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ʄʝʥʪʦʨʠ: 

 

1. ʜʨ ʉʫʟʘʥʘ ʉʘʤʘʨʞʠʿʘ-ɱʦʚʘʥʦʚʠ˂, ʨʝʜʦʚʥʠ ʧʨʦʬʝʩʦʨ ʇʄʌ-ʘ ʋʥʠʚʝʨʟʠʪʝʪʘ ʫ 

ʇʨʠʰʪʠʥʠ ʩʘ ʧʨʠʚʨʝʤʝʥʠʤ ʩʝʜʠʰʪʝʤ ʫ ʂʦʩʦʚʩʢʦʿ ʄʠʪʨʦʚʠʮʠ 

 

2. ʜʨ ʄʠʣʝʥʘ ʄʘʨʠʥʦʚʠ˂-ʎʠʥʮʦʚʠ˂, ʥʘʫʯʥʠ ʩʘʚʝʪʥʠʢ ʀʥʩʪʠʪʫʪʘ ʟʘ ʥʫʢʣʝʘʨʥʝ 

ʥʘʫʢʝ Ăɺʠʥʯʘñ-ʀʥʩʪʠʪʫʪ ʦʜ ʥʘʮʠʦʥʘʣʥʦʛ ʟʥʘʯʘʿʘ ʟʘ ʈʝʧʫʙʣʠʢʫ ʉʨʙʠʿʫ, 

ʋʥʠʚʝʨʟʠʪʝʪʘ ʫ ɹʝʦʛʨʘʜʫ 

 

ʏʣʘʥʦʚʠ ʂʦʤʠʩʠʿʝ: 

1. ʜʨ ʀʚʘʥ ʈʠʩʪʠ˂, ʚʘʥʨʝʜʥʠ ʧʨʦʬʝʩʦʨ ʊʝʭʥʦʣʦʰʢʦʛ ʬʘʢʫʣʪʝʪʘ ʅʦʚʠ ʉʘʜ,  

ʋʥʠʚʝʨʟʠʪʝʪʘ ʫ ʅʦʚʦʤ ʉʘʜʫ, 

 

2. ʜʨ ʉʫʟʘʥʘ ʉʘʤʘʨʞʠʿʘ-ɱʦʚʘʥʦʚʠ˂, ʨʝʜʦʚʥʠ ʧʨʦʬʝʩʦʨ ʇʄʌ-ʘ ʋʥʠʚʝʨʟʠʪʝʪʘ ʫ 

ʇʨʠʰʪʠʥʠ ʩʘ ʧʨʠʚʨʝʤʝʥʠʤ ʩʝʜʠʰʪʝʤ ʫ ʂʦʩʦʚʩʢʦʿ ʄʠʪʨʦʚʠʮʠ 

 

3. ʜʨ ʄʠʣʝʥʘ ʄʘʨʠʥʦʚʠ˂-ʎʠʥʮʦʚʠ˂, ʥʘʫʯʥʠ ʩʘʚʝʪʥʠʢ ʀʥʩʪʠʪʫʪʘ ʟʘ ʥʫʢʣʝʘʨʥʝ 

ʥʘʫʢʝ Ăɺʠʥʯʘñ-ʀʥʩʪʠʪʫʪ ʦʜ ʥʘʮʠʦʥʘʣʥʦʛ ʟʥʘʯʘʿʘ ʟʘ ʈʝʧʫʙʣʠʢʫ ʉʨʙʠʿʫ, 

ʋʥʠʚʝʨʟʠʪʝʪʘ ʫ ɹʝʦʛʨʘʜʫ 

 

4. ʜʨ ɺʦʿʠʩʣʘʚ ɱʦʚʘʥʦʚʠ˂, ʨʝʜʦʚʥʠ ʧʨʦʬʝʩʦʨ ʇʄʌ-ʘ ʋʥʠʚʝʨʟʠʪʝʪʘ ʫ ʇʨʠʰʪʠʥʠ ʩʘ 

ʧʨʠʚʨʝʤʝʥʠʤ ʩʝʜʠʰʪʝʤ ʫ ʂʦʩʦʚʩʢʦʿ ʄʠʪʨʦʚʠʮʠ ʠ 

 

5. ʜʨ ɹʨʘʥʢʘ ʇʝʪʢʦʚʠ˂, ʨʝʜʦʚʥʠ ʧʨʦʬʝʩʦʨ ʇʄʌ-ʘ ʋʥʠʚʝʨʟʠʪʝʪʘ ʫ ʇʨʠʰʪʠʥʠ ʩʘ 

ʧʨʠʚʨʝʤʝʥʠʤ ʩʝʜʠʰʪʝʤ ʫ ʂʦʩʦʚʩʢʦʿ ʄʠʪʨʦʚʠʮʠ 

 

 

ɼʘʪʫʤ ʦʜʙʨʘʥʝ: 

 

  



 

 

ɿɸʍɺɸʃʅʀʎɸ 

 

ʀʟʨʘʞʘʚʘʤ ʥʘʿʚʝ˂ʫ ʠ ʜʫʙʦʢʫ ʟʘʭʚʘʣʥʦʩʪ ʩʚʦʿʠʤ ʤʝʥʪʦʨʠʤʘ:  

- ʜʨ ʉʫʟʘʥʠ ʉʘʤʘʨʞʠʿʘ-ɱʦʚʘʥʦʚʠ˂, ʨʝʜʦʚʥʦʤ ʧʨʦʬʝʩʦʨʫ ʇʨʠʨʦʜʥʦ-

ʤʘʪʝʤʘʪʠʯʢʦʛ ʬʘʢʫʣʪʝʪʘ ʫ ʇʨʠʰʪʠʥʠ ʩʘ ʧʨʠʚʨʝʤʝʥʠʤ ʩʝʜʠʰʪʝʤ ʫ 

ʂʦʩʦʚʩʢʦʿ ʄʠʪʨʦʚʠʮʠ ʠ  

- ʜʨ ʄʠʣʝʥʠ ʄʘʨʠʥʦʚʠ˂-ʎʠʥʮʦʚʠ˂ ʥʘʫʯʥʦʤ ʩʘʚʝʪʥʠʢʫ ʀʥʩʪʠʪʫʪʘ ʟʘ 

ʥʫʢʣʝʘʨʥʝ ʥʘʫʢʝ Ăɺʠʥʯʘñ-ʀʥʩʪʠʪʫʪʘ ʦʜ ʥʘʮʠʦʥʘʣʥʦʛ ʟʥʘʯʘʿʘ ʟʘ ʈʝʧʫʙʣʠʢʫ 

ʉʨʙʠʿʫ, ʋʥʠʚʝʨʟʠʪʝʪʘ ʫ ɹʝʦʛʨʘʜʫ. 

 

ʀʩʢʨʝʥʦ ʭʚʘʣʘ ʧʨʦʬ. ʜʨ ʉʫʟʘʥʠ ʉʘʤʘʨʞʠʿʘ-ɱʦʚʘʥʦʚʠ˂ ʥʘ ʥʝʩʝʙʠʯʥʦʿ ʧʦʜʨʰʮʠ, 

ʩʪʨʫʯʥʦʤ ʚʦʹʝˁʫ, ʩʪʨʧˀʝˁʫ, ʦʭʨʘʙʨʝˁʫ ʫ ʧʨʝʚʘʟʠʣʘʞʝˁʫ ʧʨʝʧʨʝʢʘ ʠ ʜʨʘʛʦʮʝʥʠʤ 

ʩʘʚʝʪʠʤʘ ʪʦʢʦʤ ʮʝʣʦʢʫʧʥʦʛ ʥʘʫʯʥʦʠʩʪʨʘʞʠʚʘʯʢʦʛ ʨʘʜʘ. ɳʝʥʘ ʧʦʩʚʝ˂ʝʥʦʩʪ, 

ʟʥʘˁʝ ʠ ʤʦʪʠʚʘʮʠʿʘ ʙʠʣʠ ʩʫ ʢˀʫʯʥʠ ʟʘ ʨʝʘʣʠʟʘʮʠʿʫ ʦʚʝ ʜʠʩʝʨʪʘʮʠʿʝ. 

 

ʇʦʩʝʙʥʫ ʟʘʭʚʘʣʥʦʩʪ ʠʟʨʘʞʘʚʘʤ ʯʣʘʥʦʚʠʤʘ ʢʦʤʠʩʠʿʝ: 

- ʜʨ ɺʦʿʠʩʣʘʚʫ ɱʦʚʘʥʦʚʠ˂ʫ ʨʝʜʦʚʥʦʤ ʧʨʦʬʝʩʦʨʫ ʇʨʠʨʦʜʥʦ-ʤʘʪʝʤʘʪʠʯʢʦʛ 

ʬʘʢʫʣʪʝʪʘ ʫ ʇʨʠʰʪʠʥʠ ʩʘ ʧʨʠʚʨʝʤʝʥʠʤ ʩʝʜʠʰʪʝʤ ʫ ʂʦʩʦʚʩʢʦʿ ʄʠʪʨʦʚʠʮʠ,  

- ʜʨ ɹʨʘʥʢʠ ʇʝʪʢʦʚʠ˂, ʨʝʜʦʚʥʦʤ ʧʨʦʬʝʩʦʨʫ ʇʨʠʨʦʜʥʦ-ʤʘʪʝʤʘʪʠʯʢʦʛ 

ʬʘʢʫʣʪʝʪʘ ʫ ʇʨʠʰʪʠʥʠ ʩʘ ʧʨʠʚʨʝʤʝʥʠʤ ʩʝʜʠʰʪʝʤ ʫ ʂʦʩʦʚʩʢʦʿ ʄʠʪʨʦʚʠʮʠ 

ʠ  

- ʜʨ ʀʚʘʥʫ ʈʠʩʪʠ˂ʫ, ʚʘʥʨʝʜʥʦʤ ʧʨʦʬʝʩʦʨʫ ʊʝʭʥʦʣʦʰʢʦʛ ʌʘʢʫʣʪʝʪʘ ʅʦʚʠ ʉʘʜ 

ʋʥʠʚʝʨʟʠʪʝʪʘ ʫ ʅʦʚʦʤ ʉʘʜʫ, 

  

ʥʘ ʢʦʨʠʩʥʠʤ ʩʫʛʝʩʪʠʿʘʤʘ ʠ ʢʦʥʩʪʨʫʢʪʠʚʥʠʤ ʢʦʤʝʥʪʘʨʠʤʘ ʢʦʿʠ ʩʫ ʜʦʧʨʠʥʝʣʠ 

ʫʥʘʧʨʝʹʝˁʫ ʢʚʘʣʠʪʝʪʘ ʦʚʦʛ ʨʘʜʘ. 

ʅʘʿʠʩʢʨʝʥʠʿʝ ʟʘʭʚʘˀʫʿʝʤ ʩʚʦʿʦʿ ʧʦʨʦʜʠʮʠ ʥʘ ʙʝʟʫʩʣʦʚʥʦʿ ˀʫʙʘʚʠ, ʨʘʟʫʤʝʚʘˁʫ ʠ 

ʧʦʜʨʰʮʠ ʪʦʢʦʤ ʩʚʠʭ ʦʚʠʭ ʛʦʜʠʥʘ. 

ʅʘ ʢʨʘʿʫ, ʭʚʘʣʘ ʩʚʠʤʘ ʢʦʿʠ ʩʫ, ʜʠʨʝʢʪʥʦ ʠʣʠ ʠʥʜʠʨʝʢʪʥʦ, ʜʦʧʨʠʥʝʣʠ ʨʝʘʣʠʟʘʮʠʿʠ 

ʦʚʦʛ ʥʘʫʯʥʦʛ ʧʦʜʫʭʚʘʪʘ. 

ɸʫʪʦʨ 



 

 

ʅʘʥʦ-ʢʦʤʧʦʟʠʪʠ ʥʘ ʙʘʟʠ ʪʨʠ ʧʨʝʢʫʨʩʦʨʘ ʤʨʝʞʝ: 

NR, BR ʠ SBR ʢʘʫʯʫʢʘ  

 

ʉʘʞʝʪʘʢ  

 ʇʨʝʜʤʝʪ ʠʩʪʨʘʞʠʚʘˁʘ ʦʚʝ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ ʿʝ ʚʠʰʝʩʢʘʣʥʦ 

ʩʪʨʫʢʪʫʨʠʨʘˁʝ ʝʣʘʩʪʦʤʝʨʥʠʭ ʥʘʥʦ-ʢʦʤʧʦʟʠʪʘ ʜʦʙʠʿʝʥʠʭ ʦʜ ʨʘʟʣʠʯʠʪʠʭ 

ʧʨʝʢʫʨʩʦʨʘ: ʧʨʠʨʦʜʥʦʛ ʢʘʫʯʫʢʘ (NR), ʩʪʠʨʝʥ-ʙʫʪʘʜʠʝʥ ʢʘʫʯʫʢʘ (SBR) ʠ 

ʧʦʣʠʙʫʪʘʜʠʝʥʘ (BR) ʢʘʦ ʠ ˁʠʭʦʚʝ ʩʤʝʰʝ (NR/BR/SBR) ʫʟ ʠʩʧʠʪʠʚʘˁʝ ʫʪʠʮʘʿʘ 

ʩʘʜʨʞʘʿʘ ʠ ʪʠʧʘ ʧʫʥʠʣʘ (ʯʘʹʠ, ʨʝʮʠʢʣʠʨʘʥʝ ʛʫʤʝ ʠ ʨʝʮʠʢʣʠʨʘʥʦʛ ʛʫʤʝʥʦʛ ʧʨʘʭʘ) 

ʢʘʦ ʠ ʫʜʝʣʘ ʨʘʟʣʠʯʠʪʠʭ ʧʨʝʢʫʨʩʦʨʘ ʤʨʝʞʝ, ʪʝʤʧʝʨʘʪʫʨʝ ʠ g-ʟʨʘʯʝˁʘ ʥʘ ʩʚʦʿʩʪʚʘ 

ʫʤʨʝʞʝʥʠʭ ʝʣʘʩʪʦʤʝʨʘ. ʎʠˀ ʿʝ ʜʘ ʩʝ ʫʢʘʞʝ ʥʘ ʩʫʰʪʠʥʫ ʦʿʘʯʘˁʘ NR/BR/SBR 

ʝʣʘʩʪʦʤʝʨʥʠʭ ʤʘʪʝʨʠʿʘʣʘ ʫʧʦʪʨʝʙʦʤ ʯʘʹʠ (CB), ʨʝʮʠʢʣʠʨʘʥʝ ʛʫʤʝ (RR) ʠ 

ʨʝʮʠʢʣʠʨʘʥʦʛ ʛʫʤʝʥʦʛ ʧʨʘʭʘ (RP). ʂʦʜ ʟʘʤʝʰʘʥʠʭ ʫʤʨʝʞʘʚʘʿʫ˂ʠʭ ʩʠʩʪʝʤʘ ʦʜʨʝʹʝʥʝ 

ʩʫ ʨʝʦʣʦʰʢʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ, ʩʚʦʿʩʪʚʘ ʙʫʙʨʝˁʘ ʢʘʦ ʠ ʤʝʭʘʥʠʯʢʘ ʩʚʦʿʩʪʚʘ ʧʨʝ ʠ ʧʦʩʣʝ 

ʪʝʨʤʦʦʢʩʠʜʘʪʠʚʥʦʛ ʠ ʨʘʜʠʿʘʮʠʦʥʦʛ ʩʪʘʨʝˁʘ. ʊʝʨʤʠʯʢʘ ʩʪʘʙʠʣʥʦʩʪ ʫʤʨʝʞʘʚʘʿʫ˂ʠʭ 

ʩʠʩʪʝʤʘ ʦʜʨʝʹʠʚʘʥʘ ʿʝ ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʿʩʢʦʤ ʘʥʘʣʠʟʦʤ (TGA). ʀʟʨʘʯʫʥʘʪʝ ʩʫ 

ʝʥʝʨʛʠʿʝ ʘʢʪʠʚʘʮʠʿʝ ʫʤʨʝʞʘʚʘˁʘ ʠ ʨʝʚʝʨʟʠʿʝ ʟʘ ʢʦʤʧʦʟʠʪʝ ʥʘ ʙʘʟʠ 

NR/BR/SBR/CB/RR ʠ NR/BR/SBR/CB/RP ʙʣʝʥʜʠ ʢʘʫʯʫʢʘ  ʫʧʦʪʨʝʙʦʤ ʨʝʦʤʝʪʘʨʩʢʠʭ 

ʢʨʠʚʠʭ ʩʥʠʤˀʝʥʠʭ ʥʘ ʨʘʟʣʠʯʠʪʠʤ ʪʝʤʧʝʨʘʪʫʨʘʤʘ (180 ʠ 190ʦʉ). ʉʢʝʥʠʨʘʿʫ˂ʦʤ 

ʝʣʝʢʪʨʦʥʩʢʦʤ ʤʠʢʨʦʩʢʦʧʠʿʦʤ (SEM) ʧʦʪʚʨʹʝʥʘ ʿʝ ʨʘʩʧʦʜʝʣʘ ʯʝʩʪʠʮʘ ʫʧʦʪʨʝʙˀʝʥʠʭ 

ʧʫʥʠʣʘ, ʜʦʢ ʿ ʝ ʠʥʬʨʘʮʨʚʝʥʦʤ ʩʧʝʢʪʨʦʩʢʦʧʠʿʦʤ (FTIR) ʧʦʪʚʨʹʝʥʘ ʭʝʤʠʿʩʢʘ 

ʩʪʨʫʢʪʫʨʘ ʫʤʨʝʞʝʥʠʭ ʤʘʪʝʨʠʿʘʣʘ ʧʨʝ ʠ ʥʘʢʦʥ ɔ-ʟʨʘʯʝˁʘ. ɿʘ ʧʨʘʢʪʠʯʥʫ ʧʨʠʤʝʥʫ 

ʙʣʝʥʜʠ ʢʘʫʯʫʢʘ ʛʜʝ ʩʫ ʙʠʪʥʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ: ʪʚʨʜʦ˂ʘ, ʧʨʝʢʠʜʥʘ ʯʚʨʩʪʦ˂ʘ ʠ 

ʧʨʝʢʠʜʥʦ ʠʟʜʫʞʝˁʝ, ʧʦʞʝˀʥʦ ʿʝ ʜʦʜʘʚʘˁʝ RR-a ʠ RP-a ʫ CB ʧʫʥʠʣʫ. ʅʘ ʪʘʿ ʥʘʯʠʥ 

ʜʝʣʠʤʠʯʥʦ ʩʝ ʨʝʰʘʚʘ ʥʘʛʦʤʠʣʘʥʠ ʛʫʤʝʥʠ ʦʪʧʘʜ, ʩʤʘˁʫʿʝ ʮʝʥʘ ʢʦʰʪʘˁʘ ʛʦʪʦʚʦʛ 

ʧʨʦʠʟʚʦʜʘ ʧʨʠ ʯʝʤʫ ʩʝ ʧʝʨʬʦʨʤʘʥʩʝ ʢʦʤʧʦʟʠʪʘ ʙʠʪʥʦ ʥʝ ʤʝˁʘʿʫ.  
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Nano-composites based on three network precursors: 

NR, BR, and SBR rubbers 

 

Abstract 

 The subject of this doctoral dissertation is the multiscale structuring of elastomeric 

nanocomposites derived from various precursors: natural rubber (NR), styrene-butadiene 

rubber (SBR), and polybutadiene (BR), as well as their mixtures (NR/BR/SBR). This 

study examines the influence of filler content and type (carbon black, recycled rubber, 

and recycled rubber powder), as well as the proportion of various network precursors, 

temperature, and ɔ-radiation on the properties of crosslinked elastomers. The aim is to 

highlight the essence of reinforcing NR/BR/SBR elastomeric materials using carbon 

black (CB), recycled rubber (RR), and recycled rubber powder (RP). For the mixed 

crosslinking systems, rheological, swelling properties, and mechanical properties were 

assessed before and after thermo-oxidative and radiation aging. The thermal stability of 

these crosslinking systems was analyzed using thermogravimetric analysis (TGA). The 

activation energies of crosslinking and reversion were calculated for composites based on 

NR/BR/SBR/CB/RR and NR/BR/SBR/CB/RP rubber blends using rheometer curves 

recorded at different temperatures (180 and 190ÁC). The distribution of CB, RR, and RP 

particles in the rubber was examined with scanning electron microscopy (SEM). At the 

same time, the chemical structure of the crosslinked materials before and after 

ɔ-irradiation was confirmed through infrared spectroscopy (FTIR). Incorporating RR and 

RP into the CB filler is advantageous for practical applications of rubber blends, where 

essential characteristics include hardness, tensile strength, and elongation at break. This 

approach addresses the issue of accumulated rubber waste, lowers the costs of the finished 

product, and maintains the composite's performance.  

 

Key words: rubber, rubber blends, mechanical properties, thermal stability, infrared 

spectroscopy, aging, g-radiation, morphology, kinetics of crosslinking.  
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1. ʋɺʆɼ 
  

 ʂʨʘʿ XX ʠ ʧʦʯʝʪʘʢ XXI ʚʝʢʘ ʦʙʝʣʝʞʠʦ ʿʝ ʥʘʛʣʠ ʨʘʟʚʦʿ ʠʥʪʝʨʝʩʦʚʘˁʘ ʟʘ 

ʧʦʣʠʤʝʨʥʝ ʥʘʥʦʢʦʤʧʦʟʠʪʝ, ʢʦʿʠ ʩʫ ʧʦʩʪʘʣʠ ʝʢʩʧʦʥʝʥʮʠʿʘʣʥʦ ʨʘʩʪʫ˂ʝ ʧʦʜʨʫʯʿʝ 

ʠʩʪʨʘʞʠʚʘˁʘ, ʧʨʝʪʝʞʥʦ ʬʦʢʫʩʠʨʘʥʘ ʥʘ ʨʝʣʘʮʠʿʝ ʩʪʨʫʢʪʫʨʘ-ʩʚʦʿʩʪʚʘ. ʂʦʤʝʨʮʠʿʘʣʥʠ 

ʧʨʦʠʟʚʦʜʠ ʦʜ ʝʣʘʩʪʦʤʝʨʥʠʭ ʤʘʪʝʨʠʿʘʣʘ ʩʫ ʟʘʧʨʘʚʦ ʥʘʥʦ-ʢʦʤʧʦʟʠʪʠ, ʿʝʨ ʩʘʜʨʞʝ 

ʥʝʦʨʛʘʥʩʢʘ ʠʣʠ ʦʨʛʘʥʩʢʘ ʧʫʥʠʣʘ ʩʘ ʧʨʠʤʘʨʥʠʤ ʯʝʩʪʠʮʘʤʘ ʥʘʥʦ-ʚʝʣʠʯʠʥʝ. 

 ɽʣʘʩʪʦʤʝʨʠ ʧʨʝʜʩʪʘʚˀʘʿʫ ʚʝʦʤʘ ʟʥʘʯʘʿʥʫ ʚʨʩʪʫ ʧʦʣʠʤʝʨʥʠʭ ʤʘʪʝʨʠʿʘʣʘ, ʠ 

ʩʪʨʫʢʪʫʨʠʨʘˁʝ ʝʣʘʩʪʦʤʝʨʥʠʭ ʢʦʤʧʦʟʠʪʘ ʜʦʜʘʚʘˁʝʤ ʨʘʟʣʠʯʠʪʠʭ ʚʨʩʪʘ ʥʘʥʦ-ʧʫʥʠʣʘ 

ʫ ʧʦʣʠʤʝʨʥʫ ʤʨʝʞʫ ʿʝ ʜʦʚʝʣʦ ʜʦ ʟʥʘʯʘʿʥʦʛ ʧʦʙʦˀʰʘˁʘ ˁʠʭʦʚʠʭ ʩʚʦʿʩʪʘʚʘ, ʘ ʩʘʤʠʤ 

ʪʠʤ ʠ ʜʦ ʧʦʚʝ˂ʘˁʘ ˁʠʭʦʚʝ ʧʦʪʝʥʮʠʿʘʣʥʝ ʧʨʠʤʝʥʝ ʢʘʦ ʤʘʪʝʨʠʿʘʣʘ ʟʘ ʩʧʝʮʠʿʘʣʥʝ 

ʥʘʤʝʥʝ ʫ ʨʘʟʣʠʯʠʪʠʤ ʩʘʚʨʝʤʝʥʠʤ ʠʥʜʫʩʪʨʠʿʩʢʠʤ ʛʨʘʥʘʤʘ. ʉʘʚʨʝʤʝʥʠ ʝʣʘʩʪʦʤʝʨʥʠ 

ʤʘʪʝʨʠʿʘʣʠ, ʟʘʭʚʘˀʫʿʫ˂ʠ ʥʦʚʠʤ ʢʦʤʙʠʥʘʮʠʿʘʤʘ ʩʚʦʿʩʪʘʚʘ, ʦʜʛʦʚʘʨʘʿʫ ʥʘ ʩʚʝ 

ʟʘʭʪʝʚʥʠʿʝ ʠʟʘʟʦʚʝ ʪʝʭʥʠʯʢʦ-ʪʝʭʥʦʣʦʰʢʦʛ ʨʘʟʚʦʿʘ. ɿʘ ˁʠʭʦʚʫ ʫʩʧʝʰʥʫ ʧʨʠʤʝʥʫ ʠ 

ʦʧʪʠʤʠʟʘʮʠʿʫ, ʥʝʦʧʭʦʜʘʥ ʿʝ ʤʫʣʪʠʜʠʩʮʠʧʣʠʥʘʨʘʥ ʧʨʠʩʪʫʧ ʟʘʩʥʦʚʘʥ ʥʘ ʥʘʫʮʠ ʦ 

ʤʘʪʝʨʠʿʘʣʠʤʘ, ʢʦʿʠ ʦʙʫʭʚʘʪʘ ʩʚʝ ʘʩʧʝʢʪʝ ʧʨʝʨʘʜʝ ʚʠʰʝʢʦʤʧʦʥʝʥʪʥʠʭ ʠ ʚʠʰʝʬʘʟʥʠʭ 

ʩʠʩʪʝʤʘ. 

 ɽʣʘʩʪʦʤʝʨʥʠ ʤʘʪʝʨʠʿʘʣʠ ʤʦʛʫ ʙʠʪʠ ʜʠʟʘʿʥʠʨʘʥʠ ʟʘ ʙʨʦʿʥʝ ʧʨʠʤʝʥʝ, 

ʫʢˀʫʯʫʿʫ˂ʠ ʧʨʦʠʟʚʦʜˁʫ ʛʫʤʘ, ʠʟʦʣʘʮʠʿʫ ʠ ʧʨʠʛʫʰʠʚʘˁʝ ʚʠʙʨʘʮʠʿʘ. ʄʝʰʘˁʝʤ 

ʚʠʰʝ ʚʨʩʪʘ ʝʣʘʩʪʦʤʝʨʘ ʤʦʛʫ ʩʝ ʜʦʙʠʪʠ ʥʦʚʠ ʤʘʪʝʨʠʿʘʣʠ ʩʘ ʿʝʜʠʥʩʪʚʝʥʠʤ 

ʢʘʨʘʢʪʝʨʠʩʪʠʢʘʤʘ. ʉʘʚʨʝʤʝʥʘ ʠʩʪʨʘʞʠʚʘˁʘ ʠ ʠʥʜʫʩʪʨʠʿʩʢʘ ʧʨʘʢʩʘ ʫ ʠʥʜʫʩʪʨʠʿʠ 

ʛʫʤʝ ʤʝʰʘʿʫ ʥʝʢʦʣʠʢʦ ʚʨʩʪʘ ʝʣʘʩʪʦʤʝʨʘ ʜʘ ʙʠ ʩʝ ʜʦʙʠʣʝ ʥʦʚʝ ʚʨʩʪʝ ʝʣʘʩʪʦʤʝʨʥʠʭ 

ʤʘʪʝʨʠʿʘʣʘ ʩʘ ʤʦʜʠʬʠʢʦʚʘʥʠʤ ʤʘʢʨʦʤʦʣʝʢʫʣʠʤʘ.  

 ɽʣʘʩʪʦʤʝʨʥʝ ʩʤʝʰʝ ʤʦʛʫ ʙʠʪʠ ʚʠʰʝʬʘʟʥʝ, ʧʦʪʧʫʥʦ ʥʝʤʝʰˀʠʚʝ ʠʣʠ 

ʚʠʰʝʬʘʟʥʝ ʩʘ ʦʛʨʘʥʠʯʝˁʠʤʘ. ʂʦʨʠʩʪʝ ʩʝ ʨʘʟʣʠʯʠʪʠ ʢʨʠʪʝʨʠʿʫʤʠ ʜʘ ʩʝ ʧʨʦʮʝʥʠ ʜʘ 

ʣʠ ʿʝ ʥʝʢʘ ʩʤʝʰʘ ʢʦʤʧʘʪʠʙʠʣʥʘ. ɸʢʦ ʩʝ ʢʘʦ ʢʨʠʪʝʨʠʿʫʤ ʫʟʤʫ ʤʝʭʘʥʠʯʢʘ ʩʚʦʿʩʪʚʘ 

ʛʫʤʝʥʝ ʩʤʝʰʝ, ʦʥʝ ʤʦʛʫ ʙʠʪʠ ʢʦʤʧʘʪʠʙʠʣʥʝ, ʘ ʘʢʦ ʩʝ ʫʟʤʫ ʫ ʦʙʟʠʨ SEM 

ʠʩʪʨʘʞʠʚʘˁʘ ʧʦʚʨʰʠʥʝ ʠʩʧʠʪʠʚʘʥʠʭ ʩʤʝʰʘ ʠʣʠ ʦʜʨʝʹʠʚʘˁʝ ʩʪʘʢʣʘʩʪʦʛ ʧʨʝʣʘʟʘ, 

ʦʥʜʘ ʠʩʪʘ ʛʫʤʝʥʘ ʩʤʝʰʘ ʤʦʞʝ ʙʠʪʠ ʥʝʢʦʤʧʘʪʠʙʠʣʥʘ. ʋ ʠʥʜʫʩʪʨʠʿʠ ʛʫʤʝ, ʤʝʰʘʚʠʥʝ 

ʩʝ ʩʤʘʪʨʘʿʫ ʢʦʤʧʘʪʠʙʠʣʥʠʤ ʢʘʜʘ ʩʝ ʫʦʯʘʚʘ ʩʠʥʝʨʛʠʩʪʠʯʢʠ ʝʬʝʢʘʪ ʫ ʞʝˀʝʥʠʤ 

ʤʝʭʘʥʠʯʢʠʤ ʩʚʦʿʩʪʚʠʤʘ. ʅʘʩʫʧʨʦʪ ʪʦʤʝ, ʥʝʢʦʤʧʘʪʠʙʠʣʥʝ ʤʝʰʘʚʠʥʝ ʧʦʢʘʟʫʿʫ 

ʤʠʥʠʤʘʣʥʝ ʚʨʝʜʥʦʩʪʠ ʤʝʭʘʥʠʯʢʠʭ ʩʚʦʿʩʪʘʚʘ, ʜʦʢ ʩʝ ʧʦʣʫʢʦʤʧʘʪʠʙʠʣʥʦʩʪ 
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ʜʝʬʠʥʠʰʝ ʢʘʦ ʧʦʿʘʚa ʩʨʝʜˁʠʭ ʚʨʝʜʥʦʩʪʠ ʩʚʦʿʩʪʘʚʘ ʫ ʦʜʥʦʩʫ ʥʘ ʧʦʿʝʜʠʥʘʯʥʝ 

ʢʦʤʧʦʥʝʥʪʝ. 

 ʇʨʠʨʦʜʥʠ ʢʘʫʯʫʢ (NR), ʩʪʠʨʝʥ-ʙʫʪʘʜʠʝʥʩʢʠ (SBR) ʠ ʙʫʪʘʜʠʝʥʩʢʠ ʢʘʫʯʫʢ 

(BR) ʩʝ ʦʙʠʯʥʦ ʢʦʨʠʩʪʝ ʫ ʛʫʤʘʨʩʢʦʿ ʠʥʜʫʩʪʨʠʿʠ. ʇʨʠʨʦʜʥʠ ʢʘʫʯʫʢ ʠʤʘ ʰʠʨʦʢʫ 

ʧʨʠʤʝʥʫ ʫ ʛʫʤʘʨʩʢʦʿ ʠʥʜʫʩʪʨʠʿʠ ʟʙʦʛ ʩʚʦʿʝ ʚʠʩʦʢʝ ʝʣʘʩʪʠʯʥʦʩʪʠ, ʥʝʧʨʦʧʫʩʥʦʩʪʠ ʥʘ 

ʚʘʟʜʫʭ ʠ ʦʪʧʦʨʥʦʩʪ ʥʘ ʦʟʦʥ ʠ ʚʠʩʦʢʝ ʦʪʧʦʨʥʦʩʪʠ ʥʘ ʩʪʘʨʝˁʝ. ʄʝʰʘˁʝ 

ʧʦʣʠʙʫʪʘʜʠʝʥʘ, ʢʦʿʠ ʠʤʘ ʥʠʩʢʫ ʦʪʧʦʨʥʦʩʪ ʥʘ ʫʜʘʨʮʝ ʥʘ ʧʫʪʫ ʠ ˀʫʰʪʝˁʝ, ʩʘ NR ʠ 

SBR ʢʘʫʯʫʢʦʤ ʧʦʙʦˀʰʘʚʘ ʫʤʥʦʛʦʤʝ ʦʚʘʿ ʥʝʜʦʩʪʘʪʘʢ. SBR ʩʝ ʢʦʨʠʩʪʠ ʫ ʠʥʜʫʩʪʨʠʿʠ 

ʛʫʤʘ, ʢʘʙʣʦʚʘ ʠ ʞʠʮʘ ʟʙʦʛ ʧʨʝʢʠʜʥʦʛ ʠʟʜʫʞʝˁʘ, ʤʝʹʫʪʠʤ, ʠʤʘ ʥʠʟʘʢ ʤʦʜʫʣ 

ʝʣʘʩʪʠʯʥʦʩʪʠ ʠ ʠʟʜʨʞˀʠʚʦʩʪ. ɿʙʦʛ ʪʦʛʘ ʩʫ ʩʘʚʨʝʤʝʥʘ ʠʩʪʨʘʞʠʚʘˁʘ ʠ ʠʥʜʫʩʪʨʠʿʩʢʘ 

ʧʨʘʢʩʘ ʛʫʤʘʨʩʢʝ ʠʥʜʫʩʪʨʠʿʝ ʫʩʤʝʨʝʥʘ ʢʘ ʫʧʦʪʨʝʙʠ ʧʦʩʪʦʿʝ˂ʠʭ ʧʦʣʘʟʥʠʭ ʧʦʣʠʤʝʨʘ ʠ 

ʜʦʙʠʿʘˁʫ ʥʦʚʠʭ ʪʠʧʦʚʘ ʝʣʘʩʪʦʤʝʨʥʠʭ ʤʘʪʝʨʠʿʘʣʘ ʩʘ ʥʦʚʠʤ ʤʦʜʠʬʠʢʦʚʘʥʠʤ 

ʤʘʢʨʦʤʦʣʝʢʫʣʠʤʘ. ʉʤʝʰʝ ʧʦʣʠʤʝʨʘ ʩʝ ʧʨʠʧʨʝʤʘʿʫ ʜʘ ʙʠ ʩʝ ʠʩʧʫʥʠʣʠ ʟʘʭʪʝʚʠ 

ʧʝʨʬʦʨʤʘʥʩʠ ʢʦʿʝ ʥʝ ʤʦʛʫ ʜʘ ʟʘʜʦʚʦˀʝ ʪʨʝʥʫʪʥʦ ʨʘʩʧʦʣʦʞʠʚʠ ʧʦʣʠʤʝʨʠ ʠʣʠ 

ʩʚʦʿʩʪʚʘ ʢʦʿʘ ʥʝʜʦʩʪʘʿʫ ʢʦʤʧʦʥʝʥʪʥʠʤ ʧʦʣʠʤʝʨʠʤʘ. ʄʝʰʘˁʝʤ ʝʣʘʩʪʦʤʝʨʘ ʩʝ ʪʘʢʦʹʝ 

ʧʦʙʦˀʰʘʚʘʿʫ ʬʠʟʠʯʢʘ ʩʚʦʿʩʪʚʘ ʢʦʥʘʯʥʦʛ ʫʤʨʝʞʝʥʦʛ ʧʨʦʠʟʚʦʜʘ. ʉʚʦʿʩʪʚʘ 

ʧʦʣʠʤʝʨʥʠʭ ʩʤʝʰʘ ʤʦʛʫ ʩʝ ʢʦʥʪʨʦʣʠʩʘʪʠ ʨʝʛʫʣʠʩʘˁʝʤ ʤʦʨʬʦʣʦʛʠʿʝ ʩʤʝʰʘ, ʩʘʩʪʘʚʘ 

ʩʤʝʰʝ ʠ ʫʩʣʦʚʘ ʦʙʨʘʜʝ.  

 ʇʨʠʨʦʜʥʠ ʢʘʫʯʫʢ (NR) ʠʤʘ ʠʟʚʘʥʨʝʜʥʘ ʩʚʦʿʩʪʚʘ, ʢʘʦ ʰʪʦ ʩʫ ʦʜʣʠʯʥʘ ʟʘʪʝʟʥʘ 

ʯʚʨʩʪʦ˂ʘ ʠ ʠʟʜʫʞʝˁʝ ʧʨʠ ʣʦʤˀʝˁʫ, ʢʘʦ ʠ ʜʦʙʨʘ ʦʪʧʦʨʥʦʩʪ ʥʘ ʘʙʨʘʟʠʿʫ, ʢʦʿʘ ʩʫ 

ʧʦʛʦʜʥʘ ʟʘ ʧʨʦʠʟʚʦʜˁʫ ʆ-ʧʨʩʪʝʥʦʚʘ, ʛʫʤʘ, ʪʨʘʥʩʧʦʨʪʥʠʭ ʪʨʘʢʘ, ʩʠʩʪʝʤʘ ʟʘ ʧʨʝʥʦʩ 

ʪʝʯʥʦʩʪʠ, ʩʠʩʪʝʤʘ ʟʘ ʟʘʧʪʠʚʘˁʝ ʢʘʨʦʩʝʨʠʿʝ, ʟʘʧʪʠʚʘʯʘ, ʣʝʧʢʦʚʠ ʠ ʧʨʝʤʘʟʠ, 

ʧʨʦʬʠʣʠʩʘʥʠ ʜʝʣʦʚʠ, ʜʝʣʦʚʠ ʢʘʨʦʩʝʨʠʿʝ, ʨʝʟʝʨʚʥʠ ʜʝʣʦʚʠ ʠ ʜʨ. [1,2]. 

ʂʨʠʩʪʘʣʠʟʘʮʠʿʘ ʠʟʘʟʚʘʥʘ ʜʝʬʦʨʤʘʮʠʿʦʤ ʫ NR ʧʦʚʝ˂ʘʚʘ ʤʝʭʘʥʠʯʢʘ ʩʚʦʿʩʪʚʘ, ʧʦʩʝʙʥʦ 

ʧʦʜ ʚʝʣʠʢʠʤ ʘʤʧʣʠʪʫʜʘʤʘ ʥʘʧʨʝʟʘˁʘ. ɼʘʢʣʝ, ʦʚʦ ʧʦʥʘʰʘˁʝ ʯʠʥʠ ʧʨʠʨʦʜʥʫ ʛʫʤʫ 

ʿʝʜʠʥʩʪʚʝʥʠʤ ʝʣʘʩʪʦʤʝʨʦʤ ʫ ʠʥʜʫʩʪʨʠʿʠ ʛʫʤʝ [3-8]. 

 ʉʪʠʨʝʥ-ʙʫʪʘʜʠʝʥʩʢʠ ʢʘʫʯʫʢ (SBR) ʩʝ ʛʝʥʝʨʘʣʥʦ ʢʦʨʠʩʪʠ ʫ ʛʫʤʘʤʘ ʛʜʝ ʿʝ 

ʧʦʪʨʝʙʥʘ ʚʠʩʦʢʘ ʦʪʧʦʨʥʦʩʪ ʥʘ ʭʘʙʘˁʝ. SBR ʩʝ ʦʙʠʯʥʦ ʤʝʰʘ ʩʘ NR ʜʘ ʙʠ ʩʝ 

ʧʦʙʦˀʰʘʣʘ ʩʚʦʿʩʪʚʘ ʟʘʪʝʟʘˁʘ ʠ ʢʠʜʘˁʘ [1, 2, 9]. ʉʪʦʛʘ ʿʝ SBR ʢʦʨʠʰ˂ʝʥ ʫ ʤʥʦʛʠʤ 

ʧʨʦʠʟʚʦʜʠʤʘ ʢʘʦ ʰʪʦ ʩʫ ʙʦʯʥʠ ʟʠʜʦʚʠ ʛʫʤʘ, ʢʘʠʰʝʚʠ, ʮʨʝʚʘ, ʦʙʫ˂ʘ, ʧʨʦʠʟʚʦʜʠ ʦʜ 

ʧʝʥʝ, ʠʪʜ. ʄʝʭʘʥʠʯʢʘ, ʪʝʨʤʦʤʝʭʘʥʠʯʢʘ ʠ ʨʝʦʣʦʰʢʘ ʩʚʦʿʩʪʚʘ NR/SBR ʢʦʤʧʦʟʠʪʘ 

ʧʨʦʫʯʘʚʘʣʦ ʿʝ ʥʝʢʦʣʠʢʦ ʠʩʪʨʘʞʠʚʘʯʘ. ɿʘʪʝʟʥʘ ʯʚʨʩʪʦ˂ʘ, ʤʦʜʫʣ ʝʣʘʩʪʠʯʥʦʩʪʠ, 
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3 

 

ʠʟʜʫʞʝˁʝ ʧʨʠ ʢʠʜʘˁʫ, ʪʚʨʜʦ˂ʘ ʠ ʦʪʧʦʨʥʦʩʪ ʥʘ ʭʘʙʘˁʝ NR/SBR ʢʦʤʧʦʟʠʪʘ ʨʘʩʪʫ ʩʘ 

ʧʦʚʝ˂ʘˁʝʤ ʩʘʜʨʞʘʿʘ NR ʠ ʪʦʢʦʤ ʚʨʝʤʝʥʘ ʚʫʣʢʘʥʠʟʘʮʠʿʝ [1, 9]. 

 ɹʫʪʘʜʠʝʥʩʢʠ ʢʘʫʯʫʢ (BR) ʿʝ ʪʘʢʦʹʝ ʧʦʟʥʘʪ ʢʘʦ ʧʦʣʠʙʫʪʘʜʠʝʥ. ʉʘʩʪʦʿʠ ʩʝ ʦʜ 

ʧʦʣʠʙʫʪʘʜʠʝʥʘ, ʝʣʘʩʪʦʤʝʨʘ ʥʘʩʪʘʣʦʛ ʭʝʤʠʿʩʢʠʤ ʧʦʚʝʟʠʚʘˁʝʤ ʥʝʢʦʣʠʢʦ ʤʦʣʝʢʫʣʘ 

ʙʫʪʘʜʠʝʥʘ ʜʘ ʙʠ ʩʝ ʬʦʨʤʠʨʘʣʠ ʦʛʨʦʤʥʠ ʤʦʣʝʢʫʣʠ, ʦʜʥʦʩʥʦ ʧʦʣʠʤʝʨʠ. ʇʦʣʠʤʝʨ ʿʝ 

ʧʦʟʥʘʪ ʧʦ ʩʚʦʿʦʿ ʚʠʩʦʢʦʿ ʦʪʧʦʨʥʦʩʪʠ ʥʘ ʭʘʙʘˁʝ, ʤʘʣʦʿ ʘʢʫʤʫʣʘʮʠʿʠ ʪʦʧʣʦʪʝ ʠ 

ʦʪʧʦʨʥʦʩʪʠ ʥʘ ʧʫʮʘˁʝ. BR ʢʘʫʯʫʢ ʩʝ ʯʝʩʪʦ ʢʦʤʙʠʥʫʿʝ ʩʘ ʧʨʠʨʦʜʥʦʤ, ʩʪʠʨʝʥ-

ʙʫʪʘʜʠʝʥʩʢʦʤ, ʭʣʦʨʦʧʨʝʥʩʢʦʤ ʠʣʠ ʘʢʨʠʣ-ʙʫʪʘʜʠʝʥʩʢʠʤ ʢʘʫʯʫʢʦʤ. ʈʝʪʢʦ ʩʝ ʢʦʨʠʩʪʠ 

ʫ ʯʠʩʪʦʤ ʦʙʣʠʢʫ. ʋ ʢʦʤʙʠʥʘʮʠʿʠ ʩʘ ʜʨʫʛʠʤ ʢʘʫʯʫʮʠʤʘ ʥʘʿʯʝʰ˂ʝ ʩʝ ʢʦʨʠʩʪʠ ʟʘ 

ʧʦʚʝ˂ʘˁʝ ʬʣʝʢʩʠʙʠʣʥʦʩʪʠ ʣʘʥʮʘ ʥʘ ʥʠʩʢʠʤ ʪʝʤʧʝʨʘʪʫʨʘʤʘ [10-12]. ʄʝʰʘˁʝʤ ʩʘ 

ʜʨʫʛʠʤ ʝʣʘʩʪʦʤʝʨʠʤʘ ʧʦʚʝ˂ʘʚʘ ʩʝ ʦʪʧʦʨʥʦʩʪ ʥʘ ʭʘʙʘˁʝ. BR ʢʘʫʯʫʢ ʩʝ ʰʠʨʦʢʦ 

ʢʦʨʠʩʪʠ ʫ ʛʘʟʠʰʪʠʤʘ ʢʘʤʠʦʥʘ ʠ ʘʫʪʦʤʦʙʠʣʘ. 

 ɽʣʘʩʪʦʤʝʨʥʝ ʩʤʝʝh ʢʦʝʿ ʩʘʜʨʞʝ NR, BR ʠ SBR ʢʘʫʯʫʢ ʤʦʛʫ ʠʤʘʪʠ  ʨʘʟʣʠʯʠʪʫ 

ʠʥʜʫʩʪʨʠʿʩʢʫ ʧʨʠʤʝʥʫ, ʥʘ ʧʨʠʤʝʨ, ʢʦʨʠʩʪʠ ʩʝ ʟʘ ʧʨʦʠʟʚʦʜˁʫ ʘʫʪʦʤʦʙʠʣʩʢʝ ʛʫʤʝ: 

NR/BR/SBR ʢʦʤʧʦʟʠʪʠ ʩʝ ʯʝʩʪʦ ʢʦʨʠʩʪʝ ʟʘ ʧʨʘʚˀʝˁʝ ʘʫʪʦʤʦʙʠʣʩʢʠʭ ʛʫʤʘ. NR 

ʦʙʝʟʙʝʹʫʿʝ ʜʦʙʨʦ ʧʨʠʘˁʘˁʝ ʥʘ ʧʫʪʫ, ʜʦʢ SBR ʧʦʙʦˀʰʘʚʘ ʠʟʜʨʞˀʠʚʦʩʪ ʠ ʦʪʧʦʨʥʦʩʪ 

ʥʘ ʭʘʙʘˁʝ. BR ʜʦʧʨʠʥʦʩʠ ʚʫʯʠ ʠ ʩʪʘʙʠʣʥʦʩʪʠ; ʟʘ ʠʟʨʘʜʫ ʮʨʝʚʘ ʠ ʮʝʚʠ: ʛʫʤʝʥʝ 

ʤʝʰʘʚʠʥʝ ʩʝ ʢʦʨʠʩʪʝ ʟʘ ʧʨʦʠʟʚʦʜˁʫ ʦʿʘʯʘʥʠʭ ʮʨʝʚʘ (ʛʫʤʝʥʠʭ ʮʝʚʠ) ʟʘ ʪʨʘʥʩʧʦʨʪ 

ʨʘʟʣʠʯʠʪʠʭ ʤʝʜʠʿʘ ʢʘʦ ʰʪʦ ʩʫ ʚʦʜʘ, ʚʘʟʜʫʭ, ʫˀʝ, ʧʨʘʰʠʥʘ, ʠʪʜ. NR, BR ʠ SBR ʩʝ 

ʢʦʨʠʩʪʝ ʢʘʦ ʦʩʥʦʚʥʠ ʤʘʪʝʨʠʿʘʣʠ ʟʘ ʦʚʝ ʮʝʚʠ; ʟʘ ʧʨʦʠʟʚʦʜˁʫ ʠʥʜʫʩʪʨʠʿʩʢʠʭ 

ʟʘʧʪʠʚʢʠ: ʦʜ NR/BR/SBR ʩʤʝʰʘ ʧʨʘʚʝ ʩʝ ʟʘʧʪʠʚʢʝ, ʢʘʦ ʠ ʟʘʧʪʠʚʢʝ ʫ ʨʘʟʥʠʤ 

ʠʥʜʫʩʪʨʠʿʘʤʘ. ʆʚʘ ʿʝʜʠˁʝˁʘ ʢʦʤʙʠʥʫʿʫ ʜʦʙʨʫ ʝʣʘʩʪʠʯʥʦʩʪ ʠ ʦʪʧʦʨʥʦʩʪ ʥʘ ʭʘʙʘˁʝ; 

ʢʦʨʠʩʪʝ ʩʝ ʟʘ ʠʟʨʘʜʫ ʦʙʫ˂ʝ: SBR ʩʝ ʯʝʩʪʦ ʢʦʨʠʩʪʠ ʫ ʘʪʣʝʪʩʢʦʿ ʦʙʫ˂ʠ ʠ ʜʨʫʛʠʤ 

ʚʨʩʪʘʤʘ ʦʙʫ˂ʝ ʟʙʦʛ ʩʚʦʿʝ ʠʟʜʨʞˀʠʚʦʩʪʠ ʠ ʜʦʙʨʦʛ ʧʨʠʘˁʘˁʘ; ʟʘ ʨʘʟʥʝ ʪʝʭʥʠʯʢʝ 

ʧʨʦʠʟʚʦʜʝ: NR/BR/SBR ʩʤʝʰʝ ʯʠʥʝ ʨʘʟʣʠʯʠʪʝ ʪʝʭʥʠʯʢʝ ʧʨʦʠʟʚʦʜʝ ʢʘʦ ʰʪʦ ʩʫ 

ʪʨʘʥʩʧʦʨʪʝʨʠ, ʚʘˀʮʠ, ʙʨʠʩʘʯʠ, ʩʪʘʨʪʥʝ ʪʨʘʢʝ, ʠʪʜ. [13]. 

 ʋʢʨʘʪʢʦ, ʦʚʝ ʛʫʤʝʥʝ ʤʝʰʘʚʠʥʝ ʩʝ ʢʦʨʠʩʪʝ ʪʘʤʦ ʛʜʝ ʿʝ ʧʦʪʨʝʙʥʘ ʢʦʤʙʠʥʘʮʠʿʘ 

ʝʣʘʩʪʠʯʥʦʩʪʠ, ʠʟʜʨʞˀʠʚʦʩʪʠ ʠ ʦʪʧʦʨʥʦʩʪʠ ʥʘ ʭʘʙʘˁʝ. ɳʠʭʦʚʘ ʧʨʠʤʝʥʘ ʿʝ ʰʠʨʦʢʘ 

ʠ ʦʙʫʭʚʘʪʘ ʨʘʟʣʠʯʠʪʝ ʩʝʢʪʦʨʝ ʠʥʜʫʩʪʨʠʿʝ. 

 ɼʦʜʘʚʘˁʝ ʧʫʥʠʣʘ ʫ ʝʣʘʩʪʦʤʝʨʝ, ʧʦʨʝʜ ʩʤʘˁʝˁʘ ʪʨʦʰʢʦʚʘ ʧʨʦʠʟʚʦʜˁʝ, 

ʧʦʙʦˀʰʘʚʘ ʤʝʭʘʥʠʯʢʘ ʠ ʪʝʨʤʠʯʢʘ ʩʚʦʿʩʪʚʘ. ʆʿʘʯʘʚʘʿʫ˂ʘ ʧʫʥʠʣʘ ʢʦʿʘ ʩʝ ʜʦʜʘʿʫ 

ʝʣʘʩʪʦʤʝʨʠʤʘ ʦʙʝʟʙʝʹʫʿʫ ʚʠʩʦʢʘ ʤʝʭʘʥʠʯʢʘ ʩʚʦʿʩʪʚʘ ʠ ʦʪʧʦʨʥʦʩʪ ʥʘ ʭʘʙʘˁʝ. ɸʢʦ ʩʫ 



ʅʘʥʦ-ʢʦʤʧʦʟʠʪʠ ʥʘ ʙʘʟʠ ʪʨʠ ʧʨʝʢʫʨʩʦʨʘ ʤʨʝʞʝ: NR, BR ʠ SBR ʢʘʫʯʫʢʘ 

4 

 

ʥʘʥʦʯʝʩʪʠʮʝ ʧʫʥʠʣʘ ʜʦʙʨʦ ʜʠʩʧʝʨʛʦʚʘʥʝ, ʜʦʣʘʟʠ ʜʦ ʩʥʘʞʥʦʛ ʤʝʹʫʬʘʟʥʦʛ 

ʧʨʠʚʣʘʯʝˁʘ ʩʘ ʧʦʣʠʤʝʨʥʦʤ ʤʘʪʨʠʮʦʤ [14-17]. 

 ʌʝʥʦʤʝʥ ʦʿʘʯʘˁʘ ʝʣʘʩʪʦʤʝʨʘ ʿʝ ʦʜ ʠʟʫʟʝʪʥʦʛ ʟʥʘʯʘʿʘ ʟʘ ʩʪʨʫʢʪʫʨʠʨʘˁʝ 

ʤʘʪʝʨʠʿʘʣʘ ʫ ʥʦʚʠʤ ʪʝʭʥʦʣʦʛʠʿʘʤʘ. ʅʘʠʤʝ, ʜʦʜʘʚʘˁʝʤ ʥʘʥʦ-ʯʝʩʪʠʮʘ ʧʫʥʠʣʘ ʫ 

ʝʣʘʩʪʦʤʝʨʝ ʜʦʙʠʿʝʥʠʭ ʦʜ ʨʘʟʣʠʯʠʪʠʭ ʧʨʝʢʫʨʩʦʨʘ ʤʨʝʞʝ, ʜʦʣʘʟʠ ʜʦ ʧʦʚʝ˂ʘˁʘ ʤʦʜʫʣʘ 

ʝʣʘʩʪʠʯʥʦʩʪʠ ʠ ʜʦ ʧʦʙʦˀʰʘˁʘ ʢˀʫʯʥʠʭ ʩʚʦʿʩʪʘʚʘ ʢʘʦ ʰʪʦ ʩʫ ʧʨʝʢʠʜʥʘ ʯʚʨʩʪʦ˂ʘ, 

ʧʨʝʢʠʜʥʦ ʠʟʜʫʞʝˁʝ, ʢʘʦ ʠ ʦʪʧʦʨʥʦʩʪ ʥʘ ʭʘʙʘˁʝ. ʉʪʘʪʠʯʢʝ ʠ ʜʠʥʘʤʠʯʢʝ 

ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʜʦʙʠʿʝʥʠʭ ʤʘʪʝʨʠʿʘʣʘ ʤʥʦʛʦ ʟʘʚʠʩʝ ʦʜ ʩʧʝʮʠʬʠʯʥʦʩʪʠ ʜʦʜʘʪʠʭ 

ʯʝʩʪʠʮʘ ʘʢʪʠʚʥʠʭ ʧʫʥʠʣʘ (ʥʘʿʯʝʰ˂ʝ ʯʘʹ ʠʣʠ ʩʠʣʠʮʠʿʫʤ-ʜʠʦʢʩʠʜ). ɼʦʜʘʚʘˁʝ ʥʘʥʦ-

ʯʝʩʪʠʮʘ ʫʪʠʯʝ ʠ ʥʘ ʩʘʤ ʨʝʞʠʤ ʫʤʨʝʞʘʚʘˁʘ ʘ ʧʦʩʝʙʥʦ ʢʦʜ ʥʝʢʠʭ ʪʠʧʦʚʘ ʧʨʝʢʫʨʩʦʨʘ 

ʤʨʝʞʘ. ʆʿʘʯʘˁʝ ʝʣʘʩʪʦʤʝʨʘ ʿʝ ʧʦʩʝʙʥʦ ʩʣʦʞʝʥ ʧʨʦʮʝʩ ʫʢʦʣʠʢʦ ʫʤʨʝʞʝʥʠ ʤʘʪʝʨʠʿʘʣ 

ʩʘʜʨʞʠ ʚʠʰʝ ʚʨʩʪʘ ʧʨʝʢʫʨʩʦʨʘ ʤʨʝʞʘ. ʉʪʚʘʨʘˁʝʤ ʚʠʰʝʬʘʟʥʠʭ ʩʠʩʪʝʤʘ 

ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʧʦʿʝʜʠʥʠʭ ʬʘʟʘ ʤʦʛʫ ʙʠʪʠ ʜʝʣʦʤ ʦʯʫʚʘʥʝ ʠʣʠ ʟʥʘʪʥʦ ʧʨʦʤʝˁʝʥʝ 

ʫʩʣʝʜ ʫʪʠʮʘʿʘ ʤʝʹʫʤʦʣʝʢʫʣʩʢʠʭ ʠʥʪʝʨʘʢʮʠʿʘ.  

 ʏʘ ́(ʝʥʛʣ. carbon black-CB) ʩʝ ʦʙʠʯʥʦ ʢʦʨʠʩʪʠ ʢʘʦ ʧʫʥʠʣʦ ʟʘ ʦʿʘʯʘˁʝ, ʫ 

ʚʝ˂ʠʥʠ ʠʥʞʝˁʝʨʩʢʠʭ ʘʧʣʠʢʘʮʠʿʘ ʟʘ ʧʦʙʦˀʰʘˁʝ ʦʩʦʙʠʥʘ ʝʣʘʩʪʦʤʝʨʥʠʭ ʢʦʤʧʦʟʠʪʘ. 

CB ʧʫʥʠʣʦ ʿʝ ʩʘʩʪʘʚˀʝʥʦ ʦʜ ʩʬʝʨʥʠʭ ʯʝʩʪʠʮʘ ʠ ʿʝʜʥʦ ʿʝ ʦʜ ʥʘʿʯʝʰ˂ʝ ʢʦʨʠʰ˂ʝʥʠʭ 

ʧʫʥʠʣʘ ʥʘ ʙʘʟʠ ʫʛˀʝʥʠʢʘ ʟʙʦʛ ʩʚʦʿʠʭ ʧʨʝʦʚʣʘʹʫʿʫ˂ʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʩʚʦʿʩʪʘʚʘ, ʥʠʩʢʝ 

ʮʝʥʝ ʠ ʦʙʠˀʘ. CB ʿʝ ʧʨʦʠʟʚʦʜ ʢʦʿʠ ʿʝ ʫ ʧʨʠʤʝʥʠ ʚʠʰʝ ʦʜ ʿʝʜʥʦʛ ʚʝʢʘ ʠ ʩʘʩʪʦʿʠ ʩʝ ʦʜ 

ʬʠʥʦʛ ʮʨʥʦʛ ʧʨʘʭʘ ʩʢʦʨʦ ʯʠʩʪʦʛ ʝʣʝʤʝʥʪʘʨʥʦʛ ʫʛˀʝʥʠʢʘ (EC).  

 ʋ ʛʫʤʘʨʩʢʦʿ ʠʥʜʫʩʪʨʠʿʠ ʜʦʙʠʿʝʥʠ ʧʨʦʠʟʚʦʜʠ ʩʝ ʥʘʿʧʨʝ ʢʘʨʘʢʪʝʨʠʰʫ ʩʚʦʿʠʤ 

ʤʝʭʘʥʠʯʢʠʤ ʩʚʦʿʩʪʚʠʤʘ, ʫ ʮʠˀʫ ʧʨʦʮʝʥʝ ʤʦʛʫ˂ʥʦʩʪʠ ʜʝʣʠʤʠʯʥʝ ʟʘʤʝʥʝ 

ʢʦʤʝʨʮʠʿʘʣʥʝ ʯʘʹʠ. ɿʙʦʛ ʪʦʛʘ ʩʫ ʠʩʧʠʪʘʥʘ ʤʝʭʘʥʠʯʢʘ ʩʚʦʿʩʪʚʘ, ʦʜʥʦʩʥʦ, ʧʨʝʢʠʜʥʘ 

ʯʚʨʩʪʦ˂ʘ, ʧʨʝʢʠʜʥʦ ʠʟʜʫʞʝˁʝ, ʪʚʨʜʦ˂ʘ, ʧʨʝ ʠ ʥʘʢʦʥ ʪʦʧʣʦʪʥʦʛ ʠ ʨʘʜʠʘʿʮʠʦʥʦʛ 

ʩʪʘʨʝˁʘ, ʢʘʦ ʠ ʪʝʨʤʠʯʢʘ ʩʚʦʿʩʪʚʘ ʫʧʦʪʨʝʙʦʤ ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʿʩʢʝ (TG) ʠ 

ʜʠʬʝʨʝʥʮʠʿʘʣʥʝ ʪʝʨʤʠʯʢʝ ʘʥʘʣʠʟʝ (DTA).  

 ʇʦʨʝʜ ʠʩʪʨʘʞʠʚʘˁʘ ʦʧʪʠʤʘʣʥʦʛ ʫʜʝʣʘ CB-ʘ ʫ ʮʠˀʫ ʜʦʙʠʿʘˁʘ ʛʫʤʝ ʩʘ 

ʥʘʿʙʦˀʠʤ ʤʝʭʘʥʠʯʢʠʤ ʦʩʦʙʠʥʘʤʘ, ʟʥʘʯʘʿʥʘ ʬʘʟʘ ʠʩʪʨʘʞʠʚʘˁʘ ʿʝ ʙʠʣʘ ʧʦʩʚʝ˂ʝʥʘ 

ʠʩʧʠʪʠʚʘˁʫ ʤʦʛʫ˂ʥʦʩʪʠ ʜʝʣʠʤʠʯʥʝ ʟʘʤʝʥʝ ʯʘʹʠ ʨʝʮʠʢʣʦʚʘʥʦʤ ʛʫʤʦʤ ʠ ʛʫʤʝʥʠʤ 

ʧʨʘʭʦʤ ʫ ʮʠˀʫ ʩʤʘˁʝˁʘ ʦʪʧʘʜʥʠʭ ʛʫʤʘ ʢʘʦ ʟʘʛʘʹʠʚʘʯʘ ʞʠʚʦʪʥʝ ʩʨʝʜʠʥʝ. ʐʠʨʦʤ 

ʩʚʝʪʘ, ʙʨʦʿ ʦʪʧʘʜʥʠʭ ʛʫʤʘ ʢʦʿʝ ʟʘʚʨʰʘʚʘʿʫ ʥʘ ʜʝʧʦʥʠʿʘʤʘ ʚʘʨʠʨʘ, ʘʣʠ ʧʨʝʤʘ ʥʝʢʠʤ 

ʠʟʚʝʰʪʘʿʠʤʘ, ʩʢʦʨʦ ʯʝʪʚʨʪʠʥʘ ʛʫʤʘ ʟʘʚʨʰʠ ʥʘ ʜʝʧʦʥʠʿʘʤʘ. ʈʘʟʣʠʯʠʪʝ ʩʪʫʜʠʿʝ 
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ʧʨʦʮʝˁʫʿʫ ʜʘ 1-1,8 ʤʠʣʠʿʘʨʜʠ ʛʫʤʘ ʟʘʚʨʰʠ ʥʘ ʜʝʧʦʥʠʿʘʤʘ ʩʚʘʢʝ ʛʦʜʠʥʝ. ʆʚʦ ʩʝ ʥʝ 

ʦʜʥʦʩʠ ʩʘʤʦ ʥʘ ʥʝʨʘʟʚʠʿʝʥʝ ʟʝʤˀʝ ʚʝ˂ ʠ ʥʘ ʉʿʝʜʠˁʝʥʝ ɸʤʝʨʠʯʢʝ ɼʨʞʘʚʝ (ʉɸɼ). 

ʇʦʨʝʜ ʪʦʛʘ, ʪʨʝʙʘ ʥʘʧʦʤʝʥʫʪʠ ʜʘ ʯʘʢ 75% ʛʣʦʙʘʣʥʠʭ ʦʪʧʘʜʥʠʭ ʛʫʤʘ ʪʨʝʥʫʪʥʦ 

ʟʘʚʨʰʘʚʘ ʥʘ ʜʝʧʦʥʠʿʘʤʘ. ɻʣʦʙʘʣʥʘ ʧʨʦʠʟʚʦʜˁʘ ʛʫʤʘ ʿʝ ʨʘʩʣʘ ʜʦ ʢʨʘʿʘ 2024. ʛʦʜʠʥʝ 

ʧʦ ʢʦʤʙʠʥʦʚʘʥʦʿ ʛʦʜʠʰˁʦʿ ʩʪʦʧʠ ʨʘʩʪʘ ʦʜ 3,4% ʠ ʜʦʩʪʠʛʣʘ ʧʨʦʠʟʚʦʜˁʫ ʦʜ 22,75 

ʤʠʣʠʦʥʘ ʪʦʥʘ. ʆʚʠ ʙʨʦʿʝʚʠ ʥʘʛʣʘʰʘʚʘʿʫ ʚʘʞʥʦʩʪ ʦʜʨʞʠʚʦʛ ʫʧʨʘʚˀʘˁʘ ʛʫʤʘʤʘ ʠ 

ʥʘʧʦʨʘ ʟʘ ʨʝʮʠʢʣʘʞʫ ʢʘʢʦ ʙʠ ʩʝ ʤʠʥʠʤʠʟʠʨʘʦ ʫʪʠʮʘʿ ʦʪʧʘʜʘ ʦʜ ʛʫʤʘ ʥʘ ʞʠʚʦʪʥʫ 

ʩʨʝʜʠʥʫ [18-20]. 

 ɼʘ ʙʠ ʧʦʩʪʠʛʣʠ ʝʢʦʣʦʰʢʝ ʟʘʭʪʝʚʝ ʢʦʿʠ ʩʝ ʧʦʩʪʘʚˀʘʿʫ ʧʨʝʜ ˁʠʭ, ʧʨʦʠʟʚʦʹʘʯʠ 

ʛʫʤʝ ʧʦʢʫʰʘʚʘʿʫ ʜʘ ʧʨʦʥʘʹʫ ʥʘʯʠʥʝ ʜʘ ʢʦʨʠʩʪʝ ʨʝʮʠʢʣʠʨʘʥʝ ʧʨʦʠʟʚʦʜʝ. ʋʦʙʠʯʘʿʝʥʝ 

ʤʝʪʦʜʝ ʢʦʿʝ ʩʝ ʢʦʨʠʩʪʝ ʫ ʦʜʨʞʠʚʦʤ ʫʧʨʘʚˀʘˁʫ ʦʪʧʘʜʥʠʤ ʛʫʤʝʥʠʤ ʧʨʦʠʟʚʦʜʠʤʘ ʩʫ 

ʧʦʥʦʚʥʘ ʫʧʦʪʨʝʙʘ, ʨʝʮʠʢʣʘʞʘ ʠ ʧʠʨʦʣʠʟʘ. ʆʪʧʘʜʥʘ ʛʫʤʘ ʩʝ ʤʦʞʝ ʧʦʥʦʚʦ ʢʦʨʠʩʪʠʪʠ 

ʫ ʛʨʘʹʝʚʠʥʘʨʩʪʚʫ, ʟʘ ʧʨʠʧʨʝʤʫ ʢʦʤʧʦʟʠʪʥʠʭ ʤʘʪʝʨʠʿʘʣʘ, ʢʘʦ ʠʟʚʦʨ ʝʥʝʨʛʠʿʝ, ʟʘ 

ʠʟʨʘʜʫ ʩʧʦʨʪʩʢʝ ʦʧʨʝʤʝ ʠʣʠ ʫ ʧʨʦʠʟʚʦʜˁʠ ʛʫʤʘ. ʇʦʰʪʦ ʩʝ ʛʫʤʘ ʥʝ ʨʘʟʣʘʞʝ ʣʘʢʦ, 

ʧʦʩʪʦʿʠ ʧʨʦʙʣʝʤ ʫʧʨʘʚˀʘˁʘ ʛʫʤʝʥʠʤ ʦʪʧʘʜʦʤ ʢʦʿʠ ʤʦʞʝ ʠʟʘʟʚʘʪʠ ʦʟʙʠˀʥʝ 

ʧʨʦʙʣʝʤʝ ʞʠʚʦʪʥʝ ʩʨʝʜʠʥʝ. ʇʨʝʨʘʜʦʤ ʦʪʧʘʜʥʠʭ ʛʫʤʘ ʤʦʛʫ ʩʝ ʜʦʙʠʪʠ ʫʩʠʪˁʝʥʘ ʛʫʤʘ 

ʠʣʠ ʢʦʤʘʜʠ˂ʠ (ʢʦʤʘʜʠ ʧʨʝʢʦ 10 mm), ʛʨʘʥʫʣʝ (ʚʝʣʠʯʠʥʝ ʯʝʩʪʠʮʘ ʦʜ 0,5 ʜʦ 10 mm) ʠ 

ʛʫʤʝʥʠ ʧʨʘʭ (ʜʦ 0,5 mm) [21]. ʈʝʮʠʢʣʠʨʘʥʘ ʛʫʤʘ (RR) ʩʝ ʤʦʞʝ ʢʦʨʠʩʪʠʪʠ ʢʘʦ ʧʫʥʠʣʦ 

ʟʘ ʜʦʙʠʿʘˁʝ ʢʦʤʧʦʟʠʪʥʠʭ ʤʘʪʝʨʠʿʘʣʘ ʢʘʦ ʨʝʮʠʢʣʠʨʘʥʠ ʝʣʘʩʪʦʤʝʨʥʠ ʧʨʘʭ (RP) ʠʣʠ 

ʢʘʦ ʜʝʣʠʤʠʯʥʦ ʫʤʨʝʞʝʥʠ ʝʣʘʩʪʦʤʝʨ (PTP) [22, 23]. RR ʩʝ ʥʘʿʯʝʰ˂ʝ ʢʦʨʠʩʪʠ ʢʘʦ 

ʟʘʤʝʥʘ ʟʘ ʨʘʟʥʝ ʚʨʩʪʝ ʯʘʠ́. ʄʝʭʘʥʠʯʢʘ ʩʚʦʿʩʪʚʘ ʛʫʤʝ ʟʘʚʠʩʝ ʦʜ ʫʜʝʣʘ RR-ʘ ʠ 

ʭʝʤʠʿʩʢʠʭ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʛʫʤʝ. ʇʨʦʥʘʣʘʞʝˁʝʤ ʦʧʪʠʤʘʣʥʦʛ ʦʜʥʦʩʘ ʠʟʤʝʹʫ CB-ʘ ʠ 

RR-ʘ ʤʦʞʝ ʩʝ ʦʙʝʟʙʝʜʠʪʠ ʜʘ ʜʦʙʠʿʝʥʠ ʢʦʤʧʦʟʠʪʠ ʟʘʜʨʞʝ ʪʨʘʞʝʥʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʠ 

ʜʘ ʩʝ ʪʘʢʦ ʜʦʙʠʿʝʥʠ ʧʨʦʠʟʚʦʜʠ ʤʦʛʫ ʢʦʨʠʩʪʠʪʠ ʫ ʧʨʦʮʝʩʫ ʝʢʩʧʣʦʘʪʘʮʠʿʝ ʫ ʠʩʪʦʤ 

ʧʝʨʠʦʜʫ ʢʘʦ ʠ ʥʝʨʝʮʠʢʣʠʨʘʥʝ ʛʫʤʝ. ʂʦʨʠʰ˂ʝˁʝ RR-ʘ, ʩʚʝ ʚʘʞʥʠʿʝʛ ʠʟʚʦʨʘ 

ʩʝʢʫʥʜʘʨʥʝ ʩʠʨʦʚʠʥʝ, ʿʝʜʘʥ ʿʝ ʦʜ ʥʘʯʠʥʘ ʜʘ ʩʝ ʩʤʘˁʠ ʦʪʧʘʜ ʦʜ ʛʫʤʝ. ɻʣʘʚʥʝ ʬʠʟʠʯʢʝ 

ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ RR-ʘ ʩʫ ʥʠʩʢʘ ʛʫʩʪʠʥʘ ʠ ʝʣʘʩʪʠʯʥʦʩʪ. ʇʦʰʪʦ ʩʝ RR ʩʘʩʪʦʿʠ ʦʜ 

ʨʘʟʣʠʯʠʪʠʭ ʚʨʩʪʘ ʝʣʘʩʪʦʤʝʨʘ, ʧʫʥʠʣʘ, ʩʫʤʧʦʨʘ, ʘʢʪʠʚʘʪʦʨʘ, ʦʤʝʢʰʠʚʘʯʘ ʠʪʜ., ˁʝʥʘ 

ʭʝʤʠʿʩʢʘ ʩʚʦʿʩʪʚʘ ˂ʝ ʟʘʚʠʩʠʪʠ ʦʜ ʩʚʝʛʘ ʪʦʛʘ, ʘʣʠ ʫ ʧʨʚʦʤ ʨʝʜʫ ʦʜ ʫʧʦʪʨʝʙˀʝʥʠʭ 

ʝʣʘʩʪʦʤʝʨʘ. RR ʧʨʠʧʨʝʤˀʝʥʘ ʤʣʝʚʝˁʝʤ ʜʦ ʦʜʨʝʹʝʥʝ ʚʝʣʠʯʠʥʝ ʯʝʩʪʠʮʘ ʤʦʞʝ 

ʧʦʩʣʫʞʠʪʠ ʢʘʦ ʧʫʥʠʣʦ ʠʣʠ ʜʝʣʠʤʠʯʥʘ ʟʘʤʝʥʘ ʫ ʧʨʦʠʟʚʦʜˁʠ ʛʫʤʝ ʟʘ ʤʘʪʝʨʠʿʘʣʝ ʦʜ 

ʚʝʣʠʢʦʛ ʟʥʘʯʘʿʘ. ʄʝʹʫʪʠʤ, ʠ ʩʘʤʦ ʦʜʣʘʛʘˁʝ RR-ʘ ʩʚʝ ʚʠʰʝ ʧʦʩʪʘʿʝ ʚʝʣʠʢʠ ʝʢʦʣʦʰʢʠ 
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ʧʨʦʙʣʝʤ ʰʠʨʦʤ ʩʚʝʪʘ. 

 ʈʝʟʫʣʪʘʪʠ ʧʨʝʜʩʪʘʚˀʝʥʠ ʫ ʦʚʦʤ ʨʘʜʫ ʜʘʿʫ ʥʦʚʝ ʧʦʜʘʪʢʝ ʫ ʦʙʣʘʩʪʠ ʥʘʫʢʝ ʦ 

ʝʣʘʩʪʦʤʝʨʠʤʘ, ʧʦʩʝʙʥʦ ʫ ʠʥʜʫʩʪʨʠʿʠ ʛʫʤʝ, ʢʦʿʠ ʩʝ ʤʦʛʫ ʧʨʠʤʝʥʠʪʠ ʫ ʧʨʦʠʟʚʦʜˁʠ 

ʘʫʪʦʤʦʙʠʣʩʢʠʭ ʛʫʤʘ. ʊʘʢʦʹʝ, ʩʧʨʦʚʝʜʝʥʘ ʿʝ ʫʧʦʨʝʜʥʘ ʩʪʫʜʠʿʘ ʦ ʫʪʠʮʘʿʫ ʩʘʤʦ CB 

ʧʫʥʠʣʘ (60 phr), CB/RR ʠ CB/RP ʧʫʥʠʣʘ ʛʜʝ ʿʝ ʤʝˁʘʥ ʩʘʜʨʞʘʿ RR-ʘ ʠ RP-a ʜʘ ʙʠ ʩʝ 

ʧʨʦʥʘʰʘʦ ʦʧʪʠʤʘʣʘʥ ʦʜʥʦʩ, ʧʨʠ ʯʝʤʫ ʜʦʙʠʿʝʥʠ NR/BR/SBR ʢʦʤʧʦʟʠʪʠ ʠʤʘʿʫ 

ʟʘʜʦʚʦˀʘʚʘʿʫ˂ʝ ʤʝʭʘʥʠʯʢʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʧʨʝ ʠ ʧʦʩʣʝ ʩʪʘʨʝˁʘ, ʰʪʦ ʧʨʝʜʩʪʘʚˀʘ 

ʥʦʚʠ ʧʨʠʩʪʫʧ ʫ ʬʦʨʤʫʣʘʮʠʿʠ ʢʦʿʠ ʿʝ ʦʩʤʠʰˀʝʥ ʠʤʘʿʫ˂ʠ ʥʘ ʫʤʫ ʧʨʠʥʮʠʧʝ 

ʦʜʨʞʠʚʦʩʪʠ. 

 ʇʨʝʜʤʝʪ ʠʩʪʨʘʞʠʚʘˁʘ ʦʚʝ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ ʿʝ ʚʠʰʝʩʢʘʣʥʦ 

ʩʪʨʫʢʪʫʨʠʨʘˁʝ ʝʣʘʩʪʦʤʝʨʥʠʭ ʥʘʥʦ-ʢʦʤʧʦʟʠʪʘ ʜʦʙʠʿʝʥʠʭ ʦʜ ʨʘʟʣʠʯʠʪʠʭ 

ʧʨʝʢʫʨʩʦʨʘ: ʧʨʠʨʦʜʥʦʛ ʢʘʫʯʫʢʘ (NR), ʩʪʠʨʝʥ-ʙʫʪʘʜʠʝʥ ʢʘʫʯʫʢʘ (SBR) ʠ 

ʧʦʣʠʙʫʪʘʜʠʝʥʘ (BR) ʢʘʦ ʠ ˁʠʭʦʚʝ ʩʤʝʰʝ (NR/BR/SBR) ʫʟ ʠʩʧʠʪʠʚʘˁʝ ʫʪʠʮʘʿʘ 

ʩʘʜʨʞʘʿʘ ʠ ʪʠʧʘ ʧʫʥʠʣʘ (ʯʘʹʠ, ʨʝʮʠʢʣʠʨʘʥʝ ʛʫʤʝ ʠ ʨʝʮʠʢʣʠʨʘʥʦʛ ʛʫʤʝʥʦʛ ʧʨʘʭʘ) ʥʘ 

ʩʚʦʿʩʪʚʘ ʫʤʨʝʞʝʥʠʭ ʝʣʘʩʪʦʤʝʨʘ. ʎʠ  ˀʿʝ ʜʘ ʩʝ ʫʢʘʞʝ ʥʘ ʤʦʣʝʢʫʣʩʢʫ ʩʫʰʪʠʥʫ ʦʿʘʯʘˁʘ 

ʝʣʘʩʪʦʤʝʨʥʠʭ ʤʘʪʝʨʠʿʘʣʘ ʨʘʟʣʠʯʠʪʠʤ ʪʠʧʦʚʠʤʘ ʧʫʥʠʣʘ. ɼʦʜʘʚʘˁʝ ʧʫʥʠʣʘ 

ʝʣʘʩʪʦʤʝʨʠʤʘ ʪʨʝʙʘ ʜʘ ʦʙʝʟʙʝʜʠ ʧʦʙʦˀʰʘˁʝ ʤʝʭʘʥʠʯʢʠʭ ʠ ʪʝʨʤʠʯʢʠʭ ʩʚʦʿʩʪʘʚʘ ʢʘʦ 

ʠ ʩʤʘˁʝˁʝ ʪʨʦʰʢʦʚʘ ʧʨʦʠʟʚʦʜˁʝ, ʜʦʜʘʪʢʦʤ ʨʝʮʠʢʣʠʨʘʥʝ ʛʫʤʝ. ʆʿʘʯʘʚʘʿʫ˂ʝ ʧʫʥʠʣʦ 

ʜʦʜʘʪʦ ʛʫʤʝʥʦʿ ʩʤʝʰʠ, ʢʨʦʟ ʧʦʚʝ˂ʘˁʝ ʤʦʜʫʣʘ, ʦʤʦʛʫ˂ʠʣʦ ʿ ʝ ʚʠʩʦʢʘ ʤʝʭʘʥʠʯʢʘ 

ʩʚʦʿʩʪʚʘ ʠ ʚʠʩʦʢʫ ʦʪʧʦʨʥʦʩʪ ʥʘ ʭʘʙʘˁʝ, ʫʩʣʝʜ ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʨʘʩʧʦʜʝʣʝ ʰʪʦ ʟʘ 

ʧʦʩʣʝʜʠʮʫ ʠʤʘ ʩʥʘʞʥʫ ʤʝʹʫʬʘʟʥʫ ʧʨʠʚʣʘʯʥʦʩʪ ʩʘ ʧʦʣʠʤʝʨʥʦʤ ʤʘʪʨʠʮʦʤ.  

 ʈʝʟʫʣʪʘʪʠ ʦʚʝ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ ʧʨʝʜʩʪʘʚˀʘʿʫ ʜʦʧʨʠʥʦʩ ʨʘʟʫʤʝʚʘˁʫ 

ʩʫʰʪʠʥʝ ʧʦʩʪʫʧʢʘ ʥʘʩʪʘʿʘˁʘ ʫʤʨʝʞʝʥʠʭ ʤʘʪʝʨʠʿʘʣʘ ʥʘ ʦʩʥʦʚʫ ʨʘʟʣʠʯʠʪʠʭ 

ʧʨʝʢʫʨʩʦʨʘ, ʢʘʦ ʠ ʫʪʠʮʘʿʘ ʛʨʘʹʝ ʧʨʝʢʫʨʩʦʨʘ ʥʘ ʩʪʨʫʢʪʫʨʫ ʠ ʩʚʦʿʩʪʚʘ ʠʩʪʠʭ. ʅʘ ʦʚʘʿ 

ʥʘʯʠʥ ʦʤʦʛʫ˂ʝʥʘ ʿʝ ʢʦʥʪʨʦʣʘ ʩʘʜʨʞʘʿʘ ʝʣʘʩʪʠʯʥʦ ʘʢʪʠʚʥʠʭ ʣʘʥʘʮʘ ʪʿ. ʝʣʘʩʪʠʯʥʦʩʪʠ 

ʤʘʪʝʨʠʿʘʣʘ ʠ ʦʩʪʘʣʠʭ ʩʚʦʿʩʪʘʚʘ ʤʘʪʝʨʠʿʘʣʘ ʢʦʿʘ ʩʫ ʙʠʪʥʘ ʩʘ ʘʩʧʝʢʪʘ ʧʨʠʤʝʥʝ, 

ʧʦʩʝʙʥʦ ʫ ʦʙʣʘʩʪʠ ʠʟʨʘʜʝ ʧʥʝʫʤʘʪʠʢʘ. ʆʜʘʙʠʨʦʤ ʦʧʪʠʤʘʣʥʦʛ ʩʘʜʨʞʘʿʘ ʠ ʪʠʧʘ 

ʧʫʥʠʣʘ ʢʘʦ ʠ ʪʠʧʘ ʧʨʝʢʫʨʩʦʨʘ ʜʦʙʠʿʝʥʠ ʩʫ ʤʘʪʝʨʠʿʘʣʠ ʢʦʿʠ ʠʤʘʿʫ ʠ ʟʘʜʦʚʦˀʘʚʘʿʫ˂ʫ 

ʪʝʨʤʠʯʢʫ ʩʪʘʙʠʣʥʦʩʪ ʠ ʤʝʭʘʥʠʯʢʘ ʩʚʦʿʩʪʚʘ ʢʦʿʘ ʩʫ ʧʦʪʨʝʙʥʘ ʫ ʩʧʝʮʠʬʠʯʥʠʤ 

ʫʩʣʦʚʠʤʘ ʝʢʩʧʣʦʘʪʘʮʠʿʝ. 
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2. ʊɽʆʈʀɱʉʂʀ ɼɽʆ 

 ʅʘʫʢʘ ʦ ʤʘʪʝʨʠʿʘʣʠʤʘ ʜʘʥʘʩ ʠʥʪʝʥʟʠʚʥʦ ʨʘʟʤʘʪʨʘ ʫʤʨʝʞʝʥʝ ʤʘʪʝʨʠʿʘʣʝ ʙʠʣʦ 

ʜʘ ʩʫ ʪʦ ʝʣʘʩʪʦʤʝʨʠ, ʩʤʦʣʝ ʠʣʠ ʛʝʣʦʚʠ. ʇʨʝ ʙʠʣʦ ʢʘʢʚʦʛ ʬʫʥʜʘʤʝʥʪʘʣʥʦʛ ʠʣʠ 

ʠʥʜʫʩʪʨʠʿʩʢʦʛ ʨʘʟʤʘʪʨʘˁʘ ʤʘʪʝʨʠʿʘʣʘ ʥʘ ʙʘʟʠ ʧʦʣʠʤʝʨʥʠʭ ʤʨʝʞʘ ʥʝʦʧʭʦʜʥʦ ʿʝ 

ʫʧʦʟʥʘʪʠ ʩʝ ʩʘ ʦʩʥʦʚʥʠʤ ʜʝʬʠʥʠʮʠʿʘʤʘ ʤʨʝʞʝ ʠ ʯʚʦʨʘ ʤʨʝʞʝ. ʇʦʣʠʤʝʨʥʘ ʤʨʝʞʘ ʿʝ 

ʪʨʦʜʠʤʝʥʟʠʦʥʘʣʥʘ ʩʪʨʫʢʪʫʨʘ ʥʘʩʪʘʣʘ ʤʝʹʫ-ʣʘʥʯʘʥʠʤ ʠʣʠ ʫʥʫʪʘʨ-ʣʘʥʯʘʥʠʤ 

ʠʥʪʝʨʘʢʮʠʿʘʤʘ (ʩʧʘʿʘˁʝʤ) ʤʘʢʨʦʤʦʣʝʢʫʣʘ ʫʟ ʧʦʩʪʦʿʘˁʝ ʪʦʧʦʣʦʰʢʠʭ ʯʚʦʨʦʚʘ ʫʩʣʝʜ 

ʟʘʧʣʝʪʝʥʦʩʪʠ ʣʘʥʘʮʘ [24]. ʈʘʥʠʿʝ ʩʫ ʧʦʣʠʤʝʨʥʝ ʤʨʝʞʝ ʜʦʙʠʿʘʥʝ ʧʨʝʪʝʞʥʦ 

ʨʝʘʢʮʠʿʘʤʘ ʠʟʤʝʹʫ ʤʘʣʠʭ ʤʦʣʝʢʫʣʘ ʤʦʥʦʤʝʨʘ ʠʣʠ ʧʨʝʢʦ ʫʤʨʝʞʘʚʘˁʘ ʧʨʠʤʘʨʥʠʭ 

ʣʘʥʘʮʘ. ʈʘʟʚʦʿʝʤ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʠʿʘ ʠ ʤʘʪʝʨʠʿʘʣʘ ʧʦʣʠʤʝʨʥʘ ʤʨʝʞʘ ʥʘʩʪʘʿʝ 

ʩʧʘʿʘˁʝʤ ʧʨʝʪʭʦʜʥʦ ʬʦʨʤʠʨʘʥʠʭ ʤʦʣʝʢʫʣʘ ʧʦʣʠʤʝʨʘ ʢʦʿʝ ʥʘʟʠʚʘʤʦ ʧʨʝʢʫʨʩʦʨʠ 

ʤʨʝʞʝ. ɳʠʭʦʚʘ ʩʪʨʫʢʪʫʨʘ ʠʤʘ ʠʟʫʟʝʪʘʥ ʫʪʠʮʘʿ ʥʘ ʪʦʧʦʣʦʛʠʿʫ ʯʚʦʨʦʚʘ ʠ ʘʨʭʠʪʝʢʪʫʨʫ 

ʩʘʤʝ ʤʨʝʞʝ. ʇʨʝʤʘ IUPAC-ʫ ʯʚʦʨ ʤʨʝʞʝ ʿʝ ʤʘʣʘ ʦʙʣʘʩʪ ʫ ʤʘʢʨʦʤʦʣʝʢʫʣʫ ʦʜ ʢʦʿʝ 

ʧʦʣʘʟʝ ʥʘʿʤʘˁʝ ʪʨʠ ʣʘʥʮʘ ʢʦʿʠ ʜʦʚʦʜʝ ʜʦ ʛʨʘʥʘˁʘ. ʄʦʞʝ ʩʝ ʜʝʬʠʥʠʩʘʪʠ ʠ ʢʘʦ 

ʭʝʤʠʿʩʢʘ ʚʝʟʘ, ʘʪʦʤ ʠʣʠ ʛʨʫʧʘ ʘʪʦʤʘ ʢʦʿʘ ʩʧʘʿʘ ʜʚʘ ʣʘʥʮʘ ʤʘʢʨʦʤʦʣʝʢʫʣʘ ʠʣʠ ʜʚʘ 

ʜʝʣʘ ʠʩʪʦʛ ʣʘʥʮʘ ʢʘʦ ʨʝʟʫʣʪʘʪ ʫʤʨʝʞʘʚʘˁʘ [25]. 

 ɾʠʚʠ ʦʨʛʘʥʠʟʤʠ ʩʫ ʫ ʚʝʣʠʢʦʿ ʤʝʨʠ ʩʘʯʠˁʝʥʠ ʦʜ ʛʝʣʘʩʪʠʭ ʫʤʨʝʞʝʥʠʭ 

ʤʘʪʝʨʠʿʘʣʘ, ʰʪʦ ʿʝ ʦʜ ʩʫʰʪʠʥʩʢʦʛ ʟʥʘʯʘʿʘ ʟʘ ʬʠʟʠʦʣʦʰʢʝ ʬʫʥʢʮʠʿʝ. ɹʠʦʣʦʰʢʠ 

ʛʝʣʦʚʠ, ʧʨʠʩʫʪʥʠ ʫ ʪʢʠʚʠʤʘ ʞʠʚʦʪʠˁʘ, ʙʠˀʘʢʘ ʠ ʤʠʢʨʦʦʨʛʘʥʠʟʘʤʘ, ʦʤʦʛʫ˂ʘʚʘʿʫ 

ʤʝʭʘʥʠʯʢʫ ʩʪʘʙʠʣʥʦʩʪ, ʪʨʘʥʩʧʦʨʪ ʩʫʧʩʪʘʥʮʠ ʠ ʟʘʰʪʠʪʫ ʦʜ ʩʧʦˀʘʰˁʠʭ ʫʪʠʮʘʿʘ. 

ʇʨʦʫʯʘʚʘˁʝ ʦʚʠʭ ʩʪʨʫʢʪʫʨʘ ʧʨʫʞʘ ʫʚʠʜ ʫ ʤʝʭʘʥʠʟʤʝ ʘʜʘʧʪʘʮʠʿʝ ʠ ʧʨʝʜʩʪʘʚˀʘ 

ʦʩʥʦʚʫ ʟʘ ʨʘʟʚʦʿ ʙʠʦʤʠʤʝʪʠʯʢʠʭ ʤʘʪʝʨʠʿʘʣʘ. ʄʨʝʞʝ ʩʝ ʜʘʥʘʩ ʩʨʝ˂ʫ ʫ ʚʝʣʠʢʦʤ ʙʨʦʿʫ 

ʪʝʭʥʦʣʦʛʠʿʘ ʠ ʫ ʠʥʪʝʨʜʠʩʮʠʧʣʠʥʘʨʥʠʤ ʦʙʣʘʩʪʠʤʘ ʢʘʦ ʰʪʦ ʩʫ: ʬʘʨʤʘʮʝʫʪʩʢʦ 

ʠʥʞʝˁʝʨʩʪʚʦ, ʝʣʝʢʪʨʦʥʠʢʘ ʠ ʙʠʦʤʘʪʝʨʠʿʘʣʠ. ʇʦʣʠʤʝʨʥʝ ʤʨʝʞʝ ʩʝ ʜʘʥʘʩ ʢʦʨʠʩʪʝ ʫ 

ʤʝʜʠʮʠʥʠ ʙʠʣʦ ʢʘʦ ʠʤʧʣʘʥʪʘʥʪʠ ʨʘʜʠ ʟʘʤʝʥʝ ʥʝʢʦʛ ʦʰʪʝ˂ʝʥʦʛ ʜʝʣʘ ʦʨʛʘʥʠʟʤʘ (ʥʧʨ. 

ʚʝʰʪʘʯʢʘ ʦʯʥʘ ʩʦʯʠʚʘ) ʠʣʠ ʨʘʜʠ ʨʝʘʣʠʟʦʚʘˁʘ ʥʝʢʝ ʪʝʣʝʩʥʝ ʬʫʥʢʮʠʿʝ. ʅʦʚʝ 

ʪʝʭʥʦʣʦʛʠʿʝ ʦʤʦʛʫ˂ʘʚʘʿʫ ʢʨʝʠʨʘˁʝ ʩʪʨʫʢʪʫʨʝ ʭʠʙʨʠʜʥʠʭ ʤʘʪʝʨʠʿʘʣʘ ʥʘ 

ʤʦʣʝʢʫʣʩʢʦʤ ʥʠʚʦʫ. ʊʘʢʦ ʩʝ ʤʦʛʫ ʜʦʙʠʪʠ ʝʣʘʩʪʦʤʝʨʥʝ ʤʨʝʞʝ ʩʘ ʪʘʯʥʦ ʜʝʬʠʥʠʩʘʥʠʤ 

ʜʫʞʠʥʘʤʘ ʣʘʥʘʮʘ ʠ ʛʫʩʪʠʥʘʤʘ ʫʤʨʝʞʝˁʘ ʢʦʿʝ ʩʝ ʤʦʛʫ ʢʦʨʠʩʪʠʪʠ ʢʘʦ ʚʝʰʪʘʯʢʘ ʢʦʞʘ 

ʠʣʠ ʢʘʦ ʥʦʩʘʯʠ ʣʝʢʦʚʘ, ʧʨʦʪʝʠʥʘ ʠʣʠ ʪʢʠʚʘ [26]. 

 ʋ ʪʦʢʫ ʧʨʦʮʝʩʘ ʫʤʨʝʞʘʚʘˁʘ ʤʘʢʨʦʤʦʣʝʢʫʣʘ, ʠʟʙʦʨʦʤ ʚʨʩʪʝ ʠ ʢʦʣʠʯʠʥʝ 

ʢʦʤʧʦʥʝʥʘʪʘ ʜʦʙʠʿʘʿʫ ʩʝ ʤʘʪʝʨʠʿʘʣʠ ʞʝˀʝʥʝ ʝʣʘʩʪʠʯʥʦʩʪʠ, ʤʝʭʘʥʠʯʢʠʭ ʠ ʭʝʤʠʿʩʢʠʭ 
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ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ. ʂʘʢʦ ʿʝ ʥʘʿʚʝ˂ʠ ʙʨʦʿ ʧʦʣʠʤʝʨʥʠʭ ʤʘʪʝʨʠʿʘʣʘ ʤʝʹʫʩʦʙʥʦ ʥʝʤʝʰˀʠʚ 

ʠʣʠ ʦʛʨʘʥʠʯʝʥʦ ʤʝʰˀʠʚ, ʩʪʦʛʘ ʩʝ ʫ ʧʨʦʮʝʩʠʤʘ ʫʤʨʝʞʘʚʘˁʘ ʜʦʙʠʿʘʿʫ ʧʨʝʪʝʞʥʦ 

ʥʝʢʨʠʩʪʘʣʥʝ ʩʪʨʫʢʪʫʨʝ, ʭʝʪʝʨʦʛʝʥʦʛ ʩʪʘˁʘ. ʉʪʚʘʨʘˁʝʤ ʚʠʰʝʬʘʟʥʠʭ ʩʠʩʪʝʤʘ 

ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʧʦʿʝʜʠʥʠʭ ʬʘʟʘ ʤʦʛʫ ʙʠʪʠ ʜʝʣʦʤ ʦʯʫʚʘʥʝ ʠʣʠ ʟʥʘʪʥʦ ʧʨʦʤʝˁʝʥʝ 

ʫʩʣʝʜ ʫʪʠʮʘʿʘ ʤʝʹʫʤʦʣʝʢʫʣʩʢʠʭ ʠʥʪʝʨʘʢʮʠʿʘ. ɿʙʦʛ ʪʦʛʘ ʩʫ ʩʘʚʨʝʤʝʥʘ ʠʩʪʨʘʞʠʚʘˁʘ 

ʠ ʠʥʜʫʩʪʨʠʿʩʢʘ ʧʨʘʢʩʘ ʛʫʤʘʨʩʢʝ ʠʥʜʠʩʪʨʠʿʝ ʫʩʤʝʨʝʥʘ ʢʘ ʫʧʦʪʨʝʙʠ ʧʦʩʪʦʿʝ˂ʠʭ 

ʧʦʣʘʟʥʠʭ ʧʦʣʠʤʝʨʘ ʠ ʜʦʙʠʿʘˁʫ ʥʦʚʠʭ ʪʠʧʦʚʘ ʝʣʘʩʪʦʤʝʨʥʠʭ ʤʘʪʝʨʠʿʘʣʘ ʩʘ ʥʦʚʠʤ 

ʤʦʜʠʬʠʢʦʚʘʥʠʤ ʤʘʢʨʦʤʦʣʝʢʫʣʠʤʘ. ʉʫʰʪʠʥʘ ʧʨʦʮʝʩʘ ʫʤʨʝʞʘʚʘˁʘ ʿʝ ʭʝʤʠʿʩʢʘ 

ʨʝʘʢʮʠʿʘ ʠʟʤʝʹʫ ʦʚʝ ʜʚʝ ʚʨʩʪʝ ʤʘʢʨʦʤʦʣʝʢʫʣʘ, ʫ ʨʘʟʣʠʯʠʪʠʤ ʤʦʣʩʢʠʤ ʦʜʥʦʩʠʤʘ 

ʢʦʿʠ ʫ ʧʨʠʩʫʩʪʚʫ ʠʟʘʙʨʘʥʠʭ ʫʙʨʟʠʚʘʯʘ, ʘʢʪʠʚʘʪʦʨʘ, ʧʫʥʠʣʘ, ʦʤʝʢʰʠʚʘʯʘ ʠʪʜ., 

ʬʦʨʤʠʨʘʿʫ ʤʨʝʞʫ. ʋʤʨʝʞʘʚʘˁʝ ʤʘʢʨʦʤʦʣʝʢʫʣʘ ʢʘʫʯʫʢʘ ʧʨʝʜʩʪʘʚˀʘ ʪʦʧʦʣʦʰʢʠ 

ʢʨʠʪʠʯʘʥ ʬʝʥʦʤʝʥ ʢʘʜʘ ʦʜ ʘʥʩʘʤʙʣʘ ʣʠʥʝʘʨʥʠʭ ʣʘʥʘʮʘ ʥʘʩʪʘʿʝ ʪʨʦʜʠʤʝʥʟʠʦʥʘʣʥʘ 

ʤʨʝʞʘ ʤʘʢʨʦʤʦʣʝʢʫʣʘ [27-31]. 

 ʉʫʰʪʠʥʘ ʿʝ ʨʘʟʫʤʝʚʘˁʝ ʤʝʭʘʥʠʟʘʤʘ ʜʝʬʦʨʤʘʮʠʿʝ ʫʤʨʝʞʝʥʠʭ ʤʘʪʝʨʠʿʘʣʘ ʧʨʠ 

ʩʪʘʪʠʯʢʦʤ ʠ ʜʠʥʘʤʠʯʢʦʤ ʜʝʿʩʪʚʫ ʧʦˀʘ, ʘ ʦʥʦ ʩʝ ʥʝ ʤʦʞʝ ʟʘʤʠʩʣʠʪʠ ʙʝʟ ʧʨʠʤʝʥʝ 

ʪʝʦʨʠʿʘ ʝʣʘʩʪʠʯʥʦʩʪʠ ʛʫʤʝ ʠ ʪʝʦʨʠʿʘ ʦ ʥʘʩʪʘʥʢʫ ʧʦʣʠʤʝʨʥʠʭ ʤʨʝʞʘ [32]. ɿʘ ʨʘʟʣʠʢʫ 

ʦʜ ʦʩʪʘʣʠʭ ʤʘʪʝʨʠʿʘʣʘ, ʛʫʤʘ ʤʦʞʝ ʜʦʩʪʠ˂ʠ ʧʦʚʨʘʪʥʦ ʠʩʪʝʟʘˁʝ ʠ ʜʦ ʜʝʩʝʪ ʧʫʪʘ ʚʝ˂ʝ 

ʦʜ ʧʦʯʝʪʥʠʭ ʜʠʤʝʥʟʠʿʘ. ʄʦʛʫ˂ʥʦʩʪ ʝʣʘʩʪʠʯʥʝ ʜʝʬʦʨʤʘʮʠʿʝ ʩʝ ʦʩʪʚʘʨʫʿʝ ʫʩʣʝʜ 

ʧʨʦʤʝʥʝ ʤʦʣʝʢʫʣʩʢʦʛ ʨʘʩʧʦʨʝʜʘ, ʪʿ. ʧʨʦʤʝʥʝ ʝʥʪʨʦʧʠʿʝ ʩʠʩʪʝʤʘ ʫʤʨʝʞʝʥʠʭ 

ʤʘʢʨʦʤʦʣʝʢʫʣʘ. ʄʥʦʛʠ ʧʦʣʠʤʝʨʥʠ ʤʘʪʝʨʠʿʘʣʠ ʠʤʘʿʫ ʩʚʦʿʩʪʚʘ ʝʣʘʩʪʦʤʝʨʘ, ʘʣʠ ʩʫ 

ʧʨʘʢʪʠʯʥʦ ʧʨʠʤʝʥˀʠʚʠ ʩʘʤʦ ʦʥʠ ʢʦʜ ʢʦʿʠʭ ʿʝ ʪʝʤʧʝʨʘʪʫʨʘ ʩʪʘʢʣʘʩʪʦʛ ʧʨʝʣʘʟʘ ʥʠʞʘ 

ʦʜ -20ʦC, ʯʠʤʝ ʩʝ ʥʘ ʪʝʤʧʝʨʘʪʫʨʘʤʘ ʫʧʦʪʨʝʙʝ ʫʚʝʢ ʠʩʧʦˀʘʚʘ ʛʠʧʢʦʩʪ ʣʘʥʘʮʘ.  

 ʆʜʥʦʩ ʠʟʤʝʹʫ ʥʘʩʪʘʿʘˁʘ (ʠʣʠ ʧʨʦʮʝʩʠʨʘˁʘ) ʩʪʨʫʢʪʫʨʝ ʠ ʩʚʦʿʩʪʚʘ ʠ ʨʘʟʚʦʿ 

ʚʠʰʝʬʫʥʢʮʠʦʥʘʣʥʠʭ ʧʨʝʢʫʨʩʦʨʘ ʢʦʿʠ ʩʝ ʫʤʨʝʞʘʚʘʿʫ ʠ ʛʨʘʥʘʿʫ ʥʠʿʝ ʫʚʝʢ 

ʿʝʜʥʦʩʪʘʚʘʥ ʟʘ ʧʨʝʜʚʠʹʘˁʝ ʠ ʨʘʟʫʤʝʚʘˁʝ. ʋ ʤʥʦʛʠʤ ʣʘʙʦʨʘʪʦʨʠʿʘʤʘ ʩʫ ʨʘʟʚʠʿʝʥʝ 

ʤʝʪʦʜʝ ʩʠʥʪʝʟʝ ʜʦʙʨʦ ʜʝʬʠʥʠʩʘʥʠʭ ʤʨʝʞʘ ʯʠʿʘ ʿʝ ʩʪʨʫʢʪʫʨʘ ʥʘʿʙʣʠʞʘ ʠʜʝʘʣʥʦʿ ʪʟʚ. 

ʤʦʜʝʣʥʦ ʿʤʨʝʞʠ. ʇʨʠʥʮʠʧ ʪʠʭ ʤʝʪʦʜʘ ʿʝ ʨʘʟʜʚʘʿʘˁʝ ʧʦʣʠʤʝʨʠʟʘʮʠʦʥʦʛ ʧʨʦʮʝʩʘ ʦʜ 

ʨʝʘʢʮʠʿʝ ʫ ʢʦʿʦʿ ʥʘʩʪʘʿʝ ʤʨʝʞʘ. ʎʠˀ ʧʨʚʝ ʝʪʘʧʝ ʿʝ ʧʨʠʧʨʝʤʘ ʣʠʥʝʘʨʥʦʛ ʧʨʝʢʫʨʩʦʨʘ 

ʧʦʣʠʤʝʨʘ ʢʦʜ ʢʦʛʘ ʩʝ ʥʘ ʦʙʘ ʢʨʘʿʘ ʩʤʝʰʪʘʿʫ ʨʝʘʢʪʠʚʥʝ ʛʨʫʧʝ. ʋ ʜʨʫʛʦʿ ʝʪʘʧʠ ʩʝ 

ʦʙʨʘʟʫʿʫ ʚʝʟʝ ʠʟʤʝʹʫ ʣʘʥʘʮʘ ʧʨʝʢʫʨʩʦʨʘ ʠ ʬʦʨʤʠʨʘʿʫ ʯʚʦʨʦʚʠ ʤʨʝʞʝ. ɽʢʩʧʝʨʠʤʝʥʪʠ 

ʠʟʚʝʜʝʥʠ ʥʘ ʤʦʜʝʣʥʠʤ ʫʤʨʝʞʝʥʠʤ ʩʠʩʪʝʤʠʤʘ (ʩʘ ʚʝʣʠʢʦʤ ʠ ʤʘʣʦʤ 

ʬʫʥʢʮʠʦʥʘʣʥʦʰ˂ʫ) ʩʣʫʞʝ ʢʘʦ ʫʣʘʟʥʘ ʠʥʬʦʨʤʘʮʠʿʘ ʟʘ ʬʦʨʤʫʣʠʩʘˁʝ ʠ ʧʨʦʚʝʨʫ 
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ʢʦʥʢʨʝʪʥʠʭ ʠ ʢʦʨʝʢʪʥʠʭ ʪʝʦʨʠʿʩʢʠʭ ʧʨʠʩʪʫʧʘ ʨʝʘʢʮʠʿʘ ʫʤʨʝʞʘʚʘˁʘ. ʊʝʦʨʠʿʝ 

ʥʘʩʪʘʿʘˁʘ ʤʨʝʞʘ ʧʦʪʚʨʹʝʥʝ ʝʢʩʧʝʨʠʤʝʥʪʠʤʘ ʩʫ ʦʜ ʚʝʣʠʢʦʛ ʟʥʘʯʘʿʘ ʟʘ ʨʘʟʫʤʝʚʘˁʝ ʠ 

ʧʨʝʜʚʠʹʘˁʝ ʦʜʥʦʩʘ ʥʘʩʪʘʿʘˁʝ-ʩʪʨʫʢʪʫʨʘ-ʩʚʦʿʩʪʚʘ ʠ ʨʘʟʚʦʿ ʚʠʰʝʬʫʥʢʮʠʦʥʘʣʥʠʭ 

ʧʨʝʢʫʨʩʦʨʘ ʢʦʿʠ ʩʝ ʫʤʨʝʞʘʚʘʿʫ ʠ ʛʨʘʥʘʿʫ. ʂʦʜ ʧʦʣʠʬʫʥʢʮʠʦʥʘʣʥʠʭ ʩʠʩʪʝʤʘ ʢʦʿʠ ʩʝ 

ʫʤʨʝʞʘʚʘʿʫ ʠ ʛʨʘʥʘʿʫ ʪʦ ʿʝ ʟʥʘʪʥʦ ʪʝʞʝ ʥʝʛʦ ʢʦʜ ʜʚʦʬʫʥʢʮʠʦʥʘʣʥʠʭ ʩʠʩʪʝʤʘ ʢʦʿʠ 

ʜʘʿʫ ʣʠʥʝʘʨʥʝ ʧʦʣʠʤʝʨʝ.  

 ʄʘʢʨʦʩʢʦʧʩʢʦʤ ʫʟʦʨʢʫ ʝʣʘʩʪʦʤʝʨʘ, ʢʦʿʠ ʩʝ ʩʘʩʪʦʿʠ ʦʜ ʩʢʫʧʘ ʚʝʣʠʢʦʛ ʙʨʦʿʘ 

ʣʠʥʝʘʨʥʠʭ ʤʘʢʨʦʤʦʣʝʢʫʣʘ, ʝʣʘʩʪʠʯʥʦʩʪ ʩʝ ʟʥʘʪʥʦ ʧʦʚʝ˂ʘʚʘ ˁʠʭʦʚʠʤ ʧʦʚʝʟʠʚʘˁʝʤ, 

ʫʤʨʝʞʘʚʘˁʝʤ ʢʦʿʠʤ ʩʝ ʩʧʨʝʯʘʚʘ Ăʢʣʠʟʘˁʝñ ʿʝʜʥʦʛ ʧʦʣʠʤʝʨʥʦʛ ʣʘʥʮʘ ʧʨʝʢʦ ʜʨʫʛʠʭ. 

ɼʦʚʦˀʘʥ ʙʨʦʿ ʫʤʨʝʞʝˁʘ ʧʦʩʪʠʞʝ ʩʝ ʧʦʚʝʟʠʚʘˁʝʤ ʩʚʘʢʠʭ 50-100 ʧʦʥʘʚˀʘʿʫ˂ʠʭ 

ʿʝʜʠʥʠʮʘ, ʪʘʢʦ ʜʘ ʿʝ ʧʦʣʠʤʝʨʥʠ ʤʦʣʝʢʫʣ ʩʘ ʩʪʝʧʝʥʦʤ ʧʦʣʠʤʝʨʠʟʘʮʠʿʝ,  ʦʜ 1000-2000, 

ʙʦʯʥʦ ʧʦʚʝʟʘʥ ʩʘ ʩʫʩʝʜʥʠʤ ʤʦʣʝʢʫʣʘʤʘ. ʊʘʢʦ ʤʘʣʘ ʛʫʩʪʠʥʘ ʫʤʨʝʞʝˁʘ ʙʠʪʥʦ ʥʝ 

ʫʪʠʯʝ ʥʘ ʧʦʢʨʝʪˀʠʚʦʩʪ ʠ ʢʦʥʬʦʨʤʘʮʠʿʩʢʝ ʧʨʦʤʝʥʝ ʤʘʢʨʦʤʦʣʝʢʫʣʘ.  

 ʋ ʛʫʤʘʨʩʢʦʿ ʠʥʜʫʩʪʨʠʿʠ ʩʝ ʥʝʫʤʨʝʞʝʥʠ ʧʦʣʠʤʝʨ ʥʘʟʠʚʘ ʢʘʫʯʫʢʦʤ, ʘ ʧʨʦʮʝʩ 

ʤʝʹʫʩʦʙʥʦʛ ʧʦʚʝʟʠʚʘˁʘ ʤʦʣʝʢʫʣʘ ʢʘʫʯʫʢʘ ʚʫʣʢʘʥʠʟʘʮʠʿʦʤ. ʊʘʿ ʩʝ ʧʨʦʮʝʩ ʦʙʠʯʥʦ 

ʠʟʚʦʜʠ ʩʫʤʧʦʨʦʤ ʠʣʠ ˁʝʛʦʚʠʤ ʿʝʜʠˁʝˁʠʤʘ ʠ ʫʟ ʜʨʫʛʝ ʜʦʜʘʪʢʝ ʜʦʙʠʿʘ ʩʝ ʧʨʦʠʟʚʦʜ 

ʧʦʜ ʥʘʟʠʚʦʤ ʛʫʤʘ. ʂʘʫʯʫʢ ʠ ʛʫʤʘ ʠʤʘʿʫ ʟʘʿʝʜʥʠʯʢʠ ʥʘʟʠʚ ʝʣʘʩʪʦʤʝʨ. ʋʤʨʝʞʘʚʘˁʝ ʠ 

ʜʝʬʦʨʤʘʮʠʿʝ ʝʣʘʩʪʦʤʝʨʥʠʭ ʤʘʢʨʦʤʦʣʝʢʫʣʘ ʰʝʤʘʪʩʢʠ ʩʫ ʧʨʠʢʘʟʘʥʠ ʥʘ ʩʣʠʮʠ 1.  

 

 

ʉʣʠʢʘ 1. ʇʨʠʢʘʟ ʫʤʨʝʞʘʚʘˁʘ ʠ ʜʝʬʦʨʤʘʮʠʿʝ ʝʣʘʩʪʦʤʝʨʥʠʭ ʤʘʢʨʦʤʦʣʝʢʫʣʘ: ʘ) 

ʣʠʥʝʘʨʥʘ ʩʪʨʫʢʪʫʨʘ, ʙ) ʫʤʨʝʞʝˁʝ, ʚ) ʜʝʬʦʨʤʘʮʠʿʘ ʠʩʪʝʟʘˁʝʤ [33]. 
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ʆʩʥʦʚʥʠ ʧʦʿʤʦʚʠ ʟʘ ʩʠʩʪʝʤ ʧʦʣʠʤʝʨ-ʧʦʣʠʤʝʨ ʩʫ: 

¶ ʙʣʝʥʜʘ, ʫʤʨʝʞʝʥʠ ʤʘʪʝʨʠʿʘʣ ʥʘ ʙʘʟʠ ʜʚʝ ʠʣʠ ʚʠʰʝ ʚʨʩʪʠ ʢʘʫʯʫʢʘ, 

ʨʘʟʣʠʯʠʪʠʭ ʠʣʠ ʩʣʠʯʥʠʭ ʤʦʣʝʢʫʣʩʢʠʭ ʤʘʩʘ ʠ ʨʘʩʧʦʜʝʣʝ ʤʦʣʝʢʫʣʩʢʠʭ 

ʤʘʩʘ; 

¶ ʩʤʝʰʘ-ʠʥʜʫʩʪʨʠʿʩʢʠ ʪʝʨʤʠʥ, ʦʜʥʦʩʠ ʩʝ ʥʘ ʩʠʩʪʝʤʝ ʢʦʿʠ ʤʦʛʫ ʜʘ 

ʫʤʨʝʞʘʚʘʿʫ, ʠ ʦʥʝ ʧʦʨʝʜ ʿʝʜʥʦʛ ʠʣʠ ʚʠʰʝ ʚʨʩʪʘ ʢʘʫʯʫʢʘ ʩʘʜʨʞʝ 

ʧʫʥʠʣʦ, ʩʠʩʪʝʤ ʟʘ ʫʤʨʝʞʘʚʘˁʝ, ʦʤʝʢʰʠʚʘʯ ʠ ʜʨ. 

¶ ʢʦʤʧʘʪʠʙʠʣʥʦʩʪ, ʦʧʠʩʫʿʝ ʤʝʹʫʩʦʙʥʠ ʦʜʥʦʩ ʤʦʣʝʢʫʣʩʢʠʭ ʚʨʩʪʘ ʫ 

ʫʤʨʝʞʝʥʦʤ ʩʠʩʪʝʤʫ ʥʘ ʙʘʟʠ ʜʚʘ ʠʣʠ ʚʠʰʝ ʢʘʫʯʫʢʘ, ʪʘʢʦ ʜʘ ʿʝ ʦʥ 

ʭʦʤʦʛʝʥ ʫ ʪʝʨʤʦʜʠʥʘʤʠʯʢʦʤ ʩʤʠʩʣʫ ʨʝʯʠ. 

2.1. ʇʨʠʨʦʜʥʠ ʠ ʩʠʥʪʝʪʠʯʢʠ ʢʘʫʯʫʢ ʠ ʧʦʣʠʤʝʨʥʠ ʤʘʪʝʨʠʿʘʣʠ  

 

ʂʘʫʯʫʢ (ʦʜ ʠʥʜʠʿʘʥʩʢʦʛ cau-uchu ʜʨʚʦ ʢʦʿʝ ʧʣʘʯʝ) ʿʝ ʥʘʟʠʚ ʟʘ ʛʨʫʧʫ 

ʧʦʣʠʤʝʨʥʠʭ ʤʘʪʝʨʠʿʘʣʘ ʢʦʿʠ ʤʦʛʫ ʜʘ ʙʫʜʫ ʧʨʠʨʦʜʥʦʛ ʠʣʠ ʩʠʥʪʝʪʩʢʦʛ ʧʦʨʝʢʣʘ. ʀʤʘ 

ʧʦʜʘʪʘʢʘ ʜʘ ʿʝ ʂʦʣʫʤʙʦʚʘ ʝʢʩʧʝʜʠʮʠʿʘ ʧʨʠ ʧʦʚʨʘʪʢʫ ʠʟ ɸʤʝʨʠʢʝ, ʧʦʨʝʜ ʜʨʫʛʠʭ 

Ăʥʦʚʠʥʘñ ʜʦʥʝʣʘ ʠ ʧʦʣʠʤʝʨʥʠ ʤʘʪʝʨʠʿʘʣ ʜʦʙʠʿʝʥ ʠʟ ʩʦʢʘ ʢʦʿʠ ʩʝ ʮʝʜʠ ʟʘʩʝʮʘˁʝʤ 

ʩʪʘʙʣʘ Havea Brasiliensis ʢʦʿʝ ʩʫ ʠʥʜʠʿʘʥʮʠ ʢʦʨʠʩʪʠʣʠ ʟʘ ʠʟʨʘʜʫ ʧʦʩʫʜʘ ʟʘ ʪʝʯʥʦʩʪ 

ʠ ʦʙʫ˂ʫ, ʢʘʦ ʠ ʟʘ ʣʦʧʪʝ ʟʘ ʨʠʪʫʘʣʥʝ ʠʛʨʝ. ʆʚʘʿ ʤʘʪʝʨʠʿʘʣ ʢʘʩʥʠʿʝ ʿʝ ʜʦʙʠʦ ʥʘʟʠʚ 

ʧʨʠʨʦʜʥʠ ʢʘʫʯʫʢ. ɺʝʢʦʚʠʤʘ ʠʟʫʯʘʚʘʥ ʜʨʘʛʦʮʝʥʠ ʤʘʪʝʨʠʿʘʣ ï ʢʘʫʯʫʢ, ʜʦʚʝʦ ʿʝ ʜʘʥʘʩ 

ʜʦ ʨʘʟʚʠʿʝʥʝ ʤʦ˂ʥʝ ʠʥʜʫʩʪʨʠʿʝ ʝʣʘʩʪʦʤʝʨʥʠʭ ʤʘʪʝʨʠʿʘʣʘ, ʢʦʿʘ ʿʝ ʫ ʩʚʦʤ ʜʠʥʘʤʠʯʥʦʤ 

ʨʘʟʚʦʿʫ ʙʠʣʘ ʠ ʚʝʣʠʢʠ ʛʝʥʝʨʘʪʦʨ ʨʘʟʚʦʿʘ ʜʨʫʛʠʭ ʧʨʠʚʨʝʜʥʠʭ ʛʨʘʥʘ.  

ɿʘʭʚʘˀʫʿʫ˂ʠ ʩʚʦʿʠʤ ʠʟʚʘʥʨʝʜʥʠʤ ʠʟʦʣʘʮʠʦʥʠʤ ʩʚʦʿʩʪʚʠʤʘ (ʪʘʙʝʣʘ 1), 

ʨʘʟʣʠʯʠʪʠ ʪʠʧʦʚʠ ʢʘʫʯʫʢʘ ʧʨʝʜʩʪʘʚˀʘʿʫ ʥʝʟʘʤʝʥˀʠʚ ʤʘʪʝʨʠʿʘʣ ʫ ʠʟʛʨʘʜˁʠ 

ʝʣʝʢʪʨʦ-ʠʟʦʣʘʮʠʦʥʠʭ ʩʠʩʪʝʤʘ, ʢʘʦ ʠ ʫ ʧʨʦʠʟʚʦʜˁʠ ʧʦʤʦ˂ʥʝ ʦʧʨʝʤʝ, ʟʘʰʪʠʪʥʝ ʦʜʝ˂ʝ 

ʠ ʦʙʫ˂ʝ ʟʘ ʨʘʜ ʫ ʫʩʣʦʚʠʤʘ ʧʦʚʝ˂ʘʥʦʛ ʝʣʝʢʪʨʠʯʥʦʛ ʨʠʟʠʢʘ. ʂʘʫʯʫʮʠ ʩʝ ʦʜʣʠʢʫʿʫ 

ʚʠʩʦʢʦʤ ʜʠʝʣʝʢʪʨʠʯʥʦʤ ʿʘʯʠʥʦʤ, ʦʪʧʦʨʥʦʰ˂ʫ ʥʘ ʝʣʝʢʪʨʠʯʥʠ ʣʫʢ, ʢʘʦ ʠ 

ʩʧʦʩʦʙʥʦʰ˂ʫ ʘʤʦʨʪʠʟʘʮʠʿʝ ʤʝʭʘʥʠʯʢʠʭ ʚʠʙʨʘʮʠʿʘ, ʰʪʦ ʠʭ ʯʠʥʠ ʠʜʝʘʣʥʠʤ ʟʘ 

ʧʨʠʤʝʥʝ ʫ ʝʣʝʢʪʨʦʪʝʭʥʠʯʢʦʿ ʠ ʝʥʝʨʛʝʪʩʢʦʿ ʠʥʜʫʩʪʨʠʿʠ. ʇʦʨʝʜ ʪʦʛʘ, ʢʘʫʯʫʮʠ 

ʧʦʢʘʟʫʿʫ ʠʟʚʘʥʨʝʜʥʘ ʤʝʭʘʥʠʯʢʘ ʩʚʦʿʩʪʚʘ ʧʨʠ ʜʠʥʘʤʠʯʢʦʤ ʥʘʧʨʝʟʘˁʫ. ʂʘʢʦ ʿʝ 

ʧʨʠʢʘʟʘʥʦ ʫ ʪʘʙʝʣʠ 2, ʫʧʨʘʚʦ ʩʝ ʥʘ ʦʩʥʦʚʫ ʦʚʠʭ ʤʝʭʘʥʠʯʢʠʭ ʠ ʧʨʠʤʝʥʩʢʠʭ 

ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʚʨʰʠ ʩʝʣʝʢʮʠʿʘ ʪʠʧʘ ʢʘʫʯʫʢʘ ʫ ʩʢʣʘʜʫ ʩʘ ʟʘʭʪʝʚʠʤʘ ʢʦʥʢʨʝʪʥʝ 

ʧʨʠʤʝʥʝ. 
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ʊʘʙʝʣʘ 1. ɽʣʝʢʪʨʠʯʥʘ ʩʚʦʿʩʪʚʘ (ʦʪʧʦʨʥʦʩʪ, ʜʠʝʣʝʢʪʨʠʯʥʘ ʩʥʘʛʘ, ʜʠʝʣʝʢʪʨʠʯʥʘ 

ʢʦʥʩʪʘʥʪʘ ʠ ʬʘʢʪʦʨ ʛʫʙʠʪʘʢʘ) ʠʟʦʣʘʮʠʦʥʠʭ ʤʘʪʝʨʠʿʘʣʘ ʥʘʿʯʝʰ˂ʝ ʢʦʨʠʰ˂ʝʥʠʭ ʫ 

ʧʨʦʠʟʚʦʜˁʠ ʢʘʙʣʦʚʘ. 

 

ʄʘʪʝʨʠʿʘʣ ʆʪʧʦʨʥʦʩʪ 

(Ýcm) 

ɼʠʝʣʝʢʪʨʠʯʥʘ 

ʩʥʘʛʘ (kw/mm) 

 ɼʠʝʣʝʢʪʨʠʯʥʘ 

ʢʦʥʩʪʘʥʪʘ  

(kHz) 

ʌʘʢʪʦʨ ʛʫʙʠʪʢʘ (kHz) 

NR 1015 - 1017 2,36 ï 31,5 2,1 ï 3,7 0,0023 ï 0,0030 

SBR 1015 19,7 ï 27,6 2,5 ï 3,7 0,0009 

CR 1011 5,9 ï 23,6 9,0 0,030 

EPM 1015 - 1017 35,4 3,17 ï 3,34 0,0066 ï 0,0079 

EPDM 1015 - 1017 35,4 ï 41,3 3,0 ï 3,5 0.004 (60Hz) 

PE > 1022 17,7 ï 27.6 2,28 ï 2,35 1-2 x 104 

Silikon 1011 - 1017 19,7 ï 27,6 3,0 ï 3,5 0,001 ï 0,010 

PVC 
1.4 x 1012 

5 x 1013 
19,7 ï 27,6 3,5 ï 11,7 0,058 ï 0,09 

PTFE 1019 15,7 ï 19,7 1+0.2381D <104 

BR 1017 15,7 ï 23,6 2,38 ï 2,42 0,03 ï 0,086 

PTFE ï ʧʦʣʠʪʝʪʨʘʬʣʫʦʨʝʪʠʣʝʥ  

 

ʊʘʙʝʣʘ 2. ʋʧʦʨʝʜʥʠ ʧʨʠʢʘʟ ʥʘʿʚʘʞʥʠʿʠʭ ʩʚʦʿʩʪʚʘ ʨʘʟʣʠʯʠʪʠʭ ʪʠʧʦʚʘ ʝʣʘʩʪʦʤʝʨʘ. 

 
ʉʚʦʿʩʪʚʦ/ʢʘʫʯʫʢ NR BR NBR EPM/EPDM IIR IR CR MQ 

Max. ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʠʤʝʥʝ 

(̄C) 
76 94 76 248 94 85 94 92 

Min. ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʠʤʝʥʝ 

(̄C) 
58 40 103 -31 49 31 22 112 

ʆʪʧʦʨʥʦʩʪ ʥʘ ʮʝʧʘˁʝ    3     

ʆʪʧʦʨʥʦʩʪ ʥʘ ʘʙʨʘʟʠʿʫ 5 5  3  4  2 

ʆʪʧʦʨʥʦʩʪ ʥʘ ʥʘʬʪʫ/ʛʦʨʠʚʦ    1  3 4 3 

ʆʪʧʦʨʥʦʩʪ ʥʘ ʩʧʦˀʘʰˁʝ 

ʫʩʣʦʚʝ/ʦʟʦʥ 
2 2 2 5   2  

ʆʪʧʦʨʥʦʩʪ ʥʘ ʙʫʙʨʝˁʝ    5  3 4  

ʆʪʧʦʨʥʦʩʪ ʥʘ ʛʦʨʝˁʝ    1     

ɽʣʘʩʪʠʯʥʦʩʪ ʥʘ ʥʠʩʢʠʤ 

ʪʝʤʧʝʨʘʪʫʨʘʤʘ 
   3     

ɽʣʘʩʪʠʯʥʦʩʪ ʥʘ ʚʠʩʦʢʠʤ 

ʪʝʤʧʝʨʘʪʫʨʘʤʘ 
   3     

ɿʘʤʦʨ    4    2 

ɺʝʟʠʚʘˁʝ ʩʘ ʤʝʪʘʣʦʤ 5 5 5 3     

ɺʝʟʠʚʘˁʝ ʩʘ ʪʝʢʩʪʠʣʥʠʤ 

ʤʘʪʝʨʠʿʘʣʦʤ 
5 5 5 3  5 4  

5-ʦʜʣʠʯʥʦ, 4-ʜʦʙʨʦ, 3-ʟʘʜʦʚʦˀʘʚʘʿʫ˂ʝ, 2-ʥʝ ʟʘʜʦʚʦˀʘʚʘ ʥʝʢʝ ʧʨʠʤʝʥʝ, 1-ʣʦʰʝ 
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2.1.1. ʇʨʠʨʦʜʥʠ ʢʘʫʯʫʢ-NR 

ʇʨʠʨʦʜʥʠ ʢʘʫʯʫʢ ʩʝ ʜʦʙʠʿʘ ʠʟ ʢʘʫʯʫʢʦʚʦʛ ʜʨʚʝʪʘ ʟʘʩʝʮʘˁʝʤ ʠ ʩʘʢʫʧˀʘˁʝʤ 

ʢʘʫʯʫʢʦʚʦʛ ʤʣʝʢʘ. ʆʚʘ ʿʤʣʝʯʥʦ-ʙʝʣʠ ʣʘʪʝʢʩ ʿʝ ʪʝʯʥʦʩʪ ʙʝʣʝ ʙʦʿʝ ʢʦʿʠ ʫ ʩʝʙʠ ʩʘʜʨʞʠ 

35ï40 ʤʘʩ% ʢʘʫʯʫʢʘ, ʙʝʣʘʥʯʝʚʠʥʝ, ʩʤʦʣʝ, ʰʝ˂ʝʨʥʝ ʤʘʪʝʨʠʿʝ, ʩʦʣʠ ʢʘʣʠʿʫʤʘ, 

ʤʘʛʥʝʟʠʿʫʤʘ ʠ ʢʘʣʮʠʿʫʤʘ ʠ ʚʦʜʫ [34]. ʉʘʩʪʘʚ ʢʘʫʯʫʢʦʚʦʛ ʣʘʪʝʢʩʘ ʿʝ ʧʨʦʤʝʥˀʠʚ ʫ 

ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʩʪʘʨʦʩʪʠ ʠ ʚʨʩʪʝ ʜʨʚʝʪʘ ʢʦʿʝ ʩʝ ʝʢʧʣʦʘʪʠʰʝ. ʂʘʫʯʫʢ ʩʝ ʠʟ ʣʘʪʝʢʩʘ 

ʜʦʙʠʿʘ ʢʦʘʛʫʣʘʮʠʿʦʤ ʧʦʤʦ˂ʫ ʩʣʘʙʠʭ ʦʨʛʘʥʩʢʠʭ ʢʠʩʝʣʠʥʘ (ʩʠʨ˂ʝʪʥʘ ʠʣʠ ʤʨʘʚˀʘ), 

ʧʨʠ ʯʝʤʫ ʢʘʫʯʫʢ ʠʩʧʣʠʚʘ ʥʘ ʧʦʚʨʰʠʥʫ ʪʝʯʥʦʩʪʠ. ʅʘ ʚʘʟʜʫʭʫ ʙʨʟʦ ʦʢʩʠʜʠʰʝ, ʧʘ ʤʫ 

ʩʝ ʜʦʜʘʿʫ ʩʪʘʙʠʣʠʟʘʪʦʨʠ, ʢʘʢʦ ʙʠ ʩʝ ʩʧʨʝʯʠʣʘ ʩʘʤʦʢʦʘʛʫʣʘʮʠʿʘ. 

ɻʣʘʚʥʠ ʢʦʤʝʨʮʠʿʘʣʥʠ ʠʟʚʦʨ ʣʘʪʝʢʩʘ ʧʨʠʨʦʜʥʦʛ ʢʘʫʯʫʢʘ ʿʝ ʘʤʘʟʦʥʩʢʦ ʢʘʫʯʫʢʦʚʦ 

ʜʨʚʦ (Hevea brasiliensis), ʯʣʘʥ ʧʦʨʦʜʠʮʝ ʤʣʝʯʠʢʘ, Euphorbiaceae. ʅʝʢʘʜʘ ʧʦʨʝʢʣʦʤ 

ʠʟ ɹʨʘʟʠʣʘ, ʦʚʘ ʚʨʩʪʘ ʿʝ ʩʘʜʘ ʧʘʥʪʨʦʧʩʢʘ ʠ ʿʘʢʦ ʿʝ ʧʦʞʝˀʥʘ ʿʝʨ ʩʝ ʣʘʢʦ ʫʟʛʘʿʘ. ʄʥʦʛʝ 

ʜʨʫʛʝ ʙʠˀʢʝ ʧʨʦʠʟʚʦʜʝ ʦʙʣʠʢʝ ʣʘʪʝʢʩʘ ʙʦʛʘʪʝ ʧʦʣʠʤʝʨʠʤʘ ʠʟʦʧʨʝʥʘ, ʤʘʜʘ ʥʝ 

ʧʨʦʠʟʚʦʜʝ ʩʚʝ ʫʧʦʪʨʝʙˀʠʚʝ ʦʙʣʠʢʝ ʧʦʣʠʤʝʨʘ ʪʘʢʦ ʣʘʢʦ ʢʘʦ Para. ʅʝʢʠ ʦʜ ˁʠʭ 

ʟʘʭʪʝʚʘʿʫ ʩʣʦʞʝʥʠʿʫ ʦʙʨʘʜʫ ʜʘ ʙʠ ʩʝ ʧʨʦʠʟʚʝʣʦ ʙʠʣʦ ʰʪʘ ʥʘʣʠʢ ʫʧʦʪʨʝʙˀʠʚʦʿ ʛʫʤʠ, 

ʘ ʚʝ˂ʠʥʫ ʿʝ ʪʝʞʝ ʪʦʧʠʪʠ. ʅʝʢʠ ʧʨʦʠʟʚʦʜʝ ʜʨʫʛʝ ʧʦʞʝˀʥʝ ʤʘʪʝʨʠʿʘʣʝ, ʥʘ ʧʨʠʤʝʨ 

ʛʫʪʘʧʝʨʢʫ (Palakuium gutta) ʠ ʯʠʢʣ ʦʜ ʚʨʩʪʝ Manilkara. 

ʇʨʠʨʦʜʥʠ ʢʘʫʯʫʢ ʿʝ ʩʘʩʪʘʚˀʝʥ ʦʜ ʠʟʦʧʨʝʥʩʢʠʭ ʿʝʜʠʥʠʮʘ ʢʦʿʝ ʩʝ ʧʦʥʘʚˀʘʿʫ. ʋ 

ʩʚʘʢʦʿ ʠʟʦʧʨʝʥʩʢʦʿ ʿʝʜʠʥʠʮʠ ʿʝ ʧʨʠʩʫʪʥʘ ʜʚʦʩʪʨʫʢʘ ʚʝʟʘ, ʪʘʢʦ ʜʘ ʩʝ ʭʝʤʠʿʩʢʠʤ 

ʨʝʘʢʮʠʿʘʤʘ ʥʘ ˁʠʭ ʤʦʛʫ ʘʜʠʨʘʪʠ ʧʦ ʿʝʜʘʥ ʤʦʣʝʢʫʣ ʚʦʜʦʥʠʢʘ, ʙʨʦʤʘ ʠʣʠ 

ʭʣʦʨʦʚʦʜʦʥʠʢʘ. ʇʨʠʨʦʜʥʠ ʢʘʫʯʫʢ ʿʝ cis-1,4-ʧʦʣʠʠʟʦʧʨʝʥ, ʩʣʠʢʘ 2. 

 

ʉʣʠʢʘ 2. ʉʪʨʫʢʪʫʨʥʘ ʬʦʨʤʫʣʘ ʧʨʠʨʦʜʥʦʛ ʢʘʫʯʫʢʘ. 

ʇʨʠʨʦʜʥʠ ʢʘʫʯʫʢ ʿʝ ʥʘ ʥʠʩʢʠʤ ʪʝʤʧʝʨʘʪʫʨʘʤʘ ʦʜ ʦʢʦ 0ÁC, ʢʨʪ ʠ ʣʦʤˀʠʚ, ʘ ʥʘ 

ʪʝʤʧʝʨʘʪʫʨʘʤʘ ʧʨʝʢʦ 50ÁC ʦʤʝʢʰʘʚʘ, ʝʣʘʩʪʠʯʥʦʩʪ ʩʝ ʩʤʘˁʫʿʝ ʠ ʧʦʩʪʘʿʝ ʣʝʧˀʠʚ. 

ʅʘʿʚʝ˂ʘ ʝʣʘʩʪʠʯʥʦʩʪ ʧʨʠʨʦʜʥʦʛ ʢʘʫʯʫʢʘ ʿʝ ʥʘ ʪʝʤʧʝʨʘʪʫʨʘʤʘ ʦʜ 35-50ÁC, ʘ ʥʘʿʚʝ˂ʘ 

ʧʣʘʩʪʠʯʥʦʩʪ ʥʘ 75ÁC. ʅʘ 100ÁC ʢʘʫʯʫʢ ʧʦʩʪʘʿʝ ʚʠʩʢʦʟʘʥ, ʘ ʥʘ 120Á-150Á C ʧʦʯʠˁʝ 

ˁʝʛʦʚʘ ʜʝʛʨʘʜʘʮʠʿʘ, ʟʘʛʨʝʚʘˁʝʤ ʠʟʥʘʜ 100ÜC ʧʦʩʪʘʿʝ Ăʚʦʩʢʘʩʪʦ ʤʝʢʘʥñ. ʅʘ ʪʠʤ 

ʪʝʤʧʝʨʘʪʫʨʘʤʘ ʠʤʘ ʩʚʦʿʩʪʚʦ ʧʣʘʩʪʠʯʥʦʛ ʤʘʪʝʨʠʿʘʣʘ, ʰʪʦ ʿʝ ʧʦʩʣʝʜʠʮʘ ʘʤʦʨʬʥʝ 
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ʩʪʨʫʢʪʫʨʝ. ʀʩʧʦʜ 10ÜC ʢʘʫʯʫʢ ʤʦʞʝ ʜʝʣʠʤʠʯʥʦ ʢʨʠʩʪʘʣʠʩʘʪʠ ʠ ʪʘʜʘ ʜʦʣʘʟʠ ʜʦ 

ʧʦʨʘʩʪʘ ˁʝʛʦʚʝ ʛʫʩʪʠʥʝ. NR ʧʦʯʠˁʝ ʜʘ ʩʝ ʪʦʧʠ ʥʘ ʧʨʠʙʣʠʞʥʦ 180ÁC. ʏʠʩʪ ʢʘʫʯʫʢ 

ʿʝ ʤʝʢ ʠ ʝʣʘʩʪʠʯʘʥ. ʈʘʩʪʚʦʨʘʥ ʿʝ ʫ ʦʨʛʘʥʩʢʠʤ ʨʘʩʪʚʘʨʘʯʠʤʘ, ʘʣʠ ʥʝ ʫ ʘʮʝʪʦʥʫ ʠ 

ʘʣʢʦʭʦʣʫ. ʉʧʝʮʠʬʠʯʥʘ ʪʝʞʠʥʘ ʤʫ ʿʝ 0,91-0,93 g/cmį. ʂʘʫʯʫʢ ʣʘʢʦ ʘʧʩʦʨʙʫʿʝ ʚʣʘʛʫ ʠ 

ʜʦ 10%, ʘ ʤʥʦʛʝ ʩʫʧʩʪʘʥʮʝ ʩʝ ʣʘʢʦ ʜʠʩʧʝʨʛʫʿʫ ʠʣʠ ʨʘʩʪʚʘʨʘʿʫ ʫ ˁʝʤʫ (ʩʫʤʧʦʨ, ʙʦʿʝ, 

ʧʠʛʤʝʥʪʠ, ʯʘʹ, ʫˀʘ, ʚʦʩʢʦʚʠ, ʤʘʩʥʝ ʢʠʩʝʣʠʥʝ, ʘʤʠʥʠ). ʅʘʿʯʝʰ˂ʝ ʩʝ ʫʤʨʝʞʘʚʘ 

ʩʫʤʧʦʨʦʤ ʪʝ ʩʝ ʪʘʿ ʥʘʯʠʥ ʫʤʨʝʞʘʚʘˁʘ ʥʘʟʠʚʘ ʚʫʣʢʘʥʠʟʘʮʠʿʘ, ʠ ʧʨʝʜʩʪʘʚˀʘ ʧʨʦʮʝʩ 

ʭʝʤʠʿʩʢʦʛ ʩʧʘʿʘˁʘ ʜʫʛʠʭ ʩʘʚʠʪˀʠʚʠʭ ʣʘʥʘʮʘ ʢʘʫʯʫʢʘ ʩʘ ʩʫʤʧʦʨʦʤ ʠʣʠ ʩʫʤʧʦʨʥʠʤ 

ʿʝʜʠˁʝˁʠʤʘ ʫ ʢʦʤʝ ʩʝ ʦʩʪʚʘʨʫʿʝ ʪʨʦʜʠʤʝʥʟʠʦʥʘʣʥʘ ʫʤʨʝʞʝʥʘ ʩʪʨʫʢʪʫʨʘ ʢʦʿʘ ʿʝ 

ʧʨʝʜʫʩʣʦʚ ʟʘ ʦʩʪʚʘʨʝˁʝ ʚʝʣʠʢʠʭ ʧʦʚʨʘʪʥʠʭ ʜʝʬʦʨʤʘʮʠʿʘ.  

NR ʧʦʢʘʟʫʿʝ ʿʝʜʠʥʩʪʚʝʥʘ ʬʠʟʠʯʢʘ ʠ ʭʝʤʠʿʩʢʘ ʩʚʦʿʩʪʚʘ. ʇʦʥʘʰʘˁʝ ʧʨʠ ʥʘʧʦʥʫ 

ʠ ʜʝʬʦʨʤʘʮʠʿʠ ʠʩʧʦˀʘʚʘ Mulins-ʦʚ ʠ Payne-ʦʚ ʝʬʝʢʘʪ ʠ ʤʦʜʝʣʫʿʝ ʩʝ ʢʘʦ 

ʚʠʩʢʦʝʣʘʩʪʠʯʘʥ [35], ʠʘʢʦ NR ʢʨʠʩʪʘʣʠʰʝ. ʇʦʰʪʦ ʫ ʩʚʘʢʦʿ ʧʦʥʘʚˀʘʥʦʿ ʿʝʜʠʥʠʮʠ 

ʧʦʩʪʦʿʝ ʦʩʣʘʙˀʝʥʝ ʘʣʠʣʥʝ ʚʝʟʝ, ʧʨʠʨʦʜʥʘ ʛʫʤʘ ʿʝ ʧʦʜʣʦʞʥʘ ʚʫʣʢʘʥʠʟʘʮʠʿʠ, ʘʣʠ ʿʝ ʠ 

ʦʩʝʪˀʠʚʘ ʥʘ ʫʪʠʮʘʿ ʦʟʦʥʘ, ʢʠʩʝʦʥʠʢʘ ʠ UV ʟʨʘʯʝˁʘ [36, 37]. ʃʦʰʝ ʦʩʦʙʠʥʝ 

ʧʨʠʨʦʜʥʦʛ ʢʘʫʯʫʢʘ ʩʫ: ʩʘʛʦʨˀʠʚʦʩʪ, ʥʝʦʪʧʦʨʥʦʩʪ ʧʨʝʤʘ ʫˀʫ, ʢʠʩʝʦʥʠʢʫ, ʦʟʦʥʫ, 

ʫʧʘʜˀʠʚʦ ʦʧʘʜʘˁʝ ʯʚʨʩʪʦ˂ʝ ʩʘ ʚʨʝʤʝʥʦʤ, ʥʝʧʦʩʪʦʿʘʥʦʩʪ ʧʨʝʤʘ ʥʘʬʪʥʠʤ 

ʜʝʨʠʚʘʪʠʤʘ, ʥʝʜʦʚʦˀʥʘ ʛʨʘʥʠʮʘ ʫʧʦʪʨʝʙˀʠʚʦʩʪʠ ʥʘ ʧʦʚʠʰʝʥʦʿ ʪʝʤʧʝʨʘʪʫʨʠ. 

ʉʠʥʪʝʪʠʯʢʠ ʠ ʧʨʠʨʦʜʥʠ ʧʦʣʠʠʟʦʧʨʝʥ ʩʫ ʠʟʚʝʜʝʥʠ ʠʟ ʨʘʟʣʠʯʠʪʠʭ ʧʨʝʢʫʨʩʦʨʘ, 

ʠʟʦʧʝʥʪʝʥʠʣ ʧʠʨʦʬʦʩʬʘʪʘ ʠ ʠʟʦʧʨʝʥʘ. ʂʘʫʯʫʢ ʿ ʝ ʧʦʣʠʤʝʨ cis-1,4-ʧʦʣʠʠʟʦʧʨʝʥ ʩʘ 

ʤʦʣʝʢʫʣʩʢʦʤ ʪʝʞʠʥʦʤ ʦʜ 100000 ʜʦ 1000000 g/mol. ʊʠʧʠʯʥʦ, ʤʘʣʠ ʧʨʦʮʝʥʘʪ (ʜʦ 5% 

ʩʫʚʝ ʤʘʪʝʨʠʿʝ) ʜʨʫʛʠʭ ʤʘʪʝʨʠʿʘʣʘ, ʢʘʦ ʰʪʦ ʩʫ ʧʨʦʪʝʠʥʠ, ʤʘʩʥʝ ʢʠʩʝʣʠʥʝ, ʩʤʦʣʝ ʠ 

ʥʝʦʨʛʘʥʩʢʠ ʤʘʪʝʨʠʿʘʣʠ (ʩʦʣʠ) ʩʝ ʥʘʣʘʟʝ ʫ ʧʨʠʨʦʜʥʦʤ ʢʘʫʯʫʢʫ [38]. ʇʦʣʠʠʟʦʧʨʝʥ ʩʝ, 

ʧʦʨʝʜ ʜʦʙʠʿʘˁʘ ʠʟ ʧʨʠʨʦʜʥʠʭ ʠʟʚʦʨʘ, ʤʦʞʝ ʩʠʥʪʝʪʠʩʘʪʠ ʠ ʠʥʜʫʩʪʨʠʿʩʢʠʤ ʧʫʪʝʤ, 

ʧʨʠ ʯʝʤʫ ʩʝ ʧʨʦʠʟʚʦʜ ʥʘʟʠʚʘ Ăʩʠʥʪʝʪʠʯʢʘ ʧʨʠʨʦʜʥʘ ʛʫʤʘñ. ʀʘʢʦ ʦʙʘ ʦʙʣʠʢʘ ʠʤʘʿʫ 

ʩʣʠʯʥʫ ʭʝʤʠʿʩʢʫ ʩʪʨʫʢʪʫʨʫ - cis-1,4-ʢʦʥʬʠʛʫʨʘʮʠʿʫ - ʧʨʦʮʝʩʠ ˁʠʭʦʚʦʛ ʜʦʙʠʿʘˁʘ ʩʝ 

ʟʥʘʪʥʦ ʨʘʟʣʠʢʫʿʫ. ʇʨʠʨʦʜʥʠ ʢʘʫʯʫʢ ʥʘʩʪʘʿʝ ʙʠʦʩʠʥʪʝʟʦʤ, ʜʦʢ ʩʝ ʩʠʥʪʝʪʠʯʢʠ 

ʧʦʣʠʠʟʦʧʨʝʥ ʜʦʙʠʿʘ ʢʘʪʘʣʠʟʦʚʘʥʦʤ ʧʦʣʠʤʝʨʠʟʘʮʠʿʦʤ ʠʟʦʧʨʝʥʩʢʦʛ ʤʦʥʦʤʝʨʘ ʫ 

ʢʦʥʪʨʦʣʠʩʘʥʠʤ ʫʩʣʦʚʠʤʘ, ʫʟ ʧʨʠʤʝʥʫ ʩʧʝʮʠʬʠʯʥʠʭ ʢʘʪʘʣʠʟʘʪʦʨʘ (ʥʧʨ. Zieglerï

Natta ʩʠʩʪʝʤʘ), ʢʦʿʠ ʦʤʦʛʫ˂ʘʚʘʿʫ ʜʦʙʠʿʘˁʝ ʞʝˀʝʥʝ ʩʪʝʨʝʦʭʝʤʠʿʝ ʠ ʤʦʣʝʢʫʣʩʢʝ ʤʘʩʝ. 

ʅʝʢʠ ʠʟʚʦʨʠ ʧʨʠʨʦʜʥʝ ʛʫʤʝ, ʢʘʦ ʰʪʦ ʿʝ ʛʫʪʘʧʝʨʢʘ, ʩʝ ʩʘʩʪʦʿʠ ʦʜ trans-1,4-

ʧʦʣʠʠʟʦʧʨʝʥʘ, ʩʪʨʫʢʪʫʨʥʦʛ ʠʟʦʤʝʨʘ ʢʦʿʠ ʠʤʘ ʩʣʠʯʥʘ ʩʚʦʿʩʪʚʘ.  
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2.1.2. ʉʪʠʨʝʥ-ʙʫʪʘʜʠʝʥʩʢʠ ʢʘʫʯʫʢ-SBR 

 

SBR ʧʦʢʘʟʫʿʝ ʙʦˀʘ ʩʚʦʿʩʪʚʘ ʫ ʦʜʥʦʩʫ ʥʘ ʧʨʠʨʦʜʥʠ ʢʘʫʯʫʢ (NR) ʢʘʜʘ ʿʝ ʨʝʯ ʦ 

ʦʪʧʦʨʥʦʩʪʠ ʥʘ ʪʦʧʣʦʪʫ, ʩʚʝʪʣʦʩʪ ʠ ʧʨʦʮʝʩ ʩʪʘʨʝˁʘ, ʰʪʦ ʛʘ ʯʠʥʠ ʧʦʛʦʜʥʠʤ ʟʘ 

ʧʨʠʤʝʥʝ ʫ ʫʩʣʦʚʠʤʘ ʧʦʚʠʰʝʥʝ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʠʟʣʦʞʝʥʦʩʪʠ UV ʟʨʘʯʝˁʫ. ʀʧʘʢ, ʿʝʜʘʥ 

ʦʜ ʥʝʜʦʩʪʘʪʘʢʘ SBR-ʘ ʿʝ ʜʫʞʠ ʚʨʝʤʝʥʩʢʠ ʠʥʪʝʨʚʘʣ ʧʦʪʨʝʙʘʥ ʟʘ ʚʫʣʢʘʥʠʟʘʮʠʿʫ ʫ 

ʧʦʨʝʹʝˁʫ ʩʘ NR-ʦʤ, ʢʘʦ ʠ ʩʤʘˁʝʥʘ ʣʝʧˀʠʚʦʩʪ, ʰʪʦ ʤʦʞʝ ʫʪʠʮʘʪʠ ʥʘ ʪʝʭʥʦʣʦʰʢʠ 

ʧʨʦʮʝʩ ʦʙʣʠʢʦʚʘˁʘ. ʉʘ ʜʨʫʛʝ ʩʪʨʘʥʝ, ʧʦʚʝ˂ʘˁʝʤ ʩʘʜʨʞʘʿʘ ʩʪʠʨʝʥʘ ʫ ʧʦʣʠʤʝʨʫ 

ʜʦʣʘʟʠ ʜʦ ʧʦʙʦˀʰʘˁʘ ʝʣʝʢʪʨʦʠʟʦʣʘʮʠʦʥʠʭ ʩʚʦʿʩʪʘʚʘ, ʰʪʦ ʜʦʜʘʪʥʦ ʧʨʦʰʠʨʫʿʝ 

ʩʧʝʢʪʘʨ ʧʨʠʤʝʥʝ SBR-ʘ ʫ ʝʣʝʢʪʨʦʪʝʭʥʠʯʢʦʿ ʠʥʜʫʩʪʨʠʿʠ.  

ʇʨʝʤʘ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʣʠʤʝʨʠʟʘʮʠʿʝ SBR ʢʘʫʯʫʮʠ ʩʝ ʜʝʣʝ ʥʘ: 

¶ ʥʠʩʢʦʪʝʤʧʝʨʘʪʫʨʥʠ (ʥʘ ʪʝʤʧʝʨʘʪʫʨʠ ʠʩʧʦʜ 50ÁC) ʠ 

¶ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʠ (ʥʘ ʪʝʤʧʝʨʘʪʫʨʠ ʦʜ 50ÁC). 

 

SBR ʢʘʫʯʫʢ ʩʝ ʩʤʘʪʨʘ ʿʝʜʥʠʤ ʦʜ ʥʘʿʟʥʘʯʘʿʥʠʿʠʭ ʠ ʥʘʿʰʠʨʝ ʧʨʠʤʝˁʠʚʘʥʠʭ 

ʩʠʥʪʝʪʠʯʢʠʭ ʢʘʫʯʫʢʘ ʫ ʩʚʝʪʫ, ʧʨʝ ʩʚʝʛʘ ʟʙʦʛ ʩʚʦʿʝ ʜʦʩʪʫʧʥʦʩʪʠ, ʧʦʚʦˀʥʦʛ ʦʜʥʦʩʘ 

ʮʝʥʝ ʠ ʧʝʨʬʦʨʤʘʥʩʠ, ʢʘʦ ʠ ʜʦʙʨʝ ʦʪʧʦʨʥʦʩʪʠ ʥʘ ʭʘʙʘˁʝ. ɼʦʙʠʿʘ ʩʝ ʧʨʦʮʝʩʦʤ 

ʢʦʧʦʣʠʤʝʨʠʟʘʮʠʿʝ ʩʪʠʨʝʥʘ ʠ ʙʫʪʘʜʠʝʥʘ, ʧʨʠ ʯʝʤʫ ʩʝ, ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʫʩʣʦʚʘ ʠ 

ʥʘʯʠʥʘ ʧʦʣʠʤʝʨʠʟʘʮʠʿʝ, ʤʦʞʝ ʜʦʙʠʪʠ ʥʠʟ ʨʘʟʣʠʯʠʪʠʭ ʪʠʧʦʚʘ ʩʘ ʩʧʝʮʠʬʠʯʥʠʤ 

ʩʚʦʿʩʪʚʠʤʘ. ʆʜʥʦʩ ʤʦʥʦʤʝʨʘ ʫʪʠʯʝ ʥʘ ʤʝʭʘʥʠʯʢʘ, ʪʝʨʤʠʯʢʘ ʠ ʝʣʝʢʪʨʦʠʟʦʣʘʮʠʦʥʘ 

ʩʚʦʿʩʪʚʘ, ʰʪʦ ʦʤʦʛʫ˂ʘʚʘ ʰʠʨʦʢ ʩʧʝʢʪʘʨ ʧʨʠʤʝʥʝ - ʦʜ ʘʫʪʦʤʦʙʠʣʩʢʠʭ ʛʫʤʘ ʠ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʪʨʘʢʘ ʜʦ ʝʣʘʩʪʦʤʝʨʥʠʭ ʟʘʧʪʠʚʢʠ ʠ ʦʙʫ˂ʝ. ʋ SBR-ʫ ʩʪʠʨʝʥ ʠ ʙʫʪʘʜʠʝʥ 

ʤʦʛʫ ʙʠʪʠ ʧʦʨʝʹʘʥʠ ʥʘ ʚʠʰʝ ʥʘʯʠʥʘ. ɼʚʘ ʤʦʥʦʤʝʨʘ ʤʦʛʫ ʙʠʪʠ ʥʘʩʫʤʠʯʥʦ 

ʨʘʩʧʦʨʝʹʝʥʠ ʠʣʠ ʫ ʙʣʦʢ ʨʘʩʧʦʨʝʜʫ, ʢʦʿʠ ʧʦʜʨʘʟʫʤʝʚʘ ʜʫʛʘʯʢʝ ʩʝʛʤʝʥʪʝ ʿʝʜʥʝ ʚʨʩʪʝ 

ʤʦʥʦʤʝʨʘ ʧʦʩʣʝ ʢʦʿʠʭ ʩʣʝʜʝ ʜʫʛʘʯʢʠ ʩʝʛʤʝʥʪʠ ʜʨʫʛʠʭ ʚʨʩʪʘ ʤʦʥʦʤʝʨʘ. ʊʘʢʦʹʝ 

ʩʝʛʤʝʥʪʠ ʩʝ ʤʦʛʫ ʢʘʣʝʤʠʪʠ ʥʘ ʦʩʥʦʚʥʠ ʣʘʥʘʮ ʧʘ ʩʝ ʜʦʙʠʿʘ SBR ʩʘ ʢʘʣʝʤˀʝʥʦʤ 

ʩʪʨʫʢʪʫʨʦʤ. ʋ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʥʘʯʠʥʘ ʜʦʙʠʿʘˁʘ ʨʘʟʣʠʢʫʿʝ ʩʝ ʠ ʩʪʨʫʢʪʫʨʘ ʢʘʫʯʫʢʘ ʥʘ 

ʙʘʟʠ ʩʪʠʨʝʥʘ ʠ ʙʫʪʘʜʠʝʥʘ. SBR ʜʦʙʠʿʝʥ ʫ ʝʤʫʣʟʠʦʥʦʿ ʩʨʝʜʠʥʠ ʦʙʠʯʥʦ ʩʘʜʨʞʠ ʦʢʦ 

23% ʩʪʠʨʝʥʘ, ʥʘʩʫʤʠʯʥʦ ʨʘʩʧʦʨʝʹʝʥʠʭ ʫ ʤʘʢʨʦʤʦʣʝʢʫʣʫ, ʦʩʪʘʪʘʢ ʯʠʥʝ ʫʛʨʘʹʝʥʠ 

ʤʦʥʦʤʝʨʠ ʙʫʪʘʜʠʝʥʘ, ʥʘʿʚʠʰʝ ʩʘ trans-ʩʪʨʫʢʪʫʨʦʤ. ʉʠʥʪʝʟʘ SBR ʢʘʫʯʫʢʘ ʫ ʨʘʩʪʚʦʨʫ 

ʦʤʦʛʫ˂ʘʚʘ ʙʦˀʫ ʢʦʥʪʨʦʣʫ ʧʨʦʮʝʩʘ ʠ ʩʘʤʝ ʩʪʨʫʢʪʫʨʝ ʧʦʣʠʤʝʨʥʦʛ ʣʘʥʮʘ.  

SBR ʢʘʫʯʫʢ ʩʧʘʜʘ ʫ ʘʤʦʨʬʥʝ ʧʦʣʠʤʝʨʝ ʢʦʿʠ ʥʝ ʢʨʠʩʪʘʣʠʰʫ. ʈʘʩʪʚʦʨʘʥ ʿʝ ʫ 

ʘʨʦʤʘʪʠʯʥʠʤ ʠ ʘʣʠʬʘʪʠʯʥʠʤ ʫʛˀʦʚʦʜʦʥʠʮʠʤʘ, ʥʝʧʦʩʪʦʿʘʥ ʿʝ ʧʨʝʤʘ ʫˀʫ ʟʘ 
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ʧʦʜʤʘʟʠʚʘˁʝ ʠ ʩʘʤʦʟʘʧʘˀʠʚ ʿʝ. SBR ʢʘʫʯʫʢ ʿʝ ʧʦʣʠʤʝʨ ʤʦʣʝʢʫʣʩʢʝ ʤʘʩʝ ʦʜ 150000 

ʜʦ 400000 g/mol. ʂʘʫʯʫʢ ʥʘ ʙʘʟʠ ʩʪʠʨʝʥʘ ʠ ʙʫʪʘʜʠʝʥʘ ʿʝ ʤʝʢʘʥ ʤʘʪʝʨʠʿʘʣ, ʣʦʰʠʭ 

ʤʝʭʘʥʠʯʢʠʭ ʩʚʦʿʩʪʚʘ, ʤʘʣʝ ʝʣʘʩʪʠʯʥʦʩʪʠ. ɼʦʜʘʪʢʦʤ ʩʫʤʧʦʨʘ, ʠʣʠ ʥʝʢʦʛ ʜʨʫʛʦʛ 

ʩʨʝʜʩʪʚʘ ʟʘ ʚʫʣʢʘʥʠʟʘʮʠʿʫ, ʣʘʥʮʠ ʢʘʫʯʫʢʘ ʩʝ ʨʝʘʛʦʚʘˁʝʤ ʜʚʦʩʪʨʫʢʠʭ ʚʝʟʘ ʧʦʚʝʟʫʿʫ 

ʫʤʨʝʞʘʚʘˁʝʤ. ʊʘʢʦ ʫʤʨʝʞʝʥ ʢʘʫʯʫʢ ʿʝ ʪʚʨʜ, ʝʣʘʩʪʠʯʘʥ ʤʘʪʝʨʠʿʘʣ, ʜʦʙʨʠʭ 

ʤʝʭʘʥʠʯʢʠʭ ʩʚʦʿʩʪʘʚʘ, ʥʝ ʨʘʩʪʚʘʨʘ ʩʝ ʫ ʨʘʩʪʚʘʨʘʯʠʤʘ ʚʝ˂ ʙʫʙʨʠ. ʂʦʨʠʩʪʠ ʩʝ ʟʘ 

ʧʨʦʠʟʚʦʜˁʫ ʧʥʝʫʤʘʪʠʢʘ, ʮʨʝʚʘ, ʨʘʟʥʝ ʦʙʫ˂ʝ, ʟʘ ʦʙʣʘʛʘˁʝ ʝʣʝʢʪʨʠʯʥʠʭ ʢʘʙʣʦʚʘ ʠʪʜ.  

ʋ ʩʘʚʨʝʤʝʥʦʿ ʠʥʜʫʩʪʨʠʿʠ ʧʦʩʪʦʿʠ ʚʝʣʠʢʠ ʙʨʦʿ ʨʘʟʣʠʯʠʪʠʭ ʢʦʤʝʨʮʠʿʘʣʥʠʭ 

ʪʠʧʦʚʘ ʩʪʠʨʝʥ-ʙʫʪʘʜʠʝʥ ʢʘʫʯʫʢʘ (SBR), ʢʦʿʠ ʩʝ ʨʘʟʣʠʢʫʿʫ ʧʨʝʤʘ ʥʘʯʠʥʫ ʩʠʥʪʝʟʝ 

(ʝʤʫʣʟʠʦʥʦʤ ʠʣʠ ʨʘʩʪʚʦʨʦʤ), ʩʘʜʨʞʘʿʫ ʩʪʠʨʝʥʘ, ʚʨʩʪʠ ʠ ʢʦʥʮʝʥʪʨʘʮʠʿʠ ʝʤʫʣʛʘʪʦʨʘ, 

ʩʪʘʙʠʣʠʟʘʪʦʨʘ ʠ ʢʦʘʛʫʣʘʥʪʘ, ʢʘʦ ʠ ʧʦ ʪʠʧʫ ʠ ʢʦʣʠʯʠʥʠ ʜʦʜʘʪʠʭ ʫˀʘ ʠ ʯʘʹʠ. ʆʚʝ 

ʚʘʨʠʿʘʮʠʿʝ ʦʤʦʛʫ˂ʘʚʘʿʫ ʬʠʥʦ ʧʦʜʝʰʘʚʘˁʝ ʬʠʟʠʯʢʦ-ʤʝʭʘʥʠʯʢʠʭ, ʧʨʦʮʝʩʥʠʭ ʠ 

ʧʨʠʤʝˁʝʥʠʭ ʩʚʦʿʩʪʘʚʘ SBR-ʘ ʫ ʩʢʣʘʜʫ ʩʘ ʟʘʭʪʝʚʠʤʘ ʢʦʥʢʨʝʪʥʝ ʧʨʠʤʝʥʝ..  

2.1.2.1. ʄʝʭʘʥʠʟʘʤ ʨʝʘʢʮʠʿʝ ʢʦʧʦʣʠʤʝʨʠʟʘʮʠʿʝ ʩʪʠʨʝʥʘ ʠ ʙʫʪʘʜʠʝʥʘ 

ʉʪʠʨʝʥ-ʙʫʪʘʜʠʝʥʩʢʠ ʢʘʫʯʫʢ ʩʝ ʜʦʙʠʿʘ ʨʘʜʠʢʘʣʥʦʤ ʧʦʣʠʤʝʨʠʟʘʮʠʿʦʤ ʫ 

ʝʤʫʣʟʠʿʠ ʧʨʠ ʥʠʩʢʠʤ ʪʝʤʧʝʨʘʪʫʨʘʤʘ. ʂʦʧʦʣʠʤʝʨʠʟʘʮʠʿʘ ʩʪʠʨʝʥʘ ʠ ʙʫʪʘʜʠʝʥʘ ʩʝ 

ʦʜʠʛʨʘʚʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʠ ʦʜ 5 ʜʦ 10ÁC ʠ ʧʨʠʪʠʩʢʫ ʦʜ 3,5 ʜʦ 6,8 ʙʘʨʘ. ʈʝʘʢʮʠʿʘ ʩʝ 

ʦʜʚʠʿʘ ʫ ʚʦʜʝʥʦʿ ʝʤʫʣʟʠʿʠ ʧʨʠ ʯʝʤʫ ʩʝ ʧʨʦʧʦʨʮʠʦʥʘʣʥʦ ʜʦʜʘʿʝ ʦʜʨʝʹʝʥʘ ʢʦʣʠʯʠʥʘ 

ʙʫʪʘʜʠʝʥʘ, ʩʪʠʨʝʥʘ, ʤʦʜʠʬʠʢʘʪʦʨʘ, ʘʢʪʠʚʘʪʦʨʘ, ʠʥʠʮʠʿʘʪʦʨʘ, ʝʤʫʣʛʘʪʦʨʘ ʠ ʧʨʦʮʝʩʥʝ 

ʚʦʜʝ ʫʟ ʢʦʥʩʪʘʥʪʥʦ ʤʝʰʘˁʝ. 

ʂʦʧʦʣʠʤʝʨʠʟʘʮʠʿʘ ʩʪʠʨʝʥʘ ʠ ʙʫʪʘʜʠʝʥʘ ʩʝ ʤʦʞʝ ʧʦʜʝʣʠʪʠ ʫ ʯʝʪʠʨʠ ʬʘʟʝ: 

I. ʉʪʚʘʨʘˁʝ ʧʦʯʝʪʥʦʛ ʨʘʜʠʢʘʣʘ 

ʇʦʜ ʜʝʿʩʪʚʦʤ ʚʠʰʝʚʘʣʝʥʪʥʦʛ ʤʝʪʘʣʘ, ʥʘʿʯʝʰ˂ʝ Fe2+, ʜʦʣʘʟʠ ʜʦ ʩʪʚʘʨʘˁʘ 

ʨʘʜʠʢʘʣʘ, ʨʘʩʧʘʜʦʤ ʧʝʨʦʢʩʠʜʘ. ʅʘ ʩʣʠʮʠ 3 ʿʝ ʧʨʠʢʘʟʘʥʘ ʘʢʪʠʚʘʮʠʿʘ ʧʝʨʦʢʩʠʜʘ 

ʧʦʤʦ˂ʫ ʜʚʦʚʘʣʝʥʪʥʦʛ ʿʦʥʘ ʛʚʦʞʹʘ. 

 

ʉʣʠʢʘ 3. ɸʢʪʠʚʠʨʘˁʝ ʧʝʨʦʢʩʠʜʘ ʜʚʦʚʘʣʝʥʪʥʠʤ ʿʦʥʦʤ ʛʚʦʞʹʘ. 

ʉʣʦʙʦʜʥʠ ʨʘʜʠʢʘʣʠ ʚʝʨʦʚʘʪʥʦ ʥʘʩʪʘʿʫ ʫ ʚʦʜʝʥʦʿ ʬʘʟʠ, ʧʦʪʦʤ ʧʨʝʣʘʟʝ ʫ 
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ʭʠʜʨʦʬʦʙʘʥ ʧʨʦʩʪʦʨ ʤʠʮʝʣʘ ʛʜʝ ʜʦʣʘʟʠ ʜʦ ʨʝʘʢʮʠʿʝ ʩʘ ʤʦʥʦʤʝʨʠʤʘ. ʈʝʘʢʮʠʿʘ 

ʠʟʤʝʹʫ ʤʦʥʦʤʝʨʘ ʠ ʩʣʦʙʦʜʥʦʛ ʨʘʜʠʢʘʣʘ ʩʝ ʦʜʚʠʿʘ ʨʘʩʢʠʜʘˁʝʤ ʜʚʦʩʪʨʫʢʝ ʚʝʟʝ, ʛʜʝ 

ʩʝ ʿʝʜʘʥ ʝʣʝʢʪʨʦʥ ʩʧʘʨʫʿʝ ʩʘ ʩʣʦʙʦʜʥʠʤ ʝʣʝʢʪʨʦʥʦʤ ʨʘʜʠʢʘʣʘ, ʘ ʜʨʫʛʠ ʝʣʝʢʪʨʦʥ 

ʦʩʪʘʿʝ ʥʝʩʧʘʨʝʥ, ʯʠʤʝ ʩʝ ʩʪʚʘʨʘ ʥʦʚʠ ʘʢʪʠʚʥʠ ʮʝʥʪʘʨ. ʅʘ ʩʣʠʢʘʤʘ 4 ʠ 5 ʧʨʠʢʘʟʘʥʝ 

ʩʫ ʨʝʘʢʮʠʿʝ ʚʝʟʠʚʘˁʘ ʩʣʦʙʦʜʥʦʛ ʨʘʜʠʢʘʣ ʧʝʨʦʢʩʠʜʘ ʟʘ ʤʦʥʦʤʝʨʝ ʙʫʪʘʜʠʝʥʘ ʠ 

ʩʪʠʨʝʥʘ. 

 

ʉʣʠʢʘ 4. ʈʝʘʢʮʠʿʘ ʠʥʠʮʠʿʘʮʠʿʝ ʙʫʪʘʜʠʝʥʘ. 

 

ʅʘʢʦʥ ʩʪʚʘʨʘˁʫ ʙʫʪʘʜʠʝʥʩʢʦʛ ʨʘʜʠʢʘʣʘ ʜʦʣʘʟʠ ʜʦ ʫʩʧʦʩʪʘʚˀʘˁʘ ʨʘʚʥʦʪʝʞʝ 

ʠʟʤʝʹʫ ʜʚʘ ʨʝʟʦʥʘʥʪʥʘ ʦʙʣʠʢʘ. ʋʢʦʣʠʢʦ ʜʘˀʝ ʨʝʘʛʫʿʝ ʧʨʚʠ ʦʙʣʠʢ ʥʘʩʪʘʿʝ 1,2-

ʩʪʨʫʢʪʫʨʘ, ʘ ʫʢʦʣʠʢʦ ʨʝʘʛʫʿʝ ʜʨʫʛʠ ʦʙʣʠʢ ʥʘʩʪʘʿʝ 1,4-ʩʪʨʫʢʪʫʨʘ. 

 

ʉʣʠʢʘ 5. ʈʝʘʢʮʠʿʘ ʠʥʠʮʠʿʘʮʠʿʝ ʩʪʠʨʝʥʘ. 

 

 ʅʘʩʪʘʣʠ ʨʘʜʠʢʘʣ ʩʪʠʨʝʥʘ ʿʝ ʟʥʘʪʥʦ ʩʪʘʙʠʣʥʠʿʠ ʦʜ ʨʘʜʠʢʘʣʘ ʙʫʪʘʜʠʝʥʘ, ʟʙʦʛ 

ʤʦʛʫ˂ʥʦʩʪʠ ʬʦʨʤʠʨʘˁʘ ʨʘʟʣʠʯʠʪʠʭ ʨʝʟʦʥʘʥʪʥʠʭ ʩʪʨʫʢʪʫʨʘ ʫʩʣʝʜ ʧʨʠʩʫʩʪʚʘ 

ʘʨʦʤʘʪʠʯʥʦʛ ʿʝʟʛʨʘ. 

ɿʙʦʛ ʧʨʠʩʫʩʪʚʘ ʢʦˁʫʛʦʚʘʥʦʛ ʩʠʩʪʝʤʘ ʜʚʦʩʪʨʫʢʠʭ ʚʝʟʘ 1,3-ʙʫʪʘʜʠʝʥ ʿʝ 

ʨʝʘʢʪʠʚʥʠʿʠ, ʟʙʦʛ ʯʝʛʘ ʿʝ ˁʝʛʦʚʘ ʨʝʘʢʮʠʿʘ ʩʘ ʨʘʜʠʢʘʣʦʤ ʧʝʨʦʢʩʠʜʘ ʩʪʘʪʠʩʪʠʯʢʠ 

ʚʝʨʦʚʘʪʥʠʿʘ. 

II.   ʈʘʩʪ ʣʘʥʮʘ-ʧʨʦʧʘʛʘʮʠʿʘ 

ʊʦʢʦʤ ʧʨʦʧʘʛʘʮʠʿʝ ʜʦʣʘʟʠ ʜʦ ʚʝʟʠʚʘˁʘ ʩʪʠʨʝʥʘ ʠ ʙʫʪʘʜʠʝʥʘ ʟʘ ʨʘʩʪʫ˂ʠ ʣʘʥʘʮ 

ʧʦʣʠʤʝʨʘ. ɿʙʦʛ ʤʘˁʝʛ ʧʨʠʩʫʩʪʚʘ ʤʦʥʦʤʝʨʘ ʩʪʠʨʝʥʘ ʫ ʝʤʫʣʟʠʿʠ, ʢʘʦ ʠ ʤʘˁʝ 

ʨʝʘʢʪʚʥʦʩʪʠ ʫ ʦʜʥʦʩʫ ʥʘ ʤʦʣʝʢʫʣʝ ʙʫʪʘʜʠʝʥʘ, ʫ ʧʦʣʠʤʝʨʥʦʤ ʣʘʥʮʫ ʩʝ ʥʘʣʘʟʠ ʚʠʰʝ 

ʤʦʣʝʢʫʣʘ ʙʫʪʘʜʠʝʥʘ ʥʝʛʦ ʩʪʠʨʝʥʘ. ʇʨʝʤʘ ʪʝʦʨʠʿʩʢʠʤ ʧʨʝʪʧʦʩʪʘʚʢʘʤʘ ʦʜʥʦʩ ʩʪʠʨʝʥʘ 
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ʠ ʙʫʪʘʜʠʝʥʘ ʫ ʧʦʣʠʤʝʨʥʦʤ ʣʘʥʮʫ ʠʟʥʦʩʠ 3:1, ʫʟ ʦʜʩʪʫʧʘˁʘ (ʩʣʠʢʘ 6) ʫʟ 

ʧʨʝʪʧʦʩʪʘʚʢʫ ʜʘ ʿʝ ʨʘʜʠʢʘʣ ʧʨʚʦ ʩʪʫʧʠʦ ʫ ʨʝʘʢʮʠʿʫ ʩʘ ʤʦʥʦʤʝʨʦʤ ʙʫʪʘʜʠʝʥʘ, ʛʜʝ 

ʨʝʘʛʫʿʫ ʪʨʠ ʤʦʣʝʢʫʣʘ ʙʫʪʘʜʠʝʥʘ ʠ ʿʝʜʘʥ ʤʦʣʝʢʫʣ ʩʪʠʨʝʥʘ. 

 
 

a) 

 
 

ʙ) 

 
ʚ) 

ʉʣʠʢʘ 6. ʈʝʘʢʮʠʿʘ ʨʘʩʪʘ ʣʘʥʘʮʘ ʩʘ ʘ) ʠ ʙ) ʤʦʥʦʤʝʨʠʤʘ ʙʫʪʘʜʠʝʥʘ ʠ ʚ) ʩʪʠʨʝʥʦʤ. 

III.  ʇʨʝʥʦʩ ʣʘʥʯʘʥʝ ʘʢʪʠʚʥʦʩʪʠ 

ʇʦʣʠʤʝʨʠ ʩʘʜʨʞʝ ʤʘʢʨʦʤʦʣʝʢʫʣʝ ʠʩʪʦʛ ʭʝʤʠʿʩʢʦʛ ʩʘʩʪʘʚʘ, ʘʣʠ ʨʘʟʣʠʯʠʪʝ 

ʚʝʣʠʯʠʥʝ. ʋ ʧʦʣʠʤʝʨʥʦʿ ʩʪʨʫʢʪʫʨʠ ʧʨʠʩʫʪʥʠ ʣʘʥʮʠ ʩʫ ʥʘʿʯʝʰ˂ʝ ʨʘʟʣʠʯʠʪʝ ʜʫʞʠʥʝ 

ʰʪʦ ʠʭ ʯʠʥʠ ʧʦʣʠʜʠʩʧʝʨʟʥʠʤ. ɼʫʞʠʥʘ ʣʘʥʮʘ ʤʘʢʨʦʤʦʣʝʢʫʣʘ ʿʝ ʧʨʦʧʦʨʮʠʦʥʘʣʥʦ 

ʧʦʚʝʟʘʥʘ ʩʘ ˁʝʛʦʚʦʤ ʤʦʣʝʢʫʣʩʢʦʤ ʤʘʩʦʤ, ʩʭʦʜʥʦ ʪʦʤʝ ʤʦʣʝʢʫʣʩʢʘ ʤʘʩʘ ʨʘʩʪʝ ʩʘ 

ʧʦʨʘʩʪʦʤ ʜʫʞʠʥʝ ʧʦʣʠʤʝʨʥʦʛ ʣʘʥʮʘ. ʇʦʪʨʝʙʥʦ ʿʝ ʢʦʥʪʨʦʣʠʩʘʪʠ ʜʫʞʠʥʫ 

ʤʦʣʝʢʫʣʩʢʦʛ ʣʘʥʮʘ ʟʙʦʛ ʯʠˁʝʥʠʮʝ ʜʘ ʩʚʦʿʩʪʚʘ ʧʦʣʠʤʝʨʥʠʭ ʣʘʥʘʮʘ ʟʘʚʠʩʝ ʦʜ ʩʨʝʜˁʝ 

ʤʦʣʝʢʫʣʩʢʝ ʤʘʩʝ ʠ ʨʘʩʧʦʜʝʣʝ ʤʦʣʝʢʫʣʩʢʠʭ ʤʘʩʘ. ʅʘʿʙʦˀʝ ʦʩʦʙʠʥʝ ʢʨʘʿˁʝʛ 

ʧʨʦʠʟʚʦʜʘ ʩʝ ʜʦʙʠʿʘʿʫ ʢʦʜ ʧʦʣʠʤʝʨʘ ʩʘ ʤʘʣʦʤ ʧʦʣʠʜʠʩʧʝʨʟʥʦʰ˂ʫ.  

ɼʫʞʠʥʘ ʧʦʣʠʤʝʨʥʦʛ ʣʘʥʮʘ ʩʝ ʤʦʞʝ ʢʦʥʪʨʦʣʠʩʘʪʠ ʨʝʛʫʣʘʪʦʨʠʤʘ ʤʦʣʝʢʫʣʩʢʝ 

ʤʘʩʝ ʧʨʠ ʯʝʤʫ ʩʝ ʥʘʿʚʠʰʝ ʢʦʨʠʩʪʠ ʿʝʜʠˁʝˁʝ ʠʟ ʛʨʫʧʝ ʪʠʦʣʘ. ʉʨʝʜˁʘ ʤʦʣʝʢʫʣʩʢʘ 

ʤʘʩʘ ʧʦʣʠʤʝʨʘ ʿʝ ʦʙʨʥʫʪʦ ʧʨʦʧʦʨʮʠʦʥʘʣʥʘ ʢʦʥʮʝʥʪʨʘʮʠʿʠ ʨʝʛʫʣʘʪʦʨʘ ʤʦʣʝʢʫʣʩʢʝ 
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ʤʘʩʝ. ɸʢʪʠʚʥʠ ʜʝʦ ʨʝʛʫʣʘʪʦʨʘ ʤʦʣʝʢʫʣʩʢʝ ʤʘʩʝ ʿʝ S-H ʚʝʟʘ. ɿʙʦʛ ʧʦʣʘʨʥʦʩʪʠ 

ʩʫʤʧʦʨʘ ʦʚʘ ʚʝʟʘ ʿʝ ʩʣʘʙʠʿʘ ʠ ʧʦʜʣʦʞʥʘ ʿʝ ʜʝʿʩʪʚʫ ʨʘʜʠʢʘʣʘ. ʋ ʨʝʘʢʮʠʿʠ ʨʝʛʫʣʘʪʦʨʘ 

ʤʦʣʝʢʫʣʩʢʝ ʤʘʩʝ ʩʘ ʨʘʩʪʫ˂ʠʤ ʧʦʣʠʤʝʨʥʠʤ ʨʘʜʠʢʘʣʦʤ ʜʦʣʘʟʠ ʜʦ ʩʪʘʙʠʣʠʟʘʮʠʿʝ 

ʨʘʜʠʢʘʣʩʢʦʛ ʣʘʥʮʘ ʢʦʿʠ ʫʟʠʤʘ ʿʝʜʘʥ ʝʣʝʢʪʨʦʥ ʠʟ S-H ʚʝʟʝ. ʅʘ ʦʚʘʿ ʥʘʯʠʥ ʧʨʝʢʠʜʘ ʩʝ 

ʨʘʩʪ ʧʦʣʠʤʝʨʥʦʛ ʣʘʥʮʘ. ʈʝʘʢʮʠʿʘ ʧʦʣʠʤʝʨʠʟʘʮʠʿʝ ʠ ʜʘˀʝ ʪʝʯʝ, ʿʝʨ ʥʘʩʪʘʣʠ ʨʘʜʠʢʘʣʠ 

ʠʥʠʮʠʨʘʿʫ ʩʪʚʘʨʘˁʝ ʥʦʚʦʛ ʣʘʥʮʘ ʜʝʿʩʪʚʦʤ ʥʘ ʤʦʣʝʢʫʣ ʤʦʥʦʤʝʨʘ (ʩʣʠʢʘ 7).  

 

ʉʣʠʢʘ 7. ʈʝʘʢʮʠʿʘ ʪʨʘʥʩʬʝʨʘ ʣʘʥʯʘʥʝ ʘʢʪʠʚʥʦʩʪʠ. 

IV.  ɿʘʚʨʰʝʪʘʢ ʨʘʩʪʘ ʣʘʥʮʘ 

ʅʘ ʦʩʥʦʚʫ ʞʝˀʝʥʠʭ ʢʨʘʿˁʠʭ ʦʩʦʙʠʥʘ ʢʘʫʯʫʢʘ ʥʘ ʙʘʟʠ ʙʫʪʘʜʠʝʥʘ ʠ ʩʪʠʨʝʥʘ 

ʫʩʪʘʥʦʚˀʝʥʦ ʿʝ ʜʘ ʩʝ ʥʘʿʙʦˀʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʜʦʙʠʿʘʿʫ ʧʨʠ ʢʦʥʚʝʨʟʠʿʠ ʤʦʥʦʤʝʨʘ ʫ 

ʧʦʣʠʤʝʨʝ ʦʜ 60%. ʂʘʜʘ ʧʨʠʥʦʩ ʫ ʣʘʪʝʢʩʫ ʜʦʹʝ ʜʦ ʚʨʝʜʥʦʩʪʠ ʦʜ 60% ʧʨʝʢʠʜʘ ʩʝ 

ʨʝʘʢʮʠʿʘ ʧʦʣʠʤʝʨʠʟʘʮʠʿʝ ʜʦʜʘʚʘˁʝʤ ʨʘʩʪʚʦʨʘ ʟʘ ʧʨʝʢʠʜʘˁʝ ʨʘʩʪʘ ʣʘʥʮʘ-ʩʪʦʧʝʨʘ. 

ʉʪʦʧʝʨ ʩʘʜʨʞʠ ʩʫʧʩʪʘʥʮʫ ʢʦʿʘ ʨʝʘʛʦʚʘˁʝʤ ʩʘ ʘʢʪʠʚʥʠʤ ʮʝʥʪʨʦʤ ʧʦʣʠʤʝʨʥʦʛ ʣʘʥʮʘ 

ʧʨʝʢʠʜʘ ˁʝʛʦʚʫ ʘʢʪʠʚʥʦʩʪ. ʇʦʤʝʥʫʪʘ ʩʫʧʩʪʘʥʮʘ ʜʦʥʠʨʘ ʜʚʘ ʝʣʝʢʪʨʦʥʘ ʩʪʘʙʠʣʠʰʫ˂ʠ 

ʜʚʘ ʘʢʪʠʚʥʘ ʮʝʥʪʨʘ ʧʦʣʠʤʝʥʠʭ ʣʘʥʘʮʘ, ʨʘʩʧʘʜʘʿʫ˂ʠ ʩʝ ʥʘ ʜʚʘ ʥʦʚʘ ʿʝʜʠˁʝʥʘ, ʢʦʿʘ 

ʤʦʛʫ ʜʘ ʜʝʘʢʪʠʚʠʨʘʿʫ ʧʦ ʿʦʰ ʿʝʜʘʥ ʘʢʪʠʚʥʠ ʮʝʥʪʘʨ. 

2.1.3. ʇʦʣʠʙʫʪʘʜʠʝʥʩʢʠ ʢʘʫʯʫʢ-BR 

ʇʦʣʠʙʫʪʘʜʠʝʥ ʿʝ ʩʠʥʪʝʪʠʯʢʠ ʢʘʫʯʫʢ. BR ʿ ʝ ʧʦʣʠʤʝʨ ʥʘʩʪʘʦ ʧʦʣʠʤʝʨʠʟʘʮʠʿʦʤ 

ʤʦʥʦʤʝʨʘ 1,3-ʙʫʪʘʜʠʝʥʘ. ʇʦʣʠʙʫʪʘʜʠʝʥ ʠʤʘ ʚʠʩʦʢʫ ʦʪʧʦʨʥʦʩʪ ʥʘ ʭʘʙʘˁʝ ʠ ʢʦʨʠʩʪʠ 

ʩʝ ʧʦʩʝʙʥʦ ʫ ʧʨʦʠʟʚʦʜˁʠ ʛʫʤʘ, ʥʘ ʢʦʿʝ ʩʝ ʪʨʦʰʠ ʦʢʦ 70% ʦʜ ʫʢʫʧʥʝ ʧʨʦʠʟʚʦʜˁʝ. 

ɱʦʰ 25% ʩʝ ʢʦʨʠʩʪʠ ʢʘʦ ʘʜʠʪʠʚ ʟʘ ʧʦʙʦˀʰʘˁʝ ʞʠʣʘʚʦʩʪʠ (ʦʪʧʦʨʥʦʩʪʠ ʥʘ ʫʜʘʨ) 
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ʧʣʘʩʪʠʢʝ ʢʘʦ ʰʪʦ ʩʫ ʧʦʣʠʩʪʠʨʝʥ ʠ ʘʢʨʠʣʦʥʠʪʨʠʣ-ʙʫʪʘʜʠʝʥ-ʩʪʠʨʝʥ ʢʘʫʯʫʢ (NBR). 

ʇʦʣʠʙʫʪʘʜʠʝʥ ʿʝ ʯʠʥʠʦ ʦʢʦ ʯʝʪʚʨʪʠʥʫ ʫʢʫʧʥʝ ʛʣʦʙʘʣʥʝ ʧʦʪʨʦʰˁʝ ʩʠʥʪʝʪʠʯʢʠʭ 

ʛʫʤʘ ʫ 2021. ʛʦʜʠʥʠ. ʊʘʢʦʹʝ ʩʝ ʢʦʨʠʩʪʠ ʟʘ ʧʨʦʠʟʚʦʜˁʫ ʣʦʧʪʠʮʘ ʟʘ ʛʦʣʬ, ʨʘʟʥʠʭ 

ʝʣʘʩʪʦʤʝʨʥʠʭ ʧʨʝʜʤʝʪʘ ʠ ʟʘ ʦʙʣʘʛʘˁʝ ʠʣʠ ʢʘʧʩʫʣʠʨʘˁʝ ʝʣʝʢʪʨʦʥʩʢʠʭ ʩʢʣʦʧʦʚʘ, 

ʥʫʜʝ˂ʠ ʚʠʩʦʢʫ ʝʣʝʢʪʨʠʯʥʫ ʦʪʧʦʨʥʦʩʪ. ʇʦʣʠʙʫʪʘʜʠʝʥ ʿʝ ʪʠʧʠʯʥʦ ʫʤʨʝʞʝʥ 

ʩʫʤʧʦʨʦʤ, ʤʝʹʫʪʠʤ, ʧʦʢʘʟʘʥʦ ʿʝ ʜʘ ʩʝ ʤʦʞʝ ʫʤʨʝʞʠʪʠ ʜʝʿʩʪʚʦʤ UV ʟʨʘʯʝˁʘ, ʢʘʜʘ ʩʫ 

bis-ʙʝʥʟʦʬʝʥʦʥ ʘʜʠʪʠʚʠ ʜʦʜʘʪʠ ʧʦʯʝʪʥʦʿ ʫ ʬʦʨʤʫʣʘʮʠʿʫ.  

IUPAC-ʦʚ ʥʘʟʠʚ ʧʦʣʠʙʫʪʘʜʠʝʥʘ ʿʝ ʧʦʣʠ(ʙʫʪʘ-1,3-ʜʠʝʥ). ɹʫʥʘ ʛʫʤʘ ʿʝ ʪʝʨʤʠʥ 

ʢʦʿʠ ʩʝ ʢʦʨʠʩʪʠ ʜʘ ʦʧʠʰʝ ʨʘʥʫ ʛʝʥʝʨʘʮʠʿʫ ʩʠʥʪʝʪʠʯʢʝ ʧʦʣʠʙʫʪʘʜʠʝʥʩʢʝ ʛʫʤʝ ʢʦʿʫ ʿʝ 

ʫ ʅʝʤʘʯʢʦʿ ʧʨʦʠʟʚʦʜʠʦ Bayer ʢʦʨʠʩʪʝ˂ʠ ʥʘʪʨʠʿʫʤ ʢʘʦ ʢʘʪʘʣʠʟʘʪʦʨ. 

2.1.3.1. ʇʦʣʠʤʝʨʠʟʘʮʠʿʘ ʙʫʪʘʜʠʝʥʘ 

ɻʦʜʠʰˁʘ ʧʨʦʠʟʚʦʜˁʘ ʧʦʣʠʙʫʪʘʜʠʝʥʘ ʠʟʥʦʩʠʣʘ ʿ ʝ 2,0 ʤʠʣʠʦʥʘ ʪʦʥʘ ʫ 2003. 

ʛʦʜʠʥʠ. ʊʦ ʛʘ ʯʠʥʠ ʜʨʫʛʠʤ ʥʘʿʤʘʩʦʚʥʠʿʠʤ ʩʠʥʪʝʪʠʯʢʠʤ ʢʘʫʯʫʢʦʤ ʧʦ ʟʘʧʨʝʤʠʥʠ, ʠʟʘ 

ʩʪʠʨʝʥ-ʙʫʪʘʜʠʝʥʘ (SBR). 

1,3-ɹʫʪʘʜʠʝʥ ʿʝ ʿʝʜʥʦʩʪʘʚʘʥ ʢʦˁʫʛʦʚʘʥʠ ʜʠʝʥʩʢʠ ʫʛˀʦʚʦʜʦʥʠʢ ʢʦʿʠ ʨʝʘʢʮʠʿʦʤ 

ʧʦʣʠʤʝʨʠʟʘʮʠʿʝ ʬʦʨʤʠʨʘ ʧʦʣʠʙʫʪʘʜʠʝʥ (ʩʣʠʢʘ 8).  

 

ʉʣʠʢʘ 8. ʇʦʣʠʤʝʨʠʟʘʮʠʿʘ 1,3-ʙʫʪʘʜʠʝʥʘ ʠ ʜʦʙʠʿʘˁʝ cis-, trans- ʠ vinil-

ʧʦʣʠʙʫʪʘʜʠʝʥʘ. 

ɹʫʪʘʜʠʝʥ ʤʦʞʝ ʜʘ ʧʦʣʠʤʝʨʠʟʫʿʝ ʥʘ ʪʨʠ ʨʘʟʣʠʯʠʪʘ ʥʘʯʠʥʘ, ʥʘʟʚʘʥʘ cis-, trans- 

ʠ vinil-. Cis- ʠ trans- ʬʦʨʤʝ ʥʘʩʪʘʿʫ ʪʘʢʦʟʚʘʥʦʤ 1,4-ʧʦʣʠʤʝʨʠʟʘʮʠʿʦʤ. ʆʩʦʙʠʥʝ 

ʜʦʙʠʿʝʥʠʭ ʠʟʦʤʝʨʥʠʭ ʦʙʣʠʢʘ ʧʦʣʠʙʫʪʘʜʠʝʥʘ ʩʝ ʨʘʟʣʠʢʫʿʫ. ʅʘ ʧʨʠʤʝʨ, "ʚʠʩʦʢʠ cis-

"-ʧʦʣʠʙʫʪʘʜʠʝʥ ʠʤʘ ʚʠʩʦʢʫ ʝʣʘʩʪʠʯʥʦʩʪ ʠ ʚʝʦʤʘ ʿʝ ʧʦʧʫʣʘʨʘʥ, ʜʦʢ ʿʝ ʪʘʢʦʟʚʘʥʠ 

"ʚʠʩʦʢʠ trans-" ʧʣʘʩʪʠʯʥʠ ʢʨʠʩʪʘʣ ʩʘ ʤʘʣʦ ʢʦʨʠʩʥʠʭ ʧʨʠʤʝʥʘ. ʉʘʜʨʞʘʿ vinil- 

ʠʟʦʤʝʨʘ ʫ ʧʦʣʠʙʫʪʘʜʠʝʥʫ ʦʙʠʯʥʦ ʥʠʿʝ ʚʝ˂ʠ ʦʜ ʥʝʢʦʣʠʢʦ ʧʨʦʮʝʥʘʪʘ. ʇʦʨʝʜ ʦʚʝ ʪʨʠ 

ʚʨʩʪʝ ʧʦʚʝʟʠʚʘˁʘ, ʧʦʣʠʙʫʪʘʜʠʝʥʠ ʩʝ ʨʘʟʣʠʢʫʿʫ ʧʦ ʩʪʝʧʝʥʫ ʛʨʘʥʘˁʫ ʠ ʤʦʣʝʢʫʣʘʨʥʦʿ 
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ʤʘʩʠ. 

Trans-ʜʚʦʩʪʨʫʢʝ ʚʝʟʝ ʬʦʨʤʠʨʘʥʝ ʪʦʢʦʤ ʧʦʣʠʤʝʨʠʟʘʮʠʿʝ ʦʤʦʛʫ˂ʘʚʘʿʫ 

ʧʦʣʠʤʝʨʥʦʤ ʣʘʥʮʫ ʜʘ ʦʩʪʘʥʝ ʧʨʠʣʠʯʥʦ ʨʘʚʘʥ, ʜʦʟʚʦˀʘʚʘʿʫ˂ʠ ʜʝʣʦʚʠʤʘ ʧʦʣʠʤʝʨʥʠʭ 

ʣʘʥʘʮʘ ʜʘ ʩʝ ʧʦʨʘʚʥʘʿʫ ʢʘʢʦ ʙʠ ʬʦʨʤʠʨʘʣʠ ʤʠʢʨʦʢʨʠʩʪʘʣʥʝ ʨʝʛʠʦʥʝ ʫ ʤʘʪʝʨʠʿʘʣʫ. 

Cis-ʜʚʦʩʪʨʫʢʝ ʚʝʟʝ ʫʟʨʦʢʫʿʫ ʩʘʚʠʿʘˁʝ ʫ ʧʦʣʠʤʝʨʥʦʤ ʣʘʥʮʫ, ʩʧʨʝʯʘʚʘʿʫ˂ʠ ʧʦʣʠʤʝʨʥʝ 

ʣʘʥʮʝ ʜʘ ʩʝ ʧʦʨʘʚʥʘʿʫ ʠ ʬʦʨʤʠʨʘʿʫ ʢʨʠʩʪʘʣʥʝ ʨʝʛʠʦʥʝ, ʰʪʦ ʨʝʟʫʣʪʠʨʘ ʚʝ˂ʠʤ 

ʨʝʛʠʦʥʠʤʘ ʘʤʦʨʬʥʦʛ ʧʦʣʠʤʝʨʘ. ʋʪʚʨʹʝʥʦ ʿʝ ʜʘ ˂ʝ ʟʥʘʯʘʿʘʥ ʧʨʦʮʝʥʘʪ ʢʦʥʬʠʛʫʨʘʮʠʿʘ 

cis-ʜʚʦʩʪʨʫʢʝ ʚʝʟʝ ʫ ʧʦʣʠʤʝʨʫ ʨʝʟʫʣʪʠʨʘʪʠ ʤʘʪʝʨʠʿʘʣʦʤ ʩʘ ʬʣʝʢʩʠʙʠʣʥʠʤ 

ʢʚʘʣʠʪʝʪʠʤʘ ʝʣʘʩʪʦʤʝʨʘ. ʋ ʧʦʣʠʤʝʨʠʟʘʮʠʿʠ ʩʣʦʙʦʜʥʠʭ ʨʘʜʠʢʘʣʘ, ʠ cis- ʠ trans- 

ʜʚʦʩʪʨʫʢʝ ʚʝʟʝ ˂ʝ ʩʝ ʬʦʨʤʠʨʘʪʠ ʫ ʧʨʦʮʝʥʪʠʤʘ ʢʦʿʠ ʟʘʚʠʩʝ ʦʜ ʪʝʤʧʝʨʘʪʫʨʝ. 

ʂʘʪʘʣʠʟʘʪʦʨ (ʪʘʙʝʣʘ 3) ʢʦʿʠ ʩʝ ʢʦʨʠʩʪʠ ʫ ʧʨʦʠʟʚʦʜˁʠ ʟʥʘʯʘʿʥʦ ʫʪʠʯʝ ʥʘ ʚʨʩʪʫ 

ʧʦʣʠʙʫʪʘʜʠʝʥʩʢʦʛ ʧʨʦʠʟʚʦʜʘ. 

ʊʘʙʝʣʘ 3. ʊʠʧʠʯʘʥ ʩʘʩʪʘʚ ʧʦʣʠʙʫʪʘʜʠʝʥʘ ʟʘʚʠʩʥʦ ʦʜ ʫʧʦʪʨʝʙˀʝʥʦʛ ʢʘʪʘʣʠʟʘʪʦʨʘ. 

ʂʘʪʘʣʠʟʘʪʦʨ 
ʄʦʣʘʨʥʠ ʜʝʦ (%) 

Cis- Trans- Vinil- 

ʅʝʦʜʠʿʫʤ 98 1 1 

ʂʦʙʘʣʪ 96 2 2 

ʅʠʢʣ 96 3 1 

ʊʠʪʘʥʠʿʫʤ 93 3 4 

ʃʠʪʠʿʫʤ 10-30 20-60 10-70 

 

ʇʦʣʠʙʫʪʘʜʠʝʥ ʩʝ ʫ ʚʝʣʠʢʦʿ ʤʝʨʠ ʢʦʨʠʩʪʠ ʫ ʨʘʟʣʠʯʠʪʠʤ ʜʝʣʦʚʠʤʘ 

ʘʫʪʦʤʦʙʠʣʩʢʠʭ ʛʫʤʘ; ʧʨʦʠʟʚʦʜˁʘ ʛʫʤʘ ʪʨʦʰʠ ʦʢʦ 70% ʩʚʝʪʩʢʝ ʧʨʦʠʟʚʦʜˁʝ 

ʧʦʣʠʙʫʪʘʜʠʝʥʘ, ʧʨʠ ʯʝʤʫ ʥʘʿʚʝ˂ʠ ʜʝʦ ʯʠʥʠ "ʚʠʩʦʢʠ cis-ʠʟʦʤʝʨ". ʇʦʣʠʙʫʪʘʜʠʝʥ ʩʝ 

ʧʨʚʝʥʩʪʚʝʥʦ ʢʦʨʠʩʪʠ ʫ ʙʦʯʥʦʿ ʩʪʨʘʥʠ ʢʘʤʠʦʥʩʢʠʭ ʛʫʤʘ, ʰʪʦ ʧʦʤʘʞʝ ʜʘ ʩʝ ʧʦʙʦˀʰʘ 

ʞʠʚʦʪʥʠ ʚʝʢ ʦʜ ʟʘʤʦʨʘ ʫʩʣʝʜ ʥʝʧʨʝʢʠʜʥʦʛ ʩʘʚʠʿʘˁʘ ʪʦʢʦʤ ʚʦʞˁʝ. ʂʘʦ ʨʝʟʫʣʪʘʪ ʪʦʛʘ, 

ʛʫʤʝ ʥʝ˂ʝ ʝʢʩʧʣʦʜʠʨʘʪʠ ʫ ʝʢʩʪʨʝʤʥʠʤ ʫʩʣʦʚʠʤʘ ʨʘʜʘ. ʊʘʢʦʹʝ ʩʝ ʢʦʨʠʩʪʠ ʫ ʜʝʣʫ 

ʛʘʟʝ˂ʝʛ ʩʣʦʿʘ ʦʛʨʦʤʥʠʭ ʢʘʤʠʦʥʩʢʠʭ ʛʫʤʘ ʜʘ ʧʦʙʦˀʰʘ ʭʘʙʘˁʝ, ʪʿ. ʩʤʘˁʠ ʭʘʙʘˁʝ, ʠ 

ʜʘ ʩʝ ʧʥʝʫʤʘʪʠʢ ʭʣʘʜʠ ʧʦʰʪʦ ʫʥʫʪʨʘʰˁʘ ʪʦʧʣʦʪʘ ʙʨʟʦ ʠʟʣʘʟʠ. ʆʙʘ ʜʝʣʘ ʩʝ 

ʬʦʨʤʠʨʘʿʫ ʝʢʩʪʨʫʟʠʿʦʤ.  

ɳʝʛʦʚʠ ʛʣʘʚʥʠ ʢʦʥʢʫʨʝʥʪʠ ʫ ʦʚʦʿ ʧʨʠʤʝʥʠ ʩʫ ʩʪʠʨʝʥ-ʙʫʪʘʜʠʝʥ ʢʘʫʯʫʢ (SBR) 
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ʠ ʧʨʠʨʦʜʥʠ ʢʘʫʯʫʢ. ʇʦʣʠʙʫʪʘʜʠʝʥ ʠʤʘ ʧʨʝʜʥʦʩʪ ʫ ʦʜʥʦʩʫ ʥʘ SBR ʫ ʥʠʞʦʿ ʚʨʝʜʥʦʩʪʠ 

ʪʘʯʢʝ ʦʩʪʘʢˀʝˁʘ-Tg, ʰʪʦ ʤʫ ʜʘʿʝ ʚʠʩʦʢʫ ʦʪʧʦʨʥʦʩʪ ʥʘ ʭʘʙʘˁʝ ʠ ʥʠʟʘʢ ʦʪʧʦʨ 

ʢʦʪʨˀʘˁʘ. ʆʚʦ ʛʫʤʘʤʘ ʜʘʿʝ ʜʫʛ ʞʠʚʦʪʥʠ ʚʝʢ ʠ ʥʠʩʢʫ ʧʦʪʨʦʰˁʫ ʛʦʨʠʚʘ. ʄʝʹʫʪʠʤ, 

ʥʠʞʘ ʚʨʝʜʥʦʩʪ Tg ʪʘʢʦʹʝ ʩʤʘˁʫʿʝ ʪʨʝˁʝ ʥʘ ʤʦʢʨʠʤ ʧʦʚʨʰʠʥʘʤʘ, ʟʙʦʛ ʯʝʛʘ ʩʝ 

ʧʦʣʠʙʫʪʘʜʠʝʥ ʩʢʦʨʦ ʫʚʝʢ ʢʦʨʠʩʪʠ ʫ ʢʦʤʙʠʥʘʮʠʿʠ ʩʘ ʙʠʣʦ ʢʦʿʠʤ ʦʜ ʜʨʫʛʘ ʜʚʘ 

ʝʣʘʩʪʦʤʝʨʘ  [13, 16]. ʆʢʦ 1 kg ʧʦʣʠʙʫʪʘʜʠʝʥʘ ʩʝ ʢʦʨʠʩʪʠ ʧʦ ʛʫʤʠ ʫ ʘʫʪʦʤʦʙʠʣʠʤʘ, ʘ 

3,3 kg ʫ ʢʦʤʫʥʘʣʥʠʤ ʚʦʟʠʣʠʤʘ.  

ʇʦʣʠʙʫʪʘʜʠʝʥ ʩʝ ʪʘʢʦʹʝ ʢʦʨʠʩʪʠ ʢʘʦ ʚʝʟʠʚʦ ʫ ʢʦʤʙʠʥʘʮʠʿʠ ʩʘ ʦʢʩʠʜʘʥʪʦʤ ʠ 

ʛʦʨʠʚʦʤ ʫ ʨʘʟʥʠʤ ʯʚʨʩʪʠʤ ʨʘʢʝʪʥʠʤ ʧʦʿʘʯʠʚʘʯʠʤʘ ʢʘʦ ʰʪʦ ʩʫ ʿʘʧʘʥʩʢʘ ʨʘʢʝʪʘ ʟʘ 

ʣʘʥʩʠʨʘˁʝ H-IIB ʠ ESA Ariane 5; ʦʙʠʯʥʦ ʩʝ ʢʦʨʠʩʪʠ ʢʘʦ ʧʦʣʠʙʫʪʘʜʠʝʥ ʩʘ 

ʭʠʜʨʦʢʩʠʣʦʤ (HTPB) ʠʣʠ ʧʦʣʠʙʫʪʘʜʠʝʥ ʩʘ ʢʘʨʙʦʢʩʠʣʦʤ (CTPB).  

2.2. ʅʘʩʪʘʿaˁ ʝ ʧʦʣʠʤʝʨʥʠʭ ʤʨʝʞʘ  

 

ʅʘ ʧʦʯʝʪʢʫ ʧʨʠʤʝʥʝ ʫʤʨʝʞʝʥʠʭ ʤʘʪʝʨʠʿʘʣʘ ʥʠʩʫ ʧʦʩʪʦʿʘʣʝ ʪʝʦʨʠʿʝ ʦ 

ʥʘʩʪʘʿʘˁʫ ˁʠʭʦʚʠʭ ʤʨʝʞʘ, ʘ ʯʠʩʪʘ ʝʤʧʠʨʠʿʘ ʥʠʿʝ ʙʠʣʘ ʜʦʚʦˀʥʘ ʜʘ ʩʝ ʧʦʜʩʪʘʢʥʝ 

ʜʘˀʠ ʨʘʟʚʦʿ ʠ ʫʩʘʚʨʰʘʚʘˁʝ ʢʨʘʿˁʠʭ ʩʚʦʿʩʪʘʚʘ ʦʚʠʭ ʤʘʪʝʨʠʿʘʣʘ. ʊʦ ʧʨʦʠʟʠʣʘʟʠ ʠʟ 

ʯʠˁʝʥʠʮʝ ʜʘ ʠ ʤʘʣʝ ʧʨʦʤʝʥʝ ʫ ʩʪʨʫʢʪʫʨʠ, ʨʝʘʢʪʠʚʥʦʩʪʠ ʠ ʬʫʥʢʮʠʦʥʘʣʥʦʩʪʠ 

ʦʜʘʙʨʘʥʠʭ ʨʝʘʢʮʠʦʥʠʭ ʢʦʤʧʦʥʝʥʪʠ, ʥʘʯʠʥʫ ʠ ʫʩʣʦʚʠʤʘ ʩʠʥʪʝʟʝ ʠʤʘʿʫ ʚʝʣʠʢ ʫʪʠʮʘʿ 

ʥʘ ʪʦʢ ʨʝʘʢʮʠʿʝ ʫʤʨʝʞʘʚʘˁʘ, ʢʚʘʣʠʪʝʪ ʧʨʦʠʟʚʦʜʘ, ʘ ʩʘʤʠʤ ʪʠʤ ʠ ʝʢʦʥʦʤʩʢʝ 

ʧʦʩʣʝʜʠʮʝ. ʏʘʢ ʠ ʤʦʜʝʣʥʝ ʤʨʝʞʝ ʢʦʿʝ ʩʝ ʜʦʙʠʿʘʿʫ ʫ ʣʘʙʦʨʘʪʦʨʠʿʩʢʠʤ ʫʩʣʦʚʠʤʘ ʫʚʝʢ 

ʩʘʜʨʞʝ ʜʝʬʝʢʪʝ, ʜʦʢ ʩʫ ʠʥʜʫʩʪʨʠʿʩʢʠ ʤʘʪʝʨʠʿʘʣʠ ʿʦʰ ʤʘˁʝ ʩʘʚʨʰʝʥʠ. ʄʦʨʘ ʩʝ 

ʠʤʘʪʠ ʫ ʚʠʜʫ ʠ ʯʠˁʝʥʠʮʘ ʜʘ ʩʝ ʜʝʬʝʢʪʠ ʫ ʩʪʨʫʢʪʫʨʠ ʯʝʩʪʦ ʩʪʚʘʨʘʿʫ ʥʘʤʝʨʥʦ ʨʘʜʠ 

ʧʦʩʪʠʟʘˁʘ ʦʜʨʝʹʝʥʠʭ ʩʚʦʿʩʪʘʚʘ. ʉʪʦʛʘ ʿʝ ʥʝʦʧʭʦʜʥʦ ʧʨʠʤʝʥʦʤ ʪʝʦʨʠʿʝ ʠ 

ʤʘʪʝʤʘʪʠʯʢʠʤ ʧʦʩʪʫʧʮʠʤʘ ʧʨʝʜʚʠʜʝʪʠ ʩʪʨʫʢʪʫʨʫ ʤʘʪʝʨʠʿʘʣʘ ʟʘ ʩʧʝʮʠʬʠʯʥʝ 

ʥʘʤʝʥʝ. ʋʢʦʣʠʢʦ ʩʝ ʞʝʣʠ ʜʦʙʠʪʠ ʫʤʨʝʞʝʥʠ ʤʘʪʝʨʠʿʘʣ ʧʦʩʝʙʥʠʭ ʩʚʦʿʩʪʘʚʘ ʚʝʦʤʘ ʿʝ 

ʚʘʞʥʦ ʨʘʟʚʠʿʘʪʠ ʠ ʥʦʚʝ ʧʦʩʪʫʧʢʝ ʫʤʨʝʞʘʚʘˁʘ ʢʦʿʠ ʩʫ ʯʝʩʪʦ ʢʦʧʠʿʘ ʧʦʿʘʚʘ ʫ ʧʨʠʨʦʜʠ 

ʢʘʦ ʰʪʦ ʿʝ ʥʘʩʪʘʿʘˁʝ ʙʠʦʝʣʘʩʪʦʤʝʨʘ (ʫʤʨʝʞʘʚʘˁʝ ʙʝʣʘʥʯʝʚʠʥʘ: ʝʣʘʩʪʠʥ, ʨʝʟʠʣʠʥ, 

ʢʦʣʘʛʝʥ, ʘʙʜʫʢʪʠʥ).  

ʋʤʨʝʞʘʚʘˁʝ ʧʨʝʜʩʪʘʚˀʘ ʧʨʦʮʝʩ ʬʦʨʤʠʨʘˁʘ ʭʝʤʠʿʩʢʠʭ ʚʝʟʘ ʠʟʤʝʹʫ ʣʘʥʘʮʘ 

ʧʦʣʠʤʝʨʘ, ʯʠʤʝ ʩʝ ʜʦʙʠʿʘ ʪʨʦʜʠʤʝʥʟʠʦʥʘʣʥʘ ʤʨʝʞʘʩʪʘ ʩʪʨʫʢʪʫʨʘ ʠ ʤʦʞʝ ʩʝ ʚʨʰʠʪʠ 

ʥʘ ʨʘʟʣʠʯʠʪʝ ʥʘʯʠʥʝ: ʩʫʤʧʦʨʦʤ (ʚʫʣʢʘʥʠʟʘʮʠʿʘ); ʧʝʨʦʢʩʠʜʦʤ; ʬʝʥʦʣʥʠʤ ʩʤʦʣʘ; 

ʟʨʘʯʝˁʝʤ (ɔ-ʟʨʘʮʠ); ʤʝʪʘʣʥʠʤ ʦʢʩʠʜʠʤʘ (ʥʧʨ. ZnO, MgO); ʧʦʤʦ˂ʫ ZDMA (ʮʠʥʢ 

ʜʠʤʝʪʘʢʨʠʣʘʪʦʤ) ʠʣʠ ʧʦʣʠʫʨʝʪʘʥʩʢʠʤ ʧʨʝʢʫʨʩʦʨʠʤʘ (ʢʦʜ ʩʧʝʮʠʿʘʣʥʠʭ ʝʣʘʩʪʦʤʝʨʘ).  
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ʄʝʪʦʜʝ ʢʦʿʝ ʩʝ ʥʘʿʯʝʰ˂ʝ ʢʦʨʠʩʪʝ ʜʘ ʙʠ ʩʝ ʩʠʥʪʝʪʠʩʘʣʘ ʥʝʢʘ ʧʦʣʠʤʝʨʥʘ ʤʨʝʞʘ 

ʥʝ ʜʘʿʫ ʧʦʪʧʫʥʫ ʢʦʥʪʨʦʣʫ ʥʘʜ ʫʥʫʪʨʘʰˁʦʤ ʩʪʨʫʢʪʫʨʦʤ. ʈʘʜʠʢʘʣʥʦʤ 

ʢʦʧʦʣʠʤʝʨʠʟʘʮʠʿʦʤ ʧʨʦʩʝʯʥʘ ʜʫʞʠʥʘ ʝʣʘʩʪʠʯʥʠʭ ʣʘʥʘʮʘ ʤʦʞʝ ʩʝ ʠʟʨʘʯʫʥʘʪʠ ʩʘʤʦ 

ʧʨʠʙʣʠʞʥʦ ʠ ʫ ʤʥʦʛʠʤ ʩʣʫʯʘʿʝʚʠʤʘ ʜʦʙʠʿʝʥʝ ʤʨʝʞʝ ʩʫ ʤʘʢʨʦʩʢʦʧʩʢʠ ʥʝʭʦʤʦʛʝʥʝ. 

ʇʨʦʮʝʩ Ăʚʫʣʢʘʥʠʟʘʮʠʿʝñ (ʩʧʘʿʘˁʝ ʣʠʥʝʘʨʥʠʭ Ăʧʨʠʤʘʨʥʠʭñ ʤʘʢʨʦʤʦʣʝʢʫʣʘ, 

ʨʘʟʠʯʠʪʠʭ ʚʨʩʪʘ ʢʘʫʯʫʢʘ ʥʘ ʧʨʠʤʝʨ) ʩʝ ʦʜʚʠʿʘ ʥʘʩʫʤʠʯʥʦ, ʘ ʜʫʞʠʥʘ ʘʢʪʠʚʥʠʭ 

ʣʘʥʘʮʘ ʤʨʝʞʝ ʟʘ ʜʘʪʠ ʫʟʦʨʘʢ ʩʝ ʤʝˁʘ ʫ ʰʠʨʦʢʦʤ ʦʧʩʝʛʫ. ʋ ʪʦʤ ʩʣʫʯʘʿʫ ʿʝ ʧʦʪʧʫʥʦ 

ʧʨʝʜʚʠʹʘˁʝ ʫʢʫʧʥʦʛ ʙʨʦʿʘ ʥʘʩʪʘʣʠʭ ʯʚʦʨʦʚʘ ʥʝʤʦʛʫ˂ʝ ʠʩʪʦ ʢʘʦ ʠ ʙʨʦʿʘ ʥʘʩʪʘʣʠʭ 

ʚʠʩʝ˂ʠʭ ʣʘʥʘʮʘ. 

 ʉʘʚʨʰʝʥʘ ʤʨʝʞʘ ʪʨʝʙʘ ʜʘ ʠʩʧʫˁʘʚʘ ʩʣʝʜʝ˂ʝ ʟʘʭʪʝʚʝ: 

Å ɼʘ ʙʫʜʝ ʭʦʤʦʛʝʥʘ, ʰʪʦ ʧʦʜʨʘʟʫʤʝʚʘ ʢʦʥʩʪʘʥʪʥʦʩʪ ʛʫʩʪʠʥʝ ʩʝʛʤʝʥʘʪʘ 

ʠ ʛʫʩʪʠʥʝ ʫʤʨʝʞʝˁʘ ʫ ʮʝʣʦʤ ʧʦʩʤʘʪʨʘʥʦʤ ʫʟʦʨʢʫ; 

Å ɼʘ ʙʫʜʝ ʠʟʛʨʘʹʝʥʘ ʠʩʢˀʫʯʠʚʦ ʦʜ ʝʣʘʩʪʠʯʥʦ-ʘʢʪʠʚʥʠʭ ʣʘʥʘʮʘ ʢʦʿʠ 

ʠʤʘʿʫ ʟʘʜʘʪʘʢ ʜʘ ʩʧʦʿʝ ʜʚʘ ʨʘʟʣʠʯʠʪʘ ʯʚʦʨʘ ʤʨʝʞʝ; 

Å ʃʘʥʮʠ ʤʦʨʘʿʫ ʜʘ ʙʫʜʫ ʜʦʚʦˀʥʦ ʜʫʛʘʯʢʠ, ʘ ʧʨʦʩʝʯʘʥ ʩʪʝʧʝʥ 

ʧʦʣʠʤʝʨʠʟʘʮʠʿʝ ʤʦʨʘ ʜʘ ʙʫʜʝ ʧʦʟʥʘʪ, ʰʪʦ ʟʥʘʯʠ ʜʘ ʣʘʥʮʠ ʫ ʪʦʤ ʩʣʫʯʘʿʫ 

ʧʦʜʣʝʞʫ Gauss-ʦʚʦʿ ʩʪʘʪʠʩʪʠʮʠ; 

Å ʌʫʥʢʮʠʦʥʘʣʥʦʩʪ ʯʚʦʨʦʚʘ ʫ ʤʨʝʞʠ ʤʦʨʘ ʙʠʪʠ ʧʦʟʥʘʪʘ ʠ ʢʦʥʩʪʘʥʪʥʘ, 

ʧʨʠ ʯʝʤʫ ʬʫʥʢʮʠʦʥʘʣʥʦʩʪ ʧʨʝʜʩʪʘʚˀʘ ʙʨʦʿ ʝʣʘʩʪʠʯʥʦ ʘʢʪʠʚʥʠʭ 

ʣʘʥʘʮʘ ʢʦʿʠ ʩʝ ʩʨʝ˂ʫ ʫ ʠʩʪʦʿ ʪʘʯʢʠ. 

ʆʩʥʦʚʥʠ ʧʘʨʘʤʝʪʘʨ ʧʦʣʠʤʝʨʥʝ ʤʨʝʞʝ ʿʝ ʛʫʩʪʠʥʘ ʫʤʨʝʞʝʥʦʩʪʠ. ʆʥʘ ʤʦʞʝ ʙʠʪʠ 

ʠʟʨʘʞʝʥʘ ʧʨʝʢʦ ʙʨʦʿʘ ʯʚʦʨʦʚʘ ʤʨʝʞʝ ʠʣʠ ʙʨʦʿʘ ʝʣʘʩʪʠʯʥʦ ʝʬʠʢʘʩʥʠʭ ʣʘʥʘʮʘ ʧʦ 

ʿʝʜʠʥʠʮʠ ʟʘʧʨʝʤʠʥʝ [33]. ʆʚʝ ʜʚʝ ʚʝʣʠʯʠʥʝ ʩʫ ʧʨʦʧʦʨʮʠʦʥʘʣʥʝ ʿʝʜʥʘ ʜʨʫʛʦʿ, ʠ 

ˁʠʭʦʚ ʩʪʚʘʨʘʥ ʦʜʥʦʩ ʟʘʚʠʩʠ ʦʜ ʬʫʥʢʮʠʦʥʘʣʥʦʩʪʠ ʯʚʦʨʦʚʘ, ʦʜʥʦʩʥʦ ʙʨʦʿʘ ʣʘʥʘʮʘ 

ʢʦʿʠ ʩʝ ʛʨʘʥʘʿʫ ʠʟ ʯʚʦʨʘ. ɻʫʩʪʠʥʘ ʫʤʨʝʞʝʥʦʩʪʠ ʧʦ Henceforth-ʫ ʿʝ ʜʝʬʠʥʠʩʘʥʘ ʢʘʦ 

ʙʨʦʿ ʯʚʦʨʦʚʘ ʤʨʝʞʝ ʧʦ ʿʝʜʠʥʠʮʠ ʟʘʧʨʝʤʠʥʝ. ɻʫʩʪʠʥʘ ʫʤʨʝʞʝʥʦʩʪʠ ʿʝ ʦʙʨʥʫʪʦ 

ʧʨʦʧʦʨʮʠʦʥʘʣʥʘ ʧʨʦʩʝʯʥʦʿ ʤʦʣʝʢʫʣʩʢʦʿ ʤʘʩʠ ʣʘʥʘʮʘ ʠʟʤʝʹʫ ʯʚʦʨʦʚʘ ʤʨʝʞʝ, ʧʨʝʢʦ 

ʢʦʿʝ ʩʝ ʪʘʢʦʹʝ ʤʦʛʫ ʠʟʨʘʟʠʪʠ ʩʚʦʿʩʪʚʘ ʤʨʝʞʝ. ɺʨʝʜʥʦʩʪ ʛʫʩʪʠʥʝ ʫʤʨʝʞʝʥʦʩʪʠ ʤʦʞʝ 

ʙʠʪʠ ʨʝʜʘ ʚʝʣʠʯʠʥʝ 10-3 mol/cm3 ʟʘ ʪʠʧʠʯʥʝ ʝʣʘʩʪʦʤʝʨʥʝ ʤʘʪʝʨʠʿʘʣʝ, ʰʪʦ ʦʜʛʦʚʘʨʘ 

ʙʨʦʿʫ ʦʜ 15 ʜʦ 1500 ʤʦʥʦʤʝʨʥʠʭ ʿʝʜʠʥʠʮʘ ʠʟʤʝʹʫ ʯʚʦʨʦʚʘ ʤʨʝʞʝ. ɻʫʩʪʠʥʘ 

ʫʤʨʝʞʝʥʦʩʪʠ ʿʝ ʦʜ ʬʫʥʜʘʤʝʥʪʘʣʥʦʛ ʟʥʘʯʘʿʘ ʟʘ ʧʦʣʠʤʝʨʥʝ ʤʨʝʞʝ, ʠ ʦʜʨʝʹʫʿʝ ʤʥʦʛʘ 

ʬʠʟʠʯʢʘ ʩʚʦʿʩʪʚʘ ʬʠʥʘʣʥʦʛ ʤʘʪʝʨʠʿʘʣʘ. ʄʝʹʫʪʠʤ ʫʚʝʢ ʪʨʝʙʘ ʨʘʟʣʠʢʦʚʘʪʠ ʬʠʟʠʯʢʝ 
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ʦʜ ʭʝʤʠʿʩʢʠʭ ʯʚʦʨʦʚʘ ʤʨʝʞʝ, ʩʣʠʢʘ 9, ʩ ʦʙʟʠʨʦʤ ʜʘ ʩʚʦʿʩʪʚʘ ʝʣʘʩʪʦʤʝʨʥʠʭ 

ʤʘʪʝʨʠʿʘʣʘ ʟʘʚʠʩʝ ʫʧʨʘʚʦ ʦʜ ʦʚʦʛ ʦʜʥʦʩʘ ʫʤʨʝʞʝʥʦʩʪʠ. 

 

ʉʣʠʢʘ 9. ʈʝʘʢʮʠʿʘ ʫʤʨʝʞʘʚʘˁʘ ʣʠʥʝʘʨʥʠʭ ʧʦʣʠʤʝʨʥʠʭ ʣʘʥʘʮʘ [39].  
 

ʄʨʝʞʝ ʤʦʛʫ ʙʠʪʠ ʜʚʦʜʠʤʝʥʟʠʦʥʘʣʥʝ ʠ ʪʨʦʜʠʤʝʥʟʠʦʥʘʣʥʝ, ʨʝʛʫʣʘʨʥʝ ʠʣʠ 

ʥʝʨʝʛʫʣʘʨʥʝ, ʭʦʤʦʛʝʥʝ ʠ ʥʝʭʦʤʦʛʝʥʝ ʠʪʜ. ʋ ʜʝʣʠʤʠʯʥʦ ʨʝʛʫʣʘʨʥʝ ʤʨʝʞʝ ʩʧʘʜʘʿʫ ʪʟʚ. 

ʤʘʢʨʦʧʦʨʦʟʥʝ ʤʨʝʞʝ ʫ ʢʦʿʠʤʘ ʧʦʣʠʤʝʨʥʘ ʤʘʪʨʠʮʘ ʥʠʿʝ ʨʘʩʧʦʨʝʹʝʥʘ ʧʦ ʮʝʣʦʿ 

ʟʘʧʨʝʤʠʥʠ ʤʘʪʝʨʠʿʘʣʘ, ʚʝ˂ ʦʥʝ ʠʤʘʿʫ ʧʦʨʝ ʢʨʦʟ ʢʦʿʝ ʣʘʢʦ ʫʣʘʟʝ ʨʘʩʪʚʘʨʘʯʠ ʠ 

ʨʘʩʪʚʦʨʠ, ʢʘʦ ʰʪʦ ʿʝ ʪʦ ʩʣʫʯʘʿ ʢʦʜ ʛʝʣʦʚʘ. ʈʝʛʫʣʘʨʥʦ ʨʘʟʛʨʘʥʘʪʝ ʤʨʝʞʝ ʠʟʛʨʘʹʝʥʝ ʩʫ 

ʦʜ ʩʪʨʫʢʪʫʨʥʦ ʝʢʚʠʚʘʣʝʥʪʥʠʭ ʿʝʜʠʥʠʮʘ. ʇʨʝʤʘ ʤʦʛʫ˂ʥʦʩʪʠ ʨʘʩʪʘ (ʧʨʦʩʪʦʨʥʦʩʪ 

ʨʘʩʪʘ) ʜʝʣʝ ʩʝ ʥʘ ʤʨʝʞʝ ʥʫʣʪʦʛ, I, II ʠ III ʨʝʜʘ, ʩʣʠʢʘ 10.  

 

 

ʉʣʠʢʘ 10. ʊʠʧʦʚʠ ʧʦʣʠʤʝʨʥʠʭ ʤʨʝʞʘ ʘ) ʪʨʦʜʠʤʝʥʟʠʦʥʘʣʥʘ ʤʨʝʞʘ ʥʫʣʪʦʛ ʨʝʜʘ 

(ʦʙʣʠʢ ʢʘʚʝʟʘ) ʘʜʘʤʘʥʪʘʥʘ; ʙ) ʧʣʘʥʘʨʥʘ ʤʨʝʞʘ ʧʨʚʦʛ ʨʝʜʘ (ʣʝʩʪʚʠʯʘʩʪ ʦʙʣʠʢ) PB; 

 ʚ) ʜʚʦʜʠʤʝʥʟʠʦʥʘʣʥʘ ʤʨʝʞʘ II ʨʝʜʘ (ñʧʘʨʢʝʪʥʠñ ʦʙʣʠʢ) ʛʨʘʬʠʪʘ;  

ʛ) ʪʨʦʜʠʤʝʥʟʠʦʥʘʣʥʘ (ʤʘʢʨʦʧʦʨʦʟʥʘ) ʠ ʜʝʣʠʤʠʯʥʦ ʨʝʛʫʣʘʨʥʘ ʤʨʝʞʘ III ʨʝʜʘ (ʜ) 

[40]. 
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 ʇʦʣʠʙʫʪʘʜʠʝʥ ʠʤʘ ʤʨʝʞʫ I ʨʝʜʘ ʢʦʿʘ ʿʝ ʣʝʩʪʚʠʯʘʩʪʘ, ʘ ʛʨʘʬʠʪ ʠʤʘ 

ʜʚʦʜʠʤʝʥʟʠʦʥʘʣʥʫ ʤʨʝʞʫ II ʨʝʜʘ. ʄʨʝʞʫ III ʨʝʜʘ ʠʤʘ ʜʠʿʘʤʘʥʪ.  

 ʅʘʿʚʘʞʥʠʿʠ ʧʘʨʘʤʝʪʨʠ ʢʦʿʠ ʢʘʨʘʢʪʝʨʠʰʫ ʩʪʨʫʢʪʫʨʫ ʤʨʝʞʝ ʩʫ: 

1. ʧʨʦʩʝʯʥʘ ʤʦʣʩʢʘ ʤʘʩʘ ʣʘʥʘʮʘ ʤʨʝʞʝ (Mc),  

2. ʧʨʦʩʝʯʥʘ ʬʫʥʢʮʠʦʥʘʣʥʦʩʪ ʯʚʦʨʦʚʘ ʤʨʝʞʝ (fe),  

3. ʙʨʦʿ ʝʣʘʩʪʠʯʥʦ-ʘʢʪʠʚʥʠʭ ʣʘʥʘʮʘ ʤʨʝʞʝ ʧʦ ʿʝʜʠʥʠʮʠ ʟʘʧʨʝʤʠʥʝ 

(ɜEANC), 

4. ʙʨʦʿ ʯʚʦʨʦʚʘ ʧʦ ʿʝʜʠʥʠʮʠ ʟʘʧʨʝʤʠʥʝ (ɛ) ʠ 

5. ʥʠʚʦ ʢʨʫʛʦʚʘ (ɝ) ʢʦʿʠ ʧʨʝʜʩʪʘʚˀʘ ʫ ʩʪʚʘʨʠ ʤʝʨʫ ʧʦʚʝʟʘʥʦʩʪʠ ʤʨʝʞʝ. 

2.2.1. ʍʝʤʠʿʘ ʠ ʪʝʭʥʦʣʦʛʠʿʘ ʫʤʨʝʞʘʚʘˁʘ 

 

ʆʜ ʧʦʩʝʙʥʦʛ ʠʥʪʝʨʝʩʘ ʿʝ ʧʦʟʥʘʚʘˁʝ ʧʨʦʮʝʩʘ ʫʤʨʝʞʘʚʘˁʘ ʢʘʫʯʫʢʘ, ʧʨʝʢʫʨʩʦʨʘ 

ʛʫʤʝ, ʢʦʿʠ ʯʝʩʪʦ ʤʦʞʝ ʙʠʪʠ ʚʝʦʤʘ ʢʦʤʧʣʝʢʩʘʥ. ʋʤʨʝʞʘʚʘˁʝ ʧʨʝʜʩʪʘʚˀʘ ʧʨʦʮʝʩ 

ʠʥʪʝʨʤʦʣʝʢʫʣʩʢʦʛ ʧʦʚʝʟʠʚʘˁʘ ʥʝʟʘʚʠʩʥʠʭ ʤʘʢʨʦʤʦʣʝʢʫʣʘ ʢʘʫʯʫʢʘ ʧʦʧʨʝʯʥʠʤ 

ʭʝʤʠʿʩʢʠʤ ʚʝʟʘʤʘ ʠ ʪʦ ʨʝʟʫʣʪʫʿʝ ʥʘʩʪʘʿʘˁʝʤ ʿʝʜʠʥʩʪʚʝʥʝ ʧʨʦʩʪʦʨʥʝ ʤʨʝʞʝ ʦʜʥʦʩʥʦ 

ʝʣʘʩʪʦʤʝʨʥʝ ʤʨʝʞʝ. ʌʠʟʠʯʢʘ ʩʚʦʿʩʪʚʘ ʝʣʘʩʪʦʤʝʨʥʠʭ ʤʨʝʞʘ ʜʠʨʝʢʪʥʦ ʟʘʚʠʩʝ ʦʜ 

ʛʫʩʪʠʥʝ ʭʝʤʠʿʩʢʠʭ ʚʝʟʘ ʤʨʝʞʝ ʦʜʥʦʩʥʦ ʦʜ ʩʪʝʧʝʥʘ ʫʤʨʝʞʝʥʦʩʪʠ ʤʘʪʝʨʠʿʘʣʘ. 

ʏʠˁʝʥʠʮʘ ʜʘ ʩʝ ʚʝʣʠʢʘ ʢʦʣʠʯʠʥʘ ʢʘʫʯʫʢʘ ʪʨʦʰʠ ʫ ʧʦʩʪʫʧʢʫ ʜʦʙʠʿʘˁʘ ʛʫʤʝʥʠʭ 

ʧʨʦʠʟʚʦʜʘ, ʛʜʝ ʦʚʘʢʚʠ ʩʠʩʪʝʤʠ ʤʦʛʫ ʠʤʘʪʠ ʠ ʜʝʩʝʪʠʥʝ ʨʘʟʣʠʯʠʪʠʭ ʢʦʤʧʦʥʝʥʪʠ 

ʜʦʚʦˀʥʦ ʛʦʚʦʨʠ ʦ ʢʦʤʧʣʝʢʩʥʦʩʪʠ ʦʚʦʛ ʧʨʦʮʝʩʘ. ɿʙʦʛ ʪʦʛʘ ʩʫ ʤʥʦʛʘ ʠʩʪʨʘʞʠʚʘˁʘ 

ʫʩʤʝʨʝʥʘ ʥʘ ʧʨʦʫʯʘʚʘˁʝ ʩʪʨʫʢʪʫʨʝ ʢʘʫʯʫʢʘ, ˁʝʛʦʚʦʛ ʫʪʠʮʘʿʘ ʥʘ ʬʠʥʘʣʥʘ ʩʚʦʿʩʪʚʘ 

ʛʫʤʝʥʦʛ ʤʘʪʝʨʠʿʘʣʘ, ʢʘʦ ʠ ʧʨʦʫʯʘʚʘˁʝ ʫʪʠʮʘʿʘ ʨʘʟʥʠʭ ʜʦʜʘʪʘʢʘ, ʩʘ ʧʦʩʝʙʥʠʤ 

ʘʢʮʝʥʪʦʤ ʥʘ ʫʪʠʮʘʿ ʧʫʥʠʣʘ. 

 ʋʤʨʝʞʝʥʠ ʝʣʘʩʪʦʤʝʨʥʠ ʤʘʪʝʨʠʿʘʣʠ ʠʤʘʿʫ ʚʝʦʤʘ ʟʥʘʯʘʿʥʫ ʫʣʦʛʫ ʫ ʤʥʦʛʠʤ 

ʛʨʘʥʘʤʘ ʠʥʜʫʩʪʨʠʿʝ (ʛʨʘʹʝʚʠʥʩʢʦʿ, ʠʥʜʫʩʪʨʠʿʠ ʧʨʝʤʘʟʘ, ʩʤʦʣʘ, ʘʚʠʦʥʩʢʦʿ, 

ʙʠʦʤʝʜʠʮʠʥʠ, ʬʘʨʤʘʮʠʿʠ ʠʪʜ). ʇʨʦʤʝʥʝ ʫ ʩʪʨʫʢʪʫʨʠ, ʨʝʘʢʪʠʚʥʦʩʪʠ ʠ 

ʬʫʥʢʮʠʦʥʘʣʥʦʩʪʠ ʧʦʣʘʟʥʠʭ ʢʦʤʧʦʥʝʥʪʠ, ʯʘʢ ʠ ʢʘʜʘ ʩʫ ʦʥʝ ʤʠʥʠʤʘʣʥʝ, ʙʠʪʥʦ ʫʪʠʯʫ 

ʥʝ ʩʘʤʦ ʥʘ ʨʝʘʢʮʠʿʫ ʫʤʨʝʞʘʚʘˁʘ ʚʝ˂ ʠ ʥʘ ʬʠʥʘʣʥʘ ʩʚʦʿʩʪʚʘ ʝʣʘʩʪʦʤʝʨʥʦʛ 

ʤʘʪʝʨʠʿʘʣʘ. ʆʚʦ ʿʝ ʧʦʩʝʙʥʦ ʠʟʨʘʞʝʥʦ ʧʨʠʣʠʢʦʤ ʜʦʙʠʿʘˁʘ ʝʣʘʩʪʦʤʝʨʥʠʭ ʥʘʥʦ-

ʢʦʤʧʦʟʠʪʘ, ʟʙʦʛ ʧʨʠʩʫʩʪʚʘ ʥʘʥʦ-ʯʝʩʪʠʮʘ. ɿʙʦʛ ʪʦʛʘ ʿʝ ʧʦʟʥʘʚʘˁʝ ʤʝʭʘʥʠʟʤʘ 

ʨʘʟʛʨʘʜˁʝ ʝʣʘʩʪʦʤʝʨʥʠʭ ʤʘʪʝʨʠʿʘʣʘ (ʧʦʜ ʜʝʿʩʪʚʦ ʨʘʟʣʠʯʠʪʠʭ ʬʘʢʪʦʨʘ) ʠ ʪʨʘʿʥʦʩʪ 

ʝʣʘʩʪʦʤʝʨʘ ʦʜ ʩʫʰʪʠʥʩʢʦʛ ʟʥʘʯʘʿʘ ʟʘ ʧʨʠʤʝʥʫ ʫ ʩʘʚʨʝʤʝʥʠʤ ʪʝʭʥʦʣʦʛʠʿʘʤʘ. 
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 ʈʘʟʛʨʘʜˁʘ ʧʨʝʜʩʪʘʚˀʘ ʥʝʧʦʚʨʘʪʥʫ ʧʨʦʤʝʥʫ ʫ ʩʘʤʦʿ ʩʪʨʫʢʪʫʨʠ ʝʣʘʩʪʦʤʝʨʘ 

ʢʦʿʠ ʧʦʜʩʝ˂ʘ ʥʘ ʢʦʨʦʟʠʿʫ ʤʝʪʘʣʘ. ʋ ʩʫʰʪʠʥʠ ʙʠʣʦ ʢʦʿʘ ʧʨʦʤʝʥʘ ʩʚʦʿʩʪʘʚʘ ʧʦʣʠʤʝʨʘ 

ʫ ʦʜʥʦʩʫ ʥʘ ʧʦʣʘʟʥʘ ʠʣʠ ʞʝˀʝʥʘ ʩʚʦʿʩʪʚʘ ʥʘʟʠʚʘ ʩʝ ñʜʝʛʨʘʜʘʮʠʿʘò. ʋ ʪʦʤ ʩʤʠʩʣʫ, 

ʜʝʛʨʘʜʘʮʠʿʘ ʿʝ ʛʝʥʝʨʠʯʢʠ ʠʟʨʘʟ ʟʘ ʙʨʦʿʥʝ ʨʝʘʢʮʠʿʝ ʢʦʿʝ ʤʦʛʫ ʜʘ ʩʝ ʦʜʚʠʿʘʿʫ ʫ 

ʧʦʣʠʤʝʨʥʦʤ ʤʘʪʝʨʠʿʘʣʫ ʥʘʨʫʰʘʚʘʿʫ˂ʠ ʤʫ ʧʨʠʤʝʥʩʢʘ ʩʚʦʿʩʪʚʘ. ɼʝʛʨʘʜʘʮʠʿʘ 

ʧʦʣʠʤʝʨʘ ʫʢˀʫʯʫʿʝ ʥʝʢʦʣʠʢʦ ʪʠʧʦʚʘ ʬʠʟʠʯʢʠʭ ʠʣʠ ʭʝʤʠʿʩʢʠʭ ʧʨʦʮʝʩʘ ʢʦʿʠ ʩʫ 

ʧʨʘ˂ʝʥʠ ʩʘ ʩʪʨʫʢʪʫʨʥʠʤ ʠʟʤʝʥʘʤʘ ʢʦʿʝ ʜʦʚʦʜʝ ʜʦ ʨʘʟʘʨʘˁʘ ʢʚʘʣʠʪʝʪʘ ʧʦʣʠʤʝʨʥʠʭ 

ʤʘʪʝʨʠʿʘʣʘ (ʥʧʨ. ʧʦʛʦʨʰʘˁʝ ˁʠʭʦʚʠʭ ʤʝʭʘʥʠʯʢʠʭ, ʝʣʝʢʪʨʠʯʥʠʭ ʠʣʠ ʝʩʪʝʪʩʢʠʭ 

ʩʚʦʿʩʪʘʚʘ) ʠ ʢʦʥʘʯʥʦ ʜʦ ʧʦʪʧʫʥʦʛ ʛʫʙʠʪʢʘ ʬʫʥʢʮʠʦʥʘʣʥʦʩʪʠ ʤʘʪʝʨʠʿʘʣʘ. ʇʦʟʥʘʚʘˁʝ 

ʤʝʭʘʥʠʟʤʘ ʨʘʟʛʨʘʜˁʝ ʜʦʚʝʣʦ ʿʝ ʜʦ ʨʘʟʚʦʿʘ ʝʬʠʢʘʩʥʠʿʠʭ ʩʪʘʙʠʣʠʟʘʪʦʨʘ ʢʦʿʠ 

ʩʧʨʝʯʘʚʘʿʫ ʠʣʠ ʤʠʥʠʤʠʟʠʨʘʿʫ ʥʝʛʘʪʠʚʘʥ ʝʬʝʢʘʪ ʦʢʦʣʠʥʝ ʥʘ ʩʚʦʿʩʪʚʘ ʝʣʘʩʪʦʤʝʨʥʠʭ 

ʤʘʪʝʨʠʿʘʣʘ [35, 41].  

 ʇʨʠ ʧʨʦʿʝʢʪʦʚʘˁʫ ʩʠʨʦʚʠʥʩʢʦʛ ʩʘʩʪʘʚʘ ʟʘ ʜʦʙʠʿʘˁʝ ʝʣʘʩʪʦʤʝʨʥʠʭ 

ʤʘʪʝʨʠʿʘʣʘ, ʢˀʫʯʥʦ ʿʝ ʦʜʘʙʨʘʪʠ ʧʦʣʘʟʥʝ ʧʨʝʢʫʨʩʦʨʝ ʪʘʢʦ ʜʘ ʧʨʦʮʝʩʦʤ ʫʤʨʝʞʘʚʘˁʘ 

ʥʘʩʪʘʥʝ ʩʪʨʫʢʪʫʨʘ ʦʪʧʦʨʥʘ ʥʘ ʩʧʝʮʠʬʠʯʥʝ ʫʩʣʦʚʝ ʝʢʩʧʣʦʘʪʘʮʠʿʝ ʠ ʥʝʛʘʪʠʚʥʝ 

ʫʪʠʮʘʿʝ ʠʟ ʦʢʦʣʠʥʝ. ʅʝʢʦʣʠʢʦ ʩʪʫʜʠʿʘ ʩʝ ʚʝ˂ ʙʘʚʠʣʦ ʙʣʝʥʜʘʤʘ NR ʠ ʨʘʟʣʠʯʠʪʠʭ 

ʢʘʯʫʢʘ [42]. Hamed ʠ ʩʘʨʘʜʥʠʮʠ [43] ʩʫ ʧʨʦʫʯʘʚʘʣʠ ʬʠʟʠʯʢʘ ʩʚʦʿʩʪʚʘ NR/SBR 

ʩʤʝʰʝ ʥʘʢʦʥ ʪʝʨʤʠʯʢʦʛ ʩʪʘʨʝˁʘ. Sirisinha ʠ ʩʘʨʘʜʥʠʮʠ [44] ʩʫ ʠʩʪʨʘʞʠʚʘʣʠ 

ʚʠʩʢʦʝʣʘʩʪʠʯʥʦʩʪ NR/NBR ʩʤʝʰʝ ʠ ʦʪʧʦʨʥʦʩʪ ʥʘ ʫˀʝ, ʘ Koshi [45] ʿʝ ʧʨʦʫʯʘʚʘʦ 

ʧʨʦʤʝʥʝ ʬʠʟʠʯʢʠʭ ʩʚʦʿʩʪʘʚʘ NR/EVA ʩʤʝʰʝ ʠ ʦʪʧʦʨʥʦʩʪʠ ʥʘ ʦʟʦʥ ʥʘʢʦʥ ʪʝʨʤʠʯʢʦʛ 

ʩʪʘʨʝˁʘ. ʇʦʨʝʜ ʪʦʛʘ, ʦʙʿʘʚˀʝʥʦ ʿʝ ʠ ʥʝʢʦʣʠʢʦ ʨʘʜʦʚʘ ʢʦʿʠ ʩʝ ʫʛʣʘʚʥʦʤ ʙʘʚʝ 

ʬʠʟʠʯʢʠʤ ʩʚʦʿʩʪʚʠʤʘ NR/BR ʤʝʰʘʚʠʥʘ ʢʘʦ ʰʪʦ ʩʫ: ʦʪʧʦʨʥʦʩʪ ʥʘ ʭʘʙʘˁʝ, 

ʦʪʧʦʨʥʦʩʪ ʥʘ ʩʘʚʠʿʘˁʝ, ʧʨʝʢʠʜʥʘ ʯʚʨʩʪʦ˂ʘ ʠ ʢʨʫʪʦʩʪ ʧʨʠ ʢʦʤʧʨʝʩʠʿʠ ʠ ʫʪʠʮʘʿ ʯʘʹʠ 

ʥʘ ʩʚʦʿʩʪʚʘ NR/BR ʙʣʝʥʜʠ ʢʘʫʯʫʢʘ [46, 47]. Mallik [48] ʿʝ ʧʨʦʫʯʘʚʘʦ ʝʬʝʢʘʪ 

ʪʝʨʤʠʯʢʦʛ ʩʪʘʨʝˁʘ ʥʘ ʬʠʟʠʯʢʘ ʩʚʦʿʩʪʚʘ NR/BR ʤʝʰʘʚʠʥʘ ʧʨʠ ʨʘʟʣʠʯʠʪʠʤ 

ʦʜʥʦʩʠʤʘ ʤʝʰʘˁʘ. ʂʦʨʠʩʪʝ˂ʠ ʤʝʪʦʜʝ ʪʝʨʤʠʯʢʝ ʘʥʘʣʠʟʝ (TG, DTG ʠ DTA), 

Budruganec [49] ʿʝ ʠʩʪʨʘʞʠʚʘʦ ʪʝʨʤʠʯʢʫ ʩʪʘʙʠʣʥʦʩʪ ʫ ʥʝʠʟʦʪʝʨʤʥʠʤ ʫʩʣʦʚʠʤʘ. ʋ 

ʤʝʹʫʚʨʝʤʝʥʫ, Ciutacu [50] ʿʝ ʢʦʨʠʩʪʠʦ ʤʝʪʦʜʝ ʠʥʬʨʘʮʨʚʝʥʝ (IR) 

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʿʝ ʜʘ ʙʠ ʠʩʪʨʘʞʠʦ ʤʦʣʝʢʫʣʘʨʥʝ ʠʥʪʝʨ-ʣʘʥʯʘʥʝ ʨʝʘʢʮʠʿʝ 

ʤʝʰʘʚʠʥʘ ʥʘ ʚʠʰʠʤ ʪʝʤʧʝʨʘʪʫʨʘʤʘ. SBR ʫ ʧʦʨʝʹʝˁʫ ʩʘ ʧʨʠʨʦʜʥʠʤ ʢʘʫʯʫʢʦʤ ʠʤʘ 

ʙʦˀʫ ʦʪʧʦʨʥʦʩʪ ʥʘ ʪʦʧʣʦʪʫ ʠ ʭʘʙʘˁʝ. ʊʦʢʦʤ ʧʨʦʮʝʩʘ ʝʢʩʪʨʫʟʠʿʝ, ʝʢʩʪʨʫʜʘʪ ʥʘ ʙʘʟʠ 

SBR ʿʝ ʛʣʘʜʘʢ ʠ ˁʝʛʦʚ ʦʙʣʠʢ ʦʩʪʘʿʝ ʥʝʧʨʦʤʝˁʝʥ ʜʫʞʝ ʚʨʝʤʝ [51]. 
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ɸʫʪʦ-ʛʫʤʝ ʟʘ ʧʫʪʥʠʯʢʘ ʠ ʪʝʨʝʪʥʘ ʚʦʟʠʣʘ ʠʟʨʘʹʝʥʝ ʩʫ ʦʜ ʢʦʤʧʦʟʠʪʘ ʥʘ ʙʘʟʠ 

NR/SBR ʠʣʠ NR/BR ʙʣʝʥʜʠ ʢʘʫʯʫʢʘ. ʇʨʠʨʦʜʥʠ ʠ ʩʪʠʨʝʥ-ʙʫʪʘʜʠʝʥ ʢʘʫʯʫʢ ʩʫ ʜʫʛʦ 

ʤʝʰʘʥʠ ʟʘ ʤʥʦʛʝ ʩʚʨʭʝ, ʘ ʿʝʜʥʘ ʦʜ ˁʠʭ ʿʝ ʠ ʩʤʘˁʝˁʝ ʮʝʥʝ ʬʠʥʘʣʥʠʭ ʧʨʦʠʟʚʦʜʘ [52]. 

ʄʝʭʘʥʠʟʘʤ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʠʭ ʧʨʦʤʝʥʘ ʫ ʧʦʣʠʤʝʨʠʤʘ, ʢʦʿʠ ʩʫ ʦʟʨʘʯʝʥʠ 

g-ʟʨʘʮʠʤʘ, ʧʨʦʫʯʘʚʘʥ ʿʝ ʫ ʤʥʦʛʦ ʧʫʙʣʠʢʘʮʠʿʘ [53], ʧʨʠ ʯʝʤʫ ʧʨʦʤʝʥʝ ʫʢˀʫʯʫʿʫ 

ʨʘʟʛʨʘʜˁʫ ʠ ʩʤʘˁʝˁʝ ʜʫʞʠʥʝ ʧʦʣʠʤʝʨʥʠʭ ʣʘʥʘʮʘ, ʢʘʦ ʠ ʧʦʧʨʝʯʥʦ ʥʘʢʥʘʜʥʦ 

ʚʝʟʠʚʘˁʝ. ɻʘʤʘ ʟʨʘʯʝˁʝ ʿʝ ʤʝʪʦʜʘ ʢʦʿʘ ʩʝ ʢʦʨʠʩʪʠ ʟʘ ʫʤʨʝʞʘʚʘˁʝ ʢʘʫʯʫʢʘ, ʘʣʠ 

ʠʟʣʘʛʘˁʝ ʝʣʘʩʪʦʤʝʨʥʠʭ ʤʘʪʝʨʠʿʘʣʘ ʚʝ˂ʦʿ ʜʦʟʠ ʟʨʘʯʝˁʘ ʜʦʚʦʜʠ ʜʦ ʜʝʛʨʘʜʘʮʠʿʝ 

ʤʘʪʝʨʠʿʘʣʘ. ʉʪʝʧʝʥ ʧʦʧʨʝʯʥʦʛ ʚʝʟʠʚʘˁʘ ʠ ʨʘʟʛʨʘʜˁʘ ʢʦʿʫ ʿʝ ʧʨʝʪʨʧʝʦ ʧʦʣʠʤʝʨ 

ʟʘʚʠʩʠ ʦʜ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ˁʝʛʦʚʝ ʩʪʨʫʢʪʫʨʝ ʠ ʧʨʠʩʫʩʪʚʘ ʘʜʠʪʠʚʘ ʠ ʩʪʘʙʠʣʠʟʘʪʦʨʘ 

[54]. ʇʦʧʨʝʯʥʝ ʚʝʟʝ (-C-C-) ʢʦʝʿ ʩʝ ʦʙʨʘʟʫʿʫ ʟʨʘʯʝˁʝʤ ʜʦʚʦʜʝ ʜʦ ʧʦʙʦˀʰʘˁʘ 

ʤʝʭʘʥʠʯʢʠʭ ʩʚʦʿʩʪʘʚʘ ʥʘ ʚʠʰʠʤ ʪʝʤʧʝʨʘʪʫʨʘʤʘ [55]. ʆʥʝ, ʪʘʢʦʹʝ, ʤʦʛʫ ʜʘ ʜʦʚʝʜʫ ʜʦ 

ʚʝ˂ʝ ʦʪʧʦʨʥʦʩʪʠ ʥʘ ʘʙʨʘʟʠʿʫ ʠ ʜʝʿʩʪʚʦ ʦʟʦʥʘ [56]. ʄʝʭʘʥʠʯʢʘ ʩʚʦʿʩʪʚʘ ʧʦʣʠʤʝʨʘ ʩʝ 

ʟʥʘʪʥʦ ʤʝˁʘʿʫ ʧʦʜ ʜʝʿʩʪʚʦʤ ʚʠʩʦʢʠʭ ʝʥʝʨʛʠʿʘ ʟʨʘʯʝˁʘ. ʆʚʦ ʤʦʞʝ ʙʠʪʠ ʧʦʩʣʝʜʠʮʘ 

ʙʠʣʦ ʫʤʨʝʞʘʚʘˁʘ, ʠʣʠ ʢʠʜʘˁʘ ʣʘʥʘʮʘ ʧʦʣʠʤʝʨʘ.  

2.2.2. ʆʩʥʦʚʥʝ ʭʝʤʠʿʩʢʝ ʨʝʘʢʮʠʿʝ ʫʤʨʝʞʘʚʘˁʘ  
  

ʂʘʢʦ ʙʠ ʩʝ ʜʦʙʠʦ ʧʥʝʫʤʘʪʠʢ, ʠʣʠ ʙʠʣʦ ʢʦʿʠ ʜʨʫʛʠ ʛʫʤʝʥʠ ʧʨʦʠʟʚʦʜ, ʧʨʠʨʦʜʥʠ 

ʠʣʠ ʩʠʥʪʝʪʠʯʢʠ ʢʘʫʯʫʢ ʩʝ ʤʦʨʘ ʧʨʝʨʘʜʠʪʠ ʫ ʧʨʦʮʝʩʫ ʫʤʨʝʞʘʚʘˁʘ, ʦʜ ʢʦʿʠʭ ʿʝ 

ʥʘʿʟʘʩʪʫʧˀʝʥʠʿʠ ʠ ʥʘʿʧʦʟʥʘʪʠʿʠ ʧʨʦʮʝʩ ʚʫʣʢʘʥʠʟʘʮʠʿʝ [57]. ʉʫʰʪʠʥʘ ʚʫʣʢʘʥʠʟʘʮʠʿʝ 

ʿʝ ʫʚʦʹʝˁʝ ʩʫʤʧʦʨʘ ʢʦʿʠ ʧʦʚʝʟʫʿʝ ʪʿ. ʫʤʨʝʞʘʚʘ ʣʘʥʮʝ ʧʨʝʢʫʨʩʦʨʘ.  

ʉʫʤʧʦʨʥʠ ʩʠʩʪʝʤ ʩʝ ʢʦʨʠʩʪʠ ʟʘ ʫʤʨʝʞʘʚʘˁʝ ʧʨʠʨʦʜʥʠʭ ʠ ʩʠʥʪʝʪʠʯʢʠʭ 

ʦʣʝʬʠʥʩʢʠʭ ʢʘʫʯʫʢʘ. ʅʘ ʦʚʘʿ ʥʘʯʠʥ ʩʝ ʫʤʨʝʞʘʚʘʿʫ: NR, SBR, NBR ʠ IIR ʢʘʫʯʫʢ. 

ʊʘʢʚʠ ʩʠʩʪʝʤʠ ʦʙʠʯʥʦ ʩʘʜʨʞʝ ʩʫʤʧʦʨ ʫ ʢʦʣʠʯʠʥʠ ʦʜ 2,5 ʜʦ 3 phr (ʜʝʣʦʚʘ ʥʘ 100 

ʜʝʣʦʚʘ ʢʘʫʯʫʢʘ) ʠ ʫʙʨʟʠʚʘʯ ʫ ʢʦʣʠʯʠʥʠ ʦʜ 0,5 ʜʦ 1 phr. ʉʠʥʪʝʪʠʯʢʠ ʢʘʫʯʫʮʠ 

ʟʘʭʪʝʚʘʿʫ ʚʝ˂ʫ ʢʦʣʠʯʠʥʫ ʫʙʨʟʠʚʘʯʘ (1,5 phr) ʫʟ ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʩʤʘˁʝˁʝ ʢʦʣʠʯʠʥʝ 

ʩʫʤʧʦʨʘ. ʏʝʩʪʦ, ʢʦʤʙʠʥʘʮʠʿʘ ʿʝʜʥʘʢʠʭ ʜʝʣʦʚʘ ʫʙʨʟʠʚʘʯʘ ʠ ʩʫʤʧʦʨʘ ʜʘʿʝ ʜʦʙʨʝ 

ʚʫʣʢʘʥʠʟʘʪʝ. ʂʘʢʦ ʩʝ ʩʠʥʪʝʪʠʯʢʠ ʢʘʫʯʫʮʠ ʩʧʦʨʠʿʝ ʫʤʨʝʞʘʚʘʿʫ ʥʝʛʦ ʧʨʠʨʦʜʥʠ 

ʢʘʫʯʫʢ, ʧʨʠʤʝˁʫʿʝ ʩʝ ʩʤʝʰʘ ʫʙʨʟʠʚʘʯʘ ʢʘʢʦ ʙʠ ʩʝ ʧʦʩʪʠʛʣʦ ʚʨʝʤʝ ʚʫʣʢʘʥʠʟʘʮʠʿʝ ʢʘʦ 

ʟʘ ʧʨʠʨʦʜʥʠ ʢʘʫʯʫʢ, ʜʦʢ ʢʦʨʠʰ˂ʝˁʝ ZnO ʠ ʩʪʝʘʨʠʥʩʢʝ ʢʠʩʝʣʠʥʝ ʢʘʦ ʢʦʘʢʪʠʚʘʪʦʨʘ 

ʠʤʘ ʤʘˁʠ ʝʬʝʢʘʪ ʥʝʛʦ ʢʦʜ ʧʨʠʨʦʜʥʦʛ ʢʘʫʯʫʢʘ. ʉʤʘʪʨʘ ʩʝ ʜʘ ʟʘ ʜʦʙʨʦ ʪʝʭʥʠʯʢʦ 

ʫʤʨʝʞʝˁʝ ʪʨʝʙʘ ʦʩʪʚʘʨʠʪʠ ʿʝʜʥʦ ʧʨʝʤʦʰ˂ʝˁʝ ʥʘ 100 ʿʝʜʠʥʠʮʘ ʤʦʥʦʤʝʨʘ. 
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ʆʨʛʘʥʩʢʠ ʫʙʨʟʠʚʘʯʠ ʚʫʣʢʘʥʠʟʘʮʠʿʝ ʧʦʯʝʣʠ ʩʫ ʩʝ ʫʧʦʪʨʝʙˀʘʚʘʪʠ ʧʦʯʝʪʢʦʤ 

ʜʚʘʜʝʩʝʪʦʛ ʚʝʢʘ. ʆʥʠ, ʥʝ ʩʘʤʦ ʜʘ ʦʤʦʛʫ˂ʘʚʘʿʫ ʜʘ ʚʨʝʤʝ ʚʫʣʢʘʥʠʟʘʮʠʿʝ ʙʫʜʝ ʩʤʘˁʝʥʦ 

ʜʦ 1 ʤʠʥʫʪ, ʚʝ˂ ʩʝ ˁʠʭʦʚʦʤ ʫʧʦʪʨʝʙʦʤ ʜʦʙʠʿʘʿʫ ʧʨʦʠʟʚʦʜʠ ʧʦʙʦˀʰʘʥʠʭ 

ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ. ɿʙʦʛ ʢʨʘ˂ʝʛ ʚʨʝʤʝʥʘ ʚʫʣʢʘʥʠʟʘʮʠʿʝ, ʤʘˁʘ ʿʝ ʦʪʧʦʨʥʦʩʪ ʦʜ 

ʦʢʩʠʜʘʪʠʚʥʝ ʜʝʛʨʘʜʘʮʠʿʝ ʢʘʫʯʫʢʘ, ʘ ʠ ʝʬʠʢʘʩʥʠʿʘ ʧʨʠʤʝʥʘ ʩʫʤʧʦʨʘ ʧʨʠ 

ʫʤʨʝʞʘʚʘˁʫ. 

ʇʨʝʢʠʜʥʘ ʯʚʨʩʪʦ˂ʘ ʢʦʜ NR ʛʫʤʝ ʪʦʢʦʤ ʚʫʣʢʘʥʠʟʘʮʠʿʝ ʜʦʩʪʠʞʝ ʤʘʢʩʠʤʫʤ, ʘ 

ʟʘʪʠʤ ʧʦʣʘʢʦ ʦʧʘʜʘ. ʄʦʜʫʣʠ ʩʝ ʧʦʥʘʰʘʿʫ ʩʣʠʯʥʦ, ʠʟʫʟʝʚ ʰʪʦ ʩʝ ʤʘʢʩʠʤʫʤ ʜʦʩʪʠʞʝ 

ʢʘʩʥʠʿʝ ʥʝʛʦ ʢʦʜ ʧʨʝʢʠʜʥʝ ʯʚʨʩʪʦ˂ʝ. ʂʦʜ NR ʢʘʫʯʫʢʘ ʧʦʩʣʝ ʜʦʩʪʠʟʘˁʘ ʤʘʢʩʠʤʫʤʘ 

ʥʘ ʢʨʠʚʦʿ ʚʫʣʢʘʥʠʟʘʮʠʿʝ ʜʦʣʘʟʠ ʜʦ ʦʧʘʜʘˁʘ ʧʨʝʢʠʜʥʝ ʯʚʨʩʪʦ˂ʝ ʠ ʤʦʜʫʣʘ, ʠ ʦʚʘʿ 

ʧʨʦʮʝʩ ʩʝ ʥʘʟʠʚʘ ʨʝʚʝʨʟʠʿʘ. 

SBR ʥʝ ʧʦʢʘʟʫʿʝ ʩʤʘˁʝˁʝ ʧʨʝʢʠʜʥʝ ʯʚʨʩʪʦ˂ʝ ʫ ʧʝʨʠʦʜʫ ʧʨʝʚʫʣʢʘʥʠʟʘʮʠʿʝ, ʚʝ˂ 

ʦʩʪʘʿʝ ʧʨʠʙʣʠʞʥʦ ʢʦʥʩʪʘʥʪʥʘ. ʊʦ ʿʝ ʬʝʥʦʤʝʥ ʧʦʟʥʘʪ ʢʘʦ Ăʥʘʧʨʝʜʦʚʘˁʝ 

ʚʫʣʢʘʥʠʟʘʮʠʿʝñ. ʄʦʜʫʣ ʠ ʜʘˀʝ ʨʘʩʪʝ. ɿʥʘʯʘʿʥʝ ʨʘʟʣʠʢʝ ʠʟʤʝʹʫ NR ʠ SBR ʫʦʯʘʚʘʿʫ 

ʩʝ ʠ ʧʨʠ ʦʜʨʝʹʠʚʘˁʫ ʧʨʝʢʠʜʥʦʛ ʠʟʜʫʞʝˁʘ. ʇʨʠ ʧʨʝʚʫʣʢʘʥʠʟʘʮʠʿʠ SBR-ʘ ʜʦʣʘʟʠ ʜʦ 

ʟʥʘʯʘʿʥʦʛ ʧʘʜʘ ʠʟʜʫʞʝˁʘ, ʜʦʢ ʩʫ ʢʦʜ NR ʪʝ ʧʨʦʤʝʥʝ ʤʘʣʝ. 

ɹʫʪʘʜʫʝʥʩʢʠ ʢʘʫʯʫʢ (BR) ʧʦʩʝʜʫʿʝ ʤʘʣʫ ʥʝʟʘʩʠ˂ʝʥʦʩʪ, ʧʘ ʟʘʪʦ ʤʦʨʘʿʫ ʜʘ ʩʝ 

ʢʦʨʠʩʪʝ ʘʢʪʠʚʥʠʿʠ ʫʙʨʟʠʚʘʯʠ ʠ ʜʘ ʩʝ ʚʫʣʢʘʥʠʟʘʮʠʿʘ ʠʟʚʦʜʠ ʥʘ ʚʠʰʠʤ 

ʪʝʤʧʝʨʘʪʫʨʘʤʘ. ʇʨʠ ʫʤʨʝʞʘʚʘˁʫ BR ʤʦʞʝ ʜʘ ʜʦʹʝ ʜʦ ʨʝʚʝʨʟʠʿʝ, ʧʘ ʩʝ ʧʨʦʜʫʞʝʥʦ 

ʛʨʝʿʘˁʝ ʥʘ ʪʝʤʧʝʨʘʪʫʨʘʤʘ ʫʤʨʝʞʘʚʘˁʘ ʤʦʨʘ ʠʟʙʝʛʘʚʘʪʠ. ʂʘʢʦ ʿʝ ʩʫʤʧʦʨ ʤʘˁʝ 

ʨʘʩʪʚʦʨʘʥ ʫ BR ʥʝʛʦ ʫ ʜʨʫʛʠʤ ʢʘʫʯʫʮʠʤʘ, ˁʝʛʦʚʦ ʜʦʟʠʨʘˁʝ ʫ BR ʿʝ ʩʤʘˁʝʥʦ ʜʦ 

ʠʩʧʦʜ 0,5 phr, ʘ ʧʦʚʝ˂ʘʚʘ ʩʝ ʢʦʣʠʯʠʥʘ ʫʙʨʟʠʚʘʯʘ. ʎʠʥʢ ʦʢʩʠʜ, ʥʝʦʧʭʦʜʘʥ ʟʘ 

ʘʢʪʠʚʘʮʠʿʫ, ʠʩʪʦʚʨʝʤʝʥʦ ʧʦʙʦˀʰʘʚʘ ʠ ʦʪʧʦʨʥʦʩʪ ʥʘ ʩʪʘʨʝˁʝ ʧʨʠ ʚʝ˂ʠʤ 

ʜʦʟʠʨʘˁʠʤʘ. ʉʪʝʘʨʠʥʩʢʘ ʢʠʩʝʣʠʥʘ ʥʠʿʝ ʥʝʦʧʭʦʜʥʘ ʟʘ ʘʢʪʠʚʘʮʠʿʫ ʫ ʙʫʪʘʜʠʝʥʩʢʦʤ 

ʢʘʫʯʫʢʫ, ʘʣʠ ʩʝ ʯʝʩʪʦ ʜʦʜʘʿʝ ʟʘ ʦʣʘʢʰʘʚʘˁʝ ʧʨʝʨʘʜʝ. ʉ ʦʙʟʠʨʦʤ ʥʘ ʪʦ ʜʘ ʿʝ 

ʙʫʪʘʜʠʝʥʩʢʠ ʢʘʫʯʫʢ (BR) ʧʦʣʠʤʝʨ ʚʠʩʦʢʝ ʟʘʩʠ˂ʝʥʦʩʪʠ, ʧʨʠ ˁʝʛʦʚʦʿ ʧʨʝʨʘʜʠ ʠ 

ʬʦʨʤʫʣʘʮʠʿʠ ʩʝ ʧʨʝʧʦʨʫʯʫʿʝ ʫʧʦʪʨʝʙʘ ʟʘʩʠ˂ʝʥʠʭ ʦʤʝʢʰʠʚʘʯʘ. ʋʧʦʪʨʝʙʘ 

ʥʝʟʘʩʠ˂ʝʥʠʭ ʦʤʝʢʰʠʚʘʯʘ ʤʦʞʝ ʜʦʚʝʩʪʠ ʜʦ ʥʝʧʦʞʝˀʥʠʭ ʨʝʘʢʮʠʿʘ ʩʘ ʢʦʤʧʦʥʝʥʪʘʤʘ 

ʚʫʣʢʘʥʠʟʘʮʠʦʥʦʛ ʩʠʩʪʝʤʘ, ʧʦʩʝʙʥʦ ʩʘ ʩʣʦʙʦʜʥʠʤ ʨʘʜʠʢʘʣʠʤʘ ʠ ʫʙʨʟʠʚʘʯʠʤʘ, ʰʪʦ 

ʤʦʞʝ ʨʝʟʫʣʪʠʨʘʪʠ ʠʥʭʠʙʠʮʠʿʦʤ ʚʫʣʢʘʥʠʟʘʮʠʿʝ ʠ ʩʤʘˁʝˁʝʤ ʩʪʝʧʝʥʘ ʫʤʨʝʞʘʚʘˁʘ. 

ʊʠʧʠʯʥʠ ʩʠʩʪʝʤʠ ʚʫʣʢʘʥʠʟʘʮʠʿʝ ʟʘ ʧʦʤʝʥʫʪʝ ʪʠʧʦʚʝ ʢʘʫʯʫʢʘ ʩʫ ʜʘʪʠ ʫ ʪʘʙʝʣʠ 4. 
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ʊʘʙʝʣʘ 4. ʊʠʧʠʯʥʠ ʩʫʤʧʦʨʥʠ ʩʠʩʪʝʤʠ ʫʤʨʝʞʘʚʘˁʘ ʟʘ ʦʣʝʬʠʥʩʢʝ ʢʘʫʯʫʢʝ. 

 
ʂʦʤʧʦʥʝʥʪʝ 

(phr*) 
NR SBR NBR EPDM 

ʎʠʥʢ ʦʢʩʠʜ 6 5 5 3 4 4 2 5 5 5 2,5 

ʉʪʝʘʨʠʥʩʢʘ 

ʢʠʩʝʣʠʥʘ 
0,5 1 0,5 3 2 2 3 1 1 - 0,5 

TMTD1 - - 0,04 - - - - - - - - 

MBT2 0,5 - - - - - - - - 0,5 
0,2

5 

ZDC3 - - - - - - - - - - - 

MBTS4 - - 0,25 - 1,2 - - 1,5 1,5 - - 

DPG5 - - - - - 0,8 - - - - - 

CBS6 - 0,4 - 2 - 1 2 1,5 - - - 

TMTM7 - - - - 0,15 - - - 0,4 1,5 
0,7

5 

ʉʫʤʧʦʨ 3,5 3 2,5 2 2 1,7 2 1,5 1,5 1,5 1,5 

ɺʨʝʤʝ 

ʫʤʨʝʞʘʚʘˁʘ 

(min) 

40 30 20 30 25 25 30 25 20 25 55 

ʊʝʤʧʝʨʘʪʫʨʘ 

(ʦC) 
141 141 141 153 153 153 153 153 153 165 165 

*ʜʝʦ ʥʘ 100 ʜʝʣʦʚʘ ʢʘʫʯʫʢʘ; 1ʊʝʪʨʘʤʝʪʠʣʪʠʫʨʘʤ ʜʠʩʫʣʬʠʜ; 2ʄʝʨʢʘʧʪʦʙʝʥʟʦʪʠʘʟʦʣ; 

3ʎʠʥʢʜʠʪʠʦʢʘʨʙʘʤʘʪ; 4ɼʠʙʝʥʟʦʪʠʘʟʦʣ ʜʠʩʫʣʬʠʜ; 5ɼʠʬʝʥʠʣʛʚʘʥʠʜʠʥ; 

6ɹʝʥʟʦʪʠʘʟʦʣʩʫʣʬʝʥʘʤʠʜ; 7ʊʝʪʨʘʤʝʪʠʣʪʠʫʨʘʤ ʤʦʥʦʩʫʣʬʠʜ. 

 

ɺʫʣʢʘʥʠʟʘʮʠʿʘ ʿʝ ʨʝʘʢʮʠʿʘ ʩʣʦʙʦʜʥʠʭ ʨʘʜʠʢʘʣʘ ʢʦʿʫ ʧʦʢʨʝ˂ʝ ʫʙʨʟʠʚʘʯ. 

ʋʙʨʟʠʚʘʯ ʠʤʘ -S-N- ʚʝʟʝ ʩʘ ʝʥʝʨʛʠʿʦʤ ʜʠʩʦʮʠʿʘʮʠʿʝ ʦʜ 35 kcal/mol, ʢʦʿʝ ʩʝ ʣʘʢʦ ʤʦʛʫ 

ʨʘʩʢʠʥʫʪʠ ʪʦʧʣʦʪʦʤ ʧʨʦʮʝʩʘ ʚʫʣʢʘʥʠʟʘʮʠʿʝ ʠʟʥʘʜ 140ÁC ʜʘ ʙʠ ʩʝ ʧʨʦʠʟʚʝʣʠ -S
. ʠ -

N
.
 ʨʘʜʠʢʘʣʠ. ʆʚʠ ʨʘʜʠʢʘʣʠ ʥʘʧʘʜʘʿʫ ʝʣʝʤʝʥʪʘʨʥʠ ʩʫʤʧʦʨ ʩʘ ʨʝʣʘʪʠʚʥʦ ʩʣʘʙʠʤ 

ʚʝʟʘʤʘ ʥa ʤʘʢʨʦʤʦʣʝʢʫʣʘʨʥʠʤ ʣʘʥʮʠʤʘ ʜʘ ʙʠ ʬʦʨʤʠʨʘʣʠ ʨʘʜʠʢʘʣʝ ʩʫʤʧʦʨʘ, -S
.
. 

ʈʘʜʠʢʘʣʠ ʩʫʤʧʦʨʘ ʥʘʧʘʜʘʿʫ ʘʣʠʣʥʝ ʠ ʙʝʥʟʠʣʥʝ ʚʦʜʦʥʠʢʝ ʫ ʤʘʢʨʦʤʦʣʝʢʫʣʘʨʥʠʤ 

ʣʘʥʮʠʤʘ ʢʘʫʯʫʢʘ ʨʘʜʠ ʬʦʨʤʠʨʘˁʘ ʧʦʧʨʝʯʥʠʭ (ʚʫʣʢʘʥʩʢʠʭ) ʚʝʟʘ. ʆʚʘ ʩʝʣʝʢʪʠʚʥʦʩʪ 

ʩʝ ʤʦʞʝ ʦʙʿʘʩʥʠʪʠ ʨʘʟʣʠʢʘʤʘ ʫ ʝʥʝʨʛʠʿʠ ʜʠʩʦʮʠʿʘʮʠʿʝ ʨʝʣʝʚʘʥʪʥʠʭ ʚʝʟʘ: -S-S- ʚʝʟʝ 

(~54 kcal/mol), ʘʣʠʣʥʝ CïH ʚʝʟʝ (~77kcal/mol) ʠ ʙʝʥʟʠʣʥʝ CïH ʚʝʟʝ (~77,5kcal/mol). 

ʀʘʢʦ ʘʣʠʣʥʝ ʠ ʙʝʥʟʠʣʥʝ ʚʝʟʝ ʠʤʘʿʫ ʩʣʠʯʥʝ ʝʥʝʨʛʠʿʝ, ˁʠʭʦʚʘ ʧʦʚʝ˂ʘʥʘ ʨʝʘʢʪʠʚʥʦʩʪ 

ʧʨʦʠʩʪʠʯʝ ʠʟ ʩʪʘʙʠʣʠʟʘʮʠʿʝ ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ ʨʘʜʠʢʘʣʘ ʧʫʪʝʤ ʨʝʟʦʥʘʥʮʠʿʝ (ʘʣʠʣʥʦʛ ʠ 

ʙʝʥʟʠʣʥʦʛ ʪʠʧʘ). 

ʉ ʦʙʟʠʨʦʤ ʥʘ ʪʦ ʜʘ ʿʝ ʟʘ ʮʝʧʘˁʝ ʚʝʟʝ ʧʦʪʨʝʙʥʦ ʤʘˁʝ ʝʥʝʨʛʠʿʝ ʰʪʦ ʿʝ ʝʥʝʨʛʠʿʘ 
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ʚʝʟʝ ʥʠʞʘ, ʫʙʨʟʠʚʘʯʠ ʧʨʚʦ ʠʥʠʮʠʨʘʿʫ ʨʘʜʠʢʘʣʝ ʩʫʤʧʦʨʘ, ʢʦʿʠ ʟʘʪʠʤ ʩʫʢʮʝʩʠʚʥʦ 

ʨʝʘʛʫʿʫ ʩʘ ʨʝʘʢʪʠʚʥʠʤ ʧʦʟʠʮʠʿʘʤʘ ʫ ʤʘʢʨʦʤʦʣʝʢʫʣʠʤʘ ʢʘʫʯʫʢʘ - ʧʨʠ ʯʝʤʫ ʩʫ ʘʣʠʣʥʠ 

ʠ ʙʝʥʟʠʣʥʠ ʚʦʜʦʥʠʮʠ ʧʨʠʦʨʠʪʝʪʥʝ ʤʝʪʝ. ʆʚʘʿ ʤʝʭʘʥʠʟʘʤ ʦʙʿʘʰˁʘʚʘ ʟʘʰʪʦ ʢʘʫʯʫʮʠ 

ʩʘ ʚʝ˂ʠʤ ʙʨʦʿʝʤ ʘʣʠʣʥʠʭ ʚʦʜʦʥʠʢʘ (ʥʧʨ. ʧʨʠʨʦʜʥʠ ʢʘʫʯʫʢ) ʧʦʢʘʟʫʿʫ ʚʠʰʫ 

ʨʝʘʢʪʠʚʥʦʩʪ ʫ ʧʨʦʮʝʩʫ ʚʫʣʢʘʥʠʟʘʮʠʿʝ. ʋʙʨʟʠʚʘʯ ʩʝ ʤʦʞʝ ʘʢʪʠʚʠʨʘʪʠ ʫ ʧʨʠʩʫʩʪʚʫ 

ʮʠʥʢ ʩʪʝʘʨʘʪʘ, ʢʦʿʠ ʩʝ ʬʦʨʤʠʨʘ in situ ʨʝʘʢʮʠʿʦʤ ʠʟʤʝʹʫ ʩʪʝʘʨʠʥʩʢʝ ʢʠʩʝʣʠʥʝ ʠ 

ʮʠʥʢ-ʦʢʩʠʜʘ ʪʦʢʦʤ ʧʨʦʮʝʩʘ ʤʝʰʘˁʘ. ʎʠʥʢ ʩʪʝʘʨʘʪ ʟʘʪʠʤ ʬʦʨʤʠʨʘ ʢʦʤʧʣʝʢʩʝ ʩʘ 

ʤʦʣʝʢʫʣʠʤʘ ʫʙʨʟʠʚʘʯʘ (ʘʢʮʝʣʝʨʘʪʦʨʘ), ʯʠʤʝ ʩʝ ʦʣʘʢʰʘʚʘ ʛʝʥʝʨʘʮʠʿʘ ʘʢʪʠʚʥʠʭ 

ʨʘʜʠʢʘʣʘ ʠ ʠʥʠʮʠʨʘ ʣʘʥʘʮ ʨʝʘʢʮʠʿʘ ʫʤʨʝʞʘʚʘˁʘ. ʆʚʘʿ ʤʝʭʘʥʠʟʘʤ ʘʢʪʠʚʘʮʠʿʝ 

ʧʨʝʜʩʪʘʚˀʘ ʿʝʜʘʥ ʦʜ ʢˀʫʯʥʠʭ ʢʦʨʘʢʘ ʫ ʧʨʦʮʝʩʫ ʚʫʣʢʘʥʠʟʘʮʠʿʝ, ʿʝʨ ʜʠʨʝʢʪʥʦ ʫʪʠʯʝ 

ʥʘ ʙʨʟʠʥʫ ʠ ʩʪʝʧʝʥ ʬʦʨʤʠʨʘˁʘ ʧʦʧʨʝʯʥʠʭ ʚʝʟʘ ʫ ʢʘʫʯʫʢʦʚʦʿ ʤʨʝʞʠ [58]. 

ɸʢʪʠʚʠʨʘʥʠ ʘʢʮʝʣʝʨʘʪʦʨʩʢʠ ʢʦʤʧʣʝʢʩ ʬʦʨʤʠʨʘ ʚʠʰʠ ʘʢʪʠʚʥʠ ʢʦʤʧʣʝʢʩ ʩʘ 

ʩʫʤʧʦʨʦʤ ʢʦʿʠ ʦʙʝʟʙʝʹʫʿʝ ʧʦʣʠʩʫʣʬʠʜʥʝ ʚʝʟʝ ʩʘ ʤʘʢʨʦʤʦʣʝʢʫʣʠʤʘ ʢʘʫʯʫʢʘ. 

ʋʙʨʟʠʚʘʯ ʨʝʘʛʫʿʝ ʩʘ ʩʫʤʧʦʨʦʤ ʜʘʿʫ˂ʠ ʤʦʥʦʤʝʨʥʝ ʧʦʣʠʩʫʣʬʠʜʝ ʩʪʨʫʢʪʫʨʝ AcïSxïAc, 

ʛʜʝ ʿʝ Ac ʦʨʛʘʥʩʢʠ ʨʘʜʠʢʘʣ ʠʟʚʝʜʝʥ ʠʟ ʘʢʮʝʣʝʨʘʪʦʨʘ (ʩʣʠʢʘ 11). ʆʚʘʿ ʧʦʣʠʩʫʣʬʠʜ 

ʨʝʘʛʫʿʝ ʜʘˀʝ ʠ ʬʦʨʤʠʨʘ ʤʦʥʦ-, ʜʠ- ʠ ʮʠʢʣʠʯʥʝ ʩʫʣʬʠʜʥʝ ʚʝʟʝ ʪʦʢʦʤ ʚʫʣʢʘʥʠʟʘʮʠʿʝ 

ʜʠʩʦʮʠʿʘʮʠʿʦʤ, ʨʝʢʦʤʙʠʥʘʮʠʿʦʤ ʠ ʧʨʝʫʨʝʹʝˁʝʤ ʩʫʤʧʦʨʥʠʭ ʚʝʟʘ. ʆʚʝ ʨʘʟʣʠʯʠʪʝ 

ʚʨʩʪʝ ʩʫʤʧʦʨʥʠʭ ʚʝʟʘ ʫʪʠʯʫ ʥʘ ʩʚʦʿʩʪʚʘ ʛʫʤʝ ʠ ʧʝʨʬʦʨʤʘʥʩʠ ʛʫʤʘ.   

ɻʝʥʝʨʘʣʥʦ, ʨʝʘʢʪʠʚʥʦʩʪ ʚʦʜʦʥʠʢʦʚʠʭ ʘʪʦʤʘ ʫ ʫʛˀʝʥʠʯʥʦʤ ʣʘʥʮʫ 

ʤʘʢʨʦʤʦʣʝʢʫʣʘ ʨʘʩʪʝ ʫ ʩʣʝʜʝ˂ʝʤ ʨʝʜʦʩʣʝʜʫ: ʧʨʠʤʘʨʥʠ < ʩʝʢʫʥʜʘʨʥʠ < ʪʝʨʮʠʿʘʨʥʠ 

ʫʛˀʝʥʠʢ, ʰʪʦ ʿʝ ʧʦʩʣʝʜʠʮʘ ʩʪʘʙʠʣʠʟʘʮʠʿʝ ʥʘʩʪʘʣʠʭ ʨʘʜʠʢʘʣʘ ʧʫʪʝʤ 

ʭʠʧʝʨʢʦˁʫʛʘʮʠʿʝ. ʄʝʹʫʪʠʤ, ʚʦʜʦʥʠʮʠ ʫ ʘʣʠʣʥʠʤ ʠ ʙʝʥʟʠʣʥʠʤ ʛʨʫʧʘʤʘ ʧʦʢʘʟʫʿʫ ʯʘʢ 

ʚʝ˂ʫ ʨʝʘʢʪʠʚʥʦʩʪ ʦʜ ʦʥʠʭ ʚʝʟʘʥʠʭ ʟʘ ʪʝʨʮʠʿʘʨʥʠ ʫʛˀʝʥʠʢ, ʿʝʨ ʦʜʛʦʚʘʨʘʿʫ˂ʠ ʘʣʠʣʥʠ 

ʠ ʙʝʥʟʠʣ ʨʘʜʠʢʘʣʠ ʩʝ ʜʦʜʘʪʥʦ ʩʪʘʙʠʣʠʟʘʮʠʿʫ ʧʫʪʝʤ ʨʝʟʦʥʘʥʮʠʿʝ. ʋ ʪʦʤ ʢʦʥʪʝʢʩʪʫ, 

ʧʦʣʠʤʝʨʠ ʧʦʧʫʪ ʧʨʠʨʦʜʥʦʛ ʠ ʙʫʪʘʜʠʝʥʩʢʦʛ ʢʘʫʯʫʢʘ, ʢʦʿʠ ʫ ʩʚʦʿʦʿ ʩʪʨʫʢʪʫʨʠ ʠʤʘʿʫ 

ʚʝʣʠʢʠ ʙʨʦʿ ʘʣʠʣʥʠʭ ʛʨʫʧʘ, ʧʨʝʜʩʪʘʚˀʘʿʫ ʧʦʛʦʜʘʥ ʩʫʧʩʪʨʘʪ ʟʘ ʨʘʜʠʢʘʣʩʢʫ 

ʚʫʣʢʘʥʠʟʘʮʠʿʫ ʩʫʤʧʦʨʦʤ. ʈʘʜʠʢʘʣʠ ʩʫʤʧʦʨʘ ʣʘʢʰʝ ʘʧʩʪʨʘʭʫʿʫ ʘʣʠʣʥʝ ʚʦʜʦʥʠʢʝ 

ʥʝʛʦ ʜʨʫʛʝ ʪʠʧʦʚʝ ʚʦʜʦʥʠʢʘ ʫ ʤʦʣʝʢʫʣʫ, ʯʠʤʝ ʠʥʠʮʠʨʘʿʫ ʫʤʨʝʞʘʚʘˁʝ. ʉʪʦʛʘ, ʙʨʟʠʥʘ 

ʠ ʝʬʠʢʘʩʥʦʩʪ ʚʫʣʢʘʥʠʟʘʮʠʿʝ ʜʠʨʝʢʪʥʦ ʟʘʚʠʩʝ ʦʜ ʙʨʦʿʘ ʘʣʠʣʥʠʭ ʚʦʜʦʥʠʢʘ ʫ 

ʧʦʥʘʚˀʘʿʫ˂ʦʿ ʿʝʜʠʥʠʮʠ: ʟʘ NR ʢʘʫʯʫʢ ʪʦ ʿʝ ʦʢʦ 7,4, ʘ ʟʘ BR ʢʘʫʯʫʢ ʦʢʦ 3,3 ʘʣʠʣʥʘ 

ʚʦʜʦʥʠʢʘ, ʰʪʦ NR ʯʠʥʠ ʨʝʘʢʪʠʚʥʠʿʠʤ ʠ ʧʦʜʣʦʞʥʠʿʠʤ ʫʥʘʢʨʩʥʦʤ ʧʦʚʝʟʠʚʘˁʫ ʫ 

ʧʦʨʝʹʝˁʫ ʩʘ ʜʨʫʛʠʤ ʢʘʫʯʫʮʠʤʘ. 
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 ʄʝʭʘʥʠʟʤʠ ʠ ʨʝʘʢʮʠʿʝ ʚʫʣʢʘʥʠʟʘʮʠʿʝ ʩʫ ʠʣʫʩʪʨʦʚʘʥʝ ʥʘ ʩʣʠʮʠ 11, ʫ ʢʦʿʦʿ ʿʝ 

ʫʙʨʟʠʚʘʯ ʙʝʥʟʦʪʠʘʟʦʣʩʫʣʬʝʥʘʤʠʜ. 
 

 

 
ʉʣʠʢʘ 11. ʐʝʤʘ ʨʝʘʢʮʠʿʝ ʟʘ ʩʫʤʧʦʨʥʫ ʚʫʣʢʘʥʠʟʘʮʠʿʫ ʫ ʧʨʠʩʫʩʪʚʫ ʫʙʨʟʠʚʘʯʘ 

ʙʝʥʟʦʪʠʘʟʦʣʩʫʣʬʝʥʘʤʠʜʦʤ (MBT) [59]. 

 

 ʇʦʚʝ˂ʘˁʝ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʩʪʝʘʨʠʥʩʢʝ ʢʠʩʝʣʠʥʝ, ʧʨʘ˂ʝʥʦ ʨʘʩʪʦʤ 

ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʨʘʩʧʦʣʦʞʠʚʦʛ ZnĮ , ʜʦʚʦʜʠ ʜʦ ʫʙʨʟʘˁʘ ʠʥʠʮʠʿʘʣʥʠʭ ʨʝʘʢʮʠʿʘ ʪʦʢʦʤ 

ʠʥʜʫʢʮʠʦʥʦʛ (ʦʜʣʦʞʝʥʦʛ) ʧʝʨʠʦʜʘ ʚʫʣʢʘʥʠʟʘʮʠʿʝ. ʋ ʦʚʦʤ ʩʪʘʜʠʿʫʤʫ ʩʝ ʬʦʨʤʠʨʘʿʫ 

ʧʨʝʣʘʟʥʠ ʝʣʘʩʪʦʤʝʨïSïAc ʢʦʤʧʣʝʢʩʠ. ʀʧʘʢ, ʫʧʨʢʦʩ ʫʙʨʟʘʥʦʿ ʧʦʯʝʪʥʦʿ 

ʨʝʘʢʪʠʚʥʦʩʪʠ, ʙʨʟʠʥʘ ʬʦʨʤʠʨʘˁʘ ʧʦʧʨʝʯʥʠʭ ʚʝʟʘ ʫ ʢʘʩʥʠʿʠʤ ʬʘʟʘʤʘ ʦʧʘʜʘ, ʘʣʠ ʩʝ 

ʫʢʫʧʘʥ ʩʪʝʧʝʥ ʫʤʨʝʞʘʚʘˁʘ ʧʦʚʝ˂ʘʚʘ. ʍʝʣʘʮʠʿʘ ZnĮ  ʿʦʥʘ ʫʪʠʯʝ ʥʘ ʧʨʝʨʘʩʧʦʜʝʣʫ S-

S ʚʝʟʘ, ʯʠʤʝ ʩʝ ʤʝˁʘ ʚʝʨʦʚʘʪʥʦ˂ʘ ʮʝʧʘˁʘ ʦʜʨʝʹʝʥʠʭ ʜʠʩʫʣʬʠʜʥʠʭ ʚʝʟʘ. ʂʘʢʦ ʜʦʣʘʟʠ 

ʜʦ ʨʘʩʢʠʜʘ ʿʘʯʠʭ (ʝʥʝʨʛʝʪʩʢʠ ʩʪʘʙʠʣʥʠʿʠʭ) S-S ʚʝʟʘ, ʨʝʘʢʮʠʿʘ ʥʘʧʨʝʜʫʿʝ ʩʧʦʨʠʿʝ; 
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ʤʝʹʫʪʠʤ, ʙʫʜʫ˂ʠ ʜʘ ʩʝ ʫ ʩʚʘʢʦʿ ʥʦʚʦʬʦʨʤʠʨʘʥʦʿ ʧʦʧʨʝʯʥʦʿ ʚʝʟʠ ʫʛʨʘʹʫʿʝ ʤʘˁʝ ʘʪʦʤʘ 

ʩʫʤʧʦʨʘ, ʤʨʝʞʘ ʧʦʩʪʘʿʝ ʛʫʰ˂ʘ ʠ ʤʝʭʘʥʠʯʢʠ ʩʪʘʙʠʣʥʠʿʘ [60]. ʆʚʦ ʿʝ ʠʣʫʩʪʨʦʚʘʥʦ ʥʘ 

ʩʣʠʮʠ 12. 

 
 

ʉʣʠʢʘ 12. ʈʝʘʢʮʠʦʥʘ ʰʝʤʘ ʟʘ ʫʪʠʮʘʿ ʿʦʥʘ ʮʠʥʢʘ ʥʘ ʙʨʟʠʥʫ ʠ ʝʬʠʢʘʩʥʦʩʪ 

ʬʦʨʤʠʨʘˁʘ ʧʦʧʨʝʯʥʠʭ ʚʝʟʘ. 

 

 ʇʨʝʤʘ Morrison-ʫ ʠ Porter-ʫ  [61] ʩʫʤʧʦʨ ʩʝ ʫ ʤʨʝʞʠ ʤʦʞʝ ʢʦʤʙʠʥʦʚʘʪʠ ʥʘ 

ʨʘʟʣʠʯʠʪʝ ʥʘʯʠʥʝ, ʩʣʠʢʘ 13. ʇʨʝʤʦʰ˂ʝˁʘ ʢʘʫʯʫʢʘ ʩʘ ʩʫʤʧʦʨʦʤ ʤʦʛʫ ʙʠʪʠ: 

ʤʦʥʦʩʫʣʬʠʜʥʘ, ʜʠʩʫʣʬʠʜʥʘ ʠ ʧʦʣʠʩʫʣʬʠʜʥʘ (ʩʣʠʢʘ 13ʘ); ʟʘʪʠʤ ʢʘʦ ʥʝʚʝʟʘʥʠ 

ʩʫʣʬʠʜʠ (ʩʣʠʢʘ 13ʙ); ʢʘʦ ʮʠʢʣʠʯʥʠ ʤʦʥʦʩʫʣʬʠʜʠ ʠ ʜʠʩʫʣʬʠʜʠ (ʩʣʠʢʘ 13ʚ). 

 

ʉʣʠʢʘ 13. ʉʪʨʫʢʪʫʨʥʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʚʫʣʢʘʥʠʟʘʮʠʦʥʠʭ ʤʨʝʞʘ. 
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ɹʨʦʿ ʘʪʦʤʘ ʩʫʤʧʦʨʘ ʤʦʞʝ ʩʝ ʦʜʨʝʜʠʪʠ ʫ ʩʚʘʢʦʤ ʧʨʝʤʦʰ˂ʝˁʫ ʢʘʫʯʫʢ-ʩʫʤʧʦʨ. 

ɺʫʣʢʘʥʠʟʘʪʠ ʠʟ ʢʘʫʯʫʢʦʚʠʭ ʩʤʝʰʘ ʙʝʟ ʫʙʨʟʠʚʘʯʘ ʤʦʛʫ ʠʤʘʪʠ 40ï50 ʘʪʦʤʘ ʩʫʤʧʦʨʘ 

ʫ ʤʨʝʞʠ, ʜʦʢ ʩʝ ʢʦʥʚʝʥʮʠʦʥʘʣʥʦ ʫʙʨʟʘʥʦʤ ʩʫʤʧʦʨʥʦʤ ʚʫʣʢʘʥʠʟʘʮʠʿʦʤ ʪʘʿ ʙʨʦʿ 

ʩʤʘˁʫʿʝ ʥʘ 10ï15. ʉʧʝʮʠʿʘʣʥʦ ʝʬʠʢʘʩʥʠ ʚʫʣʢʘʥʠʟʘʮʠʦʥʠ ʩʠʩʪʝʤʠ ʤʦʛʫ ʜʘ ʩʤʘˁʝ ʪʘʿ 

ʙʨʦʿʘ ʥʘ 4ï5, ʧʘ ʯʘʢ ʠ ʥʘ ʤʘˁʝ.  

ʍʝʤʠʿʩʢʠʤ ʧʨʦʙʘʤʘ ʤʦʛʫ ʙʠʪʠ ʧʨʦʮʝˁʝʥʝ ʨʝʣʘʪʠʚʥʝ ʢʦʣʠʯʠʥʝ ʤʦʥʦï, ʜʠï ʠ 

ʧʦʣʠʩʫʣʬʠʜʥʠʭ ʚʝʟʘ ʫ ʤʘʪʝʨʠʿʘʣʫ. ʀʟ ʪʠʭ ʠʥʬʦʨʤʘʮʠʿʘ ʠ ʢʦʣʠʯʠʥʝ ʘʟʦʪʘ ʠ ʩʫʤʧʦʨʘ 

ʢʦʤʙʠʥʦʚʘʥʠʭ ʩʘ ʢʘʫʯʫʢʦʤ ʧʨʠ ʨʘʟʣʠʯʠʪʠʤ ʩʪʝʧʝʥʠʤʘ ʚʫʣʢʘʥʠʟʘʮʠʿʝ, ʤʦʛʫ˂ʝ ʿʝ 

ʦʜʨʝʜʠʪʠ ʛʣʘʚʥʠ ʧʨʘʚʘʮ ʨʝʘʢʮʠʿʝ ʚʫʣʢʘʥʠʟʘʮʠʿʝ. 

ɺʦʜʦʥʠʢʦʚ ʘʪʦʤ ʢʦʿʠ ʩʝ ʫʢʣʘˁʘ ʦʙʠʯʥʦ ʿʝ ʚʝʟʘʥ ʟʘ ʤʝʨʠʣʝʥʩʢʫ ʛʨʫʧʫ ʫ Ŭï

ʧʦʣʦʞʘʿʫ ʜʚʦʩʪʨʫʢʝ ʚʝʟʝ, ʧʘ ʿʝ ʫ ʧʨʠʨʦʜʥʦʤ ʢʘʫʯʫʢʫ (ʰʝʤʘ 1) ʚʦʜʦʥʠʢʦʚ ʘʪʦʤ ʫ 

ʧʦʣʦʞʘʿʫ 4 ʠ 5 ʥʘʿʣʘʙʠʣʥʠʿʠ ʫ ʦʚʦʤ ʪʠʧʫ ʨʝʘʢʮʠʿʘ. 

 

 

ʐʝʤʘ 1. ʇʦʣʠʠʟʦʧʨʝʥʩʢʠ (ʧʨʠʨʦʜʥʠ) ʢʘʫʯʫʢ. 

 

ʊʘʢʦʹʝ ʿʝ ʝʚʠʜʝʥʪʥʦ ʧʨʝʤʦʰ˂ʝˁʝ ʠʥʠʮʠʨʘʥʦ ʫ ʧʦʣʦʞʘʿʠʤʘ 4 ʠ 5 ʧʦʜʣʦʞʥʦ 

ʘʣʠʣʥʦʤ ʧʨʝʤʝʰʪʘˁʫ (ʰʝʤʘ 2), ʧʨʠ ʯʝʤʫ ʩʝ ʜʦʙʠʿʘ ʥʦʚʠ ʢʦʥʬʠʛʫʨʘʮʠʦʥʠ ʨʘʩʧʦʨʝʜ: 

 

 

ʐʝʤʘ 2. ɸʣʠʣʥʦ ʧʨʝʤʝʰʪʘˁʝ ʪʦʢʦʤ ʧʨʦʮʝʩʘ ʫʤʨʝʞʘʚʘˁʘ. 

 

ʋ ʠʩʪʦ ʚʨʝʤʝ ʤʦʛʫ ʜʘ ʥʘʩʪʘʥʫ ʧʨʝʤʦʰ˂ʝˁʘ ʜʠʩʫʣʬʠʜʥʦʛ ʠ ʧʦʣʠʩʫʣʬʠʜʥʦʛ 
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ʪʠʧʘ ʫʟ ʬʦʨʤʠʨʘˁʝ ʢʦˁʫʛʦʚʘʥʠʭ ʪʨʠʝʥʘ (ʰʝʤʘ 3):  

 

 
 

ʐʝʤʘ 3. ʌʦʨʤʠʨʘˁʝ ʢʦˁʫʛʦʚʘʥʠʭ ʪʨʠʝʥʘ ʪʦʢʦʤ ʜʠʩʫʣʬʠʜʥʦʛ  

ʠ ʧʦʣʠʩʫʣʬʠʜʥʦʛ ʪʠʧʘ ʧʨʝʤʦʰ˂ʝˁʘ.  

 

ʋʢʦʣʠʢʦ ʩʝ ʧʨʦʮʝʩ ʜʝʩʫʣʬʫʨʠʟʘʮʠʿʝ ʦʜʠʛʨʘʚʘ ʙʨʟʦ, ʢʨʘʿˁʘ ʤʨʝʞʘ ʙʫʜʝ 

ʧʨʝʤʦʰ˂ʝʥʘ ʫʛʣʘʚʥʦʤ ʤʦʥʦʩʫʣʬʠʜʥʠʤ ʚʝʟʘʤʘ. ʇʦʩʪʦʿʘ˂ʝ ʥʝʢʦʣʠʢʦ ʤʦʜʠʬʠʢʘʮʠʿʘ 

ʠ ʮʠʢʣʠʯʥʠʭ ʩʫʣʬʠʜʘ ʠʣʠ ʢʦˁʫʛʦʚʘʥʠʭ ʪʨʠʝʥʘ. 

ɸʢʦ ʩʝ ʧʘʢ, ʜʝʩʫʣʬʫʨʠʟʘʮʠʿʘ ʠʟʚʦʜʠ ʣʘʛʘʥʦ, ʤʨʝʞʘ ˂ʝ ʩʘʜʨʞʘʪʠ ʜʠï ʠʣʠ 

ʧʦʣʠʩʫʣʬʠʜʥʘ ʧʨʝʤʦʰ˂ʝˁʘ ʢʦʿʘ ʩʫ ʧʦʜʣʦʞʥʘ ʢʘʩʥʠʿʦʿ ʜʝʢʦʤʧʦʟʠʮʠʿʠ. ʊʘʢʚʝ ʤʨʝʞʝ 

ʥʠʩʫ ʜʦʙʨʦ ʧʨʝʤʦʰ˂ʝʥʝ. 

ʇʨʠʩʫʩʪʚʦ HAF (ʝʥʛʣ. high abrasion furnace) ʯʘʹʠ ʫ ʩʤʝʰʘʤʘ ʧʨʠʨʦʜʥʦʛ 

ʢʘʫʯʫʢʘ ʧʦʚʝ˂ʘʚʘ ʫʢʫʧʥʫ ʙʨʟʠʥʫ ʨʝʘʢʮʠʿʝ ʢʘʫʯʫʢʘ ʠ ʩʫʤʧʦʨʘ ʠ ʧʦʪʧʦʤʘʞʝ ʨʝʘʢʮʠʿʫ 

ʜʝʩʫʣʬʫʨʠʟʘʮʠʿʝ. ʊʦ ʿʝ ʨʘʟʣʦʛ ʧʦʚʝ˂ʘˁʘ ʝʬʠʢʘʩʥʦʩʪʠ ʧʨʝʤʦʰ˂ʝˁʘ. 

 

2.2.3. ʈʝʦʣʦʰʢʦ ʧʨʘ˂ʝˁʝ ʪʦʢʘ ʫʤʨʝʞʘʚʘˁʘ 

 

ʂʨʠʚʘ ʢʦʿʘ ʧʦʢʘʟʫʿʝ ʟʘʚʠʩʥʦʩʪ ʤʝʨʝʥʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʤʘʪʝʨʠʿʘʣʘ ʦʜ ʚʨʝʤʝʥʘ 

ʚʫʣʢʘʥʠʟʘʮʠʿʝ ʥʘʟʠʚʘ ʩʝ ʢʨʠʚʘ ʫʤʨʝʞʘʚʘˁʘ (ʚʫʣʢʘʥʠʟʘʮʠʿʝ). ʂʨʠʚʝ ʚʫʣʢʘʥʠʟʘʮʠʿʝ 

ʤʦʛʫ ʩʝ ʜʘʪʠ ʟʘ ʩʚʘʢʫ ʩʧʝʮʠʬʠʯʥʫ ʢʘʨʘʢʪʝʨʠʩʪʠʢʫ. 

ʈʝʘʢʮʠʿʘ ʚʫʣʢʘʥʠʟʘʮʠʿʝ ʧʨʦʣʘʟʠ ʢʨʦʟ ʯʝʪʠʨʠ ʬʘʟʝ (ʩʣʠʢʘ 14): ʠʥʜʫʢʮʠʦʥʠ 

ʧʝʨʠʦʜ, ʫʤʨʝʞʘʚʘˁʝ, ʧʣʘʪʦ ʫʤʨʝʞʘʚʘˁʘ ʠ ʯʝʪʚʨʪʘ ʬʘʟʘ, ʢʦʜ ʢʦʿʝ ʧʦʩʪʦʿʝ ʪʨʠ 

ʨʘʟʣʠʯʠʪʝ ʤʦʛʫ˂ʥʦʩʪʠ, ʥʘʢʥʘʜʥʦ ʫʤʨʝʞʘʚʘˁʝ, ʨʘʚʥʦʪʝʞʘ ʠ ʨʘʟʤʨʝʞʘʚʘˁʝ, ʢʦʿʝ 

ʤʦʞʝ ʙʠʪʠ ʨʝʚʝʨʟʠʿʘ ʠ ʜʝʛʨʘʜʘʮʠʿʘ.  
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ʉʣʠʢʘ 14. ʊʝʦʨʠʿʩʢʘ ʢʨʠʚʘ ʚʫʣʢʘʥʠʟʘʮʠʿʝ ʩʘ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʠʤ ʚʨʝʤʝʥʠʤʘ [62]. 

 

ʂʘʨʘʢʪʝʨʠʩʪʠʯʥʝ ʪʘʯʢʝ ʥʘ ʢʨʠʚʦʿ ʚʫʣʢʘʥʠʟʘʮʠʿʝ ʧʨʝʜʩʪʘʚˀʘʿʫ: 

 

¶ ɺʨʝʤʝ ʫʤʨʝʞʘʚʘˁʘ-ʚʨʝʤʝ ʧʦʪʨʝʙʥʦ ʟʘ ʜʦʩʪʠʟʘˁʝ ʦʧʪʠʤʫʤʘ 

ʚʫʣʢʘʥʠʟʘʮʠʿʝ (MMAX). 

¶ ɺʨʝʤʝ ʧʨʝʜʚʫʣʢʘʥʠʟʘʮʠʿʝ-ʚʨʝʤʝʥʩʢʠ ʠʥʪʝʨʚʘʣ ʦʜ ʧʦʯʝʪʢʘ ʟʘʛʨʝʚʘˁʘ 

ʜʦ ʧʦʯʝʪʢʘ ʚʫʣʢʘʥʠʟʘʮʠʿʝ (ʄMIN). 

¶ ɺʨʝʤʝ ʚʫʣʢʘʥʠʟʘʮʠʿʝ-ʚʨʝʤʝ ʦʜ ʧʦʯʝʪʢʘ ʚʫʣʢʘʥʠʟʘʮʠʿʝ ʜʦ ʦʧʪʠʤʘʣʥʝ 

ʚʫʣʢʘʥʠʟʘʮʠʿʝ. 

¶ ʆʧʪʠʤʫʤ ʚʫʣʢʘʥʠʟʘʮʠʿʝ-ʚʨʝʤʝ ʧʦʪʨʝʙʥʦ ʟʘ ʧʦʩʪʠʟʘˁʝ ʥʝʢʝ 

ʚʨʝʜʥʦʩʪʠ ʙʣʠʟʫ ʤʘʢʩʠʤʫʤʘ ʩʚʦʿʩʪʚʘ. (ʅʘ ʩʣʠʮʠ 14 ʪʦ ʦʜʛʦʚʘʨʘ 

Mt90=90% MMAX). 

¶ ʇʣʘʪʦ ʚʫʣʢʘʥʠʟʘʮʠʿʝ-ʜʝʦ ʢʨʠʚʝ ʛʜʝ ʧʨʝʢʠʜʥʘ ʯʚʨʩʪʦ˂ʘ ʧʦʩʪʘʿʝ 

ʨʝʣʘʪʠʚʥʦ ʢʦʥʩʪʘʥʪʥʘ ʪʦʢʦʤ ʚʨʝʤʝʥʘ. 

¶ ʈʝʚʝʨʟʠʿʘ. ʂʦʜ ʩʫʤʧʦʨʥʝ ʚʫʣʢʘʥʠʟʘʮʠʿʝ NR ʟʘʛʨʝʚʘˁʝʤ ʚʫʣʢʘʥʠʟʘʪʘ 

ʜʫʞʝ ʥʝʛʦ ʰʪʦ ʿʝ ʧʦʪʨʝʙʥʦ ʟʘ ʧʦʩʪʠʟʘˁʝ ʦʧʪʠʤʫʤʘ ʚʫʣʢʘʥʠʟʘʮʠʿʝ 

ʜʦʣʘʟʠ ʜʦ ʧʦʛʦʨʰʘˁʘ ʩʚʦʿʩʪʘʚʘ. 

 

ʅʘʢʥʘʜʥʦ ʫʤʨʝʞʘʚʘˁʘ ʤʦʞʝ ʥʘʩʪʘʪʠ ʥʘʢʦʥ ʧʣʘʪʦʘ, ʘʢʦ ʩʫ ʧʨʠʩʫʪʥʝ ʚʝʟʝ ʢʦʿʝ 

ʩʫ ʩʧʦʩʦʙʥʝ ʟʘ ʦʜʚʠʿʘˁʝ ʨʝʘʢʮʠʿʝ ʫʤʨʝʞʘʚʘˁʘ, ʰʪʦ ˂ʝ ʠʟʘʟʚʘʪʠ ʜʦʜʘʪʥʦ ʧʦʚʝ˂ʘˁʝ 

ʩʪʝʧʝʥʘ ʫʤʨʝʞʘʚʘˁʘ. ɼʦ ʨʘʚʥʦʪʝʞʝ ʜʦʣʘʟʠ ʫʢʦʣʠʢʦ ʪʝʤʧʝʨʘʪʫʨʘ ʨʝʘʢʮʠʿʝ ʥʠʿʝ 
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ʩʫʚʠʰʝ ʚʠʩʦʢʘ, ʪʝ ʥʝ ʜʦʣʘʟʠ ʜʦ ʟʥʘʪʥʦʛ ʨʘʟʤʨʝʞʘʚʘˁʘ. ʊʨʝ˂ʘ ʤʦʛʫ˂ʥʦʩʪ ʟʘʚʨʰʝʪʢʘ 

ʫʤʨʝʞʘʚʘˁʘ ʿʝʩʪʝ ʨʝʚʝʨʟʠʿʘ ʢʦʿʘ ʧʨʝʜʩʪʘʚˀʘ ʨʘʟʤʨʝʞʘʚʘˁʝ ʧʨʝʪʭʦʜʥʦ ʫʤʨʝʞʝʥʦʛ 

ʜʝʣʘ ʣʘʥʘʮʘ ʤʘʢʨʦʤʦʣʝʢʫʣʩʢʝ ʤʨʝʞʝ, ʘ ʜʦʜʘʪʥʦ ʤʦʞʝ ʜʦ˂ʠ ʠ ʜʦ ʪʝʨʤʠʯʢʝ 

ʜʝʛʨʘʜʘʮʠʿʝ ʫʢʦʣʠʢʦ ʪʨʘʿʝ ʟʘʛʨʝʚʘˁʝ ʧʨʦʠʟʚʦʜʘ ʜʫʞʝ ʥʝʛʦ ʰʪʦ ʿʝ ʧʨʝʜʚʠʹʝʥʦ. 

ʅʘʚʝʜʝʥʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʩʝ ʤʝˁʘʿʫ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʫʙʨʟʠʚʘʯʘ, ʢʦʤʙʠʥʘʮʠʿʝ 

ʫʙʨʟʠʚʘʯʘ ʢʘʦ ʠ ʦʜʥʦʩʘ ʫʙʨʟʠʚʘʯʘ ʠ ʢʘʫʯʫʢʘ. 

 

ςȢςȢτȢ ˏ̆̈́ ̣̉̈̍̆̔ ̪̒̃̏̒̓́̃́ ̉ ̓̉̐́ ̒̉̒̓̆̍́ ̈́ ̮̔̍̑̆̇́̃́̆ 

ʉʚʦʿʩʪʚʘ ʤʘʪʝʨʠʿʘʣʘ ʢʘʦ ʰʪʦ ʩʫ: ʧʨʝʢʠʜʥʘ ʯʚʨʩʪʦ˂ʘ, ʤʦʜʫʣʠ, ʦʪʧʦʨʥʦʩʪ ʥʘ 

ʙʫʙʨʝˁʝ ʫ ʪʝʯʥʦʩʪʠʤʘ, ʦʪʧʦʨʥʦʩʪ ʥʘ ʟʘʤʦʨ ʠ ʦʜʙʦʿʥʘ ʝʣʘʩʪʠʯʥʦʩʪ ʧʦʚʝ˂ʘʚʘʿʫ ʩʝ ʩʘ 

ʧʦʨʘʩʪʦʤ ʩʪʝʧʝʥʘ ʫʤʨʝʞʝʥʦʩʪʠ ʦʜʥʦʩʥʦ ʙʨʦʿʘ ʧʨʝʤʦʰ˂ʝˁʘ. ʆʜ ʫʩʣʦʚʘ ʫʤʨʝʞʝˁʘ 

ʟʘʚʠʩʠ ʪʠʧ ʧʨʝʤʦʰ˂ʝˁʘ ʤʝʹʫ ʧʦʣʠʤʝʨʥʠʤ ʣʘʥʮʠʤʘ ʢʘʫʯʫʢʘ. ʉʪʘʙʠʣʥʦʩʪ ʜʦʙʠʿʝʥʦʛ 

ʤʘʪʝʨʠʿʘʣʘ ʧʨʘʪʠ ʩʝ ʥʘ ʦʩʥʦʚʫ ʧʨʦʤʝʥʘ ʬʠʟʠʯʢʦ-ʤʝʭʘʥʠʯʢʠʭ ʩʚʦʿʩʪʘʚʘ ʥʘʢʦʥ 

ʠʟʣʘʛʘˁʘ ʚʫʣʢʘʥʠʟʘʪʘ ʫʙʨʟʘʥʦʤ ʩʪʘʨʝˁʫ, ʪʿ. ʫʪʠʮʘʿʫ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘ ʫ 

ʦʜʨʝʹʝʥʦʤ ʚʨʝʤʝʥʫ. ɽʬʝʢʘʪ ʫʤʨʝʞʘʚʘʿʫ˂ʝʛ ʩʠʩʪʝʤʘ ʿʝ ʢʦʤʧʣʝʢʩʘʥ: ʩʨʝʜʩʪʚʦ ʟʘ 

ʫʤʨʝʞʘʚʘˁʝ ʢʘʦ ʰʪʦ ʿʝ ʪʝʪʨʘʤʝʪʠʣʪʠʫʨʘʤ ʜʠʩʫʣʬʠʜ (TMTD) ʿʝ ʜʘʚʘʣʘʮ ʩʫʤʧʦʨʘ, 

ʦʙʝʟʙʝʹʫʿʝ ʩʪʘʙʠʣʥʘ ʧʨʝʤʦʰ˂ʝˁʘ, ʘ ʬʦʨʤʠʨʘʥʠ ʥʫʩʧʨʦʠʟʚʦʜ ʮʠʥʢ 

ʜʠʤʝʪʠʣʜʠʪʠʦʢʘʨʙʘʤʘʪ (ZDMDC) ʿʝ ʝʬʠʢʘʩʘʥ ʘʥʪʠʦʢʩʠʜʘʥʩ. ɺʫʣʢʘʥʠʟʘʪʠ ʜʦʙʠʿʝʥʠ 

ʫʤʨʝʞʘʚʘˁʝʤ ʩʘ ʩʠʩʪʝʤʠʤʘ ʢʦʿʠ ʜʘʿʫ ʤʦʥʦʩʫʣʬʠʜʥʘ ʧʨʝʤʦʰ˂ʝˁʘ, ʢʘʦ ʰʪʦ ʩʫ 

TMTD ʠʣʠ ʥʝʢʠ ʜʨʫʛʠ ʩʠʩʪʝʤ ʩʘ ʜʦʥʦʨʦʤ ʩʫʤʧʦʨʘ, ʠʤʘʿʫ ʜʦʙʨʫ ʧʦʩʪʦʿʘʥʦʩʪ ʥʘ 

ʩʪʘʨʝˁʝ ʥʘ ʧʦʚʠʰʝʥʠʤ ʪʝʤʧʝʨʘʪʫʨʘʤʘ, ʘʣʠ ʣʦʰʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʥʘ ʟʘʤʦʨ. ʉʘ ʜʨʫʛʝ 

ʩʪʨʘʥʝ, ʩʠʩʪʝʤʠ ʩʘ ʧʦʣʠʩʫʣʬʠʜʥʠʤ ʧʨʝʤʦʰ˂ʝˁʠʤʘ, ʢʘʦ ʦʥʠ ʜʦʙʠʿʝʥʠ ʩʘ 2-

ʤʝʨʢʘʧʪʦʙʝʥʟʦʪʠʘʟʦʣʦʤ (MBT) ʠʣʠ N-ʮʠʢʣʦʭʝʢʩʠʣ-2-ʙʝʥʟʦʪʠʘʟʦʣ ʩʫʣʬʝʥʘʤʠʜʦʤ 

(CBS) ʩʘ ʚʠʰʠʤ ʩʘʜʨʞʘʿʝʤ ʩʫʤʧʦʨʘ, ʠʤʘʿʫ ʚʨʣʦ ʜʦʙʨʫ ʦʪʧʦʨʥʦʩʪ ʥʘ ʟʘʤʦʨ. ʉʭʦʜʥʦ 

ʦʚʦʤʝ, ʧʦʣʫʝʬʠʢʘʩʥʠ ʩʠʩʪʝʤʠ ʚʫʣʢʘʥʠʟʘʮʠʿʝ ʧʨʝʜʩʪʘʚˀʘʿʫ ʢʦʤʧʨʦʤʠʩ, ʪʿ. 

ʦʙʝʟʙʝʹʫʿʫ ʜʦʙʨʘ ʩʚʦʿʩʪʚʘ ʠ ʧʨʠ ʩʪʘʨʝˁʫ ʠ ʧʨʠ ʟʘʤʦʨʫ. 

 

2.3. ʄʝʰˀʠʚʦʩʪ ʧʦʣʠʤʝʨʘ 

ʂʦʤʙʠʥʘʮʠʿʦʤ ʨʘʟʣʠʯʠʪʠʭ ʪʠʧʦʚʘ ʢʘʫʯʫʢʘ ʬʦʨʤʠʨʘʿʫ ʩʝ ʧʦʣʠʤʝʨʥʝ ʙʣʝʥʜʝ 

ʢʦʿʝ, ʥʘʢʦʥ ʧʨʦʮʝʩʘ ʫʤʨʝʞʘʚʘˁʘ, ʧʨʝʣʘʟʝ ʫ ʭʝʪʝʨʦʛʝʥʝ ʝʣʘʩʪʦʤʝʨʥʝ ʤʘʪʝʨʠʿʘʣʝ ʩʘ 

ʫʥʘʧʨʝʹʝʥʠʤ ʠ ʠʥʪʝʛʨʠʩʘʥʠʤ ʩʚʦʿʩʪʚʠʤʘ ʩʚʦʿʠʭ ʧʦʣʘʟʥʠʭ ʢʦʤʧʦʥʝʥʘʪʘ. ʇʦʪʨʝʙʘ ʟʘ 

ʨʘʟʚʦʿʝʤ ʥʦʚʠʭ ʧʦʣʠʤʝʨʥʠʭ ʩʠʩʪʝʤʘ ʥʝ ʤʦʨʘ ʩʝ ʥʫʞʥʦ ʨʝʰʘʚʘʪʠ ʩʠʥʪʝʟʦʤ ʥʦʚʠʭ 

ʤʦʥʦʤʝʨʘ ʠʣʠ ʧʦʣʠʤʝʨʘ, ʚʝ˂ ʩʝ ʤʦʞʝ ʧʦʩʪʠ˂ʠ ʠ ʢʨʦʟ ʨʘʮʠʦʥʘʣʥʦ ʢʦʤʙʠʥʦʚʘˁʝ 
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ʧʦʩʪʦʿʝ˂ʠʭ ʢʘʫʯʫʢʘ. ʋ ʠʥʜʫʩʪʨʠʿʩʢʦʿ ʧʨʘʢʩʠ, ʥʘʨʦʯʠʪʦ ʿʝ ʨʘʩʧʨʦʩʪʨʘˁʝʥʘ ʫʧʦʪʨʝʙʘ 

ʫʤʨʝʞʝʥʠʭ ʩʠʩʪʝʤʘ ʥʘ ʙʘʟʠ ʜʚʘ ʪʠʧʘ ʢʘʫʯʫʢʘ. ʄʝʹʫʪʠʤ, ʧʨʠ ʬʦʨʤʫʣʘʮʠʿʠ ʦʚʘʢʚʠʭ 

ʙʣʝʥʜʠ, ʢˀʫʯʥʫ ʫʣʦʛʫ ʠʤʘ ʨʘʚʥʦʪʝʞʥʘ ʤʝʰˀʠʚʦʩʪ (ʢʦʤʧʘʪʠʙʠʣʥʦʩʪ) ʧʦʿʝʜʠʥʘʯʥʠʭ 

ʢʦʤʧʦʥʝʥʪʠ ð ʩ ʦʙʟʠʨʦʤ ʥʘ ʪʦ ʜʘ ʩʝ ʟʥʘʯʘʿʘʥ ʙʨʦʿ ʧʦʣʠʤʝʨʘ ʤʝʹʫʩʦʙʥʦ ʥʝ ʤʝʰʘ 

ʠʣʠ ʧʦʢʘʟʫʿʝ ʦʛʨʘʥʠʯʝʥʫ ʪʝʨʤʦʜʠʥʘʤʠʯʢʫ ʢʦʤʧʘʪʠʙʠʣʥʦʩʪ. ɺʘʞʘʥ ʬʘʢʪʦʨ ʧʨʠ 

ʤʝʰʘˁʫ ʢʘʫʯʫʢʘ ʿʝ ʧʘʨʘʤʝʪʘʨ ʨʘʩʪʚʦʨˀʠʚʦʩʪʠ. ɺʝʣʠʢʘ ʨʘʟʣʠʢʘ ʫ ʧʘʨʘʤʝʪʨʠʤʘ 

ʨʘʩʪʚʦʨˀʠʚʦʩʪʠ ʨʘʟʣʠʯʠʪʠʭ ʢʘʫʯʫʢʘ ʜʘʿʝ ʥʝʭʦʤʦʛʝʥʫ ʤʝʰʘʚʠʥʫ. NR ʠ SBR ʠʤʘʿʫ 

ʩʣʠʯʥʝ Hildebrand-ʦʚ ʧʘʨʘʤʝʪʘʨ ʨʘʩʪʚʦʨˀʠʚʦʩʪʠ (ŭ) ʰʪʦ ʦʤʦʛʫ˂ʘʚʘ ˁʠʭʦʚʫ ʜʦʙʨʫ 

ʢʦʤʧʘʪʠʙʠʣʥʦʩʪ ʫ ʙʣʝʥʜʘʤʘ (ŭNR å 16.7 ï 17.2 MPa1/2, ŭSBRå 17.2 ï 17.6 MPa1/2). 

ʇʨʝʤʘ ʨʝʟʫʣʪʘʪʠʤʘ Wʦʦ-a ʠ ʩʘʨʘʜʥʠʢʘ [63], ʟʘʤʦʨ ʠ ʧʫʮʘˁʝ ʝʣʘʩʪʦʤʝʨʥʠʭ 

ʤʘʪʝʨʠʿʘʣʘ ʥʘ ʙʘʟʠ NR ʛʫʤʝ ʤʦʛʫ ʙʠʪʠ ʧʦʙʦˀʰʘʥʠ ʜʦʜʘʚʘˁʝʤ ʤʘʣʠʭ ʢʦʣʠʯʠʥʘ SBR 

ʢʘʫʯʫʢʘ. ʀʩʪʨʘʞʠʚʘˁʘ ʩʫ ʧʦʢʘʟʘʣʘ ʜʘ ʩʝ ʤʝʭʘʥʠʯʢʘ ʩʚʦʿʩʪʚʘ ʪʘʢʚʝ ʩʤʝʰʝ ʤʦʞʝ 

ʧʦʙʦˀʰʘʪʠ ʜʦʜʘʚʘˁʝʤ ʦʜʛʦʚʘʨʘʿʫ˂ʝʛ ʢʦʤʧʘʪʠʙʠʣʠʟʘʪʦʨʘ [1]. ʄʝʰʘˁʝ SBR ʩʘ NR 

ʤʦʞʝ ʧʦʙʦˀʰʘʪʠ ʧʨʝʢʠʜʥʫ ʯʚʨʩʪʦ˂ʫ [64].  

ʊʝʨʤʦʜʠʥʘʤʠʯʢʠ ʤʝʰˀʠʚʠ ʧʦʣʠʤʝʨʠ, ʧʨʠ ʩʪʘʣʥʦʤ ʧʨʠʪʠʩʢʫ, ʤʝʰʘʿʫ ʩʝ ʫʟ 

ʩʤʘˁʝˁʝ ʩʣʦʙʦʜʥʝ ʝʥʝʨʛʠʿʝ (DG<0). ʇʨʦʤʝʥʘ ʩʣʦʙʦʜʥʝ ʝʥʝʨʛʠʿʝ ʩʠʩʪʝʤʘ ʜʝʬʠʥʠʰʝ 

ʩʝ ʧʨʦʤʝʥʦʤ ʝʥʪʘʣʧʠʿʝ (DH), ʝʥʪʨʦʧʠʿʝ (DS) ʠ ʪʝʤʧʝʨʘʪʫʨʝ: 

     ɝ' Ў( 4Ў3                           (1) 

ʇʨʠ ʤʝʰʘˁʫ ʨʘʟʥʦʨʦʜʥʠʭ ʤʦʣʝʢʫʣʘ, ʥʝ ʜʦʣʘʟʠ ʜʦ ʩʤʘˁʝˁʘ ˁʠʭʦʚʝ ʛʠʙʢʦʩʪʠ, 

ʝʥʪʨʦʧʠʿʘ ʩʠʩʪʝʤʘ ʩʝ ʧʦʚʝ˂ʘʚʘ (DS>0). ʇʨʦʤʝʥʘ ʝʥʪʘʣʧʠʿʝ ʧʨʠ ʤʝʰʘˁʫ ʟʘʚʠʩʠ ʦʜ 

ʢʘʨʘʢʪʝʨʘ ʫʟʘʿʘʤʥʦʛ ʜʝʿʩʪʚʘ ʠʟʤʝʹʫ ʢʦʤʧʦʥʝʥʘʪʘ. ʋʢʦʣʠʢʦ ʧʨʠ ʤʝʰʘˁʫ ʜʚʘ 

ʧʦʣʠʤʝʨʘ ʜʦʣʘʟʠ ʜʦ ʠʟʜʚʘʿʘˁʘ ʪʦʧʣʦʪʝ, ʰʪʦ ʿʝ ʧʦʩʣʝʜʠʮʘ ʪʦʛʘ ʜʘ ʿʝ ʝʥʝʨʛʠʿʘ 

ʫʟʘʿʘʤʥʦʛ ʜʝʿʩʪʚʘ ʨʘʟʥʦʨʦʜʥʠʭ ʤʦʣʝʢʫʣʘ ʚʝ˂ʘ ʦʜ ʝʥʝʨʛʠʿʝ ʩʦʧʩʪʚʝʥʦʛ 

ʤʝʹʫʤʦʣʝʢʫʣʩʢʦʛ ʜʝʿʩʪʚʘ, ʪʘʢʚʠ ʧʦʣʠʤʝʨʠ ʩʫ ʧʦʪʧʫʥʦ ʪʝʨʤʦʜʠʥʘʤʠʯʢʠ ʤʝʰˀʠʚʠ 

(ʊDS>0 ʠ DH<0, ʧʘ ʿʝ DG<0). ʇʨʠ ʥʝʛʘʪʠʚʥʦʿ ʧʨʦʤʝʥʠ ʝʥʪʘʣʧʠʿʝ ʫ ʧʨʦʮʝʩʫ ʤʝʰʘˁʘ 

ʠʟʜʚʘʿʘ ʩʝ ʪʦʧʣʦʪʘ (ʪʦʧʣʦʪʥʠ ʝʬʝʢʘʪ ʤʝʰʘˁʘ DQ>0). 

ʀʩʧʠʪʠʚʘˁʘ ʩʫ ʧʦʢʘʟʘʣʘ ʜʘ ʩʝ ʥʘʿʚʝ˂ʠ ʙʨʦʿ ʧʦʣʠʤʝʨʘ ʤʝʰʘ ʫʟ ʘʧʩʦʨʙʦʚʘˁʝ 

ʪʦʧʣʦʪʝ ʠʣʠ ʠʤʘ ʪʦʧʣʦʪʥʠ ʝʬʝʢʘʪ ʙʣʠʟʘʢ ʥʫʣʠ. ɿʘ ʜʦʩʪʠʟʘˁʝ ʪʝʨʤʦʜʠʥʘʤʠʯʢʝ 

ʤʝʰˀʠʚʦʩʪʠ ʪʘʢʚʠʭ ʩʠʩʪʝʤʘ (DH >0), ʧʦʪʨʝʙʥʦ ʿʝ ʜʘ ʿʝ ʠʩʧʫˁʝʥ ʫʩʣʦʚ ʜʘ ʿʝ ʊDS 

>DH. 
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2.4. ʇʫʥʠʣʘ  

ʇʫʥʠʣʘ ʩʫ ʿʝʜʠˁʝˁʘ ʦʨʛʘʥʩʢʦʛ ʠʣʠ ʥʝʦʨʛʘʥʩʢʦʛ ʧʦʨʝʢʣʘ, ʯʠʿʘ ʿʝ ʫʣʦʛʘ 

ʧʦʩʪʠʟʘˁʝ ʦʜʨʝʹʝʥʠʭ ʦʩʦʙʠʥʘ ʛʫʤʝʥʝ ʤʝʰʘʚʠʥʝ ï ʘʢʪʠʚʥʘ ʧʫʥʠʣʘ ʠʣʠ 

ʧʦʿʝʬʪʠˁʝˁʝ ʧʨʦʠʟʚʦʜʘ ï ʥʝʘʢʪʠʚʥʘ ʧʫʥʠʣʘ. ɸʢʪʠʚʥʘ ʧʫʥʠʣʘ ʤʦʛʫ ʜʘ ʫ ʟʥʘʪʥʦʿ 

ʤʝʨʠ ʫʪʠʯʫ ʥʘ ʩʚʦʿʩʪʚʘ ʛʫʤʝʥʝ ʤʝʰʘʚʠʥʝ: ʧʨʝʢʠʜʥʫ ʯʚʨʩʪʦ˂ʫ, ʦʪʧʦʨʥʦʩʪ ʥʘ ʭʘʙʘˁʝ, 

ʮʝʧʘˁʝ, ʟʘʩʝʮʘˁʝ ʠʪʜ.  

ɸʢʪʠʚʥʘ ʧʫʥʠʣʘ ʠʤʘʿʫ ʠʟʨʘʞʝʥ ʘʬʠʥʠʪʝʪ ʧʨʝʤʘ ʢʘʫʯʫʢʫ, ʘʢʪʠʚʥʘ ʤʝʩʪʘ ʥʘ 

ʧʦʚʨʰʠʥʠ ʦʚʠʭ ʧʫʥʠʣʘ ʠʤʘʿʫ ʪʝʥʜʝʥʮʠʿʫ ʩʪʚʘʨʘˁʘ ʚʝʟʘ ʢʘʢʦ ʩʘ ʤʘʢʨʦʤʦʣʝʢʫʣʠʤʘ 

ʢʘʫʯʫʢʘ, ʪʘʢʦ ʠ ʩʘ ʜʨʫʛʠʤ ʯʝʩʪʠʮʘʤʘ ʧʫʥʠʣʘ. ʊʘʢʦʹʝ, ʘʢʪʠʚʥʘ ʧʫʥʠʣʘ ʩʪʚʘʨʘʿʫ 

ʩʦʧʩʪʚʝʥʫ ʤʨʝʞʫ. ʅʝʘʢʪʠʚʥʘ ʧʫʥʠʣʘ ʥʝʤʘʿʫ ʠʟʨʘʞʝʥʫ ʧʦʚʨʰʠʥʩʢʫ ʘʢʪʠʚʥʦʩʪ, ʠ 

ʥʘʿʯʝʰ˂ʝ ʠʤ ʿʝ ʦʩʥʦʚʥʘ ʬʫʥʢʮʠʿʘ ʧʦʚʝ˂ʘˁʝ ʤʘʩʝ (ʝʢʩʪʝʥʜʝʨʠ), ʦʜʥʦʩʥʦ ʩʥʠʞʘʚʘˁʝ 

ʮʝʥʝ ʛʦʪʦʚʠʭ ʧʨʦʠʟʚʦʜʘ.  

ʅʝʢʝ ʩʦʙʠʥʝ ʧʫʥʠʣʘ ʜʠʨʝʢʪʥʦ ʫʪʠʯʫ ʥʘ ʩʚʦʿʩʪʚʘ ʛʫʤʝ: 

¶ ʚʝʣʠʯʠʥʘ ʠ ʛʝʦʤʝʪʨʠʿʘ ʯʝʩʪʠʮʘ (ʰʪʦ ʿʝ ʤʘˁʘ ʯʝʩʪʠʮʘ ʪʦ ʿʝ ʜʝʿʩʪʚʦ 

ʧʫʥʠʣʘ ʝʬʠʢʘʩʥʠʿʝ), 

¶ ʩʧʝʮʠʬʠʯʥʘ ʧʦʚʨʰʠʥʘ ʧʫʥʠʣʘ, 

¶ ʘʛʣʦʤʝʨʘʮʠʿʘ ʯʝʩʪʠʮʘ. 

ʅʝʘʢʪʠʚʥʘ ʧʫʥʠʣʘ ʩʫ ʤʘʪʝʨʠʿʝ ʢʦʿʝ ʩʝ ʜʦʜʘʿʫ ʛʫʤʝʥʦʿ ʤʝʰʘʚʠʥʠ ʨʘʜʠ 

ʧʦʿʝʬʪʠˁʝˁʘ ʧʨʦʠʟʚʦʜʘ, ʧʦʙʦˀʰʘˁʘ ʧʨʝʨʘʜˀʠʚʦʩʪʠ, ʨʘʜʠ ʫʪʠʮʘʿʘ ʥʘ ʥʝʢʘ 

ʩʧʝʮʠʬʠʯʥʘ ʩʚʦʿʩʪʚʘ ʥʧʨ. ʦʪʧʦʨʥʦʩʪ ʥʘ ʛʦʨʝˁʝ ʜʦʜʘʪʢʦʤ ʘʣʫʤʦʩʠʣʠʢʘʪʘ. ʅʘʿʯʝʰ˂ʘ 

ʥʝʘʢʪʠʚʥʘ ʧʫʥʠʣʘ ʩʫ: ʢʨʝʜʘ, ʪʘʣʢ ʠ ʢʘʦʣʠʥ. 

ʇʦʜʝʣʘ ʧʫʥʠʣʘ ʢʦʿʘ ʩʝ ʫʧʦʪʨʝʙˀʘʚʘʿʫ ʫ ʛʫʤʘʨʩʢʦʿ ʠʥʜʫʩʪʨʠʿʠ ʤʦʞʝ ʩʝ 

ʠʟʚʨʰʠʪʠ ʠ ʧʨʝʤʘ ʧʦʨʝʢʣʫ ʥʘ ʦʨʛʘʥʩʢʘ ʠ ʥʝʦʨʛʘʥʩʢʘ (ʩʣʠʢʘ 15). 

ʇʫʥʠʣʘ ʢʦʿʘ ʩʝ ʜʦʜʘʿʫ ʫ ʩʤʝʰʫ ʢʘʫʯʫʢʘ ʪʨʝʙʘ ʜʘ ʟʘʜʦʚʦˀʝ ʦʜʨʝʹʝʥʝ ʟʘʭʪʝʚʝ 

ʢʘʢʦ ʙʠ ˁʠʭʦʚ ʝʬʝʢʘʪ ʙʠʦ ʰʪʦ ʧʦʪʧʫʥʠʿʠ. ʇʨʝʤʘ ʪʦʤʝ ʧʫʥʠʣʘ ʪʨʝʙʘ ʜʘ ʠʤʘʿʫ: 

ʧʨʠʙʣʠʞʥʦ ʠʩʪʠ ʩʪʝʧʝʥ ʜʠʩʧʝʨʟʠʿʝ ʫ ʢʘʫʯʫʢʫ, ʤʠʥʠʤʘʣʘʥ ʩʘʜʨʞʘʿ ʚʣʘʛʝ ʠ 

ʠʩʧʘʨˀʠʚʠʭ ʤʘʪʝʨʠʿʘ, ʜʘ ʙʫʜʫ ʰʪʦ ʯʠʩʪʠʿʠ ʠ ʙʝʟ ʤʝʭʘʥʠʯʢʠʭ ʥʝʯʠʩʪʦ˂ʘ, ʜʘ ʥʝ 

ʩʘʜʨʞʝ ʩʣʦʙʦʜʥʝ ʤʠʥʝʨʘʣʥʝ ʢʠʩʝʣʠʥʝ ʠ ʤʠʥʝʨʘʣʥʝ ʩʦʣʠ ʨʘʩʪʚʦʨʝʥʝ ʫ ʚʦʜʠ, ʜʘ ʙʫʜʫ 

ʰʪʦ ʭʦʤʦʛʝʥʠʿʠ ʧʦ ʩʘʩʪʘʚʫ ʠ ʜʘ ʙʫʜʫ ʩʪʘʙʠʣʥʠ ʫ ʫʩʣʦʚʠʤʘ ʯʫʚʘˁʘ ʠ ʫʤʨʝʞʘʚʘˁʘ. 
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ʉʣʠʢʘ 15. ʇʨʠʢʘʟ ʢʣʘʩʠʬʠʢʘʮʠʿʝ ʧʫʥʠʣʘ ʧʨʝʤʘ ʥʘʯʠʥʫ ʥʘʩʪʘʿʘˁʘ. 

2.4.1. ʏʘʹ 

ʏʘʹ ʿʝ ʥʘʿʨʘʩʧʨʦʩʪʨʘˁʝʥʠʿʝ ʠ ʥʘʿʘʢʪʠʚʥʠʿʝ ʦʨʛʘʥʩʢʦ ʘʢʪʠʚʥʦ ʧʫʥʠʣʦ ʩʘ 

ʰʠʨʦʢʦʤ ʧʨʠʤʝʥʦʤ ʫ ʠʥʜʫʩʪʨʠʿʠ. ʇʦʨʝʜ ʯʘʹʠ ʩʝ ʢʘʦ ʘʢʪʠʚʥʘ ʧʫʥʠʣʘ ʢʦʨʠʩʪʝ: 

ʧʫʥʠʣʘ ʥʘ ʙʘʟʠ ʩʠʣʠʮʠʿʫʤ ʜʠʦʢʩʠʜʘ, ʩʧʝʮʠʿʘʣʥʠ ʘʢʪʠʚʥʠ ʪʠʧʦʚʠ ʢʘʦʣʠʥʘ, ʩʠʣʠʢʘʪʠ 

ʢʘʣʮʠʿʫʤʘ, ʮʠʥʢʘ, ʤʘʛʥʝʟʠʿʫʤʘ, ʮʠʥʢ ʦʢʩʠʜ ʠ ʜʨ. 

ʅʘʨʦʯʠʪʦ ʚʝʣʠʢʠ ʟʥʘʯʘʿ ʠʤʘ ʫ ʛʫʤʘʤʘ ʥʘ ʙʘʟʠ ʧʦʣʠʙʫʪʘʜʠʝʥʩʢʦʛ, ʙʫʪʘʜʠʝʥ-

ʩʪʠʨʝʥʩʢʦʛ, ʙʫʪʘʜʠʝʥ-ʘʢʨʠʣʦʥʠʪʨʠʣʥʦʛ ʢʘʫʯʫʢʘ, ʢʦʜ ʢʦʿʠʭ ʦʩʪʚʘʨʫʿʝ ʚʝʣʠʢʠ 

ʦʿʘʯʘʚʘʿʫ˂ʠ ʝʬʝʢʘʪ. ʋ ʛʫʤʘʨʩʢʦʿ ʠʥʜʫʩʪʨʠʿʠ ʧʦʪʨʦʰˁʘ ʯʘʹʠ ʿʝ ʥʘ ʜʨʫʛʦʤ ʤʝʩʪʫ, 

ʦʜʤʘʭ ʧʦʩʣʝ ʢʘʫʯʫʢʘ, ʿʝʨ ʟʥʘʯʘʿʥʦ ʧʦʙʦˀʰʘʚʘ ʩʚʦʿʩʪʚʘ ʢʘʫʯʫʢʘ. ʇʨʝʤʘ ʩʚʦʤ 

ʜʝʣʦʚʘˁʫ ʥʘ ʢʘʫʯʫʢ, ʜʝʣʝ ʩʝ ʥʘ: ʘʢʪʠʚʥʝ, ʧʦʣʫʘʢʪʠʚʥʝ ʠ ʥʝʘʢʪʠʚʥʝ. 

ɼʦʙʠʿʘʿʫ ʩʝ ʥʝʧʦʪʧʫʥʠʤ ʩʘʛʦʨʝʚʘˁʝʤ ʫʛˀʦʚʦʜʦʥʠʢʘ ʢʦʿʠ ʤʦʛʫ ʙʠʪʠ ʫ ʩʚʘ ʪʨʠ 

ʘʛʨʝʛʘʪʥʘ ʩʪʘˁʘ, ʧʘ ʪʘʢʦ ʧʦʩʪʦʿʝ: ʛʘʩʥʝ, ʫˀʥʝ ʠ ʘʮʝʪʠʣʝʥʩʢʝ ʯʘʹʠ. ʆʩʥʦʚʥʝ ʩʠʨʦʚʠʥʝ 
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ʟʘ ʜʦʙʠʿʘˁʝ ʯʘʹʠ ʩʫ ʪʝʯʥʘ ʦʨʛʘʥʩʢʘ ʫˀʘ ʠʟ ʥʘʬʪʝ ʠ ʢʘʤʝʥʦʛ ʫʛˀʘ, ʢʘʦ ʠ ʛʘʩʥʠ 

ʫʛˀʦʚʦʜʦʥʠʮʠ. ʏʘʹ ʩʝ ʜʦʙʠʿʘ ʩʘʛʦʨʝʚʘˁʝʤ ʩʠʨʦʚʠʥʘ ʫ ʦʜʩʫʩʪʚʫ ʚʘʟʜʫʭʘ, ʫʟ ʧʨʠʤʝʥʫ 

ʩʧʝʮʠʿʘʣʥʠʭ ʛʦʨʠʦʥʠʢʘ. ʇʨʝʤʘ ʧʦʩʪʫʧʢʫ ʜʦʙʠʿʘˁʘ, ʯʘʹʠ ʩʝ ʜʝʣʝ ʥʘ: ʧʝ˂ʥʝ, ʪʝʨʤʘʣʥʝ 

ʠ ʢʘʥʘʣʥʝ. 

ɺʝ˂ʠʥʘ ʯʘʹʠ ʢʦʿʝ ʩʝ ʜʘʥʘʩ ʧʨʠʤʝˁʫʿʫ ʧʨʦʠʟʚʝʜʝʥʝ ʩʫ ʫ ʧʝ˂ʠʤʘ. ʇʨʦʮʝʩ ʩʝ 

ʩʘʩʪʦʿʠ ʫ ʥʝʧʦʪʧʫʥʦʤ ʩʘʛʦʨʝʚʘˁʫ ʧʨʠʨʦʜʥʦʛ ʛʘʩʘ ʠʣʠ ʪʝʰʢʠʭ ʫˀʘ ʠʟ ʥʘʬʪʝ. 

ʆʜʚʘʿʘˁʝ ʯʘʹʠ ʦʜ ʩʘʛʦʨʝʣʠʭ ʛʘʩʦʚʘ ʩʝ ʚʨʰʠ ʢʦʨʠʰ˂ʝˁʝʤ ʮʠʢʣʦʥʘ ʠ ʬʠʣʪʝʨ-ʚʨʝ˂ʘ. 

ʆʥʘ ʩʝ, ʟʘʪʠʤ, ʧʝʣʝʪʠʟʫʿʝ ʩʫʚʠʤ ʠʣʠ ʚʣʘʞʥʠʤ ʧʦʩʪʫʧʢʦʤ. ʅʘ ʢʨʘʿʫ ʩʝ ʤʝʰʘ ʩʘ ʚʦʜʦʤ 

ʫ ʩʧʝʮʠʘʿʣʥʠʤ ʤʠʢʩʝʨʠʤʘ ʠ ʩʫʰʠ ʫ ʭʦʨʠʟʦʥʪʘʣʥʠʤ ʨʦʪʠʨʘʿʫ˂ʠʤ ʙʫʙˁʝʚʠʤʘ. 

ʇʨʠʥʦʩ ʫ ʦʚʦʤ ʧʨʦʮʝʩʫ ʠʟʥʦʩʠ ʦʜ 25 ʜʦ 70%, ʟʘʚʠʩʥʦ ʦʜ ʚʝʣʠʯʠʥʝ ʯʝʩʪʠʮʘ, ʯʠʿʠ ʩʝ 

ʧʨʝʯʥʠʢ ʢʨʝ˂ʝ ʦʜ 20 ʜʦ 80 nm. 

ʊʝʨʤʘʣʥʠ ʧʨʦʮʝʩ ʩʝ ʩʘʩʪʦʿʠ ʦʜ ʪʝʨʤʠʯʢʝ ʜʝʢʦʤʧʦʟʠʮʠʿʝ ʧʨʠʨʦʜʥʦʛ ʛʘʩʘ ʥʘ 

1300ʦC ʠ ʫ ʦʜʩʫʩʪʚʫ ʚʘʟʜʫʭʘ. ʆʜʚʠʿʘ ʩʝ ʫ ʮʠʣʠʥʜʨʠʯʥʠʤ ʧʝ˂ʠʤʘ ʚʠʩʦʢʠʤ 10 m, 

ʧʨʝʯʥʠʢʘ 4 m, ʥʘʧʫˁʝʥʠʤ ʩʠʣʠʮʠʿʫʤ ʦʢʩʠʜʥʠʤ ʮʠʛʣʘʤʘ ʫ ʰʘʭʦʚʩʢʦʤ ʨʘʩʧʦʨʝʜʫ. 

ʇʨʠʨʦʜʥʠ ʛʘʩ ʩʝ ʧʫʰʪʘ ʫ ʧʝ˂ ʛʜʝ ʩʝ ʟʘʛʨʝʚʘ ʩʤʝʰʦʤ ʚʦʜʦʥʠʢʘ ʠ ʚʘʟʜʫʭʘ, ʧʨʠ ʯʝʤʫ 

ʩʝ ʬʦʨʤʠʨʘʿʫ ʫʛˀʝʥʠʢ ʠ ʚʦʜʦʥʠʢ. ʋʛˀʝʥʠʢ ʩʝ ʩʢʫʧˀʘ ʢʘʦ ʯʘʹ, ʘ ʚʦʜʦʥʠʢ ʩʝ ʢʦʨʠʩʪʠ 

ʟʘ ʛʨʝʿʘˁʝ ʜʨʫʛʠʭ ʧʝ˂ʠ. ʇʨʠʥʦʩ ʿʝ ʦʢʦ 40 ʜʦ 50%, ʘ ʜʦʙʠʿʝʥʘ ʯʘʹ ʠʤʘ ʯʝʩʪʠʮʝ ʦʜ 120 

ʜʦ 500 nm. ʊʝʨʤʘʣʥʘ ʯʘʹ ʩʝ, ʪʘʢʦʹʝ, ʤʦʞʝ ʜʦʙʠʪʠ ʠ ʠʟ ʫˀʘ, ʢʦʿʝ ʩʘʛʦʨʝʚʘ ʫ ʩʪʨʫʿʠ 

ʚʘʟʜʫʭʘ ʧʨʦʣʘʟʝ˂ʠ ʢʨʦʟ ʧʝ˂, ʧʨʠ ʯʝʤʫ ʩʝ ʜʦʙʠʿʘ ʩʨʝʜˁʘ ʪʝʨʤʠʯʢʘ ʯʘʹ ʠ ʩʤʝʰʘ 

ʚʦʜʦʥʠʢʘ, ʤʝʪʘʥʘ ʠ ʫʛˀʝʥ ʤʦʥʦʢʩʠʜʘ. ɸʮʝʪʠʣʝʥʩʢʘ ʯʘʹ ʿʝ ʪʝʨʤʠʯʢʠ ʪʠʧ ʯʘʹʠ, ʘʣʠ 

ʩʝ ʨʘʟʣʠʢʫʿʝ ʦʜ ʩʪʘʥʜʘʨʜʥʦ ʧʨʦʠʟʚʝʜʝʥʠʭ ʪʠʧʦʚʘ, ʧʦʰʪʦ ʿʝ ʨʘʟʣʘʛʘˁʝ ʘʮʝʪʠʣʝʥʘ 

ʝʛʟʦʪʝʨʤʥʠ ʧʨʦʮʝʩ, ʪʘʢʦ ʜʘ ʩʝ ʪʦʧʣʦʪʘ ʜʦʚʦʜʠ ʩʘʤʦ ʜʦ ʦʪʧʦʯʠˁʘˁʘ ʨʝʘʢʮʠʿʝ. 

 ʂʘʥʘʣʥʠ ʧʦʩʪʫʧʘʢ ʪʘʢʦʹʝ ʢʦʨʠʩʪʠ ʧʨʠʨʦʜʥʠ ʛʘʩ ʠʣʠ ʧʨʠʨʦʜʥʠ ʛʘʩ ʦʙʦʛʘ˂ʝʥ 

ʫˀʠʤʘ. ɻʘʩ ʩʝ ʚʦʜʠ ʢʨʦʟ ʚʝʣʠʢʠ ʙʨʦʿ ʮʝʚʠ ʩʘ ʤʘʣʠʤ ʛʦʨʠʦʥʠʮʠʤʘ ʥʘ ʢʨʘʿʝʚʠʤʘ. 

ʉʪʚʦʨʝʥʘ ʯʘʹ ʩʝ ʟʘʜʨʞʘʚʘ ʥʘ ʭʣʘʜʥʠʤ ʯʝʣʠʯʥʠʤ ʢʘʥʘʣʠʤʘ ʠʣʠ ʥʘ ʟʠʜʦʚʠʤʘ ʚʝʣʠʢʠʭ 

ʨʦʪʠʨʘʿʫ˂ʠʭ ʙʫʙˁʝʚʘ. ʆʜʘʪʣʝ ʩʝ ʩʢʠʜʘ ʩʪʨʫʛʘˁʝʤ, ʘ ʟʘʪʠʤ ʧʨʝʯʠʰ˂ʘʚʘ ʠ ʛʨʘʥʫʣʠʨʘ. 

ʇʨʠʥʦʩ ʿʝ ʚʝʦʤʘ ʤʘʣʠ, ʦʢʦ 5%, ʘʣʠ ʿʝ ʜʦʙʠʿʝʥʘ ʯʘʹ ʚʠʩʦʢʦʛ ʢʚʘʣʠʪʝʪʘ. ɺʝʣʠʯʠʥʘ 

ʯʝʩʪʠʮʘ ʿʝ ʦʜ 9 ʜʦ 30 nm. 

ʏʘʹ ʩʝ ʩʘʩʪʦʿʠ ʦʜ ʫʛˀʝʥʠʢʘ, ʤʘʣʝ ʢʦʣʠʯʠʥʝ ʢʠʩʝʦʥʠʢʘ (0,5 ʜʦ 4,5 ʤʘʩ%), ʤʘʣʝ 

ʢʦʣʠʯʠʥʝ ʚʦʜʦʥʠʢʘ (0,5 ʜʦ 1,5 ʤʘʩ%), ʠʟʚʝʩʥʝ ʢʦʣʠʯʠʥʝ ʧʨʦʜʫʢʘʪʘ ʦʢʩʠʜʘʮʠʿʝ ʘʟʦʪʘ 

ʠ ʦʨʛʘʥʩʢʠʭ ʤʘʪʝʨʠʿʘ ʢʦʿʝ ʩʘʜʨʞʝ ʩʫʤʧʦʨ.  
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ɻʣʘʚʥʠ ʪʠʧʦʚʠ ʧʝ˂ʥʠʭ ʯʘʹʠ ʩʫ: 

¶ FEF (ʝʥʛ. Fast Extrusion Furnace)-ʚʝʣʠʯʠʥʘ ʯʝʩʪʠʮʘ ʦʢʦ 40 nm, 

ʩʧʝʮʠʬʠʯʥʘ ʧʦʚʨʰʠʥʘ ʦʢʦ 40m2/g. 

¶ HAF (ʝʥʛ. High Abrasion Furnace)-ʚʝʣʠʯʠʥʘ ʯʝʩʪʠʮʘ 32 nm, 

ʩʧʝʮʠʬʠʯʥʘ ʧʦʚʨʰʠʥʘ 65-70 m2/g. 

¶ SAF (ʝʥʛ. Super Abrasion Furnace)-ʚʝʣʠʯʠʥʘ ʯʝʩʪʠʮʘ ʦʢʦ 20 nm, 

ʩʧʝʮʠʬʠʯʥʘ ʧʦʚʨʰʠʥʘ 110-120m2/g. 

¶ ISAF (ʝʥʛ. Intermediate Super Abrasion Furnace)- ʚʝʣʠʯʠʥʘ ʯʝʩʪʠʮʘ 

23 nm, ʩʧʝʮʠʬʠʯʥʘ ʧʦʚʨʰʠʥʘ 100 m2/g. ʆʚʘ ʯʘʹ ʩʝ ʥʘʿʯʝʰ˂ʝ ʢʦʨʠʩʪʠ 

ʟʘ ʧʨʦʪʝʢʪʦʨʝ ʧʥʝʫʤʘʪʠʢʘ. 

 

ʉʪʨʫʢʪʫʨʘ ʯʘʹʠ ʧʦʜʩʝ˂ʘ ʥʘ ʩʪʨʫʢʪʫʨʫ ʛʨʘʬʠʪʘ (ʩʣʠʢʘ 16).  

 

 
 

ʉʣʠʢʘ 16. ʆʧʰʪʘ ʩʪʨʫʢʪʫʨʘ ʯʘʹʠ. ɽʣʝʤʝʥʪʘʨʥʝ ʯʝʩʪʠʮʝ ʩʫ ʧʨʚʦ ʥʘʧʨʘʚˀʝʥʝ ʦʜ 

ʥʘʩʫʤʠʯʥʦ ʦʨʠʿʝʥʪʠʩʘʥʠʭ ʛʨʘʬʠʪʥʠʭ ʢʨʠʩʪʘʣʠʪʘ (ʢʦʿʠ ʩʘʜʨʞʝ spĮ ʭʠʙʨʠʜʠʟʦʚʘʥʠ 

ʫʛˀʝʥʠʢ) ʠ ʘʤʦʨʬʥʠʭ ʜʦʤʝʥʘ (ʢʦʿʠ ʩʘʜʨʞʠ spĮ ʠ spį ʭʠʙʨʠʜʠʟʦʚʘʥʝ ʫʛˀʝʥʠʢʝ) 

ʨʘʟʣʠʯʠʪʠʭ ʚʝʣʠʯʠʥʘ, ʚʝʣʠʯʠʥʝ ʜʦʤʝʥʘ, ʢʨʠʩʪʘʣʥʦʩʪʠ, ʛʫʩʪʠʥʝ ʜʝʬʝʢʪʘ, ʠʪʜ. 

ʂʦʚʘʣʝʥʪʥʦ ʧʦʚʝʟʘʥʝ ʟʘʿʝʜʥʦ, ʬʦʨʤʠʨʘʿʫ ʥʝʜʝˀʠʚʝ ʧʨʠʤʘʨʥʝ ʘʛʨʝʛʘʪʝ ʨʘʟʥʠʭ 

ʚʝʣʠʯʠʥʘ. van der Vals-ove ʠʥʪʝʨʘʢʮʠʿʝ ʠʟʤʝʹʫ ʧʨʠʤʘʨʥʠʭ ʘʛʨʝʛʘʪʘ ʢʦʥʘʯʥʦ 

ʬʦʨʤʠʨʘʿʫ ʤʘˁʝ ʢʦʭʝʟʠʚʥʝ ʩʝʢʫʥʜʘʨʥʝ ʘʛʨʝʛʘʪʝ [65]. 
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ʇʦʤʦ˂ʫ ʝʣʝʢʪʨʦʥʩʢʦʛ ʤʠʢʨʦʩʢʦʧʘ ʿʝ ʫʪʚʨʹʝʥʦ ʜʘ ʯʝʩʪʠʮʝ ʯʘʹʠ ʠʤʘʿʫ ʩʬʝʨʠʯʘʥ 

ʦʙʣʠʢ ʠʣʠ ʦʙʣʠʢ ʙʣʠʟʘʢ ʩʬʝʨʠʯʥʦʤ, ʘ ʚʝʣʠʯʠʥʘ ʯʝʩʪʠʮʘ ʿʝ ʨʘʟʥʦʚʨʩʥʘ, ʦʜ 9 ʜʦ 500 

nm. ʈʝʥʜʛʝʥʦʛʨʘʬʩʢʠʤ ʠ ʝʣʝʢʪʨʦʛʨʘʬʩʢʠʤ ʠʩʧʠʪʠʚʘˁʠʤʘ ʿʝ ʫʪʚʨʹʝʥʦ ʜʘ ʩʝ ʯʝʩʪʠʮʝ 

ʯʘʹʠ ʩʘʩʪʦʿʝ ʠʟ ʚʝʣʠʢʦʛ ʙʨʦʿʘ ʢʦʤʧʘʢʪʥʦ ʧʦʚʝʟʘʥʠʭ ʢʨʠʩʪʘʣʠʪʘ. ʂʨʠʩʪʘʣʠʪ, ʢʦʿʠ 

ʯʠʥʠ ʦʩʥʦʚʫ ʫʥʫʪʨʘʰˁʝ ʩʪʨʫʢʪʫʨʝ ʯʝʩʪʠʮʝ ʯʘʹʠ, ʩʘʩʪʦʿʠ ʩʝ ʦʜ 3 ʜʦ 7 ʧʘʨʘʣʝʣʥʦ 

ʧʦʩʪʘʚˀʝʥʠʭ ʧʣʦʯʘʩʪʠʭ ʫʛˀʝʥʠʯʥʠʭ ʨʝʰʝʪʢʠ. ʉʚʘʢʘ ʨʝʰʝʪʢʘ ʩʘʩʪʦʿʠ ʩʝ ʦʜ ʘʪʦʤʘ 

ʫʛˀʝʥʠʢʘ ʧʨʘʚʠʣʥʦ ʨʘʩʧʦʨʝʹʝʥʠʭ ʫ ʪʝʤʝʥʠʤʘ ʰʝʩʪʦʫʛʘʦʥʠʢʘ. ɺʝʟʘ ʫʛˀʝʥʠʢʦʚʠʭ 

ʘʪʦʤʘ ʫ ʩʘʤʦʿ ʨʝʰʝʪʢʠ ʿʝ ʿʘʯʘ ʦʜ ʚʝʟʝ ʢʦʿʝ ʦʩʪʚʘʨʫʿʫ ʫʛˀʝʥʠʢʦʚʠ ʘʪʦʤʠ ʠʟʤʝʹʫ 

ʨʝʰʝʪʘʢʘ. ʉʧʦˀʘʰˁʠ ʘʪʦʤʠ ʫʛˀʝʥʠʢʘ ʫ ʩʚʘʢʦʿ ʨʝʰʝʪʢʠ ʢʨʠʩʪʘʣʠʪʘ ʯʘʹʠ, ʟʙʦʛ 

ʥʝʧʦʪʧʫʥʝ ʟʘʩʠ˂ʝʥʦʩʪʠ, ʤʦʛʫ ʜʘ ʚʝʟʫʿʫ ʚʦʜʦʥʠʢ, ʘ ʠ ʜʘ ʤʝʹʫʩʦʙʥʦ ʨʝʘʛʫʿʫ. 

ʄʝʹʫʩʦʙʥʦʤ ʨʝʘʢʮʠʿʦʤ ʢʨʠʩʪʘʣʠʪʠ ʧʨʝʨʘʩʪʘʿʫ ʫ ʪʨʦʜʠʤʝʥʟʠʦʥʘʣʥʝ ʘʛʨʝʛʘʪʝ (ʩʣʠʢʘ 

16). 

ʋ ʩʣʦʞʝʥʦʿ ʩʪʨʫʢʪʫʨʠ ʯʘʹʠ ʨʘʟʣʠʢʫʿʫ ʩʝ ʧʨʠʤʘʨʥʠ ʠ ʩʝʢʫʥʜʘʨʥʠ ʘʛʨʝʛʘʪʠ. 

ʇʨʠʤʘʨʥʠ ʘʛʨʝʛʘʪʠ ʥʘʩʪʘʿʫ ʫ ʪʦʢʫ ʜʦʙʠʿʘˁʘ ʯʘʹʠ, ʘ ʩʘʩʪʦʿʝ ʩʝ ʦʜ ʯʝʩʪʠʮʘ ʯʘʹʠ 

ʧʦʚʝʟʘʥʠʭ ʭʝʤʠʿʩʢʠʤ ʚʝʟʘʤʘ. ʆʜʣʠʢʫʿʫ ʩʝ ʚʝʣʠʢʦʤ ʯʚʨʩʪʦ˂ʦʤ. ɼʠʤʝʥʟʠʿʝ ʠ ʦʙʣʠʢ 

ʧʨʠʤʘʨʥʠʭ ʘʛʨʝʛʘʪʘ ʨʘʟʣʠʯʠʪʠʭ ʯʘʹʠ ʩʫ ʨʘʟʣʠʯʠʪʝ. ʅʘʿʢʨʫʧʥʠʿʝ ʘʛʨʝʛʘʪʝ ʠʤʘʿʫ 

ʘʮʝʪʠʣʝʥʩʢʝ ʯʘʹʠ. ɹʫʜʫ˂ʠ ʜʘ ʩʫ ʦʚʦ ʘʛʨʝʛʘʪʠ ʚʝʣʠʢʝ ʯʚʨʩʪʦ˂ʝ, ʦʥʠ ʙʠʪʥʦ ʫʪʠʯʫ ʥʘ 

ʩʚʦʿʩʪʚʘ ʢʘʫʯʫʢʦʚʝ ʩʤʝʰʝ. 

ʇʨʠʤʘʨʥʠ ʘʛʨʝʛʘʪʠ ʯʘʹʠ ʤʦʛʫ ʜʘ ʦʙʨʘʟʫʿʫ ʩʝʢʫʥʜʘʨʥʝ, ʢʨʫʧʥʠʿʝ ʘʛʨʝʛʘʪʝ. ɺʝʟʝ 

ʧʨʠʤʘʨʥʠʭ ʘʛʨʝʛʘʪʘ ʫ ʩʝʢʫʥʜʘʨʥʠʤ ʟʘʩʥʠʚʘʿʫ ʩʝ ʥʘ ʬʠʟʠʯʢʠʤ ʩʠʣʘʤʘ ʫʟʘʿʘʤʥʦʛ 

ʜʝʿʩʪʚʘ. ʋʢʦʣʠʢʦ ʩʫ ʯʝʩʪʠʮʝ ʯʘʹʠ ʠ ʧʨʠʤʘʨʥʠ ʘʛʨʝʛʘʪʠ ʤʘˁʠ, ʿʘʯʝ ʩʫ ʚʝʟʝ ʢʦʿʝ 

ʦʙʨʘʟʫʿʫ ʩʝʢʫʥʜʘʨʥʫ ʩʪʨʫʢʪʫʨʫ, ʰʪʦ ʿʝ ʩʣʫʯʘʿ ʢʦʜ ʢʘʥʘʣʥʝ ʯʘʹʠ. ʉʤʘʪʨʘ ʩʝ ʜʘ ʥʘ 

ʯʚʨʩʪʠʥʫ ʠ ʨʘʟʚʦʿ ʩʝʢʫʥʜʘʨʥʝ ʩʪʨʫʢʪʫʨʝ ʫʪʠʯʫ ʬʫʥʢʮʠʦʥʘʣʥʝ ʛʨʫʧʝ (ʢʘʨʙʦʢʩʠʣʥʘ, 

ʢʘʨʙʦʥʠʣʥʘ, ʭʠʜʨʦʢʩʠʣʥʘ, ʣʘʢʪʦʥʩʢʘ, ʭʠʥʦʥʩʢʘ ʠ ʜʨʫʛʝ), ʢʦʿʝ ʩʝ ʩʪʚʘʨʘʿʫ ʥʘ 

ʧʦʚʨh ʠʥʠ ʯʝʩʪʠʮʝ ʯʘʹʠ (ʩʣʠʢʘ 17). ʋʟʘʿʘʤʥʦ ʜʝʿʩʪʚʦ ʬʫʥʢʮʠʦʥʘʣʥʠʭ ʛʨʫʧʘ ʤʦʞʝ 

ʜʦʚʝʩʪʠ ʜʦ ʦʙʨʘʟʦʚʘˁʘ ʚʦʜʦʥʠʯʥʠʭ ʚʝʟʘ ʤʝʹʫ ʯʝʩʪʠʮʘʤʘ ʯʘʹʠ. ʉʝʢʫʥʜʘʨʥʘ 

ʩʪʨʫʢʪʫʨʘ ʩʝ ʧʨʠ ʤʝʰʘˁʫ ʨʘʟʣʘʞʝ, ʘʣʠ ʟʘ ʨʘʟʣʠʢʫ ʦʜ ʧʨʠʤʘʨʥʝ, ʤʦʞʝ ʩʝ ʧʦʥʦʚʦ 

ʬʦʨʤʠʨʘʪʠ ʧʨʠ Ăʦʜʤʘʨʘˁʫñ ʢʘʫʯʫʢʦʚʠʭ ʩʤʝʰʘ. 

ʉʧʦʩʦʙʥʦʩʪ ʯʘʹʠ ʜʘ ʩʪʚʘʨʘ ʣʘʥʯʘʥʝ ʘʛʨʝʛʘʪʝ ʧʨʠʤʘʨʥʝ ʠ ʩʝʢʫʥʜʘʨʥʝ 

ʩʪʨʫʢʪʫʨʝ ʥʘʟʠʚʘ ʩʝ ʩʪʨʫʢʪʫʨʠʨʘˁʝ. ʏʘʹʠ ʢʦʿʝ ʠʤʘʿʫ ʨʘʟʚʠʿʝʥʫ ʧʨʠʤʘʨʥʫ ʩʪʨʫʢʪʫʨʫ 

ʢʘʨʘʢʪʝʨʠʰʝ ʤʘʣʘ ʤʘʩʝʥʘ ʟʘʧʨʝʤʠʥʘ (ʥʘʩʠʧʥʘ ʤʘʩʘ) ʠ ʟʥʘʪʥʘ ʘʜʩʦʨʧʮʠʿʘ ʫˀʘ. 

ʆʚʘʢʚʝ ʯʘʹʠ ʜʘʿʫ ʢʘʫʯʫʢʦʚʠʤ ʩʤʝʰʘʤʘ ʜʦʙʨʘ ʧʨʠʤʝʥʩʢʘ ʩʚʦʿʩʪʚʘ - ʛʣʘʪʢʫ ʧʦʚʨʰʠʥʫ, 
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ʤʘʣʦ ʩʢʫʧˀʘˁʝ, ʜʦʙʨʦ ʝʢʩʪʨʫʜʠʨʘˁʝ ʠ ʢʘʣʘʥʜʨʠʨʘˁʝ. 

 

 

ʉʣʠʢʘ 17. ʄʦʛʫ˂ʝ ʬʫʥʢʮʠʦʥʘʣʥʝ ʛʨʫʧʝ ʥʘ ʧʦʚʨʰʠʥʠ ʯʘʹʠ [66].  
 

ʄʥʦʛʦʙʨʦʿʥʠʤ ʠʩʧʠʪʠʚʘˁʠʤʘ ʫʪʚʨʹʝʥʦ ʿʝ ʜʘ ʩʫ ʦʩʥʦʚʥʘ ʩʚʦʿʩʪʚʘ ʯʘʹʠ ʦʜ ʢʦʿʠʭ 

ʟʘʚʠʩʠ ˁʠʭʦʚʦ ʧʦʥʘʰʘˁʝ ʫ ʢʘʫʯʫʢʦʚʠʤ ʩʤʝʰʘʤʘ ʠ ʫʪʠʮʘʿ ʥʘ ʬʠʟʠʯʢʦ-ʤʝʭʘʥʠʯʢʘ 

ʩʚʦʿʩʪʚʘ ʫʤʨʝʞʘʚʘʿʫ˂ʠʭ ʩʠʩʪʝʤʘ: ʜʠʩʧʝʨʟʥʦʩʪ, ʩʪʨʫʢʪʫʨʠʨʘˁʝ ʠ ʧʦʚʨʰʠʥʘ 

ʯʝʩʪʠʮʘ. ɼʠʩʧʝʨʟʥʦʩʪ ʦʚʦʛ ʧʫʥʠʣʘ ʿʝ ʥʝʧʦʩʨʝʜʥʦ ʧʦʚʝʟʘʥʘ ʩʘ ʦʿʘʯʘʚʘʿʫ˂ʠʤ ʜʝʿʩʪʦʤ 

ʠʩʪʦʛ. ʉʘ ʧʦʚʝ˂ʘˁʝʤ ʜʠʩʧʝʨʟʥʦʩʪʠ ʨʘʩʪʝ ʠ ʘʢʪʠʚʥʦʩʪ ʯʘʹʠ. ʉʪʨʫʢʪʫʨʠʨʘˁʝ ʯʘʹʠ 

ʟʥʘʪʥʦ ʫʪʠʯʝ ʥʘ ˁʝʥʘ ʪʝʭʥʦʣʦʰʢʘ ʩʚʦʿʩʪʚʘ, ʥʘ ʩʚʦʿʩʪʚʘ ʢʘʫʯʫʢʦʚʠʭ ʩʤʝʰʘ ʠ 

ʫʤʨʝʞʘʚʘʿʫ˂ʠʭ ʩʠʩʪʝʤʘ. ʇʨʠʨʦʜʘ ʧʦʚʨʰʠʥʝ ʯʝʩʪʠʮʘ ʯʘʹʠ ʦʜʨʝʹʫʿʝ ʩʪʝʧʝʥ ʢʚʘʰʝˁʘ 

ʯʘʹʠ ʢʘʫʯʫʢʦʤ ʠ ʧʦʚʨʰʠʥʫ ʜʦʜʠʨʘ ʢʘʫʯʫʢ-ʯʘʹ. ʇʨʠʨʦʜʘ ʠ ʩʚʦʿʩʪʚʘ ʧʦʚʨʰʠʥʝ 

ʯʘʹʥʠʭ ʯʝʩʪʠʮʘ ʠʤʘʿʫ ʙʠʪʘʥ ʫʪʠʮʘʿ ʥʘ ʙʨʟʠʥʫ ʫʤʨʝʞʘʚʘˁʘ ʠ ʩʚʦʿʩʪʚʘ ʫʤʨʝʞʘʚʘʿʫ˂ʝʛ 

ʩʠʩʪʝʤʘ. 

ʏʘʹ ʩʝ ʫ ʧʦʣʠʤʝʨʥʦʿ ʤʘʪʨʠʮʠ ʥʝ ʤʦʞʝ ʜʠʩʧʝʨʛʦʚʘʪʠ ʥʘ ʦʩʥʦʚʥʝ ʯʝʩʪʠʮʝ, ʚʝ˂ 

ʩʝ ʥʘʿʯʝʰ˂ʝ ʥʘʣʘʟʠ ʫ ʦʙʣʠʢʫ ʘʛʨʝʛʘʪʘ, ʘ ʚʝʦʤʘ ʨʝʪʢʦ ʩʝ ʬʦʨʤʠʨʘʿʫ ʘʛʣʦʤʝʨʘʪʠ ʯʠʿʝ 

ʜʠʤʝʥʟʠʿʝ ʜʦʩʪʠʞʫ ʚʨʝʜʥʦʩʪʠ ʠ ʜʦ 100 ɛm. ʀʟ ʪʦʛ ʨʘʟʣʦʛʘ ʥʝʦʧʭʦʜʥʦ ʿʝ ʧʦʟʥʘʚʘʪʠ 

ʚʝʣʠʯʠʥʫ ʠ ʦʙʣʠʢ (ʩʪʨʫʢʪʫʨʘ) ʘʛʨʝʛʘʪʘ (ʩʣʠʢʘ 18), ʚʝʣʠʯʠʥʫ ʦʩʥʦʚʥʝ ʯʝʩʪʠʮʝ, 

ʘʢʪʠʚʥʦʩʪ ʧʦʚʨʰʠʥʝ ʠ ʧʦʨʦʟʥʦʩʪ ʯʘʹʠ, ʢʘʢʦ ʙʠ ʩʝ ʥʘ ʧʨʘʚʠ ʥʘʯʠʥ ʨʘʟʫʤʝʦ ʠ 

ʧʨʝʜʚʠʜʝʦ ʝʬʝʢʘʪ ʯʘʹʠ ʥʘ ʬʠʥʘʣʥʘ ʩʚʦʿʩʪʚʘ ʛʫʤʝʥʠʭ ʧʨʦʠʟʚʦʜʘ.  
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ʉʣʠʢʘ 18. ʄʦʨʬʦʣʦʰʢʝ ʢʘʪʝʛʦʨʠʿʝ ʘʛʨʝʛʘʪʘ ʯʘʹʠ [67].  

 

 ʊʘʙʝʣʘ 5 ʧʨʠʢʘʟʫʿʝ ʫʪʠʮʘʿ ʤʦʨʬʦʣʦʛʠʿʝ ʧʫʥʠʣʘ ʥʘ ʩʚʦʿʩʪʚʘ ʧʫʥʠʣʘ. 

 

ʊʘʙʝʣʘ 5. ʄʦʨʬʦʣʦʛʠʿʘ ʠ ʩʚʦʿʩʪʚʘ ʧʫʥʠʣʘ. 

 ʄʦʨʬʦʣʦʛʠʿʘ ɽʬʝʢʘʪ ʧʫʥʠʣʘ 
ʂʘʨʘʢʪʝʨʠʟʘʮʠʿʘ 

ʧʫʥʠʣʘ 

 

 ʍʝʤʠʿʘ ʧʦʚʨʰʠʥʝ 

(ʚʝʣʠʯʠʥʘ nm) 

ʀʥʪʝʨʘʢʮʠʿʝ 

ʧʫʥʠʣʦ-ʧʫʥʠʣʦ ʠ 

ʧʫʥʠʣʦ-ʧʦʣʠʤʝʨ 

ʇʦʚʨʰʠʥʩʢʝ 

ʬʫʥʢʮʠʦʥʘʣʥʝ 

ʛʨʫʧʝ 

 

ʇʨʠʤʘʨʥʘ ʯʝʩʪʠʮʘ 

ɺʦʣʫʤʝʥ, ʦʙʣʠʢ 

(ʚʝʣʠʯʠʥʘ nm) 

ʍʠʜʨʦʜʠʥʘʤʠʯʢʦ/ 

ʤʝʭʘʥʠʯʢʦ ʦʿʘʯʘˁʝ 

ɺʝʣʠʯʠʥʘ, ʦʙʣʠʢ 

ʉʪʨʫʢʪʫʨʘ 

ʇʦʚʨʰʠʥʘ 

 

ʈʘʟʛʨʘʥʘʪʠ ʘʛʨʝʛʘʪ 

(ʚʝʣʠʯʠʥʘ nm) 

ʍʠʜʨʦʜʠʥʘʤʠʯʢʦ 

ʦʿʘʯʘˁʝ 

ʆʢʣʫʜʠʨʘʥʘ ʛʫʤʘ 

ʉʪʨʫʢʪʫʨʘ, 

ʇʦʚʨʰʠʥʘ 

ʌʨʘʢʪʘʣʥʘ 

ʜʠʤʝʥʟʠʿʘ 

ʂʦʝʬʠʮʠʿʝʥʪ 

ʛʨʘʥʘˁʘ 

 

ɸʛʣʦʤʝʨʘʪʠ  

(ʚʝʣʠʯʠʥʘ nmïɛm) 
ʄʨʝʞʘ ʧʫʥʠʣʘ 

ɿʘʨʦʙˀʝʥʘ ʛʫʤʘ 

ʉʪʨʫʢʪʫʨʘ 

ʇʦʚʨʰʠʥʘ 

ʌʨʘʢʪʘʣʥʘ 

ʜʠʤʝʥʟʠʿʘ 
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ʋ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʦʙʣʠʢʘ ʠ ʩʪʝʧʝʥʘ ʨʘʟʛʨʘʥʘʪʦʩʪʠ ʘʛʨʝʛʘʪʘ ʤʦʛʫ ʩʝ ʨʘʟʣʠʢʦʚʘʪʠ 

ʦʜʨʝʹʝʥʝ ʩʧʝʮʠʬʠʯʥʝ ʩʪʨʫʢʪʫʨʝ ʯʘʹʠ. ʌʠʥʠʿʝ ʯʝʩʪʠʮʝ ʫʪʠʯʫ ʥʘ ʧʦʚʝ˂ʘˁʝ 

ʦʿʘʯʘʚʘʿʫ˂ʝʛ ʜʝʿʩʪʚʘ, ʦʪʧʦʨʥʦʩʪʠ ʥʘ ʘʙʨʘʟʠʿʫ, ʠ ʧʦʚʝ˂ʘˁʝ ʟʘʪʝʟʥʝ ʯʚʨʩʪʠʥʝ. ɿʘ 

ʜʝʬʠʥʠʩʘˁʝ ʩʪʝʧʝʥʘ ʜʠʩʧʝʨʟʠʿʝ ʩʝ ʢʦʨʠʩʪʠ ʚʝʣʠʯʠʥʘ ʧʦʚʨʰʠʥʝ ʯʝʩʪʠʮʝ ʧʫʥʠʣʘ. 

ɺʝ˂ʝ ʚʨʝʜʥʦʩʪʠ ʧʦʚʨʰʠʥʝ ʯʝʩʪʠʮʝ, ʟʥʘʯʝ ʙʦˀʠ ʩʪʝʧʝʥ ʜʠʩʧʝʨʟʠʿʝ. ʇʦʚʝ˂ʘˁʝʤ 

ʧʦʨʦʟʥʦʩʪʠ ʩʝ ʫʤʘˁʫʿʝ ʚʝʨʦʚʘʪʥʦ˂ʘ ʥʘʩʪʘʿʘˁʘ ʘʛʨʝʛʘʪʘ. ɼʦʜʘʪʢʦʤ ʯʘʹʠ ʩʝ ʟʥʘʯʘʿʥʦ 

ʧʦʙʦˀʰʘʚʘʿʫ: ʪʨʘʿʥʦʩʪ ʠ ʯʚʨʩʪʠʥʘ ʤʘʪʝʨʠʿʘʣʘ.  

ɸʛʨʝʛʘʪʠ ʫ ʨʘʩʧʦʥʫ ʦʜ ʥʘʥʦ-ʤʝʪʘʨʩʢʦʛ ʜʦ ʤʠʢʨʦʥʩʢʦʛ ʦʧʩʝʛʘ ʚʝʣʠʯʠʥʝ, ʤʦʛʫ 

ʜʘ ʩʪʫʧʝ ʫ ʠʥʪʝʨʘʢʮʠʿʫ ʩʘ ʜʨʫʛʠʤ ʘʛʨʝʛʘʪʠʤʘ ʢʨʦʟ ʩʣʘʙʠʿʝ ʩʝʢʫʥʜʘʨʥʦ ʚʝʟʠʚʘˁʝ 

ʬʦʨʤʠʨʘʿʫ˂ʠ ʘʛʣʦʤʝʨʘʪʝ. ɿʙʦʛ ʩʚʦʿʝ ʩʪʨʫʢʪʫʨʝ, ʯʘʹ ʠʤʘ ʚʝ˂ʫ ʧʦʚʨʰʠʥʫ ʦʜ 

ʢʦʤʧʘʢʪʥʝ ʛʫʩʪʝ ʩʬʝʨʥʝ ʯʝʩʪʠʮʝ ʰʪʦ ʟʥʘʯʠ ʜʘ ʿʝ ʜʦʩʪʫʧʥʦ ʚʠʰʝ ʧʫʥʠʣʘ ʟʘ 

ʠʥʪʝʨʘʢʮʠʿʫ ʩʘ ʢʘʫʯʫʢʦʤ. ɱʘʩʥʦ ʿʝ ʧʦʢʘʟʘʥʦ ʜʘ ʧʫʥʠʣʘ ʩʘ ʨʘʟʣʠʯʠʪʠʤ ʧʦʚʨʰʠʥʘʤʘ 

ʤʝʹʫʩʦʙʥʦ ʦʿʘʯʘʚʘʿʫ ʨʘʟʣʠʯʠʪʦ ʛʫʤʫ.  

ʉʧʝʮʠʬʠʯʥʘ ʧʦʚʨʰʠʥʘ ʧʫʥʠʣʘ ʜʘʿʝ ʟʥʘʯʘʿʥʝ ʠʥʬʦʨʤʘʮʠʿʝ ʦ ʩʚʦʿʩʪʚʠʤʘ 

ʦʿʘʯʘˁʘ ʧʫʥʠʣʘ, ʫʢʫʧʥʝ ʧʦʚʨʰʠʥʝ ʯʝʩʪʠʮʘ ʠ ˁʝʥʠʭ ʧʦʨʘ. ʇʫʥʠʣʘ ʢʦʿʘ ʩʫ ʚʝʦʤʘ 

ʨʘʟʛʨʘʥʘʪʘ ʠ ʢʦʿʘ ʩʘʜʨʞʝ ʤʥʦʛʦ ʧʦʨʘ ʠʤʘʿʫ ʪʝʥʜʝʥʮʠʿʫ ʜʘ ʠʤʘʿʫ ʚʝ˂ʝ ʩʧʝʮʠʬʠʯʥʝ 

ʧʦʚʨʰʠʥʝ ʠ ʚʠʰʝ ʣʦʢʘʮʠʿʘ ʟʘ ʠʥʪʝʨʘʢʮʠʿʫ ʩʘ ʛʫʤʝʥʦʤ ʤʘʪʨʠʮʦʤ. Wʘng [68] ʫ ʨʘʜʫ 

ʦ ʠʥʪʝʨʘʢʮʠʿʘʤʘ ʧʫʥʠʣʦ-ʝʣʘʩʪʦʤʝʨ ʧʨʠʤʝ˂ʫʿʝ ʜʘ ʩʧʝʮʠʬʠʯʥʘ ʧʦʚʨʰʠʥʘ ʯʘʹʠ 

ʜʠʨʝʢʪʥʦ ʫʪʠʯʝ ʥʘ ʜʠʥʘʤʠʯʢʘ ʤʝʭʘʥʠʯʢʘ ʩʚʦʿʩʪʚʘ. ʆʢʝl ʠ Wʘdel [69] ʩʫ ʧʨʦʫʯʘʚʘʣʠ 

ʢʘʢʦ ʩʧʝʮʠʬʠʯʥʘ ʧʦʚʨʰʠʥʘ ʧʫʥʠʣʘ ʫʪʠʯʝ ʥʘ ʩʚʦʿʩʪʚʘ ʛʫʤʝ ʫ ʢʦʿʠʤʘ ʿʝ ʯʘʹ 

ʢʦʨʠʰ˂ʝʥʘ ʢʘʦ ʧʫʥʠʣʦ. ʆʙʝ ʦʚʝ ʩʪʫʜʠʿʝ ʧʦʢʘʟʫʿʫ ʜʘ ʩʧʝʮʠʬʠʯʥʘ ʧʦʚʨʰʠʥʘ ʧʫʥʠʣʘ 

ʫʪʠʯʝ ʥʘ ʤʝʭʘʥʠʯʢʘ ʩʚʦʿʩʪʚʘ ʠ ʧʨʝʨʘʜʫ ʩʤʝʰʝ. ʂʘʜʘ ʩʝ ʧʦʚʨʰʠʥʘ ʧʫʥʠʣʘ ʧʦʚʝ˂ʘʚʘ 

ʦʪʧʦʨʥʦʩʪ ʥʘ ʟʘʪʝʟʘˁʝ ʠ ʢʠʜʘˁʝ ʛʫʤʘ ʩʝ ʧʦʚʝ˂ʘʚʘ. 

Gruber ʠ ʩʘʨʘʜʥʠʮʠ [70] ʩʫ ʦʙʿʘʩʥʠʣʠ ʜʘ ʟʙʦʛ ʫʛˀʝʥʠʢʦʚʝ ʨʘʟʛʨʘʥʘʪʝ 

ʩʪʨʫʢʪʫʨʝ (ʧʦʚʝ˂ʘˁʘ ʧʦʚʨʰʠʥʝ) ʯʘʹ ʧʨʝʜʩʪʘʚˀʘ ʜʦʙʨʦ ʧʫʥʠʣʦ ʟʘ ʦʿʘʯʘˁʝ ʛʫʤʝ. 

ʄʝʹʫʪʠʤ, ʧʦʤʠˁʝ ʠ ʜʘ ʩʤʘˁʝˁʝʤ ʧʣʘʥʘʨʥʦʩʪʠ, ʧʦʚʨʰʠʥʘ ʯʘʹʠ ʙʠ ʩʝ ʤʦʛʣʘ 

ʧʦʚʝ˂ʘʪʠ ʠ ʪʦ ʙʠ ʤʦʛʣʦ ʜʦʚʝʩʪʠ ʜʦ ʯʘʢ ʙʦˀʠʭ ʩʚʦʿʩʪʘʚʘ ʦʿʘʯʘˁʘ. ɼʘ ʙʠ ʩʝ ʪʦ ʫʨʘʜʠʣʦ, 

ʧʨʚʦ ʩʝ ʤʦʨʘ ʨʘʟʫʤʝʪʠ ʟʘʰʪʦ ʫʛˀʝʥʠʯʥʠ ʘʛʨʝʛʘʪʠ ʬʦʨʤʠʨʘʿʫ ʪʘʢʚʝ 3D ʩʪʨʫʢʪʫʨʝ, 

ʰʪʦ ʥʠʿʝ ʥʘʚʝʜʝʥʦ. ʆʚʘ ʩʪʫʜʠʿʘ ʧʦʢʘʟʫʿʝ ʜʘ ʤʦʨʬʦʣʦʛʠʿʘ ʯʘʹʠ ʥʠʿʝ ʠʟʦʪʨʦʧʥʘ. 

ɸʛʨʝʛʘʪʠ ʯʘʹʠ ʩʫ ʧʣʘʥʘʨʥʠ, ʩʘ ʨʘʚʥʦʤ, ʘʥʠʟʦʪʨʦʧʥʦʤ ʜʠʤʝʥʟʠʿʦʤ ʫ ʿʝʜʥʦʤ ʧʨʘʚʮʫ, 

ʘ ʠʩʪʦʚʨʝʤʝʥʦ ʩʫ ʚʝʦʤʘ ʨʘʟʛʨʘʥʘʪʠ ʠ ʧʦʨʦʟʥʠ. ʉʣʠʢʘ 19 ʿʝ ʰʝʤʘʪʩʢʠ ʧʨʠʢʘʟ 

ʘʥʠʟʦʪʨʦʧʥʝ ʩʪʨʫʢʪʫʨʝ ʧʦʣʫʧʨʝʯʥʠʢʘ ʩʬʝʨʝ ʢʦʿʘ ʦʢʨʫʞʫʿʝ ʩʪʨʫʢʪʫʨʫ ʠ ʯʘʹʠ. ɿʙʦʛ 
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ʪʦʛʘ, ʘʛʨʝʛʘʪʠ ʯʘʹʠ ʤʦʛʫ ʠʤʘʪʠ ʧʦʞʝˀʥʫ ʦʨʠʿʝʥʪʘʮʠʿʫ ʫ ʬʦʨʤʠʨʘˁʫ ʘʛʣʦʤʝʨʘʪʘ 

ʢʘʜʘ ʩʝ ʜʠʩʧʝʨʛʫʿʝ ʫ ʛʫʤʝʥʦʿ ʤʘʪʨʠʮʠ.  

 

 

ʉʣʠʢʘ 19. ɼʠʤʝʥʟʠʿʝ ʘʛʨʝʛʘʪʘ ʯʘʹʠ; W-ʚʠʩʠʥʘ, L- ʜʫʞʠʥʘ, T-ʜʝʙˀʠʥʘ [71]. 

2.5. ʀʥʪʝʨʘʢʮʠʿʘ ʧʫʥʠʣʘ ʠ ʧʦʣʠʤʝʨʥʝ ʤʘʪʨʠʮʝ 
 

ʀʥʪʝʨʘʢʮʠʿʝ ʠʟʤʝʹʫ ʧʫʥʠʣʘ ʠ ʧʦʣʠʤʝʨʥʝ ʤʘʪʨʠʮʝ  ʠʤʘʿʫ ʟʥʘʯʘʿʘʥ ʫʪʠʮʘʿ ʥʘ 

ʩʚʦʿʩʪʚʘ ʦʿʘʯʘˁʘ ʧʫˁʝʥʝ ʛʫʤʝ. ʍʝʤʠʿʩʢʘ ʠ ʬʠʟʠʯʢʘ ʩʚʦʿʩʪʚʘ ʛʫʤʝ ʠ ʧʫʥʠʣʘ, ʢʘʦ ʠ 

ˁʠʭʦʚʘ ʢʦʣʠʯʠʥʘ ʫʪʠʯʫ ʥʘ ʦʚʝ ʠʥʪʝʨʘʢʮʠʿʝ. ʀʥʪʝʨʘʢʮʠʿʝ ʧʦʣʠʤʝʨ-ʧʦʣʠʤʝʨ ʩʝ 

ʫʛʣʘʚʥʦʤ ʿʘʚˀʘʿʫ ʢʘʜʘ ʩʝ ʢʦʨʠʩʪʝ ʙʣʝʥʜʝ [72] ʠ ʩʤʘʪʨʘ ʩʝ ʜʘ ʥʠʩʫ ʪʦʣʠʢʦ ʟʥʘʯʘʿʥʝ 

ʢʘʦ ʠʥʪʝʨʘʢʮʠʿʝ ʧʫʥʠʣʦ-ʧʦʣʠʤʝʨ ʠ ʧʫʥʠʣʦ-ʧʫʥʠʣʦ. ʀʥʪʝʨʘʢʮʠʿʝ ʧʫʥʠʣʦ-ʧʦʣʠʤʝʨ 

ʩʫ ʦʧʠʩʘʥʝ ʢʦʤʧʘʪʠʙʠʣʥʦʰ˂ʫ ʧʫʥʠʣʘ ʩʘ ʧʦʣʠʤʝʨʦʤ, ʜʦʢ ʩʫ ʠʥʪʝʨʘʢʮʠʿʝ ʧʫʥʠʣʦ-

ʧʫʥʠʣʦ ʦʧʠʩʘʥʝ ʤʝʹʫʩʦʙʥʠʤ ʧʨʠʚʣʘʯʝˁʝʤ ʧʫʥʠʣʘ ʠ ʩʧʦʩʦʙʥʦʰ˂ʫ ʜʘ ʬʦʨʤʠʨʘʿʫ 

ʤʨʝʞʝ. ʅʘʿʚʘʞʥʠʿʠ ʝʬʝʢʘʪ ʠʥʪʝʨʘʢʮʠʿʝ ʧʫʥʠʣʦ-ʝʣʘʩʪʦʤʝʨ ʠʤʘ ʚʝʟʝ ʩʘ ʦʢʣʫʟʠʿʦʤ 

ʢʘʫʯʫʢʘ. ʊʘʢʦʟʚʘʥʠ Ăʚʝʟʘʥʠ ʢʘʫʯʫʢñ' ʿʝ ʟʘʨʦʙˀʝʥʠ ʢʘʫʯʫʢ ʠʟʤʝʹʫ ʠʣʠ ʫʥʫʪʘʨ 

ʘʛʨʝʛʘʪʘ ʛʜʝ ʚʠʰʝ ʥʠʿʝ ʜʝʦ ʝʣʘʩʪʠʯʥʦ-ʘʢʪʠʚʥʝ ʛʫʤʝʥʝ ʤʘʪʨʠʮʝ. ʋʤʝʩʪʦ ʪʦʛʘ, ʚʝʟʘʥʠ 

ʢʘʫʯʫʢ ʜʝʣʫʿʝ ʢʘʦ ʜʝʦ ʤʨʝʞʝ ʧʫʥʠʣʘ ʠ ʧʦʚʝ˂ʘʚʘ Ăʝʬʝʢʪʠʚʥʫñ ʟʘʧʨʝʤʠʥʫ ʧʫʥʠʣʘ.  

ʀʥʪʝʨʘʢʮʠʿʝ ʧʫʥʠʣʦ-ʧʫʥʠʣʦ ʩʫ ʧʨʠʤʘʨʥʠ ʤʝʭʘʥʠʟʘʤ ʦʿʘʯʘˁʘ, ʧʦʩʝʙʥʦ ʧʨʠ 

ʚʝʣʠʢʦʤ ʫʜʝʣʫ ʧʫʥʠʣʘ. ʆʚʝ ʠʥʪʝʨʘʢʮʠʿʝ ʟʘʚʠʩʝ ʦʜ ʭʝʤʠʿʩʢʠʭ ʠʥʪʝʨʘʢʮʠʿʘ ʠʟʤʝʹʫ 

ʧʦʚʨʰʠʥʘ ʯʝʩʪʠʮʘ ʧʫʥʠʣʘ (ʧʫʥʠʣʦ-ʧʫʥʠʣʦ, ʧʫʥʠʣʦ-ʧʦʣʠʤʝʨ), ʬʠʟʠʯʢʠʭ 

ʠʥʪʝʨʘʢʮʠʿʘ (van der Wʘls-ʦʚʝ ʩʠʣʝ, ʚʦʜʦʥʠʯʥʝ ʚʝʟʝ), ʤʦʨʬʦʣʦʛʠʿʝ ʤʨʝʞʝ ʧʫʥʠʣʘ ʠ 

ʟʘʧʨʝʤʠʥʩʢʦʛ ʫʜʝʣʘ ʧʫʥʠʣʘ. ʇʦʚʨʰʠʥʩʢʘ ʝʥʝʨʛʠʿʘ ʧʫʥʠʣʘ ʫʪʠʯʝ ʥʘ ʢʦʤʧʘʪʠʙʠʣʥʦʩʪ 

ʩʘ ʧʦʣʠʤʝʨʦʤ. ʉʠʣʠʮʠʿʫʤ ʜʠʦʢʩʠʜ ʿʝ, ʥʘ ʧʨʠʤʝʨ, ʚʝʦʤʘ ʧʦʣʘʨʘʥ ʠ ʥʝ ʠʥʪʝʨʘʛʫʿʝ 

ʜʦʙʨʦ ʩʘ ʥʝʧʦʣʘʨʥʠʤ ʝʣʘʩʪʦʤʝʨʦʤ ʢʘʦ ʰʪʦ ʿʝ ʩʪʠʨʝʥ-ʙʫʪʘʜʠʝʥ (SBR), ʘʣʠ ʠʤʘ ʜʦʙʨʫ 

ʠʥʪʝʨʘʢʮʠʿʫ ʩʘ ʧʦʣʘʨʥʠʤ ʝʣʘʩʪʦʤʝʨʠʤʘ ʢʘʦ ʰʪʦ ʿʝ ʧʦʣʠʜʠʤʝʪʠʣ ʩʠʣʦʢʩʘʥ (PDMS). 
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 ʉʪʨʫʢʪʫʨʘ ʧʫʥʠʣʘ ʪʘʢʦʹʝ ʦʜʨʝʹʫʿʝ ʢʦʣʠʢʦ ʿʝ ʦʥʦ ʢʦʤʧʘʪʠʙʠʣʥʦ ʩʘ 

ʝʣʘʩʪʦʤʝʨʦʤ. ʂʘʢʦ ʩʝ ʧʦʚʨʰʠʥʘ ʧʫʥʠʣʘ ʧʦʚʝ˂ʘʚʘ, ʠʤʘ ʚʠʰʝ ʜʦʩʪʫʧʥʠʭ ʤʝʩʪʘ ʟʘ 

ʠʥʪʝʨʘʢʮʠʿʫ ʩʘ ʝʣʘʩʪʦʤʝʨʦʤ ʠʣʠ ʜʨʫʛʠʤ ʯʝʩʪʠʮʘʤʘ ʧʫʥʠʣʘ. ɺʝʦʤʘ ʨʘʟʛʨʘʥʘʪʘ 

ʩʪʨʫʢʪʫʨʘ ʪʘʢʦʹʝ ʦʤʦʛʫ˂ʘʚʘ ʜʘ ʩʝ ʜʝʦ ʢʘʫʯʫʢʦʚʝ ʤʘʪʨʠʮʝ ʤʝʭʘʥʠʯʢʠ ʧʦʚʝʞʝ ʠʟʤʝʹʫ 

ʘʛʨʝʛʘʪʘ. 

ʂʘʜʘ ʩʝ ʥʝʚʫʣʢʘʥʠʟʦʚʘʥʠ ʝʣʘʩʪʦʤʝʨ ʜʦʙʨʦ ʧʦʤʝʰʘ ʩʘ CB-ʦʤ ʪʦʢʦʤ ʦʜʨʝʹʝʥʦʛ 

ʧʝʨʠʦʜʘ, ʣʘʥʮʠ ʝʣʘʩʪʦʤʝʨʘ ʩʝ ʚʝʟʫʿʫ ʟʘ ʘʛʨʝʛʘʪʝ ʯʘʹʠ ʧʫʪʝʤ ʨʘʟʣʠʯʠʪʠʭ ʤʝʭʘʥʠʟʘʤʘ, 

ʪʿ. ʭʝʤʠʿʩʢʠʤ/ʬʠʟʠʯʢʠʤ ʚʝʟʘʤʘ, ʠʤʦʙʠʣʠʟʦʚʘʥʠʤ ʣʘʥʮʠʤʘ ʢʦʿʠ ʩʪʚʘʨʘʿʫ ʩʪʘʢʣʘʩʪʝ 

ʤʦʩʪʦʚʝ ʠʟʤʝʹʫ ʧʫʥʠʣʘ ʠʣʠ ʤʝʭʘʥʠʯʢʠʤ ʧʨʝʧʣʠʪʘˁʝʤ ʝʣʘʩʪʦʤʝʨʥʠʭ ʣʘʥʘʮʘ 

ʦʢʦ/ʢʨʦʟ ʧʦʚʨʰʠʥʝ ʧʫʥʠʣʘ. ʆʚʦ ʩʪʚʘʨʘ ʚʠʩʦʢʦ ʠʤʦʙʠʣʠʟʦʚʘʥʝ ʠ ʣʦʢʘʣʠʟʦʚʘʥʝ  

ʣʘʥʮʝ ʝʣʘʩʪʦʤʝʨʘ ʢʦʿʠ ʬʦʨʤʠʨʘʿʫ ˀʫʩʢʫ ʢʦʿʘ ʦʢʨʫʞʫʿʝ CB ʘʛʨʝʛʘʪʝ. ʆʚʘʿ ʚʠʩʦʢʦ 

ʦʛʨʘʥʠʯʝʥʠ ʢʘʫʯʫʢʦʚ ʩʣʦʿ ʚʠʰʝ ʥʠʿʝ ʜʝʦ ʝʣʘʩʪʠʯʥʦ ʘʢʪʠʚʥʝ ʤʘʪʨʠʮʝ, ʚʝ˂ ʜʝʦ ʤʨʝʞʝ 

ʧʫʥʠʣʘ ʠ ʧʦʚʝ˂ʘʚʘ ʝʬʝʢʪʠʚʥʫ ʟʘʧʨʝʤʠʥʫ ʧʫʥʠʣʘ [73]. 

ʇʦʩʪʦʿʠ ʥʝʢʦʣʠʢʦ ʤʦʜʝʣʘ ʢʦʿʠ ʦʙʿʘʰˁʘʚʘʿʫ ʨʘʟʣʠʯʠʪʝ ʥʘʯʠʥʝ ʥʘ ʢʦʿʝ ʩʝ 

ʤʘʢʨʦʤʦʣʝʢʫʣ ʢʘʫʯʫʢʘ ʠʩʢˀʫʯʫʿʝ ʠʟ ʤʘʪʨʠʮʝ ʠ ʫʛʨʘʹʫʿʝ ʫ ʧʫʥʠʣʦ. ʉʣʠʢʘ 20 

ʠʣʫʩʪʨʫʿʝ ʦʚʝ ʤʦʜʝʣʝ.  

 
 

ʉʣʠʢʘ 20. ʄʦʜʝʣʠ ʤʝʭʘʥʠʟʘʤʘ ʠʥʪʝʨʘʢʮʠʿʝ ʧʫʥʠʣʘ ʠ ʢʘʫʯʫʢʘ ʠ ʧʦʥʘʰʘˁʘ ʢʘʫʯʫʢʘ: 

(ʘ) ʯʚʨʩʪʦ ʚʝʟʘʥʠ ʢʘʫʯʫʢ ʦʢʦ ʯʘʹʠ; (ʙ) ʦʢʣʫʜʦʚʘʥʠ ʢʘʫʯʫʢ ʦʢʦ ʦʤʦʪʘʯʘ ʦʜ ʢʘʫʯʫʢʘ, 

ˀʫʩʢʝ; (ʚ) ʚʝʟʘʥʠ ʢʘʫʯʫʢ ʙʣʠʟʫ ʯʘʹʠ, ʧʨʝʣʘʟʥʦʛ ʩʣʦʿʘ, ʘ ʟʘʪʠʤ ʧʦʢʨʝʪʥʠ ʣʘʥʮʠ 

ʢʘʫʯʫʢʘ ʜʘʣʝʢʦ ʦʜ ʧʦʚʨʰʠʥʝ ʯʘʹʠ; (ʛ) ʘʛʣʦʤʝʨʘʪ ʯʘʹʠ ʠ ʟʘʨʦʙˀʝʥʠ ʢʘʫʯʫʢ ʠʟʤʝʹʫ 

ʘʛʨʝʛʘʪʘ; (ʜ) ʘʛʨʝʛʘʪʠ ʧʫʥʠʣʘ ʩʫ ʚʝʟʘʥʠ ʢʨʦʟ ʩʪʘʢʣʘʩʪʝ ʧʦʣʠʤʝʨʥʝ ʤʦʩʪʦʚʝ [73]. 
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ʅʘ ʩʣʠʮʠ 20, ʩʫ ʩʫʤʠʨʘʥʠ ʦʜʨʝʹʝʥʠ ʤʦʜʝʣʠ ʢʦʿʠ ʦʙʿʘʰˁʘʚʘʿʫ ʠʥʪʝʨʘʢʮʠʿʫ 

ʧʫʥʠʣʘ ʠ ʢʘʫʯʫʢʘ. ʉʣʠʢʘ 20ʘ ʧʨʠʢʘʟʫʿʝ ʿʘʯʝ ʚʝʟʠʚʘˁʝ ʢʘʫʯʫʢʘ ʦʢʦ ʘʛʨʝʛʘʪʘ ʧʫʥʠʣʘ 

ʜʘ ʙʠ ʩʝ ʬʦʨʤʠʨʘʣʘ ˀʫʩʢʘ (ʦʤʦʪʘʯ) ʦʜ ʢʘʫʯʫʢʘ ʥʘ ʧʦʚʨʰʠʥʠ, ʪʘʢʦʟʚʘʥʠ Ăʚʝʟʘʥʠ 

ʢʘʫʯʫʢñ, ʩʘ ʧʦʚʝ˂ʘˁʝʤ ʢʨʫʪʦʩʪʠ ʢʘʜʘ ʿʝ ʙʣʠʞʝ CB-ʫ ʠ ʦʙʨʥʫʪʦ. ʂʘʜʘ ʧʦʩʪʦʿʝ 

ʥʝʧʨʘʚʠʣʥʝ ʩʪʨʫʢʪʫʨʝ ʧʫʥʠʣʘ, ʢʘʫʯʫʢ ʩʝ ʟʘʪʚʘʨʘ ʠʟʤʝʹʫ ʫʥʫʪʨʘʰˁʠʭ ʰʫʧˀʠʥʘ 

ʥʝʧʨʘʚʠʣʥʠʭ ʢʦʥʪʫʨʘ ʠ ʬʦʨʤʠʨʘ ʩʧʦˀʘʰˁʠ ʩʣʦʿ ʥʘʟʚʘʥ Ăʦʢʣʫʜʦʚʘʥʠ ʢʘʫʯʫʢñ, ʢʘʦ 

ʰʪʦ ʿʝ ʧʨʠʢʘʟʘʥʦ ʥʘ ʩʣʠʮʠ 20ʙ. ʆʥ ʥʠʿʝ ʯʚʨʩʪʦ ʚʝʟʘʥ ʢʘʦ ʛʫʤʝʥʘ ˀʫʩʢʘ, ʘʣʠ ʠʤʘ 

ʩʤʘˁʝʥʫ ʧʦʢʨʝʪˀʠʚʦʩʪ. ʂʘʦ ʰʪʦ ʿʝ ʧʨʠʢʘʟʘʥʦ ʥʘ ʩʣʠʮʠ 20ʚ, ʦʚʘ ʿʚʝʟʘʥʠ ʢʘʫʯʫʢ ʿ ʝ 

ʯʚʨʩʪʦ ʚʝʟʘʥ ʟʘ ʧʫʥʠʣʦ ʙʣʠʞʝ ʧʦʚʨʰʠʥʠ; ʜʘˀʝ ʦʜ ʧʦʚʨʰʠʥʝ, ʧʦʢʨʝʪˀʠʚʦʩʪ ʣʘʥʘʮʘ 

ʢʘʫʯʫʢʘ ʿ ʝ ʧʦʚʝ˂ʘʥʘ. ʉʣʠʢʘ 20ʛ ʧʨʠʢʘʟʫʿʝ ʤʦʛʫ˂ʠ ʥʘʯʠʥ ʢʣʘʩʪʝʨʦʚʘˁʘ ʧʫʥʠʣʘ, 

ʩʪʚʘʨʘʿʫ˂ʠ ʘʛʣʦʤʝʨʘʪʝ ʧʫʥʠʣʘ, ʢʦʿʠ ʟʘʨʦʙˀʘʚʘʿʫ ʜʝʦ ʢʘʫʯʫʢʘ, ʠʩʢˀʫʯʫʿʫ˂ʠ ʛʘ ʠʟ 

ʦʩʪʘʪʢʘ ʤʘʪʨʠʮʝ. ʆʚʦ ʩʝ ʥʘʟʠʚʘ Ăʟʘʨʦʙˀʝʥʠ ʢʘʫʯʫʢñ ʢʦʿʘ ʧʦʩʪʘʿʝ Ăʩʣʦʙʦʜʘʥñ ʢʘʜʘ ʩʝ 

ʘʛʨʝʛʘʪʥʘ ʩʪʨʫʢʪʫʨʘ ʨʘʩʧʘʜʥʝ ʪʦʢʦʤ ʜʝʬʦʨʤʘʮʠʿʝ. ʉʘʜʨʞʘʿ ʚʝʟʘʥʦʛ ʢʘʫʯʫʢʘ ʠ  

ʦʢʣʫʜʦʚʘʥʦʛ ʢʘʫʯʫʢʘ ʟʘʚʠʩʠ ʦʜ ʥʝʢʦʣʠʢʦ ʬʘʢʪʦʨʘ, ʪʿ. ʩʘʜʨʞʘʿʘ ʧʫʥʠʣʘ, ʧʦʚʨʰʠʥʝ 

ʧʫʥʠʣʘ, ʩʪʨʫʢʪʫʨʝ, ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʚʨʝʤʝʥʘ ʟʘʜʨʞʘʚʘˁʘ ʧʫʥʠʣʘ ʫ ʢʘʫʯʫʢʫ ʧʨʝ 

ʫʤʨʝʞʘʚʘˁʘ. ʄʦʜʝʣ ʢʦʿʠ ʦʙʿʘʰˁʘʚʘ ʚʝʟʝ ʧʫʥʠʣʦ-ʧʫʥʠʣʦ ʟʘ ʩʪʚʘʨʘˁʝ ʘʛʣʦʤʝʨʘʪʘ 

ʧʫʥʠʣʘ ʠʣʫʩʪʨʦʚʘʥ ʿʝ ʥʘ ʩʣʠʮʠ 20ʜ, ʛʜʝ ʩʫ ʥʝʢʠ ʤʦʣʝʢʫʣʠ ʢʘʫʯʫʢʘ ʦʩʪʘʣʠ ʠʟʤʝʹʫ 

ʯʝʩʪʠʮʘ ʧʫʥʠʣʘ, ʘ ʦʥʠ ʩʝ ʧʦʥʘʰʘʿʫ ʢʘʦ ʩʪʘʢʣʘʩʪʠ ʧʦʣʠʤʝʨʥʠ ʤʦʩʪʦʚʠ [73]. 

ʌʨʘʢʮʠʿʘ ʚʝʟʘʥʦʛ ʢʘʫʯʫʢʘ ʥʝʫʤʨʝʞʝʥʦʛ ʿ ʝʜʠˁʝˁʘ ʿʝ ʢʦʣʠʯʠʥʘ ʛʫʤʝ ʢʦʿʘ ʩʝ ʥʝ 

ʝʢʩʪʨʘʭʫʿʝ ʢʘʜʘ ʿʝ ʠʟʣʦʞʝʥʘ ʜʦʙʨʦʤ ʨʘʩʪʚʘʨʘʯʫ. ʆʙʿʘʚˀʝʥʦ ʿʝ ʥʝʢʦʣʠʢʦ ʨʘʜʦʚʘ ʢʦʿʠ 

ʧʦʢʘʟʫʿʫ ʬʘʢʪʦʨʝ ʢʦʿʠ ʫʪʠʯʫ ʥʘ ʩʘʜʨʞʘʿ ʚʝʟʘʥʦʛ ʢʘʫʯʫʢʘ ʟʘ ʿʝʜʠˁʝˁʘ ʧʫˁʝʥʘ ʯʘʹʠ. 

ʂʘʜʘ ʩʝ ʝʢʩʪʨʘʢʮʠʿʘ ʦʜʚʠʿʘ ʥʘ ʚʠʰʦʿ ʪʝʤʧʝʨʘʪʫʨʠ, ʢʦʣʠʯʠʥʘ ʚʝʟʘʥʦʛ ʢʘʫʯʫʢʘ ʩʝ 

ʩʤʘˁʫʿʝ ʰʪʦ ʫʢʘʟʫʿʝ ʜʘ ʿʝ ʚʝʟʘʥʠ ʢʘʫʯʫʢ ʬʠʟʠʯʢʠ, ʘ ʥʝ ʭʝʤʠʿʩʢʠ ʚʝʟʘʥʘ ʟʘ ʘʛʨʝʛʘʪʝ 

[74]. ʂʘʢʦ ʩʝ ʧʦʚʝ˂ʘʚʘ ʢʦʣʠʯʠʥʘ ʯʘʹʠ, ʧʦʚʝ˂ʘʚʘ ʩʝ ʠ ʩʘʜʨʞʘʿ ʚʝʟʘʥʝ ʛʫʤʝ [75]. ʊʘʢʦʹʝ 

ʿʝ ʧʦʢʘʟʘʥʦ ʜʘ ʩʝ ʩʘʜʨʞʘʿ ʚʝʟʘʥʦʛ ʢʘʫʯʫʢʘ ʧʦʚʝ˂ʘʚʘ ʩʘ ʧʦʚʝ˂ʘˁʝʤ ʧʦʚʨʰʠʥʝ ʯʘʹʠ. 

ʇʨʝʨʘʜʘ ʩʤʝʰʘ ʥʘ ʙʘʟʠ ʢʘʫʯʫʢʘ ʪʘʢʦʹʝ ʫʪʠʯʝ ʥʘ ʩʘʜʨʞʘʿ ʚʝʟʘʥʦʛ ʢʘʫʯʫʢʘ. ʂʘʜʘ 

ʩʝ ʚʨʝʤʝ ʤʝʰʘˁʘ ʧʦʚʝ˂ʘ ʪʦʢʦʤ ʜʦʜʘʚʘˁʘ ʧʫʥʠʣʘ ʠ ʢʘʜʘ ʩʝ ʧʦʚʝ˂ʘ ʚʨʝʤʝ 

ʩʢʣʘʜʠʰʪʝˁʘ ʩʤʝʰʝ ʧʨʝ ʫʤʨʝʞʘʚʘˁʘ, ʧʦʚʝ˂ʘʚʘ ʩʝ ʠ ʩʘʜʨʞʘʿ ʚʝʟʘʥʦʛ ʢʘʫʯʫʢʘ. ʊʨʝʙʘ 

ʥʘʧʦʤʝʥʫʪʠ ʜʘ ʿʝ ʤʦʜʝʣ ʚʝʟʘʥʦʛ ʢʘʫʯʫʢʘ ʝʤʧʠʨʠʿʩʢʠ ʦʜʨʝʹʝʥ ʠʟ ʤʥʦʛʠʭ ʦʧʩʝʨʚʘʮʠʿʘ. 

ʄʝʹʫʪʠʤ, ʪʘʯʥʠ ʫʟʨʦʮʠ ʚʝʟʘʥʦʛ ʢʘʫʯʫʢʘ ʥʠʩʫ ʫ ʧʦʪʧʫʥʦʩʪʠ ʩʭʚʘ˂ʝʥʠ. ʆʜʥʦʩʠ 

ʠʟʤʝʹʫ ʩʪʨʫʢʪʫʨʝ ʧʫʥʠʣʘ ʠ ʩʘʜʨʞʘʿʘ ʚʝʟʘʥʦʛ ʢʘʫʯʫʢʘ ʪʘʢʦʹʝ ʥʠʩʫ ʧʦʟʥʘʪʠ. ɻʣʘʚʥʠ 

ʨʘʟʣʦʛ ʧʨʦʫʯʘʚʘˁʘ ʦʚʦʛ ʬʝʥʦʤʝʥʘ ʩʫ ʨʘʟʫʤʝʚʘˁʝ ʢʦʥʘʯʥʦʛ ʢʦʤʧʨʦʤʠʩʘ ʛʣʘʚʥʠʭ 
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ʤʝʹʫʩʦʙʥʦ ʧʦʚʝʟʘʥʠʭ ʧʘʨʘʤʝʪʘʨʘ ʧʝʨʬʦʨʤʘʥʩʠ ʧʥʝʫʤʘʪʠʢʘ. ʋ ʩʪʚʘʨʠ, ʟʥʘʯʘʿʥʦ 

ʧʦʙʦˀʰʘˁʝ ʧʝʨʬʦʨʤʘʥʩʠ ʧʥʝʫʤʘʪʠʢʘ ʩʝ ʤʦʞʝ ʧʦʩʤʘʪʨʘʪʠ ʢʘʦ ʠʩʪʦʚʨʝʤʝʥʦ 

ʧʦʙʦˀʰʘˁʝ ʦʪʧʦʨʘ ʢʦʪʨˀʘˁʘ, ʧʨʠʘˁʘˁʘ ʥʘ ʤʦʢʨʦʤ ʠ ʟʘʫʩʪʘʚʥʦʛ ʧʫʪʘ ʢʘʜʘ ʩʫ 

ʘʫʪʦʤʦʙʠʣʠ ʦʧʨʝʤˀʝʥʠ ʩʠʩʪʝʤʦʤ ʧʨʦʪʠʚ ʙʣʦʢʠʨʘˁʘ ʪʦʯʢʦʚʘ (ɸBS) [76]. ʆʚʝ 

ʧʦʙʦˀʰʘʥʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʯʠʥʝ ʦʿʘʯʘʥʝ ʤʝʰʘʚʠʥʝ ʛʘʟʝ˂ʝʛ ʩʣʦʿʘ ʪʘʢʦʹʝ ʥʘʿʙʦˀʠʤ 

ʜʦʩʪʫʧʥʠʤ ʤʘʪʝʨʠʿʘʣʠʤʘ ʟʘ ʟʠʤʩʢʝ ʫʩʣʦʚʝ [77]. 

 

ςȢυȢρȢ ˛̪̘̮́́̆ ̆̌́̒̓̏̍̆̑́ ́̋̓̉̃̎̉̍ ̐̔̎̉̌̉̍́ 

ʆʿʘʯʘʚʘʿʫ˂ʝ ʜʝʣʦʚʘˁʝ ʫ ʩʠʩʪʝʤʫ ʢʘʫʯʫʢ-ʧʫʥʠʣʦ ʟʘʚʠʩʠ ʦʜ: ʚʝʣʠʯʠʥʝ ʯʝʩʪʠʮʘ, 

ʩʧʝʮʠʬʠʯʥʝ ʧʦʚʨʰʠʥʝ, ʧʨʦʩʪʦʨʥʝ ʩʪʨʫʢʪʫʨʝ ʠ ʭʝʤʠʿʩʢʠʭ ʩʚʦʿʩʪʘʚʘ ʧʦʚʨʰʠʥʝ 

ʯʝʩʪʠʮʘ. ʇʦʜ ʦʿʘʯʘʚʘʿʫ˂ʠʤ ʜʝʣʦʚʘˁʝʤ ʫ ʛʫʤʠ ʧʦʜʨʘʟʫʤʝʚʘ ʩʝ ʧʦʙʦˀʰʘˁʝ ʬʠʟʠʯʢʦ-

ʤʝʭʘʥʠʯʢʠʭ ʩʚʦʿʩʪʘʚʘ ʩʤʝʩʝ ʠ ʚʫʣʢʘʥʠʟʘʪʘ ʜʦʜʘʚʘˁʝʤ ʧʫʥʠʣʘ. ʇʨʠ ʦʿʘʯʘʚʘʿʫ˂ʝʤ 

ʜʝʣʦʚʘˁʫ ʫ ʩʠʩʪʝʤʫ ʢʘʫʯʫʢ-ʧʫʥʠʣʦ ʥʝ ʜʦʣʘʟʠ ʩʘʤʦ ʜʦ ʤʝʭʘʥʠʯʢʦʛ ʚʝʟʠʚʘˁʘ ʠʟʤʝʹʫ 

ʧʫʥʠʣʘ ʠ ʢʘʫʯʫʢʘ ʥʝʛʦ ʠ ʜʦ ʭʝʤʠʿʩʢʦʛ ʠ ʬʠʟʠʯʢʦ-ʭʝʤʠʿʩʢʦʛ ʜʝʣʦʚʘˁʘ. ʆʩʥʦʚʥʝ 

ʬʠʟʠʯʢʦ-ʭʝʤʠʿʩʢʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʧʫʥʠʣʘ ʩʫ: ʚʝʣʠʯʠʥʘ ʯʝʩʪʠʮʘ, ʦʙʣʠʢ ʯʝʩʪʠʮʘ, 

ʨʘʩʧʦʜʝʣʘ ʚʝʣʠʯʠʥʝ ʯʝʩʪʠʮʘ, ʩʢʣʦʥʦʩʪ ʢʘ ʘʛʣʦʤʝʨʘʮʠʿʠ, ʘʢʪʠʚʥʘ ʧʦʚʨʰʠʥʘ ʠ ʭʝʤʠʿʘ 

ʧʦʚʨʰʠʥʝ, ʭʝʤʠʿʩʢʠ ʩʘʩʪʘʚ, ʧʨʠʩʫʩʪʚʦ ʥʝʯʠʩʪʦ˂ʘ. 

ʉʣʦʞʝʥʦʩʪ ʤʝʭʘʥʠʟʤʘ ʜʝʿʩʪʚʘ ʧʫʥʠʣʘ ʥʘ ʧʦʣʠʤʝʨʥʫ ʤʘʪʨʠʮʫ ʩʝ ʦʛʣʝʜʘ ʢʨʦʟ 

ʙʨʦʿʥʝ ʬʝʥʦʤʝʥʝ ʢʦʿʠ ʩʝ ʤʦʛʫ ʫʦʯʠʪʠ. ʇʦʟʥʘʪʦ ʿʝ ʜʘ ʝʣʘʩʪʦʤʝʨʠ ʢʦʿʠ ʥʠʩʫ ʧʫˁʝʥʠ 

ʠʤʘʿʫ ʪʝʥʜʝʥʮʠʿʫ ʨʘʩʪʘ ʤʦʜʫʣʘ ʝʣʘʩʪʠʯʥʦʩʪʠ ʩʘ ʪʝʤʧʝʨʘʪʫʨʦʤ ʢʘʦ ʰʪʦ ʿʝ 

ʧʨʝʜʚʠʹʝʥʦ ʢʠʥʝʪʠʯʢʦʤ ʪʝʦʨʠʿʦʤ ʛʫʤʦʣʠʢʝ ʝʣʘʩʪʠʯʥʦʩʪʠ. ʏʘʢ ʠ ʚʨʣʦ ʤʘʣʘ 

ʢʦʣʠʯʠʥʘ ʧʫʥʠʣʘ ʟʥʘʯʘʿʥʦ ʤʝˁʘ ʦʚʘʢʚʦ ʧʦʥʘʰʘˁʝ ʤʘʪʝʨʠʿʘʣʘ. ʋ ʦʙʣʘʩʪʠʤʘ ʤʘʣʠʭ 

ʜʝʬʦʨʤʘʮʠʿʘ ʥʝʧʫˁʝʥʠ ʝʣʘʩʪʦʤʝʨʠ ʩʫ ʣʠʥʝʘʨʥʠ ʚʠʩʢʦʝʣʘʩʪʠʯʥʠ ʤʘʪʝʨʠʿʘʣʠ. 

ɽʣʘʩʪʦʤʝʨʠʤʘ ʫ ʢʦʿʝ ʩʫ ʜʦʜʘʪʘ ʦʿʘʯʘʚʘʿʫ˂ʘ ʧʫʥʠʣʘ, ʜʠʥʘʤʠʯʢʦ-ʤʝʭʘʥʠʯʢʘ ʩʚʦʿʩʪʚʘ 

ʧʦʩʪʘʿʫ ʥʝʣʠʥʝʘʨʥʦ ʚʠʩʢʦʝʣʘʩʪʠʯʥʘ ʠ ʦʚʘ ʧʦʿʘʚʘ ʩʝ ʥʘʟʠʚʘ Payne-ʦʚ ʝʬʝʢʘʪ. Payne-

ʦʚ ʝʬʝʢʘʪ ʩʝ ʤʘʥʠʬʝʩʪʫʿʝ ʪʘʢʦ ʰʪʦ ʤʦʜʫʣ ʛʫʙʠʪʘʢʘ ʠʩʧʦˀʘʚʘ ʤʘʢʩʠʤʫʤ ʩʘ ʧʦʨʘʩʪʦʤ 

ʘʤʧʣʠʪʫʜʝ ʜʝʬʦʨʤʘʮʠʿʝ, ʘ ʤʦʜʫʣ ʘʢʫʤʫʣʘʮʠʿʝ ʤʦʥʦʪʦʥʦ ʦʧʘʜʘ. ʀʩʧʠʪʠʚʘˁʘ ʩʫ 

ʧʦʢʘʟʘʣʘ ʜʘ ʝʣʘʩʪʦʤʝʨʠ ʫ ʢʦʿʝ ʿʝ ʜʦʜʘʪʦ ʧʫʥʠʣʦ ʧʦʢʘʟʫʿʫ ʥʝʣʠʥʝʘʨʥʦ ʝʣʘʩʪʠʯʥʦ 

ʧʦʥʘʰʘˁʝ ʧʨʠ ʩʤʠʮʘʿʥʦʿ ʜʝʬʦʨʤʘʮʠʿʠ ʥʠʞʦʿ ʦʜ 0,5%, ʜʦʢ ʥʝʧʫˁʝʥʠ ʝʣʘʩʪʦʤʝʨʠ 

ʧʦʢʘʟʫʿʫ ʣʠʥʝʘʨʥʦ ʚʠʩʢʦʝʣʘʩʪʠʯʥʦ ʩʚʦʿʩʪʚʦ ʧʨʠ ʜʝʬʦʨʤʘʮʠʿʠ ʩʤʠʮʘˁʘ ʚʝ˂ʦʿ ʦʜ 

20%. ɽʣʘʩʪʦʤʝʨʠ ʢʦʿʠ ʩʘʜʨʞʝ ʧʫʥʠʣʘ ʧʦʢʘʟʫʿʫ ʧʨʦʤʝʥʫ ʫ ʚʠʩʢʦʝʣʘʩʪʠʯʥʠʤ 

ʩʚʦʿʩʪʚʠʤʘ ʢʘʦ ʠ ʠʟʨʘʞʝʥʫ ʪʝʤʧʝʨʘʪʫʨʥʫ ʟʘʚʠʩʥʦʩʪ ʩʚʦʿʩʪʘʚʘ ʫ ʦʜʥʦʩʫ ʥʘ ʥʝʧʫˁʝʥʝ 

ʝʣʘʩʪʦʤʝʨʝ.  
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ɼʘ ʙʠ ʩʝ ʦʙʿʘʩʥʠʦ ʤʝʭʘʥʠʟʘʤ ʜʝʿʩʪʚʘ ʧʫʥʠʣʘ ʥʝʦʧʭʦʜʥʦ ʿʝ ʨʘʟʤʦʪʨʠʪʠ ʬʠʟʠʯʢʘ 

ʠ ʭʝʤʠʿʩʢʘ ʩʚʦʿʩʪʚʘ ʢʘʢʦ ʧʫʥʠʣʘ ʪʘʢʦ ʠ ʧʦʣʠʤʝʨʥʝ ʤʘʪʨʠʮʝ. ʆʿʘʯʘʚʘʿʫ˂ʠ ʝʬʝʢʘʪ 

ʧʫʥʠʣʘ ʠ ʚʝʟʝ ʢʦʿʝ ʩʝ ʫʩʧʦʩʪʘʚˀʘʿʫ ʫ ʩʤʝʰʠ ʟʘʚʠʩʝ ʦʜ ʟʘʧʨʝʤʠʥʩʢʦʛ ʫʜʝʣʘ ʧʫʥʠʣʘ, 

ʧʦʚʨʰʠʥʩʢʦʛ ʪʨʝʪʤʘʥʘ ʧʫʥʠʣʘ, ʩʪʨʫʢʪʫʨʥʠʭ ʠ ʪʦʧʦʣʦʰʢʠʭ ʩʚʦʿʩʪʘʚʘ ʤʘʪʨʠʮʝ. 

ʂˀʫʯʘʥ ʫʪʠʮʘʿ ʥʘ ʨʝʦʣʦʰʢʘ ʠ ʤʝʭʘʥʠʯʢʘ ʩʚʦʿʩʪʚʘ ʩʠʩʪʝʤʘ ʠʤʘ ʿʘʯʠʥʘ ʠʥʪʝʨʘʢʮʠʿʝ 

ʠʟʤʝʹʫ ʝʣʘʩʪʦʤʝʨʘ ʠ ʧʫʥʠʣʘ ʢʘʦ ʠ ʧʦʿʘʚʘ ʘʛʣʦʤʝʨʘʮʠʿʝ ʠ ʥʘʩʪʘʿʘˁʝ ʤʨʝʞʝ ʧʫʥʠʣʘ.  

ʂˀʫʯʥʠ ʧʘʨʘʤʝʪʨʠ ʧʫʥʠʣʘ ʢʦʿʠ ʦʜʨʝʹʫʿʫ ʥʘ ʢʦʿʠ ʥʘʯʠʥ ˂ʝ ʧʫʥʠʣʦ ʫʪʠʮʘʪʠ ʥʘ 

ʩʚʦʿʩʪʚʘ ʝʣʘʩʪʦʤʝʨʥʠʭ ʤʘʪʝʨʠʿʘʣʘ ʩʫ: ʚʝʣʠʯʠʥʘ ʠ ʦʙʣʠʢ ʯʝʩʪʠʮʝ ʧʫʥʠʣʘ, ʚʝʣʠʯʠʥʘ 

ʧʦʚʨʰʠʥʝ ʠ ʧʦʚʨʰʠʥʩʢʘ ʘʢʪʠʚʥʦʩʪ. ʇʫʥʠʣʘ ʩʘ ʚʝʣʠʯʠʥʦʤ ʯʝʩʪʠʮʘ ʚʝ˂ʦʤ ʦʜ 10000 

nm (10ɛm) ʩʝ ʜʦʜʘʿʫ ʜʘ ʧʦʚʝ˂ʘʿʫ ʤʘʩʫ ʝʣʘʩʪʦʤʝʨʘ, ʘʣʠ ʩʝ ʫ ʧʨʘʢʩʠ ʩʣʘʙʦ ʢʦʨʠʩʪʝ ʿʝʨ 

ʤʦʛʫ ʜʘ ʩʤʘˁʝ ʧʝʨʬʦʨʤʘʥʩʝ ʛʦʪʦʚʦʛ ʧʨʦʠʟʚʦʜʘ. ʏʝʩʪʠʮʝ ʧʫʥʠʣʘ ʩʘ ʚʝʣʠʯʠʥʘʤʘ 

ʠʟʤʝʹʫ 1000 ʠ 10000 nm (1-10 ɛm) ʫʛʣʘʚʥʦʤ ʥʝ ʧʦʢʘʟʫʿʫ ʟʥʘʯʘʿʘʥ ʫʪʠʮʘʿ ʥʘ ʩʚʦʿʩʪʚʘ 

ʝʣʘʩʪʦʤʝʨʘ ʠ ʢʦʨʠʩʪʝ ʩʝ ʢʘʦ ʥʝʘʢʪʠʚʥʦ ʧʫʥʠʣʦ, ʜʘ ʧʦʚʝ˂ʘʿʫ ʤʘʩʫ ʠ ʩʤʘˁʝ ʮʝʥʫ 

ʢʦʰʪʘˁʘ. ʉʨʝʜˁʝ ʦʿʘʯʘʚʘʿʫ˂ʘ ʧʫʥʠʣʘ ʩʝ ʦʜʣʠʢʫʿʫ ʚʝʣʠʯʠʥʦʤ ʯʝʩʪʠʮʘ ʠʟʤʝʹʫ 100 ʠ 

1000 nm (0,1-1 ɛm). ʉʪʚʘʨʥʦ ʦʿʘʯʘʚʘʿʫ˂ʝ ʜʝʿʩʪʚʦ ʧʦʢʘʟʫʿʫ ʧʫʥʠʣʘ ʩʘ ʚʝʣʠʯʠʥʦʤ 

ʯʝʩʪʠʮʘ ʦʜ 10-100 nm. ʋʪʠʮʘʿ ʚʝʣʠʯʠʥʝ ʯʝʩʪʠʮʘ ʥʘ ʤʝʭʘʥʠʯʢʘ ʩʚʦʿʩʪʚʘ ʝʣʘʩʪʦʤʝʨʘ 

ʧʨʠʢʘʟʘʥ ʿʝ ʥʘ ʩʣʠʮʠ 21. 

 

 

 

ʉʣʠʢʘ 21. ʋʪʠʮʘʿ ʚʝʣʠʯʠʥʝ ʯʝʩʪʠʮʘ ʥʘ ʤʝʭʘʥʠʯʢʘ ʩʚʦʿʩʪʚʘ  

ʝʣʘʩʪʦʤʝʨʥʠʭ ʤʘʪʝʨʠʿʘʣʘ. 
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ʅʘʿʚʝ˂ʠ ʦʿʘʯʘʚʘʿʫ˂ʠ ʝʬʝʢʘʪ ʧʦʢʘʟʫʿʫ ʧʫʥʠʣʘ ʯʠʿʝ ʩʫ ʯʝʩʪʠʮʝ ʚʝʣʠʯʠʥʝ ʚʝ˂ʝ ʦʜ 

10 nm. ɼʘˀʝ ʩʤʘˁʝˁʝ ʚʝʣʠʯʠʥʝ ʯʝʩʪʠʮʝ ʦʪʝʞʘʚʘ ʜʦʙʠʿʘˁʝ ʭʦʤʦʛʝʥʦʛ ʜʠʩʧʝʨʟʥʦʛ 

ʩʠʩʪʝʤʘ, ʩʘʯʠˁʝʥʦʛ ʦʜ ʢʘʫʯʫʢʘ ʠ ʧʫʥʠʣʘ, ʿʝʨ ʩʝ ʧʦ ʧʨʘʚʠʣʫ ʿʘʚˀʘ ʘʛʣʦʤʝʨʘʮʠʿʘ. 

ʅʘʿʙʦˀʠ ʤʦʜʝʣ ʟʘ ʠʩʧʠʪʠʚʘˁʝ ʧʨʦʤʝʥʘ ʦʩʦʙʠʥʘ ʛʫʤʝ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʚʝʣʠʯʠʥʝ 

ʯʝʩʪʠʮʘ ʿʝ ʯʘʹ, ʯʠʿʝ ʩʝ ʜʠʤʝʥʟʠʿʝ ʯʝʩʪʠʮʘ ʥʘʣʘʟʝ ʫ ʚʨʣʦ ʚʝʣʠʢʦʤ ʨʘʩʧʦʥʫ. ɸʢʦ ʩʫ 

ʯʝʩʪʠʮʝ ʬʠʥʠʿʝ; ʧʨʝʢʠʜʥʘ ʯʚʨʩʪʦ˂ʘ, ʦʪʧʦʨʥʦʩʪ ʥʘ ʮʝʧʘˁʝ, ʦʪʧʦʨʥʦʩʪ ʥʘ ʭʘʙʘˁʝ ʠ 

ʪʚʨʜʦ˂ʘ ʩʝ ʧʦʚʝ˂ʘʚʘʿʫ, ʘ ʠʩʪʝʟʘˁʝ ʠ ʦʜʙʦʿʥʘ ʝʣʘʩʪʠʯʥʦʩʪ ʩʝ ʩʤʘˁʫʿʫ. ʊʘʢʦʹʝ, ʩʝ 

ʧʣʘʩʪʠʯʥʦʩʪ ʩʤʝʰʝ ʟʥʘʪʥʦ ʩʤʘˁʫʿʝ ʧʨʠ ʜʦʜʘʚʘˁʫ ʘʢʪʠʚʥʠʭ ʥʝʛʦ ʧʨʠ ʜʦʜʘʚʘˁʫ 

ʥʝʘʢʪʠʚʥʠʭ ʧʫʥʠʣʘ. ʅʝʛʘʪʠʚʥʘ ʧʦʿʘʚʘ ʢʦʜ ʧʨʠʤʝʥʝ ʧʫʥʠʣʘ ʬʠʥʠʿʠʭ ʯʝʩʪʠʮʘ ʿʝ ʰʪʦ 

ʦʥʝ ʠʟʘʟʠʚʘʿʫ ʚʝ˂ʝ ʠʟʜʚʘʿʘˁʝ ʪʦʧʣʦʪʝ ʧʨʠ ʧʨʝʨʘʜʠ ʩʤʝʰʘ ʠ ʢʦʨʠʰ˂ʝˁʫ ʛʫʤʝ ʢʦʿʘ ʿʝ 

ʠʟʣʦʞʝʥʘ ʜʝʬʦʨʤʘʮʠʿʠ. ʄʝʰʘˁʝʤ ʢʨʫʧʥʠʿʠʭ ʯʝʩʪʠʮʘ ʥʝʘʢʪʠʚʥʠʭ ʧʫʥʠʣʘ ʩʘ 

ʢʘʫʯʫʢʦʤ ʜʦʙʠ˂ʝ ʩʝ ʛʫʤʘ ʤʘˁʝ ʧʨʝʢʠʜʥʝ ʯʚʨʩʪʦ˂ʝ, ʤʘˁʝ ʦʪʧʦʨʥʦʩʪʠ ʥʘ ʮʝʧʘˁʝ ʠ 

ʭʘʙʘˁʝ ʘʣʠ ˂ʝ ʟʘʪʦ ʦʚʘʢʚʘ ʛʫʤʘ ʢʘʜʘ ʿʝ ʠʟʣʦʞʝʥʘ ʚʝ˂ʝʤ ʙʨʦʿʫ ʜʝʬʦʨʤʘʮʠʿʘ ʨʘʟʚʠʿʘʪʠ 

ʤʘˁʫ ʢʦʣʠʯʠʥʫ ʪʦʧʣʦʪʝ. ɺʝʣʠʯʠʥʘ ʯʝʩʪʠʮʝ ʧʫʥʠʣʘ ʫʪʠʯʝ ʥʘ ʩʧʝʮʠʬʠʯʥʫ ʧʦʚʨʰʠʥʫ 

ʢʦʿʘ ʧʨʝʜʩʪʘʚˀʘ ʫʢʫʧʥʫ ʧʦʚʨʰʠʥʫ ʩʚʠʭ ʯʝʩʪʠʮʘ ʩʘʜʨʞʘʥʠʭ ʫ ʿʝʜʠʥʠʮʠ ʤʘʩʝ 

ʧʫʥʠʣʘ. ʆʜ ʩʧʝʮʠʬʠʯʥʝ ʧʦʚʨʰʠʥʝ ʧʫʥʠʣʘ ʟʘʚʠʩʠ ʧʦʚʨʰʠʥʩʢʠ ʥʘʧʦʥ ʥʘ ʜʦʜʠʨʥʦʿ 

ʛʨʘʥʠʮʠ ʤʠʢʨʦ-ʩʠʩʪʝʤʘ ʢʘʫʯʫʢ-ʧʫʥʠʣʦ.  

ʆʿʘʯʘʚʘʿʫ˂ʝ ʜʝʿʩʪʚʦ ʧʫʥʠʣʘ ʦʩʠʤ ʰʪʦ ʟʘʚʠʩʠ ʦʜ ʚʝʣʠʯʠʥʝ ʯʝʩʪʠʮʘ ʟʘʚʠʩʠ ʠ ʦʜ 

ʛʝʦʤʝʪʨʠʿʩʢʦʛ ʦʙʣʠʢʘ. ʅʘʧʨʝʟʘˁʝ ʢʦʿʝ ʩʝ ʿʘʚˀʘ ʫ ʧʦʣʠʤʝʨʥʦʿ ʤʘʪʨʠʮʠ, ʧʨʝʥʦʩʠ ʩʝ 

ʥʘ ʧʫʥʠʣʦ ʠ ʥʘ ʪʘʿ ʥʘʯʠʥ ʩʝ ʫʤʘˁʫʿʝ ʜʝʬʦʨʤʘʮʠʿʘ. ɸʢʦ ʿʝ ʚʝʣʠʯʠʥʝ ʯʝʩʪʠʮʝ ʧʫʥʠʣʘ 

ʤʥʦʛʦ ʚʝ˂ʘ ʦʜ ʚʝʣʠʯʠʥʝ ʨʘʩʪʦʿʘˁʘ ʠʟʤʝʹʫ ʧʦʣʠʤʝʨʥʠʭ ʣʘʥʘʮʘ ʪʦ ˂ʝ ʨʝʟʫʣʪʠʨʘʪʠ 

ʣʦʢʘʣʠʟʦʚʘʥʠʤ ʥʘʧʦʥʦʤ ʫ ʧʦʿʝʜʠʥʠʤ ʩʝʛʤʝʥʪʠʤʘ ʝʣʘʩʪʦʤʝʨʘ. ʆʚʦ ʩʝ ʤʦʞʝ 

ʤʘʥʠʬʝʩʪʦʚʘʪʠ ʢʘʦ ʩʤʘˁʝʥʘ ʦʪʧʦʨʥʦʩʪ ʣʘʥʘʮʘ ʥʘ ʠʩʪʝʟʘˁʝ ʠʣʠ ʩʘʚʠʿʘˁʝ. 

ʈʘʟʣʠʯʠʪʠ ʦʙʣʠʮʠ ʧʫʥʠʣʘ ʧʦʢʘʟʫʿʫ ʨʘʟʣʠʯʠʪʫ ʤʦʛʫ˂ʥʦʩʪ ʘʧʩʦʨʙʦʚʘˁʘ ʥʘʧʦʥʘ ʢʦʿʠ 

ʿʝ ʧʨʠʤʝˁʝʥ ʥʘ ʝʣʘʩʪʦʤʝʨ. ʆʙʣʠʢ ʯʝʩʪʠʮʘ ʧʫʥʠʣʘ ʤʦʞʝ ʥʘ ʨʘʟʥʝ ʥʘʯʠʥʝ ʜʦʧʨʠʥʝʪʠ 

ʜʝʿʩʪʚʫ ʧʫʥʠʣʘ ʥʘ ʦʿʘʯʘˁʝ ʝʣʘʩʪʦʤʝʨʘ. ʅʘ ʧʨʠʤʝʨ ʰʪʘʧʠ˂ʘʩʪʘ ʧʫʥʠʣʘ ʩʝ ʫ ʪʦʢʫ 

ʧʨʝʨʘʜʝ ʦʨʠʿʝʥʪʠʰʫ ʫ ʧʨʘʚʮʫ ʜʝʿʩʪʚʘ ʥʘʧʦʥʘ ʠ ʪʠʤʝ ʧʦʙʦˀʰʘʚʘʿʫ ʤʝʭʘʥʠʯʢʘ 

ʩʚʦʿʩʪʚʘ.  

 

2.5.2. ʊʝʦʨʠʿʝ ʦʿʘʯʘˁʘ ʛʫʤʝ ʧʫʥʠʣʠʤʘ 

ʇʦʙʦˀʰʘˁʝ ʩʚʦʿʩʪʘʚʘ ʯʚʨʩʪʦ˂ʝ ʬʠʥʠʤ ʯʝʩʪʠʮʘʤʘ ʧʫʥʠʣʘ ʜʘʿʝ ʟʘʥʠʤˀʠʚ 

ʧʘʨʘʜʦʢʩ. ɼʦʙʨʦ ʿʝ ʧʦʟʥʘʪʦ ʜʘ ˂ʝ ʧʨʠʩʫʩʪʚʦ ʤʘʣʠʭ ʢʦʣʠʯʠʥʘ ʥʝʯʠʩʪʦ˂ʘ ʫ ʛʫʤʠ, ʥʘ 

ʧʨʠʤʝʨ, ʧʝʩʢʘ ʠ ʰˀʫʥʢʘ, ʩʤʘˁʠʪʠ ʯʚʨʩʪʦ˂ʫ ʚʫʣʢʘʥʠʟʦʚʘʥʝ ʛʫʤʝ ʿʝʨ ʪʘʢʚʝ ʥʝʯʠʩʪʦ˂ʝ 
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ʜʝʣʫʿʫ ʢʘʦ ʣʦʢʘʣʥʝ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʥʘʧʨʝʟʘˁʘ ʠ ʥʘ ʪʘʿ ʥʘʯʠʥ ʠʥʠʮʠʨʘʿʫ ʜʝʬʝʢʪ. ʉʪʦʛʘ 

ʿʝ ʥʘ ʧʨʚʠ ʧʦʛʣʝʜ ʪʝʰʢʦ ʟʘʤʠʩʣʠʪʠ ʢʘʢʦ ʫʚʦʹʝˁʝ ʦʚʠʭ ʢʨʫʪʠʭ ʯʝʩʪʠʮʘ ʤʦʞʝ ʜʦʚʝʩʪʠ 

ʜʦ ʧʦʙʦˀʰʘˁʘ ʩʚʦʿʩʪʘʚʘ ʯʚʨʩʪʦ˂ʝ. ʆʿʘʯʘˁʝ ʝʣʘʩʪʦʤʝʨʘ ʢʦʣʦʠʜʥʠʤ ʧʫʥʠʣʠʤʘ, 

ʧʦʧʫʪ ʯʘʹʝ ʠʣʠ ʩʠʣʠʮʠʿʫʤ ʜʠʦʢʩʠʜʘ, ʠʛʨʘ ʚʘʞʥʫ ʫʣʦʛʫ ʫ ʧʦʙʦˀʰʘˁʫ ʤʝʭʘʥʠʯʢʠʭ 

ʩʚʦʿʩʪʘʚʘ ʛʫʤʝʥʠʭ ʤʘʪʝʨʠʿʘʣʘ ʚʠʩʦʢʠʭ ʧʝʨʬʦʨʤʘʥʩʠ. ʇʦʪʝʥʮʠʿʘʣ ʟʘ ʦʿʘʯʘˁʝ ʩʝ 

ʫʛʣʘʚʥʦʤ ʧʨʠʧʠʩʫʿʝ ʩʣʝʜʝ˂ʠʤ ʝʬʝʢʪʠʤʘ: ʘ) ʬʦʨʤʠʨʘˁʫ ʬʠʟʠʯʢʠ ʚʝʟʘʥʝ 

ʬʣʝʢʩʠʙʠʣʥʝ ʤʨʝʞʝ ʧʫʥʠʣʘ ʠ ʙ) ʿʘʢʠʤ ʚʝʟʘʤʘ ʧʦʣʠʤʝʨ-ʧʫʥʠʣʦ. ʆʚʠ ʝʬʝʢʪʠ ʥʘʩʪʘʿʫ 

ʟʙʦʛ ʚʠʩʦʢʝ ʧʦʚʨʰʠʥʩʢʝ ʘʢʪʠʚʥʦʩʪʠ ʠ ʩʧʝʮʠʬʠʯʥʝ ʧʦʚʨʰʠʥʝ ʯʝʩʪʠʮʘ ʧʫʥʠʣʘ. 

ɻʣʘʚʥʠ ʬʘʢʪʦʨʠ ʢʦʿʠ ʦʜʨʝʹʫʿʫ ʩʧʦʩʦʙʥʦʩʪ ʦʿʘʯʘˁʘ ʩʫ [78]: 

1. van der Waals-ʦʚʝ ʩʠʣʝ ʠʟʤʝʹʫ ʯʝʩʪʠʮʘ ʯʘʹʠ ʠ ʝʣʘʩʪʦʤʝʨʘ; 

2. ʍʝʤʠʿʩʢʦ ʫʤʨʝʞʘʚʘˁʝ ʠʣʠ ʭʝʤʠʩʦʨʧʮʠʿʘ ʣʘʥʘʮʘ ʝʣʘʩʪʦʤʝʨʘ ʥʘ ʧʦʚʨʰʠʥʠ 

ʧʫʥʠʣʘ ʫʩʣʝʜ ʨʝʘʢʮʠʿʝ ʩʣʦʙʦʜʥʠʭ ʨʘʜʠʢʘʣʘ ʠʟʤʝʹʫ ʘʪʦʤʘ ʫʛˀʝʥʠʢʘ ʫ 

ʧʫʥʠʣʫ ʠ ʝʣʘʩʪʦʤʝʨʘ ʠ 

3. ʄʝʭʘʥʠʯʢʦ ʩʧʘʿʘˁʝ ʣʘʥʘʮʘ ʝʣʘʩʪʦʤʝʨʘ ʥʘ ʧʦʚʨʰʠʥʫ ʧʫʥʠʣʘ. 

 

 ʇʦʩʪʦʿʠ ʚʠʰʝ ʪʝʦʨʠʿʘ (ʤʦʜʝʣʘ) ʢʦʿʠʤʘ ʿʝ ʧʦʢʫʰʘʥʦ ʜʘ ʩʝ ʦʙʿʘʩʥʠ ʬʝʥʦʤʝʥ 

ʦʿʘʯʘˁʘ ʛʫʤʝ ʧʫʥʠʣʠʤʘ. ʄʝʹʫ ˁʠʤʘ ʩʝ ʠʟʜʚʘʿʘʿʫ Blanchard ʠ Parkinson-ʦʚ ʤʦʜʝʣ, 

ʤʦʜʝʣ  Buecheu-ʘ ʠ Dannenberg-ʦʚ ʤʦʜʝʣ,  

 Blanchard ʠ Parkinson ʩʫ ʧʨʝʜʣʦʞʠʣʠ ʤʦʜʝʣ ʛʜʝ ʩʫ, ʫ ʚʫʣʢʘʥʠʟʦʚʘʥʦʿ ʛʫʤʠ, 

ʯʝʩʪʠʮʝ ʧʫʥʠʣʘ ʧʦʚʝʟʘʥʝ ʩʘ ʣʘʥʮʠʤʘ ʛʫʤʝ ʢʦʤʙʠʥʘʮʠʿʦʤ ʿʘʢʠʭ ʠ ʩʣʘʙʠʭ ʚʝʟʘ. ʂʘʜʘ 

ʿʝ ʛʫʤʘ ʥʘʧʨʝʛʥʫʪʘ, ʩʣʘʙe ʚʝʟʝ ʩʝ ʨʘʩʢʠʜʘʿʫ ʧʨʝ ʿʘʢʠʭ ʚʝʟʘ ʠ ʫʧʨʘʚʦ ʿʝ  ʪʦ ʦʙʿʘʰˁʝˁʝ 

ʟʘ ʦʤʝʢʰʘʚʘˁʝ ʛʫʤʝ ʫʩʣʝʜ ʮʠʢʣʠʯʥʦʛ  ʥʘʧʨʝʟʘˁʘ ʠʣʠ Mullins-ʦʚʦʛ ʝʬʝʢʪʘ. ʇʨʠ 

ʮʠʢʣʠʯʥʦʤ ʦʧʪʝʨʝ˂ʝˁʫ, ʦʤʝʢʰʘʚʘˁʝ ʟʘʚʠʩʠ ʦʜ ʤʘʢʩʠʤʘʣʥʦʛ ʧʨʠʤʝˁʝʥʦʛ 

ʥʘʧʨʝʟʘˁʘ. Blanchard ʠ Parkinson ʩʫ ʩʫʛʝʨʠʩʘʣʠ ʜʘ ʨʘʟʣʠʯʠʪʘ ʦʧʪʝʨʝ˂ʝˁʘ ʠʟʘʟʠʚʘʿʫ 

ʨʘʩʢʠʜʘˁʝ ʨʘʟʣʠʯʠʪʠʪʠʭ ʩʣʘʙʠʭ ʚʝʟʘ ʢʦʿʝ ʜʦʧʨʠʥʦʩʝ ʦʤʝʢʰʘʚʘˁʫ. ʄʦʜʝʣ 

Blanchard-ʘ ʠ Parkinson-ʘ ʿʝ ʪʘʢʦʹʝ ʙʠʦ ʧʨʠʤʝʥˀʠʚ ʟʘ ʦʙʿʘʰˁʝˁʝ ʤʦʜʫʣʘ ʠ ʧʨʝʢʠʜʥʝ 

ʯʚʨʩʪʦ˂ʝ ʦʿʘʯʘʥʝ ʚʫʣʢʘʥʠʟʦʚʘʥʝ ʛʫʤʝ. ʇʦʚʝ˂ʘˁʝ ʤʦʜʫʣʘ ʩʘ ʩʘʜʨʞʘʿʝʤ ʧʫʥʠʣʘ ʩʝ 

ʧʨʠʧʠʩʫʿʝ ʧʦʚʝ˂ʘˁʫ ʚʝʟʘ ʧʫʥʠʣʘ ʩʘ ʛʫʤʝʥʠʤ ʣʘʥʮʠʤʘ. ʋ ʩʣʫʯʘʿʫ ʧʨʝʢʠʜʥʝ 

ʯʚʨʩʪʦ˂ʝ, ʢʘʜʘ ʿʝ ʛʫʤʘ ʥʘʧʨʝʛʥʫʪʘ, ʢʨʘʪʢʝ ʚʝʟʝ ʩʝ ʟʘʪʝʛʥʫ ʠ ʧʦʣʠʤʝʨʥʠ ʣʘʥʮʠ ʩʝ 

ʧʦʨʘʚʥʘʿʫ ʜʫʞ ʧʨʘʚʮʘ ʧʨʠʤʝˁʝʥʦʛ ʥʘʧʨʝʟʘˁʘ ʧʨʠ ʯʝʤʫ ʤʦʣʝʢʫʣʘʨʥʠ ʣʘʥʮʠ ʤʦʛʫ ʜʘ 

ʢʣʠʟʝ ʦʢʦ ʧʫʥʠʣʘ. ʆʚʠ ʬʘʢʪʦʨʠ ʙʠ ʧʦʚʝ˂ʘʣʠ ʧʨʝʢʠʜʥʫ ʯʚʨʩʪʦ˂ʫ ʦʿʘʯʘʥʝ ʛʫʤʝ ʿʝʨ ʙʠ 

ʢʣʠʟʘˁʝ ʤʦʣʝʢʫʣʘʨʥʠʭ ʣʘʥʘʮʘ ʜʠʩʪʨʠʙʫʠʨʘʣʦ ʩʪʨʝʩ. 

 ʇʨʝʤʘ Bueche-ʦʚʦʤ ʤʦʜʝʣʫ ʟʘ ʨʘʩʧʦʜʝʣʫ ʦʧʪʝʨʝ˂ʝˁʘ, ʧʫʥʠʣʘ ʩʫ ʧʦʚʝʟʘʥʘ ʩʘ 
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ʤʦʣʝʢʫʣʘʨʥʠʤ ʣʘʥʮʠʤʘ ʤʨʝʞʝ. ʆʿʘʯʘˁʝ ʿʝ ʧʦʩʣʝʜʠʮʘ ʝʬʝʢʪʘ ʨʘʩʧʦʜʝʣʝ ʦʧʪʝʨʝ˂ʝˁʘ 

ʢʦʿʠ ʧʨʦʠʟʣʘʟʠ ʠʟ ʧʨʠʜʨʫʞʠʚʘˁʘ ʥʝʢʦʣʠʢʦ ʤʦʣʝʢʫʣʘ ʿʝʜʥʦʿ ʯʝʩʪʠʮʠ ʧʫʥʠʣʘ. ʂʘʜʘ 

ʩʝ ʚʠʩʦʢʦ ʥʘʧʨʝʛʥʫʪʠ ʤʦʣʝʢʫʣʘʨʥʠ ʣʘʥʘʮ ʧʨʝʢʠʥʝ, ʚʝʨʫʿʝ ʩʝ ʜʘ ʩʝ ʥʘʧʝʪʦʩʪ ʢʦʿʫ 

ʥʦʩʠ ʨʘʩʧʦʜʝˀʫʿʝ ʥʘ ʚʝʣʠʢʠ ʙʨʦʿ ʜʨʫʛʠʭ ʣʘʥʘʮʘ ʧʫʪʝʤ ʯʝʩʪʠʮʝ ʧʫʥʠʣʘ, ʫʤʝʩʪʦ ʜʘ 

ʩʝ ʥʘʤʝ˂ʝ ʥʝʧʦʩʨʝʜʥʠʤ ʩʫʩʝʜʠʤʘ. ʇʦʚʝ˂ʘˁʝ ʧʨʝʢʠʜʥʝ ʯʚʨʩʪʦ˂ʝ ʩʝ ʧʨʠʧʠʩʫʿʝ 

ʧʫʥʠʣʠʤʘ ʢʦʿʘ ʝʬʠʢʘʩʥʦ ʜʝʣʫʿʫ ʢʘʦ ʩʨʝʜʩʪʚʦ ʟʘ ʨʘʚʥʦʤʝʨʥʠʿʫ ʨʘʩʧʦʜʝʣʫ 

ʦʧʪʝʨʝ˂ʝˁʘ. ʆʧʪʝʨʝ˂ʝˁʝ ʩʝ ʨʘʩʧʦʜʝˀʫʿʝ ʥʘ ʤʥʦʛʦ ʚʝ˂ʠ ʙʨʦʿ ʣʘʥʘʮʘ ʧʨʠʧʦʿʝʥʠʭ ʟʘ 

ʯʝʩʪʠʮʝ ʧʫʥʠʣʘ. ʆʩʠʤ ʥʘʛʣʘʩʢʘ ʥʘ ʧʨʝʢʠʜʫ ʣʘʥʘʮʘ ʠ ʠʟʦʩʪʘʚˀʘˁʘ ʧʦʨʘʚʥʘˁʘ 

ʣʘʥʘʮʘ, Bueche-ʦʚ ʧʨʦʮʝʩ ʦʿʘʯʘˁʘ ʿʝ ʩʣʠʯʘʥ ʤʦʜʝʣʫ ʤʦʣʝʢʫʣʘʨʥʦʛ ʧʨʦʢʣʠʟʘʚʘˁʘ 

ʢʘʢʦ ʛʘ ʿʝ ʦʧʠʩʘʦ Dannenberg. 

 Dannenberg ʿʝ ʧʨʝʜʣʦʞʠʦ ʜʘ ʤʘʪʨʠʮʘ ʛʫʤʝ ʤʦʞʝ ʜʘ ʢʣʠʟʠ ʧʨʝʢʦ ʧʦʚʨʰʠʥʝ 

ʧʫʥʠʣʘ. ʄʘʣʦ ʢʣʠʟʘˁʝ ʤʦʣʝʢʫʣʩʢʠʭ ʣʘʥʘʮʘ ʩʝ ʜʝʰʘʚʘ ʧʨʝʢʦ ʧʦʚʨʰʠʥʝ ʯʝʩʪʠʮʘ 

ʧʫʥʠʣʘ, ʦʤʦʛʫ˂ʘʚʘʿʫ˂ʠ ʪʘʢʦ ʚʠʩʦʢʦ ʥʘʧʨʝʛʥʫʪʠʤ ʣʘʥʮʠʤʘ ʜʘ ʦʩʣʦʙʦʜʝ ʩʚʦʿʫ 

ʥʘʧʝʪʦʩʪ. ʄʦʣʝʢʫʣʩʢʠ ʣʘʥʮʠ ʧʦʜ ʧʨʠʤʝˁʝʥʠʤ ʥʘʧʦʥʦʤ ʙʠ ʨʘʩʧʦʜʝʣʠʣʠ ʩʪʨʝʩ 

ʢʣʠʟʘˁʝʤ, ʯʠʤʝ ʙʠ ʩʝ ʠʟʙʝʛʣʦ ʧʫʮʘˁʝ ʣʘʥʘʮʘ. ʆʚʦ ʙʠ ʨʝʟʫʣʪʠʨʘʣʦ ʜʠʩʠʧʘʮʠʿʦʤ 

ʝʥʝʨʛʠʿʝ ʠ ʧʦʚʝ˂ʘˁʝʤ ʯʚʨʩʪʦ˂ʝ ʝʣʘʩʪʦʤʝʨʘ ʩʘ ʧʫʥʠʣʦʤ. ʆʚʘʿ ʤʦʜʝʣ ʿʝ Dannenberg 

ʢʦʨʠʩʪʠʦ ʜʘ ʦʙʿʘʩʥʠ ʭʠʩʪʝʨʝʟʠʩ ʠ ʮʠʢʣʠʯʥʦ ʦʤʝʢʰʘʚʘˁʝ ʩʪʨʝʩʘ ʧʨʠʤʝ˂ʝʥʦ ʫ 

ʚʫʣʢʘʥʠʟʦʚʘʥʦʿ ʛʫʤʠ ʩʘ ʧʫʥʠʣʦʤ. ʄʦʜʝʣ ʩʫʛʝʨʠʰʝ ʜʘ ʩʝ ʭʠʩʪʝʨʝʟʠʩ ʤʦʞʝ ʧʨʠʧʠʩʘʪʠ 

ʛʫʙʠʪʢʫ ʝʥʝʨʛʠʿʝ ʜʝʬʦʨʤʘʮʠʿʝ ʢʘʦ ʪʨʝˁʝʤ ʪʦʧʣʦʪʦʤ ʢʦʿʘ ʩʝ ʿʘʚˀʘ ʪʦʢʦʤ ʨʝʣʘʪʠʚʥʦʛ 

ʢʨʝʪʘˁʘ ʠʟʤʝʹʫ ʤʦʣʝʢʫʣʩʢʠʭ ʣʘʥʘʮʘ ʠ ʧʫʥʠʣʘ. Dannenberg-ʦʚ ʤʦʜʝʣ ʧʦʢʘʟʫʿʝ 

ʩʣʠʯʥʦʩʪʠ ʩʘ Bueche-ʦʚʠʤ ʤʦʜʝʣʦʤ. 

 

2.5.2.1. ʄʝʭʘʥʠʟʘʤ ʦʿʘʯʘʚʘˁʘ ʝʣʘʩʪʦʤʝʨʘ ʘʢʪʠʚʥʠʤ ʧʫʥʠʣʠʤʘ 
 

ʂʘʜʘ ʩʝ ʩʠʩʪʝʤ ʧʦʜʚʨʛʥʝ ʫʩʣʦʚʠʤʘ ʫʤʨʝʞʘʚʘˁʘ ʜʦ˂ʠ ˂ʝ ʜʦ ʧʦʚʝʟʠʚʘˁʘ 

ʤʘʢʨʦʤʦʣʝʢʫʣʘ ʫ ʪʨʦʜʠʤʝʥʟʠʦʥʘʣʥʫ ʤʨʝʞʫ, ʘ ʫ ʠʩʪʦ ʚʨʝʤʝ ˂ʝ ʩʝ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ 

ʧʦʚʨʰʠʥʩʢʝ ʘʢʪʠʚʥʦʩʪʠ ʧʫʥʠʣʘ ʦʜʠʛʨʘʪʠ ʨʝʘʢʮʠʿʘ ʤʘʢʨʦʤʦʣʝʢʫʣʘ ʩʘ ʘʢʪʠʚʥʠʤ 

ʤʝʩʪʠʤʘ ʥʘ ʧʦʚʨʰʠʥʠ ʧʫʥʠʣʘ (ʩʣʠʢʘ 22).  

ʇʫʥʠʣʘ ʩʘ ʤʘʣʦʤ ʧʦʚʨʰʠʥʩʢʦʤ ʘʢʪʠʚʥʦʰ˂ʫ ˂ʝ ʧʦʢʘʟʘʪʠ ʧʦʚʝ˂ʘʥʫ ʦʪʧʦʨʥʦʩʪ 

ʝʣʘʩʪʦʤʝʨʘ ʥʘ ʠʩʪʝʟʘˁʝ ʰʪʦ ʩʝ ʤʦʞʝ ʦʙʿʘʩʥʠʪʠ ʧʦʿʘʚʦʤ ʪʨʝˁʘ ʠʟʤʝʹʫ ʧʦʚʨʰʠʥʝ 

ʧʫʥʠʣʘ ʠ ʧʦʣʠʤʝʨʥʝ ʤʨʝʞʝ. ʇʫʥʠʣʘ ʩʘ ʚʝʣʠʢʦʤ ʧʦʚʨʰʠʥʩʢʦʤ ʘʢʪʠʚʥʦʰ˂ʫ ʧʦʢʘʟʘ˂ʝ 

ʿʦ hʠʟʨʘʞʝʥʠʿʫ ʦʪʧʦʨʥʦʩʪ ʥʘ ʠʩʪʝʟʘˁʝ ʟʙʦʛ ʿʘʢʠʭ ʭʝʤʠʿʩʢʠʭ ʚʝʟʘ ʫʩʧʦʩʪʘʚˀʝʥʠʭ 

ʠʟʤʝʹʫ ʣʘʥʘʮʘ ʠ ʧʫʥʠʣʘ.  
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ʉʣʠʢʘ 22. ʄʦʜʝʣ ʤʦʣʝʢʫʣʘʨʥʦʛ ʢʣʠʟʘˁʘ ʤʝʭʘʥʠʟʤʘ ʟʘ ʦʿʘʯʘˁʝ: (1) ʧʨʚʦʙʠʪʥʠ 

ʦʙʣʠʢ; (2) ʧʦʯʝʪʘʢ ʠʩʪʝʟʘˁʘ; (3) ʜʦʩʪʠʟʘˁʝ ʤʘʢʩʠʤʘʣʥʦʛ ʠʩʪʝʟʘˁʘ; (4) ʝʣʘʩʪʠʯʘʥ 

ʦʧʦʨʘʚʘʢ ʫʩʣʝʜ ʧʨʝʩʪʘʥʢʘ ʜʝʣʦʚʘˁʘ ʩʠʣʝ ʠʩʪʝʟʘˁʘ [79]. 

ʇʨʝ ʠʩʪʝʟʘˁʘ (ʩʣʠʢʘ 22-1) ʣʘʥʮʠ ʟʘʫʟʠʤʘʿʫ ʥʘʩʫʤʠʯʥʫ ʢʦʥʬʠʛʫʨʘʮʠʿʫ ʦʢʦ 

ʧʫʥʠʣʘ. ʃʘʥʮʠ ɸ ʠ ɹ ʩʫ ʥʘ ʥʝʢʦʣʠʢʦ ʘʢʪʠʚʥʠʭ ʤʝʩʪʘ ʚʝʟʘʥʠ ʟʘ ʧʫʥʠʣʦ ʠ ʧʨʠ 

ʠʩʪʝʟʘˁʫ ʦʪʧʦʨʥʦʩʪ ʩʝ ʦʛʣʝʜʘ ʫ ʝʥʝʨʛʠʿʠ ʢʦʿʘ ʿʝ ʧʦʪʨʝʙʥʘ ʜʘ ʩʝ ʩʝʛʤʝʥʪʠ ʣʘʥʘʮʘ 

ʦʪʢʠʥʫ ʩʘ ʘʢʪʠʚʥʠʭ ʤʝʩʪʘ ʢʘʦ ʰʪʦ ʿʝ ʧʨʠʢʘʟʘʥʦ ʫ ʢʦʨʘʮʠʤʘ (2) ʠ (3), ʩʣʠʢʘ 22.  

ʂʦʣʠʯʠʥʘ ʝʥʝʨʛʠʿʝ ʧʦʪʨʝʙʥʘ ʜʘ ʩʝ ʜʦʩʪʠʛʥʝ ʤʘʢʩʠʤʫʤ ʠʩʪʝʟʘˁʘ ʧʨʠ ʢʦʤ 

ʜʦʣʘʟʠ ʜʦ ʢʠʜʘˁʘ ʣʘʥʘʮʘ ʠʣʠ ʚʝʟʝ ʠʟʤʝʹʫ ʣʘʥʮʘ ʠ ʧʫʥʠʣʘ ʩʝ ʜʝʬʠʥʠʰʝ ʚʝʣʠʯʠʥʦʤ 

ʟʘʪʝʟʥʝ ʯʚʨʩʪʦ˂ʝ. ʅʘʢʦʥ ʫʢʣʘˁʘˁʘ ʩʠʣʝ ʣʘʥʮʠ ʝʣʘʩʪʦʤʝʨʘ ʩʝ ʚʨʘ˂ʘʿʫ ʫ ʥʘʩʫʤʠʯʥʠ 

ʧʦʣʦʞʘʿ (4) ʘʣʠ ʩʘʜʘ ʠʤʘʿʫ ʤʠʥʠʤʫʤ ʚʝʟʘ ʩʘ ʘʢʪʠʚʥʠʤ ʤʝʩʪʠʤʘ ʥʘ ʧʦʚʨʰʠʥʠ 

ʧʫʥʠʣʘ. ʂʘʜʘ ʙʠ ʩʝ ʤʘʪʝʨʠʿʘʣ ʧʦʥʦʚʦ ʠʟʣʦʞʠʦ ʠʩʪʝʟʘˁʫ, ʤʘˁʘ ʩʠʣʘ ʙʠ ʙʠʣʘ 

ʧʦʪʨʝʙʥʘ ʟʘ ʜʦʩʪʠʟʘˁʝ ʤʘʢʩʠʤʘʣʥʝ ʚʝʣʠʯʠʥʝ ʠʩʪʝʟʘˁʘ, ʿʝʨ ʩʫ ʫʢʣʦˁʝʥʝ ʥʝʢʝ 

ʜʦʜʠʨʥʝ ʪʘʯʢʝ ʠʟʤʝʹʫ ʤʘʢʨʦʤʦʣʝʢʫʣʩʢʠʭ ʣʘʥʘʮʘ ʠ ʯʝʩʪʠʮʘ ʧʫʥʠʣʘ. ʆʚʦ ʨʘʟʤʘʪʨʘˁʝ 

ʫʢʘʟʫʿʝ ʜʘ ʥʠʿʝ ʤʦʛʫ˂ʝ ʜʦʙʠʪʠ ʠʜʝʘʣʥʦ ʝʣʘʩʪʠʯʘʥ ʧʨʦʠʟʚʦʜ ʥʝʛʦ ʝʣʘʩʪʦʤʝʨʥʠ 

ʤʘʪʝʨʠʿʘʣʠ ʧʦʢʘʟʫʿʫ ʦʜʨʝʹʝʥʦ ʭʠʩʪʝʨʝʟʠʩʥʦ ʧʦʥʘʰʘˁʝ. 
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2.6. ɼʦʙʠʿʘˁʝ ʛʫʤʝʥʠʭ ʧʨʦʠʟʚʦʜʘ 

2.6.1. ʇʨʠʧʨʝʤʘ ʢʘʫʯʫʢʦʚʠʭ ʩʤʝʰʘ 

 

ʋ ʩʤʝʰʠ ʢʘʫʯʫʢʘ ʩʝ ʧʦʨʝʜ ʢʘʫʯʫʢʘ ʜʦʜʘʿʫ ʨʘʟʣʠʯʠʪʝ ʥʝʦʨʛʘʥʩʢʝ ʠ ʦʨʛʘʥʩʢʝ 

ʤʘʪʝʨʠʿʝ ʢʦʿʝ ʧʦʙʦˀʰʘʚʘʿʫ ʦʩʦʙʠʥʝ ʢʘʫʯʫʢʘ. ʋ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʥʘʤʝʥʝ ʦʥʝ ʩʝ ʜʝʣʝ 

ʥʘ: 

¶ ʦʤʝʢʰʠʚʘʯʝ, 

¶ ʘʥʪʠʦʢʩʠʜʘʥʩʝ, 

¶ ʘʢʪʠʚʘʪʦʨʝ, 

¶ ʩʨʝʜʩʪʚʘ ʟʘ ʚʫʣʢʘʥʠʟʘʮʠʿʫ ʠ 

¶ ʧʫʥʠʣʘ. 
 

ʆʤʝʢʰʠʚʘʯʠ ʩʫ ʿʝʜʠˁʝˁʘ ʢʦʿʝ ʩʝ ʜʦʜʘʿʫ ʛʫʤʝʥʠʤ ʤʝʰʘʚʠʥʘʤʘ ʜʘ ʙʠ ʩʝ 

ʩʤʘˁʠʣʘ ʪʝʤʧʝʨʘʪʫʨʘ ʫʤʝʰʘʚʘˁʘ, ʦʣʘʢʰʘʦ ʧʨʦʮʝʩ ʫʤʝʰʘʚʘˁʘ ʠ ʧʦʙʦˀʰʘʣʘ 

ʜʠʩʧʝʨʟʠʿʘ ʪʿ. ʨʘʩʧʦʜʝʣʘ ʧʨʘʰʢʘʩʪʠʭ ʩʘʩʪʦʿʘʢʘ ʫ ʢʘʫʯʫʢʫ. ɸʢʦ ʩʝ ʫʧʦʪʨʝʙʝ ʫ ʚʝ˂ʦʿ 

ʢʦʣʠʯʠʥʠ ʫʪʠʯʫ ʥʘ ʬʠʟʠʯʢʝ ʦʩʦʙʠʥʝ ʚʫʣʢʘʥʠʟʘʪʘ, ʪʝ ʩʝ ʟʙʦʛ ʪʦʛʘ ʚʨʩʪʘ ʠ ʦʧʪʠʤʘʣʥʠ 

ʩʘʜʨʞʘʿ ʦʜʨʝʹʫʿʝ ʟʘ ʩʚʘʢʫ ʤʝʰʘʚʠʥʫ ʧʦʩʝʙʥʦ. ʄʦʛʫ ʙʠʪʠ ʧʨʘʚʠ (ʨʘʩʪʚʘʨʘʿʫ ʠʣʠ 

ʙʫʙʨʝ ʢʘʫʯʫʢ) ʠ ʧʩʝʫʜʦ (ʩʤʘˁʫʿʫ ʪʨʝˁʝ ʧʨʠ ʤʝʰʘˁʫ). ʇʨʘʚʠ ʦʤʝʢʰʠʚʘʯʠ 

ʧʣʘʩʪʠʬʠʮʠʨʘʿʫ ʛʫʤʝʥʝ ʤʝʰʘʚʠʥʝ ʪʦʢʦʤ ʧʨʝʨʘʜʝ ʠ ʫʪʠʯʫ ʥʘ ʤʝʢʦ˂ʫ ʚʫʣʢʘʥʠʟʘʪʘ. 

ʆʚʜʝ ʩʧʘʜʘʿʫ ʧʘʨʘʬʠʥ, ʩʪʝʘʨʠʥ, ʙʠʪʫʤʝʥ ʠʪʜ. ʇʩʝʫʜʦ-ʦʤʝʢʰʠʚʘʯʠ ʩʤʘˁʫʿʫ ʪʚʨʜʦ˂ʫ 

ʛʫʤʝʥʝ ʤʝʰʘʚʠʥʝ ʠ ʚʫʣʢʘʥʠʟʘʪʘ; ʿʦʰ ʩʝ ʥʘʟʠʚʘʿʫ ʠ ʧʦʜʤʘʟʠʚʘʯʠ. ʆʚʜʝ ʩʧʘʜʘʿʫ 

ʧʘʨʘʬʠʥʩʢʘ, ʥʘʬʪʝʥʩʢʘ, ʘʨʦʤʘʪʩʢʘ ʫˀʘ ʠ ʜʨʫʛʦ. ɼʦʟʠʨʘˁʝ ʦʤʝʢʰʠʚʘʯʘ ʿʝ ʨʘʟʣʠʯʠʪʦ 

ʟʘ ʨʘʟʣʠʯʠʪʝ ʛʫʤʝʥʝ ʤʝʰʘʚʠʥʝ, ʧʘ ʪʘʢʦ ʩʝ ʫ ʩʤʝʰʫ ʥʘ ʙʘʟʠ ʧʨʠʨʦʜʥʦʛ ʢʘʫʯʫʢʘ ʜʦʜʘʿʝ 

5-10% ʦʤʝʢʰʠʚʘʯʘ. ʋ ʩʤʝʰʫ ʥʘ ʙʘʟʠ ʩʠʥʪʝʪʠʯʢʦʛ ʢʘʫʯʫʢʘ ʢʦʿʠ ʠʤʘ ʚʝ˂ʫ ʞʠʣʘʚʦʩʪ 

ʫ ʦʜʥʦʩʫ ʥʘ ʧʨʠʨʦʜʥʠ, ʥʝʜʦʚʦˀʥʦ ʿʝ ʣʝʧˀʠʚ ʠ ʪʝʞʝ ʩʝ ʤʝʰʘ ʜʦʜʘʿʝ ʩʝ ʚʠʰʝ 

ʦʤʝʢʰʠʚʘʯʘ. 

ɸʥʪʠʦʢʩʠʜʘʥʩʠ ʩʝ ʜʦʜʘʿʫ ʛʫʤʝʥʦʿ ʤʝʰʘʚʠʥʠ ʢʘʢʦ ʙʠ ʩʝ ʫʩʧʦʨʠʦ ʧʨʦʮʝʩ 

ʩʪʘʨʝˁʘ ʚʫʣʢʘʥʠʟʘʪʘ. ʇʦʜ ʩʪʘʨʝˁʝʤ ʩʝ ʧʦʜʨʘʟʫʤʝʚʘ ʧʨʦʤʝʥʘ ʬʠʟʠʯʢʠʭ, ʭʝʤʠʿʩʢʠʭ 

ʠ ʤʝʭʘʥʠʯʢʠʭ ʩʚʦʿʩʪʘʚʘ ʢʘʫʯʫʢʘ ʠʣʠ ʛʫʤʝʥʠʭ ʤʝʰʘʚʠʥʘ ʪʦʢʦʤ ʚʨʝʤʝʥʘ (ʜʫʛʦʛ 

ʩʢʣʘʜʠʰʪʝˁʘ ʠʣʠ ʝʢʩʧʣʦʘʪʘʮʠʿʝ), ʠ ʧʦʜ ʫʪʠʮʘʿʝʤ ʩʧʦˀʘʰˁʠʭ ʫʩʣʦʚʘ (ʚʘʟʜʫʭ, 

ʩʫʥʯʝʚʘ ʩʚʝʪʣʦʩʪ, ʠʪʜ.) 

ɸʢʪʠʚʘʪʦʨʠ ʩʫ ʨʝʘʢʪʠʚʥʘ ʿʝʜʠˁʝˁʘ ʢʦʿʘ, ʜʦʟʠʨʘʥʘ ʫ ʤʘʣʠʤ ʢʦʣʠʯʠʥʘʤʘ, 

ʟʥʘʪʥʦ ʧʦʙʦˀʰʘʚʘʿʫ ʜʝʣʦʪʚʦʨʥʦʩʪ ʫʙʨʟʠʚʘʯʘ. ʅʘʿʧʦʟʥʘʪʠʿʠ  ʘʢʪʠʚʘʪʦʨʠ ʩʫ ʮʠʥʢ 

ʦʢʩʠʜ ʠ ʩʪʝʘʨʠʥʩʢʘ ʢʠʩʝʣʠʥʘ. ʀʟʙʦʨ ʘʢʪʠʚʘʪʦʨʘ ʚʫʣʢʘʥʠʟʘʮʠʿʝ ʩʝ ʠʟʚʦʜʠ ʫ 
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ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʚʨʩʪʝ ʢʘʫʯʫʢʘ, ʫʙʨʟʠʚʘʯʘ ʚʫʣʢʘʥʠʟʘʮʠʿʝ ʠ ʧʫʥʠʣʘ. ɸʢʪʠʚʘʪʦʨ ʢʦʿʠ ʠʤʘ 

ʥʘʿʚʝ˂ʫ ʧʨʠʤʝʥʫ ʟʘ ʘʢʪʠʚʠʨʘˁʝ ʫʙʨʟʠʚʘʯʘ ʿʝ ʮʠʥʢ ʦʢʩʠʜ ʩʘ ʫʜʝʣʠʤʘ ʜʦ 5 phr ʫ 

ʢʦʤʙʠʥʘʮʠʿʠ ʩʘ ʩʪʝʘʨʠʥʩʢʦʤ ʢʠʩʝʣʠʥʦʤ ʧʨʠ ʫʜʝʣʠʤʘ ʜʦ 2 phr [21]. ʆʜ ʤʘʩʥʠʭ 

ʢʠʩʝʣʠʥʘ ʥʘʿʚʝ˂ʫ ʧʨʠʤʝʥʫ ʠʤʘ ʩʪʝʘʨʠʥʩʢʘ ʢʠʩʝʣʠʥʘ, ʢʦʿʘ ʩʝ ʯʝʩʪʦ ʥʘʟʠʚʘ ʢʦ-

ʘʢʪʠʚʘʪʦʨ. 

ʉʨʝʜʩʪʚʘ ʟʘ ʫʤʨʝʞʘʚʘˁʝ (ʚʫʣʢʘʥʠʟʘʮʠʿʫ) ʩʫ ʿʝʜʠˁʝˁʘ ʢʦʿʠʤʘ ʩʝ ʢʘʫʯʫʢ 

ʧʨʝʚʦʜʠ ʠʟ ʧʣʘʩʪʠʯʥʦʛ ʫ ʝʣʘʩʪʠʯʥʦ ʩʪʘˁʝ ʫʟ ʧʨʦʤʝʥʫ ʥʠʟʘ ʩʚʦʿʩʪʘʚʘ (ʤʝʭʘʥʠʯʢʘ 

ʯʚʨʩʪʦ˂ʘ, ʦʪʧʦʨʥʦʩʪ, ʠʪʜ.). ʇʨʦʮʝʩ ʚʫʣʢʘʥʠʟʘʮʠʿʝ ʿʝ ʥʘʿʝʬʠʢʘʩʥʠʿʠ ʥʘ ʪʝʤʧʝʨʘʪʫʨʠ 

ʦʜ 130ÁC. ʂʘʦ ʩʨʝʜʩʪʚʘ ʟʘ ʚʫʣʢʘʥʠʟʘʮʠʿʫ ʛʫʤʝʥʠʭ ʤʝʰʘʚʠʥʘ ʥʘ ʙʘʟʠ ʧʨʠʨʦʜʥʦʛ ʠ 

ʩʠʥʪʝʪʠʯʢʦʛ ʢʘʫʯʫʢʘ ʥʘʿʯʝʰ˂ʝ ʩʝ ʢʦʨʠʩʪʠ ʩʫʤʧʦʨ ʠ ʪʠʫʨʘʤʠ ʢʦʿʠ ʬʫʥʢʮʠʦʥʠʰʫ ʢʘʦ 

ʫʙʨʟʠʚʘʯʠ, ʩʘ ʠʟʫʟʝʪʢʦʤ ʧʦʣʠʭʣʦʨʦʧʨʝʥʩʢʦʛ ʠ ʩʠʣʠʢʦʥʩʢʦʛ ʢʘʫʯʫʢʘ, ʛʜʝ 

ʧʦʣʠʭʣʦʨʦʧʨʝʥʩʢʠ ʢʘʫʯʫʢ ʚʫʣʢʘʥʠʟʫʿʝ ʫ ʧʨʠʩʫʩʪʚʫ Zno, MgO ʠ PbO, ʘ ʩʠʣʠʢʦʥʩʢʠ 

ʢʘʫʯʫʢ ʚʫʣʢʘʥʠʟʫʿʝ ʫ ʧʨʠʩʫʩʪʚʫ ʦʨʛʘʥʩʢʠʭ ʧʝʨʦʢʩʠʜʘ. ʋ ʜʘʥʘʰˁʝ ʚʨʝʤʝ ʩʝ ʟʙʦʛ 

ʰʪʝʪʥʦʩʪʠ ʩʫʤʧʦʨʘ ʠ ˁʝʛʦʚʠʭ ʿʝʜʠˁʝˁʘ ʪʨʘʞʝ ʘʣʪʝʨʥʘʪʠʚʝ ʟʘ ʚʫʣʢʘʥʠʟʘʮʠʿʫ 

ʢʘʫʯʫʢʘ ʫ ʚʠʜʫ ʧʝʨʦʢʩʠʜʘ ʠ ʨʘʟʣʠʯʠʪʠʭ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʨʝʞʠʤʘ ʚʫʣʢʘʥʠʟʘʮʠʿʝ. ʂʘʢʦ 

ʙʠ ʩʝ ʢʦʥʪʨʦʣʠʩʘʣʘ ʙʨʟʠʥʘ ʫʤʨʝʞʘʚʘˁʘ ʫ ʤʝʰʘʚʠʥʫ ʩʝ ʜʦʜʘʿʫ ʪʟʚ. ʫʙʨʟʠʚʘʯʠ ʠʣʠ 

ʫʩʧʦʨʠʚʘʯʠ ʚʫʣʢʘʥʠʟʘʮʠʿʝ.  

ʋʩʧʦʨʠʚʘʯʠ ʫʤʨʝʞʘʚʘˁʘ ʩʝ ʜʦʜʘʿʫ ʫ ʢʘʫʯʫʢʦʚʫ ʩʤʝʰʫ ʨʘʜʠ ʠʟʙʝʛʘʚʘˁʘ 

ʧʨʝʚʨʝʤʝʥʦʛ ʫʤʨʝʞʘʚʘˁʘ ʪʦʢʦʤ ʦʙʨʘʜʝ, ʥʘʨʦʯʠʪʦ ʧʨʠ ʚʠʩʦʢʠʤ ʪʝʤʧʝʨʘʪʫʨʘʤʘ 

ʚʫʣʢʘʥʠʟʘʮʠʿʝ ʪʝ ʩʝ ʧʦʚʝ˂ʘʚʘ ʚʨʝʤʝ ʠʥʜʫʢʮʠʿʝ ʫʤʨʝʞʘʚʘˁʘ, ʧʨʠ ʯʝʤʫ ʫʩʧʦʨʠʚʘʯʠ 

ʨʝʘʛʫʿʫ ʩʘ ʘʢʪʠʚʥʠʤ ʜʝʣʦʤ ʫʙʨʟʠʚʘʯʘ ʠ ʧʦʣʘʢʦ ʠʭ ʦʩʣʦʙʘʹʘʿʫ. ʅʘʿʯʝʰ˂ʝ ʩʝ ʢʘʦ 

ʫʩʧʦʨʠʚʘʯʠ ʢʦʨʠʩʪʝ ʪʝʰʢʦ ʠʩʧʘʨˀʠʚʝ ʦʨʛʘʥʩʢʝ ʢʠʩʝʣʠʥʝ, ʘʥʭʠʜʨʠʜ ʬʪʘʣʥʝ 

ʢʠʩʝʣʠʥʝ ʠ ʥʠʪʨʦʟʦ ʿʝʜʠˁʝˁʘ. 

2.7. ʂʠʥʝʪʠʢʘ ʧʨʦʮʝʩʘ ʫʤʨʝʞʘʚʘˁʘ ʠ ʨʘʟʤʨʝʞʘʚʘˁʘ ʟʘ ʩʠʩʪʝʤʝ ʥʘ ʙʘʟʠ  

ʩʤʝʰʘ ʢʘʫʯʫʢʘ 
 

ʇʨʠʚʠʜʥʘ ʝʥʝʨʛʠʿʘ ʘʢʪʠʚʘʮʠʿʝ ʫʤʨʝʞʘʚʘˁʘ (ɽʘ) ʠ ʝʥʝʨʛʠʿʘ ʘʢʪʠʚʘʮʠʿʝ 

ʨʝʚʝʨʟʠʿʝ-ʨʘʟʤʨʝʞʘʚʘˁʘ (ɽʘr) ʩʝ ʨʘʯʫʥʘ ʠʟ ʨʝʦʤʝʪʘʨʩʢʠʭ ʢʨʠʚʠʭ ʢʦʿʝ ʩʫ ʩʥʠʤˀʝʥʝ 

ʧʦʤʦ˂ʫ ʨʝʦʤʝʪʨʘ ʩʘ ʦʩʮʠʣʠʨʘʿʫ˂ʠʤ ʜʠʩʢʦʤ (Monsanto Reometa, ʤʦʜʝʣ 100S) ʥʘ ʜʚʝ 

ʪʝʤʧʝʨʘʪʫʨʝ (180 ʠ 190ÁC). ʆʙʨʪʥʠ ʤʦʤʝʥʪ ʢʦʿʠ ʙʝʣʝʞʠ ʨʝʦʤʝʪʘʨ ʿʝ ʜʠʨʝʢʪʥʦ 

ʧʦʚʝʟʘʥ ʩʘ ʛʫʩʪʠʥʦʤ ʫʤʨʝʞʘʚʘˁʘ. ɸʢʦ ʿʝ ʧʨʦʮʝʩ ʫʤʨʝʞʘʚʘˁʘ ʨʝʘʢʮʠʿʘ ʧʨʚʦʛ ʨʝʜʘ, 

ʢʠʥʝʪʠʯʢʠ ʠʟʨʘʟ ʟʘ ʨʝʘʢʮʠʿʘ ʩʝ ʤʦʞʝ ʧʨʠʢʘʟʘʪʠ ʫ ʨʝʣʘʮʠʿʠ ʩʘ ʦʙʨʪʥʠʤ ʤʦʤʝʥʪʦʤ. 

Eckelmann ʿʝ ʩʘ ʩʘʨʘʜʥʠʮʠʤʘ [80] ʧʦʢʘʟʘʦ ʜʘ ʩʝ ʜʦʙʠʿʝʥʠ ʤʦʤʝʥʪ ʦʪʧʦʨʘ, ʄ, 
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ʠʟʤʝʨʝʥ ʪʦʢʦʤ ʫʤʨʝʞʘʚʘˁʘ ʤʦʞʝ ʥʘʧʠʩʘʪʠ ʫ ʦʙʣʠʢʫ ʿʝʜʥʘʯʠʥʝ (2): 

 

                  ὓ ὓ Ὧ ὓ ὓ Ὧ Ὧϳ Ὡ Ὡ                  (2) 

ʛʜʝ ʿʝ ὓ  ʿ ʝ ʦʙʨʪʥʠ ʤʦʤʝʥʪ ʫ ʜʘʪʦʤ ʪʨʝʥʫʪʢʫ t, ʢʦʿʠ ʧʨʝʪʭʦʜʠ ʧʦʯʝʪʢʫ ʚʫʣʢʘʥʠʟʘʮʠʿʝ,  

ὓ  ʿ ʝ ʥʘʿʚʝ˂ʘ ʚʨʝʜʥʦʩʪ ʦʙʨʪʥʦʛ ʤʦʤʝʥʪʘ ʫʢʦʣʠʢʦ ʪʝʯʝ ʩʘʤʦ ʨʝʘʢʮʠʿʘ ʫʤʨʝʞʘʚʘˁʘ, 

k1 ʠ k2 ʩʫ ʢʦʥʩʪʘʥʪʝ ʙʨʟʠʥʝ ʟʘ ʫʤʨʝʞʘʚʘˁʝ ʠ ʨʝʚʝʨʟʠʿʫ, ʨʝʩʧʝʢʪʠʚʥʦ, ʘ t ʿʝ ʚʨʝʤʝ. 

  

ʄʘʢʩʠʤʫʤ ʦʙʨʪʥʦʛ ʤʦʤʝʥʪʘ, ὓ , ʿʝ ʥʠʞʠ ʦʜ ὓ  ʠ ʟʘʚʠʩʠ ʦʜ ʪʝʤʧʝʨʘʪʫʨʝ. 

ɱʝʜʥʘʯʠʥʫ 2 ʿ ʝ ʿʝʜʥʦʩʪʘʚʥʦ ʨʝʰʠʪʠ ʘʢʦ ʩʝ ʫʚʝʜʝ ʜʘ ʿʝ ‫ Ὧ Ὧϳ , ʠ ʪʘʢʦ ʩʝ ʜʦʙʠʿʘ 

ʚʨʝʤʝ ʥʝʦʧʭʦʜʥʦ ʜʘ ʩʝ ʧʦʩʪʠʛʥʝ ὓ : 

 

     Ὧὸ ὰὲ‫‫ ρϳ                                               (3) 

    ὓ ὓ ὓ ὓ ‫ϳ        (4) 

ɺʨʝʜʥʦʩʪ ὓ  ʩʝ ʦʯʠʪʘʚʘ ʩʘ ʨʝʦʤʝʪʘʨʩʢʝ ʢʨʠʚʝ ʛʜʝ ʨʝʚʝʨʟʠʿʘ ʥʠʿʝ ʧʨʠʤʝʪʥʘ, ʘ 

ʚʨʝʜʥʦʩʪʠ ὓ , ὓ  ʠ ὸ  ʩʝ ʦʯʠʪʘʚʘʿʫ ʠʟ ʢʨʠʚʠʭ ʢʦʿʝ ʩʫ ʩʥʠʤˀʝʥʝ ʥʘ 

ʪʝʤʧʝʨʘʪʫʨʘʤʘ ʦʜ 180 ʠ 190ÁC. ɽʥʝʨʛʠʿʘ ʘʢʪʠʚʘʮʠʿʝ ʩʝ ʠʟʨʘʯʫʥʘʚʘ ʢʦʨʠʩʪʝ˂ʠ 

Arrhenius-ʦʚʫ ʿʝʜʥʘʯʠʥʫ ʢʘʦ: 

     ˒́ ὰὲ             (5) 

 

ʛʜʝ ʿʝ R ʫʥʠʚʝʨʟʘʣʥʘ ʛʘʩʥʘ ʢʦʥʩʪʘʥʪʘ ʠ ʠʟʥʦʩʠ 8,31 JK-1mol-1. 

 

2.8. ʉʪʘʨʝˁʝ ʝʣʘʩʪʦʤʝʨʥʠʭ ʤʘʪʝʨʠʿʘʣʘ 

2.8.1. ʊʝʨʤʦ-ʦʢʩʠʜʘʪʠʚʥʦ ʩʪʘʨʝˁʝ 

  

ʊʦʢʦʤ ʜʫʛʦʛ ʧʝʨʠʦʜʘ ʢʦʨʠʰ˂ʝˁʘ, ʚʝ˂ʠʥʘ ʧʦʣʠʤʝʨʘ ʠ ˁʠʭʦʚʠʭ ʧʨʦʠʟʚʦʜʘ 

ʧʦʩʪʝʧʝʥʦ ʛʫʙʝ ʢʦʨʠʩʥʘ ʩʚʦʿʩʪʚʘ ʢʘʦ ʨʝʟʫʣʪʘʪ ʜʝʛʨʘʜʘʮʠʿʝ ʧʦʣʠʤʝʨʥʦʛ ʣʘʥʮʘ. ʊʦ ʿʝ 

ʟʙʦʛ ʜʝʣʦʚʘˁʘ ʘʛʝʥʘʩʘ ʟʘ ʨʘʟʛʨʘʜˁʫ ʢʘʦ ʰʪʦ ʩʫ ʢʠʩʝʦʥʠʢ, ʪʦʧʣʦʪʘ ʠ 

ʚʠʩʦʢʦʝʥʝʨʛʝʪʩʢʦ ʟʨʘʯʝˁʝ. ɽʬʝʢʪʠ ʦʚʠʭ ʩʨʝʜʩʪʘʚʘ ʟʘ ʨʘʟʛʨʘʜˁʫ ʟʘʚʠʩʝ ʫʛʣʘʚʥʦʤ ʦʜ 

ʭʝʤʠʿʩʢʝ ʩʪʨʫʢʪʫʨʝ ʧʦʣʠʤʝʨʥʦʛ ʣʘʥʮʘ. ʊʝʨʤʦ-ʦʢʩʠʜʘʪʠʚʥʦʤ ʜʝʛʨʘʜʘʮʠʿʦʤ ʛʫʤʝ ʩʫ 

ʩʝ ʙʘʚʠʣʠ ʄʘʨʢʦʚʠ˂ ʠ ʩʘʨʘʜʥʠʮʠ ʫ ʣʠʪʝʨʘʪʫʨʠ [81]. ʄʝʭʘʥʠʯʢʘ ʩʚʦʿʩʪʚʘ ʧʦʣʠʤʝʨʘ 

ʩʝ ʟʥʘʯʘʿʥʦ ʤʝˁʘʿʫ ʚʠʩʦʢʦʝʥʝʨʛʝʪʩʢʠʤ ʟʨʘʯʝˁʝʤ. ʆʚʦ ʤʦʞʝ ʙʠʪʠ ʨʝʟʫʣʪʘʪ ʠʣʠ 

ʫʤʨʝʞʘʚʘˁʘ ʠʣʠ ʜʝʛʨʘʜʘʮʠʿʝ ʧʦʣʠʤʝʨʥʦʛ ʣʘʥʮʘ. ʆʩʦʙʠʥʝ ʢʘʦ ʰʪʦ ʩʫ ʧʨʝʢʠʜʥʘ 
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ʯʚʨʩʪʦ˂ʘ, ʪʚʨʜʦ˂ʘ, ʤʦʜʫʣ ʠ ʧʨʝʢʠʜʥʦ ʠʟʜʫʞʝˁʝ ʩʝ ʩʤʘˁʫʿʫ ʢʘʦ ʨʝʟʫʣʪʘʪ ʮʝʧʘˁʘ 

ʣʘʥʮʘ, ʜʦʢ ʫʤʨʝʞʘʚʘˁʝ ʠʤʘ ʩʫʧʨʦʪʘʥ ʝʬʝʢʘʪ ʥʘ ʦʚʘ ʩʚʦʿʩʪʚʘ. ʄʘʨʢʦʚʠ˂ ʠ ʜʨ. [81] ʩʫ 

ʧʨʦʫʯʘʚʘʣʠ ʝʬʝʢʘʪ g-ʟʨʘʯʝˁʘ ʥʘ ʜʝʛʨʘʜʘʮʠʿʫ ʤʝʰʘʚʠʥʝ ʧʨʠʨʦʜʥʦʛ ʢʘʫʯʫʢʘ ʠ 

ʭʣʦʨʦʩʫʣʬʦʥoʚʘʥʝ ʧʦʣʠʝʪʠʣʝʥʩʢʝ ʛʫʤʝ. ʉʪʘʨʝˁʝ ʠ ʦʪʧʦʨʥʦʩʪ ʛʫʤʝ ʥʘ ʩʪʘʨʝˁʝ, ʢʦʿʘ 

˂ʝ ʜʦʚʝʩʪʠ ʜʦ ʧʦʛʦʨʰʘˁʘ ʩʚʦʿʩʪʘʚʘ ʫʢˀʫʯʫʿʫ˂ʠ ʪʚʨʜʦ˂ʫ, ʟʘʪʝʟʥʘ ʩʚʦʿʩʪʚʘ ʠ ʩʚʦʿʩʪʚʘ 

ʜʠʥʘʤʠʯʢʦʛ ʟʘʤʦʨʘ ʤʘʪʝʨʠʿʘʣʘ ʪʦʢʦʤ ʧʨʦʮʝʩʘ ʝʢʩʧʣʦʘʪʘʮʠʿʝ, ʛʦʪʦʚʦ ʫʚʝʢ ʩʫ 

ʥʘʿʬʘʩʮʠʥʘʥʪʥʠʿʝ ʧʦˀʝ ʧʨʦʫʯʘʚʘˁʘ [82]. ʅʝʟʘʩʠ˂ʝʥʝ ʜʠʝʥʩʢʝ ʛʫʤʝ ʣʘʢʦ ʩʪʘʨʝ ʧʦʜ 

ʫʩʣʦʚʠʤʘ ʪʦʧʣʦʪʝ, ʩʚʝʪʣʦʩʪʠ, ʢʠʩʝʦʥʠʢʘ, g-ʟʨʘʯʝˁʘ ʠ ʜʨʫʛʠʭ ʫʩʣʦʚʘ ʦʢʦʣʠʥʝ ʟʙʦʛ 

ʜʚʦʩʪʨʫʢʠʭ ʚʝʟʘ ʠ ʘʣʠʣʥʠʭ ʚʦʜʦʥʠʢʘ ʫ ʧʦʣʠʤʝʨʥʦʤ ʣʘʥʮʫ. ʂʦʥʢʨʝʪʥʦ, ʪʝʨʤʦ-

ʦʢʩʠʜʘʪʠʚʥʦ ʩʪʘʨʝˁʝ, ʿʝʜʥʦ ʦʜ ʥʘʿʯʝʰ˂ʠʭ ʩʪʘʨʝˁʘ, ʤʦʞʝ ʧʦʛʦʨʰʘʪʠ ʬʠʟʠʯʢʘ 

ʩʚʦʿʩʪʚʘ, ʟʥʘʯʘʿʥʦ ʦʰʪʝʪʠʪʠ ʤʦʣʝʢʫʣʘʨʥʝ ʠ ʫʤʨʝʞʝʥʝ ʩʪʨʫʢʪʫʨʝ ʛʫʤʝʥʠʭ ʤʘʪʝʨʠʿʘʣʘ 

ʠ ʜʦʚʝʩʪʠ ʜʦ ʥʝʧʦʚʨʘʪʥʦʛ ʛʫʙʠʪʢʘ ʞʝˀʝʥʠʭ ʦʩʦʙʠʥʘ ʬʠʥʘʣʥʠʭ ʧʨʦʠʟʚʦʜʘ. ɿʙʦʛ ʪʦʛʘ 

ʿʝ ʧʦʙʦˀʰʘˁʝ ʪʝʨʤʦ-ʦʢʩʠʜʘʪʠʚʥʠʭ ʩʚʦʿʩʪʘʚʘ ʛʫʤʝ ʧʦʩʪʘʣʦ ʥʝʦʧʭʦʜʥʦ ʟʘ 

ʧʨʦʜʫʞʝˁʝ ˁʠʭʦʚʦʛ ʨʘʜʥʦʛ ʚʝʢʘ.  

ʊʝʨʤʦ-ʦʢʩʠʜʘʪʠʚʥʦ ʩʪʘʨʝˁʝ ʜʠʝʥʩʢʝ ʛʫʤʝ ʠʤʘ ʢʦʤʧʣʠʢʦʚʘʥʫ ʨʝʘʢʮʠʿʫ ʠ 

ʤʝʭʘʥʠʟʘʤ ʟʙʦʛ ʜʚʘ ʢʦʤʧʝʪʠʪʠʚʥʘ ʧʨʦʮʝʩʘ: ʮʝʧʘˁʘ ʣʘʥʮʘ ʠ ʫʤʨʝʞʘʚʘˁʘ [83]. ʊʦʢʦʤ 

ʧʨʦʮʝʩʘ ʩʪʘʨʝˁʘ, NR ʿʝ ʧʦʜʣʦʞʘʥ  ʦʢʩʠʜʘʮʠoʥʠʤ ʠ ʜʝʢʦʤʧʦʟʠʮʠʦʥʠʤ ʨʝʘʢʮʠʿʘʤʘ 

ʨʘʟʣʘʛʘˁʘ ʥʘʢʦʥ ʢʦʥʪʘʢʪʘ ʩʘ ʢʠʩʝʦʥʠʢʦʤ, ʘ ʟʘʪʠʤ ʩʝ ʤʦʣʝʢʫʣʩʢʠ ʣʘʥʮʠ ʠ ʫʤʨʝʞʝʥʝ 

ʚʝʟʝ ʮʝʧʘʿʫ ʠ ʩʪʚʘʨʘʿʫ ʩʣʦʞʝʥʝ ʦʣʠʛʦʤʝʨʝ. ʉ ʜʨʫʛʝ ʩʪʨʘʥʝ, BR ʩʝ ʪʦʢʦʤ ʩʪʘʨʝˁʘ 

ʫʤʨʝʞʘʚʘ [83-86]. Glanville ʿʝ ʠʟʚʝʩʪʠʦ ʜʘ ʿʝ ʜʝʛʨʘʜʘʮʠʿʘ NR ʩʤʘˁʝʥʘ ʫ ʤʝʰʘʚʠʥʘʤʘ 

ʩʘ BR [87]. ʊʝʨʤʦ-ʦʢʩʠʜʘʪʠʚʥʠ ʧʨʦʮʝʩ ʩʪʘʨʝˁʘ ʠʤʘ ʜʚʘ ʢʦʨʘʢʘ: ʧʨʚʠ ʢʦʨʘʢ ʿʝ 

ʢʠʩʝʦʥʠʢ ʢʦʿʠ ʫʣʘʟʠ ʫ ʛʫʤʝʥʫ ʤʨʝʞʫ, ʘ ʜʨʫʛʠ ʢʦʨʘʢ ʿʝ ʨʝʘʢʮʠʿʘ ʢʠʩʝʦʥʠʢʘ ʩʘ ʛʫʤʦʤ, 

ʩʣʠʢʘ 23 [85, 88].  

 

 
 

ʉʣʠʢʘ 23. ʊʝʨʤʦ-ʦʢʩʠʜʘʪʠʚʥʘ ʨʝʘʢʮʠʿʘ ʩʪʘʨʝˁʘ ʛʫʤʝ (RH) ʫ ʧʨʠʩʫʩʪʚʫ 

ʘʥʪʠʦʢʩʠʜʘʥʩʘ (AH) [89]. 
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 ʉʪʦʛʘ ʿʝ ʚʝʦʤʘ ʚʘʞʥʦ ʩʤʘˁʠʪʠ ʧʨʦʜʠʨʘˁʝ ʢʠʩʝʦʥʠʢʘ ʫ ʧʦʣʠʤʝʨʥʫ ʤʨʝʞʫ 

ʠʣʠ ʠʥʭʠʙʠʨʘʪʠ ʨʝʘʢʮʠʿʫ ʢʠʩʝʦʥʠʢʘ ʩʘ ʧʦʣʠʤʝʨʦʤ ʪʦʢʦʤ ʧʨʦʮʝʩʘ ʩʪʘʨʝˁʘ. 

ʋʣʦʞʝʥʦ ʿʝ ʤʥʦʛʦ ʥʘʧʦʨʘ ʜʘ ʩʝ ʦʚʘʿ ʧʨʦʙʣʝʤ ʨʝʰʠ. ɼʘ ʙʠ ʩʝ ʪʦ ʩʧʨʝʯʠʣʦ ʜʦʜʘʿʫ ʩʝ 

ʘʥʪʠʦʢʩʠʜʘʥʩʠ. ʂʘʦ ʰʪʦ ʿʝ ʧʨʠʢʘʟʘʥʦ ʥʘ ʩʣʠʮʠ 23, ʚʝʟʝ ʤʘʢʨʦʤʦʣʝʢʫʣʘ ʢʘʫʯʫʢʘ ʩʝ 

ʣʘʢʦ ʨʘʩʢʠʜʘʿʫ ʟʙʦʛ ʚʝʣʠʢʦʛ ʙʨʦʿʘ ʠʟʦʣʦʚʘʥʠʭ ʜʚʦʩʪʨʫʢʠʭ ʚʝʟʘ, ʰʪʦ ʜʦʚʦʜʠ ʜʦ 

ʘʧʩʪʨʘʢʮʠʿʝ ʘʢʪʠʚʥʦʛ a-ʚʦʜʦʥʠʢʘ ʫ ʫʩʣʦʚʠʤʘ ʪʝʨʤʠʯʢʝ ʦʢʩʠʜʘʮʠʿʝ ʯʠʤʝ ʩʝ 

ʧʨʦʠʟʚʦʜʝ ʘʣʢʠʣ ʨʘʜʠʢʘʣʠ R
.
, ʧʝʨʦʢʩʠʜʥʠ ʨʘʜʠʢʘʣʠ Rʆʆ

.
 ʠ ʜʨʫʛʠ ʩʣʦʙʦʜʥʠ 

ʨʘʜʠʢʘʣʠ. ɸʥʪʠʦʢʩʠʜʘʥʩʠ (ɸH) ʤʦʛʫ ʜʘ ʟʘʨʦʙʝ ʩʣʦʙʦʜʥʝ ʨʘʜʠʢʘʣʝ, ʘ ʟʘʪʠʤ 

ʠʥʭʠʙʠʨʘʿʫ ʨʝʘʢʮʠʿʫ ʦʢʩʠʜʘʮʠʿʝ ʠ ʦʜʣʘʞʫ ʪʝʨʤʦ-ʦʢʩʠʜʘʪʠʚʥʦ ʩʪʘʨʝˁʝ. ʉʪʦʛʘ, 

ʜʠʩʦʮʠʿʘʮʠʿʘ ʘʢʪʠʚʥʦʛ ʚʦʜʦʥʠʢʘ ʫ ʘʥʪʠʦʢʩʠʜʘʥʩʠʤʘ ʠʛʨʘ ʠʟʫʟʝʪʥʦ ʚʘʞʥʫ ʫʣʦʛʫ ʫ 

ʭʝʤʠʿʩʢʦʿ ʟʘʰʪʠʪʠ ʦʜ ʩʪʘʨʝˁʘ.  

ʂʘʢʚʘ ˂ʝ ʩʪʨʫʢʪʫʨʘ ʤʨʝʞe ʛʫʤʝ ʙʠʪʠ ʥʘʢʦʥ ʫʤʨʝʞʘʚʘˁʘ ʟʘʚʠʩʠ ʦʜ ʪʠʧʘ ʠ 

ʛʫʩʪʠʥʝ ʫʤʨʝʞʘʚʘˁʘ, ʢʦʿʠ ʩʝ ʤʦʛʫ ʫʥʘʧʨʝʜ ʜʠʟʘʿʥʠʨʘʪʠ ʨʘʟʣʠʯʠʪʠʤ ʩʠʩʪʝʤʠʤʘ 

ʫʤʨʝʞʘʚʘˁʘ: ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʤ, ʝʬʠʢʘʩʥʠʤ ʠʣʠ ʧʦʣʫʝʬʠʢʘʩʥʠʤ, ʩʣʠʢʘ 24.  

 

 

ʉʣʠʢʘ 24. ʊʝʨʤʦ-ʦʢʩʠʜʘʪʠʚʥʦ ʨʘʟʤʨʝʞʘʚʘˁʝ NR ʢʘʫʯʫʢʘ ʫʤʨʝʞʝʥʦʛ ʩʘ ʨʘʟʣʠʯʠʪʘ 

ʪʨʠ ʫʤʨʝʞʘʚʘʿʫ˂ʘ ʩʠʩʪʝʤʘ (CV- ʢʦʥʚʝʥʮʠʦʥʘʣʥʠ, SEV- ʧʦʣʫʝʬʠʢʘʩʥʠ ʠ  

EV-ʝʬʠʢʘʩʥʠ) [83]. 
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ɻʣʘʚʥʘ ʨʘʟʣʠʢʘ ʠʟʤʝʹʫ ʦʚʘ ʪʨʠ ʩʠʩʪʝʤʘ ʫʤʨʝʞʘʚʘˁʘ ʿʝ ʫ ʪʝʞʠʥʩʢʦʤ ʦʜʥʦʩʫ 

ʩʫʤʧʦʨ/ʫʙʨʟʠʚʘʯ, ʰʪʦ ʜʦʚʦʜʠ ʜʦ ʩʪʚʘʨʘˁʘ ʨʘʟʣʠʯʠʪʠʭ ʪʠʧʦʚʘ ʩʫʤʧʦʨʥʠʭ ʚʝʟʘ ʫ 

ʛʫʤʠ. ʅʘ ʧʨʠʤʝʨ, ʛʫʤʘ ʩʘ ʢʦʥʚʝʥʮʠʦʥʘʣʥʦʤ ʩʠʩʪʝʤʦʤ ʟʘ ʫʤʨʝʞʘʚʘˁʝ ʤʦʞʝ ʜʘ 

ʩʘʜʨʞʠ ʧʨʝʢʦ 70% ʧʦʣʠʩʫʣʬʠʜʥʠʭ ʚʝʟʘ, ʛʫʤʘ ʩʘ ʝʬʠʢʘʩʥʠʤ ʩʠʩʪʝʤʦʤ ʟʘ 

ʫʤʨʝʞʘʚʘˁʝ ʠʤʘ ʚʠʰʝ ʤʦʥʦʩʫʣʬʠʜʥʠʭ ʠ ʜʠʩʫʣʬʠʜʥʠʭ ʚʝʟʘ, ʜʦʢ ʛʫʤʘ ʩʘ 

ʧʦʣʫʝʬʠʢʘʩʥʠʤ ʩʠʩʪʝʤʦʤ ʟʘ ʫʤʨʝʞʘʚʘˁʝ ʩʘʜʨʞʠ ʠ ʜʠʩʫʣʬʠʜʥʝ ʠ ʧʦʣʠʩʫʣʬʠʜʥʝ 

ʚʝʟʝ. ʇʦʨʝʜ ʪʦʛʘ, ʝʥʝʨʛʠʿʘ ʜʠʩʦʮʠʿʘʮʠʿʝ ʧʦʣʠʩʫʣʬʠʜʥʠʭ ʚʝʟʘ ˒ ςυφ ὯὐȾάέὰ 

ʿʝ ʥʠʞʘ ʦʜ ʦʥʝ ʢʦʜ ʤʦʥʦʩʫʣʬʠʜʥʠʭ ʚʝʟʘ (EC-S-C = 302 kJ/mol) ʠ ʜʠʩʫʣʬʠʜʥʠʭ ʚʝʟʘ 

(˒ ςχσ ὯὐȾάέὰ, ʰʪʦ ʜʦʚʦʜʠ ʜʦ ʥʠʞʝ ʦʪʧʦʨʥʦʩʪʠ ʛʫʤʝ ʥʘ ʪʝʨʤʦ-ʦʢʩʠʜʘʪʠʚʥʦ 

ʩʪʘʨʝˁʝ ʩʘ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʤ ʪʠʧʦʤ ʚʫʣʢʘʥʠʟʘʮʠʿʝ ʦʜ ʜʨʫʛʝ ʜʚʝ ʚʨʩʪʝ ʛʫʤʝ. ʉʪʦʛʘ, 

ʥʘ ʝʬʠʢʘʩʥʦʩʪ ʪʝʨʤʦ-ʦʢʩʠʜʘʪʠʚʥʝ ʜʝʛʨʘʜʘʮʠʿʝ ʛʫʤʝ ʥʘ ʧʦʚʠʰʝʥʠʤ ʪʝʤʧʝʨʘʪʫʨʘʤʘ 

ʤʦʛʫ ʫʪʠʮʘʪʠ ˁʝʥʠ ʪʠʧʦʚʠ ʩʠʩʪʝʤʘ ʟʘ ʫʤʨʝʞʘʚʘˁʝ (ʩʣʠʢʘ 24).  

 ʉʫʤʧʦʨʥʝ ʚʝʟʝ, ʜʚʦʩʪʨʫʢʝ ʚʝʟʝ ʫʛˀʝʥʠʢ-ʫʛˀʝʥʠʢ ʠ ʘʣʠʣʥʠ ʚʦʜʦʥʠʮʠ 

ʧʦʣʠʤʝʨʥʠʭ ʣʘʥʘʮʘ ʩʫ ʧʦʜʣʦʞʥʠ ʪʝʨʤʠʯʢʦʿ ʦʢʩʠʜʘʮʠʿʠ, ʢʦʿʘ ʩʝ ʤʦʞʝ ʢʦʨʠʩʪʠʪʠ ʟʘ 

ʨʘʟʛʨʘʜˁʫ ʛʫʤʝʥʠʭ ʤʨʝʞʘ ʠ ʥʘʟʚʘʥʘ ʿʝ ʪʝʨʤʦ-ʦʢʩʠʜʘʪʠʚʥʘ ʤʝʪʦʜʘ ʨʘʟʛʨʘʜˁʝ [90, 

91].  

 

2.8.2. ʉʪʘʨʝˁʝ ʠʟʘʟʚʘʥʦ g-ʟʨʘʯʝˁʝʤ  

 ʀʟʣʘʛʘˁʝ ʧʦʣʠʤʝʨʘ g-ʟʨʘʯʝˁʫ  ʿʝ ʧʦʩʪʘʣʦ ʫʦʙʠʯʘʿʝʥʘ ʪʝʭʥʠʢʘ ʟʘ ʩʪʨʫʢʪʫʨʥʫ 

ʤʦʜʠʬʠʢʘʮʠʿʫ, ʧʦʣʠʤʝʨʠʟʘʮʠʿʫ, ʢʘʣʝʤˀʝˁʝ, ʩʪʝʨʠʣʠʟʘʮʠʿʫ ʠ ʫʤʨʝʞʘʚʘˁʝ 

ʨʘʟʣʠʯʠʪʠʭ ʪʝʨʤʦʧʣʘʩʪʘ ʠ ʝʣʘʩʪʦʤʝʨʘ [92, 93]. ʅʦʚʠ ʧʨʦʠʟʚʦʜʠ ʥʘʩʪʘʣʠ 

g-ʟʨʘʯʝˁʝʤ ʩʫ ʚʨʝʜʥʠ ʠ ʢʦʥʢʫʨʝʥʪʥʠ ʤʘʪʝʨʠʿʘʣʠ ʟʘ ʘʧʣʠʢʘʮʠʿʝ ʚʠʩʦʢʠʭ 

ʧʝʨʬʦʨʤʘʥʩʠ [94]. ʀʩʪʨʘʞʠʚʘˁʝ ʠ ʠʩʧʠʪʠʚʘˁʝ ʪʝʭʥʦʣʦʛʠʿʝ ʟʨʘʯʝˁʘ ʧʦʣʠʤʝʨʘ 

ʦʪʚʦʨʠʣʦ ʿʝ ʚʨʘʪʘ ʟʘ ʘʧʣʠʢʘʮʠʿʫ ʤʘʪʝʨʠʿʘʣʘ ʚʠʩʦʢʠʭ ʧʝʨʬʦʨʤʘʥʩʠ ʩʘ ʚʝʣʠʢʠʤ 

ʢʦʤʝʨʮʠʿʘʣʥʠʤ ʠ ʝʢʦʥʦʤʩʢʠʤ ʟʥʘʯʘʿʝʤ ʫ ʩʝʢʪʦʨʫ ʘʤʙʘʣʘʞʝ, ʘʫʪʦʤʦʙʠʣʩʢʦʿ 

ʠʥʜʫʩʪʨʠʿʠ ʠ ʝʣʝʢʪʨʦʥʩʢʦʤ ʩʝʢʪʦʨʫ [95].   

 ʋʤʨʝʞʘʚʘˁʝ g-ʟʨʘʯʝˁʝʤ ʠ ʤʦʜʠʬʠʢʘʮʠʿʘ ʧʦʚʨʰʠʥʝ ʧʦʣʠʤʝʨʘ ʧʦʙʦˀʰʘʚʘʿʫ 

ˁʠʭʦʚʫ ʤʝʭʘʥʠʯʢʫ, ʪʝʨʤʠʯʢʫ, ʭʝʤʠʿʩʢʫ, ʝʣʝʢʪʨʠʯʥʫ ʠʟʦʣʘʮʠʿʫ ʠ ʩʚʦʿʩʪʚʘ ʞʠʚʦʪʥʝ 

ʩʨʝʜʠʥʝ, ʰʪʦ ʠʭ ʯʠʥʠ ʧʦʛʦʜʥʠʤ ʟʘ ʧʨʠʤʝʥʝ ʚʠʩʦʢʠʭ ʧʝʨʬʦʨʤʘʥʩʠ, ʥʘ ʧʨʠʤʝʨ, ʫ 

ʩʚʝʤʠʨʫ, ʘʫʪʦʤʦʙʠʣʠʤʘ, ʢʦʥʩʪʨʫʢʮʠʿʘʤʘ, ʥʫʢʣʝʘʨʥʠʤ ʠ ʦʜʙʨʘʤʙʝʥʠʤ 

ʘʧʣʠʢʘʮʠʿʘʤʘ. ɼʦʟʘ ʟʨʘʯʝˁʘ ʧʨʝʜʩʪʘʚˀʘ ʤʝʨʫ ʢʦʣʠʯʠʥʝ ʝʥʝʨʛʠʿʝ ʢʦʿʫ ʿʦʥʠʟʫʿʫ˂ʝ 

ʟʨʘʯʝˁʝ ʧʨʝʥʦʩʠ ʥʘ ʤʘʪʝʨʠʿʫ. ɸʧʩʦʨʙʦʚʘʥʘ ʜʦʟʘ ʿʝ ʢʦʣʠʯʠʥʘ ʝʥʝʨʛʠʿʝ ʢʦʿʫ ʟʨʘʯʝˁʝ 

ʜʝʧʦʥʫʿʝ ʫ ʿʝʜʠʥʠʮʠ ʤʘʩʝ ʤʘʪʝʨʠʿʘʣʘ. ʀʟʨʘʞʘʚʘ ʩʝ ʫ ʛʨʝʿʠʤʘ (Gy), ʛʜʝ ʿʝ 1 Gy = 1 
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Jkg-1. ʈʘʜʠʿʘʮʠʦʥʘ ʦʪʧʦʨʥʦʩʪ ʿʝ ʩʧʦʩʦʙʥʦʩʪ ʤʘʪʝʨʠʿʘʣʘ ʜʘ ʫʧʨʢʦʩ ʦʟʨʘʯʠʚʘˁʫ 

ʟʘʜʨʞʠ ʧʦʯʝʪʥʘ ʭʝʤʠʿʩʢʘ ʠ ʬʠʟʠʯʢʘ ʩʚʦʿʩʪʚʘ, ʤʘʢʨʦʩʪʨʫʢʪʫʨʫ ʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʫ, 

ʪʿ. ʜʘ ʥʝ ʜʦʹʝ ʜʦ ʫʤʨʝʞʘʚʘˁʘ ʠ/ʠʣʠ ʜʝʛʨʘʜʘʮʠʿʝ. ʆʙʠʯʥʦ ʧʦʣʠʤʝʨʠ ʢʦʿʠ ʧʦʩʝʜʫʿʫ 

ʢʨʫʪʝ ʠ ʘʨʦʤʘʪʠʯʥʝ ʩʪʨʫʢʪʫʨʝ ʧʦʢʘʟʫʿʫ ʦʪʧʦʨʥʦʩʪ ʥʘ ʚʠʩʦʢʦ ʝʥʝʨʛʝʪʩʢʦ ʟʨʘʯʝˁʝ ʠ 

ʪʝʤʧʝʨʘʪʫʨʫ. ʆʜʨʝʹʝʥʠ ʝʣʘʩʪʦʤʝʨʠ, ʠʘʢʦ ʥʝ ʧʦʩʝʜʫʿʫ ʘʨʦʤʘʪʠʯʥʝ ʩʪʨʫʢʪʫʨʝ,  

ʧʦʢʘʟʫʿʫ ʜʦʙʨʫ ʦʪʧʦʨʥʦʩʪ ʥʘ ʿʦʥʠʟʫʿʫ˂ʝ ʟʨʘʯʝˁʝ ʟʘʭʚʘˀʫʿʫ˂ʠ ʩʚʦʿʦʿ ʘʤʦʨʬʥʦʿ ʠ 

ʥʘʤʦʪʘʥʦʿ ʤʦʨʬʦʣʦʛʠʿʠ. ʅʘʩʫʧʨʦʪ ʪʦʤʝ, ʥʝʢʠ ʧʦʣʠʤʝʨʠ ʠ ˁʠʭʦʚʝ ʤʝʰʘʚʠʥʝ 

ʧʦʜʣʝʞʫ ʜʝʛʨʘʜʘʮʠʿʠ ʚʝ˂ ʧʨʠ ʠʟʣʘʛʘˁʫ ʫʤʝʨʝʥʠʤ ʜʦʟʘʤʘ. ʋʦʙʠʯʘʿʝʥʠ ʨʘʩʧʦʥ 

ʘʧʩʦʨʙʦʚʘʥʠʭ ʜʦʟʘ ʢʦʿʠ ʩʝ ʧʨʠʤʝˁʫʿʝ ʧʨʠ ʤʦʜʠʬʠʢʘʮʠʿʠ ʧʦʣʠʤʝʨʘ ʢʨʝ˂ʝ ʩʝ ʦʜ 15 

ʜʦ 200 kGy. ʋ ʪʘʿ ʦʧʩʝʛ ʩʧʘʜʘʿʫ ʧʦʣʠʤʝʨʠ ʢʘʦ ʰʪʦ ʩʫ ʧʦʣʠʧʨʦʧʠʣʝʥ (PP), ʧʦʣʠʚʠʥʠʣ 

ʭʣʦʨʠʜ (PVC), ʙʫʪʠʣ ʛʫʤʘ ʠ ʮʝʣʫʣʦʟʘ, ʧʨʠ ʯʝʤʫ ʞʝˀʝʥʠ ʝʬʝʢʘʪ (ʫʤʨʝʞʘʚʘˁʝ, 

ʩʪʝʨʠʣʠʟʘʮʠʿʘ ʠʣʠ ʤʦʜʠʬʠʢʘʮʠʿʘ ʩʚʦʿʩʪʘʚʘ) ʟʘʚʠʩʠ ʦʜ ʜʦʟʝ ʠ ʧʨʠʨʦʜʝ ʧʦʣʠʤʝʨʘ 

[96]. 

 ʀʟʣʘʛʘˁʝʤ ʧʦʣʠʤʝʨʘ ʚʠʩʦʢʦʝʥʝʨʛʝʪʩʢʦʤ ʟʨʘʯʝˁʫ ʜʦʣʘʟʠ ʜʦ ʭʝʤʠʿʩʢʝ 

ʜʝʛʨʘʜʘʮʠʿʝ ʤʘʪʝʨʠʿʘʣʘ, ʰʪʦ ʤʦʞʝ ʜʦʚʝʩʪʠ ʜʦ ʟʥʘʯʘʿʥʦʛ ʛʫʙʠʪʢʘ ʤʝʭʘʥʠʯʢʠʭ ʠ 

ʬʠʟʠʯʢʦ-ʭʝʤʠʿʩʢʠʭ ʩʚʦʿʩʪʘʚʘ.. ʆʚʦ ʿʝ ʧʦʩʣʝʜʠʮʘ ʥʘʩʫʤʠʯʥʝ ʘʧʩʦʨʧʮʠʿʝ ʝʥʝʨʛʠʿʝ ʦʜ 

ʩʪʨʘʥʝ ʘʪʦʤʘ ʫ ʧʦʣʠʤʝʨʫ, ʧʨʠ ʯʝʤʫ ʜʦʣʘʟʠ ʜʦ ʢʠʜʘˁʘ ʭʝʤʠʿʩʢʠʭ ʚʝʟʘ ʠ ʩʪʚʘʨʘˁʘ 

ʨʝʘʢʪʠʚʥʠʭ ʨʘʜʠʢʘʣʘ. ʋ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʤʦʣʝʢʫʣʘʨʥʝ ʧʦʢʨʝʪˀʠʚʦʩʪʠ ʠ ʭʝʤʠʿʩʢʝ 

ʩʪʨʫʢʪʫʨʝ, ʦʚʝ ʪʝʨʤʦʜʠʥʘʤʠʯʢʠ ʥʝʩʪʘʙʠʣʥʝ ʚʨʩʪʝ ʜʝʛʝʥʝʨʠʰʫ ʩʝ ʤʘˁʝ ʠʣʠ ʚʠʰʝ 

ʙʨʟʦ ʢʨʦʟ ʨʘʟʣʠʯʠʪʝ ʭʝʤʠʿʩʢʝ ʨʝʘʢʮʠʿʝ ʢʦʿʝ ʫʢˀʫʯʫʿʫ ʩʘʤ ʧʦʣʠʤʝʨ, ʢʠʩʝʦʥʠʢ ʠʣʠ 

ʜʨʫʛʝ ʨʘʜʠʢʘʣʝ.  

 ɻʝʥʝʨʘʣʥʦ, ʭʝʤʠʿʩʢʠ ʧʨʦʮʝʩʠ ʤʦʛʫ ʠʩʪʦʚʨʝʤʝʥʦ ʜʘ ʜʦʚʝʜʫ ʜʦ ʮʝʧʘˁʘ ʣʘʥʮʘ, 

ʨʝʘʢʮʠʿʝ ʫʤʨʝʞʘʚʘˁʘ ʠ ʨʘʟʣʠʯʠʪʠʭ ʦʢʩʠʜʘʮʠʦʥʠʭ ʩʪʘˁʘ. ʉʪʝʧʝʥ ʫʤʨʝʞʘʚʘˁʘ 

ʟʘʚʠʩʠ ʦʜ ʩʪʨʫʢʪʫʨʝ ʧʦʣʠʤʝʨʘ, ʤʦʨʬʦʣʦʛʠʿʝ ʬʘʟʝ, ʟʨʘʯʝˁʘ ʛʘʤʘ ʟʨʘʯʝˁʝʤ ʩʘ 

ʢʦʥʪʨʦʣʠʩʘʥʦʤ ʜʦʟʦʤ ʠ ʪʨʘʿʘˁʝʤ, ʠ ʧʨʠʨʦʜʝ ʠʟʚʦʨʘ ʛʘʤʘ ʟʨʘʯʝˁʘ. ʎʝʧʘˁʝ ʣʘʥʘʮʘ 

ʢʦʿʝ ʫʟʨʦʢʫʿʝ ʩʤʘˁʝˁʝ ʤʦʣʝʢʫʣʩʢʝ ʤʘʩʝ ʥʘʿʯʝʰ˂ʝ ʩʝ ʿʘʚˀʘ ʢʦʜ ʝʣʘʩʪʦʤʝʨʘ ʢʦʿʠ ʫ 

ʩʝʙʠ ʩʘʜʨʞʝ ʢʚʘʪʝʨʥʝʨʥʝ ʫʛˀʝʥʠʢʦʚʝ ʘʪʦʤʝ, ʭʝʪʝʨʦʘʪʦʤʝ ʫ ʛʣʘʚʥʦʤ ʣʘʥʮʫ ʢʘʦ ʠ ʢʦʜ 

ʧʨʠʨʦʜʥʠʭ ʧʦʣʠʤʝʨʘ. ʉ ʜʨʫʛʝ ʩʪʨʘʥʝ, ʨʝʘʢʮʠʿʘ ʫʤʨʝʞʘʚʘˁʘ ʿʝ ʚʝʨʦʚʘʪʥʠʿʘ ʢʦʜ 

ʝʣʘʩʪʦʤʝʨʘ ʢʦʿʠ ʩʘʜʨʞʠ ʥʝʟʘʩʠ˂ʝʥʝ C-C ʚʝʟʝ.  

 ʋʦʧʰʪʝʥʦ, ʧʨʦʮʝʩ ʜʝʛʨʘʜʘʮʠʿʝ ʠʟʘʟʚʘʥ ʟʨʘʯʝˁʝʤ ʩʝ ʦʜʚʠʿʘ ʫ ʜʚʝ ʬʘʟʝ. ʇʨʚʘ 

ʬʘʟʘ ʫʢˀʫʯʫʿʝ ʨʘʩʢʠʜʘˁʝ ʢʦʚʘʣʝʥʪʥʠʭ ʚʝʟʘ ʠ ʬʦʨʤʠʨʘˁʝ ʩʣʦʙʦʜʥʠʭ ʨʘʜʠʢʘʣʘ. 

ɻʝʥʝʨʠʩʘʥʠ ʨʘʜʠʢʘʣʠ ʟʘʪʠʤ ʠʟʘʟʠʚʘʿʫ ʭʝʤʠʿʩʢʝ ʠʥʪʝʨʘʢʮʠʿʝ ʠʟʤʝʹʫ ʤʦʣʝʢʫʣʘ ʫ 
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ʨʘʟʣʠʯʠʪʠʤ ʢʦʥʮʝʥʪʨʘʮʠʿʘʤʘ ʫ ʜʨʫʛʦʿ ʬʘʟʠ [96].  ʍʝʤʠʿʩʢʝ ʨʝʘʢʮʠʿʝ ʠʟʘʟʚʘʥʝ 

ʟʨʘʯʝˁʝʤ ʠ ʪʝʨʤʠʯʢʦʤ ʦʢʩʠʜʘʮʠʿʦʤ ʤʦʛʫ ʜʘ ʤʝˁʘʿʫ ʠʣʠ ʜʝʛʨʘʜʠʨʘʿʫ ʤʥʦʛʘ ʩʚʦʿʩʪʚʘ 

ʫʢˀʫʯʫʿʫ˂ʠ ʩʪʨʫʢʪʫʨʫ ʤʨʝʞʝ ʠ Young-ʦʚ ʤʦʜʫʣ [97]. ʈʘʟʫʤʝʚʘˁʝ ʦʚʠʭ ʨʘʟʣʠʯʠʪʠʭ 

ʤʝʭʘʥʠʟʘʤʘ ʜʝʛʨʘʜʘʮʠʿʝ ʠ ʢʠʥʝʪʠʯʢʠʭ ʨʝʘʢʮʠʿʘ ʿ ʝ ʩʫʰʪʠʥʩʢʠ ʢʦʨʘʢ ʫ ʧʨʝʜʚʠʹʘˁʫ 

ʞʠʚʦʪʥʦʛ ʚʝʢʘ ʿʝʜʠˁʝˁʘ ʫ ʫʧʦʪʨʝʙʠ ʠ ʠʩʪʦʚʨʝʤʝʥʦʤ ʠʟʙʦʨʫ ʠʩʧʨʘʚʥʝ ʬʦʨʤʫʣʘʮʠʿʝ 

ʧʦʣʠʤʝʨʘ ʟʘ ʙʫʜʫ˂ʝ ʤʘʪʝʨʠʿʘʣʝ [98].  

 

 2.9. ʈʝʮʠʢʣʠʨʘˁʝ ʝʣʘʩʪʦʤʝʨʥʠʭ ʤʘʪʝʨʠʿʘ (ʛʫʤʝ) 

 

ʉʘ ʨʘʟʚʦʿʝʤ ʤʦʜʝʨʥʦʛ ʥʘʯʠʥʘ ʞʠʚʦʪʘ, ʟʘʜʘʪʘʢ ʢʦʥʩʪʨʫʢʪʦʨʘ ʛʫʤʝʥʠʭ 

ʤʘʪʝʨʠʿʘʣʘ ʧʦʩʪʘʿʝ ʩʚʝ ʦʜʛʦʚʦʨʥʠʿʠ, ʿʝʨ ʦʩʠʤ ʩʚʝ ʩʪʨʦʞʠʿʠʭ ʪʝʭʥʠʯʢʠʭ ʟʘʭʪʝʚʘ 

ʤʦʨʘʿʫ ʙʠʪʠ ʠʩʧʫˁʝʥʠ ʠ ʝʢʦʥʦʤʩʢʠ (ʪʨʞʠʰʥʠ), ʝʩʪʝʪʩʢʠ, ʜʨʫʰʪʚʝʥʠ ʫ ʢʦʿʝ ʠʟʤʝʹʫ 

ʦʩʪʘʣʠʭ ʩʧʘʜʘʿʫ ʠ ʝʢʦʣʦʰʢʠ ʘʩʧʝʢʪʠ. ʏʝʩʪʦ ʩʫ ʟʘʭʪʝʚʠ ʟʘ ʨʝʮʠʢʣʘʞʦʤ ʠ ʧʦʥʦʚʥʠʤ 

ʢʦʨʠʰ˂ʝˁʝʤ ʝʣʘʩʪʦʤʝʨʥʠʭ ʤʘʪʝʨʠʿʘʣʘ ʫ ʩʫʧʨʦʪʥʦʩʪʠ ʩʘ ʝʢʦʥʦʤʠʯʥʦʰ˂ʫ ʠ 

ʢʦʥʢʫʨʝʥʪʥʦʰ˂ʫ ʧʨʦʠʟʚʦʜʘ ʥʘ ʪʨʞʠʰʪʫ, ʘʣʠ ʿʝ ʫʢʫʧʥʘ ʜʨʫʰʪʚʝʥʘ ʢʦʨʠʩʪ ʦʜ 

ʨʝʮʠʢʣʠʨʘʥʠʭ ʧʨʦʠʟʚʦʜʘ ʩʚʝ ʚʝ˂ʘ. ʉʘʚʨʝʤʝʥʠ ʢʦʥʮʝʧʪ ʧʨʦʿʝʢʪʦʚʘˁʘ Ăʟʝʣʝʥʠʭñ 

ʧʥʝʫʤʘʪʠʢʘ ʩʚʝ ʚʠʰʝ ʩʝ ʦʩʣʘˁʘ ʥʘ ʠʥʪʝʛʨʘʣʥʝ ʩʪʨʘʪʝʛʠʿʝ ʢʦʿʝ ʦʙʫʭʚʘʪʘʿʫ:  

¶ ʤʠʥʠʤʠʟʘʮʠʿʫ ʧʦʪʨʦʰˁʝ ʝʥʝʨʛʠʿʝ ʪʦʢʦʤ ʮʝʣʦʢʫʧʥʦʛ ʞʠʚʦʪʥʦʛ ʮʠʢʣʫʩʘ 

ʧʨʦʠʟʚʦʜʘ,  

¶ ʫʧʦʪʨʝʙʫ ʨʝʮʠʢʣʠʨʘʥʝ ʛʫʤʝ ʛʜʝ ʿʝ ʤʦʛʫ˂ʝ,  

¶ ʧʨʠʤʝʥʫ ʪʝʭʥʦʣʦʛʠʿʘ ʩʘ ʥʠʩʢʠʤ ʩʪʝʧʝʥʦʤ ʝʤʠʩʠʿʝ ʦʪʧʘʜʥʠʭ ʤʘʪʝʨʠʿʘ ʠ 

ʛʘʩʦʚʘ,  

¶ ʠʟʙʦʨ ʧʨʝʢʫʨʩʦʨʘ ʧʦʛʦʜʥʠʭ ʟʘ ʨʝʮʠʢʣʘʞʫ, ʢʘʦ ʠ 

¶ ʢʨʝʘʪʠʚʥʦ ʫʢˀʫʯʠʚʘˁʝ ʦʪʧʘʜʥʠʭ ʩʠʨʦʚʠʥʘ ʫ ʧʨʦʮʝʩʫ ʧʨʦʠʟʚʦʜˁʝ [99].  

 

ʈʝʮʠʢʣʠʨʘˁʝ ʿʝ ʧʨʦʮʝʩ ʠʟʜʚʘʿʘˁʘ ʫʧʦʪʨʝʙˀʠʚʠʭ ʤʘʪʝʨʠʿʘʣʘ ʠʟ ʦʪʧʘʜʥʠʭ 

ʪʦʢʦʚʘ ʠ ˁʠʭʦʚʘ ʦʙʨʘʜʘ ʨʘʜʠ ʧʦʥʦʚʥʝ ʫʧʦʪʨʝʙʝ ʫ ʧʨʦʠʟʚʦʜˁʠ, ʩ ʮʠˀʝʤ ʩʤʘˁʝˁʘ 

ʧʦʪʨʦʰˁʝ ʧʨʠʨʦʜʥʠʭ ʨʝʩʫʨʩʘ ʠ ʩʤʘˁʝˁʘ ʢʦʣʠʯʠʥʝ ʦʪʧʘʜʘ. ʆʙʫʭʚʘʪʘ ʬʘʟʝ 

ʩʘʢʫʧˀʘˁʘ, ʠʟʜʚʘʿʘˁʘ, ʧʨʝʨʘʜʫ ʠ ʠʟʨʘʜʫ ʥʦʚʠʭ ʧʨʦʠʟʚʦʜʘ ʦʜ ʠʩʢʦʨʠʰ˂ʝʥʠʭ 

ʤʘʪʝʨʠʿʘʣʘ. ʋʪʠʮʘʿ ʤʘʪʝʨʠʿʘʣʘ ʥʘ ʦʢʦʣʠʥʫ ʦʛʣʝʜʘ ʩʝ ʫ ʧʝʪ ʬʘʟʘ ˁʝʛʦʚʦʛ "ʞʠʚʦʪʘ": 

ʧʨʠʣʠʢʦʤ ʧʨʦʠʟʚʦʜˁʝ ʤʘʪʝʨʠʿʘʣʘ - ʢʨʦʟ ʩʪʝʧʝʥ ʝʤʠʩʠʿʝ ʰʪʝʪʥʠʭ ʤʘʪʝʨʠʿʘ 

(ʯʚʨʩʪʠʭ ʠ ʪʝʯʥʠʭ) ʠ ʛʘʩʦʚʘ, ʢʨʦʟ ʦʜʙʘʮʠʚʘˁʝ ʥʝʠʩʢʦʨʠʰʪʝʥʦʛ ʦʪʧʘʜʥʦʛ ʤʘʪʝʨʠʿʘʣʘ 

ʫ ʦʢʦʣʠʥʫ, ʢʨʦʟ ʫʪʨʦʰʘʢ ʝʥʝʨʛʠʿʝ ʟʘ ʧʨʝʨʘʜʫ ʩʠʨʦʚʠʥʘ, ʢʨʦʟ ʢʦʣʠʯʠʥʫ 

ʥʝʠʩʢʦʨʠʰ˂ʝʥʝ ʪʦʧʣʦʪʝ. ʋ ʬʘʟʠ ʠʟʨʘʜʝ ʧʨʦʠʟʚʦʜʘ - ʩʣʠʯʥʠ ʫʪʠʮʘʿʠ ʢʘʦ ʠ ʧʨʠ 

ʧʨʦʠʟʚʦʜˁʠ ʤʘʪʝʨʠʿʘʣʘ. ʋ ʬʘʟʠ ʢʦʨʠʰ˂ʝˁʘ ʧʨʦʠʟʚʦʜʘ - ʢʨʦʟ ʩʪʝʧʝʥ ʤʝʭʘʥʠʯʢʦʛ 
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ʦʰʪʝ˂ʝˁʘ (ʥʘʿʯʝʰ˂ʝ ʟʘ ʦʧʘʩʥʝ ʠʣʠ ʦʪʨʦʚʥʝ ʤʘʪʝʨʠʿʘʣʝ ʫ ʜʦʜʠʨʫ ʩʘ ʭʨʘʥʦʤ, 

ʚʘʟʜʫʭʦʤ ʠ ʩʣ.), ʢʨʦʟ ʚʝ˂ʫ ʠʣʠ ʤʘˁʫ ʤʦʛʫ˂ʥʦʩʪ ʦʜʨʞʘʚʘˁʘ ʠ ʦʙʥʘʚˀʘˁʘ ʧʨʦʠʟʚʦʜʘ, 

ʢʨʦʟ ʚʝ˂ʫ ʠʣʠ ʤʘˁʫ ʤʦʛʫ˂ʥʦʩʪ ʨʝʮʠʢʣʠʨʘˁʘ ʤʘʪʝʨʠʿʘʣʘ ʥʘʢʦʥ ʫʧʦʪʨʝʙʝ 

ʧʨʦʠʟʚʦʜʘ - ʢʨʦʟ ʚʝ˂ʫ ʠʣʠ ʤʘˁʫ ʤʦʛʫ˂ʥʦʩʪ ʨʝʮʠʢʣʠʨʘˁʘ ʠ ʧʨʠ ʨʝʮʠʢʣʠʨʘˁʫ - 

ʢʨʦʟ ʩʪʝʧʝʥ ʝʤʠʩʠʿʝ ʰʪʝʪʥʠʭ ʤʘʪʝʨʠʿʘ (ʯʚʨʩʪʠʭ ʠ ʪʝʯʥʠʭ) ʠ ʛʘʩʦʚʘ, ʢʨʦʟ ʫʪʨʦʰʘʢ 

ʝʥʝʨʛʠʿʝ ʟʘ ʨʝʮʠʢʣʠʨʘˁʝ, ʢʨʦʟ ʢʦʣʠʯʠʥʫ ʧʨʦʠʟʚʝʜʝʥʝ ʥʝʠʩʢʦʨʠʰ˂ʝʥʝ ʪʦʧʣʦʪʝ. ʅʝʢʠ 

ʠʩʢʦʨʠʰ˂ʝʥʠ ʧʦʣʠʤʝʨʥʠ ʤʘʪʝʨʠʿʘʣʠ ʩʝ ʤʦʛʫ ʧʦʥʦʚʦ ʢʦʨʠʩʪʠʪʠ ʫ ʚʠʜʫ ʧʫʥʠʣʘ ʟʘ 

ʥʦʚʝ ʧʨʦʠʟʚʦʜʝ. ʇʨʝʜʥʦʩʪʠ ʫʧʦʪʨʝʙʝ ʨʝʮʠʢʣʠʨʘʥʦʛ ʤʘʪʝʨʠʿʘʣʘ ʩʫ: ʮʝʥʘ 

ʨʝʮʠʢʣʠʨʘʥʦʛ ʤʘʪʝʨʠʿʘʣʘ ʿʝ ʟʘ ʦʢʦ ʧʦʣʦʚʠʥʫ ʥʠʞʘ ʦʜ ʮʝʥʝ ʦʩʥʦʚʥʦʛ ʤʘʪʝʨʠʿʘʣʘ, ʟʘ 

ʥʝʢʝ ʧʨʠʤʝʥʝ ʨʝʮʠʢʣʘʪ ʠʤʘ ʙʦˀʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʥʝʛʦ ʦʩʥʦʚʥʠ ʤʘʪʝʨʠʿʘʣ, ʧʨʠ 

ʧʨʦʠʟʚʦʜˁʠ ʨʝʮʠʢʣʘʪʘ ʩʝ ʫʧʦʪʨʝʙˀʘʚʘ ʤʘˁʝ ʝʥʝʨʛʠʿʝ ʥʝʛʦ ʟʘ ʧʨʦʠʟʚʦʜˁʫ ʦʩʥʦʚʥʦʛ, 

ʨʝʮʠʢʣʘʞʘ ʦʪʚʘʨʘ ʥʦʚʝ ʜʝʣʘʪʥʦʩʪʠ ʠ ʨʘʜʥʘ ʤʝʩʪʘ, ʧʦʨʝʜ ʦʜʩʪʨʘˁʠʚʘˁʘ ʦʪʧʘʜʘ ʠʟ 

ʞʠʚʦʪʥʝ ʩʨʝʜʠʥʝ, ʦʤʦʛʫ˂ʘʚʘ ʠ ʦʩʪʚʘʨʝˁʝ ʧʨʦʬʠʪʘ, ʨʝʮʠʢʣʠʨʘˁʝʤ ʩʤʘˁʫʿʝʤʦ 

ʧʦʪʨʝʙʥʫ ʧʦʚʨʰʠʥʫ ʟʘ ʦʜʣʘʛʘˁʝ ʦʪʧʘʜʘ.  

ʊʝʨʤʦ-ʫʤʨʝʞʘʚʘʿʫ˂ʠ ʧʦʣʠʤʝʨʠ (ʤʝʹʫ ˁʠʤʘ ʠ ʛʫʤʘ) ʩʝ ʥʝ ʤʦʛʫ ʧʦʥʦʚʥʠʤ 

ʟʘʛʨʝʚʘˁʝʤ ʧʨʝʦʙʣʠʢʦʚʘʪʠ ʟʙʦʛ ʫʤʨʝʞʝʥʦʩʪʠ, ʠ ʥʘ ʪʘʿ ʥʘʯʠʥ ʨʝʮʠʢʣʠʨʘʪʠ. ʇʦʜ 

ʨʝʮʠʢʣʘʞʦʤ ʩʝ ʢʦʜ ˁʠʭ ʧʦʜʨʘʟʫʤʝʚʘ ʨʘʟʘʨʘˁʝ ʪʨʦʜʠʤʝʥʟʠʦʥʘʣʥʝ ʤʨʝʞʝ, ʮʝʧʘˁʝ 

ʫʤʨʝʞʝʥʠʭ ʜʝʣʦʚʘ ʠ ʢʠʜʘˁʝ C-C ʚʝʟʘ ʛʣʘʚʥʦʛ ʣʘʥʮʘ. ɿʘʪʦ ʿʝ ˁʠʭʦʚʘ ʨʝʮʠʢʣʘʞʘ ʪʝʞʘ 

ʠ ʢʦʤʧʣʠʢʦʚʘʥʠʿʘ ʦʜ ʨʝʮʠʢʣʘʞʝ ʪʝʨʤʦʧʣʘʩʪʘ. ʇʨʦʮʝʩ ʨʝʮʠʢʣʘʞʝ ʦʪʧʘʜʥʠʭ 

ʧʥʝʫʤʘʪʠʢʘ ʢʦʿʠ ʿʝ ʙʝʟʙʝʜʘʥ ʟʘ ʞʠʚʦʪʥʫ ʩʨʝʜʠʥʫ, ʘ ʫ ʢʦʤʝ ʩʝ ʜʦʙʠʿʘʿʫ ʚʨʝʜʥʘ ʛʦʨʠʚʘ, 

ʟʘʩʥʠʚʘ ʩʝ ʥʘ ʦʢʩʠʜʘʮʠʿʠ, ʙʝʟ ʠʟʜʚʘʿʘˁʘ ʰʪʝʪʥʠʭ ʬʨʘʢʮʠʿʘ, ʫ ʢʦʤʝ ʜʦʣʘʟʠ ʜʦ 

ʨʘʟʛʨʘʜˁʝ ʫʤʨʝʞʝʥʦʛ ʧʦʣʠʤʝʨʥʦʛ ʤʘʪʝʨʠʿʘʣʘ, ʨʘʩʢʠʜʘˁʘ C-C, C-S, S-S ʚʝʟʘ ʩʘ 

ʚʦʜʦʤ ʢʘʦ ʨʘʩʪʚʘʨʘʯʝʤ. ʇʨʝʤʘ ɼʠʨʝʢʪʠʚʠ ɽU 199/31/ɽC ʦʜʣʘʛʘˁʝ ʮʝʣʠʭ 

ʘʫʪʦʤʦʙʠʣʩʢʠʭ ʛʫʤʘ ʫ ʦʢʦʣʠʥʫ ʦʜ 2003. ʛʦʜʠʥʝ ʚʠʰʝ ʥʠʿʝ ʜʦʟʚʦˀʝʥʦ, ʘ ʦʜ 2006. 

ʛʦʜʠʥʝ ʥʠʿʝ ʜʦʧʫʰʪʝʥʦ ʥʠʪʠ ʦʜʣʘʛʘˁʝ ʠʟʨʝʟʘʥʠʭ ʘʫʪʦ ʛʫʤʘ. ʊʘʢʦ ʿʝ 1992. ʛʦʜʠʥʝ ʫ 

12 ʜʨʞʘʚʘ ɽʋ 65% ʦʪʧʘʜʥʠʭ ʛʫʤʘ ʦʜʣʘʛʘʥʦ ʥʘ ʜʝʧʦʥʠʿʝ, ʘ ʩʘʤʦ 35% ʟʙʨʠˁʘʚʘʣʦ ʩʝ 

ʥʘ ʜʨʫʛʠ ʥʘʯʠʥ, ʪʘʙʝʣʘ 6. ɼʝʩʝʪ ʛʦʜʠʥʘ ʢʘʩʥʠʿʝ, ʫ 2002. ʛʦʜʠʥʠ ʩʠʪʫʘʮʠʿʘ ʩʝ ʧʦʪʧʫʥʦ 

ʠʟʤʝʥʠʣʘ. ʋ ʪʘʜʘʰˁʠʭ 15 ʜʨʞʘʚʘ ɽʋ 65% ʦʪʧʘʜʥʠʭ ʛʫʤʘ ʩʝ ʨʝʮʠʢʣʠʨʘʣʦ, ʠʟʚʦʟʦʤ 

ʟʘ ʧʦʥʦʚʥʫ ʫʧʦʪʨʝʙʫ ʠʣʠ ʫʧʦʪʨʝʙʦʤ ʟʘ ʝʥʝʨʛʝʪʩʢʝ ʩʚʨʭʝ, ʘ ʤʘˁʝ ʦʜ 35% ʿʝ 

ʟʘʚʨʰʘʚʘʣʦ ʥʘ ʜʝʧʦʥʠʿʠʤʘ.  
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ʊʘʙʝʣʘ 6. ʈʝʮʠʢʣʘʞʘ ʠ ʟʙʨʠˁʘʚʘˁʝ ʦʜʙʘʯʝʥʝ ʛʫʤʝ ʫ ʥʝʢʠʤ ʟʝʤˀʘʤʘ ʠ ʦʙʣʘʩʪʠʤʘ. 

 

ɿʝʤˀʘ ɻʦʜʠʥʘ ʂʦʣʠʯʠʥʘ 

(104 ʪʦʥʘ) 

ʉʘʛʦʨʝʚʘˁʝ 

(104 ʪoʥʘ) 

ʀʟʨʘʜʘ 

ʧʨʘʭʘ 

(104 ʪʦʥʘ ) 

ʈʝʮʠʢʣʠʨʘʥʘ 

ʛʫʤʘ 

(104 ʪʦʥʘ) 

ʇʦʥʦʚʥʦ 

ʢʦʨʠʰ˂ʝˁʝ 

(104 ʪʦʥʘ) 

ʀʟʚʦʟ 

(104 ʪʦʥʘ) 

ʆʪʧʘʜ 

(104 ʪʦʥʘ) 

ʋʉɸ 1992 280 23 6 4 - 3 63 

ɱʘʧʘʥ 1992 84 43 - 2 9 25 8 

ʅʝʤʘʯʢʘ 1993 55 38 14 1 18 18 2 

ɹʨʠʪʘʥʠʿʘ 1992 45 9 6 - 18 - 67 

ɽʋ 1990 197.5 30 - 20 - - - 

 

 ɿʘʙʝʣʝʞʝʥ ʿʝ ʜʨʘʤʘʪʠʯʘʥ ʨʘʩʪ ʙʨʦʿʘ ʧʦʣʦʚʥʠʭ ʛʫʤʘ ʰʠʨʦʤ ʩʚʝʪʘ ʟʙʦʛ ʩʚʝ 

ʚʝ˂ʝʛ ʙʨʦʿʘ ʚʦʟʠʣʘ ʥʘ ʧʫʪʫ. ʇʨʝʤʘ van Beukering-ʫ ʠ Janssen-ʫ [100], ʦʢʦ 800 

ʤʠʣʠʦʥʘ ʛʫʤʘ ʛʦʜʠʰˁʝ ʩʝ ʦʜʙʘʮʠ ʰʠʨʦʤ ʩʚʝʪʘ. ʇʨʦʮʝˁʫʿʝ ʩʝ ʜʘ ˂ʝ ʩʝ ʦʚʘ ʮʠʬʨʘ 

ʧʦʚʝ˂ʘʚʘʪʠ ʟʘ 2% ʩʚʘʢʝ ʛʦʜʠʥʝ. ʉʣʠʯʥʦ, Sienkievicz ʠ ʩʘʨʘʜʥʠʮʠ [101] ʧʨʦʫʯʘʚʘʣʠ 

ʩʫ ʛʦʜʠʰˁʫ ʛʣʦʙʘʣʥʫ ʧʨʦʠʟʚʦʜˁʫ ʛʫʤʝ, ʢʦʿʘ ʠʟʥʦʩʠ ʦʢʦ 1,4 ʤʠʣʠʿʘʨʜʝ ʿʝʜʠʥʠʮʘ, 

ʰʪʦ ʦʜʛʦʚʘʨʘ ʧʨʦʮʝˁʝʥʠʤ 17 ʤʠʣʠʦʥʘ ʪʦʥʘ ʧʦʣʦʚʥʠʭ ʛʫʤʘ ʩʚʘʢʝ ʛʦʜʠʥʝ. ɼʝʧʦʥʠʿʘ 

ʿʝ ʿʝʜʘʥ ʦʜ ʥʘʿʥʝʧʦʞʝˀʥʠʿʠʭ ʤʝʪʦʜʘ ʦʜʣʘʛʘˁʘ ʠʩʪʨʦʰʝʥʠʭ ʛʫʤʘ ʿʝʨ ʠʟʘʟʠʚʘ ʦʟʙʠˀʥʝ 

ʝʢʦʣʦʰʢʝ ʧʨʦʙʣʝʤʝ ʠ ʥʝʤʘ ʦʙʝ˂ʘʚʘʿʫ˂ʫ ʙʫʜʫ˂ʥʦʩʪ. ʂʘʜʘ ʩʝ ʩʪʘʨʝ ʛʫʤʝ ʧʨʘʚʠʣʥʦ 

ʦʜʣʘʞʫ, ʦʥʝ ʥʝ ʟʘʛʘʹʫʿʫ ʟʝʤˀʠʰʪʝ, ʚʦʜʫ ʥʠʪʠ ʚʘʟʜʫʭ. ʄʝʹʫʪʠʤ, ʫʢʦʣʠʢʦ ʩʝ 

ʥʝʧʨʘʚʠʣʥʦ ʪʨʝʪʠʨʘʿʫ, ʤʦʛʫ ʥʘʥʝʪʠ ʰʪʝʪʫ ʞʠʚʦʪʥʦʿ ʩʨʝʜʠʥʠ, ʥʘʨʦʯʠʪʦ ʟʙʦʛ ʪʦʛʘ 

ʰʪʦ ʩʫ ʣʘʢʦ ʟʘʧʘˀʠʚʝ ʠ ʤʦʛʫ ʠʟʘʟʚʘʪʠ ʧʦʞʘʨʝ ʥʘ ʜʝʧʦʥʠʿʘʤʘ. ɸʢʦ ʩʝ ʛʫʤʝ 

ʥʝʧʨʦʬʝʩʠʦʥʘʣʥʦ ʧʘʣʝ, ʦʩʣʦʙʘʹʘ ʩʝ ʜʠʤ ʧʫʥ ʰʪʝʪʥʠʭ ʩʫʧʩʪʘʥʮʠ, ʫʢˀʫʯʫʿʫ˂ʠ ʠ 

ʦʧʘʩʥʝ ʛʘʩʦʚʝ ʧʦʧʫʪ ʜʠʦʢʩʠʥʘ ʠ ʬʫʨʘʥʘ, ʢʦʿʠ ʤʦʛʫ ʫʛʨʦʟʠʪʠ ʟʜʨʘʚˀʝ ˀʫʜʠ ʠ ʠʤʘʪʠ 

ʢʘʥʮʝʨʦʛʝʥʦ ʜʝʿʩʪʚʦ. ʇʦʨʝʜ ʪʦʛʘ, ʧʨʠ ʪʦʧˀʝˁʫ, ʛʫʤʝ ʦʪʧʫʰʪʘʿʫ ʪʝʯʥʝ ʟʘʛʘʹʠʚʘʯʝ 

ʢʦʿʠ ʤʦʛʫ ʧʨʦʜʨʝʪʠ ʫ ʟʝʤˀʫ ʠ ʫʛʨʦʟʠʪʠ ʢʘʢʦ ʧʦʚʨʰʠʥʩʢʝ, ʪʘʢʦ ʠ ʧʦʜʟʝʤʥʝ ʚʦʜʝ. 

ʆʙʣʠʢ ʠ ʥʝʧʨʦʧʫʩʥʦʩʪ ʦʜʙʘʯʝʥʠʭ ʛʫʤʘ ʦʤʦʛʫ˂ʘʚʘʿʫ ʿʦʿ ʜʘ ʟʘʜʨʞʠ ʚʦʜʫ ʪʦʢʦʤ ʜʫʞʝʛ 

ʚʨʝʤʝʥʩʢʦʛ ʧʝʨʠʦʜʘ, ʦʙʝʟʙʝʹʫʿʫ˂ʠ ʤʝʩʪʘ ʟʘ ʨʘʟʤʥʦʞʘʚʘˁʝ ʣʘʨʚʠ ʢʦʤʘʨʘʮʘ ʢʦʿʝ ʩʫ 

ʚʝʢʪʦʨʠ ʩʤʨʪʦʥʦʩʥʠʭ ʙʦʣʝʩʪʠ ʢʘʦ ʰʪʦ ʩʫ ʜʝʥʛʘ ʛʨʦʟʥʠʮʘ ʠ ʤʘʣʘʨʠʿʘ. ʆʜʙʘʯʝʥʝ ʛʫʤʝ 

ʪʘʢʦʹʝ ʤʦʛʫ ʧʨʝʜʩʪʘʚˀʘʪʠ ʪʣʦ ʟʘ ʨʘʟʤʥʦʞʘʚʘˁʝ ʜʨʫʛʠʭ ʞʠʚʦʪʠˁʘ ʢʘʦ ʰʪʦ ʩʫ 

ʛʣʦʜʘʨʠ ʠ ʟʤʠʿʝ. 

ʇʦʜ ʨʝʛʝʥʝʨʘʮʠʿʦʤ ʧʨʦʠʟʚʦʜʘ ʥʘ ʙʘʟʠ ʛʫʤʝ ʧʦʜʨʘʟʫʤʝʚʘ ʩʝ ʢʦʥʚʝʨʟʠʿʘ 

ʪʨʦʜʠʤʝʥʟʠʦʥʘʣʥʝ ʤʨʝʞʝ, ʥʝʨʘʩʪʚʦʨʥʦʛ ʠ ʥʝʪʦʧˀʠʚʦʛ ʪʝʨʤʦ-ʫʤʨʝʞʘʚʘʿʫ˂ʝʛ 

ʧʦʣʠʤʝʨʘ ʫ ʧʨʦʠʟʚʦʜ ʩʘ ʦʩʦʙʠʥʘʤʘ ʢʦʿʝ ʧʦʜʩʝ˂ʘʿʫ ʥʘ ʦʩʦʙʠʥʝ ʧʦʣʘʟʥʝ ʩʠʨʦʚʠʥʝ. 

ʈʝʮʠʢʣʘʞʘ ʛʫʤʘ ʩʧʘʜʘ ʫ ʜʝʣʘʪʥʦʩʪʠ ʦʜʨʞʠʚʦʛ ʨʘʟʚʦʿʘ, ʿʝʨ ʦʜ ʦʪʧʘʜʥʠʭ ʧʨʦʠʟʚʦʜʘ 
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ʩʪʚʘʨʘ ʧʨʦʠʟʚʦʜʝ ʩʘ ʥʦʚʦʤ ʚʨʝʜʥʦʰ˂ ʫ. ɺʘʞʥʦ ʿʝ ʥʘʧʦʤʝʥʫʪʠ ʜʘ ʩʝ ʦʪʧʘʜʥʝ ʛʫʤʝ 

ʤʦʛʫ ʫ ʧʦʪʧʫʥʦʩʪʠ ʨʝʮʠʢʣʠʨʘʪʠ, ʘ ˁʠʭʦʚʝ ʭʝʤʠʿʩʢʝ ʠ ʬʠʟʠʯʢʝ ʦʩʦʙʠʥʝ ʯʠʥʝ ʠʭ 

ʚʨʝʜʥʠʤ ʩʠʨʦʚʠʥʘʤʘ [102]. ʄʥʦʛʝ ʧʨʝʜʥʦʩʪʠ ʢʦʿʝ ʛʫʤʝ ʠʤʘʿʫ ʪʦʢʦʤ ʫʧʦʪʨʝʙʝ ʦʩʪʘʿʫ 

ʠ ʢʦʜ ʧʨʠʤʝʥʝ ʦʪʧʘʜʥʠʭ ʛʫʤʘ ʫ ʩʝʢʫʥʜʘʨʥʦʿ ʬʘʟʠ ˁʠʭʦʚʝ ʦʙʨʘʜʝ ʢʘʜʘ ʩʝ ʛʫʤʘ 

ʢʦʨʠʩʪʠ ʢʘʦ ʤʘʪʝʨʠʿʘʣ ʟʘ ʠʟʨʘʜʫ ʜʨʫʛʠʭ ʚʨʩʪʘ ʧʨʦʠʟʚʦʜʘ. ʋ ʩʚʘʢʦʤ ʦʙʣʠʢʫ, ʛʫʤʘ 

ʟʘʜʨʞʘʚʘ ʩʚʦʿʝ ʦʩʥʦʚʥʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʫʢˀʫʯʫʿʫ˂ʠ ʫʩʧʦʨʝʥ ʨʘʟʚʦʿ ʙʘʢʪʝʨʠʿʘ, 

ʦʪʧʦʨʥʦʩʪ ʥʘ ʧʣʝʩʘʥ, ʪʦʧʣʦʪʫ ʠ ʚʣʘʛʫ, ʩʫʥʯʝʚʫ ʩʚʝʪʣʦʩʪ ʠ UV ʟʨʘʯʝˁʝ, ʢʘʦ ʠ ʥʘ 

ʨʘʟʥʝ ʚʨʩʪʝ ʤʠʥʝʨʘʣʥʠʭ ʫˀʘ, ʚʝ˂ʠʥʫ ʨʘʟʨʝʹʠʚʘʯʘ, ʢʠʩʝʣʠʥʘ ʠʣʠ ʜʨʫʛʠʭ ʭʝʤʠʢʘʣʠʿʘ. 

ʌʠʟʠʯʢʘ ʩʚʦʿʩʪʚʘ ʦʪʧʘʜʥʠʭ ʛʫʤʘ ʯʠʥʝ ʠʭ ʫ ʧʦʪʧʫʥʦʩʪʠ ʫʧʦʪʨʝʙˀʠʚʠʤʘ ʟʘ ʚʝʣʠʢʠ 

ʙʨʦʿ ʨʘʟʥʠʭ ʧʨʦʠʟʚʦʜʘ, ʫ ʦʙʣʠʢʫ ʮʝʣʠʭ ʛʫʤʘ, ʢʦʤʘʜʘ, ʛʨʘʥʫʣʘʪʘ ʠʣʠ ʫ ʦʙʣʠʢʫ ʧʨʘʭʘ, 

ʩʣʠʢʘ 25. 

 

ʉʣʠʢʘ 25. ɾʠʚʦʪʥʠ ʮʠʢʣʫʩ ʛʫʤʝ. 
 

2.9.1. ʅʘʯʠʥʠ ʟʙʨʠˁʘʚʘʘˁ ʠ ʨʝʮʠʢʣʠʨʘˁʘ ʦʪʧʘʜʥʝ ʛʫʤʝ 
 

ʇʠʨʦʣʠʟʘ ʠʣʠ ʜʝʩʪʨʫʢʪʠʚʥʘ ʜʝʩʪʠʣʘʮʠʿʘ ʿʝ ʿʝʜʥʘ ʦʜ ʤʦʛʫ˂ʥʦʩʪʠ ʧʨʝʪʚʘʨʘˁʘ 

ʦʪʧʘʜʘ ʛʫʤʝ ʫ ʢʦʨʠʩʥʠ ʧʨʦʠʟʚʦʜ. ʆʚʠʤ ʧʦʩʪʫʧʢʦʤ ʠʟ ʫʤʨʝʞʝʥʝ ʛʫʤʝ (ʧʦʩʪʫʧʢʦʤ 

ʩʣʠʯʥʠʤ ʢʨʝʢʦʚʘˁʫ ʥʘʬʪʝ) ʜʦʙʠʿʘʿʫ ʩʝ ʩʢʫʧʠ ʥʠʞʠ ʫʛˀʦʚʦʜʦʥʠʮʠ, ʢʦʿʠ ʩʝ ʤʦʛʫ 

ʫʧʦʪʨʝʙʠʪʠ ʢʘʦ ʛʦʨʠʚʦ. ʉʘʤʠ ʧʨʦʜʫʢʪʠ ʧʠʨʦʣʠʟʝ ʩʫ ʛʘʩ, ʪʝʯʥʦʩʪ, ʯʚʨʩʪʘ ʬʘʟʘ, ʫʟ 

ʦʪʧʘʜ ʫ ʦʙʣʠʢʫ ʧʝʧʝʣʘ ʠ ʥʝʩʘʛʦʨʠʚʠʭ ʤʝʪʘʣʥʠʭ ʜʝʣʦʚʘ. 

ʇʠʨʦʣʠʟʘ CR ʢʘʫʯʫʢʘ ʩʝ ʠʟʚʦʜʠ ʫ ʬʣʫʠʜʠʟʦʚʘʥʦʤ ʨʝʘʢʪʦʨʫ ʥʘ ʪʝʤʧʝʨʘʪʫʨʠ ʦʜ 

593ÁC. ɸʢʮʝʥʘʪ ʿʝ ʩʪʘʚˀʝʥ ʥʘ ʜʠʩʪʨʠʙʫʮʠʿʫ ʧʨʦʜʫʢʘʪʘ ʧʠʨʦʣʠʟʝ, ʘ ʦʥʦ ʰʪʦ 

ʧʨʝʜʩʪʘʚˀʘ ʚʝʣʠʢʠ ʧʨʦʙʣʝʤ ʿʝ ʠʟʜʚʘʿʘˁʝ ʭʣʦʨʦʚʘʥʠʭ ʘʨʦʤʘʪʠʯʥʠʭ ʿʝʜʠˁʝˁʘ.  
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ʀʩʪʨʘʞʠʚʘˁʘ ʩʫ ʧʦʢʘʟʘʣʘ ʜʘ ʿʝ ʤʝʭʘʥʠʯʢʠ ʧʦʩʪʫʧʘʢ ʨʝʮʠʢʣʘʞʝ ʦʪʧʘʜʥʠʭ 

ʛʫʤʘ ʜʘʣʝʢʦ ʧʦʚʦˀʥʠʿʠ ʟʘ ʦʢʦʣʠʥʫ ʠ ʧʨʠʨʦʜʫ ʦʜ ʩʧʘˀʠʚʘˁʘ ʫ ʝʥʝʨʛʝʪʩʢʝ ʩʚʨʭʝ.  

ʈʝʮʠʢʣʘʞʦʤ ʛʫʤʝ, ʜʦʙʠʿʘˁʝʤ ʛʫʤʝʥʦʛ ʛʨʘʥʫʣʘʪʘ ʢʦʿʠ ʫʣʘʟʠ ʫ ʧʦʥʦʚʥʠ ʮʠʢʣʫʩ 

ʫʧʦʪʨʝʙʝ, ʯʫʚʘʿʫ ʩʝ ʧʨʠʨʦʜʥʠ ʨʝʩʫʨʩʠ. ɻʣʘʚʥʠ ʧʨʦʠʟʚʦʜʠ ʤʝʭʘʥʠʯʢʝ ʨʝʮʠʢʣʘʞʝ ʩʫ 

ʛʫʤʝʥʠ ʛʨʘʥʫʣʘʪ ʩʘ ʬʨʘʢʮʠʿʘʤʘ ʨʘʟʣʠʯʠʪʠʭ ʚʝʣʠʯʠʥʘ (0,4-4 mm), ʛʫʤʝʥʠ ʧʨʘʭ, 

ʯʝʣʠʯʥʘ ʞʠʮʘ ʠ ʩʝʯʝʥʠ ʪʝʢʩʪʠʣ 

ʌʠʟʠʯʢʘ ʨʝʮʠʢʣʘʞʘ ʛʫʤʝ ʩʝ ʦʜʠʛʨʘʚʘ ʫʟ ʧʦʤʦ˂ ʩʧʦˀʥʝ ʝʥʝʨʛʠʿʝ, ʧʨʠ ʯʝʤʫ 

ʜʦʣʘʟʠ ʜʦ ʨʘʟʘʨʘˁʘ ʪʨʦʜʠʤʝʥʟʠʦʥʘʣʥʝ ʤʨʝʞʝ. ʈʘʟʛʨʘʜˁʦʤ ʤʨʝʞʝ, 

ʤʘʢʨʦʤʦʣʝʢʫʣʩʢʠ ʣʘʥʘʮ ʩʝ ʜʝʣʠ ʥʘ ʩʝʛʤʝʥʪʝ ʤʘʣʝ ʤʦʣʩʢʝ ʤʘʩʝ, ʢʦʿʠ ʩʫ ʤʝʰˀʠʚʠ ʩʘ 

ʩʠʨʦʚʠʥʘʤʘ ʪʦʢʦʤ ʧʨʠʧʨʝʤʝ ʩʤʝʰʝ. ʆʚʘʢʦ ʨʝʛʝʥʝʨʠʩʘʥʘ ʛʫʤʘ ʤʦʞʝ ʜʘ ʩʝ ʢʦʨʠʩʪʠ 

ʢʘʦ ʧʫʥʠʣʦ. ʌʠʟʠʯʢʠ ʧʨʦʮʝʩ ʩʝ ʤʦʞʝ ʧʦʜʝʣʠʪʠ ʥʘ ʤʝʭʘʥʠʯʢʠ, ʪʝʨʤʦ-ʤʝʭʘʥʠʯʢʠ, 

ʢʨʠʦ-ʤʝʭʘʥʠʯʢʠ, ʤʠʢʨʦʪʘʣʘʩʥʠ ʠ ʫʣʪʨʘʟʚʫʯʥʠ. 

ʂʦʜ ʤʝʭʘʥʠʯʢʦʛ ʧʨʦʮʝʩʘ ʨʝʮʠʢʣʠʨʘˁʘ ʛʫʤʝʥʠʭ ʤʘʪʝʨʠʿʘʣʘ, ʛʫʤʘ ʿʝ ʩʤʝʰʪʝʥʘ 

ʫ ʦʪʚʦʨʝʥʦʤ ʤʣʠʥʫ ʜʚʦʚʘˀʢʫ ʢʦʿʠ ʿʝ ʧʦʜ ʧʦʚʠʰʝʥʦʤ ʪʝʤʧʝʨʘʪʫʨʦʤ. ɼʦʣʘʟʠ ʜʦ 

ʜʨʘʩʪʠʯʥʦʛ ʩʤʘˁʝˁʘ ʤʦʣʩʢʝ ʤʘʩʝ ʢʘʫʯʫʢʘ ʫʩʣʝʜ ʤʝʭʘʥʠʯʢʦʛ ʩʝʯʝˁʘ ʥʘ ʚʠʩʦʢʦʿ 

ʪʝʤʧʝʨʘʪʫʨʠ. ʇʨʦʮʝʩ ʩʝ ʩʚʦʜʠ ʥʘ ʫʤʝʪʘˁʝ ʫʤʨʝʞʝʥʝ ʛʫʤʝ ʠʟʤʝʹʫ ʛʣʘʪʢʦʛ ʩʪʘʪʦʨʘ ʠ 

ʮʠʣʠʥʜʨʠʯʥʦʛ ʨʦʪʦʨʘ ʢʦʿʠ ʦʙʝʟʙʝʹʫʿʫ ʟʦʥʫ ʘʢʩʠʿʘʣʥʦʛ ʩʝʯʝˁʘ. ɼʦʜʘʪʥʦ ʧʦʙʦˀʰʘˁʝ 

ʩʝ ʦʩʪʚʘʨʫʿʝ ʟʘʛʨʝʚʘˁʝʤ, ʠʣʠ ʧʘʢ ʤʝʰʘˁʝʤ ʩʘ ʚʝ˂ ʨʝʛʝʥʝʨʠʩʘʥʦʤ ʛʫʤʦʤ. 

ʌʦʨʤʠʨʘʥʠ ʥʘʤʦʪʘʿ ʥʘ ʢʦʪʫʨʫ ʜʚʦʚʘˀʯʘʥʦʛ ʤʣʠʥʘ ʤʝʰʘ ʩʝ ʩʘ ʨʘʟʣʠʯʠʪʠʤ 

ʘʜʠʪʠʚʠʤʘ. ɿʙʦʛ ʚʝ˂ʝʛ ʧʨʦʮʝʥʪʘ ʫʤʨʝʞʝʥʝ ʛʫʤʝ ʚʠʩʢʦʟʠʪʝʪ ʿʝ ʚʝʦʤʘ ʥʠʟʘʢ, ʘ 

ʧʨʦʮʝʥʘʪ ʨʝʛʝʥʝʨʠʩʘʥʝ ʛʫʤʝ ʫ ʩʤʝʰʘʤʘ ʨʘʩʪʝ, ʪʘʢʦ ʘʙʨʘʟʠʦʥʠ ʛʫʙʠʮʠ, ʪʚʨʜʦ˂ʘ ʠ 

ʜʝʬʦʨʤʘʮʠʿʘ ʧʦʜ ʧʨʠʪʠʩʢʦʤ ʨʘʩʪʫ, ʘ ʧʨʝʢʠʜʥʘ ʯʚʨʩʪʦ˂ʘ, ʝʣʘʩʪʠʯʥʦʩʪ ʠ ʦʪʧʦʨ ʥʘ 

ʢʠʜʘˁʝ ʦʧʘʜʘʿʫ. ʋʢʦʣʠʢʦ ʩʝ ʧʦʚʝ˂ʘ ʧʨʦʮʝʥʘʪ ʨʝʛʝʥʝʨʠʩʘʥʝ ʛʫʤʝ, ʨʘʩʪʝ ʛʫʩʪʠʥʘ 

ʫʤʨʝʞʝˁʘ, ʧʘ ʩʝ ʨʝʛʝʥʝʨʠʩʘʥʘ ʛʫʤʘ ʢʦʨʠʩʪʠ ʢʘʦ ʧʫʥʠʣʦ.  

ɸʢʦ ʩʝ ʤʝʭʘʥʠʯʢʘ ʨʝʮʠʢʣʘʞʘ ʠʟʚʦʜʠ ʥʘ ʦʪʚʦʨʝʥʦʤ, ʦʥʜʘ ʿʝ ʪʦ ʘʤʙʠʿʝʥʪʘʣʥʘ 

ʨʝʮʠʢʣʘʞʘ ʿʝʨ ʩʝ ʠʟʚʦʜʠ ʥʘ ʪʝʤʧʝʨʘʪʫʨʠ ʦʢʦʣʠʥʝ ʪʝ ʥʠʿʝ ʧʦʪʨʝʙʥʦ ʭʣʘʹʝˁʝ ʟʘ 

ʩʪʚʨʜˁʘʚʘˁʝ. ʈʘʜʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʩʝ ʧʦʩʪʠʞʝ ʫʥʫʪʨʘʰˁʠʤ ʪʨʝˁʝʤ ʫ ʤʣʠʥʦʚʠʤʘ 

[103]. 

ʊʝʭʥʦʣʦʰʢʠ ʧʦʩʪʫʧʘʢ ʤʝʭʘʥʠʯʢʦʛ ʨʝʮʠʢʣʠʨʘˁʘ ʛʫʤʝ ʩʝ ʩʘʩʪʦʿʠ ʦʜ: ʧʦʯʝʪʥʝ 

ʬʘʟʝ ʢʠʜʘˁʘ, ʬʘʟʝ ʜʨʦʙˀʝˁʘ, ʦʜʩʪʨʘˁʠʚʘˁʝ ʤʝʪʘʣʘ ʠ ʪʝʢʩʪʠʣʘ, ʬʘʟʝ ʜʨʦʙˀʝˁʘ, 

ʩʠʩʪʝʤʘ ʬʠʣʪʨʘʮʠʿʝ, ʩʝʧʘʨʘʮʠʿʝ, ʦʜʩʪʨʘˁʠʚʘˁʘ ʤʝʪʘʣʘ, ʦʜʩʪʨʘˁʠʚʘˁʘ ʪʝʢʩʪʠʣʘ ʠ 

ʦʩʪʘʣʠʭ ʧʨʠʤʝʩʘ, ʩʣʠʢʘ 26. 
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ʉʣʠʢʘ 26. ʄʝʭʘʥʠʯʢʘ ʨʝʮʠʢʣʘʞʘ ʛʫʤʝ (ʫʩʠʪˁʘʚʘˁʝʤ). ʋʣʘʟʥʘ ʜʨʦʙʠʣʠʮʘ (ɸ), 

ʛʨʘʥʫʣʘʪʦʨ (ɹ), ʤʘʛʥʝʪʥʘ ʣʠʥʠʿʘ (ɺ), ʤʣʠʥ ʟʘ ʤʣʝʚʝˁʝ (ɻ), ʦʪʚʦʨʠ ʟʘ ʠʩʧʫʩʪ 

ʛʨʘʥʫʣʘʪʘ (ɼ), ʧʘʢʦʚʘˁʝ (ɽ), ʘʩʧʠʨʘʪʦʨ ʟʘ ʫʩʠʩʘʚʘˁʝ ʪʝʢʩʪʠʣʘ ʠ ʯʝʣʠʢʘ (ɾ) [103]. 

 

ʂʦʜ ʪʝʨʤʦ-ʤʝʭʘʥʠʯʢʦʛ ʧʨʦʮʝʩʘ ʨʝʛʝʥʝʨʘʮʠʿʝ ʛʫʤʝ ʜʦʣʘʟʠ ʜʦ ʨʘʟʘʨʘˁʘ ʤʨʝʞʝ 

ʛʫʤʝ. ʅʘʙʫʙʨʝʣʠ ʚʫʣʢʘʥʠʟʘʪ ʩʪʘʚˀʘ ʩʝ ʫ ʤʣʠʥ, ʠʟʣʘʟʠ ʫ ʦʙʣʠʢʫ ʬʠʥʠʭ ʯʝʩʪʠʮʘ ʩʘ 

ʦʜʛʦʚʘʨʘʿʫ˂ʠʤ ʢʦʤʧʦʥʝʥʪʘʤʘ. ʇʨʦʠʟʚʦʜʠ ʜʦʙʠʿʝʥʠ ʦʚʠʤ ʥʘʯʠʥʦʤ ʠʤʘʿʫ ʣʦʰʠʿʘ 

ʩʚʦʿʩʪʚʘ ʦʜ ʦʨʠʛʠʥʘʣʥʠʭ ʚʫʣʢʘʥʠʟʘʪʘ.  

ʂʨʠʦ-ʤʝʭʘʥʠʯʢʠ ʧʨʦʮʝʩ ʨʝʛʝʥʝʨʘʮʠʿʝ ʛʫʤʝʥʠʭ ʤʘʪʝʨʠʿʘʣʘ ʧʦʜʨʘʟʫʤʝʚʘ 

ʩʪʘʚˀʘˁʝ ʤʘʣʠʭ ʜʝʣʠ˂ʘ ʛʫʤʝ ʫ ʪʝʯʥʠ ʨʘʩʪʚʦʨ ʘʟʦʪʘ, ʥʘʢʦʥ ʯʝʛʘ ʩʝ ʩʤʝʩʘ ʩʝ ʜʦʚʦʜʠ 

ʫ ʤʣʠʥ ʫ ʢʦʤʝ ʧʦʯʠˁʝ ʤʣʝʚʝˁʝ ʜʦ ʧʨʘʭʘ. ɿʘ ʚʝ˂ʠʥʫ ʧʨʦʠʟʚʦʜʘ ʚʝʣʠʯʠʥʘ ʯʝʩʪʠʮʝ ʿʝ 

ʦʜ 0,2 ʜʦ 0,8 mm, ʩʘʤʘ ʚʝʣʠʯʠʥʘ ʢʦʥʪʨʦʣʠʰʝ ʩʝ ʚʝʣʠʯʠʥʦʤ ʦʪʚʦʨʘ ʩʠʪʘ ʢʦʿʠ ʩʝ 

ʢʦʨʠʩʪʠ ʧʨʠʣʠʢʦʤ ʤʣʝʚʝˁʘ ʠ ʚʨʝʤʝʥʦʤ ʟʘʜʨʞʘʚʘˁʘ ʯʝʩʪʠʮʘ ʫ ʪʝʯʥʦʤ ʘʟʦʪʫ. ʎʝʥʘ 

ʧʥʝʫʤʘʪʠʢʘ ʟʥʘʯʘʿʥʦ ʦʧʘʜʘ ʫʧʦʪʨʝʙʦʤ ʢʨʠʦʛʝʥʦ ʤʣʝʚʝʥʝ ʛʫʤʝ, ʘ ˁʝʥʦ ʧʨʠʩʫʩʪʚʦ 

ʩʤʘˁʫʿʝ ʥʘʧʨʝʟʘˁʝ ʠ ʥʝ ʜʦʟʚʦˀʘʚʘ ʩʪʚʘʨʘˁʝ ʧʫʢʦʪʠʥʘ. 

ʇʨʝʜʥʦʩʪʠ ʢʦʨʠʰ˂ʝˁʘ ʢʨʠʦʛʝʥʦ ʤʣʝʚʝʥʝ ʛʫʤʝ ʦʛʣʝʜʘ ʩʝ ʫ ʿʝʬʪʠʥʠʿʦʿ ʦʧʨʝʤʠ, 

ʿʝʜʥʦʩʪʘʚʥʠʿʦʿ ʪʝʭʥʦʣʦʛʠʿʠ, ʧʦʚʝ˂ʘʥʦʿ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ, ʙʦˀʠʤ ʩʚʦʿʩʪʚʠʤʘ ʪʝʯʝˁʘ 

ʧʨʦʠʟʚʦʜʘ ʫ ʧʦʨʝʹʝˁʫ ʩʘ ʦʙʠʯʥʦʤ ʫʤʨʝʞʝʥʦʤ ʛʫʤʦʤ. ʉʘ ʧʦʚʝ˂ʘˁʝʤ ʚʝʣʠʯʠʥʝ 

ʯʝʩʪʠʮʘ ʤʣʝʚʝʥʝ ʛʫʤʝ, ʧʨʝʢʠʜʥʘ ʯʚʨʩʪʦ˂ʘ ʠ ʧʨʝʢʠʜʥʦ ʠʟʜʫʞʝˁʝ ʨʘʩʪʫ, ʢʘʦ ʠ 

ʚʠʩʢʦʟʠʪʝʪ ʰʪʦ ʥʠʿʝ ʧʦʞʝˀʥʦ. ʆʚʘʢʚʘ ʛʫʤʘ ʥʝ ʤʦʞʝ ʩʝ ʢʦʨʠʩʪʠʪʠ ʫ ʢʦʣʠʯʠʥʠ ʚʝ˂ʦʿ 

ʦʜ 10%, ʿʝʨ ʧʨʦʠʟʚʦʜ ʧʦʩʪʘʿʝ ʣʝʧˀʠʚ. ʇʦʰʪʦ ʩʝ ʢʦʨʠʩʪʠ ʫ ʤʘʣʦʿ ʢʦʣʠʯʠʥʠ ʦʥʘ 

ʩʣʫʞʠ ʢʘʦ ʘʢʪʠʚʥʦ ʦʿʘʯʘˁʝ ʛʫʤʝ. ʂʨʠʦʛʝʥʠ ʧʦʩʪʫʧʘʢ ʨʝʮʠʢʣʠʨʘˁʘ ʛʫʤʝ ʯʠʥʝ 

ʧʦʯʝʪʥʘ ʬʘʟʘ ʢʠʜʘˁʘ, ʪʫʥʝʣ ʟʘ ʟʘʤʨʟʘʚʘˁʝ, ʤʣʠʥ, ʦʜʩʪʨʘˁʠʚʘˁʝ ʤʝʪʘʣʘ ʠ ʪʝʢʩʪʠʣʘ, 
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ʩʫʰʝˁʝ, ʩʝʧʘʨʘʮʠʿʘ, ʜʨʦʙˀʝˁʝ, ʩʠʣʦʩ ʟʘ ʩʢʣʘʜʠʰʪʝˁʝ. ʂʨʠʦʛʝʥʠʤ ʧʦʩʪʫʧʢʦʤ ʩʝ 

ʜʦʙʠʿʘ ʪʟʚ. ʛʫʤʝʥʠ ʧʨʘʭ, ʿʝʨ ʩʫ ʜʦʙʠʿʝʥʝ ʯʝʩʪʠʮʝ ʦʙʠʯʥʦ ʧʨʝʯʥʠʢʘ ʤʘˁʝʛ ʦʜ 0,5 mm. 

ʊʘʢʦ ʩʠʪʥʠ ʛʨʘʥʫʣʘʪ ʩʝ ʥʝ ʤʦʞʝ ʜʦʙʠʪʠ ʤʝʭʘʥʠʯʢʠʤ ʧʫʪʝʤ ʥʘ ʩʦʙʥʦʿ ʪʝʤʧʝʨʘʪʫʨʠ. 

ʇʦʤʦ˂ʫ ʪʝʯʥʦʛ ʘʟʦʪʘ, ʛʫʤʘ ʩʝ ʦʭʣʘʜʠ ʜʦ -100ÁC, ʜʘ ʙʠ ʧʦʩʪʘʣʘ ʢʨʪʘ, ʠ ʜʘ ʙʠ ʤʦʛʣʘ 

ʣʘʢʦ ʜʘ ʩʝ ʜʨʦʙʠ ʠ ʿʝʜʥʦʩʪʘʚʥʦ ʧʨʝʚʦʜʠ ʫ ʧʨʘʰʢʘʩʪ ʦʙʣʠʢ. ʀʟ ʧʨʘʰʢʘʩʪʦʛ 

ʤʘʪʝʨʠʿʘʣʘ ʿʝ ʤʥʦʛʦ ʣʘʢʰʝ ʦʜʚʦʿʠʪʠ ʤʝʪʘʣʥʝ ʠ ʪʝʢʩʪʠʣʥʝ ʜʝʣʦʚʝ. ʇʨʚʘ ʬʘʟʘ, ʢʠʜʘˁʘ 

ʠ ʜʨʦʙˀʝˁʘ, ʿʝ ʠʜʝʥʪʠʯʥʘ ʤʝʭʘʥʠʯʢʦʤ ʧʦʩʪʫʧʢʫ ʥʘ ʩʦʙʥʦʿ ʪʝʤʧʝʨʘʪʫʨʠ. ʇʦʪʨʦʰˁʘ 

ʪʝʯʥʦʛ ʘʟʦʪʘ ʿʝ 0,5-1 kg ʧʦ kg ʧʨʘʭʘ. ʇʨʘʭ ʠʤʘ ʚʝ˂ʫ ʮʝʥʫ ʠ ʫʧʦʪʨʝʙʥʫ ʚʨʝʜʥʦʩʪ ʦʜ 

ʛʨʘʥʫʣʘʪʘ ʜʦʙʠʿʝʥʦʛ ʤʝʭʘʥʠʯʢʠʤ ʧʫʪʝʤ [104].  

ʄʠʢʨʦʪʘʣʘʩʥʘ ʤʝʪʦʜʘ ʨʘʟʤʨʝʞʘʚʘˁʘ ʛʫʤʝʥʠʭ ʤʘʪʝʨʠʿʘʣʘ ʜʦʚʦʜʠ ʜʦ 

ʨʘʩʢʠʜʘˁʘ C-C ʚʝʟʘ ʢʦʥʪʨʦʣʠʩʘʥʦʤ ʢʦʣʠʯʠʥʦʤ ʝʣʝʢʪʨʦʤʘʛʥʝʪʥʦʛ ʟʨʘʯʝˁʘ 

ʩʧʝʮʠʬʠʯʥʝ ʬʨʝʢʚʝʥʮʠʿʝ ʠ ʝʥʝʨʛʝʪʩʢʦʛ ʥʠʚʦʘ. ʎʠˀ ʦʚʦʛ ʧʦʩʪʫʧʢʘ ʿʝ ʜʘ ʨʘʟʤʨʝʞʠ 

ʤʘʪʝʨʠʿʘʣ ʜʦ ʦʧʪʠʤʘʣʥʦʛ ʥʠʚʦʘ ʟʘ ʥʝʢʫ ʩʧʝʮʠʬʠʯʥʫ ʜʘˀʫ ʥʘʤʝʥʫ. ʇʨʝʤʘ ʪʦʤʝ 

ʝʣʘʩʪʦʤʝʨʥʠ ʦʪʧʘʜ ʤʦʞʝ ʙʠʪʠ ʨʝʛʝʥʝʨʠʩʘʥ ʙʝʟ ʜʝʧʦʣʘʨʠʟʘʮʠʿʝ ʫ ʤʘʪʝʨʠʿʘʣ ʢʦʿʠ ʠʤʘ 

ʩʢʦʨʦ ʠʜʝʥʪʠʯʥʝ ʬʠʟʠʯʢʝ ʦʩʦʙʠʥʝ ʩʘ ʦʨʛʘʥʩʢʠʤ ʚʫʣʢʘʥʠʟʘʪʦʤ. ʉʫʤʧʦʨʦʤ 

ʚʫʣʢʘʥʠʟʦʚʘʥʠ ʝʣʘʩʪʦʤʝʨʠ ʩʘʜʨʞʝ ʧʦʣʘʨʥʝ ʛʨʫʧʝ ʢʦʿʝ ʩʫ ʩʧʦʩʦʙʥʝ ʟʘ ʤʠʢʨʦʪʘʣʘʩʥʫ 

ʜʝʚʫʣʢʘʥʠʟʘʮʠʿʫ (ʨʘʟʤʨʝʞʘʚʘˁʝ). ʇʦʩʪʦʿʠ ʠ ʧʨʦʮʝʩ ʨʝʮʠʢʣʘʞʝ ʟʘʩʥʦʚʘʥ ʥʘ 

ʠʤʧʨʝʛʥʘʮʠʿʠ ʦʪʧʘʜʘ ʢʘʫʯʫʢʘ ʩʘ ʝʪʘʨʩʢʠʤ ʫˀʝʤ ʟʘʪʠʤ ʪʦʧʣʦʪʥʠʤ ʪʨʝʪʤʘʥʦʤ 

ʠʤʧʨʝʛʥʠʨʘʥʦʛ ʤʘʪʝʨʠʿʘʣʘ ʥʘ ʥʠʩʢʦʤ ʧʨʠʪʠʩʢʫ ʤʠʢʨʦʪʘʣʘʩʥʦʤ ʨʘʜʠʿʘʮʠʿʦʤ. 

ʄʠʢʨʦʪʘʣʘʩʥʠ ʤʝʪʦʜ ʿʝ ʚʝʦʤʘ ʝʢʦʥʦʤʠʯʘʥ ʠ ʝʢʦʣʦʰʢʠ ʧʨʠʭʚʘʪˀʠʚ. 

ʂʦʜ ʫʣʪʨʘʟʚʫʯʥʝ ʤʝʪʦʜʝ, ʧʨʦʠʟʚʦʜʠ ʥʘ ʙʘʟʠ ʛʫʤʝ ʩʝ ʧʦʩʪʘʚˀʘʿʫ ʫ ʪʝʯʥʦʩʪ, 

ʠʟʣʘʞʫ ʫʪʠʮʘʿʫ ʫʣʪʨʘʟʚʫʯʥʝ ʝʥʝʨʛʠʿʝ ʢʘʢʦ ʙʠ ʩʝ ʮʝʣʘ ʢʦʣʠʯʠʥʘ ʛʫʤʝ ʨʘʟʛʨʘʜʠʣʘ ʫ 

ʨʘʩʪʚʦʨʫ. ʅʝʜʦʩʪʘʪʘʢ ʦʚʝ ʤʝʪʦʜʝ ʿʝ ʪʦ ʰʪʦ ʢʨʘʿˁʝ ʦʩʦʙʠʥʝ ʜʝʚʫʣʢʘʥʠʟʦʚʘʥʝ ʛʫʤʝ 

ʥʠʩʫ ʧʦʤʝʥʫʪʝ. Okuda ʠ Hatano [105] ʩʫ ʠʟʣʘʛʘʣʠ ʧʨʠʨʦʜʥʫ ʛʫʤʫ ʬʨʝʢʚʝʥʮʠʿʠ ʦʜ 50 

kHz ʫʣʪʨʘʟʚʫʯʥʝ ʝʥʝʨʛʠʿʝ 20 ʤʠʥʫʪʘ ʢʘʢʦ ʙʠ ʧʦʩʪʠʛʣʠ ʜʝʚʫʣʢʘʥʠʟʘʮʠʿʫ ʧʨʘ˂ʝʥʫ 

ʨʝʚʫʣʢʘʥʠʟʘʮʠʿʦʤ ʠ ʥʘ ʪʘʿ ʥʘʯʠʥ ʜʦʙʠʣʠ ʦʩʦʙʠʥʝ ʩʣʠʯʥʝ ʦʨʠʛʠʥʘʣʥʠʤ. ʇʨʦʮʝʩ 

ʜʝʚʫʣʢʘʥʠʟʘʮʠʿʝ ʦʚʦʤ ʤʝʪʦʜʦʤ, ʧʨʝʜʩʪʘʚˀʘ ʝʥʝʨʛʝʪʩʢʠ ʟʘʭʪʝʚʥʫ ʨʝʘʢʮʠʿʫ ʢʘʢʦ ʙʠ 

ʩʝ ʨʘʩʢʠʥʫʣʝ C-S ʚʝʟʝ ʠ ʉ-ʉ ʚʝʟʝ. ʉʘʤʦ ʦʧʘʜʘˁʝ ʛʫʩʪʠʥʝ ʫʤʨʝʞʝˁʘ ʧʦʚʣʘʯʠ ʠ 

ʧʨʦʤʝʥʫ ʫ ʧʨʝʢʠʜʥʦʿ ʯʚʨʩʪʦ˂ʠ ʠ ʦʪʧʦʨʫ ʥʘ ʢʠʜʘˁʝ, ʜʦʣʘʟʠ ʜʦ ʩʤʘˁʝˁʘ ʤʦʣʝʢʫʣʩʢʝ 

ʤʘʩʝ ʢʦʣʦʠʜʥʝ ʬʨʘʢʮʠʿʝ, ʿʝʨ ʩʝ ʧʦʨʝʜ ʢʠʜʘˁʘ C-S, ʉ-ʉ ʚʝʟʘ ʢʠʜʘʿʫ ʠ S-S ʚʝʟʝ. 

 ʉʚʦʿʩʪʚʘ ʛʫʤʝ, ʢʘʦ ʰʪʦ ʩʫ ʥʝʪʦʢʩʠʯʥʦʩʪ, ʙʠʦʨʘʛʨʘʜʠʚʦʩʪ, ʦʙʣʠʢ, ʤʘʩʘ ʠ 

ʝʣʘʩʪʠʯʥʦʩʪ, ʠʭ ʯʠʥʝ ʢʘʥʜʠʜʘʪʠʤʘ ʟʘ ʰʠʨʦʢ ʩʧʝʢʪʘʨ ʘʧʣʠʢʘʮʠʿʘ ʫ ʩʚʠʤ ʦʙʣʠʮʠʤʘ - 
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ʮʝʣʝ, ʩʝʯʝʥʝ, ʫ ʦʙʣʠʢʫ ʛʨʘʥʫʣʘʪʘ ʠʣʠ ʫ ʦʙʣʠʢʫ ʧʨʘʭʘ. ʈʘʟʚʦʿ ʥʦʚʠʭ ʧʨʦʠʟʚʦʜʘ ʦʜ 

ʨʝʮʠʢʣʠʨʘʥʝ ʛʫʤʝ ʪʦʢʦʤ ʧʦʩʣʝʜˁʠʭ ʛʦʜʠʥʘ ʩʝ ʩʚʝ ʚʠʰʝ ʧʦʚʝ˂ʘʚʘ. ʆʪʧʘʜʥʠ 

ʧʥʝʫʤʘʪʠʮʠ ʩʝ ʧʨʠʤʝˁʫʿʫ ʟʘ ʠʟʨʘʜʫ ʟʚʫʯʥʠʭ ʨʘʤʧʠ, ʠʟʦʣʘʮʠʿʘ, ʧʦʪʧʦʨʥʠʭ ʩʪʫʙʦʚʘ 

ʤʦʩʪʦʚʘ, ʜʝʣʦʚʘ ʩʘʦʙʨʘ˂ʘʿʥʝ ʩʠʛʥʘʣʠʟʘʮʠʿʝ, ʠʟʨʘʜʠ ʧʫʪʝʚʘ ʠʪʜ.  

 ʇʨʝʨʘʜʦʤ ʦʪʧʘʜʥʠʭ ʧʥʝʫʤʘʪʠʢʘ ʩʝ ʜʦʙʠʿʘ ʜʨʦʙˀʝʥʘ ʛʫʤʘ ʠʣʠ ʰʨʝʜ, 

ʛʨʘʥʫʣʘʪ, ʢʦʿʠ ʤʦʞʝ ʠʤʘʪʠ ʚʝʣʠʯʠʥʫ ʟʨʥʘ ʦʜ 0,5 ʜʦ 10 mm, ʠ ʛʫʤʝʥʠ ʧʨʘʭ. ʅʘʿʰʠʨʫ 

ʧʨʠʤʝʥʫ ʠʤʘ ʛʨʘʥʫʣʘʪ, ʟʘʪʠʤ ʰʨʝʜ, ʘ ʧʨʠʤʝʥʘ ʧʨʘʭʦʚʘ ʧʦʣʘʢʦ ʧʦʯʠˁʝ ʜʘ ʜʦʙʠʿʘ ʥʘ 

ʟʥʘʯʘʿʫ ʿʝʨ ʿʝ ʧʦʢʘʟʘʥʦ ʜʘ ʩʝ ʤʦʞʝ ʢʦʨʠʩʪʠʪʠ ʢʘʦ ʧʫʥʠʣʦ ʟʘ ʠʟʨʘʜʫ 

ʚʠʩʦʢʦʢʚʘʣʠʪʝʪʥʠʭ ʧʥʝʫʤʘʪʠʢʘ. ɻʫʤʝʥʠ ʧʨʘʭ ʜʦʙʠʿʝʥ ʨʝʮʠʢʣʘʞʦʤ ʛʫʤʝ ʤʦʞʝ ʜʘ ʩʝ 

ʧʨʠʤʝˁʫʿʝ ʢʘʦ ʪʘʢʘʚ, ʙʝʟ ʤʦʜʠʬʠʢʘʮʠʿʝ, ʘ ʤʦʞʝ ʜʘ ʩʝ ʠʟʚʨʰʠ ʤʦʜʠʬʠʢʘʮʠʿʘ 

ʧʦʚʨʰʠʥʝ, ʢʘʢʦ ʙʠ ʩʝ ʧʦʙʦˀʰʘʣʘ ʢʦʤʧʘʪʠʙʠʣʥʦʩʪ ʩʘ ʢʘʫʯʫʢʦʤ ʫ ʢʦʿʠ ʩʝ ʫʤʝʰʘʚʘ. 

ʇʦʢʘʟʘʥʦ ʿʝ ʜʘ ʥʝʤʦʜʠʬʠʢʦʚʘʥʠ ʛʫʤʝʥʠ ʧʨʘʭ ʟʥʘʯʘʿʥʦ ʫʪʠʯʝ ʥʘ ʙʨʦʿʥʘ ʩʚʦʿʩʪʚʘ 

ʛʫʤʝ, ʠ ʜʘ ʩʘ ʧʦʚʝ˂ʘˁʝʤ ʫʜʝʣʘ ʧʨʘʭʘ ʦʧʘʜʘʿʫ ʧʨʝʢʠʜʥʦ ʠʟʜʫʞʝˁʝ ʠ ʧʨʝʢʠʜʥʘ 

ʯʚʨʩʪʦ˂ʘ ʢʘʦ ʠ ʦʪʧʦʨʥʦʩʪ ʥʘ ʮʝʧʘˁʝ, ʜʦʢ ʚʨʝʜʥʦʩʪ ʤʦʜʫʣʘ ʝʣʘʩʪʠʯʥʦʩʪʠ ʨʘʩʪʝ [106]. 

ɿʙʦʛ ʯʠˁʝʥʠʮʝ ʜʘ ʜʦʜʘʪʘʢ ʥʝʤʦʜʠʬʠʢʦʚʘʥʦʛ ʧʨʘʭʘ ʫʪʠʯʝ ʥʝʧʦʚʦˀʥʦ ʥʘ ʥʝʢʝ ʦʜ 

ʩʚʦʿʩʪʘʚʘ ʛʫʤʝ, ʙʨʦʿʥʘ ʠʩʪʨʘʞʠʚʘˁʘ ʩʝ ʨʘʜʝ ʫ ʧʨʘʚʮʫ ˁʝʛʦʚʝ ʤʦʜʠʬʠʢʘʮʠʿʝ ʫ ʮʠˀʫ 

ʜʦʙʠʿʘˁʘ ʘʢʪʠʚʥʦʛ ʧʫʥʠʣʘ, ʰʪʦ ʙʠ ʦʤʦʛʫ˂ʠʣʦ ʧʦʚʝ˂ʘˁʝ ˁʝʛʦʚʦʛ ʫʜʝʣʘ ʫ ʬʠʥʘʣʥʦʤ 

ʧʨʦʠʟʚʦʜʫ [107]. ʄʦʜʠʬʠʢʘʮʠʿʘ ʛʫʤʝʥʦʛ ʧʨʘʭʘ ʩʝ ʤʦʞʝ ʠʟʚʝʩʪʠ ʤʝʭʘʥʠʯʢʠ, 

ʭʝʤʠʿʩʢʠ ʠʣʠ ʬʠʟʠʯʢʠ [108]. Dierʢes ʿʝ ʧʦʢʘʟʘʦ ʜʘ ʜʦʜʘʪʘʢ ʧʦʚʨʰʠʥʩʢʠ ʘʢʪʠʚʠʨʘʥʠʭ 

ʯʝʩʪʠʮʘ ʛʫʤʝ, ʢʦʿʝ ʩʫ ʥʘʟʚʘʣʠ Surcrums, ʧʦʚʝ˂ʘʚʘ ʧʨʝʢʠʜʥʫ ʯʚʨʩʪʦ˂ʫ ʠ ʧʨʝʢʠʜʥʦ 

ʠʟʜʫʞʝˁʝ [109], ʤʦʜʠʬʠʢʘʮʠʿʘ ʭʣʦʨʦʤ ʧʦʚʝ˂ʘʚʘ ʤʝʭʘʥʠʯʢʘ ʩʚʦʿʩʪʚʘ ʠ ʩʤʘˁʫʿʝ ʮʝʥʫ 

ʧʨʦʠʟʚʦʜʘ [110], ʪʘʢʦʹʝ ʩʫ ʧʦʪʚʨʹʝʥʝ ʫʩʧʝʰʥʝ ʧʨʠʤʝʥʝ ʛʫʤʝʥʦʛ ʧʨʘʭʘ 

ʤʦʜʠʬʠʢʦʚʘʥʦʛ ʪʨʠʤʝʪʠʣʦʣʧʨʦʧʘʥ ʪʨʠʘʢʨʠʣʘʪʦʤ, m-ʬʝʥʠʣ bis-ʤʘʣʝʠʤʠʜʦʤ ʫ 

ʢʦʤʙʠʥʘʮʠʿʠ ʩʘ UV ʟʨʘʯʝˁʝʤ ʠ ʩʤʝʰʦʤ ʚʦʜʦʥʠʢ-ʧʝʨʦʢʩʠʜʘ ʠ ʘʟʦʪʥʝ ʢʠʩʝʣʠʥʝ [111, 

112]. 

ʇʦʢʘʟʘʥʦ ʿʝ ʜʘ ʜʦʜʘʪʢʦʤ ʥʝʤʦʜʠʬʠʢʦʚʘʥʦʛ ʛʫʤʝʥʦʛ ʧʨʘʭʘ ʜʦʣʘʟʠ ʜʦ ʧʦʚʝ˂ʘˁʘ 

ʪʚʨʜʦ˂ʝ ʠ ʤʦʜʫʣʘ ʝʣʘʩʪʠʯʥʦʩʪʠ ʿʝʨ ʥʝ ʜʦʣʘʟʠ ʜʦ ʭʝʤʠʿʩʢʠʭ ʠʥʪʝʨʘʢʮʠʿʘ ʧʫʥʠʣʦ-

ʤʘʪʨʠʢʩ. ʇʨʚʠ ʫʩʧʝʰʘʥ ʧʦʢʫʰʘʿ ʧʨʠʤʝʥʝ ʛʫʤʝʥʦʛ ʧʨʘʭʘ ʢʘʦ ʧʫʥʠʣʘ ʧʦʪʠʯʝ ʿʦʰ ʠʟ 

1853. ʛʦʜʠʥʝ ʠ ʧʘʪʝʥʪʘ Charles Goodyear-a ʫ ʢʦʤʝ ʦʧʠʩʫʿʝ ʜʦʙʠʿʘˁʝ ʛʫʤʝʥʝ 

ʤʝʰʘʚʠʥʝ ʩʘ ʜʦʜʘʪʢʦʤ ʛʫʤʝʥʦʛ ʧʨʘʭʘ ʢʘʦ ʧʫʥʠʣʘ [113]. ʄʝʹʫʪʠʤ, ʠʥʪʝʨʝʩʦʚʘˁʝ ʟʘ 

ʦʚʘʢʘʚ ʚʠʜ ʦʿʘʯʘˁʘ ʛʫʤʝ ʥʠʿʝ ʙʠʣʦ ʚʝʣʠʢʦ ʩʚʝ ʜʦ ʦʪʢʨʠ˂ʘ ʤʦʜʝʨʥʠʭ ʧʦʩʪʫʧʘʢʘ 

ʤʣʝʚʝˁʝ ʦʪʧʘʜʥʠʭ ʘʫʪʦ-ʛʫʤʘ [114]. ʈʘʟʚʦʿʝʤ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʠʿʘ ʜʦʙʠʿʘˁʘ ʛʨʘʥʫʣʘʪʘ 
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ʠ ʧʨʘʭʘ ʦʜ ʨʝʮʠʢʣʠʨʘʥʝ ʛʫʤʝ ʧʦʯʠˁ ʝ ʩʚʝ ʚʝ˂ʝ ʠʥʪʝʨʝʩʦʚʘˁʝ ʟʘ ˁʠʭʦʚʫ ʧʨʠʤʝʥʫ ʢʘʦ 

ʧʫʥʠʣʘ ʟʘ ʜʦʙʠʿʘˁʝ ʥʦʚʠʭ ʛʫʤʝʥʠʭ ʧʨʦʠʟʚʦʜʘ. Swor ʿʝ ʩʘ ʩʘʨʘʜʥʠʮʠʤʘ ʠʩʪʨʘʞʠʚʘʦ 

ʫʪʠʮʘʿ ʜʦʜʘʪʢʘ ʛʫʤʝʥʦʛ ʧʨʘʭʘ ʫ NR ʠ SBR ʛʫʤʫ, ʠ ʟʘʢˀʫʯʠʦ ʜʘ ʜʦʜʘʪʘʢ ʜʦ 50 phr ʥʝ 

ʫʪʠʯʝ ʟʥʘʯʘʿʥʠʿʝ ʥʘ ʩʚʦʿʩʪʚʘ ʛʫʤʝ [115]. Burford ʿʝ ʧʨʚʠ ʠʟʫʯʘʚʘʦ ʫʪʠʮʘʿ ʧʦʚʨʰʠʥʝ 

ʛʫʤʝʥʦʛ ʨʝʮʠʢʣʘʪʘ ʥʘ ʩʚʦʿʩʪʚʘ ʛʫʤʝ, ʠ ʿʘʩʥʦ ʧʦʢʘʟʘʦ ʜʘ ʧʦʩʪʦʿʠ ʨʘʟʣʠʢʘ ʫ ʧʦʚʨʰʠʥʠ 

ʢʨʠʦʛʝʥʦ ʠ ʤʝʭʘʥʠʯʢʠ ʤʣʝʚʝʥʦʛ ʧʨʘʭʘ [116]. ɸʥʘʣʠʟʦʤ ʧʦʚʨʰʠʥʝ ʣʦʤʘ ʧʫˁʝʥʠʭ 

ʛʫʤʘ ʧʦʢʘʟʘʦ ʿʝ ʜʘ ʥʘ ʤʝʩʪʫ ʣʦʤʘ ʜʦʣʘʟʠ ʜʦ ʧʦʚʝ˂ʘˁʘ ʭʨʘʧʘʚʦʩʪʠ, ʩʘ ʧʦʚʝ˂ʘˁʝʤ 

ʫʜʝʣʘ ʨʝʮʠʢʣʘʪʘ, ʢʘʦ ʧʦʩʣʝʜʠʮʘ ʢʠʜʘˁʘ ʟʨʥʘ ʨʝʮʠʢʣʠʨʘʥʝ ʛʫʤʝ ʠʟ ʤʘʪʨʠʮʝ ʢʘʫʯʫʢʘ. 

ɻʫʤʝʥʠ ʨʝʮʠʢʣʘʪ ʪʘʢʦʹʝ ʤʦʞʝ ʟʥʘʯʘʿʥʦ ʜʘ ʫʪʠʯʝ ʥʘ ʙʨʟʠʥʫ ʚʫʣʢʘʥʠʟʘʮʠʿʝ CR ʛʫʤʝ,  

ʘʣʠ ʠ ʜʦʚʝʜʝ ʜʦ ʦʧʘʜʘˁʘ ʚʨʝʜʥʦʩʪʠ ʧʨʝʢʠʜʥʝ ʿʘʯʠʥʝ ʠ ʧʨʝʢʠʜʥʦʛ ʠʟʜʫʞʝˁʘ, ʙʝʟ 

ʥʝʛʘʪʠʚʥʦʛ ʫʪʠʮʘʿʘ ʥʘ ʧʦʥʘʰʘˁʝ ʛʫʤʝ ʥʘ ʥʠʩʢʠʤ ʪʝʤʧʝʨʘʪʫʨʘʤʘ, ʰʪʦ ʿʝ ʦʜ ʚʝʣʠʢʦʛ 

ʟʥʘʯʘʿʘ [117]. ɫʝʢʠ˂ ʿʝ ʠʩʧʠʪʠʚʘʦ ʩʚʦʿʩʪʚʘ NR ʢʦʤʧʦʟʠʪʘ ʩʘ ʛʫʤʝʥʠʤ ʧʨʘʭʦʤ ʠ 

ʧʦʢʘʟʘʦ ʜʘ ʫʜʝʦ ʜʦ 5 phr ʧʨʘʭʘ ʜʦʚʦʜʠ ʜʦ ʧʦʚʝ˂ʘˁʘ ʪʚʨʜʦ˂ʝ, ʦʪʧʦʨʥʦʩʪʠ ʥʘ ʭʘʙʘˁʝ 

ʠ ʥʘ ʩʘʙʠʿʘˁʝ. ɼʘˀʝ ʧʦʚʝ˂ʘˁʝ ʫʜʝʣʘ ʨʝʮʠʢʣʠʨʘʥʦʛ ʛʫʤʝʥʦʛ ʧʨʘʭʘ ʜʦʚʦʜʠ ʜʦ 

ʦʧʘʜʘˁʘ ʩʚʠʭ ʩʚʦʿʩʪʘʚʘ ʛʫʤʝ, ʦʩʠʤ ʩʪʝʧʝʥʘ ʧʨʠʛʫʰʝˁʘ [118]. ʉ ʦʙʟʠʨʦʤ ʥʘ ʪʦ ʜʘ ʿʝ 

ʛʫʤʘ ʤʘʪʝʨʠʿʘʣ ʢʦʿʠ ʩʝ ʪʝʰʢʦ ʨʘʟʣʘʞʝ, ʧʦʿʘʚʠʦ ʩʝ ʧʨʦʙʣʝʤ ʫʧʨʘʚˀʘˁʘ ʛʫʤʝʥʠʤ 

ʦʪʧʘʜʦʤ ʢʦʿʠ ʙʠ ʤʦʛʘʦ ʜʘ ʠʟʘʟʦʚʝ ʦʟʙʠˀʘʥ ʝʢʦʣʦʰʢʠ ʧʨʦʙʣʝʤ [119, 120]. 

ʈʝʮʠʢʣʠʨʘʥa ʛʫʤʘ (RR) ʠ ʛʫʤʝʥʠ ʧʨʘʭ (RP) ʩʫ ʚʘʞʥʠ ʠʟʚʦʨʠ ʩʝʢʫʥʜʘʨʥʠʭ 

ʩʠʨʦʚʠʥʘ. ʉʚʝ ʟʝʤˀʝ ʩʘ ʨʘʟʚʠʿʝʥʦʤ ʧʫʪʥʦʤ ʤʨʝʞʦʤ ʠʤʘʿʫ ʧʨʦʙʣʝʤʘ ʩʘ ʦʪʧʘʜʥʠʤ 

ʛʫʤʘʤʘ. ɿʙʦʛ ʪʦʛʘ ʿʝ ʧʦʩʣʝʜˁʠʭ ʛʦʜʠʥʘ ʤʥʦʛʦ ʪʨʫʜʘ ʫʣʦʞʝʥʦ ʫ ʠʩʪʨʘʞʠʚʘˁʘ ʠ ʨʘʟʚʦʿ 

ʥʦʚʠʭ ʝʬʠʢʘʩʥʠʭ ʤʝʪʦʜʘ ʟʘ ʫʧʦʪʨʝʙʫ ʦʪʧʘʜʥʠʭ ʛʫʤʘ ʠʣʠ ˁʠʭʦʚʦ ʦʜʣʘʛʘˁʝ. ʆʪʧʘʜʥʝ 

ʛʫʤʝ ʩʫ ʛʫʤʝ ʢʦʿʝ ʩʫ ʟʘʚʨʰʠʣʝ ʩʚʦʿ ʚʝʢ ʪʨʘʿʘˁʘ ʠ ʜʦʣʘʟʝ ʫʛʣʘʚʥʦʤ ʦʜ ʧʫʪʥʠʯʢʠʭ 

ʘʫʪʦʤʦʙʠʣʘ ʠ ʢʘʤʠʦʥʘ. ɿʘʢʦʥʠ ʠ ʧʨʦʧʠʩʠ ʢʦʿʠ ʩʝ ʦʜʥʦʩʝ ʥʘ ʫʧʦʪʨʝʙʫ ʛʫʤʘ ʩʫ ʚʝʦʤʘ 

ʩʪʨʦʛʠ ʠ ʪʦ ʨʝʟʫʣʪʠʨʘ ʚʝʣʠʢʠʤ ʙʨʦʿʝʤ ʛʫʤʘ ʥʘ ʜʝʧʦʥʠʿʘʤʘ ʯʠʿʠ ʩʝ ʙʨʦʿ ʠʟ ʛʦʜʠʥʝ ʫ 

ʛʦʜʠʥʫ ʧʦʚʝ˂ʘʚʘ. ʈʝʮʠʢʣʠʨʘʥʘ ʛʫʤʘ ʫʢˀʫʯʫʿʝ ʨʝʛʝʥʝʨʠʩʘʥʫ ʛʫʤʫ, ʤʣʝʚʝʥʫ ʛʫʤʫ ʠʣʠ 

ʨʝʧʨʦʮʝʩʠʨʘʥʫ ʩʠʥʪʝʪʠʯʢʫ ʛʫʤʫ, ʙʠʣʦ ʢʦʿʠ ʦʪʧʘʜ ʦʜ ʛʫʤʝ ʢʦʿʠ ʿʝ ʧʨʝʪʚʦʨʝʥ ʫ 

ʝʢʦʥʦʤʩʢʠ ʢʦʨʠʩʪʘʥ ʦʙʣʠʢ [121, 122]. 

ɹʨʦʿʥʝ ʪʝʭʥʠʢʝ ʩʫ ʨʘʟʚʠʿʝʥʝ ʫ ʥʘʩʪʦʿʘˁʠʤʘ ʜʘ ʩʝ ʛʫʤʝʥʠ ʦʪʧʘʜ ʨʝʮʠʢʣʠʨʘ ʫʟ 

ʧʦʤʦ˂ ʠʩʧʣʘʪʠʚʦʛ ʧʨʦʮʝʩʘ. ɼʦʢ ʿʝ ʚʝ˂ʠʥʘ ʥʘʧʦʨʘ ʥʘ ʜʝʚʫʣʢʘʥʠʟʘʮʠʿʠ ʛʫʤʝ ʩʢʫʧʘ ʠ 

ʩʪʚʘʨʘ ʦʧʘʩʥʦʩʪ ʦʜ ʦʜʣʘʛʘˁʘ, ʥʘʿʙʦˀʠ ʤʝʪʦʜ ʨʝʮʠʢʣʘʞʝ ʛʫʤʝ ʿʝ ʫʛʨʘʹʠʚʘˁʝ ʛʫʤʝʥʦʛ 

ʦʪʧʘʜʘ ʫ ʥʦʚʝ ʧʨʦʠʟʚʦʜʝ, ʙʠʣʦ ʢʘʦ ʧʫʥʠʣʦ ʠʣʠ ʢʘʦ ʜʝʦ ʧʦʣʠʤʝʨʥʝ ʤʘʪʨʠʮʝ [123, 

124]. ʃʘʢʰʝ ʿʝ ʨʝʮʠʢʣʠʨʘʪʠ ʛʫʤʝʥʠ ʦʪʧʘʜ ʫ ʦʙʣʠʢʫ ʤʣʝʚʝʥʝ ʠʣʠ ʧʨʘʰʢʘʩʪʝ ʛʫʤʝ 
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ʫʤʝʩʪʦ ʜʘ ʩʝ ʨʝʛʝʥʝʨʠʰʝ ʠʣʠ ʜʝʚʫʣʢʘʥʠʟʫʿʝ. 

 ʆʜʣʘʛʘˁʝ ʦʪʧʘʜʥʦʛ ʝʣʘʩʪʦʤʝʨʥʦʛ ʧʨʘʭʘ ʧʦʩʪʘʣʦ ʿʝ ʚʝʣʠʢʠ ʝʢʦʣʦʰʢʠ 

ʧʨʦʙʣʝʤ ʰʠʨʦʤ ʩʚʝʪʘ. ʆʪʧʘʜʥʠ ʝʣʘʩʪʦʤʝʨʥʠ ʧʨʘʭ ʧʨʠʧʨʝʤˀʝʥ ʤʣʝʚʝˁʝʤ ʤʦʞʝ 

ʧʦʩʣʫʞʠʪʠ ʢʘʦ ʧʫʥʠʣʦ ʫ ʧʨʦʮʝʩʠʤʘ ʨʝʮʠʢʣʘʞʝ ʛʫʤʝʥʠʭ ʤʘʪʝʨʠʿʘʣʘ ʟʘ ʜʦʙʠʿʘˁʝ 

ʤʘʪʝʨʠʿʘʣʘ ʦʜ ʚʝʣʠʢʦʛ ʟʥʘʯʘʿʘ. ʈʘʟʚʦʿ ʝʢʦʣʦʰʢʠ ʧʨʠʭʚʘʪˀʠʚʦʛ ʥʘʯʠʥʘ ʟʘ ʦʜʣʘʛʘˁʝ 

ʦʪʧʘʜʥʝ ʛʫʤʝ ʧʦʤʦ˂ʠ ˂ʝ ʫ ʩʧʨʝʯʘʚʘˁʫ ʟʘʛʘʹʝˁʘ ʞʠʚʦʪʥʝ ʩʨʝʜʠʥʝ. 

ʎʠˀ ʠʩʪʨʘʞʠʚʘˁʘ ʦʚʝ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ ʿʝ ʩʪʨʫʢʪʫʨʠʨʘˁʝ 

ʝʣʘʩʪʦʤʝʨʥʠʭ ʢʦʤʧʦʟʠʪʘ ʜʦʙʠʿʝʥʠʭ ʦʜ ʨʘʟʣʠʯʠʪʠʭ ʧʨʝʢʫʨʩʦʨʘ ʤʨʝʞʝ: ʧʨʠʨʦʜʥʦʛ 

ʢʘʫʯʫʢʘ (NR), ʩʪʠʨʝʥ-ʙʫʪʘʜʠʝʥ ʢʘʫʯʫʢʘ (SBR) ʠ ʧʦʣʠʙʫʪʘʜʠʝʥʘ (BR), ʫʟ ʠʩʧʠʪʠʚʘˁʝ 

ʫʪʠʮʘʿʘ ʩʘʜʨʞʘʿʘ ʠ ʪʠʧʘ ʧʫʥʠʣʘ (ʯʘʹʠ-CB, ʨʝʮʠʢʣʠʨʘʥʝ ʛʫʤʝ-RR ʠ ʨʝʮʠʢʣʠʨʘʥʦʛ 

ʧʨʘʭʘ-RP) ʥʘ ʩʚʦʿʩʪʚʘ ʫʤʨʝʞʝʥʠʭ ʢʦʤʧʦʟʠʪʥʠʭ ʤʘʪʝʨʠʿʘʣʘ. ʎʠˀ ʿʝ ʜʘ ʩʝ ʫʢʘʞʝ ʥʘ 

ʤʦʣʝʢʫʣʩʢʫ ʩʫʰʪʠʥʫ ʦʿʘʯʘˁʘ ʝʣʘʩʪʦʤʝʨʥʠʭ ʤʘʪʝʨʠʿʘʣʘ ʨʘʟʣʠʯʠʪʠʤ ʪʠʧʦʚʠʤʘ 

ʧʫʥʠʣʘ. ɼʦʜʘʚʘˁʝ ʧʫʥʠʣʘ ʝʣʘʩʪʦʤʝʨʠʤʘ ʪʨʝʙʘ ʜʘ ʦʙʝʟʙʝʜʠ ʧʦʙʦˀʰʘˁʝ ʤʝʭʘʥʠʯʢʠʭ 

ʠ ʪʝʨʤʠʯʢʠʭ ʩʚʦʿʩʪʘʚʘ, ʦʪʧʦʨʥʦʩʪ ʥʘ g-ʟʨʘʯʝˁʝ, ʢʘʦ ʠ ʩʤʘˁʝˁʝ ʪʨʦʰʢʦʚʘ 

ʧʨʦʠʟʚʦʜˁʝ, ʢʦʨʠʰ˂ʝˁʝʤ ʨʝʮʠʢʣʠʨʘʥʝ ʦʪʧʘʜʥʝ ʛʫʤʝ ʢʘʦ ʘʣʪʝʨʥʘʪʠʚʥʦʛ ʧʫʥʠʣʘ. 

ʆʿʘʯʘʚʘʿʫ˂ʘ ʧʫʥʠʣʘ ʜʦʜʘʪʘ ʩʤʝʰʠ ʢʘʫʯʫʢʘ, ʦʤʦʛʫ˂ʘʚʘʿʫ ʜʘ ʥʘʩʪʘʣʠ ʤʘʪʝʨʠʿʘʣ ʠʤʘ 

ʚʠʩʦʢʘ ʤʝʭʘʥʠʯʢʘ ʩʚʦʿʩʪʚʘ,  ʤʦʜʫʣ ʠ ʦʪʧʦʨʥʦʩʪ ʥʘ ʭʘʙʘˁʝ, ʢʘʦ ʧʦʩʣʝʜʠʮʘ ʜʦʙʨʦʛ 

ʤʝʹʫʬʘʟʥʦʛ ʧʨʠʚʣʘʯʝˁʘ ʩʘ ʧʦʣʠʤʝʨʥʦʤ ʤʘʪʨʠʮʦʤ. ʆʜʘʙʠʨʦʤ ʦʧʪʠʤʘʣʥʦʛ ʩʘʜʨʞʘʿʘ 

ʠ ʪʠʧʘ ʧʫʥʠʣʘ, ʪʠʧʘ ʧʨʝʢʫʨʩʦʨʘ ʠ ʦʟʨʘʯʠʚʘˁʝʤ g-ʟʨʘʮʠʤʘ  ʜʦʙʠʿʝʥʠ ʩʫ ʢʦʤʧʦʟʠʪʥʠ 

ʤʘʪʝʨʠʿʘʣʠ ʢʦʿʠ ʠʤʘʿʫ ʟʘʜʦʚʦʘˀʚʘʿʫ˂ʘ ʤʝʭʘʥʠʯʢʘ ʩʚʦʿʩʪʚʘ ʠ ʪʝʨʤʠʯʢʫ ʩʪʘʙʠʣʥʦʩʪ 

ʢʦʿʘ ʩʫ ʧʦʪʨʝʙʥʘ ʫ ʩʧʝʮʠʬʠʯʥʠʤ ʫʩʣʦʚʠʤʘ ʝʢʩʧʣʦʘʪʘʮʠʿʝ. 

ɿʥʘʯʘʿ ʦʚʝ ʜʠʩʝʨʪʘʮʠʿʝ ʿʝ ʫ ʜʦʧʨʠʥʦʩʫ ʨʘʟʫʤʝʚʘˁʘ ʤʝʭʘʥʠʟʘʤʘ 

ʬʦʨʤʠʨʘˁʘ ʫʤʨʝʞʝʥʠʭ ʤʘʪʝʨʠʿʘʣʘ ʟʘʩʥʦʚʘʥʠʭ ʥʘ ʪʨʠ ʨʘʟʣʠʯʠʪʘ ʧʨʝʢʫʨʩʦʨʘ, ʩʘ 

ʮʠˀʝʤ ʜʦʙʠʿʘˁʘ ʩʪʨʫʢʪʫʨʘ ʧʨʠʣʘʛʦʹʝʥʠʭ ʩʧʝʮʠʿʘʣʥʠʤ ʬʫʥʢʮʠʦʥʘʣʥʠʤ ʟʘʭʪʝʚʠʤʘ. 
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3. ɽʂʉʇɽʈʀʄɽʅʊɸʃʅʀ ɼɽʆ 

3.1. ʄʘʪʝʨʠʿʘʣʠ ʠ ʩʠʨʦʚʠʥʝ 

3.1.1. ʇʨʝʢʫʨʩʦʨʠ ʤʨʝʞʘ 
 

ʂʘʦ ʧʦʣʘʟʥʠ ʧʨʝʢʫʨʩʦʨʠ ʤʨʝʞʝ ʢʦʨʠʰ˂ʝʥʘ ʩʫ ʪʨʠ ʪʠʧʘ ʢʘʫʯʫʢʘ: ʧʨʠʨʦʜʥʠ 

ʢʘʫʯʫʢ (NR), ʙʫʪʘʜʠʝʥʩʢʠ ʢʘʫʯʫʢ (BR) ʠ ʩʪʠʨʝʥ-ʙʫʪʘʜʠʝʥʩʢʠ ʢʘʫʯʫʢ (SBR). 

ʋ ʪʘʙʝʣʠ 7 ʥʘʣʘʟʠ ʩʝ ʫʧʦʨʝʜʥʠ ʧʨʝʛʣʝʜ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ NR (SMR-20) 

ʢʘʫʯʫʢʘ ʧʦ ʩʧʝʮʠʬʠʢʘʮʠʿʠ ʩʘʤʦʛ ʧʨʦʠʟʚʦʹʘʯʘ ʠʟ ʄʘʣʝʟʠʿʝ.  

 

ʊʘʙʝʣʘ 7. ʆʩʥʦʚʥʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ NR ʢʘʫʯʫʢʘ (SMR-20). 

ʂʘʨʘʢʪʝʨʠʩʪʠʢʝ ɺʨʝʜʥʦʩʪ 

ɺʠʩʢʦʟʠʪʝʪ ML(1+4) Min.50 

ɻʫʩʪʠʥʘ (g/cm3) 0,92  

ʇʝʧʝʦ (%)  ʤʘʢʩ. 1,0 

ʀʩʧʘʨˀʠʚʝ ʤʘʪʝʨʠʿʝ (%) ʤʘʢʩ. 0,8 

ɸʟʦʪ (%) ʤʘʢʩ. 0,6 

 

ʋ ʪʘʙʝʣʠ 8 ʩʝ ʥʘʣʘʟʠ ʫʧʦʨʝʜʥʠ ʧʨʝʛʣʝʜ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ SBR (EUROPREN 

SBR 1783) ʢʘʫʯʫʢʘ ʧʦ ʩʧʝʮʠʬʠʢʘʮʠʿʠ ʩʘʤʦʛ ʧʨʦʠʟʚʦʹʘʯʘ -Versalis (ʀʪʘʣʠʿʘ).  

ʊʘʙʝʣʘ 8. ʆʩʥʦʚʥʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ SBR ʢʘʫʯʫʢʘ (EUROPREN SBR 1783). 

ʂʘʨʘʢʪʝʨʠʩʪʠʢʝ ɺʨʝʜʥʦʩʪ 

ɺʠʩʢʦʟʠʪʝʪ ML(1+4) Min. 44-54 

ɻʫʩʪʠʥʘ (g/cm3)  0,94 

ʇʝʧʝʦ (%)  ʄʘʢʩ. 0.5 

ʀʩʧʘʨˀʠʚʝ ʤʘʪʝʨʠʿʝ (%) 0,75 

ɺʝʟʘʥʠ ʩʪʠʨʝʥ (%) 23,5 

ʆʨʛʘʥʩʢʝ ʢʠʩʝʣʠʥʝ (%) 4,51 

ʉʘʧʫʥ (%) 0,16 

ʉʘʜʨʞʘʿ ʩʪʠʨʝʥʘ (%) 23,5 

ʉʘʜʨʞʘʿ ʫˀʘ Rɸɽ (%) 37,5 
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ʋ ʪʘʙʝʣʠ 9 ʩʝ ʥʘʣʘʟʠ ʫʧʦʨʝʜʥʠ ʧʨʝʛʣʝʜ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ BR (SKD N) ʢʘʫʯʫʢʘ 

ʧʦ ʩʧʝʮʠʬʠʢʘʮʠʿʠ ʩʘʤʦʛ ʧʨʦʠʟʚʦʹʘʯʘ Njiģnjekamsk-ʠ ʟʘʚʦʜ (ʈʫʩʠʿʘ).  

ʊʘʙʝʣʘ 9. ʆʩʥʦʚʥʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ BR ʢʘʫʯʫʢʘ (SKD N). 

ʂʘʨʘʢʪʝʨʠʩʪʠʢʝ ɺʨʝʜʥʦʩʪ 

ɺʠʩʢʦʟʠʪʝʪ ML(1+4) Min. 40-49 

ɻʫʩʪʠʥʘ (g/cm3) 0,91  

ʇʝʧʝʦ (%) ʄʘx. 0,5 

ʀʩʧʘʨˀʠʚʦʩʪ ʥʘ105ÁC (%) ʄʘx. 0,5 

ɸʥʪʠʦʢʩʠʥʜʘʥʪ Irganox 1520L (%) Min. 0,2 

ʉʘʜʨʞʘʿ 1,4-cis ʠʟʦʤʝʨʘ (%) 94  

3.1.2. ʇʫʥʠʣʘ 

ʂʘʦ ʧʫʥʠʣʘ, ʢʦʨʠʰ˂ʝʥʠ ʩʫ ʯʘʹ, ʨʝʮʠʢʣʠʨʘʥʘ ʛʫʤʘ ʠ ʛʫʤʝʥʠ ʧʨʘʭ. ɺʠʩʦʢʦ 

ʘʙʨʘʟʠʚʥʘ ʧʝ˂ʥʘ ʯʘʹ N330 ʧʨʝʤʘ ʘʪʝʩʪʫ ʧʨʦʠʟʚʦʹʘʯʘ ɺʦʣʛʦʨʦʜ-ʈʫʩʠʿʘ, ʧʨʠʧʘʜʘ 

ʛʨʫʧʠ ʚʠʩʦʢʦ ʘʢʪʠʚʥʠʭ ʯʘʹʠ ʢʦʿʘ ʩʝ ʜʦʙʠʿʘʿʫ ʪʝʨʤʠʯʢʠʤ ʧʨʦʮʝʩʦʤ. ʆʩʥʦʚʥʝ 

ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʧʨʝʤʘ ʘʪʝʩʪʫ ʧʨʦʠʟʚʦʹʘʯʘ ʩʫ ʜʘʪʝ ʫ ʪʘʙʝʣʠ 10. 

ʊʘʙʝʣʘ 10. ʆʩʥʦʚʥʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʯʘʹʠ N330. 

ʂʘʨʘʢʪʝʨʠʩʪʠʢʝ ɺʨʝʜʥʦʩʪ 

ɱʦʜʥʠ ʙʨʦʿ (mg/g) 82°5 

DBP ʘʙʩʦʨʧʮʠʦʥʠ ʙʨʦʿ (cm3/100g) 102°5 

CTAB ʧʦʚʨʰʠʥʘ (m2/g) 83°6 

pH (5%-ʥa ʧʘʩʪʘ) 8 

ʅʘʩʠʧʥʘ ʪʝʞʠʥʘ (kg/m3) 375 Ñ 30 

ʉʨʝʜˁʘ ʚʝʣʠʯʠʥʘ ʯʝʩʪʠʮʝ (nm) 28-36 

  

3.1.3. ʈʝʮʠʢʣʠʨʘʥʘ ʛʫʤʘ  

 

ɿʘ ʜʦʙʠʿʘˁʝ ʛʫʤʝʥʠʭ ʩʤʝʰʘ ʢʦʨʠʰ˂ʝʥ ʿʝ ʨʝʮʠʢʣʠʨʘʥʠ ʛʫʤʝʥʠ ʧʨʘʭ ʠ 

ʨʝʮʠʢʣʘʪ ʧʨʦʠʟʚʦʹʘʯʘ GRP Limindia, ʪʠʧʘ 0,5-1mm GRP NRF 40 (ʊʘʙʝʣʘ11). 
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ʊʘʙʝʣʘ 11. ʆʩʥʦʚʥʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʨʝʮʠʢʣʘʪʘ ʠ ʛʫʤʝʥʦʛ ʧʨʘʭʘ. 

ʂʘʨʘʢʪʝʨʠʩʪʠʢʘ ɺʨʝʜʥʦʩʪ 

ML (1 + 4) (100ʦC) 35 Ñ 10  

ʊʚʨʜʦ˂ʘ (Shore A) 59 Ñ 3 

ʇʨʝʢʠʜʥʘ ʯʚʨʩʪʦ˂ʘ (kg/cm2) Mʠʥ. 40 

ʇʨʝʢʠʜʥʦ ʠʟʜʫʞʝˁʝ (%) Mʠʥ. 200 

ɺʝʣʠʯʠʥʘ ʯʝʩʪʠʮʝ (mm) 0,5-1 

 

3.1.4. ɸʢʪʠʚʘʪʦʨʠ ʥʘʩʪʘʿʘˁʘ ʤʨʝʞʝ 

 

ʎʠʥʢ ʦʢʩʠʜ, Znʆ, ʿʝ ʘʢʪʠʚʘʪʦʨ ʫ ʧʨʦʮʝʩʫ ʫʤʨʝʞʘʚʘˁʘ ʠ ʧʨʝʤʘ ʘʪʝʩʪʫ 

ʧʨʦʠʟʚʦʹʘʯʘ Ăɿʣʝʪʦʚʦñ ʠʟ ʉʝʚʝʨʥʝ ʄʘʢʝʜʦʥʠʿʝ ʠʤʘ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʢʦʿʝ ʩʫ ʜʘʪʝ ʫ 

ʪʘʙʝʣʠ 12. 

 

ʊʘʙʝʣʘ 12. ʆʩʥʦʚʥʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʮʠʥʢ ʦʢʩʠʜʘ.  

ʂʘʨʘʢʪʝʨʠʩʪʠʢʝ ɺʨʝʜʥʦʩʪ 

ɹʦʿʘ-ʙʝʣʘ ʫ ʦʜʥʦʩʫ ʥʘ MgO  (%) 99,4 

ʉʘʜʨʞʘʿ ZnO (mas.%) 99,99 

ʉʘʜʨʞʘʿ Pb (mas.%) ʄax. 0,003 

ʉʘʜʨʞʘʿ Cd (mas.%) ʄax. 0,001 

ʉʘʜʨʞʘʿ Fe (mas.%) ʄax. 0,001 

pH 7 

ɻʫʩʪʠʥʘ (g cm-3) ʄʘx. 5,6 

ʅʘʩʠʧʥʘ ʪʝʞʠʥʘ (g dm-3) 400 ï 600 

 

ʉʪʝʘʨʠʥʩʢʘ ʢʠʩʝʣʠʥʘ ʿʝ ʘʢʪʠʚʘʪʦʨ ʧʨʠʤʝˁʝʥʠʭ ʫʙʨʟʠʚʘʯʘ ʫ ʧʨʦʮʝʩʫ 

ʫʤʨʝʞʘʚʘˁʘ. ʇʨʠʙʣʠʞʥʠ ʩʘʩʪʘʚ ʩʪʝʘʨʠʥʩʢʝ ʢʠʩʝʣʠʥʝ, ʢʦʿʘ ʩʝ ʢʦʨʠʩʪʠ ʢʘʦ ʘʢʪʠʚʘʪʦʨ 

ʫ ʛʫʤʘʨʩʢʦʿ ʠʥʜʫʩʪʨʠʿʠ ʿʝ ʩʣʝʜʝ˂ʠ: 60% ʩʪʝʘʨʠʥʩʢʝ ʢʠʩʝʣʠʥʝ, 30% ʧʘʣʤʠʪʠʥʩʢʝ 

ʢʠʩʝʣʠʥʝ, 2,5 % ʦʣʝʠʥʩʢʝ ʢʠʩʝʣʠʥʝ, ʦʩʪʘʪʘʢ ʦʜ 7,5% ʯʠʥʝ ʜʨʫʛʝ ʤʘʩʥʝ ʢʠʩʝʣʠʥʝ. 

ʇʨʝʤʘ ʘʪʝʩʪʫ ʧʨʦʠʟʚʦʹʘʯʘ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʢʠʩʝʣʠʥʝ ʩʫ ʜʘʪʝ ʫ ʪʘʙʝʣʠ 13. 
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ʊʘʙʝʣʘ 13. ʆʩʥʦʚʥʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʩʪʝʘʨʠʥʩʢʝ ʢʠʩʝʣʠʥʝ. 

ʂʘʨʘʢʪʝʨʠʩʪʠʢʝ ɺʨʝʜʥʦʩʪ 

ʀʟʛʣʝʜ ɹʝʣʠ ʧʨʘʭ 

ɻʫʩʪʠʥʘ (g cm-3) 0,84 

ʊʝʤʧʝʨʘʪʫʨʘ ʪʦʧˀʝˁʘ (̄C) 52-60 

ʉʘʜʨʞʘʿ ʠʩʧʘʨˀʠʚʠʭ ʤʘʪʝʨʠʿʘ (%) < 0,15 

ʉʘʜʨʞʘʿ ʧʝʧʝʣʘ ʥʘ 800C̄ (mas. %) 0 

ɱʦʜʥʠ ʙʨʦʿ < 8 

ʂʠʩʝʣʠʥʩʢʠ ʙʨʦʿ 190-208 

ʉʘʧʦʥʠʬʠʢʘʮʠʦʥʠ ʙʨʦʿ 193-210 

 

3.1.5. ʋʙʨʟʠʚʘʯʠ ʥʘʩʪʘʿʘˁʘ ʧʦʣʠʤʝʨʥʝ ʤʨʝʞʝ 

 N-ʮʠʢʣʦʭʝʢʩʠʣ-2-ʙʝʥʟʦʪʠʘʟʦʣʩʫʣʬʝʥʘʤʠʜ (CBS) ʜʘʿʝ ʠʜʝʘʣʥʫ ʢʨʠʚʫ 

ʫʤʨʝʞʘʚʘˁʘ (ʚʝʣʠʢʘ ʚʨʝʜʥʦʩʪ ʟʘ ʚʨʝʤʝ ʧʦʯʝʪʢʘ ʫʤʨʝʞʘʚʘˁʘ ts1 ʠ ʰʠʨʦʢ ʧʣʘʪʦ ʥʘʢʦʥ 

ʦʧʪʠʤʫʤʘ ʫʤʨʝʞʘʚʘˁʘ tc90), ʘʣʠ ʿʝ ʭʝʤʠʿʩʢʠ ʥʝʩʪʘʙʠʣʘʥ. ʅʘ ʩʣʠʮʠ 27 ʜʘʪʘ ʿʝ 

ʩʪʨʫʢʪʫʨʥʘ ʬʦʨʤʫʣʘ CBS-ʘ. ʂʘʨʘʢʪʝʨʠʩʪʠʢʝ CBS-ʘ, ʧʨʝʤʘ ʘʪʝʩʪʫ ʧʨʦʠʟʚʦʹʘʯʘ 

ĂBʘyʝrñ ʅʝʤʘʯʢʘ, ʜʘʪʝ ʩʫ ʫ ʪʘʙʝʣʠ 14.  

 

 

ʉʣʠʢʘ 27. ʉʪʨʫʢʪʫʨʥʘ ʬʦʨʤʫʣʘ CBS-ʘ. 

ʊʘʙʝʣʘ 14. ʆʩʥʦʚʥʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ CBS ʫʙʨʟʠʚʘʯʘ. 

ʂʘʨʘʢʪʝʨʠʩʪʠʢʝ ɺʨʝʜʥʦʩʪ 

ʀʟʛʣʝʜ 
ʇʨʘʭ ʩʣʘʙʦʞʫʪʝ-ʩʤʝʹʝ 

ʜʦ ʩʠʚʦʟʝʣʝʥʝ ʙʦʿʝ 

ɻʫʩʪʠʥʘ (gcm-3) 1,26 

ʊʝʤʧʝʨʘʪʫʨʘ ʪʦʧˀʝˁʘ (̄C ) > 98 

ʉʘʜʨʞʘʿ ʠʩʧʘʨˀʠʚʠʭ ʩʘʩʪʦʿʘʢʘ 3h ʥʘ 60C̄ (%) < 0,5 

ʉʘʜʨʞʘʿ ʧʝʧʝʣʘ ʥʘ 600 ï 650̄C  (mas.%) < 0,5 

ʅʝʨʘʩʪʚʦʨʘʥ ʫ ʚʦʜʠ, ʤʘʣʦ ʨʘʩʪʚʦʨʘʥ ʫ ʧʝʪʨʦʣʝʪʨʫ, ʣʘʢʦ ʨʘʩʪʚʦʨˀʠʚ ʫ 

ʘʮʝʪʦʥʫ, ʙʝʥʟʦʣʫ ʠ ʭʣʦʨʦʬʦʨʤʫ 
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1,3-ɼʠʬʝʥʠʣʛʫʘʥʠʜʠʥ (DPG) ʧʨʠʧʘʜʘ ʛʨʫʧʠ ʫʣʪʨʘʙʨʟʠʭ ʫʙʨʟʠʚʘʯʘ, ʥʝ 

ʠʩʮʚʝʪʘʚʘ ʥʘ ʧʦʚʨʰʠʥʠ ʤʘʪʝʨʠʿʘʣʘ ʠ ʥʝ ʙʦʿʠ ʛʘ, ʢʦʨʠʩʪʠ ʩʝ ʜʘ ʙʠ ʜʘʦ ʚʠʩʦʢ ʩʪʝʧʝʥ 

ʚʫʣʢʘʥʠʟʘʮʠʿʝ ʩʘ ʠʣʠ ʙʝʟ ʩʫʤʧʦʨʘ. ʅʘ ʩʣʠʮʠ 28 ʜʘʪʘ ʿʝ ˁʝʛʦʚʘ ʩʪʨʫʢʪʫʨʥʘ ʬʦʨʤʫʣʘ. 

ʈʘʩʪʚʦʨˀʠʚ ʿʝ ʫ ʭʣʦʨʦʬʦʨʤʫ, ʪʦʣʫʝʥʫ, ʙʝʥʟʝʥʫ ʠ ʝʪʘʥʦʣʫ, ʘ ʥʝʨʘʩʪʚʦʨˀʠʚ ʫ ʙʝʥʟʠʥʫ 

ʠ ʚʦʜʠ. ʂʦʨʠʩʪʠ ʩʝ ʢʘʦ ʩʝʢʫʥʜʘʨʥʠ ʘʢʮʝʣʝʨʘʪʦʨ ʩʘ ʪʠʘʟʦʣʠʤʘ ʠ ʩʫʣʬʝʥʘʤʠʜʠʤʘ ʫ 

NR ʠ SBR ʛʫʤʝʥʠʤ ʩʤʝʰʘʤʘ. ʇʦʢʘʟʫʿʝ ʙʦˀʫ ʩʪʘʙʠʣʥʦʩʪ ʩʢʣʘʜʠʰʪʝˁʘ ʫ ʧʦʨʝʹʝˁʫ 

ʩʘ ʪʠʫʨʘʤʦʤ ʠ ʜʠʪʠʦʢʘʨʙʘʤʘʪʠʤʘ, ʘʣʠ ʥʠʿʝ ʪʘʢʦ ʘʢʪʠʚʘʥ. DPG ʩʝ ʤʦʞʝ ʢʦʨʠʩʪʠʪʠ ʫ 

ʣʘʪʝʢʩʫ ʢʘʦ ʩʝʢʫʥʜʘʨʥʦ ʩʨʝʜʩʪʚʦ ʟʘ ʛʝʣʠʨʘˁʝ (ʩʪʘʙʠʣʠʟʘʪʦʨ ʧʝʥʝ). 

 

 

ʉʣʠʢʘ 28. ʉʪʨʫʢʪʫʨʥʘ ʬʦʨʤʫʣʘ DPG. 

 

 

ʊʘʙʝʣʘ 15. ʆʩʥʦʚʥʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ DPG (Lionac DPG). 

 

ʆʩʦʙʠʥʝ ɺʨʝʜʥʦʩʪʠ 

ʊʘʯʢʘ ʪʦʧˀʝˁʘ (ÁC) 149 

ʇʝʧʝʦ (%) 0,22 

ʉʘʜʨʞʘʿ ʘʢʪʠʚʥʠʭ ʩʫʧʩʪʘʥʮʠ (%) 97,4 
 

3.1.6. ʋʩʧʦʨʠʚʘʯʠ ʚʫʣʢʘʥʠʟʘʮʠʿʝ  

ʂʘʦ ʘʜʠʪʠʚ ʟʘ ʫʩʧʦʨʘʚʘˁʝ ʙʨʟʠʥʝ ʚʫʣʢʘʥʠʟʘʮʠʿʝ ʢʦʨʠʰ˂ʝʥ ʿʝ N-

ʮʠʢʣʦʭʝʢʩʠʣʪʠʦʬʪʘʠʣʠʤ (CTP-100), ʯʠʿʝ ʿʝ ʩʪʨʫʢʪʫʨʘ ʜʘʪʘ ʥʘ ʩʣʠʮʠ 29.  

 
 

ʉʣʠʢʘ 29. ʉʪʨʫʢʪʫʨʥʘ ʬʦʨʤʫʣʘ CTP-100. 

 

ʋʧʦʨʝʜʥʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ Lionin PVI, ʧʨʝʤʘ ʘʪʝʩʪʫ ʧʨʦʠʟʚʦʹʘʯʘ ĂLionis 

Industriesñ (ʂʠʥʘ) ʜʘʪʝ ʩʫ ʫ ʪʘʙʝʣʠ 16. 
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ʊʘʙʝʣʘ 16. ʆʩʥʦʚʥʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ CTP-100 (Lionin PVI). 

ʂʘʨʘʢʪʝʨʠʩʪʠʢʝ ɺʨʝʜʥʦʩʪ 

ʊʘʯʢʘ ʪʦʧˀʝˁʘ (ÁC) 90-94 

ʀʩʧʘʨˀʠʚʦʩʪ ʥʘ 70ÁC ʄʘx. 0,3 

ʇʝʧʝʦ (%) ʄʘx. 0,1 

ʉʘʜʨʞʘʿ ʘʢʪʠʚʥʠʭ ʩʫʧʩʪʘʥʮʠ (%) Min. 98 

ʉʘʜʨʞʘʿ ʩʫʤʧʦʨʘ (%) 11,5-12,5 

ʅʝʨʘʩʪʚʦʨʥʝ ʤʘʪʝʨʠʿʝ (%) ʄʘx. 0,5 

 

3.1.7. ʇʝʧʪʠʟʘʪʦʨ 

ʂʘʦ ʧʝʧʪʠʟʘʪʦʨ ʢʦʨʠʰ˂ʝʥ ʿʝ N,N-(ʜʠʪʠʦʜʠ-2,1-̆̎̉̌̆̎̕)bis[ʙʝʥʟʘʤʠʜ] (39% ʜʦ 

42%) (ʩʣʠʢʘ 30) ʩʤʝʰʘ ʩʘ ʩʠʥʝʨʛʠʩʪʠʯʢʠʤ ʘʢʪʠʚʘʪʦʨʠʤʘ, ʠʥʝʨʪʥʠʤ ʥʦʩʘʯʠʤʘ ʠ 

ʦʨʛʘʥʩʢʠʤ ʜʠʩʧʝʨʟʘʥʪʠʤʘ. Pepton 66 ʩʤʘˁʫʿʝ ʚʠʩʢʦʟʠʪʝʪ ʧʨʠʨʦʜʥʝ ʛʫʤʝ ʠ 

ʥʝʟʘʩʠ˂ʝʥʠʭ ʩʠʥʪʝʪʠʯʢʠʭ ʝʣʘʩʪʦʤʝʨʘ ʪʦʢʦʤ ʤʝʰʘˁʘ ʫ ʦʪʚʦʨʝʥʠʤ ʠʣʠ ʫʥʫʪʨʘʰˁʠʤ 

ʤʝʰʘʣʠʮʘʤʘ ʠ ʩʪʦʛʘ ʧʦʚʝ˂ʘʚʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪ ʤʝʰʘˁʘ ʩʤʘˁʝˁʝʤ ʫʪʨʦʰʝʥʝ ʩʥʘʛʝ ʠ 

ʚʨʝʤʝʥʘ ʤʝʰʘˁʘ. ʋ ʪʘʙʝʣʠ 17 ʩʝ ʥʘʣʘʟʠ ʫʧʦʨʝʜʥʠ ʧʨʝʛʣʝʜ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʧʝʧʪʠʟʘʪʦʨʘ (Pepton 66) ʧʦ ʩʧʝʮʠʬʠʢʘʮʠʿʠ ʧʨʦʠʟʚʦʹʘʯʘ ïʊhomas Swan (ɽʥʛʣʝʩʢʘ).  

 

ʉʣʠʢʘ 30. ʉʪʨʫʢʪʫʨʥʘ ʬʦʨʤʫʣʘ Pepton 66. 

ʊʘʙʝʣʘ 17. ʆʩʥʦʚʥʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʧʝʧʪʠʟʘʪʦʨʘ Pepton 66. 

ʂʘʨʘʢʪʝʨʠʩʪʠʢʝ ɺʨʝʜʥʦʩʪ 

ʇʝʧʝʦ (%) 21-27 

ɸʢʪʠʚʘʪʦʨ (%) 0,3-0,5 

ɺʣʘʛʘ (%) ʄʘx. 0,25 
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3.1.8. ʆʤʝʢʰʠʚʘʯʠ  

ʋ ʪʘʙʝʣʠ 18 ʩʝ ʥʘʣʘʟʠ ʫʧʦʨʝʜʥʠ ʧʨʝʛʣʝʜ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʫˀʘ Triumf TRAE 

ʧʦ ʩʧʝʮʠʬʠʢʘʮʠʿʠ ʧʨʦʠʟʚʦʹʘʯʘ ïParamo ʘ.ʩ. (ʏʝʰʢʘ).  

 

ʊʘʙʝʣʘ 18. ʆʩʥʦʚʥʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʫˀʘ (Triumf TRAE). 

ʂʘʨʘʢʪʝʨʠʩʪʠʢʝ ɺʨʝʜʥʦʩʪ 

ʀʥʜʝʢʩ ʨʝʬʨʘʢʮʠʿʝ Min. 1,5 

ʈʝʣʘʪʠʚʥʘ ʛʫʩʪʠʥʘ ʫˀʘ (g/cm3) 0,935-0,955 

ʂʠʥʝʪʠʯʢʠ ʚʠʩʢʦʟʠʪʝʪ, 100ÁC (mm3/s) 20-45 

ʊʘʯʢʘ ʧʘˀʝˁʘ (ÁC) Min. 250 

ʊʘʯʢʘ ʪʝʯʝˁʘ (ÁC) ʄʘx.  15 

ʉʫʤʧʦʨ (%) ʄʘx.  3 

ʉʘʜʨʞʘʿ ʘʨʦʤʘʪʘ (%) 18-23 

 

3.1.9. ʉʨʝʜʩʪʚʘ ʧʨʦʪʠʚ ʦʢʩʠʜʘʮʠʿʝ 

N-(1,3-ʜʠʤʝʪʠʣʙʫʪʠʣ)-N'-ʬʝʥʠʣ-p-ʬʝʥʠʣʝʥʜʠʘʤʠʥ (6PPD) ʿʝ ʙʝʣʘ ʯʚʨʩʪʘ 

ʩʫʩʧʪʘʥʮʘ ʢʦʿʘ ʧʦʧʨʠʤʘ ʙʨʘʦʥ ʙʦʿʫ ʫ ʢʦʥʪʘʢʪʫ ʩʘ ʚʘʟʜʫʭʦʤ. ʀʥʜʫʩʪʨʠʿʩʢʠ 

ʘʥʪʠʦʢʩʠʜʘʥʩ 6PPD ʩʫ ʙʨʘʦʥ ʜʦ ʙʨʘʦʥ ʮʨʥʝ ʛʨʘʥʫʣʝ ʠʣʠ ʬʣʝʢʠʮʝ ʢʦʿʝ ʘʛʣʦʤʝʨʠʰʫ 

ʠ ʬʦʨʤʠʨʘʿʫ Ăʢʦʣʘʯñ ʥʘ ʪʝʤʧʝʨʘʪʫʨʘʤʘ ʚʝ˂ʠʤ ʦʜ 35oC. ʈʘʩʪʚʦʨʘʥ ʿʝ ʫ ʙʝʥʟʠʥʫ, 

ʙʝʥʟʝʥʫ, ʘʮʝʪʦʥʫ, ʝʪʠʣ ʘʮʝʪʘʪʫ, ʜʠʭʣʦʨʤʝʪʘʥʫ, ʤʝʪʠʣʙʝʥʟʝʥʫ ʠ ʜʨʫʛʠʤ ʦʨʛʘʥʩʢʠʤ 

ʨʘʩʪʚʘʨʘʯʠʤʘ, ʜʦʢ ʿʝ ʥʝʨʘʩʪʚʦʨʘʥ ʫ ʚʦʜʠ. ʉʧʝʮʠʬʠʢʘʮʠʿʘ ʩʚʦʿʩʪʘʚʘ ʢʦʨʠʰ˂ʝʥʦʛ 

6PPD ʿʝ ʜʘʪʘ ʫ ʪʘʙʝʣʠ 19, ʜʦʢ ʿʝ ʩʪʨʫʢʪʫʨʘ ʜʘʪʘ ʥʘ ʩʣʠʮʠ 31.  

 

 

ʉʣʠʢʘ 31. ʉʪʨʫʢʪʫʨʥʘ ʬʦʨʤʫʣʘ 6PPD. 
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ʊʘʙʝʣʘ 19. ʉʧʝʮʠʬʠʢʘʮʠʿʘ ʘʥʪʠʦʢʩʠʜʘʥʩʘ 6PPD. 

ʂʘʨʘʢʪʝʨʠʩʪʠʢʝ ɺʨʝʜʥʦʩʪ 

ʀʟʛʣʝʜ ʙʨʘʦʥ ʜʦ ʙʨʘʦʥ-ʮʨʥʝ ʛʨʘʥʫʣʝ 

ʠʣʠ ʬʣʝʢʠʮʝ 

ʏʠʩʪʦ˂ʘ (%) Min. 96,0 

ʊʘʯʢʘ ʩʤʨʟʘʚʘˁʘ ( )  Min. 45,0 

ɻʫʙʠʮʠ ʟʘʛʨʝʚʘˁʝʤ (%) Max. 0,40 

ʉʘʜʨʞʘʿ ʧʝʧʝʣʘ (%) Max. 0,15 

ʅʝʨʘʩʪʚʦʨʘʥ ʫ ʚʦʜʠ, ʨʘʩʪʚʦʨʘʥ ʫ ʙʝʥʟʠʥʫ, ʙʝʥʟʝʥʫ, 

ʘʮʝʪʦʥʫ ʠ ʜʠʭʣʦʨ ʤʝʪʘʥʫ 

 
 

ʋ ʢʦʤʙʠʥʘʮʠʿʠ ʩʘ 6PPD-ʦʤ ʢʦʨʠʰ˂ʝʥ ʿʝ ʠ N, N'-bis(ʤʝʪʠʣʬʝʥʠʣ)-1,4-

ʙʝʥʟʝʥʜʠʘʤʠʥ (DTPD), ʢʘʦ ʘʥʪʠʦʢʩʠʜʘʥʩ. ɳʝʛʦʚʘ ʝʬʠʢʘʩʥʦʩʪ ʫ ʟʘʰʪʠʪʠ ʦʜ ʦʟʦʥʘ, 

ʛʨʝʙʘˁʘ ʠ ʧʫʮʘˁʘ ʿʝ ʜʘʣʝʢʦ ʙʦˀʘ ʦʜ ʦʩʪʘʣʠʭ ʘʥʪʠʦʢʩʠʜʘʥʩʘ. DTPD ʠʤʘ ʜʦʙʨʝ 

ʜʫʛʦʨʦʯʥʝ ʧʝʨʬʦʨʤʘʥʩʝ, ʧʦʩʝʙʥʦ ʢʘʜʘ ʩʝ ʢʦʨʠʩʪʠ ʫ ʢʦʤʙʠʥʘʮʠʿʠ ʩʘ ʜʨʫʛʠʤ 

ʘʥʪʠʦʢʩʠʜʘʥʩʦʤ. ɳʝʛʦʚʘ ʦʪʧʦʨʥʦʩʪ ʥʘ ʤʝʪʘʣʝ ʿʝ ʠʟʨʘʟʠʪʘ, ʘ ʟʘʰʪʠʪʥʠ ʝʬʝʢʘʪ ʤʫ ʿʝ 

ʠʟʨʘʞʝʥʠʿʠ ʫ ʧʦʨʝʹʝˁʫ ʩʘ ʩʪʘʥʜʘʨʜʥʠʤ ʘʥʪʠʦʢʩʠʜʘʥʩʠʤʘ, ʪʘʢʦ ʜʘ ʿʝ ʧʦʩʝʙʥʦ 

ʧʦʛʦʜʘʥ ʟʘ ʧʨʠʤʝʥʫ ʥʘ ʟʘʭʪʝʚʥʠʤ ʛʫʤʘʤʘ ʟʘ ʢʘʤʠʦʥʝ, ʪʝʨʝʥʩʢʠʤ ʛʫʤʘʤʘ ʠ 

ʨʘʜʠʿʘʣʥʠʤ ʛʫʤʘʤʘ ʠ ʧʥʝʫʤʘʪʠʮʠʤʘ.  

ʅʘ ʩʣʠʮʠ 32 ʜʘʪʘ ʿʝ ʩʪʨʫʢʪʫʨʥʘ ʬʦʨʤʫʣʘ N,Nô-ʜʠʪʦʣʠʣ-p-ʬʝʥʠʣʝʥʜʠʘʤʠʥʘ 

(DTPD). 

 
 

ʉʣʠʢʘ 32. ʉʪʨʫʢʪʫʨʥʘ ʬʦʨʤʫʣʘ DTPD. 

 

ʋ ʪʘʙʝʣʠ 20 ʩʝ ʥʘʣʘʟʠ ʧʨʝʛʣʝʜ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ DTPD-DOH-1-ʧʦ 

ʩʧʝʮʠʬʠʢʘʮʠʿʠ ʧʨʦʠʟʚʦʹʘʯʘ Djchem Chemicals Poland S.A. (ʇʦˀʩʢʘ). 
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 ʊʘʙʝʣʘ 20. ʆʩʥʦʚʥʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ DTPD (DOX-1). 

ʂʘʨʘʢʪʝʨʠʩʪʠʢʝ ɺʨʝʜʥʦʩʪ 

ʊʘʯʢʘ ʪʦʧˀʝˁʘ (ÁC) 88-105 

ʀʩʧʘʨˀʠʚʦʩʪ ʥʘ 60ÁC (%) ʄʘx. 0,5 

ʉʘʜʨʞʘʿ ʘʢʪʠʚʥʠʭ 

ʩʫʧʩʪʘʥʮʠ (%) 
Min. 85 

ʉʘʜʨʞʘʿ Fe (ppm) ʄʘx. 750 

 

ʂʘʦ ʪʨʝ˂ʠ ʪʠʧ ʘʥʪʠʦʢʩʠʜʘʥʩʘ ʢʦʨʠʰ˂ʝʥ ʿʝ 2,2,4-ʪʨʠʤʝʪʠʣ-1,2-

ʜʠʭʠʜʨʦʭʠʥʦʣʠʥ-ʊʄQ. ʊʄQ ʿʝ ʚʝʦʤʘ ʚʘʞʘʥ ʘʥʪʠʦʢʩʠʜʘʥʩ. ʀʤʘ ʜʦʙʘʨ ʟʘʰʪʠʪʥʠ 

ʝʬʝʢʘʪ ʟʘ ʫʙʣʘʞʘʚʘˁʝ ʩʪʘʨʝˁʘ ʫʩʣʝʜ ʜʝʿʩʪʚʘ ʪʦʧʣʦʪʝ, ʢʠʩʝʦʥʠʢʘ ʠ ʟʘʤʦʨʘ, ʠ ʿʘʯʠ 

ʠʥʭʠʙʠʪʦʨʥʠ ʝʬʝʢʘʪ ʟʘ ʢʘʪʘʣʠʪʠʯʢʫ ʦʢʩʠʜʘʮʠʿʫ ʤʝʪʘʣʘ, ʰʠʨʦʢʦ ʩʝ ʢʦʨʠʩʪʠ ʫ 

ʧʨʦʠʟʚʦʜˁʠ ʛʫʤʘ, ʤʦʪʦʮʠʢʘʣʘ, ʙʠʮʠʢʘʣʘ, ʧʣʘʩʪʠʢʝ, ʣʝʧˀʠʚʝ ʪʨʘʢʝ, ʞʠʮʘ, ʢʘʙʣʦʚʘ ʠ 

ʜʨʫʛʠʭ ʧʨʦʠʟʚʦʜʘ ʦʜ ʛʫʤʝ. ʅʘ ʩʣʠʮʠ 33 ʿʝ ʧʨʠʢʘʟʘʥʘ ʩʪʨʫʢʪʫʨʥʘ ʬʦʨʤʫʣʘ ʊʄQ-ʘ. 

 

 
 

ʉʣʠʢʘ 33. ʉʪʨʫʢʪʫʨʥʘ ʬʦʨʤʫʣʘ ʊʄQ. 

 

ʋ ʪʘʙʝʣʠ 21 ʩʝ ʥʘʣʘʟʠ ʫʧʦʨʝʜʥʠ ʧʨʝʛʣʝʜ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ Lionox ʊʄQ ʧʦ 

ʩʧʝʮʠʬʠʢʘʮʠʿʠ ʧʨʦʠʟʚʦʹʘʯʘ ï Lions Industries (ʂʠʥʘ).  

 

ʊʘʙʝʣʘ 21. ʆʩʥʦʚʥʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ TMQ (Lionox TMQ). 

ʂʘʨʘʢʪʝʨʠʩʪʠʢʝ ɺʨʝʜʥʦʩʪ 

ʊʘʯʢʘ ʦʤʝʢʰʘʚʘˁʘ (ÁC) 80-100 

ʀʩʧʘʨˀʠʚʦʩʪ ʥʘ  70ÁC (%) ʄʘx. 0,3 

ʇʝʧʝʦ (%) ʄʘx. 0,5 

 

 

ʋ ʪʘʙʝʣʠ 22 ʩʝ ʥʘʣʘʟʠ ʫʧʦʨʝʜʥʠ ʧʨʝʛʣʝʜ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʤʠʢʨʦʢʨʠʩʪʘʣʥʦʛ 

ʚʦʩʢʘ - Werbatec W 57, ʢʦʨʠʰ˂ʝʥʦʛ ʟʘ ʧʨʠʧʨʝʤʫ ʛʫʤʝʥʠʭ ʩʤʝʰʘ, ʧʦ ʩʧʝʮʠʬʠʢʘʮʠʿʠ 
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ʧʨʦʠʟʚʦʹʘʯʘïWerbachem (ɸʫʩʪʨʠʿʘ).  

 

ʊʘʙʝʣʘ 22. ʆʩʥʦʚʥʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʤʠʢʨʦʢʨʠʩʪʘʣʥʦʛ ʚʦʩʢʘ (Werbatec W 571). 

ʂʘʨʘʢʪʝʨʠʩʪʠʢʝ ɺʨʝʜʥʦʩʪ 

ʊʘʯʢʘ ʪʦʧˀʝˁʘ (ÁC) 60-65 

ɺʠʩʢʦʟʠʪʝʪ100ÁC  (mm3/s) 5,8-7 

3.1.10. ʉʨʝʜʩʪʚʦ ʟʘ ʫʤʨʝʞʘʚʘˁʝ 

ʂʘʦ ʩʨʝʜʩʪʚʦ ʟʘ ʫʤʨʝʞʘʚʘˁʝ ʢʦʨʠʰ˂ʝʥ ʿʝ ʩʫʤʧʦʨ ʧʨʦʠʟʚʦʹʘʯʘ ʍʀ Ăɿʦʨʢʘñ 

ʐʘʙʘʮ. ʇʨʝʤʘ ʘʪʝʩʪʫ ʧʨʦʠʟʚʦʹʘʯʘ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʢʦʨʠʰ˂ʝʥʦʛ ʩʫʤʧʦʨʘ ʩʫ ʜʘʪʝ ʫ 

ʪʘʙʝʣʠ 23. 

 

ʊʘʙʝʣʘ 23. ʆʩʥʦʚʥʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʩʫʤʧʦʨʘ. 

ʂʘʨʘʢʪʝʨʠʩʪʠʢʝ ɺʨʝʜʥʦʩʪ 

ʀʟʛʣʝʜ 
ʇʨʘʭ ʞʫʪʝ 

ʙʦʿʝ 

ʉʘʜʨʞʘʿ ʝʣʝʤʝʥʪʘʨʥʦʛ ʩʫʤʧʦʨʘ (mas. %) Min. 99,5 

ʉʘʜʨʞʘʿ As (mas. %) 0,0005 

ʉʘʜʨʞʘʿ Cu (mas.%) 0,0008 

ʉʘʜʨʞʘʿ Fe (mas. %) 0,001 

ʂʦʣʠʯʠʥʘ ʧʝʧʝʣʘ ʥʘ 800C̄ (mas. %) ʄʘx. 0,2 

ʂʦʣʠʯʠʥʘ ʚʣʘʛʝ ʥʘ 105C̄ (mas.%) ʄʘx. 0,2 

ʊʝʤʧʝʨʘʪʫʨʘ ʪʦʧˀʝˁʘ (̄C) 112-118 

ʅʝʨʘʩʪʚʦʨˀʠʚʘ ʢʦʣʠʯʠʥʘ ʫ CS2 (mas.%) ʄʘx. 0,2 

ʂʠʩʝʣʦʩʪ (H2SO4) (mas.%) 0,003 

 

3.2. ʇʨʠʧʨʝʤʘ ʩʤʝʰʘ ʟʘ ʫʤʨʝʞʘʚʘˁʝ 

 

ʇʨʠʣʠʢʦʤ ʧʨʦʿʝʢʪʦʚʘˁʘ ʩʠʨʦʚʠʥʩʢʦʛ ʩʘʩʪʘʚʘ ʝʣʘʩʪʦʤʝʨʘ ʧʦʪʨʝʙʥʦ ʿʝ 

ʦʙʨʘʪʠʪʠ ʧʘʞˁʫ ʥʘ ʜʚʘ ʟʘʭʪʝʚʘ: ʢʚʘʣʠʪʝʪ ʠ ʝʢʦʥʦʤʩʢʫ ʦʧʨʘʚʜʘʥʦʩʪ ʧʨʦʠʟʚʦʜʥʦʛ 

ʧʨʦʮʝʩʘ. ʂʚʘʣʠʪʝʪ ʩʝ ʨʘʟʤʘʪʨʘ ʢʨʦʟ ʪʝʭʥʠʯʢʠ ʫʩʣʦʚ ʟʘ ʢʦʥʢʨʝʪʘʥ ʧʨʦʠʟʚʦʜ ʧʦʜ 

ʢʦʿʠʤ ʩʝ ʧʦʜʨʘʟʫʤʝʚʘʿʫ: ʥʘʤʝʥʘ ʧʨʦʠʟʚʦʜʘ, ʬʘʢʪʦʨʠ ʢʦʿʠ ʫʪʠʯʫ ʥʘ ʧʨʦʠʟʚʦʜ ʫ 

ʫʩʣʦʚʠʤʘ ʝʢʩʧʣʦʘʪʘʮʠʿʝ (ʪʝʤʧʝʨʘʪʫʨʥʠ ʦʧʩʝʛ ʧʨʠʤʝʥʝ, ʨʘʜʥʠ ʤʝʜʠʿʫʤ, ʧʨʠʩʫʩʪʚʦ 
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ʤʝʭʘʥʠʯʢʠʭ ʥʘʧʨʝʟʘˁʘ ʧʦ ʚʨʩʪʠ ʠ ʠʥʪʝʟʠʪʝʪʫ) ʠ ʢʨʠʪʠʯʥʠ ʨʝʞʠʤʠ ʨʘʜʘ ʫʟ ʧʦʩʝʙʘʥ 

ʘʢʮʝʥʘʪ ʥʘ ˁʠʭʦʚ ʧʝʨʠʦʜ ʠ ʬʨʝʢʚʝʥʮʠʿʫ. ʈʘʩʧʦʣʦʞʠʚʘ ʪʝʭʥʦʣʦʛʠʿʘ ʪʘʢʦʹʝ ʤʦʞʝ 

ʙʠʪʠ ʿʝʜʘʥ ʦʜ ʦʛʨʘʥʠʯʘʚʘʿʫ˂ʠʭ ʬʘʢʪʦʨʘ ʧʨʠʣʠʢʦʤ ʧʨʦʿʝʢʪʦʚʘˁʘ ʩʠʨʦʚʠʥʩʢʦʛ 

ʩʘʩʪʘʚʘ ʝʣʘʩʪʦʤʝʨʥʠʭ ʤʘʪʝʨʠʿʘʣʘ. ɿʘʭʪʝʚʠ ʢʦʿʠ ʩʝ ʧʦʩʪʘʚˀʘʿʫ ʧʨʝʜ ʢʦʨʠʰ˂ʝʥʫ 

ʪʝʭʥʦʣʦʛʠʿʫ ʿʝ ʜʘ ʦʙʝʟʙʝʜʠ ʝʢʦʥʦʤʠʯʥʦʩʪ ʨʘʜʘ, ʫʿʝʜʥʘʯʝʥʦʩʪ ʢʚʘʣʠʪʝʪʘ ʠ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪ.  

ɽʢʩʧʣʦʘʪʘʮʠʦʥʠ ʚʝʢ ʠ ʬʫʥʢʮʠʦʥʘʣʥʦʩʪ ʛʦʪʦʚʦʛ ʧʨʦʠʟʚʦʜʘ ʫ ʤʥʦʛʦʤʝ ʟʘʚʠʩʝ 

ʦʜ ʠʟʙʦʨʘ ʢʘʫʯʫʢʘ. ʇʦʪʨʝʙʥʦ ʿʝ ʠʟʘʙʨʘʪʠ ʛʨʫʧʫ ʢʘʫʯʫʢʘ ʢʦʿʘ ˂ʝ ʩʝ ʢʦʨʠʩʪʠʪʠ ʟʘ 

ʧʨʦʠʟʚʦʜˁʫ, ʘ ʠʟʙʦʨ ˂ʝ ʩʝ ʚʨʰʠʪʠ ʥʘ ʦʩʥʦʚʫ ʩʚʦʿʩʪʘʚʘ ʫʤʨʝʞʘʚʘʿʫ˂ʝʛ ʩʠʩʪʝʤʘ ʢʦʿʠ 

ʪʨʝʙʘ ʜʘ ʟʘʜʦʚʦˀʠ ʫʩʣʦʚʝ ʝʢʩʧʣʦʘʪʘʮʠʿʝ: ʦʪʧʦʨ ʥʘ ʦʟʦʥ, ʭʝʤʠʢʘʣʠʿʝ, ʩʫʥʯʝʚʫ 

ʩʚʝʪʣʦʩʪ, ʦʢʩʠʜʘʮʠʦʥʝ ʘʛʝʥʩʝ, ʧʦʩʪʦʿʘʥʦʩʪ ʥʘ ʙʝʥʟʠʥ ʠ ʫˀʝ, ʪʝʤʧʝʨʘʪʫʨʥʠ ʠʥʪʝʨʚʘʣ 

ʟʘʜʨʞʘʚʘˁʘ ʝʣʘʩʪʠʯʥʦʩʪʠ ʠʪʜ. ʉʚʘʢʠ ʪʠʧ ʢʘʫʯʫʢʘ ʠʤʘ ʥʝʢʘ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʘ 

ʩʚʦʿʩʪʚʘ ʢʦʿʘ ʩʫ ʧʦʪʨʝʙʥʘ ʟʘ ʜʦʙʠʿʘˁʝ ʝʣʘʩʪʦʤʝʨʥʦʛ ʤʘʪʝʨʠʿʘʣʘ ʟʘ ʩʧʝʮʠʬʠʯʥʝ 

ʥʘʤʝʥʝ. ɺʘʨʠʨʘˁʝʤ ʩʠʨʦʚʠʥʩʢʦʛ ʩʘʩʪʘʚʘ ʩʤʝʩʘ ʫ ʦʢʚʠʨʫ ʿʝʜʥʦʛ ʪʠʧʘ ʢʘʫʯʫʢʘ ʤʝˁʘʿʫ 

ʩʝ ʪʝʭʥʠʯʢʦ ʪʝʭʥʦʣʦʰʢʘ ʩʚʦʿʩʪʚʘ ʫ ʰʠʨʦʢʦʤ ʦʧʩʝʛʫ ʚʨʝʜʥʦʩʪʠ. ʀʘʢʦ ʧʦʩʪʦʿʠ 

ʦʛʨʦʤʘʥ ʠʟʙʦʨ ʢʘʫʯʫʢʘ ʢʦʿʠ ʩʫ ʥʘ ʨʘʩʧʦʣʘʛʘˁʫ, ʟʙʦʛ ʨʘʟʚʦʿʘ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʠʿʘ 

ʜʦʰʣʦ ʩʝ ʜʦ ʠʜʝʿʝ ʦ ʫʧʦʪʨʝʙʠ ʩʤʝʰʝ ʢʘʫʯʫʢʘ. ʅʝʦʧʭʦʜʥʦ ʿʝ ʧʦʰʪʦʚʘʪʠ ʦʜʨʝʹʝʥʘ 

ʧʨʘʚʠʣʘ ʧʨʠ ʨʘʟʚʦʿʫ ʥʦʚʠʭ ʤʘʪʝʨʠʿʘʣʘ ʥʘ ʦʩʥʦʚʫ ʢʘʫʯʫʢʦʚʠʭ ʩʤʝʰʘ: ʢʘʫʯʫʮʠ ʢʦʿʠ ʩʝ 

ʤʝʰʘʿʫ ʪʨʝʙʘ ʜʘ ʩʫ ʢʦʤʧʘʪʠʙʠʣʥʠ, ʪʨʝʙʘ ʜʘ ʧʦʢʘʟʫʿʫ ʩʣʠʯʥʦ ʚʠʩʢʦʟʥʦ ʧʦʥʘʰʘˁʝ, 

ʢʘʫʯʫʢʝ ʚʨʣʦ ʨʘʟʣʠʯʠʪʝ ʧʦʣʘʨʥʦʩʪʠ ʧʨʝ ʫʥʦʰʝˁʘ ʜʦʜʘʪʘʢʘ ʪʨʝʙʘ ʧʨʝʜʤʝʰʘʪʠ. 

 ʅʘʿʯʝʰ˂ʝ ʢʦʨʠʰ˂ʝʥʠ ʢʘʫʯʫʮʠ ʟʘ ʠʟʨʘʜʫ ʧʥʝʫʤʘʪʠʢʘ ʩʫ NR, SBR ʠ BR 

ʢʘʫʯʫʢ. ʐʠʨʦʢʘ ʧʨʠʤʝʥʘ ʧʨʠʨʦʜʥʦʛ ʢʘʫʯʫʢʘ, ʫ ʝʣʘʩʪʦʤʝʨʥʠʤ ʤʘʪʝʨʠʿʘʣʠʤʘ ʟʘ 

ʠʟʨʘʜʫ ʧʥʝʫʤʘʪʠʢʘ, ʧʨʦʠʩʪʠʯʝ ʠʟ ˁʝʛʦʚʠʭ ʠʟʫʟʝʪʥʠʭ ʜʠʥʘʤʠʯʢʠʭ ʩʚʦʿʩʪʘʚʘ, ʢʦʿʘ ʩʫ 

ʧʦʩʣʝʜʠʮʘ ʚʠʩʦʢʦ ʩʪʝʨʝʦʨʝʛʫʣʘʨʥʝ ʤʠʢʨʦʩʪʨʫʢʪʫʨʝ ʠ ʩʣʦʙʦʜʥʝ ʨʦʪʘʮʠʿʝ ʦʢʦ 

ʤʝʪʠʣʝʥʩʢʠʭ C-C ʚʝʟʘ [125]. ʇʨʠʨʦʜʥʠ ʢʘʫʯʫʢ ʧʦʩʝʜʫʿʝ ʦʜʨʝʹʝʥʝ ʧʨʝʜʥʦʩʪʠ, ʧʦʧʫʪ 

ʠʟʨʘʞʝʥʝ ʬʣʝʢʩʠʙʠʣʥʦʩʪʠ ʠ ʜʦʙʨʝ ʦʙʨʘʜʠʚʦʩʪʠ. ʀʧʘʢ, ʦʜʨʝʹʝʥʘ ˁʝʛʦʚʘ ʩʚʦʿʩʪʚʘ 

ʦʛʨʘʥʠʯʘʚʘʿʫ ʫʧʦʪʨʝʙʫ ʫ ʩʧʝʮʠʬʠʯʥʠʤ ʪʝʭʥʠʯʢʠʤ ʧʨʠʤʝʥʘʤʘ, ʥʘʨʦʯʠʪʦ ʢʘʜʘ ʿʝ ʨʝʯ 

ʦ ʦʪʧʦʨʥʦʩʪʠ ʥʘ ʫˀʝ, ʧʨʦʧʫʩʪˀʠʚʦʩʪʠ ʚʘʟʜʫʭʘ, ʦʪʧʦʨʥʦʩʪʠ ʥʘ ʦʟʦʥ, ʢʦʤʧʨʝʩʠʦʥʦʿ 

ʪʨʘʿʥʦʩʪʠ ʠ ʪʝʨʤʠʯʢʦʤ ʩʪʘʨʝˁʫ 

 ʋ ʦʢʚʠʨʫ ʦʚʝ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ, ʢʘʦ ʧʨʝʢʫʨʩʦʨʠ ʤʨʝʞʝ ʦʜʘʙʨʘʥʠ ʩʫ 

ʢʘʫʯʫʮʠ NR (ʧʨʠʨʦʜʥʘ ʛʫʤʘ), BR (ʙʫʪʘʜʠʝʥʩʢʠ ʢʘʫʯʫʢ) ʠ SBR (ʩʪʠʨʝʥ-ʙʫʪʘʜʠʝʥʩʢʠ 

ʢʘʫʯʫʢ), ʩʘ ʮʠˀʝʤ ʜʘ ʩʝ ʧʦʪʚʨʜʠ ʭʠʧʦʪʝʟʘ ʜʘ ˁʠʭʦʚʘ ʩʤʝʰʘ ʠʩʧʦˀʘʚʘ ʭʠʙʨʠʜʥʘ 
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ʩʚʦʿʩʪʚʘ, ʧʦʛʦʜʥʘ ʟʘ ʧʨʠʤʝʥʫ ʫ ʧʨʦʠʟʚʦʜˁʠ ʘʫʪʦʤʦʙʠʣʩʢʠʭ ʛʫʤʘ ʫʥʘʧʨʝʹʝʥʠʭ 

ʬʫʥʢʮʠʦʥʘʣʥʠʭ ʧʝʨʬʦʨʤʘʥʩʠ.  

ɿʘ ʫʤʨʝʞʘʚʘˁʝ ʩʤʝʰʘ, ʫ ʦʢʚʠʨʫ ʦʚʝ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ, ʧʨʠʤʝˁʝʥ ʿʝ 

ʝʬʠʢʘʩʘʥ ʩʠʩʪʝʤ ʚʫʣʢʘʥʠʟʘʮʠʿʝ, ʢʦʿʠ ʦʙʫʭʚʘʪʘ ʢʦʤʙʠʥʘʮʠʿʫ N-ʮʠʢʣʦʭʝʢʩʠʣ-2-

ʙʝʥʟʦʪʠʘʟʦʣ-ʩʫʣʬʝʥʘʤʠʜʘ (CBS) ʠ ʝʣʝʤʝʥʪʘʨʥʦʛ ʩʫʤʧʦʨʘ (S), ʫʟ ʜʦʜʘʪʘʢ 

ʩʝʢʫʥʜʘʨʥʦʛ ʫʙʨʟʠʚʘʯʘ 1,3-ʜʠʬʝʥʠʣʛʫʘʥʠʜʠʥʘ (DPG) ʠ ʘʢʪʠʚʘʪʦʨʘ - ʮʠʥʢ(II)-

ʦʢʩʠʜʘ ʠ ʩʪʝʘʨʠʥʩʢʝ ʢʠʩʝʣʠʥʝ. ʋˀʝ ʿʝ ʜʦʜʘʪʦ ʨʘʜʠ ʧʦʙʦˀʰʘˁʘ ʭʦʤʦʛʝʥʦʩʪʠ ʪʦʢʦʤ 

ʤʝʰʘˁʘ ʠ ʫʥʘʧʨʝʹʝˁʘ ʬʘʟʝ ʧʨʝʨʘʜʝ ʠ ʦʙʣʠʢʦʚʘˁʘ ʥʘ ʚʘˀʮʠʤʘ. ʆʜ ʦʩʪʘʣʠʭ ʘʜʠʪʠʚʘ 

ʜʦʜʘʪʘ ʿʝ ʩʪʝʘʨʠʥʩʢʘ ʢʠʩʝʣʠʥʘ ʢʦʿʘ ʜʝʣʫʿʝ ʢʘʦ ʧʣʘʩʪʠʬʠʢʘʪʦʨ ʠ ʧʦʤʦ˂ʥʦ ʩʨʝʜʩʪʚʦ 

ʟʘ ʜʠʩʧʝʨʟʠʿʫ ʯʘʹʠ ʠ ʜʨʫʛʠʭ ʧʫʥʠʣʘ, ʘ ʪʘʢʦʹʝ ʩʤʘˁʫʿʝ ʪʝʥʜʝʥʮʠʿʫ ʝʣʘʩʪʦʤʝʨʥʝ 

ʩʤʝʰʝ ʜʘ ʧʨʠʘˁʘ ʟʘ ʚʘˀʢʝ; ʧʝʧʪʠʟʝʨ 2,2'-ɼʠʙʝʥʟʘʤʠʜʦʜʠʬʝʥʠʣ ʜʠʩʫʣʬʠʜ ʩʣʫʞʠ ʢʘʦ 

ʦʢʩʠʜʘʮʠʦʥʠ ʢʘʪʘʣʠʟʘʪʦʨ ʠʣʠ ʘʢʮʝʧʪʦʨ ʨʘʜʠʢʘʣʘ ʥʘʩʪʘʣʠʭ ʥʘ ʧʦʯʝʪʢʫ ʤʝʰʘˁʘ 

ʝʣʘʩʪʦʤʝʨʘ. ʆʚʦ ʿʝ ʦʜ ʟʥʘʯʘʿʘ ʿʝʨ ʩʝ ʪʠʤʝ ʩʧʨʝʯʘʚʘ ʨʝʢʦʤʙʠʥʘʮʠʿʘ ʧʦʣʠʤʝʨʥʠʭ 

ʣʘʥʘʮʘ, ʰʪʦ ʦʤʦʛʫ˂ʘʚʘ ʩʤʘˁʝˁʝ ʤʦʣʝʢʫʣʩʢʝ ʤʘʩʝ ʠ ʨʝʜʫʢʮʠʿʫ ʚʠʩʢʦʟʥʦʩʪʠ ʩʤʝʰʘ.  

ʇʨʠʧʨʝʤˀʝʥʦ ʿʝ ʠ ʠʩʧʠʪʘʥʦ ʫʢʫʧʥʦ 36 ʫʤʨʝʞʘʚʘʿʫ˂ʠʭ ʩʠʩʪʝʤʘ ʥʘ ʙʘʟʠ NR, 

SBR ʠ BR ʢʘʫʯʫʢʘ ʫ ʮʠˀʫ ʠʩʧʠʪʠʚʘˁʘ ʫʪʠʮʘʿʘ: ʩʘʩʪʘʚʘ ʩʤʝʰʝ, ʫʜʝʣʘ ʠ ʪʠʧʘ ʧʫʥʠʣʘ 

ʠ ʪʝʨʤʦ-ʦʢʩʠʜʘʪʠʚʥʦʛ ʠ ʨʘʜʠʿʘʮʠʦʥʦʛ ʩʪʘʨʝˁʘ ʥʘ ʩʚʦʿʩʪʚʘ ʩʤʝʰʘ.  

 ʂʘʦ ʨʝʬʝʨʝʥʪʥʠ ʩʠʩʪʝʤʠ ʧʨʠʧʨʝʤˀʝʥʦ ʿʝ 5 ʫʤʨʝʞʘʚʘʿʫ˂ʠʭ ʩʠʩʪʝʤʘ ʩʘ 

ʚʘʨʠʨʘʥʠʤ ʫʜʝʣʦʤ SBR ʢʘʫʯʫʢʘ (0, 20, 40, 60 ʠ 80 phr), ʜʦʢ ʿʝ ʫʜʝʦ NR ʠ BR ʢʘʫʯʫʢʘ 

ʦʜʨʞʘʚʘʥ ʫ ʩʪʘʣʥʦʤ ʦʜʥʦʩʫ 1:1. ʉʘʜʨʞʘʿ ʧʫʥʠʣʘ ʫ ˁʠʤʘ ʿʝ ʙʠʦ 0 phr. ɼʘ ʙʠ ʩʝ  

ʧʨʦʮʝʥʠʦ ʢʦʿʠ ʩʠʩʪʝʤ ʧʦʢʘʟʫʿʝ ʥʘʿʧʦʚʦˀʥʠʿʝ ʤʝʭʘʥʠʯʢʝ ʦʩʦʙʠʥʝ ʫ ʩʚʘʢʠ ʦʜ 

ʧʨʠʧʨʝʤˀʝʥʠʭ ʨʝʬʝʨʝʥʪʥʠʭ ʩʠʩʪʝʤʘ ʜʦʜʘʚʘʥʘ ʿʝ ʯʘʹ ʫ ʢʦʣʠʯʠʥʘʤʘ ʦʜ 20, 40, 60, 80 

ʠ 100 phr. ʅʘʢʦʥ ʠʜʝʥʪʠʬʠʢʘʮʠʿʝ ʦʧʪʠʤʘʣʥʦʛ ʩʘʩʪʘʚʘ ʫ ʧʦʛʣʝʜʫ ʫʜʝʣʘ NR, BR ʠ SBR 

ʢʘʫʯʫʢʘ ʠ ʧʫʥʠʣʘ, ʚʨʰʝʥʘ ʿʝ ʜʘˀʘ ʤʦʜʠʬʠʢʘʮʠʿʘ ʚʘʨʠʨʘˁʝʤ ʢʦʣʠʯʠʥʝ RR-ʘ ʠ RP-ʘ 

ʫ CB/RR i CB/RP ʧʫʥʠʣʦ ʫ ʦʜʥʦʩʠʤʘ 55/5, 50/10 ʠ 40/20 phr.   ʇʦʤʦ˂ʫ ʨʝʦʤʝʪʘʨʩʢʠʭ 

ʢʨʠʚʠʭ ʦʜʨʝʹʝʥʠ ʩʫ ʩʣʝʜʝ˂ʠ ʧʘʨʘʤʝʪʨʠ: ʧʦʯʝʪʘʢ ʫʤʨʝʞʘʚʘˁʘ ts1, ʦʧʪʠʤʫʤ 

ʫʤʨʝʞʘʚʘˁʘ tc90,  ʤʘʢʩʠʤʘʣʥʠ ʠ ʤʠʥʠʤʘʣʥʠ ʪʦʨʟʠʦʥʠ ʤʦʤʝʥʪʠ (MH ʠ ML) ʟʘ ʩʚʝ 

ʫʟʦʨʢʝ. ʇʦʩʣʝ ʫʤʨʝʞʘʚʘˁʘ, ʦʜʨʝʹʝʥʘ ʩʫ ʤʝʭʘʥʠʯʢʘ ʩʚʦʿʩʪʚʘ ʧʨʝ ʠ ʧʦʩʣʝ ʪʝʨʤʦ-

ʦʢʩʠʜʘʪʠʚʥʦʛ (100ʦʉ ʫ ʪʦʢʫ 168 ʩʘʪʠ) ʠ ʨʘʜʠʿʘʮʠʦʥʦʛ ʩʪʘʨʝˁʘ (100-600 kGy, ʩʘ 

ʙʨʟʠʥʦʤ ʜʦʟʝ ʦʜ 10 kGy/h).  

 ʉʠʨʦʚʠʥʩʢʠ ʩʘʩʪʘʚʠ ʫʟʦʨʘʢʘ ʫʤʨʝʞʘʚʘʿʫ˂ʠʭ ʩʠʩʪʝʤʘ ʥʘ ʙʘʟʠ NR/BR/SBR 

ʩʤʝʰʘ ʜʘʪʠ ʩʫ ʫ ʪʘʙʝʣʠ 24. 
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ʊʘʙʝʣʘ 24. ʉʠʨʦʚʠʥʩʢʠ ʩʘʩʪʘʚ ʫʟʦʨʘʢʘ ʫʤʨʝʞʘʚʘʿʫ˂ʠʭ ʩʠʩʪʝʤʘ ʜʦʙʠʿʝʥʠʭ ʦʜ NR/BR/SBR ʩʤʝʰʘ ʩʘ ʯʘʹʠ, ʨʝʮʠʢʣʦʚʘʥʠʤ ʧʨʘʭʦʤ ʠ ʛʫʤʦʤ. 

 

ʆʟʥʘʢʘ 

ʉʘʜʨʞʘʿ ʢʦʤʧʦʥʝʥʪʠ ʫ phr 

NR/BR/SBR N330 
RRa 

 
RPʙ 

Pepton 

66ʚ 
ʋˀʝ ZnO 

ʉʪʝʘʨʠʥʩʢʘ 

ʢʠʩʝʣʠʥʘ 
ɺʦʩʘʢ TMQʛ DTPDʛ 6PPDʛ CBSʜ DPGʜ 

CTP-

100ʹ 
S 

1 50/50/0 0 - - 0,2 10 3 2 1,5 0,5 1 2 1,4 0,1 0,2 2 

2 40/40/20 0 - - 0,2 10 3 2 1,5 0,5 1 2 1,4 0,1 0,2 2 

3 30/30//40 0 - - 0,2 10 3 2 1,5 0,5 1 2 1,4 0,1 0,2 2 

4 20/20/60 0 - - 0,2 10 3 2 1,5 0,5 1 2 1,4 0,1 0,2 2 

5 10/10/80 0 - - 0,2 10 3 2 1,5 0,5 1 2 1,4 0,1 0,2 2 

6 50/50/0 20 - - 0,2 10 3 2 1,5 0,5 1 2 1,4 0,1 0,2 2 

7 50/50/0 40 - - 0,2 10 3 2 1,5 0,5 1 2 1,4 0,1 0,2 2 

8 50/50/0 60 - - 0,2 10 3 2 1,5 0,5 1 2 1,4 0,1 0,2 2 

9 50/50/0 80 - - 0,2 10 3 2 1,5 0,5 1 2 1,4 0,1 0,2 2 

10 50/50/0 100 - - 0,2 10 3 2 1,5 0,5 1 2 1,4 0,1 0,2 2 

11 40/40/20 20 - - 0,2 10 3 2 1,5 0,5 1 2 1,4 0,1 0,2 2 

12 40/40/20 40 - - 0,2 10 3 2 1,5 0,5 1 2 1,4 0,1 0,2 2 

13 40/40/20 60 - - 0,2 10 3 2 1,5 0,5 1 2 1,4 0,1 0,2 2 

14 40/40/20 80 - - 0,2 10 3 2 1,5 0,5 1 2 1,4 0,1 0,2 2 

15 40/40/20 100 - - 0,2 10 3 2 1,5 0,5 1 2 1,4 0,1 0,2 2 

16 30/30/40 20 - - 0,2 10 3 2 1,5 0,5 1 2 1,4 0,1 0,2 2 

17 30/30/40 40 - - 0,2 10 3 2 1,5 0,5 1 2 1,4 0,1 0,2 2 

18 30/30/40 60 - - 0,2 10 3 2 1,5 0,5 1 2 1,4 0,1 0,2 2 

19 30/30/40 80 - - 0,2 10 3 2 1,5 0,5 1 2 1,4 0,1 0,2 2 

20 30/30/40 100 - - 0,2 10 3 2 1,5 0,5 1 2 1,4 0,1 0,2 2 
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21 20/20/60 20 - - 0,2 10 3 2 1,5 0,5 1 2 1,4 0,1 0,2 2 

22 20/20/60 40 - - 0,2 10 3 2 1,5 0,5 1 2 1,4 0,1 0,2 2 

23 20/20/60 60 - - 0,2 10 3 2 1,5 0,5 1 2 1,4 0,1 0,2 2 

24 20/20/60 80 - - 0,2 10 3 2 1,5 0,5 1 2 1,4 0,1 0,2 2 

25 20/20/60 100 - - 0,2 10 3 2 1,5 0,5 1 2 1,4 0,1 0,2 2 

26 10/10/80 20 - - 0,2 10 3 2 1,5 0,5 1 2 1,4 0,1 0,2 2 

27 10/10/80 40 - - 0,2 10 3 2 1,5 0,5 1 2 1,4 0,1 0,2 2 

28 10/10/80 60 - - 0,2 10 3 2 1,5 0,5 1 2 1,4 0,1 0,2 2 

29 10/10/80 80 - - 0,2 10 3 2 1,5 0,5 1 2 1,4 0,1 0,2 2 

30 10/10/80 100 - - 0,2 10 3 2 1,5 0,5 1 2 1,4 0,1 0,2 2 

31 40/40/20 55 5 - 0,2 10 3 2 1,5 0,5 1 2 1,4 0,1 0,2 2 

32 40/40/20 50 10 - 0,2 10 3 2 1,5 0,5 1 2 1,4 0,1 0,2 2 

33 40/40/20 40 20 - 0,2 10 3 2 1,5 0,5 1 2 1,4 0,1 0,2 2 

34 40/40/20 55 - 5 0,2 10 3 2 1,5 0,5 1 2 1,4 0,1 0,2 2 

35 40/40/20 50 - 10 0,2 10 3 2 1,5 0,5 1 2 1,4 0,1 0,2 2 

36 40/40/20 40 - 20 0,2 10 3 2 1,5 0,5 1 2 1,4 0,1 0,2 2 
ʘʈʝʮʠʢʣʠʨʘʥʘ ʛʫʤʘ, ʙʨʝʮʠʢʣʠʨʘʥʠ ʧʨʘʭ, ʚʇʝʧʪʠʟʝʨ; ʛɸʥʪʠʦʢʩʠʜʘʥʩ; ʜʋʙʨʟʠʚʘʯ; ́ʋʩʧʦʨʠʚʘʯ 
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ʅʘʢʦʥ ʦʜʘʙʠʨʘ ʧʦʪʨʝʙʥʠʭ ʢʦʤʧʦʥʝʥʪʠ ʠ ˁʠʭʦʚʦʛ ʦʜʤʝʨʘʚʘˁʘ ʫ ʩʢʣʘʜʫ ʩʘ 

ʨʝʮʝʧʪʫʨʦʤ ʜʘʪʦ ʿʫ ʪʘʙʝʣʠ 24 ʦʪʧʦʯʝʣʦ ʩʝ ʩʘ ʫʤʝʰʘʚʘˁʝʤ ʛʫʤʝʥʠʭ ʩʤʝʘh. ʇʨʝ ʧʦʯʝʪʢʘ 

ʧʨʦʮʝʩʘ ʤʝʰʘˁʘ, ʧʨʠʨʦʜʥʠ ʢʘʫʯʫʢ ʿʝ ʧʦʪʨʝʙʥʦ ʧʨʝʪʭʦʜʥʦ ʟʘʛʨʝʿʘʪʠ ʥʘ ʪʝʤʧʝʨʘʪʫʨʫ ʦʜ 

35 ʜʦ 50ÁC, ʢʘʢʦ ʙʠ ʩʝ ʩʤʘˁʠʣʘ ˁʝʛʦʚʘ ʪʚʨʜʦ˂ʘ ʠ ʦʤʦʛʫ˂ʠʣʘ ʨʘʚʥʦʤʝʨʥʘ ʜʠʩʧʝʨʟʠʿʘ 

ʪʦʢʦʤ ʤʝʰʘˁʘ. ɹʝʟ ʘʜʝʢʚʘʪʥʦʛ ʧʨʝʜʛʨʝʚʘˁʘ, ʫʩʣʝʜ ʠʟʨʘʞʝʥʝ ʪʚʨʜʦ˂ʝ, ʢʘʫʯʫʢ ʤʦʞʝ 

ʦʤʝʪʘʪʠ ʧʨʦʮʝʩ ʠ ʨʝʟʫʣʪʠʨʘʪʠ ʧʨʦʠʟʚʦʜʦʤ ʥʝʜʦʚʦˀʥʦʛ ʢʚʘʣʠʪʝʪʘ. 

ʉʚʠ ʫʟʦʨʮʠ ʩʫ ʫʤʝʰʘʥʠ ʫ ʣʘʙʦʨʘʪʦʨʠʿʩʢʦʤ ʤʠʢʩʝʨʫ ʂ-0 INTERMIX (Francis 

Shaw), ʟʘʧʨʝʤʠʥʝ 1l, ʩʘ ʦʙʨʪʘʿʝʤ ʨʦʪʦʨʘ ʦʜ 8-88 ʦʙʨʪʘʿʘ ʫ ʤʠʥʫʪʠ ʠ ʣʘʙʦʨʘʪʦʨʠʿʩʢʦʤ 

ʜʚʦʚʘˀʢʫ (14201 ɹʫʟʫʣʫʢ-ʂʦʤʘʨʦʚ) ʜʠʤʝʥʟʠʿʘ 400x200 mm ʧʨʠ ʙʨʟʠʥʠ ʚʘˀʘʢʘ n1/n2 = 

17,4/14 ʠ ʪʝʤʧʝʨʘʪʫʨʠ ʠʟʤʝʹʫ 60-70ÁC. ʉʤʝʰʝ ʩʫ ʠʟʨʘʹʠʚʘʥʝ ʧʦ ʨʝʞʠʤʫ ʠʟʨʘʜʝ 

ʧʨʠʢʘʟʘʥʠʤ ʫ ʪʘʙʝʣʠ 25. ʋʤʨʝʞʘʚʘˁʝ ʿʝ ʠʟʚʨʰʝʥʦ ʫ ʝʣʝʢʪʨʠʯʥʦ ʟʘʛʨʝʿʘʥʦʿ 

ʭʠʜʨʘʫʣʠʯʥʦʿ ʧʨʝʩʠ (E-604 Metroohm Herisau) ʧʦʜ ʧʨʠʪʠʩʢʦʤ ʦʜ 20 MPa ʠ 150ÁC. 

 

ʊʘʙʝʣʘ 25. ʈʝʞʠʤ ʠʟʨʘʜʝ ʢʦʤʧʦʟʠʪʘ ʥʘ ʙʘʟʠ ʙʣʝʥʜʠ ʢʘʫʯʫʢʘ. 

I ʬʘʟʘ 

ʈʝʜʦʩʣʝʜ 

ʜʦʟʠʨʘˁʘ 

ʅʘʟʠʚ 

ʬʫʥʢʮʠʿʝ 
ʂʦʤʧʦʥʝʥʪʘ 

ʊʝʤʧʝʨʘʪʫʨʘ 

(Á C) 

ɺʨʝʤʝ 

(sec) 

1 ɼʦʟʠʨʘˁʝ ʂʘʫʯʫʢ NR, BR, SBR + ʧʝʧʪʠʟʘʪʦʨ + 

ʚʦʩʘʢ + ʘʥʪʠʦʢʩʠʜʘʥʩʠ 
 0 

2 ɼʦʟʠʨʘˁʝ 
ʇʫʥʠʣʘ (ʯʘʹ ʠʣʠ CB/RR ʠʣʠ CB/RP) 

+ ʘʢʪʠʚʘʪʦʨʠ 
 30 

3 ɼʦʟʠʨʘˁʝ ʋˀʝ 100 150 

4 
ʇʨʘʞˁʝˁʝ 

ʤʠʢʩʝʨʘ 
 145 240 

II ʬʘʟʘ 

1 ɼʦʟʠʨʘˁʝ I ʬʘʟʘ + S + ʫʙʨʟʠʚʘʯʠ + ʫʩʧʦʨʠʚʘʯ  0 

2 
ʇʨʘʞˁʝˁʝ 

ʤʠʢʩʝʨʘ 
 100 150 

ʋ ʪʦʢʫ ʫʤʝʰʘʚʘˁʘ ʜʦʣʘʟʠ ʜʦ ʧʣʘʩʪʠʮʠʨʘˁʘ ʢʘʫʯʫʢʘ, ʪʿ. ʦʤʝʢʰʘʚʘˁʘ ʢʘʫʯʫʢʘ 

ʜʦ ʩʪʝʧʝʥʘ ʫ ʢʦʤ ʿʝ ʩʧʦʩʦʙʘʥ ʟʘ ʫʤʝʰʘʚʘˁʝ. ʂʘʦ ʢʦʤʧʦʥʝʥʪʝ ʟʘ ʥʘʤʝʰʘʚʘˁʝ 

ʧʦʣʫʧʨʦʠʟʚʦʜʘ ʪʿ. ʢʘʫʯʫʢʦʚʝ ʩʤʝʰʝ, ʢʦʨʠʰ˂ʝʥʠ ʩʫ: ʧʨʠʨʦʜʥʠ ʢʘʫʯʫʢ, ʙʫʪʘʜʠʝʥʩʢʠ ʠ 
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ʩʪʠʨʝʥ ʙʫʪʘʜʠʝʥʩʢʠ ʢʘʫʯʫʢ, ʥʝʘʢʪʠʚʥʝ ʢʦʤʧʦʥʝʥʪʝ, ʘʢʪʠʚʥʝ ʢʦʤʧʦʥʝʥʪʝ ʠ ʜʚʘ ʪʠʧʘ 

ʧʫʥʠʣʘ, ʯʘʹ ʠ ʨʝʮʠʢʣʠʨʘʥʠ ʧʨʘʭ ʠ ʛʫʤʘ. ʅʘ ʩʣʠʮʠ 34 ʩʫ ʧʨʠʢʘʟʘʥʝ ʢʦʤʧʦʥʝʥʪʝ ʢʦʿʝ ʩʫ 

ʢʦʨʠʰ˂ʝʥʝ ʟʘ ʜʦʙʠʿʘˁʝ ʢʘʫʯʫʢʦʚʝ ʩʤʝʰʝ.  

 

 

ʉʣʠʢʘ 34. ʂʦʤʧʦʥʝʥʪʝ ʟʘ ʠʟʨʘʜʫ  ʢʦʤʧʦʟʠʪʘ ʥʘ ʙʘʟʠ ʙʣʝʥʜʠ ʢʘʫʯʫʢʘ. 

ɼʦʙʨʦ ʫʤʝʰʘʚʘˁʝ ʧʫʥʠʣʘ ʿʝ ʦʩʥʦʚʥʠ ʧʨʝʜʫʩʣʦʚ ʟʘ ʧʦʩʪʠʟʘˁʝ ʧʦʪʨʝʙʥʠʭ 

ʩʚʦʿʩʪʘʚʘ ʦʿʘʯʘʥʠʭ ʝʣʘʩʪʦʤʝʨʘ. ɺʣʘʞʝˁʘ ʧʫʥʠʣʘ, ʢʘʦ ʠ ˁʝʛʦʚʘ ʜʠʩʧʝʨʟʠʿʘ ʫ ʧʦʣʠʤʝʨʥʦʿ 

ʤʘʪʨʠʮʠ ʢʘʦ ʠ ʠʥʪʝʨʘʢʮʠʿʘ ʧʫʥʠʣʦ-ʧʦʣʠʤʝʨ, ʧʦʚʝ˂ʘʚʘ ʤʝʭʘʥʠʯʢʘ ʠ ʝʣʝʢʪʨʠʯʥʘ 

ʩʚʦʿʩʪʚʘ ʧʦʣʠʤʝʨʥʠʭ ʢʦʤʧʦʟʠʪʘ ʩʘ CB ʧʫʥʠʣʠʤʘ. CB ʩʘ ʿʝʜʠʥʩʪʚʝʥʦʤ ʩʪʨʫʢʪʫʨʦʤ ʥʘ 

ʥʘʥʦ-ʩʢʘʣʠ ʫ ʢʦʤʙʠʥʘʮʠʿʠ ʩʘ ʚʠʩʦʢʦʤ ʯʚʨʩʪʦ˂ʦʤ ʫʛˀʝʥʠʢ-ʫʛˀʝʥʠʢ ʚʝʟʝ ʦʪʚʘʨʘ ʰʠʨʦʢ 

ʩʧʝʢʪʘʨ ʥʦʚʠʭ ʘʧʣʠʢʘʮʠʿʘ. ʄʝʹʫʪʠʤ, ʬʠʟʠʯʢʘ ʩʚʦʿʩʪʚʘ CB-ʧʦʣʠʤʝʨʥʠʭ ʢʦʤʧʦʟʠʪʘ ʩʫ 

ʯʝʩʪʦ ʠʩʧʦʜ ʦʯʝʢʠʚʘʥʠʭ, ʿʝʨ ʜʦʚʦˀʥʦ ʝʬʠʢʘʩʘʥ ʧʨʝʥʦʩ ʩʠʣʝ ʠʟʤʝʹʫ ʧʦʣʠʤʝʨʥʝ ʤʘʪʨʠʮʝ 

ʠ CB ʿʦʰ ʥʠʿʝ ʧʦʩʪʠʛʥʫʪ. ʂʘʢʦ ʙʠ ʩʝ ʠʩʢʦʨʠʩʪʠʣʘ ʦʜʣʠʯʥʘ ʤʝʭʘʥʠʯʢʘ ʠ ʝʣʝʢʪʨʠʯʥʘ 

ʩʚʦʿʩʪʚʘ CB ʫ ʧʦʣʠʤʝʨʥʠʤ ʢʦʤʧʦʟʠʪʠʤʘ, ʫʥʫʪʨʘʰˁʝ ʚʣʘʞʝˁʝ ʠ ʜʠʩʧʝʨʟʠʿʘ ʧʫʥʠʣʘ ʫ 

ʧʦʣʠʤʝʨʥʦʿ ʤʘʪʨʠʮʠ ʤʦʨʘ ʜʘ ʩʝ ʧʦʙʦˀʰʘ [126]. ʇʦʟʥʘʪʦ ʿʝ ʜʘ ʚʝ˂ʠ ʢʦʥʪʘʢʪʥʠ ʫʛʘʦ 

ʠʟʤʝʹʫ ʧʦʣʠʤʝʨʘ ʠ ʧʫʥʠʣʘ, ʨʝʟʫʣʪʫʿʝ ʙʦˀʠʤ ʚʣʘʞʝˁʝʤ ʧʫʥʠʣʘ ʠ ʿʘʯʦʤ ʠʥʪʝʨʘʢʮʠʿʦʤ 

ʧʦʣʠʤʝʨ-ʧʫʥʠʣʦ. ʀʘʢʦ ʩʝ ʢʦʥʪʘʢʪ ʤʦʞʝ ʠʟʨʘʯʫʥʘʪʠ ʠʟ ʧʦʚʨʰʠʥʩʢʦʛ ʥʘʧʦʥʘ ʧʦʿʝʜʠʥʠʭ 
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ʢʦʤʧʦʥʝʥʪʠ ʩʤʝʰʝ, ʥʠʿʝ ʜʦʚʦˀʥʦ ʟʘ ʦʧʠʩ ʩʣʦʞʝʥʦʛ ʧʨʦʮʝʩʘ ʚʣʘʞʝˁʘ ʧʫʥʠʣʘ [127]. ɸʢʦ 

ʩʝ ʤʝʰʘʚʠʥʘ ʛʫʤʝ ʩʘʩʪʦʿʠ ʦʜ ʜʚʘ ʠʣʠ ʚʠʰʝ ʢʘʫʯʫʢʘ, ʘʛʨʝʛʘʪʠ ʚʝʟʘʥʦʛ ʧʫʥʠʣʘ ʠ ˁʠʭʦʚʘ 

ʠʥʪʝʨʘʢʮʠʿʘ ʩʘ ʛʫʤʦʤ ʩʝ ʨʘʟʣʠʢʫʿʝ ʟʙʦʛ ʨʘʟʣʠʯʠʪʠʭ ʘʬʠʥʠʪʝʪʘ ʧʨʝʤʘ ʢʦʨʠʰ˂ʝʥʠʤ 

ʢʘʫʯʫʮʠʤʘ [128]. 

ʊʨʝʙʘ ʥʘʧʦʤʝʥʫʪʠ ʜʘ ˂ʝ ʧʦʪʨʝʙʥʝ ʠʥʪʝʨʘʢʮʠʿʝ ʧʦʣʠʤʝʨ-ʧʫʥʠʣʦ ʠ ʧʫʥʠʣʦ-ʧʫʥʠʣʦ 

ʙʠʪʠ ʫʩʧʦʩʪʘʚˀʝʥʝ ʥʘʢʦʥ ʜʦʙʨʦʛ ʤʝʰʘˁʘ ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ ʛʫʤʝʥʠʭ ʩʤʝʰʘ. ʊʦʢʦʤ 

ʤʝʰʘˁʘ, ʧʦʣʠʤʝʨʥʝ ʯʝʩʪʠʮʝ ˂ʝ ʙʠʪʠ ñʫʩʠʩʘʥʝò ʫ ʧʦʨʝ ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ ʢʣʘʩʪʝʨʘ ʯʘʹʠ, 

ʰʪʦ ʨʝʟʫʣʪʠʨʘ ʦʜʨʝʹʝʥʦʤ ʚʨʩʪʦʤ ʧʨʝʧʣʠʪʘˁʘ ʧʦʣʠʤʝʨ-ʧʫʥʠʣʦ ʥʘ ʥʘʥʦ-ʩʢʘʣʠ. ʇʨʚʠ 

ʝʣʝʤʝʥʪʘʨʥʠ ʢʦʨʘʢ ʤʝʰʘˁʘ ʥʘʟʠʚʘ ʩʝ Ăʧʦʜʝʣʘñ, ʘ ʪʦ ʿʝ ʨʘʟʙʠʿʘˁʝ ʚʝ˂ʠʭ ʛʨʫʜʚʠʮʘ 

ʧʫʥʠʣʘ ʥʘ ʤʘˁʝ, ʧʦʛʦʜʥʝ ʟʘ ʫʛʨʘʜˁʫ ʫ ʝʣʘʩʪʦʤʝʨʥʫ ʤʘʪʨʠʮʫ. ʆʚʦ ʿʝ ʧʨʘ˂ʝʥʦ ʫʛʨʘʜˁʦʤ 

ʧʨʘʰʢʘʩʪʠʭ ʠʣʠ ʪʝʯʥʠʭ ʤʘʪʝʨʠʿʘʣʘ ʫ ʩʤʝʩʫ ʢʘʫʯʫʢʘ ʢʘʢʦ ʙʠ ʩʝ ʬʦʨʤʠʨʘʣʘ ʢʦʭʝʨʝʥʪʥʘ 

ʤʘʩʘ. ʊʦʢʦʤ ʦʚʦʛ ʢʦʨʘʢʘ ʝʣʘʩʪʦʤʝʨ ʧʨʦʜʠʨʝ ʫ ʧʨʘʟʥʠ ʧʨʦʩʪʦʨ ʘʛʣʦʤʝʨʘʪʘ ʠ ʪʘʢʦ 

ʟʘʤʝˁʫʿʝ ʟʘʨʦʙˀʝʥʠ ʚʘʟʜʫʭ. ɼʠʩʧʝʨʟʠʚʥʦ ʤʝʰʘˁʝ ʫʢˀʫʯʫʿʝ ʩʤʘˁʝˁʝ ʚʝʣʠʯʠʥʝ 

ʘʛʣʦʤʝʨʘʪʘ ʜʦ ˁʠʭʦʚʝ ʢʨʘʿˁʝ ʚʝʣʠʯʠʥʝ, ʘʛʨʝʛʘʪʘ; ʦʜʥʦʩʥʦ ʤʝˁʘʿʫ˂ʠ ˁʠʭʦʚʦ ʬʠʟʠʯʢʦ 

ʩʪʘˁʝ ʫʟ ʠʩʪʦʚʨʝʤʝʥʫ ʜʠʩʪʨʠʙʫʮʠʿʫ ʬʦʨʤʠʨʘʥʠʭ ʯʝʩʪʠʮʘ. ʇʨʠʥʮʠʧ ʜʠʩʧʝʨʟʠʚʥʦʛ 

ʤʝʰʘˁʘ ʦʙʝʟʙʝʹʫʿʝ ʜʘ ʩʝ ʯʝʩʪʠʮʝ ʥʝ ʩʘʤʦ ʰʠʨʝ ʢʨʦʟ ʿʝʜʠˁʝˁʝ, ʚʝ˂ ʠ ʨʘʟʣʘʞʫ ʥʘ ʤʘˁʝ 

ʮʝʣʠʥʝ. ʆʚʦ ʜʦʚʦʜʠ ʜʦ ʚʝ˂ʝ ʢʦʣʠʯʠʥʝ ʨʝʘʢʮʠʦʥʝ ʧʦʚʨʰʠʥʝ ʠʣʠ ʢʦʥʪʘʢʪʥʝ ʧʦʚʨʰʠʥʝ 

ʠʟʤʝʹʫ ʧʫʥʠʣʘ ʠ ʝʣʘʩʪʦʤʝʨʘ. ʈʘʟʜʚʘʿʘˁʝ ʘʛʣʦʤʝʨʘʪʘ ʫʥʫʪʘʨ ʧʦʣʠʤʝʨʥʝ ʤʘʪʨʠʮʝ ʟʘʭʪʝʚʘ 

ʟʥʘʪʥʫ ʢʦʣʠʯʠʥʫ ʝʥʝʨʛʠʿʝ, ʰʪʦ ʿʝ ʧʨʝʚʘʩʭʦʜʥʦ ʧʦʩʣʝʜʠʮʘ ʚʠʩʦʢʦʛ ʚʠʩʢʦʟʠʪʝʪʘ ʤʘʪʨʠʮʝ 

ʢʦʿʠ ʦʛʨʘʥʠʯʘʚʘ ʧʦʢʨʝʪˀʠʚʦʩʪ ʧʫʥʠʣʘ ʠ ʫʩʧʦʨʘʚʘ ˁʠʭʦʚʫ ʜʠʩʧʝʨʟʠʿʫ. ɼʠʟʘʿʥ ʦʧʨʝʤʝ ʠ 

ʫʩʣʦʚʠ ʨʘʜʘ ʤʦʨʘʿʫ ʙʠʪʠ ʧʦʜʝʰʝʥʠ ʪʘʢʦ ʜʘ ʠʩʧʫˁʘʚʘʿʫ ʦʚʘʿ ʢʨʠʪʝʨʠʿʫʤ ʙʝʟ ʩʤʘˁʝˁʘ 

ʚʝʣʠʯʠʥʝ ʯʝʩʪʠʮʘ. ɼʠʩʪʨʠʙʫʪʠʚʥʦ ʤʝʰʘˁʝ, ʦʜʥʦʩʥʦ ʧʦʤʝʨʘˁʝ ʯʝʩʪʠʮʘ ʩʘ ʿʝʜʥʝ ʪʘʯʢʝ 

ʥʘ ʜʨʫʛʫ, ʙʝʟ ʧʨʦʤʝʥʝ ˁʠʭʦʚʦʛ ʬʠʟʠʯʢʦʛ ʦʙʣʠʢʘ ʫ ʮʠˀʫ ʧʦʚʝ˂ʘˁʘ ʩʣʫʯʘʿʥʦʩʪʠ ʠʣʠ 

ʝʥʪʨʦʧʠʿʝ, ʪʘʢʦʹʝ ʩʝ ʥʘʟʠʚʘ Ăʝʢʩʪʝʥʟʠʚʥʦ ʤʝʰʘˁʝñ [129]. ʋ ʟʘʚʨʰʥʦʤ ʢʦʨʘʢʫ ʤʝʰʘˁʘ,  

ʚʠʩʢʦʟʥʦʩʪ ʦʧʘʜʘ ʫʩʣʝʜ ʤʝʭʘʥʦ-ʭʝʤʠʿʩʢʝ ʜʝʩʪʨʫʢʮʠʿʝ ʧʦʣʠʤʝʨʘ ʠ ˁʝʛʦʚʦʤ 

ʪʨʘʥʩʬʦʨʤʘʮʠʿʦʤ ʫ ʣʘʢʰʝ ʜʝʬʦʨʤʘʙʠʣʥʦ ʠ ʤʘˁʝ ʝʣʘʩʪʠʯʥʦ ʩʪʘˁʝ.  

3.3. ʆʜʨʝʹʠʚʘˁʝ ʚʠʩʢʦʟʠʪʝʪʘ ʧʦ Mooney-ʿ ʫ 

 

 ɺʠʩʢʦʟʠʪʝʪ ʿ ʝ ʦʜʨʝʹʠʚʘʥ ʥʘ Mooney ʚʠʩʢʦʟʠʤʝʪʨʫ (MV 2000 Alpha Technology) 

(ʩʣʠʢʘ 35). ʄʝʪʦʜʘ ʩʝ ʟʘʩʥʠʚʘ ʥʘ ʨʝʛʠʩʪʨʦʚʘˁʫ ʦʙʨʪʥʦʛ ʤʦʤʝʥʪʘ ʢʦʿʠ ʿʝ ʧʦʪʨʝʙʘʥ ʟʘ 
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ʨʦʪʘʮʠʿʫ ʜʠʩʢʘ (ʨʦʪʦʨʘ) ʫʥʫʪʘʨ ʮʠʣʠʥʜʨʠʯʥʝ ʢʦʤʦʨʝ, ʬʦʨʤʠʨʘʥʝ ʧʨʦʬʠʣʠʩʘʥʠʤ 

ʤʘʪʨʠʮʘʤʘ ʠʩʧʫˁʝʥʠʤ ʠʩʧʠʪʠʚʘʥʦʤ ʩʤʝʰʦʤ. ʆʪʧʦʨ ʢʦʿʠ ʩʤʝʰʘ ʧʨʫʞʘ ʨʦʪʘʮʠʿʠ ʨʦʪʦʨʘ 

ʠʟʨʘʞʘʚʘ ʩʝ ʫ Mooney ʿʝʜʠʥʠʮʘʤʘ ʠ ʧʨʝʜʩʪʘʚˀʘ ʤʝʨʫ ˁʝʥʝ ʚʠʩʢʦʟʥʦʩʪʠ. 

 

 
 

ʉʣʠʢʘ 35. ɸʧʘʨʘʪ ʩʘ ʩʤʠʮʘʿʥʠʤ ʜʠʩʢʦʤ. 1 ï ʐʫʧˀʠʥʘ ʢʦʤʦʨʝ (ʢʦʿʫ ʦʙʨʘʟʫʿʫ ʤʘʪʨʠʮʝ); 

2 ï ʈʦʪʦʨ; 3 ï ʉʨʝʜʩʪʚʦ ʟʘ ʭʝʨʤʝʪʠʟʦʚʘˁʝ; 4 ï ʉʝʥʟʦʨʠ ʟʘ ʤʝʨʝˁʝ 

ʪʝʤʧʝʨʘʪʫʨʝ. 

 

 ʈʝʟʫʣʪʘʪʠ ʠʩʧʠʪʘʚʘˁʘ ʚʠʩʢʦʟʥʦʩʪʠ ʧʨʠʢʘʟʘʥʠ ʩʫ ʫ ʦʙʣʠʢʫ: ML (1+4) 100ÁC, ʛʜʝ 

ʿʝ: ʄ - ɺʠʩʢʦʟʥʦʩʪ ʫ Mooney ʿ ʝʜʠʥʠʮʘʤʘ, L - ʫʧʦʪʨʝʙʘ ʚʝʣʠʢʦʛ ʨʦʪʦʨʘ (S ʙʠ ʟʥʘʯʠʣʦ 

ʫʧʦʪʨʝʙʫ ʤʘʣʦʛ ʨʦʪʦʨʘ), 1 - ʚʨʝʤʝ ʧʨʝʜʛʨʝʚʘˁʘ ʧʨʝ ʧʦʢʨʝʪʘˁʘ ʨʦʪʦʨʘ, ʫ ʤʠʥʫʪʠʤʘ, 4 - 

ʚʨʝʤʝ ʤʝʨʝˁʘ ʥʘʢʦʥ ʘʢʪʠʚʠʨʘˀʘ ʨʦʪʦʨʘ, ʫ ʤʠʥʫʪʠʤʘ, ʢʘʜʘ ʩʝ ʚʨʰʠ ʢʦʥʘʯʥʦ ʦʯʠʪʘʚʘˁʝ 

ʠ 100ÁC - ʪʝʤʧʝʨʘʪʫʨʘ ʠʩʧʠʪʠʚʘˁʘ.  

3.4. ʆʜʨʝʹʠʚʘˁʝ ʨʝʦʣʦʰʢʠʭ ʩʚʦʿʩʪʘʚʘ 

ɺʫʣʢʘʥʠʟʘʮʠʿʘ ʧʨʝʜʩʪʘʚˀʘ ʢˀʫʯʥʫ ʭʝʤʠʿʩʢʫ ʨʝʘʢʮʠʿʫ ʫ ʪʝʭʥʦʣʦʛʠʿʠ ʝʣʘʩʪʦʤʝʨʘ, 

ʪʦʢʦʤ ʢʦʿʝ ʩʝ ʤʘʢʨʦʤʦʣʝʢʫʣʩʢʠ ʣʘʥʮʠ ʢʘʫʯʫʢʘ ʧʦʚʝʟʫʿʫ ʫ ʪʨʦʜʠʤʝʥʟʠʦʥʘʣʥʫ ʤʨʝʞʫ 

ʫʤʨʝʞʘʚʘˁʝʤ. ʂʘʦ ʨʝʟʫʣʪʘʪ, ʢʘʫʯʫʢ ʩʪʠʯʝ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʘ ʝʣʘʩʪʦʤʝʨʥʘ ʩʚʦʿʩʪʚʘ ʧʦʧʫʪ 

ʝʣʘʩʪʠʯʥʦʩʪʠ, ʯʚʨʩʪʦ˂ʝ ʠ ʦʪʧʦʨʥʦʩʪʠ ʥʘ ʜʝʬʦʨʤʘʮʠʿʫ. ʇʨʦʮʝʩ ʩʝ ʥʘʿʯʝʰ˂ʝ ʩʧʨʦʚʦʜʠ 

ʥʘ ʧʦʚʠʰʝʥʠʤ ʪʝʤʧʝʨʘʪʫʨʘʤʘ ʠ ʧʨʠʪʠʩʢʫ. ʇʨʝ ʚʫʣʢʘʥʠʟʘʮʠʿʝ ʢʘʫʯʫʢʦʚʘ ʩʤʝʰʘ ʿ ʝ 

ʧʣʘʩʪʠʯʥʘ, ʘ ʥʘʢʦʥ ʫʤʨʝʞʘʚʘˁʘ ʥʘʩʪʘʿʝ ʛʫʤʘ, ʝʣʘʩʪʠʯʥʠ ʤʘʪʝʨʠʿʘʣ ʢʦʿʠ ʦʜʣʠʢʫʿʫ 

ʚʠʩʦʢʝ ʚʨʝʜʥʦʩʪʠ ʤʦʜʫʣʘ, ʧʨʝʢʠʜʥʝ ʯʚʨʩʪʦ˂ʝ ʠ ʧʨʝʢʠʜʥʦʛ ʠʟʜʫʞʝˁʘ. ʊʘʢʚʝ ʬʠʟʠʯʢʦ-

ʤʝʭʘʥʠʯʢʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʦʤʦʛʫ˂ʘʚʘʿʫ ʰʠʨʦʢʫ ʧʨʠʤʝʥʫ ʛʫʤʝ ʫ ʩʢʦʨʦ ʩʚʠʤ ʦʙʣʘʩʪʠʤʘ 
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ʧʨʠʚʨʝʜʝ ʠ ʫ ʩʚʘʢʦʜʥʝʚʥʦʤ ʞʠʚʦʪʫ. ʈʝʘʢʮʠʿʘ ʚʫʣʢʘʥʠʟʘʮʠʿʝ ʜʝʬʠʥʠʰʝ ʩʝ ʧʦʤʦ˂ʫ 

ʩʣʝʜʝ˂ʠʭ ʧʘʨʘʤʝʪʘʨʘ: ʚʨʝʤʝʥʘ ʧʨʝʜʚʫʣʢʘʥʠʟʘʮʠʿʝ, ʚʨʝʤʝʥʘ ʚʫʣʢʘʥʠʟʘʮʠʿʝ, ʚʨʝʤʝʥʘ 

ʫʤʨʝʞʘʚʘˁʘ, ʧʣʘʪʦʘ ʚʫʣʢʘʥʠʟʘʮʠʿʝ ʠ ʧʨʝʚʫʣʢʘʥʠʟʘʮʠʿʝ. 

ʈʝʦʤʝʪʘʨʩʢʘ ʠʩʧʠʪʠʚʘˁʘ ʫʟʦʨʘʢʘ ʯʠʩʪʠʭ ʢʘʫʯʫʢʘ ʠ ʢʘʫʯʫʢʦʚʠʭ ʩʤʝʰʘ ʫʟ ʜʦʜʘʪʢʘ 

ʧʫʥʠʣʘ ʩʫ ʠʟʚʨʰʝʥʘ ʧʦ ʩʪʘʥʜʘʨʜʫ G.S2.118. ʋʟʦʨʘʢ ʩʤʝʰʝ ʧʦʩʪʘʚˀʝʥ ʿʝ ʫ ʧʨʘʚʦʫʛʘʦʥʦ 

ʛʥʝʟʜʦ ʜʠʤʝʥʟʠʿʘ 50x50x10 mm, ʘ ʦʥʜʘ ʩʝ ʫʛʣʘʚʠ ʙʠʢʦʥʫʩʥʠ ʨʦʪʦʨ ʧʨʝʯʥʠʢʘ 37 ʠʣʠ 40 

mm. ʈʦʪʦʨ ʫ ʦʙʣʠʢʫ ʜʠʩʢʘ ʦʩʮʠʣʫʿʝ ʧʦʜ ʠʟʘʙʨʘʥʠʤ ʫʛʣʦʤ ʦʜ 1 ʜʦ 5Á. ɻʥʝʟʜʦ ʠ ʫʟʦʨʘʢ 

ʩʫ ʥʘ ʞʝˀʝʥʦʿ ʪʝʤʧʝʨʘʪʫʨʠ ʚʫʣʢʘʥʠʟʘʮʠʿʝ ʦʜ 150°0,5ÁC. ɻʨʝʿʘˁʝ ʿʝ ʝʣʝʢʪʨʠʯʥʦ ʠ 

ʪʝʨʤʦʩʪʘʪʩʢʠ ʢʦʥʪʨʦʣʠʩʘʥʦ. ʅʘ ʧʦʯʝʪʢʫ ʤʝʨʝˁʘ ʩʤʝʰʘ ʝʿ ʟʘʛʨʝʚʘʥʘ ʥʘ ʟʘʜʘʪʫ 

ʪʝʤʧʝʨʘʪʫʨʫ, ʥʘ ʢʦʿʦʿ ʦʤʝʢʰʘʚʘ, ʧʦʩʪʘʿʝ ʧʣʘʩʪʠʯʥʘ ʠ ʦʪʧʦʨ ʦʩʮʠʣʦʚʘˁʫ ʜʠʩʢʘ ʿʝ ʤʘʣʠ. 

ʊʚʨʜʦ˂ʘ ʤʘʪʝʨʠʿʘʣʘ ʦʧʘʜʘ ʩʘ ʧʦʨʘʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʝ, ʪʘʢʦ ʜʘ ʦʙʨʪʥʠ ʤʦʤʝʥʪ ʧʦʩʣʝ 

ʠʟʚʝʩʥʦʛ ʚʨʝʤʝʥʘ ʜʦʩʪʠʞʝ ʩʚʦʿʫ ʤʠʥʠʤʘʣʥʫ ʚʨʝʜʥʦʩʪ. ʇʦʜ ʜʝʿʩʪʚʦʤ ʪʦʧʣʦʪʝ ʟʘʧʦʯʠˁʝ 

ʧʨʦʮʝʩ ʫʤʨʝʞʘʚʘˁʘ, ʩʤʝʰʘ ʧʦʩʪʘʿʝ ʝʣʘʩʪʠʯʥʘ ʠ ʦʪʧʦʨ ʦʩʮʠʣʦʚʘˁʫ ʜʠʩʢʘ ʿʝ ʩʚʝ ʚʝ˂ʠ. 

ʊʚʨʜʦ˂ʘ ʫʟʦʨʢʘ ʩʝ ʟʘ ʚʨʝʤʝ ʫʤʨʝʞʘʚʘˁʘ ʧʦʚʝ˂ʘʚʘ, ʰʪʦ ʜʦʚʦʜʠ ʜʦ ʧʦʨʘʩʪʘ ʦʙʨʪʥʦʛ 

ʤʦʤʝʥʪʘ. ʂʘʜʘ ʩʝ ʧʨʦʮʝʩ ʫʤʨʝʞʘʚʘˁʘ ʟʘʚʨʰʠ, ʦʙʨʪʥʠ ʤʦʤʝʥʘʪ ʜʦʩʪʠʞʝ ʩʚʦʿʫ 

ʤʘʢʩʠʤʘʣʥʫ ʚʨʝʜʥʦʩʪ. ʉʚʝ ʪʝ ʧʨʦʤʝʥʝ ʦʙʨʪʥʦʛ ʤʦʤʝʥʪʘ ʩʝ ʜʠʨʝʢʪʥʦ ʨʝʛʠʩʪʨʫʿʫ ʢʘʦ 

ʢʨʠʚʘ ʪʦʢʘ ʫʤʨʝʞʘʚʘˁʘ, ʨʝʦʤʝʪʘʨʩʢʘ ʢʨʠʚʘ, ʜʘʪʘ ʥʘ ʩʣʠʮʠ 9. ʉʚʝ ʧʨʦʤʝʥʝ ʦʙʨʪʥʦʛ 

ʤʦʤʝʥʪʘ ʩʝ ʨʝʛʠʩʪʨʫʿʫ ʥʘ ʜʠʿʘʛʨʘʤʫ. ʋʨʝʹʘʿ ʤʦʞʝ ʜʘ ʨʘʜʠ ʥʘ 180 Hz ʠʣʠ 15Hz, ʟʘʚʠʩʥʦ 

ʦʜ ʟʘʭʪʝʚʘ ʤʝʨʝˁʘ. ʇʨʠ ʥʠʩʢʠʤ ʬʨʝʢʚʝʥʮʠʿʘʤʘ, ʫ ʤʦʤʝʥʪʫ ʤʘʢʩʠʤʘʣʥʝ ʜʝʬʦʨʤʘʮʠʿʝ, 

ʩʥʠʤʘ ʩʝ ʜʠʿʘʛʨʘʤ ʟʘʚʠʩʥʦʩʪʠ ʤʦʜʫʣʘ ʝʣʘʩʪʠʯʥʦʩʪʠ ʦʜ ʚʨʝʤʝʥʘ. ʇʨʠ ʚʠʩʦʢʠʤ 

ʬʨʝʢʚʝʥʮʠʿʘʤʘ ʩʥʠʤʘ ʩʝ ʪʦʢ ʨʝʘʢʮʠʿʝ. 

ʇʦʤʦ˂ʫ ʨʝʦʤʝʪʘʨʩʢʠʭ ʢʨʠʚʠʭ ʦʜʨʝʹʝʥ ʿʝ ʧʦʯʝʪʘʢ ʫʤʨʝʞʘʚʘˁʘ ts1, ʦʧʪʠʤʫʤ 

ʫʤʨʝʞʘʚʘˁʘ tc90 ʢʘʦ ʠ ʤʘʢʩʠʤʘʣʥʠ ʠ ʤʠʥʠʤʘʣʥʠ ʪʦʨʟʠʦʥʠ ʤʦʤʝʥʪʠ ((MH ʠ ML). 

ʆʧʪʠʤʘʣʥʦ ʚʨʝʤʝ ʫʤʨʝʞʘʚʘˁʘ ʿʝ ʠʟʨʘʯʫʥʘʪʦ ʧʦʤʦ˂ʫ ʿʝʜʥʘʯʠʥʝ 6: 

     ὓ ὓ ὓ ὓ Ͻπȟω            (6) 

 

ʅʘ ʙʘʟʠ ʚʨʝʜʥʦʩʪʠ ʦʙʨʪʥʦʛ ʤʦʤʝʥʪʘ Mt90, ʥʘ ʘʧʩʮʠʩʥʦʿ ʦʩʠ ʨʝʦʤʝʪʘʨʩʢʝ ʢʨʠʚʝ 

ʦʯʠʪʘʥʦ ʿʝ ʦʧʪʠʤʘʣʥʦ ʚʨʝʤʝ ʚʫʣʢʘʥʠʟʘʮʠʿʝ tC90.  

 ʀʥʜʝʢʩ ʙʨʟʠʥʝ ʫʤʨʝʞʘʚʘˁʘ (CRI) ʝʿ ʠʟʨʘʯʫʥʘʪ ʥʘ ʦʩʥʦʚʫ ʠʟʨʘʟʘ: 
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#2) Ͻρππ             (7) 

 

ʋʤʨʝʞʘʚʘˁʝ ʿʝ ʧʨʘ˂ʝʥʦ ʧʨʝʢʦ ʨʝʦʤʝʪʨʘ ʩʘ ʦʩʮʠʣʫʿʫ˂ʠʤ ʜʠʩʢʦʤ (Alpha Tehnology 

Rheometer MDR 2000). ʐʝʤʘʪʩʢʠ ʧʨʠʢʘʟ ʨʝʦʤʝʪʨʘ ʜʘʪ ʿʝ ʥʘ ʩʣʠʮʠ 36.  

 

ʉʣʠʢʘ 36. ʈʝʦʤʝʪʘʨ: 1. ɺʨʘʪʠʣʦ, 2. ɽʣʝʢʪʨʠʯʥʠ ʛʨʝʿʘʯ, 3. ʂʣʠʧ, 4. ʎʠʣʠʥʜʘʨ, 5. 

ɻʦʨˁʘ ʧʣʦʯʘ, 6. ʂʦʤʦʨʘ, 7. ʆʩʮʠʣʘʪʦʨʥʠ ʜʠʩʢ, 8. ɼʦˁʘ ʧʣʦʯʘ, 9. ʄʝʨʘʯ ʪʦʨʟʠʿʝ, 10. 

ʊʦʨʟʠʦʥʘ ʧʦʣʫʛʘ, 11. ɽʢʩʮʝʥʪʘʨ ʝʣʝʢʪʨʦʤʘʛʥʝʪʘ, 12. ʇʠʩʘʯ. 

 

3.5. ʆʜʨʝʹʠʚʘˁʝ ʩʧʝʮʠʬʠʯʥʝ ʤʘʩʝ ʫʤʨʝʞʝʥʠʭ ʤʘʪʝʨʠʿʘʣʘ 

 

 ʉʧʝʮʠʬʠʯʥʘ ʤʘʩʘ (ʛʫʩʪʠʥʘ) ʧʨʝʜʩʪʘʚˀʝʥʘ ʿʝ ʢʦʣʠʯʥʠʢʦʤ ʤʘʩʝ ʠ ʟʘʧʨʝʤʠʥʝ 

ʠʩʧʠʪʠʚʘʥʝ ʛʫʤʝʥʝ ʝʧʨʫʚʝʪʝ, ʪʿ. ɟ=m/V (g/cm3). ɻʫʩʪʠʥʘ ʫʤʨʝʞʝʥʠʭ ʝʣʘʩʪʦʤʝʨʘ ʠ 

ˁʠʭʦʚʠʭ ʢʦʤʧʦʟʠʪʘ ʦʜʨʝʹʠʚʘʥʘ ʿʝ ʧʦʤʦ˂ʫ Mohr-ʦʚʝ ʚʘʛʝ, ʯʠʿʘ ʿʝ ʟʥʘʯʘʿʥʘ ʧʨʝʜʥʦʩʪ ʫ 

ʪʦʤʝ ʰʪʦ ʦʤʦʛʫ˂ʘʚʘ ʤʝʨʝˁʝ ʩʧʝʮʠʬʠʯʥʝ ʤʘʩʝ ʫʟʦʨʘʢʘ ʥʝʧʨʘʚʠʣʥʦʛ ʦʙʣʠʢʘ. Mohr-ʦʚʘ  

ʚʘʛʘ ʩʝ ʩʘʩʪʦʿʠ ʠʟ ʧʦʩʪʦˀʘ, ʩʢʘʣʝ ʟʘ ʦʯʠʪʘʚʘˁʝ ʛʫʩʪʠʥʝ, ʚʘʛʝ ʥʘ ʯʠʿʝʤ ʿʝʜʥʦʤ ʢʨʘʿʫ ʩʝ 

ʥʘʣʘʟʠ ʧʦʢʨʝʪʥʠ ʪʝʛ ʟʘ ʥʠʚʝʣʠʩʘˁʝ ʥʫʣʝ ʫʟʦʨʢʘ, ʘ ʥʘ ʜʨʫʛʦʤ ʢʫʢʘ ʟʘ ʥʦʰʝˁʝ ʫʟʦʨʢʘ, 

ʩʣʠʢʘ 37.  
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ʉʣʠʢʘ 37. Mohr-ʦʚʘ ʚʘʛʘ ʟʘ ʤʝʨʝˁʝ ʩʧʝʮʠʬʠʯʥʝ ʤʘʩʝ ʫʟʦʨʘʢʘ ʫʤʨʝʞʝʥʝ ʛʫʤʝ. 
  

 ʄʝʨʝˁʝ ʛʫʩʪʠʥʝ ʩʝ ʚʨʰʠ ʥʘ ʪʘʿ ʥʘʯʠʥ ʰʪʦ ʩʝ ʧʦʩʣʝ ʢʘʣʠʙʨʠʩʘˁʘ ʫ ʚʘʟʜʫʭʫ, 

ʠʩʧʠʪʠʚʘʥʠ ʫʟʦʨʘʢ ʟʘʨʦʥʠ ʫ ʩʫʜ ʩʘ ʜʝʩʪʠʣʦʚʘʥʦʤ ʚʦʜʦʤ, ʪʘʢʦ ʜʘ ʫʟʦʨʘʢ ʣʝʙʜʠ ʠ ʥʘ 

ʩʢʘʣʠ ʚʘʛʝ ʦʯʠʪʘ ʩʝ ʛʫʩʪʠʥʘ ʠʩʧʠʪʠʚʘʥʦʛ ʫʟʦʨʢʘ. 

 

3.6. ʆʜʨʝʹʠʚʘˁʝ ʛʫʩʪʠʥʝ ʫʤʨʝʞʝʥʦʩʪʠ ʢʦʤʧʦʟʠʪʘ 
 

ɺʨʝʜʥʦʩʪʠ ʤʦʜʫʣʘ ʝʣʘʩʪʠʯʥʦʩʪʠ (G) ʜʦʙʠʿʝʥʝ ʩʫ ʤʝʨʝˁʝʤ ʥʘʧʦʥʘ ʠ ʜʝʬʦʨʤʘʮʠʿʝ 

[132]. ɺʨʝʜʥʦʩʪʠ G ʩʫ ʠʟʨʘʯʫʥʘʪʝ ʠʟ ʧʦʯʝʪʥʦʛ ʥʘʛʠʙʘ ʢʨʠʚʠʭ ʫ Nʝʦ-Hook-ʦʚʦʤ ʦʜʥʦʩʫ 

ʥʘʧʦʥ-ʜʝʬʦʨʤʘʮʠʿʘ ʫ ʦʜʥʦʩʫ ʥʘ (a - a-2) ʫ ʿʝʜʥʘʯʠʥʠ (8): 

      ‌ ὒὒϳ                  (8) 

G ʤʦʜʫʣ ʿʝ ʧʦʚʝʟʘʥ ʩʘ ʛʫʩʪʠʥʦʤ ʧʦʧʨʝʯʥʠʭ ʚʝʟʘ ʧʦʤʦ˂ʫ ʜʦʙʨʦ ʧʦʟʥʘʪʝ ʿʝʜʥʘʯʠʥʝ 

ʠʟ ʪʝʦʨʠʿʝ ʛʫʤʦʣʠʢʝ ʝʣʘʩʪʠʯʥʦʩʪʠ:    

      „ Ὃ‌ ‌                       (9)   

      Ὃ Ὣ‡ὙὝ                          (10)     

        ὓ             (11) 

ʛʜʝ ʿʝ ʬʘʢʪʦʨ g<1, n ʿʝ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʛʫʩʪʠʥʝ ʧʦʧʨʝʯʥʠʭ ʚʝʟʘ, R ʿʝ ʫʥʠʚʝʨʟʘʣʥʘ ʛʘʩʥʘ 

ʢʦʥʩʪʘʥʪʘ, ʘ ʊ ʿʝ ʘʧʩʦʣʫʪʥʘ ʪʝʤʧʝʨʘʪʫʨʘ. ɿʘ ʠʜʝʘʣʥʝ ʤʨʝʞʝ ʧʨʠ ʨʘʚʥʦʪʝʞʥʦʤ ʤʦʜʫʣʫ 

ʧʦʩʪʦʿʠ ʨʝʣʘʮʠʿʘ 10, ʛʜʝ ʿʝ n ʛʫʩʪʠʥʘ ʫʤʨʝʞʝˁʘ, ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʠ ʠ ʢʦʥʮʝʥʪʨʘʮʠʿʠ 

ʥʘʩʪʘʿʘˁʘ ʤʨʝʞʝ,  ὓ- ʧʨʦʩʝʯʥʘ ʤʦʣʝʢʫʣʩʢʘ ʤʘʩʘ ʠʟʤʝʹʫ ʜʚʝ ʧʦʧʨʝʯʥʝ ʚʝʟʝ [131]. 

Flori-Huggins-ʦʚ ʧʘʨʘʤʝʪʘʨ ʠʥʪʝʨʘʢʮʠʿʝ (c)  ʠʟʨʘʯʫʥʘʪ ʿʝ ʥʘ ʦʩʥʦʚʫ Flory-Rehner-ʦʚʝ 

ʿʝʜʥʘʯʠʥʝ ʟʘ ʢʦʤʧʦʟʠʪʥʝ ʛʫʤʝ ʫ ʨʘʩʪʚʘʨʘʯʫ (ʙʝʥʟʝʥ) [132]:  
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   … ’Vsὺ
ϳ

πȢυὺ lnρ ὺ ὺ ὺ             (12)    
            

ʛʜʝ ʿʝ V1 ʤʦʣʘʨʥʘ ʟʘʧʨʝʤʠʥʘ ʨʘʩʪʚʘʨʘʯʘ ʙʝʥʟʝʥʘ. 

ɻʫʩʪʠʥʘ ʧʦʧʨʝʯʥʝ ʚʝʟʝ ʩʝ ʦʜʨʝʹʫʿʝ ʠʟ ʧʦʜʘʪʘʢʘ ʦ ʙʫʙʨʝˁʫ. ʋʟʦʨʮʠ ʩʫ ʦʩʪʘʚˀʝʥʠ 

ʜʘ ʥʘʙʫʙʨʝ ʫ ʨʘʩʪʚʘʨʘʯʫ ʙʝʥʟʝʥʫ ʠ ʟʘʙʝʣʝʞʝʥ ʿ ʝ ʨʘʚʥʦʪʝʞʥʠ ʩʪʝʧʝʥ ʫʧʠʿʘˁʘ. 

ʄʦʣʝʢʫʣʩʢʘ ʤʘʩʘ ʠʟʤʝʹʫ ʜʚʝ ʧʦʧʨʝʯʥʝ ʚʝʟʝ ʠʟʨʘʯʫʥʘʪʘ ʿʝ ʢʦʨʠʰ˂ʝˁʝʤ ʿʝʜʥʘʯʠʥʝ 13: 

 

    ὓ -2VsɟrVr
13ϳ ln1-Vrϳ +Vr+2ɢ

2Vs
2             (13) 

 

ʛʜʝ ʿʝ ὓ ʤʦʣʝʢʫʣʩʢʘ ʤʘʩʘ ʧʦʣʠʤʝʨʘ ʠʟʤʝʹʫ ʜʚʝ ʫʥʘʢʨʩʥʝ ʚʝʟʝ; rr ʿʝ ʛʫʩʪʠʥʘ ʛʫʤʝʥʠʭ 

ʢʦʤʧʦʟʠʪʘ; Vs ʿʝ ʤʦʣʘʨʥʘ ʟʘʧʨʝʤʠʥʘ ʨʘʩʪʚʘʨʘʯʘ (ʙʝʥʟʝʥʘ); Vr ʿ ʝ ʟʘʧʨʝʤʠʥʩʢʠ ʫʜʝʦ 

ʢʦʤʧʦʟʠʪʥʝ ʛʫʤʝ, ʘ c ʧʘʨʘʤʝʪʘʨ ʠʥʪʝʨʘʢʮʠʿʝ ʧʫʥʠʣʦ-ʧʦʣʠʤʝʨ. 

 

3.7. ɹʫʙʨʝˁʝ ʫʤʨʝʞʝʥʠʭ ʤʘʪʝʨʠʿʘʣʘ 

ɿʘ ʧʨʠʤʝʥʫ ʿʝ ʚʨʣʦ ʚʘʞʥʦ ʧʦʟʥʘʚʘʪʠ ʩʧʦʩʦʙʥʦʩʪ ʫʤʨʝʞʝʥʠʭ ʧʦʣʠʤʝʨʘ ʜʘ ʙʫʙʨʝ ʫ 

ʨʘʟʣʠʯʠʪʠʤ ʪʝʯʥʠʤ ʠ ʛʘʩʦʚʠʪʠʤ ʤʝʜʠʿʠʤʘ. ʆʚʘ ʩʧʦʩʦʙʥʦʩʪ, ʩʪʝʧʝʥ ʠʣʠ ʢʦʣʠʯʠʥʘ 

ʙʫʙʨʝˁʘ, Ŭ, ʿʝ ʢʦʣʠʯʠʥʘ ʪʝʯʥʦʩʪʠ (ʨʘʩʪʚʘʨʘʯʘ) ʠʣʠ ˁʝʥʝ ʧʘʨʝ ʘʧʩʦʨʙʦʚʘʥʝ ʿʝʜʠʥʠʮʦʤ 

ʤʘʩʝ ʠʣʠ ʟʘʧʨʝʤʠʥʝ ʧʦʣʠʤʝʨʘ.  

ʀʩʧʠʪʠʚʘʥʠ ʛʫʤʝʥʠ ʢʦʤʧʦʟʠʪʠ ʩʫ ʫ ʚʠʜʫ ʤʘʣʠʭ ʣʠʩʪʦʚʘ ʦʜ ʪʘʯʥʦ 1 g ʦʜʤʝʨʝʥʠ ʠ 

ʧʦʪʦʧˀʝʥʠ ʫ 25 cm3 ʨʘʩʪʚʘʨʘʯʘ ʪʦʣʫʦʣʘ ʫ ʟʘʪʚʦʨʝʥʠʤ ʩʪʘʢʣʝʥʠʤ ʩʫʜʦʚʠʤʘ, ʥʘ 25C̄. 

ʇʦʩʣʝ 72h, ʫʟʦʨʮʠ ʩʫ ʠʟʚʘʹʝʥʠ ʠʟ ʨʘʩʪʚʘʨʘʯʘ ʠ ʠʟʤʝʨʝʥʠ ʥʘʢʦʥ ʫʢʣʘˁʘˁʘ ʧʦʚʨʰʠʥʩʢʝ 

ʪʝʯʥʦʩʪʠ ʫʧʠʿʘˁʝʤ ʬʠʣʪʝʨ ʧʘʧʠʨʦʤ. ɿʘʧʨʝʤʠʥʩʢʦ ʙʫʙʨʝˁʝ ʫ ʧʨʦʮʝʥʪʠʤʘ ʿʝ ʠʟʨʘʯʫʥʘʪʦ 

ʢʦʨʠʰ˂ʝˁʝʤ ʿʝʜʥʘʯʠʥʘ 14-16. 

     Rv=1+w-w0-1ɟrɟsϳ            (14) 

      Rw=ww0ϳ              (15) 

      ὺ 1Rvϳ              (16) 

ʛʜʝ ʩʫ Rv ʠ Rw ʦʜʥʦʩ ʟʘʧʨʝʤʠʥʝ ʠ ʤʘʩʝ ʫʟʦʨʘʢʘ ʛʫʤʝ ʫ ʥʘʙʫʙʨʝʣʦʤ ʛʝʣʫ,  wʦ ʠ w ʩʫ ʤʘʩʝ 

ʫʟʦʨʢʘ ʧʨʝ ʠ ʧʦʩʣʝ ʙʫʙʨʝˁʘ, rr  ʠ  rs ʩʫ ʛʫʩʪʠʥʝ ʛʫʤʝ ʠ ʨʘʩʪʚʘʨʘʯʘ, ʘ n2 ʿʝ ʟʘʧʨʝʤʠʥʩʢʠ 

ʫʜʝʦ ʫʟʦʨʢʘ ʫ ʥʘʙʫʙʨʝʣʦʤ ʛʝʣʫ. 

ʈʘʚʥʦʪʝʞʥʦ ʙʫʙʨʝˁʝ ʿʝ ʠʟʚʝʜʝʥʦ ʧʦʪʘʧʘˁʝʤ ʜʦʙʠʿʝʥʠʭ ʢʦʤʧʦʟʠʪʥʠʭ ʛʫʤʝʥʠʭ 

ʧʣʦʯʘ ʫ ʙʝʥʟʝʥʫ (ʧʨʝʯʥʠʢʘ 5 mm ʠ ʜʝʙˀʠʥʝ 2 mm) ʥʘ ʩʦʙʥʦʿ ʪʝʤʧʝʨʘʪʫʨʠ. ʋʟʦʨʮʠ ʩʫ 

ʦʩʪʘʚˀʝʥʠ ʜʘ ʥʘʙʫʙʨʝ ʜʦʢ ʩʝ ʥʝ ʧʦʩʪʠʛʥʝ ʨʘʚʥʦʪʝʞʘ. ɿʘʪʠʤ ʩʫ ʫʟʦʨʮʠ ʠʟʚʘʹʝʥʠ ʠ 
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ʨʘʩʪʚʘʨʘʯ ʿʝ ʙʨʟʦ ʫʢʣʦˁʝʥ ʫʧʠʿʘˁʝʤ ʬʠʣʪʝʨ ʧʘʧʠʨʦʤ. ʉʪʝʧʝʥ ʙʫʙʨʝˁʘ Q ʠʟʨʘʯʫʥʘʪ ʿʝ 

ʢʘʦ: 

     Q =
×-wo

wo
Ā
ɟÒ

ɟÓ
             (17) 

ʛʜʝ ʩʫ w ʠ wo  ʩʫ ʤʘʩʝ ʫʟʦʨʢʘ ʧʨʝ ʠ ʧʦʩʣʝ ʙʫʙʨʝˁʘ; ɟr ʠ ɟs ʩʫ ʛʫʩʪʠʥʘ ʫʤʨʝʞʝʥʠʭ 

ʤʘʪʝʨʠʿʘʣʘ ʠ ʨʘʩʪʚʘʨʘʯʘ ʨʝʩʧʝʢʪʠʚʥʦ. ɿʘʧʨʝʤʠʥʩʢʠ ʫʜʝʦ ʫʟʦʨʘʢʘ ʧʨʠ ʨʘʚʥʦʪʝʞʥʦʤ 

ʙʫʙʨʝˁʫ ʿʝ ʢʦʨʠʰ˂ʝʥ ʟʘ ʦʜʨʝʹʠʚʘˁʝ ʫʢʫʧʥʝ ʛʫʩʪʠʥʝ ʫʤʨʝʞʘʚʘˁʘ v ʫ ʜʦʙʠʿʝʥʠʤ 

ʤʘʪʝʨʠʿʘʣʠʤʘ.   

                                   

3.8. ʀʩʧʠʪʠʚʘˁʝ ʤʝʭʘʥʠʯʢʠʭ ʩʚʦʿʩʪʘʚʘ ʫʤʨʝʞʝʥʠʭ ʤʘʪʝʨʠʿʘʣʘ 

ʅʘʢʦʥ ʫʤʨʝʞʘʚʘˁʘ ʥʘ ʭʠʜʨʘʫʣʠʯʥʦʿ ʧʨʝʩʠ, ʦʜʨʝʹʝʥʘ ʩʫ ʟʘʪʝʟʥʘ ʩʚʦʿʩʪʚʘ ʩʚʠʭ 

ʜʦʙʠʿʝʥʠʭ ʫʟʦʨʘʢʘ: ʧʨʝʢʠʜʥʘ ʯʚʨʩʪʦ˂ʘ, ʧʨʝʢʠʜʥʦ ʠʟʜʫʞʝˁʝ (ʩʪʘʥʜʘʨʜ SRPS.G.S2.127) 

ʢʘʦ ʠ ʤʦʜʫʣʠ ʧʨʠ 100% ʠ 300% ʠʟʜʫʞʝˁʫ (SRPS.G.S2.735) ʥʘ ʩʦʙʥʦʿ ʪʝʤʧʝʨʘʪʫʨʠ 

ʢʦʨʠʰ˂ʝˁʝʤ ʫʥʠʚʝʨʟʘʣʥʝ ʤʘʰʠʥʝ ʟʘ ʠʩʧʠʪʠʚʘˁʝ ʟʘʪʝʟʘˁʘ Zwick 1425.  

ʆʜʨʝʹʠʚʘˁʝ ʤʝʭʘʥʠʯʢʠʭ ʩʚʦʿʩʪʘʚʘ ʫʤʨʝʞʝʥʠʭ ʤʘʪʝʨʠʿʘʣʘ ʚʨʰʝʥʦ ʿʝ ʥʘʢʦʥ 

ʢʦʥʜʠʮʠʦʥʠʨʘˁʘ ʫʟʦʨʘʢʘ 24h ʥʘ ʩʦʙʥʦʿ ʪʝʤʧʝʨʘʪʫʨʠ. ɽʧʨʫʚʝʪʝ ʟʘ ʪʝʩʪʠʨʘˁʝ ʩʫ 

ʧʨʠʧʨʝʤˀʝʥʝ ʠʩʝʮʘˁʝʤ ʛʫʤʝʥʠʭ ʧʣʦʯʘ ʧʦʤʦ˂ʫ ʧʦʜʝʩʥʠʭ ʥʦʞʝʚʘ. ɿʘ ʩʚʘʢʫ ʘʥʘʣʠʟʫ 

ʫʨʘʹʝʥʘ ʩʫ ʧʦ ʪʨʠ ʤʝʨʝˁʘ ʘ ʨʝʟʫʣʪʘʪʠ ʩʫ ʧʨʠʢʘʟʘʥʠ ʢʘʦ ʩʨʝʜˁʘ ʚʨʝʜʥʦʩʪ. ʇʨʠ 

ʠʩʧʠʪʠʚʘˁʫ ʫʤʨʝʞʝʥʠʭ ʤʘʪʝʨʠʿʘʣʘ ʠʩʪʝʟʘˁʝʤ ʜʦ ʢʠʜʘˁʘ, ʧʦʨʝʜ ʧʨʝʢʠʜʥʝ ʯʚʨʩʪʦ˂ʝ, 

ʤʦʛʫ ʩʝ ʦʜʨʝʜʠʪʠ ʠ ʧʘʨʘʤʝʪʨʠ ʢʦʿʠ ʫ ʚʝ˂ʦʿ ʠʣʠ ʤʘˁʦʿ ʤʝʨʠ ʦʜʨʝʹʫʿʫ ʝʣʘʩʪʠʯʥʘ ʠ 

ʜʝʬʦʨʤʘʮʠʦʥʘ ʩʚʦʿʩʪʚʘ ʪʦʛ ʤʘʪʝʨʠʿʘʣʘ ʢʘʦ ʰʪʦ ʩʫ: ʧʨʝʢʠʜʥʦ ʠʟʜʫʞʝˁʝ, ʤʦʜʫʣ ʧʨʠ 

ʟʘʜʘʪʦʤ ʠʟʜʫʞʝˁʫ ʠʪʜ. ʇʨʝʢʠʜʥʘ ʯʚʨʩʪʦ˂ʘ ʧʨʝʜʩʪʘʚˀʘ ʦʧʪʝʨʝ˂ʝˁʝ ʧʦ ʿʝʜʠʥʠʮʠ 

ʧʦʚʨʰʠʥʝ ʧʦʧʨʝʯʥʦʛ ʧʨʝʩʝʢʘ ʛʫʤʝʥʝ ʝʧʨʫʚʝʪʝ, ʢʦʿʘ ʠʟʘʟʠʚʘ ʢʠʜʘˁʝ ʝʧʨʫʚʝʪʝ ʧʨʠ 

ʠʩʪʝʟʘˁʫ ʠ ʠʟʨʘʯʫʥʘʪʘ ʿʝ ʧʨʠʤʝʥʦʤ ʿʝʜʥʘʯʠʥʝ 18: 

      „ Ὂὥὦϳ             (18) 

ʛʜʝ ʩʫ: ů ʧʨʝʢʠʜʥʘ ʯʚʨʩʪʦ˂ʘ ʫ ʄPa, ʘ-h ʠʨʠʥʘ ʝʧʨʫʚʝʪʝ ʫ mm, b-ʜʝʙˀʠʥʘ ʝʧʨʫʚʝʪʝ ʫ 

mm, F-ʩʠʣʘ ʫ ʤʦʤʝʥʪʫ ʢʠʜʘˁʘ ʫ N. ɺʨʝʜʥʦʩʪ ʧʨʝʢʠʜʥʝ ʯʚʨʩʪʦ˂ʝ ʩʝ ʟʘ ʝʣʘʩʪʦʤʝʨʥʝ 

ʤʘʪʝʨʠʿʘʣʝ ʫʦʙʠʯʘʿʝʥʦ ʢʨʝ˂ʝ ʫ ʦʧʩʝʛʫ ʦʜ 3 ʜʦ 40 ʄPʘ ʧʘ ʩʫ ʠ ʧʘʨʘʤʝʪʨʠ ʥʘ ʠʥʩʪʨʫʤʝʥʪʫ 

ʧʦʜʝʰʝʥʠ ʟʘ ʦʚʝ ʦʯʝʢʠʚʘˁʝ ʚʨʝʜʥʦʩʪʠ.  

 ʇʨʝʢʠʜʥʦ ʠʟʜʫʞʝˁʝ ʿʝ ʠʟʜʫʞʝˁʝ ʛʫʤʝʥʝ ʝʧʨʫʚʝʪʝ ʠʟʤʝʹʫ ʤʝʨʥʠʭ ʣʠʥʠʿʘ ʫ 
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ʤʦʤʝʥʪʫ ʢʠʜʘˁʘ ʠ ʠʟʨʘʯʫʥʘʪʦ ʿʝ ʧʨʠʤʝʥʦʤ ʿʝʜʥʘʯʠʥʝ 19: 

     ‐ ὒ ὒ ὒϳ ϽρππϷ                 (19) 

ʛʜʝ ʩʫ: Lo ʧʦʯʝʪʥʦ ʨʘʩʪʦʿʘˁʝ ʠʟʤʝʹʫ ʤʝʨʥʠʭ ʣʠʥʠʿʘ, L ʨʘʩʪʦʿʘˁʝ ʠʟʤʝʹʫ ʤʝʨʥʠʭ ʣʠʥʠʿʘ 

ʫ ʪʨʝʥʫʪʢʫ ʢʠʜʘˁʘ. ʇʨʝʢʠʜʥʦ ʠʟʜʫʞʝˁʝ ʩʝ ʢʨʝ˂ʝ ʫ ʦʧʩʝʛʫ ʦʜ 100 ʜʦ 1000% ʠ ʧʦʚʝʟʘʥʦ 

ʿʝ ʤʘʢʩʠʤʘʣʥʠʤ ʩʪʝʧʝʥʦʤ ʜʝʬʦʨʤʘʮʠʿʝ ʫʤʨʝʞʝʥʦʛ ʤʘʪʝʨʠʿʘʣʘ ʧʨʠ ʠʩʪʝʟʘˁʫ. 

ɿʘ ʢʘʨʘʢʪʝʨʠʩʘˁʝ ʜʦʜʘʪʥʠʭ ʤʝʭʘʥʠʯʢʠʭ ʩʚʦʿʩʪʘʚʘ ʝʣʘʩʪʦʤʝʨʘ, ʢʦʿʘ ʦʜʨʘʞʘʚʘʿʫ 

ʩʪʝʧʝʥ ʝʣʘʩʪʠʯʥʦʛ ʫʤʨʝʞʘʚʘˁʘ, ʢʦʨʠʩʪʠ ʩʝ ʤʦʜʫʣ ʧʨʠ ʟʘʜʘʪʦʤ ʠʟʜʫʞʝˁʫ - ʦʙʠʯʥʦ ʧʨʠ 

100, 200, 300, 400 ʠ 500 % ʨʘʩʪʝʟʘˁʘ. ʆʚʠ ʤʦʜʫʣʠ ʧʨʝʜʩʪʘʚˀʘʿʫ ʠʟʥʦʩ ʥʘʧʦʥʘ (ʩʠʣʘ ʧʦ 

ʿʝʜʠʥʠʮʠ ʧʦʚʨʰʠʥʝ ʧʦʧʨʝʯʥʦʛ ʧʨʝʩʝʢʘ ʝʧʨʫʚʝʪʝ) ʧʦʪʨʝʙʘʥ ʜʘ ʩʝ ʫʟʦʨʘʢ ʠʩʪʝʛʥʝ ʥʘ 

ʦʜʨʝʹʝʥʦ ʠʟʜʫʞʝˁʝ. ɺʠʰʘ ʚʨʝʜʥʦʩʪ ʩʪʚʘʨʥʦʛ ʥʘʧʦʥʘ ʧʨʠ ʦʜʨʝʹʝʥʦʤ ʠʟʜʫʞʝˁʫ ʫʢʘʟʫʿʝ 

ʥʘ ʚʝ˂ʫ ʞʠʣʘʚʦʩʪ ʫʤʨʝʞʝʥʦʛ ʤʘʪʝʨʠʿʘʣʘ.  

ʊʚʨʜʦ˂ʘ ʿ ʝ ʿʝʜʥʘ ʦʜ ʢˀʫʯʥʠʭ ʦʩʦʙʠʥʘ ʫʤʨʝʞʝʥʠʭ ʤʘʪʝʨʠʿʘʣʘ, ʥʘʨʦʯʠʪʦ ʫ 

ʧʫˁʝʥʠʤ ʝʣʘʩʪʦʤʝʨʠʤʘ. ʉʘ ʧʦʨʘʩʪʦʤ ʩʘʜʨʞʘʿʘ ʧʫʥʠʣʘ ʠ ʪʨʘʿʘˁʝʤ ʧʨʦʮʝʩʘ 

ʫʤʨʝʞʘʚʘˁʘ, ʚʨʝʜʥʦʩʪʠ ʪʚʨʜʦ˂ʝ (ShʦA) ʩʝ ʧʦʚʝ˂ʘʚʘʿʫ ʫʩʣʝʜ ʚʠʰʝʛ ʩʪʝʧʝʥʘ ʫʤʨʝʞʘʚʘˁʘ 

ʩʪʨʫʢʪʫʨʝ. ʇʨʠ ʤʝʨʝˁʫ, ʫʟʦʨʘʢ ʩʝ ʩʪʘʚˀʘ ʥʘ ʧʦʪʧʫʥʦ ʨʘʚʥʫ ʧʣʦʯʫ, ʠ ʦʥʜʘ ʩʝ ʫʪʠʩʢʫʿʝ 

ʠʛʣʘ ʟʘ ʧʝʥʝʪʨʘʮʠʿʫ ʤʝʨʥʦʛ ʫʨʝʹʘʿʘ, ʰʦʨʦʤʝʪʨʘ (ZWICK Gmbh-ULM) ʠ ʦʯʠʪʘʚʘ ʩʝ 

ʚʨʝʜʥʦʩʪ ʪʚʨʜʦ˂ʝ ʠʩʧʠʪʠʚʘʥʦʛ ʫʟʦʨʢʘ, ʢʘʦ ʧʦʤʝʨʘʿ ʥʘ ʩʢʘʣʠ. ʂʨʘʿˁʠ ʨʝʟʫʣʪʘʪ 

ʧʨʝʜʩʪʘʚˀʘ ʩʨʝʜˁʘ ʚʨʝʜʥʦʩʪ ʪʨʠ ʤʝʨʝˁʘ ʥʘ ʨʘʟʣʠʯʠʪʠʤ ʧʦʟʠʮʠʿʘʤʘ ʫʟʦʨʢʘ. 

ʆʪʧʦʨʥʦʩʪ ʥʘ ʭʘʙʘˁʝ ʧʨʝʜʩʪʘʚˀʘ ʿʦʰ ʿʝʜʥʦ ʟʥʘʯʘʿʥʦ ʩʚʦʿʩʪʚʦ ʛʫʤʝ, ʢʦʿʝ 

ʦʜʨʘʞʘʚʘ ˁʝʥʫ ʩʧʦʩʦʙʥʦʩʪ ʜʘ ʟʘʜʨʞʠ ʬʫʥʢʮʠʦʥʘʣʥʦʩʪ ʠ ʩʪʨʫʢʪʫʨʫ ʧʨʠ ʧʨʦʜʫʞʝʥʦʤ 

ʤʝʭʘʥʠʯʢʦʤ ʪʨʝˁʫ ʩʘ ʜʨʫʛʠʤ ʧʦʚʨʰʠʥʘʤʘ. ʀʩʧʠʪʠʚʘˁʝ ʦʪʧʦʨʥʦʩʪʠ ʥʘ ʭʘʙʘˁʝ 

(ʘʙʨʘʟʠʿʫ) ʫʨʘʹʝʥʦ ʿʝ ʥʘ ʠʥʩʪʨʫʤʝʥʪʫ ʭʘʙʘʣʠʮʠ (Abrasion machine, ZWICK Gmbh-

ULM). ʋʟʦʨʮʠ ʧʨʝʯʥʠʢʘ 13 mm ʠ ʜʝʙˀʠʥʝ 8 mm ʩʪʘʚˀʘʥʠ ʩʫ ʫ ʣʝʞʠʰʪʝ ʢʦʿʝ ʩʝ 

ʦʧʪʝʨʝ˂ʫʿʝ ʤʘʩʦʤ ʦʜ 1 kg ʠ ʧʫʰʪʝʥʠ ʩʫ ʜʘ ʢʣʠʟʝ ʧʦ ʨʦʪʠʨʘʿʫ˂ʝʤ ʚʘˀʢʫ ʢʦʿʠ ʿʝ ʦʙʘʚʠʿʝʥ 

ʰʤʠʨʛʣ-ʧʘʧʠʨʦʤ ʦʜʨʝʹʝʥʝ ʘʙʨʘʟʠʚʥʦʩʪʠ. ʍʘʙʘˁʝ ʝʿ ʠʟʨʘʯʫʥʘʪʦ ʧʨʝʤʘ ʿʝʜʥʘʯʠʥʠ 20: 

     Ὄ Ὃ Ὃ Ͻςππ”ὃϳ                   (20) 

ʛʜʝ ʩʫ: H ʭʘʙʘˁʝ ʫ mm3, Gʦ  ʤʘʩʘ ʫʟʦʨʢʘ ʧʨʝ ʭʘʙʘˁʘ ʫ g, G1  ʤʘʩʘ ʫʟʦʨʢʘ ʧʦʩʣʝ ʭʘʙʘˁʘ 

ʫ g, ʙʨʦʿ 200 ʿʝ ʧʦʪʨʝʙʥʘ ʘʙʨʘʟʠʚʥʦʩʪ ʰʤʠʨʛʣ-ʧʘʧʠʨʘ ʫ mm3, ɸʦ ʩʪʚʘʨʥʘ ʘʙʨʘʟʠʚʥʦʩʪ 

ʰʤʠʨʛʣ-ʧʘʧʠʨʘ, ɟ ʿʝ ʛʫʩʪʠʥʘ ʠʩʧʠʪʠʚʘʥʦʛ ʫʟʦʨʢʘ ʫ g/mm3. 

ʅʘ ʩʣʠʮʠ 38 ʩʫ ʰʝʤʘʪʩʢʠ ʧʨʠʢʘʟʘʥʝ ʩʚʝ ʤʝʪʦʜʝ ʢʘʨʘʢʪʝʨʠʟʘʮʠʿʝ ʢʦʿʝ ʩʫ ʫʨʘʹʝʥʝ ʫ 
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ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʤ ʨʘʜʫ ʥʘ ʫʟʦʨʮʠʤʘ ʫʤʨʝʞʝʥʠʭ ʙʣʝʥʜʠ ʢʘʫʯʫʢʘ. 

 

ʉʣʠʢʘ 38. ʐʝʤʘ ʠʩʧʠʪʠʚʘˁʘ ʩʚʦʿʩʪʘʚʘ ʢʘʫʯʫʢʦʚʝ ʩʤʝʰʝ ʠ ʫʤʨʝʞʝʥʦʛ ʤʘʪʝʨʠʿʘʣʘ. 
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3.9. ʀʩʧʠʪʠʚʘˁʝ ʫʙʨʟʘʥʦʛ ʩʪʘʨʝˁʘ ʫʤʨʝʞʝʥʠʭ ʤʘʪʝʨʠʿʘʣʘ 

ʀʩʧʠʪʠʚʘˁʝʤ ʫʙʨʟʘʥʦʛ ʩʪʘʨʝˁʘ ʧʦʜ ʫʪʠʮʘʿʝʤ ʪʦʧʣʦʪʝ ʠ ʘʪʤʦʩʬʝʨʝ ʢʘʦ ʠ 

g-ʟʨʘʮʠʤʘ ʦʮʝˁʫʿʝ ʩʝ ʧʦʩʪʦʿʘʥʦʩʪ ʫʤʨʝʞʝʥʠʭ ʤʘʪʝʨʠʿʘʣʘ.  

ʉʪʘʨʝˁʝ ʿʝ ʠʟʚʝʜʝʥʦ ʧʦʤʦ˂ʫ Geer-ʦʚʦʛ ʫʨʝʹʘʿʘ, ʪʠʧʘ Emerson Conditioning Oven, 

ʫ ʘʪʤʦʩʬʝʨʠ ʚʘʟʜʫʭʘ ʥʘ 100C̄ ʫ ʪʦʢʫ 168 ʩʘʪʠ. ʅʘʢʦʥ ʪʦʛ ʧʝʨʠʦʜʘ ʫʟʦʨʮʠ ʩʝ ʦʩʪʘʚˀʘʿʫ 

24h ʥʘ ʩʦʙʥʦʿ ʪʝʤʧʝʨʘʪʫʨʠ, ʨʘʜʠ ʢʦʥʜʠʮʠʦʥʠʨʘˁʘ. ʈʝʟʫʣʪʘʪʠ ʠʩʧʠʪʠʚʘˁʘ ʧʦʩʣʝ 

ʩʪʘʨʝˁʘ ʫʤʨʝʞʝʥʠʭ ʤʘʪʝʨʠʿʘʣʘ ʫʧʦʨʝʹʫʿʫ ʩʝ ʩʘ ʨʝʟʫʣʪʘʪʠʤʘ ʠʩʧʠʪʠʚʘˁʘ ʧʨʝ ʩʪʘʨʝˁʘ, 

ʢʘʢʦ ʙʠ ʩʝ ʩʪʝʢʘʦ ʫʚʠʜ ʫ ʧʦʩʪʦʿʘʥʦʩʪ ʘʣʠ ʠ ʩʘʤ ʤʝʭʘʥʠʟʘʤ ʩʪʘʨʝˁʘ ʝʣʘʩʪʦʤʝʨʘ.  

ɿʨʘʯʝˁʘ ʛʫʤʝʥʠʭ ʫʟʦʨʘʢʘ ʩʫ ʦʙʘʚˀʝʥʘ ʫ ʿʝʜʠʥʠʮʠ ʟʘ ʩʪʝʨʠʣʠʟʘʮʠʿʫ ʀʥʩʪʠʪʫʪʘ ʟʘ 

ʥʫʢʣʝʘʨʥʝ ʥʘʫʢʝ ɺʠʥʯʘ ʩʘ ʙʨʟʠʥʦʤ ʦʟʨʘʯʠʚʘˁʘ ʦʜ 10 kGyï1 ʠ ʫʢʫʧʥʦʤ ʘʧʩʦʨʙʦʚʘʥʦʤ 

ʜʦʟʦʤ ʦʜ 100 ʜʦ 600 kGy ʫ ʘʪʤʦʩʬʝʨʠ ʚʘʟʜʫʭʘ. ɱʝʜʠʥʠʮʘ ʟʘ ʟʨʘʯʝˁʝ ʀʥʩʪʠʪʫʪʘ ɺʠʥʯʘ 

ʩʘʜʨʞʠ ʿʝʟʛʨʦ Cʦ60 ʛʘʤʘ ʠʨʘʜʠʿʘʪʦʨʘ ʩʘ ʚʣʘʞʥʠʤ ʩʢʣʘʜʠʰʪʝʤ ʢʦʿʠ ʨʘʜʠ ʫ ʰʘʨʞʥʦʤ 

ʤʦʜʫ (Cɽɸ, ʌʨʘʥʮʫʩʢʘ). ɼʦʟʘ ʟʨʘʯʝˁʘ ʦʜ 600 kGy ʢʦʿʦʿ ʩʫ ʫʟʦʨʮʠ ʙʠʣʠ ʠʟʣʦʞʝʥʠ ʤʦʞʝ 

ʩʝ ʩʤʘʪʨʘʪʠ ʨʝʣʘʪʠʚʥʦ ʚʝʣʠʢʦʤ ʜʦʟʦʤ ʢʦʿʘ ʚʠʰʝʩʪʨʫʢʦ ʧʨʝʤʘʰʫʿʝ ʜʦʟʝ ʟʘ ʨʘʟʛʨʘʜˁʫ 

ʨʘʜʠʿʘʮʠʿʩʢʠ ʨʘʟʛʨʘʜʠʚʠʭ ʧʦʣʠʤʝʨʘ ʠ ʪʘʢʦʹʝ ʿʝ ʠʟʥʘʜ ʪʠʧʠʯʥʠʭ ʜʦʟʘ ʢʦʿʝ ʩʝ ʢʦʨʠʩʪʝ ʫ 

ʧʨʘʢʩʠ ʟʘ ʤʦʜʠʬʠʢʘʮʠʿʫ ʟʨʘʯʝˁʘ ʧʦʣʠʤʝʨʘ ʠ ʧʨʦʠʟʚʦʜʘ ʥʘ ʙʘʟʠ ʧʦʣʠʤʝʨʘ.  

ʅʘʢʦʥ ʩʪʘʨʝˁʘ ʩʝ ʠʩʧʠʪʫʿʝ: ʧʨʦʤʝʥʘ ʪʚʨʜʦ˂ʝ, ʧʨʝʢʠʜʥʝ ʯʚʨʩʪʦ˂ʝ ʠ ʧʨʝʢʠʜʥʦʛ 

ʠʟʜʫʞʝˁʘ ʫʟʦʨʘʢʘ ʛʫʤʝ.  

  

3.10. ʀʥʬʨʘʮʨʚʝʥʘ ʩʧʝʢʪʨʦʩʢʦʧʠʿʘ  
 

ʍʝʤʠʿʩʢʘ ʩʪʨʫʢʪʫʨʘ ʫʤʨʝʞʝʥʠʭ ʛʫʤʘ ʘʥʘʣʠʟʠʨʘʥʘ ʿʝ ʥʘ ʘʧʘʨʘʪʫ Nicolet 380 FT-IR 

ʩʘ ɸʊR ʥʘʩʪʘʚʢʦʤ. ʇʨʠʤʝˁʝʥʘ ʤʝʪʦʜʘ ʩʝ ʟʘʩʥʠʚʘ ʥʘ ʩʧʦʩʦʙʥʦʩʪʠ ʬʫʥʢʮʠʦʥʘʣʥʠʭ 

ʛʨʫʧʘ ʤʘʢʨʦʤʦʣʝʢʫʣʘ ʪʿ. ʧʦʣʠʤʝʨʘ ʜʘ ʦʩʮʠʣʫʿʫ ʠ ʜʘ ʩʝ ʪʝ ʦʩʮʠʣʘʮʠʿʝ ʧʦʢʣʘʧʘʿʫ ʩʘ 

ʠʥʬʨʘʮʨʚʨʥʦʤ ʩʚʝʪʣʦʰ˂ʫ ʦʜ 2 ʜʦ 16 ɛm. ɸʧʩʦʨʧʮʠʿʘ ʬʦʪʦʥʘ ʦʜʨʝʹʝʥʠʭ ʪʘʣʘʩʥʠʭ 

ʜʫʞʠʥʘ ʧʨʦʠʟʚʦʜʠ ʦʩʮʠʣʘʮʠʿʝ ʢʚʘʥʪʥʠʭ ʧʨʝʣʘʟʘ ʫʥʫʪʘʨ ʤʘʢʨʦʤʦʣʝʢʫʣʘ, ʧʨʠ ʯʝʤʫ ʩʝ 

ʜʦʙʠʿʘ ʠʥʬʨʘʮʨʚʝʥʠ ʩʧʝʢʪʘʨ ʢʘʨʘʢʪʝʨʠʩʪʠʯʘʥ ʟʘ ʩʚʘʢʫ ʩʪʨʫʢʪʫʨʫ ʧʦʩʤʘʪʨʘʥʦʛ 

ʤʘʢʨʦʤʦʣʝʢʫʣʘ, ʪʿ. ʟʘ ʩʚʘʢʫ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʫ ʬʫʥʢʮʠʦʥʘʣʥʫ ʛʨʫʧʫ. ʉʚʘʢʘ 

ʬʫʥʢʮʠʦʥʘʣʥʘ ʛʨʫʧʘ ʤʘʢʨʦʤʦʣʝʢʫʣʘ ʘʧʩʦʨʙʫʿʝ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʫ ʘʣʠ ʨʘʟʣʠʯʠʪʫ 

ʝʥʝʨʛʠʿʫ ʟʨʘʯʝˁʘ, ʟʘʚʠʩʥʦ ʦʜ ʦʩʦʙʝʥʦʩʪʠ ʧʦʩʤʘʪʨʘʥʝ ʛʨʫʧʝ, ʠ ʩʢʦʨʦ ʿʝ ʥʝʟʘʚʠʩʥʘ ʦʜ 

ʦʩʪʘʣʦʛ ʜʝʣʘ ʤʘʢʨʦʤʦʣʝʢʫʣʘ. IR ʩʧʝʢʪʘʨ ʜʘʿʝ ʙʨʟʝ ʠ ʿʝʜʥʦʩʪʘʚʥʝ ʠʥʬʦʨʤʘʮʠʿʝ ʦ ʚʨʩʪʠ 
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ʩʝʛʤʝʥʘʪʘ ʫ ʧʦʣʠʤʝʨʠʤʘ, ʦ ʧʨʦʩʪʦʨʥʦʿ ʨʘʩʧʦʜʝʣʠ ʤʦʥʦʤʝʨʥʠʭ ʿʝʜʠʥʠʮʘ ʫ ʢʦʧʦʣʠʤʝʨʫ, 

ʦ ʢʦʥʬʠʛʫʨʘʮʠʿʠ ʤʦʣʝʢʫʣʘ, ʦʧʪʠʯʢʦʿ ʠ ʩʪʨʫʢʪʫʨʥʦʿ ʠʟʦʤʝʨʠʿʠ, ʨʘʟʛʨʘʥʘʪʦʩʪʠ ʧʦʣʠʤʝʨʘ 

ʠʪʜ. ʀʥʬʨʘʮʨʚʝʥʘ ʩʧʝʢʪʨʦʩʢʦʧʠʿʘ ʩʘ ɸʊR (ʝʥʛ. ɸttenuatel Total Reflectance) ʥʘʩʪʘʚʢʦʤ 

ʿʝ ʤʝʪʦʜʘ ʢʦʿʘ ʿʝ ʧʦ ʧʨʠʤʝʥˀʠʚʦʩʪʠ ʫ ʧʦʨʘʩʪʫ ʥʘʨʦʯʠʪʦ ʟʘ ʯʚʨʩʪʝ ʫʟʦʨʢʝ ʝʣʘʩʪʦʤʝʨʘ. 

ʉʧʝʢʪʨʦʩʢʦʧʠʿʘ ʠʥʪʝʨʥʝ ʨʝʬʣʝʢʩʠʿʝ ʿʝ ʜʦʩʪʘ ʢʦʨʠʰ˂ʝʥʘ IR ʪʝʭʥʠʢʘ ʫ ʢʦʿʦʿ 

ʠʥʬʨʘʮʨʚʝʥʠ ʟʨʘʮʠ ʧʨʦʣʘʟʝ ʢʨʦʟ ʢʨʠʩʪʘʣ ʢʦʿʠ ʿʝ ʧʨʦʧʫʩʪˀʠʚ ʟʘ IR ʟʨʘʢʝ ʩʘ ʚʝʣʠʢʠʤ 

ʠʥʜʝʢʩʦʤ ʨʝʬʨʘʢʮʠʿʝ, ʜʦʟʚʦˀʘʚʘʿʫ˂ʠ ʨʝʬʣʝʢʩʠʿʫ ʟʨʘʢʘ ʿʝʜʥʦʤ ʠʣʠ ʚʠʰʝ ʧʫʪʘ. ʇʨʠ 

ʩʥʠʤʘˁʫ ʠʥʬʨʘʮʨʚʝʥʦʛ ʩʧʝʢʪʨʘ ɸʊR ʪʝʭʥʠʢʦʤ ʫʟʦʨʘʢ ʩʝ ʧʦʩʪʘʚˀʘ ʚʝʨʪʠʢʘʣʥʦ ʫ 

ʦʜʥʦʩʫ ʥʘ ʢʨʠʩʪʘʣ ʰʪʦ ʦʤʦʛʫ˂ʘʚʘ ʧʦʩʪʠʟʘˁʝ ʫʥʠʬʦʨʤʥʦʩʪʠ ʧʨʠ ʢʦʥʪʘʢʪʫ ʫʟʦʨʢʘ ʩʘ 

ʧʦʚʨʰʠʥʦʤ ʢʨʠʩʪʘʣʘ. 

ʌʫʨʠʿʝʦʚʘ ʪʨʘʥʩʬʦʨʤʘʮʠʿʘ ʧʨʝʜʩʪʘʚˀʘ ʤʘʪʝʤʘʪʠʯʢʫ ʦʧʝʨʘʮʠʿʫ, ʢʦʿʘ ʢʘʜʘ ʩʝ 

ʧʨʠʤʝʥʠ ʥʘ ʠʥʪʝʨʬʝʨʦʛʨʘʤ (ʧʦʤʦ˂ʫ ʨʘʯʫʥʘʨʘ) ʜʠʨʝʢʪʥʦ ʜʘʿʝ ʠʥʪʝʥʟʠʪʝʪ ʟʨʘʯʝˁʘ 

ʧʨʦʧʫʰʪʝʥʦʛ ʢʨʦʟ ʫʟʦʨʘʢ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʬʨʝʢʚʝʥʮʠʿʝ I(ɜ), ʰʪʦ ʦʜʛʦʚʘʨʘ IR ʩʧʝʢʪʨʫ 

ʩʥʠʤˀʝʥʦʤ ʥʘ ʿʝʜʥʦʟʨʘʯʥʦʤ ʠʥʩʪʨʫʤʝʥʪʫ. ɼʘ ʙʠ ʩʝ ʜʦʙʠʣʘ ʟʘʚʠʩʥʦʩʪ ʪʨʘʥʩʤʠʪʘʥʮʝ 

(T[%]=I/I0 x 100), ʦʜ ʬʨʝʢʚʝʥʮʠʿʝ, ʢʦʿʫ ʜʠʨʝʢʪʥʦ ʜʘʿʫ ʢʣʘʩʠʯʥʠ ʜʚʦʟʨʘʯʥʠ ʠʥʩʪʨʫʤʝʥʪʠ, 

ʬʫʥʢʮʠʿʘ I(ɜ) ʩʝ ʜʝʣʠ ʩʘ ʨʝʬʝʨʝʥʪʥʦʤ ʬʫʥʢʮʠʿʦʤ I0(ɜ), ʩʤʘˁʝʥʦʤ ʧʦʜ ʠʩʪʠʤ ʫʩʣʦʚʠʤʘ 

ʢʘʦ ʠ I(ɜ), ʩʘʤʦ ʙʝʟ ʫʟʦʨʢʘ. ʇʨʦʤʝʥʘ ʠʥʪʝʥʟʠʪʝʪʘ ʤʦʥʦʭʨʦʤʘʪʩʢʦʛ ʠʥʪʝʨʬʝʨʠʩʘʥʦʛ 

ʟʨʘʯʝˁʘ ʩʘ ʚʝʣʠʯʠʥʦʤ X (ʧʦʤʝʨʘˁʝ) ʿʝ ʠʥʪʝʨʬʝʨʦʛʨʘʤ. 

ʇʨʝʜʥʦʩʪʠ FT-IR ʠʥʩʪʨʫʤʝʥʘʪʘ ʥʘʜ ʢʣʘʩʠʯʥʠʤ ʩʫ: 

¶ ʟʥʘʪʥʦ ʙʨʞʝ ʩʥʠʤʘˁʝ ʩʧʝʢʪʨʘ, 

¶ ʚʝ˂ʘ ʦʩʝʪˀʠʚʦʩʪ, 

¶ ʤʦʛʫ˂ʥʦʩʪ ʧʦʥʘʚˀʘˁʘ ʠʥʪʝʨʬʝʨʦʛʨʘʤʘ, 

¶ ʤʦʛʫ˂ʥʦʩʪ ʧʦʨʝʹʝˁʘ ʩʥʠʤˀʝʥʠʭ ʩʧʝʢʪʘʨʘ ʩʘ ʩʧʝʢʪʨʠʤʘ ʫ ʤʝʤʦʨʠʿʠ 

ʨʘʯʫʥʘʨʘ, 

¶ FT-IR ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠ ʟʘʭʚʘʪʘʿʫ ʟʥʘʪʥʦ ʰʠʨʠ ʩʧʝʢʪʨʘʣʥʠ ʦʧʩʝʛ. 

 

3.11. ʇʨʦʫʯʘʚʘˁʝ ʤʦʨʬʦʣʦʛʠʿʝ Sɽʄ ʤʝʪʦʜʦʤ 

 

ʉʢʝʥʠʨʘʿʫ˂ʘ ʝʣʝʢʪʨʦʥʩʢʘ ʤʠʢʨʦʩʢʦʧʠʿʘ ʿʝ ʢʦʨʠʰ˂ʝʥʘ ʟʘ ʠʩʧʠʪʠʚʘˁʝ ʤʦʨʬʦʣʦʛʠʿʝ 

ʫʟʦʨʘʢʘ ʛʫʤʝ ʦʿʘʯʘʥʝ ʨʘʟʣʠʯʠʪʠʤ ʧʫʥʠʣʠʤʘ, ʜʠʩʧʝʨʟʠʿʝ ʧʫʥʠʣʘ ʫ ʛʫʤʠ, ʥʘ ʨʘʟʣʠʯʠʪʠʤ 

ʩʢʘʣʘʤʘ ʫʚʝ˂ʘˁʘ. ʇʨʠʥʮʠʧ ʨʘʜʘ Sɽʄ ʤʠʢʨʦʩʢʦʧʘ ʩʝ ʩʘʩʪʦʿʠ ʫ ʙʦʤʙʘʨʜʦʚʘˁʫ ʫʟʦʨʢʘ 

ʝʣʝʢʪʨʦʥʠʤʘ ʚʠʩʦʢʝ ʝʥʝʨʛʠʿʝ, ʧʨʠ ʯʝʤʫ ʜʦʣʘʟʠ ʜʦ ʠʟʙʘʮʠʚʘˁʘ ʩʝʢʫʥʜʘʨʥʠʭ ʝʣʝʢʪʨʦʥʘ, 
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ʢʦʿʠ ʧʨʦʠʟʚʦʜʝ ʩʣʠʢʫ ʥʘ ʤʦʥʠʪʦʨʫ.  

ʋʟʦʨʮʠ ʛʫʤʝ ʜʠʤʝʥʟʠʿʘ ʧʨʠʙʣʠʞʥʦ 7x10x2,5 mm ʩʫ ʧʦʪʦʧˀʝʥʠ ʫ ʪʝʯʥʠ ʘʟʦʪ, ʘ 

ʟʘʪʠʤ ʣʦʤˀʝʥʠ ʫʜʘʨʦʤ. ʆʚʘʢʦ ʧʨʠʧʨʝʤˀʝʥʠ ʫʟʦʨʮʠ ʩʫ ʧʦʪʦʤ ʥʘʧʘʨʘʚʘʥʠ ʧʘʨʘʤʘ ʟʣʘʪʘ 

ʠ ʘʥʘʣʠʟʠʨʘʥʠ ʥʘ ʩʢʝʥʠʨʘʿʫ˂ʝʤ ʝʣʝʢʪʨʦʥʩʢʦʤ ʤʠʢʨʦʩʢʦʧʫ JOEL, ɱSʄ-G 460 ʧʨʠ 25ʢV, 

ʫʟ ʫʚʝ˂ʘˁʘ ʦʜ 500x.  

 

3.12. ʊʝʨʤʦʛʨʘʚʠʤʝʪʨʠʿʩʢʘ ʘʥʘʣʠʟʘ 

 

ʊʝʨʤʦʛʨʘʚʠʤʝʪʨʠʿʩʢʘ ʘʥʘʣʠʟʘ (TGA) ʿʝ ʤʝʪʦʜʘ ʧʨʘ˂ʝˁʘ ʧʨʦʤʝʥʘ ʤʘʩʝ ʫʟʦʨʢʘ ʫ 

ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʚʨʝʤʝʥʘ ʠʣʠ ʪʝʤʧʝʨʘʪʫʨʝ ʫ ʪʦʢʫ ˁʝʛʦʚʦʛ ʛʨʝʿʘˁʘ ʠʣʠ ʭʣʘʹʝˁʘ ʟʘʜʘʪʦʤ 

ʙʨʟʠʥʦʤ. ʄʝʨʝˁʝ ʩʝ ʠʟʚʦʜʠ ʧʦʤʦ˂ʫ ʪʝʨʤʦʚʘʛʝ. ɿʘ ʧʨʘ˂ʝˁʝ ʪʝʨʤʠʯʢʝ ʜʝʛʨʘʜʘʮʠʿʝ  

ʤʘʪʝʨʠʿʘʣʘ ʢʦʨʠʰ˂ʝʥ ʿʝ ʠʥʩʪʨʫʤʝʥʪ Setaram Setsis Evolution 1750 (ʌʨʘʥʮʫʩʢʘ) ʫ 

ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʦʧʩʝʛʫ ʦʜ 30 ʜʦ 700ÁC. ɹʨʟʠʥʘ ʟʘʛʨʝʚʘˁʘ ʿʝ ʙʠʣʘ 20ÁC/min, ʘ ʤʝʨʝˁʝ ʿʝ 

ʠʟʚʝʜʝʥʦ ʫ ʘʪʤʦʩʬʝʨʠ ʘʨʛʦʥʘ, ʩʘ ʧʨʦʪʦʢʦʤ ʛʘʩʘ ʦʜ 20 cm3 min-1.   
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4. ʈɽɿʋʃʊɸʊʀ ʀ ɼʀʉʂʋʉʀɱɸ 

4.1. ʀʩʧʠʪʠʚʘˁʝ ʠ ʦʧʪʠʤʠʟʘʮʠʿʘ ʦʜʥʦʩʘ NR/BR/SBR ʢʘʫʯʫʢʘ 

 

 ʄʝʰʘˁʝ ʧʦʣʠʤʝʨʘ ʿʝ ʿʝʜʥʘ ʦʜ ʥʘʿʝʬʠʢʘʩʥʠʿʠʭ ʤʝʪʦʜʘ ʟʘ ʨʘʟʚʦʿ ʥʦʚʠʭ ʤʘʪʝʨʠʿʘʣʘ 

[133], ʩʘ ʟʥʘʯʘʿʥʦʤ ʫʣʦʛʦʤ ʫ ʠʥʜʫʩʪʨʠʿʠ ʫʩʣʝʜ ʤʦʛʫ˂ʥʦʩʪʠ ʩʤʘˁʝˁʘ ʪʨʦʰʢʦʚʘ ʠ 

ʫʥʘʧʨʝʹʝˁʘ ʧʨʦʠʟʚʦʜʥʠʭ ʧʨʦʮʝʩʘ [134]. ʎʠˀ ʿʝ ʜʦʙʠʿʘˁʝ ʩʤʝʰʘ ʢʦʿʝ ʠʩʧʫˁʘʚʘʿʫ 

ʩʧʝʮʠʬʠʯʥʝ ʟʘʭʪʝʚʝ ʧʝʨʬʦʨʤʘʥʩʠ, ʥʝʜʦʩʪʠʞʥʝ ʧʦʿʝʜʠʥʘʯʥʠʤ ʧʦʣʠʤʝʨʠʤʘ [135]. 

ʂʦʤʙʠʥʘʮʠʿʘ ʨʘʟʣʠʯʠʪʠʭ ʢʘʫʯʫʢʘ ʧʦʙʦˀʰʘʚʘ ʬʠʟʠʯʢʘ ʩʚʦʿʩʪʚʘ ʫʤʨʝʞʝʥʦʛ ʧʨʦʠʟʚʦʜʘ 

[136], ʘ ʢʦʥʘʯʥʘ ʩʚʦʿʩʪʚʘ ʤʦʛʫ ʩʝ ʢʦʥʪʨʦʣʠʩʘʪʠ ʧʨʝʢʦ ʤʦʨʬʦʣʦʛʠʿʝ, ʩʘʩʪʘʚʘ ʠ ʫʩʣʦʚʘ 

ʫʤʨʝʞʘʚʘˁʘ [137]. 

 ʇʨʦʮʝʩ ʫʤʨʝʞʘʚʘˁʘ ʩʝ ʟʘʩʥʠʚʘ ʥʘ ʭʝʤʠʿʩʢʦʿ ʨʝʘʢʮʠʿʠ ʧʦʚʝʟʠʚʘˁʘ 

ʤʘʢʨʦʤʦʣʝʢʫʣʘ ʢʘʫʯʫʢʘ, ʭʝʤʠʿʩʢʠʤ ʚʝʟʘʤʘ. ʆʚʘ ʨʝʘʢʮʠʿʘ ʩʝ ʦʜʚʠʿʘ ʫ ʧʨʠʩʫʩʪʚʫ 

ʨʘʟʣʠʯʠʪʠʭ ʜʦʜʘʪʘʢʘ (ʧʫʥʠʣʘ, ʦʤʝʢʰʠʚʘʯʘ, ʘʢʪʠʚʘʪʦʨʘ, ʫʤʨʝʞʠʚʘʯʘ, ʫʙʨʟʠʚʘʯʘ ʠ 

ʫʩʧʦʨʠʚʘʯʘ) ʢʦʿʠ ʧʦʪʧʦʤʘʞʫ ʬʦʨʤʠʨʘˁʝ ʤʨʝʞʝ. ʋʤʨʝʞʘʚʘˁʝ ʤʘʢʨʦʤʦʣʝʢʫʣʘ ʢʘʫʯʫʢʘ 

ʿʝ ʪʦʧʦʣʦʰʢʠ ʢʨʠʪʠʯʘʥ ʬʝʥʦʤʝʥ, ʛʜʝ ʩʝ ʣʠʥʝʘʨʥʠ ʣʘʥʮʠ ʪʨʘʥʩʬʦʨʤʠʰʫ ʫ 

ʪʨʦʜʠʤʝʥʟʠʦʥʘʣʥʫ ʤʨʝʞʫ ʤʘʢʨʦʤʦʣʝʢʫʣʘ.  

 ʇʨʠ ʧʨʦʿʝʢʪʦʚʘˁʫ ʝʣʘʩʪʦʤʝʨʥʠʭ ʤʘʪʝʨʠʿʘʣʘ, ʧʦʪʨʝʙʥʦ ʿʝ ʦʜʘʙʨʘʪʠ ʦʜʛʦʚʘʨʘʿʫ˂ʫ 

ʢʦʤʙʠʥʘʮʠʿʫ ʧʨʝʢʫʨʩʦʨʘ ʤʨʝʞʝ, ʠʤʘʿʫ˂ʠ ʫ ʚʠʜʫ ʠ ʩʪʨʫʢʪʫʨʥʝ ʠ ʪʝʭʥʦʣʦʰʢʝ ʘʩʧʝʢʪʝ. 

ʇʦʩʝʙʥʦ ʿʝ ʚʘʞʥʦ ʩʘʛʣʝʜʘʪʠ ʩʚʦʿʩʪʚʘ ʝʣʘʩʪʦʤʝʨʥʠʭ ʥʘʥʦ-ʢʦʤʧʦʟʠʪʘ ʫ ʢʦʥʪʝʢʩʪʫ 

ʥʘʜʤʦʣʝʢʫʣʩʢʝ ʩʪʨʫʢʪʫʨʝ, ʢʦʿʘ ʦʙʫʭʚʘʪʘ ʩʚʝ ʧʨʝʢʫʨʩʦʨʝ ʤʨʝʞʘ, ʘʛʨʝʛʘʪʝ ʯʘʹʠ (100ï

300 nm), ʢʘʦ ʠ ʧʫʥʠʣʘ ʥʘ ʙʘʟʠ ʨʝʮʠʢʣʠʨʘʥʝ ʛʫʤʝ ʠ ʛʫʤʝʥʦʛ ʧʨʘʭʘ ʢʦʨʠʰ˂ʝʥʝ ʫ ʦʚʦʿ 

ʜʠʩʝʨʪʘʮʠʿʠ.  

 ɼʦʙʠʿʝʥʠ ʤʘʪʝʨʠʿʘʣʠ ʩʫ ʠʩʧʠʪʠʚʘʥʠ ʫ ʧʦʛʣʝʜʫ ʩʚʦʿʩʪʘʚʘ ʨʝʣʝʚʘʥʪʥʠʭ ʟʘ 

ʩʧʝʮʠʬʠʯʥʝ ʫʩʣʦʚʝ ʝʢʩʧʣʦʘʪʘʮʠʿʝ, ʫʢˀʫʯʫʿʫ˂ʠ ʤʝʭʘʥʠʯʢʫ ʩʪʘʙʠʣʥʦʩʪ ʠ ʦʪʧʦʨʥʦʩʪ ʥʘ 

ʩʪʘʨʝˁʝ. ʆʧʪʠʤʠʟʘʮʠʿʘ ʩʘʩʪʘʚʘ ʩʠʩʪʝʤʘ ʩʘ ʥʘʥʦ-ʧʫʥʠʣʠʤʘ ʟʘʭʪʝʚʘ ʨʘʟʤʘʪʨʘˁʝ 

ʩʧʦʩʦʙʥʦʩʪʠ ʤʝʰʘˁʘ ʢʦʤʧʦʥʝʥʪʠ, ʝʬʠʢʘʩʥʦʛ ʫʤʨʝʞʘʚʘˁʘ ʠ ʣʘʢʦ˂ʝ ʚʘʹʝˁʘ ʧʨʦʠʟʚʦʜʘ 

ʠʟ ʢʘʣʫʧʘ ʫ ʨʝʘʣʥʠʤ ʠʥʜʫʩʪʨʠʿʩʢʠʤ ʫʩʣʦʚʠʤʘ. ʇʦʩʝʙʥʘ ʧʘʞˁʘ ʧʦʩʚʝ˂ʝʥʘ ʿʝ 

ʬʦʨʤʫʣʘʮʠʿʘʤʘ ʟʘ ʧʥʝʫʤʘʪʠʢʝ ʩʘ ʧʫʥʠʣʠʤʘ ʜʦʙʠʿʝʥʠʤ ʠʟ ʨʝʮʠʢʣʠʨʘʥʠʭ ʠʟʚʦʨʘ, ʫʟ 

ʠʩʪʦʚʨʝʤʝʥʦ ʫʚʘʞʘʚʘˁʝ ʝʢʦʣʦʰʢʠʭ ʢʨʠʪʝʨʠʿʫʤʘ ʠ ʧʦʪʨʝʙʝ ʟʘ ʫʰʪʝʜʦʤ ʝʥʝʨʛʠʿʝ. 

 ʇʨʠʧʨʝʤˀʝʥʦ ʿʝ 5 ʫʤʨʝʞʘʚʘʿʫ˂ʠʭ ʩʠʩʪʝʤʘ, ʢʦʿʠ ʩʫ ʩʣʫʞʠʣʠ ʢʘʦ ʨʝʬʝʨʝʥʪʥʠ 
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ʩʠʩʪʝʤʠ, ʩʘ ʚʘʨʠʨʘʥʠʤ ʫʜʝʣʦʤ SBR ʢʘʫʯʫʢʘ (0, 20, 40, 60 ʠ 80 phr), ʜʦʢ ʿʝ ʫʜʝʦ NR ʠ BR 

ʢʘʫʯʫʢʘ ʦʜʨʞʘʚʘʥ ʫ ʩʪʘʣʥʦʤ ʦʜʥʦʩʫ 1:1. ʉʘʜʨʞʘʿ ʧʫʥʠʣʘ ʫ ˁʠʤʘ ʿʝ ʙʠʦ 0 phr. ɼʘ ʙʠ ʩʝ  

ʧʨʦʮʝʥʠʦ ʢʦʿʠ ʩʠʩʪʝʤ ʧʦʢʘʟʫʿʝ ʥʘʿʧʦʚʦˀʥʠʿʝ ʤʝʭʘʥʠʯʢʝ ʦʩʦʙʠʥʝ ʥʘʢʦʥ ʫʤʨʝʞʘʚʘˁʘ, ʫ 

ʩʚʘʢʠ ʦʜ ʧʨʠʧʨʝʤˀʝʥʠʭ ʨʝʬʝʨʝʥʪʥʠʭ ʩʠʩʪʝʤʘ ʜʦʜʘʚʘʥʦ CB ʧʫʥʠʣʦ ʫ ʢʦʣʠʯʠʥʘʤʘ ʦʜ 

20, 40, 60, 80 ʠ 100 phr. ʅʘʢʦʥ ʠʜʝʥʪʠʬʠʢʘʮʠʿʝ ʦʧʪʠʤʘʣʥʦʛ ʩʘʩʪʘʚʘ ʫ ʧʦʛʣʝʜʫ ʫʜʝʣʘ 

ʧʦʿʝʜʠʥʘʯʥʠʭ ʢʘʫʯʫʢʘ ʫ NR/BR/SBR ʩʤʝʰʠ ʠ ʧʫʥʠʣʘ, ʚʨʰʝʥʘ ʿʝ ʜʘˀʘ ʤʦʜʠʬʠʢʘʮʠʿʘ 

ʚʘʨʠʨʘˁʝʤ ʢʦʣʠʯʠʥʝ RR-ʘ ʠ RP-ʘ ʫ CB/RR i CB/RP ʧʫʥʠʣʦ ʫ ʦʜʥʦʩʠʤʘ 55/5, 50/10 ʠ 

40/20 phr. ʇʦʤʦ˂ʫ ʨʝʦʤʝʪʘʨʩʢʠʭ ʢʨʠʚʠʭ ʦʜʨʝʹʝʥ ʿʝ ʧʦʯʝʪʘʢ ʫʤʨʝʞʘʚʘˁʘ ts1, ʦʧʪʠʤʫʤ 

ʫʤʨʝʞʘʚʘˁʘ tc90 ʢʘʦ ʠ ʤʘʢʩʠʤʘʣʥʠ ʠ ʤʠʥʠʤʘʣʥʠ ʪʦʨʟʠʦʥʠ ʤʦʤʝʥʪʠ ((MH ʠ ML) ʟʘ ʩʚʝ 

ʫʟʦʨʢʝ. ʅʘʢʦʥ ʫʤʨʝʞʘʚʘˁʘ, ʩʚʠʤ ʫʟʦʨʮʠʤʘ ʩʫ ʦʜʨʝʹʝʥʘ ʤʝʭʘʥʠʯʢʘ ʩʚʦʿʩʪʚʘ ʧʨʝ ʠ ʧʦʩʣʝ 

ʪʝʨʤʦ-ʦʢʩʠʜʘʪʠʚʥʦʛ (100ʦʉ ʫ ʪʦʢʫ 168 ʩʘʪʠ) ʠ ʨʘʜʠʿʘʮʠʦʥʦʛ ʩʪʘʨʝˁʘ (100-600 kGy, ʩʘ 

ʙʨʟʠʥʦʤ ʜʦʟʝ ʦʜ 10 kGy/h).  

4.1.1. ʀʩʧʠʪʠʚʘˁʝ Mooney ʚʠʩʢʦʟʠʪʝʪʘ NR/BR/SBR ʫʤʨʝʞʘʚʘʿʫ˂ʠʭ ʩʠʩʪʝʤʘ 

 

 ʀʩʧʠʪʠʚʘˁʝ Mooney ʚʠʩʢʦʟʠʪʝʪʘ ʿʝ ʥʘʿʯʝʰ˂ʝ ʢʦʨʠʰ˂ʝʥʘ ʤʝʪʦʜʘ ʢʦʿʘ ʜʠʨʝʢʪʥʦ 

ʦʜʨʘʞʘʚʘ ʩʚʦʿʩʪʚʘ ʦʙʨʘʜʝ ʛʫʤʝʥʝ ʩʤʝʰʝ. ʅʠʟʘʢ Mooney ʚʠʩʢʦʟʠʪʝʪ ʿʝ ʢʦʨʠʩʪʘʥ ʟʘ ʜʦʙʨʫ 

ʜʠʩʧʝʨʟʠʿʫ ʧʫʥʠʣʘ, ʥʠʩʢʫ ʧʦʪʨʦʰˁʫ ʝʥʝʨʛʠʿʝ ʠ ʩʤʘˁʝʥ ʨʠʟʠʢ ʦʜ ʦʰʪʝ˂ʝˁʘ ʦʧʨʝʤʝ. 

ɺʠʩʦʢʝ ʚʨʝʜʥʦʩʪʠ ʟʘ Mooney ʚʠʩʢʦʟʠʪʝʪ ʫʢʘʟʫʿʫ ʥʘ ʪʦ ʜʘ ʿʝ ʪʘʢʚʫ ʛʫʤʫ ʪʝʰʢʦ 

ʦʙʨʘʹʠʚʘʪʠ, ʜʦʢ ʩʘ ʜʨʫʛʝ ʩʪʨʘʥʝ ʘʢʦ ʿʝ ʚʨʝʜʥʦʩʪ ʧʨʝʥʠʩʢʘ ʦʥʜʘ ˂ʝ ʧʨʝʢʠʜʥʘ ʯʚʨʩʪʦ˂ʘ 

ʢʨʘʿˁʝʛ ʧʨʦʠʟʚʦʜʘ ʙʠʪʠ ʥʠʩʢʘ ʧʘ ʛʫʤʘ ʥʝ˂ʝ ʟʘʜʦʚʦˀʠʪʠ ʟʘʜʘʪʝ ʧʝʨʬʦʨʤʘʥʩʝ.  

 ʋ ʪʘʙʝʣʠ 26 ʩʝ ʥʘʣʘʟʝ ʚʨʝʜʥʦʩʪʠ ʟʘ Mooney ʚʠʩʢʦʟʠʪʝʪ ʠʩʧʠʪʠʚʘʥʠʭ 

NR/BR/SBR ʢʦʤʧʦʟʠʪʘ. 

 

ʊʘʙʝʣʘ 26. ɺʨʝʜʥʦʩʪʠ Moonʝy ʚʠʩʢʦʟʠʪʝʪʘ NR/BR/SBR ʫʤʨʝʞʘʚʘʿʫ˂ʠʭ ʩʠʩʪʝʤʘ. 

 

NR/BR/SBR 

(phr) 

CB 

(phr) 

ɺʠʩʢʦʟʠʪʝʪ (ML) 

(ÁM) 

50/50/0 0 29,2 

40/40/20 0 30,9 

30/30//40 0 30,7 

20/20/60 0 27,1 

10/10/80 0 27,4 
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 ʅʘ ʦʩʥʦʚʫ ʚʨʝʜʥʦʩʪʠ Mooney ʚʠʩʢʦʟʥʦʩʪʠ ʠʟ ʪʘʙʝʣʝ 26, ʫʦʯʘʚʘ ʩʝ ʜʘ ʧʦʚʝ˂ʘˁʝ 

ʩʘʜʨʞʘʿʘ SBR ʢʘʫʯʫʢʘ ʫ NR/BR/SBR ʫʤʨʝʞʘʚʘʿʫ˂ʝʤ ʩʠʩʪʝʤʫ ʙʝʟ ʧʨʠʩʫʩʪʚʘ ʧʫʥʠʣʘ 

ʜʦʚʦʜʠ ʜʦ ʧʦʩʪʝʧʝʥʦʛ ʩʤʘˁʝˁʘ ʚʠʩʢʦʟʥʦʩʪʠ. 

 

4.1.2. ʂʘʨʘʢʪʝʨʠʩʪʠʢʝ ʫʤʨʝʞʘʚʘˁʘ .2Ⱦ"2Ⱦ3"2 ʩʤʝʰʘ  

 

 ʋ ʪʘʙʝʣʠ 27 ʜʘʪʝ ʩʫ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʫʤʨʝʞʘʚʘˁʘ NR/BR/SBR ʩʤʝʰʘ. 

 ʅʘ ʦʩʥʦʚʫ ʧʦʜʘʪʘʢʘ ʠʟ ʪʘʙʝʣʝ 27, ʚʠʜʠ ʩʝ ʜʘ ʢʦʜ ʩʠʩʪʝʤʘ ʢʦʜ ʢʦʿʠʭ ʿʝ ʤʝˁʘʥ 

ʩʘʜʨʞʘʿ SBR ʢʘʫʯʫʢʘ ʙʝʟ ʧʨʠʩʫʩʪʚʘ ʧʫʥʠʣʘ ʚʨʝʜʥʦʩʪʠ ʟʘ ML ʠ MH ʦʧʘʜʘʿʫ ʘ ʚʨʝʜʥʦʩʪʠ 

ʟʘ ts1 ʠ tC90 ʨʘʩʪʫ. ɺʨʝʜʥʦʩʪʠ ʟʘ CRI ʦʧʘʜʘʿʫ ʩʘ ʧʦʚʝ˂ʘˁʝʤ ʩʘʜʨʞʘʿʘ SBR ʢʘʫʯʫʢʘ ʫ 

NR/BR ʫʤʨʝʞʘʚʘʿʫ˂ʝʤ ʩʠʩʪʝʤʫ.  

 

ʊʘʙʝʣʘ 27. ʂʘʨʘʢʪʝʨʠʩʪʠʢʝ ʧʨʦʮʝʩʘ ʫʤʨʝʞʘʚʘˁʘ NR/BR/SBR ʩʤʝʘh ʢʘʫʯʫʢʘ. 

 

NR/BR/SBR 

(phr) 

CB 

(phr) 

ML 

(dNm) 

MH 

(dNm) 

ts1 

(min) 

tC90 

(min) 

CRI 

(min-1) 

50/50/0 0 0,73 8,45 8,13 13,01 20,49 

40/40/20 0 0,74 7,71 11,24 17,74 15,38 

30/30//40 0 0,68 6,99 12,85 20,45 13,16 

20/20/60 0 0,56 6,36 14,30 22,99 11,51 

10/10/80 0 0,49 5,79 15,91 25,88 10,03 

 

4.1.3. ʄʝʭʘʥʠʯʢʘ ʩʚʦʿʩʪʚʘ NR/BR/SBR ʩʤʝʘh  
 

ʄʝʭʘʥʠʯʢʘ ʩʚʦʿʩʪʚʘ NR/BR/SBR ʩʤʝʘh ʢʘʫʯʫʢʘ ʜʘʪʝ ʩʫ ʫ ʪʘʙʝʣʠ 28. 

 

ʊʘʙʝʣʘ 28. ʄʝʭʘʥʠʯʢʘ ʩʚʦʿʩʪʚʘ ʫʤʨʝʞʝʥʠʭ ʤʘʪʝʨʠʿʘʣʘ ʥʘ ʦʩʥʦʚʫ NR/BR/SBR ʩʤʝʘh 

ʢʘʫʯʫʢʘ. 

       

NR/BR/SBR 

(phr) 

CB 

(phr) 

ʄʦʜʫʣ  

100%  

(ʄPa) 

ʄʦʜʫʣ  

300% 

(MPa) 

ʇʨʝʢʠʜʥʘ 

ʯʚʨʩʪʦ˂ʘ 

(MPa) 

ʇʨʝʢʠʜʥʦ 

ʠʟʜʫʞʝˁʝ 

(%) 

ʊʚʨʜʦ˂ʘ 

(ShÁA) 

ɻʫʩʪʠʥʘ 

(g/cm3) 

Abrazija 

(mm3) 

50/50/0 0 0,77 1,54 4,14 581,20 36 0,95 213 

40/40/20 0 0,95 2,17 1,99 261,00 36 0,95 274 

30/30//40 0 0,78 - 1,73 264,80 35 0,96 378 

20/20/60 0 0,72 1,64 1,57 270,13 35 0,96 422 

10/10/80 0 0,67 - 1,36 236,80 33 0,97 551 
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 ʅʘ ʦʩʥʦʚʫ ʨʝʟʫʣʪʘʪʘ ʠʟ ʪʘʙʝʣʝ 28 ʩʝ ʤʦʞʝ ʚʠʜʝʪʠ ʜʘ ʩʘ ʜʦʜʘʪʢʦʤ SBR ʢʘʫʯʫʢʘ ʫ 

NR/BR ʩʤʝʰʫ ʧʨʝʢʠʜʥʘ ʯʚʨʩʪʦ˂ʘ ʦʧʘʜʘ. ʄʦʜʫʣ ʝʣʘʩʪʠʯʥʦʩʪʠ ʧʨʠ 100 % ʠ 300 % 

ʠʟʜʫʞʝˁʘ ʫ ʧʦʯʝʪʢʫ ʨʘʩʪʝ ʩʘ ʧʦʚʝ˂ʘˁʝʤ ʩʘʜʨʞʘʿʘ SBR ʢʘʫʯʫʢʘ, ʧʨʠ ʯʝʤʫ ʥʘʿʚʠʰʝ 

ʚʨʝʜʥʦʩʪʠ ʧʦʢʘʟʫʿʝ ʩʤʝʰʘ NR/BR/SBR ʩʘ 20 phr SBR. ɼʘˀʝ ʧʦʚʝ˂ʘˁʝ ʫʜʝʣʘ SBR-ʘ 

ʜʦʚʦʜʠ ʜʦ ʦʧʘʜʘˁʘ ʤʦʜʫʣʘ. ɺʨʝʜʥʦʩʪʠ ʧʨʝʢʠʜʥʦʛ ʠʟʜʫʞʝˁʘ ʪʘʢʦʹʝ ʨʘʩʪʫ ʩʘ ʜʦʜʘʪʢʦʤ 

SBR-ʘ, ʘʣʠ ʦʩʪʘʿʫ ʧʨʠʙʣʠʞʥʦ ʜʚʦʩʪʨʫʢʦ ʥʠʞʝ ʫ ʦʜʥʦʩʫ ʥʘ ʚʨʝʜʥʦʩʪ ʢʦʿʫ ʧʦʩʪʠʞʝ 

ʙʠʥʘʨʥʘ ʩʤʝʰʘ NR/BR. ʊʚʨʜʦ˂ʘ ʿʝ ʢʦʜ ʩʚʠʭ ʫʟʦʨʘʢʘ ʛʦʪʦʚʦ ʠʩʪʘ ʦʩʠʤ ʢʦʜ ʫʟʦʨʢʘ ʢʦʿʠ 

ʩʘʜʨʞʠ 80 phr SBR ʢʘʫʯʫʢʘ. ɸʙʨʘʟʠʿʘ ʩʘ ʜʦʜʘʪʢʦʤ SBR ʢʘʫʯʫʢʘ ʨʘʧʠʜʥʦ ʨʘʩʪʝ ʫ ʦʜʥʦʩʫ 

ʥʘ ʫʟʦʨʘʢ ʢʦʿʠ ʥʝ ʩʘʜʨʞʠ SBR ʢʘʫʯʫʢ. ʅʘ ʦʩʥʦʚʫ ʘʥʘʣʠʟʝ ʤʝʭʘʥʠʯʢʠʭ ʩʚʦʿʩʪʘʚʘ, ʢʘʦ 

ʥʘʿʦʧʪʠʤʘʣʥʠʿʠ ʩʝ ʠʟʜʚʘʿʘ NR/BR/SBR ʢʦʤʧʦʟʠʪ ʩʘ ʦʜʥʦʩʦʤ ʢʘʫʯʫʢʘ 40/40/20 phr, ʿʝʨ 

ˁʝʛʦʚʘ ʤʝʭʘʥʠʯʢʘ ʩʚʦʿʩʪʚʘ ʧʦʢʘʟʫʿʫ ʥʘʿʚʝ˂ʫ ʩʣʠʯʥʦʩʪ ʩʘ ʚʨʝʜʥʦʩʪʠʤʘ ʨʝʬʝʨʝʥʪʥʦʛ 

NR/BR ʩʠʩʪʝʤʘ 
 

4.1.4. ʊʝʨʤʦ-ʦʢʩʠʜʘʪʠʚʥʦ ʩʪʘʨʝˁʝ .2Ⱦ"2Ⱦ3"2 ̙̒̍̆́   
 

ʂʦʜ ʝʣʘʩʪʦʤʝʨʘ ʫʤʨʝʞʝʥʠʭ ʩʫʤʧʦʨʦʤ, ʧʨʠ ʫʩʣʦʚʠʤʘ ʧʦʚʠʰʝʥʝ ʪʝʤʧʝʨʘʪʫʨʝ 

ʜʦʣʘʟʠ ʜʦ ʢʦʥʚʝʨʟʠʿʝ ʧʦʣʠʩʫʣʬʠʜʥʠʭ ʚʝʟʘ ʫ ʤʦʥʦʩʫʣʬʠʜʥʝ. ʈʝʘʢʮʠʿʘ ʿʝ ʧʨʘ˂ʝʥʘ 

ʠʟʜʚʘʿʘˁʝʤ ʥʠʩʢʦʤʦʣʝʢʫʣʩʢʠʭ ʛʨʫʧʘ ʢʘʦ ʰʪʦ ʩʫ ʚʦʜʦʥʠʢ-ʩʫʣʬʠʜ, ʩʫʤʧʦʨ-ʜʠʦʢʩʠʜ ʠ 

ʫʛˀʝʥ-ʜʠʩʫʣʬʠʜ, ʰʪʦ ʿʝ ʧʨʠʢʘʟʘʥʦ ʥʘ ʩʣʠʮʠ 39.  

 

ʉʣʠʢʘ 39. ʄʝʭʘʥʠʟʘʤ ʜʝʛʨʘʜʘʮʠʿʝ ʩʫʤʧʦʨʦʤ ʫʤʨʝʞʝʥʠʭ ʤʘʢʨʦʤʦʣʝʢʫʣʘ. 
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ʄʦʥʦʩʫʣʬʠʜʥʝ ʚʝʟʝ ʩʝ ʧʦʜ ʫʪʠʮʘʿʝʤ ʤʝʭʘʥʠʯʢʦʛ ʥʘʧʨʝʟʘˁʘ ʨʘʩʢʠʜʘʿʫ, ʥʘʢʦʥ 

ʯʝʛʘ ʨʝʘʛʫʿʫ ʩʘ ʩʫʩʝʜʥʠʤ ʚʦʜʦʥʠʢʦʚʠʤ ʘʪʦʤʠʤʘ, ʬʦʨʤʠʨʘʿʫ˂ʠ ʩʪʘʙʠʣʥʝ 

ʬʫʥʢʮʠʦʥʘʣʥʝ ʛʨʫʧʝ. ʆʚʝ ʩʪʨʫʢʪʫʨʥʝ ʧʨʦʤʝʥʝ ʤʦʛʫ ʩʝ ʝʚʠʜʝʥʪʠʨʘʪʠ ʤʝʨʝˁʝʤ 

ʬʠʟʠʯʢʦ-ʤʝʭʘʥʠʯʢʠʭ ʩʚʦʿʩʪʘʚʘ ʠʣʠ ʚʠʟʫʝʣʥʦʤ ʢʦʥʪʨʦʣʦʤ ʛʦʪʦʚʠʭ ʧʨʦʠʟʚʦʜʘ. ʇʦʨʝʜ 

ʦʰʪʝ˂ʝˁʘ ʫʩʣʝʜ ʪʝʨʤʠʯʢʝ ʠ ʭʝʤʠʿʩʢʝ ʜʝʛʨʘʜʘʮʠʿʝ ʧʦʣʠʤʝʨʥʝ ʤʨʝʞʝ, ʪʦʢʦʤ 

ʝʢʩʧʣʦʘʪʘʮʠʿʝ ʤʦʛʫ ʥʘʩʪʘʪʠ ʠ ʤʝʭʘʥʠʯʢʘ ʦʰʪʝ˂ʝˁʘ, ʰʪʦ ʜʦʜʘʪʥʦ ʫʪʠʯʝ ʥʘ 

ʧʝʨʬʦʨʤʘʥʩʝ ʠ ʧʦʫʟʜʘʥʦʩʪ ʝʣʘʩʪʦʤʝʨʥʠʭ ʢʦʤʧʦʥʝʥʪʠ. 

 ʋ ʧʨʦʮʝʩʫ ʩʪʘʨʝˁʘ ʝʣʘʩʪʦʤʝʨʘ ʿʘʚˀʘʿʫ ʩʝ ʜʚʘ ʧʘʨʘʣʝʣʥʘ ʧʨʦʮʝʩʘ. ʇʨʚʠ ʿʝ ʯʠʩʪʦ 

ʪʝʨʤʠʯʢʘ ʨʘʟʛʨʘʜˁʘ, ʢʦʿʘ ʜʦʚʦʜʠ ʜʦ ʦʧʘʜʘˁʘ ʛʫʩʪʠʥʝ ʫʤʨʝʞʝʥʦʩʪʠ ʫʩʣʝʜ ʮʝʧʘˁʘ 

ʤʘʢʨʦʤʦʣʝʢʫʣʩʢʠʭ ʚʝʟʘ. ɼʨʫʛʠ ʿʝ ʪʝʨʤʦ-ʦʢʩʠʜʘʮʠʦʥʘ ʨʘʟʛʨʘʜˁʘ, ʧʨʠ ʢʦʿʦʿ ʦʢʩʠʜʘʮʠʿʘ 

ʣʘʥʘʮʘ ʤʘʢʨʦʤʦʣʝʢʫʣʘ ʙʠʚʘ ʥʘʜʤʘʰʝʥʘ ʥʘʢʥʘʜʥʠʤ ʧʨʦʮʝʩʠʤʘ ʫʤʨʝʞʘʚʘˁʘ, ʰʪʦ 

ʨʝʟʫʣʪʠʨʘ ʧʦʨʘʩʪʦʤ ʧʨʝʢʠʜʥʝ ʯʚʨʩʪʦ˂ʝ ʠ ʪʚʨʜʦ˂ʝ ʤʘʪʝʨʠʿʘʣʘ. ʋʪʚʨʹʝʥʦ ʿʝ ʜʘ 

ʫʤʨʝʞʘʚʘˁʝ ʫ ʦʚʦʤ ʢʦʥʪʝʢʩʪʫ ʥʘʩʪʘʿʝ ʭʝʤʠʿʩʢʠʤ ʨʝʘʢʮʠʿʘʤʘ ʢʦʿʝ ʚʦʜʝ ʜʦ ʧʦʧʨʝʯʥʦʛ 

ʧʦʚʝʟʠʚʘˁʘ ʩʫʩʝʜʥʠʭ ʤʘʢʨʦʤʦʣʝʢʫʣʘ. ʆʚʝ ʨʝʘʢʮʠʿʝ ʩʝ ʦʜʚʠʿʘʿʫ ʠʟʤʝʹʫ ʩʣʦʙʦʜʥʠʭ 

ʨʘʜʠʢʘʣʘ - ʥʘʩʪʘʿʫ ʫʩʣʝʜ ʣʘʥʯʘʥʦʛ ʮʝʧʘˁʘ ʠ ʦʜʚʘʿʘˁʘ ʚʦʜʦʥʠʢʦʚʠʭ ʘʪʦʤʘ, ʠʣʠ ʧʫʪʝʤ 

ʠʥʪʝʨʘʢʮʠʿʝ ʩʘ ʢʠʩʝʦʥʠʢʦʤ ʠ ʦʟʦʥʦʤ. ʅʘʿʨʝʘʢʪʠʚʥʠʿʘ ʤʝʩʪʘ ʟʘ ʥʘʧʘʜ ʢʠʩʝʦʥʠʢʘ ʢʦʜ 

ʟʘʩʠ˂ʝʥʠʭ ʢʘʫʯʫʢʘ ʩʫ ʪʝʨʮʠʿʘʨʥʠ ʚʦʜʦʥʠʢʦʚʠ ʘʪʦʤʠ, ʜʦʢ ʩʫ ʢʦʜ ʥʝʟʘʩʠ˂ʝʥʠʭ ʢʘʫʯʫʢʘ ʪʦ 

ʤʝʪʠʣʝʥʩʢʝ ʛʨʫʧʝ ʫ Ŭ-ʧʦʣʦʞʘʿʫ ʫ ʦʜʥʦʩʫ ʥʘ ʜʚʦʩʪʨʫʢʫ ʚʝʟʫ. 

ʋ ʪʘʙʝʣʠ 29 ʜʘʪʝ ʩʫ ʚʨʝʜʥʦʩʪʠ ʤʝʭʘʥʠʯʢʠʭ ʦʩʦʙʠʥʘ ʠʩʧʠʪʠʚʘʥʠʭ ʩʤʝʰʘ ʥʘʢʦʥ 

ʪʝʨʤʦ-ʦʢʩʠʜʘʪʠʚʥʦʛ ʩʪʘʨʝˁʘ ʥʘ 100ÁC ʥʘʢʦʥ 168h.  

 

ʊʘʙʝʣʘ 29. ʄʝʭʘʥʠʯʢʘ ʩʚʦʿʩʪʚʘ NR/BR/SBR ʩʤʝʘh ʢʘʫʯʫʢʘ ʥʘʢʦʥ ʩʪʘʨʝˁʘ ʥʘ 

100ÁC ʧʦʩʣʝ 168h. 

 

NR/BR/SBR 

(phr) 

CB 

(phr) 

ʇʨʝʢʠʜʥʘ 

ʯʚʨʩʪʦ˂ʘ 

(MPa) 

ʇʨʝʢʠʜʥʦ 

ʠʟʜʫʞʝˁʝ 

(%) 

ʊʚʨʜʦ˂ʘ 

(ShÁA) 

Abrazija 

(mm3) 

50/50/0 0 1,26 102,27 41 377 

40/40/20 0 1,11 84,67 40 320 

30/30//40 0 1,20 100,53 40 333 

20/20/60 0 1,25 109,87 40 277 

10/10/80 0 1,33 133,33 40 422 
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 ʅʘʢʦʥ ʩʪʘʨʝˁʘ, ʚʨʝʜʥʦʩʪʠ ʟʘ ʧʨʝʢʠʜʥʫ ʯʚʨʩʪʦ˂ʫ ʠ ʧʨʝʢʠʜʥʦ ʠʟʜʫʞʝˁʝ ʦʧʘʜʘʿʫ 

ʫ ʦʜʥʦʩʫ ʥʘ ʫʟʦʨʢʝ ʢʦʿʠ ʥʠʩʫ ʧʦʜʚʨʛʥʫʪʠ ʩʪʘʨʝˁʫ ʜʦʢ ʪʚʨʜʦ˂ʘ ʨʘʩʪʝ. ɸʙʨʘʟʠʿʘ ʿʝ ʚʝ˂ʘ 

ʢʦʜ NR/BR/SBR ʢʦʤʧʦʟʠʪʝ ʛʜʝ ʿʝ ʦʜʥʦʩ ʧʦʿʝʜʠʥʘʯʥʠʭ ʢʘʫʯʫʢʘ ʙʠʦ 50/50/0 ʠ 40/40/20 

phr ʜʦʢ ʿʝ ʢʦʜ ʦʩʪʘʣʠʭ ʠʩʧʠʪʠʚʘʥʠʭ ʢʦʤʧʦʟʠʪʘ  ʤʘˁʘ  ʫ ʦʜʥʦʩʫ ʥʘ ʢʦʤʧʦʟʠʪʝ ʢʦʿʠ ʥʠʩʫ 

ʙʠʣʠ ʧʦʜʚʨʛʥʫʪʠ ʩʪʘʨʝˁʫ. 

4.1.4. ʈʘʜʠʿʘʮʠʦʥʦ ʩʪʘʨʝˁʝ .2Ⱦ"2Ⱦ3"2 ̙̒̍̆́   
 

 ɺʠʩʦʢʦʝʥʝʨʛʝʪʩʢʘ ʟʨʘʯʝˁʘ ʜʦʚʦʜʝ ʜʦ ʧʨʦʮʝʩʘ ʿ ʦʥʠʟʘʮʠʿʝ ʠ ʝʢʩʮʠʪʘʮʠʿʝ ʫ 

ʤʦʣʝʢʫʣʠʤʘ ʧʦʣʠʤʝʨʘ. ʌʦʨʤʠʨʘʥʝ ʚʨʩʪʝ ʙʦʛʘʪʝ ʝʥʝʨʛʠʿʦʤ ʤʦʛʫ ʜʘ ʫʯʝʩʪʚʫʿʫ ʫ 

ʨʝʘʢʮʠʿʘʤʘ ʜʠʩʦʮʠʿʘʮʠʿʝ, ʘʧʩʪʨʘʢʮʠʿʝ ʠ ʘʜʠʮʠʿʝ, ʢʦʿʝ ʜʦʚʦʜʝ ʜʦ ʭʝʤʠʿʩʢʠʭ ʧʨʦʤʝʥʘ ʫ 

ʧʨʘʚʮʫ ʩʪʘʙʠʣʥʦʩʪʠ. ɿʨʘʯʝˁʝ ʥʦʨʤʘʣʥʦ ʫʪʠʯʝ ʥʘ ʧʦʣʠʤʝʨʝ ʥʘ ʜʚʘ ʦʩʥʦʚʥʘ ʥʘʯʠʥʘ, ʦʙʘ 

ʥʘʩʪʘʿʫ ʝʢʩʮʠʪʘʮʠʿʦʤ ʠʣʠ ʿʦʥʠʟʘʮʠʿʦʤ ʘʪʦʤʘ. ɼʚʘ ʢʦʥʢʫʨʝʥʪʥʘ ʤʝʭʘʥʠʟʤʘ ʿʘʚˀʘʿʫ ʩʝ 

ʧʨʠ ʠʟʣʘʛʘˁʫ ʧʦʣʠʤʝʨʥʠʭ ʤʘʪʝʨʠʿʘʣʘ ʿʦʥʠʟʫʿʫ˂ʝʤ ʟʨʘʯʝˁʫ: ʮʝʧʘˁʝ ʣʘʥʘʮʘ ʠ ʫʥʘʢʨʩʥʦ 

ʧʦʚʝʟʠʚʘˁʝ ʤʦʣʝʢʫʣʘ. ʎʝʧʘˁʝ ʧʦʜʨʘʟʫʤʝʚʘ ʥʘʩʫʤʠʯʥʦ ʢʠʜʘˁʝ ʢʦʚʘʣʝʥʪʥʠʭ ʚʝʟʘ ʜʫʞ 

ʤʘʢʨʦʤʦʣʝʢʫʣʩʢʦʛ ʣʘʥʮʘ, ʰʪʦ ʜʦʚʦʜʠ ʜʦ ʩʤʘˁʝˁʘ ʤʦʣʝʢʫʣʩʢʝ ʤʘʩʝ ʧʦʣʠʤʝʨʘ, ʤʦʛʫ˂ʝʛ 

ʦʩʣʦʙʘʹʘˁʘ ʛʘʩʦʚʠʪʠʭ ʧʨʦʜʫʢʘʪʘ ʥʠʩʢʝ ʤʦʣʝʢʫʣʩʢʝ ʤʘʩʝ ʠ ʬʦʨʤʠʨʘˁʘ ʥʝʟʘʩʠ˂ʝʥʠʭ 

ʚʝʟʘ. ʅʘʩʫʧʨʦʪ ʪʦʤʝ, ʫʥʘʢʨʩʥʦ ʧʦʚʝʟʠʚʘˁʝ ʜʦʚʦʜʠ ʜʦ ʬʦʨʤʠʨʘˁʘ ʪʨʦʜʠʤʝʥʟʠʦʥʘʣʥʝ 

ʤʨʝʞʝ, ʰʪʦ ʦʙʠʯʥʦ ʨʝʟʫʣʪʠʨʘ ʧʦʚʝ˂ʘˁʝʤ ʧʨʝʢʠʜʥʝ ʯʚʨʩʪʦ˂ʝ, ʘʣʠ ʠ ʩʤʘˁʝˁʝʤ 

ʠʟʜʫʞʝˁʘ ʠ ʧʦʚʝ˂ʘʥʦʤ ʢʨʪʦʰ˂ʫ ʧʦʣʠʤʝʨʘ ʩʘ ʧʦʨʘʩʪʦʤ ʜʦʟʝ ʟʨʘʯʝˁʘ. 

SBR ʢʘʫʯʫʢ ʿʝ ʧʦʟʥʘʪ ʢʘʦ ʧʦʣʠʤʝʨ ʢʦʿʠ ʩʝ ʤʦʞʝ ʫʤʨʝʞʠʪʠ ʧʨʠ ʟʨʘʯʝˁʫ ʠ ʫ ʩʚʦʤ 

ʩʠʨʦʚʦʤ ʦʙʣʠʢʫ ʧʨʝʜʩʪʘʚˀʘ ʘʤʦʨʬʥʠ ʠ ʭʦʤʦʛʝʥʠ ʧʦʣʠʤʝʨʥʠ ʤʘʪʝʨʠʿʘʣ. ʊʝʨʮʠʿʘʨʥʦ 

ʩʫʧʩʪʠʪʫʠʩʘʥʠ ʘʪʦʤ ʫʛˀʝʥʠʢʘ ʫ ʛʣʘʚʥʦʤ ʣʘʥʮʫ ʤʘʢʨʦʤʦʣʝʢʫʣʘ ʧʨʝʜʩʪʘʚˀʘ 

ʥʘʿʦʩʿʝʪˀʠʚʠʿʠ ʘʪʦʤ ʫʛˀʝʥʠʢʘ ʠ ʧʨʠ ʟʨʘʯʝˁʫ ʜʦʣʘʟʠ ʜʦ ʨʘʩʢʠʜʘˁʘ ʦʚʝ ʚʝʟʝ, ʰʪʦ ʜʦʚʦʜʠ 

ʜʦ ʬʦʨʤʠʨʘˁʘ ʘʪʦʤʘ ʚʦʜʦʥʠʢʘ ʠ ʨʘʜʠʢʘʣʘ ʙʝʥʟʠʣʥʦʛ ʪʠʧʘ [138]: 

 

 ʌʦʨʤʠʨʘʥʠ ʙʝʥʟʠʣ ʨʘʜʠʢʘʣ, ʥʘʩʪʘʦ ʨʘʩʢʠʜʘˁʝʤ C-H ʚʝʟʝ ʫ ʙʣʠʟʠʥʠ ʬʝʥʠʣ 

ʧʨʩʪʝʥʘ ʩʪʠʨʝʥʩʢʝ ʿʝʜʠʥʠʮʝ, ʧʦʜʣʝʞʝ ʨʝʟʦʥʘʥʪʥʦʿ ʩʪʘʙʠʣʠʟʘʮʠʿʠ ʜʝʣʦʢʘʣʠʟʘʮʠʿʦʤ 
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ʥʝʩʧʘʨʝʥʦʛ ʝʣʝʢʪʨʦʥʘ ʧʦ ʘʨʦʤʘʪʠʯʥʦʤ ʩʠʩʪʝʤʫ. ʊʘ ʩʪʘʙʠʣʠʟʘʮʠʿʘ ʟʥʘʯʘʿʥʦ ʫʤʘˁʫʿʝ 

ʨʝʘʢʪʠʚʥʦʩʪ ʨʘʜʠʢʘʣʘ, ʘʣʠ ʠʩʪʦʚʨʝʤʝʥʦ ʧʨʦʜʫʞʘʚʘ ˁʝʛʦʚ ʧʦʣʫʞʠʚʦʪ, ʰʪʦ ʧʦʚʝ˂ʘʚʘ 

ʚʝʨʦʚʘʪʥʦ˂ʫ ˁʝʛʦʚʦʛ ʫʯʝʰ˂ʘ ʫ ʢʦʥʪʨʦʣʠʩʘʥʠʤ ʨʝʘʢʮʠʿʘʤʘ ʫʥʘʢʨʩʥʦʛ ʧʦʚʝʟʠʚʘˁʘ. ʇʨʠ 

ʩʫʜʘʨʫ ʩʘ ʜʨʫʛʠʤ ʨʘʜʠʢʘʣʠʤʘ ʠʣʠ ʨʝʘʢʪʠʚʥʠʤ ʮʝʥʪʨʠʤʘ ʫ ʧʦʣʠʤʝʨʥʦʿ ʤʘʪʨʠʮʠ, ʙʝʥʟʠʣ 

ʨʘʜʠʢʘʣ ʤʦʞʝ ʬʦʨʤʠʨʘʪʠ ʩʪʘʙʠʣʥʝ ʢʦʚʘʣʝʥʪʥʝ ʚʝʟʝ - ʧʦʧʨʝʯʥʝ ʚʝʟʝ - ʠʟʤʝʹʫ 

ʤʘʢʨʦʤʦʣʝʢʫʣʘ [139]. 

 ʆʚʘʿ ʝʬʝʢʘʪ ʩʪʘʙʠʣʠʟʘʮʠʿʝ ʠʤʘ ʧʨʘʢʪʠʯʥʝ ʧʦʩʣʝʜʠʮʝ ʥʘ ʤʝʭʘʥʠʯʢʘ ʩʚʦʿʩʪʚʘ 

ʟʨʘʯʝˁʝʤ ʦʙʨʘʹʝʥʠʭ ʤʘʪʝʨʠʿʘʣʘ. ʅʘʠʤʝ, ʫʦʯʝʥʘ ʨʝʣʘʪʠʚʥʘ ʢʦʥʩʪʘʥʪʥʦʩʪ ʧʨʝʢʠʜʥʝ 

ʯʚʨʩʪʦ˂ʝ ʫ ʠʥʪʝʨʚʘʣʫ ʜʦʟʝ ʦʜ 100 ʜʦ 300kGy ʧʨʠʧʠʩʫʿʝ ʩʝ ʫʧʨʘʚʦ ʜʝʣʦʚʘˁʫ ʨʝʟʦʥʘʥʪʥʝ 

ʩʪʘʙʠʣʠʟʘʮʠʿʝ ʠ ʟʘʰʪʠʪʥʦʿ ʫʣʦʟʠ ʬʝʥʠʣ ʛʨʫʧʘ, ʢʦʿʝ ʘʧʩʦʨʙʫʿʫ ʝʥʝʨʛʠʿʫ ʟʨʘʯʝˁʘ ʠ 

ʩʤʘˁʫʿʫ ʫʯʝʩʪʘʣʦʩʪ ʥʝʢʦʥʪʨʦʣʠʩʘʥʦʛ ʮʝʧʘˁʘ ʣʘʥʘʮʘ. ʊʘʢʦ ʩʪʠʨʝʥʩʢʝ ʿʝʜʠʥʠʮʝ ʜʝʣʫʿʫ 

ʢʘʦ ʫʥʫʪʨʘʰˁʠ ʩʪʘʙʠʣʠʟʘʪʦʨʠ, ʜʦʧʨʠʥʦʩʝ˂ʠ ʦʯʫʚʘˁʫ ʠʥʪʝʛʨʠʪʝʪʘ ʧʦʣʠʤʝʨʥʝ ʤʨʝʞʝ 

ʧʨʠ ʧʦʨʘʩʪʫ ʜʦʟʝ ʟʨʘʯʝˁʘ. 

 ʇʨʠʨʦʜʥʘ ʛʫʤʘ ʩʝ ʫʙʨʘʿʘ ʫ ʛʨʫʧʫ ʧʦʣʠʤʝʨʘ ʧʦʜʣʦʞʥʠʭ ʨʘʜʠʿʘʮʠʦʥʦʤ 

ʫʤʨʝʞʘʚʘˁʫ, ʧʨʝ ʩʚʝʛʘ ʟʙʦʛ ʧʨʠʩʫʩʪʚʘ ʨʝʘʢʪʠʚʥʠʭ ʜʚʦʩʪʨʫʢʠʭ ʚʝʟʘ ʫ ˁʝʥʠʤ ʦʩʥʦʚʥʠʤ 

cis-1,4-ʧʦʣʠʠʟʦʧʨʝʥ ʿʝʜʠʥʠʮʘʤʘ. ʆʚʝ ʜʚʦʩʪʨʫʢʝ ʚʝʟʝ ʦʤʦʛʫ˂ʘʚʘʿʫ ʥʘʩʪʘʥʘʢ ʩʣʦʙʦʜʥʠʭ 

ʨʘʜʠʢʘʣʘ ʧʦʜ ʜʝʿʩʪʚʦʤ ʿʦʥʠʟʫʿʫ˂ʝʛ ʟʨʘʯʝˁʘ, ʰʪʦ ʧʦʢʨʝ˂ʝ ʤʝʭʘʥʠʟʘʤ ʫʥʘʢʨʩʥʦʛ 

ʧʦʚʝʟʠʚʘˁʘ ʤʘʢʨʦʤʦʣʝʢʫʣʘ. ʂʘʦ ʨʝʟʫʣʪʘʪ, ʧʨʠʨʦʜʥʘ ʛʫʤʘ ʧʨʦʣʘʟʠ ʢʨʦʟ ʪʨʘʥʩʬʦʨʤʘʮʠʿʫ 

ʠʟ ʪʝʨʤʦʧʣʘʩʪʠʯʥʝ ʫ ʪʝʨʤʦʩʝʪʩʢʫ ʬʦʨʤʫ, ʜʦʙʠʿʘʿʫ˂ʠ ʧʦʙʦˀʰʘʥʫ ʪʝʨʤʠʯʢʫ ʩʪʘʙʠʣʥʦʩʪ, 

ʦʪʧʦʨʥʦʩʪ ʥʘ ʭʘʙʘˁʝ ʠ ʩʤʘˁʝʥʫ ʨʘʩʪʚʦʨˀʠʚʦʩʪ ʫ ʦʨʛʘʥʩʢʠʤ ʨʘʩʪʚʘʨʘʯʠʤʘ. 

 ɹʫʜʫ˂ʠ ʜʘ ʨʘʜʠʿʘʮʠʦʥʘ ʦʪʧʦʨʥʦʩʪ ʧʨʝʜʩʪʘʚˀʘ ʩʧʦʩʦʙʥʦʩʪ ʧʦʣʠʤʝʨʘ ʜʘ ʥʘʢʦʥ 

ʠʟʣʘʛʘˁʘ g-ʟʨʘʯʝˁ ʫ ʟʘʜʨʞʠ ʩʚʦʿʘ ʧʦʯʝʪʥʘ ʭʝʤʠʿʩʢʘ ʠ ʬʠʟʠʯʢʘ ʩʚʦʿʩʪʚʘ, 

ʤʘʢʨʦʩʪʨʫʢʪʫʨʫ ʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʫ, ʪʿ. ʜʘ ʥʝ ʜʦʹʝ ʜʦ ʫʤʨʝʞʘʚʘˁʘ ʠ/ʠʣʠ ʜʝʛʨʘʜʘʮʠʿʝ, 

ʦʥʜʘ ʩʝ ʥʘ ʦʩʥʦʚʫ ʧʦʜʘʪʘʢʘ ʠʟ ʪʘʙʝʣʝ 30, ʤʦʞʝ ʚʠʜʝʪʠ ʜʘ ʩʫ ʚʨʝʜʥʦʩʪʠ ʟʘ ʧʨʝʢʠʜʥʫ 

ʯʚʨʩʪʦ˂ʫ ʫ ʦʜʥʦʩʫ ʥʘ ʥʝʦʟʨʘʯʝʥʝ ʫʟʦʨʢʝ (ʪʘʙʝʣʘ 28) ʚʨʣʦ ʩʣʠʯʥʝ ʢʘʜʘ ʩʫ ʠʩʧʠʪʠʚʘʥʠ 

ʤʘʪʝʨʠʿʘʣʠ ʠʟʣʦʞʝʥʠ ʜʦʟʠ ʟʨʘʯʝˁʘ ʦʜ 200 kGy.  ʀʩʪʦ ʚʘʞʠ ʠ ʟʘ ʚʨʝʜʥʦʩʪʠ ʟʘ ʧʨʝʢʠʜʥʦ 

ʠʟʜʫʞʝˁʝ. ʅʘʨʘʚʥʦ, ʪʚʨʜʦ˂ʘ ʥʘʢʦʥ ʟʨʘʯʝˁʘ ʨʘʩʪʝ ʠ ʚʨʝʜʥʦʩʪʠ ʩʝ ʥʝ ʤʝˁʘʿʫ ʟʥʘʯʘʿʥʦ ʩʘ 

ʜʦʟʦʤ ʟʨʘʯʝˁʘ. 
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ʊʘʙʝʣʘ 30. ʄʝʭʘʥʠʯʢʘ ʩʚʦʿʩʪʚʘ NR/BR/SBR ʩʤʝʰʝ ʢʘʫʯʫʢʘ ʥʘʢʦʥ g-ʟʨʘʯʝˁʘ. 

ɼʦʟʘ ʟʨʘʯʝˁʘ 

 100 kGy 200 kGy 

NR/BR/SBR 

(phr) 

 

CB  

(phr) 

ʄʦʜʫʣ 

100% 

(MPa) 

ʄʦʜʫʣ 

300% 

(MPa) 

ʇʨʝʢʠʜʥʘ 

ʯʚʨʩʪʦ˂ʘ 

(MPa) 

ʇʨʝʢʠʜʥʦ 

ʠʟʜʫʞʝˁʝ 

(%) 

ʊʚʨʜʦ˂ʘ 

(ShÁA) 

ʄʦʜʫʣ 

100% 

(MPa) 

ʄʦʜʫʣ 

300% 

(MPa) 

ʇʨʝʢʠʜʥʘ 

ʯʚʨʩʪʦ˂ʘ 

(MPa) 

ʇʨʝʢʠʜʥʦ 

ʠʟʜʫʞʝˁʝ 

(%) 

ʊʚʨʜʦ˂ʘ 

(ShÁA) 

50/50/0 0 0,78 1,64 1,87 347,20 40 0,79 1,60 2,06 377,20 40 

40/40/20 0 0,88 0.00 2,08 249,80 41 0,90 0,00 1,76 244,20 41 

30/30/40 0 0,95 0.00 1,92 237,20 40 0,88 0,00 1,72 217,20 41 

20/20/60 0 0,89 0.00 1,85 221,00 40 0,86 0,00 1,62 203,00 40 

10/10/80 0 0,66 1,71 1,75 303,40 36 0,68 0,00 1,59 267,00 36 

  300 kGy 400 kGy 

NR/BR/SBR 

(phr) 

 

CB 

(phr) 

ʄʦʜʫʣ 

100% 

(MPa) 

ʄʦʜʫʣ 

300% 

(MPa) 

ʇʨʝʢʠʜʥʘ 

ʯʚʨʩʪʦ˂ʘ 

(MPa) 

ʇʨʝʢʠʜʥʦ 

ʠʟʜʫʞʝˁʝ 

(%) 

ʊʚʨʜʦ˂ʘ 

(ShÁA) 

ʄʦʜʫʣ 

100% 

(MPa) 

ʄʦʜʫʣ 

300% 

(MPa) 

ʇʨʝʢʠʜʥʘ 

ʯʚʨʩʪʦ˂ʘ 

(MPa) 

ʇʨʝʢʠʜʥʦ 

ʠʟʜʫʞʝˁʝ 

(%) 

ʊʚʨʜʦ˂ʘ 

(ShÁA) 

50/50/0 0 0,82 1,82 1,86 308,20 41 0,80 1,88 1,92 300,60 41 

40/40/20 0 0,88 2,17 2,08 287,60 41 0,82 0,00 1,48 218,80 41 

30/30/40 0 0,87 0,00 2,05 270,00 41 0,90 0,00 1,58 196,00 42 

20/20/60 0 0,78 0,00 1,66 221,80 41 0,84 0,00 1,56 206,60 42 

10/10/80 0 0,82 0,00 1,58 211,00 40 0,85 0,00 1,77 223,40 40 

 500 kGy 600 kGy 

NR/BR/SBR 

(phr) 

 

CB 

(phr) 

ʄʦʜʫʣ 

100% 

(MPa) 

ʄʦʜʫʣ 

300% 

(MPa) 

ʇʨʝʢʠʜʥʘ 

ʯʚʨʩʪʦ˂ʘ 

(MPa) 

ʇʨʝʢʠʜʥʦ 

ʠʟʜʫʞʝˁʝ 

(%) 

ʊʚʨʜʦ˂ʘ 

(ShÁA) 

ʄʦʜʫʣ 

100% 

(MPa) 

ʄʦʜʫʣ 

300% 

(MPa) 

ʇʨʝʢʠʜʥʘ 

ʯʚʨʩʪʦ˂ʘ 

(MPa) 

ʇʨʝʢʠʜʥʦ 

ʠʟʜʫʞʝˁʝ 

(%) 

ʊʚʨʜʦ˂ʘ 

(ShÁA) 

50/50/0 0 0,82 1,78 2.10 341,60 41 0,88 0,00 1,61 234,20 42 

40/40/20 0 0,86 0,00 1.92 208,80 42 0,88 0,00 1,50 195,60 43 

30/30/40 0 0,86 0,00 1.88 243,60 43 0,96 0,00 1,55 174,20 43 

20/20/60 0 0,87 0,00 1.82 239,40 43 0,84 0,00 1,69 209,60 43 

10/10/80 0 0,76 0,00 1.68 267,20 41 0,80 0,00 1,47 220,80 42 
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4.2. ʀʩʧʠʪʠʚʘˁʝ ʠ ʦʧʪʠʤʠʟʘʮʠʿʘ NR/BR/SBR/CB ʢʦʤʧʦʟʠʪʘ 

 ʉ ʦʙʟʠʨʦʤ ʜʘ ʩʝ ʢʘʦ ʥʘʿʦʧʪʠʤʘʣʥʠʿʠ ʦʜʥʦʩ ʢʘʫʯʫʢʘ ʫ ʩʤʝʰʠ ʙʝʟ ʧʫʥʠʣʘ ʧʦʢʘʟʘʦ 

ʤʘʪʝʨʠʿʘʣ ʢʦʜ ʢʦʿʝʛ ʿʝ ʦʜʥʦʩ ʧʦʿʝʜʠʥʘʯʥʠʭ ʢʘʫʯʫʢʘ ʙʠʦ 40/40/20 phr, ʜʘˀʘ ʦʧʪʠʤʠʟʘʮʠʿʘ 

ʩʝ ʩʘʩʪʦʿʘʣʘ ʫ ʪʦʤʝ ʜʘ ʩʝ ʦʜʨʝʜʠ ʢʦʿʠ ʿʝ ʦʧʪʠʤʘʣʘʥ ʦʜʥʦʩ CB ʧʫʥʠʣʘ ʟʘ ʜʘʪʠ ʦʜʥʦʩ 

ʢʘʫʯʫʢʘ. ɿʙʦʛ ʪʦʛʘ ʿʝ ʫ ʪʘʿ ʩʠʩʪʝʤ NR/BR/SBR ʢʘʫʯʫʢʘ ʜʦʜʘʚʘʥʦ CB ʧʫʥʠʣʦ ʫ ʠʟʥʦʩʫ ʦʜ 

20, 40, 60, 80 ʠ 100 phr ʜʘ ʙʠ ʩʝ ʧʨʦʮʝʥʠʣʦ ʢʦʿʠ ʩʠʩʪʝʤ ʿʝ ʥʘʿʦʧʪʠʤʘʣʥʠʿʠ ʧʦʩʣʝ 

ʫʤʨʝʞʘʚʘˁʘ, ʫ ʧʦʛʣʝʜʫ ʤʝʭʘʥʠʯʢʠʭ ʦʩʦʙʠʥʘ, ʧʨʝʢʠʜʥʝ ʯʚʨʩʪʦ˂ʝ ʠ ʘʙʨʘʟʠʿʝ.   

4.2.1. ʀʩʧʠʪʠʚʘˁʝ Mooney ʚʠʩʢʦʟʠʪʝʪʘ NR/BR/SBR/CB ʫʤʨʝʞʘʚʘʿʫ˂ʠʭ ʩʠʩʪʝʤʘ 

 

 ʊʝʩʪʠʨʘˁʝ ʚʠʩʢʦʟʠʪʝʪʘ ʧʦ Mooney-ʿ ʫ ʿʝ ʥʘʿʯʝʰ˂ʝ ʢʦʨʠʰ˂ʝʥʘ ʤʝʪʦʜʘ ʢʦʿʘ 

ʜʠʨʝʢʪʥʦ ʦʜʨʘʞʘʚʘ ʧʨʦʮʝʩʥʝ ʦʩʦʙʠʥʝ ʛʫʤʝʥʝ ʤʝʰʘʚʠʥʝ. ʅʠʟʘʢ Mooney ʚʠʩʢʦʟʠʪʝʪ ʿʝ 

ʢʦʨʠʩʪʘʥ ʟʘ ʜʦʙʨʫ ʜʠʩʧʝʨʟʠʿʫ ʧʫʥʠʣʘ, ʥʠʩʢʫ ʧʦʪʨʦʰˁʫ ʝʥʝʨʛʠʿʝ ʠ ʩʤʘˁʝʥ ʨʠʟʠʢ ʦʜ 

ʦʰʪʝ˂ʝˁʘ ʦʧʨʝʤʝ. 

 ʋ ʪʘʙʝʣʠ 31 ʩʝ ʥʘʣʘʟʝ ʚʨʝʜʥʦʩʪʠ ʟʘ Mooney ʚʠʩʢʦʟʠʪʝʪ ʠʩʧʠʪʠʚʘʥʠʭ 

NR/BR/SBR/CB ʥʘʥʦ-ʢʦʤʧʦʟʠʪʘ. 

 

ʊʘʙʝʣʘ 31. ɺʨʝʜʥʦʩʪʠ Mooney ʚʠʩʢʦʟʠʪʝʪʘ NR/BR/SBR/CB ʫʤʨʝʞʘʚʘʿʫ˂ʠʭ ʩʠʩʪʝʤʘ. 

 

NR/BR/SBR 

(phr) 

CB 

(phr) 

ɺʠʩʢʦʟʠʪʝʪ (ML) 

(ÁM) 

40/40/20 20 35,7 

40/40/20 40 50,9 

40/40/20 60 75,6 

40/40/20 80 104,6 

40/40/20 100 23,0 

 

 ʅʘ ʦʩʥʦʚʫ ʚʨʝʜʥʦʩʪʠ ʟʘ Mooney ʚʠʩʢʦʟʠʪʝʪ, ʠʟ ʪʘʙʝʣʝ 31, ʧʨʠʤʝʪʥʦ ʿʝ ʜʘ ʩʘ 

ʧʦʚʝ˂ʘˁʝʤ ʩʘʜʨʞʘʿʘ CB ʧʫʥʠʣʘ ʫ NR/BR/SBR ʫʤʨʝʞʘʚʘʿʫ˂ʝʤ ʩʠʩʪʝʤʫ ʚʨʝʜʥʦʩʪʠ ʨʘʩʪʫ 

ʜʦ ʫʟʦʨʢʘ ʢʦʿʠ ʩʘʜʨʞʠ 80 phr ʧʫʥʠʣʘ ʘ ʟʘʪʠʤ ʥʘʛʣʦ ʧʘʜʘ.  
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4.2.2. ʂʘʨʘʢʪʝʨʠʩʪʠʢʝ ʫʤʨʝʞʘʚʘˁʘ NR/BR/SBR/CB ʢʦʤʧʦʟʠʪʘ 

 

 ʋ ʪʘʙʝʣʠ 32 ʜʘʪʝ ʩʫ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʫʤʨʝʞʘʚʘˁʘ NR/BR/SBR/CB ʢʦʤʧʦʟʠʪʘ. 

 

ʊʘʙʝʣʘ 32. ʂʘʨʘʢʪʝʨʠʩʪʠʢʝ ʧʨʦʮʝʩʘ ʫʤʨʝʞʘʚʘˁʘ NR/BR/SBR ʢʦʤʧʦʟʠʪʘ. 

 

NR/BR/SBR 

(phr) 

CB 

(phr) 

ML 

(dNm) 

MH 

(dNm) 

ts1 

(min) 

tC90 

(min) 

CRI 

(min-1) 

40/40/20 20 1,05 10,78 7,49 13,07 17,92 

40/40/20 40 1,68 14,86 7,18 13,55 15,70 

40/40/20 60 2,83 19,51 5,77 12,06 15,90 

40/40/20 80 4,78 22,64 3,30 9,06 17,36 

40/40/20 100 9,72 28,68 3,77 12,81 11,06 

 

 ʉʘ ʜʦʜʘʪʢʦʤ ʧʫʥʠʣʘ ʫ ʧʦʣʠʤʝʨʥʫ ʤʘʪʨʠʮʫ ʚʨʝʜʥʦʩʪʠ ʟʘ ML ʠ MH ʨʘʩʪʫ ʜʦʢ 

ʚʨʝʜʥʦʩʪʠ ʟʘ ts1 ʠ tC90 ʦʧʘʜʘʿʫ. ɺʨʝʜʥʦʩʪ ʤʠʥʠʤʘʣʥʦʛ ʦʙʨʪʥʦʛ ʤʦʤʝʥʪʘ ML, ʦʜʥʦʩʥʦ 

ʦʪʧʦʨʘ ʢʦʿʠ ʩʠʩʪʝʤ ʟʘ ʫʤʨʝʞʘʚʘˁʝ ʧʨʫʞʘ ʨʦʪʦʨʫ ʨʝʦʤʝʪʨʘ, ʦʜʨʝʹʫʿʝ ʩʠʛʫʨʥʦʩʪ ʦʙʨʘʜʝ 

ʩʠʩʪʝʤʘ ʟʘ ʫʤʨʝʞʘʚʘˁʝ ʥʘ ʜʘʪʦʿ ʪʝʤʧʝʨʘʪʫʨʠ. ʉʘ ʧʦʚʝ˂ʘˁʝʤ ʩʘʜʨʞʘʿʘ ʧʫʥʠʣʘ, 

ʚʨʝʜʥʦʩʪʠ ʟʘ ML ʩʝ ʧʦʚʝ˂ʘʚʘʿʫ, ʯʠʤʝ ʩʝ ʩʧʨʝʯʘʚʘ ʧʨʝʨʘʥʦ ʫʤʨʝʞʘʚʘˁʝ (Ăʙʝʟʙʝʜʥʦʩʪ 

ʦʙʨʘʜʝñ) ʩʠʩʪʝʤʘ ʜʦʙʠʿʝʥʠʭ ʠʟ ʨʘʟʣʠʯʠʪʠʭ ʤʨʝʞʥʠʭ ʧʨʝʢʫʨʩʦʨʘ.  

 ʇʦʚʝ˂ʘˁʝ ʚʨʝʜʥʦʩʪʠ ʟʘ MH ʢʦʜ ʫʤʨʝʞʘʚʘʿʫ˂ʠʭ ʩʠʩʪʝʤʘ ʥʘ ʙʘʟʠ NR/BR/SBR 

ʩʤʝʰʘ ʦʿʘʯʘʥʠʭ ʥʘʥʦ-ʯʝʩʪʠʮʘʤʘ ʧʫʥʠʣʘ ʩʫ ʨʝʟʫʣʪʘʪ ʩʤʘˁʝʥʝ ʧʦʢʨʝʪˀʠʚʦʩʪʠ 

ʤʘʢʨʦʤʦʣʝʢʫʣʘ ʢʘʫʯʫʢʘ, ʫʩʣʝʜ ʿʘʢʠʭ ʠʥʪʝʨʘʢʮʠʿʘ ʬʫʥʢʮʠʦʥʘʣʥʠʭ ʛʨʫʧʘ ʠʟ 

ʤʘʢʨʦʤʦʣʝʢʫʣʘ ʩʘ ʬʫʥʢʮʠʦʥʘʣʥʠʤ ʛʨʫʧʘʤʘ ʢʦʿʝ ʩʝ ʥʘʣʘʟʝ ʥʘ ʧʦʚʨʰʠʥʠ ʧʫʥʠʣʘ. 

ʉʤʘˁʝʥʘ ʧʦʢʨʝʪˀʠʚʦʩʪ ʤʘʢʨʦʤʦʣʝʢʫʣʘ ʫ Ăʢʦʨʠñ ʠʟʤʝʹʫ ʯʝʩʪʠʮʘ ʧʫʥʠʣʘ ʜʦʚʦʜʠ ʜʦ 

ʩʤʘˁʝˁʘ ʨʘʩʪʦʿʘˁʘ ʠʟʤʝʹʫ ʧʨʠ ʯʝʤʫ ʥʘʩʪʘʿʝ Ăʤʨʝʞʘ ʧʫʥʠʣʘñ ʫ ʝʣʘʩʪʦʤʝʨʥʦʿ ʤʘʪʨʠʮʠ. 

ʋ ʚʠʩʦʢʦ ʧʫˁʝʥʠʤ ʩʠʩʪʝʤʠʤʘ, ʣʘʥʮʠ ʯʝʩʪʠʮʘ ʧʫʥʠʣʘ ʩʝ ʧʨʝʢʣʘʧʘʿʫ ʠ ʬʦʨʤʠʨʘʿʫ ʤʨʝʞʝ 

ʧʫʥʠʣʘ, ʢʦʿʝ ʥʘʩʪʘʿʫ ʟʙʦʛ ʜʠʨʝʢʪʥʠʭ ʢʦʥʪʘʢʘʪʘ ʧʫʥʠʣʘ ʠ ʧʨʝʢʣʘʧʘˁʘ ʪʚʨʜʦʛ 

ʘʜʩʦʨʙʦʚʘʥʦʛ ʧʦʣʠʤʝʨʥʦʛ ʦʤʦʪʘʯʘ ʥʘ ʧʫʥʠʣʫ (ʩʣʠʢʘ 40) [140]. CRI ʚʨʝʜʥʦʩʪʠ, ʩʝ 

ʤʝˁʘʿʫ ʩʭʦʜʥʦ ʧʨʦʤʝʥʘʤʘ ʚʨʝʜʥʦʩʪʠ ʟʘ ts1 ʠ tC90, ʯʘʩ ʦʧʘʜʘʿʫ ʯʘʩ ʨʘʩʪʫ.  
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ʉʣʠʢʘ 40. ɼʝʬʠʥʠʮʠʿʘ ʩʪʨʫʢʪʫʨʝ ʧʫʥʠʣʘ. ɸʛʨʝʛʘʪʠ ʩʫ ʦʟʥʘʯʝʥʠ ʩʘ d, ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʘ 

ʜʫʞʠʥʘ ʣʘʥʘʮʘ ʯʝʩʪʠʮʘ ʦʟʥʘʯʝʥʘ ʩʘ L. ɹʝʣʘ ʠ ʩʠʚʘ ʟʦʥʘ ʧʨʝʜʩʪʘʚˀʘʿʫ ʘʜʩʦʨʙʦʚʘʥʝ ʠ 

ʩʣʦʙʦʜʥʝ ʧʦʣʠʤʝʨʝ, ʨʝʩʧʝʢʪʠʚʥʦ [140]. 

 

 ʉʠʩʪʝʤʠ ʩʚʝ ʙʨʞʝ ʫʤʨʝʞʘʚʘʿʫ ʩʘ ʧʦʨʘʩʪʦʤ ʩʘʜʨʞʘʿʘ ʯʘʹʠ ʫ ʧʦʣʠʤʝʨʥʦʿ ʤʘʪʨʠʮʠ. 

ʉʢʨʘ˂ʝˁʘ ʚʨʝʤʝʥʘ ʧʦʯʝʪʢʘ ʫʤʨʝʞʘʚʘˁʘ ʫʢʘʟʫʿʫ ʜʘ ʩʝ ñʧʝʨʠʦʜ ʨʘʟʣʠʚʘˁʘò ʩʤʝʰʝ 

ʩʢʨʘ˂ʫʿʝ. ʊʦ ʩʝ ʤʦʞʝ ʦʙʿʘʩʥʠʪʠ ʪʠʤʝ ʜʘ ʩʘ ʧʦʚʝ˂ʘˁʝʤ ʩʘʜʨʞʘʿʘ ʧʫʥʠʣʘ ʫ NR/BR/SBR 

ʩʤʝʰʘʤʘ ʥʘ ʧʦʚʨʰʠʥʠ ʯʝʩʪʠʮʘ ʧʫʥʠʣʘ ʩʝ ʫ ʚʝ˂ʦʿ ʤʝʨʠ ʥʝ ʘʧʩʦʨʙʫʿʫ ʫʙʨʟʠʚʘʯʠ ʚʝ˂ 

ʜʦʣʘʟʠ ʜʦ ʜʝʘʢʪʠʚʘʮʠʿʝ ʘʧʩʦʨʧʮʠʦʥʠʭ ʮʝʥʪʘʨʘ ʫʩʣʝʜ ʯʝʛʘ ʩʝ ʩʤʘˁʫʿʫ ʚʨʝʜʥʦʩʪʠ ʟʘ ts1 

[141].  

4.2.3. ʄʝʭʘʥʠʯʢʝ ʩʚʦʿʩʪʚʘ NR/BR/SBR/CB ʢʦʤʧʦʟʠʪʘ 

 

 ʅʘ ʦʩʥʦʚʫ ʨʝʟʫʣʪʘʪʘ ʠʟ ʪʘʙʝʣʝ 33 ʩʝ ʤʦʞʝ ʚʠʜʝʪʠ ʜʘ ʩʘ ʜʦʜʘʪʢʦʤ ʧʫʥʠʣʘ ʫ 

NR/BR/SBR ʩʤʝʰʫ ʤʦʜʫʣʠ 100% ʠ 300% ʢʦʥʩʪʘʥʪʥʦ ʨʘʩʪʫ ʜʦʢ ʧʨʝʢʠʜʥʘ ʯʚʨʩʪʦ˂ʘ 

ʨʘʩʪʝ ʜʦ ʫʟʦʨʢʘ ʢʦʿʠ ʩʘʜʨʞʠ 60 phr ʧʫʥʠʣʘ ʘ ʟʘʪʠʤ ʦʧʘʜʘ.   
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ʊʘʙʝʣʘ 33. ʄʝʭʘʥʠʯʢʘ ʩʚʦʿʩʪʚʘ NR/BR/SBR/CB ʢʦʤʧʦʟʠʪʘ. 

        

NR/BR/SBR 

(phr) 

CB 

(phr) 

ʄʦʜʫʣ  

100%  

(ʄPa) 

ʄʦʜʫʣ  

300% 

(MPa) 

ʇʨʝʢʠʜʥʘ 

ʯʚʨʩʪʦ˂ʘ 

(MPa) 

ʇʨʝʢʠʜʥʦ 

ʠʟʜʫʞʝˁʝ 

(%) 

ʊʚʨʜʦ˂ʘ 

(ShÁA) 

ɻʫʩʪʠʥʘ 

(g/cm3) 

ɸʙʨʘʟʠʿʘ 

(mm3) 

40/40/20 20 1,14 3,50 6,12 421,60 45 1,02 98 

40/40/20 40 1,77 6,43 12,77 454,93 54 1,07 75 

40/40/20 60 2,49 9,74 18,02 495,33 64 1,12 79 

40/40/20 80 3,80 14,24 17,93 380,93 72 1,16 91 

40/40/20 100 4,88 - 14,67 288,00 79 1,19 103 

 

 ʄʝʭʘʥʠʯʢʘ ʩʚʦʿʩʪʚʘ ʢʘʦ ʰʪʦ ʩʫ ʪʚʨʜʦ˂ʘ, ʤʦʜʫʣʠ, ʧʨʝʢʠʜʥʘ ʯʚʨʩʪʦ˂ʘ, ʦʪʧʦʨʥʦʩʪ 

ʥʘ ʭʘʙʘˁʝ ʠʪʜ. ʩʝ ʜʦʜʘʪʢʦʤ ʧʫʥʠʣʘ ʤʝˁʘʿʫ. ɻʝʥʝʨʘʣʥʦ, ʜʦʜʘʚʘˁʝ CB ʫ ʧʦʣʠʤʝʨʥʫ 

ʤʘʪʨʠʮʫ ʜʦʚʦʜʠ ʜʦ ʩʪʚʘʨʘˁʘ ʿʘʢʠʭ ʚʝʟʘ ʠʟʤʝʹʫ ʝʣʘʩʪʦʤʝʨʥʠʭ ʣʘʥʘʮʘ ʠ ʯʝʩʪʠʮʘ ʧʫʥʠʣʘ 

ʟʘ ʦʿʘʯʘʚʘˁʝ. ʅʘ ʤʦʜʫʣʝ ʫʤʨʝʞʝʥʠʭ ʤʘʪʝʨʠʿʘʣʘ ʦʿʘʯʘʥʠʭ CB ʧʫʥʠʣʦʤ ʫʪʠʯʝ ʧʨʠʨʦʜʘ 

ʧʦʣʠʤʝʨʘ, ʭʠʜʨʦʜʠʥʘʤʠʯʢʠ ʝʬʝʢʘʪ CB ʧʫʥʠʣʘ, ʜʦʜʘʪʥʦ ʫʤʨʝʞʘʚʘˁʝ ʫʟʨʦʢʦʚʘʥʦ 

ʠʥʪʝʨʘʢʮʠʿʦʤ ʠ ʚʝʟʠʚʘˁʝʤ ʧʫʥʠʣʦ-ʝʣʘʩʪʦʤʝʨ, ʢʘʦ ʠ ʠʥʪʝʨʘʢʮʠʿʝ ʠʟʤʝʹʫ ʘʛʨʝʛʘʪʘ CB 

ʧʫʥʠʣʘ. ʅʘ ʦʿʘʯʘˁʝ ʫʤʨʝʞʝʥʠʭ ʤʘʪʝʨʠʿʘʣʘ ʫʪʠʯʫ: 

¶ ʚʝʣʠʯʠʥʘ ʯʝʩʪʠʮʘ ʠʣʠ ʩʧʝʮʠʬʠʯʥʘ ʧʦʚʨʰʠʥʘ, ʢʦʿʘ ʟʘʿʝʜʥʦ ʩʘ ʩʘʜʨʞʘʿʝʤ ʧʫʥʠʣʘ 

ʦʜʨʝʹʫʿʝ ʝʬʝʢʪʠʚʥʫ ʢʦʥʪʘʢʪʥʫ ʧʦʚʨʰʠʥʫ ʠʟʤʝʹʫ ʧʫʥʠʣʘ ʠ ʧʦʣʠʤʝʨʥʝ ʤʘʪʨʠʮʝ; 

¶ ʩʪʨʫʢʪʫʨʘ ʠʣʠ ʩʪʝʧʝʥ ʥʝʧʨʘʚʠʣʥʦʩʪʠ ʯʝʩʪʠʮʝ ʧʫʥʠʣʘ ʢʦʿʘ ʫʪʠʯʝ ʥʘ 

ʧʦʢʨʝʪˀʠʚʦʩʪ ʤʘʢʨʦʤʦʣʝʢʫʣʘʨʥʦʛ ʣʘʥʮʘ ʝʣʘʩʪʦʤʝʨʘ ʪʦʢʦʤ ʜʝʬʦʨʤʘʮʠʿʘ ʠ 

¶ ʧʦʚʨʰʠʥʩʢʘ ʘʢʪʠʚʥʦʩʪ ʯʝʩʪʠʮʝ ʧʫʥʠʣʘ ʢʦʿʘ ʫʪʠʯʝ ʥʘ ʠʥʪʝʨʘʢʮʠʿʫ ʧʫʥʠʣʦ-

ʧʫʥʠʣʦ ʠ ʧʫʥʠʣʦ-ʧʦʣʠʤʝʨ. 
  

 ɸʢʪʠʚʥʦʩʪ ʧʫʥʠʣʘ ʩʝ ʧʨʘʢʪʠʯʥʦ ʧʨʦʮʝˁʫʿʝ ʧʨʘ˂ʝˁʝʤ ʦʜʨʝʹʝʥʠʭ ʤʝʭʘʥʠʯʢʠʭ 

ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʫʤʨʝʞʝʥʦʛ ʤʘʪʝʨʠʿʘʣʘ ʫ ʬʫʥʢʮʠʿʠ ʢʦʣʠʯʠʥʝ ʜʦʜʘʪʦʛ ʧʫʥʠʣʘ. ʇʨʠ 

ʤʘˁʠʤ ʢʦʥʮʝʥʪʨʘʮʠʿʘʤʘ ʧʫʥʠʣʘ, ʯʝʩʪʠʮʝ ʧʫʥʠʣʘ ʩʫ ʜʦʚʦˀʥʦ ʦʜʚʦʿʝʥʝ ʿʝʜʥʘ ʦʜ ʜʨʫʛʝ 

ʜʘ ʿʝ ʩʚʘʢʘ ʧʨʝʢʨʠʚʝʥʘ ʩʣʦʿʝʤ ʛʫʤʝ. ʇʦʩʪʝʧʝʥʠʤ ʧʦʚʝ˂ʘˁʝʤ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʧʫʥʠʣʘ, 

ʜʠʩʪʨʠʙʫʮʠʿʘ ʯʝʩʪʠʮʘ ʩʝ ʧʦʩʪʝʧʝʥʦ ʤʝˁʘ. ɺʠʰʝ ʥʠʩʫ ʨʘʚʥʦʤʝʨʥʦ ʧʨʝʢʨʠʚʝʥʝ ʩʣʦʿʝʤ 

ʛʫʤʝ, ʘ ʫ ʛʫʤʠ ʠʤʘ ʤʝʩʪʘ ʩʘ ʚʝ˂ʦʤ ʠ ʥʠʞʦʤ ʢʦʥʮʝʥʪʨʘʮʠʿʦʤ ʧʫʥʠʣʘ, ʰʪʦ ʜʦʚʦʜʠ ʜʦ 

ʧʨʦʧʘʜʘˁʘ ʤʝʭʘʥʠʯʢʠʭ ʩʚʦʿʩʪʚʘ ʫʤʨʝʞʝʥʦʛ ʤʘʪʝʨʠʿʘʣʘ. ʇʦʚʝ˂ʘˁʝʤ ʢʦʥʮʝʥʪʨʘʮʠʿʝ 

ʧʫʥʠʣʘ ʜʦʣʘʟʠ ʜʦ ʜʠʨʝʢʪʥʦʛ ʢʦʥʪʘʢʪʘ ʠʟʤʝʹʫ ʧʦʿʝʜʠʥʘʯʥʠʭ ʯʝʩʪʠʮʘ ʧʫʥʠʣʘ. ʂʘʜʘ ʩʝ 
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ʧʦʩʪʠʛʥʝ ʦʜʨʝʹʝʥʘ ʢʦʥʮʝʥʪʨʘʮʠʿʘ, ʧʫʥʠʣʦ ʬʦʨʤʠʨʘ ʩʚʦʿʫ ʧʨʦʩʪʦʨʥʫ ʤʨʝʞʫ. ʅʘ 

ʧʦʚʨʰʠʥʠ ʯʝʩʪʠʮʝ ʧʫʥʠʣʘ ʧʦʿʘʚˀʫʿʝ ʩʝ ʘʜʩʦʨʧʮʠʦʥʠ ʩʣʦʿ ʧʦʣʠʤʝʨʘ, ʢʦʿʠ ʿʝ ʤʘˁʝ 

ʧʦʢʨʝʪˀʠʚ ʦʜ ʥʝʚʝʟʘʥʦʛ ʧʦʣʠʤʝʨʘ. ʋ ʩʣʫʯʘʿʫ ʢʘʜʘ ʿʝ ʠʥʪʝʨʘʢʮʠʿʘ ʠʟʤʝʹʫ ʧʫʥʠʣʘ ʠ 

ʧʦʣʠʤʝʨʘ ʩʣʘʙʠʿʘ, ʩʪʚʘʨʘʿʫ ʩʝ ʘʜʩʦʨʧʮʠʦʥʠ ʩʣʦʿʝʚʠ ʠʣʠ ʩʝ ʨʘʟʚʠʿʘ ʤʨʝʞʘ ʧʫʥʠʣʘ. 

ɺʨʝʜʥʦʩʪʠ ʟʘ ʧʨʝʢʠʜʥʦ ʠʟʜʫʞʝˁʝ ʜʦʜʘʪʢʦʤ CB ʧʫʥʠʣʘ ʫ NR/BR/SBR/CB ʩʤʝʰʫ 

ʨʘʩʪʫ ʜʦ ʫʟʦʨʢʘ ʢʦʿʠ ʩʘʜʨʞʠ 60 phr ʧʫʥʠʣʘ ʘ ʟʘʪʠʤ ʦʧʘʜʘʿʫ. ʊʚʨʜʦ˂ʘ ʢʦʜ ʩʚʠʭ ʫʟʦʨʘʢʘ 

ʨʘʩʪʝ ʢʘʦ ʠ ʛʫʩʪʠʥʘ ʩʘ ʜʦʜʘʪʢʦʤ ʧʫʥʠʣʘ ʫ ʧʦʣʠʤʝʨʥʫ ʤʘʪʨʠʮʫ. ɸʙʨʘʟʠʿʘ ʩʘ ʜʦʜʘʪʢʦʤ 

ʧʫʥʠʣʘ ʦʧʘʜʘ ʜʦ ʫʟʦʨʢʘ ʢʦʿʠ ʩʘʜʨʞʠ 80 phr ʧʫʥʠʣʘ. 

ʅʘ ʦʩʥʦʚʫ ʤʝʭʘʥʠʯʢʠʭ ʩʚʦʿʩʪʘʚʘ ʠʩʧʠʪʠʚʘʥʠʭ ʫʟʦʨʘʢʘ ʤʦʞʝ ʩʝ ʟʘʢˀʫʯʠʪʠ ʜʘ   

ʫʟʦʨʘʢ ʢʦʿʠ ʩʘʜʨʞʠ 60 phr CB ʧʫʥʠʣʘ ʠʤʘ ʥʘʿʦʧʪʠʤʘʣʥʠʿʘ ʤʝʭʘʥʠʯʢʘ ʩʚʦʿʩʪʚʘ. 

 

4.2.4. ʊʝʨʤʦ-ʦʢʩʠʜʘʪʠʚʥʦ ʩʪʘʨʝˁʝ .2Ⱦ"2Ⱦ3"2/CB ̋̏̍̐̏̈̉̓́  

 

ʀʩʧʠʪʠʚʘˁʝʤ ʫʙʨʟʘʥʦʛ ʩʪʘʨʝˁʘ ʧʦʜ ʫʪʠʮʘʿʝʤ ʪʦʧʣʦʪʝ ʠ ʘʪʤʦʩʬʝʨʝ ʦʮʝˁʫʿʝ ʩʝ 

ʧʦʩʪʦʿʘʥʦʩʪ ʫʤʨʝʞʝʥʠʭ ʤʘʪʝʨʠʿʘʣʘ. ʊʝʨʤʠʯʢʘ ʦʢʩʠʜʘʮʠʿʘ, ʦʜʥʦʩʥʦ ʧʦʩʪʦʿʘʥʦʩʪ 

ʧʦʿʝʜʠʥʠʭ ʢʘʫʯʫʢʘ, ʟʘʚʠʩʠ ʦʜ ʩʘʩʪʘʚʘ ʠ ʩʪʨʫʢʪʫʨʝ ʤʦʣʝʢʫʣʘ, ʰʪʦ ʦʜʨʝʹʫʿʝ ʨʝʘʢʪʠʚʥʦʩʪ 

ʢʘʫʯʫʢʘ ʧʨʝʤʘ ʜʝʿʩʪʚʫ ʢʠʩʝʦʥʠʢʘ. ʊʦ ʟʥʘʯʠ ʜʘ ʥʝʟʘʩʠ˂ʝʥʠ ʛʣʘʚʥʠ ʣʘʥʘʮ ʤʘʢʨʦʤʦʣʝʢʫʣʘ 

ʨʝʘʛʫʿʝ ʩʘ ʤʦʣʝʢʫʣʩʢʠʤ ʢʠʩʝʦʥʠʢʦʤ, ʜʨʫʛʠʤ ʨʝʯʠʤʘ ʦʢʩʠʜʘʮʠʦʥʠ ʧʨʦʮʝʩ ˂ʝ ʩʝ ʣʘʢʰʝ 

ʦʜʚʠʿʘʪʠ. 

 ʋ ʪʘʙʝʣʠ 34 ʜʘʪʝ ʩʫ ʚʨʝʜʥʦʩʪʠ ʤʝʭʘʥʠʯʢʠʭ ʦʩʦʙʠʥʘ ʠʩʧʠʪʠʚʘʥʠʭ ʢʦʤʧʦʟʠʪʘ 

ʥʘʢʦʥ ʪʝʨʤʦ-ʦʢʩʠʜʘʪʠʚʥʦʛ ʩʪʘʨʝˁʘ ʥʘ 100ÁC ʥʘʢʦʥ 168h.  

 

ʊʘʙʝʣʘ 34. ʄʝʭʘʥʠʯʢʘ ʩʚʦʿʩʪʚʘ NR/BR/SBR ʢʦʤʧʦʟʠʪʘ ʧʦʩʣʝ ʩʪʘʨʝˁʘ ʥʘ 100ÁC ʥʘʢʦʥ 

168h. 

 
 

NR/BR/SBR 

(phr) 

CB 

(phr) 

ʇʨʝʢʠʜʥʘ 

ʯʚʨʩʪʦ˂ʘ 

(MPa) 

ʇʨʝʢʠʜʥʦ 

ʠʟʜʫʞʝˁʝ 

(%) 

ʊʚʨʜʦ˂ʘ 

(ShÁA) 

Abrazija 

(mm3) 

40/40/20 20 2,27 97,73 51 250 

40/40/20 40 6,22 130,93 63 210 

40/40/20 60 7,78 88,80 76 212 

40/40/20 80 7,77 67,40 84 228 

40/40/20 100 8,13 50,93 89 290 
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 ʅʘʢʦʥ ʩʪʘʨʝˁʘ ʚʨʝʜʥʦʩʪʠ ʟʘ ʤʝʭʘʥʠʯʢʘ ʩʚʦʿʩʪʚʘ ʩʝ ʤʝˁʘʿʫ ʫ ʩʤʠʩʣʫ ʜʘ ʧʨʝʢʠʜʥʘ 

ʯʚʨʩʪʦ˂ʘ ʠ ʧʨʝʢʠʜʥʦ ʠʟʜʫʞʝˁʝ ʦʧʘʜʘʿʫ ʫ ʦʜʥʦʩʫ ʥʘ ʫʟʦʨʢʝ ʢʦʿʠ ʥʠʩʫ ʧʦʜʚʨʛʥʫʪʠ 

ʩʪʘʨʝˁʫ ʘ ʜʘ ʪʚʨʜʦ˂ʘ ʨʘʩʪʝ. ɸʙʨʘʟʠʿʘ ʿʝ ʚʝ˂ʘ ʦʢʦ 2 ʜʦ 3 ʧʫʪʘ ʫ ʦʜʥʦʩʫ ʥʘ ʢʦʤʧʦʟʠʪʝ ʢʦʿʠ 

ʥʠʩʫ ʙʠʣʠ ʧʦʜʚʨʛʥʫʪʠ ʩʪʘʨʝˁʫ. 

 ʇʨʝʢʠʜʥʘ ʯʚʨʩʪʦ˂ʘ ʩʝ ʩʤʘˁʫʿʝ ʘ ʧʨʦʤʝʥʝ ʩʫ ʚʝ˂ʝ ʰʪʦ ʿʝ ʧʨʦʮʝʩ ʩʪʘʨʝˁʘ ʜʫʞʠ.  

ʉʤʘˁʝˁʝ ʚʨʝʜʥʦʩʪʠ ʟʘ ʧʨʝʢʠʜʥʦ ʠʟʜʫʞʝˁʝ ʩʝ ʦʙʿʘʰˁʘʚʘ ʧʨʦʮʝʩʦʤ ʨʘʟʛʨʘʜˁʝ 

ʫʤʨʝʞʝʥʠʭ ʤʘʪʝʨʠʿʘʣʘ, ʦʜʥʦʩʥʦ ʩʤʘˁʝˁʝʤ ʤʦʣʝʢʫʣʩʢʝ ʤʘʩʝ ʧʦʣʠʤʝʨʘ ʟʙʦʛ ʢʠʜʘˁʘ 

ʦʩʥʦʚʥʠʭ ʣʘʥʘʮʘ, ʯʠʤʝ ʩʝ ʝʣʘʩʪʠʯʥʦʩʪ ʤʘʪʝʨʠʿʘʣʘ ʩʤʘˁʫʿʝ. ʊʚʨʜʦ˂ʘ ʛʫʤʝ ʪʦʢʦʤ 

ʧʨʦʮʝʩʘ ʩʪʘʨʝˁʘ ʨʘʩʪʝ. ɱʝʜʥʘ ʦʜ ʧʦʩʣʝʜʠʮʘ ʩʪʘʨʝˁʘ ʿʝ ʜʘ ʜʦʣʘʟʠ ʜʦ ʩʪʨʫʢʪʫʨʥʠʭ 

ʧʨʦʤʝʥʘ ʫ ʩʘʤʦʤ ʫʤʨʝʞʝʥʦʤ ʤʘʪʝʨʠʿʘʣʫ, ʪʿ. ʜʦ ʨʘʩʢʠʜʘˁʘ ʣʘʥʘʮʘ ʤʘʢʨʦʤʦʣʝʢʫʣʘ ʠ 

ʫʤʨʝʞʘʚʘˁʘ.  

4.2.4. ʈʘʜʠʿʘʮʠʦʥʦ ʩʪʘʨʝˁʝ .2Ⱦ"2Ⱦ3"2Ⱦ#" ̋̏̍̐̏̈̉̓́  

 

 ʋʩʣʝʜ ʟʨʘʯʝˁʘ ʧʦʣʠʤʝʨʘ, ʘ ʟʙʦʛ ˁʠʭʦʚʝ ʚʝʣʠʢʝ ʤʦʣʝʢʫʣʩʢʝ ʤʘʩʝ, ʚʝ˂ ʨʝʣʘʪʠʚʥʦ 

ʥʠʩʢʝ ʜʦʟʝ ʤʦʛʫ ʧʨʦʫʟʨʦʢʦʚʘʪʠ ʙʠʪʥʝ ʧʨʦʤʝʥʝ, ʢʘʦ ʰʪʦ ʩʫ ʮʠʢʣʠʟʘʮʠʿʘ, ʠʟʦʤʝʨʠʟʘʮʠʿʘ, 

ʦʢʩʠʜʘʮʠʿʘ, ʩʪʚʘʨʘˁʝ ʛʘʩʦʚʠʪʠʭ ʧʨʦʠʟʚʦʜʘ, ʧʨʦʤʝʥʝ ʫ ʟʘʩʠ˂ʝˁʫ ʣʘʥʮʘ ʠ ʜʨ.  

 ʇʨʝʢʠʜʥʘ ʯʚʨʩʪʦ˂ʘ NR/BR/SBR/CB ʢʦʤʧʦʟʠʪʘ ʩʘ ʧʦʨʘʩʪʦʤ ʜʦʟʝ ʟʨʘʯʝˁʘ ʠ 

ʩʘʜʨʞʘʿʘ ʧʫʥʠʣʘ ʛʝʥʝʨʘʣʥʦ ʦʧʘʜʘ. ʇʘʜ ʚʨʝʜʥʦʩʪʠ ʟʘ ʧʨʝʢʠʜʥʦ ʠʟʜʫʞʝˁʝ ʟʘ 

NR/BR/SBR/CB ʢʦʤʧʦʟʠʪʝ ʠʟʣʦʞʝʥʝ ʨʘʟʣʠʯʠʪʠʤ ʜʦʟʘʤʘ ʟʨʘʯʝˁʘ ʦʙʿʘʰˁʘʚʘ ʩʝ 

ʜʦʜʘʪʥʠʭ ʧʦʚʝʟʠʚʘˁʝʤ ʠʟʤʝʹʫ ʧʫʥʠʦʮʘ ʠ ʣʘʥʘʮʘ ʤʘʢʨʦʤʦʣʝʢʫʣʘ ʟʙʦʛ ʚʝʣʠʢʦʛ ʙʨʦʿʘ 

ʩʣʦʙʦʜʥʠʭ ʨʘʜʠʢʘʣʘ ʥʘʩʪʘʣʠʭ ʧʦʜ ʫʪʠʮʘʿʝʤ ʟʨʘʯʝˁʘ. ɼʘʢʣʝ, ʧʦʚʝ˂ʘˁʝ ʨʘʜʠʢʘʣʥʝ 

ʨʝʢʦʤʙʠʥʘʮʠʿʝ ˂ʝ ʥʘʿʚʝʨʦʚʘʪʥʠʿʝ ʛʝʥʝʨʠʩʘʪʠ ʿʘʢʫ ʭʝʤʠʿʩʢʫ ʚʝʟʫ ʩʘ ʧʦʚʝ˂ʘˁʝʤ ʜʦʟʝ 

ʟʨʘʯʝˁʘ. ʊʚʨʜʦ˂ʘ ʦʯʝʢʠʚʘʥʦ ʨʘʩʪʝ ʢʘʢʦ ʩʘ ʧʦʨʘʩʪʦʤ ʩʘʜʨʞʘʿʘ ʧʫʥʠʣʘ ʪʘʢʦ ʠ ʩʘ 

ʧʦʚʝ˂ʘˁʝʤ ʜʦʟʝ ʟʨʘʯʝˁʘ [142].  

 ʋ ʪʘʙʝʣʠ 35 ʩʫ ʜʘʪʘ ʤʝʭʘʥʠʯʢʘ ʩʚʦʿʩʪʚʘ NR/BR/SBR ʢʦʤʧʦʟʠʪʘ ʥʘʢʦʥ g-ʟʨʘʯʝˁʘ. 
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ʊʘʙʝʣʘ 35. ʄʝʭʘʥʠʯʢʘ ʩʚʦʿʩʪʚʘ NR/BR/SBR ʢʦʤʧʦʟʠʪʘ ʥʘʢʦʥ g-ʟʨʘʯʝˁʘ. 

ɼʦʟʘ ʟʨʘʯʝˁʘ 

 100 kGy 200 kGy 

NR/BR/SBR 

(phr) 

 

CB  

(phr) 

ʄʦʜʫʣ 

100% 

(MPa) 

ʄʦʜʫʣ 

300% 

(MPa) 

ʇʨʝʢʠʜʥʘ 

ʯʚʨʩʪʦ˂ʘ 

(MPa) 

ʇʨʝʢʠʜʥʦ 

ʠʟʜʫʞʝˁʝ 

(%) 

ʊʚʨʜʦ˂ʘ 

(ShÁA) 

ʄʦʜʫʣ 

100% 

(MPa) 

ʄʦʜʫʣ 

300% 

(MPa) 

ʇʨʝʢʠʜʥʘ 

ʯʚʨʩʪʦ˂ʘ 

(MPa) 

ʇʨʝʢʠʜʥʦ 

ʠʟʜʫʞʝˁʝ 

(%) 

ʊʚʨʜʦ˂ʘ 

(ShÁA) 

40/40/20 20 1,15 3,73 4,66 339,20 47 1,14 3,90 4,86 311,20 48 

40/40/20 40 1,96 7,60 14,46 444,80 57 2,00 7,76 10,88 342,80 58 

40/40/20 60 3,00 11,42 16,77 405,20 67 3,18 12,18 16,18 391,60 69 

40/40/20 80 4,70 0,00 16,78 292,40 76 4,97 0,00 15,78 273,00 76 

40/40/20 100 8,93 0,00 20,11 232,40 85 6,16 0,00 13,58 226,00 85 

  300 kGy 400 kGy 

NR/BR/SBR 

(phr) 

 

CB 

(phr) 

ʄʦʜʫʣ 

100% 

(MPa) 

ʄʦʜʫʣ 

300% 

(MPa) 

ʇʨʝʢʠʜʥʘ 

ʯʚʨʩʪʦ˂ʘ 

(MPa) 

ʇʨʝʢʠʜʥʦ 

ʠʟʜʫʞʝˁʝ 

(%) 

ʊʚʨʜʦ˂ʘ 

(ShÁA) 

ʄʦʜʫʣ 

100% 

(MPa) 

ʄʦʜʫʣ 

300% 

(MPa) 

ʇʨʝʢʠʜʥʘ 

ʯʚʨʩʪʦ˂ʘ 

(MPa) 

ʇʨʝʢʠʜʥʦ 

ʠʟʜʫʞʝˁʝ 

(%) 

ʊʚʨʜʦ˂ʘ 

(ShÁA) 

40/40/20 20 1,25 4,22 6,03 376,80 49 1,32 0,00 4,00 274,40 48 

40/40/20 40 1,98 7,92 12,00 405,00 58 2,06 7,93 10,43 369,60 58 

40/40/20 60 3,36 12,61 15,63 322,20 68 3,34 12,57 13,12 312,80 68 

40/40/20 80 4,86 0,00 15,76 282,00 76 5,65 0,00 14,54 230,80 77 

40/40/20 100 6,98 0,00 13,28 203,20 84 7,26 0,00 12,54 164,40 83 

 500 kGy 600 kGy 

NR/BR/SBR 

(phr) 

 

CB 

(phr) 

ʄʦʜʫʣ 

100% 

(MPa) 

ʄʦʜʫʣ 

300% 

(MPa) 

ʇʨʝʢʠʜʥʘ 

ʯʚʨʩʪʦ˂ʘ 

(MPa) 

ʇʨʝʢʠʜʥʦ 

ʠʟʜʫʞʝˁʝ 

(%) 

ʊʚʨʜʦ˂ʘ 

(ShÁA) 

ʄʦʜʫʣ 

100% 

(MPa) 

ʄʦʜʫʣ 

300% 

(MPa) 

ʇʨʝʢʠʜʥʘ 

ʯʚʨʩʪʦ˂ʘ 

(MPa) 

ʇʨʝʢʠʜʥʦ 

ʠʟʜʫʞʝˁʝ 

(%) 

ʊʚʨʜʦ˂ʘ 

(ShÁA) 

40/40/20 20 1,38 0,00 4,42 282,60 50 1,38 0,00 4,03 258,80 52 

40/40/20 40 2,14 8,60 10,04 339,00 59 2,40 5,62 8,82 290,80 60 

40/40/20 60 3,84 13,92 15,07 326,00 68 3,94 14,27 13,97 295,60 72 

40/40/20 80 6,02 0,00 14,62 220,00 77 6,40 0,00 12,79 186,40 78 

40/40/20 100 7,40 0,00 8,85 120,80 85 0,00 0,00 5,86 68,00 86 
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4.3. ʋʪʠʮʘʿ ʫʜʝʣʘ SBR ʢʘʫʯʫʢʘ ʥʘ ʩʚʦʿʩʪʚʘ NR/BR/SBR/CB ʢʦʤʧʦʟʠʪʘ  
 

ʈʘʜʠ ʧʦʪʚʨʜʝ ʪʚʨʜˁʝ ʜʘ ʢʦʤʧʦʟʠʪ ʩʘ ʩʘʩʪʘʚʦʤ NR/BR/SBR/CB = 40/40/20/60 phr 

ʠʩʧʦˀʘʚʘ ʥʘʿʧʦʚʦˀʥʠʿʘ ʤʝʭʘʥʠʯʢʘ ʩʚʦʿʩʪʚʘ, ʜʦʜʘʪʥʦ ʿʝ ʠʩʧʠʪʠʚʘʥ ʫʪʠʮʘʿ ʚʘʨʠʿʘʙʠʣʥʦʛ 

ʫʜʝʣʘ SBR-ʘ ʥʘ ʫʢʫʧʥʘ ʩʚʦʿʩʪʚʘ ʢʦʤʧʦʟʠʪʘ. ʇʨʠ ʪʦʤʝ ʿʝ ʦʜʥʦʩ NR ʠ BR ʢʘʫʯʫʢʘ 

ʦʜʨʞʘʚʘʥ ʢʦʥʩʪʘʥʪʥʠʤ (1:1), ʜʦʢ ʿʝ ʩʘʜʨʞʘʿ SBR-ʘ ʚʘʨʠʨʘʥ ʫ ʠʥʪʝʨʚʘʣʫ ʦʜ 0 ʜʦ 80 phr. 

ʉʘʜʨʞʘʿ ʯʘʹʠ (CB) ʿʝ ʫ ʩʚʠʤ ʫʟʦʨʮʠʤʘ ʙʠʦ ʬʠʢʩʠʨʘʥ ʥʘ 60 phr. ʇʦʜʘʮʠ ʜʦʙʠʿʝʥʠ ʦʚʠʤ 

ʤʝʨʝˁʠʤʘ ʧʨʝʜʩʪʘʚˀʝʥʠ ʩʫ ʫ ʪʘʙʝʣʠ 24. 

 

4.3.1. ʂʘʨʘʢʪʝʨʠʩʪʠʢʝ ʫʤʨʝʞʘʚʘˁʘ ʢʦʤʧʦʟʠʪʘ 
 

ʂʘʨʘʢʪʝʨʠʩʪʠʢʝ ʫʤʨʝʞʘʚʘˁʘ ʢʦʤʧʦʟʠʪʘ ʥʘ ʙʘʟʠ NR/BR/SBR/CB ʙʣʝʥʜʠ ʢʘʫʯʫʢʘ 

ʩʘ 60 phr ʯʘʹʠ ʩʫ ʦʜʨʝʹʝʥʝ ʥʘ 150ÁC ʥʘ ʨʝʦʤʝʪʨʫ ʫʟ ʦʧʪʠʤʘʣʥʦ ʚʨʝʤʝ ʫʤʨʝʞʘʚʘˁʘ, tc90. 

 ʅʘ ʩʣʠʮʠ 41 ʧʨʠʢʘʟʘʥʝ ʩʫ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʫʤʨʝʞʘʚʘˁʘ NR/BR/SBR/CB 

ʢʦʤʧʦʟʠʪʘ. ʉʘ ʧʦʨʘʩʪʦʤ ʩʘʜʨʞʘʿʘ SBR-ʘ ʫ ʢʦʤʧʦʟʠʪʠʤʘ, ʚʨʝʜʥʦʩʪ ML ʢʦʥʪʠʥʫʠʨʘʥʦ 

ʦʧʘʜʘ, ʰʪʦ ʫʢʘʟʫʿʝ ʥʘ ʩʤʘˁʝˁʝ ʠʥʠʮʠʿʘʣʥʝ ʚʠʩʢʦʟʥʦʩʪʠ ʩʤʝʰʝ. ɺʨʝʜʥʦʩʪ MH ʦʩʪʘʿʝ 

ʧʨʠʙʣʠʞʥʦ ʢʦʥʩʪʘʥʪʥʘ ʜʦ ʫʟʦʨʢʘ ʩʘ 40 phr SBR-ʘ, ʥʘʢʦʥ ʯʝʛʘ ʜʦʣʘʟʠ ʜʦ ʙʣʘʛʦʛ 

ʩʤʘˁʝˁʘ, ʰʪʦ ʤʦʞʝ ʫʢʘʟʠʚʘʪʠ ʥʘ ʤʘˁʝ ʝʬʠʢʘʩʥʦ ʫʤʨʝʞʘʚʘˁʝ (ʩʣʠʢʘ 41ʘ). ɺʨʝʤʝ tc90 

ʩʝ ʩʤʘˁʫʿʝ ʜʦ ʫʟʦʨʢʘ ʩʘ 20 phr SBR-ʘ, ʥʘʢʦʥ ʯʝʛʘ ʩʝ ʩʪʘʙʠʣʠʟʫʿʝ, ʜʦʢ ʚʨʝʜʥʦʩʪ ts1 ʦʩʪʘʿʝ 

ʩʢʦʨʦ ʥʝʧʨʦʤʝˁʝʥʘ ʩʚʝ ʜʦ 60 phr SBR-ʘ (ʩʣʠʢʘ 41ʙ). ʉʣʠʢʘ 41ʚ ʧʨʠʢʘʟʫʿʝ ʫʪʠʮʘʿ 

ʩʘʜʨʞʘʿʘ SBR-ʘ ʥʘ ʚʨʝʜʥʦʩʪ CRI ʫ NR/BR/SBR/CB ʢʦʤʧʦʟʠʪʠʤʘ ʩʘ 60 phr ʯʘʹʠ. 

ɺʨʝʜʥʦʩʪ CRI ʨʘʩʪʝ ʩʘ ʧʦʚʝ˂ʘˁʝʤ ʩʘʜʨʞʘʿʘ SBR-ʘ ʜʦ 20 phr, ʰʪʦ ʫʢʘʟʫʿʝ ʥʘ ʫʙʨʟʘʥʦ 

ʫʤʨʝʞʘʚʘˁʝ, ʥʘʢʦʥ ʯʝʛʘ ʦʧʘʜʘ, ʰʪʦ ʤʦʞʝ ʙʠʪʠ ʧʦʩʣʝʜʠʮʘ ʩʤʘˁʝʥʝ ʨʝʘʢʪʠʚʥʦʩʪʠ 

ʩʤʝʰʝ ʠʣʠ ʧʨʦʤʝʥʝ ʫ ʤʦʨʬʦʣʦʛʠʿʠ ʩʠʩʪʝʤʘ. 

  

ʘ)           ʙ) 
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ʚ) 

ʉʣʠʢʘ 41. ʂʘʨʘʢʪʝʨʠʩʪʠʢʝ ʫʤʨʝʞʘʚʘˁʘ ʢʦʤʧʦʟʠʪʘ ʥʘ ʙʘʟʠ  NR/BR/SBR/CB  ʙʣʝʥʜʠ 

ʢʘʫʯʫʢʘ ʩʘ 60 phr ʯʘʹʠ: ʘ) ʤʠʥʠʤʘʣʥʠ ʦʙʨʪʥʠ ʤʦʤʝʥʪ (ML)  ʠ ʤʘʢʩʠʤʘʣʥʠ ʦʙʨʪʥʠ 

ʤʦʤʝʥʘʪ (MH), b) ʦʧʪʠʤʘʣʥʦ ʚʨʝʤʝ ʫʤʨʝʞʘʚʘˁʘ (tc90) ʠ ʚʨʝʤʝ ʧʦʯʝʪʢʘ ʫʤʨʝʞʘʚʘˁʘ 

(ts1) ʠ c) ʠʥʜʝʢʩ ʙʨʟʠʥʝ ʫʤʨʝʞʘʚʘˁʘ (CRI).  

4.3.2. ʄʦʨʬʦʣʦʛʠʿʘ ʢʦʤʧʦʟʠʪʘ  

ʇʦʚʨʰʠʥʘ ʣʦʤʘ ʢʦʤʧʦʟʠʪʘ ʥʘ ʙʘʟʠ NR/BR/SBR/CB (40/40/20/60) ʙʣʝʥʜʠ 

ʢʘʫʯʫʢʘ ʿʝ ʧʨʠʢʘʟʘʥʘ ʥʘ ʩʣʠʮʠ 42.  

Sɽʄ ʤʠʢʨʦʛʨʘʬʠʿʘ ʧʦʢʘʟʫʿʝ ʧʨʠʩʫʩʪʚʦ ʰʫʧˀʠʥʘ ʢʘʦ ʨʝʟʫʣʪʘʪ ʣʦʰʝʛ ʧʨʝʥʦʩʘ 

 

ʉʣʠʢʘ 42. SEM ʤʠʢʨʦʛʨʘʬʠʿʘ ʢʦʤʧʦʟʠʪʘ ʥʘ ʙʘʟʠ NR/BR/SBR/CB (40/40/20/60) 

ʙʣʝʥʜʠ ʢʘʫʯʫʢʘ ʧʨʠ ʫʚʝ˂ʘˁʫ ʦʜ 500Ĭ. 
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ʥʘʧʨʝʟʘˁa ʠʟʤʝʹʫ ʝʣʘʩʪʦʤʝʨʥʠʭ ʣʘʥʘʮʘ ʠ CB ʧʫʥʠʣʘ. ʅʠʟʘʢ ʧʦʣʘʨʠʪʝʪ ʛʫʤʝʥʝ 

ʤʘʪʨʠʮʝ ʠ ʚʠʩʦʢʘ ʧʦʚʨʰʠʥʩʢʘ ʝʥʝʨʛʠʿʘ CB ʨʝʟʫʣʪʠʨʘ ʣʦʰʦʤ ʢʦʤʧʘʪʠʙʠʣʥʦʰ˂ʫ ʠ 

ʩʣʘʙʠʿʠʤ ʢʦʥʪʘʢʪʦʤ ʠʟʤʝʹʫ ʤʘʪʨʠʮʝ ʠ ʧʫʥʠʣʘ [143] ʰʪʦ ʩʝ ʦʜʨʘʟʠʣʦ ʠ ʥʘ ʩʣʘʙʠʿʘ 

ʤʝʭʘʥʠʯʢʘ ʩʚʦʿʩʪʚʘ ʢʦʤʧʦʟʠʪʥʝ ʩʤʝʰʝ ʜʦʜʘʪʢʦʤ SBR ʢʘʫʯʫʢʘ. 

4.3.3. ʄʝʭʘʥʠʯʢʘ ʩʚʦʿʩʪʚʘ ʢʦʤʧʦʟʠʪʘ  

 

ʋʪʠʮʘʿ ʩʘʜʨʞʘʿʘ SBR ʢʘʫʯʫʢʘ ʥʘ ʤʝʭʘʥʠʯʢʘ ʩʚʦʿʩʪʚʘ (ʧʨʝʢʠʜʥʘ ʯʚʨʩʪʦ˂ʘ, 

ʧʨʝʢʠʜʥʦ ʠʟʜʫʞʝˁʝ, ʪʚʨʜʦ˂ʫ ʠ ʦʪʧʦʨʥʦʩʪ ʥʘ ʘʙʨʘʟʠʿʫ) ʢʦʤʧʦʟʠʪʘ ʥʘ ʙʘʟʠ 

NR/BR/SBR/CB ʢʦʤʧʦʟʠʪʘ ʩʘ 60 phr ʯʘʹʠ ʧʨʠʢʘʟʘʥ ʿʝ ʥʘ ʩʣʠʮʠ 43ʘ-ʚ.  

ʇʨʝʢʠʜʥʘ ʯʚʨʩʪʦ˂ʘ ʠ ʧʨʝʢʠʜʥʦ ʠʟʜʫʞʝˁʝ ʧʦʢʘʟʫʿʫ ʪʠʧʠʯʥʦ ʧʦʥʘʰʘˁʝ 

ʥʝʦʿʘʯʘʥʦʛ ʢʦʤʧʦʟʠʪʘ ʥʘ ʙʘʟʠ ʢʘʫʯʫʢʘ. SBR ʢʘʫʯʫʢ ʥʝ ʧʦʙʦˀʰʘʚʘ ʚʨʝʜʥʦʩʪʠ 

ʧʨʝʢʠʜʥʝ ʯʚʨʩʪʦ˂ʝ ʠ ʠʟʜʫʞʝˁʘ. ʄʝʹʫʪʠʤ, ʧʦʙʦˀʰʘˁʝ ʚʨʝʜʥʦʩʪʠ ʧʨʝʢʠʜʥʦʛ 

ʠʟʜʫʞʝˁʘ ʩʝ ʿʘʚˀʘ ʢʘʜʘ ʩʝ ʪʨʠ ʢʘʫʯʫʢʘ ʟʘʿʝʜʥʦ ʫʤʝʰʘʚʘʿʫ [144]. ɺʨʝʜʥʦʩʪʠ ʧʨʝʢʠʜʥʝ 

ʯʚʨʩʪʦ˂ʝ ʩʝ ʧʦʩʪʝʧʝʥʦ ʩʤʘˁʫʿʫ ʩʘ ʧʦʚʝ˂ʘˁʝʤ ʩʘʜʨʞʘʿʘ SBR-ʘ ʜʦ 40 phr ʫ 

NR/BR/SBR ʢʦʤʧʦʟʠʪʠʤʘ ʩʘ 60 phr ʯʘʹʠ ʘ ʟʘʪʠʤ ʨʘʩʪʫ (ʩʣʠʢʘ 43ʘ). ʂʦʤʧʦʟʠʪ ʥʘ ʙʘʟʠ 

NR/BR/SBR (30/30/40) ʙʣʝʥʜʠ ʢʘʫʯʫʢʘ ʩʘ 60 phr ʯʘʹʠ ʠʤʘ ʥʘʿʥʠʞʝ ʚʨʝʜʥʦʩʪʠ 

ʧʨʝʢʠʜʥʝ ʯʚʨʩʪʦ˂ʝ. NR ʿʝ ʚʨʩʪʘ ʧʦʣʠʤʝʨʘ ʢʦʿʠ ʩʘʜʨʞʠ cis-1,4-ʧʦʣʠʠʟʦʧʨʝʥ ʠ trans-

1,4-ʧʦʣʠʠʟʦʧʨʝʥ, ʠ trans-ʪʠʧ ʠʤʘ ʩʣʘʙʠʿʘ ʤʝʭʘʥʠʯʢʘ ʩʚʦʿʩʪʚʘ ʫ ʧʦʨʝʹʝˁʫ ʩʘ cis- 

ʪʠʧʦʤ, ʧʘ ʩʤʘˁʫʿʝ ʩʚʦʿʩʪʚʘ ʟʘʪʝʟʘˁʘ ʢʘʜʘ ʩʝ NR ʟʘʤʝʥʠ ʩʘ SBR ʫ ʪʝʨʥʘʨʥʠʤ 

ʤʝʰʘʚʠʥʘʤʘ [145]. ɺʨʝʜʥʦʩʪ ʧʨʝʢʠʜʥʦʛ ʠʟʜʫʞʝˁʘ ʟʘ NR/BR/SBR/CB ʢʦʤʧʦʟʠʪʝ ʩʘ 

60 phr ʯʘʹʠ ʥʘ ʙʘʟʠ ʙʣʝʥʜʠ ʢʘʫʯʫʢʘ ʜʦʜʘʪʢʦʤ SBR ʢʘʫʯʫʢʘ ʨʘʩʪʝ ʠ ʜʦʩʪʠʞʝ ʤʘʢʩʠʤʫʤ 

ʧʨʠ ʩʘʜʨʞʘʿʫ SBR ʢʘʫʯʫʢʘ ʦʜ 20 phr (ʩʣʠʢʘ 43ʙ).  

ʉʣʠʢʘ 43ʛ ʧʦʢʘʟʫʿʝ ʫʪʠʮʘʿ ʩʘʜʨʞʘʿʘ SBR ʢʘʫʯʫʢʘ ʥʘ ʦʪʧʦʨʥʦʩʪ ʧʨʝʤʘ ʘʙʨʘʟʠʿʠ 

NR/BR/SBR/CB  ʢʦʤʧʦʟʠʪʘ ʥʘ ʙʘʟʠ ʙʣʝʥʜʠ ʢʘʫʯʫʢʘ. ʄʦʞʝ ʩʝ ʚʠʜʝʪʠ ʜʘ ʩʝ ʚʨʝʜʥʦʩʪʠ 

ʘʙʨʘʟʠʿʝ ʧʦʚʝ˂ʘʚʘʿʫ ʩʘ ʧʦʚʝ˂ʘˁʝʤ ʩʘʜʨʞʘʿʘ SBR-ʘ ʫ NR/BR/SBR ʙʣʝʥʜʘʤʘ ʢʘʫʯʫʢʘ 

ʩʘ 60 phr ʯʘʹʠ. SBR ʿʝ ʢʦʧʦʣʠʤʝʨ ʙʫʪʘʜʠʝʥʘ ʠ ʩʪʠʨʝʥʘ, ʠ ʜʝʣʫʿʝ ʢʘʦ ʪʝʞʠ ʙʣʦʢ ʟʘ 

ʧʦʚʝ˂ʘˁʝ ʩʪʝʧʝʥʘ ʛʫʙʠʪʢʘ ʫʩʣʝʜ ʘʙʨʘʟʠʿʝ ʫ ʛʫʤʝʥʦʿ ʩʤʝʰʠ ʠ ʟʘʪʦ ʩʣʘʙʘ ʦʪʧʦʨʥʦʩʪ ʥʘ 

ʭʘʙʘˁʝ ʛʫʤʝʥʠʭ ʤʝʰʘʚʠʥʘ ʤʦʞʝ ʙʠʪʠ ʫʦʯʝʥʘ (ʩʣʠʢʘ 43ʛ). ɼʦʜʘʪʘʢ ʤʘʣʝ ʢʦʣʠʯʠʥʝ 

SBR ʢʘʫʯʫʢʘ, ʩʤʘˁʫʿʝ ʭʦʤʦʛʝʥʦʩʪ ʤʝʰʘʚʠʥʝ NR/BR ʢʘʫʯʫʢʘ [146] ʰʪʦ ʤʦʞʝ ʜʦʚʝʩʪʠ 

ʜʦ ʩʤʘˁʝˁʘ ʚʨʝʜʥʦʩʪʠ ʤʝʭʘʥʠʯʢʠʭ ʩʚʦʿʩʪʘʚʘ ʬʠʥʘʣʥʦʛ ʢʦʤʧʦʟʠʪʥʦʛ ʤʘʪʝʨʠʿʘʣʘ. 
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ʋʟʦʨʘʢ ʩʘ ʚʝ˂ʠʤ ʩʘʜʨʞʘʿʝʤ SBR ʠʤʘ ʥʠʞʝ ʚʨʝʜʥʦʩʪʠ ʟʘʪʝʟʥʠʭ ʩʚʦʿʩʪʘʚʘ.  

 
a) 

 
ʙ) 

 
ʚ) 

 
ʛ) 

ʉʣʠʢʘ 43. ʄʝʭʘʥʠʯʢʘ ʩʚʦʿʩʪʚʘ ʤʘʪʝʨʠʿʘʣʘ ʥʘ ʙʘʟʠ  NR/BR/SBR/CB  ʙʣʝʥʜʠ ʢʘʯʫʢʘ  

ʩʘ 60 phr ʯʘʹʠ ʧʨʝ ʠ ʧʦʩʣʝ ʩʪʘʨʝˁʘ. 

4.3.4. ʊʝʨʤʦ-ʦʢʩʠʜʘʪʠʚʥʦ ʩʪʘʨʝˁʝ ʢʦʤʧʦʟʠʪa  

ʇʨʦʮʝʩ ʩʪʘʨʝˁʘ ʿʝ ʜʝʬʠʥʠʩʘʥ ʩʢʫʧʦʤ ʥʝʧʦʚʨʘʪʥʠʭ ʬʠʟʠʯʢʦ-ʭʝʤʠʿʩʢʠʭ 

ʧʨʦʤʝʥʘ ʫ ʧʦʩʤʘʪʨʘʥʦʤ ʤʘʪʝʨʠʿʘʣʫ. ʊʦʢʦʤ ʧʨʦʮʝʩʘ ʩʪʘʨʝˁʘ ʛʫʤʝ ʤʝʭʘʥʠʯʢʘ ʩʚʦʿʩʪʚʘ 

ʧʦʩʪʘʿʫ ʣʦʰʠʿʘ, ʟʙʦʛ ʚʘʨʠʿʘʮʠʿʘ ʫ ʧʨʠʤʘʨʥʦʿ ʩʪʨʫʢʪʫʨʠ ʧʦʣʠʤʝʨʘ. ʂʦʥʘʯʥʘ ʩʚʦʿʩʪʚʘ 

ʫʤʨʝʞʝʥʠʭ ʤʘʪʝʨʠʿʘʣʘ ʚʝʦʤʘ ʟʘʚʠʩʝ ʦʜ ʩʪʨʫʢʪʫʨʘ ʫʥʘʢʨʩʥʠʭ ʚʝʟʘ ʢʦʿʘ ʩʝ ʟʥʘʯʘʿʥʦ 

ʤʝˁʘ ʩʘ ʩʪʘʨʝˁʝʤ [147].  
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ʉʣʠʢʝ 43ʘïʛ ʧʦʢʘʟʫʿʫ ʫʪʠʮʘʿ ʩʘʜʨʞʘʿʘ SBR ʢʘʫʯʫʢʘ ʥʘ ʤʝʭʘʥʠʯʢʘ ʩʚʦʿʩʪʚʘ 

NR/BR/SBR ʢʦʤʧʦʟʠʪʘ ʥʘ ʙʘʟʠ ʙʣʝʥʜʠ ʢʘʫʯʫʢʘ ʩʘ 60 phr ʯʘʹʠ ʥʘʢʦʥ ʪʝʨʤʦ-

ʦʢʩʠʜʘʪʠʚʥʦʛ ʩʪʘʨʝˁʘ. ʇʦʩʣʝ ʪʝʨʤʦ-ʦʢʩʠʜʘʪʠʚʥʦʛ ʩʪʘʨʝˁʘ ʥʘ 100ÁC ʪʦʢʦʤ 168 

ʯʘʩʦʚʘ, ʫʦʯʝʥʦ ʿʝ ʜʘ ʚʨʝʜʥʦʩʪ ʧʨʝʢʠʜʥʝ ʯʚʨʩʪʦ˂ʝ NR/BR/SBR/CB ʢʦʤʧʦʟʠʪʘ (ʩʘ 

60 phr ʯʘʹʠ) ʦʧʘʜʘ ʜʦ ʢʦʤʧʦʟʠʮʠʿʝ ʩʘ ʩʘʩʪʘʚʦʤ 30/30/40, ʥʘʢʦʥ ʯʝʛʘ ʧʦʢʘʟʫʿʝ 

ʪʝʥʜʝʥʮʠʿʫ ʨʘʩʪʘ ʩʘ ʜʘˀʠʤ ʧʦʚʝ˂ʘˁʝʤ ʫʜʝʣʘ SBR-ʘ. ʀʩʪʦʚʨʝʤʝʥʦ, ʚʨʝʜʥʦʩʪʠ 

ʧʨʝʢʠʜʥʦʛ ʠʟʜʫʞʝˁʘ, ʪʚʨʜʦ˂ʝ ʠ ʦʪʧʦʨʥʦʩʪʠ ʥʘ ʭʘʙʘˁʝ ʦʚʠʭ ʢʦʤʧʦʟʠʪʘ ʦʧʘʜʘʿʫ ʩʘ 

ʧʦʨʘʩʪʦʤ ʩʘʜʨʞʘʿʘ SBR-ʘ, ʰʪʦ ʩʝ ʤʦʞʝ ʧʨʠʧʠʩʘʪʠ ʧʦʚʝ˂ʘʥʦʤ ʩʪʝʧʝʥʫ ʥʘʢʥʘʜʥʦʛ 

ʫʤʨʝʞʘʚʘˁʘ ʫʩʣʝʜ ʩʪʘʨʝˁʘ [148]. ʅʘʢʦʥ ʠʟʣʦʞʝʥʦʩʪʠ ʧʦʚʠʰʝʥʦʿ ʪʝʤʧʝʨʘʪʫʨʠ, 

ʜʦʣʘʟʠ ʜʦ ʧʦʚʝ˂ʘˁʘ ʯʚʨʩʪʦ˂ʝ ʤʘʪʝʨʠʿʘʣʘ, ʘʣʠ ʠ ʜʦ ʛʫʙʠʪʢʘ ʝʣʘʩʪʠʯʥʦʩʪʠ ʣʘʥʘʮʘ, ʰʪʦ 

ʨʝʟʫʣʪʠʨʘ ʢʨʫ˂ʠʤ ʠ ʤʘˁʝ ʨʘʩʪʝʟˀʠʚʠʤ ʧʦʥʘʰʘˁʝʤ. 

 

4.3.5. ʈʘʜʠʿʘʮʠʦʥʦ ʩʪʘʨʝˁʝ ʢʦʤʧʦʟʠʪʘ  

 

 ʉʣʠʢʝ 44-46 ʧʦʢʘʟʫʿʫ ʫʪʠʮʘʿ ʩʘʜʨʞʘʿʘ SBR ʢʘʫʯʫʢʘ ʥʘ ʤʝʭʘʥʠʯʢʘ ʩʚʦʿʩʪʚʘ 

NR/BR/SBR ʢʦʤʧʦʟʠʪʘ ʥʘ ʙʘʟʠ ʙʣʝʥʜʠ ʢʘʫʯʫʢʘ ʩʘ 60 phr ʯʘʹʠ ʥʘʢʦʥ ʨʘʜʠʿʘʮʠʦʥʦʛ 

ʩʪʘʨʝˁʘ.  

 ʉʘ ʩʣʠʢʝ 44 ʩʝ ʤʦʞʝ ʚʠʜʝʪʠ ʜʘ ʩʘ ʧʦʨʘʩʪʦʤ ʜʦʟʝ ʟʨʘʯʝˁʘ, ʧʨʝʢʠʜʥʘ ʯʚʨʩʪʦ˂ʘ 

ʦʧʘʜʘ ʢʦʜ ʩʚʠʭ ʠʩʧʠʪʠʚʘʥʠʭ NR/BR/SBR ʢʦʤʧʦʟʠʪʘ ʦʿʘʯʘʥʠʭ ʩʘ 60 phr ʯʘʹʠ ʦʩʠʤ ʢʦʜ 

ʫʟʦʨʘʢʘ ʢʦʿʠ ʩʘʜʨʞʝ 40 ʠ 60 phr SBR ʢʘʫʯʫʢʘ ʫ ʢʦʤʧʦʟʠʪʫ ʢʘʜʘ ʧʨʝʢʠʜʥʘ ʯʚʨʩʪʦ˂ʘ ʨʘʩʪʝ 

ʫ ʩʣʫʯʘʿʫ ʟʨʘʯʝʘˁ ʩʘ ʜʦʟʦʤ ʦʜ 100 kGy ʠ ʜʦʟʘʤʘ ʦʜ 200 ʠ 300 kGy. ʇʨʠ ʟʨʘʯʝˁʫ 

ʧʦʣʠʤʝʨʥʠʭ ʤʘʪʝʨʠʿʘʣʘ, ʢʘʦ ʰʪʦ ʩʫ ʛʫʤʝ, ʧʨʦʮʝʩʠ ʫʤʨʝʞʘʚʘˁʘ ʠ ʜʝʛʨʘʜʘʮʠʿʝ ʢʦʿʠ ʩʫ 

ʠʟʘʟʚʘʥʠ ʨʘʜʠʿʘʮʠʿʦʤ ʩʝ ʦʜʚʠʿʘʿʫ ʩʠʤʫʣʪʘʥʦ, ʘʣʠ ʨʘʟʣʠʯʠʪʠʤ ʙʨʟʠʥʘʤʘ. ʉʭʦʜʥʦ ʪʦʤʝ, 

ʜʦʙʠʿʝʥʠ ʧʦʜʘʮʠ ʟʘ NR/BR/SBR ʢʦʤʧʦʟʠʪ ʛʜʝ ʿʝ ʫʜʝʦ SBR ʢʘʫʯʫʢʘ ʙʠʦ 30 phr ʢʘʟʫʿʫ ʜʘ 

ʿʝ ʧʨʦʮʝʩ ʫʤʨʝʞʘʚʘˁʘ  ʙʠʦ ʜʦʤʠʥʘʥʪʘʥ ʟʘ ʜʦʟʫ ʦʜ 100 kGy ʜʘ ʙʠ ʧʨʠ ʚʝ˂ʠʤ ʜʦʟʘʤʘ 

ʟʨʘʯʝˁʘ ʜʦʤʠʥʘʥʪʘʥ ʧʨʦʮʝʩ ʙʠʦ ʜʝʛʨʘʜʘʮʠʿʘ ʦʜʥʦʩʥʦ ʢʠʜʘˁʝ ʤʘʢʨʦʤʦʣʝʢʫʣʩʢʠʭ 

ʣʘʥʘʮʘ ʧʨʠ ʯʝʤʫ ʚʨʝʜʥʦʩʪʠ ʟʘ ʧʨʝʢʠʜʥʫ ʯʚʨʩʪʦ˂ʫ ʦʧʘʜʘʿʫ. ʊʦ ʠʩʪʦ ʚʘʞʠ ʠ ʟʘ ʢʦʤʧʦʟʠʪ 

ʛʜʝ ʿʝ ʩʘʜʨʞʘʿ SBR ʢʘʫʯʫʢʘ ʙʠʦ 40 phr ʟʘ ʜʦʟʝ ʦʜ 200 ʠ 300 kGy ʢʘʜʘ ʩʫ ʚʨʝʜʥʦʩʪʠ ʟʘ 

ʧʨʝʢʠʜʥʫ ʚʝ˂ʝ ʥʝʛʦ ʚʨʝʜʥʦʩʪ ʢʦʿʫ ʧʦʢʘʟʫʿʝ ʥʝʦʟʨʘʯʝʥʠ ʢʦʤʧʦʟʠʪ. 

 ʉʘ ʧʦʚʝ˂ʘˁʝʤ ʜʦʟʝ ʟʨʘʯʝˁʘ, ʫʦʯʝʥʦ ʿʝ ʧʦʩʪʝʧʝʥʦ ʩʤʘˁʝˁʝ ʧʨʝʢʠʜʥʝ ʯʚʨʩʪʦ˂ʝ 

NR/BR/SBR ʢʦʤʧʦʟʠʪʘ. ʆʚʘ ʧʦʿʘʚʘ ʤʦʞʝ ʩʝ ʦʙʿʘʩʥʠʪʠ ʧʦʩʪʝʧʝʥʠʤ ʧʦʚʝ˂ʘˁʝʤ ʛʫʩʪʠʥʝ 
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ʫʤʨʝʞʘʚʘˁʘ, ʰʪʦ ʜʦʚʦʜʠ ʜʦ ʨʘʩʪʘ ʙʨʦʿʘ ʤʦʣʝʢʫʣʩʢʠʭ ʣʘʥʘʮʘ ʢʦʿʠ ʘʢʪʠʚʥʦ ʫʯʝʩʪʚʫʿʫ ʫ 

ʧʨʝʥʦʩʫ ʟʘʪʝʟʥʦʛ ʥʘʧʨʝʟʘˁʘ. ʄʝʹʫʪʠʤ, ʧʨʠ ʚʠʰʠʤ ʥʠʚʦʠʤʘ ʫʤʨʝʞʝʥʦʩʪʠ, ʤʘʪʝʨʠʿʘʣ 

ʛʫʙʠ ʩʧʦʩʦʙʥʦʩʪ ʧʣʘʩʪʠʯʥʝ ʜʝʬʦʨʤʘʮʠʿʝ, ʘ ʝʥʝʨʛʠʿʘ ʩʝ ʥʝ ʜʠʩʠʧʠʨʘ ʝʣʘʩʪʠʯʥʦ ʚʝ˂ ʩʝ 

ʢʦʥʮʝʥʪʨʠʰʝ ʫ ʟʦʥʘʤʘ ʣʦʢʘʣʥʦʛ ʥʘʧʨʝʟʘˁʘ, ʰʪʦ ʜʦʚʦʜʠ ʜʦ ʧʨʝʫʨʘˁʝʥʦʛ ʣʦʤʘ ʠ 

ʩʤʘˁʝˁʘ ʫʢʫʧʥʝ ʤʝʭʘʥʠʯʢʝ ʯʚʨʩʪʦ˂ʝ [149]. 

 

 

ʉʣʠʢʘ 44. ʇʨʝʢʠʜʥʘ ʯʚʨʩʪʦ˂ʘ NR/BR/SBR/CB ʢʦʤʧʦʟʠʪʘ ʩʘ 60 phr ʯʘʹʠ  

ʧʨʝ ʠ ʥʘʢʦʥ g-ʟʨʘʯʝˁʘ. 

 

 ʂʘʢʦ ʿʝ ʧʨʠʢʘʟʘʥʦ ʥʘ ʩʣʠʮʠ 45, ʧʨʝʢʠʜʥʦ ʠʟʜʫʞʝˁʝ NR/BR/SBR/CB ʢʦʤʧʦʟʠʪʘ 

ʩʘ 60phr ʯʘʹʠ ʧʦʢʘʟʫʿʝ ʢʦʥʪʠʥʫʠʨʘʥʫ ʪʝʥʜʝʥʮʠʿʫ ʦʧʘʜʘˁʘ ʩʘ ʧʦʨʘʩʪʦʤ ʜʦʟʝ ʟʨʘʯʝˁʘ. 

ʆʚʦ ʩʤʘˁʝˁʝ ʿʝ ʨʝʟʫʣʪʘʪ ʧʦʚʝ˂ʘʥʝ ʛʫʩʪʠʥʝ ʫʤʨʝʞʘʚʘˁʘ, ʰʪʦ ʜʦʚʦʜʠ ʜʦ ʦʛʨʘʥʠʯʝʥʝ 

ʧʦʢʨʝʪˀʠʚʦʩʪʠ ʤʘʢʨʦʤʦʣʝʢʫʣʩʢʠʭ ʣʘʥʘʮʘ ʠ ʩʤʘˁʝˁʘ ʩʧʦʩʦʙʥʦʩʪʠ ʤʘʪʝʨʠʿʘʣʘ ʜʘ ʩʝ 

ʜʝʬʦʨʤʠʰʝ ʧʨʝ ʣʦʤʘ. ʀʩʪʦʚʨʝʤʝʥʦ, ʪʚʨʜʦ˂ʘ ʫʟʦʨʘʢʘ (ʩʣʠʢʘ 46) ʥʘʛʣʦ ʨʘʩʪʝ ʚʝ˂ ʧʨʠ 

ʧʨʚʦʿ ʦʟʨʘʯʝʥʦʩʪʠ ʜʦʟʦʤ ʦʜ 100kGy, ʥʘʢʦʥ ʯʝʛʘ ʩʝ ʩʪʘʙʠʣʠʟʫʿʝ ʠ ʥʝ ʧʦʢʘʟʫʿʝ ʟʥʘʯʘʿʥʝ 

ʧʨʦʤʝʥʝ ʧʨʠ ʜʘˀʝʤ ʧʦʚʝ˂ʘˁʫ ʜʦʟʝ. ʆʚʦ ʫʢʘʟʫʿʝ ʜʘ ʿʝ ʤʘʢʩʠʤʘʣʥʠ ʩʪʝʧʝʥ ʫʤʨʝʞʘʚʘˁʘ 

ʧʦʩʪʠʛʥʫʪ ʚʝ˂ ʫ ʨʘʥʦʿ ʬʘʟʠ ʟʨʘʯʝˁʘ, ʥʘʢʦʥ ʯʝʛʘ ʩʠʩʪʝʤ ʜʦʩʪʠʞʝ ʤʝʭʘʥʠʯʢʫ ʟʘʩʠ˂ʝʥʦʩʪ 

ʫ ʧʦʛʣʝʜʫ ʪʚʨʜʦ˂ʝ. 
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ʉʣʠʢʘ 45. ʇʨʝʢʠʜʥʦ ʠʟʜʫʞʝˁʝ NR/BR/SBR/CB  ʢʦʤʧʦʟʠʪʘ  ʩʘ 60 phr ʯʘʹʠ  

ʧʨʝ ʠ ʥʘʢʦʥ g-ʟʨʘʯʝˁʘ. 

 

 

 

ʉʣʠʢʘ 46. ʇʨʝʢʠʜʥʦ ʠʟʜʫʞʝˁʝ NR/BR/SBR/CB  ʢʦʤʧʦʟʠʪʘ  ʩʘ 60 phr ʯʘʹʠ  

ʧʨʝ ʠ ʥʘʢʦʥ g-ʟʨʘʯʝˁʘ. 
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4.3.6. ʊʝʨʤʠʯʢʘ ʩʪʘʙʠʣʥʦʩʪ ʢʦʤʧʦʟʠʪʘ  

 

ʆʩʥʦʚʥʠ ʥʝʜʦʩʪʘʪʘʢ ʝʣʘʩʪʦʤʝʨʘ ʿʝ ʦʛʨʘʥʠʯʝʥʘ ʦʪʧʦʨʥʦʩʪ ʥʘ ʚʠʩʦʢʝ 

ʪʝʤʧʝʨʘʪʫʨʝ. ʇʨʠ ʠʟʣʘʛʘˁʫ ʧʦʚʠʰʝʥʠʤ ʪʝʤʧʝʨʘʪʫʨʘʤʘ ʠʣʠ ʪʦʧʣʦʤ ʚʘʟʜʫʭʫ ʜʦʣʘʟʠ 

ʜʦ ʟʥʘʯʘʿʥʠʭ ʧʨʦʤʝʥʘ ʫ ʬʠʟʠʯʢʠʤ ʠ ʭʝʤʠʿʩʢʠʤ ʩʚʦʿʩʪʚʠʤʘ, ʰʪʦ ʤʦʞʝ ʜʦʚʝʩʪʠ ʜʦ 

ʜʝʛʨʘʜʘʮʠʿʝ ʤʘʪʝʨʠʿʘʣʘ ʠ ʩʤʘˁʝˁʘ ˁʝʛʦʚʠʭ ʬʫʥʢʮʠʦʥʘʣʥʠʭ ʧʝʨʬʦʨʤʘʥʩʠ. ʇʨʦʤʝʥʝ 

ʢʦʿʝ ʥʘʩʪʘʿʫ ʫʩʣʝʜ ʜʝʿʩʪʚʘ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘ ʤʦʛʫ ʩʝ ʩʚʨʩʪʘʪʠ ʫ ʪʨʠ ʛʣʘʚʥʝ 

ʢʘʪʝʛʦʨʠʿʝ: (1) ʥʘʢʥʘʜʥʦ ʫʤʨʝʞʘʚʘˁʝ, ʢʦʿʝ ʜʦʚʦʜʠ ʜʦ ʧʦʚʝ˂ʘˁʘ ʛʫʩʪʠʥʝ ʤʨʝʞʝ ʠ 

ʯʚʨʩʪʦ˂ʝ ʝʣʘʩʪʦʤʝʨʘ; (2) ʮʝʧʘˁʝ ʣʘʥʘʮʘ, ʰʪʦ ʨʝʟʫʣʪʠʨʘ ʩʢʨʘ˂ʠʚʘˁʝʤ 

ʤʘʢʨʦʤʦʣʝʢʫʣʘʨʥʠʭ ʣʘʥʘʮʘ, ʩʤʘˁʝˁʝʤ ʩʨʝʜˁʝ ʤʦʣʝʢʫʣʩʢʝ ʤʘʩʝ ʠ ʦʤʝʢʰʘʚʘˁʝʤ 

ʤʘʪʝʨʠʿʘʣʘ; ʠ (3) ʭʝʤʠʿʩʢʝ ʤʦʜʠʬʠʢʘʮʠʿʝ ʫʥʫʪʘʨ ʧʦʣʠʤʝʨʥʦʛ ʣʘʥʮʘ, ʧʦʧʫʪ 

ʬʦʨʤʠʨʘˁʘ ʧʦʣʘʨʥʠʭ ʠʣʠ ʜʨʫʛʠʭ ʬʫʥʢʮʠʦʥʘʣʥʠʭ ʛʨʫʧʘ.  

ɼʝʛʨʘʜʘʮʠʿʘ ʧʦʣʠʤʝʨʥʝ ʤʨʝʞʝ ʩʝ ʤʦʞʝ ʜʝʩʠʪʠ ʫʩʣʝʜ ʪʝʨʤʠʯʢʠʭ ʠʣʠ 

ʦʢʩʠʜʘʪʠʚʥʠʭ ʝʬʝʢʘʪʘ. ʉʘ ʧʦʚʝ˂ʘˁʝʤ ʪʝʤʧʝʨʘʪʫʨʝ ʤʦʣʝʢʫʣʠ ʘʧʩʦʨʙʫʿʫ ʝʥʝʨʛʠʿʫ ʰʪʦ 

ʧʨʦʫʟʨʦʢʫʿʝ ʨʘʢʠʜʘˁʝ ʢʦʚʘʣʝʥʪʥʠʭ ʚʝʟʘ ʠ ʜʦʚʦʜʠ ʜʦ ʜʝʛʨʘʜʘʮʠʿʝ ʤʘʪʝʨʠʿʘʣʘ. 

ʅʝʟʘʩʠ˂ʝʥʝ ʚʝʟʝ ʫ ʧʦʣʠʤʝʨʥʦʤ ʣʘʥʮʫ ʯʠʥʝ ʢʘʫʯʫʢʝ ʩʢʣʦʥʠʤ ʪʦʧʣʦʪʥʦʿ ʨʘʟʛʨʘʜˁʠ 

ʟʘʪʦ ʰʪʦ ʿʝ ʝʥʝʨʛʠʿʘ ʧʦʪʨʝʙʥʘ ʜʘ ʩʝ ʨʘʩʢʠʥʝ ʜʚʦʩʪʨʫʢʘ C=C ʚʝʟʘ ʠ ʬʦʨʤʠʨʘ ʘʢʪʠʚʥʠ 

ʨʘʜʠʢʘʣ ʨʝʣʘʪʠʚʥʦ ʤʘʣʘ. ɽʣʘʩʪʦʤʝʨʠ ʫʤʨʝʞʝʥʠ ʧʝʨʦʢʩʠʜʠʤʘ ʠʤʘʿʫ ʙʦˀʫ ʦʪʧʦʨʥʦʩʪ 

ʥʘ ʟʘʛʨʝʚʘˁʝ ʫ ʧʦʨʝʹʝˁʫ ʩʘ ʩʫʤʧʦʨʥʦ ʫʤʨʝʞʝʥʠʤ ʝʣʘʩʪʦʤʝʨʠʤʘ. ʆʢʩʠʜʘʪʠʚʥʦ 

ʩʪʘʨʝˁʝ ʝʣʘʩʪʦʤʝʨʘ ʩʝ ʥʘʿʯʝʰ˂ʝ ʦʜʚʠʿʘ ʧʨʝʢʦ ʨʝʘʢʮʠʿʝ ʩʪʚʘʨʘˁʘ ʩʣʦʙʦʜʥʠʭ 

ʨʘʜʠʢʘʣʘ. ʆʚʘ ʨʝʘʢʮʠʿʘ ʿʝ ʠʥʠʮʠʨʘʥʘ ʙʠʣʦ ʢʦʿʠʤ ʦʙʣʠʢʦʤ ʝʥʝʨʛʠʿʝ ʢʘʦ ʰʪʦ ʿʝ 

ʪʦʧʣʦʪʘ, ʤʝʭʘʥʠʯʢʘ ʝʥʝʨʛʠʿʘ ʠʣʠ ʟʨʘʯʝˁʝ, ʧʨʠ ʯʝʤʫ ʩʝ ʨʘʩʢʠʜʘʿʫ ʢʦʚʘʣʝʥʪʥʝ ʚʝʟʝ ʜʫʞ 

ʦʩʥʦʚʥʦʛ ʣʘʥʮʘ ʧʦʣʠʤʝʨʘ ʠʣʠ ʙʦʯʥʠʭ ʣʘʥʘʮʘ ʠ ʥʘʩʪʘʿʫ ʥʝʩʪʘʙʠʣʥʠ ʨʘʜʠʢʘʣʠ. 

ʅʝʩʪʘʙʠʣʥʠ ʨʘʜʠʢʘʣʠ ʨʝʘʛʫʿʫ ʩʘ ʢʠʩʝʦʥʠʢʦʤ ʛʨʘʜʝ˂ʠ ʧʝʨʦʢʩʠ ʨʘʜʠʢʘʣʝ. ɽʥʝʨʛʠʿʘ 

ʢʦʚʘʣʝʥʪʥʝ C-H ʚʝʟʝ ʿʝ ʤʘˁʘ ʥʝʛʦ ʆ-H ʚʝʟʝ, ʧʘ ʧʝʨʦʢʩʠ ʨʘʜʠʢʘʣ ʪʝʞʠ ʜʘ ʝʢʩʪʨʘʭʫʿʝ 

ʚʦʜʦʥʠʢʦʚ ʘʪʦʤ ʠʟ ʧʦʣʠʤʝʨʥʦʛ ʣʘʥʮʘ ʬʦʨʤʠʨʘʿʫ˂ʠ ʭʠʜʨʦ ʧʝʨʦʢʩʠʜ. ɺʝʟʘ ʆ-ʆ ʿʝ 

ʪʦʣʠʢʦ ʩʣʘʙʘ ʜʘ ʩʝ ʣʘʢʦ ʨʘʩʢʠʜʘ ʥʘ ʜʚʘ ʨʘʜʠʢʘʣʘ: ʘʣʢʦʢʩʠ (RʆÅ) ʠ ʭʠʜʨʦʢʩʠ (HʆÅ) 

ʨʘʜʠʢʘʣ ʰʪʦ ʜʦʚʦʜʠ ʜʦ ʪʦʛʘ ʜʘ ʧʨʦʮʝʩ ʧʦʩʪʘʿʝ ʘʫʪʦʢʘʪʘʣʠʟʦʚʘʥ. ʀʟʥʘʜ ʪʝʤʧʝʨʘʪʫʨʝ 

ʦʩʪʘʢˀʠʚʘˁʘ, ʝʣʘʩʪʦʤʝʨʠ ʧʦʜʣʝʞʫ ʧʨʦʮʝʩʫ ʦʢʩʠʜʘʮʠʿʝ ʙʨʞʝ ʥʝʛʦ ʫ ʩʪʘʢʣʘʩʪʦʤ 

ʩʪʘˁʫ ʟʘʭʚʘˀʫʿʫ˂ʠ ʚʝ˂ʦʿ ʙʨʟʠʥʠ ʜʠʬʫʟʠʿʝ ʢʠʩʝʦʥʠʢʘ [42].  
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ʊʝʨʤʠʯʢʘ ʩʪʘʙʠʣʥʦʩʪ ʿʝ ʿʝʜʥʘ ʦʜ ʥʘʿʚʘʞʥʠʿʠʭ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʟʘ ʰʠʨʦʢ 

ʩʧʝʢʪʘʨ ʧʨʠʤʝʥʘ ʝʣʘʩʪʦʤʝʨʘ. ʅʘ ʚʠʩʦʢʠʤ ʪʝʤʧʝʨʘʪʫʨʘʤʘ, ʣʘʥʮʠ ʧʦʣʠʤʝʨʥʝ ʤʨʝʞʝ 

ʩʝ ʤʦʛʫ ʮʝʧʘʪʠ ʠ ʨʝʘʛʦʚʘʪʠ ʿʝʜʥʠ ʩʘ ʜʨʫʛʠʤʘ ʰʪʦ ʜʦʚʦʜʠ ʜʦ ʧʨʦʤʝʥʝ ʩʚʦʿʩʪʚʘ 

ʤʘʪʝʨʠʿʘʣʘ. ʊʝʨʤʠʯʢʘ ʩʪʘʙʠʣʥʦʩʪ ʩʝ ʤʦʞʝ ʜʝʬʠʥʠʩʘʪʠ ʢʘʦ ʛʦʨˁʘ ʨʘʜʥʘ ʪʝʤʧʝʨʘʪʫʨʘ, 

ʧʨʠ ʢʦʿʦʿ ʥʝ ʜʦʣʘʟʠ ʜʦ ʥʝʞʝˀʝʥʠʭ ʛʫʙʠʪʘʢʘ ʤʝʭʘʥʠʯʢʠʭ ʩʚʦʿʩʪʘʚʘ. ɹʝʟ ʧʨʠʩʫʩʪʚʘ 

ʘʜʠʪʠʚʘ, ʤʦʞʝ ʜʦ˂ʠ ʜʦ ʟʥʘʯʘʿʥʦʛ ʧʦʛʦʨʰʘˁʘ ʩʚʦʿʩʪʘʚʘ ʥʘ ʤʥʦʛʦ ʥʠʞʠʤ 

ʪʝʤʧʝʨʘʪʫʨʘʤʘ ʦʜ ʦʥʠʭ ʧʨʠ ʢʦʿʠʤʘ ʤʝʭʘʥʠʯʢʠ ʜʦʣʘʟʠ ʜʦ ʮʝʧʘˁʘ ʣʘʥʘʮʘ. ʈʝʘʢʮʠʿʝ 

ʫʢˀʫʯʝʥʝ ʫ ʜʝʛʨʘʜʘʮʠʿʫ ʜʦʚʦʜʝ ʜʦ ʧʨʦʤʝʥʘ ʦʧʪʠʯʢʠʭ ʠ ʬʠʟʠʯʢʠʭ ʩʚʦʿʩʪʘʚʘ ʧʦʨʝʜʝ˂ʠ 

ʠʭ ʩʘ ʦʥʠʤʘ ʧʨʝ ʠʟʣʘʛʘˁʘ ʚʠʩʦʢʦʿ ʪʝʤʧʝʨʘʪʫʨʠ.  

ʉʣʠʢʘ 47 ʧʨʠʢʘʟʫʿʝ ʪʝʨʤʠʯʢʫ ʜʝʛʨʘʜʘʮʠʿʫ NR/BR/SBR ʢʦʤʧʦʟʠʪʘ ʥʘ ʙʘʟʠ 

ʙʣʝʥʜʠ ʢʘʫʯʫʢʘ ʩʘ 60 phr ʯʘʹʠ. DTG ʧʦʜʘʮʠ ʦ ʤʘʢʩʠʤʘʣʥʠʤ ʚʨʝʜʥʦʩʪʠʤʘ ʧʠʢʦʚʘ ʠ 

ʛʫʙʠʪʢʫ ʤʘʩʝ ʥʘ ʨʘʟʣʠʯʠʪʠʤ ʪʝʤʧʝʨʘʪʫʨʘʤʘ ʩʫʤʠʨʘʥʠ ʩʫ ʫ ʪʘʙʝʣʠ 36. ʊʝʨʤʠʯʢʘ 

ʜʝʛʨʘʜʘʮʠʿʘ NR/BR/SBR ʢʦʤʧʦʟʠʪʘ ʥʘ ʙʘʟʠ ʙʣʝʥʜʠ ʢʘʫʯʫʢʘ ʩʘ 60 phr ʯʘʹʠ (ʩʣʠʢʘ 47ʘ 

ʠ ʪʘʙʝʣʘ 36) ʩʝ ʦʜʚʠʿʘ ʫ ʜʚʘ ʢʦʨʘʢʘ: ʧʨʚʠ ʢʦʨʘʢ ʜʝʛʨʘʜʘʮʠʿʝ ʿ ʝ ʠʩʧʘʨʘʚʘˁʝ ʫˀʘ ʟʘ 

ʧʨʝʨʘʜʫ ʠʣʠ ʙʠʣʦ ʢʦʿʝ ʜʨʫʛʝ ʢʦʤʧʦʥʝʥʪʝ ʥʠʩʢʝ ʪʘʯʢʝ ʢˀʫʯʘˁʘ (200-400ÁC) ʩʘ 

ʛʫʙʠʪʢʦʤ ʤʘʩʝ ʦʜ 14,3-11,7% [150].  

 
 a)  

ʙ) 

ʉʣʠʢʘ 47. TGA (a) i DTG (ʙ) ʢʨʠʚʝ NR/BR/SBR ʢʦʤʧʦʟʠʪʘ ʩʘ 60 phr ʯʘʹʠ ʫ 

ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʧʨʦʤʝʥʝ ʩʘʜʨʞʘʿʘ SBR  ʢʘʫʯʫʢʘ. 

 

ɼʨʫʛʠ ʢʦʨʘʢ ʪʝʨʤʠʯʢʝ ʨʘʟʛʨʘʜˁʝ ʠʩʧʠʪʠʚʘʥʠʭ ʢʦʤʧʦʟʠʪʘ ʤʘʥʠʬʝʩʪʫʿʝ ʩʝ ʫ 



ʅʘʥʦ-ʢʦʤʧʦʟʠʪʠ ʥʘ ʙʘʟʠ ʪʨʠ ʧʨʝʢʫʨʩʦʨʘ ʤʨʝʞʝ: NR, BR ʠ SBR ʢʘʫʯʫʢʘ 

123 

 

ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʫ ʦʜ 400 ʜʦ 500ÁC. ʅʘ ʦʩʥʦʚʫ DTG ʪʝʨʤʦʛʨʘʤʘ (ʩʣʠʢʘ 47ʙ), 

ʫʦʯʝʥʦ ʿʝ ʧʨʝʢʣʘʧʘˁʝ ʚʨʭʦʚʘ ʢʦʜ ʩʚʠʭ ʫʟʦʨʘʢʘ, ʰʪʦ ʩʝ ʤʦʞʝ ʧʨʠʧʠʩʘʪʠ ʧʨʦʮʝʩʫ ʢʦ-

ʚʫʣʢʘʥʠʟʘʮʠʿʝ [151]. ʇʨʠʩʫʪʥʘ ʩʫ ʜʚʘ ʚʨʭʘ ʤʘˁʝʛ ʠʥʪʝʥʟʠʪʝʪʘ ʫ ʦʧʩʝʟʠʤʘ 373,6ï

387,9 ÁC ʠ 433,8ï446,4 ÁC, ʢʦʿʠ ʦʜʛʦʚʘʨʘʿʫ ʜʝʛʨʘʜʘʮʠʦʥʠʤ ʧʨʦʮʝʩʠʤʘ ʨʘʟʣʠʯʠʪʠʭ 

ʧʦʣʠʤʝʨʥʠʭ ʢʦʤʧʦʥʝʥʪʠ. ɼʨʫʛʠ ʧʠʢ ʩʝ ʧʦʚʝʟʫʿʝ ʩʘ ʨʘʟʛʨʘʜˁʦʤ NR ʢʦʤʧʦʥʝʥʪʝ, 

ʧʨʘ˂ʝʥʦʤ ʛʫʙʠʪʢʦʤ ʤʘʩʝ ʫ ʨʘʩʧʦʥʫ ʦʜ 44,4% ʜʦ 53,2%. ʉʘ ʧʦʚʝ˂ʘˁʝʤ ʫʜʝʣʘ SBR 

ʢʘʫʯʫʢʘ, ʦʚʘ ʜʚʘ DTG ʧʠʢʘ ʩʝ ʩʚʝ ʚʠʰʝ ʩʪʘʧʘʿʫ ʫ ʿʝʜʘʥ ʧʨʦʰʠʨʝʥʠ ʩʠʛʥʘʣ, ʰʪʦ 

ʫʢʘʟʫʿʝ ʥʘ ʧʨʝʢʣʘʧʘʿʫ˂ʫ ʠʣʠ ʩʠʥʝʨʛʝʪʩʢʫ ʨʘʟʛʨʘʜˁʫ. ʋʿʝʜʥʦ, ʪʝʤʧʝʨʘʪʫʨʘ ʜʨʫʛʦʛ 

ʢʦʨʘʢʘ ʜʝʛʨʘʜʘʮʠʿʝ ʧʦʤʝʨʘ ʩʝ ʢʘ ʚʠʰʠʤ ʚʨʝʜʥʦʩʪʠʤʘ, ʢʘʢʦ ʿʝ ʧʨʠʢʘʟʘʥʦ ʥʘ ʩʣʠʮʠ 47ʙ 

ʠ ʫ ʪʘʙʝʣʠ 37, ʩʘ ʧʦʚʝ˂ʘˁʝʤ ʩʘʜʨʞʘʿʘ SBR ʢʘʫʯʫʢʘ. ʇʨʦʠʟʚʦʜʠ ʨʘʟʛʨʘʜˁʝ ʪʘʢʦʹʝ 

ʦʜʨʘʞʘʚʘʿʫ ʨʘʟʣʠʢʝ ʫ ʩʪʨʫʢʪʫʨʠ ʧʦʣʠʤʝʨʘ: ʟʘ NR ʜʦʤʠʥʠʨʘʿʫ ʠʟʦʧʨʝʥ ʠ ʜʠʧʝʥʪʝʥ, 

ʜʦʢ ʩʝ ʢʦʜ SBR-ʘ ʿʘʚˀʘʿʫ 4-ʚʠʥʠʣʮʠʢʣʦʭʝʢʩʝʥ, ʩʪʠʨʝʥ ʠ ʤʝʪʠʣʙʝʥʟʦʣ [152]. 

 ʉʘ ʧʦʚʝ˂ʘˁʝʤ ʫʜʝʣʘ SBR ʢʘʫʯʫʢʘ ʫ NR/BR/SBR/CB ʢʦʤʧʦʟʠʪʠʤʘ, ʫʦʯʘʚʘ ʩʝ 

ʩʤʘˁʝˁʝ ʚʨʝʜʥʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨʝ ʧʨʠ ʢʦʿʦʿ ʜʦʣʘʟʠ ʜʦ 5% ʛʫʙʠʪʢʘ ʤʘʩʝ (ʊ%), ʫ 

ʧʦʨʝʹʝˁʫ ʩʘ ʢʦʤʧʦʟʠʪʦʤ ʙʝʟ SBR-ʘ. ʆʚʘ ʧʦʿʘʚʘ ʫʢʘʟʫʿʝ ʥʘ ʩʤʘˁʝˁʝ ʧʦʯʝʪʥʝ ʪʝʨʤʠʯʢʝ 

ʩʪʘʙʠʣʥʦʩʪʠ ʩʠʩʪʝʤʘ, ʰʪʦ ʩʝ ʤʦʞʝ ʧʨʠʧʠʩʘʪʠ ʤʘˁʦʿ ʪʝʨʤʠʯʢʦʿ ʦʪʧʦʨʥʦʩʪʠ SBR-ʘ ʫ 

ʦʜʥʦʩʫ ʥʘ NR ʠ BR. 

 

ʊʘʙʝʣʘ 36. ʈʝʟʫʣʪʘʪʠ ʘʥʘʣʠʟʝ ʪʝʨʤʠʯʢʝ ʩʪʘʙʠʣʥʦʩʪʠ NR/BR/SBR ʢʦʤʧʦʟʠʪʘ ʩʘ 60 phr 

ʯʘʹʠ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʧʨʦʤʝʥʝ ʩʘʜʨʞʘʿʘ SBR ʢʘʫʯʫʢʘ. 

ʂʦʤʧʦʟʠʪ 

NR/BR/SBR/CB 

(phr) 

ʊʝʤʧʝʨʘʪʫʨʥʠ 

ʠʥʪʝʨʚʘʣ  

(ÁC) 

ɺʨʝʜʥʦʩʪ 

DTG ʧʠʢʘ 

(ÁC) 

 ɻʫʙʠʪʘʢ 

ʤʘʩʝ  

(%) 

T5% 
(ÁC) 

ʂʨʘʿˁʠ 

ʛʫʙʠʪʘʢ ʤʘʩʝ 

(%) 

50/50/0/60 
203,0-401,6 377,5 14,3 

322,7 63,9 
404,3-498,7 445,4 44,4 

40/40/20/60 
202,5-404,2 377,8 12,6 

314,9 63,1 
404,2-501,7 446,4 47,4 

30/30/40/60 
203,5-390,6 387,9 13,5 

317,5 71,5 
390,6-497,9 446,9 48,9 

20/20/60/60 224,6-499,3 
373,6 11,7 

305,4 67,1 
433,8 52,8 

10/10/80/60 231,0-487,5 
373,6 11,9 

296,0 66,9 
433,8 53,2 
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4.4. ʋʪʠʮʘʿ ʨʝʮʠʢʣʠʨʘʥʝ ʛʫʤʝ (RR) ʥʘ ʩʚʦʿʩʪʚʘ NR/BR/SBR/CB/RR ʢʦʤʧʦʟʠʪʘ  

ʅʘʢʦʥ ʧʦʪʚʨʜʝ ʜʘ ʿʝ NR/BR/SBR/CB (40/40/20/60) ʢʦʤʧʦʟʠʪ ʥʘʿʦʧʪʠʤʘʣʥʠʿʠ ʫ 

ʧʦʛʣʝʜʫ ʤʝʭʘʥʠʯʢʠʭ ʦʩʦʙʠʥʘ, ʠʟʚʨʰʝʥʘ ʿʝ ʟʘʤʝʥʘ ʫʜʝʣʘ CB ʧʫʥʠʣʘ ʩʘ RR-ʦʤ ʠ ʪʦ ʫ 

ʦʜʥʦʩʫ CB/RR ʦʜ 55/5, 50/10 ʠ 40/20 phr ʢʘʢʦ ʙʠ ʩʝ ʠʩʧʠʪʘʦ ʫʪʠʮʘʿ ʜʦʜʘʪʢʘ ʨʝʮʠʢʣʠʨʘʥʝ 

ʛʫʤʝ ʥʘ ʩʚʦʿʩʪʚʘ NR/BR/SBR/CB/RR ʢʦʤʧʦʟʠʪʘ. ʈʝʮʝʧʪʫʨʘ ʟʘ ʤʝʰʘˁʝ ʢʦʤʧʦʟʠʪʘ ʥʘ 

ʙʘʟʠ NR/BR/SBR/CB/RR ʙʣʝʥʜʠ ʢʘʫʯʫʢʘ ʿʝ ʧʨʠʢʘʟʘʥʘ ʫ ʪʘʙʝʣʠ 24. 

ʐʠʨʦʤ ʩʚʝʪʘ, ʙʨʦʿ ʦʪʧʘʜʥʠʭ ʛʫʤʘ ʢʦʿʝ ʟʘʚʨʰʘʚʘʿʫ ʥʘ ʜʝʧʦʥʠʿʘʤʘ ʚʘʨʠʨʘ, ʘʣʠ 

ʧʨʝʤʘ ʥʝʢʠʤ ʠʟʚʝʰʪʘʿʠʤʘ, ʩʢʦʨʦ ʯʝʪʚʨʪʠʥʘ ʛʫʤʘ ʟʘʚʨʰʠ ʥʘ ʜʝʧʦʥʠʿʘʤʘ. ʂʘʢʦ ʩʝ ʛʫʤʘ 

ʥʝ ʨʘʟʣʘʞʝ ʣʘʢʦ, ʧʦʿʘʚʠʣʦ ʩʝ ʧʠʪʘˁʝ ʫʧʨʘʚˀʘˁʘ ʦʜʣʘʛʘˁʝʤ ʛʫʤʝʥʦʛ ʦʪʧʘʜʘ, ʰʪʦ 

ʧʦʪʝʥʮʠʿʘʣʥʦ ʜʦʚʦʜʠ ʜʦ ʦʟʙʠˀʥʠʭ ʝʢʦʣʦʰʢʠʭ ʧʨʦʙʣʝʤʘ [124, 126]. 

 ʆʪʧʘʜʥʘ ʛʫʤʘ ʿʝ ʚʘʞʘʥ ʠʟʚʦʨ ʩʝʢʫʥʜʘʨʥʠʭ ʩʠʨʦʚʠʥʘ. ɿʝʤˀʝ ʩʘ ʨʘʟʚʠʿʝʥʦʤ 

ʧʫʪʥʦʤ ʤʨʝʞʦʤ ʩʫʦʯʘʚʘʿʫ ʩʝ ʩʘ ʠʟʘʟʦʚʠʤʘ ʩʘ ʦʪʧʘʜʥʠʤ ʛʫʤʘʤʘ. ʉʭʦʜʥʦ ʪʦʤʝ, 

ʧʦʩʣʝʜˁʠʭ ʛʦʜʠʥʘ ʜʦʰʣʦ ʿʝ ʜʦ ʟʥʘʯʘʿʥʠʭ ʠʩʪʨʘʞʠʚʘˁʘ ʫʩʤʝʨʝʥʠʭ ʥʘ ʨʘʟʚʦʿ ʝʬʠʢʘʩʥʠʭ 

ʤʝʪʦʜʘ ʟʘ ʨʝʮʠʢʣʘʞʫ ʠʣʠ ʦʜʣʘʛʘˁʝ ʦʪʧʘʜʥʠʭ ʛʫʤʘ. ʆʪʧʘʜʥʝ ʛʫʤʝ ʩʫ ʦʥʝ ʢʦʿʝ ʩʫ 

ʟʘʚʨʰʠʣʝ ʩʚʦʿ ʨʘʜʥʠ ʚʝʢ, ʘ ʧʨʚʝʥʩʪʚʝʥʦ ʧʦʪʠʯʫ ʦʜ ʧʫʪʥʠʯʢʠʭ ʠ ʪʝʨʝʪʥʠʭ ʘʫʪʦʤʦʙʠʣʘ. 

ɿʘʢʦʥʠ ʠ ʧʨʦʧʠʩʠ ʢʦʿʠ ʩʝ ʦʜʥʦʩʝ ʥʘ ʫʧʦʪʨʝʙʫ ʛʫʤʘ ʩʫ ʚʝʦʤʘ ʩʪʨʦʛʠ, ʰʪʦ ʨʝʟʫʣʪʠʨʘ 

ʚʝʣʠʢʠʤ ʙʨʦʿʝʤ ʛʫʤʘ ʢʦʿʝ ʪʨʝʙʘ ʦʜʣʦʞʠʪʠ. ʈʘʟʥʝ ʩʪʫʜʠʿʝ ʧʨʦʮʝˁʫʿʫ ʜʘ 1-1,8 ʤʠʣʠʿʘʨʜʠ 

ʛʫʤʘ ʟʘʚʨʰʠ ʥʘ ʜʝʧʦʥʠʿʘʤʘ ʩʚʘʢʝ ʛʦʜʠʥʝ. ʆʚʦ ʩʝ ʥʝ ʦʜʥʦʩʠ ʩʘʤʦ ʥʘ ʥʝʨʘʟʚʠʿʝʥʝ ʟʝʤˀʝ 

ʚʝ˂ ʠ ʥʘ ʉʿʝʜʠˁʝʥʝ ɸʤʝʨʠʯʢʝ ɼʨʞʘʚʝ (SɸD). ʇʦʨʝʜ ʪʦʛʘ, ʪʨʝʙʘ ʥʘʧʦʤʝʥʫʪʠ ʜʘ ʯʘʢ 75% 

ʛʣʦʙʘʣʥʝ ʦʪʧʘʜʥʝ ʛʫʤʝ ʪʨʝʥʫʪʥʦ ʟʘʚʨʰʘʚʘʿʫ ʥʘ ʜʝʧʦʥʠʿʘʤʘ. ʅʘ ʢʨʘʿʫ 2024. ʦʯʝʢʫʿʝ ʩʝ 

ʜʘ ˂ʝ ʛʣʦʙʘʣʥʘ ʧʨʦʠʟʚʦʜˁʘ ʛʫʤʘ ʠʤʘʪʠ ʛʦʜʠʰˁʫ ʩʪʦʧʫ ʨʘʩʪʘ ʦʜ 3,4%, ʠ ʜʘ ˂ʝ ʜʦʩʪʠ˂ʠ 

ʧʨʦʠʟʚʦʜˁʫ ʦʜ 22,75 ʤʠʣʠʦʥʘ ʪʦʥʘ 2025. ʛʦʜʠʥʝ. ʆʚʠ ʙʨʦʿʝʚʠ ʥʘʛʣʘʰʘʚʘʿʫ ʚʘʞʥʦʩʪ 

ʦʜʨʞʠʚʦʛ ʫʧʨʘʚˀʘˁʘ ʛʫʤʘʤʘ ʠ ʥʘʧʦʨʘ ʟʘ ʨʝʮʠʢʣʘʞʦʤ ʠʩʪʠʭ ʢʘʢʦ ʙʠ ʩʝ ʤʠʥʠʤʠʟʠʨʘʦ 

ʫʪʠʮʘʿ ʦʪʧʘʜʘ ʦʜ ʛʫʤʘ ʥʘ ʞʠʚʦʪʥʫ ʩʨʝʜʠʥʫ [153]. 

ɼʘ ʙʠ ʩʝ ʠʩʧʫʥʠʣʠ ʟʘʭʪʝʚʠ ʞʠʚʦʪʥʝ ʩʨʝʜʠʥʝ ʧʦʩʪʘʚˀʝʥʠ ʧʨʝ ˁʠʭ, ʧʨʦʠʟʚʦʹʘʯʠ 

ʛʫʤʘ ʧʦʢʫʰʘʚʘʿʫ ʜʘ ʧʨʦʥʘʹʫ ʥʘʯʠʥʝ ʜʘ ʢʦʨʠʩʪʠʪʝ ʨʝʮʠʢʣʠʨʘʥʝ ʧʨʦʠʟʚʦʜʝ. ʋʦʙʠʯʘʿʝʥʝ 

ʤʝʪʦʜʝ ʢʦʿʝ ʩʝ ʢʦʨʠʩʪʝ ʫ ʦʜʨʞʠʚʦʤ ʫʧʨʘʚˀʘˁʝ ʦʪʧʘʜʥʠʤ ʛʫʤʝʥʠʤ ʧʨʦʠʟʚʦʜʠʤʘ ʩʫ 

ʧʦʥʦʚʥʦ ʢʦʨʠʰ˂ʝˁʝ, ʧʠʨʦʣʠʟʘ ʠ ʨʝʮʠʢʣʘʞʘ. ʇʦʩʪʦʿʠ ʤʥʦʛʦ ʥʘʯʠʥʘ ʢʦʨʠʰ˂ʝˁʘ 

ʦʪʧʘʜʥʝ ʛʫʤʝ: ʤʦʞʝ ʩʝ ʢʦʨʠʩʪʠʪʠ ʫ ʛʨʘʹʝʚʠʥʘʨʩʪʚʫ, ʟʘ ʧʨʠʧʨʝʤʫ ʢʦʤʧʦʟʠʪʥʠʭ 

ʤʘʪʝʨʠʿʘʣʘ, ʢʘʦ ʠʟʚʦʨʘ ʝʥʝʨʛʠʿʝ, ʟʘ ʩʧʦʨʪʩʢʫ ʦʧʨʝʤʫ ʠ ʫ ʧʨʦʠʟʚʦʜˁʠ ʛʫʤʘ. ʇʥʝʫʤʘʪʠʢ 
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ʘʣʠ ʠ ʦʩʪʘʣʠ ʛʫʤʝʥʠ ʧʨʦʠʟʚʦʜʠ ʩʝ ʥʝ ʨʘʩʧʘʜʘʿʫ ʣʘʢʦ, ʧʦʩʪʦʿʠ ʧʨʦʙʣʝʤ ʫʧʨʘʚˀʘˁʝ 

ʛʫʤʝʥʠʤ ʦʪʧʘʜʦʤ ʢʦʿʠ ʙʠ ʤʦʛʘʦ ʜʘ ʠʟʘʟʦʚʝ ʦʟʙʠˀʥʝ ʧʦʩʣʝʜʠʮʝ ʧʦ ʞʠʚʦʪʥʫ ʩʨʝʜʠʥʫ. 

ʇʨʝʨʘʜʦʤ ʦʪʧʘʜʥʠʭ ʛʫʤʘ ʜʦʙʠʿʘʿʫ ʩʝ ʫʩʠʪˁʝʥʘ ʛʫʤʘ ʠʣʠ ʢʦʤʘʜʠ˂ʠ (ʢʦʤʘʜʠ ʧʨʝʢʦ 10 

mm), ʛʨʘʥʫʣʝ (ʚʝʣʠʯʠʥʘ ʯʝʩʪʠʮʘ ʦʜ 0,5 ʜʦ 10 mm) ʠ ʛʫʤʝʥʠ ʧʨʘʭ (ʜʦ 0,5 mm) [154].  

ʂʦʨʠʰ˂ʝˁʝ RR-ʘ, ʢʘʦ ʚʘʞʥʦʛ ʠʟʚʦʨʘ ʩʝʢʫʥʜʘʨʥʝ ʩʠʨʦʚʠʥʝ, ʿʝ ʿʝʜʘʥ ʦʜ ʥʘʯʠʥʘ ʜʘ 

ʩʝ ʩʤʘˁʠ ʦʪʧʘʜ ʦʜ ʛʫʤʝ. ɻʣʘʚʥʝ ʬʠʟʠʯʢʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ RR-ʘ ʩʫ ʥʠʩʢʘ ʛʫʩʪʠʥʘ ʠ 

ʝʣʘʩʪʠʯʥʦʩʪ. ʇʦʰʪʦ ʿʝ RR ʥʘʧʨʘʚˀʝʥʘ ʦʜ ʨʘʟʣʠʯʠʪʠʭ ʚʨʩʪʘ ʝʣʘʩʪʦʤʝʨʘ ʠ ʩʘʜʨʞʠ 

ʧʫʥʠʣʘ, ʩʫʤʧʦʨ, ʘʢʪʠʚʘʪʦʨʝ, ʦʤʝʢʰʠʚʘʯʝ ʠ ʪʘʢʦ ʜʘˀʝ, ˁʝʥʘ ʭʝʤʠʿʩʢʘ ʩʚʦʿʩʪʚʘ ˂ʝ 

ʟʘʚʠʩʠʪʠ ʦʜ ʩʚʝʛʘ ʪʦʛʘ, ʘʣʠ ʧʨʝ ʩʚʝʛʘ ʦʜ ʩʘʩʪʘʚʘ ʢʦʨʠʰ˂ʝʥʦʛ ʝʣʘʩʪʦʤʝʨʘ. ʈʝʮʠʢʣʠʨʘʥʘ 

ʛʫʤʘ ʧʨʠʧʨʝʤˀʝʥʘ ʤʣʝʚʝˁʝʤ ʜʦ ʦʜʨʝʹʝʥʝ ʚʝʣʠʯʠʥʘ ʯʝʩʪʠʮʘ ʤʦʞʝ ʧʦʩʣʫʞʠʪʠ ʢʘʦ 

ʧʫʥʠʣʦ ʫ ʧʨʦʠʟʚʦʜˁʠ ʛʫʤʝʥʠʭ ʤʘʪʝʨʠʿʘʣʘ ʦʜ ʚʝʣʠʢʝ ʚʘʞʥʦʩʪʠ. ʄʝʹʫʪʠʤ, ʟʘ ʩʘʜʘ ʩʝ 

ʨʘʜʠ ʩʘʤʦ ʦʜʣʘʛʘˁʝ ʨʝʮʠʢʣʠʨʘʥʝ ʛʫʤʝ, ʰʪʦ ʧʦʩʪʘʿʝ ʚʝʣʠʢʠ ʝʢʦʣʦʰʢʠ ʧʨʦʙʣʝʤ ʰʠʨʦʤ 

ʩʚʝʪʘ. ʄʘʣʠ ʿʝ ʙʨʦʿ ʦʙʿʘʚˀʝʥʠʭ ʨʘʜʦʚʘ ʦ ʧʨʠʤʝʥʠ ʨʝʮʠʢʣʠʨʘʥʝ ʛʫʤʝ ʢʘʦ ʜʝʣʠʤʠʯʥʝ 

ʟʘʤʝʥʝ ʟʘ CB ʧʫʥʠʣʦ ʫ ʢʦʤʧʦʟʠʪʠʤʘ ʥʘ ʙʘʟʠ NR/BR/SBR ʙʣʝʥʜʠ ʢʘʫʯʫʢʘ.  

ʂʦʤʧʦʟʠʪʠ ʥʘ ʙʘʟʠ NR/BR/SBR/CB/RR ʢʦʨʠʩʪʝ ʩʝ ʫ ʘʫʪʦʤʦʙʠʣʩʢʦʿ ʠʥʜʫʩʪʨʠʿʠ. 

NR ʦʙʝʟʙʝʹʫʿʝ ʜʦʙʨʦ ʧʨʠʘˁʘˁʝ ʥʘ ʧʫʪʫ, SBR ʧʦʙʦˀʰʘʚʘ ʠʟʜʨʞˀʠʚʦʩʪ ʠ ʦʪʧʦʨʥʦʩʪ ʥʘ 

ʭʘʙʘˁʝ, ʜʦʢ BR ʜʦʧʨʠʥʦʩʠ ʿʘʯʠʥʠ ʠ ʩʪʘʙʠʣʥʦʩʪʠ. ʆʚʘ ʢʦʤʧʦʟʠʪʠ ʥʘ ʙʘʟʠ ʙʣʝʥʜʠ 

ʢʘʫʯʫʢʘ  ʩʝ ʢʦʨʠʩʪʝ ʫ ʧʨʦʠʟʚʦʜˁʠ ʦʿʘʯʘʥʠʭ ʛʫʤʝʥʠʭ ʮʝʚʠ ʟʘ ʧʨʦʪʦʢ ʚʦʜʝ, ʚʘʟʜʫʭʘ, 

ʥʘʬʪʝ, ʧʨʘʰʠʥʝ; ʠʥʜʫʩʪʨʠʿʩʢʠʭ ʟʘʧʪʠʚʢʠ; ʫ ʠʥʜʫʩʪʨʠʿʠ ʦʙʫ˂ʝ; ʢʦʜ ʠʟʨʘʜʝ 

ʪʨʘʥʩʧʦʨʪʝʨʘ, ʚʘˀʘʢʘ, ʙʨʠʩʘʯʘ, ʪʨʘʢʘ [13]. 

 

4.4.1. ʂʘʨʘʢʪʝʨʠʩʪʠʢʝ ʫʤʨʝʞʘʚʘˁʘ ʢʦʤʧʦʟʠʪʘ   
 

 ʂʘʨʘʢʪʝʨʠʩʪʠʢʝ ʫʤʨʝʞʘʚʘˁʘ: ML, MH, ts1, tC90 ʠ CRI ʟʘ NR/BR/SBR/CB/RR  

ʢʦʤʧʦʟʠʪʘ ʧʨʠʢʘʟʘʥʠ ʩʫ ʫ ʪʘʙʝʣʠ 37. 

 

ʊʘʙʝʣʘ 37. ʂʘʨʘʢʪʝʨʠʩʪʠʢʝ ʫʤʨʝʞʘʚʘˁʘ NR/BR/SBR/CB/RR ʫʤʨʝʞʘʚʘʿʫ˂ʠʭ ʩʠʩʪʝʤʘ.  
 

NR/BR/SBR  

(phr) 

CB/RR 

(phr) 

ML 

(dNm) 

MH 

(dNm)  

ts1  
(min) 

tC90  

(min) 

CRI 

 (min-1) 

40/40/20 60/0 1,94 15,83 0,33 0,66 303,03 

40/40/20 55/5 2,21 15,0 0,36 0,70 294,12 

40/40/20 50/10 2,05 13,87 0,35 0,67 312,50 

40/40/20 40/20 1,84 11,29 0,33 0,56 434,78 
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 ʅʘ ʦʩʥʦʚʫ ʧʦʜʘʪʘʢʘ ʠʟ ʪʘʙʝʣʝ 37, ʫʦʯʝʥʦ ʿʝ ʜʘ ʜʦʜʘʚʘˁʝ RR-ʘ ʫ NR/BR/SBR/CB 

ʢʦʤʧʦʟʠʪ ʜʦʚʦʜʠ ʜʦ ʩʢʨʘ˂ʝˁʘ ʚʨʝʤʝʥʘ ts1 ʠ tc90. ʆʚʦ ʩʤʘˁʝˁʝ ʩʝ ʤʦʞʝ ʧʨʠʧʠʩʘʪʠ 

ʧʨʠʩʫʩʪʚʫ ʨʝʟʠʜʫʘʣʥʠʭ ʫʤʨʝʞʝʥʠʭ ʩʪʨʫʢʪʫʨʘ (ʧʨʝʢʫʨʩʦʨʘ) ʠ ʟʘʦʩʪʘʣʠʭ ʫʤʨʝʞʘʚʘʿʫ˂ʠʭ 

ʩʨʝʜʩʪʘʚʘ ʫ ʨʝʮʠʢʣʠʨʘʥʦʤ ʤʘʪʝʨʠʿʘʣʫ, ʢʦʿʠ ʧʦʪʝʥʮʠʿʘʣʥʦ ʜʝʣʫʿʫ ʢʘʦ ʠʥʠʮʠʿʘʪʦʨʠ ʠʣʠ 

ʘʢʮʝʣʝʨʘʪʦʨʠ ʫ ʧʨʦʮʝʩʫ ʥʦʚʝ ʚʫʣʢʘʥʠʟʘʮʠʿʝ [155]. ɺʨʝʜʥʦʩʪ ʟʘ ʄL, ʢʦʤʧʦʟʠʪʘ 

NR/BR/SBR/CB ʩʘ ʜʦʜʘʪʢʦʤ RR, ʩʝ ʧʦʚʝ˂ʘʚʘ ʠ ʤʘˁʠ ʿʝ ʫ ʧʦʨʝʹʝˁʫ ʩʘ ʤʝʰʘʚʠʥʘʤʘ ʙʝʟ 

RR, ʰʪʦ ʫʢʘʟʫʿʝ ʥʘ ʥʠʞʠ ʚʠʩʢʦʟʠʪʝʪ ʢʘʜʘ ʿʝ ʚʫʣʢʘʥʠʟʘʮʠʿʘ ʧʦʯʝʣʘ ʜʘ ʩʝ ʦʜʚʠʿʘ. ʄL ʩʝ 

ʪʘʢʦʹʝ ʤʦʞʝ ʧʦʚʝʟʘʪʠ ʩʘ ʩʧʦʩʦʙʥʦʰ˂ʫ ʦʙʨʘʜʝ ʛʫʤʝʥʝ ʩʤʝʰʝ. ʉʫʧʨʦʪʥʦ ʪʦʤʝ, ʜʦʜʘʪʢʦʤ 

RR ʫ CB/RR ʧʫʥʠʣʦ ʩʤʘˁʫʿʝ ʩʝ ʚʨʝʜʥʦʩʪ ʟʘ ʄH, NR/BR/SBR  ʩʤʝʰʘ. 

ʂʘʦ ʨʝʟʫʣʪʘʪ ʘʢʪʠʚʘʮʠʿʝ ʜʚʦʩʪʨʫʢʝ ʚʝʟʝ ʥʘʩʪʘʿʫ ʘʢʪʠʚʥʠʿʠ ʧʨʝʢʫʨʩʦʨʠ ʟʘ 

ʫʤʨʝʞʘʚʘˁʝ [156]. ʆʚʠ ʘʢʪʠʚʠʨʘʥʠ ʧʨʝʢʫʨʩʦʨʠ ˂ʝ ʫʙʨʟʘʪʠ ʚʫʣʢʘʥʠʟʘʮʠʿʫ ʠʟʤʝʹʫ NR ʠ 

BR ʠ SBR ʬʘʟʘ ʢʦʿʝ ʠʥʜʫʢʫʿʫ ʙʨʞʝ ʤʝʹʫʬʘʟʥʦ ʫʤʨʝʞʘʚʘˁʝ ʠʟʤʝʹʫ ʦʚʠʭ ʤʦʣʝʢʫʣʘ.  

 

4.4.2. ʄʝʭʘʥʠʯʢʘ ʩʚʦʿʩʪʚʘ ʢʦʤʧʦʟʠʪʘ  
 

ɽʬʝʢʪʠ RR ʧʫʥʠʣʘ ʥʘ ʤʝʭʘʥʠʯʢʘ ʩʚʦʿʩʪʚʘ NR/BR/SBR/CB/RR ʢʦʤʧʦʟʠʪʘ 

ʧʨʠʢʘʟʘʥʠ ʩʫ ʥʘ ʩʣʠʢʘʤʘ 4-6 ʠ ʪʘʙʝʣʠ 38.  

 

ʊʘʙʝʣʘ 38. ʄʝʭʘʥʠʯʢʘ ʩʚʦʿʩʪʚʘ NR/BR/SBR/CB/RR ʢʦʤʧʦʟʠʪʘ.  

 

 NR/BR/SBR/CB/RR ʢʦʤʧʦʟʠʪ ʿ ʝ ʧʦʢʘʟʘʦ ʤʘˁʫ ʧʨʝʢʠʜʥʫ ʯʚʨʩʪʦ˂ʫ ʠ ʚʝ˂ʝ 

ʧʨʝʢʠʜʥʦ ʠʟʜʫʞʝˁʝ ʫ ʧʦʨʝʹʝˁʫ ʩʘ NR/BR/SBR/CB ʢʦʤʧʦʟʠʪʦʤ ʙʝʟ RR. ʇʨʠʤʝ˂ʝʥʦ ʿʝ 

ʜʘ ʤʘʣʠ ʜʦʜʘʪʘʢ RR ʫ CB/RR ʧʫʥʠʣʫ ʠʤʘ ʪʝʥʜʝʥʮʠʿʫ ʜʘ ʩʝ ʦʜʚʦʿʠ ʦʜ ʧʦʚʨʰʠʥʝ 

NR/BR/SBR ʤʘʪʨʠʮʝ, ʥʘʢʦʥ ʥʘʧʨʝʟʘˁʘ. ʆʜʚʘʿʘˁʝ RR ʧʫʥʠʣʘ ʠʥʠʮʠʨʘʦ ʿʝ ʧʫʢʦʪʠʥʫ ʠʣʠ 

ʣʦʤ ʥʘ ʧʦʚʨʰʠʥʠ ʫʟʦʨʘʢʘ ʟʘ ʠʩʧʠʪʠʚʘˁʝ, ʯʠʤʝ ʿʝ ʩʤʘˁʝʥʘ ʧʨʝʢʠʜʥʘ ʯʚʨʩʪʦ˂ʘ ʠ 

ʧʨʝʢʠʜʥʦ ʠʟʜʫʞʝˁʝ ʢʦʤʧʦʟʠʪʘ. ʆʜʚʘʿʘˁʝ RR-ʘ ʦʜ ʧʦʚʨʰʠʥʝ NR/BR/SBR/CB ʤʘʪʨʠʮʝ 

ʥʘʢʦʥ ʥʘʧʨʝʟʘˁʘ ʠʟʘʟʚʘʣʦ ʿʝ ʧʦʿʘʚʫ ʰʫʧˀʠʥʘ ʫ ʤʝʰʘʚʠʥʠ, ʯʠʤʝ ʿʝ ʩʤʘˁʝʥʘ ʢʨʫʪʦʩʪ 

NR/BR/SBR 

(phr) 

CB/RR 

(phr) 

ʄʦʜʫʣ  

300%  

(MPa) 

ʇʨʝʢʠʜʥʘ 

ʯʚʨʩʪʦ˂ʘ 

(MPa) 

ʇʨʝʢʠʜʥʦ 

ʠʟʜʫʞʝˁʝ 

(%) 

ʊʚʨʜʦ˂ʘ 

(ShÁA) 

ɸʙʨʘʟʠʿʘ 

(mm3) 

40/40/20 60/0 11,06 17,90 406,27 63 84 

40/40/20 55/5 8,69 14,90 425,87 61 80 

40/40/20 50/10 8,71 13,40 431,47 60 78 

40/40/20 40/20 6,90 11,40 448,40 56 83 
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ʤʝʰʘʚʠʥʘ. ʆʜʚʘʿʘˁʝ RR-ʘ ʦʜ ʧʦʚʨʰʠʥʝ NR/BR/SBR/CB ʤʘʪʨʠʮʝ ʿʝ ʚʝʨʦʚʘʪʥʦ ʨʝʟʫʣʪʘʪ 

ʥʝʢʦʤʧʘʪʠʙʠʣʥʦʩʪʠ ʤʝʰʘʚʠʥʘ ʠ RR-ʘ, ʰʪʦ ʿʝ ʧʨʦʫʟʨʦʢʦʚʘʣʦ ʩʣʘʙʦ ʧʨʠʘˁʘˁʝ ʠʟʤʝʹʫ 

RR ʯʝʩʪʠʮʘ ʠ NR/BR/SBR ʤʘʪʨʠʮʝ. 

 

4.4.3. Tʝʨʤʦ-ʦʢʩʠʜʘʪʠʚʥʦ ʩʪʘʨʝˁe ʢʦʤʧʦʟʠʪʘ  
  

 ʀʟʣʘʛʘˁʝ ʫʤʨʝʞʝʥʦʛ ʤʘʪʝʨʠʿʘʣʘ ʧʦʚʠʰʝʥʠʤ ʪʝʤʧʝʨʘʪʫʨʘʤʘ ʫ ʘʪʤʦʩʬʝʨʠ 

ʚʘʟʜʫʭʘ ʜʦʚʦʜʠ ʜʦ ʦʢʩʠʜʘʮʠʿʝ, ʢʦʿʘ ʫʪʠʯʝ ʥʘ ʤʝʭʘʥʠʯʢʘ, ʬʠʟʠʯʢʘ ʠ ʭʝʤʠʿʩʢʘ ʩʚʦʿʩʪʚʘ 

ʤʘʪʝʨʠʿʘʣʘ. ʂʠʩʝʦʥʠʢ ʨʝʘʛʫʿʝ ʩʘ ʜʚʦʩʪʨʫʢʠʤ ʚʝʟʘʤʘ ʫ ʤʦʣʝʢʫʣʠʤʘ ʥʧʨ. ʧʦʣʠʠʟʦʧʨʝʥʘ, 

ʰʪʦ ʜʦʚʦʜʠ ʜʦ ʩʪʚʘʨʘˁʘ ʧʝʨʦʢʩʠʜʘ, ʘʣʢʦʭʦʣʘ, ʢʝʪʦʥʘ ʠ ʢʘʨʙʦʢʩʠʣʥʠʭ ʢʠʩʝʣʠʥʘ. ʆʚʦ 

ʫʟʨʦʢʫʿʝ ʨʘʟʛʨʘʜˁʫ ʧʦʣʠʤʝʨʥʠʭ ʣʘʥʘʮʘ, ʰʪʦ ʤʦʞʝ ʜʦʚʝʩʪʠ ʜʦ ʛʫʙʠʪʢʘ ʬʣʝʢʩʠʙʠʣʥʦʩʪʠ 

ʠ ʯʚʨʩʪʦ˂ʝ. ʊʝʨʤʠʯʢʦ ʩʪʘʨʝˁʝ ʧʦʚʝ˂ʘʚʘ ʧʦʜʣʦʞʥʦʩʪ ʤʘʪʝʨʠʿʘʣʘ ʧʫʮʘˁʫ. ʊʚʨʜʦ˂ʘ 

ʛʫʤʝʥʦʛ ʤʘʪʝʨʠʿʘʣʘ ʩʝ ʧʦʚʝ˂ʘʚʘ ʟʙʦʛ ʧʦʚʝ˂ʘʥʝ ʛʫʩʪʠʥʝ ʫʤʨʝʞʘʚʘˁʘ, ʰʪʦ ʦʛʨʘʥʠʯʘʚʘ 

ʧʦʢʨʝʪˀʠʚʦʩʪ ʣʘʥʮʘ. ʅʘ ʧʦʚʠʰʝʥʠʤ ʪʝʤʧʝʨʘʪʫʨʘʤʘ, ʥʝʢʝ ʥʠʩʢʦ-ʤʦʣʝʢʫʣʘʨʥʝ 

ʢʦʤʧʦʥʝʥʪʝ (ʥʧʨ. ʘʥʪʠʦʢʩʠʜʘʥʩʠ, ʧʣʘʩʪʠʬʠʢʘʪʦʨʠ) ʤʦʛʫ ʜʘ ʠʩʧʘʨʝ, ʰʪʦ ʫʙʨʟʘʚʘ 

ʨʘʟʛʨʘʜˁʫ. ʊʦʢʦʤ ʪʝʨʤʠʯʢʦʛ ʩʪʘʨʝˁʘ, ʚʫʣʢʘʥʠʟʫʿʫ˂ʘ ʩʨʝʜʩʪʚʘ, ʢʘʦ ʰʪʦ ʩʫ ʩʫʤʧʦʨ ʠ 

ʘʢʮʝʣʝʨʘʪʦʨʠ, ʢʘʦ ʠ ˁʠʭʦʚʠ ʧʨʦʜʫʢʪʠ, ʧʦʜʣʦʞʥʠ ʩʫ ʭʝʤʠʿʩʢʠʤ ʠʟʤʝʥʘʤʘ, ʰʪʦ ʤʦʞʝ 

ʦʩʣʘʙʠʪʠ ʩʪʨʫʢʪʫʨʫ ʠ ʯʚʨʩʪʦ˂ʫ ʫʤʨʝʞʘʚʘˁʘ ʠʟʤʝʹʫ ʧʦʣʠʤʝʨʥʠʭ ʣʘʥʘʮʘ, ʘ ʩʘʤʠʤ ʪʠʤ 

ʠ ʫʪʠʮʘʪʠ ʥʘ ʫʢʫʧʥʫ ʦʪʧʦʨʥʦʩʪ ʤʘʪʝʨʠʿʘʣʘ. ʆʩʠʤ ʪʦʛʘ, ʪʝʨʤʠʯʢʦ ʩʪʘʨʝˁʝ ʜʦʚʦʜʠ ʜʦ 

ʧʨʦʤʝʥʝ ʙʦʿʝ ʠ ʩʪʚʘʨʘˁʘ ʤʠʢʨʦʧʫʢʦʪʠʥʘ ʥʘ ʧʦʚʨʰʠʥʠ, ʰʪʦ ʫʢʘʟʫʿʝ ʥʘ ʥʘʧʨʝʜʦʚʘˁʝ 

ʜʝʛʨʘʜʘʮʠʦʥʠʭ ʧʨʦʮʝʩʘ [157]. 

 ʈʝʟʫʣʪʘʪʠ ʦʜʨʝʹʝʥʠʭ ʤʝʭʘʥʠʯʢʠʭ ʦʩʦʙʠʥʘ ʥʘʢʦʥ ʪʝʨʤʦ-ʦʢʩʠʜʘʪʠʚʥʦʛ ʩʪʘʨʝˁʘ 

ʩʝ ʥʘʣʘʟʝ ʥʘ ʩʣʠʢʘʤʘ 48-50. ʠ ʪʘʙʝʣʠ 39.  

  

ʊʘʙʝʣʘ 39. ʄʝʭʘʥʠʯʢʘ ʩʚʦʿʩʪʚʘ NR/BR/SBR/CB/RR ʢʦʤʧʦʟʠʪʘ ʧʦʩʣʝ ʪʝʨʤʦ-

ʦʢʩʠʜʘʪʠʚʥʦʛ ʩʪʘʨʝˁʘ  ʥʘ 100ÁC ʥʘʢʦʥ 168h. 

 

NR/BR/SBR 

(phr) 

CB/RR 

(phr) 

ʇʨʝʢʠʜʥʘ 

ʯʚʨʩʪʦ˂ʘ 

(MPa) 

ʇʨʝʢʠʜʥʦ 

ʠʟʜʫʞʝˁʝ 

(%) 

ʊʚʨʜʦ˂ʘ 

(ShÁA) 

40/40/20 

60/0 7,0 235 78 

55/5 5,5 223 74 

50/10 5,0 218 73 

40/20 4,2 212 67 
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 ʅʘʢʦʥ ʪʝʨʤʦ-ʦʢʩʠʜʘʪʠʚʥʦʛ ʩʪʘʨʝˁʘ, ʢʦʜ ʩʚʠʭ ʠʩʧʠʪʠʚʘʥʠʭ NR/BR/SBR/CB 

ʢʦʤʧʦʟʠʪʘ ʩʘ ʜʦʜʘʪʢʦʤ ʨʝʮʠʢʣʠʨʘʥʦʛ ʢʘʫʯʫʢʘ (RR) ʫ CB/RR ʧʫʥʠʣʫ, ʫʦʯʝʥʦ ʿʝ ʩʤʘˁʝˁʝ 

ʚʨʝʜʥʦʩʪʠ ʧʨʝʢʠʜʥʝ ʯʚʨʩʪʦ˂ʝ. ʀʧʘʢ, ʥʘʿʤʘˁʠ ʧʘʜ ʿʝ ʟʘʙʝʣʝʞʝʥ ʢʦʜ ʫʟʦʨʢʘ ʢʦʿʠ ʩʘʜʨʞʠ 

5 phr RR-ʘ, ʰʪʦ ʫʢʘʟʫʿʝ ʥʘ ʧʦʪʝʥʮʠʿʘʣʥʠ ʩʪʘʙʠʣʠʟʫʿʫ˂ʠ ʝʬʝʢʘʪ ʥʠʩʢʦʛ ʫʜʝʣʘ RR-ʘ ʫ 

ʩʪʨʫʢʪʫʨʠ ʢʦʤʧʦʟʠʪʘ. ʇʨʝʢʠʜʥʘ ʯʚʨʩʪʦ˂ʘ ʧʨʝʜʩʪʘʚˀʘ ʢʦʤʧʣʝʢʩʥʫ ʬʫʥʢʮʠʿʫ ʧʨʠʨʦʜʝ ʠ 

ʪʠʧʘ ʫʤʨʝʞʘʚʘˁʘ, ˁʝʛʦʚʝ ʛʫʩʪʠʥʝ, ʢʘʦ ʠ ʭʝʤʠʿʩʢʠʭ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʦʣʠʤʝʨʥʝ 

ʤʘʪʨʠʮʝ. ʇʨʦʤʝʥʝ ʫ ʦʚʦʤ ʩʚʦʿʩʪʚʫ ʥʘʢʦʥ ʩʪʘʨʝˁʘ ʜʠʨʝʢʪʥʦ ʦʜʨʘʞʘʚʘʿʫ ʩʪʝʧʝʥ 

ʤʦʣʝʢʫʣʩʢʝ ʜʝʛʨʘʜʘʮʠʿʝ, ʫʢˀʫʯʫʿʫ˂ʠ ʨʘʩʢʠʜʘˁʝ ʧʨʠʤʘʨʥʠʭ ʣʘʥʘʮʘ ʠ ʨʝʜʫʢʮʠʿʫ 

ʤʨʝʞʥʝ ʩʪʘʙʠʣʥʦʩʪʠ. 

 ʊʘʢʦʹʝ ʿʝ ʟʘʙʝʣʝʞʝʥʦ ʩʤʘˁʝˁʝ ʠ ʧʨʝʢʠʜʥʦʛ ʠʟʜʫʞʝˁʘ ʠ ʪʚʨʜʦ˂ʝ ʢʦʤʧʦʟʠʪʘ 

ʥʘʢʦʥ ʪʝʨʤʦ-ʦʢʩʠʜʘʪʠʚʥʦʛ ʩʪʘʨʝˁʘ. ʉʤʘˁʝˁʝ ʚʨʝʜʥʦʩʪʠ ʟʘ ʧʨʝʢʠʜʥʦ ʠʟʜʫʞʝˁʝ ʤʦʞʝ 

ʩʝ ʧʨʠʧʠʩʘʪʠ ʪʝʨʤʠʯʢʠ ʠʥʜʫʢʦʚʘʥʦʿ ʨʘʟʛʨʘʜˁʠ ʫʤʨʝʞʝʥʠʭ ʩʪʨʫʢʪʫʨʘ, ʰʪʦ ʜʦʚʦʜʠ ʜʦ 

ʩʤʘˁʝˁʘ ʤʦʣʝʢʫʣʩʢʝ ʤʘʩʝ ʠ ʝʣʘʩʪʠʯʥʦʩʪʠ. ʉʥʠʞʝˁʝ ʪʚʨʜʦ˂ʝ ʫʢʘʟʫʿʝ ʥʘ ʜʝʛʨʘʜʘʮʠʿʫ 

ʤʨʝʞʥʝ ʩʪʨʫʢʪʫʨʝ ʠ ʦʩʣʘʙˀʝʥʫ ʠʥʪʝʨʘʢʮʠʿʫ ʤʘʪʨʠʮʝ ʠ ʧʫʥʠʣʘ. 

 
 

 

ʉʣʠʢʘ 48. ʋʪʠʮʘʿ ʩʘʜʨʞʘʿʘ RR ʧʫʥʠʣʘ ʫ CB/RR ʧʫʥʠʣʫ ʥʘ ʧʨʝʢʠʜʥʫ ʯʚʨʩʪʦ˂ʫ ʧʨʝ ʠ 

ʥʘʢʦʥ ʩʪʘʨʝˁʘ. 
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ʉʣʠʢʘ 49. ʋʪʠʮʘʿ ʩʘʜʨʞʘʿʘ RR ʧʫʥʠʣʘ ʫ CB/RR ʧʫʥʠʣʫ ʥʘ ʧʨʝʢʠʜʥʦ ʠʟʜʫʞʝˁʝ ʧʨʝ ʠ 

ʥʘʢʦʥ ʩʪʘʨʝˁʘ. 

 

ʉʣʠʢʘ 50. ʋʪʠʮʘʿ ʩʘʜʨʞʘʿʘ RR ʧʫʥʠʣʘ ʫ CB/RR ʧʫʥʠʣʫ ʥʘ ʪʚʨʜʦ˂ʫ ʧʨʝ ʠ ʥʘʢʦʥ 

ʩʪʘʨʝˁʘ. 

ʊʦʢʦʤ ʪʝʨʤʠʯʢʦʛ ʩʪʘʨʝˁʘ, ʬʦʨʤʠʨʘˁʝ ʜʦʜʘʪʥʠʭ ʫʤʨʝʞʘʚʘˁʘ ʦʛʨʘʥʠʯʘʚʘ 

ʧʦʢʨʝʪˀʠʚʦʩʪ ʣʘʥʮʘ, h ʪʦ ʜʦʚʦʜʠ ʜʦ ʩʤʘˁʝˁʘ ʝʣʘʩʪʠʯʥʦʩʪʠ. ɼʫʛʦʪʨʘʿʥʦ ʠʟʣʘʛʘˁʝ 
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ʧʦʚʠʰʝʥʠʤ ʪʝʤʧʝʨʘʪʫʨʘʤʘ ʜʦʚʦʜʠ ʜʦ ʩʪʚʨʜˁʘʚʘˁʘ ʤʘʪʝʨʠʿʘʣʘ, ʯʠʥʝ˂ʠ ʛʫʤʫ ʯʚʨʰ˂ʦʤ. 

ʍʝʤʠʿʩʢʠ ʠ ʬʠʟʠʯʢʠ ʧʨʦʮʝʩʠ ʨʘʟʛʨʘʜˁʝ ʢʦʿʠ ʫʛʨʦʞʘʚʘʿʫ ʩʪʨʫʢʪʫʨʫ ʧʦʣʠʤʝʨʘ ʩʫ ʛʣʘʚʥʠ 

ʬʘʢʪʦʨʠ ʢʦʿʠ ʜʦʧʨʠʥʦʩʝ ʩʤʘˁʝˁʫ ʯʚʨʩʪʦ˂ʝ. ʋ ʥʝʢʠʤ ʩʣʫʯʘʿʝʚʠʤʘ ʤʦʞʝ ʜʦ˂ʠ ʜʦ 

ʧʨʝʢʦʤʝʨʥʦʛ ʫʤʨʝʞʘʚʘˁʘ, ʰʪʦ ʩʤʘˁʫʿʝ ʩʧʦʩʦʙʥʦʩʪ ʛʫʤʝʥʝ ʩʤʝʩʝ ʜʘ ʘʧʩʦʨʙʫʿʝ 

ʤʝʭʘʥʠʯʢʠ ʩʪʨʝʩ, ʰʪʦ ʥʘ ʢʨʘʿʫ ʩʤʘˁʫʿʝ ʯʚʨʩʪʦ˂ʫ. ʇʦʨʝʜ ʪʦʛʘ, ʦʜʨʝʹʝʥʠ ʘʜʠʪʠʚʠ ʢʦʿʠ 

ʧʦʙʦˀʰʘʚʘʿʫ ʯʚʨʩʪʦ˂ʫ ʠ ʝʣʘʩʪʠʯʥʦʩʪ ʤʦʛʫ ʩʝ ʨʘʟʛʨʘʜʠʪʠ ʥʘ ʚʠʩʦʢʠʤ ʪʝʤʧʝʨʘʪʫʨʘʤʘ, 

ʰʪʦ ʜʦʜʘʪʥʦ ʦʩʣʘʙˀʫʿʝ ʫʢʫʧʥʫ ʩʪʨʫʢʪʫʨʫ ʛʫʤʝ. 
 

4.4.4. ʂʠʥʝʪʠʢʘ ʧʨʦʮʝʩʘ ʫʤʨʝʞʘʚʘˁʘ ʠ ʨʝʚʝʨʟʠʿʝ ʢʦʤʧʦʟʠʪʘ 
 

ʇʨʠʣʠʢʦʤ ʧʨʦʿʝʢʪʦʚʘˁʘ ʩʠʨʦʚʠʥʩʢʦʛ ʩʘʩʪʘʚʘ, ʛʣʘʚʥʠ ʮʠˀ ʿʝ ʧʦʩʪʠʟʘˁʝ 

ʦʜʨʝʹʝʥʦʛ ʩʪʝʧʝʥʘ ʫʤʨʝʞʝˁʘ ʤʘʪʝʨʠʿʘʣʘ ʪʦʢʦʤ ʧʨʦʮʝʩʘ ʫʥʘʢʨʩʥʦʛ ʧʦʚʝʟʠʚʘˁʘ, ʢʦʿʠ ˂ʝ 

ʢʘʩʥʠʿʝ ʙʠʪʠ ʠʟʣʦʞʝʥʠ ʩʧʝʮʠʬʠʯʥʠʤ ʫʩʣʦʚʠʤʘ ʝʢʩʧʣʦʘʪʘʮʠʿʝ. ʂʠʥʝʪʠʢʘ ʧʨʦʮʝʩʘ 

ʫʤʨʝʞʘʚʘˁʘ, ʦʜʥʦʩʥʦ ʚʫʣʢʘʥʠʟʘʮʠʿʝ, ʧʨʝʜʩʪʘʚˀʘ ʢˀʫʯʥʠ ʬʘʢʪʦʨ ʫ ʧʨʦʠʟʚʦʜˁʠ 

ʛʫʤʝʥʠʭ ʧʨʦʠʟʚʦʜʘ ʢʦʿʠ ʤʦʨʘʿʫ ʟʘʜʦʚʦˀʠʪʠ ʟʘʭʪʝʚʝ ʢʚʘʣʠʪʝʪʘ ʠ ʬʫʥʢʮʠʦʥʘʣʥʦʩʪʠ. 

ɳʝʥʦ ʦʜʨʝʹʠʚʘˁʝ ʿʝ ʠʟʫʟʝʪʥʦ ʢʦʤʧʣʝʢʩʥʦ, ʧʨʝ ʩʚʝʛʘ ʟʙʦʛ ʚʠʰʝʬʘʢʪʦʨʩʢʦʛ ʤʝʭʘʥʠʟʤʘ 

ʨʝʘʢʮʠʿʝ ʢʦʿʠ ʟʘʚʠʩʠ ʦʜ ʬʦʨʤʫʣʘʮʠʿʝ ʩʤʝʰʝ, ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʨʝʘʛʝʥʘʩʘ, 

ʪʝʨʤʦʜʠʥʘʤʠʯʢʠʭ ʧʘʨʘʤʝʪʘʨʘ ʠ ʜʠʬʫʟʠʦʥʠʭ ʦʛʨʘʥʠʯʝˁʘ. ʉʘʚʨʝʤʝʥʘ ʥʘʩʪʦʿʘˁʘ ʫ 

ʧʨʦʿʝʢʪʦʚʘˁʫ ʝʬʠʢʘʩʥʠʭ ʫʤʨʝʞʝʥʠʭ ʩʠʩʪʝʤʘ ʫʩʤʝʨʝʥʘ ʩʫ ʢʘ ʜʦʙʠʿʘˁʫ ʤʘʪʝʨʠʿʘʣʘ ʩʘ 

ʥʠʩʢʦʤ ʝʥʝʨʛʠʿʦʤ ʘʢʪʠʚʘʮʠʿʝ ʫʤʨʝʞʘʚʘˁʘ (Ea) ʠ ʚʠʩʦʢʦʤ ʝʥʝʨʛʠʿʦʤ ʘʢʪʠʚʘʮʠʿʝ 

ʨʝʚʝʨʟʠʿʝ (Ear), ʯʠʤʝ ʩʝ ʦʙʝʟʙʝʹʫʿʝ ʪʨʘʿʥʦʩʪ ʠ ʬʫʥʢʮʠʦʥʘʣʥʘ ʩʪʘʙʠʣʥʦʩʪ. ʋ ʪʦʤ 

ʢʦʥʪʝʢʩʪʫ, ʧʨʠʤʝʥʘ ʨʝʦʤʝʪʨʘ, ʢʘʦ ʩʪʘʥʜʘʨʜʥʝ ʦʧʨʝʤʝ ʫ ʨʘʟʚʦʿʥʠʤ ʣʘʙʦʨʘʪʦʨʠʿʘʤʘ 

ʛʫʤʘʨʩʢʝ ʠʥʜʫʩʪʨʠʿʝ, ʜʦʙʠʿʘ ʥʦʚʫ ʜʠʤʝʥʟʠʿʫ - ʦʤʦʛʫ˂ʘʚʘ ʢʘʣʠʙʨʘʮʠʿʫ ʠ ʧʨʘ˂ʝˁʝ 

ʝʥʝʨʛʝʪʩʢʠʭ ʙʘʨʠʿʝʨʘ (Ea ʠ Ear) ʢʘʦ ʬʫʥʢʮʠʿʝ ʩʘʩʪʘʚʘ ʠ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʫʤʨʝʞʘʚʘʿʫ˂ʝʛ 

ʩʠʩʪʝʤʘ [158] 

ʅʘ ʦʩʥʦʚʫ ʨʝʟʫʣʪʘʪʘ ʠʟ ʪʘʙʝʣʝ 40, ʤʦʞʝ ʩʝ ʚʠʜʝʪʠ ʜʘ ʚʨʝʜʥʦʩʪ ʟʘ ɽʘ ʦʧʘʜʘ ʩʘ 

ʜʦʜʘʪʢʦʤ ʢʘʢʦ ʯʠʩʪʦʛ CB-ʘ ʫ ʦʜʥʦʩʫ ʥʘ ʥʝʧʫˁʝʥʫ NR/BR/SBR ʛʫʤʝʥʫ ʩʤʝʰʫ ʪʘʢʦ ʠ ʩʘ 

ʜʦʜʘʪʢʦʤ RR-ʘ ʫ CB/RR ʧʫʥʠʣʫ. ʅʘʿʙʣʠʞʫ ʚʨʝʜʥʦʩʪ ʟʘ ɽʘ ʧʦʢʘʟʫʿʝ ʢʦʤʧʦʟʠʪ ʢʦʿʠ 

ʩʘʜʨʞʠ 5 phr-ʘ RR-ʘ ʫ CB/RR ʧʫʥʠʣʫ.  ɺʨʝʜʥʦʩʪ ʟʘ Eʘr ʪʘʢʦʹʝ ʦʧʘʜʘ ʩʘ ʜʦʜʘʪʢʦʤ RR-ʘ 

ʫ CB/RR ʧʫʥʠʣʫ ʜʦ ʫʟʦʨʢʘ ʢʦʿʠ ʩʘʜʨʞʠ 10 phr-ʘ RR-ʘ ʫ CB/RR ʧʫʥʠʣʫ. 
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ʊʘʙʝʣʘ 40. ɽʥʝʨʛʠʿʘ ʘʢʪʠʚʘʮʠʿʝ ʫʤʨʝʞʘʚʘˁʘ (Ea) ʠ ʨʝʚʝʨʟʠʿʝ (Ear) ʠ ʦʜʥʦʩ Ear/Ea ʟʘ 

NR/BR/SBR/CB/RR ʢʦʤʧʦʟʠʪʝ.  
 

NR/BR/SBR 

(phr) 

CB/RR 

(phr) 

Ea x103 

(kJ/mol) 

Eʘr x103 

(kJ/mol) 
Eʘr/Ea 

40/40/20 0 107,1 144,27 1,35 

40/40/20 60/0 99,86 144,93 1,45 

40/40/20 55/5 97,75 140,62 1,44 

40/40/20 50/10 85,63 122,69 1,43 

40/40/20 40/20 74,62 149,63 2,00 
 

 ʀʤʘʿʫ˂ʠ ʫ ʚʠʜʫ ʜʘ ʿʝ ʢʨʠʪʝʨʠʿʫʤ ʝʥʝʨʛʝʪʩʢʝ ʢʦʤʧʘʪʠʙʠʣʥʦʩʪʠ ʟʘʩʥʦʚʘʥ ʥʘ 

ʤʠʥʠʤʘʣʥʦʿ ʚʨʝʜʥʦʩʪʠ ʝʥʝʨʛʠʿʝ ʘʢʪʠʚʘʮʠʿʝ ʫʤʨʝʞʘʚʘˁʘ (Ea), ʤʘʢʩʠʤʘʣʥʦʿ ʚʨʝʜʥʦʩʪʠ 

ʝʥʝʨʛʠʿʝ ʘʢʪʠʚʘʮʠʿʝ ʨʝʚʝʨʟʠʿʝ (Ear) ʠ ʰʪʦ ʚʝ˂ʝʤ ʦʜʥʦʩʫ Ear/Ea, ʘʥʘʣʠʟʦʤ ʨʝʟʫʣʪʘʪʘ ʠʟ 

ʪʘʙʝʣʝ 40 ʫʪʚʨʹʝʥʦ ʿʝ ʜʘ NR/BR/SBR/CB/RR ʢʦʤʧʦʟʠʪ ʩʘ 20 phr RR ʫ CB/RR ʧʫʥʠʣʫ 

ʧʦʢʘʟʫʿʝ ʥʘʿʧʦʚʦˀʥʠʿʫ ʝʥʝʨʛʝʪʩʢʫ ʢʦʤʧʘʪʠʙʠʣʥʦʩʪ. ʀʧʘʢ, ʫʟʠʤʘʿʫ˂ʠ ʫ ʦʙʟʠʨ ʜʘ ʿʝ 

ʦʩʥʦʚʥʠ ʮʠˀ ʙʠʦ ʜʦʙʠʿʘˁʝ ʢʦʤʧʦʟʠʪʘ ʩʘ ʰʪʦ ʩʣʠʯʥʠʿʠʤ ʤʝʭʘʥʠʯʢʠʤ ʦʩʦʙʠʥʘʤʘ ʫ 

ʦʜʥʦʩʫ ʥʘ ʩʠʩʪʝʤ ʩʘ ʩʘʤʦ CB ʧʫʥʠʣʦʤ, ʟʘ ʦʧʪʠʤʘʣʘʥ ʩʝ ʧʦʢʘʟʫʿʝ ʫʟʦʨʘʢ ʩʘ 5 phr RR-ʘ 

ʫ CB/RR ʧʫʥʠʣʫ. ʊʘ ʬʦʨʤʫʣʘʮʠʿʘ ʧʨʝʜʩʪʘʚˀʘ ʢʦʤʧʨʦʤʠʩ ʠʟʤʝʹʫ ʟʘʜʦʚʦˀʘʚʘʿʫ˂ʝ 

ʝʥʝʨʛʝʪʩʢʝ ʨʝʘʢʪʠʚʥʦʩʪʠ ʠ ʦʯʫʚʘʥʠʭ ʤʝʭʘʥʠʯʢʠʭ ʧʝʨʬʦʨʤʘʥʩʠ. 
 

4.4.5. ʄʦʨʬʦʣʦʛʠʿʘ ʢʦʤʧʦʟʠʪʘ  
 

ʉʣʠʢʘ 51 ʧʨʠʢʘʟʫʿʝ ʨʝʟʫʣʪʘʪʝ ʘʥʘʣʠʟʝ ʧʦʚʨʰʠʥʝ ʣʦʤʘ NR/BR/SBR/CB/RR 

(40/40/20/0/0) ʢʦʤʧʦʟʠʪʘ ʩʢʝʥʠʨʘʿʫ˂ʦʤ ʝʣʝʢʪʨʦʥʩʢʦʤ ʤʠʢʨʦʩʢʦʧʠʿʦʤ, ʧʨʠ 500x 

ʫʚʝ˂ʘˁʫ.  

         
ʘ) ʙ) 

 

ʉʣʠʢʘ 51. Sɽʄ ʤʠʢʨʦʛʨʘʬʠʿʘ ʧʦʚʨʰʠʥʝ ʣʦʤʘ (ʘ) NR/BR/SBR/CB/RR (40/40/20/0) 

ʠ (b) NR/BR/SBR/CB/RR(40/40/20/55/5) ʢʦʤʧʦʟʠʪʘ ʧʨʠ ʫʚʝ˂ʘˁʫ ʦʜ 500x.  
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ʄʠʢʨʦʩʪʨʫʢʪʫʨʥʘ ʘʥʘʣʠʟʘ NR/BR/SBR/CB/RR ʢʦʤʧʦʟʠʪʘ ʧʦʢʘʟʫʿʝ ʜʦʙʨʫ 

ʘʜʭʝʟʠʿʫ ʠʟʤʝʹʫ RR-ʘ ʠ ʧʦʣʠʤʝʨʥʝ ʤʘʪʨʠʮʝ. ʍʨʘʧʘʚʘ ʧʦʚʨʰʠʥʘ ʫʢʘʟʫʿʝ ʥʘ ʚʝ˂ʫ 

ʧʨʝʢʠʜʥʫ ʯʚʨʩʪʦ˂ʫ, ʿʝʨ ʿʝ ʧʦʚʝʟʘʥʘ ʩʘ ʝʥʝʨʛʠʿʦʤ ʧʦʪʨʝʙʥʦʤ ʟʘ ʥʘʩʪʘʥʘʢ ʠ ʰʠʨʝˁʝ 

ʧʫʢʦʪʠʥʝ. ʐʫʧˀʠʥʝ ʫʦʯʝʥʝ ʥʘ ʧʦʚʨʰʠʥʘʤʘ ʧʨʝʣʦʤʘ ʫʢʘʟʫʿʫ ʥʘ ʠʟʚʣʘʯʝˁʝ RR ʯʝʩʪʠʮʘ 

ʠʟ ʤʘʪʨʠʮʝ, ʰʪʦ ʤʦʞʝ ʙʠʪʠ ʧʦʩʣʝʜʠʮʘ ʥʝʜʦʚʦˀʥʝ ʠʥʪʝʨʘʢʮʠʿʝ ʠʣʠ ʩʣʘʙʠʿʝ ʚʝʟʝ. ʋ 

ʩʣʫʯʘʿʝʚʠʤʘ ʛʜʝ ʿʝ ʧʦʚʨʰʠʥʘ ʤʘˁʝ ʭʨʘʧʘʚʘ (ʩʣʠʢʘ 64ʘ), ʧʨʠʩʫʪʥʘ ʿʝ ʥʠʞʘ ʧʨʝʢʠʜʥʘ 

ʯʚʨʩʪʦ˂ʘ ʠ ʚʝ˂ʘ ʢʨʪʦʩʪ ʢʦʤʧʦʟʠʪʘ, ʰʪʦ ʫʢʘʟʫʿʝ ʜʘ ʤʘʪʝʨʠʿʘʣ ʥʝ ʤʦʞʝ ʜʘ ʧʦʜʥʝʩʝ ʚʠʩʦʢʝ 

ʥʠʚʦʝ ʥʘʧʨʝʟʘˁʘ. 

 

4.4.6. FTIR ʘʥʘʣʠʟʘ ʢʦʤʧʦʟʠʪʘ  
  

ɻʣʘʚʥʝ ʬʠʟʠʯʢʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʨʝʮʠʢʣʠʨʘʥe ʛʫʤʝ ʩʫ ʥʠʩʢʘ ʛʫʩʪʠʥʘ ʠ 

ʝʣʘʩʪʠʯʥʦʩʪ. ʍʝʤʠʿʩʢʘ ʩʚʦʿʩʪʚʘ ʨʝʮʠʢʣʠʨʘʥʝ ʛʫʤʝ ʢʦʿʘ ʩʫ ʥʝʦʧʭʦʜʥʘ ʟʘ ˁʝʥʫ ʫʧʦʪʨʝʙʫ 

ʫ ʛʨʘʹʝʚʠʥʘʨʩʪʚʫ ʦʙʠʯʥʦ ʩʫ ʧʦʚʝʟʘʥʘ ʩʘ ʭʝʤʠʿʩʢʠʤ ʩʘʩʪʘʚʦʤ ʛʫʤʝ. ʈʝʘʢʪʠʚʥʦʩʪ ʛʫʤʝ ʿʝ 

ʪʘʢʦʹʝ ʚʘʞʥʘ ʿʝʨ ʿʝ ʜʠʨʝʢʪʥʦ ʧʦʚʝʟʘʥʘ ʩʘ ˁʝʥʠʤ ʧʦʪʝʥʮʠʿʘʣʥʠʤ ʫʪʠʮʘʿʝʤ ʥʘ ʞʠʚʦʪʥʫ 

ʩʨʝʜʠʥʫ. ʂʦʤʘʜʠ ʛʫʤʘ ʥʠʩʫ ʨʝʘʢʪʠʚʥʠ ʫ ʫʩʣʦʚʠʤʘ ʦʢʦʣʠʥʝ ʿʝʨ ʩʫ ʤʝʰʘʚʠʥʘ ʧʨʠʨʦʜʥʝ 

ʠ ʩʠʥʪʝʪʠʯʢʝ ʛʫʤʝ.  

FTIR ʩʧʝʢʪʨʠ ʢʦʤʧʦʟʠʪʘ ʥʘ ʙʘʟʠ NR/BR/SBR/CB ʠ NR/BR/SBR/CB/RR ʙʣʝʥʜʠ 

ʢʘʫʯʫʢʘ ʩʫ ʧʨʠʢʘʟʘʥʠ ʥʘ ʩʣʠʮʠ 52.  

 

ʉʣʠʢʘ 52.  FTIR ʩʧʝʢʪʨʠ NR/BR/SBR/CB ʠ NR/BR/SBR/CB/PRR ʢʦʤʧʦʟʠʪʘ. 
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ʋ ʩʧʝʢʪʨʠʤʘ ʩʫ ʧʨʠʩʫʪʥʠ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʠ ʧʠʢʦʚʠ ʟʘ SBR, NR ʠ BR ʢʘʫʯʫʢʝ. 

ʊʠʧʠʯʘʥ ʧʠʢ ʟʘ SBR ʢʘʫʯʫʢ ʩʝ ʿʘʚˀʘ ʥʘ 1450 ʠ 1458 cm-1 (ʚʠʙʨʘʮʠʿʘ ʠʩʪʝʟʘˁʘ 

ʙʝʥʟʝʥʩʢʦʛ ʧʨʩʪʝʥʘ) ʟʘ ʦʙʘ ʫʟʦʨʢʘ. ʊʠʧʠʯʥʠ ʧʠʢʦʚʠ ʩʫ ʦʪʢʨʠʚʝʥʠ ʥʘ 2905 ʠ 2921 cm-1, 

ʠ 2840 ʠ 2842 cm-1 (ʚʠʙʨʘʮʠʿʘ ʠʩʪʝʟʘˁʘ C-H) ʟʘ BR ʢʘʫʯʫʢ. ɺʠʙʨʘʮʠʿʘ ʩʘʚʠʿʘˁʘ -CH ʠʟ 

NR ʢʘʫʯʫʢʘ ʩʝ ʿʘʚˀʘ ʥʘ 1363 ʠ 1370  cm-1 ʠ ʦʥʝ ʩʝ ʢʦʨʠʩʪʝ ʟʘ ʧʨʦʮʝʥʫ ʠʥʪʝʨʘʢʮʠʿʝ ʛʫʤʘ-

ʧʫʥʠʣʦ. ɸʧʩʦʨʧʮʠʦʥʝ ʪʨʘʢʝ ʥʘ 704 ʠ 714 cm-1 ʩʫ ʧʨʠʤʝʪʥʝ ʢʦʜ ʦʙʘ ʫʟʦʨʢʘ ʠ ʧʦʪʠʯʫ ʦʜ 

CïH ʜʝʬʦʨʤʘʮʠʿʘ ʚʠʥʠʣʘ ʚʘʥ ʨʘʚʥʠ, ʰʪʦ ʿʝ ʪʠʧʠʯʥʦ ʟʘ ʩʪʠʨʝʥ. ʉʚʝ ʥʘʚʝʜʝʥʝ ʪʨʘʢʝ ʟʘ 

ʫʟʦʨʘʢ ʩʘ RR-ʦʤ ʩʫ ʧʦʤʝʨʝʥʝ ʟʘ 7-15 cm-1 ʢʘ ʚʝ˂ʠʤ ʪʘʣʘʩʥʠʤ ʙʨʦʿʝʚʠʤʘ ʰʪʦ ʧʦʪʚʨʹʫʿʝ 

ʠʥʪʝʨʘʢʮʠʿʫ ʠʟʤʝʹʫ ʛʫʤʝ ʠ RR ʧʫʥʠʣʘ. 

 

4.4.7. ʊʝʨʤʠʯʢʘ ʩʪʘʙʠʣʥʦʩʪ ʢʦʤʧʦʟʠʪʘ  

ɽʬʝʢʪʠ ʫʜʝʣʘ ʨʝʮʠʢʣʠʨʘʥʝ ʛʫʤʝ (RR) ʥʘ ʪʝʨʤʠʯʢʫ ʩʪʘʙʠʣʥʦʩʪ ʢʦʤʧʦʟʠʪʘ ʥʘ 

ʙʘʟʠ NR/BR/SBR/CB/PRR ʙʣʝʥʜʠ ʢʘʫʯʫʢʘ  ʧʨʠʢʘʟʘʥʠ ʩʫ ʥʘ ʩʣʠʮʠ 53. 

 

ʉʣʠʢʘ 53. TG-DTG ʢʨʠʚʝ  NR/BR/SBR/CB/RR ʢʦʤʧʦʟʠʪʘ.  
 

ɿʘʧʘʞʘʿʫ ʩʝ ʜʚʘ ʩʪʝʧʝʥʘ ʜʝʛʨʘʜʘʮʠʿʝ ʢʦʤʧʦʟʠʪʘ ʥʘ ʙʘʟʠ NR/BR/SBR/CB/RR 

ʙʣʝʥʜʠ ʢʘʫʯʫʢʘ. ʇʨʚʠ ʩʪʝʧʝʥ ʜʝʛʨʘʜʘʮʠʿʝ ʿ ʝ ʫ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʫ ʦʜ 140 ʜʦ 

212ʦC ʩʘ ʛʫʙʠʪʢʦʤ ʤʘʩʝ 1-1,2%, ʠ ʧʦʪʠʯʝ ʦʜ ʠʩʧʘʨʘʚʘˁʘ ʫˀʘ ʟʘ ʧʨʝʨʘʜʫ. ɼʨʫʛʠ ʩʪʝʧʝʥ 
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ʜʝʛʨʘʜʘʮʠʿʝ ʩʝ ʿʘʚˀʘ ʫ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʫ ʦʜ 308 ʜʦ 510ʦC. ʅʘ ʩʣʠʮʠ 53 

ʝʚʠʜʝʥʪʥʦ ʿ ʝ ʧʨʝʢʣʘʧʘˁʝ ʧʠʢʦʚʘ ʢʘʦ ʧʦʩʣʝʜʠʮʘ ʧʨʦʮʝʩʘ ʢʦ-ʚʫʣʢʘʥʠʟʘʮʠʿʝ ʫ 

ʢʦʤʧʦʟʠʪʠʤʘ ʥʘ ʙʘʟʠ NR/BR/SBR/CB/RR ʙʣʝʥʜʠ ʢʘʫʯʫʢʘ.  

ʊʘʙʝʣʘ 41 ʧʨʠʢʘʟʫʿʝ ʟʘʚʠʩʥʦʩʪ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʠʥʪʝʨʚʘʣʘ ʛʫʙʠʪʢʘ ʤʘʩʝ, 

ʚʨʝʜʥʦʩʪʠ DTG ʧʠʢʦʚʘ ʠ ʫʢʫʧʘʥ ʛʫʙʠʪʘʢ ʤʘʩʝ ʢʦʤʧʦʟʠʪʘ ʥʘ ʙʘʟʠ 

NR/BR/SBR/CB/PRR ʙʣʝʥʜʠ ʢʘʫʯʫʢʘ ʦʜ ʩʘʜʨʞʘʿʘ RR ʢʘʦ ʧʫʥʠʣʘ. 

 

ʊʘʙʝʣʘ 41. ɺʨʝʜʥʦʩʪʠ ʟʘ DTG ʧʠʢʦʚʝ, ʪʝʤʧʝʨʘʪʫʨʥʝ ʠʥʪʝʨʚʘʣʝ, ʛʫʙʠʪʢʝ ʤʘʩʝ ʠ T5% 

NR/BR/SBR/CB/RR ʢʦʤʧʦʟʠʪʘ.  
 

 ʘ ʧʨʝʢʣʘʧʘˁʝ ʧʠʢʦʚʘ ʠ ʦʜʛʦʚʘʨʘʿʫ˂ʠ ʫʢʫʧʥʠʭ ʛʫʙʠʪʘʢʘ ʤʘʩʝ 
 

 

ʋʦʯʝʥʘ ʩʫ ʜʚʘ ʨʝʛʠʦʥʘ ʜʝʛʨʘʜʘʮʠʿʝ ʢʦʤʧʦʟʠʪʘ ʥʘ ʙʘʟʠ NR/BR/SBR/CB/RR ʙʣʝʥʜʠ 

ʢʘʫʯʫʢʘ. ɼʝʛʨʘʜʘʮʠʿʦʤ ʩʝ ʿʘʚˀʘʿʫ ʜʚʘ DTG ʧʠʢʘ, ʤʘˁʠ ʥʘ 389,4 ʜʦ 391,8ʦC ʠ ʚʝ˂ʠ ʥʘ 

458,7 ʜʦ 464,28ʦC, ʢʦʿʠ ʩʫ ʥʘʩʪʘʣʠ ʧʨʦʮʝʩʦʤ ʜʝʛʨʘʜʘʮʠʿʝ NR ʢʘʫʯʫʢʘ ʠ BR/SBR 

ʤʝʰʘʚʠʥʝ ʩʘ ʛʫʙʠʪʢʦʤ ʤʘʩʝ 50-55,95%. ɼʝʛʨʘʜʘʮʠʿʘ ʠʜʝ ʜʦ ʠʟʦʧʨʝʥʘ ʠ ʜʠʧʝʥʪʝʥʘ, ʘ 

SBR-ʘ ʜʦ ʚʝʣʠʢʦʛ ʙʨʦʿʘ ʧʨʦʠʟʚʦʜʘ, ʢʘʦ ʰʪʦ ʿʝ 4-ʚʠʥʠʣ ʮʠʢʣʦʭʝʢʩʝʥ, ʩʪʠʨʝʥ ʠ 

ʤʝʪʠʣʙʝʥʟʦʣ [152].  

ʊʝʨʤʠʯʢʘ ʩʪʘʙʠʣʥʦʩʪ ʿʝʜʥʦʛ ʪʠʧʘ ʧʦʣʠʤʝʨʘ ʤʦʞʝ ʩʝ ʧʦʙʦˀʰʘʪʠ ʫʛʨʘʜˁʦʤ 

ʜʨʫʛʦʛ ʧʦʣʠʤʝʨʘ. ʋ ʩʣʫʯʘʿʫ ʢʦʤʧʦʟʠʪʘ ʥʘ ʙʘʟʠ NR/BR/SBR/CB/RR (40/40/20/55/5) 

ʙʣʝʥʜʠ ʢʘʫʯʫʢʘ, ʜʝʛʨʘʜʘʮʠʿʘ ʧʦʯʠˁʝ ʥʘ ʚʠʰʦʿ ʪʝʤʧʝʨʘʪʫʨʠ ʦʜ ʦʥʝ ʟʘ ʯʠʩʪʝ NR, BR ʠ 

NR/BR/SBR 

(phr) 

CB/RR 

(phr) 

ʊʝʤʧʝʨʘʪʫʨʥʠ 

ʠʥʪʝʨʚʘʣ 

(C̄) 

ɺʨʝʜʥʦʩʪ 

DTG ʧʠʢʘ  

(C̄) 

ɻʫʙʠʪʘʢ 

ʤʘʩʝ 

(%) 

ʊ5% 
(C̄) 

ʋʢʫʧʥʠ 

ʛʫʙʠʪʘʢ 

ʤʘʩʝ  

(%) 

40/40/20 60/0 

132,1-214,2 173,2 1,2 

315,5 67,9 310,9-423,0a 391,8 19,7a 

423,5-509,7a 464,2 30,3 

40/40/20 55/5 

143,4-211,6 173,2 1,0 

295,3 67,2 311,7-418,1a 395,9 21,1a 

423,1-507,6a 462,9 31,3a 

40/40/20 50/10 

136,8-210,3 173,5 1,1 

296,3 68,9 308,1-417,3a 389,4 20,1a 

420,6-501,6a 458,7 31,6a 

40/40/20 40/20 

139,8-205,4 170,4 1 

297,2 72,2 308,2-420,2a 391,8 22,3a 

424,5-501,9a 460,2 33,6 
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SBR ʢʘʫʯʫʢʝ. ʇʦʚʝ˂ʘʚʘˁʝʤ ʩʘʜʨʞʘʿʘ RR-ʘ ʫ CB/RR ʧʫʥʠʣʫ ʨʝʟʫʣʪʠʨʘʣʦ ʿ ʝ ʙʣʘʛʠʤ 

ʧʦʛʦʨʰʘˁʝʤ ʪʝʨʤʠʯʢʝ ʩʪʘʙʠʣʥʦʩʪʠ ʩʚʠʭ ʢʦʤʧʦʟʠʪʘ (ʪʘʙʝʣʘ 41). ʋ ʧʦʨʝʹʝˁʫ ʩʘ 

ʢʦʤʧʦʟʠʪʦʤ ʢʦʿʠ ʩʘʜʨʞʠ ʩʘʤʦ CB ʧʫʥʠʣʦ ʜʦʰʣʦ ʿʝ ʜʦ ʥʝʟʥʘʪʥʦʛ ʩʤʘˁʝˁʘ ʚʨʝʜʥʦʩʪʠ 

ʟʘ ʊ5% ʚʨʝʜʥʦʩʪʠ ʦʜ ʦʢʦ 15ʦC. ʋʢʫʧʘʥ ʛʫʙʠʪʘʢ ʤʘʩʝ ʩʝ ʧʦʚʝ˂ʘʚʘ ʩʘ ʧʦʚʝ˂ʘˁʝʤ ʫʜʝʣʘ 

RR. ɺʝ˂ʠ ʛʫʙʠʪʘʢ ʤʘʩʝ ʫ ʧʨʦʮʝʩʫ ʜʝʛʨʘʜʘʮʠʿʝ ʟʘʚʠʩʠ ʦʜ ʫʜʝʣʘ RR ʜʦʜʘʥʦʛ ʫ ʩʤʝʰʫ 

ʢʘʫʯʫʢʘ.  

 

4.5. ʋʪʠʮʘʿ ʨʝʮʠʢʣʠʨʘʥʦʛ ʛʫʤʝʥʦʛ ʧʨʘʭʘ (RP) ʥʘ ʩʚʦʿʩʪʚʘ NR/BR/SBR/CB/RP  

ʢʦʤʧʦʟʠʪʘ   

ʂʘʢʦ ʙʠ ʩʝ ʠʩʧʠʪʘʦ ʫʪʠʮʘʿ ʜʦʜʘʪʢʘ RP ʥʘ ʩʚʦʿʩʪʚʘ NR/BR/SBR/CB ʢʦʤʧʦʟʠʪʘ 

ʧʨʠʧʨʝʤˀʝʥʠ ʩʫ ʫʟʦʨʮʠ ʩʘ ʫʜʝʣʦʤ CB/RR 60/0; 55/5; 50/10 ʠ 40/20 phr. ʈʝʮʝʧʪʫʨʘ ʟʘ 

ʤʝʰʘˁʝ ʢʦʤʧʦʟʠʪʘ ʥʘ ʙʘʟʠ NR/BR/SBR/CB/RP ʙʣʝʥʜʠ ʢʘʫʯʫʢʘ ʿʝ ʧʨʠʢʘʟʘʥʘ ʫ ʪʘʙʝʣʠ 

24. 

ʈʝʮʠʢʣʠʨʘʥʠ ʛʫʤʝʥʠ ʧʨʘʭ ʤʦʞʝ ʩʝ ʢʦʨʠʩʪʠʪʠ ʢʘʦ ʧʫʥʠʣʦ ʟʘ ʜʦʙʠʿʘˁʝ 

ʢʦʤʧʦʟʠʪʥʠʭ ʤʘʪʝʨʠʿʘʣʘ [159]. RP ʩʝ ʥʘʿʯʝʰ˂ʝ ʢʦʨʠʩʪʠ ʢʘʦ ʟʘʤʝʥʘ ʟʘ CB-ʧʫʥʠʣʦ. 

ʄʝʭʘʥʠʯʢʘ ʩʚʦʿʩʪʚʘ ʟʘʚʠʩʝ ʦʜ ʫʜʝʣʘ RP ʠ ʭʝʤʠʿʩʢʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʛʫʤʝ. 

ʇʨʦʥʘʣʘʞʝˁʝʤ ʦʧʪʠʤʘʣʥʦʛ ʦʜʥʦʩʘ ʠʟʤʝʹʫ CB-ʧʫʥʠʣʘ ʠ RP, ʤʦʞʝ ʩʝ ʦʙʝʟʙʝʜʠʪʠ ʜʘ 

ʢʦʤʧʦʟʠʪʠ ʥʘ ʙʘʟʠ NR/BR/SBR/CB/RP ʙʣʝʥʜʠ ʢʘʫʯʫʢʘ ʟʘʜʨʞʝ ʧʦʪʨʝʙʥʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ 

ʘ ʜʘ ʩʝ ʪʘʢʦ ʜʦʙʠʿʝʥʠ ʧʨʦʠʟʚʦʜʠ ʤʦʛʫ ʢʦʨʠʩʪʠʪʠ ʠ ʫ ʧʨʦʮʝʩʫ ʝʢʩʧʣʦʘʪʘʮʠʿʝ ʪʦʢʦʤ ʠʩʪʦʛ 

ʧʝʨʠʦʜʘ ʢʘʦ ʢʦʤʧʦʟʠʪʠ ʙʝʟ ʜʦʜʘʚʘˁʘ RP.   

4.5.1. ʂʘʨʘʢʪʝʨʠʩʪʠʢʝ ʫʤʨʝʞʘʚʘˁʘ ʢʦʤʧʦʟʠʪʘ   
 

 ɺʨʝʜʥʦʩʪʠ ts1, tC90, CRI, MH ʠ ML ʢʦʤʧʦʟʠʪʘ ʥʘ ʙʘʟʠ NR/BR/SBR/CB/RP ʙʣʝʥʜʠ 

ʢʘʫʯʫʢʘ ʧʨʠʢʘʟʘʥʠ ʩʫ ʫ ʪʘʙʝʣʠ 42. ʅʘ ʦʩʥʦʚʫ ʚʨʝʜʥʦʩʪʠ ʧʨʠʢʘʟʘʥʠʭ ʫ ʪʘʙʝʣʠ 42 ʤʦʞʝ 

ʩʝ ʚʠʜʝʪʠ ʜʘ ʩʝ ʚʨʝʜʥʦʩʪʠ ʟʘ ʤʠʥʠʤʫʤ (ML) ʠ ʤʘʢʩʠʤʫʤ (MH) ʦʙʨʪʥʦʛ ʤʦʤʝʥʪʘ 

ʩʤʘˁʫʿʫ ʩʘ ʧʦʚʝ˂ʘˁʝʤ ʩʘʜʨʞʘʿʘ RP ʫ ʩʠʩʪʝʤʫ CB/RP ʧʫʥʠʣʦ. ɺʨʝʜʥʦʩʪ ML, ʦʜʥʦʩʥʦ 

ʦʪʧʦʨ ʩʠʩʪʝʤʘ ʨʦʪʦʨʫ ʨʝʦʤʝʪʨʘ ʫʩʣʝʜ ʫʤʨʝʞʘʚʘˁʘ ʣʘʥʘʮʘ ʢʘʫʯʫʢʘ, ʦʜʨʝʹʫʿʝ 

ʧʦʫʟʜʘʥʦʩʪ ʘʥʘʣʠʟʝ ʧʨʦʮʝʩʘ ʚʫʣʢʘʥʠʟʘʮʠʿʝ ʧʦʩʤʘʪʨʘʥʦʛ ʩʠʩʪʝʤʘ ʥʘ ʥʘʚʝʜʝʥʦʿ 

ʪʝʤʧʝʨʘʪʫʨʠ. ɻʝʥʝʨʘʣʥʦ, RP ʿ ʝ ʥʝʦʿʘʯʘʚʘʿʫ˂ʝ ʧʫʥʠʣʦ ʠ ʠʤʘ ʚʝ˂ʫ ʚʝʣʠʯʠʥʫ ʯʝʩʪʠʮʘ ʦʜ 

CB ʧʫʥʠʣʘ. ʉʪʦʛʘ, ʫ ʧʨʠʩʫʩʪʚʫ RP, ʤʦʛʫ˂ʝ ʿʝ ʬʦʨʤʠʨʘˁʝ ʜʦʜʘʪʥʠʭ ʫʤʨʝʞʝˁʘ [160]. 
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ʊʘʙʝʣʘ 42. ʂʘʨʘʢʪʝʨʠʩʪʠʢʝ ʫʤʨʝʞʘʚʘˁʘ NR/BR/SBR/CB/RP ʢʦʤʧʦʟʠʪʘ. 

 

NR/BR/SBR 

(phr) 

CB/RP 

(phr) 

ML 

(dNm) 

MH 

(dNm) 

ȹM 

(dNm) 

ts1 

(min) 

tC90 

(min) 

CRI 

(min-1) 

40/40/20 

60/0 2,35 19,00 16,65 5,00 9,50 22,20 

55/5 2,57 18,30 15,73 6,43 10,14 26,95 

50/10 2,01 17,00 14,99 5,95 10,60 21,50 

40/20 1,88 14,10 12,22 5,50 10,00 22,22 
  

 ɺʨʝʜʥʦʩʪ MH ʟʘ ʢʦʤʧʦʟʠʪ ʥʘ ʙʘʟʠ NR/BR/SBR/CB/RP (40/40/60/0) ʙʣʝʥʜʠ 

ʢʘʫʯʫʢʘ ʿʝ ʥʘʿʚʝ˂ʘ ʠ ʠʟʥʦʩʠ 19 dNm, ʰʪʦ ʫʢʘʟʫʿʝ ʥʘ ʧʨʠʩʫʪʥʫ ʠʥʪʝʨʘʢʮʠʿʫ CB-ʧʫʥʠʣʘ 

ʠ ʧʦʣʠʤʝʨʥʝ ʤʘʪʨʠʮʝ ʫ ʧʦʨʝʝ́ˁʫ ʩʘ  ʢʦʤʧʦʟʠʪʠʤʘ ʛʜʝ ʩʝ ʜʦʜʘʿʝ RP. ɼʦʜʘʚʘˁʝ RP ʫ 

ʩʠʩʪʝʤʫ CB/RP ʧʫʥʠʣʦ ʩʤʘˁʫʿʝ ʢʦʣʠʯʠʥʫ CB ʯʠʤʝ ʩʝ ʠ ʠʥʪʝʨʘʢʮʠʿʘ ʧʫʥʠʣʦ-ʧʦʣʠʤʝʨ 

ʩʤʘˁʫʿʝ. ʆʚʦ ʤʦʞʝ ʙʠʪʠ ʠʥʪʝʨʧʨʝʪʠʨʘʥʦ ʢʨʦʟ ʚʝʣʠʯʠʥʫ CB ʯʝʩʪʠʮʝ. ʇʨʠʤʘʨʥʘ 

ʚʝʣʠʯʠʥʘ ʯʝʩʪʠʮʘ CB-ʧʫʥʠʣʘ ʿʝ 28-36 nm, ʘ ʩʧʝʮʠʬʠʯʥʘ ʧʦʚʨʰʠʥʘ ʠʟʥʦʩʠ 83 m2/g. 

ʄʘˁʘ ʯʝʩʪʠʮʘ ʩʝ ʦʜʣʠʢʫʿʝ ʚʝ˂ʦʤ ʩʧʝʮʠʬʠʯʥʦʤ ʧʦʚʨʰʠʥʦʤ, ʰʪʦ ʦʤʦʛʫ˂ʘʚʘ ʿʘʯʝ 

ʠʥʪʝʨʘʢʮʠʿʝ ʧʦʣʠʤʝʨʥʘ ʤʘʪʨʠʮʘ-ʧʫʥʠʣʦ ʠ ʜʦʜʘʪʥʠ ʦʪʧʦʨ ʪʝʯʝˁʫ ʢʘʦ ʚʝ˂ʝ ʦʛʨʘʥʠʯʝˁʝ 

ʤʦʣʝʢʫʣʘʨʥʦʛ ʢʨʝʪʘˁʘ ʤʘʢʨʦʤʦʣʝʢʫʣʘ, ʰʪʦ ʜʦʚʦʜʠ ʜʦ ʧʦʚʝ˂ʘˁʘ ʚʨʝʜʥʦʩʪʠ ʦʙʨʪʥʦʛ 

ʤʦʤʝʥʪʘ [161]. ʈʘʟʣʠʢʘ ʠʟʤʝʹʫ MH ʠ ML ʟʘʚʠʩʠ ʦʜ ʢʦʣʠʯʠʥʝ ʩʣʦʙʦʜʥʠʭ ʫʤʨʝʞʘʚʘʿʫ˂ʠʭ 

ʩʨʝʜʩʪʘʚʘ ʫ ʩʤʝʰʠ ʠ ʤʦʞʝ ʩʝ ʢʦʨʠʩʪʠʪʠ ʢʘʦ ʠʥʜʠʢʘʮʠʿʘ ʛʫʩʪʠʥʝ ʫʤʨʝʞʘʚʘˁʘ 

ʢʦʤʧʦʟʠʪʘ ʥʘ ʙʘʟʠ NR/BR/SBR/CB/RP ʙʣʝʥʜʠ ʢʘʫʯʫʢʘ. ʉ ʦʙʟʠʨʦʤ ʜʘ ʿʝ RP ʥʝʘʢʪʠʚʥʦ 

ʧʫʥʠʣʦ ʛʫʩʪʠʥʘ ʫʤʨʝʞʘʚʘˁʘ ʦʧʘʜʘ ʩʘ ʧʦʚʝ˂ʘˁʝʤ ʫʜʝʣʘ RP ʫ ʦʜʥʦʩʫ CB/RP ʧʫʥʠʣʘ. 

ɺʨʝʜʥʦʩʪʠ ʟʘ ts1, tC90 ʠ CRI ʟʘ ʢʦʤʧʦʟʠʪʝ ʥʘ ʙʘʟʠ NR/BR/SBR/CB/RP ʙʣʝʥʜʠ ʢʘʫʯʫʢʘ ʩʝ 

ʩʤʘˁʫʿʫ ʩʘ ʧʦʚʝ˂ʘˁʝʤ ʢʦʣʠʯʠʥʝ RP ʫ ʦʜʥʦʩʫ CB/RP ʧʫʥʠʣʘ, ʦʜʥʦʩʥʦ ʩʠʩʪʝʤʠ ʩʝ ʙʨʞʝ 

ʫʤʨʝʞʘʚʘʿʫ. ʅʘ ʦʩʥʦʚʫ ʨʝʟʫʣʪʘʪʘ (ʪʘʙʝʣʘ 42) ʚʠʜʠ ʩʝ ʜʘ ʩʫ ʚʨʝʜʥʦʩʪʠ ʟʘ ts1 ʠ tC90 ʫ 

ʫʟʦʨʮʠʤʘ ʛʜʝ ʿʝ ʫʜʝʦ RP ʫ ʦʜʥʦʩʫ CB/RP ʧʫʥʠʣʘ ʧʦʚʝ˂ʘʥ ʠ ʚʝ˂ʠ ʥʝʛʦ ʫ ʫʟʦʨʢʫ ʢʦʿʠ 

ʩʘʜʨʞʠ ʩʘʤʦ CB ʧʫʥʠʣʦ. 

4.5.2. ʉʚʦʿʩʪʚʘ ʙʫʙʨʝˁʘ ʢʦʤʧʦʟʠʪʘ  

 

ɹʫʙʨʝˁʝ ʜʘʿʝ ʠʥʬʦʨʤʘʮʠʿʝ ʦ ʛʫʩʪʠʥʠ ʨʝʟʫʣʪʫʿʫ˂ʝ ʤʨʝʞʝ (ʦʜʨʝʹʝʥʝ ʠʟ ʦʜʥʦʩʘ 

ʙʫʙʨʝˁʘ) ʠ ʧʨʦʮʝʥʘʪ ʨʘʩʪʚʦʨˀʠʚʝ ʬʨʘʢʮʠʿʝ (ʧʨʦʧʦʨʮʠʦʥʘʣʥʦ ʣʘʥʮʠʤʘ ʢʦʿʠ ʥʝ 

ʧʨʠʧʘʜʘʿʫ ʤʨʝʞʠ (ʪʿ. ʥʠʩʫ ʚʝʟʘʥʠ ʫ ʫʤʨʝʞʝʥʫ ʩʪʨʫʢʪʫʨʫ). ʇʫʥʠʣʘ ʤʦʛʫ ʜʝʣʦʚʘʪʠ ʢʘʦ 

ʜʦʜʘʪʥʝ ʧʦʧʨʝʯʥʝ ʚʝʟʝ ʟʙʦʛ ʠʥʪʝʨʘʢʮʠʿʝ ʧʫʥʠʣʦ-ʤʘʪʨʠʮʘ, ʘʣʠ ʠ ʟʙʦʛ ʠʥʪʝʨʘʢʮʠʿʝ 
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ʧʫʥʠʣʦ-ʧʫʥʠʣʦ, ʧʘ ʩʝ ʤʦʞʝ ʩʤʘˁʠʪʠ ʩʪʝʧʝʥ ʙʫʙʨʝˁʘ ʫ ʠʟʚʝʩʥʦʿ ʤʝʨʠ. Planes ʠ 

ʩʘʨʘʜʥʠʮʠ [162] ʪʚʨʜʝ ʜʘ ʿʝ ʥʝʪʘʯʥʦ ʧʦʚʝʟʘʪʠ ʦʜʥʦʩ ʙʫʙʨʝˁʘ ʩʘ ʛʫʩʪʠʥʦʤ ʣʘʥʘʮʘ ʤʨʝʞʝ 

ʠ ʜʘ ʪʘʢʚʝ ʨʝʟʫʣʪʘʪʝ ʤʝʨʝˁʘ ʪʨʝʙʘ ʩʤʘʪʨʘʪʠ ʩʘʤʦ ʢʚʘʣʠʪʘʪʠʚʥʠʤ.  

ʊʘʙʝʣʘ 43 ʧʦʢʘʟʫʿʝ ʚʘʨʠʿʘʮʠʿʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʙʫʙʨʝˁʘ: ʟʘʧʨʝʤʠʥʩʢʘ ʙʨʟʠʥʘ 

ʙʫʙʨʝˁʘ (Rv), ʤʘʩʝʥʘ ʙʨʟʠʥʘ ʙʫʙʨʝˁʘ (Rw), ʩʪʝʧʝʥ ʙʫʙʨʝˁʘ (Q), ʟʘʧʨʝʤʠʥʩʢʠ ʫʜʝʦ 

ʫʟʦʨʢʘ ʫ ʥʘʙʫʙʨʝʣʦʤ ʛʝʣʫ (ɡ2), Flory-Hugins-ʦʚ ʧʘʨʘʤʝʪʘʨ (ɢ), ʛʫʩʪʠʥʘ ʧʦʧʨʝʯʥʝ ʚʝʟʝ 

(ɡ), ʤʦʣʝʢʫʣʩʢʘ ʤʘʩʘ ʠʟʤʝʹʫ ʜʚʝ ʯʚʦʨʘ ʤʨʝʞʝ (Mc) ʢʘʦ ʬʫʥʢʮʠʿʘ ʦʜʥʦʩʘ CB/RP ʧʫʥʠʣʘ 

ʫ ʢʦʤʧʦʟʠʪʠʤʘ ʥʘ ʙʘʟʠ NR/BR/SBR/CB/PRR ʙʣʝʥʜʠ ʢʘʫʯʫʢʘ. ʄʦʞʝ ʩʝ ʚʠʜʝʪʠ ʜʘ 

ʚʨʝʜʥʦʩʪʠ ʩʪʝʧʝʥʘ ʙʫʙʨʝˁʘ (Q) ʨʘʩʪʫ ʘʣʠ ʛʫʩʪʠʥʘ ʫʥʘʢʨʩʥʦʛ ʧʦʚʝʟʠʚʘˁʘ (ɡ) ʩʝ ʟʘ ʩʚʝ 

ʫʟʦʨʢʝ ʩʤʘˁʫʿʝ ʩʘ ʧʦʚʝ˂ʘˁʝʤ ʫʜʝʣʘ RP ʫ CB/RP ʧʫʥʠʣʫ ʢʦʤʧʦʟʠʪʘ ʥʘ ʙʘʟʠ 

NR/BR/SBR/CB/RP ʙʣʝʥʜʠ ʢʘʫʯʫʢʘ. ʆʚʦ ʥʠʿʝ ʠʟʥʝʥʘʹʫʿʫ˂ʝ ʿʝʨ ʩʝ ʫ ʢʦʤʧʦʟʠʪʫ 

ʢʦʣʠʯʠʥʘ ʘʢʪʠʚʥʦʛ ʧʫʥʠʣʘ CB ʩʤʘˁʫʿʝ, ʘ ʢʦʣʠʯʠʥʘ RP ʧʫʥʠʣʘ ʧʦʚʝ˂ʘʚʘ ʫ CB/RP 

ʧʫʥʠʣʫ, ʧʨʠ ʯʝʤʫ ʥʝ ʪʨʝʙʘ ʟʘʙʦʨʘʚʠʪʠ ʜʘ ʿʝ RP ʧʨʘʭ ʨʝʮʠʢʣʠʨʘʥʝ ʛʫʤʝ. ɻʝʥʝʨʘʣʥʦ, 

ʩʪʝʧʝʥ ʙʫʙʨʝˁʘ ʿʝ ʦʙʨʥʫʪʦ ʧʨʦʧʦʨʮʠʦʥʘʣʘʥ ʛʫʩʪʠʥʠ ʫʥʘʢʨʩʥʝ ʚʝʟʝ ʤʨʝʞʥʦʛ ʣʘʥʮʘ. 

 

ʊʘʙʝʣʘ 43. ʂʘʨʘʢʪʝʨʠʩʪʠʢʝ ʙʫʙʨʝˁʘ NR/BR/SBR/CB/PR ʢʦʤʧʦʟʠʪʘ.  

 

NR/BR/SBR 

(phr) 

CB/RP 

(phr) 

ɟ  

(g/cm3) 
Rv Rw ɡ2 

ɡ  

(mol/dm3) 
ɢ Mc  

(g/mol) 
Q 

40/40/20 

60/0 1,12 3,010 2,556 0,332 357 0,41 2911 2,0098 

55/5 1,11 3,157 2,685 0,317 391 0,58 2720 2,1569 

50/10 1,10 3,182 2,720 0,314 185 0,67 3010 2,1972 

40/20 1,08 3,377 2,908 0,296 120 0,91 3222 2,3765 
 

 

4.5.3. ʄʝʭʘʥʠʯʢʘ ʩʚʦʿʩʪʚʘ ʢʦʤʧʦʟʠʪʘ  

 

ʂʚʘʣʠʪʝʪ ʛʫʤʝʥʠʭ ʧʨʦʠʟʚʦʜʘ ʟʘʚʠʩʠ ʧʨʝ ʩʚʝʛʘ ʦʜ ʤʝʭʘʥʠʯʢʠʭ ʩʚʦʿʩʪʘʚʘ. ʌʠʟʠʯʢʘ 

ʩʚʦʿʩʪʚʘ ʠ ʦʪʧʦʨʥʦʩʪ ʛʫʤʝ ʥʘ ʩʪʘʨʝˁʝ ʟʘʚʠʩʠ ʦʜ ʩʪʝʧʝʥʘ ʫʤʨʝʞʝˁʘ, ʜʠʩʪʨʠʙʫʮʠʿʘ 

ʘʛʝʥʘʩʘ ʟʘ ʫʤʨʝʞʘʚʘˁʝ ʫ ʧʦʣʠʤʝʨʥʦʿ ʤʘʪʨʠʮʠ, ʦʜʥʦʩʘ ʘʢʮʝʣʝʨʘʪʦʨʘ ʠ ʩʫʤʧʦʨʘ, 

ʪʝʤʧʝʨʘʪʫʨʝ, ʠ ʚʨʝʤʝʥʘ ʫʤʨʝʞʘʚʘˁʘ.  

ʋ ʪʘʙʝʣʠ 44 ʢʘʦ ʠ ʥʘ ʩʣʠʢʘʤʘ 54-56 ʧʨʠʢʘʟʘʥʘ ʩʫ ʤʝʭʘʥʠʯʢʘ ʩʚʦʿʩʪʚʘ ʢʦʤʧʦʟʠʪʘ 

ʥʘ ʙʘʟʠ NR/BR/SBR/CB/RP ʙʣʝʥʜʠ ʢʘʫʯʫʢʘ.  
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ʊʘʙʝʣʘ 44. ʄʝʭʘʥʠʯʢʘ ʩʚʦʿʩʪʚʘ  NR/BR/SBR/CB/RP ʢʦʤʧʦʟʠʪʘ. 

 

NR/BR/SBR 

(phr) 

CB/RP 

(phr) 

ʄʦʜʫʣ 

300% 

(MPa) 

ʇʨʝʢʠʜʥʘ 

ʯʚʨʩʪʦ˂ʘ 

(MPa) 

ʇʨʝʢʠʜʥʦ 

ʠʟʜʫʞʝˁʝ 

(%) 

ʊʚʨʜʦ˂ʘ 

(ShÁA) 

ɸʙʨʘʟʠʿʘ 

(mm3) 

40/40/20 

60/0 11,06 17,90 406,27 63 84 

55/5 9,21 15,90 466,40 61 80 

50/10 8,41 13,37 414,80 59 78 

40/20 6,88 11,80 435,73 55 83 

 

ʅʘ ʦʩʥʦʚʫ ʨʝʟʫʣʪʘʪʘ ʜʘʪʠʭ ʫ ʪʘʙʝʣʠ 44 ʤʦʞʝ ʩʝ ʚʠʜʝʪʠ ʜʘ ʩʘ ʜʦʜʘʪʢʦʤ RP ʫ CB/RP 

ʧʫʥʠʣʦ, ʚʨʝʜʥʦʩʪʠ ʟʘ ʩʚʘ ʠʩʧʠʪʠʚʘʥʘ ʤʝʭʘʥʠʯʢʘ ʩʚʦʿʩʪʚʘ ʦʧʘʜʘʿʫ. ʊʘʢʚʠ ʨʝʟʫʣʪʘʪʠ ʩʝ 

ʤʦʛʫ ʦʙʿʘʩʥʠʪʠ ʧʨʠʨʦʜʦʤ ʧʫʥʠʣʘ (ʧʨʚʝʥʩʪʚʝʥʦ ʦʙʣʠʢ ʯʝʩʪʠʮʘ ʧʫʥʠʣʘ), ʘʣʠ ʠ ʿʘʯʠʥʝ 

ʚʝʟʝ ʠʟʤʝʹʫ ʤʘʪʨʠʮʝ ʠ ʧʫʥʠʣʘ ʢʦʿʘ ʿʝ ʪʘʢʦʹʝ ʚʝʦʤʘ ʚʘʞʘʥ ʬʘʢʪʦʨ ʢʦʿʠ ʩʤʘˁʫʿʝ 

ʧʦʢʨʝʪˀʠʚʦʩʪ ʧʦʣʠʤʝʨʥʝ ʬʘʟʝ (ʙʦˀʝ Ăʢʚʘʰʝˁʝñ ʧʫʥʠʣʘ ʩʘ ʤʘʢʨʦʤʦʣʝʢʫʣʠʤʘ 

ʢʘʫʯʫʢʘ), ʜʠʩʧʝʨʟʠʿʝ ʧʫʥʠʣʘ ʠ ʫʜʝʣʘ ʘʛʣʦʤʝʨʘʪʘ ʫ ʧʫʥʠʣʫ. ʆʧʘʜʘˁʝ ʛʫʩʪʠʥʝ ʫʤʨʝʞʝˁʘ 

(ʪʘʙʝʣʘ 43), ʤʝʭʘʥʠʯʢʘ ʩʚʦʿʩʪʚʘ ʩʝ ʪʘʢʦʹʝ ʩʤʘˁʫʿʫ (ʪʘʙʝʣʘ 44) ʩʘ ʩʤʘˁʝʥʦʤ ʢʦʣʠʯʠʥʦʤ 

CB ʧʫʥʠʣʘ ʫ ʫʟʦʨʢʫ. ʄʝʹʫʪʠʤ, ʧʨʠ ʚʠʰʦʿ ʛʫʩʪʠʥʠ ʫʤʨʝʞʘʚʘˁʘ, ʩʝʛʤʝʥʪʠ 

ʤʘʢʨʦʤʦʣʝʢʫʣʘ ʧʦʩʪʘʿʫ ʥʝʧʦʢʨʝʪʥʠ, ʩʠʩʪʝʤ ʧʦʩʪʘʿʝ ʪʚʨʹʠ: ʪʚʨʜʦ˂ʘ ʩʝ ʧʦʚʝ˂ʘʚʘ, ʘ 

ʠʟʜʫʞʝˁʝ ʧʨʠ ʧʨʝʢʠʜʫ ʩʝ ʩʤʘˁʫʿʝ. ʀʟ ʪʘʙʝʣʝ 44 ʩʝ ʚʠʜʠ ʜʘ ʿʝ ʢʦʤʧʦʟʠʪ ʥʘ ʙʘʟʠ 

NR/BR/SBR/CB/RP (40/40/20/55/5) ʙʣʝʥʜʠ ʢʘʫʯʫʢʘ ʧʦʢʘʟʘʦ ʥʝʰʪʦ ʤʘˁʫ ʚʨʝʜʥʦʩʪ 

ʧʨʝʢʠʜʥʝ ʯʚʨʩʪʦ˂ʝ ʠ ʧʨʝʢʠʜʥʦʛ ʠʟʜʫʞʝˁʘ ʫ ʧʦʨʝʹʝˁʫ ʩʘ ʢʦʤʧʦʟʠʪʦʤ ʥʘ ʙʘʟʠ 

NR/BR/SBR/CB/PRR (40/40/20/60/0) ʙʣʝʥʜʠ ʢʘʫʯʫʢʘ. ʄʘʣʠ ʫʜʝʦ RP ʫ CB/RP ʧʫʥʠʣʫ 

ʨʝʟʫʣʪʫʿʝ ʦʜʚʘʿ ʘˁʝʤ ʦʜ ʧʦʚʨʰʠʥʝ NR/BR/SBR ʙʣʝʥʜʠ ʢʘʫʯʫʢʘ, ʧʦʿʘʚʫ ʰʫʧˀʠʥʘ ʠ 

ʧʫʢʦʪʠʥʘ, ʩʤʘˁʝʥʫ ʢʨʫʪʦʩʪ, ʧʨʝʢʠʜʥʫ ʯʚʨʩʪʦ˂ʫ ʠ ʠʟʜʫʞʝˁʝ, ʥʘʢʦʥ ʥʘʧʨʝʟʘˁʘ. ʆʚʦ ʿʝ 

ʧʦʩʣʝʜʠʮʘ ʥʝʢʦʤʧʘʪʠʙʠʣʥʦʩʪʠ ʢʦʨʠʰ˂ʝʥʠʭ NR/BR/SBR/CB ʙʣʝʥʜʠ ʢʘʫʯʫʢʘ ʠ RP 

ʧʫʥʠʣʘ. 

ʄʘʢʩʠʤʘʣʥʘ ʚʨʝʜʥʦʩʪ ʟʘ ʦʪʧʦʨʥʦʩʪʠ ʥʘ ʭʘʙʘˁʝ ʿʝ (ʪʘʙʝʣʘ 44) ʢʦʜ ʢʦʤʧʦʟʠʪʘ ʥʘ 

ʙʘʟʠ NR/BR/SBR/CB/RP (40/40/20/60/0) ʙʣʝʥʜʠ ʢʘʫʯʫʢʘ ʠ ʠʟʥʦʩʠ 84 mm3 ʠ ʦʚʘ 

ʚʨʝʜʥʦʩʪ ʩʝ ʩʤʘˁʫʿʝ ʜʦʜʘʚʘˁʝʤ RP ʫ CB/RP ʧʫʥʠʣʫ. Zafarmehrabian ʫ ʩʚʦʤ ʨʘʜʫ [163] 

ʪʚʨʜʠ ʜʘ ʥʘ ʘʙʨʘʟʠʿʩʢʦ ʧʦʥʘʰʘˁʝ ʛʫʤʝ ʫʪʠʯʫ ʜʚʘ ʢˀʫʯʥʠ ʬʘʢʪʦʨʘ: ʤʦʜʫʣ ʠ ʛʫʩʪʠʥʘ 

ʫʤʨʝʞʝˁʘ. ʐʪʦ ʿʝ ʚʠʰʠ ʤʦʜʫʣ ʠ ʩʪʝʧʝʥ ʫʤʨʝʞʝˁʘ ʚʝ˂ʘ ʿʝ ʦʪʧʦʨʥʦʩʪʠ ʥʘ ʘʙʨʘʟʠʿʫ 

ʛʫʤʝʥʠʭ ʧʨʦʠʟʚʦʜʘ [164]. ʇʦ ʧʨʘʚʠʣʫ, ʭʘʙʘˁʝ ʿʝ ʟʥʘʪʥʦ ʤʘˁʝ ʢʦʜ ʢʦʤʧʦʟʠʪʘ ʢʦʿʠ ʠʤʘʿʫ 
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ʚʝ˂ʫ ʚʨʝʜʥʦʩʪ ʧʨʝʢʠʜʥʝ ʯʚʨʩʪʦ˂ʝ ʠ ʪʚʨʜʦ˂ʝ, ʿʝʨ ʤʦʛʫ ʜʘ ʠʟʜʨʞʝ ʚʝ˂ʝ ʤʝʭʘʥʠʯʢʦ 

ʥʘʧʨʝʟʘˁʝ ʙʝʟ ʚʝ˂ʠʭ ʦʰʪʝ˂ʝˁʘ. ʂʦʜ ʢʦʤʧʦʟʠʪʘ ʥʘ ʙʘʟʠ NR/BR/SBR/CB/RP 

(40/40/20/55/5) ʙʣʝʥʜʠ ʢʘʫʯʫʢʘ ʧʦʩʪʠʛʥʫʪʘ ʿʝ ʨʘʚʥʦʪʝʞʘ ʠʟʤʝʹʫ ʤʝʭʘʥʠʯʢʠʭ ʩʚʦʿʩʪʘʚʘ 

ʘʙʨʘʟʠʿʝ, ʪʚʨʜʦ˂ʝ ʠ ʧʨʝʢʠʜʥʝ ʯʚʨʩʪʦ˂ʝ. 

ʇʦʜʘʮʠ ʦ ʩʚʦʿʩʪʚʠʤʘ ʢʦʤʧʦʟʠʪʘ ʥʘ ʙʘʟʠ NR/BR/SBR ʙʣʝʥʜʠ ʢʘʫʯʫʢʘ, ʢʦʿʠ ʿʝ  

ʢʦʤʝʨʮʠʿʘʣʥʦ ʜʦʩʪʫʧʘʥ, ʥʘʣʘʟʝ ʩʝ ʥʘ ɻ¿­ʣ¿ Polymer Sanaui ve Ticaret INC ʚʝʙ-ʩʘʿʪʫ ʠʟ 

ʊʫʨʩʢʝ [165]. ʂʘʦ ʨʝʬʝʨʝʥʪʥʝ ʚʨʝʜʥʦʩʪʠ ʩʫ ʫʟʝʪʠ ʧʦʜʘʮʠ ʩʘ ʧʦʤʝʥʫʪʦʛ ʩʘʿʪʘ ʠʘʢʦ ʥʠʩʫ 

ʧʦʟʥʘʪʠ ʩʘʜʨʞʘʿʠ ʧʦʿʝʜʠʥʘʯʥʠʭ ʝʣʘʩʪʦʤʝʨʘ ʢʦʿʝ ʩʫ ʙʠʣʠ ʢʦʨʠʰ˂ ʝʥʠ, ʢʘʦ ʠ ʚʨʩʪʘ ʠ 

ʢʦʣʠʯʠʥʘ ʧʫʥʠʣʘ. 

 ʋ ʪʘʙʝʣʠ 45 ʜʘʪ ʿʝ ʫʧʦʨʝʜʥʠ ʧʨʝʛʣʝʜ ʤʝʭʘʥʠʯʢʠʭ ʩʚʦʿʩʪʚʘ ʢʦʤʧʦʟʠʪʘ ʥʘ ʙʘʟʠ 

NR/BR/SBR ʙʣʝʥʜʠ ʢʘʫʯʫʢʘ ʠʟ G¿­l¿ Polimer Sanayi ve Ticaret INC ʠ ʢʦʤʧʦʟʠʪʘ ʥʘ ʙʘʟʠ 

NR/BR/SBR/CB/PRR(40/40/20/55/5) ʙʣʝʥʜʠ ʢʘʫʯʫʢʘ.  

 

ʊʘʙʝʣʘ 45. ʄʝʭʘʥʠʯʢʘ ʩʚʦʿʩʪʚʘ ʢʦʤʝʨʮʠʿʘʣʥʦʛ NR/BR/SBR ʢʦʤʧʦʟʠʪʘ ʠ ʩʠʥʪʝʪʠʩʘʥʦʛ 

ʢʦʤʧʦʟʠʪʘ ʥʘ ʙʘʟʠ NR/BR/SBR/CB/PRR (40/40/20/55/5) ʙʣʝʥʜʠ ʢʘʫʯʫʢʘ. 

 
 

ʉʚʦʿʩʪʚʦ 
ʂʦʤʝʨʮʠʿʘʣʥʠ 

 NR/BR/SBR 

NR/BR/SBR/CB/PRR 

(40/40/20/55/5) 

ʇʨʝʢʠʜʥʘ ʯʚʨʩʪʦ˂ʘ 

(MPa) 
Min. 15 15,90 

ʇʨʝʢʠʜʥʦ ʠʟʜʫʞʝˁʝ 

(%) 
400-600 466,40 

ʊʚʨʜʦ˂ʘ 

(ShÁA) 
60Ñ5 61 

ɸʙʨʘʟʠʿʘ  

(mm3) 
100-300 80 

  

  

 ʋʧʦʨʝʹʠʚʘˁʝʤ ʤʝʭʘʥʠʯʢʠʭ ʩʚʦʿʩʪʘʚʘ ʢʦʤʝʨʮʠʿʘʣʥʠʭ NR/BR/SBR ʢʦʤʧʦʟʠʪʘ 

ʢʦʤʧʘʥʠʿʝ G¿­l¿ Polimer Sanayi ve Ticaret INC ʩʘ ʚʨʝʜʥʦʩʪʠʤʘ ʜʦʙʠʿʝʥʠʤ ʫ ʦʢʚʠʨʫ ʦʚʝ 

ʜʠʩʝʨʪʘʮʠʿʝ, ʤʦʞʝ ʩʝ ʟʘʢˀʫʯʠʪʠ ʜʘ ʿʝ ʢʦʤʧʦʟʠʪ ʥʘ ʙʘʟʠ NR/BR/SBR/CB/RP 

(40/40/20/55/5) ʧʦʛʦʜʘʥ ʟʘ ʧʨʠʤʝʥʫ ʫ ʧʨʦʠʟʚʦʜˁʠ ʛʘʟʝ˂ʝʛ ʠ ʧʨʦʪʝʢʪʠʨʘʥʦʛ ʩʣʦʿʘ 

ʘʫʪʦʤʦʙʠʣʩʢʠʭ ʛʫʤʘ, ʢʘʦ ʠ ʫ ʠʟʨʘʜʠ ʹʦʥʦʚʘ ʟʘ ʦʙʫ˂ʫ, ʮʨʝʚʘ, ʮʝʚʠ, ʢʘʙʣʦʚʘ, 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʢʘʠʰʝʚʘ, ʨʝʟʝʨʚʥʠʭ ʜʝʣʦʚʘ ʠ ʩʣʠʯʥʦ 
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4.5.4. ʊʝʨʤʦ-ʦʢʩʠʜʘʪʠʚʥʦ ʠ ʨʘʜʠʿʘʮʠʦʥʦ ʩʪʘʨʝˁʝ ʢʦʤʧʦʟʠʪʘ  
 

ʄʝʭʘʥʠʯʢʘ ʩʚʦʿʩʪʚʘ NR/BR/SBR ʢʦʤʧʦʟʠʪʘ ʧʦʩʣʝ ʪʝʨʤʦ-ʦʢʩʠʜʘʪʠʚʥʦʛ ʠ 

ʿʦʥʠʟʘʮʠʦʥʦʛ ʩʪʘʨʝˁʘ ʩʫ ʜʘʪʘ ʫ ʪʘʙʝʣʘʤʘ 46 ʠ 47 ʢʘʦ ʠ ʥʘ ʩʣʠʢʘʤʘ 54-56.  

 

ʊʘʙʝʣʘ 46. ʄʝʭʘʥʠʯʢʘ ʩʚʦʿʩʪʚʘ NR/BR/SBR/CB/RP ʢʦʤʧʦʟʠʪʘ ʧʦʩʣʝ ʪʝʨʤʦ-

ʦʢʩʠʜʘʪʠʚʥʦʛ ʩʪʘʨʝˁʘ  ʥʘ 100ÁC ʥʘʢʦʥ 168h. 

 

NR/BR/SBR 

(phr) 

CB/RP 

(phr) 

ʇʨʝʢʠʜʥʘ 

ʯʚʨʩʪʦ˂ʘ 

(MPa) 

ʇʨʝʢʠʜʥʦ 

ʠʟʜʫʞʝˁʝ 

(%) 

ʊʚʨʜʦ˂ʘ 

(ShÁA) 

40/40/20 

60/0 7,0 235 78 

55/5 5,7 234 77 

50/10 4,3 234 73 

40/20 3,3 241 67 
 

ʊʦʢʦʤ ʧʨʦʮʝʩʘ ʩʪʘʨʝˁʘ, ʧʦʩʪʦʿʝ˂ʘ ʩʚʦʿʩʪʚʘ ʤʘʪʝʨʠʿʘʣʘ ʦʧʘʜʘʿʫ ʫʩʣʝʜ ʧʨʦʤʝʥʘ ʢʦʿʝ 

ʥʘʩʪʘʿʫ ʫ ʩʪʨʫʢʪʫʨʠ ʧʦʣʠʤʝʨʘ. ʊʝʨʤʦ-ʦʢʩʠʜʘʪʠʚʥʦ ʩʪʘʨʝˁʝ ʜʦʚʦʜʠ ʜʦ ʧʦʚʝ˂ʘˁʘ 

ʛʫʩʪʠʥʝ ʫʥʘʢʨʩʥʠʭ ʚʝʟʘ ʠ ʢʠʜʘˁʘ ʣʘʥʘʮʘ ʤʘʢʨʦʤʦʣʝʢʫʣʘ. ʋ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʪʦʛʘ ʢʦʿʠ ʿʝ 

ʝʬʝʢʘʪ ʜʦʤʠʥʘʥʪʘʥ, ʛʫʤʘ ˂ʝ ʧʦʩʪʘʪʠ ʤʝʢʰʘ (ʧʨʝʢʠʜʘˁʝ ʣʘʥʮʘ) ʠʣʠ ʢʨʪʘ (ʫʥʘʢʨʩʥʦ 

ʧʦʚʝʟʠʚʘˁʝ) [166]. ʇʨʝʦʩʪʘʣʝ ʜʚʦʩʪʨʫʢʝ ʚʝʟʝ ʧʦʩʣʝ ʫʥʘʢʨʩʥʦʛ ʧʦʚʝʟʠʚʘˁʘ ʩʫ ʛʣʘʚʥʠ 

ʬʘʢʪʦʨ ʢʦʿʠ ʫʪʠʯʝ ʥʘ ʧʦʿʘʚʫ ʩʪʘʨʝˁʘ ʿʝʨ ʩʫ ʧʦʜʣʦʞʥʝ ʥʘʧʘʜʠʤʘ ʨʘʜʠʢʘʣʘ. ʋ ʪʝʨʤʦ-

ʦʢʩʠʜʘʪʠʚʥʦʤ ʩʪʘʨʝˁʫ ʭʠʜʨʦʧʝʨʦʢʩʠʜʠ ʩʝ ʧʨʚʦ ʬʦʨʤʠʨʘʿʫ, ʟʘʪʠʤ ʨʝʘʛʫʿʫ ʩʘ 

ʧʦʣʠʤʝʨʥʠʤ ʣʘʥʮʠʤʘ, ʜʦʚʦʜʝ˂ʠ ʜʦ ʫʥʘʢʨʩʥʦʛ ʧʦʚʝʟʠʚʘˁʘ ʠ ʨʘʚʥʦʤʝʨʥʦʛ ʢʠʜʘˁʘ 

ʣʘʥʘʮʘ [167]. 

 

ʊʘʙʝʣʘ 47. ʄʝʭʘʥʠʯʢʘ ʩʚʦʿʩʪʚʘ NR/BR/SBR/CB/RP ʢʦʤʧʦʟʠʪʘ ʥʘʢʦʥ g-ʟʨʘʯʝˁʘ ʥʘ 200 

kGy. 

 

NR/BR/SBR 

(phr) 

CB/RP 

(phr) 

ʇʨʝʢʠʜʥʘ 

ʯʚʨʩʪʦ˂ʘ 

(MPa) 

ʇʨʝʢʠʜʥʦ 

ʠʟʜʫʞʝˁʝ 

(%) 

ʊʚʨʜʦ˂ʘ 

(ShÁA) 

40/40/20 

60/0 16,2 391,6 69 

55/5 12,4 338,8 64 

50/10 12,0 354,8 63 

40/20 10,4 359,4 60 

 



ʅʘʥʦ-ʢʦʤʧʦʟʠʪʠ ʥʘ ʙʘʟʠ ʪʨʠ ʧʨʝʢʫʨʩʦʨʘ ʤʨʝʞʝ: NR, BR ʠ SBR ʢʘʫʯʫʢʘ 

141 

 

ʂʦʥʘʯʥʘ ʩʚʦʿʩʪʚʘ ʫʤʨʝʞʝʥʠʭ ʤʘʪʝʨʠʿʘʣʘ ʿʘʢʦ ʟʘʚʠʩʝ ʦʜ ʩʪʨʫʢʪʫʨʘ ʫʥʘʢʨʩʥʠʭ 

ʚʝʟʘ. ʀʟʣʘʛʘˁʝʤ ʧʦʣʠʤʝʨʘ ʿʦʥʠʟʫʿʫ˂ʝʤ ʟʨʘʯʝˁʫ, ʜʚʘ ʛʣʘʚʥʘ ʝʬʝʢʪʘ ʩʝ ʿʘʚˀʘʿʫ: ʫʥʘʢʨʩʥʦ 

ʧʦʚʝʟʠʚʘˁʝ ʠ ʢʠʜʘˁʝ ʤʘʢʨʦʤʦʣʝʢʫʣʩʢʠʭ ʣʘʥʘʮʘ. ʇʨʝʚʣʘʩʪ ʿʝʜʥʦʛ ʦʜ ʥʘʚʝʜʝʥʠʭ 

ʢʦʥʢʫʨʝʥʪʩʢʠʭ ʧʨʦʮʝʩʘ ʿʝ ʦʜʨʝʹʝʥ ʩʪʨʫʢʪʫʨʥʠʤ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘʤʘ ʧʦʣʠʤʝʨʘ ʠ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʭ ʫʩʣʦʚʘ ʟʨʘʯʝˁʘ [147]. ʋʥʘʢʨʩʥʦ ʧʦʚʝʟʠʚʘˁʝ ʿʝ ʚʝʨʦʚʘʪʥʠʿʝ ʢʦʜ 

ʧʦʣʠʤʝʨʘ ʢʦʿʠ ʩʘʜʨʞʝ ʥʝʟʘʩʠ˂ʝʥʝ ʚʝʟʝ ʫʛˀʝʥʠʢ-ʫʛˀʝʥʠʢ. ɿʙʦʛ ʚʠʩʦʢʝ ʤʦʣʝʢʫʣʩʢʝ ʤʘʩʝ 

ʧʦʣʠʤʝʨʘ, ʯʘʢ ʠ ʨʝʣʘʪʠʚʥʦ ʤʘʣʝ ʜʦʟʝ ʤʦʛʫ ʠʟʘʟʚʘʪʠ ʟʥʘʯʘʿʥʝ ʧʨʦʤʝʥʝ, ʮʠʢʣʠʟʘʮʠʿʫ, 

ʠʟʦʤʝʨʠʟʘʮʠʿʫ, ʦʢʩʠʜʘʮʠʿʫ, ʩʪʚʘʨʘˁʝ ʛʘʩʦʚʠʪʠʭ ʧʨʦʠʟʚʦʜʘ, ʧʨʦʤʝʥʝ ʫ ʟʘʩʠ˂ʝʥʦʩʪʠ 

ʣʘʥʘʮʘ ʠ ʪʘʢʦ ʜʘˀʝ. ʅʘ ʩʣʠʢʘʤʘ 54-56 ʧʨʠʢʘʟʘʥ ʿʝ ʫʪʠʮʘʿ ʩʘʜʨʞʘʿʘ RP ʫ CB/RP ʧʫʥʠʣʫ 

ʥʘ ʤʝʭʘʥʠʯʢʘ ʩʚʦʿʩʪʚʘ NR/BR/SBR ʢʦʤʧʦʟʠʪʘ ʧʨʝ ʠ ʧʦʩʣʝ ʪʝʨʤʦ-ʦʢʩʠʜʘʪʠʚʥʦʛ ʠ 

ʿʦʥʠʟʫʿʫ˂ʝʛ ʩʪʘʨʝˁʘ. ʂʘʦ ʰʪʦ ʿʝ ʧʨʠʢʘʟʘʥʦ ʥʘ ʩʣʠʮʠ 54, ʚʨʝʜʥʦʩʪʠ ʟʘ ʧʨʝʢʠʜʥʫ 

ʯʚʨʩʪʦ˂ʫ ʦʧʘʜʘʿʫ ʟʘ ʦʙʘ ʪʠʧʘ ʩʪʘʨʝˁʘ. ʉʪʘʨʝˁʝ ʛʫʤʝ ʿʝ ʛʝʥʝʨʘʣʥʦ ʧʨʦʮʝˁʝʥʦ ʥʘ ʦʩʥʦʚʫ 

ʧʨʦʤʝʥʘ ʟʘʪʝʟʥʠʭ ʩʚʦʿʩʪʘʚʘ ʢʦʿʘ ʩʫ ʨʝʟʫʣʪʘʪ ʢʦʥʜʠʮʠʦʥʠʨʘˁʘ ʥʘ ʧʦʚʠʰʝʥʠʤ 

ʪʝʤʧʝʨʘʪʫʨʘʤʘ (100ʦʉ) ʫ ʦʜʨʝʹʝʥʦʤ ʚʨʝʤʝʥʩʢʦʤ ʠʥʪʝʨʚʘʣʫ, ʢʦʿʠ ʫ ʦʚʦʤ ʩʣʫʯʘʿʫ ʠʟʥʦʩʠ 

168h.  

 

ʉʣʠʢʘ 54. ʋʪʠʮʘʿ ʩʘʜʨʞʘʿʘ RP-ʘ ʫ CB/RP ʧʫʥʠʣʫ ʥʘ ʧʨʝʢʠʜʥʫ ʯʚʨʩʪʦ˂ʫ ʢʦʤʧʦʟʠʪʘ, ʧʨʝ 

ʠ ʥʘʢʦʥ ʪʝʨʤʦ-ʦʢʩʠʜʘʪʠʚʥʦʛ ʠ ʨʘʜʠʿʘʮʠʦʥʦʛ ʩʪʘʨʝˁʘ. 
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ʉʘ ʩʣʠʢʝ 54 ʩʝ ʤʦʞʝ ʚʠʜʝʪʠ ʜʘ ʿʝ ʩʪʘʨʝˁʝ ʤʘˁʝ ʠʟʨʘʞʝʥʦ ʢʘʜʘ ʿʝ ʫ ʧʠʪʘˁʫ ɔ-

ʟʨʘʯʝˁʝ. ʋ ʛʫʤʘʤʘ ʫʤʨʝʞʝʥʠʤ ʩʫʤʧʦʨʦʤ, ʢʦʥʚʝʨʟʠʿʘ ʧʦʣʠʩʫʣʬʠʜʥʠʭ ʚʝʟʘ ʫ 

ʤʦʥʦʩʫʣʬʠʜʥʝ ʚʝʟʝ ʩʝ ʜʝʰʘʚʘ ʥʘ ʧʦʚʠʰʝʥʠʤ ʪʝʤʧʝʨʘʪʫʨʘʤʘ. ʈʝʘʢʮʠʿʘ ʿʝ ʧʨʘ˂ʝʥʘ 

ʦʩʣʦʙʘʹʘˁʝʤ ʛʨʫʧʘ ʥʠʩʢʝ ʤʦʣʝʢʫʣʩʢʝ ʤʘʩʝ ʢʘʦ ʰʪʦ ʩʫ ʚʦʜʦʥʠʢ ʩʫʣʬʠʜ, ʩʫʤʧʦʨ-

ʜʠʦʢʩʠʜ ʠ ʫʛˀʝʥ-ʜʠʩʫʣʬʠʜ. ʉʤʘˁʝˁʝ ʯʚʨʩʪʦ˂ʝ ʠ ʝʣʘʩʪʠʯʥʦʩʪʠ, ʫ ʚʝ˂ʠʥʠ ʩʣʫʯʘʿʝʚʘ, 

ʥʘʩʪʘʿʝ ʟʙʦʛ ʜʦʤʠʥʘʥʪʥʠʿʝʛ ʝʬʝʢʪʘ ʧʨʦʮʝʩʘ ʨʝʚʝʨʟʠʿʝ, ʪʦʢʦʤ ʥʘʢʥʘʜʥʦʛ ʫʥʘʢʨʩʥʦʛ 

ʧʦʚʝʟʠʚʘˁʘ, ʙʝʟ ʦʙʟʠʨʘ ʥʘ ʧʦʚʝ˂ʘˁʝ ʩʪʝʧʝʥʘ ʫʥʘʢʨʩʥʦʛ ʧʦʚʝʟʠʚʘˁʘ. ʇʦʜ ʫʪʠʮʘʿʝʤ 

ʪʦʧʣʦʪʝ ʠ ʧʨʦʜʫʞʝʥʦʛ ʚʨʝʤʝʥʘ ʫʤʨʝʞʘʚʘˁʘ, ʬʦʨʤʠʨʘʥʝ ʫʥʘʢʨʩʥʝ ʚʝʟʝ ʤʦʛʫ ʙʠʪʠ 

ʧʨʝʢʠʥʫʪʝ. ʇʨʚʦ ˂ʝ ʩʝ ʨʘʩʢʠʥʫʪʠ -S-S-, ʟʘʪʠʤ -C-C- ʚʝʟʝ, ʰʪʦ ʩʝ ʦʙʿʘʰˁʘʚʘ ʥʠʞʦʤ 

ʝʥʝʨʛʠʿʦʤ ʚʝʟʘ. ʅʘ ʪʘʿ ʥʘʯʠʥ ʥʘʩʪʘʿʫ ʨʘʜʠʢʘʣʠ, ʢʦʿʠ ʤʝʹʫʩʦʙʥʦ ʨʝʘʛʫʿʫ ʠ ʥʘʩʪʘʿʫ ʣʘʥʮʠ 

ʢʦʿʠ ʩʫ ʢʨʘ˂ʠ ʦʜ ʧʦʯʝʪʥʠʭ ʠʣʠ ʤʦʣʝʢʫʣʠ ʧʦʣʠʤʝʨʘ ʤʦʛʫ ʜʘ ʩʝ ʮʠʢʣʠʟʫʿʫ ʫ ʧʨʩʪʝʥʦʚʝ 

ʨʘʟʣʠʯʠʪʠʭ ʚʝʣʠʯʠʥʘ ʠ ʩʪʨʫʢʪʫʨʘ. ɸʢʦ ʿʝ ʧʨʠʩʫʩʪʚʦ ʧʦʣʠʩʫʣʬʠʜʥʠʭ ʤʦʩʪʦʚʘ ʚʝ˂ʝ, 

ʣʘʢʰʝ ʿʝ ʧʨʦʤʝʥʠʪʠ ʤʝʹʫʩʦʙʥʠ ʨʘʩʧʦʨʝʜ ʜʝʣʦʚʘ ʣʘʥʘʮʘ ʠʟʤʝʹʫ ʯʚʦʨʦʚʘ ʤʨʝʞʝ [168].  

 

 

ʉʣʠʢʘ 55. ʋʪʠʮʘʿ ʩʘʜʨʞʘʿʘ RP-ʘ ʫ CB/RP ʧʫʥʠʣʫ ʥʘ ʧʨʝʢʠʜʥʦ ʠʟʜʫʞʝˁʝ ʢʦʤʧʦʟʠʪʘ, 

ʧʨʝ ʠ ʥʘʢʦʥ ʪʝʨʤʦ-ʦʢʩʠʜʘʪʠʚʥʦʛ ʠ ʨʘʜʠʿʘʮʠʦʥʦʛ ʩʪʘʨʝˁʘ. 

 

ʊʦʢʦʤ ʩʪʘʨʝˁʘ, ʚʨʝʜʥʦʩʪʠ ʟʘ ʧʨʝʢʠʜʥʦ ʠʟʜʫʞʝˁʝ ʟʘ NR/BR/SBR ʢʦʤʧʦʟʠʪʝ ʩʘ 
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ʨʘʟʣʠʯʠʪʠʤ ʫʜʝʣʠʤʘ RP-ʘ ʫ CB/RP ʧʫʥʠʣʫ ʩʝ ʩʤʘˁʫʿʫ. ʋ ʧʨʦʮʝʩʫ ʜʝʛʨʘʜʘʮʠʿʝ 

ʫʤʨʝʞʝʥʠʭ ʤʘʪʝʨʠʿʘʣʘ ʫʩʣʝʜ ʩʪʘʨʝˁʘ, ʤʦʣʝʢʫʣʩʢʘ ʤʘʩʘ ʧʦʣʠʤʝʨʘ ʦʧʘʜʘ ʫʩʣʝʜ ʢʠʜʘˁʘ 

ʦʩʥʦʚʥʦʛ ʣʘʥʮʘ, ʰʪʦ ʜʦʚʦʜʠ ʜʦ ʩʤʘˁʝʥʝ ʝʣʘʩʪʠʯʥʦʩʪʠ ʤʘʪʝʨʠʿʘʣʘ. ʇʨʦʤʝʥʝ ʫ 

ʚʨʝʜʥʦʩʪʠʤʘ ʧʨʝʢʠʜʥʦʛ ʠʟʜʫʞʝˁʘ ʩʫ ʚʝ˂ʝ ʧʨʠ ʪʝʨʤʦ-ʦʢʩʠʜʘʪʠʚʥʦʤ ʩʪʘʨʝˁʫ ʥʝʛʦ ʢʦʜ 

ʩʪʘʨʝˁʘ ʠʟʘʟʚʘʥʦʛ ʟʨʘʯʝˁʝʤ (ʩʣʠʢʘ 55).  

ʇʘʜ ʚʨʝʜʥʦʩʪʠ ʧʨʝʢʠʜʥʦʛ ʠʟʜʫʞʝˁʘ ʟʘ ʛʫʤʝʥʝ ʢʦʤʧʦʟʠʪʝ ʠʟʣʦʞʝʥʝ ʚʠʩʦʢʦʿ ʜʦʟʠ 

ʟʨʘʯʝˁʘ ʩʝ ʦʙʿʘʰˁʘʚʘʿʫ ʜʦʜʘʪʥʠʤ ʚʝʟʠʚʘˁʝʤ ʧʫʥʠʣʘ ʠ ʤʘʢʨʦʤʦʣʝʢʫʣʩʢʠʭ ʣʘʥʘʮʘ ʟʙʦʛ 

ʚʝʣʠʢʦʛ ʙʨʦʿʘ ʩʣʦʙʦʜʥʠʭ ʨʘʜʠʢʘʣʘ ʢʦʿʠ ʥʘʩʪʘʿʫ ʧʦʜ ʫʪʠʮʘʿʝʤ ʟʨʘʯʝˁʘ.  

 

 

ʉʣʠʢʘ 56. ʋʪʠʮʘʿ ʩʘʜʨʞʘʿʘ RP-ʘ ʫ CB/RP ʧʫʥʠʣʫ ʥʘ ʪʚʨʜʦ˂ʫ ʢʦʤʧʦʟʠʪʘ, ʧʨʝ ʠ ʥʘʢʦʥ 

ʪʝʨʤʦ-ʦʢʩʠʜʘʪʠʚʥʦʛ ʠ ʨʘʜʠʿʘʮʠʦʥʦʛ ʩʪʘʨʝˁʘ. 

 

ʂʘʦ ʰʪʦ ʩʝ ʦʯʝʢʠʚʘʣʦ, ʪʚʨʜʦ˂ʘ ʩʝ ʧʦʚʝ˂ʘʚʘ ʩʘ ʧʦʚʝ˂ʘˁʝʤ ʩʘʜʨʞʘʿʘ ʧʫʥʠʣʘ ʠ ʩʘ ɔ-

ʟʨʘʯʝˁʝʤ (ʩʣʠʢʘ 56). ʊʚʨʜʦ˂ʘ ʩʚʠʭ ʠʩʧʠʪʠʚʘʥʠʭ ʫʟʦʨʘʢʘ ʧʦʚʝ˂ʘʚʘ ʩʝ ʪʦʢʦʤ ʫʙʨʟʘʥʦʛ 

ʧʨʦʮʝʩʘ ʩʪʘʨʝˁʘ. ɱʝʜʥʘ ʦʜ ʧʦʩʣʝʜʠʮʘ ʩʪʘʨʝˁʘ ʩʫ ʠ ʩʪʨʫʢʪʫʨʥʝ ʧʨʦʤʝʥʝ ʫ ʫʤʨʝʞʝʥʦʤ 

ʤʘʪʝʨʠʿʘʣʫ, ʢʦʿʝ ʥʘʩʪʘʿʫ ʫʩʣʝʜ ʢʠʜʘˁʘ ʚʝʟʝ ʫ ʤʘʢʨʦʤʦʣʝʢʫʣʩʢʠʤ ʣʘʥʮʠʤʘ ʠ ʫʥʘʢʨʩʥʠʭ 

ʚʝʟʘ. ʇʨʝʢʠʜʥʘ ʯʚʨʩʪʦ˂ʘ ʿʝ ʬʫʥʢʮʠʿʘ ʪʠʧʘ ʫʥʘʢʨʩʥʝ ʚʝʟʝ, ʛʫʩʪʠʥʝ ʚʝʟʘ, ʭʝʤʠʿʩʢʝ 

ʩʪʨʫʢʪʫʨʝ ʢʘʫʯʫʢʘ, ʠ ʢʠʜʘˁʘ ʣʘʥʘʮʘ ʧʦʚʝʟʘʥʘ ʩʘ ʜʝʛʨʘʜʘʮʠʿʦʤ. ʉʤʘˁʝˁʝ ʧʨʝʢʠʜʥʝ 
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ʯʚʨʩʪʦ˂ʝ ʠ ʠʟʜʫʞʝˁʘ ʧʨʠʧʠʩʫʿʝ ʩʝ ʠʥʜʫʢʦʚʘʥʦʤ ʩʪʘʨʝˁʫ NR/BR/SBR ʢʦʤʧʦʟʠʪʘ ʥʘ 

ʤʝʩʪʠʤʘ ʥʝʟʘʩʠ˂ʝʥʠʭ ʚʝʟʘ ʫ ʦʩʥʦʚʥʦʤ ʣʘʥʮʫ ʤʘʢʨʦʤʦʣʝʢʫʣʘ, ʰʪʦ ʦʤʦʛʫ˂ʘʚʘ ʧʨʝʢʠʜ 

ʣʘʥʮʘ ʧʦʜ ʦʜʨʝʹʝʥʠʤ ʥʝʧʦʚʦˀʥʠʤ ʫʩʣʦʚʠʤʘ. ʅʘʩʫʧʨʦʪ ʪʦʤʝ, ʪʚʨʜʦ˂ʘ ʩʝ ʧʦʚʝ˂ʘʚʘ 

ʧʦʩʣʝ ʦʙʘ ʪʠʧʘ ʩʪʘʨʝˁʘ. 

 

4.5.5. ʂʠʥʝʪʠʢʘ ʧʨʦʮʝʩʘ ʫʤʨʝʞʘʚʘˁʘ ʠ ʨʝʚʝʨʟʠʿʝ ʢʦʤʧʦʟʠʪʘ  

 

ʋʥʘʢʨʩʥʦ ʧʦʚʝʟʠʚʘˁʝ ʣʘʥʘʮʘ ʢʘʫʯʫʢʘ ʫ ʧʨʦʮʝʩʫ ʚʫʣʢʘʥʠʟʘʮʠʿʝ ʿʝ ʨʝʘʢʮʠʿʘ 

ʩʣʦʙʦʜʥʠʭ ʨʘʜʠʢʘʣʘ ʢʦʿʠ ʩʝ ʩʪʚʘʨʘʿʫ ʧʦʤʦ˂ʫ ʫʙʨʟʠʚʘʯʘ. ʋʙʨʟʠʚʘʯ ʠʤʘ -C-N- ʚʝʟʝ ʯʠʿʘ 

ʿʝ ʝʥʝʨʛʠʿʘ ʜʠʩʦʮʠʿʘʮʠʿʝ 35 ʢcal/mol. ʆʚʝ ʚʝʟʝ, ʢʦʿʝ ʩʝ ʣʘʢʦ ʨʘʩʢʠʜʘʿʫ ʧʦʜ ʫʪʠʮʘʿʝʤ 

ʪʦʧʣʦʪʝ ʪʦʢʦʤ ʧʨʦʮʝʩʘ ʫʤʨʝʞʘʚʘˁʘ ʠʟʥʘʜ 140ÁC, ʨʝʟʫʣʪʠʨʘʿʫ ʬʦʨʤʠʨʘˁʝʤ -CĘ ʠ -NĘ 

ʨʘʜʠʢʘʣʘ. ʆʚʠ ʨʘʜʠʢʘʣʠ ʥʘʧʘʜʘʿʫ ʝʣʝʤʝʥʪʘʨʥʠ ʩʫʤʧʦʨ, ʢʦʿʠ ʠʤʘ ʨʝʣʘʪʠʚʥʦ ʩʣʘʙʝ 

ʚʝʟʝ, ʧʨʦʠʟʚʦʜʝ˂ʠ ʨʘʜʠʢʘʣʝ ʩʫʤʧʦʨʘ, -SĘʢʦʿʠ ʥʘʧʘʜʘʿʫ ʘʣʠʣʥʝ ʠ ʙʝʥʟʠʣʥʝ ʚʦʜʦʥʠʢʝ ʫ 

ʢʘʫʯʫʢʫ ʠ ʠʟʘʟʠʚʘʿʫ ʫʤʨʝʞʘʚʘˁʝ. ʈʘʜʠʢʘʣʠ -CĘ ʠ -NĘ ʧʨʝʬʝʨʝʥʮʠʿʘʣʥʦ ʥʘʧʘʜʘʿʫ -S-

S- ʚʝʟʝ ʫʤʝʩʪʦ ʫʛˀʝʥʠʯʥʦʛ ʩʢʝʣʝʪʘ ʢʘʫʯʫʢʘ, ʿʝʨ ʿʝ ʝʥʝʨʛʠʿʘ ʜʠʩʦʮʠʿʘʮʠʿʝ -S-S- ʚʝʟʝ 

(54 kcal/mol) ʟʥʘʪʥʦ ʥʠʞʘ ʫ ʧʦʨʝʹʝˁʫ ʩʘ ʘʣʠʣʥʠʤ (77kcal/mol) ʠ ʙʝʥʟʠʣʥʠʤ 

(77,5 kcal/mol) C-H ʚʝʟʘʤʘ [168]. ʊʘ ʝʥʝʨʛʝʪʩʢʘ ʧʨʝʜʥʦʩʪ ʯʠʥʠ ʜʠʩʫʣʬʠʜʥʝ ʚʝʟʝ 

ʧʨʠʤʘʨʥʠʤ ʤʝʪʘʤʘ ʨʘʜʠʢʘʣʩʢʠʭ ʨʝʘʢʮʠʿʘ ʫ ʦʢʚʠʨʫ ʧʦʣʠʤʝʨʥʝ ʤʨʝʞʝ. ʈʝʘʢʮʠʿʘ ʩʝ 

ʥʘʩʪʘʚˀʘ ʦʩʣʦʙʘʹʘˁʝʤ ʪʦʧʣʦʪʝ, ʰʪʦ ʿʝ ʧʨʦʧʦʨʮʠʦʥʘʣʥʦ ʢʦʣʠʯʠʥʠ ʚʝʟʘʥʦʛ ʩʫʤʧʦʨʘ. 

ʄʝʹʫʪʠʤ, ʢʦʣʠʯʠʥʘ ʚʝʟʘʥʦʛ ʩʫʤʧʦʨʘ ʥʝ ʦʜʨʝʹʫʿʝ ʙʨʦʿ ʫʥʘʢʨʩʥʠʭ ʚʝʟʘ ʫ ʫʤʨʝʞʝʥʦʤ 

ʤʘʪʝʨʠʿʘʣʫ. ʆʚʝ ʚʝʟʝ ʤʦʛʫ ʙʠʪʠ ʨʘʟʣʠʯʠʪʠʭ ʪʠʧʦʚʘ, ʦʜ ʤʦʥʦʩʫʣʬʠʜʘ -C-S-C-, 

ʜʠʩʫʣʬʠʜʘ -C-S-S-C- ʜʦ ʧʦʣʠʩʫʣʬʠʜʘ -C-S-S-S-C-. ɿʘ ʨʘʟʣʠʢʫ ʦʜ ʧʦʣʠʩʫʣʬʠʜʥʠʭ 

ʚʝʟʘ (-S-S-S-), ʤʦʥʦ-ʩʫʣʬʠʜʥʝ ʚʝʟʝ (-S-) ʠʥʜʫʢʫʿʫ ʿʘʢʘ ʧʦʚʝʟʠʚʘˁʘ ʠ ʢʨʘʪʢʝ 

ʤʝʹʫʩʦʙʥʝ ʫʜʘˀʝʥʦʩʪʠ ʣʘʥʘʮʘ ʢʘʫʯʫʢʘ, ʠ ʚʝʟʘ ʩʝ ʥʝ ʤʦʞʝ ʧʦʥʦʚʦ ʦʙʥʦʚʠʪʠ ʫʢʦʣʠʢʦ 

ʜʦʹʝ ʜʦ ʢʠʜʘˁʘ [169]. ʇʘʨʘʣʝʣʥʦ ʩʘ ʧʨʦʮʝʩʦʤ ʫʥʘʢʨʩʥʦʛ ʧʦʚʝʟʠʚʘˁʘ, ʫ 

ʝʣʘʩʪʦʤʝʨʥʠʤ ʩʠʩʪʝʤʠʤʘ ʤʦʞʝ ʜʦ˂ʠ ʠ ʜʦ ʩʫʧʨʦʪʥʦʛ ʬʝʥʦʤʝʥʘ ʧʦʟʥʘʪʦʛ ʢʘʦ 

ʨʝʚʝʨʟʠʿʘ ð ʧʦʿʘʚʝ ʨʘʩʢʠʜʘˁʘ ʜʝʣʘ ʚʝ˂ ʬʦʨʤʠʨʘʥʠʭ ʫʥʘʢʨʩʥʠʭ ʚʝʟʘ. ʈʝʚʝʨʟʠʿʘ ʿʝ 

ʧʦʩʝʙʥʦ ʠʟʨʘʞʝʥʘ ʫ ʩʠʩʪʝʤʠʤʘ ʩʘ ʚʠʩʦʢʠʤ ʩʪʝʧʝʥʦʤ ʫʤʨʝʞʘʚʘˁʘ ʠ ʥʘ ʚʠʰʠʤ 

ʪʝʤʧʝʨʘʪʫʨʘʤʘ, ʠ ʧʨʝʜʩʪʘʚˀʘ ʢˀʫʯʥʠ ʬʘʢʪʦʨ ʢʦʿʠ ʦʛʨʘʥʠʯʘʚʘ ʪʝʨʤʠʯʢʫ ʩʪʘʙʠʣʥʦʩʪ 

ʝʣʘʩʪʦʤʝʨʘ. 

ɽʥʝʨʛʠʿʝ ʘʢʪʠʚʘʮʠʿʝ ʫʤʨʝʞʘʚʘˁʘ (ɽʘ) ʠ ʨʝʚʝʨʟʠʿʝ (ɽʘr) ʢʦʤʧʦʟʠʪʘ ʥʘ ʙʘʟʠ 
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NR/BR/SBR/CB/PRR (40/40/20/55/5) ʙʣʝʥʜʠ ʢʘʫʯʫʢʘ ʩʫ ʜʘʪʝ ʫ ʪʘʙʝʣʠ 48.  

 

ʊʘʙʝʣʘ 48. ɽʥʝʨʛʠʿʘ ʘʢʪʠʚʘʮʠʿʝ ʫʤʨʝʞʘʚʘˁʘ (Ea) ʠ ʨʝʚʝʨʟʠʿʝ (Ear) ʠ ʦʜʥʦʩ Ear/Ea ʟʘ  

NR/BR/SBR/CB/RP ʢʦʤʧʦʟʠʪʝ. 

 

NR/BR/SBR 
CB/RP 

(phr) 

Ea x 10
3 

(kJ/mol) 

Ear x 10
3 

(kJ/mol) 
Ear/Ea 

40/40/20 

60/0 99,86 144,93 1,45 

55/5 91,29 126,04 1,38 

50/10 95,60 125,31 1,31 

40/20 95,60 129,30 1,35 

 

ʅʘ ʦʩʥʦʚʫ ʧʦʜʘʪʘʢʘ ʠʟ ʪʘʙʝʣʝ 48 ʚʠʜʠ ʩʝ ʜʘ ʩʝ ʚʨʝʜʥʦʩʪ ʟʘ ɽa ʩʘ ʜʦʜʘʪʢʦʤ RP-ʘ 

ʫ CB/RP ʧʫʥʠʣʫ ʧʦʚʝ˂ʘʚʘ ʘʣʠ ʩʫ ʚʨʝʜʥʦʩʪʠ ʠ ʜʘˀʝ ʥʠʞʝ ʦʜ ʚʨʝʜʥʦʩʪʠ ʧʨʠʢʘʟʘʥʠʭ 

ʟʘ ʫʟʦʨʘʢ ʢʦʿʠ ʥʝ ʩʘʜʨʞʠ RP ʢʘʦ ʧʫʥʠʣʦ NR/BR/SBR/CB/RP (40/40/20/60/0). ʊʦ ʩʝ 

ʪʘʢʦʹʝ ʦʜʥʦʩʠ ʥʘ ʚʨʝʜʥʦʩʪʠ ʟʘ ɽar ʦʩʠʤ ʟʘ ʫʟʦʨʘʢ ʛʜʝ ʿʝ ʫʜʝʦ RP ʫ CB/RP ʧʫʥʠʣʫ 20 

phr. ʇʦʰʪʦ ʿʝ ʫʧʨʘʚʦ ʢʨʠʪʝʨʠʿʫʤ Ăʝʥʝʨʛʝʪʩʢʝò ʢʦʤʧʘʪʠʙʠʣʥʦʩʪʠ ʥʘʿʥʠʞʘ ʚʨʝʜʥʦʩʪ 

ʟʘ ɽa ʠ ʥʘʿʚʠʰʘ ʚʨʝʜʥʦʩʪ ʟʘ ɽʘr, ʚʝʣʠʢʘ ʚʨʝʜʥʦʩʪ ʦʜʥʦʩʘ ɽʘr/ɽʘ, ʦʥʜʘ ʩʝ ʤʦʞʝ ʨʝ˂ʠ ʜʘ 

ʿʝ Ăʝʥʝʨʛʝʪʩʢʠñ ʥʘʿʧʦʚʦˀʥʠʿʠ ʢʦʤʧʦʟʠʪ ʥʘ ʙʘʟʠ NR/BR/SBR/CB/RP (40/40/20/55/5) 

ʙʣʝʥʜʠ ʢʘʫʯʫʢʘ. ʂʘʢʦ ʩʝ ʧʨʦʮʝʩ ʫʥʘʢʨʩʥʦʛ ʧʦʚʝʟʠʚʘˁʘ ʦʜʚʠʿʘ ʠʩʪʦʚʨʝʤʝʥʦ, ʝʥʝʨʛʠʿʘ 

ʘʢʪʠʚʘʮʠʿʝ ʧʨʦʮʝʩʘ ʨʝʚʝʨʟʠʿʝ (ʘʢʦ ʿʝ ʨʝʚʝʨʟʠʿʘ ʧʨʠʩʫʪʥʘ, hʪʦ ʿʝ ʦʜʨʝʹʝʥʦ ʥʘ ʦʩʥʦʚʫ 

ʨʝʦʤʝʪʨʠʿʩʢʠʭ ʢʨʠʚʠʭ) ʤʦʨʘ ʙʠʪʠ ʚʝ˂ʘ ʦʜ ʚʨʝʜʥʦʩʪi ʝʥʝʨʛʠʿʝ ʘʢʪʠʚʘʮʠʿʝ ʫʥʘʢʨʩʥʦʛ 

ʧʦʚʝʟʠʚʘˁʘ, ʙʝʟ ʦʙʟʠʨʘ ʦ ʢʦʤ ʧʫʥʠʣʫ ʿʝ ʨʝʯ. ʇʨʦʮʝʩ ʫʥʘʢʨʩʥʦʛ ʧʦʚʝʟʠʚʘˁʘ, ʫʩʣʝʜ 

ʥʠʞʝ ʝʥʝʨʛʠʿʝ ʘʢʪʠʚʘʮʠʿʝ, ʦʜʚʠʿʘ ʩʝ ʣʘʢʰʝ ʠ ʙʨʞʝ ʿʝʨ ʟʘʭʪʝʚʘ ʤʘˁʠ ʝʥʝʨʛʝʪʩʢʠ ʫʥʦʩ 

ʟʘ ʠʥʠʮʠʨʘˁʝ ʨʝʘʢʮʠʿʝ. ʅʘʩʫʧʨʦʪ ʪʦʤʝ, ʨʝʚʝʨʟʠʿʘ - ʧʨʦʮʝʩ ʨʘʩʢʠʜʘˁʘ ʫʥʘʢʨʩʥʠʭ 

ʚʝʟʘ - ʟʘʭʪʝʚʘ ʟʥʘʪʥʦ ʚʝ˂ʫ ʝʥʝʨʛʠʿʫ ʘʢʪʠʚʘʮʠʿʝ (ʧʦʞʝˀʥʦ ʚʠʰʝʩʪʨʫʢʦ ʚʝ˂ʫ ʦʜ ɽ ʟʘ 

ʫʤʨʝʞʘʚʘˁʝ), ʪʝ ʿʝ ʩʪʦʛʘ ʢʠʥʝʪʠʯʢʠ ʥʝʧʦʚʦˀʥʠʿʘ ʠ ʟʥʘʪʥʦ ʩʧʦʨʠʿʘ, ʫʩʣʝʜ ʚʠʰʝ 

ʝʥʝʨʛʝʪʩʢʝ ʙʘʨʠʿʝʨʝ ʢʦʿʫ ʿʝ ʧʦʪʨʝʙʥʦ ʧʨʝʚʘʟʠ˂ʠ 

 

4.5.6. ʄʦʨʬʦʣʦʛʠʿʘ ʢʦʤʧʦʟʠʪʘ  

 ʉʣʠʢʘ 57 ʧʨʠʢʘʟʫʿʝ ʧʦʚʨʰʠʥʝ NR/BR/SBR/CB/RP (40/40/20/60/0) ʠ 

NR/BR/SBR/CB/RP (40/40/20/55/5) ʢʦʤʧʦʟʠʪʘ.  
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 ʋʧʦʨʝʹʠʚʘˁʝʤ ʧʦʚʨʰʠʥʘ ʫʦʯʘʚʘ ʩʝ ʜʘ ʿʝ ʧʦʚʨʰʠʥʘ ʫʟʦʨʢʘ ʦʿʘʯʘʥʦʛ ʩʘʤʦ CB 

ʧʫʥʠʣʦʤ (60 phr) ʛʣʘʪʢʠʿʘ (ʩʣʠʢʘ 57ʘ) ʠ ʨʘʚʥʦʤʝʨʥʠʿʘ, ʜʦʢ ʿʝ ʧʦʚʨʰʠʥʘ ʢʦʤʧʦʟʠʪʘ 

ʦʿʘʯʘʥʦʛ CB/RP ʧʫʥʠʣʦʤ (55/5 phr) ʛʨʫʙʘ (ʩʣʠʢʘ 57ʙ). ʀʟʛʣʝʜ ʧʦʚʨʰʠʥʘ ʿʝ ʧʦʜ ʫʪʠʮʘʿʝʤ 

ʜʠʩʧʝʨʟʠʿʝ ʠ ʚʝʣʠʯʠʥʝ ʧʫʥʠʣʘ. CB ʧʫʥʠʣʦ ʩʘʩʪʦʿʠ ʩʝ ʦʜ ʩʬʝʨʥʠʭ ʧʨʠʤʘʨʥʠʭ ʯʝʩʪʠʮʘ ʩʘ 

ʭʨʘʧʘʚʦʤ ʧʦʚʨʰʠʥʦʤ ʢʦʿʝ ʬʦʨʤʠʨʘʿʫ ʘʛʨʝʛʘʪʝ ʦʜ ʦʢʦ 50-100 nm [170]. ʋ ʢʦʤʧʦʟʠʪʫ 

NR/BR/SBR ʢʦʿʠ ʩʘʜʨʞʠ ʩʘʤʦ CB ʧʫʥʠʣʦ, ʜʠʩʧʝʨʟʠʿʘ ʧʫʥʠʣʘ ʫ ʛʫʤʝʥʦʿ ʤʘʪʨʠʮʠ ʿʝ 

ʜʦʙʨʘ, ʘ ʚʨʝʜʥʦʩʪ ʧʨʝʢʠʜʥʝ ʯʚʨʩʪʦ˂ʝ ʿʝ ʥʘʿʚʝ˂ʘ. ʂʘʜʘ ʩʝ RP ʧʫʥʠʣʦ ʜʦʜʘ CB ʧʫʥʠʣʫ ʫ 

ʢʦʣʠʯʠʥʠ ʦʜ 5 phr, ʜʦʙʠʿʘ ʩʝ ʛʨʫʙˀʘ ʧʦʚʨʰʠʥʘ ʢʦʤʧʦʟʠʪʘ ʢʘʦ ʧʦʩʣʝʜʠʮʘ ʚʝ˂ʠʭ ʯʝʩʪʠʮʘ 

RP (ʦʢʦ 1 mm) ʪhʦ ʠʤʘ ʟʘ ʧʦʩʣʝʜʠʮʫ ʩʤʘˁʝˁʝ ʚʨʝʜʥʦʩʪʠ ʧʨʝʢʠʜʥʝ ʯʚʨʩʪʦ˂ʝ ʩʘ 17,9 ʥʘ 

15,9 ʄPʘ (ʪʘʙʝʣʘ 44). 

 

4.5.7. FTIR ʘʥʘʣʠʟʘ ʢʦʤʧʦʟʠʪʘ  

FTIR ʩʧʝʢʪʨʠ ʢʦʤʧʦʟʠʪʘ ʥʘ ʙʘʟʠ NR/BR/SBR/CB/PRR ʙʣʝʥʜʠ ʢʘʫʯʫʢʘ ʧʨʝ ʠ 

ʧʦʩʣʝ ɔïʟʨʘʯʝˁʘ ʜʘʪʝ ʩʫ ʥʘ ʩʣʠʮʠ 58, ʘ ʚʨʝʜʥʦʩʪʠ ʪʘʣʘʩʥʠʭ ʙʨʦʿʝʚʘ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʠʭ 

ʘʧʩʦʨʙʮʠʦʥʠʭ ʪʨʘʢʘ ʜʘʪʝ ʩʫ ʫ ʪʘʙʝʣʠ 49. ʇʨʠʩʫʩʪʚʦ ʘʧʩʦʨʙʮʠʦʥʝ ʪʨʘʢʝ ʿʘʢʦʛ 

ʠʥʪʝʥʟʠʪʝʪʘ ʫ ʦʧʩʝʛʫ ʦʜ 2917-2841 cm-1 ʫʢʘʟʫʿʝ ʥʘ ʘʩʠʤʝʪʨʠʯʥʫ ʠ ʩʠʤʝʪʨʠʯʥʫ 

ʚʘʣʝʥʮʠʦʥʫ ʚʠʙʨʘʮʠʿʫ C-H ʚʝʟʝ ʠʟ  -CH3  ʠ -CH2 ʛʨʫʧʘ. ʅʘ 1454-1459 cm-1 ʠ 1362-1370 

 
 

a) 

 

b) 

ʉʣʠʢʘ 57. Sɽʄ ʤʠʢʨʦʛʨʘʬʠʿʝ  (ʘ) NR/BR/SBR/CB/RP (40/40/20/60/0) ʠ (ʙ) 

NR/BR/SBR/CB/RP (40/40/20/55/5) ʢʦʤʧʦʟʠʪʘ, ʧʨʠ ʫʚʝ˂ʘˁʫ ʦʜ 500x. 
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cm-1 ʿʘʚˀʘ ʩʝ ʪʨʘʢʘ ʩʨʝʜˁʝʛ ʠʥʪʝʥʟʠʪʝʪʘ ʢʦʿʘ ʧʦʪʠʯʝ ʦʜ -CH2 ʜʝʬʦʨʤʘʮʠʦʥʠʭ ʚʠʙʨʘʮʠʿʘ 

ʚʘʥ ʨʘʚʥʠ, hʪʦ ʿʝ ʫ ʩʢʣʘʜʫ ʩʘ ʨʝʟʫʣʪʘʪʠʤʘ ʜʨʫʛʠʭ ʠʩʪʨʘʞʠʚʘʯʢʠʭ ʛʨʫʧʘ. 

ɸʧʩʦʨʙʮʠʦʥʘ ʪʨʘʢʘ ʫ ʦʧʩʝʛʫ ʦʜ 1362-1370 cm-1 ʧʦʪʠʯʝ ʦʜ  C-H ʜʝʬʦʨʤʘʮʠʦʥʠʭ 

ʚʠʙʨʘʮʠʿʘ ʠʟ NR-ʘ,  ʘ ʧʨʠʩʫʪʥʘ ʿʝ ʠ ʫ ʩʧʝʢʪʨʫ SBR ʠ BR ʢʘʫʯʫʢʘ [155]. ʅʘ 706-720 cm-

1 ʥʘʣʘʟʠ ʩʝ ʘʧʩʦʨʧʮʠʦʥʘ ʪʨʘʢʘ ʟʘ ʩʪʠʨʝʥ ʘ ʧʦʪʠʯʝ ʦʜ C-H ʜʝʬʦʨʤʘʮʠʦʥʠʭ ʚʠʙʨʘʮʠʿʘ 

ʚʠʥʠʣ ʛʨʫʧʝ ʚʘʥ ʨʘʚʥʠ. ʂʘʨʘʢʪʝʨʠʩʪʠʯʥʘ ʘʧʩʦʨʧʮʠʦʥʘ ʪʨʘʢʘ ʟʘ ʤʦʥʦʩʫʧʩʪʠʪʫʠʩʘʥʠ 

ʙʝʥʟʝʥʩʢʠ ʧʨʩʪʝʥ ʠʟ SBR-ʘ ʩʝ ʥʘʣʘʟʠ ʥʘ 700 cm-1.  

 

ʅʘʢʦʥ ɔïʟʨʘʯʝˁʘ ʢʦʤʧʦʟʠʪʘ ʥʘ ʙʘʟʠ NR/BR/SBR/CB/RP ʙʣʝʥʜʠ ʢʘʫʯʫʢʘ, ʩʚʝ 

ʘʧʩʦʨʙʮʠʦʥʝ ʪʨʘʢʝ ʩʫ ʧʦʤʝʨʝʥʝ ʢʘ ʚʠʰʠʤ ʬʨʝʢʚʝʥʮʠʿʘʤʘ ʟʘ 10-20 cm-1. ɸʧʩʦʨʙʮʠʦʥʝ 

ʪʨʘʢʝ ʢʦʿʝ ʧʦʪʠʯʫ ʦʜ ʚʘʣʝʥʮʠʦʥʠʭ ʚʠʙʨʘʮʠʿʘ  -CH2 ʛʨʫʧʘ (2917-2841 cm-1) ʢʦʤʧʦʟʠʪʘ 

ʥʘ ʙʘʟʠ NR/BR/SBR/CB ʙʣʝʥʜʠ ʢʘʫʯʫʢʘ (ʩʣʠʢʘ 58) ʩʫ ʥʘʢʦʥ ɔïʟʨʘʯʝˁʘ ʧʦʤʝʨʝʥʝ ʢʘ 

ʚʠʰʠʤ ʬʨʝʢʚʝʥʮʠʿʘʤʘ. ʆʚʦ ʧʦʢʘʟʫʿʝ ʜʘ ʩʝ ʙʨʦʿ ʟʘʩʠ˂ʝʥʠʭ -CH2 ʛʨʫʧʘ ʩʤʘˁʠʦ ʟʙʦʛ 

ʜʦʜʘʪʥʦʛ ʫʤʨʝʞʘʚʘˁʘ ʦʟʨʘʯʝʥʦʛ ʢʦʤʧʦʟʠʪʘ ʥʘ ʙʘʟʠ NR/BR/SBR/CB ʙʣʝʥʜʠ ʢʘʫʯʫʢʘ. ʊʦ 

ʟʥʘʯʠ ʜʘ ʩʫ ʘʢʪʠʚʥʠ ʘʪʦʤʠ ʚʦʜʦʥʠʢʘ ʫʢʣʦˁʝʥʠ ʠʟ -CH2 ʛʨʫʧʘ ʤʘʢʨʦʤʦʣʝʢʫʣʘ ʪʦʢʦʤ ɔï

ʟʨʘʯʝˁʘ, ʰʪʦ ʿʝ ʜʦʚʝʣʦ ʜʦ ʩʪʚʘʨʘˁʘ ʥʦʚʠʭ S-S ʚʝʟʘ ʠʟʤʝʹʫ ʤʘʢʨʦʤʦʣʝʢʫʣʘ ʫʟ 

 
 

ʉʣʠʢʘ 58.  FT-IR ʩʧʝʢʪʨʠ NR/BR/SBR/CB/RP (40/40/20/60/0) ʠ NR/BR/SBR/CB/RP 

(40/40/20/55/5)  ʢʦʤʧʦʟʠʪʘ ʧʨʝ ʠ ʧʦʩʣʝ ɔ-ʟʨʘʯʝˁʘ ʥʘ 200 kGy. 
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ʠʩʪʦʚʨʝʤʝʥʦ ʦʩʣʦʙʘʹʘˁʝ H2. ʉʣʠʯʥʦ ʪʫʤʘʯʝˁʝ ʩʫ ʜʘʣʠ Wʘng ʠ ʩʘʨʘʜʥʠʮʠ ʫ ʩʚʦʤ ʨʘʜʫ 

[171]. ʉʫʧʨʦʪʥʦ ʩʝ ʜʝʰʘʚʘ ʩʘ ʢʦʤʧʦʟʠʪʠʤʘ ʥʘ ʙʘʟʠ NR/BR/SBR/CB/RP ʙʣʝʥʜʠ ʢʘʫʯʫʢʘ. 

ʉʤʘʪʨʘ ʩʝ ʜʘ ʘʧʩʦʨʙʮʠʦʥʝ ʪʨʘʢʝ ʢʦʿʝ ʩʝ ʿʘʚˀʘʿʫ ʫ ʦʧʩʝʛʫ 600-700 cm-1 ʧʦʪʠʯʫ ʦʜ  

ʜʝʬʦʨʤʘʮʠʦʥʠʭ ʚʠʙʨʘʮʠʿʘʤʘ C-S-C ʠ C-C ʚʝʟʘ, ʩ ʪʠʤ ʰʪʦ ʩʝ ʘʧʩʦʨʙʮʠʦʥʘ ʪʨʘʢʘ ʢʦʿʘ 

ʧʦʪʠʯʝ ʦʜ ʚʠʙʨʘʮʠʿʝ C-S ʚʝʟʝ ʟʙʦʛ ʚʝ˂ʝ ʩʪʘʙʠʣʥʦʩʪʠ ʿʘʚˀʘ ʥʘ ʚʠʰʦʿ ʬʨʝʢʚʝʥʮʠʿʠ ʫ 

ʧʦʨʝʹʝˁʫ ʩʘ ʘʧʩʦʨʙʮʠʦʥʦʤ ʪʨʘʢʦʤ ʢʦʿʘ ʧʦʪʠʯʝ ʦʜ ʚʠʙʨʘʮʠʿʝ S-S ʚʝʟʘ [172]. 

ʄʦʥʦʩʫʣʬʠʜʥʝ ʚʝʟʝ ʜʘʿʫ ʘʧʩʦʨʙʮʠʦʥʫ ʪʨʘʢʫ ʥʘ ʦʢʦ 700 cm-1, ʜʦʢ ʧʦʣʠʩʫʣʬʠʜʥʝ ʚʝʟʝ ʥʘ 

ʦʢʦ 660 ʠ 600 cm-1.  

 

ʊʘʙʝʣʘ 49. ʂʘʨʘʢʪʝʨʠʩʪʠʯʥʝ ʘʧʩʦʨʙʮʠʦʥʝ ʪʨʘʢʝ ʫ FTIR ʩʧʝʢʪʨʫ NR/BR/SBR/CB/RP 

(40/40/20/60/0) ʠ NR/BR/SBR/CB/RP (40/40/20/55/5) ʢʦʤʧʦʟʠʪʘ ʧʨʝ ʠ ʧʦʩʣʝ ɔ-ʟʨʘʯʝˁʘ. 

 

ʊʘʣʘʩʥʠ ʙʨʦʿ (cm-1) 
 

ʂʘʨʘʢʪʝʨʠʩʪʠʯʥʝ  

ʛʨʫʧʝ 

ʂʦʤʧʦʥʝʥʪa 
ɔ-ʟʨʘʯʝˁʝ 0 kGy ɔ-ʟʨʘʯʝˁʝ 200 kGy 

NR/BR/SBR 

(40/40/20) 

NR/BR/SBR 

(40/40/20) 

CB/RP 

60/0 

CB/RP 

55/5 

CB/RP 

60/0 

CB/RP 

55/5 
 

NR, BR ʠ 

SBR 
2949 2955 2957 2955 CH3 ʘʩʠʤʝʪʨʠʯʥʝ ʠ 

ʩʠʤʝʪʨʠʯʥʝ, ʩʠʤʝʪʨʠʯʥʝ  

C-H ʠʩʪʝʟʘˁʝ ʫ CH2 

2909 2917 2915 2914 

2840 2841 2845 2849 

1454 1459 1475 1470 

CH2 ʜʝʬʦʨʤʘʮʠʿʝ ʫ ʨʘʚʥʠ 

C-H ʠʩʪʝʟʘˁʝ 

ʘʨʦʤʘʪʠʯʥʦʛ ʧʨʩʪʝʥʘ 

SBR ʠ BR 

1362 1370 1373 1461 
CH3 ʘʩʠʤʝʪʨʠʯʥʘ, -CH2 

ˁʠʭʘˁʝ 

NR, BR ʠ 

SBR 

706 720 
729 

718 

726 

721 

C-H ʜʝʬʦʨʤʘʮʠʿʝ ʚʘʥ 

ʨʘʚʥʠ ʚʠʥʠʣʘ, ʘʨʦʤʘʪʠʯʥʦ 

C-C ʠʩʪʝʟʘˁʝ, C-S-C ʚʝʟʝ 

ʫ ʩʚʠʤ ʪʠʧʦʚʠʤʘ ʛʫʤʝ 

SBR, NR ʠ 

BR 

 

ʅʘ ʦʩʥʦʚʫ FTIR ʩʧʝʢʪʘʨʘ ʠʩʧʠʪʠʚʘʥʠʭ ʢʦʤʧʦʟʠʪʘ ʥʘ ʙʘʟʠ NR/BR/SBR/CB/RP 

ʙʣʝʥʜʠ ʢʘʫʯʫʢʘ, ʧʨʝ ʠ ʧʦʩʣʝ ʟʨʘʯʝˁʘ, ʚʠʜʠ ʩʝ ʜʘ ʩʝ ʘʧʩʦʨʙʮʠʦʥʝ ʪʨʘʢʝ ʿʘʚˀʫʿʫ ʥʘ 718 

ʠ 730 cm-1 ʠ ʧʦʪʠʯʫ ʦʜ ʚʠʙʨʘʮʠʿʘ ʤʦʥʦʩʫʣʬʠʜʥʝ ʚʝʟʝ. ʋ ʦʟʨʘʯʝʥʠʤ ʫʟʦʨʮʠʤʘ ʦʚʝ 

ʘʧʩʦʨʙʮʠʦʥʝ ʪʨʘʢʝ ʩʫ ʿʘʯʝʛ ʠʥʪʝʥʟʠʪʝʪʘ. ɽʥʝʨʛʠʿʘ ʜʠʩʦʮʠʿʘʮʠʿʝ ʩʫʤʧʦʨʦʤ ʫʤʨʝʞʝʥʝ 

ʩʪʨʫʢʪʫʨʝ ʿʝ ʥʘʿʥʠʞʘ ʫ ʧʦʣʠʩʫʣʬʠʜʫ, ʟʘʪʠʤ ʩʣʝʜʠ ʫ ʜʠʩʫʣʬʠʜʫ ʠ ʤʦʥʦʩʫʣʬʠʜʫ. ɼʘʢʣʝ, 

ʧʦʚʝ˂ʘʥʠ ʙʨʦʿ ʜʠʩʫʣʬʠʜʥʠʭ ʠ ʤʦʥʦʩʫʣʬʠʜʥʠʭ ʚʝʟʘ ʿʝ ʧʦʚʝʟʘʥ ʩʘ ʙʦˀʦʤ ʪʝʨʤʠʯʢʦʤ 



ʅʘʥʦ-ʢʦʤʧʦʟʠʪʠ ʥʘ ʙʘʟʠ ʪʨʠ ʧʨʝʢʫʨʩʦʨʘ ʤʨʝʞʝ: NR, BR ʠ SBR ʢʘʫʯʫʢʘ 

149 

 

ʦʪʧʦʨʥʦʰ˂ʫ ʛʫʤʝ [173]. ʇʦʨʝʜ ʪʦʛʘ, ʩʤʘˁʝˁʝ ʤʝʭʘʥʠʯʢʠʭ ʩʚʦʿʩʪʘʚʘ ʤʘʪʝʨʠʿʘʣʘ ʫʩʣʝʜ 

ʪʝʨʤʠʯʢʦʛ ʩʪʘʨʝˁʘ ʩʝ ʧʨʠʧʠʩʫʿʝ ʬʦʨʤʠʨʘˁʫ ʥʦʚʦʛ ʫʤʨʝʞʘʚʘˁʘ ʫʩʣʝʜ ʨʝʘʢʮʠʿʘ 

ʥʝʧʨʦʨʝʘʛʦʚʘʥʦʛ ʩʠʩʪʝʤʘ ʟʘ ʫʤʨʝʞʘʚʘˁʝ, ʢʘʦ ʰʪʦ ʩʫ ʩʫʤʧʦʨ ʠ ʫʙʨʟʠʚʘʯʠ ʧʦʩʣʝ ʧʨʦʮʝʩʘ 

ʪʝʨʤʠʯʢʦʛ ʩʪʘʨʝˁʘ [174]. 

4.5.8. ʊʝʨʤʠʯʢʘ ʩʪʘʙʠʣʥʦʩʪ ʢʦʤʧʦʟʠʪʘ 

 

ʊʝʨʤʦʛʨʘʚʠʤʝʪʨʠʿʩʢʘ ʘʥʘʣʠʟʘ (TGA) ʩʝ ʤʦʞʝ ʢʦʨʠʩʪʠʪʠ ʟʘ ʤʝʨʝˁʝ ʪʝʨʤʠʯʢʝ 

ʩʪʘʙʠʣʥʦʩʪʠ ʧʦʣʠʤʝʨʘ ʠ ʪʝʨʤʠʯʢʝ ʜʝʛʨʘʜʘʮʠʿʝ ʧʦʣʠʤʝʨʥʠʭ ʙʣʝʥʜʠ ʠ ʩʤʝʰʘ [175, 176] 

ʟʙʦʛ ʿʝʜʥʦʩʪʘʚʥʦʩʪʠ ʤʝʪʦʜʘ ʤʝʨʝˁʘ ʛʫʙʠʪʢʘ ʤʘʩʝ ʫʩʣʝʜ ʟʘʛʨʝʚʘˁʘ. ʊʝʨʤʠʯʢʘ 

ʩʪʘʙʠʣʥʦʩʪ ʢʦʤʧʦʟʠʪʘ ʥʘ ʙʘʟʠ NR/BR/SBR/CB/RP (40/40/20/60) ʠ NR/BR/SBR/CB/RP 

(40/40/20/55/5) ʙʣʝʥʜʠ ʢʘʫʯʫʢʘ ʿʝ ʠʩʧʠʪʘʥʘ ʧʨʝ ʠ ʧʦʩʣʝ ɔïʟʨʘʯʝˁʘ. ʈʝʟʫʣʪʘʪʠ ʩʫ 

ʧʨʠʢʘʟʘʥʠ ʫ ʪʘʙʝʣʠ 50 ʠ ʥʘ ʩʣʠʮʠ 59. 

 

 TGA ʢʨʠʚʝ ʢʦʤʧʦʟʠʪʘ ʥʘ ʙʘʟʠ NR/BR/SBR/CB/RP (40/40/20/60) ʠ 

NR/BR/SBR/CB/RP (40/40/20/55/5) ʢʦʤʧʦʟʠʪʘ ʧʦʢʘʟʫʿʫ ʿʝʜʥʦʩʪʝʧʝʥʫ ʜʝʛʨʘʜʘʮʠʿʫ ʢʦʿʘ 

ʩʝ ʿʘʚˀʘ ʫ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʦʧʩʝʛʫ 203,7-526,6ÁC ʠ 203,7-497,1ÁC. ʄʘʢʩʠʤʘʣʥʝ 

ʚʨʝʜʥʦʩʪʠ ʛʫʙʠʪʢʘ ʤʘʩʝ ʟʘʙʝʣʝʞʝʥʝ ʩʫ ʥʘ 377,1 ʠ 445,9ÁC ʟʘ ʢʦʤʧʦʟʠʪ ʥʘ ʙʘʟʠ 

NR/BR/SBR/CB/RP (40/40/20/60) ʙʣʝʥʜʠ ʢʘʫʯʫʢʘ, ʠ 380 ʠ 443,5ÁC ʟʘ ʢʦʤʧʦʟʠʪ ʥʘ ʙʘʟʠ 

 
a) 

 
ʙ) 

ʉʣʠʢʘ 59. TG (ʘ) ʠ DTG ʢʨʠʚʝ (ʙ)  NR/BR/SBR/CB/RP ʢʦʤʧʦʟʠʪʘ 

 ʧʨʝ ʠ ʧʦʩʣʝ ɔïʟʨʘʯʝˁʘ. 






























































