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ʇʦʜʝʣʘ ʠʟʚʦʨʘ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ 
 

ɽʣʝʢʪʨʦʤʦʪʦʨʥʘ ʩʠʣʘ ʩʝ ʩʪʚʘʨʘ ʠ ʦʜʨʞʘʚʘ ʫ ʠʟʚʦʨʠʤʘ ʩʪʨʫʿʝ ʥʘ ʨʘʯʫʥ ʧʨʝʪʚʘʨʘˁʘ ʨʘʟʥʠʭ ʚʨʩʪʘ ʝʥʝʨʛʠʿʝ 

ʫ ʝʣʝʢʪʨʠʯʥʫ. 

ʅʘʿʯʝʰ˂ʠ ʥʘʯʠʥ ʜʦʙʠʿʘˁʘ ʝʤʩ ʩʫ: 

ʘ) ʝʣʝʢʪʨʦʭʝʤʠʿʩʢʠ ʥʘʯʠʥ ʛʜʝ ʩʝ ʭʝʤʠʿʩʢʘ ʝʥʝʨʛʠʿʘ ʧʨʝʪʚʘʨʘ ʫ ʝʣʝʢʪʨʠʯʥʫ. ʆʚʘʢʘʚ ʥʘʯʠʥ ʜʦʙʠʿʘˁʘ ʝʤʩ 

ʧʨʠʤʝˁʫʿʝ ʩʝ ʫ ʛʘʣʚʘʥʩʢʠʤ ʝʣʝʤʝʥʪʠʤʘ ʠ ʘʢʫʤʫʣʘʪʦʨʠʤʘ. ʉʚʘʢʠ ʭʝʤʠʿʩʢʠ ʠʟʚʦʨ ʩʪʨʫʿʝ ʠʤʘ ʜʚʝ 

ʝʣʝʢʪʨʦʜʝ (ʧʦʟʠʪʠʚʥʫ ʠ ʥʝʛʘʪʠʚʥʫ) ʠ ʝʣʝʢʪʨʦʣʠʪ ï ʚʦʜʝʥʠ ʨʘʩʪʚʦʨ ʩʦʣʠ, ʢʠʩʝʣʠʥʝ ʠʣʠ ʙʘʟʝ. 

ʙ) ʤʝʭʘʥʠʯʢʠ ʥʘʯʠʥ ʩʝ ʧʨʠʤʝˁʫʿʝ ʢʦʜ ʝʣʝʢʪʨʠʯʥʠʭ ʤʘʰʠʥʘ. ʇʨʠʥʮʠʧ ʨʘʜʘ ʦʚʠʭ ʛʝʥʝʨʘʪʦʨʘ ʟʘʩʥʠʚʘ ʩʝ 

ʥʘ ʧʦʿʘʚʠ ʤʘʛʥʝʪʥʝ ʠʥʜʫʢʮʠʿʝ. ʇʨʝʜʥʦʩʪ ʫ ʦʜʥʦʩʫ ʥʘ ʭʝʤʠʿʩʢʝ ʛʝʥʝʨʘʪʦʨʝ ʿʝ ʟʥʘʪʥʦ ʚʝ˂ʘ ʩʥʘʛʘ. 

 

ʍʝʤʠʿʩʢʠ ʠʟʚʦʨʠ ʿʝʜʥʦʩʤʝʨʥʝ ʩʪʨʫʿʝ 
 

ʅʘʿʯʝʰ˂ʝ ʢʦʨʠʰ˂ʝʥʠ ʭʝʤʠʿʩʢʠ ʠʟʚʦʨʠ ʩʫ ʛʘʣʚʘʥʩʢʠ ʝʣʝʤʝʥʪʠ ʠ ʘʢʫʤʫʣʘʪʦʨʠ 

ʍʝʤʠʿʩʢʠ ʠʟʚʦʨʠ ʤʦʛʫ ʙʠʪʠ ʧʨʠʤʘʨʥʠ ʠ ʩʝʢʫʥʜʘʨʥʠ. ɮʘ ʧʨʠʤʘʨʥʝ ʝʣʝʤʝʥʪʝ ʿʝ ʢʘʨʘʢʪʝʨʠʩʪʠʯʘʥ 

ʥʝʨʝʚʝʨʟʠʙʠʣʥʠ ʧʨʦʮʝʩ. ʆʚʦ ʙʠ ʟʥʘʯʠʣʦ ʜʘ ʩʝ ʧʨʠʤʘʨʥʠ ʝʣʝʤʝʥʪʠ ʪʨʦʰʝ. ʅʘʢʦʥ ʩʚʦʿʝ ʧʦʪʨʦʰʥʿʝʦʥʠ ʩʝ 

ʙʘʮʘʿʫ. ɿʘ ʨʘʟʣʠʢʫ ʦʜ ˁʠʭ ʩʝʢʫʥʜʘʨʥʠ ʝʣʝʤʝʥʪʠ ʩʫ ʤʦʛʫ ʚʠʰʝ ʧʫʪʘ ʧʫʥʠʪʠ ʠ ʧʨʘʟʥʠʪʠ. 

ʄʠ ˂ʝʤʦ ʦʙʨʘʜʠʪʠ ʜʚʘ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʘ ʧʨʠʤʘʨʥʘ ʠʟʚʦʨʘ ʘ ʪʦ ʩʫ ɼʘʥʠʿʝʣʦʚ ʠ ʃʘʢʣʘʥʰʝʦʚ ʝʣʝʤʝʥʪ. 

ɼʘʥʠʿʝʣʦʚ ʝʣʝʤʝʥʪ ʿʝ ʧʨʠʢʘʟʘʥ ʥʘ ʩʣʠʮʠ 1 

 
ʉʣʠʢʘ 1 ɼʘʥʠʿʝʣʦʚ ʝʣʝʤʝʥʪ 

ʆʚʘʿ ʝʣʝʤʝʥʪ ʩʝ ʩʘʩʪʦʿʠ ʦʜ ʙʘʢʘʨʥʝ ʧʣʦʯʝ ʢʦʿʘ ʿʝ ʫʨʦˁʝʥʘ ʫ ʨʘʩʪʚʦʨ ʙʘʢʘʨʥʦʛ ʩʫʣʬʠʜʘ. ʉʘ ʜʨʫʛʝ ʩʪʨʘʥʝ 

ʠʤʘʤʦ ʧʣʦʯʫ ʦʜ ʮʠʥʢʘ ʢʦʿʘ ʿʝ ʫʨʦˁʝʥʘ ʫ ʨʘʩʪʚʦʨ ʮʠʥʢʦʚʦʛ ʩʫʣʬʠʜʘ. ʆʚʘ ʜʚʘ ʨʘʩʪʚʦʨʘ ʩʫ ʨʘʟʜʚʦʿʝʥʘ 

ʧʦʨʦʟʥʦʤ ʛʣʠʥʦʤ ʢʦʿʘ ʩʧʨʝʯʘʚʘ ˁʠʭʦʚʦ ʤʝʰʘˁʝ. 

ʂʦʜ ʦʚʦʛ ʝʣʝʤʝʥʪʘ ʧʨʠʣʠʢʦʤ ʧʨʦʪʠʮʘˁʘ ʝʣʝʢʪʨʠʯʥʝ ʩʪʨʫʿʝ, ʨʘʩʪʚʘʨʘ ʩʝ ʧʣʦʯʘ ʦʜ ʮʠʥʢʘ. ʎʠʥʢ ʥʘʢʦʥ ʪʦʛʘ 

ʧʨʝʣʘʟʠ ʫ ʿʦʥ ( Zn 2+), ʦʜʥʦʩʥʦ ʚʨʰʠ ʩʝ ʦʢʩʠʜʘʮʠʿʘ. ʉʘ ʜʨʫʛʝ ʩʪʨʘʥʝ ʿʦʥ ʙʘʢʨʘ ʩʝ ʪʨʘʥʩʬʦʨʤʠʰʝ ʫ ʘʪʦʤ 

ʢʦʿʠ ʩʝ ʪʘʣʦʞʠ ʥʘ ʧʣʦʯʠ. 

ɼʨʫʛʠ ʚʝʦʤʘ ʢʦʨʠʰ˂ʝʥ ʧʨʠʤʘʨʥʠ ʠʟʚʦʨ ʿʝ ʃʝʢʣʘʥʰʝʦʚ ʝʣʝʤʝʥʪ. ʆʚʘʿ ʝʣʝʤʝʥʪ ʿʝ ʧʨʠʢʘʟʘʥ ʥʘ ʩʣʠʮʠ 2. 
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ʉʣʠʢʘ 2.ʃʘʢʣʘʥʰʝʦʚ ʝʣʝʤʝʥʪ 

 

ʆʚʘʿ ʝʣʝʤʝʥʪ ʩʝ ʩʘʩʪʦʿʠ ʦʜ ʮʠʥʢʘʥʦʛ ʣʦʥʯʠ˂ʘ ʢʘʦ ʿʝʜʥʝ ʝʣʝʢʪʨʦʜʝ, ʚʦʜʝʥʦʛ ʨʘʩʪʚʦʨʘ ʘʤʦʥʠʿʫʤ ʭʣʦʨʠʜʘ ( 

ʭʝʤʠʿʩʢʘ ʬʦʨʤʫʣʘ NH4CL, ʪʟʚ ʥʠʰʘʜʦʨʘ) ʢʘʦ ʝʣʝʢʪʨʦʣʠʪʘ ʠ ʫʛˀʝʥʦʛ ʰʪʘʧʠ˂ʘ ʢʦʿʠ ʿʝ ʜʨʫʛʘ ʝʣʝʢʪʨʦʜʘ. 

ɽʣʝʢʪʨʦʣʠʪʫ ʩʝ ʜʦʜʘʿʫ ʙʨʘʰʥʦ, ʜʨʚʝʥʠ ʦʧʠˀʮʠ ʠʣʠ ʩʣʠʯʘʥ ʤʘʪʝʨʿʘʣ ʜʘ ʙʠ ʩʝ ʩʧʨʝʯʠʣʦ ʧʨʦʣʠʚʘˁʝ 

ʝʣʝʢʪʨʦʣʠʪʘ. ʋʛˀʝʥʘ ʝʣʝʢʪʨʦʜʘ ʩʝ ʟʘʚʨʰʘʚʘ ʤʝʪʘʣʥʦʤ ʢʘʧʦʤ, ʘ ʨʘʜʠ ʙʦˀʝʛ ʢʦʥʪʘʢʪʘ ʩʚʝ ʩʝ ʟʘʣʠʿʝ 

ʩʤʦʣʦʤ. ɽʣʝʢʪʨʦʤʦʪʦʨʥʘ ʩʠʣʘ ʠʟʥʦʩʠ 1.5 V. 

ʄʦʣʝʢʫʣ NH4CL ʫ ʨʘʩʪʚʦʨʫ ʨʘʩʧʘʜʘ ʩʝ ʥʘ ʿʦʥʝ ʧʦ ʬʦʨʤʫʣʠ 

 
ɱʦʥ ʭʣʦʨʘ ʩʝ ʚʝʟʫʿʝ ʩʘ ʮʠʥʢʦʤ ʥʘ ʮʠʥʢʘʥʦʿ ʝʣʝʢʪʨʦʜʠ ʫ ʮʠʥʢ ʭʣʦʨʠʜ (ZNCl). ʂʘʜʘ ʫ ʛʝʥʝʨʘʪʦʨʫ ʧʦʩʪʦʿʠ 

ʩʪʨʫʿʘ, ʥʦʚʠ ʿʦʥʠ Cl- ʧʨʠʩʪʠʞʫ ʥʘ ʮʠʥʢʘʥʫ ʝʣʝʢʪʨʦʜʫ. ɱʦʥʠ NH4+  ʩʝ ʢʨʝ˂ʫ ʥʘ ʫʛˀʝʥʦʤ ʰʪʘʧʫ, ʪʘʤʦ 

ʫʟʠʤʘʿʫ ʝʣʝʢʪʨʦʥ ʢʦʿʠ ʠʤ ʥʝʜʦʩʪʘʿʝ ( ʘ ʢʦʿʠ ʿʝ ʩʪʠʛʘʦ ʢʨʦʟ ʧʨʦʚʦʜʥʠʢ ʩʘ ʮʠʥʢʘʥʝ ʝʣʝʢʪʨʦʜʝ) ʠ ʨʘʩʧʘʜʘʿʫ 

ʩʝ ʥʘ ʘʤʦʥʠʿʘʢ ʠ ʥʘ ʘʪʦʤ ʚʦʜʦʥʠʢʘ: 

 
ʄʝʭʫʨʠ˂ʠ ʚʦʜʦʥʠʢʘ ʥʘ ʫʛˀʝʥʦʿ ʝʣʝʢʪʨʦʜʠ ʙʨʟʦ ʙʠ ʧʦʣʘʨʠʟʦʚʘʣʠ ʛʝʥʝʨʘʪʦʨ. ɿʘʪʦ ʩʝ ʦʢʦ ʫʛˀʝʥʦʛ ʰʪʘʧʘ 

ʩʪʘʚˀʘ ʚʨʝ˂ʠʮʘ ʩʘ ʜʠʦʢʩʠʜʦʤ ʤʘʥʛʘʥʘ ( MnO2)  ʢʦʿʠ ʩʧʨʝʯʘʚʘ ʧʦʣʘʨʠʟʘʮʠʿʫ ʛʝʥʝʨʘʪʦʨʘ, ʿʝʨ ʫ ʭʝʤʠʿʩʢʦʿ 

ʨʝʘʢʮʠʿʠ ʚʝʟʫʿʝ ʚʦʜʦʥʠʢ: 

 
ʉʫʚʠ ʛʝʥʝʨʘʪʦʨʠ ʢʦʿʠ ʩʫ ʠʩʪʨʦʰʠʣʠ ʩʚʦʿʫ ʭʝʤʠʿʩʢʫ ʝʥʝʨʛʠʿʫ ʥʝ ʤʦʛʫ ʩʝ ʚʨʘʪʠʪʠ ʫ ʩʚʦʿʝ ʧʨʚʦʙʠʪʥʦ ʩʪʘˁʝ 

ʧʨʦʧʫʰʪʘˁʝʤ ʩʪʨʫʿʝ ʫ ʩʫʧʨʦʪʥʦʤ ʩʤʝʨʫ 

ʂʘʦ ʩʝʢʫʥʜʘʨʥʠ ʭʝʤʠʿʩʢʠ ʛʝʥʝʨʘʪʦʨ ʥʘʿʯʝʰ˂ʝ ʩʝ ʢʦʨʠʩʪʠ ʦʣʦʚʥʠ ʠ ʪʟʚ. ɽʜʠʩʦʥʦʚ ʯʝʣʠʯʥʠ ʘʢʫʤʫʣʘʪʦʨ.  

ʆʣʦʚʥʠ ʘʢʫʤʫʣʘʪʦʨ ʿʝ ʧʨʠʢʘʟʘʥ ʥʘ ʩʣʠʮʠ 3 

 
ʉʣʠʢʘ 3 ʆʣʦʚʥʠ ʘʢʫʤʫʣʘʪʦʨ 

ɿʘ ʘʢʫʤʫʣʘʪʦʨʝ ʢʦʿʠ ʩʫ ʩʧʨʝʤʥʠ ʟʘ ʫʧʦʪʨʝʙʫ ʢʘʦ ʛʝʥʝʨʘʪʦʨʠ ʢʘʞʝ ʩʝ ʜʘ ʩʫ ʧʦʣʘʨʠʟʦʚʘʥʠ ʠʣʠ ʧʦʪʧʫʥʦ 

ʥʘʧʫˁʝʥʠ. ʇʦʣʘʨʠʟʦʚʘʥ ʦʣʦʚʥʠ ʘʢʫʤʫʣʘʪʦʨ ʠʤʘ ʢʘʦ ʝʣʝʢʪʨʦʜʫ ʧʣʦʯʝ ʩʘ ʦʣʦʚʥʠʤ ʜʠʦʢʩʠʜʦʤ ( PbO2,  

ʧʦʟʠʪʠʚʥʝ ʧʣʦʯʝ) ʠ ʧʣʦʯʝ ʦʜ ʯʠʩʪʦʛ ʦʣʦʚʘ ( Pb, ʥʝʛʘʪʠʚʥʘ ʧʣʦʯʘ). ʂʘʦ ʝʣʝʢʪʨʦʣʠʪ ʩʣʫʞʠ ʚʦʜʝʥʠ ʨʘʩʪʚʦʨ 

ʩʫʤʧʦʨʥʝ ʢʠʩʝʣʠʥʝ (H2SO4) , ʪʘʢʚʝ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʜʘ ʤʫ ʿʝ ʩʧʝʮʠʬʠʯʥʘ ʛʫʩʪʠʥʘ 1.2 ʜʦ 1.3 g/cm3.  

ɽʣʝʢʪʨʦʤʦʪʦʨʥʘ ʩʠʣʘ ʦʣʦʚʥʦʛ ʘʢʫʤʫʣʘʪʦʨʘ ʿʝ ʧʨʠʙʣʠʞʥʦ 2 V, ʘ ʫʥʫʪʨʘʰˁʘ ʦʪʧʦʨʥʦʩʪ ʤʫ ʿʝ ʚʝʦʤʘ ʤʘʣʘ.  

ɸʢʦ ʿʝ ʟʘ ʧʨʠʢˀʫʯʢʝ ʘʢʫʤʫʣʘʪʦʨʘ ʚʝʟʘʥ ʥʝʢʠ ʧʨʠʿʝʤʥʠʢ ʪʿ. ɸʢʦ ʿʝ ʫ ʘʢʫʤʫʣʘʪʦʨʫ ʫʩʧʦʩʪʘʚˀʝʥʘ ʩʪʨʫʿʘ ʫ 

ʩʤʝʨʫ ˁʝʛʦʚʝ ʝʤʩ, ʦʜʚʠʿʘ ʩʝ ʥʘ ʝʣʝʢʪʨʦʜʘʤʘ ʫ ʝʣʝʢʪʨʦʣʠʪʫ ʜʦʩʪʘ ʩʣʦʞʝʥʘ ʭʝʤʠʿʩʢʘ ʨʝʘʢʮʠʿʘ. ʂʨʘʿˁʠ 

ʙʠʣʘʥʩ ʪʠʭ ʨʝʘʢʮʠʿʘ ʩʝ ʤʦʞʝ ʧʨʠʢʘʟʘʪʠ ʭʝʤʠʿʩʢʦʤ ʬʦʨʤʫʣʦʤ: 

 
ʇʨʝʤʘ ʦʚʦʿ ʬʦʨʤʫʣʠ, ʫ ʘʢʫʤʫʣʘʪʦʨʫ ʢʦʿʠ ʩʝ ʧʨʘʟʥʠ ʜʦʣʘʟʠ ʜʦ ʧʦʩʪʝʧʝʥʦʛ ʧʨʝʪʚʘʨʘˁʘ ʤʘʪʝʨʿʘʣʘ ʦʙʝ 

ʧʣʦʯʝ ʫ ʦʣʦʚʥʠ ʩʫʣʬʘʪ ( PbSO4) ʠ ʝʤʩ ʘʢʫʤʫʣʘʪʦʨʘ ʥʝʩʪʘʿʝ. 

ɼʘ ʙʠ ʘʢʫʤʫʣʘʪʦʨ ʧʦʥʦʚʦ ʥʘʧʫʥʠʣʠ, ʚʝʟʫʿʝʤʦ ʛʘ ʟʘ ʠʟʚʦʨ ʥʝʰʪʦ ʚʝ˂ʝ ʦʜ 2 V, ʢʘʦ ʰʪʦ ʿʝ ʧʨʠʢʘʟʘʥʦ ʥʘ 

ʩʣʠʮʠ 4. 



3 

 

 
ʉʣʠʢʘ 4 ʇʫˁʝˁʝ ʦʣʦʚʥʦʛ ʘʢʫʤʫʣʘʪʦʨʘ 

 

ʂʘʦ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʘʢʫʤʫʣʘʪʦʨʘ ʫʚʦʜʠ ʩʝ ʧʦʿʘʤ ˁʝʛʦʚʦʛ ʢʘʧʘʮʠʪʝʪʘ. ʇʨʠ ʪʦʤʝ ʩʝ ʤʠʩʣʠ ʥʘ ʝʥʝʨʛʠʿʫ 

ʢʦʿʫ ʠʟ ʘʢʫʤʫʣʘʪʦʨʘ ʤʦʞʝʤʦ ʜʦʙʠʪʠ. ɿʥʘʤʦ ʜʘ ʿʝ ʝʤʩ ʦʣʦʚʥʦʛ ʘʢʫʤʫʣʘʪʦʨʘ ʦʢʦ 2 V. ʉʪʦʛʘ ʿʝ ʙʣʠʞʝ 

ʦʧʠʩʠʚʘˁʝ ʝʥʝʨʛʠʿʝ ʩʘʜʨʞʘʥʝ ʫ ˁʝʤʫ ʜʦʚʦˀʥʦ ʩʘʤʦ ʜʘʪʠ ʢʦʣʠʯʠʥʫ ʝʣʝʢʪʨʠʮʠʪʝʪʘ ʢʦʿʫ ʦʥ ʤʦʞʝ ʜʘ 

ʧʨʝʥʝʩʝ ʩʘ ʿʝʜʥʝ ʝʣʝʢʪʨʦʜʝ ʥʘ ʜʨʫʛʫ. 

ʆʩʠʤ ʦʣʦʚʥʦʛ ʫ ʧʨʘʢʩʠ ʩʝ ʥʘʿʯʝʰ˂ʝ ʩʨʝ˂ʝ ɽʜʠʩʦʥʦʚ ʠʣʠ ʯʝ˂ʠʯʥʠ ʘʢʫʤʫʣʘʪʦʨ. ɽʣʝʢʪʨʦʤʦʪʦʨʥʘ ʩʠʣʘ 

ʏʝʣʠʯʥʦʛ ʘʢʫʤʫʣʘʪʦʨʘ ʿʝ ʦʢʦ 1.5 V. ʋʥʫʪʨʘʰˁʘ ʦʪʧʦʨʥʦʩʪ ʤʫ ʿʝ ʚʝ˂ʘ ʥʝʛʦ ʫ ʦʣʦʚʥʠʭ ʘʢʫʤʫʣʘʪʦʨʘ. 

ʇʣʦʯʝ ʥʘʧʫˁʝʥʝ ʯʝʣʠʯʥʠʤ ʘʢʫʤʫʣʘʪʦʨʦʤ ʩʫ ʦʜ ʭʠʜʨʦʢʩʠʜʘ ʥʠʢʣʘ (ʧʦʟʠʪʠʚʥʘ ʧʣʦʯʘ Ni(OH)3  ʠ ʛʚʦʞʹʘ 

(ʥʝʛʘʪʠʚʥʘ ʧʣʦʯʘ Fe). ɽʣʝʢʪʨʦʣʠʪ ʿʝ 21% ʨʘʩʪʚʦʨ ʢʘʣʠʿʫʤ ʭʠʜʨʦʢʩʠʜʘ  (KOH) ʫ ʚʦʜʠ. ʍʝʤʠʿʩʢʠ ʧʨʦʮʝʩʠ 

ʧʨʠ ʧʨʘʞˁʝˁʫ ʠ ʧʫˁʝˁʫ ʩʫ ʚʝʦʤʘ ʩʣʦʞʝʥʠ, ʘʣʠ ʩʝ ʢʨʘʿˁʠ ʨʝʟʫʣʪʘʪ ʤʦʞʝ ʧʨʝʜʩʪʘʚʠʪʠ ʬʦʨʤʫʣʦʤ: 

 
ɼʘʢʣʝ ʫ ʦʚʦʤ ʘʢʫʤʫʣʘʪʦʨʫ ʧʨʠʣʠʢʦʤ ʧʦʣʘʨʠʟʘʮʠʿʝ ʠ ʜʝʧʦʣʘʨʠʟʘʮʠʿʝ ʥʝ ʜʦʣʘʟʠ ʜʦ ʧʨʦʤʝʥʝ ʫ 

ʝʣʝʢʪʨʦʣʠʪʫ. ʆʚʘʿ ʘʢʫʤʫʣʘʪʦʨ ʠʤʘ ʤʘˁʠ ʢʦʝʬʠʮʠʿʝʥʪ ʢʦʨʠʩʥʦʛ ʜʝʿʩʪʚʘ ʦʜ ʦʣʦʚʥʦʛ, ʘʣʠ ʤʝʭʘʥʠʯʢʠ 

ʯʚʨʰ˂ʠ, ʥʠʿʝ ʦʩʝʪˀʠʚ ʥʘ ʤʝʭʘʥʠʯʢʝ ʩʪʨʫʿʝ ʠ ʟʘʭʪʝʚʘ ʤʘˁʫ ʧʘʞˁʫ. 

 

ɽʣʝʢʪʨʠʯʥʠ ʛʝʥʝʨʘʪʦʨʠ 
 

ɽʣʝʢʪʨʠʯʥʠ ʛʝʥʝʨʘʪʦʨ ʿʝ ʦʙʨʪʥʘ ʝʣʝʢʪʨʠʯʥʘ ʤʘʰʠʥʘ ʢʦʿʘ ʧʨʝʪʚʘʨʘ ʤʝʭʘʥʠʯʢʫ ʝʥʝʨʛʠʿʫ ʫ ʝʣʝʢʪʨʠʯʥʫ. 

ʆʙʨʥʫʪʠ ʧʨʦʮʝʩ ʧʨʝʪʚʘʨʘˁʘ ʝʣʝʢʪʨʠʯʥʝ ʫ ʤʝʭʘʥʠʯʢʫ ʚʨʰʠ ʩʝ ʝʣʝʢʪʨʦʤʦʪʦʨʦʤ. 

ʇʨʠʥʮʠʧ ʩʝ ʩʘʩʪʦʿʠ ʫ ʪʦʤʝ ʜʘ ʩʝ ʫ ʼʘʪʚʦʨʝʥʦʤ ʧʨʦʚʦʜʥʠʢʫ ʢʦʿʠ ʩʝ ʥʘʣʘʟʠ ʫ ʧʨʦʤʝʥˀʠʚʦʤ ʤʘʛʥʝʪʥʦʤ 

ʧʦˀʫ ʠʥʜʫʢʫʿʝ ʩʪʨʫʿʘ. 

ʆʙʨʪʥʠ ʜʝʦ, ʢʘʦ ʠ ʢʦʜ ʝʣʝʢʪʨʦʤʦʪʦʨʘ ʩʝ ʥʘʟʠʚʘ ʨʦʪʦʨ, ʘ ʥʝʧʦʤʠʯʥʠ ʩʪʘʪʦʨ. ʈʦʪʦʨ ʩʝ ʦʙʨ˂ʝ ʧʦʰʪʦ ʥʘ 

ˁʝʛʘ ʜʝʣʫʿʝ ʧʦʛʦʥʩʢʘ ʤʘʰʠʥʘ. ʀʟʚʦʨʠ ʤʝʭʘʥʠʯʢʝ ʝʥʝʨʛʠʿʝ ʩʫ ʥʘʿʯʝʰ˂ʝ ʚʦʜʝʥʝ ʠ ʧʘʨʥʝ ʪʫʨʙʠʥʝ. 

ʂʦʜ ʛʝʥʝʨʘʪʦʨʘ ʝʣʝʢʪʨʠʯʥʝ ʩʪʨʫʿʝ ʨʘʟʣʠʢʫʿʝʤʦ ʜʚʝ ʚʨʩʪʝ: 

- ʛʝʥʝʨʘʪʦʨ ʿʝʜʥʦʩʤʝʨʥʝ ʩʪʨʫʿʝ 

- ʛʝʥʝʨʘʪʦʨ ʥʘʠʟʤʝʥʠʯʥʝ ʩʪʨʫʿʝ 

 

ɻʝʥʝʨʘʪʦʨ ʿʝʜʥʦʩʤʝʨʥʝ ʩʪʨʫʿʝ 

 

 

ʇʨʝʩʝʢ ʛʝʥʝʨʘʪʦʨʘ ʿʝʜʥʦʩʤʝʨʥʝ ʩʪʨʫʿʝ ʿʝ ʧʨʠʢʘʟʘʥ ʥʘ 

ʩʣʠʮʠ 1.  

 ʋ ʦʚʦʤ ʩʣʫʯʘʿʫ  ʿʝ ʩʪʘʪʦʨ ʦʜ ʩʪʘʣʥʦʛ ʤʘʛʥʝʪʘ, ʘ ʨʦʪʦʨ ʦʜ 

ʤʝʢʦʛ ʛʚʦʞʹʘ ʩʘ ʇʨʝʩʝʢ ʛʝʥʝʨʘʪʦʨʘ ʿʝʜʥʦʩʤʝʨʥʝ ʩʪʨʫʿʝ ʿʝ 

ʧʨʠʢʘʟʘʥ ʥʘ ʩʣʠʮʠ 1. ʋ ʦʚʦʤ ʩʣʫʯʘʿʫ  ʿʝ ʩʪʘʪʦʨ ʦʜ ʩʪʘʣʥʦʛ 
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ʤʘʛʥʝʪʘ, ʘ ʨʦʪʦʨ ʦʜ ʤʝʢʦʛ ʛʚʦʞʹʘ ʩʘ ʞˀʝʙʦʚʠʤʘ ʟʘ ʩʤʝʰʪʘʿ ʧʨʦʚʦʜʥʠʢʘ.  

 

 

ʉʣʠʢʘ 1 ʇʨʝʩʝʢ ʛʝʥʝʨʘʪʦʨʘ ʿʝʜʥʦʩʤʝʨʥʝ ʩʪʨʫʿʝ 

ʞˀʝʙʦʚʠʤʘ ʟʘ ʩʤʝʰʪʘʿ ʧʨʦʚʦʜʥʠʢʘ.  

 

 

 

ʅʘ ʩʣʠʮʠ 2 ʿʝ ʧʨʠʢʘʟʘʥ ʨʦʪʦʨ ʛʝʥʝʨʘʪʦʨʘ. 

ʋ ʨʦʪʦʨʫ ʧʦʩʪʦʿʝ ʞˀʝʙʦʚʠ ʫ ʢʦʿʠ ʩʫ ʩʤʝʰʪʝʥʠ 

ʧʨʦʚʦʜʥʠʮʠ. ʅʘ ʩʝʛʤʝʥʪʝ ʦʜ ʙʘʢʨʘ ʥʘʣʘʟʝ ʩʝ ʯʝʪʢʠʮʝ. 

ʏʝʪʢʠʮʝ ʩʫ ʦʜ ʫʛˀʝʥʘ ʿʝʨ ʙʦˀʝ ʢʣʠʟʝ ʧʦʙʘʢʨʥʠʤ 

ʩʝʛʤʝʥʪʠʤʘ. ɿʘ ʩʚʘʢʠ ʧʘʨ ʩʝʛʤʝʥʘʪʘ ʥʘ ʨʦʪʦʨʫ ʿʝ 

ʧʨʠʢˀʫʯʝʥ ʧʦ ʿʝʜʘʥ ʥʘʚʦʿʘʢ ʙʘʢʘʨʥʝ ʞʠʮʝ. 

 

 

ʉʣʠʢʘ 2 ʨʦʪʦʨ ʛʝʥʝʨʘʪʦʨʘ 

 

ʈʦʪʦʨ ʩʝ ʦʢʨʝ˂ʝ ʫ ʤʘʛʥʝʪʥʦʤ ʧʦˀʫ ʙʨʟʠʥʦʤ v. ɻʦʨˁʠ 

ʧʨʦʚʦʜʥʠʢ ʧʨʝʩʝʮʘ ʤʘʛʥʝʪʥʦ ʧʦˀʝ.. ʇʨʝʩʝʮʘˁʝʤ 

ʤʘʛʥʝʪʥʦʛ ʧʦˀʘ ʫ ˁʝʤʫ ʩʝ ʠʥʜʫʢʫʿʝ ʝʣʝʢʪʨʦʤʦʪʦʨʥʘ 

ʩʠʣʘ (ʝʤʩ). ʇʨʝʢʦ ʯʝʪʢʠʮʘ ʩʝ ʝʤʩ ʜʦʚʦʜʠ ʜʦ ʧʦʪʨʦʰʘʯʘ ʠ ʢʨʦʟ ˁʝʛʘ ʪʝʯʝ ʩʪʨʫʿʘ. 

ʂʘʜʘ ʦʚʘʿ ʧʘʨ ʧʨʦʚʦʜʥʠʢʘ ʠʟʘʹʝ ʠʩʧʦʜ ʯʝʪʢʠʮʘ ʠ ʤʘʛʥʝʪʥʦʛ ʧʦˀʘ ʥʘ ˁʝʛʦʚʦ ʤʝʩʪʦ ʜʦʣʘʟʠ ʩʣʝʜʝ˂ʠ ʧʘʨ 

ʠʪʜ. ʅʘ ʯʝʪʢʠʮʝ ʩʝ ʫʚʝʢ ʜʦʚʦʜʠ ʝʤʩ ʠʟ ʧʨʦʚʦʜʥʠʢʘ ʧʦʜ ʧʨʘʚʠʤ ʫʛʣʦʤ. ɿʙʦʛ ʪʦʛʘ ʿʝ ʝʤʩ ʫʚʝʢ ʤʘʢʩʠʤʘʣʥʘ 

ʠ ʠʤʘ ʠʩʪʫ ʚʨʝʜʥʦʩʪ. 

 

ɻʝʥʝʨʘʪʦʨ ʥʘʠʟʤʝʥʠʯʥʝ ʩʪʨʫʿʝ 

 

ʇʨʠʥʮʠʧ ʧʨʦʠʟʚʦʜˁʝ ʥʘʠʟʤʝʥʠʯʥʝ ʝʤʩ ʩʝ ʩʚʦʜʠ ʥʘ ʢʨʝʪʘˁʝ ʟʘʪʚʦʨʝʥʝ ʧʨʦʚʦʜʥʝ ʢʦʥʪʫʨʝ (ʥʘʚʦʿʢʘ) ʫ 

ʤʘʛʥʝʪʥʦʤ ʧʦˀʫ. ʉʣʠʯʥʦ ʢʘʦ ʠ ʢʦʜ ʛʝʥʝʨʘʪʦʨʘ ʿʝʜʥʦʩʤʝʨʥʝ ʩʪʨʫʿʝ ʟʙʦʛ ʧʨʝʩʝʮʘˁʘ ʣʠʥʠʿʘ ʤʘʛʥʝʪʥʦʛ 

ʧʦˀʘ ʿʘʚˀʘ ʩʝ ʝʤʩ (ʥʘʧʦʥ). 

ʅʘ ʩʣʠʮʠ 3 ʿʝ ʧʨʠʢʘʟʘʥ ʥʘʚʦʿʘʢ ʫ ʤʘʛʥʝʪʥʦʤ ʧʦˀʫ, ʘ ʥʘ ʩʣʠʮʠ 4ʧʦʧʨʝʯʥʠ ʧʨʝʩʝʢ ʥʘʚʦʿʢʘ ʠ ʩʪʘʣʥʦʛ 

ʤʘʛʥʝʪʘ. ʅʘ ʩʣʠʮʠ ʿʝ ʪʘʢʦʹʝ ʠʩʪʘʢʥʫʪ ʠʟʛʣʝʜ ʠʥʜʫʢʦʚʘʥʝ ʝʤʩ ʫ ʥʘʚʦʿʢʫ. 

ʀʥʜʫʢʦʚʘʥʘ ʝʤʩ ʿʝ ʿʝʜʥʘʢʘ ʥʫʣʠ ʟʘ ʧʦʣʦʞʘʿ ʥʘʚʦʿʢʘ ɸ-X, ʿʝʨ ʩʫ ʫ ʦʚʦʤ ʩʣʫʯʘʿʫ  l1 ʠ l2 ʥʝ ʧʨʝʩʝʮʘʿʫ 

ʣʠʥʠʿʝ ʤʘʛʥʝʪʥʦʛ ʧʦˀʘ.  ʂʘʜʘ ʿʝ ʥʘʚʦʿʘʢ  ʫ ʧʦʣʦʞʘʿʫ ɸ
ô
-X
ô
 ʧʨʦʚʦʜʥʠʮʠ 

ʩʝʢʫ ʣʠʥʠʿʝ ʤʘʛʥʝʪʥʦʛ ʧʦˀʘ ʧʦʜ ʤʘʣʠʤ ʫʛʣʦʤ ʠ ʠʥʜʫʢʦʚʘʥʘ ʝʤʩ ʫ 

ˁʠʤʘ ʿʝ ʤʘʣʘ. 

 

 

 

 

ʉʣʠʢʘ 3 ʇʨʠʥʮʠʧ ʧʨʦʠʟʚʦʜˁʝ ʥʘʠʟʤʝʥʠʯʥʝ ʝʤʩ 
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ʉʣʠʢʘ 4 ʇʨʠʢʘʟʠʚʘˁʝ ʚʝʣʠʯʠʥʝ ʠ ʟʥʘʢʘ ʠʥʜʫʢʦʚʘʥʝ ʝʤʩ ʟʘ ʨʘʟʥʝ ʫʛʣʦʚʝ ʥʘʚʦʿʢʘ ʢʦʿʠ ʩʝ ʢʨʝ˂ʝ 

ʢʦʥʩʪʘʥʪʥʦʤ ʫʛʘʦʥʦʤ ʙʨʟʠʥʦʤ ɤ 

 

ʂʘʜʘ ʥʘʚʦʿʘʢ ʜʦʹʝ ʫ ʧʦʣʦʞʘʿ ɸ
ôôô

-X
ôôô

 ʦʥ ʧʨʝʩʝʮʘ ʤʘʛʥʝʪʥʦ ʧʦˀʝ ʧʦʜ ʧʨʘʚʠʤ ʫʛʣʦʤ ʠ ʠʥʜʫʢʦʚʘʥʘ ʝʤʩ ʫ 

ˁʠʤʘ ʿʝ ʥʘʿʚʝ˂ʘ. ʂʘʜʘ ʩʝ ʥʘʚʦʿʘʢ ʜʘˀʝ ʦʢʨʝ˂ʝ, ʠʥʜʫʢʦʚʘʥʘ ʝʤʩ ʩʝ ʩʤʘˁʫʿʝ ʜʦ ʥʫʣʝ (ʟʘ ʫʛʘʦ ʦʜ 1800). 

ʀʥʜʫʢʦʚʘʥʘ ʝʤʩ ʨʘʩʪʝ ʫ ʥʝʛʘʪʠʚʥʦʤ ʩʤʝʨʫ ʜʦ ʫʛʣʘ ʦʜ 2700, ʘ ʟʘʪʠʤ ʠʜʝ ʧʦʥʦʚʦ ʜʦ 00. 

ʊʝʭʥʠʯʢʘ ʩʚʦʿʩʪʚʘ ʤʘʪʝʨʿʘʣʘ 
 

ʆʚʘ ʩʚʦʿʩʪʚʘ ʧʦʜʨʘʟʫʤʝʚʘʿʫ: 

- ʬʠʟʠʯʢʘ ʩʚʦʿʩʪʚʘ ʤʘʪʝʨʿʘʣʘ 

- ʤʝʭʘʥʠʯʢʘ ʩʚʦʿʩʪʚʘ ʤʘʪʝʨʿʘʣʘ 

 

1 ʌʠʟʠʯʢʘ ʩʚʦʿʩʪʚʘ ʩʫ ʛʫʩʪʠʥʘ, ʪʝʤʧʝʨʘʪʫʨʘ ʪʦʧˀʝˁʘ/ ʢʨʠʩʪʘʣʠʟʘʮʠʿʝ, ʪʦʧʣʦʪʥʘ ʩʚʦʿʩʪʚʘ (ʪʦʧʣʦʪʥʠ 

ʢʘʧʘʮʠʪʝʪ, ʢʦʝʬʠʮʠʿʝʥʪ ʪʦʧʣʦʪʥʦʛ ʰʠʨʝˁʘ ʠ ʪʦʧʣʦʪʥʘ ʧʨʦʚʦʜˀʠʚʦʩʪ), ʦʧʪʠʯʢʘ ʩʚʦʿʩʪʚʘ (ʧʨʦʚʦʜʥʦʩʪ 

ʙʦʿʘ) ʝʣʝʢʪʨʠʯʥʘ ʠ ʤʘʛʥʝʪʥʘ ʩʚʦʿʩʪʚʘ. ʆʚʘ ʩʚʦʿʩʪʚʘ ʤʘʛʫ ʜʘ ʩʝ ʤʝʨʝ ʙʝʟ ʨʘʟʘʨʘˁʘ ʠ ʧʨʦʤʝʥʝ ʤʘʪʝʨʿʘʣʘ 

 

ɻʫʩʪʠʥʘ ʤʘʪʝʨʿʘʣʘ (kg/m
3
 i g/m

3
) ʧʨʝʩʪʘʚˀʘ ʢʦʣʠʯʥʠʢ ʤʘʩʝ ʤʘʪʝʨʿʘʣʘ ʠ ˁʝʛʦʚʝ ʟʘʧʨʝʤʠʥʝ. ʆʚʘ 

ʚʝʣʠʯʠʥʘ ʤʦʞʝ ʙʠʪʠ ʟʘʚʠʩʥʘ ʦʜ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʧʨʠʪʠʩʢʘ. ɿʘ ʤʘʪʝʨʿʘʣʝ ʫ ʯʚʨʩʪʦʤ ʠ ʪʝʯʥʦʤ ʩʪʘˁʫ ʠʤʘʤʦ 

ʤʘʣʫ ʧʨʦʤʝʥʫ ʛʫʩʪʠʥʝ ʩʘ ʪʝʤʧʝʨʘʪʫʨʦʤ ʠ ʧʨʠʪʠʩʢʦʤ. ʆʚʦ ʥʠʿʝ ʩʣʫʯʘʿ ʟʘ ʤʘʪʝʨʿʘʣ ʫ ʛʘʩʦʚʠʪʦ ʩʪʘˁʫ. 

 

ʊʝʤʧʝʨʘʪʫʨʘ ʪʦʧˀʝˁʘ/ʢʨʠʩʪʘʣʠʟʘʮʠʿʝ ( 
0
C ʠʣʠ 

0
ʂ)  ʿʝ ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʠ ʢʦʿʦʿ ʩʝ ʚʨʰʠ ʧʨʝʣʘʟʘʢ ʠʟ 

ʯʚʨʩʪʦʛ ʫ ʪʝʯʥʦ ( ʪʝʤʧʝʨʘʪʫʨʘ ʪʦʧˀʝˁʘ) ʠ ʠʟ ʪʝʯʥʦʛ ʫ ʯʚʨʩʪʦ ʩʪʘˁʝ ( ʢʨʠʩʪʘʣʠʟʘʮʠʿʘ). ʆʙʠʯʥʦ ʩʝ ʦʚʘʿ 

ʧʨʝʣʘʟʘʢ ʢʦʜ ʤʝʪʘʣʘ ʦʙʘʚˀʘ ʥʘ ʢʦʥʩʪʘʥʪʥʦʿ ʪʝʤʧʝʨʘʪʫʨʠ, ʤʝʹʫʪʠʤ ʧʦʩʪʦʿʝ ʤʘʪʝʨʿʘʣʠ ʫ ʢʦʿʠʤʘ ʩʝ ʦʚʘʿ 

ʧʨʦʮʝʩ ʦʙʘʚˀʘ ʫ ʦʜʨʝʹʝʥʦʤ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʫ. 

 

ʉʧʝʮʠʬʠʯʥʘ ʪʦʧʣʦʪʘ (  ɱ/kg*K ) ʧʨʝʩʪʘʚˀʘ ʢʦʣʠʯʠʥʫ ʪʦʧʣʦʪʝ ʢʦʿʘ ʿʝ ʧʦʪʨʝʙʥʘ ʜʘ ʩʝ ʪʝʤʧʝʨʘʪʫʨʘ 

ʿʝʜʠʥʠʯʥʝ ʤʘʩʝ ʧʨʦʤʝʥʠ ʟʘ 1 ʂ. . ʆʚʦ ʩʝ ʥʘʨʦʯʠʪʦ ʦʜʥʦʩʠ ʥʘ ʤʘʪʝʨʿʘʣʝ ʢʦʜ ʢʦʿʠʭ ʿʝ ʧʦʪʨʝʙʥʘ ʪʝʨʤʠʯʢʘ 

ʦʙʨʘʜʘ ʧʨʠ ʟʘʛʨʝʚʘˁʫ ʠ ʭʣʘʹʝˁʫ. 

 

ʊʦʧʣʦʪʥʘ ʧʨʦʚʦʜʥʦʩʪ ( W/mK) ʿʝ ʢʦʣʠʯʠʥʘ ʪʦʧʣʦʪʝ ʫ ʿʝʜʠʥʠʮʠ ʚʨʝʤʝʥʘ ʧʦ ʿʝʜʠʥʠʮʠ ʧʦʚʨʰʠʥʝ ʢʨʦʟ 

ʢʦʿʫ ʩʝ ʪʦʧʣʦʪʘ ʧʨʦʚʦʜʠ ʧʦʜ ʫʩʣʦʚʠʤʘ ʜʘ ʿʝ ʪʝʤʧʝʨʘʪʫʨʘ 1
0
ʂ. ʆʚʦ ʩʚʦʿʩʪʚʦ ʿʝ ʚʝʦʤʘ ʙʠʪʥʦ ʧʨʠ 

ʟʘʚʘʨʠʚʘˁʫ ʠ ʦʜʥʦʩʠ ʩʝ ʥʘ ʙʨʟʠʥʫ ʭʣʘʹʝˁʘ. ʇʦ ʧʨʘʚʠʣʫ ʤʘʪʝʨʿʘʣʠ ʢʦʿʠ ʠʤʘʿʫ ʜʦʙʨʫ ʝʣʝʢʪʨʠʯʥʫ 

ʧʨʦʚʦʜʥʦʩʪ ( ʙʘʢʘʨ, ʟʣʘʪʦ ʠ ʘʣʫʤʠʥʠʿʫʤ) ʠʤʘʿʫ ʠ ʜʦʙʨʫ ʪʦʧʣʦʪʥʫ ʧʨʦʚʦʜʥʦʩʪ. 

 

ʂʦʝʬʠʮʠʿʝʥʪ ʪʦʧʣʦʪʥʦʛ ʰʠʨʝˁʘ ( 1/
0
ʂ ) ʦʜʥʦʩʠ ʩʝ ʥʘ ʠʟʜʫʞʝˁʝ ʰʪʘʧʘ ʿʝʜʠʥʠʯʥʝ ʜʫʞʠʥʝ, ʢʦʿʠ ʿʝ 

ʟʘʛʨʝʿʘʥ ʟʘ 1
0
ʂ. ʆʚʘ ʦʩʦʙʠʥʘ ʿʝ ʥʘʨʦʯʠʪʦ ʙʠʪʥʘ ʧʨʠ ʟʘʚʘʨʠʚʘˁʫ ʠ ʣʠʚʝˁʫ. 
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ɽʣʝʢʪʨʠʯʥʘ ʧʨʦʚʦʜˀʠʚʦʩʪ (ɋm
-1
) ʦʜʥʦʩʠ ʩʝ ʥʘ ʩʚʦʿʩʪʚʦ ʤʘʪʝʨʿʘʣʘ ʜʘ ʧʨʦʚʦʜʠ ʝʣʝʢʪʨʠʯʥʫ ʩʪʨʫʿʫ. 

ɽʣʝʢʪʨʠʯʥʘ ʩʪʨʫʿʘ ʧʨʝʩʪʘʚˀʘ ʫʩʤʝʨʝʥʦ ʢʨʝʪʘˁʝ ʥʘʝʣʝʢʪʨʠʩʘˁʘ. ʄʝʪʘʣʠ ʩʫ ʜʦʙʨʠ ʧʨʦʚʦʜʥʠʮʠ. ɺʝʣʠʯʠʥʘ 

ʨʝʮʠʧʨʦʯʥʘ ʝʣʝʢʪʨʠʯʥʦʿ ʧʨʦʚʦʜʥʦʩʪʠ ʿʝ ʝʣʝʢʪʨʠʯʥʘ ʦʪʧʦʨʥʦʩʪ ʢʦʿʘ ʟʘʧʨʘʚʦ ʧʨʝʩʪʘʚˀʘ ʩʧʦʩʦʙʥʦʩʪ 

ʤʘʪʝʨʿʘʣʘ ʜʘ ʩʝ ʩʫʧʨʦʩʪʘʚʠ ʧʨʦʪʠʮʘˁʫ ʝʣʝʢʪʨʠʯʥʝ ʩʪʨʫʿʝ. ʇʨʝʤʘ ʩʧʦʩʦʙʥʦʩʪʠ ʟʘ ʧʨʦʚʦʹʝˁʝ ʤʘʪʝʨʿʘʣʠ ʩʝ 

ʜʝʣʝ ʥʘ ʧʦʨʦʚʦʜʥʠʢʝ, ʧʦʣʫʧʨʦʚʦʜʥʠʢʝ ʠ ʠʟʦʣʘʪʦʨʝ. 

 

ʄʘʛʥʝʪʥʘ ʩʚʦʿʩʪʚʘ ʤʘʪʝʨʿʘʣʘ ʦʜʥʦʩʝ ʩʝ ʥʘ ʧʦʥʘʰʘˁʝ ʤʘʪʝʨʿʘʣʘ ʫ ʤʘʛʥʝʪʥʦʤ ʧʦˀʫ. ʅʘ ʦʩʥʦʚʫ ʦʚʦʛʘ 

ʤʘʪʝʨʿʘʣʠ ʩʝ ʤʦʛʫ ʧʦʜʝʣʠʪʠ ʥʘ: 

- ʜʠʿʘʤʘʛʥʝʪʥʝ ʤʘʪʝʨʿʘʣʝ ɛr < 1 

- ʧʘʨʘʤʘʛʥʝʪʥʝ ʤʘʪʝʨʿʘʣʝ ɛr  > 1 

- ʬʝʨʦʤʘʛʥʝʪʥʝ ʤʘʪʝʨʿʘʣʝ ɛr >> 1 

ʋ ʦʚʦʤ ʩʣʫʯʘʿʫ  ɛr  ʧʨʝʩʪʘʚˀʘ ʤʘʛʥʝʪʥʫ ʧʝʨʤʘʙʠʣʥʦʩʪ 

ɿʘ ʥʘʩ ʩʫ ʚʝʦʤʘ ʟʥʘʯʘʿʥʠ ʬʝʨʦʤʘʛʥʝʪʥʠ ʤʘʪʝʨʿʘʣʠ ʿʝʨ ʿʝ ʫ ˁʠʤʘ ʤʘʛʥʝʪʥʦ ʧʦˀʝ ʟʥʘʪʥʦ ʿʘʯʝ ʥʝʛʦ ʫ 

ʚʘʟʜʫʭʫ (ɛr ʧʫʪʘ). 

 

2. ʄʝʭʘʥʠʯʢʘ ʩʚʦʿʩʪʚʘ ʤʘʪʝʨʿʘʣʘ ʩʫ ʩʚʦʿʩʪʚʘ ʢʦʿʘ ʦʧʠʩʫʿʫ ʥʘʯʠʥ ʥʘ ʢʦʿʠ ʤʘʪʝʨʿʘʣ ʦʜʛʦʚʘʨʘ ʥʘ ʧʨʦʤʝʥʫ 

ʦʧʪʝʨʝ˂ʝˁʘ ( ʩʠʣʫ ). ʆʩʥʦʚʥʘ ʤʝʭʘʥʠʯʢʘ ʩʚʦʿʩʪʚʘ ʤʘʪʝʨʿʘʣʘ ʩʫ: 

  

ʯʚʨʩʪʦ˂ʘ ï ʩʧʦʩʦʙʥʦʩʪ ʤʘʪʝʨʿʘʣʘ ʜʘ ʧʨʫʞʠ ʦʪʧʦʨ ʨʘʟʘʨʘˁʫ ʠ ʧʦʿʘʚʠ ʜʝʬʦʨʤʘʮʠʿʘ ʧʨʠ ʜʝʣʦʚʘˁʫ 

ʩʧʦˀʘʰˁʠʭ ʩʠʣʘ. 

 

ʪʚʨʜʦ˂ʘ ï ʦʪʧʦʨ ʢʦʿʠ ʤʘʪʝʨʿʘʣ ʧʨʫʞʘ  ʧʨʠ ʧʦʿʘʚʠ ʜʝʬʦʨʤʘʮʠʿʘ ʫ ʧʦʚʨʰʠʥʩʢʦʤ ʩʣʦʿʫ ʧʨʠ ʣʦʢʘʣʥʦʤ 

ʜʝʿʩʪʚʫ ʢʦʥʪʘʢʪʥʦʛ ʦʧʪʝʨʝ˂ʝˁʘ. 

 

ʝʣʘʩʪʠʯʥʦʩʪ ï ʩʧʦʩʦʙʥʦʩʪ ʤʘʪʝʨʿʘʣʘ ʜʘ ʩʝ ʚʨʘʪʠ ʫ ʧʨʚʦʙʠʪʥʠ ʦʙʣʠʢ ( ʣʠʚʝˁʝʤ, ʚʘˀʘˁʝʤ ʠ ʠʟʚʣʘʯʝˁʝʤ) 

ʧʦʩʣʝ ʧʨʝʩʪʘʥʢʘ ʜʝʿʩʪʚʘ ʩʧʦˀʘʰˁʝ ʩʠʣʝ 

 

ʧʣʘʩʪʠʯʥʦʩʪ ï ʩʧʦʩʦʙʥʦʩʪ ʤʘʪʝʨʿʘʣʘ ʜʘ ʤʝˁʘ ʦʙʣʠʢ ( ʣʠʚʝˁʝʤ, ʚʘˀʘˁʝʤ ʠ ʠʟʚʣʘʯʝˁʝʤ ) ʙʝʟ ʧʨʝʢʠʜʘ 

ʤʝʹʫʘʪʦʤʩʢʠʭ ʚʝʟʘ 

 

ʞʠʣʘʚʦʩʪ ï ʩʧʦʩʦʙʥʦʩʪ ʤʘʪʝʨʿʘʣʘ ʜʘ ʘʧʩʦʨʙʫʿʝ ʤʝʭʘʥʠʯʢʫ ʝʥʝʨʛʠʿʫ ʫʜʘʨʘ ʠ ʜʘ ʩʝ ʧʨʠ ʪʦʤʝ ʧʦʿʘʚʠ 

ʟʥʘʯʘʿʥʘ ʧʣʘʩʪʠʯʥʘ ʜʝʬʦʨʤʘʮʠʿʘ ʧʨʝ ʣʦʤʘ. 

 

ʆʚʘ ʩʚʦʿʩʪʚʘ ʩʝ ʦʜʨʝʹʫʿʫ ʫ ʣʘʙʦʨʘʪʦʨʠʿʠ, ʧʦʜ ʩʪʨʦʛʦ ʜʝʬʠʥʠʩʘʥʠʤ ʫʩʣʦʚʠʤʘ, ʧʨʠʤʝʥʦʤ ʩʪʘʥʜʘʨʜʥʠʭ 

ʧʨʦʮʝʜʫʨʘ ʠ ʥʘ ʩʧʝʮʠʬʠʯʥʦ ʧʨʠʧʨʝʤˀʝʥʠʤ ʫʟʦʨʮʠʤʘ ( ʝʧʨʫʚʝʪʠ). ʄʝʭʘʥʠʯʢʘ ʠ ʬʠʟʠʯʢʘ ʩʚʦʿʩʪʚʘ 

ʤʘʪʝʨʿʘʣʘ ʩʫ ʜʘʪʘ ʫ ʪʘʙʝʣʠ. 
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ʇʦʣʫʧʨʦʠʟʚʦʜʠ ʢʦʿʠ ʩʝ ʢʦʨʠʩʪʝ ʫ ʤʘʰʠʥʩʪʚʫ (ʣʠʤʦʚʠ, ʮʝʚʠ, ʧʨʦʬʠʣʠ) 

 

ʃʠʤ ʧʨʝʩʪʘʚˀʘ ʪʘʥʢʫ ʧʣʦʯʫ ʦʜ ʤʝʪʘʣʘ ʠʣʠ ʣʝʛʫʨʘ ʤʝʪʘʣʘ. ʃʠʤ ʩʝ ʫ ʧʦʯʝʪʢʫ ʠʩʢˀʫʯʠʚʦ ʧʨʦʠʟʚʦʜʠʦ ʦʜ 

ʛʚʦʞʹʘ ʜʘʙʠ ʩʝ ʢʘʩʥʠʿʝ ʢʦʨʠʩʪʠʣʠ ʜʨʫʛʠ ʤʝʪʘʣʠ, ʣʝʛʫʨʝ ʧʘ ʯʘʢ ʠ ʜʦʜʘʮʠ ʦʜ ʥʝʤʝʪʘʣʘ. 

ɺʨʩʪʝ ʣʠʤʦʚʘ 

ʋ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʧʦʪʨʝʙʥʠʭ ʦʩʦʙʠʥʘ ʠ ʥʘʤʝʥʝ ʣʠʤʦʚʠ ʩʝ ʧʨʦʠʟʚʦʜʝ ʦʜ ʨʘʟʣʠʯʠʪʠʭ ʤʘʪʝʨʿʘʣʘ ʠ ʣʝʛʫʨʘ. 

- ɻʚʦʟʜʝʥʠ ʣʠʤ ʩʝ ʟʙʦʛ ʚʝʣʠʢʝ ʯʚʨʩʪʦ˂ʝ ʢʦʨʠʩʪʠ ʟʘ ʠʟʨʘʜʫ ʤʦʥʪʘʞʥʠʭ ʦʙʣʝʢʘʨʘ ʠ ʟʘ ʢʨʦʚʥʝ 

ʢʦʥʩʪʨʫʢʮʠʿʝ. 

- ʇʦʮʠʥʢʦʚʘʥʠ ʣʠʤ ʟʙʦʛ ʟʘʰʪʠʪʝ ʦʜ ʢʦʨʦʟʠʿʝ ʥʘ ʛʚʦʞʹʫ ʩʝ ʥʘʥʦʩʠ ʩʣʦʿ ʮʠʥʢʘ. ʆʚʘʿ ʣʠʤ ʩʝ ʢʦʨʠʩʪʠ 

ʟʘ ʠʟʨʘʜʫ ʢʨʦʚʦʚʘ ʠ ʦʣʫʢʘ.. 

- ʇʣʘʩʪʠʬʠʮʠʨʘʥʠ ʣʠʤ ï ʢʦʜ ʦʚʦʛ ʣʠʤʘ ʤʝʪʘʣ ʩʝ ʧʨʝʚʣʘʯʠ ʩʣʦʿʝʤ ʧʣʘʩʪʠʯʥʝ ʤʘʩʝ ʜʘ ʙʠ ʩʝ ʩʧʨʝʯʠʣʘ 

ʢʦʨʦʟʠʿʘ ʠ ʦʙʝʟʙʝʜʠʣʘ ʟʘʰʪʠʪʘ ʦʜ ʢʠʩʝʣʠʥʘ. ʇʣʘʩʪʠʬʠʮʠʨʘʥʠ ʣʠʤ ʩʝ ʥʘʿʯʝʰ˂ʝ ʢʦʨʠʩʪʠ ʟʘ ʧʦʢʨʠʚʘˁʝ 

ʦʙʿʝʢʘʪʘ ʿʝʨ ʩʝ ʜʦʙʠʿʘʿʫ ʣʘʢʝ, ʿʘʢʝ ʠ ʚʦʜʦʦʪʧʦʨʥʝ ʢʨʦʚʥʝ ʢʦʥʩʪʨʫʢʮʠʿʝ. 

- ɸʣʫʤʠʥʠʿʫʤʩʢʠ ʣʠʤ ʦʜ ʘʣʫʤʠʥʠʿʫʤʘ ʠ ʣʝʛʫʨʝ ʘʣʫʤʠʥʠʿʫʤʘ ʩʝ ʢʦʨʠʩʪʠ ʟʘ ʣʘʢʝ ʢʨʦʚʥʝ 

ʢʦʥʩʪʨʫʢʮʠʿʝ ʠʣʠ ʜʝʣʦʚʝ ʟʘ ʧʣʦʚʥʝ ʦʙʿʝʢʪʝ ʠ ʣʝʪʠʣʠʮʝ. 

- ɹʘʢʘʨʥʠ ʣʠʤ ï ʙʘʢʘʨ ʿʝ ʣʘʢ ʟʘ ʦʙʣʠʢʦʚʘˁʝ, ʧʨʦʚʦʹʝˁʝ ʪʦʧʣʦʪʝ  ʠ ʦʪʧʦʨʘʥ ʿʝ ʥʘ ʢʦʨʦʟʠʿʫ. ʆʚʠ 

ʣʠʤʦʚʠ ʩʝ ʢʦʨʠʩʪʝ ʟʘ ʫʢʨʘʩʥʝ ʧʦʚʨʰʠʥʝ ʠ ʢʨʦʚʦʚʝ.  

- ʏʝʣʠʯʥʠ ʣʠʤ ʠʣʠ ʧʨʦʭʨʦʥʩʢʠ ʣʠʤ ʦʜ ʯʝʣʠʢʘ, ʩʝ ʢʦʨʠʩʪʠ ʟʙʦʛ ʩʚʦʿʝ ʯʚʨʩʪʦ˂ʝ ʟʘ        ʣʘʢʝ ʥʦʩʝ˂ʝ 

ʢʦʥʩʪʨʫʢʮʠʿʝ. 

 

ʎʝʚ  ʧʨʝʩʪʘʚˀʘ ʚʘˀʢʘʩʪʠ ʰʫʧʘˀ ʮʠʣʠʥʜʘʨ ʟʘ ʧʨʝʥʦʩ ʤʘʪʝʨʿʘʣʘ ʫ ʪʝʯʥʦʤ ʠ ʛʘʩʦʚʠʪʦʤ ʩʪʘˁʫ. ʎʝʚʠ ʩʝ 
ʧʨʘʚʝ ʦʜ ʨʘʟʣʠʯʠʪʠʭ ʤʘʪʝʨʿʘʣʘ ʠ ʠʤʘʿʫ ʦʛʨʦʤʥʫ ʧʨʠʤʝʥʫ. ʄʠ ˂ʝʤʦ ʥʘʙʨʦʿʘʪʠ ʥʝʢʝ ʦʜ ʤʘʪʝʨʿʘʣʘ ʦʜ ʢʦʿʠʭ 

ʩʝ ʧʨʘʚʝ ʮʝʚʠ. 

- ʆʣʦʚʥʝ ʮʝʚʠ ʩʝ ʧʨʦʠʟʚʦʜʝ ʫ ʨʘʟʣʠʯʠʪʠʤ ʧʨʝʯʥʠʮʠʤʘ. ʃʘʢʦ ʩʝ ʦʙʨʘʹʫʿʫ ʘʣʠ ʠ ʦʰʪʝ˂ʫʿʫ. ʉʧʘʿʘʿʫ 

ʩʝ ʣʝʤˀʝˁʝʤ ʢʘʣʘʿʝʤ. ʅʝ ʩʤʝʿʫ ʩʝ ʢʦʨʠʩʪʠʪʠ ʫ ʠʥʩʪʘʣʘʮʠʿʘʤʘ ʪʦʧʣʝ ʚʦʜʝ. 

- ɹʘʢʘʨʥʝ ʮʝʚʠ ï ʧʦʛʦʜʥʝ ʩʫ ʟʘ ʠʥʩʪʘʣʘʮʠʿʫ ʪʦʧʣʝ ʚʦʜʝ ʠ ʧʨʠʢˀʫʯʘʢ ʚʦʜʦʚʦʜʘ ʧʘ ʩʝ ʢʦʨʠʩʪʝ ʟʘ 

ʜʦʚʦʜ ʫ ʧʨʦʪʦʯʥʝ ʙʦʿʣʝʨʝ ʠ ʩʣʠʯʥʦ. ʉʧʘʿʘˁʝ ʩʝ ʚʨʰʠ ʟʘʚʘʨʠʚʘˁʝʤ, ʣʝʤˀʝˁʝʤ ʠ ʩʣʠʯʥʦ. 

- ʇʣʘʩʪʠʯʥʝ ʮʝʚʠ ï ʋ ʭʝʤʠʿʩʢʦʿ ʠʥʜʫʩʪʨʠʿʠ, ʧʝʪʨʦʭʝʤʠʿʠ ʧʨʦʠʟʚʦʜʝ ʩʝ ʮʝʚʠ ʦʜ ʧʦʣʠʚʠʥʠʣʭʣʦʨʠʜʘ 

ʧʦʜ ʥʘʟʠʚʦʤ PVC ʮʝʚʠ, ʦʜ ʧʦʣʠʝʪʠʣʝʥʘ ʥʠʩʢʝ ʛʫʩʪʠʥʝ ʠ ʩʣ. ʎʝʚʠ ʩʫ ʦʙʦʩʪʨʘʥʦ ʛʣʘʪʢʝ. ɱʝʜʥʘ ʦʜ 

ʜʦʙʨʠʭ ʦʩʦʙʠʥʘ ʿʝ ʜʘ ʥʝ ʢʦʨʦʜʠʨʘʿʫ, ʟʘʪʠʤ ʤʘʣʝ ʩʫ ʪʝʞʠʥʝ, ʪʨʘʿʫ ʠ ʜʦ 50 ʛʦʜʠʥʘ.. ɺʝʦʤʘ ʩʝ ʣʘʢʦ 

ʦʙʨʘʹʫʿʫ ʨʫʯʥʠʤ ʘʣʘʪʦʤ. ʊʘʢʦʹʝ ʩʫ ʦʪʧʦʨʥʠ ʥʘ ʩʨʝʜʩʪʚʘ ʟʘ ʧʨʘˁʝ, ʩʣʘʥʫ ʚʦʜʫ, ʫˀʘ ʟʙʦʛ ʯʝʛʘ ʩʝ 

ʢʦʨʠʩʪʝ ʫ ʚʦʜʦʚʦʜʥʦʿ ʢʫ˂ʥʦʿ ʠʥʩʪʘʣʘʮʠʿʠ. 
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-  

ʇʨʦʬʠʣʠ ʩʫ ʦʙʣʠʢʦʚʘʥʝ ʮʝʚʠ ʨʘʟʣʠʯʠʪʦʛ ʦʙʣʠʢʘ ʢʦʿʠ ʠʤʘʿʫ ʚʝʣʠʢʫ ʧʨʠʤʝʥʫ ʫ ʛʨʘʹʝʚʠʥʘʨʩʪʚʫ. ʇʨʘʚʝ 

ʩʝ ʦʜ ʯʝʣʠʢʘ, ʘʣʫʤʠʥʠʿʫʤʘ PVC-a. ʋ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʧʨʠʤʝʥʝ ʧʨʦʬʠʣʠ ʩʝ ʧʨʘʚʝ ʦʜ ʨʘʟʣʠʯʠʪʦʛ ʦʙʣʠʢʘ. ʄʠ 

˂ʝʤʦ ʚʠʜʝʪʠ ʥʝʢʝ ʢʘʨʘʢʨʪʝʨʠʩʪʠʯʥʝ ʢʘʦ ʰʪʦ ʩʫ L, U ʠ T ʧʨʦʬʠʣ. 

 

 

 

 

L ï ʧʨʦʬʠʣ                                      

 
U ï ɕɖɔɚɎɑ 

 
ȸ ï ɕɖɔɚɎɑ 

 
 

ʇʦʣʫʧʨʦʠʟʚʦʜʠ ʢʦʿʠ ʩʝ ʢʦʨʠʩʪʝ ʫ ʛʨʘʹʝʚʠʥʘʨʩʪʚʫ 

 
ɻʨʘʹʝʚʠʥʩʢʠ ʤʘʪʝʨʿʘʣ ʿʝ ʩʚʘʢʘ ʩʪʚʘʨ ʢʦʿʘ ʩʝ ʢʦʨʠʩʪʠ ʫ ʛʨʘʹʝʚʠʥʘʨʩʪʚʫ. ɻʨʘʹʝʚʠʥʩʢʠ ʤʘʪʝʨʿʘʣʠ ʩʝ ʧʦ 

ʧʦʨʝʢʣʫ ʜʝʣʝ ʥʘ ʧʨʠʨʦʜʥʝ ʠ ʚʝʰʪʘʯʢʝ, ʧʦ ʥʘʤʝʥʠ ʟʘ ʚʠʩʦʢʦʛʨʘʜˁʫ ʠ ʥʠʩʢʦʛʨʘʜˁʫ, ʘ ʧʦʩʘʩʪʘʚʫ ʥʘ ʧʨʦʩʪʝ 

ʠ ʩʣʦʞʝʥʝ (ʢʦʿʝ ʥʘʩʪʘʿʫ ʩʧʘʿʘˁʝʤ ʧʨʦʩʪʠʭ). ʅʧʨ. ɹʝʪʦʥ ʥʘʩʪʘʿʝ ʤʝʰʘʚʠʥʦʤ ʰˀʫʥʢʘ , ʮʝʤʝʥʪʘ ʠ ʚʦʜʝ. ʇʦ 

ʢʦʥʩʪʨʫʢʪʠʚʥʠʤ ʩʚʦʿʩʪʚʠʤʘ ʜʝʣʝ ʩʝ ʥʘ ʥʦʩʝ˂ʝ ʠ ʚʝʟʠʚʥʝ ʤʘʪʝʨʿʘʣʝ. 

ʆʧʠʩʘ˂ʝʤʦ ʥʝʢʝ ʦʜ ʛʨʘʹʝʚʠʥʩʢʠʭ ʤʘʪʝʨʿʘʣʘ. 

ʎʝʤʝʥʪ ʿʝ ʭʠʜʨʘʫʣʠʯʥʦ ʤʠʥʝʨʘʣʥʦ ʚʝʟʠʚʦ ʢʦʿʝ ʩʝ ʜʦʙʠʿʘ ʤʣʝʚʝˁʝʤ ʪʟʚ. ʇʦʨʪʣʘʥʪ ʮʝʤʝʥʪʥʦʛ ʢʣʠʥʢʝʨʘ, 

ʦʜʥʦʩʥʦ ʚʝʰʪʘʯʢʦʛ ʢʘʤʝʥʦʛ ʤʘʪʝʨʿʘʣʘ ʢʦʿʠ ʩʝ ʩʪʚʘʨʘ ʧʝʯʝˁʝʤ ʢʨʝʯˁʘʢʘ ʠ ʛʣʠʥʝ ʥʘ ʪʝʤʧʝʨʘʪʫʨʠ ʧʝʯʝˁʘ 

ʦʜ 1350 ʜʦ 1450 
0
C. ɼʦʙʠʦ ʿʝ ʥʘʟʠʚ ʧʦ ʢʨʝʯˁʘʯʢʦʿ ʩʪʝʥʠ  ʦʩʪʨʚʘ 

ʇʦʨʪʣʘʥʜ. 

 

ʇʦʩʪʦʿʝ ʜʚʝ ʢʘʪʝʛʦʨʠʿʝ ʠ ʪʦ ʧʦʨʪʣʘʥ ʠ ʘʣʫʤʠʥʠʿʫʤʩʢʠ ʮʝʤʝʥʪ. 
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ʇʦʨʪʣʘʥʜ ʮʝʤʝʥʪ ʥʝʤʘ ʜʨʫʛʠʭ ʩʘʩʪʦʿʘʢʘ ʦʩʠʤ ʦʥʠʭ ʢʦʿʠ ʫʣʘʟʝ ʫ ʩʘʩʪʘʚ ʧʦʨʪʣʘʥʜ ʮʝʤʝʥʪʥʦʛ ʢʣʠʥʢʝʨʘ, 

ʠʟʫʟʝʚ ʜʦʜʘʪʘʢʘ ʛʠʧʩʘ ʢʦʿʠ ʿʝ ʥʝʦʧʭʦʜʘʥ ʨʘʜʠ ʨʝʛʫʣʠʩʘˁʘ ʚʨʝʤʝʥʘ ʚʝʟʠʚʘˁʘ. ʆʚʦ ʿʝ ʥʘʿʟʥʘʯʘʿʥʠʿʘ ʚʨʩʪʘ 

ʮʝʤʝʥʪʘ, ʧʦʰʪʦ ʦʥ ʧʨʝʩʪʘʚˀʘ ʦʩʥʦʚ ʟʘ ʜʦʙʠʿʘˁʝ ʜʨʫʛʠʭ ʚʨʩʪʘ ʮʝʤʝʥʘʪʘ. 

ɸʣʫʤʠʥʠʿʫʤʩʢʠ ʮʝʤʝʥʪ ʿʝ ʮʝʤʝʥʪ ʢʦʿʠ ʩʝ ʜʦʙʠʿʘ ʞʘʨʝˁʝʤ ʤʝʰʦʚʠʪʠʭ ʢʨʝʯˁʘʢʘ ʠ ʙʦʢʩʠʪʘ ʫʟ ʜʦʜʘʪʢʝ 

ʩʠʣʠʮʠʿʫʤ ʦʢʩʠʜʘ ʠ ʦʢʩʠʜʘ ʛʚʦʞʹʘ. ɾʘʨʝˁʝ ʩʝ ʚʨʰʠ ʫ ʩʧʝʮʠʿʘʣʥʠʤ ʝʣʝʢʪʨʦʧʝ˂ʠʤʘ ʥʘ ʪʝʤʧʝʨʘʪʫʨʘʤʘ ʦʜ 

1500 ʜʦ 1550
 0
C. ʇʦʩʣʝ ʬʠʥʝ ʦʙʨʘʜʝ ʦʚʘʢʦ ʜʦʙʠʿʝʥʦʛ ʘʣʫʤʠʥʠʿʫʤʩʢʦʛ ʢʨʠʥʢʝʪʘ ʜʦʙʠʿʝʥʠ ʮʝʤʝʥʪ ʩʝ ʤʦʞʝ 

ʦʜʤʘʭ ʫʧʦʪʨʝʙʠʪʠ. 

 

ʂʨʝʯ ʿʝ ʤʝʰʦʚʠʪʠ ʛʨʘʹʝʚʠʥʩʢʠ ʤʘʪʝʨʿʘʣ. 

ɾʠʚʠ ʢʨʝʯ (CaO) ʜʦʙʠʿʘ ʩʝ ʧʝʯʝˁʝʤ ʢʨʝʯˁʘʢʘ ʠ ʜʦʣʦʤʠʪʘ (ʩʝʜʠʤʝʥʪʥʘ ʩʪʝʥʘ ʠ ʤʠʥʝʨʘʣ) ʥʘ 

ʪʝʤʧʝʨʘʪʫʨʠ ʦʜ 1000 ʜʦ 1200
0
C ʫ ʚʠʩʦʢʦʤ ʧʝ˂ʠʤʘ. 

ʅʘʢʦʥ ʧʝʯʝˁʘ  ʤʦʞʝ ʙʠʪʠ ʫ ʛʨʫʤʝʥʫ ʠʣʠ ʩʘʤˀʝʚʝʥ ʫ ʧʨʘʭ ʧʨˀʘʚʦ ʙʝʣʝ ʙʦʿʝ. 

ɻʘʰʝʥʠ ʢʨʝʯ ʩʝ ʜʦʙʠʿʘ ʛʘʰʝˁʝʤ ʞʠʚʦʛ ʢʨʝʯʘ. ʂʨʝʯ ʩʝ ʛʘʩʠ ʥʘ ʪʘʿ ʥʘʯʠʥ ʰʪʦ ʩʝ ʩʘʥʜʫʢ ʟʘ ʛʘʰʝˁʝ 

ʥʘʧʫʥʠ ʠʟʚʝʩʥʦʤ ʢʦʣʠʯʠʥʦʤ ʞʠʚʦʛ ʢʨʝʯʘ, ʧʘ ʩʝ ʟʘʪʠʤ ʜʦʣʠʚʘ ʚʦʜʘ. ʂʨʝʯ ʩʝ ʨʘʩʧʘʜʘ ʠ ʛʘʩʠ ʨʘʟʚʠʿʘʿʫ˂ʠ 

ʪʝʤʧʝʨʘʪʫʨʫ ʦʜ ʦʢʦ 150
0
C. ɿʙʦʛ ʪʦʛʘ ʩʝ ʤʝʰʘ ʠʟʚʝʩʥʠʤ ʘʣʘʪʦʤ.. ʇʨʠʤʝˁʫʿʝ ʩʝ ʟʘ ʫʥʫʪʨʘʰˁʝ ʠ 

ʩʧʦˀʘʰˁʝ ʢʨʝʯʝˁʝ, ʟʘʰʪʠʪʫ ʚʦ˂ˁʘʢʘ ʦʜ ʠʥʩʝʢʘʪʘ ʢʘʦ ʠ ʚʝʟʠʚʦ ʟʘ ʢʨʝʯʥʝ ʠ ʢʨʝʯ ʮʝʤʝʥʪʥʝ ʤʘʣʪʝʨʝ. 

 

 ɻʠʧʩ ʿʝ ʚʨʣʦ ʤʝʢʘʥ ʤʘʪʝʨʿʘʣ ʧʦ ʭʝʤʠʿʩʢʦʤ ʩʘʩʪʘʚʫ ʢʘʣʮʠʿʫʤ ʩʫʣʬʘʜ ʜʝʭʠʜʨʘʪ. ʂʘʜʘ  

ʩʝ ʭʠʜʨʠʨʘ, ʜʝʭʠʜʨʦʚʘʥ ʧʨʘʭ ʢʘʣʮʠʿʫʤ ʩʫʣʬʘʪ, ʛʫʙʠ ʢʨʠʩʪʘʣʥʫ 

ʩʪʨʫʢʪʫʨʫ ʠ ʩʪʚʘʨʘ ʯʚʨʩʪʫ ʤʘʩʫ ʢʦʿʘ ʩʝ ʢʦʨʠʩʪʠ ʫ ʛʨʘʹʝʚʠʥʘʨʩʪʚʫ. 

ɻʠʧʩ ʩʝ ʥʘʿʚʠʰʝ ʢʦʨʠʩʪʠ ʢʘʦ ʛʨʘʹʝʚʠʥʩʢʠ ʤʘʪʝʨʿʘʣ ʟʘ ʧʦʧʫˁʘʚʘˁʝ 

ʚʝ˂ʠʭ ʨʫʧʘ ʥʘ ʟʠʜʦʚʠʤʘ ʠ ʧʣʘʬʦʥʠʤʘ ʠ ʬʫʛʦʚʘˁʝ ʛʠʧʩ ʢʘʨʪʦʥʩʢʠʭ 

ʧʣʦʯʘ. 

 

 

ɹʝʪʦʥ ʿʝ ʛʨʘʹʝʚʠʥʩʢʠ ʤʘʪʝʨʿʘʣ ʢʦʿʠ ʩʝ ʧʨʘʚʠ ʫʛʣʘʚʥʦʤ ʦʜ 

ʮʝʤʝʥʪʘ, ʘʛʨʝʛʘʪʘ  

 

(ʫʛʣʘʚʥʦʤ ʰˀʫʥʢʘ ʠ ʧʝʩʢʘ) ʠ ʚʦʜʝ. 

ɹʝʪʦʥ ʦʯʚʨʰ˂ʘʚʘ ʧʦʩʣʝ ʤʝʰʘˁʘ ʠ ʫʛʨʘʜˁʝ ʧʨʦʮʝʩʘ ʢʦʿʠ ʩʝ 

ʥʘʟʠʚʘ ʭʠʜʨʘʪʘʮʠʿʘ. ɺʦʜʘ ʨʝʘʛʫʿʝ ʩʘ ʮʝʤʝʥʪʦʤ, ʢʦʿʠ ʦʯʚʨʰ˂ʘʚʘ ʠ 

ʚʝʟʫʿʝ ʦʩʪʘʣʝ ʢʦʤʧʦʥʝʥʪʝ ʫ ʩʤʝʰʠ, ʯʠʤʝ ʩʝ ʥʘ ʢʨʘʿʫ ʜʦʙʠʿʘ ʯʚʨʩʪ 

ʤʘʪʝʨʿʘʣ. ʋ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʚʝʟʠʚʥʦʛ ʩʨʝʜʩʪʚʘ, ʦʩʠʤ ʮʝʤʝʥʪʘ 

ʤʦʞʝʤʦ ʢʦʨʠʩʪʠʪʠ ʛʠʧʩ (ʛʠʧʩ-ʙʝʪʦʥʠ), ʢʨʝʯ-ʙʝʪʦʥʠ, ʘʩʬʘʣʪ-

ʙʝʪʦʥʠ. ʅʘʿʚʝ˂ʫ ʫʧʦʪʨʝʙʫ ʥʘʨʘʚʥʦ ʠʤʘʿʫ ʙʝʪʦʥʠ 

 ʃʠʚʝˁʝ ʧʦʩʣʦʚʥʝ ʟʛʨʘʜʝ ʙʝʪʦʥʦʤ 

 

 ʢʦʜ ʢʦʿʠʭ ʩʝ ʚʝʟʠʚʥʦ ʩʨʝʜʩʪʚʦ ʢʦʨʠʩʪʠ ʮʝʤʝʥʪ. ʂʦʨʠʩʪʠ ʩʝ ʟʘ 

ʧʨʘʚˀʝˁʝ ʧʫʪʝʚʘ, ʟʛʨʘʜʘ, ʪʝʤʝˀʘ ʠ ʤʦʩʪʦʚʘ. 

 

ʄʘʣʪʝʨ ʿʝ ʚʝʟʠʚʥʠ ʤʘʪʝʨʿʘʣ ʢʦʿʠ ʥʘʩʪʘʿʝ ʤʝʰʘˁʝʤ ʦʩʥʦʚʥʦʛ ʚʝʟʠʚʘ ( ʢʘʦ ʰʪʦ ʩʫ 

ʮʝʤʝʥʪ ʠʣʠ ʨʘʟʥʝ ʚʨʩʪʝ ʢʨʝʯʘ), ʚʦʜʝ ʠʣʠ ʘʛʨʝʛʘʪʘ ï ʧʝʩʢʘ.. 

ʆʩʥʦʚʥʘ ʨʘʟʣʠʢʘ ʠʟʤʝʹʫ ʤʘʣʪʝʨʘ ʠ ʙʝʪʦʥʘ, ʦʩʠʤ ʫ ʚʝʟʠʚʘˁʫ 

(ʟʘ ʙʝʪʦʥ ʢʦʨʠʩʪʠʤʦ ʩʘʤʦ ʮʝʤʝʥʪ, ʘ ʟʘ ʤʘʣʪʝʨʝ ʩʚʘ ʚʝʟʠʚʘ ʠ 

ʢʦʤʙʠʥʘʮʠʿʫ ʠʩʪʠʭ) ʿʝ ʠ ʫ ʘʛʨʝʛʘʪʫ ʢʦʿʠ ʩʝ ʢʦʨʠʩʪʠ. 

ʄʘʣʪʝʨʠ ʜʦʙʠʿʘʿʫ ʥʘʟʠʚʝ ʧʨʝʤʘ ʚʨʩʪʠ ʚʝʟʠʚʘ ʢʦʿʠ ʩʝ ʫ ˁʝʤʫ 

ʢʦʨʠʩʪʝ. ʅʘ ʧʨʠʤʝʨ ʢʨʝʯʥʠ ʤʘʣʪʝʨ ʥʘʩʪʘʿʝ ʢʦʨʠʰ˂ʝˁʝʤ 

ʢʨʝʯʘ ʢʘʦ ʦʩʥʦʚʥʦʛ ʚʝʟʠʚʘ ʠ ʪʦ ʩʫ ʫ ʛʣʘʚʥʦʤ ʤʘʣʪʝʨʠʥʠʩʢʠʭ 

ʯʚʨʩʪʦ˂ʘ ʢʦʿʠ ʩʝ ʢʦʨʠʩʪʝ ʢʘʦ ʦʙʣʦʛʘ. 
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ʍʠʜʨʘʫʣʠʯʥʠ ʤʘʣʪʝʨʠ ʥʘʩʪʘʿʫ ʢʦʨʠʰ˂ʝˁʝʤ ʭʠʜʨʘʫʣʠʯʥʦʛ ʚʝʟʠʚʘ ʥʘ ʧʨʠʤʝʨ ʮʝʤʝʥʪʘ ʠʣʠ 

ʭʠʜʨʘʫʣʠʯʥʦʛ ʢʨʝʯʘ.  

ʄʝʭʘʥʠʯʢʘ ʯʚʨʩʪʦ˂ʘ ʧʦʪʠʯʝ ʦʜ ˁʠʭʦʚʠʭ ʚʝʟʠʚʥʠʭ ʤʘʪʝʨʿʘʣʘ. ʊʘʢʦ ʩʫ ʥʘʿʯʚʨʰ˂ʠ ʤʘʣʪʝʨʠ, ʢʦʿʠ ʩʫ 

ʥʘʤʝˁʝʥʠ ʢʦʥʩʪʨʫʢʪʠʚʥʠʤ ʟʘʭʚʘʪʠʤʘ ʦʥʠ ʦʜ ʮʝʤʝʥʪʘ ʠ ʭʠʜʨʘʫʣʠʯʢʦʛ ʢʨʝʯʘ. 

ʇʨʝʤʘ ʤʝʭʘʥʠʯʢʦʿ ʯʚʨʩʪʦ˂ʠ ʦʙʨʘʟʫʿʫ ʩʝ ʠ ʢʣʘʩʝ. ʈʘʟʣʠʢʫʿʝʤʦ ʪʨʠ ʦʩʥʦʚʥʘ ʪʠʧʘ: 

- MI (ʢʨʝʯʥʠ ʤʘʣʪʝʨ) 

- MII (ʢʨʝʯ/ ʮʝʤʝʥʪ ʭʠʜʨʘʫʣʠʯʥʠ ʤʘʣʪʝʨ ʜʦ 2.50 N/mm
2
) 

- MIIa(ʢʨʝʯ/ʮʝʤʝʥʪ ʤʘʣʪʝʨ ʜʦ 5 N/mm
2
) 

- MIII (ʮʝʤʝʥʪʥʠ ʤʘʣʪʝʨ ʜʦ  10 N/mm
2
) 

- MIII (ʮʝʤʝʥʪʥʠ ʤʘʣʪʝʨ ʜʦ  20 N/mm
2
) 

ʄʘʰʠʥʩʢʠ ʨʫʯʥʠ ʘʣʘʪ 

 
ʋ ʦʚʦʤ ʜʝʣʫ ˂ʝʤʦ ʩʝ ʫʧʦʟʥʘʪʠ ʩʘ ʦʩʥʦʚʥʠʤ ʠ ʥʘʿʯʝʰ˂ʝ ʢʦʨʠʰ˂ʝʥʠʤ ʘʣʘʪʦʤ 

1. ɹʫʰʠʣʠʮʘ 

ɹʫʰʝˁʝ ʿʝ ʚʝʦʤʘ ʟʥʘʯʘʿʘʥ ʠ ʯʝʩʪʦ ʢʦʨʠʰ˂ʝʥ ʧʦʩʪʫʧʘʢ ʧʨʠ ʤʝʭʘʥʠʯʢʦʿ ʦʙʨʘʜʠ. ʇʦʜ ʦʙʨʘʜʦʤ ʙʫʰʝˁʝʤ 

ʧʦʜʨʘʟʫʤʝʚʘʤʦ ʠʟʨʘʜʫ ʦʜʥʦʩʥʦ ʨʝʟʘˁʝʤ ʦʢʨʫʛʣʠʭ ʨʫʧʘ ʫ ʧʫʥʦʤ ʤʘʪʝʨʿʘʣʫ ʧʦʤʦ˂ʫ ʥʘʨʦʯʠʪʦʛ ʘʣʘʪʘ 

ʙʫʨʛʠʿʝ. ʇʦʩʪʦʿʠ ʤʥʦʛʦ ʚʨʩʪʘ ʙʫʰʠʣʠʮʘ. ʄʠ ˂ʝʤʦ ʢʨʘʪʢʦ ʦʙʨʘʜʠʪʠ ʨʫʯʥʫ ʠ ʝʣʝʢʪʨʠʯʥʫ ʙʫʰʠʣʠʮʫ. 

ʈʫʯʥʘ ʙʫʰʠʣʠʮʘ ʿʝ ʧʦʤʦ˂ʥʦ ʩʨʝʜʩʪʚʦ. ʆʚʝ ʙʫʰʠʣʠʮʝ ʩʝ ʢʦʨʠʩʪʝ ʫ ʠʟʫʟʝʪʥʠʤ ʩʣʫʯʘʿʝʚʠʤʘ ʢʘʜʘ ʥʝʤʘʤʦ 

ʤʘʰʠʤʩʢʠʭ ʙʫʰʠʣʠʮʘ. ʋ ʦʚʦʤ ʩʣʫʯʘʿʫ ˂ʝʤʦ ʩʝ ʦʩʚʨʥʫʪʠ ʩʘʤʦ ʥʘ ʨʫʯʥʫ ʝʣʝʢʪʨʠʯʥʫ ʙʫʰʠʣʠʮʫ. 

ʈʫʯʥʘ ʝʣʝʢʪʨʠʯʥʘ ʙʫʰʠʣʠʮʘ ʢʦʨʠʩʪʠ ʝʣʝʢʪʨʠʯʥʠ ʧʦʛʦʥ. ʄʥʦʛʦ ʩʫ ʧʦʛʦʜʥʠʿʝ ʦʜ  

ʙʫʰʠʣʠʮʘ ʩʘ ʨʫʯʥʠʤ ʧʦʛʦʥʦʤ. ʅʘ ʩʣʠʮʠ 1 ʩʫ ʧʨʠʢʘʟʘʥʘ ʜʚʘ 

ʪʠʧʘ. ʇʨʚʠ ʪʠʧ ʩʝ ʢʦʨʠʩʪʝ ʟʘ ʨʫʧʝ ʤʘʣʦʛ, ʘ ʜʨʫʛʠ ʚʝʣʠʢʦʛ 

ʧʨʝʯʥʠʢʘ.. ɿʘ ʦʙʝ ʙʫʰʠʣʠʮʝ ʿʝ ʟʘʿʝʜʥʠʯʢʦ  ʪʦ ʰʪʦ ʩʝ ʥʘʧʘʿʘʿʫ 

ʠʟ ʿʝʜʥʦʛ ʤʘʣʦʛ ʝʣʝʢʪʨʦʤʦʪʦʨʘ (1), ʢʦʿʠ ʧʨʝʢʦ ʧʦʩʝʙʥʦʛ 

ʧʨʝʥʦʩʥʠʢʘ (2) ʚʨʰʠ ʧʦʢʨʝʪʘˁʝ ʨʘʜʥʦʛ ʚʨʝʪʝʥʘ (3). ʉʪʨʫʿʘ 

ʪʨʝʙʘ ʜʘ ʿʝ ʥʠʩʢʦʛ ʥʘʧʦʥʘ ʜʘ ʥʝ ʙʠ ʙʠʣʘ ʦʧʘʩʥʘ ʟʘ ʨʘʜʥʠʢʝ. 

ɿʙʦʛ ʪʦʛʘ ʩʝ ʨʘʜʠ ʧʨʝʜʫʩʪʨʦʞʥʦʩʪʠ ʢʦʨʠʩʪʝ ʟʘʰʪʠʪʥʝ 

ʨʫʢʘʚʠʮʝ ʠ ʚʨʰʠ ʫʟʝʤˀʠʚʘˁʝ, ʜʘ ʙʠ ʩʝ ʩʧʨʝʯʠʣʘ ʝʚʝʥʪʫʘʣʥʘ 

ʦʟʣʝʜʘ ʫʩʣʝʜ ʝʣʝʢʪʨʠʯʥʦʛ ʫʜʘʨʘ. 

ʉʣʠʢʘ 1 ɽʣʝʢʪʨʠʯʥʘ ʙʫʰʠʣʠʮʘ 

 

2. ʊʝʩʪʝʨʘ 

ʊʝʩʪʝʨʠʩʘˁʝ ʿʝ ʧʦʩʪʫʧʘʢ ʦʙʨʘʜʝ ʩʢʠʜʘˁʝʤ ʩʪʨʫʛʦʪʠʥʝ ʧʨʠ 

ʢʦʤʝ ʩʝ ʤʘʪʝʨʿʘʣ ʜʝʣʠ ʠʣʠ ʩʝʯʝ ʥʘ ʜʚʘ ʜʝʣʘ ʧʦʤʦ˂ʫ ʘʣʘʪʘ ʢʦʿʠ 

ʩʝ ʥʘʟʠʚʘ ʪʝʩʪʝʨʘ. 

ʈʫʯʥʘ ʪʝʩʪʝʨʘ ʿʝ ʧʨʠʢʘʟʘʥʘ ʥʘ ʩʣʠʮʠ 2. ʉʘʩʪʦʿʠ ʩʝ ʠʟ ʨʘʤʘ ʠʟ ʨʘʤʘ ʣʫʢʘ (1). ɱʝʜʘʥ  

 ʢʨʘʿ ʣʫʢʘ ʿʝ ʯʚʨʩʪʦ ʫʩʘʹʝʥ ʥʘ ʥʦʩʘʯ (2) ʜʨʰʢʝ (3), ʜʦʢ ʿʝ ʜʨʫʛʠ 

ʢʨʘʿ ʩʧʦʿʝʥ ʩʘ ʚʦʹʠʮʦʤ (4), ʢʨʦʟ ʢʦʿʫ ʧʨʦʣʘʟʠ ʯʝʪʚʨʪʢʘ (5) ʩʘ 

ʚʠʿʢʦʤ (6). ʀʟʤʝʹʫ ʥʦʩʘʯʘ ʜʨʰʢʝ ʠ ʯʝʪʚʨʪʢʝ ʟʘʪʝʞʝ ʩʝ ʣʠʩʪ 

ʪʝʩʪʝʨʝ (7)  

ʩʪʘʚˀʘˁʝʤ ʦʩʦʚʠʥʘ ʯʠʚʠʿʝ (8) ʠ ʟʘʚʨʪʘˁʝʤ  

ʉʣʠʢʘ 2 ʈʫʯʥʘ ʪʝʩʪʝʨʘ 

 

ʢʨʠʣʘʩʪʝ ʥʘʚʨʪʢʝ. ʀʩʧʦʜ ʥʘʚʨʪʢʝ ʥʘʣʘʟʠ ʩʝ ʧʦʜʣʦʞʥʘ ʧʣʦʯʠʮʘ, ʢʦʿʘ ʩʝ ʚʠʜʠ ʥʘ ʩʣʠʮʠ. ɿʫʧʮʠ 10 ʣʠʩʪʘ 

ʪʝʩʪʝʨʝ ʤʦʨʘʿʫ ʙʠʪʠ ʦʢʨʝʥʫʪʠ ʫ ʩʤʝʨʫ ʪʝʩʪʝʨʠʩʘˁʘ. ʃʠʩʪ ʪʝʩʪʝʨʝ ʤʦʨʘ ʙʠʪʠ ʫʚʝʢ ʜʦʚʦˀʥʦ ʟʘʪʝʛʥʫʪ. 

ʉʣʘʙʦ ʟʘʪʝʛʥʫʪ ʣʠʩʪ ʫʚʠʿʘ ʩʝ ʠ ʟʘʧʠˁʝ ʧʨʠ ʩʝʯʝˁʫ, ʫʩʣʝʜ ʯʝʛʘ ʤʦʞʝ ʜʘ ʩʝ ʩʣʦʤʠ ʠ ʥʝ ʜʦʙʠʿʘ ʨʘʚʘʥ ʨʝʟ. 

ʀʩʪʦ ʪʘʢʦ ʥʠʿʝ ʜʦʙʨʦ ʜʘ ʣʠʩʪ ʙʫʜʝ ʩʫʚʠʰʝ ʟʘʪʝʛʥʫʪ. 

 

3. ʊʫʨʧʠʿʘ 
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ʇʦʜ ʪʫʨʧʠʿʘˁʝʤ ʩʝ ʧʦʜʨʘʟʫʤʝʚʘ ʨʫʯʥʘ ʠʣʠ ʤʘʰʠʥʩʢʘ ʦʙʨʘʜʘ ʜʝʣʦʚʘ ʩʢʠʜʘˁʝʤ ʩʪʨʫʛʦʪʠʥʝ ʧʦʤʦ˂ʫ ʘʣʘʪʘ 

ʢʦʿʠ  ʩʝ ʥʘʟʠʚʘ ʪʫʨʧʠʿʘ. ʅʝʢʘʜ ʿʝ ʨʫʯʥʦ ʪʫʨʧʠʿʘˁʝ ʧʨʝʩʪʘʚˀʘʣʦ ʦʩʥʦʚʥʫ ʦʧʝʨʘʮʠʿʫ ʧʨʠ ʦʙʣʠʢʦʚʘˁʫ ʠ 

ʠʟʨʘʜʠ ʿʝʜʥʦʩʪʘʚʥʠʿʠʭ ʠ ʩʣʦʞʝʥʠʿʠʭ ʜʝʣʦʚʘ. ɼʘʥʘʩ ʿʝ ʫ ʩʪʚʘʨʠ ʨʫʯʥʦ ʪʫʨʧʠʿʘˁʝ ʟʘʤʝˁʝʥʦ ʤʘʰʠʥʩʢʠʤ. 

ɼʘʥʘʩ ʩʝ ʨʫʯʥʦ ʪʫʨʧʠʿʘˁʝ ʢʦʨʠʩʪʠ ʢʘʦ ʿʝʜʘʥ ʚʠʜ ʜʦʨʘʜʝ. 

ʈʫʯʥʘ ʪʫʨʧʠʿʘ ʿʝ ʦʩʥʦʚʥʠ ʘʣʘʪ ʟʘ ʪʫʨʧʠʿʘˁʝ ʥʘ ʢʦʤʝ ʩʝ ʥʘʣʘʟʠ ʚʝʣʠʢʠ ʙʨʦʿ ʟʫʙʘʮʘ. ʊʫʨʧʠʿʝ ʩʝ  ʠʟʨʘʹʫʿʫ 

ʦʜ ʯʝʣʠʢʘ, ʠ ʪʦ ʫʛˀʝʥʠʯʥʦʛ ʠ ʣʝʛʠʨʘʥʦʛ. ʊʫʨʧʠʿʘ ʿʝ ʧʨʠʢʘʟʘʥʘ ʥʘ ʩʣʠʮʠ 3. ɽʣʝʤʝʥʪʠ ʪʫʨʧʠʿʝ ʿʝʩʫ ʪʝʣʦ 

(1), ʥʘ ʢʦʤʝ ʩʫ ʠʟʨʘʹʝʥʠ ʟʫʙʠ ʠ ʫʩʘʜʥʠ ʜʝʦ 

(2) , ʢʦʿʠ ʩʣʫʞʠ ʟʘ 

ʥʘʩʹʠʚʘˁʝ ʜʨʰʢʝ.. ʂʘʦ 

ʥʘʟʠʚʥʘ ʜʫʞʠʥʘ ʫʟʠʤʘ ʩʝ 

ʜʫʞʠʥʘ ʪʝʣʘ. ɿʫʙʠ ʪʫʨʧʠʿʝ 

ʤʦʛʫ ʙʠʪʠ ʠʟʨʘʹʝʥʠ 

ʫʪʠʩʢʠʚʘˁʝʤ ʠʣʠ ʨʝʟʘˁʝʤ 

ʪʿ ʩʢʠʜʘˁʝʤ ʩʪʨʫʛʦʪʠʥʝ. ʊʝʣʦ ʪʫʨʧʠʿʝ ʤʦʨʘ ʙʠʪʠ ʢʘˀʝʥʦ, ʪʘʢʦ ʜʘ 

ʟʫʙʠ ʧʦʩʣʝ ʪʝʨʤʠʯʢʝ ʦʙʨʘʜʝ ʠʤʘʿʫ ʜʦʚʦˀʥʫ ʉʣʠʢʘ 3 ʊʫʨʧʠʿʘ                                       

ʪʚʨʜʦ˂ʫ. 

ʊʝʣʦ ʪʫʨʧʠʿʝ ʤʦʞʝ ʠʤʘʪʠ ʨʘʟʣʠʯʠʪʝ ʧʨʝʩʝʢʝ  ʢʦʿʠ ʩʝ ʙʠʨʘʿʫ ʫ 

ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʦʙʣʠʢʘ  

ʦʙʨʘʜʠʚʝ ʧʦʚʨʰʠʥʝ. ʅʘ ʩʣʠʮʠ 4 ʩʫ ʧʨʠʢʘʟʘʥʠ  ʨʘʟʣʠʯʠʪʠ 

ʙʨʘʚʘʨʩʢʠʭ ʪʫʨʧʠʿʘ: ʧʨʘʚʦʣʠʥʠʿʩʢʠ ʠʣʠ ʧˀʦʩʥʘʪʠ (1), ʢʚʘʜʨʘʪʥʠ 

(2), ʪʨʦʫʛʣʘʩʪʠ ( 3), ʦʢʨʫʛʣʠ (4), ʧʦʣʫʦʢʨʫʛʣʠ (5), ʧˀʦʩʥʘʪʠ 

ʧʦʣʫʢʨʫʞʥʠ (6), ʩʘʙˀʘʩʪʠ (7), ʧʦʣʫʩʘʙˀʘʩʪʠ (8), ʥʦʞʘʩʪʠ (9), 

ʦʚʘʣʥʠ (10) ʠ ʩʨʯʘʩʪʠ (11). ʂʦʜ ʚʝ˂ʠʥʝ ʪʫʨʧʠʿʘ ʧʦʧʨʝʯʥʠ ʧʨʝʩʝʢ ʩʝ 

ʩʤʘˁʫʿʝ ʧʨʝʤʘ ʚʨʭʫ. 

ʉʣʠʢʘ 4 ʈʘʟʥʝ ʚʨʩʪʝ ʪʫʨʧʠʿʘ 

 

4. ʏʝʢʠ˂ 

ʏʝʢʠ˂ ʿʝ ʦʩʥʦʚʥʠ ʨʫʯʥʠ ʘʣʘʪ ʢʦʿʠ ʩʝ ʩʚʘʢʦʜʥʝʚʥʦ ʢʦʨʠʩʪʠ ʨʘʜʠ ʩʪʚʘʨʘˁʘ ʫʜʘʨʥʦʛ ʜʝʿʩʪʚʘ ʥʘ ʤʘʪʝʨʿʘʣ 

ʢʦʿʠ ʩʝ ʦʙʨʘʹʫʿʝ. ʏʝʢʠ˂ ʩʝ ʥʘʿʯʝʰ˂ʝ ʧʨʠ ʩʘʚʠʿʘˁʫ, ʨʘʚˁʘˁʫ ʠ ʟʘʢʠʚʘˁʫ. ʂʦʤʙʠʥʫʿʝ ʩʝ ʩʘ ʦʙʝʣʝʞʠʚʘʯʝʤ, 

ʧʨʦʙʦʿʮʝʤ ʠʪʜ. 

ʇʦʩʪʦʿʝ ʨʘʟʣʠʯʠʪʝ ʚʨʩʪʝ ʯʝʢʠ˂ʘ. ʅʘʿʚʠʰʝ ʩʝ ʢʦʨʠʩʪʠ ʙʨʘʚʘʨʩʢʠ ʯʝʢʠ˂ ʢʦʿʠ ʿʝ ʧʨʠʢʘʟʘʥ ʥʘ ʩʣʠʮʠ 5. 

ʉʘʩʪʦʿʠ ʩʝ ʦʜ ʚʨʭʘ (1), ʰʠˀʢʘ ʠʣʠ ʦʰʪʨʠʮʝ (2) ʠ ʩʨʝʜʠʥʝ ʩʘ 

ʦʪʚʦʨʦʤ ʟʘ ʜʨʰʢʫ.ʏʝʣʦ ʠ ʚʨʭ ʯʝʢʠ˂ʘ ʩʣʫʞʝ ʢʘʦ ʫʜʘʨʥʘ ʧʦʚʨʰʠʥʘ. ʋʜʘʨʥʘ ʧʦʚʨʰʠʥʘ ʯʝʢʠ˂ʘ ʿʝ ʫʛʣʘʯʘʥʘ, 

ʘ ʦʩʪʘʣʝ ʦʙʦʿʝʥʘ ʮʨʥʠʤ ʣʘʢʦʤ 

 

 
ʉʣʠʢʘ 5 ɹʨʘʚʘʨʩʢʠ ʯʝʢʠ˂ 

 

ʅʘ ʩʣʠʮʠ 6 ʿʝ ʧʨʠʢʘʟʘʥ ʯʝʢʠ˂ ʢʦʿʠ ʤʦʞʝ ʙʠʪʠ ʦʜ ʙʘʢʨʘ ʠʣʠ 

ʘʣʫʤʠʥʠʿʫʤʘ. ɿʘ ʨʘʜ ʩʘ  

ʥʘ ʚʨʣʦ ʦʩʝʪˀʠʚʠʤ ʜʝʣʦʚʠʤʘ, ʥʘʨʦʯʠʪʦ ʧʨʠ ʤʦʥʪʘʞʠ, 

ʫʧʦʪʨʝʙˀʘʚʘʿʫ ʩʝ ʯʝʢʠ˂ʠ ʦʜ ʜʨʚʝʪʘ, ʛʫʤʝ ʠʣʠ ʧʣʘʩʪʠʯʥʝ ʤʘʩʝ. 

ʅʘ ʩʣʠʮʠ 7 ʿʝ ʧʨʠʢʘʟʘʥ ʯʝʢʠ˂ ʦʜ ʜʨʚʝʪʘ ʢʦʿʠ ʩʝ ʢʦʨʠʩʪʠ ʟʘ 
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ʦʙʨʘʜʫ ʣʠʤʦʚʘ. 

ʉʣʠʢʘ 6 ɹʘʢʘʨʥʠ ʯʝʢʠ˂ 

 

ʆʩʠʤ ʦʚʠʭ ʠʤʘʤʦ ʠ ʯʝʢʠ˂ ʩʘ ʫʣʦʰʢʦʤ (ʩʣʠʢʘ 8). ʆʚʘʿ ʯʝʢʠ˂ ʩʝ ʩʘʩʪʦʿʠ ʠʟ ʢʫ˂ʠʰʪʘ (1) ʦʜ ʣʠʚʝʥʦʛ ʯʝʣʠʢʘ, 

ʫ ʢʦʿʠ ʿʝ ʩʘ ʦʙʝ ʩʪʨʘʥʝ ʩʪʘʚˀʝʥ ʫʣʦʞʘʢ (2) ʦʜ ʜʨʚʝʪʘ, ʧʣʘʩʪʠʯʥʝ ʤʘʩʝ, ʪʚʨʜʝ ʛʫʤʝ ʠ ʩʣʠʯʥʦ. 

 

 
ʉʣʠʢʘ 7 ɼʨʚʝʥʠ ʯʝʢʠ˂                                          ʉʣʠʢʘ 8 ʏʝʢʠ˂ ʩʘ ʫʣʦʰʢʦʤ    

 

ʈʘʜ ʩʘ ʤʘʰʠʥʩʢʠʤ ʨʫʯʥʠʤ ʘʣʘʪʦʤ( ʙʫʰʝˁʝ ʠ ʨʘʜ ʩʘ ʪʫʨʧʠʿʦʤ) 

 
ʈʘʜ ʠ ʧʦʩʪʫʧʮʠ ʧʨʠ ʙʫʰʝˁʫ 

ɼʘ ʙʠ ʩʝ ʠʟʚʨʰʠʣʦ ʧʨʘʚʠʣʥʦ ʙʫʰʝˁʝ ʪʨʝʙʘ ʩʝ ʧʨʠʜʨʞʘʚʘʪʠ ʦʜʨʝʹʝʥʠʭ ʧʨʘʚʠʣʘ 

1. ʇʨʝ ʧʦʯʝʪʢʘ ʙʫʰʝˁʘʪʨʝʙʘ ʮʝʥʪʘʨ  ʨʫʧʝ ʦʙʝʣʝʞʠʪʠ ʜʦʚʦˀʥʦ ʿʘʢʦ ʧʦʜ ʫʛʣʦʤ ʦʜ 90
0
. ɸʢʦ ʩʝ ʟʘʭʪʝʚʘ 

ʧʨʠʙʣʠʞʥʦ ʪʘʯʥʦ ʙʫʰʝˁʝ ʫ ʮʝʥʪʨʫ ʧʨʝʩʝʢʘ ʣʠʥʠʿʘ, ʪʘʜʘ ʩʝ ʧʨʝ ʧʦʿʘʯʘʥʝ ʪʘʯʢʝ ʦʧʠʰʫ ʜʚʘ ʢʨʫʛʘ ʠ ʪʦ 

ʿʝʜʘʥ ʢʨʫʛ ʧʨʝʯʥʠʢʘ ʨʫʧʝ, ʢʦʿʘ ʪʨʝʙʘ ʜʘ ʩʝ ʙʫʰʠ ʠ ʜʨʫʛʠ, ʢʦʥʪʨʦʣʥʠ ʢʨʫʛ ʥʝʰʪʦ ʚʝ˂ʝʛ ʧʨʝʯʥʠʢʘ. ( ʩʣʠʢʘ 

1). 

ʅʘ ʢʨʫʛʫ ʧʨʝʯʥʠʢʘ ʨʫʧʝ ʦʙʝʣʝʞʘʚʘʿʫ ʩʝ ʯʝʪʠʨʠ ʢʦʥʪʨʦʣʥʝ ʪʘʯʢʝ I. 

ʋ ʧʦʯʝʪʢʫ ʩʝ ʦʙʝʣʝʞʘʚʘ ʨʫʧʘ ʤʘʣʦ ʟʘʙʫʰʠ (II) ʠ ʢʦʥʪʨʦʣʠʰʝ ʜʘ 

ʣʠ ʩʫ ʪʘʯʥʦ ʦʙʝʣʝʞʝʥʝ ʪʘʯʢʝ ʥʘ ʢʨʘʿʫ ʧʦʜʿʝʜʥʘʢʦ ʫʜʘˀʝʥʝ ʦʜ 

ʠʚʠʮʘ ʟʘʙʫʰʝʥʝ ʨʫʧʝ. ʋʢʦʣʠʢʦ ʿʝʩʫ ʪʘʜʘ ʩʝ ʨʫʧʘ ʿʦʰ ʤʘʣʦ 

ʟʘʙʫʰʠ, ʪʘʢʦ ʜʘ ʫʹʝ ʮʠʣʠʥʜʨʠʯʥʠ ʜʝʦ ʙʫʨʛʠʿʝ ʠ ʧʦʥʦʚʦ ʩʝ 

ʢʦʥʪʨʦʣʠʰʝ. ʋ ʦʚʦʤ ʩʣʫʯʘʿʫ ʙʫʨʛʠʿʘ ʪʨʝʙʘ ʜʘ ʟʘʭʚʘʪʠ  ʧʦʣʘ ʪʘʯʢʝ 

ʉʣʠʢʘ 1 ʇʦʩʪʫʧʘʢ ʧʨʠ ʙʫʰʝˁʫ ʨʫʧʝ      ʘ ʧʦʣʘ ʪʨʝʙʘ ʜʘ ʩʝ ʚʠʜʠ 

(III).  

ʄʝʹʫʪʠʤʘ ʘʢʦ ʿʝ ʫʙʝʣʝʞʝʥʘ ʪʘʯʢʘ ʤʘʣʘ ʪʘʜʘ ʚʨʭ ʙʫʨʛʠʿʝ ʥʝ˂ʝ 

ʧʦʛʦʜʠʪʠ ʫ ʮʝʥʪʘʨ ʨʫʧʝ (1) ʩʣʠʢʘ 2 

ɿʘʧʦʯʝʪʘ ʨʫʧʘ ʤʦʞʝ ʩʝ ʠʩʧʨʘʚʠʪʠ ʩʝ ʠʩʧʨʘʚʠʪʠ ʦʙʝʣʝʞʠʚʘʯʝʤ 

(2), ʟʘʪʠʤ ʥʘʨʦʯʠʪʠʤ ʩʝʢʘʯʝʤ  (3) ʠʣʠ ʫ ʥʝʢʠʤ ʩʣʫʯʘʿʝʚʠʤʘ 

ʥʘʛʠˁʘˁʝʤ ʜʝʣʘ 4 ʥʘ ʩʫʧʨʦʪʥʫ ʩʪʨʘʥʫ ʦʜ ʦʥʝ ʥʘ ʢʦʿʫ ʿʝ  

ʉʣʠʢʘ 2 ɺʨʘ˂ʘˁʝ ʧʦʛʨʝʰʥʦ ʟʘʙʫʰʝʥʝ ʨʫʧʝ ʫ ʮʝʥʪʘʨ 

 

ʠʟʙʫʰʝʥʘ ʨʫʧʘ ʧʦʙʝʛʣʘ ʜʦʢ ʥʝ ʜʦʹʝ ʫ ʮʝʥʪʘʨ. 

ɸʢʦ ʿʝ ʧʦʪʨʝʙʥʦ ʙʫʰʠʪʠ ʨʫʧʝ ʫ ʩʪʨʦʛʦʤ ʮʝʥʪʨʫ, ʪʘʜʘ ʩʝ ʨʫʧʘ ʠʟʨʘʹʫʿʝ ʩʘ ʧʨʝʜʙʫʰʝˁʝʤ. ʅʘʿʧʨʝ ʩʝ ʨʫʧʘ 

ʙʫʰʠ ʙʫʨʛʠʿʦʤ ʤʘˁʝʛ ʧʨʝʯʥʠʢʘ ʠ ʢʦʥʪʨʦʣʠʰʝ ˁʝʥ ʧʦʣʦʞʘʿ. ɸʢʦ ʩʝ ʥʘʣʘʟʠ ʠʟʚʘʥ ʮʝʥʪʨʘ, ʪʘʜʘ ʩʝ 

ʦʢʨʫʛʣʦʤ ʪʫʨʧʠʿʦʤ ʚʨʘ˂ʘ ʥʘ ʩʚʦʿʝ ʤʝʩʪʦ ʠ ʧʦʩʪʝʧʝʥʦ ʧʨʦʰʠʨʠʿʝ ʚʝ˂ʦʤ ʙʫʨʛʠʿʦʤ ʜʦʢ ʩʝ ʥʝ ʜʦʙʠʿʝ 

ʧʦʪʨʝʙʘʥ ʧʨʝʯʥʠʢ ʨʫʧʝ. 

2. ʊʨʝʙʘ ʢʦʥʪʨʦʣʠʩʘʪʠ ʜʘ ʣʠ ʧʨʝʯʥʠʢ ʙʫʨʛʠʿʝ ʦʜʛʦʚʘʨʘ ʟʘʜʘʪʦʤ ʧʨʝʯʥʠʢʫ ʨʫʧʝ, ʠ ʜʘ ʣʠ ʿʝ ʦʥʘ ʧʨʘʚʠʣʥʦ 

ʥʘʦʰʪʨʝʥʘ. ɹʫʨʛʠʿʘ ʤʦʨʘ ʙʠʪʠ ʥʘʦʰʪʨʝʥʘ ʧʦʜ ʦʜʛʦʚʘʨʘʿʫ˂ʠʤ ʫʛʣʦʤ ʟʘʚʠʩʥʦ ʦʜ ʚʨʩʪʝ ʤʘʪʝʨʿʘʣʘ ʢʦʿʠ ʩʝ 

ʙʫʰʠ. ɸʢʦ ʿʝ ʙʫʨʛʠʿʘ ʜʦʙʨʦ ʥʘʦʰʪʨʝʥʘ, ʪʘʜʘ ʦʙʘ ʛʣʘʚʥʘ ʩʝʯʠʚʘ ʩʝʢʫ ʤʘʪʝʨʿʘʣ (ʩʣʠʢʘ 3). 

ʂʦʜ ʥʝʠʩʧʨʘʚʥʦ ʥʘʦʰʪʨʝʥʠʭ ʙʫʨʛʠʿʘ ʩʘʤʦ ʿʝʜʥʦ ʩʝʯʠʚʦ ʩʝʯʝ 

ʤʘʪʝʨʿʘʣ (II). ʊʦʢʦʤ ʜʫʞʝʛ ʨʘʜʘ ʙʫʨʛʠʿʘ ʩʝ ʪʫʧʠ ʧʘ ʿʝ ʪʨʝʙʘ 

ʙʣʘʛʦʚʨʝʤʝʥʦ ʥʘʦʰʪʨʠʪʠ. 
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ʉʣʠʢʘ 3 ʀʩʧʨʘʚʥʦ ʠ ʥʝʠʩʧʨʘʚʥʦ ʥʘʦʰʪʨʝʥʘ ʙʫʨʛʠʿʘ 

#. ʇʨʝ ʙʫʰʝˁʘ ʪʨʝʙʘ ʦʜʘʙʨʘʪʠ ʠ ʧʦʜʝʩʠʪʠ ʧʦʪʨʝʙʘʥ ʙʨʦʿ ʦʙʨʪʘʿʘ (n) ʨʘʜʥʦʛ ʚʨʝʪʝʥʘ ʙʫʰʠʣʠʮʝ. ʋ ʦʜʥʦʩʫ 

ʥʘ ʧʨʝʯʥʠʢ ʙʫʨʛʠʿʝ ʠ ʚʨʩʪʫ ʤʘʪʝʨʿʘʣʘ ʢʦʿʠ ʩʝ ʙʫʰʠ. ʆʙʠʯʥʦ ʩʝ ʥʘ ʩʚʘʢʦʿ ʙʫʰʠʣʠʮʠ ʥʘʣʘʟʠ ʰʝʤʘ ʧʦʤʦ˂ʫ 

ʢʦʿʝ ʩʝ ʧʦʜʝʰʘʚʘ ʙʨʟʠʥʘ ʨʝʟʘˁʘ. 

4. ʇʨʦʚʝʨʠʪʠ ʜʘ ʣʠ ʩʝ ʦʙʝʣʝʞʝʥʘ ʪʘʯʢʘ ʥʘʣʘʟʠ ʪʘʯʥʦ ʠʩʧʦʜ ʚʨʭʘ ʙʫʨʛʠʿʝ, ʧʘ ʪʝʢ ʦʥʜʘ ʧʦʯʝʪʠ ʧʦʣʘʢʦ ʠ 

ʧʘʞˀʠʚʦ ʙʫʰʝˁʝ ʠ ʧʨʦʚʝʨʠʪʠ ʜʘ ʣʠ ʙʫʨʛʠʿʘ ʫʣʘʟʠ ʫ ʩʨʝʜʠʥʫ ʦʙʝʣʝʞʝʥʦʛ ʢʨʫʛʘ. ɿʘ ʚʨʝʤʝ ʙʫʰʝˁʘ ʜʝʦ ʩʝ 

ʥʝ ʩʤʝ ʧʦʤʠʮʘʪʠ ʠʣʠ ʛʫʨʘʪʠ ʠʟʚʘʥ ʦʩʝ ʙʫʰʝˁʘ, ʿ ʝʨ ʫ ʪʦʤ ʩʣʫʯʘʿʫ ʨʫʧʘ ʤʦʞʝ ʙʠʪʠ ʢʦʩʦ ʠʟʙʫʰʝʥʘ, ʠʣʠ ʩʝ 

ʤʦʞʝ ʩʣʦʤʠʪʠ ʙʫʨʛʠʿʘ. ʇʨʠʪʠʩʘʢ ʥʘ ʙʫʨʛʠʿʫ ʢʦʿʠ ʩʝ ʦʩʪʚʘʨʫʿʝ ʨʫʯʥʦʤ ʧʦʣʫʛʦʤ ʤʦʨʘ ʙʠʪʠ ʨʘʚʥʦʤʝʨʘʥ 

ʪʘʢʦ ʜʘ ʙʫʨʛʠʿʘ ʩʪʘʣʥʦ ʠʟʙʘʮʫʿʝ ʩʪʨʫʛʦʪʠʥʫ ʠʟ ʨʫʧʝ. ɿʘ ʚʝ˂ʝ ʧʨʝʯʥʠʢʝ ʙʫʨʛʠʿʝ ʧʦʪʨʝʙʘʥ ʿʝ ʚʝ˂ʠ ʧʨʠʪʠʩʘʢ. 

ɹʫʨʛʠʿʝ ʤʘˁʝʛ ʧʨʝʯʥʠʢʘ ʥʝ ʩʤʝʤʦ ʧʨʝʦʧʪʝʨʝʪʠʪʠ, ʿ ʝʨ ʩʝ ʤʦʛʫ ʧʦʣʦʤʠʪʠ. ʇʨʝʜ ʢʨʘʿ ʙʫʰʝˁʘ (1) ʪʨʝʙʘ 

ʩʤʘˁʠʪʠ ʧʨʠʪʠʩʘʢ ʨʫʢʝ ʦʜʥʦʩʥʦ ʢʦʨʘʢʘ (ʩ) ʜʘ ʙʫʨʛʠʿʘ ʥʝ ʙʠ ʧʨʦʙʠʣʘ (2) ʧʨʝʦʩʪʘʣʠ ʜʝʦ ʥʝʠʟʙʫʰʝʥʝ ʨʫʧʝ 

( ʩʣʠʢʘ 4). ɸʢʦ ʙʠ ʩʝ ʪʦ ʜʝʩʠʣʦ ʙʫʨʛʠʿʘ ʙʠ ʟʘʭʚʘʪʠʣʘ ʚʝ˂ʫ 

ʢʦʣʠʯʠʥʫ ʩʪʨʫʛʦʪʠʥʝ ʥʝʛʦ ʰʪʦ ʤʦʞʝ ʜʘ ʦʜʩʝʯʝ ʠ ʩʣʦʤʠʣʘ ʙʠ ʩʝ 

ʠʣʠ ʙʠ ʧʨʝʜʤʝʪ ʠʩʧʘʦ ʠʟ ʨʫʢʝ ( ʘʢʦ ʿʝ ʜʨʞʘʥ ʨʫʯʥʦ) ʆ ʪʦʤ ʩʝ 

ʥʘʨʦʯʠʪʦ ʤʦʨʘ ʚʚʦʜʠʪʠ ʨʘʯʫʥʘ ʘʢʦ ʠʟʣʘʟʥʘ ʧʦʚʨʰʠʥʘ ʜʝʣʘ ʢʦʿʠ 

ʩʝ ʙʫʰʠ ʥʠʿʝ  

ʉʣʠʢʘ 4 ʇʨʠ ʠʟʣʘʩʢʫ ʙʫʨʛʠʿʝ ʪʨʝʙʘ ʩʤʘˁʠʪʠ ʧʨʠʪʠʩʘʢ 

 

ʨʘʚʥʘ (3) ʠʣʠ ʘʢʦ ʙʫʨʛʠʿʘ ʧʨʠ ʠʟʣʘʩʢʫ ʠ ʜʘˀʝ ʟʘʜʠʨʝ ʫ ʩʘʤʦ ʿʝʜʘʥ ʜʝʦ ʧʦʚʨʰʠʥʝ (4) 

ʇʨʠ ʙʫʰʝˁʫ ʩʣʝʧʠʭ ʨʫʧʘ ʧʦʞʝˁʥʦ ʿʝ ʧʨʝʪʭʦʜʥʦ ʧʦʜʝʩʠʪʠ ʧʨʝʯʥʠʢ ʟʘ ʦʜʨʝʹʝʥʫ ʜʫʙʠʥʫ ʙʫʰʝˁʘ. 

4. ʇʦʪʨʝʙʥʦ ʿʝ ʫ ʪʦʢʫ ʙʫʰʝˁʘ ʦʙʝʟʙʝʜʠʪʠ ʜʦʚʦˀʥʦ ʭʣʘʹʝˁʝ ʘʣʘʪʘ ʦʜʛʦʚʘʨʘʿʫ˂ʠʤ ʩʨʝʜʩʪʚʦʤ. 

ʊʝʭʥʠʢʘ ʨʘʜʘ ʧʨʠ ʨʫʯʥʦʤ ʪʫʨʧʠʿʘˁʫ. 

ʊʫʨʧʠʿʘˁʝ ʨʘʚʥʠʭ ʧʦʚʨʰʠʥʘ. ʆʚʘ ʚʨʩʪʘ ʪʫʨʧʠʿʘˁʘ ʥʘʿʚʠʰʝ ʩʝ ʢʦʨʠʩʪʠ. ʀʟʚʦʜʠ ʩʝ ʧʦʤʦ˂ʫ ʧʨʘʚʦʫʛʘʦʥʠʭ 

(ʧˀʦʩʥʘʪʠʭ) ʪʫʨʧʠʿʘ. ʈʘʚʥʘ ʧʦʚʨʰʠʥʝ ʚʝ˂ʠʭ ʜʝʣʦʚʘ ʪʨʝʙʘ ʪʫʨʧʠʿʘʪʠ ʫʥʘʢʨʩʥʦ ʦʜʥʦʩʥʦ ʫʢʦʩʦ, ʥʘʿʧʨʝ ʩʘ 

ʿʝʜʥʝ ʘ ʟʘʪʠʤ ʩʘ ʜʨʫʛʝ ʩʪʨʘʥʝ (ʩʣʠʢʘ5). 

ʇʨʘʚʘʮ ʪʫʨʧʠʿʝ ʪʨʝʙʘ ʩʪʘʣʥʦ ʤʝˁʘʪʠ, ʿ ʝʨ ʩʝ ʪʘʢʦ ʿʘʩʥʦ ʚʠʜʠ ʛʜʝ 

ʪʫʨʧʠʿʘ ʜʝʣʫʿʝ, ʧʘ ʩʝ ʙʨʞʝ ʠ ʣʘʢʰʝ ʧʦʩʪʠʞʝ ʨʘʚʥʘ ʧʦʚʨʰʠʥʘ. ʇʨʠ 

ʩʚʘʢʦʿ ʧʨʦʤʝʥʠ ʧʨʘʚʮʘ ʪʫʨʧʠʿʘˁʘ ʪʨʝʙʘ ʢʦʥʪʨʦʣʠʩʘʪʠ ʨʘʚʥʦʩʪ 

ʦʙʨʘʹʝʥʝ ʧʦʚʨʰʠʥʝ ʧʦʤʦ˂ʫ ʥʦʞʘʩʪʦʛ ʣʝˁʠʨʘ ʠʣʠ ʫʛʘʦʥʠʢʘ. 

 

 

 

ʉʣʠʢʘ 5 ʋʥʘʢʨʩʥʦ ʪʫʨʧʠʿʘˁʝ ʨʘʚʥʠʭ ʧʦʚʨʰʠʥʘ 

ʂʘʜʘ ʿʝ ʦʩʥʦʚʥʘ ʧʦʚʨʰʠʥʘ (1) ʜʦʪʝʨʠʚʘˁʝʤ ʧʦʩʪʘʣʘ ʜʦʚʦˀʥʦ 

ʨʘʚʥʘ, ʦʥʜʘ ʩʝ ʧʨʝʣʘʟʠ ʥʘ ʦʙʨʘʜʫ ʥʘʿʧʨʝ ʿʝʜʥʦʛ, ʘ ʟʘʪʠʤ ʜʨʫʛʦʛ ʢʨʘʢʘ (2) ʠ ʪʦ ʛʨʫʙʠʤ ʪʫʨʧʠʿʘˁʝʤ ʢʘʦ ʧʨʠ 

ʦʙʨʘʜʠ ʦʩʥʦʚʥʝ ʧʦʚʨʰʠʥʝ ( ʩʣʠʢʘ 6). 

ʇʨʠ ʪʦʤʝ ʪʨʝʙʘ ʚʦʜʠʪʠ ʨʘʯʫʥʘ ʜʘ ʢʨʘʢʦʚʠ ʠ ʧʨʦʬʠʣʠ ʙʫʜʫ 

ʧʦʜ ʧʨʘʚʠʤ ʫʛʣʦʤ ʫ ʦʜʥʦʩʫ ʥʘ ʦʩʥʦʚʥʫ ʧʦʚʨʰʠʥʫ ʠ ʧʦʪʧʫʥʦ 

ʨʘʚʥʠ ʠ ʧʘʨʘʣʝʣʥʠ. 

 

 

ɿʘʪʠʤ ʩʝ ʫʥʘʢʨʩʥʠʤ ʪʫʨʧʠʿʘˁʝʤ ʦʙʨʘʹʫʿʝ ʯʝʦʥʘ ʧʦʚʨʰʠʥʘ 

(3). ʀ ʪʝ ʧʦʚʨʰʠʥʝ ʤʦʨʘʿʫ ʙʠʪʠ ʧʦʜ ʧʨʘʚʠʤ ʫʛʣʦʤ ʫ ʦʜʥʦʩʫ ʥʘ ʦʩʥʦʚʥʫ ʧʦʚʨʰʠʥʫ (1) ʠ ʧʦʚʨʰʠʥʫ (2). 

ʇʦʩʣʝ ʛʨʫʙʝ ʦʙʨʘʜʝ ʫʥʘʢʨʩʥʠʤ ʪʫʨʧʠʿʘˁʝʤ, ʧʦʚʨʰʠʥʘ ʩʝ ʛʣʘʯʘ ʠ ʪʦ ʩʘʤʦ ʫʟʜʫʞʥʠʤ ʧʦʚʣʘʯʝˁʝʤ ʪʫʨʧʠʿʝ 

( ʩʣʠʢʘ 7) 

ɻʣʘʯʘˁʝ ʩʝ ʚʨʰʠ ʧʦʩʪʝʧʝʥʦ. ʇʨʚʦ ʩʝ ʢʦʨʠʩʪʠ ʛʨʫʙʘ ʪʫʨʧʠʿʘ, ʧʘ 

ʧʦʣʫʛʨʫʙʘ, ʧʘ ʧʦʣʫʬʠʥʘ ʠʪʜ. ʜʦʢ ʩʝ ʥʝ ʜʦʙʠʿʝ ʦʜʛʦʚʘʨʘʿʫ˂ʘ 

ʛʣʘʪʢʦ˂ʘ ʧʦʚʨʰʠʥʝ ʦʟʥʘʯʝʥʝ ʥʘ ʮʨʪʝʞʫ 
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ʉʣʠʢʘ 7 ɻʣʘʯʘˁʝ ʧʦʚʨʰʠʥʘ ʫʟʜʫʞʥʠʤ ʧʦʚʣʘʯʝˁʝʤ ʪʫʨʧʠʿʝ. 

 

ʊʫʨʧʠʿʘˁʝ ʦʙʣʠʭ ʧʦʚʨʰʠʥʘ 

ʀ ʦʚʘ ʚʨʩʪʘ ʦʙʨʘʜʝ ʩʝ ʚʨʣʦ ʯʝʩʪʦ ʧʨʠʤʝˁʫʿʝ. ʀʟʚʦʜʠ ʩʝ ʧʦʤʦ˂ʫ ʦʢʨʫʛʣʠʭ, ʧʦʣʫʦʢʨʫʛʣʠʭ, ʦʚʘʣʥʠʭ ʠʣʠ 

ʧʨʘʚʦʫʛʘʦʥʠʭ ʪʫʨʧʠʿʘ, ʟʘʚʠʩʥʦ ʦʜ ʪʦʛʘ ʜʘ ʣʠ ʩʝ ʧʨʠʩʪʫʧʘ ʠʟʨʘʜʠ ʟʘʦʙˀʝˁʘ ʠ ʫʜʫʙˀʝˁʘ. ʇʦʩʪʫʧʘʢ ʠʟʨʘʜʝ 

ʟʘʦʙˀʝˁʘ ʨʘʟʣʠʢʫʿʝ ʩʝ ʦʜ ʧʦʩʪʫʧʢʘ ʠʟʨʘʜʝ ʦʢʨʫʛʣʠʭ ʠʣʠ ʦʚʘʣʥʠʭ ʫʜʫʙˀʝˁʘ, ʢʘʢʦ ʥʘ ʩʧʦˀʘʰˁʠʤ ʪʘʢʦ ʠ 

ʥʘ ʫʥʫʪʨʘʰˁʠʤ ʧʦʚʨʰʠʥʘʤʘ. 

ʇʨʝ ʥʝʛʦ ʰʪʦ ʩʝ ʧʨʠʩʪʫʧʠ ʪʫʨʧʠʿʘˁʫ ʟʘʦʙˀʝˁʘ ʧʦʪʨʝʙʥʦ ʿʝ ʠʟʚʨʰʠʪʠ ʦʜʨʝʹʝʥʫ ʧʨʠʧʨʝʤʫ. ʅʘʠʤʝ ʜʘ ʙʠ 

ʩʝ ʦʣʘʢʰʘʦ ʧʦʩʘʦ, ʪʨʝʙʘ ʥʘʿʧʨʝ ʦʮʨʪʘʪʠ, ʘ ʧʦ ʧʦʪʨʝʙʠ ʠ ʦʙʝʣʝʞʠʪʠ, ʩʘ ʯʝʦʥʝ ʩʪʨʘʥʝ ʧʦʣʫʢʨʫʛ ( 1) ʠʣʠ 

ʢʨʫʛ, ʟʘʚʠʩʥʦ ʦʜ ʪʦʛʘ ʰʪʘ ʩʝ ʠʟʨʘʹʫʿʝ ( ʩʣʠʢʘ 8) 

ʆʮʨʪʘʥʠ ʢʨʫʛ ʩʣʫʞʠ ʟʘ ʢʦʥʪʨʦʣʫ ʧʨʠ ʪʫʨʧʠʿʘˁʫ. ɿʘʪʠʤ ʩʝ ʚʨʰʠ 

ʧʨʝʜʪʫʨʧʠʿʘˁʝ ʩʢʠʜʘˁʝʤ ʫʛʣʦʚʘ (2) ʩʘ ʿʝʜʥʝ ʠ ʩʘ ʜʨʫʛʝ ʩʪʨʘʥʝ, 

ʧʨʠʙʣʠʞʥʦ ʜʦ ʦʮʨʪʘʥʝ ʣʠʥʠʿʝ.ʇʦʩʣʝ ʪʦʛʘ ʦʙʣʠʤ ʪʫʨʧʠʿʘˁʝʤ 

ʦʙʨʘʹʫʿʝ ʩʝ ʥʘʿʧʨʝ 1/4 ʢʨʫʛʘ (3) ʩʘ ʿʝʜʥʝ 

ʉʣʠʢʘ 8 ʇʦʩʪʫʧʘʢ ʠʟʨʘʜʝ ʟʘʦʙˀʝˁʘ         ʩʪʨʘʥʝ, ʜʦʢ ʩʝ ʥʝ 

ʜʦʙʠʿʝ ʧʨʘʚʠʣʘʥ ʨʘʜʠʿʫʩ, ʘ ʟʘʪʠʤ, ʜʨʫʛʘ ʯʝʪʚʨʪʠʥʘ ʩʘ ʜʨʫʛʝ 

ʩʪʨʘʥʝ, ʜʦʢ ʩʝ ʥʝ ʜʦʙʠʿʝ ʧʦʣʫʢʨʫʛ. 

ʊʫʨʧʠʿʘˁʝ ʟʘʦʙˀʝˁʘ ʠʟʚʦʜʠ ʩʝ ʪʘʢʦ ʰʪʦ ʩʝ ʪʫʨʧʠʿʘ ʫ ʧʦʯʝʪʥʦʤ ʧʦʣʦʞʘʿʫ ʧʦʩʪʘʚʠ ʪʘʢʦ ʜʘ ʿʝ ʜʨʰʢʘ (1) 

ʤʘʣʦ ʦʜʠʛʥʫʪʘ ʫ ʦʜʥʦʩʫ ʥʘ ʚʨʭ ʪʫʨʧʠʿʝ (2) ʩʣʠʢʘ 9.ʇʦʚʣʘʯʝˁʝʤ ʪʫʨʧʠʿʝʥʘʧʨʝʜ ʜʨʰʢʘ ʩʝ ʩʧʫʰʪʘ ʥʘʜʦʣʝ, 

ʘʚʨʭ ʦʜʠʞʝ ʩʚʝ ʜʦʢ ʪʫʨʧʠʿʘ ʥʝ ʧʨʝʹʝ ʮʝʣʫ ʨʘʜʥʫ ʜʫʞʠʥʫ. ɿʘʪʠʤ ʩʝ ʪʫʨʧʠʿʘ ʦʩʣʦʙʦʜʠ ʧʨʠʪʠʩʢʘ, ʚʨʘ˂ʘ ʫ 

ʧʦʯʝʪʥʠ ʧʦʣʦʞʘʿ ʠ ʪʫʨʧʠʿʘˁʝ ʩʝ ʧʦʥʘʚˀʘ. ʇʦʜ II ʿʝ ʧʨʠʢʘʟʘʥʦ ʥʝʧʨʘʚʠʣʥʦ ʧʦʚʣʘʯʝˁʝ ʪʫʨʧʠʿʝ 

 ʉʣʠʢʘ 9 ʀʩʧʨʘʚʥʦ ʠ ʥʝʠʩʧʨʘʚʥʦ ʦʙʣʦ ʪʫʨʧʠʿʘˁʝ 

ɺʘˀʢʘʩʪʠ ʧʨʝʜʤʝʪʠ(1) ʤʘˁʠʭ ʧʨʝʯʥʠʢʘ ʠ ʜʫʞʠʥʝ ʤʦʛʫ ʩʝ ʦʙʣʦ 

ʪʫʨʧʠʿʘʪʠ ʫ ʫʩʧʨʘ 

ʚʥʦʤ ʧʦʣʦʞʘʿʫ ( ʩʣʠʢʘ 10) 

ʇʨʝʪʭʦʜʥʦ ʩʝ ʥʘ ʚʘˀʘʢ ʥʘʚʫʯʝ 

ʟʘʰʪʠʪʥʠ ʧʨʩʪʝʥ (2) ʜʘ ʩʝ ʥʝ ʙʠ ʦʰʪʝʪʠʣʝ ʯʝˀʫʩʪʠ ʤʝʥʛʝʣʘ, ʧʘ ʪʝʢ ʦʥʜʘ ʩʝ 

ʠʟʚʦʜʠ ʦʙʣʦ ʪʫʨʧʠʿʘˁʝ. ʊʫʨʧʠʿʘ (3) ʩʝ ʧʦʚʣʘʯʠ ʩʣʠʯʥʦ ʢʘʦ ʠ ʧʨʠʣʠʢʦʤ ʦʙʣʦʛ 

ʪʫʨʧʠʿʘˁʘ ʫ ʭʦʨʠʟ. ʧʦʣʦʞʘʿ  

 

 

 

 

ʈʘʜ ʩʘ ʤʘʰʠʥʩʢʠʤ ʨʫʯʥʠʤ ʘʣʘʪʦʤ (ʪʝʩʪʝʨʠʩʘˁʝ ʠ ʨʘʜ ʯʝʢʠ˂ʝʤ) 
 

ʊʝʭʥʠʢʘ ʨʘʜʘ ʠ ʧʦʩʪʫʧʘʢ ʪʝʩʪʝʨʠʩʘˁʘ 

ʇʨʝ ʥʝʛʦ ʰʪʦ ʩʝ ʧʨʠʩʪʫʧʠ ʪʝʩʪʝʨʠʩʘˁʫ, ʪʨʝʙʘ ʧʦʩʪʘʚʠʪʠ ʣʠʩʪ ʫ ʨʘʤ. ɺʝ˂ ʿʝ ʨʝʯʝʥʦ ʜʘ ʣʠʩʪ ʤʦʨʘ ʜʘ ʙʫʜʝ 

ʧʨʠʣʠʯʥʦ ʟʘʪʝʛʥʫʪ, ʘ ʟʫʧʮʠ ʦʢʨʝʥʫʪʠ ʧʨʝʤʘ ʢʨʠʣʘʩʪʦʿ ʥʘʚʨʪʢʠ ʪʿ ʫ ʩʤʝʨʫ ʦʜ ʩʝʙʝ. ɿʘʪʝʛʥʫʪʦʩʪ ʣʠʩʪʘ 

ʢʦʥʪʨʦʣʠʰʝ ʩʝ ʪʘʢʦ ʰʪʦ ʩʝ ʦʥ ʫʭʚʘʪʠ ʩʘ ʪʨʠ ʧʨʩʪʘ ʟʘ ʩʨʝʜʠʥʫ ʠ ʧʨʦʙʘ ʜʘ ʣʠ ʩʝ ʤʦʞʝ ʫʚʠʿʘʪʠ ʠʣʠ 

ʠʟʚʠʿʘʪʠ. 

ʂʘʜʘ ʩʝ ʦʮʨʪʘ ʣʠʥʠʿʘ ʠ ʦʙʝʣʝʞʠ ʤʝʩʪʦ ʩʝʯʝˁʘ, ʦʥʜʘ ʩʝ ʜʝʦ ʩʪʝʞʝ ʯʚʨʩʪʦ ʪʘʢʦ ʜʘ ʿʝ ʧʨʘʚʘʮ ʪʝʩʪʝʨʠʩʘˁʘ 

ʥʦʨʤʘʣʘʥ ʥʘ ʯʝˀʫʩʪ ʤʝʥʛʝʣʘ. ɼʝʦ ʪʨʝʙʘ ʜʘ ʿʝ ʩʪʝʛʥʫʪ ʥʘʿʚʠʰʝ 15-20 mm ʠʟʥʘʜ ʯʝˀʫʩʪʠ. ɸʢʦ ʿʝ ʜʝʦ 

ʨʝʣʘʪʠʚʥʦ ʪʘʥʘʢ, ʦʥʜʘ ʩʝ ʩʪʝʞʝ ʪʘʢʦ ʰʪʦ ʩʝ ʢʨʝ˂ʝ ʠ ʪʦʢʦʤ ʩʝʯʝˁʘ ʧʦʩʪʝʧʝʥʦ ʠʟʜʠʞʝ ʠʣʠ ʩʪʝʞʝ ʠʟʤʝʹʫ 

ʜʨʚʝʥʠʭ ʫʣʦʞʘʢʘ. ɼʫʛʘʯʢʝ ʧʨʝʜʤʝʪʝ ʪʨʝʙʘ ʩʪʝʟʘʪʠ ʪʘʢʦ ʜʘ ʜʝʦ ʢʦʿʠ ʩʝ ʦʜʩʝʮʘ ʙʫʜʝ ʩʣʦʙʦʜʘʥ, ʘ ʨʝʟ ʰʪʦ 

ʙʣʠʞʝ ʯʝˀʫʩʪʠʤʘ. ɺʨʣʦ ʜʫʛʘʯʢʝ ʜʝʣʦʚʝ ʪʨʝʙʘ ʧʨʝʜʫʧʨʝʜʠʪʠ. 

ʇʨʠʣʠʢʦʤ ʪʝʩʪʝʨʠʩʘˁʘ ʧʦʣʦʞʘʿ ʪʝʣʘ ʿʝ ʠʩʪʠ ʢʘʦ ʠ ʢʦʜ ʪʫʨʧʠʿʘˁʘ. ʃʝʚʦʤ ʩʝ ʥʦʛʦʤ ʟʘʢʦʨʘʯʠ ʥʘʧʨʝʜ. 

ɻʦʨˁʠ ʜʝʦ ʪʝʣʘ ʩʝ ʥʝ ʧʦʤʝʨʘ, ʘ ʧʦʢʨʝ˂ʫ ʩʝ ʩʘʤʦ ʨʫʢʝ. ʇʨʠ ʨʘʜʥʦʤ ʭʦʜʫ ʪʝʩʪʝʨʝ ʣʝʚʦ ʢʦʣʝʥʦ ʩʝ ʤʘʣʦ 

ʩʘʚʠʿʝ. ɼʝʩʥʦʤ ʨʫʢʦʤ ʜʨʞʠ ʩʝ ʜʨʰʢʘ (1) ʪʝʩʪʝʨʝ, ʠʩʪʦ ʢʘʦ ʠ ʜʨʰʢʘ ʪʫʨʧʠʿʝ ʘ ʣʝʚʦʤ ʨʫʢʦʤ ʜʨʞʠ ʩʝ 

ʧʨʝʜˁʠ ʜʝʦ ʣʫʢʘ (2). ʀʟʤʝʹʫ ʧʘʣʮʘ ʠ ʢʘʞʠʧʨʩʪʘ ʩʝ ʩʘʚʠʿʝʥʠʤ ʧʨʩʪʠʤʘ ʦʢʦ ʨʘʤʘ ʩʣʠʢʘ 1 
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ʊʝʩʪʝʨʠʩʘˁʝ ʩʝ ʟʘʧʦʯʠˁʝ  ʪʘʢʦ ʰʪʦ ʩʝ ʜʝʩʥʘ ʨʫʢʘ ʤʘʣʦ ʦʜʠʛʥʝ ʜʘ 

ʙʠ ʩʝʯʝˁʝ ʟʘʧʦʯʝʣʦ ʥʘ ʟʘʜˁʦʿ ʠʚʠʮʠ (3). ʊʝʩʪʝʨʘ ʪʨʝʙʘ ʜʘ ʙʫʜʝ 

ʥʘʛʥʫʪʘ ʧʦʜ ʫʛʣʦʤ ʦʜ 5 ʜʦ 10
0
 ʜʘ ʙʠ  ʣʘʢʰʝ ʟʘʭʚʘʪʠʣʘ ʤʘʪʝʨʿʘʣ ʠ 

ʪʘʢʦ ʥʘʧʨʘʚʠʣʘ ʩʝʙʠ ʧʫʪ 

 

 

 

ʉʣʠʢʘ 1 ɼʨʞʘˁʝ ʨʫʯʥʝ ʪʝʩʪʝʨʝ 

 

ʋ  ʧʦʯʝʪʢʫ ʨʘʜʘ ʪʨʝʙʘ ʙʠʪʠ ʚʨʣʦ ʧʘʞˀʠʚ. ʊʝʩʪʝʨʫ ʚʦʜʠʪʠ ʧʨʘʚʦ ʠ ʧʨʠ ʛʨʘˁʫ ʥʘʧʨʝʜ ʫʚʝʢ ʧʦʤʘʣʦ 

ʧʨʠʪʠʩʢʠʚʘʪʠ. ʅʘʨʦʯʠʪʦ ʪʨʝʙʘ ʚʦʜʠʪʠ ʨʘʯʫʥʘ ʜʘ ʩʝ ʨʘʤ ʪʝʩʪʝʨʝ ʥʝ ʢʣʘʪʠ ʣʝʚʦ, ʜʝʩʥʦ. ʇʦʨʘʩʪʦʤ ʜʫʙʠʥʝ 

ʞˀʝʙʘ ʚʦʹʝˁʝ ʧʦʩʪʘʿʝ ʙʦˀʝ, ʧʘ ʩʝ ʧʨʠʪʠʩʘʢ ʥʘ ʪʝʩʪʝʨʫ ʧʦʩʪʝʧʝʥʦ ʤʦʞʝ ʧʦʩʪʝʧʝʥʦ ʧʦʚʝ˂ʘʪʠ. 

ʊʝʩʪʝʨʠʩʘˁʝ ʩʝ ʤʦʞʝ ʟʘʧʦʯʝʪʠ ʠ ʪʘʢʦ ʰʪʦ ʩʝ ʧʘʣʘʮ (1) ʣʝʚʝ ʨʫʢʝ ʧʦʩʪʘʚʠ ʥʘ ʤʝʩʪʦ ʛʜʝ ʩʝ ʞʝʣʠ ʩʝ˂ʠ ʠ ʥʘ 

ˁʝʛʘ ʥʘʩʣʦʥʠ ʣʠʩʪ (2) ʪʝʩʪʝʨʝ ( ʩʣʠʢʘ 2). ʋ ʦʚʦʤ ʩʣʫʯʘʿʫ ʪʝʩʪʝʨʘ (3) ʩʝ ʜʨʞʠ ʜʝʩʥʦʤ ʨʫʢʦʤ ʤʘʣʦ ʥʘʛʥʫʪʦ, 

ʧʦʚʣʘʯʝ˂ʠ ʿʝ ʩʝʙʠ ʜʦʢ ʥʝ ʥʘʧʨʘʚʠ ʟʘʨʝʟ. ɿʘʪʠʤ ʩʝ ʪʝʩʪʝʨʘ ʧʨʠʭʚʘʪʠ ʦʙʝʤʘ ʨʫʢʘʤʘ ʠ ʩʝʯʝˁʝ ʥʘʩʪʘʚˀʘ 

ʨʘʚʥʦʤʝʨʥʠʤ ʧʦʚʣʘʯʝˁʝʤ ʪʝʩʪʝʨʝ ʙʝʟ ʪʨʟʘˁʘ 

 

ʉʣʠʘ 2 ɿʘʨʝʟʘˁʝ ʧʦʤʦ˂ʫ ʧʘʣʮʘ    

 

 

 

 

 

ɸʢʦ ʩʝ ʪʝʩʪʝʨʘ (1) ʧʦʜʠʞʝ ʥʘ ʧʨʝʜʤʝʪ (2) ʪʘʢʦ 

ʜʘ ʣʝʞʠ ʧʦ ʮʝʣʦʿ ʧʦʚʨʰʠʥʠ, ʟʫʧʮʠ ʣʠʩʪʘ ʥʝ˂ʝ ʟʘʭʚʘʪʠʪʠ ʤʘʪʝʨʿʘʣ ʥʘ ʦʜʨʝʹʝʥʦʤ ʤʝʩʪʫ ʚʝ˂ ˂ʝ ʜʘ ʢʣʠʟʝ ʧʦ 

ʧʦʚʨʰʠʥʠ ʢʦʿʫ ˂ʝ ʠʟʛʨʝʙʘʪʠ (3) ʩʣʠʢʘ 3. 

  ʋ ʪʦʤ ʩʣʫʯʘʿʫ ʨʝʟ ʥʝ˂ʝ ʙʠʪʠ ʥʘ ʦʟʥʘʯʝʥʦʤ ʤʝʩʪʫ, ʘ ʠʚʠʮʘ ˂ʝ 

ʙʠʪʠ ʦʰʪʝ˂ʝʥʘ. ʄʝʹʫʪʠʤ, ʘʢʦ ʩʝ ʟʘʩʝʮʘˁʝʤ ʧʦʚʨʰʠʥʝ ʟʘʧʦʯʠˁʝ 

ʥʘ ʧʨʝʜˁʦʿ ʠʚʠʮʠ ( 4) ʩʘ ʥʘʛʥʫʪʦʤ ʪʝʩʪʝʨʦʤ ʧʨʝʤʘ ʩʝʙʠ, ʦʥʜʘ ˂ʝ 

ʟʫʧʮʠ ʣʠʩʪʘ (5) ʟʘʧʠˁʘʪʠ ʟʘ ʠʚʠʮʫ ʧʨʝʜʤʝʪʘ (6) ʠ ʪʘʢʦ ʩʝ ʣʦʤʠʪʠ. 

 

 

ʉʣʠʢʘ 3 ʅʝʧʨʘʚʠʣʥʦ ʟʘʨʝʟʠʚʘˁʝ 

 

ʇʨʠ ʨʘʜʥʦʤ ʭʦʜʫ ʪʨʝʙʘ ʦʙʝʤʘ ʨʫʢʘʤʘ ʨʘʚʥʦʤʝʨʥʦ ʧʨʠʪʠʩʢʘʪʠ ʥʘ 

ʪʝʩʪʝʨʫ. ʋ ʧʦʚʨʘʪʥʦʤ ʭʦʜʫ  ʪʝʩʪʝʨʫ ʪʨʝʙʘ ʦʩʣʦʙʦʜʠʪʠ ʧʨʠʪʠʩʢʘ ʠ ʚʫ˂ʠ ʢ ʩʝʙʠ, ʪʘʢʦ ʜʘ ʢʣʠʟʠ ʧʦ 

ʤʘʪʝʨʿʘʣʫ (ʢʘʦ ʧʨʠ ʪʫʨʧʠʿʘˁʫ). ʇʨʠʪʠʩʘʢ ʪʨʝʙʘ ʜʘ ʦʜʛʦʚʘʨʘ ʤʘʪʝʨʿʘʣʫ ʢʦʿʠ ʩʝ ʩʝʯʝ. ɸʢʦ ʿʝ ʤʘʪʝʨʿʘʣ ʪʚʨʜ, 

ʥʘʨʘʚʥʦ ʜʘ ʪʨʝʙʘ ʿʘʯʝ ʧʨʠʪʠʩʢʘʪʠ ʪʝʩʪʝʨʫ. ʇʨʠʪʠʩʘʢ ʥʘ ʪʝʩʪʝʨʫ ʪʨʝʙʘ ʜʘ ʿʝ ʥʝʰʪʦ ʤʘˁʠ ʧʨʠ ʩʝʯʝˁʫ 

ʪʘˁʠʭ ʤʘʪʝʨʿʘʣʘ ʠ ʮʝʚʠ ʠ ʧʨʠ ʩʝʯʝˁʫ ʿʘʢʦ ʤʝʢʠʭ ʤʘʪʝʨʿʘʣʘ (ʢʘʣʘʿ, ʦʣʦʚʦ ʠ ʩʣʠʯʥʦ). ʅʘʿʟʘʜ ʢʘʜ ʿʝ ʧʨʝʜʤʝʪ 

ʚʝ˂ ʩʢʦʨʦ ʧʨʝʩʝʯʝʥ, ʪʨʝʙʘ ʩʝ˂ʠ ʙʝʟ ʧʨʠʪʠʩʢʠʚʘˁʘ ʪʝʩʪʝʨʝ ʠ ʧʦʜʤʝʪʘʪʠ ʜʘ ʢʦʤʘʜ ʢʦʿʠ ˂ʝ ʙʠʪʠ ʦʜʚʦʿʝʥ ʥʝ 

ʧʘʜʥʝ.. ʋʢʦʣʠʢʦ ʩʝ ʧʨʠʪʠʩʘʢ ʥʝ ʩʤʘˁʠ, ʤʦʛʫ ʩʝ ʦʟʣʝʜʠʪʠ ʨʫʢʝ ʫʩʣʝʜ ʫʜʘʨʘ ʫ ʤʝʥʛʝʣʝ ʠʣʠ ʧʨʝʜʤʝʪ. 

ʊʝʩʪʝʨʫ ʪʨʝʙʘ ʚʫ˂ʠ ʮʝʣʦʤ ʜʫʞʠʥʦʤ ʣʠʩʪʘ. ɸʢʦ ʪʝʩʪʝʨʫ ʥʝ ʙʠ ʚʫʢʣʠ ʩʘ ʢʨʘʿʘ ʥʘ ʢʨʘʿ, ʣʠʩʪ ʙʠ ʩʝ ʪʨʦʰʠʦ 

ʚʠʰʝ ʥʘ ʩʨʝʜʠʥʠ ʥʝʛʦ ʥʘ ʢʨʘʿʝʚʠʤʘ, ʧʘ ʙʠ ʩʝ ʧʨʠ ʜʫʞʝʤ ʧʦʪʝʟʫ ʟʘʛʣʘʚʠʦ ʫ ʞˀʝʙʫ. 

ʇʦ ʦʙʝʣʝʞʝʥʦʿ ʣʠʥʠʿʠ ʪʝʩʪʝʨʠʩʘˁʝ ʪʨʝʙʘ ʚʨʰʠʪʠ ʪʘʢʦ ʜʘ ʣʠʥʠʿʘ ʦʩʪʘʥʝ ʩʘ ʣʝʚʝ ʩʪʨʘʥʝ ʨʝʟʘ, ʢʘʢʦ ʙʠ ʩʝ 

ʙʦˀʝ ʚʠʜʝʣʦ ʫ ʪʦʢʫ ʩʝʯʝˁʘ. ɸʢʦ ʿʝ ʧʦʩʣʝ ʪʝʩʪʝʨʠʩʘˁʘ ʧʦʪʨʝʙʥʘ ʥʘʢʥʘʜʥʘ ʦʙʨʘʜʘ ʪʫʨʧʠʿʘˁʝʤ, ʦʥʜʘ ʨʝʟ 

ʪʝʩʪʝʨʝ ʪʨʝʙʘ ʜʘ ʙʫʜʝ ʫʜʘˀʝʥ ʟʘ 0.5-1 mm ʦʜ ʦʙʝʣʝʞʝʥʝ ʣʠʥʠʿʝ. ʋʢʦʣʠʢʦ ʿʝ ʨʝʟ ʟʘʢʦʰʝʥ, ʧʘ ʥʝ ʠʜʝ 

ʧʘʨʘʣʝʣʥʦ ʩʘ ʣʠʥʠʿʦʤ ʟʙʦʛ ʥʝʠʩʧʨʘʚʥʦʛ ʚʦʹʝˁʘ ʪʝʩʪʝʨʝ, ʦʥʜʘ ʥʝ ʪʨʝʙʘ ʠʩʧʨʘʚˀʘʪʠ ʨʝʟ ʙʦʯʥʠʤ 

ʧʨʠʪʠʩʢʦʤ ʠʣʠ ʠʟʜʚʘʿʘˁʝʤ ʣʠʩʪʘ, ʿʝʨ ʩʝ ʤʦʞʝ ʩʣʦʤʠʪʠ. ʋ ʪʦʤ ʩʣʫʯʘʿʫ ʙʦˀʝ ʿʝ ʠʟʚʘʜʠʪʠ ʪʝʩʪʝʨʫ ʠ 

ʟʘʧʦʯʝʪʠ ʥʦʚʠ ʨʝʟ ʩʘ ʜʨʫʛʝ ʩʪʨʘʥʝ. ʋ ʪʦʢʫ ʨʘʜʘ ʣʠʩʪ ʪʝʩʪʝʨʝ ʪʨʝʙʘ ʧʦʚʨʝʤʝʥʦ ʧʦʜʤʘʟʘʪʠ ʜʘ ʙʠ ʩʝ 

ʩʤʘˁʠʣʦ ʪʨʝˁʝ ʠ ʪʠʤʝ ʩʧʨʝʯʠʣʦ ʟʘʛʨʝʚʘˁʝ ʣʠʩʪʘ. 



16 

 

ʇʦʩʪʫʧʘʢ ʪʝʩʪʝʨʠʩʘˁʘ ʟʘʚʠʩʠ ʦʜ ʪʦʛʘ ʢʘʢʘʚ ʿʝ ʦʙʣʠʢ ʧʨʝʜʤʝʪʘ ʢʦʿʠ ʩʝ ʩʝʯʝ, ʢʘʢʦ ʩʝ ʞʝʣʠ ʩʝ˂ʠ ʠ ʢʘʢʦ ˂ʝ 

ʩʝ ʩʪʝʛʥʫʪʠ ʯʝˀʫʩʪʠ ʤʝʥʛʝʣʝ. ʋ ʧʨʠʥʮʠʧʫ ʧʨʝʜʤʝʪ ʩʝ ʩʪʝʞʝ ʠ ʩʝʯʝ ʪʘʢʦ ʜʘ ʨʝʟ ʙʫʜʝ ʰʪʦ ʜʫʞʠ, ʿ ʝʨ ʩʝ 

ʪʠʤʝ ʧʦʩʪʠʞʝ ʙʦˀʝ ʚʦʹʝˁʝ ʪʝʩʪʝʨʝ, ʤʘˁʝ ʣʦʤˀʝˁʝ ʟʫʙʘʮʘ ʠ ʨʘʚʥʠʿʠ ʨʝʟ. ɸʢʦ ʦʜ ʧˀʦʩʥʘʪʦʛ ʤʘʪʝʨʿʘʣʘ 

ʪʨʝʙʘ ʦʜʩʝ˂ʠ ʿʝʜʘʥ ʢʦʤʘʜ ʧʦ ʰʠʨʠʥʠ ʦʥʜʘ ʩʝ ʪʦ ʤʦʞʝ ʠʟʚʝʩʪʠ ʪʝʩʪʝʨʠʩʘˁʝʤ ʩʘ ʰʠʨʝ (1) ʠʣʠ ʫʞʝ ʩʪʨʘʥʝ 

(2) (ʩʣʠʢʘ 4) 

  ɺʝ˂ ʿʝ ʨʝʯʝʥʦ ʜʘ ʿʝ ʙʦˀʝ ʩʝ˂ʠ ʩʘ ʰʠʨʝ ʩʪʨʘʥʝ (1) ʿ ʝʨ ʩʝ ʪʠʤʝ 

ʧʦʩʪʠʞʝ ʙʦˀʝ ʚʦʹʝˁʝ ʪʝʩʪʝʨʝ ʠ ʨʘʚʥʠʿʠ ʨʝʟ. ʄʝʹʫʪʠʤ ʘʢʦ ʿʝ 

ʧʨʝʜʤʝʪ ʪʦʣʠʢʦ ʰʠʨʦʢ ʜʘ ʩʝ ʥʝ ʤʦʞʝ ʩʪʝʛʥʫʪʠ ʫ ʤʝʥʛʝʣʝ, ʤʦʨʘ 

ʩʝ ʩʝ˂ʠ ʩʘ ʫʞʝ ʩʪʨʘʥʝ. ʊʘʢʘʚ ʿʝ ʩʣʫʯʘʿ  ʠ ʢʦʜ ʉʣʠʢʘ 4 

ʊʝʩʪʝʨʠʩʘˁʝ ʧˀʦʩʥʘʪʠʭ ʧʨʝʜʤʝʪʘ 

 

ʨʘʩʝʮʘˁʘ ʠʣʠ ʩʝʯʝˁʘ ʧʦ ʜʫʞʠʥʠ. 

ʈʫʢʦʚʘˁʝ ʯʝʢʠ˂ʝʤ 

ʈʘʜʠʪʠ ʯʝʢʠ˂ʝʤ ʥʠʿʝ ʥʠ ʿʝʜʥʦʩʪʘʚʥʦ ʥʠ ʣʘʢʦ. ʊʦ ʿʝ ʚʝʰʪʠʥʘ ʢʦʿʘ ʩʝ ʤʦʞʝ ʩʪʝ˂ʠ ʜʫʛʦʨʦʯʥʠʤ ʚʝʞʙʘˁʝʤ. 

ʆʜ ʧʨʘʚʠʣʥʦʛ ʫʜʘʨʘˁʘ ʯʝʢʠ˂ʝʤ ʫ ʤʥʦʛʦʤʝ ʟʘʚʠʩʠ ʜʘ ʣʠ ˂ʝ ʩʝ ʧʦʩʘʦ ʜʦʙʨʦ ʦʙʘʚʠʪʠ, ʘ ʜʘ ʩʝ ʧʨʠ ʪʦʤʝ ʥʝ 

ʦʰʪʝʪʠ ʧʦʚʨʰʠʥʘ. 

ʇʨʠ ʨʘʜʫ ʯʝʢʠ˂ ʤʦʨʘ ʜʨʞʘʪʠ ʟʘ ʢʨʘʿ ʜʨʞʘˀʝ, ʜʘ ʙʠ ʧʨʦʠʟʚʝʦ ʰʪʦ ʩʥʘʞʥʠʿʝ ʠ ʩʠʛʫʨʥʠʿʝ ʫʜʘʨʮʝ, ʫʟ ʰʪʦ 

ʤʘˁʠ ʥʘʧʦʨ ʤʠʰʠ˂ʘ ʨʫʢʫ. ɼʨʞʘˁʝ ʯʝʢʠ˂ʘ ʠ ʨʫʢʦʚʘˁʝ ˁʠʤʝ ʟʘʚʠʩʠ ʦʜ ˁʝʛʦʚʝ ʪʝʞʠʥʝ ʠ ʚʨʩʪʝ ʧʦʩʣʘ. 

ʃʘʢʠ ʯʝʢʠ˂ (ʜʦ 200 g) ʪʨʝʙʘ ʜʨʞʘʪʠ ʧʘʣʮʝʤ, ʤʘʣʦ ʦʧʨʫʞʝʥʠʤ (1), ʘʣʠ ʥʝ ʪʘʢʦ ʜʘ ʥʘʣʝʞʝ ʦʜʦʟʛʦ ʥʘ 

ʜʨʞʘˀʫ (2) ʩʣʠʢʘ 5 

ɼʨʞʘˀʫ ʦʚʦʛ ʯʝʢʠ˂ʘ ʥʝ ʪʨʝʙʘ ʯʚʨʩʪʦ ʩʪʝʟʘʪʠ, ʚʝ˂ ʪʘʢʦ ʜʘ ʿʝ ʫ 

ʟʘʪʚʦʨʝʥʦʿ ʨʫʮʠ ʯʝʢʠ˂ ʧʦʢʨʝʪˀʠʚ. 

 

 

ʉʣʠʢʘ 5 ʀʩʧʨʘʚʥʦ ʠ ʥʝʠʩʧʨʘʚʥʦ ʜʨʞʘˁʝ ʯʝʢʠ˂ʘ 

ʇʨʠ ʫʜʘʨʘˁʫ ʨʫʢʘ ʩʝ ʩʘʤʦ ʧʦʢʨʝ˂ʝ ʫ ʟʛʣʦʙʫ, ʧʨʠ ʯʝʤʫ ʯʝʢʠ˂ ʦʧʠʩʫʿʝ ʣʫʢ (3) ʠ ʧʦʛʘʹʘ ʫʚʝʢ ʠʩʪʦ ʤʝʩʪʦ 

ʧʦʜ ʧʨʘʚʠʤ ʫʛʣʦʤ. ʏʝʢʠ˂ ʩʨʝʜˁʝ ʤʘʩʝ (200-500g) ʜʨʞʠ ʩʝ ʤʘʣʦ ʯʚʨʰ˂ʝ ʦʜ ʧʨʝʪʭʦʜʥʦʛ ʘʣʠ ʪʘʢʦ ʜʘ ʿʝ 

ʧʘʣʘʮ ʧʨʠˀʫʙˀʝʥ ʫʟ ʢʘʞʠʧʨʩʪ. ʅʠ ʫ ʦʚʦʤ ʩʣʫʯʘʿʫ ʯʝʢʠ˂ ʥʝ ʪʨʝʙʘ ʜʨʞʘʪʠ ʟʘ ʩʨʝʜʠʥʫ ʜʨʞʘˀʝ ʠʣʠ ʟʘ ʚʨʘʪ 

ʯʝʢʠ˂ʘ. ʇʨʠ ʫʜʘʨʘˁʫ ʯʝʢʠ˂ʝʤ ʩʨʝʜˁʝ ʤʘʩʝ ʤʘˁʝ ʩʝ ʢʨʝ˂ʝ ʩʘʤʦ ʫ ʟʛʣʦʙʫ, ʘʣʠ ʧʨʠ ʢʨʘʿʫ ʫʜʘʨʮʘ ʜʨʰʢʦʤ 

ʪʨʝʙʘ ʤʘʣʦ ʧʦʧʫʩʪʠʪʠ ( ʥʝ ʜʨʞʘʪʠ ʿʝ ʯʚʨʩʪʦ), ʿ ʝʨ ʩʝ ʠʥʘʯʝ ʫʜʘʨ ʧʨʝʥʦʩʠ ʥʘ ʰʘʢʫ ʠ ʥʘ ʟʛʣʦʙ, ʧʘ ʩʝ ʨʘʜʥʠʢ 

ʙʨʟʦ ʟʘʤʘʨʘ. ʄʘʩʠʚʥʠ ʯʝʢʠ˂ ʪʨʝʙʘ ʯʚʨʩʪʦ ʫʭʚʘʪʠʪʠ ʰʘʢʦʤ ʜʘ ʙʠ ʩʝ ʩʠʛʫʨʥʦ ʚʦʜʠʣʠ ʠ ʧʦʛʘʹʘʣʠ ʞʝˀʝʥʦ 

ʤʝʩʪʦ. ʋʜʘʨʘʮ ʪʝʰʢʠʤ ʯʝʢʠ˂ʝʤ ʩʝ ʚʨʰʠ ʮʝʣʦʤ ʨʫʢʦʤ, ʧʨʝʚʠʿʘˁʝʤ ʫ ʣʘʢʪʫ ʠ ʨʘʤʝʥʫ. ʀ ʪʘʜʘ, ʧʨʠ ʢʨʘʿʫ 

ʫʜʘʨʮʘ, ʪʨʝʙʘ ʤʘʣʦ ʧʦʧʫʩʪʠʪʠ, ʜʘ ʩʝ ʫʜʘʨʘʮ ʥʝ ʙʠ ʧʨʝʥʝʦ ʥʘ ʨʫʢʫ. 

ʇʨʠ ʠʩʧʨʘʚˀʘˁʫ, ʩʘʚʠʿʘˁʫ, ʩʘʙʠʿʘˁʫ ʠ ʩʣʠʯʥʦ, ʫʜʘʨʮʠ ʩʝ ʦʩʪʚʘʨʫʿʫ 

ʯʝʣʦʤ ʯʝʢʠ˂ʘ (I) ʩʣʠʢʘ 6. 

ʏʝʢʠ˂ ʫʚʝʢ ʤʦʨʘ ʙʠʪʠ ʥʦʨʤʘʣʘʥ ʥʘ ʧʦʚʨʰʠʥʫ. ɸʢʦ ʩʝ ʚʨʰʠ ʨʘʩʢʠʚʘˁʝ 

ʠʣʠ ʠʩʢʠʚʘˁʝ ʠʚʠʮʝ (II) ʨʘʜʠ ʩʘʚʠʿʘˁʘ ʠ ʩʣʠʯʥʠʭ ʧʦʩʣʦʚʘ, ʪʘʜʘ ʩʝ 

ʫʜʘʨʮʠ ʠʟʚʦʜʝ ʥʦʩʦʤ (ʫʰʠʮʘʤʘ) ʯʝʢʠ˂ʘ. ʀʩʢʠʚʘˁʝ ʩʝ ʠʟʚʦʜʠ, ʫ ʦʚʦʤ 

ʩʣʫʯʘʿʫ, ʢʦʩʠʤ ʫʜʘʨʮʠʤʘ ʯʝʢʠ˂ʘ ʩʘ ʩʧʦˀʥʝ ʩʪʨʘʥʝ ʪʨʘʢʝ. ʀʩʢʠʚʘˁʝ ʪʨʝʙʘ 

ʠʟʚʦʜʠʪʠ ʥʘ ʩʘʤʦʿ ʠʚʠʮʠ ʧʣʦʯʝ ʢʦʿʘ ʩʣʫʞʠ ʢʘʦ ʧʦʜʣʦʛʘ, ʪʘʢʦ ʜʘ ʩʝ ʥʝ ʙʠ 

ʦʰʪʝʪʠʣʘ. 

ɿʠʜʘʨʩʢʠ ʧʨʠʙʦʨ ʠ ʨʘʜ 
 

ʋ ʟʠʜʘʨʩʢʦʤ ʟʘʥʘʪʫ ʫʧʦʪʨʝʙˀʘʚʘʿʫ ʩʝ ʨʘʟʥʦʚʨʩʥʠ ʧʨʠʙʦʨ ʠ ʘʣʘʪʠ ʢʦʿʠ ʩʣʫʞʠ ʟʘ ʟʠʜʘˁʝ, ʤʘʣʪʝʨʠʩʘˁʝ, 

ʙʝʪʦʥʠʨʘˁʝ ʢʘʦ ʠ ʟʘ ʜʨʫʛʝ ʛʨʘʹʝʚʠʥʩʢʝ ʨʘʜʦʚʝ. 

 ʆʣʦʚʢʘ ʩʣʫʞʠ ʟʘ ʦʙʝʣʝʞʘʚʘˁʝ ʟʠʜʦʚʘ, ʩʣʦʿʝʚʘ ʟʠʜʦʚʘ, ʢʘʦ ʠ ʟʘ ʨʘʟʣʠʯʠʪʘ ʦʙʝʣʝʞʘʚʘˁʘ 

ʄʝʪʘʨ ʩʣʫʞʠ ʟʘ ʤʝʨʝˁʝ. ʋ ʫʧʦʪʨʝʙʠ ʠʤʘ ʨʘʟʣʠʯʠʪʠʭ ʚʨʩʪ ʤʝʪʘʨʘ ʠ ʜʨʚʝʪʘ ʠ ʤʝʪʘʣʘ,  

ʜʫʞʠʥʝ 1m, 2m ʠʣʠ ʚʠʰʝ ʤʝʪʘʨʘ. ʄʦʞʝ ʙʠʪʠ ʠʟʨʘʹʝʥ ʥʘ ʧʨʝʢʣʦʧ ʠʣʠ ʦʜ 

ʤʝʪʘʣʥʝ ʪʨʘʢʝ ʩʘʚʠʿʝʥ ʫ ʤʝʪʘʣʥʫ ʢʫʪʠʿʫ 

 


