
ɼɽʈɾɸɺʅʀʁ ɺʀʑʀʁ ʅɸɺʏɸʃʔʅʀʁ ɿɸʂʃɸɼ 

ɼʆʅɽʎʔʂʀʁ ʅɸʎɯʆʅɸʃʔʅʀʁ ʊɽʍʅɯʏʅʀʁ ʋʅɯɺɽʈʉʀʊɽʊ 

ʄɯʅɯʉʊɽʈʉʊɺʆ ʆʉɺɯʊʀ ɯ ʅɸʋʂʀ ʋʂʈɸɰʅʀ 

ʅʘʮʽʦʥʘʣʴʥʘ ʤʝʪʘʣʫʨʛʽʡʥʘ ʘʢʘʜʝʤʽʷ ʋʢʨʘʾʥʠ, ʩʧʝʮʽʘʣʽʟʦʚʘʥʘ ʚʯʝʥʘ ʨʘʜʘ  

ɼ 08.084.05 ʄʽʥʽʩʪʝʨʩʪʚʦ ʦʩʚʽʪʠ ʽ ʥʘʫʢʠ ʋʢʨʘʾʥʠ 

 

                ʂʚʘʣʽʬʽʢʘʮʽʡʥʘ ʥʘʫʢʦʚʘ  

                ʧʨʘʮʷ ʥʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʫ 

 

ɼʘʥʠʣʦ ɯʨʠʥʘ ɯʛʦʨʽʚʥʘ  

ʋɼʂ 662.749.38 

 

ɼʀʉɽʈʊɸʎɯʗ 

ʈʆɿʈʆɹʂɸ ɻɸɿʆʅɸʇʆɺʅɽʅʀʍ ɺʋɻʃɽʎɽɺʀʍ ʂʆʄʇʆɿʀʊɯɺ ʅɸ 

ʆʉʅʆɺɯ ʄʆɼʀʌɯʂʆɺɸʅʆɻʆ ʂɸʄ'ʗʅʆɺʋɻɯʃʔʅʆɻʆ ʇɽʂʋ  

 

ʉʧʝʮʽʘʣʴʥʽʩʪʴ 05.17.07 ï ʍʽʤʽʯʥʘ ʪʝʭʥʦʣʦʛʽʷ ʧʘʣʠʚʘ  ̔ʧʘʣʠʚʥʦ-ʤʘʩʪʠʣʴʥʠʭ  

       ʤʘʪʝʨʽʘʣʽʚ 

      161 ï ʍʽʤʽʯʥʽ ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʽʥʞʝʥʝʨʽʷ  

ʇʦʜʘʻʪʴʩʷ ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʦʛʦ ʩʪʫʧʝʥʷ ʢʘʥʜʠʜʘʪʘ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ 

ɼʠʩʝʨʪʘʮʽʷ ʤʽʩʪʠʪʴ ʨʝʟʫʣʴʪʘʪʠ ʚʣʘʩʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʽʜʝʡ, 

ʨʝʟʫʣʴʪʘʪʽʚ ʽ ʪʝʢʩʪʽʚ ʽʥʰʠʭ ʘʚʪʦʨʽʚ ʤʘʶʪʴ ʧʦʩʠʣʘʥʥʷ ʥʘ ʚʽʜʧʦʚʽʜʥʝ ʜʞʝʨʝʣʦ 

____________________ ɯ.ɯ. ɼʘʥʠʣʦ 

      (ʧʽʜʧʠʩ) 

 

          ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ʂʨʫʪʴʢʦ ɯʨʠʥʘ ɻʨʠʛʦʨʽʚʥʘ,  

                 ʢʘʥʜʠʜʘʪ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

 

 

ʇʦʢʨʦʚʩʴʢ ï 2020  



ɸʅʆʊɸʎɯʗ 

 

ɼʘʥʠʣʦ ɯ.ɯ. ʈʦʟʨʦʙʢʘ ʛʘʟʦʥʘʧʦʚʥʝʥʠʭ ʚʫʛʣʝʮʝʚʠʭ ʢʦʤʧʦʟʠʪʽʚ ʥʘ ʦʩʥʦʚʽ 

ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʢʘʤ'ʷʥʦʚʫʛʽʣʴʥʦʛʦ ʧʝʢʫ. ï ʂʚʘʣʽʬʽʢʘʮʽʡʥʘ ʥʘʫʢʦʚʘ ʧʨʘʮʷ ʥʘ 

ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʫ. 

ɼʠʩʝʨʪʘʮʽʷ ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʦʛʦ ʩʪʫʧʝʥʷ ʢʘʥʜʠʜʘʪʘ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ 

(ʜʦʢʪʦʨʘ ʬʽʣʦʩʦʬʽʾ) ʟʘ ʩʧʝʮʽʘʣʴʥʽʩʪʶ 05.17.07 çʍʽʤʽʯʥʘ ʪʝʭʥʦʣʦʛʽʷ ʧʘʣʠʚʘ  ̔

ʧʘʣʠʚʥʦ-ʤʘʩʪʠʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚè (161 ï ʍ̔ ʤʽʯʥʽ ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʽʥʞʝʥʝʨʽʷ). 

ɼʦʥʝʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʩʧʝʮʽʘʣʽʟʦʚʘʥʘ ʚʯʝʥʘ ʨʘʜʘ 

ɼ 08.084.05 ʧʨʠ ʅʘʮʽʦʥʘʣʴʥʽʡ ʤʝʪʘʣʫʨʛʽʡʥʽʡ ʘʢʘʜʝʤʽʾ ʋʢʨʘʾʥʠ, ɼʥʽʧʨʦ, 2020.   

ɿʘʭʠʱʘʶʪʴʩʷ ʨʝʟʫʣʴʪʘʪʠ ʪʝʦʨʝʪʠʯʥʠʭ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʧʨʦʮʝʩʫ ʦʪʨʠʤʘʥʥʷ ʚʫʛʣʝʮʝʚʠʭ ʪʚʝʨʜʠʭ ʧʽʥ ʥʘ ʦʩʥʦʚʽ  ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ 

ʢʘʤôʷʥʦʚʫʛʽʣʴʥʦʛʦ ʧʝʢʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʦʤʧʣʝʢʩʥʦʛʦ ʛʘʟʦʫʪʚʦʨʶʚʘʯʘ, ʱʦ 

ʜʦʟʚʦʣʠʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʾʭ ʚ ʷʢʦʩʪʽ ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

ɺʩʪʘʥʦʚʣʝʥʦ ʟʘʣʝʞʥʽʩʪʴ ʩʪʫʧʝʥʷ ʨʦʟʢʣʘʜʘʥʥʷ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʛʘʟʦʫʪʚʦʨʶʚʘʯʘ (ʘʟʦʜʽʢʘʨʙʦʥʘʤʽʜ-ʩʪʝʘʨʘʪ ʮʠʥʢʫ) ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʫ ʜʽʘʧʘʟʦʥʽ 130 

ï 150 Áʉ ʪʘ ʢʽʣʴʢʦʩʪʽ ʽʥʽʮʽʘʪʦʨʫ ʩʪʝʘʨʘʪʫ ʮʠʥʢʫ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ 

ʦʧʪʠʤʘʣʴʥʠʡ ʩʢʣʘʜ ʛʘʟʦʫʪʚʦʨʶʚʘʯʘ ʽ ʪʝʤʧʝʨʘʪʫʨʫ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʩʪʫʧʝʥʷ ʨʦʟʢʣʘʜʘʥʥʷ. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʠ ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʽʡ ʤʦʜʠʬʽʢʘʮʽʾ 

ʢʘʤôʷʥʦʚʫʛʽʣʴʥʦʛʦ ʧʝʢʫ ʟ ʧʦʣʽʚʽʥʽʣʭʣʦʨʠʜʦʤ (5 ï 20 ʤʘʩ.ʯ) ʪʘ 

ʧʦʣʽʤʝʪʠʣʤʝʪʘʢʨʠʣʘʪʦʤ (1 ï 5 ʤʘʩ.ʯ.) ʧʽʜʚʠʱʫʻʪʴʩʷ ʡʦʛʦ ʚôʷʟʢʽʩʪʴ ʫ ʨʝʟʫʣʴʪʘʪʽ 

ʫʪʚʦʨʝʥʥʷ ʚʠʩʦʢʦʤʦʣʝʢʫʣʷʨʥʠʭ ʢʦʥʜʝʥʩʦʚʘʥʠʭ ʘʨʦʤʘʪʠʯʥʠʭ ʩʧʦʣʫʢ, ʱʦ 

ʧʽʜʪʚʝʨʜʞʝʥʦ ʤʝʪʦʜʘʤʠ ɯʏ-ʩʧʝʢʪʨʦʩʢʦʧʽʾ ʪʘ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʽʟʫ.  

ɼʦʩʣʽʜʞʝʥʦ ʢʽʥʝʪʠʢʫ ʩʧʽʥʶʚʘʥʥʷ ʧʨʠ 150 Áʉ ʢʘʤôʷʥʦʚʫʛʽʣʴʥʦʛʦ ʧʝʢʫ, 

ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʧʦʣʽʚʽʥʽʣʭʣʦʨʠʜʦʤ ʽ ʧʦʣʽʤʝʪʠʣʤʝʪʘʢʨʠʣʘʪʦʤ, ʢʦʤʧʣʝʢʩʥʠʤ 

ʛʘʟʦʫʪʚʦʨʶʚʘʯʝʤ ʚ ʢʽʣʴʢʦʩʪʽ 1 ï 3 ʤʘʩ. ʯ. (ʜʦ 100 ʤʘʩ. ʯ. ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ 

ʢʘʤôʷʥʦʚʫʛʽʣʴʥʦʛʦ ʧʝʢʫ). ʂʨʘʪʥʽʩʪʴ ʩʧʽʥʶʚʘʥʥʷ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʠʪʨʘʪʠ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʛʘʟʦʫʪʚʦʨʶʚʘʯʘ, ʧʦʣʽʚʽʥʽʣʭʣʦʨʠʜʫ ʪʘ ʧʦʣʽʤʝʪʠʣʤʝʪʘʢʨʠʣʘʪʫ ʽ 

ʜʦʩʷʛʘʻ 2,5 ï 3,6. ɿʛʽʜʥʦ ɯʏ-ʩʧʝʢʪʨʦʩʢʦʧʽʾ, ʧʨʠ ʩʧʽʥʶʚʘʥʥʽ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʧʝʢʫ 



ʧʨʦʪʽʢʘʶʪʴ ʜʝʩʪʨʫʢʮʽʷ ʢʠʩʥʝʚʤʽʩʥʠʭ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʛʨʫʧ, ʱʦ ʧʨʠʟʚʦʜʷʪʴ ʜʦ 

ʟʙʽʣʴʰʝʥʥʷ ʘʨʦʤʘʪʠʯʥʦʩʪʽ ʪʚʝʨʜʠʭ ʧʽʥ. ʇʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʜʦʟʚʦʣʠʣʠ 

ʦʪʨʠʤʘʪʠ ʚʫʛʣʝʮʝʚʽ ʪʚʝʨʜʽ ʧʽʥʠ ʟ ʧʦʨʠʩʪʽʩʪʶ ʜʦ 42 % ʽ ʫʷʚʥʦʶ ʛʫʩʪʠʥʦʶ ʚʽʜ 

0,76 ʛ/ʩʤ3 ʥʘ ʦʩʥʦʚʽ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʢʘʤôʷʥʦʚʫʛʽʣʴʥʦʛʦ ʧʝʢʫ ʰʣʷʭʦʤ ʡʦʛʦ 

ʩʧʽʥʶʚʘʥʥʷ ʢʦʤʧʣʝʢʩʥʠʤ ʛʘʟʦʫʪʚʦʨʶʚʘʯʝʤ ʧʽʜ ʪʠʩʢʦʤ 0,145 ï 0,265 ʄʇʘ. 

ʈʦʟʨʦʙʣʝʥʦ ʧʨʠʥʮʠʧʦʚʫ ʪʝʭʥʦʣʦʛʽʯʥʫ ʩʭʝʤʫ ʪʘ ʪʠʤʯʘʩʦʚʫ ʪʝʭʥʦʣʦʛʽʯʥʫ 

ʽʥʩʪʨʫʢʮʽʶ ʩʧʽʥʶʚʘʥʥʷ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʢʘʤôʷʥʦʚʫʛʽʣʴʥʦʛʦ ʧʝʢʫ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʛʘʟʦʫʪʚʦʨʶʚʘʯʘ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʚʫʛʣʝʮʝʚʠʭ ʧʽʥʦʢʦʤʧʦʟʠʪʽʚ. 

ʄʘʪʝʨʽʘʣʠ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʥʘ ʢʘʬʝʜʨʽ ʭʽʤʽʯʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ɼʦʥʝʮʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʧʨʠ ʧʽʜʛʦʪʦʚʮʽ 

ʜʠʧʣʦʤʥʠʭ ʪʘ ʤʘʛʽʩʪʝʨʩʴʢʠʭ ʨʦʙʽʪ ʩʪʫʜʝʥʪʽʚ ʟʘ ʩʧʝʮʽʘʣʴʥʽʩʪʶ 161 çʍʽʤʽʯʥʽ 

ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʽʥʞʝʥʝʨʽʷè. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʂʘʤ'ʷʥʦʚʫʛʽʣʴʥʠʡ ʧʝʢ, ʧʦʣʽʚʽʥʽʣʭʣʦʨʠʜ, 

ʧʦʣʽʤʝʪʠʣʤʝʪʘʢʨʠʣʘʪ, ʤʦʜʠʬʽʢʘʮʽʷ,  ʘʟʦʜʽʢʘʨʙʦʥʘʤʽʜ, ʮʠʥʢʫ ʩʪʝʘʨʘʪ, 

ʩʧʽʥʶʚʘʥʥʷ, ʚʫʛʣʝʮʝʚʽ ʧʽʥʠ. 

ABSTRACT 

 

Danylo I. Development of gas-filled carbon composites based on modified coal 

tar pitch. ï Qualifying scientific work as a manuscript. 

Thesis for the degree of the Candidate of Technical Sciences (PhD) on specialty 

05.17.07 ï Chemical Technology of Fuels and Lubricants (161 ï chemical technologies 

and engineering). Donetsk National Technical University, specialized academic 

council D 08.084.05 at the National Metallurgical Academy of Ukraine, Dnipro, 2020. 

The results of theoretical and experimental studies of the process of producing 

carbon solid foams based on modified coal tar pitch using a complex blowing agent 

are defended, which will allow them to be used as heat-insulating materials.  

The dependence of the degree of the complex blowing agent (azodicarbonamide-

zinc stearate) decomposition on the temperature in the range of 130 ï 150 ÁC and the 

amount of zinc stearate initiator was established, which allows to determine the optimal 



blowing agent composition and temperature to achieve the maximum degree of 

decomposition. 

It was experimentally established that through a low-temperature modification of 

coal tar pitch with polyvinyl chloride (5 ï 20 wt. part) and polymethyl methacrylate (1 

ï 5 wt. part) its viscosity increases because of the formation of high molecular 

condensed aromatic compounds, which is confirmed by IR spectroscopy and X-ray 

diffraction analysis. 

The kinetics of foaming at 150 ÁC of coal tar pitch modified with polyvinyl 

chloride and polymethyl methacrylate using a complex blowing agent in an amount of 

1 ï 3 wt. part (per 100 wt. part of modified coal tar pitch) was studied. The foam 

criterion depends on the amount of the complex blowing agent, polyvinyl chloride and 

polymethyl methacrylate and reaches from 2.5 to 3.6. Based on IR-spectral analysis, it 

has been established that the destruction of oxygen-containing functional groups and 

the removal of methyl groups occur during foaming of the modified pitch, are leading 

to an increase of the aromaticity of the solid carbon foams. The conducted studies have 

made it possible to obtain carbon solid foams with porosity up to 42 % and an apparent 

density from 0.76 g/cm3 based on modified coal tar pitch by foaming using a complex 

blowing agent at a pressure of 0.145 ï 0.265 MPa. 

The research results obtained in the thesis are used at the Department of Chemical 

Technologies of Donetsk National Technical University in the execution of the 

bachelor's and master's works of the students of the specialty 161 "Chemical 

Technologies and Engineering". 

Keywords: Coal tar pitch, polyvinyl chloride, polymethyl methacrylate, 

modification, azodicarbonamide, zinc stearate, foaming, carbon foams. 

ʉʧʠʩʦʢ ʧʫʙʣʽʢʘʮʽʡ ʟʜʦʙʫʚʘʯʘ: 

ʅʘʫʢʦʚʽ ʧʨʘʮʽ, ʚ ʷʢʠʭ ʦʧʫʙʣʽʢʦʚʘʥʽ ʦʩʥʦʚʥʽ ʥʘʫʢʦʚʽ ʨʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʾ: 

- ʫ ʬʘʭʦʚʠʭ ʚʠʜʘʥʥʷʭ, ʷʢʽ ʚʭʦʜʷʪʴ ʜʦ ʙʘʟʠ SCOPUS: 

1. Krutko I. Carbon foams based on coal tar pitch / I. Krutko, I. Danylo, 

V. Kaulin // Petroleum & Coal, International Journal for Petroleum Processing, 

Petrochemistry and Coal Processing ï 2019. - ˉ61(5). ï ʉ. 1102 ï 1111. 



2. Krutko I. Kinetics Study of Modified Coal tar Pitch Foaming / I. Krutko, 

I. Danylo, V. Kaulin // Petroleum & Coal, International Journal for Petroleum 

Processing, Petrochemistry and Coal Processing ï 2019. - ˉ61(1). ï ʉ. 150 ï 159. 

3. Krutko I. Kinetics of Azodicarbonamide Decomposition in the Presence 

of the Initiator for Obtaining Solid Foams / I. Krutko, I. Danylo, V. Kaulin // Issues of 

Chemistry and Chemical Technology. Ukrainian State University of Chemical 

Technology ï 2019. ï  ̄ 1. ʉ. 26 ï 34. 
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ɺʉʊʋʇ 

 

ʆʙˇʨʫʥʪʫʚʘʥʥʷ ʚʠʙʦʨʫ ʪʝʤʠ ʜʦʩʣʽʜʞʝʥʥʷ. ʂʘʤôʷʥʦʚʫʛʽʣʴʥʠʡ ʧʝʢ 

ʩʢʣʘʜʘʻʪʴʩʷ ʚ ʦʩʥʦʚʥʦʤʫ ʟ ʚʠʩʦʢʦʢʠʧʣʷʯʠʭ ʙʘʛʘʪʦʢʽʣʴʯʘʩʪʠʭ ʘʨʦʤʘʪʠʯʥʠʭ ʽ 

ʛʝʪʝʨʦʮʠʢʣʽʯʥʠʭ ʩʧʦʣʫʢ. ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʚʽʪʯʠʟʥʷʥʝ ʚʠʨʦʙʥʠʮʪʚʦ 

ʢʘʤôʷʥʦʚʫʛʽʣʴʥʦʾ ʩʤʦʣʠ ʟʘʟʥʘʻ ʨʷʜ ʟʤʽʥ ʯʝʨʝʟ ʤʽʥʣʠʚʽʩʪʴ ʩʠʨʦʚʠʥʥʦʾ ʙʘʟʠ, 

ʚʠʩʫʚʘʥʥʷ ʥʦʚʠʭ ʚʠʤʦʛ ʜʦ ʜʦʤʝʥʥʦʛʦ ʢʦʢʩʫ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ 

ʢʦʢʩʫʚʘʥʥʷ, ʱʦ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʚʧʣʠʚʘʻ ʥʘ ʚʣʘʩʪʠʚʦʩʪʽ ʩʤʦʣʠ, ʟʦʢʨʝʤʘ ʟʨʦʩʪʘʥʥʷ 

ʛʫʩʪʠʥʠ ʽ ʚʤʽʩʪʫ ʚʠʩʦʢʦʤʦʣʝʢʫʣʷʨʥʠʭ ʘʨʦʤʘʪʠʯʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ. ɺʩʝ ʮʝ ʚʧʣʠʚʘʻ 

ʡ ʥʘ ʦʪʨʠʤʘʥʥʷ ʪʨʘʜʠʮʽʡʥʠʭ ʤʘʨʦʢ ʢʘʤôʷʥʦʚʫʛʽʣʴʥʦʛʦ ʧʝʢʫ, ʜʦ ʷʢʦʛʦ 

ʚʠʩʫʚʘʶʪʴʩʷ ʞʦʨʩʪʢʽ ʚʠʤʦʛʠ ʟʘ ʚʠʭʦʜʦʤ ʢʦʢʩʦʚʦʛʦ ʟʘʣʠʰʢʫ ʪʘ ʚʠʟʥʘʯʝʥʠʤʠ 

ʽʥʪʝʨʚʘʣʘʤʠ ʚôʷʟʢʦʩʪʽ, ʜʦʪʨʠʤʘʥʥʷ ʷʢʠʭ ʻ ʜʦʩʠʪʴ ʧʨʦʙʣʝʤʘʪʠʯʥʦ ʜʣʷ ʜʝʷʢʠʭ 

ʚʠʨʦʙʥʠʢʽʚ. ʊʘʢʠʤ ʯʠʥʦʤ ʪʨʘʜʠʮʽʡʥʝ ʩʧʦʞʠʚʘʥʥʷ ʢʘʤôʷʥʦʚʫʛʽʣʴʥʠʭ ʧʝʢʽʚ ʥʘʨʘʟʽ 

ʟʘʟʥʘʻ ʪʨʫʜʥʦʱʽʚ.  

ɺʫʛʣʝʮʝʚʽ ʧʽʥʠ ï ʦʜʥʽ ʟ ʥʘʡʧʦʰʠʨʝʥʽʰʠʭ ʤʘʪʝʨʽʘʣʽʚ ʩʫʯʘʩʥʦʩʪʽ, ʟʘʚʜʷʢʠ 

ʩʚʦʾʤ ʫʥʽʢʘʣʴʥʠʤ ʚʣʘʩʪʠʚʦʩʪʷʤ ʟʥʘʭʦʜʷʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʷʢʦʩʪʽ 

ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʘʜʩʦʨʙʝʥʪʽʚ, ʥʦʩʽʾʚ ʜʣʷ ʢʘʪʘʣʽʟʘʪʦʨʽʚ, 

ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠʭ ʩʫʧʝʨ-ʢʦʥʜʝʥʩʘʪʦʨʽʚ ʪʘ ʽʥ.  ʆʜʥʘʢ ʾʭ ʚʠʨʦʙʥʠʮʪʚʦ ʻ ʩʢʣʘʜʥʠʤ 

ʧʨʦʮʝʩʦʤ, ʚ ʷʢʦʤʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʦʨʦʛʽ ʧʦʣʽʤʝʨʥʽ ʤʘʪʝʨʽʘʣʠ ʽ ʚʠʩʦʢʽ 

ʪʝʤʧʝʨʘʪʫʨʠ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʾʭ ʚʠʩʦʢʫ ʚʘʨʪʽʩʪʴ. ʉʠʥʪʝʟ ʙʽʣʴʰ ʜʝʰʝʚʠʭ 

ʚʫʛʣʝʮʝʚʠʭ ʪʚʝʨʜʠʭ ʧʽʥ ʟ ʧʨʦʛʥʦʟʦʚʘʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʥʘ ʦʩʥʦʚʽ 

ʢʘʤôʷʥʦʚʫʛʽʣʴʥʦʛʦ ʧʝʢʫ ʟʘʙʝʟʧʝʯʫʻ ʥʦʚʽ ʰʣʷʭʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʘʤôʷʥʦʚʫʛʽʣʴʥʠʭ 

ʧʝʢʽʚ ʪʘ ʩʪʚʦʨʶʻ ʙʽʣʴʰ ʝʢʦʥʦʤʥʝ ʚʠʨʦʙʥʠʮʪʚʦ ʣʝʛʢʠʭ ʚʫʛʣʝʮʝʚʠʭ ʤʘʪʝʨʽʘʣʽʚ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘʙʫʚʘʻ ʚʘʞʣʠʚʦʛʦ ʟʥʘʯʝʥʥʷ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʟ 

ʦʪʨʠʤʘʥʥʷ ʚʫʛʣʝʮʝʚʠʭ ʪʚʝʨʜʠʭ ʧʽʥ ʥʘ ʦʩʥʦʚʽ ʢʘʤôʷʥʦʚʫʛʽʣʴʥʦʛʦ ʧʝʢʫ. ɼʦ ʪʦʛʦ ʞ, 

ʢʘʤôʷʥʦʚʫʛʽʣʴʥʠʡ ʧʝʢ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʨʷʜʦʤ ʧʝʨʝʚʘʛ ʧʝʨʝʜ ʩʫʯʘʩʥʠʤʠ 

ʧʦʣʽʤʝʨʥʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ, ʪʘʢʠʤʠ ʷʢ ʭʽʤʽʯʥʘ ʪʘ ʙʽʦʣʦʛʽʯʥʘ ʩʪʽʡʢʽʩʪʴ, ʥʠʟʴʢʘ 

ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ ʪʘ ʟʥʘʯʥʦ ʥʠʞʯʘ ʚʘʨʪʽʩʪʴ. ʎʝ ʜʦʟʚʦʣʠʪʴ ʦʪʨʠʤʘʪʠ ʙʽʣʴʰ ʜʝʰʝʚʽ 

ʚʫʛʣʝʮʝʚʽ ʧʽʥʠ ʟ ʚʠʩʦʢʠʤʠ ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʪʘ ʩʪʽʡʢʽʩʪʶ ʜʦ 

ʘʛʨʝʩʠʚʥʠʭ ʩʝʨʝʜʦʚʠʱ. ʊʦʤʫ ʜʘʥʘ ʪʝʤʘ ʻ ʘʢʪʫʘʣʴʥʦʶ ʥʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ.     
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ɿʚôʷʟʦʢ ʨʦʙʦʪʠ ʟ ʥʘʫʢʦʚʠʤʠ ʧʨʦʛʨʘʤʘʤʠ, ʧʣʘʥʘʤʠ, ʪʝʤʘʤʠ. 

ɼʠʩʝʨʪʘʮʽʡʥʫ ʨʦʙʦʪʫ ʚʠʢʦʥʘʥʦ ʥʘ ʢʘʬʝʜʨʽ ʭʽʤʽʯʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ɼʦʥʝʮʴʢʦʛʦ 

ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʥʘ ʧʽʜʩʪʘʚʽ ʪʝʤʘʪʠʯʥʦʛʦ ʧʣʘʥʫ ʥʘʫʢʦʚʦ-

ʜʦʩʣʽʜʥʦʾ ʨʦʙʦʪʠ ʟʘ ʪʝʤʦʶ çʈʦʟʨʦʙʢʘ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʨʝʩʫʨʩʦ- ʽ 

ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʠʭ ʪʝʭʥʦʣʦʛʽʡ ʧʝʨʝʨʦʙʢʠ ʛʦʨʶʯʠʭ ʢʦʧʘʣʠʥè (H 4 ï 15, ʥʦʤʝʨ 

ʜʝʨʞʘʚʥʦʾ ʨʝʻʩʪʨʘʮʽʾ 0116U003645; 2015 ï 2019 ʨʨ.) ʪʘ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʦʾ ʨʦʙʦʪʠ 

ʟʘ ʪʝʤʦʶ çʈʦʟʨʦʙʢʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʩʥʦʚ ʨʝʩʫʨʩʦʟʙʝʨʽʛʘʶʯʦʛʦ ʽ 

ʝʢʦʣʦʛʽʯʥʦ ʙʝʟʧʝʯʥʦʛʦ ʩʧʦʩʦʙʫ ʩʪʚʦʨʝʥʥʷ ʩʫʯʘʩʥʠʭ ʚʫʛʣʝʮʝʚʠʭ ʢʦʤʧʦʟʠʪʽʚè 

(ɼ 02 ï 18, ʥʦʤʝʨ ʜʝʨʞʘʚʥʦʾ ʨʝʻʩʪʨʘʮʽʾ 0118U000294; 2018 ï 2020 ʨʨ.), ʫ ʢʦʪʨʠʭ 

ʟʜʦʙʫʚʘʯʢʘ ʻ ʚʠʢʦʥʘʚʠʮʝʶ. 

ʄʝʪʘ ʽ ʟʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ. ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʨʦʟʨʦʙʢʘ ʧʨʦʮʝʩʫ 

ʦʪʨʠʤʘʥʥʷ ʚʫʛʣʝʮʝʚʠʭ ʪʚʝʨʜʠʭ ʧʽʥ ʰʣʷʭʦʤ ʩʧʽʥʶʚʘʥʥʷ  ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ 

ʢʘʤôʷʥʦʚʫʛʽʣʴʥʦʛʦ ʧʝʢʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʭʽʤʽʯʥʠʭ ʛʘʟʦʫʪʚʦʨʶʚʘʯʽʚ. 

ʆʩʥʦʚʥʽ ʟʘʚʜʘʥʥʷ ʨʦʙʦʪʠ: 

1. ɼʦʩʣʽʜʠʪʠ ʪʝʦʨʝʪʠʯʥʦ ʤʦʞʣʠʚʽʩʪʴ ʩʧʽʥʶʚʘʥʥʷ ʢʘʤôʷʥʦʚʫʛʽʣʴʥʦʛʦ ʧʝʢʫ.   

2. ʈʦʟʨʦʙʠʪʠ ʤʝʪʦʜʠʢʫ ʧʨʦʮʝʩʫ ʩʧʽʥʶʚʘʥʥʷ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ 

ʢʘʤôʷʥʦʚʫʛʽʣʴʥʦʛʦ ʧʝʢʫ ʧʽʜ ʜʽʻʶ ʭʽʤʽʯʥʠʭ ʛʘʟʦʫʪʚʦʨʶʚʘʯʽʚ. 

3. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʠʟʥʘʯʠʪʠ ʝʬʝʢʪʠʚʥʠʡ ʩʢʣʘʜ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʛʘʟʦʫʪʚʦʨʶʚʘʯʘ ʜʣʷ ʩʧʽʥʶʚʘʥʥʷ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʢʘʤôʷʥʦʚʫʛʽʣʴʥʦʛʦ ʧʝʢʫ. 

4. ɺʠʚʯʠʪʠ ʚʧʣʠʚ ʤʦʜʠʬʽʢʘʪʦʨʽʚ ʥʘ ʨʝʦʣʦʛʽʯʥʽ  ʚʣʘʩʪʠʚʦʩʪʽ 

ʢʘʤôʷʥʦʚʫʛʽʣʴʥʦʛʦ ʧʝʢʫ ʪʘ ʧʣʘʩʪʠʬʽʢʘʪʦʨʽʚ ʥʘ ʚôʷʟʢʽʩʪʴ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʧʝʢʽʚ.  

5. ɼʦʩʣʽʜʠʪʠ ʢʽʥʝʪʠʢʫ ʩʧʽʥʶʚʘʥʥʷ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʢʘʤôʷʥʦʚʫʛʽʣʴʥʦʛʦ ʧʝʢʫ. 

6. ɺʠʟʥʘʯʠʪʠ ʚʧʣʠʚ ʩʢʣʘʜʫ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʢʘʤôʷʥʦʚʫʛʽʣʴʥʦʛʦ ʧʝʢʫ ʪʘ ʫʤʦʚ 

ʡʦʛʦ ʩʧʽʥʶʚʘʥʥʷ ʥʘ ʤʦʨʬʦʣʦʛʽʶ  ʚʫʛʣʝʮʝʚʠʭ ʛʘʟʦʥʘʧʦʚʥʝʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

7. ʈʦʟʨʦʙʠʪʠ ʧʨʠʥʮʠʧʦʚʫ ʪʝʭʥʦʣʦʛʽʯʥʫ ʩʭʝʤʫ ʧʨʦʮʝʩʫ ʩʧʽʥʶʚʘʥʥʷ 

ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʢʘʤôʷʥʦʚʫʛʽʣʴʥʦʛʦ ʧʝʢʫ ʧʽʜ ʜʽʻʶ ʭʽʤʽʯʥʠʭ ʛʘʟʦʫʪʚʦʨʶʚʘʯʽʚ. 

ʆʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʴ ï ʤʦʜʠʬʽʢʦʚʘʥʠʡ ʘʢʪʠʚʥʠʤʠ ʜʦʙʘʚʢʘʤʠ 

ʢʘʤ'ʷʥʦʚʫʛʽʣʴʥʠʡ ʧʝʢ. 
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ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʴ ï ʧʨʦʮʝʩ ʩʧʽʥʶʚʘʥʥʷ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ 

ʢʘʤôʷʥʦʚʫʛʽʣʴʥʦʛʦ ʧʝʢʫ ʧʽʜ ʜʽʻʶ ʭʽʤʽʯʥʠʭ ʛʘʟʦʫʪʚʦʨʶʚʘʯʽʚ ʜʣʷ  ʦʪʨʠʤʘʥʥʷ 

ʛʘʟʦʥʘʧʦʚʥʝʥʠʭ ʚʫʛʣʝʮʝʚʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʴ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠʩʷ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʫʯʘʩʥʠʭ ʤʝʪʦʜʽʚ ʪʝʨʤʦʛʨʘʚʽʤʝʪʨʠʯʥʦʛʦ, ʨʝʦʣʦʛʽʯʥʦʛʦ ʪʘ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʽʟʽʚ, ʽʥʬʨʘʯʝʨʚʦʥʦʾ ʩʧʝʢʪʨʦʩʢʦʧʽʾ. ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ 

ʤʦʨʬʦʣʦʛʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʚʝʨʜʦʾ ʚʫʛʣʝʮʝʚʦʾ ʧʽʥʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʦʧʪʠʯʥʫ 

ʪʘ ʩʢʘʥʫʶʯʫ ʝʣʝʢʪʨʦʥʥʫ ʤʽʢʨʦʩʢʦʧʽʶ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʷʢʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʚʫʛʣʝʮʝʚʦʾ ʧʽʥʠ: ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ, ʤʽʮʥʽʩʪʴ ʥʘ ʩʪʠʩʢʘʥʥʷ ʪʘ ʚʦʜʦʧʦʛʣʠʥʘʥʥʷ  

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʽ ʤʝʪʦʜʠʢʠ.  

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ:   

- ɺʧʝʨʰʝ ʚʩʪʘʥʦʚʣʝʥʦ ʟʘʣʝʞʥʽʩʪʴ ʩʪʫʧʝʥʷ ʨʦʟʢʣʘʜʘʥʥʷ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʛʘʟʦʫʪʚʦʨʶʚʘʯʘ (ʘʟʦʜʽʢʘʨʙʦʥʘʤʽʜ-ʩʪʝʘʨʘʪ ʮʠʥʢʫ) ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʫ ʜʽʘʧʘʟʦʥʽ 130 

ï 150 Áʉ ʪʘ ʢʽʣʴʢʦʩʪʽ ʽʥʽʮʽʘʪʦʨʫ ʩʪʝʘʨʘʪʫ ʮʠʥʢʫ (0,12 ï 1 ʤʘʩ.ʯ.), ʱʦ ʧʽʜʪʚʝʨʜʞʝʥʦ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʢʽʥʝʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʢʽʣʴʢʽʩʪʴ ʩʪʝʘʨʘʪʫ 

ʮʠʥʢʫ ʽ ʪʝʤʧʝʨʘʪʫʨʫ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʩʪʫʧʝʥʷ ʨʦʟʢʣʘʜʘʥʥʷ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʛʘʟʦʫʪʚʦʨʶʚʘʯʘ. 

   - ʅʘ ʦʩʥʦʚʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʚʩʪʘʥʦʚʣʝʥʦ ʧʽʜʚʠʱʝʥʥʷ ʚôʷʟʢʦʩʪʽ 

ʢʘʤôʷʥʦʚʫʛʽʣʴʥʦʛʦ ʧʝʢʫ ʧʨʠ ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʽʡ ʤʦʜʠʬʽʢʘʮʽʾ ʚ ʨʝʟʫʣʴʪʘʪʽ ʡʦʛʦ 

ʚʟʘʻʤʦʜʽʾ ʟ ʧʦʣʽʚʽʥʽʣʭʣʦʨʠʜʦʤ (5 ï 20 ʤʘʩ.ʯ) ʪʘ ʧʦʣʽʤʝʪʠʣʤʝʪʘʢʨʠʣʘʪʦʤ (1 ï 

5 ʤʘʩ.ʯ.), ʷʢʘ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ ʚʠʩʦʢʦʤʦʣʝʢʫʣʷʨʥʠʭ ʘʨʦʤʘʪʠʯʥʠʭ 

ʩʧʦʣʫʢ, ʾʭ ʚʧʦʨʷʜʢʫʚʘʥʥʷ ʪʘ ʟʙʽʣʴʰʝʥʥʷ ʢʦʥʜʝʥʩʦʚʘʥʦʩʪʽ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʧʝʢʫ, 

ʱʦ ʧʽʜʪʚʝʨʜʞʝʥʦ ʤʝʪʦʜʘʤʠ ʽʥʬʨʘʯʝʨʚʦʥʦʾ ʩʧʝʢʪʨʦʩʢʦʧʽʾ, ʪʝʨʤʦʛʨʘʚʽʤʝʪʨʠʯʥʦʛʦ 

ʪʘ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʽʟʽʚ.  

- ɺʧʝʨʰʝ ʪʝʦʨʝʪʠʯʥʦ ʦʙˇʨʫʥʪʦʚʘʥʦ ʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʜʦʢʘʟʘʥʘ 

ʤʦʞʣʠʚʽʩʪʴ ʩʧʽʥʶʚʘʥʥʷ ʧʨʠ 150 Áʉ ʢʘʤôʷʥʦʚʫʛʽʣʴʥʦʛʦ ʧʝʢʫ, ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ 

ʧʦʣʽʚʽʥʽʣʭʣʦʨʠʜʦʤ ʽ ʧʦʣʽʤʝʪʠʣʤʝʪʘʢʨʠʣʘʪʦʤ, ʢʦʤʧʣʝʢʩʥʠʤ ʛʘʟʦʫʪʚʦʨʶʚʘʯʝʤ ʚ 

ʢʽʣʴʢʦʩʪʽ 1 ï 3 ʤʘʩ. ʯ. (ʜʦ 100 ʤʘʩ. ʯ. ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʢʘʤôʷʥʦʚʫʛʽʣʴʥʦʛʦ ʧʝʢʫ). 

ɺʩʪʘʥʦʚʣʝʥʘ ʟʘʣʝʞʥʽʩʪʴ ʢʨʘʪʥʦʩʪʽ ʩʧʽʥʶʚʘʥʥʷ, ʷʢʘ ʜʦʩʷʛʘʻ 2,5 ï 3,6, ʚʽʜ ʚʠʪʨʘʪʠ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʛʘʟʦʫʪʚʦʨʶʚʘʯʘ, ʧʦʣʽʚʽʥʽʣʭʣʦʨʠʜʫ ʪʘ ʧʦʣʽʤʝʪʠʣʤʝʪʘʢʨʠʣʘʪʫ. 
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- ɺʧʝʨʰʝ ʦʪʨʠʤʘʥʦ ʚʫʛʣʝʮʝʚʽ ʪʚʝʨʜʽ ʧʽʥʠ ʥʘ ʦʩʥʦʚʽ ʢʘʤôʷʥʦʚʫʛʽʣʴʥʦʛʦ ʧʝʢʫ, 

ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʧʦʣʽʚʽʥʽʣʭʣʦʨʠʜʦʤ ʽ ʧʦʣʽʤʝʪʠʣʤʝʪʘʢʨʠʣʘʪʦʤ, ʰʣʷʭʦʤ ʡʦʛʦ 

ʩʧʽʥʶʚʘʥʥʷ ʢʦʤʧʣʝʢʩʥʠʤ ʛʘʟʦʫʪʚʦʨʶʚʘʯʝʤ ʘʟʦʜʽʢʘʨʙʦʥʘʤʽʜ-ʩʪʝʘʨʘʪ ʮʠʥʢʫ ʧʽʜ 

ʪʠʩʢʦʤ 0,145 ï 0,265 ʄʇʘ. ɺʠʟʥʘʯʝʥʽ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʦʪʨʠʤʘʥʦʾ ʧʽʥʠ 

ʜʦʟʚʦʣʷʶʪʴ ʚʽʜʥʝʩʪʠ ʾʾ ʜʦ ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ.  

ʅʘ ʧʽʜʩʪʘʚʽ ʧʨʦʚʝʜʝʥʠʭ ʪʝʦʨʝʪʠʯʥʠʭ ʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʚʠʟʥʘʯʝʥʦ ʝʬʝʢʪʠʚʥʠʡ ʩʢʣʘʜ ʢʦʤʧʣʝʢʩʥʦʛʦ ʤʦʜʠʬʽʢʘʪʦʨʘ ʪʘ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʭʽʤʽʯʥʦʛʦ ʛʘʟʦʫʪʚʦʨʶʚʘʯʘ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʛʘʟʦʥʘʧʦʚʥʝʥʠʭ ʚʫʛʣʝʮʝʚʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʥʘ ʦʩʥʦʚʽ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʢʘʤôʷʥʦʚʫʛʽʣʴʥʦʛʦ ʧʝʢʫ. ɺʩʪʘʥʦʚʣʝʥʦ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ 

ʚʧʣʠʚʫ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʢʘʤôʷʥʦʚʫʛʽʣʴʥʦʛʦ ʧʝʢʫ ʽ ʫʤʦʚ ʩʧʽʥʶʚʘʥʥʷ 

ʥʘ ʤʦʨʬʦʣʦʛʽʶ  ʚʫʛʣʝʮʝʚʠʭ ʧʽʥ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʦʪʨʠʤʘʪʠ ʥʦʚʫ ʪʘ ʚʠʩʦʢʦʣʽʢʚʽʜʥʫ 

ʧʨʦʜʫʢʮʽʶ ʟ ʢʦʥʪʨʦʣʴʦʚʘʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ.  

ʈʦʟʨʦʙʣʝʥʦ ʪʝʭʥʦʣʦʛʽʯʥʫ ʩʭʝʤʫ ʪʘ ʪʠʤʯʘʩʦʚʫ ʽʥʩʪʨʫʢʮʽʶ ʜʣʷ ʩʧʽʥʶʚʘʥʥʷ 

ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʢʘʤôʷʥʦʚʫʛʽʣʴʥʦʛʦ ʧʝʢʫ. ʆʪʨʠʤʘʥʦ ʜʦʩʣʽʜʥʽ ʟʨʘʟʢʠ 

ʛʘʟʦʥʘʧʦʚʥʝʥʠʭ ʚʫʛʣʝʮʝʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʦʩʥʦʚʽ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ 

ʢʘʤôʷʥʦʚʫʛʽʣʴʥʦʛʦ ʧʝʢʫ ʧʽʜ ʜʽʻʶ ʢʦʤʧʣʝʢʩʥʦʛʦ ʛʘʟʦʫʪʚʦʨʶʚʘʯʘ ʟ ʚʽʜʧʦʚʽʜʥʠʤʠ 

ʤʦʨʬʦʣʦʛʽʯʥʠʤʠ ʪʘ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. 

ʆʪʨʠʤʘʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʪʘ ʪʝʦʨʝʪʠʯʥʽ ʨʝʟʫʣʴʪʘʪʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ 

ʥʘʚʯʘʣʴʥʦʤʫ ʧʨʦʮʝʩʽ ʥʘ ʢʘʬʝʜʨʽ ʭʽʤʽʯʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ɼʦʥʝʮʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ 

ʪʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʜʠʧʣʦʤʥʠʭ ʨʦʙʽʪ ʽ ʧʨʠ ʚʠʢʣʘʜʘʥʥʽ 

ʜʠʩʮʠʧʣʽʥ çʆʩʥʦʚʠ ʪʝʭʥʦʣʦʛʽʾ ʧʝʨʝʨʦʙʢʠ ʪʚʝʨʜʠʭ ʛʦʨʶʯʠʭ ʢʦʧʘʣʠʥè, çʉʫʯʘʩʥʽ 

ʪʝʭʥʦʣʦʛʽʾ ʧʝʨʝʨʦʙʢʠ ʛʦʨʶʯʠʭ ʢʦʧʘʣʠʥè ʩʪʫʜʝʥʪʘʤ ʩʧʝʮʽʘʣʴʥʦʩʪʽ 161 çʍʽʤʽʯʥʽ 

ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʽʥʞʝʥʝʨʽʷè. 

ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ. ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʘʚʪʦʨʘ ʜʣʷ ʦʪʨʠʤʘʥʥʷ 

ʥʘʫʢʦʚʠʭ ʨʝʟʫʣʴʪʘʪʽʚ, ʥʘʚʝʜʝʥʠʭ ʫ ʜʠʩʝʨʪʘʮʽʾ ʧʦʣʷʛʘʻ ʚ ʢʨʠʪʠʯʥʦʤʫ ʦʛʣʷʜʽ 

ʣʽʪʝʨʘʪʫʨʠ ʟʘ ʪʝʤʦʶ ʨʦʙʦʪʠ, ʨʦʟʨʦʙʮʽ ʤʝʪʦʜʫ ʩʧʽʥʶʚʘʥʥʷ ʥʘ ʦʩʥʦʚʽ 

ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʢʘʤôʷʥʦʚʫʛʽʣʴʥʦʛʦ ʧʝʢʫ, ʩʢʣʘʜʘʥʥʽ ʧʨʦʛʨʘʤ ʜʦʩʣʽʜʞʝʥʴ ʽ ʾʭ 

ʧʨʦʚʝʜʝʥʥʽ, ʥʘʧʠʩʘʥʥʽ ʥʘʫʢʦʚʠʭ ʩʪʘʪʝʡ, ʘ ʪʘʢʦʞ ʧʨʝʟʝʥʪʘʮʽʾ ʨʝʟʫʣʴʪʘʪʽʚ 

ʜʦʩʣʽʜʞʝʥʴ ʥʘ ʢʦʥʬʝʨʝʥʮʽʷʭ ʽ ʩʝʤʽʥʘʨʘʭ. ɺʩʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʪʘ ʨʦʟʨʘʭʫʥʢʦʚʽ 
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ʨʦʙʦʪʠ ʘʚʪʦʨ ʚʠʢʦʥʫʚʘʚ ʦʩʦʙʠʩʪʦ. ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ, ʦʙôʻʢʪʫ, ʧʨʝʜʤʝʪʫ, ʟʘʜʘʯ 

ʽ ʤʝʪʦʜʽʚ ʜʦʩʣʽʜʞʝʥʥʷ, ʘ ʪʘʢʦʞ ʦʙʛʦʚʦʨʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ, 

ʬʦʨʤʫʣʶʚʘʥʥʷ ʦʩʥʦʚʥʠʭ ʛʽʧʦʪʝʟ, ʤʝʭʘʥʽʟʤʽʚ ʧʨʦʮʝʩʫ ʩʧʽʥʶʚʘʥʥʷ ʪʘ ʚʠʩʥʦʚʢʽʚ 

ʚʠʢʦʥʫʚʘʣʠʩʴ ʨʘʟʦʤ ʟ ʥʘʫʢʦʚʠʤ ʢʝʨʽʚʥʠʢʦʤ ʨʦʙʦʪʠ.  

ʋ ʥʘʫʢʦʚʠʭ ʧʨʘʮʷʭ ʘʚʪʦʨʘ, ʷʢʽ ʚʠʢʦʥʘʥʽ ʨʘʟʦʤ ʟʽ ʩʧʽʚʘʚʪʦʨʘʤʠ, ʡʦʛʦ 

ʦʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʧʦʣʷʛʘʻ: ʫ ʧʨʦʚʝʜʝʥʥʽ ʢʨʠʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʜʘʥʠʭ ʪʘ 

ʚʩʪʘʥʦʚʣʝʥʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʧʨʦʮʝʩʫ ʩʧʽʥʶʚʘʥʥʷ ʤʦʜʠʬʽʢʦʚʘʥʠʭ 

ʢʘʤôʷʥʦʚʫʛʽʣʴʥʠʭ ʧʝʢʽʚ; ʫ ʧʨʦʚʝʜʝʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʪʘ 

ʚʩʪʘʥʦʚʣʝʥʥʽ ʚʧʣʠʚʫ ʤʦʜʠʬʽʢʘʪʦʨʽʚ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʜʦʙʘʚʦʢ ʥʘ ʚʣʘʩʪʠʚʦʩʪʽ 

ʢʘʤôʷʥʦʚʫʛʽʣʴʥʦʛʦ ʧʝʢʫ ʷʢ ʧʨʝʢʫʨʩʦʨʘ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʚʫʛʣʝʮʝʚʠʭ ʧʽʥ; ʫ 

ʧʨʦʚʝʜʝʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʚʩʪʘʥʦʚʣʝʥʥʽ ʚʧʣʠʚʫ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʭʽʤʽʯʥʦʛʦ ʛʘʟʦʫʪʚʦʨʶʚʘʯʘ ʥʘ ʧʨʦʮʝʩ ʩʧʽʥʶʚʘʥʥʷ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʧʝʢʫ; ʫ 

ʧʨʦʚʝʜʝʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʚʩʪʘʥʦʚʣʝʥʥʽ ʚʧʣʠʚʫ ʫʤʦʚ 

ʩʧʽʥʶʚʘʥʥʷ ʥʘ ʚʣʘʩʪʠʚʦʩʪʽ ʚʫʛʣʝʮʝʚʠʭ ʧʽʥ (ʚʧʣʠʚ ʩʢʣʘʜʫ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʧʝʢʫ 

ʪʘ ʪʠʩʢʫ); ʫ ʘʥʘʣʽʟʽ, ʫʟʘʛʘʣʴʥʝʥʽ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʽ ʥʘʧʠʩʘʥʥʽ ʨʦʙʦʪʠ.   

ɸʧʨʦʙʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʾ. ʄʘʪʝʨʽʘʣʠ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʙʫʣʠ 

ʧʦʚʽʜʦʤʣʝʥʽ ʪʘ ʦʙʛʦʚʦʨʝʥʽ ʥʘ: ʄʽʞʥʘʨʦʜʥʽʡ ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʽʡ ʥʘʫʢʦʚʽʡ 

ʢʦʥʬʝʨʝʥʮʽʾ ʩʪʫʜʝʥʪʽʚ, ʘʩʧʽʨʘʥʪʽʚ ʽ ʤʦʣʦʜʠʭ ʚʯʝʥʠʭ çScience and Scientistsè 21 ï 

22 ʛʨʫʜʥʷ 2015 ʨʦʢʫ (ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢ: GlobalNauka, 2015); ɯɯ ʄʽʞʥʘʨʦʜʥʽʡ 

ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ ʩʪʫʜʝʥʪʽʚ, ʤʘʛʽʩʪʨʘʥʪʽʚ ʪʘ ʘʩʧʽʨʘʥʪʽʚ çɻʘʣʫʟʝʚʽ 

ʧʨʦʙʣʝʤʠ ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠè (ʍʘʨʢʽʚ, ʍʇɯ, 2016); Vɯɯɯ ʄʽʞʥʘʨʦʜʥʦʤʫ 

ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʦʤʫ ʬʦʨʫʤʽ çɼʦʥʙʘʩ 2020: ʧʝʨʩʧʝʢʪʠʚʠ ʨʦʟʚʠʪʢʫ ʦʯʠʤʘ 

ʤʦʣʦʜʠʭ ʚʯʝʥʠʭè (ʂʨʘʩʥʦʘʨʤʽʡʩʴʢ, ɼʦʥʅʊʋ, 2016 ʨ.); ɯɯ ɺʩʝʫʢʨʘʾʥʩʴʢʽʡ ʥʘʫʢʦʚʽʡ 

ʢʦʥʬʝʨʝʥʮʽʾ (ʟ ʤʽʞʥʘʨʦʜʥʦʶ ʫʯʘʩʪʶ) 23-24 ʪʨʘʚʥʷ 2016 ʨʦʢʫ (ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢ: 

ɸʢʮʝʥʪ ʇʇ, 2016); Fifth Caucasian International Symposium on Polymers and 

Advanced Materials 2 ï 5 July 2017 (Georgia, Tbilisi 2017); ɯɯɯ ʤʽʞʥʘʨʦʜʥʽʡ 

ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ: ʇʨʦʙʣʝʤʠ ʪʝʭʥʽʢʠ ʽ ʪʝʭʥʦʣʦʛʽʾ ʧʝʨʝʨʦʙʥʠʭ 

ʚʠʨʦʙʥʠʮʪʚ 30 ï 31 ʪʨʘʚʥʷ 2017 ʨ. (ʂʨʘʩʥʦʘʨʤʽʡʩʴʢ, ɼʦʥʅʊʋ, 2017); IX, X, ʍɯ, 

ʍɯɯ (ɯ, ɯɯ ʄʽʞʥʘʨʦʜʥʽʡ) ʫʢʨʘʾʥʩʴʢʽʡ ʥʘʫʢʦʚʽʡ ʢʦʥʬʝʨʝʥʮʽʾ ʩʪʫʜʝʥʪʽʚ, ʘʩʧʽʨʘʥʪʽʚ ʽ 

ʤʦʣʦʜʠʭ ʫʯʝʥʠʭ çʍʽʤʽʯʥʽ ʧʨʦʙʣʝʤʠ ʩʴʦʛʦʜʝʥʥʷè (ʤ. ɺʽʥʥʠʮʷ, ɼʦʥʅʋ, 2016 ʨ., 
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2017 ʨ., 2018 ʨ., 2019 ʨ.); VIII ʽ ɯʍ ʤʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ 

çʇʦʩʪʫʧ ʫ ʥʘʬʪʦʛʘʟʦʧʝʨʝʨʦʙʥʽʡ ʪʘ ʥʘʬʪʦʭʽʤʽʯʥʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽè (ʤ. ʃʴʚʽʚ, 

ʃʴʚʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘ, 2016 ʨ., 2018 ʨ.); I, ɯɯ ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ 

ʢʦʥʬʝʨʝʥʮʽʾ ʟ ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʧʝʨʝʨʦʙʢʠ ʧʘʣʴʥʠʭ ʢʦʧʘʣʠʥ (ʤ. ʍʘʨʢʽʚ, ʅʊʋ 

çʍʇɯè, 2018 ʨ., 2019 ʨ.); IV, V ʤʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ 

çʇʨʦʙʣʝʤʠ ʪʝʭʥʽʢʠ ʽ ʪʝʭʥʦʣʦʛʽʾ ʧʝʨʝʨʦʙʥʠʭ ʚʠʨʦʙʥʠʮʪʚè (ʤ. ʇʦʢʨʦʚʩʴʢ, 

ɼʦʥʅʊʋ, 2018 ʨ., 2019 ʨ.); Sixth International Symposium on Polymers and 

Advanced Materials 17 ï 20 July 2019 (Georgia, Batumi 2019). 

ʇʫʙʣʽʢʘʮʽʾ. ʆʩʥʦʚʥʽ ʤʘʪʝʨʽʘʣʠ ʜʠʩʝʨʪʘʮʽʾ ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ 20 ʜʨʫʢʦʚʘʥʠʭ 

ʧʨʘʮʷʭ, ʚ ʪʦʤʫ ʯʠʩʣʽ 3 ʩʪʘʪʪʷʭ ʥʘʫʢʦ-ʤʝʪʨʠʯʥʦʾ ʙʘʟʠ Scopus, 1 ʩʪʘʪʪʽ ʫ ʬʘʭʦʚʦʤʫ 

ʞʫʨʥʘʣʽ ʪʘ ʫ 16 ʤʘʪʝʨʽʘʣʘʭ ʢʦʥʬʝʨʝʥʮʽʡ. ɺʩʽ ʧʫʙʣʽʢʘʮʽʾ ʤʽʩʪʷʪʴ ʨʝʟʫʣʴʪʘʪʠ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦʾ ʨʦʙʦʪʠ ʘʚʪʦʨʘ ʥʘ ʦʢʨʝʤʠʭ ʝʪʘʧʘʭ ʜʦʩʣʽʜʞʝʥʴ ʽ ʚʽʜʦʙʨʘʞʘʶʪʴ 

ʦʩʥʦʚʥʽ ʧʦʣʦʞʝʥʥʷ ʪʘ ʚʠʩʥʦʚʢʠ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ.  

ʉʪʨʫʢʪʫʨʘ ʽ ʦʙʩʷʛ ʜʠʩʝʨʪʘʮʽʾ. ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟʽ ʚʩʪʫʧʫ, 

ʧôʷʪʠ ʦʩʥʦʚʥʠʭ ʨʦʟʜʽʣʽʚ, ʚʠʩʥʦʚʢʽʚ, ʥʘʣʽʯʫʻ 160 ʩʪʦʨʽʥʦʢ ʤʘʰʠʥʦʧʠʩʥʦʛʦ ʪʝʢʩʪʫ, 

ʤʽʩʪʠʪʴ 18 ʪʘʙʣʠʮʴ, 60 ʨʠʩʫʥʢʽʚ, ʙʽʙʣʽʦʛʨʘʬʽʯʥʠʡ ʩʧʠʩʦʢ ʟʽ 147 ʜʞʝʨʝʣ ʽ 

6 ʜʦʜʘʪʢʽʚ.  
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ʈʆɿɼɯʃ 1 

ɸʅɸʃɯʊʀʏʅʀʁ ʆɻʃʗɼ ʃɯʊɽʈɸʊʋʈʅʀʍ ɼɾɽʈɽʃ 

 

1.1 ʂʘʤô̫ ʥʦʚʫʛʽʣʴʥʠʡ ʧʝʢ ʷʢ ʧʨʝʢʫʨʩʦʨ ʛʘʟʦʥʘʧʦʚʥʝʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʂʘʤ'ʷʥʦʚʫʛʽʣʴʥʠʡ ʧʝʢ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʚ ʷʢʦʩʪʽ ʧʨʝʢʫʨʩʦʨʘ ʜʣʷ  

ʦʪʨʠʤʘʥʥʷ ʚʫʛʣʝʮʝʚʠʭ ʧʽʥ [1, 2]. ɺʫʛʣʝʮʝʚʽ ʧʽʥʠ ï ʪʚʝʨʜʽ ʧʽʥʠ ï ʮʝ ʛʘʟʦʥʘʧʦʚʥʝʥʽ 

ʤʘʪʝʨʽʘʣʠ, ʚ ʷʢʠʭ ʜʠʩʧʝʨʩʥʦʶ ʬʘʟʦʶ ʩʣʫʞʠʪʴ ʛʘʟ, ʘ ʜʠʩʧʝʨʩʽʡʥʠʤ ʩʝʨʝʜʦʚʠʱʝʤ 

ʪʚʝʨʜʝ ʪʽʣʦ. ʋʥʽʢʘʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʨʦʙʣʷʪʴ ʪʚʝʨʜʽ ʧʽʥʠ ʝʬʝʢʪʠʚʥʠʤʠ 

ʢʦʥʩʪʨʫʢʪʠʚʥʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ, ʽ ʧʦʪʝʥʮʽʡʥʠʤʠ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʚ ʷʢʦʩʪʽ  ʣʝʛʢʠʭ ʟʘʧʦʚʥʶʚʘʯʽʚ ʢʦʥʩʪʨʫʢʮʽʡ, ʪʝʧʣʦ- ʽ 

ʟʚʫʢʦʽʟʦʣʷʪʦʨʽʚ, ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʬʽʣʴʪʨʘʮʽʾ ʨʽʜʠʥ ʽ ʛʘʟʽʚ ʪʘ ʽʥʰʽ.  

ʂʘʤ'ʷʥʦʚʫʛʽʣʴʥʠʡ ʧʝʢ (ʂʇ) ï ʮʝ ʜʝʰʝʚʘ ʩʠʨʦʚʠʥʘ, ʘʣʝ ʙʝʟ ʧʦʧʝʨʝʜʥʴʦʾ 

ʦʙʨʦʙʢʠ ʥʝ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʚʫʛʣʝʮʝʚʠʭ ʧʽʥʦʧʣʘʩʪʽʚ, ʪʘʢ 

ʷʢ ʡʦʛʦ ʧʣʘʩʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʟʘʟʚʠʯʘʡ ʥʝ ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʠʤʦʛʘʤ 

ʧʽʥʦʫʪʚʦʨʝʥʥʷ [2]. ʇʦʧʝʨʝʜʥʷ ʦʙʨʦʙʢʘ ʧʦʣʷʛʘʻ ʚ ʤʦʜʠʬʽʢʘʮʽʾ ʢʘʤ'ʷʥʦʚʫʛʽʣʴʥʦʛʦ 

ʧʝʢʫ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʷʢʦʾ ʟʤʽʥʶʶʪʴʩʷ ʡʦʛʦ ʨʝʦʣʦʛʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʽ ʩʪʨʫʢʪʫʨʘ. 

ɯʩʥʫʶʪʴ ʨʽʟʥʽ ʤʝʪʦʜʠ ʤʦʜʠʬʽʢʘʮʽʾ, ʱʦ ʚʢʣʶʯʘʶʪʴ ʧʦʣʽʤʝʨʠʟʘʮʽʶ ʘʙʦ 

ʢʦʥʜʝʥʩʘʮʽʶ ʧʝʢʫ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ ʘʙʦ ʦʙʨʦʙʢʦʶ ʨʽʟʥʠʤʠ 

ʭʽʤʽʯʥʠʤʠ ʨʝʘʛʝʥʪʘʤʠ ʜʣʷ ʟʤʽʥʠ ʚ'ʷʟʢʦʩʪʽ ʽ ʩʪʫʧʝʥʷ ʘʥʽʟʦʪʨʦʧʽʾ. ʄʦʜʠʬʽʢʦʚʘʥʠʡ 

ʢʘʤ'ʷʥʦʚʫʛʽʣʴʥʠʡ ʧʝʢ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ ʚ ʷʢʦʩʪʽ ʧʨʝʢʫʨʩʦʨʘ ʜʣʷ 

ʦʪʨʠʤʘʥʥʷ ʩʧʽʥʝʥʠʭ ʧʝʢʦʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

 

1.1.1 ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʢʘʤ'ʷʥʦʚʫʛʽʣʴʥʦʛʦ ʧʝʢʫ 

ʂʘʤô̫ ʥʦʚʫʛʽʣʴʥʠʡ ʧʝʢ ï ʮʝ ʟʘʣʠʰʦʢ, ʦʪʨʠʤʘʥʠʡ ʧʨʠ ʨʝʢʪʠʬʽʢʘʮʽʾ ʩʤʦʣʠ, 

ʷʢʠʡ ʩʢʣʘʜʘʻʪʴʩʷ ʚ ʦʩʥʦʚʥʦʤʫ ʟ ʚʠʩʦʢʦʢʠʧʣʷʯʠʭ ʙʘʛʘʪʦʢʽʣʴʯʘʩʪʠʭ ʘʨʦʤʘʪʠʯʥʠʭ ʽ 

ʛʝʪʝʨʦʮʠʢʣʽʯʥʠʭ ʩʧʦʣʫʢ [3]. 

ʂʘʤ'ʷʥʦʚʫʛʽʣʴʥʠʡ ʧʝʢ ʤʘʻ ʨʷʜ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʱʦ ʚʣʘʩʪʠʚʽ ʘʤʦʨʬʥʠʤ 

ʧʦʣʽʤʝʨʘʤ. ʇʝʢ ʽʩʥʫʻ ʚ ʪʨʴʦʭ ʩʪʘʥʘʭ ʚʽʜʧʦʚʽʜʥʦ ʷʢ ʽ ʘʤʦʨʬʥʽ ʧʦʣʽʤʝʨʠ. ɿʘ 

ʥʦʨʤʘʣʴʥʠʭ ʫʤʦʚ ʧʝʢ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʩʢʣʦʧʦʜʽʙʥʦʤʫ ʩʪʘʥʽ, ʧʨʠ ʥʘʛʨʽʚʘʥʥʽ 

ʧʝʨʝʭʦʜʠʪʴ ʚ ʚʠʩʦʢʦʝʣʘʩʪʠʯʥʠʡ ʽ ʚô̫ ʟʢʦʨʽʜʢʠʡ ʩʪʘʥ. 
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ɺ ʢʘʤô̫ ʥʦʚʫʛʽʣʴʥʦʤʫ ʧʝʢʫ ʚʠʜʽʣʷʶʪʴ ʯʦʪʠʨʠ ʛʨʫʧʠ ʨʝʯʦʚʠʥ ʟʘ ʩʝʣʝʢʪʠʚʥʦʶ 

ʨʦʟʯʠʥʥʽʩʪʶ ʚ ʙʝʥʟʠʥʽ, ʪʦʣʫʦʣʽ ʪʘ ʭʽʥʦʣʽʥʽ [4].  

ɔ-ʬʨʘʢʮʽʷ ʻ ʥʘʡʤʝʥʰ ʢʦʥʜʝʥʩʦʚʘʥʦʶ ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʦʶ ʩʫʤʽʰʰʶ 

ʘʨʦʤʘʪʠʯʥʠʭ ʪʘ ʛʝʪʝʨʦʮʠʢʣʽʯʥʠʭ ʩʧʦʣʫʢ ʟ 3-4 ʙʝʥʟʦʣʴʥʠʤʠ ʢʽʣʴʮʷʤʠ, ʷʢʘ ʤʘʻ 

ʩʝʨʝʜʥʶ ʤʦʣʝʢʫʣʷʨʥʫ ʤʘʩʫ 200-300. 

ɓ-ʬʨʘʢʮʽʷ ï ʧʣʘʚʢʘ ʨʝʯʦʚʠʥʘ ʯʦʨʥʦʛʦ ʢʦʣʴʦʨʫ ʟ ʙʣʠʩʢʫʯʦʶ ʧʦʚʝʨʭʥʝʶ, 

ʨʦʟʯʠʥʥʘ  ʚ ʪʦʣʫʦʣʽ ʽ ʥʝʨʦʟʯʠʥʥʘ ʚ ʙʝʥʟʠʥʽ. ɓ-ʬʨʘʢʮʽʷ ʟʘʚʜʷʢʠ ʩʚʦʡʾ ʧʣʘʩʪʠʯʥʦʩʪʽ 

ʟʜʘʪʥʘ ʚʠʪʷʛʫʚʘʪʠʩʷ ʚ ʥʠʪʢʠ. ʄʦʣʝʢʫʣʷʨʥʘ ʤʘʩʘ 480-500 [4, 5]. 

Ŭ-ʬʨʘʢʮʽʷ ʻ ʯʦʨʥʠʤ ʧʦʨʦʰʢʦʤ ʟ ʤʦʣʝʢʫʣʷʨʥʦʶ ʤʘʩʦʶ 700-800 [5, 6]. 

ʌʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ɓ- ʽ Ŭ2-ʬʨʘʢʮʽʡ ʦʙʫʤʦʚʣʶʶʪʴ ʧʦʣʽʤʝʨʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʧʝʢʫ. 

ɿʘ ʜʘʥʠʤʠ [4] ʤʦʣʝʢʫʣʷʨʥʘ ʤʘʩʘ ɓ-ʬʨʘʢʮʽʾ ʧʝʢʫ, ʜʣʷ ʷʢʦʾ ʥʘʡʙʽʣʴʰ 

ʭʘʨʘʢʪʝʨʥʽ ʧʦʣʽʤʝʨʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʩʢʣʘʜʘʻ 480-500 ʘ.ʦ.ʤ. ɺʠʭʦʜʷʯʠ ʟ ʮʴʦʛʦ ʤʦʞʥʘ 

ʩʢʘʟʘʪʠ, ʱʦ ʢʘʤô̫ ʥʦʚʫʛʽʣʴʥʠʡ ʧʽʢ ʻ ʥʠʟʴʢʦʤʦʣʝʢʫʣʷʨʥʦʶ ʨʝʯʦʚʠʥʦʶ.  

ɼʣʷ ʘʤʦʨʬʥʠʭ ʧʦʣʽʤʝʨʽʚ ʽʩʥʫʻ ʽʥʪʝʨʚʘʣ ʧʣʘʩʪʠʯʥʦʩʪʽ ʘʙʦ ʽʥʪʝʨʚʘʣ 

ʨʦʟʤô̫ ʢʰʝʥʥʷ, ʷʢʠʡ ʚʽʜʦʙʨʘʞʘʻ ʤʦʣʝʢʫʣʷʨʥʽ ʧʨʦʮʝʩʠ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ 

ʘʤʦʨʬʥʦʤʫ ʪʽʣʽ. 

ʇʝʢ ʪʘʢʦʞ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʽʜʦʤʠʤ ʪʝʤʧʝʨʘʪʫʨʥʠʤ ʽʥʪʝʨʚʘʣʦʤ 

ʧʣʘʩʪʠʯʥʦʩʪʽ. ʎʝ ʨʽʟʥʠʮʷ ʜʚʦʭ ʫʤʦʚʥʠʭ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʪʦʯʦʢ: ʪʝʤʧʝʨʘʪʫʨʠ 

ʨʦʟʤô̫ ʢʰʝʥʥʷ (ʪʝʢʫʯʦʩʪʽ) ʽ ʪʝʤʧʝʨʘʪʫʨʠ ʢʨʠʭʢʦʩʪʽ (ʩʢʣʫʚʘʥʥʷ) ʽ ʩʢʣʘʜʘʻ 55 ï 

65 Áʉ. 

ɼʣʷ ʥʠʟʴʢʦʤʦʣʝʢʫʣʷʨʥʠʭ ʩʧʦʣʫʢ ʚʝʣʠʯʠʥʘ ʪʝʤʧʝʨʘʪʫʨʠ ʩʢʣʫʚʘʥʥʷ ʚʠʟʥʘʯʘʻ 

ʪʝʤʧʝʨʘʪʫʨʫ ʨʦʟʤô̫ ʢʰʝʥʥʷ ʽ ʪʝʧʣʦʩʪʽʡʢʽʩʪʴ ʤʘʪʝʨʽʘʣʫ. ʊʝʤʧʝʨʘʪʫʨʘ ʩʢʣʫʚʘʥʥʷ ɓ-

ʬʨʘʢʮʽʾ ʙʣʠʟʴʢʘ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ ʨʦʟʤô̫ ʢʰʝʥʥʷ ʧʝʢʫ, ʪʦʙʪʦ ʪʝʤʧʝʨʘʪʫʨʘ 

ʨʦʟʤô̫ ʢʰʝʥʥʷ ʧʝʢʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʢʽʣʴʢʽʩʪʶ ɓ-ʬʨʘʢʮʽʾ ʷʢ ʘʤʦʨʬʥʦʛʦ ʧʦʣʽʤʝʨʫ [6]. 

ɼʫʞʝ ʚʘʞʣʠʚʠʡ ʧʨʘʢʪʠʯʥʠʡ ʽ ʪʝʦʨʝʪʠʯʥʠʡ ʽʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʻ ʪʘʢʘ 

ʚʣʘʩʪʠʚʽʩʪʴ ʧʝʢʫ ʷʢ ʚ'ʷʟʢʽʩʪʴ. ɺʠʚʯʝʥʥʷ ʟʘʛʘʣʴʥʠʭ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʨʝʦʣʦʛʽʯʥʦʾ 

ʧʦʚʝʜʽʥʢʠ ʧʝʢʽʚ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʠʱʝ 80 Áʉ ʜʦʟʚʦʣʠʣʦ ʚʩʪʘʥʦʚʠʪʠ [7], ʱʦ ʮʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʧʝʢʽʚ ʚʠʟʥʘʯʘʶʪʴʩʷ ʫʤʦʚʥʦʶ ʤʝʞʝʶ ʪʝʢʫʯʦʩʪʽ ʽ ʝʬʝʢʪʠʚʥʦʶ 

ʚ'ʷʟʢʽʩʪʶ (ʚ'ʷʟʢʦ-ʪʝʢʫʯʠʡ ʩʪʘʥ) ʘʙʦ ʜʽʡʩʥʦʶ ʚ'ʷʟʢʽʩʪʶ (ʪʝʢʫʯʠʡ ʩʪʘʥ). 
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ʍʘʨʘʢʪʝʨ ʟʤʽʥʠ ʝʬʝʢʪʠʚʥʦʾ ʚ'ʷʟʢʦʩʪʽ ʨʽʟʥʠʭ ʧʝʢʽʚ ʧʦʢʘʟʫʻ, ʱʦ ʧʨʠ ʤʘʣʠʭ 

ʰʚʠʜʢʦʩʪʷʭ ʜʝʬʦʨʤʘʮʽʾ ʥʘʩʪʘʻ ʽʥʪʝʥʩʠʚʥʝ ʨʫʡʥʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʠ ʧʝʢʫ, ʱʦ ʚʝʜʝ 

ʜʦ ʨʽʟʢʦʛʦ ʟʤʝʥʰʝʥʥʷ ʚ'ʷʟʢʦʩʪʽ. ʇʨʠ ʧʦʜʘʣʴʰʦʤʫ ʟʙʽʣʴʰʝʥʥʽ ʰʚʠʜʢʦʩʪʽ 

ʜʝʬʦʨʤʘʮʽʾ ʚ'ʷʟʢʽʩʪʴ ʟʤʽʥʶʻʪʴʩʷ ʥʝʟʥʘʯʥʦʶ ʤʽʨʦʶ. ʇʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ [7, 8] 

ʜʦʟʚʦʣʠʣʠ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʢʠ: 

- ʧʝʢʠ ʻ ʥʝʥʴʶʪʦʥʽʚʩʴʢʠʤʠ ʨʽʜʠʥʘʤʠ ʽ ʤʘʶʪʴ ʘʥʦʤʘʣʽʶ ʚ'ʷʟʢʦʩʪʽ; 

- ʩʪʫʧʽʥʴ ʘʥʦʤʘʣʴʥʦʩʪʽ ʨʽʟʢʦ ʟʨʦʩʪʘʻ ʟʽ ʟʥʠʞʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ ʚʠʟʥʘʯʝʥʥʷ 

ʽ ʧʽʜʚʠʱʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ ʨʦʟʤ'ʷʢʰʝʥʥʷ ʧʝʢʫ. 

ʇʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʨʦʟʤ'ʷʢʰʝʥʥʷ ʦʙʫʤʦʚʣʝʥʦ ʟʤʽʥʦʶ ʭʽʤʽʯʥʦʛʦ ʽ 

ʛʨʫʧʦʚʦʛʦ ʩʢʣʘʜʫ (ʥʘʢʦʧʠʯʝʥʥʷ ʧʨʦʜʫʢʪʽʚ ʫʱʽʣʴʥʝʥʥʷ ï Ŭ-ʬʨʘʢʮʽ ʾʟʘ ʨʘʭʫʥʦʢ 

ʟʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʚʠʩʦʢʦʢʠʧʣʷʯʠʭ ʟ'ʻʜʥʘʥʴ ï ɔ-ʬʨʘʢʮʽ)ʾ, ʱʦ ʚʧʣʠʚʘʻ ʥʘ 

ʤʽʮʥʽʩʪʴ ʤʽʞʤʦʣʝʢʫʣʷʨʥʠʭ ʟʚ'ʷʟʢʽʚ, ʤʽʮʥʽʩʪʴ ʩʪʨʫʢʪʫʨʠ ʧʝʢʫ ʽ ʥʘ ʭʘʨʘʢʪʝʨ ʟʤʽʥʠ 

ʡʦʛʦ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʟʩʫʚʫ ʽ ʪʝʤʧʝʨʘʪʫʨʠ [7]. 

ʅʘ ʚʝʣʠʯʠʥʫ ʚ'ʷʟʢʦʩʪʽ ʧʝʢʫ ʧʽʩʣʷ ʨʫʡʥʫʚʘʥʥʷ ʡʦʛʦ ʩʪʨʫʢʪʫʨʠ ʧʝʨʝʚʘʞʥʠʡ 

ʚʧʣʠʚ ʥʘʜʘʶʪʴ ʤʘʩʦʚʽ ʯʘʩʪʢʠ Ŭ - ̔ ɔ-ʬʨʘʢʮʽʡ. ɿʘʣʝʞʥʽʩʪʴ ʚ'ʷʟʢʦʩʪʽ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ 

ʜʣʷ ʧʝʢʽʚ ʦʧʠʩʫʻʪʴʩʷ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʠʤ ʨʽʚʥʷʥʥʷʤ [3, 7]: 

 

lgɖ = ȷexpȟ       (1.1) 

 

ʄʽʞ ʣʦʛʘʨʠʬʤʦʤ ʚ'ʷʟʢʦʩʪʽ (lgɖ) ʽ ʟʚʦʨʦʪʥʦʶ ʪʝʤʧʝʨʘʪʫʨʦʶ ʚ ʧʝʚʥʦʤʫ 

ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʣʽʥʽʡʥʘ ʟʘʣʝʞʥʽʩʪʴ. ʆʜʥʘʢ ʚ ʽʥʪʝʨʚʘʣʽ 

ʪʝʤʧʝʨʘʪʫʨ (80 ï 180 Áʉ) ʟʘʣʝʞʥʽʩʪʴ ʧʝʨʝʭʦʜʠʪʴ ʚ ʢʨʠʚʫ ʟ ʪʦʯʢʦʶ ʧʝʨʝʪʠʥʫ [9], 

ʷʢʘ ʚʢʘʟʫʻ ʪʝʤʧʝʨʘʪʫʨʫ ʧʝʨʝʭʽʜʥʦʛʦ ʩʪʘʥʫ: ʚʧʨʘʚʦ ʚʽʜ ʥʝʾ ʙʽʥʛʘʤʦʚʩʴʢʘ, ʚʣʽʚʦ ï 

ʥʴʶʪʦʥʽʚʩʴʢʘ ʪʝʯʽʷ ʧʝʢʫ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʥʘʩʪʫʧʥʽ ʚʠʩʥʦʚʢʠ. ʂʘʤô̫ ʥʦʚʫʛʽʣʴʥʠʡ ʧʝʢ 

ʚʦʣʦʜʽʻ ʮʽʣʠʤ ʥʘʙʦʨʦʤ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʭʘʨʘʢʪʝʨʥʠʭ ʜʣʷ ʧʦʣʽʤʝʨʽʚ. ʅʝ ʜʠʚʣʷʯʠʩʴ 

ʥʘ ʪʝ, ʱʦ ʧʝʢ ï ʥʝ ʢʣʘʩʠʯʥʠʡ ʧʦʣʽʤʝʨ, ʜʣʷ ʥʴʦʛʦ ʭʘʨʘʢʪʝʨʥʽ ʚʩʽ ʪʨʠ ʩʪʘʥʠ 

ʘʤʦʨʬʥʠʭ ʧʦʣʽʤʝʨʽʚ, ʚʽʥ ʟʜʘʪʝʥ ʜʦ ʫʪʚʦʨʝʥʥʷ ʚʝʣʠʢʦʛʦ ʨʽʟʥʦʤʘʥʽʪʪʷ 

ʥʘʜʤʦʣʝʢʫʣʷʨʥʠʭ ʩʪʨʫʢʪʫʨ, ʘʢʪʠʚʥʦ ʟʤʽʥʶʻ ʩʢʣʘʜ ʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʨʠ ʜʦʜʘʚʘʥʥʽ 
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ʭʽʤʽʯʥʠʭ ʜʦʙʘʚʦʢ. ʆʩʦʙʣʠʚʫ ʨʦʣʴ ʧʨʠ ʮʴʦʤʫ ʚʽʜʽʛʨʘʻ ɓ-ʬʨʘʢʮʽʷ. ʉʘʤʝ ʚʦʥʘ ʥʘʜʘʻ 

ʧʝʢʫ ʧʦʣʽʤʝʨʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. 

ʆʜʥʘʢ, ʜʣʷ ʪʦʛʦ, ʱʦʙ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʢʘʤô̫ ʥʦʚʫʛʽʣʴʥʠʡ ʧʝʢ ʚ ʷʢʦʩʪʽ 

ʧʨʝʢʫʨʩʦʨʘ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʪʚʝʨʜʠʭ ʚʫʛʣʝʮʝʚʠʭ ʧʽʥ, ʥʝʦʙʭʽʜʥʦ ʟʤʽʥʶʚʘʪʠ ʡʦʛʦ 

ʨʝʦʣʦʛʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. ɺʨʘʭʦʚʫʶʯʠ ʪʘʢʫ ʦʩʦʙʣʠʚʽʩʪʴ, ʷʢ ʘʢʪʠʚʥʘ ʚʟʘʻʤʦʜʽʷ ʟ 

ʨʽʟʥʠʤʠ ʭʽʤʽʯʥʠʤʠ ʜʦʙʘʚʢʘʤʠ, ʧʝʢ ʤʦʞʥʘ ʧʽʜʜʘʚʘʪʠ ʤʦʜʠʬʽʢʘʮʽʾ ʟ ʤʝʪʦʶ 

ʥʘʧʨʘʚʣʝʥʦʾ ʟʤʽʥʠ ʡʦʛʦ ʚʣʘʩʪʠʚʦʩʪʝʡ. 

 

1.1.2 ɻʘʟʦʥʘʧʦʚʥʝʥʽ ʤʘʪʝʨʽʘʣʠ ʥʘ ʦʩʥʦʚʽ ʢʘʤ'ʷʥʦʚʫʛʽʣʴʥʦʛʦ ʧʝʢʫ 

ʇʨʦʮʝʩʫ ʦʪʨʠʤʘʥʥʷ ʛʘʟʦʥʘʧʦʚʥʝʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʦʩʥʦʚʽ ʢʘʤ'ʷʥʦʚʫʛʽʣʴʥʦʛʦ 

ʧʝʢʫ ʧʨʠʩʚʷʯʝʥʦ ʨʷʜ ʥʘʫʢʦʚʠʭ ʨʦʙʽʪ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʟʘʨʫʙʽʞʥʠʭ ʜʦʩʣʽʜʥʠʢʽʚ [2, 10-

17]. ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ  ʛʘʣʫʟʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʠʛʦʪʦʚʣʷʶʪʴ ʛʘʟʦʥʘʧʦʚʥʝʥʽ ʤʘʪʝʨʽʘʣʠ 

ʚʽʜʢʨʠʪʦʾ, ʘʙʦ ʟʘʢʨʠʪʦʾ ʢʦʤʽʨʢʦʚʦʾ ʩʪʨʫʢʪʫʨʠ; ʟ ʥʠʟʴʢʦʶ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʶ ʽ 

ʚʠʩʦʢʦʶ ʤʽʮʥʽʩʪʶ ʥʘ ʩʪʠʩʢʘʥʥʷ, ʟʘʚʜʷʢʠ ʯʦʤʫ ʦʪʨʠʤʘʥʘ ʚʫʛʣʝʮʝʚʘ ʧʽʥʘ ʤʦʞʝ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʚ ʷʢʦʩʪʽ ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ɼʣʷ ʦʪʨʠʤʘʥʥʷ 

ʛʘʟʦʥʘʧʦʚʥʝʥʠʭ ʚʫʛʣʝʮʝʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟ ʚʠʩʦʢʦʶ ʪʝʧʣʦʚʦʶ ʽ ʝʣʝʢʪʨʠʯʥʦʶ 

ʧʨʦʚʽʜʥʽʩʪʶ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʩʠʥʪʝʪʠʯʥʠʡ ʤʝʟʦʬʘʟʥʠʡ ʧʝʢ [18, 19]. ɺʫʛʣʝʮʝʚʽ 

ʧʽʥʠ ʟ ʚʠʩʦʢʦʶ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʶ ʩʪʘʣʠ ʧʦʧʫʣʷʨʥʠʤʠ ʯʝʨʝʟ ʾʭ ʧʦʪʝʥʮʽʡʥʝ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʷʢ ʝʣʝʢʪʨʦʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʭ ʢʦʥʜʝʥʩʘʪʦʨʽʚ [20] 

ʽ ʥʦʩʽʾʚ ʜʣʷ ʢʘʪʘʣʽʟʘʪʦʨʽʚ [1, 14, 21-23], ʘʜʩʦʨʙʝʥʪʽʚ [21, 24-26] ʜʣʷ ʧʦʜʽʣʫ ʨʽʜʠʥ 

[10, 20, 27] ʽ ʛʘʟʫ [28] ʘʙʦ ʟʙʝʨʽʛʘʥʥʷ ʛʘʟʫ ʧʨʠ ʥʠʟʴʢʦʤʫ ʯʘʩʽ ʢʦʥʪʘʢʪʫ (ʰʚʠʜʢʽ 

ʧʝʨʽʦʜʠʯʥʽ ʧʨʦʮʝʩʠ) [18]. ɼʦ ʪʦʛʦ ʞ ʙʽʣʴʰ ʚʠʩʦʢʝ ʟʥʘʯʝʥʥʷ ʧʨʦʚʽʜʥʦʩʪʽ ʨʦʙʠʪʴ 

ʧʦʟʠʪʠʚʥʠʡ ʚʧʣʠʚ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʝʢʨʘʥʫʚʘʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʧʝʨʝʰʢʦʜ ʽ 

ʤʝʭʘʥʽʟʤ ʝʢʨʘʥʫʚʘʥʥʷ ʚʫʛʣʝʮʝʚʦʾ ʧʽʥʠ [19, 29-31].  

ɺʫʛʣʝʮʝʚʽ ʧʽʥʠ ʟ ʦʜʥʦʨʽʜʥʠʤʠ ʚʽʜʢʨʠʪʠʤʠ ʧʦʨʘʤʠ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʟ 

ʩʠʥʪʝʪʠʯʥʦʛʦ ʤʝʟʦʬʘʟʥʦʛʦ ʧʝʢʫ ʽ ʥʘʬʪʦʚʦʛʦ ʤʝʟʦʬʘʟʥʦʛʦ ʧʝʢʫ [20]. ɺʫʛʣʝʮʝʚʽ 

ʧʽʥʠ, ʦʪʨʠʤʘʥʽ ʟ ʩʠʥʪʝʪʠʯʥʦʛʦ ʧʝʢʫ, ʜʝʤʦʥʩʪʨʫʚʘʣʠ ʤʝʥʰʠʡ ʩʝʨʝʜʥʽʡ ʜʽʘʤʝʪʨ 

ʧʦʨ  (212 ʤʢʤ), ʙʽʣʴʰ ʪʦʥʢʽ ʩʪʽʥʢʠ ʢʦʤʽʨʦʢ, ʙʽʣʴʰ ʚʫʟʴʢʠʡ ʨʦʟʧʦʜʽʣ ʜʽʘʤʝʪʨʽʚ ʧʦʨ 

(180-300 ʤʢʤ) ʽ ʙʽʣʴʰ ʚʠʩʦʢʝ ʚʽʜʥʦʰʝʥʥʷ ʚʽʜʢʨʠʪʠʭ ʢʦʤʽʨʦʢ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʧʽʥʦʶ 

ʥʘ ʦʩʥʦʚʽ ʽʥʰʠʭ ʧʝʢʽʚ. 
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ɺʫʛʣʝʮʝʚʽ ʧʽʥʠ ʟ ʚʠʩʦʢʦʶ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʶ ʥʘ ʦʩʥʦʚʽ ʤʝʟʦʬʘʟʥʦʛʦ ʧʝʢʫ ʪʘ 

ʧʝʢʫ ʂʦʥʦʢʦ ʜʦʩʣʽʜʞʫʚʘʣʠʩʷ ʫ ʨʦʙʦʪʘʭ [18, 19]. ʆʜʥʘʢ ʻ ʤʘʣʦ ʧʦʚʽʜʦʤʣʝʥʴ ʧʨʦ 

ʽʥʰʽ ʧʨʝʢʫʨʩʦʨʠ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʫʪʚʦʨʝʥʥʷ ʚʫʛʣʝʮʝʚʠʭ ʧʽʥ ʟ ʚʠʩʦʢʦʶ 

ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʶ ʽ ʧʠʪʦʤʦʶ ʧʦʚʝʨʭʥʝʶ. ɺ ʜʘʥʠʡ ʯʘʩ ʙʘʛʘʪʦ ʜʦʩʣʽʜʥʠʢʽʚ [2, 32, 

33] ʧʨʠʜʽʣʷʶʪʴ ʙʽʣʴʰʝ ʫʚʘʛʠ ʜʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʽʥʰʠʭ ʧʨʝʢʫʨʩʦʨʽʚ. ʈʦʟʨʦʙʢʘ 

ʚʫʛʣʝʮʝʚʦʾ ʧʽʥʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʝʦʙʨʦʙʣʝʥʦʛʦ ʚʫʛʽʣʣʷ, ʢʘʤ'ʷʥʦʚʫʛʽʣʴʥʦʛʦ ʧʝʢʫ 

ʽ ʥʘʬʪʦʚʦʛʦ ʧʝʢʫ ʟʘʙʝʟʧʝʯʫʶʪʴ ʝʢʦʥʦʤʽʯʥʠʡ ʩʧʦʩʽʙ ʦʪʨʠʤʘʥʥʷ ʣʝʛʢʦʛʦ 

ʚʫʛʣʝʮʝʚʦʛʦ ʤʘʪʝʨʽʘʣʫ ʥʘʩʪʫʧʥʦʛʦ ʧʦʢʦʣʽʥʥʷ.  

ʈʷʜ ʘʚʪʦʨʽʚ [2, 20, 34] ʨʦʟʨʦʙʠʣʠ ʩʝʨʽʶ ʚʫʛʣʝʮʝʚʠʭ ʧʽʥʦʤʘʪʝʨʽʘʣʽʚ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʝʜʦʨʦʛʠʭ ʧʨʝʢʫʨʩʦʨʽʚ, ʪʘʢʠʭ ʷʢ ʚʫʛʽʣʣʷ, ʩʘʞʘ, ʢʘʤ'ʷʥʦʚʫʛʽʣʴʥʠʡ 

ʧʝʢ, ʥʘʬʪʦʚʠʡ ʤʝʟʦʬʘʟʥʠʭ ʧʝʢ ʽ ʚʫʛʽʣʴʥʠʡ ʉʽʥʧʝʢ [11, 16, 27, 35, 36]. ɺʣʘʩʪʠʚʦʩʪʽ 

ʚʫʛʣʝʮʝʚʠʭ ʧʽʥ ʤʦʞʥʘ ʢʦʥʪʨʦʣʶʚʘʪʠ, ʨʝʛʫʣʶʶʯʠ ʧʦʚʝʜʽʥʢʫ ʪʝʨʤʦʧʣʘʩʪʠʯʥʠʭ 

ʧʨʝʢʫʨʩʦʨʽʚ ʪʘ ʫʤʦʚʠ ʧʽʥʦʫʪʚʦʨʝʥʥʷ. 

ʆʜʥʘʢ ʘʚʪʦʨʘʤʠ [20] ʙʫʣʦ ʚʠʷʚʣʝʥʦ, ʱʦ ʢʘʤ'ʷʥʦʚʫʛʽʣʴʥʠʡ ʧʝʢ ʙʝʟ 

ʧʦʧʝʨʝʜʥʴʦʾ ʦʙʨʦʙʢʠ ʥʝ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʚʫʛʣʝʮʝʚʠʭ ʧʽʥ 

ʯʝʨʝʟ ʙʽʣʴʰ ʚʠʩʦʢʠʡ ʚʤʽʩʪ ʬʨʘʢʮʽʾ, ʥʝʨʦʟʯʠʥʥʦʾ ʚ ʭʽʥʦʣʽʥʽ. ɿʨʦʙʣʝʥʦ ʚʠʩʥʦʚʦʢ 

ʧʨʦ ʪʝ, ʱʦ ʧʨʝʢʫʨʩʦʨʠ ʟ ʥʠʟʴʢʦʶ ʤʦʣʝʢʫʣʷʨʥʦʶ ʚʘʛʦʶ, ʚʫʟʴʢʠʤ ʤʦʣʝʢʫʣʷʨʥʦ-

ʤʘʩʦʚʠʤ ʨʦʟʧʦʜʽʣʦʤ ʽ ʥʠʟʴʢʠʤ ʚʤʽʩʪʦʤ ʥʝʨʦʟʯʠʥʥʦʾ ʬʨʘʢʮʽʾ ʚ ʭʽʥʦʣʽʥʽ ʻ 

ʩʧʨʠʷʪʣʠʚʠʤʠ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʚʫʛʣʝʮʝʚʠʭ ʧʽʥ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚʠʩʦʢʠʡ ʚʤʽʩʪ ʚʫʛʣʝʮʶ ʽ ʭʦʨʦʰʘ ʧʣʠʥʥʽʩʪʴ ʤʝʟʦʬʘʟʥʠʭ ʧʝʢʽʚ 

ʨʦʙʣʷʪʴ ʾʭ ʢʨʘʱʠʤ ʢʘʥʜʠʜʘʪʦʤ ʚ ʷʢʦʩʪʽ ʧʨʝʢʫʨʩʦʨʘ ʚʫʛʣʝʮʝʚʠʭ ʧʽʥ. 

ʂʘʤ'ʷʥʦʚʫʛʽʣʴʥʽ ʧʝʢʠ ʻ ʦʩʥʦʚʥʦʶ ʩʠʨʦʚʠʥʦʶ ʤʝʟʦʬʘʟʥʠʭ ʧʝʢʽʚ. ʄʝʪʦʜ 

ʦʪʨʠʤʘʥʥʷ ʛʘʟʦʥʘʧʦʚʥʝʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʘʤ'ʷʥʦʚʫʛʽʣʴʥʦʛʦ ʧʝʢʫ 

ʚ ʷʢʦʩʪʽ ʩʠʨʦʚʠʥʠ ʻ ʝʢʦʥʦʤʽʯʥʠʤ, ʘ ʦʪʨʠʤʘʥʽ ʚʫʛʣʝʮʝʚʽ ʧʽʥʠ ʜʝʤʦʥʩʪʨʫʶʪʴ ʙʽʣʴʰ 

ʚʠʩʦʢʫ ʤʝʭʘʥʽʯʥʫ ʤʽʮʥʽʩʪʴ. 

ʆʪʞʝ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʩʠʥʪʝʪʠʯʥʦʛʦ ʤʝʟʦʬʘʟʥʦʛʦ ʧʝʢʫ, ʷʢʠʡ ʤʦʞʥʘ ʩʧʽʥʶʚʘʪʠ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʙʝʟ ʧʦʧʝʨʝʜʥʴʦʾ ʦʙʨʦʙʢʠ, ʢʘʤ'ʷʥʦʚʫʛʽʣʴʥʽ ʧʝʢʠ ʥʝʦʙʭʽʜʥʦ 

ʦʙʨʦʙʠʪʠ ʜʦ ʪʦʛʦ, ʷʢ ʤʦʞʝ ʙʫʪʠ ʜʦʩʷʛʥʫʪʦ ʩʧʽʥʶʚʘʥʥʷ. ʆʩʥʦʚʥʘ ʧʨʦʙʣʝʤʘ ʟ ʮʠʤʠ 

ʥʝʦʙʨʦʙʣʝʥʠʤʠ ʧʨʝʢʫʨʩʦʨʘʤʠ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʾʭ ʧʣʘʩʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʟʘʟʚʠʯʘʡ ʥʝ ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʠʤʦʛʘʤ ʧʽʥʦʫʪʚʦʨʝʥʥʷ. ʇʦʧʝʨʝʜʥʷ ʦʙʨʦʙʢʘ, ʪʦʙʪʦ 
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ʤʦʜʠʬʽʢʘʮʽʷ ʢʘʤ'ʷʥʦʚʫʛʽʣʴʥʦʛʦ ʧʝʢʫ ʥʝʦʙʭʽʜʥʘ ʜʣʷ ʟʤʽʥʠ ʡʦʛʦ ʨʝʦʣʦʛʽʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʘ ʢʦʥʪʨʦʣʶ ʚ'ʷʟʢʦʩʪʽ ʽ ʩʪʫʧʝʥʷ ʘʥʽʟʦʪʨʦʧʽʾ [16]. 

 

1.2 ʄʝʪʦʜʠ ʤʦʜʠʬʽʢʘʮʽʾ ʢʘʤ'ʷʥʦʚʫʛʽʣʴʥʦʛʦ ʧʝʢʫ ʜʣʷ ʦʪʨʠʤʘʥʥʷ 

ʧʨʝʢʫʨʩʦʨʫ  

ɺ ʧʨʦʮʝʩʽ ʤʦʜʠʬʽʢʘʮʽʾ ʧʝʢ ʦʚʦʣʦʜʽʚʘʻ ʥʝʦʙʭʽʜʥʠʤʠ ʨʝʦʣʦʛʽʯʥʠʤʠ 

ʚʣʘʩʪʠʩʪʷʤʠ, ʱʦ ʥʘʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʷʢʦʩʪʽ ʧʨʝʢʫʨʩʦʨʫ ʜʣʷ 

ʚʠʨʦʙʥʠʮʪʚʘ ʚʫʛʣʝʮʝʚʠʭ ʧʽʥ. ɸʥʘʣʽʪʠʯʥʠʡ  ʦʛʣʷʜ ʧʦʢʘʟʘʚ, ʱʦ ʽʩʥʫʶʪʴ ʨʽʟʥʽ 

ʤʝʪʦʜʠ ʤʦʜʠʬʽʢʘʮʽʾ  ʢʘʤ'ʷʥʦʚʫʛʽʣʴʥʦʛʦ ʧʝʢʫ ʜʣʷ ʥʘʧʨʘʚʣʝʥʦʾ ʟʤʽʥʠ ʡʦʛʦ 

ʨʝʦʣʦʛʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ: ʪʝʨʤʽʯʥʽ, ʪʝʨʤʦʦʢʠʩʣʶʚʘʣʴʥʽ ʪʘ ʪʝʨʤʦʭʽʤʽʯʥʽ. ʉʭʝʤʘ 

ʤʝʪʦʜʽʚ ʤʦʜʠʬʽʢʘʮʽʾ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʫ 1.1. 

 

ʈʠʩʫʥʦʢ 1.1 ʉʭʝʤʘ ʤʝʪʦʜʽʚ ʤʦʜʠʬʽʢʘʮʽʾ ʢʘʤô̫ ʥʦʚʫʛʽʣʴʥʦʛʦ ʧʝʢʫ ʜʣʷ 

ʦʪʨʠʤʘʥʥʷ ʚʫʛʣʝʮʝʚʠʭ ʧʽʥ   

 

ʊʝʨʤʽʯʥʠʤʠ ʪʘ ʪʝʨʤʦʦʢʠʩʣʶʚʘʣʴʥʠʤʠ ʤʝʪʦʜʘʤʠ ʤʦʜʠʬʽʢʘʮʽʾ ʦʪʨʠʤʫʶʶʪʴ 

ʤʝʟʦʬʘʟʥʽ ʢʘʤô̫ ʥʦʚʫʛʽʣʴʥʽ ʧʝʢʠ. ʊʝʨʤʦʭʽʤʽʯʥʽ ʤʝʪʦʜʠ ʤʦʜʠʬʽʢʘʮʽʾ ʧʝʢʫ 

ʟʜʽʡʩʥʶʶʪʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʽʟʥʠʭ ʨʝʘʛʝʥʪʽʚ: ʥʝʦʨʛʘʥʽʯʥʠʭ ʢʠʩʣʦʪ, ʧʦʣʽʤʝʨʽʚ, 

ʦʨʛʘʥʽʯʥʠʭ ʨʽʜʠʥ ʪʘ ʨʦʟʧʣʘʚʣʝʥʠʭ ʩʦʣʝʡ, ʷʢʽ ʟʘʟʚʠʯʘʡ ʧʝʨʝʪʚʦʨʶʶʪʴ 
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ʢʘʤô̫ ʥʦʚʫʛʽʣʴʥʠʡ ʧʝʢ ʫ ʘʥʽʟʦʪʨʦʧʥʠʡ. ʆʜʥʘʢ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʨʛʘʥʽʯʥʠʭ ʨʽʜʠʥ 

ʤʦʞʣʠʚʝ ʪʨʘʥʩʬʦʨʤʫʚʘʥʥʷ ʢʘʤô̫ ʥʦʚʫʛʽʣʴʥʦʛʦ ʧʝʢʫ ʫ ʤʝʟʦʬʘʟʥʠʡ. 

 

1.2.1 ʊʝʨʤʽʯʥʘ ʤʦʜʠʬʽʢʘʮʽʷ 

ʊʝʨʤʽʯʥʽ ʤʝʪʦʜʠ ʧʦʣʷʛʘʶʪʴ ʚ ʪʦʤʫ, ʱʦ ʢʘʤô̫ ʥʦʚʫʛʽʣʴʥʠʡ ʧʝʢ ʧʽʜʜʘʶʪʴ 

ʪʝʨʤʽʯʥʽʡ ʦʙʨʦʙʮʽ ʟʘ ʧʝʚʥʠʭ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʫʤʦʚ.  ʊʝʨʤʽʯʥʽ ʤʝʪʦʜʠ ʜʦʟʚʦʣʷʶʪʴ 

ʦʪʨʠʤʫʚʘʪʠ ʟ ʢʘʤô̫ ʥʦʚʫʛʽʣʴʥʦʛʦ ʧʝʢʫ ʤʝʟʦʬʘʟʥʠʡ ʧʝʢ, ʷʢʠʡ ʚʦʣʦʜʽʻ ʥʝʦʙʭʽʜʥʠʤʠ 

ʨʝʦʣʦʛʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʷʢʦʩʪʽ ʧʨʝʢʫʨʩʦʨʫ ʜʣʷ 

ʚʫʛʣʝʮʝʚʠʭ ʧʽʥ. 

ʋ ʨʦʙʦʪʘʭ [1, 14, 27] ʢʘʤ'ʷʥʦʚʫʛʽʣʴʥʠʡ ʧʝʢ ʧʽʜʜʘʚʘʣʠ ʪʝʨʤʦʦʙʨʦʙʮʽ, ʧʽʩʣʷ 

ʯʦʛʦ ʤʦʜʠʬʽʢʦʚʘʥʠʡ ʢʘʤ'ʷʥʦʚʫʛʽʣʴʥʠʡ ʧʝʢ ʙʫʚ ʩʧʽʥʝʥʠʡ ʧʨʠ ʥʠʟʴʢʦʤʫ ʪʠʩʢʫ. 

ɸʚʪʦʨʠ ʟʘʟʥʘʯʠʣʠ, ʱʦ ʦʪʨʠʤʘʥʽ ʚʫʛʣʝʮʝʚʽ ʧʽʥʠ ʥʘ ʦʩʥʦʚʽ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ 

ʢʘʤ'ʷʥʦʚʫʛʽʣʴʥʦʛʦ ʧʝʢʫ ʟʘʚʜʷʢʠ ʦʜʥʦʨʽʜʥʽʡ ʩʪʨʫʢʪʫʨʽ ʧʦʨ, ʚʠʩʦʢʽʡ ʤʽʮʥʦʩʪʽ ʥʘ 

ʩʪʠʩʢʘʥʥʷ ʪʘ ʥʠʟʴʢʽʡ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʚ ʷʢʦʩʪʽ 

ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʱʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʚ ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʠʭ ʙʫʜʽʚʣʷʭ. 

ɺʘʣʴʪʝʨ ʌʦʢʝ ʟ ʩʧʽʚʨʦʙʽʪʥʠʢʘʤʠ [33] ʧʝʨʝʪʚʦʨʶʚʘʣʠ ʢʘʤ'ʷʥʦʚʫʛʽʣʴʥʠʡ ʧʝʢ ʚ 

ʤʝʟʦʬʘʟʥʠʡ ʧʨʠ ʪʝʨʤʦʦʙʨʦʙʮʽ ʙʣʠʟʴʢʦ 430 Áʉ ʪʘ ʜʦʩʣʽʜʞʫʚʘʣʠ ʩʧʦʩʽʙ ʦʪʨʠʤʘʥʥʷ 

ʚʫʛʣʝʮʝʚʠʭ ʧʽʥ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʛʨʘʬʽʪʫ, ʱʦ ʨʦʟʰʠʨʷʻʪʴʩʷ. ʐʣʷʭʦʤ ʢʘʨʙʦʥʽʟʘʮʽʾ 

ʪʘ ʛʨʘʬʽʪʠʟʘʮʽʾ ʪʝʨʤʦʦʙʨʦʙʣʝʥʦʛʦ ʧʝʢʫ ʦʪʨʠʤʫʚʘʣʠ ʧʽʥʫ. ɻʨʘʬʽʪʦʚʘ ʧʽʥʘ, 

ʦʪʨʠʤʘʥʘ ʟ 5 ʤʘʩ. % ʛʨʘʬʽʪʫ, ʱʦ ʨʦʟʰʠʨʷʻʪʴʩʷ, ʤʘʣʘ ʦʙ'ʻʤʥʫ ʛʫʩʪʠʥʫ 0,249 ʛ/ʩʤ3, 

ʤʽʮʥʽʩʪʴ ʥʘ ʩʪʠʩʢʘʥʥʷ 0,46 ʄʇʘ ʽ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ 21 ɺʪ . ʤ-1 . ʂ-1. 

ʊʽʝʭʫ ʃʽ ʽ ʩʧʽʚʨʦʙʽʪʥʠʢʠ [18, 24] h ʣʷʭʦʤ ʪʝʨʤʦʦʙʨʦʙʢʠ ʢʘʤ'ʷʥʦʚʫʛʽʣʴʥʠʭ 

ʧʝʢʽʚ ʧʨʠ ʨʽʟʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʽʜ 380 ʜʦ 450 Áʉ ʦʪʨʠʤʫʚʘʣʠ ʤʝʟʦʬʘʟʥʽ ʧʝʢʠ. 

ʈʝʟʫʣʴʪʘʪʠ ʧʦʢʘʟʘʣʠ, ʱʦ ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ ʽ ʪʦʯʢʠ ʨʦʟʤ'ʷʢʰʝʥʥʷ ʧʝʢʽʚ ʢʦʨʠʛʫʶʪʴʩʷ 

ʤʦʨʬʦʣʦʛʽʻʶ ʽ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʧʝʢʽʚ ʧʽʩʣʷ ʧʦʧʝʨʝʜʥʴʦʾ ʦʙʨʦʙʢʠ. ɸ ʢʽʣʴʢʽʩʪʴ 

ʚʪʦʨʠʥʥʦʛʦ ʭʽʥʦʣʽʥʫ, ʥʝʨʦʟʯʠʥʥʦʛʦ ʚ ʤʝʟʦʬʘʟʥʠʭ ʧʝʢʘʭ, ʟʙʽʣʴʰʫʻʪʴʩʷ ʟʽ 

ʟʙʽʣʴʰʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ ʪʝʨʤʦʦʙʨʦʙʢʠ. ʅʘ ʦʩʥʦʚʽ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʤʝʟʦʬʘʟʥʠʭ 

ʧʝʢʽʚ ʰʣʷʭʦʤ ʩʧʽʥʶʚʘʥʥʷ ʽ ʢʘʨʙʦʥʽʟʘʮʽʾ ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʚʫʛʣʝʮʝʚʽ ʧʽʥʠ ʟ ʚʠʩʦʢʦʶ 

ʤʝʭʘʥʽʯʥʦʶ ʤʽʮʥʽʩʪʶ. ɸʚʪʦʨʘʤʠ [18, 19] ʙʫʣʦ ʜʦʩʣʽʜʞʝʥʦ ʟʚ'ʷʟʦʢ ʤʽʞ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʢʘʤ'ʷʥʦʚʫʛʽʣʴʥʠʭ ʧʝʢʽʚ ̔  ʩʪʨʫʢʪʫʨʦʶ ʦʪʨʠʤʘʥʠʭ 
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ʚʫʛʣʝʮʝʚʠʭ ʧʽʥʦʤʘʪʝʨʽʘʣʽʚ. ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʩʢʣʘʜ ʽ ʪʦʯʢʘ 

ʨʦʟʤ'ʷʢʰʝʥʥʷ ʧʝʢʽʚ ʨʦʙʣʷʪʴ ʟʥʘʯʥʠʡ ʚʧʣʠʚ ʥʘ ʤʦʨʬʦʣʦʛʽʶ ʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʦʪʨʠʤʘʥʠʭ ʚʫʛʣʝʮʝʚʠʭ ʧʽʥ. ʂʨʽʤ ʪʦʛʦ, ʤʝʭʘʥʽʯʥʘ ʤʽʮʥʽʩʪʴ ʚʫʛʣʝʮʝʚʦʾ ʧʽʥʠ ʪʘʢʦʞ 

ʧʦʣʽʧʰʫʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʤʦʜʠʬʽʢʘʮʽʾ ʧʝʢʽʚ. 

ɺ ʨʦʙʦʪʽ [37] ʧʦʢʘʟʘʥʦ ʦʪʨʠʤʘʥʥʷ ʤʝʟʦʬʘʟʥʦʛʦ ʢʘʤ'ʷʥʦʚʫʛʽʣʴʥʦʛʦ ʧʝʢʫ, ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʪʝʨʤʦʦʙʨʦʙʢʠ ʚ ʢʘʤʝʨʽ ʚʠʩʦʢʦʛʦ ʪʠʩʢʫ ʪʘ ʜʦʩʣʽʜʞʝʥʦ ʡʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢ ʧʨʝʢʫʨʩʦʨʘ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʚʫʛʣʝʮʝʚʦʾ ʧʽʥʠ. ʈʝʟʫʣʴʪʘʪʠ 

ʧʦʢʘʟʫʶʪʴ, ʱʦ ʤʝʟʦʬʘʟʥʠʡ ʧʝʢ ʟ ʪʦʯʢʦʶ ʨʦʟʤ'ʷʢʰʝʥʥʷ 300 ï 350 Áʉ ʽ ʚʤʽʩʪʦʤ 

ʤʝʟʦʬʘʟʠ > 80 % ʤʦʞʝ ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʛʦʤʦʛʝʥʥʦʾ ʽ ʽʜʝʘʣʴʥʦʾ ʩʪʨʫʢʪʫʨʠ ʧʦʨ. 

ʇʦʨʠʩʪʽʩʪʴ ʦʪʨʠʤʘʥʦʾ ʧʽʥʠ ʚʘʨʽʶʻ ʚʽʜ 55 % ʜʦ 75 % ʽ ʚʽʜ 75 % ʜʦ 85 % ʚʽʜʧʦʚʽʜʥʦ.  

ɺ ʨʦʙʦʪʽ [32] ʚʯʝʥʽ ʚʠʚʯʘʣʠ ʤʦʜʠʬʽʢʘʮʽʶ ʧʝʢʫ ʤʝʪʦʜʦʤ ʜʠʩʪʠʣʷʮʽʾ. 

ʊʝʤʧʝʨʘʪʫʨʘ ʜʠʩʪʠʣʷʮʽʾ ʚʩʪʘʥʦʚʣʶʚʘʣʘʩʷ ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 100 ʜʦ 260 ÁC, ʘ ʯʘʩ 

ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ ʚʘʨʽʶʚʘʚʩʷ ʚʽʜ 1 ʜʦ 5 ʛʦʜʠʥ. ʇʦʪʽʤ ʦʪʨʠʤʘʥʽ ʟʨʘʟʢʠ ʥʘʛʨʽʚʘʣʠ 

ʜʦ 350 Áʉ ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤʫ ʪʠʩʢʫ ʧʨʦʪʷʛʦʤ 1 ʛʦʜʠʥʠ, ʘ ʧʦʪʽʤ ʜʦ ʢʽʥʮʝʚʦʾ 

ʪʝʤʧʝʨʘʪʫʨʠ 450 Áʉ ʽ ʚʠʪʨʠʤʫʚʘʣʠ ʧʨʦʪʷʛʦʤ 4 ʛʦʜʠʥ, ʧʦʩʪʽʡʥʦ ʧʦʤʽʰʫʶʯʠ. ɿ 

ʦʙʨʦʙʣʝʥʦʛʦ ʤʝʪʦʜʦʤ ʜʠʩʪʠʣʷʮʽʾ ʧʝʢʫ ʦʪʨʠʤʫʚʘʣʠ ʚʫʛʣʝʮʝʚʫ ʧʽʥʫ ʰʣʷʭʦʤ 

ʩʘʤʦʩʧʽʥʶʚʘʥʥʷ. ʆʪʨʠʤʘʥʘ ʚʫʛʣʝʮʝʚʘ ʧʽʥʘ ʚʦʣʦʜʽʣʘ ʚʠʩʦʢʦʶ ʤʽʮʥʽʩʪʶ ʥʘ 

ʩʪʠʩʢʘʥʥʷ ʽ ʥʠʟʴʢʦʶ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʶ. ɺ ʨʦʙʦʪʽ [32] ʘʚʪʦʨʠ ʜʦʩʣʽʜʞʫʚʘʣʠ ʚʧʣʠʚ 

ʪʝʤʧʝʨʘʪʫʨʠ ʜʠʩʪʠʣʷʮʽʾ, ʘ ʪʘʢʦʞ ʯʘʩʫ ʚʠʪʨʠʤʢʠ ʥʘ ʤʽʢʨʦʩʪʨʫʢʪʫʨʫ, ʦʙ'ʻʤʥʫ 

ʛʫʩʪʠʥʫ, ʧʦʨʠʩʪʽʩʪʴ, ʤʽʮʥʽʩʪʴ ʥʘ ʩʪʠʩʢʘʥʥʷ ʽ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ ʧʽʥʠ. ʄʽʮʥʽʩʪʴ ʥʘ 

ʩʪʠʩʢʘʥʥʷ ʦʪʨʠʤʘʥʦʾ ʚʫʛʣʝʮʝʚʦʾ ʧʽʥʠ ʤʦʞʝ ʜʦʩʷʛʘʪʠ 6,29 ʄʇʘ, ʘ 

ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ ʤʦʞʝ ʙʫʪʠ ʥʠʞʯʝ 0,048 ɺʪ Ŀ ʤ-1 Ŀ ʂ-1. 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʴ [12] ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʥʦʚʠʡ ʧʽʜʭʽʜ 

ʤʦʜʠʬʽʢʘʮʽʾ ʢʘʤ'ʷʥʦʚʫʛʽʣʴʥʠʭ ʧʝʢʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʘʢʫʫʤʫʚʘʥʥʷ. ʈʝʛʫʣʶʚʘʥʥʷ 

ʬʽʟʠʯʥʠʭ ʪʘ ʭʽʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʝʢʫ ʟ ʚʠʩʦʢʦʶ ʪʝʤʧʝʨʘʪʫʨʦʶ ʨʦʟʤ'ʷʢʰʝʥʥʷ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʧʨʦʮʝʩʽʚ ʧʦʣʽʢʦʥʜʝʥʩʘʮʽʾ, ʷʢʽ ʧʨʦʪʽʢʘʶʪʴ ʧʽʜ ʯʘʩ 

ʤʦʜʠʬʽʢʘʮʽʾ ʚʘʢʫʫʤʫʚʘʥʥʷʤ. ʆʧʪʠʤʘʣʴʥʘ ʪʦʯʢʘ ʨʦʟʤ'ʷʢʰʝʥʥʷ ʽ ʤʘʩʦʚʝ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʥʝʨʦʟʯʠʥʥʦʛʦ ʟʘʣʠʰʢʫ ʚ ʭʽʥʦʣʽʥʽ ʩʪʘʥʦʚʣʷʪʴ ʙʣʠʟʴʢʦ 

292 Áʉ ʽ 65,7 % ʚʽʜʧʦʚʽʜʥʦ. ʆʪʨʠʤʘʥʽ ʜʘʥʠʤ ʤʝʪʦʜʦʤ ʤʦʜʠʬʽʢʘʮʽʾ ʢʘʤ'ʷʥʦʚʫʛʽʣʴʥʽ 

ʧʝʢʠ ʤʘʶʪʴ ʦʧʪʠʤʘʣʴʥʫ ʚ'ʷʟʢʽʩʪʴ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʣʷ 
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ʚʠʨʦʙʥʠʮʪʚʘ ʚʫʛʣʝʮʝʚʠʭ ʧʽʥ. ɺʠʛʦʪʦʚʣʝʥʘ ʚ ʨʝʟʫʣʴʪʘʪʽ ʚʫʛʣʝʮʝʚʘ ʧʽʥʘ ʚʦʣʦʜʽʻ 

ʯʫʜʦʚʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʪʘʢʠʤʠ ʷʢ ʦʜʥʦʨʽʜʥʘ ʩʪʨʫʢʪʫʨʘ ʧʦʨ, ʚʠʩʦʢʘ ʤʽʮʥʽʩʪʴ 

ʥʘ ʩʪʠʩʢʘʥʥʷ (4,7 ʄʇʘ), ʥʠʟʴʢʘ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ (0,07 ɺʪ . ʤ-1 . ʂ-1). ɹʽʣʴʰ ʪʦʛʦ, 

ʾʾ ʤʦʞʥʘ ʥʝ ʦʙʧʘʣʶʚʘʪʠ ʧʨʠ ʚʠʩʦʢʽʡ ʪʝʤʧʝʨʘʪʫʨʽ (~ 1200 Áʉ). ʊʘʢʠʤ ʯʠʥʦʤ, 

ʘʚʪʦʨʠ [12] ʜʝʤʦʥʩʪʨʫʶʪʴ ʥʦʚʠʡ ʰʣʷʭ ʤʦʜʠʬʽʢʘʮʽʾ ʧʝʢʽʚ, ʷʢʽ ʻ ʧʦʪʝʥʮʽʡʥʠʤʠ ʜʣʷ 

ʦʪʨʠʤʘʥʥʷ ʚʫʛʣʝʮʝʚʠʭ ʧʽʥ ʷʢ ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʜʣʷ ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʠʭ 

ʙʫʜʽʚʝʣʴ. 

ʅʘ ʧʽʜʩʪʘʚʽ ʢʨʠʪʠʯʥʦʛʦ ʦʛʣʷʜʫ ʣʽʪʝʨʘʪʫʨʠ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ 

ʪʝʨʤʽʯʥʽ ʤʝʪʦʜʠ ʤʦʜʠʬʽʢʘʮʽʾ ʜʦʟʚʦʣʷʶʪʴ ʦʪʨʠʤʘʪʠ ʢʘʤô̫ ʥʦʚʫʛʽʣʴʥʠʡ ʧʝʢ ʟ 

ʥʝʦʙʭʽʜʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʥʘ ʡʦʛʦ ʦʩʥʦʚʽ ʛʘʟʦʥʘʧʦʚʥʝʥʠʭ 

ʚʫʛʣʝʮʝʚʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʆʜʥʘʢ ʜʘʥʠʡ ʤʝʪʦʜ ʤʦʜʠʬʽʢʘʮʽʾ ʤʘʻ ʟʥʘʯʥʽ ʥʝʜʦʣʽʢʠ ʯʝʨʝʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʦʚʦʣʽ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʱʦ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʚʠʩʦʢʠʤʠ 

ʝʥʝʨʛʦʚʠʪʨʘʪʘʤʠ, ʚʠʜʽʣʝʥʷʤ ʣʝʪʢʠʭ ʨʝʯʦʚʠʥ ʪʘ ʚʝʣʠʢʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʥʘ 

ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ. 

 

1.2.2 ʊʝʨʤʦʦʢʠʩʣʶʚʘʣʴʥʘ ʤʦʜʠʬʽʢʘʮʽʷ 

ʊʝʨʤʦʦʢʠʩʣʶʚʘʣʴʥʽ ʤʝʪʦʜʠ ʧʝʨʝʜʙʘʯʘʶʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ  ʢʠʩʥʶ ʧʦʚʽʪʨʷ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʟʥʠʟʠʪʠ ʪʝʤʧʝʨʘʪʫʨʫ ʤʦʜʠʬʽʢʘʮʽʾ ʧʝʢʫ ʜʦ 250 Áʉ. ʄʦʣʝʢʫʣʷʨʥʝ 

ʟʰʠʚʘʥʥʷ, ʚʠʢʣʠʢʘʥʝ ʢʠʩʥʝʚʦʶ ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʶ ʧʨʠ ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, 

ʟʙʽʣʴʰʫʻ ʤʦʣʝʢʫʣʷʨʥʫ ʤʘʩʫ ʜʝʷʢʠʭ ʤʦʣʝʢʫʣ, ʟʘʧʦʙʽʛʘʶʯʠ ʾʭ ʜʠʩʪʠʣʷʮʽʾ ʪʘ 

ʚʠʜʘʣʝʥʥʶ ʧʽʜ ʯʘʩ ʢʘʨʙʦʥʽʟʘʮʽʾ. ɼʘʥʠʡ ʪʠʧ ʦʙʨʦʙʢʠ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ 

ʚ'ʷʟʢʦʩʪʽ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʧʝʢʽʚ. ʎʝʡ ʬʘʢʪʦʨ ʦʙʤʝʞʫʻ ʟʨʦʩʪʘʥʥʷ ʽ ʢʦʘʣʝʩʮʝʥʮʽʶ 

ʤʝʟʦʬʘʟ, ʷʢʽ ʫʪʚʦʨʶʶʪʴʩʷ ʧʨʠ ʪʝʨʤʦʦʙʨʦʙʮʽ ʧʝʢʽʚ ʷʢ ʧʨʝʢʫʨʩʦʨʽʚ ʜʣʷ ʚʫʛʣʝʮʝʚʠʭ 

ʤʘʪʝʨʽʘʣʽʚ. 

ɺ ʨʦʙʦʪʽ [38] ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʤʦʜʠʬʽʢʘʮʽʶ ʢʘʤ'ʷʥʦʚʫʛʽʣʴʥʠʭ ʧʝʢʽʚ ʫ 

ʧʦʪʦʮʽ ʧʦʚʽʪʨʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 250 ï 300 ÁC ʧʨʦʪʷʛʦʤ 14 ï 18 ʛʦʜ. ʅʘ ʦʩʥʦʚʽ 

ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʪʘʢʠʤ ʯʠʥʦʤ ʢʘʤ'ʷʥʦʚʫʛʽʣʴʥʠʭ ʧʝʢʽʚ  ʙʫʣʦ ʚʠʛʦʪʦʚʣʝʥʦ 

ʛʘʟʦʥʘʧʦʚʥʝʥʽ ʢʘʨʙʦʥʦʚʽ ʢʦʤʧʦʟʠʪʠ ʽ ʜʦʩʣʽʜʞʝʥʦ ʜʽʶ ʧʦʚʽʪʨʷ ʧʨʠ ʨʽʟʥʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʘ ʩʪʨʫʢʪʫʨʫ ʜʚʦʭ ʤʘʨʦʢ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʧʝʢʫ. 

ʄʝʪʦʜ ʦʢʠʩʣʝʥʥʷ ʢʘʤ'ʷʥʦʚʫʛʽʣʴʥʠʭ ʧʝʢʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʦʚʽʪʨʷ  ʪʘʢʦʞ 
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ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʚ ʨʦʙʦʪʘʭ [36, 39] ʜʣʷ ʟʙʽʣʴʰʝʥʥʷ ʪʦʯʢʠ ʨʦʟʤ'ʷʢʰʝʥʥʷ ʧʝʢʫ ʪʘ 

ʧʦʜʘʣʴʰʦʛʦ ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʷʢʦʩʪʽ ʧʨʝʢʫʨʩʦʨʘ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʚʫʛʣʝʮʝʚʠʭ 

ʧʽʥ. ʊʘʢʘ ʦʙʨʦʙʢʘ ʚʧʣʠʚʘʻ ʥʘ ʚʣʘʩʪʠʚʦʩʪʽ ʚʫʛʣʝʮʝʚʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʦʩʢʽʣʴʢʠ ʚʦʥʘ 

ʚʠʢʣʠʢʘʻ ʟʥʘʯʥʽ ʟʤʽʥʠ ʚ ʭʽʤʽʯʥʦʤʫ ʩʢʣʘʜʽ ʧʝʢʽʚ. ɸʚʪʦʨʠ ʧʦʢʘʟʫʶʪʴ, ʱʦ 

ʦʢʠʩʣʶʚʘʣʴʥʘ ʦʙʨʦʙʢʘ ʧʦʪʦʢʦʤ ʧʦʚʽʪʨʷ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʤʽʪʥʦʾ ʟʤʽʥʠ ʭʽʤʽʯʥʦʛʦ 

ʩʢʣʘʜʫ ʧʝʢʽʚ ʽ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʘʯʥʦʛʦ ʟʙʽʣʴʰʝʥʥʷ ʪʦʯʢʠ ʨʦʟʤ'ʷʢʰʝʥʥʷ.  

ʅʘ ʧʽʜʩʪʘʚʽ ʚʠʱʝʥʘʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ 

ʤʦʜʠʬʽʢʘʮʽʷ ʢʘʤ'ʷʥʦʚʫʛʽʣʴʥʦʛʦ ʧʝʢʫ ʰʣʷʭʦʤ ʦʢʠʩʣʝʥʥʷ ʧʦʚʽʪʨʷʤ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʨʝʩʪʨʫʢʪʫʨʠʟʘʮʽʾ ʧʝʢʫ ʷʢ ʧʨʝʢʫʨʩʦʨʫ ʽ ʜʦʩʷʛʥʝʥʥʶ ʚʠʩʦʢʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʚʫʛʣʝʮʝʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʾʭ ʙʽʣʴʰ ʥʠʟʴʢʦʾ ʚʘʨʪʦʩʪʽ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʜʘʥʦʛʦ ʤʝʪʦʜʫ 

ʤʦʜʠʬʽʢʘʮʽʾ ʜʦʟʚʦʣʷʻ ʪʘʢʦʞ ʟʤʝʥʰʠʪʠ ʪʝʤʧʝʨʘʪʫʨʫ ʦʙʨʦʙʢʠ ʢʘʤ'ʷʥʦʚʫʛʽʣʴʥʠʭ 

ʧʝʢʽʚ, ʦʜʥʘʢ ʚʦʥʘ ʚʩʝ ʞ ʟʘʣʠʰʘʻʪʴʩʷ ʥʘ ʜʦʚʦʣʽ ʚʠʩʦʢʦʤʫ ʨʽʚʥʽ (ʜʦ 300 Áʉ), ʱʦ ʤʘʻ 

ʚʝʣʠʢʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ. 

 

1.2.3 ʊʝʨʤʦʭʽʤʽʯʥʘ ʤʦʜʠʬʽʢʘʮʽʷ 

ʊʝʨʤʦʭʽʤʽʯʥʽ ʤʝʪʦʜʠ ʤʦʜʠʬʽʢʘʮʽʾ ʟʘʩʥʦʚʘʥʽ ʥʘ ʚʧʣʠʚʽ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ 

ʜʦʜʘʚʘʥʥʽ ʨʽʟʥʠʭ ʭʽʤʽʯʥʠʭ ʨʝʘʛʝʥʪʽʚ ʜʦ ʢʘʤ'ʷʥʦʚʫʛʽʣʴʥʦʛʦ ʧʝʢʫ ʟ ʤʝʪʦʶ 

ʟʙʽʣʴʰʝʥʥʷ ʡʦʛʦ ʚ'ʷʟʢʦʩʪʽ. 

1) ʆʙʨʦʙʢʘ ʥʝʦʨʛʘʥʽʯʥʠʤʠ ʢʠʩʣʦʪʘʤʠ. 

ʊʝʨʤʦʭʽʤʽʯʥʘ ʦʙʨʦʙʢʘ ʻ ʥʘʡʙʽʣʴʰ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʚʘʥʦʶ ʧʦʧʝʨʝʜʥʴʦʶ 

ʦʙʨʦʙʢʦʶ ʜʣʷ ʢʦʥʪʨʦʣʶ ʚ'ʷʟʢʦʩʪʽ ʽ ʩʪʫʧʝʥʷ ʘʥʽʟʦʪʨʦʧʽʾ ʩʧʽʥʶʶʯʦʛʦ 

ʧʨʝʢʫʨʩʦʨʘ [24, 26]. ɸʚʪʦʨʘʤʠ [14, 17, 20, 40-43] ʧʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʱʦʜʦ 

ʢʦʨʠʛʫʚʘʥʥʷ ʩʢʣʘʜʫ ʽ ʚʣʘʩʪʠʚʦʩʪʝʡ ʢʘʤ'ʷʥʦʚʫʛʽʣʴʥʦʛʦ ʧʝʢʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʪʝʨʤʦʦʢʠʩʣʶʚʘʣʴʥʦʾ ʤʦʜʠʬʽʢʘʮʽʾ ʟ H2SO4 ̔  HNO3 ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʚʫʛʣʝʮʝʚʦʾ 

ʧʽʥʠ. ʈʷʜ ʜʦʩʣʽʜʥʠʢʽʚ [11, 17, 36] ʤʦʜʠʬʽʢʫʚʘʣʠ ʢʘʤ'ʷʥʦʚʫʛʽʣʴʥʠʡ ʧʝʢ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʤʽʥʝʨʘʣʴʥʠʭ ʢʠʩʣʦʪ [25]. ʉʠʥʪʝʟʦʚʘʥʽ ʘʚʪʦʨʘʤʠ ʚʫʛʣʝʮʝʚʽ ʧʽʥʠ ʥʘ 

ʦʩʥʦʚʽ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʧʝʢʽʚ ʧʽʩʣʷ ʪʝʨʤʦʭʽʤʽʯʥʦʾ ʦʙʨʦʙʢʠ,  ʜʝʤʦʥʩʪʨʫʚʘʣʠ 

ʚʠʜʘʪʥʽ ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʘ ʪʘʢʦʞ ʛʘʨʥʫ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʚ ʷʢʦʩʪʽ ʥʦʩʽʾʚ ʜʣʷ 

ʢʘʪʘʣʽʟʘʪʦʨʽʚ. 

ɺ ʨʦʙʦʪʽ [16] ʦʜʝʨʞʘʥʦ ʤʦʜʠʬʽʢʦʚʘʥʽ ʢʘʤ'ʷʥʦʚʫʛʽʣʴʥʽ ʧʝʢʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 
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H2SO4 ̔ HNO3, ʟ ʧʦʜʘʣʴʰʦʶ ʾʭ ʢʘʨʙʦʥʽʟʘʮʽʻʶ ʧʨʠ 1000 Áʉ ʽ 2000 Áʉ, ʱʦ ʜʘʣʦ  ʥʦʚʝ 

ʫʷʚʣʝʥʥʷ ʧʨʦ ʤʽʢʨʦ- ̔ ʥʘʥʦʤʘʩʰʪʘʙʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʚʫʛʣʝʮʝʚʠʭ ʧʽʥ ʥʘ ʦʩʥʦʚʽ ʜʘʥʠʭ 

ʧʝʢʽʚ. ɸʚʪʦʨʠ ʜʦʩʣʽʜʞʫʚʘʣʠ ʦʪʨʠʤʘʥʽ ʥʘ ʦʩʥʦʚʽ ʧʝʢʽʚ, ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʜʘʥʠʤ 

ʤʝʪʦʜʦʤ, ʚʫʛʣʝʮʝʚʽ ʧʽʥʠ ʟ ʫʧʦʨʦʤ ʥʘ ʢʦʨʝʣʷʮʽʶ ʤʦʨʬʦʣʦʛʽʯʥʠʭ ʽ ʝʣʝʢʪʨʦʥʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ. ʆʪʨʠʤʘʥʘ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʤʽʢʨʦʩʪʨʫʢʪʫʨʫ ʧʽʥʠ ʚʘʞʣʠʚʘ ʜʣʷ 

ʘʜʘʧʪʘʮʽʾ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʨʝʢʫʨʩʦʨʫ ï ʢʘʤ'ʷʥʦʚʫʛʽʣʴʥʦʛʦ ʧʝʢʫ, ʱʦʙ ʦʪʨʠʤʘʪʠ 

ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʽ ʧʽʥʦʤʘʪʝʨʽʘʣʠ. 

ɸʚʪʦʨʘʤʠ [24] ʙʫʣʦ ʤʦʜʠʬʽʢʦʚʘʥʦ ʢʘʤ'ʷʥʦʚʫʛʽʣʴʥʠʡ ʧʝʢ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʮʠʥʥʘʤʘʣʴʜʝʛʽʜʘ ʽ ʙʦʨʥʦʾ ʢʠʩʣʦʪʠ, ʪʘ ʰʣʷʭʦʤ ʡʦʛʦ ʩʧʽʥʶʚʘʥʥʷ ʽ ʢʘʨʙʦʥʽʟʘʮʽʾ 

ʦʪʨʠʤʘʥʦ ʚʫʛʣʝʮʝʚʽ ʧʽʥʠ ʟ ʚʠʩʦʢʦʶ ʤʝʭʘʥʽʯʥʦʶ ʤʽʮʥʽʩʪʶ. ʈʝʟʫʣʴʪʘʪʠ ʧʦʢʘʟʘʣʠ, 

ʱʦ ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ ʽ ʪʦʯʢʠ ʨʦʟʤ'ʷʢʰʝʥʥʷ ʧʝʢʽʚ ʢʦʨʠʛʫʶʪʴʩʷ ʰʣʷʭʦʤ ʤʦʜʠʬʽʢʘʮʽʾ 

ʟ ʨʽʟʥʦʶ ʢʽʣʴʢʽʩʪʶ ʮʠʥʥʘʤʘʣʴʜʝʛʽʜʘ. ʊʘʢʦʞ ʘʚʪʦʨʠ ʜʦʩʣʽʜʞʫʚʘʣʠ ʟʚ'ʷʟʦʢ ʤʽʞ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʢʘʤ'ʷʥʦʚʫʛʽʣʴʥʠʭ ʧʝʢʽʚ ʽ ʩʪʨʫʢʪʫʨʦʶ ʦʪʨʠʤʘʥʠʭ 

ʚʫʛʣʝʮʝʚʠʭ ʧʽʥ. ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʦ, ʱʦ ʩʢʣʘʜ ʽ ʪʦʯʢʘ ʨʦʟʤ'ʷʢʰʝʥʥʷ ʧʝʢʫ 

ʨʦʙʣʷʪʴ ʟʥʘʯʥʠʡ ʚʧʣʠʚ ʥʘ ʤʦʨʬʦʣʦʛʽʶ ʽ ʚʣʘʩʪʠʚʦʩʪʽ ʦʪʨʠʤʘʥʠʭ ʚʫʛʣʝʮʝʚʠʭ ʧʽʥ. 

ʂʨʽʤ ʪʦʛʦ, ʤʝʭʘʥʽʯʥʘ ʤʽʮʥʽʩʪʴ ʚʫʛʣʝʮʝʚʦʾ ʧʽʥʠ ʪʘʢʦʞ ʧʦʣʽʧʰʫʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ 

ʤʦʜʠʬʽʢʘʮʽʾ ʧʝʢʫ. 

ʆʪʞʝ, ʧʨʦʮʝʩ ʪʝʨʤʦʭʽʤʽʯʥʦʾ ʤʦʜʠʬʽʢʘʮʽʾ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʝʦʨʛʘʥʽʯʥʠʭ 

ʢʠʩʣʦʪ ʥʝ ʚʠʤʘʛʘʻ ʥʽ ʩʪʘʜʽʡ ʩʪʘʙʽʣʽʟʘʮʽʾ, ʥʽ ʦʙʨʦʙʢʠ ʧʽʜ ʚʠʩʦʢʠʤ ʪʠʩʢʦʤ, ʱʦ 

ʟʤʝʥʰʫʻ ʷʢ ʯʘʩ ʚʠʛʦʪʦʚʣʝʥʥʷ, ʪʘʢ ʽ ʚʘʨʪʽʩʪʴ ʚʫʛʣʝʮʝʚʦʾ ʧʽʥʠ. ʆʜʥʘʢ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʭʽʤʽʯʥʠʭ ʨʝʘʛʝʥʪʽʚ, ʘ ʩʘʤʝ ʦʙʨʦʙʢʘ ʢʠʩʣʦʪʘʤʠ ʻ ʘʛʨʝʩʠʚʥʠʤ ʩʝʨʝʜʦʚʠʱʝʤ ʪʘ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʠʥʠʢʥʝʥʥʷ ʚʽʜʭʦʜʽʚ ʧʽʜ ʯʘʩ ʤʦʜʠʬʽʢʘʮʽʾ ʢʘʤ'ʷʥʦʚʫʛʽʣʴʥʠʭ ʧʝʢʽʚ, 

ʱʦ ʻ ʛʦʣʦʚʥʠʤ ʥʝʜʦʣʽʢʦʤ ʜʘʥʦʛʦ ʤʝʪʦʜʫ ʤʦʜʠʬʽʢʘʮʽʾ. 

2) ʄʝʪʦʜ ʨʦʟʧʣʘʚʣʝʥʠʭ ʩʦʣʝʡ. 

ʉʝʨʝʜ ʨʽʟʥʠʭ ʤʝʪʦʜʽʚ ʦʪʨʠʤʘʥʥʷ ʤʝʟʦʬʘʟʥʦʛʦ ʧʝʢʫ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʱʝ ʦʜʠʥ 

ï ʤʝʪʦʜ ʦʢʠʩʣʝʥʥʷ ʨʦʟʧʣʘʚʣʝʥʦʶ ʩʽʣʣʶ. ʉʠʥʪʝʟ ʨʦʟʧʣʘʚʣʝʥʦʾ ʩʦʣʽ ʯʘʩʪʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʥʝʦʨʛʘʥʽʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ [30]. ɼʘʥʠʡ ʤʝʪʦʜ 

ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʪʦʤʫ, ʱʦ ʨʦʟʧʣʘʚʣʝʥʘ ʩʽʣʴ ʚʠʢʦʥʫʻ ʨʦʣʽ ʨʦʟʯʠʥʥʠʢʘ ʽ ʨʝʘʛʝʥʪʫ. ʎʝ 

ʧʦʢʨʘʱʫʻ ʜʠʩʧʝʨʩʽʶ ʨʝʘʛʝʥʪʽʚ ʚ ʘʪʦʤʥʦʤʫ ʤʘʩʰʪʘʙʽ ʽ ʟʥʠʞʫʻ ʚ'ʷʟʢʽʩʪʴ ʨʝʘʢʮʽʡʥʦʾ 

ʩʠʩʪʝʤʠ [34, 44, 45]. ɺ ʨʝʟʫʣʴʪʘʪʽ ʭʽʤʽʯʥʘ ʨʝʘʢʮʽʷ ʧʨʦʪʽʢʘʻ ʧʨʠ ʙʽʣʴʰ ʥʠʟʴʢʽʡ 
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ʪʝʤʧʝʨʘʪʫʨʽ ʽ ʚ ʙʽʣʴʰ ʢʦʨʦʪʢʽ ʪʝʨʤʽʥʠ [13]. ʇʨʠʛʦʪʫʚʘʥʥʷ ʤʝʟʦʬʘʟʥʠʭ ʧʝʢʽʚ 

ʤʝʪʦʜʦʤ ʨʦʟʧʣʘʚʣʝʥʦʾ ʩʦʣʽ ʤʦʞʝ ʟʥʘʯʥʦ ʟʥʠʟʠʪʠ ʚʘʨʪʽʩʪʴ ʧʨʦʮʝʩʫ. 

ɺ ʨʦʙʦʪʽ [13] ʘʚʪʦʨʠ ʦʪʨʠʤʫʚʘʣʠ ʤʝʟʦʬʘʟʥʠʡ ʧʝʢ ʟ ʢʘʤ'ʷʥʦʚʫʛʽʣʴʥʦʛʦ ʧʝʢʫ, 

ʰʣʷʭʦʤ ʡʦʛʦ ʦʢʠʩʣʝʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʫʤʽʰʽ ʨʦʟʧʣʘʚʣʝʥʦʾ ʩʦʣʽ AlCl3-NaCl 

ʧʨʠ ʚʽʜʥʦʩʥʦ ʥʠʟʴʢʽʡ ʪʝʤʧʝʨʘʪʫʨʽ (220 ï 350 Áʉ). ʊʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʥʷ 

ʤʝʟʦʬʘʟʥʦʛʦ ʧʝʢʫ ʟʘʟʚʠʯʘʡ ʚʠʱʝ 350 Áʉ [23, 24, 26], ʘ ʫʷʚʥʘ ʝʥʝʨʛʽʷ ʘʢʪʠʚʘʮʽʾ 

ʚʠʱʝ 100 ʢɼʞ/ʤʦʣʴ [21, 25, 28]. ʊʦʤʫ ʟʥʘʯʥʘ ʫʚʘʛʘ ʙʫʣʘ ʟʦʩʝʨʝʜʞʝʥʘ ʥʘ ʟʥʠʞʝʥʥʽ 

ʪʝʤʧʝʨʘʪʫʨʠ ʧʝʨʝʪʚʦʨʝʥʥʷ ʤʝʟʦʬʘʟʥʦʛʦ ʧʝʢʫ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʮʴʦʛʦ ʧʨʦʮʝʩʫ. ɸʚʪʦʨʘʤʠ [13] ʙʫʣʦ ʚʠʷʚʣʝʥʦ, ʱʦ AlCl3 ̒  

ʭʦʨʦʰʠʤ ʢʘʪʘʣʽʟʘʪʦʨʦʤ ʜʣʷ ʧʦʣʽʤʝʨʠʟʘʮʽʾ, ʦʩʢʽʣʴʢʠ ʚʽʥ ʟʥʠʞʫʻ ʝʥʝʨʛʽʶ ʘʢʪʠʚʘʮʽʾ 

ʨʝʘʢʮʽʾ ʧʦʣʽʢʦʥʜʝʥʩʘʮʽʾ [22, 29, 31, 46]. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʦʢʘʟʘʣʠ, 

ʱʦ ʨʦʟʧʣʘʚʣʝʥʘ ʩʽʣʴ ʢʘʪʘʣʽʟʫʻ ʤʝʟʦʬʘʟʥʠʡ ʧʝʨʝʭʽʜ ʽ ʪʝʤʧʝʨʘʪʫʨʘ ʤʦʜʠʬʽʢʘʮʽʾ 

ʢʘʤ'ʷʥʦʚʫʛʽʣʴʥʦʛʦ ʧʝʢʫ ʤʦʞʝ ʙʫʪʠ ʟʥʠʞʝʥʘ ʜʦ 250 ÁC [13].  

ʄʝʪʦʜ ʦʢʠʩʣʝʥʥʷ ʨʦʟʧʣʘʚʣʝʥʦʶ ʩʽʣʣʶ ʧʦʢʨʘʱʫʻ ʜʠʩʧʝʨʩʽʶ ʨʝʘʛʝʥʪʽʚ ʽ 

ʟʥʠʞʫʻ ʚ'ʷʟʢʽʩʪʴ ʨʝʘʢʮʽʡʥʦʾ ʩʠʩʪʝʤʠ, ʱʦ ʧʦʣʝʛʰʫʻ ʧʨʦʪʽʢʘʥʥʷ ʭʽʤʽʯʥʦʾ ʨʝʘʢʮʽʾ 

ʦʪʨʠʤʘʥʥʷ ʤʝʟʦʬʘʟʥʠʭ ʧʝʢʽʚ. ʆʜʥʘʢ ʜʦʚʦʣʽ ʚʠʩʦʢʽ ʪʝʤʧʝʨʘʪʫʨʠ ʦʙʨʦʙʢʠ (ʜʦ 

350 Áʉ) ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʭʽʤʽʯʥʠʭ ʨʝʘʛʝʥʪʽʚ ʥʝʛʘʪʠʚʥʦ ʧʦʟʥʘʯʘʻʪʴʩʷ ʥʘ ʩʪʘʥ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚ ʟʚʷʟʢʫ ʟ ʫʪʚʦʨʝʥʥʷʤ ʚʽʜʭʦʜʽʚ ʧʽʜ ʯʘʩ ʤʦʜʠʬʽʢʘʮʽʾ ʪʘ 

ʚʠʜʽʣʝʥʥʷʤ ʣʝʪʢʠʭ ʨʝʯʦʚʠʥ. 

3)  ʆʙʨʦʙʢʘ ʧʦʣʷʨʥʠʤʠ ʧʦʣʽʤʝʨʘʤʠ. 

ʋ ʨʦʙʦʪʘʭ [13, 47-52] ʜʣʷ ʤʦʜʠʬʽʢʘʮʽʾ ʢʘʤôʷʥʦʚʫʛʽʣʴʥʦʛʦ ʧʝʢʫ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʧʦʣʽʤʝʨʥʽ ʜʦʙʘʚʢʠ ʰʣʷʭʦʤ ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʦʾ ʦʙʨʦʙʢʠ (ʜʦ 

300 Áʉ) ʟ ʤʝʪʦʶ ʚʧʣʠʚʫ ʥʘ ʪʝʤʧʝʨʘʪʫʨʫ ʨʦʟʤôʷʢʰʝʥʥʷ ʢʘʤôʷʥʦʚʫʛʽʣʴʥʦʛʦ ʧʝʢʫ, 

ʡʦʛʦ ʨʝʦʣʦʛʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ (ʚôʷʟʢʽʩʪʴ, ʪʝʢʫʯʽʩʪʴ) ʪʘ ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʩʬʝʨʠ ʚʠʢʦʨʠʩʪʘʥʥʷ. ɺ ʷʢʦʩʪʽ ʧʦʣʽʤʝʨʥʠʭ ʜʦʙʘʚʦʢ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʧʦʣʽʚʽʥʽʣʭʣʦʨʠʜ, ʧʝʨʭʣʦʨʚʽʥʽʣ, ʧʦʣʽʩʪʠʨʦʣ, ʧʦʣʽʧʨʦʧʽʣʝʥ, 

ʧʦʣʽʝʪʠʣʝʥʪʝʨʝʬʪʘʣʘʪ, ʧʦʣʽʝʬʽʨʠ, ʮʝʣʶʣʦʟʘ, ʩʪʠʨʦʣ-ʙʫʪʘʜʽʻʥʦʚʽ ʪʘ ʥʽʪʨʠʣ-

ʙʫʪʘʜʽʻʥʦʚʽ ʢʘʫʯʫʢʠ,  ʤʘʣʝʾʥʽʟʦʚʘʥʠʡ ʝʪʠʣʝʥʚʽʥʽʣʘʮʝʪʘʪ [53-59]. ʆʩʥʦʚʥʦʶ 

ʚʽʜʤʽʥʥʽʩʪʶ ʜʘʥʦʛʦ ʤʝʪʦʜʫ ʻ ʥʠʟʴʢʘ ʪʝʤʧʝʨʘʪʫʨʘ ʤʦʜʠʬʽʢʘʮʽʾ, ʷʢʘ ʚ ʦʩʥʦʚʥʦʤʫ 

ʥʝ ʧʝʨʝʚʠʱʫʚʘʣʘ 300 Áʉ. ʆʙʤʝʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʽʥʪʝʨʚʘʣʫ ʦʙʫʤʦʚʣʝʥʦ 
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ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʨʦʟʤôʷʢʰʝʥʥʷ ʧʦʣʽʤʝʨʽʚ, ʱʦ ʜʦʜʘʚʘʣʠʩʷ, ʪʘ ʟʤʝʥʰʝʥʥʷʤ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʥʝʙʘʞʘʥʠʭ ʧʨʦʮʝʩʽʚ ʪʝʨʤʽʯʥʦʛʦ ʨʦʟʢʣʘʜʘʥʥʷ ʚ ʧʨʦʮʝʩʽ 

ʤʦʜʠʬʽʢʘʮʽʾ. 

ɺʽʜʦʤʦ [60], ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʷʢʦʩʪʽ ʤʦʜʠʬʽʢʘʪʦʨʽʚ ʧʦʣʽʤʝʨʽʚ 

ʚʽʥʽʣʭʣʦʨʠʜʫ (ʧʦʣʽʚʽʥʽʣʭʣʦʨʠʜ, ʧʝʨʭʣʦʨʚʽʥʽʣ) ʜʦʟʚʦʣʷʻ ʟʥʠʟʠʪʠ ʪʝʤʧʝʨʘʪʫʨʫ 

ʤʦʜʠʬʽʢʘʮʽʾ ʜʦ 170 Áʉ. 

ʇʨʠ ʚʚʝʜʝʥʽ ʧʦʣʷʨʥʠʭ ʧʦʣʽʤʝʨʽʚ ʚʽʥʽʣʭʣʦʨʠʜʫ ʧʨʠ ʪʝʨʤʽʯʥʽʡ ʦʙʨʦʙʮʽ 

ʢʘʤô̫ ʥʦʚʫʛʽʣʴʥʦʛʦ ʧʝʢʫ ʚʽʜʙʫʚʘʶʪʴʩʷ ʪʝʨʤʦʭʽʤʽʯʥʽ ʧʝʨʝʪʚʦʨʝʥʥʷ, ʱʦ ʩʫʪʪʻʚʦ 

ʟʤʽʥʶʶʪʴ ʩʪʨʫʢʪʫʨʫ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʧʝʢʫ. ɿʙʽʣʴʰʝʥʥʷ ʚ'ʷʟʢʦʩʪʽ ʦʪʨʠʤʘʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘʚʜʷʢʠ ʧʨʦʮʝʩʘʤ ʟʰʠʚʘʥʥʷ ʪʘ ʧʦʩʠʣʝʥʥʶ 

ʤʽʞʤʦʣʝʢʫʣʷʨʥʠʭ ʟʚô̫ ʟʢʽʚ.  

ʇʨʦʮʝʩ ʤʦʜʠʬʽʢʘʮʽʾ ʧʦʣʷʛʘʚ [61] ʚ ʥʘʛʨʽʚʘʥʥʽ ʩʫʤʽʰʽ ʢʘʤô̫ ʥʦʚʫʛʽʣʴʥʠʡ ʧʝʢ-

ʧʦʣʽʤʝʨ ʫ ʝʣʝʢʪʨʦʦʙʽʛʨʽʚʘʣʴʥʦʤʫ ʨʝʘʢʪʦʨʽ ʟ ʤʝʭʘʥʽʯʥʦʶ ʤʽʰʘʣʢʦʶ ʥʘ ʧʨʦʪʷʟʽ 

2 ʛʦʜʠʥ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 170 Üʉ. 

ɿʘ ʜʘʥʠʤʠ ʜʦʩʣʽʜʞʝʥʴ [62, 63], ʚʚʝʜʝʥʥʷ ʇɺʍ ʚ ʷʢʦʩʪʽ ʤʦʜʠʬʽʢʪʦʨʘ ʜʦ 

ʢʘʤô̫ ʥʦʚʫʛʽʣʴʥʦʛʦ ʧʝʢʫ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 170 Áʉ ʽʥʽʮʽʶʻ ʧʨʦʮʝʩʠ ʩʠʥʪʝʟʫ 

ʥʘʡʙʽʣʴʰ ʮʽʥʥʦʾ ʧʦʣʽʤʝʨʥʦʾ ʩʢʣʘʜʦʚʦʾ ʧʝʢʫ ï ɓ-ʬʨʘʢʮʽʾ ʟʘ ʨʘʭʫʥʦʢ ɔ-ʬʨʘʢʮʽʾ, ʱʦ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʧʨʦʮʝʩʽʚ ʩʪʨʫʢʪʫʨʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʽ ʟʨʦʩʪʘʥʥʷ 

ʪʝʧʣʦʩʪʽʡʢʦʩʪʽ. ʇʝʨʭʣʦʨʚʽʥʽʣ ʥʘʚʧʘʢʠ ʽʥʪʝʥʩʠʬʽʢʫʻ ʧʨʦʮʝʩʠ ʨʦʟʢʣʘʜʘʥʥʷ ɓ-

ʬʨʘʢʮʽʾ ʽ ʩʧʨʠʷʻ ʚʠʩʦʢʦʤʫ ʧʨʠʨʦʩʪʫ Ŭ-ʬʨʘʢʮʽʾ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʧʦʣʽʤʝʨʽʚ ʚʽʥʽʣʭʣʦʨʠʜʫ ʚ ʷʢʦʩʪʽ 

ʤʦʜʠʬʽʢʘʪʦʨʽʚ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʢʘʤ'ʷʥʦʚʫʛʽʣʴʥʠʡ ʧʝʢ ʽʟ ʟʘʜʘʥʠʤʠ ʧʦʣʽʤʝʨʥʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʧʨʠ ʡʦʛʦ ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʽʡ ʦʙʨʦʙʮʽ (ʜʦ 170 Áʉ). ʅʠʟʴʢʘ 

ʪʝʤʧʝʨʘʪʫʨʘ ʤʦʜʠʬʽʢʘʮʽʾ ʟʤʝʥʰʫʻ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʥʝʙʘʞʘʥʠʭ ʧʨʦʮʝʩʽʚ ʪʝʨʤʽʯʥʦʛʦ 

ʨʦʟʢʣʘʜʘʥʥʷ, ʘ ʚʽʜʩʫʪʥʽʩʪʴ ʙʫʜʴ-̫ ʢʠʭ ʚʽʜʭʦʜʽʚ ʟʤʝʥʰʫʻ ʟʘʙʨʫʜʥʝʥʥʷ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ʇʨʠ ʜʘʥʦʤʫ ʤʝʪʦʜʽ ʤʦʜʠʬʽʢʘʮʽʾ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʟʤʝʥʰʝʥʥʷ ʪʦʢʩʠʯʥʦʩʪʽ ʧʝʢʫ, ʟʦʢʨʝʤʘ ʟʤʝʥʰʝʥʥʷ ʚʤʽʩʪʫ ʢʘʥʮʝʨʦʛʝʥʥʠʭ 

ʩʢʣʘʜʦʚʠʭ ʧʝʢʫ, ʪʘʢʠʭ ʷʢ ʙʝʥʟ(ʘ)ʧʽʨʝʥ ʪʘ ʽʥ. [64].  

4) ʆʙʨʦʙʢʘ ʦʨʛʘʥʽʯʥʠʤʠ ʨʽʜʠʥʘʤʠ. 

ɺʽʜʦʤʦ [23, 65], ʱʦ ʦʙʨʦʙʢʘ ʢʘʤ'ʷʥʦʚʫʛʽʣʴʥʠʭ ʧʝʢʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 
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ʦʨʛʘʥʽʯʥʠʭ ʨʦʟʯʠʥʥʠʢʽʚ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʫʚʘʪʠ ʤʝʟʦʬʘʟʥʽ ʧʝʢʠ, ʥʘ ʦʩʥʦʚʽ ʷʢʠʭ 

ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʛʦʪʦʚʣʝʥʽ ʚʫʛʣʝʮʝʚʽ ʧʽʥʠ. 

ɺ ʨʦʙʦʪʽ [65] ʚʠʚʯʘʚʩʷ ʚʧʣʠʚ ʢʽʣʴʢʦʩʪʽ ʦʨʛʘʥʽʯʥʦʛʦ ʨʦʟʯʠʥʥʠʢʘ ï ʪʦʣʫʦʣʫ ï 

ʥʘ ʚʣʘʩʪʠʚʦʩʪʽ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʧʝʢʽʚ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʚʫʛʣʝʮʝʚʠʭ ʧʽʥ. ʅʘ ʧʽʜʩʪʘʚʽ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʨʽʟʥʘ 

ʢʽʣʴʢʽʩʪʴ ʨʦʟʯʠʥʥʠʢʘ ʚʠʪʨʘʯʝʥʘ ʥʘ ʤʦʜʠʬʽʢʘʮʽʶ ʧʝʢʽʚ ʚʧʣʠʚʘʻ ʥʘ ʾʭ ʚʣʘʩʪʠʚʦʩʪʽ, 

ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʽʥʠ ʛʫʩʪʠʥʠ ̔ ʩʪʨʫʢʪʫʨʠ ʦʪʨʠʤʘʥʠʭ ʥʘ ʦʩʥʦʚʽ ʤʦʜʠʬʽʢʦʚʘʥʠʭ 

ʧʝʢʽʚ ʚʫʛʣʝʮʝʚʠʭ ʧʽʥ.  

ʋ ʨʦʙʦʪʽ [23] ʘʚʪʦʨʠ ʜʦʩʣʽʜʞʫʚʘʣʠ ʤʦʜʠʬʽʢʘʮʽʶ ʧʝʢʫ ʦʨʛʘʥʽʯʥʠʤ 

ʨʦʟʯʠʥʥʠʢʦʤ ï ʪʝʪʨʘʛʽʜʨʦʬʫʨʘʥʦʤ ʪʘ ʫʣʴʪʨʘʟʚʫʢʦʤ. ʆʙʨʦʙʣʝʥʽ ʧʝʢʠ ʜʘʥʠʤ 

ʤʝʪʦʜʦʤ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʧʦʨʠʩʪʠʭ ʚʫʛʣʝʮʝʚʠʭ 

ʤʘʪʝʨʽʘʣʽʚ. ɼʣʷ ʮʴʦʛʦ ʤʦʜʠʬʽʢʦʚʘʥʽ ʧʝʢʠ ʧʽʜʜʘʶʪʴ ʥʘʛʨʽʚʘʥʥʶ ʧʨʠ 700 Áʉ 

ʧʨʦʪʷʛʦʤ 1 ʛʦʜʠʥʠ ʚ ʘʪʤʦʩʬʝʨʽ ʘʟʦʪʫ. ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʩʠʥʪʝʟ [23] 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʧʦʨʠʩʪʠʭ ʚʫʛʣʝʮʝʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽ ʩʪʚʦʨʝʥʥʷ ʥʘ 

ʾʭ ʦʩʥʦʚʽ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠʭ ʩʫʧʝʨ-ʢʦʥʜʝʥʩʘʪʦʨʽʚ. 

ʄʝʪʦʜ ʦʙʨʦʙʢʠ ʢʘʤ'ʷʥʦʚʫʛʽʣʴʥʠʭ ʧʝʢʽʚ ʦʨʛʘʥʽʯʥʠʤʠ ʨʦʟʯʠʥʥʠʢʘʤʠ ʜʦʟʚʦʣʷʻ 

ʦʪʨʠʤʘʪʠ ʤʦʜʠʬʽʢʦʚʘʥʽ ʧʝʢʠ ʟ ʚʽʜʧʦʚʽʜʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʾʭ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʷʢʦʩʪʽ ʧʨʝʢʫʨʩʦʨʽʚ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʚʫʛʣʝʮʝʚʠʭ ʧʽʥ. ʆʜʥʘʢ 

ʛʦʣʦʚʥʠʤʠ ʥʝʜʦʣʽʢʘʤʠ ʜʘʥʦʛʦ ʤʝʪʦʜʫ ʻ ʩʢʣʘʜʥʽʩʪʴ ʧʨʦʚʝʜʝʥʥʷ ʧʨʦʮʝʩʫ 

ʤʦʜʠʬʽʢʘʮʽʾ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʪʠʩʢʫ, ʘʙʦ ʜʦʜʘʪʢʦʚʠʭ ʩʪʘʜʽʡ 

ʦʙʨʦʙʢʠ, ʪʘʢʠʭ ʷʢ ʦʙʨʦʙʢʘ ʫʣʴʪʨʘʟʚʫʢʦʤ. ʊʘ ʛʦʣʦʚʥʝ ʪʝ, ʱʦ ʚ ʧʨʦʮʝʩʽ ʤʦʜʠʬʽʢʘʮʽʾ 

ʫʪʚʦʨʶʶʪʴʩʷ ʜʦʜʘʪʢʦʚʽ ʚʽʜʭʦʜʠ, ʱʦ ʤʘʻ ʥʝʛʘʪʠʚʥʠʡ ʥʘʩʣʽʜʦʢ ʥʘ ʥʘʚʢʦʣʠʰʥʻ 

ʩʝʨʝʜʦʚʠʱʝ. 

ʇʨʦʘʥʘʣʽʟʫʚʘʚʰʠ ʽʩʥʫʶʯʽ ʤʝʪʦʜʠ ʤʦʜʠʬʽʢʘʮʽʾ ʢʘʤ'ʷʥʦʚʫʛʽʣʴʥʠʭ ʧʝʢʽʚ ʤʦʞʥʘ 

ʟʨʦʙʠʪʠ ʥʘʩʪʫʧʥʽ ʚʠʩʥʦʚʢʠ.  

ʊʝʨʤʽʯʥʽ ʪʘ ʪʝʨʤʦʦʢʠʩʣʶʚʘʣʴʥʽ ʤʝʪʦʜʠ ʜʦʟʚʦʣʷʶʪʴ ʦʪʨʠʤʘʪʠ ʤʦʜʠʬʽʢʦʚʘʥʽ 

ʧʝʢʠ ʟ ʚʽʜʧʦʚʽʜʥʠʤʠ ʨʝʦʣʦʛʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʾʭ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʚʠʨʦʙʥʠʮʪʚʽ ʚʫʛʣʝʮʝʚʠʭ ʧʽʥ. ʆʜʥʘʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʦʚʦʣʽ ʚʠʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨ ʽ ʪʠʩʢʫ, ʩʫʧʨʦʚʦʜʞʫʶʪʴʩʷ ʚʠʩʦʢʠʤʠ ʝʥʝʨʛʦʚʠʪʨʘʪʠ, ʚʠʜʽʣʝʥʥʷʤ 

ʣʝʪʢʠʭ ʨʝʯʦʚʠʥ ʪʘ ʚʝʣʠʢʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ, ʱʦ ʻ 
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ʦʩʥʦʚʥʠʤʠ ʥʝʜʦʣʽʢʘʤʠ ʜʘʥʠʭ ʤʝʪʦʜʽʚ ʦʙʨʦʙʢʠ. 

ʄʝʪʦʜʠ ʪʝʨʤʦʭʽʤʽʯʥʦʾ ʤʦʜʠʬʽʢʘʮʽʾ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜʥʦʩʥʦʶ ʧʨʦʩʪʦʪʦʶ 

ʧʨʦʮʝʩʫ, ʷʢʠʡ ʥʝ ʚʠʤʘʛʘʻ ʥʽ ʩʪʘʜʽʡ ʩʪʘʙʽʣʽʟʘʮʽʾ, ʥʽ ʦʙʨʦʙʢʠ ʧʽʜ ʚʠʩʦʢʠʤ ʪʠʩʢʦʤ, 

ʱʦ ʟʤʝʥʰʫʻ ʷʢ ʯʘʩ ʚʠʛʦʪʦʚʣʝʥʥʷ, ʪʘʢ ʽ ʚʘʨʪʽʩʪʴ ʚʫʛʣʝʮʝʚʦʾ ʧʽʥʠ ʥʘ ʦʩʥʦʚʽ 

ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʜʘʥʠʤ ʩʧʦʩʦʙʦʤ ʧʝʢʽʚ. ʆʜʥʘʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʭʽʤʽʯʥʠʭ ʨʝʘʛʝʥʪʽʚ, 

ʪʘʢʠʭ ʷʢ ʢʠʩʣʦʪʠ, ʩʦʣʽ ʪʘ ʦʨʛʘʥʽʯʥʽ ʨʦʟʯʠʥʥʠʢʠ, ʩʪʚʦʨʶʶʪʴ ʘʛʨʝʩʠʚʥʝ 

ʩʝʨʝʜʦʚʠʱʝ ʪʘ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʚʠʥʠʢʥʝʥʥʷ ʚʽʜʭʦʜʽʚ ʧʽʜ ʯʘʩ ʤʦʜʠʬʽʢʘʮʽʾ, ʱʦ ʻ 

ʛʦʣʦʚʥʠʤʠ ʥʝʜʦʣʽʢʘʤʠ ʜʘʥʠʭ ʤʝʪʦʜʽʚ ʤʦʜʠʬʽʢʘʮʽʾ. 

ʄʦʜʠʬʽʢʘʮʽʷ ʢʘʤ'ʷʥʦʚʫʛʽʣʴʥʦʛʦ ʧʝʢʫ ʧʦʣʷʨʥʠʤʠ ʧʦʣʽʤʝʨʘʤʠ ʧʨʠ 

ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʽʡ ʦʙʨʦʙʮʽ ʟʤʝʥʰʫʻ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʥʝʙʘʞʘʥʠʭ ʧʨʦʮʝʩʽʚ 

ʪʝʨʤʽʯʥʦʛʦ ʨʦʟʢʣʘʜʘʥʥʷ ʪʘ ʚʠʜʽʣʝʥʥʷ ʣʝʪʢʠʭ ʨʝʯʦʚʠʥ, ʘ ʚʽʜʩʫʪʥʽʩʪʴ ʙʫʜʴ-̫ ʢʠʭ 

ʚʽʜʭʦʜʽʚ ʟʤʝʥʰʫʻ ʟʘʙʨʫʜʥʝʥʥʷ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʱʦ ʻ ʦʩʥʦʚʥʠʤʠ 

ʧʝʨʝʚʘʛʘʤʠ ʜʘʥʦʛʦ ʤʝʪʦʜʫ. ʂʨʽʤ ʪʦʛʦ ʧʨʠ ʜʘʥʦʤʫ ʤʝʪʦʜʽ ʤʦʜʠʬʽʢʘʮʽʾ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʟʤʝʥʰʝʥʥʷ ʪʦʢʩʠʯʥʦʩʪʽ ʧʝʢʫ [64], ʟʦʢʨʝʤʘ ʟʤʝʥʰʝʥʥʷ ʚʤʽʩʪʫ ʢʘʥʮʝʨʦʛʝʥʥʠʭ 

ʩʢʣʘʜʦʚʠʭ ʧʝʢʫ, ʪʘʢʠʭ ʷʢ ʙʝʥʟ(ʘ)ʧʽʨʝʥ ʪʘ ʽʥ. 

 

1.3 ʄʝʪʦʜʠ ʦʪʨʠʤʘʥʥʷ ʛʘʟʦʥʘʧʦʚʥʝʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʄʦʜʠʬʽʢʦʚʘʥʠʡ ʢʘʤ'ʷʥʦʚʫʛʽʣʴʥʠʡ ʧʝʢ ʟʘ ʩʚʦʾʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʚʽʜʥʦʩʠʪʴʩʷ 

ʜʦ ʪʝʨʤʦʧʣʘʩʪʠʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʪʦʤʫ ʤʝʪʦʜʠ ʦʪʨʠʤʘʥʥʷ ʛʘʟʦʥʘʧʦʚʥʝʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʡʦʛʦ ʦʩʥʦʚʽ ʙʫʜʝ ʨʦʟʛʣʷʥʫʪʦ ʪʽ, ʱʦ ʟʘʩʪʦʩʦʚʫʶʪʴ ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ 

ʛʘʟʦʥʘʧʦʚʥʝʥʠʭ ʪʝʨʤʦʧʣʘʩʪʽʚ. ɿʛʽʜʥʦ ʟ ʣʽʪʝʨʘʪʫʨʥʠʤʠ ʜʘʥʠʤʠ [66-73] 

ʛʘʟʦʥʘʧʦʚʥʝʥʽ ʪʝʨʤʦʧʣʘʩʪʠ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʩʦʙʦʶ ʢʦʤʧʦʟʠʮʽʡʥʽ ʤʘʪʝʨʽʘʣʠ, ʱʦ 

ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʧʦʣʽʤʝʨʥʦʾ ʤʘʪʨʠʮʽ, ʥʘʧʦʚʥʝʥʦʶ ʛʘʟʦʚʠʤʠ ʚʢʣʶʯʝʥʥʷʤʠ. ɺ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʩʧʦʩʦʙʫ ʩʧʽʥʶʚʘʥʥʷ ʤʦʞʝ ʙʫʪʠ ʦʪʨʠʤʘʥʦ ʤô̫ ʢʽ ʘʙʦ ʪʚʝʨʜʽ ʧʽʥʠ ʥʘ 

ʦʩʥʦʚʽ ʪʝʨʤʦʧʣʘʩʪʽʚ.     

ɺʠʢʦʨʠʩʪʦʚʫʶʪʴ ʨʽʟʥʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʩʧʦʩʦʙʠ ʩʧʽʥʶʚʘʥʥʷ ʪʝʨʤʦʧʣʘʩʪʽʚ: 

ʤʝʭʘʥʽʯʥʝ ʜʠʩʧʝʨʛʫʚʘʥʥʷ ʛʘʟʫ, ʧʨʝʧʦʣʽʤʝʨʥʠʡ, ʢʚʘʟʽʧʨʝʧʦʣʽʤʝʨʥʠʡ, ʤʝʪʦʜʠ 

ʟʘʣʠʚʢʠ ʪʘ ʤʝʪʦʜ ʥʘʧʠʣʝʥʥʷ, ʦʜʥʦʩʪʘʜʽʡʥʠʡ ʽ ʜʚʦʭʩʪʘʜʽʡʥʠʡ ʧʨʝʩʦʚʠʡ, 

ʙʝʟʧʨʝʩʦʚʠʡ, ʘʚʪʦʢʣʘʚʥʠʡ, ʣʠʪʪʷ ʧʽʜ ʪʠʩʢʦʤ, ʝʢʩʪʨʫʟʽʡʥʠʡ ʪʘ ʩʧʽʥʶʚʘʥʥʷ ʧʽʜ 

ʘʪʤʦʩʬʝʨʥʠʤ ʪʠʩʢʦʤ. ʅʘʡʙʽʣʴʰʦʛʦ ʧʦʰʠʨʝʥʥʷ ʟʥʘʡʰʣʠ ʧʨʝʩʦʚʠʡ, ʙʝʟʧʨʝʩʦʚʠʡ, 
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ʝʢʩʪʨʫʟʽʡʥʠʡ ʩʧʦʩʦʙʠ ʽ ʣʠʪʪʷ ʧʽʜ ʪʠʩʢʦʤ.  

ʄʝʪʦʜʠ ʤʝʭʘʥʽʯʥʦʛʦ ʜʠʩʧʝʨʛʫʚʘʥʥʷ ʛʘʟʫ ʚ ʨʦʟʯʠʥʽ ʧʦʣʽʤʝʨʽʚ. ʉʧʽʥʶʚʘʥʥʷ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʘʙʦ ʰʣʷʭʦʤ ʚʙʠʚʘʥʥʷ ʛʘʟʫ (ʟʘʟʚʠʯʘʡ ʧʦʚʽʪʨʷ) ʚ ʨʽʜʢʫ ʢʦʤʧʦʟʠʮʽʶ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʤʽʰʘʣʢʠ ʘʙʦ ʰʣʷʭʦʤ ʧʨʦʧʫʩʢʘʥʥʷ ʯʝʨʝʟ ʨʽʜʠʥʫ ʩʪʠʩʥʝʥʦʛʦ ʧʦʚʽʪʨʷ. 

ʄʝʪʦʜ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʝʣʘʩʪʠʯʥʠʭ ʧʽʥ, ʧʽʥʦʪʝʨʤʦʧʣʘʩʪʠ 

ʧʝʨʝʚʘʞʥʦ ʤʘʶʪʴ ʚʽʜʢʨʠʪʦʢʦʤʽʨʢʦʚʫ ʩʪʨʫʢʪʫʨʫ. 

ʇʨʝʧʦʣʽʤʝʨʥʠʡ  ʩʧʦʩʽʙ. ʇʨʠʥʮʠʧ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʧʨʠ ʜʦʜʘʚʘʥʥʽ  ʭʽʤʽʯʥʠʭ 

ʨʝʘʛʝʥʪʽʚ ʫʪʚʦʨʶʻʪʴʩʷ ʧʨʝʧʦʣʽʤʝʨ. ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʠʧʫ ʛʘʟʦʫʪʚʦʨʶʚʘʯʘ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚ ʧʨʦʮʝʩʽ, ʧʨʝʧʦʣʽʤʝʨ ʫʪʚʦʨʶʻ ʚʽʜʧʦʚʽʜʥʠʡ ʧʽʥʦʧʦʣʽʤʝʨ. 

ʇʨʝʧʦʣʽʤʝʨʥʠʡ ʩʧʦʩʽʙ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʝʣʘʩʪʠʯʥʠʭ ʧʽʥ [74-77]. 

ʉʫʪʥʽʩʪʴ ʢʚʘʟʽʧʨʝʧʦʣʽʤʝʨʥʦʛʦ ʩʧʦʩʦʙʫ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʧʽʥʦʪʝʨʤʦʧʣʘʩʪʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʚʘ ʢʦʤʧʦʥʝʥʪʠ ʟ ʦʜʥʘʢʦʚʦʶ ʚô̫ ʟʢʽʩʪʶ. ʅʘ 

ʩʪʘʜʽʾ ʩʧʽʥʶʚʘʥʥʷ, ʧʨʝʧʦʣʽʤʝʨ, ʱʦ ʫʪʚʦʨʠʚʩʷ ʥʘ ʦʩʥʦʚʽ ʧʝʨʰʦʛʦ ʢʦʤʧʦʥʝʥʪʫ, 

ʚʟʘʻʤʦʜʽʻ ʟ ʜʨʫʛʠʤ ʢʦʤʧʦʥʝʥʪʦʤ ʪʘ ʛʘʟʦʫʪʚʦʨʶʚʘʯʝʤ [75-77]. ɼʘʥʠʡ ʩʧʦʩʽʙ 

ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʞʦʨʩʪʢʠʭ ʧʽʥ. 

ʄʝʪʦʜ ʟʘʣʠʚʢʠ [66]. ʎʠʤ ʤʝʪʦʜʦʤ ʦʪʨʠʤʫʶʪʴ ʙʣʦʢʦʚʽ ʽ ʬʦʨʤʦʚʘʥʽ 

ʧʽʥʦʧʦʣʽʫʨʝʪʘʥʠ. ɹʣʦʢʦʚʽ ʦʪʨʠʤʫʶʪʴ ʰʣʷʭʦʤ ʟʤʽʰʫʚʘʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ 

ʢʦʤʧʦʟʠʮʽʾ ʟ ʧʦʜʘʣʴʰʦʶ ʧʦʜʘʯʝʶ ʩʫʤʽʰʽ ʥʘ ʢʦʥʚʝʻʨʥʫ ʩʪʨʽʯʢʫ, ʟʘʙʝʟʧʝʯʝʥʫ 

ʙʽʯʥʠʤʠ ʧʝʨʝʩʫʚʥʠʤʠ ʩʪʽʥʢʘʤʠ. ʇʦ ʤʽʨʽ ʧʨʦʩʫʚʘʥʥʷ ʩʪʨʽʯʢʠ ʢʦʤʧʦʟʠʮʽʷ 

ʩʧʽʥʶʻʪʴʩʷ, ʽ ʦʪʨʠʤʘʥʘ ʧʽʥʘ ʧʦʪʨʘʧʣʷʻ ʚ ʢʘʤʝʨʫ ʜʣʷ ʟʘʪʚʝʨʜʽʥʥʷ. ʌʦʨʤʦʚʘʥʽ 

ʝʣʘʩʪʠʯʥʽ ʽ ʞʦʨʩʪʢʽ ʧʽʥʦʧʦʣʽʫʨʝʪʘʥʠ ʦʪʨʠʤʫʶʪʴ ʰʣʷʭʦʤ ʟʘʣʠʚʢʠ ʩʫʤʽʰʽ 

ʢʦʤʧʦʥʝʥʪʽʚ ʚ ʬʦʨʤʫ. 

ʄʝʪʦʜ ʥʘʧʠʣʝʥʥʷ [66]. ʂʦʤʧʦʟʠʮʽʶ, ʱʦ ʧʽʜʜʘʶʪʴ ʩʧʽʥʶʚʘʥʥʶ, ʥʘʥʦʩʷʪʴ ʥʘ 

ʛʦʨʠʟʦʥʪʘʣʴʥʽ, ʚʝʨʪʠʢʘʣʴʥʽ ʽ ʚʠʛʥʫʪʽ ʧʦʚʝʨʭʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʦʟʧʠʣʶʚʘʣʴʥʦʛʦ 

ʧʽʩʪʦʣʝʪʘ. ʄʝʪʦʜ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʞʦʨʩʪʢʠʭ ʧʽʥʦʧʦʣʽʫʨʝʪʘʥʽʚ. 

ʇʨʝʩʦʚʠʡ ʤʝʪʦʜ ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʥʘ ʜʚʦʭ ʽ ʦʜʥʦʩʪʘʜʽʡʥʠʡ. ʇʨʠ 

ʦʜʥʦʩʪʘʜʽʡʥʦʤʫ ʚʠʜʽʣʷʶʪʴ 3 ʩʪʘʜʽʾ: ʧʨʠʛʦʪʫʚʘʥʥʷ ʢʦʤʧʦʟʠʮʽʾ, ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʟʘʧʨʝʩʦʚʘʥʠʭ ʟʘʛʦʪʦʚʦʢ ʧʽʜ ʪʠʩʢʦʤ,  ʚʽʣʴʥʝ ʩʧʽʥʶʚʘʥʥʷ ʟʘʛʦʪʦʚʦʢ ʚ 

ʦʙʤʝʞʫʚʘʣʴʥʽʡ ʬʦʨʤʽ ʰʣʷʭʦʤ ʧʦʚʪʦʨʥʦʛʦ ʥʘʛʨʽʚʘʥʥʷ. ʉʫʪʥʽʩʪʴ ʜʚʦʭʩʪʘʜʽʡʥʦʛʦ 

ʩʧʦʩʦʙʫ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʩʪʘʜʽʷ ʨʦʟʢʣʘʜʘʥʥʷ ʛʘʟʦʫʪʚʦʨʶʚʘʯʘ, ʨʦʟʯʠʥʝʥʥʷ 
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ʫʪʚʦʨʝʥʦʛʦ ʚ ʨʦʟʧʣʘʚʽ ʛʘʟʫ ʽ ʩʪʘʜʽʷ ʩʧʽʥʶʚʘʥʥʷ ʨʦʟʜʽʣʝʥʽ ʚ ʯʘʩʽ. ʇʨʝʩʦʚʠʤ 

ʤʝʪʦʜʦʤ ʤʦʞʥʘ ʦʪʨʠʤʫʚʘʪʠ ʟʘʢʨʠʪʦʢʦʤʽʨʢʦʚʽ ʝʣʘʩʪʠʯʥʽ ʪʘ ʞʦʨʩʪʢʽ ʧʽʥʦʧʣʘʩʪʠ 

ʧʨʘʢʪʠʯʥʦ ʟ ʙʫʜʴ-̫ ʢʦʛʦ ʪʝʨʤʦʧʣʘʩʪʠʯʥʦʛʦ ʧʦʣʽʤʝʨʫ. ʋ ʨʦʙʦʪʽ [78] ʘʚʪʦʨʠ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʦʜʥʦʩʪʫʧʽʥʯʘʪʠʡ ʤʝʪʦʜ ʩʧʽʥʶʚʘʥʥʷ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʙʽʣʴʰ 

ʝʬʝʢʪʠʚʥʦʾ ʚʫʛʣʝʮʝʚʦʾ ʧʽʥʠ. ʇʽʩʣʷ ʦʜʥʦʩʪʫʧʽʥʯʘʩʪʦʛʦ ʩʧʦʩʦʙʫ ʫʪʚʦʨʝʥʘ ʚʫʛʣʝʮʝʚʘ 

ʧʽʥʘ ʤʘʣʘ ʛʫʩʪʠʥʫ 0,677 ʛ/ʩʤ3 ʪʘ ʤʽʮʥʽʩʪʴ ʥʘ ʩʪʠʩʢʘʥʥʷ ï 3,24 ʄʇʘ. 

ɹʝʟʧʨʝʩʦʚʠʡ ʤʝʪʦʜ ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʦʪʨʠʤʘʥʥʽ ʧʽʥʦʧʣʘʩʪʫ ʟ ʛʨʘʥʫʣ ʧʦʣʽʤʝʨʫ, 

ʱʦ ʤʽʩʪʠʪʴ ʬʽʟʠʯʥʠʡ ʩʧʽʥʶʶʯʠʡ ʘʛʝʥʪ. ʇʨʦʮʝʩ ʦʪʨʠʤʘʥʥʷ ʧʽʥʦʧʣʘʩʪʫ ʟ ʪʘʢʠʭ 

ʛʨʘʥʫʣ ʟʘʟʚʠʯʘʡ ʩʢʣʘʜʘʻʪʴʩʷ ʟʽ ʩʪʘʜʽʡ [76, 77]: ʧʦʧʝʨʝʜʥʴʦʛʦ ʩʧʽʥʶʚʘʥʥʷ, 

ʚʠʪʨʠʤʢʠ ʥʘ ʧʦʚʽʪʨʽ ʽ ʦʩʪʘʪʦʯʥʦʛʦ ʩʧʽʥʶʚʘʥʥʷ. ʇʽʥʠ ʦʪʨʠʤʘʥʽ ʜʘʥʠʤ ʤʝʪʦʜʦʤ 

ʤʘʶʪʴ ʜʦʚʦʣʽ ʥʝʚʝʣʠʢʫ ʤʽʮʥʽʩʪʶ ʯʝʨʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʠʟʴʢʦʤʦʣʝʢʫʣʷʨʥʠʭ 

ʧʦʣʽʤʝʨʽʚ ʪʘ ʟô̒ ʜʥʘʥʥʷ ʛʨʘʥʫʣ ʤʽʞ ʩʦʙʦʶ. 

ɸʚʪʦʢʣʘʚʥʠʡ ʤʝʪʦʜ ʧʦʣʷʛʘʻ ʚ ʥʘʩʠʯʝʥʥʽ ʛʘʟʦʤ ʨʦʟʧʣʘʚʫ ʧʦʣʽʤʝʨʽʚ ʧʽʜ 

ʪʠʩʢʦʤ [68]. ɺ ʷʢʦʩʪʽ ʦʩʥʦʚʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʘʚʪʦʢʣʘʚ. 

ʂʦʤʧʦʟʠʮʽʶ ʟ ʧʦʣʽʤʝʨʫ ʪʘ ʛʘʟʦʫʪʚʦʨʶʚʘʯʘ ʥʘʛʨʽʚʘʶʪʴ ʧʽʜ ʪʠʩʢʦʤ [76, 77], ʧʦʪʽʤ 

ʨʦʟʧʣʘʚ ʚʠʧʫʩʢʘʶʪʴ ʽ ʟʘ ʨʘʭʫʥʦʢ ʤʘʡʞʝ ʤʠʪʪʻʚʦʛʦ ʟʥʠʞʝʥʥʷ ʪʠʩʢʫ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʰʚʠʜʢʝ ʫʪʚʦʨʝʥʥʷ ʧʽʥʠ. 

ʄʝʪʦʜ ʣʠʪʪʷ ʧʽʜ ʪʠʩʢʦʤ [66]. ʃʠʪʪʷ ʧʽʜ ʪʠʩʢʦʤ ʫʤʦʚʥʦ ʜʽʣʷʪʴ ʥʘ 3 ʛʨʫʧʠ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʠʩʢʫ, ʱʦ ʟʘʩʪʦʩʦʚʫʶʪʴ: ʥʠʟʴʢʝ, ʩʝʨʝʜʥʻ ʽ ʚʠʩʦʢʝ [68]. ʄʝʪʦʜ 

ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʩʫʤʽʰ ʧʦʣʽʤʝʨʫ ʟ ʛʘʟʦʫʪʚʦʨʶʚʘʯʝʤ ʟʘʚʘʥʪʘʞʫʶʪʴ ʜʦ ʣʠʚʘʨʥʦ ʾ

ʤʘʰʠʥʠ, ʜʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʘʩʠʯʝʥʥʷ ʨʦʟʧʣʘʚʫ ʛʘʟʦʤ. ʇʨʠ ʧʦʪʨʘʧʣʷʥʥʽ ʧʦʨʮʽʾ 

ʨʦʟʧʣʘʚʫ ʚ ʣʠʚʘʨʥʽ ʬʦʨʤʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʽʟʢʝ ʟʥʠʞʝʥʥʷ ʪʠʩʢʫ, ʱʦ ʚʝʜʝ ʜʦ 

ʩʧʽʥʶʚʘʥʥʷ ʨʦʟʧʣʘʚʫ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʣʠʪʪʷ ʧʽʜ ʪʠʩʢʦʤ ʦʪʨʠʤʫʶʪʴ ʞʦʨʩʪʢʽ ʧʽʥʠ. 

ʄʝʪʦʜ ʝʢʩʪʨʫʟʽʾ [79] ʧʦʣʷʛʘʻ ʚ ʝʢʩʪʨʫʟʽʾ ʨʦʟʧʣʘʚʫ ʪʝʨʤʦʧʣʘʩʪʫ, ʥʘʩʠʯʝʥʦʛʦ 

ʛʘʟʦʤ ʯʝʨʝʟ ʬʦʨʤʦʫʪʚʦʨʶʚʘʣʴʥʫ ʛʦʣʦʚʢʫ ʽ ʢʘʣʽʙʨʫʶʯʠʡ ʧʨʠʩʪʨʽʡ, ʷʢʽ 

ʛʝʦʤʝʪʨʠʯʥʦ ʧʦʜʽʙʥʽ, ʘʣʝ ʤʘʶʪʴ ʨʽʟʥʽ ʨʦʟʤʽʨʠ. ɯʩʥʫʶʪʴ ʜʚʘ ʨʽʟʥʠʭ ʧʨʦʮʝʩʠ 

ʩʧʽʥʶʚʘʥʥʷ: ʚʽʣʴʥʝ ʩʧʽʥʶʚʘʥʥʷ ʪʘ ʩʧʽʥʶʚʘʥʥʷ ʚ ʦʙʤʝʞʝʥʦʤʫ ʦʙʩʷʟʽ. ʋ ʧʨʦʮʝʩʽ 

ʚʽʣʴʥʦʛʦ ʩʧʽʥʶʚʘʥʥʷ ʨʦʟʧʣʘʚ ʚʽʣʴʥʦ ʨʦʟʰʠʨʶʻʪʴʩʷ ʧʽʩʣʷ ʚʠʭʦʜʫ ʟ ʝʢʩʪʨʫʟʽʡʥʦʾ 

ʛʦʣʦʚʢʠ. ɺ ʧʨʦʮʝʩʽ ʩʧʽʥʶʚʘʥʥʷ ʚ ʦʙʤʝʞʝʥʦʤʫ ʦʙʩʷʟʽ ʧʨʠ ʚʠʭʦʜʽ ʚʠʨʦʙʘ ʟ 

ʝʢʩʪʨʫʜʝʨʘ ʢʘʣʽʙʨʫʶʯʠʡ ʧʨʠʩʪʨʽʡ ʦʙʤʝʞʫʻ ʡʦʛʦ ʩʧʽʥʶʚʘʥʥʷ. ʄʝʪʦʜ ʝʢʩʪʨʫʟʽʾ 
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ʧʽʜʭʦʜʠʪʴ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʞʦʨʩʪʢʠʭ ʧʽʥ. 

ʉʧʽʥʶʚʘʥʥʷ ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤʫ ʪʠʩʢʫ ï ʚʽʣʴʥʝ ʩʧʽʥʶʚʘʥʥʷ [79]. ʇʨʠ ʮʴʦʤʫ 

ʤʝʪʦʜʽ ʩʧʽʥʶʚʘʥʥʷ ʪʝʨʤʦʧʣʘʩʪ, ʱʦ ʤʽʩʪʠʪʴ ʭʽʤʽʯʥʠʡ ʛʘʟʦʫʪʚʦʨʶʚʘʯ, ʥʘʛʨʽʚʘʻʪʴʩʷ 

ʫ ʧʝʯʽ ʜʦ ʚʠʩʦʢʦʾ ʪʝʤʧʝʨʘʪʫʨʠ (ʟʘʟʚʠʯʘʡ 200 Áʉ), ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʨʦʟʰʠʨʝʥʥʷ ʧʽʥʠ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʽʩʣʷ ʜʦʩʷʛʥʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʨʦʟʢʣʘʜʘʥʥʷ ʛʘʟʦʫʪʚʦʨʶʚʘʯʘ ʚ 

ʪʝʨʤʦʧʣʘʩʪʽ. 

ʅʘ ʧʽʜʩʪʘʚʽ ʘʥʘʣʽʟʫ ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʽʚ ʦʪʨʠʤʘʥʥʷ ʛʘʟʦʥʘʧʦʚʥʝʥʠʭ 

ʪʝʨʤʦʧʣʘʩʪʽʚ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʥʘʩʪʫʧʥʽ ʚʠʩʥʦʚʢʠ. 

ʄʝʪʦʜʦʤ ʤʝʭʘʥʽʯʥʦʛʦ ʜʠʩʧʝʨʛʫʚʘʥʥʷ ʛʘʟʫ ʪʘ ʧʨʝʧʦʣʽʤʝʨʥʠʤ ʩʧʦʩʦʙʦʤ 

ʚʠʛʦʪʦʚʣʷʶʪʴ ʝʣʘʩʪʠʯʥʽ ʧʽʥʠ, ʷʢʽ ʤʘʶʪʴ ʧʝʨʝʚʘʞʥʦ ʚʽʜʢʨʠʪʦʢʦʤʽʨʢʦʚʫ ʩʪʨʫʢʪʫʨʫ. 

ʂʚʘʟʽʧʨʝʧʦʣʽʤʝʨʥʠʡ ʩʧʦʩʽʙ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʞʦʨʩʪʢʠʭ ʧʽʥ ʥʘ 

ʦʩʥʦʚʽ ʢʦʤʧʦʟʠʮʽʡ ʟ ʥʠʟʴʢʦʶ ʚ'ʷʟʢʽʩʪʶ. ɼʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʝʣʘʩʪʠʯʥʠʭ ʽ ʞʦʨʩʪʢʠʭ 

ʧʽʥʦʧʦʣʽʫʨʝʪʘʥʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʤʝʪʦʜʠ ʟʘʣʠʚʢʠ ʪʘ ʥʘʧʠʣʝʥʥʷ. ɹʝʟʧʨʝʩʦʚʠʡ 

ʤʝʪʦʜ ʟʘʩʪʦʩʦʚʫʶʪʴ ʧʨʠ ʩʧʽʥʶʚʘʥʥʽ ʬʽʟʠʯʥʠʤʠ ʛʘʟʦʫʪʚʦʨʶʚʘʯʘʤʠ, ʘ ʦʪʨʠʤʘʥʽ 

ʧʽʥʠ ʤʘʶʪʴ ʥʝʚʝʣʠʢʫ ʤʽʮʥʽʩʪ.ɹ 

ʂʝʨʫʶʯʠʩʴ ʨʝʦʣʦʛʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʢʘʤô̫ ʥʦʚʫʛʽʣʴʥʦʛʦ 

ʧʝʢʫ ʜʦʮʽʣʴʥʦ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʛʘʟʦʥʘʧʦʚʥʝʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʡʦʛʦ ʦʩʥʦʚʽ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʩʧʽʥʶʚʘʥʥʷ ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤʫ ʪʠʩʢʫ (ʚʽʣʴʥʝ ʩʧʽʥʶʚʘʥʥʷ) ʪʘ 

ʤʝʪʦʜ ʝʢʩʪʨʫʟʽʾ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʦʪʨʠʤʫʚʘʪʠ ʟʘʢʨʠʪʦʢʦʤʽʨʢʦʚʽ ʞʦʨʩʪʢʽ ʧʽʥʠ 

ʧʨʘʢʪʠʯʥʦ ʟ ʙʫʜʴ-̫ ʢʦʛʦ ʪʝʨʤʦʧʣʘʩʪʠʯʥʦʛʦ ʧʦʣʽʤʝʨʫ. 

 

1.4 ʆʙˇʨʫʥʪʫʚʘʥʥʷ ʥʘʧʨʷʤʢʫ ʜʦʩʣʽʜʞʝʥʥʷ 

ʇʨʦʮʝʩʫ ʦʪʨʠʤʘʥʥʷ ʛʘʟʦʥʘʧʦʚʥʝʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʦʩʥʦʚʽ ʢʘʤ'ʷʥʦʚʫʛʽʣʴʥʦʛʦ 

ʧʝʢʫ ʧʨʠʩʚʷʯʝʥʦ ʙʘʛʘʪʦ ʥʘʫʢʦʚʠʭ ʨʦʙʽʪ, ʟʦʢʨʝʤʘ ʽ ʟʘʢʦʨʜʦʥʥʠʭ ʜʦʩʣʽʜʥʠʢʽʚ. ɺ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ  ʛʘʣʫʟʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʠʛʦʪʦʚʣʷʶʪʴ ʛʘʟʦʥʘʧʦʚʥʝʥʽ ʤʘʪʝʨʽʘʣʠ ʟ 

ʥʠʟʴʢʦʶ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʶ ʽ ʚʠʩʦʢʦʶ ʤʽʮʥʽʩʪʶ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ 

ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ; ʧʽʥʠ ʟ ʚʠʩʦʢʦʶ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʶ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚ 

ʷʢʦʩʪʽ ʝʣʝʢʪʨʦʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʭ ʢʦʥʜʝʥʩʘʪʦʨʽʚ, ʥʦʩʽʾʚ ʜʣʷ 

ʢʘʪʘʣʽʟʘʪʦʨʽʚ, ʘʜʩʦʨʙʝʥʪʽʚ ʪʘ ʽʥ. 

ʂʘʤô̫ ʥʦʚʫʛʽʣʴʥʠʡ ʧʝʢ ʮʝ ʧʨʦʜʫʢʪ ʢʦʢʩʦʭʽʤʽʾ, ʱʦ ʚʦʣʦʜʽʻ ʥʘʙʦʨʦʤ 
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ʚʣʘʩʪʠʚʦʩʪʝʡ, ʚʽʜʧʦʚʽʜʥʠʭ ʚʣʘʩʪʠʚʦʩʪʷʤ ʪʝʨʤʦʧʣʘʩʪʽʚ. ʂʘʤô̫ ʥʦʚʫʛʽʣʴʥʠʡ ʧʝʢ ï 

ʮʝ ʜʝʰʝʚʘ ʩʠʨʦʚʠʥʘ, ʦʜʥʘʢ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʝʢʫ ʚ ʷʢʦʩʪʽ ʢʦʤʧʦʟʠʮʽʡʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʽ ʩʪʚʦʨʝʥʥʷ ʛʘʟʦʥʘʧʦʚʥʝʥʠʭ ʚʫʛʣʝʮʝʚʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʥʝʦʙʭʽʜʥʦ 

ʧʦʩʠʣʶʚʘʪʠ ʡʦʛʦ ʪʝʨʤʦʧʣʘʩʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. 

ɯʩʥʫʻ ʙʘʛʘʪʦ ʤʝʪʦʜʽʚ ʧʦʧʝʨʝʜʥʴʦʾ ʦʙʨʦʙʢʠ ï ʤʦʜʠʬʽʢʘʮʽʾ ï ʢʘʤô̫ ʥʦʚʫʛʽʣʴʥʠʭ 

ʧʝʢʽʚ ʜʣʷ ʟʤʽʥʠ ʨʝʦʣʦʛʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʦʜʥʘʢ ʛʦʣʦʚʥʠʤʠ ʾʭ ʥʝʜʦʣʽʢʘʤʠ ʻ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʥʘʜʪʦ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʪʘ ʘʛʨʝʩʠʚʥʠʭ ʭʽʤʽʯʥʠʭ ʨʝʘʛʝʥʪʽʚ, ʱʦ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ ʣʝʪʢʠʭ ʨʝʯʦʚʠʥ ʪʘ ʚʽʜʭʦʜʽʚ ʚ ʧʨʦʮʝʩʽ ʤʦʜʠʬʽʢʘʮʽʾ ʪʘ 

ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ. ɺʩʝ ʮʝ ʚʠʤʘʛʘʻ ʟʥʘʭʦʜʞʝʥʥʷ 

ʙʽʣʴʰ ʧʨʦʩʪʦʛʦ ʪʘ ʝʢʦʣʦʛʽʯʥʦ ʙʝʟʧʝʯʥʦʛʦ ʩʧʦʩʦʙʫ ʦʪʨʠʤʘʥʥʷ ʛʘʟʦʥʘʧʦʚʥʝʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʦʩʥʦʚʽ ʢʘʤ'ʷʥʦʚʫʛʽʣʴʥʦʛʦ ʧʝʢʫ. ʅʘʡʧʝʨʩʧʝʢʪʠʚʥʽʰʠʤ ʤʝʪʦʜʦʤ ʜʣʷ 

ʚʠʨʽʰʝʥʥʷ ʮʽʻʾ ʟʘʜʘʯʽ ʻ ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʘ ʤʦʜʠʬʽʢʘʮʽʷ ʘʢʪʠʚʥʠʤʠ ʭʽʤʽʯʥʠʤʠ 

ʜʦʙʘʚʢʘʤʠ, ʘ ʩʘʤʝ ʧʦʣʷʨʥʠʤʠ ʧʦʣʽʤʝʨʘʤʠ. ʅʠʟʴʢʘ ʪʝʤʧʝʨʘʪʫʨʘ ʦʙʨʦʙʢʠ ʟʤʝʥʰʫʻ 

ʚʠʜʽʣʝʥʥʷ ʣʝʪʢʠʭ ʨʝʯʦʚʠʥ, ʘ ʚʽʜʩʫʪʥʽʩʪʴ ʙʫʜʴ-̫ ʢʠʭ ʚʽʜʭʦʜʽʚ ʤʘʻ ʧʦʟʠʪʠʚʥʠʡ 

ʝʢʦʣʦʛʽʯʥʠʡ ʝʬʝʢʪ, ʱʦ ʻ ʦʩʥʦʚʥʠʤʠ ʧʝʨʝʚʘʛʘʤʠ ʜʘʥʦʛʦ ʤʝʪʦʜʫ. 

ʇʨʦʮʝʩ ʤʦʜʠʬʽʢʘʮʽʾ ʥʘʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʦʪʨʠʤʘʪʠ ʤʦʜʠʬʽʢʦʚʘʥʠʡ 

ʢʘʤô̫ ʥʦʚʫʛʽʣʴʥʠʡ ʧʝʢ ʽʟ ʟʘʜʘʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʽ ʷʢ ʥʘʩʣʽʜʦʢ ʮʴʦʛʦ ʩʪʚʦʨʶʚʘʪʠ 

ʥʘ ʡʦʛʦ ʦʩʥʦʚʽ ʛʘʟʦʥʘʧʦʚʥʝʥʽ ʚʫʛʣʝʮʝʚʽ ʤʘʪʝʨʽʘʣʠ. ʊʦʤʫ ʛʦʣʦʚʥʠʤ ʥʘʧʨʷʤʦʤ 

ʜʦʩʣʽʜʞʝʥʴ ʻ ʚʠʚʯʝʥʥʷ ʚʧʣʠʚʫ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʢʘʤô̫ ʥʦʚʫʛʽʣʴʥʦʛʦ 

ʧʝʢʫ ʥʘ ʧʨʦʮʝʩ ʡʦʛʦ ʩʧʽʥʶʚʘʥʥʷ ʜʣʷ  ʦʪʨʠʤʘʥʥʷ ʛʘʟʦʥʘʧʦʚʥʝʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʨʦʟʨʦʙʢʠ ʛʘʟʦʥʘʧʦʚʥʝʥʠʭ ʚʫʛʣʝʮʝʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʦʩʥʦʚʽ 

ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʢʘʤ'ʷʥʦʚʫʛʽʣʴʥʦʛʦ ʧʝʢʫ ʨʦʟʰʠʨʠʪʴ ʛʘʣʫʟʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʝʢʽʚ ʪʘ 

ʚʽʜʢʨʠʻ ʥʦʚʽ ʰʣʷʭʠ ʢʚʘʣʽʬʽʢʦʚʘʥʦʛʦ ʪʘ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʭʽʤʽʯʥʦʛʦ 

ʧʦʪʝʥʮʽʘʣʫ ʢʘʤô̫ ʥʦʚʫʛʽʣʴʥʦʛʦ ʧʝʢʫ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʧʦʨʠʩʪʠʭ ʚʫʛʣʝʮʝʚʠʭ 

ʤʘʪʝʨʽʘʣʽʚ. 

 

ɺʀʉʅʆɺʂʀ ʇʆ ʈʆɿɼɯʃʋ 1 

 

ʅʘ ʦʩʥʦʚʽ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʘʥʠʭ ʨʦʟʛʣʷʥʫʪʦ ʩʢʣʘʜ, ʩʪʨʫʢʪʫʨʫ ʪʘ ʚʣʘʩʪʠʚʦʩʪʽ 

ʢʘʤô̫ ʥʦʚʫʛʽʣʴʥʦʛʦ ʧʝʢʫ. ʆʩʦʙʣʠʚʫ ʫʚʘʛʫ ʩʧʨʷʤʦʚʘʥʦ ʥʘ ʚʠʚʯʝʥʥʷ ʨʝʦʣʦʛʽʯʥʠʭ 
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ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʝʢʫ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʣʘʩʪʠʚʦʩʪʷʤ ʘʤʦʨʬʥʠʭ ʧʦʣʽʤʝʨʽʚ, ʟ ʤʝʪʦʶ 

ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʷʢʦʩʪʽ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʜʣʷ ʦʪʨʠʤʘʥʥʷ 

ʛʘʟʦʥʘʧʦʚʥʝʥʠʭ ʚʫʛʣʝʮʝʚʠʭ ʤʘʪʝʨʽʘʣʽʚ. ɸʥʘʣʽʟ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʘʥʠʭ ʧʦʢʘʟʘʚ, ʱʦ 

ʙʝʟ ʧʦʧʝʨʝʜʥʴʦʾ ʦʙʨʦʙʢʠ ʧʝʢ ʥʝ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ ʦʪʨʠʤʘʥʥʷ 

ʚʫʛʣʝʮʝʚʠʭ ʧʽʥʦʧʣʘʩʪʽʚ, ʪʘʢ ʷʢ ʡʦʛʦ ʧʣʘʩʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʥʝ ʚʽʜʧʦʚʽʜʘʶʪʴ 

ʚʠʤʦʛʘʤ ʧʽʥʦʫʪʚʦʨʝʥʥʷ. ʇʦʧʝʨʝʜʥʷ ʦʙʨʦʙʢʘ ʧʦʣʷʛʘʻ ʚ ʤʦʜʠʬʽʢʘʮʽʾ 

ʢʘʤ'ʷʥʦʚʫʛʽʣʴʥʦʛʦ ʧʝʢʫ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʷʢʦʾ ʟʤʽʥʶʶʪʴʩʷ ʡʦʛʦ ʨʝʦʣʦʛʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʽ ʩʪʨʫʢʪʫʨʘ. ʄʦʜʠʬʽʢʦʚʘʥʠʡ ʢʘʤ'ʷʥʦʚʫʛʽʣʴʥʠʡ ʧʝʢ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ ʚ 

ʷʢʦʩʪʽ ʧʨʝʢʫʨʩʦʨʘ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʛʘʟʦʥʘʧʦʚʥʝʥʠʭ ʤʘʪʝʨʽʘʣʽʚ.  

ɸʥʘʣʽʪʠʯʥʠʡ ʦʛʣʷʜ ʣʽʪʝʨʘʪʫʨʠ ʚʠʷʚʠʚ ʽʩʥʫʚʘʥʥʷ ʨʽʟʥʠʭ ʤʝʪʦʜʽʚ ʤʦʜʠʬʽʢʘʮʽʾ, 

ʱʦ ʚʢʣʶʯʘʶʪʴ ʧʦʣʽʤʝʨʠʟʘʮʽʶ ʘʙʦ ʢʦʥʜʝʥʩʘʮʽʶ ʧʝʢʫ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʝʨʤʽʯʥʦʾ 

ʦʙʨʦʙʢʠ ʘʙʦ ʦʙʨʦʙʢʦʶ ʨʽʟʥʠʤʠ ʭʽʤʽʯʥʠʤʠ ʨʝʘʛʝʥʪʘʤʠ ʜʣʷ ʟʤʽʥʠ ʚ'ʷʟʢʦʩʪʽ ʽ 

ʩʪʫʧʝʥʷ ʘʥʽʟʦʪʨʦʧʽʾ. ɼʘʥʽ ʤʝʪʦʜʠ ʤʦʜʠʬʽʢʘʮʽʾ ʤʘʶʪʴ ʨʷʜ ʧʝʨʝʚʘʛ ʪʘ ʥʝʜʦʣʽʢʽʚ, 

ʦʩʥʦʚʥʠʤʠ ʟ ʷʢʠʭ ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʪʘ ʫʪʚʦʨʝʥʥʷ ʚʽʜʭʦʜʽʚ ʯʝʨʝʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʭʽʤʽʯʥʠʭ ʨʝʘʛʝʥʪʽʚ, ʱʦ ʤʘʻ ʥʝʛʘʪʠʚʥʽ ʥʘʩʣʽʜʢʠ ʟ ʝʢʦʣʦʛʽʯʥʦʾ ʪʦʯʢʠ 

ʟʦʨʫ. ʅʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʘ ʤʦʜʠʬʽʢʘʮʽʷ ʢʘʤ'ʷʥʦʚʫʛʽʣʴʥʦʛʦ ʧʝʢʫ ʧʦʣʷʨʥʠʤʠ 

ʧʦʣʽʤʝʨʘʤʠ ʤʘʻ ʨʷʜ ʧʝʨʝʚʘʛ ʪʘʢʠʭ, ʷʢ ʥʠʟʴʢʘ ʪʝʤʧʝʨʘʪʫʨ ʪʘ ʚʽʜʩʫʪʥʽʩʪʴ ʙʫʜʴ-̫ ʢʠʭ 

ʚʽʜʭʦʜʽʚ. 

ʅʘ ʧʽʜʩʪʘʚʽ ʘʥʘʣʽʪʠʯʥʦʛʦ ʦʛʣʷʜʫ ʨʦʟʛʣʷʥʫʪʦ ʪʘ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʨʽʟʥʽ 

ʪʝʭʥʦʣʦʛʽʯʥʽ ʩʧʦʩʦʙʠ ʜʣʷ ʩʧʽʥʶʚʘʥʥʷ ʪʝʨʤʦʧʣʘʩʪʽʚ. ʂʝʨʫʶʯʠʩʴ ʨʝʦʣʦʛʽʯʥʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʢʘʤô̫ ʥʦʚʫʛʽʣʴʥʦʛʦ ʧʝʢʫ ʦʙʨʘʥʦ ʥʘʡʙʽʣʴʰ 

ʧʨʠʡʥʷʪʥʽ ʩʧʦʩʦʙʠ ʦʪʨʠʤʘʥʥʷ ʛʘʟʦʥʘʧʦʚʥʝʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ï ʩʧʽʥʶʚʘʥʥʷ ʧʨʠ 

ʘʪʤʦʩʬʝʨʥʦʤʫ ʪʠʩʢʫ (ʚʽʣʴʥʝ ʩʧʽʥʶʚʘʥʥʷ) ʪʘ ʤʝʪʦʜ ʝʢʩʪʨʫʟʽʾ. 

ʅʘʧʨʷʤʦʤ ʜʦʩʣʽʜʞʝʥʴ ʻ ʚʠʚʯʝʥʥʷ ʚʧʣʠʚʫ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ 

ʢʘʤô̫ ʥʦʚʫʛʽʣʴʥʦʛʦ ʧʝʢʫ ʥʘ ʧʨʦʮʝʩ ʡʦʛʦ ʩʧʽʥʶʚʘʥʥʷ ʜʣʷ  ʦʪʨʠʤʘʥʥʷ ʚʫʛʣʝʮʝʚʠʭ 

ʛʘʟʦʥʘʧʦʚʥʝʥʠʭ ʢʦʤʧʦʟʠʪʽʚ. 
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ʈʆɿɼɯʃ 2 

ʄɽʊʆɼʀ ɼʆʉʃɯɼɾɽʅʔ ʊɸ ʄɸʊɽʈɯɸʃʀ 

 

2.1 ʄʘʪʝʨʽʘʣʠ  

ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʛʨʘʥʫʣʠ (6 ï 8 ʤʤ) ʢʘʤôʷʥʦʚʫʛʽʣʴʥʦʛʦ 

ʧʝʢʫ (ʂʇ) ʤʘʨʢʠ ɺ (ɻʆʉʊ 10200-83): ʪʝʤʧʝʨʘʪʫʨʘ ʨʦʟʤôʷʢʰʝʥʥʷ ʟʘ ʤʝʪʦʜʦʤ 

METTLER ï  89,5-90 Áʉ; ʛʫʩʪʠʥʘ 1314 ʢʛ/ʤ3; ʚʤʽʩʪ ʨʝʯʦʚʠʥ ʥʝʨʦʟʯʠʥʥʠʭ ʚ 

ʪʦʣʫʦʣʽ ï 31,2 %, ʚ ʭʽʥʦʣʽʥʽ ï 7,3 %;, ʢʦʢʩʦʚʠʡ ʟʘʣʠʰʦʢ 56 %; ʚʠʭʽʜ ʣʝʪʢʠʭ 

ʨʝʯʦʚʠʥ ï 55,6 %; ʟʦʣʴʥʽʩʪʴ ï 0,16 %; ʤʘʩʦʚʘ ʜʦʣʷ ʚʦʜʠ (ʜʣʷ ʧʝʢʫ ʚ ʪʚʝʨʜʦʤʫ ʚʠʜʽ) 

ï 0,1 %; ʚôʷʟʢʽʩʪʴ ʧʨʠ 160 Áʉ ï 1,3 ʇʘ . ʩ. 

ɺ ʷʢʦʩʪʽ ʤʦʜʠʬʽʢʘʪʦʨʽʚ ʢʘʤôʷʥʦʚʫʛʽʣʴʥʦʛʦ ʧʝʢʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ 

ʧʦʣʽʚʽʥʽʣʭʣʦʨʠʜ ʽ ʧʦʣʽʤʝʪʠʣʤʝʪʘʢʨʠʣʘʪ. 

ʇʦʣʽʚʽʥʽʣʭʣʦʨʠʜ C-6370-ɾ  (ʇɺʍ) ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʚʠʤʦʛ ɻʆʉʊ 14332 ï 

ʧʦʨʦʰʦʢ ʟ ʨʦʟʤʽʨʦʤ ʯʘʩʪʦʢ 100 ï 200 ʤʢʤ; ʛʫʩʪʠʥʘ 1350  ʢʛ/ʤ3, ʥʘʩʠʧʥʘ ʛʫʩʪʠʥʘ 

ʧʦʨʦʰʢʫ 550 ʢʛ/ʤ3; ʢʦʥʩʪʘʥʪʘ ʌʽʢʝʥʪʯʝʨʘ 63; ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʥʷ 150 ï 

220 Áʉ (ʟ ʨʦʟʢʣʘʜʘʥʥʷʤ). 

ʇʦʣʽʤʝʪʠʣʤʝʪʘʢʨʠʣʘʪ (ʇʄʄɸ) (ʉ5O2H8)n (CAS: 9011-14-7). ʇʄʄɸ ï 

(ʤʦʜʠʬʽʢʘʪʦʨ ʫʜʘʨʥʦʾ ʚôʷʟʢʦʩʪʽ) ʧʦʨʦʰʦʢ ʟ ʛʫʩʪʠʥʦʶ 1188 ʢʛ/ʤ3 ʪʘ ʪʝʤʧʝʨʘʪʫʨʦʶ 

ʧʣʘʚʣʝʥʥʷ 150 Áʉ. ʈʦʟʯʠʥʥʠʡ ʚ ʪʝʪʨʘʛʽʜʨʦʬʫʨʘʥʽ, ʪʦʣʫʦʣʽ, ʮʠʢʣʦʛʝʢʩʘʥʦʥʽ, 

ʝʪʠʣʘʮʝʪʘʪʽ ʽ ʭʣʦʨʦʬʦʨʤʽ. ʅʝ ʨʦʟʯʠʥʷʻʪʴʩʷ ʚ ʚʦʜʽ, ʩʧʠʨʪʘʭ ʪʘ ʘʣʽʬʘʪʠʯʥʠʭ 

ʚʫʛʣʝʚʦʜʥʷʭ. 

ɺ ʨʦʙʦʪʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʛʘʟʦʫʪʚʦʨʶʚʘʯ ï ʘʟʦʜʽʢʘʨʙʦʥʘʤʽʜ (ɸɼʂɸ) 

NH2CON=NCONH2 (CAS: 123-77-3, ʊʋ 113-38-110-91-94). ɸɼʂɸ ï ʞʦʚʪʦ-

ʧʦʤʘʨʘʥʯʝʚʘ ʢʨʠʩʪʘʣʽʯʥʘ ʨʝʯʦʚʠʥʘ ʙʝʟ ʟʘʧʘʭʫ; ʪʝʤʧʝʨʘʪʫʨʘ ʨʦʟʢʣʘʜʘʥʥʷ 210 Áʉ; 

ʛʘʟʦʚʝ ʯʠʩʣʦ  218 ʩʤ3/ʛ; ʚʤʽʩʪ ʦʩʥʦʚʥʦʾ ʨʝʯʦʚʠʥʠ 95 %.  ʆʧʪʠʤʘʣʴʥʘ ʪʝʤʧʝʨʘʪʫʨʘ 

ʨʦʟʢʣʘʜʘʥʥʷ ï 210 ÁC ʽ ʚʠʱʝ, ʨʝʘʢʮʽʷ ʻ ʝʢʟʦʪʝʨʤʽʯʥʦʶ ʽ ʘʚʪʦʢʘʪʦʣʽʪʠʯʥʦʶ. 

ɼʣʷ ʟʤʝʥʰʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʨʦʟʢʣʘʜʘʥʥʷ ʛʘʟʦʫʪʚʦʨʶʚʘʯʘ ʘʟʦʜʽʢʘʨʙʦʘʤʽʜʫ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʽʥʽʮʽʘʪʦʨ ʩʪʝʘʨʘʪ ʮʠʥʢʫ (C17H35COO)2Zn) (CAS: 557-05-1, 

ʊʋ 2432-011-10269039-2013) ï ʙʽʣʠʡ ʧʦʨʦʰʦʢ; ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʥʷ 130 Áʉ; 

ʚʤʽʩʪ ʮʠʥʢʫ ï 10,1 %; ʥʘʩʠʧʥʘ ʛʫʩʪʠʥʘ ʧʦʨʦʰʢʫ 500 ʢʛ/ʤ3. 
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ʗʢ ʪʝʭʥʦʣʦʛʽʯʥʫ ʜʦʙʘʚʢʫ ʚ ʨʦʙʦʪʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʩʪʝʘʨʘʪ ʢʘʣʴʮʽʶ 

(C17H35COO)2Ca) (CAS:1592-23-0, ʊʋ 2432-005-10269039-05) ï ʙʽʣʠʡ ʧʦʨʦʰʦʢ; 

ʚʤʽʩʪ ʩʪʝʘʨʘʪʫ ʢʘʣʴʮʽʶ ï 98 %; ʛʫʩʪʠʥʘ 1035 ʢʛ/ʤ3; ʪʝʤʧʝʨʘʪʫʨʘ 

ʧʣʘʚʣʝʥʥʷ 150 Áʉ. 

 

2.2 ʄʝʪʦʜʠʢʘ ʤʦʜʠʬʽʢʘʮʽʾ ʢʘʤ'ʷʥʦʚʫʛʽʣʴʥʦʛʦ ʧʝʢʫ 

ʇʨʦʚʝʜʝʥʥʷ ʧʨʦʮʝʩʫ ʤʦʜʠʬʽʢʘʮʽʾ ʢʘʤô̫ ʥʦʚʫʛʽʣʴʥʦʛʦ ʧʝʢʫ ʘʢʪʠʚʥʠʤʠ 

ʭʽʤʽʯʥʠʤʠ ʜʦʙʘʚʢʘʤʠ ʥʘʨʘʭʦʚʫʻ ʜʝʢʽʣʴʢʘ ʝʪʘʧʽʚ, ʷʢʽ ʧʨʦʚʦʜʷʪʴʩʷ ʟʘ ʩʧʝʮʽʘʣʴʥʠʭ 

ʫʤʦʚ. 

ʇʨʦʮʝʩ ʤʦʜʠʬʽʢʘʮʽʾ ʢʘʤ'ʷʥʦʚʫʛʽʣʴʥʦʛʦ ʧʝʢʫ ʧʨʦʚʦʜʠʣʠ ʰʣʷʭʦʤ 

ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʦʾ (ʜʦ 170 Áʉ) ʤʦʜʠʬʽʢʘʮʽʾ ʧʦʣʷʨʥʠʤʠ ʧʦʣʽʤʝʨʘʤʠ ï 

ʧʦʣʽʚʽʥʽʣʭʣʦʨʠʜʦʤ ʽ ʧʦʣʽʤʝʪʠʣʤʝʪʘʢʨʠʣʘʪʦʤ. 

ʄʝʪʦʜʠʢʘ ʦʙʨʦʙʢʠ ʢʘʤô̫ ʥʦʚʫʛʽʣʴʥʦʛʦ ʧʝʢʫ ʙʫʣʘ ʥʘʩʪʫʧʥʘ (ʨʠʩ. 2.1). 

ʇʝʨʰʠʤ ʝʪʘʧʦʤ ʻ ʧʦʜʨʽʙʥʶʚʘʥʥʷ ʚʠʭʽʜʥʦʛʦ ʧʝʢʫ, ʷʢʠʡ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʚʠʛʣʷʜʽ 

ʛʨʘʥʫʣ. ʆʩʥʦʚʥʦʶ ʚʠʤʦʛʦʶ ʥʘ ʜʘʥʦʤʫ ʝʪʘʧʽ ʻ ʟʙʽʣʴʰʝʥʥʷ ʧʦʚʝʨʭʥʽ ʢʦʥʪʘʢʪʫ ʧʝʢʫ 

ʟ ʯʘʩʪʢʘʤʠ ʤʦʜʠʬʽʢʘʪʦʨʽʚ. ɺ ʣʘʙʦʨʘʪʦʨʥʠʭ ʫʤʦʚʘʭ ʧʦʜʨʽʙʥʶʚʘʥʥʷ ʟʜʽʡʩʥʶʚʘʣʠ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʤʣʠʥʫ ʟ ʦʭʦʣʦʜʞʝʥʥʷ (ʃʄ-202). 

ɼʨʫʛʠʤ ʝʪʘʧʦʤ ʻ ʟʤʽʰʫʚʘʥʥʷ ʤʦʜʠʬʽʢʘʪʦʨʽʚ ʇɺʍ ʪʘ ʇʄʄɸ ʟ ʧʝʢʦʤ. ʄʝʪʦʶ 

ʝʪʘʧʫ ʟʤʽʰʫʚʘʥʥʷ ʻ ʨʽʚʥʦʤʽʨʥʠʡ ʨʦʟʧʦʜʽʣ ʩʫʤʽʰʽ ʇʝʢ-ʇɺʍ-ʇʄʄɸ ʚ ʨʝʘʢʮʽʡʥʽʡ 

ʤʘʩʽ. ɼʦ ʪʦʥʢʦʧʦʜʨʽʙʥʝʥʦʛʦ ʧʝʢʫ ʜʦʜʘʚʘʣʠ ʇɺʍ ʚ ʢʽʣʴʢʦʩʪʽ ʚʽʜ 3 ʜʦ 20 ʤʘʩ.ʯ. (ʜʦ 

100 ʤʘʩ.ʯ. ʧʝʢʫ) ʪʘ ʧʦʣʽʤʝʪʠʣʤʝʪʘʢʨʠʣʘʪ ï ʚʽʜ 1 ʜʦ 5 ʤʘʩ.ʯ. (ʜʦ 100 ʤʘʩ.ʯ. ʧʝʢʫ).  

 

ʈʠʩʫʥʦʢ 2.1 ï ʇʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʧʨʦʮʝʩʫ ʤʦʜʠʬʽʢʘʮʽʾ ʢʘʤô̫ ʥʦʚʫʛʽʣʴʥʦʛʦ 

ʧʝʢʫ 
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ʅʘʩʪʫʧʥʠʤ ʝʪʘʧʦʤ ʤʦʜʠʬʽʢʘʮʽʾ ʻ ʥʘʛʨʽʚʘʥʥʷ ʩʫʤʽʰʽ ʟ ʧʝʢʫ, ʇɺʍ ʪʘ ʇʄʄɸ. 

ɿʘ ʜʣʷ ʮʴʦʛʦ ʩʫʤʽʰ ʧʝʨʝʥʦʩʠʣʠ ʜʦ ʝʣʝʢʪʨʦʦʙʽʛʨʽʚʘʣʴʥʦʛʦ ʨʝʘʢʪʦʨʘ, ʷʢʠʡ 

ʦʩʥʘʱʝʥʦ ʤʝʭʘʥʽʯʥʦʶ ʤʽʰʘʣʢʦʶ. ʇʽʩʣʷ ʨʦʟʧʣʘʚʣʝʥʥʷ ʧʝʢʫ ʚʤʠʢʘʣʠ ʤʽʰʘʣʢʫ ʟ 

ʤʝʪʦʶ ʜʦʪʨʠʤʘʥʥʷ ʫʤʦʚ ʦʜʥʦʨʽʜʥʦʩʪʽ ʩʫʤʽʰʽ ʪʘ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʧʨʦʪʽʢʘʥʥʷ 

ʭʽʤʽʯʥʠʭ ʨʝʘʢʮʽʡ. ʈʦʟʧʣʘʚʣʝʥʫ ʤʘʩʫ ʚʠʪʨʠʤʫʚʘʣʠ ʚ ʨʝʘʢʪʦʨʽ ʥʘ ʧʨʦʪʷʟʽ ʚʽʜ 

45 ʭʚʠʣʠʥ ʜʦ 2 ʛʦʜʠʥ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 170 Üʉ. 

ʄʦʜʠʬʽʢʦʚʘʥʠʡ ʢʘʤ'ʷʥʦʚʫʛʽʣʴʥʠʡ ʧʝʢ ʦʭʦʣʦʜʞʫʚʘʣʠ ʧʨʠ ʢʽʤʥʘʪʥʽʡ 

ʪʝʤʧʝʨʘʪʫʨʽ ʪʘ ʧʦʜʨʽʙʥʶʚʘʣʠ ʜʦ ʨʦʟʤʽʨʫ ʯʘʩʪʦʢ 1 ʤʢʤ ʟ ʤʝʪʦʶ ʧʦʜʘʣʴʰʦʛʦ ʡʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʷʢʦʩʪʽ ʧʨʝʢʫʨʩʦʨʘ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʛʘʟʦʥʘʧʦʚʥʝʥʠʭ ʚʫʛʣʝʮʝʚʠʭ 

ʤʘʪʝʨʽʘʣʽʚ. 

 

2.3 ʄʝʪʦʜʠʢʘ ʩʧʽʥʶʚʘʥʥʷ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʢʘʤ'ʷʥʦʚʫʛʽʣʴʥʦʛʦ ʧʝʢʫ 

ɿ ʘʥʘʣʽʪʠʯʥʦʛʦ ʦʛʣʷʜʫ ʤʝʪʦʜʽʚ ʩʧʽʥʶʚʘʥʥʷ ʪʝʨʤʦʧʣʘʩʪʽʚ ʦʙʨʘʥʦ ʥʘʡʙʽʣʴʰ 

ʧʨʠʡʥʷʪʥʽ ʩʧʦʩʦʙʠ ʟ ʪʦʯʢʠ ʟʦʨʫ ʨʝʦʣʦʛʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ 

ʢʘʤô̫ ʥʦʚʫʛʽʣʴʥʦʛʦ ʧʝʢʫ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʛʘʟʦʥʘʧʦʚʥʝʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʡʦʛʦ ʦʩʥʦʚʽ 

ï ʩʧʽʥʶʚʘʥʥʷ ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤʫ ʪʠʩʢʫ (ʚʽʣʴʥʝ ʩʧʽʥʶʚʘʥʥʷ) ʪʘ ʧʽʜ ʪʠʩʢʦʤ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʭʽʤʽʯʥʦʛʦ ʛʘʟʦʫʪʚʦʨʶʚʘʯʘ. 

 

2.3.1 ʄʝʪʦʜʠʢʘ ʩʧʽʥʶʚʘʥʥʷ ʧʽʜ ʘʪʤʦʩʬʝʨʥʠʤ ʪʠʩʢʦʤ  

ʇʨʦʮʝʩ ʩʧʽʥʶʚʘʥʥʷ ʧʽʜ ʘʪʤʦʩʬʝʨʥʠʤ ʪʠʩʢʦʤ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʝʢʽʣʴʢʦʭ ʩʪʘʜʽʡ. 

ʇʦʜʨʽʙʥʝʥʠʡ ʤʦʜʠʬʽʢʦʚʘʥʠʡ ʢʘʤôʷʥʦʚʫʛʽʣʴʥʠʡ ʧʝʢ, ʦʪʨʠʤʘʥʠʡ ʟʘ 

ʤʝʪʦʜʠʢʦʶ, ʦʧʠʩʘʥʦʶ ʚ ʨʦʟʜʽʣʽ 2.2, ʟʤʽʰʫʚʘʣʠ ʫ ʣʘʙʦʨʘʪʦʨʥʦʤʫ ʤʣʠʥʽ ʟ 

ʦʭʦʣʦʜʞʝʥʥʷʤ ʟ ʢʦʤʧʣʝʢʩʥʠʤ ʛʘʟʦʫʪʚʦʨʶʚʘʯʝʤ (ʂɻʋ) ʫ ʢʽʣʴʢʦʩʪʽ 1 ï 5  ʤʘʩ.ʯ. 

(ʜʦ 100 ʤʘʩ.ʯ.  ʄʂʇ). ʆʪʨʠʤʘʥʫ ʩʫʤʽʰ ʧʝʨʝʥʦʩʠʣʠ ʫ ʬʦʨʤʫ ʜʣʷ ʩʧʽʥʶʚʘʥʥʷ, ʱʦ 

ʧʨʝʜʩʪʘʚʣʷʣʘ ʩʦʙʦʶ ʮʠʣʽʥʜʨʠʯʥʫ ʻʤʥʽʩʪʴ ʟ ʢʨʠʰʢʦʶ (ʜʽʘʤʝʪʨ ï 3,5 ʩʤ, ʚʠʩʦʪʘ ï 

2 ʩʤ, ʦʙôʻʤ ï 19,2 ʩʤ3). ʌʦʨʤʫ ʟʘʧʦʚʥʶʚʘʣʠ ʧʦʨʦʰʢʦʚʦʶ ʤʘʩʦʶ ʪʘ ʫʱʽʣʴʥʶʚʘʣʠ 

ʥʘ 2/3 ʦʙôʻʤʫ. ʌʦʨʤʫ ʧʦʧʝʨʝʜʥʴʦ ʧʦʢʨʠʚʘʣʠ ʬʦʣʴʛʦʶ ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʥʘʣʽʧʘʥʥʷ 

ʟʨʘʟʢʘ ʜʦ ʬʦʨʤʠ ʽ ʧʦʣʝʛʰʝʥʥʷ ʚʠʣʫʯʝʥʥʷ ʡʦʛʦ ʟ ʬʦʨʤʠ. ʉʧʽʥʶʚʘʥʥʷ ʚʽʜʙʫʚʘʣʦʩʷ 

ʰʣʷʭʦʤ ʥʘʛʨʽʚʘʥʥʷ ʩʫʤʽʰʽ ʚ ʧʦʚʽʪʨʷʥʦʤʫ ʪʝʨʤʦʩʪʘʪʽ ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤʫ ʪʠʩʢʫ ʪʘ 
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ʪʝʤʧʝʨʘʪʫʨʽ t = 150 Áʉ ʚ ʟʘʢʨʠʪʽʡ ʬʦʨʤʽ. ʉʫʤʽʰ ʚʠʪʨʠʤʫʚʘʣʠ ʚ ʪʝʨʤʦʩʪʘʪʽ 

ʧʨʦʪʷʛʦʤ Ű = 60 ʭʚ. ï ʯʘʩʫ, ʥʝʦʙʭʽʜʥʦʛʦ ʜʣʷ ʨʦʟʢʣʘʜʘʥʥʷ ʛʘʟʦʫʪʚʦʨʶʚʘʯʘ.   

ʇʨʦʮʝʩ ʫʪʚʦʨʝʥʥʷ ʧʽʥʠ ʥʘ ʦʩʥʦʚʽ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʢʘʤôʷʥʦʚʫʛʽʣʴʥʦʛʦ ʧʝʢʫ 

ʟʘʢʽʥʯʫʚʘʚʩʷ ʧʽʩʣʷ ʾʾ ʦʭʦʣʦʜʞʝʥʥʷ ʜʦ ʢʽʤʥʘʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʧʽʜ ʩʪʨʫʤʝʥʝʤ 

ʧʨʦʪʦʯʥʦʾ ʭʦʣʦʜʥʦʾ ʚʦʜʠ ʧʨʦʪʷʛʦʤ Ű = 2 ʭʚ. 

ɼʣʷ ʦʮʽʥʶʚʘʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʧʽʥʶʚʘʥʥʷ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʧʝʢʫ 

ʢʦʤʧʣʝʢʩʥʠʤ ʛʘʟʦʫʪʚʦʨʶʚʘʯʝʤ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʚʝʣʠʯʠʥʫ ï ʢʨʘʪʥʽʩʪʴ 

ʩʧʽʥʶʚʘʥʥʷ (ʂʩ) [77]: 

˗̒
ὠ̒̐
ὠ
ȟ                                                       ςȢρ 

V0 ï ʦʙôʻʤ ʤʘʪʝʨʽʘʣʫ ʙʝʟ ʛʘʟʦʫʪʚʦʨʶʚʘʯʘ ʧʽʩʣʷ ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ ʚ ʬʦʨʤʽ 

ʜʣʷ ʩʧʽʥʶʚʘʥʥʷ, ʩʤ3;  

Vʩʧ ï ʦʙôʻʤ ʤʘʪʝʨʽʘʣʫ ʚ ʧʨʠʩʫʪʥʦʩʪʽ ʛʘʟʦʫʪʚʦʨʶʚʘʯʘ ʧʽʩʣʷ ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ 

ʚ ʬʦʨʤʽ ʜʣʷ ʩʧʽʥʶʚʘʥʥʷ, ʩʤ3. 

 

2.3.2 ʄʝʪʦʜʠʢʘ ʩʧʽʥʶʚʘʥʥʷ ʧʽʜ ʪʠʩʢʦʤ 

ɼʣʷ ʟʜʽʡʩʥʝʥʥʷ ʧʨʦʮʝʩʫ ʩʧʽʥʶʚʘʥʥʷ, ʩʧʦʯʘʪʢʫ ʧʨʦʚʦʜʠʣʠ ʤʦʜʠʬʽʢʘʮʽʶ 

ʢʘʤôʷʥʦʚʫʛʽʣʴʥʦʛʦ ʧʝʢʫ. ʃʘʙʦʨʘʪʦʨʥʘ ʫʩʪʘʥʦʚʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 3 ʦʩʥʦʚʥʠʭ 

ʝʣʝʤʝʥʪʽʚ: ʤʣʠʥ ʣʘʙʦʨʘʪʦʨʥʠʡ ʃʄ-202 ʟ ʦʭʦʣʦʜʞʝʥʥʷʤ, ʨʝʘʢʪʦʨ ʟ ʤʽʰʘʣʢʦʶ ʜʣʷ 

ʚʠʩʦʢʦʚôʷʟʢʠʭ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʢʘʤʝʨʘ ʜʣʷ ʩʧʽʥʶʚʘʥʥʷ (ʨʠʩ. 2.2). 

ʈʝʘʢʪʦʨ ʟ ʤʽʰʘʣʢʦʶ ʜʣʷ ʚʠʩʦʢʦʚôʷʟʢʠʭ ʤʘʪʝʨʽʘʣʽʚ (ʧʦʟʠʮʽʷ 2 ʥʘ ʨʠʩ. 2.2) 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʤʦʜʠʬʽʢʘʮʽʾ ʢʘʤôʷʥʦʚʫʛʽʣʴʥʦʛʦ ʧʝʢʫ. ʈʝʘʢʪʦʨ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʢʦʨʧʫʩʫ, ʩʦʨʦʯʢʠ ʪʘ ʧʨʠʚʦʜʫ, ʥʘ ʚʘʣʫ ʷʢʦʛʦ ʨʦʟʪʘʰʦʚʘʥʽ ʣʦʧʘʪʽ 

ʤʽʰʘʣʢʠ (ʯʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ ʜʦ 136 ʦʙ/ʭʚ.). ʅʘʛʨʽʚ ʨʝʘʢʪʦʨʘ ʟʜʽʡʩʥʶʚʘʚʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʪʝʧʣʦʥʦʩʽʷ  ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ t = 170 Áʉ.  

ɼʣʷ ʩʧʽʥʶʚʘʥʥʷ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʢʘʤôʷʥʦʚʫʛʽʣʴʥʦʛʦ ʧʝʢʫ ʧʽʜ ʪʠʩʢʦʤ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʢʘʤʝʨʫ ʜʣʷ ʩʧʽʥʶʚʘʥʥʷ ï ʧʨʠʣʘʜ ɯɯʈʊ-ɸʄ ʟ ʚʽʜʧʦʚʽʜʥʠʤʠ 

ʟʤʽʥʘʤʠ (ʨʠʩ. 2.3). 
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ʈʠʩʫʥʦʢ 2.2 ï ʉʭʝʤʘ ʧʨʦʮʝʩʫ ʤʦʜʠʬʽʢʘʮʽʾ ʂʇ ʽ ʩʧʽʥʶʚʘʥʥʷ ʄʂʇ: 1, 3 ï ʤʣʠʥ 

ʣʘʙʦʨʘʪʦʨʥʠʡ ʃʄ-202 ʟ ʦʭʦʣʦʜʞʝʥʥʷʤ, 2 ï ʨʝʘʢʪʦʨ ʟ ʤʽʰʘʣʢʦʶ ʜʣʷ 

ʚʠʩʦʢʦʚôʷʟʢʠʭ ʤʘʪʝʨʽʘʣʽʚ, 4 - ʢʘʤʝʨʘ ʜʣʷ ʩʧʽʥʶʚʘʥʥʷ 

 

ʇʨʦʮʝʩ ʩʧʽʥʶʚʘʥʥʷ ʧʽʜ ʪʠʩʢʦʤ ʩʢʣʘʜʘʚʩʷ ʟ ʥʘʩʪʫʧʥʠʭ ʩʪʘʜʽʡ. ʇʦʜʨʽʙʥʝʥʠʡ 

ʤʦʜʠʬʽʢʦʚʘʥʠʡ ʢʘʤôʷʥʦʚʫʛʽʣʴʥʠʡ ʧʝʢ (ʤʝʪʦʜʠʢʘ ʫ ʨʦʟʜʽʣʽ 2.2) ʟʤʽʰʫʚʘʣʠ ʫ 

ʣʘʙʦʨʘʪʦʨʥʦʤʫ ʤʣʠʥʽ ʟʽ ʩʪʝʘʨʘʪʘʤʠ ʢʘʣʴʮʽʶ ʪʘ ʮʠʥʢʫ ʫ ʢʽʣʴʢʦʩʪʽ 0,5 ʪʘ 1 ʤʘʩ.ʯ. 

ʜʦ 100 ʤʘʩ.ʯ. ʧʝʢʫ (ʉʘSt2 : ZnSt2 = 1 : 1 ʤʘʩ.ʯ.) ʷʢ ʪʝʭʥʦʣʦʛʽʯʥʫ ʜʦʙʘʚʢʫ. ɸ ʧʦʪʽʤ 

ʮʶ ʩʫʤʽʰ ʟʤʽʰʫʚʘʣʠ ʟ ʢʦʤʧʣʝʢʩʥʠʤ ʛʘʟʦʫʪʚʦʨʶʚʘʯʝʤ ʫ ʢʽʣʴʢʦʩʪʽ ʚʽʜ 0,5 ʜʦ 

3 ʤʘʩ.ʯ. ʜʦ 100 ʤʘʩ.ʯ. ʄʂʇ. 

 

ʈʠʩʫʥʦʢ 2.3 ï ʉʭʝʤʘ ʢʘʤʝʨʠ ʜʣʷ ʩʧʽʥʶʚʘʥʥʷ: 1 - ʢʥʦʧʢʠ ʚʢʣʶʯʝʥʥʷ ʽ 

ʚʠʢʣʶʯʝʥʥʷ ʧʨʠʣʘʜʫ, 2 - ʩʠʩʪʝʤʘ ʫʩʪʘʥʦʚʢʠ ʟʘʜʘʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʨʦʙʦʯʦʾ 

ʢʘʤʝʨʠ, 3 - ʨʦʙʦʯʠʡ ʢʘʥʘʣ, 4 - ʰʪʦʢ, 5 - ʚʘʥʪʘʞ, 6 - ʟʨʘʟʦʢ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ, 7 - ʫʱʽʣʴʥʶʚʘʣʴʥʽ ʰʘʡʙʠ ʟ ʬʪʦʨʦʧʣʘʩʪʘ, 8 - ʩʪʘʣʝʚʘ ʟʘʛʣʫʰʢʘ, 

9 - ʝʣʝʢʪʨʠʯʥʠʡ ʦʙʽʛʨʽʚ ʢʘʤʝʨʠ 
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 ɺ ʧʨʦʮʝʩʽ ʩʧʽʥʶʚʘʥʥʷ ʜʦʩʣʽʜʞʫʚʘʥʠʡ ʤʘʪʝʨʽʘʣ ʧʽʜʜʘʚʘʣʠ ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ 

ʚʧʣʠʚʫ ʧʨʠ ʜʽʾ ʥʘ ʥʴʦʛʦ ʚʘʥʪʘʞʫ ʧʝʚʥʦʾ ʤʘʩʠ, ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʥʝʦʙʭʽʜʥʦʛʦ ʪʠʩʢʫ 

ʩʧʽʥʶʚʘʥʥʷ. ɺʘʛʘ ʚʘʥʪʘʞʫ ʽ ʪʝʤʧʝʨʘʪʫʨʘ ʙʫʣʠ ʧʽʜʽʙʨʘʥʽ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʧʦʧʝʨʝʜʥʴʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ. ʊʠʩʢ ʩʧʽʥʶʚʘʥʥʷ ʩʪʘʥʦʚʠʚ 0,145 ʽ 0,265 ʄʇʘ, 

ʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʝʢʩʧʝʨʠʤʝʥʪʫ ʩʪʘʥʦʚʠʣʦ t = 150 Áʉ. 

ɺ ʨʦʙʦʯʠʡ ʢʘʥʘʣ ʢʘʤʝʨʠ ʜʣʷ ʩʧʽʥʶʚʘʥʥʷ (ʨʠʩ 2.3), ʧʦʧʝʨʝʜʥʴʦ ʨʦʟʽʛʨʽʪʠʡ ʜʦ 

ʟʘʜʘʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ, ʧʦʤʽʱʘʣʠ ʥʘʚʘʞʢʫ ʟʨʘʟʢʘ (m = 4 ʛ), ʚʩʪʘʥʦʚʣʶʚʘʣʠ 

ʘʥʪʠʘʜʛʝʟʽʡʥʽ ʧʨʦʢʣʘʜʢʠ (7) ʽ ʧʦʪʽʤ ʰʪʦʢ (4) ʟ ʚʘʥʪʘʞʝʤ (5) ʜʣʷ ʩʪʚʦʨʝʥʥʷ 

ʥʝʦʙʭʽʜʥʦʛʦ ʪʠʩʢʫ. ʇʝʨʰʝ ʧʦʢʘʟʘʥʥʷ ʟʥʽʤʘʣʠ ʫ ʪʦʡ ʤʦʤʝʥʪ, ʢʦʣʠ ʰʪʦʢ 

ʧʝʨʝʩʪʘʚʘʚ ʦʧʫʩʢʘʪʠʩʷ ʽ ʫʱʽʣʴʥʶʚʘʪʠ ʤʘʪʝʨʽʘʣ. ʎʝʡ ʯʘʩ ʧʨʠʡʤʘʚʩʷ ʟʘ ʯʘʩ 

ʧʣʘʚʣʝʥʥʷ ʽ ʧʝʨʝʭʦʜʫ ʟʨʘʟʢʘ ʚ ʩʪʘʥ ʨʦʟʧʣʘʚʫ. ʇʽʩʣʷ ʟʥʷʪʪʷ ʧʝʨʰʦʛʦ ʟʥʘʯʝʥʥʷ, 

ʚʠʤʽʨʶʚʘʥʥʷ ʟʙʽʣʴʰʝʥʥʷ ʚʠʩʦʪʠ ʟʨʘʟʢʘ ʟ ʚʠʭʽʜʥʦʾ ʚʠʩʦʪʦʶ ʅ0 ʚʠʟʥʘʯʘʣʦʩʷ ʯʝʨʝʟ 

ʢʦʞʥʫ ʭʚʠʣʠʥʫ ʟʘ ʧʦʣʦʞʝʥʥʷʤ ʚʛʦʨʫ ʰʪʦʢʘ ʧʨʠ ʡʦʛʦ ʧʽʜʡʦʤʽ (æ ʅ), ʜʦ ʪʠʭ ʧʽʨ, 

ʧʦʢʠ ʰʪʦʢ ʥʝ ʧʝʨʝʩʪʘʚʘʚ ʨʫʭʘʪʠʩʷ ʚʛʦʨʫ ʽ ʟʫʧʠʥʷʚʩʷ, ʘʙʦ ʧʦʯʠʥʘʚ ʨʫʭʘʪʠʩʷ ʚ 

ʟʚʦʨʦʪʥʦʤʫ ʥʘʧʨʷʤʢʫ. ʇʽʩʣʷ ʟʘʢʽʥʯʝʥʥʷ ʩʧʽʥʶʚʘʥʥʷ ʚʽʜʢʨʠʚʘʣʠ ʟʘʛʣʫʰʢʫ (8) ʽ 

ʚʠʰʪʦʚʭʫʚʘʣʠ ʟʨʘʟʦʢ ʟ ʢʘʤʝʨʠ ʧʨʠʣʘʜʫ.  

ʇʽʩʣʷ ʟʘʢʽʥʯʝʥʥʷ ʩʧʽʥʶʚʘʥʥʷ ʚʠʜʘʣʷʣʠ ʟ ʧʨʠʣʘʜʫ ʟʘʣʠʰʢʠ ʤʘʪʝʨʽʘʣʫ. ʇʽʩʣʷ 

ʢʦʞʥʦʛʦ ʚʠʧʨʦʙʫʚʘʥʥʷ ʢʘʥʘʣ ʧʨʠʣʘʜʫ ʨʝʪʝʣʴʥʦ ʧʨʦʯʠʱʘʚʩʷ ʚ ʛʘʨʷʯʦʤʫ ʩʪʘʥʽ ʜʦ 

ʜʟʝʨʢʘʣʴʥʦʛʦ ʙʣʠʩʢʫ, ʘ ʩʘʤ ʧʦʨʰʝʥʴ ʚʠʪʷʛʫʚʘʚʩʷ ʽ ʦʯʠʱʘʚʩʷ ʚ ʛʘʨʷʯʦʤʫ ʩʪʘʥʽ 

ʪʢʘʥʠʥʦʶ, ʟʤʦʯʝʥʦʶ ʚ ʨʦʟʯʠʥʥʠʢʫ. 

ʄʣʠʥ ʣʘʙʦʨʘʪʦʨʥʠʡ ʃʄ-202 ʟ ʦʭʦʣʦʜʞʝʥʥʷʤ (ʧʦʟʠʮʽʷ 1, 3 ʥʘ ʨʠʩ. 2.2) 

ʧʨʠʟʥʘʯʝʥʦ ʜʣʷ ʧʦʜʨʽʙʥʝʥʥʷ ʪʘ ʟʤʽʰʫʚʘʥʥʷ ʚʩʽʭ ʢʦʤʧʦʥʝʥʪʽʚ ʜʣʷ ʩʧʽʥʶʚʘʥʥʷ 

ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʢʘʤôʷʥʦʚʫʛʽʣʴʥʦʛʦ ʧʝʢʫ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʟʘʚʘʥʪʘʞʫʚʘʣʴʥʦʛʦ 

ʙʫʥʢʝʨʫ ʦʙôʻʤʦʤ 100 ʤʣ ʤʘʪʝʨʽʘʣʠ ʟʘʛʨʫʞʘʣʠ ʫ ʨʦʙʦʯʫ ʢʘʤʝʨʫ ʢʽʣʴʢʽʩʪʶ ʚʽʜ 10 

ʜʦ 80 ʛ, ʜʝ ʚʦʥʠ ʧʦʜʨʽʙʥʶʚʘʣʠʩʷ ʜʦ ʟʘʜʘʥʠʭ ʨʦʟʤʽʨʽʚ (100 ï 200 ʤʢʤ) ʪʘ 

ʟʤʽʰʫʚʘʣʠʩʷ ʧʨʠ ʯʘʩʪʦʪʽ ʦʙʝʨʪʽʚ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʫ 17000 ʦʙ/ʭʚ ʪʘ ʩʧʦʞʠʚʘʥʦʾ 

ʧʦʪʫʞʥʦʩʪʽ 700 ɺʪ. 

ɺ ʷʢʦʩʪʽ ʢʘʤʝʨʠ ʜʣʷ ʩʧʽʥʶʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʧʨʠʣʘʜ ɯɯʈʊ-ɸʄ 

(ʨʠʩ. 2.3). ɼʣʷ ʮʴʦʛʦ ʫʩʪʘʥʦʚʢʫ ʙʫʣʦ ʧʝʨʝʦʙʣʘʜʥʘʥʦ ʚʽʜʧʦʚʽʜʥʠʤ ʯʠʥʦʤ.  
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ʂʘʤʝʨʘ (3) ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʮʠʣʽʥʜʨʠʯʥʠʡ ʢʘʥʘʣ (ʜʽʘʤʝʪʨ ï 9,55 ʤʤ, 

ʚʠʩʦʪʘ ï 152 ʤʤ), ʚ ʷʢʠʡ ʚʩʪʘʚʣʷʻʪʴʩʷ ʤʝʪʘʣʝʚʠʡ ʰʪʦʢ (4) (ʜʽʘʤʝʪʨ ï 9,475 ʤʤ). 

ɺ ʫʩʪʘʥʦʚʮʽ ʟʘʩʪʦʩʦʚʫʚʘʣʠ ʩʪʘʣʝʚʫ ʟʘʛʣʫʰʢʫ (8) ʪʘ  ʫʱʽʣʴʥʶʚʘʣʴʥʽ ʰʘʡʙʠ ʟ 

ʬʪʦʨʦʧʣʘʩʪʫ (7) ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʚʠʪʽʢʘʥʥʷ ʤʘʪʝʨʽʘʣʫ. ɽʢʩʪʨʫʟʽʡʥʘ ʢʘʤʝʨʘ 

ʦʙʽʛʨʽʚʘʣʘʩʷ ʧʽʜʽʛʨʽʚʘʯʝʤ ʜʦ ʟʘʜʘʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ 150 Áʉ (ʪʦʯʥʽʩʪʴ ʧʽʜʪʨʠʤʘʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʠ Ñ0,2, ʩʧʦʞʠʚʯʘ ʧʦʪʫʞʥʽʩʪʴ 550 ɺʪ). ʇʝʨʝʜ ʢʦʞʥʠʤ ʚʠʧʨʦʙʫʚʘʥʥʷʤ 

ʧʨʦʚʦʜʠʣʘʩʷ ʩʪʘʥʜʘʨʪʥʘ ʧʨʦʮʝʜʫʨʘ ʧʽʜʛʦʪʦʚʢʠ ʧʨʠʣʘʜʫ ʽ ʧʨʦʙʠ. ɿ ʮʽʻʶ ʤʝʪʦʶ 

ʧʨʠʣʘʜ ʚʩʪʘʥʦʚʣʶʚʘʚʩʷ ʟʘ ʨʽʚʥʝʤ, ʥʘʛʨʽʚʘʚʩʷ ʙʝʟ ʟʨʘʟʢʘ ʜʦ ʟʘʜʘʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ 

ʚʠʧʨʦʙʫʚʘʥʴ ʽ ʚʠʪʨʠʤʫʚʘʚʩʷ ʧʨʠ ʮʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʧʨʦʪʷʛʦʤ 15 ʭʚ. 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʩʧʽʥʶʚʘʥʥʷ ʭʘʨʘʢʪʝʨʠʟʫʚʘʣʠ ʚʝʣʠʯʠʥʦʶ ʢʨʘʪʥʦʩʪʽ 

ʩʧʽʥʶʚʘʥʥʷ ï ʂʩ (ʨʽʚʥʷʥʥʷ 2.1). ʊʘʢ ʷʢ ʚ ʧʨʠʣʘʜʽ ʧʦʧʝʨʝʯʥʠʡ ʧʝʨʝʨʽʟ ʟʨʘʟʢʘ ʥʝ 

ʟʤʽʥʶʻʪʴʩʷ (ʚʦʥʘ ʟʨʦʩʪʘʻ ʚ ʞʦʨʩʪʢʦʤʫ ʩʪʘʣʝʚʦʤʫ ʢʘʥʘʣʽ ʜʽʘʤʝʪʨʦʤ Dʢ), ʪʦ: 

 

ὑ̒
ὠ̒̐
ὠ

ЎὌ Ὄ

Ὄ

ЎὌ

Ὄ
ρȟ                                  ςȢς 

Vʩʧ ï ʦʙôʻʤ ʟʨʘʟʢʘ ʧʽʩʣʷ ʩʧʽʥʶʚʘʥʥʷ ʚ ʧʨʠʩʫʪʥʦʩʪʽ ʛʘʟʦʫʪʚʦʨʶʚʘʯʘ, ʤ3; 

V0 ï ʦʙôʻʤ ʟʨʘʟʢʘ ʧʽʩʣʷ ʧʦʚʥʦʛʦ ʨʦʟʧʣʘʚʣʝʥʥʷ, ʤ
3;  

H0 ï ʚʠʩʦʪʘ ʟʨʘʟʢʘ ʄʂʇ ʧʽʩʣʷ ʧʦʚʥʦʛʦ ʨʦʟʧʣʘʚʣʝʥʥʷ, ʤ;  

ɲʅ ï ʟʤʽʥʘ ʚʠʩʦʪʠ ʟʨʘʟʢʘ ʟʘ ʨʘʭʫʥʦʢ ʚʠʜʽʣʝʥʥʷ ʛʘʟʫ ʧʨʠ ʨʦʟʢʣʘʜʘʥʥʽ ʂɻʋ ʟʘ 

ʫʤʦʚ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʫ, ʤ. 

 

ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ, ʽʥʚʘʨʽʘʥʪʥʠʭ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʨʽʟʥʠʭ 

ʪʝʤʧʝʨʘʪʫʨ ʽ ʪʠʩʢʫ, ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʢʨʘʪʥʦʩʪʽ ʩʧʽʥʶʚʘʥʥʷ ʤʘʪʝʨʽʘʣʫ (ʂʩ) ʚʠʤʽʨʷʥʽ 

ʦʙ'ʻʤʠ ʛʘʟʽʚ, ʱʦ ʚʠʜʽʣʠʣʠʩʷ ʚ ʧʨʦʮʝʩʽ ʩʧʽʥʶʚʘʥʥʷ ʧʨʠʚʦʜʠʣʠʩʷ ʜʦ ʥʦʨʤʘʣʴʥʠʭ 

ʫʤʦʚ (0,1 ʄʇʘ ʽ 297 ʂ) (ʨʽʚʥʷʥʥʷ 2.3): 

 

˗̒Ј
ὠ ’

ὠ
ρ
ЎὌὝὖ

ὌὝὖ
ȟ                                       ςȢσ 

ɜ0 ï ʧʨʠʨʽʩʪ ʦʙ'ʻʤʫ ʟʨʘʟʢʘ ʟʘ ʨʘʭʫʥʦʢ ʚʠʜʽʣʝʥʥʷ ʛʘʟʫ ʧʨʠ ʨʦʟʢʣʘʜʘʥʥʽ ʂɻʋ, 

ʥʘʚʝʜʝʥʝ ʜʦ ʥ.ʫ., ʤ3; 
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H0 ï ʚʠʩʦʪʘ ʟʨʘʟʢʘ ʄʂʇ ʧʽʩʣʷ ʧʦʚʥʦʛʦ ʨʦʟʧʣʘʚʣʝʥʥʷ, ʤ; 

ɲʅ ï ʟʤʽʥʘ ʚʠʩʦʪʠ ʟʨʘʟʢʘ ʟʘ ʨʘʭʫʥʦʢ ʚʠʜʽʣʝʥʥʷ ʛʘʟʫ ʧʨʠ ʨʦʟʢʣʘʜʘʥʥʽ ʂɻʋ ʟʘ 

ʫʤʦʚ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʫ, ʤ; 

ʊ0 = 297 ʂ; 

ʈ0 = 0,1 ʄʇʘ; 

ʈ ï ʪʠʩʢ ʚ ʨʦʙʦʯʽʡ ʢʘʤʝʨʽ, ʄʇʘ; 

ʊ ï ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʨʦʙʦʯʽʡ ʢʘʤʝʨʽ, ʂ. 

 

ʊʠʩʢ ʚ ʨʦʙʦʯʽʡ ʢʘʤʝʨʽ (ʈ, ʅ/ʤ2) ʚʠʟʥʘʯʘʣʠ ʟʘ ʬʦʨʤʫʣʦʶ: 

˝ ˝
˙

Ὓ
ȟ                                             ςȢτ 

S ï ʧʦʧʝʨʝʯʥʠʡ ʧʝʨʝʨʽʟ ʨʦʙʦʯʦʾ ʮʠʣʽʥʜʨʠʯʥʦʾ ʢʘʤʝʨʠ ʧʨʠʣʘʜʫ ɯɯʈʊ -ɸʄ, ʤ2; 

ʄ ï ʚʘʛʘ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʅ. 

 

 2.4 ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ 

ʢʘʤôʷʥʦʚʫʛʽʣʴʥʦʛʦ ʧʝʢʫ ʽ ʦʪʨʠʤʘʥʠʭ ʥʘ ʡʦʛʦ ʦʩʥʦʚʽ ʪʚʝʨʜʠʭ ʧʽʥ 

1) ɯʥʬʨʘʯʝʨʚʦʥʘ ʩʧʝʢʪʨʦʩʢʦʧʽʷ.  

ʄʝʪʦʜ ɯʥʬʨʘʯʝʨʚʦʥʦʾ ʩʧʝʢʪʨʦʩʢʦʧʽʾ (ɯʏʉ) ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʦʩʥʦʚʥʽ ʟʤʽʥʠ 

ʭʽʤʽʯʥʠʭ ʟʚôʷʟʢʽʚ ʽ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʛʨʫʧ, ʱʦ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʧʨʠ ʩʧʽʥʶʚʘʥʥʽ 

ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʢʘʤôʷʥʦʚʫʛʽʣʴʥʦʛʦ ʧʝʢʫ. ʄʝʪʦʜ ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʧʦʛʣʠʥʘʥʥʽ 

ʨʝʯʦʚʠʥʦʶ ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʫʜʞʝʥʥʷ 

ʢʦʣʠʚʘʣʴʥʠʭ ʨʫʭʽʚ ʤʦʣʝʢʫʣ ʘʙʦ ʾʭ ʦʢʨʝʤʠʭ ʬʨʘʛʤʝʥʪʽʚ [80-84].   

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠʩʷ ʥʘ ʌʫʨôʻ-ɯʏ-ʩʧʝʢʪʨʦʤʝʪʨʽ 

ʤʘʨʢʠ Nicolet iZ10 Spectrometer ʚ ʜʽʘʧʘʟʦʥʽ 500-4500 ʩʤ-1. çɯʏ-ʌʫʨ'ʻ 

ʩʧʝʢʪʨʦʩʢʦʧʽʷè ʚʠʥʠʢʣʘ ʟ ʧʦʷʚʦʶ ʥʦʚʦʛʦ ʧʦʢʦʣʽʥʥʷ ʧʨʠʣʘʜʽʚ, ʚ ʦʩʥʦʚʽ ʦʧʪʠʯʥʦʾ 

ʩʭʝʤʠ ʷʢʠʭ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʨʽʟʥʦʛʦ ʪʠʧʫ ʽʥʪʝʨʬʝʨʦʤʝʪʨʠ.  

2) ʊʝʨʤʦʛʨʘʚʽʤʝʪʨʽʷ. 

ʊʝʨʤʦʛʨʘʚʽʤʝʪʨʽʷ (ʊɻ) ï ʤʝʪʦʜ ʪʝʨʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ, ʧʨʠ ʷʢʦʤʫ ʨʝʻʩʪʨʫʻʪʴʩʷ 

ʟʤʽʥʘ ʤʘʩʠ ʟʨʘʟʢʘ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ. ʄʝʪʦʜ ʝʬʝʢʪʠʚʥʠʡ ʟʘ ʫʤʦʚʠ, ʱʦ 
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ʟʨʘʟʦʢ ʚʠʜʽʣʷʻ ʣʝʪʢʽ ʨʝʯʦʚʠʥʠ ʚ ʨʝʟʫʣʴʪʘʪʽ ʬʽʟʠʯʥʠʭ ʘʙʦ ʭʽʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʚ 

ʥʴʦʤʫ [85]. 

ʊʝʨʤʦʛʨʘʚʽʤʝʪʨʠʯʥʠʡ ʘʥʘʣʽʟ ʚʠʭʽʜʥʠʭ ʩʫʤʽʰʝʡ ʧʝʢʫ, ʇɺʍ ʪʘ ɸɼʂɸ ʙʫʣʦ 

ʚʠʢʦʥʘʥʦ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʽʥʪʝʥʩʠʚʥʦʛʦ ʛʘʟʦʚʠʜʽʣʝʥʥʷ ʪʘ ʦʮʽʥʢʠ 

ʪʝʨʤʦʭʽʤʽʯʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʫ ʢʦʤʧʦʟʠʮʽʷʭ ʤʦʜʠʬʽʢʦʚʘʥʠʡ ʧʝʢ-ʛʘʟʦʫʪʚʦʨʶʚʘʯ. 

ʊʝʨʤʽʯʥʠʡ ʘʥʘʣʽʟ ʧʨʦʚʦʜʠʚʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ Netzsch TG 409 PC Luxx ʫ 

ʜʠʥʘʤʽʯʥʦʤʫ ʨʝʞʠʤʽ ʥʘʛʨʽʚʘʥʥʷ ʜʦ 600 Áʉ ʫ ʪʦʮʽ ʘʟʦʪʫ (80 ʤʣ/ʭʚ) ʟʽ ʰʚʠʜʢʽʩʪʶ 

ʧʽʜʡʦʤʫ ʪʝʤʧʝʨʘʪʫʨʠ ʧʝʯʽ 10 Áʉ/ʭʚ. 

3) ʈʝʥʪʛʝʥʽʚʩʴʢʠʡ ʩʪʨʫʢʪʫʨʥʠʡ ʘʥʘʣʽʟ 

ʈʝʥʪʛʝʥʽʚʩʴʢʠʡ ʩʪʨʫʢʪʫʨʥʠʡ ʘʥʘʣʽʟ (ʈʉɸ) ï ʮʝ ʤʝʪʦʜ ʜʦʩʣʽʜʞʝʥʥʷ 

ʩʪʨʫʢʪʫʨʠ ʨʝʯʦʚʠʥʠ ʧʦ ʨʦʟʧʦʜʽʣʫ ʚ ʧʨʦʩʪʦʨʽ ʪʘ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʨʦʟʩʽʷʥʦʛʦ ʥʘ 

ʘʥʘʣʽʟʦʚʘʥʦʤʫ ʦʙ'ʻʢʪʽ ʨʝʥʪʛʝʥʽʚʩʴʢʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ɺ ʡʦʛʦ ʦʩʥʦʚʽ ʣʝʞʠʪʴ 

ʚʟʘʻʤʦʜʽʷ ʨʝʥʪʛʝʥʽʚʩʴʢʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟ ʝʣʝʢʪʨʦʥʘʤʠ ʨʝʯʦʚʠʥʠ, ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʷʢʦʛʦ ʚʠʥʠʢʘʻ ʜʠʬʨʘʢʮʽʷ ʨʝʥʪʛʝʥʽʚʩʴʢʠʭ ʧʨʦʤʝʥʽʚ [86, 87]. 

ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʠʡ ʘʥʘʣʽʟ ʜʦʟʚʦʣʷʻ ʚʠʷʚʠʪʠ ʭʘʨʘʢʪʝʨ ʩʪʨʫʢʪʫʨʥʠʭ 

ʬʨʘʛʤʝʥʪʽʚ ʟʨʘʟʢʽʚ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʢʘʤôʷʥʦʚʫʛʽʣʴʥʦʛʦ ʧʝʢʫ. ʄʘʢʩʠʤʫʤʠ 

ʽʥʪʝʨʬʝʨʝʥʮʽʾ ʥʘ ʨʝʥʪʛʝʥʦʛʨʘʤʘʭ ʢʘʤ'ʷʥʦʚʫʛʽʣʴʥʠʭ ʧʝʢʽʚ (ʤʽʩʮʝ ʨʦʟʪʘʰʫʚʘʥʥʷ, 

ʰʠʨʠʥʘ, ʽʥʪʝʥʩʠʚʥʽʩʪʴ), ʘ ʪʘʢʦʞ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʬʦʥʫ ʥʝʢʦʛʝʨʝʥʪʥʦʛʦ 

ʨʦʟʩʽʶʚʘʥʥʷ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʝʛʫʣʷʨʥʦʾ ʯʘʩʪʠʥʠ (ʷʜʨʘ 

ʝʣʝʤʝʥʪʘʨʥʠʭ ʩʪʨʫʢʪʫʨʥʠʭ ʦʜʠʥʠʮʴ) ʽ ʥʝʨʝʛʫʣʷʨʥʦʾ ʯʘʩʪʠʥʠ (ʙʽʯʥʠʭ ʨʘʜʠʢʘʣʽʚ). 

ɿʘ ʜʦʧʦʤʦʛʦʶ ɔ-ʩʤʫʛʠ ʭʘʨʘʢʪʝʨʠʟʫʚʘʣʠ ʜʦʚʞʠʥʫ ʽ ʨʦʟʛʘʣʫʞʝʥʽʩʪʴ ʙʽʯʥʠʭ 

ʣʘʥʮʶʛʽʚ. 

ʈʝʥʪʛʝʥʽʚʩʴʢʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʟʨʘʟʢʘʭ ʧʦʨʦʰʢʽʚ 

ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʧʝʢʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʠʬʨʘʢʪʦʤʝʪʨʘ PANanalytical XËPert PRO ʫ 

ʤʽʜʥʦʤʫ ʚʠʧʨʦʤʽʥʶʚʘʥʥʽ, ʱʦ ʛʝʥʝʨʫʻʪʴʩʷ ʧʨʠ 45 ʢɺ ʪʘ 40 ʤɸ. ʉʪʨʫʢʪʫʨʥʽ 

ʧʘʨʘʤʝʪʨʠ ʧʨʦʙ ʚʠʟʥʘʯʘʣʠʩʷ ʟʘ ʜʠʬʨʘʢʮʽʡʥʠʤʠ ʧʨʦʬʽʣʷʤʠ (002) ʽ (100) [5].  

4) ʆʧʪʠʯʥʘ ʪʘ ʩʢʘʥʫʶʯʘ ʝʣʝʢʪʨʦʥʥʘ ʤʽʢʨʦʩʢʦʧʽʷ. 

ɼʣʷ ʚʠʚʯʝʥʥʷ ʤʦʨʬʦʣʦʛʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʪʨʠʤʘʥʠʭ ʟʨʘʟʢʽʚ ʪʚʝʨʜʠʭ ʧʽʥ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʩʢʘʥʫʶʯʫ ʝʣʝʢʪʨʦʥʥʫ ʤʽʢʨʦʩʢʦʧʽʶ. 
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ʉɽʄ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʧʨʠʨʦʜʫ ʦʙ'ʻʢʪʘ ï 

ʬʦʨʤʫ, ʩʢʣʘʜ, ʢʨʠʩʪʘʣʽʯʥʫ ʩʪʨʫʢʪʫʨʫ, ʝʣʝʢʪʨʦʥʥʫ ʩʪʨʫʢʪʫʨʫ ʪʘ ʽʥ. ɯʥʬʦʨʤʘʮʽʷ, 

ʦʪʨʠʤʘʥʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʢʘʥʫʶʯʦʛʦ ʝʣʝʢʪʨʦʥʥʦʛʦ ʤʽʢʨʦʩʢʦʧʘ, ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʧʦʣʦʞʝʥʴ ʧʫʯʢʘ ʽ ʚʽʜʧʦʚʽʜʥʦʛʦ ʥʘʙʦʨʫ ʽʥʪʝʥʩʠʚʥʦʩʪʝʡ ʩʠʛʥʘʣʽʚ ʚʽʜ ʢʦʞʥʦʛʦ ʟ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʜʝʪʝʢʪʦʨʽʚ [90].  

ʋ ʨʦʙʦʪʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʩʢʘʥʫʶʯʠʡ ʝʣʝʢʪʨʦʥʥʠʡ ʤʽʢʨʦʩʢʦʧ ʤʘʨʢʠ 

VEGA3 SB. ɼʘʥʠʡ ʧʨʠʣʘʜ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʜʦʩʣʽʜʞʝʥʴ ʷʢ ʧʽʜ ʚʠʩʦʢʠʤ, ʪʘʢ ʽ ʧʽʜ 

ʥʠʟʴʢʠʤ ʚʘʢʫʫʤʦʤ. ʄʽʢʨʦʩʢʦʧ ʤʘʻ ʢʣʘʩʠʯʥʠʡ ʚʦʣʴʬʨʘʤʦʚʠʡ ʪʝʨʤʦʢʘʪʦʜ ʪʘ 

ʧʨʝʜʤʝʪʥʫ ʢʘʤʝʨʫ SB ʟ ʤʘʢʩʠʤʘʣʴʥʦʶ ʚʠʩʦʪʦʶ ʟʨʘʟʢʘ 36 ʤʤ.  

ʊʘʢʦʞ ʟʦʙʨʘʞʝʥʥʷ ʧʦʚʝʨʭʥʽ ʚʫʛʣʝʮʝʚʠʭ ʧʽʥ ʙʫʣʦ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʦʧʪʠʯʥʦʛʦ ʤʽʢʨʦʩʢʦʧʘ. ʇʝʨʝʚʘʛʦʶ ʮʴʦʛʦ ʧʨʠʣʘʜʫ ʻ ʚʠʩʦʢʘ ʰʚʠʜʢʽʩʪʴ 

ʪʘ ʧʨʦʩʪʦʪʘ ʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʨʠ ʦʪʨʠʤʘʥʥʽ ʟʙʽʣʴʰʝʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʤʘʪʝʨʽʘʣʫ. ʋ 

ʜʘʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʤʽʢʨʦʩʢʦʧ ʤʘʨʢʠ Bresser LCD, ʷʢʠʡ 

ʧʨʘʮʶʻ ʷʢ ʫ ʧʨʦʭʽʜʥʦʤʫ ʩʚʽʪʣʽ, ʪʘʢ ʽ ʫ ʚʽʜʙʠʪʦʤʫ. ɼʦʩʣʽʜʞʫʚʘʥʠʡ ʤʘʪʝʨʽʘʣ 

ʧʽʜʩʚʽʯʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʚʽʪʣʦʜʽʦʜʽʚ. ɿʦʙʨʘʞʝʥʥʷ ʚʠʚʦʜʠʣʠʩʴ ʙʝʟʧʦʩʝʨʝʜʥʴʦ 

ʥʘ ɾʂ-ʜʠʩʧʣʝʡ ʘʙʦ ʥʘ ʝʢʨʘʥ ʢʦʤʧôʶʪʝʨʫ ʟʘ ʜʦʧʦʤʦʛʦʶ USB-ʢʘʙʝʣʷ [91].  

5) ʇʦʢʘʟʥʠʢ ʧʣʠʥʥʦʩʪʽ ʨʦʟʧʣʘʚʫ. 

ɽʢʩʧʝʨʠʤʝʥʪ ʟ ʚʠʟʥʘʯʝʥʥʷ ʇʇʈ ʨʦʟʧʣʘʚʫ ʧʨʦʚʦʜʠʣʠ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟʽ 

ʩʪʘʥʜʘʨʪʦʤ ISO 1133, ɻʆʉʊ 11645.  

ɼʣʷ ʚʠʧʨʦʙʫʚʘʥʥʷ ʟʘʩʪʦʩʦʚʫʚʘʣʠ ʤʘʪʝʨʽʘʣ ʫ ʚʠʛʣʷʜʽ ʧʦʨʦʰʢʫ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʻ ʡʦʛʦ ʚʚʝʜʝʥʥʷ ʚ ʦʪʚʽʨ ʝʢʩʪʨʫʟʽʡʥʦʾ ʢʘʤʝʨʠ ʧʨʠʣʘʜʫ ɯɯʈʊ-ɸʄ 

(ɻʆʉʊ 11645-73). 

ɿʘ ʪʝʤʧʝʨʘʪʫʨʫ ʚʠʧʨʦʙʦʚʫʚʘʥʥʷ ʧʨʠʡʤʘʣʠ ʪʝʤʧʝʨʘʪʫʨʫ ʧʝʢʦʢʦʤʧʦʟʠʪʫ ʚ 

ʝʢʩʪʨʫʟʽʡʥʽʡ ʢʘʤʝʨʽ ʥʘ ʚʽʜʩʪʘʥʽ 10 ʤʤ ʚʽʜ ʚʝʨʭʥʴʦʾ ʧʦʚʝʨʭʥʽ ʢʘʧʽʣʷʨʘ. ʋʤʦʚʠ 

ʚʠʧʨʦʙʦʚʫʚʘʥʥʷ ʦʙʠʨʘʣʠʩʷ ʦʧʪʠʤʘʣʴʥʽ, ʱʦʙ ʤʘʪʝʨʽʘʣ ʥʘ ʚʠʭʦʜʽ ʟ ʢʘʧʽʣʷʨʫ 

ʢʘʤʝʨʠ ʙʫʚ ʦʜʥʦʨʽʜʥʠʤ. 

ɺʠʧʨʦʙʦʚʫʚʘʥʥʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʧʣʠʥʥʦʩʪʽ ʩʫʤʽʰʽ ʄʂʇ 

ʧʨʦʚʦʜʠʣʠ ʥʘ ʫʩʪʘʥʦʚʮʽ ɯɯʈʊ-ɸʄ (ʨʠʩ. 2.4), ʷʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʝʢʩʪʨʫʟʽʡʥʦʾ 

ʢʘʤʝʨʠ (3), ʧʦʨʰʥʷ (2), ʢʘʧʽʣʷʨʘ (7) ʽ ʜʦʜʘʪʢʦʚʦʛʦ ʚʘʥʪʘʞʫ (1). 
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ɽʢʩʪʨʫʟʽʡʥʘ ʢʘʤʝʨʘ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʮʠʣʽʥʜʨʠʯʥʠʡ ʢʘʥʘʣ (ʜʽʘʤʝʪʨ ï 

9,55 ʤʤ, ʚʠʩʦʪʘ ï 152 ʤʤ), ʚ ʷʢʠʡ ʚʩʪʘʚʣʷʻʪʴʩʷ ʤʝʪʘʣʝʚʠʡ ʰʪʦʢ (ʜʽʘʤʝʪʨ ï 

9,475 ʤʤ). ɺ ʫʩʪʘʥʦʚʮʽ ʟʘʩʪʦʩʦʚʫʚʘʣʠ ʩʪʘʥʜʘʨʪʥʠʡ ʢʘʧʽʣʷʨ ʽʟ ʟʘʛʘʨʪʦʚʘʥʦʾ ʩʪʘʣʽ 

(ʜʽʘʤʝʪʨ ï 2,095 ʤʤ, ʚʠʩʦʪʘ ï 8 ʤʤ). 

ʋʩʪʘʥʦʚʢʫ ʚʩʪʘʥʦʚʣʶʚʘʣʠ ʧʦ ʨʽʚʥʶ, ʥʘʛʨʽʚʘʣʠ ʙʝʟ ʤʘʪʝʨʽʘʣʫ ʜʦ ʚʽʜʧʦʚʽʜʥʦʾ 

ʪʝʤʧʝʨʘʪʫʨʠ ʚʠʧʨʦʙʦʚʫʚʘʥʥʷ ʪʘ ʚʠʪʨʠʤʫʚʘʣʠ ʾʾ ʧʨʠ ʮʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʧʨʦʪʷʛʦʤ 

15 ʭʚʠʣʠʥ. 

     

ʈʠʩʫʥʦʢ 2.4 ï ʋʩʪʘʥʦʚʢʘ ɯɯʈʊ-ɸʄ: 1 ï ʚʘʥʪʘʞ, 2 ï ʧʦʨʰʝʥʴ, 3 ï ʝʢʩʪʨʫʟʽʡʥʘ 

ʢʘʤʝʨʘ,  4 - ʝʣʝʢʪʨʠʯʥʠʡ ʦʙʽʛʨʽʚ ʢʘʤʝʨʠ, 5 ï ʨʦʙʦʯʠʡ ʢʘʥʘʣ, 6 - ʟʨʘʟʦʢ 

ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, 7 -  ʢʘʧʽʣʷʨ 

 

ɺ ʝʢʩʪʨʫʟʽʡʥʫ ʢʘʤʝʨʫ ʟʘʚʘʥʪʘʞʫʚʘʣʠ ʤʘʪʝʨʽʘʣ ʤʘʩʦʶ 4 ʛ ʪʘ ʫʱʽʣʴʥʶʚʘʣʠ 

ʡʦʛʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʦʨʰʥʶ. ɺ ʢʘʤʝʨʫ ʚʩʪʘʥʦʚʣʶʚʘʣʠ ʧʦʨʰʝʥʴ ʪʘ ʧʦʤʽʱʘʣʠ ʥʘ 

ʚʪʫʣʢʫ ʜʦʜʘʪʢʦʚʝ ʥʘʚʘʥʪʘʞʝʥʥʷ. ʏʘʩ ʧʦʧʝʨʝʜʥʴʦʛʦ ʧʽʜʽʛʨʽʚʫ ʤʘʪʝʨʽʘʣʫ ʧʦʚʠʥʝʥ 

ʙʫʪʠ ʥʝ ʤʝʥʰ 4 ʭʚʠʣʠʥ. 

ʗʢ ʪʽʣʴʢʠ ʥʠʞʥʷ ʚʽʜʤʽʪʢʘ ʰʪʦʢʘ ʧʦʨʰʥʷ ʦʧʫʩʢʘʣʘʩʷ ʜʦ ʚʝʨʭʥʴʦʾ ʢʨʦʤʢʠ 

ʝʢʩʪʨʫʟʽʡʥʦʾ ʢʘʤʝʨʠ, ʚʝʩʴ ʝʢʩʪʨʫʜʦʚʘʥʠʡ ʤʘʪʝʨʽʘʣ ʟʨʽʟʘʣʠ ʪʘ ʚ ʨʦʟʨʘʭʫʥʦʢ ʥʝ 

ʧʨʠʡʤʘʣʠ. ɺʠʤʽʨʶʚʘʥʥʷ ʧʦʢʘʟʥʠʢʘ ʧʣʠʥʥʦʩʪʽ ʨʦʟʧʣʘʚʫ ʧʨʦʚʦʜʠʣʠ ʜʦ ʪʦʛʦ, ʧʦʢʠ 

ʚʝʨʭʥʷ ʤʽʪʢʘ ʥʘ ʧʦʨʰʥʽ ʥʝ ʦʧʫʩʢʘʣʘʩʷ ʜʦ ʚʝʨʭʥʴʦʾ ʢʨʦʤʢʠ ʝʢʩʪʨʫʟʽʡʥʦʾ ʢʘʤʝʨʠ. 



49 
 

ʇʽʩʣʷ ʦʭʦʣʦʜʞʝʥʥʷ ʦʪʨʠʤʘʥʽ ʚʽʜʨʽʟʢʠ ʟʚʘʞʫʚʘʣʠ ʢʦʞʥʠʡ ʚ ʦʢʨʝʤʦʩʪʽ ʟ ʪʦʯʥʽʩʪʶ 

0,001 ʛ. ʄʘʩʘ ʚʽʜʨʽʟʢʫ ʚʠʟʥʘʯʘʣʘʩʷ ʷʢ ʩʝʨʝʜʥʻ ʘʨʠʬʤʝʪʠʯʥʝ ʨʝʟʫʣʴʪʘʪʽʚ 

ʟʚʘʞʫʚʘʥʥʷ ʷʢ ʤʽʥʽʤʫʤ 3-ʭ ʚʽʜʨʽʟʢʽʚ. 

ʇʽʩʣʷ ʟʘʢʽʥʯʝʥʥʷ ʚʠʤʽʨʶʚʘʥʴ ʟʚʽʣʴʥʷʣʠ ʢʘʧʽʣʷʨ ʪʘ ʚʠʜʘʣʷʣʠ ʟ ʫʩʪʘʥʦʚʢʠ 

ʟʘʣʠʰʢʠ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʢʘʤôʷʥʦʚʫʛʽʣʴʥʦʛʦ ʧʝʢʫ. 

ɿʥʘʯʝʥʥʷ ʇʇʈ (ʛ/10 ʭʚ.) ʨʦʟʨʘʭʦʚʫʚʘʣʠ ʟʘ ʬʦʨʤʫʣʦʶ:  

 

˜˜˝˟ȟ̋
ὸϽά

†
ȟ                                                       ςȢυ 

ʊ ï ʪʝʤʧʝʨʘʪʫʨʘ ʚʠʧʨʦʙʦʚʫʚʘʥʥʷ, ʂ;  

ʈ ï ʥʘʚʘʥʪʘʞʝʥʥʷ, ʢʛ;  

t ï ʩʪʘʥʜʘʨʪʥʠʡ ʯʘʩ, 10 ʭʚ.;  

mʩ ï ʩʝʨʝʜʥʷ ʤʘʩʘ ʝʢʩʪʨʫʜʦʚʘʥʠʭ ʚʽʜʨʽʟʢʽʚ, ʛ;  

Ű ï ʽʥʪʝʨʚʘʣ ʯʘʩʫ ʤʽʞ ʜʚʦʤʘ ʧʦʩʣʽʜʦʚʥʠʤʠ ʚʽʜʩʽʯʝʥʥʷʤʠ ʚʽʜʨʽʟʢʽʚ, ʭʚ. 

 

6) ɺʠʟʥʘʯʝʥʥʷ ʚʦʜʦʧʦʛʣʠʥʘʥʥʷ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʟ ʚʠʟʥʘʯʝʥʥʷ ʚʦʜʦʧʦʛʣʠʥʘʥʥʷ ʟʨʘʟʢʽʚ ʪʚʝʨʜʦʾ ʧʽʥʠ ʥʘ ʦʩʥʦʚʽ 

ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʢʘʤô̫ ʥʦʚʫʛʽʣʴʥʦʛʦ ʧʝʢʫ ʧʨʦʚʦʜʠʣʠ ʟʛʽʜʥʦ ʟ ɻʆʉʊʦʤ 17177-94. 

ʉʫʪʴ ʤʝʪʦʜʫ ʧʦʣʷʛʘʻ ʫ ʚʠʤʽʨʶʚʘʥʥʽ ʤʘʩʠ ʚʦʜʠ, ʧʦʛʣʠʥʝʥʦʾ ʟʨʘʟʢʦʤ ʩʫʭʦʛʦ 

ʤʘʪʝʨʽʘʣʫ ʧʨʠ ʧʦʚʥʦʤʫ ʟʘʥʫʨʝʥʥʽ ʫ ʚʦʜʫ ʧʨʦʪʷʛʦʤ ʟʘʜʘʥʦʛʦ ʯʘʩʫ. ɼʣʷ 

ʚʠʤʽʨʶʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʮʠʣʽʥʜʨʠʯʥʠʡ ʟʨʘʟʦʢ ʨʦʟʤʽʨʦʤ d = 17 ʤʤ, h = 

17 ʤʤ. ɿʨʘʟʢʠ ʟʘʥʫʨʶʚʘʣʠ ʥʘ 24 ʛʦʜ. ʚ ʧʦʩʫʜʠʥʫ ʟ ʚʦʜʦʶ, ʱʦ ʤʘʻ ʪʝʤʧʝʨʘʪʫʨʫ 

20 Ñ 5 Áʉ, ʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʘʥʪʘʞʫ ʟʘʙʝʟʧʝʯʫʚʘʣʠ ʾʭ ʧʦʚʥʝ ʟʘʥʫʨʝʥʥʷ ʫ ʚʦʜʫ. 

ɺʠʡʥʷʪʽ ʟ ʧʦʩʫʜʠʥʠ ʟʨʘʟʢʠ ʧʨʦʪʠʨʘʣʠ ʬʽʣʴʪʨʫʚʘʣʴʥʠʤ ʧʘʧʝʨʦʤ ʽ ʟʚʘʞʫʚʘʣʠ ʟ 

ʪʦʯʥʽʩʪʶ ʜʦ 0,01 ʛ. 

ɺʦʜʦʧʦʛʣʠʥʘʥʥʷ ʧʨʠ ʧʦʚʥʦʤʫ ʟʘʥʫʨʝʥʥʽ ʟʨʘʟʢʘ Wʧ ʫ ʚʽʜʩʦʪʢʘʭ ʧʦ ʤʘʩʽ 

ʨʦʟʨʘʭʦʚʫʚʘʣʠ ʟʘ ʬʦʨʤʫʣʦʶ: 

ὡ̐
ά ά

ά
Ͻρππȟ                                               ςȢφ 

m1 - ʤʘʩʘ ʟʨʘʟʢʘ ʧʽʩʣʷ ʥʘʩʠʯʝʥʥʷ ʚʦʜʦʶ, ʛ; 
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m2 - ʤʘʩʘ ʟʨʘʟʢʘ, ʧʦʧʝʨʝʜʥʴʦ ʚʠʩʫʰʝʥʦʛʦ ʜʦ ʧʦʩʪʽʡʥʦʾ ʤʘʩʠ, ʛ; 

 

7) ɺʠʟʥʘʯʝʥʥʷ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ.  

ɼʦʩʣʽʜʞʝʥʥʷ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʟʨʘʟʢʽʚ ʪʚʝʨʜʦʾ ʧʽʥʠ ʥʘ ʦʩʥʦʚʽ 

ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʢʘʤô̫ ʥʦʚʫʛʽʣʴʥʦʛʦ ʧʝʢʫ ʚʠʟʥʘʯʘʣʠ ʤʝʪʦʜʦʤ ʜʞʝʨʝʣʘ 

ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʧʝʨʝʭʽʜʥʠʭ ʧʣʦʱʠʥ (MTPS) (ISO 22007-2:2008(E) ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʧʨʠʣʘʜʫ C-Therm Tʉi.  

ʇʨʠʥʮʠʧ ʜʽʾ ʧʦʣʷʛʘʻ ʫ ʟʘʩʪʦʩʫʚʘʥʥʽ ʧʨʠʩʪʨʦʶ ʟ ʦʜʥʦʩʪʦʨʦʥʥʽʤ ʤʽʞʬʘʟʥʠʤ 

ʜʘʪʯʠʢʦʤ ʚʽʜʙʠʪʪʷ ʪʝʧʣʘ. ʊʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ ʟʨʘʟʢʘ ʧʽʥʠ (ɚ) ʚʠʤʽʨʶʚʘʣʘʩʴ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ. 

8) ɺʠʟʥʘʯʝʥʥʷ ʤʽʮʥʦʩʪʽ ʥʘ ʩʪʠʩʢʘʥʥʷ.  

ɼʦʩʣʽʜʞʝʥʥʷ ʤʽʮʥʦʩʪʽ ʥʘ ʩʪʠʩʢʘʥʥʷ ʧʨʠ 10-% ʣʽʥʽʡʥʽʡ ʜʝʬʦʨʤʘʮʽʾ ʟʨʘʟʢʽʚ 

ʪʚʝʨʜʦʾ ʧʽʥʠ ʥʘ ʦʩʥʦʚʽ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʢʘʤô̫ ʥʦʚʫʛʽʣʴʥʦʛʦ ʧʝʢʫ ʚʠʟʥʘʯʘʣʠ ʟʛʽʜʥʦ  

ʟ ɻʆʉʊʦʤ 17177-94. 

ʉʫʪʴ ʤʝʪʦʜʫ ʧʦʣʷʛʘʻ ʫ ʚʠʤʽʨʶʚʘʥʥʽ ʟʥʘʯʝʥʥʷ ʟʫʩʠʣʴ, ʱʦ ʩʪʠʩʢʘʶʪʴ ʽ 

ʚʠʢʣʠʢʘʶʪʴ ʜʝʬʦʨʤʘʮʽʶ ʟʨʘʟʢʘ ʧʦ ʪʦʚʱʠʥʽ ʥʘ 10 % ʧʨʠ ʚʽʜʧʦʚʽʜʥʠʭ ʫʤʦʚʘʭ 

ʚʠʧʨʦʙʫʚʘʥʥʷ. ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʚʠʧʨʦʙʫʚʘʥʥʷ ʟʨʘʟʦʢ ʧʦʤʽʱʘʣʠ ʚ ʤʘʰʠʥʫ 

(ʰʚʠʜʢʽʩʪʴ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟʨʘʟʢʘ 1 ʤʤ/ʭʚ) ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʩʪʠʩʢʘʶʯʝ ʟʫʩʠʣʣʷ 

ʜʽʷʣʦ ʧʦ ʚʝʨʪʠʢʘʣʴʥʽʡ ʦʩʽ ʟʨʘʟʢʘ, ʽ ʚʠʤʽʨʷʣʠ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʧʨʠ ʷʢʦʤʫ ʟʨʘʟʦʢ 

ʫʱʽʣʴʥʠʚʩʷ (ʜʝʬʦʨʤʫʚʘʚʩʷ) ʥʘ 10 %. 

ʄʽʮʥʽʩʪʴ ʥʘ ʩʪʠʩʢʘʥʥʷ ʧʨʠ 10% ʣʽʥʽʡʥʽʡ ʜʝʬʦʨʤʘʮʽʾ (ů10, ʢʛʩ/ʩʤ
2)   

ʦʙʯʠʩʣʶʚʘʣʠ ʟʘ ʬʦʨʤʫʣʦʶ: 

„
ὖ

“Ͻὶ
ȟ                                                          ςȢχ 

P ï ʟʫʩʠʣʣʷ ʧʨʠ 10% ʣʽʥʽʡʥʽʡ ʜʝʬʦʨʤʘʮʽʾ, ʅ (ʢʛʩ); 

r ï ʨʘʜʽʫʩ ʟʨʘʟʢʘ, ʩʤ. 
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ʋ ʨʦʟʜʽʣʽ ʦʧʠʩʘʥʦ ʤʝʪʦʜʠʢʫ ʤʦʜʠʬʽʢʘʮʽʾ ʢʘʤô̫ ʥʦʚʫʛʽʣʴʥʦʛʦ ʧʝʢʫ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʧʦʣʷʨʥʠʭ ʧʦʣʽʤʝʨʽʚ (ʧʦʣʽʚʽʥʽʣʭʣʦʨʠʜ ̔ ʧʦʣʽʤʝʪʠʣʤʝʪʘʢʨʠʣʘʪ), ʦʙʨʘʥʫ 

ʥʘ ʧʽʜʩʪʘʚʽ ʘʥʘʣʽʟʫ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʘʥʠʭ.  

ʈʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜʠʢʠ ʩʧʽʥʶʚʘʥʥʷ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʢʘʤô̫ ʥʦʚʫʛʽʣʴʥʦʛʦ ʧʝʢʫ 

ʧʽʜ ʘʪʤʦʩʬʝʨʥʠʤ ʪʠʩʢʦʤ (ʚʽʣʴʥʝ ʩʧʽʥʶʚʘʥʥʷ) ʪʘ ʧʽʜ ʪʠʩʢʦʤ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʭʽʤʽʯʥʦʛʦ ʛʘʟʦʫʪʚʦʨʶʚʘʯʘ. ɼʣʷ ʩʧʽʥʶʚʘʥʥʷ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʧʝʢʫ ʧʽʜ 

ʘʪʤʦʩʬʝʨʥʠʤ ʪʠʩʢʦʤ (ʚʽʣʴʥʝ ʩʧʽʥʶʚʘʥʥʷ) ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʧʦʚʽʪʨʷʥʠʡ 

ʪʝʨʤʦʩʪʘʪ. ʉʧʽʥʶʚʘʥʥʷ ʧʽʜ ʧʽʜʚʠʱʝʥʠʤ ʪʠʩʢʦʤ ʧʨʦʚʦʜʠʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʫʩʪʘʥʦʚʢʠ ɯɯʈʊ-ɸʄ, ʷʢʫ ʙʫʣʦ ʧʝʨʝʦʙʣʘʜʥʘʥʦ ʚʽʜʧʦʚʽʜʥʠʤ ʯʠʥʦʤ. ɼʣʷ 

ʦʮʽʥʶʚʘʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʧʽʥʶʚʘʥʥʷ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʧʝʢʫ ʢʦʤʧʣʝʢʩʥʠʤ 

ʛʘʟʦʫʪʚʦʨʶʚʘʯʝʤ ʚ ʷʢʦʩʪʽ ʢʨʠʪʝʨʽʶ ʙʫʣʦ ʦʙʨʘʥʦ ʧʦʢʘʟʥʠʢ ʢʨʘʪʥʽʩʪʴ ʩʧʽʥʶʚʘʥʥʷ.  

ɺʧʣʠʚ ʤʦʜʠʬʽʢʘʪʦʨʽʚ ʪʘ ʛʘʟʦʫʪʚʦʨʶʚʘʯʘ ʥʘ ʧʨʦʮʝʩ ʩʧʽʥʶʚʘʥʥʷ 

ʢʘʤô̫ ʥʦʚʫʛʽʣʴʥʦʛʦ ʧʝʢʫ ʚʠʚʯʘʚʩʷ ʥʘ ʧʽʜʩʪʘʚʽ ʩʫʯʘʩʥʠʭ ʤʝʪʦʜʽʚ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ 

ʽʩʥʫʶʯʠʭ ʩʪʘʥʜʘʨʪʽʚ. ɿ ʮʽʻʶ ʤʝʪʦʶ ʧʨʦʚʦʜʠʣʠ ɼʊɻ ʘʥʘʣʽʟ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʠʣʘʜʫ 

Netzsch TG 409 PC Luxx. ɼʣʷ ʦʮʽʥʢʠ ʟʤʽʥʠ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʩʢʣʘʜʫ ʪʘ ʨʝʦʣʦʛʽʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʢʘʤô̫ ʥʦʚʫʛʽʣʴʥʦʛʦ ʧʝʢʫ ʷʢ ʧʨʝʢʫʨʩʦʨʘ ʜʣʷ 

ʚʫʛʣʝʮʝʚʠʭ ʧʽʥ ʟʘʩʪʦʩʦʚʫʚʘʣʠ ɯʏ-ʩʧʝʢʪʨʦʩʢʦʧʽʶ, ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠʩʷ ʥʘ 

ʌʫʨô̒-ɯʏ-ʩʧʝʢʪʨʦʤʝʪʨʽ ʤʘʨʢʠ Nicolet iZ10 Spectrometer. ʈʝʥʪʛʝʥʽʚʩʴʢʠʡ ʘʥʘʣʽʟ 

ʚʠʟʥʘʯʘʣʠ ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʽ PANanalytical XËPert PRO ʫ ʤʽʜʥʦʤʫ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʽ. ʇʦʢʘʟʥʠʢ ʧʣʠʥʥʦʩʪʽ ʜʦʩʣʽʜʞʫʚʘʣʠ ʥʘ ʫʩʪʘʥʦʚʮʽ ʤʘʨʢʠ ɯɯʈʊ-ɸʄ 

ʟʛʽʜʥʦ ɻʆʉʊ 11645-73 (ISO 1133). ʄʦʨʬʦʣʦʛʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʛʘʟʦʥʘʧʦʚʥʝʥʠʭ 

ʚʫʛʣʝʮʝʚʠʭ ʢʦʤʧʦʟʠʪʽʚ ʥʘ ʦʩʥʦʚʽ ʄʂʇ ʚʠʚʯʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʢʘʥʫʶʯʦʛʦ 

ʝʣʝʢʪʨʦʥʥʦʛʦ ʤʽʢʨʦʩʢʦʧʫ ʤʘʨʢʠ VEGA3 SB ʪʘ ʦʧʪʠʯʥʦʛʦ ʤʽʢʨʦʩʢʦʧʫ ʤʘʨʢʠ 

Bresser LCD. ʌʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʪʨʠʤʘʥʠʭ ʪʚʝʨʜʠʭ ʧʽʥ 

ʜʦʩʣʽʜʞʫʚʘʣʠ ʟʛʽʜʥʦ ɻʆʉʊ 17177-94, (ISO 22007-2:2008(E) ʥʘ ʚʠʟʥʘʯʝʥʥʷ 

ʧʦʢʘʟʥʠʢʽʚ ʚʦʜʦʧʦʛʣʠʥʘʥʥʷ, ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʪʘ ʤʽʮʥʦʩʪʽ ʥʘ ʩʪʠʩʢʘʥʥʷ ʧʨʠ 10 % 

ʣʽʥʽʡʥʽʡ ʜʝʬʦʨʤʘʮʽʾ.  
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ʊɽʆʈɽʊʀʏʅɯ ʆʉʅʆɺʀ ʇɯʅʆʋʊɺʆʈɽʅʅʗ ʊɽʈʄʆʇʃɸʉʊɯɺ 

 

ʂʘʤ'ʷʥʦʚʫʛʽʣʴʥʠʡ ʧʝʢ ʷʚʣʷʻ ʩʦʙʦʶ ʪʝʨʤʦʧʣʘʩʪʠʯʥʠʡ ʤʘʪʝʨʽʘʣ. ʇʨʠ 

ʥʘʛʨʽʚʘʥʥʽ ʚʽʥ ʧʝʨʝʭʦʜʠʪʴ ʚ ʨʽʜʢʠʡ ʩʪʘʥ, ʘ ʧʨʠ ʦʭʦʣʦʜʞʝʥʥʽ ʟʥʦʚʫ ʪʚʝʨʜʥʝ. 

ʍʘʨʘʢʪʝʨʥʦʶ ʦʩʦʙʣʠʚʽʩʪʶ, ʷʢ ʧʦʣʽʤʝʨʽʚ, ʪʘʢ ʽ ʧʝʢʫ [92] ʻ ʟʜʘʪʥʽʩʪʴ ʫʪʚʦʨʶʚʘʪʠ 

ʥʘʜʤʦʣʝʢʫʣʷʨʥʽ ʩʪʨʫʢʪʫʨʠ ʚ ʨʝʟʫʣʴʪʘʪʽ ʤʽʞʤʦʣʝʢʫʣʷʨʥʦʾ ʚʟʘʻʤʦʜʽʾ. ʊʘʢʦʞ ʥʘ 

ʧʦʣʽʤʝʨʥʫ ʧʨʠʨʦʜʫ ʧʝʢʫ ʚʢʘʟʫʻ ʥʘʷʚʥʽʩʪʴ ʚ ʥʴʦʤʫ ʩʪʨʫʢʪʫʨʥʠʭ ʫʪʚʦʨʝʥʴ, 

ʚʣʘʩʪʠʚʠʭ ʧʦʣʽʤʝʨʘʤ (ʬʽʙʨʠʣʷʨʥʽ, ʩʬʝʨʦʣʽʪʥʽ, ʛʣʦʙʫʣʷʨʥʽ). ʉʘʤʝ ʪʦʤʫ ʧʨʦʮʝʩ 

ʧʽʥʦʫʪʚʦʨʝʥʥʷ ʢʘʤ'ʷʥʦʚʫʛʽʣʴʥʦʛʦ ʧʝʢʫ ʙʫʜʝ ʨʦʟʛʣʷʜʘʪʠʩʷ ʥʘ ʧʨʠʢʣʘʜʽ ʨʝʘʢʮʽʡ 

ʧʽʥʦʫʪʚʦʨʝʥʥʷ  ʪʝʨʤʦʧʣʘʩʪʽʚ.  

 

3.1 ʄʝʭʘʥʽʟʤ  ʩʧʽʥʶʚʘʥʥʷ: ʪʝʨʤʦʜʠʥʘʤʽʢʘ ʽ ʢʽʥʝʪʠʢʘ ʧʨʦʮʝʩʽʚ 

ʧʽʥʦʫʪʚʦʨʝʥʥʷ 

ʈʽʜʢʽ ʽ ʪʚʝʨʜʽ ʧʽʥʠ, ʪʘʢ ʩʘʤʦ ʷʢ ʽ ʙʫʜʴ-ʷʢʽ ʽʥʰʽ ʪʠʧʠ ʜʠʩʧʝʨʩʥʠʭ ʩʠʩʪʝʤ, 

ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʜʚʦʤʘ ʧʨʠʥʮʠʧʦʚʦ ʨʽʟʥʠʤʠ ʰʣʷʭʘʤʠ: ʤʝʪʦʜʦʤ ʜʠʩʧʝʨʩʽʾ ʽ 

ʤʝʪʦʜʦʤ ʢʦʥʜʝʥʩʘʮʽʾ [93]. ʇʝʨʰʠʡ ʤʝʪʦʜ ʨʝʘʣʽʟʫʻʪʴʩʷ ʜʣʷ ʥʠʟʴʢʦʚôʷʟʢʠʭ 

ʩʠʩʪʝʤ, ʘ ʜʨʫʛʠʡ ʜʣʷ ʚôʷʟʢʠʭ ʨʦʟʧʣʘʚʽʚ ʪʝʨʤʦʧʣʘʩʪʽʚ.  

ʇʨʠ ʬʦʨʤʫʚʘʥʥʽ ʧʽʥ ʟʘ ʤʝʪʦʜʦʤ ʜʠʩʧʝʨʩʽʾ ʛʘʟ ʚʚʦʜʷʪʴ ʥʝʚʝʣʠʢʠʤʠ 

ʧʦʨʮʽʷʤʠ ʚ ʨʦʟʯʠʥ ʘʙʦ ʨʦʟʧʣʘʚ. ʋʪʚʦʨʝʥʽ ʧʨʠ ʮʴʦʤʫ ʛʘʟʦʚʽ ʙʫʣʴʙʘʰʢʠ ʤʘʶʪʴ 

ʦʜʥʘʢʦʚʽ ʬʦʨʤʫ ʽ ʨʦʟʤʽʨʠ, ʱʦ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʫʚʘʪʠ ʪʘʢ ʟʚʘʥʽ çʤʦʥʦʜʠʩʧʝʨʩʥʽ 

ʧʽʥʠè. ʆʜʥʠʤ ʟ ʚʘʨʽʘʥʪʽʚ ʜʘʥʦʛʦ ʤʝʪʦʜʫ ʻ ʚʚʝʜʝʥʥʷ ʛʘʟʫ ʚ ʨʽʜʢʫ ʬʘʟʫ ʰʣʷʭʦʤ ʾʾ 

ʟʙʠʚʘʥʥʷ ʘʙʦ ʧʝʨʝʤʽʰʫʚʘʥʥʷ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʛʘʟʦʚʽ ʙʫʣʴʙʘʰʢʠ, ʱʦ ʚʠʭʦʜʷʪʴ, 

ʤʘʶʪʴ ʚʽʜʥʦʩʥʦ ʚʝʣʠʢʽ ʨʦʟʤʽʨʠ, ʽ ʧʽʥʘ ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʥʝ ʻ 

ʤʦʥʦʜʠʩʧʝʨʩʥʦʶ. ʅʘʡʜʨʽʙʥʽʰʽ ʢʦʤʽʨʢʠ ʤʘʶʪʴ ʧʽʥʠ, ʦʪʨʠʤʘʥʽ ʤʝʪʦʜʦʤ 

ʢʦʥʜʝʥʩʘʮʽʾ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʜʨʫʛʦʛʦ ʟ ʥʠʭ, ʤʦʣʝʢʫʣʠ ʛʘʟʫ, ʩʧʦʯʘʪʢʫ ʨʦʟʯʠʥʝʥʽ ʚ 

ʛʦʤʦʛʝʥʥʦʤʫ ʜʠʩʧʝʨʩʽʡʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ (ʤʦʣʝʢʫʣʷʨʥʘ ʜʠʩʧʝʨʩʽʷ), ʧʽʜ ʚʧʣʠʚʦʤ 

ʟʦʚʥʽʰʥʽʭ ʬʘʢʪʦʨʽʚ (ʥʘʧʨʠʢʣʘʜ, ʟʤʝʥʰʝʥʥʷ ʪʠʩʢʫ, ʟʙʽʣʴʰʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ 

ʽʥ.) ʢʦʥʜʝʥʩʫʶʪʴʩʷ ʽ ʚʠʜʽʣʷʶʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʜʠʩʧʝʨʩʥʦʾ ʬʘʟʠ ï ʛʘʟʦʚʠʭ 
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ʙʫʣʴʙʘʰʦʢ. 

ʇʨʦʮʝʩ ʫʪʚʦʨʝʥʥʷ ʧʽʥ ʽ, ʟʦʢʨʝʤʘ, ʧʦʣʽʤʝʨʥʠʭ ʧʽʥ ʚʠʟʥʘʯʘʻʪʴʩʷ ʤʦʞʣʠʚʽʩʪʶ 

ʧʨʦʪʽʢʘʥʥʷ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʫ ʧʨʠ ʧʝʨʝʪʚʦʨʝʥʥʽ ʛʦʤʦʛʝʥʥʦʛʦ ʘʙʦ ʞ 

ʢʚʘʟʽʛʦʤʦʛʝʥʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚ ʜʚʦʬʘʟʥʫ ʛʝʪʝʨʦʛʝʥʥʫ ʜʠʩʧʝʨʩʥʫ ʩʠʩʪʝʤʫ çʛʘʟ-

ʨʽʜʠʥʘ (ʨʦʟʯʠʥ ʘʙʦ ʨʦʟʧʣʘʚ ʧʦʣʽʤʝʨʫ)è, ʪʦʙʪʦ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʤʠ ʽ ʢʽʥʝʪʠʯʥʠʤʠ 

ʟʘʢʦʥʦʤʽʨʥʦʩʪʷʤʠ ʬʘʟʦʚʠʭ ʧʝʨʝʭʦʜʽʚ ʚ ʪʘʢʠʭ ʩʠʩʪʝʤʘʭ, ʟʘʢʦʥʦʤʽʨʥʦʩʪʷʤʠ 

ʚʠʜʽʣʝʥʥʷ, ʨʦʟʯʠʥʝʥʥʷ ʽ ʧʨʦʥʠʢʘʶʯʦʾ ʟʜʘʪʥʦʩʪʽ ʛʘʟʫ ʚ ʨʽʜʢʽʡ ʧʦʣʽʤʝʨʥʽʡ ʬʘʟʽ. 

ɼʣʷ ʫʪʚʦʨʝʥʥʷ ʥʦʚʦʾ ʬʘʟʠ ʥʝʦʙʭʽʜʥʦ [93, 94]: 1) ʧʝʨʝʚʠʱʝʥʥʷ ʭʽʤʽʯʥʦʛʦ 

ʧʦʪʝʥʮʽʘʣʫ ʢʦʤʧʦʥʝʥʪʘ (ʛʘʟʫ), ʱʦ ʚʠʜʽʣʷʻʪʴʩʷ, ʚ ʩʪʘʨʽʡ ʬʘʟʽ ʥʘʜ ʡʦʛʦ ʭʽʤʽʯʥʠʤ 

ʧʦʪʝʥʮʽʘʣʦʤ ʚ ʥʦʚʽʡ ʬʘʟʽ; 2) ʧʦʜʦʣʘʥʥʷ ʩʠʣ ʧʦʚʝʨʭʥʝʚʦʾ ʝʥʝʨʛʽʾ. 

ʉʘʤʝ ʪʦʤʫ ʥʘʚʽʪʴ ʚ ʧʝʨʝʩʠʯʝʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ ʜʣʷ ʫʪʚʦʨʝʥʥʷ ʜʽʣʷʥʢʠ ʥʦʚʦʾ 

ʬʘʟʠ ʥʝʦʙʭʽʜʥʦ ʬʣʫʢʪʫʘʮʽʡʥʝ ʩʢʫʧʯʝʥʥʷ ʜʦʩʠʪʴ ʚʝʣʠʢʦʛʦ ʯʠʩʣʘ ʤʦʣʝʢʫʣ ʥʦʚʦʾ 

ʬʘʟʠ, ʪʽʣʴʢʠ ʪʦʜʽ ʮʷ ʜʽʣʷʥʢʘ ʧʦʯʠʥʘʻ ʰʚʠʜʢʦ ʟʙʽʣʴʰʫʚʘʪʠʩʷ ʚ ʨʦʟʤʽʨʘʭ ʜʦ ʪʠʭ 

ʧʽʨ, ʧʦʢʠ ʥʝ ʟʥʠʢʥʝ ʧʝʨʝʩʠʯʝʥʥʷ. ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʦʮʝʩ ʚʠʜʽʣʝʥʥʷ ʥʦʚʦʾ ʬʘʟʠ 

ʚʢʣʶʯʘʻ ʜʚʽ ʩʪʘʜʽʾ: ʚʠʥʠʢʥʝʥʥʷ ʟʘʨʦʜʢʽʚ ʽ ʧʦʜʘʣʴʰʝ ʟʨʦʩʪʘʥʥʷ ʜʽʣʷʥʦʢ ʥʦʚʦʾ 

ʬʘʟʠ. 

ʄʠʤʦʚʽʣʴʥʝ (ʙʝʟ ʫʯʘʩʪʽ ʟʦʚʥʽʰʥʽʭ ʬʘʢʪʦʨʽʚ) ʧʨʦʪʽʢʘʥʥʷ ʧʨʦʮʝʩʽʚ ʬʘʟʦʚʠʭ 

ʧʝʨʝʭʦʜʽʚ ʚ ʜʠʩʧʝʨʩʥʠʭ ʩʠʩʪʝʤʘʭ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʝʣʠʯʠʥʦʶ ʟʤʽʥʠ ʽʟʦʙʘʨʥʦ-

ʽʟʦʪʝʨʤʽʯʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʩʠʩʪʝʤʠ (ȹG) [94]: 

 

ЎὋ „̄ Ͻ̑Ὓ̄̑ Ў‘ȟ                                                     σȢρ 

ůʛʨ ï ʧʦʚʝʨʭʥʝʚʠʡ ʥʘʪʷʛ ʥʘ ʨʦʟʜʽʣʽ ʛʘʟ-ʨʽʜʠʥʘ; 

Sʛʨ ï ʧʣʦʱʘ ʧʦʚʝʨʭʥʽ, ʱʦ ʫʪʚʦʨʶʻʪʴʩʷ; 

æɛ ï ʟʤʽʥʘ ʭʽʤʽʯʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʩʠʩʪʝʤʠ. 

 

ʅʘ ʨʦʟʯʠʥʥʽʩʪʴ ʽ ʜʠʬʫʟʽʶ ʛʘʟʫ ʯʝʨʝʟ ʩʪʽʥʢʠ ʧʦʨ ʚʧʣʠʚʘʻ ʭʽʤʽʯʥʘ ʧʨʠʨʦʜʘ 

ʪʝʨʤʦʧʣʘʩʪʫ ʽ ʛʘʟʫ. ɼʣʷ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʚʘʥʠʭ ʥʝʧʦʣʷʨʥʠʭ ʽ ʩʣʘʙʦʧʦʣʷʨʥʠʭ 

ʛʘʟʽʚ (N2, CO2, H2) ʢʦʝʬʽʮʽʻʥʪʠ ʨʦʟʯʠʥʥʦʩʪʽ ʽ ʜʠʬʫʟʽʾ ʟʤʝʥʰʫʶʪʴʩʷ ʟʽ 

ʟʙʽʣʴʰʝʥʥʷʤ ʧʦʣʷʨʥʦʩʪʽ ʧʦʣʽʤʝʨʫ. 

ɺ ʧʨʦʮʝʩʽ ʧʽʥʦʫʪʚʦʨʝʥʥʷ ʥʝʦʙʭʽʜʥʘ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʢʽʥʝʪʠʢʠ ʛʘʟʦʚʠʜʽʣʝʥʥʷ ʽ 
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ʟʨʦʩʪʘʥʥʷ ʢʦʤʽʨʦʢ ʟʽ ʟʤʽʥʦʶ ʚ'ʷʟʢʦʩʪʽ. ɸʩʠʥʭʨʦʥʥʽʩʪʴ ʮʠʭ ʧʨʦʮʝʩʽʚ ʫʩʢʣʘʜʥʶʻ 

ʦʪʨʠʤʘʥʥʷ ʧʽʥʦʤʘʪʝʨʽʘʣʫ ʟʽ ʩʪʽʡʢʦʶ ʨʽʚʥʦʤʽʨʥʦʾ ʢʦʤʽʨʯʘʩʪʦʶ ʩʪʨʫʢʪʫʨʦʶ. ʋ 

ʥʠʟʴʢʦʚôʷʟʢʽʡ ʤʘʩʽ ʧʨʠ ʰʚʠʜʢʦʤʫ ʨʦʟʢʣʘʜʘʥʥʽ ʭʽʤʽʯʥʦʛʦ ʛʘʟʦʫʪʚʦʨʶʚʘʯʘ 

ʨʫʡʥʫʶʪʴʩʷ ʩʪʽʥʢʠ ʢʦʤʽʨʦʢ, ʛʘʟ ʚʠʧʘʨʦʚʫʻʪʴʩʷ ʽ ʚʠʭʦʜʠʪʴ ʤʘʪʝʨʽʘʣ ʟ 

ʢʨʫʧʥʦʢʦʤʽʨʢʦʚʦʶ ʩʪʨʫʢʪʫʨʦʶ. ʅʘʚʧʘʢʠ, ʚʠʜʽʣʝʥʥʷ ʛʘʟʫ ʚ ʚʠʩʦʢʦʚ'ʷʟʢʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʝʨʽʚʥʦʤʽʨʥʦʛʦ ʩʧʽʥʶʚʘʥʥʷ, ʦʩʢʽʣʴʢʠ ʪʝʨʤʦʧʣʘʩʪ ʥʝ 

ʟʜʘʪʝʥ ʜʦ ʚʠʩʦʢʦʝʣʘʩʪʠʯʥʦʾ ʜʝʬʦʨʤʘʮʽʾ. ʎʝ ʤʦʞʝ ʧʨʠʚʝʩʪʠ ʜʦ ʦʪʨʠʤʘʥʥʷ 

ʚʘʞʢʠʭ ʧʽʥ. 

ʉʧʝʮʠʬʽʢʘ ʢʽʥʝʪʠʢʠ ʩʧʽʥʶʚʘʥʥʷ ʧʦʣʽʤʝʨʥʠʭ ʢʦʤʧʦʟʠʮʽʡ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ 

ʰʚʠʜʢʽʩʪʴ ʫʪʚʦʨʝʥʥʷ ʟʘʨʦʜʢʽʚ ʟʤʝʥʰʫʻʪʴʩʷ ʚ ʯʘʩʽ ʥʝ ʪʽʣʴʢʠ ʟʘ ʨʘʭʫʥʦʢ ʟʤʽʥʠ 

ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʭ ʽ ʢʽʥʝʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʮʝʩʫ, ʘ ʡ ʟʘ ʨʘʭʫʥʦʢ ʟʤʽʥʠ 

ʚ'ʷʟʢʦʧʨʫʞʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʦʣʽʤʝʨʥʦʾ ʬʘʟʠ, ʥʘʧʨʠʢʣʘʜ ʚ ʧʨʦʮʝʩʽ ʾʾ 

ʩʪʨʫʢʪʫʨʫʚʘʥʥʷ. ɿ ʮʽʻʾ ʞ ʧʨʠʯʠʥʠ ʥʘ ʧʝʚʥʦʤʫ ʝʪʘʧʽ ʩʧʽʥʶʚʘʥʥʷ ʪʦʚʱʠʥʘ 

ʧʦʣʽʤʝʨʥʠʭ ʧʣʽʚʦʢ ʧʝʨʝʩʪʘʻ ʟʤʝʥʰʫʚʘʪʠʩʷ, ʘ ʾʭ ʤʽʮʥʽʩʪʴ ʟʨʦʩʪʘʻ [95, 96]. 

ʇʨʠ ʟʤʝʥʰʝʥʥʽ ʟʦʚʥʽʰʥʴʦʛʦ ʪʠʩʢʫ (ʈ2) ʘʙʦ ʟʙʽʣʴʰʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ 

ʧʦʣʽʤʝʨʥʘ ʬʘʟʘ ʩʪʘʻ ʧʝʨʝʩʠʯʝʥʦʶ: 

 

˝ ˝ȟ                                                              σȢς 

ʈ1 ï ʪʠʩʢ ʛʘʟʫ, ʚʽʜʧʦʚʽʜʥʠʡ ʥʘʩʠʯʝʥʥʶ 

 

ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ ʈ2 ʘʙʦ ʟʤʝʥʰʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ï ʥʝʜʦʩʠʯʝʥʦʶ: 

 

˝ ˝ȟ                                                              σȢσ 

 

ʋ ʧʝʨʰʦʤʫ ʚʠʧʘʜʢʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʠʜʽʣʝʥʥʷ ʛʘʟʦʚʦʾ ʬʘʟʠ, ʫ ʜʨʫʛʦʤʫ - ʾʾ 

ʨʦʟʯʠʥʝʥʥʷ ʚ ʧʦʣʽʤʝʨʥʽʡ ʬʘʟʽ [97]. ʇʨʠ ʚʽʜʩʫʪʥʦʩʪʽ ʩʪʦʨʦʥʥʽʭ ʚʢʣʶʯʝʥʴ (ʚ ʪʦʤʫ 

ʯʠʩʣʽ ʽ ʛʘʟʦʚʠʭ) ʰʚʠʜʢʽʩʪʴ ʧʨʦʮʝʩʫ ʫʪʚʦʨʝʥʥʷ ʙʫʣʴʙʘʰʦʢ ʛʘʟʫ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʯʠʩʣʘ ʽ ʰʚʠʜʢʦʩʪʽ ʫʪʚʦʨʝʥʥʷ ʟʘʨʦʜʢʽʚ. ʊʝʨʤʦʜʠʥʘʤʽʯʥʽ ʫʤʦʚʠ ʮʴʦʛʦ ʧʝʨʝʭʦʜʫ 

(ʧʝʨʝʪʚʦʨʝʥʥʷ) ʬʦʨʤʫʶʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: ʟʤʽʥʘ ʽʟʦʙʘʨʥʦ-ʽʟʦʪʝʨʤʽʯʥʦʛʦ 

ʧʦʪʝʥʮʽʘʣʫ ʩʠʩʪʝʤʠ (ï ȹZ) ʚ ʧʨʦʮʝʩʽ ʫʪʚʦʨʝʥʥʷ ʦʜʥʦʾ ʙʫʣʴʙʘʰʢʠ ʛʘʟʫ 
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ʜʦʨʽʚʥʶʻ [75]: 

Ўὤ „̄ Ͻ̑Ὓ̄̑ Ў‘Ͻ
ὠ̂

ὠ̍
ȟ                                     σȢτ 

ůʛʨ ï ʧʦʚʝʨʭʥʝʚʠʡ ʥʘʪʷʛ ʥʘ ʤʝʞʽ ʨʦʟʜʽʣʫ çʛʘʟ - ʨʽʜʠʥʘè; 

Vʙ/ Vʤ ï ʚʽʜʥʦʰʝʥʥʷ ʦʙ'ʻʤʫ ʙʫʣʴʙʘʰʢʠ (Vʙ) ʜʦ ʦʙ'ʻʤʫ, ʱʦ ʟʘʡʤʘʻ ʦʜʠʥ 

ʛʨʘʤ-ʤʦʣʴ ʛʘʟʫ (Vʤ), ʜʦʨʽʚʥʶʻ ʯʠʩʣʫ ʛʨʘʤ-ʤʦʣʝʡ ʛʘʟʫ ʚ ʙʫʣʴʙʘʰʮʽ; 

Sʛʨ ï ʚʝʣʠʯʠʥʘ ʧʦʚʝʨʭʥʽ ʨʦʟʜʽʣʫ ʬʘʟ çʛʘʟ - ʨʽʜʠʥʘè, ʷʢʘ ʧʨʠʧʘʜʘʻ ʥʘ ʦʜʥʫ 

ʙʫʣʴʙʘʰʢʫ; 

æɛ ï ʟʤʽʥʘ ʭʽʤʽʯʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʩʠʩʪʝʤʠ ʧʨʠ ʬʘʟʦʚʦʤʫ ʧʝʨʝʭʦʜʽ. 

 

ʊʘʢʠʤ ʯʠʥʦʤ [75]: 

Ўὤ τ“ϽὶϽ„̄ ̑ Ў‘
ὶ

σὠ̍
ȟ                                σȢυ 

r ï ʨʘʜʽʫʩ ʙʫʣʴʙʘʰʢʠ. 

 

ɺʝʣʠʯʠʥʘ ʟʤʽʥʠ ʭʽʤʽʯʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ [75]: 

 

Ў‘ ὙὝϽὰὲ
ὖ

ὖ
ὙὝϽὰὲ‐ȟ                                      σȢφ 

Ů = P1 / P2 ï ʩʪʫʧʽʥʴ ʧʝʨʝʩʠʯʝʥʥʷ ʘʙʦ ʥʝʜʦʩʠʯʝʥʥʷ ʧʦʣʽʤʝʨʥʦʾ ʬʘʟʠ. 

 

ʇʝʨʰʘ ʧʦʭʽʜʥʘ ʨʽʚʥʷʥʥʷ (3.5) ʧʦ r ʜʘʻ ʚʝʣʠʯʠʥʫ ʢʨʠʪʠʯʥʦʛʦ ʨʘʜʽʫʩʘ 

ʙʫʣʴʙʘʰʢʠ rʢʨ [75]: 

ὶ̋̑ ς„̄ Ͻ̑
ὠ̍

Ў‘
ȟ                                                  σȢχ 

 

ɿ ʬʦʨʤʫʣ (3.7) ʚʠʧʣʠʚʘʻ, ʱʦ ʪʽʣʴʢʠ ʧʨʠ ʫʪʚʦʨʝʥʥʽ ʟʘʨʦʜʢʘ ʙʫʣʴʙʘʰʢʠ ʟ 

ʨʘʜʽʫʩʦʤ, ʙʽʣʴʰʠʤ rʢʨ, ʧʦʯʠʥʘʻʪʴʩʷ ʤʠʤʦʚʽʣʴʥʝ ʟʨʦʩʪʘʥʥʷ ʙʫʣʴʙʘʰʢʠ [75]. 

ʈʦʟʨʘʭʫʥʦʢ ʟʘ ʬʦʨʤʫʣʦʶ (3.7) ʧʦʢʘʟʫʻ, ʱʦ ʢʨʠʪʠʯʥʽ ʨʘʜʽʫʩʠ ʟʘʨʦʜʢʽʚ 

ʙʫʣʴʙʘʰʦʢ ʧʦʚʠʥʥʽ ʤʘʪʠ ʚʝʣʠʯʠʥʫ ʧʦʨʷʜʢʫ 10-2 ï 10-1 ʤʢʤ ʽ ʤʽʩʪʠʪʠ 106 ï 
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1011 ʤʦʣʝʢʫʣ ʛʘʟʫ. ʆʜʥʘʢ ʡʤʦʚʽʨʥʽʩʪʴ ʫʪʚʦʨʝʥʥʷ ʪʘʢʠʭ ʟʘʨʦʜʢʽʚ ʙʣʠʟʴʢʘ ʜʦ 

ʥʫʣʷ [98, 99]. 

ɺʽʜʨʘʟʫ ʞ ʧʽʩʣʷ ʫʪʚʦʨʝʥʥʷ ʧʽʥʠ ʧʦʯʠʥʘʻʪʴʩʷ ʧʨʦʮʝʩ ʤʠʤʦʚʽʣʴʥʦʛʦ 

ʟʤʝʥʰʝʥʥʷ ʧʣʦʱʽ ʧʦʚʝʨʭʥʽ ʨʦʟʜʽʣʫ. ʎʝʡ ʧʨʦʮʝʩ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʜʠʬʫʟʽʾ 

ʛʘʟʫ ʟ ʜʨʽʙʥʠʭ ʙʫʣʴʙʘʰʦʢ ʚ ʚʝʣʠʢʽ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʯʘʩʪʠʥʘ ʙʫʣʴʙʘʰʦʢ 

ʧʦʚʥʽʩʪʶ ʟʥʠʢʘʻ [100-102]. 

ɺ ʦʢʨʝʤʦʤʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʧʦʚʝʨʭʥʷ ʨʦʟʜʽʣʫ ʩʬʝʨʠʯʥʘ, ʪʦ ʥʘʜʣʠʰʢʦʚʠʡ ʪʠʩʢ 

ʫʩʝʨʝʜʠʥʽ ʦʜʥʽʻʾ ʛʘʟʦʚʦʾ ʙʫʣʴʙʘʰʢʠ ʨʘʜʽʫʩʘ R, ʱʦ ʩʪʚʦʨʶʻʪʴʩʷ ʩʠʣʘʤʠ 

ʧʦʚʝʨʭʥʝʚʦʛʦ ʥʘʪʷʛʫ, ʧʝʨʝʚʠʱʫʻ ʪʠʩʢ ʚʩʝʨʝʜʠʥʽ ʨʽʜʠʥʠ ʥʘ ʚʝʣʠʯʠʥʫ 2ů/R. 

ʇʨʠ ʟʽʪʢʥʝʥʥʽ ʜʚʦʭ ʩʬʝʨʠʯʥʠʭ ʙʫʣʴʙʘʰʦʢ ʟ ʨʘʜʽʫʩʘʤʠ R1 ʽ R2 (R2 ι R1) ʪʠʩʢ 

ʚʩʝʨʝʜʠʥʽ ʤʝʥʰʦʾ ʙʫʣʴʙʘʰʢʠ ʧʝʨʝʚʠʱʫʻ ʪʠʩʢ ʚʩʝʨʝʜʠʥʽ ʙʽʣʴʰʦʾ ʙʫʣʴʙʘʰʢʠ ʽ ʛʘʟ 

ʜʠʬʫʥʜʫʻ ʚ ʙʽʣʴʰʫ ʙʫʣʴʙʘʰʢʫ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚ ʧʦʣʽʜʠʩʧʝʨʩʥʽʡ ʧʽʥʽ ʧʨʠ ʥʝʟʤʽʥʥʠʭ ʟʦʚʥʽʰʥʽʭ ʫʤʦʚʘʭ (ʪʠʩʢʫ, 

ʪʝʤʧʝʨʘʪʫʨʠ) ʟʘʚʞʜʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʥʠʢʥʝʥʥʷ ʤʘʣʝʥʴʢʠʭ ʙʫʣʴʙʘʰʦʢ ʽ ʟʨʦʩʪʘʥʥʷ 

ʚʝʣʠʢʠʭ, ʪʦʤʫ ʨʦʟʤʽʨ ʛʘʟʦʚʠʭ ʙʫʣʴʙʘʰʦʢ ʚ ʪʘʢʽʡ ʧʽʥʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʯʘʩʫ. ʊʘʢʠʤ 

ʯʠʥʦʤ, ʪʠʩʢ, ʱʦ ʚʠʢʣʠʢʘʻ ʜʠʬʫʟʽʶ ʛʘʟʫ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʚ ʧʝʨʰʦʤʫ ʥʘʙʣʠʞʝʥʥʽ 

ʚʝʣʠʯʠʥʦʶ ʪʠʩʢʫ ʚ ʤʘʣʝʥʴʢʠʭ ʙʫʣʴʙʘʰʢʘʭ, ʽ ʰʚʠʜʢʽʩʪʴ ʾʭ ʟʥʠʢʥʝʥʥʷ ʟʘʣʝʞʠʪʴ 

ʚʽʜ ʾʭ ʨʦʟʤʽʨʽʚ [103, 104]. 

ɿʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʛʘʟʦʚʠʭ ʙʫʣʴʙʘʰʦʢ ʚ ʜʘʥʦʤʫ ʦʙʩʷʟʽ ʧʽʥʠ ʧʦʩʪʫʧʦʚʦ 

ʟʤʝʥʰʫʻʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʟʥʠʢʥʝʥʥʷ ʥʘʡʙʽʣʴʰ ʜʨʽʙʥʠʭ ʙʫʣʴʙʘʰʦʢ. ʏʘʩ, 

ʥʝʦʙʭʽʜʥʠʡ ʜʣʷ ʧʦʚʥʦʛʦ ʟʥʠʢʥʝʥʥʷ, ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʦʯʘʪʢʦʚʦʛʦ ʨʘʜʽʫʩʘ 

ʙʫʣʴʙʘʰʢʠ rʢʨ, ʧʦʚʝʨʭʥʝʚʦʛʦ ʥʘʪʷʛʫ ʧʣʽʚʦʢ ʽ ʾʭ ʪʦʚʱʠʥʠ. ʆʪʞʝ, ʟʘʛʘʣʴʥʝ ʯʠʩʣʦ 

ʛʘʟʦʚʠʭ ʙʫʣʴʙʘʰʦʢ ʚ ʦʜʠʥʠʮʽ ʦʙ'ʻʤʫ ʤʦʞʥʘ ʚʠʨʘʟʠʪʠ ʷʢ ʬʫʥʢʮʽʶ ʯʘʩʫ, ʷʢʱʦ 

ʚʽʜʦʤʦ ʧʝʨʚʠʥʥʠʡ ʨʦʟʧʦʜʽʣ ʙʫʣʴʙʘʰʦʢ ʟʘ ʨʦʟʤʽʨʘʤʠ ʽ ʧʦ ʪʦʚʱʠʥʽ ʧʣʽʚʢʠ, ʱʦ 

ʦʪʦʯʫʻ ʙʫʣʴʙʘʰʢʠ [105, 106]. 

ɺ ʧʨʦʮʝʩʽ ʦʪʨʠʤʘʥʥʷ ʧʦʣʽʤʝʨʥʠʭ ʧʽʥ ʟʘʚʞʜʠ ʜʽʶʪʴ ʽ ʤʝʭʘʥʽʯʥʽ, ʽ ʪʝʧʣʦʚʽ 

ʥʘʚʘʥʪʘʞʝʥʥʷ [98, 107]. 

ɼʣʷ ʧʦʣʽʤʝʨʥʠʭ ʧʽʥ ʜʝʩʪʘʙʽʣʽʟʫʶʯʠʡ ʝʬʝʢʪ ʣʦʢʘʣʴʥʠʭ ʧʦʨʫʰʝʥʴ 

ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʦʙʩʷʟʽ ʢʦʤʧʦʟʠʮʽʾ, ʷʢʘ ʩʧʽʥʶʻʪʴʩʷ, ʤʦʞʝ ʚʠʢʣʠʢʘʪʠʩʷ ʥʝ ʪʽʣʴʢʠ 
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ʬʽʟʠʯʥʠʤʠ, ʘʣʝ ʽ ʭʽʤʽʯʥʠʤʠ ʧʨʠʯʠʥʘʤʠ ï ʟʘ ʨʘʭʫʥʦʢ ʝʢʟʦ- ʽ ʝʥʜʦʪʝʨʤʽʯʥʠʭ 

ʨʝʘʢʮʽʡ ʤʽʞ ʢʦʤʧʦʥʝʥʪʘʤʠ ʨʽʜʢʦʾ ʬʘʟʠ. 

ʅʘ ʣʦʢʘʣʴʥʠʭ ʧʦʨʫʰʝʥʥʷʭ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʦʙʩʷʟʽ ʢʦʤʧʦʟʠʮʽʾ ʟʘʩʥʦʚʘʥʘ ʦʜʥʘ 

ʟ ʥʘʡʙʽʣʴʰ ʧʣʽʜʥʠʭ ʛʽʧʦʪʝʟ ʧʨʦ ʤʝʭʘʥʽʟʤ ʫʪʚʦʨʝʥʥʷ ʧʦʣʽʤʝʨʥʠʭ ʧʽʥ ʟʘ ʨʘʭʫʥʦʢ 

ʚʠʥʠʢʥʝʥʥʷ ʪʘʢ ʟʚʘʥʠʭ çʛʘʨʷʯʠʭ ʪʦʯʦʢè [75]. 

ʇʨʦʮʝʩ ʩʧʽʥʶʚʘʥʥʷ ʧʦʣʽʤʝʨʥʦʾ ʬʘʟʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʟʘʤʢʥʫʪʠʭ ʘʙʦ 

ʚʽʜʢʨʠʪʠʭ ʦʙʩʷʛʘʭ. ɺʠʜ ʽ ʷʢʽʩʪʴ ʤʘʪʝʨʽʘʣʫ ʢʦʥʩʪʨʫʢʮʽʾ, ʚ ʷʢʽʡ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʩʧʽʥʶʚʘʥʥʷ, ʾʾ ʬʦʨʤʘ (ʱʦ ʚʠʟʥʘʯʘʻ ʧʣʦʱʫ ʟʽʪʢʥʝʥʥʷ ʧʦʣʽʤʝʨʥʦʾ ʢʦʤʧʦʟʠʮʽʾ ʟ 

ʤʘʪʝʨʽʘʣʦʤ ʢʦʥʩʪʨʫʢʮʽʾ) ʜʫʞʝ ʚʧʣʠʚʘʶʪʴ ʥʘ ʰʚʠʜʢʽʩʪʴ ʫʪʚʦʨʝʥʥʷ ʟʘʨʦʜʢʽʚ 

ʛʘʟʦʚʦʾ ʬʘʟʠ. ɸʥʘʣʦʛʽʯʥʠʤ ʯʠʥʦʤ ʚʧʣʠʚʘʻ ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʴ ʫ ʩʢʣʘʜʽ ʢʦʤʧʦʟʠʮʽʡ 

ʪʚʝʨʜʠʭ ʚʢʣʶʯʝʥʴ: ʪʚʝʨʜʠʭ ʛʘʟʦʫʪʚʦʨʶʚʘʯʽʚ, ʤʝʪʘʣʝʚʠʭ ʧʦʨʦʰʢʽʚ, ʨʽʟʥʦʛʦ ʨʦʜʫ 

ʥʘʧʦʚʥʶʚʘʯʽʚ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘ ʧʽʜʩʪʘʚʽ ʪʝʦʨʝʪʠʯʥʦʛʦ ʦʛʣʷʜʫ, ʦʩʥʦʚʥʠʡ ʚʧʣʠʚ ʥʘ ʧʨʦʮʝʩ 

ʫʪʚʦʨʝʥʥʷ ʧʽʥ ʤʘʶʪʴ ʪʘʢʽ ʧʘʨʘʤʝʪʨʠ, ʷʢ ʪʝʤʧʝʨʘʪʫʨʘ, ʪʠʩʢ, ʭʽʤʽʯʥʘ ʧʨʠʨʦʜʘ 

ʪʝʨʤʦʧʣʘʩʪʘ, ʡʦʛʦ ʚôʷʟʢʽʩʪʴ, ʨʦʟʤʽʨ ʙʫʣʴʙʘʰʦʢ ʛʘʟʫ ʪʘ ʥʘʷʚʥʽʩʪʴ ʫ ʢʦʤʧʦʟʠʮʽʾ 

ʮʝʥʪʨʽʚ ʫʪʚʦʨʝʥʥʷ ʟʘʨʦʜʢʽʚ ʛʘʟʦʚʦʾ ʬʘʟʠ. 

 

3.2 ʂʦʤʧʦʥʝʥʪʠ ʛʘʟʦʥʘʧʦʚʥʝʥʠʭ ʪʝʨʤʦʧʣʘʩʪʽʚ 

ʆʩʥʦʚʫ ʛʘʟʦʥʘʧʦʚʥʝʥʠʭ ʪʝʨʤʦʧʣʘʩʪʽʚ ʩʢʣʘʜʘʻ ʤʘʪʨʠʮʷ, ʨʦʣʴ ʷʢʦʾ ʟʘʟʚʠʯʘʡ 

ʚʠʢʦʥʫʶʪʴ ʧʦʣʽʤʝʨʠ. ʋ ʜʘʥʽʡ ʨʦʙʦʪʽ ʚ ʷʢʦʩʪʽ ʤʘʪʨʠʮʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʢʘʤôʷʥʦʚʫʛʽʣʴʥʠʡ ʧʝʢ, ʤʦʜʠʬʽʢʦʚʘʥʠʡ ʧʦʣʷʨʥʠʤʠ ʧʦʣʽʤʝʨʘʤʠ. ʊʘʢʦʞ ʜʣʷ 

ʦʪʨʠʤʘʥʥʷ ʛʘʟʦʚʦʾ ʩʪʨʫʢʪʫʨʠ ʟʘʩʪʦʩʦʚʫʶʪʴ ʩʧʽʥʶʶʯʽ ʘʛʝʥʪʠ ï ʛʘʟʦʫʪʚʦʨʶʚʘʯʽ, 

ʟʘʨʦʜʞʫʚʘʣʴʥʽ ʘʛʝʥʪʠ ï ʥʫʢʣʝʟʽʘʪʠ ʪʘ ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʽ ʨʝʯʦʚʠʥʠ. 

 

3.2.1 ʉʧʽʥʶʶʯ ̔ʘʛʝʥʪʠ 

ʈʝʯʦʚʠʥʠ, ʷʢʽ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ ʩʧʽʥʶʚʘʥʥʷ ʧʦʣʽʤʝʨʽʚ, ʤʦʞʫʪʴ ʙʫʪʠ 

ʨʦʟʜʽʣʝʥʽ ʥʘ ʛʘʟʠ ʽ ʛʘʟʦʫʪʚʦʨʶʚʘʯʽ. ʆʩʪʘʥʥʽ, ʚ ʩʚʦʶ ʯʝʨʛʫ, ʜʽʣʷʪʴʩʷ ʥʘ ʭʽʤʽʯʥʽ ʽ 

ʬʽʟʠʯʥʽ. 

ʗʢ ʩʧʽʥʶʶʯ ̔ʛʘʟʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʘʟʦʪ, ʜʽʦʢʩʠʜ ʚʫʛʣʝʮʶ, ʚʦʜʝʥʴ, ʘʤʽʘʢ, 

ʧʦʚʽʪʨʷ ʡ ʽʥʰʽ. 
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ʌʽʟʠʯʥʽ ʛʘʟʦʫʪʚʦʨʶʚʘʯʽ (ʌɻʋ) ï ʨʝʯʦʚʠʥʠ, ʱʦ ʚʠʜʽʣʷʶʪʴ ʛʘʟʠ ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʬʽʟʠʯʥʠʭ ʧʨʦʮʝʩʽʚ (ʚʠʧʘʨʦʚʫʚʘʥʥʷ, ʜʝʩʦʨʙʮʽʷ) ʧʨʠ ʧʽʜʚʠʱʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʘʙʦ 

ʧʨʠ ʟʤʝʥʰʝʥʥʽ ʪʠʩʢʫ. ʇʨʠ ʮʴʦʤʫ ʩʘʤʽ ʬʽʟʠʯʥʽ ʛʘʟʦʫʪʚʦʨʶʚʘʯʽ ʟʘʟʥʘʶʪʴ ʭʽʤʽʯʥʠʭ 

ʧʝʨʝʪʚʦʨʝʥʴ. ʉʝʨʝʜ ʥʠʭ ʚʠʜʽʣʷʶʪʴʩʷ ʜʚʽ ʛʨʫʧʠ: 

- ʥʠʟʴʢʦʢʠʧʣʷʯʽ ʨʽʜʠʥʠ; 

- ʪʚʝʨʜʽ ʨʝʯʦʚʠʥʠ (ʩʦʨʙʝʥʪʠ). 

ʌɻʋ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʧʦʣʽʤʝʨʥʠʭ ʧʽʥ ʥʘ ʦʩʥʦʚʽ ʧʦʣʽʤʝʨʽʚ, 

ʱʦ ʤʘʶʪʴ ʥʠʟʴʢʫ ʚ'ʷʟʢʽʩʪʴ (ʜʦ 10 ʇʘ . ʩ).  

ʍʽʤʽʯʥʽ ʛʘʟʦʫʪʚʦʨʶʚʘʯʽ (ʍɻʋ) ï ʨʝʯʦʚʠʥʠ ʽ ʩʫʤʽʰʽ, ʷʢʽ ʚʠʜʽʣʷʶʪʴ ʛʘʟ ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʭʽʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʪʝʨʤʽʯʥʦʛʦ ʨʦʟʢʣʘʜʘʥʥʷ ʘʙʦ ʟʘ ʨʘʭʫʥʦʢ ʨʽʟʥʠʭ 

ʭʽʤʽʯʥʠʭ ʨʝʘʢʮʽʡ. ʍʽʤʽʯʥʽ ʛʘʟʦʫʪʚʦʨʶʚʘʯʽ ï ʧʝʨʝʚʘʞʥʦ ʪʚʝʨʜʽ ʨʝʯʦʚʠʥʠ. ʉʝʨʝʜ 

ʥʠʭ ʚʠʜʽʣʷʶʪʴ ʪʨʠ ʛʨʫʧʠ [68, 75]: 

- ʨʝʯʦʚʠʥʠ, ʱʦ ʚʠʜʽʣʷʶʪʴ ʛʘʟʦʧʦʜʽʙʥʽ ʧʨʦʜʫʢʪʠ ʚ ʨʝʟʫʣʴʪʘʪʽ ʟʚʦʨʦʪʥʦʛʦ 

ʨʽʚʥʦʚʘʞʥʦʛʦ ʪʝʨʤʽʯʥʦʛʦ ʨʦʟʢʣʘʜʘʥʥʷ; 

- ʨʝʯʦʚʠʥʠ, ʱʦ ʚʠʜʽʣʷʶʪʴ ʛʘʟʦʧʦʜʽʙʥʽ ʧʨʦʜʫʢʪʠ ʚ ʨʝʟʫʣʴʪʘʪʽ ʥʝʟʚʦʨʦʪʥʦʛʦ 

ʨʽʚʥʦʚʘʞʥʦʛʦ ʪʝʨʤʽʯʥʦʛʦ ʨʦʟʢʣʘʜʘʥʥʷ; 

- ʩʫʤʽʰʽ ʨʝʯʦʚʠʥ, ʷʢʽ ʚʠʜʽʣʷʶʪʴ ʛʘʟʦʧʦʜʽʙʥʽ ʧʨʦʜʫʢʪʠ ʚ ʨʝʟʫʣʴʪʘʪʽ ʭʽʤʽʯʥʦʾ 

ʚʟʘʻʤʦʜʽʾ ʢʦʤʧʦʥʝʥʪʽʚ. 

ʄʦʜʠʬʽʢʦʚʘʥʠʡ ʢʘʤ'ʷʥʦʚʫʛʽʣʴʥʠʡ ʧʝʢ ʚ ʜʽʘʧʘʟʦʥʽ ʪʝʤʧʝʨʘʪʫʨ 125 ï 155 Áʉ 

ʤʘʻ ʚ'ʷʟʢʽʩʪʴ 55 ï 190 ʇʘ Ŀ ʩ [108-112]. ʊʦʤʫ ʜʣʷ ʩʧʽʥʶʚʘʥʥʷ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʧʝʢʫ 

ʜʦʮʽʣʴʥʦ ʟʘʩʪʦʩʫʚʘʪʠ ʭʽʤʽʯʥʽ ʩʧʽʥʶʶʯʽ ʘʛʝʥʪʠ. 

ʇʨʠ ʚʠʙʦʨʽ ʭʽʤʽʯʥʠʭ ʛʘʟʦʫʪʚʦʨʶʚʘʯʽʚ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʥʘʩʪʫʧʥʽ 

ʚʠʤʦʛʠ [66-68, 75]: 

1. ʊʝʤʧʝʨʘʪʫʨʘ ʨʦʟʢʣʘʜʘʥʥʷ ʭʽʤʽʯʥʠʭ ʛʘʟʦʫʪʚʦʨʶʚʘʯʽʚ ʧʦʚʠʥʥʘ ʙʫʪʠ 

ʙʣʠʟʴʢʘ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ ʧʣʘʚʣʝʥʥʷ ʘʙʦ ʪʝʤʧʝʨʘʪʫʨʠ ʟʘʪʚʝʨʜʽʥʥʷ ʧʦʣʽʤʝʨʫ. 

2. ɻʘʟ ʧʦʚʠʥʝʥ ʚʠʜʽʣʷʪʠʩʷ ʚ ʧʝʚʥʦʤʫ ʚʫʟʴʢʦʤʫ ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ. 

3. ʐʚʠʜʢʽʩʪʴ ʚʠʜʽʣʝʥʥʷ ʛʘʟʫ ʧʦʚʠʥʥʘ ʙʫʪʠ ʜʦʩʠʪʴ ʚʠʩʦʢʦʶ ʽ ʧʽʜʜʘʚʘʪʠʩʷ 

ʨʝʛʫʣʶʚʘʥʥʶ ʪʝʤʧʝʨʘʪʫʨʦʶ, ʪʠʩʢʦʤ ʪʘ ʽʥʽʮʽʘʪʦʨʘʤʠ ʨʦʟʢʣʘʜʘʥʥʷ. 

4. ɻʘʟ, ʱʦ ʚʠʜʽʣʷʻʪʴʩʷ ʽ ʧʨʦʜʫʢʪʠ ʡʦʛʦ ʨʦʟʢʣʘʜʘʥʥʷ ʥʝ ʧʦʚʠʥʥʽ ʙʫʪʠ 

ʪʦʢʩʠʯʥʠʤʠ, ʣʝʛʢʦʟʘʡʤʠʩʪʠʤʠ. 
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5. ʍʽʤʽʯʥʽ ʛʘʟʦʫʪʚʦʨʶʚʘʯʽ ʧʦʚʠʥʥʽ ʜʦʙʨʝ ʜʠʩʧʝʨʛʫʚʘʪʠ ʘʙʦ ʨʦʟʯʠʥʷʪʠʩʷ ʚ 

ʧʦʣʽʤʝʨʥʽʡ ʢʦʤʧʦʟʠʮʽʾ. 

6. ʍʽʤʽʯʥʽ ʛʘʟʦʫʪʚʦʨʶʚʘʯʽ ʽ ʧʨʦʜʫʢʪʠ ʾʭ ʨʦʟʢʣʘʜʘʥʥʷ ʥʝ ʧʦʚʠʥʥʽ ʚʧʣʠʚʘʪʠ ʥʘ 

ʰʚʠʜʢʽʩʪʴ ʧʦʣʽʤʝʨʠʟʘʮʽʾ (ʟʘʪʚʝʨʜʽʥʥʷ) ʽ ʚʠʢʣʠʢʘʪʠ ʜʝʩʪʨʫʢʮʽʶ ʤʘʪʨʠʮʽ. 

7. ʋ ʥʦʨʤʘʣʴʥʠʭ ʫʤʦʚʘʭ ʧʨʠ ʨʦʟʢʣʘʜʘʥʥʽ ʭʽʤʽʯʥʠʭ ʛʘʟʦʫʪʚʦʨʶʚʘʯʽʚ ʛʘʟʠ, ʱʦ 

ʚʠʜʽʣʷʶʪʴʩʷ, ʧʦʚʠʥʥʽ ʤʘʪʠ ʥʝʚʝʣʠʢʫ ʰʚʠʜʢʽʩʪʴ ʜʠʬʫʟʽʾ ʚ ʧʦʣʽʤʝʨʽ, ʪʦʙʪʦ ʜʦʩʠʪʴ 

ʜʦʚʛʦ ʫʪʨʠʤʫʚʘʪʠʩʷ ʚʩʝʨʝʜʠʥʽ ʤʘʩʠ, ʷʢʘ ʩʧʽʥʶʻʪʴʩʷ. 

8. ʅʝʛʘʟʦʧʦʜʽʙʥʽ ʧʨʦʜʫʢʪʠ ʨʦʟʢʣʘʜʘʥʥʷ ʭʽʤʽʯʥʠʭ ʛʘʟʦʫʪʚʦʨʶʚʘʯʽʚ ʥʝ 

ʧʦʚʠʥʥʽ ʥʘʜʘʚʘʪʠ ʥʝʙʘʞʘʥʦʛʦ ʧʦʙʽʯʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʬʽʟʠʯʥʽ ʽ ʭʽʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʦʜʝʨʞʫʚʘʥʦʛʦ ʧʽʥʦʧʣʘʩʪʫ (ʜʝʧʦʣʽʤʝʨʠʟʘʮʽʷ, ʜʝʩʪʨʫʢʮʽʷ).  

9. ʇʨʦʜʫʢʪʠ ʨʦʟʢʣʘʜʘʥʥʷ ʭʽʤʽʯʥʠʭ ʛʘʟʦʫʪʚʦʨʶʚʘʯʽʚ ʥʝ ʧʦʚʠʥʥʽ ʤʘʪʠ ʟʘʧʘʭʫ, 

ʥʝ ʧʦʚʠʥʥʽ ʟʘʙʘʨʚʣʶʚʘʪʠ ʧʽʥʦʧʣʘʩʪ. 

10. ʅʝʛʘʟʦʧʦʜʽʙʥʽ ʧʨʦʜʫʢʪʠ ʧʦʚʠʥʥʽ ʙʫʪʠ ʩʫʤʽʩʥʽ ʟ ʧʦʣʽʤʝʨʦʤ. 

11. ʍʽʤʽʯʥʽ ʛʘʟʦʫʪʚʦʨʶʚʘʯʽ ʧʦʚʠʥʥʽ ʙʫʪʠ ʜʝʰʝʚʠʤʠ ʽ ʩʪʽʡʢʠʤʠ ʧʨʠ 

ʟʙʝʨʽʛʘʥʥʽ ʽ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʽ.  

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʜʦ ʪʝʧʝʨʽʰʥʴʦʛʦ ʯʘʩʫ ʧʨʦʤʠʩʣʦʚʽʩʪʴ ʧʽʥʦʧʦʣʽʤʝʨʽʚ ʥʝ 

ʤʘʻ ʭʽʤʽʯʥʠʭ ʛʘʟʦʫʪʚʦʨʶʚʘʯʽʚ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʩʽʤ ʧʝʨʝʨʘʭʦʚʘʥʠʤ ʚʠʤʦʛʘʤ.  

ʅʘʡʚʘʞʣʠʚʽʰʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʛʘʟʦʫʪʚʦʨʶʚʘʯʽʚ ʻ ʥʘʩʪʫʧʥʽ [68, 69, 72, 

73]: 

1. ɻʘʟʦʚʝ ʯʠʩʣʦ, ʪʦʙʪʦ ʯʠʩʣʦ ʢʫʙʽʯʥʠʭ ʩʘʥʪʠʤʝʪʨʽʚ ʛʘʟʫ, ʱʦ ʚʠʜʽʣʷʻʪʴʩʷ ʧʨʠ 

ʧʝʨʝʪʚʦʨʝʥʥʽ 1 ʛ ʛʘʟʦʫʪʚʦʨʶʚʘʯʘ ʚ ʦʜʠʥʠʮʶ ʯʘʩʫ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʛʘʟʦʚʠʜʽʣʝʥʥʷ. 

2. ʇʦʯʘʪʢʦʚʘ ʪʝʤʧʝʨʘʪʫʨʘ ʨʦʟʢʣʘʜʘʥʥʷ ʭʽʤʽʯʥʠʭ ʛʘʟʦʫʪʚʦʨʶʚʘʯʽʚ.  

3. ʊʝʤʧʝʨʘʪʫʨʥʠʡ ʽʥʪʝʨʚʘʣ ʤʘʢʩʠʤʘʣʴʥʦʾ ʰʚʠʜʢʦʩʪʽ ʨʦʟʢʣʘʜʘʥʥʷ. 

4. ʐʚʠʜʢʽʩʪʴ ʽ ʢʽʥʝʪʠʢʘ ʛʘʟʦʚʠʜʽʣʝʥʥʷ. 

5. ʊʠʩʢ, ʱʦ ʨʦʟʚʠʚʘʻʪʴʩʷ ʛʘʟʦʤ. 

ɿʘ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʜʚʘ ʪʠʧʠ ʍɻʋ, 

ʧʨʦʮʝʩ ʨʦʟʢʣʘʜʘʥʥʷ ʷʢʠʭ ʻ ʝʢʟʦʪʝʨʤʽʯʥʠʤ ʘʙʦ ʝʥʜʦʪʝʨʤʽʯʥʠʤ.  

ʍʽʤʽʯʥʽ ʛʘʟʦʫʪʚʦʨʶʚʘʯʽ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʥʝʦʨʛʘʥʽʯʥʽ ʽ ʦʨʛʘʥʽʯʥʽ.  
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ɼʦ ʦʨʛʘʥʽʯʥʠʭ ʭʽʤʽʯʥʠʭ ʛʘʟʦʫʪʚʦʨʶʚʘʯʽʚ ʚʽʜʥʦʩʷʪʴʩʷ ʘʟʦ- ʽ ʜʽʘʟʦʩʧʦʣʫʢʠ, 

ʥʽʪʨʦʟʦʩʧʦʣʫʢʠ, ʩʫʣʴʬʦʛʽʜʨʘʟʽʥʠ, ʘʟʽʜʠ ʦʨʛʘʥʽʯʥʠʭ ʢʠʩʣʦʪ, ʧʦʭʽʜʥʽ ʩʝʯʦʚʠʥʠ ʪʘ 

ʽʥʰʽ ʩʧʦʣʫʢʠ. ʇʝʨʝʚʘʛʠ ʦʨʛʘʥʽʯʥʠʭ ʛʘʟʦʫʪʚʦʨʶʚʘʯʽʚ ʧʦʣʷʛʘʶʪʴ [75]: ʚ 

ʥʝʟʚʦʨʦʪʥʦʤʫ ʭʘʨʘʢʪʝʨ ̔ ʨʝʘʢʮʽʾ ʛʘʟʦʫʪʚʦʨʝʥʥʷ; ʚ ʤʦʞʣʠʚʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʩʧʦʣʫʢ ʟ ʪʝʤʧʝʨʘʪʫʨʦʶ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʛʘʟʦʚʠʜʽʣʝʥʥʷ, ʱʦ ʥʘʙʣʠʞʘʻʪʴʩʷ ʜʦ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʽʥʪʝʨʚʘʣʫ ʧʣʠʥʥʦʩʪʽ ʧʦʣʽʤʝʨʥʠʭ ʢʦʤʧʦʟʠʮʽʡ; ʚ ʤʦʞʣʠʚʦʩʪʽ 

ʨʽʚʥʦʤʽʨʥʦʛʦ ʟʤʽʰʘʥʥʷ ʛʘʟʦʫʪʚʦʨʶʚʘʯʽʚ ʟ ʢʦʤʧʦʥʝʥʪʘʤʠ ʢʦʤʧʦʟʠʮʽʾ.  

ʆʜʥʠʤ ʽʟ ʥʘʡʨʦʟʧʦʚʩʶʜʞʝʥʠʭ ʦʨʛʘʥʽʯʥʠʭ ʍɻʋ ʻ ʘʟʦʜʽʢʘʨʙʦʥʘʤʽʜ 

NH2CON=NCONH2, ʷʢʠʡ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʦʩʥʦʚʥʠʭ ʪʠʧʽʚ ʝʢʟʦʪʝʨʤʽʯʥʠʭ ʍɻʋ ʧʨʠ 

ʚʠʨʦʙʥʠʮʪʚʽ ʧʽʥʦʢʦʤʧʦʟʠʪʽʚ.  ɸʟʦʜʽʢʘʨʙʦʥʘʤʽʜ (ɸɼʂɸ) ï ʨʝʯʦʚʠʥʘ 

ʧʦʤʘʨʘʥʯʝʚʦʛʦ ʢʦʣʴʦʨʫ, ʪʝʤʧʝʨʘʪʫʨʘ ʨʦʟʢʣʘʜʘʥʥʷ 190 ï 240 Áʉ; ʛʘʟʦʚʝ ʯʠʩʣʦ 

250 ʩʤ3/ʛ [75]. 

ʇʝʨʝʚʘʛʘʤʠ ɸɼʂɸ ʻ ʪʝ, ʱʦ ʷʢ ʝʢʟʦʪʝʨʤʽʯʥʠʡ ʍɻʋ ʚʽʥ ʤʘʻ ʙʽʣʴʰ ʚʫʟʴʢʠʡ 

ʜʽʘʧʘʟʦʥ ʪʝʤʧʝʨʘʪʫʨ ʨʦʟʢʣʘʜʘʥʥʷ (ʰʠʨʦʢʠʡ ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʽʥʪʝʨʚʘʣ ʧʝʨʝʨʦʙʢʠ) 

ʽ ʜʘʻ ʙʽʣʴʰ ʚʠʩʦʢʠʡ ʚʠʭʽʜ ʛʘʟʫ, ʥʽʞ ʝʥʜʦʪʝʨʤʽʯʥʽ ʍɻʋ [113]. ʇʨʠʧʫʩʢʘʶʪʴ [114], 

ʱʦ ʝʢʟʦʪʝʨʤʽʯʥʽ ʭʽʤʽʯʥʽ ʛʘʟʦʫʪʚʦʨʶʚʘʯʽ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʽ ʚ ʟʥʠʞʝʥʥʽ ʛʫʩʪʠʥʠ ʪʘ 

ʧʦʩʠʣʝʥʥʽ ʨʦʟʨʠʚʥʦʾ ʤʽʮʥʦʩʪʽ, ʥʽʞ ʝʥʜʦʪʝʨʤʽʯʥʽ ʩʧʽʥʶʶʯʽ ʘʛʝʥʪʠ. 

ɺʽʜʟʥʘʯʘʻʪʴʩʷ ʘʚʪʦʢʘʪʘʣʽʪʠʯʥʠʡ ʭʘʨʘʢʪʝʨ ʨʝʘʢʮʽʾ ʨʦʟʢʣʘʜʘʥʥʷ ɸɼʂɸ, 

ʦʩʢʽʣʴʢʠ ʚ ʧʨʦʮʝʩʽ ʨʦʟʢʣʘʜʘʥʥʷ ʧʨʦʜʫʢʪʠ ʨʝʘʢʮʽʾ ʤʦʞʫʪʴ ʨʝʘʛʫʚʘʪʠ ʟ 

ʥʝʧʨʦʨʝʘʛʫʚʘʚʰʠʤ ɸɼʂɸ, ʟʙʽʣʴʰʫʶʯʠ ʪʠʤ ʩʘʤʠʤ ʰʚʠʜʢʽʩʪʴ ʛʘʟʦʫʪʚʦʨʝʥʥʷ. 

ʂʽʣʴʢʽʩʪʴ ʪʝʧʣʘ, ʱʦ ʚʠʜʽʣʷʻʪʴʩʷ ʧʨʠ ʨʦʟʢʣʘʜʘʥʥʽ ɸɼʂɸ, ʩʪʘʥʦʚʠʪʴ ʚʝʣʠʯʠʥʫ 

86 ʢʘʣ/ʛ (10 ʢʢʘʣ/ʤʦʣʴ) [115]. 

ɸɼʂɸ ʚʽʜʧʦʚʽʜʘʻ ʙʽʣʴʰʦʩʪʽ ʚʠʤʦʛ, ʱʦ ʧʨʝʜ'ʷʚʣʷʶʪʴʩʷ ʜʦ ʛʘʟʦʫʪʚʦʨʶʚʘʯʘ, 

ʟʦʢʨʝʤʘ ʚʠʤʦʛʘʤ ʟʘ ʪʝʤʧʝʨʘʪʫʨʦʶ ʨʦʟʢʣʘʜʘʥʥʷ, ʨʽʚʥʝʤ ʛʘʟʦʚʠʜʽʣʝʥʥʷ, ʩʢʣʘʜʦʤ 

ʛʘʟʫ, ʣʝʛʢʽʩʪʶ ʜʠʩʧʝʨʛʫʚʘʥʥʷ, ʩʪʘʙʽʣʴʥʽʩʪʶ ʧʨʠ ʟʙʝʨʽʛʘʥʥʽ, ʥʝʪʦʢʩʠʯʥʽʩʪʶ ʽ 

ʚʘʨʪʽʩʪʶ. ʂʨʽʤ ʪʦʛʦ, ʮʷ ʨʝʯʦʚʠʥʘ ʻ ʩʘʤʦʟʘʪʫʭʘʶʯʦʶ ʧʨʠ ʢʦʥʪʘʢʪʽ ʟ ʚʽʜʢʨʠʪʠʤ 

ʧʦʣʫʤ'ʷʤ ʽ ʥʝ ʧʽʜʪʨʠʤʫʻ ʛʦʨʽʥʥʷ ʧʦʣʽʤʝʨʫ. ɸɼʂɸ ʻ ʥʘʡʝʢʦʥʦʤʽʯʥʽʰʠʤ ʟ ʫʩʽʭ 

ʧʨʦʤʠʩʣʦʚʠʭ ʛʘʟʦʫʪʚʦʨʶʚʘʯʽʚ [115]. 
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ʄʝʭʘʥʽʟʤ ʨʦʟʢʣʘʜʘʥʥʷ ɸɼʂɸ ʩʢʣʘʜʥʠʡ ʽ ʥʝ ʮʽʣʢʦʤ ʟ'ʷʩʦʚʘʥʠʡ. ʆʩʥʦʚʥʽ 

ʭʽʤʽʯʥʽ ʧʝʨʝʪʚʦʨʝʥʥʷ, ʷʢʽ ʩʫʧʨʦʚʦʜʞʫʶʪʴ ʧʨʦʮʝʩ ʨʦʟʢʣʘʜʘʥʥʷ ɸɼʂɸ, 

ʩʭʝʤʘʪʠʯʥʦ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩʫʥʢʫ 3.1 [116]: 

 

 

ʈʠʩʫʥʦʢ 3.1 - ʍʽʤʽʟʤ ʪʝʨʤʽʯʥʦʛʦ ʨʦʟʢʣʘʜʘʥʥʷ ɸɼʂɸ  

 

ʍʽʤʽʟʤ ʪʝʨʤʽʯʥʦʛʦ ʨʦʟʢʣʘʜʘʥʥʷ ɸɼʂɸ [117] ʧʨʦʪʽʢʘʻ ʚ ʜʚʽ ʩʪʘʜʽʾ: ʥʘ 

ʧʝʨʰʦʤʫ ʝʪʘʧʽ (ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 180 ï 220 Áʉ) ʧʨʦʜʫʢʪʘʤʠ ʨʦʟʢʣʘʜʘʥʥʷ ʻ 

ʤʦʥʦʦʢʩʠʜ ʚʫʛʣʝʮʶ, ʘʟʦʪ ʽ ʩʝʯʦʚʠʥʘ. ʅʘ ʜʨʫʛʦʤʫ ʝʪʘʧʽ, ʷʢʦʤʫ ʚʽʜʧʦʚʽʜʘʻ ʙʽʣʴʰ 

ʰʠʨʦʢʠʡ ʽʥʪʝʨʚʘʣ ʪʝʤʧʝʨʘʪʫʨ (220 ï 320 Áʉ), ʫʪʚʦʨʶʻʪʴʩʷ ʛʘʟʦʧʦʜʽʙʥʠʡ ʘʤʽʘʢ, ʘ 

ʪʘʢʦʞ ʪʚʝʨʜʘ ʽʟʦʮʽʘʥʦʚʘ ʢʠʩʣʦʪʘ, ʷʢʘ ʻ ʧʨʦʜʫʢʪʦʤ ʨʦʟʢʣʘʜʘʥʥʷ ʩʝʯʦʚʠʥʠ. 

ʄʘʪʝʨʽʘʣ ʥʝ ʨʦʟʢʣʘʜʘʻʪʴʩʷ ʧʦʚʥʽʩʪʶ ʜʦ ʛʘʟʦʧʦʜʽʙʥʠʭ ʧʨʦʜʫʢʪʽʚ. ʇʨʠ ʨʦʟʢʣʘʜʘʥʥʽ 

ʫʪʚʦʨʶʻʪʴʩʷ 32 % ʛʘʟʫ, 40 % ʪʚʝʨʜʦʛʦ ʟʘʣʠʰʢʫ, ʽ 25 % ʩʫʙʣʽʤʘʪʫ. ɻʘʟ ʩʢʣʘʜʘʻʪʴʩʷ 

ʟ 65 % ʘʟʦʪʫ, 32 % ʦʢʩʠʜʫ ʚʫʛʣʝʮʶ ʽ 3 % ʽʥʰʠʭ ʛʘʟʽʚ, ʚʢʣʶʯʘʶʯʠ ʘʤʽʘʢ ʽ ʜʽʦʢʩʠʜ 

ʚʫʛʣʝʮʶ. ɸʤʽʘʢ ʫʪʚʦʨʶʻʪʴʩʷ, ʚ ʦʩʥʦʚʥʦʤʫ, ʧʨʠ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. 

ɼʦ ʥʝʦʨʛʘʥʽʯʥʠʭ ʛʘʟʦʫʪʚʦʨʶʚʘʯʽʚ ʚʽʜʥʦʩʷʪʴʩʷ [66, 68, 69, 75]:  

ʘ) ʢʘʨʙʦʥʘʪʠ ʽ ʛʽʜʨʦʢʘʨʙʦʥʘʪʠ ʥʘʪʨʽʶ ʪʘ ʘʤʦʥʽʶ: 

 

NH4HCO3 ź NH3ŷ + CO2ŷ + H2O,     (3.8) 

 

2NaHCO3 ź Na2O + 2CO2ŷ + H2O,     (3.9) 

 

ʙ) ʛʘʟʦʫʪʚʦʨʶʚʘʯʽ, ʱʦ ʚʠʜʽʣʷʶʪʴ ʛʘʟʠ ʚ ʨʝʟʫʣʴʪʘʪʽ ʚʟʘʻʤʦʜʽʾ ʢʦʤʧʦʥʝʥʪʽʚ 

ʢʦʤʧʦʟʠʮʽʾ:  
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- ʩʫʤʽʰʽ ʢʠʩʣʦʪ ʟ ʤʝʪʘʣʘʤʠ; 

- ʩʫʤʽʰʽ ʥʽʪʨʠʪʽʚ; 

- ʩʫʤʽʰʽ ʦʨʛʘʥʽʯʥʠʭ ʢʠʩʣʦʪ ʟ ʥʝʦʨʛʘʥʽʯʥʠʤʠ ʢʘʨʙʦʥʘʪʘʤʠ: 

 

2C17H35COOH + CaCO3 Ÿ (C17H35COO)2Ca + CO2ŷ + H2OŷŹ,  (3.10) 

 

ɻʽʜʨʦʢʘʨʙʦʥʘʪʠ ʚʠʜʽʣʷʶʪʴ ʛʘʟʦʧʦʜʽʙʥʽ ʨʝʯʦʚʠʥʠ ʚʥʘʩʣʽʜʦʢ ʦʙʦʨʦʪʥʦʛʦ 

ʪʝʨʤʽʯʥʦʛʦ ʨʦʟʢʣʘʜʘʥʥʷ ʽ ʤʘʶʪʴ ʚʝʣʠʢʝ ʛʘʟʦʚʝ ʯʠʩʣʦ. ʇʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʚ ʷʢʦʩʪʽ 

ʛʘʟʦʫʪʚʦʨʶʚʘʯʽʚ ʚʫʛʣʝʢʠʩʣʠʭ ʩʦʣʝʡ ʥʘʪʨʽʶ ʪʘ ʘʤʦʥʽʶ ʧʽʥʦʧʣʘʩʪʠ ʟ 

ʤʽʢʨʦʢʦʤʽʨʯʘʩʪʦʶ  ʩʪʨʫʢʪʫʨʦʶ ʧʦʚʠʥʥʽ ʚʦʣʦʜʽʪʠ ʢʨʘʱʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ, ʪʘʢ ʷʢ 

ʚ ʧʨʦʮʝʩʽ ʦʪʨʠʤʘʥʥʷ ʪʚʝʨʜʠʭ ʧʽʥ ʥʘ ʦʩʥʦʚʽ ʧʝʢʫ ʚʥʘʩʣʽʜʦʢ ʧʦʣʽʤʝʨʠʟʘʮʽʾ ʽ 

ʧʦʣʽʢʦʥʜʝʥʩʘʮʽʾ ʧʽʜʚʠʱʫʻʪʴʩʷ ʤʽʮʥʽʩʪʴ ʤʘʪʝʨʽʘʣʫ [69]. ʆʩʥʦʚʥʽ ʛʘʟʠ ʧʨʠ 

ʨʦʟʢʣʘʜʘʥʥʽ ï ʜʽʦʢʩʠʜ ʚʫʛʣʝʮʶ ʪʘ ʧʘʨʠ ʚʦʜʠ. ʆʜʥʘʢ ʦʙʦʨʦʪʥʠʡ ʭʘʨʘʢʪʝʨ ʨʝʘʢʮʽʾ 

ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʟʤʝʥʰʝʥʥʷ ʪʠʩʢʫ ʫ ʢʦʤʽʨʢʘʭ ʪʘ ʫʩʘʜʮʽ ʤʘʪʝʨʽʘʣʫ.   

 

3.2.2 ʇʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʽ ʨʝʯʦʚʠʥʠ 

ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʽ ʬʦʨʤʦʩʪʘʙʽʣʴʥʦʩʪʽ ʩʪʨʫʢʪʫʨ ʜʦ ʩʢʣʘʜʫ ʩʧʽʥʝʥʠʭ 

ʢʦʤʧʦʟʠʮʽʡ ʚʚʦʜʷʪʴ ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʽ ʨʝʯʦʚʠʥʠ (ʇɸʈ) [68, 105, 106, 118]. 

ɼʣʷ ʢʦʞʥʦʛʦ ʚʠʜʫ ʧʦʣʽʤʝʨʥʦʾ ʢʦʤʧʦʟʠʮʽʾ ʽʩʥʫʻ ʦʧʪʠʤʘʣʴʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ 

ʇɸʈ, ʥʠʞʯʝ ʷʢʦʾ ʚʧʣʠʚ ʇɸʈ ʥʝʟʥʘʯʥʠʡ, ʘ ʚʠʱʝ ï ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʷʚʠ 

ʧʣʘʩʪʠʬʽʢʫʶʯʦʛʦ ʝʬʝʢʪʫ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʧʦʨʫʰʫʻʪʴʩʷ ʩʠʥʭʨʦʥʥʽʩʪʴ 

ʰʚʠʜʢʦʩʪʝʡ ʩʧʽʥʶʚʘʥʥʷ ʽ ʟʘʪʚʝʨʜʽʥʥʷ. 

ɼʦ ʇɸʈ ʚʽʜʥʦʩʷʪʴʩʷ ʨʝʯʦʚʠʥʠ, ʱʦ ʟʜʘʪʥʽ ʘʜʩʦʨʙʫʚʘʪʠʩʷ ʥʘ ʧʦʚʝʨʭʥʷʭ 

ʨʦʟʜʽʣʫ ʬʘʟ ʽ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʟʥʠʞʝʥʥʷ ʧʦʚʝʨʭʥʝʚʦʛʦ ʥʘʪʷʛʫ. ʇɸʈ ï ʮʝ ʦʨʛʘʥʽʯʥʽ 

ʩʧʦʣʫʢʠ, ʤʦʣʝʢʫʣʠ ʷʢʠʭ ʤʘʶʪʴ ʜʠʬʽʣʴʥʠʡ ʭʘʨʘʢʪʝʨ, ʪʦʙʪʦ ʩʢʣʘʜʘʶʪʴʩʷ ʟ 

ʧʦʣʷʨʥʦʾ (ʛʽʜʨʦʬʽʣʴʥʦʾ) ʛʨʫʧʠ ʽ ʥʝʧʦʣʷʨʥʦʛʦ (ʛʽʜʨʦʬʦʙʥʦʛʦ) ʨʘʜʠʢʘʣʘ. ʊʘʢʽ 

ʨʝʯʦʚʠʥʠ ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʽ ʥʘ ʢʦʨʜʦʥʘʭ ʨʦʟʜʽʣʫ çʛʘʟ ï ʨʽʜʠʥʘè. ɿʘ ʩʚʦʻʶ 

ʭʽʤʽʯʥʦʶ ʧʨʠʨʦʜʦʶ ʇɸʈ ʜʽʣʷʪʴʩʷ ʥʘ ʯʦʪʠʨʠ ʛʨʫʧʠ [119, 120]: 

- ʘʥʽʦʥʘʢʪʠʚʥʽ ï ʜʠʩʩʦʮʽʶʶʪʴ ʫ ʚʦʜʽ ʟ ʫʪʚʦʨʝʥʥʷʤ ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʠʭ 

ʽʦʥʽʚ (ʘʥʽʦʥʽʚ); 
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- ʢʘʪʽʦʥʘʢʪʠʚʥʽ ï ʜʠʩʩʦʮʽʶʶʪʴ ʫ ʚʦʜʽ ʟ ʫʪʚʦʨʝʥʥʷʤ ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʠʭ 

ʽʦʥʽʚ (ʢʘʪʽʦʥʽʚ); 

- ʘʤʬʦʣʽʪʥʽ ï ʤʽʩʪʷʪʴ ʜʚʽ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʛʨʫʧʠ, ʦʜʥʘ ʟ ʷʢʠʭ ʤʘʻ ʢʠʩʣʠʡ, ʘ 

ʜʨʫʛʘ ʦʩʥʦʚʥʠʡ ʭʘʨʘʢʪʝʨ. ɿʘʣʝʞʥʦ ʚʽʜ ʨʅ ʩʝʨʝʜʦʚʠʱʘ ʘʤʬʦʣʽʪʥʽ ʇɸʈ ʤʘʶʪʴ ʘʙʦ 

ʘʥʽʦʥʘʢʪʠʚʥ,̔ ʘʙʦ ʢʘʪʽʦʥʘʢʪʠʚʥ ̔ʚʣʘʩʪʠʚʦʩʪ;̔ 

- ʥʝʽʦʥʦʛʝʥʥʽ ï ʚʟʘʻʤʦʜʽʶʯʠ ʟ ʚʦʜʦʶ, ʥʝ ʫʪʚʦʨʶʶʪʴ ʽʦʥʽʚ. 

ʇɸʈ ʛʨʘʶʪʴ ʥʘʡʚʘʞʣʠʚʽʰʫ ʨʦʣʴ ʧʨʠ ʦʪʨʠʤʘʥʥʽ ʧʽʥʦʧʣʘʩʪʽʚ, ʦʩʦʙʣʠʚʦ ʧʨʠ 

ʦʪʨʠʤʘʥʥʽ ʧʽʥʦʧʣʘʩʪʽʚ ʥʘ ʦʩʥʦʚʽ ʨʝʘʢʮʽʡʥʦʟʜʘʪʥʠʭ ʦʣʽʛʦʤʝʨʽʚ [68]. ɺʦʥʠ ʜʫʞʝ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʫʷʚʥʫ ʛʫʩʪʠʥʫ, ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 

ʯʠʩʣʘ ʚʽʜʢʨʠʪʠʭ ʽ ʟʘʢʨʠʪʠʭ ʧʦʨ ʚ ʧʽʥʦʧʣʘʩʪʽ. 

ɺʠʙʽʨ ʇɸʈ ʟʘʣʝʞʠʪʴ ʚʽʜ ʡʦʛʦ ʨʦʣʽ ʫ ʧʨʦʮʝʩʽ ʚʠʨʦʙʥʠʮʪʚʘ ʧʽʥʦʤʘʪʝʨʽʘʣʽʚ.  

ʆʜʥʠʤ ʟ ʥʘʧʨʷʤʽʚ ʚʠʢʦʨʠʩʪʘʥʥʷ ʇɸʈ ʚ ʷʢʦʩʪʽ ʚʥʫʪʨʽʰʥʽʭ ʟʤʘʟʦʢ ʻ 

ʟʤʝʥʰʝʥʥʷ ʚʥʫʪʨʽʰʥʴʦʛʦ ʪʝʨʪʷ ʪʘ ʪʝʧʣʦʚʠʜʽʣʝʥʥʷ ʫ ʨʝʟʫʣʴʪʘʪʽ ʧʝʨʝʨʦʟʧʦʜʽʣʫ 

ʤʝʭʘʥʽʯʥʦʾ ʝʥʝʨʛʽʾ ʫ ʧʨʦʮʝʩʽ ʩʧʽʥʶʚʘʥʥʷ ʢʦʤʧʦʟʠʮʽʾ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʨʽʚʥʦʤʽʨʥʝ 

ʪʘ ʰʚʠʜʢʝ ʧʨʦʪʽʢʘʥʥʷ ʧʨʦʮʝʩʫ. 

ɯʥʰʠʤ ʥʘʧʨʷʤʦʤ ʻ ʟʤʝʥʰʝʥʥʷ ʜʝʩʪʨʫʢʮʽʾ ʩʘʤʦʛʦ ʪʝʨʤʦʧʣʘʩʪʫ, ʦʩʦʙʣʠʚʦ ʧʨʠ 

ʢʦʥʪʘʢʪʽ ʟ ʤʝʪʘʣʦʤ, ʪʘ ʜʣʷ ʟʥʠʞʝʥʥʷ ʘʜʛʝʟʽʾ ʢʦʤʧʦʟʠʮʽʾ ʟ ʤʝʪʘʣʝʚʠʤʠ ʧʦʚʝʨʭʥʷʤʠ 

ʧʨʠʣʘʜʫ ʜʣʷ ʩʧʽʥʶʚʘʥʥʷ. ɿ ʮʽʻʶ ʤʝʪʦʶ ʇɸʈ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʫ ʷʢʦʩʪʽ ʟʦʚʥʽʰʥʽʭ 

ʟʤʘʟʦʢ [121]. 

ɺʥʫʪʨʽʰʥʽ ʟʤʘʟʢʠ ʧʦʚʠʥʥʽ ʤʘʪʠ ʚʠʩʦʢʫ ʘʜʛʝʟʽʶ ʜʦ ʪʝʨʤʦʧʣʘʩʪʫ, ʱʦ 

ʩʧʽʥʶʻʪʴʩʷ. ɿʘʟʚʠʯʘʡ ʪʘʢʫ ʨʦʣʴ ʚʠʢʦʥʫʶʪʴ ʧʦʣʷʨʥʽ ʦʨʛʘʥʽʯʥʽ ʩʧʦʣʫʢʠ (ʝʬʽʨʠ 

ʛʣʽʮʝʨʠʥʘ ʽ ʞʠʨʥʠʭ ʢʠʩʣʦʪ, ʧʝʨʚʠʥʥʽ, ʚʪʦʨʠʥʥʽ ʪʘ ʪʨʝʪʠʥʥʽ ʘʤʽʜʠ) [96]. 

ɼʦ ʟʦʚʥʽʰʥʽʭ ʟʤʘʟʦʢ ʚʽʜʥʦʩʷʪʴʩʷ ʇɸʈ, ʷʢʽ ʟʙʽʣʴʰʫʶʪʴ ʧʦʚʝʨʭʥʝʚʝ ʢʦʚʟʘʥʥʷ 

ʢʦʤʧʦʟʠʮʽʾ ʪʘ ʟʥʠʞʫʶʪʴ ʾʾ ʘʜʛʝʟʽʶ ʜʦ ʤʝʪʘʣʫ. ɼʦ ʥʠʭ ʚʽʜʥʦʩʷʪʴʩʷ ʧʘʨʘʬʽʥʠ, 

ʩʪʝʘʨʠʥʦʚʘ ʢʠʩʣʦʪʘ, ʢʨʝʤʥʽʡʦʨʛʘʥʽʯʥʽ ʇɸʈ, ʧʦʣʽʝʪʠʣʝʥʦʢʩʠʜʠ [96, 103, 104]. 

ʅʘʡʙʽʣʴʰʦʾ ʧʝʨʝʚʘʛʠ ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ ʧʽʥʦʤʘʪʝʨʽʘʣʽʚ ʥʘ ʦʩʥʦʚʽ ʇɺʍ  

ʦʪʨʠʤʘʣʠ ʘʥʽʦʥʘʢʪʠʚʥʽ ʇɸʈ ï ʩʪʝʘʨʘʪʠ ʢʘʣʴʮʽʶ ʽ ʮʠʥʢʫ ʟʘʚʜʷʢʠ ʩʚʦʾʡ 

ʝʢʦʣʦʛʽʯʥʽʡ ʙʝʟʧʝʮʽ ʪʘ ʚʽʜʥʦʩʥʦ ʥʠʟʴʢʽʡ ʚʘʨʪʦʩʪʽ. ʆʜʥʘʢ ʥʘʡʛʦʣʦʚʥʽʰʦʶ 

ʧʝʨʝʚʘʛʦʶ ʻ ʪʝ, ʱʦ ʚʦʥʠ ʜʝʤʦʥʩʪʨʫʶʪʴ ʩʠʥʝʨʛʽʯʥʠʡ ʝʬʝʢʪ ʧʨʠ ʾʭ ʩʧʽʣʴʥʦʤʫ 

ʚʠʢʦʨʠʩʪʘʥʥʽ [122-127]. 
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ʆʪʞʝ, ʚ ʷʢʦʩʪʽ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʟʤʘʟʢʠ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʚʥʫʪʨʽʰʥʴʦʛʦ ʪʝʨʪʷ ʫ 

ʧʨʦʮʝʩʽ ʩʧʽʥʶʚʘʥʥʷ ʧʝʢʫ ʙʫʣʦ ʦʙʨʘʥʦ ʩʪʝʘʨʘʪʠ ʢʘʣʴʮʽʶ ʽ ʮʠʥʢʫ.  

 

3.2.3 ɿʘʨʦʜʞʫʚʘʣʴʥʽ ʘʛʝʥʪʠ 

ɿʘʨʦʜʞʫʚʘʣʴʥʽ ʘʛʝʥʪʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʨʠ ʦʪʨʠʤʘʥʥʽ ʧʽʥʦʧʣʘʩʪʽʚ ʥʘ 

ʦʩʥʦʚʽ ʪʝʨʤʦʧʣʘʩʪʠʯʥʠʭ ʧʦʣʽʤʝʨʽʚ. ɿʘʨʦʜʞʫʚʘʣʴʥʽ ʘʛʝʥʪʠ ï ʥʫʢʣʝʟʽʘʪʠ 

(ʟʘʨʦʜʦʫʪʚʦʨʶʚʘʯʽ) ï ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʦʜʥʦʨʽʜʥʦʾ ʩʫʤʽʰʽ ʽ 

ʜʨʽʙʥʦʧʦʨʠʩʪʦʾ ʩʪʨʫʢʪʫʨʠ. ɿʘʨʦʜʞʫʚʘʣʴʥʽ ʘʛʝʥʪʠ ʟʘ ʤʝʭʘʥʽʟʤʦʤ ʾʭ ʜʽʾ ʜʽʣʷʪʴʩʷ ʥʘ 

ʪʨʠ ʛʨʫʧʠ [66-70, 75]:  

- ʨʝʯʦʚʠʥʠ, ʱʦ ʩʪʚʦʨʶʶʪʴ ʧʝʨʝʩʠʯʝʥʠʡ ʨʦʟʯʠʥ ʛʘʟʫ ʚ ʢʦʤʧʦʟʠʮʽʾ ʽ ʟʜʘʪʥʽ 

ʫʪʚʦʨʶʚʘʪʠ ʚ ʥʽʡ ʜʨʽʙʥʽ ʙʫʣʴʙʘʰʢʠ ʜʦ ʚʧʣʠʚʫ ʛʘʟʦʫʪʚʦʨʶʚʘʯʘ. ɺ ʷʢʦʩʪʽ ʪʘʢʠʭ 

ʟʘʨʦʜʞʫʚʘʣʴʥʠʭ ʘʛʝʥʪʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ NaHCO3, ʣʠʤʦʥʥʘ ʢʠʩʣʦʪʘ, ʮʠʪʨʘʪ 

ʥʘʪʨʽʶ ʪʘ ʽʥʰʽ; 

- ʪʦʥʢʦʜʠʩʧʝʨʩʥʽ ʦʨʛʘʥʽʯʥʽ ʨʝʯʦʚʠʥʠ, ʤʽʥʝʨʘʣʴʥʽ ʪʘ ʤʝʪʘʣʝʚʽ ʧʦʨʦʰʢʠ, ʱʦ 

ʜʽʪʁʴ ʟʘ ʧʨʠʥʮʠʧʦʤ çʛʘʨʷʯʠʭ ʪʦʯʦʢè. ʎʽ ʨʝʯʦʚʠʥʠ ʤʘʶʪʴ ʘʙʦ ʚʝʣʠʢʫ 

ʪʝʧʣʦʻʤʥʽʩʪʴ (ʤʝʪʘʣʝʚʽ ʧʦʨʦʰʢʠ), ʘʙʦ ʧʨʠ ʨʦʟʢʣʘʜʘʥʥʽ ʚʠʜʽʣʷʶʪʴ ʪʝʧʣʦ. ʇʨʠ ʾʭ 

ʥʘʷʚʥʦʩʪʽ (ʧʝʨʰʠʡ ʚʠʧʘʜʦʢ) ʚ ʢʦʤʧʦʟʠʮʽʾ (ʚ ʨʦʟʧʣʘʚʽ) ʧʨʠ ʩʧʽʥʶʚʘʥʥʽ, ʢʦʣʠ 

ʨʦʟʧʣʘʚ ʦʭʦʣʦʜʞʫʶʪʴ, ʚʦʥʠ ʦʭʦʣʦʜʞʫʶʪʴʩʷ ʧʦʚʽʣʴʥʽʰʝ, ʥʽʞ ʧʦʣʽʤʝʨʥʘ ʤʘʪʨʠʮʷ, 

ʽ ʩʪʚʦʨʶʶʪʴ ʟʘ ʦʙʩʷʛʦʤ ʨʦʟʧʣʘʚʫ ʥʽʙʠ ʛʘʨʷʯʽ ʪʦʯʢʠ ï ʣʦʢʘʣʴʥʽ ʤʽʩʮʷ ʟ 

ʧʽʜʚʠʱʝʥʦʶ ʪʝʤʧʝʨʘʪʫʨʦʶ. ʋ ʮʠʭ ʪʦʯʢʘʭ ʚ'ʷʟʢʽʩʪʴ ʧʦʣʽʤʝʨʥʦʾ ʤʘʪʨʠʮʽ ʙʫʜʝ 

ʤʝʥʰʝ ʯʝʨʝʟ ʧʽʜʚʠʱʝʥʫ ʪʝʤʧʝʨʘʪʫʨʫ, ʽ ʚʦʥʠ ʙʫʜʫʪʴ ʩʣʫʞʠʪʠ ʮʝʥʪʨʘʤʠ 

ʟʘʨʦʜʞʝʥʥʷ ʛʘʟʦʚʠʭ ʙʫʣʴʙʘʰʦʢ. ʋ ʜʨʫʛʦʤʫ ʚʠʧʘʜʢʫ (ʜʠʥʘʤʽʯʥʽ ʟʘʨʦʜʞʫʚʘʣʴʥʽ 

ʘʛʝʥʪʠ) ʚ'ʷʟʢʽʩʪʴ ʧʦʣʽʤʝʨʥʦʾ ʤʘʪʨʠʮʽ ʟʥʠʞʫʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʪʝʧʣʘ, ʷʢʝ 

ʚʠʜʽʣʷʻʪʴʩʷ ʧʨʠ ʨʦʟʢʣʘʜʘʥʥʽ ʟʘʨʦʜʞʫʚʘʣʴʥʦʛʦ ʘʛʝʥʪʘ. ʊʦʥʢʦʜʠʩʧʝʨʩʥʠʤʠ 

ʨʝʯʦʚʠʥʘʤʠ, ʱʦ ʜʽʶʪʴ ʟʘ ʧʨʠʥʮʠʧʦʤ ʮʝʥʪʨʽʚ ʟʘʨʦʜʞʝʥʥʷ ʛʘʟʦʚʦʾ ʬʘʟʠ 

(çʢʠʧʽʣʦʢè) ʻ ʪʘʣʴʢ, ʦʢʩʠʜʠ ʢʨʝʤʥʽʶ ʽ ʪʠʪʘʥʫ, ʢʘʦʣʽʥ ʪʘ ʽʥ. ʂʦʥʮʝʥʪʨʘʮʽʷ 

ʟʘʨʦʜʞʫʚʘʣʴʥʠʭ ʘʛʝʥʪʽʚ ʚ ʢʦʤʧʦʟʠʮʽʾ ʩʢʣʘʜʘʻ ʚʽʜ 0,01 ʜʦ 0,5 %. 

ɿ ʛʨʫʧʦʚʦʛʦ ʩʢʣʘʜʫ ʚʽʜʦʤʦ [3], ʱʦ ʜʦ ʩʢʣʘʜʫ ʢʘʤôʷʥʦʚʫʛʽʣʴʥʦʛʦ ʧʝʢʫ ʚʭʦʜʷʪʴ 

ʢʦʤʧʦʥʝʥʪʠ Ŭ1-ʬʨʘʢʮʽʾ, ʷʢʽ ʤʦʞʫʪʴ ʚʠʢʦʥʫʚʘʪʠ ʬʫʥʢʮʽʶ ʟʘʨʦʜʞʫʚʘʣʴʥʠʭ ʘʛʝʥʪʽʚ. 
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ɼʘʥʘ ʬʨʘʢʮʽʷ ʤʽʩʪʠʪʴ ʯʘʩʪʠʥʢʠ ʚʽʜ 1 ʜʦ 3 ʤʢʤ ʪʘ ʩʢʣʘʜʘʻ 5 ï 8 % ʚʽʜ ʚʤʽʩʪʫ 

ʢʘʤôʷʥʦʚʫʛʽʣʴʥʦʛʦ ʧʝʢʫ. 

 

3.3 ɺʠʙʽʨ ʛʘʟʦʫʪʚʦʨʶʚʘʯʘ 

ɿ ʦʛʣʷʜʫ ʥʘ ʪʝ, ʱʦ ʜʣʷ ʩʧʽʥʶʚʘʥʥʷ ʢʘʤôʷʥʦʚʫʛʽʣʴʥʦʛʦ ʧʝʢʫ ʤʦʞʥʘ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʨʽʟʥʽ ʛʘʟʦʫʪʚʦʨʶʚʘʯʽ, ʧʝʨʰʠʤ ʝʪʘʧʦʤ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ 

ʪʝʦʨʝʪʠʯʥʝ ʚʠʟʥʘʯʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʽʜʝʘʣʴʥʦʾ ʧʽʥʠ ʥʘ ʦʩʥʦʚʽ 

ʢʘʤôʷʥʦʚʫʛʽʣʴʥʦʛʦ ʧʝʢʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʽʟʥʠʭ ʛʘʟʦʫʪʚʦʨʶʚʘʯʽʚ.  

ɺʠʭʦʜʷʯʠ ʟ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʧʝʢʫ ʽ ʚʠʤʦʛ ʜʦ ʍɻʋ, ʜʣʷ 

ʩʧʽʥʶʚʘʥʥʷ ʧʝʢʫ ʙʫʣʦ ʪʝʦʨʝʪʠʯʥʦ ʜʦʩʣʽʜʞʝʥʦ ʥʘʩʪʫʧʥʽ ʛʘʟʦʫʪʚʦʨʶʚʘʯʽ: 

ʛʽʜʨʦʢʘʨʙʦʥʘʪ ʘʤʦʥʽʶ, ʛʽʜʨʦʢʘʨʙʦʥʘʪ ʥʘʪʨʽʶ ʪʘ ʾʭ ʩʫʤʽʰ, ʩʪʝʘʨʠʥʦʚʫ ʢʠʩʣʦʪʫ ʟ 

ʢʘʨʙʦʥʘʪʦʤ ʢʘʣʴʮʽʶ, ʘʟʦʜʽʢʘʨʙʦʥʘʤʽʜ.  

ɻʽʜʨʦʢʘʨʙʦʥʘʪʠ ʤʘʶʪʴ ʚʝʣʠʢʝ ʛʘʟʦʚʝ ʯʠʩʣʦ ʪʘ ʧʨʠ ʨʦʟʢʣʘʜʘʥʥʽ, ʚ ʦʩʥʦʚʥʦʤʫ, 

ʚʠʜʽʣʷʶʪʴ ʜʽʦʢʩʠʜ ʚʫʛʣʝʮʶ. 

ɸʟʦʜʽʢʘʨʙʦʥʘʤʽʜ ʚʠʜʽʣʷʻ ʛʘʟʦʧʦʜʽʙʥʽ ʨʝʯʦʚʠʥʠ ʚʥʘʩʣʽʜʦʢ ʥʝʦʙʦʨʦʪʥʦʛʦ 

ʪʝʨʤʽʯʥʦʛʦ ʨʦʟʢʣʘʜʘʥʥʷ. ʗʢ ʝʢʟʦʪʝʨʤʽʯʥʠʡ ʍɻʋ, ɸɼʂɸ ʤʘʻ ʙʽʣʴʰ ʚʫʟʴʢʠʡ 

ʜʽʘʧʘʟʦʥ ʪʝʤʧʝʨʘʪʫʨ ʨʦʟʢʣʘʜʘʥʥʷ (ʰʠʨʦʢʠʡ ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʽʥʪʝʨʚʘʣ ʧʝʨʝʨʦʙʢʠ) 

ʽ ʜʘʻ ʚʠʩʦʢʠʡ ʚʠʭʽʜ ʛʘʟʫ [113]. 

ʅʘ ʧʽʜʩʪʘʚʽ ʪʝʦʨʝʪʠʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʙʫʣʦ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʦʩʥʦʚʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʧʦʨʠʩʪʽʩʪʴ ʪʘ ʛʫʩʪʠʥʘ) ʽʜʝʘʣʴʥʦʾ ʧʽʥʠ ʥʘ ʦʩʥʦʚʽ 

ʢʘʤôʷʥʦʚʫʛʽʣʴʥʦʛʦ ʧʝʢʫ ʪʘ ʦʙʨʘʥʠʭ ʛʘʟʦʫʪʚʦʨʶʚʘʯʽʚ. 

ʈʦʟʨʘʭʫʥʢʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʽʜʝʘʣʴʥʦʾ ʧʽʥʠ, ʪʦʙʪʦ ʧʽʥʠ ʦʪʨʠʤʫʚʘʥʦʾ ʟʘ 

ʽʜʝʘʣʴʥʠʭ ʫʤʦʚ ʧʝʨʝʜʙʘʯʘʣʠ, ʱʦ ʚʝʩʴ ʦʙʩʷʛ ʫʪʚʦʨʶʚʘʥʦʛʦ ʛʘʟʫ ʚʽʜ ʨʦʟʢʣʘʜʘʥʥʷ 

ʛʘʟʦʫʪʚʦʨʶʚʘʯʘ ʨʦʟʧʦʜʽʣʷʚʩʷ ʚ ʦʙôʻʤʽ ʢʘʤôʷʥʦʚʫʛʽʣʴʥʦʛʦ ʧʝʢʫ. ɼʣʷ ʫʨʘʭʫʚʘʥʥʷ 

ʚʪʨʘʪ ʥʘ ʨʦʟʯʠʥʝʥʥʷ ʛʘʟʫ ʚ ʩʘʤʦʤʫ ʢʘʤôʷʥʦʚʫʛʽʣʴʥʦʤʫ ʧʝʢʫ ʙʫʣʦ ʧʨʠʡʥʷʪʦ 

ʢʦʝʬʽʮʽʻʥʪ ʨʦʟʯʠʥʝʥʥʷ, ʱʦ ʜʦʨʽʚʥʶʚʘʚ 0,05.  

ɿ ʤʝʪʦʶ ʚʠʟʥʘʯʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʽʜʝʘʣʴʥʦʾ ʧʽʥʠ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʽʣʴʢʦʩʪʽ 

ʭʽʤʽʯʥʦʛʦ ʛʘʟʦʫʪʚʦʨʶʚʘʯʘ ʚʘʨʽʶʚʘʣʠ ʡʦʛʦ ʤʘʩʫ ʚ ʽʥʪʝʨʚʘʣʽ 0,2 ï 1 ʤʘʩ. ʯ. ʜʦ 

10 ʤʘʩ.ʯ. ʢʘʤôʷʥʦʚʫʛʽʣʴʥʦʛʦ ʧʝʢʫ ʟ ʢʨʦʢʦʤ 0,2. ɼʣʷ ʢʦʞʥʦʛʦ ʪʠʧʫ ʛʘʟʦʫʪʚʦʨʶʚʘʯʘ 

ʪʘʢʦʞ ʙʫʣʦ ʨʦʟʨʘʭʦʚʘʥʦ ʽʥʪʝʨʚʘʣ ʟʥʘʯʝʥʴ ʛʘʟʦʚʠʭ ʯʠʩʝʣ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 
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ʢʽʣʴʢʦʩʪʽ ʛʘʟʦʫʪʚʦʨʶʚʘʯʘ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʩʧʽʥʶʚʘʥʥʷ 

ʢʘʤôʷʥʦʚʫʛʽʣʴʥʦʛʦ ʧʝʢʫ.  

ɼʣʷ ʘʟʦʜʽʢʘʨʙʦʥʘʤʽʜʫ ʙʫʣʦ ʧʨʠʡʥʷʪʦ ʟʥʘʯʝʥʥʷ ʛʘʟʦʚʦʛʦ ʯʠʩʣʘ 250 ʩʤ3/ʛ 

ʟʛʽʜʥʦ ʣʽʪʝʨʘʪʫʨʥʠʤ ʜʘʥʠʤ [75]. 

ɻʘʟʦʚʝ ʯʠʩʣʦ (ɡ0) ʜʣʷ ʥʝʦʨʛʘʥʽʯʥʠʭ ʛʘʟʦʫʪʚʦʨʶʚʘʯʽʚ (ʛʽʜʨʦʢʘʨʙʦʥʘʪʽʚ 

ʥʘʪʨʽʶ, ʘʤʦʥʽʶ ʪʘ ʩʫʤʽʰʽ ʩʪʝʘʨʠʥʦʚʦʾ ʢʠʩʣʦʪʠ ʟ ʢʘʨʙʦʥʘʪʦʤ ʢʘʣʴʮʽʶ), ʟʛʽʜʥʦ ʟ 

ʨʽʚʥʷʥʥʷʤʠ 3.8 ï 3.10, ʨʦʟʨʘʭʦʚʫʚʘʣʠ ʟʘ ʬʦʨʤʫʣʦʶ, ʩʤ3/ʛ [75]: 

 

‡
’̄Ͻὠ

’ː Ͻɣὓ
Ͻρπππȟ̒ Ⱦ̍̄                                        σȢρρ 

ɜʛ ï ʢʽʣʴʢʽʩʪʴ ʤʦʣʝʡ ʛʘʟʫ, ʱʦ ʫʪʚʦʨʠʚʩʷ ʧʨʠ ʧʦʚʥʦʤʫ ʨʦʟʢʣʘʜʘʥʥʽ 

ʛʘʟʦʫʪʚʦʨʶʚʘʯʘ;  

Vm - ʤʦʣʷʨʥʠʡ ʦʙ'ʻʤ ʛʘʟʫ, ʱʦ ʫʪʚʦʨʠʚʩʷ ʧʨʠ ʧʦʚʥʦʤʫ ʨʦʟʢʣʘʜʘʥʥʽ 

ʛʘʟʦʫʪʚʦʨʶʚʘʯʘ ʟʘ ʥʦʨʤʘʣʴʥʠʭ ʫʤʦʚ, ʣ/ʤʦʣʴ; 

ɜɻʋ ï ʢʽʣʴʢʽʩʪʴ ʤʦʣʝʡ ʛʘʟʦʫʪʚʦʨʶʚʘʯʘ ʟʘ ʨʝʘʢʮʽʻʶ ʡʦʛʦ ʨʦʟʢʣʘʜʘʥʥʷ;  

ʄ ï ʤʦʣʷʨʥʘ ʤʘʩʘ ʛʘʟʦʫʪʚʦʨʶʚʘʯʘ, ʛ/ʤʦʣʴ;  

 

ɼʣʷ ʩʫʤʽʰʽ ʛʽʜʨʦʢʘʨʙʦʥʘʪʽʚ ʥʘʪʨʽʶ ʪʘ ʘʤʦʥʽʶ ʛʘʟʦʚʝ ʯʠʩʣʦ (ɡ0) 

ʨʦʟʨʘʭʦʚʫʚʘʣʠ ʟʘ ʬʦʨʤʫʣʦʶ, ʩʤ3/ʛ: 

 

‡ В‡Ͻά ȟ      (3.12) 

ɡi ï ʟʥʘʯʝʥʥʷ ʛʘʟʦʚʦʛʦ ʯʠʩʣʘ ʢʦʞʥʦʛʦ ʟ ʢʦʤʧʦʥʝʥʪʽʚ ʩʫʤʽʰʽ 

ʛʘʟʦʫʪʚʦʨʶʚʘʯʘ, ʩʤ3/ʛ; 

mi ï ʤʘʩʦʚʘ ʜʦʣʷ ʢʦʞʥʦʛʦ ʟ ʢʦʤʧʦʥʝʥʪʽʚ ʩʫʤʽʰʽ ʛʘʟʦʫʪʚʦʨʶʚʘʯʘ. 

 

ʅʘ ʧʨʦʮʝʩ ʩʧʽʥʶʚʘʥʥʷ ʥʘʡʙʽʣʴʰʠʡ ʚʧʣʠʚ ʤʘʶʪʴ ʪʝʤʧʝʨʘʪʫʨʘ ʽ ʪʠʩʢ. ʊʦʤʫ ʚ 

ʨʦʟʨʘʭʫʥʢʘʭ ʧʨʠʡʥʷʣʠ ʟʥʘʯʝʥʥʷ ʪʠʩʢʫ ʧʨʠ ʥʦʨʤʘʣʴʥʠʭ ʫʤʦʚʘʭ 1,013 . 105 ʇʘ ʪʘ 

ʪʝʤʧʝʨʘʪʫʨʫ 293 ʂ. ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʮʠʭ ʜʘʥʠʭ ʟʥʘʭʦʜʠʤʦ ʟʘ ʨʽʚʥʷʥʥʷʤ ʩʪʘʥʫ 

ʽʜʝʘʣʴʥʦʛʦ ʛʘʟʫ (ʟʘʢʦʥ ʂʣʘʧʝʡʨʦʥʘ-ʄʝʥʜʝʣʻʻʚʘ) ʦʙôʻʤ ʛʘʟʫ, ʱʦ ʫʪʚʦʨʶʻʪʴʩʷ ʧʨʠ 

ʨʦʟʢʣʘʜʘʥʥʽ ʛʘʟʦʫʪʚʦʨʶʚʘʯʘ ʪʘ ʧʨʠʚʝʜʝʥʠʡ ʜʦ ʊ = 293 ʂ: 

https://uk.wikipedia.org/wiki/%D0%9A%D0%BB%D0%B0%D0%BF%D0%B5%D0%B9%D1%80%D0%BE%D0%BD
https://uk.wikipedia.org/wiki/%D0%9C%D0%B5%D0%BD%D0%B4%D0%B5%D0%BB%D1%94%D1%94%D0%B2
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ὠ̕
˟Ͻ‡

˟
ȟ                                                          σȢρσ 

Vʬ ï ʦʙôʻʤ ʛʘʟʫ, ʱʦ ʫʪʚʦʨʶʻʪʴʩʷ ʧʨʠ ʨʦʟʢʣʘʜʘʥʥʽ ʛʘʟʦʫʪʚʦʨʶʚʘʯʘ ʪʘ 

ʧʨʠʚʝʜʝʥʠʡ ʜʦ ʊ = 293 ʂ, ʩʤ3/ʛ;  

ɡ0 ï ʛʘʟʦʚʝ ʯʠʩʣʦ ʧʨʠ ʧʦʚʥʦʤʫ ʨʦʟʢʣʘʜʘʥʥʽ ʛʘʟʦʫʪʚʦʨʶʚʘʯʘ 

ʧʨʠ ʊ = 273 ʂ, ʩʤ3/ʛ;   

ʊ0 ï ʪʝʤʧʝʨʘʪʫʨʘ, ʟʥʘʯʝʥʥʷ ʷʢʦʾ ʜʦʨʽʚʥʶʻ 273 ʂ;  

ʊ1 ï ʪʝʤʧʝʨʘʪʫʨʘ, ʟʥʘʯʝʥʥʷ ʷʢʦʾ ʜʦʨʽʚʥʶʻ 293 ʂ. 

 

ʆʙôʻʤ ʛʘʟʫ (Vʛ), ʱʦ ʫʪʚʦʨʶʻʪʴʩʷ ʧʨʠ ʨʦʟʢʣʘʜʘʥʥʽ ʛʘʟʦʫʪʚʦʨʶʚʘʯʘ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʚʪʨʘʪ ʥʘ ʨʦʟʯʠʥʝʥʥʷ ʛʘʟʫ ʚ ʧʝʢʫ ʪʘ ʢʽʣʴʢʦʩʪʽ ʚʠʪʨʘʯʝʥʦʛʦ 

ʛʘʟʦʫʪʚʦʨʶʚʘʯʘ ʚʠʟʥʘʯʘʣʠ ʟʘ ʬʦʨʤʫʣʦʶ, ʩʤ3: 

 

ὠ̄ ‡ϽπȟωυϽὲȟ                                                  σȢρτ 

ɡ0 ï ʛʘʟʦʚʝ ʯʠʩʣʦ ʧʨʠ ʧʦʚʥʦʤʫ ʨʦʟʢʣʘʜʘʥʥʽ ʛʘʟʦʫʪʚʦʨʶʚʘʯʘ, ʩʤ
3/ʛ; 

0,95 ï ʢʦʝʬʽʮʽʻʥʪ ʛʘʟʫ ʚ ʢʦʤʽʨʢʘʭ ʽʜʝʘʣʴʥʦʾ ʧʽʥʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʪʨʘʪ ʛʘʟʫ ʥʘ 

ʨʦʟʯʠʥʝʥʥʷ ʚ ʢʘʤôʷʥʦʚʫʛʽʣʴʥʦʤʫ ʧʝʢʫ, ʷʢʽ ʩʢʣʘʜʘʶʪʴ 0,05; 

n ï ʢʽʣʴʢʽʩʪʴ ʚʠʪʨʘʯʝʥʦʛʦ ʛʘʟʦʫʪʚʦʨʶʚʘʯʘ (ʚʽʜ 0,2 ʜʦ 1 ʟ ʢʨʦʢʦʤ 0,2), ʛ. 

 

ʆʙôʻʤ ʽʜʝʘʣʴʥʦʾ ʧʽʥʠ (Vʽʧ) ʥʘ ʦʩʥʦʚʽ ʧʝʢʫ ʟʥʘʭʦʜʠʤʦ ʟʘ ʬʦʨʤʫʣʦʶ, ʩʤ3: 

 

ὠ̨̐ ὠ̄ ὠ̐ ȟ̍                                                   σȢρυ 

Vʛ ï ʦʙôʻʤ ʛʘʟʫ, ʱʦ ʫʪʚʦʨʶʻʪʴʩʷ ʧʨʠ ʨʦʟʢʣʘʜʘʥʥʽ ʛʘʟʦʫʪʚʦʨʶʚʘʯʘ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʚʪʨʘʪ ʥʘ ʨʦʟʯʠʥʝʥʥʷ ʛʘʟʫ ʚ ʧʝʢʫ ʪʘ ʢʽʣʴʢʦʩʪʽ ʚʠʪʨʘʯʝʥʦʛʦ 

ʛʘʟʦʫʪʚʦʨʶʚʘʯʘ, ʩʤ3;  

Vʧʤ ï ʦʙôʻʤ ʧʝʢʦʤʘʪʨʠʮʽ, ʷʢʠʡ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʦʙôʻʤʫ ʧʝʢʫ ʪʘ ʦʙôʻʤʫ ʪʚʝʨʜʦʛʦ 

ʟʘʣʠʰʢʫ ʛʘʟʦʫʪʚʦʨʶʚʘʯʘ ʧʽʩʣʷ ʧʦʚʥʦʛʦ ʡʦʛʦ ʨʦʟʢʣʘʜʘʥʥʷ, ʩʤ3: 
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ὠ̐̍
ά̐ ̆̋̔ά̓ ̃

”̐ ̆̋̔
ȟ                                                σȢρφ 

mʧʝʢʫ ï ʤʘʩʘ ʧʝʢʫ, ʷʢʘ ʜʦʨʽʚʥʶʻ 10 ʛ; 

mʪʚ ï ʤʘʩʘ ʪʚʝʨʜʦʛʦ ʟʘʣʠʰʢʫ ʛʘʟʦʫʪʚʦʨʶʚʘʯʘ ʧʽʩʣʷ ʧʦʚʥʦʛʦ ʡʦʛʦ 

ʨʦʟʢʣʘʜʘʥʥʷ, ʛ; 

ɟʧʝʢʫ ï ʛʫʩʪʠʥʘ ʢʘʤôʷʥʦʚʫʛʽʣʴʥʦʛʦ ʧʝʢʫ, ʷʢʘ ʜʦʨʽʚʥʶʻ 1,3 ʛ/ʩʤ3. 

  

ʄʘʩʫ ʪʚʝʨʜʦʛʦ ʟʘʣʠʰʢʫ ʜʣʷ ʛʽʜʨʦʢʘʨʙʦʥʘʪʽʚ ʥʘʪʨʽʶ, ʘʤʦʥʽʶ ʪʘ ʩʫʤʽʰʽ 

ʩʪʝʘʨʠʥʦʚʦʾ ʢʠʩʣʦʪʠ ʟ ʢʘʨʙʦʥʘʪʦʤ ʢʘʣʴʮʽʶ ʨʦʟʨʘʭʦʚʫʚʘʣʠ ʟʘ ʬʦʨʤʫʣʦʶ, ʛ: 

 

ά̓ ̃

’̓̃Ͻ̇ ̓̃ ’
̃Ͻ̇ ˚˛

’ː Ͻɣ̇
Ͻὲȟ                                σȢρχ 

ɜʪʚ ï ʢʽʣʴʢʽʩʪʴ ʤʦʣʝʡ ʪʚʝʨʜʦʛʦ ʟʘʣʠʰʢʫ ʛʘʟʦʫʪʚʦʨʶʚʘʯʘ ʧʽʩʣʷ ʧʦʚʥʦʛʦ ʡʦʛʦ 

ʨʦʟʢʣʘʜʘʥʥʷ;  

ʄʪʚ ï ʤʦʣʷʨʥʘ ʤʘʩʘ ʪʚʝʨʜʦʛʦ ʟʘʣʠʰʢʫ ʛʘʟʦʫʪʚʦʨʶʚʘʯʘ ʧʽʩʣʷ ʧʦʚʥʦʛʦ ʡʦʛʦ 

ʨʦʟʢʣʘʜʘʥʥʷ, ʛ/ʤʦʣʴ; 

ɜʚ ï ʢʽʣʴʢʽʩʪʴ ʤʦʣʝʡ ʚʦʜʠ, ʷʢʘ ʚʠʜʽʣʠʣʘʩʴ ʟʘ ʨʝʘʢʮʽʻʶ ʨʦʟʢʣʘʜʘʥʥʷ 

ʛʘʟʦʫʪʚʦʨʶʚʘʯʘ;  

ʄʅ2ʆ ï ʤʦʣʷʨʥʘ ʤʘʩʘ ʚʦʜʠ, ʷʢʘ ʚʠʜʽʣʠʣʘʩʴ ʟʘ ʨʝʘʢʮʽʻʶ ʨʦʟʢʣʘʜʘʥʥʷ 

ʛʘʟʦʫʪʚʦʨʶʚʘʯʘ, ʛ/ʤʦʣʴ; 

ɜɻʋ ï ʢʽʣʴʢʽʩʪʴ ʤʦʣʝʡ ʛʘʟʦʫʪʚʦʨʶʚʘʯʘ ʟʘ ʨʝʘʢʮʽʻʶ ʡʦʛʦ ʨʦʟʢʘʣʘʜʘʥʥʷ;  

ʄ ï ʤʦʣ̫ʨʥʘ ʤʘʩʘ ʛʘʟʦʫʪʚʦʨʶʚʘʯʘ, ʛ/ʤʦʣʴ;  

n ï ʢʽʣʴʢʽʩʪʴ ʚʠʪʨʘʯʝʥʦʛʦ ʛʘʟʦʫʪʚʦʨʶʚʘʯʘ (ʚʽʜ 0,2 ʜʦ 1 ʟ ʢʨʦʢʦʤ 0,2), ʛ. 

 

ʇʦʨʠʩʪʽʩʪʴ ʽʜʝʘʣʴʥʦʾ ʧʽʥʠ (ʇʽʧ) ʥʘ ʦʩʥʦʚʽ ʧʝʢʫ ʨʦʟʨʘʭʦʚʫʚʘʣʠ ʟʘ ʬʦʨʤʫʣʦʶ: 

˜̨ ̐

ὠ̄

ὠ̨̐
ȟ                                                          σȢρψ 

Vʛ ï ʦʙôʻʤ ʛʘʟʫ, ʱʦ ʫʪʚʦʨʶʻʪʴʩʷ ʧʨʠ ʨʦʟʢʣʘʜʘʥʥʽ ʛʘʟʦʫʪʚʦʨʶʚʘʯʘ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʚʪʨʘʪ ʥʘ ʨʦʟʯʠʥʝʥʥʷ ʛʘʟʫ ʚ ʧʝʢʫ ʪʘ ʢʽʣʴʢʦʩʪʽ ʚʠʪʨʘʯʝʥʦʛʦ 

ʛʘʟʦʫʪʚʦʨʶʚʘʯʘ, ʩʤ3;  
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Vʽʧ ï ʦʙôʻʤ ʽʜʝʘʣʴʥʦʾ ʧʽʥʠ ʥʘ ʦʩʥʦʚʽ ʧʝʢʫ, ʩʤ
3.  

 

ɻʫʩʪʠʥʫ (ɟ̔ʧ) ʽʜʝʘʣʴʥʦʾ ʧʽʥʠ ʥʘ ʦʩʥʦʚʽ ʧʝʢʫ ʟʥʘʭʦʜʠʤʦ ʟʘ ʬʦʨʤʫʣʦʶ, ʛ/ʩʤ3: 

 

”̨ ̐

ά̐ ̆̋̔ά̓ ̃

ὠ̨̐
ȟ                                           σȢρω 

mʧʝʢʫ ï ʤʘʩʘ ʧʝʢʫ, ʷʢʘ ʜʦʨʽʚʥʶʻ 10 ʛ; 

mʪʚ ï ʤʘʩʘ ʪʚʝʨʜʦʛʦ ʟʘʣʠʰʢʫ ʛʘʟʦʫʪʚʦʨʶʚʘʯʘ ʧʽʩʣʷ ʧʦʚʥʦʛʦ ʡʦʛʦ 

ʨʦʟʢʣʘʜʘʥʥʷ, ʛ; 

Vʽʧ ï ʦʙôʻʤ ʽʜʝʘʣʴʥʦʾ ʧʽʥʠ ʥʘ ʦʩʥʦʚʽ ʧʝʢʫ, ʩʤ
3.  

 

ʅʘ ʧʽʜʩʪʘʚʽ ʬʦʨʤʫʣʠ 3.11 ʚʠʢʦʥʘʥʦ ʨʦʟʨʘʭʫʥʢʠ ʪʝʦʨʝʪʠʯʥʦʛʦ ʛʘʟʦʚʦʛʦ ʯʠʩʣʘ 

ʜʣʷ ʥʝʦʨʛʘʥʽʯʥʠʭ ʛʘʟʦʫʪʚʦʨʶʚʘʯʽʚ ʟʛʽʜʥʦ ʨʝʘʢʮʽʡ ʾʭ ʨʦʟʢʣʘʜʘʥʥʷ (ʬʦʨʤʫʣʠ 3.8 ï 

3.10). ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣʠʮʽ 3.1. 

ʊʘʙʣʠʮʷ 3.1 

ʊʝʦʨʝʪʠʯʥʽ ʟʥʘʯʝʥʥʷ ʛʘʟʦʚʠʭ ʯʠʩʝʣ ʥʝʦʨʛʘʥʽʯʥʠʭ ʛʘʟʦʫʪʚʦʨʶʚʘʯʽʚ  

ʟʘ ʨʝʘʢʮʽʷʤʠ ʾʭ ʨʦʟʢʣʘʜʘʥʥʷ 

ʊʠʧ ɻʋ NaHCO3 NH4HCO3 

ʉʫʤʽʰ 

NaHCO3 ʪʘ 

NH4HCO3 

ʉʫʤʽʰ 

C17H35COOH 

ʪʘ CaCO3 

ɸɼʂɸ 

ɡ0, ʩʤ
3/ʛ 266,67 567,09 416,88 33,53 250,00 

 

ɸʥʘʣʽʟʫʶʯʠ ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ (ʪʘʙʣ. 3.1), ʩʧʦʩʪʝʨʽʛʘʻʤʦ ʥʘʡʙʽʣʴʰʽ 

ʟʥʘʯʝʥʥʷ ʛʘʟʦʚʠʭ ʯʠʩʝʣ, ʘ ʪʦʙʪʦ ʡ ʦʙôʻʤ ʦʪʨʠʤʫʚʘʥʦʛʦ ʛʘʟʫ ʧʨʠ ʨʦʟʢʣʘʜʘʥʥʽ 

ʛʘʟʦʫʪʚʦʨʶʚʘʯʘ, ʫ ʛʽʜʨʦʢʘʨʙʦʥʘʪʽʚ ʘʤʦʥʽʶ ʪʘ ʥʘʪʨʽʶ, ʽ ʾʭ ʩʫʤʽʰʽ. ʅʘʡʛʽʨʰʽ 

ʟʥʘʯʝʥʥʷ ï ʜʣʷ ʩʫʤʽʰʽ ʩʪʝʘʨʠʥʦʚʦʾ ʢʠʩʣʦʪʠ ʪʘ ʢʘʨʙʦʥʘʪʫ ʢʘʣʴʮʽʶ, ʱʦ ʚʧʣʠʚʘʻ ʥʘ 

ʟʥʘʯʝʥʥʷ ʦʙôʻʤʫ ʧʽʥʠ, ʱʦ ʫʪʚʦʨʶʻʪʴʩʷ.  

ɻʨʘʬʽʢʠ ʟʘʣʝʞʥʦʩʪʽ ʧʦʨʠʩʪʦʩʪʽ ʪʘ ʛʫʩʪʠʥʠ ʽʜʝʘʣʴʥʦʾ ʧʽʥʠ ʚʽʜ ʪʠʧʫ ʪʘ 

ʢʽʣʴʢʽʩʪʽ ʛʘʟʦʫʪʚʦʨʶʚʘʯʘ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʘʭ 3.2, 3.3. 
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ʈʠʩʫʥʦʢ 3.2 ï ɻʨʘʬʽʢ ʟʘʣʝʞʥʦʩʪʽ ʧʦʨʠʩʪʦʩʪʽ ʽʜʝʘʣʴʥʦʾ ʧʽʥʠ ʚʽʜ ʢʽʣʴʢʽʩʪʽ ʪʘ 

ʪʠʧʫ ʛʘʟʦʫʪʚʦʨʶʚʘʯʘ: 1 ï ʟʥʘʯʝʥʥʷ ʧʦʨʠʩʪʦʩʪʽ ʧʽʥʠ, ʫʪʚʦʨʝʥʦʾ 

ʛʽʜʨʦʢʘʨʙʦʥʘʪʦʤ ʘʤʦʥʽʶ, 2 ï ʩʫʤʽʰʰʶ ʛʽʜʨʦʢʘʨʙʦʥʘʪʽʚ ʥʘʪʨʽʶ ʪʘ ʘʤʦʥʽʶ, 3 

ï ʛʽʜʨʦʢʘʨʙʦʥʘʪʦʤ ʥʘʪʨʽʶ, 4 ï ʘʟʦʜʽʢʘʨʙʦʥʘʤʽʜʦʤ, 5 ï ʩʫʤʽʰʰʶ ʩʪʝʘʨʠʥʦʚʦʾ 

ʢʠʩʣʦʪʠ ʪʘ ʢʘʨʙʦʥʘʪʦʤ ʢʘʣʴʮʽʶ 

 

ʈʠʩʫʥʦʢ 3.3 ï ɻʨʘʬʽʢ ʟʘʣʝʞʥʦʩʪʽ ʫʷʚʥʦʾ ʛʫʩʪʠʥʠ ʽʜʝʘʣʴʥʦʾ ʧʽʥʠ ʚʽʜ ʢʽʣʴʢʽʩʪʽ 

ʪʘ ʪʠʧʫ ʛʘʟʦʫʪʚʦʨʶʚʘʯʘ: 1 ï ʟʥʘʯʝʥʥʷ ʫʷʚʥʦʾ ʛʫʩʪʠʥʠ ʧʽʥʠ, ʫʪʚʦʨʝʥʦʾ 

ʩʫʤʽʰʰʶ ʩʪʝʘʨʠʥʦʚʦʾ ʢʠʩʣʦʪʠ ʪʘ ʢʘʨʙʦʥʘʪʦʤ ʢʘʣʴʮʽʶ, 2 ï 

ʘʟʦʜʽʢʘʨʙʦʥʘʤʽʜʦʤ, 3 ï ʛʽʜʨʦʢʘʨʙʦʥʘʪʦʤ ʥʘʪʨʽʶ, 4 ï ʩʫʤʽʰʰʶ 

ʛʽʜʨʦʢʘʨʙʦʥʘʪʽʚ ʥʘʪʨʽʶ ʪʘ ʘʤʦʥʽʶ, 5 ï ʛʽʜʨʦʢʘʨʙʦʥʘʪʦʤ ʘʤʦʥʽʶ 
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ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʛʨʘʬʽʢʫ 3.2, ʙʘʯʠʤʦ, ʱʦ ʟʥʘʯʝʥʥʷ ʧʦʨʠʩʪʦʩʪʽ ʧʽʥ, ʫʪʚʦʨʝʥʠʭ 

ʘʟʦʜʽʢʘʨʙʦʥʘʤʽʜʦʤ, ʛʽʜʨʦʢʘʨʙʦʥʘʪʦʤ ʘʤʦʥʽʶ, ʛʽʜʨʦʢʘʨʙʦʥʘʪʦʤ ʥʘʪʨʽʶ ʪʘ ʾʭ 

ʩʫʤʽʰʰʶ ʧʨʘʢʪʠʯʥʦ ʦʜʥʘʢʦʚʽ. ʅʘʡʤʝʥʰʽ ʧʦʢʘʟʥʠʢʠ ʤʘʻ ʪʽʣʴʢʠ ʧʽʥʘ, ʫʪʚʦʨʝʥʘ 

ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʩʫʤʽʰʽ ʩʪʝʘʨʠʥʦʚʦʾ ʢʠʩʣʦʪʠ ʪʘ ʢʘʨʙʦʥʘʪʫ ʢʘʣʴʮʽʶ. 

ɸʥʘʣʽʟʫʶʯʠ ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʟʘ ʛʨʘʬʽʢʦʤ 3.3, ʙʘʯʠʤʦ ʪʘʢʫ ʩʘʤʫ 

ʪʝʥʜʝʥʮʽʶ ʟʘʣʝʞʥʦʩʪʽ ʷʢ ʽ ʜʣʷ ʧʦʨʠʩʪʦʩʪʽ ʦʪʨʠʤʫʚʘʥʠʭ ʧʽʥ. ɿʥʘʯʝʥʥʷ ʫʷʚʥʦʾ 

ʛʫʩʪʠʥʠ ʧʽʥ, ʫʪʚʦʨʝʥʠʭ ʘʟʦʜʽʢʘʨʙʦʥʘʤʽʜʦʤ ʪʘ ʛʽʜʨʦʢʘʨʙʦʥʘʪʦʤ ʘʤʦʥʽʶ ʻ 

ʥʘʡʤʝʥʰʠʤʠ, ʘ ʥʘʡʙʽʣʴʰʽ ï ʩʫʤʽʰʰʶ ʩʪʝʘʨʠʥʦʚʦʾ ʢʠʩʣʦʪʠ ʪʘ ʢʘʨʙʦʥʘʪʫ ʢʘʣʴʮʽʶ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʨʦʚʝʜʝʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ, ʥʘʡʢʨʘʱʽ ʧʦʢʘʟʥʠʢʠ 

ʧʦʨʠʩʪʦʩʪʽ ï 0,97; 0,99; 0,97 ʪʘ ʛʫʩʪʠʥʠ 0,0406 ʛ/ʩʤ3; 0,0175 ʛ/ʩʤ3; 0,0374 ʛ/ʩʤ3 

ʤʘʶʪʴ ʽʜʝʘʣʴʥʽ ʧʽʥʠ, ʫʪʚʦʨʝʥʽ ʚʽʜʧʦʚʽʜʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʍɻʋ ï ʘʟʦʜʽʢʘʨʙʦʥʘʤʽʜʫ, 

ʛʽʜʨʦʢʘʨʙʦʥʘʪʽʚ ʘʤʦʥʽʶ ʪʘ ʥʘʪʨʽʶ, ʘ ʥʘʡʤʝʥʰʽ ʧʦʢʘʟʥʠʢʠ ʧʦʨʠʩʪʦʩʪʽ 0,80 ʪʘ 

ʛʫʩʪʠʥʘ 0,2567 ʛ/ʩʤ3 ï ʩʫʤʽʰʽ ʩʪʝʘʨʠʥʦʚʦʾ ʢʠʩʣʦʪʠ ʟ ʢʘʨʙʦʥʘʪʦʤ ʢʘʣʴʮʽʶ.  

ʆʜʥʘʢ ʛʽʜʨʦʢʘʨʙʦʥʘʪ ʘʤʦʥʽʶ ʻ ʥʝʩʪʽʡʢʦʶ ʨʝʯʦʚʠʥʦʶ ʪʘ ʨʦʟʢʣʘʜʘʻʪʴʩʷ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʽ 60 ï 100 Áʉ, ʷʢʘ ʻ ʥʠʟʴʢʦʶ ʜʣʷ ʩʧʽʥʶʚʘʥʥʷ ʢʘʤôʷʥʦʚʫʛʽʣʴʥʦʛʦ ʧʝʢʫ 

ʯʝʨʝʟ ʥʝʚʽʜʧʦʚʽʜʥʽʩʪʴ ʡʦʛʦ ʨʝʦʣʦʛʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. ɻʽʜʨʦʢʘʨʙʦʥʘʪ ʥʘʪʨʽʶ ʧʨʠ 

ʨʦʟʢʣʘʜʘʥʥʽ ʫʪʚʦʨʶʻ ʪʚʝʨʜʠʡ ʟʘʣʠʰʦʢ Na2O, ʱʦ ʟʤʝʥʰʫʻ ʚʠʭʽʜ ʛʘʟʫ, 

ʛʘʟʦʫʪʚʦʨʶʚʘʯ ʤʘʻ ʟʜʘʪʥʽʩʪʴ ʜʦ ʢʦʤʢʫʚʘʥʥʷ ʚ ʧʨʦʮʝʩʽ ʧʦʜʨʽʙʥʝʥʥʷ ʽ ʟʤʽʰʫʚʘʥʥʷ. 

ɻʽʜʨʦʢʘʨʙʦʥʘʪʠ ʘʤʦʥʽʶ ʪʘ ʥʘʪʨʽʶ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʝʥʜʦʪʝʨʤʽʯʥʠʭ ʩʧʽʥʶʶʯʠʭ 

ʘʛʝʥʪʽʚ, ʷʢʽ ʩʧʨʠʷʶʪʴ ʧʦʚʽʣʴʥʦʤʫ ʩʧʽʥʶʚʘʥʥʶ ʽ ʬʦʨʤʫʚʘʥʥʶ ʙʽʣʴʰ ʛʨʫʙʦʾ 

ʟʘʢʨʠʪʦʢʦʤʽʨʢʦʚʦʾ ʩʪʨʫʢʪʫʨʠ. ʇʨʠ ʾʭ ʨʦʟʢʣʘʜʘʥʥʽ ʧʝʨʝʚʘʞʥʦ ʫʪʚʦʨʶʻʪʴʩʷ ʉʆ2, 

ʷʢʠʡ ʚʚʘʞʘʻʪʴʩʷ ʤʝʥʰ ʝʬʝʢʪʠʚʥʠʤ ʩʧʽʥʶʶʯʠʤ ʛʘʟʦʤ ʯʝʨʝʟ ʡʦʛʦ ʨʦʟʯʠʥʝʥʥʷ ʚ 

ʢʘʤôʷʥʦʚʫʛʽʣʴʥʦʤʫ ʧʝʢʫ. ɺʩʽ ʮʽ ʥʝʜʦʣʽʢʠ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʚʠʙʽʨ ʜʘʥʠʭ 

ʩʧʽʥʶʶʯʠʭ ʘʛʝʥʪʽʚ. 

ʆʩʥʦʚʥʽ ʧʝʨʝʚʘʛʠ ʘʟʦʜʽʢʘʨʙʦʥʘʤʽʜʫ ʥʘʩʪʫʧʥʽ: ʜʘʥʠʡ ʍɻʋ ʚʽʜʧʦʚʽʜʘʻ 

ʙʽʣʴʰʦʩʪʽ ʚʠʤʦʛ, ʱʦ ʧʨʝʜ'ʷʚʣʷʶʪʴʩʷ ʜʦ ʛʘʟʦʫʪʚʦʨʶʚʘʯʽʚ, ʟʦʢʨʝʤʘ ʚʠʤʦʛʘʤ ʟʘ 

ʨʽʚʥʝʤ ʛʘʟʦʚʠʜʽʣʝʥʥʷ, ʩʢʣʘʜʦʤ ʛʘʟʫ, ʣʝʛʢʽʩʪʶ ʜʠʩʧʝʨʛʫʚʘʥʥʷ, ʩʪʘʙʽʣʴʥʽʩʪʶ ʧʨʠ 

ʟʙʝʨʽʛʘʥʥʽ, ʥʝʪʦʢʩʠʯʥʽʩʪʶ ʽ ʮʽʥʦʶ. ɸɼʂɸ ʷʢ ʝʢʟʦʪʝʨʤʽʯʥʠʡ ʍɻʋ ʤʘʻ ʙʽʣʴʰ 

ʚʫʟʴʢʠʡ ʜʽʘʧʘʟʦʥ ʪʝʤʧʝʨʘʪʫʨ ʨʦʟʢʣʘʜʘʥʥʷ (ʰʠʨʦʢʠʡ ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʽʥʪʝʨʚʘʣ 

ʧʝʨʝʨʦʙʢʠ) ʽ ʜʘʻ ʙʽʣʴʰ ʚʠʩʦʢʠʡ ʚʠʭʽʜ ʛʘʟʫ, ʥʽʞ ʝʥʜʦʪʝʨʤʽʯʥʽ. ɸʟʦʪ, ʱʦ 
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ʫʪʚʦʨʶʻʪʴʩʷ ʧʨʠ ʨʦʟʢʣʘʜʘʥʥʽ ɸɼʂɸ ʚʚʘʞʘʻʪʴʩʷ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤ ʩʧʽʥʶʶʯʠʤ 

ʛʘʟʦʤ ʟʘʚʜʷʢʠ ʙʽʣʴʰ ʥʠʟʴʢʽʡ ʰʚʠʜʢʦʩʪʽ ʡʦʛʦ ʜʠʬʫʟʽʾ ʚ ʧʦʣʽʤʝʨʥʽʡ ʤʘʪʨʠʮʽ. 

ɽʢʟʦʪʝʨʤʽʯʥʽ ʭʽʤʽʯʥʽ ʩʧʽʥʶʶʯʽ ʘʛʝʥʪʠ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʽ ʚ ʟʥʠʞʝʥʥʽ ʛʫʩʪʠʥʠ ʪʘ 

ʧʦʩʠʣʝʥʥʽ ʨʦʟʨʠʚʥʦʾ ʤʽʮʥʦʩʪʽ, ʥʽʞ ʝʥʜʦʪʝʨʤʽʯʥʽ ʩʧʽʥʶʶʯʽ ʘʛʝʥʪʠ ʽ ʾʭ ʩʫʤʽʰʽ [77]. 

ɼʘʥʽ ʧʝʨʝʚʘʛʠ ʨʦʙʣʷʪʴ ɸɼʂɸ ʥʘʡʙʽʣʴʰ ʧʽʜʭʦʜʷʱʠʤ ʛʘʟʦʫʪʚʦʨʶʚʘʯʝʤ ʜʣʷ 

ʦʪʨʠʤʘʥʥʷ ʩʧʽʥʝʥʠʭ ʢʦʤʧʦʟʠʪʽʚ ʥʘ ʦʩʥʦʚʽ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʢʘʤ'ʷʥʦʚʫʛʽʣʴʥʦʛʦ 

ʧʝʢʫ. 

ʂʽʣʴʢʽʩʪʴ ʛʘʟʦʫʪʚʦʨʶʚʘʯʘ ʤʘʻ ʚʝʣʠʢʠʡ ʚʧʣʠʚ ʥʘ ʟʥʘʯʝʥʥʷ ʧʦʨʠʩʪʦʩʪʽ ʪʘ 

ʫʷʚʥʦʾ ʛʫʩʪʠʥʠ ʦʪʨʠʤʘʥʦʾ ʧʽʥʠ ʪʽʣʴʢʠ ʚ ʜʽʘʧʘʟʦʥʽ ʜʦ 5 ʤʘʩ.ʯ (ʜʦ 100 ʤʘʩ.ʯ. ʧʝʢʫ). 

ʊʦʤʫ ʙʫʣʦ ʟʨʦʙʣʝʥʦ ʚʠʩʥʦʚʦʢ ʧʨʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʘʟʦʫʪʚʦʨʶʚʘʯʘ ʜʣʷ ʩʧʽʥʶʚʘʥʥʷ 

ʢʘʤôʷʥʦʚʫʛʽʣʴʥʦʛʦ ʧʝʢʫ ʚ ʢʽʣʴʢʦʩʪʽ ʚʽʜ 1 ʜʦ 5 ʤʘʩ.ʯ (ʜʦ 100 ʤʘʩ.ʯ. ʧʝʢʫ). 

ɯʥʽʮʽʶʚʘʥʥʷ ʘʟʦʜʽʢʘʨʙʦʥʘʤʽʜʫ. ɸʟʦʜʽʢʘʨʙʦʥʘʤʽʜ ʻ ʥʘʡʙʽʣʴʰ ʧʽʜʭʦʜʷʱʠʤ 

ʛʘʟʦʫʪʚʦʨʶʚʘʯʝʤ ʟʘ ʚʩʽʤʘ ʧʦʢʘʟʥʠʢʘʤʠ, ʦʢʨʽʤ ʪʝʤʧʝʨʘʪʫʨʠ ʨʦʟʢʣʘʜʘʥʥʷ, ʷʢʘ 

ʩʢʣʘʜʘʻ ʧʨʠʙʣʠʟʥʦ 190 ï 240 ÁC [128]. ʊʘʢʘ ʪʝʤʧʝʨʘʪʫʨʘ ʨʦʟʢʣʘʜʘʥʥʷ  ʻ ʟʘʥʘʜʪʦ 

ʚʠʩʦʢʦʶ ʜʣʷ ʩʧʽʥʶʚʘʥʥʷ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʢʘʤ'ʷʥʦʚʫʛʽʣʴʥʦʛʦ ʧʝʢʫ ʯʝʨʝʟ ʟʤʽʥʫ 

ʡʦʛʦ ʨʝʦʣʦʛʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ [112]. ʇʨʦʮʝʩ ʩʧʽʥʶʚʘʥʥʷ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚôʷʟʢʦʩʪʽ 

ʢʘʤôʷʥʦʚʫʛʽʣʴʥʦʛʦ ʧʝʢʫ. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 130 ï 150 ÁC ʧʝʢ ʟʥʘʭʦʜʠʪʴʩʷ ʚ 

ʚʠʩʦʢʦʝʣʘʩʪʠʯʥʦʤʫ ʽ ʚ'ʷʟʢʦʪʝʢʫʯʦʤʫ ʩʪʘʥʽ, ʪʦʙʪʦ ʤʘʻ ʚ'ʷʟʢʽʩʪʴ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ 

ʫʪʚʦʨʝʥʥʷ ʧʽʥʠ (ʚôʷʟʢʽʩʪʴ 55 ï 190 ʇʘ . ʩ). ɿʘ ʪʝʤʧʝʨʘʪʫʨ ʚʠʱʝ ʥʽʞ  195 Áʉ,  

ʤʦʜʠʬʽʢʦʚʘʥʠʡ ʢʘʤôʷʥʦʚʫʛʽʣʴʥʠʡ ʧʝʢ ʧʦʢʘʟʫʻ ʥʴʶʪʦʥʽʚʩʴʢʫ ʪʝʯʽʶ, ʪʦʙʪʦ 

ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʧʦʚʥʽʩʪʶ ʟʨʫʡʥʦʚʘʥʫ ʩʪʨʫʢʪʫʨʫ [112], ʘ ʪʘʢʦʞ ʧʽʜʜʘʻʪʴʩʷ 

ʪʝʨʤʦʦʢʠʩʣʶʚʘʣʴʥʽʡ ʜʝʛʨʘʜʘʮʽʾ. 

ɺʽʜʦʤʦ, ʱʦ ʪʝʤʧʝʨʘʪʫʨʘ ʨʦʟʢʣʘʜʘʥʥʷ ɸɼʂɸ ʤʦʞʝ ʙʫʪʠ ʟʥʠʞʝʥʘ ʚʚʝʜʝʥʥʷʤ 

ʽʥʽʮʽʘʪʦʨʽʚ ï ʩʦʣʝʡ ʮʠʥʢʫ ʽ ʢʘʣʴʮʽʶ. ʈʷʜ ʜʦʩʣʽʜʥʠʢʽʚ [129, 130] ʚʚʘʞʘʻ, ʱʦ ʧʨʠ 

ʚʟʘʻʤʦʜʽʾ  ɸɼʂɸ ʟ ʩʦʣʷʤʠ ʢʘʣʴʮʽʶ ʘʙʦ ʮʠʥʢʫ ʫʪʚʦʨʶʶʪʴʩʷ ʚʽʜʧʦʚʽʜʥʽ ʩʦʣʽ 

ʘʟʦʜʽʢʘʨʙʦʥʦʚʦʾ ʢʠʩʣʦʪʠ, ʷʢʽ ʜʽʶʪʴ ʷʢ ʽʥʽʮʽʘʪʦʨ ʪʝʨʤʦʨʦʟʧʘʜʫ ɸɼʂɸ. ʅʘ ʜʫʤʢʫ 

ʽʥʰʠʭ ʜʦʩʣʽʜʥʠʢʽʚ [131] ʤʝʭʘʥʽʟʤ ʘʢʪʠʚʘʮʽʾ ʧʨʦʮʝʩʫ ʨʦʟʢʣʘʜʘʥʥʷ ɸɼʂɸ ʻ 

ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʘ ʚʟʘʻʤʦʜʽʷ ʧʦ ʃʴʶʾʩʫ, ʜʝ ʤʝʪʘʣ ʘʢʪʠʚʫʶʯʦʾ ʜʦʙʘʚʢʠ ʜʽʻ ʚ ʷʢʦʩʪʽ 

ʢʠʩʣʦʪʠ ʃʴʶʾʩʘ, ʙʫʜʫʯʠ ʘʢʮʝʧʪʦʨʦʤ ʝʣʝʢʪʨʦʥʽʚ, ʘ ɸɼʂɸ ʚʠʢʦʥʫʻ ʨʦʣʴ ʦʩʥʦʚʠ, 

ʪʦʙʪʦ ʻ ʜʦʥʦʨʦʤ ʝʣʝʢʪʨʦʥʥʦʾ ʧʘʨʠ. ɯʥʰʽ ʚʚʘʞʘʶʪʴ, ʱʦ ʤʝʪʘʣʠ, ʷʢʽ ʤʘʶʪʴ 
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ʟʘʧʦʚʥʝʥʽ, ʧʨʝʜʟʦʚʥʽʰʥʽ d-ʝʣʝʢʪʨʦʥʥʽ ʦʨʙʽʪʘʣʽ, ʽʤʦʚʽʨʥʦ ʤʦʞʫʪʴ ʫʪʚʦʨʶʚʘʪʠ ˊ-

ʢʦʤʧʣʝʢʩʠ, ʜʦ ʩʢʣʘʜʫ ʷʢʠʭ ʚ ʷʢʦʩʪʽ ʣʽʛʘʥʜʽʚ ʚʭʦʜʷʪʴ ʤʦʣʝʢʫʣʠ ɸɼʂɸ. ʋʪʚʦʨʝʥʥʷ 

-́ʢʦʤʧʣʝʢʩʽʚ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʠʞʝʥʥʷ ʝʣʝʢʪʨʦʥʥʦʾ ʛʫʩʪʠʥʠ ʤʽʞ ʘʪʦʤʘʤʠ ʘʟʦʪʫ 

ʘʟʦʛʨʫʧʠ ʽ ʚʫʛʣʝʮʝʤ, ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ, ʨʦʟʨʠʚ ïʉïN= ʟʚ'ʷʟʢʫ ʧʦʣʝʛʰʫʻʪʴʩʷ [132]. 

ɯʥʽʮʽʘʪʦʨʘʤʠ ʙʫʣʦ ʦʙʨʘʥʦ ʩʪʝʘʨʘʪ ʮʠʥʢʫ (ZnSt2), ʩʪʝʘʨʘʪ ʢʘʣʴʮʽʶ (CaSt2), ʷʢʽ 

ʪʘʢʦʞ ʻ ʜʦʜʘʪʢʦʚʠʤʠ ʪʝʨʤʦʩʪʘʙʽʣʽʟʘʪʦʨʘʤʠ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʧʝʢʫ. ʂʨʽʤ ʪʦʛʦ ʚ 

ʷʢʦʩʪʽ ʽʥʽʮʽʘʪʦʨʘ ʙʫʣʦ ʦʙʨʘʥʦ ʇɺʍ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʤʦʜʠʬʽʢʘʮʽʾ 

ʢʘʤ'ʷʥʦʚʫʛʽʣʴʥʦʛʦ ʧʝʢʫ. ʇʨʠ ʜʝʛʽʜʨʦʭʣʦʨʫʚʘʥʥʽ ʇɺʍ ʚʠʜʽʣʷʻʪʴʩʷ ʭʣʦʨʦʚʦʜʝʥʴ, 

ʷʢʠʡ ʚ ʙʽʣʴʰʽʡ ʯʠ ʤʝʥʰʽʡ ʤʽʨʽ ʤʦʞʝ ʘʢʪʠʚʽʟʫʚʘʪʠ ʨʦʟʢʣʘʜʘʥʥʷ ɸɼʂɸ. 

ʆʪʞʝ, ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʩʧʽʥʶʚʘʥʥʷ 

ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʢʘʤôʷʥʦʚʫʛʽʣʴʥʦʛʦ ʧʝʢʫ ʙʫʣʦ ʦʙʨʘʥʦ ʚ ʷʢʦʩʪʽ ʛʘʟʦʫʪʚʦʨʶʚʘʯʘ 

ʘʟʦʜʽʢʘʨʙʦʥʘʤʽʜ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʽʥʽʮʽʘʪʦʨʽʚ ʡʦʛʦ ʨʦʟʢʣʘʜʘʥʥʷ. 

 

ɺʀʉʅʆɺʂʀ ʇʆ ʈʆɿɼɯʃʋ 3 

 

ɺ ʜʘʥʦʤʫ ʨʦʟʜʽʣʽ ʨʦʟʛʣʷʥʫʪʦ ʪʝʨʤʦʜʠʥʘʤʽʢʫ ʽ ʢʽʥʝʪʠʢʫ ʧʨʦʮʝʩʽʚ 

ʧʽʥʦʫʪʚʦʨʝʥʥʷ. ʅʘ ʧʽʜʩʪʘʚʽ ʪʝʦʨʝʪʠʯʥʦʛʦ ʦʛʣʷʜʫ ʜʦʩʣʽʜʞʝʥʦ, ʱʦ ʦʩʥʦʚʥʠʡ ʚʧʣʠʚ 

ʥʘ ʧʨʦʮʝʩ ʫʪʚʦʨʝʥʥʷ ʧʽʥ ʤʘʶʪʴ ʪʘʢʽ ʧʘʨʘʤʝʪʨʠ, ʷʢ ʪʝʤʧʝʨʘʪʫʨʘ, ʪʠʩʢ, ʭʽʤʽʯʥʘ 

ʧʨʠʨʦʜʘ ʪʝʨʤʦʧʣʘʩʪʘ, ʡʦʛʦ ʚô̫ ʟʢʽʩʪʴ, ʨʦʟʤʽʨ ʙʫʣʴʙʘʰʦʢ ʛʘʟʫ ʪʘ ʥʘʷʚʥʽʩʪʴ ʫ 

ʢʦʤʧʦʟʠʮʽʾ ʮʝʥʪʨʽʚ ʫʪʚʦʨʝʥʥʷ ʟʘʨʦʜʢʽʚ ʛʘʟʦʚʦʾ ʬʘʟʠ. 

ʅʘ ʦʩʥʦʚʽ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʘʥʠʭ ʚʠʚʯʝʥʦ ʩʢʣʘʜ, ʩʪʨʫʢʪʫʨʫ ʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʪʚʝʨʜʠʭ ʧʽʥ ʽ ʾʾ ʢʦʤʧʦʥʝʥʪʽʚ: ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʢʘʤôʥʦʚʫʛʽʣʴʥʦʛʦ ʧʝʢʫ ʷʢ 

ʧʨʝʢʫʨʩʦʨʘ, ʩʧʽʥʶʶʯʠʭ ʘʛʝʥʪʽʚ, ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʠʭ ʨʝʯʦʚʠʥ ʪʘ 

ʟʘʨʦʜʞʫʚʘʣʴʥʠʭ ʘʛʝʥʪʽʚ.  

ʅʘ ʧʽʜʩʪʘʚʽ ʨʦʟʨʘʭʦʚʘʥʦʾ ʧʦʨʠʩʪʦʩʪʽ ʪʘ ʛʫʩʪʠʥʠ ̔ ʜʝʘʣʴʥʦʾ ʧʽʥʠ ʥʘ ʦʩʥʦʚʽ 

ʢʘʤô̫ ʥʦʚʫʛʽʣʴʥʦʛʦ ʧʝʢʫ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʠʧʫ ʛʘʟʦʫʪʚʦʨʶʚʘʯʘ ʟʨʦʙʣʝʥʦ 

ʚʠʩʥʦʚʦʢ, ʱʦ ʥʘʡʢʨʘʱʠʤ ʛʘʟʦʫʪʚʦʨʶʚʘʯʝʤ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʪʚʝʨʜʦʾ ʧʽʥʠ 

(ʧʦʨʠʩʪʽʩʪʴ 0,97 ʪʘ ʛʫʩʪʠʥʘ 0,0406 ʛ/ʩʤ3) ʻ ʘʟʦʜʽʢʘʨʙʦʥʘʤʽʜ. ɼʘʥʠʡ ʛʘʟʦʫʪʚʦʨʶʚʘʯ 

ʚʽʜʧʦʚʽʜʘʻ ʙʽʣʴʰʦʩʪʽ ʚʠʤʦʛ, ʟʦʢʨʝʤʘ ʚʠʤʦʛʘʤ ʟʘ ʨʽʚʥʝʤ ʛʘʟʦʚʠʜʽʣʝʥʥʷ, ʩʢʣʘʜʦʤ 

ʛʘʟʫ, ʣʝʛʢʽʩʪʶ ʜʠʩʧʝʨʛʫʚʘʥʥʷ, ʩʪʘʙʽʣʴʥʽʩʪʶ ʧʨʠ ʟʙʝʨʽʛʘʥʥʽ, ʥʝʪʦʢʩʠʯʥʽʩʪʶ ʽ 
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ʮʽʥʦʶ.  ɿʚʘʞʘʶʯʠ ʥʘ ʚʣʘʩʪʠʚʦʩʪʽ ʧʝʢʫ ʽ ʘʟʦʜʽʢʘʨʙʦʘʤʽʜʫ ʟ ʣʽʪʝʨʘʪʫʨʥʦʛʦ ʦʛʣʷʜʫ 

ʙʫʣʦ ʦʙʨʘʥʦ ʽʥʽʮʽʘʪʦʨʠ: ʩʪʝʘʨʘʪʠ ʮʠʥʢʫ ʽ ʢʘʣʴʮʽʶ ʪʘ ʇɺʍ ʜʣʷ ʟʥʠʞʝʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʠ ʨʦʟʢʣʘʜʘʥʥʷ ɸɼʂɸ, ʷʢʘ ʻ ʟʘʥʘʜʪʦ ʚʠʩʦʢʦʶ ʜʣʷ ʩʧʽʥʶʚʘʥʥʷ ʄʂʇ 

ʯʝʨʝʟ ʟʤʽʥʫ ʡʦʛʦ ʨʝʦʣʦʛʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ.  

ɺ ʨʝʟʫʣʴʪʘʪʽ ʢʨʠʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʚʣʘʩʪʠʚʦʩʪʝʡ ʢʘʤôʷʥʦʚʫʛʽʣʴʥʦʛʦ ʧʝʢʫ 

ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʝʢ ʚ ʩʚʦʻʤʫ ʩʢʣʘʜʽ ʤʽʩʪʠʪʴ ʢʦʤʧʦʥʝʥʪʠ, ʷʢʽ ʤʦʞʫʪʴ ʚʠʢʦʥʫʚʘʪʠ 

ʨʦʣʴ ʥʫʢʣʝʟʽʘʪʽʚ. ʊʘʢʦʶ ʩʢʣʘʜʦʚʦʶ ʻ Ŭ1-ʬʨʘʢʮʽʷ, ʱʦ ʤʽʩʪʠʪʴ ʯʘʩʪʠʥʢʠ ʚʽʜ 1 ʜʦ 

3 ʤʢʤ. ɺʤʽʩʪ Ŭ1-ʬʨʘʢʮʽʾ ʚ ʢʘʤôʷʥʦʚʫʛʽʣʴʥʦʤʫ ʧʝʢʫ ʩʢʣʘʜʘʻ 5 ï 8 %. 

ɸʥʘʣʽʪʠʯʥʠʡ ʦʛʣʷʜ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ ʜʦʟʚʦʣʠʚ ʪʘʢʦʞ ʦʙʨʘʪʠ ʩʪʝʘʨʘʪʠ 

ʢʘʣʴʮʽʶ ʽ ʮʠʥʢʫ ʷʢ ʪʝʭʥʦʣʦʛʽʯʥʫ ʜʦʙʘʚʢʫ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʚʥʫʪʨʽʰʥʴʦʛʦ ʪʝʨʪʷ ʫ 

ʧʨʦʮʝʩʽ ʩʧʽʥʶʚʘʥʥʷ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʢʘʤôʷʥʦʚʫʛʽʣʴʥʦʛʦ ʧʝʢʫ. ʉʪʝʘʨʘʪʠ ʢʘʣʴʮʽʶ 

ʽ ʮʠʥʢʫ ʜʝʤʦʥʩʪʨʫʶʪʴ ʩʠʥʝʨʛʽʯʥʠʡ ʝʬʝʢʪ ʧʨʠ ʾʭ ʩʧʽʣʴʥʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʪʘ ʻ 

ʝʢʦʣʦʛʽʯʥʦ ʙʝʟʧʝʯʥʠʤʠ ʽ ʚʽʜʥʦʩʥʦ ʜʝʰʝʚʠʤʠ. 



75 
 

ʈʆɿɼɯʃ 4 

ɼʆʉʃɯɼɾɽʅʅʗ ʇʈʆʎɽʉʋ ʆʊʈʀʄɸʅʅʗ ɻɸɿʆʅɸʇʆɺʅɽʅʀʍ 

ʂʆʄʇʆɿʀʊɯɺ ʅɸ ʆʉʅʆɺɯ ʂɸʄ'ʗʅʆɺʋɻɯʃʔʅʆɻʆ ʇɽʂʋ 

 

ʉʪʨʫʢʪʫʨʘ ʽ ʚʣʘʩʪʠʚʦʩʪʽ ʛʘʟʦʥʘʧʦʚʥʝʥʠʭ ʚʫʛʣʝʮʝʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟʘʣʝʞʘʪʴ ʚʽʜ 

ʨʝʦʣʦʛʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʢʘʤôʷʥʦʚʫʛʽʣʴʥʦʛʦ ʧʝʢʫ. 

ʈʝʛʫʣʶʚʘʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʢʦʤʧʦʟʠʮʽʾ ʟʜʽʡʩʥʶʻʪʴʩʷ ʰʣʷʭʦʤ ʟʤʽʥʠ ʾʾ ʩʢʣʘʜʫ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʜʦʙʘʚʦʢ. 

ʆʩʢʽʣʴʢʠ ʦʩʥʦʚʥʠʤ ʘʛʝʥʪʦʤ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʧʨʦʮʝʩ ʩʧʽʥʶʚʘʥʥʷ, ʚ ʧʝʨʰʫ 

ʯʝʨʛʫ ʻ ʛʘʟʦʫʪʚʦʨʶʚʘʯ, ʥʘ ʧʦʯʘʪʢʦʚʦʤʫ ʝʪʘʧʽ ʜʦʩʣʽʜʞʝʥʴ ʚʘʞʣʠʚʦ ʙʫʣʦ ʟ'ʷʩʫʚʘʪʠ 

ʰʚʠʜʢʽʩʪʴ ʪʘ ʧʦʚʥʦʪʫ ʡʦʛʦ  ʨʦʟʢʣʘʜʘʥʥʷ. ɿ ʮʽʻʶ ʤʝʪʦʶ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ 

ʜʦʩʣʽʜʞʝʥʥʷ [133], ʥʘʧʨʘʚʣʝʥʽ ʥʘ ʚʠʚʯʝʥʥʷ ʢʽʥʝʪʠʢʠ ʨʦʟʢʣʘʜʘʥʥʷ 

ʛʘʟʦʫʪʚʦʨʶʚʘʯʘ ɸɼʂɸ ʫ ʧʨʠʩʫʪʥʦʩʪʽ ʽʥʽʮʽʘʪʦʨʽʚ (ZnSt2, CaSt2, ʩʫʤʽʰ ZnSt2/CaSt2, 

ʇɺʍ) ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʛʘʟʦʥʘʧʦʚʥʝʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʦʩʥʦʚʽ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ 

ʢʘʤôʷʥʦʚʫʛʽʣʴʥʦʛʦ ʧʝʢʫ. 

 

4.1 ɺʧʣʠʚ ʽʥʽʮʽʘʪʦʨʽʚ ʥʘ ʢʽʥʝʪʠʢʫ ʨʦʟʢʣʘʜʘʥʥʷ ʘʟʦʜʽʢʘʨʙʦʥʘʤʽʜʫ  

ʋ ʜʘʥʽʡ ʩʝʨʽʾ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʚʠʚʯʘʣʘʩʷ ʢʽʥʝʪʠʢʘ ʨʦʟʢʣʘʜʘʥʥʷ ɸɼʂɸ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʽʟʥʠʭ ʪʠʧʽʚ ʽ ʚʤʽʩʪʫ ʽʥʽʮʽʘʪʦʨʽʚ ʚ ʽʟʦʪʝʨʤʽʯʥʠʭ ʫʤʦʚʘʭ. 

ʊʝʤʧʝʨʘʪʫʨʘ ʜʦʩʣʽʜʞʝʥʴ ʚʘʨʽʶʚʘʣʘʩʴ ʚ ʽʥʪʝʨʚʘʣʽ 130 ï 150 Áʉ. ɺ ʷʢʦʩʪʽ 

ʽʥʽʮʽʘʪʦʨʽʚ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ZnSt2, ʇɺʍ ʪʘ ʙʽʥʘʨʥʠʡ ʽʥʽʮʽʘʪʦʨ ʩʫʤʽʰ ZnSt2 ʪʘ 

ʉʘSt2 (ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ ZnSt2  : ʉʘSt2 = 1 : 1 ʤʘʩ. ʯ.). ʂʽʣʴʢʽʩʪʴ ʽʥʽʮʽʘʪʦʨʫ ʫ 

ʢʦʤʧʣʝʢʩʥʦʤʫ ʛʘʟʦʫʪʚʦʨʶʚʘʯʽ ʟʤʽʥʶʚʘʣʘʩʴ ʚʽʜ 0,12 ʜʦ 1,0 ʤʘʩ. ʯʘʩʪʢʠ ʧʦ 

ʚʽʜʥʦʰʝʥʥʶ ʜʦ 1 ʤʘʩ. ʯʘʩʪʢʠ ɸɼʂɸ. 

ʅʘ ʨʠʩʫʥʢʘʭ 4.1 ï 4.3 ʧʨʝʜʩʪʘʚʣʝʥʽ ʢʽʥʝʪʠʯʥʽ ʢʨʠʚʽ ʨʦʟʢʣʘʜʘʥʥʷ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʛʘʟʦʫʪʚʦʨʶʚʘʯʘ: ɸɼʂɸ-ZnSt2   ʜʣʷ ʪʝʤʧʝʨʘʪʫʨ 130 ï 150 Áʉ. 

ʉʧʦʯʘʪʢʫ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʝʚʥʠʡ ʽʥʜʫʢʮʽʡʥʠʡ ʧʝʨʽʦʜ, ʧʦʪʽʤ ʧʽʜ ʜʽʻʶ ʭʽʤʽʯʥʦʾ 

ʨʝʘʢʮʽʾ ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʽʟʢʝ ʟʙʽʣʴʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʨʦʟʢʣʘʜʘʥʥʷ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʛʘʟʦʫʪʚʦʨʶʚʘʯʘ, ʧʽʩʣʷ ʯʦʛʦ ʰʚʠʜʢʽʩʪʴ ʟʥʠʞʫʻʪʴʩʷ ʽ ʷʢ ʨʝʟʫʣʴʪʘʪ ʧʨʦʮʝʩ 

ʛʘʟʦʚʠʜʽʣʝʥʥʷ ʟʘʚʝʨʰʫʻʪʴʩʷ. ɿ ʧʽʜʚʠʱʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ ʭʘʨʘʢʪʝʨ ʨʦʟʢʣʘʜʘʥʥʷ 
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ʢʽʥʝʪʠʯʥʠʭ ʢʨʠʚʠʭ ʂɻʋ ʟʙʝʨʽʛʘʻʪʴʩʷ, ʦʢʨʽʤ ʪʨʠʚʘʣʦʩʪʽ ʽʥʜʫʢʮʽʡʥʦʛʦ ʧʝʨʽʦʜʫ, 

ʷʢʠʡ ʟʤʝʥʰʫʻʪʴʩʷ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ.  

 

 

ʈʠʩʫʥʦʢ 4.1 - ʂʽʥʝʪʠʯʥʽ ʢʨʠʚʽ ʨʦʟʢʣʘʜʘʥʥʷ ʂɻʋ:  ɸɼʂɸ-ZnSt2  ʧʨʠ t = 150 Áʉ. 

ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ɸɼʂɸ:ZnSt2 (ʤ.ʯ.): 1) 1:0; 2) 1:0,12; 3) 1:0,25; 4) 1:0,50; 

5) 1:0,75; 6) 1:1 

 

 

ʈʠʩʫʥʦʢ 4.2 - ʂʽʥʝʪʠʯʥʽ ʢʨʠʚʽ ʨʦʟʢʣʘʜʘʥʥʷ ʂɻʋ: ɸɼʂɸ-ZnSt2  ʧʨʠ t = 140 Áʉ. 

ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ɸɼʂɸ:ZnSt2 (ʤ.ʯ.): 1) 1:0; 2) 1:0,25; 3) 1:0,50; 4) 1:0,75; 5) 1:1 
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ʈʠʩʫʥʦʢ 4.3 - ʂʽʥʝʪʠʯʥʽ ʢʨʠʚʽ ʨʦʟʢʣʘʜʘʥʥʷ ʂɻʋ: ɸɼʂɸ-ZnSt2  ʧʨʠ t = 130 Áʉ. 

ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ɸɼʂɸ:ZnSt2 (ʤ.ʯ.): 1) 1:0; 2) 1:0,25; 3) 1:0,50; 4) 1:0,75; 5) 1:1 

 

ɼʣʷ ʩʠʩʪʝʤʠ  ɸɼʂɸ-ZnSt2  ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 150 Áʉ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʦʙʝʨʥʝʥʦ 

ʧʨʦʧʦʨʮʽʡʥʘ ʟʘʣʝʞʥʽʩʪʴ ʽʥʜʫʢʮʽʡʥʦʛʦ ʧʝʨʽʦʜʫ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ZnSt2, ʪʦʙʪʦ ʟʽ 

ʟʙʽʣʴʰʝʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʽʥʽʮʽʘʪʦʨʘ, ʽʥʜʫʢʮʽʡʥʠʡ ʧʝʨʽʦʜ ʟʤʝʥʰʫʻʪʴʩʷ (ʨʠʩ. 4.1). 

ɯʥʜʫʢʮʽʡʥʠʡ ʧʝʨʽʦʜ ʩʪʘʥʦʚʠʪʴ ʧʨʠ ʚʠʪʨʘʪʽ ʽʥʽʮʽʘʪʦʨʘ (ʤʘʩ. ʯ. ʜʦ 1 ʤʘʩ. ʯ. ɸɼʂɸ): 

0,5 ï 1,0  ʙʣʠʟʴʢʦ 5 ʭʚ.,  0,25 ï 10 ʭʚ.,  0,12 ï 50 ʭʚ. ʇʨʦʮʝʩ ʨʦʟʢʣʘʜʘʥʥʷ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʠʩʦʢʦʶ ʰʚʠʜʢʽʩʪʶ ʽ ʟʘʢʽʥʯʫʻʪʴʩʷ ʧʨʠ ʚʠʪʨʘʪʽ ʽʥʽʮʽʘʪʦʨʘ 

(ʤʘʩ. ʯ. ʜʦ 1 ʤʘʩ. ʯ. ɸɼʂɸ): 0,5 ï 1,0  ʯʝʨʝʟ 10 ʭʚ.,  0,25  ʯʝʨʝʟ 15 ʭʚ.  

 ʇʨʠ ʟʥʠʞʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʜʦ 140 Áʉ (ʨʠʩ. 4.2) ʽʥʜʫʢʮʽʡʥʠʡ ʧʝʨʽʦʜ ʽ ʯʘʩ 

ʜʦʩʷʛʥʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʩʪʫʧʝʥʷ ʨʦʟʢʣʘʜʘʥʥʷ ʂɻʋ ɸɼʂɸ-ZnSt2 

ʟʙʽʣʴʰʫʶʪʴʩʷ.  ɼʣʷ ʩʠʩʪʝʤʠ  ɸɼʂɸ-ZnSt2 ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 140 Áʉ ʽʥʜʫʢʮʽʡʥʠʡ 

ʧʝʨʽʦʜ ʩʪʘʥʦʚʠʪʴ ʧʨʠ ʚʠʪʨʘʪʽ ZnSt2 (ʤʘʩ. ʯ. ʜʦ 1 ʤʘʩ. ʯ. ɸɼʂɸ): 0,5 ï 1,0 ʙʣʠʟʴʢʦ 

15 ʭʚ.,  0,25 ï ʙʽʣʴʰʝ 60 ʭʚ. ʇʨʦʮʝʩ ʨʦʟʢʣʘʜʘʥʥʷ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʠʩʦʢʦʶ 

ʰʚʠʜʢʽʩʪʶ ʽ ʟʘʢʽʥʯʫʻʪʴʩʷ ʧʨʠ ʚʠʪʨʘʪʽ ʽʥʽʮʽʘʪʦʨʘ (ʤʘʩ. ʯ. ʜʦ 1 ʤʘʩ. ʯ. ɸɼʂɸ): 0,5 

ï 1,0  ʯʝʨʝʟ 20 ʭʚ.,  0,25  ʯʝʨʝʟ 25 ʭʚ.  

 ʇʦʜʘʣʴʰʝ ʟʤʝʥʰʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʜʦ 130 Áʉ (ʨʠʩ. 4.3) ʨʽʟʢʦ ʟʥʠʞʫʻ 

ʰʚʠʜʢʽʩʪʴ ʨʦʟʢʣʘʜʘʥʥʷ, ʘ ʽʥʜʫʢʮʽʡʥʠʡ ʧʝʨʽʦʜ ʩʪʘʥʦʚʠʪʴ ʙʽʣʴʰʝ 60 ʭʚ. ʊʽʣʴʢʠ ʧʨʠ 

ʚʠʪʨʘʪʽ ZnSt2 0,75 ʤʘʩ. ʯ. (ʜʦ 1 ʤʘʩ. ʯ. ɸɼʂɸ) ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʽʥʜʫʢʮʽʡʥʠʡ ʧʝʨʽʦʜ 

ʙʣʠʟʴʢʦ 40 ʭʚ. ʽ ʚʠʩʦʢʘ ʰʚʠʜʢʽʩʪʴ ʨʦʟʢʣʘʜʘʥʥʷ, ʷʢʝ ʟʘʢʽʥʯʫʻʪʴʩʷ ʯʝʨʝʟ 50 ʭʚ. 
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ɼʣʷ ʙʽʥʘʨʥʦʛʦ ʽʥʽʮʽʘʪʦʨʘ ZnSt2/ʉʘSt2  ʚʠʩʦʢʘ ʰʚʠʜʢʽʩʪʴ ʨʦʟʢʣʘʜʘʥʥʷ ʪʘ 

ʽʥʜʫʢʮʽʡʥʠʡ ʧʝʨʽʦʜ 5 ʭʚ. ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʪʽʣʴʢʠ ʧʨʠ t = 150 Áʉ (ʨʠʩ. 4.4) ʽ ʚʠʪʨʘʪʽ 

ʽʥʽʮʽʘʪʦʨʘ ZnSt2/ʉʘSt2  0,5 ï 1,0  ʤʘʩ. ʯ. (ʜʦ 1 ʤʘʩ. ʯ. ɸɼʂɸ). ʉʘʤ ʧʨʦʮʝʩ 

ʨʦʟʢʣʘʜʘʥʥʷ ʟʘʢʽʥʯʫʻʪʴʩʷ ʯʝʨʝʟ 20 ʭʚ. 

 

 

ʈʠʩʫʥʦʢ 4.4 ï ʂʽʥʝʪʠʯʥʽ ʢʨʠʚʽ ʨʦʟʢʣʘʜʘʥʥʷ ʂɻʋ: ɸɼʂɸ-ZnSt2/ʉʘSt2  ʧʨʠ 

t = 150 Áʉ. ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ɸɼʂɸ:ZnSt2/ʉʘSt2 (ʤ.ʯ.): 1) 1:0; 2) 1:0,25; 

3) 1:0,50; 4) 1:0,75; 5) 1:1 

 

 

ʈʠʩʫʥʦʢ 4.5 ï ʂʽʥʝʪʠʯʥʽ ʢʨʠʚʽ ʨʦʟʢʣʘʜʘʥʥʷ ʂɻʋ: ɸɼʂɸ-ZnSt2/ʉʘSt2  ʧʨʠ 

t = 140 Áʉ. ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ɸɼʂɸ:ZnSt2/ʉʘSt2 (ʤ.ʯ.): 1) 1:0; 2) 1:0,25; 

3) 1:0,50; 4) 1:0,75; 5) 1:1 
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ʈʠʩʫʥʦʢ 4.6 ï ʂʽʥʝʪʠʯʥʽ ʢʨʠʚʽ ʨʦʟʢʣʘʜʘʥʥʷ ʂɻʋ: ɸɼʂɸ-ZnSt2/ʉʘSt2  ʧʨʠ 

t = 130 Áʉ. ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ɸɼʂɸ:ZnSt2/ʉʘSt2 (ʤ.ʯ.): 1) 1:0; 2) 1:0,25; 

3) 1:0,50; 4) 1:0,75; 5) 1:1 

 

ɿʽ ʟʥʠʞʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ ʜʦ 130 ï 140 Áʉ (ʨʠʩ. 4.5 ï 4.6) ʰʚʠʜʢʽʩʪʴ 

ʨʦʟʢʣʘʜʘʥʥʷ ʩʫʤʽʰʽ ɸɼʂɸ-ZnSt2/ʉʘSt2 ʨʽʟʢʦ ʟʤʝʥʰʫʻʪʴʩʷ, ʘ ʧʨʦʮʝʩ ʥʝ 

ʟʘʢʽʥʯʫʻʪʴʩʷ ʥʘ 60 ʭʚ. ʉʪʫʧʽʥʴ ʨʦʟʢʣʘʜʘʥʥʷ ʩʫʤʽʰʽ ɸɼʂɸ-ZnSt2/ʉʘSt2 ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʟʤʝʥʰʫʻʪʴʩʷ ʚ 3 ï 8 ʨʘʟʽʚ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʪʘʢʦʶ ʩʘʤʦʶ 

ʚʠʪʨʘʪʦʶ ʽʥʽʮʽʘʪʦʨʘ ʧʨʠ  t = 150Á ʉ.  

ɸʥʘʣʽʟʫʶʯʠ ʢʽʥʝʪʠʯʥʽ ʢʨʠʚʽ ʇɺʍ (ʨʠʩ. 4.7 ï 4.9) ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, 

ʱʦ ʚʽʥ ʻ ʩʣʘʙʢʠʤ ʽʥʽʮʽʘʪʦʨʦʤ ʨʦʟʢʣʘʜʘʥʥʷ ɸɼʂɸ. ʄʘʢʩʠʤʘʣʴʥʠʡ ʩʪʫʧʽʥʴ 

ʨʦʟʢʣʘʜʘʥʥʷ ʩʫʤʽʰʽ ɸɼʂɸ-ʇɺʍ  (ʥʘ 60 ʭʚ.) ʚ ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ 130 ï 150 Áʉ 

ʽ ʚʠʪʨʘʪʽ ʇɺʍ 0,25 ï 1,0 ʤʘʩ. ʯ. ʢʦʣʠʚʘʻʪʴʩʷ ʚʽʜ 0,2 ʜʦ 0,7 %.  

ʋ ʪʘʙʣʠʮʽ 4.1 ʥʘʚʝʜʝʥʦ ʤʘʢʩʠʤʘʣʴʥʽ ʰʚʠʜʢʦʩʪʽ ʨʦʟʢʣʘʜʘʥʥʷ ʩʫʤʽʰʽ ɸɼʂɸ-

ʽʥʽʮʽʘʪʦʨ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ, ʚʠʜʫ ʽ ʚʠʪʨʘʪʠ ʽʥʽʮʽʘʪʦʨʘ.  
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ʈʠʩʫʥʦʢ 4.7 ï ʂʽʥʝʪʠʯʥʽ ʢʨʠʚʽ ʨʦʟʢʣʘʜʘʥʥʷ ʂɻʋ: ɸɼʂɸ-ʇɺʍ  ʧʨʠ t = 150 Áʉ. 

ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ɸɼʂɸ:ʇɺʍ (ʤ.ʯ.): 1) 1:0; 2) 1:0,25; 3) 1:0,50; 4) 1:0,75; 5) 1:1 

 

ʈʠʩʫʥʦʢ 4.8 ï ʂʽʥʝʪʠʯʥʽ ʢʨʠʚʽ ʨʦʟʢʣʘʜʘʥʥʷ ʂɻʋ: ɸɼʂɸ-ʇɺʍ  ʧʨʠ t = 140 Áʉ. 

ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ɸɼʂɸ:ʇɺʍ (ʤ.ʯ.): 1) 1:0; 2) 1:0,25; 3) 1:0,50; 4) 1:0,75; 5) 1:1 

 

ʈʠʩʫʥʦʢ 4.9 ï ʂʽʥʝʪʠʯʥʽ ʢʨʠʚʽ ʨʦʟʢʣʘʜʘʥʥʷ ʂɻʋ: ɸɼʂɸ-ʇɺʍ  ʧʨʠ t = 130 Áʉ. 

ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ɸɼʂɸ:ʇɺʍ (ʤ.ʯ.): 1) 1:0; 2) 1:0,25; 3) 1:0,50; 4) 1:0,75; 5) 1:1 
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ʊʘʙʣʠʮʷ 4.1 

ɿʘʣʝʞʥʽʩʪʴ ʤʘʢʩʠʤʘʣʴʥʦʾ ʰʚʠʜʢʦʩʪʽ ʨʦʟʢʣʘʜʘʥʥʷ ɸɼʂɸ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ 

ʪʘ ʢʽʣʴʢʦʩʪʽ ʽʥʽʮʽʘʪʦʨʽʚ ʧʨʠ ʚʠʪʨʠʤʮʽ 60 ʭʚ. 

 ʊʝʤʧ-ʨʘ, 
Áʉ 

ʂʽʣʴʢʽʩʪʴ 

ʽʥʽʮʽʘʪʦʨʘ, 

ʤ.ʯ. ʜʦ 

1 ʤ.ʯ. 

ɸɼʂɸ 

ʄʘʢʩʠʤʘʣʴʥʘ ʰʚʠʜʢʽʩʪʴ ʨʦʟʢʣʘʜʘʥʥʷ, %/ʭʚ 

ɸɼʂɸ-ZnSt2 ɸɼʂɸ-ZnSt2/ʉʘSt2 ɸɼʂɸ-ʇɺʍ 

150 

1 6,0 3,85 0,10 

0,75 10,0 6,25 0,09 

0,50 12,0 2,10 0,05 

0,25 14,0 0,28 0,12 

0,12 10,7 - - 

140 

1 15,0 0,21 0,01 

0,75 30,0 0,20 0,05 

0,50 30,0 0,13 0,03 

0,25 0,1 0,11 0,09 

130 

1 0,65 0,10 0,04 

0,75 4,4 0,06 0,06 

0,5 0,1 0,08 0,03 

0,25 0,05 0,06 0,03 

 

ʐʚʠʜʢʽʩʪʴ ʨʦʟʢʣʘʜʘʥʥʷ ʩʫʤʽʰʽ ɸɼʂɸ-̔ ʥʽʮʽʘʪʦʨ ʟʛʽʜʥʦ ʟ ʪʘʙʣʠʮʝʶ 4.1 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ, ʽʥʽʮʽʘʪʦʨʘ ʽ ʡʦʛʦ ʚʠʪʨʘʪʠ. ʇʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ 

ʤʘʡʞʝ ʟʘʚʞʜʠ ʟʙʽʣʴʰʫʻ ʰʚʠʜʢʽʩʪʴ ʭʽʤʽʯʥʠʭ ʨʝʘʢʮʽʡ ʨʦʟʢʣʘʜʘʥʥʷ ʩʫʤʽʰʽ ɸɼʂɸ-

ʽʥʽʮʽʘʪʦʨ ʚ ʜʦʩʣʽʜʞʫʚʘʥʦʤʫ ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ 130 ï 150 Áʉ. ZnSt2 ̔ ʥʽʮʽʶʻ 

ʨʦʟʢʣʘʜʘʥʥʷ ʩʫʤʽʰʽ ɸɼʂɸ-̔ ʥʽʮʽʘʪʦʨ ʟ ʤʘʢʩʠʤʘʣʴʥʦʶ ʰʚʠʜʢʽʩʪʶ, ʙʽʥʘʨʥʠʡ 

ʽʥʽʮʽʘʪʦʨ ZnSt2/ʉʘSt2 ʫʧʦʚʽʣʴʥʶʻ ʧʨʦʮʝʩ, ʘ ʇɺʍ ʤʘʡʞʝ ʥʝ ʽʥʽʮʽʶʻ ʨʦʟʢʣʘʜʘʥʥʷ 

ɸɼʂɸ, ʱʦ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʜʫʞʝ ʤʘʣʠʤʠ ʰʚʠʜʢʦʩʪʷʤʠ ʧʨʦʮʝʩʫ.  

ʇʦʨʽʚʥʷʥʥʷ ʩʪʫʧʝʥʷ ʨʦʟʢʣʘʜʘʥʥʷ (ʱʦ ʜʦʩʷʛʘʻʪʴʩʷ ʯʝʨʝʟ 60 ʭʚ.) ʜʣʷ ʨʽʟʥʠʭ 

ʽʥʽʮʽʘʪʦʨʽʚ ʚ ʽʟʦʪʝʨʤʽʯʥʠʭ ʫʤʦʚʘʭ ʧʦʢʘʟʫʻ, ʱʦ ʥʘʡʘʢʪʠʚʥʽʰʠʤ ʽʥʽʮʽʘʪʦʨʦʤ ʻ ZnSt2 

(ʨʠʩ. 4.10 ï 4.12).  ʇʨʦʤʽʞʥʝ ʧʦʣʦʞʝʥʥʷ ʧʦ ʘʢʪʠʚʥʦʩʪʽ ʟʘʡʤʘʻ ʙʽʥʘʨʥʠʡ ʽʥʽʮʽʘʪʦʨ 

ZnSt2/ʉʘSt2. ʅʘʡʤʝʥʰʫ ʘʢʪʠʚʥʽʩʪʴ ʧʨʦʷʚʣʷʻ ʇɺʍ. 

ɿʘʣʝʞʥʽʩʪʴ ʩʪʫʧʝʥʷ ʨʦʟʢʣʘʜʘʥʥʷ ʩʫʤʽʰʽ ɸɼʂɸ-ZnSt2 ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʽʥʽʮʽʘʪʦʨʘ 

ZnSt2 ̔  ʪʝʤʧʝʨʘʪʫʨʠ ʤʘʻ ʧʨʷʤʦ ʧʨʦʧʦʨʮʽʡʥʠʡ ʭʘʨʘʢʪʝʨ, ʪʦʙʪʦ ʟ ʧʽʜʚʠʱʝʥʥʷʤ 

ʪʝʤʧʝʨʘʪʫʨʠ ʩʪʫʧʽʥʴ ʨʦʟʢʣʘʜʘʥʥʷ ʩʫʤʽʰʽ ʚ ʧʨʠʩʫʪʥʦʩʪʽ ZnSt2 ʟʨʦʩʪʘʻ. ɿʘʣʝʞʥʽʩʪʴ 

ʩʪʫʧʝʥʷ ʨʦʟʢʣʘʜʘʥʥʷ ʚ ʽʟʦʪʝʨʤʽʯʥʠʭ ʫʤʦʚʘʭ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʽʥʽʮʽʘʪʦʨʘ 
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ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʝʢʩʪʨʝʤʫʤʦʤ ʧʨʠ ʧʝʚʥʠʭ ʟʥʘʯʝʥʥʷʭ ʢʽʣʴʢʦʩʪʽ ʽʥʽʮʽʘʪʦʨʘ. ɼʣʷ 

ʜʦʩʷʛʥʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʩʪʫʧʝʥʷ ʨʦʟʢʣʘʜʘʥʥʷ ʟ ʧʽʜʚʠʱʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ ʟ 

130 ʜʦ 150 Áʉ ʢʽʣʴʢʽʩʪʴ ʽʥʽʮʽʘʪʦʨʘ ZnSt2 ʟʤʝʥʰʫʻʪʴʩʷ.  

 

ʈʠʩʫʥʦʢ 4.10 ï ɿʘʣʝʞʥʽʩʪʴ ʩʪʫʧʝʥʷ ʨʦʟʢʣʘʜʘʥʥʷ ʂɻʋ: ɸɼʂɸ-̔ ʥʽʮʽʘʪʦʨ ʚʽʜ 

ʚʠʜʫ ʪʘ ʢʽʣʴʢʦʩʪʽ ʽʥʽʮʽʘʪʦʨʘ (ʤ.ʯ. ʜʦ 1 ʤ.ʯ. ɸɼʂɸ) ʚ ʽʟʦʪʝʨʤʽʯʥʠʭ ʫʤʦʚʘʭ 

(t = 130 Áʉ): 1) ɸɼʂɸ-ZnSt2; 2) ɸɼʂɸ-ZnSt2/ʉʘSt2; 3) ɸɼʂɸ-ʇɺʍ 

 

ʈʠʩʫʥʦʢ 4.11 ï ɿʘʣʝʞʥʽʩʪʴ ʩʪʫʧʝʥʷ ʨʦʟʢʣʘʜʘʥʥʷ ʂɻʋ: ɸɼʂɸ-̔ ʥʽʮʽʘʪʦʨ ʚʽʜ 

ʚʠʜʫ ʪʘ ʢʽʣʴʢʦʩʪʽ ʽʥʽʮʽʘʪʦʨʘ (ʤ.ʯ. ʜʦ 1 ʤ.ʯ. ɸɼʂɸ) ʚ ʽʟʦʪʝʨʤʽʯʥʠʭ ʫʤʦʚʘʭ 

(t = 140 Áʉ): 1) ɸɼʂɸ-ZnSt2; 2) ɸɼʂɸ-ZnSt2/ʉʘSt2; 3) ɸɼʂɸ-ʇɺʍ 

 


