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ɸʅʅʆʊɸʎʀʗ 

ʇʨʠʨʦʜʘ ɸʟʝʨʙʘʡʜʞʘʥʘ ʙʦʛʘʪʘ ʠ ʨʘʟʥʦʦʙʨʘʟʥʘ. ʅʘʨʷʜʫ ʩ ʙʦʛʘʪʝʡʰʝʡ ʨʘʩʪʠʪʝʣʴʥʦʡ ʬʣʦʨʦʡ, ʤʠʥʝʨʘʣʴ-

ʥʳʝ ʠ ʞʠʚʦʪʥʳʝ ʨʝʩʫʨʩʳ ʧʦʣʥʦʩʪʴʶ ʧʦʟʚʦʣʷʶʪ ʩʦʟʜʘʚʘʪʴ ʧʦʣʝʟʥʳʝ ʠ ʦʯʝʥʴ ʵʬʬʝʢʪʠʚʥʳʝ ʬʘʨʤʘʮʝʚʪʠʯʝ-

ʩʢʠʝ ʠ ʢʦʩʤʝʪʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ. ʅʘ ʦʩʥʦʚʝ ʩʦʣʦʜʢʠ ʛʦʣʦʡ ï ʧʨʠʨʦʜʥʦʛʦ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʙʦʛʘʪʩʪʚʘ ɸʟʝʨʙʘʡ-

ʜʞʘʥʘ ʙʳʣʠ ʚʧʝʨʚʳʝ ʨʘʟʨʘʙʦʪʘʥʳ ʥʦʚʳʝ ʢʦʩʤʝʪʦʣʦʛʠʯʝʩʢʠʝ ʬʦʨʤʳ ʨʘʟʣʠʯʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ: ʢʨʝʤʳ, ʙʘʣʴ-

ʟʘʤʳ, ʛʝʣʠ, ʰʘʤʧʫʥʠ, ʫʢʨʝʧʣʠʪʝʣʠ ʜʣʷ ʚʦʣʦʩ, ʢʨʘʩʠʪʝʣʠ ʚʦʣʦʩ, ʩʫʭʠʝ ʜʫʭʠ, ʘʨʦʤʘʪʠʟʘʪʦʨʳ ʧʦʣʴʟʫʶʱʠʝʩʷ 

ʦʩʦʙʦʡ ʧʦʧʫʣʷʨʥʦʩʪʴʶ ʩʨʝʜʠ ʧʦʪʨʝʙʠʪʝʣʝʡ. ʅʘ ʚʩʝ ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʢʦʩʤʝʪʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ ʫʪʚʝʨʞʜʝʥʘ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʥʦʨʤʘʪʠʚʥʘʷ ʜʦʢʫʤʝʥʪʘʮʠʷ. ʕʪʘ ʧʨʦʜʫʢʮʠʷ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʝʟʥʘ ʜʣʷ ʤʘʩʰʪʘʙʥʦʛʦ ʧʨʦ-

ʠʟʚʦʜʩʪʚʘ ʚ ʣʶʙʦʡ ʩʪʨʘʥʝ. 

ABSTRACT  
The nature of the Republic of Azerbaijan is rich and various. Along with the richest herbal flora, mineral and 

animal resources completely allow to create useful and very effective pharmaceutical and cosmetics means. Firstly 

on the basis of licorice ï natural herbal richness of the Republic of Azerbaijan the new cosmetology forms with 

different purposes were being elaborated: creams, balms, gels, shampoos, hair improvement mean, the dyes of 

hair, dry aromatic alcohol, fragrances enjoying special popularity among consumers. All being elaborated cosmet-

ics approved with the corresponding standard documentation. These products can be useful for large-scale pro-

duction in any country. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʦʩʤʝʪʦʣʦʛʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ, ʛʠʧʦʢʩʠʷ ʢʦʞʠ, ʵʣʘʩʪʠʯʥʦʩʪʴ ʢʦʞʠ. 

Keywords: cosmetology means, skin hypoxia, elasticity of skin. 
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ɸʢʪʫʘʣʴʥʦʩʪʴ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʩʤʝʪʠʯʝʩʢʠʭ 

ʩʨʝʜʩʪʚ, ʧʨʠʨʦʜʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʜʣʷ ʣʝʯʝʙʥʳʭ 

ʮʝʣʝʡ, ʙʳʣʘ ʠ ʝʩʪʴ ʧʨʦʙʣʝʤʘ ʘʢʪʫʘʣʴʥʘʷ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʦʤʝʥʢʣʘʪʫʨʘ ʣʝʯʝʙʥʦ-ʢʦʩ-

ʤʝʪʦʣʦʛʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ, ʨʘʟʥʦʦʙʨʘʟʥʘ. ʆʩʦʙʫʶ ʘʢ-

ʪʫʘʣʴʥʦʩʪʴ ʧʨʠʦʙʨʝʪʘʶʪ ʥʦʚʳʝ ʢʦʩʤʝʪʦʣʦʛʠʯʝʩʢʠʝ 

ʬʦʨʤʳ ʩ ʚʢʣʶʯʝʥʠʝʤ ʚ ʠʭ ʩʦʩʪʘʚ ʢʦʤʧʦʥʝʥʪʦʚ 

ʥʘʪʫʨʘʣʴʥʳʭ ʚʝʱʝʩʪʚ.  

ʀʟʜʘʚʥʦ ʚ ʩʦʩʪʘʚʝ ʢʦʩʤʝʪʦʣʦʛʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʵʢʩʪʨʘʢʪʳ ʨʘʩʪʠʪʝʣʴʥʦʛʦ, 

ʤʠʥʝʨʘʣʴʥʦʛʦ ʠ ʞʠʚʦʪʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʧʦʣʫ-

ʯʝʥʥʳʝ ʨʘʮʠʦʥʘʣʴʥʳʤʠ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠʤʠ ʩʧʦʩʦ-

ʙʘʤʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ ʵʢʩʪʨʘʛʝʥʪʦʚ 

ʚʦʜʳ ʠ ʚʦʜʥʦ-ʩʧʠʨʪʦʚʳʭ ʩʤʝʩʝʡ; ʛʫʩʪʳʤʠ ʵʢʩʪʨʘʢ-

ʪʘʤʠ, ʤʘʩʣʷʥʳʤʠ ʵʢʩʪʨʘʢʪʘʤʠ, ʘ ʪʘʢʞʝ ʵʢʩʪʨʘʢʪʘʤʠ 

ʧʦʣʫʯʝʥʥʳʤʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʚʫʭʬʘʟʥʳʭ ʩʤʝ-

ʩʝʡ (6). ʀʟʚʝʩʪʥʦ, ʯʪʦ ʵʢʩʪʨʘʢʪʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ 

ʢʦʩʤʝʪʦʣʦʛʠʯʝʩʢʠʭ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚʘʭ, ʩʦ-

ʜʝʨʞʘʪ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʝʡʩʪʚʫʶʱʠʭ 

ʢʦʤʧʦʥʝʥʪʦʚ. 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʥʘʙʣʶʜʘʝʪʩʷ ʦʪʯʝʪʣʠʚʘʷ 

ʪʝʥʜʝʥʮʠʷ ʧʨʘʢʪʠʯʝʩʢʘʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ 

ʵʢʩʪʨʘʛʝʥʪʦʚ ʨʘʩʪʚʦʨʠʪʝʣʝʡ, ʷʚʣʷʶʱʠʭʩʷ ʢʦʤʧʦ-

ʥʝʥʪʘʤʠ ʢʦʩʤʝʪʦʣʦʛʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ (2). 

ʇʨʠʥʷʪʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʥʫʪʨʠʮʝʚʪʠʯʝʩʢʘʷ ʮʝʥ-

ʥʦʩʪʴ ʣʶʙʦʡ ʩʨʝʜʳ, ʢʦʪʦʨʘʷ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʢʣʝ-

ʪʦʯʥʦʡ ʩʫʙʩʪʘʥʮʠʝʡ, ʦʙʨʘʟʫʝʪʩʷ ʠʟ ʩʦʩʪʘʚʣʷʶʱʠʭ: 

ʤʘʢʨʦʵʣʝʤʝʥʪʦʚ (Na, K, Ca, Mg), ʤʠʢʨʦ- (Cu, Zn, 

Fe), ʫʣʴʪʨʘʤʠʢʨʦʵʣʝʤʝʥʪʦʚ (Co, Ni), ʘʤʠʥʦʢʠʩʣʦʪ 

(ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʝ ʧʝʧʪʠʜʳ), ʚʠʪʘʤʠʥʳ, ʫʛʣʝ-

ʚʦʜʳ (ʤʦʥʦʩʘʭʘʨʘ - ʛʣʶʢʦʟʘ, ʬʨʫʢʪʦʟʘ), ʛʦʨʤʦʥʳ 

(ʬʘʢʪʦʨʳ ʨʦʩʪʘ) ʠ ʣʠʧʠʜʦʚ (5).  

ʆʪʩʫʪʩʪʚʠʝ ʧʦ ʤʠʥʠʤʫʤʫ ʦʜʥʦʡ ʠʟ ʵʪʠʭ ʛʨʫʧʧ, 

ʚ ʩʦʩʪʘʚʝ ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʳ ʧʨʠ ʧʨʦʮʝʩʩʝ ʢʫʣʴʪʠ-

ʚʠʨʦʚʘʥʠʷ ʢʣʝʪʦʢ ʚʥʝ ʦʨʛʘʥʠʟʤʘ, ʥʘʨʫʰʘʝʪ ʤʝʭʘ-

ʥʠʟʤ ʧʠʪʘʥʠʷ ʠ ʥʘʨʫʰʘʝʪ ʧʨʦʮʝʩʩ ʜʝʣʝʥʠʷ ʢʣʝʪʦʢ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʢʦʥʮʝʥʪʨʘʮʠʷ ʚʠʪʘʤʠʥʦʚ ʚ ʧʨʝʜ-

ʣʦʞʝʥʥʳʭ ʢʨʝʤʘʭ ʚʣʠʷʶʪ ʥʘ ʙʘʟʘʣʴʥʳʝ ʢʣʝʪʢʠ, ʢʦ-

ʪʦʨʳʝ ʬʦʨʤʠʨʫʶʪ ʵʧʠʜʝʨʤʠʩ. ʂʘʢ ʩʣʝʜʩʪʚʠʝ ʧʦʚʳ-

ʰʝʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ, ʤʦʞʝʪ ʷʚʣʷʝʪʩʷ ʫʭʫʜʰʝʥʠʝ 

ʩʦʩʪʦʷʥʠʷ ʢʣʝʪʦʯʥʦʡ ʩʠʩʪʝʤʳ, ʩʥʠʞʝʥʠʝ ʤʝʭʘ-

ʥʠʟʤʘ ʩʢʦʨʦʩʪʠ ʜʝʣʝʥʠʷ ʙʘʟʘʣʴʥʳʭ ʢʣʝʪʦʢ, ʪʘʢ ʠ 

ʩʚʷʟʘʥʥʦʝ ʩ ʵʪʠʤ, ʠ ʫʚʝʣʠʯʝʥʠʝ ʪʦʣʱʠʥʳ ʚʝʨʭʥʝʛʦ 

ʨʦʛʦʚʦʛʦ ʩʣʦʷ ʵʧʠʜʝʨʤʠʩʘ, ʧʦʚʳʰʘʝʪʩʷ ʚʝʨʦʷʪ-

ʥʦʩʪʴ ʬʠʢʩʘʮʠʠ ʤʦʨʱʠʥ. ʈʝʟʫʣʴʪʘʪʦʤ ʪʘʢʠʭ ʦʙʨʘ-

ʙʦʪʦʢ ʢʦʞʠ ʤʦʞʝʪ ʙʳʪʴ ʪʦʣʴʢʦ ʫʩʢʦʨʝʥʠʝ ʧʨʦʮʝʩ-

ʩʦʚ ʝʝ ʩʪʘʨʝʥʠʷ (3). 

ʃʶʜʠ ʚ ʧʨʦʮʝʩʩʝ ʩʪʘʨʝʥʠʷ ʧʦʩʪʝʧʝʥʥʦ ʪʝʨʷʶʪ 

ʚʦʣʦʩʳ, ʥʝʠʟʙʝʞʥʦ ʠʟʤʝʥʷʝʪʩʷ ʠʭ ʮʚʝʪ, ʚʳʷʚʣʷʶʪʩʷ 

ʢʦʣʠʯʝʩʪʚʦ ʤʦʨʱʠʥ, ʢʦʞʘ ʪʝʨʷʝʪ ʵʣʘʩʪʠʯʥʦʩʪʴ, 

ʩʥʠʞʘʝʪʩʷ ʪʦʥʫʩ ʤʳʰʮ, ʥʘʨʫʰʘʶʪʩʷ ʩʣʫʭ ʠ ʟʨʝʥʠʝ, 

ʘ ʪʘʢʞʝ, ʩʥʠʞʘʶʪʩʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʩʧʦʩʦʙʥʦ-

ʩʪʠ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʢʘʞʜʘʷ ʢʣʝʪʢʘ ʠʤʝʝʪ ʷʜʨʦ, 

ʚʥʫʪʨʠ ʢʦʪʦʨʦʡ ʥʘʭʦʜʷʪʩʷ ʭʨʦʤʦʩʦʤʳ. ʂʦʪʦʨʳʝ ʩʦ-

ʩʪʦʷʪ ʠʟ ʜʣʠʥʥʳʭ ʮʝʧʝʡ ɼʅʂ (ʜʝʟʦʢʩʠʨʠʙʦʥʫʢʣʝʠ-

ʥʦʚʦʡ ʢʠʩʣʦʪʳ), ʢʦʪʦʨʳʝ ʥʝʩʫʪ ʚ ʩʝʙʝ ʥʝʦʙʭʦʜʠʤʳʡ 

ʤʘʪʝʨʠʘʣ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʥʦʚʳʭ ʢʣʝʪʦʢ, ʧʨʝʜʥʘ-

ʟʥʘʯʝʥʥʳʭ ʜʣʷ ʨʝʩʪʘʚʨʘʮʠʠ ʩʪʘʨʳʭ ʪʢʘʥʝʡ, ʣʠʙʦ 

ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʨʦʩʪʘ ʯʝʣʦʚʝʢʘ. ɼʘʥʥʳʡ ʧʨʦʮʝʩʩ 

ʥʘʯʠʥʘʝʪʩʷ ʩ ʪʦʛʦ, ʯʪʦ ʤʦʣʝʢʫʣʘ ɼʅʂ ʦʙʨʘʟʫʝʪ 

ʩʚʦʶ ʢʦʧʠʶ ʚʥʫʪʨʠ ʢʣʝʪʢʠ (ʧʦ ʪʠʧʫ ʘʤʧʣʠʬʠʢʘ-

ʮʠʠ). ʇʦʩʣʝ ʦʙʨʘʟʦʚʘʥʠʷ ʢʦʧʠʠ ʩʦʟʜʘʶʪʩʷ ʜʚʘ 

ʥʘʙʦʨʘ ʭʨʦʤʦʩʦʤ, ʢʦʪʦʨʳʝ ʨʘʩʭʦʜʷʪʩʷ ʢ ʧʨʦʪʠʚʦʧʦ-

ʣʦʞʥʳʤ ʢʨʘʷʤ ʢʣʝʪʢʠ ʧʦ ʪʠʧʫ ʤʝʭʘʥʠʟʤʘ ʜʝʣʝʥʠʷ 

ʢʣʝʪʦʢ (ʤʝʡʦʪʠʯʝʩʢʦʛʦ). ʂʣʝʪʢʘ ʤʝʜʣʝʥʥʦ ʦʪʭʦʜʠʪ 

ʚ ʩʪʦʨʦʥʳ ʠ ʜʝʣʠʪʴʩʷ ʥʘ ʜʚʝ ʦʪʜʝʣʴʥʳʝ ʢʣʝʪʢʠ, ʢʘʢ 

ʧʨʘʚʠʣʦ ʢʘʞʜʘʷ ʩ ʦʪʜʝʣʴʥʳʤ ʥʘʙʦʨʦʤ ʭʨʦʤʦʩʦʤ. 

ɼʘʣʝʝ ʵʪʦʪ ʧʨʦʮʝʩʩ ʧʦʚʪʦʨʷʝʪʩʷ ʚ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ 

ʧʨʦʛʨʝʩʩʠʠ. ʕʪʦʪ ʧʨʦʮʝʩʩ ʭʚʘʪʘʝʪ ʪʦʣʴʢʦ ʜʣʷ ʟʘʤʝ-

ʱʝʥʠʷ ʪʝʭ ʢʣʝʪʦʢ, ʢʦʪʦʨʳʝ ʚʨʝʤʷ ʦʪ ʚʨʝʤʝʥʠ ʦʪʤʠ-

ʨʘʶʪ, ʣʠʙʦ ʜʣʷ ʟʘʤʝʱʝʥʠʷ ʧʦʚʨʝʞʜʝʥʥʳʭ. ʀʥʳʤʠ 

ʩʣʦʚʘʤʠ ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʜʝʣʝʥʠʷ 

ʢʣʝʪʦʢ ʧʦʩʣʝ ʩʦʪʥʠ ʜʝʣʝʥʠʡ, ʠʟʙʳʪʦʯʥʳʝ ʢʦʥʮʳ ʪʝ-

ʣʦʤʝʨʘ ʮʝʧʠ ɼʅʂ ʩʪʘʥʦʚʷʪʩʷ ʚʩʸ ʢʦʨʦʯʝ ʠ ʢʦʨʦʯʝ, 

ʥʘʩʪʦʣʴʢʦ ʢʦʨʦʪʢʠʤʠ, ʯʪʦ ʧʦʣʥʦʩʪʴʶ ʠʩʯʝʟʘʶʪ. 

ʄʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʪʝʨʷʝʪʩʷ ʢʘʯʝʩʪʚʦ ʢʣʝʪʦʢ ʚʦʣʦʩ: 

ʧʨʦʠʩʭʦʜʷʪ ʠʟʤʝʥʝʥʠʷ ʮʚʝʪʘ ʠ ʪʝʢʩʪʫʨʳ, ʩʥʠʞʘʝʪʩʷ 

ʠʭ ʢʦʣʠʯʝʩʪʚʦ.  

ɹʝʩʩʧʦʨʥʦ, ʯʪʦ ʛʝʥʝʪʠʯʝʩʢʠʡ ʬʘʢʪʦʨ ʠʛʨʘʝʪ 

ʦʯʝʥʴ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʜʘʥʥʦʤ ʧʨʦʮʝʩʩʝ, ʦʜʥʘʢʦ ʥʝ 

ʩʣʝʜʫʝʪ ʩʙʨʘʩʳʚʘʪʴ ʩʦ ʩʯʝʪʦʚ ʠ ʬʘʢʪʦʨ ʛʠʧʦʢʩʠʠ 

ʢʦʞʠ, ʘ ʪʘʢʞʝ ʠ ʝʝ ʧʦʩʣʝʜʩʪʚʠʡ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ 

ʠ ʬʘʢʪʦʨ ʥʝʟʥʘʯʠʪʝʣʴʥʦʛʦ ʥʘʨʫʰʝʥʠʷ ʢʨʦʚʦʦʙʨʘ-

ʱʝʥʠʷ ʢʦʞʠ ʣʠʮʘ ʠ ʜʨʫʛʠʝ ʦʙʲʝʢʪʠʚʥʳʝ ʧʨʠʯʠʥʳ, 

ʦʪʨʠʮʘʪʝʣʴʥʦ ʚʣʠʷʶʱʠʝ ʥʘ ʜʘʥʥʳʡ ʧʨʦʮʝʩʩ. 

ʇʨʝʜʣʦʞʝʥʥʘʷ ʥʘʤʠ ʩʝʨʠʷ ʢʦʩʤʝʪʦʣʦʛʠʯʝʩʢʠʭ 

ʩʨʝʜʩʪʚ ʧʦʤʦʛʘʝʪ ʨʝʛʝʥʝʨʘʮʠʠ, ʢʦʞʘ ʩʪʘʥʦʚʠʪʴʩʷ 

ʵʣʘʩʪʠʯʥʦʡ, ʤʦʞʝʪ ʙʳʪʴ ʨʝʢʦʤʝʥʜʦʚʘʥʘ ʜʣʷ ʚʢʣʶ-

ʯʝʥʠʷ ʚ ʨʘʟʣʠʯʥʳʝ ʪʝʨʘʧʠʠ ʜʣʷ ʧʘʮʠʝʥʪʦʚ.  

ɺ ʥʘʩʪʦʷʱʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʨʠʚʦʜʷʪʩʷ ʵʢʩʧʝ-

ʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʧʨʠʤʝʥʝʥʠʷ ʬʠʪʦʢʦʤʧʦʥʝʥ-

ʪʦʚ ʚ ʣʝʯʝʙʥʦ-ʢʦʩʤʝʪʦʣʦʛʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚʘʭ ʢʘʢ ʘʢ-

ʪʠʚʥʳʝ ʢʦʤʧʦʥʝʥʪʳ, ʧʨʠʤʝʥʷʝʤʳʝ ʚ ʫʜʦʙʥʳʭ ʬʦʨ-

ʤʘʭ ʣʝʯʝʙʥʦʡ ʢʦʩʤʝʪʠʢʠ. 

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʠʣʦʩʴ ʨʘʟʨʘʙʦʪʢʘ 

ʥʦʚʳʭ ʬʦʨʤ ʢʦʩʤʝʪʦʣʦʛʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʥʘ ʦʩʥʦʚʝ 

ʧʦʣʫʯʝʥʥʳʭ ʤʘʩʣʷʥʳʭ, ʚʦʜʥʦ-ʩʧʠʨʪʦʚʳʭ ʠ ʚʦʜʥʳʭ 

ʵʢʩʪʨʘʢʪʦʚ ʨʘʩʪʠʪʝʣʴʥʦʛʦ, ʤʠʥʝʨʘʣʴʥʦʛʦ ʠ ʞʠʚʦʪ-

ʥʦʛʦ ʩʳʨʴʷ, ʠ ʠʟʫʯʝʥʠʝ ʠʭ ʪʝʨʘʧʝʚʪʠʯʝʩʢʦʡ ʘʢʪʠʚ-

ʥʦʩʪʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ. ɸʥʘʣʠʟ ʧʨʦʚʝʜʝʥ-

ʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʘʩʩʦʨʪʠʤʝʥʪʘ ʠʥʪʝʨʥʝʪ-ʘʧʪʝʢ, 

ʚʳʷʚʠʣ, ʯʪʦ ʥʦʤʝʥʢʣʘʪʫʨʘ ʠ ʘʩʩʦʨʪʠʤʝʥʪ ʰʠʨʦʢʦ 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʣʝʯʝʙʥʦ-ʢʦʩʤʝʪʦʣʦʛʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ 

ʩ ʥʘʪʠʚʥʳʤʠ ʵʢʩʪʨʘʢʪʘʤʠ ʚʝʩʴʤʘ ʨʘʟʥʦʦʙʨʘʟʝʥ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʦʩʥʦʚʥʳʝ ʣʝʯʝʙʥʦ-ʢʦʩʤʝʪʦʣʦʛʠ-

ʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʣʦʩʴʦʥʳ, ʤʳʣʘ, 

ʤʘʩʢʠ, ʩʢʨʘʙʳ, ʢʨʝʤʳ ʢʦʩʤʝʪʦʣʦʛʠʯʝʩʢʠʝ; ʜʝʟʦʜʦ-

ʨʠʨʫʶʱʠʝ ʢʦʩʤʝʪʦʣʦʛʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ; ʢʦʩʤʝʪʦ-

ʣʦʛʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ ʧʝʥʦʤʦʶʱʝʛʦ ʥʘʟʥʘʯʝʥʠʷ: 

ʰʘʤʧʫʥʳ, ʛʝʣʠ, ʧʝʥʳ ʧʦʩʣʝʜʫʶʱʝʛʦ ʫʭʦʜʘ ʟʘ ʚʦʣʦ-

ʩʘʤʠ, ʙʘʣʴʟʘʤʳ, ʦʧʦʣʘʩʢʠʚʘʪʝʣʠ, ʧʘʨʬʶʤʝʨʥʳʝ 

ʩʨʝʜʩʪʚʘ, ʜʝʢʦʨʘʪʠʚʥʘʷ ʢʦʩʤʝʪʠʢʘ; ʢʦʩʤʝʪʦʣʦʛʠʯʝ-

ʩʢʠʝ ʩʨʝʜʩʪʚʘ ʧʦ ʫʭʦʜʫ ʟʘ ʧʦʣʦʩʪʴʶ ʨʪʘ ʠ ʟʫʙʘʤʠ; 

ʢʦʩʤʝʪʦʣʦʛʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ ʜʝʢʦʨʘʪʠʚʥʦʛʦ ʥʘʟʥʘ-

ʯʝʥʠʷ ʧʦ ʫʭʦʜʫ ʟʘ ʢʦʞʝʡ; ʟʘ ʚʦʣʦʩʘʤʠ; ʟʘ ʥʦʛʪʷʤʠ 

(13). 

ʋʯʠʪʳʚʘʷ ʚʳʩʦʢʫʶ ʧʦʪʨʝʙʥʦʩʪʴ ʥʘʩʝʣʝʥʠʷ ʚ 

ʪʝʭ ʠʣʠ ʠʥʳʭ ʣʝʯʝʙʥʦ-ʢʦʩʤʝʪʦʣʦʛʠʯʝʩʢʠʭ ʩʨʝʜ-

ʩʪʚʘʭ, ʥʘʤʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʙʳʣ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ 

ʧʨʝʜʣʦʞʝʥʠʡ, ʟʘʨʫʙʝʞʥʳʭ, ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʧʨʦʠʟ-

ʚʦʜʠʪʝʣʝʡ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʠʭ ʦʬʠʮʠʘʣʴʥʳʭ 

ʩʘʡʪʘʭ (3). 
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ʇʘʨʘʣʣʝʣʴʥʦ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʘ-

ʩʘʪʝʣʴʥʦ ʣʠʪʝʨʘʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʠʷ ʨʘʟʣʠʯ-

ʥʳʭ ʵʢʩʪʨʘʢʪʦʚ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ 

ʠʟʚʝʩʪʥʳʤʠ ʨʘʩʪʚʦʨʠʪʝʣʷʤʠ ʠ ʠʭ ʢʦʤʙʠʥʘʮʠʷʤʠ 

(11). ɿʘʪʝʤ ʥʘʤʠ ʙʳʣʠ ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥʳ ʢʦʩʤʝʪʦ-

ʣʦʛʠʯʝʩʢʠʝ ʣʝʢʘʨʩʪʚʝʥʥʳʝ ʬʦʨʤʳ ʐʚʝʡʮʘʨʩʢʦʡ 

ʢʦʤʧʘʥʠʠ çVivasanè, ʧʦʣʴʟʫʶʱʠʝʩʷ ʥʘʠʙʦʣʴʰʝʡ 

ʧʦʧʫʣʷʨʥʦʩʪʴʶ ʥʘ ʘʟʝʨʙʘʡʜʞʘʥʩʢʦʤ ʢʦʩʤʝʪʦʣʦʛʠ-

ʯʝʩʢʦʤ ʨʳʥʢʝ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʪʘʙʣʠʮʝ 1. 

ʊʘʙʣʠʮʘ 1. 

ˉ ʅʘʠʤʝʥʦʚʘʥʠʝ ʧʨʦʜʫʢʪʘ ɺʠʜ ʵʢʩʪʨʘʢʪʘ 

ɸʨʦʤʘʪʠʯʝʩʢʠʝ ʤʘʩʣʘ 

1.  ʄʘʩʣʦ "ʃʀʄʆʅ" ʌʠʪʦʵʢʩʪʨʘʢʪ ʣʠʤʦʥʘ 

2.  ʄʘʩʣʦ "ɸʇɽʃʔʉʀʅ" ʌʠʪʦʵʢʩʪʨʘʢʪ ʘʧʝʣʩʠʥʘ 

3.  ʄʘʩʣʦ "ʃɸɺɸʅɼɸ" ʌʠʪʦʵʢʩʪʨʘʢʪ ʣʘʚʘʥʜʘ 

4.  ʄʘʩʣʦ "ʄʗʊɸ ʇɽʈɽʏʅɸʗ"  ʌʠʪʦʵʢʩʪʨʘʢʪ ʤʷʪʘ ʧʝʨʝʯʥʘʷ 

5.  ʄʘʩʣʦ "ʈʆɿʄɸʈʀʅ" ʌʠʪʦʵʢʩʪʨʘʢʪ ʨʦʟʤʘʨʠʥʘ 

6.  ʄʘʩʣʦ "ʊʀʄʔʗʅ" ʌʠʪʦʵʢʩʪʨʘʢʪ ʪʠʤʴʷʥʘ 

7.  ʄʘʩʣʦ ʠʟ ʪʨʘʚ ˉ 31 ʂʦʤʧʣʝʢʩ ʬʠʪʦʵʢʩʪʨʘʢʪ 

8.  ʄʘʩʣʦ "ʕɺʂɸʃʀʇʊ" ʌʠʪʦʵʢʩʪʨʘʢʪ ʵʚʢʘʣʠʧʪ 

9.  "ʆʡʢʘʩʦʣ" ʂʦʤʧʣʝʢʩ ʬʠʪʦʵʢʩʪʨʘʢʪ 

10.  ʄʘʩʣʦ ɹʘʟʠʣʠʢ ʩʣʘʜʢʠʡ ʌʠʪʦʵʢʩʪʨʘʢʪ ʙʘʟʠʣʠʢʘ 

11.  ʄʘʩʣʦ ʌʝʥʭʝʣʴ ʌʠʪʦʵʢʩʪʨʘʢʪ ʬʝʥʭʝʣʷ 

12.  ʄʘʩʣʦ ɻʝʨʘʥʴ ʌʠʪʦʵʢʩʪʨʘʢʪ ʛʝʨʘʥʠ 

13.  ʄʘʩʣʦ ʄʝʣʠʩʩʘ ʣʠʤʦʥʥʘʷ ʌʠʪʦʵʢʩʪʨʘʢʪ ʤʝʣʠʩʩʘ ʣʠʤʦʥʥʘʷ 

14.  ʄʘʩʣʦ ʐʘʣʬʝʡ ʤʫʩʢʘʪʥʳʡ ʌʠʪʦʵʢʩʪʨʘʢʪ ʰʘʣʬʝʡ ʤʫʩʢʘʪʘ  

15.  ʄʘʩʣʦ ʇʘʯʫʣʠ ʌʠʪʦʵʢʩʪʨʘʢʪ ʧʘʯʫʣʠ 

16.  ʄʘʩʣʦ ʄʦʞʞʝʚʝʣʴʥʠʢ ʌʠʪʦʵʢʩʪʨʘʢʪ ʤʦʞʞʝʚʝʣʴʥʠʢʘ 

17.  ʄʘʩʣʦ ʀʣʘʥʛ-ʀʣʘʥʛ ʌʠʪʦʵʢʩʪʨʘʢʪ ʠʣʘʥʛ-ʠʣʘʥʛʘ 

18.  ʄʘʩʣʦ ɾʘʩʤʠʥ ʌʠʪʦʵʢʩʪʨʘʢʪ ʞʘʩʤʠʥʘ 

19.  ʄʘʩʣʦ ɾʦʞʦʙʘ ʌʠʪʦʵʢʩʪʨʘʢʪ ʞʦʞʦʙʘ 

20.  ʄʘʩʣʦ ɸʚʦʢʘʜʦ ʌʠʪʦʵʢʩʪʨʘʢʪ ʘʚʦʢʘʜʦ 

ʉʝʨʠʷ ʢʨʝʤʘ 

21.  VJ ʆʯʠʱʘʶʱʠʡ ʛʝʣʴ  

22.  VJ ʇʠʣʠʥʛ  

23.  VJ ʊʦʥʠʢ  

24.  VJ ʄʘʩʢʘ  

25.  VJ ɼʥʝʚʥʦʡ ʢʨʝʤ  

26.  VJ ʅʦʯʥʦʡ ʢʨʝʤ  

27.  VJ ɸʤʧʫʣʳ  

28.  VJ ɻʝʣʴ ʜʣʷ ʚʝʢ  

ʉʝʨʠʷ ʜʣʷ ʚʘʥʥ ʠ ʜʫʰʘ 

29.  ʕʩʩʝʥʮʠʷ çʊʠʤʴʷʥè ʕʢʩʪʨʘʢʪ ʪʠʤʴʷʥʘ 

30.  ʕʩʩʝʥʮʠʷ çʄʝʣʠʩʩʘè ʕʢʩʪʨʘʢʪ ʤʝʣʠʩʩʘ 

ʉʝʨʠʷ ʉʘʥ ɸʢʪʠʚ 

31.  ʂʨʝʤ çʉʘʥ-ɸʢʪʠʚè  

32.  ʉʦʣʴ ʜʣʷ ʚʘʥʥ çʉʘʥ-ɸʢʪʠʚè  

33.  ʐʘʤʧʫʥʴ çʉʘʥ-ɸʢʪʠʚè  

ʉʝʨʠʷ ʜʣʷ ʥʦʛ 

34.  ʂʨʝʤ ʜʣʷ ʥʦʛ  

35.  ʉʦʣʴ ʜʣʷ ʥʦʞʥʳʭ ʚʘʥʥ  

36.  ɹʘʣʴʟʘʤ ʜʣʷ ʥʦʛ  

ʃʝʯʝʙʥʳʝ ʢʨʝʤʳ 

37.  ʂʨʝʤ çʂʘʣʝʥʜʫʣʘè ʕʢʩʪʨʘʢʪ ʢʘʣʝʥʜʫʣʳ 

38.  ʂʨʝʤ çʄʦʞʞʝʚʝʣʦʚʳʡè ʕʢʩʪʨʘʢʪ ʤʦʞʞʝʚʝʣʴʥʠʢʘ 

39.  ʂʨʝʤ çʊʠʤʴʷʥè ʕʢʩʪʨʘʢʪ ʪʠʤʴʷʥʘ 

40.  ʂʨʝʤ ʜʣʷ ʨʫʢ  

41.  ɻʝʣʴ çɹʦʜʠʬʨʝʰè  

42.  ʂʨʝʤ ʣʘʚʘʥʜʦʚʳʡ ʕʢʩʪʨʘʢʪ ʣʘʚʘʥʜʳ 

43.  ʅʘʙʦʨ ʢʨʝʤʦʚ  

ʇʦ ʫʭʦʜʫ ʟʘ ʪʝʣʦʤ 

44.  ʌʫʥʢʮʠʦʥʘʣʴʥʦʝ ʤʘʩʣʦ ʜʣʷ ʢʦʞʠ  

45.  ɻʝʣʴ ʧʦʩʣʝ ʙʨʠʪʴʷ  

46.  ʄʠʥʜʘʣʴʥʦʝ ʦʯʠʱʘʶʱʝʝ ʤʦʣʦʯʢʦ   
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47.  ɼʝʟʦʜʦʨʘʥʪ ɼʝʦ-ʧʣʶʩ  

48.  ɻʝʣʴ çɼɽʆ ʀʅʊʀʄè  

ʇʦ ʫʭʦʜʫ ʟʘ ʚʦʣʦʩʘʤʠ 

49.  ʐʘʤʧʫʥʴ ʜʣʷ ʩʫʭʠʭ ʚʦʣʦʩ  

50.  ʐʘʤʧʫʥʴ ʦʪ ʧʝʨʭʦʪʠ  

51.  ɹʘʣʴʟʘʤ ʜʣʷ ʚʦʣʦʩ  

52.  ɸʤʧʫʣʳ ʜʣʷ ʚʦʣʦʩ  

ɸʥʪʠʮʝʣʣʶʣʠʪʥʘʷ ʣʠʥʠʷ 

53.  ʌʀʊʆɻɽʃʔ ʘʥʪʠʮʝʣʣʶʣʠʪʥʳʡ  

54.  ʌʀʊʆ ɸʄʇʋʃʓ ʘʥʪʠʮʝʣʣʶʣʠʪʥʳʝ  

55.  ʌʀʊʆ ʂʈɽʄ ʜʣʷ ʙʶʩʪʘ  

56.    

 

ʅʘ ʢʘʬʝʜʨʝ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ ʠ 

ʫʧʨʘʚʣʝʥʠʷ ʬʘʨʤʘʮʠʠ ʚ ɸʟʝʨʙʘʡʜʞʘʥʩʢʦʛʦ ʄʝʜʠ-

ʮʠʥʩʢʦʛʦ ʋʥʠʚʝʨʩʠʪʝʪʘ ʚʝʜʫʪʩʷ ʥʘʫʯʥʳʝ ʠʩʩʣʝʜʦ-

ʚʘʥʠʷ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʠ ʧʘʨʘʬʘʨʤʘ-

ʮʝʚʪʠʯʝʩʢʠʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʢʦʩʤʝʪʦʣʦʛʠʯʝʩʢʠʭ 

ʬʦʨʤ. 

ʈʘʟʨʘʙʦʪʘʥʳ ʨʷʜ ʣʝʯʝʙʥʦ-ʢʦʩʤʝʪʦʣʦʛʠʯʝʩʢʠʭ 

ʩʨʝʜʩʪʚ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʤʘʛʠʩʪʝʨʩʢʠʭ ʠ 

ʢʘʥʜʠʜʘʪʩʢʠʭ ʜʠʩʩʝʨʪʘʮʠʷʭ (2007; 2010; 2016; 

2017; 2018; 2019) ʥʘ ʢʦʪʦʨʳʝ ʫʪʚʝʨʞʜʝʥʳ ʥʦʨʤʘ-

ʪʠʚʥʦ-ʧʨʘʚʦʚʳʝ ʜʦʢʫʤʝʥʪʳ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʢ ʧʨʦ-

ʠʟʚʦʜʩʪʚʫ ʣʝʯʝʙʥʦ-ʢʦʩʤʝʪʦʣʦʛʠʯʝʩʢʠʝ ʢʨʝʤʘ ʥʘ ʦʩ-

ʥʦʚʝ ʩʦʣʦʜʢʠ ʛʦʣʦʡ, ʛʝʣʴ-ʢʦʣʣʦʠʜʥʘʷ ʢʦʤʧʦʟʠʮʠʷ 

ʥʘ ʦʩʥʦʚʝ ʭʠʪʦʟʘʥʘ, ʷʥʪʘʨʥʦʡ ʢʠʩʣʦʪʳ ʠ ʛʣʠʮʠʨʘʤʘ 

ʩ ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ, ʣʝʯʝʙʥʳʝ 

ʰʘʤʧʫʥʠ ʥʘ ʦʩʥʦʚʝ ʩʫʭʦʛʦ ʵʢʩʪʨʘʢʪʘ ʩʦʣʦʜʢʠ; ʣʝ-

ʯʝʙʥʳʡ ʢʨʝʤ ʥʘ ʦʩʥʦʚʝ ʛʣʠʮʠʨʨʠʟʠʥʦʚʦʡ ʢʠʩʣʦʪʳ; 

ʣʝʯʝʙʥʦ-ʢʦʩʤʝʪʦʣʦʛʠʯʝʩʢʠʡ ʢʨʝʤ ʥʘ ʦʩʥʦʚʝ ʧʨʦ-

ʤʳʰʣʝʥʥʳʭ ʦʪʭʦʜʦʚ ʚʠʥʦʛʨʘʜʘ, ʧʨʠʨʦʜʥʳʝ ʢʨʘʩʠ-

ʪʝʣʠ ʜʣʷ ʚʦʣʦʩ ʠ ʩʨʝʜʩʪʚʘ ʫʢʨʝʧʣʝʥʠʷ ʚʦʣʦʩ, ʩʫʭʠʝ 

ʜʫʭʠ, ʘʨʦʤʘʪʠʟʘʪʦʨʳ, ʛʫʙʥʳʝ ʧʦʤʘʜʳ, ʢʦʪʦʨʳʝ ʟʘ-

ʚʦʝʚʘʣʠ ʘʚʪʦʨʠʪʝʪ ʩʨʝʜʠ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʢʦʩʤʝʪʦ-

ʣʦʛʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ.  

ɺʧʝʨʚʳʝ ʥʘ ʦʩʥʦʚʝ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʨʘʩʪʝʥʠʡ: 

ʩʦʣʦʜʢʘ ʛʦʣʘʷ, ʩʦʬʦʨʘ ʷʧʦʥʩʢʘʷ, ʢʘʣʝʥʜʫʣʘ ʣʝʢʘʨ-

ʩʪʚʝʥʥʘʷ ʠ ʢʣʝʚʝʨ ʣʫʛʦʚʦʡ ʦʧʪʠʤʘʣʴʥʳʤʠ ʪʝʭʥʦʣʦ-

ʛʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʧʦʣʫʯʝʥʳ ʬʠʪʦʵʢʩʪʨʘʢʪʳ ʥʘ 

ʦʩʥʦʚʝ ʢʦʪʦʨʳʡ ʨʘʟʨʘʙʦʪʘʥʘ ʛʝʣʴ çɻʣʠʩʦʪʨʠʢʘʣè ʩ 

ʨʘʥʦʟʘʞʠʚʣʷʶʱʠʤ ʠ ʜʝʡʩʪʚʠʝʤ ʧʨʦʪʠʚʦʦʞʦʛʦʚʳʤ 

ʜʣʷ ʣʝʯʝʥʠʷ ʢʦʞʥʳʡ ʟʘʙʦʣʝʚʘʥʠʡ (ʇʘʪʝʥʪ ɸɿˉ ʘ 

20080067). ʉʦʩʪʘʚ ʛʝʣʴ çɻʣʠʩʦʪʨʠʢʘʣèʘ ʧʨʝʜʧʦʣʘ-

ʛʘʝʪ I ï III  ʢʦʤʧʦʟʠʮʠʡ (ʪʘʙʣʠʮʘ 2). 

ʊʘʙʣʠʮʘ 2. 

ɻʝʣʝʚʳʡ ʩʦʩʪʘʚ çɻʣʠʩʦʪʨʠʢʘʣèʘ ʧʦ ʢʦʤʧʦʟʠʮʠʠ 

ʂʦʤʧʦʥʝʥʪʳ  I ï ʢʦʤʧʦʟʠʮʠʷ, ʛʨ. II  ï ʢʦʤʧʦʟʠʮʠʷ, ʛʨ. III  ï ʢʦʤʧʦʟʠʮʠʷ, ʛʨ. 

ʉʫʤʤʘ ɹɸɺ 3,0 3,0 3,0 

ʕʢʩʪʨʘʢʪ ʧʨʦʧʦʣʠʩʘ  1,0 1,0 1,0 

ʍʠʪʦʟʘʥ 5,0 5,0 5,0 

ʎʠʥʢ ʦʢʩʠʜ 0,5 0,5 0,5 

ɻʣʶʪʘʤʠʥʦʚʘʷ ʢʠʩʣʦʪʘ 2,0 2,0 2,0 

ʉʦʨʙʠʪ 3,0 3,0 3,0 

ʇʕɻ-400 3,0 - - 

ʕʪʠʣʦʚʳʝ ʩʧʠʨʪ 70% 0,5 0,5 0,5 

ɻʣʠʮʝʨʠʥ  - 3,0 - 

ʊʚʠʥ-80 - - 3,0 

ʕʬʠʨʥʦʝ ʤʘʩʣʦ ʣʘʚʘʥʜʝ 0,25 0,25 0,25 

ʅʠʧʘʛʠʥ  0,0825 0,0825 0,0825 

ʅʠʧʘʟʦʣ  0,0225 0,0825 0,0825 

ɺʦʜʘ ʦʯʠʱʝʥʥʘʷ 81,0 81,0 81,0 

 

ʆʧʨʝʜʝʣʝʥ ʦʧʪʠʤʘʣʴʥʦʡ ʩʦʩʪʘʚ ʛʝʣʝʚʳʡ ʢʦʤ-

ʧʦʟʠʮʠʠ ï III. ɺʳʷʚʣʝʥʳ ʥʝʢʦʪʦʨʳʝ ʪʝʭʥʦʣʦʛʠʯʝ-

ʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʛʝʣʷ: ʨʅ ï 5,5-6,0, ʪʝʤʧʝʨʘʪʫʨʘ ʢʘʧ-

ʣʝʧʘʜʝʥʠʷ ï 75,0°1,070 ʉ; ʜʠʥʘʤʠʯʝʩʢʠʝ ʚʷʟʢʦʩʪʴ 

890°3,37 ʩʇ3: ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ 

ʠʥʪʘʢʪʥʳʭ ʢʨʦʣʠʢʘʭ ʠ ʤʦʜʝʣʷʭ. ʉʨʘʚʥʠʪʝʣʴʥʳʝ 

ʪʝʨʤʠʯʝʩʢʠʭ ʠ ʭʠʤʠʯʝʩʢʠʭ ʦʞʦʛʦʚ ʚʳʷʚʠʣʠ, ʯʪʦ 

ʧʨʠʤʝʥʝʥʠʝ ʛʝʣʠ çGlysotricalèa ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʩʢʦ-

ʨʝʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʟʘʞʠʚʣʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚ ʪʝ-

ʯʝʥʠʝ ʩʫʪʦʢ 24,2°0,11 ʠ 19,2°0,1 (ʨ<0,01). ʊʘʢʠʤ 

ʦʙʨʘʟʘʤ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʢʘʢ ʥʦʚʘʷ ʬʦʨʤʘ ʣʝʯʝʙʥʦ-

ʢʦʩʤʝʪʦʣʦʛʠʯʝʩʢʦʛʦ ʩʨʝʜʩʪʚʘ ʚ ʬʦʨʤʝ ʛʝʣʠ, ʚʧʦʣʥʝ 

ʧʨʠʛʦʜʥʘ ʜʣʷ ʰʠʨʦʢʦ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜ-

ʩʪʚʘ. 

ʅʘʤʠ ʜʣʷ ʧʨʦʬʠʣʘʢʪʠʢʠ ʠ ʣʝʯʝʥʠʷ ʪʷʞʝʣʦʛʦ 

ʢʦʞʥʦʛʦ ʭʨʦʥʠʯʝʩʢʦʛʦ ʠʥʬʝʢʮʠʦʥʥʦʛʦ ʟʘʙʦʣʝʚʘ-

ʥʠʷ ʧʩʦʨʠʘʟʘ ʨʘʟʨʘʙʦʪʘʥʘ ʚ ʬʦʨʤʝ ʣʝʯʝʙʥʦʛʦ 

ʥʘʨʫʞʥʦʛʦ ʩʨʝʜʩʪʚʘ ʤʘʟʴ ʩʦʩʪʦʷʱʘʷ ʠʟ ʛʫʩʪʦʛʦ ʵʢʩ-

ʪʨʘʢʪʘ ʩʦʣʦʜʢʠ, ʰʨʦʪʘ ʩʦʣʦʜʢʠ, ʤʘʩʣʘ ʯʘʡʥʦʛʦ ʜʝ-

ʨʝʚʘ, ʜʝʛʪʷ ʙʝʨʝʟʦʚʦʛʦ, ʩʘʣʠʮʠʣʦʚʦʡ ʢʠʩʣʦʪʳ, 

ʥʘʩʪʦʡʢʠ ʡʦʜʘ, ʥʘʬʪʘʣʘʥʘ ʙʝʣʦʛʦ ʦʯʠʱʝʥʥʦʛʦ ʦʙʣʘ-

ʜʘʶʱʘʷ ʚʳʩʦʢʦʡ ʨʝʛʝʥʝʨʠʨʫʶʱʝʡ ʘʢʪʠʚʥʦʩʪʴʶ, 

ʨʘʟʛʣʘʞʠʚʘʝʪ ʢʦʞʥʳʝ ʧʦʢʨʦʚʳ, ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʟʘ-

ʞʠʚʣʝʥʠʶ. ɼʘʥʥʘʷ ʣʝʯʝʙʥʘʷ ʤʘʟʴ ʙʳʣʘ ʘʧʨʦʙʠʨʦ-

ʚʘʥʘ ʥʘ ʜʦʙʨʦʚʦʣʴʮʘʭ ʙʦʣʴʥʳʭ ʧʩʦʨʠʘʟʦʤ ʨʘʟʥʦʡ 

ʩʪʝʧʝʥʠ ʪʷʞʝʩʪʠ ʚ ʪʘʙʣʠʮʝ 3 ʧʨʠʚʝʜʝʥʳ. 
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ʊʘʙʣʠʮʘ 3. 

ʉʚʝʜʝʥʠʷ ʜʠʥʘʤʠʢʠ ʠʥʜʝʢʩʦʚ ʧʩʦʨʠʘʟʥʳʭ ʙʦʣʴʥʳʭ 

ʀʥʜʝʢʩʳ  ʂʦʥʪʨʦʣʴʥʘʷ ʛʨʫʧʧʘ ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʛʨʫʧʧʘ 

ɼʦ ʣʝʯʝʥʠʷ ʇʦʩʣʝ ʣʝʯʝʥʠʷ ɼʦ ʣʝʯʝʥʠʷ ʇʦʩʣʝ ʣʝʯʝʥʠʷ 

I  

PASI 

 

14,6 

 

3,6 

 

14,8 

 

2,0 

II  

DLQI 

 

26,7 

 

8,3 

 

25,9 

 

6,6 

 

ɺʩʝ ʙʦʣʴʥʳʝ ʧʩʦʨʠʘʟʦʤ, ʧʦʤʠʤʦ ʣʝʯʝʙʥʦʡ 

ʤʘʟʠ, ʧʦʣʫʯʘʣʠ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʚʠʪʘʤʠʥʦʪʝʨʘʧʠʶ 

ʠ ʩʝʜʘʪʠʚʥʳʝ ʧʨʝʧʘʨʘʪʳ. ɺʨʝʤʷ ʣʝʯʝʥʠʷ ʩʦʩʪʘʚʠʣʦ 

ʦʪ 3 ʥʝʜʝʣʴ ʜʦ 1,5 ʤʝʩʷʮʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʨʘʙʦ-

ʪʘʥʥʳʡ ʥʘʤʠ ʧʨʝʧʘʨʘʪ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʧʨʦʪʠʚʦ-

ʚʦʩʧʘʣʠʪʝʣʴʥʳʡ ʘʢʪʠʚʥʦʩʪʴʶ.  

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʧʨʦʙʣʝʤʘ ʣʝʯʝʥʠʷ ʚʳʧʘʜʝʥʠʠ 

ʚʦʣʦʩ ʦʯʝʥʴ ʩʣʦʞʥʘʷ, ʪʘʢ ʢʘʢ ʧʨʠʯʠʥ, ʚʳʟʳʚʘʶʱʠʭ 

ʦʙʣʳʩʝʥʠʷ ʦʯʝʥʴ ʤʥʦʛʦ. ʅʘʤʠ ʜʣʷ ʣʝʯʝʥʠʷ ʞʝʥ-

ʩʢʦʛʦ ʦʙʣʳʩʝʥʠʷ, ʜʣʷ ʫʢʨʝʧʣʝʥʠʷ ʚʦʣʦʩ ʨʘʟʨʘʙʦ-

ʪʘʥʦ ʩʨʝʜʩʪʚʦ, ʥʘ ʦʩʥʦʚʝ ʚʦʜʥʦʛʦ ʵʢʩʪʨʘʢʪʘ ʣʝʢʘʨ-

ʩʪʚʝʥʥʳʭ ʨʘʩʪʝʥʠʡ, ʭʠʪʦʟʘʥʘ, ʩʘʣʠʮʠʣʦʚʦʡ ʢʠʩ-

ʣʦʪʳ, ʢʦʪʦʨʘʷ ʧʨʝʢʨʘʩʥʳʤ ʫʢʨʝʧʣʷʶʱʠʤ, 

ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʳʤ ʜʝʡʩʪʚʠʝʤ. ɺ ʢʘʯʝʩʪʚʝ ʣʝ-

ʢʘʨʩʪʚʝʥʥʳʭ ʨʘʩʪʝʥʠʡ ʚʳʙʨʘʥʳ ʢʦʨʘ ʜʫʙʘ, ʢʦʨʥʠ ʠ 

ʢʦʨʥʝʚʠʱʘ ʩʦʣʦʜʢʠ, ʣʠʩʪʴʷ ʰʘʣʬʝʷ. ʂʘʞʜʳʡ ʠʟ 

ʵʪʠʭ ʨʘʩʪʝʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʜʣʷ ʫʢʨʝʧʣʝʥʠʷ ʢʦʨʥʷ 

ʚʦʣʦʩ, ʥʦ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʠʭ ʚ ʚʠʜʝ ʢʦʥʮʝʥʪʨʠʨʦ-

ʚʘʥʥʦʛʦ ʵʢʩʪʨʘʢʪʘ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʭʠʪʦʟʘʥʘ ʠ ʩʘʣʠ-

ʮʠʣʦʚʦʡ ʢʠʩʣʦʪʳ ʚʧʝʨʚʳʝ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘʤʠ ( ). 

ɸʧʨʦʙʠʨʦʚʘʥʠʝ ʥʘ ʜʦʙʨʦʚʦʣʴʮʘʭ ʞʝʥʱʠʥʘʭ 

ʵʪʦʛʦ ʩʦʩʪʘʚʘ, ʧʦʟʚʦʣʠʣʦ ʟʘʢʣʶʯʠʪʴ ʦ ʧʦʣʦʞʠʪʝʣʴ-

ʥʦʤ ʵʬʬʝʢʪʝ ʣʝʯʝʙʥʦʛʦ ʩʨʝʜʩʪʚʘ: ʚ ʫʩʠʣʝʥʠʠ ʦʙ-

ʤʝʥʘ ʚʝʱʝʩʪʚ ʚ ʢʦʞʝ ʛʦʣʦʚʳ, ʫʣʫʯʰʝʥʠʠ ʢʨʦʚʦʦʙ-

ʨʘʱʝʥʠʷ, ʥʘʩʳʱʝʥʠʷ ʢʦʨʥʝʡ ʚʦʣʦʩ ʧʠʪʘʪʝʣʴʥʳʤʠ 

ʚʝʱʝʩʪʚʘʤʠ, ʫʤʝʥʴʰʝʥʠʠ ʩʫʭʦʩʪʠ ʢʦʞʠ, ʢʦʥʜʠʮʠʦ-

ʥʠʨʦʚʘʥʠʝ ʢʫʪʠʢʫʣʳ ʚʦʣʦʩ ʠ ʩʪʠʤʫʣʠʨʦʚʘʥʠʝ ʠʭ 

ʨʦʩʪʘ. 

ɼʣʷ ʦʢʨʘʰʠʚʘʥʠʷ ʚʦʣʦʩ ʧʨʝʜʩʪʘʚʣʝʥ ʩʦʩʪʘʚ ʠʟ 

ʥʘʜʟʝʤʥʦʡ ʯʘʩʪʠ ʩʦʣʦʜʢʠ ʛʦʣʦʡ, ʟʝʣʝʥʦʡ ʢʦʞʫʨʳ 

ʛʨʝʮʢʦʛʦ ʦʨʝʭʘ, ʣʠʩʪʴʝʚ ʰʘʣʬʝʷ, ʣʠʩʪʴʝʚ ʘʡʚʳ ʚ ʩʦ-

ʦʪʥʦʰʝʥʠʠ 3:3:2:2:2. ʆʧʪʠʤʘʣʴʥʦʡ ʪʝʭʥʦʣʦʛʠʝʡ ʧʦ-

ʣʫʯʝʥʠʷ ʚʦʜʥʦʛʦ ʬʠʪʦʵʢʩʪʨʘʢʪʘ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʠʭ 

ʩʛʫʱʝʥʠʝʤ ʧʦʣʫʯʝʥ ʩʦʩʪʘʚ ʧʨʠʨʦʜʥʦʛʦ ʢʨʘʩʠʪʝʣʷ 

ʦʙʣʘʜʘʶʱʝʛʦ ʪʘʢʞʝ ʫʢʨʝʧʣʷʶʱʠʤ, ʧʨʦʪʠʚʦʧʝʨʭʦʪ-

ʥʳʤ, ʥʦʨʤʘʣʠʟʠʨʫʶʱʠʤ ʞʠʨʦʚʳʝ ʞʝʣʝʟʳ, ʘ ʪʘʢʞʝ 

ʩʧʦʩʦʙʩʪʚʫʶʱʠʤ ʫʩʠʣʝʥʥʦʤʫ ʨʦʩʪʫ ʚʦʣʦʩ ( ). 

ɼʣʷ ʧʨʦʬʠʣʘʢʪʠʢʠ ʠ ʣʝʯʝʥʠʷ ʘʣʣʦʧʝʮʠʡ ʠ ʩʝ-

ʙʦʨʝʡ ʫ ʤʫʞʯʠʥ ʠ ʞʝʥʱʠʥ ʨʘʟʨʘʙʦʪʘʥ ʣʝʯʝʙʥʦ-ʢʦʩ-

ʤʝʪʦʣʦʛʠʯʝʩʢʠʡ ʰʘʤʧʫʥʴ, ʥʘ ʦʩʥʦʚʝ ʩʫʭʦʛʦ ʵʢʩ-

ʪʨʘʢʪʘ ʩʦʣʦʜʢʠ ʛʦʣʦʡ ï 0,5 ʛʨ., ʞʠʜʢʠʡ ʵʢʩʪʨʘʢʪ 

ʭʚʦʱʠ ï 2 ʤʣ, ʤʘʩʣʦ ʯʝʩʥʦʢʘ ï 0,8 ʤʣ, ʤʘʩʣʦ ʣʦʧʫʭʘ 

ï 2 ʤʣ, ʥʘʪʨʠʠ ʣʘʫʨʠʣʘ ʩʫʣʴʬʘʪʘ ï 15,0 ʛʨ., ʥʘʪʨʠʠ-

ʭʣʦʨʠʜʘ ï 2,0 ʛʨ., ʛʣʠʮʝʨʠʥ ï 5,0 ʛʨ., ʤʝʪʠʣ ʮʝʣʣʶ-

ʣʦʟʘ ï 1,0 ʛʨ., ɼ-ʧʘʥʪʝʥʦʣ ï 2,0 ʛʨ., ʣʠʤʦʥʥʘʷ ʢʠʩ-

ʣʦʪʘ ï 0,5 ʛʨ., ʩʘʣʠʮʠʣʦʚʘʷ ʢʠʩʣʦʪʘ ï 0,06 ʛʨ., ʵʬʠʨ-

ʥʦʝ ʤʘʩʣʦ ʯʘʡʥʦʝ ʜʝʨʝʚʦ ï 0,7 ʤʣ, ʛʣʠʥʘ ï 25 ʛʨ., 

ʚʦʜʘ ʦʯʠʱʝʥʥʘʷ ʦʩʪʘʣʴʥʦʝ. ʄʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʣʝʯʝʙʥʦ-ʢʦʩʤʝ-

ʪʦʣʦʛʠʯʝʩʢʠʭ ʰʘʤʧʫʥʠʷ ʦʙʣʘʜʘʝʪ ʘʥʪʠʬʫʥʛʘʣʴʥʦʝ 

ʜʝʡʩʪʚʠʷ. ʈʘʮʠʦʥʘʣʴʥʳʤʠ ʩʧʦʩʦʙʘʤʠ ʬʠʪʦʪʝʭʥʦʣʦ-

ʛʠʠ ʨʘʟʨʘʙʦʪʘʥʘ ʬʠʪʦʢʦʤʧʦʟʠʮʠʷ ʠʟ ʢʦʨʥʝʡ ʩʦ-

ʣʦʜʢʠ ʛʦʣʦʡ, ʣʠʩʪʴʝʚ ʰʘʣʴʬʝʷ ʣʝʢʘʨʩʪʚʝʥʥʦʛʦ ʠ ʯʘʷ 

ʢʠʪʘʡʩʢʦʛʦ ʠʟ ʢʦʪʦʨʦʡ ʜʚʫʭʬʘʟʥʦʡ ʵʢʩʪʨʘʢʮʠʝʡ ʧʦ-

ʣʫʯʝʥ ʣʝʯʝʙʥʦ-ʢʦʩʤʝʪʦʣʦʛʠʯʝʩʢʠʡ ʢʨʝʤ çɻʣʠʪʝʩʘè, 

ʥʘ ʢʦʪʦʨʳʡ ʨʘʟʨʘʙʦʪʘʥʳ ɺʨʝʤʝʥʥʘʷ ʌʘʨʤʘʢʦʧʝʡ-

ʥʘʷ ʩʪʘʪʴʷ ʠ ʧʦʣʫʯʝʥ ɽʚʨʘʟʠʡʩʢʠʡ ʇʘʪʝʥʪ ˉ 025061 

ʦʪ 30.10.2016 ʛ. ɺʳʷʚʣʝʥʦ ʜʦʩʪʦʚʝʨʥʘʷ ʵʬʬʝʢʪʠʚ-

ʥʦʩʪʴ ʢʨʝʤʘ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʜʝʨʤʘʪʦʣʦʛʠʯʝʩʢʠʭ ʟʘ-

ʙʦʣʝʚʘʥʠʷ (ʧʝʤʬʠʛʫʩ, ʧʩʦʨʠʘʟ) ʘ ʪʘʢʞʝ ʝʛʦ ʧʨʦʪʠ-

ʚʦʦʞʦʛʦʚʘʷ ʘʢʪʠʚʥʦʩʪʴ (ɸʚʪʦʨʝʬʝʨʘʪ ʄʘʤʤʝʜʦʚʘ 

ɸ.ʕ.). 

ʅʘ ʦʩʥʦʚʝ ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʪʭʦʜʦʚ ʚʠʥʦʛʨʘʜʘ 

ʠʟʘʙʝʣʣʘ ʨʦʟʦʚʘʷ, ʰʠʨʦʢʦ ʢʫʣʴʪʠʚʠʨʫʝʤʦʛʦ ʚ ɸʟʝʨ-

ʙʘʡʜʞʘʥʝ ʨʘʟʨʘʙʦʪʘʥ ʣʝʯʝʙʥʦ-ʢʦʩʤʝʪʦʣʦʛʠʯʝʩʢʠʡ 

ʢʨʝʤ. ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ ʠʭ ʦʪʭʦʜʦʚ: ʩʝʤʷʥ ʠ ʛʨʝʙʥʝʡ 

ʚʠʥʦʛʨʘʜʘ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʤʘʩʣʦ ʚʠʥʦʛʨʘʜʘ ʠ ʬʠʪʦ-

ʵʢʩʪʨʘʢʪ, ʥʘ ʦʩʥʦʚʝ ʵʪʦʛʦ ʮʝʥʥʦʛʦ ʩʳʨʴʷ ʩ ʜʦʧʦʣʥʠ-

ʪʝʣʴʥʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʯʝʣʠʥʦʛʦ ʚʦʩʢʘ, ʛʣʠʮʝ-

ʨʠʥʘ, ʚʠʪʘʤʠʥʘ ɽ, ʵʤʫʣʴʛʘʪʦʨʘ ˉ1, ʤʝʪʠʣʮʝʣʣʶ-

ʣʦʟʘ, ʘʨʦʤʘʪʠʟʘʪʦʨʘ ɸʂ-044, ʥʠʧʘʛʠʥʘ ʠ 

ʦʯʠʱʝʥʥʦʡ ʚʦʜʳ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʨʘʟʣʠʯʥʳʝ ʢʦʤ-

ʧʦʟʠʮʠʠ ʬʠʪʦʢʨʝʤʦʚ, ʥʘʟʚʘʥʥʳʝ ʩʝʨʠʷ çʀʟʘʙʝʣʣʘè. 

ʅʘ ʬʠʪʦʵʤʫʣʴʩʠʦʥʥʳʡ ʢʨʝʤ çʀʟʘʙʝʣʣʘè ʨʘʟʨʘʙʦ-

ʪʘʥʳ ʥʦʨʤʘʪʠʚʥʳʝ ʜʦʢʫʤʝʥʪʳ ʚ ʬʦʨʤʝ ɺʨʝʤʝʥʥʦʡ 

ʌʘʨʤʘʢʦʧʝʡʥʦʡ ʩʪʘʪʴʠ ʠ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʧʘʪʝʥʪʘ: 

Patent i 20130002 ʦʪ 23.01.2013.  

ʌʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʜʦʢʘ-

ʟʘʥʳ ʠʭ ʨʘʥʦʟʘʞʠʚʣʷʶʱʠʝ ʠ ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴ-

ʥʳʝ ʘʢʪʠʚʥʦʩʪʠ ʘ ʪʘʢʞʝ ʩʧʦʩʦʙʥʦʩʪʠ ʨʘʟʛʣʘʞʠʚʘ-

ʥʠʷ ʤʦʨʱʠʥ. 

ɼʣʷ ʨʘʩʰʠʨʝʥʠʷ ʧʦʪʨʝʙʠʪʝʣʴʩʢʦʛʦ ʩʝʢʪʦʨʘ ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʪʠʧʘʤʠ ʚʦʣʦʩ ʠ ʨʘʟʣʠʯʥʳʭ ʚʦʟʨʘʩʪʥʳʭ 

ʛʨʫʧʧ, ʨʘʩʰʠʨʝʥʠʝ ʘʩʩʦʨʪʠʤʝʥʪʘ ʩʨʝʜʩʪʚ ʧʦ ʫʭʦʜʫ 

ʟʘ ʚʦʣʦʩʘʤʠ, ʦʙʣʘʜʘʶʱʠʭ ʢʦʤʧʣʝʢʩʥʳʤ ʜʝʡʩʪʚʠʝʤ 

ʩ ʫʣʫʯʰʝʥʥʳʤʠ ʩʤʷʛʯʘʶʱʠʤʠ, ʨʝʛʝʥʝʨʠʨʫʶʱʠʤʠ, 

ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʳʤʠ ʠ ʘʥʪʠʩʝʙʦʨʝʡʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʩʦʭʨʘʥʝʥʠʠ ʠʭ ʮʝ-

ʣʝʚʳʭ ʩʚʦʡʩʪʚ ʥʘ ʦʩʥʦʚʝ ʩʦʣʦʜʢʠ ʛʦʣʦʡ ʠ ʙʝʩʮʚʝʪ-

ʥʦʡ ʭʥʳ. ʉʨʝʜʩʪʚʦ ʜʣʷ ʫʭʦʜʘ ʟʘ ʢʦʞʝʡ ʛʦʣʦʚʳ ʠ 

ʢʦʨʥʷʤʠ ʚʦʣʦʩ ʥʘ ʦʩʥʦʚʝ ʙʝʩʮʚʝʪʥʦʡ ʭʥʳ, ʟʘʧʘʨʝʥ-

ʥʦʡ ʛʦʨʷʯʠʤ ʦʪʚʘʨʦʤ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʨʘʩʪʝʥʠʡ ʥʘ 

ʦʩʥʦʚʝ ʨʦʟʤʘʨʠʥʘ, ʩʦʮʚʝʪʠʷ ʨʦʤʘʰʢʠ, ʢʨʘʧʠʚʳ, ʩʦ-

ʜʝʨʞʠʪ ʩʤʝʩʴ ʧʦʨʦʰʢʘ ʩʦʣʦʜʢʠ ʛʦʣʦʡ ʩ ʙʝʩʮʚʝʪʥʦʡ 

ʭʥʦʡ ʧʨʠ ʩʦʦʪʥʦʰʝʥʠʠ ʩʦʣʦʜʢʘ ʛʦʣʘʷ: ʭʥʘ ʙʝʩʮʚʝʪ-

ʥʘʷ 1:2 ʠ ʚ ʦʪʚʘʨ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʚʚʦʜʷʪ ʢʦʨʝʥʴ ʣʦ-

ʧʫʭʘ, ʢʦʨʝʥʴ ʠ ʢʦʨʥʝʚʠʱʝ ʩʦʣʦʜʢʠ ʛʦʣʦʡ, ʚʟʷʪʳʭ ʚ 

ʨʘʚʥʳʭ ʢʦʣʠʯʝʩʪʚʘʭ, ʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʨʝʜʩʪʚʘ 

ʜʣʷ ʩʫʭʠʭ ʚʦʣʦʩ ʜʦʙʘʚʣʷʶʪ 1-2 ʤʣ ʤʘʩʣʘ ʨʘʩʪʦ-

ʨʦʧʰʠ. 

ɺʳʚʦʜʳ: 

1. ʅʘ ʦʩʥʦʚʝ ʧʨʠʨʦʜʥʦʛʦ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳ-
ʨʴʷ ɸʟʝʨʙʘʡʜʞʘʥʘ ʩʦʚʨʝʤʝʥʥʳʤʠ ʩʧʦʩʦʙʘʤʠ ʬʠʪʦ-

ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʫʯʝʥʳ ʨʘʟʣʠʯʥʳʝ ʵʢʩʪʨʘʢʪʳ, ʜʣʷ ʢʦ-

ʪʦʨʳʭ ʧʨʦʚʝʜʝʥʳ ʠʟʫʯʝʥʠʷ ʥʦʨʤ ʢʘʯʝʩʪʚʘ ʩ ʫʪʚʝʨ-

ʞʜʝʥʠʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʥʦʨʤʘʪʠʚʥʦ-
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ʪʝʭʥʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʚ ʚʠʜʝ ʬʘʨʤʘʢʦʧʝʡʥʦʡ 

ʩʪʘʪʴʠ ʠ ʧʘʪʝʥʪʦʚ ʥʘʮʠʦʥʘʣʴʥʳʭ ʠ ɽʚʨʘʟʠʡʩʢʠʭ. 

2. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʠʪʦʵʢʩʪʨʘʢʪʦʚ ʨʘʟʨʘ-
ʙʦʪʘʥʳ ʨʷʜ ʥʦʚʳʭ ʣʝʯʝʙʥʦ-ʢʦʩʤʝʪʦʣʦʛʠʯʝʩʢʠʭ 

ʬʦʨʤ ʚ ʚʠʜʝ ʤʘʩʣʘ, ʣʦʩʴʦʥʦʚ, ʛʝʣʝʡ, ʢʨʝʤʦʚ, ʤʘʟʝʡ, 

ʰʘʤʧʫʥʝʡ, ʢʨʘʩʠʪʝʣʝʡ ʚʦʣʦʩ, ʫʢʨʝʧʠʪʝʣʝʡ ʚʦʣʦʩ, 

ʩʫʭʠʭ ʜʫʭʦʚ ʠ ʘʨʦʤʘʪʠʟʘʪʦʨʦʚ.  
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ABSTRACT  
Caffeine, chemically classified as a xanthine alkaloid, is the most commonly consumed psychostimulant in 

the world. It helps to increase concentration, improve memory and physical performance. Caffeine, having positive 

inotropic and chronotropic effects, affects the cardiovascular system and the central nervous system with stimula-

tion of motor activity. Like other chemicals, caffeine can cause an overdose. Side effects of caffeine are: tachycar-

dia, arrhythmia, insomnia, nausea, vomiting, anxiety, agitation. Caffeine is contraindicated in glaucoma, arterial 

hypertension, diabetes, insomnia, atherosclerosis.  

The proposed review is devoted to the urgent problem of modern pharmacy - to reduce the negative effects 

of caffeine, by combining it with other biologically active substances. The article gives information on possible 

combinations with biologically active substances, which neutralize the side effects of caffeine and enhance the 

overall therapeutic effect. 

Keywords: caffeine, pharmacodynamics, biologically active substances, medicines, side effects 

 

  



Sciences of Europe # 36, (2019)  9 

Abbreviations 

BP - blood pressure 

BAS - biologically active substances 

GIT - Gastrointestinal tract 

CNS - central nervous system 

 

Caffeine is a natural bio-stimulator from the group 

of methylxanthines, which is contained in more than 60 

species of plants. The most common sources of caffeine 

are tea leaves, coffee beans, cola nuts, cocoa pods, and 

coffee seeds. 

Caffeine has a multistep effect on the metabolism 

of our body, blocking adenosine receptors, stimulating 

the release of dopamine, norepinephrine and glutamate, 

helping to mobilize intracellular calcium and inhibiting 

phosphodiesterase and enhancing glycogen phosphory-

lase activity [1, 2]. 

 

Materials and methods. This conceptual review 

was carried out using a set of retrospective, perspective 

and transversal studies studying the mechanisms of in-

teraction of the analyte with various classes of biologi-

cally active substances, the potentials for potentiating 

the therapeutic effect, minimizing side effects, and the 

possibility of creating new drugs based on it. 

An electronic search was conducted in the follow-

ing specialized information databases: It-medical, Pub-

med, Medsite (medical records and e-books), 

INFORMA healthcare, Scientific Electronic Library e-

library.ru, Excerpta Medica Database (EMBASE), 

VINITI RAS, PsycINFO since its inception of these da-

tabases until July 1, 2018. 

The search included publications in any language. 

Search terms were "caffeine", "interaction", "pharma-

codynamics", "biologically active substances", 

"drugs", "side effects" in the title, annotations and key-

words. In the reference lists of all found articles, 

searches were performed to find previously unidenti-

fied literature of a given topic. 

More than 800 relevant sources were reviewed, 

and 15 potentially acceptable articles were selected and 

analyzed in detail by the results of a manual search of 

reference lists. 

 

Results and discussion. All potential effects of 

caffeine at the cellular level are determined by three 

mechanisms of action: antagonism of adenosine recep-

tors, especially in the central nervous system; mobili-

zation of intracellular calcium storage; phosphodiester-

ase inhibition. 

Consider the main aspects of the effects of caf-

feine on the central nervous system. According to most 

researchers, caffeine affects cognitive functions, stimu-

lates mental activity, activates mental and physical per-

formance, enhances attention concentration, wakeful-

ness, reduces reaction time [3, 4]. In low concentra-

tions, it stimulates locomotor activity; in high doses, 

caffeine causes an anxiogen-like effect [5]. 

For the excitation of the nervous system of the 

weak type, small doses of caffeine are enough; for a 

strong type, higher doses are necessary. Analeptic ac-

tivity and influence on the spinal cord within the frame-

work of a given problem should not be considered, 

since This effect is expressed in large doses and has 

limited use [6]. 

Caffeine in a certain range of concentrations is 

used as a coadjuvant to potentiate the analgesic effect. 

At the same time, the development of tolerance to 

caffeine, which is partial and reversible, is possible [7]. 

Based on the foregoing, caffeine is used to stimu-

late mental activity, with fatigue, migraine, and hypo-

tension. It is a component of many combined drugs. For 

example, the use of caffeine as an additive reduces the 

amount of acetaminophen by 40%, with the same ther-

apeutic effect [8]. Therefore, combinations of caffeine 

with other drugs are not only a proven way to increase 

the effectiveness of therapy, but also help to reduce the 

negative impact on the body of the entire drug as a 

whole. 

Before considering the possible options for com-

bining caffeine, we will focus on the side effects of its 

use. 

Caffeine has several effects on the cardiovascular 

system. High doses of a substance primarily induce an-

tagonism of adenosine and phosphodiesterase inhibi-

tion, which manifests itself in positive inotropic and 

chronotropic effects, and a subsequent increase in heart 

rate, and an improvement in conductivity [9, 10]. 

This causes the direct pacing effect of caffeine. 

Parallel stimulation of caffeine sodium-potassium-

ATPase increases the negative membrane potential of 

the cell, which leads to an increased risk of ventricular 

arrhythmias. Caffeine in high concentrations causes su-

praventricular and ventricular ectopic strokes, atrial fi-

brillation, this causes flutter and arrhythmia [11].ɺ 

ʨʷʜʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʢʘʟʘʥʦ ʥʘ ʪʦ, ʯʪʦ ʚʳʩʦʢʠʝ ʜʦʟʳ 

ʢʦʬʝʠʥʘ ʠ ʥʠʟʢʠʝ ʫʨʦʚʥʠ ʵʩʪʨʦʛʝʥʦʚ ʤʦʛʫʪ ʜʝʡ-

ʩʪʚʦʚʘʪʴ ʩʠʥʝʨʛʠʯʝʩʢʠ, ʦʢʘʟʳʚʘʷ ʩʦʩʫʜʦʩʫʞʠʚʘʶ-

ʱʝʝ ʜʝʡʩʪʚʠʝ ʥʘ ʢʦʨʦʥʘʨʥʳʝ ʘʨʪʝʨʠʠ. 

Caffeine therapy causes tachycardia (its peripheral 

action prevails), sometimes reflex bradycardia is possi-

ble, therefore it is advisable to combine the use of caf-

feine simultaneously with anti-hypoxic and anti-is-

chemic compounds (glycine, taurine, ginkgo biloba ex-

tract). It is necessary to include in the caffeine-

containing preparations salts of potassium and magne-

sium, the ions of which contribute to the normalization 

of the work of the myocardium. With coronary artery 

disease, myocardial infarction and stroke, the therapeu-

tic effect of caffeine is minimal. A number of studies 

have argued that regular consumption of caffeinated 

beverages reduces the risk of mortality from cardiovas-

cular diseases in elderly patients [12]. 

The effect of caffeine on blood pressure depends 

on its baseline. If we have a normal baseline blood pres-

sure, then caffeine either does not change it, or does not 

significantly increase it. If the drug is introduced on the 

background of hypotension, pressure normalizes. 

In this regard, the combination of caffeine with 

plant adaptogens, which are used for hypotension, 

seems to be promising, which allows to slightly reduce 

the dose of caffeine and, consequently, the severity of 

adverse reactions. 

Caffeine stimulates the body's metabolic pro-

cesses, increasing glycogenolysis, causing hyperglyce-
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mia (these effects are negative for people with diabe-

tes). At the same time, plant adaptogens enhance gly-

colysis, promote early activation of aerobic oxidation 

processes, and increase the conjugacy of oxidation and 

phosphorylation. This allows the use of plant 

adaptagens (primarily aralia) in patients with diabetes 

mellitus, which smooths out the severity of hypergly-

cemia when using caffeine [1, 13]. 

Caffeine increases lipolysis, reducing the body's 

dependence on the use of glycogen, stimulating the ac-

tivity of hormone-sensitive lipase and inhibiting the ac-

tivity of glycogen phosphorylase. 

High concentrations of free fatty acids in the blood 

for a long time have a toxic effect on the beta cells of 

the pancreas, inhibiting the secretion of insulin. At the 

same time, cells of other organs are involved - cardio-

myocytes, hepatocytes, initiating damage and chronic 

dysfunction. It is possible to reduce the severity of li-

polysis caused by caffeine by combining caffeine with 

other agents. High doses of caffeine release adrenaline 

from the adrenal medulla, causing oxidative stress. 

Adding vitamin E, phytoadaptogens, selenium, helps to 

increase stress resistance and inhibits the processes of 

peroxidation. 

Caffeine reduces the effectiveness of the action of 

vitamins B, PP, thereby decreasing the content of iron, 

potassium, zinc, calcium in the body. 

It is possible to correct this by the addition of miss-

ing vitamins and elements. 

When considering the use of caffeine at the same 

time as vitamins, macro- and microelements, it is nec-

essary to consider not only the variants of their compat-

ibility (both pharmaceutical and pharmacological), but 

also compatibility with the used excipients. 

The absorbability of the active substance is signif-

icantly influenced not only by its physicochemical 

properties (molecular size, solubility, stability, degree 

of ionization, ability to chelate and complexation, etc.), 

but also the created dosage form (for example, disinte-

gration of tablets, presence of different nature of excip-

ients) and others. 

The combination of drugs often alters the absorp-

tion of substances in the gastrointestinal tract (GIT). 

When considering possible combinations of caffeine 

with various compounds, it is necessary to consider 

their compatibility in the process of absorption. A fre-

quent reason for the decrease in absorption is the direct 

interaction of drugs in the intestinal lumen as a result of 

the occurrence of inactive chelate formations, or com-

plexones. Chelating agents include orally administered 

drugs that release calcium and magnesium ions. These 

drugs easily form complexones with cardiac glyco-

sides, indirect anticoagulants, sulfonamides, phenyl-

butazone and salicylates. 

There is no evidence in the literature that com-

pounds containing calcium and magnesium reduce the 

absorption of caffeine. In this regard, we consider it 

necessary to correct violations of the electrolyte com-

position caused by caffeine by introducing into the caf-

feine tablets calcium and magnesium compounds (for 

example, magnesium asparaginate). 

In our opinion, a promising combination of caf-

feine with magnesium, which will allow to level side 

effects and increase therapeutic. It is known that one of 

the most important effects of magnesium is the inhibi-

tion of excitation processes in the cerebral cortex 

(which should be considered as particularly valuable in 

the treatment of caffeine). Magnesium is involved in 

many metabolic reactions of energy exchange, such as 

the formation, accumulation, transfer and utilization of 

energy, free radicals and their oxidation products. 

Therefore, this element largely determines the normal 

functioning of the nervous system and is very important 

for the functioning of the central nervous system 

(CNS). Magnesium is a universal regulator of biochem-

ical and physiological processes in the body, existing as 

a cofactor for more than 300 enzymes, including and is 

part of numerous enzymes of the nervous and glial tis-

sues of glutamine synthetase, glutamine-cysteine syn-

thetase, and cholinesterase. Currently, medicine uses a 

number of drugs based on magnesium ion. These in-

clude magnesium sulfate, magnerot, magne B6, mag-

nesol, asparkam, cardiomagnyl, magnesium citrate, etc. 

Magne B6 is a preparation based on a complex of mag-

nesium and vitamin B6 (pyridoxine). 

In our opinion, the creation of sublingual caffeine-

containing tablets opens up certain prospects. A num-

ber of facts can be presented in favor of this proposal, 

incl. and the fact that caffeine is well absorbed from the 

mouth. The thin epithelial layer of the oral mucosa, 

which is well vascularized, and the physicochemical 

properties of caffeine itself contributes to absorption. 

Considering this method of administration, it is possi-

ble to offer a combination of caffeine with glycine, 

which is widely used in medicine as tablets for resorp-

tion in the oral cavity (glycine tablets "Biotic" 100 mg 

each). 

Another problem that is quite acute when taking 

caffeine is an increase in the secretory activity of the 

stomach and, as a result, the development of heartburn 

in the consumer. However, the joint use with generally 

accepted caffeine antacids is not possible, because 

"Classic" antacid agents can enhance the motility of the 

stomach and form complexes, so their effect on the ab-

sorption of many drugs is almost unpredictable. Some 

drugs, such as Almagel, on the surface of the mucous 

membrane form a layer that complicates the absorption 

of drugs. In this regard, it is possible to recommend the 

use of caffeine simultaneously with glycine, which has 

a mild antacid effect and is devoid of the many side ef-

fects of antacids. In order to reduce the negative effect 

of caffeine on the gastrointestinal tract, it is possible to 

consider the use of caffeine with vegetable astringents, 

such as calamus rhizome. In addition, it is proposed to 

focus on bismuth nitrate mainly, which is able to pro-

tect the gastric mucosa from irritation with hydrochlo-

ric acid and further destruction by proteolytic enzymes. 

This compound is widely used in gastroenterology in 

the form of combined means "Vikalin" and "Vikair". 

In the case of the use of caffeine in asthenia, it is 

considered expedient to combine it with phy-

toadaptagens, which, as is well known, possess a com-

plex of valuable properties that increase the resistance 

and non-specific resistance of an organism to adverse 

effects. 
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Adaptogens are especially highly effective for 

heavy physical exertion and overwork. As with the in-

take of caffeine, during the first hour after administra-

tion, an unstable ergogenic effect occurs, completely 

disappearing after a few hours and requiring repeated 

use of the drug. Thus, they have similar pharmacoki-

netic parameters, primarily the rate of onset of the ef-

fect and its duration [14]. 

It is necessary to cite another fact in favor of the 

combination of caffeine with adaptogens - this is a sig-

nificant increase in attention and memory, those effects 

for the sake of which people often resort to caffeine-

containing drinks. 

When choosing a dose of adaptagen in combina-

tion with caffeine, it is advisable to use the course 

method with small doses. The supercompensation 

phase is achieved gradually, an individual dose adjust-

ment is required 2-3 times. The shock method with 

large dosages with a combination of caffeine with an 

adaptogen should not be used, in our opinion. 

When taking adaptagenov may increase blood 

pressure, potassium levels in the blood, nervous excit-

ability. These side effects, as in the case of caffeine, are 

valuable and positive (increased blood pressure, activa-

tion of the central nervous system). And the increase in 

potassium in the blood will allow to correct the viola-

tion of electrolyte metabolism caused by therapy with 

caffeine. 

Separately, it is necessary to consider the possibil-

ity of a combination of caffeine with pantokrin. The 

complex of biologically active substances of pantokrin 

has a pronounced stimulating effect on the activity of 

the nervous and cardiovascular systems. In addition, 

pantocrine has a large number of micronutrients needed 

by the person. Introduction of pantocrin allows to com-

pensate for the violation of the microelement composi-

tion, which provokes the use of caffeine. The fact that 

it increases the body's pespecific reactivity also testifies 

to the use of pantocrine. 

Achievements of molecular biology and funda-

mental neurochemistry made it possible to obtain 

unique data on the role of taurine and the mechanisms 

of its action. Taurine stabilizes cell membranes, modu-

lates calcium transfer, and is capable of conjugating to 

xenobiotics, retinoic acid and bile salts. Taurine pro-

tects membranes either by detoxifying destructive com-

pounds or by directly preventing changes in permeabil-

ity. Taurine is used for epilepsy, ischemia, obesity, di-

abetes, hypertension and neurodegeneration in the 

elderly. Taurine in combination with caffeine is able to 

speed up metabolism, increase concentration, increase 

mental activity and prevent drowsiness [15]. 

Despite the apparent contradictions of the joint use 

of the psychostimulant caffeine with neurotransmitter 

acid of the inhibitory type of action of glycine, this 

combination deserves special attention. Glycine is the 

main inhibitory neurotransmitter for fast synapses in 

the spinal cord, has a neurotransmitter effect, elimi-

nates the symptoms of excessive arousal and normal-

izes the processes of inhibition, has a neuroprotective 

effect with increased excitability of the central nervous 

system. The main indications of the joint use of caffeine 

with glycine is neurasthenia and neurosis. This allows 

us to consider the combination of caffeine with glycine 

appropriate. 

Ginkgo biloba contains a rich complex of biologi-

cally active substances (BAS): flavonol and flavone 

glycosides, diterpene lactones, ginkgolides, sesquiter-

penes, superoxide dismutase ascorbic acid and cate-

chin. Studies on the pharmacological activity of ginkgo 

biloba extract have shown that, similar to caffeine, fla-

vone glycosides contained in ginkgo biloba, which are 

the main active ingredient, have the ability to inhibit the 

enzyme phosphodiesterase, which leads to a decrease 

in arteriole tone and an increase in blood flow. A num-

ber of studies emphasize that flavonoid glycosides can 

reduce damage to endothelial cells due to free radical 

oxidation, thereby reducing the progression of athero-

sclerosis. The other side of the action of a BAS extract 

of ginkgo biloba is associated with improved cerebral 

circulation due to: increased blood flow, suppression of 

the action of platelet activating factor, changes in the 

metabolism of the neuron. Ginkgo biloba is considered 

as an inexpensive option for the prevention of cognitive 

decline in elderly patients. 

Moreover, the high efficacy of Ginkgo biloba 

preparations is combined with the safety of their use. 

Combined use with caffeine will allow to obtain a more 

pronounced therapeutic effect with lower concentra-

tions of the components. 

Since caffeine activates adrenaline rush, it can 

trigger the development of oxidative stress. In this re-

gard, it is advisable to combine with caffeine such an-

tioxidant compounds as selenium and vitamin E. 

Selenium blocks the action of free radicals, pro-

tecting the contents of the cell from destruction. This 

not only improves the functioning of tissues and or-

gans, but is also an excellent prevention of aging of the 

body, cardiovascular and oncological diseases. 

Vitamin E is widely used as an antioxidant and is 

closely related to the trace element selenium. The in-

take of these two components is strictly proportional, 

25 Õg of selenium should be in every 200 units of to-

copherol, which ensures maximum effectiveness of the 

latter. 

Promising in our opinion is the combination of 

caffeine with the general tonic drug ïapilak. Apilak - 

royal jelly which contains an extensive complex of bi-

ologically active substances, including components 

such as vitamins (C, B12, B8, B6, B5, B2, B1, H, ino-

sitol, folic acid), mineral elements (potassium, sodium, 

calcium, magnesium, phosphorus, iron), 23 amino ac-

ids, among which there are essential amino acids: va-

line, tryptophan, histidine, methionine. 

Similarly to caffeine, it is indicated for arterial hy-

potension, recommended for asthenic conditions, phys-

ical overload, during the period of social adaptation. 

The rich composition of BAS apilak not only replen-

ishes the caffeine's reduced effectiveness of the action 

of vitamins B, PP, but also replenishes the mineral and 

amino acid pool in the body. This allows us to consider 

this combination as expedient for creating a drug that 

has a general strengthening effect, stimulating the work 

of the whole organism, helping to get rid of constant 

fatigue and drowsiness. 
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Conclusion of the article. A number of ap-

proaches have been proposed for correcting possible 

side effects associated with prolonged use of caffeine. 

When selecting possible compounds for combinations, 

the scientific validity and feasibility of their use, as well 

as their pharmacological compatibility, were taken into 

account. 

A special place was given to phytoadaptogens, 

since they have unique properties that are not only sim-

ilar in pharmacological effects to caffeine, but also 

complement and, in some cases, correct its negative ef-

fects. 

Thus, based on the analysis, we can recommend 

the following concepts for the combined use of caf-

feine: 

1. Use with electrolytes and trace elements in or-

der to compensate for the deficiency caused by caffeine 

therapy (iron, potassium, zinc, calcium). 

2. Use with phytoadaptogens (Aralia, Rhodiola, 

etc.) 

3. Use with pantokrin - an adaptogen of animal 

origin and a source of trace elements. 

4. Use with neurotransmitter amino acids: gly-

cine and taurine. 

5. Application with ginkgo biloba extract 

6. Use with antioxidants: selenium and vita-

min E. 

7. Use with bismuth nitrate and airway in order 

to reduce the negative effect of hydrochloric acid on the 

walls of the stomach. 

8. Application with apilak. 
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ɸʅʅʆʊɸʎʀʗ 

ʀʟʚʝʩʪʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʛʠʤʥʝʤʳ ʣʝʩʥʦʡ ʜʣʷ ʣʝʯʝʥʠʷ ʠ ʧʨʦʬʠʣʘʢʪʠʢʠ ʩʘʭʘʨʥʦʛʦ ʜʠʘʙʝʪʘ II  ʪʠʧʘ. ɼʣʷ 

ʠʩʢʣʶʯʝʥʠʷ ʚʣʠʷʥʠʷ ʛʦʨʴʢʦʛʦ ʚʢʫʩʘ, ʧʠʱʝʚʘʨʠʪʝʣʴʥʳʭ ʬʝʨʤʝʥʪʦʚ ʠ ʨʅ ʞʝʣʫʜʦʯʥʦ-ʢʠʰʝʯʥʦʛʦ ʪʨʘʢʪʘ ʧʨʠ 

ʧʨʠʝʤʝ ʧʝʨʦʨʘʣʴʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʛʠʤʥʝʤʳ, ʧʨʝʜʣʦʞʝʥʘ ʝʝ ʨʝʢʪʘʣʴʥʘʷ ʣʝʢʘʨʩʪʚʝʥʥʘʷ ʬʦʨʤʘ - ʩʫʧʧʦʟʠʪʦ-

ʨʠʠ. ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʩʦʩʪʘʚʘ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʨʝʜʣʦʞʝʥ-

ʥʳʭ ʩʫʧʧʦʟʠʪʦʨʠʝʚ.  

ABSTRACT 

It is known to use forest anthems for the treatment and prevention of type II diabetes. To exclude the influence 

of bitter taste, digestive enzymes and the pH of the gastrointestinal tract when taking oral hymnas, its rectal dosage 

form is proposed - suppositories. The aim of the work is to develop the composition and study of the physico-

chemical properties of the proposed suppositories. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ:ʉʫʧʧʦʟʠʪʦʨʠʠ, ʛʫʩʪʦʡ ʵʢʩʪʨʘʢʪ ʛʠʤʥʝʤʳ ʣʝʩʥʦʡ, ʤʝʪʦʜ ʨʝʧʝʨʢʦʣʷʮʠʠ ʩ ʟʘʚʝʨʰʝʥ-

ʥʳʤ ʮʠʢʣʦʤ, ʛʫʩʪʦʡ ʵʢʩʪʨʘʢʪ ʩʦʣʦʜʢʦʚʦʛʦ ʢʦʨʥʷ, ʧʦʣʠʵʪʠʣʝʥʛʣʠʢʦʣʴ 6000 

Keywords: Suppositories, thick extract of forest anthems, complete cycle repercolation, thick extract of lic-

orice, polyethylene glycol 6000 

 

ʆʙʱʘʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʴ, ʦʩʦʙʘʷ ʩʦʮʠʘʣʴ-

ʥʘʷ ʟʥʘʯʠʤʦʩʪʴ ʩʘʭʘʨʥʦʛʦ ʜʠʘʙʝʪʘ, ʪʷʞʝʩʪʴ ʠ ʜʣʠ-

ʪʝʣʴʥʦʩʪʴ ʝʛʦ ʪʝʯʝʥʠʷ, ʩʢʣʦʥʥʦʩʪʴ ʢ ʦʩʣʦʞʥʝʥʠʷʤ 

ʧʨʠʚʣʝʢʘʝʪ ʧʨʠʩʪʘʣʴʥʦʝ ʚʥʠʤʘʥʠʝ ʧʨʘʢʪʠʯʝʩʢʦʡ 

ʤʝʜʠʮʠʥʳ ʠ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʘʥʠʝʤ ʜʣʷ ʧʦʠʩʢʘ ʥʦʚʳʭ 

ʵʬʬʝʢʪʠʚʥʳʭ ʠ ʙʝʟʦʧʘʩʥʳʭ ʩʨʝʜʩʪʚ ʜʣʷ ʝʛʦ ʣʝʯʝʥʠʷ 

ʠ ʧʨʦʬʠʣʘʢʪʠʢʠ. ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ 

ʨʘʩʪʝʥʠʡ, ʠʩʧʦʣʴʟʫʶʱʠʭʩʷ ʜʣʷ ʣʝʯʝʥʠʷ ʠ ʧʨʦʬʠ-

ʣʘʢʪʠʢʠ ʩʘʭʘʨʥʦʛʦ ʜʠʘʙʝʪʘ II  ʪʠʧʘ ʷʚʣʷʝʪʩʷ 

ɻʠʤʥʝʤʘ ʣʝʩʥʘʷ, ʢʦʪʦʨʘʷ ʦʢʘʟʳʚʘʝʪ ʠʥʢʨʝʪʠʥʦʤʠ-

ʤʝʪʠʯʝʩʢʦʝ ʜʝʡʩʪʚʠʝ (ʪ.ʝ. ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʝʝ ɓ-

ʢʣʝʪʢʠ ʧʦʜʞʝʣʫʜʦʯʥʦʡ ʞʝʣʝʟʳ). ʆʜʥʘʢʦ ʧʨʝʧʘʨʘʪʳ 

ʛʠʤʥʝʤʳ (ʵʢʩʪʨʘʢʪ, ʪʘʙʣʝʪʢʠ) ʦʙʣʘʜʘʶʪ ʨʝʟʢʦ ʚʳ-

ʨʘʞʝʥʥʳʤ ʛʦʨʴʢʠʤ ʚʢʫʩʦʤ, ʯʪʦ ʦʛʨʘʥʠʯʠʚʘʝʪ ʠʭ ʧʝ-

ʨʦʨʘʣʴʥʦʝ ʧʨʠʤʝʥʝʥʠʝ. ʇʦʵʪʦʤʫ ʘʢʪʫʘʣʴʥʳʤ ʩʪʘ-

ʥʦʚʠʪʩʷ ʩʦʟʜʘʥʠʝ ʨʝʢʪʘʣʴʥʦʡ ʣʝʢʘʨʩʪʚʝʥʥʦʡ 

ʬʦʨʤʳ, ʪʘʢʦʡ ʢʘʢ ʩʫʧʧʦʟʠʪʦʨʠʠ. ɺʘʞʥʦʝ ʟʥʘʯʝʥʠʝ 

ʧʨʠ ʵʪʦʤ ʠʤʝʝʪ ʠʩʢʣʶʯʝʥʠʝ ʚʣʠʷʥʠʷ ʧʠʱʝʚʘʨʠ-

ʪʝʣʴʥʳʭ ʬʝʨʤʝʥʪʦʚ ʠ ʨʅ ʞʝʣʫʜʦʯʥʦ-ʢʠʰʝʯʥʦʛʦ 

ʪʨʘʢʪʘ. ʈʘʥʝʝ ʥʘʤʠ ʙʳʣʠ ʧʨʝʜʣʦʞʝʥʳ ʩʫʧʧʦʟʠʪʦ-

ʨʠʠ ʩ ʛʫʩʪʳʤ ʵʢʩʪʨʘʢʪʦʤ ʩʦʣʦʜʢʦʚʦʛʦ ʢʦʨʥʷ ʥʘ ʧʦ-

ʣʠʵʪʠʣʝʥʛʣʠʢʦʣʝʚʦʡ ʦʩʥʦʚʝ [1]. ʇʦ ʘʥʘʣʦʛʠʠ ʩ 

ʧʨʝʜʣʦʞʝʥʥʳʤ ʩʦʩʪʘʚʦʤ ʥʘʤʠ ʨʝʰʝʥʦ ʜʦʧʦʣʥʠʪʴ 

ʧʨʝʜʣʦʞʝʥʥʳʡ ʩʦʩʪʘʚ ʛʫʩʪʳʤ ʵʢʩʪʨʘʢʪʦʤ ʛʠʤʥʝʤʳ 

ʣʝʩʥʦʡ. 

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ 

ʩʦʩʪʘʚʘ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʫʧʧʦʟʠʪʦʨʠʝʚ, ʚʢʣʶʯʘʶ-

ʱʠʭ ʛʫʩʪʳʝ ʵʢʩʪʨʘʢʪʳ ʣʠʩʪʴʝʚ ʛʠʤʥʝʤʳ ʣʝʩʥʦʡ ʠ 

ʢʦʨʥʝʡ ʩʦʣʦʜʢʠ ʛʦʣʦʡ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ. ɻʫʩʪʦʡ ʵʢʩʪʨʘʢʪ 

ʛʠʤʥʝʤʳ ʣʝʩʥʦʡ ʛʦʪʦʚʠʣʠ ʧʫʪʝʤ ʵʢʩʪʨʘʢʮʠʠ ʣʠ-

ʩʪʴʝʚ ʛʠʤʥʝʤʳ ʣʝʩʥʦʡ 50% ʩʧʠʨʪʦʤ ʤʝʪʦʜʦʤ ʨʝ-

ʧʝʨʢʦʣʷʮʠʠ ʩ ʟʘʚʝʨʰʝʥʥʳʤ ʮʠʢʣʦʤ ʚ ʙʘʪʘʨʝʝ ʠʟ 4-

ʭ ʧʝʨʢʦʣʦʷʪʦʨʦʚ, ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʫʧʘʨʠʚʘʥʠʝʤ ʧʦʜ 

ʚʘʢʫʫʤʦʤ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʥʝ ʚʳʰʝ 600ʉ ʜʦ ʚʣʘʞ-

ʥʦʩʪʠ ʥʝ ʧʨʝʚʳʰʘʶʱʝʡ 25%. ʉʫʧʧʦʟʠʪʦʨʠʠ ʧʦʣʫ-

ʯʘʣʠ ʤʝʪʦʜʦʤ ʚʳʣʠʚʘʥʠʷ ʚ ʷʯʝʡʢʠ, ʩʬʦʨʤʦʚʘʥʥʳʝ 

ʠʟ ʇɺʍ ʣʝʥʪʳ ʥʘ ʘʚʪʦʤʘʪʝ çSarongè/ ʇʦʣʫʯʝʥʥʳʝ 
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ʩʫʧʧʦʟʠʪʦʨʠʠ ʧʦʜʚʝʨʛʘʣʠʩʴ ʦʮʝʥʢʝ ʧʦ ʬʠʟʠʢʦ-ʭʠ-

ʤʠʯʝʩʢʠʤ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʧʦʢʘʟʘʪʝʣʷʤ ʩʦʛʣʘʩʥʦ 

ʪʨʝʙʦʚʘʥʠʷʤ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʬʘʨʤʘʢʦʧʝʠ XIV  ʠʟ-

ʜʘʥʠʷ (ʆʌʉ.1.4.1.0013.15) (ʦʜʥʦʨʦʜʥʦʩʪʴ ʥʘ ʩʨʝʟʝ, 

ʨʘʩʪʚʦʨʝʥʠʝ, ʪʚʝʨʜʦʩʪʴ) [2]. ʆʧʨʝʜʝʣʝʥʠʝ ʪʚʝʨʜʦ-

ʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʩʫʧʧʦʟʠʪʦʨʠʝʚ ʧʨʦʚʦʜʠʣʠ ʥʘ ʧʨʠ-

ʙʦʨʝ SBT ʬʠʨʤʳ çErwekaè.  

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ. ʆʜʥʦʡ ʠʟ ʦʩ-

ʥʦʚʥʳʭ ʧʨʦʙʣʝʤ ʠʟʛʦʪʦʚʣʝʥʠʷ ʩʫʧʧʦʟʠʪʦʨʠʝʚ ʩ ʛʫ-

ʩʪʳʤʠ ʵʢʩʪʨʘʢʪʘʤʠ ʷʚʣʷʝʪʩʷ ʜʦʩʪʠʞʝʥʠʝ ʥʝʦʙʭʦʜʠ-

ʤʦʡ ʧʨʦʯʥʦʩʪʠ, ʜʦʩʪʘʪʦʯʥʦʡ ʜʣʷ ʧʨʝʦʜʦʣʝʥʠʷ ʨʝ-

ʬʣʝʢʪʦʨʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʤʳʰʮ ʧʨʠ ʠʭ ʚʚʝʜʝʥʠʠ 

ʚ ʧʨʷʤʫʶ ʢʠʰʢʫ. ʅʘʧʨʠʤʝʨ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʚʚʝ-

ʜʝʥʠʝ ʚ ʩʫʧʧʦʟʠʪʦʨʠʡ ʪʝʨʘʧʝʚʪʠʯʝʩʢʦʡ ʜʦʟʳ ʛʫ-

ʩʪʦʛʦ ʵʢʩʪʨʘʢʪʘ ʩʦʣʦʜʢʦʚʦʛʦ ʢʦʨʥʷ ʧʦ ʧʘʪʝʥʪʫ ʈʌ 

2454218 ʨʘʚʥʦʡ 0,75 ʛ ʘʚʪʦʨʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʛʠʜʨʦ-

ʬʠʣʴʥʫʶ ʦʩʥʦʚʫ ʧʦʣʠʵʪʠʣʝʥʛʣʠʢʦʣʴ ʩ ʤʦʣʝʢʫʣʷʨ-

ʥʦʡ ʤʘʩʩʦʡ 6000 [1]. ʕʪʦ ʧʦʟʚʦʣʠʣʦ ʦʙʝʩʧʝʯʠʪʴ ʥʝ-

ʦʙʭʦʜʠʤʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, 

ʧʨʝʜʲʷʚʣʷʝʤʳʝ ʢ ʩʫʧʧʦʟʠʪʦʨʠʷʤ ʥʘ ʛʠʜʨʦʬʠʣʴʥʦʡ 

ʦʩʥʦʚʝ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʬʘʨʤʘʢʦʧʝʝʡ ʈʌ 13 ʠʟʜʘ-

ʥʠʷ, ʘ ʪʘʢʞʝ ʜʨʫʛʠʤʠ ʥʦʨʤʘʪʠʚʥʳʤʠ ʜʦʢʫʤʝʥʪʘʤʠ 

ʧʦ ʧʨʦʯʥʦʩʪʠ ʠ ʚʨʝʤʝʥʠ ʨʘʩʪʚʦʨʝʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, 

ʜʣʷ ʨʘʚʥʦʤʝʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦ ʩʣʠʟʠʩʪʦʡ ʥʝ 

ʪʦʣʴʢʦ ʦʩʥʦʚʳ, ʥʦ ʠ ʚʢʣʶʯʝʥʥʳʭ ʚ ʥʝʝ ʨʘʩʪʠʪʝʣʴ-

ʥʳʭ ʵʢʩʪʨʘʢʪʦʚ, ʢʦʪʦʨʳʝ ʜʝʡʩʪʚʫʶʪ ʢʘʢ ʤʝʩʪʥʦ, ʪʘʢ 

ʠ ʨʝʟʦʨʙʪʠʚʥʦ, ʥʝʦʙʭʦʜʠʤʦ ʥʘʣʠʯʠʝ ʚ ʩʦʩʪʘʚʝ ʩʫʧ-

ʧʦʟʠʪʦʨʠʝʚ ʩʦʣʶʙʠʣʠʟʠʨʫʶʱʠʭ ʚʝʱʝʩʪʚ (ʥʘʧʨʠ-

ʤʝʨ, ʧʦʣʠʵʪʠʣʝʥʛʣʠʢʦʣʴʩʪʝʘʨʘʪʘ ʠʣʠ ʢʨʝʤʦʬʦʨʘ 

RH -40). ʉʦʜʝʨʞʘʥʠʝ ʛʫʩʪʦʛʦ ʵʢʩʪʨʘʢʪʘ ʛʠʤʥʝʤʳ ʚ 

ʦʜʥʦʤ ʩʫʧʧʦʟʠʪʦʨʠʠ ʦʩʪʘʚʘʣʦʩʴ ʥʝʠʟʤʝʥʥʳʤ 0,45 

ʛ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʣʦ ʝʛʦ ʪʝʨʘʧʝʚʪʠʯʝʩʢʫʶ ʜʦʟʠ-

ʨʦʚʢʫ [3]. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʦʟʤʦʞʥʦʛʦ ʩʦʜʝʨʞʘ-

ʥʠʷ ʛʫʩʪʦʛʦ ʵʢʩʪʨʘʢʪʘ ʩʦʣʦʜʢʠ (ɻʕʂʉ) ʙʳʣʠ ʠʟʫ-

ʯʝʥʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʫʧʧʦʟʠʪʦ-

ʨʠʝʚ ʨʘʟʣʠʯʥʳʭ ʩʦʩʪʘʚʦʚ (ʚʨʝʤʷ ʨʘʩʪʚʦʨʝʥʠʷ ʠ 

ʪʚʝʨʜʦʩʪʴ).  

ʇʨʠ ʩʦʩʪʘʚʣʝʥʠʠ ʤʦʜʝʣʴʥʳʭ ʩʦʩʪʘʚʦʚ ʩʫʧʧʦ-

ʟʠʪʦʨʠʝʚ (ʫʩʣʦʚʥʦʝ ʥʘʟʚʘʥʠʝ çʉʫʧʧʵʢʩʜʞʠʤè) ʫʯʠ-

ʪʳʚʘʣʦʩʴ ʪʦ, ʯʪʦ ʷʯʝʡʢʠ, ʬʦʨʤʫʝʤʳʝ ʠʟ ʇɺʍ 

ʧʣʝʥʢʠ ʚʤʝʱʘʣʠ 2,25 ʛ ʛʠʜʨʦʬʠʣʴʥʦʡ ʦʩʥʦʚʳ ʥʘ 

ʙʘʟʝ ʇʕɻ- 6000. 

ʄʦʜʝʣʴʥʳʝ ʩʦʩʪʘʚʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1 

ʊʘʙʣʠʮʘ 1 

 ʉʦʩʪʘʚ ʤʦʜʝʣʴʥʳʭ ʧʨʦʧʠʩʝʡ ʩʫʧʧʦʟʠʪʦʨʠʝʚ çʉʫʧʧʵʢʩʜʞʠʤè 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʠʥʛʨʝʜʠʝʥʪʦʚ 
ʂʦʣʠʯʝʩʪʚʦ (ʛ) ʚ ʨʘʟʣʠʯʥʳʭ ʩʦʩʪʘʚʘʭ 

1 2 3 4 

ʕʢʩʪʨʘʢʪʘ ʛʠʤʥʝʤʳ ʛʫʩʪʦʡ  0,45 0,45 0,45 0,45 

ʕʢʩʪʨʘʢʪ ʩʦʣʦʜʢʠ ʛʫʩʪʦʡ  0,5 0,4 0,3 0,25 

 ʇʦʣʠʵʪʠʣʝʥʛʣʠʢʦʣʴ  6000 1,0 1,1 1,2 1,25 

ʂʨʝʤʦʬʦʨ RH -40 0,3 0,3 0,3 0,3 

ʀʊʆɻʆ 2,25 2,25 2,25 2,25 

 

ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʠ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʪʘʙʣʠʮʝ 2. 

 

ʊʘʙʣʠʮʘ 2 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʩʫʧʧʦʟʠʪʦʨʠʝʚ çʉʫʧʧʵʢʩʜʞʠʤè 

ʅʘʠʤʝʥʦʚʘʥʠʝ 

ʧʦʢʘʟʘʪʝʣʷ 

ʅʦʤʝʨ ʩʦʩʪʘʚʘ 

1 2 3 4 

ɺʨʝʤʷ ʨʘʩʪʚʦʨʝʥʠʷ (ʤʠʥ.) 18 20 22 26 

ʊʚʝʨʜʦʩʪʴ (ʥ) 5,4 10,3 16,5 22,5 

ʀʟ ʪʘʙʣʠʮʳ 2 ʩʣʝʜʫʝʪ, ʯʪʦ ʪʦʣʴʢʦ ʩʫʧʧʦʟʠʪʦ-

ʨʠʠ ʩʦʩʪʘʚʘ ˉ4, ʦʙʣʘʜʘʣʠ ʜʦʩʪʘʪʦʯʥʦʡ ʪʚʝʨʜʦʩʪʴʶ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʥʝʦʙʭʦʜʠʤʳʝ ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʝ 

ʩʚʦʡʩʪʚʘ. ʋʜʝʣʴʥʳʡ ʚʝʩ ʩʫʧʧʦʟʠʪʦʨʥʦʡ ʤʘʩʩʳ ʩʦ-

ʩʪʘʚʠʣ 1,165 ʛ/ʩʤ3, ʚʨʝʤʷ ʨʘʩʪʚʦʨʝʥʠʷ ʧʨʠ 370ʉ ï ʚ 

ʧʨʝʜʝʣʘʭ 20 ï 25 ʤʠʥ. ʋʢʘʟʘʥʥʳʡ ʩʦʩʪʘʚ ʠ ʪʝʭʥʦʣʦ-

ʛʠʷ ʩʫʧʧʦʟʠʪʦʨʠʝʚ ʟʘʧʘʪʝʥʪʦʚʘʥʳ [4]. ʊʝʭʥʦʣʦʛʠʷ 

ʩʫʧʧʦʟʠʪʦʨʠʝʚ ʚʥʝʜʨʝʥʘ ʚ ʫʩʣʦʚʠʷʭ ʄʝʞʨʝʛʠʦ-

ʥʘʣʴʥʦʛʦ ʤʝʜʠʮʠʥʩʢʦʛʦ ʮʝʥʪʨʘ (ʛ.ɽʩʩʝʥʪʫʢʠ). 

ɺʳʚʦʜ. ʈʘʟʨʘʙʦʪʘʥ ʩʦʩʪʘʚ ʠ ʪʝʭʥʦʣʦʛʠʷ ʩʫʧʧʦ-

ʟʠʪʦʨʠʝʚ ʩ ʛʫʩʪʳʤʠ ʵʢʩʪʨʘʢʪʘʤʠ ʣʠʩʪʴʝʚ ʛʠʤʥʝʤʳ 

ʣʝʩʥʦʡ ʠ ʢʦʨʥʷ ʩʦʣʦʜʢʠ, ʚʢʣʶʯʘʶʱʠʤʠ ʚ ʢʘʯʝʩʪʚʝ 

ʢʦʤʧʦʥʝʥʪʦʚ ʦʩʥʦʚʳ ʧʦʣʠʵʪʠʣʝʥʛʣʠʢʦʣʴ ʩ ʤʦʣʝʢʫ-

ʣʷʨʥʦʡ ʤʘʩʩʦʡ 6000 ʠ ʢʨʝʤʦʬʦʨ RH -40 
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ɸʅʅʆʊɸʎʀʗ 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʦʧʨʦʩ ʦ ʩʫʤʤʠʨʦʚʘʥʠʝ ʩ ʧʦʤʦʱʴʶ ʘʨʠʬʤʝʪʠʯʝʩʢʠʭ ʧʨʦʛʨʝʩʩʠʡ ʩ ʧʝʨʝʤʝʥ-

ʥʦʡ ʨʘʟʥʦʩʪʴʶ ʩʪʝʧʝʥʝʡ ʯʠʩʝʣ ʥʘʪʫʨʘʣʴʥʦʛʦ ʨʷʜʘ 

ABSTRACT 

In article the question about summation by means of arithmetic progressions with the variable difference of 

degrees of numbers of a natural row is considered 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʨʠʬʤʝʪʠʯʝʩʢʠʝ ʧʨʦʛʨʝʩʩʠʠ ʩ ʧʝʨʝʤʝʥʥʦʡ ʨʘʟʥʦʩʪʴʶ, ʩʫʤʤʘ n ʧʝʨʚʳʭ ʯʠʩʝʣ ʥʘʪʫ-

ʨʘʣʴʥʦʛʦ ʨʷʜʘ. 

Keywords: arithmetic progressions with a variable difference, sum of n of the first of a natural row 

 

ʇʨʠ ʠʟʫʯʝʥʠʠ ʘʨʠʬʤʝʪʠʯʝʩʢʠʭ ʧʨʦʛʨʝʩʩʠʡ k ʛʦ ʧʦʨʷʜʢʘ, ʚ ʯʘʩʪʥʦʩʪʠ, ʧʨʠ ʚʳʚʦʜʝ ʬʦʨʤʫʣ ʜʣʷ ʥʘʭʦʞ-

ʜʝʥʠʷ ʩʫʤʤʳ n ʧʝʨʚʳʭ ʯʣʝʥʦʚ ʵʪʠʭ ʧʨʦʛʨʝʩʩʠʡ, ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʥʘʭʦʜʠʪʴ ʩʫʤʤʳ ʢʦʥʝʯʥʦʛʦ 

ʯʠʩʣʘ ʩʪʝʧʝʥʝʡ ʥʘʪʫʨʘʣʴʥʦʛʦ ʨʷʜʘ  

1n + 2n + 3n + ... + kn , k, n ɭ N. 

ɼʣʷ ʠʭ ʥʘʭʦʞʜʝʥʠʷ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʣʝʜʫʶʱʠʡ ʧʨʠʝʤ [12]. (ɽʩʣʠ ʯʠʪʘʪʝʣʶ ʙʫʜʫʪ ʥʝʧʦʥʷʪʥʳ 

ʨʘʩʩʫʞʜʝʥʠʷ ʧʨʦʚʝʜʝʥʥʳʝ ʚ ʦʙʱʝʤ ʚʠʜʝ, ʪʦ ʤʳ ʦʪʩʳʣʘʝʤ ʝʛʦ ʢ ʯʘʩʪʥʳʤ ʩʣʫʯʘʷʤ [13]) 

ɼʣʷ ʣʶʙʦʛʦ k ɭ N ʦʙʦʟʥʘʯʠʤ: Sk(n) = 1k + 2k + ... + nk. 

ɼʣʷ ʣʶʙʦʛʦ ʥʘʪʫʨʘʣʴʥʦʛʦ ʯʠʩʣʘ m ʬʦʨʤʫʣʘ ʙʠʥʦʤʘ ʅʴʶʪʦʥʘ ʜʘʝʪ: (m + 1)k+1 = mk+1 + C1
k+1mk + C2

k+1mk

1 + ... + Ck
k+1m + 1. 

ʇʨʠʜʘʜʠʤ ʟʥʘʯʝʥʠʷ m = 1, 2, ..., n . ʇʦʯʣʝʥʥʦ ʩʢʣʘʜʳʚʘʷ ʧʦʣʫʯʝʥʥʳʝ ʚʳʨʘʞʝʥʠʷ ʠ ʫʥʠʯʪʦʞʘʷ ʚ ʣʝʚʦʡ 

ʠ ʧʨʘʚʦʡ ʯʘʩʪʷʭ ʧʦʣʫʯʝʥʥʦʛʦ ʨʘʚʝʥʩʪʚʘ ʦʜʠʥʘʢʦʚʳʝ ʩʫʤʤʳ 2k+1 + 3k+1 + ... + nk+1 , ʧʦʣʫʯʘʝʤ:  

(n + 1)k+1 = C1
k+1Sk(n) + C2

k+1Skⱷ1(n) + ... + Ck
k+1S1(n) + (n + 1). 

ʕʪʦ ʨʝʢʫʨʨʝʥʪʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʥʘʭʦʜʠʪʴ ʬʦʨʤʫʣʳ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʩʫʤʤ Sk(n) , ʝʩʣʠ ʫʞʝ 

ʠʟʚʝʩʪʥʳ ʟʥʘʯʝʥʠʷ S1(n), S2(n), ...,  

Sk 1(n): 

Sk(n) = ( ) ( ( ) ... ( ) ( ))n C S n C S n n

k

k

k k k

k+ - + + + +

+

+

+ - +1 1

1

1

1

2

1 1 1  . 

ʀʣʠ, ʩ ʫʯʝʪʦʤ ʙʠʥʦʤʘ ʅʴʶʪʦʥʘ, ʧʦʩʣʝʜʥʝʝ ʨʘʚʝʥʩʪʚʦ ʧʝʨʝʧʠʰʝʪʩʷ ʪʘʢ: 

Sk(n) = [ nk(n + k + 1) ⱷ n + C2
k+1(nkⱷ1ⱷ Skⱷ1(n)) + C3

k+1(nkⱷ2ⱷ Skⱷ2(n)) + ... + Ck
k+1(nⱷS1(n))] / (k + 1). (1) 

ʇʨʦʙʣʝʤʦʡ ʩʫʤʤʠʨʦʚʘʥʠʷ ʩʪʝʧʝʥʝʡ ʥʘʪʫʨʘʣʴʥʦʛʦ ʨʷʜʘ ʟʘʥʠʤʘʶʪʩʷ ʫʞʝ ʜʦʣʛʦʝ ʚʨʝʤʷ, ʦʜʥʘʢʦ ʜʦ ʩʠʭ 

ʧʦʨ ʥʝ ʥʘʡʜʝʥ ʫʜʦʙʥʳʡ, ʥʝ ʨʝʢʫʨʨʝʥʪʥʳʡ ʩʧʦʩʦʙ ʠʭ ʚʳʯʠʩʣʝʥʠʷ. 

ɺ ʪʝʦʨʠʠ ʯʠʩʝʣ ʦʩʪʘʝʪʩʷ ʦʪʢʨʳʪʦʡ ʠʥʪʝʨʝʩʥʘʷ ʧʨʦʙʣʝʤʘ, ʢʦʪʦʨʘʷ, ʚʦʟʤʦʞʥʦ, ʜʘʩʪ ʤʝʪʦʜ ʧʨʦʚʝʨʢʠ 

ʧʨʦʩʪʦʪʳ ʯʠʩʝʣ [5]. ʇʦ ʤʘʣʦʡ ʪʝʦʨʝʤʝ ʌʝʨʤʘ, ʝʩʣʠ p  ʧʨʦʩʪʦʝ ʯʠʩʣʦ, ʪʦ 

1pⱷ1 + 2pⱷ1 + ... + (p ⱷ 1)pⱷ1 = ⱷ1 (mod p), ʪ.ʝ. p ʜʝʣʠʪ  

1pⱷ1 + 2pⱷ1 + ... + (p ⱷ 1)pⱷ1 +1 . 

ɺ 1950 ʛʦʜʫ ɻʠʛʘ [16] ʧʦʩʪʘʚʠʣ ʚʦʧʨʦʩ: ʚʝʨʥʦ ʣʠ ʦʙʨʘʱʝʥʠʝ ʵʪʦʛʦ ʫʪʚʝʨʞʜʝʥʠʷ, ʝʩʣʠ ʧʦʣʦʞʠʪʝʣʴʥʦʝ 

ʮʝʣʦʝ ʯʠʩʣʦ n ʜʝʣʠʪ  

1pⱷ1 + 2pⱷ1 + ... + (p ⱷ 1)pⱷ1 +1    (2) 

ʪʦ n  ʧʨʦʩʪʦʝ ʯʠʩʣʦ . 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʚʳʨʘʞʝʥʠʷ (2), ʚ ʥʝʛʦ ʚʭʦʜʠʪ ʩʫʤʤʘ ʩʪʝʧʝʥʝʡ ʧʝʨʚʳʭ n 1 ʯʠʩʝʣ ʥʘʪʫʨʘʣʴʥʦʛʦ ʨʷʜʘ. 

ɺʩʝ ʩʢʘʟʘʥʥʦʝ ʚʳʰʝ ʫʢʘʟʳʚʘʝʪ ʥʘ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʠʟʫʯʝʥʠʷ ʩʚʦʡʩʪʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ  

an = {1n , 2n , 3n , ... , kn , ...},      (3) 

ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʘʨʠʬʤʝʪʠʯʝʩʢʦʡ ʧʨʦʛʨʝʩʩʠʝʡ ʩ ʧʝʨʝʤʝʥʥʦʡ ʨʘʟʥʦʩʪʴʶ: an = anⱷ1 + knⱷ1(k ⱷ 1). 

ʉʬʦʨʤʫʣʠʨʫʝʤ ʩʣʝʜʫʶʱʫʶ ʪʝʦʨʝʤʫ. 
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ʊɽʆʈɽʄɸ 15. ɽʩʣʠ ʠʟ ʢʘʞʜʦʛʦ ʯʣʝʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ (3), ʥʘʯʠʥʘʷ ʩʦ 2 ʛʦ, ʚʳʯʝʩʪʴ ʧʨʝʜʳʜʫʱʠʡ 

ʯʣʝʥ, ʠʟ ʢʘʞʜʦʛʦ ʯʣʝʥʘ ʥʦʚʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʥʘʯʠʥʘʷ ʩʦ 2 ʛʦ, ʚʥʦʚʴ ʚʳʯʝʩʪʴ ʧʨʝʜʳʜʫʱʠʡ ʯʣʝʥ ʠ ʪʘʢ 

ʜʘʣʝʝ, ʪʦ, ʧʦʚʪʦʨʷʷ ʧʦʜʦʙʥʳʝ ʜʝʡʩʪʚʠʷ, ʯʝʨʝʟ n ʰʘʛʦʚ ʧʦʣʫʯʠʪʩʷ ʧʦʩʪʦʷʥʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ, ʢʘʞʜʳʡ 

ʯʣʝʥ ʢʦʪʦʨʦʡ ʨʘʚʝʥ n! 

ɼʆʂɸɿɸʊɽʃʔʉʊɺʆ 

ʇʨʦʚʝʜʝʤ ʝʛʦ ʤʝʪʦʜʦʤ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʠʥʜʫʢʮʠʠ. 

1.  ɺʦʟʴʤʝʤ ʦʪʨʝʟʦʢ ʥʘʪʫʨʘʣʴʥʦʛʦ ʨʷʜʘ ʜʣʠʥʦʡ n + 1, ʪ.ʝ. ʨʘʩʩʤʦʪʨʠʤ ʢʦʥʝʯʥʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ  

1n , 2n , 3n , ... , nn , (n + 1)n .  

ʉʦʛʣʘʩʥʦ ʪʝʦʨʝʤʝ, ʧʦʢʘʞʝʤ, ʯʪʦ, ʧʨʦʜʝʣʳʚʘʷ ʫʢʘʟʘʥʥʳʝ ʜʝʡʩʪʚʠʷ n ʨʘʟ, ʧʦʣʫʯʠʤ n!  

ʈʝʟʫʣʴʪʘʪ n ʰʘʛʦʚʦʛʦ ʚʳʯʠʪʘʥʠʷ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 
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ʀʟ ʢʦʤʙʠʥʘʪʦʨʠʢʠ [14] ʠʟʚʝʩʪʥʦ ʨʘʚʝʥʩʪʚʦ: 
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ɿʘʤʝʥʷʷ ʚ ʥʝʤ m = n + 1, ʧʦʣʫʯʠʤ: 
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C n k  = (n + 1)! = (n + 1)n!    (4) 

ʈʘʩʧʠʰʝʤ ʣʝʚʫʶ ʯʘʩʪʴ ʨʘʚʝʥʩʪʚʘ (4) ʩ ʫʯʝʪʦʤ ʠʟʚʝʩʪʥʦʛʦ ʠʟ 

ʢʦʤʙʠʥʘʪʦʨʠʢʠ [15] ʩʦʦʪʥʦʰʝʥʠʷ:  
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+

=

+

ä 1 11

1

0

1

k

n

k n

k

n

C n k = 

++-++-+++-++ ++++- ...)2)(()1)(()()1)(( 123112101110 n

nn

n

nn

n

nn

n

nn nCCnCCnCCnCC  

+- + +- +- - - + -( ) ( ) ( ) ( )1 2 11 1 2 1 1n

n

n

n

n n n

n

n

n

nC C C C .    (6) 

ʀʩʧʦʣʴʟʫʷ (5), ʠʤʝʝʤ: C C Cn n n+

-= +1

0 0 1
. ʊ.ʢ.C Cn n+ = =1

0 0 1,ʪʦ Cn

- =1 0 . 

ʉʫʤʤʠʨʫʝʤ ʩʣʘʛʘʝʤʳʝ ʚ ʧʨʘʚʦʡ ʯʘʩʪʠ ʨʘʚʝʥʩʪʚʘ (6): 

( ) ( )- - ++

+

=

+

ä 1 11

1

0

1

k

n

k n

k

n

C n k  = (C nn

o n( )+ +1 1 C nn

n1 1+
 + C nn

n2 11( )- +
 +  

+ C nn

n3 12( )- +
 + ... + ( )- - - +1 21 1 1n

n

n nC  + ( )-1 n

n

nC ) + (C nn

n0 1+
 + C nn

n1 11( )- + C nn

n2 12( )- +
 + 

... + ( )- - - +1 21 2 1n

n

n nC  + ( )-
-

1
1n

n

nC ). 

ʇʨʝʦʙʨʘʟʫʝʤ ʧʦʩʣʝʜʥʝʝ ʨʘʚʝʥʩʪʚʦ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʫ ʧʝʨʚʦʡ ʛʨʫʧʧʳ ʩʣʘʛʘʝʤʳʭ ʚʳʥʝʩʝʤ ʦʙʱʠʡ 

ʤʥʦʞʠʪʝʣʴ n+1: 

( ) ( )- - ++

+

=

+

ä 1 11

1

0

1

k

n

k n

k

n

C n k  = (n+1)(C nn

o n( )+ +1 1 C nn

n1 1+
 + C nn

n2 11( )- +
 + 

+ C nn

n3 12( )- +
 + ... + ( )- - - +1 21 1 1n

n

n nC  + ( )-1 n

n

nC ) + C nn

n1
 + 2 12C nn

n( )-  +  

 + 3 23C nn

n( )-  + ... + ( ) ( )- --1 2 11n

n

n nC n  + ( )- +1 1n

n

nC n ) + (C nn

n0 1+
 +  

 + C nn

n1 11( )- + C nn

n2 12( )- +
 + ... + ( )- - - +1 21 2 1n

n

n nC  + ( )-
-

1
1n

n

nC ) =  

= (n+1) ( ) ( )- - +
=

ä 1 1
0

k

n

k n

k

n

C n k  + ( ) ( ) ( )- + -+

=

ä 1 1 1

0

k

n

k n

k

n

k C n k  

( ) ( )- - +

=

ä 1 1

0

k

n

k n

k

n

C n k .      (7) 

ʇʦʢʘʞʝʤ, ʯʪʦ  

( ) ( ) ( )- + -+

=

ä 1 1 1

0

k

n

k n

k

n

k C n k ( ) ( )- - +

=

ä 1 1

0

k

n

k n

k

n

C n k  = 0 . 

ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʥʘʡʜʝʤ ʨʘʟʥʦʩʪʴ: 
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(k + 1)Cn

k+1
(n k)n Cn

k
(n k)n+1 = (n k)n((k + 1)Cn

k+1 Cn

k
(n k)) = 

= (n k)n(
n

k n k

!

( )!( )!+ - -1 1
(k + 1)  (n k)

n

k n k

!

!( )!-
) = 

= (n k)n(
n

k n k

!

!( )!- -1

n

k n k

!

!( )!- -1
) = 0 . 

ʉ ʫʯʝʪʦʤ ʜʦʢʘʟʘʥʥʦʛʦ, ʘ ʪʘʢʞʝ ʩʦʦʪʥʦʰʝʥʠʷ (4), ʨʘʚʝʥʩʪʚʦ (7) ʧʨʠʤʝʪ ʚʠʜ:(n+1)

( ) ( )- - +
=

ä 1 1
0

k

n

k n

k

n

C n k  = (n+1)n!  

ʦʪʢʫʜʘ ʠ ʧʦʣʫʯʘʝʤ ʥʫʞʥʦʝ ʨʘʚʝʥʩʪʚʦ: ( ) ( )- - +
=

ä 1 1
0

k

n

k n

k

n

C n k  = n!. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʘʟʘ ʠʥʜʫʢʮʠʠ ʜʦʢʘʟʘʥʘ. 

ɺʦʟʴʤʝʤ ʦʪʨʝʟʦʢ ʥʘʪʫʨʘʣʴʥʦʛʦ ʨʷʜʘ ʜʣʠʥʦʡ n + 1, ʧʨʠʯʝʤ ʥʘʯʘʣʴʥʳʡ ʯʣʝʥ ʵʪʦʛʦ ʦʪʨʝʟʢʘ a  ̧1. 

ʈʘʩʩʤʦʪʨʠʤ ʢʦʥʝʯʥʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ: 

an , (a + 1)n , (a + 2)n , ... , (a + n)n . 

ʈʝʟʫʣʴʪʘʪ n ʰʘʛʦʚʦʛʦ ʚʳʯʠʪʘʥʠʷ ʜʣʷ ʜʘʥʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘ-

ʟʦʤ: 

Cn

0
(a + n)n Cn

1
(a + n 1)n + Cn

2
(a + n 2)n Cn

3
(a + n 3)n + 

+ ... +( )- - -
1 1 1n

n

nC (a + 1)n + ( )-1 n

n

nC an = ( ) ( )- + -
=

ä 1
0

k

n

k n

k

n

C a n k  . 

ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʫʪʚʝʨʞʜʝʥʠʝ ʪʝʦʨʝʤʳ ʩʧʨʘʚʝʜʣʠʚʦ, ʪ.ʝ. ʠʤʝʝʤ

( ) ( )- + -
=

ä 1
0

k

n

k n

k

n

C a n k  = n! 

ʇʦʢʘʞʝʤ, ʯʪʦ ʪʝʦʨʝʤʘ ʩʧʨʘʚʝʜʣʠʚʘ ʠ ʜʣʷ ʦʪʨʝʟʢʘ ʥʘʪʫʨʘʣʴʥʦʛʦ ʨʷʜʘ ʪʘʢʦʡ ʞʝ ʜʣʠʥʳ, ʥʦ ʩ ʥʘʯʘʣʴʥʳʤ 

ʯʣʝʥʦʤ a + 1, ʪ.ʝ. ʪʨʝʙʫʝʪʩʷ ʜʦʢʘʟʘʪʴ, ʯʪʦ 

( ) ( )- + - +
=

ä 1 1
0

k

n

k n

k

n

C a n k  = n! 

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ ʧʨʦʚʦʜʠʪʩʷ ʧʦ ʪʦʡ ʞʝ ʩʭʝʤʝ, ʯʪʦ ʠ ʙʘʟʘ ʠʥʜʫʢʮʠʠ, ʛʜʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʠʟ ʨʘʚʝʥʩʪʚʘ 

( ) ( )- -
=

ä 1
0

k

n

k n

k

n

C n k  = n! ʩʣʝʜʫʝʪ ʩʦʦʪʥʦʰʝʥʠʝ ( ) ( )- - +
=

ä 1 1
0

k

n

k n

k

n

C n k  = n!. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʝʦʨʝʤʘ ʧʦʣʥʦʩʪʴʶ ʜʦʢʘʟʘʥʘ. 

ɺ ʩʚʷʟʠ ʩ ʩʫʤʤʠʨʦʚʘʥʠʝʤ ʨʘʩʩʤʦʪʨʠʤ ʪʘʢʫʶ ʟʘʜʘʯʫ: çʇʫʩʪʴ ʪʨʝʙʫʝʪʩʷ ʥʘʡʪʠ ʩʫʤʤʫ ʨʷʜʘ 
k

n

=

ä
0

j(k) , 

ʛʜʝ j(x) ʥʝʢʦʪʦʨʘʷ ʟʘʜʘʥʥʘʷ ʬʫʥʢʮʠʷè. 

Sn = j(1) + j(2) + ... +j(n). 

ʇʫʩʪʴ j(x) = F(x+1)F(x) (8) 

ʊʦʛʜʘ ʙʫʜʝʪ ʠʤʝʪʴ ʤʝʩʪʦ ʩʣʝʜʫʶʱʘʷ ʩʠʩʪʝʤʘ ʨʘʚʝʥʩʪʚʦ:  

j(0) = F(1) F(0) ; 

j(1) = F(2) F(1) ; 

j(2) = F(3) F(2) ; 

... ... ... 

j(n) = F(n + 1) F(n). 

 

ʉʣʦʞʠʚ ʧʦʯʣʝʥʥʦ ʨʘʚʝʥʩʪʚʘ ʵʪʦʡ ʩʠʩʪʝʤʳ, ʧʦʣʫʯʠʤ  

Sn =F(n + 1) F(0)       (9) 

ʄʳ ʧʦʣʫʯʠʣʠ ʘʥʘʣʦʛ ʬʦʨʤʫʣʳ ʅʴʶʪʦʥʘ  ʃʝʡʙʥʠʮʘ ʚ ʠʥʪʝʛʨʘʣʴʥʦʤ ʠʩʯʠʩʣʝʥʠʠ ( 

S x dx F n F

n

( ) ( ) ( )= + -

+

ñ 1 0
0

1

 ) 

ɺʳʙʝʨʝʤ ʬʫʥʢʮʠʶ F(x) ʚ ʪʘʢʦʤ ʚʠʜʝ F(x) = xan 1. ʊʦʛʜʘ ʬʫʥʢʮʠʷ j(x) , ʩʦʛʣʘʩʥʦ ʨʘʚʝʥʩʪʚʫ (34) ʙʫʜʝʪ 

ʠʤʝʪʴ ʚʠʜ:  

j(x) = (x + 1)ax xax 1 = xax + ax xax 1 = (xax xax 1) + ax = 

= xax 1(a  1) + ax
.. ʀʪʘʢ, ʠʤʝʝʤj(x) = xax 1(a  1) + ax

. 
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ʈʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʨʷʜ 
k

n

=

ä
0

j(k) , ʩʦʛʣʘʩʥʦ ʧʦʩʣʝʜʥʝʛʦ ʨʘʚʝʥʩʪʚʘ, ʙʫʜʝʪ ʠʤʝʪʴ ʚʠʜ:  

k

n

=

ä
0

j(x) = 
k

n

=

ä
0

(xax 1(a  1) + ax) = 
x

n

=

ä
0

xax 1(a  1) + 
x

n

=

ä
0

ax .   (10) 

ʋʯʠʪʳʚʘʷ, ʯʪʦ F(x) = xaxⱷ1, ʠ, ʠʩʧʦʣʴʟʫʷ ʬʦʨʤʫʣʫ (9),ʧʦʣʫʯʠʤ ʬʦʨʤʫʣʫ ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ ʩʫʤʤʳ ʨʘʩ-

ʩʤʘʪʨʠʚʘʝʤʦʛʦ ʨʷʜʘ: Sn = (n+1)an 

ʉʦʛʣʘʩʥʦ ʧʦʩʣʝʜʥʝʤʫ ʨʘʚʝʥʩʪʚʫ ʠ, ʫʯʠʪʳʚʘʷ ʬʦʨʤʫʣʫ (10), ʧʦʣʫʯʠʤ: 
x

n

=

ä
0

xax 1(a  1) + 
x

n

=

ä
0

ax 

=(n+1)an 

ʀʟ ʵʪʦʛʦ ʨʘʚʝʥʩʪʚʘ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʠʤʝʝʤ:  

x

n

=

ä
0

xax 1(a  1) =(n+1)an

x

n

=

ä
0

ax     (11) 

ʉʫʤʤʘ 
x

n

=

ä
0

ax ʝʩʪʴ ʩʫʤʤʘ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʧʨʦʛʨʝʩʩʠʠ, ʧʝʨʚʳʡ ʯʣʝʥ ʠ ʟʥʘʤʝʥʘʪʝʣʴ ʢʦʪʦʨʦʡ ʨʘʚʝʥ a . 

ʇʦ ʠʟʚʝʩʪʥʦʡ ʬʦʨʤʫʣʝ ʩʫʤʤʳ n ʧʝʨʚʳʭ ʯʣʝʥʦʚ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʧʨʦʛʨʝʩʩʠʠ ʧʦʣʫʯʠʤ:  

x

n

=

ä
0

ax= 
a

a

n+ -

-

1 1

1
. 

ʋʯʠʪʳʚʘʷ ʧʦʩʣʝʜʥʝʝ ʨʘʚʝʥʩʪʚʦ, ʬʦʨʤʫʣʘ (11) ʟʘʧʠʰʝʪʩʷ ʚ ʪʘʢʦʤ ʚʠʜʝ: 

x

n

=

ä
0

 xax 1(a  1) =(n+1)an
a

a

n+ -

-

1 1

1
; 

(a  1)
x

n

=

ä
0

 xax 1 =(n+1)an
a

a

n+ -

-

1 1

1
. 

ʆʢʦʥʯʘʪʝʣʴʥʦ ʠʤʝʝʤ:  

x

n

=

ä
0

ax 1= 
( )n a

a

n+

-

1

1

a

a

n+ -

-

1

2

1

1( )
    (12) 

ʆʧʠʩʘʥʥʳʡ ʚʳʰʝ ʤʝʪʦʜ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʩʫʤʤʳ ʢʦʥʝʯʥʦʛʦ ʯʠʩʣʘ ʩʪʝʧʝʥʝʡ ʥʘʪʫ-

ʨʘʣʴʥʦʛʦ ʨʷʜʘ ʯʠʩʝʣ, ʥʘʧʨʠʤʝʨ, ʪʘʢʠʭ:  

ʘ) 12 + 22 + ... + n2; 

ʙ) 13 + 23 + ... + n3 ; 

ʚ) 14 + 24 + ... + n4. 

ʏʠʪʘʪʝʣʶ ʜʦʣʞʥʦ ʙʳʪʴ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʵʪʠ ʩʫʤʤʳ ʤʦʞʥʦ ʥʘʭʦʜʠʪʴ ʤʝʪʦʜʦʤ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʠʥʜʫʢʮʠʠ, 

ʥʦ ʧʨʠʤʝʥʝʥʠʝ ʵʪʦʛʦ ʤʝʪʦʜʘ ʚʳʟʳʚʘʝʪ ʙʦʣʴʰʠʝ ʪʨʫʜʥʦʩʪʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʫʩʪʘʥʦʚʣʝʥʠʝʤ ʚʠʜʘ ʠʩʢʦʤʦʛʦ ʚʳ-

ʨʘʞʝʥʠʷ. ʕʪʠ ʪʨʫʜʥʦʩʪʠ ʤʦʞʥʦ ʠʟʙʝʞʘʪʴ, ʝʩʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʵʪʦʛʦ ʦʧʠʩʘʥʥʳʡ ʚʳʰʝ ʤʝʪʦʜ. ʇʨʠʤʝʥʠʤ, 

ʥʘʧʨʠʤʝʨ, ʵʪʦʪ ʤʝʪʦʜ ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ ʩʫʤʤʳ 13 + 23 + 33 + ... + n3. 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʬʫʥʢʮʠʷ j(x) ʙʫʜʝʪ ʠʤʝʪʴ ʚʠʜ  

j(x) = F(x + 1) F(x) = x3.     (13) 

ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʥʘʤ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʬʫʥʢʮʠʶ F(x). ɹʫʜʝʤ ʠʩʢʘʪʴ ʵʪʫ ʬʫʥʢʮʠʶ ʚ ʪʘʢʦʤ 

ʚʠʜʝ:  

F(x) = Ax4 + Bx3 + Cx2 + Dx + E 

ʇʦʜʩʪʘʚʣʷʷ ʵʪʫ ʬʫʥʢʮʠʶ ʚ ʬʦʨʤʫʣʫ (14), ʧʦʣʫʯʠʤ:  

A(x + 1)4 + B(x + 1)3 + C(x + 1)2 + D(x + 1) + E 

 (Ax4 + Bx3 + Cx2 + Dx + E) = x3 

ʇʨʠʨʘʚʥʠʚʘʷ ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʨʠ ʦʜʠʥʘʢʦʚʳʭ ʩʪʝʧʝʥʷʭ, ʧʦʣʫʯʠʤ ʩʠʩʪʝʤʫ ʨʘʚʝʥʩʪʚ: 

E = 0 , 

4A = 1 , 

4A + 3B + 2C = 0 , 

6A + 3B = 0 , 

A + B + C + D = 0. 

ʈʝʰʝʥʠʝ ʵʪʦʡ ʩʠʩʪʝʤʳ ʜʘʝʪ ʥʘʤ:  

A = 
1

4
, B =-

1

2
,C = 

1

4
, D = 0 , E = 0 . 
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ʇʦʜʩʪʘʚʣʷʷ ʵʪʠ ʟʥʘʯʝʥʠʷ ʚ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʬʫʥʢʮʠʠ F(x) , ʧʦʣʫʯʘʝʤ: F(x) =
1

4
x4-

1

2
x3 + 

1

4
x2. ʆʪʢʫʜʘ 

ʠʤʝʝʤ:  

Sn =F(n) F(0) = 
1

4
n4-

1

2
n3 + 

1

4
n2  0 = 

n n2 21

4

( )-
. 

ʇʨʝʜʣʘʛʘʝʤ ʯʠʪʘʪʝʣʶ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʥʘʡʪʠ ʪʘʢʠʝ ʩʫʤʤʳ:  

14 + 24 + ... + n4; 15 + 25 + ... + n5 ʠ ʪ.ʜ. 

ʇʦʢʘʞʝʤ ʣʠʰʴ, ʯʪʦ ʬʫʥʢʮʠʶ F(x) ʥʘʜʦ ʠʩʢʘʪʴ ʚʩʝʛʜʘ ʚ ʚʠʜʝ ʤʥʦʛʦʯʣʝʥʘ ʩʪʝʧʝʥʠ ʥʘ ʝʜʠʥʠʮʫ ʚʳʰʝ, 

ʯʝʤ ʧʦʢʘʟʘʪʝʣʴ, ʚ ʢʦʪʦʨʳʡ ʚʦʟʚʦʜʷʪʩʷ ʥʘʪʫʨʘʣʴʥʳʝ ʯʠʩʣʘ, ʪʘʢ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʩʫʤʤʳ 14 + 24 + ... + ...+ n4 

ʵʪʦ ʬʫʥʢʮʠʷ 

F(x) = Ax5 + Bx4 + C3 + Dx2 + Ex + K . 
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ɸʅʅʆʊɸʎʀʗ 
ɺ ʩʪʘʪʴʝ ʧʦʢʘʟʘʥʦ, ʢʘʢʠʝ ʧʘʨʘʜʦʢʩʳ ʙʳʣʠ ʜʦʧʫʱʝʥʳ ʧʨʠ ʦʙʲʷʩʥʝʥʠʠ ʵʬʬʝʢʪʘ ʂʦʤʧʪʦʥʘ. ʇʦʢʘʟʘʥʦ 

ʥʝʩʦʦʪʚʝʪʩʪʚʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ, ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʚ ʥʳʥʝʰʥʝʡ ʬʠʟʠʢʝ, ʨʝʘʣʴʥʳʤ ʬʠʟʠʯʝʩʢʠʤ 

ʧʨʦʮʝʩʩʘʤ. ɼʘʥʦ ʦʙʲʷʩʥʝʥʠʝ ʵʬʬʝʢʪʘ ʂʦʤʧʪʦʥʘ ʥʘ ʦʩʥʦʚʝ ʪʝʦʨʠʠ, ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʘʚʪʦʨʘʤʠ ʠ ʦʧʫʙʣʠʢʦ-

ʚʘʥʥʦʡ ʚ ʨʷʜʝ ʩʪʘʪʝʡ ʵʪʦʛʦ ʞʫʨʥʘʣʘ.  

ABSTRACT  
The article shows what paradoxes were allowed in the explanation of the Compton effect. The discrepancy 

between the mathematical apparatus used in the current physics and real physical processes is shown. An expla-

nation of the Compton effect is given on the basis of the theory developed by the authors and published in a number 

of articles of this journal. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʬʬʝʢʪ ʂʦʤʧʪʦʥʘ, ʧʨʠʥʮʠʧ ɻʶʡʛʝʥʩʘ-ʌʨʝʥʝʣʷ, ʉʊʆ ʠ ʆʊʆ ʕʡʥʰʪʝʡʥʘ, ʧʨʝʦʙʨʘ-

ʟʦʚʘʥʠʷ ʃʦʨʝʥʮʘ - ʄʠʥʢʦʚʩʢʦʛʦ, ʚʦʣʥʦʚʦʝ ʫʨʘʚʥʝʥʠʝ, ʫʨʘʚʥʝʥʠʷ ʄʘʢʩʚʝʣʣʘ, ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʝ ʫʨʘʚ-

ʥʝʥʠʷ ʄʘʢʩʚʝʣʣʘ, ʚʝʢʪʦʨ - ʧʦʪʝʥʮʠʘʣʳ, ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ɼʠʨʘʢʘ.  

Keywords: the Compton effect, the principle of Huygens-Fresnel, Einstein's SRT and GRT, transformations 

of Lorentz - Minkowski, wave equation, Maxwell's equations, advanced Maxwell's equations, vector potentials, 

the system of equations of Dirac. 

 

ɺʥʘʯʘʣʝ ʦʧʠʰʝʤ ʵʬʬʝʢʪ ʂʦʤʧʪʦʥʘ, ʢʘʢ ʵʪʦ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʢʚʘʥʪʦʚʦʡ ʤʝʭʘʥʠʢʝ [1]. ʕʬʬʝʢʪ 

ʂʦʤʧʪʦʥʘ ʠʥʪʝʨʝʩʝʥ ʪʝʤ, ʯʪʦ ʚ ʥʸʤ ʩʦʙʣʶʜʘʝʪʩʷ ʥʝ 

ʪʦʣʴʢʦ ʟʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ, ʥʦ ʠ ʟʘʢʦʥ ʩʦʭʨʘ-

ʥʝʥʠʷ ʠʤʧʫʣʴʩʘ. ʂʘʢ ʠʟʚʝʩʪʥʦ, ʚ ʢʣʘʩʩʠʯʝʩʢʦʡ ʪʝʦ-

ʨʠʠ ʵʣʝʢʪʨʦʜʠʥʘʤʠʢʠ ʧʨʠ ʨʘʩʩʝʷʥʠʠ ʩʚʝʪʘ ʩʚʦʙʦʜ-

ʥʳʤʠ ʵʣʝʢʪʨʦʥʘʤʠ, ʝʛʦ ʯʘʩʪʦʪʘ ʥʝ ʠʟʤʝʥʷʝʪʩʷ (

w=w¡ ). ʄʦʞʝʪ ʫʤʝʥʴʰʠʪʴʩʷ ʣʠʰʴ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʧʘʜʘʶʱʝʛʦ ʧʫʯʢʘ, ʪʘʢ ʢʘʢ ʯʘʩʪʴ ʵʥʝʨʛʠʠ ʠʜʸʪ ʥʘ 

ʨʘʩʢʘʯʢʫ ʵʣʝʢʪʨʦʥʦʚ. ʇʦ ʢʚʘʥʪʦʚʦʡ ʪʝʦʨʠʠ ʯʘʩʪʴ 

ʵʥʝʨʛʠʠ ʬʦʪʦʥʘ w=>E  ʧʝʨʝʜʘʸʪʩʷ ʵʣʝʢʪʨʦʥʫ. ʇʦ-

ʵʪʦʤʫ ʵʥʝʨʛʠʷ ʨʘʩʩʝʷʥʥʦʛʦ ʬʦʪʦʥʘ w¡=¡>E , ʘ ʚʤʝ-

ʩʪʝ ʩ ʪʝʤ ʠ ʝʛʦ ʯʘʩʪʦʪʘ, ʜʦʣʞʥʳ ʙʳʪʴ ʥʝʩʢʦʣʴʢʦ 

ʤʝʥʴʰʝ ( w<w¡<¡ ,EE ). 

ʏʪʦʙʳ ʥʘʡʪʠ ʟʘʚʠʩʠʤʦʩʪʴ ʯʘʩʪʦʪʳ ʦʪ ʫʛʣʘ ʨʘʩ-

ʩʝʷʥʠʷ, ʚʳʧʠʰʝʤ ʟʘʢʦʥʳ ʩʦʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ ʠ ʠʤ-

ʧʫʣʴʩʘ, ʨʘʩʩʤʘʪʨʠʚʘʷ ʥʝ ʪʦʣʴʢʦ ʵʣʝʢʪʨʦʥʳ, ʥʦ ʠ ʬʦ-

ʪʦʥʳ ʢʘʢ ʯʘʩʪʠʮʳ (ʨʠʩ. 1): 

)( 0
2 mmʩ -=w¡-w >> ; (1) 

vkk m=¡->> . (2) 

ɿʜʝʩʴ 0m  ʠ 
2

0 1/ b-=mm   ʤʘʩʩʘ ʵʣʝʢ-

ʪʨʦʥʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʜʦ (ʵʣʝʢʪʨʦʥ ʧʦʢʦʠʪʩʷ) ʠ ʧʦ-

ʩʣʝ ʩʪʦʣʢʥʦʚʝʥʠʷ, v   ʚʝʢʪʦʨ ʩʢʦʨʦʩʪʠ; cv /=b ; 

ck /w=>>  ʠ ck /w¡=>#>   ʠʤʧʫʣʴʩ ʬʦʪʦʥʘ ʩʦʦʪ-

ʚʝʪʩʪʚʝʥʥʦ ʜʦ ʠ ʧʦʩʣʝ ʨʘʩʩʝʷʥʠʷ. 

 
ʈʠʩ.1. ʈʘʩʩʝʷʥʠʝ ʩʚʝʪʘ ʥʘ ʩʚʦʙʦʜʥʦʤ ʵʣʝʢʪʨʦʥʝ 

 

ʇʝʨʝʧʠʰʝʤ ʫʨʘʚʥʝʥʠʷ (1) ʠ (2) ʚ ʚʠʜʝ: 

>/)( 0
2 mmʩ -=w¡-w ; (3) 

>/vkk m=¡- . (4) 

ɺʦʟʚʦʜʠʤ ʵʪʠ ʨʘʚʝʥʩʪʚʘ ʚ ʢʚʘʜʨʘʪ: 

 )2()/(2 2
00

22422 mmmmʩ +-=w¡+w¡w-w > ; 

)2()/(/)2( 2
00

222222 mmmmʩc +-=w¡+w¡w-w > . 
(5) 

222222 /)cos2()/(2 cm w¡+Jw¡w-w==¡+¡- >vkkkk . (6) 

ɺʳʯʪʝʤ ʨʘʚʝʥʩʪʚʦ (5) ʠʟ ʨʘʚʝʥʩʪʚʘ (6), ʧʦʣʫʯʘʝʤ: 

])[(/1/)cos1(2 0
22

0
222222 mmcmcmcmvc +--=J-w¡w > ; 

=+--=J-w¡w ])[(/1/)cos1(2 0
22

0
222222 mmcmcmcvc >  

][/2][/1 0
22

00
22

0
22

0
22 mmcmmmcmcmc -=+--= >> . 

(7) 

ʉ ʫʯʸʪʦʤ ʧʦʜʩʪʘʥʦʚʢʠ (3) ʧʦʣʫʯʘʝʤ: 

][/)cos1( 0 w¡-w=J-w¡w ccʩm> ; 

w¡ww¡-w=J- /][/)cos1( 0 ccʩm> ; 

]//[/)2/(sin2 0
2 w-w¡=J ccʩm> ; 

(8) 

ǩk 

ǩk' 

m0 

◒ 

ű 

mv 
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]//[/2)2/(sin22 0
2 w-w¡p=Jp ccʩm> . 

ɼʘʣʝʝ ʫʯʪʸʤ, ʯʪʦ ʜʣʠʥʘ ʚʦʣʥʳ wp=l /2 c  ʠ w¡p=l¡ /2 c , ʘ ʢʦʤʧʪʦʥʦʚʩʢʘʷ ʜʣʠʥʘ ʚʦʣʥʳ 0l  ʵʣʝʢ-

ʪʨʦʥʘ ʨʘʚʥʘ 

ʩʤ104,2//2 10
000

-Öº=p=l cmhcm> . (9) 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʤʝʝʤ: 

)2/(sin2 2
0 Jl=l-l¡=lD . (10) 

 

ʀʟ ʬʦʨʤʫʣʳ (10) ʤʳ ʚʠʜʠʤ, ʯʪʦ ʟʜʝʩʴ ʝʩʪʴ ʪʨʠ ʩʚʦʙʦʜʥʳʭ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʧʘʨʘʤʝʪʨʘ: ɚ  ʧʝʨʚʦʥʘ-

ʯʘʣʴʥʘʷ ʜʣʠʥʘ ʚʦʣʥʳ ʬʦʪʦʥʘ, ɚ' ⱷ ʜʣʠʥʘ ʚʦʣʥʳ ʬʦʪʦʥʘ ʧʦʩʣʝ ʩʪʦʣʢʥʦʚʝʥʠʷ ʩ ʵʣʝʢʪʨʦʥʦʤ ʠ ʫʛʦʣ ʨʘʩʩʝʷʥʠʷ 

◒. ʂʘʢ ʠʟʚʝʩʪʥʦ ʢʦʤʧʪʦʥʦʚʩʢʦʝ ʨʘʩʩʝʷʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʥʘʙʣʶʜʘʣʦʩʴ ʧʨʠ ʩʨʘʚʥʠʪʝʣʴʥʦ ʤʘʣʳʭ ʜʣʠʥʘʭ 

ʚʦʣʥ (ʨʝʥʪʛʝʥʦʚʩʢʦʝ ʠʟʣʫʯʝʥʠʝ, ʛʘʤʤʘ - ʢʚʘʥʪʳ): 

%101,0~/~/ 0 =llllD . (11) 

ʂʦʤʧʪʦʥʦʤ ʙʳʣ ʧʨʦʚʝʜʸʥ ʵʢʩʧʝʨʠʤʝʥʪ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʨʘʩʩʝʠʚʘʶʱʠʭ ʚʝʱʝʩʪʚ (ʨʠʩ. 2.). ɻʨʘʬʠʢʠ ʨʝ-

ʟʫʣʴʪʘʪʘ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 3 5 [2], ʛʜʝ ʚ ʢʘʯʝʩʪʚʝ ʨʘʩʩʝʠʚʘʶʱʝʛʦ ʚʝʱʝʩʪʚʘ ʚʳʩʪʫʧʘʣ ʤʦ-

ʣʠʙʜʝʥ (Mo). 

 
ʈʠʩ.2. ʉʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘ 

 
ʈʠʩ.3 =ᵻ ˊ/4. ʈʠʩ.4. =ᵻˊ/2. ʈʠʩ.5. =ᵻ3ˊ/4. 

 

ʇʨʠ ʫʛʣʝ ʨʘʩʩʝʠʚʘʥʠʷ ◒=0 ʦʪʤʝʯʘʣʦʩʴ ʪʦʣʴʢʦ 

ʧʨʦʭʦʞʜʝʥʠʝ ʥʝʩʤʝʱʸʥʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʨʝʥʪʛʝʥʦʚ-

ʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ (ʥʘ ʛʨʘʬʠʢʘʭ ʵʪʘ ʢʦʤʧʦʥʝʥʪʘ ʦʙʦ-

ʟʥʘʯʝʥʘ ʙʫʢʚʦʡ ʈ). ʆʜʥʘʢʦ ʧʨʠ ʫʛʣʘʭ ʨʘʩʩʝʠʚʘʥʠʷ 

ʦʪ ◒=  ˊ/4 ʜʦ ◒=3ˊ/4 ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʷʚʣʝʥʠʝ ʩʤʝ-

ʱʸʥʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʚ ʩʪʦʨʦʥʫ ʫʚʝʣʠʯʝʥʠʷ ʜʣʠʥʳ 

ʚʦʣʥʳ ʧʦʜ ʙʫʢʚʦʡ ʄ. ʇʨʠʯʸʤ ʩʤʝʱʝʥʠʝ ʪʝʤ, 

ʙʦʣʴʰʝ, ʯʝʤ ʙʦʣʴʰʝ ʫʛʦʣ ʨʘʩʩʝʠʚʘʥʠʷ. ʆʪʤʝʪʠʤ, 

ʯʪʦ ʧʨʠ ʨʘʩʩʝʠʚʘʥʠʠ ʚʝʱʝʩʪʚʘʤʠ ʩ ʤʘʣʳʤʠ ʘʪʦʤ-

ʥʳʤʠ ʥʦʤʝʨʘʤʠ (Li, Be, B) ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʸ ʨʘʩʩʝ-

ʷʥʥʦʝ ʠʟʣʫʯʝʥʠʝ ʠʤʝʝʪ ʩʤʝʱʸʥʥʫʶ ʜʣʠʥʫ ʚʦʣʥʳ. 

ʇʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʘʪʦʤʥʦʛʦ ʥʦʤʝʨʘ ʚʩʸ ʙʦʣʴʰʘʷ 

ʯʘʩʪʴ ʠʟʣʫʯʝʥʠʷ ʨʘʩʩʝʠʚʘʝʪʩʷ ʙʝʟ ʠʟʤʝʥʝʥʠʷ ʜʣʠʥʳ 

ʚʦʣʥʳ.  

ʇʦ ʤʥʝʥʠʶ ʫʯʸʥʳʭ, ʦʩʦʙʝʥʥʦʩʪʠ ʵʬʬʝʢʪʘ 
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ʂʦʤʧʪʦʥʘ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ, ʨʘʩʩʤʘʪʨʠʚʘʷ ʨʘʩʩʝʷ-

ʥʠʝ ʢʘʢ ʧʨʦʮʝʩʩ ʫʧʨʫʛʦʛʦ ʩʪʦʣʢʥʦʚʝʥʠʷ ʨʝʥʪʛʝʥʦʚ-

ʩʢʠʭ ʬʦʪʦʥʦʚ ʩ ʧʨʘʢʪʠʯʝʩʢʠ çʩʚʦʙʦʜʥʳʤʠè ʵʣʝʢ-

ʪʨʦʥʘʤʠ. ʉʚʦʙʦʜʥʳʤʠ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʩʣʘʙʝʝ ʚʩʝʛʦ 

ʩʚʷʟʘʥʥʳʝ ʩ ʘʪʦʤʘʤʠ ʵʣʝʢʪʨʦʥʳ, ʵʥʝʨʛʠʷ ʩʚʷʟʠ ʢʦ-

ʪʦʨʳʭ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ ʪʦʡ ʵʥʝʨʛʠʠ, ʢʦʪʦʨʫʶ 

ʬʦʪʦʥ ʤʦʞʝʪ ʧʝʨʝʜʘʪʴ ʵʣʝʢʪʨʦʥʫ ʧʨʠ ʩʦʫʜʘʨʝʥʠʠ. 

ʇʨʠ ʵʪʦʤ ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʧʨʠ ʫʧʨʫʛʦʤ ʩʦʫʜʘʨʝʥʠʠ 

ʬʦʪʦʥ ʥʝ ʤʦʞʝʪ ʧʝʨʝʜʘʪʴ ʵʣʝʢʪʨʦʥʫ (ʠʣʠ ʢʘʢʦʡ-

ʣʠʙʦ ʜʨʫʛʦʡ ʯʘʩʪʠʮʝ) ʚʩʶ ʩʚʦʶ ʵʥʝʨʛʠʶ. ʊʘʢʦʡ 

ʧʨʦʮʝʩʩ ʥʘʨʫʰʘʣ ʙʳ ʟʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ ʠ 

ʠʤʧʫʣʴʩʘ.  

ɺʠʜʥʦ, ʯʪʦ ʩʘʤʦ ʧʦʥʷʪʠʝ ʫʧʨʫʛʦʛʦ ʩʪʦʣʢʥʦʚʝ-

ʥʠʷ ʥʝ ʨʘʩʢʨʳʚʘʝʪ ʤʝʭʘʥʠʟʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʘ ʝʩʪʴ 

ʣʠʰʴ ʫʪʚʝʨʞʜʝʥʠʝ. ʂʨʦʤʝ ʪʦʛʦ, ʫʪʚʝʨʞʜʝʥʠʝ, ʯʪʦ 

çʧʨʠ ʩʦʫʜʘʨʝʥʠʠ ʬʦʪʦʥ ʥʝ ʤʦʞʝʪ ʧʝʨʝʜʘʪʴ ʵʣʝʢ-

ʪʨʦʥʫ ʚʩʶ ʩʚʦʶ ʵʥʝʨʛʠʶè ʪʘʢʞʝ ʩʦʤʥʠʪʝʣʴʥʦ, ʪʘʢ 

ʢʘʢ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʧʨʠ ʩʪʦʣʢʥʦʚʝʥʠʠ ʬʦʪʦʥʘ ʩʦʦʪ-

ʚʝʪʩʪʚʫʶʱʝʡ ʯʘʩʪʦʪʳ ʩ ʧʨʝʧʷʪʩʪʚʠʝʤ ʚʦʟʤʦʞʥʦ ʦʙ-

ʨʘʟʦʚʘʥʠʝ ʧʘʨʳ ʵʣʝʢʪʨʦʥʘ ʠ ʧʦʟʠʪʨʦʥʘ. ʀ ʚ ʵʪʦʤ 

ʩʣʫʯʘʝ ʚʩʷ ʵʥʝʨʛʠʷ ʠ ʠʤʧʫʣʴʩ ʬʦʪʦʥʘ ʦʪʜʘʶʪʩʷ 

ʵʣʝʢʪʨʦʥʫ, ʧʦʟʠʪʨʦʥʫ ʠ ʧʨʝʧʷʪʩʪʚʠʶ. ɼʝʣʘʝʤ ʚʳ-

ʚʦʜʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʵʬʬʝʢʪʘ ʂʦʤʧʪʦʥʘ: 

1) ʧʘʨʘʜʦʢʩ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʢʣʘʩʩʠʯʝʩʢʦʡ ʵʣʝʢ-

ʪʨʦʜʠʥʘʤʠʢʠ ʩʚʷʟʘʥ ʩ ʪʝʤ, ʯʪʦ ʦʧʠʩʘʪʴ ʠʟʤʝʥʝʥʠʝ 

ʯʘʩʪʦʪʳ ʥʝʚʦʟʤʦʞʥʦ; 

2) ʧʘʨʘʜʦʢʩ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʢʚʘʥʪʦʚʦʡ ʤʝʭʘ-

ʥʠʢʠ  ʵʪʦ ʧʦʥʷʪʠʝ ʫʧʨʫʛʦʛʦ ʩʪʦʣʢʥʦʚʝʥʠʷ, ʢʦʪʦʨʦʝ 

ʥʝ ʠʤʝʝʪ ʬʠʟʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ. ɺʝʜʴ ʜʣʷ ʵʪʦʛʦ 

ʥʘʜʦ ʧʨʝʜʩʪʘʚʠʪʴ ʬʦʪʦʥ ʚ ʢʦʨʧʫʩʢʫʣʷʨʥʦʤ ʚʠʜʝ. ɸ 

ʢʘʢ, ʝʩʣʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʵʣʝʢʪʨʦʜʠʥʘʤʠʢʠ, ʦʥ ʠʤʝʝʪ 

ʪʦʣʴʢʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʦʧʠʩʘʥʠʝ? 

ʂʨʦʤʝ ʪʦʛʦ, ʛʣʘʚʥʦʝ ʫʩʣʦʚʠʝ  ʵʪʦ ʩʦʙʣʶʜʝʥʠʝ 

ʟʘʢʦʥʘ ʩʦʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ ʠ ʠʤʧʫʣʴʩʘ. ʆʜʥʘʢʦ, 

ʝʩʣʠ ʠʩʭʦʜʠʪʴ ʠʟ ʢʣʘʩʩʠʯʝʩʢʦʡ ʤʝʭʘʥʠʢʠ, ʧʦ ʟʘʢʦʥʫ 

ʩʦʭʨʘʥʝʥʠʷ ʠʤʧʫʣʴʩʘ ʜʣʷ ʢʦʨʧʫʩʢʫʣʷʨʥʳʭ ʩʚʦʡʩʪʚ 

ʯʘʩʪʠʮ, ʠʤʧʫʣʴʩ ʬʦʪʦʥʘ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʜʚʠʞʝʥʠʷ 

ʜʦʣʞʝʥ ʧʝʨʝʜʘʚʘʪʴʩʷ ʣʠʙʦ ʧʦʣʥʦʩʪʴʶ, ʣʠʙʦ ʯʘʩʪʴ 

ʬʦʪʦʥʘ ʜʦʣʞʥʘ ʦʪʨʘʞʘʪʴʩʷ ʧʨʠ ʩʪʦʣʢʥʦʚʝʥʠʠ. ʀ 

ʟʜʝʩʴ ʥʠʢʦʠʤ ʦʙʨʘʟʦʤ ʥʝ ʤʦʛʫʪ ʚʦʟʥʠʢʥʫʪʴ ʠʟ ʥʠ-

ʦʪʢʫʜʘ ʜʚʝ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʠʤ-

ʧʫʣʴʩʘ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ, ʯʪʦ 

ʚʠʜʥʦ ʚ ʨʠʩ. 1.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʘʨʘʜʦʢʩʳ ʵʬʬʝʢʪʘ ʂʦʤʧ-

ʪʦʥʘ ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʥʝʪ ʦʙʦʩʥʦʚʘʥʠʷ 

ʪʘʢʦʤʫ ʧʨʝʦʙʨʘʟʦʚʘʥʠʶ ʬʦʪʦʥʘ ʠ ʜʚʠʞʝʥʠʶ ʵʣʝʢ-

ʪʨʦʥʘ ʧʦʩʣʝ ʩʪʦʣʢʥʦʚʝʥʠʷ ʥʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʯʠʩʪʦ 

ʢʦʨʧʫʩʢʫʣʷʨʥʳʭ ʩʚʦʡʩʪʚ ʠ ʢʚʘʥʪʦʚʦʡ ʤʝʭʘʥʠʢʠ, ʥʠ 

ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʢʣʘʩʩʠʯʝʩʢʦʡ ʵʣʝʢʪʨʦʜʠʥʘʤʠʢʠ. 

ʏʪʦʙʳ ʨʘʟʨʝʰʠʪʴ ʫʢʘʟʘʥʥʳʝ ʧʘʨʘʜʦʢʩʳ ʥʘʜʦ 

ʧʦʢʘʟʘʪʴ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʢʦʨʧʫʩʢʫʣʷʨʥʳʭ ʩʚʦʡʩʪʚ 

ʚ ʚʦʣʥʦʚʳʝ ʠ ʥʘʦʙʦʨʦʪ, ʥʦ ʩʜʝʣʘʪʴ ʵʪʦ ʧʨʠ ʧʨʠʜʫ-

ʤʘʥʥʳʭ "ʰʪʘʤʧʘʭ", ʢʦʪʦʨʳʝ ʙʳʣʠ ʧʨʠʤʝʥʝʥʳ ʧʨʠ 

ʥʘʯʘʣʴʥʦʤ ʨʘʟʚʠʪʠʠ ʬʠʟʠʢʠ ʠ ʤʘʪʝʤʘʪʠʢʠ ʥʝʚʦʟ-

ʤʦʞʥʦ. ʊʘʢ, ʚ ʬʦʨʤʫʣʝ (10) ʜʣʠʥʘ ʢʦʤʧʪʦʥʦʚʩʢʦʡ 

ʚʦʣʥʳ ʵʣʝʢʪʨʦʥʘ ʚʳʯʠʩʣʝʥʘ ʠʩʭʦʜʷ ʠʟ ʩʠʩʪʝʤʳ ʉʀ. 

ʄʳ ʥʝ ʨʘʟ ʧʠʩʘʣʠ ʚ ʩʚʦʠʭ ʧʨʝʜʳʜʫʱʠʭ ʩʪʘʪʴʷʭ, ʯʪʦ 

ʄʠʨʦʟʜʘʥʠʝ ʥʠʯʝʛʦ "ʥʝ ʟʥʘʝʪ" ʦ ʧʨʠʥʷʪʦʡ ʣʶʜʴʤʠ 

ʩʠʩʪʝʤʝ ʠʟʤʝʨʝʥʠʷ ʉʀ ʚ ʵʪʦʤ ʤʠʨʝ. ʄʠʨʦʟʜʘʥʠʝ 

ʦʧʝʨʠʨʫʝʪ ʪʦʣʴʢʦ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤʠ ʩʦʦʪʥʦʰʝʥʠ-

ʷʤʠ ʤʝʞʜʫ ʛʣʦʙʘʣʴʥʳʤʠ ʇʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʷʤʠ ʠ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʤʠ ʠʟʤʝʥʝʥʠʷ ʵʪʠʭ ʢʦʣʠʯʝʩʪʚʝʥ-

ʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ, ʧʨʠ ʢʦʪʦʨʳʭ ʩʫʤʤʘ ʚ ʦʜʥʦʡ ʇʨʦ-

ʪʠʚʦʧʦʣʦʞʥʦʩʪʠ ʦʟʥʘʯʘʝʪ ʨʘʟʥʦʩʪʴ ʚ ʜʨʫʛʦʡ ʇʨʦʪʠ-

ʚʦʧʦʣʦʞʥʦʩʪʠ ʩ ʩʦʙʣʶʜʝʥʠʝʤ ʟʘʢʦʥʘ ʩʦʭʨʘʥʝʥʠʷ 

ʢʦʣʠʯʝʩʪʚʘ. ʆʪʤʝʪʠʤ, ʯʪʦ ʉʀ ʜʘʸʪ ʥʝʧʣʦʭʠʝ ʨʝ-

ʟʫʣʴʪʘʪʳ ʥʘ ʧʨʘʢʪʠʢʝ, ʥʦ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʥʝ ʟʘʪʨʘ-

ʛʠʚʘʶʪʩʷ ʛʣʦʙʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ, ʪʠʧʘ ʨʘʜʠʫʩʘ 

ʐʚʘʨʮʰʠʣʴʜʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʠʥʷʪʘʷ ʣʶʜʴʤʠ ʉʀ 

ʜʘʸʪ ʧʘʨʘʜʦʢʩ, ʩʚʷʟʘʥʥʳʡ ʩ ʪʝʤ, ʯʪʦ ʧʦʣʫʯʘʶʪʩʷ 

"ʯʸʨʥʳʝ ʜʳʨʳ" ʩ ʥʘʨʫʰʝʥʠʝʤ ʟʘʢʦʥʘ ʪʝʨʤʦʜʠʥʘʤʠ-

ʯʝʩʢʦʛʦ ʨʘʚʥʦʚʝʩʠʷ, ʧʨʠ ʢʦʪʦʨʦʤ ʩʚʝʪ ʥʝ ʤʦʞʝʪ 

ʚʳʡʪʠ ʟʘ ʧʨʝʜʝʣʳ ʨʘʜʠʫʩʘ ʐʚʘʨʮʰʠʣʴʜʘ. ɸ ʠʤʝʶ-

ʱʝʝ ʤʝʩʪʦ ʠʟʣʫʯʝʥʠʝ (ʜʞʝʪ) ʧʨʠʜʫʤʘʥʦ ʟʘ ʩʯʸʪ ʪʝ-

ʣʝʧʦʨʪʘʮʠʠ ʯʘʩʪʠʮ ʧʦ ʪʝʦʨʠʠ ʉʪʠʚʝʥʘ ʍʦʢʠʥʛʘ [3].  

ʇʦʵʪʦʤʫ ʥʘʤ ʧʦʪʨʝʙʦʚʘʣʦʩʴ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦ 

ʨʘʟʚʠʪʴ ʪʝʦʨʠʶ ʬʠʣʦʩʦʬʠʠ, ʬʠʟʠʢʠ ʠ ʤʘʪʝʤʘʪʠʢʠ 

[4-6]. ʇʨʠ ʵʪʦʤ ʦʢʘʟʘʣʦʩʴ, ʯʪʦ ʩ ʫʯʸʪʦʤ ʩʦʙʣʶʜʝʥʠʷ 

ʟʘʢʦʥʘ ʩʦʭʨʘʥʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʤʝʞʜʫ ʧʨʦʪʠʚʦʧʦ-

ʣʦʞʥʦʩʪʷʤʠ ʟʥʘʯʝʥʠʝ ʤʘʩʩʳ ʧʦʢʦʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦ 

ʚʳʨʘʞʘʝʪʩʷ ʯʝʨʝʟ ʚʝʣʠʯʠʥʫ ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ, ʪʦ ʝʩʪʴ 

cm /10= . ʕʪʦʪ ʨʝʟʫʣʴʪʘʪ ʙʳʣ ʧʦʣʫʯʝʥ ʥʘʤʠ ʠʩ-

ʭʦʜʷ ʠʟ ʬʠʣʦʩʦʬʩʢʠʭ ʟʘʢʦʥʦʚ ʠ ʠʩʢʣʶʯʝʥʠʷ ʯʫʜʘ 

ʧʨʠ ʚʳʚʦʜʝ ʫʨʘʚʥʝʥʠʷ ʵʥʝʨʛʠʠ ʕʡʥʰʪʝʡʥʘ ʠʟ ʫʨʘʚ-

ʥʝʥʠʷ ʦʢʨʫʞʥʦʩʪʠ, ʢʦʪʦʨʘʷ ʦʪʨʘʞʘʝʪ ʟʘʤʢʥʫʪʫʶ 

ʩʚʷʟʴ ʇʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʝʡ ʜʨʫʛ ʥʘ ʜʨʫʛʘ. ʊʦʛʜʘ 

ʧʦʣʫʯʘʝʤ, ʯʪʦ ʤʠʥʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʘʷ ʜʣʠʥʘ ʚʦʣʥʳ 

0l  ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʘʢʩʠʤʘʣʴʥʦʡ ʯʘʩʪʦʪʝ, ʪʦ ʝʩʪʴ 

h=l0 . ʇʦ-ʜʨʫʛʦʤʫ ʛʦʚʦʨʷ, ʚ ʥʘʰʝʡ ʪʝʦʨʠʠ ʄʠʨʦ-

ʟʜʘʥʠʷ ʢʦʥʩʪʘʥʪʘ ʜʠʩʢʨʝʪʠʟʘʮʠʠ h ʩʚʷʟʘʥʘ ʩ ʤʘʢʩʠ-

ʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʴʶ ʦʙʤʝʥʘ ʤʝʞʜʫ ʧʨʦʪʠʚʦʧʦʣʦʞ-

ʥʦʩʪʷʤʠ  ʩʢʦʨʦʩʪʴʶ ʩʚʝʪʘ c. ʀʥʘʯʝ ʚʦʟʥʠʢʘʝʪ ʥʝ-

ʟʘʚʠʩʠʤʦʩʪʴ ʇʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʝʡ ʜʨʫʛ ʦʪ ʜʨʫʛʘ.  

ʄʠʥʠʤʘʣʴʥʳʡ çʨʘʟʤʝʨè ʵʣʝʢʪʨʦʥʘ ʧʦ ʢʣʘʩʩʠ-

ʯʝʩʢʦʡ ʪʝʦʨʠʠ ʵʣʝʢʪʨʦʜʠʥʘʤʠʢʠ ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ 

ʬʦʨʤʫʣʝ: 
2

0
2

0 / cmqr = . (12) 

ʋʯʠʪʳʚʘʷ, ʯʪʦ ʟʥʘʯʝʥʠʝ ʟʘʨʷʜʘ ʥʝ ʠʤʝʝʪ ʵʥʝʨ-

ʛʝʪʠʯʝʩʢʦʛʦ ʵʢʚʠʚʘʣʝʥʪʘ (ʘ ʟʥʘʯʠʪ ʠ ʥʝ ʤʦʞʝʪ ʦʢʘ-

ʟʘʪʴ ʩʠʣʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ) ʧʦ ʬʦʨʤʫʣʝ ʵʥʝʨʛʠʠ 

ʕʡʥʰʪʝʡʥʘ, ʪʘʢ ʢʘʢ ʥʝ ʚʭʦʜʠʪ ʚ ʵʪʫ ʬʦʨʤʫʣʫ, ʪʦ, ʧʦ 

ʥʘʰʝʡ ʪʝʦʨʠʠ q=1. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʥʦʚʴ ʠʤʝʝʤ, ʯʪʦ 

ʤʠʥʠʤʘʣʴʥʳʡ ʨʘʟʤʝʨ ʵʣʝʢʪʨʦʥʘ ʨʘʚʝʥ ʧʦʩʪʦʷʥʥʦʡ 

ʇʣʘʥʢʘ h. ʇʨʘʢʪʠʯʝʩʢʠ ʵʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʵʣʝʢʪʨʦʥ 

ʠ ʧʦʟʠʪʨʦʥ ʚ ʩʦʩʪʦʷʥʠʠ ʧʦʢʦʷ ʠʤʝʶʪ ʤʘʢʩʠʤʘʣʴʥʦ 

ʚʦʟʤʦʞʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʯʝʨʝʟ ʦʙʤʝʥ. ʕʪʦ ʩʦʦʪ-

ʚʝʪʩʪʚʫʝʪ ʥʘʰʝʡ ʪʝʦʨʠʠ ʥʘ ʦʩʥʦʚʘʥʠʠ ʟʘʢʦʥʘ ʦʙ ʦʙ-

ʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʡ ʩʚʷʟʠ, ʚ ʢʦʪʦʨʦʡ ʤʠʥʠ-

ʤʘʣʴʥʦ ʚʦʟʤʦʞʥʳʝ ʦʙʲʝʢʪʳ ʚ ʦʜʥʦʡ ʧʨʦʪʠʚʦʧʦ-

ʣʦʞʥʦʩʪʠ ʷʚʣʷʶʪʩʷ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʳʤʠ ʚ 

ʜʨʫʛʦʡ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʠ. ʊʦ ʝʩʪʴ, ʢʘʢ ʙʳ ʚ ʧʨʦ-

ʪʠʚʦʧʦʣʦʞʥʦʩʪʠ ʵʣʝʢʪʨʦʥ ʠ ʧʦʟʠʪʨʦʥ ʚ ʩʦʩʪʦʷʥʠʠ 

ʧʦʢʦʷ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʜʚʝ ʛʣʦʙʘʣʴʥʳʝ ʇʨʦʪʠ-

ʚʦʧʦʣʦʞʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩʦ ʩʢʦʨʦ-

ʩʪʴʶ ʩʚʝʪʘ, ʘ ʠʥʘʯʝ ʦʥʠ ʙʳʣʠ ʙʳ ʥʝʟʘʚʠʩʠʤʳ. ʆʪ-

ʩʶʜʘ ʠ ʨʝʟʫʣʴʪʘʪ ʠʭ ʘʥʥʠʛʠʣʷʮʠʠ  ʧʨʝʚʨʘʱʝʥʠʝ ʚ 

ʬʦʪʦʥʳ. ɽʩʣʠ ʠʩʭʦʜʠʪʴ ʠʟ ʉʊʆ ʠ ʆʊʆ ʕʡʥʰʪʝʡʥʘ, 

ʪʦ ʜʚʠʞʫʱʠʡʩʷ ʵʣʝʢʪʨʦʥ ʚ ʩʠʩʪʝʤʝ ʥʘʙʣʶʜʝʥʠʷ ʠʟ 

ʩʦʩʪʦʷʥʠʷ ʧʦʢʦʷ ʠʤʝʝʪ ʩʦʢʨʘʱʝʥʠʝ ʜʣʠʥʳ ʚ 

ʥʘʧʨʘʚʣʝʥʠʠ ʩʚʦʝʛʦ ʜʚʠʞʝʥʠʷ ʧʦ ʬʦʨʤʫʣʝ 

2
0 )/(1 cvll -= . (13) 

ʇʨʠ ʵʪʦʤ ʚʨʝʤʷ ʪʘʢʞʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʠ ʠʤʝʝʪ 
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ʟʘʤʝʜʣʝʥʠʝ ʧʦ ʬʦʨʤʫʣʝ 

2
0 )/(1/ cv-t=t . (14) 

ʇʨʦʠʟʚʝʜʝʥʠʝ ʵʪʠʭ ʚʝʣʠʯʠʥ ʠʥʚʘʨʠʘʥʪʥʦ ʚ ʩʠ-

ʩʪʝʤʝ ʥʘʙʣʶʜʝʥʠʷ ʠʟ ʩʦʩʪʦʷʥʠʷ ʧʦʢʦʷ, ʪʦ ʝʩʪʴ ʩʘʤ 

ʦʙʲʝʢʪ ʠʤʝʝʪ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʠ ʟʘʚʠ-

ʩʠʪ ʦʪ ʦʪʥʦʰʝʥʠʷ ʢ ʩʠʩʪʝʤʝ ʥʘʙʣʶʜʝʥʠʷ. ʆʪʤʝʪʠʤ, 

ʯʪʦ ʚʦʣʥʦʚʦʝ ʠ ʢʦʨʧʫʩʢʫʣʷʨʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ  

ʵʪʦ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʠ. ʕʪʦ ʤʳ ʚʠʜʠʤ ʧʨʠ ʘʥʘʣʠʟʝ 

ʚʦʣʥʳ ʃʫʠ ʜʝ ɹʨʦʡʣʷ ʥʘ ʦʩʥʦʚʘʥʠʠ ʩʢʦʨʦʩʪʠ ʜʚʠ-

ʞʝʥʠʷ ʵʣʝʢʪʨʦʥʘ ʠʟ ʬʦʨʤʫʣʳ: 

)/(/ 0vmhph ==ʜl . (15) 

ɽʩʣʠ ʫʯʝʩʪʴ, ʯʪʦ ʧʦ ʥʘʰʝʡ ʪʝʦʨʠʠ cm /10=  ʠ 

1=hc , ʪʦ ʧʦʣʫʯʠʤ v/1ʜ=l . ɸ ʵʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ 

ʜʣʠʥʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʚʦʣʥʳ ʠ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝ-

ʥʠʷ ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʯʘʩʪʠʮʳ (ʵʣʝʢʪʨʦʥ ʠʣʠ ʧʦʟʠ-

ʪʨʦʥ) ʩʚʷʟʘʥʳ ʢʘʢ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʠ  ʦʙʨʘʪʥʦ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʡ ʩʚʷʟʴʶ. ʉ ʫʯʸʪʦʤ ʪʦʛʦ, ʯʪʦ 

ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ 
ʜʜ cT=l , ʘ Thv /= , ʧʦʣʫʯʠʤ 

TTTchTv //1 ʜʜʜ ==l= . 

ʕʪʦ ʦʯʝʥʴ ʚʘʞʥʘʷ ʚʟʘʠʤʦʩʚʷʟʴ, ʪʘʢ ʢʘʢ ʫʩʪʘ-

ʥʘʚʣʠʚʘʝʪ ʨʘʚʝʥʩʪʚʦ ʛʣʦʙʘʣʴʥʳʭ ʇʨʦʪʠʚʦʧʦʣʦʞʥʦ-

ʩʪʝʡ ʧʦ ʢʦʣʠʯʝʩʪʚʫ. ʇʦʥʷʪʥʦ, ʯʪʦ ʧʨʠ ʦʧʦʨʝ ʥʘ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ ʩ, ʧʦʩʪʦʷʥʥʦʡ 

ʇʣʘʥʢʘ h ʠ ʤʘʩʩʳ ʧʦʢʦʷ ʵʣʝʢʪʨʦʥʘ m0 ʚ ʉʀ ʠʣʠ ʉɻʉ 

ʪʘʢʦʝ ʩʦʦʪʚʝʪʩʪʚʠʝ ʫʩʪʘʥʦʚʠʪʴ ʙʳʣʦ ʙʳ ʥʝʚʦʟ-

ʤʦʞʥʦ. ʉ ʫʯʸʪʦʤ ʪʦʛʦ, ʯʪʦ ɚ=2ˊc/ɤ, ʠ ʧʨʠʥʠʤʘʷ ʚʦ 

ʚʥʠʤʘʥʠʝ, ʯʪʦ ʣʶʙʦʡ ʦʙʲʝʢʪ ʄʠʨʦʟʜʘʥʠʷ  ʵʪʦ ʢʦʨ-

ʧʫʩʢʫʣʷʨʥʦ-ʚʦʣʥʦʚʦʡ ʦʙʲʝʢʪ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʜʚʫʭ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʝʡ, ʩʣʝʜʫʝʪ ʚʳʚʦʜ: ʧʨʦʩʪʨʘʥ-

ʩʪʚʝʥʥʦ ʚʨʝʤʝʥʥʦʝ ʠʩʢʨʠʚʣʝʥʠʝ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʉʊʆ ʕʡʥʰʪʝʡʥʘ ʟʘ ʩʯʸʪ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʦʙʲ-

ʝʢʪʘ v, ʩ ʫʯʸʪʦʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʄʠʥʢʦʚʩʢʦʛʦ, ʚ 

ʦʜʥʦʡ ʛʣʦʙʘʣʴʥʦʡ ʇʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʠ ʜʦʣʞʥʦ 

ʠʤʝʪʴ ʦʜʥʦʟʥʘʯʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʚ ʵʣʝʢʪʨʦʤʘʛ-

ʥʠʪʥʦʝ ⱷ ʠ ʚʦʣʥʦʚʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʚ ʜʨʫʛʦʡ ʇʨʦ-

ʪʠʚʦʧʦʣʦʞʥʦʩʪʠ, ʩ ʫʯʸʪʦʤ ʩʦʙʣʶʜʝʥʠʷ ʟʘʢʦʥʘ ʩʦ-

ʭʨʘʥʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ. 

ʉ ʫʯʸʪʦʤ ʥʘʰʝʡ ʪʝʦʨʠʠ, ʜʚʠʞʝʥʠʝ ʤʦʥʦʭʨʦʤʘ-

ʪʠʯʝʩʢʦʡ ʧʣʦʩʢʦʡ ʚʦʣʥʳ ʚʜʦʣʴ ʦʩʠ ʭ ʤʦʞʥʦ ʦʧʠʩʘʪʴ 

ʬʫʥʢʮʠʝʡ: 

)]2/2(exp[)](exp[ ʜ00 vxctiAkxtiA p-lp-=-w-=j . (16) 

ɸʥʘʣʦʛʠʯʥʦ ʦʧʠʩʳʚʘʝʪʩʷ ʠ ʚʦʣʥʘ ʃʫʠ ʜʝ ɹʨʦʡʣʷ. ɼʘʣʝʝ, ʩ ʫʯʸʪʦʤ ʩʦʙʣʶʜʝʥʠʷ ʟʘʢʦʥʘ ʩʦʭʨʘʥʝʥʠʷ ʢʦ-

ʣʠʯʝʩʪʚʘ, ʤʝʞʜʫ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʷʤʠ ʠʤʝʝʪ ʤʝʩʪʦ ʨʘʚʝʥʩʪʚʦ: 

0const//1)2/2( ʜʜʜ ==-=-l=p-lp vcfvvxct . (17) 

ʋʨʘʚʥʝʥʠʝ (17) ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʩʢʦʨʦʩʪʴ 

ʜʚʠʞʝʥʠʷ ʵʣʝʢʪʨʦʥʘ (ʧʦʟʠʪʨʦʥʘ) ʦʜʥʦʟʥʘʯʥʦ ʩʚʷ-

ʟʘʥʘ ʩ ʚʦʣʥʦʡ ʃʫʠ ʜʝ ɹʨʦʡʣʷ, ʠ ʵʪʦ  ʧʨʦʪʠʚʦʧʦʣʦʞ-

ʥʦʩʪʠ, ʩʚʷʟʘʥʥʳʝ ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʡ ʩʚʷ-

ʟʴʶ. ʆʜʥʘʢʦ ʚ ʢʣʘʩʩʠʯʝʩʢʦʡ ʵʣʝʢʪʨʦʜʠʥʘʤʠʢʝ ʠ 

ʢʚʘʥʪʦʚʦʡ ʤʝʭʘʥʠʢʝ ʩʣʦʞʠʣʦʩʴ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ 

ʚʦʣʥʝ ʃʫʠ ʜʝ ɹʨʦʡʣʷ ʢʘʢ ʦ ʚʝʨʦʷʪʥʦʩʪʥʦʡ ʚʦʣʥʦʚʦʡ 

ʬʫʥʢʮʠʠ ʚ ʩʠʣʫ ʪʦʛʦ, ʯʪʦ ʦʥʘ ʜʦʣʞʥʘ ʨʘʩʧʨʦʩʪʨʘ-

ʥʷʪʴʩʷ ʩʦ ʩʢʦʨʦʩʪʴʶ, ʧʨʝʚʳʰʘʶʱʝʡ ʩʢʦʨʦʩʪʴ 

ʩʚʝʪʘ. ʕʪʦ ʩʣʝʜʫʝʪ ʠʟ ʩʣʝʜʫʶʱʠʭ ʩʦʦʪʥʦʰʝʥʠʡ: 

>> // 22
0

2 cmpcɽ +==w ; 

>/pk= . 
(18) 

ʇʨʠ ʵʪʦʤ ʬʘʟʦʚʘʷ ʩʢʦʨʦʩʪʴ ʬʦʪʦʥʦʚ (ʧʨʠ 

m0=0), ʨʘʚʥʘ ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ: 

cku =w= / . (19) 

ɺ ʩʣʫʯʘʝ ʵʣʝʢʪʨʦʥʘ, ʜʚʠʞʫʱʝʛʦʩʷ ʩʦ ʩʢʦʨʦ-

ʩʪʴʶ v, ʬʘʟʦʚʘʷ ʩʢʦʨʦʩʪʴ ʚʦʣʥʳ ʃʫʠ ʜʝ ɹʨʦʡʣʷ 

ʜʦʣʞʥʘ ʙʳʪʴ ʨʘʚʥʘ: 

cvcu >= /2
ʵ . (20) 

ʆʪʩʶʜʘ ʬʠʟʠʢʠ ʩʜʝʣʘʣʠ ʚʳʚʦʜ, ʯʪʦ ʚʦʣʥʘ ʃʫʠ 

ʜʝ ɹʨʦʡʣʷ ʷʚʣʷʝʪʩʷ ʚʝʨʦʷʪʥʦʩʪʥʦʡ ʚʦʣʥʦʚʦʡ ʬʫʥʢ-

ʮʠʝʡ, ʠʤʝʶʱʝʡ ʩʚʦʡʩʪʚʘ ʪʝʣʝʧʦʨʪʘʮʠʠ, ʪʘʢ ʢʘʢ ʝʸ 

ʬʘʟʦʚʘʷ ʩʢʦʨʦʩʪʴ ʧʨʝʚʳʰʘʝʪ ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ. ɽʩʣʠ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʷʚʣʝʥʠʷ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʨʦʪʠʚʦʧʦ-

ʣʦʞʥʦʩʪʝʡ (ʯʪʦ ʠ ʩʜʝʣʘʥʦ ʥʘʤʠ ʚ [4-6]), ʪʦ ʛʣʦʙʘʣʴ-

ʥʳʝ ʇʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʠ ʩʚʷʟʘʥʳ ʯʝʨʝʟ ʩʢʦʨʦʩʪʴ 

ʩʚʝʪʘ, ʠ ʣʶʙʦʡ ʦʙʲʝʢʪ ʄʠʨʦʟʜʘʥʠʷ ʜʦʣʞʝʥ ʦʧʠʩʳ-

ʚʘʪʴʩʷ ʚ ʵʪʠʭ ʜʚʫʭ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʷʭ (ʠʥʘʯʝ ʦʥ 

ʙʫʜʝʪ ʥʝʟʘʚʠʩʠʤ ʠ ʥʝ ʷʚʣʷʝʪʩʷ ʢʦʨʧʫʩʢʫʣʷʨʥʦ-ʚʦʣ-

ʥʦʚʳʤ ʦʙʲʝʢʪʦʤ). ɸ ʵʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʜʚʠʞʝʥʠʝ ʯʘ-

ʩʪʠʮʳ (ʵʣʝʢʪʨʦʥʘ ʠʣʠ ʧʦʟʠʪʨʦʥʘ) ʩʦ ʩʢʦʨʦʩʪʴʶ v ʚ 

ʦʜʥʦʡ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʠ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ 

ʜʚʠʞʝʥʠʝ ʩʦ ʩʢʦʨʦʩʪʴʶ ʩʚʝʪʘ ʥʝʡʪʨʠʥʦ ʠʣʠ ʘʥʪʠ-

ʥʝʡʪʨʠʥʦ ʚ ʜʨʫʛʦʡ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʠ, ʠ ʜʣʠʥʘ 

ʚʦʣʥʳ ʩʦʦʪʚʝʪʩʪʚʫʝʪ (17). ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚʦʣʥʦʚʳʝ 

ʩʚʦʡʩʪʚʘ ʃʫʠ ʜʝ ɹʨʦʡʣʷ ʧʨʠʦʙʨʝʪʘʶʪ ʵʣʝʢʪʨʦʤʘʛ-

ʥʠʪʥʫʶ ʨʝʘʣʴʥʦʩʪʴ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʠ. ɺ ʩʦʦʪ-

ʚʝʪʩʪʚʠʠ ʩ ʥʘʰʝʡ ʪʝʦʨʠʝʡ, ʩʣʦʞʝʥʠʝ ʚ ʦʜʥʦʡ ʧʨʦ-

ʪʠʚʦʧʦʣʦʞʥʦʩʪʠ ʦʟʥʘʯʘʝʪ ʚʳʯʠʪʘʥʠʝ ʚ ʜʨʫʛʦʡ ʧʨʦ-

ʪʠʚʦʧʦʣʦʞʥʦʩʪʠ (ʘ ʠʥʘʯʝ ʙʳ ʥʝ ʚʳʧʦʣʥʷʣʩʷ ʟʘʢʦʥ 

ʩʦʭʨʘʥʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʧʨʠ ʦʙʤʝʥʝ, ʠ ʙʳʣʦ ʙʳ ʯʫʜʦ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠʟ ʥʠʯʝʛʦ). ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ ʥʘʤʠ ʚ 

[4-6] ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʟʘʢʦʥʦ-

ʤʝʨʥʦʩʪʷʤʠ ʚ ʛʣʦʙʘʣʴʥʳʭ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʷʭ ʚ 

ʚʠʜʝ: 

)(sh)(ch)(sin)(cos 2222 gggg -=+ ; 

)exp()exp()exp()exp( wwigig -=- . 
(21) 

ɺʠʜʥʦ, ʯʪʦ ʝʩʣʠ ʢʦʨʧʫʩʢʫʣʷʨʥʦ-ʚʦʣʥʦʚʦʡ ʦʙʲ-

ʝʢʪ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʦʧʠʩʳʚʘʝʪʩʷ ʧʨʦʪʠʚʦʧʦʣʦʞ-

ʥʳʤʠ ʚʝʣʠʯʠʥʘʤʠ ʜ/1 l=g  ʠ vw=  (ʧʨʠ ʵʪʦʤ 

iwg= ), ʪʦ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʛʣʦʙʘʣʴʥʳʭ ʇʨʦʪʠʚʦʧʦ-

ʣʦʞʥʦʩʪʝʡ ʩʦʙʣʶʜʘʝʪʩʷ ʟʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʢʦʣʠʯʝ-

ʩʪʚʘ. ʅʦ ʬʦʨʤʫʣʘ (21) ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʛʣʦʙʘʣʴʥʳʤ 

ɿʘʢʦʥʦʤʝʨʥʦʩʪʷʤ, ʘ ʥʘʤ ʥʘʜʦ ʧʦʢʘʟʘʪʴ ʢʘʢʫʶ ʨʦʣʴ 

ʚ ʵʪʦʡ ʬʦʨʤʫʣʝ ʠʛʨʘʝʪ ʦʪʜʝʣʴʥʳʡ ʢʦʨʧʫʩʢʫʣʷʨʥʳʡ 

ʦʙʲʝʢʪ.  

ʉʦʩʪʦʷʥʠʝ ʢʦʨʧʫʩʢʫʣʷʨʥʳʭ ʩʚʦʡʩʪʚ ʦʙʲʝʢʪʘ 

ʦʧʠʩʳʚʘʝʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʉʊʆ ʠ ʆʊʆ ʕʡʥ-

ʰʪʝʡʥʘ ʧʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷʤ ʃʦʨʝʥʮʘ-ʄʠʥʢʦʚ-

ʩʢʦʛʦ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ [7] ʠʤʝʝʤ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʃʦʨʝʥʮʘ-ʄʠʥʢʦʚʩʢʦʛʦ, ʦʪʚʝʯʘʶ-

ʱʠʝ ʜʚʠʞʝʥʠʶ ʦʙʲʝʢʪʘ ʚʜʦʣʴ ʦʩʠ x: 

100 )()ch( xwshxwx -=¡ ; 

101 )ch()sh( xwxwx +-=¡ . 
(22) 
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ɿʜʝʩʴ ʚʚʦʜʷʪʩʷ ʦʙʦʟʥʘʯʝʥʠʷ ctx =0
, xx =1

, 

yx =¡2 , zx =¡3 . ʆʯʝʚʠʜʥʦ ʫʨʘʚʥʝʥʠʝ 

21)ch( b-=g=w ; 

bg=)sh(w ; )th(/ wcv =b= . 
(23) 

ʇʝʨʝʭʦʜ ʠʟ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦʙʲʝʢʪʘ ʚ ʦʜʥʦʡ 

ʛʣʦʙʘʣʴʥʦʡ ʇʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʠ ʢ ʜʨʫʛʦʡ ʛʣʦʙʘʣʴ-

ʥʦʡ ʇʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʠ ʦʟʥʘʯʘʝʪ ʧʝʨʝʭʦʜ ʦʪ ʛʠ-

ʧʝʨʙʦʣʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ ʢ ʚʦʣʥʦʚʳʤ ʬʫʥʢʮʠʷʤ. 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ )cos()cos()ch( giww ==  ʠ 

)sin()sin()sh( giiwiw -=-= , ʠ ʵʪʦ ʚʳʨʘʟʠʪʩʷ ʩʣʝ-

ʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 
100 )sin()cos( xgxgiiX -=

¡
; 

101 )cos()sin( xgxgiX +=
¡

. 
(24) 

ʀʟ ʬʦʨʤʫʣʳ (24) ʚʠʜʥʦ, ʯʪʦ ʧʝʨʝʭʦʜ ʦʪ ʢʦʨʧʫʩ-

ʢʫʣʷʨʥʦʛʦ ʢ ʚʦʣʥʦʚʦʤʫ ʚʠʜʫ ʩʚʷʟʘʥ ʩ ʫʤʥʦʞʝʥʠʝʤ 

ʥʘ ʤʥʠʤʫʶ ʝʜʠʥʠʮʫ. ʇʨʠʯʸʤ, ʧʨʠ ʩʦʦʪʚʝʪʩʪʚʠʠ 

rxxctx ==== 10
, ʤʳ ʧʦʣʫʯʘʝʤ ʵʢʩʧʦʥʝʥʮʠʘʣʴ-

ʥʫʁ ʬʫʥʢʮʠʶ ʜʣʷ ʚʦʣʥʳ ʃʫʠ ʜʝ ɹʨʦʡʣʷ, ʝʩʣʠ 

ʫʯʪʸʤ, ʯʪʦ ʘʨʛʫʤʝʥʪ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ ʬʫʥʢʮʠʠ 

ʩʦʩʪʦʠʪ ʠʟ ʜʣʠʥʳ ʠ ʚʨʝʤʝʥʠ. ʉʦʦʪʚʝʪʩʪʚʠʝ ʜʣʠʥʳ ʠ 

ʚʨʝʤʝʥʠ ʯʝʨʝʟ ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ ʚʧʝʨʚʳʝ ʚʚʝʣʠ ʥʝ ʤʳ. 

ʅʦ ʤʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʜʣʠʥʘ ʠ ʚʨʝʤʷ  ʵʪʦ ʧʨʦʪʠʚʦ-

ʧʦʣʦʞʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʯʝʨʝʟ ʦʙ-

ʤʝʥ ʧʦ ʟʘʤʢʥʫʪʦʤʫ ʮʠʢʣʫ, ʠ ʵʪʦ ʢʘʢ ʨʘʟ ʠ ʩʣʝʜʫʝʪ 

ʠʟ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʃʦʨʝʥʮʘ-ʄʠʥʢʦʚʩʢʦʛʦ. ʆʪʩʶʜʘ 

ʩʣʝʜʫʝʪ ʚʘʞʥʳʡ ʚʳʚʦʜ: ʨʝʘʣʴʥʘʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪ-

ʥʘʷ ʚʦʣʥʘ ʜʦʣʞʥʘ ʦʪʦʙʨʘʞʘʪʴʩʷ ʵʢʩʧʦʥʝʥʮʠʘʣʴ-

ʥʦʡ ʢʦʤʧʣʝʢʩʥʦʡ ʬʫʥʢʮʠʝʡ. ɺ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʙʫ-

ʜʝʪ ʥʝʩʦʦʪʚʝʪʩʪʚʠʝ ʩ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷʤʠ ʃʦʨʝʥʮʘ-

ʄʠʥʢʦʚʩʢʦʛʦ, ʠ ʥʝ ʙʫʜʝʪ ʚʳʧʦʣʥʷʪʴʩʷ ʟʘʢʦʥ ʩʦʭʨʘ-

ʥʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ. 

ʕʪʦʪ ʧʘʨʘʜʦʢʩ ʤʳ ʠ ʥʘʙʣʶʜʘʝʤ ʧʨʠ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʠ ʢʣʘʩʩʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ ʄʘʢʩʚʝʣʣʘ, ʛʜʝ 

ʤʦʞʥʦ ʦʙʦʡʪʠʩʴ ʪʦʣʴʢʦ ʚʦʣʥʦʚʦʡ ʬʫʥʢʮʠʝʡ ʚ ʚʠʜʝ 

ʩʠʥʫʩʘ ʠʣʠ ʢʦʩʠʥʫʩʘ. ʇʦʤʠʤʦ ʵʪʦʛʦ ʚ ʢʣʘʩʩʠʯʝʩʢʠʭ 

ʫʨʘʚʥʝʥʠʷʭ ʄʘʢʩʚʝʣʣʘ ʦʪʩʫʪʩʪʚʫʝʪ ʧʨʦʝʢʮʠʷ ʥʘ 

ʚʨʝʤʷ, ʠ ʵʪʦ ʥʝ ʧʦʟʚʦʣʷʝʪ ʠʭ ʦʜʥʦʟʥʘʯʥʦ ʩʚʷʟʘʪʴ ʩ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷʤʠ ʃʦʨʝʥʮʘ-ʄʠʥʢʦʚʩʢʦʛʦ. ʇʦ-

ʵʪʦʤʫ ʥʘʤʠ ʙʳʣʠ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʳ ʫʨʘʚʥʝʥʠʷ 

ʄʘʢʩʚʝʣʣʘ ʩ ʚʢʣʶʯʝʥʠʝʤ ʧʨʦʝʢʮʠʠ ʥʘ ʚʨʝʤʷ ʚ ʚʠʜʝ:  

zEyExHcitH yztx µµ-µµ=µµm+µµm- //// 00 ; 

xEzEyHcitH zxty µµ-µµ=µµm+µµm- //// 00 ; 

yExEzHcitH xytz µµ-µµ=µµm+µµm- //// 00 ; 

zHyHxEcitE yztx µµ-µµ=µµe-µµe //// 00 ; 

xHzHyEcitE zxty µµ-µµ=µµe-µµe //// 00 ; 

yHxHzEcitE xytz µµ-µµ=µµe-µµe //// 00 . 

(25) 

ɺʠʜʥʦ, ʯʪʦ ʜʘʥʥʳʝ ʫʨʘʚʥʝʥʠʷ ʜʦʧʫʩʢʘʶʪ 

ʪʦʣʴʢʦ ʢʦʤʧʣʝʢʩʥʦʝ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʝ ʨʝʰʝʥʠʝ. ʀ 

ʙʦʣʝʝ ʪʦʛʦ, ʚʠʜ ʵʪʠʭ ʫʨʘʚʥʝʥʠʡ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʨʘʚ-

ʥʝʥʠʷʤ ʤʶʦʥʥʳʭ ʠ ʵʣʝʢʪʨʦʥʥʳʭ ʥʝʡʪʨʠʥʦ ʠ ʘʥʪʠ-

ʥʝʡʪʨʠʥʦ, ʪʦ ʝʩʪʴ ʠʤʝʶʪ ʬʠʟʠʯʝʩʢʠʡ ʘʥʘʣʦʛ. 

ɺʥʠʤʘʪʝʣʴʥʦ ʘʥʘʣʠʟʠʨʫʷ ʫʨʘʚʥʝʥʠʷ (22) ʠ 

(24), ʘ ʪʘʢʞʝ ʫʯʠʪʳʚʘʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʝʜʩʪʘʚʣʝ-

ʥʠʷ ʣʶʙʦʛʦ ʦʙʲʝʢʪʘ, ʢʘʢ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ (ʠʥʘʯʝ 

ʦʙʲʝʢʪ ʥʝ ʩʤʦʞʝʪ ʦʢʘʟʳʚʘʪʴ ʚʦʟʜʝʡʩʪʚʠʝ), ʤʦʞʥʦ 

ʧʨʠʡʪʠ ʢ ʩʣʝʜʫʶʱʝʤʫ ʚʳʚʦʜʫ: ʩʫʤʤʘ ʟʥʘʯʝʥʠʡ 

ʚʩʝʭ ʦʙʲʝʢʪʦʚ ʧʦ ʢʦʦʨʜʠʥʘʪʝ 
0x  ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

wch , ʘ ʧʦ ʢʦʦʨʜʠʥʘʪʝ 
1x  ʨʘʚʥʘ wsh . 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʤʳ ʧʨʠʭʦʜʠʤ ʢ ʠʥʚʘʨʠʘʥʪʥʦʡ 

ʬʦʨʤʝ: 

1)(sin)(cos)(sh)(ch 2222
/

1

1
/

1

0 =+=-=¡¡ää
=-=

ggwwxx
hc

i
i

hc

i
i . (26) 

ɺ ʬʦʨʤʫʣʝ (26) ʟʥʘʯʝʥʠʝ c/h ʦʧʨʝʜʝʣʷʝʪ ʚʦʟ-

ʤʦʞʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʙʲʝʢʪʦʚ ʚ ʢʘʞʜʦʡ ʠʟ ʧʨʦʪʠʚʦ-

ʧʦʣʦʞʥʦʩʪʝʡ, ʪʘʢ ʢʘʢ ch=1. ʀ ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ 

ʥʠ ʦʜʠʥ ʦʙʲʝʢʪ ʄʠʨʦʟʜʘʥʠʷ, ʭʘʨʘʢʪʝʨʠʟʫʝʤʳʡ ʚʝ-

ʣʠʯʠʥʦʡ h, ʥʝ ʤʦʞʝʪ ʥʝ ʫʯʘʩʪʚʦʚʘʪʴ ʚʦ ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʠʠ ʠ ʩʢʦʨʦʩʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ (ʩʢʦʨʦʩʪʴ ʦʙʤʝʥʘ 

ʤʝʞʜʫ ʇʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʷʤʠ, ʯʪʦ ʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪ 

ʩʘʤʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ) ʜʦʣʞʥʘ ʙʳʪʴ ʪʘʢʘʷ, ʯʪʦʙʳ 

ʦʭʚʘʪʠʪʴ ʚʩʝ ʦʙʲʝʢʪʳ ʜʣʷ ʠʩʢʣʶʯʝʥʠʷ ʠʭ ʥʝʟʘʚʠʩʠ-

ʤʦʩʪʠ ʦʪ ʄʠʨʦʟʜʘʥʠʷ. 

ɼʝʣʘʝʤ ʦʯʝʨʝʜʥʦʡ ʚʳʚʦʜ: ʤʳ ʚʠʜʠʤ, ʯʪʦ ʫʭʦʜ 

ʦʪ ʉʀ (ʠ ʉɻʉ) ʠ ʧʝʨʝʭʦʜ ʪʦʣʴʢʦ ʥʘ ʢʦʣʠʯʝʩʪʚʝʥ-

ʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ ʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ (ʩ ʫʯʸʪʦʤ ʚʳ-

ʚʝʜʝʥʥʳʭ ʥʘʤʠ ʟʘʢʦʥʦʚ ʜʣʷ ʇʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʝʡ) 

ʜʘʣʦ ʦʙʦʩʥʦʚʘʥʠʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʛʝʦʤʝʪʨʠʠ ʄʠʥʢʦʚʩʢʦʛʦ (ʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝ-

ʤʝʥʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷʭ) ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʢʩʧʦ-

ʥʝʥʮʠʘʣʴʥʳʭ ʬʫʥʢʮʠʡ ʕʡʣʝʨʘ (ʧʨʠ ʚʟʘʠʤʥʳʭ ʧʨʝʦʙ-

ʨʘʟʦʚʘʥʠʷʭ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʢʦʥʪʠʥʫʫʤʘ ʚ ʧʨʦ-

ʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʡ ʢʦʥʪʠʥʫʫʤ). 

ɸ ʦʪʩʶʜʘ ʤʦʞʥʦ ʛʦʚʦʨʠʪʴ ʦ ʥʘʣʠʯʠʠ ʆʙʱʝʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʛʦ ʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ 

ʂʦʥʪʠʥʫʫʤʘ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʦʙʲʷʩʥʠʪʴ 

ʘʥʥʠʛʠʣʷʮʠʶ ʵʣʝʢʪʨʦʥʘ ʠ ʧʦʟʠʪʨʦʥʘ ʩ ʦʙʨʘʟʦʚʘ-

ʥʠʝʤ ʬʦʪʦʥʦʚ ʠ ʥʘʦʙʦʨʦʪ. ʆʪʩʶʜʘ ʪʘʢʞʝ ʩʣʝʜʫʝʪ 

ʤʝʭʘʥʠʟʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʪʦʣʴ ʥʝʦʙʭʦʜʠʤʳʡ ʜʣʷ 

ʦʙʲʷʩʥʝʥʠʷ ʵʬʬʝʢʪʘ ʂʦʤʧʪʦʥʘ, ʢʦʛʜʘ ʬʦʪʦʥ ʦʜʥʦʡ 

ʯʘʩʪʦʪʳ, ʩʪʘʣʢʠʚʘʷʩʴ ʩ ʵʣʝʢʪʨʦʥʦʤ, ʠʤʝʝʪ ʠʟʤʝʥʝ-

ʥʠʝ ʥʘʧʨʘʚʣʝʥʠʷ (ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ) ʠ 

ʠʟʤʝʥʝʥʠʝ ʯʘʩʪʦʪʳ. ʇʨʠ ʵʪʦʤ ʵʣʝʢʪʨʦʥ ʪʘʢʞʝ ʠʤʝʝʪ 

ʠʤʧʫʣʴʩ ʜʣʷ ʜʚʠʞʝʥʠʷ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ ʩʚʷʟʘʥ ʩ ʩʘʤʠʤ 

ʧʨʦʮʝʩʩʦʤ ʠʟʤʝʥʝʥʠʷ ʯʘʩʪʦʪʳ ʧʨʠ ʧʦʛʣʦʱʝʥʠʠ ʠ 

ʠʟʣʫʯʝʥʠʠ. ʀ ʵʪʦʪ ʧʨʦʮʝʩʩ ʜʦʣʞʝʥ ʠʤʝʪʴ ʤʘʪʝʤʘʪʠ-

ʯʝʩʢʦʝ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʩ ʫʩʣʦʚʠʝʤ ʟʘʢʦʥʘ ʩʦʭʨʘʥʝ-
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ʥʠʷ ʢʦʣʠʯʝʩʪʚʘ. ʋʩʪʘʥʦʚʠʚ ʨʘʚʝʥʩʪʚʦ ʧʨʝʦʙʨʘʟʦʚʘ-

ʥʠʡ ʃʦʨʝʥʮʘ-ʄʠʥʢʦʚʩʢʦʛʦ ʩ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤʠ 

ʩʦʩʪʘʚʣʷʶʱʠʤʠ ʚ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʤ ʚʠʜʝ, ʤʳ ʧʦ-

ʣʫʯʠʣʠ ʟʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʦʙʲʝʢʪʦʚ ʚ 

ʢʘʞʜʦʡ ʠʟ ʇʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʝʡ ʚ ʚʠʜʝ ʘʨʛʫʤʝʥʪʦʚ 

ʬʫʥʢʮʠʡ 
ʜ/1 l=g  ʠ vw= . ʈʘʟʥʠʮʘ ʧʨʝʜʩʪʘʚʣʝ-

ʥʠʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʦʣʴʢʦ ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʤʠ ʚ ʵʪʠʭ 

ʇʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʷʭ ʩ ʧʝʨʝʭʦʜʦʤ ʟʘʢʦʥʦʤʝʨʥʦ-

ʩʪʝʡ ʜʨʫʛ ʚ ʜʨʫʛʘ ʟʘ ʩʯʸʪ ʤʥʠʤʦʡ ʝʜʠʥʠʮʳ (ʘʪʨʠ-

ʙʫʪʘ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʢ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʠ). ɽʩʣʠ 

ʙʳʣʠ ʙʳ ʝʱʸ ʢʘʢʠʝ-ʣʠʙʦ ʦʜʠʥʘʢʦʚʳʝ ʟʘʢʦʥʦʤʝʨʥʦ-

ʩʪʠ, ʪʦ ʦ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʷʭ ʥʝ ʙʳʣʦ ʙʳ ʠ ʨʝʯʠ 

ʠʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ ʠʭ ʦʪʣʠʯʠʡ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. ʆʪʩʶʜʘ 

ʤʳ ʠʤʝʝʤ ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʤʝʭʘʥʠʟʤ ʢʦʣʠʯʝʩʪʚʝʥ-

ʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʟʚʝʩʪʥʳʭ 

ʪʨʠʛʦʥʦʤʝʪʨʠʯʝʩʢʠʭ ʬʦʨʤʫʣ. ʉ ʵʪʦʡ ʮʝʣʴʶ ʧʨʝʜ-

ʩʪʘʚʠʤ ʠʟʚʝʩʪʥʳʝ ʪʨʠʛʦʥʦʤʝʪʨʠʯʝʩʢʠʝ ʬʦʨʤʫʣʳ 

(ʜʣʷ ʠʩʢʣʶʯʝʥʠʷ ʜʘʣʴʥʝʡʰʝʛʦ ʥʝʧʨʘʚʠʣʴʥʦʛʦ ʧʦ-

ʥʠʤʘʥʠʷ ʥʘʰʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ): 

)cossincos(sin)sin( ab+ba=b+a ; 

)cossincos(sin)sin( ab-ba=b-a ; 

)sinsincos(cos)cos( ab-ba=b+a ; 

)sinsincos(cos)cos( ab+ba=b-a . 

(27) 

ʂʘʢ ʤʳ ʫʩʪʘʥʦʚʠʣʠ, ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʩʦʩʪʘʚ-

ʣʷʶʱʠʝ ʜʦʣʞʥʳ ʠʤʝʪʴ ʢʦʤʧʣʝʢʩʥʳʡ ʵʢʩʧʦʥʝʥʮʠ-

ʘʣʴʥʳʡ ʚʠʜ, ʠʥʘʯʝ ʦʜʥʦʟʥʘʯʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʚ ʢʦʨʧʫʩʢʫʣʷʨʥʳʝ ʥʝ 

ʧʦʣʫʯʠʪʴ. ʇʦʵʪʦʤʫ, ʝʩʣʠ ʤʳ ʭʦʪʠʤ ʧʦʣʫʯʠʪʴ ʵʢʩʧʦ-

ʥʝʥʮʠʘʣʴʥʳʡ ʚʠʜ, ʪʦ ʜʦʣʞʥʳ ʫʯʝʩʪʴ ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʠʝ ʠ ʦʪ ʤʥʠʤʦʡ ʯʘʩʪʠ, ʠ ʙʦʣʝʝ ʪʦʛʦ ʠʤʝʪʴ 

ʥʘʯʘʣʴʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʚ ʚʠʜʝ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ-

ʩʪʝʡ: a-a sincos i  ʠ b-b sincos i . ʊʦʛʜʘ ʠʤʝʝʤ 

ʚʠʜ: 

ab+ba=b+a-=b+a cosshcossh)sin()sh( 0000 i ; 

ab-ba=b-a-=b-a cosshcossh)sin()sh( 0000 i ; 

0000 shsincosch)cos()ch( ab+ba=b+a=b+a i ; 

0000 shsincosch)cos()ch( ab-ba=b-a=b-a i . 

(28) 

ɿʜʝʩʴ 0a=a i , 
0b=b i , 

)cos()cos()ch( 00 a=a=a i  ʠ 

)sin()sin()sh( 00 a-=a-=a iii .  

ʊʦʛʜʘ ʧʦʥʷʪʥʦ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʨʠʩ. 1 ʤʳ ʠʤʝʝʤ 

ʜʣʷ ʵʣʝʢʪʨʦʥʘ ʢʦʨʧʫʩʢʫʣʷʨʥʦʝ ʜʚʠʞʝʥʠʝ ʚ ʚʠʜʝ 

ʜʚʫʭ ʩʦʩʪʘʚʣʷʶʱʠʭ: 

ab+ba=b+a cosshcossh)sh( 0000 ; 

0000 shsincosch)ch( ab+ba=b+a i , 
(29) 

ʘ ʜʣʷ ʦʪʨʘʞʸʥʥʦʛʦ ʬʦʪʦʥʘ ʠʤʝʝʤ ʧʨʝʜʩʪʘʚʣʝ-

ʥʠʝ: 

ab-ba=b-a- cosshcossh)sin( 00i ; 

00 shsincosch)cos( ab-ba=b-a i . 
(30) 

ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʤʳ ʠʤʝʝʤ ʥʦʨʤʠʨʦʚʢʫ ʘʤʧʣʠ-

ʪʫʜʳ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʩʠʛʥʘʣʘ ʠ ʜʣʠʥʳ ʩʦ ʚʨʝʤʝ-

ʥʝʤ ʢ ʨʘʟʤʝʨʥʦʩʪʠ ʝʜʠʥʠʮʘ. 

ʆʪʣʠʯʠʝ ʦʪ ʧʦʜʭʦʜʘ ʧʨʠʤʝʥʸʥʥʦʛʦ ʚ ʤʘʪʝʤʘ-

ʪʠʢʝ ʚ ʪʦʤ, ʯʪʦ ʤʳ ʨʘʩʩʤʘʪʨʠʚʘʝʤ ʧʨʦʠʟʚʝʜʝʥʠʝ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʝʡ, ʘ ʥʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʦʜ-

ʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʚʠʜʘ. ʅʘʰ ʧʦʜʭʦʜ ʩʚʷʟʘʥ ʩ ʪʝʤ, ʯʪʦ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʠ ʦʜʥʦʛʦ ʪʠʧʘ ʥʝ ʠʤʝʶʪ ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʠʷ ʠ ʥʝ ʤʦʛʫʪ ʚʣʠʷʪʴ ʜʨʫʛ ʥʘ ʜʨʫʛʘ, ʪʘʢ ʢʘʢ 

ʠʤʝʶʪ ʘʩʩʦʮʠʘʪʠʚʥʦʝ ʩʣʦʞʝʥʠʝ ʠʣʠ ʚʳʯʠʪʘʥʠʝ. ɺ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʥʘʰʝʡ ʪʝʦʨʠʝʡ ʜʘʚʘʪʴ ʠʟʤʝʥʝʥʠʝ 

ʤʦʞʝʪ ʦʜʥʘ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʴ, ʚʦʟʜʝʡʩʪʚʫʷ ʥʘ 

ʜʨʫʛʫʶ, ʠ ʥʘʦʙʦʨʦʪ. ʃʶʙʦʡ ʦʙʲʝʢʪ ʄʠʨʦʟʜʘʥʠʷ 

ʠʤʝʝʪ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʢʘʢ ʚ ʢʦʨʧʫʩʢʫʣʷʨʥʦʤ ʪʘʢ ʠ ʚ 

ʚʦʣʥʦʚʦʤ ʚʠʜʝ. ʀʤʝʥʥʦ ʪʘʢʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʢʦʨ-

ʧʫʩʢʫʣʷʨʥʳʭ ʠ ʚʦʣʥʦʚʳʭ ʯʘʩʪʝʡ ʦʪʨʘʞʝʥʦ ʚ ʬʦʨ-

ʤʫʣʝ (28). ʕʪʦ ʠ ʜʘʸʪ ʦʙʲʷʩʥʝʥʠʝ ʪʦʤʫ, ʯʪʦ ʬʦʪʦʥ, 

ʩʪʘʣʢʠʚʘʷʩʴ ʩ ʵʣʝʢʪʨʦʥʦʤ, ʠʟʤʝʥʷʝʪ ʯʘʩʪʦʪʫ ʠ ʤʝ-

ʥʷʝʪ ʥʘʧʨʘʚʣʝʥʠʝ ʜʚʠʞʝʥʠʷ. ɺʦʟʚʨʘʱʘʷʩʴ ʢ ʨʠʩ. 1, 

ʚʠʜʥʦ, ʯʪʦ ʜʣʷ ʠʟʤʝʥʝʥʠʷ ʥʘʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʷ 

ʬʦʪʦʥʫ ʥʝʦʙʭʦʜʠʤʦ ʠʤʝʪʴ ʝʱʸ ʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪ-

ʥʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ ʩ ʠʤʧʫʣʴʩʦʤ ʦʨʪʦʛʦʥʘʣʴʥʳʤ 

ʥʘʧʨʘʚʣʝʥʠʶ ʜʚʠʞʝʥʠʷ ʢ ʠʤʧʫʣʴʩʫ ʬʦʪʦʥʘ ʜʦ 

ʩʪʦʣʢʥʦʚʝʥʠʷ. ʉʨʘʟʫ ʚʦʟʥʠʢʘʝʪ ʚʦʧʨʦʩ: "ɸ ʢʘʢʠʤ 

ʦʙʨʘʟʦʤ ʵʪʘ ʩʦʩʪʘʚʣʷʶʱʘʷ ʤʦʞʝʪ ʚʦʟʥʠʢʥʫʪʴ?" ʇʦ-

ʥʷʪʥʦ, ʯʪʦ ʯʫʜʝʩ ʥʝʪ ʠ ʚʦʟʥʠʢʥʫʪʴ ʠʟ çʥʫʣʷè (ʚ ʥʳ-

ʥʝʰʥʝʡ ʬʠʟʠʢʝ ʵʪʦ ʥʘʟʳʚʘʝʪʩʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤ 

ʚʘʢʫʫʤʦʤ) ʪʘʢʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʥʝ ʤʦʞʝʪ. ʃʦʛʠʯʝ-

ʩʢʦʝ ʦʙʲʷʩʥʝʥʠʝ ʩʚʷʟʘʥʦ ʩ ʧʨʝʜʩʪʘʚʣʝʥʠʝʤ ʵʣʝʢ-

ʪʨʦʥʘ ʚ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʤ (ʚʦʣʥʦʚʦʤ) ʚʠʜʝ. ʀʥʳʤʠ 

ʩʣʦʚʘʤʠ ʩ ʫʯʸʪʦʤ ʟʘʢʦʥʘ ʩʦʭʨʘʥʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ 

ʜʦʣʞʥʦ ʙʳʪʴ ʟʘʤʢʥʫʪʦʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʧʨʝʜ-

ʩʪʘʚʣʝʥʠʝ ʵʣʝʢʪʨʦʥʘ. ʕʪʦ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʯʝʨʝʟ ʫʩʦ-

ʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʝ ʫʨʘʚʥʝʥʠʷ ʄʘʢʩʚʝʣʣʘ ʙʳʣʦ ʧʦ-

ʢʘʟʘʥʦ ʥʘʤʠ ʚ [8] ʩ ʫʯʸʪʦʤ ʟʘʢʦʥʘ ʩʦʭʨʘʥʝʥʠʷ ʢʦʣʠ-

ʯʝʩʪʚʘ. ʇʨʠ ʵʪʦʤ ʥʘ ʦʩʥʦʚʝ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʭ 

ʫʨʘʚʥʝʥʠʡ ʄʘʢʩʚʝʣʣʘ ʙʳʣ ʧʦʣʫʯʝʥ ʚʠʜ ʩʚʷʟʠ ʢʦʨ-

ʧʫʩʢʫʣʷʨʥʳʭ ʠ ʚʦʣʥʦʚʳʭ ʩʚʦʡʩʪʚ [9]: 

EHHH jtjcjicijtc rot/)/(grad)/(/)/1( 000
2222 +µµe-m=m=µµ+Ð HH ; 

HEEE jtjcjicijtc rot/)/(grad)/(/)/1( 000
2222 -µµm-e=e=µµ+Ð EE ; 

EHHH jtjcjicij rot/)/(grad)/( 000 +µµe-m=m ; 

HEEE jtjcjicij rot/)/(grad)/( 000 -µµm-e=e . 

(31) 

ɿʘʧʠʰʝʤ ʙʦʣʝʝ ʢʦʤʧʘʢʪʥʳʡ ʚʠʜ: 

EHHEHHH jutjʩjijctjʩjiij rot)/1(/)/1(gradrot/)/1(grad 00 +µµ-=m+µµ-= ; 

HEEHEEE jutjcjijctjcjiij rot/)/1(gradrot/)/1(grad 00 -µµ-=e-µµ-= . 
(32) 
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ʇʦ ʥʘʰʝʡ ʪʝʦʨʠʠ 00 /1 cu=m ; cu /00=e ; 
22

0 nvcu -= , ʛʜʝ nv   ʟʥʘʯʝʥʠʝ ʠʥʪʝʛʨʘʣʴʥʦʡ ʩʨʝʜʥʝʡ 

ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʦʙʲʝʢʪʦʚ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʠ (ʪʦ ʝʩʪʴ ʵʪʦ ʦʪʦʙʨʘʞʝʥʠʝ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ), ʢʦ-

ʪʦʨʘʷ ʩʚʷʟʘʥʘ ʩ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʤ ʨʘʚʥʦʚʝʩʠʝʤ (ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ ʩʤ. ʚ [9]). 

ʉ ʫʯʸʪʦʤ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʣʶʙʦʛʦ ʢʦʨʧʫʩʢʫʣʷʨʥʦ-ʚʦʣʥʦʚʦʛʦ ʦʙʲʝʢʪʘ ʚ ʢʦʤʧʣʝʢʩʥʦʤ 

ʚʠʜʝ (ʘ ʠʥʘʯʝ ʥʝ ʧʦʣʫʯʠʪʴ ʚʟʘʠʤʦʩʚʷʟʴ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʝʡ, ʠ ʵʪʦ ʩʜʝʣʘʣʠ ʜʦ ʥʘʩ), ʤʳ ʤʦʞʝʤ ʩʜʝʣʘʪʴ 

ʟʘʤʝʥʫ ʟʥʘʯʝʥʠʡ ʩʦʩʪʘʚʣʷʶʱʠʭ ʚ ʚʠʜʝ: 

)];sh()[ch()]sin()[cos(

)exp()}/(exp{),(

00
2

0
2

0

00

a-a=a+a=

=aY=-wY=Y=r=

cmicm

icuxticxtccij EE
 

)].sh()[ch()]sin()[cos( 00
2

0
2

0 b-b=b+b=r= cmicmcij HH  

(33) 

ɿʜʝʩʴ 10=Y , ʘ cm /10=  (ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʥʘʰʝʡ ʪʝʦʨʠʝʡ); 0a=a i , 0b=b i . 

ʌʘʢʪʠʯʝʩʢʠ ʜʘʥʥʘʷ ʬʫʥʢʮʠʷ ʷʚʣʷʝʪʩʷ ʨʝʰʝ-

ʥʠʝʤ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʚʦʣʥʦʚʦʛʦ ʫʨʘʚʥʝʥʠʷ. 

ʇʨʠ ʵʪʦʤ ʚʠʜʥʦ, ʯʪʦ ʩʣʦʞʝʥʠʝ ʚ ʦʜʥʦʡ ʧʨʦʪʠʚʦʧʦ-

ʣʦʞʥʦʩʪʠ ʦʟʥʘʯʘʝʪ ʚʳʯʠʪʘʥʠʝ ʚ ʜʨʫʛʦʡ ʧʨʦʪʠʚʦʧʦ-

ʣʦʞʥʦʩʪʠ. ʊʘʢʘʷ ʧʦʜʩʪʘʥʦʚʢʘ ʘʥʘʣʦʛʠʯʥʘ ʧʨʠʤʝ-

ʥʸʥʥʦʡ ʠʥʪʫʠʪʠʚʥʦ ɼʠʨʘʢʦʤ ʟʘʤʝʥʳ 
2

0cm  ʥʘ ʚʠʜ 

)exp(2
0 igcm . ɽʩʣʠ ʫʯʝʩʪʴ ʢʦʨʧʫʩʢʫʣʷʨʥʦ-ʚʦʣʥʦ-

ʚʦʡ ʜʫʘʣʠʟʤ (ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ (21)), ʪʦ ʙʦʣʝʝ ʧʦʣ-

ʥʳʡ ʚʠʜ ʬʫʥʢʮʠʡ ʜʦʣʞʝʥ ʙʳʪʴ ʚʠʜʘ 

)exp()exp( 2
0

2 gigcmigmc -= , ʯʪʦ ʫʯʠʪʳʚʘʝʪ ʨʝ-

ʣʷʪʠʚʠʩʪʩʢʠʡ ʵʬʬʝʢʪ. ʕʪʦ ʩʣʝʜʫʝʪ ʠ ʠʟ ʪʦʛʦ, ʯʪʦ 

ʧʨʠ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʦʙʲʝʢʪʘ ʚ ʚʠʜʝ ʯʠʩʪʦʡ ʢʦʥ-

ʩʪʘʥʪʳ, ʤʳ ʠʩʢʣʶʯʘʝʤ ʢʦʨʧʫʩʢʫʣʷʨʥʦ-ʚʦʣʥʦʚʦʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ, ʠ ʠʤʝʝʪ ʤʝʩʪʦ ʧʦʣʥʦʩʪʴʶ ʟʘʤʢʥʫ-

ʪʳʡ ʥʘ ʩʝʙʷ ʦʙʲʝʢʪ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʠʩʧʦʣʴʟʫʷ ʫʩʦ-

ʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʝ ʫʨʘʚʥʝʥʠʷ ʄʘʢʩʚʝʣʣʘ, ʤʳ ʧʦʣʫ-

ʯʠʣʠ ʚʠʜ ʫʨʘʚʥʝʥʠʡ, ʪʦʞʜʝʩʪʚʝʥʥʳʡ ʫʨʘʚʥʝʥʠʷʤ 

ɼʠʨʘʢʘ, ʯʪʦ ʠ ʙʳʣʦ ʥʘʤʠ ʠʩʧʦʣʴʟʦʚʘʥʦ ʚ [8], ʩ ʫʯʸ-

ʪʦʤ ʧʝʨʝʭʦʜʘ ʦʪ ʫʨʘʚʥʝʥʠʡ ɼʠʨʘʢʘ ʢ ʫʨʘʚʥʝʥʠʷʤ 

ʇʘʫʣʠ. ʆʪʩʶʜʘ ʚʝʨʦʷʪʥʦʩʪʥʳʝ ʚʦʣʥʦʚʳʝ ʬʫʥʢʮʠʠ 

ʟʘʤʝʥʷʶʪʩʷ ʥʘ ʨʝʘʣʴʥʳʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʬʫʥʢ-

ʮʠʠ. ʆʪʤʝʪʠʤ, ʯʪʦ ʯʝʨʝʟ ʢʣʘʩʩʠʯʝʩʢʠʝ ʫʨʘʚʥʝʥʠʷ 

ʄʘʢʩʚʝʣʣʘ ʥʝʚʦʟʤʦʞʥʦ ʧʝʨʝʡʪʠ ʢ ʫʨʘʚʥʝʥʠʷʤ ɼʠ-

ʨʘʢʘ ʥʠʢʦʠʤ ʦʙʨʘʟʦʤ, ʪʘʢ ʢʘʢ ʧʦʣʫʯʘʝʤ ʨʘʟʨʳʚ 

(ʩʠʥʛʫʣʷʨʥʦʩʪʴ). ʋʨʘʚʥʝʥʠʷ ɼʠʨʘʢʘ ʪʘʢʞʝ ʚʳʚʦ-

ʜʷʪʩʷ ʠʟ ʫʨʘʚʥʝʥʠʷ ʵʥʝʨʛʠʠ ʕʡʥʰʪʝʡʥʘ, ʢʦʪʦʨʳʝ 

ʩʘʤʠ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʥʘʰʝʡ ʪʝʦʨʠʝʡ, ʚʳʚʦʜʷʪʩʷ ʠʟ 

ʫʨʘʚʥʝʥʠʷ ʦʢʨʫʞʥʦʩʪʠ. ʆʪʩʶʜʘ ʧʦʥʷʪʥʦ, ʯʪʦ ʫʨʘʚ-

ʥʝʥʠʶ ʦʢʨʫʞʥʦʩʪʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʟʘʤʢʥʫʪʘʷ ʜʨʫʛ 

ʥʘ ʜʨʫʛʘ ʩʠʩʪʝʤʘ ʜʚʫʭ ʛʣʦʙʘʣʴʥʳʭ ʇʨʦʪʠʚʦʧʦʣʦʞ-

ʥʦʩʪʝʡ. ɹʦʣʝʝ ʪʦʛʦ, ʚ ʧʦʣʫʯʝʥʠʠ ʚʠʜʘ (31) ʤʳ ʥʝ ʷʚ-

ʣʷʝʤʩʷ ʧʝʨʚʦʧʨʦʭʦʜʮʘʤʠ,  ʥʝʯʪʦ ʘʥʘʣʦʛʠʯʥʦʝ 

ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʧʨʠ ʧʦʤʦʱʠ ʚʝʢʪʦʨ - ʧʦʪʝʥʮʠʘʣʦʚ 

(ʩʚʷʟʴ ʚʝʢʪʦʨ - ʧʦʪʝʥʮʠʘʣʦʚ ʩ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥ-

ʥʳʤʠ ʫʨʘʚʥʝʥʠʷʤʠ ʄʘʢʩʚʝʣʣʘ ʙʳʣʘ ʥʘʤʠ ʧʦʢʘʟʘʥʘ 

ʚ [5]), ʘ ʚ ʢʣʘʩʩʠʯʝʩʢʦʡ ʵʣʝʢʪʨʦʜʠʥʘʤʠʢʝ ʚ [10]): 

;; ʤ22ʵ22
MHHMEE -=+Ð-=+Ð kk

 

; 

; 

; 

. 

(34) 

ʈʘʟʥʠʮʘ ʚ ʨʝʟʫʣʴʪʘʪʘʭ ʚ (31) ʠ (34) ʚ ʪʦʤ, ʯʪʦ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʯʣʝʥʦʚ ʚʠʜʘ 
ʵ_ʩʪdivgrad j  ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ 

ʢʘʣʠʙʨʦʚʢʘ ʃʦʨʝʥʮʘ ʚʠʜʘ: 

ta µjµe-= /div ʵ_ʩʪʵ_ʩʪ
j ; 

)(/div ʵ_ʩʪʵ_ʩʪ ʩtʩa µjµe-=j ; 

ʵ_ʩʪʵ_ʩʪ
j jwe -=div)/(1 ai , 

(35) 

ʢʦʪʦʨʘʷ ʧʦʜʩʪʘʚʣʷʣʘʩʴ ʚ ʫʨʘʚʥʝʥʠʝ: 
ʵ_ʩʪʵ_ʩʪʵ_ʩʪʵ_ʩʪʵ grad/grad jj aa itM wm-j-=µµm-j-=

¡
. (36) 

ʇʨʠ ʵʪʦʤ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʝ ʧʦ ʚʨʝʤʝʥʠ ʫʙʠ-

ʨʘʝʪʩʷ ʟʘ ʩʯʸʪ ʫʤʥʦʞʝʥʠʷ ʥʘ ɤ, ʘ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘ-

ʥʠʝ ʧʦ ʢʦʦʨʜʠʥʘʪʘʤ ʦʩʪʘʚʣʷʝʪʩʷ.  

ɽʩʣʠ ʫʯʝʩʪʴ, ʦʜʥʦʟʥʘʯʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩ 

ʨʘʚʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʧʨʠʨʘʱʝʥʠʡ ʧʦ (35), ʪʦ ʠʥ-

ʪʝʛʨʠʨʦʚʘʥʠʝ ʚʪʦʨʦʛʦ ʫʨʘʚʥʝʥʠʷ ʚ (35) ʧʦ ʜʣʠʥʝ 

ʜʘʩʪ ʩʦʦʪʥʦʰʝʥʠʝ: 
ʵ_ʩʪʵ_ʩʪj je -=)/(1 ac . (37) 

ʤ_ʩʪ ʵ_ʩʪ ʵ_ʩʪ  ɻ rot div grad ) /

( 

1  j  j  j  ʄ - we + wm - = 
a a i i 

ʵ_ʩʪ ʤ_ʩʪ ʤ_ʩʪ ʤ rot div grad ) / 1 j  j  j  ʄ - wm + we - = 
a a 

(

i 
i 

ʤ_ʩʪ ʵ_ʩʪ ʵ_ʩʪ 2 2 rot div grad ) / 1 j  j  j  E E - ( + wm = + Ð 
a a i

we 
 

i k 

ʵ_ʩʪ ʤ_ʩʪ ʤ_ʩʪ 2 2 rot div grad ) / 1 j  j  j  H H - wm + we = + Ð 
a a (i i k 
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ʇʦʥʷʪʥʦ, ʯʪʦ ʥʠʢʘʢʠʭ çʩʢʘʯʢʦʚè ʟʘ ʩʯʸʪ ʧʦʩʪʦ-

ʷʥʥʳʭ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʙʳʪʴ ʥʝ ʤʦʞʝʪ, ʪʘʢ ʢʘʢ ʨʘʚ-

ʥʳʝ ʠʟʤʝʥʝʥʠʷ ʜʘʶʪ ʦʜʠʥʘʢʦʚʳʡ ʧʨʠʨʦʩʪ ʚʝʣʠʯʠʥ, 

ʠ ʠʟʥʘʯʘʣʴʥʘʷ ʢʦʣʠʯʝʩʪʚʝʥʥʘʷ ʨʘʟʥʠʮʘ ʟʘ ʩʯʸʪ ʧʦ-

ʩʪʦʷʥʥʳʭ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʦ ʙʳ ʯʫʜʫ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʵʪʦʡ ʨʘʟʥʠʮʳ ʠʟ ʥʠʯʝʛʦ. ʕʪʦ ʩʦʦʪ-

ʥʦʰʝʥʠʝ (37) ʘʥʘʣʦʛʠʯʥʦ ʩʦʦʪʥʦʰʝʥʠʶ ʜʣʷ ʚʝʢʪʦʨ 

- ʧʦʪʝʥʮʠʘʣʦʚ ʚ [11] ʧʦ ʬʦʨʤʫʣʝ 

F=ɸ)/( 2cv , (38) 

ʩ ʪʦʡ ʣʠʰʴ ʨʘʟʥʠʮʝʡ, ʯʪʦ ʚʝʢʪʦʨ - ʧʦʪʝʥʮʠʘʣʳ 

ʦʪʥʦʩʷʪʩʷ ʢ ʥʘʰʝʡ ʩʠʩʪʝʤʝ ʥʘʙʣʶʜʝʥʠʷ, ʪʘʢ ʢʘʢ 

ʟʥʘʯʝʥʠʝ ʩʢʦʨʦʩʪʠ v ʦʪʥʦʩʠʪʩʷ ʢ ʟʥʘʯʝʥʠʶ ʜʚʠʞʫ-

ʱʝʛʦʩʷ ʟʘʨʷʜʘ, ʘ ʤʳ ʨʘʩʩʤʘʪʨʠʚʘʝʤ ʚʘʨʠʘʥʪ ʙʝʟ ʟʘ-

ʨʷʜʦʚ ʚ ʚʘʢʫʫʤʝ. ʊʦ ʝʩʪʴ, ʤʳ ʩʚʷʟʳʚʘʝʤ ʦʙʨʘʟʦʚʘ-

ʥʠʝ ae ʟʘ ʩʯʸʪ ʜʚʠʞʝʥʠʷ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʠ. 

ʅʘʧʦʤʥʠʤ, ʯʪʦ ʧʦ ʥʘʰʝʡ ʪʝʦʨʠʠ ʚ ʚʘʢʫʫʤʝ 

cua /00=e=e , ʛʜʝ 
0u  ʩʚʷʟʘʥʦ ʩʦ ʩʨʝʜʥʝʡ ʠʥʪʝ-

ʛʨʘʣʴʥʦʡ ʩʢʦʨʦʩʪʴʶ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʜʚʠʞʝʥʠʷ nv  ʚ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʠ ʧʦ ʬʦʨʤʫʣʝ: 
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0 nvʩu -= . (39) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʚ ʧʨʦʪʠ-

ʚʦʧʦʣʦʞʥʦʩʪʠ ʧʝʨʝʭʦʜʠʪ ʚ ʧʦʪʝʥʮʠʘʣʴʥʫʶ ʵʥʝʨ-

ʛʠʶ ʚ ʥʘʰʝʡ ʩʠʩʪʝʤʝ ʥʘʙʣʶʜʝʥʠʷ, ʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪ 

ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʚʨʝʤʝʥʥʦʛʦ ʠʩʢʨʠʚ-

ʣʝʥʠʷ ʚ ʚʠʜʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʠʟ ʢʦʥʩʪʘʥʪ ʵʣʝʢʪʨʠ-

ʯʝʩʢʦʡ ʠ ʤʘʛʥʠʪʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʝʡ. ʄʳ ʤʦʞʝʤ 

ʟʘʤʝʥʠʪʴ ʟʥʘʯʝʥʠʝ 
ʵ_ʩʪj  ʥʘ ʟʥʘʯʝʥʠʝ 

ʵ_ʩʪj , ʪʦʛʜʘ: 

tcM aa µµ-=
¡

/grad)/(1 ʵ_ʩʪʵ_ʩʪʵ jj me . (40) 

ʅʘʧʦʤʥʠʤ, ʯʪʦ ʜʣʷ ʚʘʢʫʫʤʘ 0e=ea  ʠ 

0m=ma , ʠ ʦʥʠ ʫʯʠʪʳʚʘʶʪ ʩʦʩʪʦʷʥʠʝ ʧʨʦʩʪʨʘʥ-

ʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʛʦ ʠʩʢʨʠʚʣʝʥʠʷ. ʊʝʧʝʨʴ ʫʯʪʸʤ, 

ʯʪʦ ʧʨʦʝʢʮʠʷ ʚʝʢʪʦʨ - ʧʦʪʝʥʮʠʘʣʦʚ ʥʘ ʚʨʝʤʷ ʩ 

ʫʤʥʦʞʝʥʠʝʤ ʥʘ ʤʥʠʤʫʶ ʝʜʠʥʠʮʫ ʙʳʣʘ ʚʚʝʜʝʥʘ ʝʱʸ 

ʜʦ ʥʘʩ ʚ [12] ʠ [13] ʚ ʚʠʜʝ: 

4Ai =F ; 1ɸɸx= ; 2ɸɸy = ; 3ɸɸz= . (41) 

ɸ ʟʥʘʯʝʥʠʷ 
ʵ_ʩʪj  ʠ 

ʵ_ʩʪj , ʢʘʢ ʧʨʦʪʠʚʦʧʦʣʦʞ-

ʥʦʩʪʠ, ʠʤʝʶʪ ʪʦʯʥʦ ʪʘʢʫʶ ʞʝ ʩʚʷʟʴ ʢʘʢ ʠ ʚʝʢʪʦʨ - 

ʧʦʪʝʥʮʠʘʣʳ. ʊʦʛʜʘ, ʤʳ ʵʪʫ ʟʘʚʠʩʠʤʦʩʪʴ ʨʘʩʧʨʦ-

ʩʪʨʘʥʷʝʤ ʥʘ ʧʦʣʥʦʩʪʴʶ ʵʢʚʠʚʘʣʝʥʪʥʳʝ ʟʥʘʯʝʥʠʷ 
ʵ_ʩʪj  ʠ 

ʵ_ʩʪj . ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ [10] 

ʠʤʝʝʤ: 

tciM a µµ-=
¡

/grad)/( 0

ʵ_ʩʪʵ_ʩʪʵ jj me ; 

ʤ_ʩʪʵ rot j-=
¡¡

ʄ ; 
ʵʵʵ ¡¡¡

+= ʄMʄ . 
(42) 

ɼʣʷ ʧʦʣʥʦʛʦ ʩʦʚʧʘʜʝʥʠʷ ʩ ʟʘʧʠʩʝʡ (31) ʠ (34) 

ʤʳ ʜʦʣʞʥʳ ʟʘʧʠʩʘʪʴ: 
ʤ_ʩʪʵ_ʩʪʵ_ʩʪʵʵʵ jjj rot/grad)/( 00 -µµ-=+=

¡¡¡
tciʄMiʄ me . (43) 

ɸʥʘʣʦʛʠʯʥʦ: 

)(/div)/(1 ʩtc ʘ µ-µ= ʤ_ʩʪʤ_ʩʪj jm ; (44) 

ʤ_ʩʪʤ_ʩʪj jm -=)/(1 ʘc . (45) 

tciM ʘa µµ-=
¡

/grad)/( ʤ_ʩʪʤ_ʩʪʤ jj em ; 
ʵ_ʩʪʤ rot j-=

¡¡
ʄ ; 

ʵ_ʩʪʤ_ʩʪʤ_ʩʪʤʤʤ jjj rot/grad)/( -µµ-=+=
¡¡¡

tciʄMiʄ ʘʘ em . 
(46) 

ɺ ʩʣʫʯʘʝ ʦʪʩʫʪʩʪʚʠʷ ʠʩʪʦʯʥʠʢʦʚ ʠʟʣʫʯʝʥʠʷ ʠ 

ʧʦʛʣʦʱʝʥʠʷ (0ʵ=ʄ , 0ʤ=ʄ ), ʫʨʘʚʥʝʥʠʷ ʜʣʷ 

ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʦʪʝʥʮʠʘʣʦʚ (43) ʠ (46) ʧʨʝ-

ʚʨʘʱʘʶʪʩʷ, ʢʘʢ ʠ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʝ ʫʨʘʚʥʝʥʠʷ 

ʄʘʢʩʚʝʣʣʘ (25), ʚ ʫʨʘʚʥʝʥʠʷ ʥʝʡʪʨʠʥʦ ʠ ʘʥʪʠʥʝʡ-

ʪʨʠʥʦ, ʠ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʝʩʪʴ ʬʘʢʪʦʨ ʨʘʟʣʠʯʠʷ ʵʣʝʢ-

ʪʨʦʥʥʳʭ ʠ ʤʶʦʥʥʳʭ ʥʝʡʪʨʠʥʦ ʟʘ ʩʯʸʪ ʢʦʥʩʪʘʥʪ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠ ʤʘʛʥʠʪʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʝʡ. ʊʘʢʦʡ 

ʚʠʜ ʫʨʘʚʥʝʥʠʡ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʨʝʰʝʥʠʝ ʜʦʣʞʥʦ ʠʤʝʪʴ 

ʢʦʤʧʣʝʢʩʥʳʡ ʭʘʨʘʢʪʝʨ. ɸ ʵʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʵʣʝʢ-

ʪʨʦʤʘʛʥʠʪʥʳʝ ʬʫʥʢʮʠʠ, ʢʘʢ ʠ ʚʝʨʦʷʪʥʦʩʪʥʳʝ ʚʦʣ-

ʥʦʚʳʝ ʬʫʥʢʮʠʠ ɼʠʨʘʢʘ ʠʤʝʶʪ ʦʜʠʥʘʢʦʚʳʡ ʚʠʜ. ʆʪ-

ʩʶʜʘ ʩʣʝʜʫʝʪ ʚʳʚʦʜ ʦʙ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʤ ʧʨʦʠʩ-

ʭʦʞʜʝʥʠʠ ʯʘʩʪʠʮ. ʉʦʚʤʝʩʪʠʪʴ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ 

ʩʦʩʪʘʚʣʷʶʱʠʝ ʩ ʯʘʩʪʠʮʘʤʠ ʧʦ ʩʢʦʨʦʩʪʥʳʤ ʧʘʨʘ-

ʤʝʪʨʘʤ ʤʦʞʥʦ ʪʦʣʴʢʦ ʝʜʠʥʩʪʚʝʥʥʳʤ ʩʧʦʩʦʙʦʤ, ʢʦ-

ʪʦʨʳʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʤʥʦʛʦʢʨʘʪʥʦʤ ʟʘʤʢʥʫʪʦʤ ʦʙ-

ʤʝʥʝ ʯʝʨʝʟ ʠʟʣʫʯʝʥʠʝ ʠ ʧʦʛʣʦʱʝʥʠʝ. ʀʥʘʯʝ ʥʘʜʦ 

ʙʳʣʦ ʙʳ ʧʨʝʜʧʦʣʦʞʠʪʴ ʥʝʟʘʚʠʩʠʤʦʩʪʴ ʧʨʦʩʪʨʘʥ-

ʩʪʚʘ ʠ ʚʨʝʤʝʥʠ ʦʪ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʩʦʩʪʘʚʣʷʶ-

ʱʠʭ ʟʘ ʩʯʸʪ ʠʩʢʣʶʯʝʥʠʷ ʚʟʘʠʤʥʦʛʦ ʦʙʤʝʥʘ. ɸ ʪʦʛʜʘ 

ʦʙʲʷʩʥʠʪʴ ʠʩʢʨʠʚʣʝʥʠʝ ʧʨʦʭʦʞʜʝʥʠʷ ʣʫʯʘ ʩʚʝʪʘ ʚ 

ʛʨʘʚʠʪʘʮʠʦʥʥʦʤ ʧʦʣʝ ʠ ʠʟʤʝʥʝʥʠʝ ʝʛʦ ʯʘʩʪʦʪʳ 

ʙʳʣʦ ʙʳ ʥʝʚʦʟʤʦʞʥʦ. 

ʊʦʪ ʬʘʢʪ, ʯʪʦ ʥʘʯʘʣʴʥʳʤʠ ʦʩʥʦʚʦʧʦʣʘʛʘʶ-

ʱʠʤʠ ʫʨʘʚʥʝʥʠʷʤʠ ʷʚʣʷʶʪʩʷ ʵʣʝʢʪʨʦʥʥʳʝ ʠ ʤʶʦʥ-

ʥʳʝ ʥʝʡʪʨʠʥʦ ʠ ʘʥʪʠʥʝʡʪʨʠʥʦ, ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ 

ʦʯʝʨʝʜʥʦʡ ʚʳʚʦʜ, ʯʪʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʚʦʣʥʳ, ʢʦ-

ʪʦʨʳʝ ʧʦʣʫʯʘʶʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʤʝʥʝʥʠʷ ʦʧʝʨʘ-

ʮʠʠ ʨʦʪʦʨʘ ʢ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʤ ʫʨʘʚʥʝʥʠʷʤ 

ʄʘʢʩʚʝʣʣʘ ʠ ʢ ʫʨʘʚʥʝʥʠʷʤ ʩ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝ-

ʩʢʠʤʠ ʧʦʪʝʥʮʠʘʣʘʤʠ ʷʚʣʷʶʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʚʟʘʠ-

ʤʦʜʝʡʩʪʚʠʷ ʵʣʝʢʪʨʦʥʥʳʭ ʠ ʤʶʦʥʥʳʭ ʥʝʡʪʨʠʥʦ ʠ 

ʘʥʪʠʥʝʡʪʨʠʥʦ. ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʘʩʩʦʮʠʘʪʠʚʥʦʩʪʴ ʠ 

ʥʝʟʘʚʠʩʠʤʦʩʪʴ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ ʜʦʩʪʠʛʘʝʪʩʷ 

ʟʘ ʩʯʸʪ ʪʦʛʦ, ʯʪʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʘʷ ʚʦʣʥʘ ʫʞʝ ʚʳ-

ʩʪʫʧʘʝʪ ʢʘʢ ʟʘʢʦʥʯʝʥʥʘʷ ʟʘʤʢʥʫʪʘʷ ʩʠʩʪʝʤʘ. ɼʝʡ-

ʩʪʚʠʪʝʣʴʥʦ, ʫʨʘʚʥʝʥʠʷ ɼʠʨʘʢʘ ʦʪʨʘʞʘʶʪ ʵʣʝʢʪʨʦʥ 

ʠ ʧʦʟʠʪʨʦʥ. ʇʨʠ ʤʘʩʩʝ ʧʦʢʦʷ ʨʘʚʥʦʤ ʥʫʣʶ ʫʨʘʚʥʝ-

ʥʠʷ ɼʠʨʘʢʘ ʧʝʨʝʭʦʜʷʪ ʚ ʫʨʘʚʥʝʥʠʷ ʥʝʡʪʨʠʥʦ ʠ ʘʥ-

ʪʠʥʝʡʪʨʠʥʦ. ʇʨʠ ʘʥʥʠʛʠʣʷʮʠʠ ʵʣʝʢʪʨʦʥʘ ʠ ʧʦʟʠ-

ʪʨʦʥʘ ʚʦʟʥʠʢʘʶʪ ʜʚʘ (ʨʝʞʝ) ʪʨʠ ɔ-ʬʦʪʦʥʘ, ʨʘʟʣʝʪʘ-

ʶʱʠʭʩʷ ʚ ʨʘʟʥʳʝ ʩʪʦʨʦʥʳ. ʆʪʩʶʜʘ ʤʦʞʥʦ ʩʜʝʣʘʪʴ 

ʪʦʣʴʢʦ ʦʜʥʦʟʥʘʯʥʳʡ ʚʳʚʦʜ: ʨʝʟʫʣʴʪʘʪ ʦʙʨʘʟʦʚʘ-

ʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ ʤʦʞʝʪ ʙʳʪʴ ʪʦʣʴʢʦ 

ʟʘ ʩʯʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʵʣʝʢʪʨʦʥʥʳʭ ʠ ʤʶʦʥʥʳʭ 

ʥʝʡʪʨʠʥʦ ʠ ʘʥʪʠʥʝʡʪʨʠʥʦ ʩ ʢʦʥʩʪʘʥʪʘʤʠ ʵʣʝʢ-

ʪʨʠʯʝʩʢʦʡ ʠ ʤʘʛʥʠʪʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʝʡ ʩʨʝʜʳ, 
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ʪʘʢ ʢʘʢ ʥʠʯʝʛʦ ʠʥʦʛʦ ʠʟʥʘʯʘʣʴʥʦ ʠ ʥʝʪ. ʅʝʟʘʚʠʩʠ-

ʤʦʩʪʴ ʠ ʘʩʩʦʮʠʘʪʠʚʥʦʩʪʴ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ 

ʫʞʝ ʟʘʣʦʞʝʥʘ ʚ ʧʨʦʮʝʩʩʝ ʘʥʥʠʛʠʣʷʮʠʠ, ʪʘʢ ʢʘʢ ʝʩʣʠ 

ʙʳ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʚʦʣʥʳ ʠʤʝʣʠ ʙʳ ʟʘʚʠʩʠʤʦʩʪʴ 

ʜʨʫʛ ʦʪ ʜʨʫʛʘ, ʪʦ ʨʘʟʣʝʪʝʪʴʩʷ ʚ ʨʘʟʥʳʝ ʩʪʦʨʦʥʳ ʦʥʠ 

ʚ ʧʨʠʥʮʠʧʝ ʙʳ ʥʝ ʤʦʛʣʠ. ʀʥʳʤʠ ʩʣʦʚʘʤʠ ʤʘʪʝʤʘ-

ʪʠʯʝʩʢʠʡ ʤʝʭʘʥʠʟʤ ʧʦʣʥʦʡ ʢʦʤʧʝʥʩʘʮʠʠ ʩ ʦʙʥʫʣʝ-

ʥʠʝʤ ʜʣʷ ʬʠʟʠʢʠ ʥʝ ʜʝʡʩʪʚʠʪʝʣʝʥ. ʅʘ ʩʘʤʦʤ ʜʝʣʝ 

ʵʪʦ ʙʳ ʦʟʥʘʯʘʣʦ ʠʩʯʝʟʥʦʚʝʥʠʝ ʚ ʥʦʣʴ ʠ ʧʦʷʚʣʝʥʠʝ 

ʠʟ ʥʫʣʷ, ʠ ʪʦʛʜʘ ʟʘʢʦʥʳ ʬʠʟʠʢʠ ʙʳʣʠ ʙʳ ʥʝ ʥʫʞʥʳ. 

ʋʨʘʚʥʝʥʠʷ ʚ (43) ʠ (46) ʤʦʞʥʦ ʩ ʫʯʸʪʦʤ ʥʘʰʝʡ 

ʪʝʦʨʠʠ ʠ ʫʨʘʚʥʝʥʠʡ (32) ʚʳʧʠʩʘʪʴ ʚ ʩʣʝʜʫʶʱʝʤ 

ʚʠʜʝ: 
ʤ_ʩʪʵ_ʩʪʵ_ʩʪ

0

ʵ rot)]/(grad)[/1( jjj -µµ-= tʩiuiʄ ; 

ʵ_ʩʪʤ_ʩʪʤ_ʩʪ

0

ʤ rot)]/(grad[ jjj -µµ-= tʩiuiʄ . 
(47) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʳ ʠʤʝʝʤ ʧʦʣʥʫʶ ʘʥʘʣʦʛʠʶ ʩ 

ʫʨʘʚʥʝʥʠʷʤʠ (32). ʉʪʘʥʦʚʠʪʩʷ ʧʦʥʷʪʥʳʤ, ʯʪʦ ʚʦʟ-

ʜʝʡʩʪʚʦʚʘʪʴ ʥʘ ʧʨʦʩʪʨʘʥʩʪʚʦ ʠ ʚʨʝʤʷ ʤʦʞʥʦ ʪʦʣʴʢʦ 

ʟʘ ʩʯʸʪ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ ʚʨʝ-

ʤʝʥʠ. ʆʪʩʶʜʘ ʚʝʣʠʯʠʥʳ 
ʵ_ʩʪj  ʠ 

ʤ_ʩʪj  ʜʦʣʞʥʳ ʭʘ-

ʨʘʢʪʝʨʠʟʦʚʘʪʴ ʠʟʤʝʥʝʥʠʷ ʩʨʝʜʳ. ʅʦ ʠʟʤʝʥʝʥʠʷ 

ʩʨʝʜʳ ʚʳʨʘʞʘʶʪʩʷ ʜʚʫʤʷ ʩʦʩʪʘʚʣʷʶʱʠʤʠ: ʧʦʩʪʫ-

ʧʘʪʝʣʴʥʳʤʠ ʠ ʚʨʘʱʘʪʝʣʴʥʳʤʠ ʜʚʠʞʝʥʠʷʤʠ, ʠ ʵʪʠ 

ʠʟʤʝʥʝʥʠʷ ʩʨʝʜʳ (ʟʘ ʩʯʸʪ ʜʚʠʞʝʥʠʷ) ʟʘʣʦʞʝʥʳ ʚ 

ʉʊʆ ʕʡʥʰʪʝʡʥʘ. ʆʜʥʘʢʦ ʜʣʷ ʚʘʢʫʫʤʘ ʧʨʦʩʪʨʘʥ-

ʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʝ ʠʩʢʨʠʚʣʝʥʠʝ ʧʦ ʥʳʥʝʰʥʠʤ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ ʚ ʬʠʟʠʢʝ ʥʝ ʠʤʝʝʪ ʜʚʠʞʝʥʠʷ, ʠ ʚ 

ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʝ ʠʩʢʨʠʚʣʝ-

ʥʠʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʆʊʆ ʕʡʥʰʪʝʡʥʘ. ʅʦ ʜʝʣʦ ʚ ʪʦʤ, 

ʯʪʦ ʠ ʚ ʆʊʆ ʠʟʤʝʥʝʥʠʷ ʩʨʝʜʳ ʩʚʷʟʘʥʦ ʩʦ ʩʢʦʨʦʩʪʴʶ 

ʜʚʠʞʝʥʠʷ, ʥʦ ʦʧʨʝʜʝʣʠʪʴ ʩʠʩʪʝʤʫ ʦʪʩʯʸʪʘ ʦʪ ʢʦʪʦ-

ʨʦʡ ʙʫʜʝʪ ʦʪʩʯʠʪʳʚʘʪʴʩʷ ʩʢʦʨʦʩʪʴ ʥʝ ʧʨʝʜʩʪʘʚʣʷ-

ʝʪʩʷ ʚʦʟʤʦʞʥʳʤ. ʉʠʪʫʘʮʠʷ ʙʳʣʘ ʙʳ ʥʝ ʨʘʟʨʝʰʠʤʦʡ 

ʙʝʟ ʥʘʣʠʯʠʷ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʠ, ʛʜʝ ʢʠʥʝʪʠʯʝʩʢʘʷ 

ʠ ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʵʥʝʨʛʠʷ ʤʝʥʷʶʪʩʷ ʤʝʩʪʘʤʠ, ʘ ʵʪʦ 

ʦʟʥʘʯʘʝʪ, ʯʪʦ ʟʥʘʯʝʥʠʷ 
ʵ_ʩʪj  ʠ 

ʤ_ʩʪj  ʤʦʛʫʪ ʭʘʨʘʢʪʝ-

ʨʠʟʦʚʘʪʴ ʪʘʢʠʝ ʜʚʠʞʝʥʠʷ ʪʦʣʴʢʦ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞ-

ʥʦʩʪʠ. 

ʆʪʩʶʜʘ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʟʘʧʠʩʴ 
ɽʩʈ=ʵ_ʩʪj  ʠ 

ʅʄʩ
2ʤ_ʩʪ=j . ʕʪʦ ʘʥʘʣʦʛʠʯʥʦ ʟʘʧʠʩʷʤ ʚʠʜʘ 

ct=r  ʠ ʩɽʅ= , ʢʦʪʦʨʳʝ ʩʚʷʟʳʚʘʶʪ ʧʨʦʪʠʚʦʧʦ-

ʣʦʞʥʦʩʪʠ. ɿʜʝʩʴ ʟʥʘʯʝʥʠʷ 
ɽʈ  ʠ 

ʅʄ  ʭʘʨʘʢʪʝʨʠ-

ʟʫʶʪ ʫʩʨʝʜʥʸʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʜʣʠʥʳ ʠ ʚʨʝʤʝʥʠ ʚ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʠ ʩ ʫʯʸʪʦʤ ʠʥʪʝʛʨʘʣʴʥʦʡ ʫʩʨʝʜ-

ʥʸʥʥʦʡ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʠ 

nv , ʪʦ ʝʩʪʴ ʫʩʨʝʜʥʸʥʥʦʛʦ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʜʚʠʞʝʥʠʷ. 

ʇʨʠ ʵʪʦʤ 00 ɽɽ ʈuʈ=  ʠ 00)/1( ʅʅ ʄuʄ =   ʥʝ-

ʢʦʪʦʨʳʝ ʥʘʯʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʜʣʠʥʳ ʠ ʚʨʝʤʝʥʠ ʚ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʠ. ʇʨʦʠʟʚʝʜʝʥʠʝ ʜʣʠʥʳ ʥʘ ʚʨʝʤʷ 

ʠʥʚʘʨʠʘʥʪʥʦ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʠ, ʢʘʢ ʠ ʚ ʥʘʰʝʡ 

ʩʠʩʪʝʤʝ ʥʘʙʣʶʜʝʥʠʷ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʤʳ ʧʦʤʥʠʤ, 

ʯʪʦ ʩɽʅ= , ʪʦʛʜʘ ʟʘʧʠʰʝʤ: 

ʵ2222 /)/1( iMtc =µµ+Ð EE ; 

ʤ2222 /)/1( iMtc =µµ+Ð HH ; 

ʵʤ2222 //)/1( iMciMtc ==µµ+Ð EE . 

(48) 

ɸʥʘʣʦʛʠʯʥʳʝ ʫʨʘʚʥʝʥʠʷ ʠʟʤʝʥʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʠ (ʘ ʦʥʠ 

ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʚʝʢʪʦʨ - ʧʦʪʝʥʮʠʘʣʘʤʠ ɸ ʠ ű) ʦʪ ʧʘʨʘʤʝʪʨʦʚ ʜʚʠʞʝʥʠʷ ʦʙʲʝʢʪʦʚ ʩʨʝʜʳ ʚ ʥʘʰʝʡ ʩʠʩʪʝʤʝ, 

ʝʩʪʴ ʠ ʚ ʢʣʘʩʩʠʯʝʩʢʦʡ ʵʣʝʢʪʨʦʜʠʥʘʤʠʢʝ ʚ ʚʠʜʝ [14]: 

jAA 0
2222 /)/1( m-=µµ-Ð tc ; 

0
2222 //)/1( er-=µjµ-jÐ tc . 

(49) 

ʇʨʠ ʵʪʦʤ ʟʥʘʯʝʥʠʷ ɸ ʠ ű ʟʘʚʠʩʷʪ ʦʪ ʩʢʦʨʦʩʪʠ 

ʜʚʠʞʝʥʠʷ ʯʘʩʪʠʮʳ (ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ, ʚ ʩʦʦʪ-

ʚʝʪʩʪʚʠʠ ʩ [11]). ɺʥʠʤʘʪʝʣʴʥʳʡ ʯʠʪʘʪʝʣʴ ʚʠʜʠʪ, ʯʪʦ 

ʤʳ ʥʠʯʝʛʦ ʥʝ ʧʨʠʜʫʤʳʚʘʝʤ, ʚʩʸ ʫʞʝ ʙʳʣʦ ʧʨʠʜʫ-

ʤʘʥʦ ʜʦ ʥʘʩ. ʄʳ ʪʦʣʴʢʦ ʧʦʢʘʟʘʣʠ ʣʦʛʠʢʫ ʵʪʠʭ ʨʝ-

ʰʝʥʠʡ ʠ ʨʘʩʰʠʬʨʦʚʘʣʠ ʩʫʪʴ ʟʥʘʯʝʥʠʡ ʢʦʥʩʪʘʥʪ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠ ʤʘʛʥʠʪʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʝʡ, ʪʦ 

ʝʩʪʴ ʜʘʣʠ ʵʪʠʤ ʧʨʦʥʠʮʘʝʤʦʩʪʷʤ ʬʠʟʠʯʝʩʢʫʶ ʩʫʪʴ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʉʊʆ ʠ ʆʊʆ ʕʡʥʰʪʝʡʥʘ. ʊʝʧʝʨʴ 

ʦʩʪʘʸʪʩʷ ʚʩʧʦʤʥʠʪʴ, ʯʪʦ ʯʪʦʙʳ ʨʝʰʠʪʴ ʧʨʦʙʣʝʤʫ 

ɻʶʡʛʝʥʩʘ-ʌʨʝʥʝʣʷ ʧʦ ʚʟʘʠʤʥʦʤʫ ʥʘʚʝʜʝʥʠʶ ʠ ʦʛʠ-

ʙʘʥʠʶ ʚʦʣʥʦʡ ʧʨʝʧʷʪʩʪʚʠʷ ʚ ʚʘʢʫʫʤʝ ʧʨʠ ʦʪʩʫʪ-

ʩʪʚʠʠ ʟʘʨʷʜʦʚ ʠ 0div =D , ʙʳʣʠ ʧʨʠʥʷʪʳ ʟʥʘʯʝʥʠʷ 

ʜʣʷ ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ ʩʪʦʨʦʥʥʠʭ ʟʘʨʷʜʦʚ ʧʦ ʪʝʦʨʝʤʝ 

ʚʟʘʠʤʥʦʩʪʠ. ʀʥʳʤʠ ʩʣʦʚʘʤʠ 00div EEP r= , ʘ 

00div HHM r= . ʇʨʘʢʪʠʯʝʩʢʠ ʵʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ 

ʦʧʨʝʜʝʣʷʶʱʠʤ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʟʣʫʯʝʥʠʷ ʚʦʣʥ 

ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʠʟʤʝʥʝʥʠʷ ʩʨʝʜʳ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ ʚʨʝʤʝʥʠ. ɼʘʣʝʝ ʤʳ ʫʯʠʪʳʚʘʝʤ, ʯʪʦ 

ʚ ʨʝʘʣʴʥʦʩʪʠ ʥʘʜʦ ʫʯʠʪʳʚʘʪʴ ʛʨʘʜʠʝʥʪ ʧʦ ʢʘʞʜʦʤʫ 

ʥʘʧʨʘʚʣʝʥʠʶ, ʪʘʢ ʢʘʢ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʠ ʦʨʪʦʛʦ-

ʥʘʣʴʥʳ ʠ ʫ ʨʝʘʣʴʥʳʭ ʦʙʲʝʢʪʦʚ ʥʝʪ ʧʘʨʘʣʣʝʣʴʥʳʭ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ ʤʘʛʥʠʪʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ, ʪʦ ʝʩʪʴ 

ʚʤʝʩʪʦ ʜʠʚʝʨʛʝʥʮʠʠ ʥʘʜʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʛʨʘʜʠʝʥʪ 

ʧʦ ʢʘʞʜʦʤʫ ʥʘʧʨʘʚʣʝʥʠʶ. ʆʪʩʶʜʘ ʤʳ ʤʦʞʝʤ ʟʘʧʠ-

ʩʘʪʴ: 
ʵ

0
2222

00000 ]/)/1([rot]/grad[ MitciMctPPic HEE e=µµ+Ðe=-µµ-e EE ; 

ʤ
0

2222
0000

2
0 ]/)/1([rot]/grad[ MitciPtMMic EHH m=µµ+Ðm=-µµ-m HH . 

(50) 
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ɺ ʠʪʦʛʝ ʩʣʝʜʫʝʪ ʚʳʚʦʜ: ʟʥʘʯʝʥʠʷ 
ʵʄ  ʠ 

ʤʄ  ʚ 

ʜʠʥʘʤʠʢʝ ʚʦʣʥʦʚʳʭ ʧʨʦʮʝʩʩʦʚ ʦʧʨʝʜʝʣʷʶʪ ʠʟʤʝʥʝ-

ʥʠʷ ʩʨʝʜʳ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʛʦ ʠʩʢʨʠʚʣʝ-

ʥʠʷ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʠ. ʀʤʝʥʥʦ ʵʪʠ ʟʥʘʯʝʥʠʷ 

ʬʦʨʤʠʨʫʶʪ ʚ ʥʘʰʝʡ ʩʠʩʪʝʤʝ ʥʘʙʣʶʜʝʥʠʷ ʚʦʣʥʦʚʳʝ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ, ʘʥʘʣʦʛʠʯʥʦ 

ʪʦʤʫ, ʢʘʢ ʠʟʤʝʥʝʥʠʷ ʩʨʝʜʳ ʚ ʥʘʰʝʡ ʩʠʩʪʝʤʝ 

ʥʘʙʣʶʜʝʥʠʷ ʬʦʨʤʠʨʫʶʪ ʚʦʣʥʦʚʳʝ ʩʚʦʡʩʪʚʘ ʚʝʢ-

ʪʦʨ - ʧʦʪʝʥʮʠʘʣʦʚ, ʢʦʪʦʨʳʝ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ-

ʩʪʠ ʦʪʦʙʨʘʞʘʶʪ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʳ ʚʠʜʠʤ, ʯʪʦ ʫʢʘʟʘʥʥʳʡ ʚʠʜ 

ʫʨʘʚʥʝʥʠʡ ʘʥʘʣʦʛʠʯʝʥ ʚʠʜʫ ʫʨʘʚʥʝʥʠʡ ɼʠʨʘʢʘ, ʥʦ ʩ 

ʫʯʸʪʦʤ ʢʦʥʩʪʘʥʪ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠ ʤʘʛʥʠʪʥʦʡ ʧʨʦ-

ʥʠʮʘʝʤʦʩʪʝʡ. ʉʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ɼʠʨʘʢʘ ʙʳʣʘ ʚʳ-

ʚʝʜʝʥʘ ʠʟ ʫʨʘʚʥʝʥʠʷ ʵʥʝʨʛʠʠ ʕʡʥʰʪʝʡʥʘ. ʆʪʣʠʯʠʝ 

ʧʦ ʟʥʘʢʘʤ ʩʫʤʤʳ ʠ ʨʘʟʥʦʩʪʠ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʠʟ 

ʫʩʣʦʚʠʷ ʪʦʛʦ, ʯʪʦ ʩʫʤʤʘ ʚ ʦʜʥʦʡ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ-

ʩʪʠ ʦʟʥʘʯʘʝʪ ʚʳʯʠʪʘʥʠʝ ʚ ʜʨʫʛʦʡ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ-

ʩʪʠ. ɸ ʪʘʢ ʢʘʢ ʫʨʘʚʥʝʥʠʝ ʵʥʝʨʛʠʠ ʕʡʥʰʪʝʡʥʘ ʠʥʚʘ-

ʨʠʘʥʪʥʦ ʚ ʣʶʙʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ, ʪʦ ʧʦʥʷʪʥʦ, 

ʯʪʦ ʧʨʠ ʨʘʟʣʦʞʝʥʠʠ ʫʨʘʚʥʝʥʠʷ ʵʥʝʨʛʠʠ ʜʦʣʞʥʦ 

ʦʪʦʙʨʘʞʘʪʴʩʷ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦʙʲʝʢʪʘ ʚ ʨʘʟʥʳʭ ʩʠ-

ʩʪʝʤʘʭ ʥʘʙʣʶʜʝʥʠʷ. ɿʘʤʝʪʠʤ, ʯʪʦ ʫʨʘʚʥʝʥʠʷ (50) 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʦʦʪʚʝʪʩʪʚʠʝ ʧʨʦʪʠʚʦʧʦʣʦʞ-

ʥʦʩʪʝʡ ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʟʘʢʦʥʘ ʩʦʭʨʘʥʝʥʠʷ ʢʦʣʠʯʝ-

ʩʪʚʘ ʚ ʢʘʞʜʦʡ ʠʟ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʝʡ, ʠ ʚ ʵʪʦʤ 

ʩʣʫʯʘʝ ʤʳ ʜʦʣʞʥʳ ʠʤʝʪʴ ʫʨʘʚʥʝʥʠʷ ʚʠʜʘ: 

0rot]/grad[ 0000 =-µµ-e HEE MctPPic ; 

0]/)/1([ 2222
0 =µµ+Ðe tc EE ; 

0rot]/grad[ 000
2

0 =-µµ-m EHH PtMMic ; 

0]/)/1([ 2222
0 =µµ+Ðm tc HH . 

(51) 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʤʳ ʧʦʣʫʯʘʝʤ ʪʦʣʴʢʦ ʥʝʟʘʚʠʩʠ-

ʤʳʝ ʫʨʘʚʥʝʥʠʷ. ɸ ʢʘʢ ʚ ʪʘʢʦʤ ʩʣʫʯʘʝ ʧʝʨʝʡʪʠ ʢ 

ʫʨʘʚʥʝʥʠʶ ʜʚʠʞʝʥʠʷ ʯʘʩʪʠʮʳ, ʥʝ ʥʘʨʫʰʘʷ ʟʘʢʦʥʘ 

ʩʦʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ? ʕʪʦ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʪʦʣʴʢʦ ʧʦ 

ʟʘʤʢʥʫʪʦʤʫ ʮʠʢʣʫ ʚʟʘʠʤʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, ʛʜʝ 

ʠʟʤʝʥʝʥʠʷ ʧʦ ʚʨʝʤʝʥʠ ʩʦ ʩʢʦʨʦʩʪʴʶ ʩʚʝʪʘ ʢʦʤʧʝʥ-

ʩʠʨʫʶʪ ʜʨʫʛ ʜʨʫʛʘ. ʇʦʵʪʦʤʫ, ʧʦʢʘʞʝʤ, ʢʘʢ ʵʪʦ ʜʝ-

ʣʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʥʘʰʝʡ ʪʝʦʨʠʠ. ɼʣʷ ʵʪʦʛʦ ʚʩʧʦʤ-

ʥʠʤ ʧʦʜʭʦʜ ɼʠʨʘʢʘ ʩ ʧʝʨʝʭʦʜʦʤ ʢ ʫʨʘʚʥʝʥʠʷʤ ʇʘ-

ʫʣʠ (ʦʧʠʩʘʥʥʳʡ ʚʳʰʝ), ʥʦ ʩ ʫʯʸʪʦʤ ʥʘʰʝʛʦ ʧʦʜʭʦʜʘ 

ʚ [8], ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʫʯʝʩʪʴ ʢʦʥʩʪʘʥʪʳ ʵʣʝʢʪʨʠ-

ʯʝʩʢʦʡ ʠ ʤʘʛʥʠʪʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʝʡ. ʇʦ-ʜʨʫʛʦʤʫ 

ʛʦʚʦʨʷ, ʤʳ ʥʝ ʠʩʢʣʶʯʘʝʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʦ ʩʨʝʜʦʡ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ. ʆʪʩʶʜʘ ʫʯʠʪʳʚʘʷ, ʯʪʦ ʚʠʜ (50) ʥʝ 

ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʠʪʴ ʦʨʪʦʛʦʥʘʣʴʥʦʩʪʴ ʩʦʩʪʘʚʣʷʶʱʠʭ 

ɽ ʠ ʅ, ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʧʠʩʘʪʴ ʩʦʩʪʘʚʣʷʶʱʠʝ ʧʦ ʢʦ-

ʦʨʜʠʥʘʪʘʤ ʠ ʩ ʫʯʸʪʦʤ ʠʥʚʘʨʠʘʥʪʥʦʩʪʠ ʚ ʚʠʜʝ: 

GizExEyHictH xzty 000000 //]//[ m=µµ-µµ-µµ+µµm ; 

GixEzEyHictH zxty 000000 )//(]//[ m=µµ-µµ+µµ-µµm ; 

SizHxHyEictE xzty 000000 //]//[ e-=µµ-µµ-µµ+µµe ; 

SixHzHyEictE zxty 000000 )//(]//[ e-=µµ-µµ+µµ-µµe . 

(52) 

ɿʜʝʩʴ 
ʤ2222 )/)/1(( MtcG =µµ+Ð= HH ; 

ʵ2222 )/)/1(( MtcS =µµ+Ð= EE . 

ʀʥʳʤʠ ʩʣʦʚʘʤʠ  ʵʪʦ ʚʠʜ, ʘʥʘʣʦʛʠʯʥʳʡ ʩʠ-

ʩʪʝʤʝ ʫʨʘʚʥʝʥʠʡ ɼʠʨʘʢʘ. ɿʜʝʩʴ ʟʥʘʢʠ ʧʝʨʝʜ G ʠ S, 

ʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʥʘʧʨʷʞʸʥʥʦʩʪʠ ʤʘʛʥʠʪʥʳʭ 

ʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʣʝʡ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʨʦʪʠʚʦʧʦ-

ʣʦʞʥʦ, ʪʘʢ ʢʘʢ ʩʣʦʞʝʥʠʝ ʚ ʦʜʥʦʡ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ-

ʩʪʠ ʦʟʥʘʯʘʝʪ ʚʳʯʠʪʘʥʠʝ ʚ ʜʨʫʛʦʡ. ʇʦʥʷʪʥʦ, ʯʪʦ ʟʥʘ-

ʯʝʥʠʷ ʚ ʣʝʚʦʡ ʠ ʚ ʧʨʘʚʦʡ ʯʘʩʪʠ ʫʨʘʚʥʝʥʠʡ (52) ʵʢ-

ʚʠʚʘʣʝʥʪʳ ʥʫʣʶ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʢʦʥʦʤ 

ʩʦʭʨʘʥʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ (ʪʘʢ ʢʘʢ ʟʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ 

ʢʦʣʠʯʝʩʪʚʘ ʚʳʧʦʣʥʷʝʪʩʷ ʢʘʞʜʦʡ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ-

ʩʪʠ ʧʦ ʦʪʜʝʣʴʥʦʩʪʠ). ʆʜʥʘʢʦ, ʯʪʦʙʳ ʵʪʦʪ ʟʘʢʦʥ ʩʦ-

ʭʨʘʥʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʩʦʙʣʶʜʘʣʩʷ ʚ ʢʘʞʜʦʡ ʠʟ ʧʨʦ-

ʪʠʚʦʧʦʣʦʞʥʦʩʪʝʡ ʥʝʦʙʭʦʜʠʤ ʦʙʤʝʥ ʧʝʨʚʠʯʥʳʤʠ 

ʦʙʲʝʢʪʘʤʠ ʤʝʞʜʫ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʷʤʠ. ʕʪʦ 

ʚʠʜʥʦ ʠʟ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʃʦʨʝʥʮʘ-ʄʠʥʢʦʚʩʢʦʛʦ, 

ʛʜʝ ʚʨʝʤʷ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʜʣʠʥʫ ʧʦ ʬʦʨʤʫʣʘʤ (22).  

ʅʘʤ ʦʩʪʘʸʪʩʷ ʨʘʟʦʙʨʘʪʴʩʷ ʩ ʫʧʨʫʛʠʤ ʦʪʨʘʞʝ-

ʥʠʝʤ. ɿʜʝʩʴ ʥʝʦʙʭʦʜʠʤʦ ʚʩʧʦʤʥʠʪʴ ʢʣʘʩʩʠʯʝʩʢʫʶ 

ʵʣʝʢʪʨʦʜʠʥʘʤʠʢʫ, ʥʦ ʩ ʫʯʸʪʦʤ ʥʘʰʝʡ ʪʝʦʨʠʠ. ʇʦ 

ʢʣʘʩʩʠʯʝʩʢʦʡ ʵʣʝʢʪʨʦʜʠʥʘʤʠʢʝ ʦʪʨʘʞʝʥʠʝ ʠ ʧʨʝ-

ʣʦʤʣʝʥʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ ʧʨʠ ʥʦʨʤʘʣʴʥʦʤ 

ʧʘʜʝʥʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ [15]: 

)1/(2 001 c+= EE ; 

)1/()1(002 +c-c=EE , 
(53) 

ʛʜʝ 

1111 // emme=mm=c nn . (54) 

ɼʘʣʝʝ ʤʳ ʫʯʠʪʳʚʘʝʤ, ʯʪʦ ʜʣʷ ʚʝʢʪʦʨʘ ʇʦʡ-

ʪʠʥʛʘ ʚʝʨʥʦ ʩʦʦʪʥʦʰʝʥʠʝ: 
2/)4/( Ec mep=wW . (55) 

ɿʜʝʩʴ w  ʝʜʠʥʠʯʥʳʡ ʚʝʢʪʦʨ. 

ʆʪʩʶʜʘ ʥʝʪʨʫʜʥʦ ʧʦʜʩʯʠʪʘʪʴ ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʦʪʨʘʞʝʥʠʷ Q ʠ ʧʨʦʭʦʞʜʝʥʠʷ W, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝ-
ʣʷʶʪʩʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʢʘʢ ʦʪʥʦʰʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦ-

ʩʪʠ ʦʪʨʘʞʸʥʥʦʡ ʠ ʧʨʝʣʦʤʣʸʥʥʦʡ ʚʦʣʥ ʢ ʠʥʪʝʥʩʠʚ-

ʥʦʩʪʠ ʧʘʜʘʶʱʝʡ ʚʦʣʥʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ 
2

0022 )/(/ EE==Q WW ; (56) 

2
001111 )/(// EEemme==W WW . (57) 

ɺ ʯʘʩʪʥʦʩʪʠ, ʜʣʷ ʥʦʨʤʘʣʴʥʦʛʦ ʧʘʜʝʥʠʷ, ʩʦ-

ʛʣʘʩʥʦ (53), ʥʘʭʦʜʠʤ: 
2)]1)(1[( c+-c=Q ; (58) 

2)]1/(2[ c+c=W ; (59) 

1=W+Q ; 11 /emme=c . (60) 

ʆʜʥʘʢʦ ʬʦʨʤʫʣʳ ʨʘʩʯʸʪʘ (58) (60) ʧʨʠʚʝʜʝʥʳ 

ʜʣʷ ʩʣʫʯʘʷ ʠʟʤʝʥʝʥʠʷ ʩʨʝʜ ʧʦ ʧʣʦʪʥʦʩʪʠ ʥʘ ʦʩʥʦʚʘ-

ʥʠʠ ʟʥʘʯʝʥʠʡ: 

em= /ʬ cv ; 11ʬ1 / me=cv . (61) 

ɺ ʚʘʢʫʫʤʝ ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʜʦʣʞʥʘ 

ʙʳʪʴ ʦʜʥʘ ʠ ʪʘ ʞʝ. ʇʨʠ ʵʪʦʤ ʬʘʢʪ ʠʩʢʨʠʚʣʝʥʠʷ 

ʥʘʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʷ ʝʩʪʴ ʠ ʟʘʬʠʢʩʠʨʦʚʘʥ ʥʘ 
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ʧʨʘʢʪʠʢʝ, ʥʦ ʥʝʪ ʠʟʤʝʥʝʥʠʷ ʚ ʟʥʘʯʝʥʠʠ ʩʢʦʨʦʩʪʠ 

ʩʚʝʪʘ ʩ. ɺʝʜʴ ʠʟʤʝʥʝʥʠʝ ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ ʚ ʟʘʚʠʩʠʤʦ-

ʩʪʠ ʦʪ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʦʣʷ ʦʟʥʘʯʘʣʦ ʙʳ ʥʘʨʫʰʝ-

ʥʠʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʃʦʨʝʥʮʘ - ʄʠʥʢʦʚʩʢʦʛʦ, ʛʜʝ 

ʟʥʘʯʝʥʠʝ ʚʝʣʠʯʠʥʳ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʦʣʷ ʦʧʨʝʜʝ-

ʣʷʝʪʩʷ ʠʤʝʥʥʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʳʤ ʠʩ-

ʢʨʠʚʣʝʥʠʝʤ ʩ ʫʯʸʪʦʤ ʧʦʩʪʦʷʥʥʦʡ ʚ ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ. 

ʇʦʵʪʦʤʫ, ʝʩʣʠ ʧʨʝʜʧʦʣʦʞʠʪʴ ʠʟʤʝʥʝʥʠʝ ʩʢʦʨʦʩʪʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʛʨʘʚʠʪʘʮʠʦʥ-

ʥʦʛʦ ʧʦʣʷ, ʪʦ ʪʦʛʜʘ ʥʘʜʦ ʧʨʠʟʥʘʪʴ ʠʟʤʝʥʝʥʠʝ ʟʘʢʦʥʘ 

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʛʦ ʠʩ-

ʢʨʠʚʣʝʥʠʷ. ʅʦ ʵʪʦ ʦʟʥʘʯʘʝʪ ʥʘʨʫʰʝʥʠʝ ʠʥʚʘʨʠʘʥʪ-

ʥʦʡ ʬʦʨʤʳ ʠ ʟʘʢʦʥʘ ʩʦʭʨʘʥʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ. ʇʨʠ 

1=e  ʠ 1=m , ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʘʢ ʥʘʟʳʚʘʝʤʦʤʫ 

ʚʘʢʫʫʤʫ, ʥʝʪ ʠʥʳʭ ʚʝʣʠʯʠʥ ʜʣʷ ʠʟʤʝʥʝʥʠʷ, ʢʘʢ 0e 

ʠ 0m. ʊʘʢ ʞʝ ʜʦʣʞʥʦ ʚʳʧʦʣʥʷʪʴʩʷ ʫʩʣʦʚʠʝ 

2
00 /1 ʩ=me . ʆʪʩʶʜʘ ʦʩʪʘʸʪʩʷ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ 

ʠʤʝʝʪ ʤʝʩʪʦ: 
++me=me=me= 00

*
0

*
000

2/1 ʩ  (63) 

ɿʜʝʩʴ, ʥʘʧʨʠʤʝʨ, ʟʥʘʯʝʥʠʷ 
+e>e>e 0

*
00 , ʘ 

+m<m<m 0
*
00 . 

ɺʳʚʦʜ: ʚʘʨʠʘʥʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʟʘʢʦʥʦʚ 

ʉʥʝʣʣʠʫʩʘ (ʧʦ ʧʨʠʥʮʠʧʫ ʌʝʨʤʘ) ʥʘ ʦʩʥʦʚʝ ʨʘʟʥʠʮʳ 

ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʝʣʦʤʣʝʥʠʷ ʩʨʝʜ ʩ ʠʟʤʝʥʝʥʠʝʤ ʩʢʦʨʦ-

ʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ cv <ʬ  ʚ ʩʨʝʜʝ ʜʣʷ ʨʘʩʩʤʦʪ-

ʨʝʥʠʷ ʠʟʤʝʥʝʥʠʷ ʥʘʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʷ ʵʣʝʢʪʨʦ-

ʤʘʛʥʠʪʥʦʡ ʚʦʣʥʳ ʚ ʛʨʘʚʠʪʘʮʠʦʥʥʦʤ ʧʦʣʝ (ʚʘʢʫʫʤʝ) 

ʥʝ ʧʦʜʭʦʜʠʪ.  

ʉʠʪʫʘʮʠʷ ʠʤʝʣʘ ʙʳ ʪʫʧʠʢʦʚʳʡ ʨʝʟʫʣʴʪʘʪ, ʝʩʣʠ 

ʙʳ ʥʝʣʴʟʷ ʙʳʣʦ ʧʝʨʝʡʪʠ ʥʘ ʨʘʩʩʤʦʪʨʝʥʠʝ ʷʚʣʝʥʠʡ 

ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʩʨʝʜ ʩ ʫʯʸʪʦʤ ʧʨʠʥʮʠʧʘ ɻʶʡ-

ʛʝʥʩʘ-ʌʨʝʥʝʣʷ, ʢʦʪʦʨʳʡ ʩʯʠʪʘʝʪʩʷ ʪʦʞʜʝʩʪʚʝʥʥʳʤ 

ʧʨʠʥʮʠʧʫ ʟʘʢʦʥʘ ʉʥʝʣʣʠʫʩʘ, ʥʦ ʢʘʢ ʤʳ ʚʠʜʠʤ ʥʝ ʚʦ 

ʚʩʝʭ ʩʨʝʜʘʭ. ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʚʘʨʠʘʥʪ 

ʨʘʩʯʸʪʘ ʧʨʝʣʦʤʣʸʥʥʦʡ ʠ ʦʪʨʘʞʸʥʥʦʡ ʚʦʣʥ ʥʘ ʛʨʘ-

ʥʠʮʝ ʨʘʟʜʝʣʘ ʩʨʝʜ ʜʦʣʞʝʥ ʚʝʩʪʠʩʴ ʠʩʭʦʜʷ ʠʟ ʚʦʟ-

ʙʫʞʜʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ ʢʘʢ ʙʳ ʚʪʦʨʠʯ-

ʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʩ ʫʯʸʪʦʤ ʘʤʧʣʠʪʫʜʳ ʠ ʬʘʟʳ 

ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʧʘʜʘʶʱʝʡ ʚʦʣʥʳ ʥʘ ʛʨʘʥʠʮʫ ʨʘʟ-

ʜʝʣʘ ʩʨʝʜ ʠ ʘʤʧʣʠʪʫʜ ʧʨʝʣʦʤʣʸʥʥʦʡ ʠ ʦʪʨʘʞʸʥʥʦʡ 

ʚʦʣʥ. ʇʨʠʯʸʤ ʚʤʝʩʪʦ e ʙʝʨʸʤ, ʥʘʧʨʠʤʝʨ, 
*
0e, ʘ ʚʤʝ-

ʩʪʦ 1e ʚʧʠʩʳʚʘʝʤ 
+e0. ɸʥʘʣʦʛʠʯʥʦ, ʚʤʝʩʪʦ m ʙʝʨʸʤ 

*
0m, ʘ 1m ʤʝʥʷʝʤ ʥʘ 

+m0 . 

ʇʨʠ ʪʘʢʦʤ ʧʦʜʭʦʜʝ ʥʘʭʦʜʠʪ ʦʙʲʷʩʥʝʥʠʝ ʠ ʜʨʫ-

ʛʦʝ ʷʚʣʝʥʠʝ, ʩʚʷʟʘʥʥʦʝ ʩ ʠʟʤʝʥʝʥʠʝʤ ʯʘʩʪʦʪʳ ʚ ʛʨʘ-

ʚʠʪʘʮʠʦʥʥʦʤ ʧʦʣʝ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ ʩ 

ʫʯʝʪʦʤ ʥʘʰʝʡ ʪʝʦʨʠʠ, ʛʜʝ ʧʨʠʥʷʪʦ: cu/10=m ; 

cu /0=e ; 
22
nvcu -= . ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʝʩʣʠ ʤʳ 

ʭʦʪʠʤ ʫʯʝʩʪʴ ʚʣʠʷʥʠʝ ʩʨʝʜʳ, ʪʦ ʜʦʣʞʥʳ ʚʟʷʪʴ ʦʪʥʦ-

ʰʝʥʠʝ 
2

00 / u=em , ʢʦʪʦʨʦʝ ʟʘʚʠʩʠʪ ʦʪ ʩʢʦʨʦʩʪʠ 

nv  ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʠ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʢʦʨʦ-

ʩʪʴʶ nv  ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʠ ʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʉʊʆ ʠ ʆʊʆ ʕʡʥʰʪʝʡʥʘ ʤʝʥʷʶʪʩʷ ʩʦʙʩʪʚʝʥʥʳʝ ʟʥʘ-

ʯʝʥʠʷ ʜʣʠʥʳ ʠ ʚʨʝʤʝʥʠ ʚ ʥʘʰʝʡ ʩʠʩʪʝʤʝ ʥʘʙʣʶʜʝ-

ʥʠʷ, ʠ ʵʪʦ ʜʘʸʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ 

ʧʦʣʷ, ʯʪʦ ʠ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʯʘʩʪʦʪʳ. ʂʦʩ-

ʚʝʥʥʦ ʵʪʦ ʚʠʜʥʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʯʘʩʪʦʪʳ ʬʦʪʦʥʘ 

ʧʨʠ ʧʨʠʙʣʠʞʝʥʠʠ ʢ ʮʝʥʪʨʫ ʛʨʘʚʠʪʘʮʠʠ.  

ɹʣʘʛʦʜʘʨʷ ʥʘʰʝʡ ʪʝʦʨʠʠ, ʤʳ ʥʘʭʦʜʠʤ ʦʙʲʷʩʥʝ-

ʥʠʝ ʥʝ ʪʦʣʴʢʦ ʠʩʢʨʠʚʣʝʥʠʶ ʧʫʪʠ ʧʨʦʭʦʞʜʝʥʠʷ ʬʦ-

ʪʦʥʘ ʚ ʛʨʘʚʠʪʘʮʠʦʥʥʦʤ ʧʦʣʝ, ʥʦ ʠ ʦʙʲʷʩʥʷʝʤ ʠʟʤʝ-

ʥʝʥʠʝ ʯʘʩʪʦʪʳ, ʩʪʨʦʛʦ ʦʧʠʨʘʷʩʴ ʥʘ ʉʊʆ ʠ ʆʊʆ 

ʕʡʥʰʪʝʡʥʘ. ʇʨʠ ʵʪʦʤ ʤʳ ʠʤʝʝʤ ʦʜʥʦʟʥʘʯʥʫʶ ʩʚʷʟʴ 

ʯʝʨʝʟ ʦʙʤʝʥ ʤʝʞʜʫ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʳʤ 

ʠʩʢʨʠʚʣʝʥʠʝʤ ʩ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ; ʫ ʥʘʩ ʧʘ-

ʨʘʜʦʢʩ ʕʡʥʰʪʝʡʥʘ, ʩʚʷʟʘʥʥʳʡ ʩ ʩʠʥʛʫʣʷʨʥʦʩʪʷʤʠ 

ʦʪʩʫʪʩʪʚʫʝʪ.  

ʊʦʣʴʢʦ ʥʘʰʘ ʪʝʦʨʠʷ ʜʘʸʪ ʬʠʟʠʯʝʩʢʦʝ ʦʙʲʷʩʥʝ-

ʥʠʝ ʨʦʣʠ ʠ ʩʫʪʠ ʢʦʥʩʪʘʥʪ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠ ʤʘʛʥʠʪ-

ʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʝʡ, ʢʘʢ ʦʪʨʘʞʝʥʠʷ ʜʚʠʞʝʥʠʷ ʚ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʠ. ʅʘʰʘ ʪʝʦʨʠʷ ʨʝʰʘʝʪ ʧʨʦ-

ʙʣʝʤʫ, ʢʦʪʦʨʘʷ ʚʦʟʥʠʢʘʣʘ ʚ ʆʊʆ ʕʡʥʰʪʝʡʥʘ ʠʟ-ʟʘ 

ʦʪʩʫʪʩʪʚʠʷ ʧʨʠʚʷʟʢʠ ʢ ʩʠʩʪʝʤʝ ʦʪʩʯʸʪʘ, ʠʟʤʝʥʝʥʠʷ 

ʟʥʘʯʝʥʠʡ ʤʝʣʴʯʘʡʰʠʭ ʦʜʥʦʨʦʜʥʳʭ ʧʨʦʩʪʨʘʥ-

ʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʧʦ ʉʊʆ. ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʥʘʣʠ-

ʯʠʝ ʛʣʦʙʘʣʴʥʳʭ ʇʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʝʡ ʚ ʄʠʨʦʟʜʘ-

ʥʠʠ, ʫʪʚʝʨʞʜʘʝʤʳʭ ʧʦ ʥʘʰʝʡ ʪʝʦʨʠʠ, ʧʦʟʚʦʣʷʝʪ ʠʩ-

ʢʨʠʚʣʝʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʳʭ ʤʝʣʴʯʘʡ-

ʰʠʭ ʵʣʝʤʝʥʪʦʚ, ʜʘʶʱʠʭ ʛʨʘʚʠʪʘʮʠʦʥʥʦʝ ʧʦʣʝ, 

ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʧʦ ʉʊʆ ʚʝʣʠʯʠʥʦʡ ʩʢʦʨʦʩʪʠ ʜʚʠ-

ʞʝʥʠʷ ʩ ʧʨʦʝʢʮʠʝʡ ʝʸ ʥʘ ʚʨʝʤʷ. ʆʪʩʶʜʘ ʩʠʩʪʝʤʘ ʦʪ-

ʩʯʸʪʘ ʜʣʷ ʚʳʙʦʨʘ ʩʢʦʨʦʩʪʠ ʧʦ ʉʊʆ ʚ ʆʊʆ ʚʩʝʛʜʘ 

ʩʦʚʧʘʜʘʝʪ ʩ ʤʝʣʴʯʘʡʰʠʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥ-

ʥʳʤ ʵʣʝʤʝʥʪʦʤ. ʕʪʘ ʣʦʛʠʢʘ ʩʣʝʜʫʝʪ ʠʟ ʉʊʆ, ʩ ʨʘʩ-

ʩʤʦʪʨʝʥʠʝʤ ʦʙʱʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʛʦ 

ʢʦʥʪʠʥʫʫʤʘ, ʧʨʠ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʜʣʠʥʳ ʠ ʚʨʝʤʝʥʠ ʚ 

ʦʜʥʦʡ ʩʠʩʪʝʤʝ ʦʪʩʯʸʪʘ (ʯʝʨʝʟ ʧʨʦʝʢʮʠʶ ʜʣʠʥʳ ʠ 

ʚʨʝʤʝʥʠ ʚ ʜʨʫʛʦʡ ʩʠʩʪʝʤʝ ʦʪʩʯʸʪʘ). ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ 

ʧʨʦʝʢʮʠʶ ʥʘ ʚʨʝʤʷ ʜʦʣʞʥʘ ʠʤʝʪʴ ʠ ʩʢʦʨʦʩʪʴ ʚ ʩʠʣʫ 

ʪʦʛʦ, ʯʪʦ ʠʥʦʝ ʦʟʥʘʯʘʣʦ ʙʳ ʥʝʧʦʜʯʠʥʝʥʠʝ ʠʟʤʝʥʝ-

ʥʠʷ ʟʥʘʯʝʥʠʷ ʩʢʦʨʦʩʪʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷʤ ʃʦʨʝʥʮʘ-

ʄʠʥʢʦʚʩʢʦʛʦ. ʀʥʦʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʝʟʘʚʠʩʠʤʦʩʪʠ, 

ʧʨʠ ʢʦʪʦʨʦʤ ʪʘʢʘʷ ʚʝʣʠʯʠʥʘ ʚʦʦʙʱʝ ʥʝ ʤʦʞʝʪ ʙʳʪʴ 

ʦʙʥʘʨʫʞʝʥʘ ʚ ʥʘʰʝʤ ʄʠʨʦʟʜʘʥʠʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʰʘ ʪʝʦʨʠʷ ʧʦʜʪʚʝʨʜʠʣʘ ʛʠ-

ʧʦʪʝʟʫ ɼʞ. ʊʦʤʧʩʦʥʘ ʦʙ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʤ ʧʨʦʠʩ-

ʭʦʞʜʝʥʠʠ ʤʘʩʩʳ ʵʣʝʢʪʨʦʥʘ. ʆʪʩʶʜʘ ʫʧʨʫʛʦʝ ʩʪʦʣʢ-

ʥʦʚʝʥʠʝ ʩ ʬʦʪʦʥʦʤ ʠʤʝʝʪ ʥʝʧʨʦʪʠʚʦʨʝʯʠʚʦʝ ʦʙʲʷʩ-

ʥʝʥʠʝ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʝʩʪʴ ʧʨʠʯʠʥʘ ʧʦʷʚʣʝʥʠʷ 

ʦʨʪʦʛʦʥʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʢ ʥʘʧʨʘʚʣʝʥʠʶ ʜʚʠ-

ʞʝʥʠʶ ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ ʬʦʪʦʥʘ ʚ ʵʬʬʝʢʪʝ ʂʦʤʧ-

ʪʦʥʘ, ʪʘʢ ʢʘʢ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʟʘʤʢʥʫʪʦʝ ʜʚʠʞʝ-

ʥʠʝ ʫ ʵʣʝʢʪʨʦʥʘ ʜʘʸʪ ʜʚʝ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʝ ʩʦʩʪʘʚ-

ʣʷʶʱʠʝ, ʢʦʪʦʨʳʝ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʬʦʪʦʥʘ ʩ 

ʵʣʝʢʪʨʦʥʦʤ ʜʝʣʷʪʩʷ ʤʝʞʜʫ ʥʦʚʳʤ ʦʪʨʘʞʸʥʥʳʤ ʬʦ-

ʪʦʥʦʤ ʠ ʵʣʝʢʪʨʦʥʦʤ. 
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ʃʶʙʦʝ ʣʠʥʝʡʥʦʝ ʫʨʘʚʥʝʥʠʝ ʧʦʨʷʜʢʘ ʚʪʦʨʦʛʦ ʠ ʚʳʰʝ, ʠʤʝʝʪ ʩʦʧʨʦʚʦʞʜʘʶʱʝʝ ʥʝʣʠʥʝʡʥʦʝ ʫʨʘʚʥʝʥʠʝ, 

ʥʘ ʝʜʠʥʠʮʫ ʤʝʥʴʰʝʛʦ ʧʦʨʷʜʢʘ, ʦʪ ʨʝʰʝʥʠʷ ʢʦʪʦʨʦʛʦ ʟʘʚʠʩʠʪ ʫʧʦʤʷʥʫʪʦʝ ʣʠʥʝʡʥʦʝ ʫʨʘʚʥʝʥʠʝ. ɺ ʥʘʩʪʦʷ-

ʱʝʤ, ʠʤʝʷ ʚ ʨʘʩʧʦʨʷʞʝʥʠʠ ʨʝʟʫʣʴʪʘʪ ʠʩʩʣʝʜʦʚʘʥʥʦʛʦ ʣʠʥʝʡʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʪʨʝʪʴʝʛʦ ʧʦʨʷʜʢʘ ʠ ʝʛʦ ʩʦʧʨʦ-

ʚʦʞʜʘʶʱʝʛʦ ʫʨʘʚʥʝʥʠʷ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ [3, 4, 5], ʚ ʷʚʥʦʡ ʬʦʨʤʝ ʩʪʨʦʠʤ ʨʝʰʝʥʠʝ ʚʳʰʝʫʧʦʤʷʥʫʪʦʛʦ ʥʝʣʠ-

ʥʝʡʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʪʨʝʪʴʝʛʦ ʧʦʨʷʜʢʘ. 

ABSTRACT 

Any linear equation of the order of the second and higher, has an accompanying nonlinear equation, one less 

order, the solution of which depends on the mentioned linear equation. In the present, having at disposal the result 

of the investigated linear equation of the third order and its accompanying equation of the second order [3, 4, 5], 

we explicitly construct the solution of the above-mentioned nonlinear equation of the third order. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʫʨʘʚʥʝʥʠʝ, ʣʠʥʝʡʥʦʝ, ʥʝʣʠʥʝʡʥʦʝ, ʧʦʨʷʜʦʢ, ʨʝʰʝʥʠʝ, ʧʦʥʠʞʝʥʠʝ, ʚʳʧʦʣʥʝʥʠʝ, 

ʫʜʦʚʣʝʪʚʦʨʝʥʠʝ, ʢʣʘʩʩ ʈʠʢʢʘʪʠ. 

Keywords: equation, linear, nonlinear, order, solution, reduction, fulfillment, satisfaction, Riccati class. 

 

ʇ. 1. ʅʝʣʠʥʝʡʥʦʝ ʫʨʘʚʥʝʥʠʝ ʪʨʝʪʴʝʛʦ ʧʦʨʷʜʢʘ. 

ʅʝʣʠʥʝʡʥʦʝ ʫʨʘʚʥʝʥʠʝ ʪʨʝʪʴʝʛʦ ʧʦʨʷʜʢʘ ʚ ʧʨʠʚʝʜʝʥʥʦʡ ʬʦʨʤʝ ʧʦʜʨʘʟʫʤʝʚʘʝʪʩʷ 

ᾀ ᾀ ὃᾀ ὄ ὃ ᾀ ᾀ ᾀ ὃᾀ ὄ ὅ  

ὃ ᾀ ᾀ ᾀ ὃᾀ ὄ ὃ ᾀ ᾀ ᾀ ὃᾀ ὄ ὅ ὈȢ                      ρȢρ 

ʛʜʝ ὃὼȟὄὼȟὅὼ ̉ Ὀὼ  ʟʘʜʘʥʥʳʝ ʬʫʥʢʮʠʠ ʚ ʦʙʣʘʩʪʠ ʟʘʜʘʥʠʷ ʫʨʘʚʥʝʥʠʷ (1.1); ʧʨʠʯʝʤ 

ὃὼ ̉ ὄὼ ʜʦʧʫʩʢʘʶʪ ʧʨʦʠʟʚʦʜʥʳʝ ʜʦ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ, ὅὼ ï ʜʠʬʬʝʨʝʥʮʠʨʫʝʤʘʷ ʬʫʥʢʮʠʷ, Ὀὼ ï ʥʝ-

ʧʨʝʨʳʚʥʘ ʚ ʫʧʦʤʷʥʫʪʦʡ ʦʙʣʘʩʪʠ, ʘ ᾀὼ ʠʩʢʦʤʘʷ ʬʫʥʢʮʠʷ. ʇʫʩʪʴ Ὀὼ π. ʊʦʛʜʘ (1.1) ʧʨʝʜʩʪʘʚʣʷʝʤ ʪʘʢ: 

ᾀ ᾀ ὃᾀ ὄ ὃ ᾀ ᾀ ᾀ ὃᾀ ὄ ὅὩ᷿ π 

ʆʪʩʶʜʘ ʟʘʤʝʯʘʝʤ, ʯʪʦ 

ᾀ ᾀ ὃᾀ ὄ ὃ ᾀ ᾀ ᾀ ὃᾀ ὄ ὅὩ᷿ ὅȢ          ρȢρ  

ʀʣʠ, ʢʘʢ ʣʝʛʢʦ ʫʛʘʜʘʪʴ  

ᾀ ᾀ ὃᾀ ὄὩ᷿ ϽὩ᷿ ὅὩ᷿ ϽὩ᷿ ὅȟ 
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ʛʜʝ ὅ ï ʧʦʩʪʦʷʥʥʘʷ, ʘ ᾀ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʦʧʫʱʝʥʠʶ Ὀὼ π. (1.1). 

ʇʦʩʣʝʜʥʝʝ ʜʦʧʫʩʢʘʝʪ ʝʱʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʚʠʜʘ: 

Ὡ᷿ ὃ Ὡ᷿ ὄὩ᷿  

ὃ Ὡ᷿ ὃ Ὡ᷿ ὄὩ᷿ ὅὩ᷿ ὅὩ᷿ Ȣ 

ʀʣʠ, ʧʨʦʠʟʚʝʜʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʛʨʫʧʧʠʨʦʚʢʫ ʠ ʜʣʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʨʠʥʷʚ ʥʦʚʳʝ ʦʙʦʟʥʘʯʝʥʠʷ, 

ʦʢʦʥʯʘʪʝʣʴʥʦ ʧʦʣʫʯʠʤ: 

Ὡ᷿ ὃӶὩ᷿ ὄ Ὡ᷿ ὅӶὩ᷿ ὅὩ᷿ ȟ          ρȢς 

ʛʜʝ 

ὃӶ ςὃȠ ὄ ὃ ὃ ὄȠ ὅӶ ὄ ὃὄ ὅȢ                                  ρȢς  
ʃʠʥʝʡʥʦʝ ʫʨʘʚʥʝʥʠʝ ʪʨʝʪʴʝʛʦ ʧʦʨʷʜʢʘ ʥʘʤʠ ʠʩʩʣʝʜʦʚʘʥʦ ʚ [1, 3]. ʅʦ ʪʘʢ ʢʘʢ (1.1) ʠʟʫʯʘʝʪʩʷ ʚʧʝʨʚʳʝ, 

ʪʦ ʨʘʩʩʤʦʪʨʠʤ (1.2) ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʠʟʚʝʩʪʥʳʭ ʨʘʙʦʪ: 

ɼʦʢʘʞʝʤ ʪʝʦʨʝʤʫ. 

ʊʝʦʨʝʤʘ 1. ɽʩʣʠ ʩʦʦʪʥʦʰʝʥʠʷ  

ὃ ὰ ὃӶȟ

ὃ ὃὰ ὄ ὄȟ

ὄ ὄὰ ὅӶȟ

                                                                      ρȢσ 

ʚʳʧʦʣʥʷʶʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʠʟʚʝʩʪʥʳʭ ὃȟὄ ̉ ὰ, ʪʦ ʫʨʘʚʥʝʥʠʝ (1.2) ʜʦʧʫʩʢʘʝʪ ʧʦʥʠʞʝʥʠʝ ʧʦʨʷʜʢʘ 
ʧʨʦʠʟʚʦʜʥʦʡ ʠ ʧʝʨʝʭʦʜʠʪ ʢ ʣʠʥʝʡʥʦʤʫ ʫʨʘʚʥʝʥʠʶ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ. 

ɺ (1.2) ὃȟὄ ̉ ὅ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʟʘʤʝʥʷʝʤ ʣʝʚʳʤʠ ʚʳʨʘʞʝʥʠʷʤʠ ʠʟ (1.3). ʇʦʩʣʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 
ʛʨʫʧʧʠʨʦʚʢʠ ʦʥʦ ʧʝʨʝʡʜʝʪ ʢ ʣʠʥʝʡʥʦʤʫ ʫʨʘʚʥʝʥʠʶ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʚʘʜʨʘʪʥʳʭ ʩʢʦʙʦʢ: 

Ὡ᷿ ὃ Ὡ᷿ ὄὩ᷿  

ὰ Ὡ᷿ ὃ Ὡ᷿ ὄὩ᷿ ὅὩ᷿  

ʠʟ ʢʦʪʦʨʦʛʦ ʩʣʝʜʫʝʪ: 

Ὡ᷿ ὃ Ὡ᷿ ὄὩ᷿ ὅὩ᷿ ρ Ὡ᷿ Ȣ                 ρȢτ 

ʊʝʦʨʝʤʘ 1 ʚʦʡʜʝʪ ʚ ʩʚʦʶ ʟʘʢʦʥʥʫʶ ʩʠʣʫ, ʝʩʣʠ ʠʟ (1.3) ʥʘʡʜʝʤ ὃȟὄ ̉ ὅ. ʇʫʩʪʴ  

ὃ ᾀᶻȟ                                                                                              ρȢτ  

ʪʦ ʝʩʪʴ, 

 ὰ ᾀᶻ ὃӶȢ

ὄ ὄ ᾀᶻ ᾀᶻ ὃӶᾀᶻȢ

ὄ ὄ ᾀᶻ ςᾀᶻᾀᶻ ὃӶᾀᶻ ὃᾀᶻȢ

                                                ρȢυ 

ʇʦʜʩʪʘʚʣʷʷ ʵʪʠ ʟʥʘʯʝʥʠʷ ʚ ʪʨʝʪʴʝ ʨʘʚʝʥʩʪʚʦ (1.3), ʧʦʩʣʝ ʧʨʠʚʝʜʝʥʠʷ ʧʨʠʜʝʤ ʢ ʥʝʣʠʥʝʡʥʦʤʫ ʫʨʘʚʥʝ-

ʥʠʶ ʦʪʥʦʩʠʪʝʣʴʥʦ ᾀᶻȟ 

ᾀᶻ ᾀᶻ ὃӶᾀᶻ ὄ ὃӶᾀᶻ ᾀᶻ ᾀᶻ ὃӶᾀᶻ ὄ ὅӶὼȢ                       ρȢφ 

ʅʫʞʥʦ ʧʦʩʪʨʦʠʪʴ ᾀᶻ, ʯʪʦʙʳ ʠʟ ρȢτ  ʠ (1.5) ʥʘʰʣʠ ὃȟὄ ̉ ὰ. ʊʦʣʴʢʦ ʪʦʛʜʘ ʤʳ ʩʤʦʞʝʤ ʚ (1.4) ʧʝʨʝʡʪʠ 
ʢ ʦʯʝʨʝʜʥʦʤʫ ʧʦʥʠʞʝʥʠʶ ʧʦʨʷʜʢʘ ʧʨʦʠʟʚʦʜʥʦʡ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ᾀ. 

ɺ (1.6) ʚʩʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ὃӶȟὄ ̉ ὅӶ ʠʟʚʝʩʪʥʳʝ ʬʫʥʢʮʠʠ (ʩʤ. (1.2)). ʈʝʰʘʝʤ ʝʛʦ ʧʦ ʠʟʚʝʩʪʥʦʤʫ ʩʧʦʩʦʙʫ. 

ɺ ʯʘʩʪʥʦʩʪʠ, ʧʫʩʪʴ ʚ (1.6) ὅӶὼ π. ɽʛʦ ʤʦʞʥʦ ʧʝʨʝʧʠʩʘʪʴ ʚ ʚʠʜʝ  

ᾀᶻ ᾀᶻ ὃӶᾀᶻ ὄὩ᷿
Ӷ ᶻ

πȟ 

ʠʣʠ 

ᾀᶻ ᾀᶻ ὃӶᾀᶻ ὄὩ᷿ ᶻ
ὅὩ᷿ Ӷ

Ȣ                                           ρȢφ  

ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ ʫʨʘʚʥʝʥʠʝ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ 

Ὡ᷿ ᶻ
ὃӶὩ᷿ ᶻ

ὄὩ᷿ ᶻ
ὅὩ᷿ Ӷ

ȟ                                ρȢχ 

ʢʦʪʦʨʦʝ, ʧʫʪʝʤ ʭʦʨʦʰʦ ʥʘʤ ʠʟʚʝʩʪʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ (ʩʤ. [3] ʠ [4]), 

ὰ ὰ ὃӶȠ ὰ ὰὰ ὄᵼὰ ὰ ὃӶὰ ὄ πȟ                                         ρȢψ 

ὰ ὃӶὰȟ 
ʧʨʠʚʝʜʝʥʦ ʢ ʚʠʜʫ  

Ὡ᷿ ᶻ
ὰὩ᷿ ᶻ

ὰ Ὡ᷿ ᶻ
ὰὩ᷿ ᶻ

ὅὩ᷿ Ӷ
ᵼ 

ᵼ Ὡ᷿ ᶻ
ὰὩ᷿ ᶻ

ὅὩ᷿ Ὡ᷿ Ӷ
Ὠὼ ὅὫȢ 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 
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Ὡ᷿ ᶻ
ὅὩ᷿ ὫὩ᷿ ὨὼȢ                                                  ρȢω 

ʇʨʘʚʘʷ ʯʘʩʪʴ (1.9) ʠ ʝʩʪʴ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ (1.7); ὰ ̉ ὰ ʦʧʨʝʜʝʣʷʶʪʩʷ ʠʟ (1.8) [1, 4, 5]. 

ɺʝʨʥʝʤʩʷ ʢ ʨʝʰʝʥʠʶ ʫʨʘʚʥʝʥʠʷ (1.6). ʇʨʠʤʝʥʷʝʤ ʧʨʠʝʤ, ʥʘʟʳʚʘʝʤʳʡ ʚʘʨʠʘʮʠʝʡ ʧʦʩʪʦʷʥʥʦʛʦ ʃʘ-

ʛʨʘʥʞʘ [1.2], ʪʦ ʝʩʪʴ, ʚ ʨʘʚʝʥʩʪʚʝ ρȢφ  ὅ ʙʫʜʝʤ ʩʯʠʪʘʪʴ ʬʫʥʢʮʠʝʡ ὅ ὅ ὼ,  

ʇʦʜʩʪʘʚʠʤ ʧʨʘʚʫʶ ʯʘʩʪʴ ʨʘʚʝʥʩʪʚʘ 

ᾀᶻ ᾀᶻ ὃӶᾀᶻ ὄ ὅ ὼὩ᷿ Ӷ ᶻ
 

ʚ ʫʨʘʚʥʝʥʠʝ (1.6) 
Ὠὅ ὼ

Ὠὼ
ᾀᶻ ᾀᶻὅ ὼ ὅӶὼὩ᷿

Ӷ ᶻ
Ȣ 

ʆʪʩʶʜʘ ὅ ὼ ʝʩʪʴ, 

ὅ ὼ Ὡ᷿ ᶻ ᶻ
‎ ὅӶὼὩ᷿

Ӷ ᶻ
ὨὼȢ 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 

ᾀᶻ ᾀᶻ ὃӶᾀᶻ ὄ Ὡ᷿ Ӷ ᶻ
‎ ὅӶὼὩ᷿

Ӷ ᶻ
Ὠὼȟ                        ρȢρπ 

ʛʜʝ ‎ ï ʧʦʩʪʦʷʥʥʘʷ. ɽʩʣʠ ὅӶὼ π, ʪʦ (1.10) ʩʦʚʧʘʜʘʝʪ ʩ ρȢφ  ʠ ʚʳʧʦʣʥʷʝʪʩʷ ʪʦʞʜʝʩʪʚʝʥʥʦ, ʝʩʣʠ 

ὅӶὼ π, ʪʦ ʧʨʘʚʘʷ ʯʘʩʪʴ (1.10) ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʫʨʘʚʥʝʥʠʶ (1.6). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʩʢʦʣʴʢʫ ᾀᶻ ʥʝʠʟʚʝʩʪʥʘ, ʪʦ (1.10) ʥʝʫʜʦʙʥʦ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ. ᾀᶻ ʙʫʜʝʤ ʠʩʢʘʪʴ ʚ ʬʦʨʤʝ: 

ᾀᶻ ᾀᶻ
ὅӶὼ

‌ὼ
ȟ                                                                      ρȢρρ 

ʛʜʝ ‌ὼ ï ʥʝʠʟʚʝʩʪʥʘ. 

ʇʦʜʩʪʘʚʠʤ (1.11) ʚ (1.6) ʠ ʚ ʧʨʘʚʫʶ ʯʘʩʪʴ (1.10), 

ᾀᶻ ᾀᶻ ὃӶᾀᶻ ὄ ςᾀᶻ
ὅӶὼ

‌ὼ

ὅӶὼ

‌ὼ

ὅӶὼ

‌ὼ
ὃӶ
ὅӶὼ

‌ὼ
ὃӶᾀᶻ

ὅӶὼ

‌ὼ
 

ᾀᶻ ᾀᶻ ὃӶᾀᶻ ὄ ςᾀᶻ
ὅӶὼ

‌ὼ

ὅӶὼ

‌ὼ

ὅӶὼ

‌ὼ
ὃӶ
ὅӶὼ

‌ὼ
ὅӶὼȟ          ρȢρς 

ᾀᶻ ᾀᶻ ὃӶᾀᶻ ὄ Ὡ
᷿ Ӷ ᶻ Ӷ

‎ ὅӶὼὩ
᷿ Ӷ ᶻ Ӷ

ὨὼȢ              ρȢρσ 
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ʉʫʤʤʘ ʧʝʨʚʳʭ ʜʚʫʭ ʚʳʨʘʞʝʥʠʡ ʚʤʝʩʪʝ ʩ ʧʨʘʚʦʡ ʯʘʩʪʴʶ, ʦʙʨʘʟʫʶʪ ʪʦʞʜʝʩʪʚʦ (ʩʤ. (1.13)). ʉʣʝʜʦʚʘ-
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Ὡ
᷿
Ӷ

ὃӶςᾀᶻ Ὡ
᷿
Ӷ

‌Ὡ᷿ Ӷ ᶻ
Ȣ                           ρȢρυ 

ʛʜʝ ‌ ï ʧʦʩʪʦʷʥʥʘʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟ (1.15) ʫʩʪʘʥʘʚʣʠʚʘʝʤ 

Ὡ
᷿

‎ ‌ Ὡ᷿ ᶻ
ρ Ὡ᷿ ᶻ

ὨὼὨὼȟ 

ʠʣʠ, ʦʢʦʥʯʘʪʝʣʴʥʦ ʜʣʷ ‌ὼ ʥʘʭʦʜʠʤ 

‌ὼ
ὅӶὼ ‎ ᷿Ὡ᷿ ᶻ

ρ ᷿Ὡ᷿ ᶻ
ὨὼὨὼ

ρ ᷿Ὡ᷿ ᶻ
Ὠὼ

Ὡ᷿
ᶻ
Ȣ             ρȢρφ 

ɽʩʣʠ ὼ π, ʪʦ ‎
Ӷ
ȟ‌ ρȢ 

ʀʪʘʢ, ʤʳ ʧʦʩʪʨʦʠʣʠ ᾀᶻ ʠ ʜʘʝʪʩʷ ʬʦʨʤʫʣʦʡ (1.9), ʧʦʩʪʨʦʠʣʠ ‌ὼ ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʬʦʨʤʫʣʦʡ (1.16), ʪʝʤ 

ʩʘʤʳʤ ʧʦʩʪʨʦʝʥʘ ʬʫʥʢʮʠʷ ᾀᶻὼ ʠ ʚʳʨʘʞʘʝʪʩʷ ʬʦʨʤʫʣʦʡ (1.11). ʅʦ, ʨʘʩʧʦʨʷʞʝʥʠʝʤ ʥʘʜ ᾀᶻὼ ʬʫʥʢʮʠʝʡ, 

ʩʨʘʟʫ ʥʘʭʦʜʠʤ ὃȟὄ ̉ ὰ ʩʦʛʣʘʩʥʦ ρȢτ  ʠ (1.5). ʕʪʠʤ ʪʝʦʨʝʤʘ 1 ʜʦʢʘʟʘʥʘ. ʊʦ ʝʩʪʴ, ʚ ʨʘʚʝʥʩʪʚʝ (1.4) ʤʦʞʝʤ 

ʧʨʦʜʦʣʞʠʪʴ ʦʧʝʨʘʮʠʶ ʧʦʥʠʞʝʥʠʷ ʧʦʨʷʜʢʘ ʧʨʦʠʟʚʦʜʥʦʡ. 
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ɸʅʅʆʊɸʎʀʗ 

ʇʨʠʚʝʜʝʥʘ ʤʝʪʦʜʠʢʘ ʦʧʨʝʜʝʣʝʥʠʷ ʢʨʫʪʠʣʴʥʦʡ ʞʝʩʪʢʦʩʪʠ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʩʪʝʨʞʥʝʚʳʭ ʵʣʝʤʝʥʪʦʚ ʩ 

ʥʦʨʤʘʣʴʥʳʤʠ ʪʨʝʱʠʥʘʤʠ, ʦʪʣʠʯʘʶʱʘʷʩʷ ʫʯʝʪʦʤ ʤʥʦʛʦʨʷʜʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʧʨʦʜʦʣʴʥʦʡ ʘʨʤʘʪʫʨʳ. ʅʘ 

ʧʨʠʤʝʨʝ ʜʚʫʪʘʚʨʦʚʦʛʦ ʩʝʯʝʥʠʷ ʧʦʢʘʟʘʥʘ ʬʫʥʢʮʠʷ ʟʘʚʠʩʠʤʦʩʪʠ ʚʟʘʠʤʥʦʛʦ ʩʤʝʱʝʥʠʷ ʙʝʨʝʛʦʚ ʥʦʨʤʘʣʴʥʦʡ 

ʪʨʝʱʠʥʳ ʦʪ ʚʳʩʦʪʳ ʵʪʦʡ ʪʨʝʱʠʥʳ. ʇʨʠʚʝʜʝʥ ʘʣʛʦʨʠʪʤ ʨʘʩʯʝʪʘ ʞʝʩʪʢʦʩʪʠ ʵʣʝʤʝʥʪʘ ʩ ʥʦʨʤʘʣʴʥʦʡ ʪʨʝʱʠ-

ʥʦʡ, ʦʪʣʠʯʘʶʱʠʡʩʷ ʩʚʦʝʡ ʧʨʦʩʪʦʪʦʡ ʠ ʦʪʩʫʪʩʪʚʠʝʤ ʠʪʝʨʘʮʠʡ. ʇʦʧʝʨʝʯʥʳʝ ʩʠʣʳ ʚ ʩʪʝʨʞʥʷʭ ʧʨʦʜʦʣʴʥʦʡ 

ʘʨʤʘʪʫʨʳ ʦʧʨʝʜʝʣʷʶʪʩʷ ʠʟ ʨʝʰʝʥʠʷ ʩʦʩʪʘʚʣʝʥʥʦʡ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ. 

ABSTRACT 

The article is devoted to the method of determining the twisting stiffness of reinforced concrete rods with 

normal cracks, which differ by multi-row arrangement of valves. An I-beam is taken as an example, the depend-

ence of the mutual displacement of the normal crack faces on the height of this crack is shown. An algorithm for 

calculating the stiffness of an element with a normal crack is given. The algorithm is notable for its simplicity and 

lack of iterations. The transverse forces in the rods of the longitudinal reinforcement are determined by solving a 

system of equations. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʨʫʯʝʥʠʝ, ʞʝʣʝʟʦʙʝʪʦʥʥʳʡ ʩʪʝʨʞʝʥʴ, ʥʦʨʤʘʣʴʥʘʷ ʪʨʝʱʠʥʘ, ʘʨʤʘʪʫʨʘ. 

Keywords: torsion, reinforced concrete element, normal crack, reinforcement. 

 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʠ ʘʥʘʣʠʟ ʠʩʩʣʝʜʦʚʘʥʠʡ.  

ʂʨʫʪʠʣʴʥʘʷ ʞʝʩʪʢʦʩʪʴ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʵʣʝ-

ʤʝʥʪʦʚ ʩ ʪʨʝʱʠʥʘʤʠ ʠʟʫʯʝʥʘ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ 

ʠʭ ʠʟʛʠʙʥʦʡ ʞʝʩʪʢʦʩʪʠ. ʇʨʠ ʵʪʦʤ ʦʩʥʦʚʥʦʝ ʚʥʠʤʘ-

ʥʠʝ ʚ ʥʘʫʯʥʳʭ ʨʘʙʦʪʘʭ ʠ ʥʦʨʤʘʪʠʚʥʳʭ ʜʦʢʫʤʝʥʪʘʭ, 

ʧʦʩʚʷʱʝʥʥʳʭ ʨʘʙʦʪʝ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʧʨʠ ʢʨʫʯʝʥʠʠ, ʫʜʝʣʝʥʦ ʵʣʝʤʝʥʪʘʤ ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥ-

ʥʳʤʠ (ʩʧʠʨʘʣʴʥʳʤʠ) ʪʨʝʱʠʥʘʤʠ [1, 3, 8, 9]. ʆʜ-

ʥʘʢʦ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʤʠ ʠʩ-

ʩʣʝʜʦʚʘʥʠʷʤʠ ʙʳʣʦ ʧʦʢʘʟʘʥʦ [4, 5, 11], ʯʪʦ ʥʦʨ-

ʤʘʣʴʥʳʝ ʪʨʝʱʠʥʳ ʪʘʢʞʝ ʦʢʘʟʳʚʘʶʪ ʩʫʱʝʩʪʚʝʥʥʦʝ 

ʚʣʠʷʥʠʝ ʥʘ ʞʝʩʪʢʦʩʪʴ ʧʨʠ ʢʨʫʯʝʥʠʠ ʩʪʝʨʞʥʝʚʳʭ 

ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʵʣʝʤʝʥʪʦʚ. ɺ ʨʘʙʦʪʘʭ ʊ.ʅ. ɸʟʠ-

ʟʦʚʘ [2, 5, 7] ʨʘʩʩʤʦʪʨʝʥʳ ʯʠʩʣʝʥʥʳʝ ʠ ʧʨʠʙʣʠʞʝʥ-

ʥʳʝ ʤʝʪʦʜʠʢʠ ʦʧʨʝʜʝʣʝʥʠʷ ʢʨʫʪʠʣʴʥʳʭ ʞʝʩʪʢʦʩʪʝʡ 

ʵʣʝʤʝʥʪʦʚ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ, ʪʘʚʨʦʚʦʛʦ, ʢʦʨʦʙʯʘʪʦʛʦ 

ʠ ʧʦʣʦʛʦ ʪʨʝʫʛʦʣʴʥʦʛʦ ʩʝʯʝʥʠʡ. ʆʜʥʘʢʦ ʤʥʦʛʠʝ 

ʩʪʝʨʞʥʝʚʳʝ ʞʝʣʝʟʦʙʝʪʦʥʥʳʝ ʵʣʝʤʝʥʪʳ ʠʤʝʶʪ ʜʚʫ-

ʪʘʚʨʦʚʦʝ ʩʝʯʝʥʠʝ. ʂ ʪʘʢʦʤʫ ʪʠʧʫ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʠ 

ʧʫʩʪʦʪʥʳʝ ʧʣʠʪʳ ʧʝʨʝʢʨʳʪʠʡ, ʠ ʤʦʩʪʦʚʳʝ ʙʘʣʢʠ ʩ 

ʧʫʩʪʦʪʘʤʠ ʨʘʟʣʠʯʥʦʛʦ ʦʯʝʨʪʘʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʚʳ-

ʰʝʫʢʘʟʘʥʥʳʭ ʨʘʙʦʪʘʭ ʥʝ ʫʯʪʝʥʦ ʥʘʣʠʯʠʝ ʤʥʦʛʠʭ 

(ʙʦʣʝʝ ʜʚʫʭ) ʩʪʝʨʞʥʝʡ ʧʨʦʜʦʣʴʥʦʡ ʘʨʤʘʪʫʨʳ. 

ɺ ʩʚʷʟʠ ʩ ʚʳʰʝʩʢʘʟʘʥʥʳʤ ʮʝʣʴʶ ʥʘʩʪʦʷʱʝʡ 

ʩʪʘʪʴʠ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢʠ ʦʧʨʝʜʝʣʝʥʠʷ 

ʢʨʫʪʠʣʴʥʦʡ ʞʝʩʪʢʦʩʪʠ ʩʪʝʨʞʥʝʚʦʛʦ ʞʝʣʝʟʦʙʝʪʦʥ-

ʥʦʛʦ ʵʣʝʤʝʥʪʘ ʜʚʫʪʘʚʨʦʚʦʛʦ ʩʝʯʝʥʠʷ ʩ ʥʦʨʤʘʣʴ-

ʥʳʤʠ ʪʨʝʱʠʥʘʤʠ ʧʨʠ ʥʘʣʠʯʠʠ ʚ ʩʝʯʝʥʠʠ ʣʶʙʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʩʪʝʨʞʥʝʡ ʧʨʦʜʦʣʴʥʦʡ ʘʨʤʘʪʫʨʳ. 

ʀʟʣʦʞʝʥʠʝ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʠʘʣʘ.  

ʂʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʚ ʨʘʙʦʪʘʭ ʘʚʪʦʨʘ [1, 5, 7] 

ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʨʫʪʠʣʴʥʦʡ ʞʝʩʪʢʦʩʪʠ ʵʣʝʤʝʥʪʘ (ʚ 

ʧʨʠʥʮʠʧʝ ʣʶʙʦʛʦ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ) ʩʣʝʜʫʝʪ 

ʤʳʩʣʝʥʥʦ ʨʘʩʩʝʯʴ ʚʩʝ ʧʨʦʜʦʣʴʥʳʝ ʩʪʝʨʞʥʠ ʘʨʤʘ-

ʪʫʨʳ. ɼʘʣʝʝ ʩʣʝʜʫʝʪ ʦʧʨʝʜʝʣʠʪʴ ʚʟʘʠʤʥʦʝ ʩʤʝʱʝ-

ʥʠʝ ʙʝʨʝʛʦʚ ʥʦʨʤʘʣʴʥʦʡ ʪʨʝʱʠʥʳ. ʕʪʫ ʟʘʜʘʯʫ 

ʤʦʞʥʦ ʨʝʰʠʪʴ ʥʝʩʢʦʣʴʢʠʤʠ ʩʧʦʩʦʙʘʤʠ. ʅʘʠʙʦʣʝʝ 

ʪʦʯʥʳʤ ʨʝʰʝʥʠʝʤ ʵʪʦʡ ʟʘʜʘʯʠ ʷʚʣʷʝʪʩʷ ʤʦʜʝʣʠʨʦ-

ʚʘʥʠʷ ʦʙʲʝʤʥʳʤʠ ʢʦʥʝʯʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ. ʇʨʠ 

ʵʪʦʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʟʘʠʤʥʦʝ ʧʝʨʝʤʝʱʝʥʠʝ ʙʝʨʝʛʦʚ 

ʥʦʨʤʘʣʴʥʦʡ ʪʨʝʱʠʥʳ ʥʘ ʢʨʘʡʥʝʡ ʛʨʘʥʠ ʵʣʝʤʝʥʪʘ. 

ʅʘ ʨʠʩ. 1 ʧʨʠʚʝʜʝʥʘ ʩʭʝʤʘ ʚʟʘʠʤʥʦʛʦ ʩʤʝʱʝʥʠʷ ȹcrc 

ʙʝʨʝʛʦʚ ʥʦʨʤʘʣʴʥʦʡ ʪʨʝʱʠʥʳ ʧʨʠ ʢʨʫʯʝʥʠʠ ʩʪʝʨʞ-

ʥʝʚʦʛʦ ʵʣʝʤʝʥʪʘ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʩʝʯʝʥʠʷ. 
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ʈʠʩ. 1. ʉʭʝʤʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʛʝʣʴʥʦʡ ʩʠʣʳ ʚ ʘʨʤʘʪʫʨʝ ʧʨʠ ʚʟʘʠʤʥʦʤ ʧʦʚʦʨʦʪʝ ʜʚʫʭ ʙʣʦʢʦʚ, ʦʪʜʝʣʝʥ-

ʥʳʭ ʪʨʝʱʠʥʦʡ 

 

ʇʝʨʝʤʝʱʝʥʠʝ ʪʦʯʢʠ C ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʦʯʢʠ CI 

ʠʤʝʝʪ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʜʚʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ï ʧʦ 

ʥʘʧʨʘʚʣʝʥʠʶ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʦʩʠ X ʠ ʚʝʨʪʠʢʘʣʴ-

ʥʦʡ ʦʩʠ Z. ʕʪʦʤʫ ʧʝʨʝʤʝʱʝʥʠʶ ʩʦʧʨʦʪʠʚʣʷʝʪʩʷ 

ʥʘʛʝʣʴʥʘʷ ʩʠʣʘ Q ʚ ʧʨʦʜʦʣʴʥʦʡ ʘʨʤʘʪʫʨʝ ʠ ʥʝ ʪʨʝʩ-

ʥʫʚʰʘʷ ʯʘʩʪʴ ʙʝʪʦʥʥʦʛʦ ʩʝʯʝʥʠʷ ʚ ʚʝʨʭʥʝʡ ʟʦʥʝ 

ʵʣʝʤʝʥʪʘ ʥʘʜ ʥʦʨʤʘʣʴʥʦʡ ʪʨʝʱʠʥʦʡ (ʩʤ. ʨʠʩ. 1).  

ʅʘ ʦʩʥʦʚʘʥʠʠ ʩʝʨʠʠ ʨʘʩʯʝʪʦʚ ʣʝʛʢʦ ʧʦʣʫʯʠʪʴ 

ʬʫʥʢʮʠʶ ʟʘʚʠʩʠʤʦʩʪʠ æcrc ʦʪ ʚʳʩʦʪʳ hcrc ʪʨʝʱʠʥʳ 

æcrc=f(hcrc). ɼʣʷ ʵʪʦʛʦ ʨʘʩʩʯʠʪʳʚʘʝʤʳʡ ʩʪʝʨʞʥʝʚʦʡ 

ʵʣʝʤʝʥʪ ʜʚʫʪʘʚʨʦʚʦʛʦ ʩʝʯʝʥʠʷ ʩʣʝʜʫʝʪ ʩʤʦʜʝʣʠʨʦ-

ʚʘʪʴ ʚ ʣʶʙʦʤ ʠʟʚʝʩʪʥʦʤ ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʤʧʣʝʢʩʝ 

ʪʠʧʘ Ansys, Lira ʠ ʜʨ. ʩ ʧʦʤʦʱʴʶ ʦʙʲʝʤʥʳʭ ʢʦʥʝʯ-

ʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʋʯʠʪʳʚʘʷ, ʯʪʦ ʧʨʠʤʝʥʷʝʤʳʝ ʥʘ 

ʧʨʘʢʪʠʢʝ ʪʠʧʦʚʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʠʤʝʶʪ ʥʝ ʦʯʝʥʴ 

ʙʦʣʴʰʫʶ ʥʦʤʝʥʢʣʘʪʫʨʫ ʪʠʧʦʨʘʟʤʝʨʦʚ, ʨʝʰʝʥʠʝ ʪʘ-

ʢʦʡ ʟʘʜʘʯʠ ʥʝ ʩʦʩʪʘʚʣʷʝʪ ʦʩʦʙʦʛʦ ʪʨʫʜʘ. 

ɼʣʷ ʧʦʷʩʥʝʥʠʷ ʨʘʩʩʤʦʪʨʠʤ ʧʨʠʤʝʨ ʜʣʷ ʩʪʝʨʞ-

ʥʝʚʦʛʦ ʵʣʝʤʝʥʪʘ ʜʚʫʪʘʚʨʦʚʦʛʦ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ 

(ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʦʙʨʘʟʝʮ). ʈʘʟʤʝʨʳ ʧʦʧʝʨʝʯ-

ʥʦʛʦ ʩʝʯʝʥʠʷ ʜʚʫʪʘʚʨʘ ʩʣʝʜʫʶʱʠʝ: ʰʠʨʠʥʘ ʚʝʨʭʥʝʡ 

ʧʦʣʢʠ bf
I=250 ʤʤ; ʰʠʨʠʥʘ ʥʠʞʥʝʡ ʧʦʣʢʠ bf=75 ʤʤ; 

ʪʦʣʱʠʥʘ ʨʝʙʨʘ t=30 ʤʤ; ʪʦʣʱʠʥʳ ʚʝʨʭʥʝʡ ʠ ʥʠʞ-

ʥʝʡ ʧʦʣʦʢ hf
I=hf=40 ʤʤ. ʄʦʜʫʣʴ ʜʝʬʦʨʤʘʮʠʡ ʤʘʪʝ-

ʨʠʘʣʘ ʙʘʣʢʠ (ʙʝʪʦʥʘ) Eb=25000 ʄʇʘ. ʅʘ ʪʦʨʝʮ ʵʣʝ-

ʤʝʥʪʘ ʜʝʡʩʪʚʫʝʪ ʢʨʫʪʷʱʠʡ ʤʦʤʝʥʪ M t=10 ʢʅÅʩʤ. 

ʅʦʨʤʘʣʴʥʘʷ ʪʨʝʱʠʥʘ ʩʤʦʜʝʣʠʨʦʚʘʥʘ ʚ ʚʠʜʝ ʧʨʦʤʝ-

ʞʫʪʢʘ ʤʘʣʦʡ ʚʝʣʠʯʠʥʳ ʩ ʦʪʩʫʪʩʪʚʠʝʤ ʢʦʥʝʯʥʳʭ 

ʵʣʝʤʝʥʪʦʚ (ʫʩʣʦʚʥʳʡ ʨʘʟʨʝʟ). 

ɻʨʘʬʠʢʠ ʬʫʥʢʮʠʡ ʚʟʘʠʤʥʳʭ ʧʝʨʝʤʝʱʝʥʠʡ 

æcrc,x ʠ æcrc,z ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʳʩʦʪʳ ʪʨʝʱʠʥʳ hcrc 

(ʤʤ) ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 2. ʇʦ ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʩʠ ʦʪ-

ʣʦʞʝʥʳ ʟʥʘʯʝʥʠʷ æcrc,x ʠ æcrc,z, ʫʤʥʦʞʝʥʥʳʝ ʥʘ 100 

(ʤʤ). ʇʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʣʠʥʠʠ ï ʟʥʘʯʝʥʠʷ ʚʳʩʦʪʳ 

ʥʦʨʤʘʣʴʥʦʡ ʪʨʝʱʠʥʳ hcrc (ʤʤ) 
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ʈʠʩ. 2. ɻʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ ʚʟʘʠʤʥʳʭ ʧʝʨʝʤʝʱʝʥʠʡ ʙʝʨʝʛʦʚ ʥʦʨʤʘʣʴʥʦʡ ʪʨʝʱʠʥʳ (ȹcrc*100 ʤʤ) ʦʪ ʝʝ 

ʚʳʩʦʪʳ (ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ ʦʩʴ) hcrc (ʤʤ):  

ʨʷʜ 1 ï ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʧʝʨʝʤʝʱʝʥʠʷ æcrc,x;  

ʨʷʜ 2 ï ʚʝʨʪʠʢʘʣʴʥʳʝ ʧʝʨʝʤʝʱʝʥʠʷ æcrc,z 

 

ɿʥʘʷ ʚʝʣʠʯʠʥʳ æcrc,x ʠ æcrc,z, ʥʝʪʨʫʜʥʦ ʦʧʨʝʜʝ-

ʣʠʪʴ ʧʦʣʥʦʝ ʚʟʘʠʤʥʦʝ ʩʤʝʱʝʥʠʝ Ў  ʙʝʨʝʛʦʚ ʪʨʝ-
ʱʠʥʳ ʧʦ ʦʯʝʚʠʜʥʦʤʫ ʚʳʨʘʞʝʥʠʶ: 

 Ў Ў ȟ Ў ȟ   (1) 

ɻʨʘʬʠʢ ʬʫʥʢʮʠʠ ȹcrc ʦʪ ʚʳʩʦʪʳ ʪʨʝʱʠʥʳ hcrc 

ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩ. 3. 

 

 
ʈʠʩ. 3. ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʣʥʳʭ ʚʟʘʠʤʥʳʭ ʧʝʨʝʤʝʱʝʥʠʡ ʙʝʨʝʛʦʚ ʥʦʨʤʘʣʴʥʦʡ ʪʨʝʱʠʥʳ (ȹcrc*100 ʤʤ) 

ʦʪ ʝʝ ʚʳʩʦʪʳ hcrc (ʤʤ):  

 

ʂʘʢ ʚʠʜʠʤ, ʛʨʘʬʠʢʠ ʬʫʥʢʮʠʡ ʷʚʣʷʶʪʩʷ ʧʨʘʢ-

ʪʠʯʝʩʢʠ ʧʨʷʤʳʤʠ ʣʠʥʠʷʤʠ. ɸʧʧʨʦʢʩʠʤʘʮʠʷ ʵʪʠʭ 

ʬʫʥʢʮʠʡ ʠʤʝʝʪ ʚʠʜ: 

 

æcrc,x=0.049Åhcrc-1.227; æcrc,z=0.012Åhcrc+0.37; 

 ȹcrc=0.05Åhcrc-0.945                      (2)  

 

ʉʣʝʜʫʝʪ, ʢʦʥʝʯʥʦ ʞʝ, ʠʤʝʪʴ ʚ ʚʠʜʫ, ʯʪʦ ʧʨʠ 

ʧʦʣʴʟʦʚʘʥʠʠ ʬʦʨʤʫʣʘʤʠ (2) ʥʘʜʦ ʫʯʠʪʳʚʘʪʴ ʨʝʘʣʴ-

ʥʳʝ ʚʝʣʠʯʠʥʳ ʤʦʜʫʣʷ ʜʝʬʦʨʤʘʮʠʡ ʙʝʪʦʥʘ Eb ʠ ʢʨʫ-

ʪʷʱʝʛʦ ʤʦʤʝʥʪʘ M t, ʪ.ʢ. ʬʦʨʤʫʣʳ (2) ʧʦʣʫʯʝʥʳ ʠʟ 

ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʯʠʩʣʝʥʥʦʛʦ ʨʘʩʯʝʪʘ ʩ 

ʢʦʥʢʨʝʪʥʳʤʠ ʜʘʥʥʳʤʠ ʚʝʣʠʯʠʥ Eb ʠ M t, (ʩʤ. ʚʳʰʝ). 

ʕʪʦ ʥʝʪʨʫʜʥʦ ʩʜʝʣʘʪʴ ʫʤʥʦʞʝʥʠʝʤ ʜʘʥʥʳʭ ʧʦ (2) ʥʘ 

ʦʪʥʦʰʝʥʠʝ ʨʝʘʣʴʥʳʭ ʤʦʜʫʣʝʡ ʜʝʬʦʨʤʘʮʠʠ ʠ ʢʨʫʪʷ-

ʱʝʛʦ ʤʦʤʝʥʪʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʢ ʤʦʜʫʣʶ ʜʝʬʦʨʤʘ-

ʮʠʡ ʠ ʤʦʤʝʥʪʫ, ʧʨʠʚʝʜʝʥʥʳʤʠ ʚʳʰʝ ʚ ʢʘʯʝʩʪʚʝ 

ʧʨʠʤʝʨʘ. 

ʂʨʦʤʝ ʪʦʛʦ, ʩʣʝʜʫʝʪ ʠʤʝʪʴ ʚ ʚʠʜʫ, ʯʪʦ ʥʝ ʚʦ 

ʚʩʝʭ ʩʣʫʯʘʷʭ ʟʘʚʠʩʠʤʦʩʪʠ ʚʟʘʠʤʥʦʛʦ ʩʤʝʱʝʥʠʷ ʙʝ-

ʨʝʛʦʚ ʥʦʨʤʘʣʴʥʦʡ ʪʨʝʱʠʥʳ ʦʪ ʚʳʩʦʪʳ ʪʨʝʱʠʥʳ ʙʫ-

ʜʫʪ ʣʠʥʝʡʥʳʤʠ, ʢʘʢ ʚ ʧʨʠʤʝʨʝ ʚʳʰʝ. ɽʩʣʠ ʪʨʝʱʠʥʘ 

ʨʘʩʧʨʦʩʪʨʘʥʠʪʩʷ ʚ ʧʨʝʜʝʣʳ ʚʝʨʭʥʝʡ ʧʦʣʢʠ, ʪʦ ʟʘʚʠ-

ʩʠʤʦʩʪʴ ʠʩʢʨʠʚʣʷʝʪʩʷ. ʆʜʥʘʢʦ, ʧʦʣʫʯʝʥʠʝ ʪʘʢʠʭ ʟʘ-

ʚʠʩʠʤʦʩʪʝʡ ʥʝ ʩʣʦʞʥʦ ʧʦ ʚʳʰʝʧʨʠʚʝʜʝʥʥʦʡ ʤʝʪʦ-

ʜʠʢʝ. 
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ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʝʨʝʤʝʱʝʥʠʡ ʧʦ ʰʠʨʠʥʝ ʩʝʯʝ-

ʥʠʷ ʙʫʜʝʪ ʣʠʥʝʡʥʳʤ. ʕʪʦ ʩʣʝʜʫʝʪ ʠʟ ʨʝʰʝʥʠʷ ʉʝʥ-

ɺʝʥʘʥʘ, ʧʦ ʢʦʪʦʨʦʤʫ ʧʦʧʝʨʝʯʥʳʝ ʩʝʯʝʥʠʷ ʠʩʢʨʠʚ-

ʣʷʶʪʩʷ (ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʧʨʦʜʦʣʴʥʦʡ ʦʩʠ), ʥʦ ʧʨʝʜ-

ʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʧʝʨʝʤʝʱʝʥʠʷ ʪʦʯʝʢ, ʣʝʞʘʱʠʭ ʚ 

ʧʣʦʩʢʦʩʪʠ ʧʦʧʝʨʝʯʥʳʭ ʩʝʯʝʥʠʡ, ʧʨʦʠʩʭʦʜʷʪ ʪʘʢ, 

ʯʪʦ ʧʨʦʝʢʮʠʷ ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʝʯʝʥʠʷ ʥʘ ʧʣʦʩ-

ʢʦʩʪʴ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʫʶ ʢ ʦʩʠ, ʩʦʭʨʘʥʷʝʪ ʧʝʨʚʦ-

ʥʘʯʘʣʴʥʫʶ ʬʦʨʤʫ ʩʝʯʝʥʠʷ (ʩʤ, ʥʘʧʨʠʤʝʨ, [8, 12]). 

ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʬʦʨʤʘ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʥʝ 

ʠʟʤʝʥʷʝʪʩʷ, ʥʦ ʦʥʦ ʠʩʢʨʠʚʣʷʝʪʩʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ 

ʧʨʦʜʦʣʴʥʦʡ ʦʩʠ (ʦʩʠ Y ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ ʧʦ ʨʠʩ. 1). ɺ 

ʩʚʷʟʠ ʩ ʵʪʠʤ, ʝʩʣʠ ʠʟʚʝʩʪʥʦ ʨʘʩʩʪʦʷʥʠʝ bs,i ʦʪ ʛʨʘʥʠ 

ʵʣʝʤʝʥʪʘ ʜʦ ʤʝʩʪʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʘʨʤʘʪʫʨʳ As,i ʠ ʚʝ-

ʣʠʯʠʥʘ ʧʝʨʝʤʝʱʝʥʠʷ æcrc, ʥʘ ʛʨʘʥʠ ʧʣʠʪʳ (ʦʧʨʝʜʝ-

ʣʝʥʥʘʷ ʠʟ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʩ ʧʦʤʦʱʴʶ ʘʧʧʨʦʢʩʠʤʘ-

ʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʦʛʦ ʨʘʩʯʝʪʘ ʧʦ 

ʬʦʨʤʫʣʝ 2), ʪʦ ʚʟʘʠʤʥʦʝ ʩʤʝʱʝʥʠʝ ʚ ʤʝʩʪʝ ʨʘʩʧʦ-

ʣʦʞʝʥʠʷ ʘʨʤʘʪʫʨʳ As,i ʙʫʜʝʪ ʦʧʨʝʜʝʣʝʥʘ ʧʦ ʦʯʝʚʠʜ-

ʥʦʤʫ ʚʳʨʘʞʝʥʠʶ, ʧʦʣʫʯʝʥʥʦʤʫ ʠʟ ʧʦʜʦʙʠʷ ʧʨʠ ʜʝ-

ʬʦʨʤʘʮʠʠ: 

Ўȟ Ў ρ ȟ
   (3) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʦʧʨʝʜʝʣʷʶʪʩʷ ʚʩʝ ʚʟʘʠʤʥʳʝ 

ʩʤʝʱʝʥʠʷ ʚ ʤʝʩʪʘʭ ʨʘʩʧʦʣʦʞʝʥʠʷ ʢʘʞʜʦʡ i-ʪʦʡ ʘʨ-

ʤʘʪʫʨʳ (i=1én, ʛʜʝ n ï ʢʦʣʠʯʝʩʪʚʦ ʩʪʝʨʞʥʝʡ ʧʨʦ-

ʜʦʣʴʥʦʡ ʘʨʤʘʪʫʨʳ ʚ ʩʝʯʝʥʠʠ)/ 

ʆʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ, ʢʘʢ ʚʠʜʠʤ, ʷʚʣʷʝʪʩʷ ʦʧʨʝ-

ʜʝʣʝʥʠʝ ʚʟʘʠʤʥʦʛʦ ʩʤʝʱʝʥʠʷ ʙʝʨʝʛʦʚ ʥʦʨʤʘʣʴʥʦʡ 

ʪʨʝʱʠʥʳ ʚ ʩʭʝʤʝ ʩ ʫʩʣʦʚʥʦ ʨʘʟʨʝʟʘʥʥʳʤʠ ʩʪʝʨʞ-

ʥʷʤʠ ʧʨʦʜʦʣʴʥʦʡ ʘʨʤʘʪʫʨʳ. ʕʪʫ ʟʘʜʘʯʫ ʩʣʝʜʫʝʪ ʨʝ-

ʰʘʪʴ, ʢʘʢ ʨʝʢʦʤʝʥʜʦʚʘʥʦ ʚʳʰʝ, ʩ ʧʦʤʦʱʴʶ ʤʦʜʝ-

ʣʠʨʦʚʘʥʠʷ ʟʘʜʘʥʥʦʛʦ ʩʝʯʝʥʠʷ ʩʪʝʨʞʥʝʚʦʛʦ ʵʣʝ-

ʤʝʥʪʘ (ʜʚʫʪʘʚʨ, ʪʘʚʨ, ʧʨʷʤʦʫʛʦʣʴʥʠʢ ʠ ʜʨ.) ʩ 

ʧʦʤʦʱʴʶ ʦʙʲʝʤʥʳʭ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʘʧʧʨʦʢ-

ʩʠʤʘʮʠʝʡ ʬʫʥʢʮʠʷʤʠ ʪʠʧʘ (2). ʇʨʦʜʝʣʘʥʥʘʷ ʦʜʠʥ 

ʨʘʟ ʪʘʢʘʷ ʨʘʙʦʪʘ ʠ ʧʦʣʫʯʝʥʥʘʷ ʦʜʠʥ ʨʘʟ ʬʦʨʤʫʣʘ 

ʪʠʧʘ (2) ʚ ʜʘʣʴʥʝʡʰʝʤ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ 

ʩʢʦʣʴʢʦ ʫʛʦʜʥʦ ʨʘʟ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʩ ʨʘʟʣʠʯ-

ʥʳʤ ʘʨʤʠʨʦʚʘʥʠʝʤ, ʨʘʟʣʠʯʥʳʤʠ ʧʨʦʯʥʦʩʪʥʳʤʠ ʠ 

ʜʝʬʦʨʤʘʪʠʚʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʙʝʪʦʥʘ ʠ ʘʨʤʘ-

ʪʫʨʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʜʣʷ ʨʘʟʣʠʯ-

ʥʳʭ ʩʝʯʝʥʠʡ ʙʘʟʫ ʜʘʥʥʳʭ ʠ ʬʦʨʤʫʣʳ ʧʦʜʦʙʥʳʝ (2), 

ʢʘʢ ʵʪʦ ʨʝʢʦʤʝʥʜʦʚʘʥʦ ʚ [2, 6]. 

ʇʦʩʣʝ ʵʪʦʛʦ ʘʣʛʦʨʠʪʤ ʦʧʨʝʜʝʣʝʥʠʷ ʢʨʫʪʠʣʴ-

ʥʦʡ ʞʝʩʪʢʦʩʪʠ ʤʥʦʛʦʧʫʩʪʦʪʥʦʡ ʧʣʠʪʳ ʩ ʥʦʨʤʘʣʴ-

ʥʳʤʠ ʪʨʝʱʠʥʘʤʠ ʠʤʝʝʪ ʥʠʞʝʩʣʝʜʫʶʱʫʶ ʩʪʨʫʢ-

ʪʫʨʫ (ʚ ʦʩʥʦʚʝ ʧʦʜʭʦʜʘ ʣʝʞʠʪ ʤʝʪʦʜʠʢʘ [2, 5, 7]. 

1. ʇʦ ʚʳʨʘʞʝʥʠʷʤ (2) ʦʧʨʝʜʝʣʷʝʤ ʚʟʘʠʤʥʳʝ 

ʩʤʝʱʝʥʠʷ ȹcrc ʙʝʨʝʛʦʚ ʪʨʝʱʠʥʳ ʫ ʢʨʘʡʥʝʡ ʛʨʘʥʠ 

ʧʣʠʪʳ ʦʪ ʜʝʡʩʪʚʠʷ ʚʥʝʰʥʝʛʦ ʤʦʤʝʥʪʘ ʚʝʣʠʯʠʥʦʡ 

Mt; 

2. ʇʦ ʚʳʨʘʞʝʥʠʶ (3) ʦʧʨʝʜʝʣʷʝʤ ʚʟʘʠʤʥʦʝ 

ʩʤʝʱʝʥʠʝ ʙʝʨʝʛʦʚ ʪʨʝʱʠʥʳ ʚ ʤʝʩʪʘʭ ʨʘʩʧʦʣʦʞʝʥʠʷ 

ʚʩʝʭ ʩʪʝʨʞʥʝʡ ʘʨʤʘʪʫʨʳ Ўȟ (i=1én, ʛʜʝ n ï ʢʦʣʠ-

ʯʝʩʪʚʦ ʩʪʝʨʞʥʝʡ ʧʨʦʜʦʣʴʥʦʡ ʘʨʤʘʪʫʨʳ); 

3. ʆʧʨʝʜʝʣʷʝʤ ʧʝʨʝʤʝʱʝʥʠʝ ʦʪ ʤʝʩʪʥʦʛʦ ʩʤʷ-

ʪʠʷ ʙʝʪʦʥʘ ʧʦʜ ʘʨʤʘʪʫʨʥʳʤ ʩʪʝʨʞʥʝʤ ʦʪ ʜʝʡʩʪʚʠʷ 

ʝʜʠʥʠʯʥʦʡ ʥʘʛʝʣʴʥʦʡ ʩʠʣʳ Q=1 ʧʦ ʵʤʧʠʨʠʯʝʩʢʦʡ 

ʬʦʨʤʫʣʝ [10]: 

Ў     (4) 

 

ʛʜʝ ds ʠ Eʩ ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʜʠʘʤʝʪʨ ʘʨʤʘʪʫʨʳ 

ʠ ʤʦʜʫʣʴ ʜʝʬʦʨʤʘʮʠʡ ʙʝʪʦʥʘ. 

4. ʆʧʨʝʜʝʣʷʝʤ ʚʟʘʠʤʥʦʝ ʩʤʝʱʝʥʠʝ Ў  ʙʝʨʝ-

ʛʦʚ ʥʦʨʤʘʣʴʥʦʡ ʪʨʝʱʠʥʳ ʦʪ ʜʝʡʩʪʚʠʷ ʧʨʦʪʠʚʦʧʦ-

ʣʦʞʥʦ ʥʘʧʨʘʚʣʝʥʥʳʭ ʝʜʠʥʠʯʥʳʭ ʩʠʣ Q=1, ʧʨʠʣʦ-

ʞʝʥʥʳʭ ʚ ʫʨʦʚʥʝ ʨʷʜʘ ʧʨʦʜʦʣʴʥʦʡ ʘʨʤʘʪʫʨʳ (ʩʤ. 

ʨʠʩ. 1). ʇʨʠ ʵʪʦʤ ʪʘʢʞʝ ʚ ʤʦʜʝʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʦʙʲʝʤʥʳʭ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʨʠʢʣʘʜʳʚʘʶʪʩʷ 

ʩʠʣʳ Q=1 ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦ-

ʣʫʯʘʝʤ ʟʘʚʠʩʠʤʦʩʪʠ Ў  ʧʦʜʦʙʥʳʝ (2). ʊ.ʝ. ʨʘʟʥʠʮʘ 

ʤʝʞʜʫ ʦʧʨʝʜʝʣʝʥʠʝʤ ʚʝʣʠʯʠʥ Ў  ʠ Ў  ʟʘʢʣʶʯʘ-

ʝʪʩʷ ʣʠʰʴ ʚ ʩʭʝʤʝ ʧʨʠʣʦʞʝʥʠʷ ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ 

(ʚ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ï ʚ ʮʝʥʪʨʝ ʪʷʞʝʩʪʠ ʪʦʨʮʝʚʦʛʦ ʩʝ-

ʯʝʥʠʷ; ʚʦ ʚʪʦʨʦʤ ï ʚ ʫʨʦʚʥʝ ʨʘʩʧʦʣʦʞʝʥʠʷ ʘʨʤʘ-

ʪʫʨʳ ʜʚʫʤʷ ʚʟʘʠʤʥʦ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ ʥʘʧʨʘʚʣʝʥ-

ʥʳʤʠ ʩʠʣʘʤʠ). 

5. ʀʟ ʫʩʣʦʚʠʷ ʧʦʚʦʨʦʪʘ ʩʝʯʝʥʠʷ ʢʘʢ ʞʝʩʪʢʦʛʦ ʚ 

ʩʚʦʝʡ ʧʣʦʩʢʦʩʪʠ (ʚʳʰʝʫʧʦʤʷʥʫʪʦʝ ʨʝʰʝʥʠʝ ʉʝʥ-

ɺʝʥʘʥʘ) ʠʟ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʧʦʜʦʙʠʷ ʦʧʨʝʜʝʣʷʝʤ 

ʚʟʘʠʤʥʦʝ ʩʤʝʱʝʥʠʝ ʙʝʨʝʛʦʚ ʪʨʝʱʠʥʳ ʚ ʤʝʩʪʘʭ ʨʘʩ-

ʧʦʣʦʞʝʥʠʷ ʘʨʤʘʪʫʨʳ As,i ʧʦ ʬʦʨʤʫʣʘʤ, ʘʥʘʣʦʛʠʯ-

ʥʳʤ ʚʳʨʘʞʝʥʠʶ (3) (ʩ ʧʦʜʩʪʘʥʦʚʢʦʡ ʚʤʝʩʪʦ Ў  ʚʝ-

ʣʠʯʠʥʳ Ў . ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʦʧʨʝʜʝʣʠʤ ʚʩʝ ʚʝʣʠ-

ʯʠʥʳ Ў ȟ - ʩʤʝʱʝʥʠʝ ʙʝʨʝʛʦʚ ʪʨʝʱʠʥʳ ʚ ʤʝʩʪʝ 

ʨʘʩʧʦʣʦʞʝʥʠʷ ʘʨʤʘʪʫʨʳ i ʦʪ ʜʝʡʩʪʚʠʷ ʝʜʠʥʠʯʥʦʡ 

ʩʠʣʳ Qj=1, ʧʨʠʣʦʞʝʥʥʦʡ ʚ ʤʝʩʪʝ ʨʘʩʧʦʣʦʞʝʥʠʷ ʘʨ-

ʤʘʪʫʨʳ j 

6. ʉʣʝʜʫʷ ʤʝʪʦʜʠʢʝ [2, 5, 7], ʥʦ ʩ ʫʯʝʪʦʤ ʙʦʣʴ-

ʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʩʪʝʨʞʥʝʡ ʘʨʤʘʪʫʨʳ, ʦʧʨʝʜʝʣʷʝʤ 

ʥʝʠʟʚʝʩʪʥʳʝ ʥʘʛʝʣʴʥʳʝ ʩʠʣʳ Qi ʚ ʢʘʞʜʦʡ ʧʨʦʜʦʣʴ-

ʥʦʡ ʘʨʤʘʪʫʨʝ AS,i ʠʟ ʫʩʣʦʚʠʷ ʩʦʚʤʝʩʪʥʦʩʪʠ ʜʝʬʦʨ-

ʤʘʮʠʡ ʚ ʤʝʩʪʝ ʠʭ ʤʳʩʣʝʥʥʦʛʦ ʨʘʩʩʝʯʝʥʠʷ. ʕʪʠ ʩʠʣʳ 

ʦʧʨʝʜʝʣʪʩʷ ʠʟ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ: 

ὗ Ў ȟ ςЎ ὗ Ў ȟ ςЎ Ễ

ὗ Ў ȟ ςЎ Ўȟ 

ὗ Ў ȟ ςЎ ὗ Ў ȟ ςЎ Ễ

ὗ Ў ȟ ςЎ Ўȟ (5) 

ὗ Ў ȟ ςЎ ὗ Ў ȟ ςЎ Ễ

ὗ Ў ȟ ςЎ Ўȟ 

 

ʇʦʩʣʝ ʦʧʨʝʜʝʣʝʥʠʷ ʚʩʝʭ ʥʘʛʝʣʴʥʳʭ ʩʠʣ ʞʝʩʪ-

ʢʦʩʪʴ ʞʝʣʝʟʦʙʝʪʦʥʥʦʛʦ ʵʣʝʤʝʥʪʘ ʩ ʥʦʨʤʘʣʴʥʦʡ ʪʨʝ-

ʱʠʥʦʡ ʦʧʨʝʜʝʣʠʪʩʷ ʘʥʘʣʦʛʠʯʥʦ [5, 7] ʧʦ ʚʳʨʘʞʝ-

ʥʠʶ: 

ὄ
Ў

Ў Ў
ὄ ,   (6) 

ʛʜʝ Ў  ï ʧʝʨʝʤʝʱʝʥʠʝ ʛʨʘʥʠ ʮʝʣʦʛʦ (ʙʝʟ ʪʨʝ-

ʱʠʥ) ʙʣʦʢʘ ʩʪʝʨʞʥʷ, ʦʪʜʝʣʝʥʥʦʛʦ ʥʦʨʤʘʣʴʥʦʡ ʪʨʝ-

ʱʠʥʦʡ ʦʪ ʢʨʫʯʝʥʠʷ. ʆʥʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʠʟʚʝʩʪ-

ʥʳʤ ʬʦʨʤʫʣʘʤ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ; Bt ï 

ʢʨʫʪʠʣʴʥʘʷ ʞʝʩʪʢʦʩʪʴ ʩʧʣʦʰʥʦʛʦ ʩʪʝʨʞʥʷ ʙʝʟ ʪʨʝ-

ʱʠʥ; ȹ ï ʧʦʣʥʦʝ ʧʝʨʝʤʝʱʝʥʠʝ ʚ ʪʨʝʱʠʥʝ, ʨʘʚʥʦʝ ʧʦ 

ʧʦʜʦʙʠʶ ʩ [5]: 

Ў ςϽὗ Ў     (7) 

ʛʜʝ Qmax ï ʤʘʢʩʠʤʘʣʴʥʘʷ ʥʘʛʝʣʴʥʘʷ ʩʠʣʘ ʚ 

ʩʪʝʨʞʥʷʭ ʧʨʦʜʦʣʴʥʦʡ ʘʨʤʘʪʫʨʳ, ʦʧʨʝʜʝʣʝʥʥʘʷ ʠʟ 

ʩʠʩʪʝʤʳ (5). ʊʘʢ ʢʘʢ ʚʩʝ ʩʪʝʨʞʥʠ ʘʨʤʘʪʫʨʳ ʩʦʧʨʦ-

ʪʠʚʣʷʶʪʩʷ ʚʟʘʠʤʥʦʤʫ ʧʝʨʝʤʝʱʝʥʠʶ ʙʝʨʝʛʦʚ ʥʦʨ-

ʤʘʣʴʥʦʡ ʪʨʝʱʠʥʳ, ʘ ʩʦʛʣʘʩʥʦ (4) ʩʤʷʪʠʝ ʙʝʪʦʥʘ 
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ʧʨʦʠʩʭʦʜʠʪ ʦʜʠʥʘʢʦʚʦ ʧʦʜ ʚʩʝʤʠ ʩʪʝʨʞʥʷʤʠ, ʧʦ-

ʵʪʦʤʫ ʚ (7) ʧʨʠʥʷʪʘ ʤʘʢʩʠʤʘʣʴʥʘʷ ʚʝʣʠʯʠʥʘ ʥʘʛʝʣʴ-

ʥʦʡ ʩʠʣʳ. 

ɺʳʚʦʜʳ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʠʩʩʣʝʜʦʚʘʥʠʡ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʳ 

ʧʦʣʫʯʠʣʠ ʤʝʪʦʜʠʢʫ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʨʫʪʠʣʴʥʦʡ 

ʞʝʩʪʢʦʩʪʠ ʞʝʣʝʟʦʙʝʪʦʥʥʦʛʦ ʵʣʝʤʝʥʪʘ ʣʶʙʦʛʦ ʧʦʧʝ-

ʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʩ ʥʦʨʤʘʣʴʥʳʤʠ ʪʨʝʱʠʥʘʤʠ ʧʨʠ 

ʥʘʣʠʯʠʠ ʣʶʙʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʨʦʜʦʣʴʥʦʡ ʘʨʤʘʪʫʨʳ. 

ɼʚʫʪʘʚʨʦʚʦʝ ʩʝʯʝʥʠʝ ʧʨʠʥʷʪʦ ʣʠʰʴ ʜʣʷ ʧʦʷʩʥʝʥʠʷ 

ʩʫʪʠ ʤʝʪʦʜʠʢʠ ʠ ʧʦʣʫʯʝʥʠʷ ʘʧʧʨʦʢʩʠʤʘʮʠʦʥʥʦʡ 

ʬʦʨʤʫʣʳ ʦʧʨʝʜʝʣʝʥʠʷ ʚʟʘʠʤʥʦʛʦ ʩʤʝʱʝʥʠʷ ʙʝʨʝ-

ʛʦʚ ʥʦʨʤʘʣʴʥʦʡ ʪʨʝʱʠʥʳ. ʇʨʝʜʣʦʞʝʥʥʳʡ ʘʣʛʦʨʠʪʤ 

ʦʧʨʝʜʝʣʝʥʠʷ ʞʝʩʪʢʦʩʪʠ ʤʦʞʥʦ ʨʘʩʧʨʦʩʪʨʘʥʠʪʴ ʥʘ 

ʵʣʝʤʝʥʪʳ ʣʶʙʦʛʦ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ. ʄʝʪʦʜʠʢʘ 

ʦʪʣʠʯʘʝʪʩʷ ʧʨʦʩʪʳʤ ʩʧʦʩʦʙʦʤ ʦʧʨʝʜʝʣʝʥʠʝʤ ʟʘʚʠ-

ʩʠʤʦʩʪʠ ʧʝʨʝʤʝʱʝʥʠʷ ʙʝʨʝʛʦʚ ʪʨʝʱʠʥʳ ʦʪ ʝʝ ʚʳ-

ʩʦʪʳ ʠ ʫʯʝʪʦʤ ʤʥʦʛʦʨʷʜʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʘʨʤʘ-

ʪʫʨʳ. ʇʨʝʠʤʫʱʝʩʪʚʦʤ ʤʝʪʦʜʠʢʠ ʷʚʣʷʝʪʩʷ ʝʝ ʧʨʦ-

ʩʪʦʪʘ ʠ ʦʪʩʫʪʩʪʚʠʝ ʥʘʜʦʙʥʦʩʪʠ ʥʦʚʦʛʦ ʨʘʩʯʝʪʘ 

ʢʘʞʜʳʡ ʨʘʟ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʚʳʩʦʪʳ ʪʨʝʱʠʥʳ ʠ ʠʟ-

ʤʝʥʝʥʠʠ ʢʦʣʠʯʝʩʪʚʘ ʘʨʤʘʪʫʨʳ. 

ɺ ʧʝʨʩʧʝʢʪʠʚʝ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʧʨʦ-

ʛʨʘʤʤʳ ʜʣʷ ʕɺʄ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʧʨʦʚʝʨʢʘ 

ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʝʪʦʜʠʢʠ. 
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ɸʅʆʊɸʎɯʗ 

ɺ ʨʦʙʦʪʽ ʧʨʝʜʩʪʘʚʣʝʥʽ ʢʦʥʮʝʧʪʫʘʣʴʥʽ ʦʩʥʦʚʠ ʧʦʙʫʜʦʚʠ IoT ʤʝʨʝʞ ʪʘ ʚʽʜʟʥʘʯʝʥʦ ʢʣʶʯʦʚʽ ʪʝʭʥʦʣʦʛʽʯʥʽ 

ʥʘʧʨʷʤʢʠ ʨʦʟʚʠʪʢʫ IoT, ʷʢ ʚʽʜʦʤʦʛʦ ʽ ʧʨʦʛʨʝʩʠʚʥʦʛʦ ʥʘʧʨʷʤʫ ʨʦʟʚʠʪʢʫ ʩʫʯʘʩʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʢʦʤʫʥʽʢʘ-

ʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ. ʈʦʙʦʪʘ ʚʢʣʶʯʘʻ ʘʥʘʣʽʟ ʪʝʦʨʝʪʠʯʥʦ-ʧʨʘʢʪʠʯʥʦʛʦ ʭʘʨʘʢʪʝʨʫ ʟʘʩʪʦʩʫʥʢʽʚ ʽ ʨʽʰʝʥʴ IoT, ʚ 

ʤʘʩʰʪʘʙʽ ʋʢʨʘʾʥʠ ʪʘ ʚ ʩʚʽʪʫ. ɺʽʜʥʘʯʝʥʦ ʢʣʶʯʦʚʽ ʥʘʧʨʷʤʢʠ ʨʦʟʚʠʪʢʫ IoT. ʈʦʟʛʣʷʥʫʪʦ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʽ 

ʨʽʚʥʽ ʽ ʟʘʜʘʯʽ, ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʧʨʦʚʘʜʞʝʥʥʷ IoT ʚ ʋʢʨʘʾʥʽ ʪʘ ʟʘʟʥʘʯʝʥʦ ʩʬʝʨʠ ʟʘʩʪʦʩʫʚʘʥʥʷ 

IoT ʚ ʋʢʨʘʾʥʽ. ʇʨʝʜʩʪʘʚʣʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʦʙʢʠ ʘʨʭʽʪʝʢʪʫʨʠ ʪʘ ʧʨʘʢʪʠʯʥʦʾ ʽʤʧʣʝʤʝʥʪʘʮʽʾ ɯʦʊ-ʨʽʰʝʥʥʷ 

ʰʠʨʦʢʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʘ ʙʘʟʽ ʧʣʘʪʠ ESP8266 ʪʘ ʪʦʯʢʠ ʜʦʩʪʫʧʫ Mikrotik RB951G. 

ABSTRACT  

The paper presents the conceptual foundations for constructing IoT networks, and highlights the key techno-

logical trends in the IoT solutions development. IoT is as a well-known and progressive trend in the development 

of modern information and communication technologies and their applications. This paper includes the analysis 

of theoretical and practical nature of IoT applications and solutions, on a scale of Ukraine and on the world scale. 

The key directions of IoT development are determined. The telecommunication levels and tasks are described, and 

the necessity of implementation the IoT in Ukraine and the areas of IoT applications are analyzed. The develop-

ment results of architecture and practical implementation of the IoT-wide solution based on the ESP8266 board 

and the Mikrotik RB951G access point are presented. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: IoT, ʘʨʭʽʪʝʢʪʫʨʘ, ʜʦʜʘʪʢʠ, ʨʽʚʥʽ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ, ʋʢʨʘʾʥʘ, ESP8266. 

Keywords: IoT, architecture, applications, telecommunication levels, Ukraine, ESP8266. 

 

ɺʩʪʫʧ. ɯʥʪʝʨʥʝʪ ʨʝʯʝʡ (ʘʥʛʣ. IoT ï Internet of 

Things) ï ʚʽʜʦʤʠʡ ʽ ʧʨʦʛʨʝʩʠʚʥʠʡ ʥʘʧʨʷʤ ʨʦʟʚʠʪʢʫ 

ʩʫʯʘʩʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦ-

ʛʽʡ.  

ɯʩʥʫʻ ʙʝʟʣʽʯ ʨʽʟʥʠʭ ʚʠʟʥʘʯʝʥʴ IoT. ʅʘʚʝʜʝʥʽ 

ʥʠʞʯʝ ʚʠʟʥʘʯʝʥʥʷ ʚ ʨʽʟʥʠʭ ʘʩʧʝʢʪʘʭ ʦʧʠʩʫʶʪʴ ʧʦ-

ʥʷʪʪʷ ɯʥʪʝʨʥʝʪʫ ʨʝʯʝʡ: 

Å ɯʥʪʝʨʥʝʪ ʨʝʯʝʡ ï ʢʦʥʮʝʧʮʽʷ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ 

ʤʝʨʝʞʽ ʬʽʟʠʯʥʠʭ ʧʨʝʜʤʝʪʽʚ (çʨʝʯʝʡè), ʦʩʥʘʱʝʥʠʭ 

ʚʙʫʜʦʚʘʥʠʤʠ ʪʝʭʥʦʣʦʛʽʷʤʠ ʜʣʷ ʚʟʘʻʤʦʜʽʾ ʦʜʠʥ ʟ ʦʜ-

ʥʠʤ ʘʙʦ ʟ ʟʦʚʥʽʰʥʽʤ ʩʝʨʝʜʦʚʠʱʝʤ, ʷʢʘ ʨʦʟʛʣʷʜʘʻ 

ʦʨʛʘʥʽʟʘʮʽʶ ʪʘʢʠʭ ʤʝʨʝʞ ʷʢ ʷʚʠʱʝ, ʟʜʘʪʥʝ ʧʝʨʝʙʫ-

ʜʫʚʘʪʠ ʝʢʦʥʦʤʽʯʥʽ ʪʘ ʩʫʩʧʽʣʴʥʽ ʧʨʦʮʝʩʠ, ʱʦ ʚʠʢʣʶ-

ʯʘʻ ʟ ʯʘʩʪʠʥʠ ʜʽʡ ʽ ʦʧʝʨʘʮʽʡ ʥʝʦʙʭʽʜʥʽʩʪʴ ʫʯʘʩʪʽ ʣʶ-

ʜʠʥʠ; 

Å ɯʥʪʝʨʥʝʪ ʨʝʯʝʡ ï ʮʝ ʩʠʩʪʝʤʘ ʚʟʘʻʤʦʧʦʚ'ʷʟʘʥʠʭ 

ʩʝʥʩʦʨʽʚ ʽ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ, ʤʝʭʘʥʽʯʥʠʭ ʽ 

ʮʠʬʨʦʚʠʭ ʤʘʰʠʥ, ʦʙ'ʻʢʪʽʚ, ʪʚʘʨʠʥ ʘʙʦ ʣʶʜʝʡ, ʷʢʽ 

ʟʘʙʝʟʧʝʯʝʥʽ ʫʥʽʢʘʣʴʥʠʤʠ ʽʜʝʥʪʠʬʽʢʘʪʦʨʘʤʠ ʽ ʟʜʘʪʥʽ-

ʩʪʶ ʧʝʨʝʜʘʚʘʪʠ ʜʘʥʽ ʧʦ ʤʝʨʝʞʽ, ʥʝ ʚʠʤʘʛʘʶʯʠ ʚʟʘʻ-

ʤʦʜʽʾ ʚʽʜ ʣʶʜʠʥʠ ʜʦ ʣʶʜʠʥʠ, ʘʙʦ ʣʶʜʠʥʽ ʚʟʘʻʤʦʜʽʷ 

ʟ ʢʦʤʧ'ʶʪʝʨʦʤ; 

Å ɯʥʪʝʨʥʝʪ ʨʝʯʝʡ ï ʮʝ ʤʝʨʝʞʘ ʬʽʟʠʯʥʠʭ ʧʨʠ-

ʩʪʨʦʾʚ, ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ, ʧʦʙʫʪʦʚʦʾ ʪʝʭʥʽʢʠ ʪʘ 

ʽʥʰʠʭ ʧʨʝʜʤʝʪʽʚ, ʦʩʥʘʱʝʥʠʭ ʝʣʝʢʪʨʦʥʽʢʦʶ, ʧʨʦʛʨʘ-

ʤʥʠʤ ʟʘʙʝʟʧʝʯʝʥʥʷʤ, ʜʘʪʯʠʢʘʤʠ, ʪʝʭʥʦʣʦʛʽʷʤʠ ʟʚ'ʷ-

ʟʢʫ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʮʠʤ ʨʝʯʘʤ ʧʽʜʢʣʶʯʘʪʠʩʷ ʜʦ ʤʝ-

ʨʝʞʽ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʽ ʦʙʤʽʥʶʚʘʪʠʩʷ ʜʘʥʠʤʠ, ʩʪʚʦ-

ʨʶʶʯʠ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʙʽʣʴʰ ʧʨʷʤʦʾ ʽʥʪʝʛʨʘʮʽʾ ʬʽ-

ʟʠʯʥʦʛʦ ʩʚʽʪʫ ʚ ʢʦʤʧ'ʶʪʝʨʥʽ ʩʠʩʪʝʤʠ, ʱʦ ʧʨʠʟʚʦ-

ʜʠʪʴ ʜʦ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ, ʝʢʦʥʦʤʽʯʥʠʤ ʚʠ-

ʛʦʜʘʤ ʽ ʩʢʦʨʦʯʝʥʥʷ ʣʶʜʩʴʢʠʭ ʥʘʚʘʥʪʘʞʝʥʴ. 

ɿʘʛʘʣʴʥʠʤ ʜʣʷ ʮʠʭ ʚʠʟʥʘʯʝʥʴ ʻ ʚʽʜʦʙʨʘʞʝʥʥʷ 

ʽʜʝʾ ɯʥʪʝʨʥʝʪʫ ʨʝʯʝʡ, ʷʢʘ ʧʦʣʷʛʘʻ ʚ ʨʦʟʨʦʙʮʽ ʚʩʽʭ ʘʙʦ 

ʙʽʣʴʰʦʩʪʽ ʦʙ'ʻʢʪʽʚ (çʨʝʯʝʡè) ʟ ʚʙʫʜʦʚʘʥʠʤ ʪʝʣʝʢʦ-

ʤʫʥʽʢʘʮʽʡʥʠʤ ʧʽʜʢʣʶʯʝʥʥʷʤ, ʪʘʢ ʱʦ ʤʦʞʥʘ ʦʨʛʘʥʽ-

ʟʫʚʘʪʠ ʾʭ ʤʦʥʽʪʦʨʠʥʛ, ʢʦʥʪʨʦʣʴ ʽ ʫʧʨʘʚʣʽʥʥʷ ʟʘ ʜʦ-

ʧʦʤʦʛʦʶ ʟʚ'ʷʟʢʫ ʯʝʨʝʟ ʣʦʢʘʣʴʥʫ ʤʝʨʝʞʫ ʘʙʦ ʤʝʨʝʞʫ 

ɯʥʪʝʨʥʝʪ. 

ʅʘʧʨʷʤ IoT ʘʢʪʠʚʥʦ ʚʩʝʙʽʯʥʝ ʨʦʟʚʠʚʘʻʪʴʩʷ, ʧʦ-

ʯʠʥʘʶʯʠ ʚʽʜ ʪʝʭʥʦʣʦʛʽʡ ʬʽʟʠʯʥʦʛʦ ʨʽʚʥʷ ʽ ʟʘʢʽʥʯʫ-

ʶʯʠ ʙʽʟʥʝʩ-ʤʦʜʝʣʷʤʠ ʽ ʧʨʦʮʝʩʘʤʠ ʜʣʷ ʝʬʝʢʪʠʚʥʦʛʦ 

ʚʧʨʦʚʘʜʞʝʥʥʷ IoT-ʪʝʭʥʦʣʦʛʽʡ ʚ ʞʠʪʪʷ ʣʶʜʠʥʠ, 

ʩʘʤʝ ʪʦʤʫ ʮʝʡ ʥʘʧʨʷʤ ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʚʠʙʨʘʥʠʡ ʚ ʜʘ-

ʥʽʡ ʨʦʙʦʪʽ. 

ɼʦʩʣʽʜʥʠʮʴʢʘ ʛʨʫʧʘ Gartner, ʙʫʜʫʯʠ ʧʨʦʚʽʜʥʦʶ 

ʩʚʽʪʦʚʦʶ ʜʦʩʣʽʜʥʠʮʴʢʦʾ ʪʘ ʢʦʥʩʫʣʴʪʘʮʽʡʥʦʾ ʢʦʤʧʘ-

ʥʽʾ, ʧʨʦʛʥʦʟʫʻ, ʱʦ ʚ ʮʴʦʤʫ ʨʦʮʽ ʙʫʜʝ ʚʠʢʦʨʠʩʪʦʚʫ-

ʚʘʪʠʩʷ 34,8 ʤʽʣʴʷʨʜʘ ʧʽʜʢʣʶʯʝʥʠʭ ʧʨʠʩʪʨʦʾʚ, ʘ ʜʦ 

2020 ʨʦʢʫ ʾʭ ʯʠʩʣʦ ʜʦʩʷʛʥʝ 50,1 ʤʽʣʴʷʨʜʽʚ, ʱʦ ʧʦʢʘ-

ʟʫʻ ʧʦʩʪʽʡʥʠʡ ʽ ʜʫʞʝ ʘʢʪʠʚʥʝ ʟʨʦʩʪʘʥʥʷ ʪʘʢʠʭ ʧʨʠ-

ʩʪʨʦʾʚ. 

ʆʪʞʝ, ʘʢʪʫʘʣʴʥʽʩʪʴ ʨʦʙʦʪʠ ʧʽʜʢʨʝʩʣʶʻ ʪʦʡ 

ʘʥʘʣʽʟ ʪʝʦʨʝʪʠʯʥʦ-ʧʨʘʢʪʠʯʥʦʛʦ ʭʘʨʘʢʪʝʨʫ ʟʘʩʪʦʩʫ-

ʚʘʥʴ ʽ ʨʽʰʝʥʴ IoT, ʷʢʠʡ ʤʽʩʪʠʪʴʩʷ ʫ ʮʽʻʾ ʩʪʘʪʪʽ. 
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ʇʝʨʝʡʜʝʤʦ ʜʦ ʘʥʘʣʽʟʫ ʢʦʥʮʝʧʮʽʾ ʧʦʙʫʜʦʚʠ ʨʽ-

ʰʝʥʴ ʪʘ ʘʨʭʽʪʝʢʪʫʨ IoT. 

1. ʂʦʥʮʝʧʮ̫͜ ʧʦʙʫʜʦʚʠ ʪʘ ʘʨʭʪ͜ʝʢʪʫʨʘ IoT 

1.1. ʂʣʶʯʦʚʽ ʥʘʧʨʷʤʢʠ ʨʦʟʚʠʪʢʫ IoT 

Gartner, Inc., ʧʨʦʚʽʜʥʘ ʩʚʽʪʦʚʘ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜ-

ʥʠʮʴʢʘ ʪʘ ʢʦʥʩʫʣʴʪʘʮʽʡʥʘ ʢʦʤʧʘʥʽʷ, ʚʠʜʽʣʠʣʘ 10 ʥʘ-

ʧʨʷʤʢʽʚ ʨʦʟʚʠʪʢʫ ɯʥʪʝʨʥʝʪʫ ʨʝʯʝʡ (IoT), ʷʢʽ ʜʦʟʚʦ-

ʣʷʪʴ ʦʨʛʘʥʽʟʘʮʽʷʤ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʦʚʥʠʡ ʧʦʪʝʥ-

ʮʽʘʣ IoT. 

ɹʝʟʧʝʢʘ IoT. IoT ʧʨʝʜʩʪʘʚʣʷʻ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ 

ʥʦʚʠʭ ʟʘʛʨʦʟ ʙʝʟʧʝʮʽ ʽ ʧʨʦʙʣʝʤ ʜʣʷ ʩʘʤʠʭ ʧʨʠʩʪʨʦʾʚ 

IoT, ʾʭ ʧʣʘʪʬʦʨʤ ʽ ʦʧʝʨʘʮʽʡʥʠʭ ʩʠʩʪʝʤ, ʾʭ ʢʦʤʫʥʽʢʘ-

ʮʽʡ ʽ ʥʘʚʽʪʴ ʩʠʩʪʝʤ, ʜʦ ʷʢʠʭ ʚʦʥʠ ʧʽʜʢʣʶʯʝʥʽ. ʊʝʭ-

ʥʦʣʦʛʽʾ ʙʝʟʧʝʢʠ ʧʦʪʨʽʙʥʽ ʜʣʷ ʟʘʭʠʩʪʫ ʧʨʠʩʪʨʦʾʚ ʽ 

ʧʣʘʪʬʦʨʤ IoT ʷʢ ʚʽʜ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʘʪʘʢ, ʪʘʢ ʽ ʚʽʜ 

ʬʽʟʠʯʥʦʛʦ ʚʪʨʫʯʘʥʥʷ; ʜʣʷ ʰʠʬʨʫʚʘʥʥʷ ʾʭ ʧʦʚʽʜʦʤ-

ʣʝʥʴ ʽ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʥʦʚʠʭ ʟʘʚʜʘʥʴ, ʪʘʢʠʭ ʷʢ ʫʦʩʦ-

ʙʣʝʥʥʷ çʨʝʯʝʡè ʘʙʦ ʽʥʰʠʭ ʚʠʜʽʚ ʘʪʘʢ, ʷʢʽ ʚʠʩʥʘʞʫ-

ʶʪʴ ʟʘʨʷʜ ʙʘʪʘʨʝʾ. ɼʦʩʚʽʜʯʝʥʠʭ ʬʘʭʽʚʮʽʚ ʟ ʙʝʟʧʝʢʠ 

IoT ʤʘʣʦ. 

ɸʥʘʣʽʪʠʢʘ IoT. ɹʽʟʥʝʩ-ʤʦʜʝʣʽ IoT ʚʠʢʦʨʠʩʪʦ-

ʚʫʶʪʴ ʽʥʬʦʨʤʘʮʽʶ, ʟʽʙʨʘʥʫ çʨʝʯʘʤʠè ʨʽʟʥʠʤʠ ʩʧʦ-

ʩʦʙʘʤʠ ï ʥʘʧʨʠʢʣʘʜ, ʟʨʦʟʫʤʽʪʠ ʧʦʚʝʜʽʥʢʫ ʢʣʽʻʥʪʽʚ, 

ʥʘʜʘʚʘʪʠ ʧʦʩʣʫʛʠ, ʧʦʢʨʘʱʫʚʘʪʠ ʧʨʦʜʫʢʪʠ, ʘ ʪʘʢʦʞ 

ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʽ ʧʝʨʝʭʦʧʣʶʚʘʪʠ ʙʽʟʥʝʩ-ʽʜʝʾ. ʆʜʥʘʢ 

IoT ʚʠʤʘʛʘʻ ʥʦʚʠʭ ʘʥʘʣʽʪʠʯʥʠʭ ʧʽʜʭʦʜʽʚ.  

ʋʧʨʘʚʣʽʥʥʷ ʧʨʠʩʪʨʦʷʤʠ IoT. ʎʝ ʚʢʣʶʯʘʻ ʚ 

ʩʝʙʝ ʤʦʥʽʪʦʨʠʥʛ ʧʨʠʩʪʨʦʾʚ, ʧʨʦʰʠʚʢʫ ʽ ʦʥʦʚʣʝʥʥʷ 

ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʜʽʘʛʥʦʩʪʠʢʫ, ʘʥʘʣʽʟ ʽ 

ʟʚʽʪʥʽʩʪʴ ʧʨʦ ʟʙʦʾ, ʬʽʟʠʯʥʝ ʫʧʨʘʚʣʽʥʥʷ ʽ ʫʧʨʘʚʣʽʥʥʷ 

ʙʝʟʧʝʢʦʶ. IoT ʪʘʢʦʞ ʧʨʠʥʦʩʠʪʴ ʥʦʚʽ ʟʘʚʜʘʥʥʷ ʤʘʩ-

ʰʪʘʙʫ ʚ ʟʘʜʘʯʫ ʫʧʨʘʚʣʽʥʥʷ. ɯʥʩʪʨʫʤʝʥʪʠ ʧʦʚʠʥʥʽ 

ʙʫʪʠ ʟʜʘʪʥʽ ʢʝʨʫʚʘʪʠ ʽ ʢʦʥʪʨʦʣʶʚʘʪʠ ʪʠʩʷʯʽ ʽ, ʤʦʞ-

ʣʠʚʦ, ʥʘʚʽʪʴ ʤʽʣʴʡʦʥʠ ʧʨʠʩʪʨʦʾʚ. 

ʄʘʣʦʧʦʪʫʞʥʽ ʤʝʨʝʞʽ IoT ʜʣʷ ʢʦʨʦʪʢʠʭ ʚʽʜʩ-

ʪʘʥʝʡ. ɺʠʙʽʨ ʙʝʟʜʨʦʪʦʚʦʾ ʤʝʨʝʞʽ ʜʣʷ ʧʨʠʩʪʨʦʶ IoT 

ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʙʘʣʘʥʩʫʚʘʥʥʷ ʙʘʛʘʪʴʦʭ ʩʫʧʝʨʝʯʣʠ-

ʚʠʭ ʚʠʤʦʛ, ʪʘʢʠʭ ʷʢ ʜʽʘʧʘʟʦʥ ʯʘʩʪʦʪ, ʯʘʩ ʘʚʪʦʥʦʤʥʦʾ 

ʨʦʙʦʪʠ, ʧʨʦʧʫʩʢʥʘ ʟʜʘʪʥʽʩʪʴ, ʢʽʣʴʢʽʩʪʴ ʧʨʠʩʪʨʦʾʚ, 

ʚʘʨʪʽʩʪʴ ʨʽʰʝʥʥʷ ʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʠʪʨʘʪʠ. ʄʘʣʦʧʦ-

ʪʫʞʥʽ ʤʝʨʝʞʽ ʟ ʤʘʣʠʤ ʨʘʜʽʫʩʦʤ ʜʽʾ ʙʫʜʫʪʴ ʜʦʤʽʥʫ-

ʚʘʪʠ ʚ ʙʝʟʜʨʦʪʦʚʦʤʫ ʧʽʜʢʣʶʯʝʥʥʽ IoT ʜʦ 2025 ʨʦʢʫ, 

ʱʦ ʥʘʙʘʛʘʪʦ ʧʝʨʝʚʝʨʰʫʶʪʴ ʯʠʩʝʣʴʥʽ ʟ'ʻʜʥʘʥʥʷ ʟ ʚʠ-

ʢʦʨʠʩʪʘʥʥʷʤ ʰʠʨʦʢʦʩʤʫʛʦʚʠʭ ʤʝʨʝʞ IoT. ʆʜʥʘʢ 

ʢʦʤʝʨʮʽʡʥʽ ʽ ʪʝʭʥʽʯʥʽ ʢʦʤʧʨʦʤʽʩʠ ʦʟʥʘʯʘʶʪʴ, ʱʦ ʙʘ-

ʛʘʪʦ ʨʽʰʝʥʴ ʙʫʜʫʪʴ ʩʧʽʚʽʩʥʫʚʘʪʠ. 

ʄʘʣʦʧʦʪʫʞʥʽ ʤʝʨʝʞʽ IoT ʜʣʷ ʟʥʘʯʥʠʭ ʚʽʜʩ-

ʪʘʥʝʡ. ʊʨʘʜʠʮʽʡʥʽ ʩʪʽʣʴʥʠʢʦʚʽ ʤʝʨʝʞʽ ʥʝ ʟʘʙʝʟʧʝʯʫ-

ʶʪʴ ʭʦʨʦʰʦʛʦ ʧʦʻʜʥʘʥʥʷ ʪʝʭʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʠʪʨʘʪ ʜʣʷ ʪʠʭ ʜʦʜʘʪʢʽʚ IoT, ʷʢʽ 

ʧʦʪʨʝʙʫʶʪʴ ʰʠʨʦʢʦʩʤʫʛʦʚʦʛʦ ʦʭʦʧʣʝʥʥʷ ʚ ʧʦʻʜ-

ʥʘʥʥʽ ʟ ʚʽʜʥʦʩʥʦ ʥʠʟʴʢʦʶ ʧʨʦʧʫʩʢʥʦʶ ʟʜʘʪʥʽʩʪʶ, 

ʭʦʨʦʰʠʤ ʯʘʩʦʤ ʘʚʪʦʥʦʤʥʦʾ ʨʦʙʦʪʠ, ʥʠʟʴʢʠʤʠ ʪʝʭ-

ʥʽʯʥʠʤʠ ʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤʠ ʚʠʪʨʘʪʘʤʠ, ʽ ʚʠʩʦʢʦʶ 

ʱʽʣʴʥʽʩʪʶ ʘʙʦʥʝʥʪʽʚ.  

ɼʦʚʛʦʩʪʨʦʢʦʚʦʶ ʤʝʪʦʶ ʰʠʨʦʢʦʩʤʫʛʦʚʦʾ ʤʝ-

ʨʝʞʽ IoT ʻ ʜʦʩʪʘʚʢʘ ʜʘʥʠʭ ʚʽʜ ʩʦʪʝʥʴ ʙʽʪ ʚ ʩʝʢʫʥʜʫ 

(ʙʽʪ/ʩ) ʜʦ ʜʝʩʷʪʢʽʚ ʢʽʣʦʙʽʪ ʚ ʩʝʢʫʥʜʫ (ʢʙʽʪ/ʩ) ʽʟ ʟʘʛʘ-

ʣʴʥʦʥʘʮʽʦʥʘʣʴʥʠʤ ʦʭʦʧʣʝʥʥʷʤ, ʪʝʨʤʽʥ ʩʣʫʞʙʠ ʙʘ-

ʪʘʨʝʾ ʜʦ 10 ʨʦʢʽʚ, ʚʘʨʪʽʩʪʶ ʢʽʥʮʝʚʦʾ ʪʦʯʢʠ ʦʙʣʘʜ-

ʥʘʥʥʷ ʙʣʠʟʴʢʦ 5 ʜʦʣʘʨʽʚ ʉʐɸ ʽ ʧʽʜʪʨʠʤʢʦʶ ʩʦʪʝʥʴ 

ʪʠʩʷʯ ʧʨʠʩʪʨʦʾʚ, ʧʽʜʢʣʶʯʝʥʠʭ ʜʦ ʙʘʟʦʚʦʾ ʩʪʘʥʮʽʾ.  

ʇʨʦʮʝʩʦʨʠ ʧʨʠʩʪʨʦʾʚ IoT. ʇʨʦʮʝʩʦʨʠ ʽ ʘʨʭʽ-

ʪʝʢʪʫʨʠ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʨʠʩʪʨʦʷʤʠ IoT, ʚʠ-

ʟʥʘʯʘʶʪʴ ʙʘʛʘʪʦ ʟ ʾʭ ʤʦʞʣʠʚʦʩʪʝʡ, ʥʘʧʨʠʢʣʘʜ, ʯʠ 

ʟʜʘʪʥʽ ʚʦʥʠ ʟʘʙʝʟʧʝʯʠʪʠ ʥʘʜʽʡʥʠʡ ʟʘʭʠʩʪ ʽ ʰʠʬʨʫ-

ʚʘʥʥʷ, ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ, ʯʠ ʜʦʩʪʘʪʥʴʦ ʚʦʥʠ ʜʦ-

ʩʠʪʴ ʩʢʣʘʜʥʽ ʜʣʷ ʧʽʜʪʨʠʤʢʠ ʦʧʝʨʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ, 

ʦʥʦʚʣʶʚʘʥʦʾ ʧʨʦʰʠʚʢʠ ʽ ʘʛʝʥʪʽʚ ʫʧʨʘʚʣʽʥʥʷ ʚʙʫʜʦ-

ʚʘʥʠʤʠ ʧʨʠʩʪʨʦʷʤʠ.  

ʆʧʝʨʘʮʽʡʥʽ ʩʠʩʪʝʤʠ IoT. ʊʨʘʜʠʮʽʡʥʽ ʦʧʝʨʘ-

ʮʽʡʥʽ ʩʠʩʪʝʤʠ (ʆʉ), ʪʘʢʽ ʷʢ Windows ʽ iOS, ʥʝ ʙʫʣʠ 

ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʜʦʜʘʪʢʽʚ IoT. ɺʦʥʠ ʩʧʦʞʠʚʘʶʪʴ ʟʘ-

ʥʘʜʪʦ ʙʘʛʘʪʦ ʝʥʝʨʛʽʾ, ʧʦʪʨʝʙʫʶʪʴ ʰʚʠʜʢʠʭ ʧʨʦʮʝʩʦ-

ʨʽʚ, ʘ ʚ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʥʝ ʤʘʶʪʴ ʪʘʢʠʭ ʬʫʥʢʮʽʡ, ʷʢ 

ʛʘʨʘʥʪʦʚʘʥʫ ʚʽʜʧʦʚʽʜʴ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ. ɺʦʥʠ ʪʘ-

ʢʦʞ ʤʘʶʪʴ ʟʘʥʘʜʪʦ ʚʝʣʠʢʠʡ ʦʙʩʷʛ ʧʘʤ'ʷʪʽ ʜʣʷ ʥʝʚʝ-

ʣʠʢʠʭ ʧʨʠʩʪʨʦʾʚ ʽ ʤʦʞʫʪʴ ʥʝ ʧʽʜʪʨʠʤʫʚʘʪʠ ʯʽʧʠ, ʷʢʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʨʦʟʨʦʙʥʠʢʠ IoT. ʆʪʞʝ, ʨʦʟʨʦʙʣʝ-

ʥʠʡ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʦʧʝʨʘʮʽʡʥʠʭ ʩʠʩʪʝʤ, ʩʧʝʮʠʬʽ-

ʯʥʠʭ ʜʣʷ IoT, ʜʣʷ ʟʘʜʦʚʦʣʝʥʥʷ ʙʝʟʣʽʯʽ ʨʽʟʥʠʭ ʪʝʭʥʽ-

ʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʦʩʦʙʣʠʚʦʩʪʝʡ 

ʬʫʥʢʮʽʡ. 

ʆʙʨʦʙʢʘ ʧʦʪʦʢʫ ʧʦʜʽʡ. ɼʝʷʢʽ ʜʦʜʘʪʢʠ IoT ʛʝ-

ʥʝʨʫʶʪʴ ʥʘʜʟʚʠʯʘʡʥʦ ʚʠʩʦʢʽ ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʜʘʯʽ 

ʜʘʥʠʭ, ʷʢʽ ʥʝʦʙʭʽʜʥʦ ʘʥʘʣʽʟʫʚʘʪʠ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ. 

ʉʠʩʪʝʤʠ, ʱʦ ʩʪʚʦʨʶʶʪʴ ʜʝʩʷʪʢʠ ʪʠʩʷʯ ʧʦʜʽʡ ʚ ʩʝ-

ʢʫʥʜʫ, ʻ ʟʘʛʘʣʴʥʠʤʠ, ʽ ʤʽʣʴʡʦʥʠ ʧʦʜʽʡ ʚ ʩʝʢʫʥʜʫ ʤʦ-

ʞʫʪʴ ʚʠʥʠʢʘʪʠ ʚ ʜʝʷʢʠʭ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʪʘ ʪʝ-

ʣʝʤʝʪʨʠʯʥʠʭ ʩʠʪʫʘʮʽʷʭ. ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʪʘʢʠʭ ʚʠ-

ʤʦʛ ʨʦʟʨʦʙʣʝʥʽ ʨʦʟʧʦʜʽʣʝʥʽ ʧʦʪʦʢʦʚʽ 

ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʧʣʘʪʬʦʨʤʠ.  

ʇʣʘʪʬʦʨʤʠ IoT. ʇʣʘʪʬʦʨʤʠ IoT ʦʙ'ʻʜʥʫʶʪʴ 

ʙʘʛʘʪʦ ʢʦʤʧʦʥʝʥʪʽʚ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʩʠʩʪʝʤʠ IoT ʚ 

ʦʜʠʥ ʧʨʦʜʫʢʪ. ʇʦʩʣʫʛʠ, ʱʦ ʥʘʜʘʶʪʴʩʷ ʪʘʢʠʤʠ ʧʣʘ-

ʪʬʦʨʤʘʤʠ, ʧʽʜʨʦʟʜʽʣʷʶʪʴʩʷ ʥʘ ʪʨʠ ʦʩʥʦʚʥʽ ʢʘʪʝʛʦ-

ʨʽʾ: 

1) ʋʧʨʘʚʣʽʥʥʷ ʪʘ ʦʧʝʨʘʮʽʾ ʥʘ ʨʽʚʥʽ ʥʠʟʴʢʦʛʦ ʨʽ-

ʚʥʷ, ʪʘʢʽ ʷʢ ʟʚ'ʷʟʦʢ, ʤʦʥʽʪʦʨʠʥʛ ʽ ʫʧʨʘʚʣʽʥʥʷ ʧʨʠʩʪ-

ʨʦʷʤʠ, ʙʝʟʧʝʢʘ ʪʘ ʦʥʦʚʣʝʥʥʷ ʧʨʦʰʠʚʢʠ; 

2) ɿʙʽʨ, ʪʨʘʥʩʬʦʨʤʘʮʽʷ ʽ ʫʧʨʘʚʣʽʥʥʷ ʜʘʥʠʤʠ 

IoT; 

3) ʈʦʟʨʦʙʢʘ ʜʦʜʘʪʢʽʚ IoT, ʚʢʣʶʯʘʶʯʠ ʣʦʛʽʢʫ, 

ʢʝʨʦʚʘʥʫ ʧʦʜʽʷʤʠ, ʧʨʠʢʣʘʜʥʝ ʧʨʦʛʨʘʤʫʚʘʥʥʷ, ʚʽʟʫ-

ʘʣʽʟʘʮʽʶ, ʘʥʘʣʽʪʠʢʫ ʽ ʘʜʘʧʪʝʨʠ ʜʣʷ ʧʽʜʢʣʶʯʝʥʥʷ ʜʦ 

ʢʦʨʧʦʨʘʪʠʚʥʠʭ ʩʠʩʪʝʤ. 

ʉʪʘʥʜʘʨʪʠ IoT. ɹʽʣʴʰʽʩʪʴ ʩʪʘʥʜʘʨʪʽʚ IoT ʚ ʢʽ-

ʥʮʝʚʦʤʫ ʧʽʜʩʫʤʢʫ ʤʘʪʝʨʽʘʣʽʟʫʶʪʴʩʷ ʷʢ ʽʥʪʝʨʬʝʡʩʠ 

ʧʨʠʢʣʘʜʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ (API) ʘʙʦ ʫ ʚʠʛʣʷʜʽ ʽʥ-

ʰʠʭ ʨʝʘʣʽʟʘʮʽʡ ʬʽʟʠʯʥʦʛʦ, ʧʨʠʢʣʘʜʥʦʛʦ, ʧʨʝʜʩʪʘʚ-

ʥʠʮʴʢʦʛʦ ʘʙʦ ʽʥʰʠʭ ʨʽʚʥʽʚ ʤʦʜʝʣʽ OSI. ʉʪʘʥʜʘʨʪʠ 

ʪʘ ʧʦʚ'ʷʟʘʥʽ ʟ ʥʠʤʠ API-ʽʥʪʝʨʬʝʡʩʠ ʤʘʪʠʤʫʪʴ ʚʘʞ-

ʣʠʚʝ ʟʥʘʯʝʥʥʷ, ʦʩʢʽʣʴʢʠ ʧʨʠʩʪʨʦʾʚ IoT ʥʝʦʙʭʽʜʥʦ 

ʚʟʘʻʤʦʜʽʷʪʠ, ʽ ʙʘʛʘʪʦ ʙʽʟʥʝʩ-ʤʦʜʝʣʽ IoT ʙʫʜʫʪʴ ʧʦʢ-

ʣʘʜʘʪʠʩʷ ʥʘ ʦʙʤʽʥ ʜʘʥʠʤʠ ʤʽʞ ʜʝʢʽʣʴʢʦʤʘ ʧʨʠʩʪʨʦ-

ʷʤʠ ʪʘ ʦʨʛʘʥʽʟʘʮʽʷʤʠ. ɼʦʢʣʘʜʥʽʰʠʡ ʘʥʘʣʽʟ ʧʨʝʜʩʪʘ-

ʚʣʝʥʠʡ Gartner ʫ ʟʚʽʪʽ çTop 10 IoT Technologies for 

2017 and 2018è, ʚ ʷʢʦʤʫ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʥʝʦʙʭʽʜʥʽ 

ʢʨʦʢʠ ʟʽ ʩʪʚʦʨʝʥʥʷ ʽ ʨʦʟʛʦʨʪʘʥʥʷ ʩʪʨʘʪʝʛʽʾ IoT. 

ʈʦʟʛʣʷʥʝʤʦ ʦʩʥʦʚʥʽ ʢʦʤʧʦʥʝʥʪʠ ʘʨʭʽʪʝʢʪʫʨ 

IoT, ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʥʘʩʪʫʧʥʠʭ ʢʨʦʢʽʚ ʨʝʘʣʽʟʘʮʽʾ 

ʧʨʠʢʣʘʜʥʦʛʦ ʨʽʰʝʥʥʷ IoT. 

1.2. ɽʪʘʣʦʥʥʘ ʘʨʭʽʪʝʢʪʫʨʘ ʨʽʰʝʥʴ IoT 
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ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ ʢʽʣʴʢʘ ʘʨʛʫʤʝʥʪʽʚ ʥʘ ʢʦʨʠʩʪʴ 

ʜʦʮʽʣʴʥʦʩʪʽ ʽ ʥʝʦʙʭʽʜʥʦʩʪʽ ʝʪʘʣʦʥʥʦʾ ʘʨʭʽʪʝʢʪʫʨʠ 

ʜʣʷ IoT: 

1. ʇʨʠʩʪʨʦʾ IoT ʧʦʚ'ʷʟʘʥʽ ʤʽʞ ʩʦʙʦʶ ʽ ʮʝʥʪʨʦʤ 

ʫʧʨʘʚʣʽʥʥʷ ï ʪʦʤʫ ʽʩʥʫʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʽʩʥʫʚʘʥʥʷ 

ʩʧʦʩʦʙʫ ʚʟʘʻʤʦʜʽʾ ʚʩʽʭ ʢʦʤʧʦʥʝʥʪ ʩʠʩʪʝʤʠ. 

2. ɺʞʝ ʻ ʤʽʣʴʷʨʜʠ ʧʨʠʩʪʨʦʾʚ IoT, ʽ ʯʠʩʣʦ ʟʨʦʩ-

ʪʘʻ ʱʦʨʦʢʫ ʤʽʣʴʷʨʜʘʤʠ; ʥʝʦʙʭʽʜʥʘ ʘʨʭʽʪʝʢʪʫʨʘ ʜʣʷ 

ʤʘʩʰʪʘʙʦʚʘʥʦʩʪʽ ʩʠʩʪʝʤʠ. 

3. ʇʨʠʩʪʨʦʾ ʤʦʞʫʪʴ ʥʝ ʤʘʪʠ ʢʦʨʠʩʪʫʚʘʣʴʥʠʮʴ-

ʢʠʭ ʽʥʪʝʨʬʝʡʩʽʚ ʽ ʟʘʟʚʠʯʘʡ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ çʧʦʚʩʷʢ-

ʜʝʥʥʦʛʦè ʚʠʢʦʨʠʩʪʘʥʥʷ, ʪʦʤʫ ʥʝʦʙʭʽʜʥʦ ʧʽʜʪʨʠʤʫ-

ʚʘʪʠ ʘʚʪʦʤʘʪʠʯʥʽ ʪʘ ʢʝʨʦʚʘʥʽ ʧʦʥʦʚʣʝʥʥʷ, ʘ ʪʘʢʦʞ 

ʤʘʪʠ ʤʦʞʣʠʚʽʩʪʴ ʚʽʜʜʘʣʝʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʮʠʤʠ ʧʨʠ-

ʩʪʨʦʷʤʠ. 

4. IoT-ʧʨʠʩʪʨʦʾ ʜʫʞʝ ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʜʣʷ ʟʙʦʨʫ ̔  ʘʥʘʣʽʟʫ ʧʝʨʩʦʥʘʣʴʥʠʭ ʜʘʥʠʭ. ʂʣʶʯʦʚʦʶ 

ʚʠʤʦʛʦʶ ʻ ʤʦʜʝʣʴ ʫʧʨʘʚʣʽʥʥʷ ʽʜʝʥʪʠʬʽʢʘʮʽʻʶ ʽ ʢʦ-

ʥʪʨʦʣʝʤ ʜʦʩʪʫʧʫ ʜʣʷ ʧʨʠʩʪʨʦʾʚ IoT ʽ ʜʘʥʠʭ, ʷʢʽ ʚʦʥʠ 

ʧʫʙʣʽʢʫʶʪʴ ʽ ʩʧʦʞʠʚʘʶʪʴ. 

ɺʠʤʦʛʠ ʜʦ ʝʪʘʣʦʥʥʦʾ ʘʨʭʽʪʝʢʪʫʨʠ. ɯʩʥʫʶʪʴ 

ʜʝʷʢʽ ʩʧʝʮʠʬʽʯʥʽ ʚʠʤʦʛʠ ʜʦ IoT, ʷʢʽ ʻ ʫʥʽʢʘʣʴʥʠʤʠ 

ʜʣʷ ʧʨʠʩʪʨʦʾʚ IoT ʽ ʩʝʨʝʜʦʚʠʱʘ, ʷʢʽ ʾʭ ʧʽʜʪʨʠʤʫʶʪʴ. 

ʅʘʧʨʠʢʣʘʜ, ʙʘʛʘʪʦ ʚʠʤʦʛ ʚʠʧʣʠʚʘʶʪʴ ʟ ʦʙʤʝʞʝʥʠʭ 

ʬʦʨʤʬʘʢʪʦʨʽʚ ʽ ʧʦʪʫʞʥʦʩʪʽ, ʜʦʩʪʫʧʥʠʭ ʜʣʷ ʧʨʠ-

ʩʪʨʦʾʚ IoT. ɯʥʰʽ ʚʠʤʦʛʠ ʚʠʭʦʜʷʪʴ ʟ ʪʦʛʦ, ʷʢ ʚʠʛʦʪʦ-

ʚʣʷʶʪʴʩʷ ʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʨʠʩʪʨʦʾ IoT. ɿʚʠ-

ʯʘʡʥʦ, ʽʩʥʫʻ ʨʷʜ ʽʩʥʫʶʯʠʭ ʧʝʨʝʜʦʚʠʭ ʤʝʪʦʜʽʚ ʜʣʷ 

ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʪʘ ʢʦʤʫʥʽʢʘʮʽʡʥʦʾ ʯʘʩʪʠʥʠ, ʷʢʽ ʥʝ-

ʦʙʭʽʜʥʦ ʟʘʧʘʤ'ʷʪʘʪʠ ʽ ʚʨʘʭʦʚʫʚʘʪʠ. ʄʦʞʥʘ ʚʠʜʽʣʠʪʠ 

ʚʠʤʦʛʠ ʧʦ ʢʣʶʯʦʚʠʤ ʢʘʪʝʛʦʨʽʷʤ: 

1. ʆʙʤʽʥ ʜʘʥʠʤʠ ʽ ʟʚ'ʷʟʦʢ. 

2. ʋʧʨʘʚʣʽʥʥʷ ʧʨʠʩʪʨʦʷʤʠ. 

3. ɿʙʽʨ ʽ ʘʥʘʣʽʟ ʜʘʥʠʭ, ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, 

ʬʦʨʤʫʚʘʥʥʷ ʚʽʜʛʫʢʫ ʥʘ ʽʥʬʦʨʤʘʮʽʶ. 

4. ʄʘʩʰʪʘʙʦʚʘʥʽʩʪʴ. 

5. ɹʝʟʧʝʢʘ. 

6. ɺʽʜʤʦʚʦʩʪʽʡʢʽʩʪʴ. 

7. ɯʥʪʝʛʨʘʮʽʷ ʪʘ ʫʥʽʬʽʢʘʮʽʷ. 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʘʨʭʽʪʝʢʪʫʨʘ IoT ʩʝʨʚʽʩʫ ʧʦʚʠʥʥʘ 

ʚʨʘʭʦʚʫʚʘʪʠ ʟʘʟʥʘʯʝʥʽ ʬʘʢʪʦʨʠ ʽ ʦʙʩʪʘʚʠʥʠ, ʘ ʚ ʧʽʜ-

ʩʫʤʢʫ ï ʟʘʜʦʚʦʣʴʥʷʪʠ ʧʦʩʪʘʚʣʝʥʠʤ ʚʠʤʦʛʘʤ ʜʦ ʤʝ-

ʨʝʞʽ IoT. 

ʅʘʧʨʠʢʣʘʜ, ʦʜʥʘ ʟ ʧʨʦʚʽʜʥʠʭ ʢʦʤʧʘʥʽʡ ʟ ʤʝʨʝ-

ʞʥʠʭ ʽ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, Cisco, ʧʨʦʧʦ-

ʥʫʻ ʥʘʩʪʫʧʥʫ ʙʘʛʘʪʦʨʽʚʥʝʚʫ ʘʨʭʽʪʝʢʪʫʨʫ IoT (ʨʠʩ. 

1), ʟʘ ʘʥʘʣʦʛʽʻʶ ʟ ʨʽʚʥʷʤʠ ʤʦʜʝʣʽ OSI. ʗʢ ʤʦʞʥʘ ʙʘ-

ʯʠʪʠ ʟ ʨʠʩ. 1, ʘʨʭʽʪʝʢʪʫʨʘ ʚʢʣʶʯʘʻ ʢʦʤʧʦʥʝʥʪʠ, ʧʦ-

ʯʠʥʘʶʯʠ ʚʽʜ ʢʽʥʮʝʚʠʭ ʧʨʠʩʪʨʦʾʚ (ʩʝʥʩʦʨʽʚ), ʪʝʭʥʦ-

ʣʦʛʽʡ ʬʽʟʠʯʥʦʛʦ ʨʽʚʥʷ ʽ ʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʧʨʦʪʦʢʦʣʽʚ, 

ʽ ʟʘʢʽʥʯʫʶʯʠ ʨʽʚʥʷʤʠ ʙʽʟʥʝʩ ʜʦʜʘʪʢʽʚ ʽ ʟʘʩʪʦʩʫʚʘʥʴ 

IoT ʨʽʰʝʥʴ. 

 
ʈʠʩ. 1. ɹʘʛʘʪʦʨʽʚʥʝʚʘ ʘʨʭʽʪʝʢʪʫʨʘ IoT ʟʛʽʜʥʦ ʢʦʥʮʝʧʮʽʾ Cisco 

 

ʋ ʩʚʦʶ ʯʝʨʛʫ, ʥʘ ʢʦʞʥʦʤʫ ʨʽʚʥʽ ʤʘʶʪʴ ʤʽʩʮʝ ʙʫʪʠ ʧʨʦʪʦʢʦʣʠ ʽ ʩʪʘʥʜʘʨʪʠ (ʥʘ ʨʠʩ. 2 ʥʠʞʯʝ ʚʽʜʦʙʨʘʞʝʥʽ 

ʪʘʢʽ, ʱʦ ʥʘʡʙʽʣʴʰ ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ, ʽ, ʟʚʠʯʘʡʥʦ ʞ, ʜʘʣʝʢʦ ʥʝ ʚʩʽ), ʟʘ ʷʢʠʤʠ ʤʦʞʥʘ ʦʨʛʘʥʽʟʫʚʘʪʠ 

ʧʝʨʝʜʘʯʫ ʜʘʥʠʭ ʚʽʜ ʜʘʪʯʠʢʽʚ IoT, ʾʭ ʦʙʨʦʙʢʫ ʽ ʧʨʝʜʩʪʘʚʣʝʥʥʷ. 
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ʈʠʩ. 2. ʇʨʦʪʦʢʦʣʠ ʽ ʩʪʘʥʜʘʨʪʠ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʨʝʘʣʽʟʘʮʽʡ ʥʘ ʨʽʟʥʠʭ ʨʽʚʥʷʭ ʤʦ-

ʜʝʣʽ IoT 

 

1.3. ʊʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʽ ʨʽʚʥʽ ʽ ʟʘʜʘʯʽ 

ʈʦʟʛʣʷʥʫʚʰʠ ʢʦʤʧʦʥʝʥʪʠ ʧʨʦʧʦʥʦʚʘʥʠʭ ʘʨʭʽʪʝʢʪʫʨ IoT, ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʢʣʶʯʦʚʽ ʝʪʘʧʠ ʽ ʢʦʤʧʦʥʝʥʪʠ 

ʙʫʜʴ-ʷʢʦʛʦ IoT ʨʽʰʝʥʥʷ (ʪʘʙʣ. 1). 

 

ʊʘʙʣʠʮʷ 1.  

ʂʣʶʯʦʚʽ ʨʽʚʥʽ ʽ ʟʘʚʜʘʥʥʷ IoT 

ˉ 
ʊʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʡ ʨʽ-

ʚʝʥʴ 
ɿʘʚʜʘʥʥʷ, ʷʢʽ ʚʠʨʽʰʫʶʪʴʩʷ ʥʘ ʨʽʚʥʽ 

1 
ɿʙʽʨ ʽʥʬʦʨʤʘʮʽʾ ʚʽʜ ʦʙ'ʻʢ-

ʪʽʚ IoT 

- ʇʝʨʝʪʚʦʨʝʥʥʷ ʚʽʜʛʫʢʫ ʜʘʪʯʠʢʘ ʚ ʩʠʛʥʘʣ 

- ʇʝʨʝʜʘʯʘ ʩʠʛʥʘʣʫ ʜʦ ʥʘʡʙʣʠʞʯʦʛʦ ʚʫʟʣʘ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ (IoT hub, 

router, ʽ ʽʥ.) 

2 

ʊʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʽʥʬʦʨ-

ʤʘʮʽʾ ʜʦ ʧʫʥʢʪʽʚ ʧʨʠʡ-

ʥʷʪʪʷ ʨʽʰʝʥʥʷ 

- ʇʝʨʝʜʘʯʘ ʽʥʬʦʨʤʘʮʽʾ ʚʽʜ ʚʫʟʣʘ ʟʙʦʨʫ ʽʥʬʦʨʤʘʮʽʾ (ʥʘʧʨʠʢʣʘʜ, IoT 

ʭʘʙʘ) ʜʦ ʇʫʢʪʦ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ ʟʙʦʨʫ ʽʥʬʦʨʤʘʮʽʾ, ʾʾ ʘʥʘʣʽʟʫ, ʩʪʘʪʠʩ-

ʪʠʯʥʦʾ ʦʙʨʦʙʢʠ ʪʘ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ 

3 

ʊʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʽʥʬʦʨ-

ʤʘʮʽʾ ʧʽʩʣʷ ʧʨʠʡʥʷʪʪʷ ʨʽ-

ʰʝʥʥʷ 

- ʇʝʨʝʜʘʯʘ ʽʥʬʦʨʤʘʮʽʾ ʟʘʮʽʢʘʚʣʝʥʠʤ ʘʙʦ ʽʥʰʠʤ ʨʝʣʝʚʘʥʪʥʠʤ ʦʩʦʙʘʤ 

ʘʙʦ ʩʣʫʞʙʘʤ ʟ ʤʝʪʦʶ ʽʥʬʦʨʤʫʚʘʥʥʷ ʘʙʦ ʢʝʨʽʚʥʠʮʪʚʘ ʜʦ ʜʽʾ - ʨʝʘʢʮʽʾ 

ʥʘ ʚʽʜʛʫʢ IoT ʧʨʠʩʪʨʦʾ 

 

ʋ ʨʘʟʽ ʨʝʘʣʽʟʘʮʽʾ ʩʠʩʪʝʤʠ IoT, ʟʘʟʥʘʯʝʥʽ ʪʨʠ ʨʽʚʥʷ ʧʦʢʨʠʚʘʶʪʴ ʚʝʩʴ ʩʧʝʢʪʨ ʟʘʚʜʘʥʴ, ʚʽʜ ʦʪʨʠʤʘʥʥʷ ʚʽʜʛʫʢʫ 

ʥʘ ʧʦʜʽʶ ʜʦ ʨʝʘʢʮʽʾ ʥʘ ʥʴʦʛʦ ʟʘʣʫʯʝʥʠʤʠ ʩʪʦʨʦʥʘʤʠ. 
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ʊʘʙʣʠʮʷ 2.  

ʊʝʭʥʦʣʦʛʽʾ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ, ʮʽʣʴʦʚʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʤʝʨʝʞʘʭ, ʩʪʘʥʜʘʨʪʠ, ʟʦʥʘ ʧʦʢʨʠʪʪʷ, ʧʨʦʧʫʩʢʥʘ 

ʟʜʘʪʥʽʩʪʴ, ʚʠʤʦʛʠ ʱʦʜʦ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʽ ʩʬʝʨʘ ʟʘʩʪʦʩʫʚʘʥʴ. 

 
 

ʆʪʞʝ, ʤʦʞʥʘ ʙʘʯʠʪʠ, ʱʦ ʽʩʥʫʶʪʴ ʨʽʟʥʦʤʘʥʽʪʥʽ 

ʧʽʜʭʦʜʠ, ʧʨʦʪʦʢʦʣʠ ʽ ʢʦʥʮʝʧʮʽʾ ʱʦʜʦ ʧʦʙʫʜʦʚʠ ʨʽ-

ʰʝʥʴ ʪʘ ʘʨʭʽʪʝʢʪʫʨ IoT, ʽ ʚ ʢʦʞʥʦʤʫ ʦʢʨʝʤʦʤʫ ʚʠ-

ʧʘʜʢʫ ʧʦʪʨʽʙʝʥ ʜʫʞʝ ʜʝʪʘʣʴʥʠʡ ʘʥʘʣʽʟ ʜʣʷ ʚʠʙʦʨʫ 

ʧʨʘʚʠʣʴʥʦʛʦ ʨʽʰʝʥʥʷ. ʇʝʨʝʡʜʝʤʦ ʜʦ ʘʥʘʣʽʟʫ ʥʝʦʙ-

ʭʽʜʥʦʩʪʽ ʚʧʨʦʚʘʜʞʝʥʥʷ IoT ʚ ʋʢʨʘʾʥʽ. 

2. ʉʪʘʥ ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʘ ʥʝʦʙʭʜ͜ʥ͜ʩʪʴ IoT ʚ ʋʢ-

ʨʘ͝ʥ͜ 

2.1. ɸʥʘʣʽʟ ʥʝʦʙʭʽʜʥʦʩʪʽ ʚʧʨʦʚʘʜʞʝʥʥʷ IoT ʚ 

ʋʢʨʘʾʥ̔ 

ʇʦʪʨʝʙʘ IoT ʜʣʷ ʋʢʨʘʾʥʠ ʩʭʝʤʘʪʠʯʥʦ ʚʽʜʦʙʨʘ-

ʞʝʥʘ ʥʘ ʨʠʩ. 3. ʗʢ ʤʦʞʥʘ ʙʘʯʠʪʠ, ʩʬʝʨʠ ʟʘʩʪʦʩʫ-

ʚʘʥʥʷ IoT ʚ ʋʢʨʘʾʥʽ ʥʘʡʨʽʟʥʦʤʘʥʽʪʥʽʰʽ, ʪʘʢʽ ʷʢ ʪʨʘ-

ʥʩʧʦʨʪ, ʦʭʦʨʦʥʘ ʟʜʦʨʦʚ'ʷ, ʤʝʜʠʮʠʥʘ, ʚʠʨʦʙʥʠʮʪʚʦ, 

ʘʛʨʦʧʨʦʤʠʩʣʦʚʽʩʪʴ, ʨʦʟʫʤʥʽ ʙʫʜʠʥʢʠ ʽ ʤʽʩʪʘ, ʧʨʠ-

ʨʦʜʘ, ʩʽʣʴʩʴʢʝ ʛʦʩʧʦʜʘʨʩʪʚʦ ʽ ʙʘʛʘʪʦ ʽʥʰʠʭ. ʇʨʠ 

ʮʴʦʤʫ ʢʣʽʻʥʪʘʤʠ ʤʦʞʫʪʴ ʙʫʪʠ ʽ ʻ ʷʢ ʬʽʟʠʯʥʽ, ʪʘʢ ʽ 

ʶʨʠʜʠʯʥʽ ʦʩʦʙʠ ʚʽʜʧʦʚʽʜʥʦ, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʩʬʝʨʠ 

ʨʝʘʣʽʟʘʮʽʾ IoT. 

ɺʘʞʣʠʚʦ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʥʘ ʩʴʦʛʦʜʥʽ ʚ ʋʢʨʘʾʥʽ 

ʭʦʯ ʽ ʻ ʜʝʷʢʽ ʣʦʢʘʣʴʥʦ ʨʝʘʣʽʟʦʚʘʥʽ ʧʨʦʝʢʪʠ IoT ʜʣʷ 

ʨʽʟʥʠʭ ʩʧʦʞʠʚʘʯʽʚ (ʥʘʧʨʠʢʣʘʜ, ʨʦʟʫʤʥʠʡ ʙʫʜʠʥʦʢ ï 

ʜʣʷ ʬʽʟʠʯʥʠʭ ʦʩʽʙ, ʨʦʟʫʤʥʝ ʤʽʩʪʦ ï ʜʝʷʢʽ ʩʝʨʚʽʩʠ 

ʪʘʢʽ ʷʢ ʝʣʝʢʪʨʦʟʘʧʨʘʚʢʠ, ʧʘʨʢʦʚʢʠ, ʽ ʽʥ.), ɸʣʝ ʥʝʤʘʻ 

ʞʦʜʥʦʛʦ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʨʦʚʘʡʜʝʨʘ ʧʦʩʣʫʛ IoT ʜʣʷ 

ʙʫʜʴ-ʷʢʦʛʦ ʩʧʦʞʠʚʘʯʘ, ʷʢʦʛʦ IoT ʧʨʦʚʘʡʜʝʨ ʟʤʽʛ ʙʠ 

ʟʘʜʦʚʦʣʴʥʠʪʠ ʧʦ ʚʩʽʤ ʟʘʧʠʪʘʤ ʽ ʥʘʜʘʪʠ ʢʦʤʧʣʝʢʩʥʝ 

ʨʽʰʝʥʥʷ ʧʦʩʣʫʛ ʥʘ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ (ʽ ʥʘʚʽʪʴ ʥʽ ʚ 

ʦʜʥʦʤʫ ʤʽʩʪʽ), ʥʝ ʢʘʞʫʯʠ ʚʞʝ ʧʨʦ ʛʘʨʘʥʪʦʚʘʥʠʡ ʩʫ-

ʧʨʦʚʽʜ ʪʘ ʥʘʜʘʥʥʷ ʩʝʨʚʽʩʽʚ ʧʨʦʚʘʡʜʝʨʦʤ IoT ʧʦʩʣʫʛ 

ʘʙʦ ʰʣʷʭʦʤ ʟʘʣʫʯʝʥʥʷ ʪʨʝʪʽʭ ʩʪʦʨʽʥ ʧʨʠ ʥʝʦʙʭʽʜʥʦ-

ʩʪʽ. ɼʘʥʽ ʬʘʢʪʠ ʧʦʢʘʟʫʶʪʴ ʪʝ, ʱʦ ʨʦʟʚʠʪʦʢ IoT ʚ ʋʢ-

ʨʘʾʥʽ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʜʫʞʝ ʧʦʯʘʪʢʦʚʦʤʫ ʝʪʘʧʽ ʽ ʙʘ-

ʛʘʪʦ ʱʝ ʥʝ ʟʨʦʙʣʝʥʦ ʚ ʥʘʧʨʷʤʢʫ ʷʢʽʩʥʦʛʦ ʚʧʨʦʚʘ-

ʜʞʝʥʥʷ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʫ ʧʦʩʣʫʛ IoT ʚ ʋʢʨʘʾʥʽ. 

ɺ ʧʝʨʰʫ ʯʝʨʛʫ, ʥʝʦʙʭʽʜʥʦ ʨʦʟʫʤʽʪʠ, ʱʦ ʪʝʭʥʦ-

ʣʦʛʽʾ IoT ʧʨʠʚʥʦʩʷʪʴ ʟʥʘʯʥʫ ʦʧʪʠʤʽʟʘʮʽʶ ʨʝʩʫʨʩʽʚ ʽ 

ʝʢʦʥʦʤʽʶ ʢʦʰʪʽʚ, ʥʘʧʨʠʢʣʘʜ, ʢʦʤʫʥʘʣʴʥʠʤ ʧʽʜʧʨʠ-

ʻʤʩʪʚʘʤ. ʎʝ ʘʚʪʦʤʘʪʠʟʘʮʽʷ ʧʨʦʮʝʩʽʚ ʟʙʦʨʫ ʜʘʥʠʭ ʟ 

ʨʽʟʥʠʭ ʩʝʥʩʦʨʽʚ, ʙʫʜʴ ʪʦ ʣʽʯʠʣʴʥʠʢʠ ʚʦʜʠ, ʪʝʧʣʘ, ʪʘ 

ʽʥʰʠʭ ʚʠʜʽʚ ʝʥʝʨʛʦʦʙʣʽʢʫ. ʄʘʶʯʠ ʪʘʢʠʡ ʽʥʩʪʨʫ-

ʤʝʥʪ, ʧʽʜʧʨʠʻʤʩʪʚʘ ʩʬʝʨʠ ɾʂɻ, ʥʘʧʨʠʢʣʘʜ, ʤʦʞʫʪʴ 

ʦʪʨʠʤʫʚʘʪʠ ʜʝʪʘʣʽʟʦʚʘʥʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʚʠʪʨʘʪʠ, 

ʥʝʜʦʦʪʨʠʤʘʥʠʭ ʟʘʩʦʙʘʭ ʽ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʮʽ ʜʘʥʽ, 

ʟʨʦʙʠʚʰʠ ʧʨʦʛʥʦʟʠ ʥʘ ʟʘʢʫʧʽʚʣʶ ʟʘ ʢʚʦʪʘʤʠ ʪʝʧʣʘ, 

ʝʣʝʢʪʨʠʢʠ ʪʘ ʽʥ.  
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ʈʠʩ. 3. ʉʭʝʤʘʪʠʯʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʧʦʪʨʝʙ ʚʧʨʦʚʘʜʞʝʥʥʷ ʧʦʩʣʫʛ IoT ʥʘ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ 

 

2.2. ʉʬʝʨʠ ʟʘʩʪʦʩʫʚʘʥʥʷ IoT ʚ ʋʢʨʘʾʥʽ 

ɿ ʧʨʠʯʠʥʠ ʤʘʩʦʚʦʛʦ ʧʦʰʠʨʝʥʥʷ IoT ʚ ʨʽʟʥʠʭ 

ʩʬʝʨʘʭ ʜʽʷʣʴʥʦʩʪʽ, ʤʦʞʥʘ ʢʣʘʩʠʬʽʢʫʚʘʪʠ ʧʦʩʣʫʛʠ ʪʘ 

ʦʙʣʘʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ IoT, ʱʦ ʜʦʟʚʦʣʷʻ ʙʽʣʴʰ ʪʦʯ-

ʢʦʚʦ ʚʠʟʥʘʯʘʪʠ ʚʠʤʦʛʠ ʜʦ ʪʝʭʥʽʯʥʦʾ ʩʠʩʪʝʤʠ ʜʣʷ ʥʘ-

ʜʘʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʧʦʩʣʫʛ IoT. ʅʘʧʨʠʢʣʘʜ: 

¶ ʄʦʥʽʪʦʨʠʥʛ ʧʨʦʤʠʩʣʦʚʠʭ ʦʙ'ʻʢʪʽʚ: 

o ʂʦʥʪʨʦʣʴ ʪʝʤʧʝʨʘʪʫʨʠ 

o ʂʦʥʪʨʦʣʴ ʪʠʩʢʫ ʚ ʧʘʣʠʚʥʠʭ ʙʘʢʘʭ 

o ɯʜʝʥʪʠʬʽʢʘʮʽʷ ʚʠʪʦʢʫ ʨʝʯʦʚʠʥʠ 

o ʂʦʥʪʨʦʣʴ ʚʽʙʨʘʮʽʾ 

o ʆʧʪʠʤʽʟʘʮʽʷ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ 

o ʂʦʥʪʨʦʣʴ ʜʘʪʯʠʢʽʚ ʜʣʷ ʣʽʯʠʣʴʥʠʢʽʚ ʚʦʜʠ, 
ʛʘʟʫ, ʝʣʝʢʪʨʠʢʠ 

¶ ɿʘʩʪʦʩʫʚʘʥʥʷ ʚ ʤʽʩʪʘʭ/ʙʫʜʠʥʢʘʭ: 

o çʈʦʟʫʤʥʝè ʤʽʩʪʦ 

o çʈʦʟʫʤʥʘè ʧʘʨʢʦʚʢʘ 

o ʄʦʥʽʪʦʨʽʥʛ ʚʩʽʭ ʚʽʣʴʥʠʭ / ʟʘʡʥʷʪʠʭ ʤʽʩʮʴ ʥʘ 
ʧʘʨʢʦʚʮʽ  

o ʄʝʨʝʞʘ ʝʣʝʢʪʨʦʟʘʧʨʘʚʦʢ 

o ʄʦʥʽʪʦʨʽʥʛ ʛʨʦʤʘʜʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ 

o ʉʣʫʞʙʘ ʪʘʢʩʽ 

¶ çʈʦʟʫʤʥʠʡè ʙʫʜʠʥʦʢ: 

o ʂʦʥʪʨʦʣʴ ʪʝʤʧʝʨʘʪʫʨʠ 

o ʂʦʥʪʨʦʣʴ ʜʘʪʯʠʢʽʚ ʜʠʤʫ 

o ɯʜʝʥʪʠʬʽʢʘʮʽʷ ʚʠʪʦʢʫ ʚʦʜʠ 

o ʆʧʪʽʤʽʟʘʮʽʷ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ 

¶ ɸʛʨʦʢʦʤʧʣʝʢʩ: 

o ʄʦʥʽʪʦʨʽʥʛ ʪʝʤʧʝʨʘʪʫʨʠ 

o çʈʦʟʫʤʥʠʡè ʧʦʣʠʚ 

o ɺʽʜʩʪʝʞʝʥʥʷ ʨʦʟʪʘʰʫʚʘʥʥʷ ʪʚʘʨʠʥ 

o ʂʦʥʪʨʦʣʴ ʚʦʣʦʛʦʩʪʽ ʛʨʫʥʪʫ 

o ʄʦʥʽʪʦʨʠʥʛ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ 

¶ ʇʝʨʝʚʝʟʝʥʥʷ ʚʘʥʪʘʞʽʚ 

¶ ʆʭʦʨʦʥʘ ʟʜʦʨʦʚ'ʷ: 

o ɼʘʪʯʠʢʠ ʢʦʥʪʨʦʣʶ ʩʪʘʥʫ ʟʜʦʨʦʚ'ʷ ʧʘʮʽʻʥʪʽʚ 

o ɺʽʜʜʘʣʝʥʠʡ ʤʦʥʽʪʦʨʠʥʛ ʽ ʧʝʨʝʜʘʯʘ ʜʘʥʠʭ ʧʨʦ 
ʩʪʘʥ ʟʜʦʨʦʚ'ʷ 

ɼʘʥʠʡ ʩʧʠʩʦʢ ʤʦʞʥʘ ʧʨʦʜʦʚʞʫʚʘʪʠ ʙʝʟʢʽʥʝʯʥʦ 

ʜʦʚʛʦ, ï ʧʨʦʪʝ ʡʦʛʦ ʤʝʪʦʶ ʻ ʚʣʘʩʥʝ ʧʦʢʘʟʘʪʠ, ʱʦ ʛʘ-

ʣʫʟʝʡ ʽ ʦʙʣʘʩʪʝʡ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʡ IoT ʚ ʋʢ-

ʨʘʾʥʽ ʽ ʩʚʽʪʽ ʻ ʜʫʞʝ ʙʘʛʘʪʦ, ʽ ʥʘʨʘʟʽ ʚ ʋʢʨʘʾʥʽ ʪʘʢʦʛʦ 

ʨʦʜʫ ʟʘʩʪʦʩʫʥʢʠ ʽ ʧʦʩʣʫʛʠ ʟʥʘʭʦʜʷʪʴʩʷ ʥʘ ʧʦʯʘʪʢʦ-

ʚʦʤʫ ʝʪʘʧʽ ʚʧʨʦʚʘʜʞʝʥʥʷ ʽ ʱʝ ʙʘʛʘʪʦ ʯʦʛʦ ʤʦʞʥʘ 

ʦʧʪʠʤʽʟʫʚʘʪʠ ʟ ʤʝʪʦʶ ʧʦʣʽʧʰʝʥʥʷ ʷʢʦʩʪʽ ʞʠʪʪʷ ʪʘ 

ʝʢʦʥʦʤʽʾ ʨʝʩʫʨʩʽʚ. 

ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ, ʚ ʜʘʥʽʡ ʨʦʙʦʪʽ ʚʠʢʦʥʘʥʦ ʧʨʘʢ-

ʪʠʯʥʫ ʯʘʩʪʠʥʫ ʟ ʨʦʟʨʦʙʢʠ ʫʥʽʚʝʨʩʘʣʴʥʦʛʦ ʨʽʰʝʥʥʷ 

ʜʣʷ IoT, ʷʢʝ ʤʦʞʥʘ ʚʧʨʦʚʘʜʞʫʚʘʪʠ ʽ ʦʧʪʠʤʽʟʦʚʫʚʘʪʠ 

ʜʣʷ ʨʽʟʥʠʭ ʩʝʨʚʽʩʽʚ ʽ ʧʦʪʨʝʙ.  

ʅʘʩʪʫʧʥʠʡ ʨʦʟʜʽʣ ʦʧʠʩʫʻ ʩʢʣʘʜʦʚʽ ʢʦʤʧʦʥʝʥʪʠ 

ʪʘ ʨʝʘʣʽʟʘʮʽʶ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʨʽʰʝʥʥʷ IoT. 

3. ʇʨʘʢʪʠʯʥʘ ʤ͜ʧʣʝʤʝʥʪʘʮ̫͜  ˱ʦʊ-ʨ͜h ʝʥʥʷ ʰʠʨʦ-

ʢʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʘ ʙʘʟ ͜ʧʣʘʪʠ ESP8266 ʪʘ ʪʦ-

ʯʢʠ ʜʦʩʪʫʧʫ Mikrotik RB951G ʩʪʘʥʜʘʨʪʫ IEEE 

802.11n 

3.1. ɸʨʭʽʪʝʢʪʫʨʘ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ IoT ʨʽʰʝʥʥʷ 

ɺ ʨʘʤʢʘʭ ʧʨʘʢʪʠʯʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ, ʧʦʩʪʘ-

ʣʝʥʘ ʽ ʚʠʨʽʰʝʥʘ ʟʘʜʘʯʘ ʽʤʧʣʝʤʝʥʪʘʮʽʾ ʨʽʰʝʥʥʷ IoT 

ʩʪʦʩʦʚʥʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʦʙʦʪʠ ʩʬʝʨ ʜʽʷʣʴʥʦʩʪʽ ʣʶ-

ʜʠʥʠ ʥʘ ʦʩʥʦʚʽ ʩʧʦʣʫʯʝʥʥʷ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʩʝʥʩʦʨʽʚ 

ʽ ʥʦʚʽʪʥʽʭ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʨʽʰʝʥʴ. ʅʘ ʨʠʩ. 4 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʫʟʘʛʘʣʴʥʝʥʘ ʩʭʝʤʘ IoT ʨʽʰʝʥʥʷ, ʘ ʾʾ 

ʨʝʘʣʽʟʦʚʘʥʘ ʯʘʩʪʠʥʘ ʚʠʜʽʣʝʥʘ ʩʫʮʽʣʴʥʦʶ ʞʠʨʥʦʶ 

ʣʽʥʽʻʶ. 
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ʈʠʩ. 4. ɸʨʭʽʪʝʢʪʫʨʘ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʽ ʨʝʘʣʽʟʦʚʘʥʦʛʦ IoT ʨʽʰʝʥʥʷ 

 

ʉʬʝʨʠ ʟʘʩʪʦʩʫʚʘʥʥʷ IoT, ʚ ʷʢʠʭ ʤʦʞʝ ʟʘʩʪʦ-

ʩʦʚʫʚʘʪʠʩʷ ʟʘʧʨʦʧʦʥʦʚʘʥʝ ʨʽʰʝʥʥʷ: 

1) ʜʦʤʘʰʥʷ (ʦʭʦʨʦʥʘ, ʪʝʤʧʝʨʘʪʫʨʘ, ʚʦʣʦʛʽʩʪʴ, 

ʚʽʜʢʨʠʪʪʷ/ʟʘʢʨʠʪʪʷ, ʨʦʟʝʪʢʠ); 

2) ʢʦʤʫʥʘʣʴʥʘ (ʣʽʯʠʣʴʥʠʢʠ ʝʣʝʢʪʨʠʢʠ, ʪʝʧʣʘ); 

3) ʧʨʦʤʠʩʣʦʚʘ (ʢʦʥʪʨʦʣʴ ʟʘʨʷʜʫ ʙʘʪʘʨʝʾ, ʥʘʷʚ-

ʥʦʩʪʽ ʚʠʪʦʢʫ ʛʘʟʫ, ʦʭʦʨʦʥʘ, ʪʝʤʧʝʨʘʪʫʨʘ). 

ʄʝʪʘ ʝʢʩʧʝʨʠʤʝʥʪʫ ʧʦʣʷʛʘʻ ʚ ʘʧʘʨʘʪʥʦ-ʧʨʦ-

ʛʨʘʤʥʦʤʫ ʚʽʜʧʨʘʮʶʚʘʥʥʽ ʝʣʝʤʝʥʪʽʚ ʪʝʭʥʦʣʦʛʽʡ IoT 

ʜʣʷ ʩʧʦʣʫʯʝʥʥʷ ʜʘʪʯʠʢʽʚ ʟ ʢʦʤʧʣʝʢʩʦʤ ʽʥʬʦʨʤʘ-

ʮʽʡʥʦ-ʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʢʦʤʧʦʥʝʥʪ. 

ɿʘʚʜʘʥʥʷ: ʧʦʙʫʜʫʚʘʪʠ ʧʨʠʢʣʘʜʥʝ ʫʥʽʚʝʨʩʘ-

ʣʴʥʝ ʨʽʰʝʥʥʷ IoT ʟ ʜʘʪʯʠʢʘʤʠ ʪʝʤʧʝʨʘʪʫʨʠ, ʚʦʣʦʛʦ-

ʩʪʽ, ʚʽʜʢʨʠʪʪʷ/ʟʘʢʨʠʪʪʷ, ʦʩʚʽʪʣʝʥʥʷ, ʟ ʚʠʢʦʨʠʩʪʘʥ-

ʥʷʤ ʩʫʯʘʩʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʪʝʭʥʦ-

ʣʦʛʽʡ ʜʣʷ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʚʽʜ ʩʝʥʩʦʨʽʚ ʚ ʘʚʪʦʥʦʤʥʠʡ 

ʥʝʟʘʣʝʞʥʠʡ ʚʽʜ ʤʝʨʝʞʽ ɯʥʪʝʨʥʝʪ ʮʝʥʪʨ ʦʙʨʦʙʢʠ ʜʘ-

ʥʠʭ ʽ ʟ ʤʦʞʣʠʚʽʩʪʶ ʜʦʩʪʫʧʫ ʜʦ ʥʠʭ ʘʙʦʥʝʥʪʘ ʟ ʤʦ-

ʙʽʣʴʥʦʛʦ ʪʝʨʤʽʥʘʣʫ. 

ɽʪʘʧʠ ʚʠʢʦʥʘʥʥʷ ʟʘʚʜʘʥʥʷ: 

1. ʇʦʰʫʢ ʽ ʚʠʙʽʨ ʘʧʘʨʘʪʥʠʭ ʽ ʧʨʦʛʨʘʤʥʠʭ ʢʦʤ-

ʧʦʥʝʥʪ ʜʣʷ ʩʪʚʦʨʝʥʥʷ IoT ʨʽʰʝʥʥʷ: 

- ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ ʪʘ ʦʙʨʘʥʽ ʘʧʘʨʘʪʥʽ ʟʘʩʦʙʠ, 

160 ʚʘʨʽʘʮʽʡ, ʽ ʾʭ ʢʦʤʧʦʥʝʥʪʠ, 

- ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ ʪʘ ʦʙʨʘʥʽ ʧʨʦʛʨʘʤʥʽ ʟʘʩʦʙʠ, 

ʽʥʩʪʨʫʤʝʥʪʠ, ʦʧʝʨʘʮʽʡʥʽ ʩʠʩʪʝʤʠ ʽ ʤʦʚʥʽ ʧʣʘʪʬʦ-

ʨʤʠ, 

- ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ ʧʨʦʚʘʡʜʝʨʠ ʢʣʘʫʜ ʪʝʭʥʦʣʦʛʽʡ 

ʜʣʷ ʨʽʰʝʥʴ IoT ʟ 123 ʥʘʡʙʽʣʴʰ ʨʦʟʧʦʚʩʶʜʞʝʥʠʭ. 

2. ʉʧʦʣʫʯʝʥʥʷ ʩʝʥʩʦʨʽʚ IoT ʟ ʢʦʤʧʣʝʢʩʦʤ ʽʥ-

ʬʦʨʤʘʮʽʡʥʦ-ʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʢʦʤʧʦʥʝʥʪ. 

3. ɯʤʧʣʝʤʝʥʪʘʮʽʷ ʧʨʠʢʣʘʜʥʦʛʦ ʨʽʰʝʥʥʷ IoT 

ʜʣʷ ʦʙʨʘʥʠʭ ʩʬʝʨ ʟʘʩʪʦʩʫʚʘʥʥʷ IoT. 

 

ɼʘʥʝ ʨʽʰʝʥʥʷ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 3-ʪʨʴʦʭ ʯʘʩʪʠʥ: 

1. ʉʝʨʚʝʨʥʦʾ ʯʘʩʪʠʥʠ, ʷʢʘ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ 

web-ʩʝʨʚʝʨ, ʷʢʠʡ ʚʩʪʘʥʦʚʣʝʥʠʡ ʥʘ ʇʂ, ʪʘ ʤʘʻ ʽʥʪʝ-

ʨʬʝʡʩ WiFi. ʅʘ ʩʪʦʨʦʥʽ ʩʝʨʚʝʨʘ ʟʙʝʨʽʛʘʻʪʴʩʷ ʽʥʬʦʨ-

ʤʘʮʽʷ, ʷʢʘ ʧʦʩʪʫʧʘʻ ʚʽʜ ʜʘʪʯʠʢʽʚ, ʘ ʪʘʢʦʞ ʚʠʢʦʨʠʩ-

ʪʦʚʫʻʪʴʩʷ ʜʣʷ ʜʦʩʪʫʧʫ ʢʽʥʮʝʚʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ ʜʦ ʜʘ-

ʥʠʭ ʚʽʜ ʩʝʥʩʦʨʽʚ. 

2.  ʄʝʨʝʞʝʚʦʾ ʯʘʩʪʠʥʠ, ʷʢʘ ʚ ʜʘʥʦʤʫ ʧʨʠʢ-

ʣʘʜʽ ʷʚʣʷʻ ʩʦʙʦʶ ʪʦʯʢʫ ʙʝʟʜʨʦʪʦʚʦʛʦ ʜʦʩʪʫʧʫ ʚʽʜ 

ʚʠʨʦʙʥʠʢʘ Mikrotik ʩʪʘʥʜʘʨʪʫ IEEE 802.11, ʤʦʜʝʣʴ 

RB951G. 

3. ʉʝʥʩʦʨʥʦʾ ʯʘʩʪʠʥʠ, ʧʨʝʜʩʪʘʚʣʝʥʦʾ ʢʦʥʪʨʦ-

ʣʝʨʦʤ ESP8266, ʟ ʧʽʜʪʨʠʤʢʦʶ ʩʪʘʥʜʘʨʪʫ ɯɽɽɽ 

802.11, ʜʣʷ ʧʽʜʢʣʶʯʝʥʥʷ ʜʦ ʪʦʯʢʠ ʜʦʩʪʫʧʫ ʽ ʧʝʨʝʜʘ-

ʚʘʥʥʷ ʜʘʥʠʭ ʚʽʜ ʩʝʥʩʦʨʽʚ. 

 

3.2. ʆʛʣʷʜ ʢʦʤʧʦʥʝʥʪ ʘʧʘʨʘʪʥʦʾ ʯʘʩʪʠʥʠ ʟʘʧʨʦ-

ʧʦʥʦʚʘʥʦʛʦ ʨʽʰʝʥʥʷ IoT 

 ɺ ʷʢʦʩʪʽ ʦʩʥʦʚʥʦʛʦ ʧʨʠʩʪʨʦʶ ʚʠʙʨʘʥʦ WiFi 

ʧʣʘʪʫ NodeMCU V3 ESP8266, ʱʦ ʤʘʻ ʙʝʟʧʨʦʚʦʜʦ-

ʚʠʡ ʽʥʪʝʨʬʝʡʩ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʩʪʘʥʜʘʨʪʫ IEEE 

802.11. 


