɑɡ-

əɔɣɑɝɖɚɑ ɔɗɔ Ɏɚɑəəɚɑ), ɗɑɞəɧɕ ɝɞɌɒ əɑ ɘɑəɑɑ 3 ɗɑɞ, ɝɞɌɒ ɜɌɍɚɞɧ əɌ 

ɜɟɖɚɎɚɐɫɥɑɕ ɐɚɗɒəɚɝɞɔ əɑ ɘɑəɑɑ 3 ɗɑɞ; 

ð ɚɛɑɜɌɞɚɜ ɝɛɑɢəɌɏɜɟɓɖɔ ð Ɏɧɝɤɑɑ ɛɜɚɠɑɝɝɔɚəɌɗɨəɚɑ ɚɍɜɌɓɚɎɌəɔɑ 

(ɞɑɡəɔɣɑɝɖɚɑ ɔɗɔ Ɏɚɑəəɚɑ), ɝɞɌɒ əɑ ɘɑəɑɑ 2 ɗɑɞ; 

ð ɚɛɑɜɌɞɚɜ ɟɛɜɌɎɗɑəɔɫ ɐɎɔɒɑəɔɑɘ ɐɔɜɔɒɌɍɗɫ ð Ɏɧɝɤɑɑ ɛɜɚɠɑɝ-

ɝɔɚəɌɗɨəɚɑ ɚɍɜɌɓɚɎɌəɔɑ (ɞɑɡəɔɣɑɝɖɚɑ ɔɗɔ Ɏɚɑəəɚɑ), ɗɑɞɣɔɖ-

ɔɝɛɧɞɌɞɑɗɨ ɔɗɔ ɛɔɗɚɞ ɛɑɜɎɚɏɚ ɖɗɌɝɝɌ; 

ð ɚɛɑɜɌɞɚɜ ɞɑɜɘɔəɌɗɚɎ ɞɑɗɑɖɚɘɘɟəɔɖɌɢɔɔ ð Ɏɧɝɤɑɑ ɛɜɚɠɑɝɝɔɚ-

əɌɗɨəɚɑ ɚɍɜɌɓɚɎɌəɔɑ (ɞɑɡəɔɣɑɝɖɚɑ ɔɗɔ Ɏɚɑəəɚɑ), ɝɞɌɒ əɑ ɘɑəɑɑ 2 ɗɑɞ; 

ð ɔəɒɑəɑɜ ɛɚ ɞɑɡəɔɣɑɝɖɚɘɟ ɚɍɝɗɟɒɔɎɌəɔɪ ð Ɏɧɝɤɑɑ ɛɜɚɠɑɝɝɔɚ-

əɌɗɨəɚɑ ɚɍɜɌɓɚɎɌəɔɑ (ɞɑɡəɔɣɑɝɖɚɑ ɔɗɔ Ɏɚɑəəɚɑ), ɝɞɌɒ əɑ ɘɑəɑɑ 2 ɗɑɞ; 

ð ɞɑɡəɔɣɑɝɖɔɡ ɛɑɜɝɚəɌɗ ɚɍɑɝɛɑɣɑəɔɫ ɛɚɗɑɞɚɎ ð Ɏɧɝɤɑɑ ɔɗɔ ɝɜɑɐ-

əɑɑ ɛɜɚɠɑɝɝɔɚəɌɗɨəɚɑ ɚɍɜɌɓɚɎɌəɔɑ (ɞɑɡəɔɣɑɝɖɚɑ ɔɗɔ Ɏɚɑəəɚɑ). 

4.1.2.3. ȾɜɑɍɚɎɌəɔɫ ɖ ɜɑɒɔɘɌɘ ɜɌɍɚɞɧ ɛɑɜɝɚəɌɗɌ 

ȽɔɝɞɑɘɌ əɑ ɛɜɑɐəɌɓəɌɣɑəɌ ɐɗɫ ɩɖɝɛɗɟɌɞɌɢɔɔ Ɏ əɚɣəɚɑ Ɏɜɑɘɫ ɝɟ-

ɞɚɖ. 

ȼɑɒɔɘɧ ɜɌɍɚɞɧ ɛɑɜɝɚəɌɗɌ: 

ð ɜɟɖɚɎɚɐɔɞɑɗɨ ɛɚɗɑɞɌɘɔ ð Ɏ ɝɚɚɞɎɑɞɝɞɎɔɔ ɝ ɚɝəɚɎəɧɘ ɜɌɍɚɣɔɘ 

ɏɜɌɠɔɖɚɘ ɛɚɐɜɌɓɐɑɗɑəɔɕ ȳɌɖɌɓɣɔɖɌ; 

ð əɌɣɌɗɨəɔɖ ɝɘɑəɧ ð ɐɎɟɡɝɘɑəəɧɕ ɏɜɌɠɔɖ, ɛɚɚɣɑɜɑɐəɚ; 

ð ɚɛɑɜɌɞɚɜ ɟɛɜɌɎɗɑəɔɫ ɐɎɔɒɑəɔɑɘ ɐɔɜɔɒɌɍɗɫ ð ɐɎɟɡɝɘɑəəɧɕ 

ɏɜɌɠɔɖ, ɛɚɚɣɑɜɑɐəɚ; 

ð ɚɛɑɜɌɞɚɜ ɞɑɜɘɔəɌɗɚɎ ɞɑɗɑɖɚɘɘɟəɔɖɌɢɔɔ ð ɐɎɟɡɝɘɑəəɧɕ ɏɜɌ-

ɠɔɖ, ɛɚɚɣɑɜɑɐəɚ; 

ð ɔəɒɑəɑɜ ɛɚ ɞɑɡəɔɣɑɝɖɚɘɟ ɚɍɝɗɟɒɔɎɌəɔɪ ð ɐɎɟɡɝɘɑəəɧɕ ɏɜɌ-

ɠɔɖ, ɛɚɚɣɑɜɑɐəɚ; 

ð ɞɑɡəɔɣɑɝɖɔɕ ɛɑɜɝɚəɌɗ ɚɍɑɝɛɑɣɑəɔɫ ɛɚɗɑɞɚɎ ð ɐɎɟɡɝɘɑəəɧɕ ɏɜɌ-

ɠɔɖ, ɛɚɚɣɑɜɑɐəɚ ɛɚ ɐɎɌ ɣɑɗɚɎɑɖɌ. 

4.1.3. ȻɚɖɌɓɌɞɑɗɔ əɌɓəɌɣɑəɔɫ 

4.1.3.1. ȻɌɜɌɘɑɞɜɧ, ɡɌɜɌɖɞɑɜɔɓɟɪɥɔɑ ɝɞɑɛɑəɨ ɝɚɚɞɎɑɞɝɞɎɔɫ ɝɔɝɞɑ-

ɘɧ əɌɓəɌɣɑəɔɪ 

ȽɔɝɞɑɘɌ ɟɛɜɌɎɗɑəɔɫ ɐɚɗɒəɌ ɚɍɑɝɛɑɣɔɎɌɞɨ: 

ð ɌɎɞɚɘɌɞɔɣɑɝɖɚɑ (ɍɑɓ ɟɣɌɝɞɔɫ ɚɛɑɜɌɞɚɜɌ) ɔ ɐɔɝɞɌəɢɔɚəəɚɑ (ɝ ɟɣɌ-

ɝɞɔɑɘ ɚɛɑɜɌɞɚɜɌ) ɟɛɜɌɎɗɑəɔɑ ɛɚɗɑɞɚɘ ɐɔɜɔɒɌɍɗɫ Ɏɐɚɗɨ ɓɌɐɌəəɚɕ ɞɜɌ-

ɑɖɞɚɜɔɔ; 

ð Ɏɓɗɑɞ ɔ ɛɚɝɌɐɖɟ ɐɔɜɔɒɌɍɗɫ Ɏ ɐɔɝɞɌəɢɔɚəəɚɘ ɜɑɒɔɘɑ Ɏ ɓɚəɑ 

ɛɜɫɘɚɕ Ɏɔɐɔɘɚɝɞɔ əɌ ɜɌɝɝɞɚɫəɔɔ ɐɚ 2 ɖɘ; 

ð ɓɌɎɔɝɌəɔɑ ɐɔɜɔɒɌɍɗɫ Ɏ ɓɌɐɌəəɚɕ ɞɚɣɖɑ Ɏ ɞɑɣɑəɔɑ ɓɌɐɌəəɚɏɚ 

Ɏɜɑɘɑəɔ; 
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ð ɛɑɜɑɘɑɥɑəɔɑ ɐɔɜɔɒɌɍɗɫ ɔɓ ɚɐəɚɕ ɓɌɐɌəəɚɕ ɞɚɣɖɔ Ɏ ɐɜɟɏɟɪ ɓɌ-

ɐɌəəɟɪ ɞɚɣɖɟ ɛɚ ɓɌɐɌəəɚɕ ɞɜɌɑɖɞɚɜɔɔ ɝɚ ɝɖɚɜɚɝɞɨɪ əɑ ɛɜɑɎɧɤɌɪɥɑɕ 

ɘɌɖɝɔɘɌɗɨəɟɪ; 

ð Ɏɚɓɘɚɒəɚɝɞɨ ɔɓɘɑəɑəɔɫ ɚɛɑɜɌɞɚɜɚɘ ɞɜɌɑɖɞɚɜɔɔ ɐɎɔɒɑəɔɫ ɐɔ-

ɜɔɒɌɍɗɫ Ɏɚ Ɏɜɑɘɫ ɛɚɗɑɞɌ ɝ əɌɓɑɘəɚɏɚ ɛɟəɖɞɌ ɟɛɜɌɎɗɑəɔɫ Ɏ ɓɚəɑ ɐɑɕ-

ɝɞɎɔɫ ɗɔəɔɔ ɝɎɫɓɔ; 

ð ɐɎɔɒɑəɔɑ ɐɔɜɔɒɌɍɗɫ ɛɚ ɞɜɌɑɖɞɚɜɔɫɘ, ɓɌɐɌɎɌɑɘɧɘ ɖɎɌɐɜɌɞɔɣ-

əɧɘɔ ɔ ɗɔəɑɕəɧɘɔ ɠɚɜɘɌɘɔ; 

ð ɛɚɏɜɑɤəɚɝɞɨ ɓɌɎɔɝɌəɔɫ ɐɔɜɔɒɌɍɗɫ Ɏ ɓɌɐɌəəɚɕ ɞɚɣɖɑ ɛɜɔ ɚɞɝɟɞ-

ɝɞɎɔɔ ɎɑɞɜɚɎɧɡ Ɏɚɓɘɟɥɑəɔɕ (0 ɘ/ɝ) ɛɚ ɗɔəɑɕəɧɘ ɖɚɚɜɐɔəɌɞɌɘ (ɝɜɑɐ-

əɑɖɎɌɐɜɌɞɔɣəɚɑ ɚɞɖɗɚəɑəɔɑ Ɏ ɟɝɞɌəɚɎɔɎɤɑɘɝɫ ɜɑɒɔɘɑ - ȽȶȺ)  ɐɚ 80 ɘ; 

ð ȽȶȺ ɛɜɔ ɐɎɔɒɑəɔɔ ɐɔɜɔɒɌɍɗɫ Ɏɐɚɗɨ ɓɌɐɌəəɚɕ ɞɜɌɑɖɞɚɜɔɔ ɛɜɔ 

Ɏɑɞɜɑ ɐɚ 5 ɘ/ɝ ð əɑ ɍɚɗɑɑ 100 ɘ; 

ð ɛɚɏɜɑɤəɚɝɞɨ ɛɚɐɐɑɜɒɌəɔɫ ɝɖɚɜɚɝɞɔ ɐɔɜɔɒɌɍɗɫ ɛɜɔ ɚɞɝɟɞɝɞɎɔɔ 

ɎɑɞɜɚɎɧɡ Ɏɚɓɘɟɥɑəɔɕ ɛɜɔ ɛɚɗɑɞɑ Ɏɐɚɗɨ ɛɜɫɘɚɕ ɞɜɌɑɖɞɚɜɔɔ əɑ ɍɚɗɑɑ 

10 % ɚɞ ɘɌɖɝɔɘɌɗɨəɚɕ ɝɖɚɜɚɝɞɔ; 

ð ɛɚɏɜɑɤəɚɝɞɨ ɚɛɜɑɐɑɗɑəɔɫ ɖɚɚɜɐɔəɌɞ ɐɔɜɔɒɌɍɗɫ ð əɑ ɍɚɗɑɑ 10 ɘ, 

ɛɚɏɜɑɤəɚɝɞɨ ɔɓɘɑɜɑəɔɫ ɟɏɗɚɎ ɞɌəɏɌɒɌ, ɖɜɑəɌ ɔ ɖɟɜɝɌ əɑ ɍɚɗɑɑ 0,5Ü, 

ɣɌɝɞɚɞɌ ɚɍəɚɎɗɑəɔɫ ɐɌəəɧɡ ɚ ɖɚɚɜɐɔəɌɞɌɡ ɔ ɟɏɗɌɡ ɚɜɔɑəɞɌɢɔɔ ɐɔɜɔ-

ɒɌɍɗɫ ð əɑ ɘɑəɑɑ 10 ȯɢ;  

ð ɐɌɗɨəɚɝɞɨ ɖɌəɌɗɚɎ ɜɌɐɔɚɝɎɫɓɔ ɍɑɓ ɜɑɞɜɌəɝɗɫɢɔɔ  ɐɚ 200 ɖɘ; 

ð ɠɟəɖɢɔɚəɔɜɚɎɌəɔɑ ɛɜɔ ɝɖɚɜɚɝɞɔ ɎɑɞɜɌ Ɏ ɗɪɍɚɘ əɌɛɜɌɎɗɑəɔɔ ð 

ɐɚ 15 ɘ/ɝ. 

4.1.3.2. ȾɜɑɍɚɎɌəɔɫ ɖ ɌɐɌɛɞɌɢɔɔ ɝɔɝɞɑɘɧ ɖ ɔɓɘɑəɑəɔɫɘ 

ȬɐɌɛɞɌɢɔɫ ɝɔɝɞɑɘɧ ɟɛɜɌɎɗɑəɔɫ ɔ əɌɎɔɏɌɢɔɔ ɐɚɗɒəɌ ɚɍɑɝɛɑɣɔ-

ɎɌɞɨɝɫ: 

ð ɔɝɛɚɗɨɓɚɎɌəɔɑɘ ɌɗɏɚɜɔɞɘɚɎ ɚɢɑəɔɎɌəɔɫ Ɏɚɓɘɟɥɑəɔɕ, ɐɑɕɝɞɎɟ-

ɪɥɔɡ əɌ ɐɔɜɔɒɌɍɗɨ; 

ð Ɏɚɓɘɚɒəɚɝɞɨɪ ɘɚɐɔɠɔɖɌɢɔɔ ɛɌɜɌɘɑɞɜɚɎ ɝɔɝɞɑɘɧ ɝ ɔɝɛɚɗɨɓɚɎɌ-

əɔɑɘ ɏɜɌɠɔɣɑɝɖɔɡ ɛɚɗɨɓɚɎɌɞɑɗɨɝɖɔɡ ɔəɞɑɜɠɑɕɝɚɎ ɔɗɔ ɓɌɏɜɟɓɖɚɕ ɠɌɕ-

ɗɚɎ ɝ ɐɌəəɧɘɔ. 

4.1.3.3. ȾɜɑɍɚɎɌəɔɫ ɖ ɝɚɡɜɌəɑəɔɪ ɜɌɍɚɞɚɝɛɚɝɚɍəɚɝɞɔ ɝɔɝɞɑɘɧ Ɏ 

ɜɌɓɗɔɣəɧɡ Ɏɑɜɚɫɞəɧɡ ɟɝɗɚɎɔɫɡ 

Ȯ ɝɗɟɣɌɑ ɚɞɖɌɓɌ ɘɌɜɤɑɎɚɏɚ ɐɎɔɏɌɞɑɗɫ ɔɗɔ əɑɐɚɝɞɌɞɚɣəɚɏɚ ɟɜɚɎəɫ 

ɞɚɛɗɔɎɌ ɚɝɟɥɑɝɞɎɗɫɑɞɝɫ ɌɎɌɜɔɕəɌɫ ɛɚɝɌɐɖɌ ɐɔɜɔɒɌɍɗɫ; 

Ȼɜɔ ɚɞɖɌɓɑ ɜɟɗɑɎɚɏɚ ɐɎɔɏɌɞɑɗɫ, ɝɔɝɞɑɘɧ ɜɑɏɟɗɔɜɚɎɌəɔɫ ɐɌɎɗɑəɔɫ, 

ɝɔɝɞɑɘɧ ɝɎɫɓɔ, ɝɔɝɞɑɘɧ əɌɎɔɏɌɢɔɔ, ɍɚɜɞɚɎɚɏɚ ɖɚɘɛɨɪɞɑɜɌ, ɐɌɞɣɔɖɌ 

ɜɌɓəɚɝɞɔ ɐɌɎɗɑəɔɕ ɍɌɗɗɚəɑɞɌ, ɌɎɌɜɔɕəɚɕ ɝɔɝɞɑɘɧ ɚɝɟɥɑɝɞɎɗɫɑɞɝɫ 

ɌɎɌɜɔɕəɧɕ ɎɚɓɎɜɌɞ ɐɔɜɔɒɌɍɗɫ Ɏ əɌɣɌɗɨəɟɪ ɞɚɣɖɟ; 

Ȼɜɔ ɚɞɖɌɓɑ ɐɌɞɣɔɖɌ ɝɖɚɜɚɝɞɔ ɔ əɌɛɜɌɎɗɑəɔɫ ɎɑɞɜɌ, ɐɌɞɣɔɖɌ ɞɑɘ-

ɛɑɜɌɞɟɜɧ, ɐɌɞɣɔɖɌ ɎɗɌɒəɚɝɞɔ, ɐɌɞɣɔɖɌ ɐɌɎɗɑəɔɫ, ɐɌɞɣɔɖɌ ɜɌɝɝɞɚɫəɔɫ 

ɐɚ ɛɚɎɑɜɡəɚɝɞɔ, ɛɗɌɞɧ ɝɍɚɜɌ ɐɌəəɧɡ ɐɌɞɣɔɖɌ ɝɜɑɐɧ, ɎɔɐɑɚɖɌɘɑɜɧ ɝɔ-
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ɝɞɑɘɌ ɟɛɜɌɎɗɑəɔɫ ɔ əɌɎɔɏɌɢɔɔ ɐɚɗɒəɌ ɛɜɚɐɚɗɒɌɞɨ Ɏɧɛɚɗəɑəɔɑ ɛɚ-

ɗɑɞəɚɏɚ ɓɌɐɌəɔɫ. 

4.1.4. ȾɜɑɍɚɎɌəɔɫ ɖ əɌɐɑɒəɚɝɞɔ 

4.1.4.1. ȽɚɝɞɌɎ ɛɚɖɌɓɌɞɑɗɑɕ əɌɐɑɒəɚɝɞɔ ɐɗɫ ɝɔɝɞɑɘɧ Ɏ ɢɑɗɚɘ 

ȹɌɐɑɒəɚɝɞɨ ɐɚɗɒəɌ ɚɍɑɝɛɑɣɔɎɌɞɨɝɫ ɓɌ ɝɣɑɞ: 

ð ɛɜɔɘɑəɑəɔɫ ɞɑɡəɔɣɑɝɖɔɡ ɝɜɑɐɝɞɎ, ɝɔɝɞɑɘəɚɏɚ ɔ ɍɌɓɚɎɚɏɚ ɛɜɚ-

ɏɜɌɘɘəɚɏɚ ɚɍɑɝɛɑɣɑəɔɫ, ɝɚɚɞɎɑɞɝɞɎɟɪɥɔɡ ɖɗɌɝɝɟ ɜɑɤɌɑɘɧɡ ɓɌɐɌɣ; 

ð ɝɚɍɗɪɐɑəɔɫ ɛɜɌɎɔɗ ɩɖɝɛɗɟɌɞɌɢɔɔ ɔ ɞɑɡəɔɣɑɝɖɚɏɚ ɚɍɝɗɟɒɔɎɌəɔɫ 

ɛɜɚɏɜɌɘɘəɚ-ɌɛɛɌɜɌɞəɧɡ ɝɜɑɐɝɞɎ; 

ð ɛɜɑɐɎɌɜɔɞɑɗɨəɚɏɚ ɚɍɟɣɑəɔɫ ɚɛɑɜɌɞɚɜɚɎ ɔ ɚɍɝɗɟɒɔɎɌɪɥɑɏɚ ɛɑɜ-

ɝɚəɌɗɌ. 

Ȯɜɑɘɫ ɟɝɞɜɌəɑəɔɫ ɚɞɖɌɓɚɎ: 

ð ɛɜɔ ɚɞɖɌɓɑ ɘɌɜɤɑɎɚɏɚ ɐɎɔɏɌɞɑɗɫ ɔɗɔ ɜɟɗɑɎɚɏɚ ɐɎɔɏɌɞɑɗɫ ð əɑ 

ɍɚɗɑɑ 48 ɣɌɝɚɎ; 

ð ɛɜɔ ɚɞɖɌɓɑ ɝɔɝɞɑɘɧ ɟɛɜɌɎɗɑəɔɫ ð əɑ ɍɚɗɑɑ 24 ɣɌɝɚɎ; 

ð ɛɜɔ ɚɞɖɌɓɑ ɝɔɝɞɑɘɧ ɛɔɞɌəɔɫ ð əɑ ɍɚɗɑɑ 24 ɣɌɝɚɎ; 

ð ɛɜɔ ɚɞɖɌɓɑ ɐɌɞɣɔɖɌ ð əɑ ɍɚɗɑɑ 48 ɣɌɝɚɎ. 

Ȯɜɑɘɫ əɌɜɌɍɚɞɖɔ əɌ ɚɞɖɌɓ ɝɔɝɞɑɘɧ ɝɚɝɞɌɎɗɫɑɞ əɑ ɘɑəɑɑ 480 ɣɌɝɚɎ. 

4.1.4.2. ȾɜɑɍɚɎɌəɔɫ ɖ əɌɐɑɒəɚɝɞɔ ɞɑɡəɔɣɑɝɖɔɡ ɝɜɑɐɝɞɎ ɔ ɛɜɚ-

ɏɜɌɘɘəɚɏɚ ɚɍɑɝɛɑɣɑəɔɫ 

ȶ əɌɐɑɒəɚɝɞɔ ɚɍɚɜɟɐɚɎɌəɔɫ ɛɜɑɐɦɫɎɗɫɪɞɝɫ ɝɗɑɐɟɪɥɔɑ ɞɜɑɍɚɎɌ-

əɔɫ: 

ð Ɏ ɖɌɣɑɝɞɎɑ ɌɛɛɌɜɌɞəɧɡ ɛɗɌɞɠɚɜɘ ɐɚɗɒəɧ ɔɝɛɚɗɨɓɚɎɌɞɨɝɫ ɝɜɑɐ-

ɝɞɎɌ ɝ ɛɚɎɧɤɑəəɚɕ əɌɐɑɒəɚɝɞɨɪ; 

ð ɝ ɢɑɗɨɪ ɛɚɎɧɤɑəɔɫ ɚɞɖɌɓɚɟɝɞɚɕɣɔɎɚɝɞɔ ɝɔɝɞɑɘɧ Ɏ ɢɑɗɚɘ əɑɚɍ-

ɡɚɐɔɘɌ ɚɍɫɓɌɞɑɗɨəɌɫ ɖɚɘɛɗɑɖɞɌɢɔɫ ɍɚɜɞɚɎɚɕ ɝɔɝɞɑɘɧ ɟɛɜɌɎɗɑəɔɫ ɔɝ-

ɞɚɣəɔɖɚɘ ɍɑɝɛɑɜɑɍɚɕəɚɏɚ ɛɔɞɌəɔɫ ɝ Ɏɚɓɘɚɒəɚɝɞɨɪ ɌɎɞɚəɚɘəɚɕ ɜɌɍɚɞɧ 

əɑ ɘɑəɑɑ 15 ɝ; 

ð ɍɗɚɖ ɌɎɌɜɔɕəɚɏɚ ɟɛɜɌɎɗɑəɔɫ ɐɚɗɒɑə ɎɧɝɞɟɛɌɞɨ Ɏ ɖɌɣɑɝɞɎɑ ɜɑ-

ɓɑɜɎəɚɏɚ ɍɗɚɖɌ ɍɚɜɞɚɎɚɏɚ ɖɚɘɛɨɪɞɑɜɌ. 

4.1.4.3. ȾɜɑɍɚɎɌəɔɫ ɖ ɘɑɞɚɐɌɘ ɚɢɑəɖɔ ɔ ɖɚəɞɜɚɗɫ ɛɚɖɌɓɌɞɑɗɑɕ 

əɌɐɑɒəɚɝɞɔ əɌ ɜɌɓəɧɡ ɝɞɌɐɔɫɡ ɝɚɓɐɌəɔɫ ɝɔɝɞɑɘɧ Ɏ ɝɚɚɞɎɑɞɝɞɎɔɔ ɝ ɐɑɕ-

ɝɞɎɟɪɥɔɘɔ əɚɜɘɌɞɔɎəɚ-ɞɑɡəɔɣɑɝɖɔɘɔ ɐɚɖɟɘɑəɞɌɘɔ 

ȻɜɚɎɑɜɖɌ Ɏɧɛɚɗəɑəɔɫ ɞɜɑɍɚɎɌəɔɕ ɛɚ əɌɐɑɒəɚɝɞɔ ɐɚɗɒəɌ ɛɜɚɔɓ-

Ɏɚɐɔɞɨɝɫ əɌ ɩɞɌɛɑ ɛɜɚɑɖɞɔɜɚɎɌəɔɫ ɜɌɝɣɑɞəɧɘ ɛɟɞɑɘ, Ɍ əɌ ɩɞɌɛɌɡ ɔɝ-

ɛɧɞɌəɔɕ ɔ ɩɖɝɛɗɟɌɞɌɢɔɔ ð ɛɚ ɘɑɞɚɐɔɖɑ ȼɌɓɜɌɍɚɞɣɔɖɌ, ɝɚɏɗɌɝɚɎɌəəɚɕ ɝ 

ȳɌɖɌɓɣɔɖɚɘ. 

4.1.5. ȾɜɑɍɚɎɌəɔɫ ɖ ɩɜɏɚəɚɘɔɖɑ ɔ ɩɝɞɑɞɔɖɑ 

ȽɔɝɞɑɘɌ ɐɚɗɒəɌ ɚɍɑɝɛɑɣɔɎɌɞɨ ɟɐɚɍəɧɕ ɐɗɫ ɚɛɑɜɌɞɚɜɌ ɔəɞɑɜɠɑɕɝ, 

ɚɞɎɑɣɌɪɥɔɕ ɝɗɑɐɟɪɥɔɘ ɞɜɑɍɚɎɌəɔɫɘ: 

ð ɑɐɔəɧɕ ɝɞɔɗɨ ɚɠɚɜɘɗɑəɔɫ ɐɗɫ ɛɚɗɨɓɚɎɌɞɑɗɨɝɖɔɡ ɔəɞɑɜɠɑɕɝɚɎ; 

ð ɎɓɌɔɘɚɐɑɕɝɞɎɔɑ ɚɛɑɜɌɞɚɜɌ ɚɝɟɥɑɝɞɎɗɫɑɞɝɫ əɌ Ɍəɏɗɔɕɝɖɚɘ ɫɓɧɖɑ; 
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ð ɌɎɌɜɔɕəɧɑ Ɏ əɑɤɞɌɞəɧɑ  ɝɔɞɟɌɢɔɔ ɚɞɚɍɜɌɒɌɪɞɝɫ ɏɜɌɠɔɣɑɝɖɔ ɔ 

ɐɟɍɗɔɜɟɪɞɝɫ ɓɎɟɖɚɎɧɘɔ ɝɚɚɍɥɑəɔɫɘɔ; 

ð ɔəɞɑɜɠɑɕɝ ɚɛɑɜɌɞɚɜɚɎ ɐɚɗɒɑə ɍɧɞɨ ɚɜɔɑəɞɔɜɚɎɌə əɌ ɜɌɍɚɞɟ ɝ 

ɖɗɌɎɔɌɞɟɜɚɕ ɔ ɘɌəɔɛɟɗɫɞɚɜɚɘ ɏɜɌɠɔɣɑɝɖɚɕ ɔəɠɚɜɘɌɢɔɔ çɘɧɤɨè; 

ð ɐɚɗɒəɚ ɍɧɞɨ ɜɑɌɗɔɓɚɎɌəɚ ɚɞɚɍɜɌɒɑəɔɑ əɌ ɩɖɜɌəɑ ɞɚɗɨɖɚ ɞɑɡ 

Ɏɚɓɘɚɒəɚɝɞɑɕ, ɖɚɞɚɜɧɑ ɐɚɝɞɟɛəɧ ɎɧɍɔɜɌɑɞ ɚɛɑɜɌɞɚɜ; 

ð ɐɚɗɒəɌ ɍɧɞɨ ɜɑɌɗɔɓɚɎɌəɌ Ɏɚɓɘɚɒəɚɝɞɨ ɜɌɍɚɞɧ ɝ ɝɔɝɞɑɘɚɕ ɛɜɔ 

ɐɎɟɡ ɘɚəɔɞɚɜəɚɕ ɖɚəɠɔɏɟɜɌɢɔɔ ɐɔɝɛɗɑɑɎ;  

ð ɛɜɑɐɝɞɌɎɗɑəɔɑ ɟɛɜɌɎɗɫɪɥɔɡ ɩɗɑɘɑəɞɚɎ, ɩɖɜɌəəɧɡ ɠɚɜɘ ɔ ɔɡ 

ɔəɠɚɜɘɌɢɔɚəəɧɡ ɩɗɑɘɑəɞɚɎ (ɚɖɚə, ɛɌəɑɗɑɕ ɔ ɞ.ɛ.) ɐɚɗɒəɚ ɍɧɞɨ ɟəɔ-

ɠɔɢɔɜɚɎɌəɚ. ɉɖɜɌəəɧɑ ɠɚɜɘɧ ɐɚɗɒəɧ ɛɚɗəɚɝɞɨɪ əɌɡɚɐɔɞɨɝɫ Ɏ Ɏɔɐɔ-

ɘɚɕ ɛɗɚɥɌɐɔ ɩɖɜɌəɌ ɘɚəɔɞɚɜɌ. 

4.1.6. ȾɜɑɍɚɎɌəɔɫ ɖ ɩɖɝɛɗɟɌɞɌɢɔɔ, ɞɑɡəɔɣɑɝɖɚɘɟ ɚɍɝɗɟɒɔɎɌəɔɪ, 

ɜɑɘɚəɞɟ ɔ ɡɜɌəɑəɔɪ ɖɚɘɛɚəɑəɞɚɎ ɝɔɝɞɑɘɧ 

ɉɗɑɘɑəɞɧ ɝɔɝɞɑɘɧ ɟɛɜɌɎɗɑəɔɫ Ɏɧɛɚɗəɫɑɞɝɫ Ɏ ɛɧɗɑ- ɔ ɎɗɌɏɚɓɌ-

ɥɔɥɑəəɧɡ ɖɚɜɛɟɝɌɡ. 

ȽɔɝɞɑɘɌ ɩɖɝɛɗɟɌɞɔɜɟɑɞɝɫ Ɏ ɝɗɑɐɟɪɥɔɡ ɟɝɗɚɎɔɫɡ: 

ð Ɏ ɐɔɌɛɌɓɚəɑ ɞɑɘɛɑɜɌɞɟɜ ɚɞ -40 ɐɚ +55 ÁȽ; 

ð Ɏ ɐɔɌɛɌɓɚəɑ ɤɔɜɚɞ ð əɑ ɍɚɗɑɑ 55Ü; 

ð ɛɜɔ ɎɗɌɒəɚɝɞɔ ð 25 %ð98 %. 

ȼɑɖɚɘɑəɐɚɎɌəəɚɑ ɞɑɡəɔɣɑɝɖɚɑ ɚɍɝɗɟɒɔɎɌəɔɑ ɐɚɗɒəɚ ɛɜɚɎɚɐɔɞɨɝɫ 

ɞɑɡəɔɣɑɝɖɔɘ ɛɑɜɝɚəɌɗɚɘ, ɖɚɞɚɜɧɕ ɓəɌɖɚɘ ɝ ɜɌɍɚɞɚɕ ɜɌɐɔɚɩɗɑɖɞɜɚəəɚɕ 

ɔ ɖɚɘɛɨɪɞɑɜəɚɕ ɌɛɛɌɜɌɞɟɜɧ, ɔɓɟɣɔɗ ɐɌəəɚɑ ɜɟɖɚɎɚɐɝɞɎɚ ɛɚ ɩɖɝɛɗɟɌ-

ɞɌɢɔɔ ɔ ɛɜɚɤɬɗ ɔəɝɞɜɟɖɞɌɒ ɛɚ ɞɑɡəɔɖɑ ɍɑɓɚɛɌɝəɚɝɞɔ ɛɜɔ ɜɌɍɚɞɑ ɝ 

ɩɗɑɖɞɜɚɞɑɡəɔɣɑɝɖɔɘ ɚɍɚɜɟɐɚɎɌəɔɑɘ. 

Ȼɚɜɫɐɚɖ ɞɑɡəɔɣɑɝɖɚɏɚ ɚɍɝɗɟɒɔɎɌəɔɫ ɔɓɐɑɗɔɫ. 

ȺɍɫɓɌɞɑɗɨəɚɑ ɞɑɡəɔɣɑɝɖɚɑ ɚɍɝɗɟɒɔɎɌəɔɑ. Ȯ ɝɚɝɞɌɎ ɚɍɫɓɌɞɑɗɨəɚɏɚ 

ɞɑɡəɔɣɑɝɖɚɏɚ ɚɍɝɗɟɒɔɎɌəɔɫ Ɏɡɚɐɫɞ ɝɗɑɐɟɪɥɔɑ ɜɌɍɚɞɧ: 

ð ɓɌɘɑəɌ ɍɌɞɌɜɑɕ; 

ð Ɏəɑɤəɔɕ ɚɝɘɚɞɜ ɔ ɛɜɚɎɑɜɖɌ ɜɌɍɚɞɚɝɛɚɝɚɍəɚɝɞɔ ɝɚɝɞɌɎəɧɡ ɣɌɝɞɑɕ 

ȽȿȹȰ; 

ð ɛɜɚɎɑɜɖɌ ɜɌɍɚɞɚɝɛɚɝɚɍəɚɝɞɔ ȽȿȹȰ ɛɚ ɛɜɚɏɜɌɘɘɑ ɞɔɛɚɎɧɡ ɔɝɛɧ-

ɞɌəɔɕ. 

Ȼɑɜɔɚɐɔɣəɚɝɞɨ ɛɜɚɎɑɐɑəɔɫ ɜɌɍɚɞ +

 1 ɏɚɐ. 

ȼɑɖɚɘɑəɐɚɎɌəəɚɑ ɞɑɡəɔɣɑɝɖɚɑ ɚɍɝɗɟɒɔɎɌəɔɑ. Ȼɑɜɑɣɔɝɗɑəəɧɑ əɔ-

ɒɑ ɜɌɍɚɞɧ ɛɚ ɞɑɡəɔɣɑɝɖɚɘɟ ɚɍɝɗɟɒɔɎɌəɔɪ əɚɝɫɞ ɜɑɖɚɘɑəɐɌɞɑɗɨəɧɕ 

ɡɌɜɌɖɞɑɜ. Ȼɑɜɑɣɑəɨ ɜɌɍɚɞ ɔ ɔɡ ɛɑɜɔɚɐɔɣəɚɝɞɨ ɟɝɞɌəɌɎɗɔɎɌɪɞɝɫ ɛɜɑɐ-

ɛɜɔɫɞɔɑɘ-ɛɚɞɜɑɍɔɞɑɗɑɘ Ɏ ɓɌɎɔɝɔɘɚɝɞɔ ɚɞ ɟɝɗɚɎɔɕ ɩɖɝɛɗɟɌɞɌɢɔɔ 

ȽȿȹȰ. Ȼɑɜɑɣɑəɨ ɜɑɖɚɘɑəɐɚɎɌəəɧɡ ɜɌɍɚɞ: 

ð ɚɣɔɝɞɖɌ ȽȿȹȰ ɚɞ ɏɜɫɓɔ ɔ ɛɧɗɔ; 
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ð Ɏəɑɤəɔɕ ɚɝɘɚɞɜ ɝɚɝɞɚɫəɔɫ ȽȿȹȰ: ɛɜɚɎɑɜɖɌ ɖɜɑɛɗɑəɔɫ ɛɜɔɍɚɜ-

əɧɡ ɝɚɑɐɔəɔɞɑɗɑɕ ɔ ɩɗɑɘɑəɞɚɎ ɔəɐɔɖɌɢɔɔ, ɛɜɚɎɑɜɖɌ ɝɚɝɞɚɫəɔɫ ɏɌɗɨ-

ɎɌəɔɣɑɝɖɚɏɚ ɛɚɖɜɧɞɔɫ ɖɚɜɛɟɝɌ ɔ ɛɜɚɎɑɜɖɌ ɖɚɘɛɗɑɖɞəɚɝɞɔ; 

ð ɛɜɚɎɑɜɖɌ əɌɐɬɒəɚɝɞɔ ɝɚɣɗɑəɑəɔɫ ɩɗɑɖɞɜɔɣɑɝɖɔɡ ɝɚɑɐɔəɔɞɑɗɑɕ, 

Ɍ ɞɌɖɒɑ ɚɞɝɟɞɝɞɎɔɑ ɚɍɜɧɎɚɎ ɔɗɔ ɛɚɎɜɑɒɐɑəɔɕ ɔɓɚɗɫɢɔɔ ɝɚɑɐɔəɔɞɑɗɨ-

əɧɡ ɖɌɍɑɗɑɕ; 

ð ɛɜɚɎɑɜɖɌ ɖɌɣɑɝɞɎɌ ɓɌɓɑɘɗɑəɔɫ; 

ð ɛɜɚɎɑɜɖɌ əɌɐɬɒəɚɝɞɔ ɖɜɑɛɗɑəɔɫ ȽȿȹȰ; 

ɛɜɚɎɑɜɖɌ ɖɌɣɑɝɞɎɌ Ɏəɑɤəɑɕ ɝɔɝɞɑɘɧ Ɏɑəɞɔɗɫɢɔɔ Ɏ ɘɑɝɞɑ ɟɝɞɌəɚɎ-

ɖɔ ȽȿȹȰ. 

Ȼɑɜɔɚɐɔɣəɚɝɞɨ ɛɜɚɎɑɐɑəɔɫ ɜɑɖɚɘɑəɐɚɎɌəəɚɏɚ ɞɑɡəɔɣɑɝɖɚɏɚ ɚɍ-

ɝɗɟɒɔɎɌəɔɫ ɓɌɎɔɝɔɞ ɚɞ ɟɝɗɚɎɔɕ ɩɖɝɛɗɟɌɞɌɢɔɔ ɔ Ɏ ɚɍɥɑɘ ɝɗɟɣɌɑ ɐɚɗɒ-

əɌ ɝɚɝɞɌɎɗɫɞɨ 3 ɘɑɝɫɢɌ. 

ȻɜɚɎɑɜɖɌ ɜɌɍɚɞɚɝɛɚɝɚɍəɚɝɞɔ ɚɝɟɥɑɝɞɎɗɫɑɞɝɫ Ɏ ɛɜɚɢɑɝɝɑ ɛɜɑɐɝɞɌɜ-

ɞɚɎɚɕ ɐɔɌɏəɚɝɞɔɖɔ. 

ȽȿȹȰ ɐɚɗɒəɚ ɡɜɌəɔɞɨɝɫ Ɏ ɞɑɛɗɚɘ ɝɟɡɚɘ ɛɚɘɑɥɑəɔɔ Ɏ ɠɌɍɜɔɣəɚɕ 

ɟɛɌɖɚɎɖɑ ɔ ɟɝɞɚɕɣɔɎɚɘ ɛɚɗɚɒɑəɔɔ. 

Ȼɜɔ ɡɜɌəɑəɔɔ ɐɚɗɒəɧ ɝɞɜɚɏɚ Ɏɧɛɚɗəɫɞɨɝɫ ɞɜɑɍɚɎɌəɔɫ ɛɜɑɐɟɛɜɑ-

ɐɔɞɑɗɨəɧɡ əɌɐɛɔɝɑɕ əɌ ɟɛɌɖɚɎɖɑ. 

ȾɑɘɛɑɜɌɞɟɜɌ ɡɜɌəɑəɔɫ: ɚɞ +5 ÁȽ ɐɚ +40 ÁȽ, ɚɞəɚɝɔɞɑɗɨəɌɫ ɎɗɌɒ-

əɚɝɞɨ ɎɚɓɐɟɡɌ Ɏ ɛɚɘɑɥɑəɔɔ ɐɗɫ ɡɜɌəɑəɔɫ: ɐɚ 80 % ɛɜɔ +25 ÁȽ. 

Ȯ ɛɚɘɑɥɑəɔɔ ɐɗɫ ɡɜɌəɑəɔɫ əɑ ɐɚɛɟɝɖɌɑɞɝɫ əɌɗɔɣɔɑ ɛɌɜɚɎ ɖɔɝɗɚɞ 

ɔ ɥɑɗɚɣɑɕ, ɎɧɓɧɎɌɪɥɔɡ ɖɚɜɜɚɓɔɪ. 

4.1.7. ȾɜɑɍɚɎɌəɔɫ ɖ ɓɌɥɔɞɑ ɔəɠɚɜɘɌɢɔɔ ɚɞ əɑɝɌəɖɢɔɚəɔɜɚɎɌəəɚɏɚ 

ɐɚɝɞɟɛɌ 

ȳɌɛɟɝɖ ɝɔɝɞɑɘɧ ɚɝɟɥɑɝɞɎɗɫɑɞɝɫ ɛɚɐ ɛɌɜɚɗɑɘ, ɎɎɚɐɔɘɧɘ əɌɣɌɗɨ-

əɔɖɚɘ ɝɘɑəɧ ɔɗɔ ɜɟɖɚɎɚɐɔɞɑɗɑɘ ɛɚɗɑɞɌɘɔ. 

ȹɌ ɜɌɍɚɣɔɡ ɘɑɝɞɌɡ ɚɛɑɜɌɞɚɜɌ ɝɛɑɢəɌɏɜɟɓɖɔ, ɚɛɑɜɌɞɚɜɌ ɟɛɜɌɎɗɑ-

əɔɫ ɐɎɔɒɑəɔɑɘ ɔ ɚɛɑɜɌɞɚɜɌ ɞɑɜɘɔəɌɗɚɎ ɞɑɗɑɖɚɘɘɟəɔɖɌɢɔɔ ɟɝɞɌəɌɎ-

ɗɔɎɌɑɞɝɫ ɌəɞɔɎɔɜɟɝəɚɑ ɛɜɚɏɜɌɘɘəɚɑ ɚɍɑɝɛɑɣɑəɔɑ. 

4.1.8. ȾɜɑɍɚɎɌəɔɫ ɛɚ ɝɚɡɜɌəəɚɝɞɔ ɔəɠɚɜɘɌɢɔɔ ɛɜɔ ɌɎɌɜɔɫɡ 

Ȼɜɔ Ɏɝɑɡ ɞɔɛɌɡ ɚɞɖɌɓɚɎ, ɛɑɜɑɣɔɝɗɑəəɧɡ Ɏ ɛ. 4.1.3.3, Ɏɝɑ ɐɌəəɧɑ ɚ 

ɛɚɗɑɞɑ (ɐɚ 8 ɣɌɝɚɎ) ɐɚɗɒəɧ ɝɚɡɜɌəɫɞɨɝɫ Ɏ ɩəɑɜɏɚəɑɓɌɎɔɝɔɘɚɕ ɛɌɘɫɞɔ. 

4.1.9. ȾɜɑɍɚɎɌəɔɫ ɖ ɓɌɥɔɞɑ ɚɞ Ɏɗɔɫəɔɫ Ɏəɑɤəɔɡ ɎɚɓɐɑɕɝɞɎɔɕ 

ȽɔɝɞɑɘɌ Ɏɧɛɚɗəɫɑɞɝɫ Ɏɚ ɎɗɌɏɚ- ɔ ɛɧɗɑɓɌɥɔɥɑəəɧɡ ɖɚɜɛɟɝɌɡ.  

ȸɌɖɝɔɘɌɗɨəɧɑ ɟɐɌɜəɧɑ əɌɏɜɟɓɖɔ ð əɑ ɍɚɗɑɑ 10 g. 

ȽɔɝɞɑɘɌ ɐɚɗɒəɌ ɔɘɑɞɨ Ɏɚɓɘɚɒəɚɝɞɨ ɠɟəɖɢɔɚəɔɜɚɎɌəɔɫ ɛɜɔ ɖɚɗɑ-

ɍɌəɔɫɡ əɌɛɜɫɒɑəɔɫ ɩɗɑɖɞɜɚɛɔɞɌəɔɫ Ɏ ɛɜɑɐɑɗɌɡ 20 %. 

ȽɔɝɞɑɘɌ ɐɚɗɒəɌ ɠɟəɖɢɔɚəɔɜɚɎɌɞɨ Ɏ ɐɔɌɛɌɓɚəɑ ɞɑɘɛɑɜɌɞɟɜ ɚɞ        

-40 ÁȽ ɐɚ +55 ÁȽ. 

4.1.10. ȾɜɑɍɚɎɌəɔɫ ɛɚ ɝɞɌəɐɌɜɞɔɓɌɢɔɔ ɔ ɟəɔɠɔɖɌɢɔɔ 

ȽɔɝɞɑɘɌ ɜɌɓɜɌɍɌɞɧɎɌɑɞɝɫ ɝ ɛɜɔɘɑəɑəɔɑɘ ɝɞɌəɐɌɜɞəɧɡ ɛɜɚɘɧɤ-

ɗɑəəɚ ɎɧɛɟɝɖɌɑɘɧɡ ɔɓɐɑɗɔɕ ɔ ɛɜɚɏɜɌɘɘəɚɏɚ ɚɍɑɝɛɑɣɑəɔɫ. 
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4.1.11. Ȱɚɛɚɗəɔɞɑɗɨəɧɑ ɞɜɑɍɚɎɌəɔɫ 

ȽɔɝɞɑɘɌ ɐɚɗɒəɌ ɚɍɑɝɛɑɣɔɎɌɞɨ ɜɑɒɔɘ ɚɍɟɣɑəɔɫ ɛɑɜɝɚəɌɗɌ ɝ ɔɝ-

ɛɚɗɨɓɚɎɌəɔɑɘ ɛɜɚɏɜɌɘɘəɚ-ɌɛɛɌɜɌɞəɚɏɚ ɘɚɐɑɗɔɜɟɪɥɑɏɚ ɖɚɘɛɗɑɖɝɌ. 

4.1.12. ȾɜɑɍɚɎɌəɔɫ ɍɑɓɚɛɌɝəɚɝɞɔ 

Ȼɜɔ Ɏəɑɐɜɑəɔɔ, ɩɖɝɛɗɟɌɞɌɢɔɔ ɔ ɚɍɝɗɟɒɔɎɌəɔɔ ɞɑɡəɔɣɑɝɖɔɡ 

ɝɜɑɐɝɞɎ ɝɔɝɞɑɘɧ ɐɚɗɒəɧ Ɏɧɛɚɗəɫɞɨɝɫ ɘɑɜɧ ɩɗɑɖɞɜɚɍɑɓɚɛɌɝəɚɝɞɔ Ɏ ɝɚ-

ɚɞɎɑɞɝɞɎɔɔ ɝ çȻɜɌɎɔɗɌɘɔ ɟɝɞɜɚɕɝɞɎɌ ɩɗɑɖɞɜɚɟɝɞɌəɚɎɚɖè ɔ çȻɜɌɎɔɗɌɘɔ 

ɞɑɡəɔɖɔ ɍɑɓɚɛɌɝəɚɝɞɔ ɛɜɔ ɩɖɝɛɗɟɌɞɌɢɔɔ ɩɗɑɖɞɜɚɟɝɞɌəɚɎɚɖ ɛɚɞɜɑɍɔɞɑ-

ɗɑɕè. 

ȬɛɛɌɜɌɞəɚɑ ɚɍɑɝɛɑɣɑəɔɑ ɝɔɝɞɑɘɧ ɐɚɗɒəɚ ɝɚɚɞɎɑɞɝɞɎɚɎɌɞɨ ɞɜɑɍɚ-

ɎɌəɔɫɘ ɛɚɒɌɜəɚɕ ɍɑɓɚɛɌɝəɚɝɞɔ Ɏ ɛɜɚɔɓɎɚɐɝɞɎɑəəɧɡ ɛɚɘɑɥɑəɔɫɡ ɛɚ 

ȯȺȽȾ 12.1.004-91. çȽȽȭȾ. ȻɚɒɌɜəɌɫ ɍɑɓɚɛɌɝəɚɝɞɨ. Ⱥɍɥɔɑ ɞɜɑɍɚɎɌ-

əɔɫè. 

Ȱɚɗɒəɚ ɍɧɞɨ ɚɍɑɝɛɑɣɑəɚ ɝɚɍɗɪɐɑəɔɑ ɚɍɥɔɡ ɞɜɑɍɚɎɌəɔɕ ɍɑɓɚɛɌɝ-

əɚɝɞɔ Ɏ ɝɚɚɞɎɑɞɝɞɎɔɔ ɝ ȯȺȽȾ 12.2.003-91. çȽȽȭȾ. ȺɍɚɜɟɐɚɎɌəɔɑ ɛɜɚɔɓ-

ɎɚɐɝɞɎɑəəɚɑ. Ⱥɍɥɔɑ ɞɜɑɍɚɎɌəɔɫ ɍɑɓɚɛɌɝəɚɝɞɔè ɛɜɔ ɚɍɝɗɟɒɔɎɌəɔɔ ɝɔ-

ɝɞɑɘɧ Ɏ ɛɜɚɢɑɝɝɑ ɩɖɝɛɗɟɌɞɌɢɔɔ. 

ȬɛɛɌɜɌɞəɌɫ ɣɌɝɞɨ ɝɔɝɞɑɘɧ ɐɚɗɒəɌ ɍɧɞɨ ɓɌɓɑɘɗɑəɌ Ɏ ɝɚɚɞɎɑɞɝɞɎɔɔ 

ɝ ɞɜɑɍɚɎɌəɔɫɘɔ ȯȺȽȾ ȼ 50571.22-2000. çɉɗɑɖɞɜɚɟɝɞɌəɚɎɖɔ ɓɐɌəɔɕ.     

Ƀ.7. ȾɜɑɍɚɎɌəɔɫ ɖ ɝɛɑɢɔɌɗɨəɧɘ ɩɗɑɖɞɜɚɟɝɞɌəɚɎɖɌɘ. ȼɌɓɐ. 707. ȳɌɓɑɘ-

ɗɑəɔɑ ɚɍɚɜɟɐɚɎɌəɔɫ ɚɍɜɌɍɚɞɖɔ ɔəɠɚɜɘɌɢɔɔè. 

4.1.13. ȾɜɑɍɚɎɌəɔɫ ɖ ɞɜɌəɝɛɚɜɞɌɍɑɗɨəɚɝɞɔ ɐɗɫ ɛɚɐɎɔɒəɧɡ ɝɔɝɞɑɘ 

ȶɚəɝɞɜɟɖɢɔɫ əɌɓɑɘəɚɏɚ ɛɟəɖɞɌ ɟɛɜɌɎɗɑəɔɫ ɐɚɗɒəɌ ɚɍɑɝɛɑɣɔɎɌɞɨ 

Ɏɚɓɘɚɒəɚɝɞɨ əɌ ɌɎɞɚɘɚɍɔɗɑ ɓɌɖɌɓɣɔɖɌ. 

ȭɚɜɞɚɎɌɫ ɝɔɝɞɑɘɌ ɟɛɜɌɎɗɑəɔɫ ɟɝɞɌəɌɎɗɔɎɌɑɞɝɫ Ɏ ɏɚəɐɚɗɑ ɐɔɜɔ-

ɒɌɍɗɫ. Ƚɛɚɝɚɍɧ ɟɝɞɌəɚɎɖɔ ɜɌɓɜɌɍɌɞɧɎɌɪɞɝɫ ɔɝɛɚɗəɔɞɑɗɑɘ Ɏ ɡɚɐɑ Ɏɧ-

ɛɚɗəɑəɔɫ ɞɑɡəɔɣɑɝɖɚɏɚ ɛɜɚɑɖɞɌ. 

4.2. ȾɜɑɍɚɎɌəɔɫ ɖ ɠɟəɖɢɔɫɘ, Ɏɧɛɚɗəɫɑɘɧɘ ɝɔɝɞɑɘɚɕ 

4.2.1. ȹɌɎɔɏɌɢɔɚəəɌɫ ɝɔɝɞɑɘɌ 

ȹɌɎɔɏɌɢɔɚəəɌɫ ɝɔɝɞɑɘɌ ɛɜɑɐəɌɓəɌɣɑəɌ ɐɗɫ ɔɓɘɑɜɑəɔɫ ɞɑɖɟɥɔɡ 

ɖɚɚɜɐɔəɌɞ ɔ ɟɏɗɚɎ ɚɜɔɑəɞɌɢɔɔ ɐɔɜɔɒɌɍɗɫ, ɜɌɝɝɞɚɫəɔɫ ɐɚ ɛɚɎɑɜɡəɚɝɞɔ. 

Ⱦɑɡəɔɣɑɝɖɔɑ ɡɌɜɌɖɞɑɜɔɝɞɔɖɔ əɌɎɔɏɌɢɔɚəəɚɕ ɝɔɝɞɑɘɧ 

 ȼɌɓɘɑɜ

ɘɑɜ-

əɚɝɞɨ 

ȼɑ-

ɒɔɘ 

ɖɚɜ-

ɜɑɖ-

ɢɔɔ 

5 

ɘɔə 

ɍɑɓ 

Ƚȹ

Ƚ 

ȬɎɞɚ-

əɚɘ-

əɧɕ 

Ⱦɚɣəɚɝɞɨ ɚɛɜɑɐɑ-

ɗɑəɔɫ ɖɚɚɜɐɔəɌɞ 

ɘ (1s) 6 500 ȹɑ ɐɚ-

ɝɞɟɛəɚ 

Ⱦɚɣəɚɝɞɨ ɚɛɜɑɐɑ-

ɗɑəɔɫ ɛɟɞɑɎɚɕ 

ɝɖɚɜɚɝɞɔ 

ɘ/ɝ (1s) 0,2 5 ȹɑ ɐɚ-

ɝɞɟɛəɚ 

Ⱦɚɣəɚɝɞɨ ɚɛɜɑɐɑ-ɘ/ɝ (1s) 0,25 0,3 0,5 
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ɗɑəɔɫ ɎɑɜɞɔɖɌɗɨ-

əɚɕ ɝɖɚɜɚɝɞɔ 

Ⱦɚɣəɚɝɞɨ ɚɛɜɑɐɑ-

ɗɑəɔɫ Ɏɧɝɚɞɧ 

ȸ 2-4 2-4 6-8 

Ⱦɚɣəɚɝɞɨ ɚɛɜɑɐɑ-

ɗɑəɔɫ ɟɏɗɚɎ ɚɜɔ-

ɑəɞɌɢɔɔ** 

(̄1s) 0,4-

0,6 

0,5-

0,7 

0,7-1 

Ⱦɚɣəɚɝɞɨ ɚɛɜɑɐɑ-

ɗɑəɔɫ ɖɟɜɝɌ 

(̄1s) 0,5 5 ȹɑ ɐɚ-

ɝɞɟɛəɚ 

ȼɌɓɜɑɤɌɪɥɌɫ 

ɝɛɚɝɚɍəɚɝɞɨ 

 ̄ 0,05 0,05 0,05 

ȰɔɌɛɌɓɚə ɔɓɘɑ-

ɜɑəɔɫ ɜɌɝɝɞɚɫəɔɫ 

ɐɚ ɛɚɎɑɜɡəɚɝɞɔ 

ɘ (1s) 1,5 ð 700 

Ȼɚɏɜɑɤəɚɝɞɨ ɔɓ-

ɘɑɜɑəɔɫ Ɏɧɝɚɞɧ 

ɘ (1s) 0,125 

ȶɜɔɞɑɜɔɑɘ ɚɞɖɌɓɌ əɌɎɔɏɌɢɔɚəəɚɕ ɝɔɝɞɑɘɧ ɫɎɗɫɑɞɝɫ ɚɞɝɟɞɝɞɎɔɑ 

əɌɎɔɏɌɢɔɚəəɧɡ ɐɌəəɧɡ Ɏ ɞɑɣɑəɔɑ 3 ɝ ɔɗɔ Ɏɧɡɚɐ ɛɚɖɌɓɌəɔɕ ɓɌ ɓɌɐɌə-

əɧɑ ɞɑɡəɚɗɚɏɔɣɑɝɖɔɑ ɐɔɌɛɌɓɚəɧ. 

4.2.2. ȰɌɞɣɔɖɔ Ɏəɑɤəɑɕ ɝɜɑɐɧ 

ȰɌɞɣɔɖɔ Ɏəɑɤəɑɕ ɝɜɑɐɧ ɛɜɑɐəɌɓəɌɣɑəɧ ɐɗɫ ɔɓɘɑɜɑəɔɫ ɛɌɜɌɘɑɞ-

ɜɚɎ Ɏəɑɤəɑɕ ɝɜɑɐɧ ɔ ɛɑɜɑɐɌɣɔ ɔɡ Ɏ ɝɔɝɞɑɘɟ ɟɛɜɌɎɗɑəɔɫ ɛɚɗɑɞɚɘ. 

ɁɌɜɌɖɞɑɜɔɝɞɔɖɔ ɐɌɞɣɔɖɚɎ Ɏəɑɤəɑɕ ɝɜɑɐɧ 

ɁɌɜɌɖɞɑɜɔɝɞɔɖɌ ȼɌɓɘɑɜəɚɝɞɨ ȮɑɗɔɣɔəɌ 

ȰɔɌɛɌɓɚə ɔɓɘɑɜɑəɔɫ 

ɝɖɚɜɚɝɞɔ ɎɑɞɜɌ 

ɘ/ɝ 0 ð 45 

ȶɚɗɔɣɑɝɞɎɚ ɚɝɑɕ ɔɓ-

ɘɑɜɑəɔɫ ɎɑɞɜɌ 

 3 

ȺɤɔɍɖɌ ɔɓɘɑɜɑəɔɫ 

ɝɖɚɜɚɝɞɔ ɎɑɞɜɌ  ɛɜɔ 

12 ɘ/ɝ (ȽȶȺ) 

% <1.5 

ȺɤɔɍɖɌ ɚɛɜɑɐɑɗɑ-

əɔɫ əɌɛɜɌɎɗɑəɔɫ 

ɎɑɞɜɌ ɛɜɔ 12 ɘ/ɝ 

Á 2 

Ȼɚɏɜɑɤəɚɝɞɨ ɔɓɘɑ-

ɜɑəɔɫ ɞɑɘɛɑɜɌɞɟɜɧ 

ɛɜɔ Ⱦ=0ÁȽ 

ÁȽ Ñ0,5 

Ȼɚɏɜɑɤəɚɝɞɨ ɔɓɘɑ-

ɜɑəɔɕ ɐɌɎɗɑəɔɫ 

% 1.5 

Ȼɚɏɜɑɤəɚɝɞɨ ɔɓɘɑ-

ɜɑəɔɫ ɎɗɌɒəɚɝɞɔ 

% Ñ2 
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ȶɜɔɞɑɜɔɑɘ ɚɞɖɌɓɌ ɐɌɞɣɔɖɚɎ Ɏəɑɤəɑɕ ɝɜɑɐɧ ɫɎɗɫɑɞɝɫ ɚɞɝɟɞɝɞɎɔɑ 

ɐɌəəɧɡ Ɏ ɞɑɣɑəɔɑ 3 ɝ ɔɗɔ Ɏɧɡɚɐ ɛɚɖɌɓɌəɔɕ ɓɌ ɓɌɐɌəəɧɑ ɞɑɡəɚɗɚɏɔɣɑ-

ɝɖɔɑ ɐɔɌɛɌɓɚəɧ. 

4.2.3. ȭɚɜɞɚɎɌɫ ɝɔɝɞɑɘɌ ɟɛɜɌɎɗɑəɔɫ 

ȭɚɜɞɚɎɌɫ ɝɔɝɞɑɘɌ ɟɛɜɌɎɗɑəɔɫ ɛɚɗɑɞɚɘ ɛɜɑɐəɌɓəɌɣɑəɌ ɐɗɫ ɜɌɝɣɑɞɌ 

ɟɛɜɌɎɗɫɪɥɔɡ ɎɚɓɐɑɕɝɞɎɔɕ ɔ ɛɑɜɑɐɌɣɔ ɔɡ əɌ ɔɝɛɚɗəɔɞɑɗɨəɧɑ ɘɑɡɌ-

əɔɓɘɧ, ɐɔɌɏəɚɝɞɔɜɚɎɌəɔɫ ɝɚɝɞɚɫəɔɫ Ƚɔɝɞɑɘɧ ɟɛɜɌɎɗɑəɔɫ ɔ ɛɜɔəɫɞɔɫ 

ɜɑɤɑəɔɫ Ɏ ɌɎɌɜɔɕəɧɡ ɝɔɞɟɌɢɔɫɡ, Ɍ ɞɌɖɒɑ ɐɗɫ ɎɔɓɟɌɗɨəɚɕ ɚɢɑəɖɔ 

Ɏəɑɤəɑɕ ɚɍɝɞɌəɚɎɖɔ ɚɛɑɜɌɞɚɜɚɘ ɛɜɔ ɐɔɝɞɌəɢɔɚəəɚɘ ɟɛɜɌɎɗɑəɔɔ. 

Ⱦɑɡəɔɣɑɝɖɔɑ ɡɌɜɌɖɞɑɜɔɝɞɔɖɔ ɍɚɜɞɚɎɚɏɚ ɖɚɘɛɨɪɞɑɜɌ 

ȾɌɖɞɚɎɌɫ ɣɌɝɞɚɞɌ ɛɜɚɢɑɝɝɚɜɌ əɑ ɘɑəɑɑ 1 ȯɏɢ 

Ⱥɍɦɑɘ Ⱥȳȿ əɑ ɘɑəɑɑ 256 ȸɍɌɕɞ 

Ⱥɍɦɑɘ ɟɝɞɜɚɕɝɞɎɌ ɡɜɌəɑəɔɫ ɐɌə-

əɧɡ 

əɑ ɘɑəɑɑ 2 ȯɍɌɕɞ 

ȶɜɔɞɑɜɔɑɘ ɚɞɖɌɓɌ ɍɚɜɞɚɎɚɕ ɝɔɝɞɑɘɧ ɟɛɜɌɎɗɑəɔɫ ɫɎɗɫɑɞɝɫ ɚɞɝɟɞ-

ɝɞɎɔɑ ɝɔɏəɌɗɌ ɓɌɎɑɜɤɑəɔɫ ɢɔɖɗɌ ɟɛɜɌɎɗɑəɔɫ Ɏ ɞɑɣɑəɔɑ 3 ɝ. 

4.2.4. ȭɗɚɖ ɝɚɏɗɌɝɚɎɌəɔɫ ɝ ɔɝɛɚɗəɔɞɑɗɨəɧɘɔ ɘɑɡɌəɔɓɘɌɘɔ 

ȭɗɚɖ ɝɚɏɗɌɝɚɎɌəɔɫ ɝ ɔɝɛɚɗəɔɞɑɗɨəɧɘɔ ɘɑɡɌəɔɓɘɌɘɔ ɠɚɜɘɔɜɟɑɞ 

ɓɌɐɌəɔɑ ɐɗɫ ɔɝɛɚɗəɔɞɑɗɨəɧɡ ɘɑɡɌəɔɓɘɚɎ. 

ȭɗɚɖ ɝɚɏɗɌɝɚɎɌəɔɫ ɝ ɔɝɛɚɗəɔɞɑɗɨəɧɘɔ ɘɑɡɌəɔɓɘɌɘɔ ɞɌɖɒɑ ɚɝɟ-

ɥɑɝɞɎɗɫɑɞ ɐɔɌɏəɚɝɞɔɖɟ ɔɝɛɚɗəɔɞɑɗɨəɧɡ ɘɑɡɌəɔɓɘɚɎ, ɎɖɗɪɣɌɫ ɘɌɜ-

ɤɑɎɧɑ ɐɎɔɏɌɞɑɗɔ, əɌ ɚɝəɚɎɑ ɐɌəəɧɡ, ɛɚɗɟɣɌɑɘɧɡ ɚɞ ɩɗɑɖɞɜɚəəɧɡ ɍɗɚ-

ɖɚɎ ɔɝɛɚɗəɔɞɑɗɨəɧɡ ɘɑɡɌəɔɓɘɚɎ. 

ȶɜɔɞɑɜɔɑɘ ɚɞɖɌɓɌ ɍɗɚɖɌ ɝɚɏɗɌɝɚɎɌəɔɫ ɝ ɔɝɛɚɗəɔɞɑɗɨəɧɘɔ ɘɑɡɌ-

əɔɓɘɌɘɔ ɫɎɗɫɑɞɝɫ ɚɞɝɟɞɝɞɎɔɑ ɝɔɏəɌɗɌ ɚɞɎɑɞɌ əɌ ɖɚɘɌəɐɧ Ɏ                  

ɞɑɣɑəɔɑ 3 ɝ. 

4.2.5. ȰɔɌɏəɚɝɞɔɣɑɝɖɌɫ ɝɔɝɞɑɘɌ 

ȰɔɌɏəɚɝɞɔɣɑɝɖɌɫ ɝɔɝɞɑɘɌ ɛɜɑɐəɌɓəɌɣɑəɌ ɐɗɫ ɎɧɫɎɗɑəɔɫ ɝɍɚɑɎ Ɏ 

ɜɌɍɚɞɑ ɟɝɞɜɚɕɝɞɎ, Ɏɡɚɐɫɥɔɡ Ɏ Ƚɔɝɞɑɘɟ ɟɛɜɌɎɗɑəɔɫ ɔ ɛɑɜɑɐɌɣɔ ɐɔɌɏəɚ-

ɝɞɔɣɑɝɖɚɕ ɔəɠɚɜɘɌɢɔɔ Ɏ ɌɎɌɜɔɕəɟɪ ɝɔɝɞɑɘɟ ɔ ɍɚɜɞɚɎɚɕ ɖɚɘɛɨɪɞɑɜ. 

ȰɔɌɏəɚɝɞɔɣɑɝɖɔɑ ɠɟəɖɢɔɔ ɞɌɖɒɑ Ɏɧɛɚɗəɫɪɞɝɫ ɍɚɜɞɚɎɧɘ ɖɚɘɛɨɪɞɑ-

ɜɚɘ ɔ ɍɗɚɖɚɘ ɝɚɏɗɌɝɚɎɌəɔɫ ɝ ɔɝɛɚɗəɔɞɑɗɨəɧɘɔ ɘɑɡɌəɔɓɘɌɘɔ. ȭɚɜɞɚ-

Ɏɚɕ ɖɚɘɛɨɪɞɑɜ ɐɔɌɏəɚɝɞɔɜɟɑɞ ɎɔɐɑɚɖɌɘɑɜɟ ɔ əɌɎɔɏɌɢɔɚəəɟɪ ɝɔɝɞɑɘɟ. 

ȶɜɔɞɑɜɔɑɘ ɚɞɖɌɓɌ ɐɔɌɏəɚɝɞɔɣɑɝɖɚɕ ɝɔɝɞɑɘɧ ɫɎɗɫɑɞɝɫ ɚɞɝɟɞɝɞɎɔɑ 

ɝɔɏəɌɗɌ çȺȶè Ɏ ɞɑɣɑəɔɑ 3 ɝ. 

4.2.6. ȬɎɌɜɔɕəɌɫ ɝɔɝɞɑɘɌ 

ȬɎɌɜɔɕəɌɫ ɝɔɝɞɑɘɌ ɚɍɑɝɛɑɣɔɎɌɑɞ ɌɎɞɚɘɌɞɔɣɑɝɖɔɕ ɎɚɓɎɜɌɞ Ɏ ɞɚɣɖɟ 

ɝɞɌɜɞɌ ɔɗɔ ɛɚɝɌɐɖɟ ɐɔɜɔɒɌɍɗɫ Ɏ ɝɗɟɣɌɫɡ, ɛɜɑɛɫɞɝɞɎɟɪɥɔɡ ɐɌɗɨəɑɕ-

ɤɑɘɟ ɛɚɗɑɞɟ ɖɚɘɛɗɑɖɝɌ. ȬɎɌɜɔɕəɧɕ ɍɗɚɖ ɜɑɌɗɔɓɚɎɌə əɌ ɍɌɓɑ ɟɝɞɚɕɣɔ-

Ɏɧɡ ɖ ɝɍɚɫɘ ɘɔɖɜɚɝɡɑɘ. Ȼɑɜɑɣɑəɨ ɐɔɌɏəɚɝɞɔɜɟɑɘɧɡ ɝɔɞɟɌɢɔɕ, ɝɛɚɝɚ-

ɍɚɎ ɔɡ ɐɔɌɏəɚɝɞɔɖɔ ɔ ɜɑɌɖɢɔɕ ɝɔɝɞɑɘɧ ɟɛɜɌɎɗɑəɔɫ ɚɛɜɑɐɑɗɫɑɞɝɫ ɐɚ-

ɛɚɗəɔɞɑɗɨəɚ. 
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ȶɜɔɞɑɜɔɑɘ ɚɞɖɌɓɌ ɌɎɌɜɔɕəɚɕ ɝɔɝɞɑɘɧ ɫɎɗɫɑɞɝɫ ɚɞɝɟɞɝɞɎɔɑ ɝɔɏəɌ-

ɗɌ çȺȶè Ɏ ɞɑɣɑəɔɑ 3 ɝ. 

4.2.7. ȮɔɐɑɚɖɌɘɑɜɌ 

ȮɔɐɑɚɖɌɘɑɜɌ ɛɜɑɐəɌɓəɌɣɑəɌ ɐɗɫ Ɏɔɐɑɚɖɚəɞɜɚɗɫ Ɏəɑɤəɑɕ ɚɍɝɞɌ-

əɚɎɖɔ ɚɛɑɜɌɞɚɜɚɘ ɛɜɔ ɐɔɝɞɌəɢɔɚəəɚɘ ɟɛɜɌɎɗɑəɔɔ. 

ȶɜɔɞɑɜɔɑɘ ɚɞɖɌɓɌ ɎɔɐɑɚɖɌɘɑɜɧ ɫɎɗɫɑɞɝɫ ɚɞɝɟɞɝɞɎɔɑ əɚɎɚɏɚ ɖɌɐɜɌ 

Ɏ ɞɑɣɑəɔɑ 3 ɝ. 

4.2.8. ȾɑɜɘɔəɌɗɧ ɞɑɗɑɖɚɘɘɟəɔɖɌɢɔɔ 

ȾɑɜɘɔəɌɗɧ ɞɑɗɑɖɚɘɘɟəɔɖɌɢɔɔ ɛɜɑɐəɌɓəɌɣɑəɧ ɐɗɫ ɐɔɝɞɌəɢɔɚə-

əɚɏɚ ɟɛɜɌɎɗɑəɔɫ ɐɔɜɔɒɌɍɗɑɘ ɔ ɔəɠɚɜɘɌɢɔɚəəɚɏɚ ɎɓɌɔɘɚɐɑɕɝɞɎɔɫ 

ɐɔɜɔɒɌɍɗɫ ɝ əɌɓɑɘəɧɘ ɛɟəɖɞɚɘ ɟɛɜɌɎɗɑəɔɫ. 

ȾɑɜɘɔəɌɗɧ ɞɑɗɑɖɚɘɘɟəɔɖɌɢɔɔ ɜɑɌɗɔɓɟɪɞ Ɏɧɝɚɖɚɝɖɚɜɚɝɞəɚɕ ɔ 

əɔɓɖɚɝɖɚɜɚɝɞəɚɕ ɖɌəɌɗɧ ɝɎɫɓɔ, ɖɌəɌɗ ɝɎɫɓɔ ɛɟɗɨɞɌ ɜɟɣəɚɏɚ ɟɛɜɌɎɗɑ-

əɔɫ. 

Ȯɧɝɚɖɚɝɖɚɜɚɝɞəɚɕ ɖɌəɌɗ ɚɍɗɌɐɌɑɞ ɝɗɑɐɟɪɥɔɘɔ ɡɌɜɌɖɞɑɜɔɝɞɔɖɌɘɔ 

ȰɌɗɨəɚɝɞɨ ɛɑɜɑɐɌɣɔ ɐɌə-

əɧɡ (ɛɜɔ ɖɜɑɕɝɑɜɝɖɚɕ Ɏɧ-

ɝɚɞɑ ɛɚɗɑɞɌ ȰɔɜɔɒɌɍɗɫ, 

ɍɑɓ ɜɑɞɜɌəɝɗɫɢɔɔ) 

ɐɚ 150 ɖɘ 

Ƚɖɚɜɚɝɞɨ ɛɑɜɑɐɌɣɔ ɐɌəəɧɡ ɐɚ 16 ȸɍɔɞ/ɝ 

ȴəɞɑɜɠɑɕɝ LAN  

ɃɌɝɞɚɞəɧɕ ɐɔɌɛɌɓɚə  5750 - 5850 ȸȯɢ 

ȿɏɚɗ ɩɗɑɖɞɜɚəəɚɏɚ ɝɖɌəɔ-

ɜɚɎɌəɔɫ Ɍəɞɑəəɧ 

ɛɚ Ɍɓɔɘɟɞɟ 360Ü, ɛɚ 

ɞɌəɏɌɒɟ ɚɞ -15Ü ɐɚ 

+90Ü 

ȹɔɓɖɚɝɖɚɜɚɝɞəɚɕ ɖɌəɌɗ ɚɍɗɌɐɌɑɞ ɝɗɑɐɟɪɥɔɘɔ ɡɌɜɌɖɞɑɜɔɝɞɔɖɌɘɔ 

ȰɌɗɨəɚɝɞɨ ɛɑɜɑɐɌɣɔ ɐɌə-

əɧɡ (ɛɜɔ ɖɜɑɕɝɑɜɝɖɚɕ Ɏɧ-

ɝɚɞɑ ɛɚɗɑɞɌ ȰɔɜɔɒɌɍɗɫ, 

ɍɑɓ ɜɑɞɜɌəɝɗɫɢɔɔ) 

ɐɚ 150 ɖɘ 

Ƚɖɚɜɚɝɞɨ ɛɑɜɑɐɌɣɔ ɐɌəəɧɡ 32 ȶɍɔɞ/ɝ 

ȴəɞɑɜɠɑɕɝ RS-485 

ɃɌɝɞɚɞəɧɕ ɐɔɌɛɌɓɚə  5400 ð 5405 ȸȯɢ 

ɔɗɔ 390-420 ȸȯɢ 

ȿɏɚɗ ɩɗɑɖɞɜɚəəɚɏɚ ɝɖɌəɔ-

ɜɚɎɌəɔɫ Ɍəɞɑəəɧ 

ɛɚ Ɍɓɔɘɟɞɟ 360Ü, ɛɚ 

ɞɌəɏɌɒɟ ɚɞ -15Ü ɐɚ 

+90Ü 

ȶɚɘɛɗɑɖɞ ɞɑɜɘɔəɌɗɚɎ ɞɑɗɑɖɚɘɘɟəɔɖɌɢɔɔ ɚɍɑɝɛɑɣɔɎɌɑɞ ɐɎɟɡɝɞɚ-

ɜɚəəɪɪ ɝɎɫɓɨ ɛɚ əɔɓɖɚɝɖɚɜɚɝɞəɚɘɟ ɔ Ɏɧɝɚɖɚɝɖɚɜɚɝɞəɚɘɟ ɖɌəɌɗɌɘ ɝɎɫ-

ɓɔ ɛɜɔ ɝɖɚɜɚɝɞɔ ɐɔɜɔɒɌɍɗɫ əɑ ɍɚɗɑɑ 80 ɖɘ/ɣ ɔ ɝɖɚɜɚɝɞɔ ɛɑɜɑɘɑɥɑəɔɫ 

əɌɓɑɘəɚɏɚ ɛɟəɖɞɌ ɟɛɜɌɎɗɑəɔɫ əɑ ɍɚɗɑɑ 100 ɖɘ/ɣ. 
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ȶɌəɌɗ ɝɎɫɓɔ ɜɟɣəɚɏɚ ɛɟɗɨɞɌ ɟɛɜɌɎɗɑəɔɫ ɛɜɑɐəɌɓəɌɣɑə ɐɗɫ 

ɟɛɜɌɎɗɑəɔɫ ɐɔɜɔɒɌɍɗɑɘ ɝ ɜɟɣəɚɏɚ ɛɟɗɨɞɌ ɟɛɜɌɎɗɑəɔɫ əɌ ɜɌɝɝɞɚɫəɔɔ 

ɐɚ 2 ɖɘ Ɏ ɓɚəɑ ɛɜɫɘɚɕ Ɏɔɐɔɘɚɝɞɔ Ɏ ɐɔɌɛɌɓɚəɑ ɣɌɝɞɚɞ 390 ð 420 ȸȯɢ 

ɔɗɔ 5400 ð 5405 ȸȯɢ. 

ȻɚɞɜɑɍɗɫɑɘɌɫ ɘɚɥəɚɝɞɨ ɍɚɜɞɚɎɚɏɚ ɞɑɜɘɔəɌɗɌ ɞɑɗɑɖɚɘɘɟəɔɖɌɢɔɔ 

380 Ȯɞ, əɌɛɜɫɒɑəɔɑ ɛɔɞɌəɔɫ 27 Ȯ. 

ȻɚɞɜɑɍɗɫɑɘɌɫ ɘɚɥəɚɝɞɨ əɌɓɑɘəɚɏɚ ɞɑɜɘɔəɌɗɌ ɞɑɗɑɖɚɘɘɟəɔɖɌɢɔɔ 

380 Ȯɞ, əɌɛɜɫɒɑəɔɑ ɛɔɞɌəɔɫ 27 Ȯ. 

ȶɜɔɞɑɜɔɑɘ ɚɞɖɌɓɌ ɞɑɜɘɔəɌɗɚɎ ɞɑɗɑɖɚɘɘɟəɔɖɌɢɔɔ ɫɎɗɫɑɞɝɫ ɚɞɝɟɞ-

ɝɞɎɔɑ ɛɑɜɑɐɌɎɌɑɘɧɡ ɐɌəəɧɡ Ɏ ɞɑɣɑəɔɑ 10 ɝ. 

4.2.9. ȹɌɓɑɘəɧɕ ɛɟəɖɞ ɟɛɜɌɎɗɑəɔɫ 

ȹɌɓɑɘəɧɕ ɛɟəɖɞ ɟɛɜɌɎɗɑəɔɫ ɛɜɑɐəɌɓəɌɣɑə ɐɗɫ ɎɎɚɐɌ ɔ ɛɑɜɑɐɌɣɔ 

ɛɚɗɑɞəɚɏɚ ɓɌɐɌəɔɫ, ɐɔɝɞɌəɢɔɚəəɚɏɚ ɟɛɜɌɎɗɑəɔɫ, ɐɔɌɏəɚɝɞɔɖɔ ɔ 

əɌɍɗɪɐɑəɔɫ ɛɌɜɌɘɑɞɜɚɎ ɐɔɜɔɒɌɍɗɫ ɔ ɝɔɝɞɑɘɧ ɟɛɜɌɎɗɑəɔɫ Ɏ ɛɜɚɢɑɝɝɑ 

ɠɟəɖɢɔɚəɔɜɚɎɌəɔɫ. 

ȹɌɓɑɘəɧɕ ɛɟəɖɞ ɟɛɜɌɎɗɑəɔɫ ɛɚɝɞɌɎɗɫɑɞɝɫ Ɏ ɖɚɘɛɗɑɖɞɌɢɔɔ, ɛɚɓ-

Ɏɚɗɫɪɥɑɕ ɝɘɚəɞɔɜɚɎɌɞɨ əɌ ɞɜɌəɝɛɚɜɞəɚɘ ɝɜɑɐɝɞɎɑ. ȾɜɑɍɚɎɌəɔɫ ɖ ɜɌɓ-

ɘɑɥɑəɔɪ əɌɓɑɘəɚɏɚ ɛɟəɖɞɌ ɟɛɜɌɎɗɑəɔɫ əɌ ɞɜɌəɝɛɚɜɞəɚɘ ɝɜɑɐɝɞɎɑ 

ɛɜɑɐɚɝɞɌɎɗɫɪɞɝɫ ȳɌɖɌɓɣɔɖɚɘ. 

Ȯ ɝɚɝɞɌɎ ɜɌɍɚɣɑɏɚ ɘɑɝɞɌ ɚɛɑɜɌɞɚɜɌ Ɏɡɚɐɔɞ ɓɌɥɔɥɑəəɧɕ ɖɚɘɛɨɪɞɑɜ 

ɝ ɒɔɐɖɚɖɜɔɝɞɌɗɗɔɣɑɝɖɔɘ ɩɖɜɌəɚɘ. 

ȺɝəɚɎəɧɑ ɞɑɡəɔɣɑɝɖɔɑ ɡɌɜɌɖɞɑɜɔɝɞɔɖɔ ɖɚɘɛɨɪɞɑɜɌ 

ȾɌɖɞɚɎɌɫ ɣɌɝɞɚɞɌ ɛɜɚɢɑɝ-

ɝɚɜɌ 

ȹɑ ɘɑəɑɑ ȯȯɢ 

Ⱥɍɦɑɘ ɚɛɑɜɌɞɔɎəɚɕ ɛɌɘɫ-

ɞɔ 

2 ȯȭ 

Ȱɔɝɛɗɑɕ Ȳȶȴ, ɎɔɍɜɚɓɌɥɔ-

ɥɬəəɧɕ ɝ ɐɔɌɏɚəɌ-

ɗɨɪ ɐɚ 24 - 30" 

ȻɚɞɜɑɍɗɫɑɘɌɫ ɘɚɥəɚɝɞɨ əɌɓɑɘəɚɏɚ ɛɟəɖɞɌ ɟɛɜɌɎɗɑəɔɫ əɑ ɍɚɗɑɑ 

200 Ȯɞ. 

ɀɟəɖɢɔɚəɌɗɨəɧɑ Ɏɚɓɘɚɒəɚɝɞɔ ɛɟəɖɞɌ ɟɛɜɌɎɗɑəɔɫ ɚɍɑɝɛɑɣɔɎɌɪɞ-

ɝɫ ɝɛɑɢɔɌɗɨəɧɘ ɛɜɚɏɜɌɘɘəɧɘ ɚɍɑɝɛɑɣɑəɔɑɘ ɝ ɏɜɌɠɔɣɑɝɖɔɘ ɔəɞɑɜ-

ɠɑɕɝɚɘ ɔ Ɏɚɓɘɚɒəɚɝɞɨɪ ɎɓɌɔɘɚɐɑɕɝɞɎɔɫ ɝ Ɏəɑɤəɔɘɔ ɟɝɞɜɚɕɝɞɎɌɘɔ 

(ɐɒɚɕɝɞɔɖɔ, əɌɎɔɏɌɢɔɚəəɌɫ ɝɔɝɞɑɘɌ) ɔ ɍɚɜɞɚɎɚɕ ɝɔɝɞɑɘɚɕ ɟɛɜɌɎɗɑəɔɫ 

ɐɔɜɔɒɌɍɗɑɘ ɛɚɝɜɑɐɝɞɎɚɘ ɖɌəɌɗɌ ɝɎɫɓɔ. 

ȺɞɚɍɜɌɒɑəɔɑ ɛɚɗɑɞəɧɡ ɐɌəəɧɡ ɔ ɛɜɑɐɚɝɞɌɎɗɑəɔɑ ɛɚɗɨɓɚɎɌɞɑɗɪ 

Ɏɚɓɘɚɒəɚɝɞɔ ɟɛɜɌɎɗɑəɔɫ ɐɔɜɔɒɌɍɗɑɘ ɚɝɟɥɑɝɞɎɗɫɑɞɝɫ ɝ ɔɝɛɚɗɨɓɚɎɌ-

əɔɑɘ ɝɗɑɐɟɪɥɔɡ ɚɖɚə: 

ð ɛɜɑɐɝɞɌɎɗɑəɔɫ ɛɚɗɑɞəɚɕ ɔəɠɚɜɘɌɢɔɔ Ɏ Ɏɔɐɑ ɎɔɜɞɟɌɗɨəɧɡ ɛɜɔ-

ɍɚɜɚɎ; 

ð ɛɜɑɐɝɞɌɎɗɑəɔɫ ɞɑɖɟɥɔɡ ɛɌɜɌɘɑɞɜɚɎ ɐɔɜɔɒɌɍɗɫ Ɏ Ɏɔɐɑ ɞɌɍɗɔɢɧ; 
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ð ɔəɠɚɜɘɌɢɔɔ ɝ ɎɔɐɑɚɖɌɘɑɜɧ; 

ð ɖɌɜɞɧ; 

ð ɏɜɌɠɔɖɚɎ ɔɓɘɑəɑəɔɫ ɛɌɜɌɘɑɞɜɚɎ ɐɔɜɔɒɌɍɗɫ; 

ð ɠɚɜɘɔɜɚɎɌəɔɫ ɛɚɗɑɞəɚɏɚ ɓɌɐɌəɔɫ; 

ð ɐɔɝɞɌəɢɔɚəəɚɏɚ ɟɛɜɌɎɗɑəɔɫ. 

ȻɜɚɏɜɌɘɘɌ əɌɓɑɘəɚɏɚ ɛɟəɖɞɌ ɟɛɜɌɎɗɑəɔɫ ɛɚɓɎɚɗɫɑɞ ɔɓɘɑəɫɞɨ 

ɜɌɓɘɑɜɧ ɔ ɜɌɝɛɚɗɚɒɑəɔɑ ɚɖɚə ɛɜɑɐɝɞɌɎɗɑəɔɫ. ȴəɞɑɜɠɑɕɝ ɚɛɑɜɌɞɚɜɌ 

Ɏɧɛɚɗəɫɑɞɝɫ əɌ Ɍəɏɗɔɕɝɖɚɘ ɫɓɧɖɑ. 

Ȱɗɫ ɚɛɚɎɑɥɑəɔɫ ɚ ɝɚɍɧɞɔɫɡ ɔ ɝɚɝɞɚɫəɔɫɡ ɝɔɝɞɑɘɧ ɟɛɜɌɎɗɑəɔɫ, əɌ 

ɖɚɞɚɜɧɑ ɝɗɑɐɟɑɞ ɚɍɜɌɞɔɞɨ ɎəɔɘɌəɔɑ ɚɛɑɜɌɞɚɜɌ, ɔɝɛɚɗɨɓɟɑɞɝɫ ɓɎɟɖɚɎɌɫ 

ɝɔɝɞɑɘɌ ɚɛɚɎɑɥɑəɔɫ. 

ȶɜɔɞɑɜɔɑɘ ɚɞɖɌɓɌ əɌɓɑɘəɚɏɚ ɛɟəɖɞɌ ɟɛɜɌɎɗɑəɔɫ ɫɎɗɫɑɞɝɫ əɑɎɧ-

ɛɚɗəɑəɔɑ ɚɐəɚɕ ɔɓ ɑɏɚ ɠɟəɖɢɔɕ Ɏ ɞɑɣɑəɔɑ 3 ɝ. 

4.3. ȾɜɑɍɚɎɌəɔɫ ɖ ɎɔɐɌɘ ɚɍɑɝɛɑɣɑəɔɫ 

4.3.1. ȾɜɑɍɚɎɌəɔɫ ɖ ɘɌɞɑɘɌɞɔɣɑɝɖɚɘɟ ɚɍɑɝɛɑɣɑəɔɪ 

Ȯ ɝɔɝɞɑɘɑ ɟɛɜɌɎɗɑəɔɫ ɔɝɛɚɗɨɓɟɑɞɝɫ ɘɌɞɑɘɌɞɔɣɑɝɖɌɫ ɘɚɐɑɗɨ ɐɔ-

ɜɔɒɌɍɗɫ, ɍɌɓɔɜɟɪɥɌɫɝɫ əɌ ɟɜɌɎəɑəɔɫɡ ɞɎɑɜɐɚɏɚ ɞɑɗɫ. 

ȴɝɛɚɗɨɓɟɪɞɝɫ ɛɚɓɔɢɔɚəəɚ-ɞɜɌɑɖɞɚɜəɧɑ Ɍɗɏɚɜɔɞɘɧ ɟɛɜɌɎɗɑəɔɫ ɝ 

ɚɢɑəɔɎɌɑɘ Ɏəɑɤəɔɡ Ɏɚɓɘɟɥɑəɔɕ. 

4.3.2. ȾɜɑɍɚɎɌəɔɫ ɖ ɔəɠɚɜɘɌɢɔɚəəɚɘɟ ɚɍɑɝɛɑɣɑəɔɪ 

ȽɔɝɞɑɘɌ ɐɚɗɒəɌ ɔɘɑɞɨ Ɏɚɓɘɚɒəɚɝɞɨ ɝɚɡɜɌəɫɞɨ ɛɚɗɑɞəɧɑ ɐɌəəɧɑ 

ɛɚ Ɏɧɍɚɜɟ ɛɚɗɨɓɚɎɌɞɑɗɫ Ɏ ɛɚɝɞɚɫəəɚɕ ɛɌɘɫɞɔ. ȾɜɑɍɚɎɌəɔɫ ɛɚ ɝɞɜɟɖɞɟ-

ɜɑ ɔ ɝɛɚɝɚɍɌɘ ɚɜɏɌəɔɓɌɢɔɔ ɐɌəəɧɡ Ɏ ɝɔɝɞɑɘɑ ɟɛɜɌɎɗɑəɔɫ əɑ ɛɜɑɐɦɫɎ-

ɗɫɪɞɝɫ. 

ȴəɠɚɜɘɌɢɔɚəəɧɕ ɚɍɘɑə ɘɑɒɐɟ ɍɚɜɞɚɎɚɕ ɔ əɌɓɑɘəɚɕ ɣɌɝɞɨɪ ɝɔ-

ɝɞɑɘɧ ɟɛɜɌɎɗɑəɔɫ ɚɝɟɥɑɝɞɎɗɫɑɞɝɫ ɣɑɜɑɓ ɍɚɜɞɚɎɚɕ ɖɚɘɛɨɪɞɑɜ ɛɚɝɜɑɐ-

ɝɞɎɚɘ ɞɑɜɘɔəɌɗɚɎ ɞɑɗɑɖɚɘɘɟəɔɖɌɢɔɔ. 

4.3.3. ȾɜɑɍɚɎɌəɔɫ ɖ ɗɔəɏɎɔɝɞɔɣɑɝɖɚɘɟ ɚɍɑɝɛɑɣɑəɔɪ 

Ȱɗɫ ɗɔəɏɎɔɝɞɔɣɑɝɖɚɏɚ ɚɍɑɝɛɑɣɑəɔɫ ɝɔɝɞɑɘɧ ɔɝɛɚɗɨɓɟɪɞɝɫ ɝɗɑɐɟ-

ɪɥɔɑ ɫɓɧɖɔ ɛɜɚɏɜɌɘɘɔɜɚɎɌəɔɫ: 

ð ɫɓɧɖ ɚɛɔɝɌəɔɫ ɝɢɑəɌɜɔɑɎ ɔ ɠɟəɖɢɔɕ Matlab ; 

ð Ƚ++. 

ȽɔɝɞɑɘɌ ɜɌɓɜɌɍɌɞɧɎɌɑɞɝɫ ɛɚɐ ɛɗɌɞɠɚɜɘɟ UNIX , Qt . 

4.3.4. ȾɜɑɍɚɎɌəɔɫ ɖ ɛɜɚɏɜɌɘɘəɚɘɟ ɚɍɑɝɛɑɣɑəɔɪ 

Ȼɑɜɑɣɑəɨ ɛɚɖɟɛəɧɡ ɛɜɚɏɜɌɘɘəɧɡ ɝɜɑɐɝɞɎ: 

ð Matlab  & Simulink  R2013a; 

ð Maple  16; 

ð QNX Ɏɚɑəəɧɕ; 

ð Visual studio;  

ð Solidworks;  

ð ANSYS. 

4.3.5. ȾɜɑɍɚɎɌəɔɫ ɖ ɞɑɡəɔɣɑɝɖɚɘɟ ɚɍɑɝɛɑɣɑəɔɪ 
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ȭɚɜɞɚɎɌɫ ɝɔɝɞɑɘɌ ɟɛɜɌɎɗɑəɔɫ ɝɞɜɚɔɞɝɫ əɌ ɖɚɘɛɨɪɞɑɜɑ ɠɚɜɘɌɞɌ 

ȼȽ-104. ȴɝɛɚɗəɫɑɞɝɫ Ɏ ɓɌɥɔɥɑəəɚɘ ɖɚɜɛɟɝɑ. 

Ȯɝɑ ɘɚəɔɞɚɜɧ, ɔɝɛɚɗɨɓɟɑɘɧɑ Ɏ ɝɔɝɞɑɘɑ ð ɛɜɚɘɧɤɗɑəəɚɏɚ ɔɝɛɚɗ-

əɑəɔɫ. 

ȺɜɏɌəɧ ɐɔɝɞɌəɢɔɚəəɚɏɚ ɟɛɜɌɎɗɑəɔɫ ɐɔɜɔɒɌɍɗɑɘ ð ɌɎɔɌɢɔɚəəɚɏɚ 

ɔɝɛɚɗəɑəɔɫ. 

4.3.6. ȾɜɑɍɚɎɌəɔɫ ɖ ɘɑɞɜɚɗɚɏɔɣɑɝɖɚɘɟ ɚɍɑɝɛɑɣɑəɔɪ 

Ⱦɚɣəɚɝɞɨ ɝɔɝɞɑɘɧ ɟɛɜɌɎɗɑəɔɫ ɚɢɑəɔɎɌɑɞɝɫ ɛɚ ɡɌɜɌɖɞɑɜɔɝɞɔɖɌɘ, 

ɛɜɑɐɝɞɌɎɗɑəəɧɘ Ɏ ɛ. 4.1.3.1 əɌɝɞɚɫɥɑɏɚ ɞɑɡəɔɣɑɝɖɚɏɚ ɓɌɐɌəɔɫ. 

Ⱦɚɣəɚɝɞɨ ɚɢɑəɔɎɌɑɞɝɫ ɤɞɌɞəɧɘɔ ɝɜɑɐɝɞɎɌɘɔ ɝɔɝɞɑɘɧ ɟɛɜɌɎɗɑəɔɫ. 

4.3.7. ȾɜɑɍɚɎɌəɔɫ ɖ ɚɜɏɌəɔɓɌɢɔɚəəɚɘɟ ɚɍɑɝɛɑɣɑəɔɪ 

ȹɑ ɛɜɑɐɦɫɎɗɫɪɞɝɫ. 

4.3.8. ȾɜɑɍɚɎɌəɔɫ ɖ ɘɑɞɚɐɔɣɑɝɖɚɘɟ ɚɍɑɝɛɑɣɑəɔɪ 

ȻɜɚɏɜɌɘɘɌ ɔ ɘɑɞɚɐɔɖɔ ɔɝɛɧɞɌəɔɕ ɜɌɓɜɌɍɌɞɧɎɌɪɞɝɫ ɝɚɏɗɌɝəɚ ɏɚɝ-

ɟɐɌɜɝɞɎɑəəɚɘɟ ɝɞɌəɐɌɜɞɟ ȯȺȽȾ 19.301-79. 

4.3.9. ȾɜɑɍɚɎɌəɔɫ ɖ ɛɌɞɑəɞəɚɕ ɣɔɝɞɚɞɑ 

Ȼɚ Ɏɝɑɘ ɞɑɡəɔɣɑɝɖɔɘ ɔ ɛɜɚɏɜɌɘɘəɧɘ ɝɜɑɐɝɞɎɌɘ, ɛɜɔɘɑəɫɑɘɧɘ Ɏ 

ɝɔɝɞɑɘɑ, ɐɚɗɒəɧ ɝɚɍɗɪɐɌɞɨɝɫ ɟɝɗɚɎɔɫ ɗɔɢɑəɓɔɚəəɧɡ ɝɚɏɗɌɤɑəɔɕ ɔ 

ɚɍɑɝɛɑɣɔɎɌɞɨɝɫ ɛɌɞɑəɞəɌɫ ɣɔɝɞɚɞɌ. 

5. ȽɚɝɞɌɎ ɔ ɝɚɐɑɜɒɌəɔɑ ɜɌɍɚɞ ɛɚ ɝɚɓɐɌəɔɪ ɝɔɝɞɑɘɧ 

Ȼɑɜɑɣɑəɨ ɩɞɌɛɚɎ Ɏɧɛɚɗəɑəɔɫ ɜɌɍɚɞ 

ʈ ȽɚɐɑɜɒɌəɔɑ ɩɞɌɛɌ Ƚɜɚɖɔ 

ɔɝɛɚɗ-

əɑəɔɫ 

Ȱɗɔ-

ɞɑɗɨ-

əɚɝɞɨ, 

ɘɑɝ. 

1.  ȼɌɓɜɌɍɚɞɖɌ ɘɌɞɑɘɌɞɔɣɑ-

ɝɖɚɕ ɘɚɐɑɗɔ  

Ⱦ ö 

Ⱦ+6 
6 

2.  ȼɌɓɜɌɍɚɞɖɌ ɞɑɡəɔɣɑɝɖɚɏɚ 

ɛɜɚɑɖɞɌ ɝɔɝɞɑɘɧ ɟɛɜɌɎ-

ɗɑəɔɫ 

Ⱦ+3 ö 

Ⱦ+11 
8 

3.  ȼɌɓɜɌɍɚɞɖɌ ɜɌɍɚɣɑɕ ɐɚ-

ɖɟɘɑəɞɌɢɔɔ 

Ⱦ+11 ö 

Ⱦ+16 
5 

4.  ȴɓɏɚɞɚɎɗɑəɔɑ ɝɔɝɞɑɘɧ 

ɟɛɜɌɎɗɑəɔɫ 

Ⱦ+16 ö 

Ⱦ+22 
6 

5.  Ȼɜɔɑɘɚ-ɝɐɌɞɚɣəɚɑ ɔɝɛɧ-

ɞɌəɔɑ ɔ ɛɚɝɞɌɎɖɌ ɝɔɝɞɑɘɧ 

ɟɛɜɌɎɗɑəɔɫ 

Ⱦ+22 ö 

Ⱦ+24 
3 

6.  Ȼɟɝɖɚ-əɌɗɌɐɚɣəɧɑ ɜɌɍɚ-

ɞɧ ɔ ɟɣɌɝɞɔɑ Ɏ ɗɑɞəɧɡ ɔɝ-

ɛɧɞɌəɔɫɡ ɝɔɝɞɑɘɧ ɟɛɜɌɎ-

ɗɑəɔɫ  

Ⱦ+24 ö 

Ⱦ+27 
3 

ʇʨʠʤʝʯʘʥʠʝ: T0 ï ʜʘʪʘ ʧʦʜʧʠʩʘʥʠʷ ʢʦʥʪʨʘʢʪʘ. 



 122 

Ȼɑɜɑɣɑəɨ ɚɜɏɌəɔɓɌɢɔɕ - ɔɝɛɚɗəɔɞɑɗɑɕ ɜɌɍɚɞ, ɚɛɜɑɐɑɗɑəɔɑ ɚɞɎɑɞ-

ɝɞɎɑəəɧɡ ɓɌ ɛɜɚɎɑɐɑəɔɑ ɩɞɔɡ ɜɌɍɚɞ ɚɜɏɌəɔɓɌɢɔɕ ɚɛɜɑɐɑɗɫɪɞɝɫ Ȱɚɏɚ-

Ɏɚɜɚɘ. 

6. Ȼɚɜɫɐɚɖ ɖɚəɞɜɚɗɫ ɔ ɛɜɔɬɘɖɔ ɝɔɝɞɑɘɧ 

6.1. ȽɔɝɞɑɘɌ ɛɚɐɎɑɜɏɌɑɞɝɫ ɔɝɛɧɞɌəɔɫɘ ɐɎɟɡ ɎɔɐɚɎ: 

1. ȹɌɓɑɘəɧɑ ɛɜɔɑɘɚ-ɝɐɌɞɚɣəɧɑ ɔɝɛɧɞɌəɔɕ. 

2. ȷɑɞəɧɑ ɔɝɛɧɞɌəɔɫ ɝɔɝɞɑɘɧ ɟɛɜɌɎɗɑəɔɫ. 

ȽɚɝɞɌɎ, ɚɍɦɑɘ ɔ ɘɑɞɚɐɧ əɌɓɑɘəɧɡ ɛɜɔɑɘɚ-ɝɐɌɞɚɣəɧɡ ɔɝɛɧɞɌəɔɕ 

ɝɔɝɞɑɘɧ ɚɛɜɑɐɑɗɫɪɞɝɫ ɐɚɖɟɘɑəɞɚɘ çȻɜɚɏɜɌɘɘɌ ɔ ɘɑɞɚɐɔɖɌ ɔɝɛɧɞɌ-

əɔɕè, ɜɌɓɜɌɍɌɞɧɎɌɑɘɧɘ əɌ ɩɞɌɛɑ çȼɌɓɜɌɍɚɞɖɌ ɜɌɍɚɣɑɕ ɐɚɖɟɘɑəɞɌɢɔɔè. 

ȽɚɝɞɌɎ, ɚɍɦɑɘ ɔ ɘɑɞɚɐɧ ɗɑɞəɧɡ ɔ ɔɝɛɧɞɌəɔɕ ɝɔɝɞɑɘɧ ɚɛɜɑɐɑɗɫɪɞ-

ɝɫ ɐɚɖɟɘɑəɞɚɘ çȻɜɚɏɜɌɘɘɌ ɔ ɘɑɞɚɐɔɖɌ ɔɝɛɧɞɌəɔɕè, ɜɌɓɜɌɍɌɞɧɎɌɑɘɧɘ 

əɌ ɩɞɌɛɑ çȼɌɓɜɌɍɚɞɖɌ ɜɌɍɚɣɑɕ ɐɚɖɟɘɑəɞɌɢɔɔè. 

6.2. ȾɜɑɍɚɎɌəɔɫ ɖ ɛɜɔɑɘɖɑ ɜɌɍɚɞ ɛɚ ɩɞɌɛɌɘ 

ɉɞɌɛ ȿɣɌɝɞəɔɖɔ ȸɑɝɞɚ ɔ ɝɜɚɖ Ȱɚɖɟɘɑəɞɧ 

ȼɌɓɜɌɍɚɞɖɌ ɘɌ-

ɞɑɘɌɞɔɣɑɝɖɚɕ 

ɘɚɐɑɗɔ 

ȳɌɖɌɓɣɔɖ ɔ 

ȴɝɛɚɗəɔɞɑɗɨ 

ȾɌ ɞɑɜɜɔɞɚ-

ɜɔɔ ȴɝɛɚɗ-

əɔɞɑɗɫ, Ⱦ+6 

Ȭɖɞ ɚ ɛɜɔ-

ɑɘɖɑ 

ȼɌɓɜɌɍɚɞɖɌ 

ɞɑɡəɔɣɑɝɖɚɏɚ 

ɛɜɚɑɖɞɌ ɝɔɝɞɑ-

ɘɧ ɟɛɜɌɎɗɑəɔɫ 

ȳɌɖɌɓɣɔɖ ɔ 

ȴɝɛɚɗəɔɞɑɗɨ 

ȾɌ ɞɑɜɜɔɞɚ-

ɜɔɔ ȴɝɛɚɗ-

əɔɞɑɗɫ, Ⱦ+11 

Ȭɖɞ ɚ ɛɜɔ-

ɑɘɖɑ 

Ȼɜɔɑɘɚ-

ɝɐɌɞɚɣəɚɑ ɔɝ-

ɛɧɞɌəɔɑ ɔ ɛɚ-

ɝɞɌɎɖɌ ɝɔɝɞɑɘɧ 

ɟɛɜɌɎɗɑəɔɫ 

ȳɌɖɌɓɣɔɖ ɔ 

ȴɝɛɚɗəɔɞɑɗɨ 

ȾɌ ɞɑɜɜɔɞɚ-

ɜɔɔ ȴɝɛɚɗ-

əɔɞɑɗɫ, Ⱦ+24 

Ȭɖɞ ɚ ɛɜɔ-

ɑɘɖɑ 

Ȼɜɚɞɚɖɚɗɧ 

ɔɝɛɧɞɌəɔɕ 

Ȼɟɝɖɚ-

əɌɗɌɐɚɣəɧɑ ɜɌ-

ɍɚɞɧ ɔ ɟɣɌɝɞɔɑ 

Ɏ ɗɑɞəɧɡ ɔɝɛɧ-

ɞɌəɔɫɡ ɝɔɝɞɑɘɧ 

ɟɛɜɌɎɗɑəɔɫ 

ȳɌɖɌɓɣɔɖ ɔ 

ȴɝɛɚɗəɔɞɑɗɨ 

ȾɌ ɞɑɜɜɔɞɚ-

ɜɔɔ ȳɌɖɌɓɣɔ-

ɖɌ, Ⱦ+27 

Ȭɖɞ ɚ ɛɜɔ-

ɑɘɖɑ 

Ȼɜɚɞɚɖɚɗɧ 

ɔɝɛɧɞɌəɔɕ 

 

7 ȾɜɑɍɚɎɌəɔɫ ɖ ɝɚɝɞɌɎɟ ɔ ɝɚɐɑɜɒɌəɔɪ ɜɌɍɚɞ ɛɚ ɛɚɐɏɚɞɚɎɖɑ ɖ ɎɎɚɐɟ 

ɝɔɝɞɑɘɧ Ɏ ɐɑɕɝɞɎɔɑ 

7.1 Ⱦɑɡəɔɣɑɝɖɔɑ ɘɑɜɚɛɜɔɫɞɔɫ 

Ȯ ɝɜɚɖ ɐɚ Ⱦ0+27 ȳɌɖɌɓɣɔɖ ɚɝɟɥɑɝɞɎɗɫɑɞ: 

ð ɘɚəɞɌɒ ɔ əɌɝɞɜɚɕɖɟ ɍɚɜɞɚɎɚɕ ɣɌɝɞɔ ɝɔɝɞɑɘɧ ɟɛɜɌɎɗɑəɔɫ Ɏ ɏɚə-

ɐɚɗɟ ɐɔɜɔɒɌɍɗɫ Ɏ ɝɚɚɞɎɑɞɝɞɎɔɔ ɝ ɜɌɍɚɣɑɕ ɐɚɖɟɘɑəɞɌɢɔɑɕ; 

ð ɘɚəɞɌɒ ɔ əɌɝɞɜɚɕɖɟ əɌɓɑɘəɚɏɚ ɛɟəɖɞɌ ɟɛɜɌɎɗɑəɔɫ Ɏ ɌɎɞɚɘɚɍɔɗɑ 

Ɏ ɝɚɚɞɎɑɞɝɞɎɔɔ ɝ ɜɌɍɚɣɑɕ ɐɚɖɟɘɑəɞɌɢɔɑɕ; 
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ð ɛɚɐɏɚɞɚɎɖɟ ɛɚɗɔɏɚəɌ, ɛɜɔɏɚɐəɚɏɚ ɐɗɫ ɜɑɌɗɔɓɌɢɔɔ ɞɜɌɑɖɞɚɜɔɕ, 

ɛɜɚɛɔɝɌəəɧɡ Ɏ ɐɚɖɟɘɑəɞɑ çȻɜɚɏɜɌɘɘɌ ɔ ɘɑɞɚɐɔɖɔ ɔɝɛɧɞɌəɔɕè; 

ð ɛɚɐɏɚɞɚɎɖɟ ɩɗɗɔəɏɌ ɐɗɫ ɜɌɓɘɑɥɑəɔɫ ɐɔɜɔɒɌɍɗɫ əɌ ɜɑɘɚəɞəɧɑ ɔ 

ɛɜɚɠɔɗɌɖɞɔɣɑɝɖɔɑ ɜɌɍɚɞɧ. 

7.2 ȺɜɏɌəɔɓɌɢɔɚəəɧɑ ɘɑɜɚɛɜɔɫɞɔɫ 

ȳɌɖɌɓɣɔɖ Ɏ ɝɜɚɖ ɐɚ Ⱦ0+27 ɚɝɟɥɑɝɞɎɗɫɑɞ: 

ð ɜɌɓɜɑɤɑəɔɑ əɌ ɔɝɛɚɗɨɓɚɎɌəɔɑ ɛɚɐɝɔɝɞɑɘɧ ɞɑɗɑɖɚɘɘɟəɔɖɌɢɔɔ; 

ð ɜɌɓɜɑɤɑəɔɑ əɌ ɔɝɛɚɗɨɓɚɎɌəɔɑ ɜɌɐɔɚɘɌɫɖɌ; 

ð ɜɌɓɜɑɤɑəɔɑ əɌ ɌɎɞɚəɚɘəɧɑ ɔ ɐɔɝɞɌəɢɔɚəəɚ ɟɛɜɌɎɗɫɑɘɧɑ ɛɚɗɑ-

ɞɧ ɐɔɜɔɒɌɍɗɫ. 

8 ȾɜɑɍɚɎɌəɔɫ ɖ ɐɚɖɟɘɑəɞɔɜɚɎɌəɔɪ 

Ȯ ɡɚɐɑ Ɏɧɛɚɗəɑəɔɫ ɛɜɚɑɖɞɌ ɝɚɓɐɌɪɞɝɫ ɝɗɑɐɟɪɥɔɑ Ɏɔɐɧ ɐɚɖɟɘɑə-

ɞɌɢɔɔ: 

ɉɞɌɛ Ȱɚɖɟɘɑəɞɧ 

ȼɌɓɜɌɍɚɞɖɌ ɘɌ-

ɞɑɘɌɞɔɣɑɝɖɚɕ 

ɘɚɐɑɗɔ  

ȹɌɟɣəɚ-ɞɑɡəɔɣɑɝɖɔɕ ɚɞɣɑɞ. 

Ȭɖɞ ɛɜɔɑɘɖɔ 

ȼɌɓɜɌɍɚɞɖɌ 

ɞɑɡəɔɣɑɝɖɚɏɚ 

ɛɜɚɑɖɞɌ ɝɔɝɞɑ-

ɘɧ ɟɛɜɌɎɗɑəɔɫ 

Ȯɑɐɚɘɚɝɞɨ ɞɑɡəɔɣɑɝɖɚɏɚ ɛɜɚ-

ɑɖɞɌ. ȻɚɫɝəɔɞɑɗɨəɌɫ ɓɌɛɔɝɖɌ 

ɖ ɞɑɡəɔɣɑɝɖɚɘɟ ɛɜɚɑɖɞɟ. 

ȽɞɜɟɖɞɟɜəɌɫ ɔ ɠɟəɖɢɔɚəɌɗɨ-

əɌɫ ɝɡɑɘɧ. Ƚɡɑɘɧ ɝɚɑɐɔəɑəɔɕ 

ɍɚɜɞɚɎɚɕ ɔ əɌɓɑɘəɚɕ ɣɌɝɞɑɕ 

ɝɔɝɞɑɘɧ ɟɛɜɌɎɗɑəɔɫ. Ƀɑɜɞɑɒ 

ɚɍɥɑɏɚ ɎɔɐɌ ɍɚɜɞɚɎɚɕ ɣɌɝɞɔ  

ɝɔɝɞɑɘɧ ɟɛɜɌɎɗɑəɔɫ. ȯɌɍɌ-

ɜɔɞəɧɑ ɔ ɘɚəɞɌɒəɧɑ ɣɑɜɞɑɒɔ 

Ɏɝɑɡ ɩɗɑɘɑəɞɚɎ. ȽɞɜɟɖɞɟɜəɌɫ 

ɝɡɑɘɌ ɛɜɚɏɜɌɘɘəɚɏɚ ɚɍɑɝɛɑɣɑ-

əɔɫ ɝɔɝɞɑɘɧ ɟɛɜɌɎɗɑəɔɫ. Ȭɖɞ 

ɛɜɔɑɘɖɔ 

ȼɌɓɜɌɍɚɞɖɌ ɜɌ-

ɍɚɣɑɕ ɐɚɖɟɘɑə-

ɞɌɢɔɔ 

ȻɌɝɛɚɜɞ ɝɔɝɞɑɘɧ. ȼɟɖɚɎɚɐɝɞɎɚ 

ɛɚɗɨɓɚɎɌɞɑɗɫ. ȽɛɑɢɔɠɔɖɌɢɔɫ. 

ȴəɝɞɜɟɖɢɔɫ ɛɚ ɩɖɝɛɗɟɌɞɌɢɔɔ. 

ȻɜɚɏɜɌɘɘɌ ɔ ɘɑɞɚɐɔɖɔ ɔɝɛɧ-

ɞɌəɔɕ. Ⱦɑɖɝɞ ɛɜɚɏɜɌɘɘ. Ⱥɛɔ-

ɝɌəɔɑ ɛɜɚɏɜɌɘɘ 

ȴɓɏɚɞɚɎɗɑəɔɑ 

ɝɔɝɞɑɘɧ ɟɛɜɌɎ-

ɗɑəɔɫ 

Ȯɑɐɚɘɚɝɞɨ ɛɚɖɟɛəɧɡ ɔɓɐɑɗɔɕ 
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Ȼɜɔɑɘɚ-

ɝɐɌɞɚɣəɚɑ ɔɝ-

ɛɧɞɌəɔɑ ɔ ɛɚ-

ɝɞɌɎɖɌ ɝɔɝɞɑɘɧ 

ɟɛɜɌɎɗɑəɔɫ 

Ȼɜɚɞɚɖɚɗ ɔɝɛɧɞɌəɔɕ. Ȭɖɞ 

ɛɜɔɑɘɖɔ 

Ȼɟɝɖɚ-

əɌɗɌɐɚɣəɧɑ 

ɜɌɍɚɞɧ ɔ ɟɣɌ-

ɝɞɔɑ Ɏ ɗɑɞəɧɡ 

ɔɝɛɧɞɌəɔɫɡ ɝɔ-

ɝɞɑɘɧ ɟɛɜɌɎ-

ɗɑəɔɫ  

Ȼɜɚɞɚɖɚɗ ɔɝɛɧɞɌəɔɕ. Ȭɖɞ 

ɛɜɔɑɘɖɔ 

 

9. ȴɝɞɚɣəɔɖɔ ɜɌɓɜɌɍɚɞɖɔ 

ȹɌɝɞɚɫɥɑɑ ɞɑɡəɔɣɑɝɖɚɑ ɓɌɐɌəɔɑ ɜɌɓɜɌɍɚɞɌəɚ əɌ ɚɝəɚɎɌəɔɔ ȹȴȼ 

çȴɝɝɗɑɐɚɎɌəɔɑ Ɏɚɓɘɚɒəɚɝɞɑɕ ɝɚɓɐɌəɔɫ Ɏɧɝɚɞəɚɕ ɝɞɜɌɞɚɝɠɑɜəɚɕ Ɏɚɓɐɟ-

ɡɚɛɗɌɎɌɞɑɗɨəɚɕ ɛɗɌɞɠɚɜɘɧè. 

4.2. Ȼɜɚɑɖɞəɚɑ ɓɌɐɌəɔɑ 

ȽɚɝɞɌɎɔɞɨ ɞɑɡəɔɣɑɝɖɚɑ ɓɌɐɌəɔɑ əɌ ɜɌɓɜɌɍɚɞɖɟ ɜɚɍɚɞɚɞɑɡəɔɣɑɝɖɚɕ 

ɝɔɝɞɑɘɧ, ɔɝɛɚɗɨɓɟɫ ɛɜɔɎɑɐɑəəɧɕ Ɏ ɜɌɓɐɑɗɑ 4.1 ɛɜɔɘɑɜ. ȮɌɜɔɌəɞɧ ɓɌ-

ɐɌəɔɕ ɚɛɜɑɐɑɗɫɪɞɝɫ ɞɑɘɌɞɔɖɚɕ ɐɔɛɗɚɘəɧɡ ɛɜɚɑɖɞɚɎ ɝɞɟɐɑəɞɚɎ ɔɗɔ 

ɎɧɐɌɪɞɝɫ ɛɜɑɛɚɐɌɎɌɞɑɗɑɘ ɔəɐɔɎɔɐɟɌɗɨəɚ. 

4.3. ɉɝɖɔɓəɧɕ ɛɜɚɑɖɞ 

ɉɝɖɔɓəɧɕ ɛɜɚɑɖɞ Ɏɧɛɚɗəɫɑɞɝɫ ɝɚɏɗɌɝəɚ ȯȺȽȾ 2.119-73 [47]. ɉɝ-

ɖɔɓəɧɕ ɛɜɚɑɖɞ ɜɌɓɜɌɍɌɞɧɎɌɪɞ, ɑɝɗɔ ɩɞɚ ɛɜɑɐɟɝɘɚɞɜɑəɚ ɞɑɡəɔɣɑɝɖɔɘ 

ɓɌɐɌəɔɑɘ. 

ɉɝɖɔɓəɧɕ ɛɜɚɑɖɞ ɜɌɓɜɌɍɌɞɧɎɌɪɞ ɝ ɢɑɗɨɪ ɟɝɞɌəɚɎɗɑəɔɫ ɛɜɔəɢɔ-

ɛɔɌɗɨəɧɡ (ɖɚəɝɞɜɟɖɞɔɎəɧɡ, ɝɡɑɘəɧɡ ɔ ɐɜ.) ɜɑɤɑəɔɕ ɔɓɐɑɗɔɫ, ɐɌɪɥɔɡ 

ɚɍɥɑɑ ɛɜɑɐɝɞɌɎɗɑəɔɑ ɚ ɛɜɔəɢɔɛɑ ɜɌɍɚɞɧ ɔ (ɔɗɔ) ɟɝɞɜɚɕɝɞɎɑ ɔɓɐɑɗɔɫ, 

ɖɚɏɐɌ ɩɞɚ ɢɑɗɑɝɚɚɍɜɌɓəɚ ɝɐɑɗɌɞɨ ɐɚ ɜɌɓɜɌɍɚɞɖɔ ɞɑɡəɔɣɑɝɖɚɏɚ ɛɜɚɑɖɞɌ. 

ȹɌ ɝɞɌɐɔɔ ɩɝɖɔɓəɚɏɚ ɛɜɚɑɖɞɌ ɜɌɝɝɘɌɞɜɔɎɌɪɞ ɎɌɜɔɌəɞɧ ɔɓɐɑɗɔɫ ɔ 

ɑɏɚ ɝɚɝɞɌɎəɧɡ ɣɌɝɞɑɕ. ɉɝɖɔɓəɧɕ ɛɜɚɑɖɞ ɘɚɒɑɞ ɜɌɓɜɌɍɌɞɧɎɌɞɨɝɫ ɍɑɓ 

ɜɌɝɝɘɚɞɜɑəɔɫ əɌ ɩɞɚɕ ɝɞɌɐɔɔ ɜɌɓɗɔɣəɧɡ ɎɌɜɔɌəɞɚɎ. Ȼɜɔ ɜɌɓɜɌɍɚɞɖɑ 

ɩɝɖɔɓəɚɏɚ ɛɜɚɑɖɞɌ Ɏɧɛɚɗəɫɪɞ ɜɌɍɚɞɧ, əɑɚɍɡɚɐɔɘɧɑ ɐɗɫ ɚɍɑɝɛɑɣɑəɔɫ 

ɛɜɑɐɦɫɎɗɫɑɘɧɡ ɖ ɔɓɐɑɗɔɪ ɞɜɑɍɚɎɌəɔɕ. 

ȹɌ ɝɞɌɐɔɔ ɩɝɖɔɓəɚɏɚ ɛɜɚɑɖɞɌ əɑ ɛɚɎɞɚɜɫɪɞ ɜɌɍɚɞɧ, ɛɜɔɎɑɐɑəəɧɑ 

əɌ ɝɞɌɐɔɔ ɞɑɡəɔɣɑɝɖɚɏɚ ɛɜɑɐɗɚɒɑəɔɫ, ɑɝɗɔ ɚəɔ əɑ ɘɚɏɟɞ ɐɌɞɨ ɐɚɛɚɗ-

əɔɞɑɗɨəɧɡ ɐɌəəɧɡ. Ȯ ɩɞɚɘ ɝɗɟɣɌɑ ɜɑɓɟɗɨɞɌɞɧ ɜɌəɑɑ ɛɜɚɎɑɐɑəəɧɡ ɜɌ-

ɍɚɞ ɚɞɜɌɒɌɪɞ Ɏ ɛɚɫɝəɔɞɑɗɨəɚɕ ɓɌɛɔɝɖɑ. Ȯ ɖɚɘɛɗɑɖɞ ɐɚɖɟɘɑəɞɚɎ ɩɝɖɔɓ-

əɚɏɚ ɛɜɚɑɖɞɌ ɎɖɗɪɣɌɪɞ ɖɚəɝɞɜɟɖɞɚɜɝɖɔɑ ɐɚɖɟɘɑəɞɧ, Ɏ ɝɚɚɞɎɑɞɝɞɎɔɔ ɝ 

ȯȺȽȾ 2.102-68 ɛɜɑɐɟɝɘɚɞɜɑəəɧɑ ɞɑɡəɔɣɑɝɖɔɘ ɓɌɐɌəɔɑɘ. 
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ȹɌ ɜɌɝɝɘɚɞɜɑəɔɑ, ɝɚɏɗɌɝɚɎɌəɔɑ ɔ ɟɞɎɑɜɒɐɑəɔɑ ɛɜɑɐɝɞɌɎɗɫɪɞ ɐɚ-

ɖɟɘɑəɞɧ ɩɝɖɔɓəɚɏɚ ɛɜɚɑɖɞɌ, ɝɖɚɘɛɗɑɖɞɚɎɌəəɧɑ ɛɚ ȯȺȽȾ 2.106-96.  

ȶɚəɝɞɜɟɖɞɚɜɝɖɔɑ ɐɚɖɟɘɑəɞɧ, ɝɚɐɑɜɒɌɥɔɑ ɜɌɓɗɔɣəɧɑ ɎɌɜɔɌəɞɧ 

ɔɓɐɑɗɔɫ, Ɏɧɛɚɗəɫɪɞ ɛɚ ȯȺȽȾ 2.118-73 Ɏ ɣɌɝɞɔ ɜɌɓɘɑɥɑəɔɫ ɝɎɑɐɑəɔɕ ɚ 

ɜɌɓɗɔɣəɧɡ ɎɌɜɔɌəɞɌɡ, ɜɌɓɘɑɥɑəɔɫ ɔɓɚɍɜɌɒɑəɔɕ ɎɌɜɔɌəɞɚɎ, ɛɚɝɞɜɚɑ-

əɔɫ ɞɌɍɗɔɢ, ɝɚɐɑɜɒɌɥɔɡ ɐɌəəɧɑ ɜɌɓɗɔɣəɧɡ ɎɌɜɔɌəɞɚɎ ɔ ɞ. ɛ. 

Ƀɑɜɞɑɒ ɚɍɥɑɏɚ ɎɔɐɌ ɩɝɖɔɓəɚɏɚ ɛɜɚɑɖɞɌ Ɏ ɚɍɥɑɘ ɝɗɟɣɌɑ ɐɚɗɒɑə ɝɚ-

ɐɑɜɒɌɞɨ: 

Ɍ) ɔɓɚɍɜɌɒɑəɔɫ ɔɓɐɑɗɔɫ (Ɏɔɐɧ, ɝɑɣɑəɔɫ), ɞɑɖɝɞɚɎɟɪ ɣɌɝɞɨ ɔ 

əɌɐɛɔɝɔ, əɑɚɍɡɚɐɔɘɧɑ ɐɗɫ ɛɚəɔɘɌəɔɫ ɖɚəɝɞɜɟɖɞɔɎəɚɏɚ ɟɝɞɜɚɕɝɞɎɌ 

ɔɓɐɑɗɔɫ, ɎɓɌɔɘɚɐɑɕɝɞɎɔɫ ɑɏɚ ɝɚɝɞɌɎəɧɡ ɣɌɝɞɑɕ ɔ ɛɜɔəɢɔɛɌ ɜɌɍɚɞɧ ɔɓ-

ɐɑɗɔɫ; 

ɍ) əɌɔɘɑəɚɎɌəɔɫ, Ɍ ɞɌɖɒɑ ɚɍɚɓəɌɣɑəɔɫ ɞɑɡ ɝɚɝɞɌɎəɧɡ ɣɌɝɞɑɕ ɔɓɐɑ-

ɗɔɫ, ɐɗɫ ɖɚɞɚɜɧɡ əɑɚɍɡɚɐɔɘɚ ɟɖɌɓɌɞɨ ɐɌəəɧɑ (ɞɑɡəɔɣɑɝɖɔɑ ɡɌɜɌɖɞɑɜɔ-

ɝɞɔɖɔ, ɖɚɗɔɣɑɝɞɎɚ, ɟɖɌɓɌəɔɫ ɚ ɘɌɞɑɜɔɌɗɑ, ɛɜɔəɢɔɛɑ ɜɌɍɚɞɧ ɔ ɐɜ.) ɔɗɔ 

ɓɌɛɔɝɨ ɖɚɞɚɜɧɡ əɑɚɍɡɚɐɔɘɌ ɐɗɫ ɛɚɫɝəɑəɔɫ ɔɓɚɍɜɌɒɑəɔɕ ɣɑɜɞɑɒɌ ɚɍ-

ɥɑɏɚ ɎɔɐɌ, ɚɛɔɝɌəɔɫ ɛɜɔəɢɔɛɌ ɜɌɍɚɞɧ ɔɓɐɑɗɔɫ, ɟɖɌɓɌəɔɫ ɚ ɝɚɝɞɌɎɑ ɔ 

ɐɜ.; 

Ɏ) ɜɌɓɘɑɜɧ ɔ ɐɜɟɏɔɑ əɌəɚɝɔɘɧɑ əɌ ɔɓɚɍɜɌɒɑəɔɫ ɐɌəəɧɑ; 

ɏ) ɝɡɑɘɟ, ɑɝɗɔ ɚəɌ ɞɜɑɍɟɑɞɝɫ, əɚ ɚɠɚɜɘɗɫɞɨ ɑɑ ɚɞɐɑɗɨəɧɘ ɐɚɖɟɘɑə-

ɞɚɘ əɑɢɑɗɑɝɚɚɍɜɌɓəɚ; 

ɐ) ɞɑɡəɔɣɑɝɖɔɑ ɡɌɜɌɖɞɑɜɔɝɞɔɖɔ ɔɓɐɑɗɔɫ, ɑɝɗɔ ɩɞɚ əɑɚɍɡɚɐɔɘɚ ɐɗɫ 

ɟɐɚɍɝɞɎɌ ɝɚɛɚɝɞɌɎɗɑəɔɫ ɎɌɜɔɌəɞɚɎ ɛɚ ɣɑɜɞɑɒɟ ɚɍɥɑɏɚ ɎɔɐɌ. 

ȴɓɚɍɜɌɒɑəɔɫ Ɏɧɛɚɗəɫɪɞ ɝ ɘɌɖɝɔɘɌɗɨəɧɘɔ ɟɛɜɚɥɑəɔɫɘɔ, ɛɜɑɐɟ-

ɝɘɚɞɜɑəəɧɘɔ ɝɞɌəɐɌɜɞɌɘɔ ȱȽȶȰ ɐɗɫ ɜɌɍɚɣɔɡ ɣɑɜɞɑɒɑɕ, ɑɝɗɔ ɛɜɔ 

ɩɞɚɘ ɚɍɑɝɛɑɣɑəɚ ɛɚəɔɘɌəɔɑ ɖɚəɝɞɜɟɖɞɔɎəɚɏɚ ɟɝɞɜɚɕɝɞɎɌ ɜɌɓɜɌɍɌɞɧɎɌ-

ɑɘɚɏɚ ɔɓɐɑɗɔɫ, ɎɓɌɔɘɚɐɑɕɝɞɎɔɫ ɑɏɚ ɝɚɝɞɌɎəɧɡ ɣɌɝɞɑɕ ɔ ɛɜɔəɢɔɛɌ ɜɌ-

ɍɚɞɧ ɔɓɐɑɗɔɫ. 

Ⱥɞɐɑɗɨəɧɑ ɔɓɚɍɜɌɒɑəɔɫ ɝɚɝɞɌɎəɧɡ ɣɌɝɞɑɕ ɔɓɐɑɗɔɫ ɜɌɓɘɑɥɌɪɞɝɫ 

əɌ ɚɐəɚɘ ɚɍɥɑɘ ɗɔɝɞɑ ɝ ɔɓɚɍɜɌɒɑəɔɫɘɔ Ɏɝɑɏɚ ɔɓɐɑɗɔɫ ɔɗɔ əɌ ɚɞɐɑɗɨ-

əɧɡ ɗɔɝɞɌɡ ɣɑɜɞɑɒɌ ɚɍɥɑɏɚ ɎɔɐɌ. 

ȹɌɔɘɑəɚɎɌəɔɫ ɔ ɚɍɚɓəɌɣɑəɔɫ ɝɚɝɞɌɎəɧɡ ɣɌɝɞɑɕ ɔɓɐɑɗɔɫ əɌ ɣɑɜ-

ɞɑɒɌɡ ɚɍɥɑɏɚ Ɏɔɐɧ ɟɖɌɓɧɎɌɪɞ ɚɐəɔɘ ɔɓ ɝɗɑɐɟɪɥɔɡ ɝɛɚɝɚɍɚɎ: 

- əɌ ɛɚɗɖɌɡ ɗɔəɔɕ-Ɏɧəɚɝɚɖ; 

- Ɏ ɞɌɍɗɔɢɑ, ɜɌɓɘɑɥɌɑɘɚɕ əɌ ɞɚɘ ɒɑ ɗɔɝɞɑ, ɣɞɚ ɔ ɔɓɚɍɜɌɒɑəɔɑ ɔɓ-

ɐɑɗɔɫ; 

- Ɏ ɞɌɍɗɔɢɑ, Ɏɧɛɚɗəɑəəɚɕ əɌ ɚɞɐɑɗɨəɧɡ ɗɔɝɞɌɡ ɠɚɜɘɌɞɌ Ȭ4 ɛɚ 

ȯȺȽȾ 2.301-68 Ɏ ɖɌɣɑɝɞɎɑ ɛɚɝɗɑɐɟɪɥɔɡ ɗɔɝɞɚɎ ɣɑɜɞɑɒɌ ɚɍɥɑɏɚ ɎɔɐɌ. 

Ȼɜɔ əɌɗɔɣɔɔ ɞɌɍɗɔɢɧ əɌ ɛɚɗɖɌɡ ɗɔəɔɕ-Ɏɧəɚɝɚɖ ɟɖɌɓɧɎɌɪɞ əɚ-

ɘɑɜɌ ɛɚɓɔɢɔɕ ɝɚɝɞɌɎəɧɡ ɣɌɝɞɑɕ, Ɏɖɗɪɣɑəəɧɡ Ɏ ɞɌɍɗɔɢɟ. 

ȾɌɍɗɔɢɌ Ɏ ɚɍɥɑɘ ɝɗɟɣɌɑ ɝɚɝɞɚɔɞ ɔɓ ɏɜɌɠ: çȻɚɓ.è, çȺɍɚɓəɌɣɑəɔɑè, 

çȶɚɗ.è, çȰɚɛɚɗəɔɞɑɗɨəɧɑ ɟɖɌɓɌəɔɫè. 
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ȳɌɛɔɝɨ ɝɚɝɞɌɎəɧɡ ɣɌɝɞɑɕ Ɏ ɞɌɍɗɔɢɟ ɛɜɚɔɓɎɚɐɔɞɝɫ Ɏ ɝɗɑɐɟɪɥɑɘ 

ɛɚɜɫɐɖɑ: 

- ɓɌɔɘɝɞɎɚɎɌəəɧɑ ɔɓɐɑɗɔɫ; 

- ɛɚɖɟɛəɧɑ ɔɓɐɑɗɔɫ; 

- ɎəɚɎɨ ɜɌɓɜɌɍɌɞɧɎɌɑɘɧɑ ɔɓɐɑɗɔɫ. 

ɉɗɑɘɑəɞɧ ɣɑɜɞɑɒɌ ɚɍɥɑɏɚ ɎɔɐɌ (əɚɘɑɜɌ ɛɚɓɔɢɔɕ, ɞɑɖɝɞ ɞɑɡəɔɣɑ-

ɝɖɔɡ ɞɜɑɍɚɎɌəɔɕ, əɌɐɛɔɝɔ ɔ ɐɜ.) Ɏɧɛɚɗəɫɪɞ ɛɚ ɛɜɌɎɔɗɌɘ, ɟɝɞɌəɚɎɗɑə-

əɧɘ ɝɞɌəɐɌɜɞɌɘɔ ȱȽȶȰ ɐɗɫ ɜɌɍɚɣɔɡ ɣɑɜɞɑɒɑɕ. 

Ȯ Ɏɑɐɚɘɚɝɞɨ ɩɝɖɔɓəɚɏɚ ɛɜɚɑɖɞɌ ɓɌɛɔɝɧɎɌɪɞ Ɏɝɑ Ɏɖɗɪɣɑəəɧɑ Ɏ 

ɖɚɘɛɗɑɖɞ ɐɚɖɟɘɑəɞɚɎ ɩɝɖɔɓəɚɏɚ ɛɜɚɑɖɞɌ ɖɚəɝɞɜɟɖɞɚɜɝɖɔɑ ɐɚɖɟɘɑəɞɧ Ɏ 

ɛɚɜɫɐɖɑ, ɟɝɞɌəɚɎɗɑəəɚɘ ȯȺȽȾ 2.106-96, əɑɓɌɎɔɝɔɘɚ ɚɞ ɞɚɏɚ, ɖ ɖɌɖɚɘɟ 

ɎɌɜɔɌəɞɟ ɚɞəɚɝɔɞɝɫ ɐɚɖɟɘɑəɞ. 

ȰɚɛɟɝɖɌɑɞɝɫ Ɏ ɏɜɌɠɑ çȻɜɔɘɑɣɌəɔɑè ɟɖɌɓɧɎɌɞɨ ɝɚɚɞɎɑɞɝɞɎɟɪɥɔɕ 

ɐɌəəɚɘɟ ɐɚɖɟɘɑəɞɟ ɎɌɜɔɌəɞ. 

Ȼɚɫɝəɔɞɑɗɨəɟɪ ɓɌɛɔɝɖɟ ɩɝɖɔɓəɚɏɚ ɛɜɚɑɖɞɌ Ɏɧɛɚɗəɫɪɞ ɛɚ ȯȺȽȾ 

2.106-96 ɝ ɟɣɑɞɚɘ ɝɗɑɐɟɪɥɔɡ ɚɝəɚɎəɧɡ ɞɜɑɍɚɎɌəɔɕ ɖ ɝɚɐɑɜɒɌəɔɪ ɜɌɓ-

ɐɑɗɚɎ: 

Ɍ) Ɏ ɜɌɓɐɑɗɑ çȮɎɑɐɑəɔɑè ɟɖɌɓɧɎɌɪɞ əɌɔɘɑəɚɎɌəɔɑ, əɚɘɑɜ ɔ ɐɌɞɟ 

ɟɞɎɑɜɒɐɑəɔɫ ɞɑɡəɔɣɑɝɖɚɏɚ ɓɌɐɌəɔɫ; 

ɍ) Ɏ ɜɌɓɐɑɗɑ çȹɌɓəɌɣɑəɔɑ ɔ ɚɍɗɌɝɞɨ ɛɜɔɘɑəɑəɔɫ ɜɌɓɜɌɍɌɞɧɎɌɑɘɚ-

ɏɚ ɔɓɐɑɗɔɫè ɛɜɔɎɚɐɫɞ ɝɎɑɐɑəɔɫ ɔɓ ɞɑɡəɔɣɑɝɖɚɏɚ ɓɌɐɌəɔɫ, Ɍ ɞɌɖɒɑ  

- ɖɜɌɞɖɟɪ ɡɌɜɌɖɞɑɜɔɝɞɔɖɟ ɚɍɗɌɝɞɔ ɔ ɟɝɗɚɎɔɕ ɛɜɔɘɑəɑəɔɫ ɔɓɐɑ-

ɗɔɫ;  

- ɚɍɥɟɪ ɡɌɜɌɖɞɑɜɔɝɞɔɖɟ ɚɍɦɑɖɞɌ, ɐɗɫ ɛɜɔɘɑəɑəɔɫ Ɏ ɖɚɞɚɜɚɘ 

ɛɜɑɐəɌɓəɌɣɑəɚ ɐɌəəɚɑ ɔɓɐɑɗɔɑ;  

Ɏ) Ɏ ɜɌɓɐɑɗɑ çȾɑɡəɔɣɑɝɖɌɫ ɡɌɜɌɖɞɑɜɔɝɞɔɖɌè ɛɜɔɎɚɐɫɞ: 

- ɚɝəɚɎəɧɑ ɞɑɡəɔɣɑɝɖɔɑ ɡɌɜɌɖɞɑɜɔɝɞɔɖɔ ɔɓɐɑɗɔɫ (ɘɚɥəɚɝɞɨ, ɣɔɝɗɚ 

ɚɍɚɜɚɞɚɎ, ɛɜɚɔɓɎɚɐɔɞɑɗɨəɚɝɞɨ, ɜɌɝɡɚɐ ɩɗɑɖɞɜɚɩəɑɜɏɔɔ, ɞɚɛɗɔɎɌ, ɖɚɩɠ-

ɠɔɢɔɑəɞ ɛɚɗɑɓəɚɏɚ ɐɑɕɝɞɎɔɫ ɔ ɐɜɟɏɔɑ ɛɌɜɌɘɑɞɜɧ);  

- ɝɎɑɐɑəɔɫ ɚ ɝɚɚɞɎɑɞɝɞɎɔɔ ɔɗɔ ɚɞɖɗɚəɑəɔɫɡ ɚɞ ɞɜɑɍɚɎɌəɔɕ, ɟɝɞɌ-

əɚɎɗɑəəɧɡ Ⱦȳ, ɝ ɚɍɚɝəɚɎɌəɔɑɘ ɚɞɖɗɚəɑəɔɕ; 

- ɐɌəəɧɑ ɝɜɌɎəɑəɔɫ ɚɝəɚɎəɧɡ ɡɌɜɌɖɞɑɜɔɝɞɔɖ ɔɓɐɑɗɔɫ ɝ ɡɌɜɌɖɞɑ-

ɜɔɝɞɔɖɌɘɔ ɌəɌɗɚɏɚɎ (ɚɞɑɣɑɝɞɎɑəəɧɡ ɔ ɓɌɜɟɍɑɒəɧɡ);  

ɏ) Ɏ ɜɌɓɐɑɗɑ çȺɛɔɝɌəɔɑ ɔ ɚɍɚɝəɚɎɌəɔɑ ɎɧɍɜɌəəɚɕ ɖɚəɝɞɜɟɖɢɔɔè 

ɛɜɔɎɚɐɫɞ: 

- ɚɛɔɝɌəɔɑ ɖɚəɝɞɜɟɖɢɔɔ, ɚɍɚɝəɚɎɌəɔɑ ɛɜɔəɔɘɌɑɘɧɡ əɌ ɐɌəəɚɕ 

ɝɞɌɐɔɔ ɛɜɔəɢɔɛɔɌɗɨəɧɡ ɜɑɤɑəɔɕ (ɖɚəɝɞɜɟɖɞɔɎəɧɡ, ɝɡɑɘəɧɡ ɔ ɐɜ.);  

- ɝɎɑɐɑəɔɫ ɚ əɌɓəɌɣɑəɔɔ ɘɌɖɑɞɚɎ, ɛɜɚɏɜɌɘɘɟ ɔ ɘɑɞɚɐɔɖɟ ɔɝɛɧɞɌ-

əɔɕ (ɔɗɔ ɝɝɧɗɖɟ əɌ ɛɜɚɏɜɌɘɘɟ ɔ ɘɑɞɚɐɔɖɟ ɔɝɛɧɞɌəɔɕ), ɜɑɓɟɗɨɞɌɞɧ 

ɔɝɛɧɞɌəɔɕ ɔ ɐɌəəɧɑ ɚɢɑəɖɔ ɝɚɚɞɎɑɞɝɞɎɔɫ ɘɌɖɑɞɚɎ ɓɌɐɌəəɧɘ ɞɜɑɍɚɎɌ-

əɔɫɘ; 

- ɠɚɞɚɏɜɌɠɔɔ ɘɌɖɑɞɚɎ (ɛɜɔ əɑɚɍɡɚɐɔɘɚɝɞɔ); 
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- ɚɍɚɓəɌɣɑəɔɫ ɚɝəɚɎəɧɡ ɖɚəɝɞɜɟɖɞɚɜɝɖɔɡ ɐɚɖɟɘɑəɞɚɎ, ɛɚ ɖɚɞɚɜɧɘ 

ɔɓɏɚɞɌɎɗɔɎɌɗɔɝɨ ɘɌɖɑɞɧ, əɚɘɑɜ ɔ ɐɌɞɟ ɛɜɚɞɚɖɚɗɌ ɛɚ ɔɝɛɧɞɌəɔɫɘ ɔ 

ɐɜ.;  

- ɝɎɑɐɑəɔɫ ɚ ɞɑɡəɚɗɚɏɔɣəɚɝɞɔ;  

- ɐɌəəɧɑ ɛɜɚɎɑɜɖɔ ɛɜɔəɫɞɧɡ ɜɑɤɑəɔɕ əɌ ɛɌɞɑəɞəɟɪ ɣɔɝɞɚɞɟ; 

- ɝɎɑɐɑəɔɫ ɚɍ ɔɝɛɚɗɨɓɚɎɌəɔɔ Ɏ ɐɌəəɚɕ ɜɌɓɜɌɍɚɞɖɑ ɔɓɚɍɜɑɞɑəɔɕ, ɚ 

ɛɚɐɌəəɧɡ ɓɌɫɎɖɌɡ əɌ əɚɎɧɑ ɔɓɚɍɜɑɞɑəɔɫ; 

- ɝɎɑɐɑəɔɫ ɚ ɝɚɚɞɎɑɞɝɞɎɔɔ ɔɓɐɑɗɔɫ ɞɜɑɍɚɎɌəɔɫɘ ɞɑɡəɔɖɔ ɍɑɓɚɛɌɝ-

əɚɝɞɔ ɔ ɛɜɚɔɓɎɚɐɝɞɎɑəəɚɕ ɝɌəɔɞɌɜɔɔ; 

- ɛɜɑɐɎɌɜɔɞɑɗɨəɧɑ ɝɎɑɐɑəɔɫ ɚɍ ɟɛɌɖɚɎɖɑ ɔ ɞɜɌəɝɛɚɜɞɔɜɚɎɌəɔɔ 

ɔɓɐɑɗɔɫ;  

- ɞɑɡəɔɣɑɝɖɔɑ ɞɜɑɍɚɎɌəɔɫ ɖ ɛɜɔɘɑəɫɑɘɧɘ Ɏ ɜɌɓɜɌɍɌɞɧɎɌɑɘɚɘ ɔɓ-

ɐɑɗɔɔ əɚɎɧɘ ɔɓɐɑɗɔɫɘ ɔ ɘɌɞɑɜɔɌɗɌɘ, ɖɚɞɚɜɧɑ ɐɚɗɒəɧ ɜɌɓɜɌɍɌɞɧ-

ɎɌɞɨɝɫ ɐɜɟɏɔɘɔ ɚɜɏɌəɔɓɌɢɔɫɘɔ; 

- ɝɎɑɐɑəɔɫ ɚ ɝɚɚɞɎɑɞɝɞɎɔɔ ɛɜɔɘɑəɫɑɘɧɡ Ɏ ɔɓɐɑɗɔɔ ɓɌɔɘɝɞɎɚɎɌə-

əɧɡ (ɜɌəɑɑ ɜɌɓɜɌɍɚɞɌəəɧɡ) ɝɚɝɞɌɎəɧɡ ɣɌɝɞɑɕ, ɛɚɖɟɛəɧɡ ɔɓɐɑɗɔɕ ɔ ɘɌ-

ɞɑɜɔɌɗɚɎ ɜɌɓɜɌɍɌɞɧɎɌɑɘɚɘɟ ɔɓɐɑɗɔɪ ɛɚ ɞɑɡəɔɣɑɝɖɔɘ ɡɌɜɌɖɞɑɜɔɝɞɔ-

ɖɌɘ, ɜɑɒɔɘɌɘ ɜɌɍɚɞɧ, ɏɌɜɌəɞɔɕəɧɘ ɝɜɚɖɌɘ, ɟɝɗɚɎɔɫɘ ɩɖɝɛɗɟɌɞɌɢɔɔ;  

- ɚɝəɚɎəɧɑ Ɏɚɛɜɚɝɧ ɞɑɡəɚɗɚɏɔɔ ɔɓɏɚɞɚɎɗɑəɔɫ ɔɓɐɑɗɔɕ; 

ɐ) Ɏ ɜɌɓɐɑɗɑ çȼɌɝɣɑɞɧ, ɛɚɐɞɎɑɜɒɐɌɪɥɔɑ ɜɌɍɚɞɚɝɛɚɝɚɍəɚɝɞɨ ɔ 

əɌɐɑɒəɚɝɞɨ ɖɚəɝɞɜɟɖɢɔɔè ɛɜɔɎɚɐɫɞ: 

- ɚɜɔɑəɞɔɜɚɎɚɣəɧɑ ɜɌɝɣɑɞɧ, ɛɚɐɞɎɑɜɒɐɌɪɥɔɑ ɜɌɍɚɞɚɝɛɚɝɚɍəɚɝɞɨ 

ɔɓɐɑɗɔɫ (ɖɔəɑɘɌɞɔɣɑɝɖɔɑ, ɩɗɑɖɞɜɔɣɑɝɖɔɑ, ɞɑɛɗɚɎɧɑ ɔ ɐɜ.);  

- ɚɜɔɑəɞɔɜɚɎɚɣəɧɑ ɜɌɝɣɑɞɧ, ɛɚɐɞɎɑɜɒɐɌɪɥɔɑ əɌɐɑɒəɚɝɞɨ ɔɓɐɑ-

ɗɔɫ (ɜɌɝɣɑɞɧ ɛɚɖɌɓɌɞɑɗɑɕ ɐɚɗɏɚɎɑɣəɚɝɞɔ, ɜɑɘɚəɞɚɛɜɔɏɚɐəɚɝɞɔ ɔ ɐɜ.).  

Ȼɜɔ ɍɚɗɨɤɚɘ ɚɍɦɑɘɑ ɜɌɝɣɑɞɚɎ ɚəɔ ɘɚɏɟɞ ɍɧɞɨ ɚɠɚɜɘɗɑəɧ Ɏ Ɏɔɐɑ 

ɚɞɐɑɗɨəɧɡ ɐɚɖɟɘɑəɞɚɎ, ɛɜɔ ɩɞɚɘ Ɏ ɜɌɓɐɑɗɑ ɛɜɔɎɚɐɫɞ ɞɚɗɨɖɚ ɜɑɓɟɗɨɞɌ-

ɞɧ;  

ɑ) Ɏ ɜɌɓɐɑɗɑ çȺɛɔɝɌəɔɑ ɚɜɏɌəɔɓɌɢɔɔ ɜɌɍɚɞ ɝ ɛɜɔɘɑəɑəɔɑɘ ɜɌɓɜɌ-

ɍɌɞɧɎɌɑɘɚɏɚ ɔɓɐɑɗɔɫè ɛɜɔɎɚɐɫɞ ɛɜɑɐɎɌɜɔɞɑɗɨəɧɑ ɝɎɑɐɑəɔɫ ɚɍ ɚɜɏɌəɔ-

ɓɌɢɔɔ ɜɌɍɚɞ ɝ ɔɓɐɑɗɔɑɘ əɌ ɘɑɝɞɑ ɩɖɝɛɗɟɌɞɌɢɔɔ, Ɏ ɞɚɘ ɣɔɝɗɑ: 

- ɚɛɔɝɌəɔɑ ɛɜɔɑɘɚɎ ɔ ɝɛɚɝɚɍɚɎ ɜɌɍɚɞɧ ɝ ɔɓɐɑɗɔɑɘ Ɏ ɜɑɒɔɘɌɡ ɔ 

ɟɝɗɚɎɔɫɡ, ɛɜɑɐɟɝɘɚɞɜɑəəɧɡ ɞɑɡəɔɣɑɝɖɔɘ ɓɌɐɌəɔɑɘ;  

- ɚɛɔɝɌəɔɑ ɛɚɜɫɐɖɌ ɔ ɝɛɚɝɚɍɚɎ ɞɜɌəɝɛɚɜɞɔɜɚɎɌəɔɫ, ɘɚəɞɌɒɌ ɔ 

ɡɜɌəɑəɔɫ ɔɓɐɑɗɔɫ ɔ ɎɎɚɐɌ ɑɏɚ Ɏ ɐɑɕɝɞɎɔɑ əɌ ɘɑɝɞɑ ɩɖɝɛɗɟɌɞɌɢɔɔ, Ɍ 

ɞɌɖɒɑ ɚɍɝɗɟɒɔɎɌəɔɫ ɛɜɔ ɡɜɌəɑəɔɔ ɔ ɩɖɝɛɗɟɌɞɌɢɔɔ;  

- ɝɎɑɐɑəɔɫ ɚ ɖɎɌɗɔɠɔɖɌɢɔɔ ɔ ɖɚɗɔɣɑɝɞɎɑ ɚɍɝɗɟɒɔɎɌɪɥɑɏɚ ɛɑɜɝɚ-

əɌɗɌ;  

ɒ) Ɏ ɜɌɓɐɑɗɑ çȺɒɔɐɌɑɘɧɑ ɞɑɡəɔɖɚ-ɩɖɚəɚɘɔɣɑɝɖɔɑ ɛɚɖɌɓɌɞɑɗɔè 

ɛɜɔɎɚɐɫɞ ɚɜɔɑəɞɔɜɚɎɚɣəɧɑ ɜɌɝɣɑɞɧ ɩɖɚəɚɘɔɣɑɝɖɔɡ ɛɚɖɌɓɌɞɑɗɑɕ; 

ɓ) Ɏ ɜɌɓɐɑɗɑ çȿɜɚɎɑəɨ ɝɞɌəɐɌɜɞɔɓɌɢɔɔ ɔ ɟəɔɠɔɖɌɢɔɔè ɛɜɔɎɚɐɫɞ 

ɛɜɑɐɎɌɜɔɞɑɗɨəɧɑ ɝɎɑɐɑəɔɫ ɛɚ ɔɝɛɚɗɨɓɚɎɌəɔɪ Ɏ ɔɓɐɑɗɔɔ ɝɞɌəɐɌɜɞəɧɡ, 

ɟəɔɠɔɢɔɜɚɎɌəəɧɡ ɔ ɓɌɔɘɝɞɎɚɎɌəəɧɡ ɝɍɚɜɚɣəɧɡ ɑɐɔəɔɢ ɔ ɐɑɞɌɗɑɕ; 
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Ȯ ɛɜɔɗɚɒɑəɔɔ ɖ ɛɚɫɝəɔɞɑɗɨəɚɕ ɓɌɛɔɝɖɑ ɛɜɔɎɚɐɫɞ: 

- ɖɚɛɔɪ ɞɑɡəɔɣɑɝɖɚɏɚ ɓɌɐɌəɔɫ; 

- ɛɜɔ əɑɚɍɡɚɐɔɘɚɝɞɔ, ɛɑɜɑɣɑəɨ ɜɌɍɚɞ, ɖɚɞɚɜɧɑ ɝɗɑɐɟɑɞ ɛɜɚɎɑɝɞɔ əɌ 

ɛɚɝɗɑɐɟɪɥɑɕ ɝɞɌɐɔɔ ɜɌɓɜɌɍɚɞɖɔ ɔɓɐɑɗɔɫ; 

- ɘɌɞɑɜɔɌɗɧ ɡɟɐɚɒɑɝɞɎɑəəɚ-ɖɚəɝɞɜɟɖɞɚɜɝɖɚɕ ɛɜɚɜɌɍɚɞɖɔ, əɑ ɫɎ-

ɗɫɪɥɔɑɝɫ ɖɚəɝɞɜɟɖɞɚɜɝɖɔɘɔ ɐɚɖɟɘɑəɞɌɘɔ; 

- ɛɑɜɑɣɑəɨ ɔɝɛɚɗɨɓɚɎɌəəɚɕ ɗɔɞɑɜɌɞɟɜɧ ɔ ɞ. ɛ.; 

- ɛɑɜɑɣɑəɨ ɐɚɖɟɘɑəɞɚɎ, ɔɝɛɚɗɨɓɟɑɘɧɡ ɛɜɔ ɜɌɓɜɌɍɚɞɖɑ ɩɝɖɔɓəɚɏɚ 

ɛɜɚɑɖɞɌ ɔ ɛɚɗɟɣɌɑɘɧɡ ɜɌɓɜɌɍɚɞɣɔɖɚɘ ɔɓɐɑɗɔɫ ɚɞ ɐɜɟɏɔɡ ɛɜɑɐɛɜɔɫɞɔɕ 

ɔ ɚɜɏɌəɔɓɌɢɔɕ (ɌɎɞɚɜɝɖɔɑ ɝɎɔɐɑɞɑɗɨɝɞɎɌ, ɚɞɣɑɞ ɚ ɛɌɞɑəɞəɧɡ ɔɝɝɗɑɐɚ-

ɎɌəɔɫɡ, ɝɛɜɌɎɖɟ ɚ əɑɚɍɡɚɐɔɘɚɘ ɚɍɦɑɘɑ ɛɜɚɔɓɎɚɐɝɞɎɌ ɜɌɓɜɌɍɌɞɧɎɌɑɘɧɡ 

ɔɓɐɑɗɔɕ ɔ ɞ. ɛ.); ɛɜɔ ɩɞɚɘ ɐɚɖɟɘɑəɞɧ Ɏ ɛɜɔɗɚɒɑəɔɔ ɖ ɛɚɫɝəɔɞɑɗɨəɚɕ 

ɓɌɛɔɝɖɑ əɑ ɎɖɗɪɣɌɪɞ, əɚ Ɏ ɛɚɫɝəɔɞɑɗɨəɚɕ ɓɌɛɔɝɖɑ ɘɚɏɟɞ ɍɧɞɨ ɛɜɔɎɑ-

ɐɑəɧ əɑɚɍɡɚɐɔɘɧɑ ɝɎɑɐɑəɔɫ ɔɓ ɩɞɔɡ ɐɚɖɟɘɑəɞɚɎ (əɌɛɜɔɘɑɜ, ɛɜɑɐɘɑɞ 

ɔɓɚɍɜɑɞɑəɔɫ, ɛɚɞɜɑɍəɧɑ ɖɚɗɔɣɑɝɞɎɌ ɔɓɐɑɗɔɕ əɌ ɖɎɌɜɞɌɗ, əɌ ɏɚɐ, əɌ 

ɛɫɞɔɗɑɞɖɟ), Ɍ ɞɌɖɒɑ əɚɘɑɜ ɔ ɐɌɞɌ ɐɚɖɟɘɑəɞɌ ɔɗɔ ɝɚɛɜɚɎɚɐɔɞɑɗɨəɚɏɚ 

ɛɔɝɨɘɌ. 

Ȼɜɔ ɜɌɓɜɌɍɚɞɖɑ ɩɝɖɔɓəɚɏɚ ɛɜɚɑɖɞɌ ɛɜɚɎɚɐɫɞ ɝɗɑɐɟɪɥɔɑ ɜɌɍɚɞɧ: 

Ɍ) Ɏɧɛɚɗəɑəɔɑ ɎɌɜɔɌəɞɚɎ Ɏɚɓɘɚɒəɧɡ ɜɑɤɑəɔɕ, ɟɝɞɌəɚɎɗɑəɔɑ ɚɝɚ-

ɍɑəəɚɝɞɑɕ ɎɌɜɔɌəɞɚɎ (ɡɌɜɌɖɞɑɜɔɝɞɔɖɔ ɎɌɜɔɌəɞɚɎ ɝɚɝɞɌɎəɧɡ ɣɌɝɞɑɕ ɔ ɞ. 

ɛ.), ɔɡ ɖɚəɝɞɜɟɖɞɚɜɝɖɟɪ ɛɜɚɜɌɍɚɞɖɟ; 

ɍ) ɛɜɑɐɎɌɜɔɞɑɗɨəɚɑ ɜɑɤɑəɔɑ ɎɚɛɜɚɝɚɎ ɟɛɌɖɚɎɖɔ ɔ ɞɜɌəɝɛɚɜɞɔɜɚ-

ɎɌəɔɫ ɔɓɐɑɗɔɫ; 

Ɏ) ɔɓɏɚɞɚɎɗɑəɔɑ ɔ ɔɝɛɧɞɌəɔɫ ɘɌɖɑɞɚɎ ɝ ɢɑɗɨɪ ɛɜɚɎɑɜɖɔ ɛɜɔəɢɔ-

ɛɚɎ ɜɌɍɚɞɧ ɔɓɐɑɗɔɫ ɔ (ɔɗɔ) ɑɏɚ ɝɚɝɞɌɎəɧɡ ɣɌɝɞɑɕ; 

ɏ) ɜɌɓɜɌɍɚɞɖɟ ɔ ɚɍɚɝəɚɎɌəɔɑ ɞɑɡəɔɣɑɝɖɔɡ ɜɑɤɑəɔɕ, əɌɛɜɌɎɗɑəəɧɡ 

əɌ ɚɍɑɝɛɑɣɑəɔɑ ɛɚɖɌɓɌɞɑɗɑɕ əɌɐɑɒəɚɝɞɔ, ɟɝɞɌəɚɎɗɑəəɧɡ Ⱦȳ; 

ɐ) ɚɢɑəɖɟ ɔɓɐɑɗɔɫ əɌ ɞɑɡəɚɗɚɏɔɣəɚɝɞɨ ɔ ɛɜɌɎɔɗɨəɚɝɞɨ ɎɧɍɚɜɌ 

ɝɜɑɐɝɞɎ ɖɚəɞɜɚɗɫ (ɔɝɛɧɞɌəɔɕ, ɌəɌɗɔɓɌ, ɔɓɘɑɜɑəɔɕ); 

ɑ) ɚɢɑəɖɟ ɔɓɐɑɗɔɫ ɛɚ ɛɚɖɌɓɌɞɑɗɫɘ ɝɞɌəɐɌɜɞɔɓɌɢɔɔ ɔ ɟəɔɠɔɖɌɢɔɔ; 

ɒ) ɚɢɑəɖɟ ɔɓɐɑɗɔɫ Ɏ ɚɞəɚɤɑəɔɔ ɑɏɚ ɝɚɚɞɎɑɞɝɞɎɔɫ ɞɜɑɍɚɎɌəɔɫɘ ɩɜ-

ɏɚəɚɘɔɖɔ, ɞɑɡəɔɣɑɝɖɚɕ ɩɝɞɑɞɔɖɔ; 

ɓ) ɛɜɚɎɑɜɖɟ ɎɌɜɔɌəɞɚɎ əɌ ɛɌɞɑəɞəɟɪ ɣɌɝɞɚɞɟ ɔ ɖɚəɖɟɜɑəɞɚɝɛɚɝɚɍ-

əɚɝɞɨ, ɚɠɚɜɘɗɑəɔɑ ɓɌɫɎɚɖ əɌ ɔɓɚɍɜɑɞɑəɔɫ; 

ɔ) ɛɜɚɎɑɜɖɟ ɝɚɚɞɎɑɞɝɞɎɔɫ ɎɌɜɔɌəɞɚɎ ɞɜɑɍɚɎɌəɔɫɘ ɞɑɡəɔɖɔ ɍɑɓ-

ɚɛɌɝəɚɝɞɔ ɔ ɛɜɚɔɓɎɚɐɝɞɎɑəəɚɕ ɝɌəɔɞɌɜɔɔ; 

ɖ) ɝɜɌɎəɔɞɑɗɨəɟɪ ɚɢɑəɖɟ ɜɌɝɝɘɌɞɜɔɎɌɑɘɧɡ ɎɌɜɔɌəɞɚɎ, Ɏɚɛɜɚɝɧ 

ɘɑɞɜɚɗɚɏɔɣɑɝɖɚɏɚ ɚɍɑɝɛɑɣɑəɔɫ ɜɌɓɜɌɍɌɞɧɎɌɑɘɚɏɚ ɔɓɐɑɗɔɫ. 

ȽɜɌɎəɑəɔɑ ɛɜɚɎɚɐɫɞ ɛɚ ɛɚɖɌɓɌɞɑɗɫɘ ɖɌɣɑɝɞɎɌ ɔɓɐɑɗɔɫ (əɌɓəɌɣɑ-

əɔɫ, əɌɐɑɒəɚɝɞɔ, ɞɑɡəɚɗɚɏɔɣəɚɝɞɔ, ɝɞɌəɐɌɜɞɔɓɌɢɔɔ ɔ ɟəɔɠɔɖɌɢɔɔ, 

ɩɖɚəɚɘɔɣɑɝɖɔɘ, ɩɝɞɑɞɔɣɑɝɖɔɘ, ɩɜɏɚəɚɘɔɣɑɝɖɔɘ); 

ɗ) Ɏɧɍɚɜ ɚɛɞɔɘɌɗɨəɚɏɚ ɎɌɜɔɌəɞɌ (ɎɌɜɔɌəɞɚɎ) ɔɓɐɑɗɔɫ, ɚɍɚɝəɚɎɌ-

əɔɑ ɎɧɍɚɜɌ; ɛɜɔəɫɞɔɑ ɛɜɔəɢɔɛɔɌɗɨəɧɡ ɜɑɤɑəɔɕ; ɛɚɐɞɎɑɜɒɐɑəɔɑ 
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(ɔɗɔ ɟɞɚɣəɑəɔɑ) ɛɜɑɐɦɫɎɗɫɑɘɧɡ ɖ ɔɓɐɑɗɔɪ ɞɜɑɍɚɎɌəɔɕ, ɟɝɞɌəɚɎɗɑə-

əɧɡ Ⱦȳ, ɔ ɚɛɜɑɐɑɗɑəɔɑ ɞɑɡəɔɖɚ-ɩɖɚəɚɘɔɣɑɝɖɔɡ ɡɌɜɌɖɞɑɜɔɝɞɔɖ ɔ ɛɚɖɌ-

ɓɌɞɑɗɑɕ, əɑ ɟɝɞɌəɚɎɗɑəəɧɡ ɞɑɡəɔɣɑɝɖɔɘ ɓɌɐɌəɔɑɘ ɔ ɞɑɡəɔɣɑɝɖɔɘ 

ɛɜɑɐɗɚɒɑəɔɑɘ; 

ɘ) ɎɧɫɎɗɑəɔɑ əɌ ɚɝəɚɎɑ ɛɜɔəɫɞɧɡ ɛɜɔəɢɔɛɔɌɗɨəɧɡ ɜɑɤɑəɔɕ əɚ-

Ɏɧɡ ɔɓɐɑɗɔɕ ɔ ɘɌɞɑɜɔɌɗɚɎ, ɖɚɞɚɜɧɑ ɐɚɗɒəɧ ɍɧɞɨ ɜɌɓɜɌɍɚɞɌəɧ ɐɜɟɏɔ-

ɘɔ ɛɜɑɐɛɜɔɫɞɔɫɘɔ (ɚɜɏɌəɔɓɌɢɔɫɘɔ); 

ə) ɝɚɝɞɌɎɗɑəɔɑ ɛɑɜɑɣəɫ ɜɌɍɚɞ, ɖɚɞɚɜɧɑ ɝɗɑɐɟɑɞ ɛɜɚɎɑɝɞɔ əɌ ɛɚɝɗɑ-

ɐɟɪɥɑɕ ɝɞɌɐɔɔ ɜɌɓɜɌɍɚɞɖɔ, Ɏ ɐɚɛɚɗəɑəɔɑ ɜɌɍɚɞ, ɛɜɑɐɟɝɘɚɞɜɑəəɧɡ Ⱦȳ; 

ɚ) ɛɜɚɜɌɍɚɞɖɟ ɚɝəɚɎəɧɡ ɎɚɛɜɚɝɚɎ ɞɑɡəɚɗɚɏɔɔ ɔɓɏɚɞɚɎɗɑəɔɫ; 

ɛ) ɛɚɐɏɚɞɚɎɖɟ ɛɜɑɐɗɚɒɑəɔɕ ɛɚ ɜɌɓɜɌɍɚɞɖɑ ɝɞɌəɐɌɜɞɚɎ (ɛɑɜɑɝɘɚɞɜ ɔ 

Ɏəɑɝɑəɔɑ ɔɓɘɑəɑəɔɕ Ɏ ɐɑɕɝɞɎɟɪɥɔɑ ɝɞɌəɐɌɜɞɧ), ɛɜɑɐɟɝɘɚɞɜɑəəɧɡ 

ɞɑɡəɔɣɑɝɖɔɘ ɓɌɐɌəɔɑɘ əɌ ɐɌəəɚɕ ɝɞɌɐɔɔ. 

4.4. Ⱦɑɡəɔɣɑɝɖɔɕ ɛɜɚɑɖɞ 

Ⱦɑɡəɔɣɑɝɖɔɕ ɛɜɚɑɖɞ Ɏɧɛɚɗəɫɑɞɝɫ ɝɚɏɗɌɝəɚ ȯȺȽȾ 2.120-73 [48].  

Ⱦɑɡəɔɣɑɝɖɔɕ ɛɜɚɑɖɞ ɜɌɓɜɌɍɌɞɧɎɌɪɞ, ɑɝɗɔ ɩɞɚ ɛɜɑɐɟɝɘɚɞɜɑəɚ ɞɑɡ-

əɔɣɑɝɖɔɘ ɓɌɐɌəɔɑɘ, ɛɜɚɞɚɖɚɗɚɘ ɜɌɝɝɘɚɞɜɑəɔɫ ɞɑɡəɔɣɑɝɖɚɏɚ ɛɜɑɐɗɚ-

ɒɑəɔɫ ɔɗɔ ɩɝɖɔɓəɚɏɚ ɛɜɚɑɖɞɌ. 

Ⱦɑɡəɔɣɑɝɖɔɕ ɛɜɚɑɖɞ ɜɌɓɜɌɍɌɞɧɎɌɪɞ ɝ ɢɑɗɨɪ ɎɧɫɎɗɑəɔɫ ɚɖɚəɣɌ-

ɞɑɗɨəɧɡ ɞɑɡəɔɣɑɝɖɔɡ ɜɑɤɑəɔɕ, ɐɌɪɥɔɡ ɛɚɗəɚɑ ɛɜɑɐɝɞɌɎɗɑəɔɑ ɚ ɖɚə-

ɝɞɜɟɖɢɔɔ ɔɓɐɑɗɔɫ, ɖɚɏɐɌ ɩɞɚ ɢɑɗɑɝɚɚɍɜɌɓəɚ ɝɐɑɗɌɞɨ ɐɚ ɜɌɓɜɌɍɚɞɖɔ ɜɌ-

ɍɚɣɑɕ ɐɚɖɟɘɑəɞɌɢɔɔ. 

Ȼɜɔ əɑɚɍɡɚɐɔɘɚɝɞɔ ɞɑɡəɔɣɑɝɖɔɕ ɛɜɚɑɖɞ ɘɚɒɑɞ ɛɜɑɐɟɝɘɌɞɜɔɎɌɞɨ 

ɜɌɓɜɌɍɚɞɖɟ ɎɌɜɔɌəɞɚɎ ɚɞɐɑɗɨəɧɡ ɝɚɝɞɌɎəɧɡ ɣɌɝɞɑɕ ɔɓɐɑɗɔɫ. 

Ȯ ɩɞɔɡ ɝɗɟɣɌɫɡ Ɏɧɍɚɜ ɚɛɞɔɘɌɗɨəɚɏɚ ɎɌɜɔɌəɞɌ ɚɝɟɥɑɝɞɎɗɫɑɞɝɫ əɌ 

ɚɝəɚɎɌəɔɔ ɜɑɓɟɗɨɞɌɞɚɎ ɔɝɛɧɞɌəɔɕ ɚɛɧɞəɧɡ ɚɍɜɌɓɢɚɎ ɔɓɐɑɗɔɫ. 

 Ȼɜɔ ɜɌɓɜɌɍɚɞɖɑ ɞɑɡəɔɣɑɝɖɚɏɚ ɛɜɚɑɖɞɌ Ɏɧɛɚɗəɫɪɞ ɜɌɍɚɞɧ, əɑɚɍɡɚ-

ɐɔɘɧɑ ɐɗɫ ɚɍɑɝɛɑɣɑəɔɫ ɛɜɑɐɦɫɎɗɫɑɘɧɡ ɖ ɔɓɐɑɗɔɪ ɞɜɑɍɚɎɌəɔɕ ɔ ɛɚɓ-

Ɏɚɗɫɪɥɔɑ ɛɚɗɟɣɔɞɨ ɛɚɗəɚɑ ɛɜɑɐɝɞɌɎɗɑəɔɑ ɚ ɖɚəɝɞɜɟɖɢɔɔ ɜɌɓɜɌɍɌɞɧ-

ɎɌɑɘɚɏɚ ɔɓɐɑɗɔɫ, ɚɢɑəɔɞɨ ɑɏɚ ɝɚɚɞɎɑɞɝɞɎɔɑ ɞɜɑɍɚɎɌəɔɫɘ ɞɑɡəɔɣɑɝɖɚɏɚ 

ɓɌɐɌəɔɫ, ɞɑɡəɚɗɚɏɔɣəɚɝɞɨ, ɝɞɑɛɑəɨ ɝɗɚɒəɚɝɞɔ ɔɓɏɚɞɚɎɗɑəɔɫ, ɝɛɚɝɚɍɧ 

ɟɛɌɖɚɎɖɔ, Ɏɚɓɘɚɒəɚɝɞɔ ɞɜɌəɝɛɚɜɞɔɜɚɎɌəɔɫ ɔ ɘɚəɞɌɒɌ əɌ ɘɑɝɞɑ ɛɜɔ-

ɘɑəɑəɔɫ, ɟɐɚɍɝɞɎɚ ɩɖɝɛɗɟɌɞɌɢɔɔ, ɢɑɗɑɝɚɚɍɜɌɓəɚɝɞɨ ɔ Ɏɚɓɘɚɒəɚɝɞɨ ɜɑ-

ɘɚəɞɌ ɔ ɞ.ɛ. 

Ȼɑɜɑɣɑəɨ əɑɚɍɡɚɐɔɘɧɡ ɜɌɍɚɞ ɚɛɜɑɐɑɗɫɑɞɝɫ ɜɌɓɜɌɍɚɞɣɔɖɚɘ Ɏ ɓɌɎɔ-

ɝɔɘɚɝɞɔ ɚɞ ɡɌɜɌɖɞɑɜɌ ɔ əɌɓəɌɣɑəɔɫ ɔɓɐɑɗɔɫ ɔ ɝɚɏɗɌɝɚɎɧɎɌɑɞɝɫ ɝ ɓɌ-

ɖɌɓɣɔɖɚɘ, ɑɝɗɔ ɔɓɐɑɗɔɑ ɜɌɓɜɌɍɌɞɧɎɌɑɞɝɫ ɛɚ ɓɌɖɌɓɌɘ ȸɔəɔɝɞɑɜɝɞɎɌ 

ɚɍɚɜɚəɧ. 

ȸɌɞɑɜɔɌɗɨəɧɑ ɘɌɖɑɞɧ ɐɚɗɒəɧ ɍɧɞɨ ɛɜɑɐəɌɓəɌɣɑəɧ ɐɗɫ ɛɜɚɎɑɜ-

ɖɔ (Ɏ əɑɚɍɡɚɐɔɘɧɡ ɝɗɟɣɌɫɡ ð əɌ ɚɍɦɑɖɞɑ ɓɌɖɌɓɣɔɖɌ ɔɗɔ ɛɚɞɜɑɍɔɞɑɗɫ) 

ɖɚəɝɞɜɟɖɞɔɎəɧɡ ɔ ɝɡɑɘəɧɡ ɜɑɤɑəɔɕ ɜɌɓɜɌɍɌɞɧɎɌɑɘɚɏɚ ɔɓɐɑɗɔɫ ɔ 

(ɔɗɔ) ɑɏɚ ɝɚɝɞɌɎəɧɡ ɣɌɝɞɑɕ, Ɍ ɞɌɖɒɑ ɐɗɫ ɛɚɐɞɎɑɜɒɐɑəɔɫ ɚɖɚəɣɌɞɑɗɨəɚ 
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ɛɜɔəɫɞɧɡ ɜɑɤɑəɔɕ. ȴɝɛɧɞɌəɔɫ ɘɌɖɑɞɚɎ ɐɚɗɒəɧ ɛɜɚɎɚɐɔɞɨɝɫ Ɏ ɝɚɚɞ-

ɎɑɞɝɞɎɔɔ ɝ ɛɜɚɏɜɌɘɘɚɕ ɔ ɘɑɞɚɐɔɖɚɕ ɔɝɛɧɞɌəɔɕ, ɜɌɓɜɌɍɚɞɌəəɚɕ ɛɚ 

ȯȺȽȾ 2.106-96. ȹɑɚɍɡɚɐɔɘɚɝɞɨ ɔɓɏɚɞɚɎɗɑəɔɫ ɘɌɖɑɞɚɎ ɔ ɔɡ ɖɚɗɔɣɑɝɞɎɚ 

ɟɝɞɌəɌɎɗɔɎɌɪɞɝɫ ɚɜɏɌəɔɓɌɢɔɑɕ-ɜɌɓɜɌɍɚɞɣɔɖɚɘ (ɑɝɗɔ ɞɜɑɍɟɑɞɝɫ, ɞɚ 

ɝɚɎɘɑɝɞəɚ ɝ ɓɌɖɌɓɣɔɖɚɘ). 

 Ȯ ɞɑɡəɔɣɑɝɖɔɕ ɛɜɚɑɖɞ ɎɖɗɪɣɌɪɞ ɖɚəɝɞɜɟɖɞɚɜɝɖɔɑ ɐɚɖɟɘɑəɞɧ Ɏ 

ɝɚɚɞɎɑɞɝɞɎɔɔ ɝ ȯȺȽȾ 2.102-68, ɛɜɑɐɟɝɘɚɞɜɑəəɧɑ ɞɑɡəɔɣɑɝɖɔɘ ɓɌɐɌəɔ-

ɑɘ ɔ ɛɜɚɞɚɖɚɗɚɘ ɜɌɝɝɘɚɞɜɑəɔɫ ɞɑɡəɔɣɑɝɖɚɏɚ ɛɜɑɐɗɚɒɑəɔɫ, ɩɝɖɔɓəɚɏɚ 

ɛɜɚɑɖɞɌ. Ȼɜɔ Ɏɧɛɚɗəɑəɔɔ ɐɚɖɟɘɑəɞɚɎ Ɏ ɩɗɑɖɞɜɚəəɚɕ ɠɚɜɘɑ ɩɗɑɖɞɜɚə-

əɌɫ ɝɞɜɟɖɞɟɜɌ ɔɓɐɑɗɔɫ ɔ ɩɗɑɖɞɜɚəəɌɫ ɘɚɐɑɗɨ ɔɓɐɑɗɔɫ (ɝɍɚɜɚɣəɚɕ ɑɐɔ-

əɔɢɧ, ɖɚɘɛɗɑɖɝɌ) Ɏɧɛɚɗəɫɪɞɝɫ ɝɚ ɝɞɑɛɑəɨɪ ɐɑɞɌɗɔɓɌɢɔɔ, ɝɚɚɞɎɑɞ-

ɝɞɎɟɪɥɑɕ ɝɞɌɐɔɔ ɞɑɡəɔɣɑɝɖɚɏɚ ɛɜɚɑɖɞɌ. 

Ȼɜɔ ɜɌɓɜɌɍɚɞɖɑ ɞɑɡəɔɣɑɝɖɚɏɚ ɛɜɚɑɖɞɌ ɘɚɏɟɞ ɍɧɞɨ ɔɝɛɚɗɨɓɚɎɌəɧ 

ɚɞɐɑɗɨəɧɑ ɐɚɖɟɘɑəɞɧ, ɜɌɓɜɌɍɚɞɌəəɧɑ əɌ ɛɜɑɐɧɐɟɥɔɡ ɝɞɌɐɔɫɡ, ɑɝɗɔ 

ɩɞɔ ɐɚɖɟɘɑəɞɧ ɝɚɚɞɎɑɞɝɞɎɟɪɞ ɞɜɑɍɚɎɌəɔɫɘ, ɛɜɑɐɦɫɎɗɫɑɘɧɘ ɖ ɐɚɖɟ-

ɘɑəɞɌɘ ɞɑɡəɔɣɑɝɖɚɏɚ ɛɜɚɑɖɞɌ ɔɗɔ, ɑɝɗɔ Ɏ əɔɡ Ɏəɑɝɑəɧ ɔɓɘɑəɑəɔɫ ɝ 

ɢɑɗɨɪ ɚɍɑɝɛɑɣɑəɔɫ ɞɌɖɚɏɚ ɝɚɚɞɎɑɞɝɞɎɔɫ. ȴɝɛɚɗɨɓɚɎɌəəɧɘ ɐɚɖɟɘɑəɞɌɘ 

ɛɜɔɝɎɌɔɎɌɪɞ ɗɔɞɑɜɟ çȾè. 

ȶɚəɝɞɜɟɖɞɚɜɝɖɔɑ ɐɚɖɟɘɑəɞɧ, ɜɌɓɜɌɍɌɞɧɎɌɑɘɧɑ ɐɗɫ ɔɓɏɚɞɚɎɗɑəɔɫ 

ɘɌɞɑɜɔɌɗɨəɧɡ ɘɌɖɑɞɚɎ, Ɏ ɖɚɘɛɗɑɖɞ ɐɚɖɟɘɑəɞɚɎ ɞɑɡəɔɣɑɝɖɚɏɚ ɛɜɚɑɖɞɌ 

əɑ ɎɖɗɪɣɌɪɞ. 

ȹɌ ɜɌɝɝɘɚɞɜɑəɔɑ, ɝɚɏɗɌɝɚɎɌəɔɑ ɔ ɟɞɎɑɜɒɐɑəɔɑ ɛɜɑɐɝɞɌɎɗɫɪɞ ɖɚ-

ɛɔɔ ɐɚɖɟɘɑəɞɚɎ ɞɑɡəɔɣɑɝɖɚɏɚ ɛɜɚɑɖɞɌ, ɝɖɚɘɛɗɑɖɞɚɎɌəəɧɑ ɛɚ ȯȺȽȾ 

2.106-96. ȰɚɛɟɝɖɌɑɞɝɫ ɛɚ ɝɚɏɗɌɝɚɎɌəɔɪ ɝ ɓɌɖɌɓɣɔɖɚɘ ɛɜɑɐɝɞɌɎɗɫɞɨ 

ɛɚɐɗɔəəɔɖɔ ɐɚɖɟɘɑəɞɚɎ ɞɑɡəɔɣɑɝɖɚɏɚ ɛɜɚɑɖɞɌ. 

 ɀɚɜɘɌ ɛɜɑɐɝɞɌɎɗɑəɔɫ ɐɚɖɟɘɑəɞɚɎ ɞɑɡəɔɣɑɝɖɚɏɚ ɛɜɚɑɖɞɌ (ɍɟɘɌɒ-

əɌɫ ɔɗɔ ɩɗɑɖɞɜɚəəɌɫ), ɑɝɗɔ ɚəɌ əɑ ɟɖɌɓɌəɌ Ɏ ɞɑɡəɔɣɑɝɖɚɘ ɓɌɐɌəɔɔ 

ɔɗɔ ɛɜɚɞɚɖɚɗɌɡ ɜɌɝɝɘɚɞɜɑəɔɫ ɞɑɡəɔɣɑɝɖɚɏɚ ɛɜɑɐɗɚɒɑəɔɫ (ɔɗɔ ɩɝɖɔɓ-

əɚɏɚ ɛɜɚɑɖɞɌ), ɚɛɜɑɐɑɗɫɑɞɝɫ ɜɌɓɜɌɍɚɞɣɔɖɚɘ ɛɚ ɝɚɏɗɌɝɚɎɌəɔɪ ɝ ɓɌɖɌɓ-

ɣɔɖɚɘ. ȰɚɛɟɝɖɌɑɞɝɫ ɎɖɗɪɣɌɞɨ Ɏ ɖɚɘɛɗɑɖɞ ɐɚɖɟɘɑəɞɚɎ ɞɑɡəɔɣɑɝɖɚɏɚ 

ɛɜɚɑɖɞɌ ɐɚɖɟɘɑəɞɧ Ɏ ɜɌɓɗɔɣəɧɡ ɠɚɜɘɌɡ ɛɜɑɐɝɞɌɎɗɑəɔɫ. 

Ƀɑɜɞɑɒ ɚɍɥɑɏɚ ɎɔɐɌ ɔɗɔ ɩɖɎɔɎɌɗɑəɞəɌɫ ɑɘɟ ɩɗɑɖɞɜɚəəɌɫ ɘɚɐɑɗɨ 

ɝɍɚɜɚɣəɚɕ ɑɐɔəɔɢɧ ɐɗɫ ɞɑɡəɔɣɑɝɖɚɏɚ ɛɜɚɑɖɞɌ Ɏɧɛɚɗəɫɪɞ ɛɚ ȯȺȽȾ 

2.119-73. ȶɜɚɘɑ ɞɚɏɚ, əɌ ɣɑɜɞɑɒɑ ɚɍɥɑɏɚ ɎɔɐɌ (ɔɗɔ ɩɖɎɔɎɌɗɑəɞəɚɕ ɑɘɟ 

ɩɗɑɖɞɜɚəəɚɕ ɘɚɐɑɗɔ ɝɍɚɜɚɣəɚɕ ɑɐɔəɔɢɧ) ɛɜɔ əɑɚɍɡɚɐɔɘɚɝɞɔ ɛɜɔɎɚ-

ɐɫɞ: 

- ɟɖɌɓɌəɔɫ ɚ ɎɧɍɜɌəəɧɡ ɛɚɝɌɐɖɌɡ ɐɑɞɌɗɑɕ (əɌəɚɝɫɞɝɫ ɜɌɓɘɑɜɧ ɔ 

ɛɜɑɐɑɗɨəɧɑ ɚɞɖɗɚəɑəɔɫ ɝɚɛɜɫɏɌɑɘɧɡ ɛɚɎɑɜɡəɚɝɞɑɕ ɛɚ ȯȺȽȾ 2.307-68); 

- ɞɑɡəɔɣɑɝɖɔɑ ɞɜɑɍɚɎɌəɔɫ ɖ ɔɓɐɑɗɔɪ, əɌɛɜɔɘɑɜ, ɚ ɛɜɔɘɑəɑəɔɔ 

ɚɛɜɑɐɑɗɑəəɧɡ ɛɚɖɜɧɞɔɕ, ɝɛɚɝɚɍɚɎ ɛɜɚɛɔɞɖɔ ɚɍɘɚɞɚɖ, ɘɑɞɚɐɚɎ ɝɎɌɜɖɔ, 

ɚɍɑɝɛɑɣɔɎɌɪɥɔɡ əɑɚɍɡɚɐɔɘɚɑ ɖɌɣɑɝɞɎɚ ɔɓɐɑɗɔɫ (ɩɞɔ ɞɜɑɍɚɎɌəɔɫ 

ɐɚɗɒəɧ ɟɣɔɞɧɎɌɞɨɝɫ ɛɜɔ ɛɚɝɗɑɐɟɪɥɑɕ ɜɌɓɜɌɍɚɞɖɑ ɜɌɍɚɣɑɕ ɐɚɖɟɘɑə-

ɞɌɢɔɔ); 
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- ɞɑɡəɔɣɑɝɖɔɑ ɡɌɜɌɖɞɑɜɔɝɞɔɖɔ ɔɓɐɑɗɔɫ, ɖɚɞɚɜɧɑ əɑɚɍɡɚɐɔɘɧ ɐɗɫ 

ɛɚɝɗɑɐɟɪɥɑɕ ɜɌɓɜɌɍɚɞɖɔ ɣɑɜɞɑɒɑɕ ɔɗɔ ɩɖɎɔɎɌɗɑəɞəɧɡ ɩɗɑɖɞɜɚəəɧɡ 

ɘɚɐɑɗɑɕ. 

Ȯ Ɏɑɐɚɘɚɝɞɨ ɞɑɡəɔɣɑɝɖɚɏɚ ɛɜɚɑɖɞɌ ɓɌɛɔɝɧɎɌɪɞ Ɏɝɑ Ɏɖɗɪɣɑəəɧɑ Ɏ 

ɞɑɡəɔɣɑɝɖɔɕ ɛɜɚɑɖɞ ɖɚəɝɞɜɟɖɞɚɜɝɖɔɑ ɐɚɖɟɘɑəɞɧ Ɏ ɛɚɜɫɐɖɑ, ɟɝɞɌəɚɎ-

ɗɑəəɚɘ ȯȺȽȾ 2.106-96. 

ȰɚɛɟɝɖɌɑɞɝɫ ɎɖɗɪɣɌɞɨ Ɏ ɖɚɘɛɗɑɖɞ ɐɚɖɟɘɑəɞɚɎ ɞɑɡəɔɣɑɝɖɚɏɚ ɛɜɚ-

ɑɖɞɌ ɐɚɖɟɘɑəɞɧ Ɏ ɜɌɓɗɔɣəɧɡ ɠɚɜɘɌɡ ɛɜɑɐɝɞɌɎɗɑəɔɫ (Ɏ ɍɟɘɌɒəɚɕ ɔɗɔ 

ɩɗɑɖɞɜɚəəɚɕ ɠɚɜɘɑ), ɛɜɔ ɩɞɚɘ Ɏ ɏɜɌɠɑ çȻɜɔɘɑɣɌəɔɑè ɜɑɖɚɘɑəɐɟɑɞɝɫ 

ɟɖɌɓɧɎɌɞɨ ɠɚɜɘɟ ɛɜɑɐɝɞɌɎɗɑəɔɫ ɐɚɖɟɘɑəɞɌ. 

Ȼɚɫɝəɔɞɑɗɨəɟɪ ɓɌɛɔɝɖɟ ɞɑɡəɔɣɑɝɖɚɏɚ ɛɜɚɑɖɞɌ Ɏɧɛɚɗəɫɪɞ ɛɚ 

ȯȺȽȾ 2.106-96 ɝ ɟɣɑɞɚɘ ɝɗɑɐɟɪɥɔɡ ɚɝəɚɎəɧɡ ɞɜɑɍɚɎɌəɔɕ ɖ ɝɚɐɑɜɒɌ-

əɔɪ ɜɌɓɐɑɗɚɎ: 

Ɍ) Ɏ ɜɌɓɐɑɗɑ çȮɎɑɐɑəɔɑè ɟɖɌɓɧɎɌɪɞ əɌɔɘɑəɚɎɌəɔɑ, əɚɘɑɜ ɔ ɐɌɞɟ 

ɟɞɎɑɜɒɐɑəɔɫ ɞɑɡəɔɣɑɝɖɚɏɚ ɓɌɐɌəɔɫ. ȱɝɗɔ ɜɌɓɜɌɍɚɞɖɌ ɞɑɡəɔɣɑɝɖɚɏɚ 

ɛɜɚɑɖɞɌ ɛɜɑɐɟɝɘɚɞɜɑəɌ əɑ ɞɑɡəɔɣɑɝɖɔɘ ɓɌɐɌəɔɑɘ, Ɍ ɛɜɚɞɚɖɚɗɚɘ ɜɌɝ-

ɝɘɚɞɜɑəɔɫ ɞɑɡəɔɣɑɝɖɚɏɚ ɛɜɑɐɗɚɒɑəɔɫ ɔɗɔ ɩɝɖɔɓəɚɏɚ ɛɜɚɑɖɞɌ, ɞɚ ɐɑɗɌ-

ɪɞ ɓɌɛɔɝɨ ɛɚ ɞɔɛɟ: çȼɌɓɜɌɍɚɞɖɌ ɞɑɡəɔɣɑɝɖɚɏɚ ɛɜɚɑɖɞɌ ɛɜɑɐɟɝɘɚɞɜɑəɌ 

ɩɝɖɔɓəɧɘ ɛɜɚɑɖɞɚɘ éè ɔ ɟɖɌɓɧɎɌɪɞ əɚɘɑɜ ɔ ɐɌɞɟ ɛɜɚɞɚɖɚɗɌ ɜɌɝɝɘɚɞ-

ɜɑəɔɫ ɩɝɖɔɓəɚɏɚ ɛɜɚɑɖɞɌ; 

ɍ) Ɏ ɜɌɓɐɑɗɑ çȹɌɓəɌɣɑəɔɑ ɔ ɚɍɗɌɝɞɨ ɛɜɔɘɑəɑəɔɫ ɜɌɓɜɌɍɌɞɧɎɌɑɘɚ-

ɏɚ ɔɓɐɑɗɔɫè ɟɖɌɓɧɎɌɪɞ: 

- ɖɜɌɞɖɟɪ ɡɌɜɌɖɞɑɜɔɝɞɔɖɟ ɚɍɗɌɝɞɔ ɔ ɟɝɗɚɎɔɕ ɛɜɔɘɑəɑəɔɫ ɔɓɐɑ-

ɗɔɫ; 

- ɚɍɥɟɪ ɡɌɜɌɖɞɑɜɔɝɞɔɖɟ ɚɍɦɑɖɞɌ, ɐɗɫ ɛɜɔɘɑəɑəɔɫ Ɏ ɖɚɞɚɜɚɘ 

ɛɜɑɐəɌɓəɌɣɑəɚ ɐɌəəɚɑ ɔɓɐɑɗɔɑ (ɛɜɔ əɑɚɍɡɚɐɔɘɚɝɞɔ); 

- ɚɝəɚɎəɧɑ ɐɌəəɧɑ, ɖɚɞɚɜɧɑ ɐɚɗɒəɧ ɚɍɑɝɛɑɣɔɎɌɞɨ ɝɞɌɍɔɗɨəɚɝɞɨ 

ɛɚɖɌɓɌɞɑɗɑɕ ɖɌɣɑɝɞɎɌ ɔɓɐɑɗɔɫ Ɏ ɟɝɗɚɎɔɫɡ ɩɖɝɛɗɟɌɞɌɢɔɔ; 

Ɏ) Ɏ ɜɌɓɐɑɗɑ çȾɑɡəɔɣɑɝɖɌɫ ɡɌɜɌɖɞɑɜɔɝɞɔɖɌè ɛɜɔɎɚɐɫɞ: 

- ɚɝəɚɎəɧɑ ɞɑɡəɔɣɑɝɖɔɑ ɡɌɜɌɖɞɑɜɔɝɞɔɖɔ ɔɓɐɑɗɔɫ (ɘɚɥəɚɝɞɨ, ɣɔɝɗɚ 

ɚɍɚɜɚɞɚɎ, ɛɜɚɔɓɎɚɐɔɞɑɗɨəɚɝɞɨ, ɜɌɝɡɚɐ ɩɗɑɖɞɜɚɩəɑɜɏɔɔ, ɞɚɛɗɔɎɌ, ɖɚɩɠ-

ɠɔɢɔɑəɞ ɛɚɗɑɓəɚɏɚ ɐɑɕɝɞɎɔɫ ɔ ɐɜɟɏɔɑ ɛɌɜɌɘɑɞɜɧ, ɡɌɜɌɖɞɑɜɔɓɟɪɥɔɑ 

ɔɓɐɑɗɔɑ); 

- ɝɎɑɐɑəɔɫ ɚ ɝɚɚɞɎɑɞɝɞɎɔɔ ɔɗɔ ɚɞɖɗɚəɑəɔɫɡ ɚɞ ɞɜɑɍɚɎɌəɔɕ, ɟɝɞɌ-

əɚɎɗɑəəɧɡ ɞɑɡəɔɣɑɝɖɔɘ ɓɌɐɌəɔɑɘ ɔ ɛɜɑɐɧɐɟɥɔɘɔ ɝɞɌɐɔɫɘɔ ɜɌɓɜɌ-

ɍɚɞɖɔ, ɑɝɗɔ ɚəɔ ɛɜɚɎɚɐɔɗɔɝɨ, ɞɚ ɝ ɚɍɚɝəɚɎɌəɔɑɘ ɚɞɖɗɚəɑəɔɕ; 

ɏ) Ɏ ɜɌɓɐɑɗɑ çȺɛɔɝɌəɔɑ ɔ ɚɍɚɝəɚɎɌəɔɑ ɎɧɍɜɌəəɚɕ ɖɚəɝɞɜɟɖɢɔɔè 

ɛɜɔɎɚɐɫɞ: 

- ɚɛɔɝɌəɔɑ ɔ ɚɍɚɝəɚɎɌəɔɑ ɎɧɍɜɌəəɚɕ ɖɚəɝɞɜɟɖɢɔɔ, ɝɡɑɘ, ɟɛɌɖɚɎɖɔ 

(ɑɝɗɔ ɟɛɌɖɚɎɖɌ ɛɜɑɐɟɝɘɚɞɜɑəɌ) ɔ ɐɜɟɏɔɡ ɞɑɡəɔɣɑɝɖɔɡ ɜɑɤɑəɔɕ, ɛɜɔ-

əɫɞɧɡ ɔ ɛɜɚɎɑɜɑəəɧɡ əɌ ɝɞɌɐɔɔ ɜɌɓɜɌɍɚɞɖɔ ɞɑɡəɔɣɑɝɖɚɏɚ ɛɜɚɑɖɞɌ. 

Ȼɜɔ əɑɚɍɡɚɐɔɘɚɝɞɔ ɛɜɔɎɚɐɫɞ ɔɗɗɪɝɞɜɌɢɔɔ; 
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- ɐɌəəɧɑ ɝɜɌɎəɑəɔɫ ɚɝəɚɎəɧɡ ɞɑɡəɔɣɑɝɖɔɡ ɡɌɜɌɖɞɑɜɔɝɞɔɖ ɔɓɐɑɗɔɫ 

ɝ ɡɌɜɌɖɞɑɜɔɝɞɔɖɌɘɔ ɌəɌɗɚɏɚɎ (ɚɞɑɣɑɝɞɎɑəəɧɡ ɔɗɔ ɓɌɜɟɍɑɒəɧɡ) ɔɗɔ 

ɐɌɪɞ ɝɝɧɗɖɟ əɌ ɖɌɜɞɟ ɞɑɡəɔɣɑɝɖɚɏɚ ɟɜɚɎəɫ ɔ ɖɌɣɑɝɞɎɌ; 

- ɚɢɑəɖɟ ɞɑɡəɚɗɚɏɔɣəɚɝɞɔ ɔɓɐɑɗɔɫ, Ɏ ɞɚɘ ɣɔɝɗɑ ɚɍɚɝəɚɎɌəɔɑ əɑɚɍ-

ɡɚɐɔɘɚɝɞɔ ɜɌɓɜɌɍɚɞɖɔ ɔɗɔ ɛɜɔɚɍɜɑɞɑəɔɫ əɚɎɚɏɚ ɚɍɚɜɟɐɚɎɌəɔɫ; 

ɚɢɑəɖɟ ɚɖɚəɣɌɞɑɗɨəɧɡ ɞɑɡəɔɣɑɝɖɔɡ ɜɑɤɑəɔɕ əɌ ɝɚɚɞɎɑɞɝɞɎɔɑ ɞɜɑ-

ɍɚɎɌəɔɫɘ ɛɚ ɚɍɑɝɛɑɣɑəɔɪ ɛɌɞɑəɞəɚɕ ɣɔɝɞɚɞɧ ɔ ɖɚəɖɟɜɑəɞɚɝɛɚɝɚɍəɚ-

ɝɞɔ; 

- ɝɎɑɐɑəɔɫ ɚɍ ɔɝɛɚɗɨɓɚɎɌəəɧɡ ɔɓɚɍɜɑɞɑəɔɫɡ (əɚɘɑɜɌ ɌɎɞɚɜɝɖɔɡ 

ɝɎɔɐɑɞɑɗɨɝɞɎ ɔɗɔ əɚɘɑɜɌ ɓɌɫɎɚɖ əɌ ɔɓɚɍɜɑɞɑəɔɫ ɝ ɟɖɌɓɌəɔɑɘ ɐɌɞɧ 

ɛɜɔɚɜɔɞɑɞɌ); 

- ɜɑɓɟɗɨɞɌɞɧ ɔɝɛɧɞɌəɔɕ ɘɌɞɑɜɔɌɗɨəɧɡ ɘɌɖɑɞɚɎ (ɑɝɗɔ ɚəɔ ɔɓɏɚ-

ɞɚɎɗɫɗɔɝɨ), ɩɗɑɖɞɜɚəəɧɡ ɘɌɖɑɞɚɎ (ɑɝɗɔ ɚəɔ ɜɌɓɜɌɍɌɞɧɎɌɗɔɝɨ), ɔ ɐɌə-

əɧɑ ɚɢɑəɖɔ ɝɚɚɞɎɑɞɝɞɎɔɫ ɘɌɖɑɞɚɎ ɓɌɐɌəəɧɘ ɞɜɑɍɚɎɌəɔɫɘ, Ɏ ɞɚɘ ɣɔɝɗɑ 

ɩɜɏɚəɚɘɔɖɔ, ɞɑɡəɔɣɑɝɖɚɕ ɩɝɞɑɞɔɖɔ. Ȼɜɔ əɑɚɍɡɚɐɔɘɚɝɞɔ ɛɜɔɎɚɐɫɞ ɠɚɞɚ-

ɏɜɌɠɔɔ ɘɌɞɑɜɔɌɗɨəɧɡ ɘɌɖɑɞɚɎ. Ȱɗɫ ɝɛɜɌɎɚɖ ɐɚɛɟɝɖɌɑɞɝɫ ɟɖɌɓɧɎɌɞɨ 

ɚɍɚɓəɌɣɑəɔɫ ɚɝəɚɎəɧɡ ɖɚəɝɞɜɟɖɞɚɜɝɖɔɡ ɐɚɖɟɘɑəɞɚɎ, ɛɚ ɖɚɞɚɜɧɘ ɔɓɏɚ-

ɞɚɎɗɫɗɔɝɨ ɘɌɞɑɜɔɌɗɨəɧɑ ɘɌɖɑɞɧ, əɚɘɑɜ ɔ ɐɌɞɟ ɚɞɣɑɞɌ (ɔɗɔ) ɛɜɚɞɚɖɚɗɌ 

ɛɚ ɔɝɛɧɞɌəɔɫɘ ɔ ɐɜ.; 

- ɝɎɑɐɑəɔɫ ɚ ɝɚɚɞɎɑɞɝɞɎɔɔ ɛɜɔɘɑəɫɑɘɧɡ Ɏ ɔɓɐɑɗɔɔ ɓɌɔɘɝɞɎɚɎɌə-

əɧɡ (ɜɌəɑɑ ɜɌɓɜɌɍɚɞɌəəɧɡ) ɝɚɝɞɌɎəɧɡ ɣɌɝɞɑɕ, ɛɚɖɟɛəɧɡ ɔɓɐɑɗɔɕ ɔ ɘɌ-

ɞɑɜɔɌɗɚɎ ɜɌɓɜɌɍɌɞɧɎɌɑɘɚɘɟ ɔɓɐɑɗɔɪ ɛɚ ɞɑɡəɔɣɑɝɖɔɘ ɡɌɜɌɖɞɑɜɔɝɞɔ-

ɖɌɘ, ɜɑɒɔɘɌɘ ɜɌɍɚɞɧ, ɏɌɜɌəɞɔɕəɧɘ ɝɜɚɖɌɘ, ɟɝɗɚɎɔɫɘ ɩɖɝɛɗɟɌɞɌɢɔɔ; 

- ɚɍɚɝəɚɎɌəɔɑ əɑɚɍɡɚɐɔɘɚɝɞɔ ɛɜɔɘɑəɑəɔɫ ɐɑɠɔɢɔɞəɧɡ ɔɓɐɑɗɔɕ ɔ 

ɘɌɞɑɜɔɌɗɚɎ; 

- ɝɎɑɐɑəɔɫ ɚ ɞɜɌəɝɛɚɜɞɔɜɚɎɌəɔɔ ɔ ɡɜɌəɑəɔɔ; 

- ɝɎɑɐɑəɔɫ ɚ ɝɚɚɞɎɑɞɝɞɎɔɔ ɔɓɐɑɗɔɫ ɞɜɑɍɚɎɌəɔɫɘ ɞɑɡəɔɖɔ ɍɑɓɚɛɌɝ-

əɚɝɞɔ ɔ ɛɜɚɔɓɎɚɐɝɞɎɑəəɚɕ ɝɌəɔɞɌɜɔɔ; 

ɐ) Ɏ ɜɌɓɐɑɗɑ çȼɌɝɣɑɞɧ, ɛɚɐɞɎɑɜɒɐɌɪɥɔɑ ɜɌɍɚɞɚɝɛɚɝɚɍəɚɝɞɨ ɔ 

əɌɐɑɒəɚɝɞɨ ɖɚəɝɞɜɟɖɢɔɔè ɛɜɔɎɚɐɫɞ: 

- ɜɌɝɣɑɞɧ, ɛɚɐɞɎɑɜɒɐɌɪɥɔɑ ɜɌɍɚɞɚɝɛɚɝɚɍəɚɝɞɨ ɔɓɐɑɗɔɫ (ɖɔəɑɘɌ-

ɞɔɣɑɝɖɔɑ, ɩɗɑɖɞɜɔɣɑɝɖɔɑ, ɞɑɛɗɚɎɧɑ, ɜɌɝɣɑɞɧ ɏɔɐɜɌɎɗɔɣɑɝɖɔɡ ɔ ɛəɑɎ-

ɘɌɞɔɣɑɝɖɔɡ ɝɔɝɞɑɘ ɔ ɐɜ.); 

- ɜɌɝɣɑɞɧ, ɛɚɐɞɎɑɜɒɐɌɪɥɔɑ əɌɐɑɒəɚɝɞɨ ɔɓɐɑɗɔɫ (ɜɌɝɣɑɞɧ ɛɚɖɌɓɌ-

ɞɑɗɑɕ ɐɚɗɏɚɎɑɣəɚɝɞɔ, ɜɑɘɚəɞɚɛɜɔɏɚɐəɚɝɞɔ, ɝɚɡɜɌəɫɑɘɚɝɞɔ ɔ ɐɜ.). Ȱɗɫ 

ɖɌɒɐɚɏɚ ɎɔɐɌ ɜɌɝɣɑɞɚɎ ɟɖɌɓɧɎɌɪɞɝɫ ɝɜɑɐɝɞɎɌ ɛɜɚɏɜɌɘɘəɚɏɚ ɔ ɔəɠɚɜ-

ɘɌɢɔɚəəɚɏɚ ɚɍɑɝɛɑɣɑəɔɫ ɌɎɞɚɘɌɞɔɓɔɜɚɎɌəəɧɡ ɝɔɝɞɑɘ (Ɏ ɝɗɟɣɌɑ ɔɡ 

ɛɜɔɘɑəɑəɔɫ ɐɗɫ Ɏɧɛɚɗəɑəɔɫ ɜɌɝɣɑɞɚɎ); 

- ɝɎɑɐɑəɔɫ ɚ ɍɑɓɚɛɌɝəɚɝɞɔ ɔɓɐɑɗɔɫ ɔ ɎɚɓɐɑɕɝɞɎɔɔ ɑɏɚ əɌ ɚɖɜɟɒɌɪ-

ɥɟɪ ɝɜɑɐɟ;  

- ɝɎɑɐɑəɔɫ ɛɚ ɟɞɔɗɔɓɌɢɔɔ ɔɓɐɑɗɔɫè. 
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Ȼɜɔ ɍɚɗɨɤɚɘ ɚɍɦɑɘɑ ɜɌɝɣɑɞɚɎ ɚəɔ ɘɚɏɟɞ ɍɧɞɨ ɚɠɚɜɘɗɑəɧ Ɏ Ɏɔɐɑ 

ɚɞɐɑɗɨəɧɡ ɐɚɖɟɘɑəɞɚɎ; ɛɜɔ ɩɞɚɘ Ɏ ɐɌəəɚɘ ɜɌɓɐɑɗɑ ɛɜɔɎɚɐɫɞ ɞɚɗɨɖɚ 

ɜɑɓɟɗɨɞɌɞɧ ɜɌɝɣɑɞɚɎ; 

ɑ) Ɏ ɜɌɓɐɑɗɑ çȺɛɔɝɌəɔɑ ɚɜɏɌəɔɓɌɢɔɔ ɜɌɍɚɞ ɝ ɛɜɔɘɑəɑəɔɑɘ ɜɌɓɜɌ-

ɍɌɞɧɎɌɑɘɚɏɚ ɔɓɐɑɗɔɫè ɛɜɔɎɚɐɫɞ ɝɎɑɐɑəɔɫ ɚɍ ɚɜɏɌəɔɓɌɢɔɔ ɜɌɍɚɞ ɝ ɔɓ-

ɐɑɗɔɑɘ əɌ ɘɑɝɞɑ ɩɖɝɛɗɟɌɞɌɢɔɔ, Ɏ ɞɚɘ ɣɔɝɗɑ: 

- ɚɛɔɝɌəɔɑ ɝɛɑɢɔɠɔɣɑɝɖɔɡ ɛɜɔɑɘɚɎ ɔ ɝɛɚɝɚɍɚɎ ɜɌɍɚɞɧ ɝ ɔɓɐɑɗɔɑɘ 

Ɏ ɜɑɒɔɘɌɡ ɔ ɟɝɗɚɎɔɫɡ, ɛɜɑɐɟɝɘɚɞɜɑəəɧɡ ɞɑɡəɔɣɑɝɖɔɘ ɓɌɐɌəɔɑɘ; 

- ɚɛɔɝɌəɔɑ ɛɚɜɫɐɖɌ ɔ ɝɛɚɝɚɍɚɎ ɞɜɌəɝɛɚɜɞɔɜɚɎɌəɔɫ, ɘɚəɞɌɒɌ ɔ 

ɡɜɌəɑəɔɫ ɔɓɐɑɗɔɫ ɔ ɎɎɚɐɌ ɑɏɚ Ɏ ɐɑɕɝɞɎɔɑ əɌ ɘɑɝɞɑ ɩɖɝɛɗɟɌɞɌɢɔɔ; 

- ɚɢɑəɖɟ ɩɖɝɛɗɟɌɞɌɢɔɚəəɧɡ ɐɌəəɧɡ ɔɓɐɑɗɔɫ (ɎɓɌɔɘɚɓɌɘɑəɫɑɘɚ-

ɝɞɔ, ɟɐɚɍɝɞɎɌ ɚɍɝɗɟɒɔɎɌəɔɫ, ɜɑɘɚəɞɚɛɜɔɏɚɐəɚɝɞɔ, ɟɝɞɚɕɣɔɎɚɝɞɔ ɛɜɚ-

ɞɔɎ ɎɚɓɐɑɕɝɞɎɔɫ Ɏəɑɤəɑɕ ɝɜɑɐɧ ɔ Ɏɚɓɘɚɒəɚɝɞɔ ɍɧɝɞɜɚɏɚ ɟɝɞɜɌəɑəɔɫ 

ɚɞɖɌɓɚɎ); 

- ɝɎɑɐɑəɔɫ ɚ ɖɎɌɗɔɠɔɖɌɢɔɔ ɔ ɖɚɗɔɣɑɝɞɎɑ ɚɍɝɗɟɒɔɎɌɪɥɑɏɚ ɛɑɜɝɚ-

əɌɗɌ; 

ɒ) Ɏ ɜɌɓɐɑɗɑ çȺɒɔɐɌɑɘɧɑ ɞɑɡəɔɖɚ-ɩɖɚəɚɘɔɣɑɝɖɔɑ ɛɚɖɌɓɌɞɑɗɔè 

ɛɜɔɎɚɐɫɞ: 

- ɩɖɚəɚɘɔɣɑɝɖɔɑ ɛɚɖɌɓɌɞɑɗɔ, əɑɚɍɡɚɐɔɘɧɑ ɜɌɝɣɑɞɧ; 

- ɚɜɔɑəɞɔɜɚɎɚɣəɧɕ ɜɌɝɣɑɞ ɢɑəɧ ɚɛɧɞəɚɏɚ ɔ ɝɑɜɔɕəɚɏɚ ɔɓɐɑɗɔɫ ɔ 

ɓɌɞɜɌɞ əɌ ɚɜɏɌəɔɓɌɢɔɪ ɛɜɚɔɓɎɚɐɝɞɎɌ ɔ ɩɖɝɛɗɟɌɞɌɢɔɪ;  

ɓ) Ɏ ɜɌɓɐɑɗɑ çȿɜɚɎɑəɨ ɝɞɌəɐɌɜɞɔɓɌɢɔɔ ɔ ɟəɔɠɔɖɌɢɔɔè ɛɜɔɎɚɐɫɞ: 

- ɝɎɑɐɑəɔɫ ɚ ɝɞɌəɐɌɜɞəɧɡ, ɟəɔɠɔɢɔɜɚɎɌəəɧɡ ɔ ɓɌɔɘɝɞɎɚɎɌəəɧɡ 

ɝɍɚɜɚɣəɧɡ ɑɐɔəɔɢɌɡ ɔ ɐɑɞɌɗɫɡ, ɖɚɞɚɜɧɑ ɍɧɗɔ ɛɜɔɘɑəɑəɧ ɛɜɔ ɜɌɓɜɌ-

ɍɚɞɖɑ ɔɓɐɑɗɔɫ, Ɍ ɞɌɖɒɑ ɛɚɖɌɓɌɞɑɗɔ ɟɜɚɎəɫ ɟəɔɠɔɖɌɢɔɔ ɔ ɝɞɌəɐɌɜɞɔ-

ɓɌɢɔɔ ɖɚəɝɞɜɟɖɢɔɔ ɔɓɐɑɗɔɫ; 

- ɚɍɚɝəɚɎɌəɔɑ Ɏɚɓɘɚɒəɚɝɞɔ ɜɌɓɜɌɍɚɞɖɔ ɏɚɝɟɐɌɜɝɞɎɑəəɧɡ ɔ ɚɞɜɌɝ-

ɗɑɎɧɡ ɝɞɌəɐɌɜɞɚɎ əɌ ɚɍɦɑɖɞɧ ɝɞɌəɐɌɜɞɔɓɌɢɔɔ, ɝɎɫɓɌəəɧɑ ɝ ɜɌɓɜɌɍɚɞ-

ɖɚɕ ɐɌəəɚɏɚ ɔɓɐɑɗɔɫ, ɑɏɚ ɝɚɝɞɌɎəɧɡ ɣɌɝɞɑɕ ɔ əɚɎɧɡ ɘɌɞɑɜɔɌɗɚɎ. 

Ȯ ɛɜɔɗɚɒɑəɔɔ 2.4.  ɖ ɛɚɫɝəɔɞɑɗɨəɚɕ ɓɌɛɔɝɖɑ ɛɜɔɎɚɐɫɞ: 

- ɖɚɛɔɪ ɞɑɡəɔɣɑɝɖɚɏɚ ɓɌɐɌəɔɫ, Ɍ ɞɌɖɒɑ, ɛɜɔ əɑɚɍɡɚɐɔɘɚɝɞɔ, ɐɌə-

əɧɑ (ɞɑɡəɔɣɑɝɖɔɑ ɞɜɑɍɚɎɌəɔɫ, ɛɜɌɎɔɗɌ ɛɜɔɑɘɖɔ, ɘɑɞɚɐɧ ɖɚəɞɜɚɗɫ ɔ 

ɐɜɟɏɔɑ ɝɎɑɐɑəɔɫ), ɛɚɐɗɑɒɌɥɔɑ Ɏɖɗɪɣɑəɔɪ Ɏ ɞɑɡəɔɣɑɝɖɔɑ ɟɝɗɚɎɔɫ, ɑɝ-

ɗɔ ɛɚɝɗɑɐəɔɑ əɌ ɐɌəəɚɕ ɝɞɌɐɔɔ əɑ ɜɌɓɜɌɍɌɞɧɎɌɗɔɝɨ; 

- ɘɌɞɑɜɔɌɗɧ ɡɟɐɚɒɑɝɞɎɑəəɚ-ɖɚəɝɞɜɟɖɞɚɜɝɖɚɕ ɛɜɚɜɌɍɚɞɖɔ, əɑ ɫɎ-

ɗɫɪɥɔɑɝɫ ɖɚəɝɞɜɟɖɞɚɜɝɖɔɘɔ ɐɚɖɟɘɑəɞɌɘɔ; 

- ɛɑɜɑɣɑəɨ ɜɌɍɚɞ, ɖɚɞɚɜɧɑ ɝɗɑɐɟɑɞ ɛɜɚɎɑɝɞɔ əɌ ɝɞɌɐɔɔ ɜɌɓɜɌɍɚɞɖɔ 

ɜɌɍɚɣɑɕ ɐɚɖɟɘɑəɞɌɢɔɔ; 

- ɟɞɚɣəɑəɔɑ ɔɗɔ ɜɌɓɜɌɍɚɞɖɟ ɝɑɞɑɎɚɏɚ ɏɜɌɠɔɖɌ ɛɚ ɐɌɗɨəɑɕɤɑɕ ɜɌɓ-

ɜɌɍɚɞɖɑ ɔ Ɏəɑɐɜɑəɔɪ Ɏ ɛɜɚɘɧɤɗɑəəɚɑ ɛɜɚɔɓɎɚɐɝɞɎɚ ɜɌɓɜɌɍɌɞɧɎɌɑɘɚɏɚ 

ɔɓɐɑɗɔɫ; ɛɑɜɑɣɑəɨ ɔɝɛɚɗɨɓɚɎɌəəɚɕ ɗɔɞɑɜɌɞɟɜɧ ɔ ɞ.ɛ.; 

- ɛɑɜɑɣɑəɨ ɐɚɖɟɘɑəɞɚɎ, ɔɝɛɚɗɨɓɟɑɘɧɡ ɛɜɔ ɜɌɓɜɌɍɚɞɖɑ ɞɑɡəɔɣɑɝɖɚ-

ɏɚ ɛɜɚɑɖɞɌ ɔ ɛɚɗɟɣɌɑɘɧɡ ɜɌɓɜɌɍɚɞɣɔɖɚɘ ɔɓɐɑɗɔɫ ɚɞ ɐɜɟɏɔɡ ɛɜɑɐɛɜɔɫ-
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ɞɔɕ ɔ ɚɜɏɌəɔɓɌɢɔɕ (ɌɎɞɚɜɝɖɔɑ ɝɎɔɐɑɞɑɗɨɝɞɎɌ, ɩɖɝɛɑɜɞəɚɑ ɓɌɖɗɪɣɑəɔɑ ɚ 

ɛɌɞɑəɞəɚɕ ɣɔɝɞɚɞɑ, ɝɛɜɌɎɖɌ ɛɚɞɜɑɍɔɞɑɗɫ ɚ əɑɚɍɡɚɐɔɘɚɘ ɚɍɦɑɘɑ ɛɜɚɔɓ-

ɎɚɐɝɞɎɌ ɜɌɓɜɌɍɌɞɧɎɌɑɘɧɡ ɔɓɐɑɗɔɕ ɔ ɞ.ɛ.); ɛɜɔ ɩɞɚɘ ɐɚɖɟɘɑəɞɧ Ɏ ɛɜɔ-

ɗɚɒɑəɔɔ ɖ ɛɚɫɝəɔɞɑɗɨəɚɕ ɓɌɛɔɝɖɑ əɑ ɎɖɗɪɣɌɪɞ, əɚ Ɏ ɛɚɫɝəɔɞɑɗɨəɚɕ 

ɓɌɛɔɝɖɑ ɘɚɏɟɞ ɍɧɞɨ ɛɜɔɎɑɐɑəɧ əɑɚɍɡɚɐɔɘɧɑ ɝɎɑɐɑəɔɫ ɔɓ ɩɞɔɡ ɐɚɖɟ-

ɘɑəɞɚɎ (əɌɛɜɔɘɑɜ, ɛɜɑɐɘɑɞ ɔɓɚɍɜɑɞɑəɔɫ, ɛɚɞɜɑɍəɧɑ ɖɚɗɔɣɑɝɞɎɌ ɔɓɐɑ-

ɗɔɕ əɌ ɖɎɌɜɞɌɗ, əɌ ɏɚɐ, əɌ ɛɫɞɔɗɑɞɖɟ), Ɍ ɞɌɖɒɑ əɚɘɑɜ ɔ ɐɌɞɌ ɐɚɖɟɘɑə-

ɞɌ ɔɗɔ ɝɚɛɜɚɎɚɐɔɞɑɗɨəɚɏɚ ɛɔɝɨɘɌ; 

- ɛɑɜɑɣɑəɨ ɝɜɑɐɝɞɎ ɛɜɚɏɜɌɘɘəɚɏɚ ɔ ɔəɠɚɜɘɌɢɔɚəəɚɏɚ ɚɍɑɝɛɑɣɑəɔɫ 

ɌɎɞɚɘɌɞɔɓɔɜɚɎɌəəɧɡ ɝɔɝɞɑɘ, ɔɝɛɚɗɨɓɚɎɌəəɧɡ ɛɜɔ ɜɌɓɜɌɍɚɞɖɑ ɞɑɡəɔ-

ɣɑɝɖɚɏɚ ɛɜɚɑɖɞɌ. 

Ȯ ɚɍɥɑɘ ɝɗɟɣɌɑ ɛɜɔ ɜɌɓɜɌɍɚɞɖɑ ɞɑɡəɔɣɑɝɖɚɏɚ ɛɜɚɑɖɞɌ ɛɜɚɎɚɐɫɞ 

ɝɗɑɐɟɪɥɔɑ ɜɌɍɚɞɧ: 

Ɍ) ɜɌɓɜɌɍɚɞɖɟ ɖɚəɝɞɜɟɖɞɔɎəɧɡ ɜɑɤɑəɔɕ ɔɓɐɑɗɔɫ ɔ ɑɏɚ ɚɝəɚɎəɧɡ 

ɝɚɝɞɌɎəɧɡ ɣɌɝɞɑɕ; 

ɍ) Ɏɧɛɚɗəɑəɔɑ əɑɚɍɡɚɐɔɘɧɡ ɜɌɝɣɑɞɚɎ, Ɏ ɞɚɘ ɣɔɝɗɑ ɛɚɐɞɎɑɜɒɐɌɪ-

ɥɔɡ ɞɑɡəɔɖɚ-ɩɖɚəɚɘɔɣɑɝɖɔɑ ɛɚɖɌɓɌɞɑɗɔ, ɟɝɞɌəɚɎɗɑəəɧɑ ɞɑɡəɔɣɑɝɖɔɘ 

ɓɌɐɌəɔɑɘ; 

Ɏ) Ɏɧɛɚɗəɑəɔɑ əɑɚɍɡɚɐɔɘɧɡ ɛɜɔəɢɔɛɔɌɗɨəɧɡ ɝɡɑɘ, ɝɡɑɘ ɝɚɑɐɔəɑ-

əɔɕ ɔ ɐɜ.;  

ɏ) ɜɌɓɜɌɍɚɞɖɟ ɔ ɚɍɚɝəɚɎɌəɔɑ ɞɑɡəɔɣɑɝɖɔɡ ɜɑɤɑəɔɕ, ɚɍɑɝɛɑɣɔɎɌɪ-

ɥɔɡ ɛɚɖɌɓɌɞɑɗɔ əɌɐɑɒəɚɝɞɔ, ɟɝɞɌəɚɎɗɑəəɧɑ ɞɑɡəɔɣɑɝɖɔɘ ɓɌɐɌəɔɑɘ ɔ 

ɛɜɑɐɤɑɝɞɎɟɪɥɔɘɔ ɝɞɌɐɔɫɘɔ ɜɌɓɜɌɍɚɞɖɔ (ɑɝɗɔ ɩɞɔ ɝɞɌɐɔɔ ɜɌɓɜɌɍɌɞɧ-

ɎɌɗɔɝɨ); 

ɐ) ɌəɌɗɔɓ ɖɚəɝɞɜɟɖɢɔɔ ɔɓɐɑɗɔɫ əɌ ɞɑɡəɚɗɚɏɔɣəɚɝɞɨ ɝ ɟɣɑɞɚɘ ɚɞ-

ɓɧɎɚɎ ɛɜɑɐɛɜɔɫɞɔɕ-ɔɓɏɚɞɚɎɔɞɑɗɑɕ ɛɜɚɘɧɤɗɑəəɚɏɚ ɛɜɚɔɓɎɚɐɝɞɎɌ Ɏ ɣɌ-

ɝɞɔ ɚɍɑɝɛɑɣɑəɔɕ ɞɑɡəɚɗɚɏɔɣəɚɝɞɔ Ɏ ɟɝɗɚɎɔɫɡ ɐɌəəɚɏɚ ɖɚəɖɜɑɞəɚɏɚ 

ɛɜɚɔɓɎɚɐɝɞɎɌ, Ɏ ɞɚɘ ɣɔɝɗɑ ɛɚ ɔɝɛɚɗɨɓɚɎɌəɔɪ ɔɘɑɪɥɑɏɚɝɫ əɌ ɛɜɑɐɛɜɔ-

ɫɞɔɔ ɚɍɚɜɟɐɚɎɌəɔɫ, Ɍ ɞɌɖɒɑ ɟɣɑɞɌ Ɏ ɐɌəəɚɘ ɛɜɚɑɖɞɑ ɞɜɑɍɚɎɌəɔɕ əɚɜ-

ɘɌɞɔɎəɚ-ɞɑɡəɔɣɑɝɖɚɕ ɐɚɖɟɘɑəɞɌɢɔɔ, ɐɑɕɝɞɎɟɪɥɑɕ əɌ ɛɜɑɐɛɜɔɫɞɔɔ-

ɔɓɏɚɞɚɎɔɞɑɗɑ; ɎɧɫɎɗɑəɔɫ əɑɚɍɡɚɐɔɘɚɏɚ ɐɗɫ ɛɜɚɔɓɎɚɐɝɞɎɌ ɔɓɐɑɗɔɕ əɚ-

Ɏɚɏɚ ɚɍɚɜɟɐɚɎɌəɔɫ (ɚɍɚɝəɚɎɌəɔɑ ɜɌɓɜɌɍɚɞɖɔ ɔɗɔ ɛɜɔɚɍɜɑɞɑəɔɫ); ɜɌɓɜɌ-

ɍɚɞɖɟ ɘɑɞɜɚɗɚɏɔɣɑɝɖɚɏɚ ɚɍɑɝɛɑɣɑəɔɫ (Ɏɧɍɚɜ ɘɑɞɚɐɚɎ ɔ ɝɜɑɐɝɞɎ ɔɓɘɑɜɑ-

əɔɫ); 

ɑ) ɔɓɏɚɞɚɎɗɑəɔɑ ɔ ɔɝɛɧɞɌəɔɑ ɘɌɞɑɜɔɌɗɨəɧɡ ɘɌɖɑɞɚɎ ɔ (ɔɗɔ) ɜɌɓ-

ɜɌɍɚɞɖɟ ɔ ɌəɌɗɔɓ ɩɗɑɖɞɜɚəəɧɡ ɘɌɖɑɞɚɎ;  

ɒ) ɚɢɑəɖɟ ɔɓɐɑɗɔɫ Ɏ ɚɞəɚɤɑəɔɔ ɑɏɚ ɝɚɚɞɎɑɞɝɞɎɔɫ ɞɜɑɍɚɎɌəɔɫɘ 

ɩɖɚəɚɘɔɖɔ, ɞɑɡəɔɣɑɝɖɚɕ ɩɝɞɑɞɔɖɔ; 

ɓ) ɚɢɑəɖɟ Ɏɚɓɘɚɒəɚɝɞɔ ɞɜɌəɝɛɚɜɞɔɜɚɎɌəɔɫ, ɡɜɌəɑəɔɫ, Ɍ ɞɌɖɒɑ 

ɘɚəɞɌɒɌ ɔɓɐɑɗɔɫ əɌ ɘɑɝɞɑ ɑɏɚ ɛɜɔɘɑəɑəɔɫ; 

ɔ) ɚɢɑəɖɟ ɩɖɝɛɗɟɌɞɌɢɔɚəəɧɡ ɐɌəəɧɡ ɔɓɐɑɗɔɫ (ɎɓɌɔɘɚɓɌɘɑəɫɑɘɚ-

ɝɞɔ, ɟɐɚɍɝɞɎɌ ɚɍɝɗɟɒɔɎɌəɔɫ, ɜɑɘɚəɞɚɛɜɔɏɚɐəɚɝɞɔ, ɟɝɞɚɕɣɔɎɚɝɞɔ ɛɜɚ-

ɞɔɎ ɎɚɓɐɑɕɝɞɎɔɫ Ɏəɑɤəɑɕ ɝɜɑɐɧ, Ɏɚɓɘɚɒəɚɝɞɔ ɍɧɝɞɜɚɏɚ ɟɝɞɜɌəɑəɔɫ ɚɞ-
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ɖɌɓɚɎ, ɖɚəɞɜɚɗɫ ɖɌɣɑɝɞɎɌ ɜɌɍɚɞɧ ɔɓɐɑɗɔɫ, ɚɍɑɝɛɑɣɑəəɚɝɞɨ ɝɜɑɐɝɞɎɌɘɔ 

ɖɚəɞɜɚɗɫ ɞɑɡəɔɣɑɝɖɚɏɚ ɝɚɝɞɚɫəɔɫ ɔ ɐɜ.); 

ɖ) ɚɖɚəɣɌɞɑɗɨəɚɑ ɚɠɚɜɘɗɑəɔɑ ɓɌɫɎɚɖ əɌ ɜɌɓɜɌɍɚɞɖɟ ɔ ɔɓɏɚɞɚɎɗɑ-

əɔɑ əɚɎɧɡ ɔɓɐɑɗɔɕ (Ɏ ɞɚɘ ɣɔɝɗɑ ɝɜɑɐɝɞɎ ɔɓɘɑɜɑəɔɫ) ɔ ɘɌɞɑɜɔɌɗɚɎ, 

ɛɜɔɘɑəɫɑɘɧɡ Ɏ ɜɌɓɜɌɍɌɞɧɎɌɑɘɚɘ ɔɓɐɑɗɔɔ; 

ɗ) ɛɜɚɎɑɐɑəɔɑ ɘɑɜɚɛɜɔɫɞɔɕ ɛɚ ɚɍɑɝɛɑɣɑəɔɪ ɓɌɐɌəəɚɏɚ Ɏ ɞɑɡəɔɣɑ-

ɝɖɚɘ ɓɌɐɌəɔɔ ɟɜɚɎəɫ ɝɞɌəɐɌɜɞɔɓɌɢɔɔ ɔ ɟəɔɠɔɖɌɢɔɔ ɔɓɐɑɗɔɫ; 

ɘ) ɛɜɚɎɑɜɖɟ ɔɓɐɑɗɔɫ əɌ ɛɌɞɑəɞəɟɪ ɣɔɝɞɚɞɟ ɔ ɖɚəɖɟɜɑəɞɚɝɛɚɝɚɍ-

əɚɝɞɨ, ɚɠɚɜɘɗɑəɔɑ ɓɌɫɎɚɖ əɌ ɔɓɚɍɜɑɞɑəɔɫ; 

ə) ɎɧɫɎɗɑəɔɑ əɚɘɑəɖɗɌɞɟɜɧ ɛɚɖɟɛəɧɡ ɔɓɐɑɗɔɕ, ɝɚɏɗɌɝɚɎɌəɔɑ 

ɛɜɔɘɑəɑəɔɫ ɛɚɖɟɛəɧɡ ɔɓɐɑɗɔɕ; 

ɚ) ɝɚɏɗɌɝɚɎɌəɔɑ ɏɌɍɌɜɔɞəɧɡ, ɟɝɞɌəɚɎɚɣəɧɡ ɔ ɛɜɔɝɚɑɐɔəɔɞɑɗɨəɧɡ 

ɜɌɓɘɑɜɚɎ ɝ ɓɌɖɌɓɣɔɖɚɘ ɔɗɔ ɚɝəɚɎəɧɘ ɛɚɞɜɑɍɔɞɑɗɑɘ;  

ɛ) ɚɢɑəɖɟ ɞɑɡəɔɣɑɝɖɚɏɚ ɟɜɚɎəɫ ɔ ɖɌɣɑɝɞɎɌ ɔɓɐɑɗɔɫ; 

ɜ) ɜɌɓɜɌɍɚɞɖɟ ɣɑɜɞɑɒɑɕ ɝɍɚɜɚɣəɧɡ ɑɐɔəɔɢ ɔ ɐɑɞɌɗɑɕ, ɑɝɗɔ ɩɞɚ Ɏɧ-

ɓɧɎɌɑɞɝɫ əɑɚɍɡɚɐɔɘɚɝɞɨɪ ɟɝɖɚɜɑəɔɫ ɎɧɐɌɣɔ ɓɌɐɌəɔɫ əɌ ɜɌɓɜɌɍɚɞɖɟ 

ɝɛɑɢɔɌɗɔɓɔɜɚɎɌəəɚɏɚ ɚɍɚɜɟɐɚɎɌəɔɫ ɐɗɫ ɔɡ ɔɓɏɚɞɚɎɗɑəɔɫ; 

ɝ) ɛɜɚɎɑɜɖɟ ɝɚɚɞɎɑɞɝɞɎɔɫ ɛɜɔəɔɘɌɑɘɧɡ ɜɑɤɑəɔɕ ɞɜɑɍɚɎɌəɔɫɘ 

ɞɑɡəɔɖɔ ɍɑɓɚɛɌɝəɚɝɞɔ ɔ ɛɜɚɔɓɎɚɐɝɞɎɑəəɚɕ ɝɌəɔɞɌɜɔɔ; 

ɞ) ɝɚɝɞɌɎɗɑəɔɑ ɛɑɜɑɣəɫ ɜɌɍɚɞ, ɖɚɞɚɜɧɑ ɝɗɑɐɟɑɞ ɛɜɚɎɑɝɞɔ əɌ ɝɞɌɐɔɔ 

ɜɌɓɜɌɍɚɞɖɔ ɜɌɍɚɣɑɕ ɐɚɖɟɘɑəɞɌɢɔɔ, Ɏ ɐɚɛɚɗəɑəɔɑ ɔ (ɔɗɔ) ɟɞɚɣəɑəɔɑ 

ɜɌɍɚɞ, ɛɜɑɐɟɝɘɚɞɜɑəəɧɡ ɞɑɡəɔɣɑɝɖɔɘ ɓɌɐɌəɔɑɘ, ɞɑɡəɔɣɑɝɖɔɘ ɛɜɑɐɗɚ-

ɒɑəɔɑɘ ɔ ɩɝɖɔɓəɧɘ ɛɜɚɑɖɞɚɘ; 

ɟ) ɛɚɐɏɚɞɚɎɖɟ ɛɜɑɐɗɚɒɑəɔɕ ɛɚ ɜɌɓɜɌɍɚɞɖɑ ɝɞɌəɐɌɜɞɚɎ (ɛɑɜɑɝɘɚɞɜ 

ɔɗɔ Ɏəɑɝɑəɔɑ ɔɓɘɑəɑəɔɕ Ɏ ɐɑɕɝɞɎɟɪɥɔɑ ɝɞɌəɐɌɜɞɧ), ɛɜɑɐɟɝɘɚɞɜɑəəɧɡ 

ɞɑɡəɔɣɑɝɖɔɘ ɓɌɐɌəɔɑɘ əɌ ɐɌəəɚɕ ɝɞɌɐɔɔ; 

ɠ) ɛɚɐɏɚɞɚɎɖɟ ɛɜɑɐɗɚɒɑəɔɕ ɛɚ ɔɝɛɚɗɨɓɚɎɌəɔɪ ɝɜɑɐɝɞɎ ɛɜɚɏɜɌɘɘ-

əɚɏɚ ɔ ɔəɠɚɜɘɌɢɔɚəəɚɏɚ ɚɍɑɝɛɑɣɑəɔɫ ɌɎɞɚɘɌɞɔɓɔɜɚɎɌəəɧɡ ɝɔɝɞɑɘ ɛɜɔ 

ɜɌɓɜɌɍɚɞɖɑ ɜɌɍɚɣɑɕ ɖɚəɝɞɜɟɖɞɚɜɝɖɚɕ ɐɚɖɟɘɑəɞɌɢɔɔ. 

4.5. ȼɌɓɜɌɍɚɞɖɌ ɝɞɜɟɖɞɟɜəɚ-Ɍɗɏɚɜɔɞɘɔɣɑɝɖɚɏɚ ɚɍɑɝɛɑɣɑəɔɫ ɛɜɚɑɖɞɌ 

ȼɌɓɜɌɍɚɞɖɌ ɝɞɜɟɖɞɟɜəɧɡ, ɠɟəɖɢɔɚəɌɗɨəɧɡ ɝɡɑɘ ɔ Ɍɗɏɚɜɔɞɘɔɣɑ-

ɝɖɚɏɚ ɚɍɑɝɛɑɣɑəɔɫ ɜɚɍɚɞɚɞɑɡəɔɣɑɝɖɚɕ ɝɔɝɞɑɘɧ ɫɎɗɫɑɞɝɫ əɌɔɘɑəɑɑ ɌɎ-

ɞɚɘɌɞɔɓɔɜɚɎɌəəɧɘ ɛɜɚɢɑɝɝɚɘ ɔ ɓɌɎɔɝɔɞ ɚɞ ɚɛɧɞɌ, ɓəɌəɔɕ ɔ ɟɜɚɎəɫ 

ɜɌɓɜɌɍɚɞɣɔɖɌ. Ⱦɑɘ əɑ ɘɑəɑɑ, ɛɜɔ ɜɌɓɜɌɍɚɞɖɑ ɝɞɜɟɖɞɟɜəɧɡ ɝɡɑɘ ɜɚɍɚɞɚɎ 

ɘɚɒəɚ ɚɛɔɜɌɞɨɝɫ əɌ əɑɖɚɞɚɜɧɑ ɚɍɚɍɥɑəəɧɑ ɝɡɑɘɧ ɝɔɝɞɑɘ ɟɛɜɌɎɗɑəɔɫ. 

ȾɔɛɚɎɌɫ ɚɍɚɍɥɑəəɌɫ ɝɞɜɟɖɞɟɜɌ ɛɚɐɎɔɒəɚɏɚ ɜɚɍɚɞɌ ɛɜɑɐɝɞɌɎɗɑəɌ 

əɌ ɜɔɝ. 4.2. 
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ȼɔɝ. 4.2. ȽɞɜɟɖɞɟɜɌ ɝɔɝɞɑɘɧ ɟɛɜɌɎɗɑəɔɫ ɔ əɌɎɔɏɌɢɔɔ 

ȼ ð ɜɚɍɚɞ; ȮȽ ð Ɏəɑɤəɫɫ ɝɜɑɐɌ; ȽȾȳ ð ɝɔɝɞɑɘɌ ɞɑɡəɔɣɑɝɖɚɏɚ ɓɜɑ-

əɔɫ; ȰȽ ð ɐɌɞɣɔɖɔ ɝɜɑɐɧ; ȹȽ ð əɌɎɔɏɌɢɔɚəəɌɫ ɝɔɝɞɑɘɌ; ȴȸ ð ɔɝɛɚɗ-

əɔɞɑɗɨəɧɑ ɘɑɡɌəɔɓɘɧ; ȷȽȿ ð ɗɚɖɌɗɨəɌɫ ɝɔɝɞɑɘɌ ɟɛɜɌɎɗɑəɔɫ; Ȱȴȸ ð 

ɐɌɞɣɔɖɔ ɔɝɛɚɗəɔɞɑɗɨəɧɡ ɘɑɡɌəɔɓɘɚɎ; ȽȿȰ ð ɝɔɝɞɑɘɌ ɟɛɜɌɎɗɑəɔɫ 

ɐɎɔɒɑəɔɑɘ; ȽȻȰ ð ɝɔɝɞɑɘɌ ɛɑɜɑɐɌɣɔ ɐɌəəɧɡ; ȹȻȿ ð əɌɓɑɘəɧɕ ɛɟəɖɞ 

ɟɛɜɌɎɗɑəɔɫ. 

Ȯ ɓɌɎɔɝɔɘɚɝɞɔ ɚɞ əɌɓəɌɣɑəɔɫ ɜɚɍɚɞɌ, ɑɏɚ ɝɞɜɟɖɞɟɜəɌɫ ɝɡɑɘɌ ɘɚɒɑɞ 

ɎɌɜɨɔɜɚɎɌɞɨɝɫ ɔ ɟɞɚɣəɫɞɨɝɫ. ȼɑɖɚɘɑəɐɟɑɞɝɫ ɐɑɞɌɗɔɓɔɜɚɎɌɞɨ ɝɞɜɟɖɞɟɜ-

əɟɪ ɝɡɑɘɟ ɐɚ 15 ð 20 ɩɗɑɘɑəɞɚɎ. Ȼɜɔ əɑɚɍɡɚɐɔɘɚɝɞɔ ɚɞɐɑɗɨəɧɑ ɝɗɚɒ-

əɧɑ ɍɗɚɖɔ ɝɞɜɟɖɞɟɜəɚɕ ɝɡɑɘɧ ɘɚɏɟɞ ɐɑɞɌɗɔɓɔɜɚɎɌɞɨɝɫ əɌ ɚɞɐɑɗɨəɧɡ 

ɣɑɜɞɑɒɌɡ. 

Ȼɜɔ ɜɌɓɜɌɍɚɞɖɑ ɝɞɜɟɖɞɟɜəɚɕ ɝɡɑɘɧ əɌɔɍɚɗɑɑ ɜɌɝɛɜɚɝɞɜɌəɑəəɧɕ 

ɛɚɐɡɚɐ ð ɔɑɜɌɜɡɔɣɑɝɖɔɕ [49]. ȼɌɝɝɘɚɞɜɔɘ, əɌɛɜɔɘɑɜ, ɜɌɓɜɌɍɚɞɖɟ 

ɝɞɜɟɖɞɟɜəɚɕ ɝɡɑɘɧ ɝɔɝɞɑɘɧ ɟɛɜɌɎɗɑəɔɫ ɜɚɍɚɞɔɓɔɜɚɎɌəəɚɏɚ ɐɔɜɔɒɌɍ-

ɗɫ. 

ȹɌ ɛɑɜɎɚɘ ɩɞɌɛɑ ɘɚɒəɚ ɜɌɓɐɑɗɔɞɨ ɝɔɝɞɑɘɟ ɟɛɜɌɎɗɑəɔɫ əɌ əɌɓɑɘ-

əɟɪ ɔ ɍɚɜɞɚɎɟɪ ɣɌɝɞɔ, ɝɎɫɓɌəəɧɑ ɘɑɒɐɟ ɝɚɍɚɕ ɛɚ ɗɔəɔɔ ɜɌɐɔɚɝɎɫɓɔ, 

ɞ.ɑ. ɛɜɑɐɝɞɌɎɔɞɨ Ɏ Ɏɔɐɑ ɝɡɑɘɧ, ɛɚɖɌɓɌəəɚɕ əɌ ɜɔɝ. 4.3. 
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ȼɔɝ. 4.3. ȻɑɜɎɧɕ ɟɜɚɎɑəɨ ɐɑɞɌɗɔɓɌɢɔɔ ɝɞɜɟɖɞɟɜəɚɕ ɝɡɑɘɧ 

 

ȰɌɗɑɑ ɝɗɑɐɟɑɞ ɚɞɎɑɞɔɞɨ əɌ Ɏɚɛɜɚɝ, ɔɓ ɖɌɖɔɡ ɩɗɑɘɑəɞɚɎ ɝɚɝɞɚɔɞ 

əɌɓɑɘəɌɫ ɔ ɍɚɜɞɚɎɌɫ ɣɌɝɞɔ ɝɔɝɞɑɘɧ ɟɛɜɌɎɗɑəɔɫ? 

ȹɌɛɜɔɘɑɜ, Ɏ əɌɓɑɘəɟɪ ɣɌɝɞɨ ɝɔɝɞɑɘɧ ɟɛɜɌɎɗɑəɔɫ Ɏɡɚɐɫɞ: 

- əɌɓɑɘəɧɕ ɛɟəɖɞ ɟɛɜɌɎɗɑəɔɫ; 

- əɌɓɑɘəɧɕ ɞɑɜɘɔəɌɗ ɞɑɗɑɖɚɘɘɟəɔɖɌɢɔɔ; 

- ɜɌɍɚɣɑɑ ɘɑɝɞɚ ɞɑɜɘɔəɌɗɌ ɞɑɗɑɖɚɘɘɟəɔɖɌɢɔɔ; 

- ɜɟɣəɚɕ ɛɟɗɨɞ ɟɛɜɌɎɗɑəɔɫ ɝ ɞɑɜɘɔəɌɗɚɘ ɞɑɗɑɖɚɘɘɟəɔɖɌɢɔɔ ɜɟɣ-

əɚɏɚ ɛɟɗɨɞɌ ɟɛɜɌɎɗɑəɔɫ. 

Ȯ ɍɚɜɞɚɎɟɪ ɣɌɝɞɨ ɝɔɝɞɑɘɧ ɟɛɜɌɎɗɑəɔɫ Ɏɡɚɐɫɞ: 

- ɝɔɝɞɑɘɌ ɟɛɜɌɎɗɑəɔɫ ɛɚɗɑɞɚɘ; 

- əɌɎɔɏɌɢɔɚəəɌɫ ɝɔɝɞɑɘɌ; 

- ɐɌɞɣɔɖɔ Ɏəɑɤəɑɕ ɝɜɑɐɧ; 

- ɍɚɜɞɚɎɚɕ ɞɑɜɘɔəɌɗ ɞɑɗɑɖɚɘɘɟəɔɖɌɢɔɔ. 

ȹɌɓɑɘəɧɕ ɛɟəɖɞ ɟɛɜɌɎɗɑəɔɫ ɝɚɝɞɚɔɞ ɔɓ ɝɗɑɐɟɪɥɔɡ ɩɗɑɘɑəɞɚɎ: 

ð ɜɌɍɚɣɑɑ ɘɑɝɞɚ ɚɛɑɜɌɞɚɜɌ ɟɛɜɌɎɗɑəɔɫ ɐɎɔɒɑəɔɑɘ; 

ð əɌɎɔɏɌɢɔɚəəɌɫ ɝɔɝɞɑɘɌ; 

ð ɐɒɚɕɝɞɔɖɔ ɔ ɛɑɐɌɗɔ ɐɔɝɞɌəɢɔɚəəɚɏɚ ɟɛɜɌɎɗɑəɔɫ ɜɚɍɚɞɔɓɔɜɚ-

ɎɌəəɧɘ ɐɔɜɔɒɌɍɗɑɘ; 

ð ɝɔɝɞɑɘɌ ɓɎɟɖɚɎɚɏɚ ɚɛɚɎɑɥɑəɔɫ. 

ȽɔɝɞɑɘɌ ɟɛɜɌɎɗɑəɔɫ ɛɚɗɑɞɚɘ ɝɚɝɞɚɔɞ ɔɓ ɝɗɑɐɟɪɥɔɡ ɩɗɑɘɑəɞɚɎ: 

ð ɍɚɜɞɚɎɚɕ ɖɚɘɛɨɪɞɑɜ; 

ð ɐɔɌɏəɚɝɞɔɣɑɝɖɌɫ ɝɔɝɞɑɘɌ; 

ð ɌɎɌɜɔɕəɌɫ ɝɔɝɞɑɘɌ; 

ð ɎɔɐɑɚɖɌɘɑɜɌ. 

ȰɌɗɨəɑɕɤɌɫ ɐɑɞɌɗɔɓɌɢɔɫ ɝɔɝɞɑɘɧ ɟɛɜɌɎɗɑəɔɫ ɘɚɒɑɞ ɛɜɚɎɚɐɔɞɨ-

ɝɫ ɛɚ əɑɚɍɡɚɐɔɘɚɝɞɔ. ȹɌ ɚɝəɚɎɑ ɛɚɗɟɣɑəəɚɏɚ ɝɗɚɎɑɝɞəɚɏɚ ɚɛɔɝɌəɔɫ ɝɚ-

ɝɞɌɎɗɫɑɞɝɫ ɝɞɜɟɖɞɟɜəɌɫ ɝɡɑɘɌ, ɖɚɞɚɜɌɫ ɚɞɜɌɒɌɑɞ əɌɗɔɣɔɑ ɛɑɜɑɣɔɝ-

ɗɑəəɧɡ ɩɗɑɘɑəɞɚɎ ɔ ɎɓɌɔɘɚɝɎɫɓɔ ɘɑɒɐɟ əɔɘɔ. Ȼɜɔɘɑɜ ɝɞɜɟɖɞɟɜəɚɕ 

ɝɡɑɘɧ ɛɜɑɐɝɞɌɎɗɑə əɌ ɜɔɝ. 4.4. Ⱥɞɘɑɞɔɘ, ɣɞɚ Ɏ ɡɚɐɑ ɝɚɝɞɌɎɗɑəɔɫ ɝɞɜɟɖ-
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ɞɟɜəɚɕ ɝɡɑɘɧ ɘɚɒɑɞ ɛɜɚɎɚɐɔɞɨɝɫ ɚɛɞɔɘɔɓɌɢɔɫ. ȹɌɛɜɔɘɑɜ, əɌ ɝɞɜɟɖ-

ɞɟɜɑ, ɛɜɑɐɝɞɌɎɗɑəəɚɕ əɌ ɜɔɝ. 4.4, ɍɚɜɞɚɎɚɕ ɖɚɘɛɨɪɞɑɜ ɝɚɎɘɑɥɑə ɝ ɐɔɌ-

ɏəɚɝɞɔɣɑɝɖɚɕ ɝɔɝɞɑɘɚɕ, ɞɑɜɘɔəɌɗɧ ɞɑɗɑɖɚɘɘɟəɔɖɌɢɔɔ Ɏɖɗɪɣɑəɧ Ɏ ɝɚ-

ɝɞɌɎ ɝɔɝɞɑɘɧ ɟɛɜɌɎɗɑəɔɫ, ɐɒɚɕɝɞɔɖɔ ɔ ɛɑɐɌɗɔ ɛɜɑɐɝɞɌɎɗɑəɧ Ɏ Ɏɔɐɑ 

ɚɞɐɑɗɨəɧɡ ɍɗɚɖɚɎ. 

ȾɌɖɔɘ ɚɍɜɌɓɚɘ, ɛɜɔ ɜɌɓɜɌɍɚɞɖɑ ɝɞɜɟɖɞɟɜəɧɡ ɝɡɑɘ ɘɚɒəɚ Ɏɚɝɛɚɗɨ-

ɓɚɎɌɞɨɝɫ ɐɎɟɘɫ ɩɎɜɔɝɞɔɣɑɝɖɔɘɔ ɝɛɚɝɚɍɌɘɔ: 

1) ɔɝɛɚɗɨɓɚɎɌɞɨ ɛɚɡɚɒɟɪ ɝɞɜɟɖɞɟɜəɟɪ ɝɡɑɘɟ ɔɗɔ ɚɍɚɍɥɑəəɟɪ 

ɝɞɜɟɖɞɟɜəɟɪ ɝɡɑɘɟ ɔɓ ɍɗɔɓɖɚɕ ɖ ɜɌɓɜɌɍɚɞɖɑ ɚɍɗɌɝɞɔ ɔ ɘɚɐɔɠɔɢɔɜɚ-

ɎɌɞɨ ɑɑ; 

2) ɎɚɝɛɚɗɨɓɚɎɌɞɨɝɫ ɘəɚɏɚɟɜɚɎəɑɎɚɕ ɔɑɜɌɜɡɔɣɑɝɖɚɕ ɐɑɞɌɗɔɓɌɢɔɑɕ 

ɝɡɑɘɧ. 

 
ȼɔɝ. 4.4. Ȼɜɔɘɑɜ ɝɞɜɟɖɞɟɜəɚɕ ɝɡɑɘɧ ɝɔɝɞɑɘɧ ɟɛɜɌɎɗɑəɔɫ 

ȼɌɓɜɌɍɚɞɖɌ ɝɞɜɟɖɞɟɜəɚɕ ɝɡɑɘɧ ɘɚɒɑɞ ɍɧɞɨ ɚɝɟɥɑɝɞɎɗɑəɌ əɌ ɚɝəɚ-

Ɏɑ ɌəɌɗɔɓɌ ɠɟəɖɢɔɕ ɜɚɍɚɞɌ. 

ȽɡɑɘɌ ɠɟəɖɢɔɚəɌɗɨəɚɕ ɝɞɜɟɖɞɟɜɧ ɚɍɧɣəɚ ɝɚɐɑɜɒɔɞ: 

- ɩɗɑɘɑəɞɧ ɠɟəɖɢɔɚəɌɗɨəɚɕ ɝɞɜɟɖɞɟɜɧ; 

- ɠɟəɖɢɔɔ ɔɗɔ ɓɌɐɌɣɔ, ɝɚɎɚɖɟɛəɚɝɞɔ ɐɑɕɝɞɎɔɕ, Ɏɧɛɚɗəɫɑɘɧɡ ɛɜɔ 

ɜɑɌɗɔɓɌɢɔɔ ɠɟəɖɢɔɕ ɜɚɍɚɞɚɘ ɔɗɔ ɚɛɑɜɌɞɚɜɚɘ; 
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- ɔəɠɚɜɘɌɢɔɚəəɧɑ ɝɎɫɓɔ ɘɑɒɐɟ ɩɗɑɘɑəɞɌɘɔ ɔ Ɏəɑɤəɑɕ ɝɜɑɐɚɕ ɝ 

ɖɜɌɞɖɔɘ ɟɖɌɓɌəɔɑɘ ɝɚɐɑɜɒɌəɔɫ ɝɚɚɍɥɑəɔɕ ɔɗɔ ɝɔɏəɌɗɚɎ, ɛɑɜɑɐɌɎɌɑ-

ɘɧɡ ɛɚ ɝɎɫɓɫɘ, ɔ, ɛɜɔ əɑɚɍɡɚɐɔɘɚɝɞɔ, ɝɎɫɓɔ ɐɜɟɏɔɡ ɞɔɛɚɎ; 

- ɐɑɞɌɗɔɓɔɜɚɎɌəəɧɑ ɝɡɑɘɧ ɣɌɝɞɑɕ ɠɟəɖɢɔɚəɌɗɨəɚɕ ɝɞɜɟɖɞɟɜɧ 

(ɛɜɔ əɑɚɍɡɚɐɔɘɚɝɞɔ). 

ȽɡɑɘɌ ɠɟəɖɢɔɚəɌɗɨəɚɕ ɝɞɜɟɖɞɟɜɧ ɜɌɓɜɌɍɌɞɧɎɌɑɞɝɫ əɌ ɩɞɌɛɑ ɞɑɡ-

əɔɣɑɝɖɚɏɚ ɔɗɔ ɩɝɖɔɓəɚɏɚ ɛɜɚɑɖɞɔɜɚɎɌəɔɫ. 

ȹɌɣɌɗɨəɧɘ ɩɞɌɛɚɘ ɜɌɓɜɌɍɚɞɖɔ ɠɟəɖɢɔɚəɌɗɨəɚɕ ɝɡɑɘɧ ɜɚɍɚɞɌ ɫɎ-

ɗɫɑɞɝɫ ɌəɌɗɔɓ ɑɏɚ ɠɟəɖɢɔɕ, ɐɗɫ ɣɑɏɚ ɛɜɔəɫɞɚ ɔɝɛɚɗɨɓɚɎɌɞɨ ɐɔɌɏɜɌɘ-

ɘɧ ɝɛɚɝɚɍɚɎ ɛɜɔɘɑəɑəɔɫ ɟɝɞɜɚɕɝɞɎ. Ȼɜɔɘɑɜ ɞɌɖɚɕ ɐɔɌɏɜɌɘɘɧ ɛɜɑɐ-

ɝɞɌɎɗɑə əɌ ɜɔɝ. 4.5. 

 
ȼɔɝ. 4.5. ȰɔɌɏɜɌɘɘɌ ɛɜɔɘɑəɑəɔɫ ɜɚɍɚɞɌ 

ȰɔɌɏɜɌɘɘɌ, ɛɜɑɐɝɞɌɎɗɑəəɌɫ əɌ ɜɔɝ. 4.5, ɍɌɓɔɜɟɑɞɝɫ əɌ ɞɚɘ ɠɌɖɞɑ, 

ɣɞɚ ɝ ɞɚɣɖɔ ɓɜɑəɔɫ ɚɛɑɜɌɞɚɜɌ ȹȻȿ ɝɔɝɞɑɘɌ ɟɛɜɌɎɗɑəɔɫ ɘɚɒɑɞ Ɏɧɛɚɗ-

əɫɞɨ ɠɟəɖɢɔɔ ɟɛɜɌɎɗɑəɔɫ ɔ əɌɍɗɪɐɑəɔɫ. 

4.6. Ȼɜɚɑɖɞəɚɑ ɓɌɐɌəɔɑ 

ȼɌɓɜɌɍɚɞɌɞɨ ɝɞɜɟɖɞɟɜəɟɪ ɝɡɑɘɟ ɔ ɐɔɌɏɜɌɘɘɟ ɛɜɔɘɑəɑəɔɕ ɜɚɍɚɞɌ, 

ɔɝɛɚɗɨɓɟɫ ɛɜɔɎɑɐɑəəɧɕ Ɏ ɜɌɓɐɑɗɑ 4.5 ɛɜɔɘɑɜɧ. ȮɌɜɔɌəɞɧ ɓɌɐɌəɔɕ 

ɚɛɜɑɐɑɗɫɪɞɝɫ ɞɑɘɌɞɔɖɚɕ ɐɔɛɗɚɘəɧɡ ɛɜɚɑɖɞɚɎ ɝɞɟɐɑəɞɚɎ ɔɗɔ ɎɧɐɌɪɞ-

ɝɫ ɛɜɑɛɚɐɌɎɌɞɑɗɑɘ ɔəɐɔɎɔɐɟɌɗɨəɚ. 
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4.7. ȬɛɛɌɜɌɞəɌɫ ɜɑɌɗɔɓɌɢɔɫ ɝɔɝɞɑɘɧ ɟɛɜɌɎɗɑəɔɫ ɜɚɍɚɞɚɘ 

ȬɛɛɌɜɌɞəɌɫ ɜɑɌɗɔɓɌɢɔɫ ɝɔɝɞɑɘɧ ɟɛɜɌɎɗɑəɔɫ ɜɚɍɚɞɚɞɑɡəɔɣɑɝɖɔɘ 

ɟɝɞɜɚɕɝɞɎɚɘ ɍɌɓɔɜɟɑɞɝɫ əɌ ɌəɌɗɔɓɑ ɡɌɜɌɖɞɑɜɔɝɞɔɖ ɔ Ɏɧɍɚɜɑ ɝɟɥɑɝɞɎɟ-

ɪɥɑɕ ɩɗɑɘɑəɞəɚɕ ɍɌɓɧ. 

Ȯ ɡɚɐɑ ɎɧɍɚɜɌ ɩɗɑɘɑəɞəɚɕ ɍɌɓɧ ɐɗɫ ɖɌɒɐɚɏɚ ɩɗɑɘɑəɞɌ ɠɚɜɘɔɜɟɑɞ-

ɝɫ əɌɍɚɜ ɞɜɑɍɚɎɌəɔɕ (ɖɜɔɞɑɜɔɑɎ) ɔ ɚɝɟɥɑɝɞɎɗɫɑɞɝɫ ɌəɌɗɔɓ ɩɗɑɘɑəɞɚɎ 

əɌ ɝɚɚɞɎɑɞɝɞɎɔɑ ɩɞɔɡ ɞɜɑɍɚɎɌəɔɕ. 

Ȱɗɫ ɜɌɓɗɔɣəɧɡ ɩɗɑɘɑəɞɚɎ ɜɚɍɚɞɚɞɑɡəɔɣɑɝɖɚɏɚ ɟɝɞɜɚɕɝɞɎɌ ɘɚɒəɚ 

ɝɠɚɜɘɟɗɔɜɚɎɌɞɨ ɜɫɐ ɚɍɥɔɡ ɔ ɜɫɐ ɝɛɑɢɔɠɔɣɑɝɖɔɡ ɖɜɔɞɑɜɔɑɎ. ȶ ɚɍɥɔɘ 

ɖɜɔɞɑɜɔɫɘ ɚɞəɚɝɫɞɝɫ: 

ð ɝɚɚɞɎɑɞɝɞɎɔɑ əɌɓəɌɣɑəɔɪ ɔ ɟɝɗɚɎɔɫɘ ɩɖɝɛɗɟɌɞɌɢɔɔ; 

ð ɟɐɚɍɝɞɎɚ ɩɖɝɛɗɟɌɞɌɢɔɔ, əɌɗɔɣɔɑ ɞɑɡɛɚɐɐɑɜɒɖɔ; 

ð ɝɞɚɔɘɚɝɞɨ; 

ð əɌɐɑɒəɚɝɞɨ; 

ð ɝɜɚɖ ɛɚɝɞɌɎɖɔ. 

ȼɌɝɝɘɚɞɜɔɘ ɛɜɚɢɑɐɟɜɧ ɎɧɍɚɜɌ ɞɔɛɚɎɚɏɚ ɚɍɚɜɟɐɚɎɌəɔɫ ɐɗɫ ɜɚɍɚɞɚ-

ɞɑɡəɔɣɑɝɖɚɏɚ ɟɝɞɜɚɕɝɞɎɌ əɌ ɛɜɔɘɑɜɑ ɌɎɞɚəɚɘəɚɏɚ ɎɚɓɐɟɡɚɛɗɌɎɌɞɑɗɨəɚ-

ɏɚ ɖɚɘɛɗɑɖɝɌ. 

Ȱɗɫ ɐɌɞɣɔɖɚɎ ɐɚɛɚɗəɔɞɑɗɨəɚ ɖ ɛɑɜɑɣɔɝɗɑəəɧɘ ɚɍɥɔɘ ɞɜɑɍɚɎɌəɔ-

ɫɘ ɘɚɒəɚ ɐɚɍɌɎɔɞɨ ɜɫɐ ɝɛɑɢɔɌɗɨəɧɡ ɞɜɑɍɚɎɌəɔɕ: 

ð ɐɔɌɛɌɓɚə ɔɓɘɑɜɑəɔɕ; 

ð ɛɚɏɜɑɤəɚɝɞɨ; 

ð ɣɌɝɞɚɞɌ ɚɛɜɚɝɌ; 

ð ɔəɞɑɜɠɑɕɝ. 

ȻɑɜɎɔɣəɧɕ ɚɞɍɚɜ ɐɌɞɣɔɖɚɎ ɛɜɚɔɓɎɚɐɔɞɝɫ ɛɚ ɝɗɑɐɟɪɥɔɘ ɖɜɔɞɑɜɔ-

ɫɘ: ɝɚɚɞɎɑɞɝɞɎɔɑ əɌɓəɌɣɑəɔɪ ɔ ɟɝɗɚɎɔɫɘ ɩɖɝɛɗɟɌɞɌɢɔɔ; ɐɔɌɛɌɓɚə ɔɓ-

ɘɑɜɑəɔɕ; ɛɚɏɜɑɤəɚɝɞɨ; ɣɌɝɞɚɞɌ ɚɛɜɚɝɌ. 

ȺɢɑəɖɌ ɞɜɑɍɟɑɘɚɕ ɞɚɣəɚɝɞɔ ɐɌɞɣɔɖɚɎ ɘɚɒɑɞ ɍɌɓɔɜɚɎɌɞɨɝɫ əɌ ɌəɌ-

ɗɔɞɔɣɑɝɖɔɡ ɔɗɔ ɣɔɝɗɑəəɧɡ ɜɌɝɣɑɞɌɡ. Ȼɜɔ ɔɝɛɚɗɨɓɚɎɌəɔɔ əɑɗɔəɑɕəɧɡ 

ɘɚɐɑɗɑɕ ɜɚɍɚɞɚɎ ɌəɌɗɔɞɔɣɑɝɖɔɑ ɜɌɝɣɑɞɧ ɓɌɞɜɟɐəɑəɧ, ɛɚɩɞɚɘɟ əɑɚɍɡɚ-

ɐɔɘɚ ɔɝɛɚɗɨɓɚɎɌɞɨ ɣɔɝɗɑəəɚɑ ɘɚɐɑɗɔɜɚɎɌəɔɑ. 

ȽɟɥɑɝɞɎɟɑɞ ɐɎɑ ɓɌɐɌɣɔ ɚ ɞɚɣəɚɝɞɔ ɐɌɞɣɔɖɚɎ ð ɛɜɫɘɌɫ ɔ ɚɍɜɌɞəɌɫ. 

Ȼɜɔ ɜɑɤɑəɔɔ ɛɜɫɘɚɕ ɓɌɐɌɣɔ ɔɓɎɑɝɞəɌ ɛɚɏɜɑɤəɚɝɞɨ ɐɌɞɣɔɖɌ, əɑɚɍɡɚ-

ɐɔɘɚ ɚɛɜɑɐɑɗɔɞɨ ɚɤɔɍɖɟ ɝɔɝɞɑɘɧ ɟɛɜɌɎɗɑəɔɫ, ɚɍɟɝɗɚɎɗɑəəɟɪ ɩɞɚɕ ɛɚ-

ɏɜɑɤəɚɝɞɨɪ. 

Ȼɜɔ ɜɑɤɑəɔɔ ɚɍɜɌɞəɚɕ ɓɌɐɌɣɔ ɔɓɎɑɝɞəɌ ɐɚɛɟɝɞɔɘɌɫ ɚɤɔɍɖɌ ɓɌ-

ɘɖəɟɞɚɕ ɝɔɝɞɑɘɧ, əɑɚɍɡɚɐɔɘɚ ɚɛɜɑɐɑɗɔɞɨ ɘɌɖɝɔɘɌɗɨəɟɪ ɛɚɏɜɑɤəɚɝɞɨ 

ɐɌɞɣɔɖɌ. 

ȴɝɡɚɐəɧɘɔ ɐɌəəɧɘɔ ɛɜɔ ɜɑɤɑəɔɔ ɛɜɫɘɚɕ ɓɌɐɌɣɔ ɐɗɫ ɚɛɜɑɐɑɗɑ-

əɔɫ ɞɜɑɍɟɑɘɚɕ ɛɚɏɜɑɤəɚɝɞɔ ɐɌɞɣɔɖɚɎ ɫɎɗɫɪɞɝɫ: 

ð ɘɚɐɑɗɨ ɜɚɍɚɞɌ; 

ð Ɍɗɏɚɜɔɞɘɧ ɟɛɜɌɎɗɑəɔɫ; 
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ð ɘɚɐɑɗɨ ɛɚɏɜɑɤəɚɝɞɔ ɐɌɞɣɔɖɚɎ. 

Ȼɟɝɞɨ ɓɌɐɌəɧ ɝɗɑɐɟɪɥɔɑ ɐɌəəɧɑ: 

ð ɘɚɐɑɗɨ ɌɎɞɚəɚɘəɚɏɚ ɜɚɍɚɞɔɓɔɜɚɎɌəəɚɏɚ ɐɔɜɔɒɌɍɗɫ; 

ð Ɍɗɏɚɜɔɞɘɧ ɛɚɓɔɢɔɚəəɚ-ɞɜɌɑɖɞɚɜəɚɏɚ ɟɛɜɌɎɗɑəɔɫ; 

ð ɛɚɏɜɑɤəɚɝɞɔ əɌɎɔɏɌɢɔɚəəɚɕ ɝɔɝɞɑɘɧ ɛɚ ɛɚɗɚɒɑəɔɪ 5 ɘ, ɛɚ ɟɏ-

ɗɚɎɧɘ ɖɚɚɜɐɔəɌɞɌɘ 0,3 ɏɜɌɐ, ɛɚ ɗɔəɑɕəɧɘ ɝɖɚɜɚɝɞɫɘ 0,2 ɘ/ɝ, ɛɚ ɟɏɗɚ-

Ɏɧɘ ɝɖɚɜɚɝɞɫɘ 0,0002 ɜɌɐ/ɝ. Ȯɜɑɘɫ ɖɚɜɜɑɗɫɢɔɔ ɚɤɔɍɚɖ əɌɎɔɏɌɢɔɚə-

əɚɕ ɝɔɝɞɑɘɧ ð 33 ɝ. 

Ȱɗɫ ɜɑɤɑəɔɫ ɐɌəəɚɕ ɓɌɐɌɣɔ Ɏɚɝɛɚɗɨɓɟɑɘɝɫ ɜɌɓɜɌɍɚɞɌəəɚɕ ɜɌəɑɑ 

ɛɜɚɏɜɌɘɘɚɕ ɘɚɐɑɗɔɜɚɎɌəɔɫ ɝɔɝɞɑɘɧ ɟɛɜɌɎɗɑəɔɫ ɜɚɍɚɞɔɓɔɜɚɎɌəəɧɘ 

ɐɔɜɔɒɌɍɗɑɘ. 

Ȱɗɫ ɞɚɏɚ ɣɞɚɍɧ ɎɎɑɝɞɔ Ɏ ɖɚɘɛɗɑɖɝ ɘɚɐɑɗɔɜɚɎɌəɔɫ ɛɚɏɜɑɤəɚɝɞɨ, 

əɑɚɍɡɚɐɔɘɚ Ɏ ɜɑɏɟɗɫɞɚɜɑ ɖ ɛɑɜɑɘɑəəɧɘ ɝɚɝɞɚɫəɔɫ ɐɚɍɌɎɔɞɨ ɛɚɏɜɑɤəɚ-

ɝɞɔ. ȹɌɛɜɔɘɑɜ, ɑɝɗɔ Ɏɧɣɔɝɗɑəɔɑ ɟɛɜɌɎɗɑəɔɫ ɚɝɟɥɑɝɞɎɗɫɑɞɝɫ Ɏ ɚɞ-

ɐɑɗɨəɚɘ ɠɌɕɗɑ, ɞɚ ɐɌəəɧɑ ɛɚɏɜɑɤəɚɝɞɔ ɘɚɏɟɞ ɍɧɞɨ ɎɎɑɐɑəɧ ɝɗɑɐɟɪ-

ɥɔɘ ɚɍɜɌɓɚɘ: 
    % ʠʟʤʝʨʝʥʠʝ ʢʦʦʨʜʠʥʘʪʳ x0 

    x0=y_vec(1) - 1*5.0*sin(0.03*tk);  

    % ʠʟʤʝʨʝʥʠʝ ʢʦʦʨʜʠʥʘʪʳ y0 

    y0=y_vec(2)+1*5.0*sin(0.035*tk+1);  

    % ʠʟʤʝʨʝʥʠʝ ʢʦʦʨʜʠʥʘʪʳ z0 

    z0=y_vec(3)+1*5.0*sin(0.025*tk+1);  

    % ʠʟʤʝʨʝʥʠʝ ʫʛʣʘ ʨʳʩʢʘʥʴʷ 

    psi= y_vec(4)+1*0.3*3.14/180.0*sin(0.02*tk - 0.5);  

    % ʠʟʤʝʨʝʥʠʝ ʫʛʣʘ ʪʘʥʛʘʞʘ 

    upsilon=y_vec(5)+1*0.5*3.14/180.0*sin(0.02*tk+0.5);  

    % ʠʟʤʝʨʝʥʠʝ ʫʛʣʘ ʘʪʘʢʠ 

    gamma=y_vec(6) - 1*0.3*3.14/180.0*sin(0.03*tk - 0.2);  

    % X ʠʟʤʝʨʝʥʠʝ ʧʨʦʜʦʣʴʥʦʡ ʩʢʦʨʦʩʪʠ 

    Vx=x_vec (1) - 1*0.5* sin (0.032* tk +0.2);  

    % ʠʟʤʝʨʝʥʠʝ ʚʝʨʪʠʢʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ 

    Vy=x_vec(2)+1*0.2*sin(0.033*tk - 0.1);  

    % ʠʟʤʝʨʝʥʠʝ ʧʦʧʝʨʝʯʥʦʡ ʩʢʦʨʦʩʪʠ 

    Vz=x_vec(3) - 1*0.2*sin(0.023*tk - 0.4);  

    % ʠʟʤʝʨʝʥʠʝ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ wx 

    wx=x_vec(4)+1*0.0002*sin(0. 03*tk - 0.2);  

    % ʠʟʤʝʨʝʥʠʝ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ wy 

    wy=x_vec(5)+1*0.0002*sin(0.03*tk+0.2);  

    % ʠʟʤʝʨʝʥʠʝ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ wz 

    wz=x_vec(6) - 1*0.0002*sin(0.03*tk - 0.6);  

ȰɌɗɑɑ ɛɜɚɎɚɐɔɞɝɫ ɘɚɐɑɗɔɜɚɎɌəɔɑ ɔ ɚɛɜɑɐɑɗɫɪɞɝɫ ɛɚɏɜɑɤəɚɝɞɔ 

ɓɌɘɖəɟɞɚɕ ɝɔɝɞɑɘɧ. ȹɌɛɜɔɘɑɜ, əɌ ɜɔɝ. 4.6 ð 4.8 ɛɜɑɐɝɞɌɎɗɑəɧ ɖɚɚɜɐɔ-

əɌɞɧ ɔ ɝɖɚɜɚɝɞɔ ɐɔɜɔɒɌɍɗɫ ɛɜɔ ɐɎɔɒɑəɔɔ Ɏɐɚɗɨ ɛɜɫɘɚɕ ɗɔəɔɔ ɝɚ 

ɝɖɚɜɚɝɞɨɪ 10 ɘ/ɝ. 
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ȼɔɝ. 4.6. ȷɔəɑɕəɧɑ ɖɚɚɜɐɔəɌɞɧ ɐɔɜɔɒɌɍɗɫ  

ȹɌ ɜɔɝ. 4.6 ɛɜɑɐɝɞɌɎɗɑəɧ ɏɜɌɠɔɖɔ ɗɔəɑɕəɧɡ ɖɚɚɜɐɔəɌɞ, ɔɓ ɖɚɞɚ-

ɜɧɕ ɝɗɑɐɟɑɞ, ɣɞɚ ɘɌɖɝɔɘɌɗɨəɌɫ ɛɚɏɜɑɤəɚɝɞɨ ɛɚ Ɏɧɝɚɞɑ ɝɚɝɞɌɎɗɫɑɞ 

ɚɖɚɗɚ 9 ɘ, Ɍ Ɏ ɏɚɜɔɓɚəɞɌɗɨəɚɕ ɛɗɚɝɖɚɝɞɔ ð 12 ɘ. 
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ȼɔɝ. 4.7.  ȿɏɗɚɎɧɑ ɖɚɚɜɐɔəɌɞɧ ɐɔɜɔɒɌɍɗɫ 

ȹɌ ɜɔɝ. 4.7 ɛɜɑɐɝɞɌɎɗɑəɧ ɏɜɌɠɔɖɔ ɔɓɘɑəɑəɔɫ ɟɏɗɚɎɧɡ ɖɚɚɜɐɔəɌɞ 

ɐɔɜɔɒɌɍɗɫ, ɔɓ ɖɚɞɚɜɧɡ ɝɗɑɐɟɑɞ, ɣɞɚ ɛɚɏɜɑɤəɚɝɞɔ ɛɚ ɟɏɗɌɘ ɜɧɝɖɌəɨɫ ɔ 

ɞɌəɏɌɒɌ ɝɚɝɞɌɎɗɫɪ ɐɚ 1,5 ɏɜɌɐ, Ɍ ɛɚ ɟɏɗɟ ɖɜɑəɟ ɐɚ 0,2 ɏɜɌɐ. 
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ȼɔɝ. 4.8. ȷɔəɑɕəɧɑ ɝɖɚɜɚɝɞɔ ɐɔɜɔɒɌɍɗɫ 
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ȹɌ ɜɔɝ. 4.8 ɛɜɑɐɝɞɌɎɗɑə ɏɜɌɠɔɖ ɔɓɘɑəɑəɔɫ ɏɚɜɔɓɚəɞɌɗɨəɚɕ ɝɖɚɜɚ-

ɝɞɔ ɛɚɗɑɞɌ ɐɔɜɔɒɌɍɗɫ, ɔɓ ɖɚɞɚɜɚɏɚ ɝɗɑɐɟɑɞ, ɣɞɚ ɛɚɏɜɑɤəɚɝɞɨ ɝɚɝɞɌɎɗɫ-

ɑɞ ɐɚ 0,6 ɘ/ɝ. 

ȹɌ ɚɝəɚɎɑ ɛɚɗɟɣɑəəɧɡ ɜɑɓɟɗɨɞɌɞɚɎ ɐɑɗɌɪɞɝɫ ɎɧɎɚɐɧ ɚ ɛɜɔɏɚɐəɚ-

ɝɞɔ ɞɚɕ ɔɗɔ ɔəɚɕ ɝɔɝɞɑɘɧ əɌɎɔɏɌɢɔɔ. Ȼɜɔ ɩɞɚɘ əɑɚɍɡɚɐɔɘɚ ɟɣɔɞɧ-

ɎɌɞɨ, ɣɞɚ ɖɜɚɘɑ ɛɚɏɜɑɤəɚɝɞɑɕ ɐɌɞɣɔɖɚɎ, ɝɟɥɑɝɞɎɟɪɞ ɞɌɖɒɑ ɛɚɏɜɑɤəɚ-

ɝɞɔ ɔɝɛɚɗəɔɞɑɗɨəɧɡ ɘɑɡɌəɔɓɘɚɎ, ɛɚɩɞɚɘɟ ɐɚɛɟɝɞɔɘɟɪ ɚɤɔɍɖɟ ɝɔɝɞɑ-

ɘɧ ɞɜɑɍɟɑɞɝɫ ɜɌɓɐɑɗɫɞɨ əɌ ɣɌɝɞɔ ð ɚɍɟɝɗɚɎɗɑəəɟɪ ɐɌɞɣɔɖɌɘɔ ɔ ɔɝ-

ɛɚɗəɔɞɑɗɨəɧɘɔ ɘɑɡɌəɔɓɘɌɘɔ. ȶɜɚɘɑ ɞɚɏɚ, ɣɌɝɞɨ ɚɤɔɍɖɔ ɘɚɒɑɞ ɍɧɞɨ 

ɚɍɟɝɗɚɎɗɑəɌ ɟɛɜɚɥɑəɔɑɘ ɘɚɐɑɗɔ ɔ ɐɚɛɟɥɑəɔɫɘɔ. ȹɌɛɜɔɘɑɜ, ɓɌɣɌ-

ɝɞɟɪ ɛɜɔ ɝɔəɞɑɓɑ ɝɔɝɞɑɘ ɟɛɜɌɎɗɑəɔɫ əɑ ɟɣɔɞɧɎɌɪɞ ɐɔəɌɘɔɖɟ ɔɝɛɚɗ-

əɔɞɑɗɨəɧɡ ɘɑɡɌəɔɓɘɚɎ ɔ ɓɌɐɑɜɒɖɔ, ɎɚɓəɔɖɌɪɥɔɑ Ɏ ɜɌɓɗɔɣəɧɡ ɩɗɑ-

ɘɑəɞɌɡ. 

Ȼɜɔ ɜɑɤɑəɔɔ ɚɍɜɌɞəɚɕ ɓɌɐɌɣɔ ɞɜɑɍɟɑɞɝɫ ɟɎɑɗɔɣɔɎɌɞɨ ɔɗɔ ɟɘɑəɨ-

ɤɌɞɨ ɛɚɏɜɑɤəɚɝɞɔ ɐɌɞɣɔɖɚɎ ɐɚ ɞɑɡ ɛɚɜ, ɛɚɖɌ ɚɤɔɍɖɔ ɝɔɝɞɑɘɧ ɟɛɜɌɎ-

ɗɑəɔɫ əɑ ɝɞɌəɟɞ ɘɑəɨɤɑ ɛɜɑɐɑɗɨəɚ ɐɚɛɟɝɞɔɘɧɡ ɓəɌɣɑəɔɕ. 

ȰɌɗɑɑ ɔɓ ɚɞɚɍɜɌəəɧɡ ɎɌɜɔɌəɞɚɎ ɎɧɍɔɜɌɑɞɝɫ ɚɐɔə ɐɌɞɣɔɖ ɛɚ ɐɚ-

ɛɚɗəɔɞɑɗɨəɧɘ ɖɜɔɞɑɜɔɫɘ: ɔəɞɑɜɠɑɕɝ; ɟɐɚɍɝɞɎɚ ɩɖɝɛɗɟɌɞɌɢɔɔ, əɌɗɔ-

ɣɔɑ ɞɑɡɛɚɐɐɑɜɒɖɔ; ɝɞɚɔɘɚɝɞɨ; əɌɐɑɒəɚɝɞɨ; ɝɜɚɖ ɛɚɝɞɌɎɖɔ. 

Ȼɟɝɞɨ əɑɚɍɡɚɐɔɘɚ ɎɧɍɜɌɞɨ ɐɌɞɣɔɖ Ɏɚɓɐɟɤəɚɕ ɝɖɚɜɚɝɞɔ, ɟɐɚɎɗɑ-

ɞɎɚɜɫɪɥɔɕ ɝɗɑɐɟɪɥɔɘ ɞɜɑɍɚɎɌəɔɫɘ: 

ð ɛɜɑɐəɌɓəɌɣɑə ɐɗɫ ɔɝɛɚɗɨɓɚɎɌəɔɫ əɌ ɐɔɜɔɒɌɍɗɫɡ ɔɗɔ Ɏɑɜɞɚɗɑ-

ɞɌɡ; 

ð ɞɑɘɛɑɜɌɞɟɜəɧɕ ɐɔɌɛɌɓɚə ɚɞ -40 ɐɚ +60 ÁȽ; 

ð ɐɔɌɛɌɓɚə ɔɓɘɑɜɑəɔɕ ɚɞ 1 ɐɚ 40 ɘ/ɝ; 

ð ɛɚɏɜɑɤəɚɝɞɨ ɐɚ 3 %; 

ð ɣɌɝɞɚɞɌ ɛɚɜɚɝɌ 1 ȯɢ. 

Ȼɜɑɐɛɚɗɚɒɔɘ, ɣɞɚ ɛɑɜɎɔɣəɧɕ ɚɍɓɚɜ ɐɌɗ ɝɗɑɐɟɪɥɔɑ Ɏɔɐɧ ɐɌɞɣɔ-

ɖɚɎ Ɏɚɓɐɟɤəɚɕ ɝɖɚɜɚɝɞɔ: 

1) ɍɗɚɖ ɐɌɞɣɔɖɚɎ Ɏɚɓɐɟɤəɚɏɚ ɐɌɎɗɑəɔɫ ɔ ɝɔɝɞɑɘɧ Ɏɚɓɐɟɤəɧɡ ɝɔɏ-

əɌɗɚɎ Ⱦɑɖȹɚɗ: 

ð ɐɔɌɛɌɓɚə ɔɓɘɑɜɑəɔɕ 10 ð 150 ɘ/ɝ; 

ð ɛɚɏɜɑɤəɚɝɞɨ 1,4 ɘ/ɝ; 

ð ɣɌɝɞɚɞɌ ɚɛɜɚɝɌ 10 ȯɢ; 

ð ɔəɞɑɜɠɑɕɝ RS-422; 

ð ɝɚɚɞɎɑɞɝɞɎɔɑ əɌɓəɌɣɑəɔɪ ɔ ɟɝɗɚɎɔɫɘ ɩɖɝɛɗɟɌɞɌɢɔɔ ð ɛɜɑɐəɌ-

ɓəɌɣɑə ɐɗɫ ɔɝɛɚɗɨɓɚɎɌəɔɫ əɌ ɍɑɝɛɔɗɚɞəɧɡ ɗɑɞɌɞɑɗɨəɧɡ ɌɛɛɌɜɌɞɌɡ, 

ɞɑɘɛɑɜɌɞɟɜəɧɕ ɐɔɌɛɌɓɚə ɚɞ -40 ɐɚ +75 ÁȽ; 

ð ɟɐɚɍɝɞɎɚ ɩɖɝɛɗɟɌɞɌɢɔɔ, əɌɗɔɣɔɑ ɞɑɡɛɚɐɐɑɜɒɖɔ ð ɛɜɔɝɟɞɝɞɎɟɑɞ; 

ð ɝɞɚɔɘɚɝɞɨ ð 15 000 ɜɟɍɗɑɕ; 

ð əɌɐɑɒəɚɝɞɨ ð ɏɌɜɌəɞɔɕəɧɕ ɝɜɚɖ 2 ɏɚɐɌ; 

ð ɝɜɚɖ ɛɚɝɞɌɎɖɔ ð 3 ɘɑɝɫɢɌ; 
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2) ɐɌɞɣɔɖ ɎɑɞɜɌ Vaisala WINDCAPÈ WMT700: 

ð ɐɔɌɛɌɓɚə ɔɓɘɑɜɑəɔɕ 0 ð 75 ɘ/ɝ; 

ð ɛɚɏɜɑɤəɚɝɞɨ 3 %; 

ð ɣɌɝɞɚɞɌ ɚɛɜɚɝɌ 4 ȯɢ; 

ð ɔəɞɑɜɠɑɕɝ RS485, RS422, RS232, SDI -12; 

ð ɝɚɚɞɎɑɞɝɞɎɔɑ əɌɓəɌɣɑəɔɪ ɔ ɟɝɗɚɎɔɫɘ ɩɖɝɛɗɟɌɞɌɢɔɔ ð ɛɜɑɐəɌ-

ɓəɌɣɑə ɐɗɫ ɔɝɛɚɗɨɓɚɎɌəɔɫ Ɏ ɘɑɞɑɚɝɞɌəɢɔɫɡ, ɞɑɘɛɑɜɌɞɟɜəɧɕ ɐɔɌɛɌɓɚə 

ɚɞ -55 ɐɚ +70 ÁȽ, ɖɗɌɝɝ IP67; 

ð ɟɐɚɍɝɞɎɚ ɩɖɝɛɗɟɌɞɌɢɔɔ, əɌɗɔɣɔɑ ɞɑɡɛɚɐɐɑɜɒɖɔ ð ɛɜɔɝɟɞɝɞɎɟɑɞ; 

ð ɝɞɚɔɘɚɝɞɨ ð 45 000 ɜɟɍɗɑɕ; 

ð əɌɐɑɒəɚɝɞɨ ð ɏɌɜɌəɞɔɕəɧɕ ɝɜɚɖ 3 ɏɚɐɌ; 

ð ɝɜɚɖ ɛɚɝɞɌɎɖɔ ð 6 ɘɑɝɫɢɑɎ; 

3) ɐɌɞɣɔɖ WindMaster Pro 3-Axis Anemometer  

ð ɐɔɌɛɌɓɚə ɔɓɘɑɜɑəɔɕ 0 ð 65 ɘ/ɝ; 

ð ɛɚɏɜɑɤəɚɝɞɨ 2 %; 

ð ɣɌɝɞɚɞɌ ɚɛɜɚɝɌ 10 ȯɢ; 

ð ɔəɞɑɜɠɑɕɝ RS232, RS422, RS485; 

ð ɝɚɚɞɎɑɞɝɞɎɔɑ əɌɓəɌɣɑəɔɪ ɔ ɟɝɗɚɎɔɫɘ ɩɖɝɛɗɟɌɞɌɢɔɔ ð ɛɜɑɐəɌ-

ɓəɌɣɑə ɐɗɫ ɔɝɛɚɗɨɓɚɎɌəɔɫ Ɏ ɘɑɞɑɚɝɞɌəɢɔɫɡ, ɞɑɘɛɑɜɌɞɟɜəɧɕ ɐɔɌɛɌɓɚə 

ɚɞ -50 ɐɚ +70 ÁȽ, ɖɗɌɝɝ IP67; 

ð ɟɐɚɍɝɞɎɚ ɩɖɝɛɗɟɌɞɌɢɔɔ, əɌɗɔɣɔɑ ɞɑɡɛɚɐɐɑɜɒɖɔ ð ɛɜɔɝɟɞɝɞɎɟɑɞ; 

ð ɝɞɚɔɘɚɝɞɨ ð 50 000 ɜɟɍɗɑɕ; 

ð əɌɐɑɒəɚɝɞɨ ð ɏɌɜɌəɞɔɕəɧɕ ɝɜɚɖ 3 ɏɚɐɌ; 

ð ɝɜɚɖ ɛɚɝɞɌɎɖɔ ð 5 ɘɑɝɫɢɑɎ. 

ȬəɌɗɔɓɔɜɟɫ ɐɌɞɣɔɖɔ ɛɚ ɝɚɚɞɎɑɞɝɞɎɔɪ əɌɓəɌɣɑəɔɪ ɔ ɟɝɗɚɎɔɫɘ 

ɩɖɝɛɗɟɌɞɌɢɔɔ; ɐɔɌɛɌɓɚəɟ ɔɓɘɑɜɑəɔɕ; ɛɚɏɜɑɤəɚɝɞɔ; ɣɌɝɞɚɞɑ ɚɛɜɚɝɌ Ɏɔ-

ɐɔɘ, ɣɞɚ ɛɑɜɎɧɕ ɐɌɞɣɔɖ əɑ ɝɚɚɞɎɑɞɝɞɎɟɑɞ ɓɌɐɌəəɚɘɟ ɐɔɌɛɌɓɚəɟ, ɛɚɩɞɚ-

ɘɟ ɜɌɝɝɘɌɞɜɔɎɌɪɞɝɫ ɐɎɌ ɛɚɝɗɑɐəɔɡ ɐɌɞɣɔɖɌ: Vaisala WINDCAPÈ 

WMT700 ɔ WindMaster Pro 3-Axis Anemometer. Ⱥɛɑɜɔɜɟɫ ɝɚɎɚɖɟɛəɚ-

ɝɞɨɪ Ɏɝɑɡ ɖɜɔɞɑɜɔɑɎ ɎɧɍɔɜɌɑɘ ɐɌɞɣɔɖ WindMaster Pro 3-Axis 

Anemometer.  

Ȱɗɫ ɐɌəəɚɏɚ ɐɌɞɣɔɖɌ əɑɚɍɡɚɐɔɘɚ ɜɌɓɜɌɍɚɞɌɞɨ ɜɑɖɚɘɑəɐɟɑɘɚɑ ɜɌɝ-

ɛɚɗɚɒɑəɔɑ, ɝɛɚɝɚɍ ɖɜɑɛɗɑəɔɫ ɔ ɛɚɐɝɚɑɐɔəɑəɔɫ ɖ ɝɔɝɞɑɘɑ ɟɛɜɌɎɗɑəɔɫ. 

ȼɑɓɟɗɨɞɌɞɚɘ ɜɌɓɜɌɍɚɞɖɔ ɫɎɗɫɑɞɝɫ ɏɌɍɌɜɔɞəɧɕ ɔ ɘɚəɞɌɒəɧɕ ɣɑɜɞɑɒɔ 

ɐɌɞɣɔɖɌ Ɏɚɓɐɟɤəɚɏɚ ɛɚɞɚɖɌ, ɛɜɑɐɝɞɌɎɗɑəəɧɑ əɌ ɜɔɝ. 4.10 ɔ 4.11. 
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ȼɔɝ. 4.9. ȰɌɞɣɔɖ ɎɑɞɜɌ. ȯɌɍɌɜɔɞəɧɕ ɣɑɜɞɑɒ  

 
ȼɔɝ. 4.10. ȰɌɞɣɔɖ ɎɑɞɜɌ. ȸɚəɞɌɒəɧɕ ɣɑɜɞɑɒ  

ȬəɌɗɚɏɔɣəɧɘ ɚɍɜɌɓɚɘ ɎɧɍɔɜɌɪɞɝɫ ɛɜɚɣɔɑ ɐɌɞɣɔɖɔ.  

ȰɌɞɣɔɖ ɞɑɘɛɑɜɌɞɟɜɧ, ɐɌɎɗɑəɔɫ ɔ ɎɗɌɒəɚɝɞɔ Vaisala PTU 300 ɝ 

ɛɌɜɌɘɑɞɜɌɘɔ: 

ð ɐɔɌɛɌɓɚə ɔɓɘɑɜɑəɔɕ 50 ð 110 KPa, -40 +60 ÁȽ; 

ð ɛɚɏɜɑɤəɚɝɞɨ 10 ȻɌ, 0,2 ÁȽ; 

ð ɣɌɝɞɚɞɌ ɚɛɜɚɝɌ 10 ȯɢ; 

ð ɔəɞɑɜɠɑɕɝ RS485; 

ð ɝɚɚɞɎɑɞɝɞɎɔɑ əɌɓəɌɣɑəɔɪ ɔ ɟɝɗɚɎɔɫɘ ɩɖɝɛɗɟɌɞɌɢɔɔ ð ɛɜɑɐəɌ-

ɓəɌɣɑə ɐɗɫ ɔɝɛɚɗɨɓɚɎɌəɔɫ Ɏ ɘɑɞɑɚɝɞɌəɢɔɫɡ, ɞɑɘɛɑɜɌɞɟɜəɧɕ ɐɔɌɛɌɓɚə 

ɚɞ -55 ɐɚ +70 ÁȽ, ɖɗɌɝɝ IP67. 

ȰɌɞɣɔɖ ɌɓɔɘɟɞɌɗɨəɚɏɚ əɌɛɜɌɎɗɑəɔɫ 3DM -GX1 ɝɚ ɝɗɑɐɟɪɥɔɘɔ 

ɛɌɜɌɘɑɞɜɌɘɔ: 

ð ɐɔɌɛɌɓɚə ɔɓɘɑɜɑəɔɕ 0 ð 360 ɏɜɌɐ; 
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ð ɛɚɏɜɑɤəɚɝɞɨ 0,5 ɏɜɌɐ; 

ð ɣɌɝɞɚɞɌ ɚɛɜɚɝɌ 100 ȯɢ; 

ð ɔəɞɑɜɠɑɕɝ RS232, RS485; 

ð ɝɚɚɞɎɑɞɝɞɎɔɑ əɌɓəɌɣɑəɔɪ ɔ ɟɝɗɚɎɔɫɘ ɩɖɝɛɗɟɌɞɌɢɔɔ ð ɛɜɑɐəɌ-

ɓəɌɣɑə ɐɗɫ ɚɛɜɑɐɑɗɑəɔɫ ɏɑɚɏɜɌɠɔɣɑɝɖɚɏɚ ɖɟɜɝɌ ɗɑɞɌɞɑɗɨəɚɏɚ ɌɛɛɌɜɌ-

ɞɌ, ɟɏɗɚɎ ɖɜɑəɌ ɔ ɞɌəɏɌɒɌ. 

ȴəɞɑɏɜɔɜɚɎɌəəɌɫ əɌɎɔɏɌɢɔɚəəɌɫ ɝɔɝɞɑɘɌ ȶɚɘɛɌəɌɎ 2ȸ ɝɚ ɝɗɑ-

ɐɟɪɥɔɘɔ ɛɌɜɌɘɑɞɜɌɘɔ: 

ð ɐɔɌɛɌɓɚə ɔɓɘɑɜɑəɔɕ ɞɌəɏɌɒ -90 +90 ɏɜɌɐ, ɖɟɜɝ ɚɞ 0 ɐɚ 360 ɏɜɌɐ, 

ɖɜɑə ɚɞ -180 ɐɚ +180 ɏɜɌɐ; 

ð ɛɚɏɜɑɤəɚɝɞɨ ɛɚ ɛɟɞɑɎɚɕ ɝɖɚɜɚɝɞɔ 0,2 ɘ/ɝ, ɛɚ ɎɑɜɞɔɖɌɗɨəɚɕ ɝɖɚɜɚ-

ɝɞɔ 0,3 ɘ/ɝ, ɛɚ ɟɏɗɌɘ ɖɜɑəɌ ɔ ɞɌəɏɌɒɌ 0,2 ɏɜɌɐ, ɛɚ ɖɟɜɝɟ 0,4 ɏɜɌɐ; 

ð ɣɌɝɞɚɞɌ ɚɛɜɚɝɌ 100 ȯɢ; 

ð ɔəɞɑɜɠɑɕɝ RS485; 

ð ɝɚɚɞɎɑɞɝɞɎɔɑ əɌɓəɌɣɑəɔɪ ɔ ɟɝɗɚɎɔɫɘ ɩɖɝɛɗɟɌɞɌɢɔɔ ð ɛɜɑɐəɌ-

ɓəɌɣɑə ɐɗɫ ɚɛɜɑɐɑɗɑəɔɫ ɖɚɚɜɐɔəɌɞ ɘɑɝɞɚɛɚɗɚɒɑəɔɫ, ɛɌɜɌɘɑɞɜɚɎ ɐɎɔ-

ɒɑəɔɫ ɔ ɟɏɗɚɎ ɚɜɔɑəɞɌɢɔɔ ɗɑɞɌɞɑɗɨəɚɏɚ ɌɛɛɌɜɌɞɌ. 

ȰɌɞɣɔɖ ɜɌɝɝɞɚɫəɔɫ ɐɚ ɛɚɎɑɜɡəɚɝɞɔ MRA Type 1 ɝɚ ɝɗɑɐɟɪɥɔɘɔ 

ɛɌɜɌɘɑɞɜɌɘɔ: 

ð ɐɔɌɛɌɓɚə ɔɓɘɑɜɑəɔɕ 5 ð 700 ɘ; 

ð ɛɚɏɜɑɤəɚɝɞɨ 0,5 ð 5 ɘ; 

ð ɣɌɝɞɚɞɌ ɚɛɜɚɝɌ 10 ȯɢ; 

ð ɔəɞɑɜɠɑɕɝ RS485; 

ð ɝɚɚɞɎɑɞɝɞɎɔɑ əɌɓəɌɣɑəɔɪ ɔ ɟɝɗɚɎɔɫɘ ɩɖɝɛɗɟɌɞɌɢɔɔ ð ɛɜɑɐəɌ-

ɓəɌɣɑə ɐɗɫ ɚɛɜɑɐɑɗɑəɔɫ ɜɌɝɝɞɚɫəɔɫ ɐɚ ɛɚɎɑɜɡəɚɝɞɔ ɔ ɛɑɜɑɐɌɣɔ ɩɞɔɡ 

ɐɌəəɧɡ Ɏ ɝɔɝɞɑɘɟ ɟɛɜɌɎɗɑəɔɫ əɌ ɍɚɜɞɚɎɚɘ ɖɚɘɛɨɪɞɑɜɑ. 

ȱɝɗɔ ɩɗɑɘɑəɞ ɝɚɝɞɚɔɞ ɔɓ əɑɝɖɚɗɨɖɔɡ ɍɗɚɖɚɎ, ɞɚ ɛɜɔɎɚɐɫɞɝɫ ɏɌɍɌ-

ɜɔɞəɧɑ ɔ ɘɚəɞɌɒəɧɑ ɣɑɜɞɑɒɔ Ɏɝɑɡ ɍɗɚɖɚɎ. ȹɌɛɜɔɘɑɜ, ɐɌɞɣɔɖ ɜɌɝɝɞɚɫ-

əɔɫ ɐɚ ɛɚɎɑɜɡəɚɝɞɔ ɝɚɝɞɚɔɞ ɔɓ ɚɝəɚɎəɚɏɚ ɍɗɚɖɌ ɔ Ɍəɞɑəəɧ, ɏɌɍɌɜɔɞəɧɑ 

ɔ ɘɚəɞɌɒəɧɑ ɣɑɜɞɑɒɔ ɖɚɞɚɜɧɡ ɛɜɑɐɝɞɌɎɗɑəɧ əɌ ɜɔɝ. 4.11 ð 4.13. Ȼɜɔ 

ɩɞɚɘ Ɏɚɓɘɚɒəɚ ɚɞɚɍɜɌɒɑəɔɑ ɖɌɒɐɚɏɚ ɩɗɑɘɑəɞɌ əɌ ɚɞɐɑɗɨəɚɘ ɣɑɜɞɑɒɑ 

ɔɗɔ əɌ ɝɚɎɘɑɝɞəɚɘ ɣɑɜɞɑɒɑ. ȾɌɖ əɌ ɜɔɝ. 4.11 ɔ 4.12 ɛɜɑɐɝɞɌɎɗɑəɧ ɏɌ-

ɍɌɜɔɞəɧɑ ɣɑɜɞɑɒɔ ɚɝəɚɎəɚɏɚ ɍɗɚɖɌ ɔ Ɍəɞɑəəɧ ɐɌɞɣɔɖɌ ɜɌɝɝɞɚɫəɔɫ ɐɚ 

ɛɚɎɑɜɡəɚɝɞɔ. ȹɌ ɜɔɝ. 4.13 ɛɜɑɐɝɞɌɎɗɑə ɑɐɔəɧɕ ɘɚəɞɌɒəɧɕ ɣɑɜɞɑɒ ɐɗɫ 

ɐɎɟɡ ɍɗɚɖɚɎ. 



 147 

 
ȼɔɝ. 4.11. ȰɌɞɣɔɖ ɜɌɝɝɞɚɫəɔɫ ɐɚ ɛɚɎɑɜɡəɚɝɞɔ. ȯɌɍɌɜɔɞəɧɕ ɣɑɜɞɑɒ 

 

ȮɔɐɑɚɖɌɘɑɜɌ Spectra IV SDE435 -PG-E1, ɚɍɗɌɐɌɪɥɌɫ ɝɗɑɐɟɪɥɔɘɔ 

ɡɌɜɌɖɞɑɜɔɝɞɔɖɌɘɔ: 

ð ɜɌɓɜɑɤɑəɔɑ 540 ȾɎɗ; 

ð ɚɍɓɚɜ 0 ð 360 ɏɜɌɐ ɛɚ ɏɚɜɔɓɚəɞɌɗɔ, -2 + 90 ɏɜɌɐ ɛɚ ɎɑɜɞɔɖɌɗɔ; 

ð ɔəɞɑɜɠɑɕɝ PAL, RS485; 

ð ɝɚɚɞɎɑɞɝɞɎɔɑ əɌɓəɌɣɑəɔɪ ɔ ɟɝɗɚɎɔɫɘ ɩɖɝɛɗɟɌɞɌɢɔɔ ð ɛɜɑɐəɌ-

ɓəɌɣɑəɌ ɐɗɫ ɜɌɍɚɞɧ Ɏ ɒɑɝɞɖɔɡ Ɏəɑɤəɔɡ ɟɝɗɚɎɔɫɡ. 

 
ȼɔɝ. 4.12. ȬəɞɑəəɌ ɐɌɞɣɔɖɌ ɜɌɝɝɞɚɫəɔɫ ɐɚ ɛɚɎɑɜɡəɚɝɞɔ. ȯɌɍɌɜɔɞəɧɕ 

ɣɑɜɞɑɒ 

ȭɚɜɞɚɎɚɕ CMA22MVD1860HR ɖɚɘɛɨɪɞɑɜ ɝ ɚɝəɚɎəɧɘɔ ɛɌɜɌɘɑɞɜɌ-

ɘɔ: 

ð ɛɜɚɢɑɝɝɚɜ Intel  Core 2 Duo SL9400; 

ð Ⱥȳȿ 2GB DDR2, ɐɚ 800MHz;  

ð ɠɗɩɤ ɐɔɝɖ ɐɚ 32 ȯɍ; 
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ð ɔəɞɑɜɠɑɕɝɧ Serial ATA, Ethernet, USB 2.0, CAN, RS -232/422/485; 

ð ɞɑɘɛɑɜɌɞɟɜəɧɕ ɜɑɒɔɘ ɚɞ -40 ɐɚ +70 ÁC. 

 
ȼɔɝ. 4.13. ȰɌɞɣɔɖ ɜɌɝɝɞɚɫəɔɫ ɐɚ ɛɚɎɑɜɡəɚɝɞɔ. ȸɚəɞɌɒəɧɕ ɣɑɜɞɑɒ 

  

ȰɌəəɌɫ ɎɧɣɔɝɗɔɞɑɗɨəɌɫ ɛɗɌɞɌ ɐɚɛɚɗəɫɑɞɝɫ ɜɌɓɗɔɣəɧɘɔ ɔəɞɑɜ-

ɠɑɕɝəɧɘɔ ɛɗɌɞɌɘɔ, ɍɗɚɖɚɘ ɛɔɞɌəɔɫ, ɛɗɌɞɚɕ ɚɍɜɌɍɚɞɖɔ ɔɓɚɍɜɌɒɑəɔɕ 

ɔ ɜɌɓɘɑɥɌɑɞɝɫ Ɏ ɑɐɔəɚɘ ɖɚɜɛɟɝɑ. ȸɚəɞɌɒəɧɕ ɣɑɜɞɑɒ ɍɚɜɞɚɎɚɏɚ ɖɚɘ-

ɛɨɪɞɑɜɌ ɛɜɑɐɝɞɌɎɗɑə əɌ ɜɔɝ. 4.14. 

 
ȼɔɝ. 4.14. ȭɚɜɞɚɎɚɕ ɖɚɘɛɨɪɞɑɜ. ȸɚəɞɌɒəɧɕ ɣɑɜɞɑɒ  
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ȬəɌɗɚɏɔɣəɧɘ ɚɍɜɌɓɚɘ ɎɧɍɔɜɌɑɞɝɫ ɚɝɞɌɗɨəɌɫ ɩɗɑɘɑəɞəɌɫ ɍɌɓɌ ɝɔ-

ɝɞɑɘɧ ɟɛɜɌɎɗɑəɔɫ ɜɚɍɚɞɌ, əɑɚɍɡɚɐɔɘɌɫ ɐɗɫ Ɏɧɛɚɗəɑəɔɫ ɑɏɚ ɠɟəɖɢɔɕ. 

Ȼɚɝɗɑ ɎɧɍɚɜɌ ɩɗɑɘɑəɞəɚɕ ɍɌɓɧ ɝɔɝɞɑɘɧ ɟɛɜɌɎɗɑəɔɫ ɞɜɑɍɟɑɞɝɫ 

ɜɌɓɜɌɍɚɞɌɞɨ ɝɡɑɘɟ ɝɚɑɐɔəɑəɔɕ ɔ ɛɜɑɐɗɚɒɔɞɨ ɜɌɓɘɑɥɑəɔɑ ɚɍɚɜɟɐɚɎɌ-

əɔɫ əɌ ɍɚɜɞɟ ɜɚɍɚɞɌ. 

ȹɌɛɜɔɘɑɜ, əɌ ɜɔɝ. 4.15 ɛɜɑɐɝɞɌɎɗɑə ɎɌɜɔɌəɞ ɜɌɓɘɑɥɑəɔɫ ɝɔɝɞɑɘɧ 

ɟɛɜɌɎɗɑəɔɫ ɔ əɌɎɔɏɌɢɔɔ əɌ ɍɚɜɞɟ ɜɚɍɚɞɔɓɔɜɚɎɌəəɚɏɚ ɐɔɜɔɒɌɍɗɫ, Ɍ əɌ 

ɜɔɝ. 4.16 ð ɝɡɑɘɌ ɛɚɐɖɗɪɣɑəɔɕ ɍɚɜɞɚɎɚɕ ɣɌɝɞɔ ɝɔɝɞɑɘɧ ɟɛɜɌɎɗɑəɔɫ. 

 
ȼɔɝ. 4.15. ȭɚɜɞɚɎɌɫ ɝɔɝɞɑɘɌ ɟɛɜɌɎɗɑəɔɫ. Ƀɑɜɞɑɒ ɚɍɥɑɏɚ ɎɔɐɌ  

 
ȼɔɝ. 4.16. ȭɚɜɞɚɎɌɫ ɝɔɝɞɑɘɌ ɟɛɜɌɎɗɑəɔɫ. ȽɡɑɘɌ ɝɚɑɐɔəɑəɔɕ  

 

Ⱥɍɧɣəɚ ɜɚɍɚɞɧ ɛɜɑɐɛɚɗɌɏɌɪɞ ɖɌɖ Ɏɚɓɘɚɒəɚɝɞɨ ɌɎɞɚəɚɘəɚɏɚ, ɞɌɖ ɔ 

ɐɔɝɞɌəɢɔɚəəɚ ɟɛɜɌɎɗɫɑɘɚɏɚ ɜɑɒɔɘɚɎ ɠɟəɖɢɔɚəɔɜɚɎɌəɔɫ. Ȯ ɩɞɚɕ ɝɎɫ-

ɓɔ ɞɜɑɍɟɑɞɝɫ ɞɌɖɒɑ ɜɌɝɝɘɌɞɜɔɎɌɞɨ ɜɑɌɗɔɓɌɢɔɪ ɝɞɌɢɔɚəɌɜəɚɏɚ ɛɟəɖɞɌ 
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ɟɛɜɌɎɗɑəɔɫ ɜɚɍɚɞɚɘ, ɖɚɞɚɜɧɕ ɎɖɗɪɣɌɑɞ Ɏ ɝɑɍɫ ɚɜɏɌəɧ ɐɔɝɞɌəɢɔɚəəɚɏɚ 

ɟɛɜɌɎɗɑəɔɫ ɜɚɍɚɞɚɘ, ɖɚɘɛɨɪɞɑɜ, ɜɌɍɚɣɑɑ ɘɑɝɞɚ ɚɛɑɜɌɞɚɜɌ, ɝɔɝɞɑɘɟ 

ɝɎɫɓɔ, əɌɎɔɏɌɢɔɪ ɔ ɐɜɟɏɔɑ ɩɗɑɘɑəɞɧ.  

ȹɌɛɜɔɘɑɜ, əɌ ɜɔɝ. 4.17 ɛɜɔɎɑɐɑə ɛɜɔɘɑɜ ɣɑɜɞɑɒɌ ɚɍɥɑɏɚ ɎɔɐɌ 

ɛɟəɖɞɌ ɟɛɜɌɎɗɑəɔɫ ɜɚɍɚɞɚɘ. 

 
ȼɔɝ. 4.17. Ȼɟəɖɞ ɟɛɜɌɎɗɑəɔɫ ɜɚɍɚɞɚɘ. Ƀɑɜɞɑɒ ɚɍɥɑɏɚ ɎɔɐɌ 

 

Ȼɜɔ əɑɚɍɡɚɐɔɘɚɝɞɔ ɎɧɍɚɜɌ ɔɝɛɚɗəɔɞɑɗɨəɧɡ ɘɑɡɌəɔɓɘɚɎ ɞɌɖɒɑ 

ɘɚɒəɚ ɎɚɝɛɚɗɨɓɚɎɌɞɨɝɫ ɘɑɞɚɐɚɘ ɘɚɐɑɗɔɜɚɎɌəɔɫ. ȹɌɛɜɔɘɑɜ, ɜɑɓɟɗɨɞɌ-

ɞɧ ɘɚɐɑɗɔɜɚɎɌəɔɫ, ɛɜɑɐɝɞɌɎɗɑəəɧɑ əɌ ɜɔɝ. 4.7 ð 4.9, ɞɜɑɍɟɪɞ ɛɜɔɗɚ-

ɒɑəɔɫ ɟɛɜɌɎɗɫɪɥɔɡ ɎɚɓɐɑɕɝɞɎɔɕ, ɛɜɑɐɝɞɌɎɗɑəəɧɡ əɌ ɜɔɝ. 4.18, əɌ ɖɚ-

ɞɚɜɚɘ ɛɚɖɌɓɌəɧ ɞɫɏɔ ɔ ɟɏɗɧ ɛɚɎɚɜɚɞɚɎ ɘɌɜɤɑɎɧɡ ɐɎɔɏɌɞɑɗɑɕ ɔ ɞɫɏɌ ɔ 

ɟɏɗɧ ɛɚɎɚɜɚɞɚɎ ɜɟɗɑɎɧɡ ɡɎɚɝɞɚɎɧɡ ɐɎɔɏɌɞɑɗɑɕ, ɜɌɍɚɞɌɪɥɔɡ ɝɔəɡɜɚə-

əɚ. ȴɓ ɜɔɝ. 4.18 Ɏɔɐəɚ, ɣɞɚ ɓɌɐɌəəɧɕ ɜɑɒɔɘ ɐɎɔɒɑəɔɫ ɞɜɑɍɟɑɞ, ɣɞɚɍɧ 

ɘɌɜɤɑɎɧɑ ɐɎɔɏɌɞɑɗɔ ɜɌɓɎɔɎɌɗɔ ɞɫɏɔ ɐɚ 1 500 ȹ ɖɌɒɐɧɕ. 

ȬəɌɗɚɏɔɣəɧɑ ɜɑɓɟɗɨɞɌɞɧ ɛɚ ɞɜɑɍɟɑɘɚɕ ɩəɑɜɏɑɞɔɖɑ ɘɚɒəɚ ɛɚɗɟ-

ɣɌɞɨ, ɎɎɚɐɫ ɛɚɏɜɑɤəɚɝɞɔ ɔɝɛɚɗəɔɞɑɗɨəɧɡ ɘɑɡɌəɔɓɘɚɎ ɔ ɎɑɞɜɚɎɧɑ 

əɌɏɜɟɓɖɔ. 

Ȼɚɝɗɑ ɎɧɍɚɜɌ Ɏɝɑɡ ɩɗɑɘɑəɞɚɎ ɞɜɑɍɟɑɞɝɫ ɛɜɚɎɑɝɞɔ ɘɚɐɑɗɔɜɚɎɌəɔɑ 

ɓɌɘɖəɟɞɚɕ ɝɔɝɞɑɘɧ ɝ ɛɚɏɜɑɤəɚɝɞɫɘɔ Ɏɝɑɡ ɐɌɞɣɔɖɚɎ, ɔɝɛɚɗəɔɞɑɗɨəɧɡ 

ɩɗɑɘɑəɞɚɎ ɔ ɛɜɑɚɍɜɌɓɚɎɌɞɑɗɑɕ [50]. ȹɌ ɚɝəɚɎɌəɔɔ ɞɌɖɚɏɚ ɘɚɐɑɗɔɜɚɎɌ-

əɔɫ ɐɑɗɌɑɞɝɫ ɎɧɎɚɐ ɚ ɝɚɚɞɎɑɞɝɞɎɔɔ ɝɔɝɞɑɘɧ ɓɌɐɌəəɧɘ ɞɜɑɍɚɎɌəɔɫɘ 

ɔɗɔ əɑɚɍɡɚɐɔɘɚɝɞɔ ɐɚɛɚɗəɔɞɑɗɨəɚɏɚ ɔɝɝɗɑɐɚɎɌəɔɫ ɔ ɖɚɜɜɑɖɢɔɔ ɝɔ-

ɝɞɑɘɧ. 
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ȼɔɝ. 4.18. Ⱦɫɏɔ ɔ ɟɏɗɧ ɛɚɎɚɜɚɞɚɎ ɎɔəɞɚɎ ɐɔɜɔɒɌɍɗɫ 

4.8. Ȼɜɚɑɖɞəɚɑ ɓɌɐɌəɔɑ 

ȻɜɚɎɑɝɞɔ ɌəɌɗɔɓ ɞɜɑɍɚɎɌəɔɕ ɖ ɛɚɏɜɑɤəɚɝɞɫɘ ɔ ɛɚɞɜɑɍəɚɕ ɩəɑɜɏɑ-

ɞɔɖɑ ɓɌɘɖəɟɞɚɕ ɝɔɝɞɑɘɧ ɟɛɜɌɎɗɑəɔɫ ɜɚɍɚɞɚɘ, ɜɌɓɜɌɍɚɞɌəəɚɕ Ɏ ɛɜɑɐɧ-

ɐɟɥɔɡ ɜɌɍɚɞɌɡ. Ⱥɛɜɑɐɑɗɔɞɨ ɝɗɑɐɟɪɥɔɑ Ɏɑɗɔɣɔəɧ: 

ð ɞɜɑɍɚɎɌəɔɫ ɖ ɞɚɣəɚɝɞɔ əɌɎɔɏɌɢɔɚəəɚɕ ɝɔɝɞɑɘɧ, ɔɝɡɚɐɫ ɔɓ ɞɜɑɍɚ-

ɎɌəɔɕ ɖ ɞɚɣəɚɝɞɔ ɓɌɘɖəɟɞɚɕ ɝɔɝɞɑɘɧ ɟɛɜɌɎɗɑəɔɫ ɜɚɍɚɞɚɘ; 

ð ɞɜɑɍɚɎɌəɔɫ ɞɚɣəɚɝɞɔ ɔɝɛɚɗəɔɞɑɗɨəɧɡ ɘɑɡɌəɔɓɘɚɎ, ɔɝɡɚɐɫ ɔɓ 

ɞɜɑɍɚɎɌəɔɕ ɖ ɞɚɣəɚɝɞɔ ɓɌɘɖəɟɞɚɕ ɝɔɝɞɑɘɧ ɟɛɜɌɎɗɑəɔɫ ɜɚɍɚɞɚɘ; 

ð ɞɜɑɍɚɎɌəɔɫ ɖ ɛɚɞɜɑɍəɧɘ ɞɫɏɌɘ ɐɎɔɒɔɞɑɗɑɕ ɜɚɍɚɞɌ ɐɗɫ ɑɏɚ ɛɜɫ-

ɘɚɗɔəɑɕəɚɏɚ ɐɎɔɒɑəɔɫ ɝ ɖɜɑɕɝɑɜɝɖɚɕ ɝɖɚɜɚɝɞɨɪ. 

ȮɌɜɔɌəɞɧ ɓɌɐɌəɔɕ ɚɛɜɑɐɑɗɫɪɞɝɫ ɞɑɘɌɞɔɖɚɕ ɐɔɛɗɚɘəɧɡ ɛɜɚɑɖɞɚɎ 

ɝɞɟɐɑəɞɚɎ ɔɗɔ ɎɧɐɌɪɞɝɫ ɛɜɑɛɚɐɌɎɌɞɑɗɑɘ ɔəɐɔɎɔɐɟɌɗɨəɚ. 

4.9. Ȼɜɚɑɖɞəɚɑ ɓɌɐɌəɔɑ 

ȼɌɓɜɌɍɚɞɌɞɨ ɝɡɑɘɟ ɝɚɑɐɔəɑəɔɕ ɔ ɘɚəɞɌɒəɧɑ ɝɡɑɘɧ ɩɗɑɘɑəɞɚɎ ɝɔ-

ɝɞɑɘɧ ɟɛɜɌɎɗɑəɔɫ ɜɚɍɚɞɌ, ɔɝɛɚɗɨɓɟɫ ɛɜɔɎɑɐɑəəɧɑ Ɏ ɜɌɓɐɑɗɑ 4.7 ɛɜɔ-

ɘɑɜɧ. ȮɌɜɔɌəɞɧ ɓɌɐɌəɔɕ ɚɛɜɑɐɑɗɫɪɞɝɫ ɞɑɘɌɞɔɖɚɕ ɐɔɛɗɚɘəɧɡ ɛɜɚɑɖ-

ɞɚɎ ɝɞɟɐɑəɞɚɎ ɔɗɔ ɎɧɐɌɪɞɝɫ ɛɜɑɛɚɐɌɎɌɞɑɗɑɘ ɔəɐɔɎɔɐɟɌɗɨəɚ. 
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4.10. ȻɜɚɏɜɌɘɘəɌɫ ɜɑɌɗɔɓɌɢɔɫ ɜɚɍɚɞɚɞɑɡəɔɣɑɝɖɚɕ ɝɔɝɞɑɘɧ 

Ȯ ɜɌɘɖɌɡ ɜɌɓɜɌɍɚɞɖɔ ɛɜɚɏɜɌɘɘəɚɏɚ ɚɍɑɝɛɑɣɑəɔɫ ɜɚɍɚɞɚɞɑɡəɔɣɑ-

ɝɖɚɕ ɝɔɝɞɑɘɧ əɑɚɍɡɚɐɔɘɚ ɜɌɓɜɌɍɚɞɌɞɨ Ɍɜɡɔɞɑɖɞɟɜɟ ɛɜɚɏɜɌɘɘəɚɏɚ 

ɚɍɑɝɛɑɣɑəɔɫ. 

ȬɜɡɔɞɑɖɞɟɜɌ ð ɩɞɚ ɎɧɝɚɖɚɟɜɚɎəɑɎɌɫ ɣɌɝɞɨ, ɖɌɜɖɌɝ ɛɜɚɑɖɞɌ ɛɜɚ-

ɏɜɌɘɘəɚɏɚ ɚɍɑɝɛɑɣɑəɔɫ. ȼɌɓɜɌɍɚɞɖɌ Ɍɜɡɔɞɑɖɞɟɜɧ ɫɎɗɫɑɞɝɫ ɛɜɑɐɎɌɜɔ-

ɞɑɗɨəɧɘ ɟɝɗɚɎɔɑɘ ɟɝɛɑɤəɚɝɞɔ ɛɜɚɏɜɌɘɘəɚɏɚ ɛɜɚɑɖɞɌ. ȺɍɥɌɫ ɢɑɗɨ 

ɛɜɚɢɑɝɝɌ ɜɌɓɜɌɍɚɞɖɔ Ɍɜɡɔɞɑɖɞɟɜɧ ð ɝəɔɒɑəɔɑ ɜɔɝɖɌ: ɌɐɑɖɎɌɞəɚɑ ɛɗɌ-

əɔɜɚɎɌəɔɑ ɛɚɓɎɚɗɫɑɞ ɔɝɖɗɪɣɔɞɨ ɏɗɌɎəɧɑ Ɍɝɛɑɖɞɧ ɜɔɝɖɌ əɌ ɜɌəəɔɡ 

ɝɞɌɐɔɫɡ ɜɌɍɚɞɧ, ɣɞɚɍɧ ɚɝəɚɎəɟɪ ɣɌɝɞɨ ɘɚɒəɚ ɍɧɗɚ Ɏɧɛɚɗəɔɞɨ ɍɚɗɑɑ 

ɩɠɠɑɖɞɔɎəɚ. 

ȺɛɔɝɌəɔɑ Ɍɜɡɔɞɑɖɞɟɜɧ ȻȺ ɎɖɗɪɣɌɑɞ Ɏ ɝɑɍɫ ɜɌɝɝɘɚɞɜɑəɔɑ ɝɗɑɐɟ-

ɪɥɔɡ ɞɑɘ: 

ð ɚɍɥɑɑ ɚɛɔɝɌəɔɑ ɚɜɏɌəɔɓɌɢɔɔ ɝɔɝɞɑɘɧ, ɎɖɗɪɣɌɪɥɑɑ ɚɛɜɑɐɑɗɑəɔɑ 

ɚɝəɚɎəɧɡ ɖɚɘɛɚəɑəɞɚɎ ɛɜɚɏɜɌɘɘɧ, ɎɌɜɔɌəɞɧ ɘɑɡɌəɔɓɘɚɎ ɔɡ ɎɓɌɔɘɚ-

ɐɑɕɝɞɎɔɫ; 

ð Ɏɧɍɚɜ ɚɛɑɜɌɢɔɚəəɚɕ ɝɔɝɞɑɘɧ ɝɜɑɐɝɞɎ ɜɌɓɜɌɍɚɞɖɔ, ɍɔɍɗɔɚɞɑɖ ɔ 

ɝɛɚɝɚɍɚɎ ɜɑɌɗɔɓɌɢɔɔ ɘɚɐɟɗɑɕ ɛɜɚɏɜɌɘɘəɚɏɚ ɚɍɑɝɛɑɣɑəɔɫ; 

ð ɚɜɏɌəɔɓɌɢɔɫ ɐɌəəɧɡ, ɞ.ɑ. ɠɚɜɘɌɞɧ ɚɝəɚɎəɧɡ ɞɔɛɚɎ ɐɌəəɧɡ, ɔɝ-

ɛɚɗɨɓɟɑɘɧɡ Ɏ ɛɜɔɗɚɒɑəɔɫɡ. 

Ȼɜɔ ɜɌɓɜɌɍɚɞɖɑ Ɍɜɡɔɞɑɖɞɟɜɧ ɛɜɚɏɜɌɘɘəɚɏɚ ɚɍɑɝɛɑɣɑəɔɫ ɍɚɜɞɚɎɚɏɚ 

ɖɚɘɛɨɪɞɑɜɌ Ɏɧɐɑɗɫɪɞɝɫ ɚɝəɚɎəɧɑ ɠɟəɖɢɔɚəɌɗɨəɧɑ ɖɚɘɛɚəɑəɞɧ ɔ 

ɜɌɓɜɌɍɌɞɧɎɌɑɞɝɫ ɠɟəɖɢɔɚəɌɗɨəɌɫ ɝɡɑɘɌ ɛɜɚɏɜɌɘɘəɚɏɚ ɚɍɑɝɛɑɣɑəɔɫ, 

ɜɑɌɗɔɓɟɪɥɑɏɚ ɚɝəɚɎəɧɑ ɠɟəɖɢɔɔ ɟɛɜɌɎɗɑəɔɫ ɜɚɍɚɞɚɘ. Ȼɜɔɘɑɜ ɠɟəɖ-

ɢɔɚəɌɗɨəɚɕ ɝɡɑɘɧ ɛɜɚɏɜɌɘɘəɚɏɚ ɚɍɑɝɛɑɣɑəɔɫ ɍɚɜɞɚɎɚɏɚ ɖɚɘɛɨɪɞɑɜɌ 

ɛɜɑɐɝɞɌɎɗɑə əɌ ɜɔɝ. 4.19.  

 
ȼɔɝ. 4.19. ɀɟəɖɢɔɚəɌɗɨəɌɫ ɝɡɑɘɌ ɛɜɚɏɜɌɘɘəɚɏɚ ɚɍɑɝɛɑɣɑəɔɫ 

ȻɜɚɏɜɌɘɘəɚɑ ɚɍɑɝɛɑɣɑəɔɑ ɍɚɜɞɚɎɚɏɚ ɖɚɘɛɨɪɞɑɜɌ ɔɘɑɑɞ ɟɜɚɎəɑɎɟɪ 

ɝɞɜɟɖɞɟɜɟ. Ⱥɍɥɟɪ ɖɚɚɜɐɔəɌɢɔɪ ɜɌɍɚɞɧ ɛɜɚɏɜɌɘɘəɚɏɚ ɚɍɑɝɛɑɣɑəɔɫ 
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ɚɝɟɥɑɝɞɎɗɫɑɞ ɛɗɌəɔɜɚɎɥɔɖ. Ȯ ɑɏɚ ɠɟəɖɢɔɔ Ɏɡɚɐɔɞ əɌɝɞɜɚɕɖɌ ɐɜɟɏɔɡ 

ɘɚɐɟɗɑɕ Ɏ ɝɚɚɞɎɑɞɝɞɎɔɔ ɝ ɞɑɖɟɥɔɘ ɜɑɒɔɘɚɘ ɜɌɍɚɞɧ.  

Ȼɜɔ ɌɎɞɚɘɌɞɔɣɑɝɖɚɘ ɛɚɗɑɞɑ ɛɚ ɓɌɐɌəɔɪ ɛɗɌəɔɜɚɎɥɔɖ ɎɧɍɔɜɌɑɞ 

ɞɑɖɟɥɟɪ ɞɜɌɑɖɞɚɜɔɪ ɔɓ ɛɚɗɑɞəɚɏɚ ɓɌɐɌəɔɫ ɔ ɛɑɜɑɐɌɑɞ ɑɑ Ɏ ɘɚɐɟɗɨ 

ɜɌɝɣɑɞɌ ɟɛɜɌɎɗɑəɔɕ, ɐɌɗɑɑ ɚɞɝɗɑɒɔɎɌɑɞ ɛɚɗɑɞ Ɏɐɚɗɨ ɓɌɐɌəəɚɕ ɞɜɌɑɖ-

ɞɚɜɔɔ ɔ ɎɧɍɔɜɌɑɞ ɘɚɘɑəɞ ɛɑɜɑɖɗɪɣɑəɔɫ əɌ ɝɗɑɐɟɪɥɟɪ ɞɜɌɑɖɞɚɜɔɪ ɔɓ 

ɛɚɗɑɞəɚɏɚ ɓɌɐɌəɔɫ. 

Ȼɜɔ ɐɔɝɞɌəɢɔɚəəɚɘ ɟɛɜɌɎɗɑəɔɔ ɛɗɌəɔɜɚɎɥɔɖ ɚɝɟɥɑɝɞɎɗɫɑɞ 

əɌɝɞɜɚɕɖɟ ɘɚɐɟɗɫ ɜɌɝɣɑɞɌ ɟɛɜɌɎɗɑəɔɕ əɌ ɎɧɍɜɌəəɧɕ ɜɑɒɔɘ ɐɔɝɞɌə-

ɢɔɚəəɚɏɚ ɟɛɜɌɎɗɑəɔɫ ð ɐɔɝɞɌəɢɔɚəəɚɑ ɟɛɜɌɎɗɑəɔɑ ɔɝɛɚɗəɔɞɑɗɨəɧɘɔ 

ɘɑɡɌəɔɓɘɌɘɔ ɗɔɍɚ ɐɔɝɞɌəɢɔɚəəɚɑ ɟɛɜɌɎɗɑəɔɑ ɐɎɔɒɑəɔɑɘ. 

ȸɚɐɟɗɨ ɜɌɝɣɑɞɌ ɟɛɜɌɎɗɑəɔɕ ɎɖɗɪɣɌɑɞ Ɏ ɝɑɍɫ ɛɜɚɏɜɌɘɘəɟɪ ɜɑɌɗɔ-

ɓɌɢɔɪ ɌɗɏɚɜɔɞɘɚɎ ɜɌɝɣɑɞɌ ɟɝɞɌɎɚɖ əɌ ɔɝɛɚɗəɔɞɑɗɨəɧɑ  ɘɑɡɌəɔɓɘɧ 

ɐɗɫ ɐɎɔɒɑəɔɫ Ɏɐɚɗɨ ɓɌɐɌəəɚɕ ɞɜɌɑɖɞɚɜɔɔ, Ɍ ɞɌɖɒɑ ɠɟəɖɢɔɔ ɜɌɝɣɑɞɌ 

ɟɛɜɌɎɗɑəɔɕ ɛɜɔ ɐɔɝɞɌəɢɔɚəəɚɘ ɟɛɜɌɎɗɑəɔɔ ɐɎɔɒɑəɔɑɘ. 

ȸɚɐɟɗɨ ɜɌɝɣɑɞɌ ɟɛɜɌɎɗɑəɔɕ Ɏɚɓɐɟɤəɚ-ɏɌɓɚɎɚɕ ɝɔɝɞɑɘɧ (ȮȯȽ) ɜɑɌ-

ɗɔɓɟɑɞ ɜɌɝɣɑɞ ɟɛɜɌɎɗɑəɔɕ ɔɝɛɚɗəɔɞɑɗɨəɧɘɔ ɘɑɡɌəɔɓɘɌɘɔ ȮȯȽ. 

ȴəɞɑɜɠɑɕɝɧ əɌɎɔɏɌɢɔɚəəɚɕ ɝɔɝɞɑɘɧ, ɐɌɞɣɔɖɚɎ ɝɜɑɐɧ, ɔɝɛɚɗəɔ-

ɞɑɗɨəɧɡ ɘɑɡɌəɔɓɘɚɎ, ɌɎɌɜɔɕəɚɕ ɝɔɝɞɑɘɧ ɜɑɌɗɔɓɟɪɞ ɛɜɚɞɚɖɚɗɧ ɛɚɗɟ-

ɣɑəɔɫ ɐɌəəɧɡ ɚɞ ɩɞɔɡ ɍɗɚɖɚɎ ɔ ɚɞɛɜɌɎɖɔ ɖɚɘɌəɐ ɟɛɜɌɎɗɑəɔɫ ɔɘɔ. ȸɚ-

ɐɟɗɔ ɔəɞɑɜɠɑɕɝɚɎ ɚɝɟɥɑɝɞɎɗɫɪɞ ɞɌɖɒɑ ɐɔɌɏəɚɝɞɔɖɟ ɔɝɛɜɌɎəɚɝɞɔ ɝɚɚɞ-

ɎɑɞɝɞɎɟɪɥɔɡ ɟɝɞɜɚɕɝɞɎ ɐɗɫ ɔɝɛɚɗɨɓɚɎɌəɔɫ ɩɞɚɕ ɔəɠɚɜɘɌɢɔɔ ɐɔɌɏəɚ-

ɝɞɔɣɑɝɖɚɕ ɝɔɝɞɑɘɚɕ. ȴəɞɑɜɠɑɕɝ ɌɎɌɜɔɕəɚɕ ɝɔɝɞɑɘɧ ɜɑɌɗɔɓɟɑɞ ɛɜɚɞɚ-

ɖɚɗ ɚɞɛɜɌɎɖɔ ɝɔɏəɌɗɚɎ ɔ ɖɚɘɌəɐ Ɏ ɌɎɌɜɔɕəɧɕ ɍɗɚɖ ɔ ɛɚɗɟɣɑəɔɫ ɐɌə-

əɧɡ ɚɞ əɑɏɚ. 

ȴəɞɑɜɠɑɕɝ ɎɔɐɑɚɖɌɘɑɜɧ ɜɑɌɗɔɓɟɑɞ ɠɟəɖɢɔɔ ɛɚɗɟɣɑəɔɫ ɔɓɚɍɜɌ-

ɒɑəɔɕ ɔ ɛɚɐɏɚɞɚɎɖɟ ɔɡ ɛɑɜɑɐɌɣɔ əɌ əɌɓɑɘəɧɕ ɛɟəɖɞ. ȴəɞɑɜɠɑɕɝ ɛɚ-

Ɏɚɜɚɞəɚɏɚ ɟɝɞɜɚɕɝɞɎɌ ɎɔɐɑɚɖɌɘɑɜɧ ɜɑɌɗɔɓɟɑɞ ɛɜɚɞɚɖɚɗ ɟɛɜɌɎɗɑəɔɫ 

ɛɚɎɚɜɚɞəɧɘ ɟɝɞɜɚɕɝɞɎɚɘ ɔ ɛɚɗɟɣɑəɔɫ ɔəɠɚɜɘɌɢɔɔ ɚ ɑɏɚ ɝɚɝɞɚɫəɔɔ.  

ȸɚɐɟɗɨ ɐɌəəɧɡ ɜɑɌɗɔɓɟɑɞ ɝɞɜɟɖɞɟɜɔɜɚɎɌəəɚɑ ɡɜɌəɑəɔɑ ɐɌəəɧɡ, 

ɚɛɔɝɧɎɌɪɥɔɡ ɝɚɝɞɚɫəɔɑ ɜɚɍɚɞɌ ɔ ɝɔɝɞɑɘɧ ɟɛɜɌɎɗɑəɔɫ ɛɚɗɑɞɚɘ. ȸɚ-

ɐɟɗɨ ɛɚɗɟɣɌɑɞ ɐɌəəɧɑ ɚɞ ɔəɞɑɜɠɑɕɝɚɎ əɌɎɔɏɌɢɔɚəəɚɕ ɝɔɝɞɑɘɧ, ɐɌɞ-

ɣɔɖɚɎ ɝɜɑɐɧ, ɩɗɑɖɞɜɚəəɧɡ ɍɗɚɖɚɎ ɔɝɛɚɗəɔɞɑɗɨəɧɡ ɘɑɡɌəɔɓɘɚɎ (ɔ ɐɜ.) 

ɔ ɛɜɑɐɚɝɞɌɎɗɫɑɞ ɠɟəɖɢɔɔ ɐɚɝɞɟɛɌ ɖ əɔɘ. 

ȸɚɐɟɗɨ əɌɍɗɪɐɌɞɑɗɫ ɜɑɌɗɔɓɟɑɞ Ɍɗɏɚɜɔɞɘɧ ɚɢɑəɔɎɌəɔɫ Ɏɚɓɘɟɥɑ-

əɔɕ. ȹɌ ɚɝəɚɎɑ ɔəɠɚɜɘɌɢɔɔ ɚ ɝɚɝɞɚɫəɔɔ ɜɚɍɚɞɌ ɔ ɔɝɛɚɗəɔɞɑɗɨəɧɡ ɘɑ-

ɡɌəɔɓɘɚɎ, ɛɚɗɟɣɑəəɚɕ ɔɓ ɘɚɐɟɗɫ ɐɌəəɧɡ,  ɠɚɜɘɔɜɟɪɞɝɫ ɚɢɑəɖɔ Ɏɚɓ-

ɘɟɥɌɪɥɔɡ ɎɚɓɐɑɕɝɞɎɔɕ. 

ȰɔɌɏəɚɝɞɔɣɑɝɖɌɫ ɝɔɝɞɑɘɌ ɛɚɗɟɣɌɑɞ ɐɚɝɞɟɛ ɖɚ Ɏɝɑɕ ɔəɠɚɜɘɌɢɔɔ ɚ 

ɝɚɝɞɚɫəɔɔ ɜɚɍɚɞɌ ɔ ɝɔɝɞɑɘɧ ɟɛɜɌɎɗɑəɔɫ ɛɚɗɑɞɚɘ, ɜɑɌɗɔɓɟɑɞ Ɍɗɏɚɜɔɞ-

ɘɧ ɐɔɌɏəɚɝɞɔɖɔ ɔ ɛɜɑɐɟɛɜɑɒɐɑəɔɫ əɑɔɝɛɜɌɎəɚɝɞɑɕ Ɏ ɝɚɚɞɎɑɞɝɞɎɔɔ ɝ 

ɛɑɜɑɣəɑɘ ɐɔɌɏəɚɝɞɔɜɟɑɘɧɡ ɝɔɞɟɌɢɔɕ. 
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Ȯ ɖɌɣɑɝɞɎɑ ɛɜɚɏɜɌɘɘəɚɕ ɛɗɌɞɠɚɜɘɧ ɜɚɍɚɞɚɞɑɡəɔɣɑɝɖɔɡ ɝɔɝɞɑɘ 

ɔɝɛɚɗɨɓɟɪɞ ɟəɔɎɑɜɝɌɗɨəɧɑ ɚɛɑɜɌɢɔɚəəɧɑ ɝɔɝɞɑɘɧ, ɣɞɚ ɝɟɥɑɝɞɎɑəəɚ 

ɝəɔɒɌɑɞ ɝɜɚɖɔ ɜɌɓɜɌɍɚɞɖɔ, ɟɎɑɗɔɣɔɎɌɑɞ ɖɌɣɑɝɞɎɚ ɔ ɟɐɚɍɝɞɎɚ ɩɖɝɛɗɟɌ-

ɞɌɢɔɔ. 

Ȱɗɫ ɜɑɌɗɔɓɌɢɔɔ ɛɜɚɏɜɌɘɘəɚɏɚ ɚɍɑɝɛɑɣɑəɔɫ ɝɔɝɞɑɘɧ ɟɛɜɌɎɗɑəɔɫ 

ɜɚɍɚɞɌɘɔ ɝɟɥɑɝɞɎɟɑɞ ɘɑɞɌ-ɚɛɑɜɌɢɔɚəəɌɫ ɝɔɝɞɑɘɌ ɐɗɫ ɜɚɍɚɞɚɞɑɡəɔɣɑ-

ɝɖɔɡ ɝɔɝɞɑɘ Robot Operating System (ROS). 

ROS ɛɜɑɐɚɝɞɌɎɗɫɑɞ ɜɌɍɚɣɟɪ ɝɜɑɐɟ ɐɗɫ ɝɚɓɐɌəɔɫ ɛɜɚɏɜɌɘɘ, ɜɑɤɌ-

ɪɥɔɡ ɓɌɐɌɣɔ ɟɛɜɌɎɗɑəɔɫ, əɌɎɔɏɌɢɔɔ, ɚɍɜɌɍɚɞɖɔ ɐɌəəɧɡ. ȺəɌ ɜɑɌɗɔ-

ɓɟɑɞ ɔəɞɑɜɠɑɕɝɧ ɌɛɛɌɜɌɞəɧɡ ɝɜɑɐɝɞɎ ɖɚɘɛɨɪɞɑɜɌ, ɘɑɡɌəɔɓɘɧ ɚɍɘɑəɌ 

ɝɚɚɍɥɑəɔɫɘɔ ɘɑɒɐɟ ɛɜɚɢɑɝɝɌɘɔ, ɟɛɜɌɎɗɑəɔɑ ɛɌɖɑɞɌɘɔ ɛɜɚɏɜɌɘɘəɚɏɚ 

ɚɍɑɝɛɑɣɑəɔɫ, ɜɌɓɗɔɣəɧɑ ɔəɝɞɜɟɘɑəɞɧ. 

Ȼɜɔ ɜɑɤɑəɔɔ ɓɌɐɌɣɔ ɚɜɏɌəɔɓɌɢɔɔ ɐɌəəɧɡ ɛɜɚɏɜɌɘɘəɚɏɚ ɚɍɑɝɛɑ-

ɣɑəɔɫ ɜɚɍɚɞɌ əɑɚɍɡɚɐɔɘɚ ɜɌɝɝɘɚɞɜɑɞɨ Ɏɝɑ əɑɚɍɡɚɐɔɘɧɑ ɞɔɛɧ ɐɌəəɧɡ, 

ɖɌɖ ɛɜɚɝɞɧɡ, əɌɛɜɔɘɑɜ bool; int, float, string, ɞɌɖ ɔ ɝɗɚɒəɧɡ, ɞɌɖɔɡ ɖɌɖ 

ɘɌɝɝɔɎɧ, ɓɌɏɚɗɚɎɖɔ, ɝɞɜɟɖɞɟɜɧ ɔ ɛɜ. Ⱥɛɜɑɐɑɗɑəɔɑ ɞɔɛɚɎ ɐɌəəɧɡ əɑɚɍ-

ɡɚɐɔɘɚ ɐɗɫ ɚɜɏɌəɔɓɌɢɔɔ ɚɍɘɑəɌ ɐɌəəɧɘɔ ɘɑɒɐɟ ɩɗɑɘɑəɞɌɘɔ ɝɔɝɞɑɘɧ 

ɟɛɜɌɎɗɑəɔɫ ɜɚɍɚɞɌ. 

Ȼɟɝɞɨ əɑɚɍɡɚɐɔɘɚ ɝɠɚɜɘɔɜɚɎɌɞɨ ɝɞɜɟɖɞɟɜɟ ɐɌəəɧɡ, ɚɛɜɑɐɑɗɫɪ-

ɥɔɡ ɞɜɌɑɖɞɚɜɔɪ ɐɎɔɒɑəɔɫ ɐɗɫ ɍɑɝɛɔɗɚɞəɚɏɚ ɗɑɞɌɞɑɗɨəɚɏɚ ɌɛɛɌɜɌɞɌ. 

ȹɌɓɚɎɑɘ ɩɞɚɞ ɞɔɛ ɐɌəəɧɡ çȾɜɌɑɖɞɚɜɔɫè. 

Ⱦɔɛ ɐɌəəɧɡ çȾɜɌɑɖɞɚɜɔɫè ɚɛɜɑɐɑɗɫɑɞ ɞɑɖɟɥɑɑ ɓɌɐɌəɔɑ ɐɗɫ ɘɚɐɟ-

ɗɫ ɜɌɝɣɑɞɌ ɟɛɜɌɎɗɑəɔɫ ɛɜɔ ɜɌɍɚɞɑ Ɏ ɜɑɒɔɘɑ ɌɎɞɚəɚɘəɚɏɚ ɟɛɜɌɎɗɑəɔɫ 

ɐɎɔɒɑəɔɑɘ, ɞ.ɑ. ɝɑɏɘɑəɞ ɛɚɗɑɞəɚɏɚ ɓɌɐɌəɔɫ. Ƚ ɔɝɛɚɗɨɓɚɎɌəɔɑɘ ɐɌəəɚ-

ɏɚ ɞɔɛɌ ɘɚɒəɚ ɓɌɐɌɞɨ ɞɜɑɍɚɎɌəɔɑ ɖ ɐɎɔɒɑəɔɪ ɜɚɍɚɞɌ Ɏ ɝɗɑɐɟɪɥɔɡ ɎɌ-

ɜɔɌəɞɌɡ:  

ð ɞɜɑɍɚɎɌəɔɑ ɖ ɞɜɌɑɖɞɚɜɔɔ ɐɎɔɒɑəɔɫ; 

ð ɞɜɑɍɚɎɌəɔɫ ɖ ɝɖɚɜɚɝɞɔ ɐɎɔɒɑəɔɫ; 

ð ɞɜɑɍɚɎɌəɔɫ ɖ ɟɏɗɌɘ ɚɜɔɑəɞɌɢɔɔ; 

ð ɞɜɑɍɚɎɌəɔɑ ɖ ɞɚɣɖɑ ɓɌɎɔɝɌəɔɫ ɔ Ɏɜɑɘɑəɔ ɓɌɎɔɝɌəɔɫ. 

ȾɚɏɐɌ ɞɔɛ ɐɌəəɧɡ çȾɜɌɑɖɞɚɜɔɫè ɛɜɑɐɝɞɌɎɗɫɑɞ ɝɚɍɚɕ ɝɞɜɟɖɞɟɜɟ, ɝɚ-

ɐɑɜɒɌɥɟɪ ɝɗɑɐɟɪɥɔɑ ɛɚɗɫ: 

bool set_course  # ɀɗɌɏ ɞɜɑɍɚɎɌəɔɫ ɖ ɖɟɜɝɟ 

bool set_yaw # ɀɗɌɏ ɞɜɑɍɚɎɌəɔɫ ɖ ɖɜɑəɟ 

bool set_pitch  ɀɗɌɏ ɞɜɑɍɚɎɌəɔɫ ɖ ɞɌəɏɌɒɟ 

bool is_point # ɀɗɌɏ ɜɑɒɔɘɌ ɓɌɎɔɝɌəɔɫ Ɏ ɞɚɣɖɑ 

Surface surf1 # ȻɑɜɎɌɫ ɛɚɎɑɜɡəɚɝɞɨ ɐɗɫ ɓɌɐɌəɔɫ ɞɜɌɑɖɞɚɜɔɔ 

Surface surf2  # ȮɞɚɜɌɫ ɛɚɎɑɜɡəɚɝɞɨ ɐɗɫ ɓɌɐɌəɔɫ ɞɜɌɑɖɞɚɜɔɔ 

float32 vk  # ȲɑɗɌɑɘɌɫ ɝɖɚɜɚɝɞɨ ɐɎɔɒɑəɔɫ əɌ ɞɜɌɑɖɞɚɜɔɔ 

float32 course # ȲɑɗɌɑɘɧɕ ɖɟɜɝ (ɔɝɛɚɗɨɓɟɑɞɝɫ ɑɝɗɔ 

set_course==true)  

float32 yaw # ȲɑɗɌɑɘɧɕ ɖɜɑə (ɔɝɛɚɗɨɓɟɑɞɝɫ ɑɝɗɔ set_yaw==true) 
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float32 pitch # ȲɑɗɌɑɘɧɕ ɞɌəɏɌɒ (ɔɝɛɚɗɨɓɟɑɞɝɫ ɑɝɗɔ 

set_pitch==true)  

uint64 hovering_time # Ȯɜɑɘɫ ɓɌɎɔɝɌəɔɫ Ɏ ɞɚɣɖɑ (ɔɝɛɚɗɨɓɟɑɞɝɫ ɑɝ-

ɗɔ is_point==true) 

geometry_msgs/Point p0 # ȹɌɣɌɗɨəɌɫ ɞɚɣɖɌ ɞɜɌɑɖɞɚɜɔɔ 

geometry_msgs/Point p1 # ȶɚəɑɣəɌɫ ɞɚɣɖɌ ɞɜɌɑɖɞɚɜɔɔ (ɞɚɣɖɌ ɛɑɜɑ-

ɖɗɪɣɑəɔɫ) 

ȮɓɌɔɘɚɐɑɕɝɞɎɔɑ ɜɌɓɗɔɣəɧɡ ɛɜɚɏɜɌɘɘəɧɡ ɘɚɐɟɗɑɕ ɚɝɟɥɑɝɞɎɗɫɑɞ-

ɝɫ ɛɚɝɜɑɐɝɞɎɚɘ ɛɑɜɑɐɌɣɔ ɞɔɛɚɎ ɐɌəəɧɡ. 

ȹɌɛɜɔɘɑɜ, əɌ ɜɔɝ. 4.20. ɛɜɑɐɝɞɌɎɗɑə ɛɜɔɘɑɜ ɎɓɌɔɘɚɐɑɕɝɞɎɔɫ ɣɑ-

ɞɧɜɑɡ ɞɔɛɚɎ ɐɌəəɧɡ: çȻɚɗɑɞəɚɑ ɓɌɐɌəɔɑè (FlightTask ); çȻɚɎɑɜɡəɚɝɞɨè 

(Surface); çȾɜɌɑɖɞɚɜɔɫè (Trajectory ); çȾɚɣɖɌè (Point ). 

ȹɌ ɚɝəɚɎɑ ɞɌɖɔɡ ɎɓɌɔɘɚɐɑɕɝɞɎɔɕ ɝɚɝɞɌɎɗɫɪɞɝɫ ɐɔɌɏɜɌɘɘɧ ɐɗɫ 

Ɏɝɑɕ ɝɔɝɞɑɘɧ, ɖɌɖ əɌ ɜɔɝ. 4.21. 

 
ȼɔɝ. 4.20. ȽɡɑɘɌ ɎɓɌɔɘɚɐɑɕɝɞɎɔɫ ɜɌɓɗɔɣəɧɡ ɞɔɛɚɎ ɐɌəəɧɡ 

 

 

 
ȼɔɝ. 4.21. Ȼɜɔɘɑɜ ɝɡɑɘɧ ɎɓɌɔɘɚɐɑɕɝɞɎɔɫ ɛɜɚɏɜɌɘɘəɧɡ ɘɚɐɟɗɑɕ ɝɔ-

ɝɞɑɘɧ ɟɛɜɌɎɗɑəɔɫ ɜɚɍɚɞɌ 
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4.11. Ȼɜɚɑɖɞəɚɑ ɓɌɐɌəɔɑ 

ȼɌɓɜɌɍɚɞɌɞɨ Ɍɜɡɔɞɑɖɞɟɜɟ ɛɜɚɏɜɌɘɘəɚɏɚ ɚɍɑɝɛɑɣɑəɔɫ ɔ ɝɡɑɘɟ ɎɓɌ-

ɔɘɚɐɑɕɝɞɎɔɫ ɛɜɚɏɜɌɘɘəɧɡ ɘɚɐɟɗɑɕ ɜɚɍɚɞɌ, ɔɝɛɚɗɨɓɟɫ ɛɜɔɎɑɐɑəəɧɑ Ɏ 

ɜɌɓɐ. 4.9 ɛɜɔɘɑɜɧ. ȮɌɜɔɌəɞɧ ɓɌɐɌəɔɕ ɚɛɜɑɐɑɗɫɪɞɝɫ ɞɑɘɌɞɔɖɚɕ ɐɔ-

ɛɗɚɘəɧɡ ɛɜɚɑɖɞɚɎ ɝɞɟɐɑəɞɚɎ ɔɗɔ ɎɧɐɌɪɞɝɫ ɛɜɑɛɚɐɌɎɌɞɑɗɑɘ ɔəɐɔɎɔ-

ɐɟɌɗɨəɚ. 

4.12. ȼɌɝɣɑɞ əɌɐɑɒəɚɝɞɔ ɜɚɍɚɞɚɞɑɡəɔɣɑɝɖɚɕ ɝɔɝɞɑɘɧ 

ȼɌɝɣɑɞɧ əɌɐɑɒəɚɝɞɔ + ɜɌɝɣɑɞɧ, ɛɜɑɐəɌɓəɌɣɑəəɧɑ ɐɗɫ ɚɛɜɑɐɑɗɑ-

əɔɫ ɖɚɗɔɣɑɝɞɎɑəəɧɡ ɛɚɖɌɓɌɞɑɗɑɕ əɌɐɑɒəɚɝɞɔ. 

ȹɌ ɩɞɌɛɑ ɛɜɚɑɖɞɔɜɚɎɌəɔɫ ɜɌɝɣɑɞ əɌɐɑɒəɚɝɞɔ ɛɜɚɔɓɎɚɐɔɞɝɫ ɝ ɢɑ-

ɗɨɪ ɛɜɚɏəɚɓɔɜɚɎɌəɔɫ ɚɒɔɐɌɑɘɚɕ əɌɐɑɒəɚɝɞɔ ɛɜɚɑɖɞɔɜɟɑɘɚɕ ɝɔɝɞɑɘɧ 

ɐɗɫ ɚɍɚɝəɚɎɌəɔɫ ɛɜɚɑɖɞɌ ɔ ɐɗɫ ɜɑɤɑəɔɫ ɝɗɑɐɟɪɥɔɡ ɎɚɛɜɚɝɚɎ: 

ð ɎɧɍɚɜɌ ɚɛɞɔɘɌɗɨəɚɏɚ ɎɌɜɔɌəɞɌ ɝɞɜɟɖɞɟɜɧ; 

ð ɝɛɚɝɚɍɌ ɜɑɓɑɜɎɔɜɚɎɌəɔɫ; 

ð ɏɗɟɍɔəɧ ɔ ɘɑɞɚɐɚɎ ɖɚəɞɜɚɗɫ; 

ð ɖɚɗɔɣɑɝɞɎɌ ɓɌɛɌɝəɧɡ ɩɗɑɘɑəɞɚɎ; 

ð ɛɑɜɔɚɐɔɣəɚɝɞɔ ɛɜɚɠɔɗɌɖɞɔɖɔ. 

ȹɌ ɩɞɌɛɑ ɔɝɛɧɞɌəɔɕ ɔ ɩɖɝɛɗɟɌɞɌɢɔɔ ɜɌɝɣɑɞɧ əɌɐɑɒəɚɝɞɔ ɛɜɚɎɚ-

ɐɫɞɝɫ ɐɗɫ ɚɢɑəɖɔ ɖɚɗɔɣɑɝɞɎɑəəɧɡ ɛɚɖɌɓɌɞɑɗɑɕ əɌɐɑɒəɚɝɞɔ. ȾɌɖɔɑ 

ɜɌɝɣɑɞɧ əɚɝɫɞ, ɖɌɖ ɛɜɌɎɔɗɚ, ɡɌɜɌɖɞɑɜ ɖɚəɝɞɌɞɌɢɔɔ. ȼɑɓɟɗɨɞɌɞɧ ɜɌɝɣɑ-

ɞɚɎ Ɏ ɩɞɚɘ ɝɗɟɣɌɑ ɛɚɖɌɓɧɎɌɪɞ, ɖɌɖɚɕ əɌɐɑɒəɚɝɞɨɪ ɚɍɗɌɐɌɗɔ ɚɍɦɑɖɞɧ, 

ɛɜɚɤɑɐɤɔɑ ɔɝɛɧɞɌəɔɫ ɔɗɔ ɔɝɛɚɗɨɓɟɑɘɧɑ Ɏ əɑɖɚɞɚɜɧɡ ɟɝɗɚɎɔɫɡ ɩɖɝ-

ɛɗɟɌɞɌɢɔɔ. ȹɌ ɚɝəɚɎɌəɔɔ ɩɞɔɡ ɜɌɝɣɑɞɚɎ ɜɌɓɜɌɍɌɞɧɎɌɪɞɝɫ ɘɑɜɧ ɛɚ ɛɚ-

Ɏɧɤɑəɔɪ əɌɐɑɒəɚɝɞɔ, ɚɛɜɑɐɑɗɫɪɞɝɫ ɝɗɌɍɧɑ ɘɑɝɞɌ ɚɍɦɑɖɞɌ, ɐɌɪɞɝɫ 

ɚɢɑəɖɔ ɑɏɚ əɌɐɑɒəɚɝɞɔ ɔ Ɏɗɔɫəɔɫ əɌ əɑɑ ɚɞɐɑɗɨəɧɡ ɠɌɖɞɚɜɚɎ. 

ȽɟɥɑɝɞɎɟɑɞ əɑɝɖɚɗɨɖɚ ɝɛɚɝɚɍɚɎ ɜɌɝɣɑɞɌ əɌɐɑɒəɚɝɞɔ, ɛɜɑɐɝɞɌɎɗɑə-

əɧɡ əɌ ɜɔɝ. 4.22. 

ɉɗɑɘɑəɞəɧɕ ɜɌɝɣɑɞ + ɚɛɜɑɐɑɗɑəɔɑ ɛɚɖɌɓɌɞɑɗɑɕ əɌɐɑɒəɚɝɞɔ ɚɍɦ-

ɑɖɞɌ, ɚɍɟɝɗɚɎɗɑəəɧɡ əɌɐɑɒəɚɝɞɨɪ ɑɏɚ ɩɗɑɘɑəɞɚɎ. Ȯ ɜɑɓɟɗɨɞɌɞɑ ɞɌɖɚɏɚ 

ɜɌɝɣɑɞɌ ɚɢɑəɔɎɌɑɞɝɫ Ɏɑɜɚɫɞəɚɝɞɨ ɞɚɏɚ, ɣɞɚ ɚɍɦɑɖɞ ɍɟɐɑɞ əɌɡɚɐɔɞɨɝɫ Ɏ 

ɜɌɍɚɞɚɝɛɚɝɚɍəɚɘ ɝɚɝɞɚɫəɔɔ, ɝɜɑɐəɫɫ əɌɜɌɍɚɞɖɌ əɌ ɚɞɖɌɓ ɔ ɞ.ɛ. 

ȽɌɘɧɕ ɛɜɚɝɞɚɕ ɜɌɝɣɑɞ: ɩɗɑɘɑəɞəɧɕ ɜɌɝɣɑɞ ɌɛɛɌɜɌɞɟɜəɚɕ əɌɐɑɒ-

əɚɝɞɔ ɛɜɚɝɞɧɡ ɔɓɐɑɗɔɕ, əɑɜɑɓɑɜɎɔɜɚɎɌəəɧɡ, ɍɑɓ ɟɣɑɞɌ ɎɚɝɝɞɌəɚɎɗɑəɔɕ 

ɜɌɍɚɞɚɝɛɚɝɚɍəɚɝɞɔ ɛɜɔ ɟɝɗɚɎɔɔ, ɣɞɚ Ɏɜɑɘɫ ɜɌɍɚɞɧ ɐɚ ɚɞɖɌɓɌ ɛɚɐɣɔəɑəɚ 

ɩɖɝɛɚəɑəɢɔɌɗɨəɚɘɟ ɜɌɝɛɜɑɐɑɗɑəɔɪ. 
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ȼɔɝ. 4.21. ȸɑɞɚɐɧ ɜɌɝɣɑɞɌ əɌɐɑɒəɚɝɞɔ 

 

ȽɌɘɧɕ ɝɗɚɒəɧɕ ɜɌɝɣɑɞ: ɠɟəɖɢɔɚəɌɗɨəɚɕ əɌɐɑɒəɚɝɞɔ ɝɗɚɒəɧɡ 

ɜɑɓɑɜɎɔɜɚɎɌəəɧɡ ɝɔɝɞɑɘ ɝ ɟɣɑɞɚɘ ɎɚɝɝɞɌəɚɎɗɑəɔɫ ɔɡ ɜɌɍɚɞɚɝɛɚɝɚɍəɚ-

ɝɞɔ ɔ ɜɌɓɗɔɣəɧɡ ɓɌɖɚəɚɎ ɜɌɝɛɜɑɐɑɗɑəɔɫ Ɏɜɑɘɑəɔ ɜɌɍɚɞɧ ɔ Ɏɜɑɘɑəɔ 

ɎɚɝɝɞɌəɚɎɗɑəɔɫ.  

Ȯɧɍɚɜ ɎɔɐɌ ɜɌɝɣɑɞɌ əɌɐɑɒəɚɝɞɔ ɚɛɜɑɐɑɗɫɑɞɝɫ ɓɌɐɌəɔɑɘ, əɌ ɚɝəɚɎɑ 

ɖɚɞɚɜɚɏɚ ɝɚɝɞɌɎɗɫɑɞɝɫ Ɍɗɏɚɜɔɞɘ ɜɌɝɣɑɞɌ əɌɐɑɒəɚɝɞɔ, ɞ.ɑ. ɛɚɝɗɑɐɚɎɌ-

ɞɑɗɨəɚɝɞɨ ɩɞɌɛɚɎ ɜɌɝɣɑɞɌ ɔ ɜɌɝɣɑɞəɧɑ ɠɚɜɘɟɗɧ. 

Ȯ ɓɌɐɌəɔɔ əɌ ɜɌɝɣɑɞ əɌɐɑɒəɚɝɞɔ ɐɚɗɒəɧ ɍɧɞɨ: 

1) əɌɓəɌɣɑəɔɑ ɝɔɝɞɑɘɧ, ɑɑ ɝɚɝɞɌɎ ɔ ɝɎɑɐɑəɔɫ ɚ ɠɟəɖɢɔɚəɔɜɚɎɌəɔɔ;  

2) ɛɚɖɌɓɌɞɑɗɔ əɌɐɑɒəɚɝɞɔ ɔ ɛɜɔɓəɌɖɔ ɚɞɖɌɓɚɎ; 

3) ɟɝɗɚɎɔɫ, Ɏ ɖɚɞɚɜɧɡ ɜɌɍɚɞɌɑɞ ɝɔɝɞɑɘɌ; 

4) ɞɜɑɍɚɎɌəɔɫ ɖ ɞɚɣəɚɝɞɔ ɔ ɐɚɝɞɚɎɑɜəɚɝɞɔ ɜɌɝɣɑɞɚɎ. 

Ⱥɍɥɔɕ Ɍɗɏɚɜɔɞɘ ɜɌɝɣɑɞɌ əɌɐɑɒəɚɝɞɔ ɛɜɑɐɝɞɌɎɗɑə əɌ ɜɔɝ. 4.23. 

ȹɌ ɚɝəɚɎɌəɔɔ ɔɓɟɣɑəɔɫ ɓɌɐɌəɔɫ ɐɑɗɌɑɞɝɫ ɎɧɎɚɐ ɚ ɡɌɜɌɖɞɑɜɑ ɛɜɑɐ-

ɝɞɚɫɥɔɡ ɜɌɝɣɑɞɚɎ. Ȯ ɝɗɟɣɌɑ ɜɌɝɣɑɞɌ ɠɟəɖɢɔɚəɌɗɨəɚɕ əɌɐɑɒəɚɝɞɔ 

ɚɝɟɥɑɝɞɎɗɫɑɞɝɫ ɛɑɜɑɡɚɐ ɖ ɩɞɌɛɌɘ 4-5-7, Ɏ ɝɗɟɣɌɑ ɜɌɝɣɑɞɌ ɩɗɑɘɑəɞɚɎ 

(ɌɛɛɌɜɌɞɟɜəɚɕ əɌɐɑɒəɚɝɞɔ) -  ɖ ɩɞɌɛɌɘ 3-6-7. 
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ȼɔɝ. 4.23. Ȭɗɏɚɜɔɞɘ ɜɌɝɣɑɞɌ əɌɐɑɒəɚɝɞɔ 

 

ȹɌɔɍɚɗɑɑ ɛɜɚɝɞɚ ɜɌɝɝɣɔɞɌɞɨ əɌɐɑɒəɚɝɞɨ əɌ ɚɝəɚɎɑ ɝɞɜɟɖɞɟɜəɚɕ 

ɝɡɑɘɧ əɌɐɑɒəɚɝɞɔ, ɛɜɑɐɝɞɌɎɗɑəəɚɕ əɌ ɜɔɝ. 4.24. 

 
ȼɔɝ. 4.24. ȾɔɛɚɎɧɑ ɝɞɜɟɖɞɟɜəɧɑ ɝɡɑɘɧ əɌɐɑɒəɚɝɞɔ 

 

ȹɌ ɝɞɜɟɖɞɟɜəɚɕ ɝɡɑɘɑ əɌɐɑɒəɚɝɞɔ ɛɌɜɌɗɗɑɗɨəɚ ɝɚɑɐɔəɫɪɞɝɫ ɩɗɑ-

ɘɑəɞɧ, ɝɚɎɘɑɝɞəɧɕ ɚɞɖɌɓ ɖɚɞɚɜɧɡ ɛɜɔɎɚɐɔɞ ɖ ɚɞɖɌɓɟ, Ɍ ɛɚɝɗɑɐɚɎɌɞɑɗɨ-

əɚ ɝɚɑɐɔəɫɪɞɝɫ ɩɗɑɘɑəɞɧ, ɚɞɖɌɓ ɖɚɞɚɜɧɡ ɛɜɔɎɚɐɔɞ ɖ ɚɞɖɌɓɟ Ɏɝɑɏɚ ɚɍɦ-

ɑɖɞɌ. ȹɌ ɜɔɝ. 4.24,Ɍ ɛɜɑɐɝɞɌɎɗɑə ɎɌɜɔɌəɞ ɛɌɜɌɗɗɑɗɨəɚ-

ɛɚɝɗɑɐɚɎɌɞɑɗɨəɚɕ ɝɞɜɟɖɞɟɜɧ. ȽɔɝɞɑɘɌ ɝɚɝɞɚɔɞ ɔɓ ɛɫɞɔ ɣɌɝɞɑɕ. ȺɞɖɌɓ 

ɚɍɦɑɖɞɌ əɌɝɞɟɛɌɑɞ Ɏ ɝɗɟɣɌɑ ɚɞɖɌɓɌ ɩɗɑɘɑəɞɌ 5 ɔɗɔ ɟɓɗɌ, ɝɚɝɞɚɫɥɑɏɚ ɔɓ 

ɩɗɑɘɑəɞɚɎ 1-4. ȿɓɑɗ 1-4 ɘɚɒɑɞ ɚɞɖɌɓɌɞɨ ɞɚɏɐɌ, ɖɚɏɐɌ ɚɐəɚɎɜɑɘɑəəɚ ɚɞ-

ɖɌɒɟɞ ɩɗɑɘɑəɞɧ 3 ɔɗɔ 4 ɔ ɟɓɑɗ 1, 2. ɂɑɛɨ 3, 4 ɚɞɖɌɓɧɎɌɑɞ ɛɜɔ ɚɞɖɌɓɑ 

ɩɗɑɘɑəɞɌ 3 ɔɗɔ 4, Ɍ ɟɓɑɗ 1, 2 -  ɑɝɗɔ ɚɞɖɌɒɟɞ ɚɍɌ ɩɗɑɘɑəɞɌ. 

ȼɌɝɣɑɞ əɌɐɑɒəɚɝɞɔ ɛɜɔ əɌɗɔɣɔɔ ɞɌɖɔɡ ɝɞɜɟɖɞɟɜ ɚɞɗɔɣɌɑɞɝɫ 

əɌɔɍɚɗɨɤɑɕ ɛɜɚɝɞɚɞɚɕ ɔ əɌɏɗɫɐəɚɝɞɨɪ. ȺɐəɌɖɚ əɑ ɎɝɑɏɐɌ ɟɐɌɑɞɝɫ 

ɟɝɗɚɎɔɑ ɜɌɍɚɞɚɝɛɚɝɚɍəɚɝɞɔ ɛɜɑɐɝɞɌɎɔɞɨ Ɏ Ɏɔɐɑ ɛɜɚɝɞɚɕ ɛɌɜɌɗɗɑɗɨəɚ-

ɛɚɝɗɑɐɚɎɌɞɑɗɨəɚɕ ɝɞɜɟɖɞɟɜɧ. Ȯ ɞɌɖɔɡ ɝɗɟɣɌɫɡ ɔɝɛɚɗɨɓɟɪɞ ɔɗɔ ɗɚɏɔɣɑ-
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ɝɖɔɑ ɠɟəɖɢɔɔ, ɔɗɔ ɏɜɌɠɧ ɔ ɎɑɞɎɫɥɔɑɝɫ ɝɞɜɟɖɞɟɜɧ, ɛɚ ɖɚɞɚɜɧɘ ɚɝɞɌɎ-

ɗɫɪɞɝɫ ɝɔɝɞɑɘɧ ɟɜɌɎəɑəɔɕ ɜɌɍɚɞɚɝɛɚɝɚɍəɚɝɞɔ. 

ȼɌɝɝɘɚɞɜɔɘ ɛɜɚɝɞɑɕɤɟɪ ɝɡɑɘɟ ɝ ɛɚɝɗɑɐɚɎɌɞɑɗɨəɧɘ ɝɚɑɐɔəɑəɔɑɘ, 

ɛɜɑɐɝɞɌɎɗɑəəɟɪ əɌ ɜɔɝ. 4.25. 

 
ȼɔɝ. 4.25. ȽɡɑɘɌ ɝ ɛɚɝɗɑɐɚɎɌɞɑɗɨəɧɘ ɝɚɑɐɔəɑəɔɑɘ 

 

Ȯ ɞɌɖɚɕ ɝɔɝɞɑɘɑ ɚɞɖɌɓ ɗɪɍɚɏɚ ɩɗɑɘɑəɞɌ ɜɌɎəɚɝɔɗɑə ɚɞɖɌɓɟ ɝɔɝɞɑ-

ɘɧ Ɏ ɢɑɗɚɘ. ȻɚɝɗɑɐɚɎɌɞɑɗɨəɧɘ ɞɌɖɚɑ ɝɚɑɐɔəɑəɔɑ ɩɗɑɘɑəɞɚɎ ɫɎɗɫɑɞɝɫ 

ɞɚɗɨɖɚ Ɏ ɝɘɧɝɗɑ əɌɐɑɒəɚɝɞɔ, ɠɔɓɔɣɑɝɖɔ ɚəɔ ɘɚɏɟɞ ɍɧɞɨ ɝɚɑɐɔəɑəɧ 

ɖɌɖ ɟɏɚɐəɚ. 

Ȼɟɝɞɨ əɌɐɑɒəɚɝɞɨ ɝɔɝɞɑɘɧ ɡɌɜɌɖɞɑɜɔɓɟɑɞɝɫ Ɏɑɜɚɫɞəɚɝɞɨɪ ɍɑɓɚɞ-

ɖɌɓəɚɕ ɜɌɍɚɞɧ P. Ȼɜɑɐɛɚɗɚɒɔɘ, ɣɞɚ əɌɐɑɒəɚɝɞɔ ɚɞɐɑɗɨəɧɡ ɩɗɑɘɑəɞɚɎ 

ɜɌɎəɧ P1, P2, P3, ..., Pn. 

Ȱɗɫ ɍɑɓɚɞɖɌɓəɚɕ ɜɌɍɚɞɧ ɝɔɝɞɑɘɧ Ɏ ɞɑɣɑəɔɑ Ɏɜɑɘɑəɔ t əɟɒəɚ, ɣɞɚ-

ɍɧ ɍɑɓɚɞɖɌɓəɚ ɜɌɍɚɞɌɗ ɖɌɒɐɧɕ ɔɓ ɑɑ ɩɗɑɘɑəɞɚɎ. ȱɝɗɔ ɩɗɑɘɑəɞɧ 

1,2,é,n ɚɞɖɌɓɧɎɌɪɞ əɑɓɌɎɔɝɔɘɚ ɐɜɟɏ ɚɞ ɐɜɟɏɌ (əɑɓɌɎɔɝɔɘɧ ɛɚ ɚɞɖɌ-

ɓɌɘ), ɞɚ ɛɚ ɛɜɌɎɔɗɟ ɟɘəɚɒɑəɔɫ Ɏɑɜɚɫɞəɚɝɞɑɕ ɐɗɫ əɑɓɌɎɔɝɔɘɧɡ ɝɚɍɧ-

ɞɔɕ Ɏɑɜɚɫɞəɚɝɞɨ ɍɑɓɚɞɖɌɓəɚɕ ɜɌɍɚɞɧ ɞɌɖɚɕ ɝɔɝɞɑɘɧ ɜɌɎəɌ 

 

1

n

i

i

P P

=

=Ô ,                 (4.1) 

Ȯ ɝɗɟɣɌɑ, ɖɚɏɐɌ Ɏɝɑ ɩɗɑɘɑəɞɧ ɝɔɝɞɑɘɧ ɚɍɗɌɐɌɪɞ ɚɐɔəɌɖɚɎɚɕ 

əɌɐɑɒəɚɝɞɨɪ, ɎɧɜɌɒɑəɔɑ (4.1) ɛɜɔəɔɘɌɑɞ Ɏɔɐ 

 
nP p= . (4.2) 

Ȼɟɝɞɨ Ɏ ɝɡɑɘɑ əɌ ɜɔɝ. 4.21 ɣɔɝɗɚ ɩɗɑɘɑəɞɚɎ n=10, Ɍ Ɏɑɜɚɫɞəɚɝɞɔ 

ɚɞɖɌɓɚɎ ɜɌɎəɧ pi=0.99. ȾɚɏɐɌ ɛɚ (4.2) ɛɚɗɟɣɔɘ 

 
100,99 0,9044P= = . (4.3) 

ȴɓ ɐɌəəɚɏɚ ɛɜɔɘɑɜɌ Ɏɔɐəɚ, ɣɞɚ əɌɐɑɒəɚɝɞɨ ɝɔɝɞɑɘɧ ɜɑɓɖɚ ɛɌɐɌɑɞ 

ɛɜɔ ɟɎɑɗɔɣɑəɔɔ Ɏ əɑɕ ɣɔɝɗɌ ɩɗɑɘɑəɞɚɎ. 

ȼɌɝɝɘɚɞɜɔɘ ɚɍɜɌɞəɟɪ ɓɌɐɌɣɟ. ȶɌɖɚɕ əɌɐɑɒəɚɝɞɨɪ ȼ ɐɚɗɒɑə ɚɍɗɌ-

ɐɌɞɨ ɚɞɐɑɗɨəɧɕ ɩɗɑɘɑəɞ ɐɗɫ ɞɚɏɚ, ɣɞɚɍɧ ɝɔɝɞɑɘɌ, ɝɚɝɞɌɎɗɑəəɌɫ ɔɓ n 

ɞɌɖɔɡ ɩɗɑɘɑəɞɚɎ, ɚɍɗɌɐɌɗɌ ɓɌɐɌəəɚɕ əɌɐɑɒəɚɝɞɨɪ ȼz? ȴɓ (4.2) ɛɚɗɟ-

ɣɌɑɘ:\  

 n
zp P= . (4.4) 

Ȼɟɝɞɨ ɓɌɐɌəəɌɫ əɌɐɑɒəɚɝɞɨ Pz=0.9, Ɍ ɣɔɝɗɚ ɩɗɑɘɑəɞɚɎ n=100, ɞɚ-

ɏɐɌ ɔɝɖɚɘɌɫ əɌɐɑɒəɚɝɞɨ ɩɗɑɘɑəɞɌ ɜɌɎəɌ 

 1000,9 0,9989p= = . (4.5) 
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ȹɌ ɛɜɌɖɞɔɖɑ Ɏɑɜɚɫɞəɚɝɞɨ ɍɑɓɚɞɖɌɓəɚɕ ɜɌɍɚɞɧ ɛɜɚɔɓɎɚɐɔɞɑɗɔ əɑ 

ɛɜɔɎɚɐɫɞ. Ȯ ɩɞɚɕ ɝɎɫɓɔ ɜɌɝɣɑɞɧ ɛɜɚɔɓɎɚɐɫɞɝɫ əɌ ɚɝəɚɎɑ ɔəɞɑəɝɔɎəɚɝɞɔ 

ɚɞɖɌɓɚɎ (ɣɔɝɗɚ ɚɞɖɌɓɚɎ ɓɌ ɑɐɔəɔɢɟ Ɏɜɑɘɑəɔ). ɉɞɚɞ ɛɚɖɌɓɌɞɑɗɨ ɘɚɒəɚ 

ɓɌɛɜɚɝɔɞɨ ɟ ɛɜɚɔɓɎɚɐɔɞɑɗɫ, ɖɚɞɚɜɧɕ əɌɍɔɜɌɑɞ ɝɞɌɞɔɝɞɔɖɟ ɛɚ ɚɞɖɌɓɌɘ 

ɔɓɐɑɗɔɕ. Ȼɜɔɍɗɔɒɑəəɚ ɔəɞɑəɝɔɎəɚɝɞɨ ɚɞɖɌɓɚɎ ɩɗɑɘɑəɞɌ ɘɚɒəɚ ɚɢɑ-

əɔɞɨ ɛɚ ɝɜɚɖɟ ɏɌɜɌəɞɔɕəɚɕ ɜɌɍɚɞɧ ɔɗɔ ɝɜɚɖɟ ɝɗɟɒɍɧ. ȾɌɖ ɖɌɖ. ɛɜɔ ɛɚ-

Ɏɞɚɜəɚɘ Ɏɧɡɚɐɑ ɔɓɐɑɗɔɫ Ɏ ɏɌɜɌəɞɔɕəɧɕ ɝɜɚɖ ɛɜɚɔɓɎɚɐɔɞɑɗɨ ɚɍɫɓɌə 

ɓɌɘɑəɔɞɨ ɔɓɐɑɗɔɑ, ɞɚ ɏɌɜɌəɞɔɕəɧɕ ɝɜɚɖ ɘɚɒəɚ ɛɜɔəɫɞɨ ɓɌ ɛɑɜɔɚɐ 

Ɏɜɑɘɑəɔ, Ɏ ɖɚɞɚɜɧɕ ɛɜɚɔɓɚɕɐɑɞ əɑ ɍɚɗɑɑ ɚɐəɚɏɚ ɚɞɖɌɓɌ. ȾɚɏɐɌ ɔəɞɑə-

ɝɔɎəɚɝɞɨ ɚɞɖɌɓɌ ɚɐəɚɏɚ ɩɗɑɘɑəɞɌ ɚɛɜɑɐɑɗɫɑɞɝɫ ɠɚɜɘɟɗɚɕ 

 1/L G= , (4.6) 

ɏɐɑ L ð ɔəɞɑəɝɔɎəɚɝɞɨ ɚɞɖɌɓɌ, G ð Ɏɜɑɘɫ ɏɌɜɌəɞɔɕəɚɕ ɜɌɍɚɞɧ. 

ȾɚɏɐɌ, ɑɝɗɔ L 1,L 2,é,L n ð ɔəɞɑəɝɔɎəɚɝɞɔ ɚɞɖɌɓɚɎ ɩɗɑɘɑəɞɚɎ, ɞɚ ɐɗɫ 

ɛɚɝɗɑɐɚɎɌɞɑɗɨəɚɏɚ ɝɚɑɐɔəɑəɔɫ ɘɚɒəɚ ɓɌɛɔɝɌɞɨ Ɏɑɜɚɫɞəɚɝɞɨ ɍɑɓɚɞɖɌɓ-

əɚɕ ɜɌɍɚɞɧ Ɏ ɞɑɣɑəɔɑ Ɏɜɑɘɑəɔ t ɔ Ɏɜɑɘɫ ɍɑɓɚɞɖɌɓəɚɕ ɜɌɍɚɞɧ: 

 1

n

i

i

L t

P e =

-ä
= . (4.7) 

 0

1

1/

n

i

i

T L

=

=ä . (4.8) 

ȼɌɝɝɘɚɞɜɔɘ ɛɜɔɘɑɜ. Ȼɟɝɞɨ ɜɚɍɚɞ ɝɚɝɞɚɔɞ ɔɓ 10 ɩɗɑɘɑəɞɚɎ, ɖɚɞɚɜɧɑ 

ɔɘɑɪɞ ɝɗɑɐɟɪɥɔɑ ɝɜɚɖɔ ɏɌɜɌəɞɔɕəɚɕ ɜɌɍɚɞɧ: G1=1 ɏɚɐ; G2=2 ɏɚɐɌ; 

G3=1 ɏɚɐ; G4=0.5 ɏɚɐɌ; G5=1 ɏɚɐ; G6=2 ɏɚɐɌ; G7=1 ɏɚɐ; G8=0.5 ɏɚɐɌ; G9=1 

ɏɚɐ; G10=2 ɏɚɐɌ. 

ȹɌɕɐɑɘ ɔəɞɑəɝɔɎəɚɝɞɔ ɚɞɖɌɓɚɎ: 

 

1 1 1

1 2 3

1 1 1

4 5 6

1 1

7 8

1 1

9 10

1 1 1
1 , 0,5 , 1 ,

1 2 1

1 1 1
2 , 1 , 0,5 ,

0,5 1 2

1 1
1 , 2 ,

1 0,5

1 1
1 , 0,5 .

1 2

L ʛʦʜ L ʛʦʜ L ʛʦʜ

L ʛʦʜ L ʛʦʜ L ʛʦʜ

L ʛʦʜ L ʛʦʜ

L ʛʦʜ L ʛʦʜ

- - -

- - -

- -

- -

= = = = = =

= = = = = =

= = = =

= = = =

. (4.9) 

Ȯɜɑɘɫ ɍɑɓɚɞɖɌɓəɚɕ ɜɌɍɚɞɧ: 

0

1 1
0,105

1 0,5 1 2 1 0,5 1 2 1 0,5 9,5
T ʛʦʜʘ= = =

+ + + + + + + + +
.                                     (4.10) 

Ȯɑɜɚɫɞəɚɝɞɨ ɍɑɓɚɞɖɌɓəɚɕ ɜɌɍɚɞɧ Ɏ ɞɑɣɑəɔɑ 0.1 ɏɚɐɌ: 

 
9.5 0.1 0,3826P e- Ö= = . (4.11) 
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ȼɌɝɝɘɚɞɜɔɘ ɞɑɛɑɜɨ ɝɞɜɟɖɞɟɜəɟɪ ɝɡɑɘɟ əɌɐɑɒəɚɝɞɔ ɝ ɛɌɜɌɗɗɑɗɨ-

əɧɘ ɝɚɑɐɔəɑəɔɑɘ, ɛɜɑɐɝɞɌɎɗɑəəɟɪ əɌ ɜɔɝ. 4.26. 

 
ȼɔɝ. 4.26. ȽɡɑɘɌ ɝ ɛɌɜɌɗɗɑɗɨəɧɘ ɝɚɑɐɔəɑəɔɑɘ 

 

Ȼɜɔ ɛɌɜɌɗɗɑɗɨəɚɘ ɝɚɑɐɔəɑəɔɔ ɝɔɝɞɑɘɌ ɚɞɖɌɓɧɎɌɑɞ Ɏ ɞɚɘ ɝɗɟɣɌɑ, 

ɖɚɏɐɌ ɚɞɖɌɓɧɎɌɪɞ Ɏɝɑ ɛɌɜɌɗɗɑɗɨəɚ ɝɚɑɐɔəɑəəɧɑ ɩɗɑɘɑəɞɧ. Ȯɑɜɚɫɞ-

əɚɝɞɨ ɍɑɓɚɞɖɌɓəɚɏɚ ɝɚɝɞɚɫəɔɫ ɟɝɞɜɚɕɝɞɎɌ, ɝɚɝɞɚɫɥɑɏɚ ɔɓ n ɛɌɜɌɗɗɑɗɨəɚ 

ɝɚɑɐɔəɑəəɧɡ ɩɗɑɘɑəɞɚɎ, ɚɛɜɑɐɑɗɫɑɞɝɫ ɛɚ ɞɑɚɜɑɘɑ ɝɗɚɒɑəɔɫ 
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. (4.12) 

Ȱɗɫ ɛɌɜɌɗɗɑɗɨəɚɏɚ ɝɚɑɐɔəɑəɔɫ, ɛɜɑɐɝɞɌɎɗɑəəɚɏɚ əɌ ɜɔɝ. 4.22, 

ɔɘɑɑɘ:  

 ( )1 2 3 1 2 1 3 2 3 1 2 3P p p p p p p p p p p p p= + + - + + +. (4.13) 

Ȱɗɫ əɑɓɌɎɔɝɔɘɧɡ ɝɚɍɧɞɔɕ əɌɐɑɒəɚɝɞɨ ɝɔɝɞɑɘɧ ɚɛɜɑɐɑɗɫɑɞɝɫ 

ɠɚɜɘɟɗɚɕ: 

 ( )
1

1 1

n

i

i

P p

=

= - -Ô . (4.14) 

ȶɚɏɐɌ əɌɐɑɒəɚɝɞɔ Ɏɝɑɡ ɩɗɑɘɑəɞɚɎ ɚɐɔəɌɖɚɎɧ, ɎɧɜɌɒɑəɔɑ (4.14) 

ɛɜɔəɔɘɌɑɞ Ɏɔɐ: 

 ( )1 1
n

iP p= - - . (4.15) 

ȱɝɗɔ ɔəɞɑəɝɔɎəɚɝɞɔ ɚɞɖɌɓɚɎ ɩɗɑɘɑəɞɚɎ ɛɚɝɞɚɫəəɧ ɔ ɛɚɐɣɔəɑəɧ 

ɩɖɝɛɚəɑəɢɔɌɗɨəɚɘɟ ɓɌɖɚəɟ ɜɌɝɛɜɑɐɑɗɑəɔɫ, ɞɚ ɎɧɜɌɒɑəɔɑ (4.14) ɛɜɔ-

əɔɘɌɑɞ Ɏɔɐ 

 ( )
1

1 1 i

n

L t

i

P e
-

=

= - -Ô . (4.16) 

Ƚɜɑɐəɑɑ Ɏɜɑɘɫ əɌɜɌɍɚɞɖɔ əɌ ɚɞɖɌɓ ɜɌɎəɚ: 
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ȱɝɗɔ ɔəɞɑəɝɔɎəɚɝɞɔ ɚɞɖɌɓɚɎ ɜɌɎəɧ, ɞɚ ɎɧɜɌɒɑəɔɑ (4.17) ɛɜɔəɔɘɌ-

ɑɞ Ɏɔɐ 

 0

1

1
1/

n

i

T L
i

=

= ä. (4.18) 

Ȼɟɝɞɨ ɜɚɍɚɞ ɚɝəɌɥɑə ɐɎɟɘɫ ɐɎɔɏɌɞɑɗɫɘɔ, ɎɜɌɥɌɪɥɔɘɔ ɚɐɔə ɎɌɗ ɝ 

ɖɚɗɑɝɌɘɔ. ȯɌɜɌəɞɔɕəɧɕ ɝɜɚɖ ɜɌɍɚɞɧ ɐɎɔɏɌɞɑɗɑɕ ɜɌɎɑə 1 ɔ 2 ɏɚɐɌ. ȴə-

ɞɑəɝɔɎəɚɝɞɔ ɚɞɖɌɓɚɎ ɔɝɛɚɗəɔɞɑɗɨəɧɡ ɘɑɡɌəɔɓɘɚɎ ɜɚɍɚɞɌ ɜɌɎəɧ: 

 
1 1

1 1

1 1
1 , 0,5

1 2
L ʛʦʜ L ʛʦʜ- -= = = = . (4.19) 

Ȯɑɜɚɫɞəɚɝɞɨ ɍɑɓɚɞɖɌɓəɚɕ ɜɌɍɚɞɧ Ɏ ɞɑɣɑəɔɑ 0,1 ɏɚɐɌ ɝɚɏɗɌɝəɚ (4.16) 

ɜɌɎəɌ 

 ( )( )1 0.1 0.5 0.11 1 1 0.9954P e e- Ö - Ö= - - - = . (4.20) 

Ƚɜɑɐəɑɑ Ɏɜɑɘɫ əɌɜɌɍɚɞɖɔ əɌ ɚɞɖɌɓ ɜɌɎəɚ 

 0

1 2 1 2

1 1 1 1 1 1 6 2 4

1 0.5 1 0.5 3 3
T ʛʦʜʘ

L L L L

-
= + - = + - = =

+ +
. (4.21) 

ȾɌɖɔɘ ɚɍɜɌɓɚɘ, ɜɑɓɑɜɎɔɜɚɎɌəɔɑ ɩɗɑɘɑəɞɚɎ ɐɌɑɞ ɝɟɥɑɝɞɎɑəəɧɕ 

Ɏɧɔɏɜɧɤ Ɏ ɛɚɎɧɤɑəɔɔ əɌɐɑɒəɚɝɞɔ ɛɚ ɝɜɌɎəɑəɔɪ ɝ ɛɚɎɧɤɑəɔɑɘ 

əɌɐɑɒəɚɝɞɔ ɚɞɐɑɗɨəɧɡ ɩɗɑɘɑəɞɚɎ. 

ȴəɚɏɐɌ ɝɞɜɟɖɞɟɜɌ əɌɐɑɒəɚɝɞɔ əɑ ɝɚɚɞɎɑɞɝɞɎɟɑɞ ɛɌɜɌɗɗɑɗɨəɚɘɟ 

ɔɗɔ ɛɚɝɗɑɐɚɎɌɞɑɗɨəɚɘɟ ɝɚɑɐɔəɑəɔɪ. Ȯ ɩɞɚɘ ɝɗɟɣɌɑ ɔɝɛɚɗɨɓɟɪɞɝɫ ɩɖ-

ɎɔɎɌɗɑəɞəɧɑ ɛɜɑɚɍɜɌɓɚɎɌəɔɫ. ȹɌ ɜɔɝ. 4.27 ɛɜɑɐɝɞɌɎɗɑəɚ ɛɜɑɚɍɜɌɓɚɎɌ-

əɔɑ ɞɜɑɟɏɚɗɨəɔɖ ð ɓɎɑɓɐɌ.  

 
ȼɔɝ. 4.27. ȻɜɑɚɍɜɌɓɚɎɌəɔɑ ɞɜɑɟɏɚɗɨəɔɖ ð ɓɎɑɓɐɌ 

 

Ȼɜɔ ɩɞɚɘ Ɏɑɜɚɫɞəɚɝɞɔ ɚɞɖɌɓɚɎ ɝɎɫɓɌəɧ ɝɚɚɞəɚɤɑəɔɫɘɔ 
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 (4.22) 

ȽɔɝɞɑɘɌ (4.22) ɫɎɗɫɑɞɝɫ əɑɗɔəɑɕəɚɕ, ɛɚɩɞɚɘɟ, Ɏ ɚɍɥɑɘ ɝɗɟɣɌɑ, ɑɑ 

əɑɚɍɡɚɐɔɘɚ ɜɑɤɌɞɨ ɝ ɛɚɘɚɥɨɪ ɛɜɚɏɜɌɘɘəɧɡ ɝɜɑɐɝɞɎ. 
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4.13. Ȼɜɚɑɖɞəɚɑ ɓɌɐɌəɔɑ 

ȼɌɓɜɌɍɚɞɌɞɨ ɝɞɜɟɖɞɟɜəɟɪ ɝɡɑɘɟ əɌɐɑɒəɚɝɞɔ ɜɚɍɚɞɚɞɑɡəɔɣɑɝɖɚɕ 

ɝɔɝɞɑɘɧ ɔ ɛɜɚɎɑɝɞɔ ɩɗɑɘɑəɞəɧɕ ɜɌɝɣɑɞ ɑɑ əɌɐɑɒəɚɝɞɔ, , ɔɝɛɚɗɨɓɟɫ 

ɛɜɔɎɑɐɑəəɧɑ Ɏ ɜɌɓɐɑɗɑ 4.10 ɛɜɔɘɑɜɧ. ȮɌɜɔɌəɞɧ ɓɌɐɌəɔɕ ɚɛɜɑɐɑɗɫɪɞ-

ɝɫ ɞɑɘɌɞɔɖɚɕ ɐɔɛɗɚɘəɧɡ ɛɜɚɑɖɞɚɎ ɝɞɟɐɑəɞɚɎ ɔɗɔ ɎɧɐɌɪɞɝɫ ɛɜɑɛɚɐɌ-

ɎɌɞɑɗɑɘ ɔəɐɔɎɔɐɟɌɗɨəɚ. 

4.14. ȴɝɛɧɞɌəɔɫ ɜɚɍɚɞɚɎ ɔ ɜɚɍɚɞɚɞɑɡəɔɣɑɝɖɔɡ ɝɔɝɞɑɘ 

ȴɝɛɧɞɌəɔɫ ɫɎɗɫɪɞɝɫ əɑɚɍɡɚɐɔɘɧɘ ɩɞɌɛɚɘ ɜɌɓɜɌɍɚɞɖɔ ɜɚɍɚɞɚɞɑɡ-

əɔɣɑɝɖɚɕ ɝɔɝɞɑɘɧ. ȴɝɛɧɞɌəɔɫ ɛɜɚɎɚɐɫɞɝɫ Ɏ ɝɚɚɞɎɑɞɝɞɎɔɔ ɝ ȯȺȽȾ ȼȮ 

15-210 ɔɗɔ ȯȺȽȾ 16504-81. 

Ȯ ȯȺȽȾ ȼȮ 15-210 ɚɛɔɝɌəɌ ɛɜɚɢɑɐɟɜɌ ɔɝɛɧɞɌəɔɕ ɚɛɧɞəɧɡ ɚɍɜɌɓ-

ɢɚɎ. Ȯ ɝɚɚɞɎɑɞɝɞɎɔɔ ɝ ɩɞɔ ȯȺȽȾɚɘ ɜɌɓɗɔɣɌɪɞ: 

1. ȻɜɑɐɎɌɜɔɞɑɗɨəɧɑ ɔɝɛɧɞɌəɔɫ ð ɖɚəɞɜɚɗɨəɧɑ ɔɝɛɧɞɌəɔɫ ɚɛɧɞ-

əɧɡ ɚɍɜɌɓɢɚɎ ɜɚɍɚɞɚɞɑɡəɔɣɑɝɖɔɡ ɝɔɝɞɑɘ, ɛɜɚɎɚɐɔɘɧɑ ɝ ɢɑɗɨɪ ɚɢɑəɖɔ 

ɔɡ ɝɚɚɞɎɑɞɝɞɎɔɫ ɞɜɑɍɚɎɌəɔɫɘ  ɞɑɡəɔɣɑɝɖɚɏɚ ɓɌɐɌəɔɫ ɔ ɐɗɫ ɚɛɜɑɐɑɗɑ-

əɔɫ ɏɚɞɚɎəɚɝɞɔ ɔɡ ɖ ɛɜɔɑɘɚɝɐɌɞɚɣəɧɘ ɔɝɛɧɞɌəɔɫɘ. 

2. ȯɚɝɟɐɌɜɝɞɎɑəəɧɑ ɔɝɛɧɞɌəɔɫ ð ɛɜɔɑɘɚɣəɧɑ ɔɝɛɧɞɌəɔɫ ɚɛɧɞəɧɡ 

ɚɍɜɌɓɢɚɎ, ɛɜɚɎɚɐɔɘɧɑ ɝ ɢɑɗɨɪ ɛɚɐɞɎɑɜɒɐɑəɔɫ ɔɡ ɝɚɚɞɎɑɞɝɞɎɔɫ ɞɜɑɍɚ-

ɎɌəɔɫɘ ɞɑɡəɔɣɑɝɖɚɏɚ ɓɌɐɌəɔɫ ɔ ɐɗɫ ɚɛɜɑɐɑɗɑəɔɫ Ɏɚɓɘɚɒəɚɝɞɔ ɎɎɑɐɑ-

əɔɫ ɜɌɓɜɌɍɚɞɌəəɚɏɚ ɚɍɜɌɓɢɌ Ɏ ɩɖɝɛɗɟɌɞɌɢɔɪ. 

3. ȸɑɒɎɑɐɚɘɝɞɎɑəəɧɑ ɔɝɛɧɞɌəɔɫ ð ɛɜɔɑɘɚɣəɧɑ ɔɝɛɧɞɌəɔɫ ɚɛɧɞ-

əɧɡ ɚɍɜɌɓɢɚɎ ɜɚɍɚɞɚɞɑɡəɔɣɑɝɖɔɡ ɝɔɝɞɑɘ, ɛɜɚɎɚɐɔɘɧɑ ɝ ɢɑɗɨɪ ɛɚɐ-

ɞɎɑɜɒɐɑəɔɫ ɔɡ ɝɚɚɞɎɑɞɝɞɎɔɫ ɞɜɑɍɚɎɌəɔɫɘ ɞɑɡəɔɣɑɝɖɚɏɚ ɓɌɐɌəɔɫ ɔ ɐɗɫ 

ɚɛɜɑɐɑɗɑəɔɫ ɢɑɗɑɝɚɚɍɜɌɓəɚɝɞɔ ɝɑɜɔɕəɚɏɚ ɛɜɚɔɓɎɚɐɝɞɎɌ. 

ȶɌɒɐɌɫ ɖɌɞɑɏɚɜɔɫ ɔɝɛɧɞɌəɔɕ ɘɚɒɑɞ ɛɜɚɎɚɐɔɞɨɝɫ Ɏ əɑɝɖɚɗɨɖɚ 

ɩɞɌɛɚɎ. 

ȴɝɛɧɞɌəɔɫ ɛɜɚɎɚɐɫɞ ɛɚ ɝɚɚɞɎɑɞɝɞɎɟɪɥɔɘ ɛɜɚɏɜɌɘɘɌɘ ɔ ɘɑɞɚɐɔ-

ɖɌɘ ɔɝɛɧɞɌəɔɕ. Ȼɚɜɫɐɚɖ ɜɌɓɜɌɍɚɞɖɔ, ɝɚɏɗɌɝɚɎɌəɔɫ ɔ ɟɞɎɑɜɒɐɑəɔɫ ɔɝ-

ɛɧɞɌəɔɕ ɚɛɧɞəɧɡ ɚɍɜɌɓɢɚɎ, ɔɡ ɝɚɐɑɜɒɌəɔɑ, ɛɚɝɞɜɚɑəɔɑ ɔ ɚɠɚɜɘɗɑəɔɑ 

ɐɚɗɒəɧ ɝɚɚɞɎɑɞɝɞɎɚɎɌɞɨ ɞɜɑɍɚɎɌəɔɫɘ ȯȺȽȾ Ȯ 15.211 ɔɗɔ ȯȺȽȾ 

19.301-79 ȯȺȽȾ 19.105-78. 

Ȱɗɫ ɛɜɚɎɑɐɑəɔɫ ɔɝɛɧɞɌəɔɕ, ɖɌɖ ɛɜɌɎɔɗɚ, əɌɓəɌɣɌɪɞ ɖɚɘɔɝɝɔɪ, 

ɖɚɞɚɜɌɫ ɚɞɎɑɣɌɑɞ ɓɌ ɛɚɗəɚɞɟ, ɐɚɝɞɚɎɑɜəɚɝɞɨ ɔ ɚɍɦɑɖɞɔɎəɚɝɞɨ ɚɢɑəɖɔ 

ɜɑɓɟɗɨɞɌɞɚɎ ɔɝɛɧɞɌəɔɕ, Ɍ ɞɌɖɒɑ ɓɌ ɛɚɗəɚɞɟ ɔəɠɚɜɘɌɢɔɔ ɔ ɝɚɍɗɪɐɑ-

əɔɑ ɟɝɞɌəɚɎɗɑəəɧɡ ɝɜɚɖɚɎ. 

Ȯ ɛɜɚɢɑɝɝɑ ɔɝɛɧɞɌəɔɕ ɡɚɐ ɔ ɜɑɓɟɗɨɞɌɞɧ ɔɝɛɧɞɌəɔɕ ɠɔɖɝɔɜɟɪɞ Ɏ 

ɝɜɚɖɔ ɔ ɛɚ ɠɚɜɘɌɘ, ɛɜɑɐɟɝɘɚɞɜɑəəɧɘ ɛɜɚɏɜɌɘɘɌɘɔ ɔ ɘɑɞɚɐɔɖɌɘɔ ɔɝ-

ɛɧɞɌəɔɕ. 

ȶɚɘɔɝɝɔɫ ɛɚ ɛɜɚɎɑɐɑəɔɪ ɔɝɛɧɞɌəɔɕ  ɘɚɒɑɞ ɛɜɔɚɝɞɌəɚɎɔɞɨ ɔɗɔ 

ɛɜɑɖɜɌɞɔɞɨ ɔɝɛɧɞɌəɔɫ. ȺɝəɚɎɌəɔɑɘ ɐɗɫ ɛɜɔəɫɞɔɫ ɞɌɖɚɏɚ ɜɑɤɑəɔɫ ɘɚ-

ɏɟɞ ɍɧɞɨ: 
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ð əɑɝɚɚɞɎɑɞɝɞɎɔɑ ɚɛɧɞəɚɏɚ  ɚɍɜɌɓɢɌ ɔɓɐɑɗɔɫ ɞɜɑɍɚɎɌəɔɫɘ ɞɑɡəɔɣɑ-

ɝɖɚɏɚ ɓɌɐɌəɔɫ; 

ð ɚɞɖɌɓ ɔɝɛɧɞɧɎɌɑɘɚɏɚ ɚɛɧɞəɚɏɚ ɚɍɜɌɓɢɌ, ɛɜɑɛɫɞɝɞɎɟɪɥɔɕ ɐɌɗɨ-

əɑɕɤɑɘɟ ɛɜɚɎɑɐɑəɔɪ ɔɝɛɧɞɌəɔɕ. 

ȴɝɛɧɞɌəɔɫ ɝɣɔɞɌɪɞ ɓɌɖɚəɣɑəəɧɘɔ, ɑɝɗɔ ɔɡ ɜɑɓɟɗɨɞɌɞɧ ɚɠɚɜɘɗɑ-

əɧ Ɍɖɞɚɘ, ɛɚɐɞɎɑɜɒɐɌɪɥɔɘ Ɏɧɛɚɗəɑəɔɑ ɛɜɚɏɜɌɘɘɧ ɔɝɛɧɞɌəɔɕ ɔ ɝɚ-

ɐɑɜɒɌɥɔɘ ɚɢɑəɖɟ ɜɑɓɟɗɨɞɌɞɚɎ ɔɝɛɧɞɌəɔɕ. 

ȺɢɑəɖɌ ɜɑɓɟɗɨɞɌɞɚɎ ɔɝɛɧɞɌəɔɕ ɐɚɗɒəɌ ɝɚɐɑɜɒɌɞɨ ɖɚəɖɜɑɞəɧɑ, 

ɞɚɣəɧɑ ɠɚɜɘɟɗɔɜɚɎɖɔ, ɚɍɑɝɛɑɣɔɎɌɪɥɔɑ ɔɡ ɚɐəɚɓəɌɣəɚɑ ɛɚəɔɘɌəɔɑ, ɝ 

ɟɖɌɓɌəɔɑɘ ɛɜɔ ɚɞɜɔɢɌɞɑɗɨəɧɡ ɜɑɓɟɗɨɞɌɞɌɡ ɔɝɛɧɞɌəɔɕ əɑɎɧɛɚɗəɑə-

əɧɡ ɞɜɑɍɚɎɌəɔɕ, ɛɟɞɑɕ ɟɝɞɜɌəɑəɔɫ ɎɧɫɎɗɑəəɧɡ əɑɐɚɝɞɌɞɖɚɎ. 

ȼɑɓɟɗɨɞɌɞɧ ɔɝɛɧɞɌəɔɕ ɝɣɔɞɌɪɞ ɛɚɗɚɒɔɞɑɗɨəɧɘɔ, Ɍ ɚɛɧɞəɧɕ ɚɍ-

ɜɌɓɑɢ ð ɎɧɐɑɜɒɌɎɤɔɘ ɔɝɛɧɞɌəɔɫ, ɑɝɗɔ ɚə ɔɝɛɧɞɌə Ɏ ɛɚɗəɚɘ ɚɍɦɑɘɑ ɔ 

ɛɚɝɗɑɐɚɎɌɞɑɗɨəɚɝɞɔ, ɖɚɞɚɜɧɑ ɟɝɞɌəɚɎɗɑəɧ Ɏ ɛɜɚɏɜɌɘɘɑ ɛɜɑɐɎɌɜɔ-

ɞɑɗɨəɧɡ ɔɝɛɧɞɌəɔɕ, ɔ ɝɚɚɞɎɑɞɝɞɎɟɑɞ Ɏɝɑɘ ɞɜɑɍɚɎɌəɔɫɘ ɞɑɡəɔɣɑɝɖɚɏɚ 

ɓɌɐɌəɔɫ, ɛɜɚɎɑɜɫɑɘɧɘ ɛɜɔ ɩɞɔɡ ɔɝɛɧɞɌəɔɫɡ. 

ȼɑɓɟɗɨɞɌɞɧ ɛɜɑɐɎɌɜɔɞɑɗɨəɧɡ ɔɝɛɧɞɌəɔɕ ɝɣɔɞɌɪɞ ɚɞɜɔɢɌɞɑɗɨəɧ-

ɘɔ, Ɍ ɚɛɧɞəɧɕ ɚɍɜɌɓɑɢ ð əɑ ɎɧɐɑɜɒɌɎɤɔɘ ɔɝɛɧɞɌəɔɫ, ɑɝɗɔ ɛɚ ɜɑɓɟɗɨ-

ɞɌɞɌɘ ɔɝɛɧɞɌəɔɕ ɍɟɐɑɞ ɚɍəɌɜɟɒɑəɚ əɑɝɚɚɞɎɑɞɝɞɎɔɑ ɑɏɚ ɡɚɞɫ ɍɧ ɚɐəɚɘɟ 

ɔɓ ɞɜɑɍɚɎɌəɔɕ ɞɑɡəɔɣɑɝɖɚɏɚ ɓɌɐɌəɔɫ, ɛɜɚɎɑɜɖɌ ɖɚɞɚɜɧɡ ɛɜɑɐɟɝɘɚɞɜɑəɌ 

Ɏ ɛɜɚɏɜɌɘɘɑ ɛɜɑɐɎɌɜɔɞɑɗɨəɧɡ ɔɝɛɧɞɌəɔɕ. 

Ȼɜɔ ɛɜɚɎɑɐɑəɔɔ ɔɝɛɧɞɌəɔɕ ɟ ɔɓɏɚɞɚɎɔɞɑɗɫ ɚɛɧɞəɚɏɚ  ɚɍɜɌɓɢɌ ɔɓ-

ɐɑɗɔɫ əɑɚɍɡɚɐɔɘɚɑ ɘɌɞɑɜɔɌɗɨəɚ-ɞɑɡəɔɣɑɝɖɚɑ ɚɍɑɝɛɑɣɑəɔɑ ɚɝɟɥɑɝɞɎ-

ɗɫɑɞ ɔɝɛɚɗəɔɞɑɗɨ ɔɗɔ ɔɓɏɚɞɚɎɔɞɑɗɨ ɚɛɧɞəɚɏɚ ɚɍɜɌɓɢɌ ɜɚɍɚɞɌ. 

Ȼɜɔ ɛɜɚɎɑɐɑəɔɔ ɔɝɛɧɞɌəɔɕ əɌ ɛɚɗɔɏɚəɌɡ, Ɏ ɝɛɑɢɔɌɗɔɓɔɜɚɎɌəəɧɡ 

ɔəɝɞɔɞɟɞɌɡ, ɔɝɛɧɞɌɞɑɗɨəɧɡ ɢɑəɞɜɌɡ ɔ Ɏ ɐɜɟɏɔɡ ɚɜɏɌəɔɓɌɢɔɫɡ ɓɌɖɌɓ-

ɣɔɖɌ əɑɚɍɡɚɐɔɘɚɑ ɘɌɞɑɜɔɌɗɨəɚ-ɞɑɡəɔɣɑɝɖɚɑ ɔ ɘɑɞɜɚɗɚɏɔɣɑɝɖɚɑ ɚɍɑɝ-

ɛɑɣɑəɔɑ ɝɜɑɐɝɞɎɌɘɔ ɛɜɚɔɓɎɚɐɫɞ ɟɖɌɓɌəəɧɑ ɛɚɗɔɏɚəɧ ɔ ɚɜɏɌəɔɓɌɢɔɔ. 

Ȼɜɔɘɑəɫɑɘɧɑ ɝɜɑɐɝɞɎɌ ɔɝɛɧɞɌəɔɕ, ɖɚəɞɜɚɗɫ ɔ ɔɓɘɑɜɑəɔɕ ɐɚɗɒ-

əɧ ɝɚɚɞɎɑɞɝɞɎɚɎɌɞɨ ɞɜɑɍɚɎɌəɔɫɘ ɝɚɚɞɎɑɞɝɞɎɟɪɥɔɡ ɛɜɚɏɜɌɘɘ ɔ ɘɑɞɚɐɔɖ 

ɔɝɛɧɞɌəɔɕ. ȹɑ ɐɚɛɟɝɖɌɑɞɝɫ ɛɜɔɘɑəɫɞɨ ɝɜɑɐɝɞɎɌ ɔɝɛɧɞɌəɔɕ, ɔɓɘɑɜɑ-

əɔɕ ɔ ɖɚəɞɜɚɗɫ, əɑ ɛɜɚɤɑɐɤɔɑ ɘɑɞɜɚɗɚɏɔɣɑɝɖɟɪ ɌɞɞɑɝɞɌɢɔɪ Ɏ ɝɜɚɖɔ, 

ɟɝɞɌəɚɎɗɑəəɧɑ əɌ ɩɞɔ ɝɜɑɐɝɞɎɌ. 

ȻɜɑɐɎɌɜɔɞɑɗɨəɧɑ ɔɝɛɧɞɌəɔɫ ɚɜɏɌəɔɓɟɪɞ ɔɝɛɚɗəɔɞɑɗɨəɚ ɜɌɓɜɌ-

ɍɚɞɖɔ ɜɚɍɚɞɚɞɑɡəɔɣɑɝɖɚɕ ɝɔɝɞɑɘɧ. ȯɚɝɟɐɌɜɝɞɎɑəəɧɑ ɔɝɛɧɞɌəɔɫ ɚɛɧɞ-

əɧɡ ɚɍɜɌɓɢɚɎ ɔɓɐɑɗɔɕ ɚɜɏɌəɔɓɟɑɞ ɓɌɖɌɓɣɔɖ, əɑɝɟɥɔɕ ɚɞɎɑɞɝɞɎɑəəɚɝɞɨ 

ɓɌ ɔɡ ɛɜɚɎɑɐɑəɔɑ. 

ȯɚɝɟɐɌɜɝɞɎɑəəɧɑ ɔɝɛɧɞɌəɔɫ ɛɜɚɎɚɐɫɞ ɏɚɝɟɐɌɜɝɞɎɑəəɧɑ ɖɚɘɔɝɝɔɔ 

ɔɗɔ ɝɛɑɢɔɌɗɔɓɔɜɚɎɌəəɧɑ ɔəɝɞɔɞɟɞɧ ɔ ɛɚɗɔɏɚəɧ ɓɌɖɌɓɣɔɖɌ. 

ȶɚɘɔɝɝɔɫ ɛɚ ɛɜɚɎɑɐɑəɔɪ ɏɚɝɟɐɌɜɝɞɎɑəəɧɡ ɔɝɛɧɞɌəɔɕ ɚɍɫɓɌəɌ 

ɛɜɚɎɑɝɞɔ ɔɝɛɧɞɌəɔɫ Ɏ ɟɝɞɌəɚɎɗɑəəɧɑ ɝɜɚɖɔ Ɏ ɝɚɚɞɎɑɞɝɞɎɔɔ ɝ ɛɜɚɏɜɌɘ-

ɘɌɘɔ ɔ ɘɑɞɚɐɔɖɌɘɔ ɔɝɛɧɞɌəɔɕ ɔ ɝɚɝɞɌɎɔɞɨ Ɍɖɞ ɛɚ ɜɑɓɟɗɨɞɌɞɌɘ ɔɝɛɧ-

ɞɌəɔɕ. ȶ Ɍɖɞɟ ɛɜɔɗɌɏɌɪɞ əɑɚɍɡɚɐɔɘɧɑ ɘɌɞɑɜɔɌɗɧ, ɛɚɐɞɎɑɜɒɐɌɪɥɔɑ 
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ɛɚɗɟɣɑəəɧɑ ɛɜɔ ɔɝɛɧɞɌəɔɫɡ ɜɑɓɟɗɨɞɌɞɧ ɔ ɚɍɚɝəɚɎɧɎɌɪɥɔɑ ɛɜɔɎɑ-

ɐɑəəɧɑ Ɏ Ɍɖɞɑ ɎɧɎɚɐɧ ɔ ɜɑɖɚɘɑəɐɌɢɔɔ. 

ȼɌɝɝɘɚɞɜɔɘ ɛɜɔɘɑɜ ɚɝəɚɎəɧɡ ɐɚɖɟɘɑəɞɚɎ, ɚɠɚɜɘɗɫɑɘɧɡ ɛɜɔ ɛɜɚ-

Ɏɑɐɑəɔɔ ɔɝɛɧɞɌəɔɕ. 

Ȼɜɔɘɑɜ ɛɜɚɏɜɌɘɘɧ ɔɝɛɧɞɌəɔɕ 

1. Ⱥɍɥɔɑ ɛɚɗɚɒɑəɔɫ. 

1.1. Ⱥɍɦɑɖɞɚɘ ɔɝɛɧɞɌəɔɕ ɫɎɗɫɑɞɝɫ ɝɔɝɞɑɘɌ ɟɛɜɌɎɗɑəɔɫ, əɌɎɔɏɌ-

ɢɔɔ ɔ ɞɑɗɑɖɚɘɘɟəɔɖɌɢɔɔ ɐɗɫ ɛɜɚɞɚɞɔɛɌ Ɏɧɝɚɞəɚɏɚ ɍɑɝɛɔɗɚɞəɚɏɚ ɐɔ-

ɜɔɒɌɍɗɫ. 

1.2. ɂɑɗɨ ɔɝɛɧɞɌəɔɕ ɝɚɝɞɚɔɞ Ɏ ɛɜɚɎɑɜɖɑ ɜɌɍɚɞɚɝɛɚɝɚɍəɚɝɞɔ ɔ ɝɚɚɞ-

ɎɑɞɝɞɎɔɫ ɠɟəɖɢɔɚəɌɗɨəɧɘ ɞɜɑɍɚɎɌəɔɫɘ ɔɓɐɑɗɔɕ, Ɏɡɚɐɫɥɔɡ Ɏ ɝɚɝɞɌɎ 

ɝɔɝɞɑɘɧ ɟɛɜɌɎɗɑəɔɫ, əɌɎɔɏɌɢɔɔ ɔ ɞɑɗɑɖɚɘɘɟəɔɖɌɢɔɔ ɐɗɫ ɛɜɚɞɚɞɔɛɌ 

Ɏɧɝɚɞəɚɏɚ ɍɑɝɛɔɗɚɞəɚɏɚ ɐɔɜɔɒɌɍɗɫ. 

1.3. Ȯɔɐ ɔɝɛɧɞɌəɔɕ ð ɗɌɍɚɜɌɞɚɜəɧɑ ɔɝɛɧɞɌəɔɫ. 

1.4. ȶɚɗɔɣɑɝɞɎɚ ɔɝɛɧɞɧɎɌɑɘɧɡ ɚɍɜɌɓɢɚɎ ð ɚɐɔə. 

1.5. ȴɝɛɧɞɌəɔɫ ɝɔɝɞɑɘɧ ɟɛɜɌɎɗɑəɔɫ, əɌɎɔɏɌɢɔɔ ɔ ɞɑɗɑɖɚɘɘɟəɔ-

ɖɌɢɔɔ ɐɗɫ ɛɜɚɞɚɞɔɛɌ Ɏɧɝɚɞəɚɏɚ ɍɑɝɛɔɗɚɞəɚɏɚ ɐɔɜɔɒɌɍɗɫ ɛɜɚɎɚɐɫɞɝɫ Ɏ 

ɝɚɚɞɎɑɞɝɞɎɔɔ ɖɚəɞɜɌɖɞɚɘ. 

1.6. ȾɜɑɍɚɎɌəɔɫ ɛɚ ɒɔɎɟɣɑɝɞɔ ɔ ɖ ɍɑɓɚɞɖɌɓəɚɝɞɔ ɔɓɐɑɗɔɫ Ɏ ɐɌəəɧɡ 

ɔɝɛɧɞɌəɔɫɡ əɑ ɛɜɚɎɑɜɫɪɞɝɫ. 

2. ȾɜɑɍɚɎɌəɔɫ ɖ ɟɝɗɚɎɔɫɘ, ɚɍɑɝɛɑɣɑəɔɪ ɔ ɛɜɚɎɑɐɑəɔɪ ɔɝɛɧɞɌəɔɕ. 

2.1. ȸɑɝɞɚ ɛɜɚɎɑɐɑəɔɫ ɗɌɍɚɜɌɞɚɜəɧɡ ɔɝɛɧɞɌəɔɕ ɝɔɝɞɑɘɧ ɟɛɜɌɎ-

ɗɑəɔɫ, əɌɎɔɏɌɢɔɔ ɔ ɞɑɗɑɖɚɘɘɟəɔɖɌɢɔɔ ɐɗɫ ɛɜɚɞɚɞɔɛɌ Ɏɧɝɚɞəɚɏɚ ɍɑɝ-

ɛɔɗɚɞəɚɏɚ ɐɔɜɔɒɌɍɗɫ ð Ɋɒəɧɕ ɠɑɐɑɜɌɗɨəɧɕ ɟəɔɎɑɜɝɔɞɑɞ, ɏ. ȼɚɝɞɚɎ-

əɌ-Ȱɚəɟ. 

2.2. ȰɌɞɌ əɌɣɌɗɌ ɔɝɛɧɞɌəɔɕ ð 18 əɚɫɍɜɫ 2012 ɏɚɐɌ. Ȱɗɔɞɑɗɨəɚɝɞɨ 

ɔɝɛɧɞɌəɔɕ ð 11 ɐəɑɕ. 

2.3. ȺɜɏɌəɔɓɌɢɔɔ, ɟɣɌɝɞɎɟɪɥɔɑ Ɏ ɔɝɛɧɞɌəɔɫɡ: 

ð ɁɟəɌəɨɝɖɔɕ əɌɟɣəɚ-ɔɝɝɗɑɐɚɎɌɞɑɗɨɝɖɔɕ ɔəɝɞɔɞɟɞ ɖɚɝɘɔɣɑɝɖɚɏɚ 

ɩɗɑɖɞɜɚɘɑɡɌəɔɣɑɝɖɚɏɚ ɚɍɚɜɟɐɚɎɌəɔɫ ɔ ɝɛɑɢɔɌɗɨəɧɡ ɘɌɞɑɜɔɌɗɚɎ, ɏ. 

ɃɌəɤɌ; 

ð Ɋɒəɧɕ ɠɑɐɑɜɌɗɨəɧɕ ɟəɔɎɑɜɝɔɞɑɞ, ɏ. ȼɚɝɞɚɎ-əɌ-Ȱɚəɟ. 

2.4. ȹɌ ɔɝɛɧɞɌəɔɫ ɛɜɑɐɝɞɌɎɗɫɪɞɝɫ ɝɗɑɐɟɪɥɔɑ ɔɓɐɑɗɔɫ, Ɏɡɚɐɫɥɔɑ 

Ɏ ɝɚɝɞɌɎ ɝɔɝɞɑɘɧ ɟɛɜɌɎɗɑəɔɫ, əɌɎɔɏɌɢɔɔ ɔ ɞɑɗɑɖɚɘɘɟəɔɖɌɢɔɔ ɐɗɫ 

ɛɜɚɞɚɞɔɛɌ Ɏɧɝɚɞəɚɏɚ ɍɑɝɛɔɗɚɞəɚɏɚ ɐɔɜɔɒɌɍɗɫ: 

ð ɍɚɜɞɚɎɚɕ ɞɑɜɘɔəɌɗ ɞɑɗɑɖɚɘɘɟəɔɖɌɢɔɔ (ȾȾȶ-ȭ) ð ɌɛɛɌɜɌɞɟɜɌ, 

ɟɝɞɌəɌɎɗɔɎɌɑɘɌɫ əɌ ɐɔɜɔɒɌɍɗɑ; 

ð əɌɓɑɘəɧɕ ɞɑɜɘɔəɌɗ ɞɑɗɑɖɚɘɘɟəɔɖɌɢɔɔ (ȾȾȶ-ȹ) ð əɌɓɑɘəɌɫ Ɍɛ-

ɛɌɜɌɞɟɜɌ, ɜɌɓɘɑɥɌɑɘɌɫ əɌ əɌɓɑɘəɚɘ ɛɟəɖɞɑ ɟɛɜɌɎɗɑəɔɫ; 

ð ɞɑɜɘɔəɌɗ ɛɟɗɨɞɌ ɜɟɣəɚɏɚ ɟɛɜɌɎɗɑəɔɫ ð ɘɚɍɔɗɨəɌɫ ɌɛɛɌɜɌɞɟɜɌ, 

ɛɜɑɐəɌɓəɌɣɑəəɌɫ ɐɗɫ ɛɑɜɑɐɌɣɔ ɐɌəəɧɡ ɘɑɒɐɟ ȼȻȿ ɔ ȾȾȶ-ȭ; 

ð ɛɟɗɨɞ ɜɟɣəɚɏɚ ɟɛɜɌɎɗɑəɔɫ (ȼȻȿ) ð ɘɚɍɔɗɨəɌɫ ɌɛɛɌɜɌɞɟɜɌ, 

ɛɜɑɐəɌɓəɌɣɑəəɌɫ ɐɗɫ ɐɔɝɞɌəɢɔɚəəɚɏɚ ɟɛɜɌɎɗɑəɔɫ ɐɔɜɔɒɌɍɗɑɘ: 
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ð ɜɌɍɚɣɑɑ ɘɑɝɞɚ ɚɛɑɜɌɞɚɜɌ ɞɑɜɘɔəɌɗɚɎ ɞɑɗɑɖɚɘɘɟəɔɖɌɢɔɔ; 

ð əɌɓɑɘəɧɕ ɛɟəɖɞ ɟɛɜɌɎɗɑəɔɫ; 

ð ɝɔɝɞɑɘɌ ɟɛɜɌɎɗɑəɔɫ ɛɚɗɑɞɚɘ; 

ð əɌɎɔɏɌɢɔɚəəɌɫ ɝɔɝɞɑɘɌ; 

ð ɐɌɞɣɔɖɔ Ɏəɑɤəɑɕ ɝɜɑɐɧ. 

2.5. ȹɌ ɔɝɛɧɞɌəɔɫ ɛɜɑɐɝɞɌɎɗɫɪɞɝɫ ɝɗɑɐɟɪɥɔɑ ɐɚɖɟɘɑəɞɧ ɔɓ ɖɚɘ-

ɛɗɑɖɝɌ ɩɝɖɔɓəɚɕ ɖɚəɝɞɜɟɖɞɚɜɝɖɚɕ ɐɚɖɟɘɑəɞɌɢɔɔ: 

ð ɛɜɚɏɜɌɘɘɌ ɔ ɘɑɞɚɐɔɖɔ ɔɝɛɧɞɌəɔɕ; 

ð ɜɟɖɚɎɚɐɝɞɎɚ ɛɚ ɩɖɝɛɗɟɌɞɌɢɔɔ; 

ð ɛɌɝɛɚɜɞ. 

2.6. ȴɝɛɧɞɌɞɑɗɨəɌɫ ɌɛɛɌɜɌɞɟɜɌ ɛɜɑɐɚɝɞɌɎɗɫɑɞɝɫ əɌ ɛɑɜɔɚɐ ɔɝɛɧ-

ɞɌəɔɕ Ɋɒəɧɘ ɠɑɐɑɜɌɗɨəɧɘ ɟəɔɎɑɜɝɔɞɑɞɚɘ. 

2.7. Ɂɚɐ ɔɝɛɧɞɌəɔɕ ɜɑɏɔɝɞɜɔɜɟɑɞɝɫ Ɏ ɛɜɚɞɚɖɚɗɌɡ ɔɝɛɧɞɌəɔɕ. 

2.8. ȴɝɛɧɞɌəɔɫ ɝɣɔɞɌɪɞɝɫ ɓɌɖɚəɣɑəəɧɘɔ, ɑɝɗɔ ɜɑɓɟɗɨɞɌɞɧ ɔɝɛɧ-

ɞɌəɔɕ ɚɠɚɜɘɗɑəɧ Ɍɖɞɚɘ, ɖɚɞɚɜɧɕ ɛɚɐɞɎɑɜɒɐɌɑɞ Ɏɧɛɚɗəɑəɔɑ ɛɜɚ-

ɏɜɌɘɘɧ ɗɌɍɚɜɌɞɚɜəɧɡ ɔɝɛɧɞɌəɔɕ ɔ ɝɚɚɞɎɑɞɝɞɎɔɑ ɜɑɓɟɗɨɞɌɞɚɎ ɞɑɡəɔɣɑ-

ɝɖɚɘɟ ɓɌɐɌəɔɪ. 

3. ȾɜɑɍɚɎɌəɔɫ ɍɑɓɚɛɌɝəɚɝɞɔ. 

3.1. Ȼɜɔ Ɏɧɛɚɗəɑəɔɔ ɜɌɍɚɞ əɑɚɍɡɚɐɔɘɚ ɝɚɍɗɪɐɌɞɨ ȸɑɒɚɞɜɌɝɗɑɎɧɑ 

ɛɜɌɎɔɗɌ ɛɚ ɚɡɜɌəɑ ɞɜɟɐɌ (ɛɜɌɎɔɗɌ ɍɑɓɚɛɌɝəɚɝɞɔ) ɛɜɔ ɩɖɝɛɗɟɌɞɌɢɔɔ 

ɩɗɑɖɞɜɚɟɝɞɌəɚɎɚɖ (ȻȺȾ ȼ ȸ-016-2001, ȼȰ153-34.0-03.150-00), Ɍ ɞɌɖɒɑ 

Ɏɧɛɚɗəɫɞɨ ɞɜɑɍɚɎɌəɔɫ ȯȺȽȾ 12.1.019.-79, ȯȺȽȾ 12.3.019-80, ȯȺȽȾ 

12.1.004-91. 

3.2. Ȯɖɗɪɣɑəɔɑ Ɏɝɑɡ ɔɓɘɑɜɔɞɑɗɨəɧɡ ɛɜɔɍɚɜɚɎ ɜɌɓɜɑɤɌɑɞɝɫ ɛɜɚɔɓ-

Ɏɚɐɔɞɨ ɞɚɗɨɖɚ ɛɜɔ əɌɗɔɣɔɔ Ɏəɑɤəɑɏɚ ɓɌɓɑɘɗɑəɔɫ ɩɞɔɡ ɛɜɔɍɚɜɚɎ. 

3.3. Ȼɑɜɑɐ əɌɣɌɗɚɘ ɔɝɛɧɞɌəɔɕ, ɐɗɫ Ɏɝɑɡ ɟɣɌɝɞəɔɖɚɎ ɔɝɛɧɞɌəɔɕ 

ɛɜɚɎɚɐɔɞɝɫ ɔəɝɞɜɟɖɞɌɒ ɛɚ ɞɑɡəɔɖɑ ɍɑɓɚɛɌɝəɚɝɞɔ. 

4. Ⱦɑɡəɔɣɑɝɖɔɑ ɡɌɜɌɖɞɑɜɔɝɞɔɖɔ ɝɔɝɞɑɘɧ ɟɛɜɌɎɗɑəɔɫ, əɌɎɔɏɌɢɔɔ ɔ 

ɞɑɗɑɖɚɘɘɟəɔɖɌɢɔɔ ɐɗɫ ɛɜɚɞɚɞɔɛɌ Ɏɧɝɚɞəɚɏɚ ɍɑɝɛɔɗɚɞəɚɏɚ ɐɔɜɔɒɌɍɗɫ. 

4.1. Ⱦɑɡəɔɣɑɝɖɔɑ ɡɌɜɌɖɞɑɜɔɝɞɔɖɔ ɝɔɝɞɑɘɧ ɝɎɫɓɔ ɝɚɚɞɎɑɞɝɞɎɟɪɞ ɛ. 

5.5 ɞɑɡəɔɣɑɝɖɚɏɚ ɓɌɐɌəɔɫ. 

4.2. Ⱦɑɡəɔɣɑɝɖɔɑ ɡɌɜɌɖɞɑɜɔɝɞɔɖɔ əɌɎɔɏɌɢɔɚəəɚɕ ɝɔɝɞɑɘ ɝɚɚɞɎɑɞ-

ɝɞɎɟɪɞ ɛ. 5.2 ɞɑɡəɔɣɑɝɖɚɏɚ ɓɌɐɌəɔɫ ɖɚəɞɜɌɖɞɌ. 

4.3. Ⱦɑɡəɔɣɑɝɖɔɑ ɞɜɑɍɚɎɌəɔɫ ɖ ɐɌɞɣɔɖɌɘ Ɏəɑɤəɑɕ ɝɜɑɐɧ ɝɚɚɞɎɑɞ-

ɝɞɎɟɪɞ ɛ. 5.3 ɞɑɡəɔɣɑɝɖɚɏɚ ɓɌɐɌəɔɫ. 

4.4. Ⱦɑɡəɔɣɑɝɖɔɑ ɞɜɑɍɚɎɌəɔɫ ɖ ɝɔɝɞɑɘɑ ɟɛɜɌɎɗɑəɔɫ ɛɚɗɑɞɚɘ ɝɚɚɞ-

ɎɑɞɝɞɎɟɪɞ ɛ. 5.4 ɞɑɡəɔɣɑɝɖɚɏɚ ɓɌɐɌəɔɫ. 

4.5. Ⱦɑɡəɔɣɑɝɖɔɑ ɞɜɑɍɚɎɌəɔɫ ɖ əɌɓɑɘəɚɘɟ ɛɟəɖɞɟ ɟɛɜɌɎɗɑəɔɫ ɝɚ-

ɚɞɎɑɞɝɞɎɟɪɞ ɛ. 5.6 ɞɑɡəɔɣɑɝɖɚɏɚ ɓɌɐɌəɔɫ. 

4.6. Ⱦɑɡəɔɣɑɝɖɔɑ ɞɜɑɍɚɎɌəɔɫ ɖ ɛɜɚɏɜɌɘɘəɚ-ɌɛɛɌɜɌɞəɚɘɟ ɖɚɘɛɗɑɖ-

ɝɟ ɘɚɐɑɗɔɜɚɎɌəɔɫ ɝɚɚɞɎɑɞɝɞɎɟɪɞ ɛ. 5.8 ɞɑɡəɔɣɑɝɖɚɏɚ ɓɌɐɌəɔɫ. 

5. ȻɜɚɏɜɌɘɘɌ ɔɝɛɧɞɌəɔɕ 

5.1. Ȯɔɐɧ ɛɜɚɎɑɜɚɖ ɔɝɛɧɞɌəɔɕ ɛɜɑɐɝɞɌɎɗɑəɧ Ɏ ɞɌɍɗ. 4.1. 
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                                               ȾɌɍɗɔɢɌ 4.1  

ȻɜɚɏɜɌɘɘɌ ɔɝɛɧɞɌəɔɕ ɩɞɌɛɌ 1 

Ȯɔɐɧ ɛɜɚɎɑɜɖɔ 

5.1.1. ȴɓɘɑɜɑəɔɑ ɖɚɩɠɠɔɢɔɑəɞɌ  ɟɝɔɗɑ-

əɔɫ Ɍəɞɑəəɧɡ ɝɔɝɞɑɘ ȾɑɜɘɔəɌɗɚɎ.  

5.1.2. ȶɚəɞɜɚɗɨ ɐɌɗɨəɚɝɞɔ ɝɎɫɓɔ Ɏɧɝɚɖɚ-

ɝɖɚɜɚɝɞəɚɏɚ ɔ əɔɓɖɚɝɖɚɜɚɝɞəɚɏɚ ɖɌəɌɗɚɎ 

ȾɑɜɘɔəɌɗɚɎ 

5.1.3. ȴɝɛɧɞɌəɔɫ əɌ ɛɜɚɎɑɜɖɟ ɠɟəɖɢɔɚ-

əɌɗɌ ɜɟɣəɚɏɚ ɛɟɗɨɞɌ ɟɛɜɌɎɗɑəɔɫ 

5.1.4. ȴɝɛɧɞɌəɔɫ ɛɜɚɏɜɌɘɘəɚɏɚ ɚɍɑɝɛɑ-

ɣɑəɔɫ ɜɌɍɚɣɑɏɚ ɘɑɝɞɌ ɚɛɑɜɌɞɚɜɌ ɞɑɜɘɔ-

əɌɗɚɎ ɞɑɗɑɖɚɘɘɟəɔɖɌɢɔɔ 

5.1.5. ȶɚəɝɞɜɟɖɞɔɎəɧɑ ɡɌɜɌɖɞɑɜɔɝɞɔɖɔ 

5.1.6. ȬɎɞɚɘɌɞɔɣɑɝɖɚɑ ɟɛɜɌɎɗɑəɔɑ ɛɚɗɑ-

ɞɚɘ ȰɔɜɔɒɌɍɗɫ Ɏɐɚɗɨ ɓɌɐɌəəɚɕ ɞɜɌɑɖɞɚ-

ɜɔɔ 

5.1.7. ȰɔɝɞɌəɢɔɚəəɚɑ ɟɛɜɌɎɗɑəɔɑ ɛɚɗɑ-

ɞɚɘ 

5.1.8. Ȯɓɗɑɞ ɔ ɛɚɝɌɐɖɌ ȰɔɜɔɒɌɍɗɫ Ɏ ɐɔ-

ɝɞɌəɢɔɚəəɚɘ ɜɑɒɔɘɑ 

5.1.9. ȴɓɘɑəɑəɔɑ ɚɛɑɜɌɞɚɜɚɘ ɞɜɌɑɖɞɚɜɔɔ 

ɐɎɔɒɑəɔɫ ȰɔɜɔɒɌɍɗɫ Ɏɚ Ɏɜɑɘɫ ɛɚɗɑɞɌ ɝ 

əɌɓɑɘəɚɏɚ ɛɟəɖɞɌ ɟɛɜɌɎɗɑəɔɫ 

5.1.10. ȶɚəɞɜɚɗɨ ɛɚɏɜɑɤəɚɝɞɔ ɛɚɐɐɑɜɒɌ-

əɔɫ ɝɖɚɜɚɝɞɔ ȰɔɜɔɒɌɍɗɫ ɛɜɔ ɚɞɝɟɞɝɞɎɔɔ 

ɎɑɞɜɚɎɧɡ Ɏɚɓɘɟɥɑəɔɕ ɛɜɔ ɛɚɗɑɞɑ Ɏɐɚɗɨ 

ɛɜɫɘɚɕ ɞɜɌɑɖɞɚɜɔɔ 

5.1.11. ȶɚəɞɜɚɗɨ ɛɚɏɜɑɤəɚɝɞɔ ɚɛɜɑɐɑɗɑ-

əɔɫ ɖɚɚɜɐɔəɌɞ ȰɔɜɔɒɌɍɗɫ, ɛɚɏɜɑɤəɚɝɞɔ 

ɔɓɘɑɜɑəɔɫ ɟɏɗɚɎ ɞɌəɏɌɒɌ, ɖɜɑəɌ ɔ ɖɟɜɝɌ, 

ɣɌɝɞɚɞɧ ɚɍəɚɎɗɑəɔɫ ɐɌəəɧɡ ɚ ɖɚɚɜɐɔəɌ-

ɞɌɡ ɔ ɟɏɗɌɡ ɚɜɔɑəɞɌɢɔɔ ȰɔɜɔɒɌɍɗɫ 

5.1.12. ɀɟəɖɢɔɚəɔɜɚɎɌəɔɑ ɛɜɔ ɚɞɖɌɓɌɡ 

5.1.13. ȶɚəɞɜɚɗɨ ɠɟəɖɢɔɚəɌɗɨəɧɡ Ɏɚɓ-

ɘɚɒəɚɝɞɑɕ ɛɟəɖɞɌ ɟɛɜɌɎɗɑəɔɫ 

5.1.14. ȻɜɚɎɑɜɖɌ ɜɌɍɚɞɚɝɛɚɝɚɍəɚɝɞɔ ɩɗɑ-

ɘɑəɞɚɎ ɝɔɝɞɑɘɧ ɟɛɜɌɎɗɑəɔɫ, əɌɎɔɏɌɢɔɔ ɔ 

ɞɑɗɑɖɚɘɘɟəɔɖɌɢɔɔ ɐɗɫ ɛɜɚɞɚɞɔɛɌ Ɏɧɝɚɞ-

əɚɏɚ ɍɑɝɛɔɗɚɞəɚɏɚ ɐɔɜɔɒɌɍɗɫ 

 



 168 

5.2. ȻɜɚɎɑɐɑəɔɑ ɛɜɚɎɑɜɚɖ, ɛɜɑɐɝɞɌɎɗɑəəɧɡ Ɏ ɞɌɍɗ.4.1, ɐɚɛɟɝɖɌɑɞɝɫ 

ɚɍɦɑɐɔəɫɞɨ Ɏ ɜɌɘɖɌɡ ɚɐəɚɏɚ ɩɖɝɛɑɜɔɘɑəɞɌ ɝ ɝɚɡɜɌəɑəɔɑɘ ɟɝɗɚɎɔɕ ɔ 

ɜɑɒɔɘɚɎ, ɛɜɔɎɑɐɑəəɧɡ Ɏ ɝɚɚɞɎɑɞɝɞɎɟɪɥɑɘ ɜɌɓɐɑɗɑ ɘɑɞɚɐɔɖ.  

5.3. ȻɑɜɑɜɧɎ ɔɗɔ ɐɚɝɜɚɣəɚɑ ɛɜɑɖɜɌɥɑəɔɑ ɔɝɛɧɞɌəɔɕ Ɏɚɓɘɚɒɑə ɛɚ 

ɜɑɤɑəɔɪ ɖɚɘɔɝɝɔɔ ɔɗɔ ɛɚɐ ɎɚɓɐɑɕɝɞɎɔɑɘ əɑɛɜɑɚɐɚɗɔɘɧɡ ɝɔɗ (ɠɚɜɝ-

ɘɌɒɚɜəɧɑ ɚɍɝɞɚɫɞɑɗɨɝɞɎɌ). 

Ȼɜɔɘɑɜ ɘɑɞɚɐɔɖ ɔɝɛɧɞɌəɔɕ 

1. Ⱥɍɦɑɖɞɚɘ ɔɝɛɧɞɌəɔɕ ɫɎɗɫɑɞɝɫ  ɚɍɜɌɓɑɢ ɝɔɝɞɑɘɧ ɟɛɜɌɎɗɑəɔɫ, 

əɌɎɔɏɌɢɔɔ ɔ ɞɑɗɑɖɚɘɘɟəɔɖɌɢɔɔ ɍɑɝɛɔɗɚɞəɚɏɚ ɐɔɜɔɒɌɍɗɫ. 

2. ɂɑɗɨ ɔɝɛɧɞɌəɔɕ. 

1.2.1. ɂɑɗɨɪ ɔɝɛɧɞɌəɔɕ ɫɎɗɫɑɞɝɫ ɛɜɚɎɑɜɖɌ ɜɌɍɚɞɚɝɛɚɝɚɍəɚɝɞɔ ɔ 

ɝɚɚɞɎɑɞɝɞɎɔɫ ɠɟəɖɢɔɚəɌɗɨəɧɘ ɞɜɑɍɚɎɌəɔɫɘ ɔɓɐɑɗɔɕ, Ɏɡɚɐɫɥɔɡ Ɏ ɝɚ-

ɝɞɌɎ ɝɔɝɞɑɘɧ ɟɛɜɌɎɗɑəɔɫ, əɌɎɔɏɌɢɔɔ ɔ ɞɑɗɑɖɚɘɘɟəɔɖɌɢɔɔ ɐɗɫ ɛɜɚɞɚ-

ɞɔɛɌ Ɏɧɝɚɞəɚɏɚ ɍɑɝɛɔɗɚɞəɚɏɚ ɐɔɜɔɒɌɍɗɫ. 

1.2.2. Ȯɔɐ ɔɝɛɧɞɌəɔɕ ð ɗɌɍɚɜɌɞɚɜəɧɑ ɔɝɛɧɞɌəɔɫ. 

1.2.3. ȶɚɗɔɣɑɝɞɎɚ ɔɝɛɧɞɧɎɌɑɘɧɡ ɚɍɜɌɓɢɚɎ ð ɚɐɔə. 

1.2.4. ȾɜɑɍɚɎɌəɔɫ ɛɚ ɒɔɎɟɣɑɝɞɔ ɔ ɖ ɍɑɓɚɞɖɌɓəɚɝɞɔ ɔɓɐɑɗɔɫ Ɏ ɐɌə-

əɧɡ ɔɝɛɧɞɌəɔɫɡ əɑ ɛɜɚɎɑɜɫɪɞɝɫ. 

3. ȸɑɝɞɚ ɔ ɝɜɚɖɔ ɛɜɚɎɑɐɑəɔɫ ɔɝɛɧɞɌəɔɕ. 

3.1. ȸɑɝɞɚɘ ɛɜɚɎɑɐɑəɔɫ ɔɝɛɧɞɌəɔɕ ɫɎɗɫɑɞɝɫ Ɋɒəɧɕ ɠɑɐɑɜɌɗɨ-

əɧɕ ɟəɔɎɑɜɝɔɞɑɞ. 

3.2. ȴɝɛɧɞɌəɔɫ ɛɜɚɎɚɐɫɞɝɫ Ɏ ɛɑɜɔɚɐ ɝ 18 ɛɚ 29 əɚɫɍɜɫ 2012 ɏɚɐɌ. 

4. ȻɜɚɎɑɜɫɑɘɧɑ ɡɌɜɌɖɞɑɜɔɝɞɔɖɔ. 

4.1. Ⱦɑɡəɔɣɑɝɖɔɑ ɞɜɑɍɚɎɌəɔɫ. 

4.1.1. Ⱦɑɡəɔɣɑɝɖɔɑ ɞɜɑɍɚɎɌəɔɫ ɖ ɝɔɝɞɑɘɑ ɝɎɫɓɔ ɝɚɚɞɎɑɞɝɞɎɟɪɞ ɛ. 5.1 

ɞɑɡəɔɣɑɝɖɚɏɚ ɓɌɐɌəɔɫ. 

4.1.2. Ⱦɑɡəɔɣɑɝɖɔɑ ɞɜɑɍɚɎɌəɔɫ ɖ əɌɎɔɏɌɢɔɚəəɚɕ ɝɔɝɞɑɘ ɝɚɚɞɎɑɞ-

ɝɞɎɟɪɞ ɛ. 5.2 ɞɑɡəɔɣɑɝɖɚɏɚ ɓɌɐɌəɔɫ. 

4.1.3. Ⱦɑɡəɔɣɑɝɖɔɑ ɞɜɑɍɚɎɌəɔɫ ɖ ɐɌɞɣɔɖɌɘ Ɏəɑɤəɑɕ ɝɜɑɐɧ ɝɚɚɞɎɑɞ-

ɝɞɎɟɪɞ ɛ. 5.3 ɞɑɡəɔɣɑɝɖɚɏɚ ɓɌɐɌəɔɫ. 

4.1.4. Ⱦɑɡəɔɣɑɝɖɔɑ ɞɜɑɍɚɎɌəɔɫ ɖ ɝɔɝɞɑɘɑ ɟɛɜɌɎɗɑəɔɫ ɛɚɗɑɞɚɘ ɝɚ-

ɚɞɎɑɞɝɞɎɟɪɞ ɛ. 5.4 ɞɑɡəɔɣɑɝɖɚɏɚ ɓɌɐɌəɔɫ. 

4.1.5. Ⱦɑɡəɔɣɑɝɖɔɑ ɞɜɑɍɚɎɌəɔɫ ɖ əɌɓɑɘəɚɘɟ ɛɟəɖɞɟ ɟɛɜɌɎɗɑəɔɫ 

ɝɚɚɞɎɑɞɝɞɎɟɪɞ ɛ. 5.6 ɞɑɡəɔɣɑɝɖɚɏɚ ɓɌɐɌəɔɫ. 

4.1.6. Ⱦɑɡəɔɣɑɝɖɔɑ ɞɜɑɍɚɎɌəɔɫ ɖ ɛɜɚɏɜɌɘɘəɚ-ɌɛɛɌɜɌɞəɚɘɟ ɖɚɘ-

ɛɗɑɖɝɟ ɘɚɐɑɗɔɜɚɎɌəɔɫ ɝɚɚɞɎɑɞɝɞɎɟɪɞ ɛ. 5.8 ɞɑɡəɔɣɑɝɖɚɏɚ ɓɌɐɌəɔɫ. 

4.2. ȻɜɚɎɑɜɖɌ ɝɚɝɞɌɎɌ ɝɔɝɞɑɘɧ. 

ȽɔɝɞɑɘɌ ɐɚɗɒəɌ ɝɚɝɞɚɫɞɨ ɔɓ ɩɗɑɘɑəɞɚɎ: 

ð ɍɚɜɞɚɎɚɏɚ ɞɑɜɘɔəɌɗɌ ɞɑɗɑɖɚɘɘɟəɔɖɌɢɔɔ; 

ð əɌɓɑɘəɚɏɚ ɞɑɜɘɔəɌɗɌ ɞɑɗɑɖɚɘɘɟəɔɖɌɢɔɔ; 

ð ɜɟɣəɚɏɚ ɛɟɗɨɞɌ ɟɛɜɌɎɗɑəɔɫ; 

ð ɞɑɜɘɔəɌɗ ɜɟɣəɚɏɚ ɛɟɗɨɞɌ ɟɛɜɌɎɗɑəɔɫ; 

ð ɜɌɍɚɣɑɏɚ ɘɑɝɞɌ ɚɛɑɜɌɞɚɜɌ ɞɑɜɘɔəɌɗɚɎ; 
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ð əɌɓɑɘəɚɏɚ ɛɟəɖɞɌ ɟɛɜɌɎɗɑəɔɫ; 

ð ɝɔɝɞɑɘɧ ɟɛɜɌɎɗɑəɔɫ ɛɚɗɑɞɚɘ; 

ð əɌɎɔɏɌɢɔɚəəɚɕ ɝɔɝɞɑɘɧ; 

ð ɐɌɞɣɔɖɌ Ɏəɑɤəɑɕ ɝɜɑɐɧ. 

5. ȴɝɛɚɗɨɓɟɑɘɌɫ ɌɛɛɌɜɌɞɟɜɌ 

5.1. Ȯɝɫ ɔɝɛɚɗɨɓɟɑɘɌɫ ɌɛɛɌɜɌɞɟɜɌ ɐɚɗɒəɌ ɔɘɑɞɨ ɐɑɕɝɞɎɟɪɥɔɑ 

ɝɜɚɖɔ ɛɚɎɑɜɖɔ. 

5.2. Ȯ ɝɚɝɞɌɎ ɌɛɛɌɜɌɞɟɜɧ, ɛɜɑɐəɌɓəɌɣɑəəɚɕ ɐɗɫ ɛɜɚɎɑɐɑəɔɫ ɗɌɍɚ-

ɜɌɞɚɜəɧɡ ɔɝɛɧɞɌəɔɕ, Ɏɡɚɐɫɞ: 

ð ɔɓɘɑɜɔɞɑɗɨəɧɑ Ɍəɞɑəəɧ; 

ð ɏɑəɑɜɌɞɚɜɧ ɝɔɏəɌɗɚɎ ɩɞɌɗɚəəɧɑ; 

ð ɔɓɘɑɜɔɞɑɗɨəɧɑ ɝɑɗɑɖɞɔɎəɧɑ ɟɝɔɗɔɞɑɗɔ; 

ð ɞɑɡəɚɗɚɏɔɣɑɝɖɔɑ ɉȮȸ (əɚɟɞɍɟɖɔ); 

ð ɝɛɑɢɔɌɗɨəɚɑ ɛɜɚɏɜɌɘɘəɚɑ ɚɍɑɝɛɑɣɑəɔɑ. 

6. Ⱥɞɣɑɞəɚɝɞɨ. 

6.1. Ȯɑɝɨ ɡɚɐ ɔɝɛɧɞɌəɔɕ ɜɑɏɔɝɞɜɔɜɟɑɞɝɫ Ɏ ɛɜɚɞɚɖɚɗɌɡ ɔɝɛɧɞɌəɔɕ. 

6.2. ȼɑɓɟɗɨɞɌɞɧ ɔɝɛɧɞɌəɔɕ ɝɟɘɘɔɜɟɪɞɝɫ Ɏ ɠɚɜɘɑ ɌɖɞɌ. 

7. ȻɜɚɎɑɐɑəɔɑ ɔɝɛɧɞɌəɔɕ. 

7.1. ȶɚəɝɞɜɟɖɞɔɎəɧɑ ɡɌɜɌɖɞɑɜɔɝɞɔɖɔ ɛɜɚɎɑɜɫɪɞɝɫ əɌ ɝɚɚɞɎɑɞɝɞɎɔɑ 

Ⱦȳ ɛɟɞɑɘ ɎɔɓɟɌɗɨəɚɏɚ ɝɜɌɎəɑəɔɫ ɔ ɔɓɘɑɜɑəɔɑɘ ɜɌɓɘɑɜɚɎ. 

7.2. ȻɚɝɗɑɐɚɎɌɞɑɗɨəɚɝɞɨ ɛɜɚɎɑɐɑəɔɫ ɛɜɚɎɑɜɚɖ ɔ ɔɡ ɖɌɣɑɝɞɎɚ ɟɝɞɌ-

əɌɎɗɔɎɌɪɞɝɫ ɟɣɌɝɞəɔɖɌɘɔ ɔɝɛɧɞɌəɔɕ ɛɚ ɝɚɏɗɌɝɚɎɌəɔɪ ɝ ɛɜɑɐɝɞɌɎɔɞɑ-

ɗɑɘ ȳɌɖɌɓɣɔɖɌ. 

7.3. ȻɜɚɎɑɐɑəɔɑ ɔɝɛɧɞɌəɔɕ. 

7.3.1. ȴɓɘɑɜɑəɔɑ ɖɚɩɠɠɔɢɔɑəɞɌ ɟɝɔɗɑəɔɫ Ɍəɞɑəəɧɡ ɝɔɝɞɑɘ. ȭɗɚɖ 

ðɝɡɑɘɌ ɔɓɘɑɜɑəɔɫ ɖɚɩɠɠɔɢɔɑəɞɌ ɟɝɔɗɑəɔɫ Ɍəɞɑəə ɛɜɔɎɑɐɑəɌ əɌ ɜɔɝ. 

4.28. ȴɓɘɑɜɑəɔɑ ɘɚɒɑɞ ɛɜɚɎɚɐɔɞɨɝɫ ɖɌɖ əɌ ɚɞɖɜɧɞɚɘ Ɍəɞɑəəɚɘ ɛɚɗɔ-

ɏɚəɑ. ȻɑɜɑɐɌɪɥɌɫ 1 ɔ ɔɝɛɧɞɟɑɘɌɫ Ɍəɞɑəəɧ 5, ɟɝɞɌəɚɎɗɑəəɧɑ əɌ ɛɚɎɚ-

ɜɚɞəɧɡ ɛɚɓɔɢɔɚəɑɜɌɡ 3 ɔ 6, ɪɝɞɔɜɟɪɞɝɫ ɐɗɫ ɝɚɎɘɑɥɑəɔɫ ɚɝɑɕ ɛɚ ɘɌɖ-

ɝɔɘɟɘɟ ɝɔɏəɌɗɌ. ȼɌɝɝɞɚɫəɔɑ ɘɑɒɐɟ ɌəɞɑəəɌɘɔ ɐɚɗɒəɚ ɍɧɞɨ əɑ ɘɑəɑɑ 

4 ɘ ɔ ɎɧɝɚɞɌ ɚɞ ɛɚɎɑɜɡəɚɝɞɔ ɛɚɗɌ (ɓɑɘɗɔ) ɍɚɗɑɑ 1,5 ɘ.  ȴɓɘɑɜɑəɔɑ ɟɝɔ-

ɗɑəɔɫ ɛɜɚɎɚɐɔɞɝɫ ɘɑɞɚɐɚɘ ɓɌɘɑɥɑəɔɫ, ɞ.ɑ. ɛɚ ɝɜɌɎəɑəɔɪ ɝ ɩɞɌɗɚəəɚɕ 

Ɍəɞɑəəɚɕ Ȼ6-2, Ɏ ɝɚɚɞɎɑɞɝɞɎɔɔ ɝ ɑɑ ɏɜɌɐɟɔɜɚɎɚɣəɧɘ ɏɜɌɠɔɖɚɘ. ȽɜɌɎ-

əɑəɔɑ ɝɔɏəɌɗɚɎ ɚɞ ɩɞɌɗɚəəɚɕ ɔ ɔɓɘɑɜɫɑɘɚɕ Ɍəɞɑəəɚɕ ɛɜɚɎɚɐɔɞɝɫ ɝ ɛɚ-

ɘɚɥɨɪ ɔɓɘɑɜɔɞɑɗɫ 8. ȬəɞɑəəɌ ɛɜɚɎɑɜɫɑɞɝɫ əɌ ɞɜɑɡ ɣɌɝɞɚɞəɧɡ ɞɚɣɖɌɡ: 

əɔɒəɑɕ, ɝɜɑɐəɑɕ ɔ Ɏɑɜɡəɑɕ ɔ ɝɣɔɞɌɑɞɝɫ ɎɧɐɑɜɒɌɎɤɑɕ ɔɝɛɧɞɌəɔɑ, ɑɝ-

ɗɔ ɓəɌɣɑəɔɫ ɟɝɔɗɑəɔɫ ɝɚɚɞɎɑɞɝɞɎɟɪɞ ɞɑɡəɔɣɑɝɖɚɏɚ ɓɌɐɌəɔɫ. 
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ȼɔɝ. 4.28. ȭɗɚɖ-ɝɡɑɘɌ ɔɓɘɑɜɑəɔɫ ɖɚɩɠɠɔɢɔɑəɞɌ ɟɝɔɗɑəɔɫ Ɍəɞɑəə 

 

7.3.2. ȶɚəɞɜɚɗɨ ɐɌɗɨəɚɝɞɔ ɝɎɫɓɔ Ɏɧɝɚɖɚɝɖɚɜɚɝɞəɚɏɚ ɔ əɔɓɖɚɝɖɚ-

ɜɚɝɞəɚɏɚ ɖɌəɌɗɚɎ ɝɎɫɓɔ. 

ȻɜɚɎɑɜɖɌ ɐɌɗɨəɚɝɞɔ ɝɎɫɓɔ Ɏɧɝɚɖɚɝɖɚɜɚɝɞəɚɏɚ ɖɌəɌɗɌ ɞɑɜɘɔəɌɗɌ 

ɞɑɗɑɖɚɘɘɟəɔɖɌɢɔɔ ɛɜɚɔɓɎɚɐɔɞɝɫ Ɏ ɝɚɚɞɎɑɞɝɞɎɔɔ ɝɚ ɝɡɑɘɚɕ, ɛɜɑɐɝɞɌɎ-

ɗɑəəɚɕ əɌ ɜɔɝ. 4.30. 

 
ȼɔɝ. 4.29. ȻɜɚɎɑɜɖɌ ɐɌɗɨəɚɝɞɔ Ɏɧɝɚɖɚɝɖɚɜɚɝɞəɚɏɚ ɖɌəɌɗɌ 

 

1, 4 ð Ɍəɞɑəəɧ Ɏɧɝɚɖɚɝɖɚɜɚɝɞəɚɏɚ ɖɌəɌɗɌ ɛɜɔɬɘɚɛɑɜɑɐɌɪɥɑɏɚ Ɍə-

ɞɑəəɚ-ɩɗɑɖɞɜɚəəɚɏɚ ɍɗɚɖɌ; 2, 5 ð ɍɗɚɖɔ ɢɔɠɜɚɎɚɏɚ ɛɜɔɬɘɌ-ɛɑɜɑɐɌɣɔ; 3, 

6 ð ɉȮȸ ɝ ɞɑɝɞɚɎɧɘ ɛɜɚɏɜɌɘɘəɧɘ ɚɍɑɝɛɑɣɑəɔɑɘ; 7 ð ɌɞɞɑəɪɌɞɚɜ 

ȶɚəɞɜɚɗɨ ɐɌɗɨəɚɝɞɔ ɝɎɫɓɔ ɚɝɟɥɑɝɞɎɗɫɪɞ əɌ ɚɞɖɜɧɞɚɘ Ɍəɞɑəəɚɘ 

ɛɚɗɔɏɚəɑ ɛɟɞɑɘ ɔɘɔɞɌɢɔɔ ɜɑɌɗɨəɚɏɚ ɖɌəɌɗɌ ɝɎɫɓɔ ɓɌ ɝɣɑɞ ɔɝɛɚɗɨɓɚɎɌ-

əɔɫ ɌɞɞɑəɪɌɞɚɜɚɎ, ɚɛɜɑɐɑɗɫɑɘɧɡ ɜɌɝɣɑɞəɧɘ ɝɛɚɝɚɍɚɘ. 

ȸɚɥəɚɝɞɨ ɝɔɏəɌɗɌ Ɏ ɞɚɣɖɑ ɛɜɔɬɘɌ ɚɛɜɑɐɑɗɫɑɞɝɫ Ɏ ɝɚɚɞɎɑɞɝɞɎɔɔ ɝ 

ɎɧɜɌɒɑəɔɑɘ 
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ʧʝʨ ʧʝʨ ʧʨʩc r
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å õ

= Ö Ö Ö Öæ ö
Öç ÷

, (4.23) 

ɏɐɑ 
ʧʨcP  ð ɐɑɕɝɞɎɟɪɥɌɫ ɘɚɥəɚɝɞɨ, ɛɚɝɞɟɛɌɪɥɌɫ əɌ Ɏɡɚɐ ɛɜɔɬɘəɔɖɌ, 

ʧʝʨP  ð ɐɑɕɝɞɎɟɪɥɌɫ ɘɚɥəɚɝɞɨ, ɜɌɓɎɔɎɌɑɘɌɫ ɛɑɜɑɐɌɞɣɔɖɚɘ əɌ Ɏɡɚɐɑ 

Ɍəɞɑəəɧ, ,
ʧʝʨ ʧʨG G  ð ɖɚɩɠɠɔɢɔɑəɞɧ ɟɝɔɗɑəɔɫ ɛɜɔɬɘəɚɕ ɔ ɛɑɜɑɐɌɪɥɑɕ 
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Ɍəɞɑəə, 
ʩ
h ð ȶȻȰ Ɍəɞɑəəɚɕ ɝɔɝɞɑɘɧ, l ð ɐɗɔəɌ Ɏɚɗəɧ, r  ð ɜɌɝɝɞɚɫəɔɑ 

ɘɑɒɐɟ ɛɑɜɑɐɌɞɣɔɖɚɘ ɔ ɛɜɔɬɘəɔɖɚɘ.  

ȶɚəɞɜɚɗɨ ɐɌɗɨəɚɝɞɔ ɝɎɫɓɔ ɚɝɟɥɑɝɞɎɗɫɪɞ ɝ ɔɝɛɚɗɨɓɚɎɌəɔɑɘ ɤɞɌɞ-

əɚɕ ɝɔɝɞɑɘɧ ɐɔɌɏəɚɝɞɔɖɔ ɖɌəɌɗɌ ɝɎɫɓɔ. Ȼɜɔ ɩɞɚɘ ɚɐəɚɎɜɑɘɑəəɚ ɖɚə-

ɞɜɚɗɔɜɟɪɞ ɖɚɗɔɣɑɝɞɎɚ ɚɤɔɍɚɖ Ɏ ɖɌəɌɗɑ ɔ Ɏɜɑɘɫ ɎɚɝɝɞɌəɚɎɗɑəɔɫ ɖɌəɌ-

ɗɌ. 

7.3.3. ȻɜɚɎɑɐɑəɔɑ ɔɝɛɧɞɌəɔɕ ɝɔɝɞɑɘɧ ɟɛɜɌɎɗɑəɔɫ ɔ əɌɎɔɏɌɢɔɔ. 

7.3.3.1. Ȱɗɫ ɛɜɚɎɑɐɑəɔɫ ɔɝɛɧɞɌəɔɕ ɝɚɍɔɜɌɑɞɝɫ ɝɡɑɘɌ, ɛɜɑɐɝɞɌɎ-

ɗɑəəɌɫ əɌ ɜɔɝ. 4.30. ȼɌɝɛɚɗɚɒɑəɔɑ ɜɌɓɦɑɘɚɎ əɌ ɛɌəɑɗɫɡ ɍɚɜɞɚɎɚɏɚ 

ɖɚɘɛɨɪɞɑɜɌ ɛɜɑɐɝɞɌɎɗɑəɚ əɌ ɜɔɝ. 4.31. 

7.3.3.2. ȻɚɝɜɑɐɝɞɎɚɘ əɌɒɌɞɔɫ ɖəɚɛɖɔ ɛɔɞɌəɔɫ əɌ ɗɔɢɑɎɚɕ ɛɌəɑɗɔ 

ɎɖɗɪɣɌɑɞɝɫ ɖɚɘɛɨɪɞɑɜ ɛɜɚɏɜɌɘɘəɚ-ɌɛɛɌɜɌɞəɚɏɚ ɖɚɘɛɗɑɖɝɌ. 

ȹɌɓɑɘəɧɕ ɛɟəɖɞ ɟɛɜɌɎɗɑəɔɫ ɎɖɗɪɣɌɑɞɝɫ ɛɚɝɜɑɐɝɞɎɚɘ əɌɒɌɞɔɫ 

ɖəɚɛɖɔ ɛɔɞɌəɔɫ əɌ ɗɔɢɑɎɚɕ ɛɌəɑɗɔ. 

ȽɔɝɞɑɘɌ ɟɛɜɌɎɗɑəɔɫ ɛɚɗɑɞɚɘ ɎɖɗɪɣɌɑɞɝɫ ɌɎɞɚɘɌɞɔɣɑɝɖɔ ɛɜɔ ɛɚ-

ɐɌɣɑ ɛɔɞɌəɔɫ. 

ȭɗɚɖ ɛɔɞɌəɔɫ əɌɓɑɘəɚɏɚ ɛɟəɖɞɌ ɟɛɜɌɎɗɑəɔɫ ɎɖɗɪɣɌɑɞɝɫ ɛɚɝɜɑɐ-

ɝɞɎɚɘ əɌɒɌɞɔɫ ɖəɚɛɖɔ ɛɔɞɌəɔɫ əɌ ɗɔɢɑɎɚɕ ɛɌəɑɗɔ. 

ȭɗɚɖ ɛɔɞɌəɔɫ ɍɚɜɞɚɎɚɕ ɝɔɝɞɑɘɧ ɟɛɜɌɎɗɑəɔɫ ɛɚɗɑɞɚɘ ɎɖɗɪɣɌɑɞɝɫ 

ɛɚɝɜɑɐɝɞɎɚɘ əɌɒɌɞɔɫ ɖəɚɛɖɔ ɛɔɞɌəɔɫ əɌ ɗɔɢɑɎɚɕ ɛɌəɑɗɔ. 

 
ȼɔɝ. 4.30. ȽɡɑɘɌ ɔɝɛɧɞɌəɔɕ ɝɔɝɞɑɘɧ ɟɛɜɌɎɗɑəɔɫ 
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ȼɔɝ. 4.31. ȼɌɝɛɚɗɚɒɑəɔɑ ɜɌɓɦɑɘɚɎ əɌ ɛɌəɑɗɔ ɍɚɜɞɚɎɚɏɚ ɖɚɘɛɨɪɞɑɜɌ 

 

7.3.3.3. ȳɌɛɟɝɖɌɪɞɝɫ ɏɜɌɠɔɣɑɝɖɔɑ ɔəɞɑɜɠɑɕɝɧ ɛɜɚɏɜɌɘɘəɚ-

ɌɛɛɌɜɌɞəɚɏɚ ɖɚɘɛɗɑɖɝɌ ɔ əɌɓɑɘəɚɏɚ ɛɟəɖɞɌ ɟɛɜɌɎɗɑəɔɫ. 

ȯɜɌɠɔɣɑɝɖɔɕ ɔəɞɑɜɠɑɕɝ əɌɓɑɘəɚɏɚ ɛɟəɖɞɌ ɟɛɜɌɎɗɑəɔɫ ɓɌɛɟɝɖɌɑɞ-

ɝɫ ɌɎɞɚɘɌɞɔɣɑɝɖɔ Ɏ ɜɑɒɔɘɑ Flight ɛɚɝɗɑ Ɏɖɗɪɣɑəɔɫ ɖɚɘɛɨɪɞɑɜɌ 

əɌɓɑɘəɚɏɚ ɛɟəɖɞɌ ɟɛɜɌɎɗɑəɔɫ. 

ȯɜɌɠɔɣɑɝɖɔɕ ɔəɞɑɜɠɑɕɝ ɛɜɚɏɜɌɘɘəɚ-ɌɛɛɌɜɌɞəɚɏɚ ɖɚɘɛɗɑɖɝɌ ɘɚ-

ɐɑɗɔɜɚɎɌəɔɫ ɓɌɛɟɝɖɌɑɞɝɫ ɌɎɞɚɘɌɞɔɣɑɝɖɔ ɛɚɝɗɑ Ɏɖɗɪɣɑəɔɫ ɖɚɘɛɨɪɞɑ-

ɜɌ ɛɜɚɏɜɌɘɘəɚ-ɌɛɛɌɜɌɞəɚɏɚ ɖɚɘɛɗɑɖɝɌ. 

7.3.2.4. ȳɌɐɌɪɞɝɫ ɛɌɜɌɘɑɞɜɧ Ɏəɑɤəɑɕ ɝɜɑɐɧ Ɏ ɚɖəɑ, ɛɜɑɐɝɞɌɎɗɑə-

əɚɘ əɌ ɜɔɝ. 4.32. 

  
ȼɔɝ. 4.32. ȳɌɐɌəɔɑ ɛɌɜɌɘɑɞɜɚɎ Ɏəɑɤəɑɕ ɝɜɑɐɧ 

 

7.3.3.5. ȳɌɐɌɪɞɝɫ ɛɌɜɌɘɑɞɜɧ ɐɔɜɔɒɌɍɗɫ Ɏ ɚɖəɑ, ɛɜɑɐɝɞɌɎɗɑəəɚɘ 

əɌ ɜɔɝ. 4.33, ɔɝɛɚɗɨɓɟɫ ɎɖɗɌɐɖɟ Model ->Parameters  of airship  model-> 

Parameters . 

7.3.3.6. ȳɌɐɌɑɞɝɫ əɌɣɌɗɨəɚɑ ɝɚɝɞɚɫəɔɑ ɐɔɜɔɒɌɍɗɫ, ɔɝɛɚɗɨɓɟɫ 

ɎɖɗɌɐɖɟ Model->Parameters of airship model -> Initial Conditions (ɜɔɝ. 
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4.34). Ȼɚ ɟɘɚɗɣɌəɔɪ ɓɌɐɌɪɞɝɫ ɝɗɑɐɟɪɥɑɑ ɝɚɝɞɚɫəɔɑ ɐɔɜɔɒɌɍɗɫ:  

Vx(0)=0, Vy(0)=0, Vz(0)=0, Șx(0)=0, Șy(0)=0, Șz(0)=0, dPl(0)=500, 

dPr(0)=500, X(0)=0, Y(0)=10, Z(0)=0, ȗ(0)=0, Ȕ(0)=0, Ȃ(0)=0. 

 
ȼɔɝ. 4.33. ȳɌɐɌəɔɑ ɛɌɜɌɘɑɞɜɚɎ ɐɔɜɔɒɌɍɗɫ 

 

 
ȼɔɝ. 4.34. ȳɌɐɌəɔɑ əɌɣɌɗɨəɚɏɚ ɝɚɝɞɚɫəɔɫ ɐɔɜɔɒɌɍɗɫ 

 

7.3.3.7. ȳɌɐɌɪɞɝɫ ɛɌɜɌɘɑɞɜɧ ɔɝɛɚɗəɔɞɑɗɨəɧɡ ɘɑɡɌəɔɓɘɚɎ ɐɔɜɔ-

ɒɌɍɗɫ, ɔɝɛɚɗɨɓɟɫ ɎɖɗɌɐɖɟ Model->Parameters of actuators -> 

Parameters (ɜɔɝ. 4.35). 

7.3.3.8. ȳɌɐɌɪɞɝɫ ɛɌɜɌɘɑɞɜɧ ɐɌɞɣɔɖɚɎ Ɏəɑɤəɑɕ ɝɜɑɐɧ, ɔɝɛɚɗɨɓɟɫ 

ɎɖɗɌɐɖɟ Model->Parameters of environment sensors (ɜɔɝ. 4.36). 

7.3.3.9. ȳɌɐɌɪɞɝɫ ɛɌɜɌɘɑɞɜɧ əɌɎɔɏɌɢɔɚəəɚɕ ɝɔɝɞɑɘɧ (ɛɚɏɜɑɤ-

əɚɝɞɨ ɚɛɜɑɐɑɗɑəɔɫ ɏɚɜɔɓɚəɞɌɗɨəɧɡ ɖɚɚɜɐɔəɌɞ; ɛɚɏɜɑɤəɚɝɞɨ ɚɛɜɑɐɑɗɑ-

əɔɫ Ɏɧɝɚɞɧ; ɛɚɏɜɑɤəɚɝɞɨ ɚɛɜɑɐɑɗɑəɔɫ ɟɏɗɚɎ ɞɌəɏɌɒɌ, ɖɜɑəɌ ɔ ɖɟɜɝɌ; 

ɛɚɏɜɑɤəɚɝɞɨ ɚɛɜɑɐɑɗɑəɔɫ ɏɚɜɔɓɚəɞɌɗɨəɚɕ ɔ ɎɑɜɞɔɖɌɗɨəɚɕ ɝɖɚɜɚɝɞɔ), 

ɔɝɛɚɗɨɓɟɫ ɎɖɗɌɐɖɟ Model->Parameters  of navigation system (ɜɔɝ. 4.37). 


