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ɸʅʅʆʊɸʎʀʗ 
ʂʨʘʩʦʪʘ ʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʷʚʣʷʶʪʩʷ ʦʙʲʝʢʪʠʚʥʦ ʥʝʦʙʭʦʜʠʤʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʤʥʦʛʠʭ ʩʪʨʦʠʪʝʣʴʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡ: ʢʨʘʩʦʪʘ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʪʴ ʛʘʨʤʦʥʠʯʥʫʶ ʩʨʝʜʫ ʞʠʟʥʠ ʧʨʠ ʦʧʪʠʤʘʣʴʥʦʡ ʧʨʦʯʥʦʩʪʠ, ʞʝʩʪʢʦ-

ʩʪʠ, ʥʘʜʝʞʥʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʡ; ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʧʪʠʤʘʣʴʥʫʶ ʧʨʠʩʧʦʩʦʙʣʝʥʥʦʩʪʴ ʢ ʫʩʣʦ-

ʚʠʷʤ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʂʨʘʩʦʪʘ ʚʳʟʳʚʘʝʪ ʵʩʪʝʪʠʯʝʩʢʦʝ ʠ ʥʨʘʚʩʪʚʝʥʥʦʝ ʥʘʩʣʘʞʜʝʥʠʝ, ʦʩʥʦʚʘʥʥʦʝ ʥʘ ʩʦʦʪʚʝʪ-

ʩʪʚʠʠ ʥʘʙʣʶʜʘʝʤʦʛʦ ʧʨʝʜʤʝʪʘ ʩʦʟʜʘʥʥʦʤʫ ʚ ʤʳʰʣʝʥʠʠ ʩʦʚʝʨʰʝʥʥʦʤʫ ʠ ʛʘʨʤʦʥʠʯʥʦʤʫ ʦʙʨʘʟʫ. ʎʝʣʝʩʦʦʙ-

ʨʘʟʥʦʩʪʴ ï ʵʪʦ ʧʨʠʩʧʦʩʦʙʣʝʥʥʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʠ ʢ ʫʩʣʦʚʠʷʤ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʢ ʚʳʧʦʣʥʝʥʠʶ ʦʧʨʝʜʝʣʝʥʥʳʭ 

ʬʫʥʢʮʠʡ. ʎʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ï ʥʝʦʙʭʦʜʠʤʦʝ ʩʚʦʡʩʪʚʦ ʣʶʙʳʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʪʦʛʜʘ ʢʘʢ ʢʨʘʩʠ-

ʚʳʤʠ ʤʦʛʫʪ ʙʳʪʴ ʜʘʣʝʢʦ ʥʝ ʚʩʝ ʩʪʨʦʠʪʝʣʴʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ (ʥʘʧʨʠʤʝʨ, ʬʫʥʜʘʤʝʥʪʳ). ʂʨʘʩʠʚʳʝ ʦʙʲʝʢʪʳ, 

ʢʘʢ ʧʨʘʚʠʣʦ, ʮʝʣʝʩʦʦʙʨʘʟʥʳ. ʏʪʦʙʳ ʙʳʪʴ ʢʨʘʩʠʚʳʤʠ ʠ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤʠ, ʢʦʥʩʪʨʫʢʮʠʠ ʜʦʣʞʥʳ ʩʦʦʪʚʝʪ-

ʩʪʚʦʚʘʪʴ ʟʘʢʦʥʘʤ ʢʨʘʩʦʪʳ ʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ï ʟʘʢʦʥʘʤ ʧʨʠʨʦʜʦʧʦʜʦʙʠʷ, ʢʨʠʚʦʣʠʥʝʡʥʦʩʪʠ, ʛʘʨʤʦʥʠʠ 

ʬʦʨʤʳ ʠ ʬʫʥʢʮʠʠ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ (ʟʦʣʦʪʘʷ ʧʨʦʧʦʨʮʠʷ), ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʧʦ 

ʪʨʘʝʢʪʦʨʠʷʤ ʠ çʧʦʪʦʢʘʤè ʛʣʘʚʥʳʭ ʥʘʧʨʷʞʝʥʠʡ, ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦʯʥʳʭ, ʞʝʩʪʢʠʭ 

ʠ ʥʝʞʝʩʪʢʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʚʳʧʦʣʥʝʥʠʷ ʬʫʥʢʮʠʡ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʥʘʟʥʘʯʝʥʠʝʤ ʢʦʥʩʪʨʫʢʮʠʠ, ʠ ʜʨ. 

ABSTRACT  
Beauty and expediency are objectively necessary properties of many building structures: beauty allows cre-

ating a harmonious environment life at optimum strength, stiffness, durability of structures; expediency ensures 

optimum adaptation to conditions of operation. Beauty causes aesthetic and moral pleasure based on exceeding 

the expectation of according the observed object created in the thinking of the perfect and harmonious way. Expe-

diency is the adaptability of constructions for conditions of operating, and for fulfil certain functions. Beautiful 

might not be all building constructions (e.g. foundations), while the expediency is a necessary property of any 

designs. Beautiful constructions are usually expedient. To be beautiful and expedient, building constructions must 

comply with laws of beauty and expediency: laws of similarity to nature, curvature (including the use of ñline of 

beautyò of Hogarth), harmony of form and function, proportionality (the golden ratio), optimal allocation material 

on trajectories and "threads" main stress, differential use of strong, rigid and non-rigid materials, performance the 

functions in accordance with the appointment of constructions, etc. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʨʘʩʦʪʘ ʧʨʠʨʦʜʳ; ʢʨʘʩʦʪʘ ʢʦʥʩʪʨʫʢʮʠʡ; ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʡ; ʟʘʢʦʥʳ 

ʢʨʘʩʦʪʳ; ʟʘʢʦʥʳ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ  

Keywords: beauty of nature; beauty of designs; expediency of designs; laws of beauty; laws of expediency 

 

ʂʨʘʩʦʪʘ ʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʷʚʣʷʶʪʩʷ ʦʙʲʝʢ-

ʪʠʚʥʦ ʥʝʦʙʭʦʜʠʤʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʤʥʦʛʠʭ ʩʪʨʦʠ-

ʪʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ. ʆʥʠ ʧʦʜʜʝʨʞʠʚʘʶʪ ʩʦʟʜʘʥʠʝ 

ʛʘʨʤʦʥʠʯʥʦʡ ʩʨʝʜʳ ʞʠʟʥʠ. ʂʨʘʩʦʪʘ ʚʳʟʳʚʘʝʪ ʵʩʪʝ-

ʪʠʯʝʩʢʦʝ ʠ ʥʨʘʚʩʪʚʝʥʥʦʝ ʥʘʩʣʘʞʜʝʥʠʝ, ʦʩʥʦʚʘʥʥʦʝ 

ʥʘ (ʧʨʝʚʳʰʘʶʱʝʤ ʦʞʠʜʘʥʠʝ) ʩʦʦʪʚʝʪʩʪʚʠʠ ʥʘʙʣʶ-

ʜʘʝʤʦʛʦ ʧʨʝʜʤʝʪʘ ʩʦʟʜʘʥʥʦʤʫ ʚ ʤʳʰʣʝʥʠʠ ʩʦʚʝʨ-

ʰʝʥʥʦʤʫ ʠ ʛʘʨʤʦʥʠʯʥʦʤʫ ʦʙʨʘʟʫ. ʎʝʣʝʩʦʦʙʨʘʟ-

ʥʦʩʪʴ ʧʦʢʘʟʳʚʘʝʪ, ʥʘʩʢʦʣʴʢʦ ʢʦʥʩʪʨʫʢʮʠʷ ʧʨʠʩʧʦ-

ʩʦʙʣʝʥʘ ʢ ʫʩʣʦʚʠʷʤ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʢ ʚʳʧʦʣʥʝʥʠʶ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʬʫʥʢʮʠʡ. ʂʨʘʩʠʚʳʤʠ ʷʚʣʷʶʪʩʷ ʥʝ 

ʚʩʝ ʩʪʨʦʠʪʝʣʴʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ (ʥʘʧʨʠʤʝʨ, ʬʫʥʜʘ-

ʤʝʥʪʳ, ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʛʨʫʥʪʝ ʠ ʧʦʪʦʤʫ ʥʝ ʚʠʜʠ-

ʤʳʝ), ʪʦʛʜʘ ʢʘʢ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ï ʥʝʦʙʭʦʜʠʤʦʝ, 

ʥʦ ʥʝ ʚʩʝʛʜʘ ʩʦʙʣʶʜʘʝʤʦʝ, ʩʚʦʡʩʪʚʦ ʣʶʙʳʭ ʢʦʥ-

ʩʪʨʫʢʮʠʡ. ʂʨʘʩʠʚʳʝ ʦʙʲʝʢʪʳ, ʢʘʢ ʧʨʘʚʠʣʦ, ʮʝʣʝʩʦ-

ʦʙʨʘʟʥʳ. ʏʪʦʙʳ ʙʳʪʴ ʢʨʘʩʠʚʳʤʠ ʠ ʮʝʣʝʩʦʦʙʨʘʟ-

ʥʳʤʠ, ʦʥʠ ʜʦʣʞʥʳ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʟʘʢʦʥʘʤ ʢʨʘ-

ʩʦʪʳ ʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ï ʟʘʢʦʥʘʤ 

ʧʨʠʨʦʜʦʧʦʜʦʙʠʷ, ʢʨʠʚʦʣʠʥʝʡʥʦʩʪʠ (ʚ ʪ.ʯ. ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʷ çʣʠʥʠʠ ʢʨʘʩʦʪʳè ʍʦʛʘʨʪʘ), ʛʘʨʤʦʥʠʠ 

ʬʦʨʤʳ ʠ ʬʫʥʢʮʠʠ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ, ʦʧʪʠʤʘʣʴ-

ʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʧʦ ʪʨʘʝʢʪʦʨʠʷʤ ʠ 

çʧʦʪʦʢʘʤè ʛʣʘʚʥʳʭ ʥʘʧʨʷʞʝʥʠʡ, ʜʠʬʬʝʨʝʥʮʠʨʦ-

ʚʘʥʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦʯʥʳʭ, ʞʝʩʪʢʠʭ ʠ ʥʝ-

ʞʝʩʪʢʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʚʳʧʦʣʥʝʥʠʷ ʬʫʥʢʮʠʡ ʚ ʩʦʦʪ-

ʚʝʪʩʪʚʠʠ ʩ ʥʘʟʥʘʯʝʥʠʝʤ, ʠ ʜʨ. (ʪʘʙʣ. 1). 
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ʊʘʙʣʠʮʘ 1 

ʂʨʘʩʦʪʘ ʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ 

ʊʠʧ ʢʦʥʩʪʨʫʢʮʠʠ ʆʙʱʠʡ ʚʠʜ 
ʅʘʣʠʯʠʝ ʢʨʘ-

ʩʦʪʳ 

ʅʘʣʠʯʠʝ ʮʝʣʝʩʦ-

ʦʙʨʘʟʥʦʩʪʠ 

ʌʫʥʜʘʤʝʥʪ ʚ ʚʠʜʝ ʟʘʢʨʝʧ-

ʣʝʥʥʦʛʦ ʤʘʩʩʠʚʘ ʛʨʫʥʪʘ  
ʆʪʩʫʪʩʪʚʫʝʪ 

ʉʥʠʞʝʥʥʘʷ: ʥʝ-

ʚʦʟʤʦʞʥʦʩʪʴ ʨʝ-

ʩʪʘʚʨʘʮʠʠ ʤʘʩ-

ʩʠʚʘ ʛʨʫʥʪʘ 

ʊʨʘʜʠʮʠʦʥʥʳʝ ʬʫʥʜʘ-

ʤʝʥʪʳ ʩ ʧʣʦʩʢʦʡ ʧʦʜʦʰ-

ʚʦʡ 
 

ʇʣʦʩʢʠʝ ʢʦʥ-

ʩʪʨʫʢʮʠʠ ʥʝ 

ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʪ ʟʘʢʦ-

ʥʘʤ ʢʨʘʩʦʪʳ 

ʉʥʠʞʝʥʥʘʷ: ʥʝ-

ʦʧʪʠʤʘʣʴʥʦʝ ʨʘʩ-

ʧʨʝʜʝʣʝʥʠʝ ʤʘʪʝ-

ʨʠʘʣʘ 

ʌʫʥʜʘʤʝʥʪ ʩʚʘʡʥʳʡ 

 

ʂʨʘʩʦʪʘ ʢʦʨ-

ʥʝʚʠʜʥʦʛʦ 

ʧʨʠʨʦʜʦʧʦ-

ʜʦʙʥʦʛʦ ʩʚʘʡ-

ʥʦʛʦ ʬʫʥʜʘ-

ʤʝʥʪʘ 

ʎʝʣʝʩʦʦʙʨʘʟʥʦ 

ʚʢʣʶʯʘʝʪ ʚ ʨʘ-

ʙʦʪʫ ʙʦʣʴʰʦʡ 

ʤʘʩʩʠʚ ʛʨʫʥʪʘ 

ʌʫʥʜʘʤʝʥʪ ʚ ʚʠʜʝ ʦʙʦ-

ʣʦʯʢʠ  

ʌʫʥʜʘʤʝʥʪ ï 

ʦʙʦʣʦʯʢʘ ʢʨʘ-

ʩʠʚ ʢʘʢ ʢʨʠʚʦ-

ʣʠʥʝʡʥʘʷ ʢʦʥ-

ʩʪʨʫʢʮʠʷ 

ʈʘʮʠʦʥʘʣʴʥʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʤʘʪʝʨʠʘʣʘ ʚ ʦʙʦ-

ʣʦʯʢʝ 

ʊʨʘʜʠʮʠʦʥʥʦʝ ʢʘʨʢʘʩʥʦʝ 

ʟʜʘʥʠʝ 

 

ʉʪʝʨʞʥʠ ʠ 

ʧʣʦʩʢʠʝ 

ʧʣʠʪʳ ʥʝ ʩʦ-

ʦʪʚʝʪʩʪʚʫʶʪ 

ʟʘʢʦʥʘʤ ʢʨʘ-

ʩʦʪʳ 

ʅʝʨʘʮʠʦʥʘʣʴʥʘʷ 

ʬʦʨʤʘ ʠ ʨʘʩʧʨʝ-

ʜʝʣʝʥʠʝ ʤʘʪʝʨʠ-

ʘʣʘ 

ʄʥʦʛʦʵʪʘʞʥʳʡ ʞʠʣʦʡ 

ʜʦʤ 

 

ʉʥʠʞʝʥʥʘʷ: 

ʟʜʘʥʠʝ ʥʝ ʚʧʠ-

ʩʳʚʘʝʪʩʷ ʚ 

ʣʘʥʜʰʘʬʪ  

ʎʝʣʝʩʦʦʙʨʘʟʥʦʝ 

ʚʳʧʦʣʥʝʥʠʝ ʥʝ 

ʚʩʝʭ ʬʫʥʢʮʠʡ ʞʠ-

ʣʦʛʦ ʜʦʤʘ (ʥʝ 

ʵʢʦʣʦʛʠʯʝʥ ʚʠʜ 

ʠʟ ʦʢʦʥ, ʠ ʧʨ.)  

ʂʨʠʚʦʣʠʥʝʡʥʘʷ ʥʘʨʫʞʥʘʷ 

ʩʪʝʥʘ ʞʠʣʦʛʦ ʜʦʤʘ 

 

ʂʨʘʩʠʚʘʷ ʢʨʠ-

ʚʦʣʠʥʝʡʥʘʷ 

ʢʦʥʩʪʨʫʢʮʠʷ 

ʎʝʣʝʩʦʦʙʨʘʟʥʦ 

ʩʦʝʜʠʥʷʝʪ ʬʫʥʢ-

ʮʠʶ ʠ ʢʨʘʩʦʪʫ 

ʅʘʨʫʞʥʘʷ ʪʝʨʨʘʩʥʘʷ 

ʩʪʝʥʘ ʟʜʘʥʠʷ ï ʟʝʣʝʥʦʛʦ 

ʭʦʣʤʘ ʚ ʨʘʚʥʠʥʥʦʤ ʛʦ-

ʨʦʜʝ 

ʆʟʝʣʝʥʷʝʤʘʷ, 

ʩ ʥʝ ʧʦʚʪʦʨʷ-

ʶʱʠʤʠʩʷ ʜʝ-

ʪʘʣʷʤʠ 

ʎʝʣʝʩʦʦʙʨʘʟʥʦ 

ʦʙʲʝʜʠʥʷʝʪ ʬʫʥʢ-

ʮʠʠ ʩʪʝʥʳ ʠ ʦʟʝ-

ʣʝʥʝʥʠʷ 

http://www.facade-project.ru/images/cms/data/arh_znamenitye_zdaniya/dom-mila-2.jpg
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ʇʘʥʝʣʴʥʳʡ ʪʠʧʦʚʦʡ ʜʦʤ 

 

ʄʦʥʦʪʦʥʥʳʡ 

ʧʣʦʩʢʠʡ ʬʘʩʘʜ 

ʥʝ ʩʦʦʪʚʝʪ-

ʩʪʚʫʝʪ ʟʘʢʦ-

ʥʘʤ ʢʨʘʩʦʪʳ  

ʅʝ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʚʠʟʫʘʣʴʥʫʶ ʵʢʦ-

ʣʦʛʠʯʥʦʩʪʴ 

ʄʥʦʛʦʵʪʘʞʥʳʡ ʜʦʤ (ɻʦʥ-

ʢʦʥʛ) 

 

ʇʣʦʩʢʠʡ ʬʘ-

ʩʘʜ ʥʝ ʩʦʦʪ-

ʚʝʪʩʪʚʫʝʪ ʟʘ-

ʢʦʥʘʤ ʢʨʘ-

ʩʦʪʳ 

ʊʦ ʞʝ 

ʅʘʜʟʝʤʥʦʝ ʟʜʘʥʠʝ 

 

ʅʘʜʟʝʤʥʦʝ 

ʟʜʘʥʠʝ ʩ ʩʦ-

ʭʨʘʥʝʥʠʝʤ 

ʧʦʯʚʝʥʥʦʛʦ 

ʩʣʦʷ 

ʇʦʣʠʬʫʥʢʮʠʦ-

ʥʘʣʴʥʦʝ ʟʜʘʥʠʝ, 

ʩʦʭʨʘʥʷʶʱʝʝ 

ʧʦʯʚʝʥʥʦ-ʨʘʩʪʠ-

ʪʝʣʴʥʳʡ ʩʣʦʡ 

ʇʦʜʟʝʤʥʦʝ ʟʜʘʥʠʝ ʛʣʫʙʦ-

ʢʦʛʦ ʟʘʣʦʞʝʥʠʷ 

 

ʇʨʦʩʪʨʘʥ-

ʩʪʚʝʥʥʳʝ ʢʦʥ-

ʩʪʨʫʢʮʠʠ ʩʦ-

ʟʜʘʶʪ ʚʧʝʯʘʪ-

ʣʝʥʠʝ 

ʣʝʛʢʦʩʪʠ 

ʎʝʣʝʩʦʦʙʨʘʟʥʦʝ 

ʚʦʩʧʨʠʷʪʠʝ ʠʥ-

ʪʝʥʩʠʚʥʦʛʦ ʜʘʚ-

ʣʝʥʠʷ ʛʨʫʥʪʘ, ʩʦ-

ʭʨʘʥʝʥʠʝ ʧʦʯʚʳ 

ʄʦʥʦʣʠʪʥʦʝ ʞʝʣʝʟʦʙʝ-

ʪʦʥʥʦʝ ʧʝʨʝʢʨʳʪʠʝ  

 

ʂʨʘʩʠʚʳʡ ʨʠ-

ʩʫʥʦʢ ʙʘʣʦʢ 

ʧʦ ʪʨʘʝʢʪʦ-

ʨʠʷʤ ʛʣʘʚʥʳʭ 

ʫʩʠʣʠʡ 

ʎʝʣʝʩʦʦʙʨʘʟʥʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʤʘʪʝʨʠʘʣʘ ʚ ʧʝʨʝ-

ʢʨʳʪʠʠ 
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ʂʦʣʦʥʥʳ 
 

ʂʨʘʩʠʚʳ ʢʦ-

ʣʦʥʥʳ ʢʨʫʛ-

ʣʦʛʦ ʠ ʢʦʣʴʮʝ-

ʚʦʛʦ ʩʝʯʝʥʠʷ 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ 

ʤʘʪʝʨʠʘʣʘ ʚ ʨʘʟ-

ʥʦʡ ʩʪʝʧʝʥʠ ʮʝʣʝ-

ʩʦʦʙʨʘʟʥʦ 

ʇʘʥʝʣʠ ʧʦʢʨʳʪʠʷ 

 

ʃʝʛʢʠʝ ʢʨʘʩʠ-

ʚʳʝ ʢʨʠʚʦʣʠ-

ʥʝʡʥʳʝ ʧʘ-

ʥʝʣʠ ʧʦʢʨʳ-

ʪʠʷ 

ʎʝʣʝʩʦʦʙʨʘʟʥʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʤʘʪʝʨʠʘʣʘ ʚ ʧʦ-

ʢʨʳʪʠʠ 

ʂʘʧʠʪʝʣʠ 

 

ʂʨʘʩʠʚʳʝ 

ʧʨʠʨʦʜʦʧʦ-

ʜʦʙʥʳʝ ʢʘʧʠ-

ʪʝʣʠ 

ʎʝʣʝʩʦʦʙʨʘʟʥʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʤʘʪʝʨʠʘʣʘ ʚ ʢʘʧʠ-

ʪʝʣʠ 

ʇʦʢʨʳʪʠʝ 

 

ʂʨʘʩʠʚʦʝ ʧʨʦ-

ʩʪʨʘʥʩʪʚʝʥʥʦʝ 

ʧʦʢʨʳʪʠʝ ï 

ʢʫʧʦʣ, ʛʠʧʘʨ ʠ 

ʧʨ. 

ʎʝʣʝʩʦʦʙʨʘʟʥʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʤʘʪʝʨʠʘʣʘ ʚ ʦʙʦ-

ʣʦʯʢʘʭ 

ʉʚʦʜʳ 

 

ʊʦ ʞʝ 

ʎʝʣʝʩʦʦʙʨʘʟʥʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʤʘʪʝʨʠʘʣʘ ʚ ʩʚʦ-

ʜʘʭ 

ʇʦʜʧʦʨʥʘʷ ʩʪʝʥʘ 

 

ʆʟʝʣʝʥʷʝʤʘʷ 

ʧʨʦʩʪʨʘʥ-

ʩʪʚʝʥʥʘʷ ʧʦʜ-

ʧʦʨʥʘʷ ʩʪʝʥʘ 

ʇʦʣʠʬʫʥʢʮʠʦ-

ʥʘʣʴʥʘʷ ʦʟʝʣʝʥʷ-

ʝʤʘʷ ʧʦʜʧʦʨʥʘʷ 

ʩʪʝʥʘ 

ʐʫʤʦʟʘʱʠʪʥʘʷ ʩʪʝʥʘ 

 

ʆʟʝʣʝʥʷʝʤʘʷ 

ʧʨʦʩʪʨʘʥ-

ʩʪʚʝʥʥʘʷ ʰʫ-

ʤʦʟʘʱʠʪʥʘʷ 

ʩʪʝʥʘ 

ʎʝʣʝʩʦʦʙʨʘʟʥʘʷ 

ʧʦʣʠʬʫʥʢʮʠʦ-

ʥʘʣʴʥʘʷ ʦʟʝʣʝʥʷ-

ʝʤʘʷ ʰʫʤʦʟʘʱʠʪ-

ʥʘʷ ʩʪʝʥʘ 

ɺʦʜʦʥʘʧʦʨʥʘʷ ʙʘʰʥʷ 

 

ʂʨʘʩʠʚʘʷ ʚʦ-

ʜʦʥʘʧʦʨʥʘʷ 

ʙʘʰʥʷ ʚ ʚʠʜʝ 

ʦʙʦʣʦʯʢʠ 

ʇʦʣʠʬʫʥʢʮʠʦ-

ʥʘʣʴʥʘʷ ʙʘʰʥʷ ʩ 

ʦʙʟʦʨʥʦʡ ʧʣʦ-

ʱʘʜʢʦʡ ʠ ʢʘʬʝ 

ʂʨʠʚʦʣʠʥʝʡʥʦʝ ʨʘʩʧʨʝ-

ʜʝʣʝʥʠʝ ʘʨʤʘʪʫʨʳ ʚ 

ʥʘʧʨʘʚʣʝʥʠʠ ʛʣʘʚʥʳʭ 

ʫʩʠʣʠʡ 
 

ʂʨʘʩʠʚʳʡ 

ʢʨʠʚʦʣʠʥʝʡ-

ʥʳʡ ʨʠʩʫʥʦʢ 

ʘʨʤʘʪʫʨʳ 

ʈʘʮʠʦʥʘʣʴʥʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʨʘʩʪʷʥʫʪʦʡ ʘʨʤʘ-

ʪʫʨʳ 

 

ʂʨʘʩʦʪʘ ʩʚʷʟʘʥʘ ʩ ʩʘʤʦʩʦʭʨʘʥʝʥʠʝʤ ʠ ʩʘʤʦʨʘʟ-

ʚʠʪʠʝʤ: ʯʝʣʦʚʝʢ ʩʪʨʝʤʠʪʩʷ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʦʪʨʠ-

ʮʘʪʝʣʴʥʳʝ ʵʤʦʮʠʠ, ʠ ʫʩʠʣʠʪʴ, ʧʨʦʜʣʠʪʴ ʧʦʣʦʞʠ-

ʪʝʣʴʥʳʝ. ɺʦʩʧʨʠʷʪʠʝ ʢʨʘʩʠʚʳʭ ʦʙʲʝʢʪʦʚ, ʙʝʟ-

ʫʩʣʦʚʥʦ, ʚʳʟʳʚʘʝʪ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʵʤʦʮʠʠ, ʦʪʩʶʜʘ 

ʩʣʝʜʫʝʪ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʙʦʣʴʰʘʷ ʨʦʣʴ ʢʨʘʩʦʪʳ, ʚʦʩ-

ʧʨʠʷʪʠʷ ʧʨʝʢʨʘʩʥʦʛʦ ʢʘʢ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʵʤʦʮʠʠ 

(ʩʪʨʝʤʣʝʥʠʝ ʢ ʧʦʣʫʯʝʥʠʶ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʵʤʦʮʠʡ ï 

ʦʩʥʦʚʥʘʷ ʜʚʠʞʫʱʘʷ ʩʠʣʘ ʨʘʟʚʠʪʠʷ). ʇʨʠ ʵʪʦʤ ʧʨʦ-

ʙʣʝʤʘ ʠʟʙʳʪʦʯʥʦʡ, ʜʘʣʝʢʦ ʥʝ ʚʩʝʛʜʘ ʮʝʣʝʩʦʦʙʨʘʟ-

ʥʦʡ, ʢʨʘʩʦʪʳ ʪʨʝʙʫʝʪ ʛʣʫʙʦʢʦʛʦ ʠʟʫʯʝʥʠʷ. ʇʨʝʜ-

ʩʪʘʚʣʝʥʠʷ ʦ ʢʨʘʩʦʪʝ ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʚ ʭʦʜʝ ʤʥʦʛʦ-

ʚʝʢʦʚʦʡ ʵʚʦʣʶʮʠʠ ʠ ʩʫʱʝʩʪʚʦʚʘʣʠ ʚ ʧʨʠʨʦʜʝ 

ʟʘʜʦʣʛʦ ʜʦ ʧʦʷʚʣʝʥʠʷ ʯʝʣʦʚʝʢʘ. ʅʘʧʨʠʤʝʨ, ʢʨʘʩʦʪʘ 

ʦʩʦʙʠ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʛʦ ʧʦʣʘ ʦʟʥʘʯʘʣʘ ʝʝ ʟʜʦʨʦ-

ʚʴʝ, ʩʠʣʫ ʠ ʧʦʪʦʤʫ - ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʴ ʢʘʢ ʧʘʨʪ-

ʥʝʨʘ ʜʣʷ ʨʦʞʜʝʥʠʷ ʟʜʦʨʦʚʦʛʦ ʧʦʪʦʤʩʪʚʘ, ʜʣʷ ʟʘ-

ʱʠʪʳ ʦʪ ʭʠʱʥʠʢʘ. ʂʨʘʩʦʪʘ ʦʙʲʝʢʪʘ ʧʠʱʠ ʦʟʥʘʯʘʣʘ 

ʙʫʜʫʱʝʝ ʫʩʧʝʰʥʦʝ ʫʜʦʚʣʝʪʚʦʨʝʥʠʝ ʧʠʱʝʚʦʡ ʧʦ-

ʪʨʝʙʥʦʩʪʠ, ʠ ʪ.ʜ. ʇʝʨʚʦʙʳʪʥʳʡ ʯʝʣʦʚʝʢ, ʞʠʚʫʱʠʡ ʚ 

ʦʢʨʫʞʝʥʠʠ ʝʩʪʝʩʪʚʝʥʥʦʡ ʧʨʠʨʦʜʳ ʠ ʟʘʚʠʩʷʱʠʡ ʦʪ 

ʥʝʝ, ʚʦʩʧʨʠʥʠʤʘʣ ʧʨʠʨʦʜʫ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʫʜʦʚʣʝ-

ʪʚʦʨʝʥʠʷ ʩʚʦʠʭ ʧʦʪʨʝʙʥʦʩʪʝʡ: ʢʨʘʩʠʚʳʝ ʠ ʢʨʫʧʥʳʝ 

ʩʲʝʜʦʙʥʳʝ ʧʣʦʜʳ ʥʘ ʜʝʨʝʚʴʷʭ, ʫʧʠʪʘʥʥʳʝ (ʢʨʘʩʠ-

ʚʳʝ) ʤʣʝʢʦʧʠʪʘʶʱʠʝ ʠ ʜʨʫʛʠʝ ʦʙʲʝʢʪʳ ʦʭʦʪʳ, ʟʜʦ-

ʨʦʚʳʝ (ʧʦʤʦʱʥʠʢʠ ʚ ʦʭʦʪʝ ʠ ʚ ʚʦʡʥʘʭ) ʠ ʢʨʘʩʠʚʳʝ 

(ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʝʤʴʠ ʠ ʧʨʦʜʦʣʞʝʥʠʷ ʨʦʜʘ) ʩʦʧʣʝ-

ʤʝʥʥʠʢʠ, ʠ ʪ.ʜ. 
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ɺʧʦʣʥʝ ʚʝʨʦʷʪʥʦ, ʯʪʦ ʧʝʨʚʠʯʥʳʝ ʧʦʥʷʪʠʷ ʢʨʘ-

ʩʦʪʳ ʩʬʦʨʤʠʨʦʚʘʣʠʩʴ ʥʘ ʵʤʦʮʠʦʥʘʣʴʥʦʤ ʫʨʦʚʥʝ (ʚ 

ʮʝʥʪʨʘʭ ʙʦʣʝʝ ʜʨʝʚʥʝʛʦ ʤʦʟʛʘ ʚʳʩʰʠʭ ʤʣʝʢʦʧʠʪʘ-

ʶʱʠʭ) ʚ ʧʨʦʮʝʩʩʝ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʠʭ 

ʧʦʪʨʝʙʥʦʩʪʝʡ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʧʠʱʝʚʳʭ ʠ ʩʝʢʩʫ-

ʘʣʴʥʳʭ (ʧʨʦʜʦʣʞʝʥʠʷ ʨʦʜʘ). ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʞʠ-

ʚʦʪʥʳʝ, ʘ ʟʘʪʝʤ ï ʠ ʯʝʣʦʚʝʢ, ʩʪʘʣʠ ʚʦʩʧʨʠʥʠʤʘʪʴ 

ʦʜʥʠ ʧʨʝʜʤʝʪʳ ʠ ʷʚʣʝʥʠʷ ʢʘʢ ʧʨʝʢʨʘʩʥʳʝ, ʜʨʫʛʠʝ ï 

ʢʘʢ ʙʝʟʦʙʨʘʟʥʳʝ, ʠ ʧʨ. ɺʝʨʦʷʪʥʦ ʪʘʢʞʝ, ʯʪʦ ʯʝʣʦʚʝʢ 

ʦʪʥʦʩʠʪ ʧʨʠʨʦʜʥʳʝ ʦʙʲʝʢʪʳ (ʬʣʦʨʫ, ʬʘʫʥʫ, ʧʨʠ-

ʨʦʜʥʳʝ ʷʚʣʝʥʠʷ) ʢ ʧʨʝʢʨʘʩʥʳʤ ʠʣʠ ʙʝʟʦʙʨʘʟʥʳʤ 

ʢʘʢ ʦʙʣʘʜʘʪʝʣʴ ʤʥʦʞʝʩʪʚʝʥʥʦʛʦ ʤʦʟʛʘ çʚʩʝʞʠʚʦʪ-

ʥʦʛʦè; ʧʦʵʪʦʤʫ ʢʨʘʩʦʪʘ ʠ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʴ, ʩʦ-

ʟʜʘʥʥʳʝ ʚ ʧʨʦʮʝʩʩʝ ʦʪʙʦʨʘ ʪʦʣʴʢʦ ʜʣʷ ʦʧʨʝʜʝʣʝʥ-

ʥʳʭ ʞʠʚʦʪʥʳʭ ʠ ʘʜʨʝʩʦʚʘʥʥʳʝ ʪʦʣʴʢʦ ʠʤ, ʙʳʣʠ ʠʩ-

ʧʦʣʴʟʦʚʘʥʳ ʯʝʣʦʚʝʢʦʤ ʚ ʢʘʯʝʩʪʚʝ ʢʨʘʩʦʪʳ, 

ʧʨʠʥʘʜʣʝʞʘʱʝʡ ʪʘʢʞʝ ʠ ʝʤʫ. ʕʪʦ ʧʨʦʠʟʦʰʣʦ ʚ ʧʨʦ-

ʮʝʩʩʝ ʵʚʦʣʶʮʠʠ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʧʦʪʨʝʙʥʦʩʪʝʡ, ʢʦ-

ʛʜʘ ʩʢʣʘʜʳʚʘʣʠʩʴ ʧʨʝʜʧʦʯʪʝʥʠʷ ʧʨʠ ʚʦʩʧʨʠʷʪʠʠ 

ʚʥʝʰʥʝʛʦ ʤʠʨʘ ʩʝʥʩʦʨʥʳʤʠ ʦʨʛʘʥʘʤʠ ʤʦʟʛʘ. ɺʦʟ-

ʤʦʞʥʦ, ʥʘ ʵʪʦʪ ʧʨʦʮʝʩʩ ʚʣʠʷʝʪ ʩʘʤʦʚʦʟʥʘʛʨʘʞʜʝʥʠʝ 

ʤʦʟʛʘ [3].  

ʇʦʜʯʝʨʢʥʝʤ ʥʝʧʨʝʨʳʚʘʶʱʠʡʩʷ ʠʥʪʝʨʝʩ ʢ ʢʨʘ-

ʩʦʪʝ, ʢ ʢʨʘʩʠʚʳʤ ʧʨʝʜʤʝʪʘʤ ʠ ʷʚʣʝʥʠʷʤ, ʚ ʭʦʜʝ 

ʚʩʝʡ ʠʩʪʦʨʠʠ ʯʝʣʦʚʝʯʝʩʪʚʘ. ʂʨʘʩʦʪʘ ʦʧʠʩʳʚʘʝʪʩʷ ʚ 

ɹʠʙʣʠʠ, ʚ ʪʨʫʜʘʭ ʬʠʣʦʩʦʬʦʚ ʜʨʝʚʥʝʡ ʀʥʜʠʠ ʠ ʜʨʝʚ-

ʥʝʛʦ ʂʠʪʘʷ, ʚ ʬʠʣʦʩʦʬʩʢʠʭ ʧʨʦʠʟʚʝʜʝʥʠʷʭ ɼʨʝʚʥʝʡ 

ɻʨʝʮʠʠ, ʉʨʝʜʥʝʚʝʢʦʚʴʷ, ʩʦʚʨʝʤʝʥʥʦʩʪʠ. ɼʠʘʧʘʟʦʥ 

ʩʫʞʜʝʥʠʡ ʦ ʢʨʘʩʦʪʝ ʙʳʣ ʦʯʝʥʴ ʰʠʨʦʢ, ʦʥ ʚʢʣʶʯʘʣ 

ʠ ʧʨʦʪʠʚʦʨʝʯʠʚʳʝ ʤʥʝʥʠʷ, ʚʧʣʦʪʴ ʜʦ ʦʪʨʠʮʘʥʠʷ ʠ 

ʠʣʣʶʟʦʨʥʦʩʪʠ ʢʨʘʩʦʪʳ. ʂʨʘʩʦʪʘ, ʩʚʦʝʦʙʨʘʟʠʝ ʣʘʥʜ-

ʰʘʬʪʘ (ʦʩʦʙʝʥʥʦ ʥʝʦʙʳʯʥʦʛʦ, ʷʨʢʦʛʦ, ʢʨʘʩʠʚʦʛʦ 

ʧʝʡʟʘʞʘ) ʦʙʣʘʜʘʝʪ ʩʣʦʞʥʳʤ ʟʘʢʨʳʪʳʤ ʥʝʚʝʨʙʘʣʴ-

ʥʳʤ ʢʦʜʦʤ, ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʦʛʦ ʚʦʟʥʠʢʘʝʪ ʤʘʣʦ ʦʩʦ-

ʟʥʘʚʘʝʤʘʷ ʠ ʪʦʥʢʘʷ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʢʦʤʤʫʥʠʢʘʮʠʷ. 

ʇʨʠ ʵʪʦʤ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʠʨʦʜʥʳʭ ʣʘʥʜʰʘʬʪʦʚ 

(ʥʘʧʨʠʤʝʨ, ʩʧʦʢʦʡʥʘʷ ʠʣʠ ʙʫʨʥʘʷ ʨʝʢʘ, ʧʣʘʚʥʳʝ 

ʠʣʠ ʦʙʨʳʚʠʩʪʳʝ ʙʝʨʝʛʘ, ʨʘʩʧʦʣʦʞʝʥʠʝ ʜʝʨʝʚʴʝʚ, 

ʥʘʣʠʯʠʝ ʠ ʦʢʨʘʩʢʘ ʮʚʝʪʦʚ, ʦʙʣʘʯʥʦʩʪʴ ʠ ʚʦʦʙʱʝ ʧʦ-

ʛʦʜʘ, ʠ ʪ.ʜ.) ʧʦʜʪʘʣʢʠʚʘʶʪ ʯʝʣʦʚʝʢʘ ʢ ʬʦʨʤʠʨʦʚʘ-

ʥʠʶ ʦʧʨʝʜʝʣʝʥʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ ʩʝʙʝ ʠ ʤʠʨʝ: 

ç...ʩʤʦʪʨʝʣ ʥʘ ʧʨʝʣʝʩʪʥʳʡ ʩʦʣʥʝʯʥʳʡ ʟʘʢʘʪ. ɺ 

ʥʘʛʨʦʤʦʞʜʝʥʥʳʭ ʦʙʣʘʢʘʭ ʧʨʦʩʚʝʪ, ʘ ʪʘʤ, ʢʘʢ ʢʨʘʩ-

ʥʳʡ ʨʘʩʢʘʣʝʥʥʳʡ ʫʛʦʣʴ, ʩʦʣʥʮʝ. ʀ ʚʩʝ ʵʪʦ ʥʘʜ ʣʝ-

ʩʦʤ. ʈʦʞʴ. ʈʘʜʦʩʪʥʦ. ʀ ʜʫʤʘʣ: ʥʝʪ, ʵʪʦʪ ʤʠʨ - é 

ʦʜʠʥ ʠʟ ʚʝʯʥʳʭ ʤʠʨʦʚ, ʢʦʪʦʨʳʡ ʧʨʝʢʨʘʩʝʥ, ʨʘʜʦ-

ʩʪʝʥ ʠ ʢʦʪʦʨʳʡ ʤʳ ʥʝ ʪʦʣʴʢʦ ʤʦʞʝʤ, ʥʦ ʜʦʣʞʥʳ 

ʩʜʝʣʘʪʴ ʧʨʝʢʨʘʩʥʝʝ ʜʣʷ ʞʠʚʫʱʠʭ ʩ ʥʘʤʠ ʠ ʜʣʷ ʪʝʭ, 

ʢʦʪʦʨʳʝ ʧʦʩʣʝ ʥʘʩ ʙʫʜʫʪ ʞʠʪʴ ʚ ʥʝʤ.è (ʃ.ʅ. ʊʦʣ-

ʩʪʦʡ). 

ʂʨʘʩʦʪʘ ʧʨʠʨʦʜʳ ï ʧʦʨʦʞʜʝʥʠʝ ʵʚʦʣʶʮʠʠ, ʠ 

ʦʥʘ ʞʝ ʚʣʠʷʝʪ ʥʘ ʵʚʦʣʶʮʠʶ ʞʠʚʦʡ ʧʨʠʨʦʜʳ. ʆʢʨʫ-

ʞʘʶʱʘʷ ʥʘʩ ʫʜʠʚʠʪʝʣʴʥʘʷ ʛʘʨʤʦʥʠʷ ʠ ʢʨʘʩʦʪʘ ʧʨʠ-

ʨʦʜʳ ʧʦʤʦʛʘʶʪ ʯʝʣʦʚʝʢʫ ʠ ʚʩʝʤʫ ʯʝʣʦʚʝʯʝʩʪʚʫ ʚ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʙʳʪʠʷ. ʇʦʵʪʦʤʫ ʯʝʣʦʚʝʢ ʜʦʣʞʝʥ ʩʦ-

ʭʨʘʥʠʪʴ ʢʨʘʩʦʪʫ ʧʣʘʥʝʪʳ ʠ ʝʩʪʝʩʪʚʝʥʥʳʭ ʣʘʥʜʰʘʬ-

ʪʦʚ, ʤʥʦʛʦʦʙʨʘʟʥʦʡ ʬʣʦʨʳ ʠ ʬʘʫʥʳ. ʆʥ ʜʦʣʞʝʥ 

ʧʦʜʜʝʨʞʠʚʘʪʴ ʝʩʪʝʩʪʚʝʥʥʫʶ ʵʚʦʣʶʮʠʶ ʢʨʘʩʦʪʳ ʯʝ-

ʣʦʚʝʢʘ, ʩʦʟʜʘʚʘʪʴ ʛʘʨʤʦʥʠʯʥʫʶ ʢʨʘʩʦʪʫ ʛʦʨʦʜʘ, ʞʠ-

ʣʠʱʘ, ʧʨʝʜʤʝʪʦʚ ʙʳʪʘ, ʦʜʝʞʜʳ, ʦʨʫʜʠʡ ʪʨʫʜʘ, ʪʝʭ-

ʥʠʢʠ; ʩʦʟʜʘʚʘʪʴ, ʨʘʟʚʠʚʘʪʴ ʠ ʧʦʜʜʝʨʞʠʚʘʪʴ ʩʣʦʞ-

ʥʫʶ ʢʨʘʩʦʪʫ ʠʩʢʫʩʩʪʚʘ, ʢʨʘʩʦʪʫ ʬʠʟʠʯʝʩʢʦʛʦ 

ʜʚʠʞʝʥʠʷ, ʤʳʩʣʠ, ʠ, ʥʘʢʦʥʝʮ, ʚʳʩʰʫʶ ʜʫʭʦʚʥʫʶ 

ʢʨʘʩʦʪʫ. ɺʩʷ ʵʪʘ ʢʨʘʩʦʪʘ, ʙʝʟʫʩʣʦʚʥʦ, ʧʦʜʜʝʨʞʠʚʘʝʪ 

ʞʠʟʥʴ ʧʣʘʥʝʪʳ ʠ ʯʝʣʦʚʝʯʝʩʪʚʘ. ʇʦʥʷʪʠʷ ʢʨʘʩʦʪʳ 

ʩʬʦʨʤʠʨʦʚʘʣʠʩʴ ʚ ʧʨʦʮʝʩʩʝ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʧʦ-

ʪʨʝʙʥʦʩʪʝʡ, ʦʥʠ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʣʠʩʴ ʠ ʟʘʢʨʝʧʣʷ-

ʣʠʩʴ ʥʘ ʧʫʪʠ ʵʚʦʣʶʮʠʠ ʯʝʣʦʚʝʢʘ ʢ çʚʩʝʞʠʚʦʪʥʦʤʫè 

[5]. çɺʩʝʞʠʚʦʪʥʦʝè ʤʦʞʥʦ ʧʦʥʠʤʘʪʴ, ʢʘʢ ʚʳʩʰʝʝ 

ʞʠʚʦʪʥʦʝ - ʯʝʣʦʚʝʢʘ, ʚ ʩʦʩʪʘʚʝ ʢʦʪʦʨʦʛʦ (ʚ ʨʘʟʣʠʯ-

ʥʳʭ ʩʠʩʪʝʤʘʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʤʥʦʛʦʩʣʦʡʥʦʤ ʤʦʟʛʫ) 

ʝʩʪʴ ʵʣʝʤʝʥʪʳ ʩʪʨʦʝʥʠʷ, ʦʨʛʘʥʳ ʠʣʠ ʯʘʩʪʠ ʦʨʛʘʥʦʚ 

ʜʨʝʚʥʝʡʰʠʭ ʠ ʜʨʝʚʥʠʭ ʞʠʚʦʪʥʳʭ - ʝʛʦ ʧʨʝʜʢʦʚ. 

ʀʤʝʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʦʙʲʷʩʥʝʥʠʡ ʚʦʩʧʨʠʷʪʠʷ ʦʙʲʝʢʪʘ 

ʠʣʠ ʷʚʣʝʥʠʷ ʢʘʢ ʢʨʘʩʠʚʦʛʦ, ʠʣʠ ʚ ʙʦʣʝʝ ʚʳʩʦʢʦʡ 

ʩʪʝʧʝʥʠ - ʧʨʝʢʨʘʩʥʦʛʦ.  

1. ʀʜʝʘʣʴʥʘʷ ʢʦʥʮʝʧʮʠʷ ʢʨʘʩʦʪʳ ʦʧʠʨʘʝʪʩʷ ʥʘ 

ʚʝʯʥʳʡ ʠʜʝʘʣ ʘʙʩʦʣʶʪʥʦʡ ʢʨʘʩʦʪʳ ʇʣʘʪʦʥʘ, ʢ ʢʦ-

ʪʦʨʦʤʫ ʯʝʣʦʚʝʢ ʜʦʣʞʝʥ ʩʪʨʝʤʠʪʴʩʷ ʚʩʶ ʞʠʟʥʴ. ʆʥ 

ʜʦʣʞʝʥ ʚʦʩʭʦʜʠʪʴ ʦʪ ʢʨʘʩʦʪʳ ʪʝʣʘ ï ʢ ʢʨʘʩʦʪʝ 

ʜʫʰʠ, ʦʪ ʥʝʝ - ʢ ʢʨʘʩʦʪʝ ʥʨʘʚʦʚ ʠ ʦʙʳʯʘʝʚ, ʜʘʣʝʝ ï 

ʢ ʢʨʘʩʦʪʝ ʥʘʫʢ, ʦʪ ʥʝʝ ï ʢ ʚʝʯʥʦʡ ʠ ʙʦʞʝʩʪʚʝʥʥʦʡ 

ʢʨʘʩʦʪʝ. ʕʪʘ ʢʨʘʩʦʪʘ ʧʨʠʜʘʩʪ ʯʝʣʦʚʝʢʫ ʙʦʞʝʩʪʚʝʥ-

ʥʫʶ ʩʠʣʫ ʧʦʟʥʘʥʠʷ. ɺʩʷ ʧʨʠʨʦʜʘ ʢʨʘʩʠʚʘ, ʠʩʢʫʩ-

ʩʪʚʦ ʧʨʠʨʦʜʳ ʧʨʝʚʦʩʭʦʜʠʪ ʠʩʢʫʩʩʪʚʦ ʯʝʣʦʚʝʢʘ.  

2. ʅʘ ʙʝʟʫʩʣʦʚʥʦʤ ʧʝʨʚʦʤ ʤʝʩʪʝ ʚ ʦʮʝʥʢʝ ʢʨʘ-

ʩʦʪʳ ʯʝʣʦʚʝʢʦʤ ʩʪʦʷʣ ʤʠʨ ʧʨʠʨʦʜʳ ʢʘʢ ʠʩʪʦʯʥʠʢ 

ʚʩʝʛʦ ʧʦʣʝʟʥʦʛʦ ʜʣʷ ʯʝʣʦʚʝʢʘ. çʇʨʝʢʨʘʩʥʦʝ ï ʵʪʦ 

ʢʘʪʝʛʦʨʠʷ ʵʩʪʝʪʠʢʠ, ʚ ʢʦʪʦʨʦʡ ʥʘʭʦʜʷʪ ʦʪʨʘʞʝʥʠʝ ʠ 

ʦʮʝʥʢʫ ʧʨʝʜʤʝʪʳ ʠ ʷʚʣʝʥʠʷ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ ʠ 

ʧʨʦʠʟʚʝʜʝʥʠʷ ʠʩʢʫʩʩʪʚʘ, ʜʦʩʪʘʚʣʷʶʱʠʝ ʯʝʣʦʚʝʢʫ 

ʯʫʚʩʪʚʦ ʵʩʪʝʪʠʯʝʩʢʦʛʦ ʥʘʩʣʘʞʜʝʥʠʷ, ʚʦʧʣʦʱʘʶʱʠʝ 

ʚ ʧʨʝʜʤʝʪʥʦ - ʯʫʚʩʪʚʝʥʥʦʡ ʬʦʨʤʝ ʩʚʦʙʦʜʫ ʠ ʧʦʣ-

ʥʦʪʫ ʩʦʟʠʜʘʪʝʣʴʥʳʭ ʠ ʧʦʟʥʘʚʘʪʝʣʴʥʳʭ ʩʠʣ ʠ ʩʧʦ-

ʩʦʙʥʦʩʪʝʡ ʯʝʣʦʚʝʢʘ ʚʦ ʚʩʝʭ ʦʙʣʘʩʪʷʭ ʦʙʱʝʩʪʚʝʥʥʦʡ 

ʞʠʟʥʠ ï ʪʨʫʜʦʚʦʡ, ʩʦʮʠʘʣʴʥʦ-ʧʦʣʠʪʠʯʝʩʢʦʡ, ʜʫʭʦʚ-

ʥʦʡ...è [2]. ʀʩʪʦʨʠʯʝʩʢʠ ʢʨʘʩʦʪʘ ʨʘʩʩʤʘʪʨʠʚʘʣʘʩʴ 

ʢʘʢ ʢʘʯʝʩʪʚʦ, ʧʨʠʩʫʱʝʝ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʧʨʠʨʦʜʝ 

ʠ ʝʝ ʢʦʤʧʦʥʝʥʪʘʤ ʢʘʢ ʠʩʪʦʯʥʠʢʘʤ ʙʣʘʛ, ʠ ʯʝʣʦʚʝʢʫ 

ï ʝʛʦ ʣʠʮʫ, ʪʝʣʫ, ʜʚʠʞʝʥʠʶ, ʤʳʰʣʝʥʠʶ, ʧʦʚʝʜʝʥʠʶ 

(ʪʘʢ ʢʘʢ ʯʝʣʦʚʝʢ ʨʘʩʩʤʘʪʨʠʚʘʣʩʷ ʚ ʢʘʯʝʩʪʚʝ ʤʝʨʳ 

ʚʩʝʭ ʚʝʱʝʡ). ɺʝʨʦʷʪʥʦ, ʧʦʵʪʦʤʫ ʢʨʘʩʦʪʘ ʷʚʣʷʝʪʩʷ 

ʯʘʩʪʴʶ çʪʨʠʝʜʠʥʩʪʚʘ ʦʙʱʝʯʝʣʦʚʝʯʝʩʢʠʭ ʮʝʥʥʦ-

ʩʪʝʡè - ʢʨʘʩʦʪʳ, ʜʦʙʨʘ ʠ ʠʩʪʠʥʳ [2]. ʂʨʫʛ ʧʨʝʢʨʘʩ-

ʥʳʭ ʧʨʝʜʤʝʪʦʚ ʠ ʷʚʣʝʥʠʡ, ʢʘʢ ʠ ʨʦʣʴ ʢʨʘʩʦʪʳ, ʩʝʡ-

ʯʘʩ ʧʦʩʪʦʷʥʥʦ ʨʘʩʰʠʨʷʝʪʩʷ, ʦʪ ʦʙʳʯʥʳʭ ʫʩʪʦʷʚ-

ʰʠʭʩʷ ʧʦʥʷʪʠʡ ʢʨʘʩʦʪʳ ʣʠʮʘ ʠ ʪʝʣʘ ʯʝʣʦʚʝʢʘ ʠ 

ʢʦʤʧʦʥʝʥʪʦʚ ʧʨʠʨʦʜʳ ʧʦʥʷʪʠʝ ʧʨʝʢʨʘʩʥʦʛʦ ʧʝʨʝ-

ʰʣʦ ʥʘ ʤʥʦʞʝʩʪʚʦ ʦʙʲʝʢʪʦʚ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʤʠʨʘ, 

ʦʢʨʫʞʘʶʱʠʭ ʯʝʣʦʚʝʢʘ ï ʦʪ ʠʩʢʫʩʩʪʚʘ ʜʦ ʪʝʭʥʠʢʠ, 

ʦʪ ʦʜʝʞʜʳ ʜʦ ʟʜʘʥʠʡ, ʦʪ ʤʝʙʝʣʠ ʜʦ ʞʠʣʠʱʘ, ʦʪ 

ʫʣʠʮʳ ʜʦ ʛʦʨʦʜʘ, ʦʪ ʥʘʫʢʠ ʜʦ ʩʧʦʨʪʘ, ʠ ʧʨ. ʇʦʵʪʦʤʫ 

ʩʝʡʯʘʩ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʨʘʩʦʪʫ ʚ ʢʘʯʝʩʪʚʝ ʦʪ-

ʜʝʣʴʥʦʛʦ, ʦʯʝʥʴ ʚʘʞʥʦʛʦ, ʧʨʠʟʥʘʢʘ ʚʩʝʭ ʧʨʝʜʤʝʪʦʚ 

ʠ ʷʚʣʝʥʠʡ, ʚʳʟʳʚʘʶʱʠʭ ʚ ʯʝʣʦʚʝʢʝ ʚʳʩʰʝʝ ʵʩʪʝʪʠ-

ʯʝʩʢʦʝ ʠ ʥʨʘʚʩʪʚʝʥʥʦʝ ʥʘʩʣʘʞʜʝʥʠʝ. ʊʘʢʦʝ ʛʣʫʙʦ-

ʢʦʝ ʯʫʚʩʪʚʦ ʤʦʞʝʪ ʚʳʟʳʚʘʪʴ ʠ ʢʨʘʩʠʚʦʝ ʣʠʮʦ, ʠ 

ʧʨʝʢʨʘʩʥʳʝ ʩʪʠʭʠ, ʠ ʛʘʨʤʦʥʠʯʥʘʷ ʤʝʣʦʜʠʷ, ʠ ʚʳʜʘ-

ʶʱʝʝʩʷ ʘʨʭʠʪʝʢʪʫʨʥʦʝ ʧʨʦʠʟʚʝʜʝʥʠʝ, ʠ ʧʨʝʢʨʘʩ-

ʥʳʡ ʣʘʥʜʰʘʬʪ, ʠ ʦʨʠʛʠʥʘʣʴʥʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ 

ʪʝʦʨʠʷ, ʠ ʛʣʫʙʦʢʦʝ, ʚ ʚʳʩʰʝʡ ʩʪʝʧʝʥʠ ʛʫʤʘʥʥʦʝ, 

ʜʚʠʞʝʥʠʝ ʜʫʰʠ. ʂʨʘʩʦʪʘ ʢʘʢ ʢʘʯʝʩʪʚʦ ʧʨʝʜʤʝʪʦʚ ʠ 

ʷʚʣʝʥʠʡ ʚʦʟʜʝʡʩʪʚʫʝʪ ʥʘ ʯʝʣʦʚʝʢʘ ʚ ʪʝʯʝʥʠʝ ʚʩʝʡ 

ʞʠʟʥʠ, ʦʥʘ ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ ʙʦʣʝʝ ʚʘʞʥʦʡ ʚ ʭʦʜʝ ʵʚʦ-

ʣʶʮʠʠ, ʧʦ ʤʝʨʝ ʦʪʜʘʣʝʥʠʷ ʩʦʚʨʝʤʝʥʥʦʛʦ ʯʝʣʦʚʝʢʘ 

ʦʪ ʧʨʷʤʳʭ ʢʦʥʪʘʢʪʦʚ ʩ ʧʨʠʨʦʜʦʡ. 
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3. ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʵʚʦʣʶʮʠʠ ʞʠʚʦʡ 

ʧʨʠʨʦʜʳ ʧʨʝʦʙʣʘʜʘʶʪ ʧʨʠʥʮʠʧʳ ʩʘʤʦʩʦʭʨʘʥʝʥʠʷ ʠ 

ʩʘʤʦʨʘʟʚʠʪʠʷ, ʩʪʨʝʤʣʝʥʠʷ ʢ ʦʩʚʦʝʥʠʶ ʥʦʚʳʭ ʧʨʦ-

ʩʪʨʘʥʩʪʚʝʥʥʦ ï ʚʨʝʤʝʥʥʳʭ ʩʨʝʜ [3]. ʕʪʠ ʪʝʥʜʝʥʮʠʠ 

ʧʨʠʚʝʣʠ ʢ ʧʦʷʚʣʝʥʠʶ ʜʚʫʭ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʵʤʦʮʠʡ 

ï ʦʪʨʠʮʘʪʝʣʴʥʳʭ (ʯʝʣʦʚʝʢ ʩʪʨʝʤʠʪʩʷ ʤʠʥʠʤʠʟʠʨʦ-

ʚʘʪʴ ʠʭ ï ʦʩʣʘʙʠʪʴ ʜʝʡʩʪʚʠʝ, ʧʨʝʨʚʘʪʴ) ʠ ʧʦʣʦʞʠ-

ʪʝʣʴʥʳʭ (ʯʝʣʦʚʝʢ ʫʩʠʣʠʚʘʝʪ, ʧʨʦʜʣʝʚʘʝʪ ʵʪʠ ʵʤʦ-

ʮʠʠ). ʇʦʣʦʞʠʪʝʣʴʥʳʝ ʵʤʦʮʠʠ, ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ 

ʚʦʩʧʨʠʷʪʠʠ ʧʨʝʢʨʘʩʥʦʛʦ ʠʣʠ ʧʨʠ ʝʛʦ ʩʦʟʜʘʥʠʠ, ʪʘ-

ʢʠʤ ʦʙʨʘʟʦʤ, ʚʩʷʯʝʩʢʠ ʤʘʢʩʠʤʠʟʠʨʫʶʪʩʷ, ʠ ʚ ʠʪʦʛʝ 

ʢʨʘʩʦʪʘ ʚʣʠʷʝʪ ʥʘ ʧʨʦʮʝʩʩ ʵʚʦʣʶʮʠʠ ʞʠʚʦʡ ʧʨʠ-

ʨʦʜʳ. ʀʩʪʦʨʠʯʝʩʢʠ ʧʦʩʪʦʷʥʥʦ ʧʦʜʪʚʝʨʞʜʘʶʱʠʝʩʷ 

ʧʨʝʠʤʫʱʝʩʪʚʘ ʦʧʨʝʜʝʣʝʥʥʳʭ ʜʝʡʩʪʚʠʡ ʯʝʣʦʚʝʢʘ 

ʠʣʠ ʩʦʟʜʘʥʠʷ ʠʤ ʢʨʘʩʠʚʳʭ ʚʝʱʝʡ, ʟʘʢʣʶʯʘʶʱʠʝʩʷ 

ʚ ʧʦʣʫʯʘʝʤʦʡ ʛʘʨʤʦʥʠʠ, ʦʪʩʫʪʩʪʚʠʠ ʣʠʰʥʠʭ ʜʝʪʘ-

ʣʝʡ, ʨʠʪʤʠʯʥʦʩʪʠ ʠ ʧʨ., ʟʘʢʨʝʧʣʷʣʠʩʴ ʚ ʩʦʟʥʘʥʠʠ. 

ʇʦʩʣʝ ʦʙʦʙʱʝʥʠʷ ʧʦʣʫʯʝʥʥʦʛʦ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ 

ʦʧʳʪʘ, ʵʪʠ ʜʘʥʥʳʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʤʦʟʛʦʤ ʯʝʣʦʚʝʢʘ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠ [3]. ɺʦʟʤʦʞʥʦ, ʢʨʘʩʦʪʘ ʠ ʮʝʣʝʩʦʦʙ-

ʨʘʟʥʦʩʪʴ ʧʨʠʨʦʜʳ - ʚʘʞʥʝʡʰʠʝ ʬʘʢʪʦʨʳ, ʦʙʝʩʧʝʯʠ-

ʚʘʶʱʠʝ ʨʘʟʚʠʪʠʝ ʯʝʣʦʚʝʯʝʩʪʚʘ (ʤʦʞʝʪ ʙʳʪʴ, ʜʘʞʝ 

ʠ ʧʦʜʜʝʨʞʠʚʘʶʱʠʝ ʞʠʟʥʴ ʥʘ ɿʝʤʣʝ) [5, 6]. ʇʦʵʪʦʤʫ 

ʢʨʘʩʦʪʘ ʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʧʨʠʨʦʜʳ ʜʦʣʞʥʳ ʧʦʣ-

ʥʦʩʪʴʶ ʠʩʢʣʶʯʠʪʴ ʤʳʩʣʴ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʛʠʙʝʣʠ 

ʧʨʠʨʦʜʳ ʠ ʧʦʩʪʘʚʠʪʴ ʯʝʣʦʚʝʢʘ ʧʝʨʝʜ ʟʘʜʘʯʝʡ ʝʝ ʙʝʟ-

ʫʩʣʦʚʥʦʛʦ ʩʦʭʨʘʥʝʥʠʷ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ. ɹʠʦʣʦʛʠ-

ʯʝʩʢʠʝ ʠʩʪʦʢʠ ʢʨʘʩʦʪʳ ʧʦʜʯʝʨʢʠʚʘʶʪʩʷ ʪʝʤ, ʯʪʦ 

ʢʨʘʩʦʪʘ ï ʵʪʦ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʵʤʦ-

ʮʠʷ, ʩʚʦʝʦʙʨʘʟʥʦʝ ʯʫʚʩʪʚʦ ʫʜʦʚʦʣʴʩʪʚʠʷ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʠ ʵʩʪʝʪʠʯʝʩʢʦʛʦ ʥʘʩʣʘʞʜʝʥʠʷ. ʉʯʠʪʘʝʪʩʷ, ʯʪʦ 

ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʤʦʟʛ ʟʘʢʨʝʧʣʷʣ ʧʦʣʝʟʥʳʝ ʥʦʨʤʳ; 

ʧʨʠʯʝʤ ʵʪʠ ʥʦʨʤʳ ï ʥʝ ʥʦʨʤʳ ʢʨʘʩʦʪʳ, ʪʘʢ ʢʘʢ ʢʨʘ-

ʩʦʪʘ ï ʵʪʦ çʦʪʢʣʦʥʝʥʠʝ ʦʪ ʥʦʨʤʳè, ʨʘʜʦʩʪʥʘʷ 

ʥʝʦʞʠʜʘʥʥʦʩʪʴ, ʚʦʟʥʠʢʘʶʱʘʷ ʪʦʛʜʘ, ʢʦʛʜʘ ʧʦʣʫ-

ʯʝʥʥʦʝ ʦʱʫʱʝʥʠʝ ʧʨʝʚʳʰʘʝʪ ʥʝʦʩʦʟʥʘʥʥʦ ʧʨʦʛʥʦ-

ʟʠʨʫʝʤʫʶ ʥʦʨʤʫ. ʆʜʥʘʢʦ ʚʨʷʜ ʣʠ ʤʦʞʥʦ ʧʦʣʘʛʘʪʴ, 

ʯʪʦ ʢʨʘʩʦʪʘ ï ɻ ʪʦ ʚʩʝʛʜʘ ʦʪʢʣʦʥʝʥʠʝ ʦʪ ʥʦʨʤʳ. ʉʢʦ-

ʨʝʝ ʢʨʘʩʦʪʘ ï ʵʪʦ ʩʦʚʧʘʜʝʥʠʝ ʩ ʥʝʦʩʦʟʥʘʥʥʦ ʦʞʠʜʘ-

ʝʤʦʡ ʥʦʨʤʦʡ, ʧʨʦʛʥʦʟʠʨʫʝʤʳʤ ʧʨʝʜʩʪʘʚʣʝʥʠʝʤ ʦ 

ʢʨʘʩʠʚʦʤ ʦʙʲʝʢʪʝ ʠʣʠ ʷʚʣʝʥʠʠ [6]. ʅʘʧʨʠʤʝʨ, ʧʨʦ-

ʮʝʩʩ ʣʶʙʦʚʘʥʠʷ ʮʚʝʪʫʱʠʤʠ ʜʝʨʝʚʴʷʤʠ, ʛʦʨʘʤʠ, ʤʦ-

ʨʝʤ, ʥʦʯʥʳʤ ʟʚʝʟʜʥʳʤ ʥʝʙʦʤ ʠ ʜʨʫʛʠʤʠ ʢʨʘʩʠʚʳʤʠ 

ʧʝʡʟʘʞʘʤʠ ʥʝ ʧʨʝʜʧʦʣʘʛʘʝʪ, ʯʪʦ ʯʝʣʦʚʝʢ ʥʝ ʚʠʜʝʣ 

ʵʪʦ ʨʘʥʴʰʝ. ʅʘʧʨʦʪʠʚ, ʩʦʚʧʘʜʝʥʠʝ ʩ ʜʝʡʩʪʚʠʪʝʣʴ-

ʥʦʩʪʴʶ ʩʣʦʞʠʚʰʝʛʦʩʷ ʚ ʤʦʟʛʫ ʯʝʣʦʚʝʢʘ ʧʨʝʜʩʪʘʚ-

ʣʝʥʠʷ ʦʙ ʵʪʠʭ ʧʨʝʢʨʘʩʥʳʭ ʧʝʡʟʘʞʘʭ ʠ ʩʦʟʜʘʝʪ ʦʱʫ-

ʱʝʥʠʝ ʢʨʘʩʦʪʳ. çʈʘʜʦʩʪʥʘʷ ʥʝʦʞʠʜʘʥʥʦʩʪʴè ʤʦʞʝʪ 

ʙʳʪɹ ʩʣʝʜʩʪʚʠʝʤ ʧʝʨʚʦʡ ʚʩʪʨʝʯʠ ʩ ʧʨʝʢʨʘʩʥʳʤ, ʢʦ-

ʪʦʨʦʝ ʩʣʝʜʫʶʱʠʡ ʨʘʟ ʤʦʞʝʪ ʩʪʘʪʴ ʝʱʝ ʙʦʣʝʝ ʧʨʝ-

ʢʨʘʩʥʳʤ. ʀʩʪʦʨʠʯʝʩʢʠʡ ʦʧʳʪ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ, ʯʪʦ 

ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʤʥʦʛʠʭ ʚʝʢʦʚ ʯʝʣʦʚʝʯʝʩʪʚʦ ʚʳʨʘʙʦ-

ʪʘʣʦ ʦʙʱʠʝ ʵʩʪʝʪʠʯʝʩʢʠʝ ʦʮʝʥʢʠ ʢʨʘʩʦʪʳ. ʀʤʝʶʪʩʷ 

ʦʙʲʝʢʪʳ, ʩʦʟʜʘʥʥʳʝ ʚ ʨʘʟʥʦʝ ʚʨʝʤʷ ʠ ʚ ʨʘʟʣʠʯʥʳʭ 

ʩʪʨʘʥʘʭ, ʠ ʦʮʝʥʠʚʘʝʤʳʝ ʚʩʝʤʠ ʣʶʜʴʤʠ ʢʘʢ ʧʨʝʢʨʘʩ-

ʥʳʝ: ʊʘʜʞ-ʄʘʭʘʣ, ʩʢʫʣʴʧʪʫʨʳ ʄʠʢʝʣʘʥʜʞʝʣʦ, ʨʠ-

ʩʫʥʢʠ ʃʝʦʥʘʨʜʦ ʜʦ ɺʠʥʯʠ, ʛʨʘʚʶʨʳ ɼʶʨʝʨʘ, ʪʨʘʛʝ-

ʜʠʠ ʐʝʢʩʧʠʨʘ, çʌʘʫʩʪè ɻʝʪʝ, ʩʠʤʬʦʥʠʠ ɹʝʪʭʦʚʝʥʘ. 

ʇʨʝʜʩʪʘʚʠʪʝʣʠ ʨʘʟʣʠʯʥʳʭ ʢʫʣʴʪʫʨ ʧʨʠʭʦʜʷʪ ʢ ʦʜʠ-

ʥʘʢʦʚʳʤ ʚʳʚʦʜʘʤ ʦ ʢʨʘʩʦʪʝ ʜʝʤʦʥʩʪʨʠʨʫʝʤʦʛʦ ʠʤ 

ʦʙʲʝʢʪʘ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʩʭʦʜʩʪʚʝ ʫʧʨʘʚʣʷʶ-

ʱʠʭ ʠ ʦʨʛʘʥʠʟʫʶʱʠʭ ʤʝʭʘʥʠʟʤʦʚ ʩʦʟʥʘʥʠʷ, ʦ ʙʠʦ-

ʣʦʛʠʯʝʩʢʠʭ ʠʩʪʦʢʘʭ ʢʨʘʩʦʪʳ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʠ ʧʨʝʜ-

ʩʪʘʚʠʪʝʣʠ ʧʣʝʤʝʥ, ʦʩʪʘʚʰʠʭʩʷ ʥʘ ʧʨʠʤʠʪʠʚʥʦʤ 

ʫʨʦʚʥʝ ʨʘʟʚʠʪʠʷ, ʪʘʢʞʝ ʤʦʛʫʪ ʚʦʩʧʨʠʥʠʤʘʪʴ ʢʨʘ-

ʩʦʪʫ ʧʨʠʨʦʜʳ ʙʝʟ ʚʩʷʢʦʡ ʚʳʨʘʙʦʪʢʠ ʦʧʳʪʘ. 

4. ʂʨʘʩʦʪʫ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʦʙʲʝʢʪʠʚʥʫʶ 

ʢʨʘʩʦʪʫ ʧʨʝʜʤʝʪʘ (ʷʚʣʝʥʠʷ), ʠ ʢʨʘʩʦʪʫ ʚ ʠʥʜʠʚʠʜʫ-

ʘʣʴʥʦʤ ʚʦʩʧʨʠʷʪʠʠ ʥʘʙʣʶʜʘʪʝʣʷ; ʥʘ ʢʨʘʩʦʪʫ, ʜʦ-

ʩʪʠʛʥʫʪʫʶ ʠ ʚʦʩʧʨʠʥʠʤʘʝʤʫʶ ʝʝ ʩʦʟʜʘʪʝʣʝʤ (ʪʚʦʨ-

ʮʦʤ ï ʘʨʭʠʪʝʢʪʦʨʦʤ, ʧʦʵʪʦʤ, ʢʦʤʧʦʟʠʪʦʨʦʤ, ʠ ʪ.ʜ.) 

ʠ ʧʦʪʨʝʙʠʪʝʣʝʤ; ʥʘ ʢʨʘʩʦʪʫ ʜʦʩʪʘʪʦʯʥʫʶ ʠ ʠʟʙʳ-

ʪʦʯʥʫʶ; ʜʠʥʘʤʠʯʥʫʶ ʠ ʩʪʘʪʠʯʥʫʶ; ʥʘ ʢʨʘʩʦʪʫ ʧʦ-

ʟʠʪʠʚʥʦʛʦ ʠ ʥʝʛʘʪʠʚʥʦʛʦ (ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʯʝʣʦʚʝʢʘ) 

ʧʨʝʜʤʝʪʘ ʠʣʠ ʷʚʣʝʥʠʷ, ʠ, ʥʘʢʦʥʝʮ, ʥʘ ʝʩʪʝʩʪʚʝʥʥʫʶ 

(ʧʨʠʨʦʜʥʫʶ) ʠ ʠʩʢʫʩʩʪʚʝʥʥʫʶ ʢʨʘʩʦʪʫ. ɺʦʟʤʦʞʥʦ, 

ʯʪʦ ʩʦʙʩʪʚʝʥʥʦʝ ʪʝʣʦ ʯʝʣʦʚʝʢ ʠʟʙʨʘʣ ʩʘʤʳʤ ʧʝʨ-

ʚʳʤ ʦʙʲʝʢʪʦʤ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʫʢʨʘʰʝʥʠʷ (ʢʘʢ ʩʘ-

ʤʳʡ ʙʣʠʟʢʠʡ ʠ ʜʦʩʪʫʧʥʳʡ ʧʨʝʜʤʝʪ). ʉʪʨʝʤʣʝʥʠʝ ʢ 

ʠʩʢʫʩʩʪʚʝʥʥʦʤʫ ʫʣʫʯʰʝʥʠʶ ʠ ʫʢʨʘʰʝʥʠʶ ʪʝʣʘ ʯʝ-

ʣʦʚʝʢʘ ʥʘʭʦʜʠʪ ʚʦʧʣʦʱʝʥʠʝ ʠ ʚ ʥʘʰʝ ʚʨʝʤʷ (ʨʝʯʴ 

ʠʜʝʪ ʦ ʜʝʬʦʨʤʠʨʦʚʘʥʠʠ ʪʝʣʘ, ʙʝʟ ʫʯʘʩʪʠʷ ʚ ʵʪʦʤ 

ʧʨʦʮʝʩʩʝ ʵʣʝʤʝʥʪʦʚ ʦʜʝʞʜʳ, ʢʦʪʦʨʳʝ ʚ ʩʚʦʶ ʦʯʝ-

ʨʝʜʴ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʷʶʪ ʚʦʩʧʨʠʷʪʠʝ ʪʝʣʘ ï ʩʦ-

ʟʜʘʶʪ ʠʩʢʫʩʩʪʚʝʥʥʦ ʫʟʢʫʶ ʪʘʣʠʶ, ʫʚʝʣʠʯʝʥʥʳʝ 

ʧʣʝʯʠ, ʠʩʢʫʩʩʪʚʝʥʥʦ ʨʘʩʰʠʨʝʥʥʳʝ ʙʝʜʨʘ, ʫʚʝʣʠ-

ʯʝʥʥʫʶ ʛʨʫʜʴ, ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʨʦʩʪ, ʠ ʧʨ.).  

5. ʂʨʘʩʦʪʘ ï ʵʪʦ ʦʜʥʦ ʠʟ ʧʝʨʚʳʭ ʚ ʞʠʟʥʠ ʯʝʣʦ-

ʚʝʢʘ ʧʦʥʷʪʠʡ, ʦʬʦʨʤʠʚʰʠʭʩʷ ʚ ʟʚʫʢʠ, ʚ ʩʣʦʚʦ, ʠ, 

ʙʝʩʩʧʦʨʥʦ, ʦʥʦ ʙʳʣʘ ʩʚʷʟʘʥʦ ʩ ʧʦʣʝʟʥʦʩʪʴʶ, ʩ ʧʨʝʜ-

ʧʦʯʪʝʥʠʝʤ ʧʨʠ ʫʜʦʚʣʝʪʚʦʨʝʥʠʠ ʧʦʪʨʝʙʥʦʩʪʝʡ. 

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʵʪʠʤʦʣʦʛʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʜʨʝʚ-

ʥʝʛʦ ʩʣʦʚʘ çʢʨʘʩʦʪʘè ʦʜʠʥʘʢʦʚʘ ʫ ʨʘʟʥʳʭ ʥʘʨʦʜʦʚ. 

ɺʝʨʦʷʪʥʦ, ʵʪʦ ʩʣʦʚʦ ʧʨʦʠʩʭʦʜʠʪ ʦʪ ʩʠʣʴʥʦ ʜʝʡʩʪʚʫ-

ʶʱʠʭ ʥʘ ʟʨʠʪʝʣʴʥʳʝ ʠ ʩʣʫʭʦʚʳʝ ʦʱʫʱʝʥʠʷ ʩʚʦʡʩʪʚ 

ʧʨʝʜʤʝʪʦʚ ʠ ʷʚʣʝʥʠʡ ï ʛʦʨʝʪʴ, ʩʚʝʨʢʘʪʴ, ʙʣʝʩʪʝʪʴ, ʠ 

ʪ.ʜ. ʂʘʯʝʩʪʚʝʥʥʳʝ ʦʮʝʥʢʠ ʤʥʦʞʝʩʪʚʘ ʧʨʝʢʨʘʩʥʳʭ 

ʧʨʝʜʤʝʪʦʚ ʤʠʨʘ ʤʦʛʫʪ ʦʪʣʠʯʘʪʴʩʷ, ʦʙʨʘʟʫʷ ʤʥʦʛʦ-

ʦʙʨʘʟʠʝ ʢʨʘʩʦʪ, ʢʦʪʦʨʦʝ ʥʝʧʦʜʚʣʘʩʪʥʦ ʝʜʠʥʦʡ ʬʦʨ-

ʤʫʣʝ ʢʨʘʩʦʪʳ (ʨʠʩ. 1). ʕʪʠʤʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘ-

ʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʩʣʦʚʘ çʢʨʘʩʦʪʘè, çʧʨʝʢʨʘʩ-

ʥʦʝè ʛʝʥʝʪʠʯʝʩʢʠ ʩʚʷʟʘʥʳ ʩ ʚʘʞʥʳʤʠ, ʤʦʞʝʪ ʙʳʪʴ 

ʜʘʞʝ ʦʩʥʦʚʥʳʤʠ ʧʦʥʷʪʠʷʤʠ, ʦʪʨʘʞʘʶʱʠʤʠ ʦʪʥʦ-

ʰʝʥʠʝ ʯʝʣʦʚʝʢʘ ʢ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ: ʩ ʧʨʘʢʪʠʯʝ-

ʩʢʠʤ ʦʪʥʦʰʝʥʠʝʤ (ʟʜʦʨʦʚʳʡ, ʥʝʠʩʧʦʨʯʝʥʥʳʡ, ʭʦ-

ʨʦʰʠʡ, ʜʦʙʨʳʡ, ʧʦʜʭʦʜʷʱʠʡ, ʠʟʙʨʘʥʥʳʡ ʠ ʪ.ʜ.), 

ʣʠʙʦ ʩ ʵʤʦʮʠʦʥʘʣʴʥʦʡ ʦʮʝʥʢʦʡ (ʧʨʠʷʪʥʳʡ, ʨʘʜʦʩʪ-

ʥʳʡ ʠ ʧʨ.). ɺ ʧʨʦʮʝʩʩʝ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʧʦʪʨʝʙʥʦ-

ʩʪʝʡ ʫ ʯʝʣʦʚʝʢʘ ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʦʧʨʝʜʝʣʝʥʥʳʝ 

ʧʨʝʜʧʦʯʪʝʥʠʷ, ʥʘʧʨʠʤʝʨ, ʧʠʱʝʚʳʝ, ʧʨʠ ʚʳʙʦʨʝ ʧʦ-

ʣʦʚʦʛʦ ʧʘʨʪʥʝʨʘ, ʞʠʣʠʱʘ, ʩʪʘʠ, ʞʠʚʦʪʥʳʭ ʢʘʢ ʜʦ-

ʙʳʯʠ, ʠ ʧʨ.; ʦʜʥʦʚʨʝʤʝʥʥʦ ʩʦʟʜʘʚʘʣʠʩʴ ʩʝʥʩʦʨʥʳʝ 

ʧʨʝʜʧʦʯʪʝʥʠʷ ʚ ʦʪʥʦʰʝʥʠʠ ʚʨʘʛʦʚ, ʟʘʱʠʪʳ ʪʝʨʨʠ-

ʪʦʨʠʠ ʠ ʩʪʘʠ. ʕʪʠ ʧʨʝʜʧʦʯʪʝʥʠʷ ʩʬʦʨʤʠʨʦʚʘʣʠʩʴ ʚ 

ʧʦʥʷʪʠʷ ʧʦʣʝʟʥʦʩʪʠ: çʣʝʧʳʡè ï ʧʨʠʣʠʯʥʳʡ, ʧʨʠ-

ʩʪʦʡʥʳʡ, ʧʦʜʭʦʜʷʱʠʡ, çʧʨʠʛʦʞʠʡè (ʢʨʘʩʠʚʳʡ) ï 

ʛʦʜʥʳʡ, ʛʦʞʠʡ, çbellusè - ʜʦʙʨʳʡ, ʭʦʨʦʰʠʡ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʢʨʘʩʦʪʘ ʦʙʦʟʥʘʯʘʣʘ ʢʦʥʢʨʝʪʥʳʝ ʧʦʟʠʪʠʚ-

ʥʳʝ ʩʚʦʡʩʪʚʘ ʧʨʝʜʤʝʪʦʚ ʠ ʷʚʣʝʥʠʡ, ʢʦʪʦʨʳʝ ʚʥʘ-

ʯʘʣʝ ʧʨʘʢʪʠʯʝʩʢʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʯʝʣʦʚʝʢʦʤ ʧʨʠ 

ʫʜʦʚʣʝʪʚʦʨʝʥʠʠ ʝʛʦ ʧʦʪʨʝʙʥʦʩʪʝʡ, ʘ ʟʘʪʝʤ ʩʪʘʣʠ 

ʚʘʞʥʦʡ ʵʩʪʝʪʠʯʝʩʢʦʡ ʦʮʝʥʢʦʡ.  
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ʈʠʩ. 1. 

 ʇʨʝʢʨʘʩʥʳʡ ʯʝʣʦʚʝʢ ʠ ʧʨʝʢʨʘʩʥʳʡ ʛʦʨʥʳʡ ʧʝʡʟʘʞ: ʢʘʯʝʩʪʚʝʥʥʳʝ ʦʮʝʥʢʠ ʧʨʝʢʨʘʩʥʦʛʦ ʨʘʟʣʠʯʥʳ ʜʣʷ ʥʠʭ 

 

6. ʂʨʘʩʦʪʘ ʧʨʠʨʦʜʳ ï ʧʦʨʦʞʜʝʥʠʝ ʵʚʦʣʶʮʠʠ, ʠ 

ʦʥʘ ʞʝ ʚʣʠʷʝʪ ʥʘ ʵʚʦʣʶʮʠʶ ʞʠʚʦʡ ʧʨʠʨʦʜʳ. ɻʘʨ-

ʤʦʥʠʷ ʠ ʢʨʘʩʦʪʘ ʧʨʠʨʦʜʳ ʧʦʤʦʛʘʶʪ ʯʝʣʦʚʝʢʫ ʠ ʯʝ-

ʣʦʚʝʯʝʩʪʚʫ ʚ ʫʩʪʦʡʯʠʚʦʩʪʠ ʙʳʪʠʷ. ʇʦʵʪʦʤʫ ʯʝʣʦʚʝʢ 

ʜʦʣʞʝʥ ʩʦʭʨʘʥʠʪʴ ʢʨʘʩʦʪʫ ʧʣʘʥʝʪʳ ʠ ʝʩʪʝʩʪʚʝʥʥʳʭ 

ʣʘʥʜʰʘʬʪʦʚ, ʤʥʦʛʦʦʙʨʘʟʥʦʡ ʬʣʦʨʳ ʠ ʬʘʫʥʳ. ʆʥ 

ʜʦʣʞʝʥ ʧʦʜʜʝʨʞʠʚʘʪʴ ʝʩʪʝʩʪʚʝʥʥʫʶ ʵʚʦʣʶʮʠʶ 

ʢʨʘʩʦʪʳ ʯʝʣʦʚʝʢʘ, ʩʦʟʜʘʚʘʪʴ ʛʘʨʤʦʥʠʯʥʫʶ ʢʨʘʩʦʪʫ 

ʛʦʨʦʜʘ, ʞʠʣʠʱʘ, ʧʨʝʜʤʝʪʦʚ ʙʳʪʘ, ʦʜʝʞʜʳ, ʦʨʫʜʠʡ 

ʪʨʫʜʘ, ʪʝʭʥʠʢʠ; ʩʦʟʜʘʚʘʪʴ, ʨʘʟʚʠʚʘʪʴ ʠ ʧʦʜʜʝʨʞʠ-

ʚʘʪʴ ʩʣʦʞʥʫʶ ʢʨʘʩʦʪʫ ʠʩʢʫʩʩʪʚʘ, ʢʨʘʩʦʪʫ ʬʠʟʠʯʝ-

ʩʢʦʛʦ ʜʚʠʞʝʥʠʷ, ʢʨʘʩʦʪʫ ʤʳʩʣʠ, ʠ, ʥʘʢʦʥʝʮ, ʚʳʩ-

ʰʫʶ ʜʫʭʦʚʥʫʶ ʢʨʘʩʦʪʫ. ʕʪʘ ʢʨʘʩʦʪʘ ʧʦʜʜʝʨʞʠʚʘʝʪ 

ʞʠʟʥʴ ʯʝʣʦʚʝʯʝʩʪʚʘ. 

7. ʏʝʣʦʚʝʯʝʩʢʠʡ ʤʦʟʛ, ʢʘʢ ʠʟʚʝʩʪʥʦ, ʩʦʜʝʨʞʠʪ 

ʜʨʝʚʥʝʡʰʠʝ ʠ ʜʨʝʚʥʠʝ ʦʪʜʝʣʳ, ʢʦʪʦʨʳʝ ʨʘʥʝʝ ʧʨʠ-

ʥʘʜʣʝʞʘʣʠ ʞʠʚʦʪʥʳʤ ï ʧʨʝʜʢʘʤ ʯʝʣʦʚʝʢʘ (ʥʘʧʨʠ-

ʤʝʨ, [4]). ʇʦʵʪʦʤʫ ʚ ʤʦʟʛʫ ʯʝʣʦʚʝʢʘ ʩʫʱʝʩʪʚʫʶʪ ʦʪ-

ʜʝʣʳ (ʥʘʧʨʠʤʝʨ, ʟʨʠʪʝʣʴʥʳʝ ʧʦʣʷ), ʩʠʛʥʘʣʳ ʚ ʢʦʪʦ-

ʨʳʝ ʧʨʦʭʦʜʷʪ ʯʝʨʝʟ ʜʨʝʚʥʠʝ ʦʪʜʝʣʳ. ʄʦʞʥʦ 

ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʚʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʯʝʣʦʚʝʢ ʧʦʩʪʝ-

ʧʝʥʥʦ ʩʪʘʣ ʚʦʩʧʨʠʥʠʤʘʪʴ ʢʨʘʩʦʪʫ ʠ ʙʝʟʦʙʨʘʟʠʝ, ʠ 

ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʢʘʯʝʩʪʚʘ ʤʥʦʞʝʩʪʚʘ ʢʦʤʧʦʥʝʥʪʦʚ 

ʬʣʦʨʳ ʠ ʬʘʫʥʳ, ʢʘʢ çʚʩʝʞʠʚʦʪʥʦʝè (general ani-

mal). ɼʨʝʚʥʠʝ ʞʠʚʦʪʥʳʝ ʦʮʝʥʠʚʘʣʠ ʦʙʲʝʢʪ ʩ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʠʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʦʪʨʝʙ-

ʥʦʩʪʝʡ (ʥʝʩʢʦʣʴʢʦ ʫʩʣʦʚʥʦ, ʙʘʙʦʯʢʘ ʦʮʝʥʠʚʘʣʘ ʙʘ-

ʙʦʯʢʫ ʠʣʠ ʮʚʝʪʦʢ; ʩʘʤʢʘ - ʛʘʟʝʣʴ ʦʮʝʥʠʚʘʣʘ ʩʠʣʫ ʠ 

ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʴ ʩʘʤʮʘ ʢʘʢ ʧʦʣʦʚʦʛʦ ʧʘʨʪʥʝʨʘ, ʘ 

ʪʘʢʞʝ ʙʦʛʘʪʩʪʚʦ ʬʣʦʨʳ ʠ ʩʪʝʧʝʥʴ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʣʘʥʜʰʘʬʪʘ; ʭʠʱʥʠʢ ʦʮʝʥʠʚʘʣ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʴ 

ʛʘʟʝʣʠ ʢʘʢ ʦʙʲʝʢʪʘ ʦʭʦʪʳ, ʠ ʧʨ.). ʕʪʦ ʤʥʦʛʦʦʙʨʘʟʠʝ 

ʦʮʝʥʦʢ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʠ, ʠʣʠ ʥʝʧʨʠʚʣʝʢʘʪʝʣʴʥʦ-

ʩʪʠ ʦʙʲʝʢʪʦʚ, ʚ ʭʦʜʝ ʵʚʦʣʶʮʠʠ ʢ çʚʩʝʞʠʚʦʪʥʦʤʫè 

ʥʘʢʘʧʣʠʚʘʣʦʩʴ ʚ ʤʥʦʛʦʩʣʦʡʥʦʤ ʤʦʟʛʝ (ʨʠʩ. 2). ɺ ʨʝ-

ʟʫʣʴʪʘʪʝ ʚ ʤʦʟʛʘʭ ʧʨʝʜʢʦʚ ʯʝʣʦʚʝʢʘ ʩʢʣʘʜʳʚʘʣʠʩʴ 

ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʦʙʨʘʟʳ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʭ ʩ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʧʝʨʚʦʦʯʝʨʝʜʥʳʭ ʧʦʪʨʝʙʥʦ-

ʩʪʝʡ, ʠ ʧʦʪʦʤʫ ʢʨʘʩʠʚʳʭ ʦʙʲʝʢʪʦʚ. ɿʘʪʝʤ ʤʥʦʞʝ-

ʩʪʚʦ ʵʪʠʭ ʛʦʪʦʚʳʭ ʦʙʨʘʟʦʚ ʙʳʣʦ ʧʝʨʝʜʘʥʦ ʚ ʫʥʘʩʣʝ-

ʜʦʚʘʥʥʳʝ ʦʪʜʝʣʳ ʤʦʟʛʘ ʯʝʣʦʚʝʢʘ. ʇʨʠ ʥʝʦʙʭʦʜʠʤʦ-

ʩʪʠ ʩʨʦʯʥʦʡ ʦʮʝʥʢʠ ʦʙʲʝʢʪʘ ʦʥ ʤʛʥʦʚʝʥʥʦ 

ʩʦʧʦʩʪʘʚʣʷʣʩʷ ʩ ʩʦʟʜʘʥʥʳʤ ʨʘʥʝʝ ʧʦʟʠʪʠʚʥʳʤ ʦʙ-

ʨʘʟʦʤ; ʝʩʣʠ ʦʥ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣ ʵʪʦʤʫ ʦʙʨʘʟʫ ï ʦʥ 

ʧʨʠʟʥʘʚʘʣʩʷ ʢʨʘʩʠʚʳʤ. ʕʪʦ ʷʚʣʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʧʦʥʷʪʠʶ ʙʳʩʪʨʦʧʨʦʪʝʢʘʶʱʝʛʦ ʠʥʩʘʡʪʘ, ʢʦʛʜʘ ʯʝ-

ʣʦʚʝʢʘ ʙʳʚʘʝʪ ʧʦʪʨʷʩʝʥ ʥʝʦʞʠʜʘʥʥʦʡ ʢʨʘʩʦʪʦʡ.  

 
ʈʠʩ. 2. ʆʮʝʥʢʘ ʢʨʘʩʦʪʳ ʤʦʟʛʦʤ ʯʝʣʦʚʝʢʘ ʢʘʢ ʚʩʝʞʠʚʦʪʥʦʛʦ 

 

ʀʪʘʢ, ʢʨʘʩʦʪʘ ï ʵʪʦ ʧʝʨʚʦʩʪʝʧʝʥʥʳʡ ʧʨʠʟʥʘʢ 

ʧʨʝʜʤʝʪʦʚ ʠ ʷʚʣʝʥʠʡ, ʦʙʣʘʜʘʶʱʠʭ ʚʳʩʰʝʡ ʵʩʪʝʪʠ-

ʯʝʩʢʦʡ ʮʝʥʥʦʩʪʴʶ; ʵʪʦ ï ʠʩʪʦʨʠʯʝʩʢʠ ʤʝʥʷʶʱʝʝʩʷ 

ʢʘʯʝʩʪʚʦ, ʚʳʟʳʚʘʶʱʝʝ ʵʩʪʝʪʠʯʝʩʢʦʝ ʠ ʥʨʘʚʩʪʚʝʥ-

ʥʦʝ ʥʘʩʣʘʞʜʝʥʠʝ, ʦʩʥʦʚʘʥʥʦʝ ʥʘ ʛʘʨʤʦʥʠʠ ʠ ʤʥʦʛʦ-

ʦʙʨʘʟʠʠ, ʥʘ ʧʨʝʚʳʰʘʶʱʝʤ ʦʞʠʜʘʥʠʝ ʩʦʦʪʚʝʪʩʪʚʠʠ 
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ʥʘʙʣʶʜʘʝʤʦʛʦ ʧʨʝʜʤʝʪʘ ʠʣʠ ʷʚʣʝʥʠʷ ʩʦʟʜʘʥʥʦʤʫ ʚ 

ʤʳʰʣʝʥʠʠ ʩʦʚʝʨʰʝʥʥʦʤʫ ʠ ʛʘʨʤʦʥʠʯʥʦʤʫ ʦʙʨʘʟʫ. 

ɸʚʪʦʨʦʤ ʧʨʝʜʣʦʞʝʥʦ ʧʦʥʷʪʠʝ çʙʳʩʪʨʦʧʨʦʪʝʢʘʶ-

ʱʝʛʦ ʠʥʩʘʡʪʘ (ʦʟʘʨʝʥʠʷ)è ʧʨʠ ʚʦʩʧʨʠʷʪʠʠ ʢʨʘʩʦʪʳ 

ʧʨʝʜʤʝʪʘ ʠʣʠ ʷʚʣʝʥʠʷ ʚʥʝʰʥʝʛʦ ʤʠʨʘ. ʀʟʚʝʩʪʥʳ 

ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʝʧʝʥʠ ʧʦʟʠʪʠʚʥʦʩʪʠ ʚʠʟʫʘʣʴʥʦʛʦ 

ʚʦʩʧʨʠʷʪʠʷ ʥʦʚʦʛʦ ʦʙʲʝʢʪʘ ʠʣʠ ʷʚʣʝʥʠʷ ʯʝʣʦʚʝʢʦʤ: 

ʝʩʣʠ ʦʥʠ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳ, ʧʨʠʷʪʥʳ ʜʣʷ ʛʣʘʟʘ, ʪʦ ʛʦ-

ʚʦʨʷʪ çʛʣʷʥʝʪʩʷ, ʩʤʦʪʨʠʪʩʷ, ʢʨʘʩʠʚʦ ʚʳʛʣʷʜʠʪ, ʢʨʘ-

ʩʠʚʳʡ ʧʨʝʜʤʝʪ (ʷʚʣʝʥʠʝ)è. ɺ ʵʪʠʭ ʦʧʨʝʜʝʣʝʥʠʷʭ ʟʘ-

ʢʣʶʯʝʥ ʛʣʫʙʦʢʠʡ ʩʤʳʩʣ: ʦʙʲʝʢʪ ʠʣʠ ʷʚʣʝʥʠʝ ʩʤʦʪ-

ʨʷʪʩʷ, ʢʨʘʩʠʚʳ, ʝʩʣʠ ʦʥʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʟʘʨʘʥʝʝ 

ʩʣʦʞʠʚʰʝʤʫʩʷ ʚ ʤʦʟʛʫ ʯʝʣʦʚʝʢʘ ʧʦʟʠʪʠʚʥʦʤʫ ʦʙ-

ʨʘʟʫ. ɼʣʷ ʵʪʦʛʦ ʥʫʞʥʦ, ʯʪʦʙʳ ʫ ʯʝʣʦʚʝʢʘ ʙʳʣ ʥʘʢʦʧ-

ʣʝʥ ʭʦʪʷ ʙʳ ʥʝʙʦʣʴʰʦʡ ʦʧʳʪ, ʧʦʟʚʦʣʷʶʱʠʡ ʩʦʟʜʘʪʴ 

ʧʦʟʠʪʠʚʥʳʡ ʦʙʨʘʟ, ʠʣʠ ʵʪʦʪ ʦʙʨʘʟ ʫʞʝ ʩʦʟʜʘʥ ʚ ʭʦʜʝ 

ʵʚʦʣʶʮʠʠ ʠ ʫʥʘʩʣʝʜʦʚʘʥ ʯʝʣʦʚʝʢʦʤ ʦʪ ʞʠʚʦʪʥʳʭ ï 

ʧʨʝʜʢʦʚ (ʚ ʤʦʟʛʫ çʚʩʝʞʠʚʦʪʥʦʛʦè). ʅʘʧʨʠʤʝʨ, ʦʙ-

ʨʘʟ ʢʨʘʩʘʚʠʮʳ ʠʣʠ ʢʨʘʩʘʚʮʘ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʛʦ 

ʧʦʣʘ (ʦʙʨʘʟ ʤʦʞʝʪ ʙʳʪʴ ʩʢʘʟʦʯʥʳʤ ʠʣʠ ʨʝʘʣʴʥʳʤ); 

ʠʣʠ ʦʙʨʘʟ ʟʜʘʥʠʷ, ʩʘʤʦʣʝʪʘ, ʠ ʧʨ. ʇʨʠ ʦʮʝʥʢʝ ʦʙʲ-

ʝʢʪʘ ʦʯʝʥʴ ʚʘʞʥʦ ʩʦʦʪʚʝʪʩʪʚʠʝ ʥʦʚʦʛʦ ʧʨʝʜʤʝʪʘ 

ʠʣʠ ʷʚʣʝʥʠʷ ʵʪʦʤʫ ʦʙʨʘʟʫ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʠʥʪʝ-

ʨʝʩʥʳ ʚʳʩʢʘʟʳʚʘʥʠʷ ʚʳʜʘʶʱʠʭʩʷ ʘʚʠʘʢʦʥʩʪʨʫʢʪʦ-

ʨʦʚ ʦ ʩʘʤʦʣʝʪʘʭ: ʝʩʣʠ ʩʘʤʦʣʝʪ ʢʨʘʩʠʚ, çʩʤʦʪʨʠʪʩʷè, 

ʪʦ ʦʥ ʙʣʘʛʦʧʦʣʫʯʥʦ ʧʦʣʝʪʠʪ. ʊʘʢʦʚʳ ʞʝ ʩʣʦʚʘ ʢʦʥ-

ʩʪʨʫʢʪʦʨʦʚ ʟʜʘʥʠʡ ʦʙ ʦʪʜʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʷʭ: ʢʦ-

ʣʦʥʥʘ, ʬʫʥʜʘʤʝʥʪ, ʙʘʣʢʘ ï ʩʤʦʪʨʷʪʩʷ ʠʣʠ ʥʝ ʩʤʦʪ-

ʨʷʪʩʷ; ʝʩʣʠ ʩʤʦʪʨʷʪʩʷ ï ʟʥʘʯʠʪ, ʧʨʘʚʠʣʴʥʦ ʨʘʩʩʯʠ-

ʪʘʥʳ ʠ ʩʢʦʥʩʪʨʫʠʨʦʚʘʥʳ. ʊʦ ʝʩʪʴ ʩʘʤʦʣʝʪ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʣʦʞʠʚʰʝʤʫʩʷ ʚ ʤʦʟʛʫ ʧʦʟʠʪʠʚʥʦʤʫ 

ʦʙʨʘʟʫ (ʬʦʨʤʘʤ, ʧʨʦʧʦʨʮʠʷʤ ʠ ʧʨ.) ʩʘʤʦʣʝʪʘ, ʢʦʪʦ-

ʨʳʡ ʫʩʧʝʰʥʦ ʣʝʪʘʝʪ. ɻʘʙʘʨʠʪʳ ʢʦʣʦʥʥʳ ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʪ ʥʘʛʨʫʟʢʘʤ ʥʘ ʥʝʝ. ʕʪʦ ʷʚʣʝʥʠʝ ʦʩʦʟʥʘʥʠʷ 

ʧʦʣʥʦʛʦ ʩʦʦʪʚʝʪʩʪʚʠʷ ʥʦʚʦʛʦ ʧʨʝʜʤʝʪʘ ʠʣʠ ʷʚʣʝʥʠʷ 

ʩʣʦʞʠʚʰʝʤʫʩʷ ʚ ʤʦʟʛʫ ʧʦʟʠʪʠʚʥʦʤʫ ʦʙʨʘʟʫ 

ʥʘʟʚʘʥʦ ʥʘʤʠ ʙʳʩʪʨʳʤ ʠʥʩʘʡʪʦʤ (ʦʟʘʨʝʥʠʝʤ). ɺ ʦʪ-

ʣʠʯʠʝ ʦʪ ʥʝʛʦ ʦʙʳʯʥʳʡ ʠʥʩʘʡʪ ï ʵʪʦ ʜʦʣʛʦʩʨʦʯʥʳʡ 

ʧʨʦʮʝʩʩ, ʚʢʣʶʯʘʶʱʠʡ ʥʘʢʦʧʣʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʧʦ 

ʪʝʤʝ, ʝʝ ʘʥʘʣʠʟ ʚ ʧʦʜʢʦʨʢʝ ʙʝʟ ʚʣʠʷʥʠʷ ʥʘ ʥʝʛʦ ʘʚ-

ʪʦʨʘ, ʠ ʚʥʝʟʘʧʥʦʝ ʦʟʘʨʝʥʠʝ ʚ ʣʶʙʦʡ ʤʦʤʝʥʪ ʚʨʝ-

ʤʝʥʠ.  

ɽʩʣʠ ʧʨʠʨʦʜʥʳʡ ʠʣʠ ʪʝʭʥʠʯʝʩʢʠʡ ʦʙʲʝʢʪ 

çʩʤʦʪʨʠʪʩʷ ï ʟʥʘʯʠʪ, ʦʥ ʧʦʣʥʦʩʪʴʶ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʩʣʦʞʠʚʰʝʤʫʩʷ ʨʘʥʝʝ ʧʦʣʦʞʠʪʝʣʴʥʦʤʫ ʦʙʨʘʟʫ ʵʪʦʛʦ 

ʧʨʝʜʤʝʪʘ. ɼʣʷ ʵʪʦʛʦ ʢʦʥʩʪʨʫʢʪʦʨʳ, ʭʫʜʦʞʥʠʢʠ ʯʘ-

ʩʪʦ ʪʱʘʪʝʣʴʥʦ ʠ ʤʥʦʛʦʢʨʘʪʥʦ çʧʨʦʨʠʩʦʚʳʚʘʶʪè 

ʦʙʲʝʢʪ, ʤʝʥʷʷ ʧʨʦʧʦʨʮʠʠ ʠ ʜʦʙʠʚʘʷʩʴ ʥʘʠʙʦʣʴʰʝʛʦ 

ʩʭʦʜʩʪʚʘ ʩʦ ʩʣʦʞʠʚʰʠʤʩʷ ʚʥʫʪʨʝʥʥʠʤ ʦʙʨʘʟʦʤ, 

ʙʳʩʪʨʦʧʨʦʪʝʢʘʶʱʠʤ ʠʥʩʘʡʪʦʤ. ʕʪʠ ʚʥʫʪʨʝʥʥʠʝ 

ʦʙʨʘʟʳ ʤʦʛʫʪ ʙʳʪʴ ʨʘʟʥʦʦʙʨʘʟʥʳʤʠ ʠʣʠ ʫʧʨʦʱʝʥ-

ʥʳʤʠ, ʦʥʠ ʟʘʚʠʩʷʪ ʦʪ ʫʨʦʚʥʷ ʨʘʟʚʠʪʠʷ ʯʝʣʦʚʝʢʘ, ʦʪ 

ʦʚʣʘʜʝʥʠʷ ʠʤ ʮʝʥʥʦʩʪʷʤʠ ʜʫʭʦʚʥʦʡ ʠ ʤʘʪʝʨʠʘʣʴ-

ʥʦʡ ʢʫʣʴʪʫʨʳ, ʦʪ ʚʦʟʨʘʩʪʘ, ʟʜʦʨʦʚʴʷ, ʠ ʧʨ. ʊʘʢ, ʞʠ-

ʪʝʣʠ ʩʦʭʨʘʥʠʚʰʠʭʩʷ ʧʣʝʤʝʥ ɸʬʨʠʢʠ ʠʣʠ ʉʝʚʝʨʘ 

ʠʤʝʶʪ ʢʨʘʡʥʝ ʦʛʨʘʥʠʯʝʥʥʳʡ ʢʨʫʛ ʚʥʫʪʨʝʥʥʠʭ ʠʜʝ-

ʘʣʴʥʳʭ ʦʙʨʘʟʦʚ ï ʧʨʠʤʠʪʠʚʥʦʝ ʞʠʣʠʱʝ, ʦʜʝʞʜʘ, 

ʧʨʦʩʪʳʝ ʫʢʨʘʰʝʥʠʷ ʪʝʣʘ ʠ ʣʠʮʘ, ʫʧʨʦʱʝʥʥʘʷ ʢʨʘ-

ʩʦʪʘ, ʧʨʦʩʪʦʝ ʦʨʫʞʠʝ. ʍʦʪʷ ʚ ʠʭ ʥʠʞʥʠʭ ʦʪʜʝʣʘʭ 

ʤʦʟʛʘ ʜʦʣʞʥʳ ʙʳʪʴ ʟʘʣʦʞʝʥʳ ʠʜʝʘʣʴʥʳʝ ʦʙʨʘʟʳ 

ʞʠʚʦʪʥʳʭ (ʦʙʲʝʢʪʦʚ ʦʭʦʪʳ ʠ ʦʜʦʤʘʰʥʝʥʥʳʭ) ʠ 

ʨʘʩʪʝʥʠʡ. 

ɺ ʠʩʪʦʨʠʠ ʯʝʣʦʚʝʯʝʩʪʚʘ ʪʝʭʥʠʢʘ ʠ ʪʝʭʥʦʣʦʛʠʠ 

ʨʘʟʚʠʚʘʣʠʩʴ ʧʦ ʧʫʪʠ ʦʪ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʪʦʪʠʧʦʚ 

- çʢʘʪʘʣʠʟʘʪʦʨʦʚè (ʧʨʠʨʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʠʣʠ ʷʚʣʝ-

ʥʠʡ, ʦʙʫʩʣʦʚʠʚʰʠʭ ʧʦʷʚʣʝʥʠʝ ʪʝʭʥʠʯʝʩʢʦʛʦ ʨʝʰʝ-

ʥʠʷ) ʢ ʫʩʣʦʞʥʝʥʥʳʤ ʨʝʰʝʥʠʷʤ, ʟʘʯʘʩʪʫʶ ʥʝ ʠʤʝʶ-

ʱʠʤ ʚʠʜʠʤʦʛʦ ʦʙʱʝʛʦ ʩ ʧʝʨʚʦʠʩʪʦʯʥʠʢʘʤʠ. ʇʦ 

ʤʝʨʝ ʨʘʟʚʠʪʠʷ ʯʝʣʦʚʝʯʝʩʪʚʘ ʵʚʦʣʶʮʠʦʥʠʨʦʚʘʣʠ ʠ 

ʚʩʝ ʦʙʲʝʢʪʳ ʩʦʚʨʝʤʝʥʥʦʡ ʪʝʭʥʠʯʝʩʢʦʡ ʤʦʱʠ ï ʠʥ-

ʜʫʩʪʨʠʷ, ʵʥʝʨʛʝʪʠʢʘ, ʪʨʘʥʩʧʦʨʪ.  

ʇʨʠ ʚʩʝʡ ʢʨʘʩʦʪʝ ʤʥʦʛʠʭ ʦʙʲʝʢʪʦʚ ʪʝʭʥʠʢʠ, 

ʧʨʠʥʮʠʧʠʘʣʴʥʦʝ ʦʪʣʠʯʠʝ ʦʙʲʝʢʪʦʚ ʞʠʚʦʡ ʧʨʠʨʦʜʳ 

ʦʪ ʪʝʭʥʠʯʝʩʢʠʭ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʞʠʚʘʷ ʧʨʠʨʦʜʘ 

ʥʘʭʦʜʠʪʩʷ ʚ ʛʦʤʝʦʩʪʘʪʠʯʝʩʢʦʤ ʨʘʚʥʦʚʝʩʠʠ ʩ ʦʢʨʫ-

ʞʘʶʱʝʡ ʩʨʝʜʦʡ, ʞʠʚʳʝ ʦʨʛʘʥʠʟʤʳ ʠ ʵʢʦʩʠʩʪʝʤʳ 

ʢʘʢ ʚʳʩʦʢʦʦʨʛʘʥʠʟʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ ʦʙʣʘʜʘʶʪ ʟʥʘ-

ʯʠʪʝʣʴʥʦʡ ʥʝʛʵʥʪʨʦʧʠʝʡ. ʅʦ ʥʝʛʵʥʪʨʦʧʠʡʥʳʝ ʠʩ-

ʢʫʩʩʪʚʝʥʥʳʝ ʦʙʲʝʢʪʳ ʫʞʝ ʩʫʱʝʩʪʚʦʚʘʣʠ ʠ ʩʫʱʝ-

ʩʪʚʫʶʪ ʚ ʠʩʪʦʨʠʠ. ʇʨʝʢʨʘʩʥʦ ʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦ 

ʫʩʪʨʦʝʥʥʳʝ ʧʨʠʨʦʜʥʳʝ ʦʙʲʝʢʪʳ ʠʟʜʘʚʥʘ ʢʦʧʠʨʫ-

ʶʪʩʷ ʯʝʣʦʚʝʢʦʤ ʧʨʠ ʩʦʟʜʘʥʠʠ ʨʘʟʣʠʯʥʦʡ ʪʝʭʥʠʢʠ. 

ʂʘʢ ʙʳ ʥʠ ʨʘʟʚʠʚʘʣʠʩʴ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷ ʪʝʭʥʠʯʝ-

ʩʢʦʡ ʠ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜ, ʢʘʢ ʙʳ ʥʠ ʙʳʣʠ ʛʫʙʠʪʝʣʴʥʳ 

ʜʣʷ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ çʞʝʩʪʢʠʝè 

ʪʝʭʥʦʣʦʛʠʠ ʠ ʚʠʜʳ ʪʝʭʥʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ ï ʚ 

ʠʪʦʛʝ, ʢʘʢ ʩʣʝʜʫʝʪ ʠʟ ʠʩʪʦʨʠʠ, ʩʪʨʘʪʝʛʠʯʝʩʢʦʝ 

ʥʘʧʨʘʚʣʝʥʠʝ ʨʘʟʚʠʪʠʷ ʪʝʭʥʠʢʠ ï ʚ ʩʦʟʜʘʥʠʠ çʤʷʛ-

ʢʠʭè ʧʨʠʨʦʜʦʧʦʜʦʙʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʚʠʜʦʚ ʪʝʭ-

ʥʠʢʠ. ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʙʳʪʴ ʥʝ ʪʦʣʴʢʦ ʢʨʘʩʠʚʳʤʠ, 

ʥʦ ʠ ʥʝʛʵʥʪʨʦʧʠʡʥʳʤʠ, ʪʝʭʥʠʯʝʩʢʠʝ ʦʙʲʝʢʪʳ 

ʜʦʣʞʥʳ ʙʳʪʴ ʛʣʫʙʠʥʥʦ ʧʦʜʦʙʥʳ ʦʙʲʝʢʪʘʤ ʧʨʠʨʦʜʳ 

ʧʦ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʶ ʩ ʦʩʪʘʣʴʥʦʡ ʧʨʠʨʦʜʦʡ, ʪʦ 

ʝʩʪʴ ʧʦʜʯʠʥʷʪʴʩʷ ʧʨʠʥʮʠʧʘʤ ʛʦʤʝʦʩʪʘʟʘ. ʆʥʠ 

ʜʦʣʞʥʳ ʚʢʣʶʯʘʪʴʩʷ ʚ ʛʦʤʝʦʩʪʘʪʠʯʝʩʢʠʝ ʦʪʥʦʰʝ-

ʥʠʷ, ʥʝ ʜʦʙʘʚʣʷʪʴ ʚ ʧʨʠʨʦʜʫ ʬʠʟʠʯʝʩʢʠʝ, ʭʠʤʠʯʝ-

ʩʢʠʝ, ʤʝʭʘʥʠʯʝʩʢʠʝ, ʵʩʪʝʪʠʯʝʩʢʠʝ ʠ ʜʨʫʛʠʝ ʟʘʛʨʷʟ-

ʥʝʥʠʷ, ʥʝ ʚʳʪʝʩʥʷʪʴ ʧʨʠʨʦʜʫ, ʥʝ ʟʘʥʠʤʘʪʴ ʯʫʞʠʝ 

ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʥʠʰʠ, ʚʢʣʶʯʘʪʴʩʷ ʚ ʝʩʪʝʩʪʚʝʥʥʳʝ 

ʮʝʧʠ, ʧʨʝʜʦʩʪʘʚʣʷʪʴ ʥʠʰʠ ʬʣʦʨʝ ʠ ʬʘʫʥʝ, ʠ ʧʨ. 

(ʙʳʪʴ ʧʨʠʨʦʜʦʧʦʜʦʙʥʳʤʠ).  

ɿʘʢʣʶʯʝʥʠʝ. ʂʨʘʩʦʪʘ ʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ 

ʤʥʦʛʠʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʷʚʣʷʶʪʩʷ ʠʭ 

ʦʙʲʝʢʪʠʚʥʦ ʥʝʦʙʭʦʜʠʤʳʤʠ ʩʚʦʡʩʪʚʘʤʠ: ʢʨʘʩʦʪʘ 

ʚʳʟʳʚʘʝʪ ʵʩʪʝʪʠʯʝʩʢʦʝ ʠ ʥʨʘʚʩʪʚʝʥʥʦʝ ʥʘʩʣʘʞʜʝ-

ʥʠʝ ʠ ʧʦʤʦʛʘʝʪ ʩʦʟʜʘʪʴ ʛʘʨʤʦʥʠʯʥʫʶ ʩʨʝʜʫ ʞʠʟʥʠ 

ʚ ʟʜʘʥʠʷʭ ʧʨʠ ʦʧʪʠʤʘʣʴʥʦʡ ʧʨʦʯʥʦʩʪʠ, ʞʝʩʪʢʦʩʪʠ, 

ʥʘʜʝʞʥʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʡ; ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʦʙʝʩ-

ʧʝʯʠʚʘʝʪ ʦʧʪʠʤʘʣʴʥʫʶ ʧʨʠʩʧʦʩʦʙʣʝʥʥʦʩʪʴ ʢ ʫʩʣʦ-

ʚʠʷʤ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʎʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʢʘʢ ʧʨʠʩʧʦ-

ʩʦʙʣʝʥʥʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʠ ʢ ʫʩʣʦʚʠʷʤ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʠ ʢ ʚʳʧʦʣʥʝʥʠʶ ʦʧʨʝʜʝʣʝʥʥʳʭ ʬʫʥʢʮʠʡ ï ʥʝʦʙʭʦ-

ʜʠʤʦʝ ʩʚʦʡʩʪʚʦ ʣʶʙʳʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ, 

ʪʦʛʜʘ ʢʘʢ ʢʨʘʩʠʚʳʤʠ ʤʦʛʫʪ ʙʳʪʴ ʜʘʣʝʢʦ ʥʝ ʚʩʝ ʩʪʨʦ-

ʠʪʝʣʴʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ (ʥʘʧʨʠʤʝʨ, ʬʫʥʜʘʤʝʥʪʳ, 

ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʛʨʫʥʪʝ ʠ ʧʦʪʦʤʫ ʥʝʚʠʜʠʤʳʝ; ʭʦʪʷ ʧʦ 

ʢʦʥʩʪʨʫʢʪʠʚʥʦʤʫ ʨʝʰʝʥʠʶ, ʚ ʯʝʨʪʝʞʘʭ ʠʣʠ ʙʝʟ ʦʙ-

ʚʘʣʦʚʢʠ, ʬʫʥʜʘʤʝʥʪʳ ʤʦʛʫʪ ʙʳʪʴ ʢʨʘʩʠʚʳʤʠ ï 

ʥʘʧʨʠʤʝʨ, ʬʫʥʜʘʤʝʥʪʳ ʚ ʬʦʨʤʝ ʦʙʦʣʦʯʝʢ). ʂʨʘʩʠ-

ʚʳʝ ʠ ʮʝʣʝʩʦʦʙʨʘʟʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʜʦʣʞʥʳ ʩʦʦʪ-

ʚʝʪʩʪʚʦʚʘʪʴ ʟʘʢʦʥʘʤ ʢʨʘʩʦʪʳ ʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ï 

ʟʘʢʦʥʘʤ ʧʨʠʨʦʜʦʧʦʜʦʙʠʷ, ʢʨʠʚʦʣʠʥʝʡʥʦʩʪʠ (ʚ ʪ.ʯ. 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ çʣʠʥʠʠ ʢʨʘʩʦʪʳè ʍʦʛʘʨʪʘ), ʧʨʦʧʦʨ-

ʮʠʦʥʘʣʴʥʦʩʪʠ, ʛʘʨʤʦʥʠʠ ʬʦʨʤʳ ʠ ʬʫʥʢʮʠʠ, ʦʧʪʠ-

ʤʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʧʦ ʪʨʘʝʢʪʦʨʠʷʤ 
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ʠ çʧʦʪʦʢʘʤè ʛʣʘʚʥʳʭ ʥʘʧʨʷʞʝʥʠʡ, ʜʠʬʬʝʨʝʥʮʠʨʦ-

ʚʘʥʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦʯʥʳʭ, ʞʝʩʪʢʠʭ ʠ ʥʝ-

ʞʝʩʪʢʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʚʳʧʦʣʥʝʥʠʷ ʬʫʥʢʮʠʡ ʚ ʩʦʦʪ-

ʚʝʪʩʪʚʠʠ ʩ ʥʘʟʥʘʯʝʥʠʝʤ ʢʦʥʩʪʨʫʢʮʠʠ, ʧʦʜʯʠʥʷʪʴʩʷ 

ʧʨʠʥʮʠʧʘʤ ʛʦʤʝʦʩʪʘʟʘ, ʠ ʜʨ. 
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ɸʅʅʆʊɸʎʀʗ 
ʃʶʙʦʚʴ ʢ ʛʦʨʦʜʫ ï ʚʘʞʥʝʡʰʠʡ ʧʦʢʘʟʘʪʝʣʴ ʢʘʯʝʩʪʚʘ ʛʦʨʦʜʩʢʦʡ ʩʨʝʜʳ, ʦʙʦʩʥʦʚʘʥʥʦʛʦ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ 

ʧʦʪʨʝʙʥʦʩʪʝʡ, ʩʦʦʪʚʝʪʩʪʚʠʷ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʞʠʪʝʣʝʡ ʦ ʧʦʟʠʪʠʚʥʦʡ ʩʨʝʜʝ ʦʙʠʪʘʥʠʷ ʬʘʢʪʠʯʝʩʢʦʡ ʩʨʝʜʝ. ʃʶ-

ʙʠʤʳʡ ʞʠʪʝʣʷʤʠ ʛʦʨʦʜ ʜʦʣʞʝʥ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʠʭ ʚʩʝʩʪʦʨʦʥʥʝ ʦʙʦʩʥʦʚʘʥʥʳʝ ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʚʳʩʦʢʦʤ ʢʘ-

ʯʝʩʪʚʝ ʛʦʨʦʜʩʢʦʡ ʩʨʝʜʳ. ʃʶʙʦʚʴ ʢ ʛʦʨʦʜʫ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʫʩʪʦʷʚʰʠʭʩʷ ʦʮʝʥʢʘʭ ʛʦʨʦʜʩʢʦʡ ʩʨʝʜʳ, ʝʝ ʘʨʭʠ-

ʪʝʢʪʫʨʥʦʡ, ʵʢʦʣʦʛʠʯʝʩʢʦʡ, ʩʦʮʠʘʣʴʥʦʡ, ʢʫʣʴʪʫʨʥʦʡ, ʵʩʪʝʪʠʯʝʩʢʦʡ ʮʝʥʥʦʩʪʠ. ʆʥʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʩʦʚʦʢʫʧ-

ʥʦʩʪʴ ʛʨʘʜʦʩʪʨʦʠʪʝʣʴʥʳʭ, ʘʨʭʠʪʝʢʪʫʨʥʳʭ, ʵʢʦʣʦʛʠʯʝʩʢʠʭ, ʩʦʮʠʘʣʴʥʳʭ, ʢʫʣʴʪʫʨʥʳʭ, ʵʩʪʝʪʠʯʝʩʢʠʭ, 

ʵʤʦʮʠʦʥʘʣʴʥʳʭ ʬʘʢʪʦʨʦʚ, ʬʦʨʤʠʨʫʶʱʠʭ ʦʪʥʦʰʝʥʠʝ ʯʝʣʦʚʝʢʘ ʢ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ. ʃʶʙʠʤʳʡ ʞʠʪʝʣʷʤʠ 

ʛʦʨʦʜ ï ʵʪʦ ʛʦʨʦʜ ʩ ʛʘʨʤʦʥʠʯʥʦʡ, ʢʨʘʩʠʚʦʡ ʠ ʢʦʤʬʦʨʪʥʦʡ ʩʨʝʜʦʡ, ʧʦʚʳʰʘʶʱʝʡ ʢʘʯʝʩʪʚʦ ʞʠʟʥʠ. ʊʘʢʘʷ 

ʩʨʝʜʘ ʚʘʞʥʘ ʠ ʜʣʷ ʞʠʪʝʣʝʡ, ʠ ʜʣʷ ʧʨʠʨʦʜʳ. ɺʝʣʠʢʘ ʨʦʣʴ ʠ ʟʥʘʯʝʥʠʝ ʥʦʚʦʡ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʛʘʨʤʦʥʠʠ, ʢʨʘ-

ʩʦʪʳ ʠ ʢʦʤʬʦʨʪʥʦʩʪʠ ʛʦʨʦʜʘ ʚ ʩʦʟʜʘʥʠʠ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʦʡ ʩʨʝʜʳ ʞʠʟʥʠ.  

ABSTRACT  
Love to the city is an important indicator of the quality of the city environment, informed compliance needs 

of residentôs environment on positive views of habitation actual environment. Favorite city residents must satisfy 

them fully justified needs in high quality city environment. Love the city manifested itself in established urban 

estimates environment, its architectural, environmental, social, cultural, and aesthetic value. It includes the totality 

of urban, architectural, environmental, social, cultural, aesthetic, emotional factors that shape human attitudes to 

the environment. Favorite residents city is a city with harmonious, beautiful and comfortable environment, im-

proves quality of life. This environment is important both for residents and for nature. There is very importance 

role of environmental harmony, comfort and beauty of city in creating high-quality life environment. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʣʶʙʦʚʴ ʢ ʛʦʨʦʜʫ; ʫʜʦʚʣʝʪʚʦʨʝʥʠʝ ʧʦʪʨʝʙʥʦʩʪʝʡ; ʛʘʨʤʦʥʠʷ ʛʦʨʦʜʘ; ʢʨʘʩʦʪʘ ʛʦʨʦʜʘ; 

ʢʦʤʬʦʨʪʥʦʩʪʴ ʛʦʨʦʜʘ  

Keywords: love to the city; satisfaction of needs; harmony of the city; beauty of the city; comfort of the city 

 

ʃʶʙʦʚʴ ʢ ʛʦʨʦʜʫ ï ʚʘʞʥʝʡʰʠʡ ʧʦʢʘʟʘʪʝʣʴ ʢʘ-

ʯʝʩʪʚʘ ʛʦʨʦʜʩʢʦʡ ʩʨʝʜʳ, ʦʙʦʩʥʦʚʘʥʥʦʛʦ ʫʜʦʚʣʝʪʚʦ-

ʨʝʥʠʷ ʧʦʪʨʝʙʥʦʩʪʝʡ, ʩʦʦʪʚʝʪʩʪʚʠʷ ʧʨʝʜʩʪʘʚʣʝʥʠʡ 

ʞʠʪʝʣʝʡ ʦ ʩʨʝʜʝ ʦʙʠʪʘʥʠʷ ʬʘʢʪʠʯʝʩʢʦʡ ʩʨʝʜʝ. ʃʶ-

ʙʠʤʳʡ ʞʠʪʝʣʷʤʠ ʛʦʨʦʜ ʜʦʣʞʝʥ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʠʭ 

ʚʩʝʩʪʦʨʦʥʥʝ ʦʙʦʩʥʦʚʘʥʥʳʝ ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʚʳʩʦʢʦʤ 

ʢʘʯʝʩʪʚʝ ʛʦʨʦʜʩʢʦʡ ʩʨʝʜʳ. ʃʶʙʦʚʴ ʢ ʛʦʨʦʜʫ ʧʨʦʷʚ-

ʣʷʝʪʩʷ ʚ ʫʩʪʦʷʚʰʠʭʩʷ ʦʮʝʥʢʘʭ ʛʦʨʦʜʩʢʦʡ ʩʨʝʜʳ, ʝʝ 

ʘʨʭʠʪʝʢʪʫʨʥʦʡ, ʵʢʦʣʦʛʠʯʝʩʢʦʡ, ʩʦʮʠʘʣʴʥʦʡ, ʢʫʣʴ-

ʪʫʨʥʦʡ, ʵʩʪʝʪʠʯʝʩʢʦʡ ʮʝʥʥʦʩʪʠ. ʆʥʘ ʚʢʣʶʯʘʝʪ ʚ 

ʩʝʙʷ ʩʦʚʦʢʫʧʥʦʩʪʴ ʛʨʘʜʦʩʪʨʦʠʪʝʣʴʥʳʭ, ʘʨʭʠʪʝʢʪʫʨ-

ʥʳʭ, ʵʢʦʣʦʛʠʯʝʩʢʠʭ, ʩʦʮʠʘʣʴʥʳʭ, ʢʫʣʴʪʫʨʥʳʭ, ʵʩ-

ʪʝʪʠʯʝʩʢʠʭ, ʵʤʦʮʠʦʥʘʣʴʥʳʭ ʬʘʢʪʦʨʦʚ, ʬʦʨʤʠʨʫʶ-

ʱʠʭ ʦʪʥʦʰʝʥʠʝ ʯʝʣʦʚʝʢʘ ʢ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ. ʃʶ-

ʙʠʤʳʡ ʞʠʪʝʣʷʤʠ ʛʦʨʦʜ ï ʵʪʦ ʛʦʨʦʜ ʩ ʛʘʨʤʦʥʠʯʥʦʡ, 

ʢʨʘʩʠʚʦʡ ʠ ʢʦʤʬʦʨʪʥʦʡ ʩʨʝʜʦʡ, ʧʦʚʳʰʘʶʱʝʡ ʢʘʯʝ-

ʩʪʚʦ ʞʠʟʥʠ. ʊʘʢʘʷ ʩʨʝʜʘ ʚʘʞʥʘ ʠ ʜʣʷ ʞʠʪʝʣʝʡ, ʠ ʜʣʷ 

ʧʨʠʨʦʜʳ. ɺʝʣʠʢʘ ʨʦʣʴ ʥʦʚʦʡ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʛʘʨʤʦ-

ʥʠʠ, ʢʨʘʩʦʪʳ ʠ ʢʦʤʬʦʨʪʥʦʩʪʠ ʛʦʨʦʜʘ ʚ ʩʦʟʜʘʥʠʠ 

ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʦʡ ʩʨʝʜʳ ʞʠʟʥʠ.  
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ʃʶʙʦʚʴ - ʦʜʥʘ ʠʟ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʪʝʤ ʚ ʤʠ-

ʨʦʚʦʡ ʢʫʣʴʪʫʨʝ ʠ ʠʩʢʫʩʩʪʚʝ. ʃʶʙʦʚʴ ʨʘʩʩʤʘʪʨʠʚʘ-

ʝʪʩʷ ʪʘʢʞʝ ʢʘʢ ʬʠʣʦʩʦʬʩʢʘʷ ʢʘʪʝʛʦʨʠʷ, ʚ ʚʠʜʝ ʩʫʙʲ-

ʝʢʪʥʦʛʦ ʦʪʥʦʰʝʥʠʷ, ʠʥʪʠʤʥʦʛʦ ʠʟʙʠʨʘʪʝʣʴʥʦʛʦ 

ʯʫʚʩʪʚʘ, ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʥʘ ʧʨʝʜʤʝʪ ʣʶʙʚʠ. ʈʘʩʩʫʞ-

ʜʝʥʠʷ ʦ ʣʶʙʚʠ ʠ ʝʝ ʘʥʘʣʠʟ ʢʘʢ ʷʚʣʝʥʠʷ ʚʦʩʭʦʜʷʪ ʢ 

ʜʨʝʚʥʝʡʰʠʤ ʬʠʣʦʩʦʬʩʢʠʤ ʩʠʩʪʝʤʘʤ ʠ ʣʠʪʝʨʘʪʫʨ-

ʥʳʤ ʧʘʤʷʪʥʠʢʘʤ, ʠʟʚʝʩʪʥʳʤ ʣʶʜʷʤ. ʊʘʢ, ʚ ʦʩʥʦʚʝ 

ʥʝʦʧʣʘʪʦʥʠʟʤʘ (ʵʧʦʭʘ ɺʦʟʨʦʞʜʝʥʠʷ) ʥʘʭʦʜʠʪʩʷ 

ʫʯʝʥʠʝ ʦ ʢʨʘʩʦʪʝ: ʧʨʠʨʦʜʘ ʣʶʙʚʠ ʝʩʪʴ ʩʪʨʝʤʣʝʥʠʝ ʢ 

ʢʨʘʩʦʪʝ. ʕʪʘ ʢʦʥʮʝʧʮʠʷ ʩʚʷʟʘʣʘ ʵʪʠʢʫ ʠ ʵʩʪʝʪʠʢʫ ʠ 

ʦʢʘʟʘʣʘ ʚʣʠʷʥʠʝ ʥʘ ʠʩʢʫʩʩʪʚʦ ʵʧʦʭʠ ɺʦʟʨʦʞʜʝʥʠʷ.  

ʃʶʙʦʚʴ ï ʛʣʫʙʦʢʦʝ ʵʤʦʮʠʦʥʘʣʴʥʦʝ ʚʣʝʯʝʥʠʝ, 

ʯʫʚʩʪʚʦ ʛʣʫʙʦʢʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʠ ʧʨʠʚʷʟʘʥʥʦʩʪʠ, 

ʫʚʣʝʯʝʥʥʦʩʪʴ, ʧʨʠʩʪʨʘʩʪʠʝ ʢ ʯʝʤʫ-ʣʠʙʦ. ʕʪʦ - ʛʣʫ-

ʙʦʢʘʷ ʧʨʠʚʷʟʘʥʥʦʩʪʴ ʢ ʜʨʫʛʦʤʫ ʯʝʣʦʚʝʢʫ ʠʣʠ ʦʙʲ-

ʝʢʪʫ (ʛʦʨʦʜʫ), ʯʫʚʩʪʚʦ ʛʣʫʙʦʢʦʡ ʩʠʤʧʘʪʠʠ ʢ ʥʝʤʫ. 

ʉʦʚʨʝʤʝʥʥʦʝ çʣʶʙʦʚʴè ʚʦʩʭʦʜʠʪ ʯʝʨʝʟ ʜʨʝʚʥʝʨʫʩ-

ʩʢʦʝ ʣʶʙʳ ʢ ʧʨʘʚʦʩʣʘʚʥʦʤʫ l'uby (ʪʦʪ ʞʝ ʢʦʨʝʥʴ, 

ʯʪʦ ʠ ʫ ʛʣʘʛʦʣʘ çʣʶʙʠʪʴè); ʦʪ ʥʝʛʦ ʧʨʦʠʟʦʰʣʦ: 

ʜʨʝʚʥʝʨʫʩʩʢʦʝ ʩʪʘʨʦʩʣʘʚʷʥʩʢʦʝ ʣʶʙʠʪʠ (ʜʨʝʚʥʝ-

ʛʨʝʯʝʩʢʦʝ űɘɚŮ ɜ, ɔŬˊ ɜ). ʌʦʨʤʘ ʠʤʝʥʠʪʝʣʴʥʦʛʦ 

ʧʘʜʝʞʘ ʙʳʣʘ ʚʳʪʝʩʥʝʥʘ ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʬʦʨʤʦʡ 

ʚʠʥʠʪʝʣʴʥʦʛʦ ʧʘʜʝʞʘ ʣʶʙʦʚʴ (ʧʨʘʚʦʩʣʘʚʥʦʝ 

l'ubʲvʴ). ʃʶʙʠʤʳʡ ï ʩʘʤʳʡ ʜʦʨʦʛʦʡ, ʢʪʦ ʙʦʣʴʰʝ 

ʚʩʝʛʦ ʥʨʘʚʠʪʩʷ (ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ - ʛʦʨʦʜ). 

ʉʣʦʚʦ çʣʶʙʦʚʴè ʧʨʦʠʩʭʦʜʠʪ ʦʪ ʛʣʘʛʦʣʘ ʣʶ-

ʙʠʪʴ - ʟʥʘʯʠʪ ʠʩʧʳʪʳʚʘʪʴ ʣʶʙʦʚʴ, ʠʩʧʳʪʳʚʘʪʴ 

ʚʥʫʪʨʝʥʥʝʝ ʚʣʝʯʝʥʠʝ, ʚʥʫʪʨʝʥʥʶʶ ʩʢʣʦʥʥʦʩʪʴ ʢ 

ʯʝʤʫ-ʣʠʙʦ (ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ï ʢ ʛʦʨʦʜʫ, ʢ ʞʠʟʥʠ ʠ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʢʦʥʢʨʝʪʥʦʤ ʛʦʨʦʜʝ, ʜʦʤʝ, ʞʠʣʠʱʝ); 

ʠʩʧʳʪʳʚʘʪʴ ʯʫʚʩʪʚʦ ʫʜʦʚʦʣʴʩʪʚʠʷ ʦʪ ʫʨʦʚʥʷ ʫʜʦ-

ʚʣʝʪʚʦʨʝʥʠʷ ʧʦʪʨʝʙʥʦʩʪʝʡ ʛʦʨʦʜʦʤ, ʧʠʪʘʪʴ ʚʥʫʪ-

ʨʝʥʥʶʶ ʩʢʣʦʥʥʦʩʪʴ ʢ ʵʪʦʤʫ ʧʨʝʜʤʝʪʫ (ʛʦʨʦʜʫ, ʝʛʦ 

ʘʨʭʠʪʝʢʪʫʨʝ, ʧʘʨʢʘʤ, ʣʘʥʜʰʘʬʪʘʤ, ʩʚʦʝʤʫ ʜʦʤʫ ʠ 

ʞʠʣʠʱʫ), ʩʪʨʝʤʠʪʴʩʷ ʩʣʳʰʘʪʴ, ʚʠʜʝʪʴ ʠʣʠ ʚʦʩʧʨʠ-

ʥʠʤʘʪʴ ʵʪʦʪ ʛʦʨʦʜ ʩʦ ʚʩʝʤʠ ʝʛʦ ʬʘʢʪʦʨʘʤʠ, ʠʤʝʪʴ 

ʧʨʠʩʪʨʘʩʪʠʝ, ʩʢʣʦʥʥʦʩʪʴ ʢ ʞʠʟʥʠ ʠ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ 

ʛʦʨʦʜʝ. ʃʶʙʠʤʳʡ ʛʦʨʦʜ ï ʵʪʦ ʛʦʨʦʜ, ʧʦʣʥʦʩʪʴʶ 

ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʡ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʭʦʨʦʰʦ ʦʙʦʩ-

ʥʦʚʘʥʥʳʝ ʧʦʪʨʝʙʥʦʩʪʠ ʞʠʪʝʣʝʡ (ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʝ 

ʠʣʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʦʱʫʱʝʥʠʷ ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʠ 

ʯʝʛʦ-ʣʠʙʦ). ʗʚʣʷʷʩʴ ʚʥʫʪʨʝʥʥʠʤʠ ʚʦʟʙʫʜʠʪʝʣʷʤʠ 

ʘʢʪʠʚʥʦʩʪʠ, ʧʦʪʨʝʙʥʦʩʪʠ ʧʨʦʷʚʣʷʶʪʩʷ ʧʦ-ʨʘʟʥʦʤʫ 

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʠʪʫʘʮʠʠ. ʅʘʣʠʯʠʝ ʥʝʫʜʦʚʣʝʪʚʦ-

ʨʝʥʥʳʭ ʧʦʪʨʝʙʥʦʩʪʝʡ ʫ ʯʝʣʦʚʝʢʘ ʩʚʷʟʳʚʘʶʪ ʩ 

ʥʘʧʨʷʞʝʥʠʝʤ ʠ ʜʠʩʢʦʤʬʦʨʪʦʤ, ʥʝʩʦʦʪʚʝʪʩʪʚʠʝʤ 

ʚʥʫʪʨʝʥʥʝʛʦ (ʞʝʣʘʝʤʦʛʦ) ʠ ʚʥʝʰʥʝʛʦ (ʨʝʘʣʴ-

ʥʦʛʦ), ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʤʦʪʠʚʘʮʠʝʡ ʘʢʪʠʚʥʦʩʪʠ.  

ɼʣʷ ʢʘʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʩʨʝʜʳ ʛʦʨʦʜʘ ʀ ʌʫ-

ʮʶʘʥʴ ʚʚʝʣ ʧʦʥʷʪʠʝ ʪʦʧʦʬʠʣʠʠ (ʣʶʙʚʠ ʢ ʤʝʩʪʫ, ʢ 

ʛʦʨʦʜʫ) ʢʘʢ ʵʩʪʝʪʠʯʝʩʢʦʡ ʠ ʵʤʦʮʠʦʥʘʣʴʥʦʡ ʩʚʷʟʠ 

ʤʝʞʜʫ ʣʶʜʴʤʠ ʠ ʩʨʝʜʦʡ, ʧʨʦʷʚʣʷʶʱʝʡʩʷ ʚ ʫʩʪʦʷʚ-

ʰʠʭʩʷ ʦʮʝʥʢʘʭ ʩʨʝʜʳ, ʝʝ ʩʠʤʚʦʣʠʯʝʩʢʦʡ ʠ ʵʩʪʝʪʠ-

ʯʝʩʢʦʡ ʮʝʥʥʦʩʪʠ [5]. ʊʦʧʦʬʠʣʠʷ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 

ʩʦʚʦʢʫʧʥʦʩʪʴ ʩʦʮʠʘʣʴʥʳʭ, ʛʨʘʜʦʩʪʨʦʠʪʝʣʴʥʳʭ, 

ʵʢʦʣʦʛʠʯʝʩʢʠʭ, ʢʫʣʴʪʫʨʥʳʭ ʠ ʵʤʦʮʠʦʥʘʣʴʥʳʭ ʬʘʢ-

ʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʦʮʝʥʠʪʴ ʦʪʥʦʰʝʥʠʝ ʯʝ-

ʣʦʚʝʢʘ ʢ ʦʢʨʫʞʘʶʱʝʡ ʝʛʦ ʫʨʙʘʥʠʟʠʨʦʚʘʥʥʦʡ ʩʨʝʜʝ. 

ɺ ʚʦʩʧʨʠʷʪʠʠ ʠ ʜʝʡʩʪʚʠʷʭ ʣʶʜʝʡ ʚ ʩʪʦʣʴ ʨʘʟʥʦʨʦʜ-

ʥʦʡ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ, ʢʘʢʦʡ ʷʚʣʷʝʪʩʷ ʩʦʚʨʝʤʝʥ-

ʥʳʡ ʛʦʨʦʜ, ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʦʙʱʝʝ 

ʯʫʚʩʪʚʦ - ʥʘʩʪʨʦʝʥʠʝ, ʢʦʪʦʨʦʝ ʫ ʥʠʭ ʚʦʟʥʠʢʘʝʪ ʦʪ 

ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʷ ʩ ʵʪʦʡ ʩʨʝʜʦʡ.  

ʊʦʧʦʬʠʣʠʶ, ʧʦ [5], ʬʦʨʤʠʨʫʶʪ ʩʣʝʜʫʶʱʠʝ 

ʬʘʢʪʦʨʳ: ʫʨʦʚʝʥʴ ʩʪʨʝʩʩʘ (ʚʩʝ ʚʠʜʳ ʟʘʛʨʷʟʥʝʥʠʡ, 

ʧʝʨʝʥʘʩʳʱʝʥʥʦʩʪʴ ʠʤʧʫʣʴʩʘʤʠ - ʟʚʫʢʦʚʳʤʠ, ʚʠʟʫ-

ʘʣʴʥʳʤʠ ʠ ʜʨ.); ʩʦʮʠʘʣʴʥʳʭ ʢʘʯʝʩʪʚ ʩʨʝʜʳ (ʨʦʣʴ 

ʬʠʟʠʯʝʩʢʦʡ ʩʨʝʜʳ ʚ ʨʘʟʚʠʪʠʠ ʠʣʠ ʧʦʜʘʚʣʝʥʠʠ ʚʟʘ-

ʠʤʦʜʝʡʩʪʚʠʡ ʩʦʮʠʘʣʴʥʦʛʦ ʭʘʨʘʢʪʝʨʘ); ʦʨʠʝʥʪʘʮʠʠ 

ʠ ʧʦʜʚʠʞʥʦʩʪʠ (ʩʦʦʪʚʝʪʩʪʚʠʝ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʞʠʪʝ-

ʣʝʡ ʦ ʩʨʝʜʝ ʦʙʠʪʘʥʠʷ ʬʘʢʪʠʯʝʩʢʦʡ ʩʨʝʜʝ); ʥʘʧʦʣ-

ʥʝʥʥʦʩʪʠ ʩʨʝʜʳ (ʵʩʪʝʪʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ ʠʤʧʫʣʴʩʦʚ, 

ʩʧʦʩʦʙʩʪʚʫʶʱʠʭ ʫʜʦʚʣʝʪʚʦʨʝʥʠʶ ʧʦʪʨʝʙʥʦʩʪʝʡ); 

ʢʫʣʴʪʫʨʳ ʠ ʦʪʜʳʭʘ (ʫʜʦʚʣʝʪʚʦʨʝʥʠʝ ʛʦʨʦʜʦʤ ʧʦ-

ʪʨʝʙʥʦʩʪʝʡ ʚ ʢʫʣʴʪʫʨʥʦʡ, ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ, ʩʧʦʨ-

ʪʠʚʥʦʡ ʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʩʬʝʨʘʭ); ʚʦʟʤʦʞʥʦʩʪʠ 

ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʞʠʪʝʣʷʤʠ ʦʙ ʫʨʦʚʥʝ ʨʘʟʚʠʪʠʷ 

ʩʨʝʜʳ ʦʙʠʪʘʥʠʷ ʠ ʘʢʪʠʚʥʦʛʦ ʫʯʘʩʪʠʷ ʚ ʨʝʰʝʥʠʠ ʚʦ-

ʧʨʦʩʦʚ ʧʩʠʭʦʣʦʛʠʯʝʩʢʦʡ ʵʢʦʣʦʛʠʠ. 

ʕʪʦʪ ʨʷʜ, ʧʦ ʥʘʰʝʤʫ ʤʥʝʥʠʶ, ʜʘʣʝʢʦ ʥʝ ʧʦʣʦʥ: 

ʥʘ ʧʝʨʚʳʭ ʤʝʩʪʘʭ ʚ ʬʘʢʪʦʨʘʭ ʬʦʨʤʠʨʦʚʘʥʠʷ ʣʶʙʚʠ 

ʢ ʛʦʨʦʜʫ ʜʦʣʞʥʳ ʩʪʦʷʪʴ ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʛʘʨʤʦʥʠʷ 

ʛʦʨʦʜʘ ʠ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ (ʚ ʪʦʤ ʯʠʩʣʝ ʛʘʨʤʦʥʠʷ 

ʩʦʮʠʘʣʴʥʦʡ ʩʨʝʜʳ), ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʢʨʘʩʦʪʘ ʛʦʨʦʜʘ 

(ʝʛʦ ʟʜʘʥʠʡ, ʠʥʞʝʥʝʨʥʳʭ ʩʦʦʨʫʞʝʥʠʡ, ʚʩʝʡ ʠʥʬʨʘ-

ʩʪʨʫʢʪʫʨʳ, ʚʩʝʡ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʩʨʝʜʳ), ʠ ʵʢʦʣʦʛʠ-

ʯʝʩʢʘʷ ʢʦʤʬʦʨʪʥʦʩʪʴ ʛʦʨʦʜʘ. ʇʨʠ ʵʪʦʤ ʚ ʧʝʨʝʯʝʥʴ 

ʫʜʦʚʣʝʪʚʦʨʷʝʤʳʭ ʧʦʪʨʝʙʥʦʩʪʝʡ, ʙʝʟʫʩʣʦʚʥʦ, 

ʜʦʣʞʥʳ ʚʭʦʜʠʪʴ ʚʩʝ ʧʦʪʨʝʙʥʦʩʪʠ - ʥʘʯʠʥʘʷ ʦʪ ʝʩʪʝ-

ʩʪʚʝʥʥʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʠ ʪʨʫʜʦʚʳʭ ʠ ʚʧʣʦʪʴ ʜʦ 

ʩʦʮʠʘʣʴʥʳʭ ʠ ʵʪʥʠʯʝʩʢʠʭ. 

ʃʶʙʦʚʴ ʢ ʛʦʨʦʜʫ (çʪʦʧʦʬʠʣʠʷè) ʧʨʦʷʚʣʷʝʪʩʷ ʚ 

ʫʩʪʦʷʚʰʠʭʩʷ ʦʮʝʥʢʘʭ ʛʦʨʦʜʩʢʦʡ ʩʨʝʜʳ, ʝʝ ʘʨʭʠʪʝʢ-

ʪʫʨʥʦʡ, ʵʢʦʣʦʛʠʯʝʩʢʦʡ, ʩʦʮʠʘʣʴʥʦʡ, ʢʫʣʴʪʫʨʥʦʡ, 

ʵʩʪʝʪʠʯʝʩʢʦʡ ʮʝʥʥʦʩʪʠ. ʃʶʙʦʚʴ ʢ ʛʦʨʦʜʫ ʚʢʣʶʯʘʝʪ 

ʚ ʩʝʙʷ ʩʦʚʦʢʫʧʥʦʩʪʴ ʛʨʘʜʦʩʪʨʦʠʪʝʣʴʥʳʭ, ʘʨʭʠʪʝʢ-

ʪʫʨʥʳʭ, ʵʢʦʣʦʛʠʯʝʩʢʠʭ, ʩʦʮʠʘʣʴʥʳʭ, ʢʫʣʴʪʫʨʥʳʭ, 

ʵʩʪʝʪʠʯʝʩʢʠʭ, ʵʤʦʮʠʦʥʘʣʴʥʳʭ ʬʘʢʪʦʨʦʚ ʠ ʦʮʝʥʦʢ, 

ʬʦʨʤʠʨʫʶʱʠʭ ʦʪʥʦʰʝʥʠʝ ʯʝʣʦʚʝʢʘ ʢ ʛʦʨʦʜʩʢʦʡ 

ʩʨʝʜʝ. ɺʘʞʥʝʡʰʠʤʠ ʬʘʢʪʦʨʘʤʠ, ʦʧʨʝʜʝʣʷʶʱʠʤʠ 

ʦʪʥʦʰʝʥʠʝ ʢ ʛʦʨʦʜʫ, ʷʚʣʷʶʪʩʷ ʛʘʨʤʦʥʠʷ, ʢʨʘʩʦʪʘ, 

ʢʦʤʬʦʨʪʥʦʩʪʴ ʛʦʨʦʜʩʢʦʡ ʩʨʝʜʳ. 

ʃʶʙʠʤʳʡ ʞʠʪʝʣʷʤʠ ʛʦʨʦʜ ʜʦʣʞʝʥ ʦʙʝʩʧʝʯʠ-

ʚʘʪʴ ʵʪʠ ʬʘʢʪʦʨʳ ʠ ʜʣʷ ʞʠʪʝʣʝʡ, ʠ ʜʣʷ ʧʨʠʨʦʜʳ. 

ɻʘʨʤʦʥʠʷ, ʢʨʘʩʦʪʘ ʠ ʢʦʤʬʦʨʪʥʦʩʪʴ ʛʦʨʦʜʘ - ʵʪʦ ʩʫ-

ʱʝʩʪʚʝʥʥʳʝ ʚʟʘʠʤʦʜʦʧʦʣʥʷʶʱʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʩʨʝʜʳ; ʢʘʢ ʮʝʥʥʦʩʪʥʳʝ ʩʚʦʡʩʪʚʘ ʛʦʨʦʜʦʚ, ʚʣʠʷʶ-

ʱʠʝ ʥʘ ʩʨʝʜʫ ʞʠʟʥʠ ʯʝʣʦʚʝʢʘ, ʦʥʠ ʧʦʤʦʛʘʶʪ ʦʙʝʩ-

ʧʝʯʠʚʘʪʴ ʧʦʣʥʦʝ, ʵʢʦʣʦʛʠʯʝʩʢʠ ʦʙʦʩʥʦʚʘʥʥʦʝ, ʫʜʦ-

ʚʣʝʪʚʦʨʝʥʠʝ ʧʦʪʨʝʙʥʦʩʪʝʡ ʞʠʪʝʣʝʡ, ʩ ʩʦʭʨʘʥʝʥʠʝʤ 

ʧʨʠʨʦʜʳ, ʩ ʧʦʜʜʝʨʞʢʦʡ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʚʥʦʚʝʩʠʷ 

ʠ ʧʨʠ ʫʯʝʪʝ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʦʩʪʫʣʘʪʦʚ. ʀʭ ʪʨʠʝʜʠʥ-

ʩʪʚʦ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʚʤʝʩʪʝ ʦʥʠ ʩʦʩʪʘʚʣʷʶʪ ʢʦʤ-

ʧʣʝʢʩʥʳʝ ʵʢʦʣʦʛʠʯʝʩʢʠʝ, ʵʩʪʝʪʠʯʝʩʢʠʝ, ʵʪʠʯʝʩʢʠʝ, 

ʧʩʠʭʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʠ ʩʦʮʠʘʣʴʥʦ - ʵʢʦʣʦʛʠʯʝ-

ʩʢʠʝ ʢʘʯʝʩʪʚʘ ʩʦʚʨʝʤʝʥʥʳʭ ʛʦʨʦʜʦʚ, ʩʣʫʞʘʱʠʝ 

ʫʜʦʚʣʝʪʚʦʨʝʥʠʶ ʧʦʪʨʝʙʥʦʩʪʝʡ ʞʠʪʝʣʝʡ, ʩʦʭʨʘʥʝ-

ʥʠʶ ʧʨʠʨʦʜʳ ʠ ʩʦʟʜʘʥʠʶ ʟʜʦʨʦʚʦʡ ʩʨʝʜʳ ʞʠʟʥʠ.  

ʕʪʠ ʢʘʯʝʩʪʚʘ ʤʦʛʫʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʳ ʪʦʣʴʢʦ ʚ 

ʫʩʣʦʚʠʷʭ ʥʝʦʙʭʦʜʠʤʦʡ ʯʝʣʦʚʝʢʫ ʠ ʧʨʠʨʦʜʝ çʫʧʨʫ-

ʛʦʩʪʠè ʩʨʝʜʳ ʞʠʟʥʠ ʢʘʢ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʣʦʛʠʯʝʩʢʦʡ 

ʧʦʜʩʠʩʪʝʤʳ, ʯʪʦ ʜʦʩʪʠʛʘʝʪʩʷ ʝʝ ʩʧʦʩʦʙʥʦʩʪʴʶ ʢ 

ʘʜʘʧʪʘʮʠʷʤ ʚ ʤʝʥʷʶʱʝʤʩʷ ʤʠʨʝ. çʋʧʨʫʛʦʩʪʴè 

ʩʨʝʜʳ ʞʠʟʥʠ, ʚʢʣʶʯʘʶʱʝʡ ʚ ʩʝʙʷ ʵʢʦʣʦʛʠʯʝʩʢʠʡ ʠ 

http://ru.wiktionary.org/w/index.php?title=%CF%86%CE%B9%CE%BB%CE%B5%E1%BF%96%CE%BD&action=edit&redlink=1
http://ru.wiktionary.org/w/index.php?title=%E1%BC%80%CE%B3%CE%B1%CF%80%E1%BE%B6%CE%BD&action=edit&redlink=1
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ʩʦʮʠʘʣʴʥʳʡ ʢʦʤʧʦʥʝʥʪʳ, ï ʵʪʦ ʝʝ ʩʧʦʩʦʙʥʦʩʪʴ ʚʦʟ-

ʚʨʘʱʘʪʴʩʷ ʚ ʠʩʭʦʜʥʦʝ ʩʦʩʪʦʷʥʠʝ ʧʦʩʣʝ ʠʟʤʝʥʝʥʠʡ 

ʧʦʜ ʚʣʠʷʥʠʝʤ ʥʝʛʘʪʠʚʥʳʭ ʬʘʢʪʦʨʦʚ, ʩʧʦʩʦʙʥʦʩʪʴ 

ʚʳʜʝʨʞʠʚʘʪʴ ʚʥʝʰʥʠʝ ʠ ʚʥʫʪʨʝʥʥʠʝ ʚʦʟʜʝʡʩʪʚʠʷ 

ʙʝʟ ʠʟʤʝʥʝʥʠʷ ʦʩʥʦʚʥʳʭ ʬʫʥʢʮʠʡ. ʆʥʘ ʠʤʝʝʪ ʬʫʥ-

ʜʘʤʝʥʪʘʣʴʥʫʶ ʮʝʥʥʦʩʪʴ ʢʘʢ ʚʘʞʥʝʡʰʝʝ ʫʩʣʦʚʠʝ 

ʧʦʜʜʝʨʞʘʥʠʷ ʟʜʦʨʦʚʦʡ, ʵʢʦʣʦʛʠʯʝʩʢʦʡ, ʢʦʤʬʦʨʪ-

ʥʦʡ ʩʨʝʜʳ ʚ ʛʦʨʦʜʘʭ.  

ɸʜʘʧʪʠʚʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʢʦʤ-

ʧʦʥʝʥʪʘ ʩʚʷʟʘʥʘ ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʠʥ-

ʬʨʘʩʪʨʫʢʪʫʨʳ, ʦʙʦʩʥʦʚʘʥʥʦʛʦ ʦʙʲʝʤʘ ʝʩʪʝʩʪʚʝʥ-

ʥʦʡ ʧʨʠʨʦʜʳ, ʩ ʛʝʥʝʪʠʯʝʩʢʠʤ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʤ ʨʘʟ-

ʥʦʦʙʨʘʟʠʝʤ. ɸʜʘʧʪʠʚʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʩʦʮʠʘʣʴʥʦʛʦ 

ʢʦʤʧʦʥʝʥʪʘ ʟʘʚʠʩʠʪ ʦʪ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʧʦʪʨʝʙʥʦ-

ʩʪʝʡ, ʨʘʚʥʦʧʨʘʚʠʷ, ʫʯʘʩʪʠʷ ʞʠʪʝʣʝʡ ʚ ʫʧʨʘʚʣʝʥʠʠ 

ʛʦʨʦʜʩʢʦʡ ʩʨʝʜʦʡ, ʠ ʧʨ. ʉʨʝʜʫ ʞʠʟʥʠ ʧʦʜʜʝʨʞʠʚʘʝʪ 

ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ. 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʤʥʦʛʠʤʠ ʩʪʨʘʥʘʤʠ ʙʳʣʘ 

ʧʨʠʥʷʪʘ ʢʦʥʮʝʧʮʠʷ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ, ʥʘʧʨʘʚ-

ʣʝʥʥʘʷ ʥʘ ʩʦʟʜʘʥʠʝ ʵʢʦʣʦʛʠʯʥʦ ʨʘʟʚʠʚʘʶʱʠʭʩʷ 

ʩʪʨʘʥ ʠ ʛʦʨʦʜʦʚ. ʅʦ ʵʪʘ ʢʦʥʮʝʧʮʠʷ ʯʨʝʚʘʪʘ ʥʝʜʦ-

ʩʪʘʪʢʘʤʠ, ʢʦʪʦʨʳʝ ʜʝʣʘʶʪ ʝʝ ʧʣʦʭʦ ʨʝʘʣʠʟʫʝʤʦʡ. 

ʈʘʟʚʠʪʠʝ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ ï ʧʨʦʪʠʚʦʨʝʯʠʚʳʝ ʧʦʥʷ-

ʪʠʷ; ʥʝʩʪʘʙʠʣʴʥʦʩʪʴ, ʥʝʫʩʪʦʡʯʠʚʦʩʪʴ ʥʝʩʫʪ ʚ ʩʝʙʝ 

ʟʘʨʦʜʳʰʠ ʨʘʟʚʠʪʠʷ. ʂʘʢ ʧʠʰʝʪ ʠʟʚʝʩʪʥʳʡ ʠʩʩʣʝʜʦ-

ʚʘʪʝʣʴ ʀ.ʈ. ʇʨʠʛʦʞʠʥ ʚ ʩʚʦʝʡ ʢʥʠʛʝ ʩ ʭʘʨʘʢʪʝʨʥʳʤ 

ʥʘʟʚʘʥʠʝʤ çʌʠʣʦʩʦʬʠʷ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠè, çʧʦʥʷʪʠʝ 

ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ (ʠʣʠ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ) ʦʩʚʦʙʦʞʜʘ-

ʝʪʩʷéʦʪ ʥʝʛʘʪʠʚʥʦʩʪʠ ʦʪʪʝʥʢʘ. ʅʝʫʩʪʦʡʯʠʚʦʩʪʴ ʜʘ-

ʣʝʢʦ ʥʝ ʚʩʝʛʜʘ ʝʩʪʴ ʟʣʦ, ʧʦʜʣʝʞʘʱʝʝ ʫʩʪʨʘʥʝʥʠʶ, 

ʠʣʠ ʞʝ ʥʝʢʘʷ ʜʦʩʘʜʥʘʷ ʥʝʧʨʠʷʪʥʦʩʪʴ. ʅʝʫʩʪʦʡʯʠ-

ʚʦʩʪʴ ʤʦʞʝʪ ʚʳʩʪʫʧʘʪʴ ʫʩʣʦʚʠʝʤ ʩʪʘʙʠʣʴʥʦʛʦ ʠ ʜʠ-

ʥʘʤʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷè. ʇʦʜʪʚʝʨʞʜʝʥʠʝʤ ʥʝʜʦ-

ʩʪʘʪʢʦʚ ʢʦʥʮʝʧʮʠʠ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ ʷʚʣʷʝʪʩʷ 

ʧʨʦʪʠʚʦʨʝʯʠʚʘʷ ʤʠʨʦʚʘʷ ʧʨʘʢʪʠʢʘ ʛʨʘʜʦʩʪʨʦʠʪʝʣʴ-

ʩʪʚʘ; ʥʘʨʷʜʫ ʩ ʥʝʢʦʪʦʨʳʤʠ ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ ʩʜʚʠ-

ʛʘʤʠ ʚ ʩʦʟʜʘʥʠʠ ʟʜʦʨʦʚʳʭ ʠ ʢʨʘʩʠʚʳʭ ʛʦʨʦʜʦʚ, 

ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʨʘʚʥʦʚʝʩʠʠ ʩ ʧʨʠʨʦʜʦʡ, ʨʘʩʪʫʪ ʨʘ-

ʥʝʝ ʥʝ ʠʟʚʝʩʪʥʳʝ ʚ ʠʩʪʦʨʠʠ ʛʠʛʘʥʪʩʢʠʝ ʫʨʙʦʘʨʝʘʣʳ, 

ʧʨʠʯʝʤ ʙʦʣʴʰʝ ʚʩʝʛʦ ï ʚ ʙʝʜʥʳʭ ʨʝʛʠʦʥʘʭ ʤʠʨʘ; 

ʥʘʙʣʶʜʘʝʪʩʷ ʥʦʚʦʝ ʥʝʛʘʪʠʚʥʦʝ ʷʚʣʝʥʠʝ, ʥʘʟʚʘʥʥʦʝ 

çʫʨʙʘʥʠʟʘʮʠʝʡ ʥʠʱʝʪʳè (ʂ. ʊʦʧʬʝʨ, ʎʝʥʪʨ 

çHabitatè ʆʆʅ); ʥʝ ʦʩʪʘʥʦʚʣʝʥʦ ʨʘʟʚʠʪʠʝ ʛʣʦʙʘʣʴ-

ʥʦʛʦ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʢʨʠʟʠʩʘ. ʈʝʘʣʴʥʦʩʪʴ ʩʦʟʜʘʥʠʷ 

ʛʘʨʤʦʥʠʯʥʦʡ, ʢʨʘʩʠʚʦʡ ʠ ʢʦʤʬʦʨʪʥʦʡ ʩʨʝʜʳ ʛʦʨʦ-

ʜʦʚ, ʩʦʭʨʘʥʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʠ ʦʙʦʩʥʦʚʘʥʥʦʡ ʯʘʩʪʠ 

ʧʨʠʨʦʜʳ ʚ ʝʩʪʝʩʪʚʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʦʢʘʟʘʣʘʩʴ 

ʩʣʦʞʥʦʡ.  

ʂʦʥʮʝʧʮʠʷ çʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷè ʧʨʦʪʠʚʦ-

ʨʝʯʠʚʘ, ʘ ʩʘʤʦ ʫʩʪʦʡʯʠʚʦʝ ʨʘʟʚʠʪʠʝ, ʚʠʜʠʤʦ, ʥʝʜʦ-

ʩʪʠʞʠʤʦ. ɸʚʪʦʨʦʤ ʧʨʝʜʣʘʛʘʝʪʩʷ ʥʦʚʘʷ ʢʦʥʮʝʧʮʠʷ, 

ʧʨʠʟʚʘʥʥʘʷ ʜʦʧʦʣʥʠʪʴ ʫʩʪʦʡʯʠʚʦʝ ʨʘʟʚʠʪʠʝ: çʉʦ-

ʟʜʘʥʠʝ ʛʘʨʤʦʥʠʯʥʦʡ, ʢʨʘʩʠʚʦʡ ʠ ʢʦʤʬʦʨʪʥʦʡ 

ʩʨʝʜʳ ʛʦʨʦʜʦʚ ʥʘ ʙʘʟʝ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʠʥʬʨʘʩʪʨʫʢ-

ʪʫʨʳè. ʕʪʘ ʢʦʥʮʝʧʮʠʷ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʨʝʰʝʥʠʝ ʩʘ-

ʤʦʡ ʚʘʞʥʦʡ ʧʨʦʙʣʝʤʳ ʜʣʷ ʯʝʣʦʚʝʢʘ ʠ ʯʝʣʦʚʝʯʝʩʪʚʘ. 

ʏʝʣʦʚʝʢ ʢʘʢ ʚʠʜ ʤʦʞʝʪ ʩʫʱʝʩʪʚʦʚʘʪʴ ʠ ʨʘʟʚʠʚʘʪʴʩʷ 

ʪʦʣʴʢʦ ʚ ʫʩʣʦʚʠʷʭ ʟʜʦʨʦʚʦʡ (ʛʘʨʤʦʥʠʯʥʦʡ, ʢʨʘʩʠ-

ʚʦʡ, ʢʦʤʬʦʨʪʥʦʡ) ʩʨʝʜʳ ʞʠʟʥʠ. ɺʘʞʥʝʡʰʘʷ ʜʣʷ ʯʝ-

ʣʦʚʝʢʘ ʩʨʝʜʘ ʞʠʟʥʠ - ʵʪʦ ʜʠʥʘʤʠʯʥʘʷ ʩʦʚʦʢʫʧʥʦʩʪʴ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʤʝʞʜʫ ʩʦʙʦʡ ʧʦʣʥʦʩʪʴʶ ʝʩʪʝ-

ʩʪʚʝʥʥʦʡ ʠ ʩʣʘʙʦ ʠʟʤʝʥʝʥʥʦʡ ʯʝʣʦʚʝʢʦʤ ʧʨʠʨʦʜ-

ʥʦʡ ʩʨʝʜʳ, ʢʫʣʴʪʫʨʥʦʡ ʩʨʝʜʳ ï ʢʫʣʴʪʫʨʥʳʭ ʣʘʥʜ-

ʰʘʬʪʦʚ ʠ ʧʨ., ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʠʩʢʫʩʩʪʚʝʥ-

ʥʦʡ ʪʝʭʥʠʯʝʩʢʦʡ ʩʨʝʜʳ ʛʦʨʦʜʦʚ, ʩʦʮʠʘʣʴʥʦ - ʧʩʠʭʦ-

ʣʦʛʠʯʝʩʢʦʡ ʠ ʩʦʮʠʘʣʴʥʦ - ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʩʨʝʜʳ, 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʤʝʞʜʫ ʩʦʙʦʡ ʠ ʩ ʯʝʣʦʚʝʢʦʤ, ʠ 

ʚ ʠʪʦʛʝ ʚʦʟʜʝʡʩʪʚʫʶʱʠʭ ʧʦʣʦʞʠʪʝʣʴʥʦ ʠʣʠ ʦʪʨʠ-

ʮʘʪʝʣʴʥʦ ʥʘ ʯʝʣʦʚʝʢʘ. ɽʝ ʩʦʭʨʘʥʷʝʪ ʠ ʧʦʟʚʦʣʷʝʪ 

ʚʦʩʩʪʘʥʦʚʠʪʴ ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ. ʕʢʦ-

ʣʦʛʠʯʝʩʢʘʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ - ɻ ʪʦ ʰʠʨʦʯʘʡʰʠʡ ʢʦʤ-

ʧʣʝʢʩ ʧʨʠʨʦʜʥʳʭ, ʧʨʠʨʦʜʥʦïʘʥʪʨʦʧʦʛʝʥʥʳʭ ʠ ʠʩ-

ʢʫʩʩʪʚʝʥʥʳʭ ʦʙʲʝʢʪʦʚ ʠ ʩʠʩʪʝʤ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ 

ʫʩʣʦʚʠʷ ʩʦʭʨʘʥʝʥʠʷ ʩʨʝʜʳ ʞʠʟʥʠ ʯʝʣʦʚʝʢʘ [2-4]. 

ɿʜʦʨʦʚʘʷ (ʛʘʨʤʦʥʠʯʥʘʷ, ʢʨʘʩʠʚʘʷ, ʢʦʤʬʦʨʪʥʘʷ) 

ʩʨʝʜʘ ʞʠʟʥʠ - ʦʩʥʦʚʥʦʡ ʬʘʢʪʦʨ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ 

ʫʜʦʚʣʝʪʚʦʨʝʥʠʝ ʧʦʪʨʝʙʥʦʩʪʝʡ ʯʝʣʦʚʝʢʘ, ʧʦʚʳʰʘʶ-

ʱʠʡ ʢʘʯʝʩʪʚʦ ʞʠʟʥʠ, ʬʦʨʤʠʨʫʶʱʠʡ ʛʘʨʤʦʥʠʯʥʫʶ 

ʩʦʮʠʘʣʴʥʫʶ ʩʨʝʜʫ. ʇʦʵʪʦʤʫ ʩʦʟʜʘʥʠʝ ʚʳʩʦʢʦʢʘʯʝ-

ʩʪʚʝʥʥʦʡ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʚ ʤʘʩ-

ʰʪʘʙʝ ʩʪʨʘʥʳ ʠ ʛʦʨʦʜʦʚ, ʝʝ ʨʝʩʪʘʚʨʘʮʠʷ, ʧʦʜʜʝʨʞʘ-

ʥʠʝ ʠ ʫʣʫʯʰʝʥʠʝ, - ʚʘʞʥʝʡʰʘʷ ʥʘʨʦʜʥʦʭʦʟʷʡʩʪʚʝʥ-

ʥʘʷ ʟʘʜʘʯʘ. 

ʕʢʦʣʦʛʠʯʝʩʢʘʷ ʛʘʨʤʦʥʠʷ ʛʦʨʦʜʦʚ ʠ ʧʨʠʨʦʜʳ ï 

ʵʪʦ ʦʜʥʦ ʠʟ ʚʘʞʥʝʡʰʠʭ ʩʨʝʜʩʪʚ ʩʦʭʨʘʥʝʥʠʷ ʠ ʧʦʜ-

ʜʝʨʞʢʠ ʧʨʠʨʦʜʳ ʧʨʠ ʩʦʟʜʘʥʠʠ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥ-

ʥʦʡ ʛʦʨʦʜʩʢʦʡ ʩʨʝʜʳ. ʕʢʦʣʦʛʠʯʝʩʢʘʷ ʢʨʘʩʦʪʘ ʛʦʨʦ-

ʜʦʚ ʩʣʫʞʠʪ ʜʣʷ ʩʦʟʜʘʥʠʷ ʠʭ ʵʩʪʝʪʠʯʝʩʢʠ ʧʨʠʚʣʝʢʘ-

ʪʝʣʴʥʦʛʦ ʦʙʨʘʟʘ, ʜʣʷ ʙʦʣʝʝ ʧʦʣʥʦʛʦ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ 

ʧʦʪʨʝʙʥʦʩʪʝʡ ʞʠʪʝʣʝʡ. ʕʢʦʣʦʛʠʯʝʩʢʠʡ ʢʦʤʬʦʨʪ ʩʦ-

ʟʜʘʝʪ ʧʨʠʷʪʥʫʶ ʠ ʧʦʣʝʟʥʫʶ ʩʨʝʜʫ ʜʣʷ ʞʠʪʝʣʝʡ, ʠ 

ʤʦʞʝʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥ ʪʦʣʴʢʦ ʚ ʛʘʨʤʦʥʠʯʥʦʡ, ʢʨʘ-

ʩʠʚʦʡ, ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʩʨʝʜʝ ʛʦʨʦʜʦʚ. ʆʪʩʶʜʘ ʚʳʪʝ-

ʢʘʝʪ ʪʨʠʝʜʠʥʩʪʚʦ ʛʘʨʤʦʥʠʠ, ʢʨʘʩʦʪʳ ʠ ʢʦʤʬʦʨʪʥʦ-

ʩʪʠ ʛʦʨʦʜʦʚ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʛʦʨʦʜʘ ʧʦʢʘ ʜʘʣʝʢʠ ʦʪ ʩʦʦʪʚʝʪ-

ʩʪʚʠʷ ʵʪʠʤ ʢʦʤʧʣʝʢʩʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ: ʚ ʛʦʨʦ-

ʜʘʭ ʦʙʳʯʥʦ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʦʛʨʘʥʠʯʝʥʥʦʝ (ʫʨʦʚʥʝʤ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʩʪʨʘʥ ʠ ʩʪʝʧʝʥʴʶ ʵʢʦ-

ʣʦʛʠʯʝʩʢʦʡ ʦʙʨʘʟʦʚʘʥʥʦʩʪʠ ʩʧʝʮʠʘʣʠʩʪʦʚ ʠ ʞʠʪʝ-

ʣʝʡ), ʯʠʩʣʦ ʩʚʦʡʩʪʚ ï ʥʘʧʨʠʤʝʨ, ʢʘʯʝʩʪʚʦ ʚʥʫʪʨʝʥ-

ʥʝʡ ʩʨʝʜʳ ʯʘʩʪʠ ʞʠʣʠʱ, ʫʨʦʚʝʥʴ ʦʙʝʩʧʝʯʝʥʠʷ ʢʦʤ-

ʬʦʨʪʘ ʠ ʢʦʤʤʫʥʘʣʴʥʳʭ ʫʜʦʙʩʪʚ ʚ ʞʠʣʠʱʘʭ, ʠ ʜʨ.; 

ʤʥʦʛʠʝ ʜʨʫʛʠʝ ʪʨʝʙʦʚʘʥʠʷ ʥʝ ʩʦʙʣʶʜʘʶʪʩʷ ï ɻ ʢʦʣʦ-

ʛʠʟʘʮʠʷ ʚʩʝʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʦʪʩʫʪʩʪʚʠʝ ʚʩʝʭ ʚʠʜʦʚ 

ʟʘʛʨʷʟʥʝʥʠʡ, ʩʦʭʨʘʥʝʥʠʝ ʥʝʦʙʭʦʜʠʤʦʡ ʧʣʦʱʘʜʠ 

ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ (ʜʦ 50% ʧʣʦʱʘʜʠ ʧʦʩʝʣʝʥʠʡ), 

ʵʢʦʣʦʛʠʯʥʦʩʪʴ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʦʙʲʝʢʪʦʚ, ʙʣʠʟʢʠʝ ʢ 

ʧʨʠʨʦʜʥʳʤ ʩʨʝʜʘʤ ʟʚʫʢʠ ʠ ʟʘʧʘʭʠ, ʠ ʧʨ. 

ʉʪʨʫʢʪʫʨʘ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʛʘʨʤʦʥʠʠ ʧʦʩʝʣʝʥʠʡ 

ʦʩʥʦʚʘʥʘ ʥʘ ʧʦʥʷʪʠʠ ʛʘʨʤʦʥʠʠ. ɻʘʨʤʦʥʠʷ - ʵʪʦ ʩʦ-

ʨʘʟʤʝʨʥʦʩʪʴ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʴ, ʩʧʦʩʦʙ ʩʦʛʣʘʩʦ-

ʚʘʥʠʷ ʯʘʩʪʝʡ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ ʦʥʠ ʦʙʲʝʜʠʥʷ-

ʶʪʩʷ ʚ ʝʜʠʥʦʝ ʦʨʛʘʥʠʯʝʩʢʦʝ ʮʝʣʦʝ. ʇʨʦʷʚʣʝʥʠʝ ʛʘʨ-

ʤʦʥʠʠ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʚʩʝ ʯʘʩʪʠ ʫʜʦʚʣʝʪʚʦʨʷʶʪ 

ʥʝʢʦʪʦʨʳʤ ʦʙʱʠʤ ʪʨʝʙʦʚʘʥʠʷʤ, ʚʟʘʠʤʥʦ ʜʦʧʦʣʥʷʷ, 

ʠ ʫʨʘʚʥʦʚʝʰʠʚʘʷ ʜʨʫʛ ʜʨʫʛʘ. ʆʜʥʠʤ ʠʟ ʫʩʣʦʚʠʡ ʛʘʨ-

ʤʦʥʠʠ ʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ ʝʝ ʵʢʦʥʦʤʠʯʥʦʩʪʴ. ʆʯʝ-

ʚʠʜʥʦ, ʯʪʦ ʚʩʝ ʞʠʚʳʝ ʩʠʩʪʝʤʳ ʧʨʠʰʣʠ ʢ ʛʘʨʤʦʥʠʠ 

ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʣʠʪʝʣʴʥʦʡ ʵʚʦʣʶʮʠʠ. ɺ ʧʦʥʷʪʠʝ ʛʘʨ-

ʤʦʥʠʯʥʦʩʪʠ ʚʭʦʜʷʪ ʪʘʢʞʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ, ʚʟʘʠ-

ʤʦʧʨʠʩʧʦʩʦʙʣʝʥʥʦʩʪʴ, ʠ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴ ʧʘʨʘʤʝʪ-

ʨʦʚ ʦʪʜʝʣʴʥʳʭ ʯʘʩʪʝʡ ʮʝʣʦʛʦ. 
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ɻʘʨʤʦʥʠʷ ʛʦʨʦʜʘ ï ɻ ʪʦ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴ, ʩʪʨʦʡ-

ʥʦʩʪʴ ʚ ʩʦʯʝʪʘʥʠʠ ʢʘʯʝʩʪʚ ʠ ʧʘʨʘʤʝʪʨʦʚ ʟʜʘʥʠʡ, ʩʦ-

ʦʨʫʞʝʥʠʡ ʠ ʧʨʠʨʦʜʳ (ʨʘʟʤʝʨʦʚ, ʬʦʨʤ, ʮʚʝʪʘ, ʧʨʠ-

ʨʦʜʥʳʭ ʬʦʨʤ ʠ ʚʠʜʦʚ, ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʠ ʝʩʪʝʩʪʚʝʥ-

ʥʦʡ ʧʨʠʨʦʜʳ, ʠ ʧʨ.). ʕʢʦʣʦʛʠʯʝʩʢʘʷ ʛʘʨʤʦʥʠʷ ï ʵʪʦ 

ʛʘʨʤʦʥʠʷ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʫʯʝʪʝ ʠʥʪʝʨʝʩʦʚ ʧʨʠʨʦʜʳ, 

ʥʘ ʧʦʜʜʝʨʞʘʥʠʠ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ ʠ ʵʢʦʣʦʛʠʯʝ-

ʩʢʦʛʦ ʨʘʚʥʦʚʝʩʠʷ. ɻʘʨʤʦʥʠʷ ʦʨʛʘʥʠʯʥʦ ʩʚʷʟʘʥʘ ʩ 

ʢʨʘʩʦʪʦʡ: ʧʨʝʢʨʘʩʥʦʝ - ʵʪʦ ʩʦʚʝʨʰʝʥʥʦʝ, ʛʘʨʤʦʥʠ-

ʯʝʩʢʦʝ. ɾʠʪʝʣʠ ʛʦʨʦʜʦʚ ʚʦʩʧʨʠʥʠʤʘʶʪ ʵʢʦʣʦʛʠʯʝ-

ʩʢʫʶ ʛʘʨʤʦʥʠʶ ʥʘ ʨʘʟʥʳʭ ʫʨʦʚʥʷʭ ï ʦʪ ʢʦʩʤʠʯʝ-

ʩʢʦʛʦ ʫʨʦʚʥʷ, ʜʦ ʫʨʦʚʥʷ ʙʣʠʞʥʝʡ ʩʨʝʜʳ. ʉʦʜʝʨʞʘ-

ʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʛʘʨʤʦʥʠʠ ʥʝʩʢʦʣʴʢʦ 

ʚʘʨʴʠʨʫʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʨʦʚʥʷ, ʭʦʪʷ ʚ ʮʝʣʦʤ 

ʝʝ ʩʪʨʫʢʪʫʨʘ ʢʘʢ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴ, ʮʝʣʦʩʪʥʦʩʪʴ ʢʘ-

ʯʝʩʪʚ ʠ ʧʘʨʘʤʝʪʨʦʚ ʟʜʘʥʠʡ, ʩʦʦʨʫʞʝʥʠʡ ʠ ʧʨʠʨʦʜʳ, 

ʩʦʭʨʘʥʷʝʪʩʷ:  

1.  ʂʦʩʤʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ. ɻʘʨʤʦʥʠʯʝʩʢʦʝ (ʩʦ-

ʛʣʘʩʦʚʘʥʥʦʝ) ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʢʦʩʤʦʩʘ ʠ ʚʩʝʭ ʩʬʝʨ 

ɿʝʤʣʠ. ʋʯʝʪ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʦʩʪʫʣʘʪʦʚ. ʆʪʩʫʪʩʪʚʠʝ 

ʟʘʛʨʷʟʥʝʥʠʷ ʢʦʩʤʠʯʝʩʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ.  

2.  ɻʣʦʙʘʣʴʥʳʡ ʫʨʦʚʝʥʴ. ʉʦʭʨʘʥʝʥʠʝ ʧʨʠ 

ʦʩʚʦʝʥʠʠ ʚ ʥʝʪʨʦʥʫʪʦʤ ʩʦʩʪʦʷʥʠʠ ʵʢʦʣʦʛʠʯʝʩʢʠ 

ʦʙʦʩʥʦʚʘʥʥʦʡ ʯʘʩʪʠ ʝʩʪʝʩʪʚʝʥʥʦʡ ʧʨʠʨʦʜʳ ɿʝʤʣʠ ʠ 

ʨʝʩʫʨʩʦʚ. ɺ ʫʩʣʦʚʠʷ ʛʘʨʤʦʥʠʠ ʚʭʦʜʷʪ ʦʙʝʩʧʝʯʝʥʠʝ 

ʛʘʨʤʦʥʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʩʝʡ ʧʨʠʨʦʜʳ ʥʘ 

ɿʝʤʣʝ; ʧʦʜʜʝʨʞʘʥʠʝ ʝʩʪʝʩʪʚʝʥʥʦʡ ʵʚʦʣʶʮʠʠ; ʵʢʦ-

ʣʦʛʠʯʝʩʢʦʝ ʨʘʚʥʦʚʝʩʠʝ ʢʘʢ ʦʙʷʟʘʪʝʣʴʥʦʝ ʫʩʣʦʚʠʝ 

ʛʘʨʤʦʥʠʠ. ʇʦʜʜʝʨʞʘʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʠ ʦʙʦʩʥʦʚʘʥ-

ʥʦʛʦ ʨʘʟʤʝʨʘ ʦʩʚʦʝʥʥʦʡ ʯʘʩʪʠ ʪʝʨʨʠʪʦʨʠʠ ʧʣʘʥʝʪʳ 

(ʩʦʢʨʘʱʝʥʠʝ ʠ ʟʘʪʝʤ - ʩʪʘʙʠʣʠʟʘʮʠʷ ʩʦʚʨʝʤʝʥʥʦʡ 

ʦʩʚʦʝʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʜʦ ʨʘʟʤʝʨʘ ʥʝ ʙʦʣʝʝ 40% 

ʧʣʦʱʘʜʠ ʧʣʘʥʝʪʳ), ʠ ʛʣʦʙʘʣʴʥʦʛʦ ʢʨʫʛʦʚʦʨʦʪʘ ʚʝ-

ʱʝʩʪʚ. ʋʯʝʪ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʦʩʪʫʣʘʪʦʚ. 

3.  ʋʨʦʚʝʥʴ ʢʦʥʪʠʥʝʥʪʦʚ, ʩʪʨʘʥ: ʵʢʦʣʦʛʠʯʝ-

ʩʢʦʝ ʨʘʚʥʦʚʝʩʠʝ - ʦʙʷʟʘʪʝʣʴʥʦʝ ʫʩʣʦʚʠʝ ʛʘʨʤʦʥʠʠ. 

ʉʦʭʨʘʥʝʥʠʝ ʚ ʥʝʪʨʦʥʫʪʦʤ ʩʦʩʪʦʷʥʠʠ ʵʢʦʣʦʛʠʯʝʩʢʠ 

ʦʙʦʩʥʦʚʘʥʥʦʡ ʯʘʩʪʠ ʝʩʪʝʩʪʚʝʥʥʦʡ ʧʨʠʨʦʜʳ ʩʪʨʘʥ ʠ 

ʨʝʩʫʨʩʦʚ. ʇʦʜʜʝʨʞʘʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʠ ʦʙʦʩʥʦʚʘʥ-

ʥʦʛʦ ʨʘʟʤʝʨʘ ʦʩʚʦʝʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ. ʋʯʝʪ ʵʢʦʣʦʛʠ-

ʯʝʩʢʠʭ ʧʦʩʪʫʣʘʪʦʚ. 

4.  ʋʨʦʚʝʥʴ ʧʦʩʝʣʝʥʠʡ. ʕʢʦʣʦʛʠʯʝʩʢʦʝ ʨʘʚʥʦ-

ʚʝʩʠʝ ʤʝʞʜʫ ʛʦʨʦʜʘʤʠ ʠ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʦʡ ʢʘʢ ʦʙʷ-

ʟʘʪʝʣʴʥʦʝ ʫʩʣʦʚʠʝ ʛʘʨʤʦʥʠʠ. ʇʦʜʜʝʨʞʘʥʠʝ ʵʢʦʣʦ-

ʛʠʯʝʩʢʠ ʦʙʦʩʥʦʚʘʥʥʦʛʦ ʨʘʟʤʝʨʘ ʦʩʚʦʝʥʥʦʡ ʪʝʨʨʠ-

ʪʦʨʠʠ ʧʦʩʝʣʝʥʠʡ. ʋʯʝʪ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʦʩʪʫʣʘʪʦʚ. 

5.  ʋʨʦʚʝʥʴ ʟʜʘʥʠʡ, ʧʦʤʝʱʝʥʠʡ. ɻʘʨʤʦʥʠʯ-

ʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚʥʝʰʥʝʡ ʠ ʚʥʫʪʨʝʥʥʝʡ ʩʨʝʜʳ 

(ʘʨʭʠʪʝʢʪʫʨʥʦ - ʧʣʘʥʠʨʦʚʦʯʥʳʭ ʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ 

ʨʝʰʝʥʠʡ ʟʜʘʥʠʡ), ʧʨʠʨʦʜʳ ʠ ʯʝʣʦʚʝʢʘ. 

ʉʫʱʥʦʩʪʴ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʛʘʨʤʦʥʠʠ ʧʦʩʝʣʝʥʠʡ 

ʩʦʩʪʦʠʪ ʚ: 

1. ɻʘʨʤʦʥʠʠ ʩʦʦʨʫʞʝʥʠʡ ʠ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ.  

2. ɻʘʨʤʦʥʠʠ ʝʩʪʝʩʪʚʝʥʥʦʡ ʠ ʢʫʣʴʪʫʨʥʦʡ ʧʨʠ-
ʨʦʜʳ.  

3. ɻʘʨʤʦʥʠʠ ʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ ʠ ʧʨʠ-
ʨʦʜʳ.  

4. ɻʘʨʤʦʥʠʠ ʞʠʚʦʡ ʧʨʠʨʦʜʳ ʚ ʛʦʨʦʜʝ ʠ ʚʦ-
ʢʨʫʛ ʥʝʛʦ, ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʝʩʪʝʩʪʚʝʥʥʦʡ ʵʚʦʣʶʮʠʠ; 

ʞʠʚʦʡ ʠ ʥʝʞʠʚʦʡ ʧʨʠʨʦʜʳ.  

5. ɻʘʨʤʦʥʠʯʥʳʭ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷʭ ʚ ʦʙʱʝ-
ʩʪʚʝ. 

ɺ ʛʦʨʦʜʝ ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʛʘʨʤʦʥʠʷ ʧʨʝʜʧʦʣʘ-

ʛʘʝʪ ʦʨʛʘʥʠʯʥʦʝ (ʵʢʦʣʦʛʠʯʝʩʢʦʝ, ʚʠʟʫʘʣʴʥʦʝ, ʘʨʭʠ-

ʪʝʢʪʫʨʥʦʝ, ʤʘʩʰʪʘʙʥʦʝ, ʵʩʪʝʪʠʯʝʩʢʦʝ) ʩʦʦʪʚʝʪʩʪʚʠʝ 

ʟʜʘʥʠʡ ʦʢʨʫʞʘʶʱʝʡ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʝ, ʮʝʣʴʥʦʩʪʴ ʠ 

ʝʜʠʥʩʪʚʦ ʤʥʦʛʦʦʙʨʘʟʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʨʝʰʝ-

ʥʠʡ, ʵʢʦʣʦʛʠʯʝʩʢʠ ʦʙʦʩʥʦʚʘʥʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʟʘʩʪʨʦʝʥʥʦʡ ʠ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ, ʛʘʨʤʦʥʠʯʥʦʝ ʩʦ-

ʯʝʪʘʥʠʝ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʠ ʝʩʪʝʩʪʚʝʥʥʦʡ ʧʨʠʨʦʜʳ. 

ʕʢʦʣʦʛʠʯʝʩʢʘʷ ʛʘʨʤʦʥʠʷ ʛʦʨʦʜʘ ʚʦʟʤʦʞʥʘ ʪʦʣʴʢʦ 

ʥʘ ʦʩʥʦʚʝ ʦʨʛʘʥʠʯʥʦʛʦ ʩʦʯʝʪʘʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʟʘ-

ʩʪʨʦʡʢʠ ʩ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʦʡ.  

ʉʪʨʫʢʪʫʨʘ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʢʨʘʩʦʪʳ ʛʦʨʦʜʘ ʦʩ-

ʥʦʚʘʥʘ ʥʘ ʪʦʤ, ʯʪʦ ʢʨʘʩʦʪʘ ï ʵʪʦ ʧʝʨʚʦʩʪʝʧʝʥʥʳʡ 

ʧʨʠʟʥʘʢ ʧʨʝʜʤʝʪʦʚ ʠ ʷʚʣʝʥʠʡ, ʦʙʣʘʜʘʶʱʠʭ ʚʳʩʰʝʡ 

ʵʩʪʝʪʠʯʝʩʢʦʡ ʮʝʥʥʦʩʪʴʶ; ʵʪʦ ï ʜʠʥʘʤʠʯʥʦʝ (ʠʩʪʦ-

ʨʠʯʝʩʢʠ ʤʝʥʷʶʱʝʝʩʷ) ʢʘʯʝʩʪʚʦ, ʚʳʟʳʚʘʶʱʝʝ ʵʩʪʝ-

ʪʠʯʝʩʢʦʝ ʠ ʥʨʘʚʩʪʚʝʥʥʦʝ ʥʘʩʣʘʞʜʝʥʠʝ, ʦʩʥʦʚʘʥʥʦʝ 

ʥʘ ʛʘʨʤʦʥʠʠ ʠ ʤʥʦʛʦʦʙʨʘʟʠʠ, ʥʘ ʧʨʝʚʳʰʘʶʱʝʤ 

ʦʞʠʜʘʥʠʝ ʩʦʦʪʚʝʪʩʪʚʠʠ ʥʘʙʣʶʜʘʝʤʦʛʦ ʧʨʝʜʤʝʪʘ 

ʠʣʠ ʷʚʣʝʥʠʷ ʩʦʟʜʘʥʥʦʤʫ ʚ ʤʳʰʣʝʥʠʠ ʩʦʚʝʨʰʝʥ-

ʥʦʤʫ ʠ ʛʘʨʤʦʥʠʯʥʦʤʫ ʦʙʨʘʟʫ. ʂʨʘʩʦʪʘ ʛʦʨʦʜʘ ï ʵʪʦ 

ʚʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ ʩʦʦʨʫʞʝʥʠʡ ʛʦʨʦʜʘ, ʚʩʝʭ ʝʛʦ 

ʝʩʪʝʩʪʚʝʥʥʳʭ (ʣʘʥʜʰʘʬʪʦʚ) ʠ ʠʩʢʫʩʩʪʚʝʥʥʳʭ (ʟʜʘ-

ʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ) ʢʦʤʧʦʥʝʥʪʦʚ, ʚʳʟʳʚʘʶʱʝʝ ʯʫʚ-

ʩʪʚʦ ʫʜʦʚʦʣʴʩʪʚʠʷ (ʧʦʣʥʦʛʦ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʵʩʪʝ-

ʪʠʯʝʩʢʠʭ ʠ ʥʨʘʚʩʪʚʝʥʥʳʭ ʧʦʪʨʝʙʥʦʩʪʝʡ) ʞʠʪʝʣʝʡ. 

ʕʢʦʣʦʛʠʯʝʩʢʘʷ ʢʨʘʩʦʪʘ ï ɻ ʪʦ ʢʨʘʩʦʪʘ ʦʙʲʝʢʪʦʚ ʠ ʷʚ-

ʣʝʥʠʡ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʛʘʨʤʦʥʠʠ ʩ ʧʨʠʨʦʜʦʡ, ʧʦʜ-

ʜʝʨʞʠʚʘʶʱʠʭ ʧʨʠʨʦʜʫ, ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʝ, ʵʢʦʣʦʛʠ-

ʯʝʩʢʦʝ ʨʘʚʥʦʚʝʩʠʝ. ʂʨʘʩʦʪʘ ʛʦʨʦʜʘ ï ɻ ʪʦ ʠʥʪʝʛʨʘʣʴ-

ʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ, ʚʢʣʶʯʘʶʱʘʷ ʢʨʘʩʦʪʫ ʟʜʘʥʠʡ ʠ 

ʠʥʞʝʥʝʨʥʳʭ ʩʦʦʨʫʞʝʥʠʡ, ʪʨʘʥʩʧʦʨʪʘ, ʦʙʲʝʢʪʦʚ 

ʵʥʝʨʛʝʪʠʢʠ, ʠʥʜʫʩʪʨʠʠ, ʛʦʨʦʜʩʢʠʭ ʠ ʧʨʠʛʦʨʦʜʥʳʭ 

ʣʘʥʜʰʘʬʪʦʚ, ʬʣʦʨʳ ʠ ʬʘʫʥʳ, ʚʦʜʥʳʭ ʙʘʩʩʝʡʥʦʚ, 

ʩʦʮʠʘʣʴʥʦ - ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʠ ʩʦʮʠʘʣʴʥʦ - ʧʩʠʭʦʣʦ-

ʛʠʯʝʩʢʦʡ ʩʨʝʜʳ ʚ ʛʦʨʦʜʝ, ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʴ ʩʝʥ-

ʩʦʨʥʳʭ ʩʨʝʜ, ʙʣʠʟʦʩʪʴ ʢ ʧʨʠʨʦʜʝ, ʦʪʩʫʪʩʪʚʠʝ ʧʝʨʝ-

ʫʧʣʦʪʥʝʥʥʦʩʪʠ, ʠ ʜʨ. ʉʣʦʞʥʦʩʪʴ ʧʦʥʷʪʠʷ ʢʨʘʩʦʪʳ 

ʛʦʨʦʜʘ ʩʚʷʟʘʥʘ ʥʝ ʪʦʣʴʢʦ ʩ ʪʝʤ, ʯʪʦ ʦʥʘ ʚʦʩʧʨʠʥʠ-

ʤʘʝʪʩʷ ʚ ʢʦʤʧʣʝʢʩʝ ʚʩʝʤʠ ʦʨʛʘʥʘʤʠ ʯʫʚʩʪʚ ʯʝʣʦ-

ʚʝʢʘ (ʟʨʝʥʠʝʤ, ʩʣʫʭʦʤ, ʦʙʦʥʷʥʠʝʤ, ʦʩʷʟʘʥʠʝʤ), ʥʦ ʠ 

ʩ ʪʝʤ, ʯʪʦ ʛʦʨʦʜ ʠ ʝʛʦ ʩʨʝʜʘ ʩʣʫʞʘʪ ʜʣʷ ʫʜʦʚʣʝʪʚʦ-

ʨʝʥʠʷ ʚʩʝʚʦʟʤʦʞʥʳʭ ʧʦʪʨʝʙʥʦʩʪʝʡ ʤʘʩʩʳ ʣʶʜʝʡ ʩ 

ʠʭ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤʠ ʧʨʝʜʧʦʯʪʝʥʠʷʤʠ. ʕʢʦʣʦʛʠʯʝ-

ʩʢʘʷ ʢʨʘʩʦʪʘ ʚʦʩʧʨʠʥʠʤʘʝʪʩʷ ʞʠʪʝʣʷʤʠ ʛʦʨʦʜʦʚ ʠ 

ʚʦʟʜʝʡʩʪʚʫʝʪ ʥʘ ʥʠʭ ʥʘ ʨʘʟʥʳʭ ʫʨʦʚʥʷʭ ï ʦʪ ʢʦʩʤʠ-

ʯʝʩʢʦʛʦ ʜʦ ʫʨʦʚʥʷ ʩʘʤʦʡ ʙʣʠʞʥʝʡ ʩʨʝʜʳ, ʠ ʧʨʠ ʚʦʩ-

ʧʨʠʷʪʠʠ ʨʘʟʥʳʭ ʦʙʲʝʢʪʦʚ ʛʦʨʦʜʘ - ʦʪ ʦʙʱʝʛʦ ʘʨʭʠ-

ʪʝʢʪʫʨʥʦʛʦ ʦʙʣʠʢʘ ʛʦʨʦʜʦʚ ʠ ʢʨʫʧʥʳʭ ʣʘʥʜʰʘʬʪʦʚ, 

ʜʦ ʦʪʜʝʣʴʥʳʭ ʟʜʘʥʠʡ. ʇʨʠ ʵʪʦʤ ʩʪʨʫʢʪʫʨʘ ʢʨʘʩʦʪʳ 

ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʷʪʴʩʷ: 

1. ʂʦʩʤʠʯʝʩʢʠʡ ʠ ʛʣʦʙʘʣʴʥʳʡ ʫʨʦʚʥʠ. ʂʨʘ-
ʩʦʪʘ ʢʦʩʤʦʩʘ ʠ ʧʣʘʥʝʪʳ ɿʝʤʣʷ ʚ ʢʦʩʤʠʯʝʩʢʦʤ ʧʨʦ-

ʩʪʨʘʥʩʪʚʝ. 

2. ɽʩʪʝʩʪʚʝʥʥʘʷ ʢʨʘʩʦʪʘ ʢʨʫʧʥʳʭ ʣʘʥʜʰʘʬ-
ʪʦʚ (ʣʝʩʦʚ, ʨʝʢ, ʨʘʚʥʠʥ, ʛʦʨ, ʦʢʝʘʥʦʚ, ʤʦʨʝʡ, ʠ ʧʨ.). 

3. ʂʨʘʩʦʪʘ ʩʪʨʘʥ ʠ ʣʘʥʜʰʘʬʪʦʚ, ʬʣʦʨʳ ʠ ʬʘ-
ʫʥʳ. 

4. ʂʨʘʩʦʪʘ ʛʦʨʦʜʦʚ, ʪʝʨʨʠʪʦʨʠʡ ʚ ʛʦʨʦʜʘʭ. 

5. ʂʨʘʩʦʪʘ ʦʪʜʝʣʴʥʳʭ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ. 

6. ʂʨʘʩʦʪʘ ʪʝʭʥʠʢʠ ʠ ʪʝʭʥʦʣʦʛʠʡ.  

7. ʂʨʘʩʦʪʘ ʣʶʜʝʡ ʠ ʚʩʝʡ ʠʭ ʢʫʣʴʪʫʨʳ. 
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ʆʙʲʝʢʪʘʤʠ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʢʨʘʩʦʪʳ, ʚʦʩʧʨʠʥʠ-

ʤʘʝʤʦʡ ʞʠʪʝʣʷʤʠ ʛʦʨʦʜʦʚ, ʤʦʛʫʪ ʙʳʪʴ:  

1. ʇʣʘʥʝʪʘ ʠ ʝʩʪʝʩʪʚʝʥʥʳʝ ʣʘʥʜʰʘʬʪʳ. 

2. ʏʝʣʦʚʝʢ, ʝʛʦ ʬʠʟʠʯʝʩʢʘʷ ʠ ʜʫʭʦʚʥʘʷ ʢʨʘʩʦʪʘ. 

3. ʄʥʦʛʦʦʙʨʘʟʥʘʷ ʬʣʦʨʘ ʠ ʬʘʫʥʘ ʧʣʘʥʝʪʳ. 

4. ʉʪʨʘʥʘ, ʛʦʨʦʜ. ʕʢʦʣʦʛʠʯʥʳʝ ʟʜʘʥʠʷ ʠ ʩʦʦʨʫ-

ʞʝʥʠʷ, ʚ ʪ.ʯ. ʦʟʝʣʝʥʷʝʤʳʝ. ʇʨʠʨʦʜʦʩʙʝʨʝʛʘʶʱʠʝ ʠ 

ʵʥʝʨʛʦʵʢʦʥʦʤʠʯʥʳʝ ʦʙʲʝʢʪʳ. 

5. ɾʠʣʠʱʝ, ʧʨʝʜʤʝʪʳ ʙʳʪʘ, ʦʜʝʞʜʘ. 

6. ʊʝʭʥʠʢʘ, ʦʨʫʜʠʷ, ʠ ʚʩʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʯʝʣʦ-

ʚʝʢʘ. 

7. ɺʩʝ ʦʙʲʝʢʪʳ ʠʩʢʫʩʩʪʚʘ. 

ʂʨʘʩʦʪʘ ʦʨʛʘʥʠʯʥʦ ʩʚʷʟʘʥʘ ʩ ʛʘʨʤʦʥʠʝʡ: çʇʨʝ-

ʢʨʘʩʥʦʝ ï ʵʪʦ ʩʦʚʝʨʰʝʥʥʦʝ, ʛʘʨʤʦʥʠʯʝʩʢʦʝ. ɺ ʧʨʝ-

ʢʨʘʩʥʦʤ ʩ ʥʘʠʙʦʣʴʰʝʡ ʧʦʣʥʦʪʦʡ ʚʳʨʘʞʝʥʦ ʧʦʟʠ-

ʪʠʚʥʦʝ ʩʦʚʝʨʰʝʥʩʪʚʦ, ʚʳʨʘʞʝʥʘ ʪʝʥʜʝʥʮʠʷ ʨʘʟʚʠ-

ʪʠʷ ʚ ʧʨʠʨʦʜʝ, ʦʙʱʝʩʪʚʝ ʠ ʜʫʭʦʚʥʦʡ ʞʠʟʥʠ. ʊʘʡʥʘ 

ʢʨʘʩʦʪʳ ʟʘʢʣʶʯʝʥʘ ʚ ʛʘʨʤʦʥʠʯʥʳʭ ʦʪʥʦʰʝʥʠʷʭ, ʦʙ-

ʨʘʟʫʶʱʠʭ ʝʜʠʥʩʪʚʦ ʚ ʤʥʦʛʦʦʙʨʘʟʠʠè [1]. ʅʘ ʙʝʟ-

ʫʩʣʦʚʥʦʤ ʧʝʨʚʦʤ ʤʝʩʪʝ ʚ ʦʮʝʥʢʝ ʢʨʘʩʦʪʳ ʯʝʣʦʚʝ-

ʢʦʤ ʩʪʦʠʪ ʤʠʨ ʧʨʠʨʦʜʳ (ʠ ʯʝʣʦʚʝʢ ʚ ʥʝʤ) ʢʘʢ ʠʩʪʦʯ-

ʥʠʢ ʚʩʝʛʦ ʧʦʣʝʟʥʦʛʦ ʜʣʷ ʯʝʣʦʚʝʢʘ. çʇʨʝʢʨʘʩʥʦʝ ï 

ʵʪʦ ʢʘʪʝʛʦʨʠʷ ʵʩʪʝʪʠʢʠ, ʚ ʢʦʪʦʨʦʡ ʥʘʭʦʜʷʪ ʦʪʨʘʞʝ-

ʥʠʝ ʠ ʦʮʝʥʢʫ ʧʨʝʜʤʝʪʳ ʠ ʷʚʣʝʥʠʷ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ 

ʠ ʧʨʦʠʟʚʝʜʝʥʠʷ ʠʩʢʫʩʩʪʚʘ, ʜʦʩʪʘʚʣʷʶʱʠʝ ʯʝʣʦʚʝʢʫ 

ʯʫʚʩʪʚʦ ʵʩʪʝʪʠʯʝʩʢʦʛʦ ʥʘʩʣʘʞʜʝʥʠʷ, ʚʦʧʣʦʱʘʶʱʠʝ 

ʚ ʧʨʝʜʤʝʪʥʦ - ʯʫʚʩʪʚʝʥʥʦʡ ʬʦʨʤʝ ʩʚʦʙʦʜʫ ʠ ʧʦʣ-

ʥʦʪʫ ʩʦʟʠʜʘʪʝʣʴʥʳʭ ʠ ʧʦʟʥʘʚʘʪʝʣʴʥʳʭ ʩʠʣ ʠ ʩʧʦ-

ʩʦʙʥʦʩʪʝʡ ʯʝʣʦʚʝʢʘ ʚʦ ʚʩʝʭ ʦʙʣʘʩʪʷʭ ʦʙʱʝʩʪʚʝʥʥʦʡ 

ʞʠʟʥʠ ï ʪʨʫʜʦʚʦʡ, ʩʦʮʠʘʣʴʥʦ - ʧʦʣʠʪʠʯʝʩʢʦʡ, ʜʫ-

ʭʦʚʥʦʡ... ʆʥʦ ʨʦʞʜʘʝʪʩʷ ʠ ʨʘʟʚʠʚʘʝʪʩʷ, ʢʦʛʜʘ ʦʙʱʝ-

ʩʪʚʝʥʥʳʡ ʯʝʣʦʚʝʢ ʥʘʠʙʦʣʝʝ ʧʦʣʥʦ ʠ ʩʚʦʙʦʜʥʦ ʨʝʘ-

ʣʠʟʫʝʪ ʩʚʦʠ ʪʚʦʨʯʝʩʢʠʝ ʜʘʨʦʚʘʥʠʷ ʠ ʩʧʦʩʦʙʥʦ-

ʩʪʠ,é ʥʘʩʣʘʞʜʘʝʪʩʷ ʪʨʫʜʦʤ ʢʘʢ ʠʛʨʦʡ ʬʠʟʠʯʝʩʢʠʭ 

ʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʣè [1-4]. ʂʨʘʩʦʪʘ ʛʦʨʦʜʘ, 

ʟʜʘʥʠʡ ʦʩʥʦʚʘʥʘ ʥʘ ʛʘʨʤʦʥʠʠ ʠ ʤʥʦʛʦʦʙʨʘʟʠʠ.  

ʕʚʦʣʶʮʠʦʥʥʳʝ ʠʩʪʦʢʠ ʢʨʘʩʦʪʳ ʣʝʞʘʪ ʚ ʢʦʥ-

ʢʨʝʪʥʦʡ ʧʦʣʝʟʥʦʩʪʠ ʧʨʝʜʤʝʪʦʚ ʠ ʷʚʣʝʥʠʡ ʜʣʷ ʯʝʣʦ-

ʚʝʢʘ. ɺ ʧʨʦʮʝʩʩʝ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʧʦʪʨʝʙʥʦʩʪʝʡ ʫ 

ʯʝʣʦʚʝʢʘ ʩʣʦʞʠʣʠʩʴ ʦʧʨʝʜʝʣʝʥʥʳʝ ʧʨʝʜʧʦʯʪʝʥʠʷ, 

ʢʦʪʦʨʳʝ ʩʬʦʨʤʠʨʦʚʘʣʠʩʴ ʚ ʧʦʥʷʪʠʷ ʧʦʣʝʟʥʦʩʪʠ: 

çʣʝʧʳʡè ï ʧʨʠʣʠʯʥʳʡ, ʧʨʠʩʪʦʡʥʳʡ, ʧʦʜʭʦʜʷʱʠʡ; 

çʧʨʠʛʦʞʠʡè (ʢʨʘʩʠʚʳʡ) ï ʛʦʜʥʳʡ, ʛʦʞʠʡ; çkalosè - 

ʟʜʦʨʦʚʳʡ, ʥʝʠʩʧʦʨʯʝʥʥʳʡ; çbellusè - ʜʦʙʨʳʡ, ʭʦʨʦ-

ʰʠʡ. ʂʨʘʩʦʪʘ ʦʙʦʟʥʘʯʘʣʘ ʢʦʥʢʨʝʪʥʳʝ ʧʦʟʠʪʠʚʥʳʝ, 

ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʝ, ʩʚʦʡʩʪʚʘ ʧʨʝʜʤʝʪʦʚ ʠ ʷʚʣʝʥʠʡ, 

ʢʦʪʦʨʳʝ ʚʥʘʯʘʣʝ ʧʨʘʢʪʠʯʝʩʢʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʯʝ-

ʣʦʚʝʢʦʤ ʧʨʠ ʫʜʦʚʣʝʪʚʦʨʝʥʠʠ ʧʦʪʨʝʙʥʦʩʪʝʡ ʜʣʷ ʧʦ-

ʣʫʯʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʫʜʦʚʦʣʴʩʪʚʠʷ, ʘ ʟʘʪʝʤ 

ʩʪʘʣʠ ʚʘʞʥʦʡ ʵʩʪʝʪʠʯʝʩʢʦʡ ʦʮʝʥʢʦʡ. ʀʩʪʦʨʠʯʝʩʢʠ 

ʢʨʘʩʦʪʘ ʨʘʩʩʤʘʪʨʠʚʘʣʘʩʴ ʢʘʢ ʢʘʯʝʩʪʚʦ, ʧʨʠʩʫʱʝʝ, ʚ 

ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʧʨʠʨʦʜʝ ʠ ʝʝ ʢʦʤʧʦʥʝʥʪʘʤ ʢʘʢ ʠʩ-

ʪʦʯʥʠʢʘʤ ʙʣʘʛ, ʠ ʯʝʣʦʚʝʢʫ. ʂʨʫʛ ʧʨʝʢʨʘʩʥʳʭ ʧʨʝʜ-

ʤʝʪʦʚ ʠ ʷʚʣʝʥʠʡ, ʢʘʢ ʠ ʨʦʣʴ ʢʨʘʩʦʪʳ, ʧʦʩʪʦʷʥʥʦ 

ʨʘʩʰʠʨʷʣʩʷ, ʦʪ ʦʙʳʯʥʳʭ ʫʩʪʦʷʚʰʠʭʩʷ ʧʦʥʷʪʠʡ ʢʨʘ-

ʩʦʪʳ ʢʦʤʧʦʥʝʥʪʦʚ ʧʨʠʨʦʜʳ, ʣʠʮʘ ʠ ʪʝʣʘ ʯʝʣʦʚʝʢʘ, 

ʧʦʥʷʪʠʝ ʧʨʝʢʨʘʩʥʦʛʦ ʧʝʨʝʰʣʦ ʥʘ ʤʥʦʛʠʝ ʦʙʲʝʢʪʳ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʤʠʨʘ, ʦʢʨʫʞʘʶʱʠʝ ʯʝʣʦʚʝʢʘ ï ʦʪ 

ʠʩʢʫʩʩʪʚʘ ʜʦ ʪʝʭʥʠʢʠ, ʦʪ ʦʜʝʞʜʳ ʜʦ ʟʜʘʥʠʡ, ʦʪ ʤʝ-

ʙʝʣʠ ʜʦ ʞʠʣʠʱʘ, ʦʪ ʫʣʠʮʳ ʜʦ ʛʦʨʦʜʘ, ʦʪ ʥʘʫʢʠ ʜʦ 

ʩʧʦʨʪʘ, ʠ ʧʨ. ʇʦʵʪʦʤʫ ʩʝʡʯʘʩ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ 

ʢʨʘʩʦʪʫ ʚ ʢʘʯʝʩʪʚʝ ʦʪʜʝʣʴʥʦʛʦ, ʦʯʝʥʴ ʚʘʞʥʦʛʦ, ʧʨʠ-

ʟʥʘʢʘ ʚʩʝʭ ʧʨʝʜʤʝʪʦʚ ʠ ʷʚʣʝʥʠʡ, ʚʳʟʳʚʘʶʱʠʭ ʚ ʯʝ-

ʣʦʚʝʢʝ ʚʳʩʰʝʝ ʵʩʪʝʪʠʯʝʩʢʦʝ ʠ ʥʨʘʚʩʪʚʝʥʥʦʝ ʥʘʩʣʘ-

ʞʜʝʥʠʝ. ʊʘʢʦʝ ʛʣʫʙʦʢʦʝ ʯʫʚʩʪʚʦ ʤʦʞʝʪ ʚʳʟʳʚʘʪʴ ʠ 

ʚʳʜʘʶʱʝʝʩʷ ʘʨʭʠʪʝʢʪʫʨʥʦʝ ʧʨʦʠʟʚʝʜʝʥʠʝ, ʠ ʧʨʝ-

ʢʨʘʩʥʳʡ ʣʘʥʜʰʘʬʪ, ʠ ʢʨʘʩʠʚʦʝ ʣʠʮʦ, ʠ ʧʨʝʢʨʘʩʥʳʝ 

ʩʪʠʭʠ, ʠ ʛʘʨʤʦʥʠʯʥʘʷ ʤʝʣʦʜʠʷ, ʠ ʦʨʠʛʠʥʘʣʴʥʘʷ ʤʘ-

ʪʝʤʘʪʠʯʝʩʢʘʷ ʪʝʦʨʠʷ, ʠ ʛʣʫʙʦʢʦʝ, ʚ ʚʳʩʰʝʡ ʩʪʝʧʝʥʠ 

ʛʫʤʘʥʥʦʝ, ʜʚʠʞʝʥʠʝ ʜʫʰʠ. ʂʨʘʩʠʚʳʝ ʧʨʝʜʤʝʪʳ ʠ 

ʷʚʣʝʥʠʷ ʧʦʟʚʦʣʷʶʪ ʙʦʣʝʝ ʧʦʣʥʦ ʫʜʦʚʣʝʪʚʦʨʠʪʴ ʧʦ-

ʪʨʝʙʥʦʩʪʠ ʯʝʣʦʚʝʢʘ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʜʚʠʞʫʱʝʡ ʩʠʣʦʡ 

ʵʚʦʣʶʮʠʠ. ʇʦʵʪʦʤʫ ʚʩʷ ʦʢʨʫʞʘʶʱʘʷ ʯʝʣʦʚʝʢʘ 

ʩʨʝʜʘ (ʛʦʨʦʜ, ʣʘʥʜʰʘʬʪʳ, ʟʜʘʥʠʷ, ʠ ʧʨ.) ʜʦʣʞʥʘ ʦʙ-

ʣʘʜʘʪʴ ʚʘʞʥʳʤ ʢʘʯʝʩʪʚʦʤ ʢʨʘʩʦʪʳ.  

ʂʨʘʩʦʪʘ ʢʘʢ ʢʘʯʝʩʪʚʦ ʧʨʝʜʤʝʪʦʚ ʠ ʷʚʣʝʥʠʡ ʚʦʟ-

ʜʝʡʩʪʚʫʝʪ ʥʘ ʯʝʣʦʚʝʢʘ ʚ ʪʝʯʝʥʠʝ ʚʩʝʡ ʞʠʟʥʠ, ʦʥʘ 

ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ ʙʦʣʝʝ ʚʘʞʥʦʡ ʚ ʭʦʜʝ ʵʚʦʣʶʮʠʠ, ʧʦ 

ʤʝʨʝ ʦʪʜʘʣʝʥʠʷ ʩʦʚʨʝʤʝʥʥʦʛʦ ʯʝʣʦʚʝʢʘ ʦʪ ʧʨʷʤʳʭ 

ʢʦʥʪʘʢʪʦʚ ʩ ʧʨʠʨʦʜʦʡ. ʇʦʵʪʦʤʫ ʩʨʝʜʘ ʞʠʟʥʠ ʩʦʚʨʝ-

ʤʝʥʥʦʛʦ ʯʝʣʦʚʝʢʘ ʜʦʣʞʥʘ ʩʪʘʥʦʚʠʪʴʩʷ ʚʩʝ ʙʦʣʝʝ 

ʢʨʘʩʠʚʦʡ ʠ ʛʘʨʤʦʥʠʯʥʦʡ. ʂʨʘʩʦʪʫ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ 

ʥʘ ʦʙʲʝʢʪʠʚʥʫʶ ʢʨʘʩʦʪʫ ʦʙʲʝʢʪʘ ʠ ʢʨʘʩʦʪʫ ʚ ʠʥʜʠ-

ʚʠʜʫʘʣʴʥʦʤ ʚʦʩʧʨʠʷʪʠʠ ʥʘʙʣʶʜʘʪʝʣʷ, ʥʘ ʢʨʘʩʦʪʫ, 

ʜʦʩʪʠʛʥʫʪʫʶ ʠ ʚʦʩʧʨʠʥʠʤʘʝʤʫʶ ʝʝ ʩʦʟʜʘʪʝʣʝʤ 

(ʪʚʦʨʮʦʤ ï ʘʨʭʠʪʝʢʪʦʨʦʤ, ʠ ʪ.ʜ.) ʠ ʧʦʪʨʝʙʠʪʝʣʝʤ, ʥʘ 

ʢʨʘʩʦʪʫ ʜʦʩʪʘʪʦʯʥʫʶ ʠ ʠʟʙʳʪʦʯʥʫʶ, ʜʠʥʘʤʠʯʥʫʶ ʠ 

ʩʪʘʪʠʯʥʫʶ, ʥʘ ʢʨʘʩʦʪʫ ʧʦʟʠʪʠʚʥʦʛʦ ʠ ʥʝʛʘʪʠʚʥʦʛʦ 

(ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʯʝʣʦʚʝʢʘ) ʧʨʝʜʤʝʪʘ ʠʣʠ ʷʚʣʝʥʠʷ.  

ʉʪʨʫʢʪʫʨʘ ʢʦʤʬʦʨʪʥʦʩʪʠ ʛʦʨʦʜʘ ʦʩʥʦʚʘʥʘ ʥʘ 

ʧʦʥʷʪʠʠ ʦ ʪʦʤ, ʯʪʦ ʢʦʤʬʦʨʪ ï ʵʪʦ ʩʦʚʦʢʫʧʥʦʩʪʴ ʧʦ-

ʣʦʞʠʪʝʣʴʥʳʭ ʧʩʠʭʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʦʱʫʱʝʥʠʡ 

ʯʝʣʦʚʝʢʘ ʚ ʭʦʜʝ ʝʛʦ ʢʦʥʪʘʢʪʦʚ ʩ ʚʥʝʰʥʝʡ ʩʨʝʜʦʡ; ʚ 

ʠʜʝʘʣʝ ʵʪʦ - ʫʩʣʦʚʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʥʘʠʣʫʯʰʝʝ, 

ʫʜʦʙʥʦʝ ʧʨʦʪʝʢʘʥʠʝ ʧʨʦʮʝʩʩʘ ʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦ-

ʚʝʢʘ (ʪʨʫʜʘ, ʫʯʝʙʳ, ʠʛʨ, ʩʧʦʨʪʘ, ʦʪʜʳʭʘ, ʚʦʩʧʨʠʷʪʠʷ 

ʦʙʲʝʢʪʦʚ ʢʫʣʴʪʫʨʳ, ʩʥʘ, ʣʝʯʝʥʠʷ, ʧʝʨʝʜʚʠʞʝʥʠʷ, 

ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ, ʠ ʜʨ.), ʚʩʝʡ ʩʦʮʠʘʣʴʥʦʡ ʠ 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʞʠʟʥʠ. ɺ ʩʦʩʪʘʚ ʦʙʳʯʥʦʛʦ ʢʦʤʬʦʨʪʘ 

ʚʭʦʜʷʪ ʩʦʚʦʢʫʧʥʦʩʪʴ ʙʳʪʦʚʳʭ ʫʜʦʙʩʪʚ, ʙʣʘʛʦʫʩʪʨʦ-

ʝʥʥʦʩʪʠ ʠ ʫʶʪʘ ʞʠʣʠʱ, ʦʙʱʝʩʪʚʝʥʥʳʭ ʫʯʨʝʞʜʝ-

ʥʠʡ, ʩʨʝʜʩʪʚ ʩʦʦʙʱʝʥʠʡ ʠ ʧʨʦʯʠʭ ʤʘʪʝʨʠʘʣʴʥʳʭ 

ʙʣʘʛ. ɿʦʥʘ ʢʦʤʬʦʨʪʘ - ʦʧʪʠʤʘʣʴʥʦʝ ʜʣʷ ʯʝʣʦʚʝʢʘ ʩʦ-

ʯʝʪʘʥʠʝ ʚʩʝʭ ʬʘʢʪʦʨʦʚ ʩʨʝʜʳ. ʕʢʦʣʦʛʠʯʝʩʢʠʡ ʢʦʤ-

ʬʦʨʪ ï ʵʪʦ ʢʦʤʬʦʨʪ, ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʡ ʩ ʫʯʝʪʦʤ ʠʥ-

ʪʝʨʝʩʦʚ ʧʨʠʨʦʜʳ, ʧʨʠ ʧʦʜʜʝʨʞʘʥʠʠ ʙʠʦʨʘʟʥʦʦʙʨʘ-

ʟʠʷ ʠ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʚʥʦʚʝʩʠʷ. 

ʂʦʤʬʦʨʪʥʳʝ ʫʩʣʦʚʠʷ ʩʦʟʜʘʶʪ ʞʠʪʝʣʶ ʛʦʨʦʜʘ 

ʩʨʝʜʳ ʞʠʟʥʠ, ʚ ʢʦʪʦʨʳʭ ʦʥ ʥʘʭʦʜʠʪʩʷ: 

1. ʂʦʤʬʦʨʪ ʧʨʠʨʦʜʳ ʟʘʛʦʨʦʜʥʳʭ ʪʝʨʨʠʪʦʨʠʡ. 

2. ʂʦʤʬʦʨʪ ʢʫʣʴʪʫʨʥʦʡ ʧʨʠʨʦʜʳ (ʧʘʨʢʦʚ, ʠ 
ʧʨ.).  

3. ʂʦʤʬʦʨʪ ʚʩʝʡ ʟʘʩʪʨʦʝʥʥʦʡ ʩʨʝʜʳ ʛʦʨʦʜʘ.  

4. ʂʦʤʬʦʨʪ ʞʠʣʳʭ ʟʜʘʥʠʡ, ʦʙʲʝʢʪʦʚ ʙʳʪʘ. 

5. ʂʦʤʬʦʨʪ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʦʙʲʝʢʪʦʚ ʠ 
ʫʩʣʦʚʠʡ ʪʨʫʜʘ. 

6. ʂʦʤʬʦʨʪ ʧʨʦʯʠʭ ʦʙʲʝʢʪʦʚ ʞʠʟʥʠ ʠ ʜʝʷ-

ʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ (ʫʯʝʙʳ, ʢʫʣʴʪʫʨʳ, ʪʦʨʛʦʚʣʠ, 

ʪʨʘʥʩʧʦʨʪʘ, ʩʧʦʨʪʘ, ʠ ʧʨ.). 

7. ʂʦʤʬʦʨʪ ʩʦʮʠʘʣʴʥʦʡ ʩʨʝʜʳ. 

ʂʦʤʬʦʨʪʥʳʝ ʫʩʣʦʚʠʷ ʧʨʝʜʦʩʪʘʚʣʷʶʪʩʷ ʚʩʝʡ 

ʩʨʝʜʦʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʨʠʨʦʜʦʡ, ʞʠʪʝʣʷʤ ʛʦʨʦʜʘ; ʦʜ-

ʥʘʢʦ, ʚ ʫʩʣʦʚʠʷʭ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʢʦʤʬʦʨʪʘ ʥʫʞʥʦ 

ʦʙʝʩʧʝʯʠʪʴ ʵʢʦʣʦʛʠʯʝʩʢʠ ʦʙʦʩʥʦʚʘʥʥʳʝ çʢʦʤʬʦʨʪ-



16 SCIENCES OF EUROPE # 26, (2018)  

ʥʳʝè ʫʩʣʦʚʠʷ ʜʣʷ ʧʨʠʨʦʜʳ, ʯʪʦʙʳ ʦʥʘ ʥʝ ʠʩʧʳʪʳ-

ʚʘʣʘ ʥʝʜʦʧʫʩʪʠʤʳʭ ʚʨʝʜʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ. ɺ ʟʘʚʠ-

ʩʠʤʦʩʪʠ ʦʪ ʦʙʲʝʢʪʘ ʦʙʝʩʧʝʯʝʥʠʷ ʢʦʤʬʦʨʪʥʳʭ ʫʩʣʦ-

ʚʠʡ (ʯʝʣʦʚʝʢ ʠʣʠ ʧʨʠʨʦʜʘ), ʚʦʟʤʦʞʥʳ ʩʪʨʫʢʪʫʨʳ 

ʢʦʤʬʦʨʪʘ: 

ɸ. ʂʦʤʬʦʨʪ, ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʡ ʯʝʣʦʚʝʢʫ ʩʨʝ-

ʜʦʡ ʞʠʟʥʠ. 

1. ɸʨʭʠʪʝʢʪʫʨʥʳʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʡ ʢʦʤ-

ʬʦʨʪ, ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʡ ʛʦʨʦʜʩʢʠʤʠ ʟʜʘʥʠʷʤʠ, ʩʦ-

ʦʨʫʞʝʥʠʷʤʠ ʠ ʧʦʤʝʱʝʥʠʷʤʠ ʚ ʥʠʭ, ʠ ʫʜʦʚʣʝʪʚʦʨʷ-

ʶʱʠʡ ʧʦʪʨʝʙʥʦʩʪʠ ʯʝʣʦʚʝʢʘ ʚ ʞʠʟʥʝʥʥʦʤ ʧʨʦ-

ʩʪʨʘʥʩʪʚʝ (ʢʦʤʬʦʨʪʥʦʩʪʴ ʟʜʘʥʠʡ, ʧʣʦʱʘʜʝʡ, ʬʦʨʤ, 

ʦʙʲʝʤʦʚ, ʦʩʚʝʱʝʥʥʦʩʪʠ ʠ ʮʚʝʪʥʦʩʪʠ ʧʦʤʝʱʝʥʠʡ, ʠ 

ʧʨ.).  

2. ʇʩʠʭʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʡ ʢʦʤʬʦʨʪ (ʟʨʝʥʠʷ, 
ʩʣʫʭʘ, ʦʙʦʥʷʥʠʷ, ʦʩʷʟʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʪʝʤʧʝʨʘ-

ʪʫʨʳ, ʚʣʘʞʥʦʩʪʠ, ʪʝʧʣʦʪʳ, ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʚʦʟ-

ʜʫʭʘ, ʜʨʫʛʠʭ ʬʠʟʠʯʝʩʢʠʭ ʧʦʣʝʡ). ɹʣʘʛʦʧʨʠʷʪʥʦʝ 

ʚʦʟʜʝʡʩʪʚʠʝ ʩʨʝʜʳ ʥʘ ʧʩʠʭʠʯʝʩʢʦʝ ʠ ʬʠʟʠʦʣʦʛʠʯʝ-

ʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʯʝʣʦʚʝʢʘ.  

3. ʇʨʠʨʦʜʥʳʡ ʢʦʤʬʦʨʪ, ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʡ 

ʚʩʝʤʠ ʚʠʜʘʤʠ ʢʫʣʴʪʫʨʥʦʡ ʠ ʜʠʢʦʡ ʧʨʠʨʦʜʳ ʚ ʛʦ-

ʨʦʜʝ ʠ ʚʦʢʨʫʛ ʥʝʛʦ. 

4. ʂʦʤʬʦʨʪ ʩʘʤʦʡ ʙʣʠʟʢʦʡ ʩʨʝʜʳ ï ʦʜʝʞʜʳ, 

ʤʝʙʝʣʠ. 

5. ʉʦʮʠʘʣʴʥʦ - ʵʢʦʣʦʛʠʯʝʩʢʠʡ, ʩʦʮʠʘʣʴʥʦ - 

ʵʢʦʥʦʤʠʯʝʩʢʠʡ, ʵʪʥʠʯʝʩʢʠʡ ʢʦʤʬʦʨʪ. 

ɹ. ʕʢʦʣʦʛʠʯʝʩʢʠ ʥʝʦʙʭʦʜʠʤʳʝ ʫʩʣʦʚʠʷ ʜʣʷ 

ʧʨʠʨʦʜʳ ʧʨʠ ʧʨʝʜʦʩʪʘʚʣʝʥʠʠ ʧʨʠʨʦʜʦʡ ʢʦʤʬʦʨʪ-

ʥʳʭ ʫʩʣʦʚʠʡ ʯʝʣʦʚʝʢʫ. 

1. ʉʦʭʨʘʥʝʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʠ ʦʙʦʩʥʦʚʘʥʥʦʛʦ 
ʦʙʲʝʤʘ ʝʩʪʝʩʪʚʝʥʥʦʡ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ. 

2. ʇʦʜʜʝʨʞʘʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʚʥʦʚʝʩʠʷ. 

3. ʇʦʜʜʝʨʞʘʥʠʝ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʷ. ʉʦʭʨʘʥʝ-
ʥʠʝ ʨʘʟʥʦʦʙʨʘʟʠʷ ʚʠʜʦʚ. 

4. ʉʦʭʨʘʥʝʥʠʝ ʚʩʝʭ ʵʚʦʣʶʮʠʦʥʥʦ ʩʣʦʞʠʚ-
ʰʠʭʩʷ ʝʩʪʝʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʡ ʩʨʝʜʳ ʠ ʞʠʟʥʠ. 

5. ʇʦʜʜʝʨʞʘʥʠʝ ʝʩʪʝʩʪʚʝʥʥʦʡ ʵʚʦʣʶʮʠʠ. 

ʂʦʤʬʦʨʪ ʜʣʷ ʯʝʣʦʚʝʢʘ ʤʦʞʥʦ ʜʝʣʠʪʴ ʧʦ ʝʛʦ ʢʘ-

ʯʝʩʪʚʫ ʠ ʧʦʣʥʦʪʝ: 

1.  ʀʜʝʘʣʴʥʳʡ ʢʦʤʬʦʨʪ ʧʨʠ ʩʦʟʜʘʥʠʠ ʫʩʣʦ-

ʚʠʡ, ʚʳʟʳʚʘʶʱʠʭ ʪʦʣʴʢʦ ʯʫʚʩʪʚʦ ʫʜʦʚʦʣʴʩʪʚʠʷ. 

ʕʪʦʪ ʢʦʤʬʦʨʪ ʤʦʞʝʪ ʙʳʪʴ ʚʨʝʜʝʥ ʜʣʷ ʞʠʪʝʣʷ ʛʦ-

ʨʦʜʘ, ʪʘʢ ʢʘʢ ʥʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʘʟʚʠʪʠʶ ʯʝʣʦʚʝʢʘ, 

ʘʢʪʠʚʥʦʛʦ ʠ ʫʩʪʦʡʯʠʚʦʛʦ ʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ. 

2.  ʂʦʤʬʦʨʪ ʧʨʠ ʩʦʯʝʪʘʥʠʠ ʧʨʠʷʪʥʳʭ ʠ ʥʝ 

ʚʩʝʛʜʘ ʧʨʠʷʪʥʳʭ, ʥʦ ʧʦʣʝʟʥʳʭ ʫʩʣʦʚʠʡ, ʧʦʜʜʝʨʞʠ-

ʚʘʶʱʠʭ ʩʪʨʝʤʣʝʥʠʝ ʢ ʨʘʟʚʠʪʠʶ ʚ ʩʨʝʜʝ, ʦʙʝʩʧʝʯʠ-

ʚʘʶʱʝʡ ʥʘʠʣʫʯʰʫʶ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʴ ʠ ʨʘʟʚʠʪʠʝ 

ʯʝʣʦʚʝʢʘ, ʥʘʠʙʦʣʝʝ ʘʢʪʠʚʥʦʛʦ ʠ ʫʩʪʦʡʯʠʚʦʛʦ ʚ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ. ʕʪʦʪ ʢʦʤʬʦʨʪ ʧʨʝʜʧʦʯʪʠʪʝʣʝʥ 

ʜʣʷ ʞʠʪʝʣʷ ʩ ʮʝʣʴʶ ʩʦʭʨʘʥʝʥʠʷ ʝʛʦ ʟʜʦʨʦʚʴʷ. 

ʆʙʳʯʥʦ ʧʦʥʠʤʘʝʤʳʡ ʞʠʪʝʣʷʤʠ ʢʦʤʬʦʨʪ - ʵʪʦ 

ʫʩʣʦʚʠʷ ʩʨʝʜʳ, ʜʦʩʪʘʚʣʷʶʱʝʡ ʫʜʦʚʦʣʴʩʪʚʠʝ, ʩ ʤʘʢ-

ʩʠʤʘʣʴʥʳʤ ʨʘʩʰʠʨʝʥʠʝʤ ʵʪʦʡ ʧʨʠʷʪʥʦʡ ʩʨʝʜʳ. ʅʦ 

ʯʝʣʦʚʝʢ ʥʝ ʤʦʞʝʪ ʥʘʭʦʜʠʪʴʩʷ ʪʦʣʴʢʦ ʚ ʧʨʠʷʪʥʦʡ 

ʩʨʝʜʝ: ʢʦʤʬʦʨʪ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʪʦʣʴʢʦ ʧʨʠʷʪʥʦʡ 

ʩʨʝʜʦʡ. ɺ ʵʪʦʡ ʩʨʝʜʝ ʜʦʣʞʥʳ ʙʳʪʴ ʧʨʠʷʪʥʳʝ, 

ʥʝʡʪʨʘʣʴʥʳʝ ʠ ʥʝʧʨʠʷʪʥʳʝ ʨʘʟʜʨʘʞʠʪʝʣʠ, ʥʝʦʙʭʦ-

ʜʠʤʳʝ ʯʝʣʦʚʝʢʫ ʜʣʷ ʪʨʝʥʠʨʦʚʢʠ ʦʨʛʘʥʠʟʤʘ ʩ ʮʝʣʴʶ 

ʥʘʠʣʫʯʰʝʛʦ ʚʳʧʦʣʥʝʥʠʷ ʬʫʥʢʮʠʡ. ʇʦʵʪʦʤʫ ʩʨʝʜʘ 

ʞʠʟʥʠ ʜʦʣʞʥʘ ʚʢʣʶʯʘʪʴ ʠ ʤʝʥʝʝ ʧʨʠʷʪʥʳʝ, ʥʦ ʟʜʦ-

ʨʦʚʳʝ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʠ ʩʦʮʠʘʣʴʥʳʝ ʚʦʟʜʝʡʩʪʚʠʷ 

ʨʘʜʠ ʩʦʭʨʘʥʝʥʠʷ ʠ ʨʘʟʚʠʪʠʷ ʤʝʭʘʥʠʟʤʦʚ ʠ ʧʫʪʝʡ 

ʧʨʝʦʜʦʣʝʥʠʷ ʜʠʩʢʦʤʬʦʨʪʘ, ʜʦʩʪʠʞʝʥʠʷ ʥʦʨʤʘʣʴ-

ʥʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʨʦʞʜʘʝʤʦʡ ʢʘʢ ʩʪʨʝʤʣʝʥʠʝʤ ʫʚʝ-

ʣʠʯʠʪʴ ʢʦʤʬʦʨʪ, ʪʘʢ ʠ ʜʨʫʛʠʤʠ ʧʦʪʨʝʙʥʦʩʪʷʤʠ. ɼʣʷ 

ʩʦʭʨʘʥʝʥʠʷ ʭʦʨʦʰʝʛʦ ʫʨʦʚʥʷ ʢʦʤʬʦʨʪʥʦʩʪʠ, ʯʪʦʙʳ 

ʨʘʟʜʨʘʞʠʪʝʣʠ ʥʦʨʤʘʣʴʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʦʩʧʨʠ-

ʥʠʤʘʣʠʩʴ ʢʦʤʬʦʨʪʥʦ, ʦʨʛʘʥʠʟʤ ʥʫʞʥʦ ʧʦʩʪʦʷʥʥʦ 

ʟʘʢʘʣʷʪʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʪʝʥʩʠʚʥʳʭ, ʠ ʥʝʨʝʜʢʦ 

ʜʠʩʢʦʤʬʦʨʪʥʳʭ ʨʘʟʜʨʘʞʠʪʝʣʝʡ, ʥʝ ʚʭʦʜʷʱʠʭ ʚ ʧʦ-

ʥʷʪʠʝ ʦʙʳʯʥʦʛʦ ʢʦʤʬʦʨʪʘ ʛʦʨʦʜʩʢʦʡ ʩʨʝʜʳ. 

ʕʢʦʣʦʛʠʯʝʩʢʘʷ ʢʦʤʬʦʨʪʥʦʩʪʴ ʥʝ ʧʨʝʜʧʦʣʘʛʘʝʪ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʪʦʣʴʢʦ ʥʘʠʣʫʯʰʝʛʦ, çʫʜʦʙʥʦʛʦè, 

ʧʨʠʷʪʥʦʛʦ ʧʨʦʪʝʢʘʥʠʷ ʧʨʦʮʝʩʩʘ ʚʩʝʡ ʩʦʮʠʘʣʴʥʦʡ ʠ 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʞʠʟʥʠ ʠ ʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ. 

ʆʥʘ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ, ʚʦ-ʧʝʨʚʳʭ, ʩʦʟʜʘʥʠʝ ʙʦʣʝʝ 

ʩʣʦʞʥʳʭ ʫʩʣʦʚʠʡ ʞʠʟʥʠ ʠ ʜʝʷʪʝʣʴʥʦʩʪʠ (ʠ ʧʨʠʷʪ-

ʥr ʭ, ʠ ʤʝʥʝʝ ʧʨʠʷʪʥʳʭ, ʥʦ ʟʜʦʨʦʚʳʭ, ʩʧʦʩʦʙʩʪʚʫʶ-

ʱʠʭ ʨʘʟʚʠʪʠʶ ʠ ʦʟʜʦʨʦʚʣʝʥʠʶ ʯʝʣʦʚʝʢʘ), ʠ, ʚʦ-ʚʪʦ-

ʨʳʭ, ʩʦʭʨʘʥʝʥʠʝ ʚʘʞʥʝʡʰʠʭ ʬʘʢʪʦʨʦʚ ʩʫʱʝʩʪʚʦʚʘ-

ʥʠʷ ʠ ʵʚʦʣʶʮʠʠ ʝʩʪʝʩʪʚʝʥʥʦʡ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ. 

ʇʠʬʘʛʦʨ ʧʦʣʘʛʘʣ, ʯʪʦ ʚ ʦʩʥʦʚʝ ʤʠʨʦʟʜʘʥʠʷ ʣʝ-

ʞʠʪ ʚʩʝʦʙʱʘʷ ʛʘʨʤʦʥʠʷ. ɺʦʟʤʦʞʥʦ, ʵʢʦʣʦʛʠʯʝʩʢʘʷ 

ʛʘʨʤʦʥʠʷ, ʢʨʘʩʦʪʘ ʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʧʨʠʨʦʜʳ - 

ʚʘʞʥʝʡʰʠʝ ʬʘʢʪʦʨʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʨʘʟʚʠʪʠʝ ʯʝ-

ʣʦʚʝʯʝʩʪʚʘ, ʠ ʧʦʜʜʝʨʞʠʚʘʶʱʠʝ ʞʠʟʥʴ. ɻʘʨʤʦʥʠʷ ʠ 

ʢʨʘʩʦʪʘ ʧʨʠʨʦʜʳ ï ʧʦʨʦʞʜʝʥʠʝ ʵʚʦʣʶʮʠʠ, ʠ ʦʥʠ ʞʝ 

ʚʣʠʷʶʪ ʥʘ ʵʚʦʣʶʮʠʶ ʞʠʚʦʡ ʧʨʠʨʦʜʳ. ʆʢʨʫʞʘʶ-

ʱʘʷ ʥʘʩ ʫʜʠʚʠʪʝʣʴʥʘʷ ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʛʘʨʤʦʥʠʷ ʠ 

ʢʨʘʩʦʪʘ ʧʨʠʨʦʜʳ ʧʦʤʦʛʘʶʪ ʯʝʣʦʚʝʢʫ ʠ ʚʩʝʤʫ ʯʝʣʦ-

ʚʝʯʝʩʪʚʫ ʚ ʧʦʟʠʪʠʚʥʦʤ ʚʦʩʧʨʠʷʪʠʠ ʙʳʪʠʷ. ʇʦʵʪʦʤʫ 

ʯʝʣʦʚʝʢ ʜʦʣʞʝʥ ʩʦʭʨʘʥʠʪʴ ʛʘʨʤʦʥʠʶ ʠ ʢʨʘʩʦʪʫ ʧʣʘ-

ʥʝʪʳ ʠ ʝʩʪʝʩʪʚʝʥʥʳʭ ʣʘʥʜʰʘʬʪʦʚ, ʤʥʦʛʦʦʙʨʘʟʥʦʡ 

ʬʣʦʨʳ ʠ ʬʘʫʥʳ. ʆʥ ʜʦʣʞʝʥ ʧʦʜʜʝʨʞʠʚʘʪʴ ʝʩʪʝ-

ʩʪʚʝʥʥʫʶ ʵʚʦʣʶʮʠʶ ʚ ʧʨʠʨʦʜʝ, ʩʦʟʜʘʚʘʪʴ ʛʘʨʤʦ-

ʥʠʯʥʫʶ ʢʨʘʩʦʪʫ ʛʦʨʦʜʘ, ʞʠʣʠʱʘ, ʧʨʝʜʤʝʪʦʚ ʙʳʪʘ, 

ʦʜʝʞʜʳ, ʦʨʫʜʠʡ ʪʨʫʜʘ, ʪʝʭʥʠʢʠ; ʩʦʟʜʘʚʘʪʴ, ʨʘʟʚʠ-

ʚʘʪʴ ʠ ʧʦʜʜʝʨʞʠʚʘʪʴ ʩʣʦʞʥʫʶ ʢʨʘʩʦʪʫ ʠʩʢʫʩʩʪʚʘ, 

ʢʨʘʩʦʪʫ ʠ ʢʦʤʬʦʨʪʥʦʩʪʴ ʬʠʟʠʯʝʩʢʦʛʦ ʜʚʠʞʝʥʠʷ, 

ʢʨʘʩʦʪʫ ʤʳʩʣʠ, ʠ, ʥʘʢʦʥʝʮ, ʚʳʩʰʫʶ ʜʫʭʦʚʥʫʶ ʢʨʘ-

ʩʦʪʫ [2-4]. 
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ʊʘʙʣʠʮʘ 1  

ʇʦʪʨʝʙʥʦʩʪʠ, ʚʣʠʷʶʱʠʝ ʥʘ ʣʶʙʦʚʴ ʢ ʛʦʨʦʜʫ 

ʇʦʪʨʝʙʥʦʩʪʠ 
ɼʝʪʘʣʠʟʘʮʠʷ ʧʦ-

ʪʨʝʙʥʦʩʪʠ 
ʂʘʯʝʩʪʚʝʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʦʙʲʝʤʫ ʧʦʪʨʝʙʥʦʩʪʠ 

ɻʨʫʧʧʘ ʅʘʠʤʝʥʦʚʘʥʠʝ   

ɽʩʪʝʩʪʚʝʥ-

ʥʳʝ (ʙʠʦ-

ʣʦʛʠʯʝ-

ʩʢʠʝ) 

ɺ ʧʨʦʩʪʨʘʥʩʪʚʝ, 

ʚ ʙʠʦʣʦʛʠʯʝ-

ʩʢʦʤ ʧʨʦʩʪʨʘʥ-

ʩʪʚʝʥʥʦʤ ʢʦʤ-

ʬʦʨʪʝ 

ʉʘʤʘʷ ʙʣʠʟʢʘʷ 

ʩʨʝʜʘ  

ʆʙʦʩʥʦʚʘʥʥʘʷ ʧʣʦʱʘʜʴ ʥʘ ʦʜʥʦʛʦ ʯʝʣʦʚʝʢʘ, ʦʪʩʫʪ-

ʩʪʚʠʝ ʧʝʨʝʫʧʣʦʪʥʝʥʥʦʩʪʠ  

ɹʣʠʞʥʷʷ ʩʨʝʜʘ  ʊʦ ʞʝ ʠ ʝʩʪʝʩʪʚʝʥʥʘʷ ʯʠʩʪʦʪʘ 

ɼʘʣʴʥʷʷ ʩʨʝʜʘ ɽʩʪʝʩʪʚʝʥʥʘʷ ʯʠʩʪʦʪʘ 

ɻʣʦʙʘʣʴʥʘʷ ʩʨʝʜʘ 
ʅʝʦʙʭʦʜʠʤʳʡ ʦʙʲʝʤ ʠ ʧʣʦʱʘʜʴ ʪʝʨʨʠʪʦʨʠʠ, ʧʦʟ-

ʚʦʣʷʶʱʠʝ ʩʦʭʨʘʥʠʪʴ ʵʢʦʣʦʛʠʯʝʩʢʦʝ ʨʘʚʥʦʚʝʩʠʝ 

ɺ ʢʦʤʬʦʨʪʥʦʡ 

ʬʠʟʠʯʝʩʢʦʡ 

ʩʨʝʜʝ 

ɺʦʣʥʦʚʘʷ ʩʨʝʜʘ 

ʆʙʲʝʤʳ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ, ʧʦʪʨʝʙʥʳʝ ʜʣʷ ʩʦ-

ʟʜʘʥʠʷ ʢʦʤʬʦʨʪʥʦʡ ʩʨʝʜʳ 

ʊʝʧʣʦʚʘʷ ʩʨʝʜʘ 

ʀʥʩʦʣʷʮʠʷ, ʦʩʚʝ-

ʱʝʥʠʝ 

ɺ ʯʠʩʪʦʤ ʚʦʟ-

ʜʫʭʝ 

ɺʦʟʜʫʭ ʚ ʞʠʣʴʝ 
ʅʝʦʙʭʦʜʠʤʳʡ ʦʙʲʝʤ ʠ ʧʣʦʱʘʜʴ ʪʝʨʨʠʪʦʨʠʠ, ʦʙʝʩ-

ʧʝʯʠʚʘʶʱʠʝ ʧʦʩʪʫʧʣʝʥʠʝ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ 
ʅʘ ʨʘʙʦʪʝ 

ʅʘ ʫʣʠʮʘʭ ʛʦʨʦʜʘ 

ɺ ʧʠʱʝ ʠ ʚʦʜʝ 

ʆʙʦʩʥʦʚʘʥʥʳʡ 

ʦʙʲʝʤ ʯʠʩʪʦʡ 

ʚʦʜʳ ʠ ʧʠʱʠ 

ʅʝʦʙʭʦʜʠʤʳʡ ʦʙʲʝʤ ʠ ʧʣʦʱʘʜʴ ʪʝʨʨʠʪʦʨʠʠ, ʩ ʢʦ-

ʪʦʨʳʭ ʧʦʩʪʫʧʘʶʪ ʧʨʠʨʦʜʥʳʝ ʨʝʩʫʨʩʳ  

ɺ ʧʨʠʨʦʜʥʦʡ 

ʩʨʝʜʝ 

ʕʢʦʣʦʛʠʯʝʩʢʠ 

ʦʙʦʩʥʦʚʘʥʥʳʡ 

ʦʙʲʝʤ ʩʨʝʜʳ 

ʆʙʲʝʤ ʩʨʝʜʳ, ʫʩʚʘʠʚʘʶʱʝʡ ʟʘʛʨʷʟʥʝʥʠʷ ʛʦʨʦʜʘ, 

ʧʦʜʜʝʨʞʠʚʘʶʱʠʡ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʝ ʠ ʝʩʪʝʩʪʚʝʥ-

ʥʫʶ ʵʚʦʣʶʮʠʶ  

ɺ ʧʨʦʜʦʣʞʝʥʠʠ 

ʨʦʜʘ 

ʆʧʨʝʜʝʣʝʥʥʘʷ 

ʧʣʦʪʥʦʩʪʴ, ʧʦʟʚʦ-

ʣʷʶʱʘʷ ʧʨʦʜʦʣ-

ʞʝʥʠʝ ʨʦʜʘ 

ʊʝʨʨʠʪʦʨʠʷ ʩ ʦʪʩʫʪʩʪʚʠʝʤ ʧʝʨʝʫʧʣʦʪʥʝʥʥʦʩʪʠ, ʠ 

ʩʚʝʨʭʨʘʟʨʝʞʝʥʥʦʩʪʠ 

ɺ ʟʘʱʠʱʝʥʥʦ-

ʩʪʠ ʦʪ ʟʘʙʦʣʝʚʘ-

ʥʠʡ 

ʆʪʩʫʪʩʪʚʠʝ ʧʝʨʝ-

ʫʧʣʦʪʥʝʥʥʦʩʪʠ, 

ʥʘʣʠʯʠʝ ʩʨʝʜʳ 

ʥʫʞʥʦʛʦ ʢʘʯʝʩʪʚʘ 

ʆʙʦʩʥʦʚʘʥʥʳʡ ʦʙʲʝʤ ʯʠʩʪʦʡ, ʙʣʠʟʢʦʡ ʢ ʧʨʠʨʦʜ-

ʥʦʡ, ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ 

ɺ çʜʠʢʦʡè ʧʨʠ-

ʨʦʜʝ 

ʅʘʣʠʯʠʝ ʦʙʦʩʥʦ-

ʚʘʥʥʦʛʦ ʦʙʲʝʤʘ 

ʜʠʢʦʡ ʧʨʠʨʦʜʳ 

ʆʙʲʝʤ ʠ ʧʣʦʱʘʜʴ ʪʝʨʨʠʪʦʨʠʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ 

ʩʦʭʨʘʥʝʥʠʝ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʷ, ʧʦʜʜʝʨʞʠʚʘʶʱʠʝ 

ʝʩʪʝʩʪʚʝʥʥʫʶ ʵʚʦʣʶʮʠʶ 

ɺ ʩʨʝʜʝ ʜʣʷ 

ʫʩʚʦʝʥʠʷ ʚʳʜʝ-

ʣʝʥʠʡ 

ʅʘʣʠʯʠʝ ʦʙʦʩʥʦ-

ʚʘʥʥʦʛʦ ʦʙʲʝʤʘ 

ʩʨʝʜʳ 

ʆʙʲʝʤ ʠ ʧʣʦʱʘʜʴ ʪʝʨʨʠʪʦʨʠʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ 

ʫʩʚʦʝʥʠʝ ʚʳʜʝʣʝʥʠʡ 

ʕʢʦʥʦʤʠ-

ʯʝʩʢʠʝ 

ɺ ʧʠʱʝ 

ʆʙʦʩʥʦʚʘʥʥʳʡ 

ʦʙʲʝʤ ʨʘʟʥʦʦʙʨʘʟ-

ʥʦʡ ʧʠʱʠ 

ʅʝʦʙʭʦʜʠʤʳʡ ʦʙʲʝʤ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʜʣʷ 

ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʧʠʱʝ 

ɺ ʦʜʝʞʜʝ 

ɽʝ ʦʙʦʩʥʦʚʘʥʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʠ ʢʘʯʝ-

ʩʪʚʦ  

ʅʝʦʙʭʦʜʠʤʳʡ ʦʙʲʝʤ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʠ ʤʘʪʝ-

ʨʠʘʣʦʚ ʜʣʷ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʧʦʪʨʝʙʥʦʩʪʠ 

ɺ ʧʣʦʱʘʜʠ ʞʠ-

ʣʴʷ, ʚ ʤʝʙʝʣʠ 

ʆʙʦʩʥʦʚʘʥʥʘʷ 

ʧʣʦʱʘʜʴ, ʦʙʲʝʤ 

ʤʝʙʝʣʠ, ʦʪʜʝʣʦʯ-

ʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʇʣʦʱʘʜʠ ʟʜʘʥʠʡ, ʧʣʦʱʘʜʠ ʣʘʥʜʰʘʬʪʦʚ ʜʣʷ ʧʨʦʠʟ-

ʚʦʜʩʪʚʘ ʤʘʪʝʨʠʘʣʦʚ, ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʧʦʪʨʝʙʥʦʩʪʠ  

ɺ ʪʨʘʥʩʧʦʨʪʝ 

ʆʙʦʩʥʦʚʘʥʥʦʝ 

ʫʜʦʚʣʝʪʚʦʨʝʥʠʝ 

ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʧʝ-

ʨʝʜʚʠʞʝʥʠʠ  

ʇʣʦʱʘʜʠ ʠ ʦʙʲʝʤʳ ʧʦʯʚʳ, ʚʦʜʳ ʠ ʚʦʟʜʫʭʘ, ʧʦ-

ʪʨʝʙʥʳʝ ʜʣʷ ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʫʪʝʡ 

ɺ ʩʨʝʜʩʪʚʘʭ 

ʪʨʫʜʘ 

ʆʙʦʩʥʦʚʘʥʥʦʝ 

ʥʘʣʠʯʠʝ ʩʨʝʜʩʪʚ 

ʪʨʫʜʘ 

ʇʣʦʱʘʜʠ ʠ ʤʘʪʝʨʠʘʣʳ, ʥʫʞʥʳʝ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʩʨʝʜʩʪʚ 

ɺ ʫʩʣʫʛʘʭ 
ʆʙʦʩʥʦʚʘʥʥʳʡ 

ʦʙʲʝʤ ʫʩʣʫʛ 

ʆʙʲʝʤ ʠ ʧʣʦʱʘʜʴ ʪʝʨʨʠʪʦʨʠʠ, ʧʦʪʨʝʙʥʳʝ ʜʣʷ ʫʜʦ-

ʚʣʝʪʚʦʨʝʥʠʷ ʫʩʣʫʛ 

ɺ ʨʝʢʨʝʘʮʠʠ 

ʆʙʦʩʥʦʚʘʥʥʘʷ 

ʧʣʦʱʘʜʴ, ʦʙʲʝʤ ʠ 

ʨʘʟʥʦʦʙʨʘʟʠʝ 

ʅʝʦʙʭʦʜʠʤʳʝ ʦʙʲʝʤ ʠ ʧʣʦʱʘʜʴ ʪʝʨʨʠʪʦʨʠʠ ʧʨʠ-

ʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʜʣʷ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʧʦʪʨʝʙʥʦʩʪʠ 
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ɺ ʦʙʝʩʧʝʯʝʥʥʦ-

ʩʪʠ ʩʝʤʴʝʡ 

ʆʙʦʩʥʦʚʘʥʥʳʡ 

ʦʙʲʝʤ ʨʝʩʫʨʩʦʚ 

ʜʣʷ ʞʠʟʥʠ ʩʝʤʴʠ 

ʈʝʩʫʨʩʳ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʧʦ-

ʪʨʝʙʥʦʩʪʠ 

ɺ ʦʙʝʩʧʝʯʝʥʠʠ 

ʠʥʬʦʨʤʘʮʠʝʡ 

ʆʙʦʩʥʦʚʘʥʥʳʡ 

ʦʙʲʝʤ ʠʥʬʦʨʤʘ-

ʮʠʠ 

ʇʣʦʱʘʜʠ, ʧʦʪʨʝʙʥʳʝ ʜʣʷ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʫʩʣʫʛ 

ɺ ʫʪʠʣʠʟʘʮʠʠ 

ʦʪʭʦʜʦʚ 

ʋʪʠʣʠʟʘʮʠʷ ʚʩʝʭ 

ʦʪʭʦʜʦʚ ʜʝʷʪʝʣʴ-

ʥʦʩʪʠ  

ʇʣʦʱʘʜʠ ʠ ʦʙʲʝʤʳ ʪʝʨʨʠʪʦʨʠʠ, ʧʦʪʨʝʙʥʳʝ ʜʣʷ 

ʫʪʠʣʠʟʘʮʠʠ ʫʩʣʫʛ 

ʊʨʫʜʦʚʳʝ 

ɺ ʧʦʟʥʘʥʠʠ, ʦʙ-

ʨʘʟʦʚʘʥʠʠ 

ʇʦʟʥʘʥʠʝ ʠ ʦʙʨʘ-

ʟʦʚʘʥʠʝ (ʚ ʪ. ʯ. 

ʵʢʦʣʦʛʠʯʝʩʢʦʝ) 

ʅʝʦʙʭʦʜʠʤʳʝ ʧʣʦʱʘʜʠ ʜʣʷ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʧʦ-

ʪʨʝʙʥʦʩʪʠ 

ɺ ʪʨʫʜʝ  

ʊʨʫʜ ʚ ʩʦʦʪʚʝʪ-

ʩʪʚʠʠ ʩ ʠʥʜʠʚʠʜʫ-

ʘʣʴʥʳʤʠ ʦʩʦʙʝʥ-

ʥʦʩʪʷʤʠ ʯʝʣʦʚʝʢʘ 

ʅʝʦʙʭʦʜʠʤʳʝ ʧʣʦʱʘʜʠ, ʦʙʦʨʫʜʦʚʘʥʠʝ ʠ ʤʘʪʝʨʠ-

ʘʣʳ ʜʣʷ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʧʦʪʨʝʙʥʦʩʪʠ 

ɺ ʜʝʪʩʢʦʡ ʠʛʨʝ 
ʀʛʨʘ ʢʘʢ ʧʦʜʛʦ-

ʪʦʚʢʘ ʢ ʪʨʫʜʫ 
ʅʝʦʙʭʦʜʠʤʳʝ ʧʣʦʱʘʜʠ ʠ ʤʘʪʝʨʠʘʣʳ 

ʉʦʮʠʘʣʴ-

ʥʳʝ ʠ ʩʦ-

ʮʠʘʣʴʥʦ - 

ʧʩʠʭʦʣʦ-

ʛʠʯʝʩʢʠʝ 

ʉʦʮʠʘʣʴʥʳʡ 

ʬʦʥ ʜʣʷ ʫʜʦʚʣʝ-

ʪʚʦʨʝʥʠʷ ʧʦ-

ʪʨʝʙʥʦʩʪʝʡ 

ʆʧʨʝʜʝʣʝʥʥʳʡ ʩʦ-

ʮʠʘʣʴʥʳʡ ʬʦʥ ʜʣʷ 

ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ 

ʚʩʝʭ ʧʦʪʨʝʙʥʦʩʪʝʡ 

ʅʝʦʙʭʦʜʠʤʳʡ ʦʙʲʝʤ ʠ ʧʣʦʱʘʜʴ ʪʝʨʨʠʪʦʨʠʠ, ʥʘʣʠ-

ʯʠʝ ʨʝʩʫʨʩʦʚ  

ɺʦʟʤʦʞʥʦʩʪʠ 

ʦʙʱʝʥʠʷ 

ʇʦʜʜʝʨʞʘʥʠʝ ʦʙ-

ʱʝʥʠʷ 
ʅʘʣʠʯʠʝ ʪʝʨʨʠʪʦʨʠʡ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʦʙʱʝʥʠʷ 

ɺʦʟʤʦʞʥʦʩʪʠ 

ʩʘʤʦʨʝʘʣʠʟʘ-

ʮʠʠ 

ʅʘʣʠʯʠʝ ʫʩʣʦʚʠʡ 

ʜʣʷ ʩʘʤʦʨʝʘʣʠʟʘ-

ʮʠʠ 

ʅʘʣʠʯʠʝ ʪʝʨʨʠʪʦʨʠʡ, ʧʨʠʙʦʨʦʚ, ʠʥʩʪʨʫʤʝʥʪʦʚ, 

ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʩʘʤʦʨʝʘʣʠʟʘʮʠʠ 

ʕʪʦʣʦʛʦ - 

ʧʦʚʝʜʝʥ-

ʯʝʩʢʠʝ ʠ 

ʵʪʥʠʯʝ-

ʩʢʠʝ 

ʆʧʨʝʜʝʣʝʥʥʘʷ 

ʧʣʦʪʥʦʩʪʴ 

ʛʨʫʧʧ 

ʅʘʣʠʯʠʝ ʦʙʦʩʥʦ-

ʚʘʥʥʦʡ ʧʣʦʪʥʦʩʪʠ 

ʛʨʫʧʧ 

ʅʝʦʙʭʦʜʠʤʳʡ ʦʙʲʝʤ ʠ ʧʣʦʱʘʜʴ ʪʝʨʨʠʪʦʨʠʠ, ʦʙʝʩ-

ʧʝʯʠʚʘʶʱʠʝ ʧʣʦʪʥʦʩʪʴ 

ʆʧʨʝʜʝʣʝʥʥʘʷ 

ʩʪʝʧʝʥʴ ʠʟʦʣʠ-

ʨʦʚʘʥʥʦʩʪʠ 

ʕʪʥʠʯʝʩʢʘʷ ʠʟʦʣʠ-

ʨʦʚʘʥʥʦʩʪʴ  

ʅʝʦʙʭʦʜʠʤʳʡ ʦʙʲʝʤ ʠ ʧʣʦʱʘʜʴ ʪʝʨʨʠʪʦʨʠʡ, ʦʙʝʩ-

ʧʝʯʠʚʘʶʱʠʭ ʠʟʦʣʷʮʠʶ 

ʕʪʥʠʯʝʩʢʘʷ ʩʘ-

ʤʦʩʪʦʷʪʝʣʴ-

ʥʦʩʪʴ, ʯʠʩʣʝʥ-

ʥʦʩʪʴ 

ʇʦʜʜʝʨʞʘʥʠʝ ʵʪ-

ʥʠʯʝʩʢʦʡ ʩʘʤʦʩʪʦ-

ʷʪʝʣʴʥʦʩʪʠ ʠ ʯʠʩ-

ʣʝʥʥʦʩʪʠ 

ʅʝʦʙʭʦʜʠʤʳʡ ʦʙʲʝʤ ʠ ʧʣʦʱʘʜʴ ʪʝʨʨʠʪʦʨʠʠ 

ɸʨʭʠʪʝʢʪʫʨʥʦ-

ʣʘʥʜʰʘʬʪʥʘʷ 

ʩʨʝʜʘ 

ʅʘʣʠʯʠʝ ʢʨʘʩʠʚʦʡ 

ʘʨʭʠʪʝʢʪʫʨʥʦ-

ʣʘʥʜʰʘʬʪʥʦʡ 

ʩʨʝʜʳ 

ʅʝʦʙʭʦʜʠʤʳʡ ʦʙʲʝʤ ʠ ʧʣʦʱʘʜʴ ʘʨʭʠʪʝʢʪʫʨʥʦ - 

ʣʘʥʜʰʘʬʪʥʦʡ ʩʨʝʜʳ 

ʕʪʦʣʦʛʠʯʝʩʢʠʡ 

ʠ ʵʪʥʠʯʝʩʢʠʡ 

ʨʦʜʥʦʡ ʧʝʡʟʘʞ 

ʅʘʣʠʯʠʝ ʨʦʜʥʦʛʦ 

ʧʝʡʟʘʞʘ 

ʅʝʦʙʭʦʜʠʤʳʡ ʦʙʲʝʤ ʠ ʧʣʦʱʘʜʴ ʝʩʪʝʩʪʚʝʥʥʦʡ ʠ 

çʚʪʦʨʦʡè ʧʨʠʨʦʜʳ 

 

ʉʦʟʜʘʥʠʝ ʛʘʨʤʦʥʠʯʥʳʭ, ʢʨʘʩʠʚʳʭ ʠ ʟʜʦʨʦʚʳʭ 

ʛʦʨʦʜʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʵʢʦʣʦʛʠʯʝʩʢʦʤ ʨʘʚʥʦʚʝʩʠʠ 

ʩ ʧʨʠʨʦʜʦʡ, ʠ ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʩʚʦʠʤ ʞʠʪʝʣʷʤ ʚʳ-

ʩʦʢʦʝ, ʵʢʦʣʦʛʠʯʝʩʢʠ ʦʙʦʩʥʦʚʘʥʥʦʝ ʢʘʯʝʩʪʚʦ ʩʨʝʜʳ 

ʞʠʟʥʠ (ʵʢʦʣʦʛʠʯʝʩʢʠʡ ʢʦʤʬʦʨʪ) ï ʚʘʞʥʝʡʰʘʷ ʟʘ-

ʜʘʯʘ ʛʦʩʫʜʘʨʩʪʚʘ. ʇʨʠʥʷʪʠʝ ʢʦʥʮʝʧʮʠʠ ʠ ʧʨʦ-

ʛʨʘʤʤʳ çʩʦʟʜʘʥʠʷ (ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠ ʩʦʭʨʘʥʝʥʠʷ) 

ʛʘʨʤʦʥʠʯʥʦʡ, ʢʨʘʩʠʚʦʡ ʠ ʢʦʤʬʦʨʪʥʦʡ ʩʨʝʜʳ ʞʠʟʥʠ 

ʛʦʨʦʜʦʚ ʥʘ ʙʘʟʝ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳè, 

ʧʦʟʚʦʣʠʪ ʙʦʣʝʝ ʦʧʨʝʜʝʣʝʥʥʦ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠ ʦʙʦʩ-

ʥʦʚʘʥʥʦ ʦʨʠʝʥʪʠʨʦʚʘʪʴ ʤʳʰʣʝʥʠʝ ʠ ʜʝʡʩʪʚʠʷ ʩʧʝ-

ʮʠʘʣʠʩʪʦʚ ʠ ʞʠʪʝʣʝʡ ʥʘ ʨʝʰʝʥʠʝ ʩʘʤʦʡ ʚʘʞʥʦʡ ʜʣʷ 

ʥʠʭ ʧʨʦʙʣʝʤʳ ʩʦʟʜʘʥʠʷ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʦʡ ʩʨʝʜʳ 

ʞʠʟʥʠ ʚ ʛʦʨʦʜʘʭ. 
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ɸʅʅʆʊɸʎʀʗ 
ɺ ʵʪʦʡ ʩʪʘʪʴʝ ʤʳ ʧʦʩʪʘʨʘʝʤʩʷ ʨʘʟʲʷʩʥʠʪʴ, ʢʘʢʠʝ ʧʘʨʘʜʦʢʩʳ ʟʘʣʦʞʝʥʳ ʚ ʪʝʦʨʠʠ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʠʟ-

ʣʫʯʝʥʠʷ, ʠ ʢʘʢ ʦʥʠ ʨʝʰʘʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʨʘʥʝʝ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʚ ʧʨʝʜʳʜʫʱʠʭ ʩʪʘʪʴʷʭ ʥʘʰʝʡ ʪʝʦʨʠʠ. 

ABSTRACT  
In this paper, we will try to explain what paradoxes are inherent in the theory of gravitational radiation, and 

how they are solved with the help of previously presented in previous articles of our theory. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʆʊʆ ʠ ʉʊʆ ʕʡʥʰʪʝʡʥʘ, ʛʨʘʚʠʪʦʥ, ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʃʦʨʝʥʮʘ-ʄʠʥʢʦʚʩʢʦʛʦ, ʪʝʨʤʦ-

ʜʠʥʘʤʠʯʝʩʢʦʝ ʨʘʚʥʦʚʝʩʠʝ, ʫʨʘʚʥʝʥʠʷ ʄʘʢʩʚʝʣʣʘ, ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʝ ʫʨʘʚʥʝʥʠʷ ʄʘʢʩʚʝʣʣʘ, ʩʠʩʪʝʤʘ 

ʫʨʘʚʥʝʥʠʡ ɼʠʨʘʢʘ. 

Keywords: GRT and SRT of Einstein, gravitons, the Lorentz transformation-Minkowski, thermodynamic 

equilibrium, Maxwell's equations, advanced equations of Maxwell's system of equations of Dirac. 

 

ɽʩʣʠ ʚʟʷʪʴ ʠʥʬʦʨʤʘʮʠʶ ʠʟ ɺʠʢʠʧʝʜʠʷ (ʩʚʦ-

ʙʦʜʥʘʷ ʵʥʮʠʢʣʦʧʝʜʠʷ ʚ ʩʝʪʠ ʀʥʪʝʨʥʝʪ), ʪʦ ʦ ʛʨʘʚʠ-

ʪʘʮʠʦʥʥʳʭ ʚʦʣʥʘʭ ʥʘʧʠʩʘʥʦ ʩʣʝʜʫʶʱʝʝ: "ɺ ʦʙʱʝʡ 

ʪʝʦʨʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ, ʠ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʜʨʫʛʠʭ 

ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʦʨʠʡ ʛʨʘʚʠʪʘʮʠʠ, ʛʨʘʚʠʪʘʮʠʦʥʥʳʝ 

ʚʦʣʥʳ ʧʦʨʦʞʜʘʶʪʩʷ ʜʚʠʞʝʥʠʝʤ ʤʘʩʩʠʚʥʳʭ ʪʝʣ ʩ 

ʧʝʨʝʤʝʥʥʳʤ ʫʩʢʦʨʝʥʠʝʤ. ɻʨʘʚʠʪʘʮʠʦʥʥʳʝ ʚʦʣʥʳ 

ʩʚʦʙʦʜʥʦ ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʩʦ ʩʢʦ-

ʨʦʩʪʴʶ ʩʚʝʪʘ. ɺʚʠʜʫ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʩʣʘʙʦʩʪʠ ʛʨʘ-

ʚʠʪʘʮʠʦʥʥʳʭ ʩʠʣ (ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʦʯʠʤʠ) ʵʪʠ 

ʚʦʣʥʳ ʠʤʝʶʪ ʚʝʩʴʤʘ ʤʘʣʫʶ ʚʝʣʠʯʠʥʫ, ʩ ʪʨʫʜʦʤ 

ʧʦʜʜʘʶʱʫʶʩʷ ʨʝʛʠʩʪʨʘʮʠʠ. ɻʨʘʚʠʪʘʮʠʦʥʥʳʝ 

ʚʦʣʥʳ ʧʨʝʜʩʢʘʟʳʚʘʶʪʩʷ ʦʙʱʝʡ ʪʝʦʨʠʝʡ ʦʪʥʦʩʠ-

ʪʝʣʴʥʦʩʪʠ (ʆʊʆ). ɺʧʝʨʚʳʝ ʦʥʠ ʙʳʣʠ ʥʝʧʦʩʨʝʜ-

ʩʪʚʝʥʥʦ ʦʙʥʘʨʫʞʝʥʳ ʚ ʩʝʥʪʷʙʨʝ 2015 ʛ. ʜʚʫʤʷ ʜʝ-

ʪʝʢʪʦʨʘʤʠ-ʙʣʠʟʥʝʮʘʤʠ ʦʙʩʝʨʚʘʪʦʨʠʠ LIGO, ʥʘ ʢʦ-

ʪʦʨʳʭ ʙʳʣʠ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʛʨʘʚʠʪʘʮʠʦʥʥʳʝ 

ʚʦʣʥʳ, ʚʦʟʥʠʢʰʠʝ, ʚʝʨʦʷʪʥʦ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʣʠʷʥʠʷ 

ʜʚʫʭ ʯʸʨʥʳʭ ʜʳʨ ʠ ʦʙʨʘʟʦʚʘʥʠʷ ʦʜʥʦʡ ʙʦʣʝʝ ʤʘʩ-

ʩʠʚʥʦʡ ʚʨʘʱʘʶʱʝʡʩʷ ʯʸʨʥʦʡ ʜʳʨʳ. ʂʦʩʚʝʥʥʳʝ 

ʩʚʠʜʝʪʝʣʴʩʪʚʘ ʠʭ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʙʳʣʠ ʠʟʚʝʩʪʥʳ ʩ 

1970-ʭ ʛ.ʛ.  ʆʊʆ ʧʨʝʜʩʢʘʟʳʚʘʝʪ ʩʦʚʧʘʜʘʶʱʠʝ ʩ 

ʥʘʙʣʶʜʝʥʠʷʤʠ ʪʝʤʧʳ ʩʙʣʠʞʝʥʠʷ ʪʝʩʥʳʭ ʩʠʩʪʝʤ 

ʜʚʦʡʥʳʭ ʟʚʸʟʜ ʟʘ ʩʯʸʪ ʧʦʪʝʨʠ ʵʥʝʨʛʠʠ ʥʘ ʠʟʣʫʯʝʥʠʝ 

ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʚʦʣʥ. ʇʨʷʤʘʷ ʨʝʛʠʩʪʨʘʮʠʷ ʛʨʘʚʠ-

ʪʘʮʠʦʥʥʳʭ ʚʦʣʥ ʠ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʣʷ ʦʧʨʝʜʝʣʝ-

ʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʘʩʪʨʦʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʷʚʣʷ-

ʝʪʩʷ ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ ʩʦʚʨʝʤʝʥʥʦʡ ʬʠʟʠʢʠ ʠ ʘʩʪʨʦ-

ʥʦʤʠʠ.  

ɺ ʨʘʤʢʘʭ ʆʊʆ ʛʨʘʚʠʪʘʮʠʦʥʥʳʝ ʚʦʣʥʳ ʦʧʠʩʳ-

ʚʘʶʪʩʷ ʨʝʰʝʥʠʷʤʠ ʫʨʘʚʥʝʥʠʡ ʕʡʥʰʪʝʡʥʘ ʚʦʣʥʦ-

ʚʦʛʦ ʪʠʧʘ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʤʠ ʩʦʙʦʡ ʜʚʠʞʫʱʝʝʩʷ ʩʦ 

ʩʢʦʨʦʩʪʴʶ ʩʚʝʪʘ (ʚ ʣʠʥʝʡʥʦʤ ʧʨʠʙʣʠʞʝʥʠʠ) ʚʦʟʤʫ-

ʱʝʥʠʝ ʤʝʪʨʠʢʠ ʧʨʦʩʪʨʘʥʩʪʚʘ - ʚʨʝʤʝʥʠ. ʇʨʦʷʚʣʝ-

ʥʠʝʤ ʵʪʦʛʦ ʚʦʟʤʫʱʝʥʠʷ ʜʦʣʞʥʦ ʙʳʪʴ, ʚ ʯʘʩʪʥʦʩʪʠ, 

ʧʝʨʠʦʜʠʯʝʩʢʦʝ ʠʟʤʝʥʝʥʠʝ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ 2-ʤʷ 

ʩʚʦʙʦʜʥʦ ʧʘʜʘʶʱʠʤʠ (ʪʦ ʝʩʪʴ ʥʝ ʠʩʧʳʪʳʚʘʶʱʠʤʠ 

ʚʣʠʷʥʠʷ ʥʠʢʘʢʠʭ ʩʠʣ) ʧʨʦʙʥʳʤʠ ʤʘʩʩʘʤʠ. ɸʤʧʣʠ-

ʪʫʜʦʡ h ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʚʦʣʥʳ ʷʚʣʷʝʪʩʷ ʙʝʟʨʘʟʤʝʨ-

ʥʘʷ ʚʝʣʠʯʠʥʘ  ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʨʘʩʩʪʦʷ-

ʥʠʷ. ʇʨʝʜʩʢʘʟʳʚʘʝʤʳʝ ʤʘʢʩʠʤʘʣʴʥʳʝ ʘʤʧʣʠʪʫʜʳ 

ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʚʦʣʥ ʦʪ ʘʩʪʨʦʬʠʟʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ 

(ʥʘʧʨʠʤʝʨ, ʢʦʤʧʘʢʪʥʳʭ ʜʚʦʡʥʳʭ ʩʠʩʪʝʤ) ʠ ʷʚʣʝʥʠʡ 

(ʚʟʨʳʚʦʚ ʩʚʝʨʭʥʦʚʳʭ, ʩʣʠʷʥʠʡ ʥʝʡʪʨʦʥʥʳʭ ʟʚʸʟʜ, 

ʟʘʭʚʘʪʦʚ ʟʚʸʟʜ ʯʸʨʥʳʤʠ ʜʳʨʘʤʠ ʠ ʪ.ʧ.) ʧʨʠ ʠʟʤʝʨʝ-

ʥʠʷʭ ʚ ʉʦʣʥʝʯʥʦʡ ʩʠʩʪʝʤʝ ʚʝʩʴʤʘ ʤʘʣʳ (h=10
18é1023). ʉʣʘʙʘʷ (ʣʠʥʝʡʥʘʷ) ʛʨʘʚʠʪʘʮʠʦʥʥʘʷ ʚʦʣʥʘ 
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ʩʦʛʣʘʩʥʦ ʆʊʆ ʧʝʨʝʥʦʩʠʪ ʵʥʝʨʛʠʶ ʠ ʠʤʧʫʣʴʩ, ʜʚʠ-

ʛʘʝʪʩʷ ʩʦ ʩʢʦʨʦʩʪʴʶ ʩʚʝʪʘ, ʷʚʣʷʝʪʩʷ ʧʦʧʝʨʝʯʥʦʡ, 

ʢʚʘʜʨʫʧʦʣʴʥʦʡ ʠ ʦʧʠʩʳʚʘʝʪʩʷ ʜʚʫʤʷ ʥʝʟʘʚʠʩʠ-

ʤʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʧʦʜ ʫʛʣʦʤ 

45Á ʜʨʫʛ ʢ ʜʨʫʛʫ (ʠʤʝʝʪ ʜʚʘ ʥʘʧʨʘʚʣʝʥʠʷ ʧʦʣʷʨʠʟʘ-

ʮʠʠ).  

ʈʘʟʥʳʝ ʪʝʦʨʠʠ ʧʦ-ʨʘʟʥʦʤʫ ʧʨʝʜʩʢʘʟʳʚʘʶʪ ʩʢʦ-

ʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʚʦʣʥ. ɺ 

ʆʊʆ ʦʥʘ ʨʘʚʥʘ ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ (ʚ ʣʠʥʝʡʥʦʤ ʧʨʠʙʣʠ-

ʞʝʥʠʠ). ɺ ʜʨʫʛʠʭ ʪʝʦʨʠʷʭ ʛʨʘʚʠʪʘʮʠʠ ʦʥʘ ʤʦʞʝʪ 

ʧʨʠʥʠʤʘʪʴ ʣʶʙʳʝ ʟʥʘʯʝʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʜʦ Ð. ʇʦ 

ʜʘʥʥʳʤ ʧʝʨʚʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʚʦʣʥ 

ʠʭ ʜʠʩʧʝʨʩʠʷ ʦʢʘʟʘʣʘʩʴ ʩʦʚʤʝʩʪʠʤʦʡ ʩ ʙʝʟʤʘʩʩʦ-

ʚʳʤ ʛʨʘʚʠʪʦʥʦʤ, ʘ ʩʢʦʨʦʩʪʴ ʦʮʝʥʝʥʘ ʢʘʢ ʨʘʚʥʘʷ 

ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ. 

ɿʘ ɻʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʦʙʥʘʨʫʞʝʥʠʝ ʛʨʘʚʠʪʘ-

ʮʠʦʥʥʳʭ ʚʦʣʥ ʙʳʣʘ ʧʨʠʩʫʞʜʝʥʘ ʅʦʙʝʣʝʚʩʢʘʷ ʧʨʝ-

ʤʠʷ ʧʦ ʬʠʟʠʢʝ 2017 ʛʦʜʘ". 

ʆʜʥʘʢʦ ʤʳ ʥʝ ʨʘʟ ʦʙʨʘʱʘʣʠ ʚʥʠʤʘʥʠʝ ʥʘ ʪʦ, 

ʯʪʦ ʚ ʥʘʫʢʝ ʦʯʝʥʴ ʤʥʦʛʦʝ ʟʘʚʠʩʠʪ ʥʝ ʦʪ ʪʦʛʦ, ʩ ʯʝʤ 

ʩʚʷʟʘʥʦ ʧʦʣʫʯʝʥʠʝ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴ-

ʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ, ʘ ʢʘʢ ʝʛʦ ʠʥʪʝʨʧʨʝʪʠʨʫʶʪ! ʀ ʩʝʡ-

ʯʘʩ ʠʟ-ʟʘ ʥʝʧʨʘʚʠʣʴʥʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʵʢʩʧʝʨʠ-

ʤʝʥʪʦʚ, ʩʫʜʷ ʧʦ ʚʳʰʝ ʧʨʠʚʝʜʝʥʥʦʡ ʩʪʘʪʴʝ, ʩʬʦʨʤʠ-

ʨʦʚʘʣʘʩʴ ʮʝʣʘʷ ʩʠʩʪʝʤʘ ʥʘʫʯʥʳʭ ʟʘʙʣʫʞʜʝʥʠʡ. ɺʦʪ 

ʠ ʧʨʠ ʘʥʘʣʠʟʝ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʧʦ ʦʙʥʘʨʫʞʝʥʠʶ 

ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʚʦʣʥ ʚʦʟʥʠʢʘʶʪ ʩʣʝʜʫʶʱʠʝ ʧʘʨʘ-

ʜʦʢʩʳ. ʆʙʦʟʥʘʯʠʤ ʠʭ.  

ʇʝʨʚʳʡ ʧʘʨʘʜʦʢʩ ʚʠʜʝʥ ʚ ʪʦʤ, ʯʪʦ ʛʨʘʚʠʪʘʮʠ-

ʦʥʥʦʝ ʧʦʣʝ ʟʜʝʩʴ ʦʪʜʝʣʝʥʦ ʦʪ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ, ʠ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʦʪʜʝʣʴʥʦʛʦ ʩʚʦʝʛʦ ʧʝ-

ʨʝʤʝʱʝʥʠʷ ʩʦ ʩʢʦʨʦʩʪʴʶ ʩʚʝʪʘ ʚ ʚʠʜʝ çʙʝʟʤʘʩʩʦ-

ʚʳʭ ʛʨʘʚʠʪʦʥʦʚè. ʀʥʳʤʠ ʩʣʦʚʘʤʠ ʚ ʵʪʦʤ ʩʣʫʯʘʝ 

ʚʦʟʤʦʞʥʘ ʧʝʨʝʜʘʯʘ ʦʙʲʝʢʪʘʤ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨ-

ʛʠʠ ʯʝʨʝʟ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʝ ʠʩʢʨʠʚʣʝʥʠʝ 

ʙʝʟ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ ʟʘ ʩʯʸʪ ʥʝʢʠʭ ʛʨʘʚʠʪʦ-

ʥʦʚ. ʆʜʥʘʢʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʚʦʟʥʠʢʘʝʪ ʜʚʦʡʩʪʚʝʥ-

ʥʦʩʪʴ ʚ ʧʝʨʝʜʘʯʝ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ. ʉ ʦʜʥʦʡ 

ʩʪʦʨʦʥʳ ʧʝʨʝʜʘʯʘ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʦʩʫʱʝʩʪʚ-

ʣʷʝʪʩʷ ʯʝʨʝʟ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʚʦʣʥʳ, ʘ ʩ ʜʨʫʛʦʡ 

ʩʪʦʨʦʥʳ ʯʝʨʝʟ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʝ ʠʩʢʨʠʚ-

ʣʝʥʠʝ ʦʪ ʛʨʘʚʠʪʦʥʦʚ. ʅʦ ʪʦʛʜʘ ʤʦʞʥʦ ʧʨʝʜʧʦʣʦ-

ʞʠʪʴ ʚʘʨʠʘʥʪ, ʢʦʛʜʘ ʥʘʙʨʘʥʥʘʷ ʦʙʲʝʢʪʦʤ (ʚ ʚʠʜʝ 

ʵʣʝʢʪʨʦʥʘ) ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʦʪ ʛʨʘʚʠʪʦʥʦʚ ʤʦ-

ʞʝʪ ʜʦʩʪʠʯʴ ʪʘʢʦʡ ʚʝʣʠʯʠʥʳ, ʯʪʦ ʧʨʠ ʩʦʫʜʘʨʝʥʠʠ ʩ 

ʥʝʧʦʜʚʠʞʥʳʤ ʧʨʝʧʷʪʩʪʚʠʝʤ ʵʣʝʢʪʨʦʥʘ ʩ ʢʠʥʝʪʠʯʝ-

ʩʢʦʡ ʵʥʝʨʛʠʝʡ ʚʦʟʥʠʢʥʝʪ ʥʦʚʘʷ ʧʘʨʘ ʵʣʝʢʪʨʦʥ ʠ ʧʦ-

ʟʠʪʨʦʥ ʩ ʧʦʪʝʨʝʡ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʧʝʨʚʠʯʥʳʤ 

ʵʣʝʢʪʨʦʥʦʤ. ʅʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʠ ʘʥʥʠʛʠʣʷʮʠʠ 

ʚʥʦʚʴ ʦʙʨʘʟʦʚʘʥʥʦʡ ʵʣʝʢʪʨʦʥʥʦ-ʧʦʟʠʪʨʦʥʥʦʡ ʧʘʨʳ 

ʚʦʟʥʠʢʘʶʪ ʚʦʦʙʱʝ-ʪʦ ʬʦʪʦʥʳ, ʢʘʢ ʵʪʦ ʠʟʚʝʩʪʥʦ ʠʟ 

ʧʨʘʢʪʠʢʠ (ʪʦ ʝʩʪʴ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʚʦʣʥʳ), ʘ ʥʝ 

ʚʳʤʳʰʣʝʥʥʳʝ ʛʨʘʚʠʪʦʥʳ. ʊʘʢʦʝ ʧʨʝʚʨʘʱʝʥʠʝ ʧʦʜ-

ʨʘʟʫʤʝʚʘʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝ-

ʤʝʥʥʦʛʦ ʠʩʢʨʠʚʣʝʥʠʷ ʩ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ, ʘ 

ʟʥʘʯʠʪ ʠʭ ʥʝʦʪʜʝʣʠʤʦʩʪʴ, ʘ ʟʜʝʩʴ ʧʦ ʢʣʘʩʩʠʯʝʩʢʦʡ 

ʪʝʦʨʠʠ ʠʟʥʘʯʘʣʴʥʦ ʧʨʠʩʫʪʩʪʚʫʝʪ ʥʝʟʘʚʠʩʠʤʳʡ ʛʨʘ-

ʚʠʪʦʥ ʩʦ ʩʚʦʠʤ ʩʧʠʥʦʤ ʨʘʚʥʳʤ 2, ʘ ʥʝ ʵʣʝʢʪʨʦʤʘʛ-

ʥʠʪʥʘʷ ʚʦʣʥʘ ʩʦ ʩʧʠʥʦʤ ʨʘʚʥʳʤ 1. ʊʘʢ ʢʪʦ ʧʨʘʚ? 

ʀʣʠ ʥʳʥʝ ʩʪʘʣʦ ʤʦʜʥʦ ʪʨʘʢʪʦʚʘʪʴ ʜʘʥʥʳʝ ʢʘʢ ʭʦ-

ʯʝʪʩʷ ʠ ʢʘʢ ʥʨʘʚʠʪʴʩʷ?  

ɺʪʦʨʦʡ ʧʘʨʘʜʦʢʩ ʦʩʥʦʚʘʥ ʥʘ ʪʦʤ, ʯʪʦ ʧʦ ʢʣʘʩ-

ʩʠʢʝ ʛʨʘʚʠʪʘʮʠʦʥʥʳʝ ʩʠʣʳ ʷʚʣʷʶʪʩʷ ʮʝʥʪʨʦʩʪʨʝ-

ʤʠʪʝʣʴʥʳʤʠ ʩʠʣʘʤʠ. ɸ ʵʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʝʩʪʴ ʦʙ-

ʱʘʷ ʪʦʯʢʘ ʥʘʯʘʣʘ ʩʠʣʦʚʳʭ ʣʠʥʠʡ, ʢʦʪʦʨʳʝ ʟʘʢʘʥʯʠ-

ʚʘʶʪʩʷ ʥʘ Ð. ʅʦ ʪʘʢʦʡ ʧʦʜʭʦʜ ʠʟʥʘʯʘʣʴʥʦ ʦʩʥʦʚʘʥ 

ʥʘ ʪʦʤ, ʯʪʦ ʚʩʝʛʜʘ ʠʟ-ʟʘ ʥʘʯʘʣʴʥʦʡ ʦʙʱʝʡ ʪʦʯʢʠ ʛʨʘ-

ʚʠʪʘʮʠʦʥʥʳʭ ʩʠʣ ʧʨʠʩʫʪʩʪʚʫʝʪ ʤʘʩʩʘ ʧʦʢʦʷ, ʙʝʟ ʢʦ-

ʪʦʨʦʡ ʥʝ ʤʦʞʝʪ ʩʫʱʝʩʪʚʦʚʘʪʴ ʛʨʘʚʠʪʘʮʠʦʥʥʘʷ ʩʠʣʘ. 

ɸ ʠʟ ʵʪʦʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ ʛʨʘʚʠʪʘʮʠʦʥʥʳʝ ʚʦʣʥʳ, ʭʘ-

ʨʘʢʪʝʨʠʟʫʝʤʳʝ ʮʝʥʪʨʦʩʪʨʝʤʠʪʝʣʴʥʳʤʠ ʛʨʘʚʠʪʘʮʠ-

ʦʥʥʳʤʠ ʩʠʣʘʤʠ ʥʝ ʤʦʛʫʪ ʧʝʨʝʤʝʱʘʪʴʩʷ ʩʦ ʩʢʦʨʦ-

ʩʪʴʶ ʩʚʝʪʘ ʠ ʙʦʣʝʝ ʪʦʛʦ ʙʳʪʴ ʙʝʟʤʘʩʩʦʚʳʤʠ, ʢʘʢ ʪʦʪ 

ʞʝ ʛʨʘʚʠʪʦʥ. ʇʨʝʜʩʪʘʚʠʪʴ ʞʝ ʟʘʤʢʥʫʪʫʶ ʛʨʘʚʠʪʘ-

ʮʠʦʥʥʫʶ ʩʠʣʫ ʜʣʷ ʛʨʘʚʠʪʦʥʘ ʘʙʩʦʣʶʪʥʦ ʥʝʚʦʟ-

ʤʦʞʥʦ, ʪʘʢ ʢʘʢ ʚʩʝʛʜʘ ʙʫʜʝʪ ʪʦʯʢʘ ʧʝʨʝʧʘʜʘ ʚ ʦʙ-

ʨʘʪʥʫʶ ʩʪʦʨʦʥʫ, ʚ ʩʠʣʫ ʪʦʛʦ ʯʪʦ ʤʳ ʠʤʝʝʤ ʜʝʣʦ ʩ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʳʤ ʠʩʢʨʠʚʣʝʥʠʝʤ, ʢʦʪʦ-

ʨʦʝ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʛʨʘʚʠʪʘʮʠʦʥʥʫʶ ʩʠʣʫ. ʀ ʟʜʝʩʴ 

ʷʚʥʳʡ ʘʙʩʫʨʜ. 

ʊʨʝʪʠʡ ʧʘʨʘʜʦʢʩ ʦʩʥʦʚʘʥ ʥʘ ʪʦʤ, ʯʪʦ ʥʘʣʠʯʠʝ 

ʦʪʜʝʣʴʥʦ ʩʫʱʝʩʪʚʫʶʱʠʭ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʚʦʣʥ, ʭʘ-

ʨʘʢʪʝʨʠʟʫʝʤʳʭ ʮʝʥʪʨʦʩʪʨʝʤʠʪʝʣʴʥʳʤʠ ʛʨʘʚʠʪʘʮʠ-

ʦʥʥʳʤʠ ʩʠʣʘʤʠ, ʥʝ ʚʧʠʩʳʚʘʝʪʩʷ ʚ ʢʦʥʮʝʧʮʠʶ ʢʦʨ-

ʧʫʩʢʫʣʷʨʥʦ-ʚʦʣʥʦʚʦʛʦ ʜʫʘʣʠʟʤʘ ʥʠʢʘʢ! ʊʦ ʝʩʪʴ, ʚʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 2-ʭ ʛʣʦʙʘʣʴʥʳʭ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ-

ʩʪʝʡ, ʪʘʢ ʢʘʢ ʝʩʪʴ ʥʘʣʠʯʠʝ ʪʦʣʴʢʦ ʮʝʥʪʨʦʩʪʨʝʤʠ-

ʪʝʣʴʥʳʭ ʩʠʣ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʧʦʪʝʥʮʠʘʣʴʥʫʶ 

ʵʥʝʨʛʠʶ. ʀ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʝʩʪʴ ʪʦʣʴʢʦ ʩʞʘʪʠʝ ʧʨʦ-

ʩʪʨʘʥʩʪʚʘ ʠ ʚʨʝʤʝʥʠ ʜʦ Ð, ʘ ʚʦʪ ʧʦʷʚʣʝʥʠʝ ʵʣʝʢʪʨʦ-

ʤʘʛʥʠʪʥʳʭ ʩʠʣ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʢʠʥʝʪʠʯʝʩʢʫʶ 

ʵʥʝʨʛʠʶ ʟʜʝʩʴ ʥʝ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪʩʷ, ʪʘʢ ʢʘʢ ʥʝʪ 

ʤʝʭʘʥʠʟʤʘ ʧʝʨʝʭʦʜʘ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ʕʪʦ ʚ ʧʨʠʥ-

ʮʠʧʝ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʥʝʪ ʟʘʤʢʥʫʪʦʛʦ ʦʙʤʝʥʘ ʤʝʞʜʫ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʷʤʠ, ʯʪʦ, ʢʩʪʘʪʠ, ʦʟʥʘʯʘʝʪ ʩʫʱʝ-

ʩʪʚʦʚʘʥʠʝ ʯʸʨʥʳʭ ʜʳʨ. ɺ ʩʪʘʪʴʝ [1] ʤʳ ʨʘʩʢʨʳʣʠ, ʚ 

ʯʸʤ ʩʦʩʪʦʠʪ ʧʘʨʘʜʦʢʩ ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ çʯʸʨʥʳʭ 

ʜʳʨè.  

ɼʣʷ ʨʝʰʝʥʠʷ ʧʘʨʘʜʦʢʩʦʚ ʥʘʯʥʸʤ ʩ ʪʦʛʦ, ʯʪʦ ʧʦ-

ʩʣʫʞʠʣʦ ʧʨʠʯʠʥʦʡ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʨʠʪʷʞʝʥʠʷ. 

ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʦʩʥʦʚʫ ʧʦʷʚʣʝʥʠʷ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ 

ʧʨʠʪʷʞʝʥʠʷ ʩʬʦʨʤʫʣʠʨʦʚʘʣ ɸ. ʕʡʥʰʪʝʡʥ ʟʘ ʩʯʸʪ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʛʦ ʠʩʢʨʠʚʣʝʥʠʷ. ɻʣʘʚ-

ʥʳʤ ʧʦʩʪʫʣʘʪʦʤ ʟʜʝʩʴ ʷʚʣʷʝʪʩʷ ʨʘʚʝʥʩʪʚʦ ʠʥʝʨʮʠ-

ʦʥʥʳʭ ʠ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʤʘʩʩ. ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ 

ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʝʩʣʠ ʥʝʣʴʟʷ ʦʪʣʠʯʠʪʴ ʩʠʣʫ ʧʦ 

ʩʧʦʩʦʙʫ ʚʦʟʜʝʡʩʪʚʠʷ, ʥʘʧʨʠʤʝʨ, ʚ ʣʠʬʪʝ ʢʦʪʦʨʳʡ 

ʜʚʠʞʝʪʩʷ ʩ ʫʩʢʦʨʝʥʠʝʤ, ʪʦ ʚʦʟʤʦʞʥʦ ʵʢʚʠʚʘʣʝʥʪ-

ʥʦʝ ʟʘʤʝʱʝʥʠʝ, ʥʝ ʚʣʠʷʶʱʝʝ ʥʘ ʨʝʟʫʣʴʪʘʪ, ʪʘʢ ʢʘʢ 

ʵʬʬʝʢʪ ʘʥʘʣʦʛʠʯʥʳʡ. ʀʥʳʤʠ ʩʣʦʚʘʤʠ ɸ. ʕʡʥ-

ʰʪʝʡʥ, ʠʩʭʦʜʷ ʠʟ ʨʘʚʝʥʩʪʚʘ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʠ 

ʠʥʝʨʮʠʦʥʥʳʭ ʤʘʩʩ, ʧʨʝʜʧʦʣʦʞʠʣ ʨʘʚʝʥʩʪʚʦ ʠʥʝʨ-

ʮʠʘʣʴʥʳʭ ʠ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʩʠʣ. ʕʪʦ ʧʦʟʚʦʣʠʣʦ 

ʕʡʥʰʪʝʡʥʫ ʨʘʟʙʠʪʴ ʚʩʸ ʧʨʦʩʪʨʘʥʩʪʚʦ ʥʘ ʤʝʣʢʠʝ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʳʝ ʫʯʘʩʪʢʠ, ʢʦʪʦʨʳʝ ʦʪ-

ʣʠʯʘʶʪʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʩʢʦʨʦʩʪʴʶ ʜʚʠʞʝʥʠʷ, ʠ ʪʝʤ 

ʩʘʤʳʤ ʧʦʣʫʯʘʝʪʩʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʘʷ ʥʝ-

ʦʜʥʦʨʦʜʥʦʩʪʴ, ʢʦʪʦʨʘʷ ʠ ʤʦʞʝʪ ʜʘʪʴ ʥʝʦʙʭʦʜʠʤʫʶ 

ʩʠʣʫ ʛʨʘʚʠʪʘʮʠʠ ʯʝʨʝʟ ʫʩʢʦʨʝʥʠʝ. ʊʘʢʦʡ ʧʦʜʭʦʜ 

ʩʪʘʣ ʚʦʟʤʦʞʝʥ ʧʦʪʦʤʫ, ʯʪʦ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʉʊʆ, ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ, 

ʤʝʥʷʝʪʩʷ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʝ ʠʩʢʨʠʚʣʝ-

ʥʠʝ ʦʙʲʝʢʪʘ. ɺ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʧʨʘʚʠʣʴʥʦʩʪʠ ʪʘʢʦʛʦ 

ʧʦʜʭʦʜʘ ʛʦʚʦʨʠʪ ʠʩʢʨʠʚʣʝʥʠʝ ʧʫʪʠ ʧʨʦʭʦʞʜʝʥʠʷ 

ʩʚʝʪʘ ʚ ʛʨʘʚʠʪʘʮʠʦʥʥʦʤ ʧʦʣʝ, ʘ ʪʘʢʞʝ ʨʘʟʥʠʮʘ ʚʦ 
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ʚʨʝʤʝʥʠ ʤʝʞʜʫ ʯʘʩʘʤʠ ʧʨʠ ʨʘʟʥʦʡ ʚʳʩʦʪʝ ʨʘʩʧʦʣʦ-

ʞʝʥʠʷ ʥʘ ɿʝʤʣʝ, ʠ ʠʟʤʝʥʝʥʠʝ ʯʘʩʪʦʪʳ ʵʣʝʢʪʨʦʤʘʛ-

ʥʠʪʥʳʭ ʚʦʣʥ ʚ ʛʨʘʚʠʪʘʮʠʦʥʥʦʤ ʧʦʣʝ. ʆʜʥʘʢʦ ʠ 

ʟʜʝʩʴ ʚʦʟʥʠʢʘʶʪ ʪʨʠ ʧʘʨʘʜʦʢʩʘ: 

1. ʉʠʥʛʫʣʷʨʥʦʩʪʴ-ʨʘʟʨʳʚ ʜʘʞʝ ʤʝʞʜʫ ʤʝʣʴ-

ʯʘʡʰʠʤʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʳʤʠ ʵʣʝʤʝʥ-

ʪʘʤʠ. ʂʘʢ ʥʠ ʜʨʦʙʠ, ʥʦ ʧʨʝʜʝʣ ʛʜʝ-ʪʦ ʜʦʣʞʝʥ ʙʳʪʴ. 

ʀ ʚʩʝ ʵʪʠ ʧʨʠʪʷʥʫʪʳʝ çʟʘ ʫʰʠè ʪʝʦʨʠʠ, ʩ ʠʭ ʙʝʩʢʦ-

ʥʝʯʥʳʤ ʧʨʠʙʣʠʞʝʥʠʝʤ ʠ ʧʨʦʯʝʡ ʙʝʩʢʦʥʝʯʥʦʡ ʤʘʪʝ-

ʤʘʪʠʯʝʩʢʦʡ ʯʫʰʴʶ, ʪʦʣʴʢʦ ʫʚʦʜʷʪ ʦʪ ʩʫʪʠ ʚʦʧʨʦʩʘ. 

2. ʆʪʥʦʩʠʪʝʣʴʥʦ ʢʘʢʦʡ ʩʠʩʪʝʤʳ ʦʪʩʯʸʪʘ ʚʳʯʠʩ-

ʣʷʪʴ ʟʥʘʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʢʘʞʜʦʛʦ ʵʣʝʤʝʥʪʘʨʥʦʛʦ 

ʤʝʣʴʯʘʡʰʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʛʦ ʵʣʝ-

ʤʝʥʪʘ? ʀ ʟʜʝʩʴ ʥʝʪ ʦʙʱʝʧʨʠʥʷʪʦʡ, ʧʨʠʟʥʘʚʘʝʤʦʡ 

ʚʩʝʤʠ çʪʦʯʢʠ ʟʨʝʥʠʷè ʥʘ ʵʪʦʪ ʚʦʧʨʦʩ. ɿʜʝʩʴ ʢʪʦ ʚʦ 

ʯʪʦ ʛʦʨʘʟʜ: ʢʪʦ ʢʘʢ ʭʦʯʝʪ  ʪʘʢ ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ.  

3. ɽʩʣʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʥʝ 

ʩʚʷʟʘʥʳ ʯʝʨʝʟ ʦʙʤʝʥ ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥ-

ʥʳʤ ʠʩʢʨʠʚʣʝʥʠʝʤ, ʪʦ ʠʟʤʝʥʝʥʠʝ ʯʘʩʪʦʪʳ ʵʣʝʢʪʨʦ-

ʤʘʛʥʠʪʥʳʭ ʚʦʣʥ ʠ ʠʩʢʨʠʚʣʝʥʠʝ ʧʫʪʠ ʧʨʦʭʦʞʜʝʥʠʷ 

ʩʚʝʪʘ ʚ ʛʨʘʚʠʪʘʮʠʦʥʥʦʤ ʧʦʣʝ ʚ ʧʨʠʥʮʠʧʝ ʥʝʚʦʟ-

ʤʦʞʥʦ ʠʟ-ʟʘ ʧʦʣʥʦʡ ʥʝʟʘʚʠʩʠʤʦʩʪʠ. ʊʝʤ ʥʝ ʤʝʥʝʝ, 

ʩʫʜʷ ʧʦ ʧʨʠʚʝʜʝʥʥʦʡ ʩʪʘʪʴʝ  çʯʪʦ-ʪʦè ʚʩʝ-ʪʘʢʠ ʦʙ-

ʥʘʨʫʞʠʣʠ.  

ʅʘʯʥʝʤ ʨʘʟʙʦʨ ʧʨʠʚʝʜʝʥʥʳʭ ʧʘʨʘʜʦʢʩʦʚ, ʠʩ-

ʭʦʜʷ ʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘʤʠ ʚ ʨʷʜʝ ʧʨʝʜʳʜʫʱʠʭ 

ʩʪʘʪʝʡ ʪʝʦʨʠʠ ʄʠʨʦʟʜʘʥʠʷ.  

ʇʝʨʚʳʡ ʠ ʪʨʝʪʠʡ ʧʘʨʘʜʦʢʩʳ ʷʚʣʷʶʪʩʷ ʨʘʟʨʝ-

ʰʠʤʳʤʠ, ʝʩʣʠ ʧʨʝʜʧʦʣʦʞʠʪʴ ʩʚʷʟʴ ʵʣʝʢʪʨʦʤʘʛʥʠʪ-

ʥʳʭ ʩʠʣ ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʳʤ ʢʦʥʪʠʥʫʫ-

ʤʦʤ. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ɸ. ʕʡʥʰʪʝʡʥ ʧʳʪʘʣʩʷ ʚ ʪʝʯʝ-

ʥʠʠ 30 ʣʝʪ ʩʚʷʟʘʪʴ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʩʠʣʳ ʩ 

ʛʨʘʚʠʪʘʮʠʦʥʥʳʤʠ ʩʠʣʘʤʠ. ʆʜʥʘʢʦ ʚ ʨʘʤʢʘʭ ʦʙʳʯ-

ʥʳʭ ʫʨʘʚʥʝʥʠʡ ʄʘʢʩʚʝʣʣʘ ʵʪʦ ʙʳʣʦ ʩʜʝʣʘʪʴ ʥʝʚʦʟ-

ʤʦʞʥʦ, ʪʘʢ ʢʘʢ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʩʚʷʟʠ ʪʨʝʙʦʚʘʣʦʩʴ 

ʚʟʘʠʤʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʩʠʣ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʝ ʠʩʢʨʠʚʣʝʥʠʝ ʠ ʥʘʦʙʦ-

ʨʦʪ. ɺ ʦʙʳʯʥʳʭ ʫʨʘʚʥʝʥʠʷʭ ʄʘʢʩʚʝʣʣʘ ʥʝ ʙʳʣʦ 

ʧʨʦʝʢʮʠʠ ʥʘʧʨʷʞʸʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ ʤʘʛʥʠʪ-

ʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʥʘ ʚʨʝʤʷ. ɸ ʵʪʦ ʦʟʥʘʯʘʣʦ ʥʝ ʧʦʜ-

ʯʠʥʝʥʠʝ ʵʪʠʭ ʫʨʘʚʥʝʥʠʡ ʵʣʝʢʪʨʦʜʠʥʘʤʠʢʠ ʧʨʝʦʙʨʘ-

ʟʦʚʘʥʠʷʤ ʃʦʨʝʥʮʘ-ʄʠʥʢʦʚʩʢʦʛʦ, ʚ ʢʦʪʦʨʳʭ ʧʨʦ-

ʩʪʨʘʥʩʪʚʦ ʠ ʚʨʝʤʷ ʩʚʷʟʘʥʳ, ʠ ʦʙʨʘʟʫʶʪ ʧʦʵʪʦʤʫ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʡ ʢʦʥʪʠʥʫʫʤ, ʪʘʢ ʢʘʢ 

ʝʩʪʴ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚʨʝʤʝʥʠ ʚ 

ʜʣʠʥʫ ʠ ʥʘʦʙʦʨʦʪ. ʆʪʩʶʜʘ ʚʳʪʝʢʘʝʪ ʥʝʟʘʚʠʩʠʤʦʩʪʴ 

ʠ ʦʪʩʫʪʩʪʚʠʝ ʚʟʘʠʤʥʦʛʦ ʦʙʤʝʥʘ ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʤʝʞʜʫ ʥʘʧʨʷʞʸʥʥʦʩʪʷʤʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ ʤʘʛʥʠʪ-

ʥʳʭ ʧʦʣʝʡ ʦʪ ʚʨʝʤʝʥʠ, ʘ ʟʥʘʯʠʪ ʠ ʦʪ ʧʨʦʩʪʨʘʥʩʪʚʘ. 

ʅʦ ʝʱʸ ʨʘʟ ʧʦʜʯʝʨʢʥʸʤ, ʯʪʦ ʵʪʦ ʧʨʦʪʠʚʦʨʝʯʠʪ ʧʨʘʢ-

ʪʠʢʝ ʥʘʣʠʯʠʷ ʠʩʢʨʠʚʣʝʥʠʷ ʧʨʦʭʦʞʜʝʥʠʷ ʩʚʝʪʘ ʚ 

ʛʨʘʚʠʪʘʮʠʦʥʥʦʤ ʧʦʣʝ ʩ ʠʟʤʝʥʝʥʠʝʤ ʯʘʩʪʦʪʳ, ʢʦʪʦ-

ʨʦʛʦ ʧʨʠ ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʚ ʧʨʠʥʮʠʧʝ ʙʳʪʴ ʥʝ ʤʦʞʝʪ. 

ʀʥʳʤʠ ʩʣʦʚʘʤʠ ʤʳ ʜʦʣʞʥʳ ʠʤʝʪʴ ʥʝ ʪʦʣʴʢʦ ʧʨʦ-

ʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʡ ʢʦʥʪʠʥʫʫʤ ʚ ʩʦʦʪʚʝʪ-

ʩʪʚʠʠ ʩ ʉʊʆ ʕʡʥʰʪʝʡʥʘ, ʠ ʥʝ ʪʦʣʴʢʦ ʵʣʝʢʪʨʦʤʘʛ-

ʥʠʪʥʳʡ ʢʦʥʪʠʥʫʫʤ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʫʨʘʚʥʝʥʠʷʤʠ 

ʄʘʢʩʚʝʣʣʘ, ʥʦ ʧʨʠ ʥʘʣʠʯʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʤʳ 

ʜʦʣʞʥʳ ʠʤʝʪʴ ʝʜʠʥʳʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʡ 

ʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʡ ʢʦʥʪʠʥʫʫʤ. ʇʦʥʷʪʥʦ, ʯʪʦ ʧʨʠ 

ʦʪʩʫʪʩʪʚʠʠ ʧʨʦʝʢʮʠʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʩʦʩʪʘʚʣʷ-

ʶʱʠʭ ʥʘ ʚʨʝʤʷ ʵʪʦ ʥʝʚʦʟʤʦʞʥʦ, ʯʪʦ ʠ ʙʳʣʦ ʥʘʤʠ 

ʠʩʧʨʘʚʣʝʥʦ ʚ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʭ ʫʨʘʚʥʝʥʠʷʭ 

ʄʘʢʩʚʝʣʣʘ [2]. ʀʤʝʥʥʦ ʵʪʦ ʧʦʟʚʦʣʠʣʦ ʦʙʝʩʧʝʯʠʪʴ 

ʧʝʨʝʭʦʜ ʦʪ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʃʦʨʝʥʮʘ ʯʝʨʝʟ ʛʝʦʤʝʪ-

ʨʠ ʁʄʠʥʢʦʚʩʢʦʛʦ ʢ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʤ ʫʨʘʚʥʝ-

ʥʠʷʤ ʄʘʢʩʚʝʣʣʘ.  

ʅʠʞʝ ʤʳ ʧʨʠʚʦʜʠʤ ʬʦʨʤʫʣʳ ʵʪʦʛʦ ʚʳʚʦʜʘ, ʠʩ-

ʭʦʜʷ ʠʟ [3] ʠ ʩ ʫʯʸʪʦʤ ch(Ŭ)=cos(iŬ) ʠ sh(Ŭ)= 

i sin(iŬ): 

i cos(g) dy + sin(g) dz = i [ch(w) cdt ï sh(w) dx]. (1) 

ɿʜʝʩʴ ʟʥʘʯʝʥʠʷ dz, dy, dx ʠ cdt ʧʦʥʠʤʘʶʪ ʢʘʢ 

ʥʝʢʦʪʦʨʳʝ ʥʦʨʤʠʨʦʚʦʯʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ. ʄʥʦʛʠʝ 

ʤʘʪʝʤʘʪʠʢʠ ʟʘʧʠʩʴ (1) ʧʦʩʯʠʪʘʶʪ ʥʝʧʨʘʚʦʤʝʨʥʦʡ, 

ʦʜʥʘʢʦ ʦʥʘ ʧʦʣʫʯʘʝʪʩʷ ʠʟ ʦʙʱʝʡ ʬʦʨʤʫʣʳ ʤʠʨʦʟʜʘ-

ʥʠʷ ʧʦʣʫʯʝʥʥʦʡ ʥʘʤʠ ʚ [4]: 

cos(g) / [ch(w)+sh(w)]  i sin(g) / [ch(w)+sh(w)] =  

= ch(w) / [cos(g)+i sin(g)] ï sh(w) / [cos(g)+i sin(g)]. 
(2) 

ɿʜʝʩʴ dz=i dy=1/ [ch(w)+sh(w) dx], 

dx=c dt=1/ [cos(g)+i sin(g)]. ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʬʠʟʠʢʠ 

ʪʘʢʘʷ ʟʘʧʠʩʴ ʦʪʨʘʞʘʝʪ ʢʦʨʧʫʩʢʫʣʷʨʥʦ-ʚʦʣʥʦʚʦʡ ʜʫ-

ʘʣʠʟʤ. ɺʝʣʠʯʠʥʳ dz, dy  ʦʨʪʦʛʦʥʘʣʴʥʳ ʙʣʘʛʦʜʘʨʷ 

ʤʥʠʤʦʡ ʝʜʠʥʠʮʝ i. ɺ ʧʨʘʚʦʡ ʯʘʩʪʠ ʦʪ ʟʥʘʢʘ ʨʘʚʝʥ-

ʩʪʚʘ ʢʦʨʧʫʩʢʫʣʷʨʥʳʡ ʚʠʜ ʫʞʝ ʟʘʣʦʞʝʥ ʚ ʛʠʧʝʨʙʦ-

ʣʠʯʝʩʢʠʭ ʬʫʥʢʮʠʷʭ, ʧʦʵʪʦʤʫ dx ʠ c dt  ʦʪʨʘʞʘʶʪ 

ʚʦʣʥʦʚʦʡ ʚʠʜ ʚ ʚʠʜʝ exp(ig), ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ 

ʠʜʝʝʡ ʃʫʠ ʜʝ ɹʨʦʡʣʷ (ʵʪʦ ʙʫʜʝʪ ʧʦʢʘʟʘʥʦ ʚ ʩʪʘʪʴʝ 

ʜʘʣʝʝ). ɺ ʠʪʦʛʝ, ʤʝʥʷʝʤ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʩʣʝʚʘ ʥʘ 

ʠʟʚʝʩʪʥʳʝ ʚʦʣʥʦʚʳʝ ʬʫʥʢʮʠʠ ʧʦ ʪʘʢʦʤʫ ʞʝ ʟʘʢʦʥʫ 

ʠʟʤʝʥʝʥʠʷ ʚ ʚʠʜʝ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠʣʠ ʤʘʛʥʠʪʥʳʭ 

ʢʦʤʧʦʥʝʥʪ, ʠ ʫʯʠʪʳʚʘʝʤ, ʯʪʦ ʚʨʘʱʝʥʠʝ ʚʝʢʪʦʨʘ (ʨʦ-

ʪʦʨ) ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʨʘʟʥʦʩʪʴʶ ʬʘʟ ʤʝʞʜʫ ʩʠʥʫʩʦʤ 

ʠ ʢʦʩʠʥʫʩʦʤ ʥʘ ˊ/2: 

ⱷi [i µEy dy + µEz dz]= īsh(w) dx + ch(w) c dt. (3) 

ɿʜʝʩʴ ʟʥʘʯʝʥʠʷ Ey ʠ Ez ʧʨʝʜʩʪʘʚʣʷʶʪ ʵʣʝʢʪʨʦ-

ʤʘʛʥʠʪʥʳʝ ʬʫʥʢʮʠʠ, ʜʘʶʱʠʝ ʵʢʚʠʚʘʣʝʥʪ ʩʦʯʝʪʘʥʠʷ 

ʬʫʥʢʮʠʷʤ ʩʠʥʫʩʘ ʠ ʢʦʩʠʥʫʩʘ, ʠ ʦʪʩʶʜʘ ʧʦʣʫʯʘʝʤ: 

[µEy dy ⱷ i µEz dz] = īsh(w) dx + ch(w) c dt. (4) 

ɼʘʣʝʝ ʠʤʝʝʤ: 

dz dy [µEy /µz ï i µEz /µy0] = īsh(w) dx+ ch(w) c dt. (5) 

ʅʘʜʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʨʪʦʛʦʥʘʣʴʥʦʩʪʴ ʜʣʠʥʳ ʠ 

ʚʨʝʤʝʥʠ ʦʪʨʘʞʘʝʪʩʷ ʯʝʨʝʟ ʤʥʠʤʫʶ ʝʜʠʥʠʮʫ ʚ ʧʨʝ-

ʦʙʨʘʟʦʚʘʥʠʷʭ ʃʦʨʝʥʮʘ-ʄʠʥʢʦʚʩʢʦʛʦ, ʠ ʵʪʦ ʚʧʝʨʚʳʝ 

ʚʚʝʣʠ ʥʝ ʤʳ, ʯʪʦ ʧʦʢʘʟʘʥʦ ʚ [3] ʚ ʚʠʜʝ:  

X1=x, X4=i  ctſi X0 . (6) 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ [3], ʠʤʝʝʤ ʧʨʝ-

ʦʙʨʘʟʦʚʘʥʠʷ ʃʦʨʝʥʮʘ, ʦʪʚʝʯʘʶʱʠʝ ʜʚʠʞʝʥʠʶ ʩʠ-

ʩʪʝʤʳ ʦʪʩʯʸʪʘ ʚʜʦʣʴ ʦʩʠ x: 
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X0 =  ch(w) ct ī sh(w) x; 

X1 = īsh(w) ct +  ch(w) x, 
(7) 

ʛʜʝ ʦʯʝʚʠʜʥʦ 

ch(w)=ɔ=(1ɓ2) 1/2; sh(w)=ɓɔ; 

v/cſɓ=th(w). 
(8) 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʝʨʝʭʦʜ ʦʪ ʛʠʧʝʨʙʦʣʠʯʝʩʢʠʭ 

ʬʫʥʢʮʠʡ ʢ ʚʦʣʥʦʚʳʤ ʬʫʥʢʮʠʷʤ ʚʳʨʘʟʠʪʴʩʷ ʩʣʝʜʫ-

ʶʱʠʤ ʦʙʨʘʟʦʤ: 

X1'=  i cos(g) ct ī sin(g) x; 

X0'=  i sin(g) ct + cos(g) x. 
(9) 

ʄʦʞʥʦ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʧʝʨʝʭʦʜ ʚ ʦʨ-

ʪʦʛʦʥʘʣʴʥʫʶ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʴ ʦʪ ʚʨʝʤʝʥʠ ʢ 

ʜʣʠʥʝ, ʠ ʥʘʦʙʦʨʦʪ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʫʤʥʦʞʝʥʠʝʤ ʥʘ 

ʤʥʠʤʫʶ ʝʜʠʥʠʮʫ i, ʠ ʧʨʠ ʵʪʦʤ ʥʝ ʤʝʥʷʶʪʩʷ ʢʦʣʠʯʝ-

ʩʪʚʝʥʥʳʝ ʧʘʨʘʤʝʪʨʳ. ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʯʪʦʙʳ ʧʝʨʝ-

ʚʝʩʪʠ c dt ʠʟ ʚʨʝʤʝʥʥʦʡ ʦʙʣʘʩʪʠ ʚ ʧʨʘʚʦʡ ʯʘʩʪʠ ʦʪ 

ʟʥʘʢʘ ʨʘʚʝʥʩʪʚʘ ʚ ʫʨʘʚʥʝʥʠʠ (5) ʚ ʦʙʣʘʩʪʴ ʦʜʥʦʡ ʠʟ 

ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʜʣʠʥ (ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʧʦ ʫ), ʤʳ 

ʜʦʣʞʥʳ ʫʯʝʩʪʴ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʠ ʧʝʨʝʚʦʜʝ ʫʤʥʦ-

ʞʝʥʠʷ ʥʘ ʤʥʠʤʫʶ ʝʜʠʥʠʮʫ. ʇʦʵʪʦʤʫ ʧʨʠʤʝʤ 

i µy0ſµ. ʆʪʩʶʜʘ ʤʳ ʤʦʞʝʤ ʫʨʘʚʥʝʥʠʝ (5) ʟʘʧʠʩʘʪʴ ʚ 

ʚʠʜʝ: 

dzdy [µEy /µz ï µEz /µy]= īsh(w) dx + ch(w) c dt. (10) 

ɸʥʘʣʦʛʠʯʥʦ ʩʜʝʣʘʝʤ ʟʘʤʝʥʫ ʛʠʧʝʨʙʦʣʠʯʝʩʢʠʭ 

ʬʫʥʢʮʠʡ ʠ ʚ ʧʨʘʚʦʡ ʯʘʩʪʠ, ʫʨʘʚʥʝʥʠʷ (10), ʯʪʦ ʩʦʙ-

ʩʪʚʝʥʥʦ ʦʟʥʘʯʘʝʪ ʨʘʩʩʤʦʪʨʝʥʠʝ ʢʘʢ ʙʳ ʚ ʨʘʤʢʘʭ ʦʜ-

ʥʦʡ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʠ. ʇʨʠ ʵʪʦʤ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ 

ʩ ʥʘʰʝʡ ʪʝʦʨʠʝʡ ʚʨʝʤʷ ʠ ʜʣʠʥʘ ʤʝʥʷʶʪʩʷ ʤʝʩʪʘʤʠ, 

ʭʦʪʷ, ʠʟ-ʟʘ ʩʠʤʤʝʪʨʠʠ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʝʡ ʵʪʦ ʥʝ 

ʧʨʠʥʮʠʧʠʘʣʴʥʦ, ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʦʣʴʢʦ ʫʤʥʦʞʝ-

ʥʠʝʤ ʥʘ ʤʥʠʤʫʶ ʝʜʠʥʠʮʫ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʫʶ ʦʨʪʦ-

ʛʦʥʘʣʴʥʦʩʪʴ: 

dzdy [µEy /µz ï µEz /µy]= i sin(g) dx + cos(g) c dt. (11) 

dzdy [µEy /µz ï µEz /µy]= dxdt [i sin(g)/µt + cos(g) c/µx]. (12) 

ʇʦʥʷʪʥʦ, ʯʪʦ ʧʨʠ ʵʪʦʤ ʬʫʥʢʮʠʠ ʩʣʝʚʘ ʠ ʩʧʨʘʚʘ 

ʚ ʨʘʚʝʥʩʪʚʝ ʥʝ ʜʦʣʞʥʳ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʜʨʫʛ ʜʨʫʛʫ, 

ʪʘʢ ʢʘʢ ʪʦʛʜʘ ʦ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʷʭ ʚ ʤʠʨʦʟʜʘʥʠʠ 

ʤʦʞʥʦ ʟʘʙʳʪʴ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʝʩʣʠ ʫʯʝʩʪʴ, ʯʪʦ 

ʧʨʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʡ ʦʜʥʦʨʦʜʥʦʩʪʠ 

dz=dy=dx=c dt, ʘ ʅ=ʩ ɽ , ʠʤʝʝʤ ʧʨʠ ʩʦʢʨʘʱʝʥʠʠ 

ʥʦʨʤʠʨʦʚʦʯʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ: 

µʅy /µz ï µʅz /µy=µɽx0 /µt +iʩ µɽt0 /µx (13) 

ʆʜʥʘʢʦ ʟʜʝʩʴ ʥʘʜʦ ʫʯʝʩʪʴ, ʯʪʦ ʢʦʤʧʦʥʝʥʪʳ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʫʶʪ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʯʝʨʝʟ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝ-

ʤʝʥʥʦʡ ʢʦʥʪʠʥʫʫʤ, ʢʦʪʦʨʳʡ ʬʦʨʤʠʨʫʝʪʩʷ ʯʝʨʝʟ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʝ ʨʘʚʥʦʚʝʩʠʝ, ʦ ʯʸʤ ʙʫʜʝʪ ʩʢʘ-

ʟʘʥʦ ʥʠʞʝ ʩ ʥʘʣʠʯʠʝʤ ʢʦʥʩʪʘʥʪ ὑ0 ʠ ɛ0 . ɺ ʵʪʦʤ ʩʣʫ-

ʯʘʝ ʫʨʘʚʥʝʥʠʝ (13) ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ: 

µHy /µz ï µHz /µy = ὑ0 µɽx /µt + iὑ0 ʩµɽt /µx. (14) 

ɿʜʝʩʴ ὑ0ɽx=ɽx0, ὑ0ɽt=ɽt0 . ɺ ʠʪʦʛʝ ʤʳ ʧʦʣʫʯʘʝʤ 

ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʦʝ ʫʨʘʚʥʝʥʠʝ ʄʘʢʩʚʝʣʣʘ, ʢʦʪʦ-

ʨʦʝ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʫʩʣʦʚʠʶ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʃʦ-

ʨʝʥʮʘ-ʄʠʥʢʦʚʩʢʦʛʦ, ʘ ʵʪʦ ʦʟʥʘʯʘʝʪ ʥʝʦʪʜʝʣʠʤʦʩʪʴ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ ʚʨʝʤʝʥʠ ʦʪ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʩʦ-

ʩʪʘʚʣʷʶʱʠʭ. ʉʚʷʟʴ ʅ=ʩ ɽ ʘʥʘʣʦʛʠʯʥʘ ʩʚʷʟʠ ʜʣʠʥʳ 

ʠ ʚʨʝʤʝʥʠ, ʪʦ ʝʩʪʴ ʥʘʧʨʷʞʸʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠ 

ʤʘʛʥʠʪʥʦʡ ʩʦʩʪʘʚʣʷʶʱʠʭ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʩʦʙʦʡ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʠ. ʀ ʠʤʝʥʥʦ ʧʦʵʪʦʤʫ ʦʥʠ ʩʚʷ-

ʟʘʥʳ ʯʝʨʝʟ ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ. ʂʦʥʝʯʥʦ ʞʝ ʟʘʢʦʥʦʤʝʨʝʥ 

ʚʦʧʨʦʩ ʦ ʥʘʣʠʯʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʢʦʥʩʪʘʥʪ ὑ0 ʠ ɛ0 , 

ʧʨʠʯʸʤ ʧʦ ʥʘʰʝʡ ʪʝʦʨʠʠ ὑ0ɛ0=1/ʩ2. ʕʪʦʪ ʚʦʧʨʦʩ ʤʳ 

ʨʘʩʩʤʦʪʨʠʤ ʪʘʢ ʞʝ ʥʝʩʢʦʣʴʢʦ ʥʠʞʝ. ɸ ʧʦʢʘ ʦʪʤʝ-

ʪʠʤ, ʯʪʦ ʯʣʝʥʳ ʩʧʨʘʚʘ ʠ ʩʣʝʚʘ ʦʪ ʟʥʘʢʦʚ ʨʘʚʝʥʩʪʚʘ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʠ, ʢʦʪʦʨʳʝ 

ʠʤʝʶʪ ʨʘʟʥʦʝ ʦʪʥʦʰʝʥʠʝ ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʧʨʦ-

ʩʪʨʘʥʩʪʚʦʤ ʠ ʚʨʝʤʝʥʝʤ, ʪʘʢ ʢʘʢ ʠʥʘʯʝ ʤʝʞʜʫ ʥʠʤʠ 

ʥʝ ʙʳʣʦ ʙʳ ʦʪʣʠʯʠʡ. ʆʪʤʝʪʠʤ, ʯʪʦ ʫʩʦʚʝʨʰʝʥʩʪʚʦ-

ʚʘʥʥʳʝ ʫʨʘʚʥʝʥʠʷ ʄʘʢʩʚʝʣʣʘ ʧʦʣʫʯʘʶʪʩʷ ʠ ʟʘ ʩʯʸʪ 

ʚʚʝʜʝʥʠʷ ʚ ʵʣʝʢʪʨʦʜʠʥʘʤʠʢʫ ʚʝʢʪʦʨ ʧʦʪʝʥʮʠʘʣʦʚ. 

ʅʳʥʝʰʥʷʷ ʬʠʟʠʢʘ ʩʪʨʘʜʘʝʪ ʨʷʜʦʤ ʘʣʦʛʠʟʤʦʚ, 

ʢʦʪʦʨʳʝ ʥʝ ʚʠʜʥʳ ʪʦʣʴʢʦ ʥʘ ʧʝʨʚʳʡ ʚʟʛʣʷʜ. ɺʦʧʨʦʩ, 

ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʟʘʜʘʪʴ ʣʶʙʦʟʥʘʪʝʣʴʥʳʡ ʯʠʪʘʪʝʣʴ: 

"ɸ ʟʘʯʝʤ ʚʦʦʙʱʝ ʧʦʥʘʜʦʙʠʣʠʩʴ ʚʝʢʪʦʨ ʧʦʪʝʥʮʠʘʣʳ, 

ʝʩʣʠ ʦʙʳʯʥʳʝ ʫʨʘʚʥʝʥʠʷ ʄʘʢʩʚʝʣʣʘ ʜʦʣʞʥʳ ʦʜʥʦ-

ʟʥʘʯʥʦ ʦʧʠʩʳʚʘʪʴ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʧʦʣʷ ʚ ʣʶʙʦʤ 

ʠʭ ʧʨʦʷʚʣʝʥʠʠ?" ʆʪʚʝʪ, ʢʦʪʦʨʳʡ ʦʙʳʯʥʦ ʜʘʸʪʩʷ, 

ʯʪʦ  ʵʪʦ, ʤʦʣ, ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʬʫʥʢʮʠʠ, ʢʦʪʦʨʳʝ 

ʫʜʦʙʥʳ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ, ʠ ʵʪʦ ʚʨʦʜʝ ʙʳ ʥʠʢʘʢ ʥʝ 

ʚʣʠʷʝʪ ʥʘ ʨʝʟʫʣʴʪʘʪ. ʄʳ ʦʙʨʘʱʘʝʤ ʚʥʠʤʘʥʠʝ, ʯʪʦ 

ʤʝʪʦʜ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʬʫʥʢʮʠʡ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫ-

ʝʪʩʷ ʠ ʚ ʚʝʨʦʷʪʥʦʩʪʥʦʡ ʢʚʘʥʪʦʚʦʡ ʤʝʭʘʥʠʢʝ, ʦʩʦ-

ʙʝʥʥʦ ʪʘʤ, ʛʜʝ ʪʨʝʙʫʝʪʩʷ ʨʝʰʝʥʠʝ ʚ ʚʠʜʝ "ʩʰʠʚʘ-

ʥʠʷ" ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʩʨʝʜ. ʅʦ ʧʨʦʘʥʘʣʠʟʠʨʫʝʤ, 

ʯʪʦ ʩʦʙʩʪʚʝʥʥʦ ʧʨʠʚʝʣʦ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʚʩʧʦʤʦ-

ʛʘʪʝʣʴʥʳʭ ʬʫʥʢʮʠʡ, ʠ ʯʝʛʦ ʥʝ ʙʳʣʦ ʚ ʦʙʳʯʥʳʭ 

ʫʨʘʚʥʝʥʠʷʭ ʄʘʢʩʚʝʣʣʘ. ʆʩʪʘʥʦʚʠʤʩʷ ʚ ʥʘʯʘʣʝ ʥʘ 

ʚʟʘʠʤʦʩʚʷʟʠ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʩ ʚʝʢʪʦʨ ʧʦʪʝʥʮʠʘ-

ʣʘʤʠ ʚ ʚʠʜʝ: 

ɺ=Ð³A =rot A. (15) 

ʏʪʦ ʦʟʥʘʯʘʝʪ ʵʪʦ ʫʨʘʚʥʝʥʠʝ? ɸ ʦʥʦ ʦʟʥʘʯʘʝʪ, 

ʯʪʦ ʤʘʛʥʠʪʥʘʷ ʠʥʜʫʢʮʠʷ ʧʦ ʢʦʦʨʜʠʥʘʪʘʤ ʧʨʦʩʪʨʘʥ-

ʩʪʚʘ ʤʦʞʝʪ ʙʳʪʴ ʚʳʯʠʩʣʝʥʘ ʧʦ ʬʦʨʤʫʣʘʤ: 

ɺx=ÖAz /Öy ÖAy /Öz; ɺy=ÖAx /Öz ÖAz /Öx; ɺz=ÖAy /Öx ÖAx /Öy. (16) 

ʂʘʟʘʣʦʩʴ ʙʳ ʥʠʯʝʛʦ "ʢʨʠʤʠʥʘʣʴʥʦʛʦ". ʅʦ ʚʦʪ ʚ 

ʯʸʤ ʜʝʣʦ, ʝʩʣʠ ʥʘʧʨʠʤʝʨ, ÖAz /Öy ʥʝ ʨʘʚʥʦ ʟʥʘʯʝʥʠʶ 

ÖAy /Öz, ʪʦ ʦʙ ʦʧʝʨʘʮʠʠ rot ʤʦʞʥʦ ʟʘʙʳʪʴ (ʢʘʢ ʤʳ 

ʫʞʝ ʦʪʤʝʯʘʣʠ ʚ ʩʚʦʠʭ ʧʨʝʜʳʜʫʱʠʭ ʩʪʘʪʴʷʭ), ʪʘʢ ʢʘʢ 

ʣʠʙʦ ÖAz /Öy>ÖAy /Öz, ʣʠʙʦ ÖAz /Öy<ÖAy /Öz. ʅʦ ʪʦʛʜʘ, 

ʤʳ ʜʦʣʞʥʳ ʠʤʝʪʴ ʠʩʪʦʯʥʠʢ ʬʦʨʤʠʨʦʚʘʥʠʷ ʵʪʦʛʦ 
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ʥʝʨʘʚʝʥʩʪʚʘ, ʘ ʠʤ ʤʦʞʝʪ ʙʳʪʴ ʪʦʣʴʢʦ ʚʝʢʪʦʨ ʤʘʛ-

ʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ. ʅʦ ʚʝʢʪʦʨ ʠʤʝʝʪ ʚ ʵʪʦʤ ʩʣʫʯʘʝ 

ʥʘʯʘʣʦ ʠ ʢʦʥʝʮ. ɸ ʚʳʩʢʘʟʘʥʥʘʷ ʣʦʛʠʢʘ ʛʦʚʦʨʠʪ ʦ 

ʥʘʣʠʯʠʠ ʤʘʛʥʠʪʥʳʭ ʟʘʨʷʜʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʳ 

ʠʤʝʝʤ ʜʚʘ ʘʣʦʛʠʟʤʘ: 

1) ʥʝʨʘʚʝʥʩʪʚʦ ÖAz /Öy>ÖAy /Öz, ʣʠʙʦ 

ÖAz /Öy<ÖAy /Öz ʦʟʥʘʯʘʝʪ ʦʪʩʫʪʩʪʚʠʝ ʨʦʪʦʨʘ ʢʘʢ ʪʘʢʦ-

ʚʦʛʦ; 

2) ʜʘʥʥʘʷ ʟʘʧʠʩʴ ʦʟʥʘʯʘʝʪ ʥʘʣʠʯʠʝ ʠ ʩʫʱʝʩʪʚʦ-

ʚʘʥʠʝ ʤʘʛʥʠʪʥʳʭ ʟʘʨʷʜʦʚ, ʯʝʛʦ ʚ ʥʘʰʝʤ ʤʠʨʝ ʥʝ 

ʥʘʙʣʶʜʘʝʪʩʷ. 

ʉʦʙʩʪʚʝʥʥʦ ʪʘʢʘʷ ʬʦʨʤʘ ʟʘʧʠʩʠ ʙʳʣʘ ʧʦʧʳʪ-

ʢʦʡ ʫʡʪʠ ʦʪ ʜʨʫʛʦʛʦ ʘʣʦʛʠʟʤʘ, ʢʦʪʦʨʳʡ ʚʠʜʝʥ ʚ 

ʦʙʳʯʥʳʭ ʫʨʘʚʥʝʥʠʷʭ ʄʘʢʩʚʝʣʣʘ ʚ ʚʠʜʝ: 

ÖBz /Öt = ÖEy /Öx  ÖEx /Öy. (17) 

ʇʘʨʘʜʦʢʩ ʟʜʝʩʴ ʚ ʪʦʤ, ʯʪʦ ʠʟʤʝʥʝʥʠʝ ʚʦ ʚʨʝ-

ʤʝʥʠ ʚ ʣʝʚʦʡ ʯʘʩʪʠ ʫʨʘʚʥʝʥʠʷ ʜʘʸʪ ʨʦʪʦʨ ʚ ʧʨʘʚʦʡ 

ʯʘʩʪʠ ʫʨʘʚʥʝʥʠʷ, ʘ ʪʘʢʘʷ ʟʘʧʠʩʴ ʧʨʦʪʠʚʦʨʝʯʠʪ ʫʨʘʚ-

ʥʝʥʠʶ ʥʝʧʨʝʨʳʚʥʦʩʪʠ ʠ ʫʨʘʚʥʝʥʠʶ ʋʤʦʚʘ-ʇʦʡ-

ʪʠʥʛʘ ʚʠʜʘ: 

ÖW/Öt = div S. (18) 

ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʠʟʤʝʥʝʥʠʝ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢ-

ʮʠʠ ʚʦ ʚʨʝʤʝʥʠ ʧʦ (17) ʥʝ ʜʦʣʞʥʦ ʧʨʠʚʦʜʠʪʴ ʢ ʠʟ-

ʤʝʥʝʥʠʶ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʠʣʠ ʤʳ ʜʦʣʞʥʳ ʠʤʝʪʴ ʧʦ-

ʷʚʣʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʟʘʨʷʜʦʚ ʠʟ ʟʘ ʨʘʟʥʠʮʳ 

ʤʝʞʜʫ ÖEy /Öx ʠ ÖEx /Öy ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʵʥʝʨʛʠʝʡ 

ʠ ʤʘʩʩʦʡ ʧʦʢʦʷ, ʘ ʵʪʦ ʫʞʝ ʩʚʷʟʘʥʦ ʩ ʯʫʜʝʩʘʤʠ ʚʦʟ-

ʥʠʢʥʦʚʝʥʠʷ ʠʟ ʥʠʯʝʛʦ. 

ʈʘʩʩʤʦʪʨʠʤ ʪʝʧʝʨʴ 2-ʶ ʬʦʨʤʫ ʟʘʧʠʩʠ ʫʞʝ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʯʝʨʝʟ ʚʝʢʪʦʨ ʧʦʪʝʥʮʠʘʣʳ ʚ 

ʚʠʜʝ: 

E=Ðű + ÖA/Öt. (19) 

ʀ ʝʩʣʠ ʨʘʩʧʠʩʘʪʴ ʵʪʦ ʫʨʘʚʥʝʥʠʝ ʧʦ ʢʦʦʨʜʠʥʘ-

ʪʘʤ ʤʳ ʠʤʝʝʤ: 

Ex=ÖAt1/Öx+ÖAx/Öt; Ey=ÖAt1/Öy+ÖAy/Öt; Ez=ÖAt1/Öz+ÖAz/Öt. (20) 

ɿʜʝʩʴ ʫʯʪʝʥʦ, ʯʪʦ ʧʨʦʝʢʮʠʷ ʥʘ ʚʨʝʤʷ At1  ʵʪʦ 

ű, ʪʦ ʝʩʪʴ At1=ű. ɺ ʜʘʥʥʦʡ ʬʦʨʤʝ ʟʘʧʠʩʠ ʤʳ ʧʨʝʜ-

ʩʪʘʚʠʣʠ ʥʘʧʨʷʞʸʥʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʢʘʢ 

ʩʫʤʤʫ 2-ʭ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʬʫʥʢʮʠʡ ʧʨʠ ʜʠʬʬʝ-

ʨʝʥʮʠʨʦʚʘʥʠʠ ʠʭ ʧʦ ʚʨʝʤʝʥʠ ʠ ʢʦʦʨʜʠʥʘʪʝ ʩ ʦʪʨʠ-

ʮʘʪʝʣʴʥʳʤ ʟʥʘʢʦʤ, ʥʦ ʧʨʠ ʵʪʦʤ ʥʘ ʵʪʠ ʚʩʧʦʤʦʛʘ-

ʪʝʣʴʥʳʝ ʬʫʥʢʮʠʠ ʙʳʣʦ ʥʘʣʦʞʝʥʦ ʫʩʣʦʚʠʝ ʢʘʣʠʙ-

ʨʦʚʢʠ ʃʦʨʝʥʮʘ. ʀʥʳʤʠ ʩʣʦʚʘʤʠ ʙʳʣ ʚʚʝʜʸʥ 

ʥʝʦʙʨʘʪʠʤʳʡ ʧʨʦʮʝʩʩ, ʧʦ ʢʦʪʦʨʦʤʫ ʟʘʤʝʥʘ ʧʝʨʝ-

ʤʝʥʥʳʭ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʷ ʧʨʠʚʦʜʠʪ ʢ ʠʥʦʤʫ ʨʝ-

ʟʫʣʴʪʘʪʫ ʚ ʚʠʜʝ: 

0=div A+Öű/Öt. (21) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʬʫʥʢʮʠʠ ʠʟ 

ʚʝʢʪʦʨ ʧʦʪʝʥʮʠʘʣʦʚ ʧʨʠ ʧʨʦʝʢʮʠʠ ʠʭ ʥʘ ʚʨʝʤʷ ʠ ʥʘ 

ʢʦʦʨʜʠʥʘʪʳ ʥʝ ʷʚʣʷʶʪʩʷ ʩʠʤʤʝʪʨʠʯʥʳʤʠ. ɺ ʩʣʫʯʘʝ 

(21) ʜʣʷ ʵʪʠʭ ʬʫʥʢʮʠʡ ʚʳʧʦʣʥʷʝʪʩʷ ʫʨʘʚʥʝʥʠʝ ʥʝ-

ʧʨʝʨʳʚʥʦʩʪʠ ʩ ʟʘʢʦʥʦʤ ʩʦʭʨʘʥʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʧʨʠ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʠ ʧʦ ʧʨʦʩʪʨʘʥʩʪʚʫ ʠ ʚʨʝʤʝʥʠ, ʘ 

ʚ ʩʣʫʯʘʝ ʬʦʨʤʫʣʳ (19)  ʥʝʪ. ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʠʩ-

ʧʦʣʴʟʫʷ ʚʝʢʪʦʨ ʧʦʪʝʥʮʠʘʣʳ, ʤʳ ʧʦʣʫʯʠʣʠ ʪʝ ʞʝ 

ʫʨʘʚʥʝʥʠʷ ʧʨʦʪʠʚʦʨʝʯʘʱʠʝ ʟʘʢʦʥʫ ʩʦʭʨʘʥʝʥʠʷ ʢʦ-

ʣʠʯʝʩʪʚʘ, ʥʦ ʧʨʠ ʵʪʦʤ ʜʦʙʘʚʠʣʘʩʴ ʥʦʚʘʷ ʚʘʞʥʘʷ 

ʚʩʧʦʤʦʛʘʪʝʣʴʥʘʷ ʬʫʥʢʮʠʷ, ʢʦʪʦʨʦʡ ʥʝ ʙʳʣʦ ʚ ʦʙʳʯ-

ʥʳʭ ʫʨʘʚʥʝʥʠʷʭ ʄʘʢʩʚʝʣʣʘ  ʵʪʦ ʧʨʦʝʢʮʠʷ ʥʘ ʚʨʝʤʷ 

At1. ʂʨʦʤʝ ʪʦʛʦ, ʜʦʙʘʚʠʣʦʩʴ ʝʱʸ ʦʜʥʦ ʫʩʣʦʚʠʝ, ʦʪ-

ʨʘʞʘʶʱʝʝ ʥʝʦʙʨʘʪʠʤʦʩʪʴ ʧʨʦʮʝʩʩʦʚ ʚ ʚʠʜʝ ʢʘʣʠʙ-

ʨʦʚʢʠ ʃʦʨʝʥʮʘ. ɽʩʣʠ ʫʯʝʩʪʴ, ʯʪʦ ʚʝʢʪʦʨ ʧʦʪʝʥʮʠ-

ʘʣʳ  ʵʪʦ ʥʝ ʨʝʘʣʴʥʳʝ, ʘ ʥʝʢʠʝ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ 

(ʬʠʢʪʠʚʥʳʝ) ʬʫʥʢʮʠʠ, ʪʦ ʥʘ ʧʘʨʘʜʦʢʩʳ ʩ ʥʠʤʠ 

ʤʦʞʥʦ ʟʘʢʨʳʪʴ ʛʣʘʟʘ. ʇʨʠ ʵʪʦʤ, ʠʩʧʦʣʴʟʫʷ ʜʘʥʥʳʝ 

ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʬʫʥʢʮʠʠ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʥʦʚʳʝ 

ʦʯʝʥʴ ʚʘʞʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ ʠ ʚʳʚʦʜʳ, ʢʦʪʦʨʳʝ ʧʦʟ-

ʚʦʣʷʶʪ ʧʦʣʫʯʠʪʴ ʜʦʙʘʚʣʝʥʥʳʝ ʩʚʦʡʩʪʚʘ ʯʝʨʝʟ ʚʝʢ-

ʪʦʨ ʧʦʪʝʥʮʠʘʣʳ. ʇʦ-ʩʫʪʠ ʜʝʣʘ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ 

ʬʫʥʢʮʠʠ ʜʦʣʞʥʳ ʙʳʣʠ ʥʝʢʦʪʦʨʳʤ ʦʙʨʘʟʦʤ ʦʪʨʘ-

ʟʠʪʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʝ ʠʩʢʨʠʚʣʝʥʠʝ ʧʦ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷʤ ʃʦʨʝʥʮʘ-ʄʠʥʢʦʚʩʢʦʛʦ ʵʣʝʢʪʨʦ-

ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ, ʯʪʦ ʩʦʙʩʪʚʝʥʥʦ ʠ ʩʜʝʣʘʥʦ ʚ [5]. 

ʇʦʵʪʦʤʫ, ʠʩʧʦʣʴʟʫʷ ʨʝʘʣʴʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ 

ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʝʡ ʠ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʧʦʣʝʤ ʤʳ 

ʤʦʞʝʤ ʟʘʧʠʩʘʪʴ: 

ʅ =(1/ɛ0)rot A =ʩE=  ʩÐű- ʩÖA/Öt; 

(1/ɛ0)rot A = ʩÐű- ʩÖA/Öt. 
(22) 

ɼʘʣʝʝ ʫʯʪʸʤ, ʯʪʦ ɛ0=1/(ʩ2Ů0): 

c rot A = (1/Ů0)[Ðű+ ÖA/Öt]. (23) 

ɽʩʣʠ ʨʘʩʧʠʩʘʪʴ ʚ ʯʘʩʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ, ʪʦ ʧʦʣʫʯʠʤ:  

c[ÖAz /Öy ÖAy /Öz] = (1/Ů0)[ÖAt1 /Öx +ÖAx /Öt]; 

c[ÖAx /Öz ÖAz /Öx] = (1/Ů0)[ÖAt1 /Öy +ÖAy /Öt]; 

c[ÖAy /Öx ÖAx /Öy] = 1/(Ů0)[ÖAt1 /Öz +ÖAz /Öt]. 

(24) 

ʀʟ (24) ʚʠʜʥʦ, ʯʪʦ At1 ʠ, ʥʘʧʨʠʤʝʨ, Ax ʠʤʝʶʪ 

ʨʘʟʥʳʝ ʨʘʟʤʝʨʥʦʩʪʠ ʚ ʩʠʣʫ ʪʦʛʦ, ʯʪʦ Öx=ʩ Öt. ʇʦ-

ʵʪʦʤʫ ʤʳ ʤʦʞʝʤ ʟʘʧʠʩʘʪʴ At1=ʩAt ʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʙʫ-

ʜʝʤ ʠʤʝʪʴ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ:

 

c[ÖAz /Öy ÖAy /Öz] = 1/(Ů0)[cÖAt /Öx +ÖAx /Öt]; 

c[ÖAx /Öz ÖAz /Öx] = 1/(Ů0)[cÖAt /Öy +ÖAy /Öt]; 

c[ÖAy /Öx ÖAx /Öy] = 1/(Ů0)[cÖAt /Öz +ÖAz /Öt]. 

(25) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʳ ʚʠʜʠʤ, ʯʪʦ ʚʚʝʜʝʥʠʝ ʚʩʧʦ-

ʤʦʛʘʪʝʣʴʥʳʭ ʬʫʥʢʮʠʡ ʥʝʠʟʙʝʞʥʦ ʦʟʥʘʯʘʝʪ ʚʳʧʦʣ-

ʥʝʥʠʝ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ (25). ʅʦ ʠ ʵʪʦ ʝʱʸ ʥʝ ʚʩʸ. 

ʀʟ ʚʝʨʦʷʪʥʦʩʪʥʦʡ ʢʚʘʥʪʦʚʦʡ ʤʝʭʘʥʠʢʠ ʩ ʫʯʸʪʦʤ 

ʧʦʜʯʠʥʝʥʠʷ ʚʝʢʪʦʨ ʧʦʪʝʥʮʠʘʣʦʚ ʩʠʩʪʝʤʝ ʫʨʘʚʥʝ-

ʥʠʡ ɼʠʨʘʢʘ, ʢʦʪʦʨʳʝ ʚʳʚʦʜʷʪʩʷ ʠʟ ʫʩʣʦʚʠʷ ʧʦʜʯʠ-

ʥʝʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʤʫ ʩʦʦʪʥʦʰʝʥʠʶ ʕʡʥʰʪʝʡʥʘ 

(ʘ ʵʪʦ ʫʩʣʦʚʠʝ ʟʘʢʦʥʘ ʩʦʭʨʘʥʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ), ʩʣʝ-

ʜʫʝʪ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʚʝʢʪʦʨ ʧʦʪʝʥʮʠʘʣʦʚ ʚ ʚʠʜʝ: 

iű=A4; Ax=A1; Ay=A2; Az=A3 . (26) 
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ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʚʦʟʤʦʞ-

ʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʝʢʪʦʨ ʧʦʪʝʥʮʠʘʣʦʚ ʚ ʫʨʘʚʥʝ-

ʥʠʷʭ ɼʠʨʘʢʘ, ʤʳ ʜʦʣʞʥʳ ʚʚʝʩʪʠ ʫʩʣʦʚʠʝ ʫʤʥʦʞʝ-

ʥʠʷ ʧʨʦʝʢʮʠʠ ʥʘ ʚʨʝʤʷ ʥʘ ʤʥʠʤʫʶ ʝʜʠʥʠʮʫ i, ʠ ʪʦ-

ʛʜʘ ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ (25) ʟʘʧʠʰʝʪʩʷ ʚ ʚʠʜʝ: 

c[ÖAz /Öy ÖAy /Öz] = 1/(Ů0)[ic ÖAt /Öx +ÖAx /Öt]; 

c[ÖAx /Öz ÖAz /Öx] = 1/(Ů0)[ic ÖAt /Öy +ÖAy /Öt]; 

c[ÖAy /Öx ÖAx /Öy] = 1/(Ů0)[ic ÖAt /Öz +ÖAz /Öt]. 

(27) 

ʉʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ (27) ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ 

ʢʘʢ: 

ɛ0c[ic ÖAt /Öx +ÖAx /Öt] = [ÖAz /Öy ÖAy /Öz]; 

ɛ0c[ic ÖAt /Öy +ÖAy /Öt] = [ÖAx /Öz ÖAz /Öx]; 

ɛ0c[ic ÖAt /Öz +ÖAz /Öt] = [ÖAy /Öx ÖAx /Öy]. 

(28) 

ʀʥʳʤʠ ʩʣʦʚʘʤʠ ʤʳ ʚʠʜʠʤ, ʯʪʦ ʚʠʜ ʫʩʦʚʝʨʰʝʥ-

ʩʪʚʦʚʘʥʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʄʘʢʩʚʝʣʣʘ ʧʦ (14) ʩʦʦʪʚʝʪ-

ʩʪʚʫʝʪ ʚʠʜʫ ʫʨʘʚʥʝʥʠʡ (28) ʧʨʠ ʟʘʤʝʥʝ ʟʥʘʯʝʥʠʡ 

ʚʝʢʪʦʨ ʧʦʪʝʥʮʠʘʣʦʚ ʥʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʬʫʥʢ-

ʮʠʠ. ɸ ʵʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʚ ʵʣʝʢʪʨʦʜʠʥʘʤʠʢʝ ʙʳʣʠ 

ʚʳʥʫʞʜʝʥʳ ʠʩʧʦʣʴʟʦʚʘʪʴ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʝ 

ʫʨʘʚʥʝʥʠʷ ʄʘʢʩʚʝʣʣʘ, ʥʦ ʢʦʩʚʝʥʥʦ, ʯʝʨʝʟ ʚʝʢʪʦʨ 

ʧʦʪʝʥʮʠʘʣʳ. 

ɿʜʝʩʴ ʥʘʜʦ ʧʦʥʠʤʘʪʴ, ʯʪʦ ʧʨʦʝʢʮʠʠ ʵʣʝʢʪʨʠʯʝ-

ʩʢʠʭ ʠ ʤʘʛʥʠʪʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʥʘ ʚʨʝʤʷ ʢʘʢ ʨʘʟ ʠ 

ʦʧʨʝʜʝʣʷʶʪ ʥʘʣʠʯʠʝ ʠʩʪʦʯʥʠʢʦʚ ʧʦʛʣʦʱʝʥʠʷ ʠ ʠʟ-

ʣʫʯʝʥʠʷ, ʘ ʟʥʘʯʠʪ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪ-

ʥʦʛʦ ʧʦʣʷ ʩ ʧʨʦʩʪʨʘʥʩʪʚʦʤ ʠ ʚʨʝʤʝʥʝʤ. ɽʩʣʠ ʙʳ ʥʝ 

ʙʳʣʦ ʪʘʢʠʭ ʠʩʪʦʯʥʠʢʦʚ ʠʟʣʫʯʝʥʠʷ ʠ ʧʦʛʣʦʱʝʥʠʷ, 

ʪʦ ʧʦʣʫʯʠʪʴ ʩʠʣʦʚʳʝ ʣʠʥʠʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ, ʥʘʯʠʥʘʶʱʠʝʩʷ ʚ ʦʜʥʦʤ ʤʝʩʪʝ ʠ ʦʢʘʥʯʠʚʘʶ-

ʱʠʝʩʷ ʚ ʜʨʫʛʦʤ, ʙʳʣʦ ʙʳ ʥʝʚʦʟʤʦʞʥʦ. ɹʝʟ ʤʥʠʤʦʡ 

ʝʜʠʥʠʮʳ ʤʳ ʥʝ ʠʤʝʣʠ ʙʳ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʝʦʙʨʘʟʦ-

ʚʘʥʠʷ, ʠ ʪʘʢʦʡ ʘʥʘʣʦʛʠʯʥʳʡ ʩʧʦʩʦʙ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ 

ʵʣʝʢʪʨʦʜʠʥʘʤʠʢʝ. ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʥʝ ʠʤʝʷ ʪʘʢʦʛʦ 

ʤʝʭʘʥʠʟʤʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʩʦ-

ʩʪʘʚʣʷʶʱʠʭ ʚ ʧʨʦʩʪʨʘʥʩʪʚʦ ʠ ʚʨʝʤʷ, ʠ ʥʘʦʙʦʨʦʪ, ʩ 

ʫʯʸʪʦʤ ʚʟʘʠʤʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠ ʧʦʛʣʦʱʝʥʠʷ, ʩʚʷʟʘʪʴ 

ʜʚʘ ʥʝʦʜʥʦʨʦʜʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʳʭ 

ʵʣʝʤʝʥʪʘ ʥʝʚʦʟʤʦʞʥʦ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʚ ʩʦʦʪʚʝʪ-

ʩʪʚʠʠ ʩ ʧʨʠʥʮʠʧʦʤ ɻʶʡʛʝʥʩʘ-ʌʨʝʥʝʣʷ ʜʣʷ ʦʧʠʩʘ-

ʥʠʷ ʦʛʠʙʘʥʠʷ ʚʦʣʥʦʡ ʧʨʝʧʷʪʩʪʚʠʷ ʧʨʠʰʣʦʩʴ ʚʚʝʩʪʠ 

ʚʪʦʨʠʯʥʳʝ ʠʩʪʦʯʥʠʢʠ ʠʟʣʫʯʝʥʠʷ. ʉʫʪʴ ʧʨʠʥʮʠʧʘ 

ɻʶʡʛʝʥʩʘ-ʌʨʝʥʝʣʷ ʚ ʪʦʤ, ʯʪʦ ʢʘʞʜʳʡ ʵʣʝʤʝʥʪ ʟʘ-

ʤʢʥʫʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʦʢʨʫʞʘʶʱʝʡ 

ʠʩʪʦʯʥʠʢ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ (ʠʤ ʤʦʞʝʪ ʙʳʪʴ 

ʠ ʧʝʨʚʠʯʥʘʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʘʷ ʚʦʣʥʘ), ʤʦʞʥʦ ʨʘʩ-

ʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʠʩʪʦʯʥʠʢ ʚʪʦʨʠʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, 

ʧʦʨʦʞʜʘʶʱʠʡ ʵʣʝʤʝʥʪʘʨʥʫʶ ʚʪʦʨʠʯʥʫʶ ʚʦʣʥʫ, 

ʧʨʠ ʵʪʦʤ ʧʦʣʝ ʚ ʪʦʯʢʝ ʥʘʙʣʶʜʝʥʠʷ ʷʚʣʷʝʪʩʷ ʩʫʧʝʨ-

ʧʦʟʠʮʠʝʡ ʵʪʠʭ ʵʣʝʤʝʥʪʘʨʥʳʭ ʚʪʦʨʠʯʥʳʭ ʚʦʣʥ. ʆʜ-

ʥʘʢʦ ʵʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʪʦʨʠʯ-

ʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʠʟʣʫʯʝʥʠʷ ʚ ʵʪʦʤ ʤʘʣʦʤ ʵʣʝʤʝʥʪʝ 

ʟʘʤʢʥʫʪʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʝʨʚʠʯʥʘʷ ʵʣʝʢʪʨʦʤʘʛ-

ʥʠʪʥʘʷ ʚʦʣʥʘ ʜʦʣʞʥʘ ʩ ʯʝʤ-ʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ. 

ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʦʛʠʙʘʥʠʝ ʚʦʣʥʦʡ ʧʨʝʧʷʪʩʪʚʠʷ ʦʩʥʦ-

ʚʘʥʦ ʥʘ ʪʦʤ, ʯʪʦ ʩʦʟʜʘʥʥʳʝ ʧʝʨʚʠʯʥʦʡ ʚʦʣʥʦʡ ʚʪʦ-

ʨʠʯʥʳʝ ʠʩʪʦʯʥʠʢʠ ʠʟʣʫʯʝʥʠʷ ʬʦʨʤʠʨʫʶʪ ʩʚʦʠ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʚʦʣʥʳ, ʥʘʧʨʘʚʣʝʥʠʝ ʜʚʠʞʝʥʠʷ 

ʢʦʪʦʨʳʭ ʥʝ ʩʦʚʧʘʜʘʝʪ ʩ ʧʨʷʤʳʤ ʥʝʟʘʚʠʩʠʤʳʤ ʜʚʠ-

ʞʝʥʠʝʤ ʧʝʨʚʠʯʥʦʡ ʚʦʣʥʳ, ʠ ʧʦʵʪʦʤʫ ʵʣʝʢʪʨʦʤʘʛ-

ʥʠʪʥʘʷ ʚʦʣʥʘ ʩʫʱʝʩʪʚʫʝʪ ʠ ʟʘ ʦʙʣʘʩʪʴʶ ʧʨʝʧʷʪ-

ʩʪʚʠʷ. ɸ ʧʦʣʥʦʩʪʴʶ ʥʝʟʘʚʠʩʠʤʦʝ ʧʨʷʤʦʣʠʥʝʡʥʦʝ 

ʜʚʠʞʝʥʠʝ ʚʦʣʥʳ, ʢʘʢ ʦʙʲʝʢʪʘ, ʥʝ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ 

ʠʟʤʝʥʝʥʠʶ ʥʘʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʷ ʚʦʣʥʳ ʙʝʟ ʚʟʘʠ-

ʤʦʜʝʡʩʪʚʠʷ ʩ ʯʝʤ-ʣʠʙʦ. 

ɺ ʨʘʤʢʘʭ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʦʨʠʡ ʧʨʠʯʠʥʘ ʚʦʟ-

ʥʠʢʥʦʚʝʥʠʷ ʠʩʪʦʯʥʠʢʦʚ ʚʪʦʨʠʯʥʳʭ ʚʦʣʥ ʥʝʠʟ-

ʚʝʩʪʥʘ, ʪʘʢ ʢʘʢ ʦʥʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʧʨʦʩʪʨʘʥʩʪʚʦ ʠ 

ʚʨʝʤʷ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʫʶ ʚʦʣʥʫ 

ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ,  ʢʘʢ ʥʝʟʘʚʠʩʠʤʳʝ ʚʝʣʠʯʠʥʳ. ʀ 

ʧʦ ʩʦʚʨʝʤʝʥʥʳʤ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ, ʠʩʭʦʜʷ ʠʟ ʦʧʳʪʦʚ 

ʄʘʡʢʝʣʴʩʦʥʘ, ʧʨʦʩʪʨʘʥʩʪʚʦ ʠ ʚʨʝʤʷ ʥʝ ʷʚʣʷʶʪʩʷ 

ʵʬʠʨʦʤ (ʵʬʠʨ ʧʳʪʘʣʠʩʴ ʦʧʨʝʜʝʣʠʪʴ ʥʘ ʦʩʥʦʚʝ ʝʛʦ 

ʚʝʨʦʷʪʥʦʛʦ ʜʚʠʞʝʥʠʷ, ʪʘʢ ʥʘʟʳʚʘʝʤʦʛʦ çʵʬʠʨʥʦʛʦ 

ʚʝʪʨʘè), ʘ ʨʘʟ ʪʘʢ ī ʪʦ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʥʝ ʩ ʯʝʤ. 

ʕʪʦʪ ʧʘʨʘʜʦʢʩ ʣʝʛʢʦ ʨʘʟʨʝʰʘʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʥʘʰʝʡ 

ʪʝʦʨʠʠ ʤʠʨʦʟʜʘʥʠʷ ʧʨʠ ʜʝʣʝʥʠʠ ʤʠʨʦʟʜʘʥʠʷ ʥʘ ʜʚʝ 

ʛʣʦʙʘʣʴʥʳʝ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʠ: çʙʳʪʠʝè (ʫʩʣʦʚʥʦ 

ʥʘʰʘ ʩʠʩʪʝʤʘ ʥʘʙʣʶʜʝʥʠʷ) ʠ çʥʝʙʳʪʠʝè (ʥʝʜʦʩʪʫʧ-

ʥʘʷ ʥʘʤ ʜʣʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʥʘʙʣʶʜʝʥʠʷ ʩʠ-

ʩʪʝʤʘ). ʕʪʠ ʛʣʦʙʘʣʴʥʳʝ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʠ ʦʙʤʝ-

ʥʠʚʘʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ ʦʙʲʝʢʪʘʤʠ, ʦʪʨʘʞʘʶʱʠʤʠ 

ʥʝʢʦʪʦʨʦʝ ʢʦʣʠʯʝʩʪʚʦ, ʘ ʠʥʘʯʝ ʩʚʷʟʘʪʴ ʠʭ ʤʝʞʜʫ ʩʦ-

ʙʦʡ ʙʳʣʦ ʙʳ ʥʝʚʦʟʤʦʞʥʦ. ɺ ʩʦʚʨʝʤʝʥʥʦʡ ʬʠʟʠʢʝ 

ʪʘʢʦʡ ʦʙʤʝʥ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʯʝʨʝʟ ʥʝʢʠʝ ʚʠʨʪʫʘʣʴ-

ʥʳʝ ʬʦʪʦʥʳ, ʢʦʥʝʯʥʦ,  ʵʪʦ ʬʘʥʪʘʩʪʠʢʘ, ʥʦ ʨʝʘʣʴ-

ʥʫʶ ʧʦʯʚʫ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʪʘʢʦʛʦ ʦʙʤʝʥʘ ʤʳ ʫʞʝ 

ʣʦʛʠʯʝʩʢʠ ʦʙʦʟʥʘʯʠʣʠ, ʦʩʪʘʣʦʩʴ ʦʧʨʝʜʝʣʠʪʴ, ʢʘʢ ʠ 

ʟʘ ʩʯʸʪ ʯʝʛʦ ʧʨʦʠʩʭʦʜʠʪ ʵʪʦʪ ʦʙʤʝʥ. ʇʦʥʷʪʥʦ, ʯʪʦ 

ʵʪʦʪ ʦʙʤʝʥ ʨʘʚʥʳʡ, ʠʥʘʯʝ ʙʳʣʦ ʙʳ ʠʩʯʝʟʥʦʚʝʥʠʝ 

ʦʜʥʦʡ ʠʟ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʝʡ, ʠ ʪʦʛʜʘ ʚʳʜʝʣʝʥʠʝ 

ʢʘʢʠʭ ʣʠʙʦ ʦʙʲʝʢʪʦʚ ʠʟ ʦʜʥʦʨʦʜʥʦʩʪʠ ʙʳʣʦ ʙʳ ʥʝ-

ʚʦʟʤʦʞʥʦ. ʂʘʞʜʳʡ ʦʙʲʝʢʪ ʠʤʝʝʪ ʯʘʩʪʴ, ʧʨʠʥʘʜʣʝ-

ʞʘʱʫʶ ʦʜʥʦʡ ʛʣʦʙʘʣʴʥʦʡ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʠ ʠ 

ʯʘʩʪʴ, ʧʨʠʥʘʜʣʝʞʘʱʫʶ ʜʨʫʛʦʡ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ-

ʩʪʠ. ɸ ʠʥʘʯʝ ʙʳ ʦʥ ʙʳ ʠʤʝʣ ʚʝʯʥʦʝ ʩʫʱʝʩʪʚʦʚʘʥʠʝ 

ʚ ʦʜʥʦʡ ʠʟ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʝʡ, ʠ ʦʙʥʘʨʫʞʠʪʴ ʝʛʦ 

ʠʟ-ʟʘ ʧʦʣʥʦʡ ʟʘʤʢʥʫʪʦʩʪʠ ʥʘ ʩʝʙʷ ʙʳʣʦ ʙʳ ʥʝʚʦʟ-

ʤʦʞʥʦ. ɺ ʬʠʟʠʢʝ ʵʪʦ ʷʚʣʝʥʠʝ ʥʘʟʚʘʥʦ ʢʦʨʧʫʩʢʫ-

ʣʷʨʥʦ-ʚʦʣʥʦʚʳʤ ʜʫʘʣʠʟʤʦʤ. ɿʘʤʢʥʫʪʳʡ ʦʙʤʝʥ 

ʤʝʞʜʫ ʜʚʫʤʷ ʛʣʦʙʘʣʴʥʳʤʠ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʷʤʠ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʠʤʤʝʪʨʠʶ, ʥʘʣʠʯʠʝ ʟʘʢʦʥʘ ʩʦʭʨʘ-

ʥʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ, ʠ ʚʳʧʦʣʥʝʥʠʝ ʨʘʚʝʥʩʪʚʘ ʜʝʡ-

ʩʪʚʠʷ ʠ ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʷ, ʪʘʢ ʢʘʢ ʠʥʘʯʝ  ʯʫʜʦ. ʇʨʠ 

ʵʪʦʤ ʩʣʦʞʝʥʠʝ ʚ ʦʜʥʦʡ ʛʣʦʙʘʣʴʥʦʡ ʧʨʦʪʠʚʦʧʦʣʦʞ-

ʥʦʩʪʠ ʦʟʥʘʯʘʝʪ ʚʳʯʠʪʘʥʠʝ ʚ ʜʨʫʛʦʡ, ʠ ʥʘʦʙʦʨʦʪ, ʘ 

ʠʥʘʯʝ ʧʨʠ ʦʜʠʥʘʢʦʚʳʭ ʟʘʢʦʥʘʭ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʷʤʠ ʥʝʪ. ʕʪʦ ʬʘʢʪʠʯʝʩʢʠ ʠ ʬʦʨ-

ʤʠʨʫʝʪ ʨʘʟʣʠʯʠʝ ʚ ʢʦʨʧʫʩʢʫʣʷʨʥʳʭ ʠ ʚʦʣʥʦʚʳʭ 

ʩʚʦʡʩʪʚʘʭ. ɺʦʪ ʧʦʵʪʦʤʫ ʤʳ ʠʤʝʝʤ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʚ 

ʦʜʥʦʡ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʠ ʢʘʢ ʚʦʣʥʦʚʳʭ ʬʫʥʢʮʠʡ, 
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ʘ ʚ ʜʨʫʛʦʡ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʠ ʢʘʢ ʛʠʧʝʨʙʦʣʠʯʝ-

ʩʢʠʭ ʬʫʥʢʮʠʡ, ʠ ʧʝʨʝʭʦʜ ʦʧʨʝʜʝʣʷʝʪʩʷ ʫʤʥʦʞʝ-

ʥʠʝʤ ʥʘ ʤʥʠʤʫʶ ʝʜʠʥʠʮʫ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʤʥʷ, 

ʯʪʦ ʣʶʙʦʡ ʦʙʲʝʢʪ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʘʣʠʯʠʝʤ ʧʨʠ-

ʥʘʜʣʝʞʥʦʩʪʠ ʢ ʜʚʫʤ ʛʣʦʙʘʣʴʥʳʤ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ-

ʩʪʷʤ, ʯʪʦ ʧʦʣʫʯʠʣʦ ʥʘʟʚʘʥʠʝ ʢʦʨʧʫʩʢʫʣʷʨʥʦ-ʚʦʣʥʦ-

ʚʦʛʦ ʜʫʘʣʠʟʤʘ, ʤʳ ʣʶʙʦʡ ʦʙʲʝʢʪ ʜʦʣʞʥʳ ʭʘʨʘʢʪʝ-

ʨʠʟʦʚʘʪʴ ʢʦʨʧʫʩʢʫʣʷʨʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʚ ʚʠʜʝ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʛʦ ʠʩʢʨʠʚʣʝʥʠʷ ʠ ʚʦʣʥʦ-

ʚʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʚ ʚʠʜʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʚʦʣʥʦ-

ʚʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ. ʇʨʠ ʵʪʦʤ ʟʘʤʝʪʠʤ, ʯʪʦ ʦʜʠʥ ʠ 

ʪʦʪ ʞʝ ʦʙʲʝʢʪ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʷʭ ʚʳʛʣʷʜʠʪ ʧʦ-

ʨʘʟʥʦʤʫ, ʪʦ ʝʩʪʴ, ʥʘ ʦʩʥʦʚʝ ʩʠʤʤʝʪʨʠʠ ʠ ʩʤʝʥʝ ʟʥʘ-

ʢʦʚ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʝ ʠʩʢʨʠʚʣʝʥʠʝ ʚ ʦʜ-

ʥʦʡ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʠ ʙʫʜʝʪ ʚʳʛʣʷʜʝʪʴ ʚ ʚʠʜʝ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥʦʚʳʭ ʬʫʥʢʮʠʡ ʚ ʜʨʫʛʦʡ. 

ʇʦʥʷʪʥʦ, ʯʪʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʩʚʷʟʴ ʧʦʩʨʝʜʩʪʚʦʤ ʦʙ-

ʤʝʥʘ ʤʝʞʜʫ ʥʝʦʜʥʦʨʦʜʥʳʤʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝ-

ʤʝʥʥʳʤʠ ʤʝʣʴʯʘʡʰʠʤʠ ʵʣʝʤʝʥʪʘʤʠ ʤʦʞʥʦ ʭʘʨʘʢ-

ʪʝʨʠʟʦʚʘʪʴ ʯʝʨʝʟ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʠʟʣʫʯʝʥʠʝ ʠ ʧʦ-

ʛʣʦʱʝʥʠʝ, ʠ ʵʪʦ ʠʩʢʣʶʯʘʝʪ ʧʨʦʙʣʝʤʫ 

ʩʠʥʛʫʣʷʨʥʦʩʪʝʡ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʩ ʵʪʠʤ ʵʣʝʢʪʨʦʤʘʛ-

ʥʠʪʥʦʝ ʠʟʣʫʯʝʥʠʝ ʚ ʦʜʥʦʡ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʠ ʙʫ-

ʜʝʪ ʚʳʛʣʷʜʝʪʴ ʢʘʢ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʝ ʠʩ-

ʢʨʠʚʣʝʥʠʝ ʚ ʜʨʫʛʦʡ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʠ ʧʦ ʫʩʣʦ-

ʚʠʶ ʩʠʤʤʝʪʨʠʠ ʤʝʞʜʫ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʷʤʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʙʣʝʤʘ ʩʠʥʛʫʣʷʨʥʦʩʪʠ ʩʥʠʤʘ-

ʝʪʩʷ, ʝʩʣʠ ʝʩʪʴ ʩʠʤʤʝʪʨʠʯʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʵʣʝʢ-

ʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥʦʚʳʭ ʬʫʥʢʮʠʡ ʚ ʧʨʦʩʪʨʘʥ-

ʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʝ ʠʩʢʨʠʚʣʝʥʠʝ ʧʦ ʧʨʝʦʙʨʘʟʦʚʘ-

ʥʠʷʤ, ʥʘʧʨʠʤʝʨ, ʄʠʥʢʦʚʩʢʦʛʦ.  

ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ ʙʳʣʦ ʢʦʩʚʝʥʥʦ 

ʧʦʜʪʚʝʨʞʜʝʥʦ ʯʝʨʝʟ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦʙ ʵʣʝʢʪʨʦʤʘʛ-

ʥʠʪʥʦʤ ʚʘʢʫʫʤʝ ʩ ʚʦʟʥʠʢʥʦʚʝʥʠʝʤ ʠ ʠʩʯʝʟʥʦʚʝ-

ʥʠʝʤ ʚ ʥʸʤ ʚʠʨʪʫʘʣʴʥʳʭ ʬʦʪʦʥʦʚ. 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚʩʷʢʦʝ ʜʚʠʞʝʥʠʝ (ʠʟʤʝʥʝʥʠʝ), 

ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʚʦʣʥʳ, ʩʦʧʨʦʚʦʞ-

ʜʘʝʪʩʷ ʚʟʘʠʤʥʳʤ ʦʙʤʝʥʦʤ ʤʝʞʜʫ ʙʳʪʠʝʤ ʠ ʥʝʙʳ-

ʪʠʝʤ (ʠʥʘʯʝ ʟʘʤʢʥʫʪʦʛʦ ʜʚʠʞʝʥʠʷ ʥʝ ʧʦʣʫʯʠʪʴ). 

ʂʘʢ ʫʞʝ ʦʪʤʝʯʘʣʦʩʴ, ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʘʷ ʚʦʣʥʘ ʚ ʙʳ-

ʪʠʠ ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʦʙʲʝʢʪ, ʧʨʠʥʘʜʣʝ-

ʞʘʱʠʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʡ ʩʠʩʪʝʤʝ ʥʝʙʳ-

ʪʠʷ. ʀ ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʠ 

ʩʚʷʟʘʥʳ ʯʝʨʝʟ ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ. ʇʦʵʪʦʤʫ ʵʣʝʢʪʨʦʤʘʛ-

ʥʠʪʥʘʷ ʚʦʣʥʘ ʦʙʣʘʜʘʝʪ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʝʡ ʠʟ-

ʟʘ ʜʚʠʞʝʥʠʷ ʩʦ ʩʢʦʨʦʩʪʴʶ ʩʚʝʪʘ, ʥʦ ʝʝ ʜʚʠʞʝʥʠʝ 

ʚʳʟʳʚʘʝʪ ʠʟʤʝʥʝʥʠʝ ʚ ʙʳʪʠʠ, ʢʦʪʦʨʦʤʫ ʩʦʦʪʚʝʪ-

ʩʪʚʫʝʪ ʜʨʫʛʘʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʘʷ ʩʠʩʪʝʤʘ, 

ʘ ʵʪʦ  ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʵʥʝʨʛʠʷ. ʀʟ-ʟʘ ʟʘʤʢʥʫʪʦʩʪʠ 

ʤʠʨʦʟʜʘʥʠʷ ʜʝʡʩʪʚʠʝ ʥʝʙʳʪʠʷ ʨʘʚʥʦ ʧʨʦʪʠʚʦʜʝʡ-

ʩʪʚʠʶ ʙʳʪʠʷ ʠ ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʥʘʯʘʣʴ-

ʥʦʝ ʦʙʨʘʟʫʶʱʝʝ ʜʝʡʩʪʚʠʝ. ʀʤʝʥʥʦ ʧʨʦʪʠʚʦʜʝʡ-

ʩʪʚʠʝ ʙʳʪʠʷ, ʚʳʨʘʞʘʶʱʝʝʩʷ ʚ ʚʠʜʝ ʝʛʦ ʧʨʦʩʪʨʘʥ-

ʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʡ ʩʠʩʪʝʤʳ ʢʘʢ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ, ʠ 

ʷʚʣʷʝʪʩʷ ʠʩʪʦʯʥʠʢʦʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʪʦʨʠʯʥʳʭ 

ʚʦʣʥ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʘʷ ʚʦʣʥʘ ʧʨʠ 

ʜʚʠʞʝʥʠʠ (ʠʟʤʝʥʝʥʠʠ) ʚʳʟʳʚʘʝʪ ʧʝʨʝʭʦʜ ʦʙʲʝʢʪʦʚ-

ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʚ ʙʳʪʠʝ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʦʙʨʘʪ-

ʥʳʡ ʧʝʨʝʭʦʜ ʷʚʣʷʝʪʩʷ ʪʝʤ ʥʦʚʳʤ ʠʩʪʦʯʥʠʢʦʤ ʚʪʦ-

ʨʠʯʥʳʭ ʚʦʣʥ ʦʪ ʧʝʨʚʠʯʥʦʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ 

ʚʦʣʥʳ. ʇʦʥʷʪʥʦ, ʯʪʦ ʝʩʣʠ ʙʳ ʥʝ ʙʳʣʦ ʧʨʦʪʠʚʦʜʝʡ-

ʩʪʚʠʷ, ʪʦ ʥʝ ʙʳʣʦ ʙʳ ʧʨʠʯʠʥʳ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʚʪʦ-

ʨʠʯʥʳʭ ʚʦʣʥ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʙʳ-

ʪʠʷ ʠ ʥʝʙʳʪʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʦ ʩʢʦʨʦʩʪʴʶ 

ʩʚʝʪʘ, ʪʦ ʝʩʪʴ ʩʦ ʩʢʦʨʦʩʪʴʶ ʜʚʠʞʝʥʠʷ ʵʣʝʢʪʨʦ-

ʤʘʛʥʠʪʥʦʡ ʚʦʣʥʳ, ʧʦʵʪʦʤʫ ʟʜʝʩʴ ʥʝ ʤʦʞʝʪ ʙʳʪʴ 

ʥʠʢʘʢʠʭ çʵʬʠʨʥʳʭ ʚʝʪʨʦʚè. ʅʘʜʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ 

ʚʦʣʥʳ, ʢʘʢ ʦʜʥʦʡ ʩʠʩʪʝʤʳ, ʩ ʧʨʦʩʪʨʘʥʩʪʚʦʤ ʠ ʚʨʝ-

ʤʝʥʝʤ, ʚ ʚʠʜʝ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʡ ʩʠʩʪʝʤʳ, ʧʨʘʢʪʠ-

ʯʝʩʢʠ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʠʟʤʝʥʝʥʠʝʤ ʯʘʩʪʦʪʳ ʵʣʝʢ-

ʪʨʦʤʘʛʥʠʪʥʦʡ ʚʦʣʥʳ ʚ ʛʨʘʚʠʪʘʮʠʦʥʥʦʤ ʧʦʣʝ. ɼʝ-

ʬʦʨʤʘʮʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʚʦʣʥʳ ʚʦʟʤʦʞʥʘ 

ʪʦʣʴʢʦ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ, ʯʪʦ ʤʦʞʝʪ ʚʳʨʘʞʘʪʴʩʷ 

ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʯʝʨʝʟ ʦʙʤʝʥ. ɸ ʵʪʦ ʠ ʦʟʥʘʯʘʝʪ ʥʝʦʙ-

ʭʦʜʠʤʦʩʪʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʪʦʨʠʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, 

ʯʝʨʝʟ ʢʦʪʦʨʳʝ ʠ ʤʦʞʝʪ ʵʪʦʪ ʦʙʤʝʥ ʧʨʦʠʟʚʦʜʠʪʴʩʷ. 

ʅʝʟʘʚʠʩʠʤʦʩʪʴ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʚʦʣʥʳ ʦʪ ʧʨʦ-

ʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʳʭ ʠʩʢʨʠʚʣʝʥʠʡ ʥʝ ʤʦʛʣʘ ʙʳ 

ʜʘʪʴ ʜʝʬʦʨʤʘʮʠʶ (ʠʟʤʝʥʝʥʠʝ ʯʘʩʪʦʪʳ) ʵʣʝʢʪʨʦʤʘʛ-

ʥʠʪʥʦʡ ʚʦʣʥʳ ʥʠ ʧʨʠ ʢʘʢʠʭ ʫʩʣʦʚʠʷʭ. 

ʀʟ ʬʦʨʤʫʣ (1)-(14) ʩʣʝʜʫʝʪ, ʯʪʦ ʣʶʙʦʡ ʦʙʲʝʢʪ 

ʤʠʨʦʟʜʘʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʜʚʦʷʢʦ: ʚ ʦʜʥʦʡ ʧʨʦʪʠ-

ʚʦʧʦʣʦʞʥʦʩʪʠ ʢʘʢ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʝ ʠʩ-

ʢʨʠʚʣʝʥʠʝ, ʘ ʚ ʜʨʫʛʦʡ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʠ ʢʘʢ ʵʣʝʢ-

ʪʨʦʤʘʛʥʠʪʥʘʷ ʚʦʣʥʘ. ʀ ʚʦʪ ʦʪʩʶʜʘ ʨʝʰʘʝʪʩʷ ʠ ʚʪʦ-

ʨʦʡ ʧʘʨʘʜʦʢʩ ʕʡʥʰʪʝʡʥʘ, ʩʚʷʟʘʥʥʳʡ ʩ ʚʳʙʦʨʦʤ 

ʩʠʩʪʝʤʳ ʦʪʩʯʸʪʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʟʥʘʯʝʥʠʷ ʠʩʢʨʠʚ-

ʣʝʥʠʷ ʤʝʣʴʯʘʡʰʝʛʦ ʵʣʝʤʝʥʪʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝ-

ʤʝʥʥʦʛʦ ʠʩʢʨʠʚʣʝʥʠʷ. ʀʥʳʤʠ ʩʣʦʚʘʤʠ ʜʚʠʞʝʥʠʝ 

ʦʙʲʝʢʪʦʚ, ʚʳʨʘʞʝʥʥʦʝ ʯʝʨʝʟ ʢʠʥʝʪʠʯʝʩʢʫʶ ʵʥʝʨ-

ʛʠʶ ʚ ʚʠʜʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʚ ʦʜ-

ʥʦʡ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʠ ʦʧʨʝʜʝʣʷʝʪ ʧʨʦʩʪʨʘʥ-

ʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʝ ʠʩʢʨʠʚʣʝʥʠʝ ʚ ʜʨʫʛʦʡ ʧʨʦʪʠʚʦ-

ʧʦʣʦʞʥʦʩʪʠ, ʪʦ ʝʩʪʴ ʪʫ ʩʘʤʫʶ ʩʨʝʜʥʶʶ 

ʠʥʪʝʛʨʘʣʴʥʫʶ ʩʢʦʨʦʩʪʴ, ʢʦʪʦʨʘʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʠʩ-

ʢʨʠʚʣʝʥʠʝ ʢʘʞʜʦʛʦ ʤʝʣʴʯʘʡʰʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-

ʚʨʝʤʝʥʥʦʛʦ ʵʣʝʤʝʥʪʘ. ɺ [6] ʢʘʢ ʨʘʟ ʤʳ ʠ ʧʦʢʘʟʘʣʠ, 

ʯʪʦ ʢʦʥʩʪʘʥʪʳ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠ ʤʘʛʥʠʪʥʦʡ ʧʨʦʥʠ-

ʮʘʝʤʦʩʪʠ ὑ0 ʠ ɛ0 ʥʘʧʨʷʤʫʶ ʩʚʷʟʘʥʳ ʩ ʵʣʝʢʪʨʦʤʘʛ-

ʥʠʪʥʳʤ ʠʟʣʫʯʝʥʠʝʤ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʠ ʚ ʫʩʣʦ-

ʚʠʷʭ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʘʚʥʦʚʝʩʠʷ, ʠ ʦʧʨʝʜʝ-

ʣʷʶʪ ʥʝʢʦʪʦʨʫʶ ʠʥʪʝʛʨʘʣʴʥʫʶ ʫʩʨʝʜʥʝʥʥʫʶ 

ʵʢʚʠʚʘʣʝʥʪʥʫʶ ʩʢʦʨʦʩʪʴ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʜʚʠʞʝʥʠʷ ʚ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʠ Vʧ. ʆʪʩʶʜʘ ὑ0=V/c, ɛ0=1/(cV). 

ɿʜʝʩʴ V=(ʩ2 Vʧ2)1/2  ʚʝʣʠʯʠʥʘ, ʩʚʷʟʘʥʥʘʷ ʩʦ ʩʨʝʜʥʝʡ 

ʠʥʪʝʛʨʘʣʴʥʦʡ ʩʢʦʨʦʩʪʴʶ ʦʙʤʝʥʘ (ʜʚʠʞʝʥʠʷ) ʚ ʧʨʦ-

ʪʠʚʦʧʦʣʦʞʥʦʩʪʠ Vʧ. ʇʦʜʯʝʨʢʥʸʤ ʝʱʸ ʨʘʟ, ʯʪʦ ʥʘʣʠ-

ʯʠʝ ʩʢʦʨʦʩʪʠ Vʧ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʠ ʩʣʝʜʫʝʪ ʠʟ 

ʆʊʆ, ʪʘʢ ʢʘʢ ʚʚʝʜʸʥʥʦʝ ʕʡʥʰʪʝʡʥʦʤ ʧʨʦʩʪʨʘʥ-

ʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʝ ʠʩʢʨʠʚʣʝʥʠʝ ʦʧʠʨʘʝʪʩʷ ʧʦ ʉʊʆ 

ʥʘ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʧʦʜʚʠʞʥʦʡ ʩʠʩʪʝʤʳ ʦʪʥʦʩʠ-

ʪʝʣʴʥʦ ʥʝʧʦʜʚʠʞʥʦʡ ʩʠʩʪʝʤʳ ʥʘʙʣʶʜʝʥʠʷ. ʆʜʥʘʢʦ 

ʜʣʷ ʢʘʞʜʦʛʦ ʤʝʣʴʯʘʡʰʝʛʦ ʵʣʝʤʝʥʪʘ ʧʨʦʩʪʨʘʥʩʪʚʦ ʠ 

ʚʨʝʤʝʥʠ, ʜʘʶʱʝʛʦ ʦʙʱʝʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ - ʚʨʝ-

ʤʝʥʥʦʝ ʠʩʢʨʠʚʣʝʥʠʝ, ʵʪʘ ʩʢʦʨʦʩʪʴ ʧʦ ʉʊʆ ʚ ʆʊʆ ʥʝ 

ʠʤʝʝʪ ʧʨʠʚʷʟʢʠ ʢ ʪʘʢ ʥʘʟʳʚʘʝʤʦʡ ʦʙʱʝʡ ʩʠʩʪʝʤʳ 

ʥʘʙʣʶʜʝʥʠʷ, ʝʩʣʠ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʩʫʱʝʩʪʚʦʚʘʥʠʝ 

ʩʠʩʪʝʤʳ ʥʘʙʣʶʜʝʥʠʷ ʦʪ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʠ, ʛʜʝ 

ʵʪʘ ʩʢʦʨʦʩʪʴ Vʧ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʦʙʤʝʥ ʤʝʞʜʫ ʜʚʫʤʷ 

ʛʣʦʙʘʣʴʥʳʤʠ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʷʤʠ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ 

ʤʳ ʢʘʢ ʙʳ ʠʤʝʝʤ ʟʥʘʯʝʥʠʝ ʧʨʦʝʢʮʠʠ ʩʢʦʨʦʩʪʠ ʥʘ 

ʚʨʝʤʷ, ʠ ʠʤʝʥʥʦ ʪʘʢʦʡ ʧʦʜʭʦʜ ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʙʱʫʶ 

ʥʝʧʦʜʚʠʞʥʫʶ ʩʠʩʪʝʤʫ ʥʘʙʣʶʜʝʥʠʷ ʜʣʷ ʚʩʝʭ ʤʝʣʴ-

ʯʘʡʰʠʭ ʵʣʝʤʝʥʪʦʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʛʦ 
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ʠʩʢʨʠʚʣʝʥʠʷ. ʅʘʜʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʢʦʥʩʪʘʥʪʳ ὑ0 ʠ ɛ0 

ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʦʧʨʝʜʝʣʷʶʪ ʠ ʨʘʟʥʠʮʫ ʤʘʩʩ ʤʝʞʜʫ 

ʧʨʦʪʦʥʦʤ ʠ ʵʣʝʢʪʨʦʥʦʤ ʠʩʭʦʜʷ ʠʟ ʫʩʣʦʚʠʷ ʪʝʨʤʦ-

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʘʚʥʦʚʝʩʠʷ [6]. 

ʀʟ ʧʨʦʚʝʜʸʥʥʦʛʦ ʘʥʘʣʠʟʘ ʚʠʜʥʦ, ʯʪʦ ʧʘʨʘ-

ʜʦʢʩʳ ʚ ʆʊʆ ʨʝʰʘʶʪʩʷ ʥʘ ʦʩʥʦʚʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

2-ʭ ʛʣʦʙʘʣʴʥʳʭ ʨʘʚʥʦʧʨʘʚʥʳʭ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ-

ʩʪʝʡ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʥʝʣʴʟʷ ʧʦʣʫʯʠʪʴ ʦʪʜʝʣʴʥʦ (ʚʳ-

ʜʝʣʠʪʴ) ʛʨʘʚʠʪʘʮʠʦʥʥʳʝ ʩʠʣʳ ʚ ʚʠʜʝ ʧʨʦʩʪʨʘʥ-

ʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʛʦ ʠʩʢʨʠʚʣʝʥʠʷ ʦʪ ʵʣʝʢʪʨʦʤʘʛ-

ʥʠʪʥʳʭ ʩʠʣ ʚ ʩʠʣʫ ʦʙʱʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-

ʚʨʝʤʝʥʥʦʛʦ ʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʢʦʥʪʠʥʫʫʤʘ, ʯʪʦ 

ʫʧʦʨʥʦ ʧʳʪʘʶʪʩʷ ʜʝʣʘʪʴ ʚ ʥʳʥʝʰʥʝʡ ʘʩʪʨʦʬʠʟʠʢʝ. 

ʉʦʙʩʪʚʝʥʥʦ ʩʚʷʟʴ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʩ 

ʧʨʦʩʪʨʘʥʩʪʚʦʤ ʠ ʚʨʝʤʝʥʝʤ ʩʣʝʜʫʝʪ ʠ ʠʟ ʬʦʨʤʫʣʳ 

ʃʫʠ ʜʝ ɹʨʦʡʣʷ [7]: 

hf0=m0c2 (29) 

ʆʜʥʘʢʦ ʃʫʠ ʜʝ ɹʨʦʡʣʴ ʥʝ ʟʥʘʣ, ʢʘʢ ʩʚʷʟʘʪʴ ʧʨʦ-

ʩʪʨʘʥʩʪʚʦ ʠ ʚʨʝʤʷ ʩ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤ ʠʟʣʫʯʝ-

ʥʠʝʤ, ʧʦʵʪʦʤʫ ʦʥ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣ ʚʦʣʥʦʚʦʡ ʧʨʦʮʝʩʩ 

ʢʘʢ ʥʝʢʠʝ "ʚʦʣʥʳ ʤʘʪʝʨʠʠ". ʀʥʘʯʝ ʛʦʚʦʨʷ, ʦʥ ʧʦ-

ʩʪʫʣʠʨʦʚʘʣ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʚʦʣʥʦʚʦʛʦ ʧʦʣʷ: 

Ɋ(t,x)  Ɋ0exp[i ɤ(t x/u)]=  Ɋ0 [cos(g)+i sin(g)]= [ch(w) cdtïsh(w) dx], (30) 

ʛʜʝ u=c2/v; ɤ=ɤ0ɔ; ɔ=(1v2/c2) 1/2; Ɋ0= c dt= dx. 

ʕʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ (1), ʠʟ ʢʦʪʦʨʦʛʦ ʧʦʪʦʤ ʤʳ ʚʳʚʦ-

ʜʠʤ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ. ʀʩʭʦʜʷ ʠʟ 

ʵʢʚʠʚʘʣʝʥʪʥʦʩʪʠ ʢʦʨʧʫʩʢʫʣʷʨʥʳʭ ʠ ʚʦʣʥʦʚʳʭ 

ʩʚʦʡʩʪʚ, ʩʪʘʥʦʚʠʪʩʷ ʷʩʥʘ ʧʦʜʤʝʥʘ ʚ ʩʠʩʪʝʤʝ ʫʨʘʚ-

ʥʝʥʠʡ ɼʠʨʘʢʘ [8] ʟʥʘʯʝʥʠʷ m0c2 ʥʘ ʟʥʘʯʝʥʠʝ 

m0c2Ɋ(t,x). ʀʥʳʤʠ ʩʣʦʚʘʤʠ ʢʦʥʩʪʘʥʪʘ, ʥʝ ʠʤʝʶʱʘʷ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʠʩ-

ʪʦʯʥʠʢ ʠʟʣʫʯʝʥʠʷ ʠʣʠ ʧʦʛʣʦʱʝʥʠʷ, ʪʦ ʝʩʪʴ ʦʙʲʝʢʪ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚ ʩʠʩʪʝʤʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʥʫʪʨʠ 

ʤʠʨʦʟʜʘʥʠʷ, ʘ ʥʝ ʢʘʢ ʚʩʝ ʟʘʤʢʥʫʪʦʝ ʥʘ ʩʝʙʷ ʤʠʨʦ-

ʟʜʘʥʠʝ, ʪʘʢ ʢʘʢ ʯʠʩʪʘʷ ʢʦʥʩʪʘʥʪʘ ʥʝ ʤʦʞʝʪ ʥʠ ʩ ʯʝʤ 

ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ. ʊʘʢ ʞʝ ʩʪʘʥʦʚʠʪʩʷ ʧʦʥʷʪʝʥ 

ʩʤʳʩʣ ʧʦʷʚʣʝʥʠʷ ʧʨʠ ʨʘʟʣʦʞʝʥʠʠ ʫʨʘʚʥʝʥʠʷ ʵʥʝʨ-

ʛʠʠ ʕʡʥʰʪʝʡʥʘ ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ ʟʘʨʷʜʦʚ ʧʨʠ ʥʘʣʠ-

ʯʠʠ ʜʚʫʭ ʨʘʚʥʦʧʨʘʚʥʳʭ ʨʝʰʝʥʠʡ [8]: 

E= °(c2p2+m0
2c4)1/2. (31) 

ʀʥʳʤʠ ʩʣʦʚʘʤʠ ʟʥʘʢʠ ʘʩʩʦʮʠʠʨʫʝʪʩʷ ʩ ʵʣʝʢ-

ʪʨʦʤʘʛʥʠʪʥʳʤ ʠʟʣʫʯʝʥʠʝʤ ʠʣʠ ʧʦʛʣʦʱʝʥʠʝʤ. ɸ ʪʘʢ 

ʢʘʢ ʚʩʷ ʵʥʝʨʛʠʷ ʣʶʙʦʛʦ ʦʙʲʝʢʪʘ ʧʦʜʯʠʥʷʝʪʩʷ ʫʨʘʚ-

ʥʝʥʠʶ ʵʥʝʨʛʠʠ ʕʡʥʰʪʝʡʥʘ, ʪʦ ʟʥʘʯʝʥʠʝ ʟʘʨʷʜʘ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʮʝʣʦʯʠʩʣʝʥʥʳʤ ʟʥʘʯʝʥʠʝʤ ʚ ʚʠʜʝ +1, 

ʠʣʠ 1. ʀ ʧʦʵʪʦʤʫ ʜʨʦʙʥʳʝ ʟʥʘʯʝʥʠʷ ʜʣʷ ʢʚʘʨʢʦʚ 

ʷʚʣʷʶʪʩʷ ʯʠʩʪʝʡʰʝʡ ʚʳʜʫʤʢʦʡ, ʪʘʢ ʢʘʢ ʚ ʵʪʦʤ ʩʣʫ-

ʯʘʝ ʟʥʘʢ ʟʘʨʷʜʘ ʦʧʨʝʜʝʣʷʝʪ ʥʝ ʩʘʤ ʧʨʦʮʝʩʩ ʠʟʣʫʯʝ-

ʥʠʷ ʠʣʠ ʧʦʛʣʦʱʝʥʠʷ, ʘ ʝʱʸ ʠ ʚʝʣʠʯʠʥʫ ʵʥʝʨʛʠʠ, ʥʦ 

ʚʝʣʠʯʠʥʘ ʵʥʝʨʛʠʠ ʫʞʝ ʠʤʝʝʪ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʦʧʨʝ-

ʜʝʣʝʥʠʝ ʚ ʚʠʜʝ ʤʘʩʩʳ ʠ ʠʤʧʫʣʴʩʦʚ. 

ʆʪʣʠʯʠʝ ʥʘʰʝʛʦ ʧʦʜʭʦʜʘ ʦʪ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʚ 

ʢʚʘʥʪʦʚʦʡ ʤʝʭʘʥʠʢʝ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʤʳ ʧʦʜ 

ʚʦʣʥʦʚʳʤʠ ʬʫʥʢʮʠʷʤʠ ʧʦʜʨʘʟʫʤʝʚʘʝʤ ʨʝʘʣʴʥʳʝ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʬʫʥʢʮʠʠ, ʘ ʥʝ ʚʝʨʦʷʪʥʦʩʪʥʳʝ 

ʚʦʣʥʦʚʳʝ ʬʫʥʢʮʠʠ, ʢʦʪʦʨʳʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʯʫʜʝ-

ʩʘʤ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠʟ ʥʠʯʝʛʦ ʠ ʠʩʯʝʟʥʦʚʝʥʠʷ ʚ ʥʠ-

ʯʪʦ. ɺ [2, 10] ʤʳ ʧʦʣʫʯʠʣʠ, ʯʪʦ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥ-

ʥʳʝ ʫʨʘʚʥʝʥʠʷ ʄʘʢʩʚʝʣʣʘ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʚʝʨʦʷʪ-

ʥʦʩʪʥʳʤʠ ʚʦʣʥʦʚʳʤʠ ʬʫʥʢʮʠʷʤʠ ʚ ʩʠʩʪʝʤʝ 

ʫʨʘʚʥʝʥʠʡ ɼʠʨʘʢʘ (ʘ ʵʪʦ ʝʱʸ ʦʜʥʦ ʧʦʜʪʚʝʨʞʜʝʥʠʝ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʫʨʘʚʥʝʥʠʡ 

ʄʘʢʩʚʝʣʣʘ), ʧʨʠ Ɋ1={Hx1, ʅʫ1, Hz1, ʅt1}, 

Ɋ2={Hx2, ʅʫ2, Hz2, ʅt2}, Ɋ3={Ex3, Eʫ3, Ez3, ɽt3}, 

Ɋ4={Ex4, Eʫ4, Ez4, ɽt4} ʚ ʚʠʜʝ (ʯʪʦ ʦʪʨʘʞʝʥʦ ʚ ʧʨʝʜʳ-

ʜʫʱʝʡ ʩʪʘʪʴʝ):

 

Öʅʫ1 /Öt g ʅʫ1 /ɛ0ï(1/ɛ0)ÖEz4 /Öx (i/ɛ0)Öɽt4 /Öy) (1/ɛ0)ÖEx3 /Öz =0; 

Öʅʫ2 /Öt g ʅʫ2 /ɛ0ï(1/ɛ0)ÖEz3 /Öʭ+(i/ɛ0)Öɽt3 /Öʫ)+(1/ɛ0)ÖEx4 /Öz =0; 

ÖEʫ3 /Öt+s Eʫ3 /ὑ0ï(1/ὑ0)ÖHz2 /Öx (i/ὑ0)Öʅt2 /Öʫ)ï(1/ὑ0)ÖHx1 /Öz =0; 

ÖEʫ4 /Öt+s Eʫ4 /ὑ0 (1/ὑ0)ÖHz1 /Öʭ+(i/ὑ0)Öʅt1 /Öʫ)+(1/ὑ0)ÖHʭ2 /Öz =0. 

(32) 

ʀ ʜʘʣʝʝ (ʢʘʢ ʚ ʧʨʝʜʳʜʫʱʝʡ ʩʪʘʪʴʝ) ʟʜʝʩʴ g ʠ s 

ʥʦʨʤʠʨʦʚʦʯʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ. ʇʨʠ ʵʪʦʤ, ʧʦ ʘʥʘ-

ʣʦʛʠʠ ʩ ʚʠʜʦʤ ʜʣʷ ʫʨʘʚʥʝʥʠʡ ɼʠʨʘʢʘ ʠ Ɋ-

ʬʫʥʢʮʠʷʤʠ, ʚ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʤ ʚʠʜʝ ʬʫʥʢʮʠʠ ʦʪ 

ɽ ʠ ʅ ʧʨʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʢʦʵʬʬʠʮʠʝʥʪʝ ʧʨʦʧʦʨ-

ʮʠʦʥʘʣʴʥʦʩʪʠ J ʙʫʜʫʪ ʚʳʛʣʷʜʝʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘ-

ʟʦʤ: 

Ɋ1=J1 exp{ i/ǩ [(ɽg/ɛ0) t+ʩ2 ʈx x ɛ0+ʩ2 ʈʫ y ɛ0+ʩ2 ʈz z ɛ0]};  

Ɋ2=J2 exp{ i/ǩ [(ɽg/ɛ0) t ʩ2 ʈx x ɛ0ïʩ2 ʈʫ y ɛ0ïʩ2 ʈz z ɛ0]};  

Ɋ3=J3 exp{ i/ǩ [(ɽ+s/ὑ0) t+ʈx x ὑ0+ʈʫ y ὑ0+ʈz z ὑ0]};  

Ɋ4=J4 exp{ i/ǩ [(ɽ+s/ὑ0) t ʈx x ὑ0 ʈʫ y ὑ0 ʈz z ὑ0]}.  

(33) 

ʇʝʨʝʭʦʜ ʦʪ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʟʥʘʯʝʥʠʡ ʢ ʚʦʣ-

ʥʦʚʳʤ ʬʫʥʢʮʠʷʤ ʫʨʘʚʥʝʥʠʡ ɼʠʨʘʢʘ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʥʘʣʠʯʠʝʤ ʫ ʧʦʩʣʝʜʥʠʭ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʦʧʦʨʮʠʦ-

ʥʘʣʴʥʦʩʪʠ ʚ ʚʠʜʝ ʧʦʩʪʦʷʥʥʦʡ ʇʣʘʥʢʘ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ 

ʪʝʤ, ʯʪʦ ʤʳ ʧʝʨʝʰʣʠ ʦʪ ʯʘʩʪʦʪʳ ʢ ʵʥʝʨʛʠʠ. ɺ ʧʨʠʥ-

ʮʠʧʝ ʤʳ ʤʦʛʣʠ ʙʳ ʵʪʦ ʠ ʥʝ ʜʝʣʘʪʴ, ʪʘʢ ʢʘʢ ʥʘ ʨʝ-

ʟʫʣʴʪʘʪ ʵʪʦ ʥʝ ʚʣʠʷʝʪ ʠ ʣʠʰʴ ʪʨʝʙʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴ-

ʥʦʛʦ ʠʟʤʝʥʝʥʠʷ g ʠ s ʧʦ ʥʦʨʤʠʨʦʚʢʝ. ʉʦʦʪʚʝʪ-

ʩʪʚʝʥʥʦ ʤʳ ʚʠʜʠʤ, ʯʪʦ ʢʦʵʬʬʠʮʠʝʥʪ ʩʞʘʪʠʷ ʧʨʦ-

ʩʪʨʘʥʩʪʚʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʟʥʘʯʝʥʠʷʤʠ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʩ2 ɛ0 ʠ ὑ0. ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ ʟʘʧʠʩʴ: 

ǩ ÖɊ1/Öt g Ɋ1/ɛ0ï(1/ɛ0)ǩ ÖɊ4/Öx (i/ɛ0)ǩ ÖɊ4/Öy) (1/ɛ0)ǩ ÖɊ3/Öz =0; 

ǩ ÖɊ2/Öt g Ɋ2/ɛ0ï(1/ɛ0)ǩ ÖɊ3/Öʭ+(i/ɛ0)ǩ ÖɊ3/Öʫ)+(1/ɛ0)ǩ ÖɊ4/Öz =0; 

ǩ ÖɊ3/Öt+s Ɋ3/ὑ0ï(1/ὑ0)ǩ ÖɊ2/Öx (i/ὑ0)ǩ ÖɊ2/Öʫ) (1/ὑ0)ǩ ÖɊ1/Öz =0; 

ǩ ÖɊ4/Öt+s Ɋ4 /ὑ0 (1/ὑ0)ǩ ÖɊ1/Öʭ+(i/ὑ0)ǩ ÖɊ1/Öʫ)+(1/ὑ0)ǩ ÖɊ2/Öz =0. 

(34) 

ɺ ʠʪʦʛʝ ʤʳ ʧʦʣʫʯʘʝʤ ʫʨʘʚʥʝʥʠʝ ʜʚʠʞʝʥʠʷ ʯʘ-

ʩʪʠʮʳ ʚʠʜʘ: 

ɽ (1/2ὑ0 g) (ʈx
 2 +ʈy

2+ ʈz
2)=0. (35) 

ʀʟ (33) ʤʳ ʚʠʜʠʤ, ʯʪʦ ʠʟʤʝʥʝʥʠʝ ʥʘʧʨʘʚʣʝʥʠʷ 

ʜʚʠʞʝʥʠʷ ʯʘʩʪʠʮʳ ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʟʘ ʩʯʸʪ ʠʟʤʝ-

ʥʝʥʠʷ ʟʥʘʯʝʥʠʡ ὑ0 ʠ ɛ0 ʧʦ ʢʦʦʨʜʠʥʘʪʘʤ ʠ ʚʦ ʚʨʝ-

ʤʝʥʠ, ʘ ʢʘʢ ʵʪʦ ʫʞʝ ʦʪʤʝʯʘʣʦʩʴ ʚʳʰʝ ʚ ʩʦʦʪʚʝʪ-

ʩʪʚʠʠ ʩ ʥʘʰʝʡ ʪʝʦʨʠʝʡ, ὑ0=V/c; ɛ0=1/(cV) ʠ ʟʜʝʩʴ 
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V=(ʩ2 Vʧ2)1/2  ʚʝʣʠʯʠʥʘ, ʩʚʷʟʘʥʥʘʷ ʩʦ ʩʨʝʜʥʝʡ ʠʥʪʝ-

ʛʨʘʣʴʥʦʡ ʩʢʦʨʦʩʪʴʶ ʦʙʤʝʥʘ (ʜʚʠʞʝʥʠʷ) ʚ ʧʨʦʪʠʚʦ-

ʧʦʣʦʞʥʦʩʪʠ Vʧ . ɽʱʸ ʨʘʟ ʥʘʧʦʤʥʠʤ, ʯʪʦ ʥʘʣʠʯʠʝ 

ʩʢʦʨʦʩʪʠ Vʧ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʠ ʩʣʝʜʫʝʪ ʠʟ ʆʊʆ, 

ʪʘʢ ʢʘʢ ʚʚʝʜʸʥʥʦʝ ʕʡʥʰʪʝʡʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-

ʚʨʝʤʝʥʥʦʝ ʠʩʢʨʠʚʣʝʥʠʝ ʦʧʠʨʘʝʪʩʷ ʧʦ ʉʊʆ ʥʘ ʩʢʦ-

ʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʧʦʜʚʠʞʥʦʡ ʩʠʩʪʝʤʳ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʥʝʧʦʜʚʠʞʥʦʡ ʩʠʩʪʝʤʳ ʥʘʙʣʶʜʝʥʠʷ. ʆʜʥʘʢʦ ʜʣʷ 

ʢʘʞʜʦʛʦ ʤʝʣʴʯʘʡʰʝʛʦ ʵʣʝʤʝʥʪʘ ʧʨʦʩʪʨʘʥʩʪʚʦ ʠ 

ʚʨʝʤʝʥʠ, ʜʘʶʱʝʛʦ ʦʙʱʝʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ - ʚʨʝ-

ʤʝʥʥʦʝ ʠʩʢʨʠʚʣʝʥʠʝ ʵʪʘ ʩʢʦʨʦʩʪʴ ʧʦ ʉʊʆ ʚ ʆʊʆ ʥʝ 

ʠʤʝʝʪ ʧʨʠʚʷʟʢʠ ʢ ʪʘʢ ʥʘʟʳʚʘʝʤʦʡ ʦʙʱʝʡ ʩʠʩʪʝʤʳ 

ʥʘʙʣʶʜʝʥʠʷ, ʝʩʣʠ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʩʫʱʝʩʪʚʦʚʘʥʠʝ 

ʩʠʩʪʝʤʳ ʥʘʙʣʶʜʝʥʠʷ ʦʪ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʠ, ʛʜʝ 

ʵʪʘ ʩʢʦʨʦʩʪʴ Vʧ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʦʙʤʝʥ ʤʝʞʜʫ ʜʚʫʤʷ 

ʛʣʦʙʘʣʴʥʳʤʠ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʷʤʠ. ɽʱʸ ʨʘʟ ʦʪʤʝ-

ʪʠʤ, ʯʪʦ ʤʳ ʢʘʢ ʙʳ ʠʤʝʝʤ ʟʥʘʯʝʥʠʝ ʧʨʦʝʢʮʠʠ ʩʢʦ-

ʨʦʩʪʠ ʥʘ ʚʨʝʤʷ, ʠ ʠʤʝʥʥʦ ʪʘʢʦʡ ʧʦʜʭʦʜ ʦʙʝʩʧʝʯʠ-

ʚʘʝʪ ʦʙʱʫʶ ʥʝʧʦʜʚʠʞʥʫʶ ʩʠʩʪʝʤʫ ʥʘʙʣʶʜʝʥʠʷ ʜʣʷ 

ʚʩʝʭ ʤʝʣʴʯʘʡʰʠʭ ʵʣʝʤʝʥʪʦʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝ-

ʤʝʥʥʦʛʦ ʠʩʢʨʠʚʣʝʥʠʷ. ʕʪʦʪ ʧʦʜʭʦʜ ʦʧʨʝʜʝʣʷʝʪ ʚʳ-

ʚʦʜ ʦʙ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʤ ʧʨʦʠʩʭʦʞʜʝʥʠʠ ʵʣʝʢ-

ʪʨʦʥʘ ʠ ʧʦʟʠʪʨʦʥʘ, ʠ ʤʘʩʩʘ ʧʦʢʦʷ ʟʜʝʩʴ ʷʚʣʷʝʪʩʷ ʨʝ-

ʟʫʣʴʪʘʪʦʤ ʢʦʨʧʫʩʢʫʣʷʨʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-

ʚʨʝʤʝʥʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʚ ʚʠʜʝ ʠʩʪʦʯʥʠʢʘ ʠʣʠ 

ʧʦʛʣʦʪʠʪʝʣʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʦʪ ʧʨʦ-

ʪʠʚʦʧʦʣʦʞʥʦʩʪʠ. ɺʦʪ ʧʦʵʪʦʤʫ ʧʨʠ ʘʥʥʠʛʠʣʷʮʠʠ 

ʵʣʝʢʪʨʦʥʘ ʠ ʧʦʟʠʪʨʦʥʘ ʤʳ ʧʦʣʫʯʘʝʤ ʬʦʪʦʥʳ ʙʝʟ 

ʤʘʩʩʳ ʧʦʢʦʷ. ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʨʘʟʙʠʝʥʠʝ ʥʘ ʟʘʨʷʜʳ 

ʩʚʷʟʘʥʦ ʩ ʧʨʦʮʝʩʩʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʯʝʨʝʟ ʦʙʤʝʥ 

ʤʝʞʜʫ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʷʤʠ ʯʝʨʝʟ ʧʦʛʣʦʱʝʥʠʝ ʠ 

ʠʟʣʫʯʝʥʠʝ ʚ ʨʘʚʥʳʭ ʢʦʣʠʯʝʩʪʚʘʭ. ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, 

ʯʪʦ ʪʦʣʴʢʦ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʝ ʫʨʘʚʥʝʥʠʷ ʄʘʢʩ-

ʚʝʣʣʘ ʩʧʦʩʦʙʥʳ ʩʬʦʨʤʠʨʦʚʘʪʴ ʟʘʤʢʥʫʪʳʡ ʦʙʤʝʥ ʥʘ 

ʦʩʥʦʚʘʥʠʠ ʢʦʨʧʫʩʢʫʣʷʨʥʦ-ʚʦʣʥʦʚʦʛʦ ʦʙʤʝʥʘ, ʯʪʦ ʠ 

ʜʘʸʪ ʟʥʘʯʝʥʠʷ ʢʦʥʩʪʘʥʪ ʚ ʚʠʜʝ ʠʩʪʦʯʥʠʢʦʚ ʧʦʛʣʦ-

ʱʝʥʠʷ ʠ ʠʟʣʫʯʝʥʠʷ. 

ɸ ʦʪʩʶʜʘ ʩʣʝʜʫʝʪ ʚʳʚʦʜ, ʯʪʦ ʦʙʥʘʨʫʞʝʥʥʳʡ ʚ 

ɹʦʣʴʰʦʤ ɸʥʜʨʦʥʥʦʤ ʂʦʣʣʘʡʜʝʨʝ ʙʦʟʦʥ ʍʠʛʛʩʘ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʯʠʩʪʫʶ ʤʘʩʩʫ ʧʦʢʦʷ, ʷʚʣʷʝʪʩʷ ʯʠ-

ʩʪʝʡʰʝʡ ʚʳʜʫʤʢʦʡ, ʪʘʢ ʢʘʢ ʬʘʢʪʠʯʝʩʢʠ ʦʟʥʘʯʘʝʪ 

ʦʪʢʘʟ ʦʪ ʢʦʨʧʫʩʢʫʣʷʨʥʦ-ʚʦʣʥʦʚʦʛʦ ʜʫʘʣʠʟʤʘ ʠ 

ʥʘʣʠʯʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʯʝʨʝʟ ʦʙʤʝʥ ʧʨʦʪʠʚʦʧʦ-

ʣʦʞʥʦʩʪʝʡ. ʆʪʩʶʜʘ ʪʘʢʞʝ ʩʣʝʜʫʝʪ ʚʳʚʦʜ, ʯʪʦ ʧʦ-

ʧʳʪʢʠ ʥʘʡʪʠ ʯʠʩʪʦʝ ʛʨʘʚʠʪʘʮʠʦʥʥʦʝ ʠʟʣʫʯʝʥʠʝ ʦʙ-

ʨʝʯʝʥʳ ʪʘʢʞʝ ʥʘ ʥʝʫʜʘʯʫ, ʪʘʢ ʢʘʢ ʛʨʘʚʠʪʘʮʠʷ ʩʚʷ-

ʟʘʥʘ ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʳʤ ʠʩʢʨʠʚʣʝʥʠʝʤ, 

ʘ ʧʦʩʣʝʜʥʝʝ ʪʘʢʞʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪ-

ʥʳʤ ʠʟʣʫʯʝʥʠʝʤ. ɺʦʪ ʧʦʵʪʦʤʫ ʛʨʘʚʠʪʘʮʠʦʥʥʳʝ 

ʚʩʧʣʝʩʢʠ ʦʙʷʟʘʪʝʣʴʥʦ ʬʠʢʩʠʨʫʶʪʩʷ ʧʨʠ ʛʘʤʤʘ ʠʟ-

ʣʫʯʝʥʠʠ.  

ʀ ʚʦʪ ʪʝʧʝʨʴ (ʚʦʟʚʨʘʱʘʷʩʴ ʢ ʥʘʯʘʣʫ ʩʪʘʪʴʠ) 

ʩʣʝʜʫʝʪ ʩʜʝʣʘʪʴ ʚʘʞʥʦʝ ʟʘʤʝʯʘʥʠʝ, ʯʪʦ ʥʝʟʘʚʠʩʠ-

ʤʳʭ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʩʠʣ ʢʘʢ ʪʘʢʦʚʳʭ ʥʝ ʩʫʱʝ-

ʩʪʚʫʝʪ, ʪʘʢ ʢʘʢ ʦʙʤʝʥ, ʘ ʟʥʘʯʠʪ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘ ʩʯʸʪ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʩʦʩʪʘʚ-

ʣʷʶʱʠʭ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʢʘʞʜʳʡ ʧʨʦʩʪʨʘʥ-

ʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʡ ʵʣʝʤʝʥʪ, ʦʪʨʘʞʘʶʱʠʡ ʥʝʢʫʶ 

ʢʦʥʩʪʘʥʪʫ, ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʜʨʫʛʠʤ ʧʨʦʩʪʨʘʥ-

ʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʳʤ ʵʣʝʤʝʥʪʘʤ ʚʳʩʪʫʧʘʝʪ ʚ ʩʦʦʪ-

ʚʝʪʩʪʚʠʠ ʩ (30), ʠ ʠʜʝʝʡ ʃʫʠ ʜʝ ɹʨʦʡʣʷ, ʢʘʢ ʠʩʪʦʯ-

ʥʠʢ ʠʟʣʫʯʝʥʠʷ ʠʣʠ ʢʘʢ ʧʦʛʣʦʪʠʪʝʣʴ. ʇʨʠ ʵʪʦʤ ʚ ʦʜ-

ʥʦʡ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʠ  ʵʪʦ ʧʦʛʣʦʪʠʪʝʣʴ, ʘ ʚ 

ʜʨʫʛʦʡ  ʠʟʣʫʯʘʪʝʣʴ, ʪʘʢ ʢʘʢ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚ ʧʨʦ-

ʪʠʚʦʧʦʣʦʞʥʦʩʪʷʭ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʩʦʙʣʶʜʝʥʠʝʤ 

ʟʘʢʦʥʘ ʩʦʭʨʘʥʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ. ɺ [6] ʤʳ ʧʦʢʘʟʘʣʠ, 

ʯʪʦ ʨʘʟʥʠʮʘ ʤʘʩʩ ʤʝʞʜʫ ʧʨʦʪʦʥʦʤ ʠ ʵʣʝʢʪʨʦʥʦʤ 

ʩʚʷʟʘʥʘ ʩ ʪʝʤ, ʯʪʦ ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʦʜʥʦʡ ʯʘ-

ʩʪʠʮʳ, ʧʦʣʫʯʘʝʤʘʷ ʟʘ ʩʯʸʪ ʧʦʛʣʦʱʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛ-

ʥʠʪʥʦʡ ʚʦʣʥʳ, ʚ ʦʜʥʦʡ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʠ ʵʢʚʠʚʘ-

ʣʝʥʪʥʘ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ, ʚʳʨʘʞʝʥʥʦʡ ʯʝʨʝʟ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʝ ʠʩʢʨʠʚʣʝʥʠʝ, ʚ ʜʨʫʛʦʡ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʠ. ɸ ʵʪʦ ʢʘʢ ʨʘʟ ʠ ʧʨʠʚʦʜʠʪ ʢ 

ʪʦʤʫ, ʯʪʦ ʥʠʢʦʛʜʘ ʵʣʝʢʪʨʦʥ ʥʝ ʩʤʦʞʝʪ ʫʧʘʩʪʴ ʥʘ 

ʧʨʦʪʦʥ, ʧʦʢʘ ʩʫʱʝʩʪʚʫʝʪ ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʚ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʠ, ʠ ʧʦʵʪʦʤʫ ʚʩʝʛʜʘ ʙʫʜʝʪ ʦʙʝʩ-

ʧʝʯʝʥʦ ʚʨʘʱʝʥʠʝ ʵʣʝʢʪʨʦʥʘ ʚʦʢʨʫʛ ʧʨʦʪʦʥʘ. ʇʨʠ 

ʵʪʦʤ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʠʟʣʫʯʝʥʠʝ, ʬʦʨʤʠʨʫʝʤʦʝ ʟʘ 

ʩʯʸʪ ʚʨʘʱʝʥʠʷ ʵʣʝʢʪʨʦʥʘ ʚʦʢʨʫʛ ʧʨʦʪʦʥʘ ʚ ʦʜʥʦʡ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʠ ʬʦʨʤʠʨʫʝʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-

ʚʨʝʤʝʥʥʦʝ ʠʩʢʨʠʚʣʝʥʠʝ ʚ ʜʨʫʛʦʡ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ-

ʩʪʠ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʢʦʥʩʪʘʥʪʘʤʠ ʵʣʝʢʪʨʠʯʝ-

ʩʢʦʡ ʠ ʤʘʛʥʠʪʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ. ɸ ʵʪʦ ʢʘʢ ʨʘʟ ʠ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʜʜʝʨʞʢʫ ʨʘʟʥʠʮʳ ʤʘʩʩ ʚ ʢʘʞʜʦʡ ʠʟ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʝʡ ʚ ʩʠʣʫ ʩʠʤʤʝʪʨʠʠ ʠ ʚʟʘʠʤ-

ʥʦʛʦ ʦʙʤʝʥʘ.  
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ɸʅʆʊɸʎɯʗ 

ʈʦʟʨʦʙʣʝʥʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʧʝʨʝʥʝʩʝʥʥʷ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 

ʘʪʤʦʩʬʝʨʥʠʭ ʦʧʘʜʽʚ, ʷʢʽ ʩʣʫʛʫʶʪʴ ʜʦʜʘʪʢʦʚʠʤ ʜʞʝʨʝʣʦʤ ʟʘʙʨʫʜʥʝʥʥʷ. ʏʠʩʝʣʴʥʠʡ ʨʦʟʚôʷʟʦʢ ʤʘʪʝʤʘʪʠʯʥʦʾ 

ʤʦʜʝʣʽ ʜʦʟʚʦʣʠʚ ʦʪʨʠʤʘʪʠ ʧʨʦʬʽʣʽ ʢʦʥʮʝʥʪʨʘʮʽʡ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ ʪʘ ʩʧʨʦʛʥʦʟʫʚʘʪʠ ʟʘʙʨʫʜʥʝʥʥʷ 

ʯʝʨʝʟ 5, 10 ʨʦʢʽʚ.  

ABSTRACT 

This article describes the developed mathematical model for the transport of pollutants taking into account 

the intensity of atmospheric precipitation as an additional source of contamination. Numerical solution of the 

mathematical model allowed to get the profiles of concentrations of pollutants and predict pollution in 5, 10 years. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʤʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ, ʬʽʣʴʪʨʘʮʽʷ, ʤʘʩʦʧʝʨʝʥʝʩʝʥʥʷ, ʟʦʣʦʰʣʘʢʦʥʘʢʦʧʠʯʫʚʘʯ, 

ʚʘʞʢʽ ʤʝʪʘʣʠ, ʢʦʥʮʝʥʪʨʘʮʽʷ 

Keywords: mathematical modeling, filtration, mass transfer, ash and slug dump, heavy metals, concentration 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ.  

ʋ ʟʚ'ʷʟʢʫ ʟ ʽʥʪʝʥʩʠʚʥʠʤ ʨʦʟʚʠʪʢʦʤ ʝʥʝʨʛʝʪʠʢʠ 

ʚʠʥʠʢʘʶʪʴ ʚʘʞʣʠʚʽ ʟʘʚʜʘʥʥʷ ʦʭʦʨʦʥʠ ʚʦʜʥʠʭ ʨʝʩʫ-

ʨʩʽʚ ʚʽʜ ʟʘʙʨʫʜʥʝʥʥʷ ʪʘ ʧʦʧʝʨʝʜʞʝʥʥʷ ʥʘʜʭʦʜʞʝʥʥʷ 

ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ ʚ ʧʨʠʨʦʜʥʽ ʚʦʜʠ. ɿʦʣʦʚʽʜ-

ʚʘʣʠ ʪʝʧʣʦʝʣʝʢʪʨʦʩʪʘʥʮʽʡ ʻ ʜʞʝʨʝʣʦʤ ʢʦʤʧʣʝʢʩ-

ʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʜʦʚʢʽʣʣʷ ʪʘ ʧʦʪʝʥʮʽʡʥʠʤ ʜʞʝʨʝʣʦʤ 

ʟʘʙʨʫʜʥʝʥʥʷ ʧʨʠʨʦʜʥʠʭ ʚʦʜ [1]. ɿʦʣʦʰʣʘʢʦʥʘʢʦʧʠ-

ʯʫʚʘʯʽ ʻ ʜʞʝʨʝʣʘʤʠ ʥʘʜʭʦʜʞʝʥʥʷ ʫ ʧʽʜʟʝʤʥʫ ʛʽʜʨʦ-

ʩʬʝʨʫ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ, ʬʪʦʨʫ, ʩʝʣʝʥʫ, ʙʝʨʠʣʽʶ, ʨʘ-

ʜʽʦʘʢʪʠʚʥʠʭ ʨʝʯʦʚʠʥ ʪʘ ʽʥʰʠʭ ʪʦʢʩʠʯʥʠʭ ʢʦʤʧʦʥʝ-

ʥʪʽʚ ʦʨʛʘʥʽʯʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ.  

ɺʧʣʠʚ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ ʥʘ ʢʦʤʧʦʥʝʥʪʠ ʝʢʦʣʦʛʽ-

ʯʥʦʾ ʩʠʩʪʝʤʠ ʦʙʫʤʦʚʣʝʥʠʡ ʚʟʘʻʤʦʜʽʻʶ ʟ ʢʦʤʧʦʥʝʥ-

ʪʘʤʠ ˇʨʫʥʪʦʚʦʛʦ ʨʦʟʯʠʥʫ ʽ ʛʨʫʥʪʦʚʦ-ʧʦʛʣʠʥʘʶʯʦʛʦ 

ʢʦʤʧʣʝʢʩʫ ʟʘ ʨʘʭʫʥʦʢ ʦʧʘʜʦʫʪʚʦʨʝʥʥʷ, ʽʦʥʥʦʛʦ ʦʙ-

ʤʽʥʫ, ʢʦʤʧʣʝʢʩʦʫʪʚʦʨʝʥʥʷ; ʟʤʽʥʦʶ ʛʨʫʥʪʦʚʦ-ʧʦʛ-

ʣʠʥʘʶʯʦʛʦ ʢʦʤʧʣʝʢʩʫ; ʟʤʽʥʦʶ ʩʪʨʫʢʪʫʨʥʦʛʦ ʩʪʘʥʫ 

ˇʨʫʥʪʽʚ, ʾʭ ʱʽʣʴʥʦʩʪʽ, ʚʦʣʦʛʦʩʪʽ ʽ, ʷʢ ʥʘʩʣʽʜʦʢ, ʟʤʽ-

ʥʦʶ ʤʽʢʨʦʙʽʦʣʦʛʽʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ. ʊʘʢʠʤ ʯʠʥʦʤ, 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʤʽʥʘ ʤʘʩʠ ʽ ʩʢʣʘʜʫ ʨʦʩʣʠʥʥʦʛʦ ʦʧʘʜʫ, 

ʭʘʨʘʢʪʝʨʫ ʡʦʛʦ ʨʦʟʢʣʘʜʘʥʥʷ, ʪʨʘʥʩʬʦʨʤʘʮʽʷ ʛʫʤʫ-

ʩʦʚʦʛʦ ʩʪʘʥʫ ʛʨʫʥʪʽʚ. ɿʤʽʥʘ ʚʣʘʩʪʠʚʦʩʪʝʡ ˇʨʫʥʪʽʚ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʽʥʠ ˇʨʫʥʪʦʚʠʭ ʧʨʦʮʝʩʽʚ ʽ ʨʝʞʠʤʽʚ. 

ɺʘʞʢʽ ʤʝʪʘʣʠ, ʧʦʪʨʘʧʣʷʶʯʠ ʚ ʛʨʫʥʪ, ʫʪʚʦʨʶʶʪʴ 

ʥʦʚʽ ʧʦʟʠʪʠʚʥʦ ʽ ʥʝʛʘʪʠʚʥʦ ʟʘʨʷʜʞʝʥʽ ʢʦʤʧʣʝʢʩʠ ʟ 
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ʚʦʜʦʨʦʟʯʠʥʥʠʤʠ ʦʨʛʘʥʽʯʥʠʤʠ ʣʠʛʘʥʜʘʤʠ ʚ ʧʝʨʝ-

ʛʥʽʡʥʦ-ʘʢʫʤʫʣʷʪʠʚʥʦʤʫ ʛʦʨʠʟʦʥʪʽ. ʇʝʨʝʥʝʩʝʥʥʷ ʟʘ-

ʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ ʚ ˇʨʫʥʪʘʭ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʝʣʠ-

ʢʦʾ ʢʽʣʴʢʦʩʪʽ ʬʘʢʪʦʨʽʚ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʽ 

ʧʨʦʮʝʩʽʚ, ʷʢʽ ʚ ʥʴʦʤʫ ʧʨʦʪʽʢʘʶʪʴ. ʉʪʫʧʽʥʴ ʚʧʣʠʚʫ 

ʪʠʭ ʯʠ ʽʥʰʠʭ ʧʨʦʮʝʩʽʚ ʤʦʞʝ ʚʽʜʨʽʟʥʷʪʠʩʷ ʜʣʷ ʨʽʟʥʠʭ 

ʪʠʧʽʚ ˇʨʫʥʪʽʚ, ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ, ʨʦʟʛʣʷʥʫʪʠʭ 

ʤʦʤʝʥʪʽʚ ʯʘʩʫ ʽ ʧʨʦʩʪʦʨʫ [2]. 

ʊʦʤʫ ʨʦʟʨʦʙʢʘ ʤʝʪʦʜʽʚ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝ-

ʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʬʽʣʴʪʨʘʮʽʾ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦ-

ʚʠʥ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʦʩʦʙʣʠʚʦʩʪʝʡ ʾʭ ʧʨʦʪʽʢʘʥʥʷ ʜʦ-

ʟʚʦʣʷʻ ʚʠʚʯʠʪʠ ʦʩʦʙʣʠʚʦʩʪʽ ʧʦʰʠʨʝʥʥʷ ʨʽʜʠʥʠ ʚ 

ˇʨʫʥʪʘʭ, ʱʦ ʤʘʻ ʚʝʣʠʢʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʨʦʟʨʦʙʢʠ ʧʨʠ-

ʨʦʜʦʦʭʦʨʦʥʥʠʭ ʟʘʭʦʜʽʚ.  

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʧʫʙʣʽʢʘʮʽʡ. 

ʇʨʦʛʥʦʟʫʚʘʥʥʷ ʪʘ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʟʘ-

ʙʨʫʜʥʝʥʥʷ ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʻ ʚʘʞʣʠʚʦʶ ʩʢʣʘʜʦʚʦʶ 

ʩʠʩʪʝʤʠ ʟʘʭʦʜʽʚ ʽʟ ʣʽʢʚʽʜʘʮʽʾ ʪʘ ʣʦʢʘʣʽʟʘʮʽʾ ʘʨʝʘʣʽʚ 

ʧʦʰʠʨʝʥʥʷ ʮʠʭ ʟʘʙʨʫʜʥʝʥʴ.  

ʅʘ ʩʴʦʛʦʜʥʽ ʨʦʟʨʦʙʣʝʥʦ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʤʝʪʦ-

ʜʽʚ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʧʝʨʝʥʦʩʫ 

ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ ʚ ˇʨʫʥʪʘʭ, ʩʝʨʝʜ ʷʢʠʭ ʤʦ-

ʞʥʘ ʚʠʜʽʣʠʪʠ ʜʚʘ ʦʩʥʦʚʥʠʭ ʧʽʜʭʦʜʠ [3]: 

- ʝʤʧʽʨʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʙʘʟʫʻʪʴʩʷ ʥʘ ʨʝʟʫʣʴ-

ʪʘʪʘʭ ʧʨʷʤʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʚʠʤʽʨʶʚʘʥʴ ʧʝʨʝ-

ʥʝʩʝʥʥʷ ʨʝʯʦʚʠʥʠ ʚ ˇʨʫʥʪʘʭ ʧʝʚʥʦʾ ʜʽʣʷʥʢʠ; 

- ʪʝʦʨʝʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʙʘʟʫʻʪʴʩʷ ʥʘ ʬʽʟʠʯ-

ʥʠʭ ʟʘʢʦʥʦʤʽʨʥʦʩʪʷʭ ʧʝʨʝʥʝʩʝʥʥʷ ʨʝʯʦʚʠʥʠ ʚ ʥʘ-

ʚʢʦʣʠʰʥʴʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. 

ʇʝʨʰʠʡ ʧʽʜʭʽʜ ʚ ʦʩʥʦʚʥʦʤʫ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʨʦʟʚʠʪʢʫ ʝʢʦʣʦʛʽʯʥʦʾ ʩʠʪʫʘʮʽʾ ʥʘ ʜʝ-

ʷʢʠʡ ʯʘʩ ʚʧʝʨʝʜ ʽ ʥʝ ʜʦʟʚʦʣʷʻ ʧʨʦʚʦʜʠʪʠ ʘʥʘʣʽʟ 

ʚʧʣʠʚʫ ʪʠʭ ʯʠ ʽʥʰʠʭ ʬʘʢʪʦʨʽʚ ʥʘ ʜʦʩʣʽʜʞʫʚʘʥʠʡ 

ʧʨʦʮʝʩ. 

ɼʨʫʛʠʡ ʥʘʧʨʷʤʦʢ ʧʝʨʝʜʙʘʯʘʻ ʤʘʪʝʤʘʪʠʯʥʝ ʤʦ-

ʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʤʘʩʦʧʝʨʝʥʝʩʝʥʥʷ ʟʘʙʨʫʜʥʶʶ-

ʯʠʭ ʨʝʯʦʚʠʥ ʧʨʠ ʬʽʣʴʪʨʘʮʽʾ ʚ ʧʽʜʟʝʤʥʽ ʚʦʜʠ. ɿʘʛʘʣʴ-

ʥʠʤ ʜʣʷ ʚʩʽʭ ʮʠʭ ʧʨʦʮʝʩʽʚ ʻ ʢʦʥʚʝʢʪʠʚʥʠʡ ʤʝʭʘʥʽʟʤ 

ʧʝʨʝʥʝʩʝʥʥʷ ʨʝʯʦʚʠʥʠ ʚ ʧʦʨʠʩʪʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʬʽ-

ʣʴʪʨʘʮʽʡʥʠʤ ʧʦʪʦʢʦʤ [4]. 

ɺ ʩʬʝʨʽ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʛʽʜʨʦʝʢʦ-

ʣʦʛʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚ ʦʩʪʘʥʥʽ ʨʦʢʠ ʦʧʫʙʣʽʢʦʚʘʥʦ 

ʟʥʘʯʥʫ ʢʽʣʴʢʽʩʪʴ ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ, ʟʦʢʨʝʤʘ, ʧʨʘʮʽ ʃʘ-

ʚʨʠʢʘ ɺ. ɯ. [5], ʆʣʽʡʥʠʢʘ ɸ. ʇ. [6], ʐʝʩʪʘʢʦʚʘ ɺ. ʄ. 

[7] ʪʘ ʽʥʰʽ [8 - 12], ʷʢʽ ʧʨʠʩʚʷʯʝʥʽ ʧʠʪʘʥʥʷʤ ʧʝʨʝʥʝ-

ʩʝʥʥʷ ʟʘʙʨʫʜʥʶʚʘʯʽʚ ʚ ʧʽʜʟʝʤʥʠʭ ʚʦʜʘʭ. 

ɺʠʚʯʝʥʥʷʤ ʧʨʦʮʝʩʽʚ ʨʦʟʯʠʥʝʥʥʷ ʩʦʣʝʡ ʽ ʾʭ ʧʝ-

ʨʝʤʽʱʝʥʥʷʤ ʧʽʜ ʜʽʻʶ ʤʦʣʝʢʫʣʷʨʥʦʾ ʽ ʢʦʥʚʝʢʪʠʚʥʦʾ 

ʜʠʬʫʟʽʾ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʽʚ ʤʘʪʝʤʘʪʠʯʥʦʾ ʬʽʟʠʢʠ 

ʟʘʡʤʘʣʠʩʷ ʙʘʛʘʪʦ ʜʦʩʣʽʜʥʠʢʽʚ, ʟʦʢʨʝʤʘ ʄ.ʄ. ɺʝʨʠ-

ʛʠʥ, ɸ.ɺ. ʐʠʙʘʥʦʚ, ɹ.ʉ. ʐʝʨʞʫʢʦʚ [13, 14], ʇ.ʗ. 

ʇʦʣʫʙʘʨʠʥʦʚʘ ï ʂʦʯʠʥʘ [15] , ʉʝʨʛʽʻʥʢʦ ɯ.ɺ. [16] ʪʘ 

ʽʥʰʽ.  

ʋ ʥʘʟʚʘʥʠʭ ʚʠʱʝ ʨʦʙʦʪʘʭ ʨʦʟʛʣʷʜʘʣʠʩʷ ʧʨʦ-

ʮʝʩʠ ʚʦʣʦʛʦʧʝʨʝʥʦʩʫ ʪʘ ʩʦʣʝʧʝʨʝʥʦʩʫ ʦʢʨʝʤʦ ʚ ʦʙ-

ʣʘʩʪʷʭ ʧʦʚʥʦʛʦ ʪʘ ʥʝʧʦʚʥʦʛʦ ʥʘʩʠʯʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦ, 

ʧʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʚʦʣʦʛʦʧʝʨʝʥʦʩʫ ʙʝʟ ʫʨʘʭʫ-

ʚʘʥʥʷ ʩʦʣʝʧʝʨʝʥʦʩʫ ʚ ʜʘʥʠʭ ʦʙʣʘʩʪʷʭ ʚʦʜʦʥʘʩʠ-

ʯʝʥʥʷ. 

ɺʘʞʣʠʚʠʤ ʧʠʪʘʥʥʷʤ ʧʨʠ ʤʘʪʝʤʘʪʠʯʥʦʤʫ ʤʦ-

ʜʝʣʶʚʘʥʥʽ ʧʨʦʮʝʩʽʚ ʧʝʨʝʥʝʩʝʥʥʷ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝ-

ʯʦʚʠʥ ʻ ʚʨʘʭʫʚʘʥʥʷ ʥʝʦʜʥʦʨʽʜʥʦʩʪʽ ˇʨʫʥʪʫ. ɼʣʷ ʫʨʘ-

ʭʫʚʘʥʥʷ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ˇʨʫʥʪʽʚ ʘʚ-

ʪʦʨʠ ʨʦʙʽʪ [17, 18] ʚʨʘʭʦʚʫʶʪʴ ʘʢʪʠʚʥʫ ʧʦʨʠʩʪʽʩʪʴ 

ʩʝʨʝʜʦʚʠʱʘ, ʢʦʝʬʽʮʽʻʥʪ ʬʽʣʴʪʨʘʮʽʾ, ʛʫʩʪʠʥʫ ʩʝʨʝʜʦ-

ʚʠʱʘ. ɺ ʨʦʙʦʪʽ [19] ʊʦʣʧʘʻʚ ɺ.ɸ. ʧʨʝʜʩʪʘʚʠʚ ʤʦ-

ʜʝʣʴ ʜʚʦʤʽʨʥʦʾ ʬʽʣʴʪʨʘʮʽʾ ʚ ʘʥʽʟʦʪʨʦʧʥʠʭ ʩʝʨʝʜʦʚʠ-

ʱʘʭ. ɺ ʩʪʘʪʪʽ [20] ʦʧʠʩʘʥʠʡ ʧʨʦʮʝʩ ʤʽʛʨʘʮʽʾ ʭʣʦ-

ʨʠʜʫ ʚ ʛʝʪʝʨʦʛʝʥʥʦʤʫ ˇʨʫʥʪʽ. 

ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʤʘʩʦʧʝʨʝʥʦʩʫ ʨʦʟʯʠʥʝ-

ʥʠʭ ʨʝʯʦʚʠʥ [21] ʫ ʬʽʣʴʪʨʘʮʽʡʥʠʭ ʧʦʪʦʢʘʭ ʟʘʙʨʫʜ-

ʥʶʶʯʠʭ ʨʝʯʦʚʠʥ ʦʧʠʩʫʻ ʚʟʘʻʤʦʜʽʶ ʤʽʞ ˇʨʫʥʪʘʤʠ ʪʘ 

ʩʪʽʯʥʠʤʠ ʚʦʜʘʤʠ, ʷʢʽ ʬʽʣʴʪʨʫʶʪʴʩʷ, ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʨʽʚʥʷʥʴ ʤʘʪʝʨʽʘʣʴʥʦʛʦ ʙʘʣʘʥʩʫ ʽ ʨʽʚʥʷʥʥʷ ʢʽʥʝʪʠʢʠ 

ʪʘ ʚʠʨʽʰʫʻʪʴʩʷ ʩʠʩʪʝʤʦʶ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ 

ʫ ʯʘʩʪʠʥʥʠʭ ʧʦʭʽʜʥʠʭ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ ʟʽ ʟʤʽʥʥʠʤʠ 

ʢʦʝʬʽʮʽʻʥʪʘʤʠ. 

ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʩʧʽʣʴʥʦʾ ʤʽʛʨʘʮʽʾ ʚʦʣʦʛʠ ʽ 

ʨʦʟʯʠʥʝʥʦʾ ʚ ʥʽʡ ʟʘʙʨʫʜʥʶʶʯʦʾ ʨʝʯʦʚʠʥʠ ʚ ˇʨʫʥʪʽ ʽ 

ʯʠʩʝʣʴʥʝ ʚʠʨʽʰʝʥʥʷ ʥʠʟʢʠ ʟʘʚʜʘʥʴ, ʱʦ ʭʘʨʘʢʪʝʨʠ-

ʟʫʶʪʴ ʦʩʦʙʣʠʚʦʩʪʽ ʨʦʟʧʦʜʽʣʫ ʟʘʙʨʫʜʥʝʥʴ ʥʘʚʝʜʝʥʽ ʚ 

ʨʦʙʦʪʘʭ ɸ. ʖ. ɹʻʣʷʻʚʘ [22], ʉ. ɯ. ʂʫʥʜʘʩʘ [12]. ɺ ʨʦ-

ʙʦʪʽ [23] ʥʘʚʝʜʝʥʘ ʬʝʥʦʤʝʥʦʣʦʛʽʥʘ ʤʘʪʝʤʘʪʠʯʥʘ 

ʤʦʜʝʣʴ ʧʦʰʠʨʝʥʥʷ ʨʦʟʯʠʥʽʚ ʚ ʥʝʦʜʥʦʨʽʜʥʠʭ ʚʦʜʦ-

ʥʦʩʥʠʭ ʧʣʘʩʪʘʭ, ʱʦ ʤʽʩʪʠʪʴ ʚʟʘʻʤʦʧʦʚ'ʷʟʘʥʽ ʨʽʚ-

ʥʷʥʥʷ ʜʚʦʬʘʟʥʦʾ ʬʽʣʴʪʨʘʮʽʾ ʽ ʜʠʬʫʟʽʡʥʦʛʦ ʤʘʩʦʧʝ-

ʨʝʥʦʩʫ ʚ ʦʙʣʘʩʪʽ ʟ ʨʫʭʦʤʦʶ ʛʨʘʥʠʮʝʶ. ʅʘ ʢʦʥʢʨʝʪ-

ʥʠʭ ʧʨʠʢʣʘʜʘʭ ʘʥʘʣʽʟʫʶʪʴʩʷ ʦʩʦʙʣʠʚʦʩʪʽ ʨʽʟʥʠʭ 

ʩʮʝʥʘʨʽʾʚ ʟʘʙʨʫʜʥʝʥʥʷ. ɺ ʨʦʙʦʪʽ [24] ʨʦʟʛʣʷʜʘʻʪʴʩʷ 

ʧʝʨʝʥʝʩʝʥʥʷ ʨʦʟʯʠʥʝʥʦʾ ʨʝʯʦʚʠʥʠ, ʷʢʝ ʧʽʜʜʘʻʪʴʩʷ 

ʥʝʣʽʥʽʡʥʦʤʫ ʛʝʪʝʨʦʛʝʥʥʦʛʦ ʚʧʣʠʚʫ ʽ ʚʠʢʦʨʠʩʪʦʚʫ-

ʻʪʴʩʷ ʙʘʛʘʪʦʨʘʟʦʚʝ ʟʙʽʣʴʰʝʥʥʷ ʤʘʩʰʪʘʙʫ ʜʣʷ ʤʦʜʝ-

ʣʶʚʘʥʥʷ ʘʜʚʝʢʮʽʡʥʦ-ʜʠʬʫʟʽʡʥʦʛʦ ʧʨʦʮʝʩʫ ʥʘ ʧʦʚʝ-

ʨʭʥʽ ʨʦʟʜʽʣʫ ʬʘʟ çʨʽʜʠʥʘ - ʪʚʝʨʜʝ ʪʽʣʦè. 

ɺ ʨʦʙʦʪʽ [25] ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʤʝʪʦʜ ʟʥʘʭʦʜ-

ʞʝʥʥʷ ʘʩʠʤʧʪʦʪʠʯʥʦʛʦ ʨʫʭʫ ʟʘʙʨʫʜʥʝʥʠʭ ʧʽʜʟʝʤ-

ʥʠʭ ʚʦʜ, ʷʢʠʡ ʚʠʥʠʢʘ ̒ʚ ʟʘʜʘʯʘʭ ʩʪʘʙʽʣʽʟʘʮʽʾ ʧʨʦ-

ʮʝʩʫ ʤʽʛʨʘʮʽʾ ʟʘʙʨʫʜʥʝʥʥʷ. ɺ ʨʦʙʦʪʽ [26] ʧʨʦʧʦ-

ʥʫʻʪʴʩʷ ʤʝʪʦʜ ʯʠʩʝʣʴʥʦʛʦ ʨʽʰʝʥʥʷ ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ 

ʟʘʜʘʯ ʧʨʠ ʪʝʯʽʾ ʜʚʦʭʢʦʤʧʦʥʝʥʪʥʦ ʾʨʽʜʠʥʠ ʚ ʧʦʨʠ-

ʩʪʦʤʫ ʩʝʨʝʜʦʚʠʱʽ, ʱʦ ʤʦʜʝʣʶʶʪʴ ʧʝʨʝʥʝʩʝʥʥʷ ʩʦ-

ʣʝʡ, ʨʦʟʯʠʥʝʥʠʭ ʚ ʛʨʫʥʪʦʚʠʭ ʚʦʜʘʭ. 

ɺʠʜʽʣʝʥʥʷ ʥʝʚʠʨʽʰʝʥʠʭ ʨʘʥʽʰʝ ʯʘʩʪʠʥ ʟʘʛʘ-

ʣʴʥʦʾ ʧʨʦʙʣʝʤʠ. 

ʋʨʘʭʫʚʘʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʘʪʤʦʩʬʝʨʥʠʭ ʦʧʘ-

ʜʽʚ, ʷʢʽ ʩʧʨʠʷʶʪʴ ʤʽʛʨʘʮʽʾ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ 

ʪʘ ʩʣʫʛʫʶʪʴ ʜʦʜʘʪʢʦʚʠʤ ʜʞʝʨʝʣʦʤ ʟʘʙʨʫʜʥʝʥʥʷ 

ʄʝʪʘ ʩʪʘʪʪʽ. 

ʇʨʦʛʥʦʟʫʚʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝ-

ʣʶʚʘʥʥʷ ʤʦʞʣʠʚʦʩʪʽ ʟʘʙʨʫʜʥʝʥʥʷ ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʚ 

ʤʽʩʮʷʭ ʩʢʣʘʜʫʚʘʥʥʷ ʟʦʣʠ ʪʘ ʰʣʘʢʽʚ ʪʝʧʣʦʚʠʭ ʝʣʝʢʪ-

ʨʦʩʪʘʥʮʽʡ. 

ɺʠʢʣʘʜʝʥʥʷ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. 

ɿ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʦʾ ʪʦʯʢʠ ʟʦʨʫ ʤʽʛʨʘʮʽʷ ʚʘʞʢʠʭ 

ʤʝʪʘʣʽʚ ʚ ˇʨʫʥʪʘʭ ʷʚʣʷʻ ʩʦʙʦʶ ʙʝʟʧʝʨʝʨʚʥʠʡ ʨʷʜ ʧʦ-

ʚʪʦʨʶʚʘʥʠʭ ʧʨʦʮʝʩʽʚ ʩʦʨʙʮʽʾ ʝʣʝʤʝʥʪʫ ʪʚʝʨʜʦʶ ʬʘ-

ʟʦʶ ˇʨʫʥʪʫ ʟ ˇʨʫʥʪʦʚʦʛʦ ʨʦʟʯʠʥʫ ʪʘ ʜʝʩʦʨʙʮʽʾ ʡʦʛʦ 

ʚ ˇʨʫʥʪʦʚʠʡ ʨʦʟʯʠʥ. ʎʽ ʧʨʦʮʝʩʠ ʧʨʦʪʽʢʘʶʪʴ ʧʨʠ 

ʫʯʘʩʪʽ ʤʽʥʝʨʘʣʴʥʠʭ ʪʘ ʦʨʛʘʥʽʯʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ˇʨʫ-

ʥʪʽʚ, ʷʢʽ ʘʢʪʠʚʥʦ ʚʟʘʻʤʦʜʽʶʪʴ ʟ ʽʦʥʘʤʠ ʤʝʪʘʣʽʚ ʪʘ 

ʚʽʜʧʦʚʽʜʘʣʴʥʽ ʟʘ ʾʭ ʩʦʨʙʮʽʶ ʪʘ ʬʽʢʩʘʮʽʶ. ɼʦ ʪʘʢʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ ʚʽʜʥʦʩʷʪʴʩʷ: ʛʣʠʥʠʩʪʽ ʤʘʪʝʨʽʘʣʠ ʤʫʣʦ-

ʚʦʾ ʬʨʘʢʮʽʾ; ʘʤʦʨʬʥʽ ʪʘ ʦʢʨʠʩʪʘʣʽʟʦʚʘʥʽ ʦʢʩʠʜʠ ʪʘ 
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ʛʽʜʨʦʢʩʠʜʠ Fe, Mn, Al, ʷʢʽ ʧʨʠʩʫʪʥʽ ʚ ˇʨʫʥʪʘʭ ʫ ʚʠ-

ʛʣʷʜʽ ʚʢʣʶʯʝʥʴ, ʢʦʥʢʨʝʮʽʡ; ʢʘʨʙʦʥʘʪʠ; ʦʨʛʘʥʽʯʥʘ 

ʨʝʯʦʚʠʥʘ ˇʨʫʥʪʽʚ. 

ʇʽʜ ʯʘʩ ʨʫʭʫ ʨʦʟʯʠʥʝʥʠʭ ʨʝʯʦʚʠʥ ʫ ˇʨʫʥʪ,̔ ʩʧʦ-

ʩʪʝʨʽʛʘʶʪʴʩʷ ʥʘʩʪʫʧʥʽ ʷʚʠʱʘ: 

- ʥʝʤʘʻ ʯʽʪʢʦʾ ʤʝʞʽ ʤʽʞ ʨʦʟʯʠʥʦʤ, ʷʢʠʡ ʧʦ-

ʪʨʘʧʣʷʻ ʚ ̌ʨʫʥʪ, ʪʘ ˇʨʫʥʪʦʚʦʶ ʚʦʣʦʛʦʶ, ʚʽʜʙʫ-

ʚʘʻʪʴʩʷ çʨʦʟʤʠʚè ʬʨʦʥʪʫ ʨʦʟʯʠʥʫ ʟʘʙʨʫʜʥʶʚʘʯʘ; 

- ʚʽʜʙʫʚʘʻʪʴʩʷ ʙʝʟʧʝʨʝʨʚʥʝ ʧʝʨʝʤʽʰʫʚʘʥʥʷ 
ʨʦʟʯʠʥʫ ʪʘ ˇʨʫʥʪʦʚʦʾ ʚʦʣʦʛʠ, ʫ ʨʝʟʫʣʴʪʘʪʽ ʫʪʚʦ-

ʨʶʻʪʴʩʷ ʨʦʟʰʠʨʝʥʘ ʟʦʥʘ ʜʠʩʧʝʨʩʽʾ; 

-  ʷʚʠʱʝ ʧʝʨʝʤʽʰʫʚʘʥʥʷ, ʘʙʦ çʨʦʟʤʠʚʫè, 

ʬʨʦʥʪʫ ʨʦʟʯʠʥʫ ʟʘʙʨʫʜʥʝʥʠʭ ʩʪʦʢʽʚ, ʪʠʤ ʩʠʣʴʥʽʰʝ, 

ʯʠʤ ʚʠʱʘ ʰʚʠʜʢʽʩʪʴ ʧʦʪʦʢʫ ʪʘ ʙʽʣʴʰʽ ʧʦʨʠ ʛʨʫʥʪʫ. 

ʈʫʭ ʚʦʜʠ ʘʙʦ ʽʥʰʦʾ ʨʽʜʠʥʠ ʚ ʧʦʨʠʩʪʦʤʫ ʩʝʨʝʜʦ-

ʚʠʱʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʪʨʫʢʪʫʨʠ ˇʨʫʥʪʫ, ʬʦʨʤʠ ʧʦʨ ʽ 

ʪʨʽʱʠʥ. ʆʜʥʘʢ ʜʣʷ ʧʨʘʢʪʠʯʥʠʭ ʮʽʣʝʡ ʩʪʘʥʦʚʠʪʴ ʽʥ-

ʪʝʨʝʩ, ʷʢ ʨʫʭʘʻʪʴʩʷ ʦʩʝʨʝʜʥʝʥʠʡ ʧʦ ʚʝʣʠʯʠʥʽ ʡ ʥʘ-

ʧʨʷʤʢʫ ʧʽʜʟʝʤʥʠʡ ʚʦʜʥʠʡ ʧʦʪʽʢ. ʊʦʤʫ ʥʘ ʧʨʘʢʪʠʮʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʽʣʴʢʠ ʦʩʝʨʝʜʥʝʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʬʽʣʴʪʨʘʮʽʡʥʦʛʦ ʧʦʪʦʢʫ. ɼʣʷ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʦʧʠʩʫ 

ʧʨʦʮʝʩʫ ʬʽʣʴʪʨʘʮʽʾ ʨʝʘʣʴʥʠʡ ʧʦʪʽʢ ʨʽʜʠʥʠ ʟʘʤʽʥʷ-

ʻʪʴʩʷ ʜʝʷʢʠʤ ʬʽʢʪʠʚʥʠʤ ʬʽʣʴʪʨʘʮʽʡʥʠʤ ʧʦʪʦʢʦʤ, 

ʱʦ ʙʝʟʫʧʠʥʥʦ ʟʘʧʦʚʥʶʻ ʚʩʽ ʧʝʨʝʪʠʥʠ ʧʦʨʠʩʪʦʛʦ ʩʝ-

ʨʝʜʦʚʠʱʘ. ʇʨʠ ʮʴʦʤʫ ʧʨʠʡʤʘʻʪʴʩʷ, ʱʦ ʚʠʪʨʘʪʘ, 

ʦʙʫʤʦʚʣʝʥʘ ʢʽʣʴʢʽʩʪʶ ʨʽʜʠʥʠ, ʷʢʘ ʧʨʦʪʽʢʘʻ ʯʝʨʝʟ 

ʙʫʜʴ-ʷʢʫ ʦʜʠʥʠʯʥʫ ʧʣʦʱʘʜʢʫ ʨʦʟʛʣʷʥʫʪʦʛʦ ʧʝʨʝ-

ʪʠʥʫ ʟʘ ʦʜʠʥʠʮʶ ʯʘʩʫ ʫ ʬʽʢʪʠʚʥʦʤʫ ʧʦʪʦʮʽ, ʜʦʨʽʚ-

ʥʶʻ ʚʠʪʨʘʪʽ ʨʝʘʣʴʥʦʛʦ ʬʽʣʴʪʨʘʮʽʡʥʦʛʦ ʧʦʪʦʢʫ. ʂʨʽʤ 

ʪʦʛʦ, ʜʣʷ ʬʽʢʪʠʚʥʦʛʦ ʧʦʪʦʢʫ ʪʠʩʢ ʥʘ ʦʙʨʘʥʫ ʧʣʦʱʘ-

ʜʢʫ ʜʦʨʽʚʥʶʻ ʪʠʩʢʫ ʨʝʘʣʴʥʦʛʦ ʧʦʪʦʢʫ ʥʘ ʪʫ ʞ ʧʣʦ-

ʱʘʜʢʫ, ʘ ʩʠʣʠ ʦʧʦʨʫ, ʨʦʟʛʣʷʥʫʪʽ ʷʢ ʤʘʩʦʚʽ (ʦʙ'ʻʤʥʽ) 

ʩʠʣʠ, ʜʣʷ ʬʽʢʪʠʚʥʦʛʦ ʧʦʪʦʢʫ ʫ ʚʠʜʽʣʝʥʦʤʫ ʦʙʩʷʟʽ 

ʧʦʚʠʥʥʽ ʨʽʚʥʷʪʠʩʷ ʨʝʘʣʴʥʠʤ ʩʠʣʘʤ ʜʣʷ ʪʦʛʦ ʞ ʦʙ-

ʩʷʛʫ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʤʽʩʪʴ ʨʝʘʣʴʥʦʛʦ ʬʽʣʴʪʨʘʮʽʡ-

ʥʦʛʦ ʧʦʪʦʢʫ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʜʝʷʢʘ ʬʽʟʠʯʥʘ ʤʦʜʝʣʴ 

ʮʴʦʛʦ ʧʦʪʦʢʫ, ʧʨʠ ʮʴʦʤʫ ʦʩʥʦʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʬʽʢʪʠʚʥʦʛʦ (ʤʦʜʝʣʴʥʦʛʦ) ʧʦʪʦʢʫ ʘʙʦ ʟʙʽʛʘʶʪʴʩʷ ʟ 

ʚʽʜʧʦʚʽʜʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʨʝʘʣʴʥʦʛʦ ʧʦʪʦʢʫ, 

ʘʙʦ ʧʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʬʽʢʪʠʚʥʦʛʦ ʧʦʪʦʢʫ ʤʦʞʥʘ 

ʚʠʟʥʘʯʠʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʝʘʣʴʥʦʛʦ ʧʦʪʦʢʫ. ʎʝ, 

ʟʦʢʨʝʤʘ, ʩʪʦʩʫʻʪʴʩʷ ʚʠʟʥʘʯʝʥʥʷ ʩʝʨʝʜʥʴʦʛʦ ʟʥʘ-

ʯʝʥʥʷ ʜʽʡʩʥʦʾ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʯʘʩʪʦʢ ʨʽʜʠʥʠ. ʊʦʤʫ 

ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʩʝʨʝʜʥʴʦʾ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʯʘʩʪʦʢ ʨʽ-

ʜʠʥʠ ʚ ʧʦʨʠʩʪʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʚʚʦʜʠʪʴʩʷ ʩʪʘʪʠʩʪʠ-

ʯʥʝ ʧʦʥʷʪʪʷ ʰʚʠʜʢʦʩʪʽ ʬʽʣʴʪʨʘʮʽʾ. 

ɼʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʰʠʨʝʥʥʷ ʟʘʙʨʫʜʥʶʶʯʠʭ 

ʨʝʯʦʚʠʥ ʨʦʟʛʣʷʥʝʤʦ ʩʠʩʪʝʤʫ ʨʽʚʥʷʥʴ, ʷʢʘ ʚʢʣʶʯʘʻ ʚ 

ʩʝʙʝ ʨʽʚʥʷʥʥʷ ʨʫʭʫ ʬʽʣʴʪʨʘʮʽʡʥʦʛʦ ʧʦʪʦʢʫ ʪʘ ʢʦʥ-

ʚʝʢʪʠʚʥʦʾ ʜʠʬʫʟʽʾ [9, 16 ʢʦʨʩʘʢʦʚʘ] 

‘
˚
ὨὭὺὑ ὫὶὥὨὌὗ   (1) 

ὨὭὺ Ὀ ὫὶὥὨὅὨὭὺ ὠᴆὅ

ˡὼȟώȟᾀȟὸȟὅȟ    (2) 

 

ʜʝ mï ʧʨʫʞʥʘ ʻʤʥʽʩʪʴ ʧʣʘʩʪʘ, 1/ʤ, Q - ʜʞʝʨʝʣʦ 

ʘʙʦ ʩʪʽʢ 1/ʜʦʙʘ;  

ʂ ï ʢʦʝʬʽʮʽʻʥʪ ʬʽʣʴʪʨʘʮʽʾ, ʤ/ʜʦʙʫ; ʅ ï ʥʘʧʽʨ, ʤ; ʉ ï 

ʢʦʥʮʝʥʪʨʘʮʽʷ, ʤʛ/ʣ; t ï ʯʘʩ, ʩ; — ï ʧʦʨʠʩʪʽʩʪʴ, ʌ ï 

ʜʞʝʨʝʣʦ; D ï ʢʦʝʬʽʮʽʻʥʪ ʤʦʣʝʢʫʣʷʨʥʦʾ ʜʠʬʫʟʽʾ, ʤ2/ʩ. 

ʐʚʠʜʢʽʩʪʴ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʟʘʢʦʥʦʤ ɼʘʨʩʽ 

ὠᴆ  ὑ ὫὶὥὨὌȟ   (3) 

ɼʣʷ ʨʽʚʥʷʥʥʷ (1) ʧʦʯʘʪʢʦʚʽ ʫʤʦʚʠ: 

Ὄὼȟώȟᾀȟπ Ὄ ὼȟώȟᾀȠ   (4) 

ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ: 

Ὄ|ː  Ὄː ὼȟώȟᾀȠ 

ὑ
‬Ὄ

‬ὲ
|ː ήː ὼȟώȟᾀȟὸȢ 

ɼʣʷ ʨʽʚʥʷʥʥʷ (2) ʧʦʯʘʪʢʦʚʽ ʫʤʦʚʠ: 

ὅὼȟώȟᾀȟπ  ὅ ὼȟώȟᾀȠ   (5) 

ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ: 

 

ὅ ὼȟώȟᾀȟὸ|ː  ὅː ὼȟώȟᾀȟὸȟ 

Ὀ
‬ὅ

‬ὲ
ὠὅ |ː ὠὅȟ 

Ὀ
‬ὅ

‬ὲ
ὠὅ |ː ὠὅᶻȟ 

ʜʝ C*, ʉɻ(x,y,z,t) ï ʟʘʜʘʥ ̔ʢʦʥʮʝʥʪʨʘʮʽʾ, ʤʛ/ʣ; Vn 

ï ʥʦʨʤʘʣʴʥʘ ʩʢʣʘʜʦʚʘ ʰʚʠʜʢʦʩʪʽ, ʚʽʜʥʝʩʝʥʘ ʜʦ ʧʦ-

ʚʝʨʭʥʽ ˇʨʫʥʪʫ, ʤ/ʜʦʙʫ. 

ʈʽʚʥʷʥʥʷ (2) ʤʦʞʥʦ ʟʘʧʠʩʘʪʠ ʫ ʚʠʛʣʜ̫̔ 
˞

ὨὭὺὈ ὫὶὥὨὅὅὨὭὺὠᴆ

 ὠᴆὫὶὥὨὅl ὼȟώȟᾀȟὸȟὅȢ  (6) 

 

ɼʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʙʫʜʝʤʦ ʨʦʟʛʣʷʜʘʪʠ ʪʨʴʦʭʤʽ-

ʨʥʫ ʟʘʜʘʯʫ ʧʝʨʝʥʝʩʝʥʥʷ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ 

(ʨʠʩ. 1). ɼʞʝʨʝʣʦ ʟʘʙʨʫʜʥʝʥʥʷ ï ʟʦʣʦʰʣʘʢʦʥʘʢʦʧʠ-

ʯʫʚʘʯ ʨʦʟʤʽʨʦʤ 180ʭ300 ʤ.  

ɺʠʭʽʜʥʽ ʜʘʥʽ: 

ˇʨʫʥʪ ʦʜʥʦʨʽʜʥʠʡ, ʟ ʢʦʝʬʽʮʽʻʥʪʦʤ ʬʽʣʴʪʨʘʮʽʾ 

ʂ=0,1 ʤ/ʜʦʙʫ; ʪʦʚʱʠʥʘ ʰʘʨʫ ˇʨʫʥʪʫ ï 7 ʤ; ʧʦʨʠʩ-

ʪʽʩʪʴ — =0,35, ʢʦʝʬʽʮʽʻʥʪ ʤʦʣʝʢʫʣʷʨʥʦʾ ʜʠʬʫʟʽʾ D 

=0,04 ʤ2/ʨʽʢ ʢʦʝʬʽʮʽʻʥʪʠ ʧʦʟʜʦʚʞʥʴʦʾ ʪʘ ʧʦʧʝʨʝʯʥʦʾ 

ʜʠʩʧʝʨʩʽʾ Ŭl=0,5ʤ, Ŭt=0,005ʤ. ɯʟ ʟʦʣʦʰʣʘʢʦʥʘʢʦʧʠ-

ʯʫʚʘʯʘ ʥʘʜʭʦʜʷʪʴ ʟʘʙʨʫʜʥʶʶʯʽ ʨʝʯʦʚʠʥʠ ʟ ʢʦʥʮʝʥ-

ʪʨʘʮʽʻʶ ʉ*=1 ʤʛ/ʣ. ɯʥʪʝʥʩʠʚʥʽʩʪʴ ʜʦʱʦʚʠʭ ʦʧʘʜʽʚ 

q=0,6 ʤ/ʨʽʢ.  
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ʈʠʩʫʥʦʢ 1 - ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʪʨʴʦʭʤʽʨʥʦʾ ʟʘʜʘʯʽ ʧʝʨʝʥʝʩʝʥʥʷ ʟʘʙʨʫʜʥʶʶʯʦʾ ʨʝʯʦʚʠʥʠ 

 

ʈʦʟʚôʷʟʦʢ ʟʘʜʘʯʽ ʧʨʦʚʦʜʠʚʩʷ ʢʽʥʮʝʚʦ-ʝʣʝʤʝʥʪ-

ʥʠʤ ʤʝʪʦʜʦʤ. ʆʙʣʘʩʪʴ ʟʘʙʨʫʜʥʝʥʥʷ ʙʫʣʘ ʨʦʟʜʽʣʝʥʘ 

ʥʘ 10 ʰʘʨʽʚ ʧʦ 240 ʝʣʝʤʝʥʪʠ ʚ ʢʦʞʥʦʤʫ. ɺ ʨʝʟʫʣʴ-

ʪʘʪʽ ʫʪʚʦʨʠʣʘʩʴ ʩʽʪʢʘ ʟ ʽʟ 1560 ʚʫʟʣʽʚ ʪʘ 2400 ʝʣʝʤʝ-

ʥʪʽʚ. ʂʨʦʢ ʚ ʯʘʩʽ ʙʨʘʚʩʷ ʚʽʜ 0,1 ʜʦ 0,2 ʨʦʢʫ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʦʪʨʠʤʘʣʠ ʽʟʦʣʽʥʽʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʟʘ-

ʙʨʫʜʥʶʶʯʦʾ ʨʝʯʦʚʠʥʠ ʧʨʠ ʥʘʜʭʦʜʞʝʥʥʽ ʟʘʙʨʫʜ-

ʥʝʥʥʷ 5 ʨʦʢʽʚ (ʨʠʩ. 2) ʪʘ 10 ʨʦʢʽʚ (ʨʠʩ. 3). 
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ʈʠʩʫʥʦʢ 2 - ɯʟʦʣʽʥʽʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʟʘʙʨʫʜʥʶʶʯʦʾ ʨʝʯʦʚʠʥʠ ʧʨʠ ʥʘʜʭʦʜʞʝʥʥʽ ʟʘʙʨʫʜʥʝʥʥʷ 5 ʨʦʢʽʚ 

 
ʈʠʩʫʥʦʢ 3 - ɯʟʦʣʽʥʽʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʟʘʙʨʫʜʥʶʶʯʦʾ ʨʝʯʦʚʠʥʠ ʧʨʠ ʥʘʜʭʦʜʞʝʥʥʽ ʟʘʙʨʫʜʥʝʥʥʷ 10 ʨʦʢʽʚ 

 

ʇʝʨʝʚʽʨʢʘ ʘʜʝʢʚʘʪʥʦʩʪʽ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʧʨʦ-

ʚʦʜʠʣʘʩʴ ʥʘ ʧʨʠʢʣʘʜʽ ʟʦʣʦʰʣʘʢʦʥʘʢʦʧʠʯʫʚʘʯʘ 

ʉʫʤʩʴʢʦʾ ʊɽʎ. ʇʦʨʽʚʥʷʥʥʷ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʪʘ ʤʦʥʽ-

ʪʦʨʠʥʛʦʚʠʭ ʜʘʥʠʭ ʧʦʢʘʟʘʣʦ ʚʽʜʭʠʣʝʥʥʷ 8 ï 10%. 

ɺʠʩʥʦʚʢʠ ʪʘ ʧʨʦʧʦʟʠʮʽʾ 

ʈʦʟʨʦʙʣʝʥʘ ʪʨʴʦʭʤʽʨʥʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ, 

ʷʢʘ ʚʨʘʭʦʚʫʻ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʘʪʤʦʩʬʝʨʥʠʭ ʦʧʘʜʽʚ ʪʘ 

ʾʭ ʚʧʣʠʚ ʥʘ ʤʽʛʨʘʮʽʶ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ, ʜʦ-

ʟʚʦʣʷʻ ʧʨʦʛʥʦʟʫʚʘʪʠ ʧʦʰʠʨʝʥʥʷ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝ-

ʯʦʚʠʥ ʚʽʜ ʧʣʦʱʠʥʥʦʛʦ ʜʞʝʨʝʣʘ. ʇʝʨʝʚʽʨʢʘ ʘʜʝʢʚʘʪ-

ʥʦʩʪʽ ʤʦʜʝʣʽ ʥʘ ʨʝʘʣʴʥʦʤʫ ʦʙôʻʢʪʽ ʪʝʧʣʦʝʥʝʨʛʝʪʠʢʠ 

ʧʦʢʘʟʘʣʘ ʚʠʩʦʢʫ ʪʦʯʥʽʩʪʴ ʤʦʜʝʣʽ. 
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ɸʅʅʆʊɸʎʀʗ 

ʈʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ ʧʨʠʯʠʥʳ ʥʝʩʯʘʩʪʥʳʭ ʩʣʫʯʘʝʚ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ ʠ ʪʝʦʨʠʠ ʠʭ ʚʦʟʥʠʢʥʦʚʝʥʠʷ. 

ʇʦʢʘʟʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʪʨʘʚʤʘʪʠʟʤʘ ʦʪ ʥʝʜʦʩʪʘʪʦʯʥʦʛʦ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ ʤʝʨʦʧʨʠʷʪʠʡ 

ʧʦ ʫʣʫʯʰʝʥʠʶ ʫʩʣʦʚʠʡ ʠ ʦʭʨʘʥʳ ʪʨʫʜʘ. ʇʨʠʚʝʜʝʥʳ ʦʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʦʣʠʪʠʢʠ ʚ ʦʙ-

ʣʘʩʪʠ ʦʭʨʘʥʳ ʪʨʫʜʘ. ʇʦʢʘʟʘʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʫʯʝʪʘ çʯʝʣʦʚʝʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘè ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʚʳʩʦʢʦʛʦ 

ʫʨʦʚʥʷ ʢʫʣʴʪʫʨʳ ʙʝʟʦʧʘʩʥʦʩʪʠ. ɺʳʷʚʣʝʥʳ ʦʩʥʦʚʥʳʝ ʦʨʠʝʥʪʠʨʳ ʧʝʨʩʦʥʘʣʘ ʜʣʷ ʝʛʦ ʤʦʪʠʚʘʮʠʠ ʢ ʙʝʟʦʧʘʩ-

ʥʦʤʫ ʧʦʚʝʜʝʥʠʶ. 

ABSTRACT 

The main causes of accidents at work and the theory of their occurrence are considered. The dependence of 

industrial traumatism on insufficient financing of measures to improve labor conditions and safety is shown. The 

main provisions of the state policy in the field of labor protection are given. The need to take into account the 

"human factor" is shown to achieve a high level of safety culture. The main guidelines of the personnel for its 

motivation for safe behavior have been revealed. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʫʣʴʪʫʨʘ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʤʦʪʠʚʘʮʠʷ ʧʝʨʩʦʥʘʣʘ, ʦʭʨʘʥʘ ʪʨʫʜʘ, ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ 

ʪʨʘʚʤʘʪʠʟʤ, ʯʝʣʦʚʝʯʝʩʢʠʡ ʬʘʢʪʦʨ. 

Keywords: safety culture, staff motivation, labor protection, occupational injuries, human factor. 

 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ 

ʩʣʦʞʠʣʘʩʴ ʩʣʝʜʫʶʱʘʷ ʢʘʨʪʠʥʘ ʪʠʧʠʯʥʦʛʦ ʧʨʦʠʟ-

ʚʦʜʩʪʚʘ: ʥʝʚʳʩʦʢʘʷ ʟʘʨʘʙʦʪʥʘʷ ʧʣʘʪʘ ʨʘʙʦʯʠʭ, ʫʩʪʘ-

ʨʝʚʰʝʝ ʣʠʙʦ ʠʟʥʦʰʝʥʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʨʝʛʫʣʷʨ-

ʥʳʝ ʥʝʩʯʘʩʪʥʳʝ ʩʣʫʯʘʠ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ (ʧʦ ʜʘʥ-

ʥʳʤ ʄʠʥʪʨʫʜʘ ʈʌ ʟʘ 9 ʤʝʩʷʮʝʚ 2017 ʛʦʜʘ 

ʢʦʣʠʯʝʩʪʚʦ ʥʝʩʯʘʩʪʥʳʭ ʩʣʫʯʘʝʚ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ ʩ 

ʪʷʞʝʣʳʤʠ ʧʦʩʣʝʜʩʪʚʠʷʤʠ ï ʛʨʫʧʧʦʚʳʭ, ʩ ʪʷʞʝʣʳʤ 

ʠ ʩʤʝʨʪʝʣʴʥʳʤ ʠʩʭʦʜʦʤ, ʩʦʩʪʘʚʠʣʦ 3556 ʩʣʫʯʘʝʚ) 

[12]. ɿʘʯʘʩʪʫʶ ʨʫʢʦʚʦʜʠʪʝʣʠ ʧʨʝʜʧʨʠʷʪʠʡ ʥʝ ʧʨʝʜ-

ʧʨʠʥʠʤʘʶʪ ʥʠʢʘʢʠʭ ʧʦʧʳʪʦʢ ʚʥʝʜʨʝʥʠʷ ʢʫʣʴʪʫʨʳ 

ʙʝʟʦʧʘʩʥʦʩʪʠ, ʧʦʪʦʤʫ ʯʪʦ ʟʘʨʘʥʝʝ ʥʝ ʚʝʨʷʪ ʚ ʫʩʧʝʭ 

ʧʦʜʦʙʥʳʭ ʥʘʯʠʥʘʥʠʡ. 

ʆʜʥʘʢʦ ʤʥʦʛʠʝ ʠʥʚʝʩʪʦʨʳ ʠ ʙʘʥʢʠ ʦʮʝʥʠʚʘʶʪ 

ʢʦʤʧʘʥʠʠ ʠʤʝʥʥʦ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʩʦʙʣʶʜʝʥʠʷ ʠʤʠ 

ʪʨʝʙʦʚʘʥʠʡ ʦʭʨʘʥʳ ʟʜʦʨʦʚʴʷ, ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʦʭʨʘʥʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ (Health, 

Safety and Environment, HSE) [17]. ʂʦʤʧʘʥʠʠ ʩ ʥʠʟ-

ʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʪʨʘʚʤʘʪʠʟʤʘ ʦʙʣʘʜʘʶʪ ʧʨʝʠʤʫ-

ʱʝʩʪʚʦʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʤʧʘʥʠʷʤʠ, ʚ ʢʦʪʦʨʳʭ 

ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʧʨʝʚʳʰʘʝʪ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ, ʧʦ-

ʩʢʦʣʴʢʫ ʚʝʨʦʷʪʥʦʩʪʴ ʪʨʘʚʤʘʪʠʟʤʘ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷ-

ʥʠʝ ʥʘ ʨʝʧʫʪʘʮʠʦʥʥʳʝ ʨʠʩʢʠ ʚ ʙʫʜʫʱʝʤ, ʘ ʪʘʢʞʝ 

ʚʦʟʤʦʞʥʦʩʪʴ ʩʫʜʝʙʥʳʭ ʠʟʜʝʨʞʝʢ [1]. 

ʉʦʛʣʘʩʥʦ ʧʠʨʘʤʠʜʝ ʧʨʦʠʩʰʝʩʪʚʠʡ ʌʨʘʥʢʘ 

ɹʸʨʜʘ ʥʘ ʪʨʠ ʪʳʩʷʯʠ ʤʠʢʨʦʪʨʘʚʤ ʧʨʠʭʦʜʠʪʩʷ ʦʜʠʥ 

ʥʝʩʯʘʩʪʥʳʡ ʩʣʫʯʘʡ ʩʦ ʩʤʝʨʪʝʣʴʥʳʤ ʠʩʭʦʜʦʤ [1]. 

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʩʥʠʟʠʪʴ ʚʝʨʦʷʪʥʦʩʪʴ ʚʦʟʥʠʢʥʦʚʝ-

ʥʠʷ ʢʨʫʧʥʳʭ ʘʚʘʨʠʡ, ʥʝʦʙʭʦʜʠʤʘ ʩʠʩʪʝʤʘʪʠʯʝʩʢʘʷ 

ʧʨʦʬʠʣʘʢʪʠʢʘ ʤʝʣʢʠʭ ʥʘʨʫʰʝʥʠʡ. 
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ɺ.ʍ. ʍʘʡʥʨʠʭ, ʩʦʟʜʘʪʝʣʴ ʪʘʢ ʥʘʟʳʚʘʝʤʦʡ ʪʝʦ-

ʨʠʠ çʜʦʤʠʥʦè, ʩʯʠʪʘʣ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ ʥʝʩʯʘʩʪ-

ʥʳʭ ʩʣʫʯʘʝʚ ʧʨʦʠʩʭʦʜʠʪ ʚʩʣʝʜʩʪʚʠʝ ʥʝʧʨʘʚʠʣʴʥʳʭ 

ʜʝʡʩʪʚʠʡ ʧʝʨʩʦʥʘʣʘ ï 88 %, 10 % ʥʝʩʯʘʩʪʥʳʭ ʩʣʫ-

ʯʘʝʚ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ ʚʳʟʚʘʥʳ ʥʝʥʘʜʸʞʥʦʩʪʴʶ ʦʙʦ-

ʨʫʜʦʚʘʥʠʷ, ʘ ʦʩʪʘʚʰʠʝʩʷ 2 % ï çʬʦʨʩ-ʤʘʞʦʨʦʤè 

[3]. ʉʦʛʣʘʩʥʦ ʵʪʦʡ ʪʝʦʨʠʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʧʷʪʠ 

ʬʘʢʪʦʨʦʚ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʧʨʠʚʦʜʠʪ ʚ ʜʝʡʩʪʚʠʝ 

ʧʦʩʣʝʜʫʶʱʠʡ, ʷʚʣʷʝʪʩʷ ʧʨʠʯʠʥʦʡ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 

ʥʝʩʯʘʩʪʥʦʛʦ ʩʣʫʯʘʷ. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʚʳʰʝʫʢʘ-

ʟʘʥʥʳʭ ʬʘʢʪʦʨʦʚ ʩʣʝʜʫʶʱʘʷ: 

1) ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʠ ʩʦʮʠʘʣʴʥʳʝ ʫʩʣʦʚʠʷ; 

2) ʦʰʠʙʢʘ ʨʘʙʦʯʝʛʦ; 

3) ʥʝʧʨʘʚʠʣʴʥʳʝ ʜʝʡʩʪʚʠʷ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩ 

ʤʝʭʘʥʠʯʝʩʢʦʡ ʠ ʬʠʟʠʯʝʩʢʦʡ ʦʧʘʩʥʦʩʪʴʶ; 

4) ʥʝʩʯʘʩʪʥʳʡ ʩʣʫʯʘʡ; 

5) ʧʦʚʨʝʞʜʝʥʠʷ ʠ ʪʨʘʚʤʳ. 

ɸʥʘʣʦʛʠʯʥʦ ʨʷʜʫ ʢʦʩʪʷʰʝʢ ʚ ʜʦʤʠʥʦ, ʧʨʝʜʦʪ-

ʚʨʘʱʝʥʠʝ ʜʝʡʩʪʚʠʷ ʦʜʥʦʛʦ ʠʟ ʬʘʢʪʦʨʦʚ ʤʦʞʝʪ ʦʩʪʘ-

ʥʦʚʠʪʴ ʚʩʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ [5]. 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʧʨʠʥʮʠʧʘ çʜʦʤʠʥʦè, ʪʝʦʨʠʷ ʤʥʦ-

ʞʝʩʪʚʝʥʥʦʩʪʠ ʧʨʠʯʠʥ (ʷʚʣʷʝʪʩʷ ʨʘʟʚʠʪʠʝʤ ʫʢʘʟʘʥ-

ʥʦʛʦ ʧʨʠʥʮʠʧʘ) ʫʪʚʝʨʞʜʘʝʪ, ʯʪʦ ʫ ʦʜʥʦʛʦ ʥʝʩʯʘʩʪ-

ʥʦʛʦ ʩʣʫʯʘʷ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ ʤʦʞʝʪ ʙʳʪʴ ʤʥʦʞʝ-

ʩʪʚʦ ʧʨʠʯʠʥ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʠ ʟʥʘʯʠʤʦʩʪʠ, 

ʢʦʪʦʨʳʝ ʚ ʦʧʨʝʜʝʣʸʥʥʦʡ ʢʦʤʙʠʥʘʮʠʠ ʧʨʠʚʦʜʷʪ ʢ 

ʝʛʦ ʚʦʟʥʠʢʥʦʚʝʥʠʶ [7]. ʉʦʛʣʘʩʥʦ ʵʪʦʡ ʪʝʦʨʠʠ, ʦʩ-

ʥʦʚʥʳʤʠ ʬʘʢʪʦʨʘʤʠ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʤʠ ʚʦʟʥʠʢʥʦ-

ʚʝʥʠʶ ʥʝʩʯʘʩʪʥʳʭ ʩʣʫʯʘʝʚ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ, ʷʚʣʷ-

ʶʪʩʷ ʧʦʚʝʜʝʥʯʝʩʢʠʝ ʠ ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʝ. ɺ ʢʘʪʝʛʦʨʠʶ ʧʦʚʝʜʝʥʯʝʩʢʠʭ ʚʢʣʶʯʘʶʪʩʷ 

ʬʘʢʪʦʨʳ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʨʘʙʦʪʥʠʢʫ, ʪʘʢʠʝ ʢʘʢ ʥʝ-

ʧʨʘʚʠʣʴʥʳʝ ʜʝʡʩʪʚʠʷ, ʥʝʜʦʩʪʘʪʦʢ ʟʥʘʥʠʡ ʠʣʠ ʥʘʚʳ-

ʢʦʚ, ʘ ʪʘʢʞʝ ʦʪʢʣʦʥʷʶʱʝʝʩʷ ʦʪ ʥʦʨʤʳ ʬʠʟʠʯʝʩʢʦʝ 

ʠ ʧʩʠʭʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ [18]. ɼʨʫʛʘʷ ʢʘʪʝʛʦʨʠʷ 

ʬʘʢʪʦʨʦʚ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ, 

ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʥʝʧʨʘʚʠʣʴʥʫʶ ʟʘʱʠʪʫ ʵʣʝʤʝʥʪʦʚ 

ʦʙʦʨʫʜʦʚʘʥʠʷ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʧʦʪʝʥʮʠʘʣʴʥʫʶ 

ʦʧʘʩʥʦʩʪʴ, ʘ ʪʘʢʞʝ ʨʘʟʨʫʰʝʥʠʝ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʨʝ-

ʟʫʣʴʪʘʪʝ ʠʟʥʦʩʘ ʠʣʠ ʦʰʠʙʦʯʥʳʭ ʜʝʡʩʪʚʠʡ ʧʝʨʩʦ-

ʥʘʣʘ [8]. 

ɼʣʷ ʣʶʙʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ ʧʦʣʫʯʝʥʠʝ ʧʨʠʙʳʣʠ 

ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʦʡ ʮʝʣʴʶ, ʘ ʜʣʷ ʝʝ ʜʦʩʪʠʞʝʥʠʷ 

ʥʝʦʙʭʦʜʠʤʦ ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʠ ʢʘʯʝʩʪʚʘ ʧʨʦ-

ʠʟʚʦʜʠʤʦʡ ʧʨʦʜʫʢʮʠʠ [11]. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ, 

ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʟʘʪʨʘʪʳ ʥʘ ʥʝʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʧʦ-

ʪʨʝʙʥʦʩʪʠ, ʪʘʢʠʝ ʢʘʢ ʧʦʚʳʰʝʥʠʝ ʫʨʦʚʥʷ ʙʝʟʦʧʘʩʥʦ-

ʩʪʠ ʠ ʫʣʫʯʰʝʥʠʝ ʫʩʣʦʚʠʡ ʪʨʫʜʘ, ʥʝʞʝʣʘʪʝʣʴʥʳ, ʯʪʦ 

ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʩʥʠʞʘʝʪ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙ-

ʥʦʩʪʴ ʧʨʝʜʧʨʠʷʪʠʷ ʠ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʚʳʩʦʢʠʡ ʫʨʦ-

ʚʝʥʴ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʪʨʘʚʤʘʪʠʟʤʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ 

ʩʦ ʩʤʝʨʪʝʣʴʥʳʤ ʠʩʭʦʜʦʤ, ʘ ʪʘʢʞʝ ʫʚʝʣʠʯʠʚʘʝʪ ʢʦ-

ʣʠʯʝʩʪʚʦ ʨʘʙʦʯʠʭ ʤʝʩʪ ʩ ʚʨʝʜʥʳʤʠ ʫʩʣʦʚʠʷʤʠ 

ʪʨʫʜʘ [16]. 

ʇʨʠʦʨʠʪʝʪʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʛʦʩʫʜʘʨʩʪʚʝʥ-

ʥʦʡ ʧʦʣʠʪʠʢʠ ʚ ʦʙʣʘʩʪʠ ʦʭʨʘʥʳ ʪʨʫʜʘ ʷʚʣʷʝʪʩʷ ʩʦ-

ʭʨʘʥʝʥʠʝ ʞʠʟʥʠ ʠ ʟʜʦʨʦʚʴʷ ʨʘʙʦʪʥʠʢʦʚ. ɺ ʩʦʦʪʚʝʪ-

ʩʪʚʠʠ ʩʦ ʩʪ. 212 ʊʂ ʈʌ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʵʪʠʭ ʧʨʠʥ-

ʮʠʧʦʚ ʥʘ ʨʘʙʦʪʦʜʘʪʝʣʷ ʚʦʟʣʦʞʝʥʳ ʦʙʷʟʘʥʥʦʩʪʠ ʧʦ 

ʦʙʝʩʧʝʯʝʥʠʶ ʙʝʟʦʧʘʩʥʳʭ ʫʩʣʦʚʠʡ ʠ ʦʭʨʘʥʳ ʪʨʫʜʘ. 

ɼʣʷ ʠʩʧʦʣʥʝʥʠʷ ʚʳʰʝʫʧʦʤʷʥʫʪʳʭ ʦʙʷʟʘʥʥʦʩʪʝʡ ʚ 

ʦʨʛʘʥʠʟʘʮʠʠ ʜʦʣʞʥʘ ʙʳʪʴ ʩʦʟʜʘʥʘ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝ-

ʥʠʷ ʦʭʨʘʥʦʡ ʪʨʫʜʘ (ʉʋʆʊ), ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʢʦ-

ʪʦʨʦʡ ʪʘʢʞʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʘʙʦʪʦʜʘʪʝʣʴ [13]. 

ʇʨʠʢʘʟʦʤ ʄʠʥʠʩʪʝʨʩʪʚʦʤ ʪʨʫʜʘ ʠ ʩʦʮʠʘʣʴʥʦʡ 

ʟʘʱʠʪʳ ʈʌ ʦʪ 19.08.2016 ˉ 438ʥ ʫʪʚʝʨʞʜʝʥʦ ʊʠ-

ʧʦʚʦʝ ʧʦʣʦʞʝʥʠʝ ʦ ʩʠʩʪʝʤʝ ʫʧʨʘʚʣʝʥʠʷ ʦʭʨʘʥʦʡ 

ʪʨʫʜʘ (ʜʘʣʝʝ ï ʇʦʣʦʞʝʥʠʝ). ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʇʦʣʦ-

ʞʝʥʠʝʤ ʚ ʦʨʛʘʥʠʟʘʮʠʠ ʜʦʣʞʥʘ ʙʳʪʴ ʨʘʟʨʘʙʦʪʘʥʘ 

ʇʦʣʠʪʠʢʘ ʚ ʦʙʣʘʩʪʠ ʦʭʨʘʥʳ ʪʨʫʜʘ (ʜʘʣʝʝ ï ʇʦʣʠ-

ʪʠʢʘ), ʧʨʝʜʩʪʘʚʣʷʶʱʘʷ ʩʦʙʦʡ ʧʫʙʣʠʯʥʫʶ ʜʦʢʫʤʝʥ-

ʪʠʨʦʚʘʥʥʫʶ ʜʝʢʣʘʨʘʮʠʶ ʨʘʙʦʪʦʜʘʪʝʣʷ ʦ ʥʘʤʝʨʝʥʠʠ 

ʠ ʛʘʨʘʥʪʠʨʦʚʘʥʥʦʤ ʚʳʧʦʣʥʝʥʠʠ ʠʤ ʦʙʷʟʘʥʥʦʩʪʝʡ 

ʧʦ ʩʦʙʣʶʜʝʥʠʶ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʥʦʨʤʘʪʠʚʥʳʭ 

ʪʨʝʙʦʚʘʥʠʡ ʦʭʨʘʥʳ ʪʨʫʜʘ ʠ ʜʦʙʨʦʚʦʣʴʥʦ ʧʨʠʥʷʪʳʭ 

ʥʘ ʩʝʙʷ ʦʙʷʟʘʪʝʣʴʩʪʚ [10]. ɺ ʇʦʣʠʪʠʢʝ ʟʘʢʨʝʧʣʷ-

ʶʪʩʷ ʦʙʷʟʘʪʝʣʴʩʪʚʘ ʧʦ ʚʳʧʦʣʥʝʥʠʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴ-

ʥʳʭ ʠ ʥʝʧʨʝʨʳʚʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʧʨʝʜʫʧʨʝʞʜʝ-

ʥʠʶ ʧʨʦʠʩʰʝʩʪʚʠʡ ʠ ʩʣʫʯʘʝʚ ʫʭʫʜʰʝʥʠʷ ʟʜʦʨʦʚʴʷ 

ʨʘʙʦʪʥʠʢʦʚ, ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʪʨʘʚʤʘʪʠʟʤʘ ʠ ʧʨʦ-

ʬʝʩʩʠʦʥʘʣʴʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʦʩʨʝʜ-

ʩʪʚʦʤ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʤʠ ʨʠʩʢʘʤʠ, ʘ 

ʪʘʢʞʝ ʧʦ ʥʝʧʨʝʨʳʚʥʦʤʫ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʠ ʧʦ-

ʚʳʰʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʉʋʆʊ [9]. ɼʣʷ ʚʳʧʦʣʥʝ-

ʥʠʷ ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʦʙʷʟʘʪʝʣʴʩʪʚ ʨʘʙʦʪʦʜʘʪʝʣʝʤ 

ʝʞʝʛʦʜʥʦ ʨʝʘʣʠʟʫʶʪʩʷ ʤʝʨʦʧʨʠʷʪʠʷ ʧʦ ʫʣʫʯʰʝʥʠʶ 

ʫʩʣʦʚʠʡ ʠ ʦʭʨʘʥʳ ʪʨʫʜʘ ʠ ʩʥʠʞʝʥʠʶ ʫʨʦʚʥʝʡ ʧʨʦ-

ʬʝʩʩʠʦʥʘʣʴʥʳʭ ʨʠʩʢʦʚ, ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʝ ʚ ʩʦʦʪ-

ʚʝʪʩʪʚʠʠ ʩ ʧʨʠʢʘʟʦʤ ʄʠʥʠʩʪʝʨʩʪʚʘ ʟʜʨʘʚʦʦʭʨʘʥʝ-

ʥʠʷ ʠ ʩʦʮʠʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ ʈʌ ʦʪ 01.03.2012 

 ̄181ʥ. ʉʦʛʣʘʩʥʦ ʩʪ. 226 ʊʂ ʈʌ ʬʠʥʘʥʩʠʨʦʚʘʥʠʝ 

ʤʝʨʦʧʨʠʷʪʠʡ, ʧʨʠʚʝʜʸʥʥʳʭ ʚʳʰʝ, ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʨʘʙʦʪʦʜʘʪʝʣʝʤ ʚ ʨʘʟʤʝʨʝ ʥʝ ʤʝʥʝʝ 0,2 % ʩʫʤʤʳ ʟʘ-

ʪʨʘʪ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʧʨʦʜʫʢʮʠʠ (ʫʩʣʫʛ, ʨʘʙʦʪ). 

ʅʝʩʤʦʪʨʷ ʥʘ ʵʪʦ, ʧʨʘʢʪʠʢʘ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʨʘ-

ʙʦʪʦʜʘʪʝʣʴ, ʷʚʣʷʶʱʠʡʩʷ ʦʪʚʝʪʩʪʚʝʥʥʳʤ ʟʘ ʙʝʟ-

ʦʧʘʩʥʳʝ ʫʩʣʦʚʠʷ ʠ ʦʭʨʘʥʫ ʪʨʫʜʘ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ, 

ʥʝʜʦʩʪʘʪʦʯʥʦ ʤʦʪʠʚʠʨʦʚʘʥ ʥʘ ʚʳʧʦʣʥʝʥʠʝ ʜʘʥʥʦʛʦ 

ʥʘʧʨʘʚʣʝʥʠʷ ʦʙʷʟʘʥʥʦʩʪʝʡ, ʠ, ʷʚʣʷʷʩʴ ʨʘʩʧʦʨʷʜʠʪʝ-

ʣʝʤ ʬʠʥʘʥʩʦʚ, ʟʘʯʘʩʪʫʶ ʥʝ ʥʘʭʦʜʠʪ ʥʫʞʥʳʤ ʚʳʜʝ-

ʣʷʪʴ ʠʭ ʥʘ ʦʭʨʘʥʫ ʪʨʫʜʘ [14]. 

ʊʘʢʦʝ ʧʦʣʦʞʝʥʠʝ ʥʝ ʤʦʞʝʪ ʥʝ ʧʦʚʣʠʷʪʴ ʥʘ ʪʝʥ-

ʜʝʥʮʠʶ ʨʦʩʪʘ ʢʦʣʠʯʝʩʪʚʘ ʨʘʙʦʯʠʭ ʤʝʩʪ ʩ ʚʨʝʜʥʳʤʠ 

ʠ(ʠʣʠ) ʦʧʘʩʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʪʨʫʜʘ ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝ-

ʨʝʜʴ, ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʨʦʩʪ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʪʨʘʚ-

ʤʘʪʠʟʤʘ, ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ, ʵʢʦ-

ʥʦʤʠʯʝʩʢʠʭ ʨʘʩʭʦʜʦʚ ʠ ʬʦʥʜʘ ʨʘʙʦʯʝʛʦ ʚʨʝʤʝʥʠ 

[2]. 

ʅʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʝ ʫʩʣʦʚʠʷ ʪʨʫʜʘ ʚʣʝʢʫʪ 

ʟʘ ʩʦʙʦʡ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʧʦʪʝʨʠ, ʚ ʢʦʪʦʨʳʝ ʚʭʦʜʷʪ: 

- ʨʘʩʭʦʜʳ ʥʘ ʢʦʤʧʝʥʩʘʮʠʠ ʠ ʧʦʩʦʙʠʷ, ʩʨʝʜʩʪʚʘ 

ʢʦʣʣʝʢʪʠʚʥʦʡ ʠ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʟʘʱʠʪʳ ʨʘʙʦʪʥʠ-

ʢʦʚ, ʟʘʥʷʪʳʭ ʥʘ ʨʘʙʦʪʘʭ ʩ ʚʨʝʜʥʳʤʠ ʠ (ʠʣʠ) ʦʧʘʩ-

ʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʪʨʫʜʘ; 

- ʨʘʩʭʦʜʳ ʇʝʥʩʠʦʥʥʦʛʦ ʬʦʥʜʘ ʈʌ ʥʘ ʚʳʧʣʘʪʫ 

ʜʦʩʨʦʯʥʳʭ ʧʝʥʩʠʡ ʟʘ ʨʘʙʦʪʫ ʚʦ ʚʨʝʜʥʳʭ ʠ (ʠʣʠ) 

ʦʧʘʩʥʳʭ ʫʩʣʦʚʠʷʭ ʪʨʫʜʘ; 

- ʠʟʜʝʨʞʢʠ ʠʟ-ʟʘ ʧʦʪʝʨʴ ʬʦʥʜʘ ʨʘʙʦʯʝʛʦ ʚʨʝ-

ʤʝʥʠ ʚ ʩʚʷʟʠ ʩ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʪʨʫʜʘ 

ʠ ʪʨʘʚʤʘʪʠʟʤʦʤ. 

ʅʘʙʣʶʜʘʝʤʦʝ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʚ ʈʦʩʩʠʠ ʫʚʝ-

ʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʨʘʙʦʪʘʶʱʠʭ ʚʦ ʚʨʝʜʥʳʭ ʠ 

(ʠʣʠ) ʦʧʘʩʥʳʭ ʫʩʣʦʚʠʷʭ ʪʨʫʜʘ ʩ 2014 ʛʦʜʘ ʧʨʝʢʨʘ-
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ʪʠʣʦʩʴ [4]. ʀʟʤʝʥʝʥʠʝ ʩʠʪʫʘʮʠʠ ʩʚʷʟʘʥʦ ʩʦ ʚʩʪʫʧ-

ʣʝʥʠʝʤ ʚ ʩʠʣʫ ʩ 01.01.2014 ʬʝʜʝʨʘʣʴʥʦʛʦ ʟʘʢʦʥʘ ʦʪ 

28.12.2013 ˉ 426-ʌɿ çʆ ʩʧʝʮʠʘʣʴʥʦʡ ʦʮʝʥʢʝ ʫʩʣʦ-

ʚʠʡ ʪʨʫʜʘè (ʪʘʙʣ. 1). 

 

ʊʘʙʣʠʮʘ 1 

ʋʜʝʣʴʥʳʡ ʚʝʩ ʨʘʙʦʪʥʠʢʦʚ, ʟʘʥʷʪʳʭ ʥʘ ʨʘʙʦʪʘʭ ʩ ʚʨʝʜʥʳʤʠ ʠ (ʠʣʠ) ʦʧʘʩʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʪʨʫʜʘ 

ɻʦʜ 2012 2013 2014 2015 2016 

ʇʦʢʘʟʘʪʝʣʴ, % 29,1 29,3 37,05 36,87 35,93 

ɺ 2016 ʛ. ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʠʡ ʫʜʝʣʴʥʳʡ ʚʝʩ ʨʘ-

ʙʦʪʘʶʱʠʭ ʚʦ ʚʨʝʜʥʳʭ ʫʩʣʦʚʠʷʭ ʪʨʫʜʘ ʥʘʙʣʶʜʘʣʩʷ 

ʚ ʦʨʛʘʥʠʟʘʮʠʷʭ, ʟʘʥʠʤʘʶʱʠʭʩʷ ʜʦʙʳʯʝʡ ʧʦʣʝʟʥʳʭ 

ʠʩʢʦʧʘʝʤʳʭ ï ʩʨʝʜʥʠʡ ʧʦʢʘʟʘʪʝʣʴ ʧʦ ʈʦʩʩʠʠ 

55,6 %. ɺ ʉʠʙʠʨʩʢʦʤ ʬʝʜʝʨʘʣʴʥʦʤ ʦʢʨʫʛʝ ʦʥ ʩʦʩʪʘ-

ʚʠʣ 69,9 %. ʅʘʠʙʦʣʝʝ ʚʳʩʦʢʠʤ ʧʦʢʘʟʘʪʝʣʝʤ ʧʦ ʈʌ 

ʷʚʣʷʝʪʩʷ 94,7 % ʚ ɹʨʷʥʩʢʦʡ ʦʙʣʘʩʪʠ [12]. ɺʳʩʦʢʠʡ 

ʧʦʢʘʟʘʪʝʣʴ ʦʙʲʷʩʥʷʝʪʩʷ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʟʘ-

ʣʝʞʝʡ ʪʦʨʬʘ, ʜʦʙʳʯʘ ʢʦʪʦʨʳʭ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʝ-

ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʪʨʫʜʘ ʥʘ ʨʘʙʦʯʠʭ 

ʤʝʩʪʘʭ. 

ʇʦ ʜʘʥʥʳʤ ʌʦʥʜʘ ʩʦʮʠʘʣʴʥʦʛʦ ʩʪʨʘʭʦʚʘʥʠʷ 

ʈʌ ʚ 2016 ʛ. ʚʧʝʨʚʳʝ ʧʨʦʬʟʘʙʦʣʝʚʘʥʠʝ ʙʳʣʦ ʫʩʪʘ-

ʥʦʚʣʝʥʦ ʫ 6209 ʯʝʣʦʚʝʢ, ʯʪʦ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 2015 ʛ. 

ʩʦʢʨʘʪʠʣʦʩʴ ʥʘ 12,1 % ʠ ʫʚʝʣʠʯʠʣʦʩʴ ʥʘ 7,2 % ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ 2013 ʛ. 

ʆʧʳʪ ʨʘʙʦʪʳ ʨʦʩʩʠʡʩʢʠʭ ʠ ʟʘʨʫʙʝʞʥʳʭ ʩʧʝʮʠ-

ʘʣʠʩʪʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ ʤʝʨʘʤʠ ʧʨʠʤʝʥʝʥʠʷ ʪʦʣʴʢʦ 

ʣʠʰʴ ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʤʝʪʦʜʘʤʠ 

ʜʝʢʣʘʨʘʪʠʚʥʦʛʦ ʩʪʠʣʷ ʫʧʨʘʚʣʝʥʠʷ ʦʨʛʘʥʠʟʘʮʠʝʡ 

ʩʣʦʞʥʦ ʜʦʩʪʠʯʴ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘ 

ʧʨʦʠʟʚʦʜʩʪʚʝ. ɼʣʷ ʝʛʦ ʜʦʩʪʠʞʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ 

ʫʯʠʪʳʚʘʪʴ ʚʣʠʷʥʠʝ ʪʘʢ ʥʘʟʳʚʘʝʤʦʛʦ ʯʝʣʦʚʝʯʝʩʢʦʛʦ 

ʬʘʢʪʦʨʘ [15]. ʇʨʘʚʠʣʴʥʦʝ ʦʪʥʦʰʝʥʠʝ ʧʝʨʩʦʥʘʣʘ ʢ 

ʩʦʙʩʪʚʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʦʢʨʫʞʘ-

ʶʱʠʭ, ʘ ʪʘʢʞʝ ʤʦʪʠʚʘʮʠʷ ʥʘ ʙʝʟʦʧʘʩʥʦʝ ʚʳʧʦʣʥʝ-

ʥʠʝ ʨʘʙʦʪ ʧʦʟʚʦʣʷʪ ʧʦʚʳʩʠʪʴ ʢʫʣʴʪʫʨʫ ʙʝʟʦʧʘʩʥʦ-

ʩʪʠ ʥʘ ʚʩʝʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʠ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʟʠʪʴ 

ʧʦʢʘʟʘʪʝʣʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʪʨʘʚʤʘʪʠʟʤʘ ʠ ʧʨʦ-

ʬʝʩʩʠʦʥʘʣʴʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ [6]. 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʢʫʣʴʪʫʨʳ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʦʠʩ-

ʭʦʜʠʪ ʥʘ ʜʚʫʭ ʦʩʥʦʚʥʳʭ ʫʨʦʚʥʷʭ ï ʦʨʛʘʥʠʟʘʮʠʦʥ-

ʥʦʤ ʠ ʠʥʜʠʚʠʜʫʘʣʴʥʦʤ (ʨʘʙʦʪʥʠʢ), ʧʫʪʝʤ ʬʦʨʤʠʨʦ-

ʚʘʥʠʷ ʦʩʥʦʚʥʳʭ ʝʝ ʩʦʩʪʘʚʣʷʶʱʠʭ: ʮʝʥʥʦʩʪʝʡ ʙʝʟ-

ʦʧʘʩʥʦʩʪʠ, ʥʦʨʤ ʙʝʟʦʧʘʩʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʠ ʙʘʟʦʚʳʭ 

ʧʨʝʜʩʪʘʚʣʝʥʠʡ, ʢʦʪʦʨʳʝ ʨʝʘʣʠʟʫʶʪ ʮʝʥʥʦʩʪʠ ʠ 

ʥʦʨʤʳ. 

 

ʊʘʙʣʠʮʘ 2 

ʂʫʣʴʪʫʨʘ ʙʝʟʦʧʘʩʥʦʩʪʠ ʨʘʙʦʪʥʠʢʘ 

ʆʨʛʘʥʠʟʘʮʠʦʥʥʘʷ ʢʫʣʴʪʫʨʘ ʀʥʜʠʚʠʜʫʘʣʴʥʘʷ ʢʫʣʴʪʫʨʘ (ʢʫʣʴʪʫʨʘ ʙʝʟʦʧʘʩʥʦʩʪʠ ʨʘʙʦʪʥʠʢʘ) 

ʎʝʥʥʦʩʪʠ ʄʦʪʠʚʘʮʠʷ ʙʝʟʦʧʘʩʥʦʛʦ ʧʦʚʝʜʝʥʠʷ 

ʅʦʨʤʳ ʅʘʚʳʢʠ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ɹʘʟʦʚʳʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʇʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʙʝʟʦʧʘʩʥʦʩʪʠ ʨʘʙʦʪʥʠʢʘ, ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʨʝʜʳ, 

ʙʝʟʦʧʘʩʥʦʡ ʩʠʪʫʘʮʠʠ 

ɼʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʫʣʴʪʫʨʳ ʙʝʟʦʧʘʩʥʦʩʪʠ ʨʘ-

ʙʦʪʥʠʢʘ ʚʳʜʝʣʷʶʪ ʜʚʘ ʦʩʥʦʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷ 

(ʪʘʙʣ. 2): 

ï ʨʝʘʣʠʟʘʮʠʷ ʮʝʥʥʦʩʪʝʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘ ʠʥʜʠ-

ʚʠʜʫʘʣʴʥʦʤ ʫʨʦʚʥʝ ʧʫʪʝʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʦʪʠʚʘ-

ʮʠʠ ʙʝʟʦʧʘʩʥʦʛʦ ʧʦʚʝʜʝʥʠʷ; 

ï ʨʝʘʣʠʟʘʮʠʷ ʥʦʨʤ ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘ ʠʥʜʠʚʠʜʫ-

ʘʣʴʥʦʤ ʫʨʦʚʥʝ ʧʫʪʝʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʘʚʳʢʦʚ ʙʝʟ-

ʦʧʘʩʥʦʛʦ ʧʦʚʝʜʝʥʠʷ. 

ʀʩʭʦʜʷ ʠʟ ʚʳʰʝʩʢʘʟʘʥʥʦʛʦ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳ-

ʚʦʜ, ʯʪʦ ʢʫʣʴʪʫʨʘ ʙʝʟʦʧʘʩʥʦʩʪʠ ʨʘʙʦʪʥʠʢʘ ʩʦʩʪʦʠʪ 

ʠʟ: 

1) ʩʧʦʩʦʙʥʦʩʪʠ ʨʘʙʦʪʥʠʢʘ ʠ ʝʛʦ ʞʝʣʘʥʠʷ ʦʙʝʩ-

ʧʝʯʠʪʴ ʩʦʙʩʪʚʝʥʥʫʶ ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ 

ʦʢʨʫʞʘʶʱʠʭ; 

2) ʣʠʯʥʦʡ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʟʘ ʵʪʫ ʙʝʟʦʧʘʩ-

ʥʦʩʪʴ. 

ʅʘ ʤʦʪʠʚʠʨʦʚʘʥʠʝ ʧʝʨʩʦʥʘʣʘ ʢ ʙʝʟʦʧʘʩʥʦʤʫ 

ʧʦʚʝʜʝʥʠʶ ʚʣʠʷʶʪ ʨʘʟʣʠʯʥʳʝ ʤʦʪʠʚʘʮʠʦʥʥʳʝ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢʠ, ʪʘʢʠʝ ʢʘʢ ʦʨʠʝʥʪʘʮʠʷ ʨʘʙʦʪʥʠʢʘ ʥʘ 

ʙʝʟʦʧʘʩʥʦʩʪʴ, ʪʨʫʜʦʚʳʝ ʠ ʢʦʤʤʫʥʠʢʘʪʠʚʥʳʝ ʦʨʠʝʥ-

ʪʘʮʠʠ [8]. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʚʷʟʴ ʦʨʠʝʥʪʘʮʠʠ ʨʘ-

ʙʦʪʥʠʢʘ ʥʘ ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ ʜʨʫʛʠʭ ʤʦʪʠʚʘʮʠʦʥʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʚ ʜʝʡʩʪʚʠʷʭ ʨʘʙʦ-

ʯʠʭ. ʋ ʩʣʫʞʘʱʠʭ ʵʪʘ ʦʨʠʝʥʪʘʮʠʷ ʥʝ ʩʚʷʟʘʥʘ ʥʠ ʩ ʦʜ-

ʥʦʡ ʚʳʰʝʫʢʘʟʘʥʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ [2]. 

ʂ ʪʨʫʜʦʚʳʤ ʦʨʠʝʥʪʘʮʠʷʤ ʦʪʥʦʩʷʪʩʷ: 

ï ʯʫʚʩʪʚʦ ʜʦʣʛʘ ʠ ʤʦʨʘʣʴʥʦʡ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ 

ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʨʘʙʦʪʝ; 

ï ʟʘʭʚʘʯʝʥʥʦʩʪʴ ʨʘʙʦʪʦʡ; 

ï ʦʪʥʦʰʝʥʠʝ ʢ ʨʘʙʦʪʝ ʢʘʢ ʢ ʩʨʝʜʩʪʚʫ ʜʣʷ ʩʘʤʦ-

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ. 

ʂ ʢʦʤʤʫʥʠʢʘʪʠʚʥʳʤ ʦʨʠʝʥʪʘʮʠʷʤ ʦʪʥʦʩʷʪʩʷ: 

ï ʩʪʨʝʤʣʝʥʠʝ ʢ ʙʣʘʛʦʧʨʠʷʪʥʦʤʫ ʧʦʣʦʞʝʥʠʶ ʚ 

ʢʦʣʣʝʢʪʠʚʝ; 

ï ʩʪʨʝʤʣʝʥʠʝ ʢ ʧʨʠʟʥʘʥʠʶ, ʚʳʩʦʢʦʡ ʦʮʝʥʢʝ ʩʦ 

ʩʪʦʨʦʥʳ ʘʚʪʦʨʠʪʝʪʥʳʭ ʣʶʜʝʡ; 

ï ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʦʩʪʴ ʚ ʧʦʣʦʞʠʪʝʣʴʥʦʤ ʦʙʱʝ-

ʥʠʠ ʩ ʢʦʣʣʝʛʘʤʠ; 

ï ʩʪʨʝʤʣʝʥʠʝ ʦʢʘʟʘʪʴ ʙʝʩʢʦʨʳʩʪʥʫʶ ʧʦʤʦʱʴ 

ʢʦʣʣʝʛʘʤ. 

ɼʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʠ-

ʩʪʝʤʳ ʤʦʪʠʚʘʮʠʠ ʧʝʨʩʦʥʘʣʘ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳ-

ʚʘʪʴ ʤʦʪʠʚʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʫʢʘʟʘʥʥʳʝ 

ʚʳʰʝ. 

ɺ ʢʨʫʧʥʝʡʰʠʭ ʨʦʩʩʠʡʩʢʠʭ ʢʦʤʧʘʥʠʷʭ ʩʜʝʣʘʥʳ 

ʧʝʨʚʳʝ ʰʘʛʠ ʧʦ ʚʥʝʜʨʝʥʠʶ ʩʠʩʪʝʤʳ ʤʦʪʠʚʠʨʦʚʘ-

ʥʠʷ ʧʝʨʩʦʥʘʣʘ ʢ ʙʝʟʦʧʘʩʥʦʤʫ ʧʦʚʝʜʝʥʠʶ ʠ ʧʨʠʥʠ-

ʤʘʶʪʩʷ ʤʝʨʳ ʜʣʷ ʝʝ ʫʩʧʝʰʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ. 

ʏʪʦ ʞʝ ʛʦʚʦʨʠʪʴ ʦ ʩʨʝʜʥʝʤ ʠ ʤʘʣʦʤ ʙʠʟʥʝʩʝ?] 

ɼʣʷ ʠʟʤʝʥʝʥʠʷ ʩʠʪʫʘʮʠʠ ʠ ʫʣʫʯʰʝʥʠʷ ʫʩʣʦʚʠʡ 

ʪʨʫʜʘ ʨʘʙʦʪʥʠʢʦʚ, ʧʨʦʬʠʣʘʢʪʠʢʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥ-

ʥʦʛʦ ʪʨʘʚʤʘʪʠʟʤʘ ʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʟʘʙʦʣʝʚʘʝ-

ʤʦʩʪʠ ʥʝʦʙʭʦʜʠʤʘ ʩʠʩʪʝʤʥʘʷ ʨʘʙʦʪʘ ʧʦ ʠʟʫʯʝʥʠʶ 
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ʟʘʨʫʙʝʞʥʦʛʦ ʦʧʳʪʘ ʠ ʚʥʝʜʨʝʥʠʶ ʣʫʯʰʠʭ ʧʨʘʢʪʠʢ 

ʥʘ ʦʪʝʯʝʩʪʚʝʥʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ. ʉʦ ʩʪʦʨʦʥʳ ʛʦʩʫ-
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ɸʅʆʊɸʎɯʗ 

ʉʪʘʥʜʘʨʪʠ ʩʽʤʝʡʩʪʚʘ IEEE 802.11 ʯʘʩʪʦ ʦʪʦʪʦʞʥʶʶʪʴ ʟ ʧʦʥʷʪʪʷʤ çWiFiè ʪʘ ʘʩʦʮʽʶʶʪʴ ʟ ʤʦʞʣʠʚʦʩ-

ʪʷʤʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʚôʷʟʢʫ ʚ ʤʝʞʘʭ ʧʨʠʤʽʱʝʥʥʷ. ʉʪʘʪʪʷ ʤʽʩʪʠʪʴ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʧʨʦ-

ʜʫʢʪʠʚʥʦʩʪʽ ʪʘ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʩʠʩʪʝʤ ʟʚôʷʟʢʫ ʥʘ ʦʩʥʦʚʽ ʩʪʘʥʜʘʨʪʽʚ IEEE 802.11 n/ac ʪʘ ʨʦʟʢ-

ʨʠʚʘʻ ʚʝʣʠʯʝʟʥʠʡ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʡ ʧʦʪʝʥʮʽʘʣ ʪʝʭʥʦʣʦʛʽʡ ʮʠʭ ʩʪʘʥʜʘʨʪʽʚ. ʅʘ ʧʽʜʩʪʘʚʽ ʪʝʦʨʝʪʠʯʥʠʭ, ʣʘ-

ʙʦʨʘʪʦʨʥʠʭ ʪʘ ʥʘʪʫʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʤʝʨʝʞ ʪʘ ʾʭ ʝʣʝʤʝʥʪʽʚ ʥʘ ʦʩʥʦʚʽ ʦʙʣʘʜʥʘʥʥʷ Mikrotik ʜʦʚʝʜʝʥʘ 

ʤʦʞʣʠʚʽʩʪʴ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʚôʷʟʢʫ ʚ ʨʝʞʠʤʽ ʨʦʟʧʦʜʽʣʫ ʽʥʬʦʨʤʘʮʽʾ ʚ ʙʣʠʞʥʽʡ (ʜʦ 2 ʢʤ) ʟʦʥʽ, ʘ ʪʘʢʦʞ ʚ ʨʝʞʠʤʽ 

ʨʘʜʽʦʨʝʣʝʡʥʦʛʦ ʟʚôʷʟʢʫ ʥʘ ʚʽʜʩʪʘʥʷʭ ʜʦ 12 ʢʤ. ɺ ʛʨʘʬʽʯʥʽʡ ʪʘ ʪʘʙʣʠʯʥʽʡ ʬʦʨʤʘʭ ʥʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʫʩʽʭ 

ʪʨʴʦʭ ʚʠʜʽʚ ʜʦʩʣʽʜʞʝʥʴ. 
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ABSTRACT 

The IEEE 802.11 family of standards are usually associated with a term ñWiFiò when communication is 

established inside a building. The article contains results of productivity and reliability indicators of wireless com-

munication systems based on IEEE 802.11 n/ac standards and reveals a tremendous telecommunication potential 

of these technologies. Based on theoretical, laboratory, and field researches of the networks and their components 

using Mikrotik equipment authors prove the capability of establishing communication in information distribution 

mode (up to 2 km) as well as in the radio relay communication at distances up to 12 km. This article provides all 

of the three researches results in the graphical and table forms.  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: IEEE 802.11, ʙʝʟʧʨʦʚʦʜʦʚʠʡ ʟʚôʷʟʦʢ, ʩʠʛʥʘʣʴʥʦ-ʢʦʜʦʚʘ ʢʦʥʩʪʨʫʢʮʽʷ, ʤʦʜʝʣʴ ʃʦʥʛʣʽ-

ʈʘʡʩʘ, Mikrotik, ʥʘʪʫʨʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ. 

Keywords: IEEE 802.11, wireless communication, signal-code construction, Longley-Rice model, Mikrotik, 

field researches. 

 

ɺʩʪʫʧ 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʩʪʘʪʪʽ ʟʫʤʦʚʣʝʥʘ ʩʪʨʽʤʢʠʤ ʨʦʟ-

ʚʠʪʢʦʤ ʩʪʘʥʜʘʨʪʽʚ IEEE 802.11 ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʟʘʩʦ-

ʙʽʚ ʙʝʟʧʨʦʚʦʜʦʚʦʛʦ ʟʚôʷʟʢʫ, ʪʘ ʥʝʦʙʭʽʜʥʽʩʪʶ ʜʦʩʣʽ-

ʜʞʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʟʘʩʦʙʽʚ ʟʚôʷʟʢʫ 

ʪʘ ʚʝʨʠʬʽʢʘʮʽʾ ʽʥʩʪʨʫʤʝʥʪʽʚ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʽ ʧʦʙʫ-

ʜʦʚʠ ʤʝʨʝʞ ʩʪʘʥʜʘʨʪʽʚ IEEE 802.11n/ac. ʄʝʪʦʶ ʜʦ-

ʩʣʽʜʞʝʥʥʷ ʻ ʘʥʘʣʽʟ ʧʦʢʘʟʥʠʢʽʚ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʙʝʟ-

ʧʨʦʚʦʜʦʚʠʭ ʩʠʩʪʝʤ ʟʚôʷʟʢʫ ʥʘ ʦʩʥʦʚʽ ʩʪʘʥʜʘʨ-

ʪʽʚ IEEE 802.11n/ac. ʆʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ 

ʩʠʩʪʝʤʠ ʙʝʟʧʨʦʚʦʜʦʚʦʛʦ ʟʚôʷʟʢʫ ʩʪʘʥʜʘʨʪʽʚ IEEE 

802.11n/ʘʩ. ʇʨʝʜʤʝʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʝʥʝʨʛʝʪʠʯʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʝʟʧʨʦʚʦʜʦʚʦʛʦ ʢʘʥʘʣʫ ʟʚôʷʟʢʫ ʪʘ 

ʧʘʨʘʤʝʪʨʠ ʷʢʦʩʪʽ ʟʚôʷʟʢʫ ʥʘ ʦʩʥʦʚʽ ʦʙʣʘʜʥʘʥʥʷ ʩʪʘ-

ʥʜʘʨʪʽʚ IEEE 802.11n/ac: ʨʦʟʨʘʭʦʚʘʥʽ ʪʝʦʨʝʪʠʯʥʦ, 

ʦʪʨʠʤʘʥʽ ʚ ʣʘʙʦʨʘʪʦʨʽʾ ʪʘ ʥʘ ʧʦʣʴʦʚʠʭ ʚʠʧʨʦʙʫʚʘʥ-

ʥʷʭ. 

ɼʣʷ ʜʦʩʷʛʝʥʥʷ ʤʝʪʠ, ʚ ʨʦʙʦʪʽ ʧʦʩʪʘʚʣʝʥʦ ʥʘ-

ʩʪʫʧʥʽ ʟʘʜʘʯʽ: 

1. ʇʨʦʚʝʩʪʠ ʘʥʘʣʽʟ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʪʘʥʜʘʨʪʽʚ 

IEEE 802.11n/ac ʥʘ ʬʽʟʠʯʥʦʤʫ ʨʽʚʥʽ ʪʘ ʩʠʛʥʘʣʴʥʦ-

ʢʦʜʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. 

2. ʈʦʟʛʣʷʥʫʪʠ ʦʨʛʘʥʽʟʘʮʽʶ ʤʝʨʝʞʽ ʥʘ ʦʩʥʦʚʽ 
ʦʙʣʘʜʥʘʥʥʷ ʩʪʘʥʜʘʨʪʽʚ IEEE 802.11n/ac. 

3. ɺʠʙʨʘʪʠ ʤʦʜʝʣʴ ʦʮʽʥʢʠ ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʘʨʘ-
ʤʝʪʨʽʚ ʨʘʜʽʦʣʽʥʽʾ. 

4. ʈʦʟʨʘʭʫʚʘʪʠ ʪʝʦʨʝʪʠʯʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʤʽ-

ʪʘʮʽʡʥʦʾ ʤʦʜʝʣʽ ʝʥʝʨʛʝʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʘʥʘʣʫ 

ʥʘ ʦʩʥʦʚʽ ʣʽʥʽʾ ʪʦʯʢʘ-ʪʦʯʢʘ ʽ ʟʘʩʦʙʽʚ ʩʪʘʥʜʘʨʪʫ IEEE 

802.11n/ac. 

5. ʇʨʦʚʝʩʪʠ ʣʘʙʦʨʘʪʦʨʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʦʙʣʘʜ-
ʥʘʥʥʷ ʙʝʟʧʨʦʚʦʜʦʚʦʛʦ ʟʚôʷʟʢʫ ʩʪʘʥʜʘʨʪʫ 802.11n/ʘʩ 

ʥʘ ʦʩʥʦʚʽ ʽʤʽʪʘʮʽʾ ʣʽʥʽʾ ʟʚôʷʟʢʫ ʽʟ ʟʘʪʫʭʘʥʥʷʤ ʩʠʛ-

ʥʘʣʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʪʝʥʶʘʪʦʨʽʚ. 

6. ɺʝʨʠʬʽʢʫʚʘʪʠ ʚ ʥʘʪʫʨʥʠʭ ʫʤʦʚʘʭ ʤʦʜʝʣʽ 
ʦʮʽʥʢʠ ʷʢʦʩʪʽ ʟʚôʷʟʢʫ ʚ ʙʝʟʧʨʦʚʦʜʦʚʦʤʫ ʢʘʥʘʣʽ ʥʘ 

ʦʩʥʦʚʽ ʦʙʣʘʜʥʘʥʥʷ ʩʪʘʥʜʘʨʪʽʚ IEEE 802.11n/ac. 

7. ʇʨʦʘʥʘʣʽʟʫʚʘʪʠ ʝʪʘʧʠ ʚʪʨʘʪ ʰʚʠʜʢʦʩʪʽ ʧʨʠ 
ʚʠʢʦʨʠʩʪʘʥʥʽ ʧʨʦʪʦʢʦʣʫ TCP ʜʣʷ ʧʦʙʫʜʦʚʠ ʙʝʟʧʨʦ-

ʚʽʜʥʠʭ ʤʝʨʝʞ ʥʘ ʦʩʥʦʚʽ ʦʙʣʘʜʥʘʥʥʷ ʩʪʘʥʜʘʨ-

ʪʽʚ IEEE 802.11n/ac. 

 

1. ɸʥʘʣʽʟ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʪʘʥʜʘʨʪʽʚ IEEE 
802.11n/ac ʥʘ ʬʽʟʠʯʥʦʤʫ ʨʽʚʥʽ ʪʘ ʩʠʛʥʘʣʴʥʦ-ʢʦ-

ʜʦʚʽ ʢʦʥʩʪʨʫʢʮʽʾ 

ʉʪʘʥʜʘʨʪ IEEE 802.11ac ʻ ʫʜʦʩʢʦʥʘʣʝʥʠʤ ʚʘʨʽ-

ʘʥʪʦʤ ʩʪʘʥʜʘʨʪʫ IEEE 802.11n ʽ ʟʘʙʝʟʧʝʯʫʻ ʚʪʨʠʯʽ 

ʙʽʣʴʰʫ ʰʚʠʜʢʽʩʪʴ [1-3]. ʉʪʘʥʜʘʨʪ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦ-

ʨʠʩʪʘʥʠʡ ʜʣʷ ʦʙʣʘʜʥʘʥʥʷ ʤʘʛʽʩʪʨʘʣʴʥʠʭ ʙʝʟʧʨʦʚʦ-

ʜʦʚʠʭ ʣʽʥʽʡ ʟʚôʷʟʢʫ ʥʘ ʚʽʜʩʪʘʥʽ ʜʝʩʷʪʢʽʚ ʢʽʣʦʤʝʪʨʽʚ. 

ɿʘʚʜʷʢʠ ʮʴʦʤʫ, ʥʘ ʦʩʥʦʚʽ ʪʘʢʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʩʪʘʻ 

ʤʦʞʣʠʚʠʤ ʛʥʫʯʢʦ ʙʫʜʫʚʘʪʠ ʥʝʦʙʭʽʜʥʫ ʧʦʚʥʦʮʽʥʥʫ 

ʩʪʨʫʢʪʫʨʫ ʙʝʟʧʨʦʚʦʜʦʚʦʾ ʤʝʨʝʞʽ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ 

ʤʘʛʽʩʪʨʘʣʴʥʠʭ ʣʽʥʽʡ ʪʘ ʪʦʯʦʢ ʙʝʟʧʨʦʚʦʜʦʚʦʛʦ ʜʦʩ-

ʪʫʧʫ. 

 

ʊʘʙʣʠʮʷ 1.  

ʇʦʨʽʚʥʷʣʴʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʪʘʥʜʘʨʪʽʚ IEEE 802.11n/ac 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ / ʉʪʘʥʜʘʨʪ 802.11n 802.11ac 

ʈʦʙʦʯʘ ʯʘʩʪʦʪʘ, ɻɻʮ 2.4 ʽ 5 5 

ʐʚʠʜʢʦʩʪʽ ʜʦ 600 ʄʙʽʪ/c ʜʦ 6.7 ɻʙʽʪ/c 

ʄʦʜʫʣʷʮʽʷ ʜʦ QAM-64 ʜʦ QAM-256 

ʂʘʥʘʣʴʥʘ ʩʤʫʛʘ, ʄɻʮ 20 ʽ 40(20+20) ʜʦ 160 

MIMO ʽ ʢʽʣʴʢʽʩʪʴ ʧʨʦʩʪʦʨʦʚʠʭ ʧʦʪʦʢʽʚ ʜʦ 4-ʭ ʜʦ 8-ʤʠ 

 

ɺ ʩʪʘʥʜʘʨʪʽ IEEE 802.11n ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʤʘʢ-

ʩʠʤʘʣʴʥʦʾ ʰʚʠʜʢʦʩʪʽ ʧʽʜʪʨʠʤʫʻʪʴʩʷ ʜʦ 4 ʧʨʦʩʪʦʨʦ-

ʚʠʭ ʧʦʪʦʢʽʚ ʟ ʰʠʨʠʥʦʶ ʢʘʥʘʣʫ ʜʦ 40 ʄɻʮ. IEEE 

802.11ac ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʦ 8 ʢʘʥʘʣʽʚ ʽ ʰʠ-

ʨʠʥʫ ʜʦ 160 ʄɻʮ. ʑʦʙ ʟʙʽʣʴʰʠʪʠ ʧʨʦʧʫʩʢʥʫ ʟʜʘʪ-

ʥʽʩʪʴ ʢʘʥʘʣʫ ʱʝ ʙʽʣʴʰʝ, ʩʪʘʥʜʘʨʪ IEEE 802.11ac ʜʦ-

ʜʘʪʢʦʚʦ ʧʽʜʪʨʠʤʫʻ ʤʦʜʫʣʷʮʽʶ QAM-256. ʊʘʢʦʞ ʚ 

ʩʪʘʥʜʘʨʪʽ IEEE 802.11ac ʚʚʦʜʠʪʴʩʷ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʝ 

ʬʦʨʤʫʚʘʥʥʷ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʩʠʛʥʘʣʫ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʧʝʨʝʜʘʚʘʪʠ ʩʠʛʥʘʣʠ ʚ ʨʝʞʠʤʽ ʪʦʯʢʘ-ʪʦʯʢʘ.  

ʅʘ ʨʠʩ. 1 ʟʦʙʨʘʞʝʥʦ ʜʽʘʛʨʘʤʠ ʩʠʛʥʘʣʴʥʠʭ ʩʫ-

ʟʽʨôʾʚ ʜʣʷ ʨʽʟʥʠʭ ʚʠʜʽʚ ʤʦʜʫʣʷʮʽʾ. ʈʘʜʽʦʩʠʛʥʘʣ ʧʨʝʜ-

ʩʪʘʚʣʷʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʜʚʦʤʽʨʥʦʾ ʪʦʯʢʦʚʦʾ ʜʽʘʛʨʘʤʠ 

ʥʘ ʢʦʤʧʣʝʢʩʥʽʡ ʧʣʦʱʠʥʽ, ʪʦʯʢʘʤʠ ʥʘ ʷʢʽʡ ʻ ʚʩʽ ʤʦ-

ʞʣʠʚʽ ʩʠʤʚʦʣʠ, ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʛʝʦʤʝʪʨʠʯʥʽʡ ʬʦʨʤʽ. 

ʅʘ ʨʠʩ. 2 ʧʦʢʘʟʘʥʦ ʟʘʣʝʞʥʽʩʪʴ ʡʤʦʚʽʨʥʦʩʪʽ ʙʽ-

ʪʦʚʦʾ ʧʦʤʠʣʢʠ ʚʽʜ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʨʘʜʽʦ-

ʣʽʥʽʾ. ɿʽ ʟʙʽʣʴʰʝʥʥʷʤ ʧʦʟʠʮʽʡʥʦʩʪʽ ʤʦʜʫʣʷʮʽʾ, ʡʤʦ-

ʚʽʨʥʽʩʪʴ ʙʽʪʦʚʦʾ ʧʦʤʠʣʢʠ ʟʙʽʣʴʰʫʻʪʴʩʷ. ʆʪʞʝ, ʷʢ 

ʧʨʘʚʠʣʦ, ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʩʧʝʢʪʨʘʣʴʥʦʾ ʝʬʝʢʪʠʚʥʦ-

ʩʪʽ ʝʥʝʨʛʝʪʠʯʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʤʝʥʰʫʻʪʴʩʷ. ʈʽʟʥʽ 
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ʩʧʦʩʦʙʠ ʤʦʜʫʣʷʮʽʾ ʜʦʟʚʦʣʷʶʪʴ ʦʪʨʠʤʘʪʠ ʨʽʟʥʽ ʰʚʠ-

ʜʢʦʩʪʽ ʧʝʨʝʜʘʯʽ ʧʨʠ ʨʽʟʥʠʭ ʚʽʜʥʦʰʝʥʥʷʭ ʩʠʛ-

ʥʘʣ/ʰʫʤ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʙʽʣʴʰ ʩʢʣʘʜʥʠʭ ʚʠʜʽʚ ʤʦ-

ʜʫʣʷʮʽʾ ʟʘʙʝʟʧʝʯʫʻ ʙʽʣʴʰ ʚʠʩʦʢʫ ʰʚʠʜʢʽʩʪʴ ʧʝʨʝ-

ʜʘʯʽ, ʘʣʝ ʚʠʤʘʛʘʻ ʙʽʣʴʰʦʛʦ ʚʽʜʥʦʰʝʥʥʷ ʩʠʛʥʘʣ/ʰʫʤ. 

 

 

(d) 

ʈʠʩ. 1. ʉʠʛʥʘʣʴʥʽ ʩʫʟʽʨôʷ ʜʣʷ ʤʦʜʫʣʷʮʽʡ: 

ʘ) QPSK, b) 16-QAM, c) 64-QAM, d) 256-QAM 

 

 
ʈʠʩ. 2. ɿʘʣʝʞʥʽʩʪʴ ʡʤʦʚʽʨʥʦʩʪʽ ʩʠʤʚʦʣʴʥʦʾ ʧʦʤʠʣʢʠ ʚʽʜ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʨʘʜʽʦʣʽʥʽʾ 

 

ʅʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤ ʻ ʧʦʻʜʥʘʥʥʷ ʜʝʢʽʣʴʢʦʭ 

ʚʠʜʽʚ ʤʦʜʫʣʷʮʽʾ, ʷʢʝ ʜʦʟʚʦʣʷʻ ʟʙʽʣʴʰʠʪʠ ʝʬʝʢʪʠʚ-

ʥʽʩʪʴ ʽ ʟʦʥʫ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʙʘʟʦʚʦʾ ʩʪʘʥʮʽʾ. ɸʜʘʧ-

ʪʠʚʥʝ ʢʦʜʫʚʘʥʥʷ ʪʘ ʤʦʜʫʣʷʮʽʷ ʟʘʙʝʟʧʝʯʫʻ ʤʘʢʩʠʤʘ-

ʣʴʥʦ ʤʦʞʣʠʚʫ ʧʨʦʧʫʩʢʥʫ ʟʜʘʪʥʽʩʪʴ, ʟʘʙʝʟʧʝʯʫʶʯʠ 

ʥʝʦʙʭʽʜʥʫ ʥʘʜʽʡʥʽʩʪʴ ʚ ʢʘʥʘʣʽ ʟʚôʷʟʢʫ. 
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ʈʠʩ. 3. ʌʽʟʠʯʥʠʡ ʨʽʚʝʥʴ ʰʚʠʜʢʦʩʪʽ ʢʦʜʫʚʘʥʥʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʝʥʝʨʛʝʪʠʯʥʠʭ ʫʤʦʚ ʫ ʢʘʥʘʣʽ ʽ ʚʠʜʫ 

ʤʦʜʫʣʷʮʽʾ 

 

ʐʚʠʜʢʽʩʪʴ ʢʦʜʫʚʘʥʥʷ ʚʽʜʦʙʨʘʞʘʻ ʢʽʣʴʢʽʩʪʴ ʜʦ-

ʜʘʥʠʭ ʥʘʜʣʠʰʢʦʚʠʭ ʙʽʪ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʟʘʚʘʜʦʩʪʽʡ-

ʢʦʩʪʽ. ʄʦʜʫʣʷʮʽʷ QPSK  ̔ʥʠʟʴʢʘ ʰʚʠʜʢʽʩʪʴ ʢʦʜʫ-

ʚʘʥʥʷ ʘʢʪʫʘʣʴʥʽ ʚ ʨʘʟʽ ʧʦʛʘʥʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʫʤʦʚ 

ʫ ʢʘʥʘʣʽ. ʉʭʝʤʘ ʤʦʜʫʣʷʮʽʾ ʧʝʨʝʤʠʢʘʻʪʴʩʷ ʟ QPSK ʥʘ 

16-QAM ʧʨʠ ʧʦʢʨʘʱʝʥʥʽ ʫʤʦʚ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ 

ʚ ʢʘʥʘʣʽ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʙʽʣʴʰʠʪʠ ʰʚʠʜʢʽʩʪʴ ʢʦʜʫ-

ʚʘʥʥʷ ʚʠʱʝ 0,75. ɿʤʽʥʘ ʚʠʜʫ ʤʦʜʫʣʷʮʽʾ ʟʙʽʣʴʰʫʻ 

ʧʨʦʧʫʩʢʥʫ ʟʜʘʪʥʽʩʪʴ ʬʽʟʠʯʥʦʛʦ ʢʘʥʘʣʫ, ʪʘʢʠʤ ʯʠ-

ʥʦʤ, ʢʽʣʴʢʽʩʪʴ ʥʘʜʣʠʰʢʦʚʦʩʪʽ ʤʦʞʝ ʙʫʪʠ ʟʙʽʣʴʰʝʥʘ. 

ʉʭʝʤʘ ʤʦʜʫʣʷʮʽʾ ʧʝʨʝʢʣʶʯʘʻʪʴʩʷ ʟ 16-QAM ʥʘ 64-

QAM ʫ ʨʘʟʽ ʜʦʩʪʘʪʥʴʦʛʦ ʧʦʢʨʘʱʝʥʥʷ ʢʘʥʘʣʴʥʠʭ 

ʫʤʦʚ. ʇʽʩʣʷ ʚʠʙʦʨʫ 64-QAM, ʘʜʘʧʪʘʮʽʷ ʜʦ ʫʤʦʚ ʢʘ-

ʥʘʣʫ ʚ ʣʽʥʽʾ ʟʚ'ʷʟʢʫ ʧʨʦʜʦʚʞʫʻ ʚʠʜʽʣʷʪʠ ʚʝʣʠʢʽ ʨʦʟ-

ʤʽʨʠ ʪʨʘʥʩʧʦʨʪʥʠʭ ʙʣʦʢʽʚ, ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʢʘʥʘʣʴ-

ʥʠʭ ʫʤʦʚ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʙʽʣʴʰʝ ʥʝʤʘʻ ʚʘʨʽʘʥʪʫ 

ʧʝʨʝʢʣʶʯʠʪʠʩʷ ʥʘ ʩʭʝʤʫ ʤʦʜʫʣʷʮʽʾ ʙʽʣʴʰ ʚʠʩʦʢʦʛʦ 

ʧʦʨʷʜʢʫ, ʧʨʠ ʜʦʩʷʛʥʝʥʥʽ h ʚʠʜʢʦʩʪʽ ʢʦʜʫʚʘʥʥʷ 0,75. 

ɿʘʤʽʩʪʴ ʮʴʦʛʦ, ʘʜʘʧʪʘʮʽʷ ʚ ʣʽʥʽʾ ʟʚ'ʷʟʢʫ ʧʨʦʜʦʚʞʫʻ 

ʚʠʜʽʣʷʪʠ ʚʝʣʠʢʽ ʨʦʟʤʽʨʠ ʪʨʘʥʩʧʦʨʪʥʠʭ ʙʣʦʢʽʚ ̔  h ʚʠ-

ʜʢʽʩʪʴ ʢʦʜʫʚʘʥʥʷ ʥʘʙʣʠʞʘʻʪʴʩʷ ʜʦ 1. 

 

2. ʆʨʛʘʥʽʟʘʮʽʷ ʤʝʨʝʞʽ ʥʘ ʦʩʥʦʚʽ ʦʙʣʘʜ-

ʥʘʥʥʷ ʩʪʘʥʜʘʨʪʽʚ IEEE 802.11n/ac 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʩʪʘʥʜʘʨʪʽʚ IEEE 802.11 ʥʝ ʦʙʤʝ-

ʞʝʥʝ ʜʣʷ ʟʚ'ʷʟʢʫ ʥʘ ʢʦʨʦʪʢʽ ʚʽʜʩʪʘʥʽ ʤʽʞ ad-hoc ʪʘ 

ʢʦʨʠʩʪʫʚʘʮʴʢʠʤʠ ʧʨʠʩʪʨʦʷʤʠ ʯʝʨʝʟ ʪʦʯʢʫ ʜʦʩʪʫʧʫ 

(ɸʈ). ʉʪʘʥʜʘʨʪʠ IEEE 802.11 ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʦʚʫ-

ʶʪʴʩʷ ʩʴʦʛʦʜʥʽ ʜʣʷ ʙʫʜʽʚʥʠʮʪʚʘ ʣʽʥʽʡ ʤʘʛʽʩʪʨʘʣʴ-

ʥʦʛʦ ʟʚôʷʟʢʫ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʙʫʜʫʚʘʪʠ ʛʥʫʯʢʫ ʤʝʨʝ-

ʞʝʚʫ ʘʨʭʽʪʝʢʪʫʨʫ ʨʘʟʦʤ ʟ ʪʦʯʢʘʤʠ ʜʦʩʪʫʧʫ. ʇʨʠʢ-

ʣʘʜ ʪʘʢʦʾ ʤʝʨʝʞʽ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 4. 
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ʈʠʩ. 4. ʇʨʠʢʣʘʜ ʛʥʫʯʢʦʾ ʘʨʭʽʪʝʢʪʫʨʠ ʨʦʟʧʦʜʽʣʝʥʦʭ ʤʝʨʝʞʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʦʙʣʘʜʥʘʥʥʷ ʩʪʘʥʜʘʨʪʽʚ 

IEEE 802.11 ʽ ʢʦʤʧʦʥʝʥʪʘʤʠ çʪʦʯʢʘ-ʪʦʯʢʘè ʪʘ çʪʦʯʢʘ-ʙʘʛʘʪʦʪʦʯʢʘè 

 

ʇʝʨʝʚʘʛʘ ʪʘʢʦʛʦ ʧʽʜʭʦʜʫ ʚʠʨʘʞʘʻʪʴʩʷ ʚ ʥʘʩʪʫ-

ʧʥʠʭ ʬʫʥʢʮʽʷʭ: 

¶ ʙʫʜʽʚʥʠʮʪʚʦ ʪʦʯʦʢ ʙʝʟʧʨʦʚʦʜʦʚʦʛʦ ʜʦʩ-
ʪʫʧʫ AP (access point) ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʽʚ ʚ ʟʦʥʽ ʦʙ-

ʩʣʫʛʦʚʫʚʘʥʥʷ, ʩʦʪʥʽ ʤʝʪʨʽʚ; 

¶ ʤʘʛʽʩʪʨʘʣʴʥʘ ʤʝʨʝʞʘ (backbone) ï ʟʚôʷʟʦʢ 

ʜʣʷ ʧʽʜʢʣʶʯʝʥʥʷ ʚʽʜʜʘʣʝʥʠʭ ʯʘʩʪʠʥʘʭ ʤʝʨʝʞʽ, ʥʘ 

ʜʝʩʷʪʢʠ ʢʽʣʦʤʝʪʨʽʚ ʽ ʙʽʣʴʰʝ; 

¶ ʟ'ʻʜʥʘʥʥʷ ʨʽʟʥʠʭ ʝʣʝʤʝʥʪʽʚ ʤʝʨʝʞʽ (ʪʦʯʦʢ 
ʜʦʩʪʫʧʫ, ʤʘʨʰʨʫʪʠʟʘʪʦʨʽʚ, ʤʘʛʽʩʪʨʘʣʽ) ʥʘ ʦʩʥʦʚʽ 

ʻʜʠʥʦʛʦ ʽ ʩʫʤʽʩʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ; 

¶ ʤʦʞʣʠʚʽʩʪʴ ʰʚʠʜʢʦʛʦ ʨʦʟʛʦʨʪʘʥʥʷ ʽ ʥʘʣʘʰ-
ʪʫʚʘʥʥʷ ʤʝʨʝʞʽ, ʷʢ ʜʣʷ ʜʦʚʛʦʩʪʨʦʢʦʚʦʛʦ, ʪʘʢ ʽ ʢʦʨʦ-

ʪʢʦʩʪʨʦʢʦʚʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ. 

ʅʘ ʨʠʩ. 4 ʙʣʦʢʠ A, D ʚʽʜʦʙʨʘʞʘʶʪʴ ʢʦʤʤʫʥʽʢʘ-

ʮʽʡʥʽ ʤʘʛʽʩʪʨʘʣʽ ʜʣʷ ʟʚ'ʷʟʢʫ ʤʽʞ ʚʽʜʜʘʣʝʥʠʤʠ ʯʘʩʪʠ-

ʥʘʤʠ ʤʝʨʝʞʽ ʟ ʚʠʩʦʢʠʤʠ ʰʚʠʜʢʦʩʪʷʤʠ ʧʝʨʝʜʘʯʽ ʜʘ-

ʥʠʭ (Mikrotik ʽ SXT Lite5 ʥʘ ʢʦʨʦʪʢʽ ʚʽʜʩʪʘʥʽ ʜʦ 5 

ʢʤ, ʪʘ RB/921UAGS-5SHPacT-ʥʤ ʥʘ ʜʘʣʝʢʽ ʚʽʜʩʪʘʥʽ 

ʜʦ 40 ʢʤ); ʙʣʦʢ B ï ʪʦʯʢʠ ʜʦʩʪʫʧʫ ʜʣʷ ʦʙʩʣʫʛʦʚʫ-

ʚʘʥʥʷ ʢʣʽʻʥʪʽʚ ʫ ʟʦʥʽ ʧʦʢʨʠʪʪʷ (Mikrotik 52HPn ʜʣʷ 

ʨʦʙʦʪʠ ʜʦ 100 ʤ); ʙʣʦʢ C ï ʤʘʨʰʨʫʪʠʟʘʪʦʨ ʜʣʷ ʚʠ-

ʢʦʥʘʥʥʷ ʬʫʥʢʮʽʡ ʢʦʤʫʪʘʮʽʾ ʧʦʪʦʢʽʚ, ʤʫʣʴʪʠʧʣʝʢʩʫ-

ʚʘʥʥʷ ʽ ʤʘʨʰʨʫʪʠʟʘʮʽʾ, ʘ ʪʘʢʦʞ ʧʽʜʢʣʶʯʝʥʥʷ ʜʦ ʽʥ-

ʰʠʭ ʤʘʨʰʨʫʪʠʟʘʪʦʨʽʚ ʘʙʦ ɯʥʪʝʨʥʝʪ ʧʨʠ ʥʝʦʙʭʽʜʥʦ-

ʩʪʽ (Mikrotik RB951G-2HnD). 

ʉʭʝʤʘ, ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 5, ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʜʣʷ ʧʦʙʫʜʦʚʠ ʤʘʛʽʩʪʨʘʣʴʥʦʾ ʤʝʨʝʞʽ ʟ ʚʠʢʦʨʠʩʪʘʥ-

ʥʷʤ ʩʪʘʥʜʘʨʪʫ IEEE 802.11ac. ʎʝ ʜʦʟʚʦʣʷʻ ʟôʻʜʥʫ-

ʚʘʪʠ ʚʽʜʜʘʣʝʥʽ ʚʫʟʣʠ ʥʘ ʚʽʜʩʪʘʥʽ 2-30 ʢʤ. ʉʭʝʤʘ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʥʘʧʨʘʚʣʝʥʦʾ ʘʥʪʝʥʠ ʟ ʰʠʨʠʥʦʶ ʧʨʦ-

ʤʝʥʷ 2.5 ʛʨʘʜ, ʪʘ ʧʨʠʡʦʤʦʧʝʨʝʜʘʚʘʯʽʚ Mikrotik, ʱʦ 

ʧʦʙʫʜʦʚʘʥʽ ʟʛʽʜʥʦ ʩʪʘʥʜʘʨʪʫ IEEE 802.11ac. ʂʦʤʫ-

ʪʘʪʦʨ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʦʙôʻʜʥʘʥʥʷ ʢʽʥʮʝʚʠʭ 

ʪʝʨʤʽʥʘʣʽʚ (ʫ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ï ʇʂ) ʪʘ VoIP ʟʘʩʦʙʽʚ 

ʚ ʦʜʥʫ ʤʝʨʝʞʫ.  

 




