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ʄʝʪʦʜʘʤʠ ʠʥʬʨʘʢʨʘʩʥʦʡ (ʀʂ) ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʥʘʨʫʰʝʥʥʦʛʦ ʧʦʣʥʦʛʦ ʚʥʫʪʨʝʥʥʝʛʦ ʦʪʨʘʞʝʥʠʷ (ʅʇɺʆ) 

ʠ ʤʠʢʨʦʩʢʦʧʠʠ ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʩʪʝʧʝʥʠ ʥʝʡʪʨʘʣʠʟʘʮʠʠ (0ï100%) ʘʢʨʠʣʦʚʦʡ ʢʠʩʣʦʪʳ (ɸʂ) 

ʥʘ ʦʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʨʘʩʪʚʦʨʦʚ ʨʝʘʢʮʠʦʥʥʳʭ ʩʠʩʪʝʤ, ʤʦʨʬʦʣʦʛʠʶ ʠ ʥʘʙʫʭʘʥʠʝ ʩʫʭʠʭ ʠʟʤʝʣʴʯʝʥʥʳʭ 

ʦʙʨʘʟʮʦʚ ʧʨʦʜʫʢʪʦʚ ʩʠʥʪʝʟʘ ï ʥʝ ʩʰʠʪʦʛʦ ʧʦʣʠʘʢʨʠʣʘʪʘ ʥʘʪʨʠʷ, ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ 

ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʧʠʱʝʚʦʡ ʜʦʙʘʚʢʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʩʪʝʧʝʥʴ ʥʝʡʪʨʘʣʠʟʘʮʠʠ ɸʂ ʟʘʤʝʪʥʦ 

ʦʪʨʘʞʘʝʪʩʷ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʠ ʤʘʪʨʠʯʥʦʡ ʩʝʪʢʠ ʧʦʣʠʤʝʨʘ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʥʘʙʫʭʘʥʠʷ, 

ʧʦʟʚʦʣʷ ̫ʨʘʟʙʠʪʴ ʠʩʩʣʝʜʫʝʤʳʡ ʨʷʜ ʦʙʨʘʟʮʦʚ ʥʘ ʜʚʝ ʛʨʫʧʧʳ. ʌʦʨʤʠʨʦʚʘʥʠʝ ʤʘʢʨʦʩʪʨʫʢʪʫʨʳ ʛʠʜʨʦʛʝʣʝʡ, 

ʧʨʦʷʚʣʷʶʱʠʭ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʥʝʦʛʨʘʥʠʯʝʥʥʦʤʫ ʥʘʙʫʭʘʥʠʶ, ʥʘʯʠʥʘʝʪʩʷ ʩ 50%-ʦʡ ʥʝʡʪʨʘʣʠʟʘʮʠʠ 
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ʢʦʥʪʘʢʪʝ ʩ ʚʦʜʥʦʡ ʩʨʝʜʦʡ ʨʘʩʪʚʦʨʷʣʠʩʴ. ʆʙʨʘʟʮʳ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʱʝʣʦʯʠ 50ï60% ʧʨʝʜʩʪʘʚʣʷʣʠ ʩʠʩʪʝʤʳ 

ʚ ʧʝʨʝʭʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ. ʋʚʝʣʠʯʝʥʠʝ ʩʪʝʧʝʥʠ ʥʝʡʪʨʘʣʠʟʘʮʠʠ (70ï100%)  ʧʨʠʚʦʜʠʣʦ ʢ ʧʦʚʳʰʝʥʠʶ 

ʧʣʦʪʥʦʩʪʠ ʥʝʦʛʨʘʥʠʯʝʥʥʦ ʥʘʙʫʭʘʶʱʝʛʦ ʛʠʜʨʦʛʝʣʷ. ʇʨʠ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʦʪʤʝʯʝʥʦ, ʯʪʦ 

ʩʢʣʦʥʥʦʩʪʴ ʩʫʭʦʛʦ ʛʠʜʨʦʛʝʣʷ ʢ ʨʘʩʪʚʦʨʝʥʠʶ ʠ ʝʛʦ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʛʝʣʝʦʙʨʘʟʦʚʘʥʠʶ ʧʨʦʷʚʣʷʶʪʩʷ 

ʚ ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʠ ʤʦʨʬʦʣʦʛʠʠ ʯʘʩʪʠʮ ʠʟʤʝʣʴʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ. ʂʦʤʧʣʝʢʩʥʦʝ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʠʩʪʝʤ ʨʝʘʢʮʠʦʥʥʳʭ ʜʠʩʧʝʨʩʠʡ, ʩʫʭʠʭ ʠ ʥʘʙʫʭʰʠʭ ʛʠʜʨʦʛʝʣʝʡ ʧʦʣʠʘʢʨʠʣʘʪʘ ʥʘʪʨʠʷ, 
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Not crosslinked sodium polyacrylate is widely used in food production as a food additive. The article investigates 

the effect of acrylic acid (AA) neutralization degree (from 0 to 100 %) on the optical properties of reaction systems 

solutions, morphology and swelling of polyacrylate synthesis dry powdered samples by IR-spectroscopy 

of attenuated total internal reflection (ATR) and microscopy. It is shown that AA degree of neutralization affects 

the formation of the matrix polymer mesh and the efficiency of swelling significantly, that allows subdividing 

the range of samples under investigation into two groups. The formation of hydrogel macrostructure, having 

unlimited swelling ability, starts at 50% neutralization of acrylic acid. Dry samples with a lesser monomer 

neutralization degree (from 0 to 40%) dissolve upon contact with an aqueous medium. The samples with the alkali 

content of 50ï60% represent the systems in transient state. The increase in the neutralization degree (from 70 

to 100%) leads to an increase in the density of the unlimited swollen hydrogel. Microscopic investigation shows that 

the solubility of the dry hydrogel and its ability to gelate influence the organoleptic characteristics and morphology 

of the particulate samples. A comprehensive study of the reaction dispersion systems, and sodium polyacrylate dry 

and swollen hydrogels by IR-spectroscopy and ATR microscopy is the novelty of the research. 
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ɺʚʝʜʝʥʠʝ 

ɻʝʣʝʦʙʨʘʟʫʶʱʠʝ ʚʣʘʛʦʘʙʩʦʨʙʮʠʦʥʥʳʝ ʧʦʣʠʘʢʨʠʣʘʪʳ [1ï3] ʠ ʠʭ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʤʦʜʠʬʠʢʘʮʠʠ 

ʷʚʣʷʶʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʚʦʩʪʨʝʙʦʚʘʥʥʳʭ ʚʠʜʦʚ ʧʦʣʠʤʝʨʦʚ, ʠʥʪʝʨʝʩ ʢ ʢʦʪʦʨʳʤ ʠ ʧʨʦʠʟʚʦʜʩʪʚʦ 

ʩ ʢʘʞʜʳʤ ʛʦʜʦʤ ʚʦʟʨʘʩʪʘʶʪ [4ï6]. ɺ ʧʠʱʝʚʦʡ ʠʥʜʫʩʪʨʠʠ ʘʢʨʠʣʘʪʳ, ʧʨʦʠʟʚʦʜʥʳʝ ʘʢʨʠʣʦʚʦʡ ʢʠʩʣʦʪʳ, 

ʦʙʣʘʜʘʷ ʩʧʦʩʦʙʥʦʩʪʴʶ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʛʝʣʝʡ (ʞʝʣʝ) ʧʨʠ ʢʦʥʪʘʢʪʝ ʩ ʚʦʜʥʦʡ ʩʨʝʜʦʡ, ʥʘʭʦʜʷʪ ʰʠʨʦʢʦʝ 

ʧʨʠʤʝʥʝʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʧʠʱʝʚʳʭ ʜʦʙʘʚʦʢ [7, 8].  

ʆʜʥʦʡ ʠʟ ʚʘʞʥʳʭ ʫʟʥʘʚʘʝʤʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ, ʥʘʨʷʜʫ ʩ ʮʚʝʪʦʤ, ʘʨʦʤʘʪʦʤ 

ʠ ʚʢʫʩʦʤ, ʷʚʣʷʝʪʩʷ ʠʭ ʢʦʥʩʠʩʪʝʥʮʠʷ. ɸʢʨʠʣʘʪʳ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʢʣʘʩʩʫ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʠʱʝʚʳʭ ʜʦʙʘʚʦʢ, 

ʧʦʟʚʦʣʷʶʪ ʩʦʭʨʘʥʷʪʴ ʥʫʞʥʫʶ ʢʦʥʩʠʩʪʝʥʮʠʶ ʧʨʦʜʫʢʪʘ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʜʣʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ï ʚ ʧʨʦʮʝʩʩʝ 

ʧʨʦʠʟʚʦʜʩʪʚʘ, ʫʧʘʢʦʚʢʠ, ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʠʣʠ ʭʨʘʥʝʥʠʷ. ʆʙʣʘʜʘʷ ʞʝʣʘʪʠʥʠʟʠʨʫʶʱʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʦʥʠ  

ʧʨʦʥʠʢʣʠ ʚʦ ʚʩʝ ʦʙʣʘʩʪʠ ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ [7, 8]. ɺ ʢʘʯʝʩʪʚʝ ʟʘʛʫʩʪʠʪʝʣʝʡ, ʛʝʣʝʦʙʨʘʟʦʚʘʪʝʣʝʡ, 

ʩʪʘʙʠʣʠʟʘʪʦʨʦʚ, ʨʝʛʫʣʷʪʦʨʦʚ ʚʷʟʢʦʩʪʠ ʠ ʚʣʘʛʦʫʜʝʨʞʠʚʘʪʝʣʝʡ ʘʢʨʠʣʘʪʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʢʦʥʜʠʪʝʨʩʢʦʤ, 

ʤʦʣʦʯʥʦʤ, ʭʣʝʙʦʧʝʢʘʨʥʦʤ, ʤʷʩʦʧʝʨʝʨʘʙʘʪʳʚʘʶʱʝʤ ʧʨʦʠʟʚʦʜʩʪʚʘʭ ʜʣʷ ʧʨʠʜʘʥʠʷ ʧʨʦʜʫʢʮʠʠ ʞʝʣʘʝʤʦʡ 

ʬʦʨʤʳ, ʪʝʢʩʪʫʨʳ, ʢʦʥʩʠʩʪʝʥʮʠʠ, ʩʦʭʨʘʥʝʥʠʷ ʧʨʦʜʫʢʪʦʤ ʤʷʛʢʦʩʪʠ, ʧʦʚʳʰʝʥʠʷ ʘʜʛʝʟʠʠ ʩʳʨʦʛʦ ʙʝʣʢʘ 

ʠ ʤʫʢʠ. ʆʥʠ ʫʩʪʦʡʯʠʚʳ ʢ ʦʢʠʩʣʠʪʝʣʷʤ, ʚ ʪʦʤ ʯʠʩʣʝ ʢ ʬʨʫʢʪʦʚʳʤ ʢʠʩʣʦʪʘʤ, ʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷʤ. ɸʢʨʠʣʘʪʳ 

ʵʬʬʝʢʪʠʚʥʳ ʧʨʠ ʩʦʟʜʘʥʠʠ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʠʱʝʚʳʭ ʢʨʘʩʠʪʝʣʝʡ, ʥʘʨʫʞʥʳʭ ʧʦʢʨʳʪʠʡ ʜʣʷ ʙʣʦʢʠʨʦʚʢʠ 

ʧʘʨʦʚ ʚʦʜʳ ï ʦʙʦʣʦʯʢʠ ʜʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʩʳʨʦʢʦʧʯʝʥʳʭ ʠ ʚʘʨʝʥʳʭ ʢʦʣʙʘʩ.  

ʆʜʥʠʤ ʠʟ ʚʘʞʥʳʭ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʤʝʭʘʥʠʟʤ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʞʝʣʠʨʦʚʘʥʠʷ, 

ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʝʡ, ʧʨʠʨʦʜʦʡ ʠ ʩʦʩʪʘʚʦʤ ʧʨʦʠʟʚʦʜʠʤʦʛʦ ʧʨʦʜʫʢʪʘ, ʷʚʣʷʝʪʩʷ 

ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʚʝʣʠʯʠʥʳ ʨʅ ʚ ʧʨʦʮʝʩʩʝ ʩʠʥʪʝʟʘ ʧʦʣʠʤʝʨʘ [1, 3, 7]. ɺʤʝʩʪʝ ʩ ʨʘʟʚʠʪʠʝʤ 

ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʚʥʝʜʨʝʥʠʝʤ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʨʘʩʪʝʪ ʧʦʧʫʣʷʨʥʦʩʪʴ ʧʠʱʝʚʳʭ ʜʦʙʘʚʦʢ 

ʠ ʠʥʪʝʨʝʩ ʢ ʥʠʤ, ʚ ʪʦʤ ʯʠʩʣʝ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʣʠʷʥʠʷ ʚʘʨʠʘʮʠʡ ʨʘʟʣʠʯʥʳʭ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʤʦʥʠʪʦʨʠʥʛʘ ʠʟʤʝʥʝʥʠʷ ʩʚʦʡʩʪʚ ʥʘ ʨʘʟʥʳʭ ʵʪʘʧʘʭ ʩʠʥʪʝʟʘ.  

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʠʣʦʩʴ ʢʦʤʧʣʝʢʩʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʦʧʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʩʪʚʦʨʦʚ 

ʨʝʘʢʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʠ ʩʫʭʠʭ ʠʟʤʝʣʴʯʝʥʥʳʭ ʛʠʜʨʦʛʝʣʝʡ ʧʦʣʠʘʢʨʠʣʘʪʘ, ʘ ʪʘʢʞʝ ʥʘʯʘʣʘ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʤʘʪʨʠʯʥʦʡ ʩʝʪʢʠ ʧʦʣʠʤʝʨʦʚ ʠ ʠʭ ʥʘʙʫʭʘʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʝʧʝʥʠ ʥʝʡʪʨʘʣʠʟʘʮʠʠ ʘʢʨʠʣʦʚʦʡ ʢʠʩʣʦʪʳ 

ʥʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʩʠʥʪʝʟʘ. 

ʆʙʲʝʢʪʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

 ʆʙʲʝʢʪʘʤʠ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʣʠʩʴ ʨʘʩʪʚʦʨʳ (ʜʠʩʧʝʨʩʠʠ) ʨʝʘʢʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʠ ʩʫʭʠʝ 

ʠʟʤʝʣʴʯʝʥʥʳʝ ʛʠʜʨʦʛʝʣʠ ʧʨʦʜʫʢʪʦʚ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʘʢʨʠʣʘʪʘ ʥʘʪʨʠʷ ʉʅ2=ʉʅïʉʆʆNa (ɸʂNa), 

ʧʦʣʫʯʝʥʥʦʛʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʟʥʦʡ ʩʪʝʧʝʥʠ ʥʝʡʪʨʘʣʠʟʘʮʠʠ (ʦʪ 0 ʜʦ 100%, ʩ ʰʘʛʦʤ 10%) ʘʢʨʠʣʦʚʦʡ ʢʠʩʣʦʪʳ 

ʉʅ2=ʉʅ-ʉʆʆʅ ʨʘʩʪʚʦʨʦʤ 14 ʥ NaOH. ʇʨʠ ʧʨʠʛʦʪʦʚʣʝʥʠʠ ʨʘʩʪʚʦʨʦʚ ʨʝʘʢʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʤʝʪʦʜʦʤ 

ʨʘʜʠʢʘʣʴʥʦʡ ʧʦʣʠʤʝʨʠʟʘʮʠʠ [9, 10] ʧʦ ʤʝʪʦʜʠʢʝ [11] ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʬʠʢʩʠʨʦʚʘʥʥʳʝ ʢʦʣʠʯʝʩʪʚʘ 

ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʠʥʠʮʠʠʨʫʶʱʠʭ ʧʨʦʮʝʩʩ ʧʦʣʠʤʝʨʟʘʮʠʠ: 

ʪʝʪʨʘʤʝʪʠʣʵʪʠʣʝʥʜʠʘʤʠʥʘ N(CH3)2ïCH2 ïCH2ïN(CH3)2 (ʊʄʕɼ) ʠ ʧʝʨʩʫʣʴʬʘʪʘ ʘʤʤʦʥʠʷ (NH4)2S2O8 

(ʇʉɸ) ʧʦ 30 (ʤʘʩʩ.) % ʙʝʟ ʧʨʠʤʝʥʝʥʠʷ ʩʰʠʚʘʶʱʝʛʦ ʘʛʝʥʪʘ. ʇʦʩʣʝ ʚʳʩʫʰʠʚʘʥʠʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 45ÁC 

ʧʦʣʫʯʝʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠʟʤʝʣʴʯʘʣʠʩʴ ʥʘ ʤʝʣʴʥʠʮʝ ʠ ʜʠʩʧʝʨʛʠʨʦʚʘʣʠʩʴ ʩʠʪʦʚʳʤ ʩʧʦʩʦʙʦʤ. ʈʘʟʤʝʨ ʯʘʩʪʠʮ 

ʨʘʙʦʯʝʡ ʬʨʘʢʮʠʠ ʩʦʩʪʘʚʣʷʣ 0,315ï0,15 ʤʤ. 

ʆʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʨʘʩʪʚʦʨʦʚ ʨʝʘʢʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʠ ʠʟʤʝʣʴʯʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠʩʩʣʝʜʦʚʘʣʠʩʴ 

ʤʝʪʦʜʦʤ ʀʂ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʅʇɺʆ [12] ʥʘ ʀʂ ʌʫʨʴʝ ʩʧʝʢʪʨʦʤʝʪʨʝ Tensor II  ʬʠʨʤʳ Bruker ʚ ʜʠʘʧʘʟʦʥʝ 

ʯʘʩʪʦʪ 4000ï600 ʩʤï1. ʇʨʠ ʚʠʟʫʘʣʴʥʦʡ ʦʮʝʥʢʝ ʩʪʝʧʝʥʠ ʥʘʙʫʭʘʥʠʷ ʛʠʜʨʦʛʝʣʝʡ (m = 0,0025 ʛ, Vʅ2ʆ = 10 ʤʣ) 

ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʢʦʥʪʨʘʩʪʥʦʩʪʠ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʬʘʟ ʠʩʧʦʣʴʟʦʚʘʥ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʳʡ ʠʥʜʠʢʘʪʦʨ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʬʠʦʣʝʪʦʚʳʡ (ʂʬ) c ʨʂʘ = +0,8 [13]. ʌʦʪʦʩʥʠʤʢʠ ʩʫʭʠʭ ʠ ʥʘʙʫʭʰʠʭ ʛʠʜʨʦʛʝʣʝʡ 

ʩ ʫʚʝʣʠʯʝʥʠʝʤ ï 90 ʧʦʣʫʯʘʣʠ ʥʘ ʤʠʢʨʦʩʢʦʧʝ ʄʀʂʄʝʜ-1 (ʃʆʄʆ). 
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ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ʎʝʣʴʶ ʜʘʥʥʦʛʦ ʵʪʘʧʘ ʵʢʩʧʝʨʠʤʝʥʪʘ ʷʚʣʷʣʦʩʴ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʩʪʝʧʝʥʠ ʥʝʡʪʨʘʣʠʟʘʮʠʠ ɸʂ 

ʥʘ ʥʘʯʘʣʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʘʪʨʠʯʥʦʡ ʩʝʪʢʠ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʧʦʣʠʤʝʨʠʟʘʮʠʠ. ʀʩʭʦʜʷ 

ʠʟ ʫʨʘʚʥʝʥʠʷ  

 

                               Cʅ2 = ʉʅ + NaOH                           Cʅ2 = ʉʅ + H2O
 

                                                                  |                                                                                      | 

                                         C=O                                                      C=O 

                                                                  |                                                                                      | 

                                         O-ʅ                                                       O-Na 

                                          ʂʘʨʙʦʥʠʣ                                                     ʂʘʨʙʦʥʠʣ 

                                      ʘʢʨʠʣʦʚʦʡ ʢʠʩʣʦʪʳ                                    ʘʢʨʠʣʘʪʘ ʥʘʪʨʠʷ 

 

ʧʨʠ ʚʘʨʴʠʨʦʚʘʥʠʠ ʩʪʝʧʝʥʠ ʥʝʡʪʨʘʣʠʟʘʮʠʠ ɸʂ ʨʘʩʪʚʦʨʦʤ ʝʜʢʦʛʦ ʥʘʪʨʘ ʚ ʩʠʩʪʝʤʝ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦ 

ʤʝʥʷʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝ ʦʩʪʘʪʦʯʥʦʡ ɸʂ ʠ ʦʙʨʘʟʦʚʘʚʰʝʛʦʩʷ ʘʢʨʠʣʘʪʘ, ʢʘʨʙʦʥʠʣʴʥʳʝ ʛʨʫʧʧʠʨʦʚʢʠ ʢʦʪʦʨʳʭ 

ʷʚʣʷʶʪʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʳʤʠ ʬʫʥʢʮʠʦʥʘʣʘʤʠ ʚ ʀʂ ʩʧʝʢʪʨʘʭ ʜʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʀʟʤʝʥʝʥʠʝ 

ʩʦʦʪʥʦʰʝʥʠʷ ʦʩʥʦʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʮʝʩʩʘ ʥʝʡʪʨʘʣʠʟʘʮʠʠ ɸʂ ʠ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ 

ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʝʤʫ ʧʨʦʮʝʩʩʫ ʛʠʜʨʦʣʠʟʘ ʦʙʨʘʟʦʚʘʚʰʝʛʦʩʷ ʘʢʨʠʣʘʪʘ ʥʘʪʨʠʷ [14], ʥʝʠʟʙʝʞʥʦ ʜʦʣʞʥʳ 

ʦʪʨʘʟʠʪʴʩʷ ʥʘ ʩʧʝʢʪʨʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʢʘʢ ʨʘʩʪʚʦʨʦʚ ʨʝʘʢʮʠʦʥʥʳʭ ʩʠʩʪʝʤ, ʪʘʢ ʠ ʩʫʭʠʭ ʛʠʜʨʦʛʝʣʝʡ 

ʦʙʨʘʟʮʦʚ, ʤʝʭʘʥʠʟʤʝ ʠ ʩʪʝʧʝʥʠ ʠʭ ʥʘʙʫʭʘʥʠʷ.   

 
ʈʠʩʫʥʦʢ 1 ï ʆʙʱʠʡ ʚʠʜ ʀʂ ʩʧʝʢʪʨʦʚ ʨʘʩʪʚʦʨʦʚ ʨʝʘʢʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʩʦʩʪʘʚʘ:  

ɸʂ + ʍ % NaOH + ʊʄʕɼ + ʇʉɸ 

 

ʈʠʩʫʥʦʢ 1 ʠʣʣʶʩʪʨʠʨʫʝʪ ʦʙʱʠʡ ʚʠʜ ʀʂ ʩʧʝʢʪʨʦʚ ʨʘʩʪʚʦʨʦʚ ʨʝʘʢʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʩ ʨʘʟʥʦʡ ʩʪʝʧʝʥʴʶ 

ʥʝʡʪʨʘʣʠʟʘʮʠʠ ɸʂ. ɸʥʘʣʠʟ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʶ ʩʧʝʢʪʨʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʨʦʚʦʜʠʣʠ ʥʘ ʦʩʥʦʚʘʥʠʠ ʩʧʨʘʚʦʯʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ [15, 16]. ɺ ʩʧʝʢʪʨʝ ʦʙʨʘʟʮʘ ˉ 1 (0% NaOH) ʧʦʣʦʩʘ ʧʨʠ 3441 ʩʤ-1, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʚʘʣʝʥʪʥʳʤʠ 

ʢʦʣʝʙʘʥʠʷʤʠ ʛʠʜʨʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ ʩʚʷʟʘʥʥʳʭ ʤʦʣʝʢʫʣ ʚʦʜʳ, ʩ ʧʦʚʳʰʝʥʠʝʤ ʩʪʝʧʝʥʠ ʥʝʡʪʨʘʣʠʟʘʮʠʠ 

ʠʩʧʳʪʳʚʘʝʪ ʥʠʟʢʦʯʘʩʪʦʪʥʳʡ ʩʜʚʠʛ ʥʘ 71 ʩʤ-1 ʚ ʦʙʣʘʩʪʴ 3370 ʩʤ-1, ʫʚʝʣʠʯʠʚʘʷʩʴ ʧʨʠ ʵʪʦʤ ʧʦ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ. ɺʘʣʝʥʪʥʳʝ ʢʦʣʝʙʘʥʠʷ ïʉʅn ʛʨʫʧʧʠʨʦʚʦʢ ʚʩʝʭ ʢʦʤʧʦʥʝʥʪʦʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʢʦʤʧʦʟʠʮʠʡ 

ʜʠʩʧʝʨʩʠʡ ʚʭʦʜʷʪ ʚ ʩʦʩʪʘʚ ʧʦʣʦʩ ʩʨʝʜʥʝʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚ ʦʙʣʘʩʪʠ 3200ï2500 ʩʤ-1. 

ʍʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʤ ʢʦʣʝʙʘʥʠʷʤ ʢʘʨʙʦʥʠʣʦʚ ɸʂ ʠ ɸʂNa ʜʣʷ ʜʘʥʥʦʡ ʩʝʨʠʠ ʜʠʩʧʝʨʩʠʦʥʥʳʭ ʩʠʩʪʝʤ 

ʦʪʚʝʯʘʶʪ ʜʦʩʪʘʪʦʯʥʦ ʩʪʘʙʠʣʴʥʳʝ ʧʦ ʧʦʣʦʞʝʥʠʶ ʧʦʣʦʩʳ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 1692 ʠ 1542 ʩʤ-1. ɿʘʚʠʩʠʤʦʩʪʠ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʨʠʩʫʥʢʝ 2, ʦʪʨʘʞʘʶʪ ʭʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʠʭ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚ ʠʩʩʣʝʜʫʝʤʦʤ ʨʷʜʫ ï 
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ʫʚʝʣʠʯʝʥʠʝ ʧʦʛʣʦʱʝʥʠʷ ʜʣʷ ʢʘʨʙʦʥʠʣʘ ʘʢʨʠʣʘʪʘ ʥʘʪʨʠʷ ʢʘʢ ʧʨʦʜʫʢʪʘ ʥʝʡʪʨʘʣʠʟʘʮʠʠ ɸʂ (ʢʨ. 1) ʠ ʧʘʜʝʥʠʝ 

ʜʣʷ ʢʘʨʙʦʥʠʣʘ ʢʘʨʙʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʳ (ʢʨ. 2).  

ʀʥʪʝʥʩʠʚʥʦʩʪʠ ʦʙʝʠʭ ʧʦʣʦʩ ʚʳʨʘʚʥʠʚʘʶʪʩʷ ʧʨʠ ʩʪʝʧʝʥʠ ʥʝʡʪʨʘʣʠʟʘʮʠʠ ɸʂ ʧʨʠʤʝʨʥʦ ʨʘʚʥʦʡ 50%. 

ʋʚʝʣʠʯʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ 1692 ʩʤ-1 ʧʨʠ 100% ʥʝʡʪʨʘʣʠʟʘʮʠʠ ʤʦʞʝʪ ʙʳʪʴ ʦʙʷʟʘʥʦ 

ʧʨʦʮʝʩʩʫ ʛʠʜʨʦʣʠʟʘ ʘʢʨʠʣʘʪʘ ʥʘʪʨʠʷ [17]. ʇʦʛʣʦʱʝʥʠʝ, ʦʙʫʩʣʦʚʣʝʥʥʦʝ ʚʘʣʝʥʪʥʳʤʠ ʢʦʣʝʙʘʥʠʷʤʠ 

ʩʚʷʟʘʥʥʳʭ ʆʅ-ʛʨʫʧʧ ʤʦʣʝʢʫʣ ʚʦʜʳ (ʢʨ. 3), ʚʦʟʨʘʩʪʘʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʚʚʝʜʝʥʥʦʡ ʚ ʩʠʩʪʝʤʫ 

ʱʝʣʦʯʠ, ʠʟʤʝʥʷʝʪʩʷ ʩʠʥʭʨʦʥʥʦ ʩ ʨʦʩʪʦʤ ʩʦʜʝʨʞʘʥʠʷ ʘʢʨʠʣʘʪʘ ʥʘʪʨʠʷ. ɸ ʥʠʟʢʦʯʘʩʪʦʪʥʳʡ ʩʜʚʠʛ ʧʦʣʦʩʳ 

3441 ʩʤ-1 ʫʢʘʟʳʚʘʝʪ ʥʘ  ʦʙʨʘʟʦʚʘʥʠʝ ʤʦʣʝʢʫʣʘʤʠ ʚʦʜʳ ʚʦʜʦʨʦʜʥʦʡ ʩʚʷʟʠ ʩ ʢʘʨʙʦʥʠʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ 

ʦʙʨʘʟʫʶʱʝʛʦʩʷ ɸʂNa.   
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ʈʠʩʫʥʦʢ 2 ï ʀʟʤʝʥʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʧʦʣʦʩ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʝʧʝʥʠ ʥʝʡʪʨʘʣʠʟʘʮʠʠ ɸʂ 

ʚ ʨʘʩʪʚʦʨʘʭ ʨʝʘʢʮʠʦʥʥʳʭ ʩʠʩʪʝʤ:1 ï 1542; 2 ï 1692; 3 ï 3441 ʩʤ
-1
.   

ʆʙʱʠʡ ʚʠʜ ʀʂ ʩʧʝʢʪʨʦʚ ʠʟʤʝʣʴʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʩʫʭʠʭ ʛʠʜʨʦʛʝʣʝʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʩʪʝʧʝʥʠ ʥʝʡʪʨʘʣʠʟʘʮʠʠ ɸʂ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 3. ʐʠʨʦʢʘʷ ʧʦʣʦʩʘ ʩʨʝʜʥʝʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 3600ï

3500 ʩʤ-1 ʩ ʤʘʢʩʠʤʫʤʦʤ ʧʨʠ 3543 ʩʤ-1 ʚ ʩʧʝʢʪʨʝ ʦʙʨʘʟʮʘ ˉ 1 ʧʨʠʥʘʜʣʝʞʠʪ ʚʘʣʝʥʪʥʳʤ ʢʦʣʝʙʘʥʠʷʤ 

ʩʚʦʙʦʜʥʳʭ ʆʅ-ʛʨʫʧʧ ʤʦʣʝʢʫʣ ʚʦʜʳ. ʇʦʣʦʩʘ 3200ï3100 ʩʤ-1 ʤʦʞʝʪ ʙʳʪʴ ʦʪʥʝʩʝʥʘ ʢʘʢ ʢ ʩʚʷʟʘʥʥʳʤ ʆʅ-

ʛʨʫʧʧʘʤ ʤʦʣʝʢʫʣ ʚʦʜʳ, ʪʘʢ ʠ ʆʅ-ʛʨʫʧʧʘʤ ʜʠʤʝʨʦʚ ʩʘʤʦʡ ɸʂ. ɿʘ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʫʶ ʠ ʩʪʘʙʠʣʴʥʫʶ ʧʦ 

ʧʦʣʦʞʝʥʠʶ ʧʦʣʦʩʫ ʩ ʤʘʢʩʠʤʫʤʦʤ 3044 ʩʤ-1 ʦʪʚʝʪʩʪʚʝʥʥʳ ʉʅ-ʛʨʫʧʧʠʨʦʚʢʠ ʧʨʠ ʜʚʦʡʥʦʡ ʩʚʷʟʠ 

=ʉʅ ( =ʉʅ). ɺ ʝʝ ʩʦʩʪʘʚ ʤʦʛʫʪ ʚʭʦʜʠʪʴ ʉʅ-ʛʨʫʧʧʳ ɸʂ, (ɸʂNa), ʙʝʥʟʦʣʴʥʦʛʦ ʢʦʣʴʮʘ ʛʠʜʨʦʭʠʥʦʥʘ ï 

ʘʥʪʠʦʢʩʠʜʘʥʪʘ, ʚʚʦʜʠʤʦʛʦ ʚ ɸʂ ʢʘʢ ʠʥʛʠʙʠʪʦʨʘ ʧʨʦʮʝʩʩʘ ʝʝ ʧʦʣʠʤʝʨʠʟʘʮʠʠ, ʪʘʢ ʠ ʤʘʣʝʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ï 

ʧʨʦʜʫʢʪʘ ʨʘʩʧʘʜʘ ʛʠʜʨʦʭʠʥʦʥʘ [17]. 

ʇʦʣʦʩʘ 3543 ʩʤ-1ʩʤʝʱʘʝʪʩʷ ʚ ʦʙʣʘʩʪʴ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʯʘʩʪʦʪ (3580ï3590 ʩʤ-1) ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ 

ʚ ʨʝʘʢʮʠʦʥʥʫʶ ʩʠʩʪʝʤʫ ʱʝʣʦʯʠ ʠ ʪʝʨʷʝʪ ʩʚʦʶ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʚ ʩʧʝʢʪʨʘʭ ʦʙʨʘʟʮʦʚ ˉˉ 2ï7 ʩʦ ʩʪʝʧʝʥʴʶ 

ʥʝʡʪʨʘʣʠʟʘʮʠʠ ʦʪ 5 ʜʦ 50%.  ʆʜʥʦʚʨʝʤʝʥʥʦ ʩ ʝʝ ʠʩʯʝʟʥʦʚʝʥʠʝʤ ʚ ʩʧʝʢʪʨʘʭ ʦʙʨʘʟʮʦʚ ˉˉ 8ï12 (60ï100% 

NaOH) ʥʘʯʠʥʘʝʪ ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʰʠʨʦʢʘʷ, ʤʘʣʦ ʠʥʪʝʥʩʠʚʥʘʷ ʧʦʣʦʩʘ ʚ ʠʥʪʝʨʚʘʣʝ ʯʘʩʪʦʪ 3300ï3200 ʩʤ-1, 

ʢʦʪʦʨʘʷ ʧʨʠʥʘʜʣʝʞʠʪ ʚʘʣʝʥʪʥʳʤ ʢʦʣʝʙʘʥʠʷʤ ʛʠʜʨʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ ʤʦʣʝʢʫʣ ʚʦʜʳ, ʩʚʷʟʘʥʥʳʭ 

ʩ ʢʘʨʙʦʥʠʣʦʤ ʘʢʨʠʣʘʪʘ ʥʘʪʨʠʷ. ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʧʦʣʦʩʳ ʩʣʘʙʦ ʚʦʟʨʘʩʪʘʝʪ ʧʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʩʪʝʧʝʥʠ 

ʥʝʡʪʨʘʣʠʟʘʮʠʠ ɸʂ.  

ʊʨʠ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʭ ʤʘʢʩʠʤʫʤʘ ʚ ʦʙʣʘʩʪʠ 3100ï3000 ʩʤ-1 ʪʘʢʞʝ ʤʦʛʫʪ ʙʳʪʴ ʦʪʥʝʩʝʥʳ 

ʢ ʢʦʣʝʙʘʥʠʷʤ =ʉʅ ɸʂ ʠ ɸʂNa, ʢʦʪʦʨʳʝ ʠʩʯʝʟʘʶʪ ʠʟ ʩʧʝʢʪʨʦʚ ʦʙʨʘʟʮʦʚ ʩʦ ʩʪʝʧʝʥʴʶ ʥʝʡʪʨʘʣʠʟʘʮʠʠ ʚʳʰʝ 

70%. ʍʦʨʦʰʦ ʚʳʨʘʞʝʥʥʳʡ ʜʫʙʣʝʪ (3000ï2900 ʩʤ-1) ʩʦ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʡ ʥʠʟʢʦʯʘʩʪʦʪʥʦʡ ʚʝʪʚʴʶ, 

ʧʨʠʩʫʪʩʪʚʫʶʱʠʡ ʚ ʩʧʝʢʪʨʘʭ ʚʩʝʭ ʦʙʨʘʟʮʦʚ, ʦʯʝʚʠʜʥʦ, ʧʨʠʥʘʜʣʝʞʠʪ ʉʅn-ʛʨʫʧʧʠʨʦʚʢʘʤ ʚʩʝʭ 

ʢʦʤʧʦʥʝʥʪʦʚ. 
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ʈʠʩʫʥʦʢ 3 ï  ʀʂ ʩʧʝʢʪʨʳ ʩʫʭʠʭ ʠʟʤʝʣʴʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʩʦʩʪʘʚʘ: ɸʂ + ʍ % NaOH + ʊʄʕɼ + ʇʉɸ  

ʅʝʤʦʥʦʪʦʥʥʳʡ ʭʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʭ ʧʦʣʦʩ ʚ ʩʧʝʢʪʨʘʭ ʦʙʨʘʟʮʦʚ 

ʩʫʭʠʭ ʛʠʜʨʦʛʝʣʝʡ ʦʪʨʘʞʘʶʪ ʢʨʠʚʳʝ, ʧʨʠʚʝʜʝʥʥʳʝ ʥʘ ʨʠʩʫʥʢʝ 4. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʣʦʩʝ 

ʢʘʨʙʦʥʠʣʴʥʳʭ ʛʨʫʧʧ ʢʘʨʙʦʢʩʠʣʘ ʦʪʚʝʯʘʶʪ ʢʦʣʝʙʘʥʠʷ ʧʨʠ 1731 ʩʤ-1, ʯʪʦ ʥʘ 39 ʩʤ-1 ʚʳʰʝ, ʯʝʤ ʚ ʩʧʝʢʪʨʘʭ 

ʨʘʩʪʚʦʨʦʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʝʘʢʮʠʦʥʥʳʭ ʩʠʩʪʝʤ. ʆʙʨʘʱʘʝʪ ʥʘ ʩʝʙʷ ʚʥʠʤʘʥʠʝ ʠ ʪʦ, ʯʪʦ ʩʥʠʞʝʥʠʝ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʣʦʩʳ 1731 ʩʤ-1 ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝʤ ʧʦʛʣʦʱʝʥʠʷ ʢʘʨʙʦʥʠʣʘ ʢʘʨʙʦʢʩʠʣʘʪʘ 

(1540 ʩʤ-1) ʚ ʩʧʝʢʪʨʘʭ ʩʫʭʠʭ ʦʙʨʘʟʮʦʚ ʩʦ ʩʪʝʧʝʥʴʶ ʥʝʡʪʨʘʣʠʟʘʮʠʠ ʜʦ 40% ʠ ʨʝʟʢʦʝ ʧʘʜʝʥʠʝ ʩ ʙʦʣʝʝ 

ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʱʝʣʦʯʠ. ʅʠʟʢʦʝ ʧʦʛʣʦʱʝʥʠʝ ʵʪʦʡ ʧʦʣʦʩʳ ʜʣʷ ʦʙʨʘʟʮʦʚ ʩʦ ʩʪʝʧʝʥʴʶ 

ʥʝʡʪʨʘʣʠʟʘʮʠʠ ɸʂ ʚʳʰʝ 70%, ʪʘʢʞʝ ʢʘʢ ʠ ʭʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʣʦʩʳ 3044 ʩʤ-1, ʤʦʞʝʪ 

ʫʢʘʟʳʚʘʪʴ ʥʘ ʠʥʪʝʥʩʠʬʠʢʘʮʠʶ ʧʨʦʮʝʩʩʘ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʘʢʨʠʣʘʪʘ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘʙʫʭʘʥʠʷ 

ʩʫʭʠʭ ʦʙʨʘʟʮʦʚ ʛʠʜʨʦʛʝʣʝʡ ʧʦʜʪʚʝʨʞʜʘʶʪ ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ. 
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ʈʠʩʫʥʦʢ 4 ï  ʀʟʤʝʥʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ ʚ ʀʂ ʩʧʝʢʪʨʘʭ ʩʫʭʠʭ 

ʠʟʤʝʣʴʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʝʧʝʥʠ ʥʝʡʪʨʘʣʠʟʘʮʠʠ ɸʂ: 1 ï 1731, 2 ï 1540, 3 ï 3044 ʩʤ
-1
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ʅʘ ʬʦʪʦ-ʨʠʩʫʥʢʝ 5 ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʙʨʘʟʮʳ ʩʦ ʩʪʝʧʝʥʴʶ ʥʝʡʪʨʘʣʠʟʘʮʠʠ ɸʂ ʚ ʠʥʪʝʨʚʘʣʝ 10ï100%. 

ʆʪʩʫʪʩʪʚʫʶʪ ʧʨʦʙʠʨʢʠ ˉ 1 (0% NaOH) ʠ ˉ 2 (5% NaOH). ʆʙʨʘʟʮʳ ˉˉ 1ï6 (0ï40% NaOH) ʧʨʠ ʢʦʥʪʘʢʪʝ 

ʩ ʚʦʜʥʦʡ ʬʘʟʦʡ ʨʘʩʪʚʦʨʠʣʠʩʴ. ɺ ʧʨʦʙʠʨʢʘʭ ˉ 7 (50% NaOH) ʠ ˉ 8 (60% NaOH) ʦʪʤʝʯʝʥʦ ʟʥʘʯʠʪʝʣʴʥʦʝ 

ʥʘʙʫʭʘʥʠʝ, ʥʦ ʥʘʙʣʶʜʘʣʦʩʴ ʨʘʩʩʣʘʠʚʘʥʠʝ ʚʦʜʥʦʡ ʬʘʟʳ ʠ ʨʳʭʣʦʛʦ ʥʘʙʫʭʰʝʛʦ ʛʠʜʨʦʛʝʣʷ. ʇʨʠ ʵʪʦʤ ʦʙʲʝʤ 

ʚʦʜʥʦʡ ʬʘʟʳ ʥʘʜ ʬʦʨʤʦʡ ʥʘʙʫʭʰʝʛʦ ʛʠʜʨʦʛʝʣʷ ʫʤʝʥʴʰʘʣʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʪʝʧʝʥʠ ʥʝʡʪʨʘʣʠʟʘʮʠʠ ɸʂ. 

ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ ʧʦʚʳʰʝʥʠʠ ʩʪʝʧʝʥʠ ʥʝʡʪʨʘʣʠʟʘʮʠʠ ɸʂ ʠʤʝʣʦ ʤʝʩʪʦ ʥʝʦʛʨʘʥʠʯʝʥʥʦʝ ʥʘʙʫʭʘʥʠʝ ï 

ʟʘʧʦʣʥʝʥʠʝ ʬʦʨʤʦʡ ʛʠʜʨʦʛʝʣʷ  ʚʩʝʛʦ ʦʙʲʝʤʘ ʚʦʜʥʦʡ ʬʘʟʳ, ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʫʚʝʣʠʯʝʥʠʝʤ ʝʛʦ ʧʣʦʪʥʦʩʪʠ. 

 

 

 

ʈʠʩʫʥʦʢ 5 ï ʌʦʪʦʠʣʣʶʩʪʨʘʮʠʷ ʚʣʠʷʥʠʷ ʩʪʝʧʝʥʠ ʥʝʡʪʨʘʣʠʟʘʮʠʠ ɸʂ ʥʘ ʥʘʙʫʭʘʥʠʝ ʩʫʭʠʭ ʠʟʤʝʣʴʯʝʥʥʳʭ 

ʦʙʨʘʟʮʦʚ  ʩʦʩʪʘʚʘ: ɸʂ + ʍ % NaOH + ʊʄʕɼ + ʇʉɸ.  

ʋʚʝʣʠʯʝʥʠʝ ʩʪʝʧʝʥʠ ʥʝʡʪʨʘʣʠʟʘʮʠʠ ɸʂ (ʧʨʦʙʠʨʢʠ ʩʣʝʚʘ ʥʘʧʨʘʚʦ):  ̄3 ï 10;  ̄4 ï 20;  ̄5 ï 30;  ̄6 ï 40; 

  ̄7 ï 50;  ̄8 ï 60;  ̄9 ï 70;  ̄10 ï 80;  ̄11 ï 90;  ̄12 ï 100% NaOH 

ʆʜʥʘʢʦ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 6, ʦʙʲʝʤ ʥʘʙʫʭʰʝʛʦ ʛʠʜʨʦʛʝʣʷ ʧʨʠ 50% ʥʝʡʪʨʘʣʠʟʘʮʠʠ ɸʂ 

ʧʨʘʢʪʠʯʝʩʢʠ ʣʠʥʝʡʥʦ ʚʦʟʨʘʩʪʘʝʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʤʘʩʩʳ ʥʘʚʝʩʢʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʣʷ ʦʙʨʘʟʮʦʚ 

ʩ ʥʝʡʪʨʘʣʠʟʘʮʠʝʡ ʚ 100% [18], ʚʝʣʠʯʠʥʘ ʥʘʚʝʩʢʠ ʥʝ ʦʢʘʟʳʚʘʣʘ ʚʣʠʷʥʠʝ ʥʘ ʥʝʦʛʨʘʥʠʯʝʥʥʦʝ ʥʘʙʫʭʘʥʠʝ, ʯʪʦ 

ʧʦʟʚʦʣʠʣʦ ʥʘʙʣʶʜʘʪʴ ʨʘʟʚʝʨʪʳʚʘʥʠʝ ʮʝʧʦʯʝʯʥʦʡ ʩʪʨʫʢʪʫʨʳ ʧʦʣʠʤʝʨʘ ʧʨʠ ʤʘʣʝʥʴʢʠʭ ʤʘʩʩʘʭ ʥʘʚʝʩʦʢ.  

 

 

ʈʠʩʫʥʦʢ 6 ï ʅʘʙʫʭʘʥʠʝ ʛʠʜʨʦʛʝʣʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʘʩʩʳ ʥʘʚʝʩʢʠ ʦʙʨʘʟʮʘ ʩ 50%-ʦʡ ʥʝʡʪʨʘʣʠʟʘʮʠʝʡ ɸʂ 

ʉʦʛʣʘʩʥʦ ʧʦʣʫʯʝʥʥʳʤ ʜʘʥʥʳʤ, ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʡ ʢʦʤʧʣʝʢʩ 

ʧʨʦʷʚʣʷʝʪ ʩʚʦʠ ʩʚʦʡʩʪʚʘ ʚ ʩʠʩʪʝʤʘʭ ʩʦ ʩʪʝʧʝʥʴʶ ʥʝʡʪʨʘʣʠʟʘʮʠʠ ɸʂ  70%. ʉʠʩʪʝʤʳ ʦʙʨʘʟʮʦʚ ˉ 7 

(50% NaOH) ʠ ˉ 8 (60% NaOH) ʥʘʭʦʜʷʪʩʷ ʚ ʧʝʨʝʭʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ. ʆʙʨʘʟʦʚʘʥʠʝ ʬʦʨʤʳ ʥʘʙʫʭʰʠʭ 

ʛʠʜʨʦʛʝʣʝʡ, ʩʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʥʘ ʨʠʩʫʥʢʘʭ 5 ʠ 7, ʥʘʯʠʥʘʝʪʩʷ ʩ 50%-ʦʡ ʩʪʝʧʝʥʠ 

ʥʝʡʪʨʘʣʠʟʘʮʠʠ ɸʂ. ʅʝʦʛʨʘʥʠʯʝʥʥʦʝ ʥʘʙʫʭʘʥʠʝ ï ʩ 70%-ʦʡ, ʩ ʧʘʨʘʣʣʝʣʴʥʳʤ ʧʦʚʳʰʝʥʠʝʤ ʧʣʦʪʥʦʩʪʠ 
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ʛʠʜʨʦʛʝʣʷ, ʢʦʛʜʘ ʩʦʜʝʨʞʘʥʠʝ ɸʂNa ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ ʥʘʯʠʥʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʪʴ ʩʫʤʤʘʨʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʦʩʪʘʪʦʯʥʦʡ ɸʂ ʠ ʦʙʨʘʟʦʚʘʥʥʦʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʛʠʜʨʦʣʠʟʘ ʘʢʨʠʣʘʪʘ.  
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ʈʠʩʫʥʦʢ 7 ï  ɻʨʘʬʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʚʣʠʷʥʠʷ ʩʪʝʧʝʥʠ ʥʝʡʪʨʘʣʠʟʘʮʠʠ ɸʂ ʥʘ ʥʘʙʫʭʘʥʠʝ ʩʫʭʠʭ 

ʠʟʤʝʣʴʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ  ʩʦʩʪʘʚʘ: ɸʂ + ʍ % NaOH + ʊʄʕɼ + ʇʉɸ  

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ, ʠʩʩʣʝʜʫʝʤʘʷ ʩʝʨʠʷ ʦʙʨʘʟʮʦʚ ʨʘʟʙʠʪʘ ʥʘ ʜʚʝ ʛʨʫʧʧʳ. ʂ ʧʝʨʚʦʡ 

ʦʪʥʝʩʝʥʳ ʦʙʨʘʟʮʳ, ʨʘʩʪʚʦʨʷʶʱʠʝʩʷ ʧʨʠ ʢʦʥʪʘʢʪʝ ʩ ʚʦʜʦʡ (ˉˉ 1ï6). ɺʦ ʚʪʦʨʫʶ ʚʢʣʶʯʝʥʳ ʦʙʨʘʟʳ 

ˉˉ 7ï12, ʦʙʨʘʟʫʶʱʠʝ ʥʘʙʫʭʘʶʱʠʝ ʛʠʜʨʦʛʝʣʠ. ʅʘ ʨʠʩʫʥʢʝ 8 ʧʨʠʚʝʜʝʥʳ ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʠ ʩʫʭʠʭ 

ʠʟʤʝʣʴʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʧʝʨʚʦʡ ʛʨʫʧʧʳ. ɺ ʥʝʡ ʚʳʜʝʣʷʝʪʩʷ ʦʙʨʘʟʝʮ ˉ 1, ʧʨʠ ʩʠʥʪʝʟʝ  ʢʦʪʦʨʦʛʦ ɸʂ 

ʥʝ ʧʦʜʚʝʨʛʘʣʘʩʴ ʥʝʡʪʨʘʣʠʟʘʮʠʠ. ɼʘʥʥʳʡ ʦʙʨʘʟʝʮ ʧʦʩʣʝ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʧʨʝʜʩʪʘʚʣʷʣ ʩʦʙʦʡ ʥʝʩʢʦʣʴʢʦ 

ʚʷʟʢʫʶ ʤʘʩʩʫ ʠ ʥʝ ʠʟʤʝʣʴʯʘʣʩʷ.  
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30%  NaOH                                                             40 %  NaOH 

 

ʈʠʩʫʥʦʢ 8 ï ʄʠʢʨʦʬʦʪʦʛʨʘʬʠʠ ʧʝʨʚʦʡ ʛʨʫʧʧʳ ʩʫʭʠʭ ʠʟʤʝʣʴʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʩʦ ʩʪʝʧʝʥʴʶ ʥʝʡʪʨʘʣʠʟʘʮʠʠ 

ʘʢʨʠʣʦʚʦʡ ʢʠʩʣʦʪʳ ʦʪ 0 ʜʦ 40% 

ɺ ʦʩʪʘʣʴʥʳʭ ʠʟʤʝʣʴʯʝʥʥʳʭ ʩʫʭʠʭ ʦʙʨʘʟʮʘʭ ʛʠʜʨʦʛʝʣʝʡ ʦʪʤʝʯʝʥʳ ʦʩʢʦʣʦʯʥʳʝ ʬʨʘʛʤʝʥʪʳ 

ʠʛʦʣʴʯʘʪʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʨʘʟʥʦʡ ʬʦʨʤʳ, ʩʦʜʝʨʞʘʥʠʝ ʠ ʨʘʟʤʝʨ ʢʦʪʦʨʳʭ ʚʦʟʨʘʩʪʘʣʠ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʪʝʧʝʥʠ 

ʥʝʡʪʨʘʣʠʟʘʮʠʠ ɸʂ.    

ʈʠʩʫʥʦʢ 9 ʠʣʣʶʩʪʨʠʨʫʝʪ ʤʠʢʨʦʩʥʠʤʢʠ ʦʙʨʘʟʮʦʚ ʚʪʦʨʦʡ ʛʨʫʧʧʳ. ʆʪ ʦʙʨʘʟʮʦʚ ʧʝʨʚʦʡ ʛʨʫʧʧʳ ʠʭ 

ʦʪʣʠʯʘʝʪ ʩʛʣʘʞʝʥʥʳʡ ʢʦʥʪʫʨ ʯʘʩʪʠʮ ʨʘʟʥʦʡ ʬʦʨʤʳ ʠ ʨʘʟʤʝʨʘ, ʘ ʪʘʢʞʝ ʦʪʩʫʪʩʪʚʠʝ ʫ ʥʠʭ ʠʛʦʣʴʯʘʪʳʭ 

ʦʙʨʘʟʦʚʘʥʠʡ.  

    

 
50% NaOH                                                               60% NaOH 

 

 
70% NaOH                                                                 90% NaOH 
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                                100% NaOH 

ʈʠʩʫʥʦʢ 9 ï ʄʠʢʨʦʬʦʪʦʛʨʘʬʠʠ ʚʪʦʨʦʡ ʛʨʫʧʧʳ ʩʫʭʠʭ ʠʟʤʝʣʴʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʩʦ ʩʪʝʧʝʥʴʶ 

ʥʝʡʪʨʘʣʠʟʘʮʠʠ ʘʢʨʠʣʦʚʦʡ ʢʠʩʣʦʪʳ ʦʪ 50 ʜʦ 100% 

ʄʝʪʦʜ ʀʂʉ ʅʇɺʆ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʚ ʨʘʙʦʪʝ [16], ʥʝ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʩʧʝʢʪʨʳ ʥʘʙʫʭʰʠʭ 

ʛʠʜʨʦʛʝʣʝʡ, ʧʦʩʢʦʣʴʢʫ ʘʙʩʦʨʙʠʨʦʚʘʥʥʘʷ ʚʦʜʘ ʧʦʣʥʦʩʪʴʶ ʤʘʩʢʠʨʫʝʪ ʚʩʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʛʨʫʧʧʠʨʦʚʢʠ  

ʧʦʣʠʤʝʨʠʟʦʚʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʤʝʭʘʥʠʟʤʘ ʥʘʙʫʭʘʥʠʷ ï ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʠʣʠ 

ʥʝʦʛʨʘʥʠʯʝʥʥʦʛʦ. ʄʠʢʨʦʩʢʦʧʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ  ʥʘʙʫʭʰʠʭ ʛʠʜʨʦʛʝʣʝʡ ʩʫʭʠʭ ʠʟʤʝʣʴʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ 

ʚʪʦʨʦʡ ʛʨʫʧʧʳ (ʨʠʩʫʥʦʢ 10) ʧʦʟʚʦʣʠʣʦ ʥʘʙʣʶʜʘʪʴ ʤʥʦʛʦʦʙʨʘʟʠʝ ʬʦʨʤ ʦʙʨʘʟʦʚʘʥʠʡ ʠ ʠʭ ʠʟʤʝʥʝʥʠʝ 

ʧʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʩʪʝʧʝʥʠ ʥʝʡʪʨʘʣʠʟʘʮʠʠ ɸʂ. ɺ ʙʦʣʝʝ ʢʨʫʧʥʳʭ ʯʘʩʪʠʮʘʭ ʚ ʚʠʜʝ ʠʩʯʝʨʯʝʥʥʦʩʪʠ, ʧʦ-

ʚʠʜʠʤʦʤʫ, ʧʨʦʷʚʣʷʶʪʩʷ ʩʣʝʜʳ ʤʝʭʘʥʠʯʝʩʢʦʡ ʜʝʩʪʨʫʢʮʠʠ ʧʨʠ ʠʟʤʝʣʴʯʝʥʠʠ ʦʙʨʘʟʮʦʚ.  

 

 
ˉ 7 ï 50% NaOH                                                 ̄  8 ï 60%  NaOH 

 

             
                                  ̄  9 ï 70% NaOH                                            ̄  10 ï 80% NaOH 
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 ˉ 11 ï 90% NaOH                                                 ̄  12 ï 100% NaOH 

 

ʈʠʩʫʥʦʢ 10 ï ʄʠʢʨʦʬʦʪʦʛʨʘʬʠʠ ʥʘʙʫʭʰʠʭ ʛʠʜʨʦʛʝʣʝʡ  ʩʫʭʠʭ ʠʟʤʝʣʴʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʚʪʦʨʦʡ ʛʨʫʧʧʳ ʩʦ 

ʩʪʝʧʝʥʴʶ ʥʝʡʪʨʘʣʠʟʘʮʠʠ ʘʢʨʠʣʦʚʦʡ ʢʠʩʣʦʪʳ ʦʪ 50 ʜʦ 100 % 

ɺ ʨʘʙʦʪʝ [7] ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʧʦʩʢʦʣʴʢʫ ʛʠʜʨʦʛʝʣʴ ʷʚʣʷʝʪʩʷ ʟʘʢʨʝʧʣʝʥʥʦʡ ʬʦʨʤʦʡ 

ʛʠʜʨʦʢʩʦʢʦʣʣʦʠʜʘ, ʟʦʣʷ, ʝʛʦ ʩʫʭʠʝ ʠʟʤʝʣʴʯʝʥʥʳʝ ʬʨʘʢʮʠʠ ï ʦʩʢʦʣʢʠ ʨʘʟʨʫʰʝʥʥʦʡ ʪʨʝʭʤʝʨʥʦʡ 

ʤʘʢʨʦʤʦʣʝʢʫʣʷʨʥʦʡ ʩʝʪʢʠ, ʧʨʠ ʥʘʙʫʭʘʥʠʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʣʠʥʝʡʥʳʝ ʠʣʠ ʨʘʟʚʝʪʚʣʝʥʥʳʝ 

ʩʪʨʫʢʪʫʨʥʳʝ ʬʨʘʛʤʝʥʪʳ, ʩʚʝʨʥʫʪʳʝ ʚ ʢʣʫʙʢʠ. ɹʣʘʛʦʜʘʨʷ ʩʪʨʫʢʪʫʨʥʦʤʫ ʨʘʟʥʦʦʙʨʘʟʠʶ ʦʩʢʦʣʦʯʥʳʭ 

ʬʨʘʛʤʝʥʪʦʚ ʩ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʧʦʣʷʨʥʳʤʠ ʛʨʫʧʧʘʤʠ, ʚʦʢʨʫʛ ʢʦʪʦʨʳʭ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʧʦʣʷʨʥʳʝ 

ʤʦʣʝʢʫʣʳ ʚʦʜʳ, ʤʘʢʨʦʤʦʣʝʢʫʣʷʨʥʘʷ ʬʦʨʤʘ ʧʦʣʠʤʝʨʘ ʚʥʫʪʨʠ ʦʩʢʦʣʦʯʥʦʛʦ ʢʣʫʙʢʘ ʦʪʣʠʯʘʝʪʩʷ 

ʦʪ ʤʘʢʨʦʤʦʣʝʢʫʣʷʨʥʦʡ ʬʦʨʤʳ ʧʦʣʠʤʝʨʘ, ʥʘʙʫʭʰʝʛʦ ʚ ʚʠʜʝ ʮʝʣʦʛʦ, ʥʝ ʪʨʘʚʤʠʨʦʚʘʥʥʦʛʦ ʢʫʩʢʘ. 

ʅʝʨʘʩʪʚʦʨʠʤʦʩʪʴ ʞʝ ʧʦʣʠʘʢʨʠʣʘʪʥʳʭ ʟʚʝʥʴʝʚ ʚ ʘʢʨʠʣʘʪʘʭ ʧʦʟʚʦʣʷʝʪ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ 

ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʦʚʘʥʠʝ ʧʦʣʠʤʝʨʦʚ ʠ ʩʦʟʜʘʚʘʪʴ ʩʪʨʫʢʪʫʨʳ ʛʠʜʨʦʛʝʣʝʡ ʩ ʨʝʛʫʣʠʨʫʝʤʦʡ ʦʜʥʦʨʦʜʥʦʩʪʴʶ. 

ɺʳʚʦʜʳ 

1. ʄʝʪʦʜʦʤ ʀʂʉ ʅʇɺʆ ʠ ʠʥʜʠʢʘʪʦʨʥʳʤ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʨʘʜʠʢʘʣʴʥʦʡ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʘʢʨʠʣʘʪʘ 

ʥʘʪʨʠʷ ʙʝʟ ʩʰʠʚʘʶʱʝʛʦ ʘʛʝʥʪʘ ʧʨʦʮʝʩʩ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʘʪʨʠʯʥʦʡ ʩʝʪʢʠ ʥʘʯʠʥʘʝʪʩʷ ʩ 50%-ʦʡ 

ʥʝʡʪʨʘʣʠʟʘʮʠʠ ɸʂ. ʇʦʚʳʰʝʥʠʝ ʩʪʝʧʝʥʠ ʥʝʡʪʨʘʣʠʟʘʮʠʠ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝʤ ʩʪʝʧʝʥʠ 

ʥʝʦʛʨʘʥʠʯʝʥʥʦʛʦ ʥʘʙʫʭʘʥʠʷ ʩʫʭʦʛʦ ʠʟʤʝʣʴʯʝʥʥʦʛʦ ʧʦʣʠʤʝʨʘ ʠ ʧʣʦʪʥʦʩʪʠ  ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʧʨʠ ʵʪʦʤ 

ʥʘʙʫʭʰʝʛʦ ʛʠʜʨʦʛʝʣʷ. ʆʙʨʘʟʮʳ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʱʝʣʦʯʠ ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ ʤʝʥʝʝ 50% ʨʘʩʪʚʦʨʷʶʪʩʷ.  

2. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʝʪʦʜʘ ʤʠʢʨʦʩʢʦʧʠʠ ʦʙʨʘʱʝʥʦ ʚʥʠʤʘʥʠʝ ʥʘ ʪʦ, ʯʪʦ ʨʘʟʣʠʯʠʷ, ʦʪʤʝʯʝʥʥʳʝ 

ʚ ʥʘʙʫʭʘʥʠʠ ʠ ʩʧʝʢʪʨʘʣʴʥʳʭ ʩʚʦʡʩʪʚʘʭ ʠʩʩʣʝʜʫʝʤʦʛʦ ʨʷʜʘ ʩʠʩʪʝʤ, ʧʨʦʷʚʣʷʶʪʩʷ ʚ ʤʦʨʬʦʣʦʛʠʠ ʯʘʩʪʠʮ 

ʩʫʭʠʭ ʠʟʤʝʣʴʯʝʥʥʳʭ ʧʨʦʜʫʢʪʦʚ ʩʠʥʪʝʟʘ. ʀʛʦʣʴʯʘʪʫʶ ʬʦʨʤʫ ʠʤʝʣʠ ʯʘʩʪʠʯʢʠ ʨʘʩʪʚʦʨʠʤʳʭ ʦʙʨʘʟʮʦʚ, 
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