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ɺ ʧʦʩʦʙʠʠ ʧʦʜʨʦʙʥʦ ʠʟʣʦʞʝʥʳ ʤʝʪʦʜʠʢʠ ʧʨʦʝʢʪʥʦʛʦ ʨʘʩʯʝʪʘ ʠ ʢʦʥʩʪ-

ʨʫʠʨʦʚʘʥʠʷ ʦʩʥʦʚʥʳʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʝʨʝʜʘʯ, ʚʢʣʶʯʘʷ ʦʩʥʦʚʥʳʝ ʜʘʥʥʳʝ ʦ ʧʝ-
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ʥʳʭ ʨʘʟʤʝʨʦʚ ʵʣʝʤʝʥʪʦʚ ʧʝʨʝʜʘʯ. ʇʨʠʚʝʜʝʥʘ ʤʝʪʦʜʠʢʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʨʘʩ-

ʯʝʪʘ ʧʨʠʚʦʜʦʚ ʨʘʙʦʯʠʭ ʤʘʰʠʥ. ɺʩʝ ʤʝʪʦʜʠʢʠ ʠʣʣʶʩʪʨʠʨʫʶʪʩʷ ʧʨʠʤʝʨʘʤʠ. 

ʇʨʠʚʦʜʷʪʩʷ ʠʥʩʪʨʫʢʮʠʠ ʜʣʷ ʨʘʩʯʝʪʘ ʧʝʨʝʜʘʯ ʥʘ ʕɺʄ. 
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ʯʘʶʱʠʭʩʷ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ çʄʘʰʠʥʦʩʪʨʦʝʥʠʝè ʠ ʧʦ ʩʧʝʮʠʘʣʴʥʦʩʪʷʤ çʊʝʭʥʠʢʘ 

ʠ ʬʠʟʠʢʘ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨè, çʍʦʣʦʜʠʣʴʥʘʷ ʠ ʢʨʠʦʛʝʥʥʘʷ ʪʝʭʥʠʢʘ ʠ ʢʦʥʜʠ-

ʮʠʦʥʠʨʦʚʘʥʠʝè. 
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 ʉʇʀʉʆʂ  ʆʉʅʆɺʅʓʍ  ʋʉʃʆɺʅʓʍ  ʆɹʆɿʅɸʏɽʅʀʁ 

ʃʘʪʠʥʩʢʠʝ 

 

SF   ï ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʧʘʩʘ ʧʨʦʯʥʦʩʪʠ ʧʦ ʥʘʧʨʷʞʝʥʠʷʤ ʠʟʛʠʙʘ 

SH  ï ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʧʘʩʘ ʧʨʦʯʥʦʩʪʠ ʧʦ ʢʦʥʪʘʢʪʥʳʤ ʥʘʧʨʷʞʝʥʠʷʤ 

Sʩʝʯ   ï ʧʣʦʱʘʜʴ ʩʝʯʝʥʠʷ, ʤʤ
2 

Za   ï ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ 

ZR   ï ʢʦʵʬʬʠʮʠʝʥʪ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʟʫʙʴʝʚ 

Zv   ï ʢʦʵʬʬʠʮʠʝʥʪ ʦʢʨʫʞʥʦʡ ʩʢʦʨʦʩʪʠ 

Zx   ï ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʟʤʝʨʘ ʟʫʙʯʘʪʦʛʦ ʢʦʣʝʩʘ  

KHL ï ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʥʪʘʢʪʥʦʡ ʜʦʣʛʦʚʝʯʥʦʩʪʠ 

KH    ï ʢʦʵʬʬʠʮʠʝʥʪ ʥʘʛʨʫʟʢʠ ʜʣʷ ʨʘʩʯʝʪʘ ʧʦ ʢʦʥʪʘʢʪʥʳʤ ʥʘʧʨʷʞʝʥʠʷʤ 

KFL  ï ʢʦʵʬʬʠʮʠʝʥʪ ʠʟʛʠʙʥʦʡ ʜʦʣʛʦʚʝʯʥʦʩʪʠ 

KF   ï ʢʦʵʬʬʠʮʠʝʥʪ ʥʘʛʨʫʟʢʠ ʜʣʷ ʨʘʩʯʝʪʘ ʧʦ ʠʟʛʠʙʥʳʤ ʥʘʧʨʷʞʝʥʠʷʤ 

Kv   ï ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʥʘʤʠʯʥʦʩʪʠ ʥʘʛʨʫʟʢʠ 

Kb  ï ʢʦʵʬʬʠʮʠʝʥʪ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʛʨʫʟʢʠ 

K  ɻ  ï ʢʦʵʬʬʠʮʠʝʥʪ ʵʢʩʧʣʫʘʪʘʮʠʠ 

Kʨʷʜ ï ʢʦʵʬʬʠʮʠʝʥʪ ʨʷʜʥʦʩʪʠ 

k    ï ʯʠʩʣʦ ʨʝʤʥʝʡ 

Ck   ï ʢʦʵʬʬʠʮʠʝʥʪ ʯʠʩʣʘ ʨʝʤʥʝʡ 

N   ï ʯʠʩʣʦ ʮʠʢʣʦʚ ʥʘʛʨʫʞʝʥʠʷ 

Rm   ï ʩʨʝʜʥʝʝ ʢʦʥʫʩʥʦʝ ʨʘʩʩʪʦʷʥʠʝ, ʤʤ 

Re   ï ʚʥʝʥhʝʝ ʢʦʥʫʩʥʦʝ ʨʘʩʩʪʦʷʥʠʝ, ʤʤ 

q   ï ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʘʤʝʪʨʘ ʯʝʨʚʷʢʘ 

qʧ.ʤ ï ʤʘʩʩʘ ʦʜʥʦʛʦ ʧʦʛʦʥʥʦʛʦ ʤʝʪʨʘ ʮʝʧʠ, ʢʛ/ʤ 

aw   ï ʤʝʞʦʩʝʚʦʝ ʨʘʩʩʪʦʷʥʠʝ ʟʫʙʯʘʪʳʭ ʧʝʨʝʜʘʯ, ʤʤ 

ʘ ï ʤʝʞʦʩʝʚʦʝ ʨʘʩʩʪʦʷʥʠʝ, ʤʤ 

Nʨʝʤ ï ʥʦʤʠʥʘʣʴʥʘʷ ʤʦʱʥʦʩʪʴ, ʧʝʨʝʜʘʚʘʝʤʘʷ ʦʜʥʠʤ ʨʝʤʥʝʤ, ʢɺʪ 

m ï ʤʦʜʫʣʴ ʟʘʮʝʧʣʝʥʠʷ, ʤʤ 

x ï ʢʦʵʬʬʠʮʠʝʥʪ ʩʤʝʱʝʥʠʷ 

Lp ï ʨʘʩʯʝʪʥʘʷ ʜʣʠʥʘ ʨʝʤʥʷ, ʤʤ 

CL ï ʢʦʵʬʬʠʮʠʝʥʪ ʜʣʠʥʳ ʨʝʤʥʷ 

n ï ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ, ʦʙ/ʤʠʥ 

u ï ʧʝʨʝʜʘʪʦʯʥʦʝ ʯʠʩʣʦ (ʦʪʥʦʰʝʥʠʝ) 

ʉu ï ʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ ʚʣʠʷʥʠʝ ʧʝʨʝʜʘʪʦʯʥʦʛʦ ʯʠʩʣʘ 

Cp ï ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʥʘʤʠʯʥʦʩʪʠ ʥʘʛʨʫʟʢʠ ʠ ʨʝʞʠʤʘ ʨʘʙʦʪʳ 

Cʠ ï ʢʦʵʬʬʠʮʠʝʥʪ ʥʘʧʨʷʞʝʥʠʷ ʠʟʛʠʙʘ 

ʊ ï ʚʨʘʱʘʶʱʠʡ ʤʦʤʝʥʪ, ʅÖʤ 
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 ɻʨʝʯʝʩʢʠʝ 

 

sʅ0 ï ʧʨʝʜʝʣ ʢʦʥʪʘʢʪʥʦʡ ʚʳʥʦʩʣʠʚʦʩʪʠ ʜʣʷ ʦʪʥʫʣʝʚʦʛʦ ʮʠʢʣʘ, ʅ/ʤʤ
2 

[sH] ï ʜʦʧʫʩʢʘʝʤʦʝ ʢʦʥʪʘʢʪʥʦʝ ʥʘʧʨʷʞʝʥʠʝ, ʅ/ʤʤ
2
 

sʅ ï ʜʝʡʩʪʚʫʶʱʝʝ ʢʦʥʪʘʢʪʥʦʝ ʥʘʧʨʷʞʝʥʠʝ, ʅ/ʤʤ
2
 

sF0 ï ʧʨʝʜʝʣ ʠʟʛʠʙʥʦʡ ʚʳʥʦʩʣʠʚʦʩʪʠ ʜʣʷ ʦʪʥʫʣʝʚʦʛʦ ʮʠʢʣʘ, ʅ/ʤʤ
2
 

[sF] ï ʜʦʧʫʩʢʘʝʤʦʝ ʥʘʧʨʷʞʝʥʠʝ ʠʟʛʠʙʘ, ʅ/ʤʤ
2
 

sF ï ʜʝʡʩʪʚʫʶʱʝʝ ʥʘʧʨʷʞʝʥʠʝ ʠʟʛʠʙʘ, ʅ/ʤʤ
2
 

y ï ʢʦʵʬʬʠʮʠʝʥʪ ʰʠʨʠʥʳ ʟʫʙʯʘʪʦʛʦ ʚʝʥʮʘ 

q ï ʫʛʦʣ, ʛʨʘʜ 

Q ï ʢʦʵʬʬʠʮʠʝʥʪ ʜʝʬʦʨʤʘʮʠʠ ʯʝʨʚʷʢʘ 

a ï ʫʛʦʣ ʦʙʭʚʘʪʘ ʰʢʠʚʘ ʨʝʤʥʝʤ, ʛʨʘʜ 
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 ɺɺɽɼɽʅʀɽ 

 

ɼʣʷ ʟʘʢʨʝʧʣʝʥʠʷ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʟʥʘʥʠʡ ʧʦ ʫʯʝʙʥʦʡ ʜʠʩʮʠʧʣʠʥʝ çɼʝʪʘ-

ʣʠ ʤʘʰʠʥè ʠ ʧʦʣʫʯʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠʭ ʥʘʚʳʢʦʚ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʠ ʨʘʩʯʝʪʘ 

ʜʝʪʘʣʝʡ ʩʣʫʞʠʪ ʢʫʨʩʦʚʦʡ ʧʨʦʝʢʪ. ɺ ʢʘʯʝʩʪʚʝ ʟʘʜʘʥʠʷ ʥʘ ʢʫʨʩʦʚʦʡ ʧʨʦʝʢʪ, 

ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʝʜʣʘʛʘʝʪʩʷ ʩʧʨʦʝʢʪʠʨʦʚʘʪʴ ʧʨʠʚʦʜ ʢʘʢʦʡ-ʣʠʙʦ ʨʘʙʦʯʝʡ ʤʘ-

ʰʠʥʳ. ʆʙʦʩʥʦʚʘʥʠʝʤ ʪʘʢʦʛʦ ʟʘʜʘʥʠʷ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʚ ʩʦʩʪʘʚ ʧʨʠʚʦʜʘ 

ʦʙʳʯʥʦ ʚʭʦʜʠʪ ʙʦʣʴʰʠʥʩʪʚʦ ʠʟʫʯʘʝʤʳʭ ʚ ʢʫʨʩʝ ʜʝʪʘʣʝʡ ʠ ʫʟʣʦʚ. 

ʅʘʠʙʦʣʝʝ ʩʣʦʞʥʳʤʠ ʨʘʩʯʝʪʘʤʠ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʧʨʠʚʦʜʘ ʷʚʣʷʶʪ-

ʩʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʨʘʩʯʝʪ ʧʨʠʚʦʜʘ ʠ ʨʘʩʯʝʪʳ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʝʨʝʜʘʯ. 

ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʚ ʜʘʥʥʦʤ ʧʦʩʦʙʠʠ ʧʨʠʚʦʜʷʪʩʷ ʧʦʜʨʦʙʥʳʝ ʤʝʪʦʜʠʢʠ ʵʪʠʭ 

ʨʘʩʯʝʪʦʚ. 

ɺ ʨʘʟʜ. 1 ʧʨʠʚʝʜʝʥʘ ʤʝʪʦʜʠʢʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʨʘʩʯʝʪʘ ʧʨʠʚʦʜʘ ʩ 

ʜʚʫʭʩʪʫʧʝʥʯʘʪʳʤ ʨʝʜʫʢʪʦʨʦʤ. ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʧʨʠʚʦʜʘ ʩ ʦʜʥʦ- ʠʣʠ 

ʪʨʝʭʩʪʫʧʝʥʯʘʪʳʤ ʨʝʜʫʢʪʦʨʦʤ ʠʟʤʝʥʝʥʠʝ ʨʘʩʯʝʪʥʳʭ ʬʦʨʤʫʣ ʦʯʝʚʠʜʥʦ ʠ 

ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʣʦʞʥʦʩʪʝʡ. ʈʝʟʫʣʴʪʘʪʳ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʨʘʩʯʝʪʘ ʧʨʠʚʦʜʘ 

ʷʚʣʷʶʪʩʷ ʠʩʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʝʨʝʜʘʯ ʠ 

ʚʘʣʦʚ. 

ɺ ʨʘʟʜ. 2ï6 ʧʨʠʚʦʜʷʪʩʷ ʤʝʪʦʜʠʢʠ ʨʘʩʯʝʪʘ ʦʩʥʦʚʥʳʭ ʤʝʭʘʥʠʯʝʩʢʠʭ  ʧʝ-

ʨʝʜʘʯ, ʩʦʩʪʘʚʣʷʶʱʠʭ ʧʨʠʚʦʜ: ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʠ ʢʦʥʠʯʝʩʢʦʡ ʟʫʙʯʘʪʳʭ, ʯʝʨ-

ʚʷʯʥʦʡ, ʨʝʤʝʥʥʦʡ ʠ ʮʝʧʥʦʡ. ɺʩʝ ʤʝʪʦʜʠʢʠ ʨʘʩʯʝʪʘ ʫʯʠʪʳʚʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʢʘʢ ʧʦʥʠʞʘʶʱʠʭ, ʪʘʢ ʠ ʧʦʚʳʰʘʶʱʠʭ ʧʝʨʝʜʘʯ. ʇʨʠ ʥʝʦʙ-

ʭʦʜʠʤʦʩʪʠ ʤʝʪʦʜʠʢʠ ʠʣʣʶʩʪʨʠʨʫʶʪʩʷ ʧʨʠʤʝʨʘʤʠ. 

ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʜʚʫʭ- ʠ ʪʨʝʭʩʪʫʧʝʥʯʘʪʳʭ ʨʝʜʫʢʪʦʨʦʚ ʯʘʩʪʦ ʚʳʟʳʚʘʝʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʥʝʦʜʥʦʢʨʘʪʥʳʭ ʧʝʨʝʩʯʝʪʦʚ ʟʫʙʯʘʪʳʭ ʠ ʯʝʨʚʷʯʥʦʡ ʧʝʨʝʜʘʯ. ɺ 

ʧʦʩʦʙʠʝ ʚʢʣʶʯʝʥʳ (ʜʣʷ ʧʨʠʤʝʨʘ) ʦʧʠʩʘʥʠʝ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʧʨʦʛʨʘʤʤʳ ʜʣʷ 

ʕɺʄ ʧʦ ʨʘʩʯʝʪʫ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʟʫʙʯʘʪʳʭ ʧʝʨʝʜʘʯ. ʇʨʦʛʨʘʤʤʳ ʙʳʣʠ ʩʦʟ-

ʜʘʥʳ ʥʘ ʦʩʥʦʚʝ ʧʨʠʚʝʜʝʥʥʳʭ ʚ ʧʦʩʦʙʠʠ ʤʝʪʦʜʠʢ. ʆʩʥʦʚʥʳʤ ʜʦʩʪʦʠʥʩʪʚʦʤ 

ʨʘʩʯʝʪʥʳʭ ʧʨʦʛʨʘʤʤ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʦʬʦʨʤʣʷʝʤʳʡ ʠʪʦʛʦ-

ʚʳʡ ʜʦʢʫʤʝʥʪ ʚʢʣʶʯʘʝʪ ʥʝ ʪʦʣʴʢʦ ʦʢʦʥʯʘʪʝʣʴʥʳʝ, ʥʦ ʠ ʚʩʝ ʧʨʦʤʝʞʫʪʦʯʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ. ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʨʘʩʯʝʪʘ ʧʝʨʝʜʘʯ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚ-

ʣʷʪʴ ʚʘʨʠʘʥʪʥʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠ ʦʧʪʠʤʠʟʘʮʠʶ ʢʦʥʩʪʨʫʢʮʠʠ ʧʨʠʚʦʜʦʚ, ʨʝ-

ʜʫʢʪʦʨʦʚ ʠ ʜʨʫʛʠʭ ʤʘʰʠʥ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʩʯʝʪʥʳʭ ʧʨʦʛʨʘʤʤ ʜʘʝʪ ʚʦʟ-

ʤʦʞʥʦʩʪʴ ʦʱʫʪʠʪʴ ʚ ʧʨʦʮʝʩʩʝ ʦʙʫʯʝʥʠʷ ʥʝ ʪʦʣʴʢʦ ʢʘʯʝʩʪʚʝʥʥʳʝ, ʥʦ ʠ ʢʦʣʠ-

ʯʝʩʪʚʝʥʥʳʝ ʩʚʷʟʠ ʦʩʥʦʚʥʳʭ ʬʘʢʪʦʨʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʪʝʭʥʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ. 
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3

2
1

8

7

6

65

4

4

ʤʫʬʪʘ

ʧʨʠʚʦʜ

(ʣʝʥʪʦʯʥʳʡ ʢʦʥʚʝʡʝʨ)

ʨʘʙʦʯʘʷ ʤʘʰʠʥʘ

ʜʚʠʛʘʪʝʣʴ

ʨʝʜʫʢʪʦʨ

1. ʇʈɽɼɺɸʈʀʊɽʃʔʅʓʁ  ʈɸʉʏɽʊ  ʇʈʀɺʆɼɸ 

ʇʨʠʚʦʜ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʧʨʠʚʝʜʝʥʠʷ ʚ ʜʚʠʞʝʥʠʝ ʨʘʙʦʯʝʡ ʤʘʰʠ- 

ʥʳ:  ʢʦʥʚʝʡʝʨʘ, ʚʝʥʪʠʣʷʪʦʨʘ, ʢʦʤʧʨʝʩʩʦʨʘ, ʪʝʩʪʦʤʝʩʠʣʴʥʦʛʦ ʘʛʨʝʛʘʪʘ ʠ ʪ. ʜ. 

(ʨʠʩ. 1.1). 

ʇʨʝʜ- ʚʘʨʠ-

ʪʝʣʴʥʳʡ ʨʘʩʯʝʪ 

ʧʨʠʚʦʜʘ ʚʢʣʶʯʘʝʪ 

ʩʠʣʦʚʦʡ ʨʘʩʯʝʪ 

(ʦʧʨʝʜʝʣʝ- ʥʠʝ ʤʦʱ-

ʥʦʩʪʝʡ ʠ ʚʨʘʱʘʶ-

ʱʠʭ ʤʦʤʝʥ- ʪʦʚ ʥʘ ʚʘ-

ʣʘʭ) ʠ ʢʠʥʝ- ʤʘʪʠʯʝ-

ʩʢʠʡ (ʦʧʨʝ- ʜʝʣʝʥʠʝ 

ʯʘʩʪʦʪ ʚʨʘ- ʱʝʥʠʷ 

ʚʘʣʦʚ). 

ʇʨʠʚʦʜ ʩʦʩʪʦʠʪ ʠʟ ʜʚʠʛʘʪʝʣʷ, ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʝʨʝʜʘʯ ʠ ʤʫʬʪ (ʩʦʝʜʠ-

ʥʷʶʪ ʚʘʣʳ). ʄʝʭʘʥʠʯʝʩʢʠʝ ʧʝʨʝʜʘʯʠ ʤʦʛʫʪ ʙʳʪʴ ʩʢʦʤʧʦʥʦʚʘʥʳ ʚ ʨʝʜʫʢʪʦʨ 

ʠʣʠ ʤʫʣʴʪʠʧʣʠʢʘʪʦʨ. ʈʝʜʫʢʪʦʨ (ʦʜʥʘ ʠʣʠ ʥʝʩʢʦʣʴʢʦ ʧʝʨʝʜʘʯ, ʧʦʤʝʱʝʥʥʳʭ ʚ 

ʢʦʨʧʫʩ) ʟʘʤʝʜʣʝ̫ʪ ʚʨʘʱʝʥʠʝ, ʤʫʣʴʪʠʧʣʠʢʘʪʦʨ ï ʫʩʢʦʨʷʝʪ. 

ʅʘ ʨʠʩ. 1.2 ʧʦʢʘʟʘʥʘ ʩʭʝʤʘ ʧʨʠʚʦʜʘ ʩ ʜʚʫʭʩʪʫʧʝʥʯʘʪʳʤ ʮʠʣʠʥʜʨʠʯʝ-

ʩʢʠʤ ʨʝʜʫʢʪʦʨʦʤ. ʇʝʨʚʫʶ ʦʪ ʜʚʠʛʘʪʝʣʷ ʧʝʨʝʜʘʯʫ ʚ ʨʝʜʫʢʪʦʨʝ ʥʘʟʳʚʘʶʪ ʙr -

ʩʪʨʦʭʦʜʥʦʡ, ʚʪʦʨʫʶ ï ʪʠʭʦʭʦʜʥʦʡ. 

 

ʈʠʩ. 1.2. ʉʭʝʤʘ ʧʨʠʚʦʜʘ: 

1 ï ʜʚʠʛʘʪʝʣʴ; 2, 8 ï ʤʫʬʪʳ; 3 ï ʚʭʦʜʥʦʡ ʚʘʣ ʨʝʜʫʢʪʦʨʘ; 

 4 ï ʧʝʨʝʜʘʯʘ (ʙʳʩʪʨʦʭʦʜʥʘʷ); 5 ï ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʚʘʣ ʨʝʜʫʢʪʦʨʘ; 

 6 ï ʧʝʨʝʜʘʯʘ (ʪʠʭʦʭʦʜʥʘʷ); 7 ï ʚʳʭʦʜʥʦʡ ʚʘʣ ʨʝʜʫʢʪʦʨʘ; 

9 ï ʦʧʦʨʳ ʚʘʣʘ (ʧʦʜʰʠʧʥʠʢʠ)  

ʈʘʟʣʠʯʥʳʝ ʚʘʨʠʘʥʪʳ ʜʚʫʭʩʪʫʧʝʥʯʘʪʳʭ ʨʝʜʫʢʪʦʨʦʚ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 1.3 

(ʚʘʣ ʜʚʠʛʘʪʝʣʷ 1 ʥʘ ʩʭʝʤʘʭ ʥʝ ʧʦʢʘʟʘʥ). 

ʈʠʩ.1.1. ʆʙʱʠʡ ʚʠʜ ʤʘʰʠʥʳ 
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ʉʭʝʤʳ ʦʜʥʦ- ʠ ʪʨʝʭʩʪʫʧʝʥʯʘʪʳʭ ʨʝʜʫʢʪʦʨʦʚ ʚʳʧʦʣʥʷʶʪʩʷ ʘʥʘʣʦʛʠʯʥʦ 

ʜʚʫʭʩʪʫʧʝʥʯʘʪʳʤ. 

ʈʠʩ.1.3. ɼʚʫʭʩʪʫʧʝʥʯʘʪʳʝ ʨʝʜʫʢʪʦʨʳ: 

ʘ ï ʮʠʣʠʥʜʨʠʯʝʩʢʠʡ, ʨʘʟʚʝʨʥʫʪʘʷ ʩʭʝʤʘ; ʙ ï ʮʠʣʠʥʜʨʠʯʝʩʢʠʡ ʩʦʦʩʥʳʡ; 

ʚ ï ʯʝʨʚʷʯʥʦ-ʮʠʣʠʥʜʨʠʯʝʩʢʠʡ  ʩ  ʚʝʨʭʥʠʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʯʝʨʚʢ̫ʘ; 

ʛ ï ʯʝʨʚʷʯʥʦ-ʮʠʣʠʥʜʨʠʯʝʩʢʠʡ  ʩ  ʥʠʞʥʠʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ  ʯʝʨʚʢ̫ʘ; 

ʜ ï ʮʠʣʠʥʜʨʠʯʝʩʢʦ-ʯʝʨʚʷʯʥʳʡ;  ʝ ï  ʢʦʥʠʯʝʩʢʦ-ʮʠʣʠʥʜʨʠʯʝʩʢʠʡ; 

1 ï  ʚʘʣ  ʜʚʠʛʘʪʝʣʷ  (ʥʝ ʧʦʢʘʟʘʥ);  2 ï  ʚʭʦʜʥʦʡ  ʚʘʣ  ʨʝʜʫʢʪʦʨʘ; 

3 ï ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʚʘʣ ʨʝʜʫʢʪʦʨʘ; 4 ï ʚʳʭʦʜʥʦʡ ʚʘʣ ʨʝʜʫʢʪʦʨʘ 

ʘ)
ʙ)

ʚ)

ʜ)

ʛ)

ʝ)

2

3

4

3
2

4

3

4

2
3

4

2

22

3

44

3
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 1.1. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʨʘʩʯʝʪʘ ʧʨʠʚʦʜʘ 

 ʩ ʜʚʫʭʩʪʫʧʝʥʯʘʪʳʤ ʨʝʜʫʢʪʦʨʦʤ 

1. ʆʙʦʟʥʘʯʝʥʠʷ ʚʘʣʦʚ: 

    1 ï ʚʘʣ ʜʚʠʛʘʪʝʣʷ; 

    2 ï ʚʭʦʜʥʦʡ ʚʘʣ ʨʝʜʫʢʪʦʨʘ; 

    3 ï ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʚʘʣ ʨʝʜʫʢʪʦʨʘ; 

    4 ï ʚʳʭʦʜʥʦʡ ʚʘʣ ʨʝʜʫʢʪʦʨʘ; 

    5 ï ʚʘʣ ʨʘʙʦʯʝʡ ʤʘʰʠʥʳ. 

ʅʘ ʩʭʝʤʝ ʟʘʜʘʥʥʦʛʦ ʧʨʠʚʦʜʘ ʥʫʞʥʦ ʥʘʡʪʠ ʠ ʦʙʦʟʥʘʯʠʪʴ ʧʝʨʝʯʠʩʣʝʥʥʳʝ 

ʚʳʰʝ ʚʘʣʳ, ʥʘʡʪʠ ʙʳʩʪʨʦʭʦʜʥʫʶ ʠ ʪʠʭʦʭʦʜʥʫʶ ʧʝʨʝʜʘʯʠ. 

2. ʆʩʥʦʚʥʳʝ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ: 

N5 ï ʤʦʱʥʦʩʪʴ ʥʘ ʚʘʣʫ ʨʘʙʦʯʝʡ ʤʘʰʠʥʳ, ʢɺʪ; 

n5 ï ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʚʘʣʘ ʨʘʙʦʯʝʡ ʤʘʰʠʥʳ, ʦʙ/ʤʠʥ; 

nʩʠʥʭʨ1  ï ʩʠʥʭʨʦʥʥʘʷ ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʚʘʣʘ ʜʚʠʛʘʪʝʣʷ  (ʙʝʟ ʥʘʛʨʫʟ- 

ʢʠ),  ʦʙ/ʤʠʥ. 

ɺʝʣʠʯʠʥʳ  N5 ʠ n5 ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠʣʠ ʠʩʧʳʪʘʥʠʠ 

ʨʘʙʦʯʝʡ ʤʘʰʠʥʳ. 

3. ʄʦʱʥʦʩʪʠ ʥʘ ʚʘʣʘʭ ʧʨʠʚʦʜʘ. ʀʩʪʦʯʥʠʢʦʤ ʵʥʝʨʛʠʠ ʜʣʷ ʨʘʙʦʯʝʡ ʤʘ-

ʰʠʥʳ ʷʚʣʷʝʪʩʷ ʜʚʠʛʘʪʝʣʴ. ʇʦ ʤʝʨʝ ʧʝʨʝʜʘʯʠ ʦʪ ʜʚʠʛʘʪʝʣʷ ʢ ʨʘʙʦʯʝʡ ʤʘʰʠʥʝ 

ʵʥʝʨʛʠʷ ʨʘʩʭʦʜʫʝʪʩʷ ʥʘ ʪʨʝʥʠʝ ʚ ʵʣʝʤʝʥʪʘʭ ʧʨʠʚʦʜʘ ʠ ʧʨʝʦʜʦʣʝʥʠʝ ʘʵʨʦ- ʠ 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚʦʟʜʫʭʘ ʠ ʩʤʘʟʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʇʦʪʝ-

ʨʠ ʵʥʝʨʛʠʠ (ʠʣʠ ʤʦʱʥʦʩʪʠ) ʚ ʣʶʙʦʤ ʵʣʝʤʝʥʪʝ ʧʨʠʚʦʜʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʝ-

ʣʠʯʠʥʦʡ ʂʇɼ:  

i

i

N

N 1ɖ += ,                                                    (1.1) 

ʛʜʝ Ni+1  ʠ  Ni ï ʤʦʱʥʦʩʪʠ ʥʘ  (i+1)-ʤ  ʠ  i-ʤ  ʚʘʣʘʭ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʆʪʩʶʜʘ: 

ï ʤʦʱʥʦʩʪʴ ʥʘ  ʚʘʣʫ 4     

N4 

ʤ

5

ɖ

N
=                                                     (1.2) 

(ʚʘʣʳ 4 ʠ 5 ʩʦʝʜʠʥʝʥʳ ʤʫʬʪʦʡ); 

ï ʤʦʱʥʦʩʪʴ ʥʘ  ʚʘʣʫ 3   

N3

ʧ.ʢʪ.ʧ

4

ɖɖ

N
=                                             (1.3) 
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 (ʚʘʣʳ 3 ʠ 4  ʩʦʝʜʠʥʷʝʪ ʪʠʭʦʭʦʜʥʘʷ ʧʝʨʝʜʘʯʘ; ʢʨʦʤʝ ʵʪʦʛʦ ʵʥʝʨʛʠʷ ʪʨʘʪʠʪʩʷ 

ʥʘ ʪʨʝʥʠʝ ʚ ʦʜʥʦʡ ʧʘʨʝ ʧʦʜʰʠʧʥʠʢʦʚ ʢʘʯʝʥʠʷ); 

ï ʤʦʱʥʦʩʪʴ ʥʘ ʚʘʣʫ 2         

N2 

ʧ.ʢʙ.ʧ

3

ɖɖ

N
=                                                   (1.4) 

(ʘʥʘʣʦʛʠʯʥʦ ʧʨʝʜʳʜʫʱʝʤʫ, ʧʝʨʝʜʘʯʘ ʙʩrʪʨʦʭʦʜʥʘʷ); 

ï ʤʦʱʥʦʩʪʴ ʥʘ ʚʘʣʫ 1         

N1 

ʧ.ʢʤ

2

ɖɖ

N
=                                                     (1.5) 

(ʧʨʠ ʧʝʨʝʜʘʯʝ ʚʨʘʱʝʥʠʷ ʦʪ ʚʘʣʘ 1 ʢ ʚʘʣʫ 2 ʤʦʱʥʦʩʪʴ ʪʝʨʷʝʪʩʷ ʚ ʤʫʬʪʝ ʠ 

ʧʦʜʰʠʧʥʠʢʘʭ  ʚʘʣʘ 2). 

ɺ ʬʦʨʤʫʣʘʭ (1.2)ï(1.5): 

  ɖʤ  ï ʂʇɼ ʤʫʬʪʳ; 

  ɖʪ.ʧ ï ʂʇɼ ʪʠʭʦʭʦʜʥʦʡ ʧʝʨʝʜʘʯʠ; 

  ɖʧ.ʢ ï ʂʇɼ ʧʘʨʳ ʧʦʜʰʠʧʥʠʢʦʚ ʢʘʯʝʥʠʷ; 

  ɖʙ.ʧ ï ʂʇɼ ʙʳʩʪʨʦʭʦʜʥʦʡ ʧʝʨʝʜʘʯʠ. 

ʉʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʂʇɼ ʵʣʝʤʝʥʪʦʚ ʧʨʠʚʦʜʘ ʜʘʥʳ ʚ ʪʘʙʣ. 1.1, 1.2. 

 
ʊʘʙʣʠʮʘ 1.1 

 

ʉʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʂʇɼ ʧʝʨʝʜʘʯ ʧʨʠʚʦʜʘ 

 

ʇʝʨʝʜʘʯʘ ɿʘʢʨʳʪʘʷ ʆʪʢʨʳʪʘʷ 

ɿʫʙʯʘʪʘʷ ʮʠʣʠʥʜʨʠʯʝʩʢʘʷ 0,96é0,98 0,93é0,95 

ɿʫʙʯʘʪʘʷ ʢʦʥʠʯʝʩʢʘʷ 0,95é0,97 0,92é0,94 

ʏʝʨʚʷʯʥʘʷ ʩ ʯʠʩʣʦʤ ʟʘʭʦʜʦʚ 

ʥʘ ʯʝʨʚʷʢʝ: 

  

  z1 = 1 0,65é0,70 0,50é0,60 

  z1 = 2 0,70é0,75 0,60é0,70 

  z1 = 4 0,85é0,90 ï 

ʎʝʧʥʘʷ 0,95é0,97 0,90é0,93 

ʌʨʠʢʮʠʦʥʥʘʷ 0,90é0,96 0,70é0,88 

ʈʝʤʝʥʥʘʷ ï 0,95é0,97 
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 ʊʘʙʣʠʮʘ 1.2 

ʉʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʧʨʠʚʦʜʘ 

 

ʕʣʝʤʝʥʪ ʧʨʠʚʦʜʘ ɿʥʘʯʝʥʠʝ ʂʇɼ 

ʇʘʨʘ ʧʦʜʰʠʧʥʠʢʦʚ ʢʘʯʝʥʠʷ 0,99é0,995 

ʇʘʨʘ ʧʦʜʰʠʧʥʠʢʦʚ ʩʢʦʣʴʞʝʥʠʷ 0,98é0,99 

ʄʝʭʘʥʠʯʝʩʢʘʷ ʤʫʬʪʘ 0,97é0,99 

 

ʇ ʨ ʠ ʤ ʝ ʯ ʘ ʥ ʠ ʷ: 1. ʈʝʜʫʢʪʦʨ ï ʦʜʥʘ  ʠʣʠ  ʥʝʩʢʦʣʴʢʦ  ʧʝʨʝʜʘʯ ʚ  ʢʦʨʧʫʩʝ,  ʪ. ʝ.  ʟʘʢʨʳ-

ʪʳʭ. 

2. ʄʦʞʥʦ ʚʳʙʨʘʪʴ ʣʶʙʦʝ ʯʠʩʣʦ ʠʟ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʜʠʘʧʘʟʦʥʘ. 

3. ɼʣʷ ʯʝʨʚʷʯʥʦʡ ʧʝʨʝʜʘʯʠ ʯʝʨʚʷʯʥʦ-ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʠʣʠ ʮʠʣʠʥʜʨʠʯʝʩʢʦ-ʯʝʨʚʷʯ-

ʥʦʛʦ ʨʝʜʫʢʪʦʨʘ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʧʨʠʥʷʪʴ ʯʠʩʣʦ ʟʘʭʦʜʦʚ ʯʝʨʚʷʢʘ z1 ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʪʥʦ-

ʰʝʥʠʷ  u = nʩʠʥʭʨ
1

/ n5:  z1 = 1 ʧʨʠ  u > 480;  z1 = 2 ʧʨʠ 120 < u < 480;  z1 = 4 ʧʨʠ  u < 120. 

 

4. ʇʦʜʙʦʨ ʜʚʠʛʘʪʝʣʷ. ɼʚʠʛʘʪʝʣʴ ʜʦʣʞʝʥ ʨʘʟʚʠʚʘʪʴ ʤʦʱʥʦʩʪʴ, ʨʘʚʥʫʶ 

N1, ʯʪʦʙʳ ʧʦʩʣʝ ʧʦʪʝʨʴ ʚʦ ʚʩʝʭ ʵʣʝʤʝʥʪʘʭ ʧʨʠʚʦʜʘ ʥʘ ʚʘʣʫ ʨʘʙʦʯʝʡ ʤʘʰʠʥʳ 

ʠʤʝʣʘʩʴ ʪʨʝʙʫʝʤʘʷ ʤʦʥɦʦʩʪʴ N5. 

ʀʟ ʪʘʙʣ. 1.3 ʚʳʙʠʨʘʝʤ ʩʪʘʥʜʘʨʪʥʳʡ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ, ʠʤʝʶʱʠʡ ʤʦʱ-

ʥʦʩʪʴ ʥʝ ʤʝʥʝʝ  N1 ʧʨʠ ʩʠʥʭʨʦʥʥʦʡ ʯʘʩʪʦʪʝ ʚʨʘʱʝʥʠʷ ʚʘʣʘ  nʩʠʥʭʨ
1

. 

ʇʨʠʤʝʨ: N1 = 6,32 ʢɺʪ; nʩʠʥʭʨ
1

 = 1000 ʦʙ/ʤʠʥ. ɺʳʙʠʨʘʝʤ ʵʣʝʢʪʨʦʜʚʠʛʘ-

ʪʝʣʴ ɸ132ʄ6, ʠʤʝʶʱʠʡ ʤʘʢʩʠʤʘʣʴʥʫʶ ʤʦʱʥʦʩʪʴ Nʤʘʭ1 = 7,5 ʢɺʪ, ʯʘʩʪʦʪʫ 

ʚʨʘʱʝʥʠʷ ʚʘʣʘ ʧʦʜ ʥʘʛʨʫʟʢʦʡ n1 = 970 ʦʙ/ʤʠʥ, ʦʪʥʦʰʝʥʠʝ ʧʫʩʢʦʚʦʛʦ ʤʦʤʝʥʪʘ 

ʢ ʥʦʤʠʥʘʣʴʥʦʤʫ ʊʧʫʩʢ/ʊʥʦʤ = 2,0. 

5. ʆʧʨʝʜʝʣʝʥʠʝ ʯʘʩʪʦʪ ʚʨʘʱʝʥʠʷ ʚʘʣʦʚ. ʅʘ ʵʪʦʤ ʵʪʘʧʝ ʠʟʚʝʩʪʥʳ ʯʘʩʪʦ-

ʪʳ ʚʨʘʱʝʥʠʷ ʚʘʣʘ ʜʚʠʛʘʪʝʣʷ n1 ʠ ʚʘʣʘ ʨʘʙʦʯʝʡ ʤʘʰʠʥʳ n5. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʜʦʣʞʥʘ ʙʳʪʴ ʫʤʝʥʴʰʝʥʘ ʚ ʧʨʠʚʦʜʝ  ʚ  uʧʨ =  n1/n5  ʨʘʟ. ʕʪʘ 

ʚʝʣʠʯʠʥʘ ʥʘʟʳʚʘʝʪʩʷ ʧʝʨʝʜʘʪʦʯʥʳʤ ʯʠʩʣʦʤ ʧʨʠʚʦʜʘ. 

ɿʘʤʝʜʣʝʥʠʝ ʚʨʘʱʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʚ ʧʝʨʝʜʘʯʘʭ ʨʝʜʫʢʪʦʨʘ ï ʙʳʩʪʨʦ-

ʭʦʜʥʦʡ uʙ.ʧ ʠ ʪʠʭʦʭʦʜʥʦʡ uʪ.ʧ (ʤʝʭʘʥʠʯʝʩʢʠʝ ʤʫʬʪʳ ʯʘʩʪʦʪʫ ʚʨʘʱʝʥʠʷ ʥʝ 

ʠʟʤʝʥʷʁ ʪ): 

uʧʨ = uʨʝʜ = uʙ.ʧ uʪ.ʧ.                                        (1.6) 

ɿʘʜʘʯʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʧʨʝʜʝʣʝʥʠʠ uʙ.ʧ ʠ uʪ.ʧ ʧʨʠ ʨʘʩʩʯʠʪʘʥʥʦʤ uʧʨ.     ʉ 

ʧʦʟʠʮʠʠ ʧʦʣʫʯʝʥʠʷ ʨʝʜʫʢʪʦʨʦʚ, ʦʧʪʠʤʘʣʴʥʳʭ ʧʦ ʚʝʩʫ, ʛʘʙʘʨʠʪʘʤ ʠ ʩʪʦʠ-

ʤʦʩʪʠ, ʤʦʞʥʦ ʧʨʝʜʣʦʞʠʪʴ: 

ï ʜʣʷ ʜʚʫʭʩʪʫʧʝʥʯʘʪʦʛʦ ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʨʝʜʫʢʪʦʨʘ, ʨʘʟʚʝʨʥʫʪʘʷ 

ʩʭʝʤʘ, 

uʙ.ʧ  = ʨʝʜ41 u,  ;                                         (1.7) 
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ï ʜʣʷ ʜʚʫʭʩʪʫʧʝʥʯʘʪʦʛʦ ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʩʦʦʩʥʦʛʦ ʨʝʜʫʢʪʦʨʘ 

uʙ.ʧ  = ʨʝʜ51 u,  ;                                              (1.8) 

ï ʜʣʷ ʢʦʥʠʯʝʩʢʦ-ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʨʝʜʫʢʪʦʨʘ 

uʙ.ʧ  = uʢ.ʧ  =;                                              (1.9) 

ï ʜʣʷ ʯʝʨʚʷʯʥʦ-ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʨʝʜʫʢʪʦʨʘ ʩ ʚʝʨʭʥʠʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ 

ʯʝʨʚʷʢʘ 

uʙ.ʧ  = uʯ.ʧ  =;                                        (1.10) 

ï ʜʣʷ ʯʝʨʚʷʯʥʦ-ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʨʝʜʫʢʪʦʨʘ ʩ ʥʠʞʥʠʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ 

ʯʝʨʚʷʢʘ 

uʙ.ʧ  = uʯ.ʧ  =;                                       (1.11) 

ï ʜʣ̫ ʮʠʣʠʥʜʨʠʯʝʩʢʦ-ʯʝʨʚʷʯʥʦʛʦ ʨʝʜʫʢʪʦʨʘ 

uʙ.ʧ  = uʮʣ.ʧ  =.                                      (1.12) 

ʇʦʣʫʯʘʝʤʳʝ ʧʦ ʧʨʠʚʝʜʝʥʥʳʤ ʚʳʰʝ ʬʦʨʤʫʣʘʤ ʟʥʘʯʝʥʠʷ uʙ.ʧ  ʷʚʣʷʶʪʩʷ 

ʦʨʠʝʥʪʠʨʦʚʦʯʥʳʤʠ, ʦʢʦʥʯʘʪʝʣʴʥʳʝ ʠʭ ʚʝʣʠʯʠʥʳ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʧʨʠʥʠʤʘʪʴ 

ʨʘʚʥʳʤʠ ʙʣʠʞʘʡʰʠʤ ʢ ʥʠʤ ʩʪʘʥʜʘʨʪʥʳʤ (ʪʘʙʣ. 1.4). 

ʇʝʨʝʜʘʪʦʯʥʦʝ ʯʠʩʣʦ ʪʠʭʦʭʦʜʥʦʡ ʧʝʨʝʜʘʯʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 

uʪ.ʧ  = .                                                  (1.13) 

ʆʢʦʥʯʘʪʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ uʪ.ʧ ʪʘʢʞʝ ʩʣʝʜʫʝʪ ʧʨʠʥʷʪʴ ʨʘʚʥʳʤ ʙʣʠʞʘʡ-

ʰʝʤʫ ʩʪʘʥʜʘʨʪʥʦʤʫ ʠʟ ʪʘʙʣ. 1.4. 

ʇʨʠʤʝʨ: ʨʝʜʫʢʪʦʨ ï ʜʚʫʭʩʪʫʧʝʥʯʘʪʳʡ ʯʝʨʚʷʯʥʦ-ʮʠʣʠʥʜʨʠʯʝʩʢʠʡ ʩ 

ʚʝʨʭʥʠʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʯʝʨʚʷʢʘ, n1 = 975 ʦʙ/ʤʠʥ, n5 = 21 ʦʙ/ʤʠʥ. 

ʆʧʨʝʜʝʣʷʝʤ ʧʝʨʝʜʘʪʦʯʥʦʝ ʯʠʩʣʦ ʧʨʠʚʦʜʘ: uʧʨ = n1/n5 = 975/21 = 48,0. ʇʝ-

ʨʝʜʘʪʦʯʥʦʝ ʯʠʩʣʦ ʙʳʩʪʨʦʭʦʜʥʦʡ ʧʝʨʝʜʘʯʠ (ʯʝʨʚʷʯʥʦʡ) uʯ.ʧ = 2,8 = 19,5. ʇʨʠʥʠ-

ʤʘʝʤ ʩʪʘʥʜʘʨʪʥʦʝ  uʯ.ʧ = 20. 

ʇʝʨʝʜʘʪʦʯʥʦʝ ʯʠʩʣʦ ʪʠʭʦʭʦʜʥʦʡ ʧʝʨʝʜʘʯʠ (ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ) 

uʮʣ.ʧ = 48/20 = 2,4. ʇʨʠʥʠʤʘʝʤ ʩʪʘʥʜʘʨʪʥʦʝ uʮʣ.ʧ = 2,5. 



ʊʘʙʣʠʮʘ 1.3 

 

ʕʣʝʢʪʨʦʜʚʠʛʘʪʝʣʠ ʘʩʠʥʭʨʦʥʥʳʝ ʩʝʨʠʠ 4ɸ ï ʟʘʢʨʳʪʳʝ, ʦʙʜʫʚʘʝʤʳʝ (ʧʦ ɻʆʉʊ 19523ï81) 

 

ʄʦ -ɦ

ʥʦʩʪʴ, 

ʢɺʪ 

ʉʠʥʭʨʦʥʥʘʷ ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ, ʦʙ/ʤʠʥ 

750 1000 1500 3000 

ʊʠʧʦ-

ʨʘʟʤʝʨ 

n, 

ʦʙ/ʤʠʥ 
 ʊʠʧʦ-

ʨʘʟʤʝʨ 

n, 

ʦʙ/ʤʠʥ 
 ʊʠʧʦ-

ʨʘʟʤʝʨ 

n, 

ʦʙ/ʤʠʥ 
 ʊʠʧʦ-

ʨʘʟʤʝʨ 

n, 

ʦʙ/ʤʠʥ 
 

  0,75 90LA8 700 1,6 80A6 915 2,0 71B4 1390 2,0 71A2 2840 2,0 

1,1 90LB8 700 1,6 80B6 920 2,0 80A4 1420 2,0 71B2 2810 2,0 

1,5 100L8 700 1,6 90L6 935 2,0 80B4 1415 2,0 80A2 2850 2,0 

2,2 112MA8 700 1,8 100L6 950 2,0 90L4 1425 2,0 80B2 2850 2,0 

3,0 112MB8 700 1,8 112MA6 955 2,0 100S4 1435 2,0 90L2 2840 2,0 

4,0 132S8 720 1,8 112MB6 950 2,0 100L4 1430 2,0 100S2 2880 2,0 

5,5 132M8 720 1,8 132S6 965 2,0 112M4 1445 2,0 100L2 2880 2,0 

7,5 160S8 730 1,4 132M6 970 2,0 132S4 1455 2,0 112M2 2900 2,0 

11,0 160M8 730 1,4 160S6 975 1,2 132M4 1460 2,0 132M2 2900 1,6 

15,0 180M8 730 1,2 160M6 975 1,2 160S4 1465 1,4 160S2 2940 1,4 

18,5 200M8 730 1,2 180M6 975 1,2 160M4 1465 1,4 160M2 2940 1,4 

22,0 200L8 728 1,2 200M6 972 1,2 180S4 1470 1,4 180S2 2945 1,4 

30,0 225M8 735 1,2 200L6 980 1,2 180M4 1470 1,4 180M2 2945 1,4 



 13 

ʆʢʦʥʯʘʪʝʣʴʥʦ ʧʝʨʝʜʘʪʦʯʥʦʝ ʯʠʩʣʦ ʧʨʠʚʦʜʘ uʧʨ = 20 Ö 2,5 = 50. ʆʪʢʣʦʥʝ-

ʥʠʝ ʦʪ ʪʨʝʙʫʝʤʦʛʦ (50 ï 48)/48 = 4,1 % ʥʝ ʧʨʝʚʳʰʘʝʪ 5 %, ʯʪʦ ʜʦʧʫʩʪʠʤʦ. 

ʏʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʚʘʣʦʚ, ʦʙ/ʤʠʥ:  

n2 = n1;   n3 = n2/uʙ.ʧ;   n4 = n3/uʪ.ʧ;   n5 = n4.                      (1.14) 

 
ʊʘʙʣʠʮʘ 1.4 

 

ʉʪʘʥʜʘʨʪʥʳʝ ʧʝʨʝʜʘʪʦʯʥʳʝ ʯʠʩʣʘ ʟʫʙʯʘʪʳʭ ʧʝʨʝʜʘʯ 

 
ʇʝʨʝʜʘʯʘ 1-ʡ ʨʷʜ 

(ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʡ) 

2-ʡ ʨʷʜ 

ʎʠʣʠʥʜʨʠʯʝʩʢʘʷ 1,0; 1,25; 1,6; 2,0; 2,5; 3,15; 4,0; 

5,0; 6,3; 8,0; 10,0; 12,5 

1,12; 1,4; 1,8; 2,24; 2,8; 3,55; 

4,5; 5,6; 7,1; 9,0; 11,2 

ʂʦʥʠʯʝʩʢʘʷ 1,0; 1,25; 1,6; 2,0; 2,5; 3,15; 4,0; 

5,0; 6,3 

1,12; 1,4; 1,8; 2,24; 2,8; 3,55; 

4,5; 5,6 

ʏʝʨʚʷʯʥʘʷ 8,0; 10,0; 12,5; 16,0; 20,0; 25,0; 

31,5; 40,0; 50,0; 63,0; 80,0 

9,0; 11,2; 14,0; 18,0; 22,4; 

28,0; 35,5; 45,0; 56,0; 71,0 

 

6. ɺʨʘʱʘʶʱʠʝ ʤʦʤʝʥʪʳ ʥʘ ʚʘʣʘʭ. ʇʨʠ ʠʟʚʝʩʪʥʳʭ ʤʦʱʥʦʩʪʠ Ni ʠ ʯʘʩʪʦ-

ʪʝ ʚʨʘʱʝʥʠʷ ni ʥʘ ʢʘʞʜʦʤ ʚʘʣʫ  ʚʨʘʱʘʶʱʠʝ ʤʦʤʝʥʪʳ (ʅÖʤ) ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦ 

ʬʦʨʤʫʣʝ 

ʊi = 9,55 Ö 10
3 .

                                    (1.15) 

 

7. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʩʚʝʩʪʠ ʚ ʪʘʙʣʠʮʫ (ʪʘʙʣ. 1.5). 

 
ʊʘʙʣʠʮʘ 1.5 

 

ʈʝʟʫʣʴʪʘʪʳ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʨʘʩʯʝʪʘ ʧʨʠʚʦʜʘ 

 

ʅʦʤʝʨ 

ʚʘʣʘ 
ʄʦʱʥʦʩʪʴ 

N, ʢɺʪ 

ʏʘʩʪʦʪʘ 

ʚʨʘʱʝʥʠʷ  

n, ʦʙ/ʤʠʥ 

ʇʝʨʝʜʘʪʦʯʥʦʝ 

ʯʠʩʣʦ, u 

ɺʨʘʱʘʶʱʠʡ 

ʤʦʤʝʥʪ 

T, HĿʤ 

1 6,01 975  

1 

3,15 

2,8 

1 

53,2 

2 5,94 975 52,7 

3 5,46 286 148 

4 5,05 95,6 409 

5 5,00 95,6 396 
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ʈʝʟʫʣʴʪʘʪʳ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʨʘʩʯʝʪʘ ʧʨʠʚʦʜʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠ ʨʘʩ-

ʯʝʪʝ ʩʦʩʪʘʚʣʷʶʱʠʭ ʝʛʦ ʧʝʨʝʜʘʯ ʠ ʤʫʬʪ. 

ʇʨʠʤʝʨ: ʨʝʜʫʢʪʦʨ ʢʦʥʠʯʝʩʢʦ-ʮʠʣʠʥʜʨʠʯʝʩʢʠʡ, ʨʝʟʫʣʴʪʘʪʳ ʧʨʝʜʚʘʨʠ-

ʪʝʣʴʥʦʛʦ ʨʘʩʯʝʪʘ ʧʨʠʚʦʜʘ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʜʘʥʳʤ ʪʘʙʣ. 1.4. 

ʊʦʛʜʘ: 

ï ʢʦʥʠʯʝʩʢʘʷ ʧʝʨʝʜʘʯʘ (ʩʚʷʟʳʚʘʝʪ ʚʘʣʳ 2 ʠ 3) ï u = 3,15; 

            ʢʦʥʠʯʝʩʢʘʷ ʰʝʩʪʝʨʥʷ ï n1 = 975 ʦʙ/ʤʠʥ; T1 = 52,7 ʅĿʤ; 

            ʢʦʥʠʯʝʩʢʦʝ ʢʦʣʝʩʦ ï n2 = 286 ʦʙ/ʤʠʥ; T2 = 148 ʅĿʤ; 

ï ʮʠʣʠʥʜʨʠʯʝʩʢʘʷ ʧʝʨʝʜʘʯʘ (ʩʚʷʟʳʚʘʝʪ ʚʘʣʳ 3 ʠ 4) ï u = 2,5; 

            ʮʠʣʠʥʜʨʠʯʝʩʢʘʷ ʰʝʩʪʝʨʥʷ ï n1 = 286 ʦʙ/ʤʠʥ; T1 = 148 ʅĿʤ; 

            ʮʠʣʠʥʜʨʠʯʝʩʢʦʝ ʢʦʣʝʩʦ ï n2 = 95,6 ʦʙ/ʤʠʥ; T2 = 409 ʅĿʤ; 

ï ʤʫʬʪʘ (ʩʦʝʜʠʥʷʝʪ ʚʘʣʳ 1 ʠ 2) ï ʧʝʨʝʜʘʚʘʝʤʳʡ ʚʨʘʱʘʶʱʠʡ ʤʦʤʝʥʪ                                                        

T = 53,2 ʅĿʤ; 

ï ʤʫʬʪʘ (ʩʦʝʜʠʥʷʝʪ ʚʘʣʳ 4 ʠ 5) ï ʧʝʨʝʜʘʚʘʝʤʳʡ ʚʨʘʱʘʶʱʠʡ ʤʦʤʝʥʪ                                                        

T = 409 ʅĿʤ. 

 

1.2. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʨʘʩʯʝʪʘ ʧʨʠʚʦʜʘ ʩ ʨʝʜʫʢʪʦʨʦʤ 

ʠ ʨʝʤʝʥʥʦʡ ʠʣʠ ʮʝʧʥʦʡ ʧʝʨʝʜʘʯʝʡ 

ɺ ʧʨʠʚʦʜʘʭ ʤʘʰʠʥ ʯʘʩʪʦ ʧʨʠʤʝʥʷʶʪʩʷ ʧʝʨʝʜʘʯʠ ʩ ʛʠʙʢʦʡ ʩʚʷʟʴʶ: ʨʝ-

ʤʝʥʥʳʝ ʠʣʠ ʮʝʧʥʳʝ (ʨʠʩ. 1.4). ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʵʪʠʭ ʧʝʨʝʜʘʯ ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʘ-

ʪʦʯʥʦ ʪʦʯʥʦ ʧʦʣʫʯʠʪʴ ʥʫʞʥʫʶ ʩʢʦʨʦʩʪʴ ʨʘʙʦʯʝʡ ʤʘʰʠʥʳ ʜʘʞʝ ʧʨʠ ʧʨʠʤʝ-

ʥʝʥʠʠ ʩʪʘʥʜʘʨʪʥʳʭ ʨʝʜʫʢʪʦʨʦʚ ʩ ʜʠʩʢʨʝʪʥʳʤ ʥʘʙʦʨʦʤ ʧʝʨʝʜʘʪʦʯʥʳʭ ʯʠʩʝʣ.  
 

ʈʠʩ. 1.4. ʇʨʠʚʦʜʳ, ʚʢʣʶʯʘʶʱʠʝ ʨʝʜʫʢʪʦʨ ʠ ʧʝʨʝʜʘʯʫ:  

ʘ ï ʨʝʤʝʥʥʫʶ; ʙ ï ʮʝʧʥʫʶ 

ʘ)

ʙ)
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ʆʩʥʦʚʥʳʤ ʜʦʩʪʦʠʥʩʪʚʦʤ ʧʨʠʚʦʜʘ ʩ ʨʝʤʝʥʥʦʡ ʧʝʨʝʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʧʨʝʜʦ-

ʭʨʘʥʠʪʝʣʴʥʦʝ ʩʚʦʡʩʪʚʦ: ʧʨʠ ʧʝʨʝʛʨʫʟʢʝ ʨʝʤʝʥʥʘʷ ʧʝʨʝʜʘʯʘ, ʢʘʢ ʥʘʠʙʦʣʝʝ 

ʩʣʘʙʳʡ ʵʣʝʤʝʥʪ ʧʨʠʚʦʜʘ, ʨʘʟʤʳʢʘʝʪ ʮʝʧʴ çʜʚʠʛʘʪʝʣʴ ï ʨʘʙʦʯʘʷ ʤʘʰʠʥʘè ʟʘ 

ʩʯʝʪ ʥʘʩʪʫʧʣʝʥʠʷ ʨʝʞʠʤʘ ʙʫʢʩʦʚʘʥʠʷ. ʇʨʠ ʵʪʦʤ ʥʝ ʧʦʚʨʝʞʜʘʶʪʩʷ ʥʠ ʜʚʠʛʘ-

ʪʝʣʴ, ʥʠ ʨʝʜʫʢʪʦʨ, ʥʠ ʨʘʙʦʯʘʷ ʤʘʰʠʥʘ. 

ʎʝʧʥʘʷ ʧʝʨʝʜʘʯʘ ʠʤʝʝʪ ʧʦʚʳʰʝʥʥʫʶ ʥʘʛʨʫʟʦʯʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʨʝʤʝʥʥʦʡ ʠʟ-ʟʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠʥʮʠʧʘ ʟʘʮʝʧʣʝʥʠʷ (ʚ ʨʝʤʝʥ-

ʥʦʡ ï ʪʨʝʥʠʝ), ʘ ʪʘʢʞʝ ʠʟ-ʟʘ ʙʦʣʴʰʝʡ ʧʨʦʯʥʦʩʪʠ ʮʝʧʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʝʤ-

ʥʝʤ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʨʝʤʝʥʥʫʶ ʧʝʨʝʜʘʯʫ ʦʙʳʯʥʦ ʨʘʟʤʝʱʘʶʪ ʜʦ ʨʝʜʫʢʪʦʨʘ 

(ʤʝʥʴh ʠʡ ʚʨʘʱʘʶʱʠʡ ʤʦʤʝʥʪ ï ʩʤ. ʪʘʙʣ. 1.4), ʘ ʮʝʧʥʫʶ ï ʧʦʩʣʝ ʨʝʜʫʢʪʦʨʘ. 

ʈʘʩʯʝʪ ʧʨʠʚʦʜʘ, ʠʤʝʶʱʝʛʦ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʧʝʨʝʜʘʯʫ ʩ ʛʠʙʢʦʡ ʩʚʷʟʴʶ, 

ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʝ ʦʪʣʠʯʠʷ: 

1. ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʤʦʱʥʦʩʪʝʡ ʥʘ ʚʘʣʘʭ ʚ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʤʝʥ-

ʥʦʡ ʧʝʨʝʜʘʯʠ ʠʟʤʝʥʷʝʪʩʷ ʬʦʨʤʫʣʘ (1.5): 

N1 ,                                            (1.16) 

ʛʜʝ ɖʨ.ʧ ï  ʂʇɼ ʨʝʤʝʥʥʦʡ ʧʝʨʝʜʘʯʠ. 

ʇʨʠ ʧʨʠʤʝʥʝʥʠʠ ʮʝʧʥʦʡ ʧʝʨʝʜʘʯʠ ʥʫʞʥʦ ʠʟʤʝʥʠʪʴ ʬʦʨʤʫʣʫ (1.2): 

N4  ,                                                (1.17) 

ʛʜʝ ɖʮ.ʧ ï ʂʇɼ ʮʝʧʥʦʡ ʧʝʨʝʜʘʯʠ. 

2. ʈʘʟʙʠʚʢʫ ʧʝʨʝʜʘʪʦʯʥʦʛʦ ʯʠʩʣʘ ʧʨʠʚʦʜʘ uʧʨ ʧʦ ʩʪʫʧʝʥʷʤ (ʧʝʨʝʜʘʯʘʤ) 

ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʚʳʧʦʣʥʷʪʴ ʚ ʩʣʝʜʫʶʱʝʤ ʧʦʨʷʜʢʝ: 

ï ʧʦ ʛʨʘʬʠʢʘʤ (ʨʠʩ. 1.5) ʦʧʨʝʜʝʣʠʪʴ ʧʨʠʙʣʠʞʝʥʥʦʝ ʟʥʘʯʝʥʠʝ uʨ.ʧ 

ʠʣʠ  uʮ.ʧ; 

ï ʨʘʩʩʯʠʪʘʪʴ ʧʝʨʝʜʘʪʦʯʥʦʝ ʯʠʩʣʦ ʨʝʜʫʢʪʦʨʘ: 

;                                         (1.18) 

ï ʧʦ ʬʦʨʤʫʣʘʤ (1.7)ï(1.13) ʚʳʯʠʩʣʠʪʴ ʧʝʨʝʜʘʪʦʯʥʳʝ ʯʠʩʣʘ ʟʫʙʯʘʪʳʭ 

ʧʝʨʝʜʘʯ ʨʝʜʫʢʪʦʨʘ ʠ ʫʪʦʯʥʠʪʴ uʨʝʜ = uʙ.ʧ uʪ.ʧ; 

ï ʫʪʦʯʥʠʪʴ ʧʝʨʝʜʘʪʦʯʥʦʝ ʯʠʩʣʦ ʨʝʤʝʥʥʦʡ (ʮʝʧʥʦʡ) ʧʝʨʝʜʘʯʠ: 

.                                         (1.19) 
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ʈʠʩ. 1.5. ɻʨʘʬʠʢʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ  ʧʝʨʝʜʘʪʦʯʥʦʛʦ ʯʠʩʣʘ: 

ʘ ï ʧʨʠʚʦʜ ʩ ʨʝʤʝʥʥʦʡ ʧʝʨʝʜʘʯʝʡ; ʙ ï ʧʨʠʚʦʜ ʩ ʮʝʧʥʦʡ ʧʝʨʝʜʘʯʝʡ; 

 1, 2, 3  ï  ʨʝʜʫʢʪʦʨ  ʦʜʥʦʩʪʫʧʝʥʯʘʪʳʡ  (ʢʦʥʠʯʝʩʢʠʡ, ʮʠʣʠʥʜʨʠʯʝʩʢʠʡ, ʯʝʨʚʷʯʥʳʡ); 

4, 5, 6 ï ʨʝʜʫʢʪʦʨ ʜʚʫʭʩʪʫʧʝʥʯʘʪʳʡ (ʢʦʥʠʯʝʩʢʦ-ʮʠʣʠʥʜʨʠʯʝʩʢʠʡ, ʮʠʣʠʥʜʨʠʯʝʩʢʠʡ, 

ʯʝʨʚʷʯʥʦ-ʮʠʣʠʥʜʨʠʯʝʩʢʠʡ) 

 

ʇʨʠʤʝʨ: ʧʨʠʚʦʜ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭʩʪʫʧʝʥʯʘʪʦʛʦ ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʨʝ-

ʜʫʢʪʦʨʘ ʠ ʮʝʧʥʦʡ ʧʝʨʝʜʘʯʠ. ʇʝʨʝʜʘʪʦʯʥʦʝ ʯʠʩʣʦ ʧʨʠʚʦʜʘ  uʧʨ = 20,4.  

ʇʦ ʛʨʘʬʠʢʫ ʥʘ ʨʠʩ. 1.5, ʙ ʦʧʨʝʜʝʣʷʝʤ ʧʨʠʙʣʠʞʝʥʥʦʝ ʟʥʘʯʝʥʠʝ uʮ.ʧ = 2,4. 

ʇʝʨʝʜʘʪʦʯʥʦʝ ʯʠʩʣʦ ʨʝʜʫʢʪʦʨʘ 

. 

ʇʦ ʬʦʨʤʫʣʝ (1.7) ʦʧʨʝʜʝʣʷʝʤ ʧʝʨʝʜʘʪʦʯʥʦʝ ʯʠʩʣʦ ʙʳʩʪʨʦʭʦʜʥʦʡ ʧʝʨʝ-

ʜʘʯʠ ʨʝʜʫʢʪʦʨʘ: 

uʙ.ʧ . 

ɹʣʠʞʘʡʰʝʝ ʩʪʘʥʜʘʨʪʥʦʝ ʟʥʘʯʝʥʠʝ uʙ.ʧ = 4,0. 

ʇʝʨʝʜʘʪʦʯʥʦʝ ʯʠʩʣʦ ʪʠʭʦʭʦʜʥʦʡ ʧʝʨʝʜʘʯʠ  uʪ.ʧ = . ʇʨʠʥʠʤʘʝʤ ʩʪʘʥ-

ʜʘʨʪʥʦʝ  uʪ.ʧ = 2,0. 

ʆʢʦʥʯʘʪʝʣʴʥʦ ʧʝʨʝʜʘʪʦʯʥʦʝ ʯʠʩʣʦ ʨʝʜʫʢʪʦʨʘ  uʨʝʜ = 4,0 Ö 2,0 = 8,0. 

ʋʪʦʯʥʷʝʤ ʧʝʨʝʜʘʪʦʯʥʦʝ ʯʠʩʣʦ ʮʝʧʥʦʡ ʧʝʨʝʜʘʯʠ: 

uʮ.ʧ . 

ʏʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʚʘʣʦʚ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦ ʬʦʨʤʫʣʘʤ (1.14), ʟʘ ʠʩʢʣʶ-

ʯʝʥʠʝʤ  n2  ʠ  n5:   n2  = n1 / uʨ.ʧ (ʧʨʠʚʦʜ ʩ ʨʝʤʝʥʥʦʡ ʧʝʨʝʜʘʯʝʡ); n5 = n4 / uʮ.ʧ  (ʧʨʠ-

ʚʦʜ ʩ ʮʝʧʥʦʡ ʧʝʨʝʜʘʯʝʡ). 

2. ʈɸʉʏɽʊ  ʎʀʃʀʅɼʈʀʏɽʉʂʀʍ  ɿʋɹʏɸʊʓʍ  ʇɽʈɽɼɸʏ 

ɺ ʢʫʨʩʦʚʦʤ ʧʨʦʝʢʪʝ ʧʦ ʜʝʪʘʣʷʤ ʤʘʰʠʥ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪʩʷ ʨʘʩʯʝʪ ʮʠ-

ʣʠʥʜʨʠʯʝʩʢʠʭ ʟʫʙʯʘʪʳʭ ʧʝʨʝʜʘʯ ʩ ʵʚʦʣʴʚʝʥʪʥʳʤ ʧʨʦʬʠʣʝʤ ʟʫʙʴʝʚ. ʕʪʠ ʧʝ-

u

u

ʧʨ

ʮʝʧʥ

1

2

3

4

5

6

1 2 5 502010 100 1000

uʨʝʤ

2

3

4

5

6

1
1

1000100 uʧʨ2 5 10 5020

7

1 2 34 5 6

1 2 34 5 6
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ʨʝʜʘʯʠ ʤʦʛʫʪ ʙʳʪʴ ʟʘʢʨʳʪʳʤʠ (ʚʭʦʜʠʪʴ ʚ ʩʦʩʪʘʚ ʨʝʜʫʢʪʦʨʘ ʠʣʠ ʤʫʣʴʪʠʧʣʠ-

ʢʘʪʦʨʘ) ʠʣʠ ʦʪʢʨʳʪʳʤʠ. 

ɿʘʢʨʳʪʳʝ ʟʫʙʯʘʪʳʝ ʧʝʨʝʜʘʯʠ ʨʘʙʦʪʘʶʪ ʧʨʠ ʦʙʠʣʴʥʦʡ ʩʤʘʟʢʝ ʠ ʥʘ-

ʜʝʞʥʦ ʟʘʱʠʱʝʥʳ ʦʪ ʟʘʛʨʷʟʥʝʥʠʷ. ʆʩʥʦʚʥʳʤʠ ʢʨʠʪʝʨʠʷʤʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦ-

ʩʪʠ ʪʘʢʠʭ ʧʝʨʝʜʘʯ ʷʚʣʷʶʪʩʷ: 

ʢʦʥʪʘʢʪʥʘʷ ʚʳʥʦʩʣʠʚʦʩʪʴ, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʝ ʫʩʪʘʣʦ-

ʩʪʥʦʛʦ ʚʳʢʨʘʰʠʚʘʥʠʷ ʘʢʪʠʚʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʟʫʙʝɹʚ; 

ʠʟʛʠʙʥʘʷ ʚʳʥʦʩʣʠʚʦʩʪʴ, ʧʨʝʜʦʪʚʨʘʱʘʶʱʘʷ ʫʩʪʘʣʦʩʪʥʳʡ ʠʟʣʦʤ ʟʫʙʝɹʚ; 

ʢʦʥʪʘʢʪʥʘʷ ʧʨʦʯʥʦʩʪʴ, ʦʧʨʝʜʝʣʷʶʱʘʷ ʚʝʣʠʯʠʥʫ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʡ 

ʧʝʨʝʛʨʫʟʢʠ ʧʝʨʝʜʘʯʠ ʙʝʟ ʧʦʷʚʣʝʥʠʷ ʦʩʪʘʪʦʯʥʦʡ ʜʝʬʦʨʤʘʮʠʠ ʠʣʠ ʭʨʫʧʢʦʛʦ 

ʨʘʟʨʫʰʝʥʠʷ ʘʢʪʠʚʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʟʫʙʴʝʚ; 

ʠʟʛʠʙʥʘʷ ʧʨʦʯʥʦʩʪʴ, ʦʧʨʝʜʝʣʷʶʱʘʷ ʚʝʣʠʯʠʥʫ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʡ ʧʝʨʝ-

ʛʨʫʟʢʠ ʙʝʟ ʧʦʷʚʣʝʥʠʷ ʦʩʪʘʪʦʯʥʦʡ ʜʝʬʦʨʤʘʮʠʠ ʠʣʠ ʭʨʫʧʢʦʛʦ ʠʟʣʦʤʘ ʟʫʙʴʝʚ 

ʧʨʠ ʠʟʛʠʙʝ. 

ʈʘʟʤʝʨʳ ʟʫʙʯʘʪʳʭ ʢʦʣʝʩ ʟʘʢʨʳʪʳʭ ʧʝʨʝʜʘʯ ʦʧʨʝʜʝʣʷʶʪ ʠʟ ʨʘʩʯʝʪʘ ʥʘ 

ʢʦʥʪʘʢʪʥʫʶ ʚʳʥʦʩʣʠʚʦʩʪʴ. ʈʘʩʯʝʪʳ ʥʘ ʠʟʛʠʙʥʫʶ ʚʳʥʦʩʣʠʚʦʩʪʴ ʟʫʙʴʝʚ ʠ ʥʘ 

ʠʭ ʢʦʥʪʘʢʪʥʫʶ ʠ ʠʟʛʠʙʥʫʶ ʧʨʦʯʥʦʩʪʴ ʧʨʠ ʧʝʨʝʛʨʫʟʢʘʭ ʦʙʳʯʥʦ ʚʳʧʦʣʥʷʶʪ 

ʢʘʢ ʧʨʦʚʝʨʦʯʥʳʝ. 

ɺ ʦʪʢʨʳʪʳʭ ʟʫʙʯʘʪʳʭ ʧʝʨʝʜʘʯʘʭ ʥʘʙʣʶʜʘʝʪʩʷ ʘʙʨʘʟʠʚʥʳʡ ʠʟʥʦʩ ʘʢ-

ʪʠʚʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʟʫʙʴʝʚ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʢʦʪʦʨʦʛʦ ʟʘʚʠʩʠʪ ʦʪ ʩʪʝʧʝʥʠ ʟʘ-

ʛʨʷʟʥʝʥʠʷ ʩʤʘʟʢʠ ʠ ʦʪ ʚʝʣʠʯʠʥʳ ʜʝʡʩʪʚʫʶʱʠʭ ʢʦʥʪʘʢʪʥʳʭ ʥʘʧʨʷʞʝʥʠʡ. ʄʝ-

ʪʦʜʠʢʘ ʨʘʩʯʝʪʘ ʧʝʨʝʜʘʯ ʥʘ ʠʟʥʦʩ ʧʦʢʘ ʥʝ ʨʘʟʨʘʙʦʪʘʥʘ, ʦʜʥʘʢʦ ʦʛʨʘʥʠʯʝʥʠʝ 

ʜʝʡʩʪʚʫʶʱʠʭ ʢʦʥʪʘʢʪʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʩʧʦʩʦʙʩʪʚʫʝʪ ʠ ʦʛʨʘʥʠʯʝʥʠʶ ʠʟʥʦʩʘ. 

ʇʦʵʪʦʤʫ ʦʪʢʨʳʪʳʝ ʟʫʙʯʘʪʳʝ ʧʝʨʝʜʘʯʠ ʨʘʩʩʯʠʪʳʚʘʶʪ ʚ ʪʘʢʦʡ ʞʝ ʧʦʩʣʝʜʦʚʘ-

ʪʝʣʴʥʦʩʪʠ, ʢʘʢ ʠ ʟʘʢʨʳʪʳʝ, ʩ ʪʦʡ ʣʠʰʴ ʨʘʟʥʠʮʝʡ, ʯʪʦ ʜʦʧʫʩʢʘʝʤʳʝ ʢʦʥʪʘʢʪ-

ʥʳʝ ʥʘʧʨʷʞʝʥʠʷ, ʧʨʝʜʦʪʚʨʘʱʘʶʱʠʝ ʚ ʟʘʢʨʳʪʳʭ ʧʝʨʝʜʘʯʘʭ ʫʩʪʘʣʦʩʪʥʦʝ ʚʳ-

ʢʨʘʰʠʚʘʥʠʝ, ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʙʫʜʫʪ ʦʛʨʘʥʠʯʠʚʘʪʴ ʠʟʥʦʩ ʘʢʪʠʚʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʟʫʙɹʝʚ. 

ɺ ʜʘʥʥʦʤ ʧʦʩʦʙʠʠ ʨʘʩʩʤʦʪʨʝʥʳ ʜʚʘ ʦʩʥʦʚʥʳʭ ʩʣʫʯʘʷ ʨʘʩʯʝʪʘ ʟʫʙʯʘʪʳʭ 

ʧʝʨʝʜʘʯ: 

1) ʤʝʞʦʩʝʚʦʝ ʨʘʩʩʪʦʷʥʠʝ ʥʝ ʟʘʜʘʥʦ. ʕʪʦ ʥʘʠʙʦʣʝʝ ʦʙʱʠʡ ʩʣʫʯʘʡ, ʦʭʚʘ-

ʪʳʚʘʶʱʠʡ ʧʝʨʝʜʘʯʠ, ʠʟ ʢʦʪʦʨʳʭ ʩʦʩʪʘʚʣʷʶʪ ʨʝʜʫʢʪʦʨʳ ʧʦ ʪʘʢ ʥʘʟʳʚʘʝʤʦʡ 

ʨʘʟʚʝʨʥʫʪʦʡ ʩʭʝʤʝ, ʘ ʪʘʢʞʝ ʤʥʦʛʠʝ ʦʪʢʨʳʪʳʝ ʧʝʨʝʜʘʯʠ. ʆʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ 

ʨʘʩʯʝʪʘ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʤʝʞʦʩʝʚʦʛʦ ʨʘʩʩʪʦʥ̫ʠʷ; 

2) ʤʝʞʦʩʝʚʦʝ ʨʘʩʩʪʦʷʥʠʝ ʟʘʜʘʥʦ. ʅʘʧʨʠʤʝʨ, ʙʳʩʪʨʦʭʦʜʥʘʷ ʩʪʫʧʝʥʴ ʚ 

ʩʦʦʩʥʦʤ ʜʚʫʭʩʪʫʧʝʥʯʘʪʦʤ ʨʝʜʫʢʪʦʨʝ, ʜʣʷ ʢʦʪʦʨʦʡ ʤʝʞʦʩʝʚʦʝ ʨʘʩʩʪʦʷʥʠʝ ʦʧ-

ʨʝʜʝʣʷʶʪ ʨʘʩʯʝʪʦʤ ʪʠʭʦʭʦʜʥʦʡ ʩʪʫʧʝʥʠ, ʠʣʠ ʦʪʢʨʳʪʘʷ ʧʝʨʝʜʘʯʘ ʚ ʧʨʠʚʦʜʝ 

ʢʦʥʚʝʡʝʨʘ, ʚ ʢʦʪʦʨʦʡ ʤʝʞʦʩʝʚʦʝ ʨʘʩʩʪʦʷʥʠʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ 

ʨʘʟʤʝʱʝʥʠʷ ʚʘʣʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʠʚʦʜʥʦʛʦ ʙʘʨʘʙʘʥʘ. ʆʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʨʘʩ-

ʯʝʪʘ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʰʠʨʠʥʳ ʚʝʥʮʘ ʢʦʣʝʩʘ. 
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2.1. ʄʘʪʝʨʠʘʣʳ ʟʫʙʯʘʪʳʭ ʢʦʣʝʩ 

ʆ ʩ ʥ ʦ ʚ ʥ ʳ ʤ   ʤ ʘ ʪ ʝ ʨ ʠ ʘ ʣ ʦ ʤ   ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʟʫʙʯʘʪʳʭ ʢʦʣʝʩ 

ʷʚʣʷʝʪʩʷ ʩʪʘʣʴ. ɼʣʷ ʢʦʚʘʥʳʭ ʠ ʰʪʘʤʧʦʚʘʥʥʳʭ ʢʦʣʝʩ, ʘ ʪʘʢʞʝ ʜʣʷ ʢʦʣʝʩ,    ʠʟ-

ʛʦʪʘʚʣʠʚʘʝʤʳʭ ʠʟ ʧʨʦʢʘʪʘ, ʵʪʦ ʢʘʯʝʩʪʚʝʥʥʳʝ ʫʛʣʝʨʦʜʠʩʪʳʝ ʩʪʘʣʠ,    ʚʳ-

ʧʫʩʢʘʝʤʳʝ ʧʦ ɻʆʉʊ 1050ï74, ʠ ʣʝʛʠʨʦʚʘʥʥʳʝ ʩʪʘʣʠ, ʚʳʧʫʩʢʘʝʤʳʝ ʧʦ ɻʆʉʊ 

4543ï71. ʂʦʣʝʩʘ ʢʨʫʧʥʳʭ ʨʘʟʤʝʨʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʢʦʣʝʩʘ ʪʠʭʦʭʦʜ-ʥʳʭ ʦʪ-

ʢʨʳʪʳʭ ʧʝʨʝʜʘʯ, ʦʪʣʠʚʘʶʪ ʠʟ ʣʠʪʝʡʥʳʭ ʩʪʘʣʝʡ ï ʫʛʣʝʨʦʜʠʩʪʳʭ ʧʦ ɻʆʉʊ 

977ï75 ʠ ʣʝʛʠʨʦʚʘʥʥʳʭ ʧʦ ɻʆʉʊ 7832ï65. ɺ ʪʘʙʣ. 2.1 ʧʨʠʚʝʜʝʥʳ ʤʝʭʘʥʠʯʝ-

ʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʠʙʦʣʝʝ ʫʧʦʪʨʝʙʣʷʝʤʳʭ ʤʘʨʦʢ ʩʪʘʣʝʡ, ʧʨʠʤʝʥʷʝʤʳʭ 

ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʟʫʙʯʘʪʳʭ ʢʦʣʝʩ. ʄʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʘʥʳ ʚ ʟʘ-

ʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʠ ʜʣʷ ʭʘʨʘʢʪʝʨʥʦʛʦ ʨʘʟʤʝʨʘ (ʪʦʣʱʠʥʘ ʟʫʙʯʘ-

ʪʦʛʦ ʚʝʥʮʘ ʠʣʠ 0,5 ʜʠʘʤʝʪʨʘ ʚʘʣʘ-ʰʝʩʪʝʨʥʠ) 50é60 ʤʤ. 

ɼʣʷ ʨʝʜʫʢʪʦʨʦʚ ʦʙʱʝʛʦ ʥʘʟʥʘʯʝʥʠʷ ʠ ʚʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʪʨʝʙʫ-

ʝʪʩʷ ʦʙʝʩʧʝʯʠʪʴ ʚʳʩʦʢʫʶ ʥʘʜʝʞʥʦʩʪʴ ʨʘʙʦʪʳ ʚ ʪʝʯʝʥʠʝ ʜʣʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝ-

ʥʠ ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʚʳʩʦʢʦʡ ʩʪʦʠʤʦʩʪʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ, 

ʦʢʦʥʯʘʪʝʣʴʥʦʡ ʪʝʨʤʦʦʙʨʘʙʦʪʢʦʡ ʟʘʛʦʪʦʚʢʠ ʢʦʣʝʩʘ ʷʚʣʷʝʪʩʷ ʫʣʫʯʰʝʥʠʝ, ʪ. ʝ. 

ʟʘʢʘʣʢʘ ʩ ʚʳʩʦʢʠʤ ʦʪʧʫʩʢʦʤ (500é600 ʉ̄), ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʘʠʣʫʯʰʝʝ ʩʦ-

ʯʝʪʘʥʠʝ ʚʩʝʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʩʪʘʣʝʡ ʧʨʠ ʪʚʝʨʜʦʩʪʠ ʅɺ 220é350. ʇʨʠ 

ʪʘʢʦʡ ʪʚʝʨʜʦʩʪʠ ʥʘʜʝʞʥʦ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʥʘʨʝʟʢʘ ʟʫʙʴʝʚ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦ-

ʩʪʴʶ ʠ ʯʘʩʪʦʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʟʫʙʴʝʚ ʚ ʫʩʣʦʚʠʷʭ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʦ ʩʨʝʜʥʠʤ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʫʨʦʚʥʝʤ, ʠ ʥʠʢʘʢʦʡ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ (ʜʦʚʦʜʢʠ) 

ʥʝ ʪʨʝʙʫʝʪʩʷ, ʯʝʤ ʠ ʦʙʲʷʩʥʷʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʚʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ ʧʨʦʠʟ-

ʚʦʜʩʪʚʘ. 

ɺ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ ʪʘʢʠʭ ʧʝʨʝʜʘʯʘʭ ʥʘʙʣʶʜʘʝʪʩʷ ʪʘʢ ʥʘʟʳʚʘʝ-

ʤʘʷ ʧʨʠʨʘʙʦʪʢʘ ʟʫʙʴʝʚ, ʢʦʛʜʘ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʘʢʪʠʚʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ 

ʟʫʙʴʝʚ ʦʙʤʠʥʘʝʪʩʷ, ʧʨʠʪʠʨʘʝʪʩʷ ï ʧʨʦʠʩʭʦʜʠʪ ʢʘʢ ʙʳ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ, ʜʦʚʦ-

ʜʦʯʥʘʷ ʠʭ ʦʙʨʘʙʦʪʢʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʥʘʛʨʫʟʦʯʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʠ ʥʘʜʝʞ-

ʥʦʩʪʴ ʨʘʙʦʪʳ ʧʝʨʝʜʘʯʠ ʟʘʤʝʪʥʦ ʚʦʟʨʘʩʪʘʶʪ. ʅʘʢʦʥʝʮ, ʫʣʫʯʰʝʥʠʝ ʦʙʝʩʧʝʯʠ-

ʚʘʝʪ ʥʘʠʚʳʩʰʝʝ ʟʥʘʯʝʥʠʝ ʫʜʘʨʥʦʡ ʚʷʟʢʦʩʪʠ, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʧʝʨʝʜʘʯʘ ʥʘʠ-

ʣʫʯʰʠʤ ʦʙʨʘʟʦʤ ʩʦʭʨʘʥʷʝʪ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʧʨʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʥʘʛʨʫʟʢʘʭ. 

ʅʦʨʤʘʣʠʟʘʮʠʷ, ʪ. ʝ. ʥʘʛʨʝʚ ʠ ʧʦʩʣʝʜʫʶʱʝʝ ʝʩʪʝʩʪʚʝʥʥʦʝ ʦʭʣʘʞʜʝʥʠʝ ʟʘʛʦ-

ʪʦʚʢʠ ʥʘ ʚʦʟʜʫʭʝ, ʧʨʠʤʝʥʷʝʪʩʷ ʚʤʝʩʪʦ ʫʣʫʯʰʝʥʠʷ, ʢʘʢ ʤʝʥʝʝ ʪʨʫʜʦʝʤʢʘʷ 

ʦʧʝʨʘʮʠʷ. ɼʣʷ ʣʠʪʳʭ ʟʘʛʦʪʦʚʦʢ ʥʦʨʤʘʣʠʟʘʮʠʷ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʝʝ ʫʣʫʯʰʝʥʠʷ, 

ʪʘʢ ʢʘʢ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪʩʷ ʚʝʨʦʷʪʥʦʩʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʪʨʝʱʠʥ ʚ ʦʪʣʠʚ-

ʢʝ. 

 
ʊʘʙʣʠʮʘ 2.1 
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ʄʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʪʘʣʝʡ ʜʣʷ ʟʫʙʯʘʪʳʭ ʢʦʣʝʩ 

 

ʄʘʨʢʘ 

ʩʪʘʣʠ 

 

ʊʝʨʤʦʦʙʨʘʙʦʪʢʘ 

ʇʨʝʜʝʣ 

ʧʨʦʯʥʦʩʪʠ 

ůʚ, ʅ/ʤʤ
2
 

ʇʨʝʜʝʣ 

ʪʝʢʫʯʝʩʪʠ 

ůʪ, ʅ/ʤʤ
2
 

 

ʊʚʝʨʜʦʩʪʴ 

35 ʅʦʨʤʘʣʠʟʘʮʠʷ 540é580 320 ʅɺ 150é180 

40 ʅʦʨʤʘʣʠʟʘʮʠʷ 580é650 340 ʅɺ 170é190 

45 ʅʦʨʤʘʣʠʟʘʮʠʷ 610é700 360 ʅɺ 170é200 

45 ʋʣʫʯʰʝʥʠʝ 750é850 450 ʅɺ 210é230 

45 ʇʦʚʝʨʭʥʦʩʪʥʘʷ ʟʘʢʘʣʢʘ 600 340 HRC 53é55 

40ʍ ʋʣʫʯʰʝʥʠʝ 800é900 550 HB 230é260 

40ʍʅ ʋʣʫʯʰʝʥʠʝ 759é850 450 HRC 50é54 

35ʍʈɸ ʋʣʫʯʰʝʥʠʝ 1000...1100 900...1000 HRC 50é52 

38ʍʅɿʄɸ ʋʣʫʯʰʝʥʠʝ 1000 800 HB 293é331 

38ʍʅɿʄʌɸ ʋʣʫʯʰʝʥʠʝ 900 750 HB 277é321 

20ʍɻʈ ʎʝʤʝʥʪʘʮʠʷ ʩ ʟʘʢʘʣʢʦʡ 950é1000 750é850 HRC 53é62 

12ʍʅɿɸ ʎʝʤʝʥʪʘʮʠʷ ʩ ʟʘʢʘʣʢʦʡ 1000 800 HRC 58é63 

20ʍʅɿ ʎʝʤʝʥʪʘʮʠʷ ʩ ʟʘʢʘʣʢʦʡ 800é900 ï HRC 58é63 

25ʍ2ɻʅʊɸ ʎʝʤʝʥʪʘʮʠʷ ʩ ʟʘʢʘʣʢʦʡ 1100 900 HRC 58é63 

38ʍʄʖɸ ɸʟʦʪʠʨʦʚʘʥʠʝ ʩ ʧʨʝʜʚʘ-

ʨʠʪʝʣʴʥʦʡ ʟʘʢʘʣʢʦʡ 

1000 850 HRC 60 

 

38ʍɺʌʖ ɼʚʫʭʩʪʫʧʝʥʯʘʪʦʝ 

ʘʟʦʪʠʨʦʚʘʥʠʝ ʩ ʧʨʝʜʚʘ- 

ʨʠʪʝʣʴʥʦʡ ʟʘʢʘʣʢʦʡ 

1000 850 HRC 62 

 

ʃʠʪʝʡʥʳʝ ʩʪʘʣʠ 

45ʃ ʅʦʨʤʘʣʠʟʘʮʠʷ 550 320 ʅɺ 160é210 

45ɻʃ ʅʦʨʤʘʣʠʟʘʮʠʷ 650 330 ʅɺ >175 

38ʍʅʃ ʅʦʨʤʘʣʠʟʘʮʠʷ 500 300 HB 145é180 

50ʃ ʅʦʨʤʘʣʠʟʘʮʠʷ 580 340 ʅɺ 190é220 

35ʍʅʃ ʋʣʫʯʰʝʥʠʝ 700 500 ʅɺ 220é260 

40ʍʅʃ ʋʣʫʯʰʝʥʠʝ 800 600 ʅɺ 220é270 

 

ʇʦʚʳʰʝʥʠʝ ʪʚʝʨʜʦʩʪʠ ʘʢʪʠʚʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʟʫʙʴʝʚ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʥʠ-

ʞʝʥʠʝ ʤʘʩʩʳ ʠ ʛʘʙʘʨʠʪʦʚ ʧʝʨʝʜʘʯʠ. ɼʣʷ ʢʦʣʝʩ, ʠʟʛʦʪʘʚʣʠʚʘʝʤʳʭ ʠʟ ʫʣʫʯ-

ʰʘʝʤʳʭ ʩʪʘʣʝʡ, ʧʦʚʳʰʝʥʠʝ ʪʚʝʨʜʦʩʪʠ ʜʦʩʪʠʛʘʝʪʩʷ ʜʚʫʤʷ ʩʧʦʩʦʙʘʤʠ: ʦʙʲʝʤ-

ʥʦʡ ʠ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʟʘʢʘʣʢʦʡ ʩ ʥʠʟʢʠʤ ʦʪʧʫʩʢʦʤ (ʜʦ 200 ʉ̄). ʇʨʠ ʦʙʲʝʤ-

ʥʦʡ ʟʘʢʘʣʢʝ ʥʝʠʟʙʝʞʥʳ ʟʥʘʯʠʪʝʣʴʥʳʝ ʜʝʬʦʨʤʘʮʠʠ ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʩʥʠʞʝ-

ʥʠʝʤ ʫʜʘʨʥʦʡ ʚʷʟʢʦʩʪʠ, ʧʦʵʪʦʤʫ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʝʝ ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʟʘʢʘʣʢʘ 
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ʧʨʠ ʥʘʛʨʝʚʝ ʪʦʢʘʤʠ ʚʳʩʦʢʦʡ ʯʘʩʪʦʪʳ (ʊɺʏ), ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʤʝʥʴʰʠʝ ʠʩʢʘ-

ʞʝʥʠʷ ʬʦʨʤʳ ʧʨʠ ʜʦʩʪʘʪʦʯʥʦʡ ʧʣʘʩʪʠʯʥʦʩʪʠ ʩʝʨʜʮʝʚʠʥʳ ʟʫʙʴʝʚ. 

ɺʳʩʦʢʫʶ ʥʘʛʨʫʟʦʯʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʧʨʠ ʙʦʣʴʰʝʡ ʥʘʜʝʞʥʦʩʪʠ ʚ ʵʢʩ-

ʧʣʫʘʪʘʮʠʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʩʪʘʣʠ, ʧʦʜʚʝʨʛʘʝʤʳʝ ʮʝʤʝʥʪʘʮʠʠ ʩ ʧʦʩʣʝʜʫʶʱʝʡ 

ʟʘʢʘʣʢʦʡ ʠ ʥʠʟʢʠʤ ʦʪʧʫʩʢʦʤ. ɼʣʷ ʧʨʠʚʝʜʝʥʥʳʭ ʚ ʪʘʙʣ. 2.1 ʤʘʨʦʢ ʮʝʤʝʥʪʠ-

ʨʫʝʤʳʭ ʩʪʘʣʝʡ ʪʚʝʨʜʦʩʪʴ ʘʢʪʠʚʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʟʫʙʴʝʚ ʜʦʩʪʠʛʘʝʪ ʟʥʘʯʝʥʠʡ 

HRC 55é63 ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʫʢʘʟʘʥʥʳʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʣʷ 

ʩʝʨʜʮʝʚʠʥʳ ʟʫʙʴʝʚ. ʆʜʥʘʢʦ, ʢʘʢ ʧʨʘʚʠʣʦ, ʪʨʝʙʫʶʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʜʦʚʦ-

ʜʦʯʥʳʝ ʦʧʝʨʘʮʠʠ ʜʣʷ ʠʩʧʨʘʚʣʝʥʠʷ ʬʦʨʤʳ ʢʦʣʝʩ ʠ ʟʫʙʴʝʚ, ʥʘʨʫʰʘʝʤʦʡ ʚ 

ʧʨʦʮʝʩʩʝ ʮʝʤʝʥʪʘʮʠʠ. 

ɸʟʦʪʠʨʦʚʘʥʠʝ ʩʧʝʮʠʘʣʴʥʳʭ ʩʪʘʣʝʡ, ʩʦʜʝʨʞʘʱʠʭ ʘʣʶʤʠʥʠʡ, ʦʙʝʩʧʝʯʠ-

ʚʘʝʪ ʥʘʠʚʳʩʰʫʶ ʪʚʝʨʜʦʩʪʴ ʟʫʙʴʝʚ (HV ʜʦ 1000). ɸʟʦʪʠʨʦʚʘʥʠʝ ʧʨʠʤʝʥʷʝʪʩʷ 

ʠ ʜʣʷ ʣʝʛʠʨʦʚʘʥʥʳʭ ʩʪʘʣʝʡ, ʥʝ ʩʦʜʝʨʞʘʱʠʭ ʘʣʶʤʠʥʠʷ (ʥʘʧʨʠʤʝʨ, 

18ʍ2ʅ4ɺɸ, 34ʍʅ3ʄ ʠ ʪ. ʜ.), ʥʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʜʦʩʪʠʛʘʝʪʩʷ ʤʝʥʴʰʘʷ ʪʚʝʨ-

ʜʦʩʪʴ (HV ʜʦ 800). ɸʟʦʪʠʨʦʚʘʥʠʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤʠ ʜʝʬʦʨ-

ʤʘʮʠʷʤʠ,  ʜʦʚʦʜʦʯʥʳʝ ʦʧʝʨʘʮʠʠ ʦʙʳʯʥʦ ʥʝ ʪʨʝʙʫʶʪʩʷ. ʆʜʥʘʢʦ ʩʧʦʩʦʙʥʦʩʪʴ 

ʢ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʤ ʧʝʨʝʛʨʫʟʢʘʤ ʫ ʘʟʦʪʠʨʦʚʘʥʥʳʭ ʟʫʙʴʝʚ ʤʝʥʴʰʝ, ʯʝʤ ʫ ʮʝ-

ʤʝʥʪʠʨʫʝʤʳʭ, ʠʟ-ʟʘ ʤʘʣʦʡ ʪʦʣʱʠʥʳ ʘʟʦʪʠʨʫʝʤʦʛʦ ʩʣʦʷ. 

ʇʦʚʳʰʝʥʠʝ ʪʚʝʨʜʦʩʪʠ ʟʫʙʴʝʚ, ʫʚʝʣʠʯʠʚʘʷ ʥʘʛʨʫʟʦʯʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ, ʚ 

ʪʦ ʞʝ ʚʨʝʤʷ ʠʩʢʣʶʯʘʝʪ ʧʨʠʨʘʙʦʪʢʫ ʟʫʙʴʝʚ, ʦʙʫʩʣʘʚʣʠʚʘʷ ʪʝʤ ʩʘʤʳʤ ʥʝʚʦʟ-

ʤʦʞʥʦʩʪʴ ʚʳʨʘʚʥʠʚʘʥʠʷ ʥʘʛʨʫʟʢʠ ʧʦ ʰʠʨʠʥʝ ʚʝʥʮʘ, ʚʳʟʳʚʘʝʤʦʡ ʥʝʪʦʯʥʦ-

ʩʪʴʶ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠ ʜʝʬʦʨʤʘʮʠʝʡ ʧʦʜ ʥʘʛʨʫʟʢʦʡ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʳʩʦʢʘʷ 

ʪʚʝʨʜʦʩʪʴ ʟʫʙʴʝʚ ʮʝʣʝʩʦʦʙʨʘʟʥʘ ʪʦʣʴʢʦ ʧʨʠ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʠ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʠ ʚʳʩʦʢʦʡ ʞʝʩʪʢʦʩʪʠ ʚʩʝʭ ʵʣʝʤʝʥʪʦʚ ʧʝʨʝʜʘʯʠ. 

 

2.2. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʨʘʩʯʝʪʘ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ 

ʟʫʙʯʘʪʳʭ ʧʝʨʝʜʘʯ ʧʨʠ ʥʝʟʘʜʘʥʥʦʤ ʤʝʞʦʩʝʚʦʤ ʨʘʩʩʪʦʷʥʠʠ 

ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ: 

ï ʚʨʘʱʘʶʱʠʡ ʤʦʤʝʥʪ ʥʘ ʢʦʣʝʩʝ ʊ2, ʅÖʤʤ; 

ï ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʰʝʩʪʝʨʥʠ n1,  ʦʙ/ʤʠʥ; 

ï ʧʝʨʝʜʘʪʦʯʥʦʝ ʯʠʩʣʦ u; 

ï ʫʩʣʦʚʠʷ ʨʘʙʦʪʳ ʧʝʨʝʜʘʯʠ ʠ ʭʘʨʘʢʪʝʨ ʥʘʛʨʫʟʢʠ, ʞʝʣʘʪʝʣʴʥʘʷ ʜʦʣʛʦ-

ʚʝʯʥʦʩʪʴ ʧʝʨʝʜʘʯʠ. 

1. ɺʳʙʦʨ ʪʠʧʘ ʧʝʨʝʜʘʯʠ. ʎʠʣʠʥʜʨʠʯʝʩʢʠʝ ʟʫʙʯʘʪʳʝ ʧʝʨʝʜʘʯʠ ʤʦʛʫʪ 

ʙʳʪʴ ʧʨʷʤʦʟʫʙʳʤʠ, ʢʦʩʦʟʫʙʳʤʠ ʠ ʰʝʚʨʦʥʥʳʤʠ. ʇʨʷʤʦʟʫʙʳʝ ʢʦʣʝʩʘ ʧʨʠʤʝ-

ʥʷʶʪ ʜʣʷ ʦʪʢʨʳʪʳʭ ʧʝʨʝʜʘʯ, ʘ ʪʘʢʞʝ ʜʣʷ ʪʠʭʦʭʦʜʥʳʭ ʩʪʫʧʝʥʝʡ ʟʘʢʨʳʪʳʭ ʧʝ-

ʨʝʜʘʯ. ɹʳʩʪʨʦʭʦʜʥʳʝ ʧʝʨʝʜʘʯʠ ʠʟʛʦʪʘʚʣʠʚʘʶʪ ʢʦʩʦʟʫʙʳʤʠ. ʊʠʭʦʭʦʜʥʳʝ ʟʘ-

ʢʨʳʪʳʝ ʧʝʨʝʜʘʯʠ ʪʘʢʞʝ ʥʝʨʝʜʢʦ ʠʟʛʦʪʘʚʣʠʚʘʶʪ ʢʦʩʦʟʫʙʳʤʠ, ʪʘʢ ʢʘʢ ʨʘʟʥʠʮʘ 

ʚ ʪʨʫʜʦʝʤʢʦʩʪʠ ʚʝʩʴʤʘ ʥʝʟʥʘʯʠʪʝʣʴʥʘ, ʘ ʚʳʠʛʨʳʰ ʧʦ ʥʘʛʨʫʟʦʯʥʦʡ ʩʧʦʩʦʙʥʦ-
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ʩʪʠ ʠ ʧʣʘʚʥʦʩʪʠ ʨʘʙʦʪʳ ʟʥʘʯʠʪʝʣʝʥ. ʐʝʚʨʦʥʥʳʝ ʧʝʨʝʜʘʯʠ ï ʵʪʦ ʛʣʘʚʥʳʤ ʦʙ-

ʨʘʟʦʤ ʧʝʨʝʜʘʯʠ ʙʦʣʴʰʦʡ ʤʦʱʥʦʩʪʠ ʩʧʝʮʠʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʨʝʞʝ ʦʥʠ 

ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʨʝʜʫʢʪʦʨʘʭ ʦʙʱʝʛʦ ʥʘʟʥʘʯʝʥʠʷ. 

2. ɺʳʙʦʨ ʤʘʪʝʨʠʘʣʦʚ ʢʦʣʝʩʘ ʠ ʰʝʩʪʝʨʥʠ. ʇʨʠʥʮʠʧ ʚʳʙʦʨʘ ʤʘʪʝʨʠʘʣʦʚ 

ʢʦʣʝʩʘ ʠ ʰʝʩʪʝʨʥʠ ʠʟʣʦʞʝʥ ʚ ʧʦʜʨʘʟʜ. 2.1. ʊʨʝʙʫʝʪʩʷ ʚʳʙʨʘʪʴ ʤʘʪʝʨʠʘʣ ʦʪ-

ʜʝʣʴʥʦ ʜʣʷ ʢʦʣʝʩʘ  ʠ ʰʝʩʪʝʨʥʠ, ʫʯʠʪʳʚʘʷ ʩʣʝʜʫʶʱʝʝ: 

ʘ) ʰʝʩʪʝʨʥʷ, ʠʤʝʶʱʘʷ ʙʦʣʴʰʫʶ ʯʘʩʪʦʪʫ ʚʨʘʱʝʥʠʷ, ʚʳʧʦʣʥʷʝʪʩʷ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʠʟ ʙʦʣʝʝ ʪʚʝʨʜʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʯʝʤ ʢʦʣʝʩʦ (ʥʘ 10é30 ʝʜʠʥʠʮ ʅɺ); 

ʙ) ʰʝʩʪʝʨʥʶ ʠ ʢʦʣʝʩʦ ʚʳʧʦʣʥʷʶʪ ʠʟ ʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ï ʧʨʠ ʚʳʩʦʢʦʡ 

ʝʛʦ ʪʚʝʨʜʦʩʪʠ (ʅɺ > 350) ʠʣʠ ʧʨʠ ʥʝʦʛʨʘʥʠʯʝʥʥʦʤ ʩʨʦʢʝ ʩʣʫʞʙʳ ʧʝʨʝʜʘʯʠ; 

ʚ) ʤʦʞʥʦ ʧʨʠʥʠʤʘʪʴ ʣʶʙʳʝ ʟʥʘʯʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʩʪʘʣʝʡ ʚ ʫʢʘʟʘʥʥʳʭ ʚ ʪʘʙʣ. 2.1 ʠʥʪʝʨʚʘʣʘʭ. ʇʨʝʜʧʦʯʪʠʪʝʣʴʥʦ ʧʨʠʥʠʤʘʪʴ 

ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ; 

ʛ) ʚʳʙʦʨ ʤʘʪʝʨʠʘʣʦʚ ʦʯʝʥʴ ʚʳʩʦʢʦʡ ʪʚʝʨʜʦʩʪʠ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʩʣʦʞ-

ʥʦʩʪʠ ʧʨʠ ʢʦʤʧʦʥʦʚʢʝ ʢʦʣʝʩ, ʚʘʣʦʚ ʠ ʧʦʜʰʠʧʥʠʢʦʚ. 

3. ʆʧʨʝʜʝʣʝʥʠʝ ʜʦʧʫʩʢʘʝʤʳʭ ʢʦʥʪʘʢʪʥʳʭ ʥʘʧʨʷʞʝʥʠʡ. ɼʦʧʫʩʢʘʝʤʳʝ 

ʢʦʥʪʘʢʪʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʫʩʪʘʣʦʩʪʥʦʛʦ ʚʳʢʨʘʰʠʚʘʥʠʷ 

ʘʢʪʠʚʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʟʫʙʴʝʚ [ůH] (ʅ/ʤʤ
2
) ʚʳʯʠʩʣʷʶʪ ʧʘʨʘʣʣʝʣʴʥʦ ʜʣʷ ʰʝʩ-

ʪʝʨʥʠ ʠ ʢʦʣʝʩʘ ʧʦ ʬʦʨʤʫʣʝ 

[ůH] =ZR Zv ZxKHL,                                       (2.1) 

ʛʜʝ  ůï ʧʨʝʜʝʣ ʢʦʥʪʘʢʪʥʦʡ ʚʳʥʦʩʣʠʚʦʩʪʠ ʘʢʪʠʚʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʟʫʙʴʝʚ ʧʨʠ 

ʙʘʟʦʚʦʤ ʯʠʩʣʝ ʮʠʢʣʦʚ ʥʘʛʨʫʞʝʥʠʷ, ʦʧʨʝʜʝʣʷʝʤʳʡ ʧʦ ʬʦʨʤʫʣʘʤ, ʧʨʠʚʝʜʝʥ-

ʥʳʤ ʚ ʪʘʙʣ. 2.2; 

SH ï ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʧʘʩʘ ʧʨʦʯʥʦʩʪʠ. ɼʣʷ ʟʫʙʯʘʪʳʭ ʢʦʣʝʩ ʩ ʦʜʥʦʨʦʜ-

ʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʤʘʪʝʨʠʘʣʘ (ʦʪʞʠʛ, ʥʦʨʤʘʣʠʟʘʮʠʷ, ʫʣʫʯʰʝʥʠʝ, ʦʙʲʝʤʥʘʷ ʟʘ-

ʢʘʣʢʘ) SH = 1,1. ɼʣʷ ʟʫʙʯʘʪʳʭ ʢʦʣʝʩ ʩ ʧʦʚʝʨʭʥʦʩʪʥʳʤ ʫʧʨʦʯʥʝʥʠʝʤ ʟʫʙʴʝʚ 

(ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʟʘʢʘʣʢʘ, ʮʝʤʝʥʪʘʮʠʷ, ʘʟʦʪʠʨʦʚʘʥʠʝ) SH = 1,2. ɼʣʷ ʧʝʨʝʜʘʯ, 

ʚʳʭʦʜ ʠʟ ʩʪʨʦʷ ʢʦʪʦʨʳʭ ʩʚʷʟʘʥ ʩ ʪʷʞʝʣʳʤʠ ʧʦʩʣʝʜʩʪʚʠʷʤʠ, ʟʥʘʯʝʥʠʷ ʢʦʵʬ-

ʬʠʮʠʝʥʪʘ ʟʘʧʘʩʘ ʧʨʦʯʥʦʩʪʠ  SH  ʩʣʝʜʫʝʪ  ʫʚʝʣʠʯʠʚʘʪʴ ʜʦ  1,25 ʠ 1,35 ʩʦʦʪʚʝʪ-

ʩʪʚʝʥʥʦ; 

ZR ï ʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʩʦʧʨʷʞʝʥʥʳʭ ʧʦ-

ʚʝʨʭʥʦʩʪʝʡ ʟʫʙʴʝʚ (ʧʨʠʥʠʤʘʶʪ ʜʣʷ ʪʦʛʦ ʠʟ ʟʫʙʯʘʪʳʭ ʢʦʣʝʩ ʧʘʨʳ, ʟʫʙʴʷ ʢʦʪʦ-

ʨʦʛʦ ʠʤʝʶʪ ʙʦʣʝʝ ʛʨʫʙʳʝ ʧʦʚʝʨʭʥʦʩʪʠ): 

ʜʣʷ 7-ʛʦ ʢʣʘʩʩʘ ʰʝʨʦʭʦʚʘʪʦʩʪʠ (Ra = 1,25é0,63 ʤʢʤ) ZR = 1. 

ʜʣʷ 6-ʛʦ ʢʣʘʩʩʘ (Ra = 2,5é1,25 ʤʢʤ) ZR = 0,95. 

ʜʣʷ 5-ʛʦ ʠ 4-ʛʦ ʢʣʘʩʩʦʚ (Rz = 40é10 ʤʢʤ) ZR = 0,9. 

ʜʣʷ ʟʫʙʯʘʪʳʭ ʧʝʨʝʜʘʯ ʦʙʱʝʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʩʣʝʜʫʝʪ ʦʨʠ-

ʝʥʪʠʨʦʚʘʪʴʩʷ ʥʘ 6-ʡ ʢʣʘʩʩ ʰʝʨʦʭʦʚʘʪʦʩʪʠ; 

Zv  ï ʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ  ʦʢʨʫʞʥʫʶ ʩʢʦʨʦʩʪʴ v: 
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  ʜʣʷ v ¢ 5 ʤ/ʩ Zv = 1; 

  ʜʣʷ v > 5 ʤ/ʩ: 

     ʧʨʠ ʅɺ ¢ 350  Zv  = 0,85n 0,1
; 

     ʧʨʠ ʅɺ > 350  Zv = 0,925n 0,05
.
 

ʅʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʨʘʩʯʝʪʘ ʧʨʠ ʥʝʠʟʚʝʩʪʥʦʡ ʩʢʦʨʦʩʪʠ v ʤʦʞʥʦ ʧʨʠʥʷʪʴ Zv  

= 1; 

Zx ï ʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ  ʨʘʟʤʝʨ  ʟʫʙʯʘʪʦʛʦ ʢʦʣʝʩʘ: 

  ʧʨʠ d ¢ 700 ʤʤ  Zx = 1;  

  ʧʨʠ d > 700  Zx = . 

ʅʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʨʘʩʯʝʪʘ ʤʦʞʥʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʨʠʥʷʪʴ  Zx = 1; 

KHL ï ʢʦʵʬʬʠʮʠʝʥʪ ʜʦʣʛʦʚʝʯʥʦʩʪʠ, 

 ,                                                    (2.2) 

ʟʜʝʩʴ m ï ʧʦʢʘʟʘʪʝʣʴ ʩʪʝʧʝʥʠ ʚ ʫʨʘʚʥʝʥʠʠ ʢʨʠʚʦʡ ʚʳʥʦʩʣʠʚʦʩʪʠ (m = 6  ʧʨʠ 

NH0 ²  NHE; m = 20 ʧʨʠ NH0 <  NHE); NH0 ï ʙʘʟʦʚʦʝ ʯʠʩʣʦ ʮʠʢʣʦʚ ʠʟʤʝʥʝʥʠʷ ʢʦʥ-

ʪʘʢʪʥʳʭ ʥʘʧʨʷʞʝʥʠʡ, ʦʧʨʝʜʝʣʷʝʤʦʝ ʧʦ ʛʨʘʬʠʢʫ (ʨʠʩ. 2.1); NHE ï ʵʢʚʠʚʘʣʝʥʪ-

ʥʦʝ ʯʠʩʣʦ ʮʠʢʣʦʚ ʠʟʤʝʥʝʥʠʷ ʢʦʥʪʘʢʪʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʟʘ ʨʘʩʯʝʪʥʳʡ ʩʨʦʢ 

ʩʣʫʞʙʳ ʧʝʨʝʜʘʯʠ. 

ʕʢʚʠʚʘʣʝʥʪʥʦʝ ʯʠʩʣʦ ʮʠʢʣʦʚ 

Nʅɽ = ,                                            (2.3) 

ʛʜʝ N× ï ʩʫʤʤʘʨʥʦʝ ʯʠʩʣʦ ʮʠʢʣʦʚ ʠʟʤʝʥʝʥʠʷ ʢʦʥʪʘʢʪʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʟʘ ʨʘ-

ʩʯʝʪʥʳʡ ʩʨʦʢ ʩʣʫʞʙʳ ʧʝʨʝʜʘʯʠ, 

N× = ɻ Ö 300 ʉʤ Ö 8 Ö 60 n,                                      (2.4) 

ʟʜʝʩʴ ɻ ï ʩʨʦʢ ʩʣʫʞʙʳ ʧʝʨʝʜʘʯʠ (ʚ ʛʦʜʘʭ); 300 ï ʨʘʙʦʯʠʭ ʜʥʝʡ ʚ ʛʦʜʫ; ʉʤ 

ï ʢʦʣʠʯʝʩʪʚʦ ʩʤʝʥ ʨʘʙʦʪʳ; 8 ï ʯʘʩʦʚ ʚ ʩʤʝʥʝ; 60 ï ʤʠʥʫʪ ʚ ʯʘʩʝ; n ï ʯʘʩʪʦʪʘ 

ʚʨʘʱʝʥʠʷ ʰʝʩʪʝʨʥʠ ʠʣʠ ʢʦʣʝʩʘ, ʦʙ/ʤʠʥ.  

  
ʊʘʙʣʠʮʘ 2.2 

 

ʇʨʝʜʝʣ ʚʳʥʦʩʣʠʚʦʩʪʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʩʪʘʣʝʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʪʝʨʤʠʯʝʩʢʦʡ ʠ ʭʠʤʠʢʦ-ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ 

 

ʉʪʘʣʠ 

ʉʧʦʩʦʙʳ ʪʝʨʤʠʯʝʩʢʦʡ 

ʠ ʭʠʤʠʢʦ-ʪʝʨʤʠʯʝʩʢʦʡ  

ʦʙʨʘʙʦʪʢʠ ʟʫʙʴʝʚ 

ʉʨʝʜʥʷʷ ʪʚʝʨʜʦʩʪʴ 

ʧʦʚʝʨʭʥʦʩʪʝʡ 

ʟʫʙɹʝʚ 

ʇʨʝʜʝʣ ʢʦʥʪʘʢʪ-

ʥʦʡ ʚʳʥʦʩʣʠʚʦ-

ʩʪʠ ůH0, ʅ/ʤʤ
2
 

ʋʛʣʝʨʦʜʠʩʪʳʝ 

ʠ ʣʝʛʠʨʦʚʘʥʥʳʝ  

ʆʪʞʠʛ, ʥʦʨʤʘʣʠʟʘʮʠʷ ʠʣʠ 

ʫʣʫʯh ʝʥʠʝ 

ʅɺ < 350 2HB + 70 
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ʆʙʲʝʤʥʘʷ ʠ ʧʦʚʝʨʭʥʦʩʪʥʘʷ 

ʟʘʢʘʣʢʘ 

HRC 38é50 17 HRC + 200 

ʃʝʛʠʨʦʚʘʥʥʳʝ ʎʝʤʝʥʪʘʮʠʷ ʠ ʥʠʪʨʦʮʝʤʝʥ-

ʪʘʮʠʷ 

HRC > 56 23 HRC 

ɸʟʦʪʠʨʦʚʘʥʠʝ HV 550é750 1050 
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ʈʠʩ 2.1. ɻʨʘʬʠʢ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʙʘʟʦʚʦʛʦ 

ʯʠʩʣʘ ʮʠʢʣʦʚ ʧʝʨʝʤʝʥʳ ʥʘʧʨʷʞʝʥʠʡ 

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʚʝʨʜʦʩʪʠ ʘʢʪʠʚʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʟʫʙʝɹʚ 
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ɽʩʣʠ ʧʝʨʝʜʘʯʘ ʨʝʚʝʨʩʠʚʥʘʷ, ʪʦ ʥʫʞʥʦ ʫʯʠʪʳʚʘʪʴ ʚʨʝʤʷ ʨʘʙʦʪʳ ʪʦʣʴʢʦ 

ʚ ʦʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ (ʫʤʝʥʴʰʠʪʴ N× ʚ ʜʚʘ ʨʘʟʘ). 

ɽʩʣʠ ʟʘʜʘʥʘ ʩʪʫʧʝʥʯʘʪʘʷ ʜʠʘʛʨʘʤʤʘ ʠʟʤʝʥʝʥʠʷ ʤʦʤʝʥʪʘ (ʨʠʩ. 2.2), ʪʦ  

ʚʳʯʠʩʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ (ʧʨʠʤʝʨ): 

 = 0,8
3 
Ö 0,45 + 1,0

3 
Ö 0,4 + 0,5

3 
Ö 0,15 = 0,214. 

ʇʨʠ ʧʦʩʪʦʷʥʥʦʤ ʧʝʨʝʜʘʚʘʝʤʦʤ ʤʦʤʝʥʪʝ NHE  = N×. 

ʄʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ KHL ʨʘʚʥʦ 0,75. ʅʘʠʙʦʣʴʰʠʝ ʟʥʘʯʝʥʠʷ KHL ʦʛ-

ʨʘʥʠʯʝʥʳ: ʧʨʠ ʦʜʥʦʨʦʜʥʦʡ ʩʪʨʫʢʪʫʨʝ ʤʘʪʝʨʠʘʣʘ KHL max  = 2,6; ʧʨʠ ʧʦʚʝʨʭʥʦ-

ʩʪʥʦʤ ʫʧʨʦʯʥʝʥʠʠ KHL max = 1,9. 

 

ɼʦʧʫʩʢʘʝʤʦʝ ʢʦʥʪʘʢʪʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʨʘʩʩʯʠʪʳʚʘʶʪ ʦʪʜʝʣʴʥʦ ʜʣʷ ʰʝʩ-

ʪʝʨʥʠ [sH]1 ʠ ʢʦʣʝʩʘ [sH]2. ʇʨʠ ʨʘʩʯʝʪʝ ʧʨʷʤʦʟʫʙʳʭ ʧʝʨʝʜʘʯ ʚ ʢʘʯʝʩʪʚʝ ʨʘʩ-

ʯʝʪʥʦʛʦ [sH] ʧʨʠʥʠʤʘʁ ʪ ʤʝʥʴʰʝʝ ʠʟ ʠʭ ʟʥʘʯʝʥʠʡ. 

    ʇʨʠ ʨʘʩʯʝʪʝ ʢʦʩʦʟʫʙʳʭ ʠ hʝʚʨʦʥʥʳʭ ʧʝʨʝʜʘʯ ʚ ʢʘʯʝʩʪʚʝ ʨʘʩʯʝʪʥʦʛʦ 

ʧʨʠʥʠʤʘʶʪ ʫʩʣʦʚʥʦʝ ʜʦʧʫʩʢʘʝʤʦʝ ʢʦʥʪʘʢʪʥʦʝ ʥʘʧʨʷʞʝʥʠʝ 

 

         [sH] = 0,45([sH]1 + [sH]2).                                            (2.5) 

 

ʇʨʠ ʵʪʦʤ ʜʦʣʞʥʦ ʚʳʧʦʣʥʷʪʴʩʷ ʫʩʣʦʚʠʝ [sH] < 1,25[sH] min, ʛʜʝ [sH]min ï 

ʤʝʥʴʰʝʝ ʠʟ ʟʥʘʯʝʥʠʡ [sH]1 ʠ [sH]2. ɺ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʧʨʠʥʠʤʘʶʪ 

 

0,45t 0,4t 0,15t

0
,
8
ʊ

1
,
0
ʊ

0
,
5
ʊ

t

t

T

ʈʠʩ. 2.2. ʇʨʠʤʝʨ ʜʠʘʛʨʘʤʤʳ ʠʟʤʝʥʝʥʠʷ ʚʨʘʱʘʶʱʝʛʦ 

ʤʦʤʝʥʪʘ  T  ʚʦ ʚʨʝʤʝʥʠ  t: 

ʘ1 = 0,8; ʘ2 = 1,0; ʘ3 = 0,5; b1 = 0,45; b2 = 0,4; b3 = 0,15 
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ʈʠʩ. 2.3. ɺʘʨʠʘʥʪ  r

ʨʘʩʧʦʣʦʞʝʥʠʷ 

ʢʦʣʝʩ ʦʪʥʦʩʠ-

ʪʝʣɹʥʦ ʦʧʦʨ 

[sH] = 1,25 [sH]min. 

 

4. ʆʧʨʝʜʝʣʝʥʠʝ ʤʝʞʦʩʝʚʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʧʦ ʜʦʧʫʩʢʘʝʤʳʤ ʢʦʥʪʘʢʪʥʳʤ 

ʥʘʧʨʞ̫ʝʥʠʷʤ (ʤʤ): 

,                                          (2.6) 

 

ʛʜʝ u ï ʧʝʨʝʜʘʪʦʯʥʦʝ ʯʠʩʣʦ; Za ï ʢʦʵʬʬʠʮʠʝʥʪ, ʨʘʚʥʳʡ 310 ʅ
1/2
/ʤʤ ʜʣʷ ʧʨʷ-

ʤʦʟʫʙʳʭ ʠ  270 ʅ
1/2
/ʤʤ ʜʣʷ ʢʦʩʦʟʫʙʳʭ ʧʝʨʝʜʘʯ;  

[sH] ï ʜʦʧʫʩʢʘʝʤʦʝ ʢʦʥʪʘʢʪʥʦʝ ʥʘʧʨʷʞʝʥʠʝ, ʅ/ʤʤ
2
; 

ʂʅ ï ʢʦʵʬʬʠʮʠʝʥʪ ʥʘʛʨʫʟʢʠ, ʢʦʪʦʨʳʡ ʤʦʞʥʦ ʧʨʝʜʚʘʨʠ-

ʪʝʣʴʥʦ ʧʨʠʥʷʪʴ ʨʘʚʥʳʤ 1,30é1,35 ʜʣʷ ʙʳʩʪʨʦʭʦʜʥʳʭ ʠ 

1,20é1,25 ʜʣʷ ʪʠʭʦʭʦʜʥʳʭ ʧʝʨʝʜʘʯ; T2 ï ʚʨʘʱʘʶʱʠʡ ʤʦ-

ʤʝʥʪ ʥʘ ʢʦʣʝʩʝ, ʅÖʤʤ; yʘ ï ʢʦʵʬʬʠʮʠʝʥʪ ʰʠʨʠʥʳ ʢʦʣʝʩʘ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʝʞʦʩʝʚʦʛʦ ʨʘʩʩʪʦʷʥʠʷ, ʧʨʠʥʠʤʘʶʪ ʚ ʟʘʚʠ-

ʩʠʤʦʩʪʠ ʦʪ ʧʦʣʦʞʝʥʠʷ ʢʦʣʝʩ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʧʦʨ (ʨʠʩ. 2.3). 

ʇʨʠ ʩʠʤʤʝʪʨʠʯʥʦʤ ʨʘʩʧʦʣʦʞʝʥʠʠ yʘ = 0,4é0,5; ʧʨʠ ʥʝ-

ʩʠʤʤʝʪʨʠʯʥʦʤ  ï  0,25é0,4;  ʧʨʠʢʦʥʩʦʣʴʥʦʤ ï 0,15é0,25. 

ʄʝʥʴʰʠʝ ʟʥʘʯʝʥʠʷ yʘ ʧʨʠʥʠʤʘʶʪ ʜʣʷ ʧʝʨʝʜʘʯ ʩ ʪʚʝʨ-

ʜʦʩʪʴʶ ʟʫʙʴʝʚ ʢʦʣʝʩ HRC > 45. 

ɺʳʯʠʩʣʝʥʥʦʝ ʤʝʞʦʩʝʚʦʝ ʨʘʩʩʪʦʷʥʠʝ ʦʢʨʫʛʣʷʶʪ ʚ ʙʦʣʴʰʫʶ ʩʪʦʨʦʥʫ ʜʦ 

ʩʪʘʥʜʘʨʪʥʦʛʦ ʟʥʘʯʝʥʠʷ (ʪʘʙʣ. 2.3). 

 

ʊʘʙʣʠʮʘ 2.3 

 

ʄʝʞʦʩʝʚʳʝ ʨʘʩʩʪʦʷʥʠʷ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʟʫʙʯʘʪʳʭ ʧʝʨʝʜʘʯ ʨʝʜʫʢʪʦʨʦʚ 

ʦʙʱʝʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʤʤ 

 

1-ʡ (ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʡ) 

ʨʷʜ 

40; 50; 63; 80; 100; 125; 160; 200; 250; 315; 400; 500; 630; 

800; 1000; 1250; 1600; 2000; 2500 

2-ʡ ʨʷʜ 140; 180; 225; 280; 355; 450; 560; 710; 900; 1120; 1400; 

1800; 2240 

 

 

5. ʆʧʨʝʜʝʣʝʥʠʝ ʤʦʜʫʣʷ ʟʘʮʝʧʣʝʥʠʷ.  ʄʦʜʫʣʴ ʜʦʣʞʝʥ ʥʘʭʦʜʠʪʴʩʷ ʚ ʜʠʘ-

ʧʘʟʦʥʝ 

         m = (0,01é0,02) aw                                     (2.7) 
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ʠ ʠʤʝʪʴ ʩʪʘʥʜʘʨʪʥʦʝ ʟʥʘʯʝʥʠʝ (ʪʘʙʣ. 2.4). ʇʨʠ ʵʪʦʤ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʤʦʜʫʣʴ 

ʧʨʠʥʠʤʘʪʴ ʤʠʥʠʤʘʣʴʥʳʤ, ʥʦ ʥʝ ʤʝʥʝʝ 2 ʤʤ ʜʣʷ ʩʠʣʦʚʳʭ ʧʝʨʝʜʘʯ. ʋʤʝʥʴʰʝ-

ʥʠʝ ʤʦʜʫʣʷ ʟʘʮʝʧʣʝʥʠʷ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʫʚʝʣʠʯʝʥʠʝ ʯʠʩʣʘ ʟʫʙʴʝʚ ʧʨʠʚʦ-

ʜʷʪ ʢ ʧʦʚʳʰʝʥʠʶ ʧʣʘʚʥʦʩʪʠ ʨʘʙʦʪʳ ʠ ʂʇɼ ʧʝʨʝʜʘʯʠ, ʫʤʝʥʴʰʝʥʠʶ ʰʫʤʘ ʠ 

ʪʨʫʜʦʝʤʢʦʩʪʠ ʥʘʨʝʟʘʥʠʷ ʟʫʙʴʝʚ, ʥʦ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʩʥʠʞʝʥʠʝʤ ʠʟʛʠʙʥʦʡ 

ʧʨʦʯʥʦʩʪʠ ʟʫʙʴʝʚ. 

 
ʊʘʙʣʠʮʘ 2.4 

 

ʄʦʜʫʣʠ ʟʫʙʯʘʪʳʭ ʧʝʨʝʜʘʯ ʧʦ ɻʆʉʊ 9563ï80, ʤʤ 

 

1-ʡ (ʧʨʝʜʧʦʯʪʠʪʝʣʥɹʳʡ) 

 ʨʷʜ 

1;  1,25;  1,5;  2;  2,5;  3;  4;  5;  6;  8;  10;  12;  16 

2-ʡ ʨʷʜ 1,125;  1,375;  1,75;  2,25;  2,75;  3,5;  4,5;  5,5;  7;  9; 11; 14 

 

6. ʆʧʨʝʜʝʣʝʥʠʝ ʰʠʨʠʥʳ ʰʝʩʪʝʨʥʠ ʠ ʢʦʣʝʩʘ (ʤʤ): 

              

          b1 =  b2 + (4é6); b2 =  yʘ aw.                                      (2.8) 

 

ɺʳʯʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʰʠʨʠʥʳ ʰʝʩʪʝʨʥʠ ʠ ʟʫʙʯʘʪʦʛʦ ʢʦʣʝʩʘ ʦʢʨʫʛ-

ʣʷʶʪ ʜʦ ʙʣʠʞʘʡʰʝʛʦ ʥʦʨʤʘʣʴʥʦʛʦ ʨʘʟʤʝʨʘ ʠʟ ʨʷʜʘ Ra20 ʧʦ ɻʆʉʊ 6636ï69. 

ʅʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʝ ʜʣʷ ʵʪʦʡ ʮʝʣʠ ʨʘʟʤʝʨʳ: 10, 11, 12, 14, 16, 18, 20, 22, 

25, 28, 32, 36, 40, 45, 50, 56, 63, 71, 75, 80, 85, 90, 95, 100, 105, 110, 120, 125, 

130, 140, 150, 160, 170, 180, 190, 200, 220, 250, 280, 320, 360, 400, 500 ʤʤ. 

7. ʆʧʨʝʜʝʣʝʥʠʝ ʦʩʥʦʚʥʳʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʝʨʝʜʘʯʠ.  

ʂʦʩʦʟʫʙʳʝ ʠ ʰʝʚʨʦʥʥʳʝ ʧʝʨʝʜʘʯʠ: 

ʘ) ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʨʠʥʠʤʘʶʪ ʫʛʦʣ ʥʘʢʣʦʥʘ ʟʫʙʴʝʚ b, ʜʣʷ ʢʦʩʦʟʫʙʳʭ 

ʧʝʨʝʜʘʯ  ʦʥ  ʦʙʳʯʥʦ  ʥʘʭʦʜʠʪʩʷ  ʚ ʧʨʝʜʝʣʘʭ  8é15,̄ ʜʣʷ ʰʝʚʨʦʥʥʳʭ ï 25é40;̄ 

ʙ) ʯʠʩʣʦ ʟʫʙʴʝʚ ʰʝʩʪʝʨʥʠ 

 

. 

 

 

ɺʳʯʠʩʣʝʥʥʦʝ ʟʥʘʯʝʥʠʝ z1 ʦʢʨʫʛʣʷʶʪ ʜʦ ʙʣʠʞʘʡʰʝʛʦ ʮʝʣʦʛʦ ʯʠʩʣʘ. 

ʏʠʩʣʦ ʟʫʙʴʝʚ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʤʝʥʴʰʝ ʤʠʥʠʤʘʣʴʥʦʛʦ: 

zmin = 17 cos b; 

ʚ) ʯʠʩʣʦ ʟʫʙʴʝʚ ʢʦʣʝʩʘ  z2 = z1u  ʦʢʨʫʛʣʷʶʪ ʜʦ ʮʝʣʦʛʦ; 

ʛ) ʫʪʦʯʥʷʶʪ ʫʛʦʣ ʥʘʢʣʦʥʘ ʟʫʙʴʝʚ b: 
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b = arccos . 

ʋʛʦʣ  b ʜʦʣʞʝʥ ʙʳʪʴ ʚʳʯʠʩʣʝʥ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ 1¡¡;  

ʜ) ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʜʚʫʧʘʨʥʦʩʪʠ ʟʘʮʝʧʣʝʥʠʷ ʜʦʣʞʥʦ ʚʳʧʦʣʥʷʪʴʩʷ ʥʝ-

ʨʘʚʝʥʩʪʚʦ 

b ² arsin . 

ɽʩʣʠ ʫʩʣʦʚʠʝ ʜʚʫʧʘʨʥʦʩʪʠ ʥʝ ʚʳʧʦʣʥʷʝʪʩʷ, ʪʦ ʤʦʞʥʦ ʫʤʝʥʴʰʠʪʴ ʯʠʩʣʦ 

ʟʫʙʴʝʚ, ʥʘʧʨʠʤʝʨ ʦʢʨʫʛʣʠʚ  z1  ʚ ʤʝʥʴʰʫʶ ʩʪʦʨʦʥʫ, ʠ ʧʦʚʪʦʨʠʪʴ ʧʧ. çʚè ʠ çʛè. 

ʇʨʷʤʦʟʫʙʳʝ ʧʝʨʝʜʘʯʠ: 

ʘ) ʩʫʤʤʘʨʥʦʝ ʯʠʩʣʦ ʟʫʙʴʝʚ 

. 

ɽʩʣʠ ʩʫʤʤʘʨʥʦʝ ʯʠʩʣʦ ʟʫʙʴʝʚ ʧʦʣʫʯʘʝʪʩʷ ʥʝʮʝʣʳʤ, ʪʦ ʤʦʞʥʦ ʚʳʧʦʣ-

ʥʠʪʴ ʥʘʨʝʟʘʥʠʝ ʢʦʣʝʩ ʩʦ ʩʤʝʱʝʥʠʝʤ. ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʠʟʙʝʞʘʪʴ ʩʤʝʱʝʥʠʷ, 

ʤʦʞʥʦ ʠʟʤʝʥʠʪʴ ʤʦʜʫʣʴ ʟʘʮʝʧʣʝʥʠʷ, ʥʝ ʚʳʭʦʜʷ ʠʟ ʠʥʪʝʨʚʘʣʘ, ʨʘʩʩʯʠʪʘʥʥʦʛʦ 

ʚ ʧ. 5; 

ʙ) ʯʠʩʣʦ ʟʫʙʴʝʚ ʰʝʩʪʝʨʥʠ 

. 

ɺʳʯʠʩʣʝʥʥʦʝ ʟʥʘʯʝʥʠʝ z1 ʦʢʨʫʛʣʷʶʪ ʜʦ ʙʣʠʞʘʡʰʝʛʦ ʮʝʣʦʛʦ ʯʠʩʣʘ. 

ʏʠʩʣʦ ʟʫʙʴʝʚ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʤʝʥʴʰʝ ʤʠʥʠʤʘʣʥɹʦʛʦ: 

zmin = 17; 

ʚ) ʯʠʩʣʦ ʟʫʙʴʝʚ ʢʦʣʝʩʘ 

. 
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8. ʆʧʨʝʜʝʣʝʥʠʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʠ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʝʨʝʜʘ-

ʯʠ: 

ʘ) ʜʝʣʠʪʝʣʴʥʳʝ ʜʠʘʤʝʪʨʳ (ʚʳʯʠʩʣʷʪʴ ʩ ʪʦʯʥʦʩʪʴʶ 10
ï3

 ʤʤ): 

ʰʝʩʪʝʨʥʠ 

                                                       (2.9) 

ʢʦʣʝʩʘ             

                                               (2.10) 

ʙ) ʥʘʯʘʣʴʥʳʝ ʜʠʘʤʝʪʨʳ (ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʩʤʝʱʝʥʠʷ): 

ʰʝʩʪʝʨʥʠ 

dw1 = d1;                                                  (2.11) 

ʢʦʣʝʩʘ 

          dw2 = d2;                                                  (2.12) 

ʚ) ʜʠʘʤʝʪʨʳ ʚʝʨʰʠʥ ʟʫʙʴʝʚ (ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʩʤʝʱʝʥʠʷ): 

ʰʝʩʪʝʨʥʠ 

dʘ1  = d1  + 2m;                                         (2.13) 

ʢʦʣʝʩʘ 

              dʘ2  = d2  + 2m;                                         (2.14) 

ʛ) ʜʠʘʤʝʪʨʳ ʚʧʘʜʠʥ (ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʩʤʝʱʝʥʠʷ): 

ʰʝʩʪʝʨʥʠ 

         df1  = d1 ï 2 ( + C) m;                                   (2.15) 

ʢʦʣʝʩʘ 

              df2 = d2 ï 2 ( + C) m.                                   (2.16) 

ʇ ʨ ʠ ʤ ʝ ʯ ʘ ʥ ʠ ʝ: ʢʦʵʬʬʠʮʠʝʥʪ ʚʳʩʦʪʳ ʛʦʣʦʚʢʠ = 1; ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʜʠʘʣʴʥʦʛʦ 

ʟʘʟʦʨʘ  C
*
= 0,25; 

ʜ) ʢʦʵʬʬʠʮʠʝʥʪ ʪʦʨʮʝʚʦʛʦ ʧʝʨʝʢʨʳʪʠʷ 

eʘ  = cos b;                           (2.17) 

 

 

ʝ) ʵʢʚʠʚʘʣʝʥʪʥʳʝ ʯʠʩʣʘ ʟʫʙʴʝʚ: 

ʰʝʩʪʝʨʥʠ 

  zv1 = ;                                         (2.18) 

ʢʦʣʝʩʘ 

  zv2 = ;                                        (2.19) 
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ʞ) ʢʦʵʬʬʠʮʠʝʥʪ ʰʠʨʠʥʳ ʢʦʣʝʩʘ ʧʦ ʜʠʘʤʝʪʨʫ ʰʝʩʪʝʨʥʠ 

yd  = ;                                          (2.20) 

ʟ) ʦʢʨʫʞʥʘʷ ʩʢʦʨʦʩʪʴ ʚ ʧʝʨʝʜʘʯʝ, ʤ/ʩ 

v = ;                                         (2.21) 

ʠ) ʦʢʦʥʯʘʪʝʣʴʥʦʝ ʧʝʨʝʜʘʪʦʯʥʦʝ ʯʠʩʣʦ 

u  =                                             (2.22) 

 

9. ʆʧʨʝʜʝʣʝʥʠʝ ʩʪʝʧʝʥʠ ʪʦʯʥʦʩʪʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʝʨʝʜʘʯʠ ʚ ʩʦʦʪʚʝʪʩʪ-

ʚʠʠ ʩ ɻʆʉʊ 1643ï81 (ʚʳʙʠʨʘʶʪ ʧʦ ʪʘʙʣ. 2.5). 

 
ʊʘʙʣʠʮʘ 2.5 

 

ʉʪʝʧʝʥʴ ʪʦʯʥʦʩʪʠ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʟʫʙʯʘʪʳʭ ʧʝʨʝʜʘʯ 

 

ɺʠʜ 

ʟʫʙɹʝʚ 

ʊʚʝʨʜʦʩʪʴ 

ʟʫʙɹʝʚ 

ʉʪʝʧʝʥʴ ʪʦʯʥʦʩʪʠ 

6 7 8 9 

ʆʢʨʫʞʥʘʷ ʩʢʦʨʦʩʪʴ, ʤ/ʩ 

ʇʨ̫ʤʳʝ 
ʅɺ ¢ 350 

HB > 350 

12é18 

10é15 

6é12 

5é10 

4é  6 

3é  5 

ɼʦ 4 

ɼʦ 3 

ʂʦʩʳʝ 
HB ¢ 350 

HB > 350 

25é36 

20é30 

12é25 

9é20 

8é12 

6é  9 

ɼʦ 8 

ɼʦ 6 

 

10. ʆʧʨʝʜʝʣʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʥʘʛʨʫʟʢʠ ʜʣʷ ʨʘʩʯʝʪʘ ʧʦ ʢʦʥʪʘʢʪʥʳʤ 

ʥʘʧʨʷʞʝʥʠ̫ ʤ: 

KH = KHa KHb KHv,                                            (2.23) 

ʛʜʝ KHa ï ʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʛʨʫʟʢʠ ʤʝʞʜʫ ʟʫʙʴ-

ʷʤʠ: ʜʣʷ ʧʨʷʤʦʟʫʙʳʭ ʧʝʨʝʜʘʯ KHa = 1, ʜʣʷ ʢʦʩʦʟʫʙʳʭ ʧʝʨʝʜʘʯ KHa ʦʧʨʝʜʝʣʷ-

ʶʪ ʧʦ ʛʨʘʬʠʢʘʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʢʨʫʞʥʦʡ ʩʢʦʨʦʩʪʠ  v  ʠ ʩʪʝʧʝʥʠ ʪʦʯʥʦʩʪʠ 

(ʨʠʩ. 2.4); KHb ï ʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʛʨʫʟʢʠ ʧʦ 

ʰʠʨʠʥʝ ʚʝʥʮʘ, ʦʧʨʝʜʝʣʷʶʪ ʧʦ ʛʨʘʬʠʢʘʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʚʝʨʜʦʩʪʠ ʘʢʪʠʚ-

ʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʟʫʙʴʝʚ, ʢʦʵʬʬʠʮʠʝʥʪʘ ʰʠʨʠʥʳ ʢʦʣʝʩʘ ʧʦ ʜʠʘʤʝʪʨʫ ʰʝʩ-

ʪʝʨʥʠ yd  (ʧ. 8, ʞ) ʠ ʩʭʝʤʳ ʧʝʨʝʜʘʯʠ (ʨʠʩ. 2.5); KHv ï ʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳ-

ʚʘʶʱʠʡ ʜʠʥʘʤʠʯʝʩʢʫʶ ʥʘʛʨʫʟʢʫ ʚ ʟʘʮʝʧʣʝʥʠʠ, ʚʳʙʠʨʘʶʪ ʧʦ ʪʘʙʣ. 2.6       ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʢʨʫʞʥʦʡ ʩʢʦʨʦʩʪʠ, ʩʪʝʧʝʥʠ ʪʦʯʥʦʩʪʠ, ʪʚʝʨʜʦʩʪʠ ʟʫʙʝɹʚ. 



 30 

 

 

9 8

7

6

5

0 5 10 15 20 25 30

1,04

1,08

1,12

1,16

1,00

1,20
K H

V, ʤ/ʩ

ʈʠʩ. 2.4. ɻʨʘʬʠʢ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ  KHa: 

5, 6, 7, 8, 9 ï ʩʪʝʧʝʥʠ ʪʦʯʥʦʩʪʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʟʫʙʯʘʪʳʭ ʢʦ-

ʣʝʩ 
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ʈʠʩ. 2.5. ʆʧʨʝʜʝʣʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ KHb: 

ʘ ï ʩʭʝʤʳ ʨʝʜʫʢʪʦʨʦʚ; ʙ ï ʛʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ 

ʜʣʷ ʅɺ1 ¢ 350 ʠʣʠ ʅɺ2 ¢ 350; ʚ ï ʛʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ 

ʜʣʷ ʅɺ1 ² 350 ʠ ʅɺ2 ² 350  (ʮʠʬʨʳ 1é7 ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʧʦʟʠʮʠʷʤ ʥʘ ʩʭʝʤʘʭ ʨʝʜʫʢʪʦʨʦʚ; 1 ï ʧʦʜʰʠʧʥʠʢʠ ʰʘʨʠʢʦʚʳʝ, 

2 ï ʧʦʜʰʠʧʥʠʢʠ ʨʦʣʠʢʦʚʳʝ) 
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ʊʘʙʣʠʮʘ 2.6 

 

ʆʨʠʝʥʪʠʨʦʚʦʯʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ KHv 

 

ɺʠʜ 

ʟʫʙʴʝʚ 

ʊʚʝʨʜʦʩʪʴ 

ʟʫʙʴʝʚ 

ʆʢʨʫʞʥʘʷ ʩʢʦʨʦʩʪʴ, ʤ/ʩ 

3 5 10 15 20 25 30 35 

ʉʪʝʧʝʥʴ ʪʦʯʥʦʩʪʠ 

9 9/8 8/7 7 7 7 6 6 

ʇʨʷʤʳʝ 

ʅɺ ¢ 350 1,09 
1,14 

1,11 

1,22 

1,20 
ï ï ï ï ï 

ʅɺ > 350 1,07 
1,11 

1,08 

1,16 

1,15 
ï ï ï ï ï 

ʂʦʩʳʝ 

ʅɺ ¢ 350 1,03 
1,05 

1,04 

1,07 

1,06 
1,10 1,13 1,16 1,14 1,17 

ʅɺ > 350 1,02 
1,03 

1,02 

1,05 

1,04 
1,06 1,08 1,10 1,09 1,12 

 

11. ʆʧʨʝʜʝʣʝʥʠʝ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ Zʘ (ʅ
1/2
/ʤʤ): 

 

Za = ZE  ZH  Ze ,                                           (2.24) 

 

ʛʜʝ ZE   ï ʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʦʚ 

ʟʫʙʯʘʪʳʭ ʢʦʣʝʩ; ZE  = 192 (ʅ/ʤʤ
2
)

1/2 
 ʜʣʷ ʩʪʘʣʴʥʳʭ ʢʦʣʝʩ (ɽ1 = ɽ2 = 2·10

5
 ʅ/ʤʤ

2
, 

v1 = v2 = 0,3), 

ZE  =  

ZH ï ʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ ʬʦʨʤʫ ʩʦʧʨʷʞʝʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʟʫʙʴʝʚ, 

ʦʧʨʝʜʝʣʷʶʪ ʧʦ ʛʨʘʬʠʢʫ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʛʣʘ ʥʘʢʣʦʥʘ ʟʫʙʴʝʚ  b  ʠ  (ʨʠʩ. 2.6). 

ʇʨʠ ʦʪʩʫʪʩʪʚʠʠ ʩʤʝʱʝʥʠʷ ʧʦʣʴʟʫʶʪʩʷ ʢʨʠʚʦʡ   = 0; Ze ï ʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠ-

ʪʳʚʘʶʱʠʡ ʩʫʤʤʘʨʥʫʶ ʜʣʠʥʫ ʢʦʥʪʘʢʪʥʳʭ ʣʠʥʠʡ, ʦʧʨʝʜʝʣʷʶʪ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʦʨʮʝʚʦʛʦ ʧʝʨʝʢʨʪrʠʷ (ʧ. 8, ʜ) ʠ ʚʠʜʘ ʟʫʙʴʝʚ. 

 

 

ï ʧʨʷʤʦʟʫʙʳʝ ʢʦʣʝʩʘ  

Ze  =                                               (2.25) 

 

ï ʢʦʩʦʟʫʙʳʝ ʢʦʣʝʩʘ 

Ze  =                                                     (2.26) 
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12. ʆʧʨʝʜʝʣʝʥʠʝ ʜʝʡʩʪʚʫʶʱʠʭ ʢʦʥʪʘʢʪʥʳʭ ʥʘʧʨʷʞʝʥʠʡ sʅ (ʅ/ʤʤ
2
) ʧʦ 

ʫʪʦʯʥʝʥʥʳʤ ʜʘʥʥʳʤ: 

sʅ =                               (2.27) 

ʛʜʝ  Za ï  ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ  (ʩʤ. ʧ. 11);  Kʅ ï ʢʦʵʬʬʠʮʠʝʥʪ  ʥʘ-

ʛʨʫʟʢʠ (ʩʤ. ʧ. 10); u ï ʫʪʦʯʥʝʥʥʦʝ ʧʝʨʝʜʘʪʦʯʥʦʝ ʯʠʩʣʦ (ʩʤ. ʧ. 8, ʠ);  [sH] ï

 ʫʪʦʯʥʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʜʦʧʫʩʢʘʝʤʦʛʦ ʢʦʥʪʘʢʪʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ  (ʩʤ. ʧ. 3, ʫʪʦʯ-

ʥʠʪʴ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ZR, Zv, ZH), H/ʤʤ
2
. 

ɽʩʣʠ sH ʦʪʣʠʯʘʝʪʩʷ ʦʪ [sH] ʥʝ ʙʦʣʝʝ ʯʝʤ ʥʘ 5 %, ʪʦ ʨʘʩʯʝʪ ʧʝʨʝʜʘʯʠ ʧʦ 

ʢʦʥʪʘʢʪʥʦʡ ʚʳʥʦʩʣʠʚʦʩʪʠ ʚʳʧʦʣʥʝʥ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦ. ɽʩʣʠ ʞʝ ʫʢʘʟʘʥʥʦʝ 

ʦʪʣʠʯʠʝ ʙʫʜʝʪ ʙʦʣʴʰʝ 5 %, ʩʣʝʜʫʝʪ ʠʟʤʝʥʠʪʴ ʰʠʨʠʥʫ ʚʝʥʮʘ ʢʦʣʝʩʘ. ʅʦʚʦʝ 

ʟʥʘʯʝʥʠʝ ʰʠʨʠʥʳ ʚʝʥʮʘ ʢʦʣʝʩʘ 

                                             (2.28) 

ɿʥʘʯʝʥʠʝ  ʦʢʨʫʛʣʷʶʪ ʚ ʙʦʣʴʰʫʶ ʩʪʦʨʦʥʫ ʩ ʫʯʝʪʦʤ ʨʷʜʘ ʥʦʨʤʘʣʴʥʳʭ 

ʣʠʥʝʡʥʳʭ ʨʘʟʤʝʨʦʚ (ʩʤ. ʧ. 6), ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩʣʝʜʫʝʪ ʠʟʤʝʥʠʪʴ ʰʠʨʠʥʫ 

=-0,02

-0,015

-0,01

0
0,01

0,02

0,05

0,08

0 10 20 30 40
1,2

1,4

1,6

1,8

2,0

2,2

2,4 x +x
z +z

21

1 2

0

HZ

ʈʠʩ. 2.6. ɻʨʘʬʠʢ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ZH  

(x ï ʢʦʵʬʬʠʮʠʝʥʪ ʩʤʝʱʝʥʠʷ, ʩʤ. ʧ. 7). 
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ʚʝʥʮʘ ʰʝʩʪʝʨʥʠ b1. ʇʨʠ ʵʪʦʤ ʚ ʢʦʩʦʟʫʙʳʭ ʧʝʨʝʜʘʯʘʭ ʥʫʞʥʦ ʝʱʝ ʨʘʟ ʧʨʦʚʝ-

ʨʠʪʴ ʫʩʣʦʚʠʝ ʦʙʝʩʧʝʯʝʥʠʷ ʜʚʫʧʘʨʥʦʩʪʠ ʟʘʮʝʧʣʝʥʠʷ (ʩʤ. ʧ. 7). 

ʉ ʫʯʝʪʦʤ ʥʦʚʦʡ ʰʠʨʠʥʳ ʢʦʣʝʩʘ  ʥʝʦʙʭʦʜʠʤʦ ʧʝʨʝʩʯʠʪʘʪʴ ʜʝʡʩʪʚʫʶ-

ʱʠʝ ʢʦʥʪʘʢʪʥʳʝ ʥʘʧʨʞ̫ʝʥʠʷ [ʩʤ. ʬʦʨʤʫʣʫ (2.27)]. 

13. ʈʘʩʯʝʪ ʩʠʣ, ʜʝʡʩʪʚʫʶʱʠʭ ʚ ʟʘʮʝʧʣʝʥʠʠ (ʅ): 

ʘ) ʦʢʨʫʞʥʦʡ 

                                            (2.29) 

ʙ) ʦʩʝʚʦʡ  

Fa = Ft tg b;                                          (2.30) 

ʚ) ʨʘʜʠʘʣʴʥʦʡ  

                                    (2.31) 

ʛʜʝ  aw ï ʫʛʦʣ ʟʘʮʝʧʣʝʥʠʷ (ʧʨʠ ʥʘʨʝʟʘʥʠʠ ʢʦʣʝʩ ʙʝʟ ʩʤʝʱʝʥʠʷ aw = 20 )̄. 

14. ʆʧʨʝʜʝʣʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʠʟʛʠʙʘ ʜʣʷ ʟʫʙʴʝʚ ʰʝʩʪʝʨʥʠ ʠ ʢʦʣʝʩʘ (ʅ/ʤʤ
2
): 

,                                       (2.32) 

ʛʜʝ YF ï ʢʦʵʬʬʠʮʠʝʥʪ ʬʦʨʤʳ ʟʫʙʴʝʚ, ʦʧʨʝʜʝʣʷʶʪ ʧʦ ʛʨʘʬʠʢʫ (ʨʠʩ. 2.7) ʜʣʷ 

ʟʫʙʴʝʚ ʰʝʩʪʝʨʥʠ YF1 ʠ ʢʦʣʝʩʘ YF2 ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʵʢʚʠʚʘʣʝʥʪʥʦʛʦ ʯʠʩʣʘ 

ʟʫʙʴʝʚ (ʩʤ. ʧ. 8, ʝ) ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʤʝʱʝʥʠʷ ʧʨʠ ʥʘʨʝʟʘʥʠʠ (ʩʤ. ʧ. 7). ʇʨʠ 

ʦʪʩʫʪʩʪʚʠʠ ʩʤʝʱʝʥʠʷ ʧʦʣʴʟʫʶʪʩʷ ʢʨʠʚʦʡ  x = 0;  Yb ï ʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳ-

ʚʘʶʱʠʡ ʥʘʢʣʦʥ ʟʫʙʴʝʚ; ʜʣʷ ʧʨʷʤʦʟʫʙʳʭ ʧʝʨʝʜʘʯ Yb = 1, ʜʣʷ ʢʦʩʦʟʫʙʳʭ ʧʝʨʝ-

ʜʘʯ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ b (ʩʤ. ʧ. 7):  

                                        (2.33) 

ʇʨʠ b ² 42  ̄ Yb  = 0,7; KF ï ʢʦʵʬʬʠʮʠʝʥʪ ʥʘʛʨʫʟʢʠ ʜʣʷ ʨʘʩʯʝʪʘ ʧʦ ʠʟʛʠʙʥʳʤ 

ʥʘʧʨʷʞʝʥʠʷʤ, 

KF = KFa KFb KFv,                                          (2.34) 

ʟʜʝʩʴ KFa ï ʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʛʨʫʟʢʠ ʤʝʞʜʫ 

ʟʫʙʴʷʤʠ; ʜʣʷ ʧʨʷʤʦʟʫʙʳʭ ʧʝʨʝʜʘʯ  KFa = 1, ʜʣʷ ʢʦʩʦʟʫʙʳʭ ʧʝʨʝʜʘʯ 

;                                      (2.35) 

n ï ʩʪʝʧʝʥʴ ʪʦʯʥʦʩʪʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʝʨʝʜʘʯʠ ï ʩʤ. ʧ. 9; KFb ï ʢʦʵʬʬʠʮʠʝʥʪ, 

ʫʯʠʪʳʚʘʶʱʠʡ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʛʨʫʟʢʠ ʧʦ ʰʠʨʠʥʝ ʚʝʥʮʘ, 

KFb = K,                                             (2.36) 
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k ï ʧʦʢʘʟʘʪʝʣʴ ʩʪʝʧʝʥʠ, ʚʳʙʠʨʘʝʤʳʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʪʥʦʰʝʥʠʷ ʨʘʙʦʯʝʡ 

ʰʠʨʠʥʳ ʚʝʥʮʘ ʢʦʣʝʩʘ ʢ ʤʦʜʫʣʶ b2 /m: 

 

b2 /m éééééééééééé.. 4 7 10 20 40 

ʇʨʷʤʦʟʫʙʦʝ ʟʘʮʝʧʣʝʥʠʝ éééé.. 0,71 0,83 0,85 0,94 0,97 

ʂʦʩʦʟʫʙʦʝ ʟʘʮʝʧʣʝʥʠʝ ééééé 0,57 0,73 0,81 0,9 0,95 

 

KFv ï ʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ ʜʠʥʘʤʠʯʝʩʢʫʶ ʥʘʛʨʫʟʢʫ, ʦʧʨʝʜʝʣʷʶʪ ʧʦ 

ʪʘʙʣ. 2.7. 

ʊʘʙʣʠʮʘ 2.7 

 

ʆʨʠʝʥʪʠʨʦʚʦʯʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ KFv 

 

ɺʠʜ 

ʟʫʙʴʝʚ 

ʊʚʝʨʜʦʩʪʴ 

ʟʫʙʴʝʚ 

ʆʢʨʫʞʥʘʷ ʩʢʦʨʦʩʪʴ, ʤ/ʩ 

3 5 10 15 20 25 30 35 

ʉʪʝʧʝʥʴ ʪʦʯʥʦʩʪʠ 

9 9/8 8/7 7 7 7 6 6 

ʇʨʷʤʳʝ 
ʅɺ ¢ 350 1,23   ï ï ï ï ï 

ʅɺ > 350 1,07   ï ï ï ï ï 

ʅʝʧʨʷʤʳʝ 
ʅɺ ¢ 350 1,09   1,35 1,46 1,58 1,57 1,73 

ʅɺ > 350 1,02   1,11 1,15 1,19 1,18 1,23 

 

15. ʆʧʨʝʜʝʣʝʥʠʝ ʜʦʧʫʩʢʘʝʤʳʭ ʥʘʧʨʷʞʝʥʠʡ ʠʟʛʠʙʘ. ɼʦʧʫʩʢʘʝʤʳʝ ʥʘ-

ʧʨʷʞʝʥʠʷ ʧʨʠ ʨʘʩʯʝʪʝ ʥʘ ʠʟʛʠʙʥʫʶ ʚʳʥʦʩʣʠʚʦʩʪʴ ʟʫʙʴʝʚ [sF] ʦʧʨʝʜʝʣʷʶʪ 

ʨʘʟʜʝʣʴʥʦ ʜʣʷ ʰʝʩʪʝʨʥʠ ʠ ʢʦʣʝʩʘ: 

         ,                                (2.37) 

x=-0,4

Y

12

3,0

201714 3025

0,8

0,6

F

0

0,2

0,4

-0,2

2006040 10080 Zv

3,2

3,4

3,6

3,8

4,0

4,2

4,4

ʈʠʩ. 2.7. ɻʨʘʬʠʢ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʬʦʨʤʳ ʟʫʙʘ YF 

 (x ï ʢʦʵʬʬʠʮʠʝʥʪ ʩʤʝʱʝʥʠʷ) 
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ʛʜʝ sF0 ï ʧʨʝʜʝʣ ʚʳʥʦʩʣʠʚʦʩʪʠ ʟʫʙʴʝʚ ʧʨʠ ʦʪʥʫʣʝʚʦʤ ʮʠʢʣʝ, ʩʦʦʪʚʝʪʩʪ-

ʚʫʶʱʠʡ ʙʘʟʦʚʦʤʫ ʯʠʩʣʫ ʮʠʢʣʦʚ ʧʝʨʝʤʝʥʳ ʥʘʧʨʷʞʝʥʠʡ, ʅ/ʤʤ
2
 (ʪʘʙʣ. 2.8); SF 

ï ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʧʘʩʘ ʧʨʦʯʥʦʩʪʠ, ʦʧʨʝʜʝʣʷʝʤʳʡ ʧʦ ʪʘʙʣ. 2.8  ʜʣʷ ʚʝʨʦʷʪʥʦ-

ʩʪʠ ʥʝʨʘʟʨʫʰʝʥʠʷ 0,99; YZ ï ʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ 

ʟʘʛʦʪʦʚʢʠ ʢʦʣʝʩʘ: ʜʣʷ ʧʦʢʦʚʦʢ ʠ ʰʪʘʤʧʦʚʦʢ (ʧʨʠ 100 < da  < 250 ʤʤ) YZ = 1; 

ʜʣʷ ʧʨʦʢʘʪʘ (da < 250 ʤʤ) YZ = 0,9; ʜʣʷ ʣʠʪʳʭ ʟʘʛʦʪʦʚʦʢ (da  > 250 ʤʤ) YZ = 0,8; 

Yg ï ʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ ʚʣʠʷʥʠʝ ʰʣʠʬʦʚʘʥʠʷ ʧʝʨʝʭʦʜʥʦʡ ʧʦʚʝʨʭ-

ʥʦʩʪʠ ʟʫʙʘ;  ʜʣʷ ʥʝʰʣʠʬʫʝʤʳʭ ʧʝʨʝʭʦʜʥʳʭ  ʧʦʚʝʨʭʥʦʩʪʝʡ  Yg = 1;  ʚ ʩʣʫ-

ʯʘʝ ʰʣʠʬʦʚʘʥʠʷ ʧʝʨʝʭʦʜʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ Yg ʚʳʙʠʨʘʶʪ ʧʦ ʪʘʙʣ. 2.8, ʧʨʠʯʝʤ 

ʜʘʥʥʳʝ ʚ ʟʥʘʤʝʥʘʪʝʣʝ ʧʨʠʥʠʤʘʶʪ, ʝʩʣʠ ʥʝ ʛʘʨʘʥʪʠʨʦʚʘʥʦ ʦʪʩʫʪʩʪʚʠʝ ʰʣʠ-

ʬʦʚʦʯʥʳʭ ʧʨʠʞʦʛʦʚ ʠʣʠ ʦʩʪʨʦʡ ʰʣʠʬʦʚʘʣʴʥʦʡ ʩʪʫʧʝʥʴʢʠ ʥʘ ʧʝʨʝʭʦʜʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ; Yd ï ʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ ʚʣʠʷʥʠʝ ʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ 

ʫʧʨʦʯʥʝʥʠʷ ʠʣʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʧʝʨʝʭʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ; 

ʝʩʣʠ ʫʧʨʦʯʥʷʶʱʘʷ ʪʝʭʥʦʣʦʛʠʷ ʥʝ ʠʩʧʦʣʴʟʫʝʪʩʷ, ʪʦ Yd = 1; ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʧʝ-

ʨʝʭʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ Yd ʦʧʨʝʜʝʣʷʶʪ ʧʦ ʪʘʙʣ. 2.8, ʧʨʠʯʝʤ ʜʘʥʥʳʝ ʚ ʟʥʘʤʝ-

ʥʘʪʝʣʝ ʧʨʠʥʠʤʘʶʪ ʧʨʠ ʫʧʨʦʯʥʝʥʠʠ ʜʨʦʙʴʶ ʠʣʠ ʨʦʣʠʢʘʤʠ ʧʦʩʣʝ ʰʣʠʬʦʚʘ-

ʥʠʷ ʧʝʨʝʭʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠʣʠ ʰʣʠʬʦʚʘʥʠʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʪʫʧʝʥʴʢʠ ʥʘ 

ʧʝʨʝʭʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ; Yɸ ï ʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ ʚʣʠʷʥʠʝ ʜʚʫʭ-

ʩʪʦʨʦʥʥʝʛʦ ʧʨʠʣʦʞʝʥʠʷ ʥʘʛʨʫʟʢʠ; ʧʨʠ ʦʜʥʦʩʪʦʨʦʥʥʝʤ ʧʨʠʣʦʞʝʥʠʠ ʥʘʛʨʫʟʢʠ 

(ʜʣʷ ʥʝʨʝʚʝʨʩʠʚʥʳʭ ʧʝʨʝʜʘʯ) Yɸ = 1; ʧʨʠ ʜʚʫʭʩʪʦʨʦʥʥʝʤ ʧʨʠʣʦʞʝʥʠʠ ʥʘ-

ʛʨʫʟʢʠ (ʜʣʷ ʨʝʚʝʨʩʠʚʥʳʭ ʧʝʨʝʜʘʯ) ʚ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʧʝʨʝʜʘʚʘʝʤʳʝ ʚ ʦʙʦʠʭ 

ʥʘʧʨʘʚʣʝʥʠʷʭ ʤʦʤʝʥʪʳ ʠ ʯʠʩʣʘ ʮʠʢʣʦʚ ʦʜʠʥʘʢʦʚʳ, Yɸ = 0,65 ï ʜʣʷ ʦʪʦʞʞʝʥ-

ʥʳʭ, ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʭ ʠ ʫʣʫʯʰʝʥʥʳʭ ʩʪʘʣʝʡ, Yɸ = 0,75 ï ʜʣʷ ʟʫʙʯʘʪʳʭ ʢʦʣʝʩ 

ʩ ʪʚʝʨʜʦʩʪʴʶ ʧʦʚʝʨʭʥʦʩʪʝʡ ʟʫʙʴʝʚ HRC > 45   ʠ Yɸ = 0,9 ï ʜʣʷ ʘʟʦʪʠʨʦʚʘʥ-

ʥʳʭ ʟʫʙʴʝʚ; YS ï ʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ ʛʨʘʜʠʝʥʪ ʥʘʧʨʷʞʝʥʠʡ ʠ ʯʫʚʩʪ-

ʚʠʪʝʣʴʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʧʨʷʞʝʥʠʡ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʟʘʚʠʩʠ-

ʤʦʩʪʠ ʦʪ ʤʦʜʫʣʷ m: 

 

;                                    (2.38) 

 

YR ï ʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʧʝʨʝʭʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʟʫʙʴʝʚ; ʜʣʷ ʰʣʠʬʦʚʘʥʠʷ ʠ ʟʫʙʦʬʨʝʟʝʨʦʚʘʥʠʷ ʧʨʠ ʢʣʘʩʩʝ ʰʝʨʦʭʦʚʘʪʦʩʪʠ    ʥʝ 

ʥʠʞʝ 4 (RZ = 40 ʤʢʤ) YR = 1. ʇʨʠ ʧʦʣʠʨʦʚʘʥʥʳʭ ʧʝʨʝʭʦʜʥʳʭ ʧʦʚʝʨʭʥʦʩʪʷʭ 

ʧʨʠʥʠʤʘʶʪ: 

ï ʚ ʩʣʫʯʘʷʭ ʮʝʤʝʥʪʘʮʠʠ, ʥʠʪʨʦʮʝʤʝʥʪʘʮʠʠ, ʘʟʦʪʠʨʦʚʘʥʠʷ, ʧʨʠ ʟʘʢʘʣʢʝ 

ʊɺʏ, ʢʦʛʜʘ ʟʘʢʘʣʝʥʥʳʡ ʩʣʦʡ ʧʦʚʪʦʨʷʝʪ ʦʯʝʨʪʘʥʠʷ ʚʧʘʜʠʥʳ ʤʝʞʜʫ ʟʫʙʴʷʤʠ, 

YR = 1,05; 

ï ʧʨʠ ʥʦʨʤʘʣʠʟʘʮʠʠ, ʫʣʫʯʰʝʥʠʠ ʠ ʟʘʢʘʣʢʝ ʊɺʏ, ʢʦʛʜʘ ʟʘʢʘʣʝʥʥʳʡ ʩʣʦʡ 

ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʥʘ ʚʩʝ ʩʝʯʝʥʠʝ ʟʫʙʘ ʠ ʯʘʩʪʴ ʩʪʫʧʠʮʳ ʠ ʚʧʘʜʠʥʳ ʠʣʠ ʦʙʨʳ-

ʚʘʝʪʩʷ ʫ ʧʝʨʝʭʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, YR = 1,2; 
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Yʭ ï ʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ ʨʘʟʤʝʨʳ ʟʫʙʯʘʪʦʛʦ ʢʦʣʝʩʘ, ʦʧʨʝʜʝʣʷʶʪ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʠʘʤʝʪʨʘ ʦʢʨʫʞʥʦʩʪʠ ʚʝʨʰʠʥ ʟʫʙʴʝʚ, 

;                                  (2.39) 

KFL ï ʢʦʵʬʬʠʮʠʝʥʪ ʜʦʣʛʦʚʝʯʥʦʩʪʠ, 

KFL = , 

ʟʜʝʩʴ  m ï ʧʦʢʘʟʘʪʝʣʴ ʩʪʝʧʝʥʠ ʚ ʫʨʘʚʥʝʥʠʠ ʢʨʠʚʦʡ ʚʳʥʦʩʣʠʚʦʩʪʠ. 

ɼʣʷ ʢʦʣʝʩ ʠʟ ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʭ ʠʣʠ ʫʣʫʯʰʝʥʥʳʭ ʩʪʘʣʝʡ, ʟʫʙʴʷ ʢʦʪʦʨʳʭ 

ʥʝ ʰʣʠʬʫʶʪ ʠ ʥʝ ʧʦʜʚʝʨʛʘʶʪ ʜʝʬʦʨʤʘʮʠʦʥʥʦʤʫ ʠʣʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʤʫ 

ʫʧʨʦʯʥʝʥʠʶ, ʧʨʠ ʥʝʙʦʣʴʰʠʭ ʨʘʟʤʝʨʘʭ ʢʦʣʝʩ, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʨʝʜʫʢʪʦʨʦʚ 

ʢʫʨʩʦʚʳʭ ʧʨʦʝʢʪʦʚ, ʤʦʞʥʦ ʧʨʠʥʷʪʴ Yg  = Yd  = YS  = YR  = Yʭ  = 1. ʇʨʠ ʵʪʦʤ 

ʬʦʨʤʫʣʘ (2.37) ʙʫʜʝʪ ʠʤʝʪʴ ʚʠʜ 

.                                         (2.40) 

 

ɼʣʷ ʟʫʙʯʘʪʳʭ ʢʦʣʝʩ ʩ ʪʚʝʨʜʦʩʪʴʶ ʧʦʚʝʨʭʥʦʩʪʝʡ ʟʫʙʴʝʚ ʅɺ ¢ 350,     ʘ 

ʪʘʢʞʝ ʜʣʷ ʟʫʙʯʘʪʳʭ ʢʦʣʝʩ, ʟʘʢʘʣʝʥʥʳʭ ʧʨʠ ʥʘʛʨʝʚʝ ʊɺʏ ʩ ʦʙʨʳʚʦʤ ʟʘʢʘʣʝʥ-

ʥʦʛʦ ʩʣʦʷ ʫ ʧʝʨʝʭʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʠ ʟʫʙʯʘʪʳʭ ʢʦʣʝʩ ʩʦ ʰʣʠʬʦʚʘʥʥʦʡ ʧʝ-

ʨʝʭʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʪʚʝʨʜʦʩʪʠ ʠ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʟʫʙʴʝʚ, 

m = 6. ɼʣʷ ʟʫʙʯʘʪʳʭ ʢʦʣʝʩ ʩ ʥʝʰʣʠʬʦʚʘʥʥʦʡ ʧʝʨʝʭʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʧʨʠ 

ʪʚʝʨʜʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʟʫʙʴʝʚ ʅɺ > 350 m = 9. ɹʘʟʦʚʦʝ ʯʠʩʣʦ ʮʠʢʣʦʚ ʥʘʧʨʷ-

ʞʝʥʠʡ NF0 = 4 ·10
6
. ʕʢʚʠʚʘʣʝʥʪʥʦʝ ʯʠʩʣʦ ʮʠʢʣʦʚ ʧʝʨʝʤʝʥʳ ʥʘʧʨʷʞʝʥʠʡ ʠʟ-

ʛʠʙʘ NFE ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʧʝʨʝʜʘʚʘʝʤʦʤ ʤʦʤʝʥʪʝ NFE = N× (ʩʤ. ʬʦʨʤʫʣʫ 

(2.4)). 

ʇʨʠ ʩʪʫʧʝʥʯʘʪʦʤ ʛʨʘʬʠʢʝ ʠʟʤʝʥʝʥʠʷ ʤʦʤʝʥʪʘ (ʩʤ. ʨʠʩ. 2.2) 

 

NFE  = Nä                                           (2.41) 

 

ʅʘʠʤʝʥʴʰʝʝ ʟʥʘʯʝʥʠʝ  KFL = 1. 

16. ʇʨʦʚʝʨʢʘ ʚʳʥʦʩʣʠʚʦʩʪʠ ʟʫʙʴʝʚ ʧʦ ʥʘʧʨʷʞʝʥʠʷʤ ʠʟʛʠʙʘ: 

 

         .                                               (2.42) 

 

ʇʨʦʚʝʨʢʫ ʥʘ ʚʳʥʦʩʣʠʚʦʩʪʴ ʧʦ ʬʦʨʤʫʣʝ (2.42) ʧʨʦʠʟʚʦʜʷʪ ʢʘʢ ʜʣʷ ʟʫʙʴ-

ʝʚ ʰʝʩʪʝʨʥʠ, ʪʘʢ ʠ ʜʣʷ ʟʫʙʴʝʚ ʢʦʣʝʩʘ. ʆʙʳʯʥʦ ʧʨʠ ʪʚʝʨʜʦʩʪʠ ʘʢʪʠʚʥʦʡ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ʅɺ ¢ 350 ʠʟʛʠʙʥʘʷ ʚʳʥʦʩʣʠʚʦʩʪʴ ʟʫʙʴʝʚ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʩ ʙʦʣʴ-

ʰʠʤ ʟʘʧʘʩʦʤ. ʇʨʠ ʧʦʚʳʰʝʥʠʠ ʪʚʝʨʜʦʩʪʠ ʟʫʙʴʝʚ (HRC ² 45 ʠ ʙʦʣʝʝ) ʟʘʧʘʩ 

ʚʳʥʦʩʣʠʚʦʩʪʠ ʧʦ ʠʟʛʠʙʥʳʤ ʥʘʧʨʷʞʝʥʠʷʤ ʫʤʝʥʴʰʘʝʪʩʷ. ʇʨʠ ʥʝʜʦʩʪʘʪʦʯʥʦʡ 

ʠʟʛʠʙʥʦʡ ʚʳʥʦʩʣʠʚʦʩʪʠ ʚʳʭʦʜ ʩʣʝʜʫʝʪ ʠʩʢʘʪʴ ʚ ʪʨʝʭ ʥʘʧʨʘʚʣʝʥʠʷʭ: 1) ʚʳʙʦʨ 
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ʤʘʪʝʨʠʘʣʘ ʢʦʣʝʩ ʩ ʙʦʣʝʝ ʚʳʩʦʢʠʤʠ ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ; 2) ʫʚʝʣʠ-

ʯʝʥʠʝ ʤʦʜʫʣʷ ʟʘʮʝʧʣʝʥʠʷ; 3) ʥʘʨʝʟʢʘ ʟʫʙʴʝʚ ʩ ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʩʤʝʱʝʥʠʝʤ. 

 

 

 

 

 

 

 

 
 

ʊʘʙʣʠʮʘ 2.8 

ɿʥʘʯʝʥʠʷ sF0, SF, Yg, Yd ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʤʘʨʦʢ ʩʪʘʣʝʡ 

 

ʉʪʘʣʠ 

 

 

ʊʝʨʤʠʯʝ-

ʩʢʘʷ ʠ 

ʭʠʤʠʢʦ- 

ʪʝʨʤʠʯʝʩʢʘʷ 

ʦʙʨʘʙʦʪʢʘ 

ʊʚʝʨʜʦʩʪʴ ʇʨʝʜʝʣ 

ʚʳʥʦʩ-

ʣʠʚʦʩʪʠ 

ʟʫʙʴʝʚ 

sF0, 

ʅ/ʤʤ
2
 

ʂʦʵʬʬʠʮʠʝʥʪʳ 

ʧʦʚʝʨʭ-

ʥʦʩʪʠ 

 

ʩʝʨʜʮʝ-

ʚʠʥʳ 
SF Yg Yd 

ʋʛʣʝʨʦʜʠʩʪʳʝ ʠ 

ʣʝʛʠʨʦʚʘʥʥʳʝ ʩ ʩʦ-

ʜʝʨʞʘʥʠʝʤ ʫʛʣʝʨʦ-

ʜʘ ʙʦʣʝʝ 0,15 % (35, 

40, 45, 50, 40ʍ, 

40ʍʅ, 40ʍʅ2ʄɸ, 

18ʍ2ʅ4ɺɸ) 

 

ʅʦʨʤʘʣʠʟʘ-

ʮʠʷ ʠ ʫʣʫʯ-

ʰʝʥʠʝ 

 

 

 

 

 

ʅɺ 

180é350 

 

 

 

 

 

 

ʅɺ 

180é350 

 

 

 

 

 

 

1,75 ʅɺ 

 

 

 

 

 

 

 

1,7 

 

 

 

 

 

 

 

1,1 

 

 

 

 

 

 

 

1,1é1,3 

 

 

 

 

 

 

 

ʃʝʛʠʨʦʚʘʥʥʳʝ ʩ 

ʩʦʜʝʨʞʘʥʠʝʤ ʫʛʣʝ- 

ʨʦʜʘ 0,40é0,55 %, 

Ni ï ʥʝ ʤʝʥʝʝ 1 % 

(40ʍ, 40ʍʅ, 

40ʍʅ2ʄɸ) 

ʆʙʲʝʤʥʘʷ 

ʟʘʢʘʣʢʘ ʚ 

ʥʝʡʪʨʘʣʴ-

ʥʦʡ ʩʨʝʜʝ 

 

 

HRC 

45é55 

 

 

 

 

HRC 

45é55 

 

 

 

 

580 

 

 

 

 

 

1,7 

 

 

 

 

 

0,9 

 

 

 

 

 

1,05é1,2 

 

 

 

 

 

ʃʝʛʠʨʦʚʘʥʥʳʝ ʩ 

ʩʦʜʝʨʞʘʥʠʝʤ ʫʛʣʝ- 

ʨʦʜʘ 0,35é0,50 % 

(40ʍʅ, 40ʍʅ2ʄɸ) 

 

ɿʘʢʘʣʢʘ 

ʧʨʠ ʥʘʛʨʝʚʝ 

ʊɺʏ 

 

 

HRC 

48é58 

 

 

 

HRC 

25é35 

 

 

 

680 

 

 

 

 

1,7 

 

 

 

 

1,0 

 

 

 

 

1,05é1,1 
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ʇʨʦʯʠʝ ʣʝʛʠʨʦ-

ʚʘʥʥʳʝ ʩ ʩʦʜʝʨʞʘ-

ʥʠʝʤ ʫʛʣʝʨʦʜʘ 

0,35é0,45 %  

(40ʍ, 35ʍʄ) 

 

ɿʘʢʘʣʢʘ 

ʧʨʠ ʥʘʛʨʝʚʝ 

ʊɺʏ 

 

 

 

HRC 

48é58 

 

 

 

 

HRC 

25é35 

 

 

 

 

580 

 

 

 

 

 

1,7 

 

 

 

 

 

0,8 

 

 

 

 

 

1,1é1,2 

 

 

 

 

 

ʃʝʛʠʨʦʚʘʥʥʳʝ ʩ 

ʩʦʜʝʨʞʘʥʠʝʤ Ni 

ʙʦʣʝʝ 1 % ʠ Cr ʥʝ 

ʤʝʥʝʝ 1 % (20ʍʅ, 

20ʍʅ2ʄɸ, 12ʍʅ2, 

12ʍʅ3ɸ) 

 

ʎʝʤʝʥʪʘʮʠʷ 

ʩ ʧʦʩʣʝʜʫ-

ʶʱʝʡ ʟʘ-

ʢʘʣʢʦʡ 

 

 

 

HRC 

57é63 

 

 

 

 

 

ï 

 

 

 

 

 

 

950 

 

 

 

 

 

 

1,55 

 

 

 

 

 

 

0,75 

 

 

 

 

 

 

1,0é1,3 

 

 

 

 

 

 

ʆʢʦʥʯʘʥʠʝ ʪʘʙʣ. 2.8 

 

ʉʪʘʣʠ 

 

 

ʊʝʨʤʠʯʝ-

ʩʢʘʷ ʠ 

ʭʠʤʠʢʦ- 

ʪʝʨʤʠʯʝʩʢʘʷ 

ʦʙʨʘʙʦʪʢʘ 

ʊʚʝʨʜʦʩʪʴ ʇʨʝʜʝʣ 

ʚʳʥʦʩ-

ʣʠʚʦʩʪʠ 

ʟʫʙʴʝʚ 

sF0, 

ʅ/ʤʤ
2
 

ʂʦʵʬʬʠʮʠʝʥʪʳ 

ʧʦʚʝʨʭ-

ʥʦʩʪʠ 

 

ʩʝʨʜ-

ʮʝʚʠ-

ʥ  r

SF Yg Yd 

ʉʪʘʣʠ ʙʝʟ Ni ʠ ʩ 

ʩʦʜʝʨʞʘʥʠʝʤ Ni 

ʤʝʥʝʝ 1 %  

(20ʍ, 13ɻʊ). 

ʉʪʘʣʠ ʩ ʩʦʜʝʨʞʘʥʠ-

ʝʤ Ni ʠ Cr ʙʦʣʝʝ 

1 % (18ʍ2ʅ4ɺɸ) 

ʎʝʤʝʥʪʘʮʠʷ 

ʩ ʧʦʩʣʝ-

ʜʫʶʱʝʡ 

ʟʘʢʘʣʢʦʡ 

 

 

 

HRC 

57é63 

 

 

 

 

 

ï 

 

 

 

 

 

 

820 

 

 

 

 

 

 

1,55 

 

 

 

 

 

 

0,75 

 

 

 

 

 

 

1,0é1,3 

 

 

 

 

 

 

ʉʪʘʣʠ, ʩʦʜʝʨʞʘʱʠʝ 

Al (38ʍʖ, 

38ʍʄʖɸ) 

 

ɸʟʦʪʠʨʦʚʘ-

ʥʠʝ 

 

 

HV 

700é950 

 

 

HRC 

24é40 

 

 

290+12 

HRC 

ʩʝʨʜʮʝ-

ʚʠʥ  r

1,7 

 

 

 

ï 

 

 

 

1,0 

 

 

 

ʇʨʦʯʠʝ ʣʝʛʠʨʦʚʘʥ-

ʥʳʝ  

 

 

ɸʟʦʪʠʨʦʚʘ-

ʥʠʝ 

 

 

HV 

550é750 

 

 

HRC 

24é40 

 

 

290+12 

HRC 

ʩʝʨʜʮʝ-

ʚʠʥ  r

1,7 

 

 

 

ï 

 

 

 

1,0 

 

 

 

 

17. ʈʘʩʯʝʪ ʧʨʦʯʥʦʩʪʠ ʟʫʙʴʝʚ ʧʨʠ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʭ ʧʝʨʝʛʨʫʟʢʘʭ: 

ʘ) ʧʦ ʢʦʥʪʘʢʪʥʳʤ ʥʘʧʨʷʞʝʥʠʷʤ (ʧʨʦʚʝʨʢʘ ʥʘ ʢʦʥʪʘʢʪʥʫʶ ʧʨʦʯʥʦʩʪʴ) 

                                           (2.43) 
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ʙ) ʧʦ ʠʟʛʠʙʥʳʤ ʥʘʧʨʷʞʝʥʠʷʤ (ʧʨʦʚʝʨʢʘ ʥʘ ʠʟʛʠʙʥʫʶ ʧʨʦʯʥʦʩʪʴ) 

                                            (2.44) 

         .                                   (2.45) 

ʛʜʝ Kʧ ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʝʨʝʛʨʫʟʢʠ, ʢʦʪʦʨʳʡ ʤʦʞʥʦ ʧʨʠʥʷʪʴ ʨʘʚʥʳʤ ʦʪʥʦʰʝ-

ʥʠʶ ʧʫʩʢʦʚʦʛʦ ʤʦʤʝʥʪʘ ʢ ʥʦʤʠʥʘʣʴʥʦʤʫ ʤʦʤʝʥʪʫ ʚʳʙʨʘʥʥʦʛʦ ʵʣʝʢʪʨʦ-

ʜʚʠʛʘʪʝʣʷ. 

18. ʆʧʨʝʜʝʣʝʥʠʝ ʜʦʧʫʩʢʘʝʤʳʭ ʥʘʧʨʷʞʝʥʠʡ ʧʨʠ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʭ ʧʝ-

ʨʝʛʨʫʟʢʘʭ. ɼʦʧʫʩʢʘʝʤʦʝ ʧʨʝʜʝʣʴʥʦʝ ʢʦʥʪʘʢʪʥʦʝ ʥʘʧʨʷʞʝʥʠʝ [sH]max (ʅ/ʤʤ
2
) 

ʟʘʚʠʩʠʪ ʦʪ ʩʧʦʩʦʙʘ ʭʠʤʠʢʦ-ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʟʫʙʴʝʚ: 

ï ʜʣʷ ʟʫʙʴʝʚ, ʧʦʜʚʝʨʛʥʫʪʳʭ ʥʦʨʤʘʣʠʟʘʮʠʠ, ʫʣʫʯʰʝʥʠʶ ʠʣʠ ʦʙʲʝʤʥʦʡ 

ʟʘʢʘʣʢʝ ʩ ʥʠʟʢʠʤ ʦʪʧʫʩʢʦʤ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʧʦʩʣʝ ʥʘʛʨʝʚʘ ʊɺʏ, 

[sH]max = 2,8sʪ,                                             (2.46) 

ʛʜʝ sʪ ï ʧʨʝʜʝʣ ʪʝʢʫʯʝʩʪʠ ʤʘʪʝʨʠʘʣʘ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ, ʅ/ʤʤ
2
; 

ï ʜʣʷ ʮʝʤʝʥʪʠʨʦʚʘʥʥʳʭ, ʘ ʪʘʢʞʝ ʧʦʜʚʝʨʛʥʫʪʳʭ ʢʦʥʪʫʨʥʦʡ ʟʘʢʘʣʢʝ ʧʦ-

ʩʣʝ ʥʘʛʨʝʚʘ ʊɺʏ ʟʫʙʴʝʚ 

[sH]max = 44 HRC;                                           (2.47) 

ï ʜʣʷ ʘʟʦʪʠʨʦʚʘʥʥʳʭ ʟʫʙʴʝʚ 

[sH]max = 3 HV.                                               (2.48) 

ʕʪʠ ʥʘʧʨʷʞʝʥʠʷ ʦʧʨʝʜʝʣʷʶʪ ʜʣʷ ʤʝʥʝʝ ʧʨʦʯʥʦʛʦ ʠʣʠ ʤʝʥʝʝ ʪʚʝʨʜʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʰʝʩʪʝʨʥʠ ʠʣʠ ʢʦʣʝʩʘ. 

ɼʦʧʫʩʢʘʝʤʳʝ ʧʨʝʜʝʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʠʟʛʠʙʘ [sF]max (ʅ/ʤʤ
2
) ʦʧʨʝʜʝ-

ʣʷʶʪ ʦʪʜʝʣʴʥʦ ʜʣʷ ʰʝʩʪʝʨʥʠ ʠ ʢʦʣʝʩʘ: 

,                                        (2.49) 

ʛʜʝ  ï ʙʘʟʦʚʦʝ ʟʥʘʯʝʥʠʝ ʧʨʝʜʝʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʟʫʙʴʝʚ ʧʨʠ ʠʟʛʠʙʝ ʤʘʢʩʠ-

ʤʘʣʴʥʦʡ ʥʘʛʨʫʟʢʦʡ, ʅ/ʤʤ
2
 (ʪʘʙʣ. 2.9);  ï ʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ ʚʣʠʷ-

ʥʠʝ ʰʣʠʬʦʚʘʥʠʷ ʧʝʨʝʭʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʟʫʙʘ; ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʰʣʠʬʦʚʢʠ 
 
= 

1. 
ʇʨʠ ʰʣʠʬʫʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ: 

ï ʧʦʩʣʝ ʦʙʲʝʤʥʦʡ ʟʘʢʘʣʢʠ ʠ ʩʢʚʦʟʥʦʡ ʟʘʢʘʣʢʠ ʩ ʥʘʛʨʝʚʦʤ ʊɺʏ  = 0,95 ʧʨʠ ʯʝʨʥʦ-

ʚʦʤ ʨʝʞʠʤʝ ʰʣʠʬʦʚʘʥʠʷ ʠ  = 1,1 ʧʨʠ ʯʠʩʪʦʚʦʤ ʨʝʞʠʤʝ ʰʣʠʬʦʚʘʥʠʷ; 

ï ʧʦʩʣʝ ʮʝʤʝʥʪʘʮʠʠ ʩ ʟʘʢʘʣʢʦʡ  = 1 ʧʨʠ ʯʝʨʥʦʚʦʤ ʨʝʞʠʤʝ ʠ  = 1,05 ʧʨʠ ʯʠʩʪʦʚʦʤ 

ʨʝʞʠʤʝ; 

ï ʧʦʩʣʝ ʥʠʪʨʦʮʝʤʝʥʪʘʮʠʠ ʩ ʟʘʢʘʣʢʦʡ  = 0,9 ʧʨʠ ʯʝʨʥʦʚʦʤ ʨʝʞʠʤʝ ʠ  = 0,95 ʧʨʠ 

ʯʠʩʪʦʚʦʤ ʨʝʞʠʤʝ; 
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 ï ʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ ʚʣʠʷʥʠʝ ʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ ʫʧʨʦʯʥʝʥʠʷ ʧʝʨʝ-

ʭʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʟʫʙʘ; ʜʣʷ ʢʦʣʝʩ ʩ ʜʝʬʦʨʤʘʮʠʦʥʥʳʤ ʫʧʨʦʯʥʝʥʠʝʤ ʙʝʟ 

ʰʣʠʬʦʚʘʥʠʷ  = 0,95, ʚ ʦʩʪʘʣʴʥʳʭ ʩʣʫʯʘʷʭ  = 1;  ï ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʧʘʩʘ ʧʨʦʯ-

ʥʦʩʪʠ  = YZSY; ʧʨʠ ʚʝʨʦʷʪʥʦʩʪʠ ʥʝʨʘʟʨʫʰʝʥʠʷ 0,99 SY =1,75. ʂʦʵʬʬʠʮʠʝʥʪʳ 

YZ, Yx  ʪʝ ʞʝ, ʯʪʦ ʠ ʚ ʧ. 15. 
 

ʊʘʙʣʠʮʘ 2.9 

 

ʇʨʝʜʝʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʧʨʠ ʠʟʛʠʙʝ ʟʫʙʴʝʚ 

 

ʊʝʨʤʠʯʝʩʢʘʷ ʠʣʠ 

ʭʠʤʠʢʦ-ʪʝʨʤʠʯʝʩʢʘʷ 

ʦʙʨʘʙʦʪʢʘ 

ʉʪʘʣʠ 

ʊʚʝʨʜʦʩʪʴ ʟʫʙʴʝʚ ʇʨʝʜʝʣ 

ʚʳʥʦʩʣʠʚʦʩʪʠ 

, 

ʅ/ʤʤ
2
 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʩʝʨʜʮʝʚʠʥʝ 

ʅʦʨʤʘʣʠʟʘʮʠʷ, ʫʣʫʯ-

ʝhʥʠʝ 

 

ʋʛʣʝʨʦʜʠʩʪʳʝ 

ʠ ʣʝʛʠʨʦʚʘʥ-

ʥʳʝ 

ʅɺ 200é350 

 

 

ï 

 

 

6,5 ʅɺ 

 

 

ʆʙʲʝʤʥʘʷ ʟʘʢʘʣʢʘ 

 

 

 

 

ʃʝʛʠʨʦʚʘʥ-

ʥʳʝ ʩ ʩʦʜʝʨ-

ʞʘʥʠʝʤ Ni 

ʙʦʣʝʝ 1 % 

HRC 48é62 

 

 

 

ï 

ï 

 

 

 

ï 

2500 

 

 

 

ʇʨʦʯʠʝ  2250 

ɿ
ʘ
ʢ
ʘ
ʣ
ʢ
ʘ
 
ʊ
ɺ
ʏ

 

ɿʘʢʘʣʝʥʥʳʡ ʩʣʦʡ 

ʦʙʨʳʚʘʝʪʩʷ ʫ ʧʝ-

ʨʝʭʦʜʥʦʡ ʧʦ-

ʚʝʨʭʥʦʩʪʠ 

ʋʛʣʝʨʦʜʠʩʪʳʝ 

ʠ ʣʝʛʠʨʦʚʘʥ-

ʥʳʝ 

 

ï 

 

 

 

HB 200é300 

 

 

 

1800 

 

 

 

ɿʘʢʘʣʝʥʥʳʡ ʩʣʦʡ 

ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ 

ʥʘ ʚʩʝ ʩʝʯʝʥʠʝ 

 

 

ʃʝʛʠʨʦʚʘʥ-

ʥʳʝ ʩ ʩʦʜʝʨ-

ʞʘʥʠʝʤ Ni 

ʙʦʣʝʝ 1 % 

HRC 48é52 

 

 

 

ï 

ï 

 

 

 

ï 

2500 

 

 

 

ʇʨʦʯʠʝ  2250 

ɿʘʢʘʣʝʥʥʳʡ ʩʣʦʡ 

ʧʦʚʪʦʨʷʝʪ ʦʯʝʨ-

ʪʘʥʠʷ ʚʧʘʜʠʥ 

ʟʫʙʴʝʚ 

 

ʃʝʛʠʨʦʚʘʥ-

ʥʳʝ ʩ ʩʦʜʝʨ-

ʞʘʥʠʝʤ Ni 

ʙʦʣʝʝ 1% 

HRC 48é54 

 

 

 

ï 

HRC 24é30 

 

 

 

ï 

2200 

 

 

 

ʇʨʦʯʠʝ  1800 

ʎ
ʝ
ʤ
ʝ
ʥ
-

ʪ
ʘ
ʮ
ʠ
ʷ

 ɿʘʢʘʣʢʘ ʩ ʮʝʤʝʥ-

ʪʘʮʠʦʥʥʦʛʦ 

ʥʘʛʨʝʚʘ 

ʃʝʛʠʨʦʚʘʥ-

ʥʳʝ 

 

HRC 54é60 

 

 

HRC 30é43 

 

 

2000 
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ɿʘʢʘʣʢʘ ʩ ʧʦ-

ʚʪʦʨʥʦʛʦ 

ʥʘʛʨʝʚʘ 

 

 

ʃʝʛʠʨʦʚʘʥ-

ʥʳʝ ʩ ʩʦʜʝʨ-

ʞʘʥʠʝʤ Ni 

ʙʦʣʝʝ 1 % 

HRC 56é62 

 

 

 

HRC 27é43 

 

 

 

2800 

 

 

 

 

ɸʟʦʪʠʨʦʚʘʥʠʝ 

 

 

ʃʝʛʠʨʦʚʘʥ-

ʥʳʝ, ʥʝ ʩʦ-

ʜʝʨʞʘɦ ʠʝ Al 

HV 550é850 

 

 

HRC 24é30 

 

 

1800 

 

 

 

ɼʣʷ ʢʦʣʝʩ ʠʟ ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʭ ʠʣʠ ʫʣʫʯʰʝʥʥʳʭ ʩʪʘʣʝʡ, ʟʫʙʴʷ ʢʦʪʦʨʳʭ 

ʥʝ ʰʣʠʬʫʶʪ ʠ ʥʝ ʧʦʜʚʝʨʛʘʶʪ ʜʝʬʦʨʤʘʮʠʦʥʥʦʤʫ ʫʧʨʦʯʥʝʥʠʶ, ʧʨʠ ʥʝʙʦʣʴ-

ʰʠʭ ʨʘʟʤʝʨʘʭ ʢʦʣʝʩ, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʨʝʜʫʢʪʦʨʦʚ ʢʫʨʩʦʚʳʭ ʧʨʦʝʢʪʦʚ, ʚʤʝ-

ʩʪʦ ʬʦʨʤʫʣʳ (2.48) ʠʩʧʦʣʴʟʫʶʪ ʬʦʨʤʫʣʫ 

 

         .                                                (2.50) 

 

ɽʩʣʠ ʥʝ ʚʳʧʦʣʥʷʶʪʩʷ ʫʩʣʦʚʠʷ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʭ ʧʝʨʝ-

ʛʨʫʟʢʘʭ [ʩʤ. ʥʝʨʘʚʝʥʩʪʚʘ (2.43)ï(2.45)], ʩʣʝʜʫʝʪ ʠʟʤʝʥʠʪʴ ʤʘʪʝʨʠʘʣ ʠʣʠ ʪʝʨ-

ʤʦʦʙʨʘʙʦʪʢʫ ʢʦʣʝʩ ʚ ʩʪʦʨʦʥʫ ʫʚʝʣʠʯʝʥʠʷ ʠʭ ʧʨʦʯʥʦʩʪʠ. 

 

2.3. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʨʘʩʯʝʪʘ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʟʫʙʯʘʪʳʭ 

ʧʝʨʝʜʘʯ ʧʨʠ ʟʘʜʘʥʥʦʤ ʤʝʞʦʩʝʚʦʤ ʨʘʩʩʪʦʷʥʠʠ 

ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʨʘʩʯʝʪʘ: 

ï ʚʨʘʱʘʶʱʠʡ ʤʦʤʝʥʪ ʥʘ ʢʦʣʝʩʝ ʊ2, ʅĿʤʤ; 

ï ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʰʝʩʪʝʨʥʠ n1 ʠ ʢʦʣʝʩʘ n2, ʦʙ/ʤʠʥ; 

ï ʤʝʞʦʩʝʚʦʝ ʨʘʩʩʪʦʷʥʠʝ aw, ʤʤ; 

ï ʫʩʣʦʚʠʷ ʨʘʙʦʪʳ ʧʝʨʝʜʘʯʠ (ʩʤ. ʨʠʩ. 2.2). 

ʇʦʨʷʜʦʢ ʨʘʩʯʝʪʘ: 

ï ʚʳʙʠʨʘʶʪ ʤʘʪʝʨʠʘʣ ʠ ʩʧʦʩʦʙ ʭʠʤʠʢʦ-ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʟʫʙʯʘ-

ʪʳʭ ʢʦʣʝʩ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʝʢʦʤʝʥʜʘʮʠʷʤʠ, ʠʟʣʦʞʝʥʥʳʤʠ ʚ ʧʦʜʨʘʟʜ. 2.2. 

ʇʨʠ ʨʘʩʯʝʪʝ ʩʦʦʩʥʳʭ ʨʝʜʫʢʪʦʨʦʚ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʚʳʙʠʨʘʪʴ ʦʜʠʥʘʢʦʚʳʝ ʤʘʪʝ-

ʨʠʘʣʳ ʜʣʷ ʦʙʝʠʭ ʧʝʨʝʜʘʯ; 

ï ʦʧʨʝʜʝʣʷʶʪ ʜʦʧʫʩʢʘʝʤʦʝ ʢʦʥʪʘʢʪʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʨʝʢʦʤʝʥʜʘʮʠʷʤʠ, ʠʟʣʦʞʝʥʥʳʤʠ ʚ ʧ. 3. 

ï ʨʘʩʩʯʠʪʳʚʘʶʪ ʠhʨʠʥʫ ʟʫʙʯʘʪʦʛʦ ʚʝʥʮʘ ʢʦʣʝʩʘ, ʤʤ: 

 

b2 = .                             (2.51) 
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ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʜʘʣʴʥʝʡʰʠʭ ʨʘʩʯʝʪʦʚ ʩʦʚʧʘʜʘʝʪ ʩ ʧʦʩʣʝʜʦʚʘ-

ʪʝʣʴʥʦʩʪʴʶ, ʠʟʣʦʞʝʥʥʦʡ ʚ ʧʦʜʨʘʟʜ. 2.2, ʥʘʯʠʥʘʷ ʩ ʧ. 5, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ  ʚʳ-

ʯʠʩʣʝʥʠʷ ʰʠʨʠʥʳ ʢʦʣʝʩʘ b2. ɺ ʧ. 12 ʧʝʨʝʩʤʘʪʨʠʚʘʪʴ ʟʥʘʯʝʥʠʝ b2 ʥʝ ʩʣʝʜʫʝʪ. 

 

2.4. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʨʘʩʯʝʪʘ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ 

ʟʫʙʯʘʪʳʭ ʧʝʨʝʜʘʯ ʥʘ ʕɺʄ 

ʇʨʦʛʨʘʤʤʘ ʨʘʩʯʝʪʘ ʩʦʟʜʘʥʘ ʚ ʩʨʝʜʝ VBA (Visual Basic for Application) ʠ 

ʪʨʝʙʫʝʪ ʜʣʷ ʩʚʦʝʡ ʨʘʙʦʪʳ ʫʩʪʘʥʦʚʢʠ ʥʘ ʢʦʤʧʴʶʪʝʨ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥ-

ʥʦʛʦ ʪʝʢʩʪʦʚʦʛʦ ʨʝʜʘʢʪʦʨʘ Word ʚʝʨʩʠʠ ʥʝ ʤʝʥʝʝ 97. 

ɼʣʷ ʟʘʧʫʩʢʘ ʧʨʦʛʨʘʤʤʳ ʥʝʦʙʭʦʜʠʤʦ ʚ ʩʨʝʜʝ Word ʩʦʟʜʘʪʴ ʥʦʚʳʡ ʜʦ-

ʢʫʤʝʥʪ ʥʘ ʦʩʥʦʚʝ ʩʧʝʮʠʘʣʴʥʦ ʧʦʜʛʦʪʦʚʣʝʥʥʦʛʦ ʰʘʙʣʦʥʘ. ʇʦʩʣʝ ʵʪʦʛʦ ʧʨʦ-

ʛʨʘʤʤʘ ʚʳʜʘʝʪ ʟʘʧʨʦʩʳ, ʧʝʨʚʳʡ ʠʟ ʢʦʪʦʨʳʭ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩ. 2.8.  

 

 
ʈʠʩ.  2.8. ʕʢʨʘʥʥʘʷ ʬʦʨʤʘ ʈʝʛʠʩʪʨʘʮʠʷ 

 

ʇʦʩʣʝ ʚʚʦʜʘ ʬʘʤʠʣʠʠ ʠ ʥʦʤʝʨʘ ʛʨʫʧʧʳ ʪʨʝʙʫʝʪʩʷ ʱʝʣʢʥʫʪʴ ʥʘ ʢʥʦʧʢʝ 

ʆʂ. ʅʘ ʵʢʨʘʥʝ ʧʦʷʚʠʪʩʷ ʩʣʝʜʫʶʱʘʷ ʵʢʨʘʥʥʘʷ ʬʦʨʤʘ ʩ ʟʘʧʨʦʩʦʤ ʦʩʥʦʚʥʳʭ 

ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ (ʨʠʩ. 2.9). 

 

 
ʈʠʩ.  2.9. ʕʢʨʘʥʥʘʷ ʬʦʨʤʘ ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ 

 

ʉʣʝʜʫʶʱʘʷ ʵʢʨʘʥʥʘʷ ʬʦʨʤʘ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʙʦʨʘ ʤʘʪʝ-

ʨʠʘʣʦʚ ʰʝʩʪʝʨʥʠ ʠ ʢʦʣʝʩʘ, ʧʨʠʯʝʤ ʦʜʥʦʚʨʝʤʝʥʥʦ ʟʘʧʨʘʰʠʚʘʶʪʩʷ ʪʝʨʤʦʦʙ-

ʨʘʙʦʪʢʘ ʠ ʪʚʝʨʜʦʩʪʴ ʤʘʪʝʨʠʘʣʦʚ (ʨʠʩ. 2.10).  

 

 
ʈʠʩ.  2.10. ɺʳʙʦʨ ʤʘʪʝʨʠʘʣʦʚ  ʠ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ 

 

ʇʨʠ ʚʚʦʜʝ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʦʚʝʨʢʘ ʢʦʨʨʝʢʪʥʦʩʪʠ ʚʳ-

ʙʦʨʘ ʪʚʝʨʜʦʩʪʠ, ʪ. ʝ. ʩʦʦʪʚʝʪʩʪʚʠʷ ʝʝ ʚʳʙʨʘʥʥʦʤʫ ʤʘʪʝʨʠʘʣʫ ʠ ʪʝʨʤʦʦʙʨʘ-

ʙʦʪʢʝ. ʇʨʠ ʥʝʩʦʦʪʚʝʪʩʪʚʠʠ ʚʝʣʠʯʠʥʳ ʪʚʝʨʜʦʩʪʠ ʝʝ ʚʦʟʤʦʞʥʦʤʫ ʜʠʘʧʘʟʦʥʫ 

ʥʘ ʵʢʨʘʥʝ ʧʦʷʚʠʪʩʷ ʧʨʝʜʫʧʨʝʞʜʝʥʠʝ (ʨʠʩ. 2.11) ʠ ʧʦʚʪʦʨʠʪʩʷ ʟʘʧʨʦʩ ʤʘʪʝ-

ʨʠʘʣʦʚ.  

 

 
ʈʠʩ.  2.11. ʇʨʝʜʫʧʨʝʞʜʝʥʠʝ ʦʙ ʦʰʠʙʢʝ 

ʧʨʠ ʚʳʙʦʨʝ ʤʘʪʝʨʠʘʣʦʚ 
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ɼʘʣʝʝ ʧʨʦʛʨʘʤʤʘ ʟʘʧʨʘʰʠʚʘʝʪ ʭʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʥʘʛʨʫʟʢʠ ʧʨʠ ʨʘʙʦ-

ʪʝ ʧʝʨʝʜʘʯʠ (ʨʠʩ. 2.12). 

 
ʈʠʩ.  2.12. ʍʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʥʘʛʨʫʟʢʠ 

 

ʅʝʧʦʩʪʦʷʥʩʪʚʦ ʥʘʛʨʫʟʢʠ ʤʦʞʥʦ ʫʯʝʩʪʴ ʣʠʙʦ ʢʦʵʬʬʠʮʠʝʥʪʦʤ, ʣʠʙʦ ʟʘ-

ʜʘʥʠʝʤ ʜʠʘʛʨʘʤʤʳ ʝʝ ʠʟʤʝʥʝʥʠʷ (ʩʤ. ʨʠʩ. 2.2). ɺʚʦʜ ʧʘʨʘʤʝʪʨʦʚ ʩʪʫʧʝʥʝʡ 

ʜʠʘʛʨʘʤʤʳ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʵʢʨʘʥʥʦʡ ʬʦʨʤʳ, ʧʦʢʘʟʘʥʥʦʡ ʥʘ ʨʠʩ. 

2.13. ʕʪʘ ʬʦʨʤʘ ʧʦʚʪʦʨʠʪʩʷ ʩʪʦʣʴʢʦ ʨʘʟ, ʩʢʦʣʴʢʦ ʩʪʫʧʝʥʝʡ ʠʤʝʝʪ ʜʠʘʛʨʘʤʤʘ 

ʠʟʤʝʥʝʥʠʷ ʥʘʛʨʫʟʢʠ. ʇʨʠʯʝʤ ʚ ʧʨʘʚʦʡ ʯʘʩʪʠ ʬʦʨʤʳ ʧʨʦʠʩʭʦʜʠʪ ʩʫʤʤʠʨʦʚʘ-

ʥʠʝ ʚʚʦʜʠʤʦʡ ʠʥʬʦʨʤʘʮʠʠ. ʇʨʠ ʥʝʩʦʦʪʚʝʪʩʪʚʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʩʫʤʤʘʨʥʦʛʦ 

ʚʨʝʤʝʥʠ ʚʩʝʭ ʩʪʫʧʝʥʝʡ ʜʠʘʛʨʘʤʤʳ ʝʜʠʥʠʮʝ (100 %) ʧʨʦʛʨʘʤʤʘ ʩʦʦʙʱʠʪ ʦʙ 

ʵʪʦʤ ʠ ʜʘʩʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʚʪʦʨʠʪʴ ʚʚʦʜ. 

 

 
ʈʠʩ. 2.13. ɺʚʦʜ ʧʘʨʘʤʝʪʨʦʚ ʩʪʫʧʝʥʠ  

ʜʠʘʛʨʘʤʤʳ ʠʟʤʝʥʝʥʠʷ ʥʘʛʨʫʟʢʠ 

 

ʉʣʝʜʫʶʱʘʷ ʵʢʨʘʥʥʘʷ ʬʦʨʤʘ ʩʦʜʝʨʞʠʪ ʟʘʧʨʦʩ ʦ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʧʝʨʝ-

ʜʘʯʠ (ʨʠʩ. 2.14), ʪ. ʝ. ʢʘʢʦʤʫ ʨʝʜʫʢʪʦʨʫ ʦʥʘ ʧʨʠʥʘʜʣʝʞʠʪ, ʠ ʦ ʝʝ ʙʳʩʪʨʦʭʦʜ-

ʥʦʩʪʠ (ʙʳʩʪʨʦʭʦʜʥʘʷ ʠʣʠ ʪʠʭʦʭʦʜʥʘʷ). ʕʪʘ ʠʥʬʦʨʤʘʮʠʷ ʪʨʝʙʫʝʪʩʷ ʜʣʷ ʦʧʨʝ-

ʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʛʨʫʟʢʠ ʧʦ ʰʠʨʠʥʝ 

ʢʦʣʝʩʘ ʂɓ. 

 
ʈʠʩ.  2.14. ʕʢʨʘʥʥʘʷ ʬʦʨʤʘ ʄʝʩʪʦʨʘʩʧʦʣʦʞʝʥʠʝ ʧʝʨʝʜʘʯʠ 

 

ʇʦʩʣʝʜʥʝʡ ʟʘʧʨʘʰʠʚʘʝʤʦʡ ʚʝʣʠʯʠʥʦʡ ʙʫʜʝʪ ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʰʠʨʠʥʳ ʢʦʣʝʩʘ ɣba (ʨʠʩ. 2.15), ʦʪ ʢʦʪʦʨʦʛʦ ʟʘʚʠʩʠʪ ʩʦʦʪʥʦʰʝʥʠʝ ʰʠʨʠʥʳ 

ʢʦʣʝʩʘ ʠ ʤʝʞʦʩʝʚʦʛʦ ʨʘʩʩʪʦʷʥʠʷ (ʩʤ. ʧ. 6). ʇʨʦʛʨʘʤʤʘ ʩʘʤʘ ʨʝʢʦʤʝʥʜʫʝʪ ʦʧ-

ʪʠʤʘʣʴʥʳʡ ʜʠʘʧʘʟʦʥ ʵʪʦʡ ʚʝʣʠʯʠʥʳ, ʥʦ ʧʦʟʚʦʣʷʝʪ ʚʚʝʩʪʠ ʠ ʜʨʫʛʠʝ ʟʥʘʯʝʥʠʷ. 

 

 

ʈʠʩ.  2.15. ɺʚʦʜ ʢʦʵʬʬʠʮʠʝʥʪʘ ʰʠʨʠʥʳ ʢʦʣʝʩʘ 

 

ʇʦʩʣʝ ʚʚʦʜʘ ʧʦʩʣʝʜʥʝʡ ʚʝʣʠʯʠʥʳ ʧʨʦʛʨʘʤʤʘ ʧʨʦʠʟʚʦʜʠʪ ʨʘʩʯʝʪ ʠ ʥʘ 

ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʟʥʘʯʝʥʠʡ ʟʘʧʦʣʥʷʝʪ ʠʪʦʛʦʚʳʡ ʦʪʯʝʪ. 

ʇʨʠʤʝʨ ʦʪʯʝʪʘ ʧʨʠʚʝʜʝʥ ʚ ʧʨʠʣʦʞʝʥʠʠ. 
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3. ʈɸʉʏɽʊ  ʂʆʅʀʏɽʉʂʀʍ  ɿʋɹʏɸʊʓʍ  ʇɽʈɽɼɸʏ 

ɺ ʧʦʩʦʙʠʠ ʠʟʣʘʛʘʝʪʩʷ ʤʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʢʦʥʠʯʝʩʢʠʭ 

ʟʫʙʯʘʪʳʭ ʧʝʨʝʜʘʯ, ʚ ʢʦʪʦʨʳʭ ʤʝʞʦʩʝʚʦʡ ʫʛʦʣ × = 90,̄ ʩ ʧʨʷʤʳʤʠ ʠ ʢʨʫʛʦ-

ʚʳʤʠ ʟʫʙʴʷʤʠ ʬʦʨʤʳ 1 (ʜʝʣʠʪʝʣʴʥʳʡ ʢʦʥʫʩ ʠ ʢʦʥʫʩ ʚʧʘʜʠʥ ʠʤʝʶʪ ʦʙʱʫʶ 

ʚʝʨʰʠʥʫ), ʥʘʨʝʟʘʥʥʳʤʠ ʙʝʟ ʩʤʝʱʝʥʠʷ. 

ʇʨʷʤʳʝ ʟʫʙʴʷ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʪʠʭʦʭʦʜʥʳʭ (v Ò 2 ʤ/ʩ) ʟʘʢʨʳʪʳʭ ʠ ʦʪ-

ʢʨʳʪʳʭ ʧʝʨʝʜʘʯ. ʂʨʫʛʦʚʳʝ ʟʫʙʴʷ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʜʣʷ ʙʳʩʪʨʦʭʦʜ-

ʥʳʭ ʧʝʨʝʜʘʯ. ʇʝʨʝʜʘʯʠ ʩ ʢʨʫʛʦʚʳʤʠ ʟʫʙʴʷʤʠ, ʙʣʘʛʦʜʘʨʷ ʙʦʣʝʝ ʧʨʦʠʟʚʦʜʠ-

ʪʝʣʴʥʳʤ ʩʧʦʩʦʙʘʤ ʥʘʨʝʟʘʥʠʷ, ʤʝʥʴʰʝʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʢ ʥʝʪʦʯʥʦʩʪʷʤ ʧʨʠ 

ʠʟʛʦʪʦʚʣʝʥʠʠ ʠ ʩʙʦʨʢʝ, ʧʦʚʳʰʝʥʥʦʡ ʥʘʛʨʫʟʦʯʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ, ʧʣʘʚʥʦʩʪʠ ʠ 

ʙʝʩʰʫʤʥʦʩʪʠ ʨʘʙʦʪʳ, ʚʳʪʝʩʥʠʣʠ ʢʦʩʦʟʫʙʳʝ ʧʝʨʝʜʘʯʠ (ʩ ʪʘʥʛʝʥʮʠʘʣʴʥʳʤʠ 

ʟʫʙʴʷʤʠ), ʧʦʵʪʦʤʫ ʢʦʩʦʟʫʙʳʝ ʧʝʨʝʜʘʯʠ ʟʜʝʩʴ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ. 

ɿʘʜʘʯʝʡ ʨʘʩʯʝʪʘ, ʢʘʢ ʠ ʜʣʷ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʧʝʨʝʜʘʯ, ʷʚʣʷʶʪʩʷ ʦʙʦʩʥʦ-

ʚʘʥʥʳʡ ʚʳʙʦʨ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʢʦʣʝʩ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʨʘʟʤʝʨʦʚ ʢʦʣʝʩ ʠ ʟʫʙʴʝʚ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʧʝʨʝʜʘʯʠ ʧʦ ʢʦʥʪʘʢʪʥʦʡ ʠ ʠʟʛʠʙʥʦʡ 

ʚʳʥʦʩʣʠʚʦʩʪʠ ʟʫʙʴʝʚ. ʆʙʦʩʥʦʚʘʥʠʝ ʚʳʙʦʨʘ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʢʦʣʝʩ ʠ ʦʧʨʝʜʝʣʝʥʠʝ  

ʜʦʧʫʩʢʘʝʤʳʭ  ʥʘʧʨʷʞʝʥʠʡ ʷʚʣʷʶʪʩʷ  ʦʙʱʠʤʠ ʜʣʷ ʚʩʝʭ  ʟʫʙʯʘʪʳʭ ʧʝʨʝʜʘʯ. 

ʌʦʨʤʫʣʳ, ʧʨʠʤʝʥʷʝʤʳʝ ʜʣʷ ʨʘʩʯʝʪʘ ʢʦʥʠʯʝʩʢʠʭ ʟʫʙʯʘʪʳʭ ʧʝʨʝʜʘʯ ʠ 

ʦʧʨʝʜʝʣʷʶʱʠʝ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʥʘʛʨʫʟʢʦʡ, ʨʘʟʤʝʨʘʤʠ ʠ ʥʘʧʨʷʞʝʥʠʷʤʠ, 

ʚʳʚʝʜʝʥʳ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʵʢʚʠʚʘʣʝʥʪʥʳʤ ʮʠʣʠʥʜʨʠʯʝʩʢʠʤ ʧʝʨʝʜʘʯʘʤ, ʧʦ-

ʵʪʦʤʫ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʨʘʩʯʝʪʥʳʝ ʧʦʩʦʙʠʷ, ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʜʣʷ ʮʠʣʠʥʜʨʠʯʝ-

ʩʢʠʭ ʧʝʨʝʜʘʯ, ʧʨʠʤʝʥʷʶʪʩʷ ʠ ʜʣʷ ʢʦʥʠʯʝʩʢʠʭ ʧʝʨʝʜʘʯ. 

 

3.1. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʨʘʩʯʝʪʘ ʢʦʥʠʯʝʩʢʠʭ 

ʟʫʙʯʘʪʳʭ ʧʝʨʝʜʘʯ 

ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʨʘʩʯʝʪʘ ʠ ʚʳʙʦʨ ʚʠʜʘ ʟʫʙʝɹʚ: 

ï ʚʨʘʱʘʶʱʠʡ ʤʦʤʝʥʪ ʥʘ ʰʝʩʪʝʨʥʝ ʊ1, ʅ Ö ʤʤ; 

ï ʚʨʘʱʘʶʱʠʡ ʤʦʤʝʥʪ ʥʘ ʢʦʣʝʩʝ ʊ2, ʅ Ö ʤʤ; 

ï ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʰʝʩʪʝʨʥʠ n1, ʦʙ/ʤʠʥ; 

ï ʧʝʨʝʜʘʪʦʯʥʦʝ ʯʠʩʣʦ  u; 

ï ʫʩʣʦʚʠʷ ʨʘʙʦʪʳ ʧʝʨʝʜʘʯʠ ʠ ʭʘʨʘʢʪʝʨ ʥʘʛʨʫʟʢʠ, ʞʝʣʘʪʝʣʴʥʘʷ ʜʦʣʛʦ-

ʚʝʯʥʦʩʪʴ ʧʝʨʝʜʘʯʠ. 

ʇʝʨʚʳʝ  ʯʝʪʳʨʝ ʧʘʨʘʤʝʪʨʘ ʚʳʧʠʩʳʚʘʶʪʩʷ ʠʟ ʩʚʦʜʥʦʡ ʪʘʙʣʠʮʳ, ʢʦʪʦʨʘʷ 

ʟʘʚʝʨʰʘʝʪ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʨʘʩʯʝʪʳ ʧʨʠʚʦʜʘ (ʩʤ. ʨʘʟʜ. 1). ʍʘʨʘʢʪʝʨ ʥʘʛʨʫʟ-

ʢʠ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʴ, ʝʩʣʠ ʦʥʠ ʥʝ ʫʢʘʟʘʥʳ ʚ ʟʘʜʘʥʠʠ, ʦʮʝʥʠʚʘʶʪʩʷ ʚ ʭʦʜʝ ʨʘʩ-

ʯʝʪʘ. ʂʨʦʤʝ ʪʦʛʦ, ʚʳʙʠʨʘʝʪʩʷ ʚʠʜ ʟʫʙʴʝʚ. ɼʣʷ ʪʠʭʦʭʦʜʥʳʭ ʧʝʨʝʜʘʯ ï ʧʨʷʤʳʝ, 

ʜʣʷ ʙʳʩʪʨʦʭʦʜʥʳʭ ï ʢʨʫʛʦʚʳʝ. 
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1. ɺʳʙʦʨ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʢʦʣʝʩ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʜʦʧʫʩʢʘʝʤʳʭ ʥʘʧʨʷʞʝʥʠʡ 

ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʧʦ ʨʝʢʦʤʝʥʜʘʮʠ̫ ʤ, ʠʟʣʦʞʝʥʥʳʤ ʚ ʨʘʟʜ. 2. 

2. ʆʨʠʝʥʪʠʨʦʚʦʯʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʚʥʝʰʥʝʛʦ ʜʝʣʠʪʝʣʴʥʦʛʦ ʜʠʘʤʝʪʨʘ 

ʰʝʩʪʝʨʥʠ ʧʦ ʢʦʥʪʘʢʪʥʦʡ ʚʳʥʦʩʣʠʚʦʩʪʠ: 

de1 =  2 ,                   (3.1) 

ʛʜʝ Zʘ ï ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ, ʚ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ ʨʘʩʯʝʪʘʭ ʧʨʠ-

ʥʠʤʘʶʪ:  ʜʣʷ ʧʨʷʤʦʟʫʙʳʭ ʧʝʨʝʜʘʯ ï  310 (ʅ/ʤʤ
2
)

1/2
,  ʜʣʷ ʧʝʨʝʜʘʯ ʩ ʢʨʫʛʦʚʳ-

ʤʠ ʟʫʙʴʷʤʠ ï 260 (ʅ/ʤʤ
2
)

1/2
; [sʅ] ï ʜʦʧʫʩʢʘʝʤʦʝ ʢʦʥʪʘʢʪʥʦʝ ʥʘʧʨʷʞʝʥʠʝ, 

ʅ/ʤʤ
2
; ʂʅ ï ʢʦʵʬʬʠʮʠʝʥʪ ʥʘʛʨʫʟʢʠ, ʚ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ ʨʘʩʯʝʪʘʭ ʧʨʠʥʠʤʘ-

ʶʪ: ʜʣʷ ʧʨʷʤʦʟʫʙʳʭ ʧʝʨʝʜʘʯ ʩ ʪʚʝʨʜʦʩʪʴʶ ʟʫʙʴʝʚ ʅɺ ¢ 350  ï 1,20é1,30;    ʩ 

ʪʚʝʨʜʦʩʪʴʶ ʅɺ > 350 ï 1,30é1,35; ʜʣʷ ʧʝʨʝʜʘʯ ʩ ʢʨʫʛʦʚʳʤʠ ʟʫʙʴʷʤʠ ï 

1,20é1,25;   ï ʢʦʵʬʬʠʮʠʝʥʪ ʰʠʨʠʥʳ ʟʫʙʯʘʪʦʛʦ ʚʝʥʮʘ, 

 = , 

ʟʜʝʩʴ b ï ʰʠʨʠʥʘ ʟʫʙʯʘʪʦʛʦ ʚʝʥʮʘ; Re ï ʚʥʝʰʥʝʝ ʢʦʥʫʩʥʦʝ ʨʘʩʩʪʦʷʥʠʝ. ɺ ʟʘ-

ʢʨʳʪʳʭ ʧʝʨʝʜʘʯʘʭ  ¢ 0,30; ʚ ʦʪʢʨʳʪʳʭ  ¢ 0,25. ɺ ʥʘʯʘʣʝ ʨʘʩʯʝʪʘ ʤʦʞʥʦ ʧʨʠ-

ʥʷʪʴ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ï  0,30 ʠʣʠ  0,25. 

ɺ ʜʘʣʴʥʝʡʰʝʤ ʚʝʣʠʯʠʥʳ [sʅ], , Kʅ  ʠ Zʘ ʫʪʦʯʥʷʶʪʩʷ. 

3. ʇʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʥʘʟʥʘʯʝʥʠʝ ʯʠʩʣʘ ʟʫʙʴʝʚ ʥʘ ʰʝʩʪʝʨʥʝ  z1. ɼʣʷ ʠʟ-

ʙʝʞʘʥʠʷ ʧʦʜʨʝʟʘʥʠʷ ʟʫʙʴʝʚ ʰʝʩʪʝʨʥʠ ʧʨʠ ʥʘʨʝʟʢʝ ʠʭ ʯʠʩʣʦ  ʜʦʣʞʥʦ ʙʳʪʴ ʥʝ 

ʤʝʥʝʝ ʤʠʥʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʦʛʦ 

zmin  = 17cos d1  cos
3 
b,                                         (3.2) 

ʛʜʝ d1  ï ʫʛʦʣ ʜʝʣʠʪʝʣʴʥʦʛʦ ʢʦʥʫʩʘ ʰʝʩʪʝʨʥʠ (d1  = arctg u); b ï ʩʨʝʜʥʠʡ ʫʛʦʣ 

ʥʘʢʣʦʥʘ ʟʫʙʝɹʚ (ʜʣʷ ʢʨʫʛʦʚʳʭ ʟʫʙʴʝʚ ʦʙʳʯʥʦ ʥʘʟʥʘʯʘʝʪʩʷ 35)̄. 

ʈʝʢʦʤʝʥʜʫʝʪʩʷ ʥʘ ʵʪʦʤ ʵʪʘʧʝ ʧʨʠʥʷʪʴ ʯʠʩʣʦ ʟʫʙʴʝʚ, ʙʣʠʟʢʦʝ ʢ ʤʠʥʠ-

ʤʘʣʴʥʦʤʫ:  z1 = 18é20. 

4. ʆʧʨʝʜʝʣʝʥʠʝ ʚʥʝʰʥʝʛʦ ʦʢʨʫʞʥʦʛʦ ʤʦʜʫʣʷ: 

mte = .                                                 (3.3) 

ɼʣʷ ʢʦʥʠʯʝʩʢʠʭ ʢʦʣʝʩ ʩʪʘʥʜʘʨʪʥʘʷ ʚʝʣʠʯʠʥʘ ʤʦʜʫʣʷ ʥʝʦʙʷʟʘʪʝʣʴʥʘ, ʥʦ 

ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʦʢʨʫʛʣʠʪʴ ʝʝ ʭʦʪʷ ʙʳ ʜʦ ʜʝʩʷʪʳʭ ʜʦʣʝʡ ʤʠʣʣʠʤʝʪʨʘ. ʇʦʩʣʝ 

ʵʪʦʛʦ ʪʨʝʙʫʝʪʩʷ ʫʪʦʯʥʠʪʴ ʚʝʣʠʯʠʥʫ  de1 = mte z1. 

5. ʆʧʨʝʜʝʣʝʥʠʝ ʯʠʩʣʘ ʟʫʙʴʝʚ ʥʘ ʢʦʣʝʩʝ:  

z2 = z1 u.                                                (3.4) 

ʉʣʝʜʫʝʪ ʦʢʨʫʛʣʠʪʴ ʯʠʩʣʦ ʟʫʙʴʝʚ  z2   ʜʦ ʙʣʠʞʘʡʰʝʛʦ ʮʝʣʦʛʦ. 

6. ʋʪʦʯʥʝʥʠʝ ʧʝʨʝʜʘʪʦʯʥʦʛʦ ʯʠʩʣʘ  
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u =                                                   (3.5) 

ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ 10
ï5
; ʪʘʢʘʷ ʪʦʯʥʦʩʪʴ ʥʝʦʙʭʦʜʠʤʘ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʦʧʨʝʜʝʣʝ-

ʥʠʝ ʫʛʣʦʚ ʧʨʠ ʚʝʨʰʠʥʝ ʜʝʣʠʪʝʣʴʥʳʭ ʢʦʥʫʩʦʚ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʩ ʪʦʯʥʦʩʪʴʶ 

ʜʦ 1±. 
ʇ ʨ ʠ ʤ ʝ ʯ ʘ ʥ ʠ ʝ.  ɺʦ ʚʩʝʭ ʧʦʩʣʝʜʫʶʱʠʭ ʚʳʯʠʩʣʝʥʠʷʭ ʫʛʣʳ ʦʧʨʝʜʝʣʷʶʪʩʷ ʩ ʪʦʯ-

ʥʦʩʪʴʶ ʜʦ 1±, ʠʭ ʪʨʠʛʦʥʦʤʝʪʨʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ ï ʜʦ 10
ï5
, ʣʠʥʝʡʥʳʝ ʨʘʟʤʝʨʳ ï ʜʦ 10

 ï3
 ʤʤ     

ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʦʢʨʫʛʣʝʥʠʝʤ ʜʦ 10
 ï2

 ʤʤ, ʢʨʦʤʝ ʰʠʨʠʥʳ ʟʫʙʯʘʪʦʛʦ ʚʝʥʮʘ, ʢʦʪʦʨʘʷ ʚʳ-

ʯʠʩʣʷʝʪʩʷ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ 1 ʤʤ. 

7. ʆʧʨʝʜʝʣʝʥʠʝ ʫʛʣʘ ʜʝʣʠʪʝʣʴʥʦʛʦ ʢʦʥʫʩʘ ʰʝʩʪʝʨʥʠ:  

tg d1 = .                                                  (3.6) 

ɿʜʝʩʴ ʞʝ ʦʧʨʝʜʝʣʷʶʪʩʷ  sin d1   ʠ cos d1. 

8. ʆʧʨʝʜʝʣʝʥʠʝ ʚʥʝʰʥʝʛʦ ʢʦʥʫʩʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ: 

,                                                                              (3.7)                                                                                         

ʛʜʝ  de1 ï ʫʪʦʯʥʝʥʥʦʝ (ʩʤ. ʧ. 4) ʟʥʘʯʝʥʠʝ ʚʥʝʰʥʝʛʦ ʜʝʣʠʪʝʣʴʥʦʛʦ ʜʠʘʤʝʪʨʘ. 

9. ʆʧʨʝʜʝʣʝʥʠʝ ʰʠʨʠʥʳ ʟʫʙʯʘʪʳʭ ʚʝʥʮʦʚ:  

 b = Re.                                                 (3.8) 

ɿʥʘʯʝʥʠʝ ʦʢʨʫʛʣʷʝʪʩʷ ʜʦ ʙʣʠʞʘʡʰʝʛʦ ʮʝʣʦʛʦ ʯʠʩʣʘ ʤʠʣʣʠʤʝʪʨʦʚ. 

10. ɼʣʷ ʥʝʜʦʧʫʱʝʥʠʷ ʯʨʝʟʤʝʨʥʦʛʦ ʫʤʝʥʴʰʝʥʠʷ ʪʦʣʱʠʥʳ ʟʫʙʴʝʚ ʧʦ 

ʚʥʫʪʨʝʥʥʝʤʫ ʜʝʣʠʪʝʣʴʥʦʤʫ ʢʦʥʫʩʫ ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ ʩʣʝʜʫʶʱʝʝ ʫʩ-

ʣʦʚʠʝ:  

b ¢ 10 mte.                                                 (3.9) 

 

ɽʩʣʠ ʦʥʦ ʥʝ ʫʜʦʚʣʝʪʚʦʨʷʝʪʩʷ, ʥʫʞʥʦ ʫʤʝʥʴʰʠʪʴ z1 ʠ ʧʦʚʪʦʨʠʪʴ ʨʘʩʯʝʪʳ ʩ ʧ. 3. 

ɽʩʣʠ ʵʪʦʛʦ ʥʝʜʦʩʪʘʪʦʯʥʦ, ʪʦ ʥʫʞʥʦ ʫʤʝʥʴʰʠʪʴ ʚʝʣʠʯʠʥʫ ʠ ʧʦʚʪʦʨʠʪʴ ʨʘʩʯʝʪ 

ʩ ʧ. 2.  

11. ʆʧʨʝʜʝʣʝʥʠʝ ʜʝʡʩʪʚʠʪʝʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʰʠʨʠʥʳ 

ʟʫʙʯʘʪʦʛʦ ʚʝʥʮʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʥʝʰʥʝʛʦ ʢʦʥʫʩʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ (ʩʤ. ʧ. 2): 

 .                                                 (3.10) 

12. ʆʧʨʝʜʝʣʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʰʠʨʠʥʳ ʟʫʙʯʘʪʦʛʦ ʚʝʥʮʘ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʵʢʚʠʚʘʣʝʥʪʥʦʛʦ ʜʠʘʤʝʪʨʘ ʰʝʩʪʝʨʥʠ: 

 .                                             (3.11) 

13. ʆʧʨʝʜʝʣʝʥʠʝ ʩʨʝʜʥʝʛʦ ʢʦʥʫʩʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ:  
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Rm  =   Re ï  .                                           (3.12) 

14. ʈʘʩʯʝʪ ʩʨʝʜʥʝʛʦ ʜʝʣʠʪʝʣʴʥʦʛʦ ʜʠʘʤʝʪʨʘ ʰʝʩʪʝʨʥʠ: 

 dm1 .                                             (3.13) 

15. ʆʧʨʝʜʝʣʝʥʠʝ ʩʨʝʜʥʝʡ ʦʢʨʫʞʥʦʡ ʩʢʦʨʦʩʪʠ ʚ ʧʝʨʝʜʘʯʝ, ʤ/ʩ: 

 .                                              (3.14) 

16. ʆʮʝʥʢʘ ʩʪʝʧʝʥʠ ʪʦʯʥʦʩʪʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʝʨʝʜʘʯʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʚʠʜʘ ʟʫʙʴʝʚ, ʪʚʝʨʜʦʩʪʠ ʘʢʪʠʚʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʦʢʨʫʞʥʦʡ ʩʢʦʨʦʩʪʠ (ʪʘʙʣ. 3.1). 

 
ʊʘʙʣʠʮʘ  3.1 

 

ʉʪʝʧʝʥʴ ʪʦʯʥʦʩʪʠ ʢʦʥʠʯʝʩʢʠʭ ʟʫʙʯʘʪʳʭ ʧʝʨʝʜʘʯ 

 

ɺʠʜ ʟʫʙʴʝʚ 
ʊʚʝʨʜʦʩʪʴ 

ʟʫʙɹʝʚ 
ʆʢʨʫʞʥʘʷ ʩʢʦʨʦʩʪʴ  (ʤ/ʩ)  ʜʣʷ ʩʪʝʧʝʥʠ ʪʦʯʥʦʩʪʠ  

6 7 8 9 

ʇʨ̫ʤʳʝ 
ʅɺ  ¢  350 

ʅɺ  >  350 

  >   7 

 >   6 

4é  7 

3é  6 

3é4 

     2,5é3 

ɼʦ 3 

ɼʦ 2,5 

ʅʝʧʨʷʤʳʝ 
ʅɺ  ¢  350 

ʅɺ  >  350 

 > 16 

 > 13 

9é16 

7é13 

6é9 

5é7 

ɼʦ 6 

ɼʦ 5 

 

17. ʆʧʨʝʜʝʣʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʥʘʛʨʫʟʢʠ: 

  

Kʅ = Kʅa  Kʅb  Kʅv .                                       (3.15) 

 

ɼʣʷ ʧʨʷʤʦʟʫʙʳʭ ʧʝʨʝʜʘʯ Kʅa  = 1, ʜʣʷ ʧʝʨʝʜʘʯ ʩ ʢʨʫʛʦʚʳʤʠ ʟʫʙʴʷʤʠ 

ʂʅa  ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʛʨʘʬʠʢʘʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʢʨʫʞʥʦʡ ʩʢʦʨʦʩʪʠ v, ʠ 

ʩʪʝʧʝʥʠ ʪʦʯʥʦʩʪʠ (ʩʤ. ʨʠʩ. 2.4). 

ʂʦʵʬʬʠʮʠʝʥʪ Kʅb  ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʛʨʘʬʠʢʘʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʠʜʘ 

ʟʫʙɹʝʚ, ʠʭ ʪʚʝʨʜʦʩʪʠ, ʩʭʝʤʳ ʧʝʨʝʜʘʯʠ  ʠ   (ʨʠʩ. 3.1). 

ʂʦʵʬʬʠʮʠʝʥʪ Kʅv ʦʧʨʝʜʝʣʷʝʪʩʷ  ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʠʜʘ ʟʫʙʴʝʚ, ʠʭ ʪʚʝʨ-

ʜʦʩʪʠ, ʩʪʝʧʝʥʠ ʪʦʯʥʦʩʪʠ ʠ ʦʢʨʫʞʥʦʡ ʩʢʦʨʦʩʪʠ (ʩʤ. ʪʘʙʣ. 2.6). 

18. ʆʧʨʝʜʝʣʝʥʠʝ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ Zʘ (ʅ/ʤʤ
2
)

1/2
 (ʜʣʷ 

ʩʪʘʣʴʥʳʭ ʢʦʣʝʩ): 

 

Zʘ = Zɽ Zʅ Ze,                                                                     (3.16) 
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ʛʜʝ Zɽ  ï ʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʦʚ 
ʟʫʙʯʘʪʳʭ ʢʦʣʝʩ, ʨʘʚʥʳʡ ʜʣʷ ʩʪʘʣʴʥʳʭ ʢʦʣʝʩ 192 (ʅ/ʤʤ

2
)

1/2
,  

 

 

 

ʟʜʝʩʴ ɽ1 = ɽ2 = 2· 10
5
 ʅ/ʤʤ

2
; n1 = n2 = 0,3; Zʅ  ï ʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ 

ʬʦʨʤʫʣʫ ʩʦʧʨʷʞʝʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʟʫʙʴʝʚ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʛʨʘʬʠʢʘʤ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʨʝʜʥʝʛʦ ʫʛʣʘ ʥʘʢʣʦʥʘ ʟʫʙʴʝʚ b (ʩʤ. ʨʠʩ. 2.6); Ze ï ʢʦʵʬʬʠ-
ʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ ʩʫʤʤʘʨʥʫʶ ʜʣʠʥʫ ʢʦʥʪʘʢʪʥʳʭ ʣʠʥʠʡ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ 

ʬʦʨʤʫʣʘʤ (2.25) ʠʣʠ (2.26) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʠʜʘ ʟʫʙʴʝʚ ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʪʦʨʮʝʚʦʛʦ ʧʝʨʝʢʨʳʪʠʷ ea,  
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ʈʠʩ.  3.1. ɻʨʘʬʠʢʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ   KHb (KFb): 

ʘ ï ʩʭʝʤʳ ʨʝʜʫʢʪʦʨʦʚ; ʙ, ʛ ï ʛʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʷ ʅɺ1 ¢ 350 ʠʣʠ ʅɺ2 ¢ 350; 

ʚ, ʜ ï  ʛʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ  ʜʣʷ  ʅɺ1 > 350  ʠʣʠ  ʅɺ2 > 350  (ʩʧʣʦʰʥʳʝ ʣʠʥʠʠ ï  

ʧʨʷʤʦʟʫʙʳʝ ʢʦʥʠʯʝʩʢʠʝ ʧʝʨʝʜʘʯʠ,  ʧʫʥʢʪʠʨʥʳʝ ï ʢʦʥʠʯʝʩʢʠʝ ʧʝʨʝʜʘʯʠ ʩ ʢʨʫʛʦʚʳʤʠ 

ʟʫʙʴʷʤʠ; ʮʠʬʨʳ 1 ʠ 2 ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʚʝʨʭʥʠʤ ʩʭʝʤʘʤ; ʠʥʜʝʢʩʳ çʰè ʠ çʨè ï ʪʠʧʫ 

ʧʦʜʰʠʧʥʠʢʦʚ ï ʰʘʨʠʢʦʚʳʝ, ʨʦʣʠʢʦʚʳʝ) 
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19. ʆʧʨʝʜʝʣʝʥʠʝ ʟʥʘʯʝʥʠʡ ʜʝʡʩʪʚʫʶʱʠʭ ʢʦʥʪʘʢʪʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʧʦ 

ʫʪʦʯʥʝʥʥʳʤ ʜʘʥʥʳʤ: 

sʅ =  ¢ [sH].                        (3.17) 

 

ʅʝʩʦʚʧʘʜʝʥʠʝ sʅ  ʠ  [sʅ] ʚ ʧʨʝʜʝʣʘʭ ʜʦ 5 % ʜʦʧʫʩʪʠʤʦ. 

ʇʨʝʚʳʰʝʥʠʝ sʅ ʥʘʜ [sʅ] ʙʦʣʴʰʝ 5 % ʤʦʞʥʦ ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʪʦʣʴʢʦ 

ʫʚʝʣʠʯʝʥʠʝʤ [sʅ]; ʫʚʝʣʠʯʝʥʠʝ ʰʠʨʠʥʳ ʟʫʙʯʘʪʦʛʦ ʚʝʥʮʘ ʚʦʟʤʦʞʥʦ, ʥʦ ʧʨʠ 

ʩʦʙʣʜʁʝʥʠʠ ʩʣʝʜʫʶʱʠʭ ʪʨʝʙʦʚʘʥʠʡ: 

ʘ)  ¢ 0,30  ʜʣʷ ʟʘʢʨʳʪʳʭ   ʠ   ¢ 0,25  ʜʣʷ  ʦʪʢʨʳʪʳʭ ʧʝʨʝʜʘʯ (ʩʤ. ʧ. 2); 

ʙ) b ¢ 10 mte. 

ʋʤʝʥʴʰʝʥʠʝ b ʚ ʩʣʫʯʘʝ, ʝʩʣʠ sʅ < [sʅ] ʙʦʣʝʝ ʯʝʤ ʥʘ 5 %, ʜʦʧʫʩʢʘʝʪʩʷ, 

ʥʦ ʧʨʠ ʵʪʦʤ ʥʘʜʦ ʚʥʝʩʪʠ ʧʦʧʨʘʚʢʠ ʚ ʧʧ. 8ï13. 

20. ʆʧʨʝʜʝʣʝʥʠʝ ʦʢʨʫʞʥʦʡ ʩʠʣʳ ʚ ʧʝʨʝʜʘʯʝ: 

Ft  =                                              (3.18) 

21. ʆʧʨʝʜʝʣʝʥʠʝ ʤʦʜʫʣʝʡ ʚ ʩʨʝʜʥʝʤ ʩʝʯʝʥʠʠ ʟʫʙʝɹʚ: 

  ʦʢʨʫʞʥʦʛʦ 

mtm =                                           (3.19) 

  ʥʦʨʤʘʣʴʥʦʛʦ 

mnm  = mtm  cos b.                                         (3.20) 

 

22. ʆʧʨʝʜʝʣʝʥʠʝ ʵʢʚʠʚʘʣʝʥʪʥʦʛʦ ʯʠʩʣʘ ʟʫʙʴʝʚ (ʦʪʜʝʣʴʥʦ ʜʣʷ ʰʝʩʪʝʨʥʠ 

zn1 ʠ  ʢʦʣʝʩʘ  zn2) 

 zn  =                                              (3.21) 

 

 

 

23. ʇʨʦʚʝʨʢʘ ʟʫʙʴʝʚ ʢʦʣʝʩʘ ʠ ʰʝʩʪʝʨʥʠ ʥʘ ʠʟʛʠʙʥʫʶ ʧʨʦʯʥʦʩʪʴ: 

 

sF = YFYb  ¢ [sF],                               (3.22) 

 

ʛʜʝ Yb ï ʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ ʥʘʢʣʦʥ ʟʫʙʴʝʚ; ʜʣʷ ʧʨʷʤʦʟʫʙʳʭ ʧʝʨʝ-

ʜʘʯ Yb = 1, ʜʣʷ ʧʝʨʝʜʘʯ ʩ ʢʨʫʛʦʚʳʤʠ ʟʫʙʴʷʤʠ Yb = 0,75. 
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ʂʦʵʬʬʠʮʠʝʥʪʳ ʬʦʨʤʳ ʟʫʙʴʝʚ ʜʣʷ ʰʝʩʪʝʨʥʠ YF1 ʠ ʢʦʣʝʩʘ YF2 ʦʧʨʝʜʝʣʷ-

ʶʪʩʷ ʧʦ ʨʠʩ. 2.7. 

ʂʦʵʬʬʠʮʠʝʥʪ ʥʘʛʨʫʟʢʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʘʥʘʣʦʛʠʯʥʦ ʧ. 14 ʨʘʟʜ. 2: 

KF  = KFa KFb KFv. 

ɼʣʷ ʧʨʷʤʦʟʫʙʳʭ ʧʝʨʝʜʘʯ KFa = 1,  ʜʣʷ ʧʝʨʝʜʘʯ ʩ ʢʨʫʛʦʚʳʤʠ ʟʫʙʴʤ̫ʠ 

KFa =  

ʛʜʝ n ï ʩʪʝʧʝʥʴ ʪʦʯʥʦʩʪʠ ʧʝʨʝʜʘʯʠ.  

ʂʦʵʬʬʠʮʠʝʥʪ  KFb ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ (2.36); KFv ï ʧʦ ʪʘʙʣ. 2.7. 

ʇʦ ʬʦʨʤʫʣʝ (3.22) ʧʨʦʚʝʨʷʶʪʩʷ ʢʘʢ ʟʫʙʴʷ ʰʝʩʪʝʨʥʠ, ʪʘʢ ʠ ʟʫʙʴʷ ʢʦʣʝʩʘ. 

24. ʆʧʨʝʜʝʣʝʥʠʝ ʩʠʣ, ʜʝʡʩʪʚʫʶʱʠʭ ʚ ʟʘʮʝʧʣʝʥʠʠ ʢʦʥʠʯʝʩʢʦʡ ʧʝʨʝʜʘʯʠ: 

ʘ) ʦʢʨʫʞʥʘʷ ʩʠʣʘ Ft ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʚ ʧ. 20; 

ʙ) ʦʩʝʚʘʷ ʩʠʣʘ ʥʘ ʰʝʩʪʝʨʥʝ ʨʘʚʥʘ ʨʘʜʠʘʣʴʥʦʡ ʥʘ ʢʦʣʝʩʝ:  

 Fa1 = Fr2 =  (tg a· sin d1 + sin b· cos d1);                   (3.23) 

ʚ) ʨʘʜʠʘʣʴʥʘʷ ʩʠʣʘ ʥʘ ʰʝʩʪʝʨʥʝ ʨʘʚʥʘ ʦʩʝʚʦʡ ʥʘ ʢʦʣʝʩʝ: 

 Fr1 = Fa2 = (tg a· cos d1 + sin b· sin d1).                   (3.24) 

ʕʪʠ ʬʦʨʤʫʣʳ ʩʧʨʘʚʝʜʣʠʚʳ ʪʦʣʴʢʦ ʜʣʷ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʧʝʨʝʜʘʯ. ɿʥʘʢʠ ʚ 

ʩʢʦʙʢʘʭ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʩʦʯʝʪʘʥʠʶ ʥʘʧʨʘʚʣʝʥʠʷ ʚʨʘʱʝʥʠʷ ʠ ʥʘʢʣʦʥʘ ʟʫʙʴʝʚ 

ʥʘ ʰʝʩʪʝʨʥʝ (ʨʠʩ. 3.2). 

 

 

 

 

  ʘ                                                           ʙ 

 

 

 

 

 

 

 
  ɺʨʘʱʝʥʠʝ ʰʝʩʪʝʨʥʠ ʣʝʚʦʝ  

    (ʧʨʦʪʠʚ ʯʘʩʦʚʦʡ cʪʨʝʣʢʠ) 

ɺʨʘʱʝʥʠʝ ʰʝʩʪʝʨʥʠ ʧʨʘʚʦʝ 

(ʧʦ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʝ) 

 
ʈʠʩ. 3.2. ʅʘʢʣʦʥ ʟʫʙʴʝʚ: 

ʘ ï ʣʝʚʳʡ; ʙ ï ʧʨʘʚʳʡ 
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ɼʣʷ ʧʨʷʤʦʟʫʙʦʡ ʢʦʥʠʯʝʩʢʦʡ ʧʝʨʝʜʘʯʠ b = 0 ʠ ʬʦʨʤʫʣʳ (3.23) ʠ (3.24) 

ʧʨʠʤʫʪ ʚʠʜ 

 Fa1 = Fr2 = F t· tg a· sin d1;                                                (3.25)  

Fr1 = Fa2 = F t· tg a·cos d1.                                  (3.26) 

 

25. ʇʨʦʚʝʨʢʘ ʧʨʦʯʥʦʩʪʠ ʟʫʙʴʝʚ ʧʨʠ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʭ ʧʝʨʝʛʨʫʟʢʘʭ ï ʘʥʘ-

ʣʦʛʠʯʥʦ ʮʠʣʠʥʜʨʠʯʝʩʢʠʤ ʧʝʨʝʜʘʯʘʤ (ʩʤ. ʧʧ. 17 ʠ 18 ʨʘʟʜ. 2). 

 26. ʆʧʨʝʜʝʣʝʥʠʝ  ʦʩʪʘʣʴʥʳʭ  ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ  ʧʘʨʘʤʝʪʨʦʚ ʢʦʣʝʩʘ (ʨʠʩ. 

3.3). 

ɸ. ɼʣʷ ʧʨʷʤʦʟʫʙʳʭ ʧʝʨʝʜʘʯ: 

ï ʚʥʝʰʥʠʡ ʜʝʣʠʪʝʣʴʥʳʡ ʜʠʘʤʝʪʨ ʢʦʣʝʩʘ 

de2 = z2 mte;                                            (3.27) 

ï ʚʥʝʰʥʷʷ ʚʳʩʦʪʘ ʛʦʣʦʚʢʠ ʟʫʙʴʝʚ 

hae1 = hae2 = mte;                                        (3.28) 

ï ʚʥʝʰʥʷʷ ʚʳʩʦʪʘ ʥʦʞʢʠ ʟʫʙʴʝʚ 

hfe1 = hfe2 = 1,2 mte;                                       (3.29) 

ï ʫʛʦʣ ʛʦʣʦʚʢʠ ʟʫʙʴʝʚ 

ɗʘ1  = ɗʘ2 = arctg ;                                      (3.30) 

 

ï ʫʛʦʣ ʥʦʞʢʠ ʟʫʙʴʝʚ 

ɗf1  = ɗf2 = arctg ;                                       (3.31) 

ï ʫʛʦʣ ʢʦʥʫʩʘ ʚʝʨʰʠʥ ʟʫʙʴʝʚ: 

   ʰʝʩʪʝʨʥʠ 

 dʘ1  = d1  + ɗʘ1;                                            (3.32) 

   ʢʦʣʝʩʘ       

dʘ2  = d2  + ɗʘ2;                                            (3.33) 

ï ʫʛʦʣ ʢʦʥʫʩʘ ʚʧʘʜʠʥ: 

   ʰʝʩʪʝʨʥʠ 

 df1  =  d1  ï ɗf1;                                             (3.34) 

   ʢʦʣʝʩʘ 
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df2  =  d2  ï ɗf2;                                             (3.35) 

ï ʚʥʝʰʥʠʡ ʜʠʘʤʝʪʨ ʚʝʨʰʠʥ ʟʫʙʴʝʚ: 

   ʰʝʩʪʝʨʥʠ 

 dae1 = de1  + 2 hae1 cos d1;                                    (3.36) 

   ʢʦʣʝʩʘ       

dae2 = de2  + 2 hae2 cos d2;                                    (3.37) 

 

ï ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʚʝʨʰʠʥʳ ʜʝʣʠʪʝʣʴʥʳʭ ʢʦʥʫʩʦʚ ʜʦ ʧʣʦʩʢʦʩʪʠ ʚʥʝʰʥʝʡ 

ʦʢʨʫʞʥʦʩʪʠ ʚʝʨʰʠʥʳ ʟʫʙʴʝʚ: 

   ʰʝʩʪʝʨʥʠ 

B1  =  - hae sin d1;                                        (3.38) 

   ʢʦʣʝʩʘ       

B2  =  - hae  sin d2.                                        (3.39) 

 

 

 
ʈʠʩ. 3.3. ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʢʦʥʠʯʝʩʢʦʡ ʧʝʨʝʜʘʯʠ 

 

ɹ. ɼʣʷ ʧʝʨʝʜʘʯ ʩ ʢʨʫʛʦʚʳʤʠ ʟʫʙʴʤ̫ʠ: 

ï ʚʥʝʰʥʠʡ ʜʝʣʠʪʝʣʴʥʳʡ ʜʠʘʤʝʪʨ ʢʦʣʝʩʘ 

de2 = z2 mte; 

ï ʚʳʩʦʪʘ ʛʦʣʦʚʢʠ ʟʫʙʴʝʚ ʚ ʩʨʝʜʥʝʤ ʩʝʯʝʥʠʠ 

ha1 = ha2 = mnm; 

ï ʚʳʩʦʪʘ ʥʦʞʢʠ ʟʫʙʴʝʚ ʚ ʩʨʝʜʥʝʤ ʩʝʯʝʥʠʠ 

hf1 = hf2  = 1,25 mnm; 

ï ʫʛʦʣ ʛʦʣʦʚʢʠ ʟʫʙʴʝʚ 

ɗʘ1  = ɗʘ2 = arctg; 

ï ʫʛʦʣ ʥʦʞʢʠ ʟʫʙʴʝʚ 

ɗf1  = ɗf2 = arctg; 
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ï ʫʛʦʣ ʢʦʥʫʩʘ ʚʝʨʰʠʥ ʟʫʙʴʝʚ: 

   ʰʝʩʪʝʨʥʠ 

dʘ1  = d1  + ɗʘ1; 

   ʢʦʣʝʩʘ       

dʘ2  = d2  + ɗʘ2; 

ï ʫʛʦʣ ʢʦʥʫʩʘ ʚʧʘʜʠʥ: 

   ʰʝʩʪʝʨʥʠ 

df1  = d1  ï ɗf1; 

   ʢʦʣʝʩʘ       

df2  = d2  ï ɗf2; 

ï ʚʥʝʰʥʷʷ ʚʳʩʦʪʘ ʛʦʣʦʚʢʠ ʟʫʙʴʝʚ 

hae1 = hae2  = ha  

ɺʥʝʰʥʠʝ ʜʠʘʤʝʪʨʳ ʚʝʨʰʠʥ ʟʫʙʴʝʚ dae1  ʠ dae2, ʘ ʪʘʢʞʝ ʨʘʩʩʪʦʷʥʠʷ b1  ʠ   b2 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦ ʪʝʤ ʞʝ ʬʦʨʤʫʣʘʤ, ʯʪʦ ʠ ʜʣʷ ʧʨʤ̫ʦʟʫʙʦʡ ʧʝʨʝʜʘʯʠ. 

  

3.2. ʇʨʠʤʝʨ ʨʘʩʯʝʪʘ ʪʠʭʦʭʦʜʥʦʡ ʢʦʥʠʯʝʩʢʦʡ 

ʟʫʙʯʘʪʦʡ ʧʝʨʝʜʘʯʠ 

ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʠ ʚʳʙʦʨ ʚʠʜʘ ʟʫʙʴʝʚ: 

ï ʚʨʘʱʘʶʱʠʡ ʤʦʤʝʥʪ ʥʘ ʰʝʩʪʝʨʥʝ  ʊ1 = 1,75·10
5
 ʅ Ö ʤʤ; 

ï ʚʨʘʱʘʶʱʠʡ ʤʦʤʝʥʪ ʥʘ ʢʦʣʝʩʝ  T2 = 6,2· 10
5
 ʅ Ö ʤʤ; 

ï ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʰʝʩʪʝʨʥʠ  n1 = 126 ʦʙ/ʤʠʥ; 

ï ʧʝʨʝʜʘʪʦʯʥʦʝ ʯʠʩʣʦ  u = 3,55; 

 

ï ʫʩʣʦʚʠʷ ʨʘʙʦʪʳ: ʞʝʣʘʪʝʣʴʥʘʷ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʧʝʨʝʜʘʯʠ ʜʦ 15 ʣʝʪ ʧʨʠ 

ʦʜʥʦʩʤʝʥʥʦʡ ʨʘʙʦʪʝ; ʧʝʨʝʜʘʯʘ ʟʘʢʨʳʪʘʷ; ʠʟʤʝʥʝʥʠʝ ʥʘʛʨʫʟʢʠ ʟʘʜʘʥʦ ʜʠʘʛ-

ʨʘʤʤʦʡ (ʩʤ. ʨʠʩ. 2.2) ʩʦ ʩʣʝʜʫʶʱʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ: ʘ1 = 0,6; 

ʘ2 = 1,0; ʘ3 = 0,4; b1 = 0,4; b2 = 0,1;  b3 = 0,5. 

ʋʯʠʪʳʚʘʷ ʪʠʭʦʭʦʜʥʦʩʪʴ ʧʝʨʝʜʘʯʠ, ʚʳʙʝʨʝʤ ʧʨʤ̫ʳʝ ʟʫʙʴʷ. 

1. ʄʘʪʝʨʠʘʣ ʜʣʷ ʢʦʣʝʩ ʠ ʜʦʧʫʩʢʘʝʤʳʝ ʢʦʥʪʘʢʪʥʳʝ ʥʘʧʨʷʞʝʥʠʷ. ʆʨʠʝʥ-

ʪʠʨʫʷʩʴ ʥʘ ʩʨʝʜʥʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʚʳʙʝʨʝʤ:  ʜʣʷ 

ʰʝʩʪʝʨʥʠ ï ʩʪʘʣʴ 40ʍ ʫʣʫʯʰʝʥʥʫʶ, HB1 = 230, sʪ1 = 550 ʅ/ʤʤ
2
; ʜʣʷ ʢʦʣʝʩʘ ï 

ʩʪʘʣʴ 45 ʥʦʨʤʘʣʠʟʦʚʘʥʥʫʶ, HB2  = 200, sʪ2  = 360 ʅ/ʤʤ
2 
(ʩʤ. ʪʘʙʣ. 2.1). 

ɼʦʧʫʩʢʘʝʤʦʝ ʢʦʥʪʘʢʪʥʦʝ ʥʘʧʨʷʞʝʥʠʝ, ʧʨʝʜʦʪʚʨʘʱʘʶʱʝʝ ʫʩʪʘʣʦʩʪʥʦʝ 

ʚrʢʨʘʰʠʚʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʟʫʙʴʝʚ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ (2.1): 
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[sʅ] = ZR Zv Zx KHL = · 0,95· 1,0· 1,0·0,999 = 406 ʅ/ʤʤ
2
, 

ʛʜʝ sʅ0 = 2HB2 + 70 = 2· 200 + 70 = 470 H/ʤʤ
2
; Sʅ = 1,1 ʜʣʷ ʥʦʨʤʘʣʠʟʦʚʘʥ-

ʥʳʭ ʠ ʫʣʫʯʰʝʥʥʳʭ ʩʪʘʣʝʡ; ZR = 0,95 ʜʣʷ 6-ʛʦ ʢʣʘʩʩʘ  ʰʝʨʦʭʦʚʘʪʦʩʪʠ (Ra 

= 2,5é1,25 ʤʢʤ); Zv = 1 ʧʨʠ ʦʢʨʫʞʥʦʡ ʩʢʦʨʦʩʪʠ  v < 5 ʤ/ʩ; Zx = 1 ʧʨʠ ʥʘʯʘʣʴ-

ʥʦʤ ʜʠʘʤʝʪʨʝ ʟʫʙʯʘʪʦʛʦ ʢʦʣʝʩʘ ʜʦ 700 ʤʤ; 

KHL = 

Cʫʤʤʘʨʥʦʝ ʯʠʩʣʦ ʮʠʢʣʦʚ ʠʟʤʝʥʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ 

 

N = 60 Ö 300 Ö 8 Cʤ ɻ n2 = 60 Ö 300 Ö 8 Ö 1 Ö 15 Ö 355 = 7,6 Ö 10
7
. 

 

ʏʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʟʫʙʯʘʪʦʛʦ ʢʦʣʝʩʘ 

 

n2 =  35,5 ʦʙ/ʤʠʥ. 

 

 ʀʟ ʜʠʘʛʨʘʤʤʳ ʠʟʤʝʥʝʥʠʷ ʥʘʛʨʫʟʢʠ  

NHE 2  =  = 7,6 Ö 10
7 
(0,6Ö 0,4 + 1,0Ö 0,1 + 0,4Ö 0,5) = 

= 7,6 Ö 10
7 
Ö 0,218 = 1,65 Ö10

7
. 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

NHE 1 > NHE 2 > NH 0; 

KHL =  =  = 0,999 . 

ɼʦʧʫʩʢʘʝʤʳʝ ʢʦʥʪʘʢʪʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʧʨʠ ʧʝʨʝʛʨʫʟʢʝ ʜʣʷ ʥʦʨʤʘʣʠʟʦ-

ʚʘʥʥʳʭ ʩʪʘʣʝʡ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦ ʢʦʣʝʩʫ (ʩʤ. ʧʧ. 17, 18 ʨʘʟʜ. 2): 

[sʅ]max =  2,8 sʪ  = 2,8 ·320 = 896 ʅ/ʤʤ
2
. 

2. ɺʥʝhʥʠʡ ʜʝʣʠʪʝʣʴʥʳʡ ʜʠʘʤʝʪʨ ʰʝʩʪʝʨʥʠ [ʩʤ. ʬʦʨʤʫʣʫ (3.1)] 

 

dʝ1 = 2 

 

= 2  = 119,8 ʤʤ. 

 

ʇʨʠʥʷʪʦ  Zʘ = 310  (ʅ/ʤʤ
2
)

1/2
; Kʅ = 1,30;  = 0,28. 

3. ʏʠʩʣʦ ʟʫʙʴʝʚ ʥʘ ʰʝʩʪʝʨʥʝ. ʇʨʠʥʠʤʘʝʤ  z1 = 18. 
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4. ɺʥʝʰʥʠʡ ʦʢʨʫʞʥʦʡ ʤʦʜʫʣʴ [ʩʤ. ʬʦʨʤʫʣʫ (3.3)] 

mte =  =  = 6,656 ʤʤ. 

ʇʨʠʥʠʤʘʝʤ mte = 6,7 ʤʤ. ʋʪʦʯʥʷʝʤ de1 = mte z1 =18· 6,7 = 120,6 ʤʤ. 

5. ʏʠʩʣʦ ʟʫʙʴʝʚ ʥʘ ʢʦʣʝʩʝ [ʩʤ. ʬʦʨʤʫʣʫ (3.4)] 

z2 = 18 Ö 3,55 = 63,9. 

ʇʨʠʥʠʤʘʝʤ z2 = 64. 

6. ʇʝʨʝʜʘʪʦʯʥʦʝ ʯʠʩʣʦ [ʩʤ. ʬʦʨʤʫʣʫ (3.5)] 

u = =  = 3,55556 º 3,556. 

7. ʋʛʦʣ ʜʝʣʠʪʝʣʴʥʦʛʦ ʢʦʥʫʩʘ ʰʝʩʪʝʨʥʠ [ʩʤ. ʬʦʨʤʫʣʫ (3.6)] 

tg d1 =  = 0,28125; d1 = 15 4̄2
¡
 30
¡¡
; 

sin d1 = 0,27074; cos d2 = 0,96265. 

8. ɺʥʝʰʥʝʝ ʢʦʥʫʩʥʦʝ ʨʘʩʩʪʦʷʥʠʝ [ʩʤ. ʬʦʨʤʫʣʫ (3.7)] 

 

Re =   = 222,387 ʤʤ. 

 

9. ʐʠʨʠʥʘ ʟʫʙʯʘʪʳʭ ʚʝʥʮʦʚ [ʩʤ. ʬʦʨʤʫʣʫ (3.8)] 

b =  Re = 0,28 Ö 222,387 = 61,992 ʤʤ. 

ʇʨʠʥʠʤʘʝʤ  b = 62 ʤʤ 

10. ʋʩʣʦʚʠʝ b ¢ 10 mte   ʚʳʧʦʣʥʷʝʪʩʷ [ʩʤ. ʬʦʨʤʫʣʫ (3.9)]:  

b < 10·6,7 = 67,0 ʤʤ.   

11. ɼʝʡʩʪʚʠʪʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʰʠʨʠʥʳ ʟʫʙʯʘʪʦʛʦ ʚʝʥʮʘ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʥʝʰʥʝʛʦ ʢʦʥʫʩʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ [ʩʤ. ʬʦʨʤʫʣʫ (3.10)]  

 =  = 0,301. 

12. ʂʦʵʬʬʠʮʠʝʥʪ ʰʠʨʠʥʳ ʟʫʙʯʘʪʦʛʦ ʚʝʥʮʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʵʢʚʠʚʘʣʝʥʪ-

ʥʦʛʦ ʜʠʘʤʝʪʨʘ ʰʝʩʪʝʨʥʠ [ʩʤ. ʬʦʨʤʫʣʫ (3.11)] 

ydv  =   = 0,630. 

13. ʉʨʝʜʥʝʝ ʢʦʥʫʩʥʦʝ ʨʘʩʩʪʦʷʥʠʝ [ʩʤ. ʬʦʨʤʫʣʫ (3.12)] 

Rm = Re ï  = 222,387 -  = 191,387 ʤʤ. 
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14. ʉʨʝʜʥʠʡ ʜʝʣʠʪʝʣʥɹʳʡ ʜʠʘʤʝʪʨ ʰʝʩʪʝʨʥʠ [ʩʤ. ʬʦʨʤʫʣʫ (3.13)] 

dm1 = de1 = 120,6  = 103,727 ʤʤ. 

15. ʆʢʨʫʞʥʘʷ ʩʢʦʨʦʩʪʴ ʚ ʧʝʨʝʜʘʯʝ [ʩʤ. ʬʦʨʤʫʣʫ (3.14)] 

v =  = 0,682 ʤ/ʩ. 

16. ʉʪʝʧʝʥʴ  ʪʦʯʥʦʩʪʠ ʠʟʛʦʪʦʚʣʝʥʠʷ  ʧʝʨʝʜʘʯʠ  ʧʨʠʥʠʤʘʝʤ ʨʘʚʥʦʡ  9  

(ʩʤ. ʪʘʙʣ. 3.1, ʧʨʷʤʦʟʫʙʘʷ ʧʝʨʝʜʘʯʘ, HB < 350  ʠ  v = 0,672 ʤ/ʩ). 

17. ʂʦʵʬʬʠʮʠʝʥʪ ʥʘʛʨʫʟʢʠ [ʩʤ. ʬʦʨʤʫʣʫ (3.15)] 

KH  = KHa KHb Kʥv = 1,0· 1,18· 1,05 = 1,24. 

18. ɺʩʧʦʤʦʛʘʪʝʣʴʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ (3.16): 

Za = ZE ZH Ze = 192· 1,76·0,89 = 301 (ʅ/ʤʤ
2
)

1/2
. 

ʂʦʵʬʬʠʮʠʝʥʪ ʪʦʨʮʝʚʦʛʦ ʧʝʨʝʢʨʳʪʠʷ  

 

 

 

ʂʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ ʩʫʤʤʘʨʥʫʶ ʜʣʠʥʫ ʢʦʥʪʘʢʪʥʳʭ ʣʠʥʠʡ, 

 

Ze =  = 0,89. 

 

19. ɺʝʣʠʯʠʥʘ  ʜʝʡʩʪʚʫʶʱʠʭ  ʢʦʥʪʘʢʪʥʳʭ  ʥʘʧʨʷʞʝʥʠʡ [ʩʤ. ʬʦʨʤʫʣʫ (3.17)] 

 

sʅ =  =  394 ʅ/ʤʤ
2
. 

[sʅ] = 406 ʅ/ʤʤ
2
. 

ʈʘʟʥʠʮʘ  = 3 %  ï ʨʝʟʫʣʴʪʘʪ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʥɹʳʡ. 

20. ʆʢʨʫʞʥʦʝ ʫʩʠʣʠʝ ʚ ʧʝʨʝʜʘʯʝ [ʩʤ. ʬʦʨʤʫʣʫ (3.18)] 

Ft =  = 3,43· 10
3
 ʅ. 

21. ʄʦʜʫʣʴ ʚ ʩʨʝʜʥʝʤ ʩʝʯʝʥʠʠ ʟʫʙʴʝʚ [ʩʤ. ʬʦʨʤʫʣʫ (3.19)] 

 

mtm =  5,74 ʤʤ. 

 

22. ʕʢʚʠʚʘʣʝʥʪʥʦʝ ʯʠʩʣʦ ʟʫʙʴʝʚ [ʩʤ. ʬʦʨʤʫʣʫ (3.21)]: 

ï ʜʣʷ ʰʝʩʪʝʨʥʠ 
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zn1 =  = 18,7; 

ï ʜʣʷ ʢʦʣʝʩʘ 

zn2 =  = 236. 

ʂʦʵʬʬʠʮʠʝʥʪʳ ʬʦʨʤʳ ʟʫʙʴʝʚ ʜʣʷ  X1 = X2 = 0: 

ï ʜʣʷ ʰʝʩʪʝʨʥʠ (zn1 = 18,7) YF1 = 4,13; 

ï ʜʣʷ ʢʦʣʝʩʘ (zn2 = 236) YF2 = 3,60. 

23. ʆʧʨʝʜʝʣʝʥʠʝ ʜʦʧʫʩʢʘʝʤʳʭ ʥʘʧʨʷʞʝʥʠʡ ʠʟʛʠʙʘ ʧʨʦʚʦʜʠʤ ʩʦʛʣʘʩʥʦ 

ʧ. 15 ʨʘʟʜ. 2: 

[sF] = YZ YɸKFL. 

ʀʟ ʪʘʙʣ. 2.8  sF0 = 1,75 ʅɺ (ʅ/ʤʤ
2
) ï ʜʣʷ ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʭ ʠ ʫʣʫʯʰʝʥ-

ʥʳʭ ʩʪʘʣʝʡ: 

ï ʜʣʷ ʟʫʙʴʝʚ ʰʝʩʪʝʨʥʠ 

sF01 =1,75 · 230 = 402 ʅ/ʤʤ
2
; 

ï ʜʣʷ ʟʫʙʴʝʚ ʢʦʣʝʩʘ     

sF02 =1,75 ·200 = 350 ʅ/ʤʤ
2
; 

SF = 1,7 (ʩʤ. ʪʘʙʣ. 2.8); 

YZ = 1 ï ʜʣʷ ʧʦʢʦʚʦʢ ʠ ʰʪʘʤʧʦʚʦʢ; 

Yɸ = 1 ï ʜʣʷ ʥʝʨʝʚʝʨʩʠʚʥʳʭ ʧʝʨʝʜʘʯ; 

ʂFL =1 ï ʧʨʠ NFE ² NF0. 

 

 

ʊʦʛʜʘ: 

ï ʜʣʷ ʟʫʙʴʝʚ ʰʝʩʪʝʨʥʠ  

[sF]1 =  = 236 ʅ/ʤʤ
2
; 

ï ʜʣʷ ʟʫʙʴʝʚ ʢʦʣʝʩʘ       

[sF]2 =  = 206 ʅ/ʤʤ
2
. 

 ʇʨʦʚʝʨʢʘ ʟʫʙʴʝʚ ʥʘ ʠʟʛʠʙʥʫʶ ʚʳʥʦʩʣʠʚʦʩʪʴ ʚʳʧʦʣʥʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 

(3.22): 

sF = YF Yb  ¢ [sF]. 
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ʂʦʵʬʬʠʮʠʝʥʪ ʥʘʛʨʫʟʢʠ 

 

KF = KFa KFb KFv = 1,0 Ö 1,24 Ö 1,23  = 1,52, 

 

ʛʜʝ  KFa = 1,0 ʜʣʷ ʧʨʷʤʦʟʫʙʳʭ ʧʝʨʝʜʘʯ; KFb = 1,24  (ʠʟ ʨʠʩ. 3.1, ʘ ï ʩʭʝʤʘ 1, 

ʨʦʣʠʢʦʚʳʝ ʧʦʜʰʠʧʥʠʢʠ) ʜʣʷ  ydv  = 0,581, ʅɺ ¢ 350; KFv = 1,23 (ʩʤ. ʪʘʙʣ. 2.7) ʜʣʷ 

ʧʨʷʤʳʭ ʟʫʙʴʝʚ, ʅɺ ¢ 350, 9-ʡ ʩʪʝʧʝʥʠ ʪʦʯʥʦʩʪʠ ʠ v = 0,816 ʤ/ʩ. 

ɼʣʷ ʟʫʙʴʝʚ ʰʝʩʪʝʨʥʠ 

 

sF1 = 4,13 Ö 1,0  = 54,53 ʅ/ʤʤ
2
. 

 

ɼʣʷ ʟʫʙʴʝʚ ʢʦʣʝʩʘ 

 

sF2 = 3,60 Ö 1,0  = 47,54 ʅ/ʤʤ
2
. 

 

ʊʘʢ ʢʘʢ  [sF]1 = 236 ʅ/ʤʤ
2
 ʠ [sF]2 = 206 ʅ/ʤʤ

2
, ʪʦ ʠʟʛʠʙʥʘʷ ʚʳʥʦʩʣʠ-

ʚʦʩʪʴ ʟʫʙʴʝʚ ʦʙʝʩʧʝʯʝʥʘ ʩ ʙʦʣʴʰʠʤ ʟʘʧʘʩʦʤ. 

24. ʉʠʣʳ, ʜʝʡʩʪʚʫʁɦ ʠʝ ʚ ʟʘʮʝʧʣʝʥʠʠ [ʩʤ. ʬʦʨʤʫʣʫ (3.25)]: 

ʘ) Ft = 3,43· 10
3
 ʅ ï ʠʟ ʧ. 20, ʦʢʨʫʞʥʘʷ ʩʠʣʘ; 

 

ʙ) ʦʩʝʚʘʷ ʩʠʣʘ ʥʘ ʰʝʩʪʝʨʥʝ ʨʘʚʥʘ ʨʘʜʠʘʣʴʥʦʡ ʩʠʣʝ ʥʘ ʢʦʣʝʩʝ: 

 

Fa1 = Fr2 =  Ft tga Ö sind1 = 3,43· 0,364· 0,271 = 0,34· 10
3
 ʅ; 

 

ʚ) ʨʘʜʠʘʣʴʥʘʷ ʩʠʣʘ ʥʘ ʰʝʩʪʝʨʥʝ ʨʘʚʥʘ ʦʩʝʚʦʡ ʩʠʣʝ ʥʘ ʢʦʣʝʩʝ [ʩʤ. ʬʦʨ-

ʤʫʣʫ (3.26)]: 

 

Fr1 = Fa2 =  Ft · tga· cosd1 = 3,43· 10
3
· 0,364· 0,963 = 1,20· 10

3
 ʅ; 

a = 20 ;̄ tga = 0,364. 

 

25. ʇʨʦʚʝʨʢʘ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʭ ʧʝʨʝʛʨʫʟʢʘʭ  ʚʳʧʦʣʥʷ-

ʝʪʩʷ ʧʦ ʧʧ. 17, 18 ʨʘʟʜ. 2: 

ʘ) ʧʦ ʢʦʥʪʘʢʪʥʳʤ ʥʘʧʨʷʞʝʥʠʷʤ ( ʧʨʦʚʝʨʢʘ ʥʘ ʢʦʥʪʘʢʪʥʫʶ ʧʨʦʯʥʦʩʪʴ) 

 

sʅmax =  sʅ =  394  º 557 ʅ/ʤʤ
2
 ¢ [sʅ]max  = 896 ʅ/ʤʤ

2
; 

 

ʙ) ʧʦ ʠʟʛʠʙʥʳʤ ʥʘʧʨʷʞʝʥʠʷʤ (ʧʨʦʚʝʨʢʘ ʥʘ ʠʟʛʠʙʥʫʶ ʧʨʦʯʥʦʩʪʴ) 

 

sF1 max =  sF1 Kʧ = 54,53· 2 = 109,06 ʅ/ʤʤ
2
 < [sF]1 max; 



 61 

sF2 max =  sF2 Kʧ = 47,54· 2 = 95,08 ʅ/ʤʤ
2
 < [sF]2 max, 

 

ʛʜʝ [sF]1 max ʠ [sF]2 max ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦ ʬʦʨʤʫʣʝ (2.50): 

 

[sF]1 max  =  = 854 ʅ/ʤʤ
2
; 

 

[sF]2 max =  = 743 ʅ/ʤʤ
2
; 

 

Kʧ ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʝʨʝʛʨʫʟʢʠ, ʢʦʪʦʨʳʡ ʜʣʷ ʩʝʨʠʡʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʜʚʠʛʘ-

ʪʝʣʝʡ ʤʦʞʥʦ ʧʨʠʥʷʪʴ ʨʘʚʥʳʤ 2. 

26. ʆʧʨʝʜʝʣʝʥʠʝ ʦʩʪʘʣʴʥʳʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʢʦʣʝʩʘ: 

ï ʚʥʝʰʥʠʡ ʜʝʣʠʪʝʣʴʥʳʡ ʜʠʘʤʝʪʨ ʢʦʣʝʩʘ [ʩʤ. ʬʦʨʤʫʣʫ (3.27)] 

de2 = z2 mte = 64 ·6,7 = 428,80 ʤʤ; 

 

 

 

ï ʚʥʝʰʥʷʷ ʚʳʩʦʪʘ ʛʦʣʦʚʢʠ ʟʫʙʴʝʚ [ʩʤ. ʬʦʨʤʫʣʫ (3.28)] 

 

hae1 = hae2 = mte = 6,70 ʤʤ; 

 

ï ʚʥʝʰʥʷʷ ʚʳʩʦʪʘ ʥʦʞʢʠ ʟʫʙʴʝʚ [ʩʤ. ʬʦʨʤʫʣʫ (3.29)] 

 

hfe1 = hfe2 =1,2mte = 1,2 ·6,70 = 8,04 ʤʤ; 

 

ï ʫʛʦʣ ʛʦʣʦʚʢʠ ʟʫʙʴʝʚ [ʩʤ. ʬʦʨʤʫʣʫ (3.30)] 

 

ɗʘ1  = ɗʘ2 = arctg = 1
ʦ
44
¡ 
15
¡¡
; 

 

ï  ʫʛʦʣ ʥʦʞʢʠ ʟʫʙʴʝʚ [ʩʤ. ʬʦʨʤʫʣʫ (3.31)] 

 

ɗf1  = ɗf2 = arctg  = 2
ʦ
04
¡ 
48
¡¡
; 

 

ï ʫʛʦʣ ʢʦʥʫʩʘ ʚʝʨʰʠʥ ʟʫʙʴʝʚ [ʩʤ. ʬʦʨʤʫʣʳ (3.32), (3.33)]: 

   ʰʝʩʪʝʨʥʠ  

 

dʘ1 = d1 + ɗʘ1 = 15 3̄9
' 
04
¡¡
 + 1 4̄4

'
15
¡¡
 = 17 2̄3

'
19
¡¡
; 

 

   ʢʦʣʝʩʘ 
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dʘ2  = d2 + ɗʘ2 = 74 2̄0
'
 56
¡¡
 + 1 4̄4

'
15
¡¡
 = 76 0̄4

'
11
¡¡
; 

 

ï ʫʛʦʣ ʜʝʣʠʪʝʣʴʥʦʛʦ ʢʦʥʫʩʘ ʢʦʣʝʩʘ 

d2 = 90  ̄- d1 = 90  ̄-15 9̄9
'
04
¡¡
 = 74 2̄0

'
56
¡¡
; 

ï ʫʛʦʣ ʢʦʥʫʩʘ ʚʧʘʜʠʥ [ʩʤ. ʬʦʨʤʫʣʳ (3.34), (3.35)]: 

   ʰʝʩʪʝʨʥʠ 

df1  = d1 ï ɗf1 = 15 3̄9
'
 04
¡¡
 ï 2 0̄4

'
48
¡¡
 = 13 3̄4

'
16
¡¡
; 

 

   ʢʦʣʝʩʘ      

df2  = d2 ï ɗf2 = 74 2̄0
'
 56
¡¡
 ï 2

ʦ
04

'
48
¡¡
 = 72 1̄6

'
08
¡¡
; 

 

 

ï ʚʥʝʰʥʠʡ ʜʠʘʤʝʪʨ ʚʝʨʰʠʥ ʟʫʙʴʝʚ [ʩʤ. ʬʦʨʤʫʣʳ (3.36), (3.37)]: 

   ʰʝʩʪʝʨʥʠ  

 

dae1 = de1 + 2 hae cos d1 = 120 + 2· 6,7· 0,963 = 132,90 ʤʤ; 

 

   ʢʦʣʝʩʘ     

 

dae2 = de2 + 2 hae cos d2 =  428,80 + 2· 6,7· 0,27 = 432,42 ʤʤ; 

 

ï ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʚʝʨʰʠʥ ʜʝʣʠʪʝʣʴʥʳʭ ʢʦʥʫʩʦʚ ʜʦ ʧʣʦʩʢʦʩʪʠ ʚʥʝʰʥʝʡ 

ʦʢʨʫʞʥʦʩʪʠ ʚʝʨʰʠʥ ʟʫʙʴʝʚ [ʩʤ. ʬʦʨʤʫʣʳ (3.38), 3.39)]: 

   ʰʝʩʪʝʨʥʠ 

B1 =  -  hae sin d1 =  - 6,7·0,271 = 212,58 ʤʤ; 

 

   ʢʦʣʝʩʘ       

B2 =  -  hae sin d2 =  - 6,7·0,963 = 53,55 ʤʤ. 

ɺ ʪʘʙʣ. 3.2 ʧʨʠʚʝʜʝʥʳ ʦʩʥʦʚʥʳʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʧʝʨʝʜʘʯʠ. 

 
ʊʘʙʣʠʮʘ 3.2 

ʆʩʥʦʚʥʳʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʧʝʨʝʜʘʯʠ 

 

ʇʘʨʘʤʝʪʨ ʐʝʩʪʝʨʥ ̫ ʂʦʣʝʩʦ 

ɺʥʝʰʥʝʝ ʢʦʥʫʩʥʦʝ ʨʘʩʩʪʦʷʥʠʝ Re, ʤʤ 221,40 221,40 
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ʐʠʨʠʥʘ ʟʫʙʯʘʪʦʛʦ ʚʝʥʮʘ B, ʤʤ 62,00 62,00 

ɺʥʝʰʥʠʡ ʜʝʣʠʪʝʣʴʥʳʡ ʜʠʘʤʝʪʨ de1,2, ʤʤ 120,00 428,80 

ʋʛʦʣ ʜʝʣʠʪʝʣʴʥʦʛʦ ʢʦʥʫʩʘ d1,2 15 3̄9
'
04

''¡
 74 2̄0

'
56
¡¡
 

ʋʛʦʣ ʢʦʥʫʩʘ ʚʝʨʰʠʥ ʟʫʙʴʝʚ dʘ1,2 17 2̄3
'
19

''
 76 0̄4

'
11

''
 

ʋʛʦʣ ʢʦʥʫʩʘ ʚʧʘʜʠʥ ʟʫʙʴʝʚ df1,2 13 3̄4
'
16

''
 72 1̄6

'
08

''
 

ɺʥʝʰʥʠʡ ʜʠʘʤʝʪʨ ʚʝʨʰʠʥ ʟʫʙʴʝʚ dae1,2, ʤʤ 132,90 432,42 

ʈʘʩʩʪʦʷʥʠʝ ʦʪ ʚʝʨʰʠʥʳ ʜʝʣʠʪʝʣʴʥʳʭ ʢʦʥʫʩʦʚ 

    ʜʦ ʧʣʦʩʢʦʩʪʠ ʚʥʝʰʥʝʡ ʦʢʨʫʞʥʦʩʪʠ ʚʝʨʰʠʥ 

    ʟʫʙʴʝʚ ɺ1,2, ʤʤ 

212,58 53,55 

 

ʈʘʩʯʝʪ ʜʣʷ ʧʝʨʝʜʘʯ ʩ ʢʨʫʛʦʚʳʤʠ ʟʫʙʴʷʤʠ ʚʳʧʦʣʥʷʝʪʩʷ ʘʥʘʣʦʛʠʯʥʦ. 
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4. ʈɸʉʏɽʊ  ʏɽʈɺʗʏʅʓʍ  ʇɽʈɽɼɸʏ 

ɺ ʢʫʨʩʦʚʦʤ ʧʨʦʝʢʪʝ ʧʦ ʜʝʪʘʣʷʤ ʤʘʰʠʥ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʦʝʢʪʠʨʦ-

ʚʘʥʠʝ ʯʝʨʚʷʯʥʳʭ ʧʝʨʝʜʘʯ, ʚʭʦʜʷʱʠʭ ʚ ʧʨʠʚʦʜ ʢʦʥʚʝʡʝʨʦʚ ʠ ʜʨʫʛʠʭ ʤʘʰʠʥ ʠ  

ʦʪʣʠʯʘʶʱʠʭʩʷ  ʙʦʣʴʰʠʤʠ  ʧʝʨʝʜʘʪʦʯʥʳʤʠ ʯʠʩʣʘʤʠ (ʩʪʝʧʝʥʴʶ ʟʘʤʝʜʣʝʥʠʷ). 

ɺ ʜʘʥʥʦʤ ʧʦʩʦʙʠʠ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʨʘʩʯʝʪʘ ʯʝʨ-

ʚʷʯʥʳʭ ʧʝʨʝʜʘʯ ʩ ʫʛʣʦʤ ʧʝʨʝʢʨʝʱʠʚʘʥʠʷ ʦʩʝʡ ʯʝʨʚʷʢʘ ʠ ʯʝʨʚʷʯʥʦʛʦ ʢʦʣʝʩʘ 

90 ,̄ ʩ ʮʠʣʠʥʜʨʠʯʝʩʢʠʤ ʘʨʭʠʤʝʜʦʚʳʤ (ZA) ʯʝʨʚʷʢʦʤ, ʢʦʪʦʨʳʡ ʚ ʦʩʝʚʦʤ ʩʝ-

ʯʝʥʠʠ ʚʠʪʢʘ ʠʤʝʝʪ ʧʨʷʤʦʣʠʥʝʡʥʳʡ ʧʨʦʬʠʣʴ ʩ ʫʛʣʦʤ ʥʘʢʣʦʥʘ ʢ ʧʣʦʩʢʦʩʪʠ, 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ ʦʩʠ ʯʝʨʚʷʢʘ (ʦʩʝʚʦʡ ʫʛʦʣ ʧʨʦʬʠʣʷ), Ŭ = 20.̄ 

ʈʘʩʯʝʪ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʦʧʨʝʜʝʣʝʥʠʝ ʦʩʥʦʚʥʳʭ ʨʘʟʤʝʨʦʚ ʯʝʨʚʷʯʥʦʡ 

ʧʘʨʳ ʧʦ ʜʦʧʫʩʢʘʝʤʳʤ ʢʦʥʪʘʢʪʥʳʤ ʥʘʧʨʷʞʝʥʠʷʤ. ʈʘʩʯʝʪ ʥʘ ʠʟʛʠʙʥʫʶ ʚʳ-

ʥʦʩʣʠʚʦʩʪʴ ʟʫʙʴʝʚ ʢʦʣʝʩʘ, ʘ ʪʘʢʞʝ ʨʘʩʯʝʪʳ ʥʘ ʢʦʥʪʘʢʪʥʫʶ ʠ ʠʟʛʠʙʥʫʶ ʧʨʦʯ-

ʥʦʩʪʴ ʧʨʠ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʭ (çʧʠʢʦʚʳʭè) ʧʝʨʝʛʨʫʟʢʘʭ ʧʝʨʝʜʘʯʠ ʦʩʫʱʝʩʪʚ-

ʣʷʶʪʩʷ ʢʘʢ ʧʨʦʚʝʨʦʯʥʳʝ. 

4.1. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʨʘʩʯʝʪʘ ʯʝʨʚʷʯʥʳʭ ʧʝʨʝʜʘʯ 

ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ: 

ï ʚʨʘʱʘʶʱʠʡ ʤʦʤʝʥʪ ʥʘ ʢʦʣʝʩʝ ʊ2, HĿʤʤ;                       

ï ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʯʝʨʚʷʢʘ n1, ʦʙ/ʤʠʥ; 

ï ʧʝʨʝʜʘʪʦʯʥʦʝ ʯʠʩʣʦ  u; 

ï ʫʩʣʦʚʠʷ ʨʘʙʦʪʳ ʧʝʨʝʜʘʯʠ: ʜʠʘʛʨʘʤʤʘ  ʠʟʤʝʥʝʥʠʷ ʥʘʛʨʫʟʢʠ (ʩʤ. ʨʠʩ. 2.2), 

ʞʝʣʘʪʝʣʴʥʘʷ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʧʝʨʝʜʘʯʠ. 

1. ɺʳʙʦʨ ʯʠʩʣʘ ʟʘʭʦʜʦʚ ʯʝʨʚʷʢʘ  z1. ɻʆʉʊ 2144ï74 ʜʦʧʫʩʢʘʝʪ ʚʳʙʦʨ 

ʯʠʩʣʘ ʟʘʭʦʜʦʚ ʠʟ ʟʥʘʯʝʥʠʡ z1 = 1, 2, 4. ʅʘʠʚʳʩʰʠʡ ʂʇɼ ʧʝʨʝʜʘʯʠ ʧʨʠ ʨʘʚʥʳʭ 

ʫʩʣʦʚʠʷʭ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʨʠ  z1 = 4. ʕʪʦ ʟʥʘʯʝʥʠʝ ʠ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʚʳʙʠʨʘʪʴ 

ʜʣʷ ʩʠʣʦʚʳʭ ʯʝʨʚʷʯʥʳʭ ʧʝʨʝʜʘʯ ʧʨʠ ʧʝʨʝʜʘʪʦʯʥʳʭ ʯʠʩʣʘʭ  u = 8é30. ʇʨʠ  

u = 30é60 ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʧʨʠʥʷʪʴ  z1 = 2, ʧʨʠ  u > 60  z1 = 1. 

ʇʨʠ ʯʠʩʣʝ ʟʘʭʦʜʦʚ ʯʝʨʚʷʢʘ  z1 = 1; 2  ʛʘʙʘʨʠʪʳ ʧʝʨʝʜʘʯʠ ʦʢʘʟʳʚʘʶʪʩʷ ʥʝ-

ʩʢʦʣʴʢʦ ʤʝʥʴʰʠʤʠ, ʯʝʤ ʧʨʠ  z1 = 4, ʥʦ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʵʪʠʤ ʧʘʜʘʝʪ ʂʇɼ. ʇʦ-

ʵʪʦʤʫ ʪʘʢʠʝ ʯʝʨʚʷʢʠ ʧʨʠʤʝʥʷʶʪʩʷ ʦʙʳʯʥʦ ʜʣʷ ʤʘʣʦʤʦʱʥʳʭ ʠʣʠ ʨʝʜʢʦ ʨʘʙʦ-

ʪʘʶʱʠʭ ʧʝʨʝʜʘʯ, ʜʣʷ ʢʦʪʦʨʳʭ ʩʥʠʞʝʥʠʝ ʂʇɼ ʥʝ ʠʛʨʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʡ ʨʦʣʠ, 

ʘ ʪʘʢʞʝ ʜʣʷ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʧʝʨʝʜʘʯ (ʫʢʘʟʘʪʝʣʠ ʫʛʣʘ ʧʦʚʦʨʦʪʘ, ʜʝʣʠʪʝʣʴʥʳʝ ʫʩʪ-

ʨʦʡʩʪʚʘ ʠ ʪ. ʜ.), ʚ ʢʦʪʦʨʳʭ ʦʜʥʦʟʘʭʦʜʥʳʝ ʯʝʨʚʷʢʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʦʚʳʰʝʥʥʫʶ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʤʥʦʛʦʟʘʭʦʜʥʳʤʠ ʪʦʯʥʦʩʪʴ ʫʩʪʘʥʦʚʢʠ. ʆʜʥʦʟʘʭʦʜʥʳʝ ʯʝʨʚʷʢʠ ʧʨʠʤʝ-

ʥʷʶʪʩʷ ʠ ʚ ʪʝʭ ʧʝʨʝʜʘʯʘʭ, ʚ ʢʦʪʦʨʳʭ ʥʘʜʦ ʦʙʝʩʧʝʯʠʪʴ ʩʘʤʦʪʦʨʤʦʞʝʥʠʝ. 

2. ʆʧʨʝʜʝʣʝʥʠʝ ʯʠʩʣʘ ʟʫʙʴʝʚ ʢʦʣʝʩʘ  z2 ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 

z2  =  z1u.                                                      (4.1) 



 65 

ʅʘʠʤʝʥʴʰʝʝ ʯʠʩʣʦ ʟʫʙʴʝʚ ʢʦʣʝʩʘ, ʧʨʠ ʢʦʪʦʨʦʤ ʥʝ ʧʦʜʨʝʟʘʶʪʩʷ ʟʫʙʴʷ 

ʧʨʠ ʥʘʨʝʟʢʝ (ʜʣʷ ʧʨʦʬʠʣʴʥʦʛʦ ʫʛʣʘ Ŭ = 20  ̄ʠ ʚʳʩʦʪʳ ʛʦʣʦʚʢʠ, ʨʘʚʥʦʡ ʤʦ-

ʜʫʣʶ),  z2 = 27. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʘʞʝ ʧʨʠ ʥʘʠʤʝʥʴʰʝʤ ʧʝʨʝʜʘʪʦʯʥʦʤ ʯʠʩʣʝ   

u = 8, ʜʦʧʫʩʢʘʝʤʦʤ ɻʆʉʊ 2144ï76, ʧʦʜʨʝʟʘʥʠʷ ʟʫʙʴʝʚ ʧʨʠ z1 = 4  ʥʝ ʙʫʜʝʪ. 

3. ɺʳʙʦʨ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʠʘʤʝʪʨʘ ʯʝʨʚʷʢʘ q ʦʩʫʱʝʩʪʚʣʷʶʪ ʧʦ ʛʨʘʬʠʢʘʤ 

(ʨʠʩ. 4.1) ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʢʦʵʬʬʠʮʠʝʥʪ ʜʝʬʦʨʤʘʮʠʠ ʯʝʨʚʷʢʘ  ɗ  ʫʜʦʚʣʝ-

ʪʚʦʨʷʣ ʫʩʣʦʚʠʶ 

q ² 1,2 z2.                                                       (4.2)  

ʇʨʠ ʵʪʦʤ ʩʣʝʜʫʝʪ ʨʫʢʦʚʦʜʩʪʚʦʚʘʪʴʩʷ ʩʪʘʥʜʘʨʪʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ q ʧʦ 

ɻʆʉʊ 19672ï74 (ʪʘʙʣ. 4.1). 

ʊʘʙʣʠʮʘ 4.1 

ɿʥʘʯʝʥʠʷ q  ʧʦ ɻʆʉʊ 19672ï74 

 

1-ʡ (ʧʨʝʜʧʦʯʪʠʪʝʣʥɹʳʡ) ʨʷʜ    8,0;  10,0; 12,5;  16,0;  20,0;  25,0 

2-ʡ ʨʷʜ    7,1;  9,0;  11,2;  14,0;  18,0;  22,4 

 ʈʠʩ. 4.1. ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʝʬʦʨʤʘʮʠʠ ɗ  

 ʦʪ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʠʘʤʝʪʨʘ ʯʝʨʚʷʢʘ q ʠ ʯʠʩʣʘ ʟʘʭʦʜʦʚ z1 
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4. ɺʳʙʦʨ ʤʘʪʝʨʠʘʣʘ ʯʝʨʚʷʢʘ. ʏʝʨʚʷʢʠ ʠʟʛʦʪʘʚʣʠʚʘʶʪ ʠʟ ʢʘʯʝʩʪʚʝʥʥʳʭ 

ʫʛʣʝʨʦʜʠʩʪʳʭ ʩʪʘʣʝʡ ʤʘʨʦʢ 45, 50, 50ɻ (ɻʆʉʊ 1050ï74) ʠ ʣʝʛʠʨʦʚʘʥʥʳʭ 

ʩʪʘʣʝʡ ʤʘʨʦʢ 40ʍʅ, 50ʍʅ, 40ʍʅɺɸ, 35ʍʄ (ɻʆʉʊ 4543ï71). ʇʦʩʣʝ ʧʨʝʜʚʘ-

ʨʠʪʝʣʴʥʦʡ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʟʘʛʦʪʦʚʢʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʤʝʭʘʥʠʯʝʩʢʘʷ ʦʙʨʘ-

ʙʦʪʢʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʥʘʨʝʟʢʘ ʚʠʪʢʦʚ. ʆʢʦʥʯʘʪʝʣʴʥʘʷ ʪʝʨʤʦʦʙʨʘʙʦʪʢʘ ï ʧʦ-

ʚʝʨʭʥʦʩʪʥʘʷ ʟʘʢʘʣʢʘ ʩ ʥʘʛʨʝʚʦʤ ʊɺʏ, ʧʨʠ ʵʪʦʤ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʪʚʝʨʜʦʩʪʴ 

ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚʠʪʢʦʚ ʅRʉ Ó 45. 

ʀʟʛʦʪʘʚʣʠʚʘʶʪ ʯʝʨʚʷʢʠ ʪʘʢʞʝ ʠʟ ʮʝʤʝʥʪʠʨʫʝʤʳʭ ʩʪʘʣʝʡ ʤʘʨʦʢ 15ʍ, 

15ʍɸ, 12ʍʅ2ɸ, 12ʍʅ3ɸ (ɻʆʉʊ 4543ï71). ʇʦʩʣʝ ʥʘʨʝʟʢʠ, ʮʝʤʝʥʪʘʮʠʠ ʠ ʟʘʢʘʣ-

ʢʠ ʜʦʩʪʠʛʘʝʪʩʷ ʪʚʝʨʜʦʩʪʴ ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ HRC Ó 55. 

ʏʠʩʪʦʚʘʷ ʦʙʪʦʯʢʘ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʰʝʨʦʭʦʚʘʪʦʩʪʴ    ʥʝ 

ʥʠʞʝ Rz = 0,63 ʤʢʤ, ʯʪʦ ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʯʝʨʚʷʯʥʳʭ ʧʝʨʝʜʘʯ  

6-ʛʦ ʢʣʘʩʩʘ ʪʦʯʥʦʩʪʠ. 

ʊʝʨʤʦʦʙʨʘʙʦʪʢʘ ʚ ʥʝʡʪʨʘʣʴʥʦʡ ʩʨʝʜʝ ʩʫʱʝʩʪʚʝʥʥʦ ʥʝ ʩʥʠʞʘʝʪ ʢʘʯʝʩʪʚʘ 

ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʪʘʢ ʯʪʦ ʦʢʦʥʯʘʪʝʣʴʥʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʦʡ ʷʚ-

ʣʷʶʪʩʷ ʟʘʯʠʩʪʢʘ ʠ ʧʦʣʠʨʦʚʘʥʠʝ. 

ʏʝʨʚʷʢʠ ʩ ʪʚʝʨʜʦʩʪʴʶ ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʅRʉ < 45 ʜʣʷ ʩʠʣʦʚʳʭ ʧʝ-

ʨʝʜʘʯ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʝ ʧʨʠʤʝʥʷʶʪʩʷ. 

5. ɺʳʙʦʨ ʤʘʪʝʨʠʘʣʘ ʯʝʨʚʷʯʥʦʛʦ ʢʦʣʝʩʘ. ʅʘ ʨʠʩ. 4.2 ʠʟʦʙʨʘʞʝʥʘ ʥʦʤʦ-

ʛʨʘʤʤʘ, ʧʦʟʚʦʣʷʶʱʘʷ ʚʳʙʨʘʪʴ ʤʘʪʝʨʠʘʣ ʯʝʨʚʷʯʥʦʛʦ ʢʦʣʝʩʘ, ʦʧʨʝʜʝʣʠʚ 

ʧʨʠ ʵʪʦʤ ʦʨʠʝʥʪʠʨʦʚʦʯʥʫʶ ʩʢʦʨʦʩʪʴ ʩʢʦʣʴʞʝʥʠʷ ʚ ʟʘʮʝʧʣʝʥʠʠ (ʧʦʩʣʝʜʦʚʘ-

ʪʝʣʴʥʦʩʪʴ ʜʝʡʩʪʚʠʡ ʧʦʢʘʟʘʥʘ ʚ çʢʣʶʯʝè ʚ ʚʝʨʭʥʝʤ ʣʝʚʦʤ ʢʚʘʜʨʘʥʪʝ ʥʦʤʦʛʨʘʤ-

ʤʳ, ʧʨʠʤʝʨ ï ʚ ʥʠʞʥʝʤ ʧʨʘʚʦʤ). ʇʨʠ ʥʠʟʢʠʭ ʩʢʦʨʦʩʪʷʭ ʩʢʦʣʴʞʝʥʠʷ (vʩʢ < 

2 ʤ/ʩ) ʢʦʣʝʩʦ ʠʟʛʦʪʘʚʣʠʚʘʶʪ ʠʟ ʯʫʛʫʥʘ (ʥʠʟʢʘʷ ʩʪʦʠʤʦʩʪʴ, ʥʦ ʧʣʦʭʘʷ ʧʨʠʨʘ-

ʙʦʪʢʘ ʠ ʧʦʚʳʰʝʥʥʦʝ ʪʨʝʥʠʝ); ʧʨʠ vʩʢ < 8é10 ʤ/c ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʧʨʠʤʝʥʷʪʴ 

ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʜʦʨʦʛʠʝ ʙʝʟʦʣʦʚʷʥʥʳʝ ʙʨʦʥʟʳ (ɹʨɸɾ9-4ʃ, ɹʨɸɾʅ10-4-4ʃ 

ʠ ʪ. ʜ.); ʧʨʠ ʙʦʣʴʰʠʭ ʩʢʦʨʦʩʪʷʭ ï ʦʣʦʚʷʥʥʳʝ ʙʨʦʥʟʳ (ɹʨʆʌ10-1, ɹʨʆʅʌ, 

ɹʨʆʎʉ6-6-3 ʠ ʪ. ʜ.), ʠʤʝʶʱʠʝ ʤʘʣʦʝ ʪʨʝʥʠʝ ʠ ʥʝʩʢʣʦʥʥʳʝ ʢ ʟʘʝʜʘʥʠʶ. 

6. ʆʧʨʝʜʝʣʝʥʠʝ ʜʦʧʫʩʢʘʝʤʳʭ ʢʦʥʪʘʢʪʥʳʭ ʥʘʧʨʷʞʝʥʠʡ. ʇʦ ʥʦʤʦʛʨʘʤʤʝ 

(ʩʤ. ʨʠʩ. 4.2) ʜʣʷ ʚʳʙʨʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʟʫʙʯʘʪʦʛʦ ʚʝʥʮʘ ʯʝʨʚʷʯʥʦʛʦ ʢʦʣʝʩʘ 

ʠ ʦʨʠʝʥʪʠʨʦʚʦʯʥʦʡ ʩʢʦʨʦʩʪʠ ʩʢʦʣʴʞʝʥʠʷ ʤʦʞʥʦ ʩʨʘʟʫ ʦʧʨʝʜʝʣʠʪʴ ʜʦʧʫʩʢʘʝ-

ʤʦʝ ʢʦʥʪʘʢʪʥʦʝ ʥʘʧʨʷʞʝʥʠʝ [ůH] ʜʣʷ ʯʫʛʫʥʦʚ (ʉʏ10, ʉʏ15)  ʠ  ʙʝʟʦʣʦʚʷʥʥʳʭ 

ʙʨʦʥʟ. 

ɼʣʷ ʦʣʦʚʷʥʥʳʭ ʙʨʦʥʟ [ůH] ʟʘʚʠʩʠʪ ʦʪ ʪʨʝʙʫʝʤʦʡ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʧʝʨʝ-

ʜʘʯʠ: 

[ůH] = [ůH]¡
 
KHL,                                                              (4.3) 
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ʛʜʝ [ůH]¡ ï ʦʩʥʦʚʥʦʝ ʜʦʧʫʩʢʘʝʤʦʝ ʢʦʥʪʘʢʪʥʦʝ ʥʘʧʨʷʞʝʥʠʝ (ʧʨʠ ʙʘʟʦʚʦʤ ʯʠʩ-

ʣʝ ʮʠʢʣʦʚ ʥʘʛʨʫʞʝʥʠʷ 10
7
); KHL  ï  ʢʦɻʬʬʠʮʠʝʥʪ ʢʦʥʪʘʢʪʥʦʡ ʜʦʣʛʦʚʝʯʥʦʩʪʠ, 

  , 

ʟʜʝʩʴ NHE   ï ʵʢʚʠʚʘʣʝʥʪʥʦʝ ʯʠʩʣʦ ʮʠʢʣʦʚ ʥʘʛʨʫʞʝʥʠʷ, 

NHE = NɆ Ɇ bi; 

NɆ  ï ʩʫʤʤʘʨʥʦʝ ʯʠʩʣʦ ʮʠʢʣʦʚ ʥʘʛʨʫʞʝʥʠʷ, 

NɆ = ɻ Ö 300 ʉʤ Ö 8 Ö 60 n2 

(ɻ ï ʯʠʩʣʦ ʣʝʪ ʨʘʙʦʪʳ ʧʝʨʝʜʘʯʠ; 300 ï ʯʠʩʣʦ ʨʘʙʦʯʠʭ ʜʥʝʡ ʚ ʛʦʜʫ; ʉʤ ï ʯʠʩ-

ʣʦ ʨʘʙʦʯʠʭ ʩʤʝʥ ʚ ʩʫʪʢʠ;  n2 ï ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʯʝʨʚʷʯʥʦʛʦ ʢʦʣʝʩʘ, ʦʙ/ʤʠʥ); Ɇbi   

ï ʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ ʭʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʥʘʛʨʫʟʢʠ, ï ʩʤ. ʨʠʩ. 4.1 

(ʘ ʠ b ï ʜʝʩʷʪʠʯʥʳʝ ʙʝʟʨʘʟʤʝʨʥʳʝ ʚʝʣʠʯʠʥʳ). 

ʇʨʠ ʣʶʙʳʭ ʟʥʘʯʝʥʠʷʭ Nʅɽ ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʥʪʘʢʪʥʦʡ ʜʦʣʛʦʚʝʯʥʦʩʪʠ 

ʜʦʣʞʝʥ ʥʘʭʦʜʠʪʴʩʷ ʚ ʧʨʝʜʝʣʘʭ  0,67 Ò KHL  Ò 1,15. 

7. ʆʧʨʝʜʝʣʝʥʠʝ ʜʦʧʫʩʢʘʝʤʳʭ ʥʘʧʨʷʞʝʥʠʡ ʠʟʛʠʙʘ. ɺ ʪʘʙʣ. 4.2 ʧʨʠʚʝʜʝ-

ʥʳ ʦʩʥʦʚʥʳʝ ʜʦʧʫʩʢʘʝʤʳʝ ʠʟʛʠʙʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʧʨʠ ʦʪʥʫʣʝʚʦʤ ʮʠʢʣʝ ʥʘ-

ʛʨʫʞʝʥʠʷ (ʜʣʷ ʥʝʨʝʚʝʨʩʠʚʥʳʭ ʧʝʨʝʜʘʯ) [ů]¡ ʠ ʧʨʠ ʩʠʤʤʝʪʨʠʯʥʦʤ ʮʠʢʣʝ ʥʘ-

ʛʨʫʞʝʥʠʷ (ʜʣʷ ʨʝʚʝʨʩʠʚʥʳʭ ʧʝʨʝʜʘʯ) [ů]¡, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʠʟʛʠʙʥʫʶ 

ʚʳʥʦʩʣʠʚʦʩʪʴ ʟʫʙʴʝʚ ʧʨʠ ʙʘʟʦʚʦʤ ʯʠʩʣʝ ʮʠʢʣʦʚ ʥʘʛʨʫʞʝʥʠʷ, ʨʘʚʥʦʤ 10
6
. 

ʆʧʨʝʜʝʣʝʥʠʝ ʜʦʧʫʩʢʘʝʤʳʭ ʠʟʛʠʙʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʧʨʠ ʜʨʫʛʦʤ ʯʠʩʣʝ ʮʠʢʣʦʚ 

ʥʘʛʨʫʞʝʥʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʘʤ 

       [ů] = [ů]¡ KFL;                                                              (4.4) 

[ů] = [ů]¡ KFL, 

ʛʜʝ   ï ʢʦʵʬʬʠʮʠʝʥʪ ʠʟʛʠʙʥʦʡ ʜʦʣʛʦʚʝʯʥʦʩʪʠ, 

ʟʜʝʩʴ 

NFE = NɆ Ɇbi  (ʩʤ. ʧ. 6). 

ʇʨʠ ʣʶʙʳʭ ʟʥʘʯʝʥʠʷʭ NFɽ ʢʦʵʬʬʠʮʠʝʥʪ ʠʟʛʠʙʥʦʡ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʜʦʣ-

ʞʝʥ ʥʘʭʦʜʠʪʴʩʷ ʚ ʧʨʝʜʝʣʘʭ  0,54 ¢ KFL  ¢ 1,00. 
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 ʈʠʩ. 4.2. ʅʦʤʦʛʨʘʤʤʘ ʜʣʷ ʚʳʙʦʨʘ ʤʘʪʝʨʠʘʣʘ ʯʝʨʚʷʯʥʦʛʦ ʢʦʣʝʩʘ 
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ʊʘʙʣʠʮʘ 4.2 

 

ɿʥʘʯʝʥʠʷ [ů]¡, [ů]¡  ʠ  ůʪ  ʜʣʷ ʤʘʪʝʨʠʘʣʦʚ ʯʝʨʚʷʯʥʳʭ ʚʝʥʮʦʚ, ʅ/ʤʤ
2 

 

ʄʘʨʢʘ ʤʝʪʘʣʣʘ ʉʧʦʩʦʙ ʣʠʪʴʷ [ů]¡ [ů]¡ ůʚ/ůʪ 

ɹʨʆʌ10-1 ɺ ʧʝʩʯʘʥʫʶ ʬʦʨʤʫ 49 35 200 / 120 

 ɺ ʢʦʢʠʣʴ 71 51 255 / 147 

ɹʨʆʅʌ ʎʝʥʪʨʦʙʝʞʥʳʡ 80 56 290 / 170 

ɹʨʆʎʉ6-6-3 ɺ ʧʝʩʯʘʥʫʶ ʬʦʨʤʫ 45 32 110 / 200 

 ɺ ʢʦʢʠʣʴ 53 38 120 / 220 

ɹʨɸɾ9-4ʃ ɺ ʧʝʩʯʘʥʫʶ ʬʦʨʤʫ 98 75 196 / 392 

 ɺ ʢʦʢʠʣʴ 108 83 236 / 490 

ɹʨɸɾʅ10-4-4ʃ ɺ ʢʦʢʠʣʴ 130 98 590 / 275 

ʉʏ10 ʃʶʙʦʡ 41 25 118 / ï 

ʉʏ15 ʃʶʙʦʡ 47 29 147 / ï 

 

8. ʆʧʨʝʜʝʣʝʥʠʝ ʜʦʧʫʩʢʘʝʤʳʭ ʥʘʧʨʷʞʝʥʠʡ ʜʣʷ ʧʨʦʚʝʨʢʠ ʧʨʦʯʥʦʩʪʠ 

ʟʫʙʴʝʚ ʯʝʨʚʷʯʥʳʭ ʢʦʣʝʩ ʧʨʠ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʭ (çʧʠʢʦʚʳʭè) ʧʝʨʝʛʨʫʟʢʘʭ: 

ï ʢʦʥʪʘʢʪʥʳʝ [ůH]max: ʜʣʷ ʦʣʦʚʷʥʥʳʭ ʙʨʦʥʟ ï 4ůʪ, ʜʣʷ ʙʝʟʦʣʦʚʷʥʥʳʭ ï

2ůʪ, ʜʣʷ ʯʫʛʫʥʦʚ ï 260é300 ʅ/ʤʤ
2
; 

ï ʠʟʛʠʙʥʳʝ [ůF]max: ʜʣʷ ʚʩʝʭ ʤʘʨʦʢ ʙʨʦʥʟ ï 0,8 ůʪ; ʜʣʷ ʯʫʛʫʥʦʚ ï 0,6 ůʚ. 

9. ɺʳʙʦʨ ʩʪʝʧʝʥʠ ʪʦʯʥʦʩʪʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʯʝʨʚʷʯʥʳʭ ʧʝʨʝʜʘʯ. ʀʟ 12 ʩʪʝʧʝ-

ʥʝʡ ʪʦʯʥʦʩʪʠ, ʫʩʪʘʥʘʚʣʠʚʘʝʤʳʭ ɻʆʉʊ 3675ï76, ʚ ʧʨʘʢʪʠʢʝ ʧʨʠʤʝʥʷʶʪʩʷ 

ʪʦʣʴʢʦ 4: 9-  ̫ï ʜʣʷ vʩʢ Ò 1ʤ/ʩ; 8-  ̫ï ʜʣʷ  vʩʢ   7,5 ʤ/ʩ; 7-  ̫ï ʜʣʷ vʩʢ =1,5é12 ʤ/ʩ; 6-  ̫

ï ʜʣʷ vʩʢ = 3é25 ʤ/ʩ. ʅʘʠʙʦʣʝʝ ʫʧʦʪʨʝʙʠʪʝʣʴʥʳʤʠ ʷʚʣʷʶʪʩʷ 7-ʷ ʠ 6-ʷ ʩʪʝʧʝ-

ʥʠ ʪʦʯʥʦʩʪʠ. 

10. ʆʧʨʝʜʝʣʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʥʘʛʨʫʟʢʠ: 

 

                         Kʅ = Kɓ Kv.                                                   (4.5) 

 

ʂʦʵʬʬʠʮʠʝʥʪ Kɓ, ʫʯʠʪʳʚʘʶʱʠʡ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʛʨʫʟʢʠ 

ʧʦ ʜʣʠʥʝ ʢʦʥʪʘʢʪʥʳʭ ʣʠʥʠʡ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʭʘʨʘʢʪʝʨʦʤ ʠʟʤʝʥʝʥʠʷ ʥʘʛʨʫʟʢʠ ʠ 

ʜʝʬʦʨʤʘʮʠʝʡ ʯʝʨʚʷʢʘ: 

 

                    Kɓ = 1+,                                           (4.6) 

 

ʛʜʝ q ï ʢʦʵʬʬʠʮʠʝʥʪ ʜʝʬʦʨʤʘʮʠʠ ʯʝʨʚʷʢʘ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʛʨʘʬʠʢʘʤ ʚ ʟʘʚʠʩʠ-

ʤʦʩʪʠ  ʦʪ q ʠ z1 (ʩʤ. ʨʠʩ. 4.1); x ï ʢʦʵʬʬʠʮʠʝʥʪ, ʦʧʨʝʜʝʣʷʝʤʳʡ ʭʘʨʘʢʪʝʨʦʤ 

ʠʟʤʝʥʝʥʠʷ ʥʘʛʨʫʟʢʠ ʟʘ ʚʨʝʤʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʝʨʝʜʘʯʠ, x = ×aibi (ʩʤ. ʨʠʩ. 2.2). 
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ʇʨʠ ʩʪʨʦʛʦ ʧʦʩʪʦʷʥʥʦʡ ʥʘʛʨʫʟʢʝ  x = 1  ʠ  Kɓ = 1 ʟʘ ʩʯʝʪ ʧʦʣʥʦʡ ʧʨʠʨʘʙʦʪʢʠ 

ʩʦʧʨʷʞʝʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʚʠʪʢʦʚ ʯʝʨʚʷʢʘ ʠ ʟʫʙʴʝʚ ʯʝʨʚʷʯʥʦʛʦ ʢʦʣʝʩʘ; 

Kv ï ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʥʘʤʠʯʥʦʩʪʠ ʥʘʛʨʫʟʢʠ, ʟʘʚʠʩʠʪ ʦʪ ʪʦʯʥʦʩʪʠ ʠʟʛʦʪʦʚʣʝ-

ʥʠʷ ʧʝʨʝʜʘʯʠ ʠ ʩʢʦʨʦʩʪʠ ʩʢʦʣʴʞʝʥʠʷ (ʪʘʙʣ. 4.3). 

 
ʊʘʙʣʠʮʘ 4.3 

 

ʂʦʵʬʬʠʮʠʝʥʪ ʜʠʥʘʤʠʯʥʦʩʪʠ ʥʘʛʨʫʟʢʠ 

 

ʉʪʝʧʝʥʴ 

ʪʦʯʥʦʩʪʠ 
ʂʦʵʬʬʠʮʠʝʥʪ ʜʠʥʘʤʠʯʥʦʩʪʠ ʧʨʠ vʩʢ, ʤ/ʩ 

ɼʦ 1,5 1,5é3 3é7,5 7,5é12 12é16 16é25 

6-  ̫ ï ï   1,0 1,1 1,3 1,5 

7-  ̫ 1,00    1,00   1,1 1,2 ï ï 

8-  ̫ 1,15    1,25   1,4 ï ï ï 

9-  ̫ 1,25 ï ï ï ï ï 

 

11. ʆʧʨʝʜʝʣʝʥʠʝ ʤʝʞʦʩʝʚʦʛʦ ʨʘʩʩʪʦʷʥʠʷ (ʤʤ) ʚ ʧʝʨʝʜʘʯʝ ʧʦ ʜʦʧʫʩʢʘʝ-

ʤʳʤ ʢʦʥʪʘʢʪʥʳʤ ʥʘʧʨʷʞʝʥʠʷʤ: 

 

                       .                                   (4.7) 

 

12. ʆʧʨʝʜʝʣʝʥʠʝ ʤʦʜʫʣʷ ʟʘʮʝʧʣʝʥʠʷ, ʤʤ: 

 

      m =  .                                                      (4.8) 

 

ʇʦ ʥʘʡʜʝʥʥʦʡ ʚʝʣʠʯʠʥʝ ʠʟ ʪʘʙʣ. 4.4 ʩʣʝʜʫʝʪ ʚʳʙʨʘʪʴ ʙʣʠʞʘʡʰʝʝ 

ʙʦʣʴʰʝʝ ʩʪʘʥʜʘʨʪʥʦʝ ʟʥʘʯʝʥʠʝ ʤʦʜʫʣʷ. 

 

 

 

ʊʘʙʣʠʮʘ 4.4 

 

ɿʥʘʯʝʥʠʷ ʤʦʜʫʣʷ ʚ ʯʝʨʚʷʯʥʳʭ ʧʝʨʝʜʘʯʘʭ  

ʧʦ ɻʆʉʊ 19672ï74, ʤʤ 

 

1-ʡ (ʧʨʝʜʧʦʯʪʠʪʝʣʥɹʳʡ) 

ʨʷʜ 

2,5;  3,15;  4,0;  5,0;  6,3;  8,0;  10,0;  12,5;  16,0;  20,0;   25,0 

2-ʡ ʨʷʜ 3,0;  3,5;  6,0;  7,0; 12,0 
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ɺʦ ʚʩʝʭ ʜʘʣʴʥʝʡʰʠʭ ʨʘʩʯʝʪʘʭ ʩʣʝʜʫʝʪ ʧʨʠʥʠʤʘʪʴ ʪʦʣʴʢʦ ʚʳʙʨʘʥʥʳʡ 

ʩʪʘʥʜʘʨʪʥʳʡ ʤʦʜʫʣʴ. 

13. ʋʪʦʯʥʝʥʠʝ ʤʝʞʦʩʝʚʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʪʘʥʜʘʨʪʥʳʤ 

ʤʦʜʫʣʝʤ: 

 

.                                            (4.9) 

 

ɾʝʣʘʪʝʣʴʥʦ, ʯʪʦʙʳ ʥʘʡʜʝʥʥʦʝ ʟʥʘʯʝʥʠʝ aw ʩʦʚʧʘʜʘʣʦ ʩ ʦʜʥʠʤ ʠʟ ʩʪʘʥ-

ʜʘʨʪʥʳʭ, ʧʨʠʚʝʜʝʥʥʳʭ ʚ ʪʘʙʣ. 4.5. 

 
ʊʘʙʣʠʮʘ 4.5 

 

ɿʥʘʯʝʥʠʷ ʤʝʞʦʩʝʚʳʭ ʨʘʩʩʪʦʷʥʠʡ ʚ ʯʝʨʚʷʯʥʳʭ ʧʝʨʝʜʘʯʘʭ  

ʧʦ ɻʆʉʊ 2144ï76, ʤʤ 

 

1-ʡ (ʧʨʝʜʧʦʯʪʠʪʝʣʥɹʳʡ) 

ʨʷʜ 
 40;  50;  63;  80;  100;  125;  160;  200;  250;  315;   400;   500 

2-ʡ ʨʷʜ 140;  180;  225;  280;  355;  450 

 

ɺ ʫʯʝʙʥʳʭ ʧʨʦʝʢʪʘʭ ʜʦʧʫʩʢʘʝʪʩʷ ʪʘʢʞʝ ʩʦʚʧʘʜʝʥʠʝ aw ʩ ʦʜʥʠʤ ʠʟ ʨʘʟ-

ʤʝʨʦʚ ʨʷʜʘ Ra 40 ʧʦ ɻʆʉʊ 6636ï69: 105, 110, 120, 130, 150, 170, 190, 210, 

220, 240, 260, 300, 320, 340, 360, 380, 420, 480. 

ɽʩʣʠ ʧʨʠ ʚʳʙʨʘʥʥʳʭ ʩʪʘʥʜʘʨʪʥʳʭ ʟʥʘʯʝʥʠʷʭ aw, q ʠ m ʚr ʧʦʣʥʷʝʪʩʷ ʨʘ-

ʚʝʥʩʪʚʦ (4.9), ʪʦ ʵʪʠ ʧʘʨʘʤʝʪʨʳ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʦʢʦʥʯʘʪʝʣʴʥʳʤʠ ʠ ʩʤʝʱʝʥʠʷ 

ʠʥʩʪʨʫʤʝʥʪʘ ʧʨʠ ʥʘʨʝʟʢʝ ʟʫʙʴʝʚ ʯʝʨʚʷʯʥʦʛʦ ʢʦʣʝʩʘ ʥʝ ʪʨʝʙʫʝʪʩʷ. 

ɺ ʩʣʫʯʘʝ, ʝʩʣʠ ʨʘʚʝʥʩʪʚʦ ʥʝ ʚʳʧʦʣʥʷʝʪʩʷ, ʤʦʞʥʦ ʜʦʩʪʠʯʴ ʥʝʦʙʭʦʜʠʤʦ-

ʛʦ ʩʦʚʧʘʜʝʥʠʷ ʠʟʤʝʥʝʥʠʝʤ ʯʠʩʣʘ ʟʫʙʴʝʚ ʢʦʣʝʩʘ (ʚʳʨʘʟʠʚ z2 ʠʟ ʬʦʨʤʫʣʳ 

(4.9)), ʥʦ ʪʘʢ, ʯʪʦʙʳ ʧʝʨʝʜʘʪʦʯʥʦʝ ʯʠʩʣʦ ʚ ʧʝʨʝʜʘʯʝ ʦʪʢʣʦʥʷʣʦʩʴ ʦʪ ʠʩʭʦʜʥʦ-

ʛʦ ʥʝ ʙʦʣʝʝ ʯʝʤ ʥʘ 5 %. ɽʩʣʠ ʠ ʵʪʦʪ ʩʧʦʩʦʙ ʥʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʣʥʦʛʦ ʩʦʚʧʘ-

ʜʝʥʠʷ, ʧʨʠʙʝʛʘʶʪ ʢ ʥʘʨʝʟʢʝ ʢʦʣʝʩʘ ʩʦ ʩʤʝʱʝʥʠʝʤ ʠʥʩʪʨʫʤʝʥʪʘ. 

 

ʂʦʵʬʬʠʮʠʝʥʪ ʩʤʝʱʝʥʠʷ ʥʘʭʦʜʷʪ ʧʦ ʬʦʨʤʫʣʝ 

 

 ,                                             (4.10) 

 

ʛʜʝ aw  ï  ʩʪʘʥʜʘʨʪʥʦʝ ʤʝʞʦʩʝʚʦʝ ʨʘʩʩʪʦʷʥʠʝ. 

ʂʦʵʬʬʠʮʠʝʥʪ ʩʤʝʱʝʥʠʷ ʩʣʝʜʫʝʪ ʦʛʨʘʥʠʯʠʪʴ ʧʨʝʜʝʣʘʤʠ  ï1 Ò x Ò 1. 

14. ʆʧʨʝʜʝʣʝʥʠʝ ʦʩʥʦʚʥʳʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʝʨʝʜʘʯʠ: 

ʘ) ʜʝʣʠʪʝʣʴʥʳʝ ʜʠʘʤʝʪʨʳ: 

    ʯʝʨʚʷʢʘ 
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    d1 = qm;                                                 (4.11) 

    ʢʦʣʝʩʘ 

d2 = z2m;                                               (4.12) 

ʙ) ʥʘʯʘʣʴʥʳʝ ʜʠʘʤʝʪʨʳ: 

    ʯʝʨʚʷʢʘ    

dw1 =  d1 + 2xm;                                        (4.13)                                                                

    ʢʦʣʝʩʘ     

 dw2 = d2.                                               (4.14) 

ʉʨʘʟʫ ʞʝ ʩʣʝʜʫʝʪ ʩʜʝʣʘʪʴ ʧʨʦʚʝʨʢʫ: 

.                                        (4.15) 

ʉʦʚʧʘʜʝʥʠʝ ʩ ʧʨʠʥʷʪʳʤ cʪʘʥʜʘʨʪʥʳʤ aw ʙʫʜʝʪ  ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ 

ʧʨʘʚʠʣʴʥʦʩʪʠ ʚʳʯʠʩʣʝʥʠʡ; 

ʚ) ʜʠʘʤʝʪʨʳ ʚʝʨʰʠʥ: 

    ʚʠʪʢʦʚ ʯʝʨʚʷʢʘ 

  da1 =  d1 + 2m;                                         (4.16) 

    ʟʫʙʴʝʚ ʢʦʣʝʩʘ 

    da2 = d2 + 2m + 2xm;                                    (4.17) 

 

 

ʛ) ʜʠʘʤʝʪʨʳ ʚʧʘʜʠʥ: 

    ʚʠʪʢʦʚ ʯʝʨʚʷʢʘ   

df1 = d1 ï 2,4m;                                             (4.18) 

    ʟʫʙʴʝʚ ʢʦʣʝʩʘ     

df2 = d2  ï 2,4m + 2xm.                                      (4.19) 

ʇ ʨ ʠ ʤ ʝ ʯ ʘ ʥ ʠ ʷ: 1. ʇʨʠ ʥʘʨʝʟʢʝ ʢʦʣʝʩʘ ʙʝʟ ʩʤʝʱʝʥʠʷ ʠʥʩʪʨʫʤʝʥʪʘ  x = 0. 

2. ɺʩʝ ʜʠʘʤʝʪʨʳ ʚ ʧ. 14, ʘïʛ ʦʧʨʝʜʝʣʷʶʪʩʷ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ 0,01 ʤʤ;  

ʜ) ʥʘʠʙʦʣʴʰʠʡ ʜʠʘʤʝʪʨ ʢʦʣʝʩʘ  
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dam2  Ò da2 + 6m/(z1 + 2);                                      (4.20) 

ʝ) ʜʣʠʥʘ ʥʘʨʝʟʘʥʥʦʡ ʯʘʩʪʠ ʯʝʨʚʷʢʘ  

          b1 Ó (10 + 5,5|x| + 0,09z2) m + (70 + 60x) m/z2.                                   (4.21) 

ɼʣʷ ʬʨʝʟʝʨʫʝʤʳʭ ʠ ʰʣʠʬʫʝʤʳʭ ʯʝʨʚʷʢʦʚ ʚʝʣʠʯʠʥʫ b1 ʩʣʝʜʫʝʪ ʫʚʝʣʠ-

ʯʠʪʴ ʥʘ 25 ʤʤ ʧʨʠ m Ò 10 ʤʤ ʠ ʥʘ 35é40 ʤʤ ʧʨʠ m > 10 ʤʤ; 

ʞ) ʰʠʨʠʥʘ ʚʝʥʮʘ ʯʝʨʚʷʯʥʦʛʦ ʢʦʣʝʩʘ: 

     ʧʨʠ  z1 = 1; 2           

b2  = 0,75 da1;                                              (4.22) 

     ʧʨʠ  z1 = 4 

              b2 = 0,67da1.                                               (4.23) 

ʇ ʨ ʠ ʤ ʝ ʯ ʘ ʥ ʠ ʝ. ʈʘʟʤʝʨʳ ʚ ʧ. 14, ʜïʞ ʜʦʩʪʘʪʦʯʥʦ ʦʧʨʝʜʝʣʷʪʴ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ 1 ʤʤ. 

ʅʘ ʨʠʩ. 4.3 ʧʦʢʘʟʘʥʳ ʚʩʝ ʨʘʟʤʝʨʳ ʧʝʨʝʜʘʯʠ, ʦʧʨʝʜʝʣʝʥʥʳʝ ʚʳʰʝ; 

ʟ) ʫʛʦʣ ʧʦʜʲʝʤʘ ʚʠʪʢʘ: 

   ʜʝʣʠʪʝʣʴʥʳʡ     

tg g = ;                                                 (4.24) 

   ʥʘʯʘʣʴʥʳʡ      

tg gw  = .                                             (4.25) 

 

 

 

ʈʠʩ. 4.3. ʉʭʝʤʘ ʯʝʨʚʷʯʥʦʡ ʧʝʨʝʜʘʯʠ ʩ ʫʢʘʟʘʥʠʝʤ ʭʘʨʘʢʪʝʨʥʳʭ ʨʘʟʤʝʨʦʚ 

 

15. ʋʪʦʯʥʝʥʠʝ ʩʢʦʨʦʩʪʠ ʩʢʦʣʴʞʝʥʠʷ: 

.                                           (4.26) 

ɺ ʩʣʫʯʘʝ ʧʨʠʤʝʥʝʥʠʷ ʯʫʛʫʥʦʚ ʠ ʙʝʟʦʣʦʚʷʥʥʳʭ ʙʨʦʥʟ ʧʦ ʫʪʦʯʥʝʥʥʦʤʫ 

ʟʥʘʯʝʥʠʶ vʩʢ ʩʣʝʜʫʝʪ ʦʪʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʧʦ ʥʦʤʦʛʨʘʤʤʝ (ʩʤ. ʨʠʩ. 4.2 ï ʥʠʞ-

ʥʠʡ ʧʨʘʚʳʡ ʢʚʘʜʨʘʥʪ) ʜʦʧʫʩʢʘʝʤʦʝ ʢʦʥʪʘʢʪʥʦʝ ʥʘʧʨʷʞʝʥʠʝ. 

16. ʆʧʨʝʜʝʣʝʥʠʝ ʜʝʡʩʪʚʫʶʱʠʭ ʢʦʥʪʘʢʪʥʳʭ ʥʘʧʨʷʞʝʥʠʡ (H/ʤʤ
2
) ʠ 

ʦʮʝʥʢʘ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʧʝʨʝʜʘʯʠ ʧʦ ʢʦʥʪʘʢʪʥʳʤ ʥʘʧʨʷʞʝʥʠʷʤ:  

 

                    .                                     (4.27) 
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ɽʩʣʠ  ʠʣʠ , ʥʦ ʥʝ ʙʦʣʝʝ ʯʝʤ ʥʘ 5 %, ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʧʦ ʢʦʥʪʘʢʪʥʳʤ 

ʥʘʧʨʷʞʝʥʠʷʤ ʦʙʝʩʧʝʯʝʥʘ. ɽʩʣʠ   ʙʦʣʝʝ ʯʝʤ ʥʘ 5 %, ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʧʝʨʝ-

ʜʘʯʠ ʧʦ ʢʦʥʪʘʢʪʥʳʤ ʥʘʧʨʷʞʝʥʠʷʤ ʥʝ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ.  

ɺʦʟʤʦʞʥʳʝ ʧʫʪʠ ʚʳʭʦʜʘ ʠʟ ʟʘʪʨʫʜʥʝʥʠʡ:  

1) ʟʘʤʝʥʘ ʤʘʪʝʨʠʘʣʘ ʚʝʥʮʘ ʥʘ ʙʦʣʝʝ ʨʘʙʦʪʦʩʧʦʩʦʙʥʳʡ; ʧʨʠ ʪʘʢʦʤ ʨʝ-

ʰʝʥʠʠ ʪʨʝʙʫʝʪʩʷ ʥʦʚʳʡ ʨʘʩʯʝʪ ʜʦʧʫʩʢʘʝʤʦʛʦ ʢʦʥʪʘʢʪʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ (ʧʧ. 5 

ʠ 6); 

2) ʫʚʝʣʠʯʝʥʠʝ ʤʝʞʦʩʝʚʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʣʠʙʦ ʟʘ ʩʯʝʪ ʜʦʧʫʩʢʘʝʤʦʛʦ ʫʚʝ-

ʣʠʯʝʥʠʷ z2, ʣʠʙʦ ʟʘ ʩʯʝʪ ʚʳʙʦʨʘ ʙʣʠʞʘʡʰʝʛʦ ʙʦʣʴʰʝʛʦ ʟʥʘʯʝʥʠʷ ʤʦʜʫʣʷ; ʧʨʠ 

ʪʘʢʦʤ ʚʘʨʠʘʥʪʝ ʨʘʩʯʝʪʳ, ʥʘʯʠʥʘʷ ʩ ʧ. 12, ʥʝʦʙʭʦʜʠʤʦ ʧʦʚʪʦʨʠʪʴ. 

17. ʆʧʨʝʜʝʣʝʥʠʝ ʂʇɼ ʯʝʨʚʷʯʥʦʡ ʧʝʨʝʜʘʯʠ. ʉ ʫʯʝʪʦʤ ʧʦʪʝʨʴ ʥʘ ʨʘʟ-

ʙʨʳʟʛʠʚʘʥʠʝ ʤʘʩʣʘ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʂʇɼ ʠʤʝʝʪ ʚʠʜ 

 

  ,                              (4.28) 

  

ʛʜʝ r' ï ʧʨʠʚʝʜʝʥʥʳʡ ʫʛʦʣ ʪʨʝʥʠʷ ʚ ʯʝʨʚʷʯʥʦʤ ʟʘʮʝʧʣʝʥʠʠ,  

r' = arctg  f
 
', 

ʟʜʝʩʴ f ' ï ʧʨʠʚʝʜʝʥʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʚ ʟʘʮʝʧʣʝʥʠʠ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ vʩʢ ʧʦ ʛʨʘʬʠʢʘʤ (ʨʠʩ. 4.4). 

 

ʈʠʩ. 4.4. ɿʘʚʠʩʠʤʦʩʪʴ ʧʨʠʚʝʜʝʥʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ  fǋ 

 ʦʪ ʩʢʦʨʦʩʪʠ ʩʢʦʣʴʞʝʥʠʷ vʩʢ ʜʣʷ  ʯʝʨʚʷʢʘ HRC Ó 45 ʠ Ra = 0,32é0,63 ʤʢʤ 

 

ʙʝʟʦʣʦʚʷʥʥʳʝ ʙʨʦʥʟʳ ʠ ʯʫʛʫʥʳ

ʦʣʦʚʷʥʥʳʝ ʙʨʦʥʟʳ

0,01

0,02

0,03

0,04

0,05

0,06

0,07

0,08

0,09

f '
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ʄʥʦʞʠʪʝʣʴ (0,97é0,98) ʫʯʠʪʳʚʘʝʪ ʧʦʪʝʨʠ ʥʘ ʨʘʟʙʨʳʟʛʠʚʘʥʠʝ ʩʤʘʟʢʠ. 

ʇʨʠ ʵʪʦʤ ʩʣʝʜʫʝʪ ʦʧʨʝʜʝʣʠʪʴ ʚʝʨʦʷʪʥʳʝ ʟʥʘʯʝʥʠʷ hʯ.ʧ  ʜʣʷ ʢʨʘʡʥʠʭ ʟʥʘʯʝʥʠʡ  

f ', ʟʘʜʘʚʘʝʤʳʭ ʛʨʘʬʠʢʘʤʠ. 

18. ʆʧʨʝʜʝʣʝʥʠʝ ʩʠʣ, ʜʝʡʩʪʚʫʶʱʠʭ ʚ ʟʘʮʝʧʣʝʥʠʠ: 

      ʦʢʨʫʞʥʦʡ (ʥʘ ʢʦʣʝʩʝ) 

;                                           (4.29) 

      ʦʢʨʫʞʥʦʡ (ʥʘ ʯʝʨʚʷʢʝ) 

          ;                                          (4.30) 

     ʨʘʜʠʘʣʴʥʦʡ (ʥʘ ʯʝʨʚʷʢʝ ʠ ʢʦʣʝʩʝ) 

         ,                                          (4.31) 

ʛʜʝ Ft1  ʠ  Fa1 ï ʦʢʨʫʞʥʘʷ ʠ ʦʩʝʚʘʷ ʩʠʣʳ ʥʘ ʯʝʨʚʷʢʝ;  Ft2 ʠ Fʘ2 ï ʦʢʨʫʞʥʘʷ ʠ 

ʦʩʝʚʘʷ ʩʠʣʳ ʥʘ ʢʦʣʝʩʝ; Fr ï ʨʘʜʠʘʣʴʥʘʷ ʩʠʣʘ ʥʘ ʯʝʨʚʷʢʝ ʠ ʢʦʣʝʩʝ; T2 ï ʚʨʘ-

ʱʘʶʱʠʡ ʤʦʤʝʥʪ ʥʘ ʢʦʣʝʩʝ; ʊ1 ï ʚʨʘʱʘʶʱʠʡ ʤʦʤʝʥʪ ʥʘ ʯʝʨʚʷʢʝ, 

, 

ʟʜʝʩʴ h1,2  = hʯ.ʧ hʧ.ʢ (ɖʧ.ʢ ï ʂʇɼ ʧʘʨʳ ʧʦʜʰʠʧʥʠʢʦʚ ʢʘʯʝʥʠʷ, ʚ ʢʦʪʦʨʳʭ ʚʨʘ-

ʱʘʝʪʩʷ ʯʝʨʚʷʢ, ɖʧ.ʢ º 0,99; a ï ʧʨʦʬʠʣʴʥʳʡ ʫʛʦʣ ʯʝʨʚʷʢʘ, (a = 20 )̄. 

19. ʇʨʦʚʝʨʢʘ ʠʟʛʠʙʥʦʡ ʚʳʥʦʩʣʠʚʦʩʪʠ ʟʫʙʴʝʚ ʢʦʣʝʩʘ: 

,                                       (4.32) 

ʛʜʝ  sF ï ʜʝʡʩʪʚʫʶʱʝʝ, [sF] ï ʜʦʧʫʩʢʘʝʤʦʝ ʟʥʘʯʝʥʠʷ ʠʟʛʠʙʥʳʭ ʥʘʧʨʷʞʝ- ʥʠʡ, 

ʅ/ʤʤ
2
; YF ï ʢʦʵʬʬʠʮʠʝʥʪ ʬʦʨʤʳ ʟʫʙʴʝʚ (ʪʘʙʣ. 4.6) ʜʣʷ ʵʢʚʠʚʘʣʝʥʪʥʦʛʦ ʢʦʣʝ-

ʩʘ, ʯʠʩʣʦ ʟʫʙʴʝʚ ʥʘ ʢʦʪʦʨʦʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 

.                                                  (4.33) 

  
ʊʘʙʣʠʮʘ 4.6 

 

ʂʦʵʬʬʠʮʠʝʥʪ ʬʦʨʤʳ ʟʫʙʴʝʚ ʜʣʷ ʯʝʨʚʷʯʥʳʭ ʢʦʣʝc 

 

  zv2 28 30 35 40 45 50 65 80 100 150 

  YF 2,43 2,41 2,32 2,27 2,22 2,19 2,12 2,09 2,08 2,04 

 

20. ʆʧʨʝʜʝʣʝʥʠʝ ʜʦʧʫʩʪʠʤʦʡ ʢʨʘʪʥʦʩʪʠ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʡ ʧʝʨʝʛʨʫʟʢʠ 

ʧʝʨʝʜʘʯʠ: 
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ʘ) ʧʦ ʢʦʥʪʘʢʪʥʳʤ ʥʘʧʨʷʞʝʥʠʷʤ 

;                                    (4.34) 

ʙ) ʧʦ ʠʟʛʠʙʥʳʤ ʥʘʧʨʷʞʝʥʠʷʤ 

    .                                       (4.35) 

ʆʢʦʥʯʘʪʝʣʴʥʦʡ ʜʦʧʫcʪʠʤʦʡ ʢʨʘʪʥʦʩʪʴʶ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʡ ʧʝʨʝʛʨʫʟʢʠ 

ʙʫʜʝʪ ʥʘʠʤʝʥʴʰʝʝ ʠʟ ʥʘʡʜʝʥʥʳʭ ʚ ʧʧ. a) ʠ ʙ) ʟʥʘʯʝʥʠʡ.              

 

4.2. ʇʨʠʤʝʨ ʨʘʩʯʝʪʘ 

ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ: 

ï ʊ2  = 4,7Ț10
5
 HĿʤʤ;                                                                 

ï n1  = 2910 ʦʙ/ʤʠʥ;                                                                         

ï u  = 12,5;  

ï ʢʦʣʝʙʘʥʠʷ ʥʘʛʨʫʟʢʠ ʫʤʝʨʝʥʥʳʝ, ʩʨʦʢ ʩʣʫʞʙʳ ï 8 ʣʝʪ ʧʨʠ ʜʚʫʭʩʤʝʥ-

ʥʦʡ ʨʘʙʦʪʝ. 

ɼʠʘʛʨʘʤʤʘ ʠʟʤʝʥʝʥʠʷ ʚʨʘʱʘʶʱʝʛʦ ʤʦʤʝʥʪʘ (ʩʤ. ʨʠʩ. 2.2) ʧʨʠʥʷʪʘ 

ʩʦ ʩʣʝʜʫʶʱʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ: ʘ1 = 1,0; ʘ2 = 0,7; ʘ3 = 0,2;  b1 

= 0,2; b2 = 0,3; b3 = 0,5.                                 

1. ʏʠʩʣʦ ʟʘʭʦʜʦʚ ʯʝʨʚʷʢʘ. ʇʨʠʥʠʤʘʝʤ  z1 = 4. 

2. ʏʠʩʣʦ ʟʫʙʴʝʚ ʥʘ ʢʦʣʝʩʝ [ʩʤ. ʬʦʨʤʫʣʫ (4.1)]   

z2 = z1u = 4 Ö 12,5 = 50. 

3. ʂʦʵʬʬʠʮʠʝʥʪ ʜʠʘʤʝʪʨʘ ʯʝʨʚʷʢʘ q. ʇʦ ʫʩʣʦʚʠʶ (4.2) 

q ² 1,2 z2  = 1,2 Ö 50 = 60. 

ʀʟ ʛʨʘʬʠʢʘ (ʩʤ. ʨʠʩ. 4.1) ʥʘʭʦʜʠʤ, ʯʪʦ ʵʪʦʤʫ ʫʩʣʦʚʠʶ ʫʜʦʚʣʝʪʚʦʨʷʝʪ 

ʩʪʘʥʜʘʨʪʥʦʝ ʧʦ ʪʘʙʣ. 4.1 q = 10   (q = 69). 

4. ʄʘʪʝʨʠʘʣ ʯʝʨʚʷʢʘ. ʇʨʠʥʠʤʘʝʤ: ʟʘʢʘʣʝʥʥʘʷ  ʩʪʘʣʴ, ʪʚʝʨʜʦʩʪʴ HRC > 45,   

ʦʙʨʘʙʦʪʢʘ ï ʰʣʠʬʦʚʘʥʠʝ, ʰʝʨʦʭʦʚʘʪʦʩʪʴ Rz = 0,63 ʤʢʤ. 

5. ʄʘʪʝʨʠʘʣ ʯʝʨʚʷʯʥʦʛʦ ʢʦʣʝʩʘ (ʩʤ. ʨʠʩ. 4.2) ï ʙʨʦʥʟʘ ɹʨʆʌ10-1 (ʚ ʧʝʩ-

ʯʘʥʫʶ ʬʦʨʤʫ). ʆʨʠʝʥʪʠʨʦʚʦʯʥʘʷ ʩʢʦʨʦʩʪʴ ʩʢʦʣʴʞʝʥʠʷ vʩʢ = 9,4 ʤ/ʩ. ʆʩʥʦʚ-

ʥʦʝ ʜʦʧʫʩʢʘʝʤʦʝ ʢʦʥʪʘʢʪʥʦʝ ʥʘʧʨʷʞʝʥʠʝ [sH]
¡ 
= 157 ʅ/ʤʤ

2
. 

6. ɼʦʧʫʩʢʘʝʤʳʝ ʢʦʥʪʘʢʪʥʳʝ ʥʘʧʨʷʞʝʥʠʷ:  

NɆ = ɻ Ö 300 ʉʤ Ö 8 Ö 60 n2 = 8 Ö 300 Ö 2 Ț 8 Ț 60 = 5,37 Ö 10
8
 ʮʠʢʣʦʚ; 

Nʅɽ = NɆ ×abi = 5,37 Ö 10
8 
(1

4 
Ā 0,2 + 0 ,7

4 
Ā 0,3 + 0,2

4 
Ā 0,5) = 1,79 Ț 10

8
; 
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KʅL = . 

ʊʦʛʜʘ, ʩʦʛʣʘʩʥʦ ʬʦʨʤʫʣʝ (4.3), 

[sʅ] = [sʅ]¡KʅL = 157 Ö 0,672 = 108 ʅ/ʤʤ
2
. 

 

7. ɼʦʧʫʩʢʘʝʤʳʝ ʥʘʧʨʷʞʝʥʠʷ ʠʟʛʠʙʘ: 

NFɽ = NɆ ×abi = 5,37 Ö 10
8 
(1

9 
Ā 0,2 + 0,7

9 
Ā 0,3 + 0,2

9 
Ā 0,5) = 1,34 Ț 10

8
;
 

KFL = . 

ʅʘʭʦʜʠʤ ʧʦ ʬʦʨʤʫʣʝ (4.4) 

[s] = [s]¡ KFL  = 49 Ö 0,623 = 30,8 ʅ/ʤʤ
2
 ï ʜʣʷ ʥʝʨʝʚʝʨʩʠʚʥʦʡ ʧʝʨʝʜʘʯʠ. 

8. ɼʦʧʫʩʢʘʝʤʳʝ ʥʘʧʨʷʞʝʥʠʷ ʜʣʷ ʧʨʦʚʝʨʢʠ ʟʫʙʴʝʚ ʥʘ ʧʨʦʯʥʦʩʪʴ ʧʨʠ 

ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʡ ʧʝʨʝʛʨʫʟʢʝ ʧʝʨʝʜʘʯʠ: 

ï ʢʦʥʪʘʢʪʥʳʝ [sH]max = 4sʪ  = 4 Ö 120 = 480 ʅ/ʤʤ
2
; 

ï ʠʟʛʠʙʥʳʝ [sF]max = 0,8sʪ = 0,8 Ö 120 = 96 ʅ/ʤʤ
2
; 

ï sʪ  = 120 ʅ/ʤʤ
2
 ï ʠʟ ʪʘʙʣ. 4.2. 

9. ʉʪʝʧʝʥʴ ʪʦʯʥʦʩʪʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʝʨʝʜʘʯʠ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʝʢʦ-

ʤʝʥʜʘʮʠʷʤʠ ʧʨʠʥʠʤʘʝʤ ʜʣʷ ʩʢʦʨʦʩʪʠ vʩʢ = 9,4 ʤ/ʩ  6-ʶ ʩʪʝʧʝʥʴ ʪʦʯʥʦʩʪʠ ʠʟ-

ʛʦʪʦʚʣʝʥʠʷ ʧʝʨʝʜʘʯʠ. 

10. ʂʦʵʬʬʠʮʠʝʥʪ ʥʘʛʨʫʟʢʠ [ʩʤ. ʬʦʨʤʫʣʫ (4.5)] 

Kʅ = Kb Kv = 1,23 Ö 1,1 = 1,35; 

Kb =  1+ = 1,23. 

ɼʣʷ  vʩʢ = 9,4 ʤ/ʩ  Kv =  1,1. 

11. ʄʝʞʦʩʝʚʦʝ ʨʘʩʩʪʦʷʥʠʝ ʚ ʧʝʨʝʜʘʯʝ [ʩʤ. ʬʦʨʤʫʣʫ (4.7)] 

aw== 192 ʤʤ. 

12. ʄʦʜʫʣʴ ʟʘʮʝʧʣʝʥʠʷ [ʩʤ. ʬʦʨʤʫʣʫ (4.8)]  

m =  = 6,33 ʤʤ. 

ɹʣʠʞʘʡʰʠʡ ʩʪʘʥʜʘʨʪʥʳʡ ʤʦʜʫʣʴ ʠʟ ʪʘʙʣ. 4.4  m = 6,30 ʤʤ. 

 

13. ʄʝʞʦʩʝʚʦʝ ʨʘʩʩʪʦʷʥʠʝ ʜʣʷ ʧʨʠʥʷʪʦʛʦ ʤʦʜʫʣʷ [ʩʤ. ʬʦʨʤʫʣʫ (4.9)] 

aw  =   = 189,00 ʤʤ 
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ʅʝ ʩʦʚʧʘʜʘʝʪ ʥʠ ʩ ʦʜʥʠʤ ʩʪʘʥʜʘʨʪʥʳʤ ʨʘʟʤʝʨʦʤ; ʙʣʠʞʘʡʰʝʝ ʙʦʣʴʰʝʝ 

ʠʟ 1-ʛʦ ʨʷʜʘ ʪʘʙʣ. 4.5 ʟʥʘʯʝʥʠʝ aw  = 200,00 ʤʤ. 

ʇʨʠʤʝʤ  z2 = 52. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʝʨʝʜʘʪʦʯʥʦʝ ʯʠʩʣʦ  

u =  = 13,0. 

ʆʪʢʣʦʥʝʥʠʝ ʦʪ ʠʩʭʦʜʥʦʛʦ   100 % = 4 %  ʜʦʧʫʩʪʠʤʦ.  

ʇʨʠ  z2  = 52 ʜʝʣʠʪʝʣʴʥʦʝ ʤʝʞʦʩʝʚʦʝ ʨʘʩʩʪʦʷʥʠʝ 

ʘw = = 195,30 ʤʤ. 

ʊʝʧʝʨʴ ʩʣʝʜʫʝʪ ʧʨʠʙʝʛʥʫʪʴ ʢ ʩʤʝʱʝʥʠʶ ʠʥʩʪʨʫʤʝʥʪʘ ʧʨʠ ʥʘʨʝʟʢʝ ʢʦ-

ʣʝʩʘ. ʂʦʵʬʬʠʮʠʝʥʪ ʩʤʝʱʝʥʠʷ [ʩʤ. ʬʦʨʤʫʣʫ (4.10)] 

x  = . 

14. ʆʩʥʦʚʥʳʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʧʝʨʝʜʘʯʠ: 

ʘ) ʜʝʣʠʪʝʣʴʥʳʝ ʜʠʘʤʝʪʨʳ [ʩʤ. ʬʦʨʤʫʣʳ (4.11), (4.12)]: 

   ï ʯʝʨʚʷʢʘ 

d1 = qm = 10 Ö 6,30 = 63,00 ʤʤ; 

   ï ʢʦʣʝʩʘ      

d2 = z2m = 52 Ö 6,30 = 327,60 ʤʤ; 

ʙ) ʥʘʯʘʣʴʥʳʝ ʜʠʘʤʝʪʨʳ [ʩʤ. ʬʦʨʤʫʣʳ (4.13), (4.14)]: 

   ï ʯʝʨʚʷʢʘ 

dw1 = d1 + 2xm = 63 + 2xm = 63,00 + 2 Ö 0,746 Ö 6,30 = 72,4 ʤʤ; 

   ï ʢʦʣʝʩʘ  

dw2 = d2 = 327,60 ʤʤ. 

 

ʇʨʦʚʝʨʢʘ [ʩʤ. ʬʦʨʤʫʣʫ (4.15)]: 

aw = = 200,00 ʤʤ; 

ʚ) ʜʠʘʤʝʪʨʳ ʚʝʨʰʠʥ [ʩʤ. ʬʦʨʤʫʣʳ (4.16), (4.17)]: 

   ï ʚʠʪʢʦʚ ʯʝʨʚʷʢʘ 

da1 = d1 + 2m = 63,00 + 2 Ö 6,30 = 75,60 ʤʤ; 

   ï ʟʫʙʴʝʚ ʢʦʣʝʩʘ  

da2 = d2 + 2m + 2xm = 327,60 + 2 Ö 6,30 + 2 Ö 0,746 Ö 6,30 = 348,60 ʤʤ; 

ʛ) ʜʠʘʤʝʪʨʳ ʚʧʘʜʠʥ [ʩʤ. ʬʦʨʤʫʣʳ (4.18), (4.19)]: 
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   ï ʚʠʪʢʦʚ ʯʝʨʚʷʢʘ 

df1 = d1 ï 2,4m =  63,00 ï 2,4 ï 6,30 = 47,88 ʤʤ; 

   ï ʟʫʙʴʝʚ ʢʦʣʝʩʘ 

df2 = d2 ï 2,4m + 2xm = 327,60 ï 2,4 Ö 6,30 + 2 Ö 0,746 Ö 6,30 = 321,88 ʤʤ; 

ʜ) ʥʘʠʙʦʣʴʰʠʡ ʜʠʘʤʝʪʨ ʢʦʣʝʩʘ [ʩʤ. ʬʦʨʤʫʣʫ (4.20)] 

dam2 ¢  da2 + 6m/(z1 + 2) = 348,60 + 6,30 = 354,90 ʤʤ. 

ʇʨʠʤʝʤ dam2  = 354,0 ʤʤ; 

ʝ) ʜʣʠʥʘ ʥʘʨʝʟʘʥʥʦʡ ʯʘʩʪʠ ʯʝʨʚʷʢʘ [ʩʤ. ʬʦʨʤʫʣʫ (4.21)]: 

b1 ² (10 + 5,5|x| + 0,09z2) m + (70 + 60x) m/z2  = 

= (10 + 5,5 · 0,746 + 0,09 Ö 52) 6,3 + (70 + 60 Ö 0,746) 6,3/52 =132,3 ʤʤ. 

ʇʨʠ  m = 6,3 ʤʤ ʪʨʝʙʫʝʪʩʷ  b1  ʫʚʝʣʠʯʠʪʴ ʥʘ 25 ʤʤ. ʆʢʦʥʯʘʪʝʣʴʥʦ  b1 = 160 ʤʤ; 

ʞ) ʰʠʨʠʥʘ ʚʝʥʮʘ ʢʦʣʝʩʘ [ʩʤ. ʬʦʨʤʫʣʫ (4.23)]: 

b2  ¢  0,67da1 = 0,67 Ö 75,60 = 50,7 ʤʤ. 

ʇʨʠʤʝʤ  b2 = 50,0 ʤʤ; 

ʟ) ʫʛʦʣ ʧʦʜʲʝʤʘ ʚʠʪʢʘ [ʩʤ. ʬʦʨʤʫʣʳ (4.24), (4.25)]: 

   ï ʜʝʣʠʪʝʣʴʥʳʡ   

tg g  =  = 0,40000; 

   ï ʥʘʯʘʣʴʥʳʡ 

tg gw  =  = 0,34807 

(gw = 19°11'30";  cos gw = 0,94442). 

 

15. ʉʢʦʨʦʩʪʴ ʩʢʦʣʴʞʝʥʠʷ [ʩʤ. ʬʦʨʤʫʣʫ (4.26)]: 

 

vcʢ  =  9,5 ʤ/ʩ. 

 

16. ɼʝʡʩʪʚʫʶʱʠʝ ʢʦʥʪʘʢʪʥʳʝ ʥʘʧʨʷʞʝʥʠʷ [ʩʤ. ʬʦʨʤʫʣʫ (4.27)] 

   

 = 107 H/ʤʤ
2
, 

 

ʯʪʦ ʤʝʥʴʰʝ [sH] = 108 H/ʤʤ
2
. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʦ ʢʦʥʪʘʢʪʥʦʡ ʚʳʥʦʩʣʠʚʦʩʪʠ 

ʟʫʙʴʝʚ ʢʦʣʝʩʘ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʧʝʨʝʜʘʯʠ ʦʙʝʩʧʝʯʝʥʘ. 

17. ʂʇɼ ʯʝʨʚʷʯʥʦʡ ʧʝʨʝʜʘʯʠ [ʩʤ. ʬʦʨʤʫʣʫ (4.28)] 

hʯ.ʧ = (0,97é0,98)= 0,905é0,935. 
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ʀʟ ʛʨʘʬʠʢʦʚ (ʩʤ. ʨʠʩ. 4.4) ʜʣʷ ʦʣʦʚʷʥʥʳʭ ʙʨʦʥʟ ʧʨʠ vcʢ = 11,7 ʤ/ʩ f ¡ 

= 0,015é0,022 ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ r¡ =  0 5̄1¡30'' é 1°15¡30"; 

tg (19°11'30" + 0°51'30") = 0,365; 

tg (19°11'30" + 1°15'30") = 0,373. 

ʇʨʠʤʝʤ ʜʣʷ ʜʘʣʴʥʝʡʰʠʭ ʨʘʩʯʝʪʦʚ   hʯ.ʧ  = 0,91. 

18. ʉʠʣʳ, ʜʝʡʩʪʚʫʶʱʠʝ ʚ ʟʘʮʝʧʣʝʥʠʠ. ɺʨʘʱʘʶʱʠʡ ʤʦʤʝʥʪ ʥʘ ʯʝʨʚʷʢʝ 

T1 =  = 4,06 Ö 10
4  

HÖʤʤ, 

ʛʜʝ  h1,2  = hʯ.ʧ hʧ.ʢ = 0,91 Ö 0,99 (ʟʜʝʩʴ hʧ.ʢ = 0,99 ï ʂʇɼ ʧʦʜʰʠʧʥʠʢʦʚ ʢʘʯʝʥʠʷ, 

ʚ ʢʦʪʦʨʳʭ ʚʨʘʱʘʝʪʩʷ ʯʝʨʚʷʢ). 

ʆʢʨʫʞʥʘʷ ʩʠʣʘ ʥʘ ʯʝʨʚʷʢʝ, ʨʘʚʥʘʷ ʦʩʝʚʦʡ ʥʘ ʢʦʣʝʩʝ [ʩʤ. ʬʦʨʤʫʣʫ (4.29)], 

Ft1 = Fa2  = =1,26Ö10
3
 H. 

 

ʆʢʨʫʞʥʘʷ ʩʠʣʘ ʥʘ ʢʦʣʝʩʝ, ʨʘʚʥʘʷ ʦʩʝʚʦʡ ʥʘ ʯʝʨʚʷʢʝ [ʩʤ. ʬʦʨʤʫʣʫ (4.30)], 

Ft2 = Fa1 =  = 2,90Ö10
3
 H. 

ʈʘʜʠʘʣʴʥʘʷ ʩʠʣʘ ʥʘ ʯʝʨʚʷʢʝ ʠ ʢʦʣʝʩʝ [ʩʤ. ʬʦʨʤʫʣʫ (4.31)] 

Fr =  = 1,21 Ö 10
3 
ʅ. 

19. ʀʟʛʠʙʥʘʷ ʚʳʥʦʩʣʠʚʦʩʪʴ ʟʫʙʴʝʚ ʢʦʣʝʩʘ [ʩʤ. ʬʦʨʤʫʣʫ (4.32)]  

 

ʛʜʝ YF = 2,13 ʜʣʷ z2 = 62; [sF]
0
 = 49 ʅ/ʤʤ

2
 ï ʩʤ. ʧ. 7. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʨʘʙʦʪʦ-

ʩʧʦʩʦʙʥʦʩʪʴ ʧʝʨʝʜʘʯʠ ʧʦ ʠʟʛʠʙʥʦʡ ʚʳʥʦʩʣʠʚʦʩʪʠ ʟʫʙʴʝʚ ʢʦʣʝʩʘ ʦʙʝʩʧʝʯʝʥʘ ʩ 

ʙʦʣʝʝ ʯʝʤ ʯʝʪʳʨʝʭʢʨʘʪʥʳʤ ʟʘʧʘʩʦʤ. 

ʏʠʩʣʦ ʟʫʙʴʝʚ ʥʘ ʵʢʚʠʚʘʣʝʥʪʥʦʤ ʧʨʷʤʦʟʫʙʦʤ ʢʦʣʝʩʝ [ʩʤ. ʬʦʨʤʫʣʫ (4.33)]: 

zv2  = = 62. 

20. ɼʦʧʫʩʪʠʤʘʷ ʢʨʘʪʥʦʩʪʴ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʡ ʧʝʨʝʛʨʫʟʢʠ ʧʝʨʝʜʘʯʠ: 

ʘ) ʧʦ ʢʦʥʪʘʢʪʥʳʤ ʥʘʧʨʷʞʝʥʠʷʤ [ʩʤ. ʬʦʨʤʫʣʫ (4.34)]: 

= 19,8; 
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ʙ) ʧʦ ʠʟʛʠʙʥʳʤ ʥʘʧʨʷʞʝʥʠʷʤ [ʩʤ. ʬʦʨʤʫʣʫ (4.35)] 

==13,5. 

ɺ ʵʪʦʤ ʧʨʠʤʝʨʝ ʢʨʘʪʢʦʚʨʝʤʝʥʥʘʷ ʧʝʨʝʛʨʫʟʢʘ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʠʟʛʠʙʥʦʡ 

ʧʨʦʯʥʦʩʪʴʶ ʟʫʙʴʝʚ ʠ ʤʘʢʩʠʤʘʣʴʥʳʡ (çʧʠʢʦʚʳʡè) ʤʦʤʝʥʪ ʚ 13,5 ʨʘʟʘ ʙʦʣʴʰʝ 

ʥʦʤʠʥʘʣʴʥʦʛʦ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʝʪ ʧʨʘʢʪʠʯʝʩʢʠʝ ʧʦʪʨʝʙʥʦʩʪʠ. 
 

5. ʈɸʉʏɽʊ  ʂʃʀʅʆʈɽʄɽʅʅʓʍ  ʇɽʈɽɼɸʏ 

ʈʝʤʝʥʥʘʷ ʧʝʨʝʜʘʯʘ ʦʪʣʠʯʘʝʪʩʷ ʧʨʦʩʪʦʪʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ, 

ʧʣʘʚʥʦʩʪʴʶ ʠ ʙʝʩʰʫʤʥʦʩʪʴʶ ʨʘʙʦʪʳ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʦʥʘ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫ-

ʝʪʩʷ ʚ ʧʨʠʚʦʜʘʭ ʢʦʤʧʨʝʩʩʦʨʦʚ, ʚʝʥʪʠʣʷʪʦʨʦʚ, ʜʝʪʘʥʜʝʨʦʚ, ʥʘʩʦʩʦʚ, ʩʪʘʥʢʦʚ 

ʠ ʪ. ʧ., ʦʙʳʯʥʦ ʧʨʠ ʤʦʱʥʦʩʪʷʭ ʜʦ 50 ʢɺʪ ʠ ʧʝʨʝʜʘʪʦʯʥʳʭ ʯʠʩʣʘʭ ʥʝ ʙʦʣʝʝ 

ʰʝʩʪʠ. 

ʅʘʠʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʠ ʢʣʠʥʦʚʳʝ ʨʝʤʥʠ, ʪʘʢ ʢʘʢ ʦʥʠ 

ʠʤʝʶʪ ʧʦʚʳʰʝʥʥʫʶ ʪʷʛʦʚʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʣʦʩʢʠʤʠ ʨʝʤʥʷʤʠ. 

ʎʝʣʷʤʠ ʨʘʩʯʝʪʘ ʠ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʢʣʠʥʦʨʝʤʝʥʥʦʡ ʧʝʨʝʜʘʯʠ ʷʚʣʷʶʪʩʷ 

ʚʳʙʦʨ ʪʠʧʦʨʘʟʤʝʨʘ ʨʝʤʥʷ, ʦʧʨʝʜʝʣʝʥʠʝ ʜʠʘʤʝʪʨʦʚ ʚʝʜʫʱʝʛʦ ʠ ʚʝʜʦʤʦʛʦ 

ʰʢʠʚʦʚ, ʤʝʞʦʩʝʚʦʛʦ ʨʘʩʩʪʦʷʥʠʷ, ʜʣʠʥʳ ʨʝʤʥʷ, ʯʠʩʣʘ ʨʝʤʥʝʡ ʠ ʠʭ ʜʦʣʛʦʚʝʯ-

ʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʨʘʟʨʘʙʦʪʢʘ ʢʦʥʩʪʨʫʢʮʠʠ ʰʢʠʚʦʚ. 

ʇʨʦʝʢʪʥʳʡ ʨʘʩʯʝʪ ʨʝʤʝʥʥʳʭ ʧʝʨʝʜʘʯ ʧʨʦʠʟʚʦʜʠʪʩʷ ʜʣʷ ʠʟʙʝʞʘʥʠʷ 

ʧʨʝʞʜʝʚʨʝʤʝʥʥʦʛʦ ʨʘʟʨʳʚʘ ʨʝʤʥʷ, ʘ ʪʘʢʞʝ ʥʝʜʦʧʫʱʝʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩ-

ʧʣʫʘʪʘʮʠʠ ʨʝʞʠʤʘ ʙʫʢʩʦʚʘʥʠʷ. 

ʆʩʥʦʚʥʳʤ ʫʩʣʦʚʠʝʤ ʦʪʩʫʪʩʪʚʠʷ ʙʫʢʩʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʚʳʧʦʣʥʝʥʠʝ ʥʝ-

ʨʘʚʝʥʩʪʚʘ Fʪʨ > Fʪ, ʪ. ʝ. ʩʠʣʘ ʪʨʝʥʠʷ ʜʦʣʞʥʘ ʧʨʝʚʳʰʘʪʴ ʩʠʣʫ ʪʷʛʠ ʥʘ ʚʝʜʫʱʝʤ 

ʰʢʠʚʝ. ʇʨʠ ʩʦʙʣʶʜʝʥʠʠ ʵʪʦʛʦ ʫʩʣʦʚʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʣʫʯʝʥʘ ʚʝʣʠʯʠ-

ʥʘ Nʨʝʤ ï ʤʦʱʥʦʩʪʴ, ʧʝʨʝʜʘʚʘʝʤʘʷ ʦʜʥʠʤ ʨʝʤʥʝʤ. ʇʨʠ ʠʟʚʝʩʪʥʦʡ ʤʦʱʥʦʩʪʠ, 

ʢʦʪʦʨʫʶ ʪʨʝʙʫʝʪʩʷ ʧʝʨʝʜʘʪʴ N1, ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʥʝʦʙʭʦʜʠʤʦʝ ʯʠʩʣʦ ʨʝʤ-

ʥʝʡ ʚ ʧʝʨʝʜʘʯʝ [ʬʦʨʤʫʣʘ (5.13)]. 

ʊʘʢ ʢʘʢ ʦʜʠʥʘʢʦʚʳʝ ʨʝʤʥʠ ʧʝʨʝʜʘʯʠ ʥʝʤʥʦʛʦ ʨʘʟʣʠʯʘʶʪʩʷ ʜʣʠʥʦʡ ʠ 

ʨʘʟʤʝʨʘʤʠ ʩʝʯʝʥʠʷ (ʚ ʧʨʝʜʝʣʘʭ ʜʦʧʫʩʢʘ ʥʘ ʠʟʛʦʪʦʚʣʝʥʠʝ), ʦʥʠ ʙʫʜʫʪ ʨʘʙʦ-

ʪʘʪʴ ʚ ʧʝʨʝʜʘʯʝ ʚ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ (ʧʨʠ ʨʘʟʥʦʤ ʥʘʪʷʞʝʥʠʠ). ʇʦʵʪʦʤʫ ʧʨʠ 

ʦʧʨʝʜʝʣʝʥʠʠ ʯʠʩʣʘ ʨʝʤʥʝʡ ʚʚʦʜʠʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʨʘʩʧʨʝ-

ʜʝʣʝʥʠ̫ ʥʘʛʨʫʟʢʠ ʧʦ ʨʝʤʥʷʤ ʉk  [ʬʦʨʤʫʣʘ (5.14)]. 

ʇʨʠ ʥʝʙʦʣʴʰʦʤ ʤʝʞʦʩʝʚʦʤ ʨʘʩʩʪʦʷʥʠʠ (ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʤʘʣʦʡ ʜʣʠʥʝ 

ʨʝʤʥʝʡ) ʚ ʧʝʨʝʜʘʯʝ ʫʤʝʥʴʰʘʝʪʩʷ ʮʠʢʣ ʠʟʤʝʥʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʚ ʨʝʤʥʷʭ, ʪ. ʝ. 

ʨʝʤʥʠ ʯʘʱʝ ʠʟʛʠʙʘʶʪʩʷ ʠ ʨʘʩʪʷʛʠʚʘʶʪʩʷ. ʕʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʙʦʣʴʰʝʤʫ 

ʥʘʛʨʝʚʫ ʨʝʤʥʝʡ ʠ ʫʤʝʥʴʰʝʥʠʶ ʪʷʛʦʚʦʡ ʩʧʦʩʦʙʥʦʩʪʠ (ʙʦʣʝʝ ʨʘʥʥʝʤʫ ʥʘʩʪʫʧ-

ʣʝʥʠʶ ʙʫʢʩʦʚʘʥʠʷ). ʉʥʠʞʝʥʠʝ ʧʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʤʦʱʥʦʩʪʠ, ʧʝʨʝʜʘʚʘʝʤʦʡ 
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ʦʜʥʠʤ ʨʝʤʥʝʤ, ʫʯʠʪʳʚʘʝʪʩʷ ʚʚʝʜʝʥʠʝʤ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʣʠʥʳ ʨʝʤʥʷ ʉL 

[ʬʦʨʤʫʣʘ (5.12)]. 

ʂʦʵʬʬʠʮʠʝʥʪ ʜʠʥʘʤʠʯʥʦʩʪʠ ʥʘʛʨʫʟʢʠ ʠ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʉʨ [ʬʦʨʤʫʣʘ 

(5.12)] ʧʦʢʘʟʳʚʘʝʪ ʩʥʠʞʝʥʠʝ ʧʝʨʝʜʘʚʘʝʤʦʡ ʤʦʱʥʦʩʪʠ N1 ʠʟ-ʟʘ ʢʦʣʝʙʘʥʠʡ ʥʘ-

ʛʨʫʟʢʠ ʚ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ. 

ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʨʝʤʥʝʡ [ʬʦʨʤʫʣʘ (5.19)] ʚʚʦʜʠʪʩʷ ʢʦ-

ʵʬʬʠʮʠʝʥʪ ʉʠ, ʢʦʪʦʨʳʡ ʫʯʠʪʳʚʘʝʪ ʨʘʟʣʠʯʠʝ ʚʝʣʠʯʠʥʳ ʥʘʧʨʷʞʝʥʠʡ ʠʟʛʠʙʘ ʥʘ 

ʚʝʜʫʝɦʤ ʠ ʚʝʜʦʤʦʤ ʰʢʠʚʘʭ. 

ʇʨʠ ʧʨʦʝʢʪʥʦʤ ʨʘʩʯʝʪʝ ʨʝʤʝʥʥʳʭ ʧʝʨʝʜʘʯ ʦʛʨʘʥʠʯʠʚʘʶʪ ʟʥʘʯʝʥʠʷ 

ʜʚʫʭ ʚʝʣʠʯʠʥ ï ʩʢʦʨʦʩʪʠ ʨʝʤʥʝʡ v ʠ ʯʘʩʪʦʪʳ ʧʨʦʙʝʛʦʚ n. 

ʆʛʨʘʥʠʯʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ʨʝʤʥʝʡ v ʥʝ ʜʦʧʫʩʢʘʶʪ ʨʝʟʢʦʛʦ ʫʚʝʣʠʯʝʥʠʷ 

ʮʝʥʪʨʦʙʝʞʥʳʭ ʩʠʣ ʚ ʧʝʨʝʜʘʯʝ, ʘ ʫʩʣʦʚʠʝ n < 10 ʦʙ/ʩ (ʦʙʦʨʦʪʦʚ ʚ ʩʝʢʫʥʜʫ) 

ʧʨʝʜʫʧʨʝʞʜʘʝʪ ʚʦʟʤʦʞʥʳʡ ʧʝʨʝʛʨʝʚ ʨʝʤʥʝʡ ʠʟ-ʟʘ ʫʚʝʣʠʯʝʥʠʷ ʯʘʩʪʦʪʳ ʠʟʤʝ-

ʥʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ. 

 

5.1. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʣʠʥʦʨʝʤʝʥʥʳʭ ʧʝʨʝʜʘʯ 

ɺ ʢʣʠʥʦʨʝʤʝʥʥʦʡ ʧʝʨʝʜʘʯʝ ʪʷʛʦʚʳʤ ʦʨʛʘʥʦʤ ʩʣʫʞʠʪ ʧʨʦʨʝʟʠʥʝʥʥʳʡ 

ʨʝʤʝʥʴ ʪʨʘʧʝʮʝʠʜʘʣʴʥʦʛʦ ʧʨʦʬʠʣʷ. ʈʝʤʝʥʴ ʩʦʩʪʦʠʪ ʠʟ ʥʝʩʫʱʝʛʦ ʩʣʦʷ ʥʘ ʦʩ-

ʥʦʚʝ ʤʘʪʝʨʠʘʣʦʚ ʠʟ ʭʠʤʠʯʝʩʢʠʭ ʚʦʣʦʢʦʥ (ʢʦʨʜʦʚʳʡ ʰʥʫʨ ʠʣʠ ʢʦʨʜʦʚʘʷ 

ʪʢʘʥʴ), ʦʙʝʨʪʦʯʥʦʛʦ ʪʢʘʥʝʚʦʛʦ ʩʣʦʷ ʠ ʩʣʦʷ ʨʝʟʠʥʳ, ʟʘʚʫʣʢʘʥʠʟʠʨʦʚʘʥʥʳʭ ʚ 

ʦʜʥʦ ʮʝʣʦʝ. ʅʝʩʫʱʠʡ ʩʣʦʡ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚ ʧʨʦʜʦʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. ɼʣʷ 

ʧʝʨʝʜʘʯ ʦʙʱʝʛʦ ʥʘʟʥʘʯʝʥʠʷ ʧʨʠʤʝʥʷʶʪ ʚ ʦʩʥʦʚʥʦʤ ʢʦʨʜʦʪʢʘʥʝʚʳʝ ʨʝʤʥʠ. 

ʂʦʨʜʦʰʥʫʨʦʚʳʝ ʨʝʤʥʠ ʙʦʣʝʝ ʵʣʘʩʪʠʯʥʳ, ʠʭ ʧʨʠʤʝʥʷʶʪ ʧʨʠ ʤʘʣʳʭ ʜʠʘʤʝʪ-

ʨʘʭ ʰʢʠʚʦʚ ʠ ʙʦʣʴʰʠʭ ʯʘʩʪʦʪʘʭ ʚʨʘʱʝʥʠʷ. ʇʨʦʤʳʰʣʝʥʥʦʩʪʴ ʚʳʧʫʩʢʘʝʪ 

ʢʣʠʥʦʚʳʝ ʢʦʨʜʦʪʢʘʥʝʚʳʝ ʧʨʠʚʦʜʥʳʝ ʨʝʤʥʠ ʥʦʨʤʘʣʴʥʦʛʦ ʩʝʯʝʥʠʷ ʩʝʤʠ ʪʠ-

ʧʦʚ (0, ɸ, ɹ, ɺ, ɻ, ɼ, ɽ), ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʪʦʨʳʭ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 5.1. ʆʩ-

ʥʦʚʥʳʝ ʨʘʟʤʝʨʳ ʩʝʯʝʥʠʷ ʢʣʠʥʦʚʦʛʦ ʨʝʤʥʷ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 5.1. 

 
ʊʘʙʣʠʮʘ 5.1 

 

ʈʘʟʤʝʨʳ ʢʣʠʥʦʚʳʭ ʨʝʤʥʝʡ 

 

ʆʙʦ-

ʟʥʘʯʝ-

ʥʠʝ
*
 

ʈʘʟʤʝʨʳ ʩʝʯʝʥʠʷ, ʤʤ
**

 ʇʣʦʱʘʜʴ 

ʩʝʯʝʥʠʷ, 

Sʩʝʯ,ʤʤ
2 

ʈʘʩʯʝʪʥʘʷ ʜʣʠʥʘ Lʨ, ʤʤ 
ʄʘʩʩʘ,  

ʢʛ/ʤ ʩ ʅ b 
ʤʠʥʠ-

ʤʘʣʴʥʘʷ 

ʤʘʢʩʠ-

ʤʘʣɹʥʘʷ 

ʙʘʟʦ-

ʚʘʷ 
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0 (Z) 

A(A) 

ɹ (B) 

ɺ (C) 

ɻ (D) 

ɼ (E) 

ɽ 

  8,5 

11,0 

14,0 

19,0 

27,0 

32,0 

42,0 

  6,0 

  8,0 

11,0 

14,0 

20,0 

23,5 

30,0 

10 

13 

17 

22 

32 

38 

50 

47 

81 

138 

230 

476 

692 

1172 

400 

560 

800 

1800 

3150 

4500 

6300 

2500 

4000 

6300 

10000 

14000 

18000 

18000 

 800 

1700 

2240 

3750 

6000 

7100 

8500 

0,06 

0,10 

0,18 

0,30 

0,60 

0,90 

1,52 
   

___________ 
 *    
ɺ ʩʢʦʙʢʘʭ ʜʘʥʳ ʦʙʦʟʥʘʯʝʥʠʷ ʨʝʤʥʝʡ ʚ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʩʠʩʪʝʤʝ. 

**  
ʈʘʟʤʝʨʳ: ʩ ï ʰʠʨʠʥʘ ʨʝʤʥʷ ʧʦ ʥʝʡʪʨʘʣʴʥʦʤʫ ʩʣʦʶ; ʅ ï ʚʳʩʦʪʘ ʨʝʤʥʷ; b ï ʰʠʨʠʥʘ 

    ʨʝʤʥʷ ʧʦ ʝʛʦ ʥʘʨʫʞʥʦʤʫ ʜʠʘʤʝʪʨʫ.  

 

ʈʠʩ. 5.1. ʆʩʥʦʚʥʳʝ ʨʘʟʤʝʨʳ ʩʝʯʝʥʠʷ 

ʢʣʠʥʦʚʦʛʦ ʨʝʤʥʷ 

 

ʂʣʠʥʦʚʳʝ ʨʝʤʥʠ ʚʳʧʫʩʢʘʶʪ ʟʘʤʢʥʫʪʳʤʠ ʩʪʘʥʜʘʨʪʥʦʡ ʜʣʠʥʳ 

(ʩʤ. ʪʘʙʣ. 5.1). ɿʘ ʨʘʩʯʝʪʥʫʶ ʜʣʠʥʫ Lʨ ʧʨʠʥʠʤʘʶʪ ʜʣʠʥʫ ʨʝʤʥʷ ʥʘ ʫʨʦʚʥʝ 

ʥʝʡʪʨʘʣʴʥʦʛʦ ʩʣʦʷ. ɿʥʘʯʝʥʠʷ ʨʘʩʯʝʪʥʦʡ ʩʪʘʥʜʘʨʪʥʦʡ ʜʣʠʥʳ ʨʝʤʥʝʡ ʧʦ ʥʝʡ-

ʪʨʘʣʴʥʦʤʫ ʩʣʦʶ: 400, 425, 450, 475, 500, 530, 560, 600, 630, 670, 710, 750, 

800, 850, 900, 950, 1000, 1060, 1120, 1180, 1250, 1320, 1400, 1500, 1600, 1700, 

1800, 1900, 2000, 2120, 2240, 2360, 2500, 2650, 2800, 3000, 3150, 3350, 3500, 

3750, 4000 ʤʤ. ɼʘʣʝʝ ʟʥʘʯʝʥʠʷ ʜʣʠʥʳ ʧʦʣʫʯʘʶʪ ʫʤʥʦʞʝʥʠʝʤ ʧʝʨʝʯʠʩʣʝʥʥʳʭ  

ʚʳʰʝ ʥʘ 10 ï ʜʦ 18000 ʤʤ ʚʢʣʶʯʠʪʝʣʴʥʦ. 

 

5.2. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʨʘʩʯʝʪʘ ʢʣʠʥʦʨʝʤʝʥʥʳʭ ʧʝʨʝʜʘʯ 

ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʨʘʩʯʝʪʘ:  

ï ʤʦʱʥʦʩʪʴ ʥʘ ʚʝʜʫʱʝʤ ʰʢʠʚʝ N1; 

ï ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʚʝʜʫʱʝʛʦ ʰʢʠʚʘ n1; 

ï ʧʝʨʝʜʘʪʦʯʥʦʝ ʦʪʥʦʰʝʥʠʝ  u; 

ï ʫʩʣʦʚʠʷ ʨʘʙʦʪʳ ʧʝʨʝʜʘʯʠ. 

ʆʩʪʘʣʴʥʳʝ ʥʝʦʙʭʦʜʠʤʳʝ ʜʘʥʥʳʝ ʧʨʠʥʠʤʘʶʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʨʘʩʯʝʪʘ. 

1. ɺʳʙʦʨ ʪʠʧʦʨʘʟʤʝʨʘ ʩʝʯʝʥʠʷ ʨʝʤʥʷ. ʅʘ ʨʠʩ. 5.2 ʠʟʦʙʨʘʞʝʥʳ ʛʨʘʬʠʢʠ 

ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʠʧʦʨʘʟʤʝʨʘ ʩʝʯʝʥʠʷ ʨʝʤʥʝʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʞʝʣʘʪʝʣʴʥʦ-

ʛʦ ʠʭ ʢʦʣʠʯʝʩʪʚʘ ʚ ʧʝʨʝʜʘʯʝ. ʄʘʣʦʝ ʯʠʩʣʦ ʨʝʤʥʝʡ ʩʥʠʞʘʝʪ ʤʘʪʝʨʠʘʣʦʝʤ-

ʢʦʩʪʴ ʧʝʨʝʜʘʯʠ, ʥʦ ʧʨʠ ʵʪʦʤ ʫʤʝʥʴʰʘʝʪʩʷ ʠ ʝʝ ʥʘʜʝʞʥʦʩʪʴ (ʧʨʠ ʨʘʟʨʳʚʝ ʦʜ-

ʥʦʛʦ ʠʟ ʨʝʤʥʝʡ), ʯʪʦ ʚʘʞʥʦ ʧʨʠ ʫʩʣʦʚʠʠ ʥʝʧʨʝʨʳʚʥʦʡ ʨʘʙʦʪʳ ʤʘʰʠʥʳ. ɽʩʣʠ 

ʵʪʦ ʫʩʣʦʚʠʝ ʥʝ ʷʚʣʷʝʪʩʷ ʧʝʨʚʦʩʪʝʧʝʥʥʳʤ, ʪʦ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʧʨʠʥʠʤʘʪʴ ʥʝ-

ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʨʝʤʥʝʡ ʚ ʧʝʨʝʜʘʯʝ ï ʦʜʠʥ ʠʣʠ ʜʚʘ (ʩʤ. ʨʠʩ. 5.2, ʘ). 
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ʈʠʩ. 5.2. ɻʨʘʬʠʢʠ ʜʣʷ ʚʳʙʦʨʘ ʪʠʧʦʨʘʟʤʝʨʘ (ʩʝʯʝʥʠʷ) ʨʝʤʥʷ ʧʨʠ ʯʠʩʣʝ ʨʝʤʥʝʡ: 

 ʘ ï 1, 2;  ʙ ï 3é5;  ʚ ï 6é8 

2. ʆʧʨʝʜʝʣʝʥʠʝ ʜʠʘʤʝʪʨʘ ʤʝʥʴʰʝʛʦ ʰʢʠʚʘ dʤ, ʤʤ. ɺ ʪʘʙʣ. 5.2 ʧʨʠʚʝʜʝ-

ʥʳ ʤʠʥʠʤʘʣʴʥʳʝ ʠ ʨʝʢʦʤʝʥʜʫʝʤʳʝ ʜʠʘʤʝʪʨʳ ʤʝʥʴʰʝʛʦ ʰʢʠʚʘ ʚ ʟʘʚʠʩʠʤʦ-

ʩʪʠ ʦʪ ʪʠʧʦʨʘʟʤʝʨʘ ʨʝʤʥʷ. 

ɺʳʙʦʨ ʤʠʥʠʤʘʣʴʥʦʛʦ ʜʠʘʤʝʪʨʘ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʛʘʙʘʨʠʪʦʚ ʧʝ-

ʨʝʜʘʯʠ, ʥʦ ʧʨʠ ʵʪʦʤ ʚʦʟʨʘʩʪʘʝʪ ʥʘʧʨʷʞʝʥʠʝ ʠʟʛʠʙʘ ʚ ʨʝʤʥʝ ʠ ʩʥʠʞʘʝʪʩʷ ʝʛʦ 

ʜʦʣʛʦʚʝʯʥʦʩʪʴ, ʘ ʪʘʢʞʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʘʛʨʝʚ ʨʝʤʥʷ. ʇʦ ʵʪʠʤ ʧʨʠʯʠʥʘʤ ʨʘ-

ʮʠʦʥʘʣʴʥʝʝ ʚ ʢʘʯʝʩʪʚʝ ʨʘʩʯʝʪʥʦʛʦ ʜʠʘʤʝʪʨʘ ʤʝʥʴʰʝʛʦ ʰʢʠʚʘ ʧʨʠʥʠʤʘʪʴ ʨʝ-

ʢʦʤʝʥʜʫʝʤʳʝ ʟʥʘʯʝʥʠʷ ʠʟ ʪʘʙʣ. 5.2. 

ʊʘʙʣʠʮʘ 5.2 

 

ʈʘʟʤʝʨʳ ʤʝʥʴʰʝʛʦ ʰʢʠʚʘ 

 

ʈʘʟʤʝʨʳ ɼʠʘʤʝʪʨʳ ʤʝʥʴʰʝʛʦ ʰʢʠʚʘ (ʤʤ) ʜʣʷ ʪʠʧʦʨʘʟʤʝʨʦʚ ʨʝʤʥʷ 

0 ɸ ɹ ɺ ɻ ɼ ɽ 

ʄʠʥʠʤʘʣ-ɹ 

ʥʳʡ 
63 90 125 200 315 500 800 

ʈʝʢʦʤʝʥ-

ʜʫʝʤʳʝ 

71, 80, 

 90 

100, 112, 

125 

140, 160, 

180 

224, 250, 

280 

355, 400, 

450 

560, 630, 

710 

900,1000, 

1120 

3. ʆʧʨʝʜʝʣʝʥʠʝ ʜʠʘʤʝʪʨʘ ʙʦʣʴʰʝʛʦ ʰʢʠʚʘ dʙ, ʤʤ: 

dʙ = dʤ (1 ï ɝ) u (ʧʦʥʠʞʘʶʱʘʷ ʧʝʨʝʜʘʯʘ, u > 1)                     (5.1) 

ʠʣʠ                   

dʙ = dʤ (1 ï ɝ)/u (ʧʦʚʳʰʘʶʱʘʷ ʧʝʨʝʜʘʯʘ, u < 1 ),                   (5.2) 

ʛʜʝ ɝ ï ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʩʢʦʣʴʞʝʥʠʝ ʨʝʤʥʷ, ʨʘʚʥʦʝ  0,01é0,02. 

ʇʦʣʫʯʝʥʥʳʡ ʜʠʘʤʝʪʨ ʦʢʨʫʛʣʷʶʪ ʜʦ ʙʣʠʞʘʡʰʝʛʦ ʩʪʘʥʜʘʨʪʥʦʛʦ ʟʥʘʯʝ-

ʥʠʷ: 63, 71, 80, 90, 100, 112, 125, 140, 160, 180, 200, 224, 250, 280, 315, 355, 

400, 450, 475, 500, 560, 630, 710, 800, 900, 1000, 1120, 1250, 1400, 1600 ʤʤ. 

ʇ ʨ ʠ ʤ ʝ ʯ ʘ ʥ ʠ ʝ: ʧʨʠ u > 1 ʚʝʜʫʱʠʡ ʰʢʠʚ ʤʝʥʴʰʠʡ, ʚʝʜʦʤʳʡ ï ʙʦʣʴʰʠʡ: d1 = dʤ,  

d2 = dʙ;  ʧʨʠ u < 1 ï ʥʘʦʙʦʨʦʪ. 

4. ʆʧʨʝʜʝʣʝʥʠʝ ʣʠʥʝʡʥʦʡ ʩʢʦʨʦʩʪʠ ʨʝʤʥʷ v, ʤ/ʩ: 

,                                                   (5.3) 

ʛʜʝ d1 ï ʜʠʘʤʝʪʨ ʚʝʜʫʱʝʛʦ ʰʢʠʚʘ, ʤʤ; n1 ï ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʚʝʜʫʱʝʛʦ ʰʢʠ-

ʚʘ, ʦʙ/ʤʠʥ. 
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ʉʢʦʨʦʩʪʴ ʢʣʠʥʦʚʳʭ ʨʝʤʥʝʡ ʩʝʯʝʥʠʡ 0, ɸ, ɹ, ɺ ʥʝ ʜʦʣʞʥʘ ʧʨʝʚʳʰʘʪʴ 25 

ʤ/ʩ, ʘ ʩʝʯʝʥʠʡ ɻ, ɼ, ɽ ï 30 ʤ/ʩ. ɼʣʷ ʩʥʠʞʝʥʠʷ ʩʢʦʨʦʩʪʠ ʪʨʝʙʫʝʪʩʷ ʫʤʝʥʴʰʠʪʴ 

ʜʠʘʤʝʪʨʳ ʰʢʠʚʦʚ (ʧʝʨʝʩʯʠʪʘʪʴ ʩ ʧ. 2). 

5. ʈʘʩʯʝʪ ʬʘʢʪʠʯʝʩʢʦʛʦ ʧʝʨʝʜʘʪʦʯʥʦʛʦ ʦʪʥʦʰʝʥʠʷ ʩ ʫʯʝʪʦʤ ʫʧʨʫʛʦʛʦ 

ʩʢʦʣʴʞʝʥʠʷ: 

,                                                 (5.4) 

ʛʜʝ  d1  ʠ  d2 ï ʦʢʦʥʯʘʪʝʣʴʥʦ ʧʨʠʥʷʪʳʝ ʩʪʘʥʜʘʨʪʥʳʝ ʜʠʘʤʝʪʨʳ ʰʢʠʚʦʚ, ʤʤ. 

6. ʆʧʨʝʜʝʣʝʥʠʝ ʦʪʢʣʦʥʝʥʠʷ ʬʘʢʪʠʯʝʩʢʦʛʦ ʧʝʨʝʜʘʪʦʯʥʦʛʦ ʦʪʥʦʰʝʥʠʷ ʦʪ 

ʟʘʜʘʥʥʦʛʦ: 

.                                                    (5.5) 

ʆʥʦ ʥʝ ʜʦʣʞʥʦ ʧʨʝʚʳʰʘʪʴ Ñ5 %. 

7. ɺʳʙʦʨ ʤʝʞʦʩʝʚʦʛʦ ʨʘʩʩʪʦʷʥʠʷ. ʆʙʳʯʥʦ ʤʝʞʦʩʝʚʦʝ ʨʘʩʩʪʦʷʥʠʝ ʦʧʨʝ-

ʜʝʣʷʝʪʩʷ ʧʨʠ ʢʦʤʧʦʥʦʚʢʝ ʤʝʭʘʥʠʟʤʘ ʠʣʠ ʤʘʰʠʥʳ ʢʘʢ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʚʘ-

ʣʘʤʠ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ ʩʦʝʜʠʥʠʪʴ ʨʝʤʝʥʥʦʡ ʧʝʨʝʜʘʯʝʡ. ɽʩʣʠ ʫʩʣʦʚʠʷ  

ʢʦʤʧʦʥʦʚʢʠ ʜʦʧʫʩʢʘʶʪ ʰʠʨʦʢʠʡ ʜʠʘʧʘʟʦʥ ʤʝʞʦʩʝʚʦʛʦ ʨʘʩʩʪʦʷʥʠʷ, ʪʦ ʜʣʷ 

ʫʚʝʣʠʯʝʥʠʷ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʨʝʤʥʝʡ ʝʛʦ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʦʧʨʝʜʝʣʷʪʴ ʧʦ ʬʦʨʤʫ-

ʣʝ 

,                                                (5.6) 

ʛʜʝ ʨ ï ʙʝʟʨʘʟʤʝʨʥʘʷ ʚʝʣʠʯʠʥʘ, ʟʘʚʠʩʷʱʘʷ ʦʪ ʬʘʢʪʠʯʝʩʢʦʛʦ ʧʝʨʝʜʘʪʦʯʥʦʛʦ 

ʦʪʥʦʰʝʥʠʷ: 

 

u 1 2 3 4 5 6 

ʨ 1,5 1,2 1,0 0,95 0,9 0,85 

 

ɼʣʷ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʟʥʘʯʝʥʠʡ  u  ʚʝʣʠʯʠʥʫ ʨ ʨʘʩʩʯʠʪʳʚʘʶʪ ʣʠʥʝʡʥʦʡ 

ʠʥʪʝʨʧʦʣʷʮʠʝʡ. 

ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʤʝʞʦʩʝʚʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʜʦʣʞʥʦ ʩʦʙʣʶʜʘʪʴʩʷ ʫʩʣʦʚʠʝ 

                                      (5.7) 

ʛʜʝ ʅ ï ʚʳʩʦʪʘ ʩʝʯʝʥʠʷ ʨʝʤʥʷ, ʤʤ (ʩʤ. ʪʘʙʣ. 5.1). 

8. ʆʧʨʝʜʝʣʝʥʠʝ ʨʘʩʯʝʪʥʦʡ ʜʣʠʥʳ ʨʝʤʥʷ Lʨ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʳʙʨʘʥʥʦ-

ʛʦ ʤʝʞʦʩʝʚʦʛʦ ʨʘʩʩʪʦʷʥʠʷ, ʤʤ: 

.                                (5.8) 
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ʈʘʩʯʝʪʥʫʶ ʜʣʠʥʫ ʨʝʤʥʷ ʦʢʨʫʛʣʷʶʪ ʜʦ ʙʣʠʞʘʡʰʝʛʦ ʩʪʘʥʜʘʨʪʥʦʛʦ ʟʥʘʯʝ-

ʥʠʷ (ʧʦʜʨʘʟʜ. 5.1) ʠ ʚʳʯʠʩʣʷʶʪ ʦʢʦʥʯʘʪʝʣʴʥʦʝ ʤʝʞʦʩʝʚʦʝ ʨʘʩʩʪʦʥ̫ʠʝ ʘ, ʤʤ: 

.              (5.9) 

ʇʨʠ ʵʪʦʤ ʩʣʝʜʫʝʪ ʧʨʦʚʝʨʠʪʴ ʧʦ ʪʘʙʣ. 5.1, ʥʘʭʦʜʠʪʩʷ ʣʠ ʚʳʙʨʘʥʥʘʷ ʜʣʠ-

ʥʘ ʨʝʤʥʷ ʚ ʩʫʱʝʩʪʚʫʶʱʝʤ ʜʣʷ ʜʘʥʥʦʛʦ ʩʝʯʝʥʠʷ ʨʝʤʥʷ ʜʠʘʧʘʟʦʥʝ ʜʣʠʥ (). 

9.  ʈʘʩʯʝʪ ʫʛʣʘ ʦʙʭʚʘʪʘ ʤʝʥʴʰʝʛʦ ʰʢʠʚʘ Ŭ1, ʛʨʘʜ. ʋʛʦʣ ʟʘʚʠʩʠʪ ʦʪ ʜʠʘ-

ʤʝʪʨʦʚ ʰʢʠʚʦʚ ʠ ʤʝʞʦʩʝʚʦʛʦ ʨʘʩʩʪʦʷʥʠʷ: 

 .                                   (5.10) 

 

ɺʝʣʠʯʠʥʘ ʫʛʣʘ ʦʙʭʚʘʪʘ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ ʪʷʛʦʚʫʶ ʩʧʦʩʦʙʥʦʩʪʴ 

ʨʝʤʝʥʥʦʡ ʧʝʨʝʜʘʯʠ. ɽʩʣʠ ʫʛʦʣ ʦʙʭʚʘʪʘ ʦʢʘʞʝʪʩʷ ʤʝʥʴʰʝ 120,̄ ʪʦ ʥʝʦʙʭʦʜʠ-

ʤʦ ʫʚʝʣʠʯʠʪʴ ʤʝʞʦʩʝʚʦʝ ʨʘʩʩʪʦʷʥʠʝ. 

10. ʆʧʨʝʜʝʣʝʥʠʝ ʯʘʩʪʦʪʳ ʧʨʦʙʝʛʦʚ ʨʝʤʥʷ n, ʦʙ/ʩ: 

 

                                                 (5.11) 

 

ʛʜʝ  v ï ʩʢʦʨʦʩʪʴ ʨʝʤʥʷ, ʤ/ʩ; Lʨ ï ʨʘʩʯʝʪʥʘʷ ʩʪʘʥʜʘʨʪʥʘʷ ʜʣʠʥʘ ʨʝʤʥʷ, ʤʤ. 

ɼʣʷ ʢʣʠʥʦʚʳʭ ʨʝʤʥʝʡ ʯʘʩʪʦʪʘ ʧʨʦʙʝʛʦʚ ʨʝʤʥʷ ʜʦʣʞʥʘ ʩʦʩʪʘʚʣʷʪʴ 

ʥʝ ʙʦʣʝʝ 10 ʦʙ/ʩ ʚʦ ʠʟʙʝʞʘʥʠʝ ʧʝʨʝʛʨʝʚʘ, ʘ ʪʘʢʞʝ ʩʥʠʞʝʥʠʷ ʜʦʣʛʦʚʝʯ-

ʥʦʩʪʠ ʨʝʤʥʝʡ. ɽʩʣʠ ʯʘʩʪʦʪʘ ʧʨʦʙʝʛʦʚ ʦʢʘʞʝʪʩʷ ʙʦʣʴʰʝ 10 ʦʙ/ʩ, ʪʦ ʥʫʞʥʦ 

ʫʚʝʣʠʯʠʪʴ ʜʣʠʥʫ ʨʝʤʥʷ ʠʣʠ ʩʥʠʟʠʪʴ ʝʛʦ ʩʢʦʨʦʩʪʴ, ʫʤʝʥʴʰʠʚ ʜʠʘʤʝʪʨʳ 

ʰʢʠʚʦʚ. 

11. ʆʧʨʝʜʝʣʝʥʠʝ ʤʦʱʥʦʩʪʠ, ʧʝʨʝʜʘʚʘʝʤʦʡ ʦʜʥʠʤ ʨʝʤʥʝʤ ʚ ʫʩʣʦʚʠʷʭ 

ʵʢʩʧʣʫʘʪʘʮʠʠ: 

 

                                            (5.12) 

 

ʛʜʝ Nʨʝʤ ï ʥʦʤʠʥʘʣʴʥʘʷ ʤʦʱʥʦʩʪʴ, ʧʝʨʝʜʘʚʘʝʤʘʷ ʦʜʥʠʤ ʨʝʤʥʝʤ ʚ ʫʩʣʦʚʠʷʭ 

ʪʠʧʦʚʦʡ ʧʝʨʝʜʘʯʠ (ʰʢʠʚʳ ʨʘʚʥʳʭ ʜʠʘʤʝʪʨʦʚ, ʜʣʠʥʘ ʨʝʤʥʷ ʨʘʚʥʘ ʙʘʟʦʚʦʡ, 

ʩʧʦʢʦʡʥʘʷ ʥʘʛʨʫʟʢʘ, ʩʨʝʜʥʠʡ ʨʝʩʫʨʩ), ʢɺʪ ï ʪʘʙʣ. 5.3; ʉa ï ʢʦʵʬʬʠʮʠʝʥʪ ʫʛʣʘ 

ʦʙʭʚʘʪʘ (ʪʘʙʣ. 5.4); ʉL ï ʢʦʵʬʬʠʮʠʝʥʪ ʜʣʠʥʳ ʨʝʤʥʷ, 

 

 

 

ʟʜʝʩʴ ï ʙʘʟʦʚʘʷ ʜʣʠʥʘ ʨʝʤʥʷ ï ʩʤ. ʪʘʙʣ. 5.1; ʉʨ ï ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʥʘʤʠʯʥʦʩʪʠ 

ʥʘʛʨʫʟʢʠ ʠ ʨʝʞʠʤʘ ʨʘʙʦʪʳ (ʪʘʙʣ. 5.5). 
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ʊʘʙʣʠʮʘ 5.3 

 

ʅʦʤʠʥʘʣʴʥʘʷ ʤʦʱʥʦʩʪʴ, 

ʧʝʨʝʜʘʚʘʝʤʘʷ ʦʜʥʠʤ ʢʣʠʥʦʚʳʤ ʨʝʤʥʝʤ ʚ ʪʠʧʦʚʳʭ ʫʩʣʦʚʠʷʭ 

 

ʊʠʧʦ-

ʨʘʟʤʝʨ 

ʨʝʤʥʷ 

ɼʠʘʤʝʪʨ 

ʤʝʥʴʰʝʛʦ 

ʰʢʠʚʘ,  

dʤ, ʤʤ 

ʇʝʨʝʜʘ-

ʪʦʯʥʦʝ 

ʦʪʥʦ-

ʰʝʥʠʝ u 

ʄʦʱʥʦʩʪʴ, ʧʝʨʝʜʘʚʘʝʤʘʷ ʦʜʥʠʤ ʨʝʤʥʝʤ Nʨʝʤ, ʢɺʪ 

ʧʨʠ ʯʘʩʪʦʪʝ ʚʨʘʱʝʥʠʷ ʤʝʥʴʰʝʛʦ ʰʢʠʚʘ, ʦʙ/ʤʠʥ 

200 400 700 950 1450 2800 

0 

63 

< 1 0,09 0,17 0,27 0,34 0,48 0,78 

1 é 3 0,10 0,19 0,29 0,38 0,53 0,86 

Ó 3 0,11 0,19 0,30 0,39 0,54 0,88 

71 

< 1 0,11 0,20 0,33 0,42 0,59 0,98 

1 é 3 0,13 0,23 0,36 0,46 0,66 1,08 

Ó 3 0,13 0,23 0,37 0,48 0,68 1,11 

80 

< 1 0,14 0,25 0,40 0,51 0,72 1,20 

1 é 3 0,15 0,27 0,44 0,56 0,80 1,32 

Ó 3 0,15 0,28 0,45 0,58 0,82 1,36 

90 

< 1 0,16 0,29 0,47 0,61 0,86 1,43 

1 é 3 0,18 0,32 0,52 0,67 0,96 1,58 

Ó 3 0,18 0,33 0,54 0,69 0,99 1,63 

A 

90 

< 1 0,22 0,39 0,61 0,77 1,07 1,64 

1 é 3 0,24 0,43 0,67 0,85 1,18 1,82 

Ó 3 0,25 0,44 0,69 0,88 1,21 1,87 

100 

< 1 0,26 0,47 0,74 0,95 1,32 2,05 

1 é 3 0,29 0,52 0,82 1,05 1,45 2,27 

Ó 3 0,30 0,53 0,84 1,08 1,50 2,34 

112 

< 1 0,31 0,56 0,90 1,15 1,61 2,51 

1 é 3 0,35 0,62 0,99 1,27 1,78 2,78 

Ó 3 0,36 0,64 1,02 1,31 1,84 2,87 

125 

< 1 0,37 0,67 1,07 1,37 1,92 2,98 

1 é 3 0,41 0,74 1,18 1,52 2,13 3,30 

Ó 3 0,42 0,76 1,22 1,57 2,19 3,40 

ɹ 

125 

< 1 0,48 0,84 1,30 1,64 2,19 2,96 

1 é 3 0,53 0,93 1,44 1,81 2,42 3,27 

Ó 3 0,55 0,96 1,48 1,86 2,50 3,37 

140 

< 1 0,59 1,05 1,64 2,08 2,82 3,85 

1 é 3 0,66 1,16 1,81 2,30 3,10 4,25 

Ó 3 0,68 1,20 1,87 2,37 3,21 4,38 
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160 

< 1 0,74 1,32 2,09 2,76 3,62 4,89 

1 é 3 0,82 1,46 2,31 3,05 4,00 5,40 

Ó 3 0,84 1,51 2,38 3,15 4,13 5,58 

180 

< 1 0,88 1,59 2,53 3,22 4,39 5,76 

1 é 3 0,98 1,76 2,79 3,56 4,85 6,63 

Ó 3 1,01 1,81 2,88 3,67 5,01 6,56 

 

ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣ. 5.3 

 

ʊʠʧʦ-

ʨʘʟʤʝʨ 

ʨʝʤʥʷ 

ɼʠʘʤʝʪʨ 

ʤʝʥʴʰʝʛʦ 

ʰʢʠʚʘ,  

dʤ, ʤʤ 

ʇʝʨʝʜʘ-

ʪʦʯʥʦʝ 

ʦʪʥʦ-

ʰʝʥʠʝ u 

ʄʦʱʥʦʩʪʴ, ʧʝʨʝʜʘʚʘʝʤʘʷ ʦʜʥʠʤ ʨʝʤʥʝʤ Nʨʝʤ, ʢɺʪ 

ʧʨʠ ʯʘʩʪʦʪʝ ʚʨʘʱʝʥʠʷ ʤʝʥʴʰʝʛʦ ʰʢʠʚʘ, ʦʙ/ʤʠʥ 

200 400 700 950 1450 2800 

ɺ 

200 

< 1 1,39 2,41 3,69 4,58 5,84 ï 

1 é 3 1,53 2,67 4,08 5,03 6,45 ï 

Ó 3 1,58 2,75 4,21 5,22 6,66 ï 

224 

< 1 1,70 2,99 4,64 5,78 7,45 ï 

1 é 3 1,88 3,31 5,12 6,38 8,23 ï 

Ó 3 1,94 3,41 5,29 6,58 8,49 ï 

250 

< 1 2,03 3,62 5,64 7,04 9,04 ï 

1 é 3 2,25 4,00 6,23 7,82 9,99 ï 

Ó 3 2,32 4,12 6,43 8,07 10,30 ï 

280 

< 1 2,42 4,32 6,76 8,49 10,72 ï 

1 é 3 2,67 4,78 7,52 9,37 11,84 ï 

Ó 3 2,81 4,93 7,76 9,67 12,22 ï 

ɻ 

315 

< 1 4,22 7,28 11,23 14,09 ï ï 

1 é 3 4,68 8,08 12,46 15,63 ï ï 

Ó 3 4,81 8,29 12,80 16,06 ï ï 

355 

< 1 5,31 9,24 13,70 16,15 ï ï 

1 é 3 5,87 10,20 15,13 17,84 ï ï 

Ó 3 6,06 10,52 15,61 18,40 ï ï 

400 

< 1 6,52 11,45 17,07 20,06 ï ï 

1 é 3 7,21 12,64 18,85 22,16 ï ï 

Ó 3 7,48 13,04 19,45 22,86 ï ï 

450 

< 1 7,90 13,85 20,63 24,01 ï ï 

1 é 3 8,72 15,30 22,79 26,52 ï ï 

Ó 3 9,00 15,78 23,51 27,36 ï ï 

ɼ 

500 

< 1 10,86 18,55 26,21 28,32 ï ï 

1 é 3 11,99 20,49 28,96 31,28 ï ï 

Ó 3 12,37 21,14 29,87 32,27 ï ï 

560 

< 1 13,09 22,49 31,59 33,40 ï ï 

1 é 3 14,46 24,85 34,90 36,90 ï ï 

Ó 3 14,91 25,64 36,01 38,07 ï ï 
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630 

< 1 15,65 26,95 37,36 37,92 ï ï 

1 é 3 17,28 29,77 41,17 41,89 ï ï 

Ó 3 17,83 30,71 42,47 43,22 ï ï 

710 

< 1 18,52 31,83 42,87 ï ï ï 

1 é 3 20,46 35,17 47,37 ï ï ï 

Ó 3 21,11 36,28 48,87 ï ï ï 

 

ʆʢʦʥʯʘʥʠʝ ʪʘʙʣ. 5.3 

 

ʊʠʧʦ-

ʨʘʟʤʝʨ 

ʨʝʤʥʷ 

ɼʠʘʤʝʪʨ 

ʤʝʥʴʰʝʛʦ 

ʰʢʠʚʘ,  

dʤ, ʤʤ 

ʇʝʨʝʜʘ-

ʪʦʯʥʦʝ 

ʦʪʥʦ-

ʰʝʥʠʝ u 

ʄʦʱʥʦʩʪʴ, ʧʝʨʝʜʘʚʘʝʤʘʷ ʦʜʥʠʤ ʨʝʤʥʝʤ Nʨʝʤ, ʢɺʪ 

ʧʨʠ ʯʘʩʪʦʪʝ ʚʨʘʱʝʥʠʷ ʤʝʥʴʰʝʛʦ ʰʢʠʚʘ, ʦʙ/ʤʠʥ 

200 400 700 950 1450 2800 

ɽ 

800 

< 1 18,40 38,27 44,82 ï ï ï 

1 é 3 20,24 43,13 53,14 ï ï ï 

Ó 3 20,83 44,82 55,94 ï ï ï 

900 

< 1 27,82 45,70 ï ï ï ï 

1 é 3 30,32 50,64 ï ï ï ï 

Ó 3 31,13 52,26 ï ï ï ï 

1000 

< 1 32,60 52,69 ï ï ï ï 

1 é 3 35,03 57,48 ï ï ï ï 

Ó 3 35,84 59,17 ï ï ï ï 

1120 

< 1 37,90 61,97 ï ï ï ï 

1 é 3 40,33 66,83 ï ï ï ï 

Ó 3 40,55 68,45 ï ï ï ï 

 
ʊʘʙʣʠʮʘ 5.4 

 

ʂʦʵʬʬʠʮʠʝʥʪ ʫʛʣʘ ʦʙʭʚʘʪʘ ʰʢʠʚʘ ʨʝʤʥʝʤ 

 

ʋʛʦʣ ʦʙʭʚʘʪʘ 

Ŭ, ʛʨʘʜ
 180 170 160 150 140 130 120 110 90 80 70 

ʉa 1 0,98 0,95 0,92 0,89 0,86 0,82 0,78 0,65 0,62 0,56 

 

 
ʊʘʙʣʠʮʘ 5.5 

 

ʂʦʵʬʬʠʮʠʝʥʪ ʜʠʥʘʤʠʯʥʦʩʪʠ ʥʘʛʨʫʟʢʠ ʠ ʨʝʞʠʤʘ ʨʘʙʦʪʳ 

 

ʈʝʞʠʤ 

ʨʘʙʦʪʳ 

ʍʘʨʘʢʪʝʨ 

ʥʘʛʨʫʟʢʠ 
ʊʠʧ ʤʘʰʠʥ  r

ʂʦʵʬʬʠʮʠʝʥʪ ʜʠʥʘʤʠʯ-

ʥʦʩʪʠ ʧʨʠ ʯʠʩʣʝ ʨʘʙʦʯʠʭ 

ʩʤʝʥ 

1 2 3 



 90 

ʃʝʛʢʠʡ ʉʧʦʢʦʡʥʘʷ. ʄʘʢ-

ʩʠʤʘʣʴʥʘʷ ʢʨʘʪ-

ʢʦʚʨʝʤʝʥʥʘʷ ʥʘ-

ʛʨʫʟʢʘ ʜʦ 120 % ʦʪ 

ʥʦʤʠʥʘʣʥɹʦʡ 

 

ʉʪʘʥʢʠ ʪʦʢʘʨʥʳʝ, ʩʚʝʨʣʠʣʴ-

ʥʳʝ, ʰʣʠʬʦʚʘʣʴʥʳʝ; ʚʝʥʪʠ-

ʣʷʪʦʨʳ, ʥʘʩʦʩʳ ʠ ʢʦʤʧʨʝʩʩʦ-

ʨʳ ʮʝʥʪʨʦʙʝʞʥʳʝ ʠ ʨʦʪʘʮʠ-

ʦʥʥʳʝ;  ʩʝʧʘʨʘʪʦʨʳ;  ʣʝʥʪʦʯ-

ʥʳʝ ʢʦʥʚʝʡʝʨʳ ʠ ʪ. ʜ. 

1,0 1,1 1,4 

 

 
ʆʢʦʥʯʘʥʠʝ ʪʘʙʣ. 5.5. 

 

ʈʝʞʠʤ 

ʨʘʙʦʪʳ 

ʍʘʨʘʢʪʝʨ 

ʥʘʛʨʫʟʢʠ 
ʊʠʧ ʤʘʰʠʥ  r

ʂʦʵʬʬʠʮʠʝʥʪ ʜʠʥʘʤʠʯ-

ʥʦʩʪʠ ʧʨʠ ʯʠʩʣʝ ʨʘʙʦʯʠʭ 

ʩʤʝʥ 

1 2 3 

ʉʨʝʜʥʠʡ ʋʤʝʨʝʥʥʳʝ ʢʦʣʝ-

ʙʘʥʠʷ ʥʘʛʨʫʟʢʠ. 

ʄʘʢʩʠʤʘʣʴʥʘʷ 

ʢʨʘʪʢʦʚʨʝʤʝʥʥʘʷ 

ʥʘʛʨʫʟʢʘ ʜʦ 150 % 

ʦʪ ʥʦʤʠʥʘʣʥɹʦʡ 

ʉʪʘʥʢʠ ʬʨʝʟʝʨʥʳʝ ʠ ʨʝʚʦʣʴ-

ʚʝʨʥʳʝ; ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʛʝʥʝ-

ʨʘʪʦʨʳ; ʧʦʨʰʥʝʚʳʝ ʥʘʩʦʩʳ ʠ 

ʢʦʤʧʨʝʩʩʦʨʳ ʩ ʪʨʝʤʷ ʠ ʙʦʣʝʝ 

ʮʠʣʠʥʜʨʘʤʠ; ʚʦʟʜʫʭʦʜʫʚʢʠ; 

ʮʝʧʥʳʝ ʢʦʥʚʝʡʝʨʳ, ʵʣʝʚʘʪʦ-

ʨʳ; ʧʠʱʝʚʳʝ ʤʘʰʠʥʳ ʠ ʪ. ʜ. 

1,1 1,2 1,5 

ʊʷʞʝʣʳʡ ɿʥʘʯʠʪʝʣʴʥʳʝ ʢʦ-

ʣʝʙʘʥʠʷ ʥʘʛʨʫʟʢʠ. 

ʄʘʢʩʠʤʘʣʴʥʘʷ 

ʢʨʘʪʢʦʚʨʝʤʝʥʥʘʷ 

ʥʘʛʨʫʟʢʘ ʜʦ 200 % 

ʦʪ ʥʦʤʠʥʘʣʥɹʦʡ 

ʉʪʘʥʢʠ ʩʪʨʦʛʘʣʴʥʳʝ ʠ ʜʦʣ-

ʙʝʞʥʳʝ;  ʧʦʨʰʥʝʚʳʝ ʥʘʩʦʩʳ 

ʠ ʢʦʤʧʨʝʩʩʦʨʳ ʩ ʦʜʥʠʤ ʠ 

ʜʚʫʤʷ ʮʠʣʠʥʜʨʘʤʠ; ʢʦʥʚʝʡʝ-

ʨʳ ʚʠʥʪʦʚʳʝ ʠ ʩʢʨʝʙʢʦʚʳʝ; 

ʚʦʟʜʫʭʦʜʫʚʢʠ ʪʷʞʝʣʦʛʦ ʪʠʧʘ 

ʠ ʪ. ʜ. 

1,2 1,3 1,6 

ʆʯʝʥʴ 

ʪʷʞʝʣʳʡ 

ʋʜʘʨʥʘʷ ʥʘʛʨʫʟʢʘ. 

ʄʘʢʩʠʤʘʣʴʥʘʷ 

ʢʨʘʪʢʦʚʨʝʤʝʥʥʘʷ 

ʥʘʛʨʫʟʢʘ ʜʦ 300 % 

ʦʪ ʥʦʤʠʥʘʣʥɹʦʡ 

ʇʦʜʲʝʤʥʠʢʠ,  ʵʢʩʢʘʚʘʪʦʨʳ, 

ʥʦʞʥʠʮʳ,  ʤʦʣʦʪʳ, ʜʨʦʙʠʣʢʠ,  

ʤʝʣʴʥʠʮʳ  ʰʘʨʦʚʳʝ 

ʠ ʪ. ʜ. 

1,3 1,5 1,7 

 

ʇ ʨ ʠ ʤ ʝ ʯ ʘ ʥ ʠ ʝ. ʇʨʠʚʝʜʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʤʘʰʠʥ, ʢʦʤʧʣʝʢʪʫʝʤʳʭ 

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷʤʠ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ, ʦʙʱʝʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʠ ʧʦʩʪʦʷʥʥʦʛʦ 

ʪʦʢʘ ʰʫʥʪʦʚʳʭ. 

 

12. ʆʧʨʝʜʝʣʝʥʠʝ ʥʝʦʙʭʦʜʠʤʦʛʦ ʯʠʩʣʘ ʨʝʤʥʝʡ k ʜʣʷ ʧʝʨʝʜʘʯʠ ʟʘʜʘʥʥʦʡ 

ʤʦʱʥʦʩʪʠ N1: 

                                                 (5.13) 

ɽʩʣʠ ʯʠʩʣʦ ʨʝʤʥʝʡ ʙʦʣʴʰʝ ʦʜʥʦʛʦ, ʪʨʝʙʫʝʪʩʷ ʫʯʝʩʪʴ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʛʨʫʟʢʠ ʧʦ ʨʝʤʥʷʤ: 
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,                                                  (5.14)   

ʛʜʝ  ʉk  ï  ʢʦʵʬʬʠʮʠʝʥʪ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʛʨʫʟʢʠ ʧʦ ʨʝʤʥʷʤ 

(ʪʘʙʣ. 5.6). 
 

ʊʘʙʣʠʮʘ 5.6 

 

ʂʦʵʬʬʠʮʠʝʥʪ ʯʠʩʣʘ ʨʝʤʥʝʡ ʚ ʧʝʨʝʜʘʯʝ 

 

ʏʠʩʣʦ ʨʝʤʥʝʡ ʚ ʧʝʨʝʜʘʯʝ ɿʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ 

1 

2 é 3 

4 é 6 

ɹʦʣʝʝ 6 

1,00 

0,95 

0,90 

0,85 

 

ʇʦʣʫʯʝʥʥʦʝ ʯʠʩʣʦ ʦʢʨʫʛʣʷʝʪʩʷ ʜʦ ʙʣʠʞʘʡʰʝʛʦ ʙʦʣʴʰʝʛʦ ʮʝʣʦʛʦ. ɼʣʷ 

ʧʝʨʝʜʘʯ ʦʙʱʝʛʦ ʥʘʟʥʘʯʝʥʠʷ ʨʝʢʦʤʝʥʜʫʝʪʩʷ, ʯʪʦʙʳ ʫʜʦʚʣʝʪʚʦʨʷʣʦʩʴ ʫʩʣʦʚʠʝ 

k < 6é8. 

ɼʣʷ ʫʤʝʥʴʰʝʥʠʷ ʯʠʩʣʘ ʨʝʤʥʝʡ ʚ ʧʝʨʝʜʘʯʝ ʩʣʝʜʫʝʪ ʚʳʙʨʘʪʴ ʨʝʤʝʥʴ 

ʙʦʣʴʰʝʛʦ ʩʝʯʝʥʠʷ ʠ ʨʘʩʯʝʪʳ ʧʦʚʪʦʨʠʪʴ. 

13. ɺʳʙʦʨ ʥʘʧʨʷʞʝʥʠʷ ʦʪ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʥʘʪʷʞʝʥʠʷ ʨʝʤʥʝʡ. ʇʨʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʧʨʠʥʠʤʘʶʪ ʩʣʝʜʫʶʱʠʝ ʟʥʘʯʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ: 

ʘ) s0 = 1,4 ʅ/ʤʤ
2
   ï ʚ ʧʝʨʝʜʘʯʘʭ ʦʙʱʝʛʦ ʥʘʟʥʘʯʝʥʠʷ; 

ʙ) s0 = 1,6 ʅ/ʤʤ
2
 ï  ʚ ʨʝʜʢʦ ʨʘʙʦʪʘʶʱʠʭ ʧʝʨʝʜʘʯʘʭ ʠ ʚ ʧʝʨʝʜʘʯʘʭ ʩ 

ʙʦʣhɹʠʤ ʜʠʘʤʝʪʨʦʤ ʰʢʠʚʦʚ; 

ʚ) s0 = 1,2 ʅ/ʤʤ
2
   ï  ʚ ʧʝʨʝʜʘʯʘʭ ʩ ʧʦʚʳʰʝʥʥʦʡ ʜʦʣʛʦʚʝʯʥʦʩʪʴʶ ʨʝʤʥʝʡ. 

14. ʆʧʨʝʜʝʣʝʥʠʝ ʩʠʣʳ  ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʥʘʪʷʞʝʥʠʷ ʦʜʥʦʛʦ ʨʝʤʥʷ F0, ʅ: 

 

,                                                (5.15) 

 

ʛʜʝ Sʩʝʯ  ï ʧʣʦʱʘʜʴ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʨʝʤʥʷ, ʤʤ
2
 (ʩʤ. ʪʘʙʣ. 5.1). 

ʅʘʯʘʣʴʥʦʝ ʥʘʪʷʞʝʥʠʝ ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʨʘʙʦʪʦʩʧʦ-

ʩʦʙʥʦʩʪʴ ʧʝʨʝʜʘʯʠ ʠ ʜʦʣʞʥʦ ʧʝʨʠʦʜʠʯʝʩʢʠ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴʩʷ. 

15. ʆʧʨʝʜʝʣʝʥʠʝ ʩʠʣʳ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʥʘʪʷʞʝʥʠʷ ʚʩʝʭ ʨʝʤʥʝʡ  ʅ: 

 

                                                  (5.16) 

 

16. ʆʧʨʝʜʝʣʝʥʠʝ ʩʠʣʳ, ʜʝʡʩʪʚʫʶʱʝʡ ʥʘ ʰʢʠʚʳ ʦʪ ʥʘʪʷʞʝʥʠʷ ʨʝʤ-

ʥʝʡ F, H: 

                                             (5.17) 
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ʛʜʝ  Ŭ1 ï ʫʛʦʣ ʦʙʭʚʘʪʘ ʤʝʥʴʰʝʛʦ ʰʢʠʚʘ ʨʝʤʥʝʤ. 

 

17. ʆʧʨʝʜʝʣʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʚ ʨʝʤʥʝ, ʅ/ʤʤ
2
: 

 ,                               (5.18) 

 ʛʜʝ  ï ʥʘʧʨʷʞʝʥʠʝ ʦʪ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʥʘʪʷʞʝʥʠʷ, ʅ/ʤʤ
2
; st ï ʥʘʧʨʷʞʝʥʠʝ 

ʦʪ ʦʢʨʫʞʥʦʡ ʩʠʣʳ, ʅ/ʤʤ
2
,   

 

sʠ ï ʥʘʧʨʷʞʝʥʠʝ ʠʟʛʠʙʘ ʨʝʤʥʷ ʥʘ ʤʝʥʴʰʝʤ ʰʢʠʚʝ, ʅ/ʤʤ
2
,  

 

ʟʜʝʩʴ ɽ ï ʤʦʜʫʣʴ ʧʨʦʜʦʣʴʥʦʡ ʫʧʨʫʛʦʩʪʠ ʨʝʤʥʷ, ʅ/ʤʤ
2
 (ʜʣʷ ʢʣʠʥʦʚʳʭ ʢʦʨ-

ʜʦʪʢʘʥʝʚʳʭ ʨʝʤʥʝʡ ɽ = 40é100 ʅ/ʤʤ
2
, ʜʣʷ ʢʣʠʥʦʚʳʭ ʢʦʨʜʦʰʥʫʨʦʚʳʭ ʨʝʤ-

ʥʝʡ ɽ = 60é150 ʅ/ʤʤ
2
);  sv ï ʥʘʧʨʷʞʝʥʠʝ ʦʪ ʜʝʡʩʪʚʠʷ ʮʝʥʪʨʦʙʝʞʥʳʭ ʩʠʣ, 

ʅ/ʤʤ
2
,  

 

ʟʜʝʩʴ r ï  ʧʣʦʪʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʨʝʤʥʷ, ʢʛ/ʤ
3
. 

18. ʆʧʨʝʜʝʣʝʥʠʝ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʨʝʤʥʷ, ʯ: 

 

                                    (5.19) 

 

ʛʜʝ sr ï ʧʨʝʜʝʣ ʚʳʥʦʩʣʠʚʦʩʪʠ ʨʝʤʥʷ ʧʨʠ ʙʘʟʦʚʦʤ ʯʠʩʣʝ ʮʠʢʣʦʚ ʥʘʛʨʫʞʝʥʠʷ, 

ʜʣʷ ʢʣʠʥʦʚʳʭ ʨʝʤʥʝʡ  sr = 9é10 ʅ/ʤʤ
2
; m ï ʧʦʢʘʟʘʪʝʣʴ ʩʪʝʧʝʥʠ ʢʨʠʚʦʡ ʚʳ-

ʥʦʩʣʠʚʦʩʪʠ, ʜʣʷ ʢʣʠʥʦʚʳʭ ʨʝʤʥʝʡ  m = 7é11; Nʙ ï ʙʘʟʦʚʦʝ ʯʠʩʣʦ ʮʠʢʣʦʚ ʥʘ-

ʛʨʫʞʝʥʠʷ, Nʙ = 10
7 
ʮʠʢʣʦʚ; ʉu ï ʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ ʚʣʠʷʥʠʝ ʧʝʨʝ-

ʜʘʪʦʯʥʦʛʦ ʯʠʩʣʘ: 

 
u 1 2 4 

ʉu 1 1,7 1,9 

 

ɜ ï ʯʘʩʪʦʪʘ ʧʨʦʙʝʛʦʚ ʨʝʤʥʷ, ʦʙ/ʩ;  x ï ʯʠʩʣʦ ʰʢʠʚʦʚ ʚ ʧʝʨʝʜʘʯʝ. 

  
ʈʝʩʫʨʩ ʨʘʙʦʪʳ ʨʝʤʥʷ (ʜʦʣʛʦʚʝʯʥʦʩʪʴ) ʥʝ ʜʦʣʞʝʥ ʙʳʪʴ ʤʝʥʴʰʝ ʥʦʨʤʘ-

ʪʠʚʥʦʛʦ ʨʝʩʫʨʩʘ, ʢʦʪʦʨʳʡ ʨʘʚʝʥ 5000, 2000, 1000, 500 ʯ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʨʠ 

ʣʝʛʢʦʤ, ʩʨʝʜʥʝʤ, ʪʷʞʝʣʦʤ ʠ ʦʯʝʥʴ ʪʷʞʝʣʦʤ ʨʝʞʠʤʘʭ ʨʘʙʦʪʳ (ʩʤ. ʪʘʙʣ. 5.5). 
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ɽʩʣʠ ʦʢʘʞʝʪʩʷ, ʯʪʦ ʨʝʩʫʨʩ ʨʘʙʦʪʳ ʨʝʤʥʷ ʤʝʥʴʰʝ ʥʦʨʤʘʪʠʚʥʦʛʦ, ʪʦ ʜʣʷ ʝʛʦ 

ʫʚʝʣʠʯʝʥʠʷ ʩʣʝʜʫʝʪ ʚʟʷʪʴ ʰʢʠʚʳ ʙʦʣʴʰʝʛʦ ʜʠʘʤʝʪʨʘ ʠ ʧʦʚʪʦʨʠʪʴ ʨʘʩʯʝʪ ʩ 

ʧ. 3.  

 

5.3. ʈʘʟʨʘʙʦʪʢʘ ʢʦʥʩʪʨʫʢʮʠʠ ʰʢʠʚʦʚ 

ʄʘʪʝʨʠʘʣ, ʩʧʦʩʦʙ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠ ʢʦʥʩʪʨʫʢʮʠʷ ʰʢʠʚʦʚ ʟʘʚʠʩʷʪ ʦʪ ʠʭ 

ʨʘʟʤʝʨʦʚ, ʫʩʣʦʚʠʡ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ʐʢʠʚʳ ʠʟʛʦʪʘʚʣʠʚʘʶʪ ʣʠʪʳʤʠ, ʩʚʘʨʥʳʤʠ ʠʣʠ ʩʙʦʨʥʳʤʠ; ʠʟ ʯʫʛʫʥʘ, 

ʩʪʘʣʠ ʠʣʠ ʣʝʛʢʠʭ ʩʧʣʘʚʦʚ. 

ʉʝʨʡr ʯʫʛʫʥ ʉʏ15 ʠ ʉʏ20 ʧʨʠʤʝʥʷʶʪ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʰʢʠʚʦʚ ʧʨʠ 

ʦʢʨʫʞʥʦʡ ʩʢʦʨʦʩʪʠ ʜʦ 30 ʤ/ʩ. ɹʳʩʪʨʦʭʦʜʥʳʝ ʰʢʠʚʳ ʧʨʠ ʦʢʨʫʞʥʦʡ ʩʢʦʨʦʩʪʠ 

ʜʦ 60 ʤ/ʩ ʠʟʛʦʪʘʚʣʠʚʘʶʪ ʠʟ ʩʪʘʣʠ 25ʃ ʠʣʠ ʉʪ3, ʘ ʧʨʠ ʙʦʣʴʰʝʡ ʩʢʦʨʦʩʪʠ ʠ 

ʞʝʩʪʢʠʭ ʪʨʝʙʦʚʘʥʠʷʭ ʢ ʚʝʩʫ ï ʠʟ ʣʝʛʢʠʭ ʘʣʶʤʠʥʠʝʚʳʭ ʠʣʠ ʤʘʛʥʠʝʚʳʭ ʩʧʣʘ-

ʚʦʚ ɸʃ3 ʠ ʄʃ3. ʐʢʠʚʳ, ʨʘʙʦʪʘʶʱʠʝ ʩ ʦʢʨʫʞʥʦʡ ʩʢʦʨʦʩʪʴʶ ʚʳʰʝ       5 ʤ/ʩ, 

ʦʙʷʟʘʪʝʣʴʥʦ ʙʘʣʘʥʩʠʨʫʶʪ. 

ɺ ʧʝʨʝʜʘʯʘʭ ʦʙʱʝʛʦ ʥʘʟʥʘʯʝʥʠʷ ʥʘʠʙʦʣʴʰʝʝ ʧʨʠʤʝʥʝʥʠʝ ʧʦʣʫʯʠʣʠ ʯʫ-

ʛʫʥʥʳʝ ʣʠʪʳʝ ʰʢʠʚʳ. ʐʢʠʚʳ ʜʠʘʤʝʪʨʦʤ ʜʦ 100 ʤʤ ʦʙʳʯʥʦ ʤʦʥʦʣʠʪʥʳ 

(ʨʠʩ. 5.3).  

 

 
 

ʈʠʩ. 5.3. ʄʦʥʦʣʠʪʥʳʝ ʰʢʠʚʳ 

 

ʇʨʠ ʜʠʘʤʝʪʨʝ ʰʢʠʚʦʚ 100é400 ʤʤ ʠʭ ʚʳʧʦʣʥʷʶʪ ʩʦ ʩʧʣʦʰʥʳʤ ʜʠʩ-

ʢʦʤ ʠʣʠ ʩ ʜʠʩʢʦʤ, ʚ ʢʦʪʦʨʦʤ ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʪ ʦʪʚʝʨʩʪʠʷ ʢʨʫʛʣʦʡ ʬʦʨʤʳ 

ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʤʘʩʩʳ ʠ ʫʜʦʙʩʪʚʘ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʠ ʤʦʥʪʘʞʘ (ʨʠʩ. 5.4). 

 

 

ʈʠʩ. 5.4. ʐʢʠʚʳ ʩ ʜʠʩʢʦʤ 

ʐʢʠʚʳ ʜʠʘʤʝʪʨʦʤ ʙʦʣʝʝ 400 ʤʤ ʠʟʛʦʪʘʚʣʠʚʘʶʪ ʩʦ ʩʧʠʮʘʤʠ, ʨʘʩʧʦʣʦ-

ʞʝʥʥʳʤʠ ʚ ʦʜʠʥ (ʰʠʨʠʥʘ ʦʙʦʜʘ ʜʦ 300 ʤʤ) ʠʣʠ ʜʚʘ ʨʷʜʘ (ʨʠʩ. 5.5). ʏʠʩʣʦ 

ʩʧʠʮ ʚ ʦʜʥʦʤ ʨʷʜʫ 4, 6 ʠʣʠ 8 ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʠʘʤʝʪʨʫ ʰʢʠʚʘ ʜʦ 500, 500é1600 ʠ 

ʙʦʣʝʝ 1600 ʤʤ. ʉʝʯʝʥʠʝ ʩʧʠʮ ʦʙʳʯʥʦ ʵʣʣʠʧʪʠʯʝʩʢʦʝ ʩ ʙʦʣʴʰʝʡ ʦʩʴʶ ʚ ʧʣʦʩ-

ʢʦʩʪʠ ʚʨʘʱʝʥʠʷ ʠ ʩʦʦʪʥʦʰʝʥʠʝʤ ʨʘʟʤʝʨʦʚ ʦʩʝʡ 0,4é0,5. 

 

 

ʈʠʩ. 5.5. ʐʢʠʚ ʩʦ ʩʧʠʮʘʤʠ 



 94 

 

ʐʢʠʚʳ ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʢʦʥʩʦʣʴʥʦ ʠʣʠ ʚ ʩʝʨʝʜʠʥʝ ʚʘʣʘ, ʦʙʳʯʥʦ ʥʘ 

ʰʧʦʥʢʘʭ. 

ʈʘʟʤʝʨʳ ʧʨʦʬʠʣʷ ʢʘʥʘʚʦʢ ʦʙʦʜʦʚ ʰʢʠʚʦʚ ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʳ (ʪʘʙʣ. 5.7, 

ʨʠʩ. 5.6). 
 

ʊʘʙʣʠʮʘ 5.7 

 

ʈʘʟʤʝʨʳ ʧʨʦʬʠʣʷ ʢʘʥʘʚʦʢ ʰʢʠʚʦʚ ʢʣʠʥʦʨʝʤʝʥʥʳʭ ʧʝʨʝʜʘʯ 

 

ʊʠʧʦ-

ʨʘʟʤʝʨ 

ʨʝʤʥ ̫

ʈʘʟʤʝʨʳ ʧʨʦʬʠʣʷ, ʤʤ ɼʠʘʤʝʪʨʳ ʰʢʠʚʘ ʜʣʷ ʫʛʣʘ ʢʘʥʘʚʢʠ Ŭ 

c f e h t 34  ̄ 36  ̄ 38  ̄ 40  ̄

0 

ɸ 

ɹ 

ɺ 

ɻ 

ɼ 

ɽ 

  8,5 

11,0 

14,0 

19,0 

27,0 

32,0 

42,0 

  8,0 

10,0 

12,5 

17,0 

24,0 

29,0 

38,0 

12,0 

15,0 

19,0 

25,5 

37,0 

44,5 

58,0 

  7,0 

  8,7 

10,8 

14,3 

19,9 

23,4 

30,5 

2,5 

3,3 

4,2 

5,7 

8,1 

9,6 

12,5 

63 é 71 

90é112 

125é160 

ï 

ï 

ï 

ï 

80é100 

125é160 

180é224 

200é315 

315é450 

500é560 

ï 

112é160 

180é400 

250é500 

355é630 

500é900 

630é1120 

800é1400 

  180 

  450 

  560 

  710 

1000 

1250 

1600 

 

 
ʈʠʩ. 5.6. ʈʘʟʤʝʨʳ ʧʨʦʬʠʣʷ ʢʘʥʘʚʦʢ ʰʢʠʚʦʚ 

 

ɺ ʪʘʙʣ. 5.8 ʧʨʠʚʝʜʝʥʳ ʨʘʩʯʝʪʥʳʝ ʬʦʨʤʫʣʳ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʩʥʦʚʥʳʭ 

ʨʘʟʤʝʨʦʚ ʰʢʠʚʦʚ. ʆʢʦʥʯʘʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʨʘʟʤʝʨʦʚ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʧʨʠʥʠ-

ʤʘʪʴ ʠʟ ʩʣʝʜʫʶʱʝʛʦ ʨʷʜʘ: 8, 9, 10, 11, 12, 14, 15, 16, 18, 20, 22, 24, 25, 26, 28, 

30, 32, 35, 36, 38, 40, 42, 45, 48, 50, 53, 56, 60, 63, 65, 68, 71, 75, 80, 85, 90, 95, 

100, 112, 125, 140, 150, 160, 180, 200, 220, 250, 280, 300, 320, 350, 380, 400, 

450, 500 ʤʤ. 

ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʰʢʠʚʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚʦ ʚʟʘʠʤʥʦʤ 

ʨʘʟʤʝʱʝʥʠʠ ʩʪʫʧʠʮʳ ʠ ʦʙʦʜʘ, ʧʦʩʣʝ ʯʝʛʦ ʦʥʠ ʩʦʝʜʠʥʷʶʪʩʷ ʜʠʩʢʦʤ ʠʣʠ ʩʧʠ-

ʮʘʤʠ (ʝʩʣʠ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʥʠʤʠ ʜʦʩʪʘʪʦʯʥʦ ʚʝʣʠʢʦ) ʠʣʠ ʧʨʦʝʢʪʠʨʫʶʪʩʷ 

ʤʦʥʦʣʠʪʥʳʤʠ (ʝʩʣʠ ʨʘʩʩʪʦʷʥʠʝ ʤʘʣʦ ʠʣʠ ʦʪʩʫʪʩʪʚʫʝʪ). 

ʅʘ ʨʠʩ. 5.7. ʧʦʢʘʟʘʥʳ ʦʩʥʦʚʥʳʝ ʨʘʟʤʝʨʳ ʰʢʠʚʦʚ. 
 

ʊʘʙʣʠʮʘ 5.8 

 

ʈʘʟʤʝʨʳ ʦʩʥʦʚʥʳʭ ʯʘʩʪʝʡ ʰʢʠʚʦʚ, ʤʤ 
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ʈʠʩ. 5.7. ʆʩʥʦʚʥʳʝ ʨʘʟʤʝʨʳ ʰʢʠʚʦʚ 

 

ʆʢʦʥʯʘʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʚʩʝʭ ʨʘʟʤʝʨʦʚ, ʢʨʦʤʝ ʰʠʨʠʥʳ ʰʢʠʚʘ ɺ, 

ʜʦʣʞʥʳ ʙʳʪʴ ʩʪʘʥʜʘʨʪʥʳʤʠ (ʩʤ. ʩʪʨ. 104). 
 

5.4. ʇʨʠʤʝʨ ʨʘʩʯʝʪʘ ʠ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ 

ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ: 

ï ʧʝʨʝʜʘʚʘʝʤʘʷ ʤʦʱʥʦʩʪʴ N1 = 1,4 ʢɺʪ; 

ï ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʚʝʜʫʱʝʛʦ ʰʢʠʚʘ  n1 = 1000 ʦʙ/ʤʠʥ; 

ï ʧʝʨʝʜʘʪʦʯʥʦʝ ʦʪʥʦʰʝʥʠʝ ʠ = 3. 

1. ʊʠʧʦʨʘʟʤʝʨ ʩʝʯʝʥʠʷ ʨʝʤʥʷ. ʇʨʠʥʠʤʘʝʤ ʯʠʩʣʦ ʨʝʤʥʝʡ ʚ ʧʝʨʝʜʘʯʝ 

ʦʜʠʥ ʠʣʠ ʜʚʘ, ʪʦʛʜʘ ʧʦ ʛʨʘʬʠʢʫ ʥʘ ʨʠʩ. 5.2, ʘ (ʜʣʷ ʯʠʩʣʘ ʨʝʤʥʝʡ 1 ʠ 2) ʦʧʨʝ-

ʜʝʣʷʝʤ ʪʠʧʦʨʘʟʤʝʨ ï ɸ. 

2. ɼʠʘʤʝʪʨ ʤʝʥʴʰʝʛʦ ʰʢʠʚʘ ʜʣʷ ʨʝʤʥʷ ʩʝʯʝʥʠʷ ɸ ʧʨʠʥʠʤʘʝʤ ʚ ʩʦʦʪ-

ʚʝʪʩʪʚʠʠ ʩ ʨʝʢʦʤʝʥʜʘʮʠʷʤʠ ʧʦ ʪʘʙʣ. 5.2: dʤ = 112 ʤʤ. 

3. ɼʠʘʤʝʪʨ ʙʦʣʴʰʝʛʦ ʰʢʠʚʘ [ʩʤ. ʬʦʨʤʫʣʫ (5.1)] 

 

dʙ = dʤ (1 ï ɝ) u = 112 (1ï 0,015) 3 = 330,96 ʤʤ. 

 

ʇʨʠʥʠʤʘʝʤ ʙʣʠʞʘʡʰʝʝ ʩʪʘʥʜʘʨʪʥʦʝ ʟʥʘʯʝʥʠʝ ʜʠʘʤʝʪʨʘ dʙ = 315 ʤʤ. 

ʇʦʩʢʦʣʴʢʫ ʧʝʨʝʜʘʯʘ ʧʦʥʠʞʘʶʱʘʷ (u > 1), ʪʦ ʚʝʜʫʱʠʡ ʰʢʠʚ ï ʤʝʥʴʰʠʡ 

(d1 = dʤ = 112 ʤʤ), ʘ ʚʝʜʦʤʳʡ ï ʙʦʣʴʰʠʡ (d2 = dʙ = 315 ʤʤ). 

4. ʃʠʥʝʡʥʘʷ ʩʢʦʨʦʩʪʴ ʨʝʤʥʷ [ʩʤ. ʬʦʨʤʫʣʫ (5.3)] 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʈʘʩʯʝʪʥʘʷ ʬʦʨʤʫʣʘ 

ʐʠʨʠʥʘ ʦʙʦʜʘ B = (k ï 1) e + 2f 

ʊʦʣʱʠʥʘ ʦʙʦʜʘ:  

  ʯʫʛʫʥʥʳʭ ʰʢʠʚʦʚ ŭ = (1,1é1,3) h 

  ʩʪʘʣʴʥʳʭ ʰʢʠʚʦʚ ŭ = (0,9é1,0) h 

ʊʦʣʱʠʥʘ ʜʠʩʢʘ c = (1,2é1,3) ŭ Ó 8 ʤʤ 

ɼʠʘʤʝʪʨ ʦʪʚʝʨʩʪʠʷ ʩʪʫʧʠʮ  r  

ɼʠʘʤʝʪʨ ʩʪʫʧʠʮʳ:  

  ʯʫʛʫʥʥʳʭ ʰʢʠʚʦʚ dʩʪ  å 1,6 d0 

  ʩʪʘʣʴʥʳʭ ʰʢʠʚʦʚ dʩʪ  å 1,5 d0 

ɼʣʠʥʘ ʩʪʫʧʠʮʳ lʩʪ = (1,2é1,5) d0 
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 ʤ/ʩ 

 

ʥʝ ʧʨʝʚʳʰʘʝʪ ʧʨʝʜʝʣʥɹʫʶ. 

5. ʌʘʢʪʠʯʝʩʢʦʝ ʧʝʨʝʜʘʪʦʯʥʦʝ ʦʪʥʦʰʝʥʠʝ [ʩʤ. ʬʦʨʤʫʣʫ (5.4)] 

 

. 

 

6. ʆʪʢʣʦʥʝʥʠʝ ʦʪ ʟʘʜʘʥʥʦʛʦ ʧʝʨʝʜʘʪʦʯʥʦʛʦ ʦʪʥʦʰʝʥʠʷ [ʩʤ. ʬʦʨʤʫʣʫ (5.5)] 

 

ʥʝ ʧʨʝʚʳʰʘʝʪ 5 %, ʯʪʦ ʜʦʧʫʩʪʠʤʦ. 

7. ʄʝʞʦʩʝʚʦʝ ʨʘʩʩʪʦʷʥʠʝ [ʩʤ. ʬʦʨʤʫʣʫ (5.6)]. ɼʣʷ ʫʚʝʣʠʯʝʥʠʷ ʜʦʣʛʦ-

ʚʝʯʥʦʩʪʠ ʨʝʤʥʝʡ ʧʨʠʥʠʤʘʝʤ 

a = ʨd2 = 1,03 Ā 315 = 324 ʤʤ (ʨ = 1,03  ʜʣʷ  u = 2,86). 

ʇʨʠʥʷʪʦʝ ʟʥʘʯʝʥʠʝ ʤʝʞʦʩʝʚʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʙʦʣʴʰʝ ʤʠʥʠʤʘʣʴʥʦʛʦ [ʩʤ. 

ʬʦʨʤʫʣʫ (5.7)]: 

ʤʤ. 

8. ʈʘʩʯʝʪʥʘʷ ʜʣʠʥʘ ʨʝʤʥʷ [ʩʤ. ʬʦʨʤʫʣʫ (5.8)] 

 

 ʤʤ. 

 

ʇʨʠʥʠʤʘʝʤ ʙʣʠʞʘʡʰʝʝ ʩʪʘʥʜʘʨʪʥʦʝ ʟʥʘʯʝʥʠʝ Lʨ = 1320 ʤʤ. 

ʋʪʦʯʥʷʝʤ ʤʝʞʦʩʝʚʦʝ ʨʘʩʩʪʦʷʥʠʝ [ʩʤ. ʬʦʨʤʫʣʫ (5.9)]: 

 

 

 

= 308,07 ʤʤ. 

 

9. ʋʛʦʣ ʦʙʭʚʘʪʘ ʤʝʥʴʰʝʛʦ ʰʢʠʚʘ [ʩʤ. ʬʦʨʤʫʣʫ (5.10)] 
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10. ʏʘʩʪʦʪʘ ʧʨʦʙʝʛʦʚ ʨʝʤʥʷ [ʩʤ. ʬʦʨʤʫʣʫ (5.11)] 

 

 ʦʙ/ʩ 

 

ʥʝ ʧʨʝʚʳʰʘʝʪ ʧʨʝʜʝʣʴʥʫʶ ï 10 ʦʙ/ʩ. 

 

11. ʄʦʥɦʦʩʪʴ, ʧʝʨʝʜʘʚʘʝʤʘʷ ʦʜʥʠʤ ʨʝʤʥʝʤ ʚ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ 

[ʩʤ. ʬʦʨʤʫʣʫ (5.12)], 

 

 ʢɺʪ. 

 

ʇʨʠʥʷʪʦ: ʨʝʤʝʥʥʘʷ ʧʝʨʝʜʘʯʘ ï ʜʣʷ ʚʝʥʪʠʣʷʪʦʨʘ (ʩʤ. ʪʘʙʣ. 5.3),  ʨʝʞʠʤ 

ʨʘʙʦʪʳ ï ʣʝʛʢʠʡ,  ʯʠʩʣʦ ʨʘʙʦʯʠʭ ʩʤʝʥ ï ʜʚʝ. 

12. ʅʝʦʙʭʦʜʠʤʦʝ ʯʠʩʣʦ ʨʝʤʥʝʡ  [ʩʤ. ʬʦʨʤʫʣʫ (5.13)] 

 

ʊʘʢ ʢʘʢ ʯʠʩʣʦ ʨʝʤʥʝʡ ʙʦʣʴʰʝ ʦʜʥʦʛʦ, ʥʝʦʙʭʦʜʠʤʦ ʫʯʝʩʪʴ ʥʝʨʘʚʥʦʤʝʨ-

ʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʛʨʫʟʢʠ ʥʘ ʨʝʤʥʠ. 

ʂʦʵʬʬʠʮʠʝʥʪ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʜʣʷ ʜʚʫʭ ʨʝʤʥʝʡ  ʉk   = 0,95. ʉʦʛʣʘʩʥʦ 

ʬʦʨʤʫʣʝ (5.14) 

 

ʆʢʦʥʯʘʪʝʣʴʥʦ ʧʨʠʥʠʤʘʝʤ  k = 2 ʨʝʤʥʷ. 

13. ɺʳʙʦʨ ʥʘʧʨʷʞʝʥʠʷ ʦʪ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʥʘʪʷʞʝʥʠʷ ʨʝʤʥʝʡ. ʇʨʠ-

ʥʠʤʘʝʤ: ʧʝʨʝʜʘʯʘ ʦʙʱʝʛʦ ʥʘʟʥʘʯʝʥʠʷ,  = 1,4 ʅ/ʤʤ
2
. 

14. ʋʩʠʣʠʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʥʘʪʷʞʝʥʠʷ ʦʜʥʦʛʦ ʨʝʤʥʷ [ʩʤ. ʬʦʨʤʫʣʫ 

(5.15)] 

 ʅ. 

15. ʋʩʠʣʠʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʥʘʪʷʞʝʥʠʷ ʚʩʝʭ ʨʝʤʥʝʡ [ʩʤ. ʬʦʨʤʫʣʫ (5.16)] 

 ʅ. 

16. ʋʩʠʣʠʝ, ʜʝʡʩʪʚʫʶʱʝʝ ʥʘ ʰʢʠʚʳ ʦʪ ʥʘʪʷʞʝʥʠʷ ʨʝʤʥʝʡ [ʩʤ. ʬʦʨʤʫʣʫ 

(5.17)], 

 ʅ. 
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17. ʅʘʧʨʷʞʝʥʠʷ ʚ ʨʝʤʥʝ: 

ï ʥʘʧʨʷʞʝʥʠʝ ʦʪ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʥʘʪʷʞʝʥʠʷ ʨʝʤʥʝʡ  

 = 1,4 ʅ/ʤʤ
2
; 

ï ʥʘʧʨʷʞʝʥʠʝ ʦʪ ʦʢʨʫʞʥʦʡ ʩʠʣʳ  

 ʅ/ʤʤ
2
; 

ï ʥʘʧʨʷʞʝʥʠʝ ʠʟʛʠʙʘ ʨʝʤʥʷ ʥʘ ʤʝʥʴʰʝʤ ʰʢʠʚʝ 

 ʅ/ʤʤ
2
; 

ï ʥʘʧʨʷʞʝʥʠʝ ʦʪ ʜʝʡʩʪʚʠʷ ʮʝʥʪʨʦʙʝʞʥʳʭ ʩʠʣ 

 ʅ/ʤʤ
2
; 

ï ʩʫʤʤʘʨʥʦʝ ʤʘʢʩʠʤʘʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʚ ʨʝʤʥʝ [ʩʤ. ʬʦʨʤʫʣʫ (5.18)] 

 ʅ/ʤʤ
2
. 

18. ɼʦʣʛʦʚʝʯʥʦʩʪʴ ʨʝʤʥʷ [ʩʤ. ʬʦʨʤʫʣʫ (5.19)] 

ʯ. 

ɼʦʣʛʦʚʝʯʥʦʩʪʴ ʨʝʤʥʝʡ ʜʣʷ ʣʝʛʢʦʛʦ ʨʝʞʠʤʘ ʨʘʙʦʪʳ (ʩʤ. ʧʦʜʨʘʟʜ. 5.2, ʧ. 

18) ʜʦʣʞʥʘ ʙʳʪʴ ʥʝ ʤʝʥʝʝ 5000 ʯ, ʯʪʦ ʚʳʧʦʣʥʝʥʦ. 

 

ʈʘʟʨʘʙʦʪʢʘ ʢʦʥʩʪʨʫʢʮʠʠ ʚʝʜʫʱʝʛʦ ʰʢʠʚʘ 

ʈʘʟʤʝʨʳ ʢʘʥʘʚʦʢ (ʩʤ. ʪʘʙʣ. 5.7): 

ʩ = 11 ʤʤ; 

f = 10 ʤʤ; 

ʝ = 15 ʤʤ; 

h = 8,7 ʤʤ; 

t = 3,3 ʤʤ; 

Ŭ = 34  ̄(ʜʣʷ ʜʠʘʤʝʪʨʘ ʰʢʠʚʘ 112 ʤʤ). 

 

ʆʩʥʦʚʥʳʝ ʨʘʟʤʝʨʳ ʰʢʠʚʦʚ (ʪʘʙʣ. 5.8): 

ʰʠʨʠʥʘ ʦʙʦʜʘ B = (k ï 1) e + 2f = (2 ï 1) 15+2 1̟0 = 35 ʤʤ; 

ʪʦʣʱʠʥʘ ʦʙʦʜʘ  ŭ = (1,1é1,3) h = (1,1é1,3) 8,7 = 9,57é10,44 ʤʤ (ʧʨʠ-

ʥʠʤʘʝʤ  ŭ = 10 ʤʤ); 
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ʪʦʣʱʠʥʘ ʜʠʩʢʘ  c = (1,2é1,3) ŭ Ó 8 ʤʤ; c = (1,2é1,3)10 = 12é13 ʤʤ 

(ʧʨʠʥʠʤʘʝʤ  ʩ = 12 ʤʤ); 

ʜʠʘʤʝʪʨ ʦʪʚʝʨʩʪʠʷ ʩʪʫʧʠʮʳ  ʤʤ (ʧʨʠʥʠʤʘʝʤ  d0 = 18 ʤʤ); 

ʜʠʘʤʝʪʨ ʩʪʫʧʠʮʳ  dʩʪ  å 1,6 d0 = 1,6 1̟8 = 28,8 ʤʤ (ʧʨʠʥʠʤʘʝʤ  dʩʪ = 30 ʤʤ); 

ʜʣʠʥʘ ʩʪʫʧʠʮʳ  lʩʪ = (1,2é1,5) d0 = (1,2é1,5) 18 = 21,6é27 ʤʤ (ʧʨʠʥʠʤʘ-

ʝʤ  lʩʪ = 25 ʤʤ). 

ʕʩʢʠʟ ʚʝʜʫʱʝʛʦ ʰʢʠʚʘ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩ. 5.8.  

 

 

 

ʈʠʩ. 5.8. ʕʩʢʠʟ ʚʝʜʫʱʝʛʦ ʰʢʠʚʘ 

 

ʉʢʦʥʩʪʨʫʠʨʦʚʘʥʥʳʡ ʰʢʠʚ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʘʨʠʘʥʪʫ ʩ ʜʠʩʢʦʤ (ʩʤ. ʨʠʩ. 6.4). 

ʆʪʚʝʨʩʪʠʷ ʚ ʜʠʩʢʝ ʦʪʩʫʪʩʪʚʫʶʪ ʧʦ ʧʨʠʯʠʥʝ ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʠʭ ʨʘʟʤʝʱʝʥʠʷ 

ʥʘ ʜʠʩʢʝ ʪʘʢʦʡ ʰʠʨʠʥʳ. 

6. ʈɸʉʏɽʊ  ʎɽʇʅʓʍ  ʇɽʈɽɼɸʏ 

ɺ ʧʨʠʚʦʜʘʭ ʧʦʜʲʝʤʥʦ-ʪʨʘʥʩʧʦʨʪʥʳʭ ʤʝʭʘʥʠʟʤʦʚ, ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥ-

ʥʳʭ, ʜʦʨʦʞʥʳʭ, ʧʠʱʝʚʳʭ ʠ ʜʨʫʛʠʭ ʤʘʰʠʥ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʮʝʧʥʳʝ ʧʝ-

ʨʝʜʘʯʠ. ʆʥʠ ʩʦʩʪʦʷʪ ʠʟ ʜʚʫʭ ʠʣʠ ʙʦʣʝʝ ʟʚʝʟʜʦʯʝʢ ʠ ʟʘʤʢʥʫʪʦʡ ʰʘʨʥʠʨʥʦʡ 

ʮʝʧʠ. ʆʩʥʦʚʥʳʤʠ ʪʠʧʘʤʠ ʧʨʠʚʦʜʥʳʭ ʮʝʧʝʡ ʷʚʣʷʶʪʩʷ ʨʦʣʠʢʦʚʳʝ, ʚʪʫʣʦʯʥʳʝ 

ʠ ʟʫʙʯʘʪʳʝ. 
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ʈʦʣʠʢʦʚʘʷ ʮʝʧʴ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 6.1. ʅʘʨʫʞʥʘʷ ʧʣʘʩʪʠʥʘ 1 ʥʘʧʨʝʩʩʦʚʘ-

ʥʘ ʥʘ ʚʘʣʠʢ 3, ʚʥʫʪʨʝʥʥʷʷ ʧʣʘʩʪʠʥʘ 2 ï ʥʘ ʚʪʫʣʢʫ 4. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʦʪʥʦʩʠ-

ʪʝʣʴʥʳʡ ʧʦʚʦʨʦʪ (ʠ ʪʨʝʥʠʝ) ʧʨʦʠʩʭʦʜʠʪ ʤʝʞʜʫ ʚʘʣʠʢʦʤ ʠ ʚʪʫʣʢʦʡ, ʘ ʪʘʢʞʝ 

ʤʝʞʜʫ ʚʪʫʣʢʦʡ ʠ ʨʦʣʠʢʦʤ 5. ʅʘʣʠʯʠʝ ʚʪʫʣʢʠ ʧʦʟʚʦʣʷʝʪ ʨʘʩʧʨʝʜʝʣʠʪʴ ʥʘ-

ʛʨʫʟʢʫ ʧʦ ʜʣʠʥʝ ʚʘʣʠʢʘ. ʇʨʠʤʝʥʝʥʠʝ ʨʦʣʠʢʘ ʧʨʠʚʦʜʠʪ ʢ ʯʘʩʪʠʯʥʦʡ ʟʘʤʝʥʝ 

ʪʨʝʥʠʷ ʩʢʦʣʴʞʝʥʠʷ ʟʫʙʘ ʟʚʝʟʜʦʯʢʠ ʧʦ ʰʘʨʥʠʨʫ ʥʘ ʪʨʝʥʠʝ ʢʘʯʝʥʠʷ ʠ ʨʘʩʧʨʝ-

ʜʝʣʷʝʪ ʜʘʚʣʝʥʠʝ ʟʫʙʘ ʥʘ ʚʪʫʣʢʫ. 

ʈʠʩ. 6.1. ʎʝʧʴ ʧʨʠʚʦʜʥʘʷ ʨʦʣʠʢʦʚʘʷ:  

ʘ ï ʦʜʥʦʨʷʜʥʘʷ; ʙ ï ʜʚʫʭʨʷʜʥʘʷ 

 

ʂʦʥʩʪʨʫʢʮʠʷ ʚʪʫʣʦʯʥʦʡ ʮʝʧʠ ʘʥʘʣʦʛʠʯʥʘ ʨʦʣʠʢʦʚʦʡ, ʥʦ ʚ ʥʝʡ ʦʪʩʫʪʩʪ-

ʚʫʝʪ ʨʦʣʠʢ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʚʪʫʣʦʯʥʳʝ ʮʝʧʠ ʧʨʦʱʝ ʚ ʠʟʛʦʪʦʚʣʝʥʠʠ, ʣʝʛʯʝ ʠ 

ʜʝh ʝʚʣʝ, ʥʦ ʙʳʩʪʨʝʝ ʠʟʥʘʰʠʚʘʶʪʩʷ. 

ɿʫʙʯʘʪʳʝ ʮʝʧʠ (ʨʠʩ. 6.2) ʠʟʛʦʪʘʚʣʠʚʘʶʪ ʤʥʦʛʦʨʷʜʥʳʤʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

bdpd

a)

ʙ)

t

h

B B
o
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ʧʝʨʝʜʘʚʘʪʴ ʙʦʣʴʰʠʝ ʥʘʛʨʫʟʢʠ. ʆʥʠ ʨʘʙʦʪʘʶʪ ʙʦʣʝʝ ʧʣʘʚʥʦ, ʩ ʤʝʥʴʰʠʤ ʰʫ-

ʤʦʤ. ʅʝʜʦʩʪʘʪʢʘʤʠ ʟʫʙʯʘʪʳʭ ʮʝʧʝʡ ʷʚʣʷʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʘʷ ʪʨʫʜʦʝʤʢʦʩʪʴ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʠ ʩʣʦʞʥʦʩʪʴ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ʈʠʩ. 6.2. ʎʝʧʴ ʟʫʙʯʘʪʘʷ 

 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʚʳʰʝʩʢʘʟʘʥʥʳʤ ʥʘʠʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʢʘʯʝ-

ʩʪʚʝ ʧʨʠʚʦʜʥʳʭ ʧʦʣʫʯʠʣʠ ʮʝʧʥʳʝ ʧʝʨʝʜʘʯʠ ʩ ʨʦʣʠʢʦʚʳʤʠ ʮʝʧʷʤʠ. 

 

6.1. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʦʣʠʢʦʚʳʭ ʮʝʧʝʡ 

ʆʩʥʦʚʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʮʝʧʝʡ ʷʚʣʷʶʪʩʷ ʰʘʛ ʮʝʧʠ t ʠ ʨʘʟʨʫʰʘʶʱʘʷ 

ʥʘʛʨʫʟʢʘ Q. ʕʪʠ ʠ ʥʝʢʦʪʦʨʳʝ ʜʨʫʛʠʝ ʧʘʨʘʤʝʪʨʳ ʨʦʣʠʢʦʚʳʭ ʮʝʧʝʡ ʧʨʠʚʝʜʝʥʳ 

ʚ ʪʘʙʣ. 6.1 ʠ 6.2. 

 
ʊʘʙʣʠʮʘ 6.1 

 

ʇʨʠʚʦʜʥʳʝ ʨʦʣʠʢʦʚʳʝ ʦʜʥʦʨʷʜʥʳʝ ʮʝʧʠ ʇʈ 

ʧʦ ɻʆʉʊ 13568ï75 

 

t, 

ʤʤ 

B, 

ʤʤ 

B0, 

ʤʤ 

dʚ, 

ʤʤ 

dʨ, 

ʤʤ 

h, 

ʤʤ 

b, 

ʤʤ 

Q, 

ʢʅ 

qʧ.ʤ, 

ʢʛ/ʤ 

A, 

ʤʤ² 

12,7 7,75 13,92 4,45 8,51 11,8 21 18,2   0,75   40 

15,875 9,65 16,59 5,08 10,16 14,8 24 22,7 1,0   55 

19,05 12,7 22,78 5,96 11,91 18,2 33 31,8 1,9 105 

25,4 15,88 29,29 7,95 15,88 24,2 39 56,7 2,6 180 

31,75 19,05 35,76 9,55 19,05 30,2 46 91,0 3,8 262 

 
ʆʢʦʥʯʘʥʠʝ ʪʘʙʣ. 6.1 

 

t, 

ʤʤ 

B, 

ʤʤ 

B0, 

ʤʤ 

dʚ, 

ʤʤ 

dʨ, 

ʤʤ 

h, 

ʤʤ 

b, 

ʤʤ 

Q, 

ʢʅ 

qʧ.ʤ, 

ʢʛ/ʤ 

A, 

ʤʤ² 

38,1 25,4 45,44 11,12 22,23 36,2 58 127,0 5,5 395 

  44,45 25,4 48,87 12,72   25,4 42,4 62 172,4 7,5 475 

50,8   31,75 58,55 14,29 28,58 48,3 72 226,8 9,7 645 
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ʊʘʙʣʠʮʘ 6.2 

 

ʇʨʠʚʦʜʥʳʝ ʨʦʣʠʢʦʚʳʝ ʜʚʫʭʨʷʜʥʳʝ ʮʝʧʠ 2ʇʈ 

ʧʦ ɻʆʉʊ 13568ï75 

 

t, 

ʤʤ 

B, 

ʤʤ 

B0, 

ʤʤ 

dʚ, 

ʤʤ 

dʨ, 

ʤʤ 

h, 

ʤʤ 

b, 

ʤʤ 

Q, 

ʢʅ 

qʧ.ʤ, 

ʢʛ/ʤ 
A, 

ʤʤ² 

12,7   7,75 13,92 4,45 8,51 11,8   35 31,8   1,4 105 

15,875   9,75 16,59 5,08 10,16 14,8   41 45,4   1,9 140 

19,05 12,7 22,78 5,96 11,91 18,2   54 72,0   3,5 211 

25,4 15,88 29,29 7,95 15,88 24,2   68 113,4   5,0 359 

31,75 19,05 35,76 9,55 19,05 30,2   82 177,0   7,3 524 

38,1 25,4 45,44 11,12 22,23 36,2 104 254,0 11,0 788 

44,45 25,4 48,87 12,72 25,4 42,4 110 344,8 14,4 946 

50,8 31,75 58,55 14,29 28,58 48,3 130 453,6 19,1  1292 

 

 

ɺ ʪʘʙʣ. 6.1 ʠ 6.2 ʧʨʠʥʷʪʳ ʩʣʝʜʫʶʱʠʝ ʫʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ: t ï ʰʘʛ 

ʮʝʧʠ; ɺ ï ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʚʥʫʪʨʝʥʥʠʤʠ ʧʣʘʩʪʠʥʘʤʠ; ɺ0 ï ʨʘʩʩʪʦʷʥʠʝ ʤʝʞ- ʜʫ 

ʥʘʨʫʞʥʳʤʠ ʧʣʘʩʪʠʥʘʤʠ; dʚ ï ʜʠʘʤʝʪʨ ʚʘʣʠʢʘ; dʨ ï ʜʠʘʤʝʪʨ ʨʦʣʠʢʘ; h ï ʚʳʩʦʪʘ 

ʧʣʘʩʪʠʥ; b ï ʰʠʨʠʥʘ ʮʝʧʠ; Q ï ʨʘʟʨʫʰʘʶʱʘʷ ʥʘʛʨʫʟʢʘ; qʧ.ʤ ï ʤʘʩʩʘ ʦʜʥʦʛʦ 

ʧʦʛʦʥʥʦʛʦ ʤʝʪʨʘ ʮʝʧʠ; ɸ ï ʧʣʦʱʘʜʴ ʧʨʦʝʢʮʠʠ ʦʧʦʨʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʰʘʨʥʠ-

ʨʘ. 

ʉʦʦʪʚʝʪʩʪʚʠʝ ʦʙʦʟʥʘʯʝʥʠʡ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʚʝʣʠʯʠʥ ʦʩʥʦʚʥʳʤ ʛʝʦʤʝʪ-

ʨʠʯʝʩʢʠʤ ʧʘʨʘʤʝʪʨʘʤ ʮʝʧʠ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 6.1. 

 

 

6.2. ʇʨʦʝʢʪʥʳʡ ʨʘʩʯʝʪ ʮʝʧʥʦʡ ʧʝʨʝʜʘʯʠ 

ʆʩʥʦʚʥʳʤ ʚʠʜʦʤ ʧʦʚʨʝʞʜʝʥʠʷ ʮʝʧʥʳʭ ʧʝʨʝʜʘʯ ʷʚʣʷʝʪʩʷ ʠʟʥʦʩ ʰʘʨʥʠ-

ʨʦʚ ʮʝʧʠ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʦʩʥʦʚʥʦʡ ʛʝʦʤʝʪʨʠʯʝʩʢʠʡ ʧʘʨʘʤʝʪʨ ï ʰʘʛ ʮʝʧʠ 

ʦʧʨʝʜʝʣʷʶʪ ʪʘʢ, ʯʪʦʙʳ ʥʝ ʜʦʧʫʩʪʠʪʴ ʯʨʝʟʤʝʨʥʦʛʦ ʠʟʥʦʩʘ ʮʝʧʠ ʚ ʪʝʯʝʥʠʝ ʟʘ-

ʜʘʥʥʦʛʦ ʩʨʦʢʘ ʵʢʩʧʣʫʘʪʘʮʠʠ: 

 

,                                                    (6.1) 
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ʛʜʝ K  ɻï ʢʦʵʬʬʠʮʠʝʥʪ ʵʢʩʧʣʫʘʪʘʮʠʠ; ʊ1 ï ʚʨʘʱʘʶʱʠʡ ʤʦʤʝʥʪ ʥʘ ʚʝʜʫʱʝʡ 

ʟʚʝʟʜʦʯʢʝ, ʅ/ʤ; z1 ï ʯʠʩʣʦ ʟʫʙʴʝʚ ʚʝʜʫʱʝʡ ʟʚʝʟʜʦʯʢʠ; [ʨ] ï ʜʦʧʫʩʢʘʝʤʦʝ ʜʘʚ-

ʣʝʥʠʝ ʚ ʰʘʨʥʠʨʝ ʮʝʧʠ, ʅ/ʤʤ
2
. 

ʇʨʠʥʷʪʳʝ ʧʨʠ ʚʳʚʦʜʝ ʬʦʨʤʫʣʳ (6.1) ʜʦʧʫʱʝʥʠʷ ʪʨʝʙʫʶʪ ʜʦʧʦʣʥʠ-

ʪʝʣʴʥʦʡ ʧʨʦʚʝʨʢʠ ʚʳʧʦʣʥʝʥʠʷ ʫʩʣʦʚʠʷ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʧʦʩʣʝ ʦʧʨʝʜʝʣʝʥʠʷ 

ʦʢʨʫʞʥʦʡ ʩʠʣʳ, ʫʪʦʯʥʝʥʠʷ ʚʝʣʠʯʠʥʳ ʦʧʦʨʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ɸ ʠ ʜʦʧʫʩʢʘʝʤʦ-

ʛʦ ʜʘʚʣʝʥʠʷ ʚ ʰʘʨʥʠʨʝ [p] (ʩʤ. ʨʘʟʜ. 6.3, ʧ. 8, ʙ). 

ʏʠʩʣʦ ʟʫʙʴʝʚ ʤʝʥʴʰʝʡ ʟʚʝʟʜʦʯʢʠ ʚʳʙʠʨʘʶʪ ʩ ʫʯʝʪʦʤ ʩʣʝʜʫʶʱʠʭ ʬʘʢ-

ʪʦʨʦʚ: ʫʚʝʣʠʯʝʥʠʝ ʯʠʩʣʘ ʟʫʙʴʝʚ ʧʨʠʚʦʜʠʪ ʢ ʙʦʣʝʝ ʨʘʚʥʦʤʝʨʥʦʤʫ ʜʚʠʞʝʥʠʶ 

ʮʝʧʠ (ʩʥʠʞʘʶʪ ʰʫʤ, ʜʠʥʘʤʠʯʝʩʢʠʝ ʥʘʛʨʫʟʢʠ, ʠʟʥʦʩ), ʥʦ ʧʨʠ ʵʪʦʤ ʫʚʝʣʠʯʠ-

ʚʘʶʪʩʷ ʛʘʙʘʨʠʪʳ ʧʝʨʝʜʘʯʠ, ʘ ʪʘʢʞʝ ʨʘʥʴʰʝ ʪʝʨʷʝʪʩʷ ʟʘʮʝʧʣʝʥʠʝ ʠʟʥʦʰʝʥʥʦʡ 

ʮʝʧʠ ʩʦ ʟʚʝʟʜʦʯʢʦʡ. ʌʦʨʤʫʣʘ (6.3) ʨʝʢʦʤʝʥʜʫʝʪ ʦʧʪʠʤʘʣʴʥʦʝ ʩ ʫʯʝʪʦʤ ʵʪʠʭ 

ʬʘʢʪʦʨʦʚ ʯʠʩʣʦ ʟʫʙʴʝʚ ʤʝʥʴʰʝʡ ʟʚʝʟʜʦʯʢʠ. 

ʆʛʨʘʥʠʯʝʥʠʝ ʯʠʩʣʘ ʟʫʙʴʝʚ ʙʦʣʴʰʝʡ ʟʚʝʟʜʦʯʢʠ ʩʚʷʟʘʥʦ ʩ ʧʦʪʝʨʝʡ ʟʘʮʝʧ-

ʣʝʥʠʷ ʟʚʝʟʜʦʯʢʠ ʜʘʞʝ ʩ ʤʘʣʦʠʟʥʦʰʝʥʥʦʡ ʮʝʧʴʶ. 

ʏʠʩʣʦ ʨʷʜʦʚ ʮʝʧʠ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʧʨʠʥʠʤʘʶʪ ʨʘʚʥʳʤ ʝʜʠʥʠʮʝ. ʂ ʜʚʫʭ-

ʨʷʜʥʦʡ ʠ ʙʦʣʝʝ ʮʝʧʠ ʧʝʨʝʭʦʜʷʪ, ʝʩʣʠ ʰʘʛ ʮʝʧʠ t ʧʦʣʫʯʘʝʪʩʷ ʙʦʣʴʰʝ ʤʘʢʩʠ-

ʤʘʣɹʥʦʛʦ ʩʪʘʥʜʘʨʪʥʦʛʦ, ʠʣʠ ʜʣʷ ʧʦʥʠʞʝʥʠʷ ʩʢʦʨʦʩʪʠ ʮʝʧʠ. 

ʏʠʩʣʦ ʟʚʝʥʴʝʚ ʮʝʧʠ Lt  ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʧʨʠʥʠʤʘʪʴ ʯʝʪʥʳʤ ʚʦ ʠʟʙʝ-

ʞʘʥʠʝ ʫʩʪʘʥʦʚʢʠ ʤʝʥʝʝ ʧʨʦʯʥʦʛʦ ʧʝʨʝʭʦʜʥʦʛʦ ʟʚʝʥʘ (ʨʠʩ. 6.3). ʇʨʠ ʵʪʦʤ ʜʣʷ 

ʫʚʝʣʠʯʝʥʠʷ ʨʘʚʥʦʤʝʨʥʦʩʪʠ ʠʟʥʦʩʘ ʰʘʨʥʠʨʦʚ ʯʠʩʣʘ z1 ʠ Lt, ʘ ʪʘʢʞʝ z2 ʠ Lt ʥʝ 

ʜʦʣʞʥʳ ʠʤʝʪʴ ʦʙʱʠʭ ʤʥʦʞʠʪʝʣʝʡ. ʅʘʧʨʠʤʝʨ, ʧʨʠ z1 = 23 ʥʝ ʨʝʢʦʤʝʥ-ʜʫʝʪʩʷ 

ʧʨʠʥʠʤʘʪʴ Lt = 23 Ŀ 6 = 138, ʪʘʢ ʢʘʢ ʣʶʙʦʡ ʰʘʨʥʠʨ ʮʝʧʠ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʙʫʜʝʪ 

ʦʙʷʟʘʪʝʣʥɹʦ ʧʦʧʘʜʘʪʴ ʥʘ ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʟʫʙ ʚʝʜʫʱʝʡ ʟʚʝʟʜʦʯʢʠ. 

ʉʧʨʦʝʢʪʠʨʦʚʘʥʥʫʶ ʧʝʨʝʜʘʯʫ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʨʠʪʴ: 

1) ʥʘ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʧʦ ʠʟʥʦʩʫ; 

2) ʥʘ ʧʨʦʯʥʦʩʪʴ. 

 

 

 

ʈʠʩ. 6.3. ʈʦʣʠʢʦʚʘʷ ʮʝʧʴ: 

ʘ)

ʙ)

ʚ)
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ʘ ï ʩ ʯʝʪʥʳʤ ʯʠʩʣʦʤ ʟʚʝʥʴʝʚ; ʙ ï ʩ ʥʝʯʝʪʥʳʤ ʯʠʩʣʦʤ ʟʚʝʥʴʝʚ; 

ʚ ï ʧʝʨʝʭʦʜʥʦʝ ʟʚʝʥʦ 

 

ʂʨʦʤʝ ʵʪʦʛʦ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʦʮʝʥʠʪʴ ʚʝʣʠʯʠʥʫ ʜʠʥʘʤʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ 

ʥʘ ʧʝʨʝʜʘʯʫ, ʢʦʪʦʨʳʝ ʨʝʟʢʦ ʚʦʟʨʘʩʪʘʶʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ʮʝʧʠ. ɼʠʥʘ-

ʤʠʯʝʩʢʠʝ ʥʘʛʨʫʟʢʠ ʧʨʠʥʷʪʦ ʦʛʨʘʥʠʯʠʚʘʪʴ ʢʦʩʚʝʥʥʦ, ʩʥʠʞʘʷ ʯʘʩʪʦʪʫ ʫʜʘʨʦʚ 

ʰʘʨʥʠʨʦʚ ʦ ʟʫʙʴʷ ʟʚʝʟʜʦʯʝʢ, ʘ ʪʘʢʞʝ ʫʤʝʥʴʰʘʷ ʩʢʦʨʦʩʪʴ ʮʝʧʠ    (v < 

10 ʤ/ʩ). ʇʨʠ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʜʠʥʘʤʠʯʝʩʢʠʝ ʥʘʛʨʫʟʢʠ ʥʝ ʧʨʝʚʳʰʘʶʪ ʥʝʩʢʦʣʴ-

ʢʠʭ ʧʨʦʮʝʥʪʦʚ ʦʪ ʦʢʨʫʞʥʦʡ ʩʠʣʳ Ft ʠ ʚ ʨʘʩʯʝʪʘʭ ʥʘ ʠʟʥʦʩ ʠ ʧʨʦʯʥʦʩʪʴ ʠʭ 

ʤʦʞʥʦ ʥʝ ʫʯʠʪʳʚʘʪʴ. 

 

6.3. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʨʘʩʯʝʪʘ ʮʝʧʥʳʭ ʧʝʨʝʜʘʯ 

ʩ ʨʦʣʠʢʦʚʦʡ ʮʝʧʴ  ʁ

ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ: 

ï ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʚʝʜʫʱʝʡ ʟʚʝʟʜʦʯʢʠ n1, ʦʙ/ʤʠʥ; 

ï ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʚʝʜʦʤʦʡ ʟʚʝʟʜʦʯʢʠ n2, ʦʙ/ʤʠʥ; 

ï ʚʨʘʱʘʶʱʠʡ ʤʦʤʝʥʪ ʥʘ ʚʝʜʦʤʦʡ ʟʚʝʟʜʦʯʢʝ T2, ʅĿʤ. 

1. ɺʨʘʱʘʶʱʠʡ ʤʦʤʝʥʪ ʥʘ ʚʝʜʫʱʝʡ ʟʚʝʟʜʦʯʢʝ, ʅĿʤʤ 

 

ʊ1 = ,                                               (6.2) 

 

ʛʜʝ  

u = ; 

 

hʮ.ʧ  ï ʂʇɼ ʮʝʧʥʦʡ ʧʝʨʝʜʘʯʠ (hʮ.ʧ  = 0,96é0,98). 

 

2. ʏʠʩʣʦ  ʟʫʙʴʝʚ  ʤʝʥʴʰʝʡ (ʚʝʜʫʱʝʡ) ʟʚʝʟʜʦʯʢʠ 

zʤ = 29 ï 2u,                                                        (6.3) 

ʛʜʝ u ï ʧʝʨʝʜʘʪʦʯʥʦʝ ʯʠʩʣʦ, u = n1/n2. 

ʈʝʢʦʤʝʥʜʫʝʪʩʷ ʦʢʨʫʛʣʠʪʴ zʤ ʜʦ ʥʝʯʝʪʥʦʛʦ ʯʠʩʣʘ. ʄʠʥʠʤʘʣʴʥʦʝ ʯʠʩʣʦ 

ʟʫʙʴʝʚ  zʤ  ʟʘʚʠʩʠʪ  ʦʪ  ʩʢʦʨʦʩʪʠ  ʮʝʧʠ (ʥʘʧʨʠʤʝʨ, ʧʨʠ v < 1 ʤ/ʩ  zʤ min = 11é13). 

3. ʏʠʩʣʦ ʟʫʙʴʝʚ ʙʦʣʴʰʝʡ (ʚʝʜʦʤʦʡ) ʟʚʝʟʜʦʯʢʠ 

zʙ = zʤ u (ʧʦʥʠʞʘʶʱʘʷ ʧʝʨʝʜʘʯʘ, u > 1)                         (6.4) 

ʠʣʠ 

zʙ = zʤ /u (ʧʦʚʳʰʘʶʱʘʷ ʧʝʨʝʜʘʯʘ, u < 1).                        (6.5) 

ʄʘʢʩʠʤʘʣʴʥʦʝ ʯʠʩʣʦ ʟʫʙʴʝʚ ʙʦʣʴʰʝʡ ʟʚʝʟʜʦʯʢʠ zʙ max = 120. 
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ʇ ʨ ʠ ʤ ʝ ʯ ʘ ʥ ʠ ʝ: ʧʨʠ  u > 1 ʚʝʜʫʱʘʷ ʟʚʝʟʜʦʯʢʘ ʤʝʥʴʰʘʷ, ʚʝʜʦʤʘʷ ï ʙʦʣʴʰʘʷ:     z1 

= zʤ,  z2 = zʙ; ʧʨʠ  u < 1 ï ʥʘʦʙʦʨʦʪ. 

4. ʂʦʵʬʬʠʮʠʝʥʪ  ʵʢʩʧʣʫʘʪʘʮʠʠ 

K  ɻ= K1 K2 K3 K4 K5 K6.                                          (6.6) 

ɿʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ K1éK6  ʟʘʚʠʩʷʪ ʦʪ ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʝ-

ʨʝʜʘʯʠ ʠ ʚʳʙʠʨʘʶʪʩʷ ʧʦ ʪʘʙʣ. 6.3. 

ʊʘʙʣʠʮʘ 6.3 

 

ɿʥʘʯʝʥʠʷ  ʢʦʵʬʬʠʮʠʝʥʪʦʚ K1 é K6 

 

ʂʦʵʬʬʠʮʠʝʥʪʳ ʋʩʣʦʚʠʷ ʨʘʙʦʪʳ ɿʥʘʯʝʥʠʷ 

K1 ʅʘʛʨʫʟʢʘ: 

   ʧʦʩʪʦʷʥʥʘʷ 

   ʙʣʠʟʢʘʷ ʢ ʥʝʡ ʧʝʨʝʤʝʥʥʘʷ 

 

1,0 

1,2 é1,5 

K2 ʆʪʥʦʩʠʪʝʣʴʥʦʝ ʤʝʞʦʩʝʚʦʝ ʨʘʩʩʪʦʷʥʠʝ ʘt = ʘ/t: 

   < 30 

   30 é 50 

   60 é 80  

 

1,25 

1,0 

0,8 

K3 ʃʠʥʠʷ ʮʝʥʪʨʦʚ ʟʚʝʟʜʦʯʝʢ ʥʘʢʣʦʥʝʥʘ ʢ ʛʦʨʠʟʦʥʪʫ: 

   ʜʦ 60 ̄ 

   ʙʦʣʴʰʝ 60 ̄ 

 

1,0 

1,25 

K4 ʅʘʪʷʞʝʥʠʝ ʮʝʧʠ ʨʝʛʫʣʠʨʫʝʪʩʷ: 

   ʧʝʨʝʜʚʠʛʘʶʱʝʡʩʷ ʦʧʦʨʦʡ 

   ʥʘʞʠʤʥʳʤ ʨʦʣʠʢʦʤ ʠʣʠ ʦʪʪʷʞʥʳʤʠ ʟʚʝʟʜʦʯʢʘʤʠ 

ʅʝ ʨʝʛʫʣʠʨʫʝʪʩʷ 

 

1,0 

1,1 

1,25 

 
 

ʆʢʦʥʯʘʥʠʝ ʪʘʙʣ. 6.3 

ʂʦʵʬʬʠʮʠʝʥʪʳ ʋʩʣʦʚʠʷ ʨʘʙʦʪʳ ɿʥʘʯʝʥʠʷ 

K5 ʉʤʘʟʳʚʘʥʠʝ :                        

   ʥʝʧʨʝʨʳʚʥʦʝ 

   ʢʘʧʝʣʴʥʦʝ 

   ʧʝʨʠʦʜʠʯʝʩʢʦʝ 

 

0,8 

1,0 

1,5 

K6 ʈʘʙʦʪʘ:                                  

   ʦʜʥʦʩʤʝʥʥʘʷ 

   ʜʚʫʭʩʤʝʥʥʘʷ 

   ʪʨʝʭʩʤʝʥʥʘʷ 

 

1,0 

1,25 

1,45 

5. ʐʘʛ ʮʝʧʠ, ʤʤ  

,                                            (6.7) 
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ʛʜʝ [p] ï ʜʦʧʫʩʢʘʝʤʦʝ ʜʘʚʣʝʥʠʝ ʚ ʰʘʨʥʠʨʝ ʮʝʧʠ (ʧʦ ʫʩʣʦʚʠʶ ʠʟʥʦʩʦʩʪʦʡʢʦ-

ʩʪʠ), ʅ/ʤʤĮ (ʪʘʙʣ. 6.4); Kʨʷʜ ï ʢʦʵʬʬʠʮʠʝʥʪ ʨʷʜʥʦʩʪʠ ʮʝʧʠ (ʯʠʩʣʦ ʨʷʜʦʚ ʮʝʧʠ  

nʨʷʜ = 1é4): 

nʨʷʜ é 1        2        3        4 

ʂʨʷʜé  1      1,7      2,5      3 

T1  ʠʟʤʝʨʷʝʪʩʷ ʚ ʅĀʤʤ 

ʇʦʩʢʦʣʴʢʫ ʜʦʧʫʩʢʘʝʤʦʝ ʜʘʚʣʝʥʠʝ ʟʘʚʠʩʠʪ ʦʪ ʥʝʠʟʚʝʩʪʥʦʛʦ (ʥʘ ʵʪʦʤ 

ʵʪʘʧʝ ʨʘʩʯʝʪʦʚ) ʰʘʛʘ ʮʝʧʠ, ʚʳʯʠʩʣʝʥʠʷ ʜʦʣʞʥʳ ʙʳʪʴ ʠʪʝʨʘʮʠʦʥʥʳʤʠ: ʟʘʜʘ-

ʝʤʩʷ ʰʘʛʦʤ ʮʝʧʠ, ʦʧʨʝʜʝʣʷʝʤ ʜʦʧʫʩʢʘʝʤʦʝ ʜʘʚʣʝʥʠʝ (ʩʤ. ʪʘʙʣ. 6.4), ʚʳʯʠʩ-

ʣʷʝʤ ʰʘʛ [cʤ. ʬʦʨʤʫʣʫ (6.7)]. ʀʪʝʨʘʮʠʠ ʟʘʢʘʥʯʠʚʘʶʪʩʷ, ʢʦʛʜʘ ʧʨʠʥʷʪʦʝ ʠ 

ʧʦʣʫʯʝʥʥʦʝ ʟʥʘʯʝʥʠʷ ʰʘʛʘ ʩʦʚʧʘʜʫʪ. 

 ʊʘʙʣʠʮʘ 6.4 

ɼʦʧʫʩʢʘʝʤʦʝ ʜʘʚʣʝʥʠʝ ʚ ʰʘʨʥʠʨʝ ʮʝʧʠ [p], ʅ/ʤʤĮ 

 

ʐʘʛ ʮʝʧʠ 

t, ʤʤ 

ɿʥʘʯʝʥʠʝ [p] ʧʨʠ n1, ʦʙ/ʤʠʥ 

50 200 400 600 800 1000 1200 1600 

12,7 

15,875 
35 31,5 28,5 26 24 22,5 21 18,5 

19,05 

25,4 
35 30 26 23,5 21 19 17,5 15 

31,75 

38,1 
35 29 24 21 18,5 16,5 15  ï 

44,45 

50,8 
35 26 21 17,5 15   ï   ï  ï 

ʆʢʦʥʯʘʪʝʣʴʥʳʡ ʰʘʛ ʮʝʧʠ t ʜʦʣʞʝʥ ʙʳʪʴ ʩʪʘʥʜʘʨʪʥʳʤ (ʩʤ. ʪʘʙʣ. 6.4). 

6. ʏʠʩʣʦ ʟʚʝʥʴʝʚ ʮʝʧʠ 

,                                           (6.8) 

ʛʜʝ                                   ;    

 ʈʝʢʦʤʝʥʜʫʝʪʩʷ ʦʢʨʫʛʣʠʪʴ Lt ʜʦ ʯʝʪʥʦʛʦ ʯʠʩʣʘ ʠ ʩʦʛʣʘʩʦʚʘʪʴ ʩ ʯʠʩʣʘʤʠ 

ʟʫʙɹʝʚ ʟʚʝʟʜʦʯʝʢ (ʩʤ. ʧʦʜʨʘʟʜ. 6.2). 

7. ʄʝʞʦʩʝʚʦʝ ʨʘʩʩʪʦʷʥʠʝ 

.                             (6.9) 

8. ʇʨʦʚʝʨʦʯʥʳʝ ʨʘʩʯʝʪʳ: 

ʘ) ʩʢʦʨʦʩʪʴ ʮʝʧʠ ʥʝ ʜʦʣʞʥʘ ʧʨʝʚʳʰʘʪʴ 10 ʤ/ʩ ʚʦ ʠʟʙʝʞʘʥʠʝ ʨʝʟʢʦʛʦ 

ʫʚʝʣʠʯʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ: 

        (n [ʦʙ/ʤʠʥ]; t [ʤʤ]).                          (6.10) 
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ɼʣʷ ʩʥʠʞʝʥʠʷ ʩʢʦʨʦʩʪʠ ʤʦʞʥʦ ʧʝʨʝʡʪʠ ʢ ʜʚʫʭʨʷʜʥʦʡ ʮʝʧʠ (ʧʦʚʪʦʨʠʪʴ 

ʨʘʩʯʝʪ ʩ ʧ. 5); 

ʙ) ʜʘʚʣʝʥʠʝ ʚ ʰʘʨʥʠʨʘʭ ʮʝʧʠ ʥʝ ʜʦʣʞʥʦ ʧʨʝʚʳʰʘʪʴ ʜʦʧʫʩʢʘʝʤʦʝ: 

,                                               (6.11) 

ʛʜʝ Ft ï ʦʢʨʫʞʥʘʷ ʩʠʣʘ, ʅ;  Ft  = 2T1/d1  (ʟʜʝʩʴ d1 ï ʜʠʘʤʝʪʨ ʜʝʣʠʪʝʣʴʥʦʡ ʦʢ-

ʨʫʞʥʦʩʪʠ ʚʝʜʫʱʝʡ ʟʚʝʟʜʦʯʢʠ, ʤʤ;  d1 =  t/sin (180/z1)); ɸ ï ʧʣʦʱʘʜʴ ʧʨʦʝʢʮʠʠ 

ʦʧʦʨʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʰʘʨʥʠʨʘ, ʤʤ
2
 (ʩʤ. ʪʘʙʣ. 6.1, 6.2). 

ɼʦʧʫʩʢʘʝʤʦʝ ʜʘʚʣʝʥʠʝ ʚ ʰʘʨʥʠʨʘʭ [p] ʫʪʦʯʥʷʝʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʥʦʨʤʘʤʠ DIN 8195 ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʢʦʨʦʩʪʠ ʮʝʧʠ (ʪʘʙʣ. 6.5). 

 
ʊʘʙʣʠʮʘ 6.5 

 

ɼʦʧʫʩʢʘʝʤʦʝ ʜʘʚʣʝʥʠʝ ʚ ʰʘʨʥʠʨʝ ʮʝʧʠ [p] 

ʧʦ ʥʦʨʤʘʤ DIN 8195 

 

ʉʢʦʨʦʩʪʴ ʮʝʧʠ  

v,  ʤ/ʩ 
0,1 0,4 1 2 4 6 8 10 

[p], ʅ/ʤʤĮ 32 28 25 21 17 14 12 10 

ʇʨʠ ʥʝʚʳʧʦʣʥʝʥʠʠ ʥʝʨʘʚʝʥʩʪʚʘ (6.11) ʥʝʦʙʭʦʜʠʤʦ ʫʚʝʣʠʯʠʪʴ ʰʘʛ ʮʝʧʠ 

(ʚʟʷʪʴ ʩʣʝʜʫʶʱʠʡ ʩʪʘʥʜʘʨʪʥʳʡ ï ʩʤ. ʪʘʙʣ. 6.1) ʠ ʧʦʚʪʦʨʠʪʴ ʨʘʩʯʝʪ ʩ ʧ. 7; 

ʚ) ʯʠʩʣʦ ʫʜʘʨʦʚ ʮʝʧʠ ʚ ʩʝʢʫʥʜʫ ʧʨʠ ʥʘʙʝʛʘʥʠʠ ʝʝ ʥʘ ʟʫʙʴʷ ʟʚʝʟʜʦʯʝʢ ʠ 

ʩʙʝʛʘʥʠʠ ʩ ʥʠʭ 

                                                (6.12) 

ʥʝ ʜʦʣʞʥʦ ʧʨʝʚʳʰʘʪʴ ʜʦʧʫʩʢʘʝʤʦʝ ʟʥʘʯʝʥʠʝ: [w] = 508 / t; 

ʛ) ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʧʘʩʘ ʧʨʦʯʥʦʩʪʠ S ʥʝ ʜʦʣʞʝʥ ʙʳʪʴ ʤʝʥʴʰʝ ʥʦʨʤʘ-

ʪʠʚʥʦʛʦ: 

,                                (6.13) 

ʛʜʝ Fʮ ï ʮʝʥʪʨʦʙʝʞʥʘʷ ʩʠʣʘ, ʜʝʡʩʪʚʫʶʱʘʷ ʥʘ ʮʝʧʴ, ʅ, 

Fʮ = qʧ.ʤv², 

ʟʜʝʩʴ qʧ.ʤ  ï ʤʘʩʩʘ ʦʜʥʦʛʦ ʧʦʛʦʥʥʦʛʦ ʤʝʪʨʘ ʮʝʧʠ, ʢʛ/ʤ (ʩʤ. ʪʘʙʣ. 6.1, 6.2); Ff  

ï ʩʠʣʘ ʥʘʪʷʞʝʥʠʷ ʦʪ ʧʨʦʚʠʩʘʥʠʷ ʮʝʧʠ, ʅ,  

Ff  =  Kf agqʧ.ʤ, 

ʟʜʝʩʴ Kf  ï ʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ ʥʘʢʣʦʥ ʧʝʨʝʜʘʯʠ ʢ ʛʦʨʠʟʦʥʪʫ (ʧʨʠ  
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ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʨʘʩʧʦʣʦʞʝʥʠʠ Kf = 6, ʧʨʠ ʚʝʨʪʠʢʘʣʴʥʦʤ ï Kf  = 1, ʧʨʠ ʫʛʣʝ 

40  ̄Kf  = 3); [S] ï ʜʦʧʫʩʢʘʝʤʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʧʘʩʘ ʧʨʦʯʥʦʩʪʠ (ʪʘʙʣ. 6.6). 

ʊʘʙʣʠʮʘ 6.6 

 

ɼʦʧʫʩʢʘʝʤʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʧʘʩʘ ʧʨʦʯʥʦʩʪʠ [S] 

ʜʣʷ ʨʦʣʠʢʦʚʳʭ ʮʝʧʝʡ ʧʨʠ z = 15é30 

ʐʘʛ 

ʮʝʧʠ 

t, ʤʤ 

ɼʦʧʫʩʢʘʝʤʳʡ ʢʦʵʬʬʠʮʠʝʥʪ [S] 

ʧʨʠ ʯʘʩʪʦʪʝ ʚʨʘʱʝʥʠʷ ʤʝʥʴʰʝʡ ʟʚʝʟʜʦʯʢʠ nʤ, ʦʙ/ʤʠʥ 

50 100 200 300 400 500 600 800 1000 

12,7 7,1 7,3 7,6 7,9 8,2   8,5   8,8   9,4 10,0 

15,875 7,2 7,4 7,8 8,2 8,6   8,9   9,3 10,1 10,8 

19,05 7,2 7,5 8,0 8,4 8,9   9,4   9,7 10,8 11,7 

25,4 7,3 7,6 8,3 8,9 9,5 10,2 10,8 12,0 13,3 

31,75 7,4 7,8 8,6 9,4 10,2 11,0 11,8 13,4 ï 

38,1 7,5 8,0 8,9 9,8 10,8 11,8 12,7 ï ï 

44,45 7,6 8,1 9,2   10,3 11,4 12,5 ï ï ï 

50,8 7,7 8,3 9,5   10,8 12,0 ï ï ï ï 

 

ʇʨʠ ʥʝʚʳʧʦʣʥʝʥʠʠ ʫʩʣʦʚʠʷ (6.13) (ʥʝ ʦʙʝʩʧʝʯʝʥʘ ʧʨʦʯʥʦʩʪʴ ʮʝʧʠ) ʥʝ-

ʦʙʭʦʜʠʤʦ ʫʚʝʣʠʯʠʪʴ ʰʘʛ ʮʝʧʠ ʠ ʧʦʚʪʦʨʠʪʴ ʨʘʩʯʝʪ ʩ ʧ. 7. 

 

6.4. ʇʨʠʤʝʨ ʨʘʩʯʝʪʘ 

ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ: 

ï ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʚʝʜʫʱʝʡ ʟʚʝʟʜʦʯʢʠ  n1 = 200 ʦʙ/ʤʠʥ; 

ï ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʚʝʜʦʤʦʡ ʟʚʝʟʜʦʯʢʠ  n2 = 60 ʦʙ/ʤʠʥ; 

ï ʚʨʘʱʘʶʱʠʡ ʤʦʤʝʥʪ ʥʘ ʚʝʜʦʤʦʡ ʟʚʝʟʜʦʯʢʝ  T2 = 2,25 ʢʅĿʤ. 

1. ɺʨʘʱʘʶʱʠʡ ʤʦʤʝʥʪ ʥʘ ʚʝʜʫʱʝʡ ʟʚʝʟʜʦʯʢʝ [ʩʤ. ʬʦʨʤʫʣʫ (6.2)] 

 ʅĿʤ; 

. 

2. ʏʠʩʣʦ ʟʫʙʴʝʚ ʤʝʥʴʰʝʡ (ʚʝʜʫʱʝʡ) ʟʚʝʟʜʦʯʢʠ [ʩʤ. ʬʦʨʤʫʣʫ (6.3)] 

. 

ʇʨʠʥʠʤʘʝʤ  z1 = 23. 

3. ʏʠʩʣʦ ʟʫʙʴʝʚ ʙʦʣʴʰʝʡ (ʚʝʜʦʤʦʡ) ʟʚʝʟʜʦʯʢʠ [ʩʤ. ʬʦʨʤʫʣʫ (6.4)] 

 

ʇʨʠʥʠʤʘʝʤ  z2 = 77. 
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4. ʂʦʵʬʬʠʮʠʝʥʪ ʵʢʩʧʣʫʘʪʘʮʠʠ  [ʩʤ. ʬʦʨʤʫʣʫ (6.6)]. 

ɿʘʜʘʝʤʩʷ ʫʩʣʦʚʠʷʤʠ ʨʘʙʦʪʳ ʧʝʨʝʜʘʯʠ (ʩʤ. ʪʘʙʣ. 6.3): 

ï ʥʘʛʨʫʟʢʘ ʧʝʨʝʤʝʥʥʘʷ (K1 = 1,5); 

ï ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʤʝʞʦʩʝʚʦʝ ʨʘʩʩʪʦʷʥʠʝ at = 25  (K2 = 1,25); 

ï ʧʝʨʝʜʘʯʘ ʨʘʩʧʦʣʦʞʝʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦ  (K3 = 1,0); 

ï ʥʘʪʷʞʝʥʠʝ ʮʝʧʠ ʥʝ ʨʝʛʫʣʠʨʫʝʪʩʷ  (K4 = 1,25); 

ï ʩʤʘʟʳʚʘʥʠʝ ʧʝʨʠʦʜʠʯʝʩʢʦʝ (K5 = 1,5); 

ï ʜʚʫʭʩʤʝʥʥʘʷ ʨʘʙʦʪʘ (K6 = 1,25). 

ʊʦʛʜʘ 

K  ɻ= K1 K2 K3 K4 K5 K6  = . 

5. ʐʘʛ ʮʝʧʠ. ʇʨʠʥʠʤʘʝʤ ʮʝʧʴ ʦʜʥʦʨʷʜʥʫʶ ʨʦʣʠʢʦʚʫʶ ʇʈ (npʷʜ = 1, Kʨʷʜ 

= 1). ɼʦʧʫʩʢʘʝʤʦʝ ʜʘʚʣʝʥʠʝ ʚ ʰʘʨʥʠʨʝ ʮʝʧʠ [ʨ] (ʩʤ. ʪʘʙʣ. 6.4) ʟʘʚʠʩʠʪ ʦʪ ʥʝ-

ʠʟʚʝʩʪʥʦʛʦ ʧʦʢʘ ʰʘʛʘ ʮʝʧʠ, ʧʦʵʪʦʤʫ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʨʠʥʠʤʘʝʤ [ʨ] = = 30 

ʅ/ʤʤĮ (ʜʣʷ n1 = 200 ʦʙ/ʤʠʥ  ʠ  t = 19,05 ʤʤ ʠ 25,4 ʤʤ). 

ʐʘʛ ʮʝʧʠ [ʩʤ. ʬʦʨʤʫʣʫ (6.7)]. 

 ʤʤ. 

ʇʨʠʥʠʤʘʝʤ ʩʪʘʥʜʘʨʪʥʳʡ ʰʘʛ ʮʝʧʠ (ʩʤ. ʪʘʙʣ. 6.4) t = 50,8 ʤʤ. 

ɼʣʷ ʪʘʢʦʛʦ ʰʘʛʘ ʚʝʣʠʯʠʥʘ [p] = 26 ʅ/ʤʤĮ, ʧʦʵʪʦʤʫ ʧʝʨʝʩʯʠʪʳʚʘʝʤ: 

 ʤʤ. 

ʆʢʦʥʯʘʪʝʣʴʥʦ  t = 50,8 ʤʤ. 

6. ʏʠʩʣʦ ʟʚʝʥʴʝʚ ʮʝʧʠ [ʩʤ. ʬʦʨʤʫʣʫ (6.8)] 

; 

;   . 

ʇʨʠʥʠʤʘʝʤ Lt = 102. ʇʦʩʢʦʣʴʢʫ Lt ï ʯʝʪʥʦʝ, ʫʩʪʘʥʦʚʢʘ ʧʝʨʝʭʦʜʥʦʛʦ 

ʟʚʝʥʘ ʥʝ ʪʨʝʙʫʝʪʩʷ. ʆʙʱʠʭ ʤʥʦʞʠʪʝʣʝʡ ʯʠʩʣʘ 102 ʠ 23 (z1), 102 ʠ 77 (z2) ʥʝ 

ʠʤʝʶʪ, ʧʦʵʪʦʤʫ ʠʟʥʦʩ ʮʝʧʠ ʠ ʟʚʝʟʜʦʯʝʢ ʙʫʜʝʪ ʨʘʚʥʦʤʝʨʥʳʤ. 

7. ʄʝʞʦʩʝʚʦʝ  ʨʘʩʩʪʦʷʥʠʝ [ʩʤ. ʬʦʨʤʫʣʫ (6.9)] 

ʤʤ. 

8. ʇʨʦʚʝʨʦʯʥʳʝ ʨʘʩʯʝʪʳ: 

ʘ) ʩʢʦʨʦʩʪʴ ʮʝʧʠ [ʩʤ. ʬʦʨʤʫʣʫ (6.10)] 

 ʤ/ʩ. 
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ʉʢʦʨʦʩʪʴ ʥʝ ʧʨʝʚʳʩʠʣʘ 10 ʤ/ʩ, ʧʦʵʪʦʤʫ ʜʠʥʘʤʠʯʝʩʢʠʝ ʥʘʛʨʫʟʢʠ ʧʨʠ 

ʨʘʩʯʝʪʝ ʥʝ ʫʯʠʪʳʚʘʝʤ; 

ʙ) ʜʘʚʣʝʥʠʝ ʚ ʰʘʨʥʠʨʘʭ ʮʝʧʠ [ʩʤ. ʬʦʨʤʫʣʫ (6.11)] 

 ʅ/ʤʤ
2
. 

ʆʢʨʫʞʥʘʷ ʩʠʣʘ 

 ʅ. 

ɼʝʣʠʪʝʣʴʥʳʡ ʜʠʘʤʝʪʨ ʚʝʜʫʱʝʡ ʟʚʝʟʜʦʯʢʠ 

 ʤʤ. 

ʇʦ ʥʦʨʤʘʤ DIN 8195 ʜʦʧʫʩʢʘʝʤʦʝ ʜʘʚʣʝʥʠʝ ʚ ʰʘʨʥʠʨʝ (ʩʤ. ʪʘʙʣ. 6.5) 

ʧʨʠ ʩʢʦʨʦʩʪʠ ʮʝʧʠ 3,89 ʤ/ʩ [ʨ] º 17 ʅ/ʤʤĮ, ʪ. ʝ. ʜʘʚʣʝʥʠʝ ʚ ʰʘʨʥʠʨʘʭ ʧʨʝʚʳ-

ʰʘʝʪ ʜʦʧʫʩʢʘʝʤʦʝ. 

ɼʣʷ ʩʥʠʞʝʥʠʷ ʜʘʚʣʝʥʠʷ ʚ ʰʘʨʥʠʨʘʭ ʩʣʝʜʫʝʪ ʫʚʝʣʠʯʠʪʴ ʰʘʛ ʮʝʧʠ, ʥʦ 

ʧʦʩʢʦʣʴʢʫ ʦʥ ʫʞʝ ʨʘʚʝʥ ʤʘʢʩʠʤʘʣʴʥʦʤʫ (50,8 ʤʤ), ʧʝʨʝʡʜʝʤ ʢ ʜʚʫʭʨʷʜʥʦʡ 

ʮʝʧʠ 2ʇʈ (nʨʷʜ = 2, Kʨʷʜ = 1,7). 

ʇʦʚʪʦʨʷʝʤ ʨʘʩʯʝʪ ʩ ʧ. 5: 

 ʤʤ. 

ʇʨʠʥʠʤʘʝʤ t = 44,45 ʤʤ. ʊʦʛʜʘ 

 ʤ/ʩ  =>  ʅ/ʤʤĮ (ʩʤ. ʪʘʙʣ. 6.5); 

 

 ʅ/ʤʤĮ; 

 

 ʅ; 

 

 ʤʤ. 

 

ɼʘʚʣʝʥʠʝ ʚ ʰʘʨʥʠʨʘʭ (19,76 ʅ/ʤʤĮ ) ʩʥʦʚʘ ʧʨʝʚʳʰʘʝʪ ʜʦʧʫʩʢʘʝʤʦʝ (18 

ʅ/ʤʤĮ). ʋʚʝʣʠʯʠʚʘʝʤ ʰʘʛ ʮʝʧʠ:  t = 50,8 ʤʤ, ʧʦʣʫʯʘʝʤ 

 

 ʤ/ʩ  =>  ʅ/ʤʤĮ; 

 

 ʅ/ʤʤĮ; 

 

 ʅ; 

 

 ʤʤ. 
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ɼʘʚʣʝʥʠʝ ʚ ʰʘʨʥʠʨʘʭ (12,66 ʅ/ʤʤĮ ) ʤʝʥʴʰʝ ʜʦʧʫʩʢʘʝʤʦʛʦ (17 ʅ/ʤʤĮ), 

ʧʦʵʪʦʤʫ ʦʢʦʥʯʘʪʝʣʴʥʦ ʧʨʠʥʠʤʘʝʤ: ʜʚʫʭʨʷʜʥʘʷ ʮʝʧʴ 2ʇʈ, ʰʘʛ t = 50,8 ʤʤ; 

ʚ) ʯʠʩʣʦ ʫʜʘʨʦʚ ʮʝʧʠ ʚ ʩʝʢʫʥʜʫ [ʩʤ. ʬʦʨʤʫʣʫ (6.12)] 

 

. 

 

ʊʘʢ ʢʘʢ 0, ʩʣʝʜʦʚʘʪʝʣʴʥʦ,   w < [w]; 

ʛ) ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʧʘʩʘ ʧʨʦʯʥʦʩʪʠ [ʩʤ. ʬʦʨʤʫʣʫ (6.13)] 

 

 

 

ʛʜʝ  Fʮ = qʧ.ʤ v
2
 = 19,1 Ö 3,89

2
 = 289 ʅ; 

       Ff  = Kf ʘgqʧ.ʤ = 6 Ö 1,244 Ö 9,8 Ö 19,1 = 1397 ʅ; 

      [S] = 9,5 (ʩʤ. ʪʘʙʣ. 6.6). 

ʂʦʵʬʬʠʮʠʝʥʪ ʟʘʧʘʩʘ ʧʨʦʯʥʦʩʪʠ ʙʦʣʴʰʝ ʜʦʧʫʩʢʘʝʤʦʛʦ. 

 

6.5. ʂʦʥʩʪʨʫʠʨʦʚʘʥʠʝ ʟʚʝʟʜʦʯʝʢ 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʚʳʧʦʣʥʝʥʥʦʛʦ ʨʘʩʯʝʪʘ ʤʦʞʥʦ ʦʩʫʱʝʩʪʚʠʪʴ ʢʦʥʩʪʨʫʠʨʦ-

ʚʘʥʠʝ ʟʚʝʟʜʦʯʝʢ. ʆʩʥʦʚʥʳʝ ʨʘʟʤʝʨʳ ʟʚʝʟʜʦʯʝʢ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 6.4 ʠ ʧʨʠʚʝ-

ʜʝʥʳ ʚ ʪʘʙʣ. 6.7. ʈʘʟʤʝʨʳ ʟʫʙʘ ʚ ʧʦʧʝʨʝʯʥʦʤ ʩʝʯʝʥʠʠ ʥʝʦʙʭʦʜʠʤʦ ʚʳʯʠʩʣʷʪʴ 

ʩ ʪʦʯʥʦʩʪʴʶ 0,1 ʤʤ. 
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ʈʠʩ. 6.4. ʆʩʥʦʚʥʳʝ ʨʘʟʤʝʨʳ: 

ʘ ï ʦʜʥʦʨʷʜʥʦʡ ʟʚʝʟʜʦʯʢʠ; ʙ ï ʜʚʫʭʨʷʜʥʦʡ ʟʚʝʟʜʦʯʢʠ; ʚ ï ʧʨʦʬʠʣʷ ʟʫʙʘ 
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ʆʩʥʦʚʥʳʝ ʨʘʟʤʝʨʳ ʟʚʝʟʜʦʯʝʢ 

 

 ̄

ʧʧ 

ʅʘʠʤʝʥʦʚʘʥʠʝ 

ʨʘʟʤʝʨʘ 

ʆʙʦ-

ʟʥʘʯʝ

ʥʠʝ 

ʌʦʨʤʫʣʘ 

ʜʣʷ ʨʘʩʯʝʪʘ 

1 ɼʠʘʤʝʪʨ ʦʢʨʫʞʥʦʩʪʠ ʚʝʨʰʠʥ ʟʫʙʴʝʚ da da = t (0,6 + ctg(180/z)) 

2 ɼʠʘʤʝʪʨ  ʦʢʨʫʞʥʦʩʪʠ  ʚʧʘʜʠʥ  ʟʫʙʝɹʚ df df = t/sin (180/z) ï 2r 

3 ʈʘʜʠʫʩ  ʚʧʘʜʠʥ  ʟʫʙʘ r r = 0,5025dʨ + 0,05 

4 ʈʘʜʠʫʩ ʩʦʧʨʷʞʝʥʠʷ ʟʫʙʘ r1 r1= 1,3025dp + 0,05 

5 ʈʘʜʠʫʩ ʛʦʣʦʚʢʠ ʟʫʙʘ r2 r2= dp(1,24cosű + 0,8cosɓ ï 

ï1,3025) ï 0,05 

6 ʇʦʣʦʚʠʥʘ ʫʛʣʘ ʟʫʙʘ ű ű =17ęï 64ę/z 

7 ʋʛʦʣ ʩʦʧʨʷʞʝʥʠʷ ɓ ɓ =18ę ï 60ę/z 

8 ʇʦʣʦʚʠʥʘ ʫʛʣʘ ʚʧʘʜʠʥʳ Ŭ Ŭ = 55ęï 60ę/z 

9 ʉʤʝʱʝʥʠʝ ʮʝʥʪʨʘ ʚʧʘʜʠʥʳ e e = 0,03t 

10 ʐʠʨʠʥʘ  ʟʫʙʘ: 

  ʦʜʥʦʨʷʜʥʦʡ  ʮʝʧʠ 

  ʜʚʫʭʨʷʜʥʦʡ ʮʝʧʠ 

 

b1 

b2 

 

b1 = 0,93ɺ ï 0,15 

b2 = 0,90ɺ ï 0,15 

11 ʐʠʨʠʥʘ ʚʝʥʮʘ ʟʚʝʟʜʦʯʢʠ  ʜʚʫʭʨʷʜʥʦʡ  B2 B2 = B0+b2 

12 ʈʘʜʠʫʩ  ʟʘʢʨʫʛʣʝʥʠʷ  ʟʫʙʘ  (ʥʘʠʤʝʥʴʰʠʡ) R R = 1,7dʨ 

13 ʈʘʩʩʪʦʷʥʠʝ  ʦʪ  ʚʝʨʰʠʥʳ  ʟʫʙʘ  ʜʦ  ʣʠʥʠʠ  

ʮʝʥʪʨʦʚ  ʜʫʛ  ʟʘʢʨʫʛʣʝʥʠʷ 

k k = 0,8dʨ 

14 ɼʠʘʤʝʪʨ  ʧʨʦʪʦʯʢʠ  (ʥʘʠʙʦʣʴʰʠʡ) dz dz = t ctg(180/z) ï1,3h 

15 ʈʘʜʠʫʩʳ  ʟʘʢʨʫʛʣʝʥʠʡ  ʜʣʷ  ʟʚʝʟʜʦʯʝʢ ʩ ʰʘʛʦʤ: 

  ʜʦ  40  ʤʤ                                    

  ʩʚʳʰʝ  40  ʤʤ 

r0  

r0 = 1,5 ʤʤ 

r0 = 2,5 ʤʤ 

16 ɼʠʘʤʝʪʨ  ʜʠʩʢʘ ds ds  å  dz ï b2 

17 ʊʦʣʱʠʥʘ ʜʠʩʢʘ ʟʚʝʟʜʦʯʢʠ: 

  ʦʜʥʦʨʷʜʥʦʡ  

  ʜʚʫʭʨʷʜʥʦʡ 

ls  

ls = b1+(2é4) r0 

ls å 0,3B2 

18 ʈʘʜʠʫʩ  ʟʘʢʨʫʛʣʝʥʠʷ r3 r3 = 3é5 ʤʤ 

19 ɼʠʘʤʝʪʨ  ʦʪʚʝʨʩʪʠʷ  ʩʪʫʧʠʮʳ dʦʪʚ dʦʪʚ å 130 

20 ɼʠʘʤʝʪʨ  ʩʪʫʧʠʮʳ dʩʪ dʩʪ  º 1,6 dʦʪʚ 

21 ɼʣʠʥʘ ʩʪʫʧʠʮʳ lʩʪ lʩʪ = (1é1,5) dʦʪʚ 

22 ʌʘʩʢʘ f f =1é3 ʤʤ 

 

ʇ ʨ ʠ ʤ ʝ ʯ ʘ ʥ ʠ ʝ:  ʨʘʟʤʝʨʳ ʮʝʧʠ ï dʨ, B, B0, h ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 6.1, 6.2. 

 

ʅʘ ʨʠʩ. 6.5 ʠ 6.6 ʧʦʢʘʟʘʥʳ ʵʩʢʠʟʳ ʟʚʝʟʜʦʯʢʠ ʠ ʨʦʣʠʢʦʚʦʡ ʮʝʧʠ ʧʦ ʜʘʥʥʳʤ 

ʧʨʠʤʝʨʘ ʨʘʩʯʝʪʘ. 
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ʈʠʩ. 6.5. ʕʩʢʠʟ ʟʚʝʟʜʦʯʢʠ 
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ʈʠʩ. 6.6. ʕʩʢʠʟ ʨʦʣʠʢʦʚʦʡ ʮʝʧʠ 

 

ʈʘʟʤʝʨʳ ʟʚʝʟʜʦʯʢʠ ʠ ʨʦʣʠʢʦʚʦʡ ʮʝʧʠ ʥʘ ʨʠʩ. 6.5 ʠ 6.6 ʧʦʣʫʯʝʥʳ ʠʟ 

ʪʘʙʣ. 6.2 ʠʣʠ ʨʘʩʩʯʠʪʘʥʳ ʧʦ ʬʦʨʤʫʣʘʤ ʪʘʙʣ. 6.7. 

 

ʄ 1:2

ɻʆʉʊ 13568-75

ʜʚʫʭʨʷʜʥʘʷ 2ʇʈ

ʎʝʧʴ ʨʦʣʠʢʦʚʘʷ
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 28,58

ʉʠʜʦʨʦʚ ʀ.ʀ.

ʉʪʫʜʝʥʪ 111 ʛʨ.
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ɺʳʧʦʣʥʠʣ ʩʪʫʜʝʥʪ  ʀ.ɸ. ʉʠʜʦʨʦʚ 

ʛʨ. 435 

ʈʘʩʯʝʪ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʟʫʙʯʘʪʦʡ ʧʝʨʝʜʘʯʠ 
 

1. ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ: 

ɺʨʘʱʘʶʱʠʡ ʤʦʤʝʥʪ ʥʘ ʢʦʣʝʩʝ ʊ2, ʅĀʤ .ééééééééééé 260 

ʇʝʨʝʜʘʪʦʯʥʦʝ ʯʠʩʣʦ u .éééééééééééééééééé 4 

ʏʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʰʝʩʪʝʨʥʠ n1, ʦʙ/ʤʠʥ  .éééééééééé.. 480 

ʉʨʦʢ ʩʣʫʞʙʳ ʧʝʨʝʜʘʯʠ ɻ, ʛʦʜ  .éééééééééééééé.. 8 

ʏʠʩʣʦ ʩʤʝʥ ʨʘʙʦʪʳ ʉʤ  .ééééééééééééééééé. 2 

 

2. ʇʨʠʥʠʤʘʝʤ:  

ʄʘʪʝʨʠʘʣ ʰʝʩʪʝʨʥʠ éééééééé.é. ʉʪʘʣʴ 45, ʥʦʨʤʘʣʠʟʘʮʠʷ, 

 ʅɺ1 = 190; 

 ůʪ1  = 360 ʅ/ʤʤ
2
 

ʄʘʪʝʨʠʘʣ ʢʦʣʝʩʘ  éééééééééé.. ʉʪʘʣʴ 45, ʫʣʫʯʰʝʥʠʝ, 

 ʅɺ2 = 210; 

 ůʪ2 =  450 ʅ/ʤʤ
2
 

 

3. ɼʦʧʫʩʢʘʝʤʦʝ ʢʦʥʪʘʢʪʥʦʝ ʥʘʧʨʷʞʝʥʠʝ.     

    3.1. ʏʠʩʣʦ ʮʠʢʣʦʚ ʥʘʛʨʫʞʝʥʠʷ: 

           ʰʝʩʪʝʨʥʠ   

N1 = ɻ Ŀ 300 Ŀ ʉʤ Ŀ 8 Ŀ 60Ŀn1 = 8 Ŀ 300 Ŀ 2 Ŀ 8 Ŀ 60 Ŀ 480 = 1106 Ā 10
6
; 

           ʢʦʣʝʩʘ:        

N2 = ɻ Ŀ 300 Ŀ ʉʤ Ŀ 8 Ŀ 60 Ŀ n2 = 8 Ŀ 300 Ŀ 2 Ŀ 8 Ā 60 Ā 120 = 276 Ā10
6
. 

   3.2. ʕʢʚʠʚʘʣʝʥʪʥʦʝ ʯʠʩʣʦ ʮʠʢʣʦʚ 

          ʰʝʩʪʝʨʥʠ 

=1106 Ā 10
6 
(0,8

3 
· 0,2 + 1

3 
· 0,3 + 0,4

3 
Ŀ 0,5)  = 480 Ā 10

6
; 

                   ʢʦʣʝʩʘ 

276 · 10
6
 · 0,434  = 119,8 · 10

6
. 

 

   3.3. ɹʘʟʦʚʦʝ ʯʠʩʣʦ ʮʠʢʣʦʚ ʥʘʛʨʫʞʝʥʠʷ: 

          ʰʝʩʪʝʨʥʠ 

 10 · 10
6
;  

                   

                     ʢʦʣʝʩʘ   
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11 · 10
6
. 

 

   3.4. ʂʦʵʬʬʠʮʠʝʥʪ ʜʦʣʛʦʚʝʯʥʦʩʪʠ: 

          ʰʝʩʪʝʨʥʠ 

; 

                   ʢʦʣʝʩʘ 

. 

   3.5. ʇʨʝʜʝʣ ʢʦʥʪʘʢʪʥʦʡ ʚʳʥʦʩʣʠʚʦʩʪʠ: 

          ʰʝʩʪʝʨʥʠ    

ůʅ0 = 2HB1 + 70 = 2 Ā 190 + 70 = 450 H/ʤʤ
2
; 

         ʢʦʣʝʩʘ 

ůʅ0 = 2HB2 + 70 = 2 Ā 210 + 70 = 490 H/ʤʤ
2
. 

   3.6. ʂʦʵʬʬʠʮʠʝʥʪʳ: 

   ZR ï ʫʯʠʪʳʚʘʝʪ ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʨʘʙʦʯʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʟʫʙʴʝʚ;  ʜʣʷ   6-

ʛʦ ʢʣʘʩʩʘ ʰʝʨʦʭʦʚʘʪʦʩʪʠ  ZR = 0,95; 

   Zv ï ʫʯʠʪʳʚʘʝʪ ʚʝʣʠʯʠʥʫ ʦʢʨʫʞʥʦʡ ʩʢʦʨʦʩʪʠ v; ʧʨʠ v Ò 5ʤ/ʩ  Zv = 1; 

   Zx ï ʫʯʠʪʳʚʘʝʪ ʨʘʟʤʝʨʳ ʟʫʙʯʘʪʦʛʦ ʢʦʣʝʩʘ; ʧʨʠ dʘ < 700 ʤʤ  Zx = 1; 

   SH ï ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʧʘʩʘ ʧʨʦʯʥʦʩʪʠ; SH =1,1 (ʦʜʥʦʨʦʜʥʘʷ ʩʪʨʫʢʪʫʨʘ 

ʤʘʪʝʨʠʘʣʘ). 

   3.7. ɼʦʧʫʩʢʘʝʤʦʝ ʢʦʥʪʘʢʪʥʦʝ ʥʘʧʨʷʞʝʥʠʝ: 

; 

[ůʅ]1 = 450 Ö 0,95 Ö 1 Ö 1 Ö 824/1,1 = 320 H/ʤʤ
2
;
 

[ůʅ]2 = 490 Ö 0,95 Ö 1 Ö 1 887/1,1 = 375 H/ʤʤ
2
. 

 

ʈʘʩʯʝʪʥʦʝ ʟʥʘʯʝʥʠʝ: 

                    [ůʅ] = 0,45 ([ůʅ]1 + [ůʅ]2) = 0,45 (320 + 375) = 313 ʅ/ʤʤ
2
.
 

4. ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʧʝʨʝʜʘʯʠ. 

   4.1. ʄʝʞʦʩʝʚʦʝ ʨʘʩʩʪʦʷʥʠʝ 

 

= (4 + 1) (270/313)
2/3 

{(1,25 · 260)/(0,4 · 4
2
)}

1/3
  = 167,8 ʤʤ. 

ʇʨʠʥʠʤʘʝʤ  aw  = 180 ʤʤ. 

   4.2. ʄʦʜʫʣʴ m = (0,01é0,02) aw = (1,8é3,6) ʤʤ. 
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ʇʨʠʥʠʤʘʝʤ  m = 2,5 ʤʤ. 

   4.3. ʏʠʩʣʦ ʟʫʙʴʝʚ ʰʝʩʪʝʨʥʠ  z1  ʠ  ʢʦʣʝʩʘ  z2. ʊʦʛʜʘ 

× z = z1+ z2 =  = 139,09.                 

 (ʋʛʦʣ  ʥʘʢʣʦʥʘ ʟʫʙʴʝʚ  ɓ  ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ  ʧʨʠʥʷʪ ʨʘʚʥʳʤ 15Á.) 

ʇʨʠʥʠʤʘʝʤ  × z  = 140. 

ɺ ʩʚʷʟʠ ʩ ʦʢʨʫʛʣʝʥʠʝʤ × z  ʫʪʦʯʥʷʝʤ ʚʝʣʠʯʠʥʫ ɓ: 

                      

cos ɓ =  b = 13,5363 .̄ 

 

ʄʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ɓ ʠʟ ʫʩʣʦʚʠʷ ʦʙʝʩʧʝʯʝʥʠʷ ʜʚʫʧʘʨʥʦʩʪʠ ʟʘʮʝʧ-

ʣʝʥʠʷ: 

ɓmin = arcsin  = arcsin  = 4,9798°; 

ɓ > ɓmin  ï ʜʚʫʧʘʨʥʦʩʪʴ ʦʙʝʩʧʝʯʝʥʘ. 

ʏʠʩʣʦ ʟʫʙʴʝʚ ʰʝʩʪʝʨʥʠ 

z1 =  = 28,08. 

ʇʨʠʥʠʤʘʝʤ  z1 = 28. 

 

ʏʠʩʣʦ ʟʫʙʴʝʚ ʢʦʣʝʩʘ 

z2 = ×z ï z1 = 140 ï 28 = 112. 

ʇʝʨʝʜʘʪʦʯʥʦʝ ʯʠʩʣʦ 

u = z2/z1 = 112/28 = 4. 

   4.4. ɼʠʘʤʝʪʨʳ ʰʝʩʪʝʨʥʠ ʠ ʢʦʣʝʩʘ: 

          ʘ) ʜʝʣʠʪʝʣʴʥʳʝ                        

d1 = z1 m/cos ɓ  = 28 · 2,5/9722 = 72 ʤʤ; 

d2 = z2 m/cos ɓ = 112 · 2,5/9722 = 288 ʤʤ; 

 

          ʙ) ʥʘʯʘʣʴʥʳʝ 

dw1 = d1 = 72 ʤʤ; 

dw2 = d2 = 288 ʤʤ; 

 

          ʚ) ʚʝʨʰʠʥ ʟʫʙʴʝʚ                   

da1 = dw1 + 2m = 77 ʤʤ; 
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da2 = dw2  + 2m = 293 ʤʤ; 

 

          ʛ) ʚʧʘʜʠʥ ʟʫʙʴʝʚ 

df1 = d1 ï 2,5m = 65,75 ʤʤ; 

df2  = d2 ï 2,5m = 281,75 ʤʤ. 

 

   4.5. ʐʠʨʠʥʘ: 

          ʢʦʣʝʩʘ                        

b2 = ɣa aw = 4 Ŀ 180 = 75 ʤʤ; 

 

         ʰʝʩʪʝʨʥʠ                  

b1 = b2 + 5 = 80 ʤʤ. 

 

5. ʂʦʵʬʬʠʮʠʝʥʪ ʪʦʨʮʝʚʦʛʦ ʧʝʨʝʢʨʳʪʠʷ 

[1,88 ï 3,2 (1/28 + 1/112)] 0,9722 = 1,69. 

 

6. ʕʢʚʠʚʘʣʝʥʪʥʦʝ ʯʠʩʣʦ ʟʫʙʴʝʚ: 

    ʰʝʩʪʝʨʥʠ 

 28 / 0,9722
3
 = 30,5; 

             ʢʦʣʝʩʘ 

112 / 0,9722
3
 = 121,9. 

7. ʂʦʵʬʬʠʮʠʝʥʪ ʰʠʨʠʥʳ ʢʦʣʝʩʘ ʧʦ ʜʠʘʤʝʪʨʫ ʰʝʩʪʝʨʥʠ 

75 / 72 = 1,042. 

8. ʆʢʨʫʞʥʘʷ ʩʢʦʨʦʩʪʴ 

 3,14 · 72 · 480 / 60 ·10
3
 =1,81 ʤ/ʩ. 

ʉʢʦʨʦʩʪʴ v ʥʝ ʧʨʝʚʳʰʘʝʪ 5 ʤ/ʩ, ʧʦʵʪʦʤʫ ʦʢʦʥʯʘʪʝʣʴʥʦ [ůH] = 313  ʅ/ʤʤ
2
. 

9. ʇʨʠʥʠʤʘʝʤ  9-ʶ ʩʪʝʧʝʥʴ ʪʦʯʥʦʩʪʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʝʨʝʜʘʯʠ (ʧʦ  ʩʢʦ-

ʨʦʩʪʠ  v  ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ɻʆʉʊ 1643ï81). 

10. ʂʦʵʬʬʠʮʠʝʥʪ ʥʘʛʨʫʟʢʠ ʜʣʷ ʨʘʩʯʝʪʘ ʧʦ ʢʦʥʪʘʢʪʥʳʤ ʥʘʧʨʷʞʝʥʠʷʤ 

Kʅ  = Kʅa  Kʅb Kʅn  =  1,12 · 1,1· 1,02 = 1,25, 

ʛʜʝ  KHŬ ï ʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʛʨʫʟʢʠ ʤʝʞʜʫ  ʟʫʙʴ-

ʷʤʠ ʚ ʜʚʫʧʘʨʥʦʤ ʟʘʮʝʧʣʝʥʠʠ, ʟʘʚʠʩʠʪ ʦʪ ʦʢʨʫʞʥʦʡ ʩʢʦʨʦʩʪʠ ʠ ʩʪʝʧʝʥʠ ʪʦʯ-

ʥʦʩʪʠ;  KHɓ  ï ʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʥʘʛʨʫʟʢʠ ʧʦ ʰʠʨʠʥʝ ʟʫʙʯʘʪʦʛʦ ʚʝʥʮʘ, ʟʘʚʠʩʠʪ ʦʪ ʩʭʝʤʳ ʧʝʨʝʜʘʯʠ, ʰʠʨʠʥʳ 

ʢʦʣʝʩʘ ʠ ʪʚʝʨʜʦʩʪʠ  ʘʢʪʠʚʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʟʫʙʴʝʚ;  KHv ï ʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠ-
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ʪʳʚʘʶʱʠʡ ʜʠʥʘʤʠʯʝʩʢʫʶ ʥʘʛʨʫʟʢʫ ʚ ʟʘʮʝʧʣʝʥʠʠ,  ʟʘʚʠʩʠʪ ʦʪ ʦʢʨʫʞʥʦʡ ʩʢʦ-

ʨʦʩʪʠ, ʩʪʝʧʝʥʠ ʪʦʯʥʦʩʪʠ, ʪʚʝʨʜʦʩʪʠ ʠ ʚʠʜʘ ʟʫʙʴʝʚ. 

11. ɺʩʧʦʤʦʛʘʪʝʣʴʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ 

                            Za = Zɽ Zʅ Ze = 192 Ŀ 1,7 Ŀ 77 = 251 (ʅ/ʤʤ
2
)

0,5
, 

ʛʜʝ  ZE  ï ʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʦʚ 

 ʟʫʙʯʘʪʳʭ ʢʦʣʝʩ; ZH ï ʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ ʬʦʨʤʫ ʨʘʙʦʯʠʭ ʧʦʚʝʨʭ-

ʥʦʩʪʝʡ ʟʫʙʴʝʚ; ZŮ ï ʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ ʩʫʤʤʘʨʥʫʶ ʜʣʠʥʫ ʢʦʥʪʘʢʪ-

ʥʳʭ ʣʠʥʠʡ, 

 1,69
 ï0,5

 = 0,77. 

12. ɼʝʡʩʪʚʫʶʱʝʝ ʢʦʥʪʘʢʪʥʦʝ ʥʘʧʨʷʞʝʥʠʝ 

 

            
 
= 257 ʅ/ʤʤ

2
. 

 

ʇʦʩʢʦʣʴʢʫ ʥʘʧʨʷʞʝʥʠʝ ʤʝʥʴʰʝ ʜʦʧʫʩʢʘʝʤʦʛʦ, ʤʦʞʥʦ ʫʤʝʥʴʰʠʪʴ ʰʠ-

ʨʠʥʫ ʢʦʣʝʩʘ: ʧʨʠ  b2 = 55 ʤʤ  sʅ  = 300 ʅ/ʤʤ
2
. 

13. ʉʠʣʳ ʚ ʟʘʮʝʧʣʝʥʠʠ: 

      ʦʢʨʫʞʥʘʷ          

2 · 260 / 288 = 1805 H; 

      ʦʩʝʚʘʷ 

1805 · tg 13,5363° = 434 H; 

      ʨʘʜʠʘʣʴʥʘʷ       

1805 · tg 20° / 9722 = 1071 H. 

  

14. ɼʦʧʫʩʢʘʝʤʦʝ ʥʘʧʨʷʞʝʥʠʝ ʠʟʛʠʙʘ. 

      14.1. ʇʨʝʜʝʣ ʠʟʛʠʙʥʦʡ ʚʳʥʦʩʣʠʚʦʩʪʠ ʟʫʙʴʝʚ ʜʣʷ ʦʪʥʫʣʝʚʦʛʦ ʮʠʢʣʘ: 

      ʰʝʩʪʝʨʥʠ 

1,75 Ŀ 190 = 332 ʅ/ʤʤ
2
; 

               ʢʦʣʝʩʘ 

1,75 Ŀ 210 = 367 ʅ/ʤʤ
2
.
 

 

      14.2. ʕʢʚʠʚʘʣʝʥʪʥʦʝ ʯʠʩʣʦ ʮʠʢʣʦʚ: 

               ʰʝʩʪʝʨʥʠ 

1106 · 10
6 
(0,8

6 
· 0,2 + 1

6
 · 0,3 + 0,4

6 
· 0,5) = 391·10

6
; 

               ʢʦʣʝʩʘ 

276 · 10
6
 · 0,354 = 97 · 10

6
. 
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  14.3. ʂʦʵʬʬʠʮʠʝʥʪ ʜʦʣʛʦʚʝʯʥʦʩʪʠ: 

            ʰʝʩʪʝʨʥʠ 

 = 0,466; 

ʧʨʠʥʠʤʘʝʤ = 1; 

                     ʢʦʣʝʩʘ 

 = 0,588; 

ʧʨʠʥʠʤʘʝʤ = 1. 

 

   14.4. ɼʦʧʫʩʢʘʝʤʦʝ ʥʘʧʨʷʞʝʥʠʝ ʠʟʛʠʙʘ: 

            ʰʝʩʪʝʨʥʠ 

              332 Ŀ 0,8 Ŀ 1 / 1,75 = 156 ʅ/ʤʤ
2
; 

                    ʢʦʣʝʩʘ 
                             

367 Ŀ 0,8 Ŀ 1 / 1,75 = 172 ʅ/ʤʤ
2
, 

                                                                                              

ʛʜʝ SF ï ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʧʘʩʘ ʧʨʦʯʥʦʩʪʠ, SF = 1,75; Yz ï ʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳ-

ʚʘʶʱʠʡ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʟʘʛʦʪʦʚʢʠ ʢʦʣʝʩʘ, ʧʨʠʥʠʤʘʝʤ Yz = 0,8 (ʣʠʪʴʝ). 

15. ɼʝʡʩʪʚʫʶʱʝʝ ʥʘʧʨʷʞʝʥʠʝ ʠʟʛʠʙʘ. 

      15.1. ʂʦʵʬʬʠʮʠʝʥʪ ʥʘʛʨʫʟʢʠ: 

[4 ï (1,69 ï 1) (9 ï 5)] / (4 · 1,69) = 1; 

 1,1
0,93

 = 1,09; 

1,06 (ʜʣʷ ʩʢʦʨʦʩʪʠ  v = 1,81 ʤ/ʩ); 

 1 · 1,09 · 1,06 = 1,16. 

   15.2. ʂʦʵʬʬʠʮʠʝʥʪ ʬʦʨʤʳ ʟʫʙʘ: 

            ʰʝʩʪʝʨʥʠ    3,79; 

            ʢʦʣʝʩʘ  3,6. 

   15.3. ʂʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ ʥʘʢʣʦʥ ʟʫʙʴʝʚ: 

 1 ï 13,5363 / 140 = 0,9. 

   15.4. ʅʘʧʨʷʞʝʥʠʝ ʠʟʛʠʙʘ: 

            ʰʝʩʪʝʨʥʠ 

3,79 Ŀ 0,9 Ŀ 1,16 Ŀ 1805 / (60 Ŀ 2,5) = 47,6 ʅ/ʤʤ
2
; 

                     ʢʦʣʝʩʘ 
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3,6 · 0,9 · 1,16 · 1805 / (55 · 2,5) = 49,3 ʅ/ʤʤ
2
. 

 

ʀʟʛʠʙʥʘʷ ʚʳʥʦʩʣʠʚʦʩʪʴ ʟʫʙʴʝʚ ʰʝʩʪʝʨʥʠ ʠ ʢʦʣʝʩʘ ʦʙʝʩʧʝʯʝʥʘ:      ʠ   . 

16. ʇʨʦʚʝʨʢʘ ʧʨʦʯʥʦʩʪʠ ʟʫʙʴʝʚ ʧʨʠ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʭ ʧʝʨʝʛʨʫʟʢʘʭ. 

     16.1. ʇʦ ʢʦʥʪʘʢʪʥʳʤ ʥʘʧʨʷʞʝʥʠʷʤ: 

 

                 =  300 · 2
0,5 

 = 424 ʅ/ʤʤ
2
; 

2,8 Ŀ 360 = 1008 ʅ/ʤʤ
2
. 

 

ʂʦʥʪʘʢʪʥʘʷ ʧʨʦʯʥʦʩʪʴ ʟʫʙʴʝʚ ʦʙʝʩʧʝʯʝʥʘ:   

   16.2. ʇʦ ʥʘʧʨʷʞʝʥʠʷʤ ʠʟʛʠʙʘ: 

                      ʰʝʩʪʝʨʥʷ:          

 47,6 Ŀ 2 = 95,2 ʅ/ʤʤ
2
; 

 6,5 Ŀ 190 / (1,75 Ŀ 8) = 882 ʅ/ʤʤ
2
, 

ʛʜʝ  ï ʧʨʝʜʝʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ, ʜʣʷ ʩʪʘʣʝʡ ʧʦʩʣʝ ʥʦʨʤʘʣʠʟʘʮʠʠ ʠʣʠ ʫʣʫʯ-

ʰʝʥʠʷ   ï ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʧʘʩʘ ʧʨʦʯʥʦʩʪʠ,  

 

ʀʟʛʠʙʥʘʷ ʧʨʦʯʥʦʩʪʴ ʰʝʩʪʝʨʥʠ ʦʙʝʩʧʝʯʝʥʘ:   

         ʢʦʣʝʩʦ:     

 49,3 Ŀ 2 = 98,6 ʅ/ʤʤ
2
;
 

                    6,5 Ŀ 210 / (1,75 Ŀ 8 ) = 975 ʅ/ʤʤ
2
. 

 

ʀʟʛʠʙʥʘʷ ʧʨʦʯʥʦʩʪʴ ʢʦʣʝʩʘ ʦʙʝʩʧʝʯʝʥʘ:    
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ʈʠʩ. 1.1.   ɼʚʠʛʘʪʝʣʴ    ʈʝʜʫʢʪʦʨ     ʄʫʬʪʘ      ʇʨʠʚʦʜ  

 

ʈʘʙʦʯʘʷ ʤʘʰʠʥʘ    ʈʘʙʦʯʘʷ ʤʘʰʠʥʘ   ɼʚʠʛʘʪʝʣʴ    ʈʝʜʫʢʪʦʨ     ʄʫʬʪʘ      ʇʨʠʚʦʜ  

 

1.2.   1   2    4   5   6   7   8   9      1   2    4   5   6   7   8   9  

 

1.3.   2  3  4    2  3  4   2  3  4   2  3  4   2  3  4    2  3  4   2  3  4   2  3  4  

 

 ʘ   ʙ   ʚ   ʛ   ʜ   ʝ       ʘ   ʙ   ʚ   ʛ   ʜ   ʝ 

 

 

1.4.   ʘ    ʙ       ʘ    ʙ 

 
1.5.        1   2  3  4  5  6  7    1   2  3  4  5  6  7    1   2  3  4  5  6  7 

    

uʨ.ʧ      uʧʨ      uʮ.ʧ      uʧʨ      uʨ.ʧ      uʧʨ      uʮ.ʧ      uʧʨ     uʨ.ʧ      uʧʨ      uʮ.ʧ      uʧʨ       

 

1  2   5   10   20   50   100   1000   1  2   5   10   20   50   100   1000   1  2   5   10   20   50   100   1000    

 

 

2.1.                           10  20  30  40  50  60  70  80  90  100  110  120 

 

       Nʅ0,                             10  20  30  40  50  60  70  80  90  100  110  120 

ʤʣʥ ʮʠʢʣʦʚ 

 

     Nʅ0,                            100  200  300  400  500  600     ʅɺ     100  200  300  400  500  600     ʅɺ 

ʤʣʥ ʮʠʢʣʦʚ 
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                                  35   40  45  50  55  60  65    ʅRC       35   40  45  50  55  60  65    ʅRC 

 

2.2.   0,8 ʊ     1,0 ʊ     0,5 ʊ    0,8 ʊ     1,0 ʊ     0,5 ʊ 

 

0,45 t     0,4 t    0,15 t    1,0 t     0,45 t     0,4 t    0,15 t    1,0 t 

 

2.4.    Kʅa            v, ʤ/ʩ    ʂʅa            v, ʤ/ʩ     1,20   1,16  1,12  1,08  1,04  1,00    0  5  10  15  20  25 

 

1,20   1,16  1,12  1,08  1,04  1,00    0  5  10  15  20  25    5  6  7  8  9    5  6  7  8  9 

 

2.5   ʘ   ʙ   ʚ   ʘ   ʙ   ʚ        5   3   4   5   3   7   6   5   1, 2   5    5   3   4   5   3   7   6   5   1, 2   5 

 

Kʅb     yd    Kʅb     yd           Kʅb     yd                  Kʅb     yd     Kʅb     yd 

 

1,4  1,3  1,2  1,1  1,0    0   0,4  0,8  1,2  1,6  1,4  1,3  1,2  1,1  1,0    0   0,4  0,8  1,2  1,6 

 

2.6.   2,4  2,2  2,0  1,8  1,6  1,4  1,2  0  10  20  30   ï0,015  ï0,01  0  0,01  0,02  0,05  0,08 

 

2,4  2,2  2,0  1,8  1,6  1,4  1,2  0  10  20  30   ï0,015  ï0,01  0  0,01  0,02  0,05  0,08 

                                                                          

ZH    b, ʛʨʘʜ   ZH    b, ʛʨʘʜ   ZH    b, ʛʨʘʜ         

2.7. 

Zn    YF     Zn    YF     Zn    YF     3,0  3,2  3,4  3,6  3,8  4,0  4,2  4,4 3,0  3,2  3,4  3,6  3,8  4,0  4,2  4,4 

 

12  14  17  20  25  30  40  60  80  100 200 12  14  17  20  25  30  40  60  80  100 200 

 

0,8  0,6  0,4  0,2  0  ï0,2   ʭ = ï0,4   0,8  0,6  0,4  0,2  0  ï0,2   ʭ = ï0,4 

 

 

2.8   ʂʅb     ydv   ʂʅb     ydv   ʂʅb     ydv     ʂʅb     ydv     ʂʅb     ydv    ʂʅb     ydv 

 

ʘ  ʙ   ʚ   ʛ    ʜ    ʘ  ʙ   ʚ   ʛ    ʜ   ʘ  ʙ   ʚ   ʛ    ʜ 

 
1,00 1,05  1,10  1,15  1,20  1,25    1,00 1,05  1,10  1,15  1,20  1,25  

 

1,0  1,1  1,2  1,3  1,4  1,5  1,6  1,0  1,1  1,2  1,3  1,4  1,5  1,6  1,0  1,1  1,2  1,3  1,4  1,5  1,6    

 

1,0  1,2  1,4  1,6  1,8  2,0  1,0  1,1  1,2  1,3  1,4  1,5  1,6    

 

1ʰ  1ʨ   2  2   1h   1ʨ   2  2  1h   1ʨ   2  2   1h   1ʨ   2  2     1h   1ʨ   2  2    1h   1ʨ   2  2  1h   1ʨ   2  2  1h   1ʨ   2  2 

 

1  h 1ʨ   2  2   1h   1ʨ   2  2 

 

3.3.   Re  Rm   Re  Rm   Re  Rm     d1   d2  df1  da1   q a1     q f1      b    b/2   hae2   hfe2  hae1   hfe1 

   

Re  Rm   Re  Rm   Re  Rm     d1   d2  df1  da1   q a1     q f1      b    b/2   hae2   hfe2  hae1   hfe1  ʤ  ʄ    ʤ  ʄ 

 

0  0,2  0,4  0,6  0,8   0  0,2  0,4  0,6  0,8  0  0,2  0,4  0,6  0,8  0  0,2  0,4  0,6  0,8 0  0,2  0,4  0,6  0,8 
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4.1. q   q   q   q    40  60  80  100  120  140  160  180  200  40  60  80  100  120  140  160  180  200 

 

6  8  10  12  14   6  8  10  12  14   6  8  10  12  14 

 

4.4   0,01  0,02  0,03  0,04  0,05  0,06  0,07  0,08  0,09   0  2  4  6  8  10  12  14   f   f 

 

0,01  0,02  0,03  0,04  0,05  0,06  0,07  0,08  0,09   0  2  4  6  8  10  12  14    vʩʢ, ʤ/c   vʩʢ, ʤ/c 

 

 

5.1  b  c  H   40  ̄   b  c  H   40  ̄   b  c  H   40  ̄

 

5.2.   ʘ  ʚ   ʙ    ʘ  ʚ   ʙ  ʘ  ʚ   ʙ    n1, ʦʙ/ʤʠʥ   N1, ʢɺʪ   n1, ʦʙ/ʤʠʥ   N1, ʢɺʪ  n1, ʦʙ/ʤʠʥ   N1, ʢɺʪ 

 

n1, ʦʙ/ʤʠʥ   N1, ʢɺʪ  200  600  1000  1400  1800  2600  0,1  0,2  0,5  1  2  5  10  20  50  100 

 

200  600  1000  1400  1800  2600  0,1  0,2  0,5  1  2  5  10  20  50  100 

 

200  600  1000  1400  1800  2600  0,1  0,2  0,5  1  2  5  10  20  50  100 

 

200  600  1000  1400  1800  2600  0,1  0,2  0,5  1  2  5  10  20  50  100 

 

 

5.6.  d   t  f  e  c  h  d   t  f  e  c  h    d   t  f  e  c  h    d   t  f  e  c  h 

 

5.7.  B  c  d   dʩʪ   do    lʩʪ   B  c  d   dʩʪ   do    lʩʪ      B  c  d   dʩʪ   do    lʩʪ 

 

6.1.   ʘ   ʙ   ʘ   ʙ    B  t  d  b  h  dp    B  t  d  b  h  dp    B  t  d  b  h  dp 

 

1  2  3  4  5   1  2  3  4  5 

  

6.3.    ʘ  ʚ   ʙ    ʘ  ʚ   ʙ  ʘ  ʚ   ʙ 

 

6.5.  R 48,5     z    R 48,5     z     ɻʆʉʊ 13568ï75 

 

ɿʚʝʟʜʦʯʢʘ ʜʚʫʭʨʷʜʥʘʷ 

ʉʪʘʣʴ 40ʍ ɻʆʉʊ 977ï88 

 

ʉʪʫʜʝʥʪ 111 ʛʨ. 

ʉʠʜʦʨʦʚ ʀ.ʀ. 
 

6.6. 

 

ʎʝʧʴ ʨʦʣʠʢʦʚʘʷ                                  

ʜʚʫʭʨʷʜʥʘʷ 

ɻʆʉʊ 13568ï75 

     ʄ 1:2 
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ʉʪʫʜʝʥʪ 111 ʛʨ. 

ʉʠʜʦʨʦʚ ʀ.ʀ. 
 

58,55 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1.2.   1   2    4   5   6   7   8   9      1   2    4   5   6   7   8   9  

 

1.3.   2  3  4    2  3  4   2  3  4   2  3  4   2  3  4    2  3  4   2  3  4   2  3  4  

 

1.5.        1   2  3  4  5  6  7    1   2  3  4  5  6  7    1   2  3  4  5  6  7 

4.2   8  10  12,5  20  31,5  63  80  16  25     u    ʂʣʶʯ    ʊ2       ʊ2, ʅÖʤ          

0,05  0,06  0,08   0,1  0,125  0,16  0,2  0,25  0,32  0,4  0,5     

 

ʇʨʠʤʝʨ: ʊ2 = 130 ʅÖʤ; 

z1/q = 0,16;  u = 16;   n1 = 1450 ʦʙ/ʤʠʥ 

 

ʇʨʠʥʠʤʘʝʤ: ʤʘʪʝʨʠʘʣ ʢʦʣʝʩʘ ï  

ɹʨɸɾ9-4ʃ; vʩʢ = 4,6 ʤ/ʩ;  [sʅ] = 158 ʅ/ʤʤ
2
 

 

n1, ʦʙ/ʤʠʥ            ɹʨɸɾ9-4ʃ      ɹʨɸɾʅ10-4-4ʃ                 
 

 ɹʨʆʌ10-1 (ʚ ʧʝʩʯʘʥʫʶ ʬʦʨʤʫ) [sʅ]¡ = 157 

 

ɹʨʆʌ10-1 (ʚ ʢʦʢʠʣʴ) [sʅ]¡ = 221 

 

ɹʨʆʅʌ (ʮʝʥʪʨʦʙʝʞʥʘʷ ʦʪʣʠʚʢʘ) [sʅ]¡ = 246 

 

ɹʨʆʎʉ6-6-3 (ʚ ʧʝʩʯʘʥʫʶ ʬʦʨʤʫ) [sʅ]¡ = 133 

 

ɹʨʆʎʉ6-6-3 (ʚ ʢʦʢʠʣʴ) [sʅ]¡ = 193 

 
 0,5   0,5     84,5 

4.2   8  10  12,5  20  31,5  63  80  16  25     u    ʂʣʶʯ    ʊ2       ʊ2, ʅÖʤ          
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0,05  0,06  0,08   0,1  0,125  0,16  0,2  0,25  0,32  0,4  0,5     

 

ʇʨʠʤʝʨ: ʊ2 = 130 ʅÖʤ; 

z1/q = 0,16;  u = 16;   n1 = 1450 ʦʙ/ʤʠʥ 

 

ʇʨʠʥʠʤʘʝʤ: ʤʘʪʝʨʠʘʣ ʢʦʣʝʩʘ ï  

ɹʨɸɾ9-4ʃ; vʩʢ = 4,6 ʤ/ʩ;  [sʅ] = 158 ʅ/ʤʤ
2
 

 

n1, ʦʙ/ʤʠʥ            ɹʨɸɾ9-4ʃ      ɹʨɸɾʅ10-4-4ʃ                 
 

 ɹʨʆʌ10-1 (ʚ ʧʝʩʯʘʥʫʶ ʬʦʨʤʫ) [sʅ]¡ = 157 

 

ɹʨʆʌ10-1 (ʚ ʢʦʢʠʣʴ) [sʅ]¡ = 221 

 

ɹʨʆʅʌ (ʮʝʥʪʨʦʙʝʞʥʘʷ ʦʪʣʠʚʢʘ) [sʅ]¡ = 246 

 

ɹʨʆʎʉ6-6-3 (ʚ ʧʝʩʯʘʥʫʶ ʬʦʨʤʫ) [sʅ]¡ = 133 

 

ɹʨʆʎʉ6-6-3 (ʚ ʢʦʢʠʣʴ) [sʅ]¡ = 193 

dam2        df 2     d2          da2b      dam2        df 2     d2          da2     dam2        df 2     d2          da2 

 

 

dw1 = d1         da1        df 1      x = 0  x > 0   x < 0  ʆʩʴ ʯʝʨʚʷʢʘ    ʆʩʴ ʯʝʨʚʷʢʘ   

 
     dw = d            aw = a   aw    

 

d1     dw1   dw2 = d2    da2   df 2   dw1    df 1   df 2     ɺ1      ɺ2 

 

dam2        df 2     d2          da2b      dam2        df 2     d2          da2     dam2        df 2     d2          da2 

 

 

dw1 = d1         da1        df 1      x = 0  x > 0   x < 0  ʆʩʴ ʯʝʨʚʷʢʘ    ʆʩʴ ʯʝʨʚʷʢʘ   

 
     dw = d            aw = a   aw    

 

d1     dw1   dw2 = d2    da2   df 2   dw1    df 1   df 2     ɺ1      ɺ2 

 

dam2        df 2     d2          da2b      dam2        df 2     d2          da2     dam2        df 2     d2          da2 

 

 

dw1 = d1         da1        df 1      x = 0  x > 0   x < 0  ʆʩʴ ʯʝʨʚʷʢʘ    ʆʩʴ ʯʝʨʚʷʢʘ   

 
     dw = d            aw = a   aw    

 

d1     dw1   dw2 = d2    da2   df 2   dw1    df 1   df 2     ɺ1      ɺ2 

 

dam2        df 2     d2          da2b      dam2        df 2     d2          da2     dam2        df 2     d2          da2 
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dw1 = d1         da1        df 1      x = 0  x > 0   x < 0  ʆʩʴ ʯʝʨʚʷʢʘ    ʆʩʴ ʯʝʨʚʷʢʘ   

 
     dw = d            aw = a   aw    

 

d1     dw1   dw2 = d2    da2   df 2   dw1    df 1   df 2     ɺ1      ɺ2 

 

ʐʢʠʚ                                       

ʉʏ15 ɻʆʉʊ 977ï88 

ʉʪʫʜʝʥʪ 111 ʛʨ.    

ʉʠʜʦʨʦʚ ʀ.ʀ. 

ʐʢʠʚ 

ʉʏ15 ɻʆʉʊ 977ï88 

ʉʪʫʜʝʥʪ 111 ʛʨ. 

ʉʠʜʦʨʦʚ ʀ.ʀ. 
 

 

ʈʠʩ. 2.3. ɺʘʨʠʘʥʪ  r

ʨʘʩʧʦʣʦʞʝʥʠʷ 

ʢʦʣʝʩ ʦʪʥʦʩʠ- 

ʪʝʣɹʥʦ ʦʧʦʨ 

 

 

ʈʠʩ. 2.3. ɺʘʨʠʘʥʪ  r

ʨʘʩʧʦʣʦʞʝʥʠʷ 

ʢʦʣʝʩ ʦʪʥʦʩʠ- 

ʪʝʣɹʥʦ ʦʧʦʨ 
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Учебное издание 

 
 
 

 
Ваньшин Александр Иванович 
Печников Александр Филиппович 

 

 

 

 
 
 
 
 

ɼɽʊɸʃʀ  ʄɸʐʀʅ 

ʈɸʉʏɽʊ  ʄɽʍɸʅʀʏɽʉʂʀʍ  ʇɽʈɽɼɸʏ 
 
 

Пособие 
 

 

 

ʈʝʜʘʢʪʦʨ 

ɽ.ʆ. ʊʨʫʩʦʚʘ 

ʂʦʨʨʝʢʪʦʨ 

ʅ.ʀ. ʄʠʭʘʡʣʦʚʘ 

ɼʠʨʝʢʪʦʨ ʀʇʎ 

ʊ.ɻ. ʉʤʠʨʥʦʚʘ 
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