
 

 

 

̂˹ˮˤ˩˾˭ˮ́˩́ ̂ ˴˾ˢ˥̂˳˩ˤ̇̂ 

̅ˢ˴̂˶́˩́ ˮ˹ˬ˩˺˩˾˿˴ˮ̆ ˹ˢ̂˴ˢ 
̂˹ˮˤ˩˾˭ˮ́˩́ˢ ̂ ˴˾ˢ˥̂˳˩ˤ̇̂ 

 

 

 

 

 

˸͙ͦ͡΄ ˿Φ ˶͔͍͙͊͊ͪ͘ΐ 

 

ˮ˿́˾ˢˬˮˤˢ˺˩ ˽˾˻̇˩˿ˢ ˩˴˿˽˶˻˭ˮˤ˹˻˥ 
˭ˢˤˢ˾ˮˤˢ˺ˢ ˮ ˴ˢ˾ˢ˴́˩˾ˮ˭ˢ̇ˮ˳ˢ 
˨˻ˣˮ˳˩˹˻˥ ˿˽˻˳ˢ ˤˮ˿˻˴˻˶˩˥ˮ˾ˢ˹˻˥ 
ˢ˶ˢ́˹˻˥ ˮ ˹ˮ˿˴˻̂˥˷˩˹ˮ̉˹˻˥ ̉˩ ˶ˮ˴ˢ 

 

͒ͦ ͭͦͪͫ͊͟͟ ͙͒ ͔ͫͪͭ͊ͼ͙͊͞ 

 

 

 

 

 

 

˴͎͔͍ͪ͊ͯ͊͞ͼΣ нлн3. 



 

 

 

UNIVERSITY OF KRAGUJEVAC 

FACULTY OF ENGINEERING 
UNIVERSITY OF KRAGUJEVAC 

 

 

 

 

 

aƛƭƻǑ {Φ [ŀȊŀǊŜǾƛŏ 

 

INVESTIGATION OF EXPLOSIVE WELDING 
PROCESS AND CHARACTERIZATION OF THE 

OBTAINED JOINT OF HIGH-ALLOY TOOL AND LOW 
CARBON STEEL 

 

Doctoral Dissertation 

 

 

 

 

 

 

Kragujevac, 2023. 



 

 

 
ˢͯͭͦͪ 

ˮ͔ͣ ͙ ͔͙͔ͨͪͣ͘Υ ˸͙ͦ͡΄ ˿Φ ˶͔͍͙͊͊ͪ͘ΐ 

˨͊ͭͯͣ ͙ ͔ͣͫͭͦ ͪͦΏ͔ͥ͊Υ нсΦлмΦмффоΦ ͎͙͔ͦ͒ͤΣ ˴͎͔͍ͪ͊ͯ͊͞ͼ 

˿͊͒͊΄͔ͥ ͔͔͊ͨͦͫͥ͘͡Υ  

˨ͦͭͦͪͫ͊͟͟ ͙͔͒ͫͪͭ͊ͼ͙͊͞ 

˹͍͊ͫͦ͡Υˮ˿́˾ˢˬˮˤˢ˺˩ ˽˾˻̇˩˿ˢ ˩˴˿˽˶˻˭ˮˤ˹˻˥ ˭ˢˤˢ˾ˮˤˢ˺ˢ ˮ ˴ˢ˾ˢ˴́˩˾ˮ˭ˢ̇ˮ˳ˢ 
˨˻ˣˮ˳˩˹˻˥ ˿˽˻˳ˢ ˤˮ˿˻˴˻˶˩˥ˮ˾ˢ˹˻˥ ˢ˶ˢ́˹˻˥ ˮ ˹ˮ˿˴˻̂˥˷˩˹ˮ̉˹˻˥ ̉˩ ˶ˮ˴ˢ 

ˣͪͦ͞ ͙ͫͭͪ͊ͤͼ͊Υ  

ˣͪͦ͞ ͙ͫ͊͟͡Υ  

ˣͪͦ͞ ͙͙͎͋͋ͦͪ͊͡ͺ͙ͫ͟ͻ ͨͦ͒͊ͭ͊͊͟Υ 

͍̂ͫͭ͊ͤͦ͊ ͙ ͔ͣͫͭͦ ͎͔͒ ͔͞ ͪ͊͒ ͙ͪ͊͘Ώ͔ͤΥ ͙͍͔͙͔̂ͤͪͭͭ͘ ͯ ˴͎͔͍ͪ͊ͯ͞ͼͯΣ ͔̅͊ͯͭͭ͟͡ ͙͔͔͙ͤ͗ͥͪͫ͟ͻ 
ͤ͊ͯ͊͟ 

˹͊ͯ;ͤ͊ ͦ͋͊ͫͭ͡ ό̂˨˴ύΥ ˸ ͊΄͙ͤͫͦ͟ ͙͔͔͍ͤ͗ͥͪͫͭͦκˤ͙͔͔͎͔ͫͦͦͤͪͭͫ͊͟͟ ͦ͋ͪ͊͒͊Σ ͙͍͔ͦ͋ͦ͊ͥ͟͡ 
͔͙ͫͨͦͦͣ͘͟͡͞Σ ͙ͭ͒ΦΤ ˮ ͙͙͍͔ͫͨͭ͊ͥ ͔͙ͣ͊ͭͪ͊͊͞͡Σ ͎͔ͪ΄͔͟ ͣ ͔͙͊ͭͪ͊͊͞͡Σ ͊͘΄͙ͭͭ͊ ͔͙ͣ͊ͭͪ͊͊͞͡ 

˸͔ͤͭͦͪκ˴͔ͦͣͤͭͦ:ͪ ˨ͪ ˣ͎ͦ͒͊ͤ ˹͔͙͒ΐΣ ͔͍͙ͪ͒ͦͤ ͨͪͦͺ͔ͫͦͪΣ ͔̅͊ͯͭͭ͟͡ ͙͔͔͙ͤ͗ͥͪͫ͟ͻ 
ͤ͊ͯ͊͟Σ ͙͍͔͙͔̂ͤͪͭͭ͘ ͯ ˴͎͔͍ͪ͊ͯ͞ͼͯΦ 

ʆʮʝʥʘ ʠ ʦʜʙʨʘʥʘ 

˨͊ͭͯͣ ͙͍͔ͨͪ͊͞ ͔͔ͭͣΥ ннΦлпΦнлнмΦ ͎͙͔ͦ͒ͤ 

ˣͪͦ͞ ͔ͦ͒ͯ͟͡ ͙ ͒͊ͭͯͣ ͙ͨͪͻ͍͊ͭ͊ͥ͊ ͔͔ͭͣ ͔͒ͦͭͦͪͫ͟͟ ͙͔͒ͫͪͭ͊ͼ͙͔͞Υ IV-04-345/8 ͦ͒ 
мнΦлрΦнлнмΦ ͎͙͔ͦ͒ͤ 

 

˴͙͙ͦͣͫ͊͞ ͊͘ ͦͼ͔ͤͯ ͤ͊ͯ;͔ͤ ͍͙͊ͫͤͦ͊ͤͦͫͭ͘ ͔͔ͭͣ ͙ ͙͔͙ͫͨͯͥͤͦͫͭ ͍ͯͫͦ͊͡ ͙͊ͤ͒͒͊ͭ͊͟Υ 
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͙͍͔͙͔̂ͤͪͭͭ͘ ͯ ˴͎͔͍ͪ͊ͯ͞ͼͯ; 

2. ˨ͪ ˨͎ͪ͊͊ͤ ˢ͍͙͒͊ͣͦΐΣ ͔͍͙ͪ͒ͦͤ ͨͪͦͺ͔ͫͦͪΣ ͔̅͊ͯͭͭ͟͡ ͙͔͔͙ͤ͗ͥͪͫ͟ͻ ͤ͊ͯ͊͟Σ 
͙͍͔͙͔̂ͤͪͭͭ͘ ͯ ˴͎͔͍ͪ͊ͯ͞ͼͯ; 

3. ˨ͪ ˨͎ͪ͊͊ͤ ͙̈ͯͤΐΣ ͒ͦͼ͔ͤͭΣ ͔̅͊ͯͭͭ͟͡ ͙͔͔͙ͤ͗ͥͪͫ͟ͻ ͤ͊ͯ͊͟Σ ͙͍͔͙͔̂ͤͪͭͭ͘ ͯ 
˴͎͔͍ͪ͊ͯ͞ͼͯ 

4. ˨ͪ ˳͍͙ͦͼ͊ ˣ͎͍ͦ͒͊ͤͦΣ ͒ͦͼ͔ͤͭΣ ˤͦͤ͊͞ ͔͙͊͊͒ͣ͊͟͞Σ ͙͍͔͙͔̂ͤͪͭͭ͘ ͔ͦ͒͋ͪ͊ͤ ͯ ˣ͔͎ͦͪ͊͒ͯ; 
5. ˨ͪ ˣ͎ͦ͒͊ͤ ˹͔͙͒ΐΣ ͔͍͙ͪ͒ͦͤ ͨͪͦͺ͔ͫͦͪΣ ͔̅͊ͯͭͭ͟͡ ͙͔͔͙ͤ͗ͥͪͫ͟ͻ ͤ͊ ͯ͊͟Σ 
͙͍͔͙͔̂ͤͪͭͭ͘ ͯ ˴͎͔͍ͪ͊ͯ͞ͼͯ. 

˴͙͙ͦͣͫ͊͞ ͊͘ ͦͼ͔ͤͯ ͙ ͦ͒͋ͪ͊ͤͯ ͔͒ͦͭͦͪͫ͟͟ ͙͔͒ͫͪͭ͊ͼ͙͔͞Υ 
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ɿɸʍɺɸʃʅʆʉʊ 

 

ʅʘ ʩʘʤʦʤ ʧʦʯʝʪʢʫ, ʚʝʣʠʢʫ ʟʘʭʚʘʣʥʦʩʪ ʜʫʛʫʿʝʤ ʩʚʦʤ ʤʝʥʪʦʨʫ ʧʨʦʬ. ʜʨ ɹʦʛʜʘʥʫ ʅʝʜʠ˂ʫ, 

ʢʦʿʠ ʤʝ ʿʝ ʩʚʦʿʠʤ ʩʘʚʝʪʠʤʘ ʚʦʜʠʦ ʢʨʦʟ ʜʦʢʪʦʨʩʢʝ ʩʪʫʜʠʿʝ.  

ɺʝʣʠʢʫ ʟʘʭʚʘʣʥʦʩʪ ʜʫʛʫʿʝʤ ʠ ʜʦʮ. ʜʨ ɼʘʥʠʮʠ ɹʘʿʠ˂ ʥʘʫʯʥʦʤ ʩʘʨʘʜʥʠʢʫ ɺʦʿʥʦʪʝʭʥʠʯʢʦʛ 

ʠʥʩʪʠʪʫʪʘ (ɺʊʀ), ʢʦʿʘ ʤʠ ʿʝ ʦʤʦʛʫ˂ʠʣʘ ʠʟʚʦʹʝˁʝ ʝʢʩʧʝʨʠʤʝʥʪʘ ʝʢʩʧʣʦʟʠʚʥʦʛ ʟʘʚʘʨʠʚʘˁʘ 

ʫ ʬʠʨʤʠ ĂTrayalñ ʫ ʂʨʫʰʝʚʮʫ ʠ ʧʦʤʦʛʣʘ ʤʠ ʜʘ ʫʨʘʜʠʤ ʜʝʦ ʣʘʙʦʨʘʪʦʨʠʿʩʢʠʭ ʠʩʧʠʪʠʚʘˁʘ. 

ɿʘʭʚʘˀʫʿʝʤ ʠ ʬʠʨʤʘʤʘ ĂTrayalñ ʠʟ ʂʨʫʰʝʚʮʘ ʠ ʊʝʭʥʠʯʢʦʤ ʨʝʤʦʥʪʥʦʤ ʟʘʚʦʜʫ ʠʟ 

ʂʨʘʛʫʿʝʚʮʘ, ʢʦʿʠ ʩʫ ʤʠ ʦʙʝʟʙʝʜʠʣʠ ʝʢʩʧʣʦʟʠʚ, ʧʠʨʦʪʝʭʥʠʯʢʠ ʪʠʤ ʢʦʿʠ ʩʫ ʫʯʝʩʪʚʦʚʘʣʠ ʫ 

ʠʟʚʦʹʝˁʫ ʝʢʩʧʝʨʠʤʝʥʪʘ. 

ɺʝʣʠʢʦ ʭʚʘʣʘ ʜʨ ɸʥʠ ɸʣʠʣ ʥʘʫʯʥʦʤ ʩʘʨʘʜʥʠʢʫ ʀʥʩʪʠʪʫʪʘ ʟʘ ʭʝʤʠʿʫ, ʪʝʭʥʦʣʦʛʠʿʫ ʠ 

ʤʝʪʘʣʫʨʛʠʿʫ (IHTM) ʥʘ ʫʩʪʫʧʘˁʫ ʦʧʨʝʤʝ ʟʘ ʠʩʧʠʪʠʚʘˁʘ ʫʟʦʨʘʢʘ ʥʝʜʝʩʪʨʫʢʪʠʚʥʠʤ 

ʤʝʪʦʜʘʤʘ. 

IMW ʠʥʩʪʠʪʫʪʫ, ʂʨʘʛʫʿʝʚʘʮ ʩʝ ʟʘʭʚʘˀʫʿʝʤ ʥʘ ʢʦʨʠʰ˂ʝˁʫ ʦʧʨʝʤʝ ʠ ʠʩʧʠʪʠʚʘˁʫ 

ʜʝʩʪʨʫʢʪʠʚʥʠʤ ʤʝʪʦʜʘʤʘ. 

ʊʘʢʦʹʝ ʚʝʣʠʢʦ ʭʚʘʣʘ ʅʘʜʠ ʀʣʠ˂ ʠ ɸʣʝʢʩʘʥʜʨʫ ɴʠʪʠ˂ʫ ʠʩʪʨʘʞʠʚʘʯʠʤʘ ɺʦʿʥʦʪʝʭʥʠʯʢʦʛ 

ʠʥʩʪʠʪʫʪʘ (ɺʊʀ), ʥʘ ʧʦʤʦ˂ʠ ʢʦʿʫ ʩʫ ʤʠ ʧʨʫʞʠʣʠ ʦʢʦ ʘʥʘʣʠʟʝ ʤʝʪʘʣʦʛʨʘʬʠʿʝ ʩʧʦʿʘ 

ʜʦʙʠʿʝʥʠʭ ʫʟʦʨʘʢʘ ʠ ʦʤʦʛʫ˂ʠʣʠ ʤʝʨʝˁʝ ʤʠʢʨʦʪʚʨʜʦ˂ʝ ʠʩʪʠʭ.  

ɿʘʭʚʘˀʫʿʝʤ ʩʝ ʅʝʥʘʜʫ ʉʧʘʩʠ˂ʫ ʠ ɱʘʩʤʠʥʠ ɿʝʯʝʚʠ˂ ʟʘ ʫʩʪʫʧʘˁʝ ʨʘʜʠʦʥʠʮʝ ʟʘ ʦʙʨʘʜʫ ʠ 

ʧʨʠʧʨʝʤʫ ʤʘʪʝʨʠʿʘʣʘ. 

ɺʝʣʠʢʦ ʭʚʘʣʘ ʜʨ ʅʝʥʘʜʫ ʉʘʢʘʥʫ, ʚʠʰʝʤ ʥʘʫʯʥʦʤ ʩʘʨʘʜʥʠʢʫ, ʀʥʩʪʠʪʫʪʘ ʟʘ ʬʠʟʠʢʫ ʫ 

ɹʝʦʛʨʘʜʫ ʠ ʜʨ ʉʘˁʠ ʉʘʢʘʥ, ʥʘʫʯʥʦʤ ʩʘʚʝʪʥʠʢʫ ʀʍʊʄ-ʘ, ʋʥʠʚʝʨʟʠʪʝʪʘ ʫ ɹʝʦʛʨʘʜʫ ʟʘ 

ʤʦʨʘʣʥʫ ʠ ʧʨʠʿʘʪʝˀʩʢʫ ʧʦʜʨʰʢʫ. 

ɿʘʭʚʘˀʫʿʝʤ ʩʝ ʠ ʦʩʪʘʣʠʤ ʬʠʨʤʘʤʘ ʢʦʿʝ ʩʫ ʧʦʤʝʥʫʪʝ ʫ ʜʦʢʪʦʨʩʢʦʿ ʜʠʩʝʨʪʘʮʠʿʠ. 

ʇʦʩʝʙʥʦ ʩʝ ʟʘʭʚʘˀʫʿʝʤ ɺʝʩʥʠ ʄʠʿʘʠʣʦʚʠ˂ ɺʘʩʘʥʪʘ ʟʘ ʧʦʜʩʪʠʮʘʿ, ʧʦʤʦ˂ ʠ ʧʨʠʿʘʪʝˀʩʢʫ 

ʧʦʜʨʰʢʫ ʪʦʢʦʤ ʤʦʿʠʭ ʦʩʥʦʚʥʠʭ, ʤʘʩʪʝʨ ʠ ʜʦʢʪʦʨʩʢʠʭ ʩʪʫʜʠʿʘ.  

ʅʝʠʟʤʝʨʥʦ ʩʘʤ ʟʘʭʚʘʣʘʥ ʩʚʦʿʠʤ ʨʦʜʠʪʝˀʠʤʘ, ʤʘʿʮʠ ʄʠʣʠ ʠ ʦʮʫ ʉʣʦʙʦʜʘʥʫ ʃʘʟʘʨʝʚʠ˂ ʟʘ 

ʙʝʟʛʨʘʥʠʯʥʫ ˀʫʙʘʚ, ʧʦʜʨʰʢʫ ʠ ʧʦʤʦ˂ ʢʦʿʫ ʩʫ ʤʠ ʧʨʫʞʠʣʠ ʪʦʢʦʤ ʰʢʦʣʦʚʘˁʘ, ʦʜʨʘʩʪʘˁʘ 

ʠ ʞʠʚʦʪʘ ʫʦʧʰʪʝ. ɳʠʤʘ ʫ ʯʘʩʪ, ʧʦʩʚʝ˂ʫʿʝʤ ʦʚʫ ʜʠʩʝʨʪʘʮʠʿʫ. 

 

 

 

 

ʋ ʂʨʘʛʫʿʝʚʮʫ, ʘʚʛʫʩʪ 2023. ʛʦʜ.   ʄʠʣʦʰ ʉ. ʃʘʟʘʨʝʚʠ˂ 
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ʋ ʫʚʦʜʥʦʤ ʜʝʣʫ ʜʘʪʠ ʩʫ ʮʠˀʝʚʠ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ, ʦʜʥʦʩʥʦ ʠʟʫʯʘʚʘˁʝ ʧʨʦʮʝʩʘ 

ʧʨʠʤʝʥʝ ʥʝʢʦʥʚʝʥʮʠʦʥʘʣʥʦʛ ʧʦʩʪʫʧʢʘ ʝʢʩʧʣʦʟʠʚʥʦʛ ʟʘʚʘʨʠʚʘˁʘ ʚʠʩʦʢʦʣʝʛʠʨʘʥʦʛ 

ʘʣʘʪʥʦʛ ʯʝʣʠʢʘ ʠ ʥʠʩʢʦʫʛˀʝʥʠʯʥʦʛ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛ ʯʝʣʠʢʘ ʠ ʜʝʬʠʥʠʩʘʥʝ ʩʫ ʤʝʪʦʜʝ ʟʘ 

ʫʪʚʨʹʠʚʘˁʝ ʢʚʘʣʠʪʝʪʘ ʜʦʙʠʿʝʥʦʛ ʩʧʦʿʘ. ɼʘʪʝ ʩʫ ʦʩʥʦʚʥʝ ʭʠʧʦʪʝʟʝ ʦʜ ʢʦʿʠʭ ʩʝ ʧʦʣʘʟʠ. ɼʘʪ 

ʿʝ ʧʨʝʛʣʝʜ ʦʩʥʦʚʥʠʭ ʤʝʪʦʜʘ ʢʦʿʝ ˂ʝ ʩʝ ʢʦʨʠʩʪʠʪʠ ʟʘ ʘʥʘʣʠʟʫ ʝʢʩʧʣʦʟʠʚʥʦ ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ. 

ʆʥʝ ʦʙʫʭʚʘʪʘʿʫ ʘʥʘʣʠʪʠʯʢʝ ʤʝʪʦʜʝ ʟʘ ʘʥʘʣʠʟʫ ʠ ʦʙʨʘʜʫ ʜʦʙʠʿʝʥʠʭ ʨʝʟʫʣʪʘʪʘ, ʠ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʝ ʤʝʪʦʜʝ ʫʟ ʧʨʠʤʝʥʫ ʩʘʚʨʝʤʝʥʝ ʤʝʨʥʝ ʦʧʨʝʤʝ. ʅʘʚʝʜʝʥʘ ʿʝ ʧʦʪʝʥʮʠʿʘʣʥʘ 

ʧʨʠʤʝʥʘ ʝʢʩʧʣʦʟʠʚʥʦʛ ʟʘʚʘʨʠʚʘˁʘ ʟʘ ʠʟʨʘʜʫ ʠʥʜʫʩʪʨʠʿʩʢʠʭ ʥʦʞʝʚʘ. ʇʦʩʝʜʦʚʘˁʝ 

ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ ʘʣʘʪʘ ʟʘ ʩʝʯʝˁʝ ʧʦʤʦ˂ʠ ˂ʝ ʫ ʧʦʙʦˀʰʘˁʫ ʧʨʦʮʝʩʘ ʠ ʧʦʚʝ˂ʘˁʫ 

ʧʨʦʬʠʪʘʙʠʣʥʦʩʪʠ. ɿʘ ʜʦʙʠʿʘˁʝ ʢʚʘʣʠʪʝʪʥʦʛ ʨʝʟʘ ʥʦʞʝʚʠ ʩʝ ʠʟʨʘʹʫʿʫ ʦʜ ʧʦʛʦʜʥʦʛ 

ʤʘʪʝʨʠʿʘʣʘ ʟʘ ʩʚʦʿʫ ʥʘʤʝʥʫ ʫ ʠʥʜʫʩʪʨʠʿʠ. ʅʘʚʝʜʝʥʝ ʩʫ ʧʦʪʝʥʮʠʿʘʣʥʝ ʧʨʝʜʥʦʩʪʠ ʥʦʞʘ 

ʜʦʙʠʿʝʥʝ ʦʚʠʤ ʧʦʩʪʫʧʢʦʤ.  

ɼʨʫʛʦ ʧʦʛʣʘʚˀʝ ʩʝ ʙʘʚʠ ʪʝʦʨʠʿʩʢʠʤ ʘʩʧʝʢʪʦʤ ʝʢʩʧʣʦʟʠʚʥʦʛ ʟʘʚʘʨʠʚʘˁʘ. ɼʘʪʠ ʩʫ ʦʩʥʦʚʥʠ 

ʧʦʿʤʦʚʠ ʝʢʩʧʣʦʟʠʚʥʦʛ ʟʘʚʘʨʠʚʘˁʘ. ɼʘʪʘ ʿʝ ʪʘʙʝʣʘ ʩʘ ʢʦʤʙʠʥʘʮʠʿʘʤʘ ʤʝʪʘʣʘ ʢʦʿʠ ʩʫ 

ʫʩʧʝʰʥʦ ʟʘʚʘʨʝʥʠ. ʆʧʠʩʘʥ ʿʝ ʠ ʥʝʦʧʭʦʜʘʥ ʧʨʦʨʘʯʫʥ ʟʘ ʜʦʙʠʿʘˁʝ ʚʝ˂ʠʥʝ ʧʘʨʘʤʝʪʘʨʘ ʟʘ 

ʠʟʚʦʹʝˁʝ ʝʢʩʧʝʨʠʤʝʥʪʘ ʩʘ ʦʙʨʘʟʣʦʞʝˁʝʤ ʚʘʞʥʦʩʪʠ ʠʩʪʠʭ. 

ʊʨʝ˂ʝ ʧʦʛʣʘʚˀʝ ʩʝ ʙʘʚʠ ʙʝʟʙʝʜʥʦʩʥʠʤ ʘʩʧʝʢʪʦʤ ʫ ʧʨʦʮʝʩʫ ʝʢʩʧʣʦʟʠʚʥʦʛ ʟʘʚʘʨʠʚʘˁʘ. 

ʇʨʠʣʠʢʦʤ ʠʟʚʦʹʝˁʘ ʧʦʩʪʫʧʢʘ ʝʢʩʧʣʦʟʠʚʥʦʛ ʟʘʚʘʨʠʚʘˁʘ ʤʦʨʘ ʩʝ ʩʪʨʦʛʦ ʚʦʜʠʪʠ ʨʘʯʫʥʘ ʦ 

ʙʝʟʙʝʜʥʦʩʪʠ. ʇʨʠʢʘʟʘʥ ʿʝ ʧʨʦʨʘʯʫʥ ʢʨʠʪʠʯʥʦʛ ʨʘʩʪʦʿʘˁʘ ʯʠʿʠ ʿʝ ʦʩʥʦʚʥʠ ʧʘʨʘʤʝʪʘʨ ʙʠʦ 

ʦh ʪʝ˂ʝˁʝ ʩʣʫʭʘ. ʂʨʘʪʘʢ ʦʩʚʨʪ ʿʝ ʥʘ ʧʨʦʨʘʯʫʥʫ ʫʪʠʮʘʿʘ ʪʝʨʤʘʣʥʦʛ ʝʬʝʢʪʘ. ɼʘʪʘ ʿʝ ʛʨʫʙʘ 

ʧʨʦʮʝʥʘ ʩʪʨʫʢʪʫʨʘʣʥʠʭ ʦʰʪʝ˂ʝˁʘ ʫʩʣʝʜ ʝʢʩʧʣʦʟʠʿʝ ʫʟ ʧʦʤʦ˂ ʝʤʧʠʨʠʿʩʢʠ ʠʟʚʝʜʝʥʠʭ 

ʤʦʜʝʣʘ ʥʘ ʦʩʥʦʚʫ ʘʥʘʣʠʟʝ ʥʝʩʨʝ˂ʘ, ʠʩʧʠʪʠʚʘˁʘ ʠ ʧʦʜʘʪʘʢʘ ʦ ʨʘʪʥʦʿ ʰʪʝʪʠ. ʆʩʪʘʣʝ 

ʧʦʪʝʥʮʠʿʘʣʥʝ ʦʧʘʩʥʦʩʪʠ ʢʘʦ ʰʪʦ ʿʝ ʨʘʟʣʝʪʘˁʝ ʬʨʘʛʤʝʥʘʪʘ ʧʨʠʣʠʢʦʤ ʜʝʪʦʥʘʮʠʿʝ ʥʠʩʫ 

ʫʟʝʪʝ ʫ ʦʙʟʠʨ.  

ʋ ʯʝʪʚʨʪʦʤ ʧʦʛʣʘʚˀʫ ʩʫ ʧʨʠʢʘʟʘʥʠ ʧʨʝʣʠʤʠʥʘʨʥʠ ʧʨʦʨʘʯʫʥʠ ʝʢʩʧʣʦʟʠʚʥʦʛ ʟʘʚʘʨʠʚʘˁʘ 

ʜʚʘ ʯʝʣʠʢʘ, ʧʨʦʨʘʯʫʥ ʢʨʠʪʠʯʥʦʛ ʨʘʩʪʦʿʘˁʘ ʥʝʦʧʭʦʜʥʦʛ ʟʘ ʙʝʟʙʝʜʥʦ ʠʟʚʦʹʝˁʝ 

ʝʢʩʧʝʨʠʤʝʥʪʘ, ʢʨʘʪʘʢ ʦʧʠʩ ʢʦʨʠʰ˂ʝʥʦʛ ʝʢʩʧʣʦʟʠʚʘ ʠ ʧʨʘʪʝ˂ʝ ʦʧʨʝʤʝ. ʊʘʢʦʹʝ ʩʝ 

ʧʨʠʢʘʟʫʿʝ ʧʦʩʪʫʧʘʢ ʝʢʩʧʣʦʟʠʚʥʦʛ ʟʘʚʘʨʠʚʘˁʘ ʦʧʨʫʞʥʦʛ ʯʝʣʠʢʘ ʫ ʩʚʨʭʫ ʧʨʝʣʠʤʠʥʘʨʥʦʛ 

ʠʩʧʠʪʠʚʘˁʘ ʠ ʘʣʘʪʥʦʛ ʯʝʣʠʢʘ ʢʘʦ ʟʘʚʨʰʥʠ ʝʢʩʧʝʨʠʤʝʥʪ. ʇʨʠʢʘʟʘʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʘ 

ʧʦʩʪʘʚʢʘ ʦʙʫʭʚʘʪʘʣʘ ʿʝ ʠʟʙʦʨ ʧʦʣʘʟʥʠʭ ʤʘʪʝʨʠʿʘʣʘ, ʝʢʩʧʣʦʟʠʚʘ, ʝʣʝʢʪʨʦʜʝʪʦʥʘʪʦʨʩʢʠʭ 

ʢʘʧʠʩʣʠ, ʧʣʦʯʘ, ʢʫʪʠʿʘʩʪʠʭ ʝʣʝʤʝʥʘʪʘ,ʩʝʯʝˁʝ ʠ ʫʢʣʘˁʘˁʝ ʦʢʩʠʜʥʦʛ ʩʣʦʿʘ ʧʣʦʯʘ, 

ʬʦʨʤʠʨʘˁʝ ʢʫʪʠʿʘʩʪʠʭ ʝʣʝʤʝʥʘʪʘ ʩʘ ʫʤʝʪʢʦʤ ʟʘ ʝʣʝʢʪʨʦʜʝʪʦʥʘʪʦʨʩʢʫ ʢʘʧʠʩʣʫ. 

ʆʙʝʟʙʝʹʠʚʘˁʝ ʘʣʘʪʘ ʠ ʧʨʠʙʦʨʘ ʟʘ ʪʝʨʝʥʩʢʝ ʫʩʣʦʚʝ. ʆʙʝʟʙʝʹʠʚʘˁʝ ʘʜʝʢʚʘʪʥʦʛ ʧʦʣʠʛʦʥʘ 

ʟʘ ʠʟʚʦʹʝˁʝ ʝʢʩʧʝʨʠʤʝʥʪʘ. ʆʙʝʟʙʝʹʠʚʘˁʝ ʧʠʨʦʪʝʭʥʠʯʢʦʛ ʪʠʤʘ ʟʘ ʨʝʘʣʠʟʘʮʠʿʫ 

ʝʢʩʧʝʨʠʤʝʥʪʘ.  

ʇʝʪʦ ʧʦʛʣʘʚˀʝ ʩʝ ʙʘʚʠ ʦʧʠʩʦʤ ʤʝʪʦʜʘ, ʤʝʨʥʝ ʦʧʨʝʤʝ ʠ ʥʘʯʠʥʦʤ ʥʘ ʢʦʿʠ ˂ʝ ʙʠʪʠ 

ʢʦʨʠʰ˂ʝʥʘ ʫ ʘʥʘʣʠʟʠ ʜʦʙʠʿʝʥʠʭ ʧʣʦʯʘ ʫ ʠʟʚʝʜʝʥʦʤ ʝʢʩʧʝʨʠʤʝʥʪʫ.  

ʐʝʩʪʦ ʧʦʛʣʘʚˀʝ ʩʝ ʙʘʚʠ ʧʨʠʧʨʝʤʦʤ ʫʟʦʨʘʢʘ ʟʘ ʨʘʟʣʠʯʠʪʝ ʪʝʩʪʦʚʝ ʢʘʦ ʰʪʦ ʿʝ, ʫʣʪʨʘʟʚʫʯʥʘ 

ʜʝʬʝʢʪʦʩʢʦʧʠʿʘ, ʨʝʥʜʛʝʥʦʛʨʘʬʩʢʘ ʠʩʧʠʪʠʚʘˁʘ, ʤʝʪʘʣʫʨʰʢʘ ʠʩʧʠʪʠʚʘˁʘ, ʠʩʧʠʪʠʚʘˁʝ 

ʩʧʦʿʘ ʧʝʥʝʪʨʘʥʪʠʤʘ, ʢʘʚʠʪʘʮʠʦʥʘ ʠʩʧʠʪʠʚʘˁʘ, ʠʩʧʠʪʠʚʘˁʝ ʤʝʭʘʥʠʯʢʠʭ ʩʚʦʿʩʪʘʚʘ ʠ ʜʨ. 

ɿʘ ʩʚʘ ʠʩʧʠʪʠʚʘˁʘ ʿʝ ʢʦʨʠʰ˂ʝʥʘ ʩʘʚʨʝʤʝʥʘ ʤʝʨʥʘ ʦʧʨʝʤʘ. ʈʝʟʫʣʪʘʪʠ ʠʩʧʠʪʠʚʘˁʘ ʩʫ 

ʩʠʩʪʝʤʘʪʠʟʦʚʘʥʠ ʠ ʧʨʝʟʝʥʪʦʚʘʥʠ ʫ ʦʜʛʦʚʘʨʘʿʫ˂ʠʤ ʪʘʙʝʣʘʤʘ ʠ ʜʠʿʘʛʨʘʤʠʤʘ. 

ʋʩʧʦʩʪʘʚˀʝʥʝ ʩʫ ʤʝʹʫʩʦʙʥʝ ʟʘʚʠʩʥʦʩʪʠ ʨʝʟʫʣʪʘʪʘ ʝʢʩʧʝʨʠʤʝʥʘʪʘ ʢʦʿʝ ʦʤʦʛʫ˂ʘʚʘʿʫ 

ʿʘʩʥʠʿʫ ʩʣʠʢʫ ʦ ʧʘʨʘʤʝʪʨʠʤʘ ʟʘ ʦʮʝʥʫ ʢʚʘʣʠʪʝʪʘ ʦʩʪʚʘʨʝʥʦʛ ʩʧʦʿʘ. ʈʝʟʫʣʪʘʪʠ 



 

 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʭ ʠʩʧʠʪʠʚʘˁʘ ˂ʝ ʦʤʦʛʫ˂ʠʪʠ ʩʪʚʘʨʘˁʝ ʫʩʣʦʚʘ ʟʘ ʙʫʜʫ˂ʝ ʬʦʨʤʠʨʘˁʝ 

ʥʫʤʝʨʠʯʢʠʭ ʤʦʜʝʣʘ, ʧʨʠʤʝʥʫ ʤʝʪʦʜʝ ʢʦʥʘʯʥʠʭ ʝʣʝʤʝʥʘʪʘ ʠ ʩʠʤʫʣʘʮʠʿʫ ʝʢʩʧʣʦʟʠʚʥʦʛ 

ʟʘʚʘʨʠʚʘˁʘ. 

ʋ ʟʘʢˀʫʯʢʫ ʥʘ ʦʩʥʦʚʫ ʜʦʙʠʿʝʥʠʭ ʨʝʟʫʣʪʘʪʘ ʠ ʘʥʘʣʠʟʝ ʠʟʚʨʰʝʥʘ ʿʝ ʢʨʘʪʢʘ ʜʠʩʢʫʩʠʿʘ ʠʩʪʠʭ. 

ʇʨʠʢʘʟʘʥ ʿʝ ʜʦʧʨʠʥʦʩ ʜʠʩʝʨʪʘʮʠʿʝ ʠ ʜʘʪ ʿʝ ʦʩʚʨʪ ʥʘ ʤʦʛʫ˂ʘ ʦʛʨʘʥʠʯʝˁʘ ʢʦʿʘ ʩʫ ʧʨʠʤʝ˂ʝʥʘ 

ʪʦʢʦʤ ʧʠʩʘˁʘ ʦʚʦʛ ʨʘʜʘ. ʇʨʝʜʩʪʘʚˀʝʥʠ ʩʫ ʠ ʧʨʘʚʮʠ ʙʫʜʫ˂ʠʭ ʠʩʪʨʘʞʠʚʘˁʘ ʝʢʩʧʣʦʟʠʚʥʦʛ 

ʟʘʚʘʨʠʚʘˁʘ. 

ʂˀʫʯʥʝ ʨʝʯʠ: ɽʢʩʧʣʦʟʠʚʥʦ ʟʘʚʘʨʠʚʘˁʝ, ʝʢʩʧʣʦʟʠʿʘ, ʢʨʠʪʠʯʥʦ ʨʘʩʪʦʿʘˁʝ, ʘʣʘʪʥʠ ʯʝʣʠʢ, 

ʦʧʨʫʞʥʠ ʯʝʣʠʢ, ʢʦʥʩʪʨʫʢʮʠʦʥʠ ʯʝʣʠʢ, ʠʩʧʠʪʠʚʘˁʝ. 

  



 

 

ABSTRACT  

 

In the introductory part, the objectives of the doctoral dissertation are given, that is, the study 

of the process of applying the unconventional procedure of explosive welding of high-alloy tool 

steel and low-carbon structural steel and defining the methods for determining the quality of 

the resulting joint. Basic hypotheses from which to start are given. An overview of the basic 

methods that will be used for the analysis of an explosively welded joint is given. They include 

analytical methods for analyzing and processing the obtained results, and experimental methods 

with the application of modern measuring equipment. The potential application of explosive 

welding for the production of industrial knives is indicated. Having the right cutting tools will 

help improve processes and increase profitability. In order to obtain a quality cut, the knives 

are made of suitable material for their purpose in the industry. The potential advantages of the 

knife obtained by this process are listed. 

The second chapter deals with the theoretical aspect of explosive welding. It describes what 

explosive welding is and what it includes. A table is given with the combinations of metals that 

have been successfully welded. The calculation necessary to obtain most of the parameters for 

performing the experiment is also described, with an explanation of their importance. 

The third chapter deals with the safety aspect in the explosive welding process. When 

performing the explosive welding procedure, safety must be strictly taken into account. The 

calculation of the critical distance was presented, the main parameter of which was hearing 

damage. A short review is on the calculation of the influence of the thermal effect. A rough 

estimate of structural damage from air blasts is provided using empirically derived models 

based on accident analysis, testing and war damage data. Other potential hazards such as flying 

fragments during detonation were not taken into account. 

In the fourth chapter are presented: the necessary preliminary calculations of the explosive 

welding of two steels, the calculation of the critical distance necessary for the safe execution of 

the experiment, a brief description of the explosive used and the accompanying equipment. The 

procedure of explosive welding of spring steel for the purpose of preliminary testing and tool 

steel as a final experiment are also shown.  

The presented experimental set-up also includes the selection of starting materials, explosives, 

electro-detonating caps, plates, box elements, etc. 

Cutting and removing the oxide layer of plates, forming box elements with an insert for an 

electric detonator capsule. Provision of tools and accessories for field conditions. Providing an 

adequate training ground for conducting the experiment. 

The fifth chapter deals with the description of the measuring equipment and the way it will be 

used in the analysis of the plates obtained in the performed experiment. 

The sixth chapter deals with the preparation of samples for various tests such as ultrasonic 

defectoscopy, X-ray tests, metallurgical tests, liquid penetrant testing, cavitation tests, 

mechanical properties tests, etc. Modern measuring equipment was used for all tests. The test 

results are systematized and presented in appropriate tables and diagrams. The mutual 

dependencies of the results of the experiments have been established, which enable a clearer 

picture of the parameters for evaluating the quality of the achieved joint. The results of the 

experimental tests will enable the creation of conditions for the future formation of a numerical 

model for the application of the finite element method for the simulation of explosive welding. 



 

 

In conclusion, based on the obtained results and analysis, a short discussion of them was made. 

The contribution of the dissertation is presented and the limitations observed during the writing 

of this work are highlighted. Future directions of explosive welding research are also presented. 

Key words:Explosive welding, explosion,critical distance,tool steel, spring steel, structural 

steel, testing. 
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ʉʇʀʉɸʂ ʉʃʀʂɸ 

ʆʟʥʘʢʘ ʅʘʟʠʚ ʩʣʠʢʝ 
ʉʣʠʢʘ 1.1. ʈʘʟʥʝ ʚʨʩʪʝ ʢʨʫʞʥʠʭ ʥʦʞʝʚʘ. 

ʉʣʠʢʘ 1.2. ʈʘʟʥʝ ʚʨʩʪʝ ʥʘʟʫʙˀʝʥʠʭ ʥʦʞʝʚʘ ʟʘ ʦʜʩʝʮʘˁʝ. 

ʉʣʠʢʘ 1.3. ʈʘʟʥʝ ʚʨʩʪʝ ʤʘʩʠʚʥʠʿʠʭ ʨʘʚʥʠʭ ʥʦʞʝʚʘ. 

ʉʣʠʢʘ 2.1. 

ʐʝʤʘʪʩʢʠ ʧʨʠʢʘʟ ʝʢʩʧʣʦʟʠʚʥʦʛ ʟʘʚʘʨʠʚʘˁʘ: 1-ʧʨʦʜʫʢʪʠ ʜʝʪʦʥʘʮʠʿʝ,  

2-ʦʙʣʦʛʘ ʟʘ ʦʩʥʦʚʥʠ ʤʘʪʝʨʠʿʘʣ, 3-ʝʢʩʧʣʦʟʠʚ, 4-ʜʠʩʪʘʥʮʝʨʠ, 5-ʪʘʯʢʘ 

ʩʧʘʿʘˁʘ, 6-ʦʩʥʦʚʥʠ ʤʘʪʝʨʠʿʘʣ. 

ʉʣʠʢʘ 2.2. ʇʦʜʨʫʯʿʝ ʟʘʚʘʨʠʚʘˁʘ (Welding window). 

ʉʣʠʢʘ 2.3. ɻʝʦʤʝʪʨʠʿʘ ʧʘʨʘʣʝʣʥʦʛ ʟʘʚʘʨʠʚʘˁʘ. 

ʉʣʠʢʘ 2.4. 
ʆʩʥʦʚʥʘ ʛʝʦʤʝʪʨʠʿʘ ʥʘʛʥʫʪʥʦʛ ʟʘʚʘʨʠʚʘˁʘ. ʇʨʘʚʝ ʣʠʥʠʿʝ ʧʦʢʘʟʫʿʫ 

ʧʦʣʦʞʘʿʝ ʜʝʪʦʥʘʮʠʿʝ ʠ ʬʨʦʥʪʘ ʩʫʜʘʨʘ ʫʙʨʟʦ ʥʘʢʦʥ ʠʥʠʮʠʨʘˁʘ 

ʉʣʠʢʘ 2.5. 
ʇʨʠʤʝʨʠ ʥʝʧʦʚʝʟʘʥʠʭ ʧʦʚʨʰʠʥʘ (ʦʩʝʥʯʝʥʦ) ʧʦʚʝʟʘʥʠ ʩʘ ʠʥʠʮʠʨʘʥʠʤ 

ʧʫˁʝˁʝʤ, (ʘ) ʋʛʘʦʥʘ ʠʥʠʮʠʿʘʮʠʿʘ, (ʙ) ʎʝʥʪʨʘʣʥʘ ʠʥʠʮʠʿʘʮʠʿʘ. 

ʉʣʠʢʘ 2.6. 

ʋʨʘʚʥʦʪʝʞʝʥʘ ʧʘʨʘʣʝʣʥʘ ʛʝʦʤʝʪʨʠʿʘ (ʰʝʤʘ). ʀʩʧʨʝʢʠʜʘʥʝ ʣʠʥʠʿʝ ʧʦʢʘʟʫʿʫ 

ʧʦʣʦʞʘʿʝ ʫʨʫʰʝʥʦʛ ʩʣʦʿʘ ʢʘʜʘ ʬʨʦʥʪʦʚʠ ʜʝʪʦʥʘʮʠʿʝ ʜʦʩʪʠʛʥʫ ʧʨʠʢʘʟʘʥʠ 

ʧʦʣʦʞʘʿ. 

ʉʣʠʢʘ 4.1. 
ʆʙʣʘʩʪ ʟʘʚʘʨˀʠʚʦʩʪʠ ʫ ʧʦʩʪʫʧʢʫ ʝʢʩʧʣʦʟʠʚʥʦʛ ʟʘʚʘʨʠʚʘˁʘ (ʆʧʨʫʞʥʠ 

ʯʝʣʠʢ). 

ʉʣʠʢʘ 4.2. 
ʆʙʣʘʩʪ ʟʘʚʘʨˀʠʚʦʩʪʠ ʫ ʧʦʩʪʫʧʢʫ ʝʢʩʧʣʦʟʠʚʥʦʛ ʟʘʚʘʨʠʚʘˁʘ (ɸʣʘʪʥʠ 

ʯʝʣʠʢ). 

ʉʣʠʢʘ 4.3. ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʘ ʧʦʩʪʘʚʢʘ ʝʢʩʧʣʦʟʠʚʥʦʛ ʟʘʚʘʨʠʚʘˁʘ. 

ʉʣʠʢʘ 4.4. ʂʨʠʪʠʯʥʦ ʨʘʩʪʦʿʘˁʝ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʧʨʠʪʠʩʢʘ (6,9 kPa). 

ʉʣʠʢʘ 4.5. ʂʨʠʪʠʯʥʦ ʨʘʩʪʦʿʘˁʝ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʧʨʠʪʠʩʢʘ (35 kPa). 

ʉʣʠʢʘ 4.6. 
ʂʨʠʪʠʯʥʦ ʨʘʩʪʦʿʘˁʝ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʧʨʠʪʠʩʢʘ ʫ ʩʣʫʯʘʿʫ ʧʨʠʚʨʝʤʝʥʦʛ 

ʛʫʙʠʪʢʘ ʩʣʫʭʘ. 

ʉʣʠʢʘ 4.7. 
ʂʨʠʪʠʯʥʦ ʨʘʩʪʦʿʘˁʝ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʧʨʠʪʠʩʢʘ ʫ ʩʣʫʯʘʿʫ ʧʫʮʘˁʘ ʙʫʙʥʝ 

ʦʧʥʝ. 

ʉʣʠʢʘ 4.8. ʄʘʪʨʠʮʘ ʨʠʟʠʢʘ ʢʨʠʪʠʯʥʦʛ ʨʘʩʪʦʿʘˁʘ. 

ʉʣʠʢʘ 4.9. ʇʦʩʪʫʧʘʢ ʟʘ ʤʝʨʝˁʝ ʟʘʧʨʝʤʠʥʩʢʝ ʛʫʩʪʠʥʝ ʝʢʩʧʣʦʟʠʚʥʦʛ ʤʘʪʝʨʠʿʘʣʘ. 

ʉʣʠʢʘ 4.10. 

ʉʧʦˀʥʠ ʠʟʛʣʝʜ ʩʥʦʧʘ ʝʣʝʢʪʨʦʜʝʪʦʥʘʪʦʨʩʢʠʭ ʢʘʧʠʩʣʠ (ʣʝʚʦ) ʠ ʠʟʛʣʝʜ 

ʧʦʧʨʝʯʥʦʛ ʧʨʝʩʝʢʘ ʝʣʝʢʪʨʦʜʝʪʦʥʘʪʦʨʩʢʝ ʢʘʧʠʩʣʝ EK-40-69 (ʜʝʩʥʦ): 1 ï 

ʝʣʝʢʪʨʠʯʥʠ ʧʨʦʚʦʜʥʠʮʠ; 2 ï ʟʘʧʪʠʚʘʯ; 3 ï ʪʝʣʦ ʢʘʧʠʩʣʝ; 4 ï ʝʣʝʢʪʨʠʯʥʘ 

ʟʘʧʘˀʠʚʘ ʛʣʘʚʠʮʘ; 5 ï ʥʘʚʣʘʢʘ; 6 ï ʧʦʢʨʠʚʢʘ; 7 ï ʠʥʠʮʠʿʘʣʥʦ (ʧʨʠʤʘʨʥʦ) 

ʝʢʩʧʣʦʟʠʚʥʦ ʧʫˁʝˁʝ; 8 ï ʙʨʠʟʘʥʪʥʦ (ʩʝʢʫʥʜʘʨʥʦ) ʝʢʩʧʣʦʟʠʚʥʦ ʧʫˁʝˁʝ. 

ʉʣʠʢʘ 4.11. 

ʉʧʦˀʥʠ ʠʟʛʣʝʜ (ʣʝʚʦ) ʠ ʠʟʛʣʝʜ ʫʟʜʫʞʥʦʛ ʧʨʝʩʝʢʘ ʜʝʪʦʥʘʪʦʨʩʢʝ ʢʘʧʠʩʣʝ 

ʙʨʦʿ 8: 1 ï ʪʝʣʦ (ʯʘʫʨʘ); 2 ï ʧʦʢʨʠʚʢʘ; 3 ï ʠʥʠʮʠʿʘʣʥʦ (ʧʨʠʤʘʨʥʦ) 

ʝʢʩʧʣʦʟʠʚʥʦ ʧʫˁʝˁʝ (ɽʇ) ʦʜ ʦʣʦʚʦ ʪʨʠʥʠʪʨʦʨʝʟʦʨʮʠʥʘʪʘ; 4 ï ʠʥʠʮʠʿʘʣʥʦ 

(ʧʨʠʤʘʨʥʦ) ʦʜ ʦʣʦʚʦ ʘʟʠʜʘ; 5 ʠ 6 ï ʙʨʠʟʘʥʪʥʦ (ʩʝʢʫʥʜʘʨʥʦ) ɽʇ. 

ʉʣʠʢʘ 4.12. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʘ ʧʦʩʪʘʚʢʘ ʝʢʩʧʣʦʟʠʚʥʦʛ ʟʘʚʘʨʠʚʘˁʘ, ʧʘʨʘʣʝʣʥʘ 

ʢʦʥʬʠʛʫʨʘʮʠʿʘ. ʘ) ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʘ ʧʦʩʪʘʚʢʘ, ʙ) ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʘ 

ʧʦʩʪʘʚʢʘ ʫ ʚʨʝʤʝ ʝʢʩʧʣʦʟʠʿʝ, ʮ) ʫʚʝ˂ʘʥʠ ʧʨʠʢʘʟ. 

ʉʣʠʢʘ 4.13. ʄʝʪʘʣʥʝ ʧʣʦʯʝ ʠ ʢʫʪʠʿʝ ʟʘ ʟʘʚʘʨʠʚʘˁʝ ʝʢʩʧʣʦʟʠʿʦʤ. 

ʉʣʠʢʘ 4.14. 
ʇʣʦʯʝ ʜʦʙʠʿʝʥʝ ʝʢʩʧʣʦʟʠʚʥʠʤ ʟʘʚʘʨʠʚʘˁʝʤ ʆʧʨʫʞʥʠ/ʂʦʥʩʪʨʫʢʮʠʦʥʠ 

ʯʝʣʠʢ. 

ʉʣʠʢʘ 4.15. ʄʝʪʘʣʥʝ ʧʣʦʯʝ ʠ ʢʫʪʠʿʝ ʟʘ ʟʘʚʘʨʠʚʘˁʝ ʝʢʩʧʣʦʟʠʿʦʤ. 

ʉʣʠʢʘ 4.16. ʇʨʦʮʝʩ ʤʦʥʪʘʞʝ ʟʘ ʠʟʚʦʹʝˁʝ ʝʢʩʧʝʨʠʤʝʥʪʘ. 



 

 

ʉʣʠʢʘ 4.17. ʌʠʥʘʣʥʘ ʧʦʩʪʘʚʢʘ ʧʨʝʜ ʘʢʪʠʚʠʨʘˁʝ. 

ʉʣʠʢʘ 4.18. ʇʣʦʯʝ ʜʦʙʠʿʝʥʝ ʝʢʩʧʣʦʟʠʚʥʠʤ ʟʘʚʘʨʠʚʘˁʝʤ ʘʣʘʪʥʠ/ʢʦʥʩʪʨʫʢʮʠʦʥʠ ʯʝʣʠʢ. 

ʉʣʠʢʘ 5.1. ʇʨʠʥʮʠʧ ʦʜʨʝʹʠʚʘˁʘ ʙʨʟʠʥʝ ʜʝʪʦʥʘʮʠʿʝ. 

ʉʣʠʢʘ 5.2. ʉʢʠʮʘ ʫʟʦʨʢʘ ʟʘ ʤʝʨʝˁʝ ʙʨʟʠʥʝ ʜʝʪʦʥʘʮʠʿʝ. 

ʉʣʠʢʘ 5.3. ʌʦʪʦʜʝʪʝʢʪʦʨ ʩʘ 16 ʥʝʟʘʚʠʩʥʠʭ ʢʘʥʘʣʘ. 

ʉʣʠʢʘ 5.4. ʀʟʛʣʝʜ ʫʨʝʹʘʿʘ ĂTektronix MSO2022Bñ (ʣʝʚʦ), ĂPendulum CNT-91ñ ʜʝʩʥʦ. 

ʉʣʠʢʘ 5.5. ʆʩʥʦʚʥʠ ʢʦʥʮʝʧʪ ʦʧʪʠʯʢʝ ʝʤʠʩʠʦʥʝ ʩʧʝʢʪʨʦʩʢʦʧʠʿʝ. 

ʉʣʠʢʘ 5.6. ʋʨʝʹʘʿ ĂISR-C002ñ ʟʘ ʤʝʨʝˁʝ ʭʨʘʧʘʚʦʩʪʠ ʧʦʚʨʰʠʥʘ. 

ʉʣʠʢʘ 5.7. ʀʟʛʣʝʜ ʠ ʜʠʤʝʥʟʠʿʝ ʩʪʘʥʜʘʨʜʥʝ ʤʝʨʥʝ ʠʛʣʝ (ʫ ʤʠʣʠʤʝʪʨʠʤʘ)  

ʉʣʠʢʘ 5.8. ĂMEIJITechnoñ ʦʧʪʠʯʢʠ ʤʠʢʨʦʩʢʦʧʠ (ʤʝʪʘʣʫʨʰʢʠ). 

ʉʣʠʢʘ 5.9. ʌʘʟʥʠ ʜʠʿʘʛʨʘʤ ʬʣʫʠʜʘ. 

ʉʣʠʢʘ 5.10. ʇʨʠʢʘʟ ʠʤʧʣʦʟʠʿʝ ʤʝʭʫʨʘ. 

ʉʣʠʢʘ 5.11. ʂʘʨʘʢʪʝʨʠʩʪʠʯʥʘ ʢʨʠʚʘ ʢʘʚʠʪʘʮʠʦʥʦʛ ʨʘʟʘʨʘˁʘ. 

ʉʣʠʢʘ 5.12. ʀʟʛʣʝʜ ʫʨʝʹʘʿʘ (ʣʝʚʦ), ʰʝʤʘʪʩʢʠ ʧʨʠʢʘʟ ʫʨʝʹʘʿʘ (ʜʝʩʥʦ). 

ʉʣʠʢʘ 5.13. ʉʢʝʥʠʨʘʿʫ˂ʠ ʝʣʝʢʪʨʦʥʩʢʠ ʤʠʢʨʦʩʢʦʧ ĂSEMñ. 

ʉʣʠʢʘ 5.14. 
ʐʝʤʘʪʩʢʠ ʧʨʠʢʘʟ ʐʘʨʧʠʿʝʚʠʤ ʢʣʘʪʥʦʤ (ʣʝʚʦ), ʧʨʠʢʘʟ ʫʣʘʟʥʠʭ ʚʨʝʜʥʦʩʪʠ 

ʐʘʨʧʠʿʝʚʠʤ ʢʣʘʪʥʦʤ (ʜʝʩʥʦ). 

ʉʣʠʢʘ 5.15. ɼʠʤʝʥʟʠʿʝ ʝʧʨʫʚʝʪʝ ʧʦ ʩʪʘʥʜʘʨʜʫ ASTME-23. 

ʉʣʠʢʘ 5.16. ʋʨʝʹʘʿ ʟʘ ʤʝʨʝˁʝ ʪʚʨʜʦ˂ʝ ĂWilson DiaMetñ. 

ʉʣʠʢʘ 5.17. ʇʦʩʪʫʧʘʢ ʠʩʧʠʪʠʚʘˁʘ ʪʚʨʜʦ˂ʝ ʧʦ Vickers-ʫ. 

ʉʣʠʢʘ 5.18. ʄʠʥʠʤʘʣʥʘ ʫʜʘˀʝʥʦʩʪ ʢʦʿʫ ʪʨʝʙʘ ʦʜʨʞʘʚʘʪʠ. 

ʉʣʠʢʘ 5.19. ʀʟʛʣʝʜ ʫʨʝʹʘʿʘ ĂTELEDYNE ICM CP300Dñ. 

ʉʣʠʢʘ 5.20. ʆʙʿʘʰˁʝˁʝ ʯʝʦʥʦʛ ʧʘʥʝʣʘ ʢʦʨʠʰ˂ʝʥʦʛ ʫʣʪʨʘʟʚʫʯʥʦʛ ʜʝʬʝʢʪʦʩʢʦʧʘ. 

ʉʣʠʢʘ 5.21. ʇʨʦʮʝʩ ʠʩʧʠʪʠʚʘˁʘ ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ ʩʘ ʦʙʿʘʰˁʝˁʝʤ ʥʘ ʝʢʨʘʥʫ ʫʨʝʹʘʿʘ. 

ʉʣʠʢʘ 5.22. ʇʨʦʮʝʩ ʠʩʧʠʪʠʚʘˁʘ ʪʝʯʥʠʤ ʧʝʥʝʪʨʘʥʪʠʤʘ. 

ʉʣʠʢʘ 6.1. ʋʟʦʨʘʢ ʝʢʩʧʣʦʟʠʚʘ ɼʝʤʝʢʩ ʟʘ ʤʝʨʝˁʝ ʙʨʟʠʥʝ ʜʝʪʦʥʘʮʠʿʝ ʫ PVC ʮʝʚʠ. 

ʉʣʠʢʘ 6.2. ʋʟʦʨʘʢ ʝʢʩʧʣʦʟʠʚʘ ɼʝʤʝʢʩ ʟʘ ʤʝʨʝˁʝ ʙʨʟʠʥʝ ʜʝʪʦʥʘʮʠʿʝ ʫ ʢʫʪʠʿʠ. 

ʉʣʠʢʘ 6.3. ʋʨʝʹʘʿ ĂISR-C002ñ ʟʘ ʤʝʨʝˁʝ ʭʨʘʧʘʚʦʩʪʠ ʧʦʚʨʰʠʥʘ. 

ʉʣʠʢʘ 6.4. ʄʝʨʥʘ ʦʧʨʝʤʘ ʟʘ ʤʝʨʝˁʝ ʪʦʧʦʛʨʘʬʠʿʝ ʧʦʚʨʰʠʥʝ. 

ʉʣʠʢʘ 6.5. ʇʨʠʧʨʝʤˀʝʥʝ ʧʣʦʯʝ ʟʘ ʠʩʧʠʪʠʚʘˁʝ ʧʦʚʨʰʠʥʩʢʝ ʭʨʘʧʘʚʦʩʪʠ. 

ʉʣʠʢʘ 6.6. ʇʨʦʬʠʣ ʧʦʚʨʰʠʥʝ ʢʦʥʩʪʨʫʢʮʠʦʥʦʛ ʯʝʣʠʢʘ ʫʟʦʨʘʢ 1. 

ʉʣʠʢʘ 6.7. ʇʨʦʬʠʣ ʧʦʚʨʰʠʥʝ ʢʦʥʩʪʨʫʢʮʠʦʥʦʛ ʯʝʣʠʢʘ ʫʟʦʨʘʢ 2. 

ʉʣʠʢʘ 6.8. ʇʨʦʬʠʣ ʧʦʚʨʰʠʥʝ ʢʦʥʩʪʨʫʢʮʠʦʥʦʛ ʯʝʣʠʢʘ ʫʟʦʨʘʢ 3. 

ʉʣʠʢʘ 6.9. ʇʨʦʬʠʣ ʧʦʚʨʰʠʥʝ ʢʦʥʩʪʨʫʢʮʠʦʥʦʛ ʯʝʣʠʢʘ ʫʟʦʨʘʢ 4. 

ʉʣʠʢʘ 6.10. ʇʨʦʬʠʣ ʧʦʚʨʰʠʥʝ ʘʣʘʪʥʦʛ ʯʝʣʠʢʘ ʫʟʦʨʘʢ 1. 

ʉʣʠʢʘ 6.11. ʇʨʦʬʠʣ ʧʦʚʨʰʠʥʝ ʘʣʘʪʥʦʛ ʯʝʣʠʢʘ ʫʟʦʨʘʢ 2. 

ʉʣʠʢʘ 6.12. ʇʨʦʬʠʣ ʧʦʚʨʰʠʥʝ ʘʣʘʪʥʦʛ ʯʝʣʠʢʘ ʫʟʦʨʘʢ 3. 

ʉʣʠʢʘ 6.13. ʋʣʪʨʘʟʚʫʯʥʠ ʜʝʬʝʢʪʦʩʢʦʧ. 

ʉʣʠʢʘ 6.14. 
ɽʢʩʧʣʦʟʠʚʥʦ ʟʘʚʘʨʝʥʝ ʧʣʦʯʝ ʫʛˀʝʥʠʯʥʦʛ ʯʝʣʠʢʘ ʩʘ ʘʣʘʪʥʠʤ ʯʝʣʠʢʦʤ 

(ʫʟʦʨʮʠ 1-4). 

ʉʣʠʢʘ 6.15. ʇʨʦʮʝʩ ʠʩʧʠʪʠʚʘˁʘ ʧʣʦʯʝ ʨʝʥʜʛʝʥʦʤ. 

ʉʣʠʢʘ 6.16. ʈʝʥʜʛʝʥʦʛʨʘʬʩʢʠ ʩʥʠʤʮʠ ʧʣʦʯʘ. 

ʉʣʠʢʘ 6.17. ʇʣʘʥ ʩʝʯʝˁʘ ʧʣʦʯʘ. 

ʉʣʠʢʘ 6.18. ʅʫʤʝʨʘʮʠʿʘ ʠʩʝʯʝʥʠʭ ʫʟʦʨʘʢʘ. 

ʉʣʠʢʘ 6.19. ʅʫʤʝʨʘʮʠʿʘ ʠ ʩʝʯʝˁʝ ʣʠʤʦʚʘ. 

ʉʣʠʢʘ 6.20. ʋʟʦʨʮʠ ʩʧʨʝʤʥʠ ʟʘ ʜʘˀʫ ʤʝʭʘʥʠʯʢʫ ʦʙʨʘʜʫ.. 

ʉʣʠʢʘ 6.21. ʇʝʥʝʪʨʘʥʪʩʢʠ ʩʠʩʪʝʤ. 



 

 

ʉʣʠʢʘ 6.22. 
ʘ) ʇʝʥʝʪʨʘʥʪ ʥʘ ʧʦʚʨʰʠʥʠ ʫʟʦʨʘʢʘ ʟʘ ʠʩʧʠʪʠʚʘˁʝ, ʙ) ʋʟʦʨʮʠ ʟʘ 

ʠʩʧʠʪʠʚʘˁʝ ʨʝʜʦʤ ʫʟʦʨʮʠ 1-9,3-9,4-9,2-13. 

ʉʣʠʢʘ 6.23. 
ʘ) 1-9 ʫʟʦʨʘʢ ʥʘʢʦʥ 2 ʤʠʥʫʪʘ ʥʘʥʦʰʝˁʘ ʚʣʘʞʥʦʛ ʨʘʟʚʠʿʘʯʘ, ʙ) 1-9 ʫʟʦʨʘʢ 

ʥʘʢʦʥ 20 ʤʠʥʫʪʘ ʥʘʥʦʰʝˁʘ ʚʣʘʞʥʦʛ ʨʘʟʚʠʿʘʯʘ. 

ʉʣʠʢʘ 6.24. 
ʘ) 2-13 ʫʟʦʨʘʢ ʥʘʢʦʥ 2 ʤʠʥʫʪʘ ʥʘʥʦʰʝˁʘ ʚʣʘʞʥʦʛ ʨʘʟʚʠʿʘʯʘ, ʙ) 2-13 ʫʟʦʨʘʢ 

ʥʘʢʦʥ 20 ʤʠʥʫʪʘ ʥʘʥʦʰʝˁʘ ʚʣʘʞʥʦʛ ʨʘʟʚʠʿʘʯʘ. 

ʉʣʠʢʘ 6.25. 
ʘ) 3-9 ʫʟʦʨʘʢ ʥʘʢʦʥ 2 ʤʠʥʫʪʘ ʥʘʥʦʰʝˁʘ ʚʣʘʞʥʦʛ ʨʘʟʚʠʿʘʯʘ, ʙ) 3-9 ʫʟʦʨʘʢ 

ʥʘʢʦʥ 20 ʤʠʥʫʪʘ ʥʘʥʦʰʝˁʘ ʚʣʘʞʥʦʛ ʨʘʟʚʠʿʘʯʘ. 

ʉʣʠʢʘ 6.26. 
ʘ) 4-9 ʫʟʦʨʘʢ ʥʘʢʦʥ 2 ʤʠʥʫʪʘ ʥʘʥʦʰʝˁʘ ʚʣʘʞʥʦʛ ʨʘʟʚʠʿʘʯʘ, ʙ) ʠ c) 4-9 

ʫʟʦʨʘʢ ʥʘʢʦʥ 20 ʤʠʥʫʪʘ ʥʘʥʦʰʝˁʘ ʚʣʘʞʥʦʛ ʨʘʟʚʠʿʘʯʘ. 

ʉʣʠʢʘ 6.27. ʄʝʪʘʣʦʛʨʘʬʩʢʠ ʫʟʦʨʮʠ (ʆʧʨʫʞʥʠ/ʂʦʥʩʪʨʫʢʮʠʦʥʠ ʯʝʣʠʢ). 

ʉʣʠʢʘ 6.28. 
ɿʘʚʘʨʝʥʠ ʩʧʦʿ ʝʢʩʧʣʦʟʠʿʦʤ, ʫʟʦʨʘʢ 2-4: ʘ) ʠʟʣʝʜ ʤʘʢʨʦʩʪʨʫʢʪʫʨʝ, ʙ) ʣʠʥʠʿʘ 

ʩʪʘʧʘˁʘ ï ʪʘʣʘʩʘʩʪʘ ʚʝʟʘ. 

ʉʣʠʢʘ 6.29. ʘ), ʙ) ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʯʝʣʠʢʘ 51CrV4, ʫʟʦʨʘʢ 2-4. 

ʉʣʠʢʘ 6.30. ʘ)õʛ) ʃʠʥʠʿʘ ʩʪʘʧʘˁʘ ï ʫʟʦʨʘʢ 2-4. 

ʉʣʠʢʘ 6.31. ʘ), ʙ) ʃʠʥʠʿʘ ʩʪʘʧʘˁʘ  ʫʟʦʨʘʢʘ 2-4, SEM. 

ʉʣʠʢʘ 6.32. ʘ), ʙ) ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʯʝʣʠʢʘ S355J2, ʫʟʦʨʘʢ 2-4. 

ʉʣʠʢʘ 6.33. 
ɿʘʚʘʨʝʥʠ ʩʧʦʿ ʝʢʩʧʣʦʟʠʿʦʤ ʫʟʦʨʘʢ, 3-4: ʘ) ʠʟʣʝʜ ʤʘʢʨʦʩʪʨʫʢʪʫʨʝ, ʙ) ʣʠʥʠʿʘ 

ʩʪʘʧʘˁʘ ï ʪʘʣʘʩʘʩʪʘ ʚʝʟʘ. 

ʉʣʠʢʘ 6.34. ʘ), ʙ) ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʯʝʣʠʢʘ 51CrV4, ʫʟʦʨʘʢ 3-4. 

ʉʣʠʢʘ 6.35. ʘ)õʹ) ʃʠʥʠʿʘ ʩʪʘʧʘˁʘ ï ʫʟʦʨʘʢ 3-4.  

ʉʣʠʢʘ 6.36. 
ʘ) ʃʠʥʠʿʘ ʩʪʘʧʘˁʘ, ʫʟʦʨʘʢ 3-4; ʙ) ʤʝʰʘˁʝ ʜʚʘ ʯʝʣʠʢʘ ʫ ʣʠʥʠʿʠ ʩʪʘʧʘˁʘ; ʚ) 

ʥʝʧʨʦʚʘʨ ʫ ʣʠʥʠʿʠ ʩʪʘʧʘˁʘ, SEM. 

ʉʣʠʢʘ 6.37. ʘ)õ ʛ) ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʯʝʣʠʢʘ S355J2 ʫʟʦʨʘʢʘ 3-4. 

ʉʣʠʢʘ 6.38. 
ɿʘʚʘʨʝʥʠ ʩʧʦʿ ʝʢʩʧʣʦʟʠʿʦʤ, ʫʟʦʨʘʢ 4-4: ʘ) ʠʟʣʝʜ ʤʘʢʨʦʩʪʨʫʢʪʫʨʝ, ʙ) ʣʠʥʠʿʘ 

ʩʪʘʧʘˁʘ ï ʪʘʣʘʩʘʩʪʘ ʚʝʟʘ. 

ʉʣʠʢʘ 6.39. ʘ), ʙ) ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʯʝʣʠʢʘ 51CrV4, ʫʟʦʨʘʢ 4-4. 

ʉʣʠʢʘ 6.40. ʘ)õʹ) ʃʠʥʠʿʘ ʩʪʘʧʘˁʘ ï ʫʟʦʨʘʢ 4-4. 

ʉʣʠʢʘ 6.41. ʘ)õʛ) ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʯʝʣʠʢʘ S355J2, ʫʟʦʨʘʢ 4-4. 

ʉʣʠʢʘ 6.42. 
ɿʘʚʘʨʝʥʠ ʩʧʦʿ ʝʢʩʧʣʦʟʠʿʦʤ, ʫʟʦʨʘʢ 5-4: ʘ) ʠʟʣʝʜ ʤʘʢʨʦʩʪʨʫʢʪʫʨʝ, ʙ) ʣʠʥʠʿʘ 

ʩʪʘʧʘˁʘ ï ʪʘʣʘʩʘʩʪʘ ʚʝʟʘ. 

ʉʣʠʢʘ 6.43. ʘ), ʙ) ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʯʝʣʠʢʘ 51CrV4, ʫʟʦʨʘʢ 5-4. 

ʉʣʠʢʘ 6.44. ʘ)õʹ) ʃʠʥʠʿʘ ʩʪʘʧʘˁʘ ï ʫʟʦʨʘʢ 5-4. 

ʉʣʠʢʘ 6.45. ʘ), ʙ) ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʯʝʣʠʢʘ S355J2, ʫʟʦʨʘʢ 5-4. 

ʉʣʠʢʘ 6.46. ʄʝʪʘʣʦʛʨʘʬʩʢʠ ʫʟʦʨʮʠ (Aʣʘʪʥʠ/ʂʦʥʩʪʨʫʢʮʠʦʥʠ ʯʝʣʠʢ). 

ʉʣʠʢʘ 6.47. ʘ) ʠ ʙ) ʯʝʣʠʢ X155CrVMo12-1; ʚ) ʠ ʛ) ʯʝʣʠʢ S355J2, ʫʟʦʨʘʢ 1-10. 

ʉʣʠʢʘ 6.48. ʘ) ʠ ʙ) ʯʝʣʠʢ X155CrVMo12-1; ʚ) ʠ ʛ) ʯʝʣʠʢ S355J2, ʫʟʦʨʘʢ 2-12. 

ʉʣʠʢʘ 6.49. ʘ) ʠ ʙ) ʯʝʣʠʢ X155CrVMo12-1; ʚ) ʠ ʛ) ʯʝʣʠʢ S355J2, ʫʟʦʨʘʢ 3-11. 

ʉʣʠʢʘ 6.50. ʘ) ʠ ʙ) ʯʝʣʠʢ X155CrVMo12-1; ʚ) ʠ ʛ) ʯʝʣʠʢ S355J2, ʫʟʦʨʘʢ 4-11. 

ʉʣʠʢʘ 6.51. 

ʘ) ʯʝʣʠʢ X155CrVMo12-1(ʛʦʨˁʘ ʧʦʣʦʚʠʥʘ ʩʣʠʢʝ); ʙ) ʯʝʣʠʢ S355J2 (ʜʦˁʘ 

ʧʦʣʦʚʠʥʘ ʩʣʠʢʝ), ʫʟʦʨʘʢ 1-10. ʘ) ʠ ʙ) Ĭ100 ʫʚʝ˂ʘˁʝ, ʚ) ʠ ʛ) Ĭ200 ʫʚʝ˂ʘˁʝ, 

ʜ) ʠ ʹ) Ĭ500 ʫʚʝ˂ʘˁʝ. 

ʉʣʠʢʘ 6.52. 

ʘ) ʯʝʣʠʢ X155CrVMo12-1 (ʛʦʨˁʘ ʧʦʣʦʚʠʥʘ ʩʣʠʢʝ); ʙ) ʯʝʣʠʢ S355J2 (ʜʦˁʘ 

ʧʦʣʦʚʠʥʘ ʩʣʠʢʝ), ʫʟʦʨʘʢ 2-12. ʘ) ʠ ʙ) Ĭ100 ʫʚʝ˂ʘˁʝ, ʚ) ʠ ʛ) Ĭ200 ʫʚʝ˂ʘˁʝ, 

ʜ) ʠ ʹ) Ĭ500 ʫʚʝ˂ʘˁʝ. 

ʉʣʠʢʘ 6.53. 

ʘ) ʯʝʣʠʢ X155CrVMo12-1 (ʛʦʨˁʘ ʧʦʣʦʚʠʥʘ ʩʣʠʢʝ); ʙ) ʯʝʣʠʢ S355J2 (ʜʦˁʘ 

ʧʦʣʦʚʠʥʘ ʩʣʠʢʝ), ʫʟʦʨʘʢ 3-11. ʘ) ʠ ʙ) Ĭ100 ʫʚʝ˂ʘˁʝ, ʚ) ʠ ʛ) Ĭ200 ʫʚʝ˂ʘˁʝ, 

ʜ) ʠ ʹ) Ĭ500 ʫʚʝ˂ʘˁʝ. 



 

 

ʉʣʠʢʘ 6.54. 

ʘ) ʯʝʣʠʢ X155CrVMo12-1 (ʛʦʨˁʘ ʧʦʣʦʚʠʥʘ ʩʣʠʢʝ); ʙ) ʯʝʣʠʢ S355J2 (ʜʦˁʘ 

ʧʦʣʦʚʠʥʘ ʩʣʠʢʝ), ʫʟʦʨʘʢ 4-11. ʘ) ʠ ʙ) Ĭ100 ʫʚʝ˂ʘˁʝ, ʚ) ʠ ʛ) Ĭ200 ʫʚʝ˂ʘˁʝ, 

ʜ) ʠ ʹ) Ĭ500 ʫʚʝ˂ʘˁʝ. 

ʉʣʠʢʘ 6.55. 
SEM ʬʦʪʦʛʨʘʬʠʿʝ ʩʧʦʿʘ ʘ) ʯʝʣʠʢ X155CrVMo12-1 (ʛʦʨˁʘ ʧʦʣʦʚʠʥʘ ʩʣʠʢʝ); 

ʙ) ʯʝʣʠʢ S355J2 (ʜʦˁʘ ʧʦʣʦʚʠʥʘ ʩʣʠʢʝ), ʫʟʦʨʘʢ 1-10. 

ʉʣʠʢʘ 6.56. 
SEM ʬʦʪʦʛʨʘʬʠʿʝ ʩʧʦʿʘ ʘ) ʯʝʣʠʢ X155CrVMo12-1 (ʛʦʨˁʘ ʧʦʣʦʚʠʥʘ ʩʣʠʢʝ); 

ʙ) ʯʝʣʠʢ S355J2 (ʜʦˁʘ ʧʦʣʦʚʠʥʘ ʩʣʠʢʝ), ʫʟʦʨʘʢ 2-12. 

ʉʣʠʢʘ 6.57. 
SEM ʬʦʪʦʛʨʘʬʠʿʝ ʩʧʦʿʘ ʘ) ʯʝʣʠʢ X155CrVMo12-1 (ʛʦʨˁʘ ʧʦʣʦʚʠʥʘ ʩʣʠʢʝ); 

ʙ) ʯʝʣʠʢ S355J2 (ʜʦˁʘ ʧʦʣʦʚʠʥʘ ʩʣʠʢʝ), ʫʟʦʨʘʢ 3-11. 

ʉʣʠʢʘ 6.58. 
SEM ʬʦʪʦʛʨʘʬʠʿʝ ʩʧʦʿʘ ʘ) ʯʝʣʠʢ X155CrVMo12-1 (ʛʦʨˁʘ ʧʦʣʦʚʠʥʘ ʩʣʠʢʝ); 

ʙ) ʯʝʣʠʢ S355J2 (ʜʦˁʘ ʧʦʣʦʚʠʥʘ ʩʣʠʢʝ), ʫʟʦʨʘʢ 4-11. 

ʉʣʠʢʘ 6.59. ɿʘʚʠʩʥʦʩʪ ʪʘʣʘʩʥʝ ʜʫʞʠʥʝ ʪʘʣʘʩʘ ʦʜ ʢʦʣʠʯʠʥʝ ʝʢʩʧʣʦʟʠʚʘ. 

ʉʣʠʢʘ 6.60. ɿʘʚʠʩʥʦʩʪ ʘʤʧʣʠʪʫʜʝ ʪʘʣʘʩʘ ʦʜ ʢʦʣʠʯʠʥʝ ʝʢʩʧʣʦʟʠʚʘ. 

ʉʣʠʢʘ 6.61. ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʫʟʦʨʘʢʘ: ʘ) 1-13, ʙ) 2-13, ʚ) 3-13  ʠ ʛ) 4-13. 

ʉʣʠʢʘ 6.62. ʈʘʟʣʠʢʘ ʫ ʚʝʣʠʯʠʥʠ ʪʘʣʘʩʘ. 

ʉʣʠʢʘ 6.63. ʐʝʤʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʝ ʧʦʩʪʘʚʢʝ ʠʩʧʠʪʠʚʘˁʘ. 

ʉʣʠʢʘ 6.64. ʂʘʚʠʪʘʮʠʦʥʘ ʦʰʪʝ˂ʝˁʘ ʥʘʢʦʥ 1h ʜʝʿʩʪʚʘ. 

ʉʣʠʢʘ 6.65. 
ʋʟʦʨʮʠ ʩʘ ʪʨʘʛʦʚʠʤʘ ʢʘʚʠʪʘʮʠʦʥʝ ʝʨʦʟʠʿʝ ʫ ʚʠʜʫ ʪʘʯʢʠʮʘ ʠʣʠ ʿʘʤʠʮʘ ʥʘʢʦʥ 

1h ʜʝʿʩʪʚʘ. 

ʉʣʠʢʘ 6.66. ʂʘʚʠʪʘʮʠʦʥʦ ʦʰʪʝ˂ʝˁʝ ʥʘʢʦʥ 2h ʜʝʿʩʪʚʘ. 

ʉʣʠʢʘ 6.67. 
ʋʟʦʨʮʠ ʩʘ ʪʨʘʛʦʚʠʤʘ ʢʘʚʠʪʘʮʠʦʥʝ ʝʨʦʟʠʿʝ ʫ ʚʠʜʫ ʪʘʯʢʠʮʘ ʠʣʠ ʿʘʤʠʮʘ ʥʘʢʦʥ 

2h ʜʝʿʩʪʚʘ. 

ʉʣʠʢʘ 6.68. ʂʘʚʠʪʘʮʠʦʥʦ ʦʰʪʝ˂ʝˁʝ ʥʘʢʦʥ 3h ʜʝʿʩʪʚʘ 

ʉʣʠʢʘ 6.69. 
ʋʟʦʨʮʠ ʩʘ ʪʨʘʛʦʚʠʤʘ ʢʘʚʠʪʘʮʠʦʥʝ ʝʨʦʟʠʿʝ ʫ ʚʠʜʫ ʪʘʯʢʠʮʘ ʠʣʠ ʿʘʤʠʮʘ ʥʘʢʦʥ 

3h ʜʝʿʩʪʚʘ. 

ʉʣʠʢʘ 6.70. ʂʘʚʠʪʘʮʠʦʥʦ ʦʰʪʝ˂ʝˁʝ ʥʘʢʦʥ 4h ʜʝʿʩʪʚʘ. 

ʉʣʠʢʘ 6.71. 
ʋʟʦʨʮʠ ʩʘ ʪʨʘʛʦʚʠʤʘ ʢʘʚʠʪʘʮʠʦʥʝ ʝʨʦʟʠʿʝ ʫ ʚʠʜʫ ʪʘʯʢʠʮʘ ʠʣʠ ʿʘʤʠʮʘ ʥʘʢʦʥ 

4h ʜʝʿʩʪʚʘ. 

ʉʣʠʢʘ 6.72. ɿʘʚʠʩʥʦʩʪ ʛʫʙʠʪʢʘ ʤʘʩʝ ʦʜ ʚʨʝʤʝʥʘ (ʢʨʠʚʘ ʢʘʚʠʪʘʮʠʦʥʦʛ ʭʘʙʘˁʘ). 

ʉʣʠʢʘ 6.73. ɽʧʨʫʚʝʪʝ ʟʘ ʠʩʧʠʪʠʚʘˁʝ ʫʜʘʨʥʝ ʞʠʣʘʚʦʩʪʠ ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ. 

ʉʣʠʢʘ 6.74. ʀʟʛʣʝʜ ʝʧʨʫʚʝʪʝ ʟʘ ʠʩʧʠʪʠʚʘˁʝ ʫʜʘʨʥʝ ʞʠʣʘʚʦʩʪʠ. 

ʉʣʠʢʘ 6.75. 
ɺʨʝʜʥʦʩʪʠ ʫʜʘʨʥʝ ʞʠʣʘʚʦʩʪʠ ʝʧʨʫʚʝʪʘ ʠʟʨʘʹʝʥʠʭ ʦʜ ʘʣʘʪʥʦʛ ʠ 

ʢʦʥʩʪʨʫʢʮʠʦʥʦʛ ʯʝʣʠʢʘ. 

ʉʣʠʢʘ 6.76. ɿʘʚʠʩʥʦʩʪ ʫʜʘʨʥʝ ʞʠʣʘʚʦʩʪʠ ʦʜ ʜʫʞʠʥʝ ʢʦʥʪʘʢʪʘ ʧʣʦʯʘ (ʧʣʦʯʘ 3 ʠ 4). 

ʉʣʠʢʘ 6.77. ʀʟʛʣʝʜ ʣʦʤʘ ʝʧʨʫʚʝʪʘ (ʧʣʦʯʘ 1 ʠ 2). 

ʉʣʠʢʘ 6.78. ʀʟʛʣʝʜ ʣʦʤʘ ʝʧʨʫʚʝʪʘ (ʧʣʦʯʘ 3 ʠ 4). 

ʉʣʠʢʘ 6.79. ɼʠʩʪʨʠʙʫʮʠʿʘ ʪʚʨʜʦ˂ʝ ʥʘ ʤʝʩʪʫ ʩʧʘʿʘˁʘ ʜʚʘ ʯʝʣʠʢʘ (HV0.1 ʧʣʦʯʘ 1). 

ʉʣʠʢʘ 6.80. ɼʠʩʪʨʠʙʫʮʠʿʘ ʪʚʨʜʦ˂ʝ ʥʘ ʤʝʩʪʫ ʩʧʘʿʘˁʘ ʜʚʘ ʯʝʣʠʢʘ (HV0.1 ʧʣʦʯʘ 2). 

ʉʣʠʢʘ 6.81. ɼʠʩʪʨʠʙʫʮʠʿʘ ʪʚʨʜʦ˂ʝ ʥʘ ʤʝʩʪʫ ʩʧʘʿʘˁʘ ʜʚʘ ʯʝʣʠʢʘ (HV0.1 ʧʣʦʯʘ 3). 

ʉʣʠʢʘ 6.82. ɼʠʩʪʨʠʙʫʮʠʿʘ ʪʚʨʜʦ˂ʝ ʥʘ ʤʝʩʪʫ ʩʧʘʿʘˁʘ ʜʚʘ ʯʝʣʠʢʘ (HV0.1 ʧʣʦʯʘ 4). 

ʉʣʠʢʘ 6.83. ɼʠʩʪʨʠʙʫʮʠʿʘ ʪʚʨʜʦ˂ʝ ʥʘ ʤʝʩʪʫ ʩʧʘʿʘˁʘ ʜʚʘ ʯʝʣʠʢʘ (HV0.1 ʩʚʝ ʧʣʦʯʝ). 

ʉʣʠʢʘ 6.84. 
ʄʝʩʪʘ ʤʝʨʝˁʘ ʤʠʢʨʦʪʚʨʜʦ˂ʝ ʥʘ ʫʟʦʨʮʠʤʘ: ʘ) 1-13, ʙ) 2-13, ʚ) 3-13 ʠ ʛ) 4-

13. 

ʉʣʠʢʘ 6.85. 
ɼʠʩʪʨʠʙʫʮʠʿʘ ʪʚʨʜʦ˂ʝ ʥʘ ʤʝʩʪʫ ʩʧʘʿʘˁʘ ʜʚʘ ʯʝʣʠʢʘ ʥʘʢʦʥ ʢʘˀʝˁʘ (HV0.1 

ʧʣʦʯʘ 1). 

ʉʣʠʢʘ 6.86. 
ɼʠʩʪʨʠʙʫʮʠʿʘ ʪʚʨʜʦ˂ʝ ʥʘ ʤʝʩʪʫ ʩʧʘʿʘˁʘ ʜʚʘ ʯʝʣʠʢʘ ʥʘʢʦʥ ʢʘˀʝˁʘ (HV0.1 

ʧʣʦʯʘ 2). 



 

 

ʉʣʠʢʘ 6.87. 
ɼʠʩʪʨʠʙʫʮʠʿʘ ʪʚʨʜʦ˂ʝ ʥʘ ʤʝʩʪʫ ʩʧʘʿʘˁʘ ʜʚʘ ʯʝʣʠʢʘ ʥʘʢʦʥ ʢʘˀʝˁʘ (HV0.1 

ʧʣʦʯʘ 3). 

ʉʣʠʢʘ 6.88. 
ɼʠʩʪʨʠʙʫʮʠʿʘ ʪʚʨʜʦ˂ʝ ʥʘ ʤʝʩʪʫ ʩʧʘʿʘˁʘ ʜʚʘ ʯʝʣʠʢʘ ʥʘʢʦʥ ʢʘˀʝˁʘ (HV0.1 

ʧʣʦʯʘ 4). 

ʉʣʠʢʘ 6.89. 
ɼʠʩʪʨʠʙʫʮʠʿʘ ʪʚʨʜʦ˂ʝ ʥʘ ʤʝʩʪʫ ʩʧʘʿʘˁʘ ʜʚʘ ʯʝʣʠʢʘ ʥʘʢʦʥ ʢʘˀʝˁʘ (HV0.1 

ʩʚʝ ʧʣʦʯʝ). 

ʉʣʠʢʘ 6.90. ʄʝʩʪʦ ʤʝʨʝˁʘ ʤʠʢʨʦʪʚʨʜʦ˂ʝ ʥʘ ʫʟʦʨʢʫ 4-13, ʢʘʨʙʠʜ. 

ʉʣʠʢʘ 6.91. ʐʝʤʘ ʠʩʧʠʪʠʚʘˁʘ ʨʘʥʠʤ ʩʝʢʘʯʝʤ. 

ʉʣʠʢʘ 6.92. ʆʜʘʙʠʨ ʫʟʦʨʘʢʘ (ʣʝʚʦ), ʧʨʠʧʨʝʤʘ ʫʟʦʨʘʢʘ (ʜʝʩʥʦ). 

ʉʣʠʢʘ 6.93. 
ʀʩʧʠʪʠʚʘʥʠ ʫʟʦʨʮʠ, ʘ) ʣʦʰʝ ʟʘʚʘʨʝʥ ʩʧʦʿ (ʦʧʨʫʞʥʠ ʯʝʣʠʢ), ʙ) ʜʦʙʨʦ 

ʟʘʚʘʨʝʥ ʩʧʦʿ (ʘʣʘʪʥʠ ʯʝʣʠʢ). 

ʉʣʠʢʘ 6.94. ʋʟʦʨʮʠ ʥʘʢʦʥ ʪʝʩʪʘ (ʫʟʦʨʘʢ 1-2 ʠ 2-2). 

ʉʣʠʢʘ 6.95. ʋʟʦʨʮʠ ʥʘʢʦʥ ʪʝʩʪʘ (ʫʟʦʨʘʢ 3-2 ʠ 4-2). 

 

ʉʇʀʉɸʂ ʊɸɹɽʃɸ 

ʆʟʥʘʢʘ ʅʘʟʠʚ ʪʘʙʝʣʝ 

ʊʘʙʝʣʘ 2.1. 
ʆʩʪʚʘʨʝʥʝ ʢʦʤʙʠʥʘʮʠʿʝ ʤʝʪʘʣʘ ʩʧʦʿʝʥʠʭ ʝʢʩʧʣʦʟʠʚʥʠʤ ʟʘʚʘʨʠʚʘˁʝʤ 

ʜʦ 1964. 

ʊʘʙʝʣʘ 2.2. ʄʦʛʫ˂ʠ ʜʝʬʝʢʪʠ, ʫʟʨʦʮʠ ʠ ʨʝʰʝˁʘ ʧʨʠ ʝʢʩʧʣʦʟʠʚʥʦʤ ʟʘʚʘʨʠʚʘˁʫ. 

ʊʘʙʝʣʘ 3.1. ʂʦʝʬʠʮʠʿʝʥʪʠ k1, k2, k3 ʟʘ ʩʣʫʯʘʿ ʥʘʜʟʝʤʥʝ ʝʢʩʧʣʦʟʠʿʝ TNT. 

ʊʘʙʝʣʘ 3.2. ɺʨʝʜʥʦʩʪʠ ʢʦʝʬʠʮʠʿʝʥʪʘ ɖ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʪʠʧʘ ʪʣʘ. 

ʊʘʙʝʣʘ 3.3. 
ʇʘʨʘʤʝʪʨʠ Kingery-Bulmash ʧʦʣʠʥʦʤʘ ʟʘ ʧʨʠʪʠʩʘʢ ʥʘ ʯʝʣʫ ʫʜʘʨʥʦʛ 

ʪʘʣʘʩʘ. 

ʊʘʙʝʣʘ 3.4. ʂʘʪʝʛʦʨʠʿʝ ʦʰʪʝʝ˂ˁʘ ʩʪʘʤʙʝʥʠʭ ʦʙʿʝʢʘʪʘ ʠʟʛʨʘʹʝʥʠʭ ʦʜ ʮʠʛʣʝ. 

ʊʘʙʝʣʘ 3.5. Kx ʬʘʢʪʦʨ ʟʘ ʨʘʟʣʠʯʠʪʝ ʩʪʝʧʝʥʝ ʦʰʪʝ˂ʝˁʘ. 

ʊʘʙʝʣʘ 4.1. ʄʝʭʘʥʠʯʢʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʯʝʣʠʢʘ 51CrV4, X155CrVMo12-1 ʠ S355J2 

ʊʘʙʝʣʘ 4.2. ʂʘʨʘʢʪʝʨʠʩʪʠʢʝ ʝʢʩʧʣʦʟʠʚʘ. 

ʊʘʙʝʣʘ 4.3. ʍʝʤʠʿʩʢʠ ʩʘʩʪʘʚ ʯʝʣʠʢʘ 51CrV4, X155CrVMo12-1 ʠ S355J2 

ʊʘʙʝʣʘ 4.4. ʍʝʤʠʿʩʢʠ ʩʘʩʪʘʚ ʝʢʩʧʣʦʟʠʚʘ ɸʤʦʥʝʢʩ/ɼʝʤʝʢʩ. 

ʊʘʙʝʣʘ 4.5. ɻʨʘʥʠʯʥʝ ʚʨʝʜʥʦʩʪʠ ʥʝʦʧʭʦʜʥʝ ʟʘ ʬʦʨʤʠʨʘʝˁ ʜʠʿʘʛʨʘʤʘ ʩʘ ʩʣʠʢʝ 4.1. 

ʊʘʙʝʣʘ 4.6. ɻʨʘʥʠʯʥʝ ʚʨʝʜʥʦʩʪʠ ʥʝʦʧʭʦʜʥʝ ʟʘ ʬʦʨʤʠʨʘʝˁ ʜʠʿʘʛʨʘʤʘ ʩʘ ʩʣʠʢʝ 4.2. 

ʊʘʙʝʣʘ 4.7. ɿʘʚʠʩʥʦʩʪ ʫʜʘʨʥʝ ʙʨʟʠʥʝ ʦʜ ʜʠʥʘʤʠʯʢʦʛ ʫʛʣʘ ɓ ʟʘ ɸʤʦʥʝʢʩ. 

ʊʘʙʝʣʘ 4.8. ɿʘʚʠʩʥʦʩʪ ʫʜʘʨʥʝ ʙʨʟʠʥʝ ʦʜ ʜʠʥʘʤʠʯʢʦʛ ʫʛʣʘ ɓ ʟʘ ɼʝʤʝʢʩ. 

ʊʘʙʝʣʘ 4.9. 
ɼʠʤʝʥʟʠʦʥʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʫ ʬʫʥʢʮʠʿʠ ʜʠʥʘʤʠʯʢʦʛ ʫʛʣʘ ɓ ʟʘ 

ɸʤʦʥʝʢʩ. 

ʊʘʙʝʣʘ 4.10. ɼʠʤʝʥʟʠʦʥʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʫ ʬʫʥʢʮʠʿʠ ʜʠʥʘʤʠʯʢʦʛ ʫʛʣʘ ɓ ʟʘ ɼʝʤʝʢʩ. 

ʊʘʙʝʣʘ 4.11. ʄʘʩʘ ʝʢʩʧʣʦʟʠʚʥʦʛ ʧʫˁʝˁʘ ʠ ʝʢʚʠʚʘʣʝʥʪʥʘ ʤʘʩʘ ɼʝʤʝʢʩ ʝʢʩʧʣʦʟʠʚʘ. 

ʊʘʙʝʣʘ 4.12. 
ʇʘʨʘʤʝʪʨʠ Kingery-Bulmash ʧʦʣʠʥʦʤʘ ʟʘ ʧʨʠʪʠʩʘʢ ʥʘ ʯʝʣʫ ʫʜʘʨʥʦʛ 

ʪʘʣʘʩʘ. 

ʊʘʙʝʣʘ 4.13. ʊʘʙʝʣʘʨʥʠ ʧʨʠʢʘʟ ʢʨʠʪʠʯʥʦʛ ʨʘʩʪʦʿʘˁʘ. 

ʊʘʙʝʣʘ 4.14. ʅʘʩʠʧʥʘ ʛʫʩʪʠʥʘ ɼʝʤʝʢʩ ʠ ɸʤʦʥʝʢʩ ʝʢʩʧʣʦʟʠʚʘ. 

ʊʘʙʝʣʘ 4.15. ʄʘʩʘ ʝʢʩʧʣʦʟʠʚʘ ɸʤʦʥʝʢʩ. 

ʊʘʙʝʣʘ 4.16. ʄʘʩʘ ʝʢʩʧʣʦʟʠʚʘ ɼʝʤʝʢʩʘ. 

ʊʘʙʝʣʘ 5.1. ʇʘʨʘʤʝʪʨʠ ʪʦʧʦʛʨʘʬʠʿʝ ʧʦʚʨʰʠʥʝ ʤʝʨʝʥʠ ʧʦʤʦ˂ʫ ʫʨʝʹʘʿʘ ĂISR-C002ñ. 

ʊʘʙʝʣʘ 5.2. ʆʩʥʦʚʥʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʫʨʝʹʘʿʘ ĂHD4100ñ. 



 

 

ʊʘʙʝʣʘ 5.3. ɺʝʣʠʯʠʥʝ ʠʩʧʠʪʥʝ ʩʠʣʝ ʧʨʝʤʘ ISO ʩʪʘʥʜʘʨʜʫ ʧʦ Vickers-ʫ. 

ʊʘʙʝʣʘ 5.4. ʊʝʭʥʠʯʢe ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ĂTELEDYNEICMCP300Dñ. 

ʊʘʙʝʣʘ 5.5. ʊʝʭʥʠʢʝ ʠʩʧʠʪʠʚʘˁʝ ʙʝʟ ʨʘʟʘʨʘˁʘ. 

ʊʘʙʝʣʘ 5.6. ʊʝʭʥʠʢʝ ʠʩʧʠʪʠʚʘˁʝ ʩʘ ʨʘʟʘʨʘˁʝʤ. 

ʊʘʙʝʣʘ 6.1. ʈʝʟʫʣʪʘʪʠ ʤʝʨʝˁʘ ʙʨʟʠʥʝ ʜʝʪʦʥʘʮʠʿʝ. 

ʊʘʙʝʣʘ 6.2. 
ʍʝʤʠʿʩʢʠ ʩʘʩʪʘʚ ʯʝʣʠʢʘ 51CrV4, X155CrVMo12-1 

(X160CrMoV121)ʠS355J2. 

ʊʘʙʝʣʘ 6.3. ʈʝʟʫʣʪʘʪʠ ʤʝʨʝˁʘ ʧʦʚʨʰʠʥʩʢʝ ʭʨʘʧʘʚʦʩʪʠ. 

ʊʘʙʝʣʘ 6.4. ʇʘʨʘʤʝʪʨʠ ʠʩʧʠʪʠʚʘˁʘ. 

ʊʘʙʝʣʘ 6.5. ɺʨʝʜʥʦʩʪʠ ʪʚʨʜʦ˂ʝ ʜʦʙʠʿʝʥʝ Rockwell-ʦʚʦʤ ʤʝʪʦʜʦʤ. 

ʊʘʙʝʣʘ 6.6. ɺʨʝʜʥʦʩʪʠ ʘʤʧʣʠʪʫʜʝ ʠ ʪʘʣʘʩʥʝ ʜʫʞʠʥʝ ʫʟʦʨʘʢʘ. 

ʊʘʙʝʣʘ 6.7. 
ʀʟʤʝʨʝʥʝ ʚʨʝʜʥʦʩʪʠ ʰʠʨʠʥʝ ʠ ʚʠʩʠʥʝ ʪʘʣʘʩʘ ʥʘ ʣʠʥʠʿʠ ʩʪʘʧʘˁʘ 

ʟʘʚʘʨʝʥʠʭ ʩʧʦʿʝʚʘ. 

ʊʘʙʝʣʘ 6.8. ɻʫʙʠʪʘʢ ʤʘʩʝ ʥʘʢʦʥ ʜʝʿʩʪʚʘ ʢʘʚʠʪʘʮʠʿʝ. 

ʊʘʙʝʣʘ 6.9. ʉʪʚʘʨʥʝ ʜʠʤʝʥʟʠʿʝ ʧʦʧʨʝʯʥʦʛ ʧʨʝʩʝʢʘ ʝʧʨʫʚʝʪʝ ʥʘ ʤʝʩʪʫ ʣʦʤʘ. 

ʊʘʙʝʣʘ 6.10. 
ʈʝʟʫʣʪʘʪʠ ʠʩʧʠʪʠʚʘˁʘ ʫʜʘʨʥʝ ʞʠʣʘʚʦʩʪʠ ʘʣʘʪʥʦʛ ʠ ʢʦʥʩʪʨʫʢʮʠʦʥʦʛ 

ʯʝʣʠʢʘ. 

ʊʘʙʝʣʘ 6.11. ʋʩʣʦʚʠ ʟʘ ʠʩʧʠʪʠʚʘˁʝ ʤʠʢʨʦʪʚʨʜʦ˂ʝ. 

ʊʘʙʝʣʘ 6.12. ɺʨʝʜʥʦʩʪʠ ʤʠʢʨʦʪʚʨʜʦ˂ʝ ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ. 

ʊʘʙʝʣʘ 6.13. ɺʨʝʜʥʦʩʪʠ ʤʠʢʨʦʪʚʨʜʦ˂ʝ ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ ʥʘʢʦʥ ʢʘˀʝˁʘ. 

 

ʉʇʀʉɸʂ ʉʂʈɴɽʅʀʎɸ 

ʉʢʨʘ˂ʝʥʠʮʘ ɿʥʘʯʝˁʝ 

Ŭ ʉʪʘʪʠʯʢʠ ʫʛʘʦ ʫʜʘʨʘ. 

ɓ ɼʠʥʘʤʠʯʢʠ ʫʛʘʦ ʫʜʘʨʘ. 

Vd ɹʨʟʠʥʘ ʜʝʪʦʥʘʮʠʦʥʦʛ ʪʘʣʘʩʘ. 

Vp ʋʜʘʨʥʘ ʙʨʟʠʥʘ ʧʦʢʨʝʪʥʝ ʧʣʦʯʝ. 

Vf ɹʨʟʠʥʘ ʧʦʢʨʝʪʥʝ ʧʣʦʯʝ. 

Vc ɹʨʟʠʥʘ ʪʘʯʢʝ ʩʫʜʘʨʘ. 

P ʇʨʠʪʠʩʘʢ ʦʩʪʚʘʨʝʥ ʫ ʤʘʪʝʨʠʿʘʣʫ. 

Pɸ ʇʨʠʪʠʩʘʢ ʦʩʪʚʘʨʝʥ ʫ ʤʘʪʝʨʠʿʘʣʫ ɸ. 

Pɹ ʇʨʠʪʠʩʘʢ ʦʩʪʚʘʨʝʥ ʫ ʤʘʪʝʨʠʿʘʣʫ ɹ. 

Pmin ʄʠʥʠʤʘʣʘʥ ʧʨʠʪʠʩʘʢ ʦʩʪʚʘʨʝʥ ʫ ʤʘʪʝʨʠʿʘʣʫ. 

ɟ ʇʦʯʝʪʥʘ ʛʫʩʪʠʥʘ ʤʘʪʝʨʠʿʘʣʘ. 

u ʂʦʨʘʢ ʢʦʿʠʤ ʩʝ ʧʦʚʨʰʠʥʘ ʜʝʬʦʨʤʠʰʝ. 

U ɹʨʟʠʥʘ ʜʝʪʦʥʘʮʠʦʥʦʛ ʪʘʣʘʩʘ ʢʨʦʟ ʤʝʪʘʣ. 

ů ʂʚʘʟʠ ʩʪʘʪʠʯʢʠ ʥʘʧʦʥ ʿʘʯʝ ʢʦʤʧʦʥʝʥʪʝ. 

Vp(min) ʄʠʥʠʤʘʣʥʘ ʫʜʘʨʥʘ ʙʨʟʠʥʘ ʧʦʢʨʝʪʥʝ ʧʣʦʯʝ. 

EA ɱʫʥʛʦʚ ʤʦʜʫʣ ʝʣʘʩʪʠʯʥʦʩʪʠ ʤʘʪʝʨʠʿʘʣʘ A. 

Re ʈʝjʥʦʣʜʩʦʚ ʙʨʦʿ. 

HF ʊʚʨʜʦ˂ʘ ʧʦ Vickers-oʚʦʿ ʩʢʘʣʠ, (ʩʪʘʮʠʦʥʘʨʥʘ ʧʣʦʯʘ). 

HA ʊʚʨʜʦ˂ʘ ʧʦ Vickers-oʚʦʿ ʩʢʘʣʠ, (ʧʦʢʨʝʪʥʘ ʧʣʦʯʘ). 

ɟF ʇʦʯʝʪʥʘ ʛʫʩʪʠʥʘ ʤʘʪʝʨʠʿʘʣʘ (ʩʪʘʮʠʦʥʘʨʥʘ ʧʣʦʯʘ). 

ɟA ʇʦʯʝʪʥʘ ʛʫʩʪʠʥʘ ʤʘʪʝʨʠʿʘʣʘ (ʧʦʢʨʝʪʥʘ ʧʣʦʯʘ). 

N ɹʝʟʜʠʤʝʥʟʠʦʥʘʣʥʘ ʢʦʥʩʪʘʥʪʘ. 



 

 

Tm ʊʘʯʢʘ ʪʦʧˀʝˁʘ, (ʧʦʢʨʝʪʥʘ ʧʣʦʯʘ). 

K ʊʦʧʣʦʪʥʘ ʧʨʦʚʦʜˀʠʚʦʩʪ. 

Ch ʉʧʝʮʠʬʠʯʥʘ ʪʦʧʣʦʪʘ. 

t ɼʝʙˀʠʥʘ ʧʦʢʨʝʪʥʝ ʧʣʦʯʝ. 

k1 
ɹʝʟʜʠʤʝʥʟʠʦʥʘ ʚʨʝʜʥʦʩʪ ʫ ʛʨʘʥʠʮʘʤʘ ʦʜ 0.6 ʜʦ 1.2 ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ 

ʧʦʚʨʰʠʥʩʢʝ ʭʨʘʧʘʚʦʩʪʠ ʧʣʦʯʘ. 

Hv ʊʚʨʜʦ˂ʘ ʧʦ Vickers-oʚʦʿ ʩʢʘʣʠ. 

e ʂʦʣʠʯʠʥʘ ʝʢʩʧʣʦʟʠʚʘ. 

m ʄʘʩʘ ʝʢʩʧʣʦʟʠʚʘ. 

k ɹʝʟʜʠʤʝʥʟʠʦʥʘʣʥʘ ʢʦʥʩʪʘʥʪʘ. 

S ʇʦʪʨʝʙʥʦ ʤʝʹʫʩʦʙʥʦ ʨʘʩʪʦʿʘˁʝ ʧʣʦʯʘ. 

k ḙ 0,4 ʠ ḙ 0,7 ʟʘ ʙʨʟʠʥʝ ʫʜʘʨʘ ʦʜ 70% Vp  ʠ 100% Vp ʨʝʩʧʝʢʪʠʚʥʦ. 

xe ɼʝʙˀʠʥʘ ʝʢʩʧʣʦʟʠʚʘ. 

C ʄʘʩʘ ʝʢʩʧʣʦʟʠʚʘ. 

ʄ ʄʘʩʘ ʧʦʢʨʝʪʥʝ ʧʣʦʯʝ. 

xf ɼʝʙˀʠʥʘ ʧʦʢʨʝʪʥʝ ʧʣʦʯʝ. 

ɗ ʋʛʘʦ ʟʘʢʨʝʪʘˁʘ ʧʦʢʨʝʪʥʝ ʧʣʦʯʝ. 

MTNTe ɽʢʚʠʚʘʣʝʥʪʥʘ ʤʘʩʘ ʪʨʦʪʠʣʘ (TNT) ʫ g. 

Edeksp ɽʥʝʨʛʠʿʘ ʜʝʪʦʥʘʮʠʿʝ ʝʢʩʧʣʦʟʠʚʘ ʫ kJ/kg. 

EdTNT ɽʥʝʨʛʠʿʘ ʜʝʪʦʥʘʮʠʿʝ ʪʨʦʪʠʣʘ ʢʦʿʘ ʠʟʥʦʩʠ 4184 kJ/kg. 

Meksp ʄʘʩʘ ʝʢʩʧʣʦʟʠʚʘ ʫ g. 

æp ʅʘʪʧʨʠʪʠʩʘʢ ʥʘ ʬʨʦʥʪʫ ʫʜʘʨʥʦʛ ʪʘʣʘʩʘ ʫ ʙʘʨʠʤʘ (1 bar = 105Pa). 

me ʄʘʩʘ ʝʢʩʧʣʦʟʠʚʥʦʛ ʧʫˁʝˁʘ ʫ kg. 

r ʋʜʘˀʝʥʦʩʪ ʦʜ ʮʝʥʪʨʘ ʝʢʩʧʣʦʟʠʿʝ ʫ m. 

k1, k2, k3 
ɽʤʧʠʨʠʿʩʢʠ ʢʦʝʬʠʮʠʿʝʥʪʠ ʢʦʿʠ ʟʘʚʠʩʝ ʦʜ ʚʨʩʪʝ ʝʢʩʧʣʦʟʠʚʥʦʛ 

ʧʫˁʝˁʘ. 

mp ʇʨʦʨʘʯʫʥʩʢʘ ʤʘʩʘ ʝʢʩʧʣʦʟʠʚʘ. 

ɖ ʂʦʝʬʠʮʠʿʝʥʪ. 

T ʃʦʛʘʨʠʪʘʤ ʨʘʩʪʦʿʘˁʘ ʩʘ ʦʩʥʦʚʦʤ ʜʝʩʝʪ, m 

K0, K1 
ʇʘʨʘʤʝʪʨʠ Kingery-Bulmash ʧʦʣʠʥʦʤʘ ʟʘ ʧʨʠʪʠʩʘʢ ʥʘ ʯʝʣʫ ʫʜʘʨʥʦʛ 

ʪʘʣʘʩʘ. 

C1 - C9 
ʇʘʨʘʤʝʪʨʠ Kingery-Bulmash ʧʦʣʠʥʦʤʘ ʟʘ ʧʨʠʪʠʩʘʢ ʥʘ ʯʝʣʫ ʫʜʘʨʥʦʛ 

ʪʘʣʘʩʘ. 

R ʈʘʩʪʦʿʘˁʝ (m). 

d ʇʨʝʯʥʠʢ ʚʘʪʨʝʥʝ ʣʦʧʪʝ, m. 

t ʊʨʘʿʘˁʝ ʚʘʪʨʝʥʝ ʣʦʧʪʝ, s. 

Q ʄʘʩʘ ʩʘʛʦʨʝʚʘˁʘ, kg. 

Rx ʆʧʩʝʛ ʟʘ ʥʠʚʦ ʦʰʪʝ˂ʝˁʘ Ăxñ, m. 

Kx ʂʦʥʩʪʘʥʪʘ ʟʘ ʥʠʚʦ ʦʰʪʝ˂ʝˁʘ Ăxñ. 

Me ʄʘʩʘ ʝʢʩʧʣʦʟʠʚʘ, kg. 

t ɺʨʝʤʝ. 

l ʄʝʨʥʘ ʙʘʟʘ ʜʫʞʠʥʝ. 

ɚ ʊʘʣʘʩʥʘ ʜʫʞʠʥʘ ʬʦʨʤʠʨʘʥʦʛ ʪʘʣʘʩʘʩʪʦʛ ʩʧʦʿʘ 

ɸ ɸʤʧʣʠʪʫʜʘ ʬʦʨʤʠʨʘʥʦʛ ʪʘʣʘʩʘʩʪʦʛ ʩʧʦʿʘ 

  



1 

 

1. ʋɺʆɼ 

 

ʂʦʥʪʠʥʫʘʣʥʦ ʨʘʟʚʠʿʘˁʝ ʥʦʚʠʭ ʧʨʦʠʟʚʦʜʘ, ʫʨʝʹʘʿʘ, ʠʥʜʫʩʪʨʠʿʩʢʠʭ ʤʘʰʠʥʘ ʠ ˁʠʭʦʚʦ 

ʫʩʘʚʨʰʘʚʘˁʝ, ʧʦʚʝ˂ʘˁʝʤ ʢʚʘʣʠʪʝʪʘ, ʠʟʜʨʞˀʠʚʦʩʪʠ, ʩʤʘˁʝˁʝʤ ʚʝʣʠʯʠʥʝ ʫʟ ʟʘʜʨʞʘʚʘˁʝ 

ʬʫʥʢʮʠʦʥʘʣʥʦʩʪʠ ʿʝ ʧʦʩʣʝʜʠʮʘ ʢʦʥʪʠʥʫʠʨʘʥʦʛ ʨʘʟʚʦʿʘ ʥʦʚʠʭ ʤʘʪʝʨʠʿʘʣʘ ʜʦʙʠʿʝʥʠʭ 

ʥʦʚʠʤ ʪʝʭʥʦʣʦʰʢʠʤ ʧʨʦʮʝʩʠʤʘ.  

ʆʙʨʘʜʘ ʥʦʚʠʭ ʤʘʪʝʨʠʿʘʣʘ ʢʣʘʩʠʯʥʠʤ ʧʦʩʪʫʧʮʠʤʘ ʿʝ ʥʘʿʯʝʰ˂ʝ ʩʧʦʨʘ, ʥʝʠʩʧʣʘʪʠʚʘ ʠ ʩʚʝ 

ʪʝʞʘ. ʋʚʦʹʝˁʝʤ ʥʦʚʠʭ ʪʝʭʥʦʣʦʰʢʠʭ ʧʨʦʮʝʩʘ ʠ ˁʠʭʦʚʦ ʫʩʘʚʨʰʘʚʘˁʝ ʦʙʝʟʙʝʹʫʿʫ ʚʝ˂ʫ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪ ʠ ʝʢʦʥʦʤʠʯʥʦʩʪ ʠʟʨʘʜʝ ʤʘʪʝʨʠʿʘʣʘ. ɱʝʜʥʘ ʦʜ ʪʝʭʥʠʢʘ ʥʦʚʠʿʝʛ ʜʘʪʫʤʘ ʿʝ ʠ 

ʜʦʙʠʿʘˁʝ ʚʠʝhʩʣʦʿʥʠʭ ʤʘʪʝʨʠʿʘʣʘ ʝʢʩʧʣʦʟʠʚʥʠʤ ʟʘʚʘʨʠʚʘˁ ʝʤ. 

ʀʥʜʫʩʪʨʠʿʩʢʘ ʧʨʠʤʝʥʘ ʝʢʩʧʣʦʟʠʚʥʦʛ ʟʘʚʘʨʠʚʘˁʘ ʫ ʩʚʝʪʫ ʿʝ ʧʦʯʝʣʘ ʩʨʝʜʠʥʦʤ ʜʚʘʜʝʩʝʪʦʛ 

ʚʝʢʘ, ʟʘ ʨʘʟʣʠʢʫ ʦʜ ʜʨʫʛʠʭ ʦʙʣʠʢʘ ʟʘʚʘʨʠʚʘˁʘ, ʢʘʦ ʰʪʦ ʿʝ ʝʣʝʢʪʨʦʣʫʯʥʦ ʟʘʚʘʨʠʚʘˁʝ ʢʦʿʝ 

ʿʝ ʨʘʟʚʠʿʝʥʦ ʢʨʘʿʝʤ ʜʝʚʝʪʥʘʝʩʪʦʛ ʚʝʢʘ ʧʦʿʘʚʦʤ ʠʥʜʫʩʪʨʠʿʩʢʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ. ɺʝʦʤʘ 

ʙʨʟʦ ʩʝ ʧʨʦʰʠʨʠʣʘ ʥʘ ʦʩʪʘʣʝ ʧʦʩʪʫʧʢʝ ʦʙʨʘʜʝ ʤʝʪʘʣʘ ʧʣʘʩʪʠʯʥʠʤ ʜʝʬʦʨʤʠʩʘˁʝʤ. ʋ 

ʜʘʥʘʰˁʝ ʚʨʝʤʝ ʙʨʦʿ ʦʧʝʨʘʮʠʿʘ ʫ ʢʦʿʠʤʘ ʩʝ ʢʦʨʠʩʪʠ ʝʥʝʨʛʠʿʘ ʜʦʙʠʿʝʥʘ ʝʢʩʧʣʦʟʠʿʦʤ ʿʝ ʩʚʝ 

ʚʝ˂ʠ (Pejļinoviĺ, 2000). 

ʄʥʦʛʦʙʨʦʿʥʠʤ ʠʩʧʠʪʠʚʘˁʠʤʘ ʥʘ ʧʦˀʫ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʠʿʘ ʩʘ ʠʤʧʫʣʩʥʠʤ ʦʧʪʝʨʝ˂ʝˁʠʤʘ 

ʧʦʢʘʟʘʥʦ ʿʝ ʜʘ ʩʝ ʝʥʝʨʛʠʿʘ ʝʢʩʧʣʦʟʠʿʝ ʤʦʞʝ ʩʘ ʫʩʧʝʭʦʤ ʢʦʨʠʩʪʠʪʠ ʫ ʧʦʩʪʫʧʮʠʤʘ ʢʘʦ ʰʪʦ 

ʩʫ (Pejļinoviĺ, 2000): 

- ʉʧʘʿʘˁʘ ʤʝʪʘʣʘ, 

- ʆʪʚʨʜˁʘʚʘˁʝ ʧʦʚʨʰʠʥʩʢʦʛ ʩʣʦʿʘ ʤʝʪʘʣʘ, ʠ 

- ʆʙʨʘʜʘ ʤʘʪʝʨʠʿʘʣʘ ʜʝʬʦʨʤʠʩʘˁʝʤ. 

 

1.1. ʎʠˀ ʠʩʪʨʘʞʠʚʘˁʘ 

ʇʨʝʜʤʝʪ ʦʚʝ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ ʧʨʝʜʩʪʘʚˀʘ ʠʩʪʨʘʞʠʚʘˁʝ ʫ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝ 

ʥʝʢʦʥʚʝʥʮʠʦʥʘʣʥʦʛ ʠʟʚʦʨʘ ʝʥʝʨʛʠʿʝ - ʝʢʩʧʣʦʟʠʿʝ, ʟʘ ʨʘʟʚʦʿ ʥʦʚʠʭ ʤʘʪʝʨʠʿʘʣʘ ʠ 

ʪʝʭʥʦʣʦʰʢʠʭ ʧʨʦʮʝʩʘ. ʇʦʩʪʫʧʘʢ ʧʨʠʤʝʥʝ ʝʢʩʧʣʦʟʠʚʥʦʛ ʟʘʚʘʨʠʚʘˁʘ ʟʘ ʜʦʙʠʿʘˁʝ 

ʚʠʰʝʩʣʦʿʥʠʭ (ʙʠʤʝʪʘʣʥʠʭ ʠ ʧʣʘʢʠʨʘʥʠʭ) ʤʝʪʘʣʥʠʭ ʤʘʪʝʨʠʿʘʣʘ ʧʦʩʪʘʿʝ ʚʘʞʘʥ ʪʨʝʥʜ 

ʥʘʫʯʥʦʛ ʠ ʪʝʭʥʦʣʦʰʢʦʛ ʧʨʦʛʨʝʩʘ.  

ɺʠʰʝʩʣʦʿʥʠ  ʤʝʪʘʣʥʠ  ʤʘʪʝʨʠʿʘʣʠ ʩʫ ʥʘʩʪʘʣʠ ʩʘ ʮʠˀʝʤ ʠʩʧʫˁʝˁʘ ʟʘʭʪʝʚʘ ʟʘ 

ʩʧʝʮʠʬʠʯʥʠʤ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘʤʘ ʤʘʪʝʨʠʿʘʣʘ, ʫʟ ˁʠʭʦʚʫ ʥʠʩʢʫ ʮʝʥʫ. ɺʠʰʝʩʣʦʿʥʠ ʘʣʘʪʥʠ 

ʯʝʣʠʮʠ ʩʚʝ ʚʠʰʝ ʥʘʣʘʟʝ ʧʨʠʤʝʥʫ ʢʘʦ ʙʠʤʝʪʘʣʥʠ ʯʝʣʠʮʠ ʟʘ ʠʟʨʘʜʫ ʨʘʟʣʠʯʠʪʠʭ ʩʝʯʠʚʘ, 

ʦʜʥʦʩʥʦ ʥʦʞʝʚʘ, ʧʦʩʝʙʥʦ ʫ ʛʨʘʬʠʯʢʦʿ ʠʥʜʫʩʪʨʠʿʠ, ʠʥʜʫʩʪʨʠʿʠ ʧʨʝʨʘʜʝ ʜʫʚʘʥʘ ʠ ʧʨʝʨʘʜʠ 

ʥʝʤʝʪʘʣʘ. ʇʦʨʝʜ ʠʟʨʘʜʝ ʚʠʰʝʩʣʦʿʥʠʭ ʤʝʪʘʣʘ ʝʢʩʧʣʦʟʠʚʥʦ ʟʘʚʘʨʠʚʘˁʝ ʩʝ ʢʦʨʠʩʪʠ ʟʘ 

ʠʟʨʘʜʫ ʧʣʘʢʠʨʘʥʠʭ ʤʘʪʝʨʠʿʘʣʘ ʧʨʠ ʯʝʤʫ ʿʝ ʧʣʘʢʠʨʘˁʝ ʧʦʩʪʫʧʘʢ ʟʘʰʪʠʪʝ ʦʩʥʦʚʥʦʛ 

ʤʘʪʝʨʠʿʘʣʘ ʩʣʦʿʝʤ ʤʘʪʝʨʠʿʘʣʘ ʧʨʚʝʥʩʪʚʝʥʦ ʦʪʧʦʨʥʦʛ ʥʘ ʢʦʨʦʟʠʿʫ ʠʣʠ ʭʘʙʘˁʝ. ɼʝʙˀʠʥʘ 

ʧʣʘʢʠʨʘʥʦʛ ʩʣʦʿʘ ʿʝ ʥʘʿʯʝʰ˂ʝ ʦʢʦ 10% ʫʢʫʧʥʝ ʜʝʙˀʠʥʝ ʥʦʚʦʥʘʩʪʘʣʦʛ ʤʘʪʝʨʠʿʘʣʘ (ʧʣʦʯʝ, 

ʣʠʤʘ, ʮʝʚʠ) (TSSM, 2023). ʇʣʘʢʠʨʘʥʠ ʤʘʪʝʨʠʿʘʣʠ ʩʝ ʢʦʨʠʩʪʝ ʫ ʭʝʤʠʿʩʢʦʿ ʠʥʜʫʩʪʨʠʿʠ ʟʘ 

ʠʟʨʘʜʫ ʮʠʩʪʝʨʥʠ, ʧʨʝʭʨʘʤʙʝʥʦʿ ʠʥʜʫʩʪʨʠʿʠ ʟʘ ʠʟʨʘʜʫ ʧʦʩʫʜʘ, ʥʦʞʝʚʘ, ʘ ʪʘʢʦʹʝ ʠ ʫ ʚʦʿʥʦʿ 

ʠʥʜʫʩʪʨʠʿʠ ʟʘ ʙʘʣʠʩʪʠʯʢʫ ʟʘʰʪʠʪʫ. ʆ ʧʨʠʤʝʥʠ ʝʢʩʧʣʦʟʠʚʥʦʛ ʟʘʚʘʨʠʚʘˁʘ ʟʘ ʠʟʨʘʜʫ 

ʚʠʰʝʩʣʦʿʥʠʭ ʤʝʪʘʣʥʠʭ ʤʘʪʝʨʠʿʘʣʘ ʠʤʘ ʨʝʣʘʪʠʚʥʦ ʤʘʣʦ ʧʦʜʘʪʘʢʘ ʠ ʦʥʠ ʩʝ ʫʛʣʘʚʥʦʤ 

ʦʜʥʦʩʝ ʥʘ ʧʣʘʢʠʨʘˁʝ ʥʠʩʢʦʣʝʛʠʨʘʥʦʛ ʯʝʣʠʢʘ ʘʣʫʤʠʥʠʿʫʤʦʤ ʟʘ ʧʨʠʤʝʥʫ ʫ ʙʨʦʜʦʛʨʘʜˁʠ 



2 

 

ʠ ʧʣʘʢʠʨʘˁʝ ʥʠʩʢʦʣʝʛʠʨʘʥʠʭ ʯʝʣʠʢʘ ʥʝʨʹʘʿʫ˂ʠʤ ʯʝʣʠʮʠʤʘ ʟʘ ʧʨʠʤʝʥʫ ʫ ʭʝʤʠʿʩʢʦʿ 

ʠʥʜʫʩʪʨʠʿʠ. ʋ ʥʦʚʠʿʝ ʚʨʝʤʝ ʩʚʝ ʚʠʰʝ ʩʝ ʧʨʠʤʝʥʘ ʦʚʝ ʪʝʭʥʦʣʦʛʠʿʝ ʢʦʨʠʩʪʠ ʠ ʫ 

ʘʫʪʦʤʦʙʠʣʩʢʦʿ ʠʥʜʫʩʪʨʠʿʠ ʟʘ ʜʦʙʠʿʘˁʝ ʤʘʪʝʨʠʿʘʣʘ ʠ ʜʝʣʦʚʘ ʢʘʨʦʩʝʨʠʿʝ ʘʫʪʦʤʦʙʠʣʘ 

ʩʧʝʮʠʬʠʯʥʠʭ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʢʦʿʝ ʩʝ ʜʨʫʛʠʤ ʧʦʩʪʫʧʮʠʤʘ ʥʝ ʤʦʛʫ ʠʣʠ ʚʝʦʤʘ ʪʝʰʢʦ ʤʦʛʫ 

ʦʩʪʚʘʨʠʪʠ. ʆ ʝʢʩʧʣʦʟʠʚʥʦʤ ʟʘʚʘʨʠʚʘˁʫ ʯʝʣʠʢʘ ʚʠʩʦʢʝ ʯʚʨʩʪʦ˂ʝ ʢʘʦ ʰʪʦ ʩʫ ʘʣʘʪʥʠ 

ʯʝʣʠʮʠ ʩʘ ʥʠʩʢʦʣʝʛʠʨʘʥʠʤ ʯʝʣʠʮʠʤʘ ʫ ʜʦʩʪʫʧʥʦʿ ʣʠʪʝʨʘʪʫʨʠ ʥʝʤʘ ʟʥʘʯʘʿʥʝ ʢʦʣʠʯʠʥʝ 

ʧʦʜʘʪʘʢʘ.  

ʀʩʪʨʘʞʠʚʘˁʘ ʫ ʦʙʣʘʩʪʠ ʟʘʚʘʨʠʚʘˁʘ ʝʢʩʧʣʦʟʠʿʦʤ ʩʫ ʚʝʦʤʘ ʦʛʨʘʥʠʯʝʥʘ ʥʘ 

ʩʧʝʮʠʿʘʣʠʟʦʚʘʥʝ ʠʥʩʪʠʪʫʮʠʿʝ, ʿʝʨ ʟʘʭʪʝʚʘʿʫ ʩʧʝʮʠʬʠʯʥʫ ʦʧʨʝʤʫ, ʧʦʩʝʙʥʦ ʦʙʫʯʝʥ ʢʘʜʘʨ ʠ 

ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʤʝʨʝ ʧʠʨʦʪʝʭʥʠʯʢʝ ʙʝʟʙʝʜʥʦʩʪʠ. ʈʝʟʫʣʪʘʪʠ ʠʩʪʨʘʞʠʚʘˁʘ ʫʛʣʘʚʥʦʤ ʥʠʩʫ 

ʜʦʩʪʫʧʥʠ, ʤʘʜʘ ʦʚʘ ʤʝʪʦʜʘ ʦʙʨʘʜʝ ʤʝʪʘʣʘ ʧʦʩʪʘʿʝ ʚʝʦʤʘ ʧʝʨʩʧʝʢʪʠʚʥʘ ʠ ʩʚʝ ʚʠʰʝ 

ʟʘʩʪʫʧˀʝʥʘ. ʆʧʨʘʚʜʘʥʦ ʩʝ ʤʦʞʝ ʟʘʢˀʫʯʠʪʠ ʜʘ ʿʝ ʚʝʦʤʘ ʤʘʣʘ ʢʦʣʠʯʠʥʘ ʜʦʩʪʫʧʥʠʭ 

ʧʦʜʘʪʘʢʘ ʧʦʩʣʝʜʠʮʘ ʟʘʰʪʠʪʝ ʪʘʢʚʠʭ ʧʦʜʘʪʘʢʘ ʢʘʦ ʪʝʭʥʦʣʦʰʢʝ ʪʘʿʥʝ. 

ʋ ʦʢʚʠʨʫ ʦʚʝ ʜʠʩʝʨʪʘʮʠʿʝ ʧʦʩʝʙʥʦ ʩʝ ʨʘʟʤʘʪʨʘ ʧʨʠʤʝʥʘ ʝʢʩʧʣʦʟʠʚʥʦʛ ʟʘʚʘʨʠʚʘˁʘ ʟʘ 

ʜʦʙʠʿʘˁʝ ʙʠʤʝʪʘʣʥʦʛ ʯʝʣʠʢʘ ʩʘ ʢʦʤʙʠʥʘʮʠʿʦʤ ʚʠʩʦʢʦʣʝʛʠʨʘʥʠʭ ʘʣʘʪʥʦʛ ʯʝʣʠʢʘ ʠ 

ʥʠʩʢʦʫʛˀʝʥʠʯʥʦʛ ʯʝʣʠʢʘ. ʆʚʘʢʚʘ ʢʦʤʙʠʥʘʮʠʿʘ ʯʝʣʠʢʘ ʥʘʿʧʨʝ ʥʘʣʘʟʠ ʥʘʤʝʥʫ ʟʘ ʠʟʨʘʜʫ 

ʨʘʟʣʠʯʠʪʠʭ ʥʦʞʝʚʘ (ʩʝʯʠʚʘ) ʟʘ ʛʨʘʬʠʯʢʫ ʠʥʜʫʩʪʨʠʿʫ, ʠʥʜʫʩʪʨʠʿʫ ʧʨʝʨʘʜʝ ʜʫʚʘʥʘ ʠ ʩʣ. 

ʇʨʝʣʠʤʠʥʘʨʥʘ ʠʩʪʨʘʞʠʚʘˁʘ ʩʫ ʨʝʘʣʠʟʦʚʘʥʘ ʝʢʩʧʣʦʟʠʚʥʠʤ ʟʘʚʘʨʠʚʘˁʝʤ ʣʝʛʠʨʘʥʦʛ 

ʦʧʨʫʞʥʦʛ ʠ ʥʠʩʢʦʫʛˀʝʥʠʯʥʦʛ ʯʝʣʠʢʘ. 

ʇʦʩʪʫʧʘʢ ʧʨʠʤʝʥʝ ʝʥʝʨʛʠʿʝ ʝʢʩʧʣʦʟʠʿʝ ʟʘ ʠʟʨʘʜʫ ʚʠʰʝʩʣʦʿʥʠʭ ʤʝʪʘʣʥʠʭ ʤʘʪʝʨʠʿʘʣʘ 

ʧʨʝʜʩʪʘʚˀʘ ʜʝʦ ʩʣʦʞʝʥʦʛ ʪʝʭʥʠʯʢʦʛ ʩʠʩʪʝʤʘ. ʋ ʩʣʫʯʘʿʫ ʥʝʘʜʝʢʚʘʪʥʦʛ ʨʫʢʦʚʘˁʘ 

ʝʢʩʧʣʦʟʠʚʦʤ ʤʦʞʝ ʜʦ˂ʠ ʜʦ ʚʝʣʠʢʝ ʦʧʘʩʥʦʩʪʠ ʧʦ ʨʘʜʥʦ ʦʢʨʫʞʝˁʝ ʠ ʦʢʦʣʠʥʫ,ʧʦʿʘʚʝ 

ʠʥʮʠʜʝʥʪʘ ʠʣʠ ʯʘʢ ʘʢʮʠʜʝʥʪʘ. ʆʚʘʿ ʧʦʩʪʫʧʘʢ ʩʝ ʩʤʘʪʨʘ ʚʠʩʦʢʦ ʨʠʟʠʯʥʠʤ ʧʦʩʪʫʧʢʦʤ ʛʜʝ 

ʿʝ ʫ ʥʘʿʚʝ˂ʦʿ ʤʝʨʠ ʧʨʠʩʫʪʘʥ ʫʪʠʮʘʿ ˀʫʜʩʢʦʛ ʬʘʢʪʦʨʘ. ʇʦʩʪʫʧʘʢ ʦʙʫʭʚʘʪʘ ʨʫʯʥʦ ʠʣʠ 

ʤʝʭʘʥʠʯʢʦ ʧʦʩʪʘʚˀʘˁʝ ʩʚʠʭ ʝʣʝʤʝʥʘʪʘ ʩʠʩʪʝʤʘ ʫ ʧʦʪʨʝʙʥʠ ʧʦʣʦʞʘʿ ʟʘ ʜʝʪʦʥʘʮʠʿʫ ʠ ʩʘʤʫ 

ʜʝʪʦʥʘʮʠʿʫ ʝʢʩʧʣʦʟʠʚʘ, ʰʪʦ ʢʘʦ ʪʘʢʘʚ ʩʘ ʩʦʙʦʤ ʥʦʩʠ ʚʠʩʦʢ ʥʠʚʦ ʨʠʟʠʢʘ ʠ ʥʠʩʢʫ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪ. ɿʙʦʛ ʥʘʚʝʜʝʥʦʛ ʫ ʜʠʩʝʨʪʘʮʠʿʠ ʿʝ ʧʦʩʝʙʥʦ ʧʦʛʣʘʚˀʝ ʧʦʩʚʝ˂ʝʥʦ 

ʧʠʨʦʪʝʭʥʠʯʢʦʿ ʙʝʟʙʝʜʥʦʩʪʠ. 

ʎʠˀ ʠʩʪʨʘʞʠʚʘˁʘ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ ʿʝ ʙʠʦ ʠʟʫʯʘʚʘˁʝ ʧʨʦʮʝʩʘ ʧʨʠʤʝʥʝ 

ʥʝʢʦʥʚʝʥʮʠʦʥʘʣʥʦʛ ʧʦʩʪʫʧʢʘ ʝʢʩʧʣʦʟʠʚʥʦʛ ʟʘʚʘʨʠʚʘˁʘ ʚʠʩʦʢʦʣʝʛʠʨʘʥʦʛ ʘʣʘʪʥʦʛ ʯʝʣʠʢʘ 

ʠ ʥʠʩʢʦʫʛˀʝʥʠʯʥʦʛ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛ ʯʝʣʠʢʘ ʠ ʜʝʬʠʥʠʩʘˁʝ ʤʝʪʦʜʘ ʟʘ ʫʪʚʨʹʠʚʘˁʝ 

ʢʚʘʣʠʪʝʪʘ ʜʦʙʠʿʝʥʦʛ ʩʧʦʿʘ. ʄʝʪʦʜʝ ʠʩʧʠʪʠʚʘˁʘ ʪʨʝʙʘ ʜʘ ʦʙʝʟʙʝʜʝ ʜʘˀʝ ʠʩʪʨʘʞʠʚʘˁʝ ʠ 

ʨʘʟʚʦʿ ʫ ʦʙʣʘʩʪʠ ʦʚʣʘʜʘʚʘˁʘ ʪʝʭʥʦʣʦʛʠʿʦʤ ʟʘ ʧʨʦʠʟʚʦʜˁʫ ʥʦʚʠʭ ʝʢʩʧʣʦʟʠʚʥʦ ʟʘʚʘʨʝʥʠʭ 

ʤʝʪʘʣʥʠʭ ʤʘʪʝʨʠʿʘʣʘ. ʇʨʠʤʝʥʦʤ ʪʝʭʥʦʣʦʛʠʿʝ ʟʘʚʘʨʠʚʘˁʘ ʝʢʩʧʣʦʟʠʿʦʤ ʟʥʘʪʥʦ ʩʝ 

ʧʨʦʰʠʨʫʿʝ ʙʨʦʿ ʠ ʚʨʩʪʘ ʪʝʭʥʦʣʦʛʠʿʘ ʠ ʤʘʪʝʨʠʿʘʣʘ ʢʦʿʝ ʩʚʝ ʚʠʰʝ ʥʘʣʘʟʝ ʧʨʠʤʝʥʫ. ʈʘʟʚʦʿ 

ʥʦʚʠʭ ʤʘʪʝʨʠʿʘʣʘ, ʧʦʩʝʙʥʦ ʫ ʦʙʣʘʩʪʠ ʘʣʘʪʥʠʭ ʤʘʪʝʨʠʿʘʣʘ ʪʨʝʙʘ ʜʘ ʦʤʦʛʫ˂ʠ ʜʦʙʠʿʘˁʝ 

ʚʠʩʦʢʦʢʚʘʣʠʪʝʪʥʠʭ ʤʘʪʝʨʠʿʘʣʘ ʩʘ ʥʠʞʦʤ ʮʝʥʦʤ. ʎʠˀ ʠʩʪʨʘʞʠʚʘˁʘ ʿʝ ʙʠʦ ʩʪʚʘʨʘˁʝ 

ʫʩʣʦʚʘ ʟʘ ʜʦʙʠʿʘˁʝ ʠ ʜʨʫʛʠʭ ʚʠʰʝʩʣʦʿʥʠʭ ʤʘʪʝʨʠʿʘʣʘ ʪʝʭʥʦʣʦʛʠʿʦʤ ʝʢʩʧʣʦʟʠʚʥʦʛ 

ʟʘʚʘʨʠʚʘˁʘ: ʥʝʨʹʘʿʫ˂ʠ ʯʝʣʠʢ - ʢʦʥʩʪʨʫʢʮʠʦʥʠ ʥʠʩʢʦʫʛˀʝʥʠʯʥʠ ʯʝʣʠʢ, ʘʣʫʤʠʥʠʿʫʤ - 

ʯʝʣʠʢ, ʩʧʝʮʠʿʘʣʥʠ ʩʝʥʜʚʠʯ ʤʘʪʝʨʠʿʘʣʠ ʟʘ ʙʘʣʠʩʪʠʯʢʫ ʟʘʰʪʠʪʫ ʠ ʜʨ. 

ʋ ʦʢʚʠʨʫ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ ʨʝʘʣʠʟʦʚʘʥʘ ʩʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʘ ʠʩʪʨʘʞʠʚʘˁʘ 

ʧʨʠʤʝʥʦʤ ʩʘʚʨʝʤʝʥʝ ʤʝʨʥʝ ʦʧʨʝʤʝ. ʂʦʨʠʰ˂ʝʥʠ ʩʫ ʦʧʪʠʯʢʠ ʤʠʢʨʦʩʢʦʧ, ʩʢʝʥʠʨʘʿʫ˂ʠ 

ʝʣʝʢʪʨʦʥʩʢʠ ʤʠʢʨʦʩʢʦʧ ʠ ʫʨʝʹʘʿ ʟʘ ʦʧʪʠʯʢʫ ʝʤʠʩʠʦʥʫ ʩʧʝʢʪʨʦʤʝʪʨʠʿʫ ʟʘ ʦʜʨʝʹʠʚʘˁʝ 

ʤʝʪʘʣʫʨʰʢʠʭ ʠ ʭʝʤʠʿʩʢʠʭ ʩʚʦʿʩʪʘʚʘ. ʇʨʠʤʝʥʦʤ ʫʣʪʨʘʟʚʫʯʥʝ ʜʝʬʝʢʪʦʩʢʦʧʠʿʝ, 

ʧʝʥʝʪʨʘʥʩʪʩʢʦʛ ʠʩʧʠʪʠʚʘˁʘʠ ʨʝʥʜʛʝʥʦʛʨʘʬʠʿʝ ʠʟʚʨʰʝʥʘ ʩʫ ʠʩʧʠʪʠʚʘˁʘ ʩʧʦʿʘ 

ʟʘʚʘʨʝʥʠʭʧʣʦʯʘ. ʆʜʨʝʹʠʚʘˁʝ ʤʝʭʘʥʠʯʢʠʭ ʩʚʦʿʩʪʘʚʘ ʿʝ ʦʙʫʭʚʘʪʘʣʦ ʠʩʧʠʪʠʚʘˁʝ ʫʜʘʨʥʝ 

ʞʠʣʘʚʦʩʪʠ ʠ ʢʘʚʠʪʘʮʠʦʥʝ ʦʪʧʦʨʥʦʩʪʠ ʩʧʦʿʘ. ɿʘ ʩʚʘ ʦʚʘ ʠʩʧʠʪʠʚʘˁʘ ʩʫ ʙʠʣʠ 
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ʧʨʠʧʨʝʤˀʝʥʠ, ʦʜʥʦʩʥʦ ʠʩʝʯʝʥʠ ʫʟʦʨʮʠ ʠʟ ʧʣʦʯʘ ʘʙʨʘʟʠʚʥʠʤ ʚʦʜʝʥʠʤ ʤʣʘʟʦʤ, ʧʨʝʤʘ 

ʦʜʛʦʚʘʨʘʿʫ˂ʝʤ ʧʣʘʥʫ ʩʝʯʝˁʘ. 

ʆʩʪʚʘʨʠʚʘˁʝʤ ʮʠˀʝʚʘ ʜʠʩʝʨʪʘʮʠʿʝ ʠ ʨʘʟʚʦʿʝʤ ʤʝʪʦʜʘ ʟʘ ʦʜʨʝʹʠʚʘˁʝ ʩʚʦʿʩʪʘʚʘ 

ʝʢʩʧʣʦʟʠʚʥʦ ʟʘʚʘʨʝʥʠʭ ʤʘʪʝʨʠʿʘʣʘ ʜʝʬʠʥʠʩʘʥ ʿʝ ʫʪʠʮʘʿ ʢʦʣʠʯʠʥʝ ʝʢʩʧʣʦʟʠʚʘ ʥʘ 

ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ. ʅʘ ʪʘʿ ʥʘʯʠʥ ʩʪʚʦʨʝʥʠ ʩʫ ʫʩʣʦʚʠ, ʦʜʥʦʩʥʦ ʧʦʣʘʟʥʠ 

ʧʘʨʘʤʝʪʨʠ ʟʘ ʬʦʨʤʠʨʘˁʝ ʥʫʤʝʨʠʯʢʦʛ ʤʦʜʝʣʘ ʠ ʩʠʤʫʣʘʮʠʿʫ ʝʢʩʧʣʦʟʠʚʥʦʛ ʟʘʚʘʨʠʚʘˁʘ ʰʪʦ 

ʤʦʞʝ ʟʥʘʯʘʿʥʦ ʩʤʘˁʠʪʠ ʤʘʪʝʨʠʿʘʣʥʝ ʪʨʦʰʢʦʚʝ, ʚʨʝʤʝ ʠ ʙʨʦʿʥʘ ʠʩʧʠʪʠʚʘˁʘ. ʊʘʢʦʹʝ, ʪʠʤʝ 

ʙʠ ʩʝ ʦʣʘʢʰʘʣʘ ʜʘˀʘ ʠʩʪʨʘʞʠʚʘˁʘ ʠ ʦʤʦʛʫ˂ʠʦ ʜʘˀʠ ʨʘʟʚʦʿ ʪʝʭʥʦʣʦʛʠʿʝ ʝʢʩʧʣʦʟʠʚʥʦʛ 

ʟʘʚʘʨʠʚʘˁʘ ʠ ʧʣʘʢʠʨʘʥʠʭ ʤʘʪʝʨʠʿʘʣʘ. 

 

1.2. ʆʩʥʦʚʥʝ ʭʠʧʦʪʝʟʝ ʦʜ ʢʦʿʠʭ ʩʝ ʧʦʣʘʟʠ 

ʇʦʣʘʟʥʝ ʭʠʧʦʪʝʟʝ ʫ ʨʘʜʫ ʥʘ ʜʦʢʪʦʨʩʢʦʿ ʜʠʩʝʨʪʘʮʠʿʠ ʩʫ ʙʠʣʝ: 

- ɽʢʩʧʣʦʟʠʚʥʠʤ ʟʘʚʘʨʠʚʘˁʝʤ ʿʝ ʤʦʛʫ˂ʝ ʜʦʙʠʪʠ ʚʠʰʝʩʣʦʿʥʠ (ʙʠʤʝʪʘʣʥʠ) ʘʣʘʪʥʠ 
ʤʘʪʝʨʠʿʘʣ ʙʦˀʠʭ ʤʝʭʘʥʠʯʢʠʭ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʜ ʦʩʥʦʚʥʠʭ ʤʘʪʝʨʠʿʘʣʘ, 

- ɽʢʩʧʣʦʟʠʚʥʠʤ ʟʘʚʘʨʠʚʘˁʝʤ ʿʝ ʤʦʛʫ˂ʝ ʦʩʪʚʘʨʠʪʠ ʢʦʥʪʠʥʫʠʨʘʥ ʟʘʚʘʨʝʥʠ ʩʧʦʿ, 

- ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʠʤ ʠ ʪʝʦʨʠʿʩʢʠʤ ʠʩʪʨʘʞʠʚʘˁʠʤʘ ʿʝ ʤʦʛʫ˂ʝ ʫʪʚʨʜʠʪʠ ʚʨʩʪʫ ʠ 
ʧʦʪʨʝʙʥʫ ʢʦʣʠʯʠʥʫ ʝʢʩʧʣʦʟʠʚʘ ʠ ʜʨʫʛʝ ʧʘʨʘʤʝʪʨʝ ʝʢʩʧʣʦʟʠʚʥʦʛ ʟʘʚʘʨʠʚʘˁʘ ʟʘ 

ʦʩʪʚʘʨʠʚʘˁʝ ʢʚʘʣʠʪʝʪʥʦʛ ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ,  

- ʊʝʦʨʠʿʩʢʘ ʨʘʟʤʘʪʨʘˁʘ ʝʢʩʧʣʦʟʠʚʥʦʛ ʟʘʚʘʨʠʚʘˁʘ ʤʦʛʫ ʩʝ ʧʦʪʚʨʜʠʪʠ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʤ ʠʩʧʠʪʠʚʘˁʠʤʘ, 

- ɽʢʩʧʣʦʘʪʘʮʠʦʥʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʘʣʘʪʘ ʦʜ ʙʠʤʝʪʘʣʥʦʛ ʘʣʘʪʥʦʛ ʯʝʣʠʢʘ ʩʫ ʙʦˀʝ ʦʜ 

ʘʣʘʪʘ ʠʟʨʘʹʝʥʦʛ ʩʘʤʦ ʦʜ ʘʣʘʪʥʦʛ ʯʝʣʠʢʘ. 

 

1.3. ʇʨʠʤʝˁʝʥʝ ʤʝʪʦʜʝ ʫ ʠʩʪʨʘʞʠʚʘˁʫ ʝʢʩʧʣʦʟʠʚʥʦʛ ʟʘʚʘʨʠʚʘˁʘ 

ʋ ʦʢʚʠʨʫ ʦʚʝ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ ʧʨʠʤʝˁʝʥʝ ʩʫ ʩʣʝʜʝ˂ʝ ʥʘʫʯʥʝ ʤʝʪʦʜʝ: 

- ɸʥʘʣʠʪʠʯʢʝ ʤʝʪʦʜʝ ʟʘ ʘʥʘʣʠʟʫ ʠ ʦʙʨʘʜʫ ʜʦʙʠʿʝʥʠʭ ʨʝʟʫʣʪʘʪʘ ʝʢʩʧʝʨʠʤʝʥʘʪʘ, ʠ 

- ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʝ ʤʝʪʦʜʝ ʠʩʪʨʘʞʠʚʘˁʘ ʫʟ ʢʦʨʠʰ˂ʝˁʝ ʨʘʩʧʦʣʦʞʠʚʝ ʤʝʨʥʝ ʦʧʨʝʤʝ. 

ɸʥʘʣʠʪʠʯʢʠʤ ʤʝʪʦʜʘʤʘ ʚʨʰʝʥʠ ʩʫ ʧʦʪʨʝʙʥʠ ʧʨʦʨʘʯʫʥʠ ʝʢʩʧʣʦʟʠʚʥʦʛ ʟʘʚʘʨʠʚʘˁʘ. 

ɼʦʙʠʿʝʥʝ ʚʨʝʜʥʦʩʪʠ ʩʫ ʢʦʨʠʰ˂ʝʥʝ ʧʨʠ ʠʟʚʦʹʝˁʫ ʝʢʩʧʝʨʠʤʝʥʪʘ ʝʢʩʧʣʦʟʠʚʥʦʛ 

ʟʘʚʘʨʠʚʘˁʘ.  

ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʝ ʤʝʪʦʜʝ ʩʫ ʦʙʫʭʚʘʪʘʣʝ ʧʨʠʤʝʥʫ ʩʘʚʨʝʤʝʥʝ ʤʝʨʥʝ ʦʧʨʝʤʝ ʟʘ ʦʜʨʝʹʠʚʘˁʝ 

ʭʝʤʠʿʩʢʦʛ ʩʘʩʪʘʚʘ, ʤʠʢʨʦʪʚʨʜʦ˂ʝ, ʫʜʘʨʥʝ ʞʠʣʘʚʦʩʪʠ, ʝʨʦʟʠʿʝ ʩʧʦʿʘ, ʢʘʦ ʠ ʤʝʪʘʣʫʨʰʢʘ 

ʠʩʧʠʪʠʚʘˁʘ. ɼʦʙʠʿʝʥʠ ʨʝʟʫʣʪʘʪʠ ʪʨʝʙʘ ʜʘ ʧʦʩʣʫʞʝ ʟʘ ʦʮʝʥʫ ʢʚʘʣʠʪʝʪʘ ʜʦʙʠʿʝʥʠʭ 

ʜʚʦʩʣʦʿʥʠʭ ʤʘʪʝʨʠʿʘʣʘ ʦʜ ʯʝʣʠʢʘ. 
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1.4. ʇʦʪʝʥʮʠʿʘʣʥʘ ʧʨʠʤʝʥʘ 

ʇʦʪʝʥʮʠʿʘʣʥʘ ʧʨʠʤʝʥʘ ʝʢʩʧʣʦʟʠʚʥʦʛ ʟʘʚʘʨʠʚʘˁʘ ʘʣʘʪʥʠʭ ʠ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʯʝʣʠʢʘ ʩʝ 

ʤʦʞʝ ʥʘ˂ʠ ʫ ʠʟʨʘʜʠ ʠʥʜʫʩʪʨʠʿʩʢʠʭ ʥʦʞʝʚʘ ʫ ʠʥʜʫʩʪʨʠʿʠ ʧʨʝʨʘʜʝ ʧʘʧʠʨʘ, ʜʫʚʘʥʘ ʠ ʜʨʫʛʠʭ 

ʥʝʤʝʪʘʣʥʠʭ ʤʘʪʝʨʠʿʘʣʘ. ɿʘ ʜʦʙʠʿʘˁʝ ʢʚʘʣʠʪʝʪʥʦʛ ʨʝʟʘ ʥʦʞʝʚʠ ʩʝ ʠʟʨʘʹʫʿʫ ʦʜ ʧʦʛʦʜʥʦʛ 

ʤʘʪʝʨʠʿʘʣʘ ʟʘ ʩʚʦʿʫ ʥʘʤʝʥʫ ʫ ʠʥʜʫʩʪʨʠʿʠ. ʅʘʿʯʝʰ˂ʝ ʩʫ ʪʦ ʯʝʣʠʮʠ ʣʝʛʠʨʘʥʠ ʭʨʦʤʦʤ, 

ʚʦʣʬʨʘʤʦʤ, ʚʘʥʘʜʠʿʫʤʦʤ ʠ ʤʦʣʠʙʜʝʥʦʤ (ʧʦʟʥʘʪʠ ʧʦʜ ʥʘʟʠʚʦʤ OCR ʯʝʣʠʮʠ). ʅʘʢʦʥ 

ʪʝʨʤʠʯʢʝ ʦʙʨʘʜʝ ʜʝʣʦʚʠ ʠʤʘʿʫ ʚʝʣʠʢʫ ʪʚʨʜʦ˂ʫ ʠ ʢʨʪʦʩʪ. ʇʦʩʪʫʧʢʦʤ ʝʢʩʧʣʦʟʠʚʥʦʛ 

ʟʘʚʘʨʠʚʘˁʘ ʤʦʛʫ˂ʝ ʿʝ ʠʟʨʘʜʠʪʠ ʥʦʞʝʚʝ ʯʠʿʘ ʿʝ ʦʰʪʨʠʮʘ ʦʜ ʘʣʘʪʥʦʛ ʯʝʣʠʢʘ ʦʪʧʦʨʥʦʛ ʥʘ 

ʭʘʙʘˁʝ ʠ ʚʝʣʠʢʝ ʪʚʨʜʦ˂ʝ, ʜʦʢ ʤʫ ʢʦʥʩʪʨʫʢʮʠʦʥʠ ʯʝʣʠʢ ʜʘʿʝ ʥʝʦʧʭʦʜʥʫ ʞʠʣʘʚʦʩʪ ʠ 

ʩʧʨʝʯʘʚʘ ʧʫʮʘˁʝ ʥʦʞʘ. ɼʨʫʛʘ ʧʨʝʜʥʦʩʪ ʿʝ ʥʠʞʘ ʮʝʥʘ ʠ ʫʰʪʝʜʘ ʤʘʪʝʨʠʿʘʣʘ. ʂʦʜ ʦʚʘʢʦ 

ʠʟʨʘʹʝʥʦʛ ʥʦʞʘ ʩʘʤʦ ʿʝ ʦʰʪʨʠʮʘ ʦʜ ʘʣʘʪʥʦʛ ʯʝʣʠʢʘ, ʧʨʠ ʯʝʤʫ ʿʝ ʜʦ 75% ʥʦʞʘ ʠʟʨʘʹʝʥʦ 

ʦʜ ʢʦʥʩʪʨʫʢʮʠʦʥʦʛ ʯʝʣʠʢʘ. ʆhʪʨʝˁʝ ʩʘʤʦʛ ʥʦʞʘ, ʦʜʥʦʩʥʦ ʭʘʙʘˁʝ ʙʨʫʩʥʝ ʧʣʦʯʝ ʿʝ 

ʩʤʘˁʝʥʦ ʟʙʦʛ ʧʨʠʩʫʩʪʚʘ ʢʦʥʩʪʨʫʢʮʠʦʥʦʛ ʯʝʣʠʢʘ ʤʘˁʝ ʪʚʨʜʦ˂ʝ. ʉʧʨʝʯʝʥʘ ʿʝ ʤʦʛʫ˂ʥʦʩʪ 

ʧʨʦʛʦʨʝʚʘˁʘ ʦʰʪʨʠʮʝ ʫ ʪʦʢʫ ʢʘˀʝˁʘ ʿʝʨ ʩʝ ʪʦʧʣʦʪʘ ʦʜʚʦʜʠ ʥʘ ʩʪʨʘʥʫ ʢʦʥʩʪʨʫʢʮʠʦʥʦʛ 

ʯʝʣʠʢʘ (Pejļinoviĺ, 2000). ʀʥʜʫʩʪʨʠʿʩʢʠ ʥʦʞʝʚʠ ʩʝ ʢʦʨʠʩʪʝ ʟʘ ʩʝʯʝˁʝ ʢʦʞʝ, ʪʝʢʩʪʠʣʘ, 

ʜʫʚʘʥʘ, ʧʣʘʩʪʠʢʝ, ʛʫʤʝ, ʧʘʧʠʨʘ, ʨʘʟʥʠʭ ʚʨʩʪʘ ʧʝʥʘ, ʚʦ˂ʘ ʠ ʧʦʚʨ˂ʘ. 

ʄʘʪʝʨʠʿʘʣʠ ʦʜ ʢʦʿʠʭ ʩʝ ʠʟʨʘʹʫʿʫ ʥʦʞʝʚʠ ʤʦʛʫ ʙʠʪʠ ʫʛˀʝʥʠʯʥʠ ʯʝʣʠʢ, ʥʝʨʹʘʿʫʠ˂ ʯʝʣʠʢ, 

ʠʪʜ. 

ʇʨʝʤʘ ʥʘʤʝʥʠ ʥʦʞʝʚʠ ʩʝ ʤʦʛʫ ʧʦʜʝʣʠʪʠ ʥʘ (YS&K, 2023): 

- ʂʨʫʞʥʝ ʥʦʞʝʚʝ (Circular Knives), 

- ʅʦʞʝʚʝ ʟʘ ʦʜʩʝʮʘˁʝ (Cutoff Blades) ʠ 

- ʇʨʘʚʝ ʥʦʞʝʚʝ (Straight Knives). 

 

ʉʣʠʢʘ 1.1. ʈʘʟʥʝ ʚʨʩʪʝ ʢʨʫʞʥʠʭ ʥʦʞʝʚʘ (YS&K, 2023). 

ʂʨʫʞʥʠ ʥʦʞʝʚʠ (ʩʣʠʢʘ 1.1) ʠ ʧʨʘʚʠ ʥʦʞʝʚʠ (ʩʣʠʢʝ 1.2 ʠ 1.3) ʩʫ ʨʘʟʣʠʯʠʪʠʭ ʦʙʣʠʢʘ ʠ 

ʜʠʤʝʥʟʠʿʘ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʤʘʰʠʥʘ ʠ ʩʝʯʝʥʠʭ ʤʘʪʝʨʠʿʘʣʘ ʢʦʿʝ ʩʝ ʢʦʨʠʩʪʝ ʫ ʨʘʟʣʠʯʠʪʠʤ 

ʠʥʜʫʩʪʨʠʿʘʤʘ. ʄʘʪʝʨʠʿʘʣʠ ʩʝʯʠʚʘ, ʜʫʞʠʥʘ ʠʚʠʮʘ ʠ ʧʨʦʬʠʣʠ, ʧʦʚʨʰʠʥʩʢʘ ʦʙʨʘʜʘ ʠ 

ʧʨʝʚʣʘʢʝ ʩʫ ʧʨʠʣʘʛʦʹʝʥʝ ʟʘ ʩʝʯʝˁʝ ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ ʤʘʪʝʨʠʿʘʣʘ, ʢʘʦ ʰʪʦ ʩʫ: ʧʘʧʠʨ, ʢʘʨʪʦʥ, 

ʤʝʩʦ, ʬʦʣʠʿʝ ʨʘʟʣʠʯʠʪʦʛ ʧʦʨʝʢʣʘ (ʧʦʣʠʤʝʨʥʝ ʠ ʤʝʪʘʣʥʝ), ʭʨʘʥʘ, ʧʦʣʠʤʝʨʠ, ʧʝʢʘʨʩʢʠ 

ʧʨʦʠʟʚʦʜʠ, ʧʨʦʠʟʚʦʜʠ ʦʜ ʜʨʚʝʪʘ, ʤʘʰʠʥʝ ʟʘ ʥʘʤʦʪʘʚʘˁʝ ʠ ʜʨ. 
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ʉʣʠʢʘ 1.2. ʈʘʟʥʝ ʚʨʩʪʝ ʥʘʟʫʙˀʝʥʠʭ ʥʦʞʝʚʘ ʟʘ ʦʜʩʝʮʘˁʝ (YS&K, 2023). 

ʇʦʨʝʜ ʛʦʨʝ ʥʘʚʝʜʝʥʠʭ ʤʘʪʝʨʠʿʘʣʘ, ʥʘʟʫʙˀʝʥʠ ʥʦʞʝʚʠ (ʩʣʠʢʘ 1.2) ʤʦʛʫ ʩʝ ʢʦʨʠʩʪʠʪʠ ʠ ʟʘ 

ʩʝʯʝˁʝ ʧʨʠ ʧʨʝʨʘʜʠ ʤʝʩʘ/ʭʨʘʥʝ, ʩʝʯʝˁʝ ʧʝʢʘʨʩʢʠʭ ʠ ʧʦʩʣʘʩʪʠʯʘʨʩʢʠʭ ʧʨʦʠʟʚʦʜʘ, ʩʝʯʝˁʝ 

ʪʫʙʘ ʬʦʣʠʿʘ, ʦʨʝʟʠʚʘˁʝ ʜʨʚʝʘ˂ ʠ ʜʨ. 

 

ʉʣʠʢʘ 1.3. ʈʘʟʥʝ ʚʨʩʪʝ ʤʘʩʠʚʥʠʭ ʨʘʚʥʠʭ ʥʦʞʝʚʘ (YS&K, 2023). 

ʈʝʟʥʘ ʠʚʠʮʘ ʩʚʘʢʦʛ ʨʘʚʥʦʛ ʥʦʞʘ (ʩʣʠʢʘ 1.3) ʤʦʞʝ ʩʝ ʧʨʠʣʘʛʦʜʠʪʠ ʢʘʢʦ ʙʠ ʩʝ ʦʙʝʟʙʝʜʠʦ 

ʥʘʿʯʠʩʪʠʿʠ ʠ ʥʘʿʝʬʠʢʘʩʥʠʿʠ ʤʦʛʫʠ˂ ʨʝʟ. ʇʦʨʝʜ ʥʘʚʝʜʝʥʠʭ ʤʘʪʝʨʠʿʘʣʘ ʤʦʛʫ ʩʝ ʢʦʨʠʩʪʠʪʠ 

ʠ ʟʘ ʩʝʯʝˁʝ ʬʦʣʠʿʘ/ʮʝʚʠ, ʧʨʦʠʟʚʦʜʘ ʦʜ ʜʨʚʝʪʘ, ʚʠʥʠʣʘ ʠ ʜʨ. 

 

1.5. ʉʪʨʫʢʪʫʨʘ ʜʠʩʝʨʪʘʮʠʿʝ 

ʉʘʜʨʞʘʿ ʜʠʩʝʨʪʘʮʠʿʝ ʿʝ ʧʨʦʠʩʪʝʢʘʦ ʠʟ ʞʝˀʝ ʠ ʤʦʪʠʚʘʮʠʿʝ ʟʘ ʠʩʪʨʘʞʠʚʘˁʝʤ ʦʧʠʩʘʥʠʤ ʫ 

ʫʚʦʜʥʠʤ ʨʘʟʤʘʪʨʘˁʠʤʘ. ʆʧʠʩʘʥ ʿʝ ʧʨʝʜʤʝʪ ʠ ʮʠˀ ʜʠʩʝʨʪʘʮʠʿʝ, ʢʘʦ ʠ ʧʦʣʘʟʥʝ ʭʠʧʦʪʝʟʝ. 

ɽʢʩʧʣʦʟʠʚʥʦ ʟʘʚʘʨʠʚʘˁʝ ʧʨʝʜʩʪʘʚˀʘ ʧʦʩʪʫʧʘʢ ʫ ʢʦʿʝʤ ʩʝ ʟʘ ʩʪʚʘʨʘˁʝ ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ 

ʢʦʨʠʩʪʠ ʭʝʤʠʿʩʢʘ ʝʥʝʨʛʠʿʘ ʝʢʩʧʣʦʟʠʚʘ. ɼʝʦ ʫʥʫʪʨʘʰˁʝ ʝʥʝʨʛʠʿʝ ʝʢʩʧʣʦʟʠʚʘ ʩʝ ʧʨʝʪʚʘʨʘ 

ʫ ʢʠʥʝʪʠʯʢʫ ʝʥʝʨʛʠʿʫ ʛʘʩʦʚʠʪʠʭ ʧʨʦʜʫʢʘʪʘ ʜʝʪʦʥʘʮʠʿʝ, ʢʦʿʠ ʩʝ ʢʦʨʠʩʪʝ ʟʘ ʧʦʢʨʝʪʘˁʝ 

ʤʝʪʘʣʥʠʭ ʜʝʣʦʚʘ ʠ ʬʦʨʤʠʨʘˁʝ ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ. ʇʦʙʦˀʰʘʥʠ ʤʘʪʝʨʠʿʘʣʠ ʜʦʙʠʿʝʥʠ ʥʘ 

ʦʚʘʢʘʚ ʥʘʯʠʥ ʠʤʘʿʫ ʩʚʝ ʚʝ˂ʫ ʧʨʠʤʝʥʫ ʫ ʠʥʜʫʩʪʨʠʿʠ. ʆʙʿʘʰˁʝʥʝ ʩʫ ʧʨʝʜʥʦʩʪʠ ʦʚʦʛ 

ʧʨʦʮʝʩʘ ʟʘʚʘʨʠʚʘˁʘ: 
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- ʅʝʤʘ ʦʛʨʘʥʠʯʝˁʘ ʧʦ ʧʠʪʘˁʫ ʢʦʤʙʠʥʘʮʠʿʝ ʤʝʪʘʣʘ ʢʦʿʠ ʩʝ ʟʘʚʘʨʫʿʝ, 

- ɿʙʦʛ ʬʠʟʠʢʝ ʧʨʦʮʝʩʘ, ʝʢʩʧʣʦʟʠʚ ʿʝ ʠʩʪʦʚʨʝʤʝʥʦ ʠʟʚʦʨ ʝʥʝʨʛʠʿʝ ʠ ʘʣʘʪ ʠ 

- ʅʝ ʧʦʩʪʦʿʠ ʦʛʨʘʥʠʯʝˁʝ ʧʦ ʧʠʪʘˁʫ ʚʝʣʠʯʠʥʝ ʧʦʚʨʰʠʥʝ ʢʦʿʝ ʩʝ ʟʘʚʘʨʫʿʫ. 

ʋ ʜʨʫʛʦʤ ʧʦʛʣʘʚˀʫ ʜʘʪʠ ʩʫ ʪʝʦʨʠʿʩʢʠ ʘʩʧʝʢʪʠ ʝʢʩʧʣʦʟʠʚʥʦʛ ʟʘʚʘʨʠʚʘˁʘ. 

ʅʝʢʦʥʚʝʮʠʦʥʘʣʥʠ ʧʦʩʪʫʧʘʢ ʝʢʩʧʣʦʟʠʚʥʦʛ ʟʘʚʘʨʠʚʘˁʘ ʧʨʚʝʥʩʪʚʝʥʦ ʩʝ ʙʘʚʠ ʩʧʘʿʘˁʝʤ 

ʢʦʥʩʪʨʫʢʮʠʦʥʠʭ ʤʘʪʝʨʠʿʘʣʘ, ʢʘʦ ʰʪʦ ʩʫ ʫʛˀʝʥʠʯʥʠ ʯʝʣʠʢ, ʩʘ ʩʢʫʧʠʤ ʤʘʪʝʨʠʿʘʣʠʤʘ 

ʚʠʩʦʢʦ ʦʪʧʦʨʥʠʤ ʥʘ ʢʦʨʦʟʠʿʫ, ʢʘʦ ʰʪʦ ʿʝ ʥʝʨʹʘʿʫ˂ʠ ʯʝʣʠʢ ʠʣʠ ʘʣʫʤʠʥʠʿʫʤ. ʎʝʥʘ 

ʜʦʙʠʿʝʥʠʭ ʤʘʪʝʨʠʿʘʣʘ ʦʚʠʤ ʧʦʩʪʫʧʢʦʤ ʿʝ ʙʣʠʞʘ ʮʝʥʠ ʢʦʥʩʪʨʫʢʮʠʦʥʦʛ ʯʝʣʠʢʘ. ʆʚʘʢʦ 

ʜʦʙʠʿʝʥʠ ʤʘʪʝʨʠʿʘʣ ʧʦʩʝʜʫʿe ʚʠʩʦʢʫ ʢʦʨʦʟʠʦʥʫ ʦʪʧʦʨʥʦʩʪ ʧʦʚʨʰʠʥʩʢʦʛ ʩʣʦʿʘ, ʜʦʢ 

ʦʩʥʦʚʥʘ ʩʪʨʫʢʪʫʨʘ ʠʤʘ ʦʩʦʙʠʥʝ ʢʦʥʩʪʨʫʢʮʠʦʥʦʛ ʯʝʣʠʢʘ. ɼʨʫʛʘ ʧʨʠʤʝʥʘ ʝʢʩʧʣʦʟʠʚʥʦʛ 

ʟʘʚʘʨʠʚʘˁʘ ʿʝ ʠʟʨʘʜʘ ʙʠʤʝʪʘʣʥʠʭ ʨʝʟʥʠʭ ʘʣʘʪʘ ʠ ʙʠʤʝʪʘʣʥʠʭ ʠʥʜʫʩʪʨʠʿʩʢʠʭ ʘʣʘʪʘ ʟʘ 

ʩʝʯʝˁʝ, ʯʠʤʝ ʿʝ ʦʜʥʦʩʫ ʥʘ ʢʣʘʩʠʯʥʝ ʘʣʘʪʝ ʦʤʦʛʫ˂ʝʥʘ ʫʰʪʝʜʘ ʩʢʫʧʠʭ ʘʣʘʪʥʠʭ ʯʝʣʠʢʘ, ʘ 

ʜʦʙʠʿʝʥʠ ʘʣʘʪʠ ʠʤʘʿʫ ʧʦʙʦˀʰʘʥʘ ʩʚʦʿʩʪʚʘ (ʧʦʚʝ˂ʘʥʫ ʞʠʣʘʚʦʩʪ ʫʟ ʟʘʜʨʞʘʚʘˁʝ ʪʚʨʜʦ˂ʝ 

ʨʝʟʥʦʛ ʜʝʣʘ ʘʣʘʪʘ). ʆʚʘ ʪʝʭʥʦʣʦʛʠʿʘ ʩʝ ʤʦʞʝ ʢʦʨʠʩʪʠʪʠ ʠ ʟʘ ʜʦʙʠʿʘˁʝ ʪʚʨʜʠʭ ʦʢʣʦʧʥʠʭ 

ʧʣʦʯʘ ʟʘ ʙʘʣʠʩʪʠʯʢʫ ʟʘʰʪʠʪʫ ʧʨʠ ʢʦʿʝʤ ʧʦʚʨʰʠʥʝ ʧʦʧʨʠʤʘʿʫ ʦʩʦʙʠʥʝ ʪʚʨʜʦʛ ʯʝʣʠʢʘ ʜʦʢ 

ʫʥʫʪʨʘʰˁʠ ʜʝʦ ʟʘʜʨʞʘʚʘ ʦʩʦʙʠʥʝ ʢʦʥʩʪʨʫʢʮʠʦʥʦʛ ʯʝʣʠʢʘ. ʋ ʦʚʦʤ ʧʦʛʣʘʚˀʫ ʿʝ ʜʘʪ ʧʨʠʢʘʟ 

ʣʠʪʝʨʘʪʫʨʥʠʭ ʧʦʜʘʪʘʢʘ ʚʝʟʘʥʠʭ ʟʘ ʪʝʦʨʠʿʩʢʘ ʨʘʟʤʘʪʨʘˁʘ ʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʘ 

ʠʩʪʨʘʞʠʚʘˁʘ. 

ʊʨʝ˂ʝ ʧʦʛʣʘʚˀʝ ʦʧʠʩʫʿʝ ʙʝʟʙʝʜʥʦʩʥʝ ʘʩʧʝʢʪʝ ʠʟʚʦʹʝˁʘ ʥʝʢʦʥʚʝʥʮʠʦʥʘʣʥʦʛ ʧʦʩʪʫʧʢʘ 

ʝʢʩʧʣʦʟʠʚʥʦʛ ʟʘʚʘʨʠʚʘˁʘ. ʇʨʠʣʠʢʦʤ ʠʟʚʦʹʝˁʘ ʧʦʩʪʫʧʢʘ ʝʢʩʧʣʦʟʠʚʥʦʛ ʟʘʚʘʨʠʚʘˁʘ ʤʦʨʘ 

ʩʝ ʩʪʨʦʛʦ ʚʦʜʠʪʠ ʨʘʯʫʥʘ ʦ ʙʝʟʙʝʜʥʦʩʪʠ. ʇʦʟʥʘʚʘˁʝ ʧʨʘʚʠʣʥʠʢʘ ʧʨʠ ʨʘʜʫ ʩʘ ʝʢʩʧʣʦʟʠʚʥʠʤ 

ʩʨʝʜʩʪʚʠʤʘ ʢʘʦ ʿʝʜʥʠʤ ʦʜ ʨʠʟʠʯʥʠʭ ʧʨʦʮʝʩʘ ʿʝ ʥʝʦʧʭʦʜʥʦ (ʇʨʘʚʠʣʥʠʢ, 2005). ʇʨʦʮʝʜʫʨʝ 

ʟʘ ʧʠʨʦʪʝʭʥʠʯʢʫ ʙʝʟʙʝʜʥʦʩʪ, ʧʨʦʮʝʥʫ ʨʠʟʠʢʘ ʠ ʦʧʘʩʥʦʩʪʠ ʧʨʠ ʠʟʚʦʹʝˁʫ ʝʢʩʧʣʦʟʠʚʥʦʛ 

ʟʘʚʘʨʠʚʘˁʘ ʫ ʥʘʰʦʿ ʟʝʤˀʠ ʥʠʩʫ ʜʝʬʠʥʠʩʘʥʝ. ʇʦʟʥʘʚʘˁʝ ʠ ʧʨʠʤʝʥʘ ʤʝʨʘ ʙʝʟʙʝʜʥʦʩʪʠ, 

ʦʜʥʦʩʥʦ ʮʝʣʦʢʫʧʥʦʛ ʩʠʩʪʝʤʘ ʧʠʨʦʪʝʭʥʠʯʢʝ ʙʝʟʙʝʜʥʦʩʪʠ, ʦʜʨʝʹʠʚʘˁʝ ʰʪʠ˂ʝʥʠʭ ʩʠʩʪʝʤʘ, 

ʠʜʝʥʪʠʬʠʢʘʮʠʿʘ ʭʘʟʘʨʜʘ, ʦʧʘʩʥʦʩʪʠ, ʫʧʨʘʚˀʘˁʝ ʨʠʟʠʢʦʤ ʠ ˁʝʛʦʚʘ ʧʨʦʮʝʥʘ, ʩʫ ʦʩʥʦʚʥʠ 

ʫʩʣʦʚ ʟʘ ʙʠʣʦ ʢʘʢʘʚ ʦʟʙʠˀʥʠʿʠ ʨʘʜ ʩʘ ʝʢʩʧʣʦʟʠʚʥʠʤ ʩʨʝʜʩʪʚʠʤʘ (Kekoviĺ, 2011). ɿʙʦʛ 

ʪʦʛʘ ʝʿ ʫ ʦʚʦʤ ʧʦʛʣʘʚˀʫ ʧʦʩʝʙʥʘ ʧʘʞˁʘ ʜʘʪʘ ʥʝʦʧʭʦʜʥʠʤ ʘʢʪʠʚʥʦʩʪʠʤʘ ʩʧʝʮʠʬʠʯʥʠʤ ʟʘ 

ʝʢʩʧʣʦʟʠʚʥʦ ʟʘʚʘʨʠʚʘˁʝ ʠ ʦʙʝʟʙʝʹʝˁʝ ʧʠʨʦʪʝʭʥʠʯʢʝ ʙʝʟʙʝʜʥʦʩʪʠ.  

ʋ ʥʘʨʝʜʥʦʤ, ʯʝʪʚʨʪʦʤ ʧʦʛʣʘʚˀʫ ʦʧʠʩʘʥʠ ʩʫ ʨʝʘʣʠʟʦʚʘʥʠ ʧʨʦʨʘʯʫʥʠ ʠ ʧʨʠʧʨʝʤʝ ʟʘ 

ʝʢʩʧʝʨʠʤʝʥʪʝ. ʇʨʠʧʨʝʤʝ ʟʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʘ ʠʩʪʨʘʞʠʚʘˁʘ ʩʫ ʦʙʫʭʚʘʪʘʣʘ ʧʨʦʨʘʯʫʥ 

ʧʘʨʘʤʝʪʘʨʘ ʟʘʚʘʨʠʚʘˁʘ, ʦʙʝʟʙʝʹʝˁ ʝ ʧʦʣʘʟʥʠʭ ʤʘʪʝʨʠʿʘʣʘ, ʝʢʩʧʣʦʟʠʚʘ, 

ʝʣʝʢʪʨʦʜʝʪʦʥʘʪʦʨʩʢʠʭ ʢʘʧʠʩʣʠ, ʧʣʦʯʘ, ʢʫʪʠʿʘʩʪʠʭ ʝʣʝʤʝʥʘʪʘ ʠ ʜʨ. ʀʟʚʨʰʝʥʦ ʿʝ ʩʝʯʝˁʝ 

ʫʟʦʨʘʢʘ ʥʘ ʧʦʪʨʝʙʥʝ ʜʠʤʝʥʟʠʿʝ ʠ ʫʢʣʘˁʘˁʝ ʦʢʩʠʜʥʦʛ ʩʣʦʿʘ, ʬʦʨʤʠʨʘʥʠ ʩʫ ʢʫʪʠʿʘʩʪʠ 

ʝʣʝʤʝʥʪʠ ʩʘ ʤʝʩʪʦʤ ʟʘ ʝʣʝʢʪʨʦʜʝʪʦʥʘʪʦʨʩʢʫ ʢʘʧʠʩʣʫ, ɽɼʂ-8. ʆʙʝʟʙʝʹʝʥʠ ʩʫ ʘʣʘʪʠ ʠ 

ʧʨʠʙʦʨ ʟʘ ʪʝʨʝʥʩʢʝ ʫʩʣʦʚʝ ʠ ʦʙʝʟʙʝʹʝʥʠ ʩʫ ʘʜʝʢʚʘʪʥʠ ʧʦʣʠʛʦʥʠ ʟʘ ʠʟʚʦʹʝˁʝ 

ʝʢʩʧʝʨʠʤʝʥʪʘ. ɿʘ ʨʝʘʣʠʟʘʮʠʿʫ ʝʢʩʧʝʨʠʤʝʥʪʘ ʦʙʝʟʙʝʹʝʥʘ ʩʫ ʩʪʨʫʯʥʘ ʣʠʮʘ - 

ʧʠʨʦʪʝʭʥʠʯʘʨʠ. 

ʋ ʧʝʪʦʤ ʧʦʛʣʘʚˀʫ ʦʧʠʩʘʥʝ ʩʫ ʤʝʪʦʜʝ ʠʩʧʠʪʠʚʘˁʘ ʠ ʤʝʨʥʘ ʦʧʨʝʤʘ. ʆʧʠʩʘʥ ʿʝ ʥʘʯʠʥ 

ʧʨʠʧʨʝʤʝ ʫʟʦʨʘʢʘ ʟʘ ʨʘʟʣʠʯʠʪʝ ʪʝʩʪʦʚʝ: ʫʣʪʨʘʟʚʫʯʥʘ ʜʝʬʝʢʪʦʩʢʦʧʠʿʘ, ʨʝʥʜʛʝʥʦʛʨʘʬʩʢʘ 

ʠʩʧʠʪʠʚʘˁʘ, ʤʝʪʘʣʫʨʰʢʘ ʠʩʧʠʪʠʚʘˁʘ, ʠʩʧʠʪʠʚʘˁʝ ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ ʪʝʯʥʠʤ 

ʧʝʥʝʪʨʘʥʪʠʤʘ, ʢʘʚʠʪʘʮʠʦʥʘ ʠʩʧʠʪʠʚʘˁʘ, ʠʩʧʠʪʠʚʘˁʝ ʤʝʭʘʥʠʯʢʠʭ ʩʚʦʿʩʪʘʚʘ ʠ ʜʨ. ɿʘ ʩʚʘ 

ʠʩʧʠʪʠʚʘˁʘ ʿʝ ʢʦʨʠʰ˂ʝʥʘ ʩʘʚʨʝʤʝʥʘ ʤʝʨʥʘ ʦʧʨʝʤʘ. ʈʝʟʫʣʪʘʪʠ ʠʩʧʠʪʠʚʘˁʘ ʩʫ 

ʩʠʩʪʝʤʘʪʠʟʦʚʘʥʠ ʠ ʧʨʝʟʝʥʪʦʚʘʥʠ ʫ ʦʜʛʦʚʘʨʘʿʫ˂ʠʤ ʪʘʙʝʣʘʤʘ ʠ ʜʠʿʘʛʨʘʤʠʤʘ. 

ʐʝʩʪʦ ʧʦʛʣʘʚˀʝ ʩʘʜʨʞʠ ʘʥʘʣʠʟʫ ʜʦʙʠʿʝʥʠʭ ʨʝʟʫʣʪʘʪʘ ʠʩʪʨʘʞʠʚʘˁʘ. ɸʥʘʣʠʟʘ ʨʝʟʫʣʪʘʪʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʭ ʠʩʧʠʪʠʚʘˁʘ ʝʿ ʦʤʦʛʫ˂ʠʣʘ ʜʝʬʠʥʠʩʘˁʝ ʤʦʜʝʣʘ ʟʘ ʧʨʦʮʝʥʫ ʢʚʘʣʠʪʝʪʘ 
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ʩʧʦʿʘ ʜʦʙʠʿʝʥʦʛ ʝʢʩʧʣʦʟʠʚʥʠʤ ʟʘʚʘʨʠʚʘˁʝʤ. ʋʩʧʦʩʪʘʚˀʘˁʝʤ ʤʝʹʫʩʦʙʥʠʭ ʟʘʚʠʩʥʦʩʪʠ 

ʠʟʤʝʹʫ ʫʩʣʦʚʘ ʠ ʨʝʟʫʣʪʘʪʘ ʝʢʩʧʝʨʠʤʝʥʘʪʘ ʦʤʦʛʫ˂ʝʥ ʿʝ ʠʟʙʦʨ ʘʜʝʢʚʘʪʥʠʭ ʧʘʨʘʤʝʪʨʘ ʟʘ 

ʜʦʙʠʿʘˁʝ ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ ʠ ʦʮʝʥʫ ʢʚʘʣʠʪʝʪʘ ʦʩʪʚʘʨʝʥʦʛ ʩʧʦʿʘ. ʈʝʟʫʣʪʘʪʠ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʭ ʠʩʧʠʪʠʚʘˁʘ ʩʫ ʩʪʚʦʨʠʣʠ ʫʩʣʦʚ ʟʘ ʬʦʨʤʠʨʘˁʝ ʥʫʤʝʨʠʯʢʦʛ ʤʦʜʝʣʘ ʟʘ 

ʩʠʤʫʣʘʮʠʿʫ ʝʢʩʧʣʦʟʠʚʥʦʛ ʟʘʚʘʨʠʚʘˁʘ.  

ʅʘ ʦʩʥʦʚʫ ʜʦʩʪʫʧʥʝ ʣʠʪʝʨʘʪʫʨʝ, ʠʟʚʝʜʝʥʠʭ ʝʢʩʧʝʨʠʤʝʥʘʪʘ, ʫʨʘʹʝʥʠʭ ʠʩʧʠʪʠʚʘˁʘ, 

ʨʝʟʫʣʪʘʪʘ ʤʝʨʝˁʘ ʫʟʦʨʘʢʘ ʠ ˁʠʭʦʚʝ ʘʥʘʣʠʟʝ ʫ ʩʝʜʤʦʤ ʧʦʛʣʘʚˀʫ ʜʘʪ ʿʝ ʟʘʢˀʫʯʘʢ ʠ ʧʨʘʚʮʠ 

ʙʫʜʫ˂ʠʭ ʠʩʪʨʘʞʠʚʘˁʘ. ʋʢʘʟʘʥʦ ʿʝ ʥʘ ʤʝʪʦʜʝ ʥʘʿʧʦʛʦʜʥʠʿʝ ʟʘ ʦʮʝʥʫ ʢʚʘʣʠʪʝʪʘ ʟʘʚʘʨʝʥʠʭ 

ʧʣʦʯʘ. ʅʘʚʝʜʝʥ ʿʝ ʜʦʧʨʠʥʦʩ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ, ʢʘʦ ʠ ʧʨʘʚʮʠ ʜʘʠˀʭ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʭ ʠʩʪʨʘʞʠʚʘˁʘ. 

ʋ ʧʦʩʣʝʜˁʝʤ ʧʦʛʣʘʚˀʫ ʧʨʠʢʘʟʘʥʘ ʿʝ ʢʦʨʠʰ˂ʝʥʘ ʣʠʪʝʨʘʪʫʨʘ ʧʨʠ ʠʟʨʘʜʠ ʜʠʩʝʨʪʘʮʠʿʝ. 
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2. ʊɽʆʈʀɱʉʂʀ ɸʉʇɽʂʊ ɽʂʉʇʃʆɿʀɺʅʆɻ

 ɿɸɺɸʈʀɺɸɳɸ 

 

ɽʢʩʧʣʦʟʠʚʥʦ ʟʘʚʘʨʠʚʘˁʝ ʧʨʝʜʩʪʘʚˀʘ ʧʦʩʪʫʧʘʢ ʫ ʢʦʿʝʤ ʩʝ ʟʘ ʩʪʚʘʨʘˁʝ ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ 

ʢʦʨʠʩʪʠ ʭʝʤʠʿʩʢʘ ʝʥʝʨʛʠʿʘ ʝʢʩʧʣʦʟʠʚʘ. ɼʝʦ ʫʥʫʪʨʘʰˁʝ ʝʥʝʨʛʠʿʝ ʝʢʩʧʣʦʟʠʚʘ ʩʝ ʧʨʝʪʚʘʨʘ 

ʫ ʢʠʥʝʪʠʯʢʫ ʝʥʝʨʛʠʿʫ ʛʘʩʦʚʠʪʠʭ ʧʨʦʜʫʢʘʪʘ ʜʝʪʦʥʘʮʠʿʝ, ʢʦʿʠ ʩʝ ʢʦʨʠʩʪʝ ʟʘ ʧʦʢʨʝʪʘˁʝ 

ʤʝʪʘʣʥʠʭ ʜʝʣʦʚʘ ʠ ʬʦʨʤʠʨʘˁʝ ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ. ʆʚʘʿ ʪʝʭʥʦʣʦʰʢʠ ʧʦʩʪʫʧʘʢ ʩʝ ʢʦʨʠʩʪʠ ʟʘ 

ʩʧʘʿʘˁʝ ʜʚʘ ʨʘʟʥʦʨʦʜʥʘ ʤʘʪʝʨʠʿʘʣʘ ʢʦʿʠ ʩʝ ʠʥʘʯʝ ʥʝ ʤʦʛʫ ʩʧʦʿʠʪʠ ʢʣʘʩʠʯʥʠʤ ʧʦʩʪʫʧʮʠʤʘ 

ʟʘʚʘʨʠʚʘˁʘ ʠʣʠ ʿʝ ˁʠʭʦʚʦ ʩʧʘʿʘˁʝ ʟʥʘʪʥʦ ʦʪʝʞʘʥʦ (Blazynski, 1983). ʇʨʝʜʥʦʩʪ ʦʚʦʛ 

ʧʦʩʪʫʧʢʘ ʿʝ ʫ ʪʦʤʝ ʰʪʦ ʩʝ ʩʘ ʿʝʬʪʠʥʠʤ ʤʘʪʝʨʠʿʘʣʠʤʘ, ʥʧʨ. ʘʣʫʤʠʥʠʿʫʤ ʠ ʯʝʣʠʢ (Carvalho, 

2018), (Kovacs, 2015), (Carvalho, 2020) ʤʦʛʫ ʬʦʨʤʠʨʘʪʠ ʟʘʚʘʨʝʥʠ ʩʧʦʿʝʚʠ ʤʘʪʝʨʠʿʘʣʘ ʢʦʿʠ 

ʠʤʘʿʫ ʦʜʣʠʯʥʝ ʤʝʭʘʥʠʯʢʦ-ʭʝʤʠʿʩʢʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ, ʘ ʧʨʠ ʪʦʤ ʥʠʩʫ ʩʢʫʧʠ. ʊʘʢʦʹʝ ʦʚʠʤ 

ʧʦʩʪʫʧʢʦʤ ʿʝ ʤʦʛʫ˂ʝ ʜʦʙʠʪʠ ʚʠʰʝʩʣʦʿʥʝ ʤʘʪʝʨʠʿʘʣʝ ʚʝʣʠʢʠʭ ʧʦʚʨʰʠʥʘ (Lazynski, 1983). 

Oʚʘ ʪʝʭʥʦʣʦʛʠʿʘ ʥʘʣʘʟʠ ʧʨʠʤʝʥʫ ʫ ʙʨʦʜʦʛʨʘʜˁʠ (Corigliano 2018), ʠʥʜʫʩʪʨʠʿʠ ʟʘ ʠʟʨʘʜʫ 

ʢʨʠʦʛʝʥʠʭ, ʝʣʝʢʪʨʠʯʥʠʭ ʠ ʢʦʥʩʪʨʫʢʮʠʦʥʠʭ ʧʨʝʣʘʟʥʠʭ ʩʧʦʿʝʚʘ, ʠʟʨʘʜʫ ʧʦʩʫʜʘ ʠ 

ʮʠʣʠʥʜʘʨʘ (Nobelclad, 2023), (High Energy Metals, Inc, 2023), (Hermetic solutions group, 

2023). ɿʙʦʛ ʢʦʨʠʰ˂ʝˁʘ ʧʨʠʚʨʝʜʥʦʛ ʝʢʩʧʣʦʟʠʚʘ, ʧʦʩʪʫʧʘʢ ʝʢʩʧʣʦʟʠʚʥʦʛ ʟʘʚʘʨʠʚʘˁʘ ʧʨʘʪʝ 

ʦʜʨʝʹʝʥʝ ʦʧʘʩʥʦʩʪʠ. ʀʤʘʿʫ˂ʠ ʦʚʦ ʥʘ ʫʤʫ ʤʦʨʘ ʩʝ ʚʦʜʠʪʠ ʨʘʯʫʥʘ ʦ ʩʚʠʤ ʙʝʟʙʝʜʥʦʩʥʠʤ 

ʘʩʧʝʢʪʠʤʘ ʧʨʠʤʝʥʝ ʦʚʦʛ ʧʦʩʪʫʧʢʘ, ʥʘʨʦʯʠʪʦ ʧʨʠ ʨʫʢʦʚʘˁʫ ʩʘ ʝʢʩʧʣʦʟʠʚʠʤʘ. 

ʉʧʘʿʘˁʝ ʤʝʪʘʣʘ ʝʢʩʧʣʦʟʠʿʦʤ ʦʩʪʚʘʨʫʿʝ ʩʝ ʫʩʣʝʜ ʚʝʦʤʘ ʙʨʟʦʛ ʩʫʜʘʨʘ ʤʝʪʘʣʘ ʧʦʜ ʜʝʿʩʪʚʦʤ 

ʧʨʦʜʫʢʘʪʘ ʜʝʪʦʥʘʮʠʿʝ, ʫʟ ʧʦʿʘʚʫ ʚʠʩʦʢʦʛ ʧʨʠʪʠʩʢʘ ʠ ʧʣʘʩʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʠʿʘ ʫ ʪʘʣʘʩʥʦʿ 

ʬʦʨʤʠ ʥʘ ʛʨʘʥʠʮʠ ʩʧʦʿʘ ʠ ʘʜʠʿʘʙʘʪʩʢʦʛ ʣʦʢʘʣʥʦʛ ʟʘʛʨʝʚʘˁʘ ʧʦʚʨʰʠʥʩʢʠʭ ʩʣʦʿʝʚʘ ʤʝʪʘʣʘ 

(Pejļinoviĺ, 2000), (Ghomi, 2009), (Bataev, 2019). 

ʇʨʦʮʝʩ ʩʧʘʿʘˁʘ ʩʘʩʪʦʿʠ ʩʝ ʫ ʪʦʤʝ ʜʘ ʩʝ ʧʣʦʯʝ ʢʦʿʝ ʩʝ ʟʘʚʘʨʫʿʫ ʧʦʩʪʘʚʝ ʧʘʨʘʣʝʣʥʦ ʠʣʠ ʧʦʜ 

ʦʜʨʝʹʝʥʠʤ ʫʛʣʦʤ ʥʘ ʦʜʛʦʚʘʨʘʿʫ˂ʝʤ ʤʝʹʫʩʦʙʥʦʤ ʨʘʩʪʦʿʘˁʫ. ʅʘ ʧʣʦʯʫ ʢʦʿʘ ʩʝ ʧʦʪʠʩʢʫʿʝ 

ʧʦʩʪʘʚˀʘ ʩʝ ʝʢʩʧʣʦʟʠʚʥʦ ʧʫˁʝˁʝ ʦʜʨʝʹʝʥʝ ʜʝʙˀʠʥʝ. ʀʥʠʮʠʨʘˁʝ ʩʝ ʥʘʿʯʝʰ˂ʝ ʚʨʰʠ ʫ 

ʪʘʯʢʠ ʥʘ ʿʝʜʥʦʿ ʦʜ ʙʦʯʥʠʭ ʩʪʨʘʥʘ ʝʢʩʧʣʦʟʠʚʥʦʛ ʧʫˁʝˁʘ. ʅʘʢʦʥ ʠʥʠʮʠʨʘˁʘ ʧʨʦʮʝʩʘ 

ʜʝʪʦʥʘʮʠʿʝ ʫ ʝʢʩʧʣʦʟʠʚʥʦʤ ʧʫˁʝˁʫ, ʫ ʧʨʦʜʫʢʪʠʤʘ ʜʝʪʦʥʘʮʠʿʝ ʩʝ ʩʪʚʘʨʘ ʚʨʣʦ ʚʠʩʦʢ 

ʧʨʠʪʠʩʘʢ. ʇʨʦʜʫʢʪʠ ʜʝʪʦʥʘʮʠʿʝ ʧʦʪʠʩʢʫʿʫ ʛʦʨˁʫ ʧʣʦʯʫ (ʩʣʠʢʘ 2.1), ʢʦʿʘ ʩʝ ʚʝʣʠʢʦʤ 

ʙʨʟʠʥʦʤ ʩʫʜʘʨʘ ʩʘ ʜʦˁʦʤ ʧʣʦʯʦʤ. ʉʫʜʘʨ ʩʝ ʠʟʚʦʜʠ ʧʦʩʪʝʧʝʥʦ, ʧʨʠ ʯʝʤʫ ʩʝ ʧʦʪʠʩʢʠʚʘʥʘ 

ʧʣʦʯʘ ʟʘʢʨʝ˂ʝ ʠ ʧʨʝʣʘʟʠ ʫ ʢʚʘʟʠ ʪʝʯʥʦ ʩʪʘˁʝ. ʀʩʪʦʚʨʝʤʝʥʦ ʩʝ ʧʦʿʘʚˀʫʿʝ ʪʘʥʛʝʥʮʠʿʘʣʥʘ 

ʢʦʤʧʦʥʝʥʪʘ ʙʨʟʠʥʝ ʩʫʜʘʨʘ ʫ ʧʨʘʚʮʫ ʧʨʦʩʪʠʨʘˁʘ ʪʘʣʘʩʘ ʜʝʪʦʥʘʮʠʿʝ ʢʦʿʘ ʟʘ ʚʨʝʤʝ 

ʧʣʘʩʪʠʯʥʝ ʜʝʬʦʨʤʘʮʠʿʝ ʟʦʥʫ ʩʧʦʿʘ ʤʝʪʘʣʘ ʯʠʥʠ ʪʘʣʘʩʘʩʪʦʤ (Pejļinoviĺ, 2000), (Blazynski, 

1983). 

ɽʢʩʧʣʦʟʠʚʥʦ ʟʘʚʘʨʠʚʘˁʝ ʥʠʿʝ ʫʚʝʢ ʥʘʿʝʢʦʥʦʤʠʯʥʠʿʘ ʪʝʭʥʠʢʘ. ʉʚʘʢʘʢʦ ʫ ʩʣʫʯʘʿʫ 

ʿʝʜʥʦʩʪʘʚʥʦʛ ʟʘʚʘʨʠʚʘˁʘ, ʣʝʤˀʝˁʘ ʠ ʟʘʢʠʚʘˁʘ ʩʪʨʫʢʪʫʨʘ ʥʘ ʣʠʮʫ ʤʝʩʪʘ, ʝʢʩʧʣʦʟʠʚʥʦ 

ʟʘʚʘʨʠʚʘˁʝ ʨʝʪʢʦ ˂ʝ ʩʝ ʪʘʢʤʠʯʠʪʠ ʢʘʦ ʝʢʦʥʦʤʠʯʥʘ ʠʣʠ ʯʘʢ ʧʨʘʢʪʠʯʥʘ ʘʣʪʝʨʥʘʪʠʚʘ. ɹʝʟ 

ʦʙʟʠʨʘ ʥʘ ʪʦ, ʧʨʦʮʝʩ ʿʝ ʩʘʜʘ ʧʦʩʪʘʦ ʜʦʙʘʨ ʟʘ ʙʨʦʿʥʝ ʧʨʠʤʝʥʝ, ʫʢˀʫʯʫʿʫ˂ʠ ʧʨʦʠʟʚʦʜˁʫ 

ʧʣʘʢʠʨʘʥʠʭ ʧʣʦʯʘ ʟʘ ʠʟʤʝˁʠʚʘʯʝ ʪʦʧʣʦʪʝ, ʧʦʩʫʜʝ ʧʦʜ ʧʨʠʪʠʩʢʦʤ, ʧʨʠʨʫʙʥʠʮʝ ʠ ʜʨʫʛʝ 

ʩʧʦʿʝʚʝ ʠʟʤʝʹʫ ʨʘʟʣʠʯʠʪʠʭ ʤʝʪʘʣʘ (Lazynski, 1983).  
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ʉʣʠʢʘ 2.1. ʐʝʤʘʪʩʢʠ ʧʨʠʢʘʟ ʝʢʩʧʣʦʟʠʚʥʦʛ ʟʘʚʘʨʠʚʘˁʘ: 1-ʧʨʦʜʫʢʪʠ ʜʝʪʦʥʘʮʠʿʝ,  

2-ʦʙʣʦʛʘ ʟʘ ʦʩʥʦʚʥʠ ʤʘʪʝʨʠʿʘʣ, 3-ʝʢʩʧʣʦʟʠʚ, 4-ʜʠʩʪʘʥʮʝʨʠ, 5-ʪʘʯʢʘ ʩʧʘʿʘˁʘ,  

6-ʦʩʥʦʚʥʠ ʤʘʪʝʨʠʿʘʣ (Manufacturing Guide, 2020). 

ʇʣʦʯʝ ʜʦʙʠʿʝʥʝ ʟʘʚʘʨʠʚʘˁʝʤ ʝʢʩʧʣʦʟʠʿʦʤ ʩʝ ʢʦʨʠʩʪʝ ʟʘ ʧʦʩʫʜʝ, ʭʝʤʠʿʩʢʘ ʧʦʩʪʨʦʿʝˁʘ ʠ 

ʮʝʚʠ ʟʘ ʠʟʤʝˁʠʚʘʯʝ ʪʦʧʣʦʪʝ ʚʝ ˂ʜʝʮʝʥʠʿʘʤʘ. ʇʨʝ ʪʦʛʘ ʧʣʘʢʠʨʘʥʝ ʧʣʦʯʝ ʩʫ ʩʝ ʧʨʦʠʟʚʦʜʠʣʝ 

ʧʨʚʝʥʩʪʚʝʥʦ ʬʫʟʠʦʥʠʤ ʧʣʘʢʠʨʘˁʝʤ (Scallan, 2003) ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ ʠʣʠ ʪʦʧʣʠʤ ʩʧʘʿʘˁʝʤ 

(Gale, 2004). ʆʚʠ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʠ ʧʨʦʮʝʩʠ ʦʛʨʘʥʠʯʘʚʘʿʫ ʨʘʩʧʦʥ ʚʝʣʠʯʠʥʝ ʠ 

ʢʦʤʙʠʥʘʮʠʿʝ ʤʘʪʝʨʠʿʘʣʘ ʢʦʿʠ ʩʝ ʤʦʛʫ ʧʨʦʠʟʚʦʜʠʪʠ, ʘ ʫ ʥʝʢʠʤ ʩʣʫʯʘʿʝʚʠʤʘ, ʢʚʘʣʠʪʝʪ ʠ 

ʢʦʥʟʠʩʪʝʥʪʥʦʩʪ ʧʨʦʠʟʚʦʜʘ (Lazynski, 1983). ʇʦʿʘʚʘ ʝʢʩʧʣʦʟʠʚʥʦʛ ʧʣʘʢʠʨʘˁʘ ʟʥʘʯʘʿʥʦ ʿʝ 

ʧʦʚʝʘ˂ʣʘ ʦʧʩʝʛ ʠ ʢʚʘʣʠʪʝʪ ʜʦʩʪʫʧʥʠʭ ʧʣʦʯʘ. ʀʘʢʦ ʥʝʨʹʘʿʫʠ˂ ʯʝʣʠʢ ʦʩʪʘʿʝ ʥʘʿʯʝʰʝ˂ 

ʢʦʨʠʰʝ˂ʥ ʤʘʪʝʨʠʿʘʣ ʟʘ ʦʙʣʦʛʝ, ʚʠʰʝ ʨʝʪʢʠʭ ʤʘʪʝʨʠʿʘʣʘ ʢʘʦ ʰʪʦ ʩʫ ʪʠʪʘʥʠʿʫʤ (Lazynski, 

1983), (Yang, 2019), ʤʘʛʥʝʟʠʿʫʤ (Habib, 2013) ʧʨʦʥʘʣʘʟʝ ʩʚʝ ʚʝʫ˂ ʧʨʠʤʝʥʫ. ʅʝʤʘ ʛʦʨˁʝ 

ʛʨʘʥʠʮʝ ʫ ʧʦʚʨʰʠʥʠ ʧʣʦʯʝ ʢʦʿʘ ʩʝ ʤʦʞʝ ʦʙʣʦʞʠʪʠ ʫ ʿʝʜʥʦʤ ʧʦʩʪʫʧʢʫ (Lazynski, 1983). 

ʋʩʧʝʰʥʦ ʩʫ ʢʦʨʠʰ˂ʝʥʝ ʧʣʦʯʘ ʦʜ ʥʝʨʹʘʿʫʝ˂ʛ ʯʝʣʠʢʘ ʧʦʚʨʰʠʥʝ ʜʦ 15 m2 ʠ ʥʘʿʚʝ˂ʝ ʜʝʙˀʠʥʝ 

25 mm (Lazynski, 1983). ʋ ʪʘʙʝʣʠ 2.1 ʜʘʪʠ ʩʫ ʧʦʜʘʮʠ ʦ ʦʩʪʚʘʨʝʥʠʤ ʧʣʘʢʠʨʘʥʠʤ 

ʤʘʪʝʨʠʿʘʣʠʤʘ. 

ʇʨʝʤʘ ʜʦʩʪʫʧʥʦʿ ʣʠʪʝʨʘʪʫʨʠ (Lazynski, 1983), (Radiĺ, 2000), ʬʘʢʪʦʨʠ ʢʦʿʠ ʦʜʨʝʹʫʿʫ 

ʤʦʛʫʥ˂ʦʩʪ ʟʘʚʘʨʠʚʘˁʘ, ʫʢˀʫʯʫʿʫ ʞʠʣʘʚʦʩʪ, ʪʘʯʢʫ ʪʦʧˀʝˁʘ, ʛʫʩʪʠʥʫ ʠ ʜʝʙˀʠʥʫ ʧʣʦʯʘ. 

ʄʘʪʝʨʠʿʘʣʠ ʩʘ ʥʠʩʢʦʤ ʪʘʯʢʦʤ ʪʦʧˀʝˁʘ, ʧʦʜ ʧʨʠʪʠʩʢʦʤ ʩʝ ʪʦʧʝ, ʪʘʢʦ ʜʘ ʿʝ ʪʝʰʢʦ ʠʟʙʝ˂ʠ 

ʪʦʧˀʝˁʝ ʧʨʠʣʠʢʦʤ ʫʜʘʨʘ ʥʘ ʤʝʩʪʫ ʩʧʘʿʘˁʘ. ɿʘʚʘʨʠʚʘˁʝ ʧʦʩʪʘʿʝ ʪʝʞʝ ʩʘ ʚʝʦ˂ʤ ʨʘʟʣʠʢʦʤ 

ʛʫʩʪʠʥʘ ʤʘʪʝʨʠʿʘʣʘ. ɸʢʦ ʿʝ ʧʨʠʪʠʩʘʢ ʤʥʦʛʦ ʚʝ˂ʠ ʦʜ ʥʘʧʦʥʘ ʢʦʿʠ ʤʘʪʝʨʠʿʘʣ ʤʦʞʝ ʜʘ 

ʠʟʜʨʞʠ, ʤʘʪʝʨʠʿʘʣʠ ʩʝ ʧʦʥʘʰʘʿʫ ʢʘʦ ʬʣʫʠʜʠ ʯʠʿʝ ʿʝ ʢʨʝʪʘˁʝ (ʬʦʨʤʠʨʘˁʝ ʪʘʣʘʩʘ) ʠ 

ʠʟʙʘʮʠʚʘˁʝ ʤʘʪʝʨʠʿʘʣʘ ʩʘ ʧʦʚʨʰʠʥʝ ʢʫʤʫʣʘʪʠʚʥʠʤ ʤʣʘʟʦʤ, ʫ ʩʢʣʘʜʫ ʩʘ ʟʘʢʦʥʠʤʘ 

ʭʠʜʨʦʜʠʥʘʤʠʢʝ (ɱʝʨʝʤʠ˂, 2002). ʋ ʧʨʠʩʫʩʪʚʫ ʜʦʚʦˀʥʦʛ ʧʨʠʪʠʩʢʘ, ʪʘ ʢʨʝʪʘˁʘ ʟʘʚʠʩʝ ʦʜ 

ʛʫʩʪʠʥʝ ʘʣʠ ʥʝ ʠ ʦʜ ʥʘʧʦʥʘ ʤʘʪʝʨʠʿʘʣʘ. ʂʘʜʘ ʢʦʤʧʦʥʝʥʪʝ ʠʤʘʿʫ ʩʣʠʯʥʝ ʛʫʩʪʠʥʝ, ʟʘʚʘʨ ʠʤʘ 

ʩʠʤʝʪʨʠʯʘʥ ʪʘʣʘʩʘʩʪ ʦʙʣʠʢ, ʩʣʠʯʘʥ ʩʠʥʫʩʦʠʜʠ. ɸʢʦ ʩʝ ʨʘʟʣʠʢʘ ʫ ʛʫʩʪʠʥʠ ʢʦʤʧʦʥʝʥʪʠ 

ʧʦʚʝ˂ʘ, ʛʫʙʠʪʘʢ ʩʠʤʝʪʨʠʿʝ ʧʦʩʪʘʿʝ ʩʚʝ ʠʟʨʘʞʝʥʠʿʠ, ʤʘʜʘ ʧʦʚʨʰʠʥʘ ʩʧʦʿʘ ʤʦʞʝ ʠʤʘʪʠ 

ʧʦʥʘʚˀʘʿʫ˂ʝ ʦʙʣʠʢʝ ʩʣʠʯʥʝ Von Karman-ʦʚʠʤ ʚʨʪʣʦʟʠʤʘ ʠʣʠ ʦʙʣʠʢʝ ʧʨʦʫʟʨʦʢʦʚʘʥʝ 

Kelvin-Helmholtz-ʦʚʦʤ ʥʝʩʪʘʙʠʣʥʦʰ˂ʫ (Carton, 2004), (Reid, 1974). ɸʢʦ ʿʝ ʧʦʚʨʰʠʥʘ 

ʨʘʚʥʘ, ʢʫʤʫʣʘʪʠʚʥʠ ʤʣʘʟ, ʟʙʦʛ ʨʘʟʣʠʢʝ ʫ ʛʫʩʪʠʥʠ ʧʣʦʯʘ, ʪʝʞʠ ʜʘ ʩʝ ʦʢʨʝʥʝ ʢʘ ʛʫʰ˂ʦʿ 

ʢʦʤʧʦʥʝʥʪʠ, ʟʘʜʨʞʘʚʘʿʫ˂ʠ ʪʘʢʦ ʤʘʪʝʨʠʿʘʣ ʫʥʫʪʘʨ ʩʧʦʿʘ. ʆʚʘʿ ʦʙʣʠʢ ʿʝ ʤʘˁʝ ʧʦʞʝˀʘʥ ʦʜ 

ʣʝʧʦ ʬʦʨʤʠʨʘʥʦʛ ʪʘʣʘʩʘʩʪʦʛ ʩʧʦʿʘ, ʢʦʿʠ ʧʝʥʝʪʨʠʨʘ ʫ ʧʨʘʚʮʫ ʥʦʨʤʘʣʥʦ ʥʘ ʧʦʚʨʰʠʥʫ. 
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ʊʘʙʝʣʘ 2.1. ʆʩʪʚʘʨʝʥʝ ʢʦʤʙʠʥʘʮʠʿʝ ʤʝʪʘʣʘ ʩʧʦʿʝʥʠʭ ʝʢʩʧʣʦʟʠʚʥʠʤ ʟʘʚʘʨʠʚʘˁʝʤ ʜʦ 1964. 

(Blazynski, 1983). 

 ʄʝʪʘʣʠ 37 36 35 34 33 32 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 

1 
ʅʠʩʢʦʫʛˀʝʥʠʯʥʠ ʯʝʣʠʢ, AlSi 

1004 ʜʦ 1020 
Ĭ     Ĭ Ĭ   Ĭ  Ĭ      Ĭ  Ĭ Ĭ Ĭ Ĭ   Ĭ Ĭ Ĭ         Ĭ 

2 
ʉʨʝʜˁʝʫʛˀʝʥʠʯʥʠ ʯʝʣʠʢ, 

Astm A-285 
     Ĭ Ĭ   Ĭ  Ĭ Ĭ Ĭ Ĭ Ĭ Ĭ Ĭ Ĭ Ĭ Ĭ Ĭ Ĭ   Ĭ Ĭ Ĭ        Ĭ  

3 
ʉʨʝʜˁʝʫʛˀʝʥʠʯʥʠ ʯʝʣʠʢ, 

Astm A-201 
     Ĭ Ĭ Ĭ  Ĭ  Ĭ Ĭ Ĭ Ĭ Ĭ Ĭ Ĭ Ĭ Ĭ Ĭ Ĭ Ĭ   Ĭ Ĭ        Ĭ   

4 
ʉʨʝʜˁʝʫʛˀʝʥʠʯʥʠ ʯʝʣʠʢ, 

Astm A-212 
     Ĭ Ĭ Ĭ  Ĭ  Ĭ Ĭ Ĭ Ĭ Ĭ Ĭ Ĭ Ĭ Ĭ Ĭ Ĭ Ĭ   Ĭ Ĭ       Ĭ    

5 
ʅʠʩʢʦʣʝʛʠʨʘʥʠ ʯʝʣʠʢ, ɸstm 

A-204 
             Ĭ Ĭ Ĭ Ĭ Ĭ  Ĭ Ĭ Ĭ Ĭ   Ĭ Ĭ      Ĭ     

6 
ʅʠʩʢʦʣʝʛʠʨʘʥʠ ʯʝʣʠʢ, ɸstm 

A-302 
             Ĭ Ĭ  Ĭ Ĭ  Ĭ Ĭ Ĭ Ĭ   Ĭ Ĭ     Ĭ      

7 
ʅʠʩʢʦʣʝʛʠʨʘʥʠ ʯʝʣʠʢ, ɸstm 

A-387 
             Ĭ Ĭ  Ĭ Ĭ     Ĭ   Ĭ Ĭ Ĭ   Ĭ       

8 ʃʝʛʫʨʝ ʯʝʣʠʢʘ, ArSi 4130                           Ĭ   Ĭ        

9 ʃʝʛʫʨʝ ʯʝʣʠʢʘ, ArSi 4340                           Ĭ  Ĭ         

10 ʅʝʨʹʘʿʫ˂ʠ ʯʝʣʠʢ, ʬʝʨʠʪ                 Ĭ           Ĭ          

11 ʅʝʨʹʘʿʫ˂ʠ ʯʝʣʠʢ, 300 ʩʝʨʠʿʘ    Ĭ   Ĭ Ĭ     Ĭ    Ĭ Ĭ   Ĭ Ĭ Ĭ Ĭ   Ĭ           

12 ʅʝʨʹʘʿʫ˂ʠ ʯʝʣʠʢ, 200 ʩʝʨʠʿʘ                     Ĭ  Ĭ   Ĭ            

13 Handfield-ʦʚʯʝʣʠʢ                       Ĭ               

14 Maraging-ʦʚʯʝʣʠʢ                                      

15 
ɸʣʫʤʠʥʠʿʫʤ ʠ ɸʣʫʤʠʥʠʿʫʤʦʚʝ 

ʣʝʛʫʨʝ 
                Ĭ     Ĭ Ĭ               

16 ɹʘʢʘʨ       Ĭ     Ĭ     Ĭ     Ĭ                

17 ʄʝʩʠʥʛ                  Ĭ   Ĭ                 

18 ɹʘʢʘʨ-ʅʠʢʣ                    Ĭ                  

19 ɹʨʦʥʟʘ                   Ĭ                   

20 ʅʠʢʣ ʠ ʅʠʢʣ ʣʝʛʫʨʝ         Ĭ  Ĭ   Ĭ   Ĭ Ĭ                    

21 
ʊʠʪʘʥʠʿʫʤ ʠ ʊʠʪʘʥʠʿʫʤʦʚʝ 

ʣʝʛʫʨʝ GAI-4V 
   Ĭ    Ĭ         Ĭ                     

22 
ʎʠʨʢʦʥʠʿʫʤ ʠ ʎʠʨʢʦʥʠʿʫʤ 

ʣʝʛʫʨʝ 
               Ĭ                      

23 Mastelloy ʣʝʛʫʨʝ b,c,f (c)               Ĭ                       

24 Mastelloy ʣʝʛʫʨʝ x (c)   Ĭ           Ĭ                        

25 Haynes stellite ʣʝʛʫʨʝ 6b (c)                                      

26 ʊʘʥʪʘʣ            Ĭ                          

27 ʃʝʛʫʨʝ ʟʣʘʪʘ                                      

28 ʉʨʝʙʨʦ ʠ ʣʝʛʫʨʝ ʩʨʝʙʨʘ          Ĭ                            

29 ʇʣʘʪʠʥʘ         Ĭ                             

30 ʅʠʦʙʠʫʤʠ ʣʝʛʫʨʝ ʅʠʦʙʠʫʤʘ  Ĭ     Ĭ Ĭ                              

31 ʄʦʣʠʙʜʝʥ     Ĭ  Ĭ                               

32 ʄʘʛʥʝʟʠʿʫʤ      Ĭ   ʅʘʧʦʤʝʥʝ 

33 ʅʠʦʙʠʫʤ     Ĭ    ʇʨʘʟʥʘ ʤʝʩʪʘ ʢʦʤʙʠʥʘʮʠʿʝ ʤʝʪʘʣʘ ʥʠʿʝ ʧʦʢʫʰʘʥʘ. 

34 ɺʦʣʬʨʘʤ    Ĭ     ʊʦ ʥʝ ʟʥʘʯʠ ʜʘ ʪʠ ʤʝʪʘʣʠ ʥʝ ʤʦʛʫ ʙʠʪʠ ʟʘʚʘʨʝʥʠ ʝʢʩʧʣʦʟʠʿʦʤ. 

35 TD ʅʠʢʣ   Ĭ       

36 ʃʝʛʫʨʝ ʇʘʣʘʜʠʿʫʤʘ                                      

37 ʎʠʥʢ Ĭ                                     
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ɿʘʚʘʨʠʚʘʥʝ ʩʫ ʧʣʦʯʝ, ʤʘˁʠʭ ʜʝʙˀʠʥʘ, ʜʝʙˀʠʥʝ 0,1 mm (Chen, 2017) ʜʦ 30 mm (Mahi, 

2016). ʇʦʪʝʰʢʦ˂ʝ ʟʘʚʘʨʠʚʘˁʘ ʬʦʣʠʿʘ ʩʝ ʿʘʚˀʘʿʫ ʟʙʦʛ ˁʝʥʝ ʜʝʙˀʠʥʝ. ɼʝʙˀʠʥʘ ʤʦʞʝ ʙʠʪʠ 

ʫʧʦʨʝʜʠʚʘ ʩʘ ʘʤʧʣʠʪʫʜʦʤ ʪʘʣʘʩʘ ʠ ʤʦʞʝ ʜʦ˂ʠ ʜʦ ʮʝʧʘˁʘ ʬʦʣʠʿʝ.  

ɿʘʚʘʨʝʥʝ ʧʣʦʯʝ ʩʝ ʤʦʛʫ ʩʝ˂ʠ ʠ ʦʙʣʠʢʦʚʘʪʠ ʢʦʨʠʰ˂ʝˁʝʤ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʭ ʧʦʩʪʫʧʘʢʘ 

ʦʙʨʘʜʝ. ʇʦʨʝʜ ʧʨʝʪʭʦʜʥʦ ʥʘʚʝʜʝʥʠʭ ʧʨʠʤʝʥʘ ʫ ʙʨʦʜʦʛʨʘʜˁʠ (Corigliano 2018), 

ʠʥʜʫʩʪʨʠʿʠ ʟʘ ʠʟʨʘʜʫ ʢʨʠʦʛʝʥʠʭ, ʝʣʝʢʪʨʠʯʥʠʭ ʠ ʢʦʥʩʪʨʫʢʮʠʦʥʠʭ ʧʨʝʣʘʟʥʠʭ ʩʧʦʿʝʚʘ, ʟʘ 

ʧʦʩʫʜʝ ʠ ʮʠʣʠʥʜʨʝ (Nobelclad, 2023), (High Energy Metals, Inc, 2023), (Hermetic solutions 

group, 2023), ʝʢʩʧʣʦʟʠʚʥʦ ʟʘʚʘʨʠʚʘˁʝ ʩʝ ʪʘʢʦʹʝ ʤʦʞʝ ʢʦʨʠʩʪʠ ʟʘ ʨʝʧʘʨʘʮʠʿʫ ʧʦʭʘʙʘʥʠʭ 

ʦʩʦʚʠʥʘ ʠ ʪʫʨʙʠʥʩʢʠʭ ʢʦʣʘ (Linse, 1974) ʠʣʠ ʮʠʣʠʥʜʘʨʘ. 

 

2.1. ʇʘʨʘʤʝʪʨʠ ʟʘʚʘʨʠʚʘˁʘ 

ɽʢʩʧʣʦʟʠʚʥʦ ʟʘʚʘʨʠʚʘˁʝ ʨʘʟʣʠʯʠʪʠʭ ʤʘʪʝʨʠʿʘʣʘ ʤʦʛʫ˂ʝ ʿʝ ʧʦʜ ʦʜʨʝʹʝʥʠʤ ʫʩʣʦʚʠʤʘ, ʥʘ 

ʢʦʿʝ ʧʨʝ ʩʚʝʛʘ ʫʪʠʯʫ ʦʩʦʙʠʥʝ ʤʘʪʝʨʠʿʘʣʘ ʟʘ ʩʧʘʿʘˁʝ, ʢʘʦ ʠ ʩʘʤʠ ʧʘʨʘʤʝʪʨʠ ʧʨʦʮʝʩʘ. 

ʇʦʜʨʫʯʿʝ ʟʘʚʘʨʠʚʘˁʘ ʪʟʚ. welding window (Crossland, 1982), (Deribas, 1974) ʦʛʨʘʥʠʯʝʥʦ ʿʝ 

ʧʨʘʚʠʤ ʠ ʢʨʠʚʠʤ ʣʠʥʠʿʘʤʘ ʢʘʦ ʰʪʦ ʿʝ ʧʨʠʢʘʟʘʥʦ ʥʘ ʩʣʠʮʠ 2.2. ɼʘ ʙʠ ʩʝ ʧʦʜʨʫʯʿʝ 

ʟʘʚʘʨʠʚʘˁʘ ʜʝʬʠʥʠʩʘʣʦ, ʤʦʨʘ ʩʝ ʫʩʧʦʩʪʘʚʠʪʠ ʦʜʥʦʩ ʠʟʤʝʹʫ ʧʦʯʝʪʥʠʭ ʫʩʣʦʚʘ ï ʫʛʣʦʚʘ Ŭ, 

ɓ ʠ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʝʢʩʧʣʦʟʠʚʘ.  

ɺʝʣʠʢʠ ʙʨʦʿ ʛʝʦʤʝʪʨʠʿʩʢʠʭ ʠ ʬʠʟʠʯʢʠʭ ʧʘʨʘʤʝʪʘʨʘ ʦʛʨʘʥʠʯʘʚʘ ʧʦʜʨʫʯʿʝ ʟʘʚʘʨʠʚʘˁʘ (Ŭ, 

ɓ, Vd, Vp, Vf, Vc) ʢʘʦ ʠ ʩʚʦʿʩʪʚʘ ʤʘʪʝʨʠʿʘʣʘ (Ghomi, 2009), (Blazynski, 1983). 

ʋ ʥʘʨʝʜʥʦʤ ʜʝʣʫ ʪʝʢʩʪʘ ʜʝʪʘˀʥʦ ʩʫ ʦʧʠʩʘʥʠ ʥʘʚʝʜʝʥʠ ʧʘʨʘʤʝʪʨʠ. 

 

ʉʣʠʢʘ 2.2. ʇʦʜʨʫʯʿʝ ʟʘʚʘʨʠʚʘˁʘ (Welding window) 
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2.1.1. ʋʦʧhʪʝʥʝ ʧʨʝʪʧʦʩʪʘʚʢʝ 

ʋ ʟʘʚʘʨʠʚʘˁʫ ʝʢʩʧʣʦʟʠʚʦʤ ʜʚʘ ʧʨʠʤʘʨʥʘ ʧʘʨʘʤʝʪʨʘ ʤʦʨʘʿʫ ʙʠʪʠ ʠʩʧʫˁʝʥʘ: (Blazynski, 

1983), (Radiĺ, 2000): 

- ɹʨʟʠʥʘ ʩʫʜʘʨʘ ʫʜʘʨʘ Vc
 ʤʦʨʘ ʜʘ ʛʝʥʝʨʠʰʝ ʧʨʠʪʠʩʘʢ, ʢʦʿʠ ʿʝ ʥʘʿʤʘˁʝ ʜʝʩʝʪ ʧʫʪʘ 

ʚʝ˂ʠ ʦʜ ʥʘʧʦʥʘ ʪʝʯʝˁʘ ʤʝʪʘʣʘ ʩʘ ʚʝ˂ʠʤ ʚʨʝʜʥʦʩʪʠʤʘ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʯʚʨʩʪʦ˂ʝ. 

- ʋʛʘʦ ʫʜʘʨʘ ɓ ʤʦʨʘ ʜʘ ʧʨʝʹʝ ʤʠʥʠʤʘʣʥʫ ʚʨʝʜʥʦʩʪ, ʩʘ ʜʦʩʪʫʧʥʠʤ ʧʨʠʪʠʩʢʦʤ ʫʜʘʨʘ, 

ʜʦʟʚʦˀʘʚʘʿʫ˂ʠ ʠʩʪʠʮʘˁʝ ʧʦʚʨʰʠʥʩʢʦʛ ʩʣʦʿʘ ʠʟ ʦʙʘ ʤʘʪʝʨʠʿʘʣʘ. 

ɹʨʟʠʥʘ ʫʜʘʨʘ ʠ ʫʛʘʦ ʟʘʿʝʜʥʦ, ʦʜʨʝʹʫʿʫ ʙʨʟʠʥʫ ʪʘʯʢʝ ʢʦʥʪʘʢʪʘ. ʂʦʜ ʧʘʨʘʣʝʣʥʝ ʧʦʩʪʘʚʢʝ 

ʙʨʟʠʥʘ ʪʘʯʢʝ ʢʦʥʪʘʢʪʘ ʿʝʜʥʘʢʘ ʿʝ ʙʨʟʠʥʠ ʜʝʪʦʥʘʮʠʿʝ ʝʢʩʧʣʦʟʠʚʘ. 

ʀʟ ʜʦʩʪʫʧʥʝ ʣʠʪʝʨʘʪʫʨʝ (Blazynski, 1983), (Vaidyanathan, 1992) ʿ ʝ ʧʦʟʥʘʪʦ ʜʘ ʙʨʟʠʥʘ ʪʘʯʢʝ 

ʩʫʜʘʨʘ Vc ʤʦʨʘ ʦʩʪʘʪʠ ʧʦʜʟʚʫʯʥʘ, ʜʦʢ ʦʩʪʘʣʠ ʢʨʠʪʝʨʠʿʫʤʠ ʦʧʪʠʤʘʣʥʦʛ ʧʨʠʪʠʩʢʘ ʤʦʨʘʿʫ 

ʙʠʪʠ ʟʘʜʦʚʦˀʝʥʠ ʠʩʪʦʚʨʝʤʝʥʦ. ɼʘ ʙʠ ʩʝ ʠʩʧʫʥʠʣʘ ʦʙʘ ʢʨʠʪʝʨʠʿʫʤʘ, ʤʦʨʘ ʩʝ ʩʪʚʦʨʠʪʠ 

ʫʩʣʦʚ ʟʘ ʬʦʨʤʠʨʘˁʝ ʤʠʥʠʤʘʣʥʦʛ ʫʛʣʘ ʫʜʘʨʘ ɓ (Sherpa, 2021), (Jindrich, 2016). ʌʦʨʤʠʨʘˁʝ 

ʤʣʘʟʘ ʝ˂ ʙʠʪʠ ʫʩʧʝʰʥʦ ʘʢʦ ʩʫ ʠʩʧʫˁʝʥʠ ʫʩʣʦʚʠ ʥʘ ʣʝʚʦʿ ʩʪʨʘʥʠ ʣʠʥʠʿʝ a-a'. Abrahamson 

(Abrahamson, 1961) ʧʨʝʜʣʘʞʝ ʩʣʝʜʝʠ˂ ʦʜʥʦʩ ʠʟʤʝʹʫ ɓ ʠ Vc , ʿʝʜʥʘʯʠʥʘ 2.1: 

ὠ ρπ
‍

ρπ
υȟυ (2.1) 

ʋ ʩʚʘʢʦʤ ʩʣʫʯʘʿʫ ʙʨʟʠʥʘ ʪʘʯʢʝ ʢʦʥʪʘʢʪʘ Vc ʤʦʨʘ ʙʠʪʠ ʤʘˁʘ ʦʜ ʙʨʟʠʥʝ ʟʚʫʢʘ ʫ ʧʦʢʨʝʪʥʦʿ 

ʧʣʦʯʠ, ʫʚʝ˂ʘʥʝ ʟʘ 1,2 ʜʦ 1,5 ʧʫʪʘ, ʣʠʥʠʿʘ b-b' (Ghomi, 2009). 

ʅʘ ʦʩʥʦʚʫ ʟʘʜʘʪʠʭ ʫʩʣʦʚʘ, ʝʢʩʧʣʦʟʠʚʥʦ ʟʘʚʘʨʠʚʘˁʝ ʜʚʘ ʤʝʪʘʣʘ ʟʘʚʠʩʠ ʦʜ (Blazynski, 

1983): 

- ɹʨʟʠʥʝ ʜʝʪʦʥʘʮʠʿʝ ʠ ʜʠʥʘʤʠʯʢʦʛ ʫʛʣʘ ɓ (ʢʦʿʝ ʟʘʚʠʩʝ ʦʜ ʙʨʟʠʥʝ ʜʝʪʦʥʘʮʠʿʝ, 

ʜʝʙˀʠʥʝ, ʛʫʩʪʠʥʝ ʧʫˁʝˁʘ ʝʢʩʧʣʦʟʠʚʘ, ʜʝʙʠˀʥʝ ʧʦʢʨʝʪʥʝ ʧʣʦʯʝ, ʤʝʫ́ʩʦʙʥʦʛ 

ʨʘʩʪʦʿʘˁʘ ʠʟʤʝʫ́ ʧʣʦʯʘ ʠ ʩʪʘʪʠʯʢʦʛ ʫʛʣʘ) ʠ 

- ʇʦʚʨʰʠʥʩʢʝ ʦʙʨʘʜʝ/ʭʨʘʧʘʚʦʩʪʠ ʤʘʪʝʨʠʿʘʣʘ ʟʙʦʛ ʫʪʠʮʘʿʘ ʥʘ ʜʝʿʩʪʚʦ ʠʟʙʘʮʠʚʘˁʘ 

ʥʝʯʠʩʪʦ˂ʘ ʧʦʚʨʰʠʥʩʢʦʛ ʩʣʦʿʘ (ʤʝʪʘʣ, ʦʢʩʠʜʠ ʠ ʜʨʫʛʝ ʥʝʯʠʩʪʦ˂ʝ) ʢʦʿʝ ʩʝ ʥʘʣʘʟʝ 

ʠʟʤʝʹʫ ʜʚʝ ʧʣʦʯʝ, ʢʫʤʫʣʘʪʠʚʥʠʤ ʤʣʘʟʦʤ. 

ʇʘʨʘʤʝʪʨʠ ʧʨʠ ʟʘʚʘʨʠʚʘˁʫ ʝʢʩʧʣʦʟʠʚʦʤ ʩʫ ʤʝʹʫʩʦʙʥʦ ʧʦʚʝʟʘʥʠ. Aʢʦ ʧʦʚʨʰʠʥʝ ʥʠʩʫ 

ʜʦʚʦʥˀʦ ʜʦʙʨʦ ʦʙʨʘʹʝʥʝ, ʙʨʟʠʥʘ ʫʜʘʨʘ ʤʦʨʘ ʜʘ ʙʫʜʝ ʚʝ˂ʘ ʦʜ ʧʨʦʨʘʯʫʥʘʪʝ. ɺʝ˂ʘ ʙʨʟʠʥʘ 

˂ʝ ʙʠʪʠ ʦʩʪʚʘʨʝʥʘ ʧʦʚʝ˂ʘˁʝʤ ʨʘʟʤʘʢʘ ʠʟʤʝʫ́ ʧʣʦʯʘ. ʊʘʢʦʹʝ, ʜʝʙˀʠʥʘ ʧʦʢʨʝʪʥʝ ʧʣʦʯʝ 

ʤʦʞʝ ʜʘ ʫʪʠʯʝ ʥʘ ʙʨʟʠʥʫ ʫʜʘʨʘ. ɺʝ˂ʫ ʙʨʟʠʥʫ ʜʝʪʦʥʘʮʠʿʝ ʤʦʛʫ˂ʝ ʿʝ ʦʩʪʚʘʨʠʪʠ 

ʧʦʚʝ˂ʘʚʘˁʝʤ ʜʝʙˀʠʥʝ ʩʣʦʿʘ ʝʢʩʧʣʦʟʠʚʘ. 

ʀʟʙʘʮʠʚʘˁʝ ʥʝʯʠʩʪʦ˂ʘ ʠʟʤʝʹʫ ʧʣʦʯʘ ˂ʝ ʪʨʘʿʘʪʠ ʜʫʞʝ ʘʢʦ ʩʫ ʧʣʦʯʝ ʜʝʙˀʝ. ʇʦʜ 

ʧʨʝʪʧʦʩʪʘʚʢʦʤ ʜʘ ʩʝ ʤʠʥʠʤʘʣʥʘ ʜʝʙˀʠʥʘ ʤʘʪʝʨʠʿʘʣʘ, ʩʪʘʮʠʦʥʘʨʥʝ ʧʣʦʯʝ ʠ ʧʦʢʨʝʪʥʝ 

ʧʣʦʯʝ ʫʢʣʘˁʘ ʤʣʘʟʦʤ, ʤʦʨʘ ʩʝ ʦʙʝʟʙʝʜʠʪʠ ʤʠʥʠʤʘʣʥʘ ʜʝʙˀʠʥʘ ʩʘʤʠʭ ʧʣʦʯʘ ʜʘ ʙʠ ʩʝ 

ʦʤʦʛʫ˂ʠʣʦ ʟʘʚʘʨʠʚʘˁʝ. ʆʚʘ ʤʠʥʠʤʘʣʥʘ ʜʝʙˀʠʥʘ ʢʦʿʘ ʩʝ ʠʟʙʘʮʫʿʝ ʤʣʘʟʦʤ ʟʘʚʠʩʠ ʦʜ ʩʪʘˁʘ 

ʧʦʚʨʰʠʥʝ. ɸʢʦ ʩʝ ʦʚʘ ʜʝʙˀʠʥʘ ʿʝʜʥʦʩʪʘʚʥʦ ʧʦʩʪʠʛʥʝ ʩʘ ʜʝʙˀʦʤ ʧʦʢʨʝʪʥʦʤ ʧʣʦʯʦʤ, ʥʝ˂ʝ 

ʩʝ ʧʦʩʪʠ˂ʠ ʩʘ ʪʘˁʦʤ ʧʦʢʨʝʪʥʦʤ ʧʣʦʯʦʤ. 
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2.1.2. ɹʨʟʠʥʘ ʫʜʘʨʘ 

ʇʨʠʪʠʩʘʢ P ʦʩʪʚʘʨʝʥ ʫ ʩʚʘʢʦʤ ʤʘʪʝʨʠʿʘʣʫ ʿʝ (Rice, 1958): 

ὖ ”ϽόϽὟ (2.2) 

ʛʜʝ ʩʫ: 

ɟ - ʧʦʯʝʪʥʘ ʛʫʩʪʠʥʘ ʤʘʪʝʨʠʿʘʣʘ, 

u - ʢʦʨʘʢ ʢʦʿʠʤ ʩʝ ʧʦʚʨʰʠʥʘ ʜʝʬʦʨʤʠʝh ʠ 

U - ʙʨʟʠʥʘ ʜʝʪʦʥʘʮʠʦʥʦʛ ʪʘʣʘʩʘ ʢʨʦʟ ʤʝʪʘʣ, ʧʨʠʙʣʠʞʥʦ ʿʝʜʥʘʢʘ ʙʨʟʠʥʠ ʟʚʫʢʘ. 

ʈʘʜʠ ʦʯʫʚʘˁʘ ʫʙʨʟʘˁʘ ʢʦʿʝ ʩʝ ʿʘʚˀʘ, ʜʚʘ ʨʘʟʣʠʯʠʪʘ ʤʝʪʘʣʘ A ʠ B ʢʦʿʘ ʩʝ ʩʫʜʘʨʘʿʫ ʧʨʠ 

ʙʨʟʠʥʠ Vp ʧʨʠʪʠʩʘʢ ʩʫʜʘʨʘ ʿʝ (Blazynski, 1983): 

ὖ ὖ ὖ
”ὠὟ

ρ ”Ὗ ”Ὗϳ
 (2.3) 

ɿʘ ʩʣʠʯʥʝ ʤʝʪʘʣʝ (PA = PB = P, UA=UB=U) ʩʢʨʘ˂ʝʥʦ ʿʝ: 

ὖ
ρ

ς
”ὠὟ (2.4) 

ɽʤʧʠʨʠʩʿʢʦʤ ʧʨʝʪʧʦʩʪʘʚʢʦʤ Pminḙ 10ů (Radiĺ, 2000), (Wright, 1967), ʛʜʝ ʿʝ ů 

ʢʚʘʟʠʩʪʘʪʠʯʢʠ ʥʘʧʦʥ ʿʘʯʝ ʢʦʤʧʦʥʝʥʪʝ, ʤʠʥʠʤʘʣʥʘ ʙʨʟʠʥʘ ʫʜʘʨʘ, ʢʦʿʘ ʛʝʥʝʨʠʰʝ ʦʚʘʿ 

ʧʨʠʪʠʩʘʢ, ʤʦʞʝ ʜʘ ʩʝ ʠʟʨʘʯʫʥʘ ʥʘ ʜʚʘ ʥʘʯʠʥʘ (Blazynski, 1983):  

(1) ʨʘʟʣʠʯʠʪʠ ʤʝʪʘʣʠ (ʛʜʝ ʿʝ A ʿʘʯʘ ʢʦʤʧʦʥʝʥʪʘ) 

ὠ ḙρπʎ
ρ ”Ὗ ”Ὗϳ

”Ὗ
 (2.5) 

(2) ʩʣʠʯʥʠ ʤʝʪʘʣʠ  

ὠ ḙ
ςπʎ

”Ὗ
ḙ
ςπʎ

”Ὁ
ίὭὲὧὩ Ὗ ḙ

Ὁ

”
 (2.6) 

  

ʛʜʝ ʿʝ: 

EA - Young-ʦʚ ʤʦʜʫʣ ʝʣʘʩʪʠʯʥʦʩʪʠ ʤʘʪʝʨʠʿʘʣʘ A. 

ɺʨʝʜʥʦʩʪ Vp(min) ʿʝ ʦʜʨʝʹʝʥʘ ʥʘʧʦʥʦʤ A ʠ ʫ ʤʘˁʦʿ ʤʝʨʠ ʚʨʝʜʥʦʰ˂ʫ ʤʦʜʫʣʘ ʝʣʘʩʪʠʯʥʦʩʪʠ.  

ʀʟʨʘʯʫʥʘʪʝ ʚʨʝʜʥʦʩʪʠ ʟʘʚʘʨʠʚʘˁʘ ʝʢʩʧʣʦʟʠʚʦʤ ʟʘʚʠʩʝ ʦʜ (Blazynski, 1983): 

- ʇʦʚʨʰʠʥʝ ʩʫʜʘʨʘ ʧʦʢʨʝʪʥʝ ʠ ʥʝʧʦʢʨʝʪʥʝ ʧʣʦʯʝ ʢʦʿʝ ʪʨʝʙʘ ʜʘ ʙʫʜʫ ʛʣʘʪʢʝ, ʯʠʩʪʝ ʠ 
ʦʜʤʘʰ˂ʝʥʝ, 
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- ɼʝʙˀʠʥʝ ʧʦʢʨʝʪʥʝ ʧʣʦʯʝ ʠ ʨʘʩʪʦʿʘˁʘ ʠʟʤʝʹʫ ʧʣʦʯʘ ʜʦʚʦˀʥʦ ʜʘ ʦʤʦʛʫ˂ʠ ʪʨʘʿʘˁʝ 

ʧʨʠʪʠʩʢʘ ʦʜʨʝʹʝʥʦ ʚʨʝʤʝ ʠ 

- ʅʘʯʠʥʘ ʬʠʢʩʠʨʘˁʘ ʢʦʿʠ ˂ʝ ʦʥʝʤʦʛʫ˂ʠʪʠ ʧʦʤʝʨʘˁʝ ʩʪʘʮʠʦʥʘʨʥʝ ʧʣʦʯʝ ʠ 

ʦʩʠʛʫʨʘʪʠ ʜʦʙʘʨ ʟʘʚʘʨ. 

ʀʘʢʦ ʿʝ ʧʦʞʝˀʥʦ ʜʘ ʩʝ ʝʢʩʧʣʦʟʠʚʥʦ ʧʫˁʝˁʝ ʩʤʘˁʠ ʨʘʜʠ ʩʤʘˁʝˁʘ ʪʨʦʰʢʦʚʘ, ʩʤʘˁʝˁʘ 

ʨʠʟʠʢʘ ʦʜ ʝʢʩʧʣʦʟʠʿʝ ʠ ʥʠʚʦʘ ʙʫʢʝ, ʥʝʦʧʭʦʜʥʦ ʿʝ ʧʦʚʝʘ˂ˁʝ ʧʫˁʝˁʘ ʦʜ ʤʠʥʠʤʘʣʥʝ 

ʚʨʝʜʥʦʩʪʠ ʢʦʘʿ ʦʜʛʦʚʘʨʘ ʜʝʙˀʠʥʠ ʧʦʢʨʝʪʥʝ ʧʣʦʯʝ, ʥʘʨʦʯʠʪʦ ʫ ʧʦʩʣʦʚʠʤʘ ʢʦʤʝʨʮʠʿʘʣʥʦʛ 

ʧʣʘʢʠʨʘˁʘ, ʢʘʢʦ ʙʠ ʩʝ ʛʘʨʘʥʪʦʚʘʦ ʢʦʥʪʠʥʫʠʪʝʪ ʟʘʚʘʨʠʚʘˁʘ ʟʙʦʛ ʝʚʝʥʪʫʘʣʥʝ ʚʘʨʠʿʘʮʠʿʝ ʫ 

ʟʘʚʨʰʥʦʿ ʧʦʚʨʰʠʥʩʢʦʿ ʦʙʨʘʜʠ, ʠ ʥʘʯʠʥʫ ʦʩʪʚʘʨʠʚʘˁʘ ʤʝʹʫʩʦʙʥʦʛ ʨʘʩʪʦʿʘˁʘ (Blazynski, 

1983). 

 

2.1.3. ʋʛʘʦ ʫʜʘʨʘ ʠ ʙʨʟʠʥʘʪʘʯʢʝ ʢʦʥʪʘʢʪʘ 

ɼʦˁʫ ʠ ʛʦʨˁʫ ʛʨʘʥʠʮʫ ʜʠʥʘʤʠʯʢʦʛ ʫʛʣʘ ɓ ʩʫ, ʠʟʤʝʹʫ ʦʩʪʘʣʠʭ, ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʦʜʨʝʜʠʣʠ 

Bahrani ʠ Crossland  (Bahrani, 1964). ʇʨʝʜʣʦʞʝʥʘ ʿʝ ʜʦˁʘ ʛʨʘʥʠʮʘ ʦʜ 2Á-3Á ʠ ʛʦʨˁʘ 

ʛʨʘʥʠʮʘ ʦʜ 31Á (ʣʠʥʠja c-c' ʣʠʥʠʿa d-d'), ʘ ʦʙʿʘʚˀʝʥʠ ʧʦʜʘʮʠ ʩʝ ʛʝʥʝʨʘʣʥʦ ʩʣʘʞʫ ʩʘ ʦʚʠʤ 

ʚʨʝʜʥʦʩʪʠʤʘ. ɻʦʨˁʝ ʠ ʜʦˁʝ ʚʨʝʜʥʦʩʪʠ ʧʦʯʝʪʥʦʛ ʫʛʣʘ ʫ ʥʘʛʥʫʪʦʿ ʛʝʦʤʝʪʨʠʿʠ ʠʤʘʿʫ 

ʚʨʝʜʥʦʩʪ ʦʜ 3Á ʜʦ 18Á (ʣʠʥʠja c-c' ʣʠʥʠʿa d-d') (Bahrani, 1964) ʨʝʩʧʝʢʪʠʚʥʦ, ʜʦʢ ʩʝ ʛʨʘʥʠʮʝ 

ʩʪʚʘʨʥʦʛ ʜʠʥʘʤʠʯʢʦʛ ʫʛʣʘ ʤʦʛʫ ʤʝʨʠʪʠ ʙʨʟʦʤ ʨʘʜʠʦʛʨʘʬʠʿʦʤ ʠʣʠ ʦʧʪʠʯʢʠʤ ʩʦʥʜʘʤʘ 

(Kucera, 2016). 

ɹʨʟʠʥʘ ʪʘʯʢʝ ʫʜʘʨʘ ʤʦʨʘ ʙʠʪʠ ʤʘˁʘ ʦʜ ʙʨʟʠʥʝ ʟʚʫʢʘ ʫ ʤʝʪʘʣʫ. ɿʘ ʦʧʪʠʤʘʣʥʝ ʫʩʣʦʚʝ 

ʟʘʚʘʨʠʚʘˁʘ, ʤʝʹʫʪʠʤ, ʙʨʟʠʥʘ ʪʘʯʢʝ ʫʜʘʨʘ ʤʦʨʘ ʙʠʪʠ ʦʜʨʞʘʚʘʥʘ ʟʥʘʪʥʦ ʠʩʧʦʜ ʙʨʟʠʥʝ 

ʟʚʫʢʘ ʠ ʫʥʫʪʘʨ ʦʧʩʝʛʘ, ʢʦʿʠ ʦʜʛʦʚʘʨʘ ʤʘʪʝʨʠʿʘʣʠʤʘ ʠ ʙʨʟʠʥʠ ʧʦʢʨʝʪʥʝ ʧʣʦʯʝ, ʢʦʿʘ ʩʝ 

ʢʦʨʠʩʪʠ. ʊʘʢʦʹʝ ʩʝ ʯʠʥʠ, ʜʘ ʥʝʢʠ ʤʠʥʠʤʘʣʥʠ ʜʠʥʘʤʠʯʢʠ ʫʛʘʦ ʫʜʘʨʘ ʤʦʨʘ ʙʠʪʠ ʦʩʪʚʘʨʝʥ, 

ʢʘʢʦ ʙʠ ʩʝ ʧʨʦʠʟʚʝʣʦ ʟʘʚʘʨʠʚʘˁʝ. ɸʤʧʣʠʪʫʜʘ ʪʘʣʘʩʘ ʧʦʩʪʘʿʝ ʚʝ˂ʘ ʩʘ ʧʦʚʝ˂ʘˁʝʤ 

ʜʠʥʘʤʠʯʢʦʛ ʫʛʣʘ ʜʦ ʦʜʨʝʹʝʥʝ ʚʨʝʜʥʦʩʪʠ ʜʦʢ ʩʝ ʜʘˀʠʤ ʧʦʚʝ˂ʘˁʝʤ ʫʛʣʘ ʘʤʧʣʠʪʫʜʘ 

ʩʤʘˁʫʿʝ (Vaidyanathan, 1992). ʋ ʦʚʦʤ ʩʣʫʯʘʿʫ ʜʠʥʘʤʠʯʢʠ ʫʛʘʦ ʧʨʝʤʘ ʧʨʦʨʘʯʫʥʫ ʠʟʥʦʩʠ 

8Á ʟʘ ʯʝʣʠʢ/ʯʝʣʠʢ. ɼʠʥʘʤʠʯʢʠ ʫʛʘʦ ˂ʝ ʧʨʦʠʟʚʝʩʪʠ ʜʦʜʘʪʥʫ ʩʠʣʫ ʥʘ ʪʦʢ ʤʣʘʟʘ ʜʦʢ ʩʝ ʢʨʝ˂ʝ 

ʠʩʧʨʝʜ ʪʘʯʢʝ ʩʫʜʘʨʘ (Blazynski, 1983). 

ɹʨʟʠʥʘ ʪʘʯʢʝ ʩʫʜʘʨʘ ʪʘʢʦʹʝ ʫʪʠʯʝ ʥʘ ʧʦʥʘʰʘˁʝ ʤʣʘʟʘ ʠ ʢʦʥʘʯʥʠ ʦʙʣʠʢ ʧʦʚʨʰʠʥʝ ʩʧʦʿʘ. 

ɸʢʦ ʙʨʟʠʥʘ ʪʘʯʢʝ ʩʫʜʘʨʘ ʧʘʜʘ ʠʩʧʦʜ ʦʜʨʝʹʝʥʝ ʚʨʝʜʥʦʩʪʠ ʢʦʿʘ ʿʝ ʟʘʚʠʩʥʘ ʦʜ ʤʘʪʝʨʠʿʘʣʘ, 

ʧʦʚʨʰʠʥʘ ʟʘʚʘʨʘ ʧʦʩʪʘʿʝ ʨʘʚʥʘ. ɿʘʚʘʨʝʥʘ ʧʦʚʨʰʠʥʘ ʤʦʞʝ ʩʘʜʨʞʘʪʠ ʢʦʥʪʠʥʫʠʨʘʥʠ 

ʠʩʪʦʧˀʝʥʠ ʩʣʦʿ, ʢʦʿʠ ˂ʝ ʨʝʪʢʦ ʜʘʪʠ ʟʘʜʦʚʦˀʘʚʘʿʫ˂ʠ ʩʧʦʿ, ʿʝʨ ˂ʝ ʩʘʜʨʞʘʪʠ ʚʝ˂ʠ ʫʜʝʦ 

ʦʢʩʠʜʘ, ʢʦʿʠ ʿʝ ʧʨʚʦʙʠʪʥʦ ʧʨʠʩʫʪʘʥ ʢʘʦ ʬʠʣʤ ʥʘ ʧʦʚʨʰʠʥʘʤʘ ʤʝʪʘʣʘ ʠ ʤʦʞʝ ʩʘʜʨʞʘʪʠ 

ʧʦʨʝ. 

ʅʘ ʩʨʝʜˁʠʤ ʙʨʟʠʥʘʤʘ ʫ ʪʘʯʢʠ ʩʫʜʘʨʘ ʧʦʥʘʰʘˁʝ ʤʣʘʟʘ ʿʝ ʢʦʥʩʪʘʥʪʥʦ, ʫʩʧʦʩʪʘʚˀʘ ʩʝ 

ʩʪʘʙʠʣʘʥ ʪʘʣʘʩʥʠ ʦʙʨʘʟʘʮ ʥʘ ʧʦʚʨʠhʥʠ ʠ ʜʦʙʠʿʘ ʩʝ ʤʘʢʩʠʤʘʣʥʘ ʯʚʨʩʪʦ˂ʘ ʩʧʦʿʘ. ʇʨʠ ʦʚʠʤ 

ʫʩʣʦʚʠʤʘ ʥʘʩʪʘʿʝ ʥʘʠʟʤʝʥʠʯʥʘ ʜʝʬʦʨʤʘʮʠʿʘ ʧʦʚʨʰʠʥʘ ʩʪʘʮʠʦʥʘʨʥʝ ʠ ʧʦʢʨʝʪʥʝ ʧʣʦʯʝ 

ʧʨʘʚʠʣʥʠʤ ʦʩʮʠʣʦʚʘˁʝʤ ʤʣʘʟʘ ʥʝʧʦʩʨʝʜʥʦ ʠʩʧʨʝʜ ʪʘʯʢʝ ʩʫʜʘʨʘ ʧʨʝ ʥʝʛʦ ʰʪʦ ʦʥ ʥʘʧʫʩʪʠ 

ʩʧʦʿ ʢʘʦ ʩʣʦʙʦʜʘʥ ʤʣʘʟ. ʆʚʘʢʦ ʥʘʩʪʘʣʘ ʥʘʠʟʤʝʥʠʯʥʘ ʜʝʬʦʨʤʘʮʠʿʘ ʧʦʚʨʰʠʥʘ ʜʦʧʨʠʥʦʩʠ 

ʯʚʨʩʪʦ˂ ʠ ʩʧʦʿʘ. ʊʘʢʦʹʝ ʪʘʣʘʩʥʘ ʬʦʨʤʘ ʤʦʞʝ ʜʘ ʠʟʘʟʦʚʝ ʿʘʯʘˁʝ ʧʦʚʝ˂ʘˁʝʤ ʧʦʚʨʰʠʥʝ 

ʢʦʥʪʘʢʪʘ (Blazynski, 1983). 

ɸʤʧʣʠʪʫʜʘ ʪʘʣʘʩʘ ʩʝ ʤʦʞʝ ʟʥʘʯʘʿʥʦ ʧʦʚʝʘ˂ʪʠ ʧʦʚʝʘ˂ˁʝʤ ʫʛʣʘ ʩʫʜʘʨʘ ʠ/ʠʣʠ ʙʨʟʠʥʝ ʫʜʘʨʘ 

ʧʨʝʢʦ ʧʦʚʝʘ˂ʥʦʛ ʨʘʩʪʦʿʘˁʘ, ʧʨʠ ʢʦʥʩʪʘʥʪʥʦʿ ʙʨʟʠʥʠ ʪʘʯʢʝ ʩʫʜʘʨʘ. ʏʘʢ ʠ ʟʘ ʤʝʪʘʣʝ ʢʦʿʠ 

ʥʝ ʬʦʨʤʠʨʘʿʫ ʠʥʪʝʨʤʝʪʘʣʥʘ ʿʝʜʠˁʝˁʘ, ʪʘʣʘʩʥʠ ʦʙʣʠʢ ʩʘ ʚʝʠ˂ʤ ʚʨʭʦʤ (ʤʘʣʠ ʦʜʥʦʩ ɚ/ʘ) 
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ʤʦʞʝ ʜʘʪʠ ʿʘʯʝ ʩʧʦʿʝʚʝ. ʆʚʦ ʤʦʞʝ ʙʠʪʠ ʨʝʟʫʣʪʘʪ ʧʦʚʝʘ˂ʥʝ ʧʦʚʨʰʠʥʝ ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ ʦ 

ʢʦʿʦʿ ʿʝ ʧʨʝʪʭʦʜʥʦ ʜʠʩʢʫʪʦʚʘʥʦ ʠ ʚʝ˂ʝ ʜʫʙʠʥʝ ʦʪʚʨʜˁʘʚʘˁʘ ʫʜʘʨʦʤ ʫʦʯʝʥʦʛ ʢʦʜ ʚʨʰʥʠʭ 

ʪʘʣʘʩʘ. ʋ ʣʠʪʝʨʘʪʫʨʠ ʿʝ ʥʘʚʝʜʝʥʦ ʜʘ ˂ʝ ʩʘ ʦʜʥʦʩʦʤ ɚ/ʘÒ 7 ʢʦʜ ʫʛˀʝʥʠʯʥʠʭ ʯʝʣʠʢʘ ʙʠʪʠ 

ʜʦʙʠʿʝʥ ʟʘʜʦʚʦˀʘʚʘʿʫʠ˂ ʢʚʘʣʠʪʝʪ ʩʧʦʿʘ (Blazynski, 1983).  

ʄʝʹʫʪʠʤ, ʤʘʢʩʠʤʘʣʥʘ ʩʪʘʪʠʯʢʘ ʯʚʨʩʪʦʘ˂ ʚʝʟʝ ʩʝ ʦʙʠʯʥʦ ʧʦʩʪʠʞʝ ʩʘ ʜʦʙʨʦ ʨʘʟʚʠʿʝʥʠʤ 

ʪʘʣʘʩʘʩʪʠʤ ʩʧʦʿʝʤ, ʦʜʥʦʩʥʦ, ʢʘʜʘ ʿʝ ʙʨʟʠʥʘ ʪʘʯʢʝ ʩʫʜʘʨʘ ʟʥʘʪʥʦ ʚʝʘ˂ ʦʜ ʪʝ ʚʨʝʜʥʦʩʪʠ ʛʜʝ 

ʧʦʚʨʰʠʥʘ ʧʦʩʪʘʿʝ ʨʘʚʥʘ (Keller, 1968), (Vaidyanathan, 1992). ɼʝʬʠʥʠʩʘʥʘ ʿʝ ʢʘʦ ʧʨʝʣʘʟʥʘ 

ʙʨʟʠʥʘ VT (ʧʨʝʣʘʟ ʠʟ ʪʫʨʙʫʣʝʥʪʥʦʛ ʫ ʣʘʤʠʥʘʨʥʠ ʪʦʢ). Cowan ʿʝ ʧʦʢʘʟʘʦ ʜʘ ʙʨʟʠʥʘ ʩʫʜʘʨʘ 

ʟʘʚʠʩʠ ʦʜ ʦʜʨʝʹʝʥʠʭ ʩʚʦʿʩʪʘʚʘ ʤʝʪʘʣʘ ʢʦʿʠ ʩʝ ʟʘʚʘʨʫʿʫ, ʫ ʩʢʣʘʜʫ ʩʘ ʭʠʜʨʦʜʠʥʘʤʠʯʢʦʤ 

ʪʝʦʨʠʿʦʤ (Blazynski, 1983), (Cowan, 1971). 

ὠ
ςὌ Ὄ Ὑ

” ”
 (2.7) 

ʛʜʝ ʩʫ: 

Re - ʈʝʿʥʦʣʜʩʦʚ ʙʨʦʿ, 

H  - ʪʚʨʜʦ˂ʘ ʧʦ Vickers-oʚʦʿ ʩʢʘʣʠ ʠ 

F ʠ A - ʧʨʝʜʩʪʘʚˀʘʿʫ ʧʦʢʨʝʪʥʫ ʠ ʩʪʘʮʠʦʥʘʨʥʫ ʧʣʦʯʫ ʨʝʩʧʝʢʪʠʚʥʦ. 

ʈʝʿʥʦʣʜʩʦʚ ʙʨʦʿ ʢʦʿʠ ʦʜʛʦʚʘʨʘ ʦʚʠʤ ʚʨʝʜʥʦʩʪʠʤʘ ʠʤʘ ʧʨʦʩʝʯʥʫ ʚʨʝʜʥʦʩʪ ʦʜ 10,6. 

ɿʘ ʦʙʣʦʛʝ ʩʘ ʧʘʨʘʣʝʣʥʦʤ ʛʝʦʤʝʪʨʠʿʦʤ, ʙʨʟʠʥʘ ʜʝʪʦʥʘʮʠʿʝ ʢʦʨʠʰʝ˂ʥʦʛ ʝʢʩʧʣʦʟʠʚʘ ʪʨʝʙʘ 

ʜʘ ʙʫʜʝ ʙʣʠʩʢʘ ʦʧʪʠʤʘʣʥʦʿ ʙʨʟʠʥʠ ʪʘʯʢʝ ʩʫʜʘʨʘ. ɸʢʦ ʙʠ, ʧʨʠ ʜʝʙˀʠʥʠ ʢʦʿʘ ʿʝ ʧʦʪʨʝʙʥʘ 

ʟʘ ʦʚʫ ʙʨʟʠʥʫ, ʝʢʩʧʣʦʟʠʚ ʜʘʦ ʧʨʝʚʠʩʦʢʫ ʙʨʟʠʥʫ ʧʦʢʨʝʪʥʝ ʧʣʦʯʝ, ʧʦʪʨʝʙʥʦ ʿʝ ʧʦʩʪʘʚʠʪʠ 

ʦʙʣʦʛʫ (ʥʘʿʯʝʰ˂ʝ ʿʝ ʪʦ ʛʫʤʘ)ʠʟʤʝʹʫ ʧʦʢʨʝʪʥʝ ʧʣʦʯʝ ʠ ʝʢʩʧʣʦʟʠʚʘ ʜʘ ʙʠ ʩʝ ʢʦʤʧʝʥʟʦʚʘʣʘ 

ʙʨʟʠʥʘ. ɸʢʦ ʙʠ, ʩ ʜʨʫʛʝ ʩʪʨʘʥʝ, ʙʨʟʠʥʘ ʧʦʢʨʝʪʥʝ ʧʣʦʯʝ ʙʠʣʘ ʧʨʝʥʠʩʢʘ, ʜʝʙˀʠʥʘ ʦʙʣʦʛʝ ʩʝ 

ʤʦʞʝ ʩʤʘˁʠʪʠ ʠʣʠ ʧʫˁʝˁʝ ʥʘʙʠʪʠ (Blazynski, 1983). ʆʩʪʘʣʠ ʬʘʢʪʦʨʠ ʢʘʦ ʰʪʦ ʩʫ ʜʝʙˀʠʥʘ 

ʠ ʛʫʩʪʠʥʘ ʩʚʘʢʝ ʢʦʤʧʦʥʝʥʪʝ ʩʫ ʜʝʬʠʥʠʩʘʥʠ ʤʘʪʝʨʠʿʘʣʠʤʘ ʢʦʿʠ ʩʝ ʟʘʚʘʨʫʿʫ (Blazynski, 

1983). 

ʊʦʧˀʝˁʝ ʤʘʪʝʨʠʿʘʣʘ ʩʝ ʤʦʞʝ ʢʦʨʠʩʪʠʪʠ ʢʘʦ ʦʩʥʦʚʘ ʟʘ ʠʟʨʘʯʫʥʘʚʘˁʝ ʛʦʨˁʝ ʛʨʘʥʠʮʝ 

ʝʥʝʨʛʠʿʝ ʫʜʘʨʘ ʠ ʧʦʩʣʝʜʠʯʥʦ ʙʨʟʠʥʝ Vp. ɸʜʠʿʘʙʘʪʩʢʦ ʟʘʛʨʝʚʘˁʝ ʜʝʿʩʪʚʦʤ ʝʥʝʨʛʠʿʝ ʤʣʘʟʘ 

ʠʟʘʟʠʚʘ ʧʦʚʝʘ˂ˁʝ ʪʝʤʧʝʨʘʪʫʨʝ, ʰʪʦ ʟʘʫʟʚʨʘʪ ʤʦʞʝ ʜʘ ʠʟʘʟʦʚʝ ʪʦʧˀʝˁʝ ʿʝʜʥʝ ʠʣʠ ʦʙʝ 

ʟʘʚʘʨʝʥʝ ʧʣʦʯʝ ʧʨʘ˂ʝʥʦ ʚʝʦʤʘ ʙʨʟʠʤ ʭʣʘʹʝˁʝʤ. ʊʝʨʤʦʬʠʟʠʯʢʘ ʩʚʦʿʩʪʚʘ ʥʝʣʝʛʠʨʘʥʝ 

ʩʤʝʰʝ ʥʘ ʤʝʹʫʧʨʦʩʪʦʨʫ, ʢʘʦ ʠ ʪʦʧʣʦʪʥʘ ʧʨʦʚʦʜˀʠʚʦʩʪ ʧʦʢʨʝʪʥʝ ʠ ʩʪʘʮʠʦʥʘʨʥʝ ʧʣʦʯʝʝ˂ 

ʫʧʨʘʚˀʘʪʠ ʦʚʠʤ ʧʨʦʮʝʩʦʤ. ʀʟʨʘʟ ʟʘ ʤʘʢʩʠʤʘʣʥʫ ʚʨʝʜʥʦʩʪ ʫʜʘʨʥʝ ʙʨʟʠʥʝ ʧʦʢʨʝʪʥʝ ʧʣʦʯʝ 

Vp ʫ ʩʤʠʩʣʫ ʪʝʨʤʠʯʢʠʭ ʩʚʦʿʩʪʘʚʘ ʜʘʦ ʿʝ Wittman (Carpenter, 1975): 

ὠ
ρ

ὔ

Ὕὅ ϳ

ὠ

ὑὅὅ

”ὸ

ϳ

 (2.8) 

ʛʜʝ ʩʫ: 

N - ʢʦʥʩʪʘʥʪʘ, 

Tm - ʪʘʯʢʘ ʪʦʧˀʝˁʘ, 

K - ʪʦʧʣʦʪʥʘ ʧʨʦʚʦʜˀʠʚʦʩʪ, 

Ch - ʩʧʝʮʠʬʠʯʥʘ ʪʦʧʣʦʪʘ, 

Vc - ʙʨʟʠʥʘ ʪʘʯʢʝ ʩʫʜʘʨʘ ʠ 
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C - ʣʦʥʛʠʪʫʜʠʥʘʣʥʘ ʙʨʟʠʥʘ ʟʚʫʢʘ ʢʨʦʟ ʧʣʦʯʫ, 

ɟ - ʛʫʩʪʠʥʘ ʧʦʢʨʝʪʥʝ ʧʣʦʯʝʠ 

t - ʜʝʙˀʠʥʘ ʧʦʢʨʝʪʥʝ ʧʣʦʯʝ. 

ʋ ʜʦʩʪʫʧʥʠʤ ʨʘʜʦʚʠʤʘ, ʢʦʝʬʠʮʠʿʝʥʪ K ʤʦʞʝ ʠʤʘʪʠ ʨʘʟʣʠʯʠʪʝ ʚʨʝʜʥʦʩʪʠ (Bataev, 2019), 

(Deribas, 1974). ʊʦ ʫʢʘʟʫʿʝ ʜʘ ʿʝ ʥʘʿʚʘʞʥʠʿʠ ʧʘʨʘʤʝʪʘʨ ʫʜʘʨʥʘ ʙʨʟʠʥʘ ʧʣʦʯʝ Vp. ʄʝʹʫʪʠʤ, 

Vp ʿʝ ʚʝʦʤʘ ʪʝʰʢʦ ʜʠʨʝʢʪʥʦ ʠʟʤʝʨʠʪʠ ʟʙʦʛ ʙʨʟʠʥʝ ʧʨʦʮʝʩʘ. ʅʝʢʠ ʧʦʩʪʫʧʮʠ ʤʝʨʝˁʘ 

ʦʧʠʩʘʥʠ ʩʫ ʫ ʨʘʜʦʚʠʤʘ (Radiĺ, 2000), (Blazynski, 1983), (Smith, 1971). 

ʌʦʨʤʫʣʘ ʪʘʢʦʹʝ ʫʟʠʤʘ ʫ ʦʙʟʠʨ ʪʝʨʤʘʣʥʝ ʝʬʝʢʪʝ (Wronka, 2010) ʢʦʿʠ ʫʪʠʯʫ ʥʘ ʪʚʨʜʦʫ˂ 

ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ, ʧʦʩʝʙʥʦ ʫ ʟʦʥʠ ʙʣʠʟʫ ʩʧʦʿʘ (Crossland, 1970). ʋ ʝʿʜʥʘʯʠʥʠ 2.8, ʧʘʨʘʤʝʪʘʨ 

N ʥʠʿʝ ʧʨʝʮʠʟʥʦ ʜʝʬʠʥʠʩʘʥ. ʋ ʨʘʟʣʠʯʠʪʠʤ ʣʠʪʝʨʘʪʫʨʥʠʤ ʠʟʚʦʨʠʤʘ ˁʝʛʦʚʝ ʚʨʝʜʥʦʩʪʠ 

ʚʘʨʠʨʘʿʫ ʠʟʤʝʹʫ 0,037 ʠ 0,11 (Bataev, 2019). 

ɼʦˁʘ ʛʨʘʥʠʮʘ Vc (ʣʠʥʠʿʘ f-f') ʤʦʞʝ ʩʝ ʦʜʨʝʜʠʪʠ ʧʨʠ Re = 10,6. Jʝʜʥʘʯʠʥʘ 2.9 ʧʨʠʢʘʟʫʿʝ 

ʜʦˁʫ ʛʨʘʥʠʮʫ ʟʘ ʟʘʚʘʨʠʚʘˁʝ (Ghomi, 2009), (Bataev, 2019). 

ὠ
Ὧ

‍

Ὄὺ

”
 (2.9) 

ʛʜʝ ʩʫ: 

ɓ - ʫʛʘʦ ʫʜʘʨʘ ʫ ʩʪʝʧʝʥʠʤʘ, 

Hv - ʪʚʨʜʦ˂ʘ ʧʦ Vickers-ʦʚʦʿ ʩʢʘʣʠ, 

ɟ - ʛʫʩʪʠʥʘ ʠ 

k1 - ʙʝʟʜʠʤʝʥʟʠʦʥʘ ʚʨʝʜʥʦʩʪ ʫ ʛʨʘʥʠʮʘʤʘ ʦʜ 0,6 ʜʦ 1,2 ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʧʦʚʨʰʠʥʩʢʝ 

ʭʨʘʧʘʚʦʩʪʠ ʧʣʦʯʘ. 

 

2.1.4. ʆʜʥʦʩ ʤʘʩʝ ʝʢʩʧʣʦʟʠʚʘ ʠ ʧʦʢʨʝʪʥʝ ʧʣʦʯʝ 

ɱʝʜʥʘʯʠʥʘ 2.10, ʿʝ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʦʜʨʝʹʝʥʘ ʬʦʨʤʫʣʘ ʢʦʿʘ ʧʦʚʝʟʫʿʝ ʤʘʩʫ ʝʢʩʧʣʦʟʠʚʘ ʠ 

ʤʘʩʫ ʧʦʢʨʝʪʥʝ ʧʣʦʯʝ (Ghomi, 2009), (Addison, 1969). 

Ὡ
άϳ

τίὭὲ

Ὧ ςίὭὲ
 (2.10) 

ʛʜʝ ʩʫ: 

e - ʢʦʣʠʯʠʥʘ ʝʢʩʧʣʦʟʠʚʘ, 

m - ʤʘʩʘ ʝʢʩʧʣʦʟʠʚʘ ʠ 

k - ʙʝʟʜʠʤʝʥʟʠʦʥʘʣʥʘ ʢʦʥʩʪʘʥʪʘ, k = 0,612 (Ghomi, 2009), k = 0,578 (Addison, 1969) 

ʠ k = 0,55 (Carvalho, 2018). 

 

2.1.5. ʄʝʹʫʩʦʙʥʦ ʨʘʩʪʦʿʘˁʝ 

ʇʦʢʨʝʪʥʘ ʧʣʦʯʘ ʩʝ ʫ ʧʦʯʝʪʢʫ ʫʙʨʟʘʚʘ ʫʜʘʨʥʠʤ ʪʘʣʘʩʦʤ, ʢʦʿʠ ʥʘʩʪʘʿʝ ʫʩʣʝʜ ʧʨʠʪʠʩʢʘ 

ʜʝʪʦʥʘʮʠʿʝ, ʘ ʟʘʪʠʤ ʛʘʩʦʚʠʪʠʤ ʧʨʦʜʫʢʪʠʤʘ ʜʝʪʦʥʘʮʠʿʝ ʢʦʿʠ ʩʝ ʰʠʨʝ. ɸʢʦ ʿʝ ʨʘʩʪʦʿʘˁʝ 

ʠʟʤʝʹʫ ʧʦʢʨʝʪʥʝ ʠ ʩʪʘʮʠʦʥʘʨʥʝ ʧʣʦʯʝ ʜʦʚʦˀʥʦ ʚʝʣʠʢʦ, ʧʦʢʨʝʪʥʘ ʧʣʦʯʘ ʝ˂ ʥʘ ʢʨʘʿʫ 
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ʜʦʩʪʠʠ˂ ʢʨʘʿˁʫ ʙʨʟʠʥʫ ʜʘʪʫ ʦʜʛʦʚʘʨʘʿʫʦ˂ʤ Gurney-ʝʚʦʤ ʿʝʜʥʘʯʠʥʦʤ (Gurney, 1970). ʋ 

ʥʦʨʤʘʣʥʠʤ ʫʩʣʦʚʠʤʘ, ʢʘʜʘ ʬʨʦʥʪ ʜʝʪʦʥʘʮʠʿʝ ʧʫʪʫʿʝ ʧʘʨʘʣʝʣʥʦ ʩʘ ʧʦʚʨʰʠʥʦʤ ʧʦʢʨʝʪʥʝ 

ʧʣʦʯʝ, ʢʨʘʿˁʘ ʙʨʟʠʥʘ ʩʝ ʧʦʩʪʠʞʝ ʫ ʚʨʝʤʝʥʫ ʢʦʿʝ ʿʝ ʧʦʪʨʝʙʥʦ ʛʘʩʦʚʠʤʘ ʜʘ ʩʝ ʧʨʦʰʠʨʝ ʜʦ 

ʩʝʜʘʤ ʧʫʪʘ ʚʝʝ˂ ʟʘʧʨʝʤʠʥʝ ʝʢʩʧʣʦʟʠʚʘ (Kury, 1965). ʀʟ ʪʦʛʘ ʩʣʝʜʠ ʜʘ, ʰʪʦ ʿʝ ʚʝʘ˂ ʙʨʟʠʥʘ 

ʜʝʪʦʥʘʮʠʿʝ ʠ ʛʫʩʪʠʥʘ ʝʢʩʧʣʦʟʠʚʘ, ʪʦ ʿʝ ʧʦʪʨʝʙʥʦ ʤʘˁʝ ʤʝʹʫʩʦʙʥʦ ʨʘʩʪʦʿʘˁʝ. 

ʈʘʟʤʘʢ S ʢʦʿʠ ʿʝ ʧʦʪʨʝʙʘʥ ʟʘ ʧʦʩʪʠʟʘˁʝ ʤʘʢʩʠʤʘʣʥʝ ʙʨʟʠʥʝ ʧʣʦʯʝ Vp ʤʦʞʝ ʩʝ ʜʦʙʠʪʠ 

ʢʦʤʙʠʥʦʚʘˁʝʤ ʪʝʦʨʝʪʩʢʠʭ ʨʝʟʫʣʪʘʪʘ (Aziz, 1961), (Kennedy, 1970). 

Ὓ σὯὼὅὓϳ  (2.11) 

ʛʜʝʩʫ: 

k= 0,4 ʠ k= 0,7 ʟʘ ʙʨʟʠʥʝ ʫʜʘʨʘ ʦʜ 70% Vp ʠ 100% Vp ʨʝʩʧʝʢʪʠʚʥʦ (Radiĺ, 2000) ʠ 

xe - ʜʝʙˀʠʥʘ ʝʢʩʧʣʦʟʠʚʘ. 

ɼʦʩʪʠʟʘˁʝ 70% ʚʨʝʜʥʦʩʪʠ ʙʨʟʠʥʝ Vp ʙʠ ʙʠʣʦ ʦʧʪʠʤʫʤ ʿ ʝʨ ʥʠʿʝ ʥʠ ʥʝʦʧʭʦʜʥʦ ʥʠ ʧʦʞʝˀʥʦ 

ʧʦʩʪʠʠ˂ ʙʨʟʠʥʫ ʧʨʠ ʢʦʿʦʿ ʩʝ ʿʘʚˀʘʿʫ ʠʟʨʘʞʝʥʠʿʠ ʪʝʨʤʘʣʥʠ ʝʬʝʢʪʠ ʠʟ ʩʣʝʜʝ˂ʠʭ ʨʘʟʣʦʛʘ: 

(Blazynski, 1983), (Vaidyanathan, 1992): 

- ʂʦʨʠʩʥʠ ʜʝʦ ʢʨʘʿˁʝ ʙʨʟʠʥʝ ʩʝ ʧʦʩʪʠʞʝ ʨʘʥʦ ʫ ʬʘʟʠ ʫʙʨʟʘˁʘ, 

- ʄʘʢʩʠʤʘʣʥʘ ʙʨʟʠʥʘ, ʧʨʘʢʪʠʯʥʦ ʥʝʤʘ ʧʦʪʠʩʥʫ ʝʥʝʨʛʠʿʫ ʢʦʿʘ ʙʠ ʩʝ ʩʫʧʨʦʪʩʪʘʚʠʣʘ 
ʩʠʣʘʤʘ ʦʜʙʠʿʘˁʘ ʢʦʿʝ ʤʦʛʫ ʠʤʘʪʠ ʪʝʥʜʝʥʮʠʿʫ ʜʘ ʨʘʟʜʚʦʿʝ ʧʦʢʨʝʪʥʫ ʠ ʩʪʘʮʠʦʥʘʨʥʫ 

ʧʣʦʯʫ ʫ ʚʨʝʤʝʥʫ ʢʘʜʘ ʿʦʰ ʫʚʝʢ ʧʦʩʪʦʿʠ ʨʘʩʪʦʧˀʝʥʠ ʤʘʪʝʨʠʿʘʣ, 

- ɿʘʜʦʚʦˀʘʚʘʿʫ ʩʚʝ ʟʘʭʪʝʚʝ ʚʝʟʠʚʘˁʘ ʠ 

- ɽʣʠʤʠʥʠʰʝ ʩʝ ʤʦʛʫ˂ʥʦʩʪ ʩʪʚʘʨʘˁʘ ʥʝʜʦʩʪʘʪʘʢʘ ʟʘʚʘʨʘ. 

ʊʘʢʦʹʝ, ʧʨʝʚʝʣʠʢʘ ʙʨʟʠʥʘ ʿʝ ʥʝʧʦʞʝˀʥʘ ʟʙʦʛ ʧʦʪʝʥʮʠʿʘʣʥʝ ʤʦʛʫ˂ʥʦʩʪʠ ʥʝʜʦʩʪʘʪʘʢʘ ʠ 

ʦʰʪʝ˂ʝˁʘ ʧʦʢʨʝʪʥʝ ʧʣʦʯʝ (Vaidyanathan, 1992). 

ɼʘʢʣʝ, ʧʨʝʤʘ Stivers-ʫʠ Wittman-ʫ, (Deribas, 1967) ʧʨʘʢʪʠʯʥʘ ʤʠʥʠʤʘʣʥʘ ʚʨʝʜʥʦʩʪ 

ʨʘʩʪʦʿʘˁʘ ʟʘ ʦʙʣʘʛʘˁʝ ʤʦʞʝ ʩʝ ʜʦʙʠʪʠ ʠʟ ʩʣʝʜʝʝ˂ ʝʤʧʠʨʠʿʩʢʝ ʿʝʜʥʘʯʠʥʝ: 

Ὓ πȟςὼ ὼ  (2.12) 

ʛʜʝ ʩʫ: 

xf - ʜʝʙˀʠʥʘ ʧʦʢʨʝʪʥʝ ʧʣʦʯʝ ʠ 

xe - ʜʝʙˀʠʥʘ ʝʢʩʧʣʦʟʠʚʘ. 

ʋ ʧʘʨʘʣʝʣʥʦʿ ʛʝʦʤʝʪʨʠʿʠ ʛʜʝ ʩʝ ʞʝʣʠ ʧʦʙʦˀʰʘʪʠ ʦʙʣʠʢ ʪʘʣʘʩʘ ʧʦʚʝʘ˂ˁʝʤ ʫʛʣʘ ʩʫʜʘʨʘ, 

ʙʝʟ ʧʦʚʝʘ˂ˁʘ ʙʨʟʠʥʝ ʪʘʯʢʝ ʩʫʜʘʨʘ, ʤʦʞʝ ʩʝ ʢʦʨʠʩʪʠʪʠ ʤʝʹʫʩʦʙʥʦ ʨʘʩʪʦʿʘˁʝ ʚʝ˂ʝ ʦʜ 

ʨʘʩʪʦʿʘˁʘ ʜʝʬʠʥʠʩʘʥʦʛ ʿʝʜʥʘʯʠʥʦʤ (2.12) ʘʣʠ ʤʘˁʝ ʥʝʛʦ ʰʪʦ ʿʝ ʜʘʪʦ ʿʝʜʥʘʯʠʥʦʤ (2.11), 

ʩʘ k = 0,7 (Blazynski, 1983). 

ʂʘʜʘ ʿʝ ʧʦʪʨʝʙʥʦ ʚʝʣʠʢʦ ʤʝʹʫʩʦʙʥʦ ʨʘʩʪʦʿʘˁʝ, ʧʦʩʪʘʿʝ ʚʘʞʥʦ ʦʩʠʛʫʨʘʪʠ ʜʘ ʩʝ 

ʧʦʪʝʥʮʠʿʘʣʥʝ ʧʦʨʝʤʝ˂ʘʿʥʝ ʩʠʣʝ ʠ ʠʚʠʯʥʠ ʝʬʝʢʪʠ ʤʠʥʠʤʠʟʠʨʘʿʫ. ʉʪʦʛʘ ʩʝ ʤʦʨʘ ʧʦʚʝ˂ʘʪʠ 

ʜʝʙˀʠʥʘ ʝʢʩʧʣʦʟʠʚʘ, ʢʘʦ ʠ ʧʦʚʨʰʠʥʘ ʧʦʢʨʝʪʥʝ ʧʣʦʯʝ ʠ ʝʢʩʧʣʦʟʠʚʘ ʫ ʦʜʥʦʩʫ ʥʘ ʧʦʚʨʰʠʥʫ 

ʩʪʘʮʠʦʥʘʨʥʝ ʧʣʦʯʝ. 
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2.1.6. ʇʦʚʨʰʠʥʘ ʧʦʜʣʦʛʝ 

ɸʢʦ ʩʝ ʟʘʟʦʨ ʟʥʘʯʘʿʥʦ ʧʦʚʝʘ˂ ʙʝʟ ʦʜʛʦʚʘʨʘʿʫʝ˂ʛ ʧʦʚʝʘ˂ˁʘ ʜʝʙˀʠʥʝ ʝʢʩʧʣʦʟʠʚʘ, ʧʦʪʠʩʥʠ 

ʧʨʠʪʠʩʘʢ ʤʦʞʝ ʧʘʩʪʠ ʜʦ ʪʘʢʚʦʛ ʥʠʚʦʘ ʜʘ ʥʝ ʤʦʞʝ ʜʘ ʩʝ ʩʫʧʨʦʪʩʪʘʚʠ ʩʠʣʠ ʢʦʿʘ ʥʘʩʪʘʿʝ ʢʘʜʘ 

ʩʝ ʪʘʣʘʩ ʢʦʤʧʨʝʩʠʿʝ ʧʨʦʠʟʚʝʜʝʥ ʧʨʠ ʫʜʘʨʫ ʨʝʬʣʝʢʪʫʿʝ. ʇʦʨʝʤʝ˂ʘʿʥʝ ʩʠʣʝ ʩʣʠʯʥʝ 

ʚʝʣʠʯʠʥʝ ʤʦʛʫ ʥʘʩʪʘʪʠ ʩʘ ʜʦˁʝ ʩʪʨʘʥʝ ʪʘʥʢʝ ʠʣʠ ʩʣʘʙʦ ʦʩʣʦˁʝʥʝ ʩʪʘʮʠʦʥʘʨʥʝ ʧʣʦʯʝ. ɸʢʦ 

ʧʦʜʣʦʛʘ ʥʠʿʝ ʫ ʙʣʠʩʢʦʤ ʢʦʥʪʘʢʪʫ ʩʘ ʜʦˁʦʤ ʩʪʨʘʥʦʤ ʧʦʢʨʝʪʥʝ ʧʣʦʯʝ, ʤʦʞʝ ʜʦ˂ʠ ʜʦ 

ʬʦʨʤʠʨʘˁʘ ʦʜʙʦʿʥʦʛ ʪʘʣʘʩʘ ʢʦʿʠ ˂ʝ ʪʝʞʠʪʠ ʦʜʚʘʿʘʫˁ ʧʦʢʨʝʪʥʝ ʦʜ ʩʪʘʮʠʦʥʘʨʥʝ ʧʣʦʯʝ 

(Blazynski, 1983). 

ʉʘ ʫʚʝ˂ʘʥʠʤ ʧʫˁʝˁʝʤ, ʦʜʚʘʿʘˁʝ ʦʙʠʯʥʦ ʥʠʿʝ ʧʨʦʙʣʝʤ ʧʦʜ ʫʩʣʦʚʦʤ ʜʘ ʿʝ ʜʝʙˀʠʥʘ 

ʩʪʘʮʠʦʥʘʨʥʝ ʧʣʦʯʝ ʥʘʿʤʘˁʝ ʜʚʘ, ʘ ʧʦʞʝˀʥʦ ʥʘʿʤʘˁʝ ʪʨʠ ʧʫʪʘ ʚʝʘ˂ ʦʜ ʜʝʙˀʠʥʝ ʧʦʢʨʝʪʥʝ 

ʧʣʦʯʝ. ʋ ʦʚʦʤ ʩʣʫʯʘʿʫ ʫʣʦʛʘ ʧʦʜʣʦʛʝ ʿʝ ʜʘ ʦʙʝʟʙʝʜʠ ʧʦʛʦʜʥʫ ʨʘʜʥʫ ʧʦʚʨʰʠʥʫ, ʜʘ 

ʦʛʨʘʥʠʯʠ ʢʨʝʪʘˁʝ ʟʘʚʘʨʝʥʠʭ ʧʣʦʯʘ ʢʦʿʝ ʙʠ ʠʥʘʯʝ ʤʦʛʣʝ ʜʘ ʙʫʜʫ ʟʘʢʦʧʘʥʝ ʥʘ ʜʫʙʠʥʫ ʦʜ 

ʥʝʢʦʣʠʢʦ ʜʝʩʝʪʠʥʘ ʮʝʥʪʠʤʝʪʘʨʘ ʠ ʠʩʢʨʠʚˀʝʥʝ. ʋ ʦʚʠʤ ʦʢʦʣʥʦʩʪʠʤʘ ʧʦʜʣʦʛʘ ʦʜ 

ʩʘʙʠʿʝʥʦʛ ʧʝʩʢʘ ʤʦʞʝ ʙʠʪʠ ʧʦʞʝˀʥʠʿʘ ʦʜ ʯʝʣʠʯʥʝ ʠʣʠ ʙʝʪʦʥʩʢʝ ʧʦʜʣʦʛʝ. ʉʪʦʛʘ ʿʝ 

ʧʝʰʯʘʥʘ ʧʦʚʨʰʠʥʘ ʿʝʬʪʠʥʠʿʘ ʠ ʤʦʞʝ ʩʝ ʣʘʢʦ ʠʟʨʘʚʥʘʪʠ ʥʘʢʦʥ ʩʚʘʢʝ ʦʧʝʨʘʮʠʿʝ 

ʟʘʚʘʨʠʚʘˁʘ (Blazynski, 1983). 

ɸʢʦ ʿʝ ʩʪʘʮʠʦʥʘʨʥʘ ʧʣʦʯʘ ʚʝʦʤʘ ʪʘʥʢʘ ʫ ʦʜʥʦʩʫ ʥʘ ʧʦʢʨʝʪʥʫ ʧʣʦʯʫ, ʥʝʦʧʭʦʜʥʦ ʿʝ ʜʘ 

ʩʪʘʮʠʦʥʘʨʥʘ ʧʣʦʯʘ ʙʫʜʝ ʫ ʙʣʠʩʢʦʤ ʢʦʥʪʘʢʪʫ ʩʘ ʦʜʛʦʚʘʨʘʿʫʠ˂ʤ ʤʝʪʘʣʥʦʤ ʧʦʜʣʦʛʦʤ ʢʘʢʦ 

ʙʠ ʩʝ ʩʧʨʝʯʠʣʦ ʨʝʬʣʝʢʪʦʚʘˁʝ ʫʜʘʨʥʦʛ ʪʘʣʘʩʘ. ʋ ʪʦʤ ʩʣʫʯʘʿʫ ʩʝ ʤʦʞʝ ʧʨʠʤʝʥʠʪʠ ʩʧʘʿʘˁʝ 

ʩʪʘʮʠʦʥʘʨʥʝ ʧʣʦʯʝ ʠ ʤʝʪʘʣʥʝ ʧʦʜʣʦʛʝ (Blazynski, 1983). 

 

2.1.7. ɿʘʚʨʰʥʘ ʧʦʚʨʰʠʥʩʢʘ ʦʙʨʘʜʘ 

ɿʘʚʨʰʥʘ ʧʦʚʨʰʠʥʩʢʘ ʦʙʨʘʜʘ ʠ ʫʩʣʦʚʠ ʧʦʚʨʰʠʥʝ ʩʫ ʚʘʞʥʠ ʠʟ ʥʝʢʦʣʠʢʦ ʨʘʟʣʦʛʘ: 

- ɺʝʣʠʯʠʥʘ ʧʦʚʨʰʠʥʩʢʝ ʭʨʘʧʘʚʦʩʪʠ ʦʜʨʝʹʫʿʝ ʩʪʝʧʝʥ ʝʬʠʢʘʩʥʦʩʪʠ ʦʜʥʦʰʝˁʘ 

ʤʘʪʝʨʠʿʘʣʘ ʢʫʤʫʣʘʪʠʚʥʠʤ ʤʣʘʟʦʤ, ʘ ʪʠʤʝ ʠ ʩʪʝʧʝʥ ʜʦʜʘʪʥʦʛ ʪʦʧˀʝˁʘ ʥʘ 

ʧʦʚʨʰʠʥʠ ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ, ʿʝʨ ʩʝ ʢʠʥʝʪʠʯʢʘ ʝʥʝʨʛʠʿʘ ʤʣʘʟʘ ʧʨʝʪʚʘʨʘ ʫ ʪʦʧʣʦʪʫ. 

- ɸʢʦ ʿʝ ʚʝʣʠʯʠʥʘ ʪʘʣʘʩʘ ʤʘʣʘ ʫ ʧʦʨʝʹʝˁʫ ʩʘ ʧʦʚʨʰʠʥʩʢʦʤ ʭʨʘʧʘʚʦʰ˂ʫ, ʥʝʤʦʛʫ˂ʝ 

ʿʝ ʨʘʟʚʠʪʠ ʩʪʘʣʥʠ ʪʘʣʘʩʥʠ ʦʙʣʠʢ. ɼʠʩʪʨʠʙʫʮʠʿʘ ʢʦʣʠʯʠʥʝ ʪʦʧʣʦʪʝ ˂ʝ ʙʠʪʠ 

ʥʝʧʨʝʜʚʠʜˀʠʚʘ. 

- ʇʨʠʧʨʝʤʘ ʧʦʚʨʰʠʥʝ ʤʦʞʝ ʜʝʬʠʥʠʩʘʪʠ ʩʪʝʧʝʥ ʦʯʚʨʰ˂ʘʚʘˁʘ. ɺʠʩʦʢʦ ʧʦʣʠʨʘʥʝ 

ʧʦʚʨʰʠʥʝ ʤʦʛʫ ʩʝ ʧʨʦʠʟʚʝʩʪʠ ʙʨʫʰʝˁʝʤ. ʋ ʧʨʦʮʝʩʫ ʧʨʠʧʨʝʤʝ ʧʦʚʨʰʠʥʝ ʧʣʦʯʝ, 

ʤʦʞʝ ʜʦ˂ʠ ʜʦ ʧʦʚʨʰʠʥʩʢʦʛ ʦʪʚʨʜˁʘʚʘˁʘ ʢʦʿʝ ʫʪʠʯʝ ʥʘ ʟʘʚʘʨʠʚʘˁʝ, ʢʘʜʘ ʩʝ 

ʢʦʨʠʩʪʠ ʤʘˁʘ ʢʦʣʠʯʠʥʘ ʝʢʩʧʣʦʟʠʚʘ. 

ʌʠʥʘ ʟʘʚʨʰʥʘ ʦʙʨʘʜʘ ʧʦʚʨʰʠʥʘ ʿʝ ʪʦʣʝʨʘʥʪʥʠʿʘ ʟʘ ʢʦʥʪʘʤʠʥʠʨʘʥʝ ʩʣʦʿʝʚʝ ʢʘʦ ʰʪʦ ʩʫ 

ʫˀʝ, ʤʘʩʪ ʠ ʚʦʜʘ. ɻʣʘʪʢʘ ʧʦʚʨʰʠʥʘ ʧʣʦʯʝ ʦʤʦʛʫ˂ʘʚʘ ʣʘʢʰʝ ʠʟʙʘʮʠʚʘˁʝ ʥʝʯʠʩʪʦ˂ʘ 

ʢʫʤʫʣʘʪʠʚʥʠʤ ʤʣʘʟʦʤ.  

ʋ ʠʜʝʘʣʥʦʤ ʩʣʫʯʘʿʫ, ʘʢʦ ʿʝ ʧʦʪʨʝʙʘʥ ʟʘʚʘʨ, ʢʦʿʠ ʿʝ ʥʘʿʚʠʰʝʛ ʢʚʘʣʠʪʝʪʘ, ʧʦʚʨʰʠʥʝ ʧʣʦʯʘ 

ʪʨʝʙʘ ʜʘ ʙʫʜʫ ʧʦʣʠʨʘʥʝ. ʋ ʢʦʤʝʨʮʠʿʘʣʥʠʤ ʫʩʣʦʚʠʤʘ, ʦʜʨʝʹʝʥ ʩʪʝʧʝʥ ʞʨʪʚʦʚʘˁʝ 

ʢʚʘʣʠʪʝʪʘ ʟʘʚʘʨʠʚʘˁʘ ʤʦʞʝ ʩʝ ʪʦʣʝʨʠʩʘʪʠ, ʿʝʨ ʚʠʩʦʢʠ ʩʪʝʧʝʥʠ ʧʦʣʠʨʘˁʘ ʥʠʩʫ ʝʢʦʥʦʤʩʢʠ 

ʧʨʠʭʚʘʪˀʠʚʠ. ʀʧʘʢ, ʟʘʚʘʨʠʚʘˁʝ ʧʨʠʭʚʘʪˀʠʚʦʛ ʢʚʘʣʠʪʝʪʘ, ʛʝʥʝʨʘʣʥʦ ʩʝ ʜʦʙʠʿʘ ʩʘ 

ʟʘʚʨʰʥʦʤ ʦʙʨʘʜʦʤ ʢʦʿʘ ʿʝ ʙʦˀʘ ʦʜ 2-3 ɛm (Blazynski, 1983). 

ɼʝʬʝʢʪʠ, ʫʟʨʦʮʠ ʠ ʨʝʰʝˁʘ ʧʨʦʙʣʝʤʘ ʧʨʠʢʘʟʘʥʠ ʩʫ ʫ ʪʘʙʝʣʠ 2.2. 
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ʊʘʙʝʣʘ 2.2. ʄʦʛʫ˂ʠ ʜʝʬʝʢʪʠ, ʫʟʨʦʮʠ ʠ ʨʝʰʝˁʘ ʧʨʠ ʝʢʩʧʣʦʟʠʚʥʦʤ ʟʘʚʘʨʠʚʘˁʫ 

(Vaidyanathan, 1992) 

ɼʝʬʝʢʪʠ ʋʟʨʦʮʠ ʈʝʰʝˁʝ 

ʉʧʦʨʘʜʠʯʥʠ ʟʘʚʘʨ 
ʄʘʪʝʨʠʿʘʣ ʠʥʪʝʨʬʝʿʩʘ 

ʧʦʤʝʨʝʥ ʢʘʦ ʤʣʘʟ 

ʉʤʘˁʝˁʝ ʙʨʟʠʥʝ ʧʣʦʯʝ 

ɸʜʝʢʚʘʪʥʘ ʧʨʠʧʨʝʤʘ 

ʧʦʚʨʰʠʥʝ ʧʣʦʯʝ 

ɲʫʰʪʝˁʝ 
ʊʘʣʘʩʠ ʩʪʚʦʨʝʥʠ ʫʥʫʪʘʨ 

ʧʦʢʨʝʪʥʝ ʧʣʦʯʝ 

ɽʢʩʧʣʦʟʠʚ ʤʘʣʝ ʙʨʟʠʥʝ 

ʜʝʪʦʥʘʮʠʿʝ ʠ ʯʚʨʩʪʘ 

ʟʝʤˀʘʥʘ ʧʦʜʣʦʛʘ. 

ʆʜʚʘʿʘˁʝ ʚʝʟʝ ʠ ʣʦʤ 

ʧʦʢʨʝʪʥʝ ʧʣʦʯʝ 
ɽʢʩʪʝʥʟʠʚʥʠ ʢʨʘʿˁʠ ʝʬʝʢʘʪ 

ʉʤʘˁʝˁʝ ʝʬʝʢʪʘ ʤʘʩʝ ʠ 

ʤʝʹʫʩʦʙʥʦʛ ʨʘʩʪʦʿʘˁʘ. 

ʇʦʩʪʘʚˀʘˁʝ ʝʢʩʧʣʦʟʠʚʘ ʠ 

ʠʟʚʘʥ ʧʦʢʨʝʪʥʝ ʧʣʦʯʝ. 

ʇʦʚʝ˂ʘˁʝ ʜʝʙˀʠʥʝ ʧʫˁʝˁʘ 

ʜʫʞ ʠʚʠʮʝ. 

ʅʝʟʘʚʘʨʝʥʦ ʧʦʜʨʫʯʿʝ 
ʋʧʦʪʨʝʙʘ ʤʝʪʘʣʥʠʭ 

ʦʜʩʪʦʿʥʠʢʘ 

ʋʧʦʪʨʝʙʘ ʯʝʩʪʠʮʘ 

ʧʦʣʠʩʪʠʨʝʥʘ ʠʣʠ ʚʘʟʜʫʭʘ 

ʧʦʜ ʧʨʠʪʠʩʢʦʤ. 

ʅʝʟʘʚʘʨʝʥʦ ʧʦʜʨʫʯʿʝ 

ʋʛʘʦ ʩʫʜʘʨʘ(ʥʠʞʠ ʦʜ 

ʢʨʠʪʠʯʥʦʛ) ʟʙʦʛ ʩʤʘˁʝʥʝ 

ʙʨʟʠʥʝ ʧʦʢʨʝʪʥʝ ʧʣʦʯʝ 

ʂʦʨʠʰ˂ʝˁʝ ʝʢʩʧʣʦʟʠʚʘ 

ʤʘʣʝ ʙʨʟʠʥʝ ʜʝʪʦʥʘʮʠʿʝ, 

ʚʠʩʦʢʦʝʥʝʨʛʝʪʩʢʠ 

ʧʦʿʘʯʠʚʘʯ (ʘʢʦ ʿʝ ʧʦʪʨʝʙʥʦ) 

ʠ ʤʠʥʠʤʘʣʥʦ ʤʝʹʫʩʦʙʥʦ 

ʨʘʩʪʦʿʘˁʝ. 

ʅʘʛʥʫʪʠ ʧʦʢʨʝʪʥʫ ʧʣʦʯʫ 

ʘʢʦ ʿʝ ʤʘʣʘ. 

ʇʦʜʨʫʯʿʘ ʚʠʩʦʢʝ 

ʪʚʨʜʦ˂ʝ 

ʇʨʠʪʠʩʘʢ ʠʟʘʟʚʘʥ ʧʨʦʤʝʥʦʤ 

ʢʨʠʩʪʘʣʥʝ ʬʘʟʝ ʠ ʦʙʨʥʫʪʦ 

ʄʘˁʘ ʙʨʟʠʥʘ ʧʣʦʯʝ. 

ɾʘʨʝˁʝ ʥʘʢʦʥ ʟʘʚʘʨʠʚʘˁʘ. 

ʇʨʠʩʫʩʪʚʦ ʩʧʘʿʘˁʘ 
ɺʝʦʤʘ ʿʘʢʦ ʧʣʘʩʪʠʯʥʦ 

ʪʝʯʝˁʝ 
ʆʜʘʙʠʨ ʪʘʯʥʠʭ ʧʘʨʘʤʝʪʘʨʘ. 

ʊʦʧˀʝˁʝ ʫ ʚʨʪʣʦʟʠʤʘ, 

ʨʘʩʭʣʘʜʥʠʤ 

ʰʫʧˀʠʥʘʤʘ ʠ ʪʚʨʜʠʤ ʠ 

ʢʨʪʠʤ ʠʥʪʝʨʤʝʪʘʣʥʠʤ 

ʟʦʥʘʤʘ. 

ʅʘʛʣʠ ʧʦʨʘʩʪ ʪʝʤʧʝʨʘʪʫʨʝ 

ʟʙʦʛ ʚʝʣʠʢʝ ʙʨʟʠʥʝ ʩʤʠʮʘˁʘ 

ʫ ʝʢʩʪʨʝʤʥʠʤ ʫʩʣʦʚʠʤʘ 

ʉʤʘˁʝˁʝ ʙʨʟʠʥʝ ʧʦʢʨʝʪʥʝ 

ʧʣʦʯʝ. ʀʩʧʨʘʚʥʠ ʫʩʣʦʚʠ 

ʟʘʚʘʨʠʚʘˁʘ. ɿʘʚʘʨʠʚʘˁʝ ʫ 

ʚʘʢʫʫʤʫ. 

ʄʝʢʠ ʜʝʥʜʨʠʪʩʢʠ 

ʨʝʛʠʦʥ ʜʫʞ ʩʧʦʿʘ 

ʉʚʦʿʩʪʚʘ ʤʘʪʝʨʠʿʘʣʘ ʠ 

ʪʝʤʧʝʨʘʪʫʨʘ ʩʧʦʿʘ 

ʀʩʧʨʘʚʥʠ ʫʩʣʦʚʠ 

ʟʘʚʘʨʠʚʘˁʘ. 

ɿʘʚʘʨʠʪʠ ʫ ʚʘʢʫʫʤʫ. 

ʈʘʩʪʦʧˀʝʥʠ ʩʧʦʿ, ʢʨʪʝ 

ʠʥʪʝʨʤʝʪʘʣʥʝ ʟʦʥʝ, 

ʧʦʿʘʚʘ ʧʫʢʦʪʠʥʘ 

ʧʨʠʣʠʢʦʤ ʭʣʘʹʝˁʘ 

ʇʨʝʚʠʩʦʢʘ ʢʠʥʝʪʠʯʢʘ 

ʝʥʝʨʛʠʿʘ ʧʣʦʯʘ. 

ʊʝʨʤʠʯʢʘ ʢʦʥʪʨʘʢʮʠʿʘ. 

ʋʪʠʮʘʿ ʨʘʟʣʠʢʝ ʫ ʪʦʧʣʦʪʥʦʿ 

ʧʨʦʚʦʜˀʠʚʦʩʪʠ. 

ʇʘʞˀʠʚʦ ʠʟʘʙʝʨʠʪʝ 

ʧʘʨʘʤʝʪʨʝ ʟʘʚʘʨʠʚʘˁʘ. 

ʂʦʥʮʝʥʪʨʘʮʠʿʝ ʦʢʩʠʜʘ, 

ʬʦʨʤʠʨʘˁʝ ʩʣʦʿʝʚʘ ʠ 

ʩʪʚʘʨʘˁʝ ʨʫʧʘ ʫ 

ʤʘʪʝʨʠʿʘʣʫ 

ɿʘʨʦʙˀʝʥ ʢʫʤʫʣʘʪʠʚʥʠ ʤʣʘʟ 
ʀʟʤʝʥʠʪʝ ʧʘʨʘʤʝʪʨʝ 

ʧʨʦʮʝʩʘ. 
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2.1.8. ɸʤʧʣʠʪʫʜʘ ʠ ʪʘʣʘʩʥʘ ʜʫʞʠʥʘ ʬʦʨʤʠʨʘʥʦʛ ʩʧʦʿʘ 

ʉʚʘʢʠ ʜʦʙʨʦ ʟʘʚʘʨʝʥ ʩʧʦʿ ʬʦʨʤʠʨʘ ʧʦʥʘʚˀʘʿʫ˂ʝ ʪʘʣʘʩʘʩʪʝ ʬʦʨʤʝ. ʂʘʦ ʰʪʦ ʿʝ ʦʧʠʩʘʥʦ ʫ 

ʪʘʯʢʠ 2, ʪʘʢʚʝ ʬʦʨʤʝ ʠʤʘʿʫ ʦʙʣʠʢ ʩʠʥʫʩʦʠʜʝ ʟʘ ʤʘʪʝʨʠʿʘʣʝ ʢʦʿʠ ʩʫ ʩʣʠʯʥʝ ʛʫʩʪʠʥʝ, ʜʦʢ ʟʘ 

ʤʘʪʝʨʠʿʘʣʝ ʨʘʟʣʠʯʠʪʠʭ ʛʫʩʪʠʥʘ ʠʤʘʿʫ ʚʨʪʣʦʞʥʠ ʢʘʨʘʢʪʝʨ. ʇʨʝʤʘ ʪʝʦʨʠʿʩʢʠʤ ʠ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʤ ʧʦʜʘʮʠʤʘ ʦʯʝʢʫʿʝ ʩʝ ʜʘ ˂ʝ ʯʝʣʠʮʠ ʧʨʠʙʣʠʞʥʦ ʩʣʠʯʥʠʭ ʛʫʩʪʠʥʘ ʠʤʘʪʠ 

ʩʠʥʫʩʦʠʜʘʣʥʠ ʢʘʨʘʢʪʝʨ. ʌʦʨʤʠʨʘʥ ʦʙʣʠʢ ʟʘʚʘʨʘ ʩʝ ʤʦʞʝ ʦʧʠʩʘʪʠ ʪʘʣʘʩʥʦʤ ʜʫʞʠʥʦʤ ʠ 

ʘʤʧʣʠʪʫʜʦʤ. ʇʨʝʤʘ ʨʘʜʫ (Ghomi, 2009) ʪʝʦʨʠʿʩʢʘ ʪʘʣʘʩʥʘ ʜʫʞʠʥʘ ʩʧʦʿʘ ʤʦʞʝ ʩʝ ʥʘʧʠʩʘʪʠ 

ʫ ʩʣʝʜʝ˂ʝʤ ʦʙʣʠʢʫ: 

ʇ ςψὬÓÉÎ
‍

ς
 (2.13) 

ʊʘʢʦʹʝ, ʘʤʧʣʠʪʫʜʘ ʩʧʦʿʘ ʤʦʞʝ ʩʝ ʥʘʧʠʩʘʪʠ ʫ ʦʙʣʠʢʫ: 

 

! πȟςʇ (2.14) 

ʛʜʝ ʩʫ: 

h - ʜʝʙˀʠʥʘ ʧʦʢʨʝʪʥʝ ʧʣʦʯʝ ʠ 

ɓ - ʫʛʘʦ ʩʫʜʘʨʘ. 

 

2.2. ʇʦʩʪʘʚʢʘ ʝʢʩʧʣʦʟʠʚʥʦʛ ʟʘʚʘʨʠʚʘˁʘ 

ʋ ʦʚʠʤ ʜʝʣʫ ʜʠʩʝʨʪʘʮʠʿʝ ʩʫ ʦʧʠʩʘʥʝ ʦʩʥʦʚʥʝ ʧʦʩʪʘʚʢʝ ʟʘ ʜʦʙʠʿʘˁʝ ʟʘʚʘʨʝʥʠʭ ʧʣʦʯʘ 

ʝʢʩʧʣʦʟʠʿʦʤ. ʇʘʞˁʘ ʿʝ ʫʩʤʝʨʝʥʘ ʥʘ ʜʚʝ ʧʦʩʪʘʚʢʝ, ʧʘʨʘʣʝʣʥʘ ʠ ʥʘʛʥʫʪʘ ʢʦʿʝ ʩʝ ʢʦʨʠʩʪʝ ʟʘ 

ʜʦʙʠʿʘˁʝ ʟʘʚʘʨʝʥʠʭ ʧʣʦʯʘ ʚʝ˂ʠʭ ʜʠʤʝʥʟʠʿʘ. ʇʨʠ ʥʘʨʝʜʥʠʤ ʨʘʟʤʘʪʨʘˁʠʤʘ ʥʠʩʫ 

ʘʥʘʣʠʟʠʨʘʥʝ ʧʦʩʪʘʚʢʝ ʟʘ ʜʦʙʠʿʘˁʝ ʟʘʚʘʨʝʥʠʭ ʮʠʣʠʥʜʨʠʯʥʠʭ ʮʝʚʠ. 

ʋ ʩʣʫʯʘʿʫ ʧʘʨʘʣʝʣʥʝ (ʢʦʥʩʪʘʥʪʥʦ ʦʜʩʪʦʿʘˁʝ) ʧʦʩʪʘʚʢʝ (ʩʣʠʢʘ 2.3), ʙʨʟʠʥʘ ʪʘʯʢʝ ʩʫʜʘʨʘ, 

Vc, ʿʝ ʿʝʜʥʘʢʘ ʙʨʟʠʥʠ ʜʝʪʦʥʘʮʠʿʝ Vd, ʪʘʢʦ ʜʘ ʿʝ ʠʟʙʦʨ ʝʢʩʧʣʦʟʠʚʘ ʚʘʞʘʥ, ʢʘʢʦ ʙʠ ʩʝ 

ʦʙʝʟʙʝʜʠʣʦ ʜʘ ʩʝ Vc ʥʘʣʘʟʠ ʫʥʫʪʘʨ Ăʨʘʜʥʦʛ ʦʧʩʝʛʘñ ʤʘʪʝʨʠʿʘʣʘ. ʈʘʟʤʘʪʨʘʥʦ ʿʝ ʜʘ ʿʝ ʙʨʟʠʥʘ 

ʜʝʪʦʥʘʮʠʿʝ ʢʦʥʩʪʘʥʪʥʘ ʧʨʠʣʠʢʦʤ ʧʣʘʢʠʨʘˁʘ. ʆʜʥʦʩ Vd = Vc ʦʜʨʝʹʫʿʝ, ʜʘ ʣʠ ʧʦʢʨʝʪʥʠ ʜʝʦ 

ʠʤʘ ʢʦʥʩʪʘʥʪʥʫ ʙʨʟʠʥʫ ʠʣʠ ʫʙʨʟʘʚʘ ʫ ʪʨʝʥʫʪʢʫ ʧʨʝ ʫʜʘʨʘ (ʥʧʨ. Vc ʟʘʚʠʩʠ ʦʜ ʤʝʹʫʩʦʙʥʦʛ 

ʨʘʩʪʦʿʘˁʘ). ʆʚʦ ʿʝ ʟʘʪʦ ʰʪʦ, ʫ ʧʘʨʘʣʝʣʥʦʤ ʩʣʫʯʘʿʫ, ʫʛʘʦ ʟʘʢʨʝʪʘˁʘ ɗ ʧʦʢʨʝʪʥʝ ʧʣʦʯʝ ʫ 

ʪʨʝʥʫʪʢʫ ʩʫʜʘʨʘ ʿʝʜʥʘʢ ʫʛʣʫ ɓ, ʯʠʿʠ ʩʝ ʩʠʥʫʩ ʧʨʠʙʣʠʞʥʦ ʧʦʚʝ˂ʘʚʘ ʣʠʥʝʘʨʥʦ ʩʘ ʧʦʚʝ˂ʘˁʝʤ 

ʦʜʙʘʯʝʥʦʛ ʜʝʣʘ Vp (ʿʝʜʥʘʯʠʥʘ 2.13). ɿʘʪʦ: 

ὠ
ὠ

ςÓÉÎ—ςϳ

ὠ

ςÓÉÎ‍ςϳ
ḙ
ὠ

ÓÉÎ‍
ḙὠ ὧέὲίὸὥὲὸ (2.13) 

ὠ ὠ
ὠ

ςÓÉÎ—ςϳ
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ὠ
ὠ

ÓÉÎ‍

ὠ

ÓÉÎ‌ ÁÒÃÓÉÎ
 

 

ʉʣʠʢʘ 2.3. ɻʝʦʤʝʪʨʠʿʘ ʧʘʨʘʣʝʣʥʦʛ ʟʘʚʘʨʠʚʘˁʘ (Blazynski, 1983). 

ʆʚʝ ʛʝʦʤʝʪʨʠʿʝ ʩʝ ʢʦʨʠʩʪʝ ʢʦʤʝʨʮʠʿʘʣʥʦ, ʧʨʠʣʠʢʦʤ ʧʣʘʢʠʨʘˁʘ ʚʝʣʠʢʠʭ ʨʘʟʤʝʨʘ, ʛʜʝ ʿʝ 

ʜʫʞʠʥʘ ʧʣʘʢʠʨʘˁʘ ʩʫʚʠʰʝ ʚʝʣʠʢʘ, ʜʘ ʙʠ ʜʦʟʚʦʣʠʣʘ ʫʧʦʪʨʝʙʫ ʩʪʘʪʠʯʢʦʛ ʫʛʣʘ (ʩʣʠʢʘ 2.4) 

ʠʟʤʝʹʫ ʧʦʢʨʝʪʥʝ ʧʣʦʯʝ ʠ ʤʝʪʝ, ʟʙʦʛ ʧʨʝʚʝʣʠʢʦʛ ʤʝʹʫʩʦʙʥʦʛ ʨʘʩʪʦʿʘˁʘ ʢʦʿʝ ʩʝ ʿʘʚˀʘ ʯʘʢ 

ʠ ʥʘ ʨʘʩʪʦʿʘˁʠʤʘ ʦʜ ʩʘʤʦ 0,25 m ʦʜ ʤʝʩʪʘ ʠʥʠʮʠʨʘˁʘ. ɺʝʣʠʢʘ ʤʝʹʫʩʦʙʥʘ ʨʘʩʪʦʿʘˁʘ ʯʝʩʪʦ 

ʜʦʚʦʜʝ ʜʦ ʠʟʦʙʣʠʯʝˁʘ ʧʦʢʨʝʪʥʝ ʧʣʦʯʝ ʠ ʦʜʣʝʧˀʠʚʘˁʘ ʫʩʣʝʜ ʧʨʝʚʝʣʠʢʦʛ ʛʫʙʠʪʢʘ 

ʠʤʧʫʣʩʥʦʛ ʧʨʠʪʠʩʢʘ ʫ ʚʨʝʤʝ ʩʫʜʘʨʘ ʠ ʧʦʚʝ˂ʘʥʠʭ ʫʯʝʩʪʘʣʠʭ ʥʝʜʦʩʪʘʪʢʘ ʦʜʣʝʧˀʠʚʘˁʘ ʦʢʦ 

ʧʝʨʠʬʝʨʠʿʝ ʧʣʦʯʝ, ʫʩʣʝʜ ʧʨʝʚʝʣʠʢʠʭ ʠʚʠʯʥʠʭ ʝʬʝʢʘʪʘ. 

ʅʝʤʦʛʫ˂ʝ ʿʝ ʦʩʪʚʘʨʠʪʠ ʩʪʘʮʠʦʥʘʨʥʝ ʫʩʣʦʚʝ ʜʝʪʦʥʘʮʠʿʝ/ʩʫʜʘʨʘ ʫ ʟʦʥʠ ʢʦʘʿ ʿʝ ʫ 

ʥʝʧʦʩʨʝʜʥʦʿ ʙʣʠʟʠʥʠ ʠʥʠʮʠʿʘʮʠʿʝ ʝʢʩʧʣʦʟʠʚʥʦʛ ʧʫˁʝˁʘ. ɿʘʪʦ ʿʝ ʫʛʘʦʥʘ ʠʥʠʮʠʿʘʮʠʿʘ 

(ʩʣʠʢʘ 2.5ʘ) ʯʝʩʪʦ ʝʢʦʥʦʤʠʯʥʘ ʪʝʭʥʠʢʘ ʟʘ ʟʘʚʘʨʠʚʘˁʝ ʩʘ ʤʘʢʩʠʤʘʣʥʦʤ ʧʦʚʨʰʠʥʦʤ ʫʟ 

ʢʦʨʠʰ˂ʝˁ ʝ ʥʘʿʤʘˁʝ ʤʘʩʝ ʝʢʩʧʣʦʟʠʚʥʦʛ ʧʫˁʝˁʘ. ɸʢʦ ʩʝ ʟʘʚʘʨʫʿʝ ʧʣʦʯʘ ʢʨʫʞʥʦʛ ʦʙʣʠʢʘ, 

ʮʝʥʪʨʘʣʥʦ ʠʥʠʮʠʨʘˁʝ ʿʝ ʦʧʪʠʤʘʣʥʦ. ʎʝʥʪʨʘʣʥʦ ʠʥʠʮʠʨʘˁʝ ʧʨʦʠʟʚʦʜʠ ʤʘʣʝ ʥʝʟʘʚʘʨʝʥʝ 

ʟʦʥʝ ʥʝʧʦʩʨʝʜʥʦ ʠʩʧʦʜ ʜʝʪʦʥʘʪʦʨʘ/ʠʥʠʮʠʿʘʣʥʦʛ ʧʫˁʝˁʘ (ʩʣʠʢʘ 2.5ʙ). 

 

ʉʣʠʢʘ 2.4. ʆʩʥʦʚʥʘ ʛʝʦʤʝʪʨʠʿʘ ʥʘʛʥʫʪʥʦʛ ʟʘʚʘʨʠʚʘˁʘ. ʇʨʘʚʝ ʣʠʥʠʿʝ ʧʦʢʘʟʫʿʫ ʧʦʣʦʞʘʿʝ 

ʜʝʪʦʥʘʮʠʿʝ ʠ ʬʨʦʥʪʘ ʩʫʜʘʨʘ ʫʙʨʟʦ ʥʘʢʦʥ ʠʥʠʮʠʨʘˁʘ (Blazynski, 1983). 
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ʉʣʠʢʘ 2.5. ʇʨʠʤʝʨʠ ʥʝʧʦʚʝʟʘʥʠʭ ʧʦʚʨʰʠʥʘ (ʦʩʝʥʯʝʥʦ) ʧʦʚʝʟʘʥʠ ʩʘ ʠʥʠʮʠʨʘʥʠʤ 

ʧʫˁʝˁʝʤ, (ʘ) ʫʛʘʦʥʘ ʠʥʠʮʠʿʘʮʠʿʘ, (ʙ) ʮʝʥʪʨʘʣʥʘ ʠʥʠʮʠʿʘʮʠʿʘ. 

ʋʨʘʚʥʦʪʝʞʝʥʘ ʧʘʨʘʣʝʣʥʘ ʩʝʥʜʚʠʯ ʪʝʭʥʠʢʘ (ʩʣʠʢʘ 2.6), ʢʦʿʘ ʦʪʢʣʘˁʘ ʫʧʦʪʨʝʙʫ ʧʦʜʣʦʛʝ, ʿʝ 

ʟʘʥʠʤˀʠʚʘ ʫ ʧʨʘʢʩʠ ʘʢʦ ʩʝ ʛʣʘʚʥʘ ʧʦʚʨʰʠʥʘ ʩʚʘʢʝ ʧʣʦʯʝ, ʤʦʞʝ ʜʨʞʘʪʠ ʫ ʚʝʨʪʠʢʘʣʥʦʿ 

ʨʘʚʥʠ, ʢʘʢʦ ʙʠ ʩʝ ʠʟʙʝʛʣʦ ʦʜʙʘʮʠʚʘˁʝ ʧʣʦʯʘ ʫ ʚʘʟʜʫʭ, ʫʩʣʝʜ ʨʝʘʢʮʠʿʝ ʩʘ ʟʝʤˀʦʤ. ɼʨʞʘˁʝ 

ʧʣʦʯʝ ʫ ʪʘʢʚʦʤ ʧʦʣʦʞʘʿʫ, ʤʝʹʫʪʠʤ, ʧʦʚʝ˂ʘʚʘ ʪʝʰʢʦ˂ʝ ʧʨʠʣʠʢʦʤ ʨʫʢʦʚʘˁʘ,ʘ ʧʦʨʝʜ ʪʦʛʘ 

ʧʨʦʙʣʝʤ ʧʨʝʜʩʪʘʚˀʘ ʠ ʪʦ ʰʪʦ ʝʢʩʧʣʦʟʠʚ ʤʦʨʘ ʙʠʪʠ ʬʠʢʩʠʨʘʥ ʟʘ ʩʚʘʢʫ ʧʦʢʨʝʪʥʫ ʧʣʦʯʫ. 

 

ʉʣʠʢʘ 2.6. ʋʨʘʚʥʦʪʝʞʝʥʘ ʧʘʨʘʣʝʣʥʘ ʛʝʦʤʝʪʨʠʿʘ (ʰʝʤʘ). ʀʩʧʨʝʢʠʜʘʥʝ ʣʠʥʠʿʝ ʧʦʢʘʟʫʿʫ 

ʧʦʣʦʞʘʿʝ ʫʨʫʰʝʥʦʛ ʩʣʦʿʘ ʢʘʜʘ ʬʨʦʥʪʦʚʠ ʜʝʪʦʥʘʮʠʿʝ ʜʦʩʪʠʛʥʫ ʧʨʠʢʘʟʘʥʠ ʧʦʣʦʞʘʿ 

(Blazynski, 1983) 

ʆʯʠʛʣʝʜʥʦ ʙʦʯʥʠ ʧʦʪʠʩʘʢ ʤʦʞʝ ʠʟʘʟʚʘʪʠ ʧʨʦʙʣʝʤʝ ʘʢʦ ʩʫ ʤʦʤʝʥʪʠ ʦʚʝ ʜʚʝ ʧʦʢʨʝʪʥʝ 

ʧʣʦʯʝ ʟʥʘʪʥʦ ʜʨʫʛʘʯʠʿʠ. ɱʦʰ ʿʝʜʘʥ ʥʝʜʦʩʪʘʪʘʢ ʦʚʝ ʪʝʭʥʠʢʝ ʿʝ ʜʘ ʧʦʜʟʚʫʯʥʦ ʜʝʪʦʥʠʨʘʿʫ˂ʠ 

ʝʢʩʧʣʦʟʠʚʠ, ʤʦʨʘʿʫ ʙʠʪʠ ʫ ʧʨʘʰʢʘʩʪʦʤ ʠʣʠ ʛʨʘʥʫʣʘʩʪʦʤ ʦʙʣʠʢʫ ʟʙʦʛ ʯʝʛʘ ʩʪʚʘʨʘʿʫ 

ʧʨʦʙʣʝʤʝ ʧʨʠʣʠʢʦʤ ʫʥʠʬʦʨʤʥʦʛ ʧʘʢʦʚʘˁʘ, ʢʘʜʘ ʩʫ ʨʘʚʥʝ ʧʣʦʯʝ ʚʝʨʪʠʢʘʣʥʝ. 
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3. ɹɽɿɹɽɼʅʆʉʅʀ ɸʉʇɽʂʊ ʀɿɺʆɫɽɳɸ 

 ɽʂʉʇʃʆɿʀɺʅʆɻ ɿɸɺɸʈʀɺɸɳɸ 

 

3.1. ʂʨʠʪʠʯʥʦ ʨʘʩʪʦʿʘˁʝ ʫ ʧʦʩʪʫʧʢʫ ʝʢʩʧʣʦʟʠʚʥʦʛ ʟʘʚʘʨʠʚʘˁʘ 

ʇʨʠ ʠʟʚʦʹʝˁʫ ʧʦʩʪʫʧʢʘ ʝʢʩʧʣʦʟʠʚʥʦʛ ʟʘʚʘʨʠʚʘˁʘ, ʟʙʦʛ ʙʝʟʙʝʜʥʦʩʪʠ ʟʘʧʦʩʣʝʥʠʭ 

ʧʦʪʨʝʙʥʦ ʿʝ ʚʦʜʠʪʠ ʨʘʯʫʥʘ ʦ ʤʠʥʠʤʘʣʥʦʤ ʨʘʩʪʦʿʘˁʫ ʠʟʤʝʹʫ ʟʘʧʦʩʣʝʥʠʭ ʠ ʤʝʩʪʘ 

ʝʢʩʧʣʦʟʠʿʝ ʫ ʪʨʝʥʫʪʢʫ ʝʢʩʧʣʦʟʠʿʝ. ʅʝʤʘʨʥʦʩʪ ʠʣʠ ʥʝʭʘʪ ʤʦʞʝ ʧʨʦʫʟʨʦʢʦʚʘʪʠ ʧʨʠʚʨʝʤʝʥʠ 

ʛʫʙʠʪʘʢ ʩʣʫʭʘ ʠ ʧʫʮʘˁʝ ʙʫʙʥʝ ʦʧʥʝ. ʊʝʞʝ ʧʦʩʣʝʜʠʮʝ ʠ ʩʤʨʪ ʩʫ ʠʟʘʟʚʘʥʠ ʦʰʪʝ˂ʝˁʝʤ 

ʧʣʫ˂ʘ ʠ ʜʨʫʛʠʭ ʫʥʫʪʨʘʰˁʠʭ ʦʨʛʘʥʘ. ʅʘ ʦʩʥʦʚʫ ʤʘʩʝ ʝʢʩʧʣʦʟʠʚʥʦʛ ʧʫˁʝˁʘ, ʢʦʿʘ ʿʝ 

ʧʦʪʨʝʙʥʘ ʟʘ ʝʢʩʧʣʦʟʠʚʥʦ ʟʘʚʘʨʠʚʘˁʝ, ʦʜʨʝʜʠ ʩʝ ʢʨʠʪʠʯʥʦ ʨʘʩʪʦʿʘˁʝ ʧʦʜ ʫʩʣʦʚʦʤ 

ʤʘʢʩʠʤʘʣʥʦʛ ʛʨʘʥʠʯʥʦʛ ʧʨʠʪʠʩʢʘ ʢʘʜʘ ʜʦʣʘʟʠ ʜʦ ʧʨʠʚʨʝʤʝʥʦʛ ʛʫʙʠʪʢʘ ʩʣʫʭʘ ʦʜʥʦʩʥʦ 

ʤʘʢʩʠʤʘʣʥʦʛ ʛʨʘʥʠʯʥʦʛ ʧʨʠʪʠʩʢʘ ʟʘ ʧʫʮʘˁʝ ʙʫʙʥʝ ʦʧʥʝ (Lazareviĺ, 2020). 

ʆʰʪʝ˂ʝˁʝ ʩʣʫʭʘ ʥʘʩʪʘʿʝ ʫʩʣʝʜ ʜʝʿʩʪʚʘ ʫʜʘʨʥʠʭ ʪʘʣʘʩʘ (UT) ʫ ʚʘʟʜʫʭʫ, ʢʦʿʠ ʩʫ ʧʦʩʣʝʜʠʮʘ 

ʜʝʿʩʪʚʘ ʝʢʩʧʣʦʟʠʿʝ. ʇʨʠ ʝʢʩʧʣʦʟʠʿʠ ʥʘʩʪʘʿʝ ʧʨʠʤʘʨʥʠ ʪʘʣʘʩ (ʪʘʣʘʩ ʩʘʙʠʿʘˁʘ ʠʣʠ 

ʢʦʤʧʨʝʩʠʿʝ) ʠ ʩʝʢʫʥʜʘʨʥʠ ʪʘʣʘʩ (ʪʘʣʘʩ ʨʘʟʨʝʹʝˁʘ). ʆʰʪʝ˂ʝˁʘ ʦʨʛʘʥʘ ʩʣʫʭʘ ʧʦʜ ʜʝʿʩʪʚʦʤ 

ʫʜʘʨʥʦʛ ʪʘʣʘʩʘ ʟʘʚʠʩʝ ʦʜ ʫʜʘˀʝʥʦʩʪʠ ʣʠʮʘ ʦʜ ʮʝʥʪʨʘ ʝʢʩʧʣʦʟʠʿʝ, ʦʜ ʧʦʣʦʞʘʿʘ ʦʨʛʘʥʘ 

ʩʣʫʭʘ ʫ ʦʜʥʦʩʫ ʥʘ ʫʜʘʨʥʠ ʪʘʣʘʩ, ʢʘʦ ʠ ʦʜ ʧʨʝʪʭʦʜʥʦʛ ʩʪʘˁʘ ʦʰʪʝ˂ʝʥʦʛ ʫʚʘ (ʧʨʠʩʫʩʪʚʦ 

ʫʧʘʣʥʠʭ ʧʨʦʮʝʩʘ ʠ ʩʣ.). 

ʋʪʚʨʹʝʥʦ ʿʝ ʜʘ ʜʦ ʧʨʠʚʨʝʤʝʥʦʛ ʛʫʙʠʪʢʘ ʩʣʫʭʘ ʤʦʞʝ ʜʦ˂ʠ ʩʘ ʥʠʚʦʦʤ ʧʨʠʪʠʩʢʘ ʥʠʞʠʤ ʦʜ 

6,9 kPa (Beveridge, 1998), ʜʦʢ ʿʝ ʧʨʘʛ ʧʫʮʘˁʘ ʙʫʙʥʝ ʦʧʥʝ ʧʨʠ ʧʨʠʪʠʩʢʫ ʦʜ 35 kPa koji 

ʥʘʩʪʘʿʝ ʧʨʠ ʝʢʩʧʣʦʟʠʿʠ (Stewart, 2006).  

ʇʦʚʨʝʜʝ ʧʨʦʫʟʨʦʢʦʚʘʥʝ ʫʜʘʨʥʠʤ ʪʘʣʘʩʦʤ ʝʢʩʧʣʦʟʠʿʝ ʩʨʘʟʤʝʨʥʝ ʩʫ ʢʦʣʠʯʠʥʠ ʝʢʩʧʣʦʟʠʚʘ 

ʠ ʦʙʨʥʫʪʦ ʩʨʘʟʤʝʨʥʝʫʜʘˀʝʥʦʩʪʠ ʦʜ ʤʝʩʪʘ ʝʢʩʧʣʦʟʠʿʝ. (Solomos, 2020). ʋ ʩʣʫʯʘʿʫ 

ʝʢʩʧʣʦʟʠʿʝ 8 kg ʪʨʦʪʠʣʘ, ʥʘ ʫʜʘˀʝʥʦʩʪʠʤʘ 1-3,5 ʤʝʪʘʨʘ ʩʤʨʪʥʦʩʪ ʿʝ ʧʨʝʢʦ 99% ʜʦʢ ʿʝ ʥʘ 

ʨʘʩʪʦʿʘˁʫ ʦʢʦ 5 ʤʝʪʘʨʘ ʩʤʨʪʥʦʩʪ ʧʨʝʢʦ 50%. ʅʘ ʜʘˀʠʥʘʤʘ 6-8,5 ʤʝʪʘʨʘ ʩʤʨʪʥʦʩʪ ʿʝ ʧʨʝʢʦ 

20% ʜʦʢ ʿʝ ʧʨʠ ʨʘʩʪʦʿʘˁʫ ʧʨʝʢʦ 10 ʤʝʪʘʨʘ ʩʤʨʪʥʦʩʪ ʤʘˁʘ ʦʜ 5% (Icnomlegde, 2015). 

ʇʦʪʨʝʙʥʦ ʿʝ ʥʘʛʣʘʩʠʪʠ ʜʘ ʩʫ ʫʩʚʦʿʝʥʝ ʢʨʠʪʠʯʥʝ ʚʨʝʜʥʦʩʪʠ ʫʩʣʦʚʥʝ. ʋ ʨʘʜʦʚʠʤʘ 

(BlackBox Biometrics, 2018) (Stamatoviĺ, 1995) ʩʝ ʤʦʛʫ ʥʘ˂ʠ ʧʦʜʘʮʠ ʦ ʚʨʝʜʥʦʩʪʠʤʘ 

ʥʘʪʧʨʠʪʠʩʢʘ ʫʜʘʨʥʦʛ ʪʘʣʘʩʘ ʟʘ ʨʘʟʣʠʯʠʪʝ ʩʪʝʧʝʥʝ ʧʦʚʨʝʜʝ. 

TNT ʝʢʚʠʚʘʣʝʥʪ 

ɺʝ˂ʠʥʘ ʿʝʜʥʘʯʠʥʘ ʟʘ ʧʨʦʨʘʯʫʥ ʫʜʘʨʥʦʛ ʪʘʣʘʩʘ ʠ ʠʤʧʫʣʩʘ ʙʘʟʠʨʘ ʩʝ ʥʘ TNT ʝʢʚʠʚʘʣʝʥʪʫ. 

ɿʙʦʛ ʪʦʛʘ ʿʝ ʟʘ ʨʘʟʣʠʯʠʪʝ ʝʢʩʧʣʦʟʠʚʝ ʧʦʞʝˀʥʦ ʧʦʟʥʘʚʘʪʠ ˁʠʭʦʚʫ ʝʢʚʠʚʘʣʝʥʪʥʫ ʤʘʩʫ. 

ɽʢʚʠʚʘʣʝʥʪʥʘ ʤʘʩʘ ʝʢʩʧʣʦʟʠʚʥʦʛ ʧʫˁʝˁʘ ʩʝ ʠʟʨʘʯʫʥʘʚʘ ʥʘ ʦʩʥʦʚʫ ʠʟʨʘʟʘ (Jeremiĺ, 2002): 

eksp

dTNT

deksp

TNTe M
E

E
M =  (3.1) 

ʛʜʝ ʩʫ: 

MTNTe - ʝʢʚʠʚʘʣʝʥʪʥʘ ʤʘʩʘ ʪʨʦʪʠʣʘ (TNT) ʫ g, 

Edeksp - ʝʥʝʨʛʠʿʘ ʜʝʪʦʥʘʮʠʿʝ ʝʢʩʧʣʦʟʠʚʘ ʫ kJ/kg, 

EdTNT - ʝʥʝʨʛʠʿʘ ʜʝʪʦʥʘʮʠʿʝ ʪʨʦʪʠʣʘ ʢʦʿʘ ʠʟʥʦʩʠ 4184 kJ/kg ʠ 

Meksp - ʤʘʩʘ ʝʢʩʧʣʦʟʠʚʘ ʫ g. 
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ɺʠʰʝ ʦ ʧʨʦʨʘʯʫʥʫ ʝʢʚʠʚʘʣʝʥʪʥʝ ʤʘʩʝ ʠ TNT ʝʢʚʠʚʘʣʝʥʪʘ ʥʘʣʘʟʠ ʩʝ ʫ ʨʘʜʦʚʠʤʘ (Bajiĺ, 

2009), (Panowicz, 2016). 

ʇʨʦʨʘʯʫʥ TNT ʝʢʚʠʚʘʣʝʥʪʘ ʥʘʿʯʝʰ˂ʝ ʩʝ ʙʘʟʠʨʘ ʥʘ ʝʥʝʨʛʠʿʠ, ʢʦʿʘ ʩʝ ʦʩʣʦʙʘʹʘ ʧʨʠʣʠʢʦʤ 

ʝʢʩʧʣʦʟʠʿʝ. ɽʥʝʨʛʠʿʘ ʤʦʞʝ ʜʘ ʩʝ ʦʜʨʝʜʠ ʥʘ ʨʘʟʣʠʯʠʪʝ ʥʘʯʠʥʝ. ʄʝʪʦʜʝ ʢʦʿʝ ʩʝ ʥʘʿʯʝʰ˂ʝ 

ʢʦʨʠʩʪʝ ʙʘʟʠʨʘʿʫ ʩʝ ʥʘ ʭʠʜʨʦʜʠʥʘʤʠʯʢʠʤ ʠʣʠ ʪʝʨʤʦʜʠʥʘʤʠʯʢʠʤ ʧʘʨʘʤʝʪʨʠʤʘ. 

ʆʜʨʝʹʠʚʘˁʝ ʢʨʠʪʠʯʥʦʛ ʨʘʩʪʦʿʘˁʘ ʝʢʩʧʣʦʟʠʿʝ 

ɻʣʘʚʥʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʫʜʘʨʥʦʛ ʪʘʣʘʩʘ ʩʫ ʥʘʪʧʨʠʪʠʩʘʢ ʥʘ ʬʨʦʥʪʫ ʫʜʘʨʥʦʛ ʪʘʣʘʩʘ ʠ ʚʨʝʤʝ 

ʪʨʘʿʘˁʘ ʪʘʣʘʩʘ ʩʘʙʠʿʘˁʘ ʯʠʿʝ ʚʨʝʜʥʦʩʪʠ ʟʘʚʠʩʝ ʦʜ ʚʨʩʪʝ ʝʢʩʧʣʦʟʠʚʘ, ʤʘʩʝ ʝʢʩʧʣʦʟʠʚʘ ʠ 

ʫʜʘˀʝʥʦʩʪʠ ʦʜ ʤʝʩʪʘ ʝʢʩʧʣʦʟʠʿʝ. 

ʇʦʨʝʜ ʬʦʨʤʫʣʝ Sadovskog(Sadovskii, 1952), ʧʦʩʪʦʿʝ ʙʨʦʿʥʝ ʥʦʚʠʿʝ ʨʝʣʘʮʠʿʝ ʟʘ ʦʜʨʝʹʠʚʘˁʝ 

ʥʘʪʧʨʠʪʠʩʢʘ ʥʘ ʬʨʦʥʪʫ ʫʜʘʨʥʦʛ ʪʘʣʘʩʘ ʢʘʦ ʰʪʦ ʿʝ Brode ʬʦʨʤʫʣʘ (Brode, 1955), Kinney-

Graham ʬʦʨʤʫʣʘ (Kinney & Graham, 1985), Kingery-Bulmash ʬʦʨʤʫʣʘ, (Gilbert &Bulmash, 

1984)  ʠʪʜ. ʆʚʘʿ ʨʘʜ ˂ʝ ʩʝ ʨʘʜʠ ʿʝʜʥʦʩʪʘʚʥʦʩʪʠ ʙʘʟʠʨʘʪʠ ʥʘ ʬʦʨʤʫʣʠ Sadovskog ʩʘ ʜʚʝ 

ʛʨʫʧʝ ʢʦʝʬʠʮʠʿʝʥʘʪʘ k1, k2, k3 (tabela 3.1) ʠ Kingery-Bulmash ʤʝʪʦʜʦʤ. 

ɿʘ ʩʬʝʨʠʯʥʝ ʫʜʘʨʥʝ ʪʘʣʘʩʝ, ʢʦʿʠ ʥʘʩʪʘʿʫ ʜʝʪʦʥʘʮʠʿʦʤ ʦʜʨʝʹʝʥʝ ʤʘʩʝ TNT, Sadovski 

(Sadovskii, 1952) ʿ ʝ ʧʨʝʜʣʦʞʠʦ ʝʤʧʠʨʠʿʩʢʫ ʿʝʜʥʘʯʠʥʫ ʟʘ ʧʨʦʨʘʯʫʥ ʥʘʪʧʨʠʪʠʩʢʘ ʥʘ ʬʨʦʥʪʫ 

ʫʜʘʨʥʦʛ ʪʘʣʘʩʘ ʫ ʦʙʣʠʢʫ: 
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(3.2) 

ʛʜʝ ʩʫ: 

æp - ʥʘʪʧʨʠʪʠʩʘʢ ʥʘ ʬʨʦʥʪʫ ʫʜʘʨʥʦʛ ʪʘʣʘʩʘ ʫ ʙʘʨʠʤʘ (1 bar = 105 Pa), 

me - ʤʘʩʘ ʝʢʩʧʣʦʟʠʚʥʦʛ ʧʫˁʝˁʘ ʫ kg, 

r - ʫʜʘʝˀʥʦʩʪ ʦʜ ʮʝʥʪʨʘ ʝʢʩʧʣʦʟʠʿʝ ʫ m ʠ 

k1, k2, k3 - ʝʤʧʠʨʠʿʩʢʠ ʢʦʝʬʠʮʠʿʝʥʪʠ ʢʦʿʠ ʟʘʚʠʩʝ ʦʜ ʚʨʩʪʝ ʝʢʩʧʣʦʟʠʚʥʦʛ ʧʫˁʝˁʘ. 

ɿʘ ʪʨʦʪʠʣ (TNT) ʫ ʩʣʫʯʘʿʫ ʥʘʜʟʝʤʥʝ ʝʢʩʧʣʦʟʠʿʝ (ʥʘ ʙʝʩʢʦʥʘʯʥʦʿ ʫʜʘˀʝʥʦʩʪʠ ʦʜ ʪʣʘ) 

ʝʤʧʠʨʠʿʩʢʠ ʢʦʝʬʠʮʠʿʝʥʪʠ ʤʦʛʫ ʩʝ ʫʩʚʦʿʠʪʠ ʧʨʝʤʘ ʪʘʙʝʣʠ 3.1. ʋ ʜʘˀʝʤ ʨʘʜʫ ʙʠ˂ʝ 

ʧʨʠʢʘʟʘʥʠ ʨʝʟʫʣʪʘʪʠ ʩʘ ʨʘʟʣʠʯʠʪʦʤ ʛʨʫʧʦʤ ʢʦʝʬʠʮʠʿʝʥʘʪʘ k1, k2, k3 ʠʟ ʪʘʙʝʣʝ 3.1. 
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ʊʘʙʝʣʘ 3.1. ʂʦʝʬʠʮʠʿʝʥʪʠ k1, k2, k3ʟʘ ʩʣʫʯʘʿ ʥʘʜʟʝʤʥʝ ʝʢʩʧʣʦʟʠʿʝ TNT (Orlenko, 2004) 

(Bajiĺ, 2009) 

ʂʦʝʬʠʮʠʿʝʥʪ ʅʘʜʟʝʤʥʘ ʝʢʩʧʣʦʟʠʿʘ 

(Orlenko, 2004) 

ʅʘʜʟʝʤʥʘ ʝʢʩʧʣʦʟʠʿʘ 

(Bajiĺ, 2009) 

k1 0,84 1,02 

k2 2,70 4,36 

k3 7,00 14,00 

ʋ ʩʣʫʯʘʿʫ ʧʦʚʨʰʠʥʩʢʝ ʝʢʩʧʣʦʟʠʿʝ, ʫʜʘʨʥʠ ʪʘʣʘʩ ʫ ʚʘʟʜʫʭʫ ʩʝ ʰʠʨʠ ʫ ʦʙʣʠʢʫ ʧʦʣʫʩʬʝʨʝ 

(ʜʫʧʣʦ ʤʘˁʘ ʟʘʧʨʝʤʠʥʘ), ʧʘ ʿʝ ʥʘʪʧʨʠʪʠʩʘʢ ʫ ʪʦʤ ʩʣʫʯʘʿʫ ʚʝ˂ʠ. ɿʘʪʦ ʩʝ ʫ ʿʝʜʥʘʯʠʥʠ (3.3) 

ʟʘ ʤʘʩʫ ʝʢʩʧʣʦʟʠʚʥʦʛ ʧʫˁʝˁʘ ʫʟʠʤʘ ʜʚʦʩʪʨʫʢʘ ʚʨʝʜʥʦʩʪ ʤʘʩʝ (Orlenko, 2004). 

ʂʘʢʦ ʧʨʠ ʧʦʚʨʰʠʥʩʢʦʿ ʝʢʩʧʣʦʟʠʿʠ ʜʦʣʘʟʠ ʜʦ ʜʝʬʦʨʤʘʮʠʿʝ ʪʣʘ ʧʦʪʨʝʙʥʦ ʿʝ ʫʚʝʩʪʠ ʠ 

ʢʦʝʬʠʮʠʿʝʥʪ ɖ ʢʦʿʠ ʟʘʚʠʩʠ ʦʜ ʚʨʩʪʝ ʪʣʘ (ʪʘʙʝʣʘ 3.2), ʪʘʢʦ ʜʘ ʩʝ ʝʢʚʠʚʘʣʝʥʪʥʘ 

(ʧʨʦʨʘʯʫʥʩʢʘ) ʤʘʩʘ ʝʢʩʧʣʦʟʠʚʘ ʤʦʞʝ ʠʟʨʘʯʫʥʘʪʠ ʧʦʤʦ˂ʫ ʿʝʜʥʘʯʠʥʝ (3.3): 

TNTep Mm ÖÖ= h2  (3.3) 

ʊʘʙʝʣʘ 3.2. ɺʨʝʜʥʦʩʪʠ ʢʦʝʬʠʮʠʿʝʥʪʘ ɖ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʪʠʧʘ ʪʣʘ (Orlenko, 2004) 

ʊʠʧ 

ʧʨʝʧʨʝʢʝ 

ʏʝʣʠʯʥʘ 

ʧʣʦʯʘ 

ɸʨʤʠʨʘʥʦ 

ʙʝʪʦʥʩʢʘ 

ʧʨʦʯʘ 

ɹʝʪʦʥ, 

ʩʪʝʥʘ 

ʊʚʨʜʦ 

ʟʝʤˀʠʰʪʝ 

ʉʨʝʜˁʝ 

ʪʚʨʜʦ 

ʟʝʤˀʠʰʪʝ 

ɺʦʜʘ 

ɖ 1 0,95-1,00 0,85-0,90 0,70-0,80 0,60-0,65 0,55-0,60 

ʋ ʦʚʦʤ ʨʘʜʫ ʫʩʚʦʿʝʥʝ ʩʫ ʚʨʝʜʥʦʩʪʠ ʢʦʝʬʠʮʠʿʝʥʘʪʘk1, k2,k3ʧʨʝʤʘ ʨʘʜʫ (Orlenko, 2004) ʠ 

ʧʨʝʤʘ ʨʘʜʫ (Bajiĺ, 2009) ʧʨʠʢʘʟʘʥʠ ʫ ʪʘʙʝʣʠ 3.1. ʋ ʦʙʘ ʩʣʫʯʘʿʘ ʧʨʝʪʧʦʩʪʘʚˀʘ ʩʝ ʜʘ ʩʝ ʫ 

ʧʨʦʨʘʯʫʥʫ ʝʢʩʧʣʦʟʠʚʥʦʛ ʟʘʚʘʨʠʚʘˁʘ ʫʩʚʘʿʘ ʜʚʦʩʪʨʫʢʘ ʤʘʩʘ ʝʢʩʧʣʦʟʠʚʥʦʛ ʧʫˁʝˁʘ 

mpʧʨʝʤʘ ʿʝʜʥʘʯʠʥʠ (3.3) ʠ ʢʦʝʬʠʮʠʿʝʥʪ ɖ ʟʘ ʯʝʣʠʯʥʫ ʧʣʦʯʫ. ʆʩʪʘʣʝ ʚʨʝʜʥʦʩʪʠ 

ʢʦʝʬʠʮʠʿʝʥʪʘ ɖʩʝ ʥʝ˂ʝ ʨʘʟʤʘʪʨʘʪʠ. 

ʈʝʰʝˁʝ ʿʝʜʥʘʯʠʥʝ (3.2) ʜʦʙʠʿʘ ʪʘʢʦ ʰʪʦ ʩʝ ʠʩʪʘ ʩʚʝʜʝ ʥʘ ʩʣʝʜʝ˂ʠ ʦʙʣʠʢ: 

03 =+Ö+ qypy   

ʛʜʝ p ʠ q ʠʤʘʿʫ ʩʣʝʜʝ˂ʝ ʚʨʝʜʥʦʩʪʠ:  
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ʀʟʨʘʯʫʥʘʚʘˁʝ ʜʠʩʢʨʠʤʠʥʘʥʪʝ D ʚʨʰʠ ʩʝ ʧʦ ʩʣʝʜʝ˂ʦʿ ʿʝʜʥʘʯʠʥʠ: 
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274

32 pq
D +=   

ʇʦʤʦ˂ʫ Kardanove ʿ ʝʜʥʘʯʠʥʝ ʜʦʙʠʿʘʿʫ ʩʝ ʨʝʰʝˁʘ ʧʦ y:  

33

22
D

q
D

q
y --++-=   

ɿʘ ʜʦʙʠʿʘˁʝ ʨʝʰʝˁʘ ʢʫʙʥʝ ʿʝʜʥʘʯʠʥʝ, ʢʦʨʠʩʪʠ ʩʝ ʩʣʝʜʝ˂ʘ ʿʝʜʥʘʯʠʥʘ: 

jp3

3

1

1

D
-=

pmk
yr  (3.4) 

ʇʦʨʝʜ Sadovskogʫ ʦʚʦʤ ʨʘʜʫ ʩʝ ʢʦʨʠʩʪʠ ʠ ʤʝʪʦʜʘ Kingerey-Bulmash. ʄʝʪʦʜʘ Kingerey-

Bulmash ʩʝ ʢʦʨʠʩʪʠ ʫ ʤʝʹʫʥʘʨʦʜʥʠʤ ʧʨʦʧʠʩʠʤʘ (IATG 01.80, 2015) ʠ ʧʨʠʤʝʥˀʠʚʠʿʘ ʿʝ ʫ 

ʦʚʦʤ ʩʣʫʯʘʿʫ. 

ɿʘ ʩʣʫʯʘʿ ʧʦʚʨʠhʥʩʢʝ ʝʢʩʧʣʦʟʠʿʝ Kingery-Bulmash ʧʦʣʠʥʦʤ ʟʘ ʧʨʠʪʠʩʘʢ ʥʘ ʯʝʣʫ ʫʜʘʨʥʦʛ 

ʪʘʣʘʩʘ ʿʝ: 

U..C.......... UC+UC+UC+C=Y n3210  (3.5) 

TK+K=U 10  (3.6) 

( )3
TNTe10 MRlog=T  (3.7) 

ʛʜʝ ʩʫ: 

T - ʃʦʛʘʨʠʪʘʤ ʨʘʩʪʦʿʘˁʘ ʩʘ ʦʩʥʦʚʦʤ ʜʝʩʝʪ (m), 

K0, K1 - ʢʦʝʬʠʮʠʿʝʥʪʠ, 

C1, C9 - ʢʦʝʬʠʮʠʿʝʥʪʠ ʠ 

R - ʨʘʩʪʦʿʘˁʝ (m). 

ʆʚʝ ʿʝʜʥʘʯʠʥʝ ʠʤʘʿʫ ʦʧʩʝʛ ʧʨʠʤʝʥ ʠˀʚʦʩʪʠ ʦʜ 0,05 ʜʦ 40 m. 

ʇʘʨʘʤʝʪʨʠ Kingery-Bulmash ʧʦʣʠʥʦʤʘ ʟʘ ʧʨʠʪʠʩʘʢ ʥʘ ʯʝʣʫ ʫʜʘʨʥʦʛ ʪʘʣʘʩʘ ʧʨʠʢʘʟʘʥʠ ʩʫ 

ʫ ʪʘʙʝʣʠ 3.3. ʅʫʤʝʨʠʯʢʝ ʚʨʝʜʥʦʩʪʠ ʟʘ ʢʦʥʩʪʘʥʪʝ ĂCñ ʠ ĂKñ ʩʫ ʚʨʝʜʥʦʩʪʠ ʟʘ 1 kg TNT 

ʝʢʚʠʚʘʣʝʥʪʘ. ɿʘ ʦʩʪʘʣʝ ʝʢʩʧʣʦʟʠʚʝ ʟʘʭʪʝʚʘ ʩʝ ʜʘ ʩʝ ʧʨʚʦ ʧʨʦʮʝʥʠ TNT ʝʢʚʠʚʘʣʝʥʪ. 

ʄʥʦʛʝ ʜʨʞʘʚʝ ʢʦʨʠʩʪʝ ʧʨʘʚʠʣʘ ʢʦʿʘ ʩʝ ʟʘʩʥʠʚʘʿʫ ʥʘ ʝʢʩʧʣʦʟʠʚʠʤʘ, ˁʠʭʦʚʦʿ ʢʦʣʠʯʠʥʠ ʠ 

ʫʜʘˀʝʥʦʩʪʠ ʦʜ ʝʢʩʧʣʦʟʠʚʘ ʥʘ ʤʝʩʪʫ ʛʜʝ ʩʫ ˀʫʜʠ ʫ ʨʠʟʠʢʫ. ʆʚʘ ʧʨʘʚʠʣʘ ʩʫ ʧʦʟʥʘʪʘ ʢʘʦ 

ʢʨʠʪʝʨʠʿʫʤʠ ʢʦʣʠʯʠʥʘ-ʫʜʘˀʝʥʦʩʪ (Q-D), (AASTP-1, 2010) ʠ ʟʘʩʥʠʚʘʿʫ ʩʝ ʥʘ ʧʨʠʩʪʫʧʫ 

ʠʟʚʝʜʝʥʦʤ ʠʟ Hopkinson-Cranz ʟʘʢʦʥʘ ʦ ʩʢʘʣʠʨʘˁʫ, ʢʦʿʠ ʿʝ ʥʘʜʘˀʝ ʜʦʧʫˁʘʚʘʥ ʥʠʟʦʤ 

ʢʦʝʬʠʮʠʿʝʥʘʪʘ (ʿʝʜʥʘʯʠʥʘ 3.7) (IATG 01.80, 2015). 
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ʊʘʙʝʣʘ 3.3. ʇʘʨʘʤʝʪʨʠ Kingery-Bulmash ʧʦʣʠʥʦʤʘ ʟʘ ʧʨʠʪʠʩʘʢ ʥʘ ʯʝʣʫ ʫʜʘʨʥʦʛ ʪʘʣʘʩʘ 

(IATG 01.80, 2015). 

ʇʘʨʘʤʝʪʨʠ ɹʨʦʿʯʘʥʘ ʚʨʝʜʥʦʩʪ 

K0 -0,214362789151 

K1 1,35034249993 

C1 2,78076916577 

C2 -1,6958988741 

C3 0,154159376846 

C4 0,514060730593 

C5 -0,0988534365274 

C6 -0,293912623038 

C7 -0,0268112345019 

C8 0,109097496421 

C9 0,00162846756311 

ʆʚʠ ʢʨʠʪʝʨʠʿʫʤʠ ʩʫ ʦʩʥʦʚ ʚʝʣʠʢʦʛ ʜʝʣʘ ʨʘʜʘ ʥʘ ʧʨʦʮʝʥʠ ʦʜʛʦʚʘʨʘʿʫʠ˂ʭ ʢʦʣʠʯʠʥʘ ʠ 

ʨʘʟʜʘˀʠʥʝ ʨʘʟʜʚʘʿʘˁʘ. 

 

3.2. ʊʝʨʤʘʣʥʠ ʝʬʝʢʪʠ 

ʇʨʦʨʘʯʫʥ ʪʦʧʣʦʪʥʦʛ ʬʣʫʢʩʘ ʩʝ ʚʨʰʠ ʠʣʠ ʩʘ ʤʦʜʝʣʘ ʪʘʯʢʘʩʪʦʛ ʠʟʚʦʨʘ (ʘʢʦ ʩʝ ʦʜʥʦʩ 

ʧʨʝʯʥʠʢʘ ʚʘʪʨʝʥʝ ʢʫʛʣʝ ʠ ʫʜʘˀʝʥʦʩʪʠ ʤʦʞʝ ʘʧʨʦʢʩʠʤʠʨʘʪʠ ʦʚʦʤ ʧʨʝʪʧʦʩʪʘʚʢʦʤ) ʠʣʠ 

ʢʦʨʠʰʝ˂ˁʝʤ ʜʠʿʘʛʨʘʤʘ ʢʦʿʝ ʩʫ ʜʘʣʠ Baker ʠ ʦʩʪʘʣʠ (IATG 01.80, 2021). 

Ὠ σȟψφ ὗȢ  

ὸ πȟςωω ὗȢ  

ʛʜʝ ʩʫ: 

d - ʧʨʝʯʥʠʢ ʚʘʪʨʝʥʝ ʣʦʧʪʝ, m, 

t - ʪʨʘʿʘˁʝ ʚʘʪʨʝʥʝ ʣʦʧʪʝ, s ʠ 

Q - ʤʘʩʘ ʩʘʛʦʨʝʚʘˁʘ,kg. 

 

3.3. ɽʬʝʢʪʠ ʝʢʩʧʣʦʟʠʿʝ ʥʘ ʦʙʿʝʢʪʝ 

ɻʨʫʙʝ ʧʨʦʮʝʥʝ ʩʪʨʫʢʪʫʨʘʣʥʠʭ ʦʰʪʝʝ˂ˁʘ ʫʩʣʝʜ ʚʘʟʜʫʰʥʠʭ ʝʢʩʧʣʦʟʠʿʘ ʤʦʛʫ ʩʝ ʜʦʙʠʪʠ ʠʟ 

ʝʤʧʠʨʠʿʩʢʠ ʠʟʚʝʜʝʥʠʭ ʤʦʜʝʣʘ ʥʘ ʦʩʥʦʚʫ ʘʥʘʣʠʟʝ ʥʝʩʨʝʘ˂, ʠʩʧʠʪʠʚʘˁʘ ʠ ʧʦʜʘʪʘʢʘ ʦ 

ʨʘʪʥʦʿ ʰʪʝʪʠ. ʆʚʘ ʘʥʘʣʠʟʘ ʢʦʨʝʣʠʨʘ ʩʪʨʫʢʪʫʨʥʦ ʦʰʪʝʝ˂ˁʝ ʩʘ ʫʜʘˀʝʥʦʩʪʠ ʦʜ ʝʢʩʧʣʦʟʠʿʝ 

ʠ ʫʢˀʫʯʝʥʦʤ ʤʘʩʦʤ ʧʫˁʝˁʘ. 

ʅʘʿʦʙʠʤʥʠʿʠ ʧʦʜʘʮʠ ʜʦʩʪʫʧʥʠ ʩʫ ʟʘ ʢʦʥʩʪʨʫʢʮʠʿʝ ʠʟʛʨʘʹʝʥʝ ʦʜ ʮʠʛʣʝ ʟʙʦʛ ʩʪʫʜʠʿʘ 

ʩʧʨʦʚʝʜʝʥʠʭ ʫ ɼʨʫʛʦʤ ʩʚʝʪʩʢʦʤ ʨʘʪʫ. ʈʘʟʚʠʿʝʥʝ ʩʫ ʢʘʪʝʛʦʨʠʿʝ ʦʰʪʝʝ˂ˁʘ ʠʟʘʟʚʘʥʠʭ 

ʝʢʩʧʣʦʟʠʿʦʤ ʟʘ ʩʪʘʤʙʝʥʝ ʦʙʿʝʢʪʝ ʠʟʛʨʘʹʝʥʝ ʦʜ ʮʠʛʣʝ ʢʦʿʝ ʩʝ ʤʦʛʫ ʢʦʨʠʩʪʠʪʠ ʫ ʘʥʘʣʠʟʠ 

ʧʦʩʣʝʜʠʮʘ ʝʢʩʧʣʦʟʠʿʝ ʜʘ ʙʠ ʩʝ ʠʣʫʩʪʨʦʚʘʣʘ ʧʦʪʝʥʮʠʿʘʣʥʘ ʦʟʙʠˀʥʦʩʪ ʝʬʝʢʘʪʘ ʥʝʞʝˀʝʥʦʛ 

ʝʢʩʧʣʦʟʠʿʘ. 
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ʊʘʙʝʣʘ 3.4. ʂʘʪʝʛʦʨʠʿʝ ʦʰʪʝʝ˂ˁʘ ʩʪʘʤʙʝʥʠʭ ʦʙʿʝʢʘʪʘ ʠʟʛʨʘʹʝʥʠʭ ʦʜ ʮʠʛʣʝ (IATG 01.80, 

2021). 

ʂʘʪʝʛʦʨʠʿʘ ɼʝʬʠʥʠʮʠʿʘ ʇʨʠʤʝʜʙʝ 

A ʂʫ˂ʝ ʧʦʪʧʫʥʦ ʩʨʫʰʝʥʝ.  

B 

ʂʫ˂ʝ ʩʫ ʪʦʣʠʢʦ ʦʰʪʝ˂ʝʥʝ ʜʘ 

ʩʝ ʥʝ ʤʦʛʫ ʧʦʧʨʘʚʠʪʠ ʠ 

ʟʘʭʪʝʚʘʿʫ ʨʫʰʝˁʝ. 

- ʋʥʠʰʪʝʥʦ 50% - 75% ʩʧʦˀʥʝ ʮʠʛʣʝ. 

- ʇʨʝʦʩʪʘʣʠ ʟʠʜʦʚʠ ʠʤʘʿʫ ʚʝʦʤʘ 

ʚʠʜˀʠʚʝ ʧʫʢʦʪʠʥʝ ʢʦʿʝ ʩʝ ʥʝ ʤʦʛʫ 

ʧʦʧʨʘʚʠʪʠ. 

CB 

ʂʫ˂ʝ ʩʫ ʧʦʩʪʘʣʝ 

ʥʝʫʧʦʪʨʝʙˀʠʚʝ, ʘʣʠ ʩʝ ʤʦʛʫ 

ʧʦʧʨʘʚʠʪʠ ʫʟ ʦʙʠʤʥʝ 

ʨʘʜʦʚʝ. 

- ɼʝʣʠʤʠʯʥʦ ʠʣʠ ʧʦʪʧʫʥʦ ʫʨʫʰʘʚʘˁʝ 
ʢʨʦʚʥʝ ʢʦʥʩʪʨʫʢʮʠʿʝ. 

- ɼʝʣʠʤʠʯʥʦ ʨʫʰʝˁʝ ʟʠʜʦʚʘ ʜʦ 25% ʦʜ 
ʮʝʣʠʥʝ. 

- ʊʝʰʢʘ ʦʰʪʝʝ˂ˁʘ ʥʦʩʠʚʠʭ ʧʨʝʛʨʘʜʘ 

ʢʦʿʘ ʟʘʭʪʝʚʘʿʫ ʨʫʰʝˁʝ ʠ ʟʘʤʝʥʫ. 

CA 

ʂʫ˂ʝ ʩʫ ʧʦʩʪʘʣʝ 

ʥʝʫʧʦʪʨʝʙˀʠʚʝ, ʘʣʠ ʩʝ ʤʦʛʫ 

ʧʦʧʨʘʚʠʪʠ ʨʝʣʘʪʠʚʥʦ ʙʨʟʦ. 

- ʅʝ ʧʨʝʣʘʟʠ ʤʘˁʘ ʦʰʪʝʝ˂ˁʘ ʢʦʥʩʪʨʫʢʮʠʿʝ. 

- ʇʨʝʛʨʘʜʝ ʠ ʩʪʦʣʘʨʠʿʘ ʦʪʨʛʥʫʪʠ ʦʜ 
ʦʢʦʚʘ. 

D 

ʂʫ˂ʝ ʢʦʿʝ ʟʘʭʪʝʚʘʿʫ ʧʦʧʨʘʚʢʝ 

ʜʘ ʙʠ ʩʝ ʦʪʢʣʦʥʠʣʝ ʦʟʙʠˀʥʘ 

ʦʰʪʝ˂ʝˁʘ, ʘʣʠ ʦʩʪʘʿʫ 

ʫʩʝˀʠʚʝ. 

- ʆʰʪʝ˂ʝˁʝ ʧʣʘʬʦʥʘ ʠ ʧʣʦʯʠʮʘ. 

- ʄʘˁʠ ʝʬʝʢʪʠ ʬʨʘʛʤʝʥʪʘʮʠʿʝ ʥʘ 

ʟʠʜʦʚʠʤʘ ʠ ʟʘʩʪʘʢˀʠʚʘˁʫ. 

ɸʥʘʣʠʟʘ ʧʦʜʘʪʘʢʘ ʢʦʨʠʰʝ˂ʥʘ ʟʘ ʠʟʨʘʜʫ ʪʘʙʝʣʝ 3.4 ʜʦʚʝʣʘ ʿʝ ʜʦ ʬʦʨʤʠʨʘˁʘ ʝʤʧʠʨʠʿʩʢʝ 

ʬʦʨʤʫʣʝ ʟʘ ʧʨʦʮʝʥʫ ʦʧʩʝʛʘ ʦʰʪʝʝ˂ˁʘ (ʪʘʙʝʣʘ 3.5). 

Ὑ
ὑὓ

ρ

 

ʛʜʝ ʩʫ: 

Rx - ʆʧʩʝʛ ʟʘ ʥʠʚʦ ʦʰʪʝʝ˂ˁʘ Ăxñ, m, 

Kx - ʂʦʥʩʪʘʥʪʘ ʟʘ ʥʠʚʦ ʦʰʪʝʝ˂ˁʘ Ăxñ(ʊʘʙʝʣʘ 3.5) ʠ 

Me - ʤʘʩʘ ʝʢʩʧʣʦʟʠʚʘ,kg. 

ɺʨʝʜʥʦʩʪʠ ʟʘ Kx ʝʿ ʧʨʚʦʙʠʪʥʦ ʠʟʚʝʦ Jarrett, ʘ ʟʘʪʠʤ ʩʫ ʠʭ ʨʝʚʠʜʠʨʘʣʠ Gilbert, Leesʠ Scilli. 

ʈʝʚʠʜʠʨʘʥʝ ʚʨʝʜʥʦʩʪʠ ʫʟʠʤʘʿʫ ʫ ʦʙʟʠʨ ʬʘʢʪʦʨ ʢʫʠ˂ʰʪʘ, ʢʦʿʠ ʧʨʝʜʩʪʘʚˀʘ ʩʪʝʧʝʥ ʝʥʝʨʛʠʿʝ 

ʧʨʝʥʝʰʝʥʝ ʧʨʠʤʘʨʥʠʤ ʬʨʘʛʤʝʥʪʠʤʘ ʠʟ ʢʫʠ˂ʰʪʘ, ʯʠʤʝ ʩʝ ʩʤʘˁʫʿʝ ʨʘʩʧʦʣʦʞʠʚʘ ʝʥʝʨʛʠʿʘ 

ʝʢʩʧʣʦʟʠʿʝ (IATG 01.80, 2021). 

ʊʘʙʝʣʘ 3.5. Kx ʬʘʢʪʦʨ ʟʘ ʨʘʟʣʠʯʠʪʝ ʩʪʝʧʝʥʝ ʦʰʪʝ˂ʝˁʘ (IATG 01.80, 2021) 

Kxʟʘ ʢʘʪʝʛʦʨʠʿʫ ʰʪʝʪʝ Jarrett Gilbert, LeesʠScilly 

A 3,80 4,80 

B 5,60 7,10 

CB 9,60 12,40 

CA 28,00 21,30 

D 56,00 42,60 
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4. ɽʂʉʇɽʈʀʄɽʅʊɸʃʅɸ ʇʆʉʊɸɺʂɸ 

 

ʋ ʦʚʦʤ ʧʦʛʣʘʚˀʫ ʧʨʠʢʘʟʘʥ ʿʝ ʥʝʦʧʭʦʜʘʥ ʧʨʝʣʠʤʠʥʘʨʥʠ ʧʨʦʨʘʯʫʥ ʝʢʩʧʣʦʟʠʚʥʦʛ 

ʟʘʚʘʨʠʚʘˁʘ ʜʚʘ ʯʝʣʠʢʘ, ʧʨʦʨʘʯʫʥ ʢʨʠʪʠʯʥʦʛ ʨʘʩʪʦʿʘˁʘ ʥʝʦʧʭʦʜʥʦʛ ʟʘ ʙʝʟʙʝʜʥʦ ʠʟʚʦʹʝˁʝ 

ʝʢʩʧʝʨʠʤʝʥʪʘ, ʢʨʘʪʘʢ ʦʧʠʩ ʢʦʨʠʰ˂ʝʥʦʛ ʝʢʩʧʣʦʟʠʚʘ ʠ ʧʨʘʪʝ˂ʝ ʦʧʨʝʤʝ. ʊʘʢʦʹʝ ʧʨʠʢʘʟʘ˂ʝ 

ʩʝ ʧʦʩʪʫʧʘʢ ʝʢʩʧʣʦʟʠʚʥʦʛ ʟʘʚʘʨʠʚʘˁʘ ʦʧʨʫʞʥʦʛ ʯʝʣʠʢʘ ʢʦʿʠ ʿʝ ʨʘʹʝʥ ʫ ʩʚʨʭʫ 

ʢʘʨʘʢʪʝʨʠʟʘʮʠʿʝ ʠ ʧʨʦʚʝʨʝ ʢʚʘʣʠʪʝʪʘ ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ. ʇʨʝʣʠʤʠʥʘʨʥʠ ʨʝʟʫʣʪʘʪʠ ʢʦʿʠ ʩʫ 

ʜʦʙʠʿʝʥʠ, ʜʦʧʨʠʥʝʣʠ ʩʫ ʙʦˀʝʤ ʨʘʟʫʤʝʚʘˁʫ ʧʨʦʮʝʩʘ. ʅʘ ʦʩʥʦʚʫ ʩʪʝʯʝʥʦʛ ʠʩʢʫʩʪʚʘ, ʫʨʘʹʝʥ 

ʿʝ ʛʣʘʚʥʠ ʝʢʩʧʝʨʠʤʝʥʪ, ʦʜʥʦʩʥʦ ʠʟʚʨʰʝʥʦ ʿʝ ʝʢʩʧʣʦʟʠʚʥʦ ʟʘʚʘʨʠʚʘˁʝ ʘʣʘʪʥʦʛ ʠ 

ʢʦʥʩʪʨʫʢʮʠʦʥʦʛ ʯʝʣʠʢʘ, ʯʠʿʘ ʿʝ ʢʘʨʘʢʪʝʨʠʟʘʮʠʿʘ ʪʝʤʘ ʦʚʝ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ. 

ʈʝʟʫʣʪʘʪʠ ʢʦʿʠ ʩʫ ʜʦʙʠʿʝʥʠ ʫ ʧʨʦʮʝʩʫ ʟʘʚʘʨʠʚʘˁʘ ʦʧʨʫʞʥʦʛ ʯʝʣʠʢʘ ʫ ʚʝ˂ʦʿ ʤʝʨʠ ʩʫ 

ʩʣʠʯʥʠ ʨʝʟʫʣʪʘʪʠʤʘ ʘʣʘʪʥʦʛ ʯʝʣʠʢʘ. ʀʟ ʪʦʛ ʨʘʟʣʦʛʘ ʧʦʿʝʜʠʥʠ, ʩʣʠʯʥʠ ʨʝʟʫʣʪʘʪʠ ʥʠʩʫ 

ʧʨʠʢʘʟʘʥʠ, ʚʝ˂ ʩʫ ʧʨʠʢʘʟʘʥʠ ʨʝʟʫʣʪʘʪʠ ʟʘʚʘʨʠʚʘˁʘ ʘʣʘʪʥʦʛ ʯʝʣʠʢʘ ʢʦʿʠ ʩʫ ʫ ʤʝʹʫʚʨʝʤʝʥʫ 

ʧʨʦʰʠʨʝʥʠ ʥʦʚʠʤ ʤʝʪʦʜʘʤʘ. 

 

4.1. ʇʨʦʨʘʯʫʥ ʧʘʨʘʤʝʪʘʨʘ ʝʢʩʧʣʦʟʠʚʥʦʛ ʟʘʚʘʨʠʚʘˁʘ 

ɽʢʩʧʣʦʟʠʚʥʦ ʟʘʚʘʨʠʚʘˁʝ ʨʘʟʣʠʯʠʪʠʭ ʤʘʪʝʨʠʿʘʣʘ ʤʦʛʫ˂ʝ ʿʝ ʧʦʜ ʦʜʨʝʹʝʥʠʤ ʫʩʣʦʚʠʤʘ, 

ʦʜʥʦʩʥʦ ʟʘʚʠʩʠ ʦʜ ʦʩʦʙʠʥʘ ʤʘʪʝʨʠʿʘʣʘ ʢʦʿʠ ʩʝ ʟʘʚʘʨʫʿʫ ʠ ʫʩʣʦʚʘ ʩʘʤʦʛ ʧʨʦʮʝʩʘ 

ʝʢʩʧʣʦʟʠʚʥʦʛ ʟʘʚʘʨʠʚʘˁʘ. 

ʇʦʜʨʫʯʿʝ ʟʘʚʘʨʠʚʘˁʘ ʪʟʚ. welding window ʿʝ ʦʛʨʘʥʠʯʝʥʦ ʧʨʘʚʠʤ ʠ ʢʨʠʚʠʤ ʣʠʥʠʿʘʤʘ ʢʘʦ 

ʰʪʦ ʿʝ ʦʙʿʘʰˁʝʥʦ ʫ ʧʦʛʣʘʚˀʫ 2.1 ʠ ʧʨʠʢʘʟʘʥʦ ʥʘ ʩʣʠʮʠ 2.2. ʅʘ ʩʣʠʢʘʤʘ 4.1 ʠ 4.2 ʩʫ 

ʧʨʠʢʘʟʘʥʝ ʦʙʣʘʩʪʠ ʟʘʚʘʨʠʚʘˁʘ ʧʨʠ ʠʟʚʦʹʝʥʠʤ ʝʢʩʧʝʨʠʤʝʥʪʠʤʘ. ʋ ʦʢʚʠʨʫ ʧʨʠʧʨʝʤʝ 

ʝʢʩʧʝʨʠʤʝʥʪʘ ʫʩʧʦʩʪʘʚˀʝʥʠ ʩʫ ʦʜʥʦʩʠ ʠʟʤʝʹʫ ʧʦʯʝʪʥʠʭ ʫʩʣʦʚʘ ï ʫʛʣʦʚʘ Ŭ, ɓ ʠ 

ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʝʢʩʧʣʦʟʠʚʘ. ʇʦʜʨʫʯʿʝ ʟʘʚʘʨʠʚʘˁʘ ʿʝ ʦʛʨʘʥʠʯʝʥʦ ʩʘ 7 ʧʘʨʘʤʝʪʘʨʘ Ŭ, ɓ, Vd, 

Vp, Vf, Vc ʠ ʩʚʦʿʩʪʚʠʤʘ ʤʘʪʝʨʠʿʘʣʘ. 

ʈʘʩʪʦʿʘˁʝ ʠʟʤʝʹʫ ʧʣʦʯʘ ʤʦʨʘ ʙʠʪʠ ʪʘʢʚʦ ʜʘ ʧʦʢʨʝʪʥʘ ʧʣʦʯʘ ʤʦʞʝ ʜʘ ʫʙʨʟʘ ʜʦ ʞʝˀʝʥʝ 

ʙʨʟʠʥʝ ʫʜʘʨʘ. ʄʠʥʠʤʘʣʥʠ ʟʘʟʦʨ ʿʝ ʝʤʧʠʨʠʿʩʢʠ ʦʜʨʝʹʝʥ ʧʦʣʦʚʠʥʦʤ ʜʝʙˀʠʥʝ ʧʦʢʨʝʪʥʝ 

ʧʣʦʯʝ ʿʝʜʥʘʯʠʥʘ 4.1. ɽʤʧʠʨʠʿʩʢʘ ʬʦʨʤʫʣʘ ʟʘ ʠʟʨʘʯʫʥʘʚʘˁʝ ʧʦʪʨʝʙʥʦʛ ʨʘʟʤʘʢʘ ʠʟʤʝʹʫ 

ʧʣʦʯʘ ʠʟ (Blazynski, 1983), (Radiĺ, 2000) ʜʘʪʘ ʿʝ: 

Ὓ σὯὬ                                                                     (4.1) 

ʛʜʝ ʩʫ: 

S - ʧʨʝʜʩʪʘʚˀʘ ʤʝʹʫʩʦʙʥʦ ʨʘʩʪʦʿʘˁʝ ʠʟʤʝʹʫ ʧʣʦʯʘ, 

k - ʙʝʟʜʠʤʝʥʟʠʦʥʘʣʥʘ ʢʦʥʩʪʘʥʪʘ, 

M - ʤʘʩʘ ʧʦʢʨʝʪʥʝ ʧʣʦʯʝ, 

C - ʤʘʩʘ ʝʢʩʧʣʦʟʠʚʘ ʠ 

he - ʜʝʙˀʠʥʘ ʝʢʩʧʣʦʟʠʚʘ. 

ɺʨʝʜʥʦʩʪ k ʿʝ ʫ ʦʧʩʝʛʫ ʠʟʤʝʹʫ 0,4 ʠ 0,7 ʠ ʟʘʚʠʩʠ ʦʜ ʙʨʟʠʥʝ ʫʜʘʨʘ (70% ʠ 100% Vp, 

ʨʝʩʧʝʢʪʠʚʥʦ) (Radiĺ, 2000). 
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ʉʣʠʢʘ 4.1. ʆʙʣʘʩʪ ʟʘʚʘʨˀʠʚʦʩʪʠ ʫ ʧʦʩʪʫʧʢʫ ʝʢʩʧʣʦʟʠʚʥʦʛ ʟʘʚʘʨʠʚʘˁʘ (oʧʨʫʞʥʠ ʯʝʣʠʢ) 

 

ʉʣʠʢʘ 4.2. ʆʙʣʘʩʪ ʟʘʚʘʨˀʠʚʦʩʪʠ ʫ ʧʦʩʪʫʧʢʫ ʝʢʩʧʣʦʟʠʚʥʦʛ ʟʘʚʘʨʠʚʘˁʘ (ʘʣʘʪʥʠ ʯʝʣʠʢ) 

ʅʘʿʚʘʞʥʠʿʠ ʫʩʣʦʚ ʟʘ ʟʘʚʘʨʠʚʘˁʝ ʿʝ ʬʦʨʤʠʨʘˁʝ ʤʣʘʟʘ, ʢʦʿʠ ʿʝ ʧʨʝʜʩʪʘʚˀʝʥ ʣʠʥʠʿʦʤ ʘ-ʘ' 

ʥʘ ʩʣʠʮʠ 4.1. ʊʦ ʩʝ ʤʦʨʘ ʜʝʩʠʪʠ ʥʘ ʤʝʩʪʫ ʢʦʥʪʘʢʪʘ ʟʘ ʫʩʧʝʰʥʦ ʟʘʚʘʨʠʚʘˁʝ. ʀʟ ʪʝʦʨʠʿʝ ʿʝ 
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ʧʦʟʥʘʪʦ ʜʘ Vc ʤʦʨʘ ʦʩʪʘʪʠ ʧʦʜʟʚʫʯʥʘ ʜʦʢ ʦʩʪʘʣʠ ʢʨʠʪʝʨʠʿʫʤʠ ʦʧʪʠʤʘʣʥʦʛ ʧʨʠʪʠʩʢʘ 

ʤʦʨʘʿʫ ʙʠʪʠ ʟʘʜʦʚʦˀʝʥʠ ʠʩʪʦʚʨʝʤʝʥʦ. ɼʘ ʙʠ ʩʝ ʠʩʧʫʥʠʣʘ ʦʙʘ ʢʨʠʪʝʨʠʿʫʤʘ, ʤʦʨʘ ʩʝ 

ʦʩʪʚʘʨʠʪʠ ʤʠʥʠʤʘʣʥʠ ʫʛʘʦ ɓ (Sherpa, 2021), (Jindrich, 2016). ʌʦʨʤʠʨʘˁʝ ʤʣʘʟʘ ˂ʝ ʙʠʪʠ 

ʫʩʧʝʰʥʦ ʘʢʦ ʩʫ ʠʩʧʫˁʝʥʠ ʫʩʣʦʚʠ ʥʘ ʣʝʚʦʿ ʩʪʨʘʥʠ ʣʠʥʠʿʝ ʘ-ʘ'. ɸʙʨʘʭʘʤʩʦʥ (Abrahamson, 

1961) ʧʨʝʜʣʘʞʝ ʩʣʝʜʝ˂ʠ ʦʜʥʦʩ ʠʟʤʝʹʫ ɓ ʠ Vc ʿʝʜʥʘʯʠʥʘ 4.2: 

ὠ ρπ υȟυ                                                     (4.2) 

ʋ ʩʚʘʢʦʤ ʩʣʫʯʘʿʫ ʙʨʟʠʥʘ ʪʘʯʢʝ ʢʦʥʪʘʢʪʘ Vc ʤʦʨʘ ʙʠʪʠ ʤʘˁʘ ʦʜ ʙʨʟʠʥʝ ʟʚʫʢʘ ʫ ʧʦʢʨʝʪʥʦʿ 

ʧʣʦʯʠ, ʫʚʝ˂ʘʥʝ ʟʘ 30% ʣʠʥʠʿʘ b-b'. 

ɼʦˁʫ ʠ ʛʦʨˁʫ ʛʨʘʥʠʮʫ ʜʠʥʘʤʠʯʢʦʛ ʫʛʣʘ ɓ ʩʫ, ʠʟʤʝʹʫ ʦʩʪʘʣʠʭ, ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʦʜʨʝʜʠʣʠ 

Bahrani  ʠ Crossland (Bahrani, 1964). ʇʨʝʜʣʦʞʝʥʘ ʿʝ ʜʦˁʘ ʛʨʘʥʠʮʘ ʦʜ 2Á-3Á ʠ ʛʦʨˁʘ 

ʛʨʘʥʠʮʘ ʦʜ 31Á (ʣʠʥʠja c-c' ʣʠʥʠʿa d-d'), 

Covan (Blazinski, 1983), (Cowan, 1971) ʿʝ ʜʝʬʠʥʠʩʘʦ ʜʦˁʫ ʛʨʘʥʠʮʫ Vc (ʣʠʥʠʿʘ ʝ-ʝ') 

ʿʝʜʥʘʯʠʥʝ 4.3, ʧʨʝʤʘ ʭʠʧʦʪʝʟʠ ʬʣʫʠʜʘ, ʢʘʢʦ ʩʣʝʜʠ: 

ὠ                                                           (4.3) 

ʛʜʝ ʩʫ: 

Re - ʈʝʿʥʦʣʜʩʦʚ ʙʨʦʿ, 

H - ʪʚʨʜʦ˂ʘ ʧʦ Vickers-oʚʦʿ ʩʢʘʣʠ ʠ 

ʠʥʜʝʢʩʠ F ʠ Aʧ ʨʝʜʩʪʘʚˀʘʿʫ ʧʦʢʨʝʪʥʫ ʠ ʩʪʘʮʠʦʥʘʨʥʫ ʧʣʦʯʫ ʨʝʩʧʝʢʪʠʚʥʦ. 

ɼʦˁʘ ʛʨʘʥʠʮʘ Vc (ʣʠʥʠʿʘ f-f') ʤʦʞʝ ʩʝ ʦʜʨʝʜʠʪʠ ʥʘ ʧʨʝʣʘʟʥʦʿ ʛʨʘʥʠʮʠ ʢʦʿʘ ʩʝ ʿʘʚˀʘ ʧʨʠ  

Re = 10,6. ɱʝʜʥʘʯʠʥʘ 4.4 ʧʨʠʢʘʟʫʿʝ ʜʦˁʫ ʛʨʘʥʠʮʫ ʟʘ ʟʘʚʘʨʠʚʘˁʝ (Ghomi, 2009). 

ὠ                                                                     (4.4) 

ʛʜʝ ʩʫ: 

ɓ - ʫʛʘʦ ʫʜʘʨʘ ʫ ʩʪʝʧʝʥʠʤʘ, 

Hv - ʪʚʨʜʦ˂ʘ ʧʨʝʤʘ Vickers-oʚoj ʩʢʘʣʠ, 

ɟ - ʛʫʩʪʠʥʘ ʠ 

k1 - ʙʝʟʜʠʤʝʥʟʠʦʥʘʣʥʘ ʚʨʝʜʥʦʩʪ ʠʟʤʝʹʫ 0,6 ʠ 1,2 ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʭʨʘʧʘʚʦʩʪʠ 

ʧʦʚʨʰʠʥʝ ʧʣʦʯʘ (Bataev, 2019). 

ʋ ʜʦʩʪʫʧʥʠʤ ʨʘʜʦʚʠʤʘ ʢʦʝʬʠʮʠʿʝʥʪ k1 ʤʦʞʝ ʠʤʘʪʠ ʨʘʟʣʠʯʠʪʝ ʚʨʝʜʥʦʩʪʠ (Bataev, 2019), 

(Deribas, 1974). ʂʘʢʦ ʿʝ ʦʙʿʘʰˁʝʥʦ ʫ ʧʦʜʧʦʛʣʘʚˀʫ 2.1.3, ʥʘʿʚʘʞʥʠʿʠ ʧʘʨʘʤʝʪʘʨ ʿʝ ʙʨʟʠʥʘ 

ʫʜʘʨʘ ʧʣʦʯʝ Vp, ʤʝʹʫʪʠʤ ʢʘʢʦ ʿʝ ʙʨʟʠʥʫ Vp ʚʝʦʤʘ ʪʝʰʢʦ ʜʠʨʝʢʪʥʦ ʤʝʨʠʪʠ ʟʙʦʛ ʙʨʟʠʥʝ 

ʧʨʦʮʝʩʘ ʟʘʚʘʨʠʚʘˁʘ ʝʢʩʧʣʦʟʠʿʦʤ, ʟʘ ʦʜʨʝʹʠʚʘˁʝ ʛʦʨˁʝ ʛʨʘʥʠʮʝ (ʣʠʥʠʿʘ g-g') ʧʨʝʜʣʦʞʝʥʘ 

ʿʝ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʘ ʬʦʨʤʫʣʘ 2.8. ɿʘ ʠʟʚʦʹʝˁʝ ʝʢʩʧʝʨʠʤʝʥʪʘ ʫ ʧʘʨʘʣʝʣʥʦʿ ʛʝʦʤʝʪʨʠʿʠ, 

ʧʨʠʢʣʘʜʥʠʿʘ ʿʝʜʥʘʯʠʥʘ ʩʝ ʤʦʞʝ ʜʦʙʠʪʠ ʫʚʨʰʪʘʚʘˁʝʤ ʿʝʜʥʘʯʠʥʝ 2.13 ʫ ʿʝʜʥʘʯʠʥʫ 2.8 ʪʘʢʦ 

ʜʘ ʿʝ: 

ὠ                                                    (4.5) 
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ʛʜʝ ʩʫ: 

N - ʢʦʥʩʪʘʥʪʘ, 

Tm - ʪʘʯʢʘ ʪʦʧˀʝˁʘ, 

K - ʪʦʧʣʦʪʥʘ ʧʨʦʚʦʜˀʠʚʦʩʪ, 

Ch - ʩʧʝʮʠʬʠʯʥʘ ʪʦʧʣʦʪʘ, 

Vc - ʙʨʟʠʥʘ ʪʘʯʢʝ ʩʫʜʘʨʘ ʠ 

C - ʣʦʥʛʠʪʫʜʠʥʘʣʥʘ ʙʨʟʠʥʘ ʟʙʫʢʘ ʢʨʦʟ ʧʣʦʯʫ. 

ɟ - ʛʫʩʪʠʥʘ ʧʦʢʨʝʪʥʝ ʧʣʦʯʝʠ 

t - ʜʝʙˀʠʥʘ ʧʦʢʨʝʪʥʝ ʧʣʦʯʝ. 

ʌʦʨʤʫʣʘ ʪʘʢʦʹʝ ʫʟʠʤʘ ʫ ʦʙʟʠʨ ʪʝʨʤʠʯʢʝ ʝʬʝʢʪʝ (Wronka, 2010),ʢʦʿʠ ʫʪʠʯʫ ʥʘ ʪʚʨʜʦ˂ʫ 

ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ, ʧʦʩʝʙʥʦ ʫ ʟʦʥʠ ʙʣʠʟʫ ʩʧʦʿʘ (Crossland, 1970). ʋ ʿʝʜʥʘʯʠʥʠ 4.5, ʧʘʨʘʤʝʪʘʨ 

N ʥʠʿʝ ʧʨʝʮʠʟʥʦ ʜʝʬʠʥʠʩʘʥ. ʋ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʨʘʜʦʚʘ, ˁʝʛʦʚʝ ʚʨʝʜʥʦʩʪʠ ʚʘʨʠʨʘʿʫ ʠʟʤʝʹʫ 

0,037 ʠ 0,11 (Bataev, 2019). 

ʋ ʧʦʜʧʦʛʣʘʚˀʫ 2.1.4 ʜʘʪʘ ʿʝ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʦʜʨʝʹʝʥʘ ʿʝʜʥʘʯʠʥʘ ʟʘ ʦʜʥʦʩ ʤʘʩʝ 

ʝʢʩʧʣʦʟʠʚʘ ʠ ʧʦʢʨʝʪʥʝ ʧʣʦʯʝ. ʆʚʘʿ ʠʟʨʘʟ ʿʝ ʠʩʢʦʨʠʰ˂ʝʥ ʜʘ ʩʝ ʦʜʨʝʜʠ ʤʘʩʘ ʝʢʩʧʣʦʟʠʚʘ ʧʨʠ 

ʠʟʚʦʹʝʥʠʤ ʝʢʩʧʝʨʠʤʝʥʪʠʤʘ ʥʘ ʦʩʥʦʚʫ ʤʘʩʝ ʟʘʚʘʨʠʚʘʥʠʭ ʧʣʦʯʘ. 

                                                                (4.6) 

ʛʜʝ ʩʫ: 

e - ʢʦʣʠʯʠʥʘ ʝʢʩʧʣʦʟʠʚʘ, 

m - ʤʘʩʘ ʝʢʩʧʣʦʟʠʚʘ, 

k - ʙʝʟʜʠʤʝʥʟʠʦʥʘʣʥʘ ʢʦʥʩʪʘʥʪʘ, k=0,612 (Ghomi, 2009), k=0,578 (Addison, 1969), 

ʠ k=0,55 (Carvalho, 2018). 

ʉʚʦʿʩʪʚʘ ʯʝʣʠʢʘ ʠ ʝʢʩʧʣʦʟʠʚʘ 

ʄʝʭʘʥʠʯʢʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʦʧʨʫʞʥʦʛ ʯʝʣʠʢʘ 51CrV4 (Ļ4830), aʣaʪʥoʛ ʯeʣʠʢa 

X155CrVMo12-1 (Ļ4850, X160CrMoV121) ʠ ʥʝʣʝʛʠʨʘʥʦʛ ʯʝʣʠʢʘ S355J2 (Ļ0563), 

ʥʝʦʧʭʦʜʥʝ ʟʘ ʧʨʦʨʘʯʫʥ ʝʢʩʧʣʦʟʠʚʥʦʛ ʟʘʚʘʨʠʚʘˁʘ, ʧʨʠʢʘʟʘʥʝ ʩʫ ʫ ʪʘʙʝʣʠ. 4.1. 
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ʊʘʙʝʣʘ 4.1. ʄʝʭʘʥʠʯʢʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʯʝʣʠʢʘ 51CrV4, X155CrVMo12-1 ʠ S355J2 

ʆʟʥʘʢʘ ɱʝʜʠʥʠʮʘ 

ʇʦʢʨʝʪʥʘ ʧʣʦʯʘ 

ʆʧʨʫʞʥʠ/ɸʣʘʪʥʠ 

ʯʝʣʠʢ  

ɹʘʟʥʘ 

ʧʣʦʯʘ 

Cb ï ɹʨʟʠʥʘ ʟʚʫʢʘ ʫ ʤʘʪʝʨʠʿʘʣʫ m/s 4,5Ā104  

Recr ï ʈʝʠʥʦʣʩʦʚ ʙʨʦʿ  10,6 

HV,f, HV,p ï ʊʚʨʜʦ˂ʘ Vickers Pa 2,20Ā109 / 2,30Ā109 1,84Ā109 

ɟf, ɟp ï ɻʫʩʪʠʥʘ (Ovako, 2023) kg/m3 7,80Ā103 7,85Ā103 

k1 ï ɽʤʧʠʨʠʿʩʢʘ ʢʦʥʩʪʘʥʪʘ (Bataev, 2019), 

(Mendes, 2013). 
 0,6 

N ï ɽʤʧʠʨʠʿʩʢʘ ʢʦʥʩʪʘʥʪʘ (Bataev, 2019)  0,062 

Tm ï ʊʝʤʧʝʨʘʪʫʨʘ ʪʦʧʝˀˁʘ ʤʘʪʝʨʠʿʘʣʘ ÁC 1454,0  

Cp ï ʉʧʝʮʠʬʠʯʥʘ ʪʦʧʣʦʪʘ J/kgK 500,0  

k ï ʊʝʨʤʘʣʥʘ ʧʨʦʚʦʜˀʠʚʦʩʪ W/mK 21,4  

h ï ɼʝʙˀʠʥʘ ʧʦʢʨʝʪʥʝ ʧʣʦʯʝ m 0,003 0,010 

ůTf, ůTp ï ɿʘʪʝʟʥʘ ʯʚʨʩʪʦ˂ʘ (Henan, 2023), 

(MEADinfo, 2023). 
Pa 7,0Ā108 / 8,6Ā108 6,3Ā108 

ůf, ůp, ï ɻʨʘʥʠʮʘ ʝʣʘʩʪʠʯʥʦʩʪʠ (Henan, 

2023). 
Pa 5,5Ā108 / 4,2Ā108 3,55Ā108 

ɿʘ ʨʝʘʣʠʟʘʮʠʿʫ ʝʢʩʧʝʨʠʤʝʥʪʘ ʢʦʨʠʰ˂ʝʥʝ ʩʫ ʜʚʝ ʚʨʩʪʝ ʧʨʠʚʨʝʜʥʦʛ ʝʢʩʧʣʦʟʠʚʘ, 

ʧʨʦʠʟʚʦʹʘʯʘ ʢʦʤʧʘʥʠʿʝ Trayal ʠʟ ʂʨʫʰʝʚʮʘ, ʈʝʧʫʙʣʠʢʘ ʉʨʙʠʿʘ: ʝʢʩʧʣʦʟʠʚʠ ɸʤʦʥʝʢʩ ʠ 

ɼʝʤʝʢʩ. ʀʟʘʙʨʘʥʠ ʩʫ ʝʢʩʧʣʦʟʠʚʠ ʩʘ ʥʘʿʤʘˁʦʤ ʙʨʟʠʥʦʤ ʜʝʪʦʥʘʮʠʿʝ ʫ ʩʢʣʘʜʫ ʩʘ 

ʧʨʝʪʭʦʜʥʠʤ ʧʨʦʨʘʯʫʥʠʤʘ. ɳʠʭʦʚʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʩʫ ʧʨʝʜʩʪʘʚˀʝʥʝ ʫ ʪʘʙʝʣʠ 4.2. 

ʊʘʙʝʣʘ 4.2. ʂʘʨʘʢʪʝʨʠʩʪʠʢʝ ʝʢʩʧʣʦʟʠʚʘ (Trayal corporation, 2022) 

 ɱʝʜʠʥʠʮʘ ɸʤʦʥʝʢʩ ɼʝʤʝʢʩ 

ɻʫʩʪʠʥʘ g/cm3 0.96-1.04 0,5-0,8 

ʅʘʩʠʧʥʘ ʛʫʩʪʠʥʘ g/cm3 0,5 0,75 

ɹʨʟʠʥʘ ʜʝʪʦʥʘʮʠʿʝ, ʤʠʥ. m/s 3200 1950-2050 

ɿʘʧʨʝʤʠʥʘ ʛʘʩʦʚʠʪʠʭ ʧʨʦʜʫʢʘʪʘ dm3/kg 1004  

ɹʠʣʘʥʩ ʢʠʩʝʦʥʠʢʘ % + 0,17  

ʊʦʧʣʦʪʘ ʝʢʩʧʣʦʟʠʿʝ kJ/kg 3892  

ʊʝʤʧʝʨʘʪʫʨʘ ʝʢʩʧʣʦʟʠʿʝ K 2661  

ʇʨʠʪʠʩʘʢ ʜʝʪʦʥʘʮʠʿʝ kbar 27  

ʀʥʠʮʠʨʘˁʝ  ʂɼ-8 

ʍʝʤʠʿʩʢʠ ʩʘʩʪʘʚ ʦʧʨʫʞʥʦʛ ʯʝʣʠʢʘ 51CrV4 (Ļ4830), aʣaʪʥoʛ ʯeʣʠʢa X155CrVMo12-1 

(Ļ4850, X160CrMoV121) ʠ ʥʝʣʝʛʠʨʘʥʦʛ ʯʝʣʠʢʘ S355J2 (Ļ0563) ʫ ʤʘʩʝʥʠʤ ʧʨʦʮʝʥʪʠʤʘ, 

ʜʘʪʠ ʩʫ ʫ ʪʘʙʝʣʠ 4.3. ʀʩʧʠʪʠʚʘˁʝ ʿʝ ʦʙʘʚˀʝʥʦ ʘʧʘʨʘʪʦʤ ĂSpektrometar SpectroLab 

LACM12ñ ʤʝʪʦʜʦʤ ʦʧʪʠʯʢʦʛ ʝʤʠʩʠʦʥʦʛ ʩʧʝʢʪʨʦʤʝʪʨʘ (ʆɽʉ), ʧʨʝʤʘ ʩʪʘʥʜʘʨʜʫ SRPS 

C.A1.011:2004 ʫ ʀʥʩʪʠʪʫʪʫ IMW, ʂʨʘʛʫʿʝʚʘʮ. 

ʆɽʉ ʿʝ ʥʘʤʝˁʝʥ ʟʘ ʢʚʘʥʪʠʪʘʪʠʚʥʫ ʭʝʤʠʿʩʢʫ ʘʥʘʣʠʟʫ ʣʝʛʫʨʘ ʤʝʪʘʣʘ ʠʟ ʯʚʨʩʪʦʛ ʫʟʦʨʢʘ. 

ʊʝʭʥʠʢʘ ʠʩʧʠʪʠʚʘˁʘ ʩʝ ʟʘʩʥʠʚʘ ʥʘ ʢʦʤʧʘʨʘʪʠʚʥʦʿ ʘʥʘʣʠʟʠ, ʠʥʩʪʨʫʤʝʥʪ ʿʝ ʬʘʙʨʠʯʢʠ 

ʢʘʣʠʙʨʠʩʘʥ ʥʘ ʦʩʥʦʚʫ ʩʝʨʪʠʬʠʢʦʚʘʥʠʭ ʨʝʬʝʨʝʥʪʥʠʭ ʤʘʪʝʨʠʿʘʣʘ ʢʦʿʠ ʩʫ ʩʢʣʘʜʠʰʪʝʥʠ ʫ 

ʤʝʤʦʨʠʿʠ ʩʧʝʢʪʨʦʤʝʪʨʘ. ʇʨʝʤʘ ʪʘʣʘʩʥʠʤ ʜʫʞʠʥʘʤʘ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʦʛ ʟʨʘʯʝˁʘ, ʢʦʿʝ ʩʝ 

ʜʝʪʝʢʪʫʿʫ, ʠʥʩʪʨʫʤʝʥʪ ʦʜʨʝʹʫʿʝ ʚʨʩʪʫ ʝʣʝʤʝʥʪʘ, ʘ ʧʨʝʤʘ ˁʠʭʦʚʦʤ ʠʥʪʝʥʟʠʪʝʪʫ, ʢʦʣʠʯʠʥʫ 
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ʩʘʜʨʞʘʿʘ, ʫʧʦʨʝʹʫʿʫ˂ʠ ʠʭ ʩʘ ʧʦʟʥʘʪʠʤ ʠʥʪʝʥʟʠʪʝʪʠʤʘ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʦʛ ʟʨʘʯʝˁʘ (IMW 

Institut, 2023). 

ʊʘʙʝʣʘ 4.3. ʍʝʤʠʿʩʢʠ ʩʘʩʪʘʚ ʯʝʣʠʢʘ 51CrV4, X155CrVMo12-1 ʠ S355J2 

ɱʝʜʠʥʠʮʘ ʪʝʞ. % 

ɽʣʝʤʝʥʪ C Si Mn P S Cr Ni Mo Cu N Ti  Nb V AI  

ʉʘʜʨʞʘʿ 51CrV4 0,491 0,257 0,816 0,0134 0,0052 0,988 0,194 0,051 0,250 0,012 <0,001 0,003 0,128 0,015 

ʉʘʜʨʞʘʿ 

X155CrVMo12-1 
1,58 0,26 0,32 0,01 0,01 12 - 0,9 - - - - 0,7 - 

ʉʘʜʨʞʘʿ S355J2 0,160 0,033 1,382 0,0132 0,0052 0,027 0,028 <0,001 0,029 0,007 0,008 0,029 0,004 0,038 

ʀʩʧʠʪʠʚʘʥʠ ʫʟʦʨʮʠ ʦʜʛʦʚʘʨʘʿʫ ʦʧʨʫʞʥʦʤ, ʘʣʘʪʥʦʤ, ʠ ʢʦʥʩʪʨʫʢʮʠʦʥʦʤ ʥʝʣʝʛʠʨʘʥʦʤ 

ʯʝʣʠʢʫ ʨʝʩʧʝʢʪʠʚʥʦ. 

ʍʝʤʠʿʩʢʠ ʩʘʩʪʘʚ ɸʤʦʥʝʢʩ/ɼʝʤʝʢʩ ʢʦʿʠ ʿʝ ʜʝʢʣʘʨʠʩʘʦ ʧʨʦʠʟʚʦʹʘʯ ʧʨʠʢʘʟʘʥ ʿʝ ʫ ʪʘʙʝʣʠ 4.4. 

ʊʘʙʝʣʘ 4.4. ʍʝʤʠʿʩʢʠ ʩʘʩʪʘʚ ʝʢʩʧʣʦʟʠʚʘ ɸʤʦʥʝʢʩ/ɼʝʤʝʢʩ (Trayal corporation, 2022) 

ɺʨʩʪʘ ʝʢʩʧʣʦʟʠʚʘ 
ʇʨʦʮʝʥʘʪ ʭʝʤʠʿʩʢʦʛ 

ʩʘʩʪʘʚʘ ɸʤʦʥʝʢʩ 

ʇʨʦʮʝʥʘʪ ʭʝʤʠʿʩʢʦʛ 

ʩʘʩʪʘʚʘ ɼʝʤʝʢʩʘ 

ɸʤʦʥʠʿʫʤ ʥʠʪʨʘʪ - NH4NO3 86,5% 95,5% 

TNT - (NO2)C6H2CH3 4,5% 2,0% 

ɼʨʚʝʥʝ ʙʫʢʦʚʝ ʩʪʨʫʛʦʪʠʥʝ ʙʝʟ ʩʤʦʣʘ 7,0% 0,625% 

ʂʘʨʙʦʢʩʠʤʝʪʠʣ ʮʝʣʫʣʦʟʘ 0,7% 0,8% 

ʂʘʣʮʠʿʫʤ ʩʪʝʘʨʘʪ - C36H70CaO4 0,3% 0,5% 

ɹʘʟʥʦ ʧʘʨʘʬʠʥʩʢʦ ʫˀʝ 1,0% 0,575% 

ʋ ʧʦʜʧʦʛʣʘʚˀʫ 2.1.8 ʜʘʪʘ ʿʝ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʦʜʨʝʹʝʥʘ ʿʝʜʥʘʯʠʥʘ ʟʘ ʦʜʨʝʹʠʚʘˁʝ ʪʘʣʘʩʥʝ 

ʜʫʞʠʥʝ: 

ʇ ςψὬÓÉÎ
‍

ς
 (4.7) 

ʊʘʢʦʹʝ, ʿʝ ʜʘʪʘ ʿʝʜʥʘʯʠʥʘ ʟʘ ʦʜʨʝʹʠʚʘˁʝ ʘʤʧʣʠʪʫʜʝ ʬʦʨʤʠʨʘʥʦʛ ʪʘʣʘʩʘ: 

! πȟςʇ (4.8) 

ʛʜʝ ʩʫ: 

h - ʜʝʙˀʠʥʘ ʧʦʢʨʝʪʥʝ ʧʣʦʯʝ ʠ 

ɓ - ʫʛʘʦ ʩʫʜʘʨʘ. 

ʋ ʥʘʨʝʜʥʠʤ ʪʘʙʝʣʘʤʘ ʜʘʪʝ ʩʫ ʚʨʝʜʥʦʩʪʠ ʜʦʙʠʿʝʥʝ ʦʜʛʦʚʘʨʘʿʫ˂ʠʤ ʧʨʦʨʘʯʫʥʠʤʘ 

ʥʝʦʧʭʦʜʥʠʤ ʟʘ ʢʨʝʠʨʘˁʝ ʢʨʠʚʠʭ ʥʘ ʜʠʿʘʛʨʘʤʠʥʘ ʥʘ ʩʣʠʢʘʤʘ 4.1 ʠ 4.2. 
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ʊʘʙʝʣʘ 4.5. ɻʨʘʥʠʯʥʝ ʚʨʝʜʥʦʩʪʠ ʥʝʦʧʭʦʜʥʝ ʟʘ ʬʦʨʤʠʨʘʝˁ ʜʠʿʘʛʨʘʤʘ ʩʘ ʩʣʠʢʝ 4.1 

ʋʛʘʦ 

ʩʫʜʘʨʘ 
ʃʠʥʠʿʘ 

a-a' 
ʃʠʥʠʿʘ 

b-b' 
ʃʠʥʠʿʘ 

c-c' 
ʃʠʥʠʿʘ 

d-d' 
ʃʠʥʠʿʘ 

e-e' 
ʃʠʥʠʿʘ 

f-f' 
ʃʠʥʠʿʘ 

g-g' 

ɓ Á Vc, m/s Vc, m/s ɓ, Á ɓ, Á Vc, m/s 0,6  

0 0 5850 3 31 2339,38360 - - 

1 5600 5850 3 31 2339,38360 394,4053 9386,6490 

2 5700 5850 3 31 2339,38360 394,4053 6637,4895 

3 5800 5850 3 31 2339,38360 394,4053 5419,6595 

4 5900 5850 3 31 2339,38360 394,4053 4693,7713 

5 6000 5850 3 31 2339,38360 394,4053 4198,4765 

6 6100 5850 3 31 2339,38360 394,4053 3832,9347 

7 6200 5850 3 31 2339,38360 394,4053 3548,9009 

8 6300 5850 3 31 2339,38360 394,4053 3320,0089 

9 6400 5850 3 31 2339,38360 394,4053 3130,4722 

10 6500 5850 3 31 2339,38360 394,4053 2970,1850 

11 6600 5850 3 31 2339,38360 394,4053 2832,3379 

12 6700 5850 3 31 2339,38360 394,4053 2712,1532 

13 6800 5850 3 31 2339,38360 394,4053 2606,1663 

14 6900 5850 3 31 2339,38360 394,4053 2511,7954 

15 7000 5850 3 31 2339,38360 394,4053 2427,0720 

16 7100 5850 3 31 2339,38360 394,4053 2350,4653 

17 7200 5850 3 31 2339,38360 394,4053 2280,7646 

18 7300 5850 3 31 2339,38360 394,4053 2216,9979 

19 7400 5850 3 31 2339,38360 394,4053 2158,3749 
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ʊʘʙʝʣʘ 4.6. ɻʨʘʥʠʯʥʝ ʚʨʝʜʥʦʩʪʠ ʥʝʦʧʭʦʜʥʝ ʟʘ ʬʦʨʤʠʨʘʝˁ ʜʠʿʘʛʨʘʤʘ ʩʘ ʩʣʠʢʝ 4.2 

ʋʛʘʦ 

ʩʫʜʘʨʘ 
ʃʠʥʠʿʘ 

a-a' 
ʃʠʥʠʿʘ 

b-b' 
ʃʠʥʠʿʘ 

c-c' 
ʃʠʥʠʿʘ 

d-d' 
ʃʠʥʠʿʘ 

e-e' 
ʃʠʥʠʿʘ 

f-f' 
ʃʠʥʠʿʘ 

g-g' 

ɓ Á Vc, m/s Vc, m/s ɓ, Á ɓ, Á Vc, m/s 0,6  

0 0 5850 3 31 2376,0986 - - 

1 5600 5850 3 31 2376,0986 18686,1462 9038,5511 

2 5700 5850 3 31 2376,0986 9343,0731 6391,3424 

3 5800 5850 3 31 2376,0986 6228,7154 5218,6748 

4 5900 5850 3 31 2376,0986 4671,5366 4519,7058 

5 6000 5850 3 31 2376,0986 3737,2292 4042,7786 

6 6100 5850 3 31 2376,0986 3114,3577 3690,7928 

7 6200 5850 3 31 2376,0986 2669,4495 3417,2921 

8 6300 5850 3 31 2376,0986 2335,7683 3196,8885 

9 6400 5850 3 31 2376,0986 2076,2385 3014,3806 

10 6500 5850 3 31 2376,0986 1868,6146 2860,0376 

11 6600 5850 3 31 2376,0986 1698,7406 2727,3025 

12 6700 5850 3 31 2376,0986 1557,1789 2611,5747 

13 6800 5850 3 31 2376,0986 1437,3959 2509,5183 

14 6900 5850 3 31 2376,0986 1334,7247 2418,6471 

15 7000 5850 3 31 2376,0986 1245,7431 2337,0656 

16 7100 5850 3 31 2376,0986 1167,8841 2263,2998 

17 7200 5850 3 31 2376,0986 1099,1851 2196,1839 

18 7300 5850 3 31 2376,0986 1038,1192 2134,7819 

19 7400 5850 3 31 2376,0986 983,4814 2078,3330 
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ʊʘʙʝʣʘ 4.7. ɿʘʚʠʩʥʦʩʪ ʫʜʘʨʥʝ ʙʨʟʠʥʝ ʦʜ ʜʠʥʘʤʠʯʢʦʛ ʫʛʣʘ ɓ ʟʘ ɸʤʦʥʝʢʩ 

ʋʛʘʦ 

ʩʫʜʘʨʘ 
ʄʘʢʩʠʤʘʣʥʘ ʜʦˁʘ 

ʛʨʘʥʠʮʘ ʫʜʘʨʥʝ ʙʨʟʠʥʝ 
ʄʘʢʩʠʤʘʣʥʘ 

ʫʜʘʨʥʘ ʙʨʟʠʥʘ 
ʋʜʘʨʥʘ 

ʙʨʟʠʥʘ 
ʆʜʥʦʩ 

ʙʨʟʠʥʘ 
ʋʩʚʦʿʝʥʘ 

ʫʜʘʨʥʘ ʙʨʟʠʥʘ 

ɓ,Á Vp, m/s Vpmax, m/s Vp, m/s Vp/Vd Vp, m/s 

0 - - 55.8498 0 - 

1 318,6469 163,8258 111,6954 0,0174 - 

2 318,6348 231,6803 167,5324 0,0349 - 

3 318,6146 283,7402 223,3567 0,0523 - 

4 318,5862 327,6205 279,1640 0,0697 - 

5 318,5499 366,2699 334,9501 0,0872 - 

6 318,5054 401,2006 390,7106 0,1046 334,9501 

7 318,4528 433,3104 446,4414 0,1220 390,7106 

8 318,3922 463,1842 502,1382 0,1395 446,4414 

9 318,3235 491,2280 557,7967 0,1569 - 

10 318,2467 517,7373 613,4128 0,1743 - 

11 318,1618 542,9351 668,9821 0,1916 - 

12 318,0689 566,9944 724,5005 0,2090 - 

13 317,9679 590,0528 779,9637 0,2264 - 

14 317,8588 612,2217 835,3676 0,2437 - 

15 317,7417 633,5929 890,7078 0,2610 - 

16 317,6166 654,2431 945,9802 0,2783 - 

17 317,4834 674,2369 1001,1805 0,2956 - 

18 317,3422 693,6297 1056,3046 0,3128 - 

19 317,1929 712,4692 55,8498 0,3300 - 
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ʊʘʙʝʣʘ 4.8. ɿʘʚʠʩʥʦʩʪ ʫʜʘʨʥʝ ʙʨʟʠʥʝ ʦʜ ʜʠʥʘʤʠʯʢʦʛ ʫʛʣʘ ɓ ʟʘ ɼʝʤʝʢʩ 

ʋʛʘʦ 

ʩʫʜʘʨʘ 
ʄʘʢʩʠʤʘʣʥʘ ʜʦˁʘ 

ʛʨʘʥʠʮʘ ʫʜʘʨʥʝ ʙʨʟʠʥʝ 
ʄʘʢʩʠʤʘʣʥʘ 

ʫʜʘʨʥʘ ʙʨʟʠʥʘ 
ʋʜʘʨʥʘ 

ʙʨʟʠʥʘ 
ʆʜʥʦʩ 

ʙʨʟʠʥʘ 
ʋʩʚʦʿʝʥʘ 

ʫʜʘʨʥʘ ʙʨʟʠʥʘ 

ɓ,Á Vp, m/s Vpmax, m/s Vp, m/s Vp/Vd Vp, m/s 

0 - - 0 0 - 

1 326,1306 157,7505 45,3780 0,0175 - 

2 326,1182 223,0886 90,7525 0,0349 - 

3 326,0975 273,2180 136,1201 0,0524 - 

4 326,0685 315,4709 181,4774 0,0698 - 

5 326,0313 352,6871 226,8208 0,0872 - 

6 325,9858 386,3223 272,1470 0,1047 - 

7 325,9320 417,2414 317,4524 0,1221 - 

8 325,8699 446,0073 362,7337 0,1395 362,7337 

9 325,7996 473,0112 407,9873 0,1569 407,9873 

10 325,7210 498,5374 453,2099 0,1743 453,2099 

11 325,6341 522,8007 498,3979 0,1917 498,3979 

12 325,5390 545,9678 543,5480 0,2091 - 

13 325,4357 568,1711 588,6567 0,2264 - 

14 325,3241 589,5179 633,7206 0,2437 - 

15 325,2042 610,0966 678,7362 0,2611 - 

16 325,0761 629,9809 723,7001 0,2783 - 

17 324,9398 649,2333 768,6089 0,2956 - 

18 324,7953 667,9070 813,4592 0,3129 - 

19 324,6425 686,0478 858,2476 0,3301 - 
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ʊʘʙʝʣʘ 4.9. ɼʠʤʝʥʟʠʦʥʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʫ ʬʫʥʢʮʠʿʠ ʜʠʥʘʤʠʯʢʦʛ ʫʛʣʘ ɓ ʟʘ ɸʤʦʥʝʢʩ 

ʋʛʘʦ 

ʩʫʜʘʨʘ 

ʆʜʥʦʩ ʤʘʩʝ 

ʝʢʩʧʣʦʟʠʚʘ 

ʠ ʧʣʦʯʝ 

ɼʝʙˀʠʥʘ 

ʝʢʩʧʣʦʟʠʚʘ 

ʂʦʣʠʯʠʥʘ 

ʝʢʩʧʣʦʟʠʚʘ 

ʧʦ ʧʫˁʝˁʫ 

ʈʘʟʤʘʢ 

ʠʟʤʝʫ́ 

ʧʣʦʯʘ 

(ʤʠʥ) 

ʊʘʣʘʩʥʘ 

ʜʫʞʠʥʘ 

ʟʘʚʘʨʘ 

ɸʤʧʣʠʪʫʜʘ 

ʟʘʚʘʨʘ 

ɓ, Á e/m L, mm m, g h, mm ɚ, mm A, mm 

0 0 0 0 0 0 0 

1 0,0655 3,0675 41,2069 1,1494 0,0064 0,0013 

2 0,1355 6,3427 84,9190 1,7323 0,0256 0,0051 

3 0,2104 9,8470 131,3417 2,3512 0,0576 0,0115 

4 0,2907 13,6051 180,7407 3,0099 0,1023 0,0205 

5 0,3770 17,6453 233,4076 3,7121 0,1598 0,0320 

6 0,4701 22,0002 289,6732 4,4623 0,2301 0,0460 

7 0,5707 26,7077 349,9148 5,2655 0,3131 0,0626 

8 0,6797 31,8120 414,5641 6,1275 0,4087 0,0817 

9 0,7984 37,3651 484,1177 7,0549 0,5171 0,1034 

10 0,9280 43,4284 559,1495 8,0553 0,6381 0,1276 

11 1,0700 50,0751 640,3270 9,1377 0,7717 0,1543 

12 1,2263 57,3929 728,4303 10,3124 0,9178 0,1836 

13 1,3993 65,4885 824,3774 11,5917 1,0765 0,2153 

14 1,5917 74,4917 929,2562 12,9901 1,2476 0,2495 

15 1,8069 84,5638 1044,3654 14,5249 1,4311 0,2862 

16 2,0493 95,9059 1171,2682 16,2169 1,6270 0,3254 

17 2,3242 108,7735 1311,8632 18,0915 1,8352 0,3670 

18 2,6388 123,4951 1468,4799 20,1797 2,0556 0,4111 

19 3,0022 140,5013 1644,0078 22,5201 2,2882 0,4576 
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ʊʘʙʝʣʘ 4.10. ɼʠʤʝʥʟʠʦʥʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʫ ʬʫʥʢʮʠʿʠ ʜʠʥʘʤʠʯʢʦʛ ʫʛʣʘ ɓ ʟʘ ɼʝʤʝʢʩ 

ʋʛʘʦ 

ʩʫʜʘʨʘ 

ʆʜʥʦʩ 

ʤʘʩʝ 

ʝʢʩʧʣʦʟʠʚʘ 

ʠ ʧʣʦʯʝ 

ɼʝʙˀʠʥʘ 

ʝʢʩʧʣʦʟʠʚʘ 

ʂʦʣʠʯʠʥʘ 

ʝʢʩʧʣʦʟʠʚʘ 

ʧʦ ʧʫˁʝˁʫ 

ʈʘʟʤʘʢ 

ʠʟʤʝʹʫ 

ʧʣʦʯʘ 

(ʤʠʥ) 

ʊʘʣʘʩʥʘ 

ʜʫʞʠʥʘ 

ʟʘʚʘʨʘ 

ɸʤʧʣʠʪʫʜʘ 

ʟʘʚʘʨʘ 

ɓ, Á e/m L, mm m, g h, mm ɚ, mm A, mm 

0 0 0 0 0 0 0 

1 0,0655 2,3859 52,2504 1,1772 0,0075 0,0015 

2 0,1355 4,9332 108,0372 1,6866 0,0298 0,0060 

3 0,2104 7,6588 167,7274 2,2318 0,0672 0,0134 

4 0,2907 10,5817 231,7403 2,8163 0,1194 0,0239 

5 0,3770 13,7241 300,5579 3,4448 0,1865 0,0373 

6 0,4701 17,1112 374,7361 4,1222 0,2684 0,0537 

7 0,5707 20,7726 454,9205 4,8545 0,3652 0,0730 

8 0,6797 24,7427 541,8643 5,6485 0,4769 0,0954 

9 0,7984 29,0617 636,4523 6,5123 0,6033 0,1207 

10 0,9280 33,7777 739,7306 7,4555 0,7444 0,1489 

11 1,0700 38,9473 852,9454 8,4895 0,9003 0,1801 

12 1,2263 44,6390 977,5932 9,6278 1,0708 0,2142 

13 1,3993 50,9355 1115,4866 10,8871 1,2559 0,2512 

14 1,5917 57,9380 1268,8428 12,2876 1,4555 0,2911 

15 1,8069 65,7718 1440,4031 13,8544 1,6696 0,3339 

16 2,0493 74,5935 1633,5973 15,6187 1,8982 0,3796 

17 2,3242 84,6016 1852,7747 17,6203 2,1411 0,4282 

18 2,6388 96,0518 2103,5337 19,9104 2,3982 0,4796 

19 3,0022 109,2788 2393,2057 22,5558 2,6696 0,5339 

 

4.2. ʇʨʦʨʘʯʫʥ ʢʨʠʪʠʯʥʦʛ ʨʘʩʪʦʿʘˁʘ ʫ ʧʦʩʪʫʧʢʫ ʝʢʩʧʣʦʟʠʚʥʦʛ 

ʟʘʚʘʨʠʚʘˁʘ 

ʂʘʨʘʢʪʝʨʠʩʪʠʢʝ ʝʢʩʧʣʦʟʠʚʘ 

ɸʥʘʣʠʟʠʨʘʥ ʿʝ ʤʦʛʫ˂ʠ ʫʪʠʮʘʿ ʝʢʩʧʣʦʟʠʚʘ ɼʝʤʝʢʩ (ʪʘʙʝʣʘ 4.15). ʊʦ ʿʝ ʧʨʘʰʢʘʩʪʠ 

ʝʢʩʧʣʦʟʠʚ ʠʟʨʘʹʝʥ ʥʘ ʙʘʟʠ ʘʤʦʥʠʿʫʤ ʥʠʪʨʘʪʘ (AN) ʠ ʪʨʦʪʠʣʘ (TNT). 

ɼʝʤʝʢʩʿʝ ʧʨʘʰʢʘʩʪʠ ʝʢʩʧʣʦʟʠʚ ʟʘ ʩʧʝʮʠʿʘʣʥʝ ʥʘʤʝʥʝ. ʊʦ ʿʝ ʥʠʩʢʦʙʨʠʟʘʥʪʥʠ ʝʢʩʧʣʦʟʠʚʠ 

ʢʦʿʠ ʩʝ ʫʩʧʝʰʥʦ ʧʨʠʤʝˁʫʿʫ ʧʨʠ ʩʧʘʿʘˁʫ ʠ ʦʙʨʘʜʠ ʤʝʪʘʣʘ ʝʢʩʧʣʦʟʠʿʦʤ. ʄʦʞʝ ʩʝ 

ʢʦʨʠʩʪʠʪʠ ʟʘ ʟʘʚʘʨʠʚʘˁʝ, ʧʦʚʨʰʠʥʩʢʫ ʦʙʨʘʜʫ-ʦʪʚʨʜˁʘʚʘˁʝ, ʩʧʘʿʘˁʝ ʤʝʪʘʣʘ ʠʪʜ. 

ʂʦʨʠʩʪʠ ʩʝ ʠ ʫ ʨʫʜʘʨʩʪʚʫ (Trayal korporacija, 2020). 

ʅʝ ʩʤʝʿʫ ʩʝ ʢʦʨʠʩʪʠʪʠ ʫ ʨʫʜʥʠʮʠʤʘ ʛʜʝ ʜʦʣʘʟʠ ʜʦ ʧʦʿʘʚʝ ʤʝʪʘʥʘ ʠ ʝʢʩʧʣʦʟʠʚʥʝ ʫʛˀʝʥʝ 

ʧʨʘʰʠʥʝ. ʀʩʧʦʨʫʯʫʿʫ ʩʝ ʫ ʧʨʘʰʢʘʩʪʦʤ ʩʪʘˁʫ. ʇʦ ʩʧʝʮʠʿʘʣʥʦʤ ʟʘʭʪʝʚʫ ʢʫʧʮʘ, ʤʦʛʫ ʩʝ 

ʠʩʧʦʨʫʯʠʪʠ ʠ ʧʘʪʨʦʥʠʨʘʥʠ ʫ ʢʘʣʠʙʨʫ 28 mm (Trayal korporacija, 2020). 
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ʄʘʩʘ ʝʢʩʧʣʦʟʠʚʘ ʫ ʧʦʿʝʜʠʥʠʤ ʝʢʩʧʝʨʠʤʝʥʪʠʤʘ ʦʜʨʝʹʝʥʘ ʿʝ ʥʘ ʦʩʥʦʚʫ ʧʨʦʨʘʯʫʥʘ (Ghomi, 

2009) ʠ ʥʘ ʦʩʥʦʚʫ ʜʠʤʝʥʟʠʿʘ ʧʣʦʯʝ ʢʦʿʝ ʠʟʥʦʩʝ 200Ĭ150 mm. ʄʘʩʘ ʝʢʩʧʣʦʟʠʚʘ ʫ ʨʘʩʧʦʥʫ 

ʦʜ 540-850 g ʟʘʜʦʚʦˀʘʚʘ ʩʚʝ ʢʨʠʪʝʨʠʿʫʤʝ ʥʘʚʝʜʝʥʦʛ ʧʨʦʨʘʯʫʥʘ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʘ 

ʧʦʩʪʘʚʢʘ ʝʢʩʧʣʦʟʠʚʥʦʛ ʟʘʚʘʨʠʚʘˁʘ ʠʟʚʝʜʝʥʦʛ ʥʘ ʧʦʣʠʛʦʥʫ ʬʠʨʤʝ Trayal ʫ ʂʨʫʰʝʚʮʫ 

ʧʨʠʢʘʟʘʥʘ ʿʝ ʥʘ ʩʣʠʮʠ 4.3. 

 

ʉʣʠʢʘ 4.3. ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʘ ʧʦʩʪʘʚʢʘ ʝʢʩʧʣʦʟʠʚʥʦʛ ʟʘʚʘʨʠʚʘˁʘ. 

ɿʘ ʧʨʦʨʘʯʫʥ ʢʨʠʪʠʯʥʦʛ ʨʘʩʪʦʿʘˁʘ ʝʢʩʧʣʦʟʠʚʥʦʛ ʟʘʚʘʨʠʚʘˁʘ, ʠʟ ʙʝʟʙʝʜʥʦʩʥʠʭ ʨʘʟʣʦʛʘ, 

ʢʦʨʠʰ˂ʝʥʝ ʩʫ ʥʘʿʚʝ˂ʝ ʚʨʝʜʥʦʩʪʠ ʢʦʣʠʯʠʥʝ ɼʝʤʝʢʩʘ. ʇʨʦʨʘʯʫʥʘʪʝ ʚʨʝʜʥʦʩʪʠ 

ʝʢʚʠʚʘʣʝʥʪʥʠʭ ʤʘʩʘ ʝʢʩʧʣʦʟʠʚʘ ɼʝʤʝʢʩʘ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʤʘʩʝ ʝʢʩʧʣʦʟʠʚʥʦʛ ʧʫˁʝˁʘ ʟʘ 

ʧʦʪʨʝʙʥʝ ʧʨʦʨʘʯʫʥʘ ʢʨʠʪʠʯʥʦʛ ʨʘʩʪʦʿʘˁʘ, ʧʨʠʢʘʟʘʥʠ ʩʫ ʫ ʪʘʙʝʣʠ 4.11. 

ʊʘʙʝʣʘ 4.11. ʄʘʩʘ ʝʢʩʧʣʦʟʠʚʥʦʛ ʧʫˁʝʘˁ ʠ ʝʢʚʠʚʘʣʝʥʪʥʘ ʤʘʩʘ ɼʝʤʝʢʩ ʝʢʩʧʣʦʟʠʚʘ 

ɺʨʩʪʘ ʝʢʩʧʣʦʟʠʚʘ ɱʝʜʠʥʠʮʝ ɼʝʤʝʢʩ  

Broj eksperimenta N  1 2 3 4 5 

ʄʘʩʘ ʝʢʩʧʣʦʟʠʚʥʦʛ ʧʫˁʝˁʘ Meksp g 540 540 640 740 850 

TNT ʝʢʚʠʚʘʣʝʥʪ Edeksp/EdTNT  0,981 

ɽʢʚʠʚʘʣʝʥʪʥʘ ʤʘʩʘ ʝʢʩʧʣʦʟʠʚʘ MTNTe g 530 530 630 725 833 

ɽʢʚʠʚʘʣʝʥʪʥʘ ʤʘʩʘ ʝʢʩʧʣʦʟʠʚʘ mp 

ʧʦʚʨʠhʥʩʢʘ ʝʢʩʧʣʦʟʠʿʘ 
g 795 795 945 1088 1250 
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ʆʜʨʝʹʠʚʘˁʝ ʢʨʠʪʠʯʥʦʛ ʨʘʩʪʦʿʘˁʘ ʝʢʩʧʣʦʟʠʿʝ 

ɿʘʚʠʩʥʦʩʪ ʢʨʠʪʠʯʥʦʛ ʨʘʩʪʦʿʘˁʘ ʫ ʬʫʥʢʮʠʿʠ ʧʨʠʪʠʩʢʘ ʟʘ ʩʣʫʯʘʿ ʧʨʠʚʨʝʤʝʥʦʛ ʛʫʙʠʪʢʘ 

ʩʣʫʭʘ ʫ ʩʣʫʯʘʿʫ ʥʘʿʚʝ˂ʝ ʢʦʣʠʯʠʥʝ ʝʢʩʧʣʦʟʠʚʘ (ʤʝʪʦʜʘ Sadovskog) ʧʨʠʢʘʟʘʥʘ ʿʝ ʥʘ ʩʣʠʮʠ 

4.4. 

 

ʉʣʠʢʘ 4.4. ʂʨʠʪʠʯʥʦ ʨʘʩʪʦʿʘˁʝ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʧʨʠʪʠʩʢʘ (6,9 kPa) 

ʅʘ ʩʣʠʮʠ 4.4. ʫʩʚʦʿʝʥʠ ʩʫ ʢʦʝʬʠʮʠʿʝʥʪʠ k1, k2, ʠ k3 ʧʨʝʤʘ ʨʘʜʫ (Orlenko, 2004), ʦʜʥʦʩʥʦ 

ʧʨʝʤʘ ʨʘʜʫ (Bajiĺ, 2009) ʪʘʙʝʣʘ 3.1. 

ɿʘʚʠʩʥʦʩʪ ʢʨʠʪʠʯʥʦʛ ʨʘʩʪʦʿʘˁʘ ʫ ʬʫʥʢʮʠʿʠ ʧʨʠʪʠʩʢʘ ʟʘ ʩʣʫʯʘʿ ʧʫʮʘˁʘ ʙʫʙʥʝ ʦʧʥʝ ʫ 

ʩʣʫʯʘʿʫ ʥʘʿʚʝ˂ʝ ʢʦʣʠʯʠʥʝ ʝʢʩʧʣʦʟʠʚʘ (ʤʝʪʦʜʘ Sadovskog) ʧʨʠʢʘʟʘʥʘ ʿʝ ʥʘ ʩʣʠʮʠ 4.5. 

 

ʉʣʠʢʘ 4.5. ʂʨʠʪʠʯʥʦ ʨʘʩʪʦʿʘˁʝ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʧʨʠʪʠʩʢʘ (35 kPa) 
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ʇʘʨʘʤʝʪʨʠ Kingery-Bulmash ʧʦʣʠʥʦʤʘ ʟʘ ʧʨʠʪʠʩʘʢ ʥʘ ʯʝʣʫ ʫʜʘʨʥʦʛ ʪʘʣʘʩʘ ʧʨʠʢʘʟʘʥʠ ʩʫ 

ʫ ʪʘʙʝʣʠ 4.12. 

ʊʘʙʝʣʘ 4.12. ʇʘʨʘʤʝʪʨʠ Kingery-Bulmash ʧʦʣʠʥʦʤʘ ʟʘ ʧʨʠʪʠʩʘʢ ʥʘ ʯʝʣʫ ʫʜʘʨʥʦʛ ʪʘʣʘʩʘ, 

(IATG 01.80, 2015). 

ʇʘʨʘʤʝʪʨʠ ɹʨʦʿʯʘʥʘ ʚʨʝʜʥʦʩʪ 

K0 -0,14362789151 

K1 1,35034249993 

C1 2,78076916577 

C2 -1,6958988741 

C3 0,154159376846 

C4 0,514060730593 

C5 -0,0988534365274 

C6 -0,293912623038 

C7 -0,0268112345019 

C8 0,109097496421 

C9 0,00162846756311 

ʅʫʤʝʨʠʯʢʝ ʚʨʝʜʥʦʩʪʠ ʟʘ ʢʦʥʩʪʘʥʪʝ ĂCñ ʠ ĂKñ ʩʫ ʚʨʝʜʥʦʩʪʠ ʟʘ 1 kg TNT ʝʢʚʠʚʘʣʝʥʪʘ. ɿʘ 

ʦʩʪʘʣʝ ʝʢʩʧʣʦʟʠʚʝ ʟʘʭʪʝʚʘ ʩʝ ʜʘ ʩʝ ʧʨʚʦ ʧʨʦʮʝʥʠ TNT ʝʢʚʠʚʘʣʝʥʪ. 

ʄʥʦʛʝ ʜʨʞʘʚʝ ʢʦʨʠʩʪʝ ʧʨʘʚʠʣʘ ʢʦʿʘ ʩʝ ʟʘʩʥʠʚʘʿʫ ʥʘ ʝʢʩʧʣʦʟʠʚʠʤʘ, ˁʠʭʦʚʦʿ ʢʦʣʠʯʠʥʠ ʠ 

ʫʜʘˀʝʥʦʩʪʠ ʦʜ ʝʢʩʧʣʦʟʠʚʘ ʥʘ ʤʝʩʪʫ ʛʜʝ ʩʫ ˀʫʜʠ ʫ ʨʠʟʠʢʫ. ʆʚʘ ʧʨʘʚʠʣʘ ʩʫ ʧʦʟʥʘʪʘ ʢʘʦ 

ʢʨʠʪʝʨʠʿʫʤʠ ʢʦʣʠʯʠʥʘ-ʫʜʘˀʝʥʦʩʪ (Q-D), (AASTP-1, 2010) ʠ ʟʘʩʥʠʚʘʿʫ ʩʝ ʥʘ ʧʨʠʩʪʫʧʫ 

ʠʟʚʝʜʝʥʦʤ ʠʟ Hopkinson-Cranz ʟʘʢʦʥʘ ʦ ʩʢʘʣʠʨʘˁʫ, ʢʦʿʠ ʿʝ ʥʘʜʘˀʝ ʜʦʧʫˁʘʚʘʥ ʥʠʟʦʤ 

ʢʦʝʬʠʮʠʿʝʥʘʪʘ (ʿʝʜʥʘʯʠʥʘ 3.7) (IATG 01.80, 2015). 

ʆʩʥʦʚʘ ʚʝʣʠʢʦʛ ʜʝʣʘ ʨʘʜʘ ʙʘʟʠʨʘʥʘ ʿʝ ʥʘ ʧʨʦʮʝʥʠ ʦʜʛʦʚʘʨʘʿʫʠ˂ʭ ʢʦʣʠʯʠʥʘ ʠ ʨʘʟʜʘˀʠʥʝ 

ʨʘʟʜʚʘʿʘˁʘ. 

ɿʘʚʠʩʥʦʩʪ ʢʨʠʪʠʯʥʦʛ ʨʘʩʪʦʿʘˁʘ ʫ ʬʫʥʢʮʠʿʠ ʧʨʠʪʠʩʢʘ ʟʘ ʩʣʫʯʘʿ ʧʨʠʚʨʝʤʝʥʦʛ ʛʫʙʠʪʢʘ 

ʩʣʫʭʘ (Kingery-Bulmash ʤʝʪʦʜʘ) ʧʨʠʢʘʟʘʥʘ ʿʝ ʥʘ ʩʣʠʮʠ 4.6. 
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ʉʣʠʢʘ 4.6. ʂʨʠʪʠʯʥʦ ʨʘʩʪʦʿʘˁʝ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʧʨʠʪʠʩʢʘ ʫ ʩʣʫʯʘʿʫ ʧʨʠʚʨʝʤʝʥʦʛ 

ʛʫʙʠʪʢʘ ʩʣʫʭʘ 

ɿʘʚʠʩʥʦʩʪ ʢʨʠʪʠʯʥʦʛ ʨʘʩʪʦʿʘˁʘ ʫ ʬʫʥʢʮʠʿʠ ʧʨʠʪʠʩʢʘ ʟʘ ʩʣʫʯʘʿ ʧʫʮʘˁʘ ʙʫʙʥʝ ʦʧʥʝ 

(Kingery-Bulmash ʤʝʪʦʜʘ) ʧʨʠʢʘʟʘʥʘ ʿʝ ʥʘ ʩʣʠʮʠ 4.7. 

 

ʉʣʠʢʘ 4.7. ʂʨʠʪʠʯʥʦ ʨʘʩʪʦʿʘˁʝ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʧʨʠʪʠʩʢʘ ʫ ʩʣʫʯʘʿʫ ʧʫʮʘˁʘ ʙʫʙʥʝ ʦʧʥʝ 

ʆʜʨʝʹʠʚʘˁʝ ʢʨʠʪʠʯʥʦʛ ʨʘʩʪʦʿʘˁʘ ʚʨʰʝʥʦ ʿʝ ʫ ʜʚʘ ʛʨʘʥʠʯʥʘ ʩʣʫʯʘʿʘ: 

- ʂʨʠʪʠʯʥʦ ʨʘʩʪʦʿʘˁʝ ʫ ʩʣʫʯʘʿʫ ʧʨʠʚʨʝʤʝʥʦʛ ʛʫʙʠʪʢʘ ʩʣʫʭʘ ʠ 

- ʂʨʠʪʠʯʥʦ ʨʘʩʪʦʿʘˁʝ ʫ ʩʣʫʯʘʿʫ ʧʫʮʘˁʘ ʙʫʙʥʝ ʦʧʥʝ. 

ʆʙʘ ʩʣʫʯʘʿʘ ʧʨʝʪʧʦʩʪʘʚˀʘʿʫ ʜʘ ʩʝ ʝʢʩʧʣʦʟʠʿʘ ʧʨʠ ʠʟʚʦʹʝˁʫ ʝʢʩʧʣʦʟʠʚʥʦʛ ʟʘʚʘʨʠʚʘˁʘ 

ʜʝʰʘʚʘ ʥʘ ʩʨʝʜˁʝ ʪʚʨʜʦʿ ʟʝʤˀʠ (ʢʦʝʬʠʮʠʿʝʥʪ ɖ = 0,5, ʪʘʙʝʣʘ 3.2). ʋʚʨʰʪʘʚʘˁʝʤ 
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ʢʦʝʬʠʮʠʿʝʥʘʪʘ k1, k2 ʠ k3 (ʪʘʙʝʣʘ 3.1), ʝʢʚʠʚʘʣʝʥʪʥʠʭ ʤʘʩʘ ʝʢʩʧʣʦʟʠʚʘ ʜʦʙʠʿʝʥʠʭ 

ʿʝʜʥʘʯʠʥʦʤ (3.1) ʠ ʛʨʘʥʠʯʥʦʛ ʧʨʠʪʠʩʢʘ ʫ ʩʣʫʯʘʿʫ ʧʨʠʚʨʝʤʝʥʦʛ ʛʫʙʠʪʢʘ ʩʣʫʭʘ ʦʜ 6,9 kPa 

ʦʜʥʦʩʥʦ 35 kPa ʫ ʩʣʫʯʘʿʫ ʧʫʮʘˁʘ ʙʫʙʥʝ ʦʧʥʝ ʫ ʿʝʜʥʘʯʠʥʫ (3.2), ʜʦʙʠʿʘ ʩʝ ʢʨʠʪʠʯʥʦ 

ʨʘʩʪʦʿʘˁʝ ʢʦʜ ʧʦʚʨʰʠʥʩʢʝ ʝʢʩʧʣʦʟʠʿʝ. 

ʀʤʘʿʫ˂ʠ ʫ ʚʠʜʫ ʥʘʚʝʜʝʥʝ ʨʝʟʫʣʪʘʪʝ ʬʦʨʤʠʨʘʥʘ ʿʝ ʤʘʪʨʠʮʘ ʨʠʟʠʢʘ. ʄʘʪʨʠʮʘ ʨʠʟʠʢʘ ʿʝ 

ʧʨʠʢʘʟʘʥʘ ʥʘ ʩʣʠʮʠ 4.8. ʋʩʚʦʿʝʥʝ ʩʫ ʤʘʢʩʠʤʘʣʥʝ ʚʨʝʜʥʦʩʪʠ ʢʨʠʪʠʯʥʦʛ ʨʘʩʪʦʿʘˁʘ. 

ʂʨʠʪʠʯʥʦ ʨʘʩʪʦʿʘˁʝ ʜʦʙʠʿʝʥʦ ʤʝʪʦʜʦʤ Sadovskog, ʫ ʩʣʫʯʘʿʫ ʥʘʿʚʝ˂ʝ ʝʢʚʠʚʘʣʝʥʪʥʝ ʤʘʩʝ 

ʝʢʩʧʣʦʟʠʚʘ ɼʝʤʝʢʩ, ʟʘ ʩʣʫʯʘʿ ʧʨʠʚʨʝʤʝʥʦʛ ʛʫʙʠʪʢʘ ʩʣʫʭʘ ʠʟʥʦʩʠ 23,10 m ʦʜʥʦʩʥʦ 18,73 

m, ʜʦʢ ʢʨʠʪʠʯʥʦ ʨʘʩʪʦʿʘˁʝ ʫ ʩʣʫʯʘʿʫ ʥʘʿʚʝ˂ʝ ʝʢʚʠʚʘʣʝʥʪʥʝ ʤʘʩʝ ʝʢʩʧʣʦʟʠʚʘ ɼʝʤʝʢʩ, ʟʘ 

ʩʣʫʯʘʿ ʧʫʮʘˁʘ ʙʫʙʥʝ ʦʧʥʝ ʠʟʥʦʩʠ 7,47 m, ʦʜʥʦʩʥʦ 5,94 m. 

ʂʨʠʪʠʯʥʦ ʨʘʩʪʦʿʘˁʝ ʜʦʙʠʿʝʥʦ Kingery-Bulmash ʤʝʪʦʜʦʤ, ʫ ʩʣʫʯʘʿʫ ʥʘʿʚʝ˂ʝ ʝʢʚʠʚʘʣʝʥʪʥʝ 

ʤʘʩʝ ʝʢʩʧʣʦʟʠʚʘ ɼʝʤʝʢʩ, ʟʘ ʩʣʫʯʘʿ ʧʨʠʚʨʝʤʝʥʦʛ ʛʫʙʠʪʢʘ ʩʣʫʭʘ ʠʟʥʦʩʠ 22,00 m, ʜʦʢ 

ʢʨʠʪʠʯʥʦ ʨʘʩʪʦʿʘˁʝ ʫ ʩʣʫʯʘʿʫ ʥʘʿʚʝ˂ʝ ʝʢʚʠʚʘʣʝʥʪʥʝ ʤʘʩʝ ʝʢʩʧʣʦʟʠʚʘ ɼʝʤʝʢʩ, ʟʘ ʩʣʫʯʘʿ 

ʧʫʮʘˁʘ ʙʫʙʥʝ ʦʧʥʝ ʠʟʥʦʩʠ 7,00 m. 

ʇʨʦʨʘʯʫʥ ʢʨʠʪʠʯʥʦʛ ʨʘʩʪʦʿʘˁʘ ʫ ʩʣʫʯʘʿʫ ʢʦʨʠʰ˂ʝˁʘ ɸʤʦʥʝʢʩʘ, ʢʘʦ ʝʢʩʧʣʦʟʠʚʥʫ 

ʤʘʪʝʨʠʿʫ ʥʠʿʝ ʨʘʹʝʥ.  ʋʧʦʪʨʝʙˀʝʥʘ ʿʝ ʤʘˁʘ ʢʦʣʠʯʠʥʘ ʝʢʩʧʣʦʟʠʚʘ ʪʝ ʩʫ ʠ ʢʨʠʪʠʯʥʘ 

ʨʘʩʪʦʿʘˁʘ ʤʘˁʘ. 

 

ʉʣʠʢʘ 4.8. ʄʘʪʨʠʮʘ ʨʠʟʠʢʘ ʢʨʠʪʠʯʥʦʛ ʨʘʩʪʦʿʘˁʘ. 

ʅʘ ʩʣʠʮʠ 4.8, ʥʘʨʘʥ˅ʘʩʪʝ ʣʠʥʠʿʝ ʧʨʝʜʩʪʘʚˀʘʿʫ ʢʨʠʪʠʯʥʘ ʨʘʩʪʦʿʘˁʘ ʜʦʙʠʿʝʥʘ Kingery-

Bulmash ʤʝʪʦʜʦʤ. ʎʨʚʝʥʝ ʠ ʟʝʣʝʥʝ ʣʠʥʠʿʝ ʧʨʝʜʩʪʘʚˀʘʿʫ ʢʨʠʪʠʯʥʘ ʨʘʩʪʦʿʘˁʘ ʜʦʙʠʿʝʥʘ 

ʤʝʪʦʜʦʤ Sadovskog ʩʘ ʢʦʝʬʠʮʠʿʝʥʪʠʤʘ k1, k2, k3 ʧʨʝʤʘ ʨʘʜʫ (Orlenko, 2004) ʦʜʥʦʩʥʦ ʧʨʝʤʘ 

ʨʘʜʫ (Bajiĺ, 2009), ʨʝʩʧʝʢʪʠʚʥʦ. ʇʫʥʝ ʣʠʥʠʿʝ ʧʨʝʜʩʪʘʚˀʘʿʫ ʢʨʠʪʠʯʥʘ ʨʘʩʪʦʿʘˁʘ ʯʠʿʠʤ 

ʧʨʝʢʦʨʘʯʝˁʝʤ ʙʠ ʜʦʰʣʦ ʜʦ ʧʫʮʘˁʘ ʙʫʙʥʝ ʦʧʥʝ, ʜʦʢ ʠʩʧʨʝʢʠʜʘʥʝ ʣʠʥʠʿʝ ʧʨʝʜʩʪʘʚˀʘʿʫ 

ʢʨʠʪʠʯʥʘ ʨʘʩʪʦʿʘˁʘ ʯʠʿʠʤ ʧʨʝʢʦʨʘʯʝˁʝʤ ʙʠ ʜʦʰʣʦ ʜʦ ʧʨʠʚʨʝʤʝʥʦʛ ʛʫʙʠʪʢʘ ʩʣʫʭʘ. ʋ 

ʟʦʥʠ ʫʥʫʪʘʨ ʧʫʥʠʭ ʣʠʥʠʿʘ ʤʦʞʝ ʜʦ˂ʠ ʜʦ ʦʟʙʠˀʥʠʿʠʭ ʧʦʚʨʝʜʘ. 
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ʋ ʪʘʙʝʣʠ 4.13 ʩʫ ʧʨʠʢʘʟʘʥʘ ʢʨʠʪʠʯʥʘ ʨʘʩʪʦʿʘˁʘ ʧʦʜ ʫʩʣʦʚʦʤ ʤʘʢʩʠʤʘʣʥʦʛ ʧʨʠʪʠʩʢʘ 

ʧʨʠʚʨʝʤʝʥʦʛ ʛʫʙʠʪʢʘ ʩʣʫʭʘ ʦʜʥʦʩʥʦ ʤʘʢʩʠʤʘʣʥʦʛ ʧʨʠʪʠʩʢʘ ʧʫʮʘˁʘ ʙʫʙʥʝ ʦʧʥʝ 

ʨʝʩʧʝʢʪʠʚʥʦ. 

ʊʘʙʝʣʘ 4.13. ʊʘʙʝʣʘʨʥʠ ʧʨʠʢʘʟ ʢʨʠʪʠʯʥʦʛ ʨʘʩʪʦʿʘˁʘ. 

ʄʝʪʦʜʘ ʠʩʧʠʪʠʚʘˁʘ ɱʝʜʠʥʠʮʝ ʈʘʩʪʦʿʘˁʝ 

ʂʨʠʪʠʯʥʦ ʨʘʩʪʦʿʘˁʝ R, ʤʝʪʦʜʦʤ Sadovskog (6,9 kPa) 

(Orlenko, 2004)  
m 18,71 

ʂʨʠʪʠʯʥʦ ʨʘʩʪʦʿʘˁʝ R, ʤʝʪʦʜʦʤ Sadovskog (6,9 kPa) 

(Bajiĺ, 2009) 
m 23,10 

ʂʨʠʪʠʯʥʦ ʨʘʩʪʦʿʘˁʝ R, Kingery-Bulmash ʤʝʪʦʜʘ (6,9 kPa) m 22,00 

ʂʨʠʪʠʯʥʦ ʨʘʩʪʦʿʘˁʝ R, ʤʝʪʦʜʦʤ Sadovskog (35 kPa) 

(Orlenko, 2004) 
m 5,94 

ʂʨʠʪʠʯʥʦ ʨʘʩʪʦʿʘˁʝ R, ʤʝʪʦʜʦʤ Sadovskog (35 kPa) 

(Bajiĺ, 2009)  
m 7,47 

ʂʨʠʪʠʯʥʦ ʨʘʩʪʦʿʘˁʝ R, Kingery-Bulmash ʤʝʪʦʜʘ (35 kPa) m 7,00 

 

4.3. ʋʩʣʦʚʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʭ ʠʩʧʠʪʠʚʘˁʘ 

ʅʘʩʠʧʥʘ (ʛʨʘʚʠʤʝʪʨʠʿʩʢʘ) ʛʫʩʪʠʥʘ ʜʝʬʠʥʠʰʝ ʩʝ ʢʘʦ ʛʫʩʪʠʥʘ ʢʦʿʘ ʩʝ ʧʦʩʪʠʞʝ ʧʨʠ 

ʩʣʦʙʦʜʥʦʤ ʧʘʜʫ ʝʢʩʧʣʦʟʠʚʘ, ʦʜʥʦʩʥʦ ʥʘʩʠʧʘˁʫ ʫ ʦʜʨʝʹʝʥʠ ʩʫʜ ʩʘʤʦ ʧʦʜ ʜʝʿʩʪʚʦʤ ʩʠʣʝ 

ʛʨʘʚʠʪʘʮʠʿʝ, ʙʝʟ ʠʢʘʢʚʦʛ ʜʦʜʘʪʥʦʛ ʩʘʙʠʿʘˁʘ. ʀʟʨʘʞʘʚʘ ʩʝ ʫ ʿʝʜʠʥʠʮʠ ʤʘʩʝ ʧʦ ʿʝʜʠʥʠʮʠ 

ʟʘʧʨʝʤʠʥʝ, kg/l ʠʣʠ g/dm3. ɿʘʚʠʩʠ ʦʜ ʚʝʣʠʯʠʥʝ ʠ ʦʙʣʠʢʘ ʢʨʠʩʪʘʣʘ ï ʛʨʘʥʫʣʦʤʝʪʨʠʿʩʢʦʛ 

ʩʘʩʪʘʚʘ, ʚʠʩʠʥʝ ʩʘ ʢʦʿʝ ʝʢʩʧʣʦʟʠʚ ʧʘʜʘ, ʩʘʜʨʞʘʿʘ ʚʣʘʛʝ ʠʪʜ. (ʉʘʚʠ˂, 2000). 

ɸʤʦʥʝʢʩ ʧʨʠʧʘʜʘ ʧʦʿʘʯʘʥʠʤ ʧʨʘʰʢʘʩʪʠʤ ʝʢʩʧʣʦʟʠʚʠʤʘ ʠʟʨʘʹʝʥʠʤ ʥʘ ʙʘʟʠ ʊʅʊ-ʘ ʠ 

ʘʤʦʥʠʿʫʤ ʥʠʪʨʘʪʘ. ʆʚʘʢʚʠ ʝʢʩʧʣʦʟʠʚʠ ʤʘʣʦ ʩʫ ʦʩʝʪˀʠʚʠ ʥʘ ʫʜʘʨ ʠ ʪʨʝˁʘ, ʟʙʦʛ ʯʝʛʘ 

ʩʧʘʜʘʿʫ ʫ ʝʢʩʧʣʦʟʠʚʝ ʩʠʛʫʨʥʝ ʟʘ ʨʫʢʦʚʘˁʝ ʠ ʪʨʘʥʩʧʦʨʪ ʘ ʪʘʢʦʹʝ ʩʫ ʠ ʥʝʰʢʦʜˀʠʚʠ ʟʘ 

ʦʢʦʣʠʥʫ. ʇʨʠ ʥʠʩʢʠʤ ʪʝʤʧʝʨʘʪʫʨʘʤʘ ʥʠʩʫ ʦʩʝʪˀʠʚʠ ʠ ʥʝ ʤʨʟʥʫ ʩʝ. ʇʨʠʤʝˁʫʿʫ ʩʝ, ʧʨʝ 

ʩʚʝʛʘ ʟʘ ʤʘʩʦʚʥʘ ʨʫʜʘʨʩʢʘ ʤʠʥʠʨʘˁʘ ʫ ʧʦʜʟʝʤʥʦʿ ʠ ʧʦʚʨʰʠʥʩʢʦʿ ʝʢʩʧʣʦʘʪʘʮʠʿʠ, ʟʘ 

ʤʠʥʠʨʘˁʝ ʦʜ ʤʝʢʠʭ ʜʦ ʿʘʢʦ ʯʚʨʩʪʠʭ ʩʪʝʥʩʢʠʭ ʤʘʩʘ, ʛʜʝ ʥʠʩʫ ʧʨʠʩʫʪʥʠ ʤʝʪʘʥ ʠ 

ʝʢʩʧʣʦʟʠʚʥʘ ʫʛˀʝʥʘ ʧʨʘʰʠʥʘ. ʀʥʠʮʠʨʘʿʫ ʩʝ ʢʣʘʩʠʯʥʠʤ ʩʨʝʜʩʪʚʠʤʘ ʟʘ ʠʥʠʮʠʨʘˁʝ: 

ʨʫʜʘʨʩʢʦʤ ʢʘʧʠʩʣʦʤ, ʝʣʝʢʪʨʦʜʝʪʦʥʘʪʦʨʠʤʘ, ʥʝʝʣʝʢʪʨʠʯʥʠʤ ʩʠʩʪʝʤʦʤ ʠʥʠʮʠʨʘˁʘ ʠ 

ʜʝʪʦʥʠʨʘʿʫ˂ʠʤ ʰʪʘʧʠʥʦʤ. ɿʙʦʛ ʩʚʦʿʝ ʩʣʘʙʝ ʚʦʜʦʦʪʧʦʨʥʦʩʪʠ ʢʦʨʠʩʪʝ ʩʝ ʟʘ ʤʠʥʠʨʘˁʘ ʫ 

ʩʫʚʠʤ ʠ ʚʣʘʞʥʠʤ ʤʠʥʩʢʠʤ ʙʫʰʦʪʠʥʘʤʘ, ʘ ʥʠʩʫ ʧʦʛʦʜʥʠ ʟʘ ʤʠʥʠʨʘˁʝ ʫ ʙʫʰʦʪʠʥʘʤʘ ʫ 

ʢʦʿʠʤʘ ʠʤʘ ʚʦʜʝ (Trayal corporation, 2022). 

ʅʘʩʠʧʥʘ ʛʫʩʪʠʥʘ ʝʢʩʧʣʦʟʠʚʘ ʦʜʨʝʹʝʥʘ ʿʝ ʥʘ ʩʣʝʜʝ˂ʠ ʥʘʯʠʥ. ʂʦʨʠʰ˂ʝʥʠ ʧʨʠʙʦʨ 

ʩʘʯʠˁʘʚʘʣʠ ʩʫ: ʧʦʩʪʦˀʝ, ʤʝʩʠʥʛʘʥʘ ʧʦʩʫʜʘ, ʟʘʧʨʝʤʠʥʝ 100 cm3 ʠ ʦʜʨʝʹʝʥʝ ʤʘʩʝ ʫ 

ʧʨʘʟʥʦʤ ʩʪʘˁʫ, ʧʣʘʩʪʠʯʥʠ ʣʝʚʘʢ ʠ ʤʝʩʠʥʛʘʥʘ ʰʧʘʢʣʘ. ʇʨʘʰʢʘʩʪʠ ʝʢʩʧʣʦʟʠʚ ʩʝ ʥʘʩʠʧʘʦ 

ʩʣʦʙʦʜʥʠʤ ʧʘʜʦʤ ʢʨʦʟ ʣʝʚʘʢ ʫ ʧʨʠʧʨʝʤˀʝʥʫ ʧʦʩʫʜʫ ʜʝʬʠʥʠʩʘʥʠʭ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ, ʙʝʟ 

ʩʘʙʠʿʘˁʘ, ʧʨʠʪʠʩʢʘˁʘ ʠʣʠ ʙʠʣʦ ʢʘʢʚʠʭ ʚʠʙʨʘʮʠʿʘ ʜʘ ʩʝ ʥʘ ʪʘʿ ʥʘʯʠʥ ʥʝ ʙʠ ʫʪʠʮʘʣʦ ʥʘ 

ˁʝʛʦʚʦ ʧʘʢʦʚʘˁʝ. ʇʦʪʦʤ ʩʝ ʣʝʚʘʢ ʫʢʣʦʥʠʦ ʠ ʤʝʩʠʥʛʘʥʦʤ ʰʧʘʢʣʦʤ ʩʝ ʝʢʩʧʣʦʟʠʚ ʧʦʨʘʚʥʘʦ 

ʩʘ ʚʨʭʦʤ ʧʦʩʫʜʝ. ʀʟʤʝʨʝʥʘ ʿʝ ʫʢʫʧʥʘ ʤʘʩʘ ʧʦʩʫʜʝ. ʄʘʩʘ ʥʘʩʫʪʦʛ ʝʢʩʧʣʦʟʠʚʘ ʠʟʨʘʯʫʥʘʪʘ 

ʿʝ ʧʦʩʨʝʜʥʦ, ʪʿ. ʢʘʜʘ ʩʝ ʦʜ ʫʢʫʧʥʦ ʠʟʤʝʨʝʥʝ ʤʘʩʝ ʦʜʫʟʝʣʘ ʚʨʝʜʥʦʩʪ ʤʘʩʝ ʧʨʘʟʥʝ ʧʦʩʫʜʝ.  

ʅʘ ʩʣʠʮʠ 4.9 ʧʨʠʢʘʟʘʥʠ ʩʫ ʩʝʛʤʝʥʪʠ ʧʦʩʪʫʧʘʢʘ ʧʨʠʧʨʝʤʝ ʠ ʤʝʨʝˁʘ ʥʘʩʠʧʥʝ ʛʫʩʪʠʥʝ 

ʝʢʩʧʣʦʟʠʚʘ. 
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ʉʣʠʢʘ 4.9. ʇʦʩʪʫʧʘʢ ʟʘ ʤʝʨʝˁʝ ʟʘʧʨʝʤʠʥʩʢʝ ʛʫʩʪʠʥʝ ʝʢʩʧʣʦʟʠʚʥʦʛ ʤʘʪʝʨʠʿʘʣʘ 

ʋ ʪʘʙʝʣʠ 4.14 ʧʨʠʢʘʟʘʥʠ ʩʫ ʨʝʟʫʣʪʘʪʠ ʦʜʨʝʹʠʚʘˁʘ ʥʘʩʠʧʥʝ ʛʫʩʪʠʥʝ ʧʨʘʰʢʘʩʪʦʛ 

ʝʢʩʧʣʦʟʠʚʘ ʜʦʙʠʿʝʥʠ ʢʘʦ ʩʨʝʜˁʘ ʚʨʝʜʥʦʩʪ ʪʨʠ ʤʝʨʝˁʘ. 

ʊʘʙʝʣʘ 4.14. ʅʘʩʠʧʥʘ ʛʫʩʪʠʥʘ ɼʝʤʝʢʩ ʠ ɸʤʦʥʝʢʩ ʝʢʩʧʣʦʟʠʚʘ 

ʋʟʦʨʘʢ 
ɺʨʩʪʘ 

ʝʢʩʧʣʦʟʠʚʘ 

ʀʟʤʝʨʝʥʘ 

ʚʨʝʜʥʦʩʪ 

ʥʘʩʠʧʥʝ ʛʫʩʪʠʥʝ  

(g/100 cm3) 

ʇʨʦʩʝʯʥʘ 

ʚʨʝʜʥʦʩʪ 

ʥʘʩʠʧʥʝ 

ʛʫʩʪʠʥʝ 

(g/dm3) 

ʉʪʘʥʜʘʨʜʥʘ 

ʜʝʚʠʿʘʮʠʿʘ 

(g/dm3) 

ʄʘʨʛʠʥʘ 

ʛʨʝʰʢʝ 

(ʠʥʪʝʨʚʘʣ 

ʧʦʚʝʨʝˁʘ) 

1 

ɼʝʤʝʢʩ 

561,34 

561,0 0,723 0,443 2 560,28 

3 561,4 

1 

ɸʤʦʥʝʢʩ 

76,68 

761,8 0,633 0,365 2 76,58 

3 75,29 

ʄʦʞʝ ʩʝ ʟʘʢˀʫʯʠʪʠ ʜʘ ʿʝ ɼʝʤʝʢʩ ʫʿʝʜʥʘʯʝʥʦʛ ʢʚʘʣʠʪʝʪʘ ʦʜʥʦʩʥʦ ʛʨʘʥʫʣʘʮʠʿʝ, ʩ ʦʙʟʠʨʦʤ 

ʜʘ ʩʫ ʦʩʪʚʘʨʝʥʠ ʨʝʟʫʣʪʘʪʠ ʩʚʘ ʪʨʠ ʤʝʨʝˁʘ ʩʣʠʯʥʠ. ʆʜʩʪʫʧʘˁʝ ʠʟʥʦʩʠ ʦʢʦ 0,723 g/dm3. 

ɸʤʦʥʝʢʩ ʿʝ ʪʘʢʦʹʝ ʫʿʝʜʥʘʯʝʥʦʛ ʢʚʘʣʠʪʝʪʘ ʦʜʥʦʩʥʦ ʛʨʘʥʫʣʘʮʠʿʝ. ʆʜʩʪʫʧʘˁʝ ɸʤʦʥʝʢʩʘ 

ʠʟʥʦʩʠ ʦʢʦ 0,633 g/dm3.  

ɽʣʝʢʪʨʦʜʝʪʦʥʘʪʦʨʩʢʘ ʢʘʧʠʩʣʘ EK-40-69. 

ɽʣʝʢʪʨʦʜʝʪʦʥʘʪʦʨʩʢʘ ʢʘʧʠʩʣʘ EK-40-69 (ʩʣʠʢʘ 4.10.) ʩʝ ʧʨʠʤʝˁʫʿʝ ʟʘ ʨʫʰʝˁʝ 

ʧʦʿʝʜʠʥʘʯʥʠʤ ʠʣʠ ʛʨʫʧʥʠʤ ʘʢʪʠʚʠʨʘˁʝʤ ʝʢʩʧʣʦʟʠʚʥʠʭ ʧʫˁʝˁʘ. ɸʢʪʠʚʠʨʘˁʝ ʢʘʧʠʩʣʝ 

ʚʨʰʠ ʩʝ ʝʣʝʢʪʨʠʯʥʠʤ ʧʫʪʝʤ (ɹʦʛʜʘʥʦʚ, 2015). ʀʟʚʦʨ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʤʦʞʝ ʙʠʪʠ 

ʫʨʝʹʘʿ ʟʘ ʝʣʝʢʪʨʠʯʥʦ ʘʢʪʠʚʠʨʘˁʝ, ʘʢʫʤʫʣʘʪʦʨ, ʙʘʪʝʨʠʿʘ, ʛʨʘʜʩʢʘ ʝʣʝʢʪʨʠʯʥʘ ʤʨʝʞʘ ʠʣʠ 

ʥʝʢʠ ʜʨʫʛʠ ʠʟʚʦʨ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ (MCM, 2023). ɸʢʪʠʚʠʨʘˁʝ ʝʣʝʢʪʨʠʯʥʠʤ ʧʫʪʝʤ ʿʝ 

ʙʝʟʙʝʜʥʠʿʝ ʠ ʧʦʫʟʜʘʥʠʿʝ ʫ ʦʜʥʦʩʫ ʥʘ ʂɼ-8. 

ʇʨʘʰʢʘʩʪʠ ʝʢʩʧʣʦʟʠʚ 

ʇʦʩʫʜʠʮʘ ʩʘ ʣʝʚʢʦʤ 
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ʉʣʠʢʘ 4.10. ʉʧʦˀʥʠ ʠʟʛʣʝʜ ʩʥʦʧʘ ʝʣʝʢʪʨʦʜʝʪʦʥʘʪʦʨʩʢʠʭ ʢʘʧʠʩʣʠ (ʣʝʚʦ) ʠ ʠʟʛʣʝʜ 

ʧʦʧʨʝʯʥʦʛ ʧʨʝʩʝʢʘ ʝʣʝʢʪʨʦʜʝʪʦʥʘʪʦʨʩʢʝ ʢʘʧʠʩʣʝ EK-40-69 (ʜʝʩʥʦ): 

1 ï ʝʣʝʢʪʨʠʯʥʠ ʧʨʦʚʦʜʥʠʮʠ; 2 ï ʟʘʧʪʠʚʘʯ; 3 ï ʪʝʣʦ ʢʘʧʠʩʣʝ; 4 ï ʝʣʝʢʪʨʠʯʥʘ ʟʘʧʘˀʠʚʘ 

ʛʣʘʚʠʮʘ; 5 ï ʥʘʚʣʘʢʘ; 6 ï ʧʦʢʨʠʚʢʘ; 7 ï ʠʥʠʮʠʿʘʣʥʦ (ʧʨʠʤʘʨʥʦ) ʝʢʩʧʣʦʟʠʚʥʦ ʧʫˁʝˁʝ; 8 ï 

ʙʨʠʟʘʥʪʥʦ (ʩʝʢʫʥʜʘʨʥʦ) ʝʢʩʧʣʦʟʠʚʥʦ ʧʫˁʝˁʝ (ɹʦʛʜʘʥʦʚ, 2016), (ɹʦʛʜʘʥʦʚ, 2015). 

ʂʨʦʟ ʟʘʧʪʠʚʘʯ ʧʨʦʣʘʟʝ ʝʣʝʢʪʨʠʯʥʠ ʧʨʦʚʦʜʥʠʮʠ. ʍʝʨʤʝʪʠʯʥʦʩʪ, ʯʚʨʩʪʠʥʫ ʝʣʝʢʪʨʠʯʥʝ 

ʟʘʧʘˀʠʚʝ ʛʣʘʚʠʮʝ ʠ ʟʘʰʪʠʪʫ ʦʜ ʚʣʘʛʝ ʫʥʫʪʨʘʰˁʝʛ ʩʢʣʦʧʘ ʦʙʝʟʙʝʹʫʿʝ ʟʘʧʪʠʚʘʯ. ʊʝʣʦ 

ʢʘʧʠʩʣʝ ʿʝ ʦʜ ʘʣʫʤʠʥʠʿʫʤʘ. ɿʘʧʪʠʚʘʯ ʠ ʥʘʚʣʘʢʘ ʠʟʨʘʹʝʥʠ ʩʫ ʦʜ PVC (ɹʦʛʜʘʥʦʚ, 2016). 

ɿʘʧʘˀʠʚʘ ʛʣʘʚʠʮʘ ʩʘʩʪʦʿʠ ʩʝ ʦʜ ʥʦʞʠʮʘ, ʜʨʞʘʯʘ ʥʦʞʠʮʘ, ʠʟʦʣʘʪʦʨʘ, ʤʦʩʪʠ˂ʘ ʠ ʟʘʧʘˀʠʚʝ 

ʧʠʨʦʪʝʭʥʠʯʢʝ ʩʤʝʰʝ. ɿʘʧʘˀʠʚʘ ʛʣʘʚʠʮʘ ʩʝ ʥʘʣʘʟʠ ʫ ʠʟʦʣʘʮʠʦʥʦʿ ʥʘʚʣʘʮʠ, ʢʦʿʘ ʩʧʨʝʯʘʚʘ 

ʢʨʘʪʘʢ ʩʧʦʿ. ɿʘʧʘˀʠʚʘ ʩʤʝʰʘ ʿʝ ʠʟʨʘʹʝʥʘ ʦʜ ʢʘʣʠʿʫʤ-ʭʣʦʨʘʪʘ, ʮʠʨʢʦʥʠʿʫʤʘ ʠ ʜʨʚʝʥʦʛ 

ʫʛˀʘ, ʧʨʝʤʘʟʘʥʘ ʣʘʢʦʤ. ɿʘ ʥʦʞʠʮʝ ʟʘʧʘˀʠʚʝ ʛʣʘʚʠʮʝ ʩʫ ʟʘʣʝʤˀʝʥʘ ʜʚʘ ʙʘʢʘʨʥʘ 

ʧʨʦʚʦʜʥʠʢʘ, ʜʫʞʠʥʝ 2 m ʠ ʧʨʝʯʥʠʢʘ 0.6 mm, ʦʢʦ ʢʦʿʝ ʿʝ ʧʦʩʪʘʚˀʝʥʘ PVC ʠʟʦʣʘʮʠʿʘ 

(ɹʦʛʜʘʥʦʚ, 2015). ɿʙʦʛ ʩʠʛʫʨʥʦʩʪʠ ʧʨʠ ʧʦʚʝʟʠʚʘˁʫ ʧʨʦʚʦʜʥʠʢʘ ʫ ʝʣʝʢʪʨʠʯʥʦ ʢʦʣʦ, 

ʠʟʦʣʘʮʠʿʘ ʞʠʮʘ ʿʝ ʫ ʨʘʟʣʠʯʠʪʠʤ ʙʦʿʘʤʘ (ɹʦʛʜʘʥʦʚ, 2016). 

ʀʟʛʣʝʜ ʜʝʪʦʥʘʪʦʨʩʢʝ ʘʟʠʜʥʝ ʢʘʧʠʩʣʝ ʙʨʦʿ 8 ʧʨʠʢʘʟʘʥ ʿʝ ʥʘ ʩʣʠʮʠ 4.11. 

ʀʥʠʮʠʿʘʣʥʦ (ʧʨʠʤʘʨʥʦ) ʝʢʩʧʣʦʟʠʚʥʦ ʧʫˁʝˁʝ ʩʘʩʪʦʿʠ ʩʝ ʦʜ ʦʣʦʚʦ ʘʟʠʜʘ, ʧʨʝʩʚʫʯʝʥ ʩʣʦʿʝʤ 

ʦʣʦʚʦ ʪʨʠʥʠʪʨʦʨʝʟʦʨʮʠʥʘʪʘ, ʫʢʫʧʥʝ ʤʘʩʝ ʦʢʦ 0,5 g (ɹʦʛʜʘʥʦʚ, 2015). 

ɹʨʠʟʘʥʪʥʦ (ʩʝʢʫʥʜʘʨʥʦ) ʝʢʩʧʣʦʟʠʚʥʦ ʧʫˁʝˁʝ ʿʝ ʩʤʝʰʪʝʥʦ ʠʩʧʦʜ ʠʥʠʮʠʿʘʣʥʦʛ. ʀʟʨʘʹʝʥʦ 

ʿʝ ʦʜ ʪʨʦʪʠʣʘ, ʬʣʝʛʤʘʪʠʟʦʚʘʥʦʛ ʭʝʢʩʦʛʝʥʘ ʠʣʠ ʧʝʥʪʨʠʪʘ, ʪʝʪʨʠʣʘ ʠ ʩʣ., ʫʢʫʧʥʝ ʤʘʩʝ ʦʢʦ 

0,8 g. ʀʟʥʘʜ ʠʥʠʮʠʿʘʣʥʦʛ ʧʫˁʝˁʘ ʿʝ ʯʚʨʩʪʦ ʫʧʨʝʩʦʚʘʥʘ ʧʦʢʨʠʚʢʘ ʩʘ ʮʝʥʪʨʘʣʥʠʤ ʦʪʚʦʨʦʤ, 

ʢʦʿʘ ʰʪʠʪʠ ʝʢʩʧʣʦʟʠʚʥʦ ʧʫˁʝˁʝ ʦʜ ʨʘʩʪʨʝʩʘˁʘ (ɹʦʛʜʘʥʦʚ, 2015). 
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ʉʣʠʢʘ 4.11. ʉʧʦˀʥʠ ʠʟʛʣʝʜ (ʣʝʚʦ) ʠ ʠʟʛʣʝʜ ʫʟʜʫʞʥʦʛ ʧʨʝʩʝʢʘ ʜʝʪʦʥʘʪʦʨʩʢʝ ʢʘʧʠʩʣʝ ʙʨʦʿ 

8:1 ï ʪʝʣʦ (ʯʘʫʨʘ); 2 ï ʧʦʢʨʠʚʢʘ; 3 ï ʠʥʠʮʠʿʘʣʥʦ (ʧʨʠʤʘʨʥʦ) ʝʢʩʧʣʦʟʠʚʥʦ ʧʫˁʝˁʝ (ɽʇ) 

ʦʜ ʦʣʦʚʦ ʪʨʠʥʠʪʨʦʨʝʟʦʨʮʠʥʘʪʘ; 4 ï ʠʥʠʮʠʿʘʣʥʦ (ʧʨʠʤʘʨʥʦ) ʦʜ ʦʣʦʚʦ ʘʟʠʜʘ; 5 ʠ 6 ï 

ʙʨʠʟʘʥʪʥʦ (ʩʝʢʫʥʜʘʨʥʦ) ɽʇ (ɹʦʛʜʘʥʦʚ, 2015). 

 

4.3.1. ɽʢʩʧʝʨʠʤʝʥʪ 1 - ʇʨʝʣʠʤʠʥʘʨʥʘ ʠʩʧʠʪʠʚʘˁʘ ʟʘʚʘʨʠʚʘˁʘ 

ʦʧʨʫʞʥʦʛ  ʠ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛ ʯʝʣʠʢʘ 

ɼʘ ʙʠ ʩʝ ʫʰʪʝʜʝʦ ʙʨʦʿ ʧʣʦʯʘ ʘʣʘʪʥʦʛ ʯʝʣʠʢʘ ʠ ʩʤʘˁʠʣʠ ʪʨʦʰʢʦʚʠ ʠʟʚʦʹʝˁʘ 

ʝʢʩʧʝʨʠʤʝʥʘʪʘ ʫʨʘʹʝʥʠ ʩʫ ʧʨʝʣʠʤʠʥʘʨʥʠ ʝʢʩʧʝʨʠʤʝʥʪʠ ʟʘʚʘʨʠʚʘˁʘ ʦʧʨʫʞʥʦʛ ʫʤʝʩʪʦ 

ʘʣʘʪʥʦʛ ʯʝʣʠʢʘ. ʆʧʨʫʞʥʠ ʯʝʣʠʢ ʫ ʪʘʙʣʘʤʘ ʤʘʣʠʭ ʜʝʙˀʠʥʘ ʿʝ ʣʘʢʦ ʜʦʩʪʫʧʘʥ. 

ʇʨʝʣʠʤʠʥʘʨʥʠ ʨʝʟʫʣʪʘʪʠ ʩʫ ʜʦʧʨʠʥʝʣʠ ʙʦˀʝʤ ʨʘʟʫʤʝʚʘˁʫ ʧʨʦʮʝʩʘ ʝʢʩʧʣʦʟʠʚʥʦʛ 

ʟʘʚʘʨʠʚʘˁʘ. ʅʘ ʦʩʥʦʚʫ ʩʪʝʯʝʥʦʛ ʠʩʢʫʩʪʚʘ, ʫʨʘʹʝʥ ʿʝ ʛʣʘʚʥʠ ʝʢʩʧʝʨʠʤʝʥʪ, ʦʜʥʦʩʥʦ 

ʠʟʚʨʰʝʥʦ ʿʝ ʝʢʩʧʣʦʟʠʚʥʦ ʟʘʚʘʨʠʚʘˁʝ ʘʣʘʪʥʦʛ ʠ ʢʦʥʩʪʨʫʢʮʠʦʥʦʛ ʯʝʣʠʢʘ (ʪʘʯʢʘ 4.3.2). 

ɿʘʚʘʨʠʚʘˁʝ ʝʢʩʧʣʦʟʠʿʦʤ ʫ ʦʢʚʠʨʫ ʧʨʚʦʛ ʝʢʩʧʝʨʠʤʝʥʪʘ, ʠʟʚʝʜʝʥʦ ʿʝ ʥʘ ʧʦʣʠʛʦʥʫ 

Ăʊʝʭʥʠʯʢʦʛ ʨʝʤʦʥʪʥʦʛ ʟʘʚʦʜʘñ ʫ ʂʨʘʛʫʿʝʚʮʫ. ʀʟʚʦʹʝˁʝ ʝʢʩʧʝʨʠʤʝʥʪʘ ʠʟʚʝʜʝʥʦ ʿʝ ʥʘ 

ʦʩʥʦʚʫ ʧʘʨʘʣʝʣʥʝ ʧʦʩʪʘʚʢʝ ʝʢʩʧʣʦʟʠʚʥʦʛ ʟʘʚʘʨʠʚʘˁʘ ʢʦʿʘ ʿʝ ʜʝʪʘˀʥʠʿʝ ʦʧʠʩʘʥʘ ʫ ʪʘʯʢʠ 

2.2 ʦʚʝ ʜʠʩʝʨʪʘʮʠʿʝ. 

ɿʘ ʫʩʧʝʰʥʦ ʠʟʚʦʹʝˁʝ ʝʢʩʧʝʨʠʤʝʥʪʘ ʧʨʠʧʨʝʤˀʝʥʘ ʿʝ ʥʝʦʧʭʦʜʥʘ ʦʧʨʝʤʘ: 

- ʇʨʠʚʨʝʜʥʠ ʝʢʩʧʣʦʟʠʚ ɸʤʦʥʝʢʩ     5 kg 

- ɼʝʪʦʥʘʪʦʨʩʢʘ ʢʘʧʠʩʣʘ (ʂɼ-8)     5 ʢʦʤ. 

- ʄʠʥʝʨʩʢʠ ʢʘʙʣ        100 m 

- ʇʣʦʯʘ (ʦʧʨʫʞʥʠ ʯʝʣʠʢ) ʜʠʤʝʥʟʠʿʝ 200Ĭ150Ĭ3mm  4 ʢʦʤ. 

- ʇʣʦʯʘ (ʢʦʥʩʪʨʫʢʮʠʦʥʠ ʯʝʣʠʢ) ʜʠʤʝʥʟʠʿʝ 200Ĭ150Ĭ10mm 4 ʢʦʤ. 

- ɼʨʚʝʥʠ ʨʘʤ 200Ĭ150 mmʠ ʧʦʜʤʝʪʘʯʠ    4 ʢʦʤ. 

- ɺʘʛʘ         1 ʢʦʤ. 

- ɹʫʰʠʣʠʮʘ        1 ʢʦʤ. 

- ɹʫʨʛʠʿʝ        1 ʢʦʤ. 

- ʂʨʝʧ ʪʨʘʢʘ        1 ʢʦʤ. 
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ʇʦʧʨʝʯʥʠ ʧʨʝʩʝʢ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʝ ʧʦʩʪʘʚʢʝ ʿʝ ʧʨʠʢʘʟʘʥ ʥʘ ʩʣʠʮʠ 4.12.  

 

ʉʣʠʢʘ 4.12. ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʘ ʧʦʩʪʘʚʢʘ ʝʢʩʧʣʦʟʠʚʥʦʛ ʟʘʚʘʨʠʚʘˁʘ, ʧʘʨʘʣʝʣʥʘ 

ʢʦʥʬʠʛʫʨʘʮʠʿʘ. ʘ) ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʘ ʧʦʩʪʘʚʢʘ, ʙ) ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʘ ʧʦʩʪʘʚʢʘ ʫ ʚʨʝʤʝ 

ʝʢʩʧʣʦʟʠʿʝ, ʮ) ʫʚʝ˂ʘʥʠ ʧʨʠʢʘʟ (Olson, 1993). 

ʇʨʝ ʩʘʤʦʛ ʝʢʩʧʣʦʟʠʚʥʦʛ ʟʘʚʘʨʠʚʘˁʘ ʠʟʚʨʰʝʥʘ ʿʝ ʧʨʦʚʝʨʘ ʠʥʠʮʠʨʘˁʘ ʝʢʩʧʣʦʟʠʚʘ. 

ʀʥʠʮʠʨʘˁʝʤ ʿʝ ʠʟʚʨʰʝʥʦ ʩʘ ʥʘʿʤʘˁʦʤ ʢʦʣʠʯʠʥʦʤ ʝʢʩʧʣʦʟʠʚʘ ʦʜ 230 g (ʪʘʙʝʣʘ 4.15) ʙʝʟ 

ʧʦʩʪʘʚˀʝʥʠʭ ʧʣʦʯʘ. ʋʩʪʘʥʦʚˀʝʥʦ ʿʝ ʜʘ ʥʠʿʝ ʜʦʰʣʦ ʜʦ ʛʘʰʝˁʘ ʜʝʪʦʥʘʮʠʦʥʦʛ ʪʘʣʘʩʘ. 

ɿʘ ʠʩʧʠʪʠʚʘˁʘ ʩʫ ʢʦʨʠʰ˂ʝʥʝ ʧʣʦʯʝ ʜʠʤʝʥʟʠʿʘ 200Ĭ150 mm ʦʜ ʜʚʝ ʚʨʩʪʝ ʯʝʣʠʢʘ: 51CrV4 

ʜʝʙˀʠʥʝ 3 mm ʠ S355J2 ʜʝʙˀʠʥʝ 10 mm. ʉʚʝ ʯʝʣʠʯʥʝ ʧʣʦʯʝ ʩʫ ʦʯʠʰ˂ʝʥʝ ʠ ʦʜʤʘʰ˂ʝʥʝ. 

ʂʫʪʠʿʘʩʪʠ ʝʣʝʤʝʥʪʠ ʠʟʨʘʹʝʥʠ ʩʫ ʦʜ ʜʨʚʝʪʘ, ʪʿ. ʆʉɹ ʪʘʙʣʝ. ɼʠʤʝʥʟʠʿʝ ʜʨʚʝʥʠʭ ʧʣʦʯʘ ʩʫ 

250Ĭ80Ĭ18 mm. ʂʫʪʠʿʘ ʿʝ ʠʟʨʘʹʝʥʘ ʪʘʢʦ ʜʘ ʩʫ ˁʝʥʝ ʫʥʫʪʨʘʰˁʝ ʜʠʤʝʥʟʠʿʝ ʩʪʨʘʥʠʮʘ ʟʘ 

ʯʝʪʠʨʠ ʤʠʣʠʤʝʪʨʘ ʤʘˁʝ ʦʜ ʩʪʨʘʥʠʮʘ ʤʝʪʘʣʥʝ ʧʣʦʯʝ. ʅʘʤʝˁʝʥʝ ʩʫ ʜʘ ʦʥʝʤʦʛʫ˂ʝ ʨʘʩʠʧʘˁʝ 

ʧʨʘʰʢʘʩʪʦʛ ʝʢʩʧʣʦʟʠʚʘ ʢʦʜ ʧʨʠʧʨʝʤʝ ʝʢʩʧʝʨʠʤʝʥʪʘ. ʅʘ ʫʥʫʪʨʘʰˁʠʤ ʩʪʨʘʥʘʤʘ ʩʚʘʢʝ 

ʢʫʪʠʿʝ ʥʘʮʨʪʘʥʦʤ ʣʠʥʠʿʦʤ ʿʝ ʦʟʥʘʯʝʥʘ ʚʠʩʠʥʘ ʜʦ ʢʦʿʝ ʿʝ ʪʨʝʙʘʣʦ ʥʘʩʫʪʠ ʝʢʩʧʣʦʟʠʚ. 

ʊʘʢʦʹʝ, ʥʘ ʦʜʨʝʹʝʥʠʤ ʧʨʝʧʫʩʪʠʤʘ ʫʧʠʩʘʥ ʿʝ ʠ ʨʝʜʥʠ ʙʨʦʿ ʘʢʪʠʚʠʨʘˁʘ. ʀʟʛʣʝʜ 

ʧʨʠʧʨʝʤˀʝʥʠʭ ʯʝʣʠʯʥʠʭ ʧʣʦʯʘ ʠ ʜʨʚʝʥʠʭ ʢʫʪʠʿʘ ʧʨʠʢʘʟʘʥ ʿʝ ʥʘ ʩʣʠʮʠ 4.13. 

 

ʉʣʠʢʘ 4.13. ʄʝʪʘʣʥʝ ʧʣʦʯʝ ʠ ʢʫʪʠʿʝ ʟʘ ʟʘʚʘʨʠʚʘˁʝ ʝʢʩʧʣʦʟʠʿʦʤ. 
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ɿʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʟʘʚʘʨʠʚʘˁʝ ʜʚʘ ʯʝʣʠʢʘ 51CrV4 ʠ S355J2 ʨʘʩʪʦʿʘˁʝ ʠʟʤʝʹʫ ʧʣʦʯʘ ʿʝ  

ʠʟʥʦʩʠʣʦ ʪʘʯʥʦ 4 mm, ʟʙʦʛ ʤʦʛʫ˂ʥʦʩʪʠ ʧʦʿʘʚʝ ʧʨʩʣʠʥʘ. ʈʘʩʪʦʿʘˁʝ ʠʟʤʝʫ́ ʧʣʦʯʘ 

ʦʩʪʚʘʨʝʥʦ ʿʝ ʜʠʩʪʘʥʮʝʨʠʤʘ ʦʜ PMMA ï ʇʦʣʠʤʝʪʠʣʤʝʪʘʢʨʠʣʘʪ ʢʦʿʠ ʩʫ ʧʦʩʪʘʚˀʝʥʠ ʠʩʧʦʜ 

ʩʚʘʢʦʛ ʫʛʣʘ ʛʦʨˁʝ ʧʣʦʯʝ. ɽʢʩʧʝʨʠʤʝʥʪ ʿʝ ʨʝʘʣʠʟʦʚʘʥ ʥʘ ʟʝʤˀʘʥʦʿ ʧʦʜʣʦʟʠ. ɸʢʪʠʚʠʨʘˁʝ 

ʧʨʘhʢʘʩʪʦʛ ʝʢʩʧʣʦʟʠʚʘ ʠʟʚʨʰʝʥʦ ʿʝ ʩʘ ʜʝʪʦʥʘʪʦʨʩʢʦʤ ʢʘʧʠʩʣʦʤ ʦʟʥʘʢʝ ʂɼ-8. ɼʫʞʠʥʘ 

ʩʧʦʨʦʛʦʨʝ˂ʝʛ ʰʪʘʧʠʥʘ ʠʟʥʦʩʠʣʘ ʿʝ 1,5 m, ʘ ʧʣʘʥʠʨʘʥʦ ʚʨʝʤʝ ˁʝʛʦʚʦʛ ʩʘʛʦʨʝʚʘˁʘ ʙʠʣʦ ʿʝ 

ʪʨʠ ʤʠʥʫʪʘ ʠ ʜʝʩʝʪ ʩʝʢʫʥʜʠ. 

ʇʨʝʤʘ ʪʝʦʨʠʿʩʢʠʤ ʨʘʟʤʘʪʨʘˁʠʤʘ (ʧʦʛʣʘʚˀʝ 2), ʠʟʨʘʯʫʥʘʪʘ ʿʝ ʤʘʩʘ ʝʢʩʧʣʦʟʠʚʘ ʢʦʿʘ ʿʝ 

ʟʘʜʦʚʦˀʘʚʘʣʘ ʢʨʠʪʝʨʠʿʫʤʝ ʢʚʘʣʠʪʝʪʥʦʛ ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ. ɼʘ ʙʠ ʩʝ ʧʦʪʚʨʜʠʣʠ ʪʝʦʨʠʿʩʢʠ 

ʨʝʟʫʣʪʘʪʠ ʠʟʚʨʰʝʥʘ ʩʫ ʿʦʰ ʜʚʘ ʜʦʜʘʪʥʘ ʘʢʪʠʚʠʨʘˁʘ ʢʦʿʘ ʩʫ ʜʝʣʠʤʠʯʥʦ ʟʘʜʦʚʦˀʠʣʘ 

ʢʨʠʪʝʨʠʿʫʤʝ ʝʢʩʧʣʦʟʠʚʥʦʛ ʟʘʚʘʨʠʚʘˁʘ (ʙʨʦʿ ʜʝʪʦʥʘʮʠʿʝ 1 ʠ 5). ʋʢʫʧʥʦ ʿʝ ʫʨʘʹʝʥʦ ʧʝʪ 

ʝʢʩʧʝʨʠʤʝʥʘʪʘ ï ʘʢʪʠʚʠʨʘˁʘ. ʇʘʨʘʤʝʪʨʠ ʝʢʩʧʝʨʠʤʝʥʪʘ ʩʫ ʧʨʠʢʘʟʘʥʠ ʫ ʪʘʙʝʣʠ 4.15. 

ʊʘʙʝʣʘ 4.15. ʄʘʩʘ ʝʢʩʧʣʦʟʠʚʘ ɸʤʦʥʝʢʩ. 

 ɺʨʩʪʘ ʝʢʩʧʣʦʟʠʚʘ ɸʤʦʥʝʢʩ 

ɹʨʟʠʥʘ ʜʝʪʦʥʘʮʠʿʝ ʝʢʩʧʣʦʟʠʚʘ 

(ʊʝʦʨʠʿʩʢʘ/ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʘ) 
3200,0 m/s  /  3769,8 m/s 

ɹʨʦʿ ʜʝʪʦʥʘʮʠʿʝ 1 2 3 4 5 

ʄʘʩʘ ʝʢʩʧʣʦʟʠʚʥʦʛ ʧʫˁʝˁʘ 230 g 290 g 350 g 415 g 485 g 

ʋʛʘʦ ʩʫʜʘʨʘ, ɓ 5Á 6Á 7Á 8Á 9Á 

ʅʘ ʩʣʠʮʠ 4.14. (ʣʝʚʦ) ʧʨʠʢʘʟʘʥʝ ʩʫ ʯʝʣʠʯʥʝ ʧʣʦʯʝ (ʦʜ ʙʨʦʿʘ 1 ʜʦ ʙʨʦʿʘ 5) ʜʦʙʠʿʝʥʝ 

ʝʢʩʧʣʦʟʠʚʥʠʤ ʟʘʚʘʨʠʚʘˁʝʤ, ʢʘʦ ʠ ʧʣʦʯʘ 6 ʩʧʦʿ ʘʣʫʤʠʥʠʿʫʤʘ ʠ ʯʝʣʠʢʘ (ʜʦʧʫʥʩʢʠ 

ʝʢʩʧʝʨʠʤʝʥʪ ʢʦʿʠ ʥʠʿʝ ʨʘʟʤʘʪʨʘʥ ʫ ʦʚʦʿ ʜʠʩʝʨʪʘʮʠʿʠ). ʅʘ ʩʣʠʮʠ 4.14. (ʜʝʩʥʦ) ʧʨʠʢʘʟʘʥʘ 

ʿʝ  ʜʝʬʦʨʤʠʩʘʥʘ ʧʣʦʯʘ 5 ʫʩʣʝʜ ʜʝʿʩʪʚʘ ʝʢʩʧʣʦʟʠʿʝ. 

  

ʉʣʠʢʘ 4.14. ʇʣʦʯʝ ʜʦʙʠʿʝʥʝ ʝʢʩʧʣʦʟʠʚʥʠʤ ʟʘʚʘʨʠʚʘˁʝʤ ʆʧʨʫʞʥʠ/ʂʦʥʩʪʨʫʢʮʠʦʥʠ 

ʯʝʣʠʢ. 

ɺʠʟʫʝʣʥʠʤ ʧʨʝʛʣʝʜʦʤ ʫʦʯʝʥʦ ʿʝ, ʜʘ ʥʘ ʨʫʙʥʠʤ ʜʝʣʦʚʠʤʘ ʩʚʠʭ ʧʣʦʯʘ, ʥʠʿʝ ʜʦʰʣʦ ʜʦ 

ʩʧʘʿʘˁʘ ʤʘʪʝʨʠʿʘʣʘ. ʅʘʨʦʯʠʪʦ ʥʠʿʝ ʜʦʰʣʦ ʜʦ ʩʧʘʿʘˁʘ ʥʘ ʤʝʩʪʠʤʘ ʛʜʝ ʩʫ ʩʝ ʥʘʣʘʟʠʣʠ 

ʜʠʩʪʘʥʮʝʨʠ. ʅʘ ʩʣʠʮʠ 4.14 (ʜʝʩʥʦ) ʥʘ ʨʘʩʪʦʿʘˁʫ 5 mm ʦʜ ʠʚʠʮʝ ʧʣʦʯʝ ʚʠʜʠ ʩʝ ʦʪʠʩʘʢ 

ʧʨʦʜʫʢʘʪʘ ʜʝʪʦʥʘʮʠʿʝ.  

  

ʆʪʠʩʘʢ ʧʨʦʜʫʢʘʪʘ 

ʜʝʪʦʥʘʮʠʿʝ 



52 

 

4.3.2. ɽʢʩʧʝʨʠʤʝʥʪ 2 - ɿʘʚʘʨʠʚʘˁʝ ʘʣʘʪʥʦʛ ʠ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛ ʯʝʣʠʢʘ 

ʅʘ ʦʩʥʦʚʫ ʩʪʝʯʝʥʦʛ ʠʩʢʫʩʪʚʘ ʫ ʧʨʦʮʝʩʫ ʟʘʚʘʨʠʚʘˁʘ ʦʧʨʫʞʥʦʛ ʯʝʣʠʢʘ, ʫʨʘʹʝʥ ʿʝ ʛʣʘʚʥʠ 

ʝʢʩʧʝʨʠʤʝʥʪ, ʦʜʥʦʩʥʦ ʠʟʚʨʰʝʥʦ ʿʝ ʝʢʩʧʣʦʟʠʚʥʦ ʟʘʚʘʨʠʚʘˁʝ ʘʣʘʪʥʦʛ ʠ ʢʦʥʩʪʨʫʢʮʠʦʥʦʛ 

ʯʝʣʠʢʘ. 

ɿʘʚʘʨʠʚʘˁʝ ʝʢʩʧʣʦʟʠʿʦʤ ʫ ʦʢʚʠʨʫ ʜʨʫʛʦʛ ʝʢʩʧʝʨʠʤʝʥʪʘ, ʠʟʚʝʜʝʥʦ ʿʝ ʥʘ ʧʦʣʠʛʦʥʫ 

ʢʦʤʧʘʥʠʿʝ ĂTrayalñ ʫ ʂʨʫʰʝʚʮʫ. ʀʟʚʦʹʝˁʝ ʝʢʩʧʝʨʠʤʝʥʪʘ ʠʟʚʝʜʝʥʦ ʿʝ ʥʘ ʦʩʥʦʚʫ 

ʧʘʨʘʣʝʣʥʝ ʧʦʩʪʘʚʢʝ ʝʢʩʧʣʦʟʠʚʥʦʛ ʟʘʚʘʨʠʚʘˁʘ ʢʦʿʘ ʿʝ ʜʝʪʘˀʥʠʿʝ ʦʧʠʩʘʥʘ ʫ ʪʘʯʢʠ 2.2.  

ɿʘ ʫʩʧʝʰʥʦ ʠʟʚʦʹʝˁʝ ʝʢʩʧʝʨʠʤʝʥʪʘ ʧʨʠʧʨʝʤˀʝʥʘ ʿʝ ʥʝʦʧʭʦʜʥʘ ʦʧʨʝʤʘ: 

- ʄʦʜʠʬʠʢʦʚʘʥʠ ʧʨʠʚʨʝʜʥʠ ʝʢʩʧʣʦʟʠʚ ɼʝʤʝʢʩ   5 kg 

- ɽʣʝʢʪʨʦʜʝʪʦʥʘʪʦʨʩʢʘ ʢʘʧʠʩʣʘ(EK-40-69)    5ʢʦʤ. 

- ʋʨʝʹʘʿ ĂTektronix MSO2022Bñ  ʠ ĂPendulum CNT-91ñ  1 ʢʦʤ. 

- ʄʠʥʝʨʩʢʠ ʢʘʙʣ        100 m 

- ʇʣʦʯʘ (ʘʣʘʪʥʠ ʯʝʣʠʢ) ʜʠʤʝʥʟʠʿʝ 200Ĭ150Ĭ3 mm   4ʢʦʤ. 

- ʇʣʦʯʘ (ʢʦʥʩʪʨʫʢʮʠʦʥʠ ʯʝʣʠʢ) ʜʠʤʝʥʟʠʿʝ 200Ĭ150Ĭ10 mm 4 ʢʦʤ. 

- ɼʨʚʝʥʠ ʨʘʤ 200Ĭ150 mmʠ ʧʦʜʤʝʪʘʯʠ     4 ʢʦʤ. 

- ɺʘʛʘ         1 ʢʦʤ. 

- ɹʫʰʠʣʠʮʘ         1 ʢʦʤ. 

- ɹʫʨʛʠʿʝ         1 ʢʦʤ. 

- ʂʨʝʧ ʪʨʘʢʘ         1 ʢʦʤ. 

ʇʦʧʨʝʯʥʠ ʧʨʝʩʝʢ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʝ ʧʦʩʪʘʚʢʝ ʿʝ ʩʣʠʯʥʘ ʢʘʦ ʫ ʧʨʝʪʭʦʜʥʦʤ ʝʢʩʧʝʨʠʤʝʥʪʫ 

(ʩʣʠʢʘ 4.11). 

ɿʘ ʝʢʩʧʣʦʟʠʚʥʦ ʧʫˁʝˁʝ ʫʧʦʪʨʝʙˀʘʚʘ ʩʝ ʧʨʘʰʢʘʩʪʠ ʝʢʩʧʣʦʟʠʚ ʰʪʦ ʤʘˁʝ ʙʨʟʠʥʝ 

ʜʝʪʦʥʘʮʠʿʝ, ɼʝʤʝʢʩ ʜʝʢʣʘʨʠʩʘʥʝ ʙʨʟʠʥʝ ʜʝʪʦʥʘʮʠʿʝ ʥʘʿʤʘˁʝ 2600 m/s. 

ʂʘʦ ʠ ʫ ʧʨʝʪʭʦʜʥʦʤ ʩʣʫʯʘʿʫ, ʧʨʝ ʩʘʤʦʛ ʝʢʩʧʣʦʟʠʚʥʦʛ ʟʘʚʘʨʠʚʘˁʘ ʠʟʚʨʰʝʥʘ ʿʝ ʧʨʦʚʝʨʘ 

ʠʥʠʮʠʨʘˁʘ ʝʢʩʧʣʦʟʠʚʘ. ʀʥʠʮʠʨʘˁʝʤ ʿʝ ʠʟʚʨʰʝʥʦ ʩʘ ʥʘʿʤʘˁʦʤ ʢʦʣʠʯʠʥʦʤ ʝʢʩʧʣʦʟʠʚʘ ʦʜ 

540 g (ʪʘʙʝʣʘ 4.16) ʙʝʟ ʧʦʩʪʘʚˀʝʥʠʭ ʧʣʦʯʘ. ʋʩʪʘʥʦʚˀʝʥʦ ʿʝ ʜʘ ʥʠʿʝ ʜʦʰʣʦ ʜʦ ʛʘʰʝˁʘ 

ʜʝʪʦʥʘʮʠʦʥʦʛ ʪʘʣʘʩʘ. 

ɿʘ ʠʩʧʠʪʠʚʘˁʘ ʩʫ ʢʦʨʠʰ˂ʝʥʝ ʧʣʦʯʝ ʜʠʤʝʥʟʠʿʘ 200Ĭ150 mm ʦʜ ʜʚʝ ʚʨʩʪʝ ʯʝʣʠʢʘ: ʘʣʘʪʥʠ 

ʯʝʣʠʢ X155CrVMo12-1 ʜʝʙˀʠʥʝ 3 mm ʠ ʢʦʥʩʪʨʫʢʮʠʦʥʦʛ ʯʝʣʠʢʘ S355J2 ʜʝʙˀʠʥʝ 10 mm. 

ʉʚʝ ʯʝʣʠʯʥʝ ʧʣʦʯʝ ʩʫ ʦʯʠʰ˂ʝʥʝ ʠ ʦʜʤʘʰ˂ʝʥʝ. ʀʟʛʣʝʜ ʧʨʠʧʨʝʤˀʝʥʠʭ ʯʝʣʠʯʥʠʭ ʧʣʦʯʘ ʠ 

ʜʨʚʝʥʠʭ ʢʫʪʠʿʘ ʧʨʠʢʘʟʘʥ ʿʝ ʥʘ ʩʣʠʮʠ 4.15. 
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ʉʣʠʢʘ 4.15. ʄʝʪʘʣʥʝ ʧʣʦʯʝ ʠ ʢʫʪʠʿʝ ʟʘ ʟʘʚʘʨʠʚʘˁʝ ʝʢʩʧʣʦʟʠʿʦʤ. 

ʂʫʪʠʿʘʩʪʠ ʝʣʝʤʝʥʪʠ ʠʟʨʘʹʝʥʠ ʩʫ ʦʜ ʜʨʚʝʪʘ, ʦʜʥʦʩʥʦ ʣʘʤʠʥʘʪʘ. ɼʠʤʝʥʟʠʿʝ ʣʘʤʠʥʘʪʥʠʭ 

ʧʣʦʯʘ ʩʫ 200Ĭ80Ĭ6mm. ʅʘʤʝˁʝʥʝ ʩʫ ʜʘ ʦʥʝʤʦʛʫ˂ʝ ʨʘʩʠʧʘˁʝ ʧʨʘʰʢʘʩʪʦʛ ʝʢʩʧʣʦʟʠʚʘ ʢʦʜ 

ʧʨʠʧʨʝʤʝ ʝʢʩʧʝʨʠʤʝʥʪʘ. ʀʟʨʘʹʝʥʝ ʩʫ ʪʘʢʦ ʜʘ ˁʝʥʝ ʫʥʫʪʨʘʰˁʝ ʜʠʤʝʥʟʠʿʝ ʩʪʨʘʥʠʮʘ ʟʘ 

ʯʝʪʠʨʠ ʤʠʣʠʤʝʪʨʘ ʤʘˁʝ ʦʜ ʩʪʨʘʥʠʮʘ ʤʝʪʘʣʥʝ ʧʣʦʯʝ. 

ʅʘʢʦʥ ʬʦʨʤʠʨʘˁʘ ʢʫʪʠʿʝ ʫʥʫʪʨʘʰˁ ʝ ʩʪʨʘʥʠʮʝ ʬʦʨʤʠʨʘʿʫ ʞʣʝʙ ʜʫʙʠʥʝ 3 mm, ʪʘʢʦ ʜʘ 

ʤʝʪʘʣʥʘ ʧʣʦʯʘ ʯʚʨʩʪʦ ʫʧʘʜʥʝ ʫ ˁʝʛʘ. ʅʘ ʦʚʘʿ ʥʘʯʠʥ ʩʧʨʝʯʝʥʦ ʿʝ ʧʨʦʩʠʧʘˁʝ ʝʢʩʧʣʦʟʠʚʘ 

ʧʨʠʣʠʢʦʤ ʩʠʧʘˁʘ. ʊʘʢʦʹʝ, ʥʘ ʦʜʨʝʹʝʥʠʤ ʧʨʝʧʫʩʪʠʤʘ ʠʟʙʫʰʝʥʘ ʿʝ ʨʫʧʘ ʟʘ ʤʦʥʪʘʞʫ 

ʝʣʝʢʪʨʦʜʝʪʦʥʘʪʦʨʩʢʝ ʢʘʧʠʩʣʝ ʠ ʫʧʠʩʘʥ ʿʝ ʨʝʜʥʠ ʙʨʦʿ ʘʢʪʠʚʠʨʘˁʘ. ʅʘ ʩʣʠʮʠ 4.16 ʧʨʠʢʘʟʘʥ 

ʿʝ ʧʨʦʮʝʩ ʤʦʥʪʘʞʝ, ʘ) ʧʦʩʪʘʚˀʘˁʝ ʧʣʦʯʘ, ʙ) ʧʦʩʪʘʚˀʘˁʝ ʢʫʪʠʿʝ ʟʘ ʝʢʩʧʣʦʟʠʚ. 

 

a) 

 

b) 

ʉʣʠʢʘ 4.16. ʇʨʦʮʝʩ ʤʦʥʪʘʞʝ ʟʘ ʠʟʚʦʹʝˁʝ ʝʢʩʧʝʨʠʤʝʥʪʘ. 

ɿʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʟʘʚʘʨʠʚʘˁʝ ʜʚʘ ʯʝʣʠʢʘ (ʘʣʘʪʥʠ/ʢʦʥʩʪʨʫʢʮʠʦʥʠ) ʨʘʩʪʦʿʘˁʝ ʠʟʤʝʹʫ 

ʧʣʦʯʘ ʿʝ  ʠʟʥʦʩʠʣʦ ʪʘʯʥʦ 4,5 mm, ʟʙʦʛ ʤʦʛʫ˂ʥʦʩʪʠ ʧʦʿʘʚʝ ʧʨʩʣʠʥʘ. ʈʘʩʪʦʿʘˁʝ ʠʟʤʝʫ́ 

ʧʣʦʯʘ ʦʩʪʚʘʨʝʥʦ ʿʝ ʜʠʩʪʘʥʮʝʨʠʤʘ ʦʜ ʧʨʝʩʦʚʘʥʦʛ ʜʨʚʝʪʘ ʢʦʿʠ ʩʫ ʧʦʩʪʘʚˀʝʥʠ ʠʩʧʦʜ ʩʚʘʢʦʛ 

ʫʛʣʘ ʛʦʨˁʝ ʧʣʦʯʝ. ɽʢʩʧʝʨʠʤʝʥʪ ʿʝ ʨʝʘʣʠʟʦʚʘʥ ʥʘ ʪʚʨʜʦ ʫʪʘʙʘʥʦʿ ʧʝʰʯʘʥʦʿ ʧʦʜʣʦʟʠ. 

ɸʢʪʠʚʠʨʘˁʝ ʧʨʘʰʢʘʩʪʦʛ ʝʢʩʧʣʦʟʠʚʘ ʠʟʚʨʰʝʥʦ ʿʝ ʩʘ ʝʣʝʢʪʨʦʜʝʪʦʥʘʪʦʨʩʢʦʤ ʢʘʧʠʩʣʦʤ 

ʦʟʥʘʢʝ ĂEK-40-69ñ. 

ʂʦʥʩʪʨʫʢʮʠʦʥʠ 

ʯʝʣʠʢ 

ɸʣʘʪʥʠ 

ʯʝʣʠʢ 

ɼʨʞʘʯʜʝʪʦʥʘʪʦ

ʨʩʢʝ ʢʘʧʠʩʣʝ 

ɼʨʚʝʥʠ 

ʨʘʤʦʚʠ 

ʇʨʠʧʨʝʤˀʝʥʝ 

ʧʣʦʯʝ 

ɺʘʛʘ ʟʘ ʤʝʨʝˁʝ 

ʝʢʩʧʣʦʟʠʚʘ 

ɽʢʩʧʣʦʟʠʚ 
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ʇʨʝʤʘ ʪʝʦʨʠʿʩʢʠʤ ʨʘʟʤʘʪʨʘˁʠʤʘ (ʧʦʛʣʘʚˀʝ 2), ʠʟʨʘʯʫʥʘʪʘ ʿʝ ʤʘʩʘ ʝʢʩʧʣʦʟʠʚʘ ʢʦʿʘ ʿʝ 

ʟʘʜʦʚʦˀʘʚʘʣʘ ʢʨʠʪʝʨʠʿʫʤʝ ʢʚʘʣʠʪʝʪʥʦʛ ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ. ʋʢʫʧʥʦ ʿʝ ʫʨʘʹʝʥʦ ʯʝʪʠʨʠ 

ʝʢʩʧʝʨʠʤʝʥʘʪʘ ï ʘʢʪʠʚʠʨʘˁʘ.  

ʇʨʚʦ ʘʢʪʠʚʠʨʘˁʝ ʿʝ ʙʠʣʦ ʧʨʦʙʥʦ, ʩʘ ʥʘʿʤʘˁʦʤ ʢʦʣʠʯʠʥʦʤ ʝʢʩʧʣʦʟʠʚʘ, ʙʝʟ ʧʣʦʯʘ, ʫ ʩʚʨʭʫ 

ʧʨʦʚʝʨʝ ʝʢʩʧʣʦʟʠʚʘ ʠ ʦʧʨʝʤʝ. ʇʘʨʘʤʝʪʨʠ ʝʢʩʧʝʨʠʤʝʥʪʘ ʩʫ ʧʨʠʢʘʟʘʥʠʫ ʪʘʙʝʣʠ 4.16. 

ʊʘʙʝʣʘ 4.16. ʄʘʩʘ ʝʢʩʧʣʦʟʠʚʘ ɼʝʤʝʢʩʘ. 

 ʊʠʧ ʝʢʩʧʣʦʟʠʚʘ ɼʝʤʝʢʩ 

ɹʨʟʠʥʘ ʜʝʪʦʥʘʮʠʿʝ ʝʢʩʧʣʦʟʠʚʘ 

(ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʘ) 
2600 m/s 

ɹʨʦʿ ʜʝʪʦʥʘʮʠʿʝ 1 2 3 4 5 

ʄʘʩʘ ʝʢʩʧʣʦʟʠʚʥʦʛ ʧʫˁʝˁʘ 540 g 540 g 640 g 740 g 850 g 

ʋʛʘʦ ʫʜʘʨʘ, ɓ - 8Á 9Á 10Á 11Á 

ʅʘ ʩʣʠʮʠ 4.17 ʿʝ ʧʨʠʢʘʟʘʥʘ ʬʠʥʘʣʥʘ ʧʦʩʪʘʚʢʘ ʧʨʝʜ ʘʢʪʠʚʠʨʘˁʝ. 

 

ʉʣʠʢʘ 4.17. ʌʠʥʘʣʥʘ ʧʦʩʪʘʚʢʘ ʧʨʝʜ ʘʢʪʠʚʠʨʘˁʝ. 

ʅʘ ʩʣʠʮʠ 4.18 ʧʨʠʢʘʟʘʥʝ ʩʫ ʯʝʣʠʯʥʝ ʧʣʦʯʝ (ʦʜ ʙʨʦʿʘ 1 ʜʦ ʙʨʦʿʘ 4) ʜʦʙʠʿʝʥʝ ʝʢʩʧʣʦʟʠʚʥʠʤ 

ʟʘʚʘʨʠʚʘˁʝʤ. 

ʆʜʩʪʦʿʥʠʢ 
ɼʨʚʝʥʠ ʨʘʤ 

ɽʢʩʧʣʦʟʠʚ ɽʣʝʢʪʨʠʯʥʠ ʜʝʪʦʥʘʪʦʨ 
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ʉʣʠʢʘ 4.18. ʇʣʦʯʝ ʜʦʙʠʿʝʥʝ ʝʢʩʧʣʦʟʠʚʥʠʤ ʟʘʚʘʨʠʚʘˁʝʤ ʘʣʘʪʥʠ/ʢʦʥʩʪʨʫʢʮʠʦʥʠ ʯʝʣʠʢ. 

ɺʠʟʫʝʣʥʠʤ ʧʨʝʛʣʝʜʦʤ ʫʦʯʝʥʦ ʿʝ, ʜʘ ʥʘ ʨʫʙʥʠʤ ʜʝʣʦʚʠʤʘ ʩʚʠʭ ʧʣʦʯʘ, ʥʠʿʝ ʜʦʰʣʦ ʜʦ 

ʩʧʘʿʘˁʘ ʤʘʪʝʨʠʿʘʣʘ. ʅʘʨʦʯʠʪʦ ʥʠʿʝ ʜʦʰʣʦ ʜʦ ʩʧʘʿʘˁʘ ʥʘ ʤʝʩʪʠʤʘ ʛʜʝ ʩʫ ʩʝ ʥʘʣʘʟʠʣʠ 

ʜʠʩʪʘʥʮʝʨʠ.  
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5. ʄɽʊʆɼɽ ʀʉʇʀʊʀɺɸɳɸ ʀ ʄɽʈʅɸ ʆʇʈɽʄɸ 

 

ʋ ʦʢʚʠʨʫ ʦʚʦʛ ʧʦʛʣʘʚˀʘ ʧʨʠʢʘʟʘʥʘ ʿʝ ʢʦʨʠʰ˂ʝʥʘ ʤʝʨʥʘ ʦʧʨʝʤʘ ʟʘ ʢʘʨʘʢʪʝʨʠʟʘʮʠʿʫ 

ʠʩʧʠʪʠʚʘʥʠʭ ʝʢʩʧʣʦʟʠʚʥʦ ʟʘʚʘʨʝʥʠʭ ʤʘʪʝʨʠʿʘʣʘ. ʅʘʿʧʨʝ ʩʫ ʫʨʘʹʝʥʘ ʧʨʝʣʠʤʠʥʘʨʥʘ 

ʠʩʧʠʪʠʚʘˁʘ ʭʝʤʠʩʿʢʦʛ ʩʘʩʪʘʚʘ ʜʦʙʠʿʝʥʠʭ ʧʣʦʯʘ ʤʝʪʦʜʦʤ ʦʧʪʠʯʢʝ ʝʤʠʩʠʦʥʝ 

ʩʧʝʢʪʨʦʤʝʪʨʠʿʝ. ɿʘ ʠʟʚʦʹʝˁʝ ʝʢʩʧʝʨʠʤʝʥʪʘ ʟʘʚʘʨʠʚʘˁʘ ʥʝʦʧʭʦʜʥʦ ʿʝ ʜʝʬʠʥʠʩʘʪʠ 

ʧʦʯʝʪʥʝ ʧʘʨʘʤʝʪʨʝ. ʇʣʦʯʝ ʩʫ ʧʦʜʚʨʛʥʫʪʝ ʛʨʫʙʠʤ ʠ ʬʠʥʠʤ ʙʨʫʰʝˁʝʤ ʥʘ ʤʘʰʠʥʠ ʟʘ 

ʧʦʣʠʨʘˁʝ ʫ ʮʠˀʫ ʜʦʙʠʿʘˁʘ ʥʝʦʧʭʦʜʥʠʭ ʠʥʬʦʨʤʘʮʠʿʘʤʘ ʧʘʨʘʤʝʪʘʨʘ ʭʨʘʧʘʚʦʩʪʠ. ʄʝʨʥʦʤ 

ʚʘʛʦʤ ʠʟʤʝʨʝʥʘ ʿ ʝ ʢʦʣʠʯʠʥʘ ʝʢʩʧʣʦʟʠʚʘ ʟʘ ʩʚʘʢʠ ʝʢʩʧʝʨʠʤʝʥʪ ʧʦʩʝʙʥʦ, ʜʦʢ ʩʫ ʧʘʨʘʤʝʪʨʠ 

ʝʢʩʧʣʦʟʠʚʘ ʦʜʨʝʠ́ʚʘʥʠ ʧʫʪʝʤ ʩʘʚʨʝʤʝʥʝ ʤʝʨʥʝ ʦʧʨʝʤʝ. 

ʅʘʢʦʥ ʟʘʚʘʨʠʚʘˁʘ ʧʣʦʯʝ ʩʫ ʧʦʜʚʨʛʥʫʪʝ ʠʩʧʠʪʠʚʘˁʫ ʥʘʿʧʨʝ ʤʝʪʦʜʘʤʘ ʙʝʟ ʨʘʟʘʨʘˁʘ, 

ʧʨʚʝʥʩʪʚʝʥʦ ʧʦʚʨʰʠʥʩʢʠʤ ʤʝʪʦʜʘʤʘ ʢʘʦ ʰʪʦ ʩʫ ʚʠʟʫʝʣʥʘ ʤʝʪʦʜʘ ʠ ʤʝʪʦʜʘ ʠʩʧʠʪʠʚʘˁʘ 

ʪʝʯʥʠʤ ʧʝʥʝʪʨʘʥʪʠʤʘ, ʘ ʟʘʪʠʤ ʠ ʟʘʧʨʝʤʠʥʩʢʠʤ ʤʝʪʦʜʘʤʘ ʢʘʦ ʰʪʦ ʩʫ ʠʩʧʠʪʠʚʘˁʝ 

ʫʣʪʨʘʟʚʫʢʦʤ ʠ ʨʝʥʜʛʝʥʦʛʨʘʬʩʢʘ ʠʩʧʠʪʠʚʘˁʘ. 

ɼʘˀʘ ʠʩʧʠʪʠʚʘˁʘ ʦʙʫʭʚʘʪʘʿʫ ʩʝʯʝˁʝ (ʩʘ ʧʨʝʜʤʝʨʦʤ) ʜʦʙʠʿʝʥʠʭ ʧʣʦʯʘ ʘʙʨʘʟʠʚʥʠʤ 

ʚʦʜʝʥʠʤ ʤʣʘʟʦʤ ʥʘ ʜʠʤʝʥʟʠʿʝ ʧʨʦʧʠʩʘʥʝ ʩʪʘʥʜʘʨʜʦʤ ʟʘ ʠʩʧʠʪʠʚʘˁʝ ʫʜʘʨʥʝ ʞʠʣʘʚʦʩʪʠ. 

ɼʦʙʠʿʝʥʠ ʩʫ ʫʟʦʨʮʠ ʠ ʟʘ ʠʩʧʠʪʠʚʘˁʝ ʩʧʦʿʘ ʨʘʚʥʠʤ ʩʝʢʘʯʝʤ. ɿʘʪʠʤ ʩʫ ʩʣʝʜʠʣʠ ʧʦʩʪʫʧʮʠ 

ʙʨʫʰʝˁʘ ʠ ʧʦʣʠʨʘˁʘ ʥʘ ʤʘʰʠʥʠ ʟʘ ʧʦʣʠʨʘˁʝ ʫ ʮʠˀʫ ʜʦʙʠʿʘˁʘ ʫʟʦʨʘʢʘ ʦʜʛʦʚʘʨʘʿʫ˂ʝʛ 

ʢʚʘʣʠʪʝʪʘ ʧʦʚʨʰʠʥʝ ʟʘ ʠʩʧʠʪʠʚʘˁʝ ʪʚʨʜʦ˂ʝ, ʤʝʪʘʣʦʛʨʘʬʩʢʘ, ʧʝʥʝʪʨʘʥʪʩʢʘ ʠ ʢʘʚʠʪʘʮʠʦʥʘ 

ʠʩʧʠʪʠʚʘˁʘ ʩʧʦʿʘ. ɸʥʘʣʠʪʠʯʢʠʤ  ʚʘʛʘʤʘ ʿʝ ʦʜʨʝʹʠʚʘʥʘ ʢʦʣʠʯʠʥʘ ʤʘʪʝʨʠʿʘʣʘ ʢʦʿʘ ʿʝ 

ʫʢʣʦˁʝʥʘ ʩʘ ʧʦʚʨʰʠʥʝ ʫʟʦʨʢʘ ʝʨʦʟʠʚʥʠʤ ʜʝʿʩʪʚʦʤ. Aʥʘʣʠʟʘ ʩʧʦʿʘ ʟʘʭʪʝʚʘʣʘ ʿʝ 

ʢʦʨʠʰ˂ʝˁʝ ʦʧʪʠʯʢʠʭ ʤʠʢʨʦʩʢʦʧʘ, ʜʦʢ ʿʝ ʟʘ ʧʨʝʮʠʟʥʦ ʦʜʨʝʹʠʚʘˁʝ ʩʧʦʿʘ ʥʝʦʧʭʦʜʥʘ 

ʘʥʘʣʠʟʘ ʥʘ ʩʢʝʥʠʨʘʿʫ˂ʝʤ ʦʧʪʠʯʢʦʤ ʤʠʢʨʦʩʢʦʧʫ.  

 

5.1. ʄʝʪʦʜʘ ʦʜʨʝʹʠʚʘˁʘ ʙʨʟʠʥʝ ʜʝʪʦʥʘʮʠʿʝ 

ʂʘʦ ʪhʦ ʿʝ ʧʨʝʪʭʦʜʥʦ ʦʙʿʘʰˁʝʥʦ, ʧʦʟʥʘʚʘˁʝ ʧʘʨʘʤʝʪʘʨʘ ʟʘʚʘʨʠʚʘˁʘ Vd, Vc, Vp ʠ ɓ ʿʝ 

ʥʝʦʧʭʦʜʥʦ ʟʘ ʧʨʝʪʭʦʜʥʝ ʧʨʦʨʘʯʫʥʝ ʚʝʟʘʥʝ ʟʘ ʧʨʠʧʨʝʤʫ ʠ ʠʟʚʦʹʝˁʝ ʟʘʚʘʨʠʚʘˁʘ 

ʝʢʩʧʣʦʟʠʿʦʤ. ʊʠ ʧʘʨʘʤʝʪʨʠ ʩʝ ʤʦʛʫ ʧʨʝʪʧʦʩʪʘʚʠʪʠ ʩʘ ʟʘʜʦʚʦˀʘʚʘʿʫ˂ʦʤ ʪʘʯʥʦʰ˂ʫ ʟʘ 

ʧʨʘʢʪʠʯʥʫ ʫʧʦʪʨʝʙʫ ʦʜʛʦʚʘʨʘʿʫ˂ʠʤ ʪʝʦʨʠʿʩʢʠʤ ʠ ʝʤʧʠʨʠʿʩʢʠʤ ʧʦʜʘʮʠʤʘ, ʘʣʠ ʪʘʤʦ ʛʜʝ ʩʫ 

ʫʩʣʦʚʠ ʢʨʠʪʠʯʥʠ ʠ ʢʘʜʘ ʧʣʦʯʘ ʿʦʰ ʫʚʝʢ ʟʥʘʯʘʿʥʦ ʫʙʨʟʘʚʘ ʫ ʪʨʝʥʫʪʢʫ ʧʨʝ ʫʜʘʨʘ, ʧʦʞʝˀʥʦ 

ʿʝ ʚʠʰʝ ʧʨʝʮʠʟʥʠʭ ʧʘʨʘʤʝʪʘʨʘ. 

ɱʝʜʘʥ ʦʜ ʚʘʞʥʠʭ ʫʣʘʟʥʠʭ ʧʘʨʘʤʝʪʘʨʘ ʫ ʧʨʦʮʝʩʫ ʝʢʩʧʣʦʟʠʚʥʦʛ ʟʘʚʘʨʠʚʘˁʘ ʧʨʝʜʩʪʘʚˀʘ 

ʙʨʟʠʥʘ ʜʝʪʦʥʘʮʠʿʝ ʝʢʩʧʣʦʟʠʚʘ. ʊʘʢʦʹʝ, ʤʝʨʝˁʝ ʙʨʟʠʥʝ ʜʝʪʦʥʘʮʠʿʝ ʝʢʩʧʣʦʟʠʚʘ ʦʤʦʛʫ˂ʘʚʘ 

ʧʨʦʮʝʥʫ ʝʬʠʢʘʩʥʦʩʪʠ ʠ ʦʜʨʝʹʠʚʘˁʝ ʫʿʝʜʥʘʯʝʥʦʩʪʠ ʢʚʘʣʠʪʝʪʘ ʢʦʨʠʰ˂ʝʥʦʛ ʝʢʩʧʣʦʟʠʚʘ, 

ʢʦʿʠ ʿʝ ʥʝʦʧʭʦʜʘʥ ʟʘ ʝʢʩʧʣʦʟʠʚʥʦ ʟʘʚʘʨʠʚʘˁʝ ʚʝ˂ʠʭ ʨʘʟʤʝʨʘ. 

ʈʘʥʠʿʝ ʢʦʨʠʰ˂ʝʥ ʩʠʩʪʝʤ ʤʝʨʝˁʘ ʫʟ ʧʦʤʦ˂ ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʠʭ ʩʦʥʜʠ, ʟʘʤʝˁʝʥ ʿʝ 

ʿʝʜʥʦʩʪʘʚʥʠʿʠʤ, ʧʨʘʢʪʠʯʥʠʿʠʤ ʠ ʧʨʝ ʩʚʝʛʘ ʙʝʟʙʝʜʥʠʿʠʤ ʩʠʩʪʝʤʦʤ ʦʧʪʠʯʢʠʭ ʩʦʥʜʠ. 

ʇʨʠʤʝʥʘ ʦʧʪʠʯʢʠʭ ʩʦʥʜʠ ʠʤʘ ʪʫ ʧʨʝʜʥʦʩʪ ʰʪʦ ʩʫ ʛʘʣʚʘʥʩʢʠ ʠʟʦʣʦʚʘʥʝ ʦʜ ʝʣʝʢʪʨʠʯʥʝ 

ʤʨʝʞʝ, ʧʦʫʟʜʘʥʠʿʝ ʫ ʦʜʥʦʩʫ ʥʘ ʝʣʝʢʪʨʠʯʥʝ ʩʦʥʜʝ, ʚʨʝʤʝ ʦʜʟʠʚʘ ʤʝʨʝˁʘ ʿʝ ʧʨʘʢʪʠʯʥʦ 

ʝʣʠʤʠʥʠʩʘʥʦ, ʤʝʨʝˁʝ ʙʨʟʠʥʝ ʜʝʪʦʥʘʮʠʿʝ ʧʨʝʮʠʟʥʠʿʝ ʠ ʚʨʝʤʝ ʧʨʠʧʨʝʤʝ, ʦʜʥʦʩʥʦ 

ʧʦʩʪʘʚˀʘˁʝ ʩʦʥʜʠ ʿʝ ʢʨʘ˂ʝ. 
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ʅʘʢʦʥ ʩʚʘʢʦʛ ʤʝʨʝˁʘ ʜʝʦ ʦʧʪʠʯʢʦʛ ʚʣʘʢʥʘ ʢʦʿʠ ʿʝ ʠʩʢʠʜʘʥ ʠʣʠ ʦʰʪʝ˂ʝʥ ʩʝ ʠʩʝʯʝ ʧʦʜ 

ʧʨʘʚʠʤ ʫʛʣʦʤ. ʂʨʘʿ ʦʧʪʠʯʢʦʛ ʚʣʘʢʥʘ ʿʝ ʧʦʞʝˀʥʦ ʠʩʧʦʣʠʨʘʪʠ ʘʣʠ ʥʠʿʝ ʥʝʦʧʭʦʜʥʦ. ʊʘʢʦ 

ʧʨʠʧʨʝʤˀʝʥ ʢʨʘʿ ʩʝ ʧʦʩʪʘʚˀ ʘ ʫ ʧʨʝʜʚʠʹʝʥʫ ʨʫʧʫ ʫ ʝʢʩʧʣʦʟʠʚʫ ʠ ʧʦʩʪʘʚʢʘ ʿʝ ʩʧʨʝʤʥʘ ʟʘ 

ʩʣʝʜʝ˂ʝ ʤʝʨʝˁʝ. ʇʦʩʪʫʧʘʢ ʤʝʨʝˁʘ ʿʝ ʪʠʤʝ ʟʥʘʪʥʦ ʧʦʿʝʜʥʦʩʪʘʚˀʝʥ ʠ ʫʙʨʟʘʥ ʫ ʦʜʥʦʩʫ ʥʘ 

ʝʣʝʢʪʨʠʯʥʝ ʩʦʥʜʝ ʠ ʦʤʦʛʫ˂ʘʚʘ ʢʦʥʪʠʥʫʠʪʝʪ ʤʝʨʝˁʘ ʥʘʨʦʯʠʪʦ ʢʘʜʘ ʥʘ ʪʝʨʝʥʫ ʚʨʝʤʝʥʩʢʠ 

ʫʩʣʦʚʠ ʥʠʩʫ ʥʘʿʧʨʠʢʣʘʜʥʠʿʠ. 

ɺʠʰʝʢʘʥʘʣʥʦ ʤʝʨʝˁʝ ʙʨʟʠʥʝ ʜʝʪʦʥʘʮʠʿʝ ʫʟ ʧʦʤʦ˂ ʝʣʝʢʪʨʠʯʥʠʭ ʠʣʠ ʦʧʪʠʯʢʠʭ ʩʦʥʜʠ ʿʝ 

ʠʜʝʥʪʠʯʥʦ. ʉʦʥʜʘ ʫ ʟʘʚʠʩʥʦʩʪʠ ʜʘ ʣʠ ʿʝ ʦʧʪʠʯʢʘ ʠʣʠ ʝʣʝʢʪʨʠʯʥʘ ʨʝʛʠʩʪʨʫʿʝ ʩʚʝʪʣʦʩʥʠ 

ʠʣʠ ʝʣʝʢʪʨʠʯʥʠ ʩʠʛʥʘʣ ʫ ʪʨʝʥʫʪʢʫ ʥʘʠʣʘʩʢʘ ʜʝʪʦʥʘʮʠʦʥʦʛ ʪʘʣʘʩʘ ʥʘ ʪʘʯʥʦ ʜʝʬʠʥʠʩʘʥʦʿ 

ʧʦʟʠʮʠʿʠ. ʊʘʯʥʘ ʧʦʟʠʮʠʿʘ ʩʦʥʜʠ ʠ ʚʨʝʤʝ ʢʦʿʝ ʧʨʦʪʝʢʥʝ ʠʟʤʝ˂ʫ ʜʝʪʝʢʮʠʿʝ ʩʦʥʜʠ ʦʜʨʝʹʫʿʝ 

ʚʨʝʜʥʦʩʪ ʙʨʟʠʥʝ ʜʝʪʦʥʘʮʠʿʝ. 

ʉʚʘʢʠ ʫʨʝʹʘʿ ʟʘ ʜʝʪʝʢʮʠʿʫ ʝʣʝʢʪʨʠʯʥʦʛ ʩʠʛʥʘʣʘ ʠʤʘ ʦʜʨʝʹʝʥʠ ʙʨʦʿ ʘʥʘʣʦʛʥʠʭ ʠ 

ʜʠʛʠʪʘʣʥʠʭ ʫʣʘʟʘ (ʢʘʥʘʣʘ). ʆʧʪʠʯʢʘ ʠʣʠ ʝʣʝʢʪʨʠʯʥʘ ʩʦʥʜʘ, ʧʨʝʜʩʪʘʚˀʘ ʿʝʜʘʥ ʢʘʥʘʣ. ɿʘ 

ʿʝʜʥʦʤʝʨʝˁʝ ʙʨʟʠʥʝ ʥʝʦʧʭʦʜʥʘ ʩʫ ʤʠʥʠʤʫʤ ʜʚʘ ʢʘʥʘʣʘ. ʋ ʩʣʫʯʘʿʫ ʢʘʜʘ ʿʝ ʧʦʪʨʝʙʥʦ 

ʦʜʨʝʹʠʚʘˁʝ ʧʨʦʩʪʦʨʥʦʛ ʧʨʦʩʪʠʨʘˁʘ ʜʝʪʦʥʘʮʠʦʥʦʛ ʪʘʣʘʩʘ ʥʝʦʧʭʦʜʥʦ ʿʝ ʢʦʨʠʰ˂ʝˁʝ ʚʝ˂ʝʛ 

ʙʨʦʿʘ ʩʦʥʜʠ. 

ɿʘ ʿʝʜʥʦʩʪʘʚʥʠʿʝ ʦʜʨʝʹʠʚʘˁʝ ʙʨʟʠʥʝ ʜʝʪʦʥʘʮʠʿʝ ʢʦʨʠʩʪʠ ʩʝ ʧʦʩʪʘʚʢʘ ʩʘ ʜʚʝ ʩʦʥʜʝ, ĂStartñ 

ʠ ĂStopñ ʩʦʥʜʘ. ʂʘʦ ʰʪʦ ʿʝ ʧʨʝʪʭʦʜʥʦ ʥʘʧʦʤʝʥʫʪʦ ʧʦʟʥʘʚʘˁʝ ʤʝʹʫʩʦʙʥʦʛ ʨʘʩʪʦʿʘˁʘ ʩʦʥʜʠ 

ʠ ʧʨʦʪʝʢʣʦʛ ʚʨʝʤʝʥʘ ʦʤʦʛʫ˂ʘʚʘ ʜʠʨʝʢʪʘʥ ʧʨʦʨʘʯʫʥ ʙʨʟʠʥʝ. ʇʨʠʥʮʠʧ ʦʜʨʝʹʠʚʘˁʘ ʙʨʟʠʥʝ 

ʜʝʪʦʥʘʮʠʿʝ ʧʨʠʢʘʟʘʥ ʿʝ ʥʘ ʩʣʠʮʠ 5.1 ʠ ʩʣʠʮʠ 5.2. ʅʠʚʦ ʦʢʠʜʘˁʘ V0 je ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʢʦʨʠʰ˂ʝʥʠʭ ʝʣʝʢʪʨʦʥʩʢʠʭ ʢʦʤʧʦʥʝʥʪʠ ʢʦʿʘ ʥʘʿʯʝʰ˂ʝ ʠʟʥʦʩʠ 0,7 V. 

 

ʉʣʠʢʘ 5.1. ʇʨʠʥʮʠʧ ʦʜʨʝʹʠʚʘˁʘ ʙʨʟʠʥʝ ʜʝʪʦʥʘʮʠʿʝ(VTI, 2023). 

 

ʉʣʠʢʘ 5.2.ʉʢʠʮʘ ʫʟʦʨʢʘ ʟʘ ʤʝʨʝˁʝ ʙʨʟʠʥʝ ʜʝʪʦʥʘʮʠʿʝ (VTI, 2023) (ɸʥʹʝʣʠ˂, 2018). 



58 

 

ʈʘʜʠ ʧʨʦʚʝʨʝ ʦʧʨʝʤʝ, ʢʦʨʠʰ˂ʝʥʘ ʩʫ ʜʚʘ ʩʠʩʪʝʤʘ ʟʘ ʨʝʛʠʩʪʨʦʚʘˁʝ ʩʠʛʥʘʣʘ ʩʘ 

ʬʦʪʦʜʝʪʝʢʪʦʨʘ: 

- ĂTektronix Digital Mix Oscilloscope MSO2022Bñ, Ămixñ ʦʩʮʠʣʦʩʢʦʧ ʩʘ ʜʚʘ ʘʥʘʣʦʛʥʘ 

ʠ ʰʝʩʥʘʝʩʪ ʜʠʛʠʪʘʣʥʠʭ ʢʘʥʘʣʘ, ʬʨʝʢʚʝʥʪʥʦʛ ʦʧʩʝʛʘ ʦʜ 0 Hz ʜʦ 200 MHz, 

- ĂPendulum CNT-91 Timer/Counter/Analyzerñ, ʜʚʦʢʘʥʘʣʥʠ ʝʣʝʢʪʨʦʥʩʢʠ ʙʨʦʿʘʯ ʟʘ 

ĂStartñ ʠ ĂStopñ ʩʦʥʜʫ, ʨʝʟʦʣʫʮʠʿʝ 50 ps. 

ɼʝʪʦʥʘʮʠʦʥʠ ʪʘʣʘʩ ʿʝ ʧʨʘ˂ʝʥ ʧʦʿʘʚʦʤ ʥʘʛʣʦʛ ʧʦʚʝ˂ʘˁʘ ʧʨʠʪʠʩʢʘ, ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʚʝʦʤʘ 

ʠʥʪʝʥʟʠʚʥʝ ʩʚʝʪʣʦʩʪʠ. ʇʨʠ ʥʘʠʣʘʩʢʫ ʜʝʪʦʥʘʮʠʦʥʦʛ ʪʘʣʘʩʘ ʥʘ ʦʧʪʠʯʢʫ ʩʦʥʜʫ, ʦʥʘ ʧʨʦʚʦʜʠ 

ʩʚʝʪʣʦʩʪ ʜʫʞ ʦʧʪʠʯʢʦʛ ʚʣʘʢʥʘ. ɼʨʫʛʠ ʢʨʘʿ ʚʣʘʢʥʘ ʿʝ ʧʦʚʝʟʘʥ ʥʘ ʰʝʩʥʘʝʩʪʦʢʘʥʘʣʥʠ 

ʬʦʪʦʜʝʪʝʢʪʦʨ ʢʦʠʿ ʢʦʥʚʝʨʪʫʿʝ ʦʧʪʠʯʢʠ ʩʠʛʥʘʣ ʫ ʝʣʝʢʪʨʠʯʥʠ. ʀʟʣʘʟ ʝʣʝʢʪʨʠʯʥʦʛ ʩʠʛʥʘʣʘ 

ʿʝ ʫ ʚʠʜʫ BNC ʢʦʥʝʢʪʦʨʘ. ʂʦʘʢʩʠʿʘʣʥʠʤ ʢʘʙʣʦʤ ʿʝ ʤʦʛʫ˂ʝ ʧʦʚʝʟʘʪʠ BNC ʢʦʥʝʢʪʦʨ ʩʘ 

ʫʨʝʹʘʿʝʤ ʟʘ ʜʝʪʝʢʮʠʿʫ ʩʠʛʥʘʣʘ. ʆʙʣʠʢ ʜʦʙʠʿʝʥʦʛ ʝʣʝʢʪʨʠʯʥʦʛ ʩʠʛʥʘʣʘ ʥʘ ʦʩʮʠʣʦʩʢʦʧʫ 

ʜʠʨʝʢʪʥʦ ʿʝ ʧʨʦʧʦʨʮʠʦʥʘʣʘʥ ʠʥʪʝʥʟʠʪʝʪʫ ʛʝʥʝʨʠʩʘʥʝ ʩʚʝʪʣʦʩʪʠ ʧʨʠ ʘʢʪʠʚʠʨʘˁʫ 

ʝʢʩʧʣʦʟʠʚʘ (VTI, 2023). 

ɺʦʿʥʦʪʝʭʥʠʯʢʠ ʠʥʩʪʠʪʫʪ ʿʝ ʨʘʟʚʠʦ ʬʦʪʦʜʝʪʝʢʪʦʨ ʩʘ ʰʝʩʥʘʝʩʪ ʢʘʥʘʣʘ ʚʝʦʤʘ ʙʨʟʦʛ ʦʜʟʠʚʘ  

ʦʜ 2 ns (VTI, 2023). ʉʚʝ ʢʘʥʘʣʝ ʤʦʛʫ˂ʝ ʿʝ ʪʨʝʥʫʪʥʦ ʜʝʪʝʢʪʦʚʘʪʠ ʥʘ ĂTektronix Digital Mix 

Oscilloscope MSO2022Bñ ʦʩʮʠʣʦʩʢʦʧʫ. ɸʥʘʣʦʛʥʠ ʫʣʘʟʠʩʘ ʧʨʝʜˁʝ ʩʪʨʘʥʝ ʦʩʮʠʣʦʩʢʦʧʘ, 

ʤʦʛʫ ʧʦʩʣʫʞʠʪʠ ʟʘ ʧʨʘ˂ʝˁʝ ʟʘʚʠʩʥʦʩʪʠ ʠʥʪʝʥʟʠʪʝʪʘ ʩʚʝʪʣʦʩʪʠ ʜʝʪʦʥʘʮʠʦʥʦʛ ʪʘʣʘʩʘ ʫ 

ʚʨʝʤʝʥʫ. 

ʉʚʘʢʠ ʦʜ ʢʘʥʘʣʘ ʬʦʪʦʜʝʪʝʢʪʦʨʘ ʠʤʘ ʩʚʦʿ ʧʦʪʝʥʮʠʦʤʝʪʘʨ ʟʘ ʧʦʜʝʰʘʚʘˁʝ ʧʨʘʛʘ ʦʢʠʜʘˁʘ 

(Triggering). ʇʦʩʝʜʫʿʝ ʠʟʚʦʜʝ ʟʘ ʜʠʛʠʪʘʣʥʝ ʢʘʥʘʣʝ Ăʤʠʢʩñ ʦʩʮʠʣʦʩʢʦʧʘ, ʘ ʜʚʘʥʘʝʩʪ ʢʘʥʘʣʘ 

ʠʤʘ ʜʦʜʘʪʘʥ ʠʟʚʦʜ ʫ ʚʠʜʫ BNC ʢʦʥʝʢʪʦʨʘ ʟʘ ʧʦʚʝʟʠʚʘˁʝ ʩʘ ʘʥʘʣʦʛʥʠʤ ʢʘʥʘʣʠʤʘ (VTI, 

2023). ʌʦʪʦʜʝʪʝʢʪʦʨ ʩʘ ʰʝʩʥʘʝʩʪ ʥʝʟʘʚʠʩʥʠʭ ʢʘʥʘʣʘ ʿʝ ʧʨʠʢʘʟʘʥ ʥʘ ʩʣʠʮʠ 5.3. 

 

ʉʣʠʢʘ 5.3. ʌʦʪʦʜʝʪʝʢʪʦʨ ʩʘ ʰʝʩʥʘʝʩʪ ʥʝʟʘʚʠʩʥʠʭ ʢʘʥʘʣʘ 

ĂPendulum CNT-91 Timer/Counter/Analyzerñ ʩʝ ʢʦʨʠʩʪʠ ʟʘ ʿʝʜʥʦʩʪʘʚʥʦ ʿʝʜʥʦʜʠʤʝʥʟʠʦʥʦ 

ʦʜʨʝʹʠʚʘˁʝ ʙʨʟʠʥʝ ʜʝʪʦʥʘʮʠʿʝ ʛʜʝ ʩʫ ʜʦʚʦˀʥʘ ʜʚʘ ʢʘʥʘʣʘ. ʅʘ ʩʣʠʮʠ 5.4 ʿʝ ʧʨʠʢʘʟʘʥʘ 

ʢʦʨʠʰ˂ʝʥʘ ʤʝʨʥʘ ʦʧʨʝʤʘ. 
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ʉʣʠʢʘ 5.4. ʀʟʛʣʝʜ ʫʨʝʹʘʿʘ ĂTektronix MSO2022Bñ (ʣʝʚʦ), ĂPendulum CNT-91ñ ʜʝʩʥʦ 

 

5.2. ʆʧʪʠʯʢʘ ʝʤʠʩʠʦʥʘ ʩʧʝʢʪʨʦʤʝʪʨʠʿʘ 

ʄʦʜʝʨʥʝ ʘʥʘʣʠʪʠʯʢʝ ʤʝʪʦʜʝ ʟʘʩʥʠʚʘʿʫ ʩʝ ʥʘ ʢʚʘʥʪʥʠʤ ʦʩʦʙʠʥʘʤʘ ʤʘʪʝʨʠʿʝ, ʢʦʿʝ ʩʫ 

ʦʪʢʨʠʚʝʥʝ ʧʦʯʝʪʢʦʤ 20 ʚʝʢʘ. ʉʚʘʢʠ ʦʜ ʘʪʦʤʘ ʫ ʧʨʠʨʦʜʠ ʢʘʦ ʢʚʘʥʪʥʠ ʩʠʩʪʝʤ ʨʘʩʧʦʣʘʞʝ 

ʥʠʟʦʤ ʩʚʦʿʠʭ ʝʥʝʨʛʝʪʩʢʠʭ ʩʪʘˁʘ ʠ ʦʥʘ ʩʫ ʩʚʦʿʩʪʚʝʥʘ ʩʘʤʦ ʜʘʪʦʤ ʘʪʦʤʫ. ʂʘʦ ʰʪʦ ʿʝ ʪʦ ʙʠʣʦ 

ʧʦʟʥʘʪʦ ʿʦʰ ʪʦʢʦʤ ʟʘʩʥʠʚʘˁʘ ɹʦʨʦʚʦʛ ʤʦʜʝʣʘ ʘʪʦʤʘ, ʦʚʘ ʩʪʘˁʘ ʩʫ ʤʦʛʫ˂ʘ ʜʘ ʩʝ ʚʠʜʝ ʩʘʤʦ 

ʥʘ ʦʩʥʦʚʫ ʝʤʠʩʠʿʝ ʠʣʠ ʘʧʩʦʨʧʮʠʿʝ ʝʣʝʢʪʨʦʤʘʛʥʝʪʥʦʛ ʟʨʘʯʝˁʘ ʪʦʢʦʤ ʧʨʝʣʘʩʢʘ ʩʘ ʿʝʜʥʦʛ 

ʝʥʝʨʛʝʪʩʢʦʛ ʥʠʚʦʘ ʥʘ ʜʨʫʛʠ. ʆʙʝ ʦʚʝ ʧʦʿʘʚʝ, ʝʤʠʩʠʿʘ ʩʚʝʪʣʦʩʪʠ ʠʣʠ ʘʧʩʦʨʧʮʠʿʘ ʩʚʝʪʣʦʩʪʠ, 

ʘʪʦʤʦʤ ʢʘʦ ʩʣʦʞʝʥʠʤ ʢʚʘʥʪʥʦʤʝʭʘʥʠʯʢʠʤ ʩʠʩʪʝʤʦʤ, ʩʫ ʦʩʥʦʚʘ ʧʦʜʝʣʝ ʩʧʝʢʪʨʦʩʢʦʧʠʿʝ 

ʥʘ ʝʤʠʩʠʦʥʝ ʠ ʘʧʩʦʨʧʮʠʦʥʝ ʤʝʪʦʜʝ. ɽʤʠʩʠʦʥʝ ʢʦʨʠʩʪʝ ʘʪʦʤ ʢʘʦ ʠʟʚʦʨ ʝʣʝʢʪʨʦʤʘʛʥʝʪʥʦʛ 

ʟʨʘʯʝˁʘ ʧʨʠʣʠʢʦʤ ʧʨʝʣʘʩʢʘ ʩʘ ʚʠʰʠʭ ʝʥʝʨʛʝʪʩʢʠʭ ʩʪʘˁʘ ʥʘ ʥʠʞʘ, ʜʦʢ ʘʧʩʦʨʧʮʠʦʥʝ 

ʦʙʨʥʫʪʦ, ʘʧʩʦʨʙʫʿʫ ʝʣʝʢʪʨʦʤʘʛʥʝʪʥʘ ʟʨʘʯʝˁʘ ʧʨʠʣʠʢʦʤ ʧʨʦʤʝʥʝ ʝʥʝʨʛʝʪʩʢʦʛ ʩʪʘˁʘ 

ʘʪʦʤʘ ʧʨʝʣʘʩʢʦʤ, ʦʙʠʯʥʦ ʚʘʣʝʥʪʥʠʭ ʝʣʝʢʪʨʦʥʘ ʩʘ ʥʠʞʝʛ ʝʥʝʨʛʝʪʩʢʦʛ ʩʪʘˁʘ ʥʘ ʚʠʰʝ.  

ʆʚʘʢʚʠ ʝʬʝʢʪʠ ʩʝ ʤʘʥʠʬʝʩʪʫʿʫ ʫʩʢʠʤ ʣʠʥʠʿʘʤʘ ʘʧʩʦʨʧʮʠʿʝ ʠʣʠ ʝʤʠʩʠʿʝ 

ʝʣʝʢʪʨʦʤʘʛʥʝʪʥʦʛ ʟʨʘʯʝˁʘ, ʣʠʥʠʿʩʢʠʤ ʩʧʝʢʪʨʦʤ ʝʤʠʩʠʿʝ ʠʣʠ ʘʧʩʦʨʧʮʠʿʝ ʩʚʝʪʣʦʩʪʠ. ɹʨʦʿ, 

ʠʥʪʝʥʟʠʪʝʪ ʠ ʦʩʦʙʠʥʝ ʘʧʩʦʨʧʮʠʦʥʠʭ ʠʣʠ ʝʤʠʩʠʦʥʠʭ ʣʠʥʠʿʘ ʫ ʩʧʝʢʪʨʫ ʜʘʪʦʛ ʝʣʝʤʝʥʪʘ ʿʝ 

ʧʦʟʥʘʪ ʢʘʦ ʨʝʟʫʣʪʘʪ ʤʥʦʛʠʭ ʠʩʪʨʘʞʠʚʘˁʘ ʠ ʧʨʠʢʫʧˀʘˁʘ ʧʦʜʘʪʘʢʘ ʠʟ ʨʘʟʥʠʭ ʣʘʙʦʨʘʪʦʨʠʿʘ 

ʮʝʣʦʛ ʩʚʝʪʘ. ʇʦʜʘʮʠ ʦ ʩʧʝʢʪʨʠʤʘ ʠ ʝʥʝʨʛʝʪʩʢʦʿ ʩʪʨʫʢʪʫʨʠ ʘʪʦʤʘ ʠ ʿʦʥʘ ʩʫ ʿʘʚʥʦ ʜʦʩʪʫʧʥʠ, 

ʨʝʮʠʤʦ ʥʘʿʧʦʟʥʘʪʠʿʘ ʙʘʟʘ ʧʦʜʘʪʘʢʘ ʿʝ ʥʘʣʘʟʠ ʫ Ăʅʘʮʠʦʥʘʣʥʦʤ ʀʥʩʪʠʪʫʪʫ ʟʘ ʉʪʘʥʜʘʨʜʝ 

ʉɸɼñ (NIST) (NIST, 2023). ʂʦʥʮʝʧʪ ʦʧʪʠʯʢʝ ʝʤʠʩʠʦʥʝ ʩʧʝʢʪʨʦʩʢʦʧʠʿʝ ʿʝ ʜʘʪ ʥʘ ʩʣʠʮʠ 

5.5. 

 

ʉʣʠʢʘ 5.5. ʆʩʥʦʚʥʠ ʢʦʥʮʝʧʪ ʦʧʪʠʯʢʝ ʝʤʠʩʠʦʥʝ ʩʧʝʢʪʨʦʩʢʦʧʠʿʝ (Dojļinoviĺ, 2023). 

ʆʚʜʝ ʩʝ ʠʟʚʦʨ ʩʚʝʪʣʦʩʪʠ ʢʦʨʠʩʪʠ ʜʘ ʙʠ ʩʝ ʫ ˁʝʤʫ ʘʪʦʤʠ ʫʟʦʨʢʘ ʧʦʙʫʜʠʣʠ ʠ ʧʦʩʪʘʣʠ 

ʝʤʠʪʝʨʠ ʝʣʝʢʪʨʦʤʘʛʥʝʪʥʦʛ ʟʨʘʯʝˁʘ, ʫʣʘʟʥʘ ʦʧʪʠʢʘ ʧʨʠʣʘʛʦʹʘʚʘ ʦʧʪʠʯʢʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ 

ʤʦʥʦʭʨʦʤʘʪʦʨʘ, ʪʘʢʦ ʜʘ ʩʝ ʥʘʿʚʝ˂ʠ ʜʝʦ ʟʨʘʯʝˁʘ ʜʦʚʝʜʝ ʫ ʤʦʥʦʭʨʦʤʘʪʦʨ ʠ ʪʠʤʝ ʜʦʙʠʿʝ 

ʀʟʚʦʨ 

ʩʚʝʪʣʦʩʪʠ 

ɼʠʬʨʘʢʮʠʦʥʘ 

ʨʝʰʝʪʢʘ 
ʄʦʥʦʭʨʦʤʘʪʦ  ɼʝʪʝʢʪʦʨ ʈʘʯʫʥʘʨ 
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ʰʪʦ ʿʘʯʠ ʠʟʣʘʟʥʠ ʩʠʛʥʘʣ. ʉʠʛʥʘʣ ʥʘ ʠʟʣʘʟʫ ʤʦʥʦʭʨʦʤʘʪʦʨʘ ʜʦʣʘʟʠ ʥʘ ʜʝʪʝʢʪʦʨ ʠ ʧʦʪʦʤ 

ʩʝ ʙʝʣʝʞʠ ʥʘ ʧʨʘʪʝ˂ʝʤ ʩʦʬʪʚʝʨʫ ʥʘ ʨʘʯʫʥʘʨʫ. 

ʆʙʟʠʨʦʤ ʜʘ ʿʝ ʙʨʦʿ ʩʧʝʢʪʨʘʣʥʠʭ ʣʠʥʠʿʘ ʛʚʦʞʹʘ ʚʝʦʤʘ ʚʝʣʠʢʠ, ʩʘʤʦ ʟʘ ʘʪʦʤ ʛʚʦʞʹʘ ʠʟʥʦʩʠ 

ʥʝʢʦʣʠʢʦ ʭʠˀʘʜʘ ʿʘʢʠʭ, ʚʠʜˀʠʚʠʭ ʣʠʥʠʿʘ ʘʥʘʣʠʟʘ ʩʧʝʢʪʨʘ ʝʣʝʤʝʥʘʪʘ ʢʦʿʠ ʩʝ ʥʘʣʘʟʝ ʢʘʦ 

ʜʦʜʘʪʮʠ ʛʚʦʞʹʫ ʩʝ ʧʨʝʧʫʰʪʘ ʝʢʩʧʝʨʪʩʢʠʤ ʩʠʩʪʝʤʠʤʘ, ʫʨʝʹʘʿʠʤʘ ʢʦʿʠ ʥʘ ʙʘʟʠ ʦʧʩʝʞʥʝ 

ʙʘʟʝ ʧʦʜʘʪʘʢʘ ʤʦʛʫ ʜʘ ʠʜʝʥʪʠʬʠʢʫʿʫ ʧʨʠʩʫʩʪʚʦ ʠ ʢʦʥʮʝʥʪʨʘʮʠʿʫ ʦʚʘʢʚʠʭ ʝʣʝʤʝʥʘʪʘ. 

 

5.3. ʀʩʧʠʪʠʚʘˁʝ ʪʦʧʦʛʨʘʬʠʿʝ ʧʦʚʨʰʠʥʝ 

ʄʠʢʨʦʛʝʦʤʝʪʨʠʿʘ ʧʦʚʨʰʠʥʝ ʧʣʦʯʘ ʧʨʝʜʩʪʘʚˀʘ ʟʥʘʯʘʿʥʫ ʢʘʨʘʢʪʝʨʠʩʪʠʢʫ ʫ ʧʨʦʮʝʩʫ 

ʝʢʩʧʣʦʟʠʚʥʦʛ ʟʘʚʘʨʠʚʘˁʘ. ʆʚʘʿ ʟʥʘʯʘʿ ʧʨʦʠʩʪʠʯʝ ʠʟ ʯʠˁʝʥʠʮʝ ʜʘ ʩʪʘˁʝ ʤʠʢʨʦʛʝʦʤʝʪʨʠʿʝ 

ʫʪʠʯʝ ʥʘ ʬʦʨʤʠʨʘˁʝ ʪʘʣʘʩʘʩʪʦʛ ʩʧʦʿʘ ʜʚʝ ʧʣʦʯʝ. ʂʘʦ ʰʪʦ ʿʝ ʥʘʧʦʤʝʥʫʪʦ ʫ ʥʘʩʪʘʚʢʫ 

ʧʦʛʣʘʚˀʘ, ʘʢʦ ʿʝ ʚʝʣʠʯʠʥʘ ʪʘʣʘʩʘ ʤʘʣʘ ʫ ʧʦʨʝʹʝˁʫ ʩʘ ʧʦʚʨʰʠʥʩʢʦʤ ʭʨʘʧʘʚʦʰ˂ʫ, 

ʥʝʤʦʛʫ˂ʝ ʿʝ ʨʘʟʚʠʪʠ ʩʪʘʣʥʠ ʪʘʣʘʩʥʠ ʦʙʣʠʢ, ʠ ʜʠʩʪʨʠʙʫʮʠʿʘ ʢʦʣʠʯʠʥʝ ʪʦʧʣʦʪʝ ˂ʝ ʙʠʪʠ 

ʥʝʧʨʝʜʚʠʜˀʠʚʘ.  

ʋ ʦʢʚʠʨʫ ʠʩʧʠʪʠʚʘˁʘ ʤʠʢʨʦʛʝʦʤʝʪʨʠʿʝ ʧʣʦʯʘ ʢʦʨʠʰ˂ʝʥ ʿʝ ʤʝʨʥʠ ʫʨʝʹʘʿ ĂISR-C002ñ 

(ʩʣʠʢʘ 5.6.), ʢʦʿʠ ʦʤʦʛʫ˂ʘʚʘ ʜʝʬʠʥʠʩʘˁʝ ʩʪʘˁʘ ʢʦʥʪʘʢʪʥʝ ʧʦʚʨʰʠʥʝ. 

 

ʉʣʠʢʘ 5.6.ʋʨʝʹʘʿ ĂISR-C002ñ ʟʘ ʤʝʨʝˁʝ ʭʨʘʧʘʚʦʩʪʠ ʧʦʚʨʰʠʥʘ. 

ʄʝʨʝˁʝ ʦʩʥʦʚʥʠʭ ʠ ʜʦʧʫʥʩʢʠʭ ʧʘʨʘʤʝʪʘʨʘ ʧʦʚʨʰʠʥʘ ʩʝ ʦʩʪʚʘʨʫʿʝ ʧʫʪʝʤ ʢʦʥʪʘʢʪʘ, 

ʦʜʥʦʩʥʦ ʭʦʨʠʟʦʥʪʘʣʥʠʤ ʢʨʝʪʘˁʝʤ ʚʨʭʘ ʤʝʨʥʝ ʠʛʣʝ ʧʦ ʧʦʚʨʰʠʥʠ ʤʘʪʝʨʠʿʘʣʘ ʯʠʠʿ ʩʝ 
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ʧʨʦʬʠʣ ʦʜʨʝʹʫʿʝ. ʅʝʦʧʭʦʜʥʦ ʿʝ ʜʘ ʿʝ ʚʨʭ ʠʛʣʝ ʿʝ ʫ ʩʪʘʣʥʦʤ ʢʦʥʪʘʢʪʫ ʩʘ ʧʦʚʨʰʠʥʦʤ, ʰʪʦ 

ʦʤʦʛʫ˂ʘʚʘʿʫ ʜʚʘ ʟʘʚʨʪˁʘ ʥʘ ʩʘʤʦʤ ʫʨʝʹʘʿʫ, ʩʪʚʘʨʘʿʫ˂ʠ ʥʝʦʧʭʦʜʥʫ ʩʠʣʫ ʢʦʿʦʤ ʤʝʨʥʘ ʠʛʣʘ 

ʜʝʣʫʿʝ ʥʘ ʠʩʧʠʪʠʚʘʥʫ ʧʦʚʨʰʠʥʫ. ʄʘʢʩʠʤʘʣʘʥ ʭʦʨʠʟʦʥʪʘʣʘʥ ʭʦʜ ʤʝʨʥʝ ʠʛʣʝ ʫʨʝʹʘʿʘ ʿʝ 40 

mm, ʨʘʜʠʿʫʩ ʚʨʭʘ ʤʝʨʥʝ ʠʛʣʝ 2 ɛm (ISR-C002 Insize, 2023). ʆʩʥʦʚʥʝ ʜʠʤʝʥʟʠʿʝ 

ʨʘʟʣʠʯʠʪʠʭ ʪʠʧʦʚʘ ʤʝʨʥʠʭ ʠʛʣʠ ʜʘʪʠ ʩʫ ʥʘ ʩʣʠʮʠ 5.7. 

ʋʨʝʹʘʿ ʠʤʘ ʤʦʛʫ˂ʥʦʩʪ ʫʩʥʠʤʘʚʘˁʘ ʜʦʙʠʿʝʥʠʭ ʨʝʟʫʣʪʘʪʘ ʥʘ ʨʘʯʫʥʘʨ, ʢʦʿʠ ʩʝ ʥʘʢʦʥ ʪʦʛʘ 

ʤʦʛʫ ʦʙʨʘʹʠʚʘʪʠ ʠ ʘʥʘʣʠʟʠʨʘʪʠ ʫ ʥʝʢʦʤ ʦʜ ʩʦʬʪʚʝʨʘ ʟʘ ʩʪʘʪʠʩʪʠʯʢʫ ʦʙʨʘʜʫ ʧʦʜʘʪʘʢʘ. ʅʘ 

ʦʩʥʦʚʫ ʦʩʥʦʚʥʠʭ ʙʦʣʜʠʨʘʥʠʭ ʧʘʨʘʤʝʪʘʨʘ ʢʦʿʠ ʩʫ ʧʨʠʢʘʟʘʥʠ ʫ ʪʘʙʝʣʠ 5.1. ʤʦʞʝ ʩʝ 

ʢʦʥʩʪʨʫʠʩʘʪʠ ʧʨʦʬʠʣ ʭʨʘʧʘʚʦʩʪʠ ʠʩʧʠʪʠʚʘʥʝ ʧʦʚʨʰʠʥʝ. 

 

ʉʣʠʢʘ 5.7. ʀʟʛʣʝʜ ʠ ʜʠʤʝʥʟʠʿʝ ʩʪʘʥʜʘʨʜʥʝ ʤʝʨʥʝ ʠʛʣʝ ʫ ʤʠʣʠʤʝʪʨʠʤʘ (Inszʝ, 2023). 

ʂʦʨʠʰ˂ʝˁʝʤ ʤʝʨʥʦʛ ʩʠʩʪʝʤʘ ĂISR-C002ñ ʜʦʙʠʿʝʥʘ ʿʝ ʠʥʬʦʨʤʘʮʠʿʘ ʦ ʧʦʯʝʪʥʦʿ 

ʤʠʢʨʦʛʝʦʤʝʪʨʠʿʠ ʢʦʥʪʘʢʪʥʠʭ ʧʦʚʨʰʠʥʘ ʠʩʧʠʪʠʚʘʥʠʭ ʧʣʦʯʘ ʧʨʝ ʠʟʚʨʰʝʥʦʛ ʝʢʩʧʝʨʠʤʝʥʪʘ 

ʝʢʩʧʣʦʟʠʚʥʦʛ ʟʘʚʘʨʠʚʘˁʘ. ʄʠʢʨʦʛʝʦʤʝʪʨʠʿʘ ʢʦʥʪʘʢʪʥʠʭ ʧʦʚʨʰʠʥʘ ʠʩʧʠʪʠʚʘʥʠʭ ʧʣʦʯʘ 

ʧʨʝʜʩʪʘʚˀʝʥʘ ʿʝ ʧʨʝʢʦ ʧʘʨʘʤʝʪʘʨʘ ʭʨʘʧʘʚʦʩʪʠ ʧʨʠʢʘʟʘʥʠ ʫ ʪʘʙʝʣʠ 5.1. 

ʇʦʨʝʜ ʦʩʥʦʚʥʠʭ ʧʘʨʘʤʝʪʘʨʘ (Ra, Rz ʠ Rt ʧʨʠʢʘʟʘʥʠ ʫ ʪʘʙʝʣʠ 5.1) ʤʦʛʫ˂ʝ ʿʝ ʜʦʙʠʪʠ ʠ 

ʜʦʧʫʥʩʢʝ ʧʘʨʘʤʝʪʨʝ ʭʨʘʧʘʚʦʩʪʠ, ʤʝʹʫ ʢʦʿʠʤʘ ʿʝ ʿʝʜʥʘ ʦʜ ʙʠʪʥʠʿʠʭ ʪʘʢʦʟʚʘʥʘ ʢʨʠʚʘ 
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ʥʦʰʝˁʘ ʧʨʦʬʠʣʘ. ʅʘ ʦʩʥʦʚʫ ʢʨʠʚʝ ʥʦʰʝˁʘ ʧʨʦʬʠʣʘ ʤʦʞʝ ʩʝ ʜʦʙʠʪʠ ʧʦʪʧʫʥʠʿʘ ʩʣʠʢʘ ʦ 

ʨʘʩʧʦʨʝʜʫ ʤʘʪʝʨʠʿʘʣʘ ʫ ʧʦʚʨʰʠʥʩʢʦʤ ʩʣʦʿʫ. 

ʊʘʙʝʣʘ 5.1. ʇʘʨʘʤʝʪʨʠ ʪʦʧʦʛʨʘʬʠʿʝ ʧʦʚʨʰʠʥʝ ʤʝʨʝʥʠ ʧʦʤʦ˂ʫ ʫʨʝʹʘʿʘ ĂISR-C002ñ (ISR-

C002 INSIZE, 2023), (ʅʝʜʠ˂, 2014). 

Ra, ɛm 
ʉʨʝʜˁʝ ʘʨʠʪʤʝʪʠʯʢʦ ʦʜʩʪʫʧʘˁʝ ʧʨʦʬʠʣʘ ʦʜ ʩʨʝʜˁʝ ʣʠʥʠʿʝ ʧʨʦʬʠʣʘ ʥʘ 

ʜʫʞʠʥʠ ʦʮʝˁʠʚʘˁʘ 

Rz, ɛm 

ʉʨʝʜˁʘ ʤʘʢʩʠʤʘʣʥʘ ʚʠʩʠʥʘ ʥʝʨʘʚʥʠʥʘ 

Rz=(Rz1+Rz2+Rz3+Rz4+Rz5)/5 

Rziï ʤʘʢʩʠʤʘʣʥʝ ʚʠʩʠʥʝ ʥʝʨʘʚʥʠʥʘ ʥʘ ʧʦʿʝʜʠʥʠʤ ʜʫʞʠʥʘʤʘ ʦʮʝˁʠʚʘˁʘ 

Rt, ɛm ʄʘʢʩʠʤʘʣʥʘ ʚʠʩʠʥʘ ʥʝʨʘʚʥʠʥʘ 

Rq, ɛm 
ʉʨʝʜˁʝ ʢʚʘʜʨʘʪʥʦ ʦʜʩʪʫʧʘˁʝ ʧʨʦʬʠʣʘ ʦʜ ʩʨʝʜˁʝ ʣʠʥʠʿʝ ʧʨʦʬʠʣʘ ʥʘ 

ʜʫʞʠʥʠ ʦʮʝˁʠʚʘˁʘ 

Rp, ɛm 

Rp ï ʉʨʝʜˁʘ ʥʘʿʚʝ˂ʘ ʚʠʩʠʥʘ ʠʩʧʫʧʯʝˁʘ ʧʨʦʬʠʣʘ ʥʘ ʜʫʞʠʥʠ ʦʮʝˁʠʚʘˁʘ 

Rp=(Rp1+Rp2+Rp3+Rp4+Rp5)/5   (=Rpm) 

Rpi ï ʤʘʢʩʠʤʘʣʥʝ ʚʠʩʠʥʝ ʠʩʧʫʧʯʝˁʘ ʥʘ ʧʦʿʝʜʠʥʠʤ ʜʫʞʠʥʘʤʘ ʦʮʝˁʠʚʘˁʘ 

Rqu 

ʄʝʨʘ ʟʘʢʨʠʚˀʝʥʦʩʪʠ ʢʨʠʚʝ ʨʘʩʧʦʜʝʣʝ ʘʤʧʣʠʪʫʜʝ 

- ʢʦʣʠʯʥʠʢ ʩʨʝʜˁʝ ʚʨʝʜʥʦʩʪʠ ʯʝʪʚʨʪʦʛ ʩʪʝʧʝʥʘ ʚʨʝʜʥʦʩʪʠ ʦʨʜʠʥʘʪʘ 

Z(x) ʠ ʯʝʪʚʨʪʦʛ ʩʪʝʧʝʥʘ Rq ʥʘ ʜʫʞʠʥʠ ʫʟʦʨʢʘ 

Ὑήό
ρ

Ὑή

ρ

ὰὶ
ȿὤ ὼȿὨὼ 

Rsk 

ʂʦʩʠʥʘ ʦʮʝˁʠʚʘʥʦʛ ʧʨʦʬʠʣʘ 

ʂʦʝʬʠʮʠʿʝʥʪ ʘʩʠʤʝʪʨʠʿʝ ʧʨʦʬʠʣʘ (ʤʝʨʘ ʘʩʠʤʝʪʨʠʿʝ ʨʘʩʧʦʜʝʣʝ ʘʤʣʠʪʫʜʘ) 

- ʢʦʣʠʯʥʠʢ ʩʨʝʜˁʝ ʢʫʙʥʝ ʚʨʝʜʥʦʩʪʠ ʦʨʜʠʥʘʪʥʠʭ ʚʨʝʜʥʦʩʪʠ Z(x) ʠ ʢʫʙʥʝ 

ʚʨʝʜʥʦʩʪʠ  Rq ʥʘ ʜʫʞʠʥʠ ʫʟʦʨʢʘ 

ὙίὯ
ρ

Ὑή

ρ

ὰὶ
ȿὤ ὼȿὨὼ 

Rsm, mm ʉʨʝʜˁʠ ʢʦʨʘʢ ʥʝʨʘʚʥʠʥʘ ʥʘ ʩʨʝʜˁʦʿ ʣʠʥʠʿʠ ʧʨʦʬʠʣʘ ʥʘ ʜʫʞʠʥʠ ʦʮʝˁʠʚʘˁʘ 

Rpc,mm 

ɹʨʦʿ ʚʨʭʦʚʘ ʥʝʨʘʚʥʠʥʘ ʥʘ ʿʝʜʠʥʠʯʥʦʿ ʜʫʞʠʥʠ 

- ʛʫʩʪʠʥʘ ʚʨʭʦʚʘ ʥʝʨʘʚʥʠʥʘ 

- ʙʨʦʿ ʩʨʝʜˁʠʭ ʰʠʨʠʥʘ ʝʣʝʤʝʥʘʪʘ ʧʨʦʬʠʣʘ Rsm ʥʘ ʨʝʬʝʨʝʥʪʥʦʿ ʜʫʞʠʥʠ 

Rpc=1/Rsm 

Rv, ɛm 

Rv ï ʉʨʝʜˁʘ ʥʘʿʚʝ˂ʘ ʜʫʙʠʥʘ ʫʜʫʙˀʝˁʘ ʧʨʦʬʠʣʘ ʥʘ ʜʫʞʠʥʠ ʦʮʝˁʠʚʘˁʘ 

Rv = (Rv1+Rv2+Rv3+Rv4+Rv5)/5   (=Rvm) 

Rvi ï ʤʘʢʩʠʤʘʣʥʝ ʜʫʙʠʥʝ ʫʜʫʙˀʝˁʘ ʥʘ ʧʦʿʝʜʠʥʠʤ ʜʫʞʠʥʘʤʘ ʦʮʝˁʠʚʘˁʘ 

R3z, ɛm 

ʉʨʝʜˁʘ ʚʨʝʜʥʦʩʪ ʨʘʩʪʦʿʘˁʘ ʪʨʝ˂ʝʛ ʧʦ ʚʠʩʠʥʠ ʠʩʧʫʧʯʝˁʘ ʠ ʪʨʝ˂ʝʛ ʧʦ 

ʜʫʙʠʥʠ ʫʜʫʙˀʝˁʘ ʥʘ ʨʝʬʝʨʝʥʪʥʠʤ ʜʫʞʠʥʘʤʘ ʫ ʦʢʚʠʨʫ ʜʫʞʠʥʝ ʦʮʝˁʠʚʘˁʘ 

R3z=(R3y1+R3y2+R3y3+R3y4+R3y5)/5 

R3y, ɛm 
ʅʘʿʚʝ˂ʝ ʨʘʩʪʦʿʘˁʝ ʪʨʝ˂ʝʛ ʧʦ ʚʠʩʠʥʠ ʠʩʧʫʧʯʝˁʘ ʠ ʪʨʝ˂ʝʛ ʧʦ ʜʫʙʠʥʠ 

ʫʜʫʙˀʝˁʘ ʥʘ ʨʝʬʝʨʝʥʪʥʠʤ ʜʫʞʠʥʘʤʘ ʫ ʦʢʚʠʨʫ ʜʫʞʠʥʝ ʦʮʝˁʠʚʘˁʘ 

Rs, ɛm ʉʨʝʜˁʠ ʢʦʨʘʢ ʣʦʢʘʣʥʠʭ ʠʩʧʫʧʯʝˁʘ ʧʨʦʬʠʣʘ 

Mr1, % ɻʨʘʥʠʮʘ ʛʦʨˁʝʛ ʜʝʣʘ ʧʨʦʬʠʣʘ ʭʨʘʧʘʚʦʩʪʠ ʿʝʟʛʨʘ 

Mr2, % ɻʨʘʥʠʮʘ ʜʦˁʝʛ ʜʝʣʘ ʧʨʦʬʠʣʘ ʭʨʘʧʘʚʦʩʪʠ ʿʝʟʛʨʘ 

Rk, ɛm ɼʫʙʠʥʘ ʭʨʘʧʘʚʦʩʪʠ ʿʝʟʛʨʘ 

Rpk, ɛm ɺʠʩʠʥʘ ʛʦʨˁʝʛ ʜʝʣʘ ʧʨʦʬʠʣʘ ʭʨʘʧʘʚʦʩʪʠ ʿʝʟʛʨʘ (ʜʫʙʠʥʘ) 

Rvk, ɛm ɺʠʩʠʥʘ ʜʦˁʝʛ ʜʝʣʘ ʧʨʦʬʠʣʘ ʭʨʘʧʘʚʦʩʪʠ ʿʝʟʛʨʘ (ʜʫʙʠʥʘ) 
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5.4. ʉʝʯʝˁʝ ʚʦʜʝʥʠʤ ʘʙʨʘʟʠʚʥʠʤ ʤʣʘʟʦʤ 

ʈʝʟʘˁʝ ʚʦʜʝʥʠʤ ʘʙʨʘʟʠʚʥʠʤ ʤʣʘʟʦʤ ʿʝ ʝʨʦʟʠʚʥʠ ʧʦʩʪʫʧʘʢ ʤʝʭʘʥʠʯʢʝ ʦʙʨʘʜʝ. ʇʦʜ 

ʚʠʩʦʢʠʤ ʧʨʠʪʠʩʢʦʤ ʚʦʜʝʥʠ ʤʣʘʟ ʧʨʦʣʘʟʠ ʢʨʦʟ ʤʣʘʟʥʠʮʫ ʧʨʠ ʯʝʤʫ ʜʦʣʘʟʠ ʜʦ ʫʜʘʨʘ ʫ 

ʧʦʚʨʰʠʥʫ ʦʙʨʘʜʢʘ. ʂʠʥʝʪʠʯʢʘ ʝʥʝʨʛʠʿʘ ʤʣʘʟʘ ʩʪʚʘʨʘ ʦʰʪʝ˂ʝˁʝ ʤʘʪʝʨʠʿʘʣʘ 

(ʤʠʢʨʦʧʫʢʦʪʠʥʝ). ʐʠʨʝˁʫ ʤʠʢʨʦʧʫʢʦʪʠʥʘ ʜʦʧʨʠʥʦʩʠ ʠ ʪʫʨʙʫʣʝʥʪʥʦ ʩʪʨʫʿʘˁʝ ʪʝʯʥʦʩʪʠ 

ʠʣʠ ʪʝʯʥʦʩʪʠ ʩʘ ʘʙʨʘʟʠʚʥʠʤ ʤʘʪʝʨʠʿʘʣʦʤ ʫ ʧʫʢʦʪʠʥʘʤʘ ʢʘʦ ʠ ʜʝʣʦʚʘˁʝ ʢʘʚʠʪʘʮʠʦʥʦʛ 

ʝʬʝʢʪʘ. ʂʘʚʠʪʘʮʠʦʥʠ ʝʬʝʢʘʪ ˂ʝ ʙʠʪʠ ʦʙʿʘʰˁʝʥ ʢʘʩʥʠʿʝ. ʈʝʟʘˁʝ ʚʦʜʝʥʠʤ ʤʣʘʟʦʤ ʙʝʟ 

ʘʙʨʘʟʠʚʘ ʿʝ ʧʦʛʦʜʥʦ ʟʘ ʨʝʟʘˁʝ ʤʝʢʰʠʭ ʤʘʪʝʨʠʿʘʣʘ (ʜʨʚʦ, ʧʘʧʠʨ, ʢʦʞʘ). ʋʢʦʣʠʢʦ ʩʝ ʫ 

ʚʦʜʝʥʠ ʤʣʘʟ ʫʥʝʩʝ ʘʙʨʘʟʠʚʥʦ ʩʨʝʜʩʪʚʦ (ʦʙʠʯʥʦ ʧʝʩʘʢ ʜʝʬʠʥʠʩʘʥʝ ʛʨʘʥʫʣʘʮʠʿʝ), ʤʦʛʫ ʩʝ 

ʦʙʨʘʹʠʚʘʪʠ ʪʚʨʹʠ ʤʘʪʝʨʠʿʘʣʠ. ʄʘʣʝ ʩʠʣʝ ʨʝʟʘˁʘ ʥʝ ʟʘʭʪʝʚʘʿʫ ʩʪʝʟʘˁʝ ʦʙʨʘʜʢʘ. ʆʙʨʘʹʝʥʘ 

ʧʦʚʨʰʠʥʘ ʥʝʤʘ ʟʘʦʩʪʘʣʠʭ ʥʘʧʨʝʟʘˁʘ ʠ ʜʝʬʦʨʤʘʮʠʿʘ. 

ɿʙʦʛ ʧʨʠʩʫʩʪʚʘ ʬʣʫʠʜʘ ʥʝ˂ʝ ʩʝ ʩʪʚʦʨʠʪʠ ʟʦʥʘ ʫʪʠʮʘʿʘ ʪʦʧʣʠʥʝ (ɿʋʊ) ʠ ʢʘʦ ʧʦʩʣʝʜʠʮʘ 

ʪʘʢʚʝ ʪʝʭʥʠʢʝ ʥʝ˂ʝ ʜʦ˂ʠ ʜʦ ʦʿʘʯʘʚʘˁʘ ʤʘʪʝʨʠʿʘʣʘ, ʩʪʚʘʨʘˁʘ ʦʪʨʦʚʥʠʭ ʛʘʩʦʚʘ, ʪʦʧˀʝˁʘ ʠ 

ʢʨʠʚˀʝˁʘ. ɿʦʥʘ ʫʪʠʮʘʿʘ ʪʦʧʣʦʪʝ ʿʝ ʜʝʦ ʦʩʥʦʚʥʦʛ ʤʝʪʘʣʘ ʢʦʿʠ ʿʝ ʧʨʝʪʨʧʝʦ ʩʪʨʫʢʪʫʨʥʝ 

ʧʨʦʤʝʥʝ, ʠ ʧʨʦʤʝʥʝ ʤʝʭʘʥʠʯʢʠʭ ʩʚʦʿʩʪʘʚʘ, ʫʩʣʝʜ ʟʘʛʨʝʚʘˁʘ ʧʨʠ ʟʘʚʘʨʠʚʘˁʫ (ZK, 2023). 

ʄʦʞʝ ʩʝ ʫʩʧʝʰʥʦ ʢʦʨʠʩʪʠʪʠ ʟʘ ʩʝʯʝˁʝ ʤʘʪʝʨʠʿʘʣʘ ʢʦʿʠ ʥʝ ʧʦʜʥʦʩʝ ʪʦʧʣʦʪʥʝ ʠʣʠ 

ʤʝʭʘʥʠʯʢʝ ʟʘʭʚʘʪʝ, ʪʘʢʦ ʜʘ ʥʝ ʫʛʨʦʞʘʚʘ ʬʠʟʠʯʢʦ-ʭʝʤʠʿʩʢʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʤʘʪʝʨʠʿʘʣʘ 

ʢʦʿʠ ʩʝ ʩʝʯʝ. 

ɻʣʘʚʥʠ ʧʘʨʘʤʝʪʨʠ ʩʫ ʧʨʠʪʠʩʘʢ ʚʦʜʝ, ʧʦʩʤʘʢ, ʧʨʦʪʦʢ ʘʙʨʘʟʠʚʘ, ʧʨʝʯʥʠʢ ʤʣʘʟʥʠʮʝ ʠ 

ʜʝʙˀʠʥʘ ʠ ʚʨʩʪʘ ʦʙʨʘʹʠʚʘʥʦʛ ʤʘʪʝʨʠʿʘʣʘ. 

ʆʩʥʦʚʥʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʢʦʨʠʰ˂ʝʥʝ ʤʘʠhʥʝ ʟʘ ʩʝʯʝˁʝ ʫʟʦʨʘʢʘ (KOMPANIJA SLOBODA 

ï SRBIJA, 2023): 

- ʇʨʝʮʠʟʥʦʩʪ ʨʝʟʘˁʘ: 0,1 mm/ ʜʫʞʥʦʤ ʤʝʪʨʫ, 

- ɼʝʙˀʠʥʘ ʨʝʟʘ ʿʝ 1 mm, 

- ɼʝʙˀʠʥʘ ʤʘʪʝʨʠʿʘʣʘ ʢʦʿʠ ʩʝ ʤʦʞʝ ʩʝʠ˂ 200 mm (ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʤʘʪʝʨʠʿʘʣʘ ʢʦʿʠ 

ʩʝ ʩʝʯʝ), 

- ʇʨʠʪʠʩʘʢ ʤʣʘʟʥʠʮʝ 3800 ʙʘʨʘ ʠ 

- ɹʨʟʠʥʘ ʚʦʜʝʥʦʛ ʤʣʘʟʘ ʥʘ ʤʣʘʟʥʠʮʠ 2 ʄʘʭʘ. 

ʇʦʜʨʞʘʥʠ ʬʦʨʤʘʪʠ ʬʘʿʣʦʚʘ ʟʘ ʠʟʨʘʜʫ ʧʨʠʧʨʝʤʘ ʟʘ ʩʝʯʝˁʝ: 

- Pdf  ï ʢʦʪʠʨʘʥʠ ʮʨʪʝʞ ʩʘ ʜʠʤʝʥʟʠʿʘʤʘ, 

- Dxf ï Corel ʮʨʪʝʞ ʠ 

- Dwg ï AutoCad ʮʨʪʝʞ 

ʊʝʭʥʠʯʢʠ ʧʘʨʘʤʝʪʨʠ ʤʘʰʠʥʝ: 

- ɼʠʤʝʥʟʠʿʘ ʨʘʜʥʝ ʧʦʚʨʰʠʥʝ 2000Ĭ3800 mm, 

- ʄʘʢʩʠʤʘʣʥʘ ʜʝʙˀʠʥʘ ʤʘʪʝʨʠʿʘʣʘ ʿʝ 200 mm ʠ 

- ɱʝʜʥʘ ʨʝʟʥa ʛʣʘʚa. 
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5.5. ʆʧʪʠʯʢʠ ʤʠʢʨʦʩʢʦʧ (ʤʝʪʘʣʫʨʰʢʠ) 

ɿʘ ʘʥʘʣʠʟʫ ʧʦʚʨʰʠʥʘ ʧʨʠʧʨʝʤˀʝʥʠʭ ʫʟʦʨʘʢʘ, ʠ ʘʥʘʣʠʟʫ ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ ʜʚʘ ʯʝʣʠʢʘ 

ʢʦʨʠʰ˂ʝʥʠ ʩʫ ʦʧʪʠʯʢʠ ʤʠʢʨʦʩʢʦʧʠ (ʩʣʠʢʘ 5.8). ʄʝʪʘʣʫʨʰʢʠ ʤʠʢʨʦʩʢʦʧʠ ĂMT8500ò 

ʧʨʦʠʟʚʦʹʘʯʘ ĂMEIJITechnoò ʥʘ ʬʘʢʫʣʪʝʪʫ ʠʥʞʝˁʝʨʩʢʠʭ ʥʘʫʢʘ ʫ ʂʨʘʛʫʿʝʚʮʫ ʠ ʦʧʪʠʯʢʠ 

ʤʠʢʨʦʩʢʦʧ ʪʠʧʘ ñLeitz Metalloplanò, ʦʧʨʝʤˀʝʥ ʢʘʤʝʨʦʤ ĂDFC 295ò ʠ ʩʦʬʪʚʝʨʦʤ ʟʘ 

ʦʙʨʘʜʫ ʩʣʠʢʝ ĂLAS 4.3.1ò. ɺʦʿʥʦʪʝʭʥʠʯʢʦʛ ʠʥʩʪʠʪʫʪʘ ʫ ɹʝʦʛʨʘʜʫ, ʩʫ ʤʠʢʨʦʩʢʦʧʠ 

ʧʨʠʣʘʛʦʹʝʥʠ ʨʘʜʫ ʫʟ ʧʦʤʦ˂ ʨʘʯʫʥʘʨʘ. ʄʠʢʨʦʩʢʦʧʠ ʧʦʩʝʜʫʿʫ ʩʦʧʩʪʚʝʥʠʤ ʰʪʝʣʫʿʫ˂ʠ 

ʠʣʫʤʠʥʘʪʦʨ, ʢʘʤʝʨʫ ʚʠʩʦʢʝ ʨʝʟʦʣʫʮʠʿʝ, ʦʙʿʝʢʪʠʚʝ ʨʘʟʣʠʯʠʪʠʭ ʫʚʝ˂ʘˁʘ Ĭ5, Ĭ10, Ĭ20, Ĭ50 

ʠĬ100 ʠ ʬʠʣʪʝʨʝ, ʢʦʿʠ ʩʝ ʤʦʛʫ ʧʨʠʣʘʛʦʜʠʪʠ ʠ ʧʦʙʦˀʰʘʪʠ ʧʨʠʢʘʟ ʠʩʧʠʪʠʚʘʥʠʭ ʧʦʚʨʰʠʥʘ. 

ʆʧʨʝʤˀʝʥʠ ʩʫ ʧʦʢʨʝʪʥʠʤ ʨʘʜʥʠʤ ʩʪʦʣʦʚʠʤʘ, ʢʦʿʠ ʦʤʦʛʫ˂ʘʚʘʿʫ ʧʦʤʝʨʘˁʝ ʫʟʦʨʘʢʘ ʜʫʞ X 

ʠ Y ʦʩʝ ʫʟ ʧʦʤʦ˂ ʟʘʚʨʪˁʘ. 

ʇʨʘʪʝ˂ʠ ʩʦʬʪʚʝʨ ʥʫʜʠ ʚʝʣʠʢʠ ʙʨʦʿ ʤʦʛʫ˂ʥʦʩʪʠ ʟʘ ʦʙʨʘʜʫ ʠ ʘʥʘʣʠʟʫ ʜʦʙʠʿʝʥʠʭ 

ʬʦʪʦʛʨʘʬʠʿʘ. ʂʘʣʠʙʨʘʮʠʿʘ ʤʠʢʨʦʩʢʦʧʘ ʩʝ ʦʩʪʚʘʨʫʿʝ ʥʘ ʦʩʥʦʚʫ ʬʦʪʦʛʨʘʬʠʿʝ (ʣʝˁʠʨʘ 

ʧʦʟʥʘʪʠʭ ʜʠʤʝʥʟʠʿʘ). ʅʘʢʦʥ ʢʘʣʠʙʨʘʮʠʿʝ ʤʦʛʫ˂ʝ ʿʝ ʤʝʨʝˁʝ ʨʘʟʥʠʭ ʤʠʢʨʦ ʢʦʥʩʪʠʪʫʝʥʘʪʘ 

ʠ ʬʘʟʘ ʫ ʩʪʨʫʢʪʫʨʠ. ʄʝʨʝˁʘ ʤʦʛʫ ʙʠʪʠ ʫ ʧʦʛʣʝʜʫ ʣʠʥʠʿʩʢʠʭ ʠ ʧʦʚʨʰʠʥʩʢʠʭ ʜʠʤʝʥʟʠʿʘ, 

ʧʨʠ ʯʝʤʫ ʿʝ ʤʦʛʫ˂ʝ ʠʟʚʨʰʠʪʠ ʤʝʨʝˁʘ ʧʦʚʨʰʠʥʘ ʥʝʧʨʘʚʠʣʥʠʭ ʦʙʣʠʢʘ. 

  

ʉʣʠʢʘ 5.8. ĂMEIJI Technoñ ʤʝʪʘʣʫʨʰʢʠ ʤʠʢʨʦʩʢʦʧʠ (ʣʝʚʦ), ʦʧʪʠʯʢʠ ʤʠʢʨʦʩʢʦʧ ĂLeitz 

Metalloplanñ (ʜʝʩʥʦ). 

 

5.6. ʂʘʚʠʪʘʮʠʦʥʦ ʭʘʙʘˁʝ - ʠʩʧʠʪʠʚʘˁʝ 

ʌʝʥʦʤʝʥ ʢʦʿʠ ʩʝ ʿʘʚˀʘ ʫ ʪʦʢʫ ʢʘʚʠʪʘʮʠʦʥʝ ʝʨʦʟʠʿʝ ʫʢˀʫʯʫʿʝ ʧʨʦʮʝʩ ʥʘʩʪʘʿʘˁʘ, ʨʘʩʪʘ ʠ 

ʢʦʥʜʝʥʟʘʮʠʿʝ ʤʝʭʫʨʘ ʫʥʫʪʘʨ ʬʣʫʠʜʘ. ʂʘʚʠʪʘʮʠʿʘ ʩʝ ʿʘʚˀʘ ʫ ʩʣʫʯʘʿʫ ʧʘʜʘ ʧʨʠʪʠʩʢʘ. 

ʉʤʘˁʝˁʝʤ ʧʨʠʪʠʩʢʘ ʠʩʧʦʜ ʢʨʠʪʠʯʥʝ ʚʨʝʜʥʦʩʪ ʠʩʧʘʨʘʚʘˁʘ ʪʝʯʥʦʩʪʠ ʧʨʠ ʢʦʥʩʪʘʥʪʥʦʿ 

ʪʝʤʧʝʨʘʪʫʨʠ, ʜʦʣʘʟʠ ʜʦ ʧʦʿʘʚʝ ʩʪʚʘʨʘˁʘ ʤʝʭʫʨʘ ʠ ʪʘʿ ʪʨʝʥʫʪʘʢ ʩʝ ʩʤʘʪʨʘ ʧʦʯʝʪʢʦʤ 

ʥʘʩʪʘʿʘˁʘ ʢʘʚʠʪʘʮʠʦʥʦʛ ʝʬʝʢʪʘ. ʉʥʠʞʘʚʘˁʝ ʧʨʠʪʠʩʢʘ ʩʝ ʤʦʞʝ ʦʩʪʚʘʨʠʪʠ ʧʨʝʢʦʤʝʨʥʠʤ 

ʧʘʜʦʤ ʧʨʠʪʠʩʢʘ, ʣʦʢʘʣʥʠʤ ʫʙʨʟʘˁʝʤ ʩʪʨʫʿʘˁʘ ʬʣʫʠʜʘ ʠʪʜ. ʋʙʨʟʘˁʝʤ ʩʪʨʫʿʝ ʬʣʫʠʜʘ ʥʘ 

ʙʠʣʦ ʢʦʿʠ ʥʘʯʠʥ, ʙʨʟʠʥʘ ʩʪʨʫʿʘˁʘ ʨʘʩʪʝ, ʢʦʿʘ ʟʘ ʧʦʩʣʝʜʠʮʫ ʠʤʘ ʧʘʜ ʧʨʠʪʠʩʢʘ, ʯʠʤʝ ʩʝ 

ʩʪʚʘʨʘ ʿʝʜʘʥ ʦʜ ʦʩʥʦʚʥʠʭ ʫʩʣʦʚʘ ʟʘ ʥʘʩʪʘʿʘˁʝ ʢʘʚʠʪʘʮʠʦʥʦʛ ʤʝʭʫʨʠ˂ʘ. ʉʪʨʫʿʥʠ ʪʦʢ 

ʬʣʫʠʜʘ ʩʘ ʩʦʙʦʤ ʥʦʩʠ ʥʘʩʪʘʣʝ ʤʝʭʫʨʠ˂ʝ ʧʘʨʝ. ʋ ʪʦʢʫ ʩʚʦʛ ʢʨʝʪʘˁʘ, ʘʢʦ ʜʦʹʫ ʫ ʧʦˀʝ 

ʧʦʚʝ˂ʘʥʦʛ ʧʨʠʪʠʩʢʘ ʫʩʣʦʚʠ ʟʘ ʦʜʨʞʘˁʝ ʤʝʭʫʨʠ˂ʘ ʚʠʰʝ ʥʠʩʫ ʠʩʧʫˁʝʥʠ ʠ ʜʦʣʘʟʠ ʜʦ 

ʢʦʥʜʝʥʟʘʮʠʿʝ ʠʩʪʠʭ. ʋ ʩʣʫʯʘʿʫ ʜʘ ʩʝ ʢʦʥʜʝʥʟʘʮʠʿʘ ʜʝʰʘʚʘ ʫ ʙʣʠʟʠʥʠ ʠʣʠ ʥʘ ʧʦʚʨʰʠʥʠ 

ʯʚʨʩʪʦʛ ʪʝʣʘ ʜʦʣʘʟʠ ʜʦ ʧʦʿʘʚʝ ʝʨʦʟʠʿʝ ʠ ʨʘʟʘʨʘˁʘ ʤʘʪʝʨʠʿʘʣʘ. ʇʨʦʮʝʩ ʢʦʿʠʤ ʩʝ ʤʘʪʝʨʠʿʘʣ 
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ʦʜʚʘʿʘ ʦʜ ʯʚʨʩʪʝ ʧʦʚʨʰʠʥʝ ʥʘʟʠʚʘ ʩʝ ʢʘʚʠʪʘʮʠʦʥʘ ʝʨʦʟʠʿʘ, ʘ ʥʘʩʪʘʣʦ ʦʰʪʝ˂ʝˁʝ 

ʢʘʚʠʪʘʮʠʦʥʦ ʦʰʪʝ˂ʝˁʝ. ʄʝʭʫʨʠ˂ʠ ʧʘʨʝ ʢʦʿʠ ʩʝ ʥʘʣʘʟʝ ʥʘ ʧʦʚʨʰʠʥʠ ʬʣʫʠʜʘ, ʧʫʮʘʿʫ ʠ 

ʠʟʙʘʮʫʿʫ ʧʘʨʫ ʫ ʩʣʦʙʦʜʘʥ ʧʨʦʩʪʦʨ. ʂʘʚʠʪʘʮʠʦʥʘ ʝʨʦʟʠʿʘ ʩʝ ʿʘʚˀʘ ʫ ʩʣʫʯʘʿʫ ʢʘʜʘ ʧʨʠʪʠʩʘʢ 

ʧʘʜʥʝ ʥʘ ʚʨʝʜʥʦʩʪ ʧʨʠʪʠʩʢʘ ʥʘ ʢʦʿʦʿ ʩʝ ʿʘʚˀʘ ʠʩʧʘʨʘʚʘˁʝ ʬʣʫʠʜʘ ʠʣʠ ʪʝʯʥʦʩʪʠ, ʧʨʠ 

ʢʦʥʩʪʘʥʪʥʦʿ ʪʝʤʧʝʨʘʪʫʨʠ, (ʩʣʠʢʘ 5.9). 

 

ʉʣʠʢʘ 5.9. ʌʘʟʥʠ ʜʠʿʘʛʨʘʤ ʬʣʫʠʜʘ 

ʋ ʧʨʠʩʫʩʪʚʫ ʥʫʢʣʝʫʩʘ, ʜʦʣʘʟʠ ʜʦ ʧʦʿʘʚʝ ʤʝʭʫʨʠ˂ʘ ʧʘʨʝ. ɿʙʦʛ ʧʘʜʘ ʧʨʠʪʠʩʢʘ ʠʩʧʦʜ 

ʢʨʠʪʠʯʥʝ ʚʨʝʜʥʦʩʪʠ, ʤʝʭʫʨʠ˂ʠ ˂ʝ ʧʦʚʝ˂ʘʚʘʪʠ ʩʚʦʿ ʨʘʜʠʿʫʩ ʩʚʝ ʜʦʢ ʧʨʠʪʠʩʘʢ ʥʝ ʜʦʩʪʠʛʥʝ 

ʚʨʝʜʥʦʩʪ ʿʝʜʥʘʢ ʧʨʠʪʠʩʢʫ ʧʘʨʝ. ɿʙʦʛ ʪʦʢʘ ʬʣʫʠʜʘ ʤʝʭʫʨʠ˂ ʤʦʞʝ ʥʘʠ˂ʠ ʥʘ ʟʦʥʫ ʫ ʢʦʿʦʿ ʿʝ 

ʧʨʠʪʠʩʘʢ ʚʝ˂ʠ ʦʜ ʧʨʠʪʠʩʢʘ ʧʘʨʝ. ʋ ʪʦʿ ʟʦʥʠ ˂ʝ ʜʦ˂ʠ ʜʦ ʥʘʨʫʰʘʚʘˁʘ ʨʘʚʥʦʪʝʞʝ ʤʝʭʫʨʠ˂ʘ, 

ʢʦʿʠ ˂ʝ ʫʙʨʟʦ ʟʙʦʛ ʪʘʢʚʦʛ ʩʪʘˁʘ ʢʦʥʜʝʥʟʦʚʘʪʠ ʫ ʢʘʧˀʠʮʝ ʠ ʠʤʧʣʦʜʠʨʘʪʠ. ʅʘʩʪʘʣʘ 

ʠʤʧʣʦʟʠʿʘ ʿʝ ʩʫʧʨʦʪʘʥ ʧʨʦʮʝʩʫ ʝʢʩʧʣʦʟʠʿʠ. ʇʦʿʘʚʘ ʿʝ ʥʘʛʣʘ ʠ ʜʠʥʘʤʠʯʥʘ ʧʨʘ˂ʝʥʘ ʿʝ ʙʫʢʦʤ, 

ʚʠʙʨʘʮʠʿʦʤ ʠ ʤʦʛʫ˂ʠʤ ʝʨʦʟʠʚʥʠʤ ʜʝʿʩʪʚʦʤ ʫ ʙʣʠʟʠʥʠ ʤʝʩʪʘ ʥʘ ʢʦʿʠʤʘ ʩʝ ʥʘʣʘʟʠ.  

ʊʨʠ ʦʩʥʦʚʥʘ ʫʩʣʦʚʘ ʥʝʦʧʭʦʜʥʘ ʟʘ ʥʘʩʪʘʥʘʢ ʢʘʚʠʪʘʮʠʦʥʝ ʝʨʦʟʠʿʝ ʩʫ: 

1. ʇʦʩʪʦʿʘˁʝ ʥʫʢʣʝʫʩʘ ʫ ʩʠʩʪʝʤʫ ʯʠʿʝ ʿʝ ʧʨʠʩʫʩʪʚʦ ʦʩʥʦʚʘ ʟʘ ʥʘʩʪʘʥʘʢ ʧʘʨʝ ʠʟ 
ʪʝʯʥʦʩʪʠ, 

2. ʋ ʪʝʯʥʦʩʪʠ ʩʝ ʤʦʨʘ, ʙʘʨ ʥʘ ʪʨʝʥʫʪʘʢ ʦʩʪʚʘʨʠʪʠ ʧʨʠʪʠʩʘʢ ʥʠʞʠ ʠʣʠ ʠʩʪʠ ʢʘʦ 

ʧʨʠʪʠʩʘʢ ʥʘ ʢʦʿʝʤ ʜʦʣʘʟʠ ʜʦ ʠʩʧʘʨʘʚʘˁʘ ʪʝʯʥʦʩʪʠ ʠ 

3. ʀʤʧʣʦʟʠʚʥʠ ʝʬʝʢʘʪ ˂ʝ ʩʝ ʿʘʚʠʪʠ ʩʘʤʦ ʫ ʩʣʫʯʘʿʫ ʢʘʜʘ ʿʝ ʧʨʠʪʠʩʘʢ ʧʘʨʥʦʛ ʤʝʭʫʨʘ 
ʤʘˁʠ ʦʜ ʣʦʢʘʣʥʦʛ ʧʨʠʪʠʩʢʘ. 

ʇʦʩʪʦʿʘˁʝ ʪʘʢʦʟʚʘʥʠʭ Ăʩʣʘʙʠʭ ʤʝʩʪʘñ ʫ ʩʪʨʫʿʠ ʪʝʯʥʦʩʪʠ ʜʦʚʦʜʠ ʜʦ ʬʦʨʤʠʨʘˁʘ ʥʫʢʣʝʫʩʘ 

ʰʪʦ ʧʨʝʜʩʪʘʚˁʘ ʠʜʝʘʣʥʝ ʫʩʣʦʚʝ ʟʘ ʧʦʯʝʪʘʢ ʬʦʨʤʠʨʘˁʘ ʢʘʚʠʪʘʮʠʦʥʦʛ ʤʝʭʫʨʠ˂ʘ. 

ʇʦʪʝʥʮʠʿʘʣʥʘ ʤʝʩʪʘ ʟʘ ʬʦʨʤʠʨʘˁʝ ʥʫʢʣʝʫʩʘ ʤʝʭʫʨʠ˂ʘ ʩʫ: ʠʚʠʯʥʝ ʟʦʥʝ ʯʚʨʩʪʝ ʧʦʚʨʰʠʥʝ 

ʢʦʿʘ ʩʫ ʫ ʢʦʥʪʘʢʪʫ ʩʘ ʩʪʨʫʿʦʤ ʬʣʫʠʜʘ, ʧʨʠʩʫʩʪʚʦ ʘʙʨʘʟʠʚʥʠʭ ʯʝʩʪʠʮʘ, ʥʝʨʘʩʪʚʦʨʠʚʠ 

ʛʘʩʦʚʠ ʫ ʪʝʯʥʦʩʪʠ, ʥʝʯʠʩʪʦ˂ʝ, ʠʪʜ. 

ʂʘʦ ʰʪʦ ʿʝ ʨʘʥʠʿʝ ʥʘʚʝʜʝʥʦ ʥʘʩʪʘʣʠ ʤʝʭʫʨʠ ʩʝ ʤʝʰʘʿʫ ʩʘ ʬʣʫʠʜʦʤ, ʢʨʝ˂ʫ ʩʝ ʠ 

ʝʢʩʧʣʦʟʠʚʥʦ ʨʘʩʪʫ ʩʚʝ ʜʦʢ ʥʝ ʜʦʹʫ ʫ ʟʦʥʫ ʚʠʩʦʢʦʛ ʧʨʠʪʠʩʢʘ, ʦʜʥʦʩʥʦ ʢʘʜʘ ʧʨʠʪʠʩʘʢ 

ʫʥʫʪʘʨ ʤʝʭʫʨʘ ʧʦʩʪʘʥʝ ʤʘˁʠ ʦʜ ʣʦʢʘʣʥʦʛ ʧʨʠʪʠʩʢʘ ʬʣʫʠʜʘ. ʄʝʭʫʨʠ ʩʝ ʥʘʛʣʦ ʢʦʥʜʝʥʟʫʿʫ 

ʠ ʧʨʝʣʘʟʝ ʫ ʢʘʧʠ ʢʦʿʝ ʚʝʣʠʢʦʤ ʙʨʟʠʥʦʤ ʫʜʘʨʘʿʫ ʦ ʯʚʨʩʪʫ ʧʦʚʨʰʠʥʫ ʥʘ ʢʦʿʫ ʥʘʠʹʫ 

(Dojļinoviĺ, 2013), (Franc, 2004). 

ʀʤʧʣʦʟʠʚʥʠ ʝʬʝʢʘʪ ʿʝ ʚʝʦʤʘ ʜʠʥʘʤʠʯʘʥ, ʧʨʠ ʯʝʤʫ ʜʫʞʠʤ ʠʟʣʘʛʘˁʝʤ ʤʦʞʝ ʜʦ˂ʠ ʜʦ 

ʩʪʚʘʨʘˁʘ ʚʝʣʠʢʠʭ ʦʰʪʝ˂ʝˁʘ ʧʦʚʨʰʠʥʝ ʢʦʿʘ ʿʝ ʫ ʢʦʥʪʘʢʪʫ ʩʘ ʪʝʯʥʦʰ˂ʫ. 

ʂʘʚʠʪʘʮʠʿʘ 

ʂˀʫʯʘˁʝ 

ʊʝʯʥʦʩʪ 

ʃʝʜ 
ʇʘʨʘ 
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ʂʘʚʠʪʘʮʠʦʥʘ ʝʨʦʟʠʿʘ ʩʝ ʥʘʿʯʝʰ˂ʝ ʿʘʚˀʘ ʫ ʙʣʠʟʠʥʠ ʤʝʩʪʘ ʥʘ ʢʦʿʠʤʘ ʜʦʣʘʟʠ ʜʦ ʧʨʦʤʝʥʝ 

ʧʨʠʪʠʩʢʘ, ʧʨʦʫʟʨʦʢʦʚʘʥʠʭ ʪʝʨʤʘʣʥʠʤ ʜʠʣʘʪʘʮʠʿʘʤʘ ʠʣʠ ʚʝʦʤʘ ʤʘʣʠʤ ʩʪʝʧʝʥʦʤ 

ʥʝʩʪʘʙʠʣʥʦʩʪʠ ʧʨʠʪʠʩʢʘ ʪʝʯʥʦʩʪʠ. ʊʘʢʚʘ ʤʝʩʪʘ ʧʦʩʪʘʿʫ ʥʫʢʣʝʫʩʠ ʟʘ ʩʪʚʘʨʘˁʝ ʤʝʭʫʨʘ 

ʫʥʫʪʘʨ ʩʪʨʫʿʝ ʪʝʯʥʦʩʪʠ. ʅʘ ʦʚʘʿ ʥʘʯʠʥ ʩʪʚʘʨʘ ʩʝ ʭʦʤʦʛʝʥʘ ʥʫʢʣʝʘʮʠʿʘ ʟʘ ʢʦʿʫ ʿʝ ʥʝʦʧʭʦʜʥʘ 

ʚʝʦʤʘ ʯʠʩʪʘ ʪʝʯʥʦʩʪ, ʙʝʟ ʥʝʨʘʩʪʚʦʨʠʚʠʭ ʛʘʩʦʚʘ, ʧʨʠʤʝʩʘ ʥʝʯʠʩʪʦ˂ʘ ʠ ʫʢˀʫʯʘʢʘ. ʋ ʚʝ˂ʠʥʠ 

ʩʣʫʯʘʿʝʚʘ ʥʠʿʝ ʦʩʪʚʘʨʝʥ ʟʘʜʦʚʦˀʘʚʘʿʫ˂ʠ ʥʠʚʦ ʯʠʩʪʦ˂ʝ ʪʝʯʥʦʩʪʠ, ʪʘʢʦ ʜʘ ʿʝ ʭʦʤʦʛʝʥʘ 

ʥʫʢʣʝʘʮʠʿʘ ʚʝʦʤʘ ʪʝʰʢʦ ʦʩʪʚʘʨʠʚʘ (Dojļinoviĺ, 2013). 

ʉʪʚʦʨʝʥʠ ʤʝʭʫʨʠ ʨʘʩʪʫ ʫ ʪʝʯʥʦʩʪʠ, ʩʚʝ ʜʦʢ ʩʝ ʨʘʩʪ ʥʝ ʟʘʫʩʪʘʚʠ ʠʟʿʝʜʥʘʯʘʚʘˁʝʤ ʧʨʠʪʠʩʢʘ 

ʤʝʭʫʨʠ˂ʘ ʠ ʦʢʦʣʥʝ ʪʝʯʥʦʩʪʠ. ʋ ʨʝʘʣʥʠʤ ʫʩʣʦʚʠʤʘ, ʟʙʦʛ ʚʝʣʠʢʝ ʙʨʟʠʥʝ ʠ/ʠʣʠ ʝʬʝʢʪʘ 

ʠʥʝʨʪʥʦʩʪʠ ʬʣʫʠʜʘ, ʤʝʭʫʨ ʤʦʞʝ ʧʨʝʢʦʤʝʨʥʦ ʫʚʝ˂ʘʪʠ ʩʚʦʿ ʨʘʜʠʿʫʩ, ʠ ʧʦʥʦʚʥʠʤ ʫʣʘʩʢʦʤ 

ʫ ʦʙʣʘʩʪ ʧʦʚʠʰʝʥʦʛ ʧʨʠʪʠʩʢʘ ʪʝʯʥʦʩʪʠ, ʫʩʣʝʜ ʨʘʟʣʠʢʝ ʧʨʠʪʠʩʢʘ, ʜʦ˂ʠ ˂ʝ ʜʦ ˁʝʛʦʚʦʛ 

ʩʥʘʞʥʦʛ ʢʦʣʘʧʩʘ. ʆʚʘʢʚʠ ʢʦʣʘʧʩʠ ʯʝʩʪʦ ʩʫ ʧʦʚʝʟʘʥʠ ʩʘ ʬʦʨʤʠʨʘˁʝʤ ʤʠʢʨʦ ʤʣʘʟʘ ʚʝʣʠʢʝ 

ʙʨʟʠʥʝ ʠ ʠʥʪʝʥʟʠʚʥʠʭ ʫʜʘʨʥʠʭ ʪʘʣʘʩʘ (Dojļinoviĺ, 2013) (Franc, 2004). 

ʊʨʠ ʪʠʧʠʯʥʘ ʩʣʫʯʘʿʘ ʠʤʧʣʦʟʠʿʝ ʤʝʭʫʨʘ (ASTMG32-10, 2010), ʧʨʠʢʘʟʘʥʘ ʩʫ ʥʘ ʩʣʠʮʠ 5.10. 

 

ʉʣʠʢʘ 5.10. ʇʨʠʢʘʟ ʠʤʧʣʦʟʠʿʝ ʤʝʭʫʨʘ (ASTMG32-10, 2010). 

ʋʟʘʩʪʦʧʥʠʤ ʙʨʟʠʤ ʜʝʿʩʪʚʦʤ ʢʘʚʠʪʘʮʠʦʥʠʭ ʤʝʭʫʨʠ˂ʘ ʢʦʿʠ ʨʘʩʪʫ ʠ ʠʤʧʣʦʜʠʨʘʿʫ ʜʦʣʘʟʠ ʜʦ 

ʥʘʩʪʘʥʢʘ ʤʠʢʨʦ ʤʣʘʟʝʚʘ, ʢʦʿʠ ʫʜʘʨʘʿʫ ʫ ʧʦʚʨʰʠʥʫ ʠ ʩʪʚʘʨʘʿʫ ʚʠʩʦʢʠ ʧʨʠʪʠʩʘʢ ʠ 

ʪʝʤʧʝʨʘʪʫʨʫ, ʰʪʦ ʜʘˀʝ ʫʟʨʦʢʫʿʝ ʝʨʦʟʠʿʫ ʠʣʠ ʢʘʚʠʪʘʮʠʦʥʦ ʨʘʟʘʨʘˁʝ. 

ʂʘʚʠʪʘʮʠʦʥʦ ʨʘʟʘʨʘˁʝ ʫ ʩʣʫʯʘʿʫ ʧʦʥʦʚˀʝʥʠʭ ʠʤʧʫʣʩʥʠʭ ʫʜʘʨʘ ʠʤʘ ʢʘʨʘʢʪʝʨ ʟʘʤʦʨʘ 

ʤʘʪʝʨʠʿʘʣʘ. ʅʘ ʩʣʠʮʠ 5.11. ʩʫ ʧʨʠʢʘʟʘʥʘ ʯʝʪʠʨʠ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʘ ʧʝʨʠʦʜʘ ʢʘʚʠʪʘʮʠʦʥʦʛ 

ʨʘʟʘʨʘˁʘ ʤʘʪʝʨʠʿʘʣʘ. 

 

ʉʣʠʢʘ 5.11. ʂʘʨʘʢʪʝʨʠʩʪʠʯʥʘ ʢʨʠʚʘ ʢʘʚʠʪʘʮʠʦʥʦʛ ʨʘʟʘʨʘˁʘ (Dojļinoviĺ 2013), 

(Dojļinoviĺ 2007), (Okada 1990). 
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ʇʨʚʠ ʧʝʨʠʦʜ (t0) ʧʨʝʜʩʪʘʚˀʝʥ ʿʝ ʢʘʦ ʠʥʢʫʙʘʮʠʦʥʠ ʧʝʨʠʦʜ. ʋ ʦʚʦʤ ʧʝʨʠʦʜʫ ʥʝʤʘ ʛʫʙʠʪʢʘ 

ʤʘʩʝ, ʘ ʢʠʥʝʪʠʯʢʘ ʝʥʝʨʛʠʿʘ ʤʠʢʨʦ ʤʣʘʟʝʚʘ ʩʝ ʪʨʦʰʠ ʥʘ ʧʣʘʩʪʠʯʥʫ ʜʝʬʦʨʤʘʮʠʿʫ 

ʤʘʪʝʨʠʿʘʣʘ ʩʘ ʧʨʠʤʝʪʥʦʤ ʧʦʿʘʚʦʤ ʤʠʢʨʦ ʠ ʤʘʢʨʦ ʨʝˀʝʬʘ. ʊʦʢʦʤ ʦʚʦʛ ʧʝʨʠʦʜʘ, ʿʘʚˀʘʿʫ 

ʩʝ ʥʝʟʥʘʪʥʘ ʧʦʚʨʰʠʥʩʢʘ ʦʰʪʝ˂ʝˁʘ ʠʣʠ ʿʘʤʠʮʝ (Aleksiĺ, 2021). 

ɼʨʫʛʠ ʧʝʨʠʦʜ (t1) ʧʨʝʜʩʪʘʚˀʘ ʧʝʨʠʦʜ ʧʦʯʝʪʢʘ ʥʝʟʥʘʪʥʦʛ ʨʘʟʘʨʘˁʘ ʧʦʚʨʰʠʥʩʢʦʛ ʩʣʦʿʘ 

ʤʘʪʝʨʠʿʘʣʘ ʢʦʿʘ ʩʫ ʧʨʘ˂ʝʥʘ ʤʠʥʠʤʘʣʥʠʤ ʛʫʙʠʪʢʦʤ ʤʘʩʝ. ʂʘʜʘ ʩʝ ʜʦʩʪʠʛʥʝ ʛʨʘʥʠʮʘ 

ʜʝʬʦʨʤʘʮʠʦʥʦʛ ʦʿʘʯʘʚʘˁʘ, ʢʦʥʪʠʥʫʠʨʘʥʘ ʧʣʘʩʪʠʯʥʘ ʜʝʬʦʨʤʘʮʠʿʘ ʚʦʜʠ ʢʘ ʝʨʦʟʠʿʠ 

ʤʘʪʝʨʠʿʘʣʘ ʠ ʥʘʩʪʘʿʘˁʫ ʠ ʰʠʨʝˁʫ ʧʨʩʣʠʥʘ ʙʣʠʟʫ ʧʦʚʨʰʠʥʝ, ʰʪʦ ʟʘ ʧʦʩʣʝʜʠʮʫ ʠʤʘ 

ʫʢʣʘˁʘˁʝ ʤʘʪʝʨʠʿʘʣʘ, ʦʜʥʦʩʥʦ ʜʦʣʘʟʠ ʜʦ ʧʦʿʘʚʝ ʛʫʙʠʪʢʘ ʤʘʩʝ ʤʘʪʝʨʠʿʘʣʘ. ʆʰʪʝ˂ʝʥʘ 

ʧʦʚʨʰʠʥʘ ʧʦʩʪʘʿʝ ʭʨʘʧʘʚʠʿʘ, ʩʘ ʚʝʣʠʢʠʤ ʙʨʦʿʝʤ ʤʘʣʠʭ ʫʜʫʙˀʝˁʘ ʠʣʠ ʿʘʤʠʮʘ (Aleksiĺ, 

2021). 

ʊʨʝ˂ʠ ʧʝʨʠʦʜ (t2) ʧʦʯʠˁʝ ʠʥʪʝʟʠʚʠʨʘˁʝʤ ʜʝʿʩʪʚʘ ʠʟ ʧʨʝʪʭʦʜʥʦʛ ʧʝʨʠʦʜʘ, ʧʨʘ˂ʝʥʦʛ 

ʠʟʨʘʞʝʥʠʤ ʛʫʙʠʪʢʦʤ ʤʘʩʝ. ʉʠʪʥʠ ʢʨʘʪʝʨʠ ʥʘʩʪʘʣʠ ʫ ʧʨʝʪʭʦʜʥʦʤ ʧʝʨʠʦʜʫ ʩʝ ʩʧʘʿʘʿʫ 

ʦʙʨʘʟʫʿʫ˂ʠ ʯʠʪʘʚʝ ʿʘʤʝ ʥʘ ʧʦʚʨʰʠʥʩʢʦʤ ʩʣʦʿʫ ʠʟʣʦʞʝʥʦʤ ʜʝʿʩʪʚʫ ʢʘʚʠʪʘʮʠʿʝ. ɹʨʟʠʥʘ 

ʢʘʚʠʪʘʮʠʦʥʝ ʝʨʦʟʠʿʝ ʤʦʞʝ ʩʝ ʧʦʚʝ˂ʘʚʘʪʠ ʜʦ ʤʘʢʩʠʤʘʣʥʝ ʚʨʝʜʥʦʩʪʠ ʟʙʦʛ ʜʝʬʦʨʤʘʮʠʦʥʦʛ 

ʦʘʿʯʘʚʘˁʘ ʧʦʚʨʰʠʥʝ ʠ ʨʘʟʚʦʿʘ ʧʨʩʣʠʥʘ. ʉʪʝʧʝʥ ʧʦʚʝ˂ʘˁʘ ʙʨʟʠʥʝ ʟʘʚʠʩʠ˂ʝ ʦʜ ʚʨʩʪʝ 

ʤʘʪʝʨʠʿʘʣʘ ʠ ʫʩʣʦʚʘ ʢʘʚʠʪʘʮʠʦʥʝ ʝʨʦʟʠʿʝ. ʂʘʜʘ ʧʦʯʥʝ ʛʫʙʠʪʘʢ ʤʘʩʝ, ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ 

ʧʦʚʨʰʠʥʝ ʩʝ ʤʝˁʘʿʫ, ʿʘʚˀʘʿʫ ʩʝ ʧʫʢʦʪʠʥʝ, ʜʫʙʦʢʝ ʿʘʤʝ ʠ ʟʘʤʦʨ ʧʦʩʪʘʿʝ ʦʯʠʛʣʝʜʥʠʿʠ 

(Aleksiĺ, 2021). 

ʏʝʪʚʨʪʠ ʧʝʨʠʦʜ (t3) ʿʝ ʧʝʨʠʦʜ ʫ ʢʦʤʝ ʩʝ ʩʪʚʘʨʘʿʫ ʿʘʤʠʮʝ ʢʦʿʝ ʩʚʦʿʠʤ ʨʘʩʪʦʤ ʧʨʝʣʘʟʝ ʫ 

ʦʙʣʠʢ ʢʨʘʪʝʨʘ ʥʘ ʧʦʚʨʰʠʥʠ ʠʟʣʦʞʝʥʦʿ ʜʝʿʩʪʚʫ ʢʘʚʠʪʘʮʠʿʝ ʘʣʠ ʩʘ ʧʦʩʪʝʧʝʥʠʤ ʩʤʘˁʝˁʝʤ 

ʠʥʪʝʥʟʠʪʝʪʘ. ʉʤʘˁʝˁʝ ʙʨʟʠʥʝ ʢʘʚʠʪʘʮʠʦʥʝ ʝʨʦʟʠʿʝ ʪʦʢʦʤ ʦʚʦʛ ʧʝʨʠʦʜʘ ʟʘʚʠʩʠ ʦʜ 

ʩʚʦʿʩʪʚʘ ʤʘʪʝʨʠʿʘʣʘ, ʤʝʹʫʩʦʙʥʦʛ ʜʝʩʿʪʚʘ ʩʪʨʫʿʝ ʪʝʯʥʦʩʪʠ ʠ ʧʦʭʘʙʘʥʝ ʧʦʚʨʰʠʥʝ ʧʨʝʢʦ 

ʧʨʦʮʝʩʘ ʨʘʚʥʘˁʘ (Aleksiĺ, 2021). 

ʀʩʧʠʪʠʚʘˁʝ ʢʘʚʠʪʘʮʠʦʥʝ ʦʪʧʦʨʥʦʩʪʠ ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ ʠʟʚʨʰʠ˂ʝ ʩʝ ʫʨʝʹʘʿʝʤ, ĂBandelin 

Sonopuls HD4100ñ ʧʨʠʢʘʟʘʥʠʤ ʥʘ ʩʣʠʮʠ 5.12. ʆʩʥʦʚʥʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʫʨʝʹʘʿʘ ʩʫ 

ʧʨʠʢʘʟʘʥʝ ʫ ʪʘʙʝʣʠ 5.2: 

ʊʘʙʝʣʘ 5.2. ʆʩʦʚʥʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʫʨʝʹʘʿʘ ĂHD4100ñ. 

ɱʘʯʠʥʘ ʟʚʫʢʘ, l 3-50 

ʅʘʟʠʚʥʘ ʫʣʪʨʘʟʚʫʯʥʘ ʩʥʘʛʘ, W 100 

ʋʣʪʨʘʟʚʫʯʥʘ ʬʨʝʢʚʝʥʮʠʿʘ, kHz 20 

ʇʨʝʯʥʠʢ ʩʦʥʦʪʨʦʜʝ, mm 11,3 

ɼʫʞʠʥʘ ʩʦʥʜʝ, mm 147 

ʇʦʜʝʰʘʚʘˁʝ ʚʨʝʤʝʥʘ, min 9h: 59 min: 59 s ʠʣʠ ʢʦʥʪʠʥʫʠʨʘʥʠ ʨʘʜ 

ɺʨʝʤʝʥʘ ʧʫʣʩʠʨʘˁʘ, t 
ʈʘʜʥʠ ʠʥʪʝʨʚʘʣʠ 0,2600 s 

ʀʥʪʝʨʚʘʣʠ ʦʜʤʦʨʘ 0,3600 s 

ʇʨʠʢˀʫʯaʢ ʪʨʫʙʝ M 10 

ɸʤʧʣʠʪʫʜʘ, ɛm 118 
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ʉʣʠʢʘ 5.12. ʀʟʛʣʝʜ ʫʨʝʹʘʿʘ (ʣʝʚʦ), ʰʝʤʘʪʩʢʠ ʧʨʠʢʘʟ ʫʨʝʹʘʿʘ (ʜʝʩʥʦ) (Dojcinoviĺ, 2008), 

(ASTM G 32 ï 03, 2023). 

ʆʪʧʦʨʥʦʩʪ ʤʘʪʝʨʠʿʘʣʘ ʥʘ ʜʝʿʩʪʚʦ ʢʘʚʠʪʘʮʠʿʝ, ʤʝˁʘ ʩʝ ʫ ʰʠʨʦʢʠʤ ʛʨʘʥʠʮʘʤʘ. ɼʝʿʩʪʚʦ 

ʢʘʚʠʪʘʮʠʦʥʝ ʝʨʦʟʠʿʝ ʥʘ ʤʘʪʝʨʠʿʘʣ ʟʘʚʠʩʠ ʦʜ ʬʠʟʠʯʢʦ-ʭʝʤʠʩʿʢʠʭ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ, ʫʩʣʦʚʘ 

ʫ ʢʦʿʠʤʘ ʩʝ ʢʘʚʠʪʘʮʠʿʘ ʦʜʚʠʿʘ ʠ ʦʜ ʩʚʦʿʩʪʚʘ ʪʝʯʥʦʩʪʠ. ʅʘʿʨʝʣʝʚʘʥʪʥʠʿʠ ʨʝʟʫʣʪʘʪʠ 

ʠʩʧʠʪʠʚʘˁʘ ʦʪʧʦʨʥʦʩʪʠ ʤʘʪʝʨʠʿʘʣʘ ʥʘ ʜʝʿʩʪʚʦ ʢʘʚʠʪʘʮʠʿʝ ʩʝ ʜʦʙʠʿʘʿʫ ʥʝʧʦʩʨʝʜʥʦ ʥʘ 

ʦʙʿʝʢʪʠʤʘ, ʦʜʥʦʩʥʦ ʫ ʨʝʘʣʥʠʤ ʫʩʣʦʚʠʤʘ. 

 

5.7. ʉʢʝʥʠʨʘʿʫ˂ʠ ʝʣʝʢʪʨʦʥʩʢʠ ʤʠʢʨʦʩʢʦʧ 

ĂJEOLJSM 6610LVñ ʩʢʝʥʠʨʘʿʫ˂ʠ ʝʣʝʢʪʨʦʥʩʢʠ ʤʠʢʨʦʩʢʦʧ (SEM) (ʩʣʠʢʘ 5.13) ʩʝ ʢʦʨʠʩʪʠ 

ʟʘ ʜʦʙʠʿʘˁʝ ʟʥʘʯʘʿʥʦ ʫʚʝ˂ʘʥʝ ʩʣʠʢʝ ʫʟʦʨʢʘ. ʅʘ ʦʩʥʦʚʫ ʝʤʠʩʠʿʝ ʫʩʢʦʛ ʩʥʦʧʘ ʧʨʠʤʘʨʥʠʭ 

ʝʣʝʢʪʨʦʥʘ, SEM ʧʨʠʢʫʧˀʘ ʠʥʬʦʨʤʘʮʠʿʝ ʠ ʦʤʦʛʫ˂ʘʚʘ ʧʦʩʤʘʪʨʘˁʝ ʫʟʦʨʘʢʘ ʯʠʿʘ ʿʝ 

ʚʝʣʠʯʠʥʘ ʜʘʣʝʢʦ ʠʩʧʦʜ ʚʝʣʠʯʠʥʝ ʤʝʪʘʣʥʦʛ ʟʨʥʘ. ʀʥʪʝʨʘʢʮʠʿʠ ʧʨʠʤʘʨʥʦʛ ʩʥʦʧʘ ʠ 

ʤʦʣʝʢʫʣʘ ʫʟʦʨʢʘ ʜʦʣʘʟʠ ʜʦ ʩʪʚʘʨʘˁʘ Ăʩʠʛʥʘʣʘò ʢʦʿʠ ʩʝ ʜʝʪʝʢʪʫʿʝ. ʉʠʛʥʘʣ ʩʝ ʤʘʧʠʨʘ ʥʘ 

ʝʢʨʘʥʫ (ʤʦʥʠʪʦʨʫ) ï ʩʚʘʢʘ ʪʘʯʢʘ ʠʥʪʝʨʘʢʮʠʿʝ ʦʜʛʦʚʘʨʘ ʧʦʩʝʙʥʦʿ ʩʣʠʮʠ ʥʘ ʝʢʨʘʥʫ. 

ʆʰʪʨʠʥʘ ʩʣʠʢʝ ʟʘʚʠʩʠ ʦʜ ʿʘʯʠʥʝ ʩʠʛʥʘʣʘ ʩʘ ʫʟʦʨʢʘ (ʝʥʝʨʛʠʿʘ ʩʝʢʫʥʜʘʨʥʠʭ ʝʣʝʢʪʨʦʥʘ) 

(ɷʫʥʠ˂, 2015). SEM ʥʘ ʦʩʥʦʚʫ ʨʝʬʣʝʢʪʦʚʘʥʠʭ ʝʣʝʢʪʨʦʥʘ ʤʦʞʝ ʜʦʙʠʪʠ ʠʥʬʦʨʤʘʮʠʿʝ ʦ 

ʪʦʧʦʛʨʘʬʠʿʠ, ʤʦʨʬʦʣʦʛʠʿʠ ʠ ʢʨʠʩʪʘʣʥʦʿ ʩʪʨʫʢʪʫʨʠ ʫʟʦʨʢʘ ʦʜʥʦʩʥʦ ʝʢʩʧʣʦʟʠʚʥʦ 

ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ. 

ɼʦʚʦʜ ʚʦʜʝ 

ʆʜʚʦʜ ʚʦʜʝ ʫ 

ʨʝʟʝʨʚʦʘʨ 

ɺʦʜʝʥʦ ʢʫʧʘʪʠʣʦ 

ɿʦʥʘ ʢʘʚʠʪʘʮʠʿʝ 

ʄʠʣʠʚʦʣʪʤʝʪʘʨ 

ʇʠʝʟʦ ʢʨʠʩʪʘʣ ʟʘ 

ʤʝʨʝˁʝ ʘʤʧʣʠʪʫʜʝ 

ɽʣʝʢʪʨʦʩʪʘʪʠʯʢʠ ʧʨʝʪʚʘʨʘʯ 

ɻʝʥʝʨʘʪʦʨ ʩʪʨʫʿʝ 

ʚʠʩʦʢʝ ʬʨʝʢʚʝʥʮʠʿʝ 
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ʉʣʠʢʘ 5.13. ʉʢʝʥʠʨʘʿʫ˂ʠ ʝʣʝʢʪʨʦʥʩʢʠ ʤʠʢʨʦʩʢʦʧ ĂSEMñ (ʄʘʨʿʘʥʦʚʠ˂, 2022). 

ʆʚʘʿ ʩʢʝʥʠʨʘʿʫ˂ʠ ʝʣʝʢʪʨʦʥʩʢʠ ʤʠʢʨʦʩʢʦʧ ʧʦʩʪʠʞʝ ʚʠʩʦʢʫ ʨʝʟʦʣʫʮʠʿʫ ʩʣʠʢʝ ʩʘ 

ʫʚʝ˂ʘˁʠʤʘ ʜʦ 300.000Ĭ, ʘ ʦʧʨʝʤˀʝʥ ʿʝ ʠ ʩʘ ĂEDSñ ʝʥʝʨʛʝʪʩʢʦ ʜʠʩʧʝʨʟʠʚʥʠʤ 

ʩʧʝʢʪʨʦʤʝʪʨʦʤ ĂOXFORD Xmaxñ ʢʦʿʠ ʨʘʜʠ ʩʘ ʩʦʬʪʚʝʨʦʤ ĂAztecñ (ʄʘʨʿʘʥʦʚʠ˂, 2022). 

ʄʦʞʝ ʜʘ ʨʘʜʠ ʫ ʫʩʣʦʚʠʤʘ ʥʠʩʢʦʛ ʠ ʚʠʩʦʢʦʛ ʚʘʢʫʫʤʘ, ʘ ʢʘʦ ʠʟʚʦʨ ʝʣʝʢʪʨʦʥʘ (ʢʘʪʦʜʝ) 

ʢʦʨʠʩʪʠ ʚʦʣʬʨʘʤʩʢʦ ʚʣʘʢʥʦ ʠʣʠ ʢʨʠʩʪʘʣ LaB6. (ɷʫʥʠ˂, 2015). 

ʆʩʥʦʚʥʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʩʢʝʥʠʨʘʿʫ˂ʝʛ ʝʣʝʢʪʨʦʥʩʢʦʛ ʤʠʢʨʦʩʢʦʧʘ ĂJEOLJSM-6610 LVñ ʩʫ 

(SEM, EDS, 2023): 

- ʋʚʝ˂ʘˁʝ ʤʠʢʨʦʩʢʦʧʘ: 5Ĭ ï 300.000Ĭ, 

- ʀʟʚʦʨ ʝʣʝʢʪʨʦʥʘ: ʚʦʣʬʨʘʤʦʚʦ ʚʣʘʢʥʦ, ʢʨʠʩʪʘʣ LaB6, 

- ʅʘʧʦʥʝʣʝʢʪʨʦʥʩʢʦʛ ʝʤʠʪʝʨʘ: 0,3 ï 30 kV,  

- ɺʘʢʫʫʤ ʩʠʩʪʝʤ: ʈʦʪʘʮʠʦʥʘ ʧʫʤʧʘ + ʪʫʨʙʦʤʦʣʝʢʫʣʘʨʥʘ ʧʫʤʧʘ (ʫʢˀʫʯʝʥʝ ʫ 

ʦʩʥʦʚʥʫ ʢʦʥʬʠʛʫʨʘʮʠʿʫ ʤʠʢʨʦʩʢʦʧʘ), ɱʦʥʩʢʘ ʧʫʤʧʘ (ʢʦʨʠʩʪʠ ʩʝ ʟʘ LaB6), 

ʈʦʪʘʮʠʦʥʘ ʧʫʤʧʘ ʟʘ ʨʘʜ ʫ ʥʠʩʢʦʤ ʚʘʢʫʫʤʫ (10 ï 270 Pa) ʠ 

- ɼʝʪʝʢʪʦʨʠ: ĂSEñ ʜʝʪʝʢʪʦʨ; ĂBSEñ ʜʝʪʝʢʪʦʨ; ĂCLñ ʜʝʪʝʢʪʦʨ, ĂEDSñʜʝʪʝʢʪʦʨ (X:Max 

Large Area Analytical Silicon Drift Connected with INCA Energy 350 Microanalysis 

System); ʜʝʪʝʢʮʠʿʘ ʝʣʝʤʝʥʘʪʘ Z Ó 5; ʛʨʘʥʠʮʘ ʜʝʪʝʢʮʠʿʝ ~ 0,1 mas. %, ʨʝʟʦʣʫʮʠʿʘ 126 

eV.  

 

5.8. ʀʩʧʠʪʠʚʘˁʝ ʫʜʘʨʥʝ ʞʠʣʘʚʦʩʪʠ ʐʘʨʧʠʿʝʚʠʤ ʢʣʘʪʥʦʤ 

ɾʠʣʘʚʦʩʪ (ʝʥʛʣ. toughness) ʧʨʝʜʩʪʘʚˀʘ ʝʥʝʨʛʠʿʫ ʢʦʿʫ ʿʝ ʧʦʪʨʝʙʥʦ ʫʣʦʞʠʪʠ ʜʘ ʙʠ ʩʝ 

ʠʟʘʟʚʘʣʦ ʨʘʟʘʨʘˁʝ ʩʪʨʫʢʪʫʨʝ ʤʘʪʝʨʠʿʘʣʘ, ʪʿ. ʜʘ ʙʠ ʩʝ ʦʩʪʚʘʨʠʦ ʣʦʤ ʝʧʨʫʚʝʪʝ. ʐʪʦ ʿʝ 

ʫʣʦʞʝʥʘ ʝʥʝʨʛʠʿʘ ʟʘ ʣʦʤ ʝʧʨʫʚʝʪʝ ʤʘʘˁ, ʪʦ ʿʝ ʤʘʪʝʨʠʿʘʣ ʚʠʰʝ ʢʨʪ, ʘ ʘʢʦ ʿʝ ʚʝ˂ʘ, ʤʘʪʝʨʠʿʘʣ 

ʿʝ ʞʠʣʘʚʠʿʠ. 

ɾʠʣʘʚʦʩʪ ʩʝ ʥʘʿʯʝʰ˂ʝ ʦʜʨʝʹʫʿʝ ʿʝʜʥʠʤ ʦʜ ʥʘʿʩʪʘʨʠʿʠʭ ʪʝʩʪʦʚʘ ʟʘ ʠʩʧʠʪʠʚʘˁʝ ʫʜʘʨʥʝ 

ʞʠʣʘʚʦʩʪʠ (ʝʥʛʣ. impact toughness) ʤʝʪʦʜʦʤ ʐʘʨʧʠʿʘ (Charpy) ʢʦʿʠ ʿʝ ʜʘʥʘʩ ʦʙʫʭʚʘ˂ʝʥ ʫ 

ʩʚʠʤ ʚʘʞʥʠʿʠʤ ʩʪʘʥʜʘʨʜʠʤʘ. 
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ʂʦʥʩʪʨʫʢʪʠʚʥʦ ʠʟʚʦʹʝˁʝ ʫʨʝʹʘʿʘ ʿʝ ʫ ʬʦʨʤʠ ʬʠʟʠʯʢʦʛ ʢʣʘʪʥʘ (ʩʣʠʢʘ 5.14) ʢʦʜ ʢʦʛʘ ʩʝ 

ʢʠʥʝʪʠʯʢʘ ʝʥʝʨʛʠʿʘ ʢʨʝʪʘˁʘ ʤʘˀʘ ʪʨʦʰʠ ʥʘ ʣʦʤ ʝʧʨʫʚʝʪʝ ʢʦʿʘ ʿʝ ʦʩʣʦˁʝʥʘ ʫ ʪʘʯʢʠ 

ʤʘʢʩʠʤʘʣʥʝ ʢʠʥʝʪʠʯʢʝ ʝʥʝʨʛʠʿʝ ʤʘˀʘ. 

ʆʩʥʦʚʥʠ ʦʙʣʠʢ ʐʘʨʧʠʿʝʚʦʛ ʢʣʘʪʥʘ ʜʘʪ ʿʝ ʥʘ ʩʣʠʮʠ 5.14. ʆʩʥʦʚʥʠ ʜʝʣʦʚʠ ʫʨʝʹʘʿʘ ʩʫ: 

- ʊʝʣʦ ʫʨʝʹʘʿʘ ʩʘ ʧʦʩʪʦˀʝʤ, 

- ʇʦʣʫʛʘ ʠʣʠ ʰʠʧʢʘ ʢʣʘʪʥʘ, 

- ʊʝʛ ʠʣʠ ʤʘˀ, 

- ɽʣʝʤʝʥʪ ʟʘ ʙʣʦʢʠʨʘˁʝ ʢʣʘʪʥʘ ʫ ʧʦʯʝʪʥʦʤ ʧʦʣʦʞʘʿʫ ʥʘ ʦʜʨʝʹʝʥʦʿ ʚʠʩʠʥʠ  h, 

- ɽʧʨʫʚʝʪʘ, 

- ʆʩʣʦʥʮʠ ʝʧʨʫʚʝʪʝ ʠ 

- ʉʢʘʣʘ ʩʘ ʢʘʟʘˀʢʘʤʘ. 

ʂʦʜ ʩʪʘʨʠʿʠʭ ʫʨʝʹʘʿʘ ʤʝʨʥʠ ʜʝʦ ʫʨʝʹʘʿʘ ʦʤʦʛʫ˂ʘʚʘʦ ʿʝ ʦʯʠʪʘʚʘˁʝ ʩʘʤʦ ʫʛʣʦʚʘ Ŭ ʠ ɓ ʢʦʿʠ 

ʩʫ ʩʨʘʟʤʝʨʥʠ ʧʦʯʝʪʥʦʿ (ʫʢʫʧʥʦʿ) ʨʘʩʧʦʣʦʞʠʚʦʿ ʝʥʝʨʛʠʿʠ (ʚʠʩʠʥʘ H) ʠ ʧʨʝʦʩʪʘʣʦʿ ʝʥʝʨʛʠʿʠ 

(ʚʠʩʠʥʘ h). ɼʦ ʧʦʪʨʝʙʥʠʭ ʨʝʟʫʣʪʘʪʘ ʜʦʣʘʟʠ ʩʝ ʥʘʢʥʘʜʥʠʤ ʧʨʝʨʘʯʫʥʘʚʘˁʝʤ. ʂʘʩʥʠʿʝ ʿʝ 

ʧʨʠʤʝˁʝʥʘ ʠʟʙʘʞʜʘʨʝʥʘ (ʢʘʣʠʙʨʠʩʘʥʘ) ʩʢʘʣʘ ʩʘ ʝʥʝʨʛʝʪʩʢʦʤ ʧʦʜʝʣʦʤ ʠ ʤʦʛʫ˂ʥʦʰ˂ʫ 

ʦʯʠʪʘʚʘˁʘ ʨʘʩʧʦʣʦʞʠʚʦʛ ʠ ʧʨʝʦʩʪʘʣʦʛ ʨʘʜʘ ʠʣʠ ʜʠʨʝʢʪʥʦʛ ʦʯʠʪʘʚʘˁʘ ʫʪʨʦʰʝʥʦʛ ʨʘʜʘ. 

 

 

ʉʣʠʢʘ 5.14. ʐʝʤʘʪʩʢʠ ʧʨʠʢʘʟ ʐʘʨʧʠʿʝʚʠʤ ʢʣʘʪʥʦʤ (ʣʝʚʦ),ʧʨʠʢʘʟ ʫʣʘʟʥʠʭ ʚʨʝʜʥʦʩʪʠ 

ʐʘʨʧʠʿʝʚʠʤ ʢʣʘʪʥʦʤ (ʜʝʩʥʦ) (IZV, 2023). 

ɼʘʥʘʰˁʠ ʜʠʛʠʪʘʣʠʟʦʚʘʥʠ ʫʨʝʹʘʿʠ ʜʠʨʝʢʪʥʦ ʜʘʿʫ ʢʦʥʘʯʥʝ ʨʝʟʫʣʪʘʪʝ ʫʟ ʥʠʟ ʧʦʛʦʜʥʦʩʪʠ ʠ 

ʧʨʝʜʥʦʩʪʠ ʫ ʦʜʥʦʩʫ ʥʘ ʢʣʘʩʠʯʥʝ ʫʨʝʹʘʿʝ. ʅʘ ʩʨʝʜʠʥʠ ʤʘˀʘ ʥʘʣʘʟʠ ʩʝ ʥʦʞʘʩʪʠ ʧʨʦʬʠʣ ʩʘ 

ʟʘʦʙˀʝʥʠʤ ʚʨʭʦʤ ʢʦʿʠ ʫʜʘʨʘ ʫ ʝʧʨʫʚʝʪʫ ʠ ʨʘʟʘʨʘ ʿʝ (ʩʣʠʢʘ 5.14, ʧʨʝʩʝʢ ɸ-ɸ). 
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ʅʘ ʨʝʟʫʣʪʘʪʝ ʠʩʧʠʪʠʚʘˁʘ ʞʠʣʘʚʦʩʪʠ ʫʪʠʯʫ ʦʙʣʠʢ ʠ ʜʠʤʝʥʟʠʿʝ ʝʧʨʫʚʝʪʝ (ʧʦʧʨʝʯʥʠ 

ʧʨʝʩʝʢ).ʅʘʿʚʝ˂ʠ ʫʪʠʮʘʿ ʠʤʘ ʞˀʝʙ ʥʘ ʩʨʝʜʠʥʠ ʝʧʨʫʚʝʪʝ. ʇʦʩʝʙʘʥ ʦʧʨʝʟ ʧʦʪʨʝʙʘʥ ʿʝ ʧʨʠ 

ʫʧʦʨʝʹʝˁʫ ʨʝʟʫʣʪʘʪʘ ʢʦʿʝ ʠʤʘ ʩʤʠʩʘʦ ʩʘʤʦ ʘʢʦ ʿʝ ʢʦʨʠʰ˂ʝʥʘ ʝʧʨʫʚʝʪʘ ʠʩʪʦʛ ʦʙʣʠʢʘ ʠ 

ʜʠʤʝʥʟʠʿʘ. 

 

ʉʣʠʢʘ 5.15. ɼʠʤʝʥʟʠʿʝ ʝʧʨʫʚʝʪʝ ʧʦ ʩʪʘʥʜʘʨʜʫ ASTM E-23(ASTM E23-07, 2007). 

ʉʪʘʥʜʘʨʜ ASTM E-23(ʩʣʠʢʘ 5.15) ʧʨʝʜʚʠʹʘ ʫʧʦʪʨʝʙʫ ĂVò ʞʣʝʙʘ ʜʫʙʠʥʝ 2 mm. ɼʦʟʚʦˀʝʥʘ 

ʿʝ ʠ ʧʨʦʤʝʥʘ ʜʠʤʝʥʟʠʿʘ ʧʦʧʨʝʯʥʦʛ ʧʨʝʩʝʢʘ (ʫʟ ʧʨʦʤʝʥʫ ʨʘʩʧʦʣʦʞʠʚʝ ʝʥʝʨʛʠʿʝ ʢʣʘʪʥʘ), 

ʘʣʠ ʩʝ ʪʦ ʫ ʦʟʥʘʮʠ ʧʘʨʘʤʝʪʨʘ ʞʠʣʘʚʦʩʪʠ ʦʙʘʚʝʟʥʦ ʤʦʨʘ ʥʘʚʝʩʪʠ. 

ɹʨʦʿʥʘ ʚʨʝʜʥʦʩʪ ʧʘʨʘʤʝʪʨʘ ʞʠʣʘʚʦʩʪʠ ʟʘ ʠʩʪʠ ʤʘʪʝʨʠʿʘʣ ʟʘʚʠʩʠ ʦʜ ʥʠʟʘ ʬʘʢʪʦʨʘ ʧʘ ʧʨʠ 

ʠʩʧʠʪʠʚʘˁʫ ʪʨʝʙʘ ʦʙʨʘʪʠʪʠ ʧʘʞˁʫ ʥʘ ʩʣʝʜʝ˂ʝ (IUZ, 2023): 

- ʆʙʣʠʢ ʠ ʜʠʤʝʥʟʠʿʝ ʝʧʨʫʚʝʪʝ (ʥʠʿʝ ʜʦʟʚʦˀʝʥʘ ʫʧʦʨʝʜʥʘ ʘʥʘʣʠʟʘ ʨʝʟʫʣʪʘʪʘ ʩʘ 
ʝʧʨʫʚʝʪʘʤʘ ʨʘʟʣʠʯʠʪʠʭ ʜʠʤʝʥʟʠʿʘʤʘ), 

- ʇʨʠ ʠʟʨʘʜʠ ʝʧʨʫʚʝʪʘ ʩʪʨʠʢʪʥʦ ʧʦʰʪʦʚʘʪʠ ʫʧʫʪʩʪʚʘ ʜʝʬʠʥʠʩʘʥʘ ʩʪʘʥʜʘʨʜʦʤ, 

- ɼʝʬʠʥʠʩʘʥʘ ʙʨʟʠʥʘ ʢʣʘʪʥʘ ʦʜ 5 ʜʦ 5,5 m/s (ʫ ʥʝʢʠʤ ʩʣʫʯʘʿʝʚʠʤʘ 5-7 m/s), ɹʨʟʠʥʘ 

ʢʣʘʪʥʘ ʤʦʞʝ ʩʝ ʧʨʦʚʝʨʠʪʠ ʧʫʪʝʤ ʠʟʨʘʟʘ: v = (2gH)1/2, 

- ʇʨʦʚʝʨʘ ʝʥʝʨʛʝʪʩʢʠʭ ʛʫʙʠʪʘʢʘ ʫʨʝʹʘʿʘ (ʦʪʧʦʨ ʚʘʟʜʫʭʘ ʧʨʠ ʢʨʝʪʘˁʫ ʢʣʘʪʥʘ, ʪʨʝˁʝ 

ʣʝʞʘʿʘ ʫ ʪʘʯʢʠ ʦʩʣʦʥʮʘ) ʚʨʰʠ ʩʝ ʫʧʦʨʝʹʝˁʝʤ ʧʦʪʝʥʮʠʿʘʣʥʠʭ ʝʥʝʨʛʠʿʘ ʫ ʢʨʘʿˁʠʤ 

ʧʦʟʠʮʠʿʘʤʘ ʢʣʘʪʥʘ ʿʝʜʥʦʛ ʮʠʢʣʫʩʘ. ɻʫʙʠʪʘʢ ʝʥʝʨʛʠʿʝ ʜʝʬʠʥʠʩʘʥ ʩʪʘʥʜʘʨʜʦʤ ʥʝ 

ʩʤʝ ʙʠʪʠ ʚʝ˂ʠ ʦʜ 1%, 

- ʊʝʤʧʝʨʘʪʫʨʘ ʧʨʦʩʪʦʨʠʿʝ ʫ ʢʦʿʦʿ ʩʝ ʫʨʝʹʘʿ ʥʘʣʘʟʠ ʤʦʨʘ ʙʠʪʠ ʫ ʛʨʘʥʠʮʘʤʘ ʦʜ 23Ñ5 

ÁC. ʋʢʦʣʠʢʦ ʿʝ ʫʩʪʘʥʦʚˀʝʥʦ ʦʜʩʪʫʧʘˁʝ ʫ ʠʟʚʝʰʪʘʿʫ ʩʝ ʧʦʩʝʙʥʦ ʥʘʛʣʘʰʘʚʘ, 

- ʊʝʤʧʝʨʠʨʘˁʝ ʫʟʦʨʢʘ ʿʝ ʧʨʦʧʠʩʘʥʦ ʩʪʘʥʜʘʨʜʦʤ. ʅʘʿʯʝʰ˂ʝ ʿʝ ʪʝʤʧʝʨʘʪʫʨʘ ʫʟʦʨʢʘ ʫ 

ʛʨʘʥʠʮʘʤʘ ʦʜ 23Ñ5 ÁC, 

- ʇʨʘʚʠʣʥʦ ʧʦʩʪʘʚˀʘˁʝ ʝʧʨʫʚʝʪʝ ʫʟ ʧʦʤʦ˂ ʰʘʙʣʦʥʘ ʠʣʠ ʙʝʟ ˁʝʛʘ. ʆʩʘ ʞʣʝʙʘ ʠ ʦʩʘ 

ʢʣʘʪʥʘ ʩʝ ʤʦʨʘʿʫ ʧʦʢʣʦʧʠʪʠ. ʀʚʠʮʘ ʧʨʦʬʠʣʠʩʘʥʦʛ ʜʝʣʘ ʢʣʘʪʥʘ ʜʦʜʠʨʫʿʝ ʝʧʨʫʚʝʪʫ 

ʧʦ ʮʝʣʦʿ ʚʝʨʪʠʢʘʣʥʦʿ ʩʪʨʘʥʠ, 

- ʊʘʯʥʦʩʪ ʦʯʠʪʘʚʘˁʘ ʫʪʨʦʰʝʥʝ ʝʥʝʨʛʠʿʝ ʥʘ ʩʢʘʣʠ ʜʦ 1% ʠ 

- ʇʦʫʟʜʘʥʦʩʪ ʠʩʧʠʪʠʚʘˁʘ ʩʝ ʦʩʪʚʘʨʫʿʝ ʩʘ ʤʠʥʠʤʫʤ ʜʚʝ ʝʧʨʫʚʝʪʝ, ʦʙʠʯʥʦ ʪʨʠ. 

ʇʦʩʣʝ ʧʨʠʧʨʝʤʝ ʝʧʨʫʚʝʪʘ ʠ ʫʨʝʹʘʿʘ, ʪʦʢ ʠʩʧʠʪʠʚʘˁʘ ʦʙʫʭʚʘʪʘ (IUZ, 2023): 
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- ʂʣʘʪʥʦ ʩʝ ʠʟʙʘʮʠ ʠʟ ʨʘʚʥʦʪʝʞʥʦʛ ʧʦʣʦʞʘʿʘ, ʜʨʞʘʯʝʤ ʩʝ ʧʦʩʪʘʚˀʘ ʝʧʨʫʚʝʪʘ ʥʘ 

ʜʝʬʠʥʠʩʘʥʦ ʤʝʩʪʦ, 

- ʂʣʘʪʥʦ ʩʝ ʧʦʜʠʞʝ ʠ ʟʘʢʦʯʠ ʜʦ ʧʦʯʝʪʥʦʛ ʧʦʣʦʞʘʿʘ (ʚʠʩʠʥʘ H), 

- ʆʪʧʫʰʪʘˁʝʤ ʢʦʯʥʠʮʝ ʘʢʪʠʚʠʨʘ ʩʝ ʧʘʜ ʢʣʘʪʥʘ ʩʘ ʜʝʬʠʥʠʩʘʥʝ ʚʠʩʠʥʝ (ʚʠʩʠʥʘ H1) 

ʢʦʿʝ ʫʜʘʨʘ ʫ ʝʧʨʫʚʝʪʫ, ʨʘʟʘʨʘ ʿʝ, ʘ ʟʘʪʠʤ ʩʝ ʟʘʫʩʪʘʚˀʘ ʢʦʯʠʦʥʠʤ ʤʝʭʘʥʠʟʤʦʤ 

(ʚʠʩʠʥʘ H2), 

- ʅʘ ʩʢʘʣʠ ʩʝ ʦʯʠʪʘ ʧʦʯʝʪʥʘ ʠ ʧʨʝʦʩʪʘʣʘ ʢʠʥʝʪʠʯʢʘ ʝʥʝʨʛʠʿʘ, 

- ʇʨʝʤʘ ʦʜʛʦʚʘʨʘʿʫ˂ʠʤ ʿʝʜʥʘʯʠʥʘʤʘ ʚʨʰʠ ʩʝ ʠʟʨʘʯʫʥʘʚʘˁʝ ʧʘʨʘʤʝʪʨʘ ʫʜʘʨʥʝ 

ʞʠʣʘʚʦʩʪʠ. 

ɿʙʦʛ ʫʜʘʨʥʦʛ ʢʘʨʘʢʪʝʨʘ ʦʧʪʝʨʝ˂ʝˁʘ ʠ ʥʘʯʠʥʘ ʨʘʜʘ ʐʘʨʧʠʿʝʚʦʛ ʢʣʘʪʥʘ ʧʦʪʨʝʙʥʦ ʿʝ 

ʧʨʝʜʫʟʝʪʠ ʧʦʩʝʙʥʝ ʤʝʨʝ ʧʨʝʜʦʩʪʨʦʞʥʦʩʪʠ ʢʘʢʦ ʙʠ ʩʝ ʠʟʙʝʛʘʦ ʙʠʣʦ ʢʘʢʘʚ ʨʠʟʠʢ ʦʜ 

ʧʦʚʨʝʜʝ. ʀʟ ʪʠʭ ʨʘʟʣʦʛʘ, ʩʘʚʨʝʤʝʥʠ ʫʨʝʹʘʿʠ ʚʝ˂ʠʭ ʝʥʝʨʛʠʿʘ (300 ɱ ʠ ʚʠʰʝ) ʠʤʘʿʫ 

ʢʦʤʧʣʝʪʥʝ ʟʘʰʪʠʪʥʝ ʢʦʤʦʨʝ. 

 

5.9. Vickers-oʚ ʪʝʩʪ ʪʚʨʜʦ˂ʝ 

ʋ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʚʝʣʠʯʠʥʝ ʠʩʧʠʪʥʝ ʩʠʣʝ ʧʨʝʤʘ ISO ʩʪʘʥʜʘʨʜʫ (ʪʘʙʝʣʘ 5.3) Vickers-oʚ 

ʧʨʦʮʝʩ ʩʝ ʤʦʞʝ ʧʦʜʝʣʠʪʠ ʫ ʪʨʠ ʦʧʩʝʛʘ ʦʧʪʝʨʝ˂ʝˁʘ ʟʘ ʠʩʧʠʪʠʚʘˁʝ ʪʚʨʜʦ˂ʝ: ʦʧʩʝʛ ʤʠʢʨʦ 

ʪʚʨʜʦ˂ʝ, ʥʠʟʘʢ ʦʧʩʝʛ ʩʠʣʝ ʠ ʦʧʩʝʛ ʤʘʢʨʦ ʪʚʨʜʦ˂ʝ (ʢʦʥʚʝʥʮʠʦʥʘʣʥʦ ʠʩʧʠʪʠʚʘʝˁ). 

ʊʘʙʝʣʘ 5.3. ɺʝʣʠʯʠʥʝ ʠʩʧʠʪʥʝ ʩʠʣʝ ʧʨʝʤʘ ISO ʩʪʘʥʜʘʨʜʫ ʧʦ Vickers-ʫ (ɽmcotest,  2023). 

ʉʪʘʥʜʘʨʜ 

ISO 6507 
ʄʝʪʦʜ ʋʪʠʩʢʠʚʘʯ 

ʉʠʣʘ 

ʠʩʧʠʪʠʚʘʘˁ 

F (N) 

ʇʨʠʤʝʥʘ 

ʆʧʩʝʛ ʤʠʢʨʦ ʪʚʨʜʦ˂ʝ 

HV0.01 
ɼʠʿʘʤʘʥʪʩʢʘ 

ʧʠʨʘʤʠʜʘ 

136Á 

0,098 
ʉʪʨʫʢʪʫʨʥʠ 

ʜʝʣʦʚʠ, ʚʨʣʦ 

ʪʘʥʢʝ ʧʨʝʚʣʘʢʝ. 

HV0.025 0,245 

HV0.05 0,490 

HV0.1 0,980 

ʅʠʟʘʢ ʦʧʩʝʛ ʩʠʣʝ 

HV0.2 

ɼʠʿʘʤʘʥʪʩʢʘ 

ʧʠʨʘʤʠʜʘ 

136Á 

1,961 

ʊʘʥʢʝ ʧʨʝʚʣʘʢʝ 

ʠ ʣʠʤʦʚʠ. 

HV0.3 2,942 

HV0.5 4,903 

HV1 9,807 

HV2 19,61 

HV3 29,42 

ʆʧʩʝʛ ʤʘʢʨʦ ʪʚʨʜʦ˂ʝ 

(ʢʦʥʚʝʥʮʠʦʥʘʣʥʦ 

ʠʩʧʠʪʠʚʘʝˁ) 

HV5 

ɼʠʿʘʤʘʥʪʩʢʘ 

ʧʠʨʘʤʠʜʘ 

136Á 

49,03 

ʅʦʨʤʘʣʥʠ 

ʫʟʦʨʮʠ 

HV10 98,07 

HV20 196,1 

HV30 294,2 

HV50 490,3 

HV100 980,7 

ʀʩʧʠʪʠʚʘˁʝ ʤʠʢʨʦʪʚʨʜʦ˂ʝ ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ ʫʨʘʹʝʥʦ ʿʝ ʥʘ ɺʦʿʥʦʪʝʭʥʠʯʢʦʤ ʠʥʩʪʠʪʫʪʫ ʫ 

ɹʝʦʛʨʘʜʫ. ʂʦʨʠʰ˂ʝʥ ʿʝ ʫʨʝʹʘʿ ĂWilsonDiaMetñ, ʧʨʦʠʟʚʦʹʘʯʘ ĂCSMñ ʩʣʠʢʘ 5.16. ɿʘ ʪʝʩʪ 

ʪʚʨʜʦ˂ʝ ʧʦ Vickers-ʫ, ʥʘʩʧʨʘʤʥʝ ʩʪʨʘʥʠʮʝ ʧʠʨʘʤʠʜʝ ʩʘ ʢʚʘʜʨʘʪʥʦʤ ʙʘʟʦʤ ʟʘʢʣʘʧʘʿʫ ʫʛʘʦ 
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ʦʜ 136Á. ɼʠʿʘʤʘʥʪʩʢʘ ʧʠʨʘʤʠʜʘ ʩʝ ʫʪʠʩʢʫʿʝ ʫ ʧʦʚʨʰʠʥʫ ʤʘʪʝʨʠʿʘʣʘ ʩʘ ʩʚʝ ʚʝ˂ʦʤ ʩʠʣʦʤ ʠ 

ʦʜʨʞʘʚʘ ʩʝ ʦʜ 10 ʜʦ 15 ʩʝʢʫʥʜʠ ʢʘʜʘ ʩʝ ʧʦʩʪʠʛʥʝ ʞʝˀʝʥʘ ʩʠʣʘ. 

 

ʉʣʠʢʘ 5.16. ʋʨʝʹʘʿ ʟʘ ʤʝʨʝˁʝ ʪʚʨʜʦ˂ʝ ĂWilson DiaMetñ. 

ʆʜʥʦʩ ʠʩʧʠʪʥʝ ʩʠʣʝ F ʠ ʧʦʚʨʰʠʥʝ ʫʜʫʙˀʝˁʘ ɸ (ʧʦʚʨʰʠʥʝ ʧʠʨʘʤʠʜʝ) ʩʣʫʞʠ ʢʘʦ ʚʨʝʜʥʦʩʪ 

ʪʚʨʜʦ˂ʝ ʟʘ Vickers-oʚ ʤʝʪʦʜ (ʿʝʜʥʘʯʠʥʘ 5.1): 

Ὄὠ
πȟρπς Ὂ

ὃ
 (5.1) 

ʛʜʝ ʩʫ: 

HV - ʚʨʝʜʥʦʩʪ ʪʚʨʜʦ˂ʝ ʧʦ Vickers-ʫ, 

F - ʩʠʣʘ ʠʩʧʠʪʠʚʘˁʘ ʠ 

ɸ - ʧʦʚʨʰʠʥʘ ʫʜʫʙˀʝˁʘ. 

 

ʉʣʠʢʘ 5.17. ʇʦʩʪʫʧʘʢ ʠʩʧʠʪʠʚʘˁʘ ʪʚʨʜʦ˂ʝ ʧʦ Vickers-ʫ(Tecs,  2023). 

ʋ ʪʝʩʪʫ ʪʚʨʜʦ˂ʝ ʧʦ Vickers-ʫ, (ʩʣʠʢʘ 5.17) ʯʝʪʚʦʨʦʩʪʨʘʥʘ ʜʠʿʘʤʘʥʪʩʢʘ ʧʠʨʘʤʠʜʘ ʩʝ 

ʫʪʠʩʢʫʿʝ ʫ ʤʘʪʝʨʠʿʘʣ ʢʦʿʠ ʩʝ ʠʩʧʠʪʫʿʝ. ʆʩʪʚʘʨʝʥʘ ʧʦʚʨʰʠʥʘ ʫʜʫʙˀʝˁʘ ʩʣʫʞʠ ʢʘʦ ʤʝʨʘ 

ʚʨʝʜʥʦʩʪʠ ʪʚʨʜʦ˂ʝ. 

ʌʘʢʪʦʨ 0,102 ʧʦʪʠʯʝ ʦʜ ʟʘʩʪʘʨʝʣʝ ʿʝʜʠʥʠʮʝ ʤʝʨʝ Ăʢʠʣʦʧʦʥʜñ ʠ ʚʠʰʝ ʥʠʿʝ ʫ ʫʧʦʪʨʝʙʠ. 

ʇʦʚʨʰʠʥʘ ʫʜʫʙˀʝˁʘ ʩʝ ʤʦʞʝ ʦʜʨʝʜʠʪʠ ʠʟ ʜʠʿʘʛʦʥʘʣʘ ʫʜʫʙˀʝˁʘ ʢʦʿʘ ʿʝ ʦʩʪʘʣʘ ʠʟʘ. ʉʘ 
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ʦʚʦʤ ʜʠʿʘʛʦʥʘʣʦʤ ʫʜʫʙˀʝˁʘ d ʫ ʤʠʣʠʤʝʪʨʠʤʘ ʠ ʠʩʧʠʪʥʦʤ ʩʠʣʦʤ F ʫ ɳʫʪʥʠʤʘ, ʦʥʜʘ ʩʝ 

ʚʨʝʜʥʦʩʪ ʪʚʨʜʦ˂ʝ ʧʦ Vickers-ʫ HV ʦʜʨʝʹʫʿʝ ʥʘ ʩʣʝʜʝ˂ʠ ʥʘʯʠʥ: 

Ὄὠ
πȟρψωρ Ὂ

Ὠ
 (5.2) 

ʛʜʝ je: 

d - ʩʨʝʜˁʘ ʚʨʝʜʥʦʩʪ ʜʚʝ ʜʠʿʘʛʦʥʘʣʝ d1 ʠ d2 

 

ʉʣʠʢʘ 5.18. ʄʠʥʠʤʘʣʥʘ ʫʜʘˀʝʥʦʩʪ ʢʦʿʫ ʪʨʝʙʘ ʦʜʨʞʘʚʘʪʠ(Tecs, 2023). 

ʇʦʨʝʜ ʪʦʛʘ, ʨʘʩʪʦʿʘˁʝ a ʦʜ ʮʝʥʪʨʘ ʫʜʫʙˀʝˁʘ ʜʦ ʠʚʠʮʝ ʫʟʦʨʢʘ ʪʨʝʙʘ ʜʘ ʙʫʜʝ ʥʘʿʤʘˁʝ 2,5 

ʧʫʪʘ ʚʝ˂ʝ ʦʜ ʚʨʝʜʥʦʩʪʠ ʜʠʿʘʛʦʥʘʣʝ ʫʜʫʙˀʝˁʘ d ʢʘʢʦ ʙʠ ʩʝ ʩʧʨʝʯʠʣʦ ʜʘ ʤʘʪʝʨʠʿʘʣ ʪʝʯʝ ʫ 

ʩʪʨʘʥʫ (ʩʣʠʢʘ 5.18). ʐʪʘʚʠʰʝ, ʨʘʩʪʦʿʘˁʝ ʠʟʤʝʹʫ ʜʚʘ ʩʫʩʝʜʥʘ ʫʜʫʙˀʝˁʘ ʟʘ ʫʟʦʨʢʝ ʯʝʣʠʢʘ 

ʪʨʝʙʘ ʜʘ ʙʫʜʝ ʥʘʿʤʘˁʝ ʪʨʠ ʧʫʪʘ ʚʝ˂ʘ ʦʜ ʜʠʿʘʛʦʥʘʣʥʝ ʫʜʫʙˀʝˁʘ. ʆʚʦ ʿʝ ʜʘ ʙʠ ʩʝ 

ʝʣʠʤʠʥʠʩʘʦ ʫʪʠʮʘʿ ʧʦʿʘʚʝ ʦʯʚʨʰ˂ʘʚʘˁʘ ʦʢʦ ʧʦʜʨʫʯʿʘ ʫʜʫʙˀʝˁʘ (Majstoroviĺ, 1988), 

(ņorĽeviĺ, 1998). 

 

5.10. ʈʝʥʜʛʝʥʦʛʨʘʬʩʢʦ ʠʩʧʠʪʠʚʘˁʝ 

ʈʘʜʠʦʛʨʘʬʩʢʦ ʠʩʧʠʪʠʚʘˁʝ ʧʨʝʜʩʪʘʚˀʘ ʧʨʦʮʝʩ ʫ ʢʦʿʝʤ ʩʝ ʥʘ ʦʩʥʦʚʫ ʫʧʦʪʨʝʙʝ ʧʨʦʜʦʨʥʦʛ 

ʛʘʤʘ ʠʣʠ ʨʝʥʜʛʝʥʩʢʦʛ ʟʨʘʯʝˁʘ ʟʨʘʯʝ ʜʝʣʦʚʠ ʢʦʿʠ ʩʝ ʞʝʣʝ ʠʩʧʠʪʠʚʘʪʠ. ʉʧʘʜʘ ʫ ʛʨʫʧʫ 

ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʭ ʤʝʪʦʜʘ ʢʦʿʘ ʩʝ ʢʦʨʠʩʪʠ ʟʘ ʠʩʧʠʪʠʚʘˁʝ, ʥʘʿʯʝʰ˂ʝ ʟʘʚʘʨʝʥʠʭ 

ʢʦʥʩʪʨʫʢʮʠʿʘ. ʈʘʜʠʦʛʨʘʬʩʢʦ ʠʩʧʠʪʠʚʘˁʝ ʦʤʦʛʫ˂ʘʚʘ ʠʧʠʪʠʚʘˁʝ ʫʥʫʪʨʘʰˁʠʭ, ʩʢʨʠʚʝʥʠʭ 

ʜʝʬʝʢʘʪʘ ʤʘʪʝʨʠʿʘʣʘ ʥʘ ʦʩʥʦʚʫ ʩʧʦʩʦʙʥʦʩʪʠ ʨʝʥʜʛʝʥʩʢʠʭ ʠʣʠ ʛʘʤʘ ʟʨʘʢʘ ʜʘ ʧʨʦʜʠʨʫ ʫ 

ʨʘʟʣʠʯʠʪʝ ʤʘʪʝʨʠʿʘʣʝ ʨʘʟʣʠʯʠʪʝ ʜʝʙˀʠʥʝ ʠ ʛʫʩʪʠʥʝ. ʇʨʦʜʦʨʥʦ ʟʨʘʯʝˁʝ ʢʦʿʝ ʧʨʦʣʘʟʠ ʢʨʦʟ 

ʤʘʪʝʨʠʿʘʣ ʩʝ ʤʦʞʝ ʜʝʪʝʢʪʦʚʘʪʠ ʧʦʤʦ˂ʫ ʜʚʝ ʤʝʪʦʜʝ: 

- ʌʠʣʤ ʦʩʝʪˀʠʚ ʥʘ ʟʨʘʯʝˁʝ (ʬʠʣʤʩʢʘ ʨʘʜʠʦʛʨʘʬʠʿʘ) ʠ 

- ʇʣʘʥʝʨ ʥʠʟ ʩʝʥʟʦʨʘ ʦʩʝʪˀʠʚʠʭ ʥʘ ʟʨʘʯʝˁʝ (ʨʘʜʠʦʛʨʘʬʠʿʘ ʫ ʨʝʘʣʥʦʤ ʚʨʝʤʝʥʫ). 

ʀʟʚʦʨ ʟʨʘʯʝˁʘ ʤʦʞʝ ʙʠʪʠ ʠʣʠ ʨʝʥʜʛʝʥʩʢʠ ʘʧʘʨʘʪ ʠʣʠ ʨʘʜʠʦʘʢʪʠʚʥʠ ʠʟʚʦʨ, ʥʘʿʯʝʰ˂ʝ Ir -

192, Co-60, ʠʣʠ ʫ ʨʝʪʢʠʤ ʩʣʫʯʘʿʝʚʠʤʘ Cs-137. 

ʈʘʜʠʦʛʨʘʬʩʢʘ ʢʦʥʪʨʦʣʘ ʫ ʜʠʩʝʨʘʮʠʿʠ ʿʝ ʠʟʚʨʰʝʥʘ ʫʨʝʹʘʿʝʤ ĂTELEDYNE ICMCP300Dñ, 

ʧʨʝʤʘ ʩʪʘʥʜʘʨʜʫ SRPS EN ISO 17636-1 (ʩʣʠʢʘ 5.19). ʆʩʥʦʚʥʠ ʧʘʨʘʤʝʪʨʠ ʫʨʝʹʘʿʘ ʩʫ 

ʧʨʠʢʘʟʘʥʠ ʫ ʪʘʙʝʣʠ 5.4. 
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ʉʣʠʢʘ 5.19. ʋʨʝʹʘʿ ĂTELEDYNE ICMCP300Dñ (Teledyne ICM Company History, 2023). 

ʊʘʙʝʣʘ 5.4. ʊʝʭʥʠʯʢe ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ĂTELEDYNE ICMCP300Dñ (Teledyne ICM Company 

History, 2023). 

 ɱʝʜʠʥʠʮʘ ɺʨʝʜʥʦʩʪ 

ɻʝʦʤʝʪʨʠʿʘ ʟʨʘʯʝˁʘ - ɼʠʨʝʢʪʠʮʠʦʥʘʣʥʘ 

ʆʧʩʝʛ ʠʟʣʘʟʥʦʛ ʥʘʧʦʥʘ kV 20 to 300 

ʆʧʩʝʛ ʩʪʨʫʿʝ ʮʝʚʠ mA 1 to 10 

ʉʪʨʫʿʘ ʮʝʚʠ ʧʨʠ ʧʫʥʦʤ ʠʟʣʘʟʫ mA 3,0 

ʄʘʢʩ. ʩʥʘʛʘ ʥʘ ʘʥʦʜʠ W 900 

ʈʝʞʠʤ ʢʦʥʩʪʘʥʪʥʝ ʩʥʘʛʝ - ɼʘ 

ʈʘʜʥʠ ʮʠʢʣʫʩ ʧʨʠ 30ÁC % 100 

ʇʨʦʜʦʨ ʯʝʣʠʢʘ mm 66 

ʊʝʞʠʥʘ (ʙʝʟ ʟʘʰʪʠʪʥʠʭ ʧʨʩʪʝʥʦʚʘ) kg 23 

ɻʘʙʘʨʠʪʥʝ ʜʠʤʝʥʟʠʿʝ mm Ï 180 x 839 

ɼʦʟʘ ʮʫʨʝˁʘ ʥʘ 1 m ʧʨʠ ʧʫʥʦʤ ʠʟʣʘʟʫ mSv/h < 5,0 

ʆʧʪʠʯʢʘ ʬʦʢʫʩʥʘ ʪʘʯʢʘ (EN12543) mm 3,0 (~1,5 IEC 336) 

ʄʘʢʩ. ʢʦʨʠʩʥʠ ʫʛʘʦ Á 60Ĭ40 ʝʣʠʧʪʠʯʥʠ 

ʀʥʭʝʨʝʥʪʥʘ ʬʠʣʪʨʘʮʠʿʘ mm Be 0,8 (Be ʧʨʦʟʦʨ) 

ɺʦʜʦʦʪʧʦʨʥʠ ʥʠʚʦ - IP65 

ʈʘʜʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ÁC -30 to +60 

ʊʝʤʧʝʨʘʪʫʨʘ ʩʢʣʘʜʠʰʪʝˁʘ ÁC -40 to +70 

ɿʘʰʪʠʪʥʠ ʧʨʩʪʝʥʦʚʠ - 2 

ɿʨʘʯʝˁʝ ʩʝ ʫʩʤʝʨʘʚʘ ʢʨʦʟ ʜʝʦ ʠ ʥʘ ʝʢʨʘʥ ʦʩʝʪˀʠʚ ʥʘ ʟʨʘʯʝˁʝ. ɼʦʙʠʿʝʥʝ ʬʦʪʦʛʨʘʬʠʿʝ 

ʧʦʢʘʟʫʿʝ ʨʝʘʣʥʝ ʜʠʤʝʥʟʠʦʥʘʣʥʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʜʝʣʘ. ʂʦʜ ʨʝʥʜʛʝʥʩʢʠʭ ʟʨʘʢʘ ʠ ʛʘʤʘ 

ʟʨʘʯʝˁʘ, ʢʘʢʦ ʟʨʘʯʝˁʝ ʧʨʦʣʘʟʠ ʢʨʦʟ ʛʫʰ˂ʠ ʤʘʪʝʨʠʿʘʣ, ʧʨʦʜʦʨʥʦʩʪ ʟʨʘʢʘ ʿʝ ʤʘˁʘ ʧʘ ʬʠʣʤ 

ʧʦʩʪʘʿʝ ʪʘʤʥʠʿʠ ʥʘ ʧʨʦʠʟʚʝʜʝʥʦʿ ʩʣʠʮʠ, ʦʜʥʦʩʥʦ ʰʪʦ ʿʝ ʤʘʪʝʨʠʿʘʣ ʤʘˁʝ ʛʫʩʪʠʥʝ 
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ʧʨʦʜʦʨʥʦʩʪ ʟʨʘʢʘ ʿʝ ʚʝ˂ʘ ʧʘ ʿʝ ʩʣʠʢʘ ʿʝ ʩʚʝʪʣʠʿʘ ʥʘ ʪʠʤ ʤʝʩʪʠʤʘ. ʅʘ ʦʩʥʦʚʫ ʪʦʛʘ ʩʝ ʤʦʛʫ 

ʫ ʫʦʯʠʪʠ ʤʦʛʫ˂ʝ ʥʝʩʘʚʨʰʝʥʦʩʪʠ ʢʘʦ ʧʨʦʤʝʥʝ ʛʫʩʪʠʥʝ ʥʘ ʬʠʣʤʫ. 

 

5.11. ʋʣʪʨʘʟʚʫʯʥʘ ʜʝʬʝʢʪʦʩʢʦʧʠʿʘ 

ʋʨʝʹʘʿ ĂUCD-50ñʿ ʝ ʫʥʠʚʝʨʟʘʣʥʠ ʫʣʪʨʘʟʚʫʯʥʠ ʜʝʬʝʢʪʦʩʢʦʧ ʥʘʤʝˁʝʥ ʟʘ ʫʣʪʨʘʟʚʫʯʥʫ 

ʜʝʬʝʢʪʦʩʢʦʧʠʿʫ ʠ ʫʣʪʨʘʟʚʫʯʥʘ ʤʝʨʝˁʘ ʜʝʙˀʠʥʝ (UZ). ʄʝʨʝˁʝ ʜʝʙˀʠʥʝ ʧʦʤʦ˂ʫ UZ 

ʤʝʪʦʜʝ ʧʨʝʜʩʪʘʚˀʘ ʨʝʟʫʣʪʘʪ ʤʥʦʞʝˁʘ ʙʨʟʠʥʝ ʧʨʦʩʪʠʨʘˁʘ UZ ʪʘʣʘʩʘ ʫ ʤʘʪʝʨʠʿʘʣʫ ʠ 

ʚʨʝʤʝʥʘ ʧʨʦʣʘʩʢʘ ʠʤʧʫʣʩʘ. 

Ὠ
ὠὸ

ςὲ
 (5.3) 

ʛʜʝ ʩʫ: 

d - ʜʝʙˀʠʥʘ ʤʝʨʥʦʛ ʫʟʦʨʢʘ,m, 

V - ʙʨʟʠʥʘ ʫʣʪʨʘʟʚʫʢʘ, m/s, 

t - ʚʨʝʤʝ ʧʨʦʣʘʩʢʘ ʠʤʧʫʣʩʘ,s ʠ 

n - ʙʨʦʿ ʧʨʦʣʘʟʘ ʫʣʪʨʘʟʚʫʯʥʦʛ ʠʤʧʫʣʩʘ ʢʨʦʟ ʤʘʪʝʨʠʿʘʣ. 

ʂʦʜ Pulse-echo ʤʝʪʦʜʝ ʨʘʯʫʥʘ ʩʝ ʩʘ ʧʦʣʦʚʠʥʦʤ ʚʨʝʤʝʥʘ, ʧʦʰʪʦ UZ ʠʤʧʫʣʩ ʧʨʝʣʘʟʠ ʧʫʪ 

ʢʦʿʠ ʿʝ ʿʝʜʥʘʢ ʜʚʦʩʪʨʫʢʦʿ ʜʝʙˀʠʥʠ. ɼʝʬʝʢʪʦʩʢʦʧ ʦʙʝʟʙʝʹʫʿʝ ʪʘʯʥʦ ʤʝʨʝˁʝ ʚʨʝʤʝʥʘ, ʜʦʢ 

ʪʘʯʥʦʩʪ ʫʥʦʰʝˁʘ ʙʨʟʠʥʝ ʟʘʚʠʩʠ ʦʜ ʦʧʝʨʘʪʝʨʘ (ʂʨʦʧʫʩ, 2012). 

ʊʘʯʥʦʩʪ ʤʝʨʝˁʘ ʜʝʙˀʠʥʝ ʠ ʧʦʣʦʞʘʿʘ ʜʝʬʝʢʘʪʘ ʫ ʚʝʣʠʢʦʿ ʤʝʨʠ ʟʘʚʠʩʠ ʦʜ ʧʨʘʚʠʣʥʦʛ 

ʟʘʜʘʚʘˁʘ ʙʨʟʠʥʝ ʫʣʪʨʘʟʚʫʢʘ ʫ ʤʘʪʝʨʠʿʘʣʫ. ɹʨʟʠʥʘ ʟʘʚʠʩʠ ʦʜ ʬʠʟʠʯʢʠʭ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʤʘʪʝʨʠʿʘʣʘ, ˁʝʛʦʚʝ ʪʝʤʧʝʨʘʪʫʨʝ ʢʘʦ ʠ ʚʨʩʪʝ ʫʣʪʨʘʟʚʫʯʥʠʭ ʪʘʣʘʩʘ (ʂʨʦʧʫʩ, 2012). 

ɿʘ ʠʩʧʠʪʠʚʘˁʝ ʝʢʩʧʣʦʟʠʚʥʦ ʟʘʚʘʨʝʥʠʭ ʧʣʦʯʘ ʢʦʨʠʰ˂ʝʥʘ ʿʝ Pulse-echo ʤʝʪʦʜʘ ʩʘ ʩʘʤʦ 

ʿʝʜʥʦʤ ʩʦʥʜʦʤ ʢʦʿʘ ʿʝ ʫ ʢʦʥʪʘʢʪʫ ʩʘ ʧʨʠʧʨʝʤˀʝʥʠʤ ʦʩʥʦʚʥʠʤ ʜʝʣʦʤ ʤʘʪʝʨʠʿʘʣʘ. ʋʨʝʹʘʿ 

ʝʤʠʪʫʿʝ ʚʝʦʤʘ ʢʨʘʪʢʝ ʠʤʧʫʣʩʝ. ʅʘʢʦʥ ʝʤʠʪʦʚʘˁʘ ʢʨʘʪʢʦʛ ʠʤʧʫʣʩʘ, ʧʨʝʜʘʿʥʠʢ ʩʝ 

ʠʩʢˀʫʯʫʿʝ, ʘ ʧʨʠʿʝʤʥʠʢ ʫʢˀʫʯʫʿʝ, ʪʘʢʦ ʜʘ ʿʝ ʩʧʨʝʤʘʥ ʜʘ Ăʫʭʚʘʪʠò ʦʥʝ ʪʘʣʘʩʝ ʢʦʿʠ ʥʘʩʪʘʿʫ 

ʦʜʙʠʿʘˁʝʤ ʪʘʣʘʩʘ ʦʜ ʧʦʚʨʰʠʥʝ ʢʦʿʘ ʦʛʨʘʥʠʯʘʚʘ ʧʦʩʤʘʪʨʘʥʠ ʝʣʝʤʝʥʪ. 

ʅʘ ʩʣʠʮʠ 5.20 ʧʨʠʢʘʟʘʥ ʿʝ ʤʝʨʥʠ ʠʥʩʪʨʫʤʝʥʪ ĂUCD-50ò. 
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ʉʣʠʢʘ 5.20. ʏʝʦʥʠ ʧʘʥʝʣ ʢʦʨʠʰ˂ʝʥʦʛ ʫʣʪʨʘʟʚʫʯʥʠ ʜʝʬʝʢʪʦʩʢʦʧ (ʂʨʦʧʫʩ, 2012). 

ʂʦʜ ʣʦʰʝʛ ʢʦʥʪʘʢʪʘ ʠʟʤʝʹʫ ʧʣʦʯʘ, ʝʤʠʪʦʚʘʥʠ ʠʤʧʫʣʩ ˂ʝ ʩʝ ʨʝʬʣʝʢʪʦʚʘʪʠ ʦʜ ˁʠʭ ʠ ʪʘʢʦ 

ʧʨʝ˂ʠ ʢʨʘ˂ʫ ʫʜʘˀʝʥʦʩʪ ʥʝʛʦ ʰʪʦ ʙʠ ʙʠʣʘ ʜʘ ʧʦʩʪʦʿʠ ʭʦʤʦʛʝʥʘ ʚʝʟʘ, ʦʜʥʦʩʥʦ ʜʘ ʩʫ ʧʣʦʯʝ 

ʤʝʪʘʣʫʨʰʢʠ ʩʧʦʿʝʥʝ (ʩʣʠʢʘ 5.21). ʆʚʦʤ ʤʝʪʦʜʦʤ ʩʫ ʝʚʠʜʝʥʪʠʨʘʥʘ ʤʝʩʪʘ ʥʘ ʢʦʿʠʤʘ ʧʦʩʪʦʿʝ 

ʛʨʝʰʢʝ ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ, ʦʜʥʦʩʥʦ ʤʝʩʪʘ ʥʘ ʢʦʿʠʤʘ ʥʠʿʝ ʜʦʰʣʦ ʜʦ ʩʧʘʿʘˁʘ ʧʣʦʯʘ. 

 

ʉʣʠʢʘ 5.21. ʇʨʦʮʝʩ ʠʩʧʠʪʠʚʘˁʘ ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ (Mihaljeviĺ, 2023) 

 

5.12. ʀʩʧʠʪʠʚʘˁʝ ʪʝʯʥʠʤ ʧʝʥʝʪʨʘʥʪʠʤʘ 

ʉʪʘʥʜʘʨʜ SRPS EN ISO 3452-1 ʜʝʬʠʥʠʰʝ ʤʝʪʦʜʫ ʠʩʧʠʪʠʚʘˁʘ ʪʝʯʥʠʤ ʧʝʥʝʪʨʘʥʪʠʤʘ ʢʦʿʘ 

ʩʝ ʫʧʦʪʨʝʙˀʘʚʘ ʟʘ ʦʪʢʨʠʚʘˁʝ ʧʦʚʨʰʠʥʩʢʠʭ ʥʝʧʨʘʚʠʣʥʦʩʪʠ ʢʘʦ ʰʪʦ ʩʫ ʥʧʨ. ʧʨʩʣʠʥʝ, 

ʧʦʨʝ, ʧʨʝʢʣʘʧʘˁʝ, ʥʝʩʪʦʧˀʝʥʦʩʪ (Alil, 2017). ʅʝ ʨʝʪʢʦ ʩʝ ʧʨʠʤʝˁʫʿʝ ʢʦʜ ʠʩʧʠʪʠʚʘˁʘ 

ʟʘʚʘʨʝʥʠʭ ʢʦʥʩʪʨʫʢʮʠʿʘ ʢʘʦ ʤʝʪʦʜʘ ʠʩʧʠʪʠʚʘˁʝ ʙʝʟ ʨʘʟʘʨʘˁʘ. ʄʝʪʦʜʘ ʟʘʭʪʝʚʘ ʘʜʝʢʚʘʪʥʫ 

ʧʨʠʧʨʝʤʫ ʧʦʚʨʰʠʥʝ (ʩʣʠʢʘ 5.22 ʪʘʯʢʘ 1). ʅʘ ʦʯʠʰ˂ʝʥʫ ʠ ʦʜʤʘʰ˂ʝʥʫ ʧʦʚʨʰʠʥʫ ʥʘʥʦʩʠ 

ʩʝ ʪʝʯʥʠ ʧʝʥʝʪʨʘʥʪ (ʩʣʠʢʘ 5.22 ʪʘʯʢʘ 2), ʿʘʨʢʝ ʫʦʯˀʠʚʝ ʙʦʿʝ, ʥʘʿʯʝʰ˂ʝ ʮʨʚʝʥʝ. ʊʝʯʥʠ 

ʧʝʥʝʪʨʘʥʪʠ ʠʤʘʿʫ ʿʘʢʦ ʜʦʙʨʫ ʦʩʦʙʠʥʫ ʧʝʥʝʪʨʠʨʘˁʘ ʫ ʝʚʝʥʪʫʘʣʥʫ ʧʫʢʦʪʠʥʫ. ɺʠʩʢʦʟʠʪʝʪ ʠ 

ɸʣʘʪʥʠ ʯʝʣʠʢ 

ʂʦʥʩʪʨʫʢʮʠʦʥʠ 

ʯʝʣʠʢ 

ʇʨʩʣʠʥʘ 

ʇʦʙʫʜʥʠ 

ʠʤʧʫʣʩ 

 

ʇʨʩʣʠʥʘ 

ɽʭʦ ʦʜ ʟʘʜˁʝ 

ʩʪʨʘʥʝ ʧʣʦʯʝ 

ʉʧʦʿ ʜʚʘ ʯʝʣʠʢʘ 

ʉʦʥʜʘ 
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ʢʘʧʠʣʘʨʥʦʩʪ ʠʤʘʿʫ ʚʝʣʠʢʠ ʫʪʠʮʘʿ ʥʘ ʙʨʟʠʥʫ ʢʦʿʦʤ ʧʝʥʝʪʨʘʥʪ ʧʫʥʠ ʥʝʧʨʘʚʠʣʥʦʩʪʠ, ʜʦʢ 

ʠʤʘʿʫ ʤʘʣʠ ʫʪʠʮʘʿ ʥʘ ʩʧʦʩʦʙʥʦʩʪ ʜʘ ʧʝʥʝʪʨʘʥʪ ʫʹʝ ʫ ʥʝʧʨʘʚʠʣʥʦʩʪ. ɺʨʝʤʝ ʧʨʦʜʠʨʘˁʘ 

ʟʘʚʠʩʠ ʦʜ ʰʠʨʠʥʝ ʦʪʚʦʨʝʥʝ ʥʝʧʨʘʚʠʣʥʦʩʪʠ ʠʣʠ ʧʨʩʣʠʥʝ, ʩʧʝʮʠʬʠʯʥʝ ʪʝʞʠʥʝ ʠ 

ʪʝʤʧʝʨʘʪʫʨʝ ʧʝʥʝʪʨʘʥʪʘ (Alil, 2017). ʇʨʠʙʣʠʞʥʦ ʚʨʝʤʝ ʧʝʥʝʪʨʠʨʘˁʘ ʠʟʥʦʩʠ ʦʜ 10 ʜʦ 20 

ʤʠʥʫʪʘ (ʩʣʠʢʘ 5.22 ʪʘʯʢʘ 3). ʅʘʢʦʥ ʠʩʪʝʢʘ ʚʨʝʤʝʥʘ ʧʦʪʨʝʙʥʦʛ ʟʘ ʧʨʦʜʠʨʘˁʝ, ʚʠʰʘʢ ʩʝ 

ʫʢʣʘˁʘ ʩʘ ʧʦʚʨʰʠʥʝ. ʋʢʣʘˁʘˁʝ ʚʠʰʢʘ ʩʘ ʧʦʚʨʰʠʥʝ ʤʦʞʝ ʩʝ ʫʯʠʥʠʪʠ ʢʨʧʦʤ ʙʝʟ ʜʣʘʯʠʮʘ 

ʠʣʠ ʚʦʜʦʤ (ʩʣʠʢʘ 5.22 ʪʘʯʢʘ 4). ʂʦʜ ʧʝʥʝʪʨʘʥʘʪʘ ʢʦʿʠ ʩʝ ʫʢʣʘˁʘʿʫ ʚʦʜʦʤ ʪʨʝʙʘ ʙʠʪʠ 

ʧʘʞˀʠʚ ʠ ʤʣʘʟ ʚʦʜʝ ʫʩʤʝʨʠʪʠ ʧʘʨʘʣʝʣʥʦ ʩ ʧʦʚʨʰʠʥʦʤ ʠʩʧʠʪʠʚʘʥʦʛ ʤʘʪʝʨʠʿʘʣʘ, ʢʘʢʦ 

ʤʣʘʟ ʚʦʜʝ ʥʝ ʙʠ ʠʩʪʠʩʥʫʦ ʧʝʥʝʪʨʘʥʪ ʠʟ ʧʫʢʦʪʠʥʝ. ʅʘʢʦʥ ʩʫʰʝˁʘ ʧʦʚʨʰʠʥʝ,ʥʘʥʦʩʠ ʩʝ 

ʨʘʟʚʠʿʘʯ (ʦʙʠʯʥʦ ʿʝ ʙʝʣʝ ʙʦʿʝ) ʢʦʿʠ ʘʙʩʦʨʙʫʿʝ ʧʝʥʝʪʨʘʥʪ ʟʘʦʩʪʘʦ ʫ ʥʝʧʨʘʚʠʣʥʦʩʪʠ ʠ ʜʘʿʝ 

ʚʠʜˀʠʚʫ ʠʥʜʠʢʘʮʠʿʫ. 

 

ʉʣʠʢʘ 5.22. ʇʨʦʮʝʩ ʧʝʥʝʪʨʘʥʪʩʢʦʛ ʠʩʧʠʪʠʚʘˁʘ (High Energy Metals, Inc., 2023) 

ʆʚʦʤ ʤʝʪʦʜʦʤ ʤʦʛʫ˂ʝ ʿʝ ʦʪʢʨʠʚʘˁʝ ʧʨʠʩʫʩʪʚʘ ʧʫʢʦʪʠʥʘ, ʘʣʠ ʥʝ ʠ ʦʜʨʝʹʠʚʘˁʝ ʪʘʯʥʝ 

ʜʠʤʝʥʟʠʿʝ ʠ ˁʝʥʝ ʜʫʙʠʥʝ. ɼʦʟʚʦˀʝʥʦ ʦʜʩʪʫʧʘˁʝ ʦʙʣʠʢʘ, ʜʠʤʝʥʟʠʿʘ, ʠʟʛʣʝʜʘ, ʩʪʨʫʢʪʫʨʝ, 

ʤʝʭʘʥʠʯʢʠʭ ʠ ʬʠʟʠʯʢʠʭ ʦʩʦʙʠʥʘ ʜʝʬʠʥʠʩʘʥʦ ʿʝ ʪʝʭʥʠʯʢʠʤ ʧʨʦʧʠʩʠʤʘ, ʪʝʭʥʠʯʢʠʤ 

ʫʩʣʦʚʠʤʘ ʜʦʛʦʚʦʨʝʥʠʤ ʠʟʤʝʹʫ ʫʛʦʚʦʨʥʠʭ ʩʪʨʘʥʘ, ʪʿ. ʦʜʨʝʹʝʥʦ ʿʝ ʫʛʦʚʦʨʦʤ. ʋ ʩʢʣʘʜʫ ʩʘ 

ʨʝʣʝʚʘʥʪʥʠʤ ʩʪʘʥʜʘʨʜʠʤʘ ʠʣʠ ʫʛʦʚʦʨʦʤ ʦ ʪʝʭʥʠʯʢʠʤ ʫʩʣʦʚʠʤʘ, ʥʝʧʨʘʚʠʣʥʦʩʪʠ ʩʝ ʤʦʛʫ 

ʜʝʬʠʥʠʩʘʪʠ ʢʘʦ ʧʨʠʭʚʘʪˀʠʚʝ ʠʣʠ ʥʝʧʨʠʭʚʘʪˀʠʚʝ, ʦʜʥʦʩʥʦ, ʢʦʿʝ ʩʝ ʤʦʛʫ ʠʣʠ ʥʝ ʤʦʛʫ 

ʧʦʧʨʘʚʠʪʠ (Alil, 2017). 

ʅʘ ʦʩʥʦʚʫ ʦʙʣʠʢʘ, ʥʝʧʨʘʚʠʣʥʦʩʪʠ ʩʝ ʜʝʣʝ ʥʘ (Alil, 2017).: 

- ʈʘʚʘʥʩʢʝ (ʧʫʢʦʪʠʥʝ, ʟʘʯʝʧˀʝˁʘ, ʥʝʧʨʦʚʘʨʝʥʠ ʢʦʨʝʥ) ʠ 

- ɿʘʧʨʝʤʠʥʩʢʝ (ʤʝʭʫʨʠ˂ʠ, ʧʦʨʝ, ʫʢˀʫʯʮʠ, ʠʪʜ.). 

ʇʨʝʤʘ ʤʝʩʪʫ ʥʘʩʪʘʥʢʘ, ʥʝʧʨʘʚʠʣʥʦʩʪʠ ʩʝ ʜʝʣʝ ʥʘ (Alil, 2017).: 

- ʉʧʦˀʘʰˁʝ ʦʜʥʦʩʥʦ ʧʦʚʨʰʠʥʩʢʝ, 

- ʋʥʫʪʨʘʰˁʝ ʠ 

- ʇʦʜ-ʧʦʚʨʰʠʥʩʢʝ. 

 

5.13. ʇʣʘʥ ʠʩʧʠʪʠʚʘʘˁ 

ʆʩʥʦʚʥʘ ʠʜʝʿʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʭ ʠʩʧʠʪʠʚʘˁʘ ʿʝ ʦʜʨʝ́ʠʚʘˁʝ ʦʧʪʠʤʘʣʥʠʭ ʧʘʨʘʤʝʪʘʨʘ ʧʨʠ 

ʠʟʚʦʹʝˁʫ ʝʢʩʧʣʦʟʠʚʥʦʛ ʟʘʚʘʨʠʚʘˁʘ ʠ ʢʘʨʘʢʪʝʨʠʟʘʮʠʿʘ ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ ʜʝʩʪʨʫʢʪʠʚʥʠʤ ʠ 
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ʥʝʜʝʩʪʨʫʢʪʠʚʥʠʤ ʤʝʪʦʜʘʤʘ. ʊʨʝʙʘ ʥʘʧʦʤʝʥʫʪʠ ʜʘ ʫ ʪʨʝʥʫʪʢʫ ʧʠʩʘˁʘ ʦʚʦʛ ʨʘʜʘ ʥʠʩʫ 

ʧʨʦʥʘʹʝʥʠ ʨʘʜʦʚʠ ʢʦʿʠ ʩʝ ʦʜʥʦʩʝ ʥʘ ʜʦʙʠʿʘˁʝ ʠ ʠʩʧʠʪʠʚʘˁʝ ʝʢʩʧʣʦʟʠʚʥʦ ʟʘʚʘʨʝʥʦʛ 

ʘʣʘʪʥʦʛ ʠ ʢʦʥʩʪʨʫʢʮʠʦʥʦʛ ʯʝʣʠʢʘ ʠʟʘʙʨʘʥʠʭ ʫ ʜʠʩʝʨʪʘʮʠʿʠ. ʂʦʜ ʩʚʠʭ ʧʣʦʯʘ ʘʣʘʪʥʦʛ ʠ 

ʢʦʥʩʪʨʫʢʮʠʦʥʦʛ ʯʝʣʠʢʘ ʚʘʨʠʨʘʥʘ ʿʝ ʢʦʣʠʯʠʥʘ ʝʢʩʧʣʦʟʠʚʘ. ʅʘ ʦʩʥʦʚʫ ʪʦʛʘ, ʤʦʞʝ ʩʝ ʨʝ˂ʠ 

ʜʘ ʧʣʦʯʝ ʜʦʙʠʿʝʥʝ ʦʚʠʤ ʧʦʩʪʫʧʢʦʤ ʠ ʨʝʟʫʣʪʘʪʠ ʠʩʧʠʪʠʚʘˁʘ ʧʨʝʜʩʪʘʚˀʘʿʫ ʦʩʥʦʚʫ ʥʝʢʠʭ 

ʙʫʜʫ˂ʠʭ ʠʩʧʠʪʠʚʘˁʘ. 

ʀʩʧʠʪʠʚʘˁʝʤ ʤʝʪʦʜʘʤʘ ʙʝʟ ʨʘʟʘʨʘˁʘ ʦʤʦʛʫ˂ʘʚʘ ʩʝ ʦʪʢʨʠʚʘˁʝ ʠ ʧʨʦʮʝʥʘ ʥʝʜʦʩʪʘʪʘʢʘ ʫ 

ʤʘʪʝʨʠʿʘʣʠʤʘ ʠʣʠ ʨʘʟʣʠʢʘ ʫ ˁʝʛʦʚʠʤ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘʤʘ, ʙʝʟ ʜʝʛʨʘʜʘʮʠʿʝ ʩʘʤʦʛ ʫʟʦʨʢʘ. 

ɽʢʩʧʣʦʟʠʚʥʦ ʟʘʚʘʨʝʥʝ ʧʣʦʯʝ ʥʘʿʧʨʝ ʩʫ ʠʩʧʠʪʠʚʘʥʝ ʤʝʪʦʜʘʤʘ ʙʝʟ ʨʘʟʘʨʘˁʘ ʢʦʿʝ ʩʫ 

ʧʨʠʢʘʟʘʥʝ ʫ ʪʘʙʝʣʠ 5.5. 
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ʊʘʙʝʣʘ 5.5. ʊʝʭʥʠʢʝ ʠʩʧʠʪʠʚʘˁʘ ʙʝʟ ʨʘʟʘʨʘˁʘ 

ʊʝʭʥʠʢʘ 
ʌʠʟʠʯʢʠ 

ʬʝʥʦʤʝʥʠ 
ʆʩʥʦʚʝ ʇʨʠʤʝʥʘ 

ʈʘʜʠʦʛʨʘʬʩʢʦ 

ʪʝʩʪʠʨʘˁʝ 

ɽʣʝʢʪʨʦʤʘʛʥʝʪʥʦ 

ʟʨʘʯʝˁʝ 

(ʿʦʥʠʟʫʿʫ˂ʝ) 

ɿʘʭʪʝʚʘ ʫʧʘʜ ʠ 

ʧʨʦʜʠʨʘˁʝ ʝʥʝʨʛʠʿʝ 

ʟʨʘʯʝˁʘ ʥʘ ʠ ʢʨʦʟ 

ʧʨʝʛʣʝʜʘʥʠ ʤʘʪʝʨʠʿʘʣ, 

ʢʦʿʫ ʤʘʪʝʨʠʿʘʣ 

ʭʦʤʦʛʝʥʦ ʘʧʩʦʨʙʫʿʝ, 

ʦʩʠʤ ʫ ʨʝʛʠʦʥʠʤʘ ʛʜʝ 

ʩʝ ʿʘʚˀʘʿʫ ʚʘʨʠʿʘʮʠʿʝ 

ʜʝʙˀʠʥʝ, ʛʫʩʪʠʥʝ ʠʣʠ 

ʜʝʬʝʢʪʠ. ɿʨʘʯʝˁʝ ʢʦʿʝ 

ʧʨʦʣʘʟʠ ʢʨʦʟ 

ʤʘʪʝʨʠʿʘʣ ʧʦʛʘʹʘ 

ʩʣʠʢʫ ʫ ʩʝʥʟʠʪʠʚʥʦʤ 

ʤʝʜʠʿʫ ʦʪʢʨʠʚʘʿʫ˂ʠ 

ʜʝʬʝʢʪʝ. 

ʆʪʢʨʠʚʘˁʝ ʜʫʙʦʢʠʭ ʠʣʠ 

ʫʛʨʘʹʝʥʠʭ ʜʝʬʝʢʘʪʘ 

(ʧʨʘʢʪʠʯʥʦ ʙʝʟ 

ʦʛʨʘʥʠʯʝˁʘ); ʉʣʘʙʘ 

ʦʩʝʪˀʠʚʦʩʪ ʥʘ ʜʝʬʝʢʪʝ 

ʫʧʨʘʚʥʦ ʥʘ ʧʨʘʚʘʮ 

ʟʨʘʯʝˁʘ; ʉʣʘʙʘ 

ʦʩʝʪˀʠʚʦʩʪ ʟʘ ʤʘʣʝ 

ʜʝʬʝʢʪʝ ʫ ʧʦʨʝʹʝˁʫ ʩʘ 

ʜʠʤʝʥʟʠʿʦʤ ʫʟʦʨʢʘ; ʅʠʿʝ 

ʧʦʛʦʜʥʦ ʟʘ on-line 

ʠʥʩʧʝʢʮʠʿʫ. ʐʪʝʪʥʦʩʪ ʧʦ 

ʟʜʨʘʚˀʝ. 

ʂʦʥʚʝʥʮʠʦʥʘ

ʣʥʦ ʧʫʣʩ-ʝʭʦ 

ʫʣʪʨʘʟʚʫʯʥʦ 

ʪʝʩʪʠʨʘˁʝ 

ʄʝʭʘʥʠʯʢʝ 

ʚʠʙʨʘʮʠʿʝ 

ʉʥʦʧ 

ʚʠʩʦʢʦʬʨʝʢʚʝʥʪʥʠʭ 

ʟʚʫʯʥʠʭ ʪʘʣʘʩʘ ʩʝ 

ʫʚʦʜʠ ʫ ʤʘʪʝʨʠʿʘʣ, 

ʧʫʪʫʿʝ ʢʨʦʟ ˁʝʛʘ ʠ 

ʨʝʬʣʝʢʪʫʿʝ ʩʝ ʥʘ 

ʠʥʪʝʨʬʝʿʩʠʤʘ ʠʣʠ 

ʜʝʬʝʢʪʠʤʘ. 

ʈʝʬʣʝʢʪʦʚʘʥʠ ʟʚʫʢ ʩʝ 

ʘʥʘʣʠʟʠʨʘ ʜʘ ʙʠ ʩʝ 

ʠʜʝʥʪʠʬʠʢʦʚʘʣʦ 

ʧʨʠʩʫʩʪʚʦ ʠ ʣʦʢʘʮʠʿʘ 

ʜʝʬʝʢʘʪʘ. 

ʄʦʞʝ ʩʝ ʢʦʨʠʩʪʠʪʠ ʟʘ 

ʜʝʪʝʢʮʠʿʫ ʛʨʝʰʘʢʘ, 

ʣʦʢʘʮʠʿʫ ʠ ʤʝʨʝˁʝ; ʅʝ 

ʤʦʞʝ ʩʝ ʢʦʨʠʩʪʠʪʠ ʟʘ 

ʠʥʩʧʝʢʮʠʿʫ ʥʘ ʚʠʩʦʢʠʤ 

ʪʝʤʧʝʨʘʪʫʨʘʤʘ (ʦʙʠʯʥʦ 

>300Áʉ); ɿʘʚʠʩʥʘ ʦʜ 

ʧʦʚʨʰʠʥʩʢʝ ʦʙʨʘʜʝ. ʅʠʿʝ 

ʘʜʝʢʚʘʪʥʦ ʟʘ ʣʦʢʘʣʥʦ 

ʥʝʨʘʚʥʝ ʧʦʚʨʰʠʥʝ. 

ʀʩʧʠʪʠʚʘˁʝ 

ʪʝʯʥʠʤ 

ʧʝʥʝʪʨʘʥʪʠʤʘ 

ʂʘʧʠʣʘʨʥʦʩʪ 

ʂʦʤʧʦʥʝʥʪʝ ʩʝ 

ʥʘʚʣʘʞʝ 

ʬʣʫʦʨʝʩʮʝʥʪʥʠʤ ʠʣʠ 

ʦʙʦʿʝʥʠʤ ʧʝʥʝʪʨʘʥʪʦʤ 

ʠ ʧʝʥʝʪʨʘʥʪ ʫʣʘʟʠ ʫ 

ʜʝʬʝʢʪ ʢʦʿʠ ʿʝ ʦʪʚʦʨʝʥ 

ʧʨʝʤʘ ʧʦʚʨʰʠʥʠ. 

ɺʠʰʘʢ ʧʝʥʝʪʨʘʥʪʘ ʩʝ 

ʫʢʣʘˁʘ, ʘ ʥʘ 

ʧʦʚʨʰʠʥʫ ʩʝ ʥʘʥʦʩʠ 

ʨʘʟʚʠʿʘʯ, ʠʟʚʣʘʯʝ˂ʠ 

ʧʝʥʝʪʨʘʥʪ ʠʟ ʜʝʬʝʢʪʘ, 

ʬʦʨʤʠʨʘʿʫ˂ʠ ʚʠʜˀʠʚʫ 

ʠʥʜʠʢʘʮʠʿʫ ʜʝʬʝʢʪʘ. 

ʅʝ ʤʦʞʝ ʦʪʢʨʠʪʠ 

ʫʥʫʪʨʘʰˁʝ ʥʝʜʦʩʪʘʪʢʝ; 

ʈʝʣʘʪʠʚʥʦ ʜʫʛʦʪʨʘʿʘʥ 

ʧʨʦʮʝʩ (>20 ʤʠʥʫʪʘ). 

ɼʘ ʙʠ ʩʝ ʜʦʙʠʣʘ ʢʦʤʧʣʝʪʥʘ ʩʣʠʢʘ ʢʚʘʣʠʪʝʪʘ ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ ʦʩʪʚʘʨʝʥʦʛ ʝʢʩʧʣʦʟʠʚʥʠʤ 

ʟʘʚʘʨʠʚʘˁʝʤ, ʥʘʢʦʥ ʠʩʧʠʪʠʚʘˁʘ ʥʝʜʝʩʪʨʫʢʪʠʚʥʠʤ ʤʝʪʦʜʘʤʘ ʢʦʨʠʰ˂ʝʥʝ ʩʫ ʠ 
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ʜʝʩʪʨʫʢʪʠʚʥʝ ʤʝʪʦʜʝ ʠʩʧʠʪʠʚʘˁʘ. ʂʦʨʠʰ˂ʝʥʝ ʜʝʩʪʨʫʢʪʠʚʥʝ ʤʝʪʦʜʝ ʩʫ ʧʨʠʢʘʟʘʥʝ ʫ 

ʪʘʙʝʣʠ 5.6. 

ʊʘʙʝʣʘ 5.6. ʊʝʭʥʠʢʝ ʠʩʧʠʪʠʚʘˁʘ ʩʘ ʨʘʟʘʨʘˁʝʤ 

ʊʝʭʥʠʢʘ 
ʌʠʟʠʯʢʠ 

ʬʝʥʦʤʝʥʠ 
ʆʩʥʦʚʝ ʇʨʠʤʝʥʘ 

ʀʩʧʠʪʠʚʘˁʝ 

ʫʜʘʨʥʝ 

ʞʠʣʘʚʦʩʪʠ 

ʂʠʥʝʪʠʯʢʘ 

ʝʥʝʨʛʠʿʘ 

ʂʦʥʩʪʨʫʢʪʠʚʥʦ ʠʟʚʦʹʝˁʝ 

ʫʨʝʹʘʿʘ ʿʝ ʫ ʬʦʨʤʠ 

ʬʠʟʠʯʢʦʛ ʢʣʘʪʥʘ ʢʦʜ ʢʦʛʘ 

ʩʝ ʢʠʥʝʪʠʯʢʘ ʝʥʝʨʛʠʿʘ 

ʢʨʝʪʘˁʘ ʤʘˀʘ ʪʨʦʰʠ ʥʘ 

ʣʦʤ ʝʧʨʫʚʝʪʝ ʢʦʿʘ ʿʝ 

ʦʩʣʦˁʝʥʘ ʫ ʪʘʯʢʠ 

ʤʘʢʩʠʤʘʣʥʝ ʢʠʥʝʪʠʯʢʝ 

ʝʥʝʨʛʠʿʝ ʤʘˀʘ. 

ʆʜʨʝʹʠʚʘˁʝ ʝʥʝʨʛʠʿʝ 

ʢʦʿʫ ʿʝ ʧʦʪʨʝʙʥʦ ʫʣʦʞʠʪʠ 

ʜʘ ʙʠ ʩʝ ʠʟʘʟʚʘʣʦ 

ʨʘʟʘʨʘˁʝ ʩʪʨʫʢʪʫʨʝ 

ʤʘʪʝʨʠʿʘʣʘ, ʪʿ. ʜʘ ʙʠ ʩʝ 

ʦʩʪʚʘʨʠʦ ʣʦʤ ʝʧʨʫʚʝʪʝ, 

ʐʪʦ ʿʝ ʫʣʦʞʝʥʘ ʝʥʝʨʛʠʿʘ 

ʟʘ ʣʦʤ ʝʧʨʫʚʝʪʝ ʤʘˁʘ, ʪʦ 

ʿʝ ʤʘʪʝʨʠʿʘʣ ʚʠʰʝ ʢʨʪ, ʘ 

ʘʢʦ ʿʝ ʚʝ˂ʘ, ʤʘʪʝʨʠʿʘʣ ʿʝ 

ʚʝ˂ʝ ʞʠʣʘʚʦʩʪʠ. 

ʂʘʚʠʪʘʮʠʦʥʦ 

ʭʘʙʘˁʝ. 

ʄʝʭʘʥʠʯʢʝ 

ʚʠʙʨʘʮʠʿʝ 

(ʢʘʚʠʪʘʮʠʦʥʠ 

ʝʬʝʢʘʪ) 

ʌʝʥʦʤʝʥ ʢʦʿʠ ʩʝ ʿʘʚˀʘ ʫ 

ʪʦʢʫ ʢʘʚʠʪʘʮʠʦʥʝ ʝʨʦʟʠʿʝ 

ʫʢˀʫʯʫʿʝ ʧʨʦʮʝʩ ʥʘʩʪʘʿʘˁʘ, 

ʨʘʩʪʘ ʠ ʢʦʥʜʝʥʟʘʮʠʿʝ 

ʤʝʭʫʨʘ ʫʥʫʪʘʨ ʬʣʫʠʜʘ. 

ʇʨʦʮʝʩ ʢʦʿʠʤ ʩʝ ʤʘʪʝʨʠʿʘʣ 

ʦʜʚʘʿʘ ʦʜ ʯʚʨʩʪʝ ʧʦʚʨʰʠʥʝ 

ʥʘʟʠʚʘ ʩʝ ʢʘʚʠʪʘʮʠʦʥʘ 

ʝʨʦʟʠʿʘ, ʘ ʥʘʩʪʘʣʦ 

ʦʰʪʝ˂ʝˁʝ ʢʘʚʠʪʘʮʠʦʥʦ 

ʦʰʪʝ˂ʝˁʝ. 

ʃʘʙʦʨʘʪʦʨʠʿʩʢʦ 

ʠʩʧʠʪʠʚʘˁʝ ʦʪʧʦʨʥʦʩʪʠ 

ʤʘʪʝʨʠʿʘʣʘ ʥʘ ʜʝʿʩʪʚʦ 

ʢʘʚʠʪʘʮʠʿʝ ʤʝʨʠ ʩʝ 

ʛʫʙʠʪʢʦʤ ʤʘʩʝ ʫ ʪʦʢʫ 

ʠʩʧʠʪʠʚʘˁʘ. 

ʀʩʧʠʪʠʚʘˁʝ 

ʪʚʨʜʦ˂ʝ 

ʄʝʭʘʥʠʯʢʦ 

ʫʪʠʩʢʠʚʘˁʝ 

ɿʘ ʪʝʩʪ ʪʚʨʜʦ˂ʝ ʧʦ Vickers-

ʫ, ʥʘʩʧʨʘʤʥʝ ʩʪʨʘʥʠʮʝ 

ʧʠʨʘʤʠʜʝ ʩʘ ʢʚʘʜʨʘʪʥʦʤ 

ʙʘʟʦʤ ʟʘʢʣʘʧʘʿʫ ʫʛʘʦ ʦʜ 

136Á. ɼʠʿʘʤʘʥʪʩʢʘ 

ʧʠʨʘʤʠʜʘ ʩʝ ʫʪʠʩʢʫʿʝ ʫ 

ʧʦʚʨʰʠʥʫ ʤʘʪʝʨʠʿʘʣʘ ʩʘ 

ʩʚʝ ʚʝ˂ʦʤ ʩʠʣʦʤ ʠ ʦʜʨʞʘʚʘ 

ʩʝ ʦʜ 10 ʜʦ 15 ʩʝʢʫʥʜʠ ʢʘʜʘ 

ʩʝ ʧʦʩʪʠʛʥʝ ʞʝˀʝʥʘ ʩʠʣʘ. 

ʂʦʨʠʩʪʠ ʩʝ ʢʘʦ 

ʧʦʢʘʟʘʪʝˀ ʪʚʨʜʦ˂ʝ 

ʤʘʪʝʨʠʿʘʣʘ. 

ʊʝʩʪ ʨʘʚʥʠʤ 

ʩʝʢʘʯʝʤ 

ʄʝʭʘʥʠʯʢʦ 

ʠʩʧʠʪʠʚʘˁʝ 

ʅʘʧʨʘʚʠ ʩʝ ʟʘʨʝʟ ʥʘ ʤʝʩʪʫ 

ʩʧʦʿʘ ʜʚʘ ʤʝʪʘʣʘ. ʉʝʢʘʯ ʩʝ 

ʧʦʩʪʘʚʠ ʥʘ ʤʝʩʪʦ ʟʘʨʝʟʘ ʠ 

ʩʥʘʞʥʦ ʩʝ ʫʜʘʨʠ ʯʝʢʠ˂ʝʤ 

ʥʝʢʦʣʠʢʦ ʧʫʪʘ. ʂʘʨʘʢʪʝʨ 

ʮʝʧʘˁʘ ʠʣʠ ˀʫʰʪʝˁʝ 

ʧʦʢʘʟʫʿʝ ʢʘʨʘʢʪʝʨ ʚʝʟʝ 

ʩʧʦʿʘ. 

ɹʨʟ ʠ ʿʝʬʪʠʥ ʪʝʩʪ ʟʘ 

ʠʩʧʠʪʠʚʘˁʝ 

ʠʟʜʨʞˀʠʚʦʩʪʠ ʟʘʚʘʨʝʥʠʭ 

ʤʝʪʘʣʘ ʥʘ ʤʝʭʘʥʠʯʢʠ 

ʫʜʘʨ. 
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6. ʈɽɿʋʃʊɸʊʀ ʀ ɼʀʉʂʋʉʀɱɸ 

 

ʋ ʦʚʦʤ ʧʦʛʣʘʚˀʫ ʩʫ ʧʨʠʢʘʟʘʥʠ ʜʦʙʠʿʝʥʠ ʨʝʟʫʣʪʘʪʠ ʠ ʘʥʘʣʠʟa ʠʩʪʠʭ ʟʘ ʩʚʘʢʫ ʤʝʪʦʜʫ 

ʠʩʧʠʪʠʚʘˁʘ. 

 

6.1. ʄʝʨʝˁʝ ʙʨʟʠʥʝ ʜʝʪʦʥʘʮʠʿʝ 

ɹʨʟʠʥʘ ʜʝʪʦʥʘʮʠʿʝ ʝʢʩʧʣʦʟʠʚʘ ɼʝʤʝʢʩ ʠ ɸʤʦʥʝʢʩ ʦʜʨʝʹʝʥʘ ʿʝ ʢʦʨʠʰ˂ʝˁʝʤ ʦʧʪʠʯʢʠʭ 

ʩʦʥʜʠ. ʆʚʦʤ ʤʝʪʦʜʦʤ ʤʝʨʝˁʝ ʩʝ ʠʟʚʦʜʠ ʪʘʢʦ ʰʪʦ ʩʝ ʥʘ ʤʝʩʪʫ ʩʪʘʙʠʣʥʝ ʜʝʪʦʥʘʮʠʿʝ 

ʧʦʩʪʘʚʝ ĂSTARTñ ʠ ĂSTOPñ ʩʦʥʜʘ. ʄʝʹʫʩʦʙʥʦ ʨʘʩʪʦʿʘˁʝ ʩʦʥʜʠ l (ʫ ʤʠʣʠʤʝʪʨʠʤʘ) ʿʝ 

ʫʥʘʧʨʝʜ ʦʜʨʝʹʝʥ ʤʝʨʝˁʝʤ ʫʟ ʧʦʤʦ˂ ʜʠʛʠʪʘʣʥʦʛ ʧʦʤʠʯʥʦʛ ʢˀʫʥʘʩʪʦʛ ʤʝʨʠʣʘ ʩʘ ʪʘʯʥʦʰ˂ʫ 

ʦʜ 0,01 mm. ĂSTARTñ ʩʦʥʜʘ ʩʝ ʥʘʣʘʟʠ ʫ ʟʦʥʠ ʩʪʘʙʠʣʥʝ ʜʝʪʦʥʘʮʠʿʝ ʦʜʥʦʩʥʦ ʥʘ ʫʜʘˀʝʥʦʩʪʠ ʦʜ 

1,5 ʧʨʝʯʥʠʢʘ ʧʫˁʝˁʘ ʫ ʦʜʥʦʩʫ ʥʘ ʤʝʩʪʦ ʛʜʝ ʩʝ ʚʨʰʠ ʠʥʠʮʠʨʘˁʝ. ɺʨʝʤʝ t (ʫ ʤʠʢʨʦʩʝʢʫʥʜʘʤʘ) 

ʢʦʿʝ ʿʝ ʧʦʪʨʝʙʥʦ ʜʘ ʜʝʪʦʥʘʮʠʦʥʠ ʪʘʣʘʩ ʧʨʝʹʝ ʦʜ ĂSTARTñ ʜʦ ĂSTOPñ ʩʦʥʜʝ ʤʝʨʠ ʩʝ 

ʝʣʝʢʪʨʦʥʩʢʠʤ ʙʨʦʿʘʯʝʤ ʠʣʠ ʦʩʮʠʣʦʩʢʦʧʦʤ. ʈʝʛʠʩʪʨʦʚʘʥʠ ʩʚʝʪʣʦʩʥʠ ʩʠʛʥʘʣ ʩʘ ʦʧʪʠʯʢʠʭ 

ʩʦʥʜʠ ʩʝ ʢʦʥʚʝʨʪʫʿʝ ʫ ʝʣʝʢʪʨʠʯʥʠ ʧʨʝʢʦ ʙʨʟʠʭ ʬʦʪʦʜʝʪʝʢʪʦʨʘ (ɸʥʹʝʣʠ˂, 2018). ʋ 

ʝʢʩʧʝʨʠʤʝʥʪʫ ʧʨʠʤʝˁʝʥ ʿʝ ʩʠʩʪʝʤ ʩʘ ʪʘʯʥʦʰ˂ʫ ʤʝʨʝˁʘ ʚʨʝʤʝʥʘ ʜʦ 1 ns. ɹʨʟʠʥʘ ʜʝʪʦʥʘʮʠʿʝ 

D, ʠʟʨʘʯʫʥʘʚʘ ʩʝ ʢʘʦ ʢʦʣʠʯʥʠʢ ʜʝʬʠʥʠʩʘʥʦʛ ʨʘʩʪʦʿʘˁʘ ʠ ʠʟʤʝʨʝʥʦʛ ʚʨʝʤʝʥʘ ʝʣʝʢʪʨʦʥʩʢʠʤ 

ʙʨʦʿʘʯʝʤ ʠʣʠ ʦʩʮʠʣʦʩʢʦʧʦʤ, ʠ ʠʟʨʘʞʘʚʘ ʩʝ ʫ m/s ʠʣʠ ʫ km/s: 

Ὀ
Ì

ὸ
 (6.1) 

ʂʘʰˁʝˁʝ ʦʧʪʠʯʢʦʛ ʩʠʛʥʘʣʘ ʢʦʿʠ ʩʝ ʧʨʦʩʪʠʨʝ ʢʨʦʟ ʢʘʙʣ ʠʟʤʝʨʝʥʦ ʿʝ ʜʘ ʠʟʥʦʩʠ 240 ns ʥʘ 50 m, 

odnosno 4,8 ns ʧʦ ʤʝʪʨʫ. ʆʚʘʿ ʧʦʜʘʪʘʢ ʿʝ ʦʜ ʩʫʰʪʠʥʩʢʝ ʚʘʞʥʦʩʪʠ ʫ ʩʣʫʯʘʿʫ ʢʘʜʘ ʩʝ ʨʘʜʠ ʩʘ 

ʢʘʙʣʦʚʠʤʘ ʨʘʟʣʠʯʠʪʠʭ ʜʫʞʠʥʘ, ʿʝʨ ʦʤʦʛʫ˂ʘʚʘ ʢʦʤʧʝʥʟʘʮʠʿʫ ʢʘʰˁʝˁʘ ʩʠʛʥʘʣʘ. 

ʇʨʘʰʢʘʩʪʠ ʝʢʩʧʣʦʟʠʚ ʥʘʩʫʪ ʿʝ ʫ PVC ʮʝʚʠ ʜʫʞʠʥʝ 200 mm, ʩʧʦˀʘʰˁʝʛ ʧʨʝʯʥʠʢʘ 52 mm. ʅʘ 

PVC ʮʝʚʠ ʠʟʙʫʰʝʥʝ ʩʫ ʜʚʝ ʨʫʧʝ ʟʘ ʧʦʩʪʘʚˀʘˁʝ ʦʧʪʠʯʢʠʭ ʩʦʥʜʠ. ʇʨʚʘ ʨʫʧʘ ʿʝ 75 mm ʫʜʘˀʝʥʘ 

ʦʜ ʤʝʩʪʘ ʠʥʠʮʠʨʘˁʘ ʜʦʢ ʿʝ ʜʨʫʛʘ ʨʫʧʘ ʫʜʘˀʝʥʘ 175 mm ʦʜ ʤʝʩʪʘ ʠʥʠʮʠʨʘˁʘ. ʋ ʦʚʦʿ 

ʧʦʩʪʘʚʮʠ ʠʟʚʨʰʝʥʘ ʩʫ ʧʦ ʪʨʠ ʤʝʨʝˁʘ ʙʨʟʠʥʝ ʜʝʪʦʥʘʮʠʿʝ ʟʘ ʩʚʘʢʠ ʝʢʩʧʣʦʟʠʚ. ʇʨʝʯʥʠʢ 

ʩʦʥʜʠ ʿʝʜʥʘʢ ʿʝ ʧʨʝʯʥʠʢʫ ʨʫʧʘ, ʯʠʤʝ ʩʝ ʦʙʝʟʙʝʜʠʣʦ ˁʠʭʦʚʦ ʬʠʢʩʠʨʘˁʝ ʠ ʩʧʨʝʯʠʣʦ 

ʧʨʦʩʠʧʘˁʝ ʝʢʩʧʣʦʟʠʚʘ. ʅʘ ʩʣʠʮʠ 6.1 ʧʨʠʢʘʟʘʥ ʿʝ ʠʟʛʣʝʜ ʦʧʠʪʥʦʛ ʩʢʣʦʧʘ: PVC ʮʝʚ ʩʘ 

ʝʢʩʧʣʦʟʠʚʦʤ ʠ ʫʛʨʘʹʝʥʠʤ ʩʦʥʜʘʤʘ. 

ʅʘ ʩʣʠʮʠ 6.2 ʧʨʠʢʘʟʘʥʘ ʿʝ ʩʣʠʯʥʘ ʢʦʥʬʠʛʫʨʘʮʠʿʘ, ʩ ʪʦʤ ʨʘʟʣʠʢʦʤ ʰʪʦ ʿʝ ʝʢʩʧʣʦʟʠʚ ʫ 

ʢʫʪʠʿʠ ʙʝʟ ʧʦʢʣʦʧʮʘ. ʇʨʘʰʢʘʩʪʠ ʝʢʩʧʣʦʟʠʚ ʥʘʩʫʪ ʿʝ ʠ ʫ ʜʨʚʝʥʝ ʢʫʪʠʿʝ ʫʥʫʪʨʘʰˁʠʭ 

ʜʠʤʝʥʟʠʿʘ 200Ĭ50Ĭ40 mm. ʎʠˀ ʦʚʘʢʦ ʩʧʨʦʚʝʜʝʥʦʛ ʤʝʨʝˁʘ ʙʠʦ ʿʝ ʜʘ ʩʝ ʙʨʟʠʥʘ ʜʝʪʦʥʘʮʠʿʝ 

ʦʜʨʝʜʠ ʫ ʰʪʦ ʧʨʠʙʣʠʞʥʠʿʠʤ ʫʩʣʦʚʠʤʘ ʦʥʠʤ ʫ ʢʦʿʠʤʘ ʩʝ ʝʢʩʧʣʦʟʠʚ ʘʢʪʠʚʠʨʘ ʧʨʠ 

ʠʟʚʦʹʝˁʫ ʝʢʩʧʣʦʟʠʚʥʦʛ ʟʘʚʘʨʠʚʘˁʘ ï ʥʘʩʫʪ ʩʘ ʩʣʦʙʦʜʥʦʤ ʛʦʨˁʦʤ ʧʦʚʨʰʠʥʦʤ. ʅʘʯʠʥ 

ʬʠʢʩʠʨʘˁʘ ʠ ʧʦʟʠʮʠʿʝ ʩʦʥʜʠ ʩʫ ʠʩʪʝ ʢʘʦ ʫ ʩʣʫʯʘʿʫ ʧʦʩʪʘʚʢʝ PVC ʮʝʚʠ. 

ʋ ʦʚʦʿ ʧʦʩʪʘʚʮʠ ʠʟʚʨʰʝʥʘ ʩʫ ʪʨʠ ʤʝʨʝˁʘ ʙʨʟʠʥʝ ʜʝʪʦʥʘʮʠʿʝ ɼʝʤʝʢʩʘ. 
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ʉʣʠʢʘ 6.1. ʋʟʦʨʘʢ ʝʢʩʧʣʦʟʠʚʘ ɼʝʤʝʢʩ ʟʘ ʤʝʨʝˁʝ ʙʨʟʠʥʝ ʜʝʪʦʥʘʮʠʿʝ ʫ PVC ʮʝʚʠ. 

 

ʉʣʠʢʘ 6.2. ʋʟʦʨʘʢ ʝʢʩʧʣʦʟʠʚʘ ɼʝʤʝʢʩ ʟʘ ʤʝʨʝˁʝ ʙʨʟʠʥʝ ʜʝʪʦʥʘʮʠʿʝ ʫ ʢʫʪʠʿʠ. 

ʋ ʪʘʙʝʣʠ 6.1 ʧʨʠʢʘʟʘʥʠ ʩʫ ʜʦʙʠʿʝʥʠ ʨʝʟʫʣʪʘʪʠ ʙʨʟʠʥʝ ʜʝʪʦʥʘʮʠʿʝ ʝʢʩʧʣʦʟʠʚʘ ɸʤʦʥʝʢʩ, 

ɼʦʙʠʿʝʥʘ ʚʨʝʜʥʦʩʪ ʙʨʟʠʥʝ ʧʨʝʜʩʪʘʚˀʘ ʩʨʝʜˁʫ ʚʨʝʜʥʦʩʪ ʠʟʤʝʨʝʥʝ ʙʨʟʠʥʝ ʜʝʪʦʥʘʮʠʿʝ ʪʨʠ 

ʫʟʦʨʢʘ. 

ʇʨʚʠʤ ʘʢʪʠʚʠʨʘˁʝʤ ɼʝʤʝʢʩʘ ʫ PVC ʮʝʚʠ, ʩʝ ʥʠʿʝ ʜʝʪʝʢʪʦʚʘʦ ʩʠʛʥʘʣ ʧʦʤʦ˂ʫ ʦʧʪʠʯʢʠʭ 

ʩʦʥʜʠ. ɸʢʪʠʚʠʨʘˁʝ ɼʝʤʝʢʩʘ ʫ ʢʫʪʠʿʠ ʿʝ ʙʠʣʦ ʫʩʧʝʰʥʦ ʩʘʤʦ ʫ ʿʝʜʥʦʤ ʦʜ ʪʨʠ ʧʦʢʫʰʘʿʘ. 

ɼʦʙʠʿʝʥʘ ʚʨʝʜʥʦʩʪ ʦʜ 2450,2 m/s je ʤʘˁʘ ʫ ʦʜʥʦʩʫ ʥʘ ʚʨʝʜʥʦʩʪ ʢʦʿʘ ʿʝ ʜʦʙʠʿʝʥʘ ʫ PVC 

ʮʝʚʠ. ʈʘʟʣʦʛ ʤʘˁʝ ʚʨʝʜʥʦʩʪʠ ʿʝ ʰʪʦ ʩʝ ɼʝʤʝʢʩ ʥʘʣʘʟʠ ʫ ʨʘʩʫʪʦʤ ʩʪʘˁʫ ʩʘ ʤʘˁʦʤ 

ʜʝʙˀʠʥʦʤ ʥʘʩʫʪʦʛ ʩʣʦʿʘ ʝʢʩʧʣʦʟʠʚʘ ʢʦʿʘ ʫ ʦʚʦʤ ʩʣʫʯʘʿʫ ʠʟʥʦʩʠ 40 mm. ɼʝʙˀʠʥʘ 

ʝʢʩʧʣʦʟʠʚʘ ʫ ʦʚʦʿ ʢʦʥʬʠʛʫʨʘʮʠʿʠ ʦʜʛʦʚʘʨʘ ʜʝʙˀʠʥʠ ʝʢʩʧʣʦʟʠʚʘ ʫ ʧʨʦʮʝʩʫ ʟʘʚʘʨʠʚʘˁʘ. 

ʀʟʤʝʨʝʥʝ ʙʨʟʠʥʝ ʜʝʪʦʥʘʮʠʿʝ ʝʢʩʧʣʦʟʠʚʘ ʩʫ ʚʝ˂ʝ ʦʜ ʤʠʥʠʤʘʣʥʝ ʜʝʢʣʘʨʠʩʘʥʝ. ʋ ʦʚʦʤ ʩʣʫʯʘʿʫ 

ʿʝ ɼʝʤʝʢʩ ʧʨʠʢʣʘʜʥʠʿʠ ʧʨʝʤʘ ʢʨʠʪʝʨʠʿʫʤʠʤʘ ʢʦʿʝ ʧʦʩʪʘʚˀʘ Ăʧʨʦʟʦʨ ʟʘʚʘʨʠʚʘˁʘñ. ʊʨʝʙʘ 

ʠʩʪʘ˂ʠ ʜʘ ʩʫ ʜʦʙʠʿʝʥʝ ʚʨʝʜʥʦʩʪʠ ʨʝʟʫʣʪʘʪʘ ʤʝʨʝˁʘ ʫʿʝʜʥʘʯʝʥʠ ʰʪʦ ʧʦʪʚʨʹʫʿʝ ʜʘ ʩʫ ʧʨʠʧʨʝʤʘ 

ʠ ʨʝʘʣʠʟʘʮʠʿʘ ʝʢʩʧʝʨʠʤʝʥʪʘ ʧʨʘʚʠʣʥʦ ʠʟʚʝʜʝʥʠ, ʦʜʥʦʩʥʦ ʜʘ ʩʫ ʜʦʙʠʿʝʥʠ ʨʝʟʫʣʪʘʪʠ ʚʘʣʠʜʥʠ. 
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ʊʘʙʝʣʘ 6.1. ʈʝʟʫʣʪʘʪʠ ʤʝʨʝˁʘ ʙʨʟʠʥʝ ʜʝʪʦʥʘʮʠʿʝ. 

ʄʝʨʝˁʝ 
ɺʨʩʪʘ 

ʝʢʩʧʣʦʟʠʚʘ 

ʈʘʩʪʦʿʘˁʝ 

ʤʝʨʥʘ ʙʘʟʘ,  

l (mm) 

ɺʨʝʤʝ,  

ȹt (ɛs) 

ɹʨʟʠʥʘ 

ʜʝʪʦʥʘʮʠʿʝ,  

D (m/s) 

ʉʨʝʜˁʘ 

ʚʨʝʜʥʦʩʪ  

Dsr (m/s) 

1 
ɼʝʤʝʢʩ ʫ PVC 

ʮʝʚʠ 

- - - 

2803,7 2 100,7 36,279 2775,7 

3 101,5 35,845 2831,6 

1 

ɼʝʤʝʢʩ ʫ 

ʜʨʚʝʥʦʤ ʨʘʤʫ 

(ʄʝʨʝˁʝ ʫ 

Trayal-ʫ) 

- - 2600,0 2600,0 

1 

ɼʝʤʝʢʩ ʫ ʢʫʪʠʿʠ 

- - - 

2450,2 2 - - - 

3 100,4 40,976 2450,2 

1 

ɸʤʦʥʝʢʩ 

100,02 26,442 3782,6 

3769,8 2 99,83 26,640 3747,4 

3 99,43 26,308 3779,5 

 

6.2. ʀʩʧʠʪʠʚʘˁʝ ʭʝʤʠʿʩʢʦʛ ʩʘʩʪʘʚʘ 

ʍʝʤʠʿʩʢʠ ʩʘʩʪʘʚ ʯʝʣʠʢʘ 51CrV4, X155CrVMo12-1ʠ S355J2, ʫ ʤʘʩʝʥʠʤ ʧʨʦʮʝʥʪʠʤʘ, ʜʘʪ ʿʝ 

ʫ ʪʘʙʝʣʠ 6.2. ʀʩʧʠʪʠʚʘˁʝ ʿʝ ʦʙʘʚˀʝʥʦ ʘʧʘʨʘʪʦʤ ĂSpektrometar Spectro Lab LACM12ñ 

ʤʝʪʦʜʦʤ ʦʧʪʠʯʢʦʛ ʝʤʠʩʠʦʥʦʛ ʩʧʝʢʪʨʦʤʝʪʨʘ (ʆɽʉ), ʧʨʝʤʘ ʩʪʘʥʜʘʨʜʫ SRPS C.A1.011:2004. 

ʄʝʪʦʜʘ ʆɽʉ ʿʝ ʥʘʤʝˁʝʥʘ ʟʘ ʢʚʘʥʪʠʪʘʪʠʚʥʫ ʭʝʤʠʿʩʢʫ ʘʥʘʣʠʟʫ ʣʝʛʫʨʘ ʤʝʪʘʣʘ ʠʟ ʯʚʨʩʪʦʛ 

ʫʟʦʨʢʘ. ʊʝʭʥʠʢʘ ʠʩʧʠʪʠʚʘˁʘ ʩʝ ʟʘʩʥʠʚʘ ʥʘ ʢʦʤʧʘʨʘʪʠʚʥʦʿ ʘʥʘʣʠʟʠ, ʠʥʩʪʨʫʤʝʥʪ ʿʝ 

ʬʘʙʨʠʯʢʠ ʢʘʣʠʙʨʠʩʘʥ ʥʘ ʦʩʥʦʚʫ ʩʝʨʪʠʬʠʢʦʚʘʥʠʭ ʨʝʬʝʨʝʥʪʥʠʭ ʤʘʪʝʨʠʿʘʣʘ ʢʦʿʠ ʩʫ 

ʩʢʣʘʜʠʰʪʝʥʠ ʫ ʤʝʤʦʨʠʿʠ ʩʧʝʢʪʨʦʤʝʪʨʘ (IMW Institut, 2023). 

ʇʨʝʤʘ ʪʘʣʘʩʥʠʤ ʜʫʞʠʥʘʤʘ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʦʛ ʟʨʘʯʝˁʘ, ʢʦʿʝ ʩʝ ʜʝʪʝʢʪʫʿʫ, ʠʥʩʪʨʫʤʝʥʪ 

ʦʜʨʝʹʫʿʝ ʚʨʩʪʫ ʝʣʝʤʝʥʪʘ, ʘ ʧʨʝʤʘ ˁʠʭʦʚʦʤ ʠʥʪʝʥʟʠʪʝʪʫ, ʢʦʣʠʯʠʥa ʩʘʜʨʞʘʿʘ, ʫʧʦʨʝʹʫʿʫ˂ʠ 

ʠʭ ʩʘ ʧʦʟʥʘʪʠʤ ʠʥʪʝʥʟʠʪʝʪʠʤʘ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʦʛ ʟʨʘʯʝˁʘ. 

 

ʊʘʙʝʣʘ 6.2. ʍʝʤʠʿʩʢʠ ʩʘʩʪʘʚ ʯʝʣʠʢʘ 51CrV4, X155CrVMo12-1 (X160CrMoV121) ʠ S355J2 

(IMW Institut, 2023). 

ɱʝʜʠʥʠʮʘ % (m/m) 

ɽʣʝʤʝʥʪ C Si Mn P S Cr Ni Mo Cu N Ti  Nb V AI  

ʉʘʜʨʞʘʿ 51CrV4 0,491 0,257 0,816 0,0134 0,0052 0,988 0,194 0,051 0,250 0,012 <0,001 0,003 0,128 0,015 

ʉʘʜʨʞʘʿ 

X155CrVMo12-1 
1,58 0,26 0,32 0,01 0,01 12 - 0,9 - - - - 0,7 - 

ʉʘʜʨʞʘʿ S355J2 0,160 0,033 1,382 0,0132 0,0052 0,027 0,028 <0,001 0,029 0,007 0,008 0,029 0,004 0,038 
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6.3. ʀʩʧʠʪʠʚʘˁʝ ʧʦʚʨʠhʥʝ ʧʨʦʬʠʣʦʤʝʪʨʦʤ 

ɿʘ ʤʝʨʝˁʝ ʪʦʧʦʛʨʘʬʠʿʝ ʧʦʚʨʰʠʥʝ ʘʣʘʪʥʦʛ ʠ ʢʦʥʩʪʨʫʢʮʠʦʥʦʛ ʯʝʣʠʢʘ ʧʨʝ ʝʢʩʧʝʨʠʤʝʥʪʘ 

ʢʦʨʠʰ˂ʝʥ ʿʝ ʫʨʝʹʘʿ ĂISR-C002ñ, ʬʠʨʤʝ ĂINSIZEñïʂʠʥʘ, ʩʣʠʢʘ 6.3. ʊʦ ʿʝ ʧʨʝʥʦʩʥʠ ʫʨʝʹʘʿ 

ʠ ʧʦʛʦʜʘʥ ʿʝ ʟʘ ʤʝʨʝˁʝ ʥʘ ʨʘʟʣʠʯʠʪʠʤ ʧʦʚʨʰʠʥʘʤʘ. ʋʨʝʹʘʿ ʿʝ ʿʝʜʥʦʩʪʘʚʘʥ ʟʘ ʨʫʢʦʚʘˁʝ, 

ʤʝʨʝˁʝ ʩʝ ʦʙʘʚʘˀ ʙʨʟʦ, ʧʦʩʝʜʫʿʝ ʚʝʦʤʘ ʩʪʘʙʠʣʥʫ ʠ ʚʠʩʦʢʫ ʪʘʯʥʦʩʪ ʤʝʨʝˁʘ.  

ʄʝʨʝˁʝ ʭʨʘʧʘʚʦʩʪʠ, ʦʜʥʦʩʥʦ ʚʝʣʠʢʦʛ ʙʨʦʿʘ ʧʘʨʘʤʝʪʘʨʘ ʪʦʧʦʛʨʘʬʠʿʝ ʧʦʚʨʰʠʥʝ ʩʝ ʚʨʰʠ 

ʫ ʩʢʣʘʜʫ ʩʘ ʩʪʘʥʜʘʨʜoʤ. ʈʝʟʫʣʪʘʪʠ ʤʝʨʝˁʘ ʩʝ ʜʠʛʠʪʘʣʥʦ / ʛʨʘʬʠʯʢʠ ʧʨʠʢʘʟʫʿʫ ʥʘ ʝʢʨʘʥʫ 

ʫʨʝʹʘʿʘ. ʋʨʝʹʘʿ ʧʦʩʝʜʫʿʝ ʤʦʛʫ˂ʥʦʩʪ ʧʦʚʝʟʠʚʘˁʘ ʩʘ ʨʘʯʫʥʘʨʦʤ ʠ ʫʧʨʘʚʘˀˁʝ ʤʝʨʝˁʝʤ 

ʧʦʤʦ˂ʫ ʦʜʛʦʚʘʨʘʿʫ˂ʝʛ ʩʦʬʪʚʝʨʘ. 

 

ʉʣʠʢʘ 6.3. ʋʨʝʹʘʿ ĂISR-C002ñʟʘ ʤʝʨʝˁʝ ʭʨʘʧʘʚʦʩʪʠ ʧʦʚʨʰʠʥʘ. 

ʋ ʪʘʙʝʣʠ 6.3 ʩʫ ʧʨʠʢʘʟʘʥʠ ʧʘʨʘʤʝʪʨʠ ʧʦʚʨʰʠʥʩʢʝ ʭʨʘʧʘʚʦʩʪʠ ʢʦʿʠ ʩʝ ʤʝʨʝ ʢʦʨʠʰ˂ʝˁʝʤ 

ʦʚʦʛ ʫʨʝʹʘʿʘ. ʅʘ ʩʣʠʮʠ 6.4 ʿʝ ʧʨʠʢʘʟʘʥʘ ʤʝʨʥʘ ʦʧʨʝʤʘ ʠ ʤʝʨʝˁʝ ʪʦʧʦʛʨʘʬʠʿʝ ʧʦʚʨʰʠʥʝ. 

ɿʙʦʛ ʩʧʝʮʠʬʠʯʥʦʩʪʠ ʝʢʩʧʣʦʟʠʚʥʦʛ ʟʘʚʘʨʠʚʘˁʘ ʧʘʨʘʤʝʪʨʠ ʪʦʧʦʛʨʘʬʠʿʝ ʧʦʚʨʰʠʥʝ ʧʣʦʯʘ 

ʩʫ ʤʝʨʝʥʠ ʩʘʤʦ ʫ ʫʟʜʫʞʥʦʤ ʧʨʘʚʮʫ. ʄʝʨʝˁʝ ʫ ʧʦʧʨʝʯʥʦʤ ʧʨʘʚʮʫ ʥʠʿʝ ʥʝʦʧʭʦʜʥʦ. 

ʅʘ ʩʣʠʮʠ 6.5 ʧʨʠʢʘʟʘʥʝ ʩʫ ʧʨʠʧʨʝʤˀʝʥʝ ʧʣʦʯʝ ʟʘ ʦʜʨʝʹʠʚʘˁʝ ʧʦʚʨʰʠʥʩʢʝ ʭʨʘʧʘʚʦʩʪʠ. 
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ʉʣʠʢʘ 6.4. ʄʝʨʥʘ ʦʧʨʝʤʘ ʟʘ ʤʝʨʝˁʝ ʪʦʧʦʛʨʘʬʠʿʝ ʧʦʚʨʰʠʥʝ 

Hampelʿ ʝ ʩʪʫʜʠʨʘʿʫ˂ʠ ʮʠʣʠʥʜʨʠʯʥʫ ʢʦʥʬʠʛʫʨʘʮʠʿʫ ʝʢʩʧʣʦʟʠʚʥʦʛ ʟʘʚʘʨʠʚʘˁʘ, ʫʪʚʨʜʠʦ ʿʝ 

(Hampel), (Blazynski, 1983): 

- Aʢʦ ʿʝ ʟʙʠʨ ʭʨʘʧʘʚʦʩʪʠ ʩʪʘʮʠʦʥʘʨʥʝ ʠ ʧʦʢʨʝʪʥʝ ʧʣʦʯʝ ʤʘˁʠ ʦʜ ʿʝʜʥʝ ʜʝʩʝʪʠʥʝ 

ʘʤʧʣʠʪʫʜʝ ʪʘʣʘʩʘ, ʜʦʙʠʿʝʥ ʿʝ ʜʦʙʘʨ ʢʚʘʣʠʪʝʪ ʟʘʚʘʨʠʚʘˁʘ ʩʘ ʩʠʤʝʪʨʠʯʥʠʤ 

ʪʘʣʘʩʠʤʘ. 

- ɸʢʦ ʿʝ ʟʙʠʨ ʭʨʘʧʘʚʦʩʪʠ ʙʠʣʘ ʧʨʠʙʣʠʞʥʦ ʿʝʜʥʘʢʘ ʘʤʧʣʠʪʫʜʠ ʪʘʣʘʩʘ, ʜʦʙʠʿʝʥʘ ʿʝ 

ʪʘʣʘʩʘʩʪʘ ʧʦʚʨʰʠʥʘ ʩʘ ʧʝʨʠʦʜʠʯʥʠʤ ʠʩʪʦʧˀʝʥʠʤ ʩʣʦʿʝʤ. 

- ɸʢʦ ʿʝ ʟʙʠʨ ʭʨʘʧʘʚʦʩʪʠ ʿʝʜʥʘʢʘ ʜʚʦʩʪʨʫʢʦʿ ʘʤʧʣʠʪʫʜʠ ʪʘʣʘʩʘ, ʘʤʧʣʠʪʫʜʘ ʪʘʣʘʩʘ ʩʝ 

ʢʦʥʪʠʥʫʠʨʘʥʦ ʩʤʘˁʫʿʝ, ʘ ʨʘʩʪʦʧˀʝʥʠ ʩʣʦʿ ʿʝ ʢʦʥʪʠʥʫʘʣʘʥ.  

- ɸʢʦ ʿʝ ʟʙʠʨ ʭʨʘʧʘʚʦʩʪʠ ʧʨʝʤʘʰʠʦ ʪʨʦʩʪʨʫʢʫ ʚʨʝʜʥʦʩʪ ʘʤʧʣʠʪʫʜʝ ʪʘʣʘʩʘ, 

ʟʘʚʘʨʠʚʘˁʝ ʥʠʿʝ ʠʟʚʦʜʠˀʚʦ. 

 

ʉʣʠʢʘ 6.5. ʇʨʠʧʨʝʤˀʝʥʝ ʧʣʦʯʝ ʟʘ ʠʩʧʠʪʠʚʘˁʝ ʧʦʚʨʰʠʥʩʢʝ ʭʨʘʧʘʚʦʩʪʠ. 
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ʂʦʨʠʰ˂ʝˁʝʤ ʤʝʨʥʦʛ ʫʨʝʹʘʿʘ ĂISR-C002ñ ʧʦʩʪʘʚʝˀʥʦʛ ʥʘ ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʧʦʩʪʦʝˀ ʜʦʙʠʿʝʥ 

ʿʝ ʤʝʨʥʠ ʩʠʩʪʝʤ ʢʦʿʠʤ ʿʝ ʠʟʤʝʨʝʥʘ ʧʦʯʝʪʥʘ ʤʠʢʨʦʛʝʦʤʝʪʨʠʿʘ ʧʣʦʯʘ ʠʩʧʠʪʠʚʘʥʠʭ 

ʤʘʪʝʨʠʿʘʣʘ. ʄʠʢʨʦʛʝʦʤʝʪʨʠʿʘ ʢʦʥʪʘʢʪʥʠʭ ʧʦʚʨʰʠʥʘ ʠʩʧʠʪʠʚʘʥʠʭ ʤʘʪʝʨʠʿʘʣʘ 

ʧʨʝʜʩʪʘʚʝˀʥʘ ʿʝ ʧʨʝʢʦ ʦʩʥʦʚʥʠʭ ʧʘʨʘʤʝʪʘʨʘ ʧʦʚʨʰʠʥʩʢʝ ʭʨʘʧʘʚʦʩʪʠ (ʅʝʜʠ˂, 2014), 

(ɷʫʥʠ˂ 2015): 

Ra - ʩʨʝʜˁʝ ʘʨʠʪʤʝʪʠʯʢʦ ʦʜʩʪʫʧʘˁʝ ʧʨʦʬʠʣʘ ʥʘ ʜʫʞʠʥʠ ʦʮʝˁʠʚʘˁʘ, 

Rmax - ʤʘʢʩʠʤʘʣʥʘ ʚʠʩʠʥʘ ʧʨʦʬʠʣʘ ʥʘ ʜʫʞʠʥʠ ʦʮʝˁʠʚʘˁʘ ʠ 

Rz - ʩʨʝʜˁʘ ʚʠʩʠʥʘ ʧʨʦʬʠʣʘ ʥʘ ʜʫʞʠʥʠ ʦʮʝˁʠʚʘˁʘ. 

ʈʝʟʫʣʪʘʪʠ ʤʝʨʝˁʘ ʩʫ ʧʨʠʢʘʟʘʥʠ ʫ ʪʘʙʝʣʠ 6.3. 

ʊʘʙʝʣʘ 6.3.ʈʝʟʫʣʪʘʪʠ ʤʝʨʝˁʘ ʧʦʚʨʰʠʥʩʢʝ ʭʨʘʧʘʚʦʩʪʠ. 

 
ʂʦʥʩʪʨʫʢʮʠʦʥʠ ʯʝʣʠʢ ɸʣʘʪʥʠ ʯʝʣʠʢ 

1 2 3 4 1 2 3 

Ra, ɛm, 0,198 0,439 0,384 0,327 0,203 0,201 0,215 

Rz, ɛm, 1,274 2,964 3,033 2,41 2,005 1,541 1,798 

Rt, ɛm, 1,531 6,174 7,755 3,457 5,433 1,877 2,321 

Rq, ɛm, 0,25 0,573 0,522 0,425 0,299 0,264 0,297 

Rp, ɛm, 0,524 1,502 1,768 1,027 0,642 0,533 0,464 

Rku, 3,097 3,125 3,968 3,535 6,809 4,358 6,119 

Rsk, ɛm, -0,364 0,289 0,161 -0,563 -0,662 -0,613 -1,362 

Rpc, mm, 95,0 57,5 85,0 105,0 70,0 62,5 60,0 

Rv, ɛm, 0,751 1,462 1,264 1,383 1,363 1,008 1,334 

R3z, ɛm, 0,948 1,106 1,729 1,699 0,81 0,82 0,79 

R3y, 1,284 2,223 4,989 2,371 1,383 0,938 1,334 

Rz(jis), ɛm, 0,919 1,432 1,867 1,719 0,958 0,889 0,958 

Rs, ɛm, 0,039 0,052 0,044 0,037 0,079 0,073 0,1 

Rsm, mm, 0,063 0,118 0,074 0,054 0,087 0,105 0,118 

Rk, ɛm, 0,568 0,926 0,892 0,885 0,516 0,499 0,513 

Rpk, ɛm, 0,22 1,266 1,326 0,349 0,342 0,227 0,104 

Rvk, ɛm, 0,309 0,803 0,628 0,622 0,641 13,7 0,652 

Mr1, %, 9,3 15,6 11,2 7,8 8,2 13,7 16,8 

Mr2, %, 85,5 86,0 82,6 82,3 87,7 83,6 84,7 

ʅʘ ʩʣʠʢʘʤʘ 6.6 ʜʦ 6.12 ʩʫ ʧʨʠʢʘʟʘʥʠ ʜʠʿʘʛʨʘʤʠ ʧʦʚʨʰʠʥʩʢʝ ʭʨʘʧʘʚʦʩʪʠ ʧʦʿʝʜʠʥʠʭ ʧʣʦʯʘ. 
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ʉʣʠʢʘ 6.6. ʇʨʦʬʠʣ ʧʦʚʨʰʠʥʝ ʢʦʥʩʪʨʫʢʮʠʦʥʦʛ ʯʝʣʠʢʘ, ʫʟʦʨʘʢ 1. 

 

ʉʣʠʢʘ 6.7. ʇʨʦʬʠʣ ʧʦʚʨʰʠʥʝ ʢʦʥʩʪʨʫʢʮʠʦʥʦʛ ʯʝʣʠʢʘ, ʫʟʦʨʘʢ 2. 

 

ʉʣʠʢʘ 6.8. ʇʨʦʬʠʣ ʧʦʚʨʰʠʥʝ ʢʦʥʩʪʨʫʢʮʠʦʥʦʛ ʯʝʣʠʢʘ, ʫʟʦʨʘʢ 3. 

 

ʉʣʠʢʘ 6.9. ʇʨʦʬʠʣ ʧʦʚʨʰʠʥʝ ʢʦʥʩʪʨʫʢʮʠʦʥʦʛ ʯʝʣʠʢʘ, ʫʟʦʨʘʢ 4. 
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ʉʣʠʢʘ 6.10. ʇʨʦʬʠʣ ʧʦʚʨʰʠʥʝ ʘʣʘʪʥʦʛ ʯʝʣʠʢʘ, ʫʟʦʨʘʢ 1. 

 

ʉʣʠʢʘ 6.11. ʇʨʦʬʠʣ ʧʦʚʨʰʠʥʝ ʘʣʘʪʥʦʛ ʯʝʣʠʢʘ, ʫʟʦʨʘʢ 2. 

 

ʉʣʠʢʘ 6.12. ʇʨʦʬʠʣ ʧʦʚʨʰʠʥʝ ʘʣʘʪʥʦʛ ʯʝʣʠʢʘ, ʫʟʦʨʘʢ 3. 

ɺʝʣʠʯʠʥʘ ʧʦʚʨʰʠʥʩʢʝ ʭʨʘʧʘʚʦʩʪʠ ʜʝʬʠʥʠʰʝ ʫ ʢʦʿʦʿ ˂ʝ ʤʝʨʠ ʙʠʪʠ ʝʬʠʢʘʩʘʥ ʩʠʩʪʝʤ 

ʦʜʥʦʰʝˁʘ ʤʘʪʝʨʠʿʘʣʘ ʢʫʤʫʣʘʪʠʚʥʠʤ ʤʣʘʟʦʤ, ʘ ʪʠʤʝ ʠ ʫʪʠʮʘʿ ʜʦʜʘʪʥʦʛ ʪʦʧˀʝˁʘ ʥʘ 

ʧʦʚʨʰʠʥʠ ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ, ʿʝʨ ʩʝ ʧʨʝʦʩʪʘʣʘ ʝʥʝʨʛʠʿʝ ʢʫʤʫʣʘʪʠʚʥʦʛ ʤʣʘʟʘ ʧʨʝʪʚʘʨʘ ʫ 

ʪʦʧʣʦʪʫ. 

ɿʘʚʘʨʠʚʘˁʝ ʥʘʿʚʠʰʝʛ ʢʚʘʣʠʪʝʪʘ, ʟʘʭʪʝʚʘ ʜʘ ʧʦʚʨʰʠʥʝ ʘʣʘʪʥʦʛ ʠ ʢʦʥʩʪʨʫʢʮʠʦʥʦʛ ʯʝʣʠʢʘ, 

ʙʫʜʫ ʰʪʦ ʛʣʘʪʢʠʿʝ. ʀʟʤʝʨʝʥʝ ʚʨʝʜʥʦʩʪʠ ʧʦʚʨʰʠʥʩʢʝ ʭʨʘʧʘʚʦʩʪʠ ʩʫ ʫ ʛʨʘʥʠʮʘʤʘ Ñ1ɛm 

ʰʪʦ ʿʝ ʧʨʝʤʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʤ ʧʦʜʘʮʠʤʘ ʚʠʰʝ ʥʝʛʦ ʜʦʚʦˀʥʦ ʟʘ ʢʚʘʣʠʪʝʪʘʥ ʩʧʦʿ.  
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6.4. ʋʣʪʨʘʟʚʫʯʥʘ ʜʝʬʝʢʪʦʩʢʦʧʠʿʘ 

ɽʢʩʧʣʦʟʠʚʥʦ ʟʘʚʘʨʝʥʝ ʧʣʦʯʝ ʯʝʣʠʢʘ (ʘʣʘʪʥʠ/ʢʦʥʩʪʨʫʢʮʠʦʥʠ) ʠʩʧʠʪʘʥʝ ʩʝ ʫʣʪʨʘʟʚʫʯʥʠʤ 

ʜʝʬʝʢʪʦʩʢʦʧʦʤ ĂUCD-50ñ ʧʨʦʠʟʚʦʹʘʯʘ Ăʂʨʦʧʫʩñ ʫ ʣʘʙʦʨʘʪʦʨʠʿʠ ĂApave Vertechñʫ 

ɾʝʣʝʟʥʠʢʫ. ʋʣʪʨʘʟʚʫʯʥʘ SE ʩʦʥʜʘ ʬʨʝʢʚʝʥʮʠʿʝ 10 MHz ʢʦʨʠʰʝ˂ʥʘ ʿʝ ʟʘ ʩʢʝʥʠʨʘˁʝ ʮʝʣʝ 

ʧʦʚʨʰʠʥʝ ʩʚʘʢʝ ʧʣʦʯʝ. ʂʘʦ ʢʦʥʪʘʢʪʥʦ ʩʨʝʜʩʪʚʦ ʢʦʨʠʰ˂ʝʥ ʿʝ ʪʘʧʝʪʦʣ ʣʝʧʘʢ, ʘ ʠʩʧʠʪʠʚʘˁʝ 

ʿʝ ʫʨʘʹʝʥʦ ʫ ʩʢʣʘʜʫ ʩʘ ʩʪʘʥʜʘʨʜʦʤ SRPS EN 14127. ʉ ʦʙʟʠʨʦʤ ʜʘ ʩʫ ʩʧʘʿʘʥʠ ʨʘʟʥʦʨʦʜʥʠ 

ʤʘʪʝʨʠʿʘʣʠ ʩʘ ʨʘʟʣʠʯʠʪʠʤ ʙʨʟʠʥʘʤʘ ʧʨʦʩʪʠʨʘˁʘ ʫʣʪʨʘʟʚʫʢʘ, ʫʨʘʹʝʥʘ ʿʝ ʢʘʣʠʙʨʘʮʠʿʘ ʥʘ 

ʦʩʥʦʚʥʠʤ ʤʘʪʝʨʠʿʘʣʠʤʘ. ʂʘʣʠʙʨʘʮʠʿʘ ʿʝ ʫʨʘʹʝʥʘ ʥʘ ʧʣʦʯʠ ʢʦʥʩʪʨʫʢʮʠʦʥʦʛ ʯʝʣʠʢʘ 

ʜʝʙˀʠʥʝ 10 mm ʩʘ ʙʨʟʠʥʦʤ ʣʦʥʛʠʪʫʜʠʥʘʣʥʠʭ ʪʘʣʘʩʘ 5860 m/s.  

ʅʘ ʩʣʠʮʠ 6.13 ʿʝ ʧʨʠʢʘʟʘʥ ʢʦʨʠʰ˂ʝʥʠ ʫʣʪʨʘʟʚʫʯʥʠ ʜʝʬʝʢʪʦʩʢʦʧ ʠ SE ʩʦʥʜʘ. 

  

ʉʣʠʢʘ 6.13. ʋʣʪʨʘʟʚʫʯʥʠ ʜʝʬʝʢʪʦʩʢʦʧ. 

ʐʨʘʬʠʨʘʥʘ ʦʙʣʘʩʪ ʥʘ ʧʨʝʜʩʪʘʚˀʝʥʠʤ ʩʣʠʢʘʤʘ ʿʝ ʦʙʣʘʩʪ ʛʜʝ ʿʝ ʜʦʰʣʦ ʜʦ ʩʧʘʿʘˁʘ 

ʤʘʪʝʨʠʿʘʣʘ. ɺʘʥ ʦʚʝ ʦʙʣʘʩʪʠ ʥʠʿʝ ʩʝ ʨʝʘʣʠʟʦʚʘʣʦ ʩʧʘʿʘˁʝ ʤʘʪʝʨʠʿʘʣʘ.  

ɹʨʦʿʝʚʠ ʫʟʦʨʘʢʘ ʯʝʣʠʯʥʠʭ ʧʨʦʯʘ 1-4 ʦʜʛʦʚʘʨʘʿʫ ʨʘʟʣʠʯʠʪʠʤ ʢʦʣʠʯʠʥʘʤʘ ɼʝʤʝʢʩ 

ʝʢʧʣʦʟʠʚʘ ʠ ʪʦ 540, 640, 740 ʠ 850 g, ʨʝʩʧʝʢʪʠʚʥʦ. 

ʅʘ ʤʝʩʪʫ ʘʢʪʠʚʠʨʘˁʘ ʜʝʪʦʥʘʪʦʨʩʢʝ ʢʘʧʠʩʣʝ ʤʘʪʝʨʠʿʘʣ ʩʝ ʥʠʿʝ ʩʧʦʿʠʦ ʢʦʜ ʩʚʠʭ ʫʟʦʨʘʢʘ 

ʯʝʣʠʯʥʠʭ ʧʣʦʯʘ ʦʟʥʘʯʝʥʠʭ 1-4 ʢʘʦ ʰʪʦ ʿʝ ʧʨʠʢʘʟʘʥʦ ʥʘ ʰʨʘʬʠʨʘʥʠʤ ʧʦʚʨʰʠʥʘʤʘ 

ʨʝʘʣʥʠʭ ʫʟʦʨʘʢʘ ʥʘ ʩʣʠʮʠ 6.14. 
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ʉʣʠʢʘ 6.14. ɽʢʩʧʣʦʟʠʚʥʦ ʟʘʚʘʨʝʥʝ ʧʣʦʯʝ ʫʛˀʝʥʠʯʥʦʛ ʯʝʣʠʢʘ ʩʘ ʘʣʘʪʥʠʤ ʯʝʣʠʢʦʤ 

(ʫʟʦʨʮʠ 1-4). 

 

6.5. ʈʝʥʜʛʝʥʦʛʨʘʬʠʿʘ 

ʈʝʥʜʛʝʥʩʢʦ ʠʩʧʠʪʠʚʘˁʝ, ʠʟʚʨʰʝʥʦ ʿʝ ʥʘ ʫʨʝʹʘʿʫ ĂTELEDYNE ICM CP300Dñ. ʅʘʧʦʥ, 

ʿʘʯʠʥʘ ʩʪʨʫʿʝ ʠ ʚʨʝʤʝ ʝʢʩʧʦʟʠʮʠʿʝ ʩʝ ʧʦʜʝʰʘʚʘʿʫ ʟʘ ʩʚʘʢʫ ʧʣʦʯʫ. ɼʝʙˀʠʥʘ ʠ ʤʘʪʝʨʠʿʘʣ 

ʠʤʘʿʫ ʛʣʘʚʥʫ ʫʣʦʛʫ ʟʘ ʜʦʙʠʿʘˁʝ ʢʚʘʣʠʪʝʪʥʠʭ ʨʘʜʠʦʛʨʘʬʩʢʠʭ ʩʥʠʤʘʢʘ. ʅʘ ʩʣʠʮʠ  6.15 

ʧʨʠʢʘʟʘʥʘ ʿʝ ʦʧʨʝʤʘ ʢʦʨʠʰ˂ʝʥʘ ʟʘ ʨʘʜʠʦʛʨʘʬʩʢʦ ʠʩʧʠʪʠʚʘˁʝ. 

ɿʦʥʘ ʥʝʟʘʚʘʨʝʥʦʩʪʠ ʥʘ 

ʤʝʩʪʫ ʠʥʠʮʠʨʘˁʘ 

ʅʫʤʝʨʘʮʠʿʘ 

ʧʣʦʯʘ 

ɿʘʚʘʨʝʥʘ ʟʦʥʘ ɿʦʥʘ ʥʝʟʘʚʘʨʝʥʦʩʪʠ 
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ʉʣʠʢʘ 6.15. ʇʨʦʮʝʩ ʠʩʧʠʪʠʚʘˁʘ ʧʣʦʯʝ ʈʝʥʜʛʝʥʦʤ. 

ʈʘʜʠʦʛʨʘʬʠʿʘ ʟʘʚʘʨʝʥʠʭ ʩʧʦʿʝʚʘ ʥʠʿʝ ʦʪʢʨʠʣʘ ʟʥʘʯʘʿʥʝ ʜʝʬʝʢʪʝ ʩʧʦʿʘ. ʇʦʟʥʘʪʦ ʿʝ ʜʘ ʿʝ 

ʨʝʥʜʛʝʥʩʢʠ ʩʥʠʤʘʢ ʧʦʫʟʜʘʥ ʪʝʩʪ ʟʘ ʜʝʪʝʢʮʠʿʫ ʪʨʦʜʠʤʝʥʟʠʦʥʘʣʥʠʭ ʜʝʬʝʢʘʪʘ, ʘʣʠ ʥʠʿʝ ʫ 

ʩʪʘˁʫ ʜʘ ʧʦʢʘʞʝ ʨʘʚʘʥʩʢʝ, ʜʚʦʜʠʤʝʥʟʠʦʥʘʣʥʝ ʜʝʬʝʢʪʝ ʠ ʤʘʣʝ ʜʝʬʝʢʪʝ (ʧʨʩʣʠʥʝ) ʫ 

ʥʦʨʤʘʣʥʦʤ ʩʤʝʨʫ ʫ ʦʜʥʦʩʫ ʥʘ ʧʨʘʚʘʮ ʫʧʘʜʥʦʛ ʟʨʘʯʝˁʘ (Lopez, 2018). ɼʘʢʣʝ, ʦʪʢʨʠʚʘˁʝ 

ʥʝʜʦʩʪʘʪʢʘ ʩʧʦʿʘ ʟʘʚʠʩʠ˂ʝ ʦʜ ʦʨʠʿʝʥʪʘʮʠʿʝ ʟʨʘʯʝˁʘ. ʈʝʥʜʛʝʥʦʛʨʘʬʩʢʦ ʠʩʧʠʪʠʚʘˁʝ ʿʝ 

ʧʦʢʘʟʘʣʦ ʩʪʘˁʠʚʘˁʝ ʤʘʪʝʨʠʿʘʣʘ (ʧʦʢʨʝʪʥʝ ʧʣʦʯʝ) ʠʣʠ ʜʝʬʦʨʤʘʮʠʿʫ ʥʘ ʤʝʩʪʫ ʠʥʠʮʠʨʘˁʘ 

ʝʢʩʧʣʦʟʠʚʘ.  

ʈʝʥʜʛʝʥ 

ʈʝʥʜʛʝʥʩʢʠ ʝʢʨʘʥ 

ʀʩʧʠʪʠʚʘʥʘ 

ʧʣʦʯʘ 
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