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ʅɸʎʀʆʅɸʃʔʅʆʁ ɸʂɸɼɽʄʀʀ ʅɸʋʂ 

ʈɽʉʇʋɹʃʀʂʀ ʂɸɿɸʍʉʊɸʅ 

 
ɻ ʣ ʘ ʚ ʥ ʳ ʡ    ʨ ʝ ʜ ʘ ʢ ʪ ʦ ʨ  
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ʈ ʝ ʜ ʘ ʢ ʮ ʠ ʦ ʥ ʥ ʘ ʷ    ʢ ʦ ʣ ʣ ʝ ʛ ʠ ʷ: 
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Abstract. The article develops a natural science approach to the consideration of the evolution of matter in 

general, including inanimate and animate nature and human society. Moreover, the matrix evolution is treated as an 

attractor of the dynamical system, which is the material world as a whole. Evolutionary formation of the matrix and 

is the movement of material objects to a specific system structure, i.e. an attractor. 

This movement can be traced of fixed laws of materialist dialectics: negation of negation, the unity and struggle 

of opposites, the transition from quantitative to qualitative changes, and so peculiar that created the structure of the 

matrix as a phenomenological source of these laws. Implementing matrix helped identify another independent action 

dialectical laws related as for known dialectical laws, the fundamental concept of stability of the dynamical system. 

In addition to improving the sustainability of the natural ways through managed to free each of them can be formed 

initially extremely sophisticated objects that are not capable of further modification, and therefore immediately 

excluded from the evolutionary process. In essence, they are parasitic, in connection with which the evolutionary 

existence of any object coordinates are four-dimensional ï it's spontaneity, manageability, freedom, parasitism. 
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ʄɸʊʈʀʎɸ ʕɺʆʃʖʎʀʀ ʂɸʂ ɸʊʊʈɸʂʊʆʈ 

ʉɸʄʆʆʈɻɸʅʀɿɸʎʀʀ ʄɸʊɽʈʀʀ 
ɺ.ʇ. ʄʘʣʳʰʝʚ 

eia_hmi@mail.ru 

ʍʠʤʠʢʦ-ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʠʤ. ɾ. ɸʙʠʰʝʚʘ, ʛ.ʂʘʨʘʛʘʥʜʘ 
 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʚʦʣʶʮʠʷ, ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʷ, ʘʪʪʨʘʢʪʦʨ, ʤʘʪʨʠʮʘ, ʜʠʘʣʝʢʪʠʢʘ 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʟʚʠʚʘʝʪʩʷ ʝʩʪʝʩʪʚʝʥʥʦʥʘʫʯʥʳʡ ʧʦʜʭʦʜ ʢ ʨʘʩʩʤʦʪʨʝʥʠʶ ʵʚʦʣʶʮʠʠ ʤʘʪʝʨʠʠ ʚ 

ʮʝʣʦʤ, ʚʢʣʶʯʘʷ ʥʝʞʠʚʫʶ ʠ ʞʠʚʫʶ ʧʨʠʨʦʜʫ ʠ ʯʝʣʦʚʝʯʝʩʢʦʝ ʦʙʱʝʩʪʚʦ. ʇʨʠ ʵʪʦʤ ʤʘʪʨʠʮʘ ʵʚʦʣʶʮʠʠ 

ʪʨʘʢʪʫʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʘʪʪʨʘʢʪʦʨʘ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, ʢʘʢʦʚʦʡ ʷʚʣʷʝʪʩʷ ʤʘʪʝʨʠʘʣʴʥʳʡ ʤʠʨ ʚ ʮʝʣʦʤ. 

ʕʚʦʣʶʮʠʦʥʥʦʝ ʬʦʨʤʠʨʦʚʘʥʠʝ ʤʘʪʨʠʮʳ ʠ ʝʩʪʴ ʜʚʠʞʝʥʠʝ ʤʘʪʝʨʠʘʣʴʥʳʭ ʦʙʲʝʢʪʦʚ ʢ ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʠʩʪʝʤʥʦʡ 

ʩʪʨʫʢʪʫʨʝ, ʪʦ ʝʩʪʴ ʢ ʘʪʪʨʘʢʪʦʨʫ. 

ɺ ʵʪʦʤ ʜʚʠʞʝʥʠʠ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʜʝʡʩʪʚʠʝ ʦʩʥʦʚʥʳʭ ʟʘʢʦʥʦʚ ʤʘʪʝʨʠʘʣʠʩʪʠʯʝʩʢʦʡ ʜʠʘʣʝʢʪʠʢʠ: 

ʦʪʨʠʮʘʥʠʷ ʦʪʨʠʮʘʥʠʷ, ʝʜʠʥʩʪʚʘ ʠ ʙʦʨʴʙʳ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʝʡ, ʧʝʨʝʭʦʜʘ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʠʟʤʝʥʝʥʠʡ ʚ 

ʢʘʯʝʩʪʚʝʥʥʳʝ, ʧʨʠʯʝʤ ʩ ʪʝʤ ʩʚʦʝʦʙʨʘʟʠʝʤ, ʢʦʪʦʨʦʝ ʩʦʟʜʘʝʪʩʷ ʩʪʨʫʢʪʫʨʦʡ ʤʘʪʨʠʮʳ ʢʘʢ ʬʝʥʦʤʝʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʠʩʪʦʯʥʠʢʘ ʵʪʠʭ ʟʘʢʦʥʦʚ. ʈʝʘʣʠʟʘʮʠʷ ʤʘʪʨʠʮʳ ʧʦʟʚʦʣʠʣʘ ʚʳʷʚʠʪʴ ʥʝʟʘʚʠʩʠʤʦʝ ʜʝʡʩʪʚʠʝ ʝʱʝ ʦʜʥʦʡ 

ʜʠʘʣʝʢʪʠʯʝʩʢʦʡ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ, ʩʚʷʟʘʥʥʦʡ, ʢʘʢ ʠ ʜʣʷ ʠʟʚʝʩʪʥʳʭ ʜʠʘʣʝʢʪʠʯʝʩʢʠʭ ʟʘʢʦʥʦʚ, ʩ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤ ʧʦʥʷʪʠʝʤ ʫʩʪʦʡʯʠʚʦʩʪʠ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. ʇʦʤʠʤʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʩʧʦʩʦʙʘ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʦʪ ʩʪʠʭʠʡʥʦʛʦ ʯʝʨʝʟ ʫʧʨʘʚʣʷʝʤʳʡ ʢ ʩʚʦʙʦʜʥʦʤʫ ʚ ʢʘʞʜʦʤ ʠʟ ʥʠʭ ʩʧʦʩʦʙʥʳ ʬʦʨʤʠʨʦʚʘʪʴʩʷ 

ʠʟʥʘʯʘʣʴʥʦ ʧʨʝʜʝʣʴʥʦ ʩʦʚʝʨʰʝʥʥʳʝ ʦʙʲʝʢʪʳ, ʥʝ ʩʧʦʩʦʙʥʳʝ ʢ ʜʘʣʴʥʝʡʰʝʤʫ ʠʟʤʝʥʝʥʠʶ ʠ ʧʦʪʦʤʫ ʩʨʘʟʫ ʞʝ 

ʠʩʢʣʶʯʝʥʥʳʝ ʠʟ ʵʚʦʣʶʮʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ. ʇʦ ʩʫɦ ʝʩʪʚʫ ʦʥʠ ʷʚʣʷʶʪʩʷ ʧʘʨʘʟʠʪʥʳʤʠ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ 

ʵʚʦʣʶʮʠʦʥʥʳʝ ʢʦʦʨʜʠʥʘʪʳ ʙʳʪʠʷ ʣʶʙʦʛʦ ʦʙʲʝʢʪʘ ʦʢʘʟʳʚʘʶʪʩʷ ʯʝʪʳʨʝʭʤʝʨʥʳʤʠ ï ʵʪʦ ʩʪʠʭʠʡʥʦʩʪʴ, 

ʫʧʨʘʚʣʷʝʤʦʩʪʴ, ʩʚʦʙʦʜʘ, ʧʘʨʘʟʠʪʠʟʤ. 

 

ʂʘʢ ʧʦʢʘʟʘʥʦ ʚ ʥʘʰʠʭ ʨʘʙʦʪʘʭ [1, 2], ʤʘʪʝʨʠʘʣʴʥʳʡ ʤʠʨ ʯʠʩʪʦ ʬʝʥʦʤʝʥʦʣʦʛʠʯʝʩʢʠ ʤʦʞʝʪ ʙʳʪʴ 
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ʠʩʯʝʨʧʳʚʘʶʱʝ ʧʨʝʜʩʪʘʚʣʝʥ ʰʝʩʪʴʶ ʥʘʠʙʦʣʝʝ ʢʨʫʧʥʳʤʠ ʩʦʧʦʜʯʠʥʝʥʥʳʤʠ ʦʙʲʝʢʪʘʤʠ: ʧʦʣʝʤ, 

ʚʝʱʝʩʪʚʦʤ, ʨʘʩʪʝʥʠʷʤʠ, ʞʠʚʦʪʥʳʤʠ, ʨʘʟʫʤʥʳʤʠ ʩʫʱʝʩʪʚʘʤʠ (ʣʶʜʴʤʠ) ʠ ʚʝʱʘʤʠ (ʧʨʦʜʫʢʪʘʤʠ 

ʩʦʟʥʘʪʝʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʣʶʜʝʡ). ɺʩʝ ʦʥʠ ʜʦʩʪʫʧʥʳ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤʫ ʚʦʩʧʨʠʷʪʠʶ ʯʝʨʝʟ 

ʤʥʦʞʝʩʪʚʦ ʩʚʦʠʭ ʢʦʥʢʨʝʪʥʳʭ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ. ʉʪʦʣʴ ʞʝ ʬʝʥʦʤʝʥʦʣʦʛʠʯʝʩʢʠ ʤʦʞʝʪ ʙʳʪʴ ʦʪʦʙʨʘʞʝʥʘ 

ʩʚʷʟʴ ʵʪʠʭ ʦʙʲʝʢʪʦʚ ʧʦ ʠʭ ʵʚʦʣʶʮʠʦʥʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʠ ʩʦʩʫʱʝʩʪʚʦʚʘʥʠʶ (ʨʠʩ. 1). 

ɸʥʘʣʠʟ ʵʚʦʣʶʮʠʦʥʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʦʙʲʝʢʪʦʚ ʚ ʩʪʘʜʠʷʭ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʦ ʤʝʨʝ ʧʝʨʝʭʦʜʘ ʦʪ 

ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʢ ʪʨʝʪʴʝʡ ʭʘʨʘʢʪʝʨ ʚʟʘʠʤʦʩʚʷʟʠ ʦʙʲʝʢʪʦʚ ʠʟʤʝʥʷʝʪʩʷ ʦʪ ʘʙʩʦʣʶʪʥʦʡ ʚʟʘʠʤʥʦʡ 

ʟʘʚʠʩʠʤʦʩʪʠ (ʧʦʣʝ-ʚʝʱʝʩʪʚʦ) ʯʝʨʝʟ ʦʜʥʦʩʪʦʨʦʥʥʶʶ ʥʝʟʘʚʠʩʠʤʦʩʪʴ (ʨʘʩʪʝʥʠʷ-ʞʠʚʦʪʥʳʝ) ʢ 

ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʟʘʠʤʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ (ʣʶʜʠ-ʚʝʱʠ). ɺ ʩʘʤʦʤ ʜʝʣʝ, ʧʦʣʝ ʠ ʚʝʱʝʩʪʚʦ ʩʚʷʟʘʥʳ 

ʥʝʨʘʟʨʳʚʥʦ (ʧʦʣʝ ï ʠʩʪʦʯʥʠʢ ʠ ʧʨʦʜʦʣʞʝʥʠʝ ʚʝʱʝʩʪʚʘ, ʚʝʱʝʩʪʚʦ ï ʥʘʠʙʦʣʝʝ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʡ 

ʩʛʫʩʪʦʢ ʧʦʣʷ), ʨʘʩʪʝʥʠʷ ʤʦʛʫʪ ʩʫʱʝʩʪʚʦʚʘʪʴ ʙʝʟ ʞʠʚʦʪʥʳʭ, ʥʦ ʥʝ ʥʘʦʙʦʨʦʪ, ʘ ʣʶʜʠ ʠ ʚʝʱʠ 

ʦʢʘʟʳʚʘʶʪʩʷ ʚʟʘʠʤʥʦ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʦʙʲʝʢʪʘʤʠ ʵʚʦʣʶʮʠʠ. ɺ ʵʪʦʤ ʤʦʞʥʦ ʫʩʤʦʪʨʝʪʴ ʜʝʡʩʪʚʠʝ 

ʦʜʥʦʛʦ ʠʟ ʦʩʥʦʚʥʳʭ ʟʘʢʦʥʦʚ ʜʠʘʣʝʢʪʠʢʠ ï ʦʪʨʠʮʘʥʠʷ ʦʪʨʠʮʘʥʠʷ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʤʫ ʜʚʦʡʥʦʝ 

ʦʪʨʠʮʘʥʠʝ ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʚʨʘʪʫ ʥʘ ʥʦʚʦʤ ʫʨʦʚʥʝ ʢ ʠʩʭʦʜʥʦʤʫ ʢʘʯʝʩʪʚʫ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ 

ʘʙʩʦʣʶʪʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʦʪʥʦʩʠʪʝʣʴʥʫʶ, ʥʦ ʩ ʪʝʤ ʞʝ ʨʘʚʥʦʧʨʘʚʥʳʤ ʧʦʣʦʞʝʥʠʝʤ 

ʩʪʦʨʦʥ (ʦʜʥʦ ʙʝʟ ʜʨʫʛʦʛʦ ʩʫʱʝʩʪʚʦʚʘʪʴ ʥʝ ʤʦʞʝʪ) ʧʨʠ ʷʚʥʦʤ ʦʩʣʘʙʣʝʥʠʠ ʞʝʩʪʢʦʩʪʠ ʚʟʘʠʤʦʩʚʷʟʠ ʚ 

ʪʨʝʪʴʝʡ ʩʪʘʜʠʠ. ʕʪʦ ʦʩʣʘʙʣʝʥʠʝ ʩʣʝʜʫʝʪ ʧʦʥʠʤʘʪʴ ʢʘʢ ʦʩʚʦʙʦʞʜʝʥʠʝ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʝ 

ʚʦʟʤʦʞʥʦʩʪʴ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʫʩʪʦʡʯʠʚʦʩʪʠ. 

 
ʈʠʩʫʥʦʢ 1 ï ʆʙʱʘʷ ʩʪʨʫʢʪʫʨʘ ʵʚʦʣʶʮʠʠ ʤʘʪʝʨʠʠ 

 

ʉʘʤʦ ʞʝ ʦʩʚʦʙʦʞʜʝʥʠʝ ʦʢʘʟʳʚʘʝʪʩʷ ʧʦʜʛʦʪʦʚʣʝʥʥʳʤ ʧʨʝʜʳʜʫʱʠʤ ʧʝʨʝʭʦʜʦʤ ʦʪ ʧʝʨʚʦʡ ʩʪʘʜʠʠ 

ʢʦ ʚʪʦʨʦʡ, ʪ.ʝ. ʦʪ ʥʝʞʠʚʦʡ ʧʨʠʨʦʜʳ ʢ ʞʠʚʦʡ, ʢʦʛʜʘ ʩʪʠʭʠʡʥʘʷ ʚʟʘʠʤʦʩʚʷʟʴ ʦʙʲʝʢʪʦʚ ʟʘʤʝʥʷʝʪʩʷ, ʘ 

ʪʝʤ ʩʘʤʳʤ ʦʪʨʠʮʘʝʪʩʷ ʫʧʨʘʚʣʷʝʤʦʩʪʴʶ ʦʨʛʘʥʠʟʤʦʚ (ʙʝʟ ʦʨʛʘʥʦʚ ʫʧʨʘʚʣʝʥʠʷ, ʥʘʯʠʥʘʷ ʩ 

ʨʠʙʦʥʫʢʣʝʠʥʦʚʳʭ ʠ ʜʝʟʦʢʩʠʨʠʙʦʥʫʢʣʝʠʥʦʚʳʭ ʢʠʩʣʦʪ, ʞʠʚʳʭ ʩʫʱʝʩʪʚ ʥʝ ʙʳʚʘʝʪ). ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, 

ʞʝʩʪʢʘʷ ʫʧʨʘʚʣʷʝʤʦʩʪʴ ʚ ʦʙʱʝʩʪʚʝʥʥʦʡ ʩʪʘʜʠʠ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʦʩʦʟʥʘʥʥʫʶ, ʧʦ ʩʫʱʝʩʪʚʫ, 

ʩʚʦʙʦʜʥʫʶ ʬʦʨʤʫ ʫʩʪʦʡʯʠʚʦʩʪʠ. 

ʃʶʜʠ ɺʝʱʠ 

ɾʠʚʦʪʥʳʝ ʈʘʩʪʝʥʠʷ 

ʇʦʣʝ ɺʝʱʝʩʪʚʦ 

ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʘʷ  

ʩʪʘʜʠʷ 

ɹʠʦʣʦʛʠʯʝʩʢʘʷ ʩʪʘʜʠʷ 

ʆʙʱʝʩʪʚʝʥʥʘʷ ʩʪʘʜʠʷ 
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ɺ ʵʪʦʡ ʩʚʷʟʠ ʯʠʩʪʦ ʬʝʥʦʤʝʥʦʣʦʛʠʯʝʩʢʘʷ ʪʨʘʢʪʦʚʢʘ ʩʪʨʫʢʪʫʨʳ ʵʚʦʣʮʁʠʠ ʤʘʪʝʨʠʠ ʥʘʧʦʣʥʷʝʪʩʷ 

ʩʦʜʝʨʞʘʥʠʝʤ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʚʷʟʘʥʥʳʤ ʩ ʩʫʱʥʦʩʪʴʶ ʵʚʦʣʶʮʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʘ ʠʤʝʥʥʦ ʩ 

ʢʘʯʝʩʪʚʝʥʥʳʤ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝʤ ʩʧʦʩʦʙʘ ʫʩʪʦʡʯʠʚʦʩʪʠ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʦʟʚʦʣʠʪʝʣʴʥʦ ʩʯʠʪʘʪʴ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʫʶ ʤʝʛʘʩʪʨʫʢʪʫʨʫ ʢʘʢ ʩʫʱʥʦʩʪʥʫʶ ʤʘʪʨʠʮʫ ʵʚʦʣʶʮʠʠ ʠ ʧʨʝʜʩʪʘʚʠʪʴ ʝʝ ʚ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʚʠʜʝ (ʨʠʩ. 2). 

 
ʈʠʩʫʥʦʢ 2 ï ʄʘʪʨʠʮʘ ʵʚʦʣʶʮʠʠ 

 

ʇʨʠ ʜʝʪʘʣʴʥʦʤ ʨʘʩʩʤʦʪʨʝʥʠʠ ʩʪʘʜʠʡ ʥʘ ʫʨʦʚʥʝ ʵʪʘʧʦʚ ʧʨʝʞʜʝ ʚʩʝʛʦ ʦʙʥʘʨʫʞʠʣʦʩʴ, ʯʪʦ ʠʭ 

ʵʚʦʣʶʮʠʷ ʪʘʢʞʝ ʧʦʜʯʠʥʷʝʪʩʷ ʪʨʝʭʫʨʦʚʥʝʚʦʡ ʛʨʘʜʘʮʠʠ, ʪʝʤ ʩʘʤʳʤ ʧʦʜʛʦʪʘʚʣʠʚʘʷ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʤʝʛʘʩʪʨʫʢʪʫʨʳ ʧʦ ʧʨʠʥʮʠʧʫ ʬʨʘʢʪʘʣʴʥʦʛʦ ʩʦʦʪʚʝʪʩʪʚʠʷ ʠ ʧʦʚʪʦʨʝʥʠʷ ʜʠʘʣʝʢʪʠʢʠ ʦʪʨʠʮʘʥʠʷ 

ʦʪʨʠʮʘʥʠʷ ʚ ʦʪʥʦʰʝʥʠʠ ʠʟʤʝʥʝʥʠʷ ʚʟʘʠʤʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʦʙʲʝʢʪʦʚ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʫʨʦʚʥʷ ʢ 

ʫʨʦʚʥʶ. 

ɽʱʝ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦʝ ʨʘʩʩʤʦʪʨʝʥʠʝ ʪʘʢʠʭ ʦʙʲʝʢʪʦʚ ʚʧʣʦʪʴ ʜʦ ʝʜʠʥʠʯʥʳʭ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ 

ʧʦʟʚʦʣʠʣʦ ʚʳʜʝʣʠʪʴ ʪʘʢʠʝ ʠʟ ʥʠʭ, ʢʦʪʦʨʳʝ ʦʙʣʘʜʘʶʪ ʩʘʤʦʡ ʚʳʩʦʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʙʣʘʛʦʜʘʨʷ 

ʧʨʝʜʝʣʴʥʦ ʩʦʚʝʨʰʝʥʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ. ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʧʨʦʮʝʩʩ ʵʚʦʣʶʮʠʠ ʜʣʷ ʥʠʭ ʟʘʢʘʥʯʠʚʘʝʪʩʷ 

ʩʨʘʟʫ ʧʦʩʣʝ ʦʙʨʘʟʦʚʘʥʠʷ, ʠ ʦʥʠ ʦʢʘʟʳʚʘʶʪʩʷ ʚ ʵʚʦʣʶʮʠʦʥʥʦʤ ʪʫʧʠʢʝ. 

ʊʘʢʦʚʳ, ʥʘʧʨʠʤʝʨ, ʠʥʝʨʪʥʳʝ ʛʘʟʳ, ʠʟ ʢʦʪʦʨʳʭ ʥʠʢʦʛʜʘ ʥʝ ʦʙʨʘʟʫʶʪʩʷ ʤʦʣʝʢʫʣʳ; ʚʠʨʫʩʳ, 

ʢʦʪʦʨʳʝ ʥʠʢʦʛʜʘ ʥʝ ʦʙʲʝʜʠʥʷʪʩʷ ʚ ʤʥʦʛʦʢʣʝʪʦʯʥʳʝ ʦʨʛʘʥʠʟʤʳ; ʣʠʯʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʷʚʦʯʥʳʤ 

ʧʦʨʷʜʢʦʤ ʦʩʚʦʙʦʜʠʣʠʩʴ ʦʪ ʩʦʮʠʘʣʥɹʳʭ ʦʢʦʚ, ʧʨʝʩʪʫʧʠʚ ʟʘʢʦʥʳ ʠ ʪʝʤ ʩʘʤʳʤ ʩʪʘʚ ʧʨʝʩʪʫʧʥʠʢʘʤʠ, 

ʚʢʫʰʘʷ ʧʣʦʜʳ ʙʝʩʧʨʝʜʝʣʴʥʦʡ ʩʚʦʙʦʜʳ. ʇʝʨʝʯʝʥʴ ʠ ʘʥʘʣʠʟ ʧʦʜʦʙʥʳʭ ʦʙʲʝʢʪʦʚ ʠ ʩʦʩʪʦʷʥʠʡ 

ʩʧʝʮʠʘʣʴʥʦ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚ ʨʘʙʦʪʘʭ [1, 2], ʛʜʝ ʠʤ ʧʨʠʜʘʥ ʩʪʘʪʫʩ ʧʘʨʘʟʠʪʠʯʝʩʢʠʭ, 

ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʢ ʧʘʨʘʟʠʪʠʯʝʩʢʦʤʫ ʥʘʧʨʘʚʣʝʥʠʶ ʵʚʦʣʶʮʠʠ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʦʙʲʝʢʪʦʚ ʧʝʨʩʧʝʢʪʠʚʥʳʭ 

ʥʘʧʨʘʚʣʝʥʠʡ, ʠʟ ʢʦʪʦʨʳʭ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʬʦʨʤʠʨʫʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʩʪʘʜʠʠ (ʠʟ ʚʝʱʝʩʪʚʘ ï 

ʙʠʦʣʦʛʠʯʝʩʢʘʷ, ʠʟ ʞʠʚʦʪʥʳʭ ï ʦʙʱʝʩʪʚʝʥʥʘʷ), ʠ ʢʦʥʩʝʨʚʘʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ, ʯʴʠ ʦʙʲʝʢʪʳ 

ʧʦʜʚʝʨʛʘʶʪʩʷ ʧʦʩʪʝʧʝʥʥʦʤʫ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʚ ʧʨʝʜʝʣʘʭ ʩʪʘʜʠʠ ʙʝʟ ʚʳʭʦʜʘ ʚ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʃʶʜʠ ɺʝʱʠ 

ɾʠʚʦʪʥʳʝ ʈʘʩʪʝʥʠʷ 

ʇʦʣʝ ɺʝʱʝʩʪʚʦ 

ʉʪʠʭʠʡʥʳʡ  

ʩʧʦʩʦʙ  

ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʋʧʨʘʚʣʷʝʤʳʡ ʩʧʦʩʦʙ  

ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʉʚʦʙʦʜʥʳʡ  

ʩʧʦʩʦʙ  

ʫʩʪʦʡʯʠʚʦʩʪʠ 
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ʧʦʩʣʝʜʫʶʱʝʡ ʩʪʘʜʠʠ (ʧʦʣʝ ï ʚ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʡ ʩʪʘʜʠʠ, ʨʘʩʪʝʥʠʷ ï ʚ ʙʠʦʣʦʛʠʯʝʩʢʦʡ). ʃʶʜʠ ʠ 

ʚʝʱʠ ʧʦ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʢ ʧʦʩʣʝʜʥʝʡ ʩʪʘʜʠʠ ʵʚʦʣʶʮʠʠ ʚ ʨʘʚʥʦʡ ʩʪʝʧʝʥʠ ʦʪʥʦʩʷʪʩʷ ʢ 

ʢʦʥʩʝʨʚʘʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ, ʪʝʤ ʩʘʤʳʤ ʦʙʝʩʧʝʯʠʚʘʷ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ 

ʩʚʦʝʡ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʟʘʠʤʥʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ. 

ʉ ʚʢʣʶʯʝʥʠʝʤ ʧʘʨʘʟʠʪʠʯʝʩʢʠʭ ʥʘʧʨʘʚʣʝʥʠʡ ʤʘʪʨʠʮʘ ʵʚʦʣʶʮʠʠ ʧʨʠʦʙʨʝʪʘʝʪ ʙʦʣʝʝ 

ʟʘʚʝʨʰʝʥʥʳʡ ʚʠʜ (ʨʠʩ. 3). 

ʅʘ ʬʦʥʝ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʳʭ ʚʟʘʠʤʦʩʚʷʟʝʡ ʧʝʨʩʧʝʢʪʠʚʥʳʭ, ʢʦʥʩʝʨʚʘʪʠʚʥʳʭ ʠ ʧʘʨʘʟʠʪʥʳʭ 

ʥʘʧʨʘʚʣʝʥʠʡ ʵʚʦʣʶʮʠʠ ʪʝʤ ʥʝ ʤʝʥʝʝ ʧʨʦʷʚʣʷʶʪʩʷ, ʧʦʤʠʤʦ ʟʘʢʦʥʘ ʦʪʨʠʮʘʥʠʷ ʦʪʨʠʮʘʥʠʷ, ʠ ʜʨʫʛʠʝ 

ʜʠʘʣʝʢʪʠʯʝʩʢʠʝ ʟʘʢʦʥʳ. ʊʘʢ, ʟʘʢʦʥ ʝʜʠʥʩʪʚʘ ʠ ʙʦʨʴʙʳ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʝʡ ʫʛʘʜʳʚʘʝʪʩʷ ʧʦ 

ʚʟʘʠʤʦʩʚʷʟʠ ʢʦʥʩʝʨʚʘʪʠʚʥʳʭ ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʵʚʦʣʶʮʠʠ, ʟʘʢʦʥ ʧʝʨʝʭʦʜʘ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʠʟʤʝʥʝʥʠʡ ʚ ʢʘʯʝʩʪʚʝʥʥʳʝ ï ʧʦ ʧʝʨʝʭʦʜʫ ʦʪ ʧʨʝʜʳʜʫʱʝʡ ʩʪʘʜʠʠ ʢ ʧʦʩʣʝʜʫʶʱʝʡ. 

ɹʦʣʝʝ ʪʦʛʦ, ʧʨʘʚʠʣʴʥʝʝ ʩʯʠʪʘʪʴ, ʯʪʦ ʩʘʤʠ ʵʪʠ ʟʘʢʦʥʳ ʬʦʨʤʠʨʫʶʪʩʷ ʥʘ ʦʩʥʦʚʝ ʦʙʲʝʢʪʠʚʥʦʡ 

ʨʝʘʣʴʥʦʩʪʠ, ʚʦʧʣʦʱʝʥʥʦʡ ʚ ʤʘʪʨʠʮʝ ʵʚʦʣʶʮʠʠ, ʢʦʪʦʨʘʷ ʩʣʫʞʠʪ ʝʜʠʥʳʤ ʠ ʚʩʝʦʙʱʠʤ ʢʦʤʧʘʢʪʥʳʤ 

ʚʳʨʘʞʝʥʠʝʤ ʵʪʠʭ ʟʘʢʦʥʦʚ. 

 

 
 

ʈʠʩʫʥʦʢ 3 ï ʇʝʨʩʧʝʢʪʠʚʥʳʝ, ʢʦʥʩʝʨʚʘʪʠʚʥʳʝ ʠ ʧʘʨʘʟʠʪʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʚ ʵʚʦʣʶʮʠʠ ʤʘʪʝʨʠʠ 

 

ʃʶʜʠ ɺʝʱʠ 

ɾʠʚʦʪʥʳʝ 

ʈʘʩʪʝʥʠʷ 

ʇʦʣʝ 
ɺʝʱʝʩʪʚʦ 

ʉʪʠʭʠʡʥʳʡ  

ʩʧʦʩʦʙ  

ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʋʧʨʘʚʣʷʝʤʳʡ ʩʧʦʩʦʙ  

ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʉʚʦʙʦʜʥʳʡ  

ʩʧʦʩʦʙ  

ʫʩʪʦʡʯʠʚʦʩʪʠ 

ɸʛʨʝʩʩʠʚʥʳʝ 

ʩʠʩʪʝʤʳ 

ʉʚʝʨʭʘʜʘʧʪʠʚʥʳʝ 

ʩʫʱʝʩʪʚʘ 

ʀʥʝʨʪʥʳʝ 

ʚʝʱʝʩʪʚʘ 
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ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʩʪʘʥʦʚʠʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ ʩʪʦʣʴ ʞʝ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʡ ʫʯʝʪ ʦʙʲʝʢʪʠʚʥʦʛʦ 

ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʧʘʨʘʟʠʪʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʵʚʦʣʶʮʠʠ, ʢʦʪʦʨʳʝ ʥʠʢʘʢ ʥʝ ʧʦʜʯʠʥʝʥʳ ʜʝʡʩʪʚʠʶ ʪʨʝʭ 

ʚʳʰʝʥʘʟʚʘʥʥʳʭ ʜʠʘʣʝʢʪʠʯʝʩʢʠʭ ʟʘʢʦʥʦʚ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʦʙʦʩʥʦʚʘʪʴ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʡ ʟʘʢʦʥ 

ʧʘʨʘʟʠʪʥʦʛʦ ʨʘʟʚʠʪʠʷ ʚ ʜʦʧʦʣʥʝʥʠʝ ʢ ʠʟʚʝʩʪʥʳʤ. ʇʨʠʚʝʜʝʤ ʬʦʨʤʫʣʠʨʦʚʢʫ ʵʪʦʛʦ ʟʘʢʦʥʘ [1, 2]: 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ, ʚʝʨʦʷʪʥʦʩʪʥʳʡ ʭʘʨʘʢʪʝʨ ʵʚʦʣʶʮʠʠ ʤʘʪʝʨʠʠ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʠ 

ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʥʘʠʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳʭ ʦʙʲʝʢʪʦʚ, ʧʨʝʜʝʣʴʥʦ ʩʦʚʝʨʰʝʥʥʳʭ ʧʦ ʦʨʛʘʥʠʟʘʮʠʠ, ʥʝ 

ʩʧʦʩʦʙʥʳʭ ʢ ʜʘʣʴʥʝʡʰʝʤʫ ʢʘʯʝʩʪʚʝʥʥʦʤʫ ʠʟʤʝʥʝʥʠʶ ʠ ʥʝ ʩʧʦʩʦʙʩʪʚʫʶʱʠʭ ʵʚʦʣʶʮʠʠ ʧʘʨʘʣʣʝʣʥɹʦ 

ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʦʙʲʝʢʪʦʚ. 

ʉ ʥʝ ʤʝʥʴʰʠʤ ʦʩʥʦʚʘʥʠʝʤ ʠʩʭʦʜʷ ʠʟ ʮʝʣʦʩʪʥʦʩʪʠ ʤʘʪʨʠʮʳ ʩʣʝʜʫʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚʳʨʘʞʝʥʠʷ 

ʟʘʢʦʥʘ ʵʚʦʣʶʮʠʦʥʥʦʛʦ ʝʜʠʥʩʪʚʘ ʤʠʨʘ [1, 2]: ʵʪʦ ʟʘʢʦʥ ʪʨʠʘʜʥʦʛʦ, ʙʠʬʫʨʢʘʮʠʦʥʥʦʛʦ, 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ-ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʡ, ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʠ ʦʙʱʝʩʪʚʝʥʥʦʡ 

ʩʪʘʜʠʡ, ʚʦʧʣʦʱʘʶʱʠʭ ʩʪʠʭʠʡʥʳʡ, ʫʧʨʘʚʣʷʝʤʳʡ ʠ ʩʚʦʙʦʜʥʳʡ ʩʧʦʩʦʙʳ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʜʣʷ ʧʦʣʷ ʠ ʚʝʱʝʩʪʚʘ, ʨʘʩʪʝʥʠʡ ʠ ʞʠʚʦʪʥʳʭ, ʣʶʜʝʡ ʠ ʚʝʱʝʡ ʚ ʬʦʨʤʝ ʝʜʠʥʦʡ 

ʩʪʨʫʢʪʫʨʥʦʡ ʤʘʪʨʠʮʳ ʩ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʩʤʝʥʦʡ ʦʪʥʦʰʝʥʠʡ ʦʪ ʘʙʩʦʣʶʪʥʦʡ ʚʟʘʠʤʥʦʡ 

ʟʘʚʠʩʠʤʦʩʪʠ ʯʝʨʝʟ ʦʜʥʦʩʪʦʨʦʥʥʶʶ ʥʝʟʘʚʠʩʠʤʦʩʪʴ ʢ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʟʘʠʤʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ. 

ʊʝʤ ʩʘʤʳʤ ʣʶʙʦʡ ʦʙʲʝʢʪ ʤʘʪʝʨʠʘʣʴʥʦʛʦ ʤʠʨʘ ʦʪʥʦʩʠʪʩʷ ʢ ʯʝʪʳʨʝʭʤʝʨʥʦʤʫ ʵʚʦʣʶʮʠʦʥʥʦʤʫ 

ʧʨʦʩʪʨʘʥʩʪʚʫ, ʠʣʠ ʵʚʦʣʶʮʠʦʥʥʳʤ ʢʦʦʨʜʠʥʘʪʘʤ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʦʙʦʟʥʘʯʠʪʴ ʢʘʢ ʩʪʠʭʠʡʥʦʩʪʴ, 

ʫʧʨʘʚʣʷʝʤʦʩʪʴ, ʩʚʦʙʦʜʘ, ʧʘʨʘʟʠʪʠʟʤ. ʅʘʠʙʦʣʝʝ ʧʦʣʥʦ ʚ ʵʪʠʭ ʢʦʦʨʜʠʥʘʪʘʭ ʩʫʱʝʩʪʚʫʶʪ ʣʶʙʳʝ 

ʦʙʱʝʩʪʚʝʥʥʳʝ ʬʦʨʤʘʮʠʠ ʠ ʢʘʞʜʘʷ ʣʠʯʥʦʩʪʴ. 

ʇʦʜʦʙʥʘʷ ʬʦʨʤʘʣʠʟʘʮʠʷ ʵʚʦʣʶʮʠʦʥʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʦʙʨʘʟʫʶʱʘʷʩʷ 

ʤʘʪʨʠʮʘ ʝʩʪʴ ʥʝ ʯʪʦ ʠʥʦʝ, ʢʘʢ ʘʪʪʨʘʢʪʦʨ ʤʘʪʝʨʠʘʣʥɹʦʛʦ ʤʝʛʘʧʨʦʮʝʩʩʘ ʠ ʥʘʨʷʜʫ ʩ ʵʪʠʤ ʢʘʢ ʦʧʝʨʘʪʦʨ 

ʵʚʦʣʶʮʠʠ, ʧʦʜʯʠʥʷʶʱʠʡ ʜʚʠʞʝʥʠʝ ʤʘʪʝʨʠʠ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʩʧʦʩʦʙʘ 

ʫʩʪʦʡʯʠʚʦʩʪʠ. 

ʉʣʝʜʫʝʪ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʤʘʪʨʠʮʘ ʵʚʦʣʶʮʠʠ ʚʧʦʣʥʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʩʦʚʨʝʤʝʥʥʳʤ ʦʙʱʝʥʘʫʯʥʳʤ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ ʦ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ, ʚʢʣʶʯʘʷ ʙʠʬʫʨʢʘʮʠʠ, 

ʬʨʘʢʪʘʣʳ, ʛʨʘʬʳ, ʵʥʪʨʦʧʠʡʥʦ-ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʦʪʥʦʰʝʥʠʷ [3-6]. ʏʪʦ ʢʘʩʘʝʪʩʷ ʩʦʮʠʘʣʴʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ʠ ʨʘʟʚʠʪʠʷ ʣʠʯʥʦʩʪʠ, ʪʦ ʟʜʝʩʴ ʦʥʠ ʥʘʠʙʦʣʝʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠ ʥʝʦʪʲʝʤʣʝʤʦ ʚʢʣʶʯʝʥʳ 

ʚ ʵʚʦʣʶʮʠʶ ʤʘʪʝʨʠʠ. ʄʦʞʝʪ ʙʳʪʴ, ʧʦʥʠʤʘʥʠʷ ʵʪʦʛʦ ʝʜʠʥʩʪʚʘ ʠ ʧʦʜʯʠʥʝʥʠʷ ʦʙʱʝʤʠʨʦʚʳʤ 

ʟʘʢʦʥʘʤ ʥʝ ʭʚʘʪʘʣʦ ʜʣʷ ʧʦʜʣʠʥʥʦ ʥʘʫʯʥʦʛʦ ʤʠʨʦʚʦʟʟʨʝʥʠʷ, ʢʦʪʦʨʦʝ ʜʦ ʵʪʦʛʦ ʙʳʣʦ ʧʨʝʜʩʪʘʚʣʝʥʦ 

ʯʠʩʪʦ ʩʦʮʠʘʣʴʥʳʤʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʤʠ ʩ ʫʪʦʧʠʯʝʩʢʠʤʠ ʧʝʨʩʧʝʢʪʠʚʘʤʠ ʚ ʦʪʨʳʚʝ ʦʪ ʙʦʣʝʝ ʤʦʥɦʳʭ 

ʝʩʪʝʩʪʚʝʥʥʳʭ ʟʘʢʦʥʦʚ ʙʳʪʠʷ. ʊʘʢ, ʩʦʮʠʘʣʴʥʦʝ ʨʘʟʚʠʪʠʝ ʩʦʦʪʥʦʩʠʣʦʩʴ ʩ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʡ ʠ 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʩʪʘʜʠʷʤʠ ʪʦʣʴʢʦ ʭʨʦʥʦʣʦʛʠʯʝʩʢʠ, ʠ ʠʭ ʜʠʘʣʝʢʪʠʯʝʩʢʘʷ ʩʚʷʟʴ, ʚ ʯʘʩʪʥʦʩʪʠ, ʧʦ ʟʘʢʦʥʫ 

ʦʪʨʠʮʘʥʠʷ ʦʪʨʠʮʘʥʠʷ, ʩʦʚʝʨʰʝʥʥʦ ʦʪʚʝʨʛʘʣʘʩʴ [7]. 

ɺ ʨʘʤʢʘʭ ʥʦʚʦʡ ʢʦʥʮʝʧʮʠʠ ʵʚʦʣʶʮʠʠ ʨʘʩʩʤʦʪʨʝʥʳ ʪʘʢʞʝ ʤʝʩʪʦ ʠ ʨʦʣʴ ʨʝʣʠʛʠʦʟʥʳʭ 

ʧʨʝʜʩʪʘʚʣʝʥʠʡ, ʚʢʣʶʯʘʷ ʧʦʣʠ- ʠ ʤʦʥʦʪʝʠʩʪʠʯʝʩʢʠʝ ʚʝʨʦʚʘʥʠʷ, ʚ ʩʦʟʜʘʥʠʠ ʦʙʲʝʢʪʠʚʥʦʛʦ 

ʤʠʨʦʚʦʟʟʨʝʥʠʷ. ʕʪʠ ʚʝʨʦʚʘʥʠʷ ʧʦ ʩʫʪʠ ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʳʤ, ʧʨʷʤʦʣʠʥʝʡʥʳʤ 

ʧʨʠʙʣʠʞʝʥʠʝʤ ʢ ʠʩʪʠʥʥʦʤʫ ʤʠʨʦʚʦʟʟʨʝʥʠʶ, ʟʘʢʣʶʯʘʶʱʝʤʫʩʷ ʚ ʦʙʦʩʥʦʚʘʥʠʠ ʠ ʧʦʥʠʤʘʥʠʠ 

ʚʩʝʦʙʱʝʛʦ ʥʝʨʘʟʨʳʚʥʦʛʦ ʝʜʠʥʩʪʚʘ ʤʠʨʘ [2]. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʥʝʦʙʭʦʜʠʤʦ ʫʢʘʟʘʪʴ ʥʘ ʝʱʝ ʦʜʥʦ ʩʚʦʡʩʪʚʦ ʤʘʪʨʠʮʳ ʵʚʦʣʶʮʠʠ, ʢʦʪʦʨʦʝ 

ʦʪʦʙʨʘʞʘʝʪ ʝʝ ʩʠʤʤʝʪʨʠʶ. ʕʪʘ ʩʠʤʤʝʪʨʠʷ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʦʥʘ ʷʚʣʷʝʪʩʷ 

ʠʥʚʘʨʠʘʥʪʦʤ ʜʣʷ ʢʘʢʠʭ ʙʳ ʪʦ ʥʠ ʙʳʣʦ ʩʮʝʥʘʨʠʝʚ ʤʠʨʦʚʦʛʦ ʨʘʟʚʠʪʠʷ, ʪʘʢ ʢʘʢ ʧʦʥʷʪʠʷ ʩʪʠʭʠʡʥʦʩʪʠ, 

ʫʧʨʘʚʣʷʝʤʦʩʪʠ, ʩʚʦʙʦʜʳ ʠ ʧʘʨʘʟʠʪʠʟʤʘ ʥʝ ʩʚʷʟʘʥʳ ʩ ʢʦʥʢʨʝʪʥʳʤʠ ʬʦʨʤʘʤʠ ʤʘʪʝʨʠʠ ʠ ʷʚʣʷʶʪʩʷ 

ʪʦʣʴʢʦ ʵʚʦʣʶʮʠʦʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʕʪʦ ʩʚʦʡʩʪʚʦ ʧʨʠʩʫʱʝ ʥʝ ʪʦʣʴʢʦ ʵʚʦʣʶʮʠʠ ʤʘʪʝʨʠʠ ʚ 

ʮʝʣʦʤ, ʥʦ ʠ ʦʙʱʝʩʪʚʝʥʥʦʤʫ ʨʘʟʚʠʪʠʶ ʠ ʬʦʨʤʠʨʦʚʘʥʠʶ ʣʠʯʥʦʩʪʠ [1, 2], ʪʦ ʝʩʪʴ ʥʝ ʟʘʚʠʩʠʪ ʦʪ 

ʧʝʨʝʥʦʩʘ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ. ʉʦʛʣʘʩʥʦ ʪʝʦʨʝʤʳ ʅʸʪʝʨ, ʥʘ ʵʪʦʤ ʦʩʥʦʚʘʥʦ ʜʝʡʩʪʚʠʝ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʟʘʢʦʥʦʚ ʩʦʭʨʘʥʝʥʠʷ (ʥʘʧʨʠʤʝʨ, ʵʥʝʨʛʠʠ, ʢʦʣʠʯʝʩʪʚʘ ʜʚʠʞʝʥʠʷ ʠ ʜʨ.), ʠ ʚ ʜʘʥʥʦʤ 

ʩʣʫʯʘʝ ʤʦʞʥʦ ʛʦʚʦʨʠʪʴ ʦ ʜʝʡʩʪʚʠʠ ʟʘʢʦʥʘ ʩʦʭʨʘʥʝʥʠʷ ʝʜʠʥʩʪʚʘ ʤʠʨʘ, ʘ ʪʘʢʞʝ ʦ ʟʘʧʨʝʪʘʭ, 

ʩʣʝʜʫʶʱʠʭ ʠʟ ʵʪʦʛʦ ʟʘʢʦʥʘ, ʧʨʝʞʜʝ ʚʩʝʛʦ ʦ ʥʝʜʦʧʫʩʪʠʤʦʩʪʠ ʠʩʢʣʶʯʝʥʠʷ ʠʣʠ ʫʥʠʯʪʦʞʝʥʠʷ 

ʢʘʞʜʦʛʦ ʩʪʨʫʢʪʫʨʥʦʛʦ ʵʣʝʤʝʥʪʘ ʤʘʪʨʠʮʳ. 

ʄʠʨ ʧʦʢʦʠʪʩʷ ʥʘ ʩʘʤʦʩʦʭʨʘʥʝʥʠʠ ʩʚʦʝʡ ʩʠʤʤʝʪʨʠʠ, ʧʦʵʪʦʤʫ ʣʶʙʦʝ ʚʦʟʤʫʱʝʥʠʝ ʝʝ ʤʦʞʝʪ ʙʳʪʴ 

ʪʦʣʴʢʦ ʣʦʢʘʣʴʥʳʤ ʠ ʦʙʨʘʪʠʤʳʤ ʚ ʩʪʦʨʦʥʫ ʜʚʠʞʝʥʠʷ ʢ ʘʪʪʨʘʢʪʦʨʫ. 
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ʕʚʦʣʶʮʠʷ ʤʘʪʨʠʮʘʩʳ ʤʘʪʝʨʠʷʥʳש ᴇʟʽʥʜʽʢ ײʡʳʤʜʘʩʪʳʨʫʰʳ ʘʪʪʨʘʢʪʦʨʳ ʨʝʪʽʥʜʝ 

ɺ.ʇ. ʄʘʣʳʰʝʚ 

ʊʽʨʝʢ ʩᴇʟʜʝʨ: ʵʚʦʣʶʮʠʷ, ᴇʟʽʥʜʽʢ ײʡʳʤʜʘʩʪʳʨʫʰʳ, ʘʪʪʨʘʢʪʦʨ, ʤʘʪʨʠʮʘ, ʜʠʘʣʝʢʪʠʢʘ 

 

ʄʘʪʝʨʠʷ ʵʚʦʣʶʮʠʷʩʳʥ ʪײʪʘʩʪʘʡ,  ʪʽʨʽ ʤʝʥ  ᴇʣʽ ʪʘʙʠסʘʪʪʳ  ʞᴅʥʝ ʘʜʘʤʟʘʪ ץʦסʘʤʳʥ ʙʽʨʛʝ ʘʣʳʧ ʪʘʣץʳʣʘʫסʘ 

ʪʘʙʠסʠ סʳʣʳʤʠ ʪᴅʩʽʣʜʝʤʝ ץʦʣʜʘʥʫ   ʤʘץʘʣʘʜʘ ᴇʨʙʽʛʝʥ. ʉʦʥʜʘʡ-ʘץ ʵʚʦʣʶʮʠʷ ʤʘʪʨʠʮʘʩʳ ʤʘʪʝʨʠʘʣʜʳץ ʜװʥʠʝ 

ʪʦʣʳסʳʤʝʥ ʩʦʣʘʡ ʙʦʣʳʧ ʩʘʥʘʣʘʪʳʥ, ʜʠʥʘʤʠʢʘʣʳץ ʞװʡʝʥʽש ʘʪʪʨʘʢʪʦʨʳ ʨʝʪʽʥʜʝ ʪװʩʽʥʜʽʨʽʣʝʜʽ. ʄʘʪʝʨʠʘʣʜʳץ 

ʦʙʲʝʢʪʽʣʝʨʜʽש  ʘʥʳץ ʙʽʨ ʞװʡʝʣʽʢ ײץʨʳʣʳʤסʘ, ʷסʥʠ ʘʪʪʨʘʢʪʦʨסʘ  ץʦʟסʘʣʳʩʳ ʤʘʪʨʠʮʘʥʳש ʵʚʦʣʶʮʠʷʣʳץ 

 .ʘʣʳʧʪʘʩʫʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳץ

ɹײʣ ץʦʟסʘʣʳʩʪʘ ʤʘʪʝʨʠʘʣʠʩʪʽʢ ʜʠʘʣʝʢʪʠʢʘʥʳש ʥʝʛʽʟʛʽ ʟʘשʜʳʣʳץʪʘʨʳʥʳש ᴅʨʝʢʝʪʪʝʨʽ ʙʘʡץʘʣʘʜʳ: ʪʝʨʽʩʪʝʫʜʽ 

ʪʝʨʽʩʪʝʫ, ץʘʨʘʤʘ-ץʘʨʩʳʣʳץʪʘʨʜʳש  ʙʽʨʣʽʛʽ ʤʝʥ ʢװʨʝʩʽ, ʤᴇʣʰʝʨʣʽʢ ʞᴅʥʝ ʩʘʧʘʣʳץ  ᴇʟʛʝʨʽʩʪʝʨʜʽש ᴇʟʘʨʘ ʘʫʳʩʫʳ 

ʞᴅʥʝ ʩʦʥʜʘʡ ʙʽʨ ʤʘʪʨʠʮʘ ײץʨʳʣʳʤʳʤʝʥ ʞʘʩʘʣʘʪʳʥ  ʦʩʳ ʟʘשʜʳʣʳץʪʘʨʜʳש ʬʝʥʦʤʝʥʦʣʦʛʠʷʣʳץ ʢᴇʟʽ ʩʠʷץʪʳ 

ʝʨʝʢʰʝʣʽʢʧʝʥ. ʄʘʪʨʠʮʘʥʳ ʞװʟʝʛʝ ʘʩʳʨʫ, ʜʠʥʘʤʠʢʘʣʳץ ʞװʡʝʥʽש ʪײʨʘץʪʳʣʳסʳ ʽʨʛʝʣʽ סײʳʤʳʤʝʥ ʙʝʣʛʽʣʽ 

ʜʠʘʣʝʢʪʠʢʘʣʳץ ʟʘשʜʘʨסʘ    ʙʘʡʣʘʥʳʩʪʳ,  ʪʘסʳʜʘ ʙʽʨ ʜʠʘʣʝʢʪʠʢʘʣʳץ ʟʘשʜʳʣʳץʪʳש ʪᴅʫʝʣʩʽʟ ᴅʨʝʢʝʪʽʥ ʘʥʳץʪʘʫסʘ 

ʤװʤʢʽʥʜʽʢ ʙʝʨʜʽ. ʊײʨʘץʪʳʣʳץ ᴅʜʽʩʽʥ  ʙʘʩץʘʨʳʣʳʪʳʥ ʘʨץʳʣʳ ʩʪʠʭʠʷʣʳץʪʘʥ ʝʨʢʽʥ ʙʦʣʘʪʳʥסʘ ʞʝʪʽʣʜʽʨʫʜʝʥ 

ʙʘʩץʘ, ʦʣʘʨʜʳש ᴅʨʙʽʨʝʫʽʥʽש ʙʽʨʽʥʜʝ ʙʘʩʳʥʘʥ ʙʘʩʪʘʧ ʰʝʢʪʝʫʣʽ ʘʷץʪʘʣסʘʥ ʦʙʲʝʢʪʽʣʝʨ  ץʘʣʳʧʪʘʩʫʳ ʤװʤʢʽʥ, 

ʦʣʘʨʜʳש ʙײʜʘʥ ᴅʨʽ ᴇʟʛʝʨʫʛʝ ʤװʤʢʽʥʜʽʛʽ ʞʦץ ʞᴅʥʝ ʩʦʥʜʳץʪʘʥ ʜʘ ʵʚʦʣʶʮʠʷʣʳװ ץʨʜʽʩʪʝʥ ʪʝʟ ʰʳסʘʨʳʣʳʧ 

ʪʘʩʪʘʣʘʜʳ.  ʄᴅʥʽʩʽ ʞʘסʳʥʘʥ ʦʣʘʨ ʧʘʨʘʟʠʪʪʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ, ʦʩʳסʘʥ ʙʘʡʣʘʥʳʩʪʳ ʢʝʟ ʢʝʣʛʝʥ ʦʙʲʝʢʪ 

ʙʦʣʤʳʩʳʥʳש  ʵʚʦʣʶʮʠʷʣʳץ ʢʦʦʨʜʠʥʘʪʘʣʘʨʳ ʪᴇʨʪ ᴇʣʰʝʤʜʽ ʩʠʷץʪʳ ʙʦʣʳʧ ʰʳסʘʜʳ - ʦʣʘʨ ʩʪʠʭʠʷʣʳץ, 

ʙʘʩץʘʨʳʣʫ(ʤʝשʛʝʨʫʰʽʣʽʢ), ʝʨʢʽʥʜʽʢ, ʧʘʨʘʟʠʪʠʟʤ. 

 
ʉɺɽɼɽʅʀʗ ʆɹ ɸɺʊʆʈɽ 

ʩʪʘʪʴʠ çʄʘʪʨʠʮʘ ʵʚʦʣʶʮʠʠ ʢʘʢ ʘʪʪʨʘʢʪʦʨ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ ʤʘʪʝʨʠʠè 

 

ʄʘʣʳʰʝʚ ɺʠʪʘʣʠʡ ʇʘʚʣʦʚʠʯ ï ʟʘʚʝʜʫʶʱʠʡ ʣʘʙʦʨʘʪʦʨʠʠ ʵʥʪʨʦʧʠʡʥʦ-ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʍʠʤʠʢʦ-

ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ, ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʘʢʘʜʝʤʠʢ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʘʢʘʜʝʤʠʠ 

ʠʥʬʦʨʤʘʪʠʟʘʮʠʠ ʠ ʅʘʮʠʦʥʘʣʴʥʦʡ ʘʢʘʜʝʤʠʠ ʝʩʪʝʩʪʚʝʥʥʳʭ ʥʘʫʢ ʈʂ.  
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Abstract. On the basis of well-known private expressions for the expansion of complex fractional functions on 

the elementary the general view of similar dissociation is presented  

 
that allows to find the common decision for integral of detailed function 

 
The found common decision can be used for mathematical modeling of consecutive destruction of substance in 

chemical, physical and mechanical processes. 

 

ʋɼʂ 519.1 

 

ʆɹʑʀʁ ɺʀɼ ʀʅʊɽɻʈɸʃʆɺ ʇʈʀ ʈɸɿʃʆɾɽʅʀʀ ʉʃʆɾʅʆʁ 

ɼʈʆɹʅʆʁ ʌʋʅʂʎʀʀ ʅɸ ʕʃɽʄɽʅʊɸʈʅʓɽ 
 

ɺ. ʇ. ʄʘʣʳʰʝʚ, ɸ. ʄ. ʄʘʢʘʰʝʚʘ, ʖ. ʉ. ɿʫʙʨʠʥʘ 
eia_hmi@mail.ru 

  
(ʇʨʝʜʩʪʘʚʣʝʥʘ ʯʣʝʥ-ʢʦʨʨ. ʅɸʅ ʈʂ ʄ. ɾ. ʊʦʣʳʤʙʝʢʦʚʳʤ) 

 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʜʨʦʙʥʘʷ ʬʫʥʢʮʠʷ, ʨʘʟʣʦʞʝʥʠʝ, ʠʥʪʝʛʨʠʨʦʚʘʥʠʝ, ʦʙʱʠʡ ʚʠʜ. 

ɸʥʥʦʪʘʮʠʷ. ʅʘ ʦʩʥʦʚʝ ʠʟʚʝʩʪʥʳʭ ʯʘʩʪʥʳʭ ʚʳʨʘʞʝʥʠʡ ʜʣʷ ʨʘʟʣʦʞʝʥʠʷ ʩʣʦʞʥʦʡ ʜʨʦʙʥʦʡ ʬʫʥʢʮʠʠ ʥʘ 

ʵʣʝʤʝʥʪʘʨʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥ ʦʙʱʠʡ ʚʠʜ ʧʦʜʦʙʥʦʛʦ ʨʘʟʣʦʞʝʥʠʷ 

 
ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʥʘʡʪʠ ʦʙʱʝʝ ʨʝʰʝʥʠʝ ʜʣʷ ʠʥʪʝʛʨʘʣʘ ʧʦʜʨʦʙʥʦʡ ʬʫʥʢʮʠʠ 

 
ʅʘʡʜʝʥʥʦʝ ʦʙʱʝʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʣʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʜʝʩʪʨʫʢʮʠʠ ʚʝʱʝʩʪʚʘ ʚ ʭʠʤʠʯʝʩʢʠʭ, ʬʠʟʠʯʝʩʢʠʭ ʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ. 

 

ɺʚʝʜʝʥʠʝ 

ʉʣʦʞʥʘʷ ʜʨʦʙʥʘʷ ʬʫʥʢʮʠʷ ʨʘʟʣʘʛʘʝʪʩʷ ʥʘ ʵʣʝʤʝʥʪʘʨʥʳʝ, ʢʘʢ ʫʢʘʟʘʥʦ ʚ [1], ʚ ʚʠʜʝ ʪʦʞʜʝʩʪʚʘ, 

ʥʘʧʨʠʤʝʨ, ʜʣʷ ʩʣʫʯʘʷ 

 

mailto:eia_hmi@mail.ru
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ʛʜʝ  

 
 

ʆʙʱʘʷ ʬʦʨʤʘ ʨʘʟʣʦʞʝʥʠʷ ʩʣʦʞʥʦʡ ʜʨʦʙʥʦʡ ʬʫʥʢʮʠʠ ʠ ʝʝ ʠʥʪʝʛʨʘʣʳ 

ɺ ʦʙʱʝʤ ʚʠʜʝ ʨʘʟʣʦʞʝʥʠʝ ʜʨʦʙʠ (1) ʤʦʞʝʪ ʙʳʪʴ ʚʳʨʘʞʝʥʦ ʢʘʢ 

 
ʀʥʪʝʛʨʠʨʦʚʘʥʠʝ ʪʘʢʦʡ ʜʨʦʙʠ ʧʨʠʚʦʜʠʪ ʢ ʨʝʟʫʣʴʪʘʪʫ 

 
ɺ ʥʘʰʝʡ ʨʘʙʦʪʝ [2] ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʤʦʞʥʦ ʧʨʦʚʝʩʪʠ ʪʦʞʜʝʩʪʚʝʥʥʦʝ ʨʘʟʣʦʞʝʥʠʝ ʩʣʦʞʥʦʡ 

ʜʨʦʙʠ, ʩʦʜʝʨʞʘʱʝʡ ʨʘʟʥʦʩʪʠ : 

 
ʛʜʝ A, B, C ʠ D ʠʤʝʶʪ ʪʘʢʦʝ ʞʝ ʚʳʨʘʞʝʥʠʝ, ʢʘʢ ʠ ʜʣʷ (1). 

ʇʦʵʪʦʤʫ ʦʙʱʘʷ ʬʦʨʤʫʣʘ ʨʘʟʣʦʞʝʥʠʷ ʜʨʦʙʠ (4) ʙʫʜʝʪ ʠʤʝʪʴ ʚʠʜ 

 
ʇʨʠ ʵʪʦʤ ʠʥʪʝʛʨʘʣ ʧʦʜʦʙʥʦʡ ʜʨʦʙʠ ʚʳʨʘʟʠʪʩʷ ʢʘʢ   

 
ʉʨʘʚʥʠʚʘʷ (2) ʠ (5), (3) ʠ (6), ʤʦʞʥʦ ʨʝʢʦʤʝʥʜʦʚʘʪʴ ʬʦʨʤʫʣʫ ʜʣʷ ʨʘʟʣʦʞʝʥʠʷ ʩʣʦʞʥʦʡ ʜʨʦʙʠ 

ʙʦʣʝʝ ʦʙʱʝʛʦ ʚʠʜʘ, ʢʦʛʜʘ ʚ ʜʝʣʠʪʝʣʝ ʥʘʭʦʜʷʪʩʷ ʣʠʙʦ ʪʦʣʴʢʦ ʩʫʤʤʳ, ʣʠʙʦ ʪʦʣʴʢʦ ʨʘʟʥʦʩʪʠ: 

 
ʘ ʪʘʢʞʝ ʝʝ ʠʥʪʝʛʨʘʣʘ  

 
ɺʚʠʜʫ ʪʦʞʜʝʩʪʚʘ ʢʦʵʬʬʠʮʠʝʥʪʦʚ A, B, C, D ʜʣʷ ʩʣʦʞʥʳʭ ʜʨʦʙʝʡ ʚʠʜʘ (1) ʠ (4) ʧʦʣʫʯʝʥʥʳʝ 

ʚʳʨʘʞʝʥʠʷ (7) ʠ (8) ʙʫʜʫʪ ʩʧʨʘʚʝʜʣʠʚʳ ʠ ʜʣʷ ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʩʦʯʝʪʘʥʠʷ ʩʦʤʥʦʞʠʪʝʣʝʡ  ʠ 

 ʚ ʩʣʦʞʥʦʡ ʜʨʦʙʠ ʚʠʜʘ 

 
ʇʨʠ ʵʪʦʤ ʦʙʱʠʡ ʟʥʘʢ ʠʥʪʝʛʨʘʣʘ (8) ʙʫʜʝʪ ʟʘʚʠʩʝʪʴ ʦʪ ʢʦʥʢʨʝʪʥʦʛʦ ʚʠʜʘ ʯʠʩʣʠʪʝʣʷ ʚ ʢʘʞʜʦʤ 

ʩʣʘʛʘʝʤʦʤ ʩʫʤʤʳ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʵʪʦʪ ʠʥʪʝʛʨʘʣ ʧʦʣʫʯʘʝʪ ʝʱʝ ʙʦʣʝʝ ʦʙʱʝʝ ʚʳʨʘʞʝʥʠʝ  

 
ʇʦʤʠʤʦ ʵʪʦʛʦ, ʚ ʩʣʫʯʘʝ ʧʨʠʩʫʪʩʪʚʠʷ ʚ ʩʣʦʞʥʦʡ ʜʨʦʙʠ ʩʦʤʥʦʞʠʪʝʣʝʡ  ʠʭ ʤʦʞʥʦ 

ʧʨʠʚʝʩʪʠ ʢ ʬʦʨʤʝ (7) ʧʫʪʝʤ ʚʳʥʦʩʘ ʟʘ ʩʢʦʙʢʠ ʢʦʵʬʬʠʮʠʝʥʪʘ , ʠ ʪʦʛʜʘ ʵʪʘ ʬʦʨʤʘ ʧʨʠʤʝʪ ʚʠʜ 

 
ʢʘʢ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʠʥʪʝʛʨʘʣ 
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ʇʦ-ʚʠʜʠʤʦʤʫ, ʵʪʦ ʥʘʠʙʦʣʝʝ ʦʙʱʠʝ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʨʘʟʣʦʞʝʥʠʷ ʩʣʦʞʥʦʡ ʜʨʦʙʥʦʡ ʬʫʥʢʮʠʠ ʥʘ 

ʵʣʝʤʝʥʪʘʨʥʳʝ ʠ ʜʣʷ ʠʥʪʝʛʨʘʣʘ ʵʪʦʡ ʬʫʥʢʮʠʠ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʧʨʠ ʧʝʨʚʦʡ ʩʪʝʧʝʥʠ ʧʝʨʝʤʝʥʥʦʡ ʚ 

ʩʦʤʥʦʞʠʪʝʣʷʭ. 

ʊʘʢ, ʧʨʠʚʝʜʝʥʥʦʝ ʚ ʩʧʨʘʚʦʯʥʠʢʝ [1] ʨʘʟʣʦʞʝʥʠʝ ʜʨʦʙʥʦʡ ʬʫʥʢʮʠʠ ʚʠʜʘ 

 
ʧʦʤʠʤʦ ʪʦʛʦ, ʯʪʦ ʦʥʦ ʦʪʥʦʩʠʪʩʷ ʪʦʣʴʢʦ ʢ ʜʚʫʤ ʩʦʤʥʦʞʠʪʝʣʷʤ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʪʦʣʴʢʦ ʚ ʚʠʜʝ 

ʩʫʤʤ, ʥʝ ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʬʨʘʛʤʝʥʪ ʢʘʢʦʡ-ʣʠʙʦ ʦʙʱʝʡ ʬʦʨʤʫʣʳ ʨʘʟʣʦʞʝʥʠʷ ʠʟ-ʟʘ 

ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʘʣʛʦʨʠʪʤʘ ʧʦʷʚʣʝʥʠʷ ʧʨʦʠʟʚʝʜʝʥʠʷ ʧʦʩʪʦʷʥʥʳʭ ʚʝʣʠʯʠʥ ʠ ʟʥʘʢʦʚ ʚʳʯʠʪʘʥʠʷ. ɺ 

ʪʦ ʞʝ ʚʨʝʤʷ ʩʚʝʜʝʥʠʝ ʜʘʥʥʦʡ ʜʨʦʙʠ ʢ ʦʙʱʝʤʫ ʚʳʨʘʞʝʥʠʶ (11) ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʪʦʪ ʞʝ ʩʘʤʳʡ 

ʨʝʟʫʣʴʪʘʪ ʧʦ ʦʙʱʝʤʫ ʘʣʛʦʨʠʪʤʫ 

 

 
ʯʪʦ ʪʦʞʜʝʩʪʚʝʥʥʦ (13). 

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ, ʢʘʢ ʦʙʳʯʥʦ, ʝʩʣʠ ʚ ʩʦʩʪʘʚ ʧʝʨʚʦʦʙʨʘʟʥʦʡ ʬʫʥʢʮʠʠ (ʚʟʷʪʦʛʦ 

ʠʥʪʝʛʨʘʣʘ) ʚʭʦʜʠʪ ʚʳʨʘʞʝʥʠʝ, ʩʦʜʝʨʞʘʱʝʝ lnf(x), ʪʦ ʝʛʦ ʩʣʝʜʫʝʪ ʧʦʥʠʤʘʪʴ ʢʘʢ ln|f(x)| [1], ʚ ʜʘʥʥʦʤ 

ʩʣʫʯʘʝ ʢʘʢ ln|( )| ʚ ʩʦʩʪʘʚʝ (12). 

ʅʘʡʜʝʥʥʦʝ ʦʙʱʝʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʧʦ ʨʘʟʣʦʞʝʥʠʶ ʩʣʦʞʥʦʡ ʜʨʦʙʥʦʡ ʬʫʥʢʮʠʠ ʥʘ ʵʣʝʤʝʥʪʘʨʥʳʝ 

ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʣʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʜʝʩʪʨʫʢʮʠʠ 

ʚʝʱʝʩʪʚʘ ʚ ʬʠʟʠʯʝʩʢʠʭ, ʭʠʤʠʯʝʩʢʠʭ ʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ [2]. 

ɺʳʚʦʜʳ 

1. ʇʨʝʜʩʪʘʚʣʝʥʘ ʦʙʱʘʷ ʬʦʨʤʫʣʘ ʜʣʷ ʨʘʟʣʦʞʝʥʠʷ ʩʣʦʞʥʦʡ ʜʨʦʙʥʦʡ ʬʫʥʢʮʠʠ ʥʘ ʵʣʝʤʝʥʪʘʨʥʳʝ. 

2. ʇʨʝʜʣʦʞʝʥʦ ʦʙʱʝʝ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʠʥʪʝʛʨʘʣʘ ʵʪʦʡ ʬʫʥʢʮʠʠ. 

 
ʃʀʊɽʈɸʊʋʈɸ 
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ʦʣ,  ʙᴇʣʰʝʢ ʬʫʥʢʮʠʷʩʳ ʠʥʪʝʛʨʘʣʳ װʰʽʥ ʞʘʣʧʳ ʰʝʰʽʤ ʪʘʙʫסʘ ʤװʤʢʽʥʜʽʢ  ʙʝʨʝʜʽ 
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Abstract. The purpose is to develop an engineering method of design plane lever mechanisms. Research 

Method: examined the kinematic synthesis method of quadratic approximation, kinetostatics and kinematic analysis, 

multi-criteria method of synthesis of Sable - Statnikova, a model of the new lifting device using APM Structure3D 

software and Autodesk Inventor, re-organized to optimize the transmission power of the exact results found. 

Results of the study are to develop a model of lifting mechanism on the basis of joint-linkage, which has 

advantages over the known mechanisms. The resulting mechanism of the synthesis of a flat lever 8-bar linkage lifting 

mechanism by optimal power transmission has advantages over the known mechanisms: instability disappears in the 

highest position load area, increases operational reliability. 

 

 

 

ᴄʆɾ 621.01; 539.3; 539.62 

 

ɾתʂ ʂᴆʊɽʈɻɯʐ ʄɽʍɸʅʀɿʄʅɯר ʄʆɼɽʃɯʅ  

ɾɸʉɸʋɼʓר ʀʅɾɽʅɽʈʃɯʂ ᴄɼɯʉʊɽʄɽʉɯ 
 

ʉ.ᴆ. ɾʦʣʜʘʩʙʝʢʦʚ, ʅ.ʉ. ʀʤʘʥʙʘʝʚʘ, ɹ.ʊʫʣʴʪʘʝʚ, 

ɸ.ʊ. ʅʫʨʤʘʛʘʥʙʝʪʦʚʘ,  ɸ.ɹ.ʈʘʭʤʘʪʫʣʠʥʘ 
dgpimmash@mail.ru, kazrah@mail.ru, imanbaevan@mail.ru, b.tultaev@mail.ru 

 ,ʳ ʤʝʭʘʥʠʢʘ ʞᴅʥʝ ʤʘʰʠʥʘʪʘʥʫ ʠʥʩʪʠʪʫʪʳ" ʈʄʂסʂ "ɸʢʘʜʝʤʠʢ ᴆ.ɸ. ɾʦʣʜʘʩʙʝʢʦʚ ʘʪʳʥʜʘנ ʄנʈ ɹפ

ɸʣʤʘʪʳ ץ. 

 

ʊʽʨʝʢ ʩᴇʟʜʝʨ: ʞװʢ ʢᴇʪʝʨʛʽʰ, ʤʝʭʘʥʠʟʤ, ʠʥʞʝʥʝʨʣʽʢ ᴅʜʽʩʪʝʤʝ, ʅʶʨʥʙʝʨʛ ץʘʡʰʳʩʳ, ʛʠʜʨʦʮʠʣʠʥʜʨ. 

ɸשʜʘʪʧʘ. ɾײʤʳʩʪʳש ʤʘץʩʘʪʳ: ʞװʢ ʢᴇʪʝʨʛʽʰ ʠʽʥʪʽʨʝʢʪʽ ʤʝʭʘʥʠʟʤʜʝʨʜʽ ʞʦʙʘʣʘʫʜʳש ʠʥʞʝʥʝʨʣʽʢ ʪᴅʩʽʣʽʥ 

ʞʘʩʘʫ. ɿʝʨʪʪʝʫ ᴅʜʽʩʽ: ʢʚʘʜʨʘʪʪʳץ ʞʫʳץʪʘʫ ᴅʜʽʩʽ ʙʦʡʳʥʰʘ ʢʠʥʝʤʘʪʠʢʘʣʳץ ʩʠʥʪʝʟ ʞװʨʛʽʟʽʣʛʝʥ, ʉʦʙʦʣʴ-

ʉʪʘʪʥʠʢʦʚʪʳש ᴅʜʽʩʽʤʝʥ ʢᴇʧʢʨʠʪʝʨʠʡʣʽ ʩʠʥʪʝʟ, APM Structure3D ʞᴅʥʝ Autodesk Inventor ʧʨʦʛʨʘʤʤʘʣʘʨʳʥ 

 ʰ ʙʝʨʽʣʽʩʽʥװʘʥ ʥᴅʪʠʞʝʣʝʨ ʙʦʡʳʥʰʘ ʢסʪʳ ʪʘʙʳʣץʤʦʜʝʣʽ ʞʘʩʘʣʜʳ, ʥʘ שʢ ʢᴇʪʝʨʛʽʰ ʤʝʭʘʥʠʟʤʥʽװʦʣʜʘʥʳʧ ʞץ

  .ʨʛʽʟʽʣʜʽװʘʡʪʘ ʦʧʪʠʤʘʣʜʘʫ ʞץ

ɿʝʨʪʪʝʫʜʽש ʥᴅʪʠʞʝʩʽʥʜʝ ʞװʢ ʢᴇʪʝʨʛʽʰ ʤʝʭʘʥʠʟʤʥʽש ʤʦʜʝʣʽ ʞʘʩʘʣʜʳ. ɾʘʟʳץ ʠʽʥʪʽʨʝʢʪʽ ʩʝʛʽʟ ʟʚʝʥʦʣʳ ʞװʢ 

ʢᴇʪʝʨʛʽʰ ʤʝʭʘʥʠʟʤʥʽש ʢװʰ ʙʝʨʽʣʽʩʽʥʽש ʪʠʽʤʜʽ ʙʦʣʫ ʢʨʠʪʝʨʠʡʽ ʙʦʡʳʥʰʘ ʩʠʥʪʝʟ ʥᴅʪʠʞʝʩʽʥʝʥ ʘʣʳʥסʘʥ 

ʤʝʭʘʥʠʟʤʥʽש ʘʨʪʳץʰʳʣʳסʳ: ʞʦסʘʨסʳ ʰʝʪʢʽ ʞʘסʜʘʡʳʥʜʘ ʦʨʥʳץʩʳʟʜʳץ ʙʦʣʤʘʡʜʳ.  

 

 ʘʡʰʳʩʳè ʪʠʧʪʽ ʤʝʭʘʥʠʟʤץ ʽʰʽʥʜʝ çʅʶʨʥʙʝʨʛ שʢ ʢᴇʪʝʨʛʽʰ ʤʝʭʘʥʠʟʤʜʝʨʜʽװʳ ʞסʦʣʜʘʥʳʩʪʘפ

ʢʝשʽʥʝʥ ץʦʣʜʘʥʳʣʘʜʳ. ɾװʢ ʢᴇʪʝʨʛʽʰ ʤʝʭʘʥʠʟʤʜʝʨ ʙʦʡʳʥʰʘ ʧʘʪʝʥʪʪʽʢ ʟʝʨʪʪʝʫ ʞװʨʛʽʟʽʣʽʧ,  [1-7] , 

mailto:dgpimmash@mail.ru
mailto:kazrah@mail.ru
mailto:kazrah@mail.ru
mailto:b.tultaev@mail.ru
mailto:dgpimmash@mail.ru
mailto:kazrah@mail.ru
mailto:kazrah@mail.ru
mailto:b.tultaev@mail.ru
http://www.inventor.ru/descriptions/software_13.html
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çʅʶʨʥʙʝʨʛ ץʘʡʰʳʩʳè ʪʠʧʪʽ ʞװʢ ʢᴇʪʝʨʛʽʰ ʤʝʭʘʥʠʟʤʥʽש ʞײʤʳʩʳ ʪʘʣʜʘʥʳʧ,  ʢʝʤʰʽʣʽʢʪʝʨʽ 

ʘʥʳץʪʘʣʜʳ. ʆʥʳש ʥʝʛʽʟʛʽ ʩʝʙʝʙʽ ʞʠʥʘʣסʘʥ ʢʝʟʜʝ ʤʝʭʘʥʠʟʤ ʩʠʥʛʫʣʷʨ ʢװʡʛʝ ʘʩʘ ʞʘץʳʥ ʦʨʥʘʣʘʩץʘʥ, 

ʩʦʥʜʳץʪʘʥ ʢʠʥʝʤʘʪʠʢʘʣʳץ ʞײʧʪʘʨʜʘסʳ ʨʝʘʢʮʠʷʣʘʨ ᴇʪʝ װʣʢʝʥ, ʘʣ ʪʝשʛʝʨʫʰʽ ʢװʰʪʽש ʤᴅʥʽ ᴇʪʝ 

ʞʦסʘʨʳ. ʉʦʥʜʳץʪʘʥ ʦʩʳʥʜʘʡ ʞװʢ ʢᴇʪʝʨʛʽʰ ʤʝʭʘʥʠʟʤʜʝʨʜʝʛʽ ʛʠʜʨʦʮʠʣʠʥʜʨʣʽʢ ʪʽʟʙʝʢʪʽ ʪʠʽʤʜʽ ʝʪʽʧ 

ʞʦʙʘʣʘʫ ᴅʜʽʩʪʝʨʽʥ ʞʝʪʽʣʜʽʨʫ ʢʝʨʝʢ. 

ɻʠʜʨʦʮʠʣʠʥʜʨʽʥʽש ʢװʰ ʙʝʨʽʣʽʩʽ ʪʠʽʤʜʽ ʙʦʣʘʪʳʥ ʞװʢ ʢᴇʪʝʨʛʽʰ ʤʝʭʘʥʠʟʤʥʽש ʤʦʜʝʣʽʥ ʞʘʩʘʫʜʳש 

ʠʥʞʝʥʝʨʣʽʢ ᴅʜʽʩʽʥʽש ʘʣʛʦʨʠʪʤʽʥ ײʩʳʥʘʤʳʟ. 

 ʡʝʥʽʧ, ʙʝʨʽʣʛʝʥʜʝʨʽʥװʩʠʧʘʪʪʘʤʘʣʘʨʳʥʘ ʩ ץʪʝʭʥʠʢʘʣʳ שʢʢᴇʪʝʨʛʽʰʪʽװʳ ʞסʦʣʜʘʥʳʩʪʘפ .1

ʘʣʘʤʳʟ: ʧʣʘʪʬʦʨʤʘʥʳש ʙʠʽʢʪʽʛʽ 2500 ʤʤ, ʤʘʩʩʘʩʳ 800 ʢʛ, ʞװʢʢᴇʪʝʨʛʽʰʪʽʛʽ 1000 ʢʛ. 

2. ɾװʢ ʢᴇʪʝʨʛʽʰ ʤʝʭʘʥʠʟʤʥʽש ʢʠʥʝʤʘʪʠʢʘʣʳץ ʩʠʥʪʝʟʽ (ʛʝʦʤʝʪʨʠʷʣʳץ ʧʘʨʘʤʝʪʨʣʝʨʽʥ 

ʘʥʳץʪʘʫ). ɻʝʦʤʝʪʨʠʷʣʳץ ʧʘʨʘʤʝʪʨʣʝʨʽʥ ʘʥʳץʪʘʫ װʰʽʥ ᴇʣʰʝʥʛʝʥ ʘʡʳʨʳʤ ʬʫʥʢʮʠʷʩʳʥ ײץʨʳʧ, 

ʢʚʘʜʨʘʪʪʳץ ʞʫʳץʪʘʫ ʪᴅʩʽʣʽʥ ʧʘʡʜʘʣʘʥʘʤʳʟ. ʅᴅʪʠʞʝʩʽʥʜʝ XA=0,34, XD=1,5 ï A ʞᴅʥʝ D  ʪʽʨʝʫʣʝʨʽʥʽש 

ʢʦʦʨʜʠʥʘʪʪʘʨʳ;, lAB=0,96, lBC=0,49, lCD=1,61, lBP=2,08, lPC=1,60 - AB,CD , BC  ʞᴅʥʝ BP, PC 

ʟʚʝʥʦʣʘʨʳʥʳײ שʟʳʥʜʳץʪʘʨʳ ʘʥʳץʪʘʣʘʜʳ. 

3. ʂʠʥʝʤʘʪʠʢʘʣʳץ, ʢʠʥʝʪʦʩʪʘʪʠʢʘʣʳץ ʘʥʘʣʠʟ (ʪʦʧʩʘʣʘʨʜʳש ʘʙʩʦʣʶʪ ʢʦʦʨʜʠʥʘʪʘʩʳʥ, 

ʪʦʧʩʘʣʘʨʜʘסʳ ʨʝʘʢʮʠʷ ʢװʰʪʝʨʽʥ ʘʥʳץʪʘʫ). ʊʦʧʩʘʣʘʨʜʳש ʘʙʩʦʣʶʪ ʢʦʦʨʜʠʥʘʪʘʩʳʥ ʘʥʳץʪʘʡʪʳʥ 

ʪʝשʜʝʫʣʝʨ ײץʨʳʣʘʜʳ. ʊʦʧʩʘʣʘʨʜʘסʳ ʨʝʘʢʮʠʷ ʢװʰʪʝʨʽʥ ʪʘʙʫ װʰʽʥ, ʪʝʧʝ-ʪʝשʜʽʢ ʪʝשʜʝʫʣʝʨʽ ʞʘʟʳʣʘʜʳ, 

ʩʘʥʳ ʞʠʳʨʤʘ ʪᴇʨʪʢʝ ʪʝש. ʂʚʘʜʨʘʪ ʤʘʪʨʠʮʘʥʳ ʰʝʰʫ ʘʨץʳʣʳ, ʤʝʭʘʥʠʟʤʥʽ44 ש ʦʨʥʳ װʰʽʥ ʨʝʘʢʮʠʷ 

ʢװʰʪʝʨʽ ʘʣʳʥʘʜʳ. ʆʩʳ ʪʝשʜʝʫʣʝʨʜʽ ʰʝʰʫ װʰʽʥ Microsoft Excel-ʜʽש ʽʰʽʥʜʝ Visual Basic ʪʽʣʽʥʜʝ 

ɻʘʫʩʩ ᴅʜʽʩʽʥ ץʦʣʜʘʥʳʧ ʧʨʦʛʨʘʤʤʘ ʞʘʟʘʤʳʟ [8, 9, ʙʝʪ 94-99].  

4. ɻʠʜʨʦʮʠʣʠʥʜʨʣʽʢ ʪʽʟʙʝʢʪʽ ʦʧʪʠʤʘʣʜʳ ʞʦʙʘʣʘʫ. ɻʠʜʨʦʮʠʣʠʥʜʨʜʽש ʦʨʥʳʥ, ʪʝשʛʝʨʫʰʽ ʢװʰʪʽ, 

ʪʠʽʤʜʽ ʢװʰ ʙʝʨʽʣʽʩʽʥ ʘʥʳץʪʘʫ. ʄʝʭʘʥʠʟʤ ʩʭʝʤʘʩʳʥʜʘ ʛʠʜʨʦʮʠʣʠʥʜʨ ɸɺ ʟʚʝʥʦʩʳʤʝʥ ʧʣʘʪʬʦʨʤʘʥʳ 

 ʰʽʥװ ʨ. ʆʣײʦʩʳʧ ʪץ
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RFgener=  ʢװʰʪʽש ʛʠʜʨʦʮʠʣʠʥʜʨʣʽʢ ʪʽʟʙʝʢʪʽ ץʘʡ ʥװʢʪʝʣʝʨʛʝ ʞʘʣסʘסʘʥʜʘ 

ʝש ʤᴅʥʽ ʘʟ ʙʦʣʘʪʳʥʳש ʘʥʳץʪʘʫ ʢʝʨʝʢ. ʉʦʥʜʘʡ-ʘץ maxmin )(  ,)( KLKL  ʤᴅʥʜʝʨʽʥ ʪʘʫʳʧ, ʙײʣʘʨʜʳש 

ᴇʟʛʝʨʫ ץʘʪʳʥʘʩʳʥʳץ שʘʞʝʪʪʽ ʤᴅʥʥʝʥ ʘʩʧʘʫʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ ʢʝʨʝʢ. 

5. ɺʘʨʠʘʮʠʷʣʘʥʘʪʳʥ ʘʡʥʳʤʘʣʳʣʘʨʜʳ ʝʥʛʽʟʫ (ʛʠʜʨʦʮʠʣʠʥʜʨʜʽש ʣʦʢʘʣʴʜʳ ʢʦʦʨʜʠʥʘʪʘʣʘʨʳʥ 

ʚʘʨʠʘʮʠʷʣʘʡʤʳʟ). ᴆʟʛʝʨʝʪʽʥ locylocx KK _,_  ʞᴅʥʝ locylocx LL _,_  ʧʘʨʘʤʝʪʨʣʝʨʽ,  

K ʞᴅʥʝ L  ʪʦʧʩʘʣʘʨʳʥʳש ʣʦʢʘʣʴʜʳ ʢʦʦʨʜʘʥʘʪʘʣʘʨʳ ʚʘʨʠʘʮʠʷʣʘʥʘʜʳ. ʐʝʢʪʝʫʣʝʨ ץʦʷʤʳʟ: 

16,008,0_;23,1_;2,01,0_;8.05,0_ ·=·=·=·= locylocxlocylocx LLKK  

6. ʃʇŰ-ʛʝʥʝʨʘʪʦʨʳ ʘʨץʳʣʳ ʉʦʙʦʣʴ-ʉʪʘʪʥʠʢʦʚʪʳש ʢᴇʧʢʨʠʪʝʨʠʡʣʽ ᴅʜʽʩʽ ץʦʣʜʘʥʳʣʘʜʳ. 32000 

ʃʇŰ-ʥװʢʪʝʣʝʨʽʥ (ʤʝʭʘʥʠʟʤ ʚʘʨʠʘʥʪʪʘʨʳʥ) ץʘʨʘʩʪʳʨʘʤʳʟ. [9 ʙ.55-56, 10] 

 ʰʽװʘʥ ʤʝʭʘʥʠʟʤ ʚʘʨʠʘʥʪʪʘʨʳʥ ʽʨʽʢʪʝʡʤʽʟ. ʈʝʘʢʮʠʷ ʢסʰ ʢʨʠʪʝʨʠʡ ʙʦʡʳʥʰʘ ʪʘʙʳʣת .7

ʌ1,ʪʝשʛʝʨʫʰʽ ʢװʰ ʌ2, ʢʦʥʩʪʨʫʢʮʠʷʣʳץ ʰʝʢʪʝʫ ʌ3. 32000 ʃʇŰ-ʥװʢʪʝʣʝʨʽʥ ʽʰʽʥʝʥ ʽʨʽʢʪʝʣʽʧ 644 

ʤʝʭʘʥʠʟʤ ʘʣʳʥʜʳ. [9 ʙ.102-104] 

8. ʄʝʭʘʥʠʟʤ ʪʘשʜʘʧ ʘʣʳʥʜʳ.. 

ʊʘשʜʘʧ ʘʣʳʥסʘʥ 1507 ʃʇ-ʪʘʫ ʥװʢʪʝʩʽʥʝ ʩᴅʡʢʝʩ ʢʝʣʝʪʽʥ ʤʝʭʘʥʠʟʤ 

Alpt xK-Loc yK-Loc xL-Loc yL-Loc ʌ1 ʌ2 ʌ3 KLmin Klmax 

1 507 1,002 0,192 0,892 0,059 48 767 29 698 1,60 1,07 1,72 

 

9. APM Strucrure 3D ʧʨʦʛʨʘʤʤʘʩʳʥʜʘ ʟʚʝʥʦʣʘʨסʘ ץʠʤʘ ʙʝʨʽʧ, ʤʦʜʝʣʜʝʫ. ɿʚʝʥʦʣʘʨ ץʠʤʘʩʳ 
ʨʝʪʽʥʜʝ ʰʚʝʣʣʝʨ ʪʘשʜʘʣʳʧ ʘʣʳʥʜʳ. ʄʝʭʘʥʠʟʤʥʽש ʪʦʧʩʘʣʘʨʳʥʜʘסʳ ʨʝʘʢʮʠʷ ʢװʰʪʝʨʽ, ʢʝʨʥʝʫʽ 

ʘʥʳץʪʘʣʜʳ. ʊʦʧʩʘʣʘʨʳʥʜʘסʳ ʨʝʘʢʮʠʷ ʢװʰʪʝʨʽ 2 ʢʝʩʪʝʜʝ, ʘʣ ʢʝʨʥʝʫʜʽ1 ש ʩʫʨʝʪʪʝ ʢʘʨʪʘʩʳ 

ʢᴇʨʩʝʪʽʣʛʝʥ. 
 

ʂʝʩʪʝ 2 - APM structure 3D ʧʨʦʛʨʘʤʤʘʩʳʥʜʘסʳ ʪʦʧʩʘʣʘʨʜʳש ʨʝʘʢʮʠʷʣʘʨ ʤᴅʥʽ 
 

N ʊװʡʽʥ ʂװʰ [ʅ] ʄʦʤʝʥʪ [ʅ*ʤʤ] 

  X Y Z X Y Z 

1 0 0.0000 -4789,20998 4578.237 -0.0000 0.0000 0.0000 

2 3 -0.0000 8565,0248 -1203.342 -0.0000 0.0000 0.0000 

3 4 -0.0000 9987.8851 1903.945 -0.0000 0.0000 -0.0000 
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ʉʫʨʝʪ 1- ʂʝʨʥʝʫ ʢʘʨʪʘʩʳ 

 

10. ʊʘʙʳʣסʘʥ ʟʚʝʥʦʣʘʨʜʳש ʞʘשʘ ʤʘʩʩʘʣʘʨʳʥ ץʦʣʜʘʥʳʧ, ץʘʡʪʘ 32000 ʃʇŰ-ʥװʢʪʝʣʝʨʽʥ 

(ʤʝʭʘʥʠʟʤ ʚʘʨʠʘʥʪʪʘʨʳʥ) ץʘʨʘʩʪʳʨʘʤʳʟ ʞᴅʥʝ ʪʘʙʳʣסʘʥ ʤʝʭʘʥʠʟʤ ʚʘʨʠʘʥʪʪʘʨʳʥ ʢʨʠʪʝʨʠʡʣʝʨ 

ʙʦʡʳʥʰʘ ʽʨʽʢʪʝʧ, ʝש ʪʠʽʤʜʽ ʤʝʭʘʥʠʟʤʜʽ ʪʘשʜʘʧ ʘʣʘʤʳʟ. ʅᴅʪʠʞʝʣʝʨʽ 3 ʢʝʩʪʝʜʝ ʢᴇʨʩʝʪʽʣʛʝʥ.  
 

ʂʝʩʪʝ 3 - ɯʨʽʢʪʝʣʽʧ ʘʣʳʥסʘʥ ʤʝʭʘʥʠʟʤ 

 

Alpt xK-Loc yK-Loc xL-Loc yL-Loc ʌ1 ʌ2 ʌ3 KLmin Klmax 

5677 0.934 0.187 0.916 0.034 30440 20846 1.71 1.03 1.76 

5797 0.882 0.195 1.080 -0.034 29755 27476 1.58 1.13 1.78 

12601 0.850 0.182 1.042 -0.023 28400 24688 1.70 1.06 1.80 

 

11. Inventor ʧʨʦʛʨʘʤʤʘʩʳʥ ʧʘʡʜʘʣʘʥʳʧ, ʘʥʳץʪʘʣסʘʥ ʟʚʝʥʦʣʘʨʜʳץ שʠʤʘʩʳ ʘʨץʳʣʳ ʤʝʭʘʥʠʟʤʥʽש 

ʢʝשʽʩʪʽʢʪʝʛʽ ʤʦʜʝʣʽʥ ʞʘʩʘʡʤʳʟ. ʅᴅʪʠʞʝʩʽ 2 ʩʫʨʝʪʪʝ ʤʝʭʘʥʠʟʤʥʽש ʢʝשʽʩʪʽʢʪʝʛʽ ʤʦʜʝʣʽ ʩʠʧʘʪʪʘʣסʘʥ.  

12. ɾװʢ ʢᴇʪʝʨʛʽʰ ʤʝʭʘʥʠʟʤʥʽש ʥʘץʪʳ ʤʦʜʝʣʽ ʘʣʳʥʜʳ.  

 

 
ʉʫʨʝʪ 2 - ʄʝʭʘʥʠʟʤʥʽש ʢʝשʽʩʪʽʢʪʝʛʽ ʤʦʜʝʣʽ 
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ʀʥʞʝʥʝʨʣʽʢ ᴅʜʽʩʪʝʤʝ ʞװʢ ʢᴇʪʝʨʛʽʰ ʤʝʭʘʥʠʟʤʜʝʨʜʽש ʵʢʩʧʣʫʘʪʘʮʠʷʣʳץ ʩʝʥʽʤʜʽʣʽʛʽʥ ᴇʩʽʨʝʜʽ, 

ʪʠʽʤʜʽ ʤʝʪʘʣʣ ʰʳסʳʥʳʥʘ ʞʝʪʢʽʟʝʜʽ ʞᴅʥʝ ʤʝʭʘʥʠʟʤʜʽ ʞʦʙʘʣʘʫʜʘ ץʦʣʜʘ ʙʘʨ ʩʦʨʪʘʤʝʥʪʪʝʛʽ 

ʧʨʦʬʠʣʴʜʝʨʜʽ ʟʚʝʥʦʣʘʨʜʘ ץʦʣʜʘʥʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ɾײʤʳʩ ʥᴅʪʠʞʝʣʝʨʽʥʽש ʧʨʘʢʪʠʢʘʣʳץ ʤʘשʳʟʳ 

ʙʘʨ. ʆʣʘʨ ʢᴇʪʝʨʛʽʰ ʤʝʭʘʥʠʟʤʜʝʨʜʽ ʞʦʙʘʣʘʫʜʳ ʞʝשʽʣʜʝʪʝʜʽ, ʪʠʽʤʜʽ ʞʦʙʘʣʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ, 

ʝʩʝʧʪʝʫ ʫʘץʳʪʳʥ ץʳʩץʘʨʪʘʜʳ ʞᴅʥʝ ץʘʟʽʨʛʽ ʫʘץʳʪʪʘ ʙײʣ ʤʝʭʘʥʠʟʤʜʝʨʜʽש ʝʨʝʢʰʝʣʽʛʽ ʞᴇʥʽʥʜʝʛʽ 

ʤᴅʣʽʤʝʪʪʝʨʜʽ ʪʦʣʳץʪʳʨʘʜʳ. 
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ʧʨʦʚʝʜʝʥʘ ʦʧʪʠʤʠʟʘʮʠʷ ʧʝʨʝʜʘʯʠ ʩʠʣʳ ʧʦ ʪʦʯʥʳʤ ʥʘʡʜʝʥʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ.  

ʈʝʟʫʣʴʪʘʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʤʦʜʝʣʠ ʛʨʫʟʦʧʦʜʲʝʤʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʥʘ ʦʩʥʦʚʝ ʧʣʦʩʢʠʭ 

ʨʳʯʘʞʥʳʭ ʤʝʭʘʥʠʟʤʦʚ. ʇʦʣʫʯʝʥʥʳʡ ʤʝʭʘʥʠʟʤ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʠʥʪʝʟʘ ʧʣʦʩʢʦʛʦ ʨʳʯʘʞʥʦʛʦ ʚʦʩʴʤʠʟʚʝʥʥʦʛʦ 

ʛʨʫʟʦʧʦʜʲʝʤʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʧʦ ʢʨʠʪʝʨʠʶ ʦʧʪʠʤʘʣʴʥʦʡ ʧʝʨʝʜʘʯʠ ʩʠʣʳ ʠʤʝʝʪ ʩʣʝʜʫʶʱʝʝ ʧʨʝʠʤʫʱʝʩʪʚʦ: 

ʠʩʯʝʟʘʝʪ ʥʝʫʩʪʦʡʯʠʚʦʩʪʴ ʚ ʢʨʘʡʥʝʤ ʚʝʨʭʥʝʤ ʧʦʣʦʞʝʥʠʠ. 
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Abstract. A comparative analysis of different hardware methods of performing basic operations exponentiation 

to the power with reduction modulo - integer multiplication and squaring, on speed and hardware cost is presented. 

Devices are analyzed for the most critical operation of exponentiation to the power of numbers modulo - reduction 

modulo. 
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ɸʇʇɸʈɸʊʅʓɽ ʄɽʊʆɼʓ ʈɽɸʃʀɿɸʎʀʀ ɹɸɿʆɺʓʍ ʆʇɽʈɸʎʀʁ 

ɸʉʀʄʄɽʊʈʀʏʅʓʍ ʂʈʀʇʊʆɸʃɻʆʈʀʊʄʆɺ 
 

ʉ.ʊ. ʊʳʥʳʤʙʘʝʚ,  ɽ.ɾ. ɸʡʪʭʦʞʘʝʚʘ 
ʂʘʟʘʭʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʂ.ʀ.ʉʘʪʧʘʝʚʘ, ʛ. ɸʣʤʘʪʳ 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʧʧʘʨʘʪʥʳʝ ʩʨʝʜʩʪʚʘ ʰʠʬʨʦʚʘʥʠʷ, ʘʩʠʤʤʝʪʨʠʯʥʳʝ ʢʨʠʧʪʦʘʣʛʦʨʠʪʤʳ,  ʚʦʟʚʝʜʝʥʠʝ 

ʯʠʩʝʣ ʚ ʩʪʝʧʝʥʴ ʧʦ ʤʦʜʫʣʶ. 

ɸʥʥʦʪʘʮʠʷ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʘʧʧʘʨʘʪʥʳʭ ʩʨʝʜʩʪʚ ʰʠʬʨʦʚʘʥʠʷ. 

ʋʢʘʟʳʚʘʝʪʩʷ ʥʘ ʥʠʟʢʦʝ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʘʩʠʤʤʝʪʨʠʯʥʳʭ ʢʨʠʧʪʦʘʣʛʦʨʠʪʤʦʚ ʚ ʩʚʷʟʠ ʩ ʛʨʦʤʦʟʜʢʠʤʠ 

ʘʨʠʬʤʝʪʠʯʝʩʢʠʤʠ ʚʳʯʠʩʣʝʥʠʷʤʠ ʥʘʜ ʯʠʩʣʘʤʠ ʩ ʧʦʚʳʰʝʥʥʦʡ ʨʘʟʨʷʜʥʦʩʪʴʶ (ʚʦʟʚʝʜʝʥʠʝ ʚ ʩʪʝʧʝʥʴ ʧʦ 

ʤʦʜʫʣʶ) ʠ ʚʳʪʝʢʘʶʱʫʶ ʠʟ ʵʪʦʛʦ ʧʨʦʙʣʝʤʫ ʫʩʢʦʨʝʥʠʷ ʚʦʟʚʝʜʝʥʠʷ ʯʠʩʝʣ ʚ ʩʪʝʧʝʥʴ ʧʦ ʤʦʜʫʣʶ. ʇʨʦʚʦʜʠʪʩʷ 

ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʨʘʟʣʠʯʥʳʭ ʘʧʧʘʨʘʪʥʳʭ ʤʝʪʦʜʦʚ ʚʳʧʦʣʥʝʥʠʷ ʙʘʟʦʚʳʭ ʦʧʝʨʘʮʠʡ ʚʦʟʚʝʜʝʥʠʷ ʯʠʩʝʣ ʚ 

ʩʪʝʧʝʥʴ ʧʦ ʤʦʜʫʣʶ - ʮʝʣʦʯʠʩʣʝʥʥʦʛʦ ʫʤʥʦʞʝʥʠʷ ʠ ʚʦʟʚʝʜʝʥʠʷ ʚ ʢʚʘʜʨʘʪ,  ʧʦ ʙʳʩʪʨʦʜʝʡʩʪʚʠʶ ʠ ʘʧʧʘʨʘʪʥʳʤ 

ʟʘʪʨʘʪʘʤ. ɸʥʘʣʠʟʠʨʫʶʪʩʷ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʥʘʠʙʦʣʝʝ ʢʨʠʪʠʯʥʦʡ ʦʧʝʨʘʮʠʠ ʚʦʟʚʝʜʝʥʠʷ ʯʠʩʝʣ ʚ 

ʩʪʝʧʝʥʴ ʧʦ ʤʦʜʫʣʶ ï ʧʨʠʚʝʜʝʥʠʷ ʧʦ ʤʦʜʫʣʶ. ʆʧʨʝʜʝʣʷʝʪʩʷ ʥʘʧʨʘʚʣʝʥʠʝ ʨʘʟʨʘʙʦʪʢʠ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ 

ʧʨʠʚʝʜʝʥʠʷ ʧʦ ʤʦʜʫʣʶ. 

 

ʉʧʦʩʦʙʳ ʭʨʘʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ ʨʘʟʚʠʪʠʷ ʢʦʤʧʴʶʪʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʜʠʥʘʤʠʯʥʦ ʩʦʚʝʨʰʝʥʩʪʚʫʶʪʩʷ. ʉʚʷʟʘʥʦ ʵʪʦ ʩ ʫʧʨʦʱʝʥʠʝʤ ʝʝ ʭʨʘʥʝʥʠʷ ʚ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤʘʭ 

ʠ ʥʝʩʨʘʚʥʠʤʦ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʴʶ ʜʦʩʪʫʧʘ ʢ ʥʝʡ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʥʬʦʨʤʘʮʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʩʧʝʮʠʬʠʯʝʩʢʠʡ ʪʦʚʘʨ, ʢʦʪʦʨʳʡ ʤʦʞʥʦ ʢʫʧʠʪʴ, ʧʨʦʜʘʪʴ, ʦʙʤʝʥʷʪʴ ʥʘ ʯʪʦ-ʪʦ ʜʨʫʛʦʝ ʠ ʪ.ʜ. 

ʀʥʬʦʨʤʘʮʠʷ ʷʚʣʷʝʪʩʷ ʩʪʨʘʪʝʛʠʯʝʩʢʠʤ ʨʝʩʫʨʩʦʤ ʛʦʩʫʜʘʨʩʪʚʘ. ʇʦʵʪʦʤʫ ʟʘʱʠʪʘ ʠʥʬʦʨʤʘʮʠʠ ʦʪ 

ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʛʦ ʜʦʩʪʫʧʘ, ʢʨʘʞʠ, ʫʥʠʯʪʦʞʝʥʠʷ ʠ ʜʨʫʛʠʭ ʧʨʝʩʪʫʧʥʳʭ ʜʝʡʩʪʚʠʡ ʷʚʣʷʝʪʩʷ 

ʘʢʪʫʘʣʴʥʦʡ ʧʨʦʙʣʝʤʦʡ [1, 2]. 

ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʥʘʜʝʞʥʳʭ ʩʧʦʩʦʙʦʚ ʦʙʝʩʧʝʯʝʥʠʷ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ, ʭʨʘʥʷʱʝʡʩʷ ʚ 

ʵʣʝʢʪʨʦʥʥʦʡ ʚʠʜʝ, ʷʚʣʷʝʪʩʷ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʘʷ ʟʘʱʠʪʘ. ʂʨʠʧʪʦʛʨʘʬʠʷ ʩʚʷʟʘʥʘ ʩ ʰʠʬʨʦʚʘʥʠʝʤ ʠ 
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ʨʘʩʰʠʬʨʦʚʳʚʘʥʠʝʤ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʳʭ ʜʘʥʥʳʭ ʚ ʢʘʥʘʣʘʭ ʢʦʤʤʫʥʠʢʘʮʠʡ. ʆʥʘ ʪʘʢʞʝ ʧʨʠʤʝʥʷʝʪʩʷ 

ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʠʩʢʣʶʯʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʢʘʞʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʠʣʠ ʧʦʜʪʚʝʨʜʠʪʴ ʝʝ 

ʧʨʦʠʩʭʦʞʜʝʥʠʝ. ʂʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʥʝʜʦʩʪʫʧʥʦʩʪʴ ʝʝ 

ʜʣʷ ʣʠʮ, ʥʝ ʠʤʝʶʱʠʭ ʢʣʶʯʘ, ʠ ʧʦʜʜʝʨʞʠʚʘʶʪ ʩ ʪʨʝʙʫʝʤʦʡ ʥʘʜʝʞʥʦʩʪʴʶ ʦʙʥʘʨʫʞʝʥʠʝ 

ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʳʭ ʠʩʢʘʞʝʥʠʡ. ʂʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ ʩʦʩʪʘʚʣʷʶʪ ʦʪʜʝʣʴʥʫʶ ʛʨʫʧʧʫ 

ʬʦʨʤʘʣʴʥʳʭ ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ,  ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʨʝʚʨʘʱʝʥʠʝ ʦʪʢʨʳʪʦʛʦ ʪʝʢʩʪʘ ʚ ʰʠʬʨʪʝʢʩʪ 

ʧʫʪʝʤ  ʰʠʬʨʦʚʘʥʠʷ ʠʩʭʦʜʥʦʛʦ ʪʝʢʩʪʘ ʩ ʧʦʤʦʱʴʶ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʭ ʘʣʛʦʨʠʪʤʦʚ [2]. ʆʥʠ ʤʦʛʫʪ 

ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʳ ʚ ʚʠʜʝ ʧʨʦʛʨʘʤʤʥʳʭ, ʘʧʧʘʨʘʪʥʳʭ ʠ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʳʭ ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ.  

ɸʧʧʘʨʘʪʥʳʝ ʩʨʝʜʩʪʚʘ ʰʠʬʨʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ. ʆʥʠ 

ʜʦʨʦʞʝ ʧʨʦʛʨʘʤʤʥʳʭ ʰʠʬʨʘʪʦʨʦʚ ʠ ʩʣʦʞʥʝʝ  ʚ ʨʝʘʣʠʟʘʮʠʠ, ʥʦ ʠʤʝʶʪ ʨʷʜ ʩʫʱʝʩʪʚʝʥʥʳʭ 

ʧʨʝʠʤʫʱʝʩʪʚ ʧʝʨʝʜ ʧʨʦʛʨʘʤʤʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ: ʚʳʩʦʢʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʧʨʦʩʪʦʪʘ, ʟʘʱʠɦ ʝʥ-

ʥʦʩʪʴ ʠ ʪ.ʜ. [3]. 

ɸʧʧʘʨʘʪʥʳʝ ʩʨʝʜʩʪʚʘ ʰʠʬʨʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʠʤʝʶʪ ʪʨʠ ʨʘʟʥʦʚʠʜʥʦʩʪʠ: 

- ʰʠʬʨʦʚʘʣʴʥʳʝ ʤʦʜʫʣʠ (ʦʥʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʚʳʧʦʣʥʷʶʪ ʚʩʶ ʨʘʙʦʪʫ ʩ ʢʣʶʯʘʤʠ), 

- ʙʣʦʢʠ ʰʠʬʨʦʚʘʥʠʷ ʚ ʢʘʥʘʣʘʭ ʩʚʷʟʠ,  

- ʰʠʬʨʦʚʘʣʴʥʳʝ ʧʣʘʪʳ ʨʘʩʰʠʨʝʥʠʷ ʜʣʷ ʫʩʪʘʥʦʚʢʠ ʚ ʧʝʨʩʦʥʘʣʴʥʳʝ ʢʦʤʧʴʶʪʝʨʳ. 

ɹʦʣʴʰʠʥʩʪʚʦ ʫʩʪʨʦʡʩʪʚ ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʪʠʧʘ ʷʚʣʷʶʪʩʷ ʫʟʢʦʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʤʠ. ʇʣʘʪʳ 

ʨʘʩʰʠʨʝʥʠʷ ʜʣʷ ʧʝʨʩʦʥʘʣʴʥʳʭ ʢʦʤʧʴʶʪʝʨʦʚ ʷʚʣʷʶʪʩʷ ʙʦʣʝʝ ʫʥʠʚʝʨʩʘʣʴʥʳʤ ʩʨʝʜʩʪʚʦʤ 

ʘʧʧʘʨʘʪʥʦʛʦ ʰʠʬʨʦʚʘʥʠʷ ʠ ʦʙʳʯʥʦ ʤʦʛʫʪ ʙʳʪʴ ʣʝʛʢʦ ʩʢʦʥʬʠʛʫʨʠʨʦʚʘʥʳ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ 

ʰʠʬʨʦʚʘʪʴ ʚʩʶ ʠʥʬʦʨʤʘʮʠʶ, ʢʦʪʦʨʘʷ ʟʘʧʠʩʳʚʘʝʪʩʷ ʥʘ ʞʝʩʪʢʠʡ ʜʠʩʢ ʢʦʤʧʴʶʪʝʨʘ, ʘ ʪʘʢʞʝ ʚʩʝ 

ʜʘʥʥʳʝ, ʧʝʨʝʩʳʣʘʝʤʳʝ ʥʘ ʝʛʦ ʛʠʙʢʠʡ ʜʠʩʢ ʠ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ ʧʦʨʪʳ. ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʫʩʪʨʦʡʩʪʚ 

ʜʣʷ ʘʧʧʘʨʘʪʥʦʛʦ ʰʠʬʨʦʚʘʥʠʷ ʨʝʘʣʠʟʦʚʘʥʘ ʚ ʚʠʜʝ PCI ʧʣʘʪ ʨʘʩʰʠʨʝʥʠʷ ʠʣʠ ʧʨʠʙʦʨʦʚ ʪʠʧʘ USB-

ʢʣʶʯ.  

ʅʘ ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ ʨʘʟʚʠʪʠʷ ʢʨʠʧʪʦʛʨʘʬʠʠ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʧʨʠʚʣʝʢʘʶʪ ʘʩʠʤʤʝʪʨʠʯʥʳʝ 

ʢʨʠʧʪʦʘʣʛʦʨʠʪʤʳ [4]. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʘʩʩʠʤʝʪʨʠʯʥʦʤ ʰʠʬʨʦʚʘʥʠʠ ʧʘʨʳ ʢʣʶʯʝʡ (ʚ ʩʨʘʚʥʝʥʠʠ ʩ 

ʩʠʤʤʝʪʨʠʯʥʳʤ ʰʠʬʨʦʚʘʥʠʝʤ, ʫ ʢʦʪʦʨʦʛʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʦʣʴʢʦ ʦʜʠʥ ʢʣʶʯ) ʧʦʚʳʰʘʝʪ ʩʣʦʞʥʦʩʪʴ 

ʢʨʠʧʪʦʘʥʘʣʠʟʘ ʜʣʷ ʟʣʦʫʤʳʰʣʝʥʥʠʢʘ. 

 ɻʣʘʚʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʘʩʠʤʤʝʪʨʠʯʥʳʭ ʢʨʠʧʪʦʘʣʛʦʨʠʪʤʦʚ ʷʚʣʷʝʪʩʷ ʥʠʟʢʦʝ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ, ʪʘʢ 

ʢʘʢ ʚ ʧʨʦʮʝʜʫʨʘʭ ʰʠʬʨʦʚʘʥʠʷ ʠ ʜʝʰʠʬʨʦʚʘʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʛʨʦʤʦʟʜʢʠʝ ʘʨʠʬʤʝʪʠʯʝʩʢʠʝ 

ʚʳʯʠʩʣʝʥʠʷ ʥʘʜ ʯʠʩʣʘʤʠ ʩ ʧʦʚʳʰʝʥʥʦʡ ʨʘʟʨʷʜʥʦʩʪʴʶ (ʚʦʟʚʝʜʝʥʠʝ ʚ ʩʪʝʧʝʥʴ ʧʦ ʤʦʜʫʣʶ). ʇʦʵʪʦʤʫ 

ʛʣʘʚʥʘʷ ʧʨʦʙʣʝʤʘ ʘʩʠʤʤʝʪʨʠʯʥʳʭ ʢʨʠʧʪʦʘʣʛʦʨʠʪʤʦʚ  ï ʵʪʦ ʧʨʦʙʣʝʤʘ  ʫʩʢʦʨʝʥʠʷ ʚʦʟʚʝʜʝʥʠʷ ʯʠʩʝʣ 

ʚ ʩʪʝʧʝʥʴ ʧʦ ʤʦʜʫʣʶ. ʆʜʥʠʤ ʠʟ ʧʫʪʝʡ ʨʝʰʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʧʧʘʨʘʪʥʳʭ 

ʩʨʝʜʩʪʚ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʙʘʟʦʚʳʭ ʦʧʝʨʘʮʠʡ ʙʳʩʪʨʦʛʦ ʚʦʟʚʝʜʝʥʠʷ ʯʠʩʝʣ ʚ ʩʪʝʧʝʥʴ ʧʦ ʤʦʜʫʣʶ ï

ʮʝʣʦʯʠʩʣʝʥʥʦʛʦ ʫʤʥʦʞʝʥʠʷ, ʚʦʟʚʝʜʝʥʠʷ ʚ ʢʚʘʜʨʘʪ, ʧʨʠʚʝʜʝʥʠʷ ʧʦ ʤʦʜʫʣʶ.   

ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʥʘʢʦʧʣʝʥ ʙʦʣʴʰʦʡ ʦʧʳʪ ʚ ʨʘʟʨʘʙʦʪʢʝ ʙʳʩʪʨʦʜʝʡʩʪʚʫʶʱʠʭ 

ʮʝʣʦʯʠʩʣʝʥʥʳʭ ʫʤʥʦʞʠʪʝʣʝʡ ʠ ʢʚʘʜʨʘʪʦʨʦʚ, ʠʩʧʦʣʴʟʫʶʱʠʭ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ ʫʩʢʦʨʝʥʠʷ 

ʫʤʥʦʞʝʥʠʷ. ʄʝʪʦʜʳ ʫʩʢʦʨʝʥʠʷ ʫʤʥʦʞʝʥʠʷ ʜʝʣʷʪʩʷ ʥʘ ʘʧʧʘʨʘʪʥʳʝ ʠ ʣʦʛʠʯʝʩʢʠʝ.   

ɹʦʣʝʝ ʙʳʩʪʨʦʜʝʡʩʪʚʫʶʱʠʤʠ ʷʚʣʷʶʪʩʷ ʘʧʧʘʨʘʪʥʳʝ ʤʝʪʦʜʳ ʫʩʢʦʨʝʥʠʷ ʫʤʥʦʞʝʥʠʷ. ʋʩʢʦʨʝʥʠʝ 

ʦʧʝʨʘʮʠʠ ʫʤʥʦʞʝʥʠʷ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ: 

- ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʯʘʩʪʠʯʥʦʛʦ ʧʨʦʠʟʚʝʜʝʥʠʷ (ʏʇ); 

- ʤʠʥʠʤʠʟʘʮʠʠ ʢʦʣʠʯʝʩʪʚʘ ʩʣʦʞʝʥʠʡ; 

- ʫʤʝʥʴʰʝʥʠʷ ʚʨʝʤʝʥʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʝʨʝʥʦʩʦʚ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʏʇ. 

ʇʘʨʘʣʣʝʣʴʥʦʝ ʚʳʯʠʩʣʝʥʠʝ ʏʇ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚʦ ʚʩʝʭ ʫʤʥʦʞʠʪʝʣʷʭ, ʛʜʝ ʫʤʥʦʞʝʥʠʝ ʨʝʘʣʠʟʦʚʘʥʦ 

ʘʧʧʘʨʘʪʥʦ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʝʘʣʠʟʘʮʠʠ ʦʧʝʨʘʮʠʠ ʩʫʤʤʠʨʦʚʘʥʠʷ ʦʥʠ ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ 

ʤʘʪʨʠʯʥʳʝ ʠ ʜʨʝʚʦʚʠʜʥʳʝ. ɺ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʩʫʤʤʠʨʦʚʘʥʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʠ ʤʘʩʩʠʚʘ 

ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʦʜʥʦʨʘʟʨʷʜʥʳʭ ʩʫʤʤʘʪʦʨʦʚ.  

ɺ ʤʘʪʨʠʯʥʳʭ ʩʪʨʫʢʪʫʨʘʭ ʩʫʤʤʘʪʦʨʳ ʦʨʛʘʥʠʟʦʚʘʥʳ ʚ ʚʠʜʝ ʤʘʪʨʠʮʳ, ʘ ʚ ʜʨʝʚʦʚʠʜʥʳʭ ï ʚ ʚʠʜʝ 

ʜʝʨʝʚʘ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʚʠʜʘ.  

ʇʨʠ ʤʘʪʨʠʯʥʦʤ ʫʤʥʦʞʝʥʠʠ ʨʝʟʫʣʴʪʘʪ ʉ ʧʝʨʝʤʥʦʞʝʥʠʷ ʜʚʫʭ n-ʨʘʟʨʷʜʥʳʭ ʜʚʦʠʯʥʳʭ ʯʠʩʝʣ ɸ ʠ ɺ 

ʙʝʟ ʟʥʘʢʘ ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʚʳʨʘʞʝʥʠʝʤ: 

 
ʋʤʥʦʞʝʥʠʝ ʩʚʦʜʠʪʩʷ ʢ ʧʘʨʘʣʣʝʣʴʥʦʤʫ ʬʦʨʤʠʨʦʚʘʥʠʶ ʙʠʪʦʚ ʠʟ n ï ʨʘʟʨʷʜʥʳʭ ʯʘʩʪʠʯʥʳʭ 
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ʧʨʦʠʟʚʝʜʝʥʠʡ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʠʭ ʩʫʤʤʠʨʦʚʘʥʠʝʤ ʩ ʧʦʤʦʱʴʶ ʤʘʪʨʠʮ ʩʫʤʤʘʪʦʨʦʚ. ʊʘʢʘʷ ʩʭʝʤʘ 

ʠʟʚʝʩʪʥʘ ʢʘʢ ʫʤʥʦʞʠʪʝʣʴ ɹʨʘʫʥʘ.  

ʉʦʢʨʘʪʠʪʴ ʟʘʜʝʨʞʢʫ ʚ ʤʘʪʨʠʯʥʳʭ ʫʤʥʦʞʠʪʝʣʷʭ ʫʜʘʝʪʩʷ ʚ ʩʭʝʤʘʭ, ʧʦʩʪʨʦʝʥʥʳʭ ʧʦ ʜʨʝʚʦʚʠʜʥʦʡ 

ʩʪʨʫʢʪʫʨʝ. ɽʩʣʠ ʚ ʤʘʪʨʠʯʥʳʭ ʫʤʥʦʞʠʪʝʣʷʭ ʜʣʷ ʩʫʤʤʠʨʦʚʘʥʠʷ n ʯʘʩʪʠʯʥʳʭ ʧʨʦʠʟʚʝʜʝʥʠʠ 

ʪʨʝʙʫʝʪʩʷ n-ʩʪʨʦʢ ʩʫʤʤʘʪʦʨʦʚ, ʪʦ ʚ ʜʨʝʚʦʚʠʜʥʳʭ ʩʭʝʤʘʭ ʢʦʣʠʯʝʩʪʚʦ ʩʪʫʧʝʥʝʡ ʩʫʤʤʘʪʦʨʦʚ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ log2n. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʦʢʨʘʱʝʥʠʶ ʚʨʝʤʝʥʠ ʚʳʯʠʩʣʝʥʠʷ ʩʫʤʤʳ ʏʇ. ʆʜʥʘʢʦ ʧʨʠ 

ʨʝʘʣʠʟʘʮʠʠ ʪʘʢʠʭ ʫʤʥʦʞʠʪʝʣʝʡ ʪʨʝʙʫʶʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʩʚʷʟʠ ʜʣʷ ʦʙʲʝʜʠʥʝʥʠʷ ʨʘʟʨʷʜʦʚ, 

ʠʤʝʶʱʠʭ ʦʜʠʥʘʢʦʚʳʡ ʚʝʩ, ʠʟ-ʟʘ ʯʝʛʦ ʧʣʦʱʘʜʴ, ʟʘʥʠʤʘʝʤʘʷ ʩʭʝʤʦʡ ʥʘ ʢʨʠʩʪʘʣʣʝ, ʤʦʞʝʪ 

ʫʚʝʣʠʯʠʪʴʩʷ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʠʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʠ ʪʨʠ ʜʨʝʚʦʚʠʜʥʳʝ ʩʭʝʤʳ ʧʦʣʫʯʝʥʠʷ 

ʩʫʤʤʳ ʏʇ: ʜʝʨʝʚʦ ʋʦʣʣʝʩʘ, ʜʝʨʝʚʦ ɼʘʜʜʘ ʠ ʧʝʨʝʚʝʨʥʫʪʦʝ ʩʪʫʧʝʥʯʘʪʦʝ  ʜʝʨʝʚʦ [5,6]. 

ʉʭʝʤʘ ʋʦʣʣʝʩʘ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʙʳʩʪʨʦʡ, ʥʦ ʝʝ ʩʪʨʫʢʪʫʨʘ ʥʘʠʤʝʥʝʝ ʨʝʛʫʣʷʨʥʘ, ʠʟ-ʟʘ ʯʝʛʦ 

ʧʨʝʜʧʦʯʪʝʥʠʝ ʦʪʜʘʝʪʩʷ ʠʥʳʤ ʜʨʝʚʦʚʠʜʥʳʤ ʩʪʨʫʢʪʫʨʘʤ. ʉʭʝʤʘ ʚ ʦʩʥʦʚʥʦʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ 

ʙʳʩʪʨʦʛʦ ʧʝʨʝʤʥʦʞʝʥʠʷ ʯʠʩʝʣ ʙʦʣʴʰʦʡ ʨʘʟʨʷʜʥʦʩʪʠ. ʇʨʠ ʫʤʥʦʞʝʥʠʠ ʯʠʩʝʣ ʥʝʙʦʣʴʰʦʡ 

ʨʘʟʨʷʜʥʦʩʪʠ ʯʘʱʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʭʝʤʘ ɼʘʜʜʘ. ɺ ʦʩʥʦʚʝ ʵʪʦʛʦ ʫʤʥʦʞʠʪʝʣʷ ʣʝʞʠʪ ʜʝʨʝʚʦ ʋʦʣʣʝʩʘ ʩ 

ʤʝʥʴʰʠʤ ʯʠʩʣʦʤ ʩʫʤʤʘʪʦʨʦʚ. ʉʭʝʤʳ ʋʦʣʣʝʩʘ ʠ ɼʘʜʜʘ ʠʤʝʶʪ ʦʙʱʠʡ ʥʝʜʦʩʪʘʪʦʢ ï ʥʝʨʝʛʫʣʷʨʥʦʩʪʴ 

ʩʪʨʫʢʪʫʨʳ. ʉʭʝʤʘ ʧʝʨʝʚʝʨʥʫʪʦʡ ʣʝʩʪʥʠʮʳ (overturnedstairs) ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʧʦʧʳʪʦʢ ʩʜʝʣʘʪʴ 

ʜʨʝʚʦʚʠʜʥʫʶ ʩʪʨʫʢʪʫʨʫ ʙʦʣʝʝ ʨʝʛʫʣʷʨʥʦʡ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʙʣʝʛʯʠʪʴ ʝʝ ʨʝʘʣʠʟʘʮʠʶ ʚ ʠʥʪʝʛʨʘʣʴʥʦʤ 

ʠʩʧʦʣʥʝʥʠʠ. 

ʂ ʫʤʥʦʞʠʪʝʣʷʤ, ʨʝʘʣʠʟʫʶʱʠʤ ʘʧʧʘʨʘʪʥʳʝ ʤʝʪʦʜʳ ʫʩʢʦʨʝʥʠʷ, ʦʪʥʦʩʷʪʩʷ ʪʘʢʞʝ ʚʝʜʠʯʝʩʢʠʝ 

ʫʤʥʦʞʠʪʝʣʠ, ʧʦʩʪʨʦʝʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʚʝʜʠʯʝʩʢʦʡ ʤʘʪʝʤʘʪʠʢʠ [7,8]. ɺʝʜʠʯʝʩʢʘʷ ʤʘʪʝʤʘʪʠʢʘ 

ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ  ʚʝʜʠʯʝʩʢʦʤ ʟʥʘʥʠʠ ʠ ʩʦʩʪʦʠʪ ʠʟ 16 ʩʣʦʚʦʬʦʨʤʫʣ, ʢʦʪʦʨʳʝ ʠʟʚʝʩʪʥʳ ʢʘʢ ʩʫʪʨʳ 

(sutras). ɺʝʜʠʯʝʩʢʫʶ ʤʘʪʝʤʘʪʠʢʫ ʠʩʩʣʝʜʦʚʘʣ ʐʨʠ ɹʘʨʘʪʠ ʂʨʠʰʥʘ ʊʠʨʪʭʘ (1984-1960, ʬʠʣʦʩʦʬ, 

ʩʘʥʩʢʨʠʪ, ʤʘʪʝʤʘʪʠʢ ʠ ʠʩʪʦʨʠʢ). ɹʘʨʘʪʠ ʂʨʠʰʥʘ, ʦʧʠʨʘʷʩʴ ʥʘ ʜʨʝʚʥʝʠʥʜʠʡʩʢʠʝ ʧʠʩʴʤʝʥʥʳʝ 

ʥʘʩʣʝʜʠʷ, ʜʦʢʘʟʘʣ, ʯʪʦ ʩʣʦʚʝʩʥʳʝ ʩʫʪʨʳ ʷʚʣʷʶʪʩʷ ʥʝ ʯʝʤ ʠʥʳʤ, ʢʘʢ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤʠ ʬʦʨʤʫʣʘʤʠ.  

ʈʘʩʩʤʦʪʨʠʤ ʘʣʛʦʨʠʪʤ ʫʤʥʦʞʝʥʠʷ ʯʠʩʝʣ ʚ ʜʝʩʷʪʠʯʥʦʡ ʩʠʩʪʝʤʝ ʥʘ ʦʩʥʦʚʝ ʚʝʜʠʯʝʩʢʦʡ 

ʤʘʪʝʤʘʪʠʢʠ, ʛʜʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʣʦʚʝʩʥʘʷ ʩʫʪʨʘ UrdhvaTiryagbhyam (ʚʝʨʪʠʢʘʣʴʥʦ ʠ ʢʨʝʩʪ ʥʘ ʢʨʝʩʪ). 

ʇʫʩʪʴ ɸ=123 ʠ ɺ=456. ʅʝʦʙʭʦʜʠʤʦ ʥʘʡʪʠ ʧʨʦʠʟʚʝʜʝʥʠʝ ɸ*ɺ=ʉ. 

      ʐʘʛ-1             ʐʘʛ-2 

 1  2  3                         1   2      3 
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  4 5  6           ʇʝʨʝʥʦʩ  =0                     4  5      6               ʇʝʨʝʥʦʩ  =1 

  8    18                 88                   28 

 ʐʘʛ-3              ʐʘʛ-4 

1      2    3             1      2   3 

        |       ʈʝʟʫʣʴʪʘʪ 12+6+10=28       ʈʝʟʫʣʴʪʘʪ 8+5=13                         

4      5     6      ʇʝʨʝʥʦʩ             =2                      4      5   6           ʇʝʨʝʥʦʩ   =3 

      088                 30                           6088                     16 

ʐʘʛ-5 

1     2   3 

 |             ʈʝʟʫʣʴʪʘʪ =4 

4     5   6  ʇʝʨʝʥʦʩ   =1  

    56088                   5                 

ʂʦʥʝʯʥʳʡ ʨʝʟʫʣʴʪʘʪ  ʉ=123*456=56088.  

ɸʥʘʣʦʛʠʯʥʳʤ ʩʧʦʩʦʙʦʤ ʤʦʞʥʦ ʚʳʯʠʩʣʠʪʴ ʉ=ɸ2.  

ɺ ʪʘʙʣʠʮʝ 1 ʧʨʠʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʚʝʜʠʯʝʩʢʦʛʦ ʫʤʥʦʞʠʪʝʣʷ 16*16 ʙʠʪ ʩ ʜʨʫʛʠʤʠ ʫʤʥʦʞʠʪʝʣʷʤʠ 

ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʠʩʧʦʣʴʟʫʝʤʳʭ ʣʦʛʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ [8]. 
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ʀʟ ʪʘʙʣʠʮʳ 1 ʚʠʜʥʦ, ʯʪʦ ʧʦ ʯʠʩʣʫ ʠʩʧʦʣʴʟʫʝʤʳʭ ʣʦʛʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʩʘʤʳʤ ʵʢʦʥʦʤʠʯʥʳʤ 

ʷʚʣʷʝʪʩʷ ʤʘʪʨʠʯʥʳʡ ʫʤʥʦʞʠʪʝʣʴ, ʟʘʪʝʤ ʫʤʥʦʞʠʪʝʣʴ ʥʘ ʜʝʨʝʚʝ ʋʦʣʣʝʩʘ. 

ɼʣʷ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʥʘ ʨʠʩʫʥʢʘʭ 1 ʠ 2 ʧʨʠʚʝʜʝʥʳ ʚʨʝʤʝʥʘ ʟʘʜʝʨʞʢʠ ʨʘʟʣʠʯʥʳʭ 

ʫʤʥʦʞʠʪʝʣʝʡ ʠ ʢʚʘʜʨʘʪʦʨʦʚ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ,  ʚ ʫʩʣʦʚʥʳʭ ʝʜʠʥʠʮʘʭ. ʇʦ ʨʠʩʫʥʢʘʤ 1 ʠ 2 ʥʝʪʨʫʜʥʦ 

ʟʘʤʝʪʠʪʴ, ʯʪʦ ʩʘʤʳʤʠ ʙʳʩʪʨʦʜʝʡʩʪʚʫʶʱʠʤʠ ʷʚʣʷʶʪʩʷ ʚʝʜʠʯʝʩʢʠʝ ʫʤʥʦʞʠʪʝʣʠ ʠ ʢʚʘʜʨʘʪʦʨʳ.  

ɸʧʧʘʨʘʪʥʳʝ ʫʤʥʦʞʠʪʝʣʠ ʠʤʝʶʪ ʦʛʨʘʥʠʯʝʥʠʝ ʥʘ ʯʠʩʣʦ ʨʘʟʨʷʜʦʚ ʚʚʦʜʠʤʳʭ ʯʠʩʝʣ. ʋʤʥʦʞʠʪʝʣʴ 

ʧʦʚʳʰʝʥʥʦʡ  ʨʘʟʨʷʜʥʦʩʪʠ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʠʟ ʤʦʜʫʣʝʡ ʤʝʥʴʰʝʡ ʨʘʟʨʷʜʥʦʩʪʠ, ʚʳʩʪʨʘʠʚʘʷ, ʪʘʢ 

ʥʘʟʳʚʘʝʤʫʶ, ʨʝʢʫʨʩʠʚʥʫʶ ʜʝʢʦʤʧʦʟʠʮʠʶ ʦʧʝʨʘʮʠʠ ʫʤʥʦʞʝʥʠʷ [5]. ʅʘʧʨʠʤʝʨ, ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ 

ʫʤʥʦʞʠʪʝʣʷ 8*8 ʙʠʪ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʯʝʪʳʨʝ ʤʦʜʫʣʷ 4*4 ʠ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʢʦʥʯʘʪʝʣʴʥʦʛʦ 

ʨʝʟʫʣʴʪʘʪʘ ʧʦʪʨʝʙʫʶʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʩʫʤʤʘʪʦʨʳ. ʄʦʜʫʣʠ ʤʦʞʥʦ ʨʝʘʣʠʟʦʚʘʪʴ ʧʘ ʇɿʋ. ʊʦʛʜʘ 

ʪʘʢʠʝ ʫʤʥʦʞʠʪʝʣʠ ʥʘʟʳʚʘʶʪ ʪʘʙʣʠʯʥʦ-ʘʣʛʦʨʠʪʤʠʯʝʩʢʠʤʠ ʫʤʥʦʞʠʪʝʣʷʤʠ. ɽʩʣʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ 

ʩʫʤʤʘʪʦʨʳ ʚʩʪʨʦʝʥʳ ʚʥʫʪʨʠ ʤʦʜʫʣʷ, ʪʦ ʠʭ ʥʘʟʳʚʘʶʪ ʤʥʦʞʠʪʝʣʴʥʦ-ʩʫʤʤʠʨʫʶʱʠʤʠ ʙʣʦʢʘʤʠ 

(ʄʉɹ) [9].  

 
ʈʠʩʫʥʦʢ 1. ɼʠʘʛʨʘʤʤʳ ʩʨʘʚʥʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʫʤʥʦʞʠʪʝʣʝʡ 

 

 
ʈʠʩʫʥʦʢ 2. ɼʠʘʛʨʘʤʤʳ ʩʨʘʚʥʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʢʚʘʜʨʘʪʦʨʦʚ 

 

ɺ ʤʘʪʨʠʯʥʳʭ ʠ ʜʨʝʚʦʚʠʜʥʳʭ ʫʤʥʦʞʠʪʝʣʷʭ ʟʘʣʦʞʝʥ ʝʱʝ ʦʜʠʥ ʧʦʪʝʥʮʠʘʣ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ï 

ʚʦʟʤʦʞʥʦʩʪʴ ʢʦʥʚʝʡʝʨʠʟʘʮʠʠ. ʇʨʠ ʢʦʥʚʝʡʝʨʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʧʨʦʮʝʩʩ ʫʤʥʦʞʝʥʠʷ ʨʘʟʙʠʚʘʝʪʩʷ ʥʘ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʟʘʢʦʥʯʝʥʥʳʭ ʵʪʘʧʦʚ. ʂʘʞʜʳʡ ʠʟ ʵʪʘʧʦʚ ʫʤʥʦʞʝʥʠʷ ʚʳʧʦʣʥʷʝʪʩʷ ʥʘ ʩʚʦʝʡ 

ʩʪʫʧʝʥʠ ʢʦʥʚʝʡʝʨʘ, ʧʨʠʯʝʤ ʚʩʝ ʩʪʫʧʝʥʠ ʨʘʙʦʪʘʶʪ ʧʘʨʘʣʣʝʣʴʥʦ. ʈʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʥʘ i-

ʩʪʫʧʝʥʠ, ʧʝʨʝʜʘʶʪʩʷ ʥʘ ʜʘʣʴʥʝʡʰʫʶ ʦʙʨʘʙʦʪʢʫ ʚ (i+1) ʩʪʫʧʝʥʴ ʢʦʥʚʝʡʝʨʘ. ʇʝʨʝʜʘʯʘ ʠʥʬʦʨʤʘʮʠʠ 

ʩʦ ʩʪʫʧʝʥʠ ʥʘ ʩʪʫʧʝʥʴ ʧʨʦʠʩʭʦʜʠʪ ʯʝʨʝʟ ʙʫʬʝʨʥʫʶ ʧʘʤʷʪʴ, ʨʘʟʤʝʱʘʝʤʫʶ ʤʝʞʜʫ ʥʠʤʠ. ʉʭʝʤʘ 

ʢʦʥʚʝʡʝʨʘ ʣʝʛʢʦ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʘ ʢ ʤʘʪʨʠʯʥʳʤ ʠ ʜʨʝʚʦʚʠʜʥʳʤ ʫʤʥʦʞʠʪʝʣʷʤ.  

ʈʘʩʩʤʦʪʨʝʥʥʳʝ ʚʳʰʝ ʨʘʟʣʠʯʥʳʝ ʧʦʜʭʦʜʳ ʢ ʨʝʘʣʠʟʘʮʠʠ ʫʤʥʦʞʠʪʝʣʝʡ ʠ ʢʚʘʜʨʘʪʦʨʦʚ 

ʧʦʚʳʰʝʥʥʦʡ ʨʘʟʨʷʜʥʦʩʪʠ ʧʦʟʚʦʣʷʶʪ ʫʩʢʦʨʠʪʴ ʚʳʧʦʣʥʝʥʠʝ ʦʧʝʨʘʮʠʡ ʫʤʥʦʞʝʥʠʷ ʠ ʚʦʟʚʝʜʝʥʠʷ ʚ 

ʢʚʘʜʨʘʪ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʙʘʟʦʚʳʤʠ ʦʧʝʨʘʮʠʷʤʠ ʘʩʩʠʤʝʪʨʠʯʥʳʭ ʢʨʠʧʪʦʘʣʛʦʨʠʪʤʦʚ. 

ʉʣʝʜʫʶʱʝʡ ʙʘʟʦʚʦʡ ʦʧʝʨʘʮʠʝʡ ʘʩʠʤʤʝʪʨʠʯʥʳʭ ʢʨʠʧʪʦʘʣʛʦʨʠʪʤʦʚ ʷʚʣʷʝʪʩʷ ʧʨʠʚʝʜʝʥʠʝ  ʧʦ 

ʤʦʜʫʣʶ ʈ. 

ɺ ʨʘʙʦʪʝ [3] ʥʘ ʦʩʥʦʚʝ ʚʳʷʚʣʝʥʥʳʭ ʭʘʨʘʢʪʝʨʥʳʭ ʧʨʠʟʥʘʢʦʚ ʙʳʣʠ ʧʨʝʜʣʦʞʝʥʳ ʩʣʝʜʫʶʱʠʝ ʪʠʧʳ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʫʩʪʨʦʡʩʪʚ ʧʨʠʚʝʜʝʥʠʷ ʧʦ ʤʦʜʫʣʶ: 
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- ʧʘʨʘʣʣʝʣʴʥʳʝ ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ;  

- ʦʜʥʦʪʘʢʪʥʳʝ ʠ ʤʥʦʛʦʪʘʢʪʥʳʝ; 

- ʧʦ ʥʘʣʠʯʠʶ ʠʣʠ ʦʪʩʫʪʩʪʚʠʶ ʫʧʨʘʚʣʷʶʱʝʛʦ ʙʣʦʢʘ (ʚ ʪʦʤ ʯʠʩʣʝ ʤʠʢʨʦʧʨʦʛʨʘʤʤʥʦʛʦ); 

- ʧʦ ʠʩʧʦʣʴʟʫʝʤʦʡ ʩʠʩʪʝʤʝ ʩʯʠʩʣʝʥʠʷ. 

ʅʘ ʨʠʩʫʥʢʝ 3 ʧʨʠʚʝʜʝʥʘ ʩʭʝʤʘ ʫʩʪʨʦʡʩʪʚʘ ʧʨʠʚʝʜʝʥʠʷ ʧʦ ʤʦʜʫʣʶ, ʛʜʝ ʦʩʪʘʪʦʢ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʧʦʩʣʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʦʠʟʚʝʜʝʥʠʷ ʜʚʫʭ ʯʠʩʝʣ ʧʫʪʝʤ ʤʥʦʛʦʢʨʘʪʥʦʛʦ ʚʳʯʠʪʘʥʠʷ ʤʦʜʫʣʷ ʠʟ 

ʠʩʭʦʜʥʦʛʦ ʧʨʠʚʦʜʠʤʦʛʦ ʯʠʩʣʘ Z. ɺʩʝ ʚʳʯʠʪʘʥʠʷ ʨʝʘʣʠʟʫʶʪʩʷ ʥʘ ʦʜʥʦʤ ʠ ʪʦʤ ʞʝ ʫʟʣʝ. ʋʩʪʨʦʡʩʪʚʦ 

ʷʚʣʷʝʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ (*), ʤʥʦʛʦʪʘʢʪʥʳʤ (**) ʮʠʢʣʠʯʝʩʢʠʤ, ʤʠʢʨʦʧʨʦʛʨʘʤʤʥʳʤ, 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʚʦʠʯʥʘʷ ʩʠʩʪʝʤʘ ʩʯʠʩʣʝʥʠʷ. ʆʧʝʨʘʮʠʷ ʧʨʦʠʟʚʦʜʠʪʩʷ ʥʘʜ ʯʠʩʣʘʤʠ ʧʦʜ ʫʧʨʘʚʣʝʥʠʝʤ 

ʤʠʢʨʦʧʨʦʛʨʘʤʤʳ. ɺ ʢʘʯʝʩʪʚʝ Z ʤʦʞʝʪ ʚʳʩʪʫʧʘʪʴ ʧʨʦʠʟʚʝʜʝʥʠʝ ʯʠʩʝʣ Z=ʍ*ʋ ʠʣʠ Z=ʍ2. ʇʦʩʣʝ 

ʧʨʠʝʤʘ ʚ ʨʝʛʠʩʪʨʳ ʈʛZ ʠ ʈʛP ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʦʧʝʨʘʥʜʘ Z ʠ ʤʦʜʫʣʷ ʈ, ʦʥʠ ʩʨʘʚʥʠʚʘʶʪʩʷ ʥʘ ʩʭʝʤʝ 

ʩʨʘʚʥʝʥʠʷ (ʉʉ). ɽʩʣʠ ʧʨʠ ʵʪʦʤ Z<P (X2=1), ʪʦ ʚ ʢʘʯʝʩʪʚʝ ʨʝʟʫʣʴʪʘʪʘ ʥʘ ʚʳʭʦʜ ʩʭʝʤʳ ʚʳʜʘʝʪʩʷ 

ʩʦʜʝʨʞʠʤʦʝ ʈʛZ. ʇʨʠ Z>=P ʠʟ Z ʚʳʯʠʪʘʝʪʩʷ ʈ ʥʘ ʩʫʤʤʘʪʦʨʝ SM: ʩ ʠʥʚʝʨʩʥʳʭ ʚʳʭʦʜʦʚ ʈʛP 

ʧʦʩʪʫʧʘʝʪ ïʈ ʠ ʥʘ ʪʨʝʪʠʡ ʚʭʦʜ ʤʣʘʜʰʝʛʦ ʨʘʟʨʷʜʘ ʩʫʤʤʘʪʦʨʘ ʧʦʜʘʝʪʩʷ +1. ʇʨʠ ʵʪʦʤ ʚʳʧʦʣʥʷʝʪʩʷ 

ʤʠʢʨʦʦʧʝʨʘʮʠʷ  ʈʛZ:=ʈʛZ+(-ʈʛʈ)ʜ.ʢ., ʪ.ʝ. ʚʳʯʠʪʘʥʠʝ ʟʘʤʝʥʷʝʪʩʷ ʩʣʦʞʝʥʠʝʤ (-ʈ) ʚ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤ 

ʢʦʜʝ ʠ ʦʩʪʘʪʦʢ ʟʘʧʠʩʳʚʘʝʪʩʷ ʚ ʈʛZ. 

 
ʈʠʩʫʥʦʢ 3. ʉʭʝʤʘ ʧʨʠʚʝʜʝʥʠʷ ʧʦ ʤʦʜʫʣʶ ʩ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ ʚʳʯʠʪʘʥʠʝʤ ʤʦʜʫʣʷ 

 

ɿʘʪʝʤ ʥʦʚʦʝ ʟʥʘʯʝʥʠʝ ʈʛZ ʩʨʘʚʥʠʚʘʝʪʩʷ ʩ ʩʦʜʝʨʞʠʤʳʤ ʈʛʈ. ʀ ʚʩʝ ʮʠʢʣʠʯʝʩʢʠ ʧʦʚʪʦʨʷʝʪʩʷ ʜʦ 

ʪʝʭ ʧʦʨ, ʧʦʢʘ ʟʥʘʯʝʥʠʝ ʈʛZ ʥʝ ʩʪʘʥʝʪ ʤʝʥʴʰʝ ʟʥʘʯʝʥʠʷ ʈʛʈ (X2=1). ʂʦʣʠʯʝʩʪʚʦ ʚʳʯʠʪʘʥʠʡ ʟʘʚʠʩʠʪ 

ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ ʯʠʩʝʣ Z ʠ ʈ. ʅʘʧʨʠʤʝʨ, ʧʨʠ ʈ=33 ʠ Z=1080, ʢʦʣʠʯʝʩʪʚʦ ʚʳʯʠʪʘʥʠʡ ʩʦʩʪʘʚʣʷʝʪ 32. 

ʉʭʝʤʘ ʷʚʣʷʝʪʩʷ ʦʧʪʠʤʘʣʴʥʦʡ ʧʦ ʘʧʧʘʨʘʪʥʳʤ ʟʘʪʨʘʪʘʤ, ʥʦ ʤʝʜʣʝʥʥʦʜʝʡʩʪʚʫʶʱʝʡ.  

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʙʳʩʪʨʦʜʝʡʩʪʚʫʶʱʝʛʦ ʦʜʥʦʪʘʢʪʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʧʨʠʚʝʜʝʥʠʷ ʧʦ ʤʦʜʫʣʶ ʤʦʞʥʦ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʚʳʯʠʩʣʷʪʴ Zïʈ, Z-2ʈ, Z-3ʈ,  Z-4ʈ ʠ ʪ.ʜ. ʇʫʩʪʴ ʈ=710=0001112 ʠ Z=3310=1000012. 

ʊʦʛʜʘ ʮʝʣʘʷ ʯʘʩʪʴ ʦʪ ʜʝʣʝʥʠʷ Z ʥʘ ʈ div=4 ʠ ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʠʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʯʠʪʘʥʠʷ: 

ʉ1= Z - ʈ =3310-710=0.1000012-0.0001112=0.1000012+1.111001=10.0110102=+2610; 

ʉ2= Z -2ʈ =3310-1410=0.1000012-0.0011102=0.1000012+1.1100102=10.0100112= +1910; 

ʉ3= Z -3ʈ =3310-2110=0.1000012-0.0101012=0.1000012+1.1010112=10.0011002= +1210; 

ʉ4= Z -4ʈ =3310-2810=0.1000012-0.0111002=0.1000012+1.1001002=10.0001012=+510; 

ʉ5= Z -5ʈ =3310-3510=0.1000012-0.1000112=0.1000012+1.0111012=01.1111102=--210. 

ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʠ ʉ1õʉ4 ʥʝʦʙʭʦʜʠʤʦ ʩʨʘʚʥʠʚʘʪʴ ʩ ʤʦʜʫʣʝʤ ʈ ʠ ʧʨʠ ʉi<P ʥʝʦʙʭʦʜʠʤʦ 

ʧʝʨʝʜʘʪʴ ʉi ʥʘ ʚʳʭʦʜ ʩʭʝʤʳ ʚ ʢʘʯʝʩʪʚʝ ʨʝʟʫʣʴʪʘʪʘ ʧʨʠʚʝʜʝʥʠʷ ʧʦ ʤʦʜʫʣʶ. ʕʪʦ ʪʨʝʙʫʝʪ ʚʢʣʶʯʝʥʠʷ 

ʚ ʩʦʩʪʘʚ ʫʩʪʨʦʡʩʪʚʘ ʦʜʥʦʚʨʝʤʝʥʥʦ ʨʘʙʦʪʘʶʱʠʭ ʯʝʪʳʨʝʭ ʩʭʝʤ ʩʨʘʚʥʝʥʠʷ. ɼʣʷ ʠʩʢʣʶʯʝʥʠʷ ʯʝʪʳʨʝʭ 

ʩʭʝʤ ʩʨʘʚʥʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʚʳʯʠʩʣʷʝʪʩʷ ʉ5. ʀʟ ʧʨʠʤʝʨʘ ʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʚʳʯʠʩʣʝʥʠʠ ʉ1, ʉ2, 

ʉ3, ʉ4  ʧʦʣʫʯʝʥ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʨʝʟʫʣʴʪʘʪ. ʇʨʠ ʵʪʦʤ ʠʟ ʟʥʘʢʦʚʳʭ ʨʘʟʨʷʜʦʚ ʚʦʟʥʠʢʘʶʪ ʧʝʨʝʥʦʩʳ 

ʇ1=ʇ2=ʇ3=ʇ4=1. ʇʨʠ ʚʳʯʠʩʣʝʥʠʠ ʉ5 ʧʦʣʫʯʘʝʪʩʷ ʦʪʨʠʮʘʪʝʣʴʥʦʝ ʯʠʩʣʦ (ï210) ʠ ʧʝʨʝʥʦʩ ʠʟ 

ʟʥʘʢʦʚʦʛʦ ʨʘʟʨʷʜʘ ʇ5=0. ʉ ʧʦʤʦʱʴʶ ʩʠʛʥʘʣʘ ʇ5 ʠʤʝʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʟʥʘʯʝʥʠʝ  ʉ4, ʢʦʪʦʨʦʝ 

ʷʚʣʷʝʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ, ʧʝʨʝʜʘʪʴ ʥʘ ʚʳʭʦʜ ʙʣʦʢʘ ʧʨʠʚʝʜʝʥʠʷ ʧʦ ʤʦʜʫʣʶ.  

ʉʭʝʤʘ ʦʜʥʦʪʘʢʪʥʦʛʦ ʙʣʦʢʘ ʧʨʠʚʝʜʝʥʠʷ ʧʦ ʤʦʜʫʣʶ, ʚ ʢʦʪʦʨʦʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʘʥʥʳʡ ʧʦʜʭʦʜ, 

ʠʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ.4 [10].  ɿʥʘʯʝʥʠʝ ʢʨʘʪʥʳʭ ʈ (2ʈ, 3ʈ, 4ʈ, 5P) ʬʦʨʤʠʨʫʶʪʩʷ ʥʘ ʬʦʨʤʠʨʦʚʘʪʝʣʷʭ 

(ʌ2ʈ, ʌ3ʈ, ʌ4ʈ, ʌ5ʈ). ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʠʥʚʝʨʩʥʳʭ ʟʥʘʯʝʥʠʠ ʈ, 2ʈ, 3ʈ, 4ʈ, 5ʈ ʧʦʪʨʝʙʫʶʪʩʷ 

ʠʥʚʝʨʪʦʨʳ ʀʅɺ1, ʀʅɺ2, ʀʅɺ3, ʀʅɺ4, ʀʅɺ5. ɺʳʯʠʪʘʥʠʝ Z-iP ʧʨʦʠʟʚʦʜʠʪʩʷ ʥʘ ʜʚʦʠʯʥʳʭ 
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ʩʫʤʤʘʪʦʨʘʭ SM1õSM5, ʥʘ ʧʝʨʚʳʝ ʚʭʦʜʳ ʢʦʪʦʨʳʭ ʧʦʜʘʝʪʩʷ ʟʥʘʯʝʥʠʝ Z, ʘ ʥʘ ʚʪʦʨʳʝ ʚʭʦʜʳ 

ʠʥʚʝʨʩʥʳʝ ʟʥʘʯʝʥʠʷ ʈ, 2ʈ, 3ʈ, 4ʈ, 5ʈ.  

ɺ ʤʦʤʝʥʪ ʩʫʤʤʠʨʦʚʘʥʠʷ ʥʘ ʤʣʘʜʰʠʝ ʨʘʟʨʷʜʳ ʩʫʤʤʘʪʦʨʦʚ ʧʦʜʘʝʪʩʷ +1 (ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʢʦʜʘ ïʈ). ʇʦ ʦʢʦʥʯʘʥʠʶ ʩʫʤʤʠʨʦʚʘʥʠʷ ʥʘ ʚʳʭʦʜʝ ʢʘʞʜʦʛʦ ʩʫʤʤʘʪʦʨʘ 

ʬʦʨʤʠʨʫʶʪʩʷ ʧʝʨʝʥʦʩʳ ʇ1, ʇ2éʇ5 ʠ ʦʩʪʘʪʢʠ. 

 
ʈʠʩʫʥʦʢ 4. ʉʭʝʤʘ ʦʜʥʦʪʘʢʪʥʦʛʦ ʙʣʦʢʘ ʧʨʠʚʝʜʝʥʠʷ ʧʦ ʤʦʜʫʣʶ 

 

ɽʩʣʠ ʦʩʪʘʪʦʢ ʉi= Z-iP>P,  ʪʦ ʇi=1, ʠʥʘʯʝ ʇi=0. ʅʘ ʚʳʭʦʜʝ ʢʘʞʜʦʛʦ ʩʫʤʤʘʪʦʨʘ SMi ʠʤʝʝʪʩʷ 

ʩʭʝʤʘ, ʥʘ ʚʭʦʜʳ ʢʦʪʦʨʦʡ ʧʦʜʘʶʪʩʷ ʉi, ʇi ʠ ʇi+1. ʀʥʚʝʨʪʠʨʦʚʘʥʥʳʡ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʩʠʛʥʘʣ ʇi+1 

ʨʘʟʨʝʰʘʝʪ ʧʨʦʭʦʞʜʝʥʠʝ ʥʘ ʚʳʭʦʜ ʨʝʟʫʣʴʪʘʪ ʉi ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʇi=1. ɼʣʷ ʵʪʦʛʦ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʩʭʝʤʳ ʀ. ɺʳʭʦʜʳ ʩʭʝʤ ʀ ʦʙʲʝʜʠʥʷʶʪʩʷ ʩʭʝʤʦʡ ʀʃʀ ʠ ʥʘ ʝʝ ʚʳʭʦʜʝ ʬʦʨʤʠʨʫʝʪʩʷ ʟʥʘʯʝʥʠʝ 

ʦʩʪʘʪʢʘ ï ʨʝʟʫʣʴʪʘʪʘ ʧʨʠʚʝʜʝʥʠʷ ʧʦ ʤʦʜʫʣʶ.  ʀʥʚʝʨʪʦʨʳ, ʩʭʝʤʳ  ʀ, ʩʭʝʤʘ ʀʃʀ ʥʘ ʚʳʭʦʜʝ 

ʦʙʨʘʟʫʶʪ ʤʫʣʴʪʠʧʣʝʢʩʦʨ. ʇʨʠ ʈ>Z ʥʘ ʚʳʭʦʜʝ SM1 ʩʠʛʥʘʣ ʇ1=0 ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʯʝʨʝʟ ʩʭʝʤʫ ʀ0 

ʟʥʘʯʝʥʠʝ Z ʧʝʨʝʜʘʝʪʩʷ ʥʘ ʚʳʭʦʜ ʤʫʣʴʪʠʧʣʝʢʩʦʨʘ. 

ɼʘʥʥʘʷ ʩʭʝʤʘ ʷʚʣʷʝʪʩʷ ʙʳʩʪʨʦʜʝʡʩʪʚʫʶʱʝʡ ʠ ʦʯʝʥʴ ʵʬʬʝʢʪʠʚʥʦʡ ʧʨʠ ʤʘʣʳʭ ʟʥʘʯʝʥʠʷʭ 

ʩʦʦʪʥʦʰʝʥʠʡ Z ʠ ʈ. ʇʨʠ ʙʦʣʴʰʠʭ ʩʦʦʪʥʦʰʝʥʠʷʭ Z ʠ ʈ ʩʣʦʞʥʦʩʪʴ ʩʭʝʤʳ ʨʝʟʢʦ ʚʦʟʨʘʩʪʘʝʪ. 

ʅʘʧʨʠʤʝʨ, ʧʨʠ Z=3020 ʠ ʈ=55, div=54. ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʙʣʦʢʘ ʧʨʠʚʝʜʝʥʠʷ ʧʦ ʤʦʜʫʣʶ ʧʦʪʨʝʙʫʝʪʩʷ 

54 ʩʭʝʤʳ ʧʦʣʫʯʝʥʠʷ ʟʥʘʯʝʥʠʝ i*P ʠ 55 ʜʚʦʠʯʥʳʭ ʩʫʤʤʘʪʦʨʦʚ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʦʧʝʨʘʮʠʠ ʉi= Z-iP.  

ɸʥʘʣʠʟ ʧʝʨʚʦʡ ʨʘʩʩʤʦʪʨʝʥʥʦʡ ʩʭʝʤʳ ʧʨʠʚʝʜʝʥʠʷ ʧʦ ʤʦʜʫʣʶ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʩʭʝʤʘ ʦʯʝʥʴ 

ʧʨʦʩʪʘ ʠ ʥʝ ʪʨʝʙʫʝʪ ʙʦʣʴʰʠʭ ʘʧʧʘʨʘʪʥʳʭ ʟʘʪʨʘʪ, ʥʦ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʦʯʝʥʴ ʥʠʟʢʦʝ. ɺʪʦʨʘʷ ʩʭʝʤʘ 

ʙʳʩʪʨʦʜʝʡʩʪʚʫʶʱʘʷ, ʥʦ ʧʨʠ ʵʪʦʤ ʘʧʧʘʨʘʪʥʳʝ ʟʘʪʨʘʪʳ ʦʯʝʥʴ ʚʳʩʦʢʠʝ. ʆʪʩʶʜʘ ʥʝʪʨʫʜʥʦ ʟʘʤʝʪʠʪʴ 

ʥʘʧʨʘʚʣʝʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʜʘʣʴʥʝʡʰʝʤʫ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʙʣʦʢʦʚ ʧʨʠʚʝʜʝʥʠʷ ʧʦ ʤʦʜʫʣʶ . 

ɺ ʧʝʨʚʦʡ ʩʭʝʤʝ ʥʝʦʙʭʦʜʠʤʦ ʫʚʝʣʠʯʠʪʴ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʧʫʪʝʤ ʚʚʝʜʝʥʠʷ ʚ ʩʦʩʪʘʚ ʙʣʦʢʘ 

ʘʧʧʘʨʘʪʥʦʡ ʠʟʙʳʪʦʯʥʦʩʪʠ ʚ ʨʘʟʫʤʥʳʭ ʧʨʝʜʝʣʘʭ, ʘ ʚʦ ʚʪʦʨʦʡ ʩʭʝʤʝ ʥʝʦʙʭʦʜʠʤʦ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ 

ʘʧʧʘʨʘʪʥʳʝ ʟʘʪʨʘʪʳ. ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʦʪʘʪʴ ʥʦʚʳʝ ʘʣʛʦʨʠʪʤʳ ʧʨʠʚʝʜʝʥʠʷ ʧʦ ʤʦʜʫʣʶ ʠ 

ʥʦʚʳʝ ʩʭʝʤʦʪʝʭʥʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ, ʨʝʘʣʠʟʫʶʱʠʝ ʵʪʠ ʘʣʛʦʨʠʪʤʳ. 
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Abstract. The ways of creating the optimum structural states in the high damping alloys on the basis of solid 

solutions with a bcc structure of Fe-Cr and Fe-Cr-Co. The physical mechanisms of dissipation of mechanical energy 

in ferromagnetic nanostructures with areas of different types having different shapes and areas of mutual 

arrangement of phases and different compositions nanoregions and associated saturation magnetization. Predicting 

compositions performed using thermodynamic modeling processes exsolution on ferro and paramagnetic phases in 

alloys based on bcc solid solutions based systems Fe-Cr and Fe-Cr-Co. The calculations take into account the 

contributions to the free energy of the alloy - solid solution: chemical, magnetic ordering, the elastic strain fields of 

atomic ordering of phases, the magnetization in an external magnetic field and a number of others. The possibilities 

for the application of process modeling to predict the collapse of the optimum composition and heat treatment of 

alloys with high damping properties. Calculated promising areas of alloy compositions and temperatures of heat 

treatments to obtain high damping properties of these alloys in two schemes. The first heat treatment scheme aimed 

at getting the structure of the ferromagnetic type sponge consisting of paramagnetic nanoparticles in the 

ferromagnetic matrix, the second is aimed at obtaining a small difference in namagnichennostyachh saturation of 

ferromagnetic and weak ferromagnetic phase obtained in the initial stages of decomposition of the solid solution. 
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1 
ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ.ʕ.ɹʘʫʤʘʥʘ, ʄʦʩʢʚʘ, ʈʌ, 

2
ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʂʘʟʘʭʩʢʦ-ʊʫʨʝʮʢʠʡ ʋʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɸʭʤʝʪʘ ʗʩʘʚʠ, ʊʫʨʢʝʩʪʘʥ, ʈʝʩʧʫʙʣʠʢʘ ʂʘʟʘʭʩʪʘʥ 

3
ʖʞʥʦ-ʂʘʟʘʭʩʪʘʥʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʄ. ɸʫʝʟʦʚʘ, ʐʳʤʢʝʥʪ, ʈʝʩʧʫʙʣʠʢʘ ʂʘʟʘʭʩʪʘʥ 

 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʪʚʝʨʜʳʡ ʨʘʩʪʚʦʨ, ʩʧʣʘʚʳ ʚʳʩʦʢʦʛʦ 

ʜʝʤʧʬʠʨʦʚʘʥʠʷ, ʩʧʠʥʦʜʘʣʴʥʘʷ ʦʙʣʘʩʪʴ. 

ɸʥʥʦʪʘʮʠʷ. ʈʘʩʩʤʦʪʨʝʥʳ ʧʫʪʠ ʩʦʟʜʘʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʩʦʩʪʦʷʥʠʡ ʚ ʚʳʩʦʢʦ ʜʝʤʧʬʠʨʫʶʱʠʭ 

ʩʧʣʘʚʘʭ ʥʘ ʦʩʥʦʚʝ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʩ ʆʎʂ ʩʪʨʫʢʪʫʨʦʡ ʚ ʩʠʩʪʝʤʘʭ Fe-Cr ʠ Fe-Cr-Co. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ 

ʬʠʟʠʯʝʩʢʠʝ ʤʝʭʘʥʠʟʤʳ ʜʠʩʩʠʧʘʮʠʠ ʤʝʭʘʥʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʚ ʬʝʨʨʦʤʘʛʥʠʪʥʳʭ ʥʘʥʦʩʪʨʫʢʪʫʨʘʭ ʩ ʦʙʣʘʩʪʷʤʠ 

ʨʘʟʥʦʛʦ ʪʠʧʘ, ʦʙʣʘʜʘʶʱʠʭ ʨʘʟʥʦʡ ʬʦʨʤʦʡ ʠ ʚʟʘʠʤʥʳʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʦʙʣʘʩʪʝʡ ʬʘʟ ʠ ʨʘʟʣʠʯʥʳʤʠ 

ʩʦʩʪʘʚʘʤʠ ʥʘʥʦʦʙʣʘʩʪʝʡ ʠ ʩʚʷʟʘʥʥʳʭ ʩ ʥʠʤʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʷʤʠ ʥʘʩʳʱʝʥʠʷ. ʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʩʦʩʪʘʚʦʚ 

ʧʨʦʚʦʜʠʣʦʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʨʘʩʧʘʜʘ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʥʘ 

ʬʝʨʨʦ ʠ ʧʘʨʘʤʘʛʥʠʪʥʫʶ ʬʘʟʳ ʚ ʩʧʣʘʚʘʭ ʥʘ ʦʩʥʦʚʝ ʆʎʂ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʩʠʩʪʝʤ Fe-Cr ʠ Fe-Cr-

Co. ɺ ʨʘʩʯʝʪʘʭ ʫʯʠʪʳʚʘʣʠʩʴ ʚʢʣʘʜʳ ʚ ʩʚʦʙʦʜʥʫʶ ʵʥʝʨʛʠʶ ʩʧʣʘʚʘ - ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ: ʭʠʤʠʯʝʩʢʠʡ, 

ʤʘʛʥʠʪʥʦʛʦ ʫʧʦʨʷʜʦʯʝʥʠʷ, ʫʧʨʫʛʠʭ ʜʝʬʦʨʤʘʮʠʡ ʦʙʣʘʩʪʝʡ ʬʘʟ ʘʪʦʤʥʦʛʦ ʫʧʦʨʷʜʦʯʝʥʠʷ, ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʚʦ 



ɼʦʢʣʘʜʳ ʅʘʮʠʦʥʘʣʴʥʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ  

  

   
28  

ʚʥʝʰʝʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʠ ʨʷʜ ʜʨʫʛʠʭ. ʈʘʩʩʤʦʪʨʝʥʳ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʠʢ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʧʨʦʮʝʩʩʦʚ ʨʘʩʧʘʜʘ ʩ ʮʝʣʴʶ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ ʩʦʩʪʘʚʦʚ ʠ ʪʝʨʤʦʦʙʨʘʙʦʪʦʢ ʩʧʣʘʚʦʚ ʩ ʚʳʩʦʢʠʤʠ 

ʜʝʤʧʬʠʨʫʶʱʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʈʘʩʩʯʠʪʘʥʳ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʦʙʣʘʩʪʠ ʩʦʩʪʘʚʦʚ ʩʧʣʘʚʦʚ ʠ ʪʝʤʧʝʨʘʪʫʨ 

ʪʝʨʤʦʦʙʨʘʙʦʪʦʢ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʧʦʣʫʯʝʥʠʝ ʚʳʩʦʢʠʭ ʜʝʤʧʬʠʨʫʶʱʠʭ ʩʚʦʡʩʪʚ ʵʪʠʭ ʩʧʣʘʚʦʚ ʧʦ ʜʚʫʤ ʩʭʝʤʘʤ. 

ʇʝʨʚʘʷ ʩʭʝʤʘ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʥʘʮʝʣʝʥʘ ʥʘ ʧʦʣʫʯʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʪʠʧʘ ʬʝʨʨʦʤʘʛʥʠʪʥʦʡ ʛʫʙʢʠ, ʩʦʩʪʦʷʱʝʡ ʠʟ 

ʧʘʨʘʤʘʛʥʠʪʥʳʭ ʥʘʥʦʯʘʩʪʠʮ ʚ ʬʝʨʨʦʤʘʛʥʠʪʥʦʡ ʤʘʪʨʠʮʝ, ʚʪʦʨʘʷ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʧʦʣʫʯʝʥʠʝ ʤʘʣʦʡ ʨʘʟʥʦʩʪʠ ʚ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʷʯʭ ʥʘʩʳʱʝʥʠʷ ʬʝʨʨʦ- ʠ ʩʣʘʙʦʬʝʨʨʦʤʘʛʥʠʪʥʦʡ ʬʘʟ, ʧʦʣʫʯʘʝʤʳʭ ʥʘ ʥʘʯʘʣʴʥʳʭ ʩʪʘʜʠʷʭ 

ʨʘʩʧʘʜʘ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ. 

ʊʽʨʝʢ ʩᴇʟʜʝʨ: ʊʝʨʤʦʜʠʥʘʤʠʢʘʣʳץ ʤʦʜʝʣʜʝʫ, ץʘʪʪʳ ʝʨʪʽʥʜʽ, ʞʦסʘʨʳ ʜʝʤʬʠʨʣʽ ץʦʨʪʧʘʣʘʨ, ʩʧʠʥʦʜʘʣʴʜʽ 

ʘʡʤʘץ.  

 

ɺʚʝʜʝʥʠʝ. ɺ ʩʦʚʨʝʤʝʥʥʦʡ ʪʝʭʥʠʢʝ ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʰʫʤʦʚ ʠ ʚʠʙʨʘʮʠʡ ʩʪʘʥʢʦʚ, ʤʘʰʠʥ ʠ ʜʨʫʛʠʭ 

ʢʦʥʩʪʨʫʢʮʠʡ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʧʣʘʚʳ ʚʳʩʦʢʦʛʦ ʜʝʤʧʬʠʨʦʚʘʥʠʷ. ʀʟʛʦʪʦʚʣʝʥʠʝ ʜʘʞʝ ʥʝʩʢʦʣʴʢʠʭ 

ʜʝʪʘʣʝʡ ʤʘʰʠʥʳ ʠʟ ʪʘʢʠʭ ʩʧʣʘʚʦʚ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʠʪʴ ʫʨʦʚʝʥʴ ʰʫʤʘ ʠ ʚʠʙʨʘʮʠʠ 

ʨʝʘʣʴʥʳʭ ʤʘʰʠʥ, ʤʝʭʘʥʠʟʤʦʚ ʠʣʠ ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʠ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ  

ʜʝʤʧʬʠʨʫʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʩʧʣʘʚʦʚ ʪʨʝʙʫʝʪʩʷ ʩʬʦʨʤʠʨʦʚʘʪʴ ʚ ʥʠʭ ʩʧʝʮʠʘʣʴʥʫʶ ʩʪʨʫʢʪʫʨʫ. 

ʉʦʛʣʘʩʥʦ ʤʦʜʝʣʴʥʳʤ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ [1, 2, 3], ʜʣʷ ʧʝʨʝʭʦʜʘ ʬʝʨʨʦʤʘʛʥʠʪʥʳʭ ʩʧʣʘʚʦʚ ʥʘ ʦʩʥʦʚʝ 

ʩʠʩʪʝʤʳ Fe ï Cr ʚ ʚʳʩʦʢʦʜʝʤʧʬʠʨʫʶʱʝʝ ʩʦʩʪʦʷʥʠʝ ʪʨʝʙʫʝʪʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʚʳʧʦʣʥʝʥʠʝ ʜʚʫʭ 

ʫʩʣʦʚʠʡ. ʆʜʥʦ ʠʟ ʥʠʭ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʩʧʝʮʠʬʠʯʝʩʢʦʡ ʜʠʩʧʝʨʩʥʦʡ ʤʘʛʥʠʪʥʦʡ 

ʜʦʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʩ ʧʦʚʳʰʝʥʥʦʡ ʧʣʦʪʥʦʩʪʴʶ ʧʦʜʚʠʞʥʳʭ 90-ʛʨʘʜʫʩʥʳʭ ʛʨʘʥʠʮ ʜʦʤʝʥʦʚ, 

ʩʧʦʩʦʙʥʳʭ ʢ ʛʠʩʪʝʨʝʟʠʩʥʦʤʫ ʧʝʨʝʤʝʱʝʥʠʶ ʚ ʧʦʣʝ ʚʥʝʰʥʠʭ ʟʥʘʢʦʧʝʨʝʤʝʥʥʳʭ ʥʘʧʨʷʞʝʥʠʡ. ɺʪʦʨʦʝ 

ʫʩʣʦʚʠʝ ð ʨʝʘʣʠʟʘʮʠʷ ʩʪʨʫʢʪʫʨʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʦʧʪʠʤʘʣʴʥʳʝ (ʥʝ ʩʣʠʰʢʦʤ ʤʘʣʳʝ) ʟʥʘʯʝʥʠʷ 

ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʳ ʠ ʧʦʪʝʨʴ ʥʘ ʧʝʨʝʤʘʛʥʠʯʠʚʘʥʠʝ. ɺ ʩʧʣʘʚʘʭ ʥʘ ʦʩʥʦʚʝ ʩʠʩʪʝʤʳ Fe ï Cr ʩʪʨʫʢʪʫʨʘ 

ʦʧʪʠʤʠʟʠʨʫʝʪʩʷ ʧʫʪʝʤ ʜʦʩʪʠʞʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦʡ ʩʪʝʧʝʥʠ ʨʘʩʩʣʦʝʥʠʷ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʧʨʠ 

ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ. ʇʨʠ ʵʪʦʤ ʩʧʝʮʠʬʠʯʝʩʢʘʷ ʜʠʩʧʝʨʩʥʘʷ ʩʪʨʫʢʪʫʨʘ ʩ ʧʦʚʳʰʝʥʥʦʡ ʜʦʣʝʡ 90-

ʛʨʘʜʫʩʥʳʭ ʛʨʘʥʠʮ ʜʦʤʝʥʦʚ ʦʙʨʘʟʫʝʪʩʷ ʚ ʭʦʜʝ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʧʨʠ ʜʦʩʪʘʪʦʯʥʦ ʤʝʜʣʝʥʥʦʤ 

ʦʭʣʘʞʜʝʥʠʠ ʚʩʣʝʜʩʪʚʠʝ ʪʦʛʦ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʙʦʣʝʝ ʧʦʣʥʘʷ ʘʢʢʦʤʦʜʘʮʠʷ ʫʧʨʫʛʠʭ ʥʘʧʨʷʞʝʥʠʡ 

ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʦʡ ʧʨʠʨʦʜʳ ʚ ʩʠʩʪʝʤʝ ʤʘʛʥʠʪʥʳʭ ʜʦʤʝʥʦʚ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʊʘʢʞʝ 

ʚ ʩʧʣʘʚʘʭ ʚʳʩʦʢʦʛʦ ʜʝʤʧʬʠʨʦʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤ ʤʝʭʘʥʠʟʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʤʝʭʘʥʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ 

ʢʦʣʝʙʘʥʠʡ ʚ ʵʥʝʨʛʠʶ, ʩʚʷʟʘʥʥʫʶ ʩ ʧʝʨʝʤʘʛʥʠʯʠʚʘʥʠʝʤ ʤʘʪʝʨʠʘʣʘ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʟʘ ʩʯʝʪ 

ʦʙʨʘʪʥʦʛʦ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʦʛʦ ʵʬʬʝʢʪʘ. [1,3]. 

ʇʝʨʝʯʠʩʣʝʥʥʳʤ ʫʩʣʦʚʠʷʤ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʩʧʣʘʚʳ ʥʘ ʦʩʥʦʚʝ ʩʠʩʪʝʤ Fe-Cr ʠ Fe-Cr-Co ʩ ʆʎʂ 

ʨʝʰʝʪʢʦʡ, ʚ ʵʪʠʭ ʩʧʣʘʚʘʭ ʟʘ ʩʯʝʪ ʧʨʦʚʝʜʝʥʠʷ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʧʦ ʨʘʟʣʠʯʥʳʤ ʨʝʞʠʤʘʤ ʚʦʟʤʦʞʥʦ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʩʦʩʪʦʷʥʠʡ ʩ ʨʘʟʣʠʯʥʳʤʠ ʬʦʨʤʦʡ, ʚʟʘʠʤʥʳʤ 

ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʠ ʩʦʩʪʘʚʘʤʠ ʥʘʥʦʦʙʣʘʩʪʝʡ ʬʘʟ, ʥʘ ʢʦʪʦʨʳʝ ʨʘʩʧʘʜʘʝʪʩʷ ʠʟʥʘʯʘʣʴʥʦ ʦʜʥʦʨʦʜʥʳʡ 

ʪʚʝʨʜʳʡ ʨʘʩʪʚʦʨ [4,5,6]. ʅʝʩʢʦʣʴʢʦ ʪʠʧʦʚ ʩʪʨʫʢʪʫʨʳ ʩʧʦʩʦʙʥʳ ʚ ʧʨʠʥʮʠʧʝ ʦʙʝʩʧʝʯʠʪʴ 

ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʧʨʝʧʷʪʩʪʚʠʷ ʜʣʷ ʜʚʠʞʝʥʠʷ ʜʦʤʝʥʥʳʭ ʩʪʝʥʦʢ. ʊʘʢʦʡ ʩʪʨʫʢʪʫʨʦʡ ʤʦʞʝʪ ʙʳʪʴ ʪʘʢ 

ʥʘʟʳʚʘʝʤʘʷ ʬʝʨʨʦʤʘʛʥʠʪʥʘʷ ʛʫʙʢʘ [7], ʚ ʢʦʪʦʨʦʡ ʚ ʤʘʪʨʠʮʝ ï ʬʝʨʨʦʤʘʛʥʠʪʥʦʡ ʬʘʟʳ ʠʤʝʶʪʩʷ 

ʤʝʣʢʠʝ ʠʟʦʣʠʨʦʚʘʥʥʳʝ ʯʘʩʪʠʮʳ ʧʘʨʘʤʘʛʥʠʪʥʦʡ ʬʘʟʳ. ɼʨʫʛʠʤʠ ʪʠʧʘʤʠ ʩʪʨʫʢʪʫʨʳ ʤʦʛʫʪ ʙʳʪʴ 

ʩʠʩʪʝʤʳ ʥʘʥʦʯʘʩʪʠʮ ʩʦ ʩʣʝʛʢʘ ʦʪʣʠʯʘʶʱʠʤʠʩʷ ʩʦʩʪʘʚʘʤʠ ʯʘʩʪʠʮ ʠ ʠʭ ʦʢʨʫʞʘʶʱʝʡ ʬʘʟʳ, ʪʘʢʠʝ 

ʦʙʣʘʩʪʠ ʷʚʣʷʶʪʩʷ ʬʝʨʨʦʤʘʛʥʠʪʥʳʤʠ ʩʦ ʩʣʝʛʢʘ ʦʪʣʠʯʘʶʱʠʤʠʩʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʷʤʠ, ʯʪʦ ʪʘʢʞʝ 

ʷʚʣʷʝʪʩʷ ʧʨʝʧʷʪʩʪʚʠʝʤ ʜʣʷ ʜʚʠʞʝʥʠʷ ʜʦʤʝʥʥʳʭ ʩʪʝʥʦʢ ʩʢʚʦʟʴ ʪʘʢʫʶ ʩʪʨʫʢʪʫʨʫ [8]. ʊʘʢʠʭ ʩʪʨʫʢʪʫʨ 

ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʦ ʤʥʦʛʦ ʪʠʧʦʚ ï 12 ʦʩʥʦʚʥʳʭ ʠ ʤʥʦʞʝʩʪʚʦ ʧʝʨʝʭʦʜʥʳʭ. ʆʥʠ 

ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥʳ ʚ ʨʘʙʦʪʝ [6]. ɺ ʯʘʩʪʥʦʩʪʠ, ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʧʪʠʤʘʣʴʥʳʝ ʜʣʷ ʧʦʩʪʦʷʥʥʳʭ 

ʤʘʛʥʠʪʦʚ ʥʘʥʦʩʪʨʫʢʪʫʨʳ, ʚ ʢʦʪʦʨʳʭ ʚʳʪʷʥʫʪʳʝ ʧʦ ʦʜʥʦʤʫ ʥʘʧʨʘʚʣʝʥʠʶ ʥʘʥʦʯʘʩʪʠʮʳ ʬʘʟʳ 

ʠʟʦʣʠʨʦʚʘʥʳ ʪʦʥʢʠʤʠ ʧʨʦʩʣʦʡʢʘʤʠ ʬʝʨʨʦʤʘʛʥʠʪʥʦʡ ʬʘʟʳ ʩ ʤʝʥʴʰʝʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴʶ 

ʥʘʩʳʱʝʥʠʷ ʠʣʠ ʞʝ ʦʧʪʠʤʘʣʴʥʳʝ ʜʣʷ ʧʦʣʫʞʝʩʪʢʠʭ ʤʘʛʥʠʪʥʳʭ ʩʧʣʘʚʦʚ ʩʪʨʫʢʪʫʨʳ ʩ 

ʚʟʘʠʤʥʦʧʨʦʥʠʢʘʶʱʠʤʠ ʦʙʣʘʩʪʠ ʬʘʟ, ʚ ʢʦʪʦʨʦʡ ʥʘʥʦʯʘʩʪʠʮʳ ʥʠ ʬʝʨʨʦ- ʥʠ ʬʝʨʨʦʤʘʛʥʠʪʥʦʡ ʬʘʟʳ ʩ 

ʤʝʥʴʰʝʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴʶ ʥʘʩʳʱʝʥʠʷ ʥʝʣʴʟʷ ʩʯʠʪʘʪʴ ʥʠ ʤʘʪʨʠʮʝʡ, ʥʠ ʚʳʜʝʣʝʥʠʷʤʠ [8].  

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ. ʉʦʟʜʘʥʠʝ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʚʳʰʝ ʩʪʨʫʢʪʫʨ ʠ ʩʚʷʟʘʥʥʳʭ ʩ ʥʠʤʠ 

ʜʝʤʧʬʠʨʫʶʱʠʭ ʩʚʦʡʩʪʚ ʚʦʟʤʦʞʥʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʧʪʠʤʘʣʴʥʦ ʧʦʜʦʙʨʘʥʥʳʭ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʠ 

ʩʦʩʪʘʚʘ ʩʧʣʘʚʘ ï ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʥʘ ʦʩʥʦʚʝ ʞʝʣʝʟʘ. ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ ʚʝʩʴʤʘ 

ʵʬʬʝʢʪʠʚʥʳʤ ʦʢʘʟʘʣʩʷ ʤʝʪʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʧʨʦʮʝʩʩʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʥʘʥʦʩʪʨʫʢʪʫʨ ʚ ʤʘʛʥʠʪʥʦ ʫʧʦʨʷʜʦʯʝʥʥʳʭ ʩʧʣʘʚʘʭ ʥʘ ʦʩʥʦʚʝ ʞʝʣʝʟʘ, ʥʠʢʝʣʷ ʠ ʭʨʦʤʘ [9-11]. ʇʨʠ 
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ʪʘʢʦʤ ʧʦʜʭʦʜʝ ʦʛʨʦʤʥʦʝ ʤʥʦʞʝʩʪʚʦ ʥʘʪʫʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʟʘʤʝʥʷʝʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʤʠ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʤʠ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ ʠʱʝʪʩʷ ʦʧʪʠʤʘʣʴʥʦʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʨʘʩʯʝʪʦʚ ʚʳʙʠʨʘʶʪʩʷ ʦʧʪʠʤʘʣʴʥʳʝ ʩʦʩʪʘʚʳ ʩʧʣʘʚʦʚ ʠ ʠʭ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ, ʩ ʥʠʤʠ ʠ ʧʨʦʚʦʜʠʪʩʷ 

ʥʝʙʦʣʴʰʦʝ ʯʠʩʣʦ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʟʥʘʯʠʪʝʣʴʥʦ ʵʢʦʥʦʤʠʪ ʚʨʝʤʷ ʠ ʩʨʝʜʩʪʚʘ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʤʝʪʦʜʦʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʧʦʠʩʢʘ, ʩʦʩʪʦʷʱʠʤ ʚ ʧʦʜʙʦʨʝ ʩʦʩʪʘʚʦʚ ʠ 

ʪʝʨʤʦʦʙʨʘʙʦʪʦʢ, ʢʦʪʦʨʳʡ ʦʢʘʟʳʚʘʝʪʩʷ ʦʯʝʥʴ ʜʣʠʪʝʣʴʥʳʤ ʠ ʜʦʨʦʛʦʩʪʦʷʱʠʤ, ʠ ʦʥ ʥʝ ʧʦʟʚʦʣʷʝʪ 

ʥʘʡʪʠ ʦʧʪʠʤʘʣʴʥʦʝ, ʠʩʪʠʥʥʦʝ ʨʝʰʝʥʠʝ.  

ɼʘʥʥʳʡ ʤʝʪʦʜ ʙʳʣ ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʝʥ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʘʥʦʩʪʨʫʢʪʫʨ ʜʣʷ 

ʩʣʫʯʘʷ ʨʘʟʨʘʙʦʪʢʠ ʚʳʩʦʢʦʢʦʵʨʮʠʪʠʚʥʳʭ ʠ ʧʦʣʫʞʝʩʪʢʠʭ ʩʧʣʘʚʦʚ ʥʘ ʦʩʥʦʚʝ ʩʠʩʪʝʤʳ Fe-Cr-Co. ɺ 

ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʳ ʧʝʨʩʧʝʢʪʠʚʳ ʧʨʠʤʝʥʝʥʠʷ ʵʪʦʛʦ ʧʦʜʭʦʜʘ ʜʣʷ ʧʨʦʮʝʩʩʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʥʘʥʦʩʪʨʫʢʪʫʨ ʜʣʷ ʩʣʫʯʘʷ ʨʘʟʨʘʙʦʪʢʠ ʥʘ ʝʛʦ ʦʩʥʦʚʝ ʩʭʝʤ ʪʝʨʤʦʦʙʨʘʙʦʪʦʢ ʩʧʣʘʚʦʚ ʚʳʩʦʢʦʛʦ 

ʜʝʤʧʬʠʨʦʚʘʥʠʷ. 

ʆʩʥʦʚʥʳʝ ʪʠʧʳ ʩʪʨʫʢʪʫʨʳ ʚ ʩʧʣʘʚʘʭ ʥʘ ʦʩʥʦʚʝ Fe-Cr-Co. ɺ ʩʠʩʪʝʤʝ Fe-Cr-Co ʟʘ ʩʯʝʪ 

ʧʨʦʚʝʜʝʥʠʷ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʧʨʠ ʨʘʟʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʜʘʞʝ ʥʘ ʩʧʣʘʚʝ ʦʜʥʦʛʦ ʩʦʩʪʘʚʘ ʤʦʞʥʦ 

ʩʬʦʨʤʠʨʦʚʘʪʴ 12 ʦʩʥʦʚʥʳʭ ʠ ʤʥʦʞʝʩʪʚʦ ʧʝʨʝʭʦʜʥʳʭ ʪʠʧʦʚ ʩʪʨʫʢʪʫʨʳ, ʦʥʠ ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥʳ ʚ 

ʨʘʙʦʪʝ [6]. ʇʨʠ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ (700-500 
ʦ
ʉ) ʚ ʵʪʦʡ ʩʠʩʪʝʤʝ ʧʨʦʠʩʭʦʜʠʪ ʨʘʩʧʘʜ ʪʚʝʨʜʦʛʦ 

ʘʣʴʬʘ ʨʘʩʪʚʦʨʘ ʩ ʆʎʂ ʨʝʰʝʪʢʦʡ ʥʘ ʜʚʝ ʬʘʟʳ ï ʬʝʨʨʦʤʘʛʥʠʪʥʫʶ 1, ʩʦʩʪʦʷʱʫʶ ʚ ʦʩʥʦʚʥʦʤ ʠʟ Fe 

Co, ʠ ʧʘʨʘʤʘʛʥʠʪʥʫʶ 2, ʩʦʩʪʦʷʱʫʶ ʚ ʦʩʥʦʚʥʦʤ ʠʟ ʭʨʦʤʘ [4,5]. ɸʩʠʤʤʝʪʨʠʯʥʘʷ ʬʦʨʤʘ ʦʙʣʘʩʪʠ 

ʨʘʩʩʣʦʝʥʠʷ ʩ ʦʩʪʨʳʤ ʛʨʝʙʥʝʤ (ʩʤ. ʨʠʩ. 1) ʧʦʟʚʦʣʷʝʪ ʜʘʞʝ ʥʘ ʩʧʣʘʚʝ ʦʜʥʦʛʦ ʩʦʩʪʘʚʘ ʧʦʣʫʯʘʪʴ ʪʨʠ 

ʪʠʧʘ ʥʘʥʦʩʪʨʫʢʪʫʨ: 1) ʠʟʦʣʠʨʦʚʘʥʥʳʝ ʚʳʜʝʣʝʥʠʷ ʬʝʨʨʦʤʘʛʥʠʪʥʦʡ ʬʘʟʳ ʚ ʧʘʨʘʤʘʛʥʠʪʥʦʡ ʤʘʪʨʠʮʝ, 

2) ʚʟʠʤʥʦʧʨʦʥʠʢʘʶʱʠʝ ʦʙʣʘʩʪʠ ʬʘʟ, 3) ʠʟʦʣʠʨʦʚʘʥʥʳʝ ʚʳʜʝʣʝʥʠʷ ʧʘʨʘʤʘʛʥʠʪʥʦʡ ʬʘʟʳ ʚ 

ʬʝʨʨʦʤʘʛʥʠʪʥʦʡ ʤʘʪʨʠʮʝ. ʇʦʚʝʨʭʥʦʩʪʴ ʨʘʟʜʝʣʘ ʦʙʣʘʩʪʝʡ ʬʘʟ ʠ ʩʚʷʟʘʥʥʘʷ ʩ ʥʝʡ ʧʦʚʝʨʭʥʦʩʪʥʘʷ 

ʵʥʝʨʛʠʷ ʤʠʥʠʤʘʣʴʥʳ, ʝʩʣʠ ʚ ʚʠʜʝ ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʚʳʜʝʣʝʥʠʡ ʚʳʧʘʜʘʝʪ ʬʘʟʘ ʩ ʤʝʥʴʰʝʡ ʦʙʲʝʤʥʦʡ 

ʜʦʣʝʡ. 

ɺ ʩʧʣʘʚʘʭ ʥʘ ʦʩʥʦʚʝ Fe-Cr-Co ʦʙʨʘʟʦʚʘʚʰʠʝʩʷ ʬʘʟʳ 1 ʠ 2 ʦʙʣʘʜʘʶʪ ʙʣʠʟʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ 

ʧʘʨʘʤʝʪʨʦʚ ʨʝʰʝʪʢʠ, ʠʟ-ʟʘ ʯʝʛʦ ʦʥʠ ʢʦʛʝʨʝʥʪʥʦ ʩʚʷʟʘʥʳ ʩ ʜʨʫʛʦʤ, ʪʘʢ ʯʪʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʨʝʰʝʪʢʘ 

ʥʝ ʥʘʨʫʰʘʝʪʩʷ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʬʘʟ. ʀʟʤʝʥʷʪʴ ʨʘʟʥʦʩʪʴ ʧʘʨʘʤʝʪʨʦʚ ʨʝʰʝʪʢʠ ʬʘʟ ʠ ʩʚʷʟʘʥʥʫʶ ʩ 

ʥʝʡ ʵʥʝʨʛʠʶ ʫʧʨʫʛʠʭ ʜʝʬʦʨʤʘʮʠʡ ʠʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʨʝʰʝʪʦʢ ʚʦʟʤʦʞʥʦ ʧʫʪʝʤ ʣʝʛʠʨʦʚʘʥʠʷ 

ʩʧʣʘʚʦʚ Fe-Cr-Co ʯʝʪʚʝʨʪʳʤ ʵʣʝʤʝʥʪʦʤ. ʄʦʣʠʙʜʝʥ ʠ ʚʦʣʴʬʨʘʤ, ʨʘʩʧʨʝʜʝʣʷʶʱʠʝʩʷ ʚ 

ʧʘʨʘʤʘʛʥʠʪʥʫʶ ʬʘʟʫ ʩ ʙʦʣʴʰʠʤ ʧʘʨʘʤʝʪʨʦʤ ʨʝʰʝʪʢʠ, ʫʚʝʣʠʯʠʚʘʶʪ ʨʘʟʥʦʩʪʴ ʧʘʨʘʤʝʪʨʦʚ ʨʝʰʝʪʢʠ. 

Al , Nb, Ti, V ʠ ʨʷʜ ʜʨʫʛʠʭ ʨʘʩʧʨʝʜʝʣʷʶʪʩʷ ʚ ʬʝʨʨʦʤʘʛʥʠʪʥʫʶ ʬʘʟʫ ʩ ʤʝʥʴʰʠʤ ʧʘʨʘʤʝʪʨʦʤ 

ʨʝʰʝʪʢʠ ʠ ʫʤʝʥʴʰʘʶʪ ʨʘʟʥʦʩʪʴ ʧʘʨʘʤʝʪʨʦʚ ʨʝʰʝʪʢʠ ʬʘʟ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʵʥʝʨʛʠʠ ʫʧʨʫʛʠʭ 

ʜʝʬʦʨʤʘʮʠʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʨʝʰʝʪʦʢ ʬʘʟ ʧʨʦʠʩʭʦʜʠʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʙʦʣʝʝ ʥʝʨʘʚʥʦʦʩʥʳʭ 

ʦʙʣʘʩʪʝʡ ʬʘʟ, ʜʣʠʥʥʳʝ ʦʩʠ ʢʦʪʦʨʳʭ ʥʘʧʨʘʚʣʝʥʳ ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʡ ʩ ʤʠʥʠʤʘʣʴʥʳʤ ʤʦʜʫʣʝʤ 

ʖʥʛʘ (ʚ ʩʣʫʯʘʝ ʆʎʂ ʩʧʣʘʚʦʚ Fe-Cr-Co - <100>). ɺ ʢʘʞʜʦʤ ʠʟ ʪʨʝʭ ʦʩʥʦʚʥʳʭ ʪʠʧʦʚ ʩʪʨʫʢʪʫʨʳ 

ʧʦʷʚʣʷʶʪʩʷ ʜʚʘ ʧʦʜʪʠʧʘ ï ʩ ʨʘʚʥʦʦʩʥʳʤʠ ʠ ʥʝʨʘʚʥʦʦʩʥʳʤʠ ʦʙʣʘʩʪʷʤʠ ʬʘʟ, ʘ ʯʠʩʣʦ ʪʠʧʦʚ 

ʩʪʨʫʢʪʫʨʳ ʩʪʘʥʦʚʠʪʩʷ ʨʘʚʥʳʤ 6. 
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ʈʠʩ. 1. ʊʨʠ ʪʠʧʠʯʥʳʝ ʪʝʤʧʝʨʘʪʫʨʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʛʣʘʚʥʳʭ ʪʠʧʦʚ ʩʪʨʫʢʪʫʨʳ ʚ ʩʧʣʘʚʘʭ ʥʘ ʦʩʥʦʚʝ Fe-Cr-Co. 

 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʚʦʟʜʝʡʩʪʚʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʢʘʞʜʳʡ ʠʟ 6 ʪʠʧʦʚ 

ʩʪʨʫʢʪʫʨʳ ʧʦʜʨʘʟʜʝʣʠʪʴ ʤʦʞʥʦ ʥʘ 2, ʪʦʛʜʘ ʚʩʝʛʦ ʧʦʣʫʯʘʝʪʩʷ 12 ʦʩʥʦʚʥʳʭ ʪʠʧʦʚ ʩʪʨʫʢʪʫʨʳ ʩ 

ʩʠʣʴʥʦ ʨʘʟʣʠʯʘʶʱʠʤʠʩʷ ʤʘʛʥʠʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʄʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʦʧʪʠʤʘʣʴʥʳʝ ʜʣʷ 

ʧʦʩʪʦʷʥʥʳʭ ʤʘʛʥʠʪʦʚ ï ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʳ ʠ ʤʘʛʥʠʪʥʦʡ ʵʥʝʨʛʠʠ [4,5], 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʠʟʦʣʠʨʦʚʘʥʥʳʤ ʚʳʜʝʣʝʥʠʷʤ ʬʝʨʨʦʤʘʛʥʠʪʥʦʡ ʬʘʟʳ ʚ ʧʘʨʘʤʘʛʥʠʪʥʦʡ ʤʘʪʨʠʮʝ. 

ʉʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʳ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʤʘʛʥʠʪʥʦ- ʧʦʣʫʞʝʩʪʢʠʭ ʩʧʣʘʚʦʚ [8] 

ʦʪʚʝʯʘʶʪ ʚʟʘʠʤʥʦʧʨʦʥʠʢʘʶʱʠʤ ʦʙʣʘʩʪʷʤ ʬʘʟ. ʀʟʦʣʠʨʦʚʘʥʥʳʤ ʦʙʣʘʩʪʷʤ ʧʘʨʘʤʘʛʥʠʪʥʦʡ ʬʘʟʳ ʚ 

ʬʝʨʨʦʤʘʛʥʠʪʥʦʡ ʤʘʪʨʠʮʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʤʘʣʳʝ ʟʥʘʯʝʥʠʷ ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʳ, ʦʧʪʠʤʘʣʴʥʳʝ ʜʣʷ 

ʤʘʛʥʠʪʥʦʤʷʛʢʠʭ ʩʧʣʘʚʦʚ ʚʳʩʦʢʦʛʦ ʜʝʤʧʬʠʨʦʚʘʥʠʷ [7]. 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʵʪʠʭ 12 ʪʠʧʦʚ ʩʪʨʫʢʪʫʨ ʦʩʫʱʝʩʪʚʠʤʦ ʟʘ ʩʯʝʪ ʚʳʙʦʨʘ ʩʦʩʪʘʚʘ ʩʧʣʘʚʘ ʠ 

ʪʝʤʧʝʨʘʪʫʨ ʤʥʦʛʦʵʪʘʧʥʦʡ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ, ʧʦʩʢʦʣʴʢʫ ʧʦʣʫʯʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʟʘ ʦʜʠʥ ʵʪʘʧ ʥʝ ʚʩʝʛʜʘ 

ʚʦʟʤʦʞʥʦ. ʇʦʣʫʯʝʥʠʝ ʧʝʨʚʦʛʦ ʪʠʧʘ ʩʪʨʫʢʪʫʨʳ ʦʙʣʝʛʯʘʝʪʩʷ ʧʦʩʣʝ ʛʦʤʦʛʝʥʠʟʠʨʫʶʱʝʡ ʦʙʨʘʙʦʪʢʠ 

(ɻʆ ʥʘ ʨʠʩ. 1), ʘ ʧʦʣʫʯʝʥʠʝ ʚʪʦʨʦʛʦ ʪʠʧʘ ʧʦʩʣʝ ɻʆ ʚʦʟʤʦʞʥʦ ʧʨʠ ʜʦʩʪʘʪʦʯʥʦ ʙʳʩʪʨʦʤ ʦʭʣʘʞʜʝʥʠʠ 

[5]. ɽʩʣʠ ʩʪʫʧʝʥʯʘʪʳʡ ʦʪʧʫʩʢ (ʉʆ ʥʘ ʨʠʩ. 1) ʧʨʦʚʦʜʠʪʴ ʥʝʙʦʣʴʰʠʤʠ ʩʪʫʧʝʥʷʤʠ ʧʨʠ ʧʦʥʠʞʘʶʱʝʡʩʷ 

ʪʝʤʧʝʨʘʪʫʨʝ ʪʦ ʚʦʟʤʦʞʥʦ ʩʦʭʨʘʥʷʪʴ ʪʠʧ ʩʪʨʫʢʪʫʨʳ, ʩʬʦʨʤʠʨʦʚʘʚʰʝʡʩʷ ʧʨʠ ʪʨʝʭ ʫʢʘʟʘʥʥʳʭ ʥʘ ʨʠʩ. 

1 ʪʝʤʧʝʨʘʪʫʨʘʭ. ʉ ʧʦʤʦʱʴʶ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʨʘʩʧʘʜʘ ʚ ʵʪʠʭ ʩʧʣʘʚʘʭ ʤʦʞʥʦ ʩʫʱʝʩʪʚʝʥʥʦ 

ʦʙʣʝʛʯʠʪʴ ʠ ʫʩʢʦʨʠʪʴ ʧʦʜʙʦʨ ʪʘʢʦʛʦ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʘʨʘʤʝʪʨʦʚ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ. 
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ʈʠʩ. 2. ʆʙʣʘʩʪʠ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʩʦʩʪʘʚʦʚ ʠ ʪʝʤʧʝʨʘʪʫʨ ʜʣʷ ʤʘʪʝʨʠʘʣʦʚ ʚʳʩʦʢʦʛʦ ʜʝʤʧʬʠʨʦʚʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʩʠʩʪʝʤʳ 

Fe-Cr-Co: 1- ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʪʠʧʘ ʬʝʨʨʦʤʘʛʥʠʪʥʦʡ ʛʫʙʢʠ, 2- ʜʣʷ ʩʧʣʘʚʦʚ ʩ ʤʘʣʳʤ ʦʪʣʠʯʠʝʤ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʝʡ 

ʥʘʩʳʱʝʥʠʷ ʬʘʟ. 

 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ, ʦʧʪʠʤʘʣʴʥʳʭ ʜʣʷ ʩʧʣʘʚʦʚ ʚʳʩʦʢʦʛʦ ʜʝʤʧʬʠʨʦʚʘʥʠʷ, 

ʪʝʨʤʦʦʙʨʘʙʦʪʢʫ ʤʦʞʥʦ ʟʘʢʘʥʯʠʚʘʪʴ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 650-500 ʉ. ʇʦʩʣʝ ʪʘʢʦʡ ʦʙʨʘʙʦʪʢʠ ʦʙʝ ʬʘʟʳ 

ʦʩʪʘʥʫʪʩʷ ʬʝʨʨʦʤʘʛʥʠʪʥʳʤʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʯʪʦ ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ ʧʦʣʝʟʥʳʤ ʜʣʷ 

ʩʧʣʘʚʦʚ ʚʳʩʦʢʦʛʦ ʜʝʤʧʬʠʨʦʚʘʥʠʷ. 

ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʩʧʣʘʚʦʚ ʥʘ ʦʩʥʦʚʝ Fe-Cr-Co, ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʥʥʘʷ ʚ ʨʘʙʦʪʘʭ [9-

11], ʫʯʠʪʳʚʘʝʪ ʥʝʩʢʦʣʴʢʦ ʚʢʣʘʜʦʚ ʚ ʩʚʦʙʦʜʥʫʶ ʵʥʝʨʛʠʶ: ʭʠʤʠʯʝʩʢʠʡ, ʤʘʛʥʠʪʥʦʛʦ ʫʧʦʨʷʜʦʯʝʥʠʷ ʚ 

ʬʝʨʨʦʤʘʛʥʠʪʥʦʡ ʬʘʟʝ, ʘʪʦʤʥʦʛʦ ʫʧʦʨʷʜʦʯʝʥʠʷ, ʵʥʝʨʛʠʠ ʫʧʨʫʛʠʭ ʜʝʬʦʨʤʘʮʠʡ ʬʘʟ, ʥʘʤʘʛʥʠʯʝʥʠʷ 

ʬʝʨʨʦʤʘʛʥʠʪʥʳʭ ʦʙʣʘʩʪʝʡ ʚʦ ʚʥʝʰʥʝʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ.. ʄʦʜʝʣʴ ʚʝʩʴʤʘ ʪʦʯʥʦ ʦʧʠʩʳʚʘʝʪ ʧʨʦʮʝʩʩʳ 

ʚ ʩʧʣʘʚʘʭ, ʧʦʩʢʦʣʴʢʫ ʝʝ ʧʘʨʘʤʝʪʨʳ ʙʳʣʠ ʫʪʦʯʥʝʥʳ ʧʦ ʩʧʝʮʠʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʥʳʤ ʤʝʪʦʜʠʢʘʤ 

ʧʦʣʥʦʛʦ ʠʣʠ ʯʘʩʪʠʯʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʩʪʘʚʦʚ ʬʘʟ, ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʧʨʦʮʝʩʩʝ ʨʘʩʧʘʜʘ [12-15].  

ʄʦʜʝʣʴ ʧʦʟʚʦʣʷʝʪ ʦʯʝʥʴ ʪʦʯʥʦ ʚʳʯʠʩʣʷʪʴ ʥʘʙʣʶʜʘʶʱʠʝʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʛʨʘʥʠʮʳ ʦʙʣʘʩʪʠ 

ʨʘʩʩʣʦʝʥʠʷ ʩ ʦʩʦʙʳʤ ʛʨʝʙʥʝʤ, ʢʘʢ ʙʳ ʧʝʨʝʭʦʜʷʱʠʤ ʚ ʧʦʚʝʨʭʥʦʩʪʴ ʪʦʯʝʢ ʂʶʨʠ ʪʚʝʨʜʳʭ ʪʨʦʡʥʳʭ 

ʨʘʩʪʚʦʨʦʚ ʥʘ ʦʩʥʦʚʝ Fe-Cr-Co. ʉ ʧʦʤʦʱʴʶ ʤʦʜʝʣʠ ʤʦʞʥʦ ʪʘʢʞʝ ʦʧʨʝʜʝʣʷʪʴ ʩʧʠʥʦʜʘʣʴʥʳʝ ʦʙʣʘʩʪʠ 

(ʦʙʣʘʩʪʠ, ʚ ʢʦʪʦʨʳʭ ʚʪʦʨʘʷ ʧʨʦʠʟʚʦʜʥʘʷ ʩʚʦʙʦʜʥʦʡ ʵʥʝʨʛʠʠ ʧʦ ʥʝʢʦʪʦʨʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʢʦʥʮʝʥʪʨʘʮʠʡ ʤʝʥʴʰʝ ʥʫʣʷ, ʠʟ-ʟʘ ʯʝʛʦ ʩʧʣʘʚ ʥʝʫʩʪʦʡʯʠʚ) ʚ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ 

ʩʧʣʘʚʘʭ. ʆʧʨʝʜʝʣʷʪʴ ʦʙʣʘʩʪʠ ʪʝʤʧʝʨʘʪʫʨ ʠ ʩʦʩʪʘʚʦʚ ʩʧʣʘʚʦʚ, ʦʪʚʝʯʘʶʱʠʭ ʤʝʪʘʩʪʘʙʠʣʴʥʳʤ 

ʩʦʩʪʦʷʥʠʷʤ, ʛʜʝ, ʚ ʯʘʩʪʥʦʩʪʠ, ʚʪʦʨʘʷ ʧʨʦʠʟʚʦʜʥʘʷ ʩʚʦʙʦʜʥʦʡ ʵʥʝʨʛʠʠ ʧʦ ʥʝʢʦʪʦʨʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ 

ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʢʦʥʮʝʥʪʨʘʮʠʡ ʙʣʠʟʢʘ ʢ ʥʫʣʶ, ʪʘʢʞʝ ʚʦʟʤʦʞʥʦ ʩ ʧʦʤʦʱʴʶ ʵʪʦʡ ʤʦʜʝʣʠ . 

ʉ ʧʦʤʦʱʴʶ ʵʪʦʡ ʤʦʜʝʣʠ ʙʳʣʠ ʚʳʯʠʩʣʝʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʩʦʩʪʘʚʳ ʠ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʜʚʫʭ ʥʦʚʳʭ 

ʢʣʘʩʩʦʚ ʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʩʠʩʪʝʤʳ Fe-Cr-Co ʠ ʩʢʦʨʨʝʢʪʠʨʦʚʘʥʳ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʠ 

ʩʦʩʪʘʚʳ ʫʞʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʥʘ ʵʪʦʡ ʩʠʩʪʝʤʳ ʪʠʧʦʚ ʩʧʣʘʚʦʚ[16,17,18]. ʕʪʘ ʤʦʜʝʣʴ ʧʦʟʚʦʣʠʣʘ ʩ 

ʭʦʨʦʰʝʡ ʪʦʯʥʦʩʪʴʶ ʚʳʯʠʩʣʠʪʴ ʛʨʘʥʠʮʳ ʦʙʣʘʩʪʠ ʨʘʩʩʣʦʝʥʠʷ ʚ ʩʧʣʘʚʘʭ Fe-Ni [19]. 

ʉʧʣʘʚʳ ʜʣʷ ʚʳʩʦʢʦʧʣʘʩʪʠʯʥʳʭ ʧʦʩʪʦʷʥʥʳʭ ʤʘʛʥʠʪʦʚ Fe-Cr-Co ʙʳʣʠ ʫʪʦʯʥʝʥʳ ʚ ʧʫʪʝʤ 

ʤʠʥʠʤʠʟʘʮʠʠ ʨʘʟʥʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ ʨʝʰʝʪʢʠ ʚ ʬʘʟʘʭ, ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ ʨʘʩʧʘʜʝ ʚ ʰʠʨʦʢʦʤ 

ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ. 

ʇʨʠʤʝʥʝʥʠʝ ʤʦʜʝʣʠ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʩʧʣʘʚʦʚ ʚʳʩʦʢʦʛʦ ʜʝʤʧʬʠʨʦʚʘʥʠʷ. ɼʘʥʥʘʷ ʤʦʜʝʣʴ 

ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʧʨʝʜʩʢʘʟʘʥʠʷ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʩʧʣʘʚʦʚ ʚʳʩʦʢʦʛʦ ʜʝʤʧʬʠʨʦʚʘʥʠʷ ʥʘ ʦʩʥʦʚʝ 

ʩʪʨʫʢʪʫʨʳ ʪʠʧʘ ʬʝʨʨʦʤʘʛʥʠʪʥʦʡ ʛʫʙʢʠ [7] ʠ ʥʘ ʦʩʥʦʚʝ ʩʪʨʫʢʪʫʨ ʩ ʜʚʫʤʷ ʬʝʨʨʦʤʘʛʥʠʪʥʳʤʠ ʬʘʟʘʤʠ, 

ʦʪʣʠʯʘʶʱʠʭʩʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʷʤʠ ʥʘʩʳʱʝʥʠʷ. ʊʘʢʞʝ ʤʦʜʝʣʴ ʧʦʟʚʦʣʠʣʘ ʥʘʡʪʠ ʨʘʩʯʝʪʥʳʤ ʧʫʪʝʤ 

ʦʙʣʘʩʪʠ ʘʙʩʦʣʶʪʥʦ ʥʝʫʩʪʦʡʯʠʚʳʭ ʠ ʤʝʪʘʩʪʘʙʠʣʴʥʳʭ ʩʦʩʪʦʷʥʠʡ ʥʘ ʜʠʘʛʨʘʤʤʘʭ ʩʦʩʪʦʷʥʠʷ, ʪʦ ʝʩʪʴ 

ʪʝ ʦʙʣʘʩʪʠ ʩʦʩʪʘʚʦʚ ʠ ʪʝʤʧʝʨʘʪʫʨ, ʚ ʢʦʪʦʨʳʭ ʩʣʝʜʫʝʪ ʦʞʠʜʘʪʴ ʬʦʨʤʠʨʦʚʘʥʠʝ ʥʝʦʜʥʦʨʦʜʥʳʭ ʧʦ 
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ʩʦʩʪʘʚʫ ʥʘʥʦ- ʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨ ʩʧʣʘʚʦʚ. ʉʦʛʣʘʩʥʦ ʪʝʦʨʠʠ ʧʝʨʝʤʘʛʥʠʯʠʚʘʥʠʷ ʤʘʛʥʠʪʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʪʘʢʠʝ ʩʪʨʫʢʪʫʨʳ, ʜʦʣʞʥʳ ʦʙʝʩʧʝʯʠʚʘʪʴ ʧʦʣʫʯʝʥʠʝ ʧʝʪʝʣʴ ʤʘʛʥʠʪʥʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ, 

ʦʪʚʝʯʘʶʱʠʭ ʩʧʣʘʚʘʤ, ʵʬʬʝʢʪʠʚʥʦ ʨʘʩʩʝʠʚʘʶʱʠʤ ʵʥʝʨʛʠʶ ʤʝʭʘʥʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ. 

ʇʝʨʩʧʝʢʪʠʚʥʳʝ ʦʙʣʘʩʪʠ ʩʦʩʪʘʚʦʚ ʠ ʪʝʤʧʝʨʘʪʫʨ ʦʪʤʝʯʝʥʳ ʥʘ ʨʠʩ. 2. 

ɿʘʢʣʶʯʝʥʠʝ. ʇʨʠʤʝʥʝʥʠʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʧʨʦʮʝʩʩʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʘʥʦʩʪʨʫʢʪʫʨ 

ʚ ʩʧʣʘʚʘʭ ʥʘ ʦʩʥʦʚʝ ʩʠʩʪʝʤ Fe-Cr, Fe-Cr-Co, Fe-Ni ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʷʪʴ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʦʙʣʘʩʪʠ 

ʩʦʩʪʘʚʦʚ ʠ ʪʝʤʧʝʨʘʪʫʨ ʪʝʨʤʦʦʙʨʘʙʦʪʦʢ ʵʪʠʭ ʩʧʣʘʚʦʚ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʧʦʣʫʯʝʥʠʝ ʚʳʩʦʢʠʭ 

ʜʝʤʧʬʠʨʫʶʱʠʭ ʩʚʦʡʩʪʚ ʚ ʵʪʠʭ ʤʘʪʝʨʠʘʣʘʭ. 
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ʖʞʥʦ-ʂʘʟʘʭʩʪʘʥʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʄ. ɸʫʝʟʦʚʘ, ʐʳʤʢʝʥʪ, ʈʝʩʧʫʙʣʠʢʘ ʂʘʟʘʭʩʪʘʥ 

 

ʈʝʟʶʤʝ. ʆʎʂ ײץʨʳʣʳʤʜʳ ץʘʪʪʳ ʝʨʪʽʥʜʽʣʝʨ ʥʝʛʽʟʜʽ Fe-Cr ʤʝʥ Fe-Cr-Co ץʦʨʪʧʘʣʘʨ ʞװʡʝʩʽʥʜʝʛʽ ʞʦסʘʨʳ 

ʜʝʤʧʬʝʨʣʽʢ ץʦʨʪʧʘʣʘʨʜʳש ʦʧʪʠʤʘʣʜʳ ײץʨʳʣʳʤʜʳץ ʢװʡʽʥ ʞʘʩʘʫ ʞʦʣʜʘʨʳ ץʘʨʘʩʪʳʨʳʣסʘʥ. ᴆʟ-ʘʨʘ ʪװʨʣʽ ʬʦʨʤʘʜʘ 

ʦʨʥʘʣʘʩץʘʥ, ʬʘʟʘʣʘʨ ʘʣʘʙʳ ʤʝʥ ʤʘʛʥʠʪʪʝʣʽʥʫʽ ץʘʥʳץץʘʥ, ᴅʨʪװʨʣʽ ײץʨʘʤʜʳ ʥʘʥʦʘʣʘʧʪʘʨʜʳש ʪװʨʣʽ ʪʠʧʪʽ ʥʘʥʦײץʨʳʣʳʤ 

ʘʣʘʙʳ ʙʘʨ ʬʝʨʨʦʤʘʛʥʠʪʪʝʛʽ ʤʝʭʘʥʠʢʘʣʳץ ʵʥʝʨʛʠʷ ʜʠʩʩʠʧʘʮʠʷʩʳʥʳש ʬʠʟʠʢʘʣʳץ ʤʝʭʘʥʠʟʤʽ ʪʘʣʜʘʥסʘʥ. ʆʎʂ 

 ʳסʬʝʨʨʦ- ʧʘʨʘʤʘʛʥʠʪʪʽ ʬʘʟʘʣʘʨʳʥʜʘ שʡʝʩʽʥʽװʦʨʪʧʘʣʘʨ ʞץ ʘʪʪʳ ʝʨʪʽʥʜʽʣʝʨ ʥʝʛʽʟʜʽ Fe-Cr ʤʝʥ Fe-Cr-Coץ ʨʳʣʳʤʜʳײץ

 ʨʘʤʳ ʙʦʣʞʘʥʜʳ. ɽʩʝʧʪʝʫʜʝײץ ʤʦʜʝʣʜʝʫʜʽ ʧʘʡʜʘʣʘʥʳʧ ץʳʜʳʨʘʫ ʧʨʦʮʝʩʪʝʨʽʥʝ ʪʝʨʤʦʜʠʥʘʤʠʢʘʣʳ שʘʪʪʳ ʝʨʪʽʥʜʽʣʝʨʜʽץ

 ʤʘʛʥʠʪʪʽʢ ʨʝʪʪʝʣʫ, ʘʪʦʤ ʨʝʪʪʝʣʫʽʥʜʝʛʽ ,ץʣʝʩʽ ʝʩʢʝʨʽʣʝʜʽ: ʭʠʤʠʷʣʳװ ʝʨʢʽʥ ʵʥʝʨʛʠʷʩʳʥʘ שʦʨʪʧʘʩʳʥʳץ ʘʪʪʳ ʝʨʪʽʥʜʽʣʝʨץ

ʬʘʟʘ ʘʣʘʙʳʥʳש ʩʝʨʧʽʤʜʽ ʜʝʬʦʨʤʘʮʠʷʩʳ, ʩʳʨʪץʳ ʤʘʛʥʠʪ ᴇʨʽʩʽʥʜʝʛʽʤʘʛʥʠʪʪʝʣʽʥʫ, ʞᴅʥʝ ʙʘʩץʘ ʞʘסʜʘʡʣʘʨ. ɾʦסʘʨסʳ 

ʜʝʤʧʬʝʨʣʽʢ ץʘʩʠʝʪʽ ʙʘʨ ץʦʨʪʧʘʣʘʨʜʳ ʪʝʨʤʦᴇשʜʝʫ ʤʝʥ ʦʧʪʠʤʘʣʜʳ ײץʨʘʤʳʥ ʙʦʣʞʘʫ ʤʘץʩʘʪʳʥʜʘ ʳʜʳʨʘʫ ʧʨʦʮʝʩʽʥ 

ʤʦʜʝʣʜʝʫ ᴅʜʽʩʪʝʤʝʩʽʥ ץʦʣʜʘʥʫ ʤװʤʢʽʥʜʽʛʽ ץʘʨʘʩʪʳʨʳʣסʘʥ. ɾʦסʘʨסʳ ʜʝʤʧʬʝʨʣʽʢ ץʘʩʠʝʪʪʽ ץʦʨʪʧʘʣʘʨʜʳ ʘʣʫסʘ 

ʙʘסʳʪʪʘʣסʘʥ ʦʧʪʠʤʘʣʜʳ ײץʨʘʤʳ ʤʝʥ ʪʝʨʤʦᴇשʜʝʫʽʥʽש ʧʝʨʩʧʝʢʪʠʚʪʽ ʙʦʣʞʘʤʘʣʘʨʳ ʙʦʡʳʥʰʘ ʝʢʽ ʩײʣʙʘ ʝʩʝʧʪʝʣʛʝʥ. 

ʊʝʨʤʦᴇשʜʝʫʜʽש ʙʽʨʽʥʰʽ ʩײʣʙʘʩʳ ʬʝʨʨʦʤʘʛʥʠʪʪʽ ʛʫʙʢʘ ʪװʨʜʝʛʽ ʬʝʨʨʦʤʘʛʥʠʪʪʽ ʤʘʪʨʠʮʘʜʘסʳ ʧʘʨʘʤʘʛʥʠʪʪʽ 

ʥʘʥʦʙᴇʣʰʝʢʪʝʨʜʝʥ ʪײʨʘʪʳʥ ײץʨʳʣʳʤʜʳ, ʝʢʽʥʰʽʩʽ ץʘʪʪʳ ʝʨʪʽʥʜʽʣʝʨʜʽש ʳʜʳʨʘʫʳʥʳʥ ʙʘʩʪʘʧץʳ ʩʪʘʜʠʷʩʳʥʜʘ 

ʘʣʳʥʘʪʳʥ ʤʘʛʥʠʪʪʝʣʽʥʫʽ ץʘʥʳץץʘʥ ʬʝʨʨʦ - ʞᴅʥʝ ᴅʣʩʽʟ ʬʝʨʨʦʤʘʛʥʠʪʪʽ ʬʘʟʘʣʘʨ ʘʨʘʩʳʥʜʘסʳ ʢʽʰʢʝʥʪʘʡ 

ʘʡʳʨʤʘʰʳʣʳץʪʘʨʜʳ ʘʣʫסʘ ʙʘסʳʪʪʘʣסʘʥ. 

ʊʽʨʝʢ ʩᴇʟʜʝʨ: ʊʝʨʤʦʜʠʥʘʤʠʢʘʣʳץ ʤʦʜʝʣʜʝʫ, ץʘʪʪʳ ʝʨʪʽʥʜʽ, ʞʦסʘʨʳ ʜʝʤʬʠʨʣʽ ץʦʨʪʧʘʣʘʨ, ʩʧʠʥʦʜʘʣʴʜʽ 

ʘʡʤʘץ. 
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Abstract. This paper presents a mobile-oriented program for object recognition using algorithms of image 

processing. In particular, were analyzed results of image processing in traditional ways, described in early works, and 

results of parallel recognition of several objects processed in real time. 

 

ʉʀʉʊɽʄɸ ɼʃʗ  ʈɸʉʇʆɿʅɸɺɸʅʀʗ ʀɿʆɹʈɸɾɽʅʀʁ  
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ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʦʙʨʘʟʦʚ, ʦʙʨʘʙʦʪʢʘ ʠʟʦʙʨʘʞʝʥʠʡ, ʦʪʢʨʳʪʠʝ ʧʨʦʛʨʘʤʤʥʳʝ ʙʠʙʣʠʦʪʝʢʠ. 

ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʤʦʙʠʣʴʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ  ʜʣʷ ʦʙʨʘʙʦʪʢʠ 

ʠʟʦʙʨʘʞʝʥʠʡ. ɺ ʯʘʩʪʥʦʩʪʠ, ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʜʦʨʦʞʥʳʭ ʟʥʘʢʦʚ ʢʘʢ 

ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʩʧʦʩʦʙʘʤʠ, ʧʨʠʚʝʜʝʥʥʳʤʠ ʚ ʨʘʥʥʠʭ ʨʘʙʦʪʘʭ, ʪʘʢ ʠ ʧʨʠ ʧʘʨʘʣʣʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʝ ʥʝʩʢʦʣʴʢʠʭ 

ʟʥʘʢʦʚ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ, ʧʨʝʜʣʦʞʝʥʥʦʡ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ. 

 

ɺʚʝʜʝʥʠʝ  

ɸʚʪʦʪʨʘʥʩʧʦʨʪ ʠʛʨʘʝʪ ʙʦʣʴʰʫʶ ʨʦʣʴ ʚ ʨʘʟʚʠʪʠʠ ʵʢʦʥʦʤʠʢʠ ʩʪʨʘʥʳ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʜʨʫʛʠʭ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʦʥ ʦʪʣʠʯʘʝʪʩʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʠ ʤʦʙʠʣʴʥʦʩʪʴʶ. ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʦʙʲʝʤ 

ʧʝʨʝʚʦʟʦʢ ʛʨʫʟʦʚ ʠ ʧʘʩʩʘʞʠʨʦʚ ʘʚʪʦʤʦʙʠʣʷʤʠ ʨʘʩʪʝʪ ʙʳʩʪʨʝʝ, ʯʝʤ ʥʘ ʜʨʫʛʠʭ ʚʠʜʘʭ ʪʨʘʥʩʧʦʨʪʘ. 

ɽʞʝʛʦʜʥʳʡ ʧʨʠʨʦʩʪ ʘʚʪʦʤʦʙʠʣʝʡ ʥʘ ʜʦʨʦʛʘʭ ʩʦʩʪʘʚʣʷʝʪ 14,1%.  ɺʩʝʛʦ ʧʦ ʩʦʩʪʦʷʥʠʶ ʥʘ 1 ʩʝʥʪʷʙʨʷ 

2014 ʛʦʜʘ ʚ ʩʪʨʘʥʝ ʥʘʩʯʠʪʳʚʘʝʪʩʷ 3 ʤʣʥ. 493 ʪʳʩ. 922 ʣʝʛʢʦʚʳʭ ʘʚʪʦʤʦʙʠʣʷ.  

ʆʜʥʘʢʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʬʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʨʘʟʚʠʪʠʝ ʵʢʦʥʦʤʠʢʠ, ʩʫʱʝʩʪʚʫʶʪ 

ʨʷʜ ʥʝʛʘʪʠʚʥʳʭ ʬʘʢʪʦʨʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʧʨʦʮʝʩʩʦʤ ʘʚʪʦʤʦʙʠʣʠʟʘʮʠʠ. ʉʶʜʘ ʦʪʥʦʩʷʪʩʷ ʟʘʛʨʷʟʥʝʥʠʝ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʛʨʘʜʦʩʪʨʦʠʪʝʣʴʥʳʝ ʧʨʦʙʣʝʤʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʚʳʜʝʣʝʥʠʝʤ ʧʨʦʩʪʨʘʥʩʪʚ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʜʚʠʞʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ, ʨʦʩʪ ʜʝʬʠʮʠʪʘ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʠ ʪ.ʜ. ʂ ʨʘʟʨʷʜʫ 

ʥʘʠʙʦʣʝʝ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʬʘʢʪʦʨʦʚ ʧʨʦʮʝʩʩʘ ʘʚʪʦʤʦʙʠʣʠʟʘʮʠʠ ʦʪʥʦʩʷʪʩʷ ɼʊʇ ʠ ʠʭ ʧʦʩʣʝʜʩʪʚʠʷ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ ʛʠʙʝʣʴʶ ʠ ʨʘʥʝʥʠʝʤ ʣʶʜʝʡ, ʤʘʪʝʨʠʘʣʴʥʳʤ ʫʱʝʨʙʦʤ ʦʪ ʧʦʚʨʝʞʜʝʥʠʷ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ, ʛʨʫʟʦʚ, ʜʦʨʦʞʥʳʭ ʠ ʠʥʳʭ ʩʦʦʨʫʞʝʥʠʡ, ʘ ʪʘʢʞʝ ʦʪʨʠʮʘʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʵʢʦʣʦʛʠʶ. ʇʦ ʜʘʥʥʳʤ ʩʪʘʪʠʩʪʠʢʠ ʟʘ 7 ʤʝʩʷʮʝʚ ʪʝʢʫʱʝʛʦ ʛʦʜʘ ʧʨʦʠʟʦʰʣʦ 10 727 ɼʊʇ, ʧʦʛʠʙʣʠ 1 

446 ʯʝʣʦʚʝʢ ʠ 13 958 ʧʦʣʫʯʠʣʠ ʪʨʘʚʤʳ. ʇʦ ʦʮʝʥʢʝ ɺʩʝʤʠʨʥʦʛʦ ɹʘʥʢʘ, ʝʞʝʛʦʜʥʦ ʢʘʟʘʭʩʪʘʥʩʢʠʡ 

ʙʶʜʞʝʪ ʪʝʨʷʝʪ ʠʟ-ʟʘ ʜʦʨʦʞʥʳʭ ʘʚʘʨʠʡ ʦʢʦʣʦ 1,5 ʧʨʦʮʝʥʪʘ ɺɺʇ. ʂ ʦʩʥʦʚʥʳʤ ʧʨʠʯʠʥʘʤ ɼʊʇ 

ʦʪʥʦʩʷʪ ʨʦʩʪ ʯʠʩʣʘ ʘʚʪʦʤʦʙʠʣʝʡ (ʟʘ ʧʦʩʣʝʜʥʠʝ 5 ʣʝʪ ʘʚʪʦʧʘʨʢ ʂʘʟʘʭʩʪʘʥʘ ʚʳʨʦʩ ʙʦʣʝʝ ʯʝʤ ʚ 2 ʨʘʟʘ 

- ʩ 2 ʜʦ 4,2 ʤʠʣʣʠʦʥʘ ʝʜʠʥʠʮ), ʫʭʫʜʰʝʥʠʝ ʩʦʩʪʦʷʥʠʷ ʜʦʨʦʛ (ʨʝʤʦʥʪ ʠ ʙʣʘʛʦʫʩʪʨʦʡʩʪʚʦ ʜʦʨʦʛ 

ʧʨʦʚʦʜʷʪʩʷ ʥʝ ʩʪʦʣʴ ʙʳʩʪʨʳʤʠ ʪʝʤʧʘʤʠ), ʥʝʩʦʙʣʶʜʝʥʠʝ ʇɼɼ (95% ʚʩʝʭ ʘʚʘʨʠʡ ʧʨʦʠʩʭʦʜʠʪ ʠʟ-ʟʘ 

ʧʨʝʚʳʰʝʥʠʷ ʚʦʜʠʪʝʣʝʤ ʩʢʦʨʦʩʪʠ ʠʣʠ ʟʘʪʨʫʜʥʝʥʥʦʡ ʨʝʘʢʮʠʠ ʧʨʠ ʩʦʚʝʨʰʝʥʠʠ  ʤʘʥʝʚʨʦʚ) ʠ ʪ.ʜ.  

ʀʟ ʚʳʰʝʩʢʘʟʘʥʥʦʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ ʨʝʰʝʥʠʝ  ʧʨʦʙʣʝʤʳ ʧʦʚʳʰʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘ ʜʦʨʦʛʘʭ ʠʤʝʝʪ 

ʙʦʣʴʰʫʶ ʩʦʮʠʘʣʴʥʫʶ ʠ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʟʥʘʯʠʤʦʩʪʴ ʠ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʢʘʨʜʠʥʘʣʴʥʳʭ ʧʨʦʙʣʝʤ 
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ʘʚʪʦʤʦʙʠʣʠʟʘʮʠʠ. ɺ ʫʩʣʦʚʠʷʭ ʥʝʧʨʝʨʳʚʥʦʛʦ ʧʦʚʳʰʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʜʦʨʦʞʥʦʛʦ ʜʚʠʞʝʥʠʷ ʩ 

ʚʦʚʣʝʯʝʥʠʝʤ ʙʦʣʴʰʠʭ ʤʘʩʩ ʣʶʜʝʡ, ʪʨʘʥʩʧʦʨʪʥʳʭ ʠ ʤʘʪʝʨʠʘʣʴʥʳʭ ʩʨʝʜʩʪʚ ʜʝʷʪʝʣʴʥʦʩʪʴ ʧʦ 

ʧʨʝʜʫʧʨʝʞʜʝʥʠʶ ɼʊʇ ʷʚʣʷʝʪʩʷ ʤʥʦʛʦʧʣʘʥʦʚʦʡ ʠ ʚʟʘʠʤʦʩʚʷʟʘʥʥʦʡ, ʪʨʝʙʫʶʱʝʡ ʥʘʫʯʥʦʛʦ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʜʭʦʜʘ. ʆʜʥʠʤ ʠʟ ʧʨʦʮʝʩʩʦʚ ʜʣʷ ʩʦʩʪʘʚʣʝʥʠʷ ʪʘʢʦʛʦ ʨʦʜʘ ʩʠʩʪʝʤ ʷʚʣʷʝʪʩʷ ʧʨʦʮʝʩʩ 

ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʷʚʣʝʥʠʡ ʦʢʨʫʞʘʶʱʝʛʦ ʤʠʨʘ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʠʩʪʝʤʘ, ʧʦʟʚʦʣʷʶʱʘʷ ʨʘʩʧʦʟʥʘʚʘʪʴ ʜʦʨʦʞʥʳʝ ʟʥʘʢʠ ʚ 

ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. ʂʘʢ ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʩʠʩʪʝʤʳ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ  ʛʦʪʦʚʳʝ ʨʝʰʝʥʠʷ ʠ 

ʧʨʝʜʣʦʞʝʥʳ ʩʚʦʠ ʧʫʪʠ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ. 

ʊʝʦʨʠʷ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʦʙʨʘʟʘ - ʨʘʟʜʝʣ ʥʘʫʢʠ, ʨʘʟʚʠʚʘʶʱʠʡ ʦʩʥʦʚʳ ʠ ʤʝʪʦʜʦʚ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʧʨʝʜʤʝʪʦʚ, ʷʚʣʝʥʠʡ, ʧʨʦʮʝʩʩʦʚ, ʩʠʛʥʘʣʦʚ, ʩʠʪʫʘʮʠʡ ʠ ʜʨʫʛʠʭ ʦʙʲʝʢʪʦʚ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭʩʷ ʢʦʥʝʯʥʳʤ ʥʘʙʦʨʦʤ ʥʝʢʦʪʦʨʳʭ ʩʚʦʡʩʪʚ ʠ ʧʨʠʟʥʘʢʦʚ. ʈʘʩʧʦʟʥʘʚʘʥʠʝ ʦʙʨʘʟʦʚ 

ʢʘʢ ʥʘʫʯʥʘʷ ʜʠʩʮʠʧʣʠʥʘ ʥʘʯʘʣʘ ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʙʳʚʰʝʡ ʉʉʉʈ ʠ ʉʐɸ ʧʨʠʤʝʨʥʦ 

ʩʦ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʳ 50-ʭ ʛʦʜʦʚ. ʇʦʩʪʨʦʝʥʠʝ ʩʣʦʞʥʳʭ ʩʠʩʪʝʤ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʪʨʝʙʫʝʪ ʨʝʰʝʥʠʷ ʨʷʜʘ 

ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʠʥʞʝʥʝʨʥʳʭ ʟʘʜʘʯ: ʨʘʟʙʠʝʥʠʷ ʤʥʦʞʝʩʪʚʘ ʦʙʲʝʢʪʦʚ ʥʘ ʢʣʘʩʩʳ (ʩʦʩʪʘʚʣʝʥʠʝ 

ʘʣʬʘʚʠʪʘ ʢʣʘʩʩʦʚ); ʚʳʙʦʨʘ ʚ ʫʩʣʦʚʠʷʭ ʦʛʨʘʥʠʯʝʥʠʡ ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʨʠʟʥʘʢʦʚ ʠ ʦʧʠʩʘʥʠʷ ʥʘ ʷʟʳʢʝ 

ʧʨʠʟʥʘʢʦʚ ʢʣʘʩʩʦʚ ʦʙʲʝʢʪʦʚ ʣʠʙʦ ʧʫʪʝʤ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʠʩʭʦʜʥʦʡ ʘʧʨʠʦʨʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ, ʣʠʙʦ ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʦʚ ʠ ʘʣʛʦʨʠʪʤʦʚ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ, ʘ 

ʪʘʢʞʝ ʤʝʪʦʜʦʚ ʠ ʘʣʛʦʨʠʪʤʦʚ ʩʦʙʩʪʚʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʨʘʩʧʦʟʥʘʚʘʥʠʷ; ʨʘʟʨʘʙʦʪʢʠ ʤʝʪʦʜʦʚ ʠ 

ʘʣʛʦʨʠʪʤʦʚ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʚ ʩʠʩʪʝʤʝ; ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʠʩʪʝʤʳ 

ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʘʭ ʝʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʠ ʪ.ʜ. [1]. ʊʘʢʞʝ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ 

ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʧʨʠʤʝʥʷʶʪʩʷ ʙʠʙʣʠʦʪʝʢʠ ʩ ʛʦʪʦʚʳʤʠ ʤʝʪʦʜʘʤʠ ʠ ʦʜʥʦʡ ʠʟ ʪʘʢʠʭ ʙʠʙʣʠʦʪʝʢ 

ʷʚʣʷʝʪʩʷ OpenCV.  

 OpenCV- ʙʠʙʣʠʦʪʝʢʘ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʟʨʝʥʠʷ ʩ ʦʪʢʨʳʪʳʤ ʠʩʭʦʜʥʳʤ ʢʦʜʦʤ (Open Source 

Computer Vision Library), ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʣʘʙʦʨʘʪʦʨʠʝʡ Intel ʚ ʈʦʩʩʠʠ [2]. OpenCV ʙʠʙʣʠʦʪʝʢʘ 

ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʙʠʙʣʠʦʪʝʢʠ ʷʟʳʢʦʚ ʉ ʠ ʉ++, ʩʣʫʞʘʱʠʝ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʘʣʛʦʨʠʪʤʦʚ ʦʙʨʘʙʦʪʢʠ 

ʠʟʦʙʨʘʞʝʥʠʡ ʠ ʤʘʰʠʥʥʦʛʦ ʟʨʝʥʠʷ. OpenCV ʩʦʚʤʝʩʪʠʤʘ ʩ ʜʨʫʛʦʡ ʙʠʙʣʠʦʪʝʢʦʡ ʦʙʨʘʙʦʪʢʠ 

ʠʟʦʙʨʘʞʝʥʠʡ, ʪʘʢʞʝ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʣʘʙʦʨʘʪʦʨʠʝʡ Intel - Intel Image Processing Library (IPL), 

ʢʦʪʦʨʘʷ ʦʙʨʘʙʘʪʳʚʘʝʪ ʮʠʬʨʦʚʳʝ ʠʟʦʙʨʘʞʝʥʠʷ ʥʘ ʥʠʟʢʦʤ ʫʨʦʚʥʝ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ OpenCV  

ʠʩʧʦʣʴʟʫʝʪ ʘʣʛʦʨʠʪʤʳ ʜʣʷ ʙʦʣʝʝ ʪʦʯʥʦʛʦ ʘʥʘʣʠʟʘ ʠʟʦʙʨʘʞʝʥʠʷ [3], ʘ ʪʘʢʞʝ ʘʣʛʦʨʠʪʤʳ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʠ ʧʨʦʩʣʝʞʠʚʘʥʠʷ ʦʙʲʝʢʪʘ, ʘʥʘʣʠʟʘ ʜʚʠʞʝʥʠʡ ʦʙʲʝʢʪʘ, 3D ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʦʙʲʝʢʪʘ ʠ 

ʜʨ. ɹʣʘʛʦʜʘʨʷ ʧʨʦʩʪʦʪʝ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʝʪʦʜʦʚ ʜʘʥʥʦʡ ʙʠʙʣʠʦʪʝʢʠ, OpenCV  ʠʛʨʘʝʪ ʚʘʞʥʫʶ 

ʨʦʣʴ ʚ ʦʙʣʘʩʪʠ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʠ ʘʥʘʣʠʟʘ ʠʟʦʙʨʘʞʝʥʠʡ ʟʘ ʨʫʙʝʞʦʤ. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ 

ʛʦʪʦʚʳʤʠ ʨʝʰʝʥʠʷʤʠ OpenCV ʠʤʝʝʪ ʤʥʦʛʦ ʧʨʝʠʤʫʱʝʩʪʚ: 

¶ ʥʘʧʠʩʘʥʘ ʥʘ ʉ ʠ ʭʦʨʦʰʦ ʦʧʪʠʤʠʟʠʨʦʚʘʥʘ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʩʠʩʪʝʤʘʭ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ; 

¶ ʩʦʚʤʝʩʪʠʤʘ ʩ ʜʨʫʛʠʤʠ ʷʟʳʢʘʤʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʠ ʧʣʘʪʬʦʨʤʘʤʠ EiC, Ch., MATLAB; 

¶ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʷʚʣʷʝʪʩʷ ʩʘʤʦʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʡ ʦʪʢʨʳʪʦʡ ʙʠʙʣʠʦʪʝʢʦʡ ʜʣʷ 

ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʦʙʲʝʢʪʦʚ. 

 ʇʨʠʟʥʘʢʠ ʍʘʘʨʘ (Haar-Like features [4] ʧʨʝʜʩʪʚʘʣʷʶʪ ʩʦʙʦʡ ʜʚʦʠʯʥʫʶ ʘʧʧʨʦʢʩʠʤʘʮʠʶ 

ʚʝʡʚʣʝʪʘ ʍʘʘʨʘ. ʂʘʞʜʳʡ ʧʨʠʟʥʘʢ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʚʦʠʯʥʫʶ ʤʘʩʢʫ, ʪ.ʝ. ʯʝʨʥʦ-ʙʝʣʦʝ 

ʠʟʦʙʨʘʞʝʥʠʝ, ʢʘʢ ʤʦʞʥʦ ʚʠʜʝʪʴ ʥʘ ʨʠʩʫʥʢʝ 1. 
 

 
                                                             ʈʠʩʫʥʦʢ 1- ʇʨʠʟʥʘʢʠ ʍʘʘʨʘ 
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ɼʣʷ ʦʧʠʩʘʥʠʷ ʦʙʲʝʢʪʘ ʩ ʜʦʩʪʘʪʦʯʥʦʡ ʪʦʯʥʦʩʪʴʶ ʥʝʦʙʭʦʜʠʤʦ ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʧʨʠʟʥʘʢʦʚ. 

ʇʦʵʪʦʤʫ ʧʨʠʟʥʘʢʠ ʍʘʘʨʘ ʜʦʣʞʥʳ ʙʳʪʴ ʦʨʛʘʥʠʟʦʚʘʥʳ ʚ ʢʘʩʢʘʜʥʳʡ ʢʣʘʩʩʠʬʠʢʘʪʦʨ.  

ʈʘʙʦʪʘ ʩ ʢʘʩʢʘʜʥʳʤ ʢʣʘʩʩʠʬʠʢʘʪʦʨʦʤ ʚʢʣʶʯʘʝʪ ʜʚʘ ʵʪʘʧʘ: ʦʙʫʯʝʥʠʝ ʠ ʜʝʪʝʢʪʠʨʦʚʘʥʠʝ. ɺ OpenCV 

ʝʩʪʴ ʜʚʘ ʧʨʠʣʦʞʝʥʠʷ ʜʣʷ ʪʨʝʥʠʨʦʚʢʠ ʢʘʩʢʘʜʦʚ: opencv_haartraining ʠ opencv_traincascade. ɻʣʘʚʥʦʝ 

ʨʘʟʣʠʯʠʝ ʤʝʞʜʫ ʵʪʠʤʠ ʜʚʫʤʷ ʧʨʠʣʦʞʝʥʠʷʤʠ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ opencv_traincascade ʧʦʜʜʝʨʞʠʚʘʝʪ ʢʘʢ 

ʍʘʘʨʘ [5], ʪʘʢ ʠ LPB [6].  ʦʩʦʙʝʥʥʦʩʪʠ. LPB ʘʣʛʦʨʠʪʤ ʚʳʧʦʣʥʷʝʪ ʦʙʫʯʝʥʠʝ ʠ ʜʝʪʝʢʪʠʨʦʚʥʠʝ ʚ ʥʝʩʢʦʣʴʢʦ 

ʨʘʟ ʙʳʩʪʨʝʝ ʍʘʘʨʘ. ʏʪʦ ʢʘʩʘʝʪʩʷ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʨʘʩʧʦʟʥʘʚʘʥʠʷ, ʪʦ ʚʩʝ ʟʘʚʠʩʠʪ ʦʪ ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʠ. 

opencv_traincascade ʠ opencv_haartraining ʭʨʘʥʷʪ ʦʙʫʯʝʥʥʳʝ ʢʣʘʩʩʠʬʠʢʘʪʦʨʳ ʚ ʨʘʟʣʠʯʥʳʭ ʬʦʨʤʘʪʘʭ. 

ʅʦʚʳʡ ʠʥʪʝʨʬʝʡʩ ʦʙʥʘʨʫʞʝʥʠʷ (CascadeClassifier ʢʣʘʩʩʘ ʚ objdetect ʤʦʜʫʣʝ) ʧʦʜʜʝʨʞʠʚʘʶʪ ʦʙʘ 

ʬʦʨʤʘʪʘ. opencv_traincascade ʤʦʞʝʪ ʩʦʭʨʘʥʷʪʴ ʦʙʫʯʝʥʠʝ ʢʘʩʢʘʜʘ ʚ ʩʪʘʨʦʤ ʬʦʨʤʘʪʝ. ʅʦ 

opencv_traincascade ʠ opencv_haartraining ʥʝ ʤʦʞʝʪ ʟʘʛʨʫʟʠʪʴ ʢʣʘʩʩʠʬʠʢʘʪʦʨ ʚ ʜʨʫʛʦʤ ʬʦʨʤʘʪʝ ʜʣʷ 

ʜʘʣʴʥʝʡʰʝʛʦ ʦʙʫʯʝʥʠʷ ʧʦʩʣʝ ʧʝʨʝʨʳʚʘ. opencv_traincascade ʧʨʠʣʦʞʝʥʠʝ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ TBB ʜʣʷ 

ʤʥʦʛʦʧʦʪʦʯʥʦʩʪʠ. ʏʪʦʙʳ ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʛʦ ʚ ʨʝʞʠʤʝ ʤʥʦʛʦʷʜʝʨʥʳʭ ʧʨʦʮʝʩʩʦʨʦʚ OpenCV ʜʦʣʞʥʦ ʙʳʪʴ 

ʦʪʢʦʤʧʠʣʠʨʦʚʘʥʦ ʩ TBB. 

ɼʨʫʛʠʝ ʫʪʠʣʠʪʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʦʙʫʯʝʥʠʷ: 

1. opencv_createsamples ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʦʜʛʦʪʦʚʢʠ ʫʯʝʙʥʦʛʦ ʥʘʙʦʨʘ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʠ 

ʪʝʩʪʦʚʳʭ ʦʙʨʘʟʮʦʚ ʚ ʬʦʨʤʘʪʝ, ʢʦʪʦʨʳʡ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʢʘʢ opencv_haartraining ʪʘʢ ʠ 

opencv_traincascade ʧʨʠʣʦʞʝʥʠʷʤʠ. ʅʘ ʚʳʭʦʜʝ ʧʦʣʫʯʘʝʪʩʷ ʬʘʡʣ ʩ ʨʘʩʰʠʨʝʥʠʝʤ *.vec, ʵʪʦ 

ʜʚʦʠʯʥʳʡ ʬʦʨʤʘʪ, ʢʦʪʦʨʳʡ ʩʦʜʝʨʞʠʪ ʠʟʦʙʨʘʞʝʥʠʝ.  

2. opencv_performance ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʣʷ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʢʣʘʩʩʠʬʠʢʘʪʦʨʦʚ, ʥʦ 

ʪʦʣʴʢʦ ʜʣʷ ʦʙʫʯʝʥʥʳʭ opencv_haartraining. ʆʥʘ ʠʩʧʦʣʴʟʫʝʪ ʢʦʣʣʝʢʮʠʶ ʨʘʟʤʝʯʝʥʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ, 

ʟʘʧʫʩʢʘʝʪ ʢʣʘʩʩʠʬʠʢʘʪʦʨ ʠ ʩʦʦʙʱʘʝʪ ʪʘʢ ʥʘʟʳʚʘʝʤʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʪ.ʝ. ʢʦʣʠʯʝʩʪʚʦ 

ʥʘʡʜʝʥʥʳʭ ʦʙʲʝʢʪʦʚ, ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʧʫʱʝʥʥʳʭ ʦʙʲʝʢʪʦʚ, ʢʦʣʠʯʝʩʪʚʦ ʣʦʞʥʳʭ ʩʨʘʙʘʪʳʚʘʥʠʡ ʠ 

ʜʨʫʛʫʶ ʠʥʬʦʨʤʘʮʠʶ. 

ɼʣʷ ʦʙʫʯʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʩʦʙʨʘʪʴ ʦʙʨʘʟʳ. ɽʩʪʴ ʜʚʘ ʪʠʧʘ ʦʙʨʘʟʦʚ: ʥʝʛʘʪʠʚʥʳʝ ʠ ʧʦʟʠʪʠʚʥʳʝ. 

ʅʝʛʘʪʠʚʥʳʝ ʦʙʨʘʟʳ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʦʪʩʫʪʩʪʚʠʶ ʦʙʲʝʢʪʘ ʥʘ ʠʟʦʙʨʘʞʝʥʠʠ  (ʈʠʩʫʥʦʢ 2). 

ʇʦʣʦʞʠʪʝʣʴʥʳʝ ʦʙʨʘʟʳ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʠʟʦʙʨʘʞʝʥʠʝʤ ʩ ʦʙʥʘʨʫʞʝʥʥʳʤʠ ʦʙʲʝʢʪʘʤʠ (ʈʠʩʫʥʦʢ 3). 

ʅʘʙʦʨ ʥʝʛʘʪʠʚʥʳʭ ʦʙʨʘʟʦʚ ʜʦʣʞʝʥ ʙʳʪʴ ʧʦʜʛʦʪʦʚʣʝʥ ʚʨʫʯʥʫʶ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʤʥʦʞʝʩʪʚʦ 

ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʦʙʨʘʟʦʚ ʩʦʟʜʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʫʪʠʣʠʪʳ opencv_createsamples. 

 

                
ʈʠʩʫʥʦʢ 2- ʅʝʛʘʪʠʚʥʳʡ ʦʙʨʘʟ             ʈʠʩʫʥʦʢ 3-ʇʦʟʠʪʠʚʥʳʡ ʦʙʨʘʟ. 

 

 ʅʝʛʘʪʠʚʥʳʝ ʦʙʨʘʟʳ ʜʦʣʞʥʳ ʙʳʪʴ ʚʟʷʪʳ ʠʟ ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ. ʕʪʠ ʠʟʦʙʨʘʞʝʥʠʷ 

ʥʝ ʜʦʣʞʥʳ ʩʦʜʝʨʞʘʪʴ ʦʙʥʘʨʫʞʝʥʥʳʭ ʦʙʲʝʢʪʦʚ. 

1. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʘʣʛʦʨʠʪʤʦʚ OpenCV ʚ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʛʨʘʤʤʳ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʜʦʨʦʞʥʳʭ 

ʟʥʘʢʦʚ 

ʈʝʘʣʠʟʘʮʠʷ ʧʨʦʛʨʘʤʤʳ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʜʦʨʦʞʥʳʭ ʟʥʘʢʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʜʚʘ ʵʪʘʧʘ: ʦʙʫʯʝʥʠʝ 

ʢʘʩʢʘʜʥʳʭ ʢʣʘʩʩʠʬʠʢʘʪʦʨʦʚ ʠ ʜʝʪʝʢʪʠʨʦʚʘʥʠʝ ʜʦʨʦʞʥʳʭ ʟʥʘʢʦʚ ʩ ʧʦʤʦʱʴʶ ɸʥʜʨʦʠʜ ʧʨʠʣʦʞʝʥʠʷ. 

ɼʣʷ ʛʝʥʝʨʠʨʦʚʘʥʠʷ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʦʙʨʘʟʦʚ ʧʨʠʤʝʥʷʶʪʩʷ ʛʦʪʦʚʳ ʤʝʪʦʜʳ ʙʠʙʣʠʦʪʝʢʠ OpenCV. 

ʈʝʟʫʣʴʪʘʪʦʤ ʦʙʫʯʝʥʠʷ ʢʣʘʩʩʠʬʠʢʘʪʦʨʘ ʷʚʣʷʝʴʩʷ .xml ʬʘʡʣ, ʢʦʪʦʨʳʡ ʚ ʜʘʣʴʥʝʡʰʝʤ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʜʣʷ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʜʦʨʦʞʥʳʭ ʟʥʘʢʦʚ. ʇʨʦʛʨʘʤʤʘ ʧʦʩʳʣʘʝʪ ʚʠʜʝʦ ʬʨʝʡʤʳ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʠ 

ʨʘʩʧʦʟʥʘʚʘʥʠʷ. ɺ ʩʣʫʯʘʝ ʦʙʥʘʨʫʞʝʥʠʷ ʟʥʘʢ ʚʳʜʝʣʷʝʪʩʷ ʟʝʣʝʥʳʤ ʢʚʘʜʨʘʪʦʤ. ɹʣʦʢ-ʩʭʝʤʘ ʜʘʥʥʦʡ 

ʧʨʦʛʨʘʤʤʳ ʧʨʝʜʩʪʘʚʣʥʘ ʥʠʞʝ ʥʘ ʨʠʩʫʥʢʝ 4 
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ʈʠʩʫʥʦʢ 4- ʉʭʝʤʘ ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤʳ 

 

 ɸ. ʆʙʫʯʝʥʠʝ ʢʘʩʢʘʜʥʦʛʦ ʢʣʘʩʩʠʬʠʢʘʪʦʨʘ 
 ɼʣʷ ʛʝʥʝʨʠʨʦʚʘʥʠʷ .xml ʬʘʡʣʘ ʥʝʦʙʭʦʜʠʤʦ ʚʳʙʨʘʪʴ ʠʟʦʙʨʘʞʝʥʠʝ ʨʘʩʧʦʟʥʘʚʘʝʤʦʛʦ ʦʙʲʢʪʘ, 

ʢʘʢ ʧʨʝʜʩʪʚʘʣʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 5. 

 

 
ʈʠʩʫʥʦʢ 5- ɿʥʘʢ ʧʝʰʝʭʦʜʥʦʛʦ ʧʝʨʝʭʦʜʘ 

 

ʅʝʛʘʪʠʚʥʳʝ ʦʙʨʘʟʳ ʧʝʨʝʯʠʩʣʝʥʳ ʚ ʩʧʝʮʠʘʣʴʥʦʤ ʬʘʡʣʝ, ʚ ʢʦʪʦʨʦʤ ʢʘʞʜʘʷ ʩʪʨʦʢʘ ʩʦʜʝʨʞʠʪ ʠʤʷ 

ʬʘʡʣʘ ʠʟʦʙʨʘʞʝʥʠʷ (ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʘʪʘʣʦʛʘ ʬʘʡʣʘ) ʩ ʥʝʛʘʪʠʚʥʳʤ ʦʙʨʘʟʦʤ.  

ʅʝʛʘʪʠʚʥʳʝ ʧʨʠʤʝʨʳ ʫʧʘʢʦʚʳʚʘʶʪʩʷ ʚ ʬʘʡʣ neg.dat. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʙʦʣʝʝ ʪʦʯʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ 

ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʙʳʣʦ ʦʙʨʘʙʦʪʘʥʦ ʦʢʦʣʦ 3000 ʬʦʪʦʛʨʘʬʠʡ.  

 ʉʣʝʜʫʶʱʠʤ ʵʪʘʧʦʤ ʦʙʫʯʝʥʠʷ ʷʚʣʷʝʪʩʷ ʛʝʥʝʨʘʮʠʷ ʧʦʟʠʪʠʚʥʳʭ ʦʙʨʘʟʦʚ. ɼʣʷ ʵʪʦʛʦ ʙʳʣ 

ʠʩʧʦʣʴʟʦʚʘʥʠ ʤʝʪʦʜ opencv_createsamples, ʢʦʪʦʨʳʡ ʙʝʨʝʪ neg.dat ʢʘʢ ʚʭʦʜʥʳʝ ʜʘʥʥʳʝ. ʂʦʜ 

ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʦʙʫʯʝʥʠʷ ʢʘʩʢʘʜʥʦʛʦ ʢʣʘʩʩʠʬʠʢʘʪʦʨʘ (ʈʠʩʫʥʦʢ 6): 
 

 

 

 

 

 

 

 

 
 

ʈʠʩʫʥʦʢ 6- ʇʨʦʛʨʘʤʤʥʳʡ ʢʦʜ ʦʙʫʯʝʥʠʷ ʢʘʩʢʘʜʥʦʛʦ ʢʣʘʩʩʠʬʠʢʘʪʦʨʘ 

ɺ ʜʘʥʥʦʤ ʢʦʜʝ, ñdataò ï ʬʘʡʣ, ʩʦʜʝʨʞʘʱʠʡ ʢʘʩʢʘʜʥʳʡ ʢʣʘʩʩʠʬʠʢʘʪʦʨ, ñvecò ï ʬʘʡʣ, 

ʩʦʜʝʨʞʘʱʠʡ  ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʦʟʠʪʠʚʥʳʭ ʦʙʨʘʟʮʘʭ, ñbgò ï ʬʘʡʣ, ʩʦʜʝʨʞʘʱʠʡ ʠʥʬʦʨʤʘʮʠʶ ʦ 

ʥʝʛʘʪʠʚʥʳʭ ʦʙʨʘʟʮʘʭ, ñnumPosò- ʢʦʣʠʯʝʩʪʚʦ ʧʦʟʠʪʠʚʥʳʭ ʦʙʨʘʟʮʦʚ,  ñnumNegò- ʢʦʣʠʯʝʩʪʚʦ 

ʥʝʛʘʪʠʚʥʳʭ ʦʙʨʘʟʮʦʚ. ʇʨʠ ʛʝʥʝʨʘʮʠʠ ʬʘʡʣʘ ʤʦʞʥʦ ʫʢʘʟʳʚʘʪʴ ʪʠʧ ʢʘʩʢʘʜʘ, ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʤʳ 

ʚʳʙʠʨʘʝʤ LPB. ʂʘʢ ʨʝʟʫʣʴʪʘʪ ʤʳ ʧʦʣʫʯʘʝʤ ʬʘʡʣ ñcascade.xmlò. 

C:\opencv\build\common\x86\opencv_traincascade.exe  -data 

C:\opencv\build\common\x86\lpbpeshehod  -vec 

C:\opencv\build\common\x86\positive.vect  -bg 

C:\opencv\build\common\x86\neg.dat -numPos 1000 -numNeg 

3000 -numStages 20 -precalcValBufSize 512 -precalcIdxBufSize 

512 -featureType LBP -minHitRate 0.999 -maxFalseAlarmRate 

0.5. 
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B. ʈʘʩʧʦʟʥʘʚʘʥʠʝ ʦʜʥʦʛʦ ʟʥʘʢʘ 

OpenCV ʙʠʙʣʠʦʪʝʢʘ ʧʨʝʜʣʘʛʘʝʪ ʛʦʪʦʚʳʝ ʠʥʪʝʨʬʵʡʩʳ, ʤʝʪʦʜʳ ʠ ʬʫʥʢʮʠʠ ʜʣʷ ʨʘʩʧʦʟʥʘʚʘʥʠʷ 

ʦʙʲʝʢʪʦʚ. ʀʥʪʝʨʬʵʡʩʳ ñCVCameraViewListener2ò ʠ ñVideoCaptureò ʧʦʣʫʯʘʶʪ ʬʨʝʡʤʳ ʩ ʢʘʤʝʨʳ ʠ 

ʧʦʟʚʦʣʷʶʪ ʠʭ ʦʙʨʘʙʘʪʳʚʘʪʴ. ʇʨʠ ʘʥʘʣʠʟʝ ʧʨʦʛʨʘʤʤʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʪʝʨʬʵʡʩʘ 

ñCVCameraViewListener2ò ʠ   ñVideoCaptureò, ʩʢʦʨʦʩʪʴ ʧʨʦʛʨʘʤʤʳ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʝʪʩʷ. 

ʇʦʵʪʦʤʫ ʤʳ ʠʩʧʦʣʴʟʫʝʤ ʚʪʦʨʦʡ ʚʘʨʠʘʥʪ.  ʀʥʠʮʠʘʣʠʟʘʮʠʷ ʦʙʲʝʢʪʦʚ ʢʣʘʩʩʘ ñCascadeClassifierò 

ʧʦʜʛʨʫʞʘʝʪ ñcascade.xmlò ʬʘʡʣ ʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʙʲʝʢʪʘ ʥʘ ʚʭʦʜʥʦʤ ʠʟʦʙʨʘʞʝʥʠʠ ʠʩʧʦʣʴʟʫʝʤ 

ʤʝʪʦʜ detectMultiScale(). ʄʝʪʦʜ ʚʦʟʚʨʘʱʘʝʪ ʤʘʩʩʠʚ, ʩʦʜʝʨʞʘʱʠʡ ʢʦʦʨʜʠʥʘʪʳ ʠʥʪʝʨʝʩʫʶʱʠʭ 

ʦʙʲʝʢʪʦʚ ʠ ʧʝʨʝʜʘʚʘʝʤʳʡ ʚ ʧʨʦʛʨʘʤʤʫ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʦʙʲʝʢʪʘ ʟʝʣʝʥʳʤ ʢʚʘʜʨʘʪʦʤ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ 

ʨʠʩʫʥʢʝ 7.  

 
ʈʠʩʫʥʦʢ 7-ʀʥʪʝʨʬʝʡʩ ʧʨʦʛʨʘʤʤʳ. 

 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʠʩʪʝʤʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʤʦʙʠʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʧʨʦʛʨʘʤʤʘ ʟʘʥʠʤʘʝʪ ʨʘʟʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʚʨʝʤʝʥʠ ʥʘ ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʦʜʥʦʛʦ ʟʥʘʢʘ. ʇʨʦʙʣʝʤʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ , ʯʪʦ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʦʙʲʝʢʪʦʚ ʩʢʦʨʦʩʪʴ ʧʨʦʛʨʘʤʤʳ ʨʝʟʢʦ ʩʥʠʞʘʝʪʩʷ.  ɼʣʷ ʨʝʰʝʥʠʷ ʤʳ 

ʨʘʩʧʘʨʘʣʣʝʣʠʚʘʝʤ ʧʨʦʛʨʘʤʤʫ ʩ ʧʦʤʦʱʴʶ ʥʠʪʝʡ. 
 

ʉ. ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ LPB 

  LBP ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʧʠʩʘʥʠʝ ʦʢʨʝʩʪʥʦʩʪʠ ʧʠʢʩʝʣʷ ʠʟʦʙʨʘʞʝʥʠʷ ʚ ʜʚʦʠʯʥʦʡ ʬʦʨʤʝ. 

ʆʧʝʨʘʪʦʨ (LBP), ʢʦʪʦʨʳʡ ʧʨʠʤʝʥʷʝʪʩʷ ʢ ʧʠʢʩʝʣʶ ʠʟʦʙʨʘʞʝʥʠʷ, ʠʩʧʦʣʴʟʫʝʪ ʚʦʩʝʤʴ ʧʠʢʩʝʣʝʡ 

ʦʢʨʝʩʪʥʦʩʪʠ, ʧʨʠʥʠʤʘʷ ʮʝʥʪʨʘʣʴʥʳʡ ʧʠʢʩʝʣʴ ʚ ʢʘʯʝʩʪʚʝ ʧʦʨʦʛʘ. ʇʠʢʩʝʣʠ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʟʥʘʯʝʥʠʷ 

ʙʦʣʴʰʝ, ʯʝʤ ʮʝʥʪʨʘʣʴʥʳʡ ʧʠʢʩʝʣʴ (ʠʣʠ ʨʘʚʥʦʝ ʝʤʫ), ʧʨʠʥʠʤʘʶʪ ʟʥʘʯʝʥʠʷ "1", ʪʝ, ʢʦʪʦʨʳʝ ʤʝʥʴʰʝ 

ʮʝʥʪʨʘʣʴʥʦʛʦ, ʧʨʠʥʠʤʘʶʪ ʟʥʘʯʝʥʠʷ "0". ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʧʦʣʫʯʘʝʪʩʷ ʚʦʩʴʤʠʨʘʟʨʷʜʥʳʡ ʙʠʥʘʨʥʳʡ 

ʢʦʜ, ʢʦʪʦʨʳʡ ʦʧʠʩʳʚʘʝʪ ʦʢʨʝʩʪʥʦʩʪʴ ʧʠʢʩʝʣʷ (ʈʠʩʫʥʦʢ 8). 

 

 
 

ʈʠʩʫʥʦʢ 8-ʆʧʠʩʘʥʠʝ ʨʘʙʦʪʳ LBP 

 

ɺ ʜʝʩʷʪʠʯʥʦʡ ʬʦʨʤʝ ʨʝʟʫʣʴʪʠʨʫʶʱʝʝ ʚʦʩʴʤʠʨʠʯʥʦʝ ʩʣʦʚʦ (LBP ʢʦʜ) ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ 

ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ: 

, 

  

ʛʜʝ ic ï ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʮʝʥʪʨʘʣʴʥʦʤʫ ʧʠʢʩʝʣʶ () in ï ʦʪʥʦʩʠʪʩʷ ʢ ʚʦʩʴʤʠ ʦʢʨʫʞʘʶʱʠʤ ʧʠʢʩʝʣʷʤ. 

ʌʫʥʢʮʠʷ s(x) ʦʧʠʩʳʚʘʝʪʩʷ ʢʘʢ 
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ʂʘʞʜʳʡ ʙʠʪ ʢʦʜʘ LBP ʠʤʝʝʪ ʪʦʪ ʞʝ ʫʨʦʚʝʥʴ ʟʥʘʯʠʤʦʩʪʠ ʠ, ʯʪʦ ʜʚʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʟʥʘʯʝʥʠʷ 

ʙʠʪ. ʂʦʜ LBP ʤʦʞʥʦ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʢʘʢ ʠʥʜʝʢʩ ʩʪʨʫʢʪʫʨʳ ʷʜʨʘ. ʇʦ ʦʧʨʝʜʝʣʝʥʠʶ, ʦʧʝʨʘʪʦʨ LBP 

ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʢʘʢʦʛʦ-ʣʠʙʦ ʤʦʥʦʪʦʥʥʦʛʦ ʩʝʨʦ-ʤʘʩʰʪʘʙʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, ʩʦʭʨʘʥʷʶʱʝʛʦ ʧʠʢʩʝʣʠ 

ʧʦʨʷʜʢʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚ ʤʝʩʪʥʳʝ ʦʢʨʝʩʪʥʦʩʪʠ (ʈʠʩʫʥʦʢ 9). 

  
ʈʠʩʫʥʦʢ 9- ʈʝʟʫʣʴʪʘʪ ʨʘʙʦʪʳ ʦʧʝʨʘʪʦʨʘ LBP (ʩʣʝʚʘ ʠʩʭʦʜʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ, ʩʧʨʘʚʘ ʦʙʨʘʙʦʪʘʥʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ) 

 

   ɹʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʪʝʢʩʪʫʨʝ LBP ʷʚʣʷʝʪʩʷ ʥʝ ʩʣʦʞʥʳʤ ʚ ʨʝʘʣʠʟʘʮʠʠ ʠ ʷʚʣʷʝʪʩʷʩ ʧʦʧʫʣʷʨʥʳʤ ʚ 

ʨʘʩʧʦʟʥʘʚʘʥʠʠ ʦʙʨʘʟʦʚ. ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ LBP ʙʳʣʘ ʧʨʠʤʝʥʝʥʘ ʚ ʨʘʙʦʪʘʭ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʣʠʮ, 

ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʣʠʮ, ʧʦʠʩʢʘ ʠʟʦʙʨʘʞʝʥʠʡ, ʦʙʥʘʨʫʞʝʥʠʷ ʜʚʠʞʝʥʠʡ ʠ ʚʠʟʫʘʣʴʥʦʛʦ ʦʩʤʦʪʨʘ[7]. 
 

D. ʈʘʩʧʦʟʥʘʚʘʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʟʥʘʢʦʚ 

ʈʘʩʧʦʟʥʘʚʘʥʠʝ ʦʜʥʦʛʦ ʟʥʘʢʘ ʤʝʥʝʝ ʵʬʬʝʢʪʠʚʥʦ, ʪʘʢ ʢʘʢ ʥʘ ʜʦʨʦʛʘʭ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚʩʴʨʝʯʘʶʪʩʷ 

ʥʝʩʢʦʣʴʢʦ ʟʥʘʢʦʚ. ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʤʳ ʨʘʩʧʘʨʘʣʣʝʣʠʚʘʝʤ ʧʨʦʛʨʘʤʤʫ, ʩʦʟʜʘʚʘʷ ʥʠʪʠ 

ʜʣʷ ʢʘʞʜʦʛʦ ʟʥʘʢʘ. ʂʘʞʜʘʷ ʥʠʪʴ ʨʘʩʧʦʟʥʘʝʪ ʦʧʨʝʜʝʣʝʥʥʳʡ ʚʠʜ ʟʥʘʢʘ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʩʦʢʨʘʱʘʷ 

ʚʨʝʤʷ ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤʳ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ. ɻʣʘʚʥʳʡ ʤʝʪʦʜ ʦʧʠʩʘʥ ʥʠʞʝ (ʈʠʩʫʥʦʢ 10). 

ɺ ʤʝʪʦʜʝ frame ï ʪʝʢʫʱʠʡ ʬʨʵʡʤ, mJavaDetector()- ʛʣʘʚʥʳʡ ʤʝʪʦʜ ʨʘʩʧʦʟʥʘʚʘʥʠʷ, ʢʦʪʦʨʳʡ 

ʠʩʧʦʣʴʟʫʝʪ ʬʘʡʣ cascade.xml. 

ɼʣʷ ʦʟʚʫʯʠʚʘʥʠʷ ʥʠʤʝʥʦʚʘʥʠʷ ʟʥʘʢʘ ʠʩʧʦʣʴʟʝʪʩʷ ʤʝʪʦʜ speak() ʙʠʙʣʠʦʪʝʢʠ Android Text-To-

Speech(). 

 

ɿʘʢʣʶʯʝʥʠʝ 

ɼʘʥʥʘʷ ʧʨʦʛʨʘʤʤʘ ʙʳʣʘ ʨʝʘʣʠʟʦʚʘʥʘ, ʠʩʧʦʣʴʟʫʷ ʦʩʥʦʚʳʝ ʤʝʪʦʜʳ ʙʠʙʣʠʦʪʝʢʠ OpenCV 

ʠʥʪʝʛʨʠʨʦʚʘʥʥʫʶ ʩ ʤʦʙʠʣʴʥʦʡ ʧʣʘʪʬʦʨʤʦʡ Android. ɺʩʝ ʠʩʧʦʣʴʟʫʝʤʳ ʤʝʪʦʜʳ ʙʳʣʠ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʘʥʘʣʠʟʘ ʚʩʝʭ ʠʤʝʶʱʠʭʩʷ ʤʝʪʦʜʦʚ ʠ ʧʦʜʙʦʨʦʤ ʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʘʨʠʘʥʪʘ, ʫʯʠʪʳʚʘʷ 

ʦʩʦʙʝʥʥʦʩʪʠ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ. ʇʨʝʠʤʫʱʝʩʪʚʘ ʧʨʦʛʨʘʤʤʳ: 

¶ ʈʝʣʠʟʘʮʠʷ ʥʘ ʤʦʙʠʣʴʥʦʡ ʧʣʘʪʬʦʨʤʝ 

¶ ʈʘʩʧʦʟʥʘʚʘʥʠʝ ʟʥʘʢʦʚ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ 

¶ ʈʘʩʧʦʟʥʘʚʘʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʟʥʘʢʦʚ 

¶ ʆʟʚʫʯʠʚʘʥʠʝ ʥʘʠʤʝʥʦʚʘʥʠʷ ʟʥʘʢʘ 

ɼʘʥʥʘʷ ʧʨʦʛʨʘʤʤʘ ʧʣʘʥʠʨʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʙʦʣʝʝ ʙʦʣʴʰʠʭ ʩʠʩʪʝʤʘʭ, ʠʩʧʦʣʴʟʫʶʱʠʭ 

ʢʦʥʮʝʧʮʠʶ  ñSmart Autoò. 
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ɽ.ʅ. ϷʤʽʨϤʘʣʠʝʚ, ʄ.ϧ. ɾʘʧʘʨʦʚ,Ϸ.ʅ. ʉʘϤʳʥʜʳϨʦʚʘ, ɸ.ϧ. ɾʘʢʝʥʦʚ 

(1ʉװʣʝʡʤʘʥ ɼʝʤʠʨʝʣʴ ʘʪʳʥʜʘסʳ ʫʥʠʚʝʨʩʠʪʝʪ, ɸʣʤʘʪʳ, פʘʟʘץʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳ) 

ʂɽʉʂɯʅɼɽʈɼɯ ʅɸפʊʓ ʋɸפʓʊʊɸ ʊɸʅʋ ɾתʁɽʃɽʈɯ 

ʊװʡʽʥ ʩᴇʟʜʝʨ: ʙʝʡʥʝ ʪʘʥʫ, ʢʝʩʢʽʥ ᴇשʜʝʫ, ʘʰʳץ ʙʘסʜʘʨʣʘʤʘʣʳץ ʢʽʪʘʧʭʘʥʘ 

ʄʘץʘʣʘʜʘ ײʷʣʳ ʪʝʣʝʬʦʥ ʘʨץʳʣʳ ʢʝʩʢʽʥʜʽ ᴇשʜʝʫʛʝ ʘʨʥʘʣסʘʥ ʙʘסʜʘʨʣʘʤʘ ץʘʨʘʩʪʳʨʳʣסʘʥ. ɸʪʘʧ ʘʡʪץʘʥʜʘ, ʞʦʣ 

ʙʝʣʛʽʣʝʨʽʥ ʪʘʥʫ ᴅʜʽʩʽ ײʩʳʥʳʣסʘʥ. ʂʝʩʢʽʥ ʪʘʥʫʜʳש ʙײʨʳʥסʳ ʞײʤʳʩʪʘʨʜʘ ʢᴇʨʩʝʪʽʣʛʝʥ  ᴅʜʽʩʪʝʨʽʜʽ ץʦʣʜʘʥʫʤʝʥ ץʘʪʘʨ ʦʩʳ 

ʞײʤʳʩʪʘ ײʩʳʥʳʣסʘʥ ʙʽʨʥʝʰʝ ʙʝʣʛʽʣʝʨʜʽ ʙʽʨ ʫʘץʳʪʪʘ ʧʘʨʘʣʣʝʣʴ ᴇשʜʝʫ ʞᴅʥʝ ʚʠʜʝʦ ʨʝʞʠʤʜʝ ʪʘʥʫ ʥᴅʪʠʞʝʣʝʨʽ ʢᴇʨʩʝʪʽʣʛʝʥ. 
 

ʇʦʩʪʫʧʠʣʘ 21.11.2014 ʛ. 

 

Private void detectObject(CascadeClassifier mJavaDetector, Mat frame){ 

          Mat frameGray = new Mat(); 

          if(doDetect){ 

     // Convert the RGB frame to HSV as it is a more appropriate format when calling Core.inRange 

   Imgproc.cvtColor(frame,frameGray,Imgproc.COLOR_BGR2GRAY); 

                     if (mAbsoluteFaceSize == 0) { 

                         int height = frameGray.rows(); 

                         if (Math.round(height * mRelativeFaceSize) > 0) { 

                                mAbsoluteFaceSize = Math.round(height * mRelativeFaceSize); 

                         }  

                       }  

                     //detect objects which will be recognized 

                      MatOfRect signs = new MatOfRect            

                      if (mJavaDetector != null){ 

            mJavaDetector.detectMultiScale(frameGray, signs, 1.1, 2, 2, new Size(mAbsoluteFaceSize, 

mAbsoluteFaceSize), 

                            new Size()); 

                       }  

                      //set rectangles to our frame 

                      Rect[] signsArray = signs.toArray(); 

                      for (int j = 0; j < signsArray.length; j++){ 

           signsGlobalList.add(signsArray[j]); 

          //Core.rectangle(mCurrentFrame, signsArray[j].tl(), signsArray[j].br(), SIGN_RECT_COLOR, 3); 

                       }     

                      if(!tts.isSpeaking() && signsArray.length>0){ 

             tts.speak(signToTextMap.get(mJavaDetector),      TextToSpeech.QUEUE_FLUSH, null); 

                      }  

               }}  
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Abstract. Fullerenes and its derivatives are fundamentally interesting objects of research, promising for creation 

a new generation of biologically active compounds. Features of the structure and properties of fullerenes show 

unusual spatial and electronic structure, and open up entirely unusual opportunities for basic and applied biomedical 

research.  
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ʀʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ ʠ ʫʛʣʝʭʠʤʠʠ ʈʂ, ʂʘʨʘʛʘʥʜʘ 

 

ɸʥʥʦʪʘʮʠʷ. ʇʨʠʥʮʠʧʠʘʣʴʥʦ ʠʥʪʝʨʝʩʥʳʤ ʦʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʜʣʷ ʩʦʟʜʘʥʠʷ ʥʦʚʦʛʦ 

ʧʦʢʦʣʝʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʧʨʝʧʘʨʘʪʦʚ, ʷʚʣʷʶʪʩʷ ʬʫʣʣʝʨʝʥʳ ʠ ʠʭ ʧʨʦʠʟʚʦʜʥʳʝ. ʆʩʦʙʝʥʥʦʩʪʠ 

ʩʪʨʫʢʪʫʨʳ ʠ ʩʚʦʡʩʪʚ ʬʫʣʣʝʨʝʥʦʚ ʧʦʢʘʟʳʚʘʶʪ ʥʝʦʙʳʯʥʦʩʪʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʠ ʵʣʝʢʪʨʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʠ 

ʦʪʢʨʳʚʘʶʪ ʩʦʚʝʨʰʝʥʥʦ ʥʝʦʙʳʯʥʳʝ ʧʝʨʩʧʝʢʪʠʚʳ ʜʣʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠ ʧʨʠʢʣʘʜʥʳʭ ʤʝʜʠʢʦ-ʙʠʦʣʦʛʠʯʝʩʢʠʭ 

ʠʟʳʩʢʘʥʠʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʬʫʣʣʝʨʝʥʳ, ʬʘʨʤʘʢʦʢʠʥʝʪʠʢʘ ʬʫʣʣʝʨʝʥʦʚ, ʘʥʪʠʦʢʩʠʜʘʥʪʳ, ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʘʪʦʨ,r 

ʬʘʨʤʘʢʦʜʠʥʘʤʠʢʘ ʬʫʣʣʝʨʝʥʦʚ, ʜʠʘʛʥʦʩʪʠʢʘ. 

 

ɹʣʘʛʦʜʘʨʷ ʫʥʠʢʘʣʴʥʳʤ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ, ʬʫʣʣʝʨʝʥʳ ʠ ʠʭ ʧʨʦʠʟʚʦʜʥʳʝ 

ʩʪʘʥʦʚʷʪʩʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʵʣʝʢʪʨʦʥʠʢʠ ʠ ʦʧʪʠʢʠ, ʚʦʜʦʨʦʜʥʦʡ ʵʥʝʨʛʝʪʠʢʠ, 

ʙʠʦʭʠʤʠʠ ʠ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʝʜʠʮʠʥʳ. ʅʦʙʝʣʝʚʩʢʠʡ ʣʘʫʨʝʘʪ ɻ. ʂʨʦʪʦ ʦʙʨʘʟʥʦ ʩʨʘʚʥʠʣ ʦʪʢʨʳʪʠʝ 

ʬʫʣʣʝʨʝʥʘ ʩ ʦʪʢʨʳʪʠʝʤ ʂʦʣʫʤʙʦʤ ɸʤʝʨʠʢʠ: ñʇʦʜʦʙʥʦ ʪʦʤʫ, ʢʘʢ ɿʝʤʣʷ 500 ʣʝʪ ʥʘʟʘʜ ʧʝʨʝʩʪʘʣʘ 

ʢʘʟʘʪʴʩʷ ʧʣʦʩʢʦʡ, ʚ ʥʘʰʠ ʜʥʠ ʚʥʠʤʘʥʠʝ ʭʠʤʠʢʦʚ ʧʨʠʚʣʝʯʝʥʦ ʢ ʩʬʝʨʠʯʝʩʢʦʤʫ ʫʛʣʝʨʦʜʫò. Cʦ ʚʨʝʤʝʥ 

ʦʪʢʨʳʪʠʷ ʬʫʣʣʝʨʝʥʘ ʉ60 (1985 ʛ.) [1] ʠ ʨʘʟʨʘʙʦʪʢʠ ʤʝʪʦʜʦʚ ʧʦʣʫʯʝʥʠʷ ʝʛʦ ʚ ʤʘʢʨʦʢʦʣʠʯʝʩʪʚʘʭ 

ʦʨʛʘʥʠʯʝʩʢʘʷ ʭʠʤʠʷ ʠ ʬʘʨʤʘʢʦʣʦʛʠʷ ʬʫʣʣʝʨʝʥʘ ʩʪʘʣʘ ʧʨʠʦʙʨʝʪʘʪʴ ʧʦʧʫʣʷʨʥʦʩʪʴ ʠ ʧʨʝʚʨʘʪʠʣʘʩʴ ʚ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʫʶ ʚʝʪʚʴ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ. ʉʚʦʝʦʙʨʘʟʠʝ ʩʪʨʫʢʪʫʨʳ ʬʫʣʣʝʨʝʥʦʚ, ʚʳʨʘʞʘʶʱʝʝʩʷ ʚ 

ʥʝʥʘʩʳʱʝʥʥʦʩʪʠ ʚʩʝʭ ʩʚʷʟʝʡ ʠ ʦʪʩʫʪʩʪʚʠʠ ʟʘʤʝʩʪʠʪʝʣʝʡ, ʜʝʣʘʝʪ ʜʣʷ ʥʠʭ ʚʦʟʤʦʞʥʳʤʠ ʪʦʣʴʢʦ ʜʚʘ 

ʪʠʧʘ ʧʝʨʚʠʯʥʳʭ ʨʝʘʢʮʠʡ: ʦʪʥʷʪʠʝ ʵʣʝʢʪʨʦʥʦʚ ʠ ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʵʣʝʢʪʨʦʥʦʚ ʠʣʠ ʛʨʫʧʧ. ɿʘʤʝʱʝʥʠʝ 

ʫʞʝ ʚʚʝʜʝʥʥʳʭ ʛʨʫʧʧ ʠʣʠ ʠʭ ʦʪʱʝʧʣʝʥʠʝ ʦʪʥʦʩʠʪʩʷ ʢ ʚʪʦʨʠʯʥʳʤ ʨʝʘʢʮʠʷʤ ʧʨʦʠʟʚʦʜʥʳʭ.  ʂʘʢ 

ʩʣʝʜʫʝʪ ʠʟ ʚʳʰʝʩʢʘʟʘʥʥʦʛʦ, ʬʫʣʣʝʨʝʥʳ ʵʣʝʢʪʨʦʬʠʣʴʥʳ ʠ ʷʚʣʷʶʪʩʷ ʭʦʨʦʰʠʤʠ ʘʢʮʝʧʪʦʨʘʤʠ 

ʵʣʝʢʪʨʦʥʦʚ. ɹʫʜʫʯʠ ʵʣʝʢʪʨʦʥʦʜʝʬʠʮʠʪʥʳʤ ʧʦʣʠʝʥʦʤ, ʦʥʠ ʩʢʣʦʥʥʳ ʢ ʧʨʠʩʦʝʜʠʥʝʥʠʶ 



ɼʦʢʣʘʜʳ ʅʘʮʠʦʥʘʣʴʥʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ  
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ʥʫʢʣʝʦʬʠʣʴʥʳʭ ʨʝʘʛʝʥʪʦʚ, ʘ ʪʘʢʞʝ ʩʚʦʙʦʜʥʦ-ʨʘʜʠʢʘʣʴʥʳʭ ʠ ʢʘʨʙʝʥʦʠʜʥʳʭ ʯʘʩʪʠʮ. ʇʦʯʪʠ ʚʩʝ 

ʨʝʘʢʮʠʠ, ʠʟʚʝʩʪʥʳʝ ʜʣʷ ʬʫʣʣʝʨʝʥʦʚ, ʦʩʫʱʝʩʪʚʣʝʥʳ ʜʣʷ ʉ60 ʠʣʠ ʝʛʦ ʩʤʝʩʝʡ ʩ ʉ70. ʆ ʭʠʤʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚʘʭ ʚʳʩʰʠʭ ʬʫʣʣʝʨʝʥʦʚ ʥʠʯʝʛʦ ʥʝ ʠʟʚʝʩʪʥʦ.  ɺʩʝ ʵʪʠ ʚʠʜʳ ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʷʜʨʘ ʉ60 ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ 

ʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʧʨʦʛʥʦʟʠʨʫʝʤʳʤʠ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʤʠ, ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʤʠ, 

ʢʘʪʘʣʠʪʠʯʝʩʢʠʤʠ, ʘʜʩʦʨʙʮʠʦʥʥʳʤʠ, ʙʠʦʣʦʛʠʯʝʩʢʠʤʠ ʠ ʜʨʫʛʠʤʠ ʧʦʣʝʟʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʉʠʥʪʝʟ 

ʧʨʦʠʟʚʦʜʥʳʭ ʬʫʣʣʝʨʝʥʘ ʩ ʪʝʤʠ ʠʣʠ ʠʥʳʤʠ ʧʦʣʝʟʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʢʘʞʜʳʡ ʨʘʟ ʩʪʘʚʠʪ ʧʝʨʝʜ 

ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʢʦʥʢʨʝʪʥʳʝ ʩʪʨʫʢʪʫʨʥʳʝ ʟʘʜʘʯʠ [2, 3].  

ɺʥʝʰʥʝ ʬʫʣʣʝʨʝʥʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʤʝʣʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʧʦʨʦʰʢʠ ʯʝʨʥʦʛʦ ʮʚʝʪʘ, 

ʣʠʰʝʥʥʳʝ ʟʘʧʘʭʘ. ɺ ʚʦʜʝ, ʵʪʘʥʦʣʝ, ʘʮʝʪʦʥʝ ʠ ʜʨʫʛʠʭ ʧʦʣʷʨʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ ʦʥʠ ʧʨʘʢʪʠʯʝʩʢʠ 

ʥʝʨʘʩʪʚʦʨʠʤʳ, ʚ ʪʦʣʫʦʣʝ, ʬʝʥʠʣʭʣʦʨʠʜʝ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʨʘʩʪʚʦʨʷʶʪʩʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʦʢʨʘʰʝʥʥʳʭ 

ʚ ʢʨʘʩʥʦ-ʬʠʦʣʝʪʦʚʳʡ ʮʚʝʪ ʨʘʩʪʚʦʨʦʚ. ʕʥʪʘʣʴʧʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʬʫʣʣʝʨʝʥʘ C60 ʩʦʩʪʘʚʣʷʝʪ 

ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 42.5 ʢɼʞ/ʤʦʣʴ, ʘ C70 ï 40.3 ʢɼʞ/ʤʦʣʴ. ʕʪʦ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʦʥʠ ʤʝʥʝʝ 

ʩʪʘʙʠʣʴʥʳ, ʯʝʤ ʛʨʘʬʠʪ ʠ ʘʣʤʘʟ (1.67 ʢɼʞ/ʤʦʣʴ), ʧʨʠʯʝʤ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʨʘʟʤʝʨʦʚ ʩʬʝʨʳ (ʪʦ ʝʩʪʴ ʧʦ 

ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʯʠʩʣʘ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ) ʵʥʪʘʣʴʧʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʘʩʠʤʧʪʦʪʠʯʝʩʢʠ ʩʪʨʝʤʠʪʩʷ ʢ 

ʵʥʪʘʣʴʧʠʠ ʛʨʘʬʠʪʘ, ʪʘʢ ʢʘʢ ʩʬʝʨʘ ʙʫʜʝʪ ʚʩʝ ʙʦʣʴʰʝ ʥʘʧʦʤʠʥʘʪʴ ʧʣʦʩʢʦʩʪʴ.  

ʀʥʪʝʨʝʩ ʢ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʬʫʣʣʝʨʝʥʦʚ ʦʙʫʩʣʦʚʣʝʥ ʥʝʦʙʳʯʘʡʥʳʤ ʨʘʟʥʦʦʙʨʘʟʠʝʤ ʥʦʚʳʭ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʧʨʠ ʫʯʘʩʪʠʠ ʬʫʣʣʝʨʝʥʦʚ. ʀʤʝʶʱʠʝʩʷ ʢ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ 

ʜʘʥʥʳʝ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ ʬʫʣʣʝʨʝʥʘ ʉ60 ʚ ʭʠʤʠʠ ʠ ʙʠʦʤʝʜʠʮʠʥʝ, 

ʧʝʨʩʧʝʢʪʠʚʫ ʠʩʧʦʣʴʟʦʚʘʥʠʷ  ʬʫʣʣʝʨʝʥʘ ʚ ʬʘʨʤʘʢʦʢʠʥʝʪʠʢʝ ʠ ʬʘʨʤʘʢʦʜʠʥʘʤʠʢʝ ʨʘʟʣʠʯʥʳʭ ʙʠʦʩʨʝʜ 

[3-5].  

ʌʘʨʤʘʢʦʢʠʥʝʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ.  ɺ ʦʙʟʦʨʝ S. Bosi ʠ ʩʦʘʚʪ. [6] ʢʦʥʩʪʘʪʠʨʫʝʪʩʷ, ʯʪʦ ʬʫʣʣʝʨʝʥʳ ʠ 

ʦʩʦʙʝʥʥʦ  ʬʫʣʣʝʨʝʥ C60, ʠʤʝʝʪ ʦʯʝʥʴ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʝ ʬʦʪʦ-, ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʠ ʬʠʟʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʧʨʠ ʨʝʰʝʥʠʠ ʤʥʦʞʝʩʪʚʘ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʟʘʜʘʯ. ɺ ʧʝʨʚʫʶ 

ʦʯʝʨʝʜʴ ï ʵʪʦ ʧʦʛʣʦʱʝʥʠʝ ʩʚʦʙʦʜʥʳʭ ʨʘʜʠʢʘʣʦʚ ʠ ʟʘʱʠʪʘ ʦʪ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʩʪʨʝʩʩʘ. ɺʦ-ʚʪʦʨʳʭ, 

ʬʫʣʣʝʨʝʥʳ ʤʦʛʫʪ ʚʳʧʦʣʥʷʪʴ ʬʫʥʢʮʠʶ ʧʝʨʝʥʦʩʯʠʢʦʚ, ʥʘʧʨʠʤʝʨ, ʜʣʷ HIV ʧʨʦʪʝʘʟ, ʧʨʝʧʷʪʩʪʚʫʷ 

ʜʦʩʪʫʧ ʢ ʩʫʙʩʪʨʘʪʫ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʫʯʘʩʪʢʘ. ʅʘʢʦʥʝʮ, ʬʫʣʣʝʨʝʥʳ ʤʦʛʫʪ ʧʨʦʠʟʚʦʜʠʪʴ ʩʠʥʛʣʝʪʥʳʡ 

ʢʠʩʣʦʨʦʜ ʠ ʚʳʟʳʚʘʪʴ ʧʦʚʨʝʞʜʝʥʠʝ ɼʅʂ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥʥʳʭ (ʦʧʫʭʦʣʝʚʳʭ) ʢʣʝʪʦʢ. 

ʆʩʥʦʚʥʦʡ ʧʨʦʙʣʝʤʦʡ, ʟʘʪʨʫʜʥʷʶʱʝʡ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʠʟʚʦʜʥʳʭ ʬʫʣʣʝʨʝʥʘ, 

ʷʚʣʷʝʪʩʷ ʝʛʦ ʧʨʠʨʦʜʥʦʝ çʦʪʚʨʘʱʝʥʠʝè ʢ ʚʦʜʝ. ʆʜʥʠʤ ʠʟ ʚʦʟʤʦʞʥʳʭ ʚʘʨʠʘʥʪʦʚ ʧʨʝʦʜʦʣʝʥʠʷ ʵʪʦʡ 

ʪʨʫʜʥʦʩʪʠ ʩʣʫʞʠʪ ʭʠʤʠʯʝʩʢʘʷ ʤʦʜʠʬʠʢʘʮʠʷ ʩʬʝʨʳ ʩ ʚʚʝʜʝʥʠʝʤ ʩʦʣʶʙʠʣʠʟʠʨʫʶʱʠʭ ʜʦʚʝʩʢʦʚ. 

ʀʤʝʥʥʦ ʵʪʦʪ ʧʨʠʝʤ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥ ʚ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʤ ʩʠʥʪʝʟʝ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ 

ʬʫʣʣʝʨʝʥʦʚʳʭ ʮʠʢʣʦʘʜʜʫʢʪʦʚ. ʄʦʞʥʦ ʧʨʠʚʝʩʪʠ ʥʝʩʢʦʣʴʢʦ ʧʨʠʤʝʨʦʚ ʪʘʢʠʭ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ 

ʧʨʦʠʟʚʦʜʥʳʭ ʬʫʣʣʝʨʝʥʘ. ʉʨʝʜʠ ʥʠʭ ʩʦʝʜʠʥʝʥʠʝ (1) ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʯʴ ʤʘʢʩʠʤʘʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 

1.5ʭ10
-5
 ʤʦʣʴ/ʣ ʚ ʩʤʝʩʠ ʅ2ʆ-ɼʄʉʆ, 9:1 [7].  
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ʍʦʨʦʰʘʷ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʜʦʩʪʠʛʥʫʪʘ ʜʣʷ ʜʝʥʜʨʦʤʝʨʘ (2) ï ʝʛʦ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʚ ʚʦʜʝ 34 ʤʛ/ʤʣ 

ʧʨʠ ʨʅ 7-10 [8], ʪ.ʝ, ʚʚʝʜʝʥʠʝ ʚ ʩʬʝʨʫ ʉ60  ʛʠʜʨʦʬʠʣʴʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʯʴ 

ʜʦʩʪʘʪʦʯʥʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʚ ʚʦʜʝ. ʆʩʥʦʚʘʥʠʝʤ ʜʣʷ ʩʠʥʪʝʟʘ ʪʘʢʦʡ ʩʪʨʫʢʪʫʨʳ ʧʦʩʣʫʞʠʣʦ 

ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ ʫʥʠʢʘʣʴʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʧʨʦʠʟʚʦʜʥʳʭ ʬʫʣʣʝʨʝʥʘ ʉ60 ʫʣʘʚʣʠʚʘʪʴ 

ʨʘʜʠʢʘʣʳ ï ʠʜʝʘʣʴʥʘʷ ʧʨʝʜʧʦʩʳʣʢʘ ʜʣʷ ʪʝʨʘʧʝʚʪʠʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠ ʣʝʯʝʥʠʠ 

ʥʝʡʨʦʜʝʛʝʥʝʨʘʪʠʚʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ. Cʠʥʪʝʟʳ ʪʘʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʤʥʦʛʦʩʪʘʜʠʡʥʦʩʪʴʶ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʠʤʠ ʦʙʱʠʤʠ ʚʳʭʦʜʘʤʠ (10-20%) ʢʦʥʝʯʥʳʭ ʧʨʦʜʫʢʪʦʚ. 
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ʂʘʢ ʠʟʚʝʩʪʥʦ, ʤʥʦʛʠʝ ʥʝʡʨʦʜʝʛʝʥʝʨʘʪʠʚʥʳʝ ʟʘʙʦʣʝʚʘʥʠʷ ʧʦʨʦʞʜʘʶʪʩʷ ʠʟʙʳʪʦʯʥʳʤ 

ʧʨʦʜʫʮʠʨʦʚʘʥʠʝʤ ʨʘʜʠʢʘʣʦʚ NO, ʢʦʪʦʨʳʝ ʚʦʟʥʠʢʘʶʪ ʠʟ-ʟʘ ʛʠʧʝʨʚʦʟʙʫʞʜʝʥʠʷ ʨʝʮʝʧʪʦʨʦʚ 

ʛʣʫʪʘʤʠʥʦʚʦʡ ʢʠʩʣʦʪʳ, ʧʦʵʪʦʤʫ ʩʦʝʜʠʥʝʥʠʷ, ʢʦʪʦʨʳʝ ʜʝʡʩʪʚʫʶʪ ʢʘʢ ʣʦʚʫʰʢʠ ʨʘʜʠʢʘʣʦʚ, 

ʥʘʧʨʠʤʝʨ, ʛʠʜʨʦʢʩʠʣʴʥʳʡ ʨʘʜʠʢʘʣ (ʆʅ
Ŀ
) ʠ ʩʫʧʝʨʦʢʩʠʜʥʳʡ ʘʥʠʦʥ (ʆ2

Ŀ-
), ʩʧʦʩʦʙʥʳ ʧʨʝʜʦʪʚʨʘʱʘʪʴ 

ʛʠʙʝʣʴ ʥʝʡʨʦʥʦʚ [9]. ʇʦʜʦʙʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʧʨʦʠʟʚʦʜʥʳʭ ʉ60 ʠʟʚʝʩʪʥʘ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʜʚʘ 

ʨʝʛʠʦʠʟʦʤʝʨʥʳʭ ʪʨʠʩʮʠʢʣʦʧʨʦʧʘʥʦʚʳʭ ʘʜʜʫʢʪʘ (3) ʠ (4),  ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ ʨʘʩʪʚʦʨʠʤʳʝ ʚ ʚʦʜʝ 

ʠ ʷʚʣʷʶʱʠʝʩʷ ʦʪʣʠʯʥʳʤʠ ʣʦʚʫʰʢʘʤʠ ʨʘʜʠʢʘʣʦʚ, ʚ ʦʧʳʪʘʭ in vitro ʧʦʢʘʟʘʣʠ ʜʦʟʦʟʘʚʠʩʠʤʦʝ 

ʫʤʝʥʴʰʝʥʠʝ ʛʠʙʝʣʠ ʥʝʡʨʦʥʦʚ, ʧʨʠʯʝʤ ʩʦʝʜʠʥʝʥʠʝ (3) ʦʢʘʟʘʣʦʩʴ ʙʦʣʝʝ ʘʢʪʠʚʥʳʤ. 

HO2C
CO2H
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ʇʨʠ ʦʧʠʩʘʥʠʠ ʬʘʨʤʘʢʦʢʠʥʝʪʠʢʠ ʬʫʣʣʝʨʝʥʦʚ ʧʦʢʘ ʨʘʜʠʦʛʨʘʬʠʷ ʠ ʨʘʜʠʦʤʝʪʨʠʷ ʦʩʪʘʶʪʩʷ 

ʦʩʥʦʚʥʳʤʠ ʤʝʪʦʜʘʤʠ. ʊʘʢ, ʬʘʨʤʘʢʦʢʠʥʝʪʠʯʝʩʢʦʝ ʠʟʫʯʝʥʠʝ ʉ60,  ʤʝʯʝʥʥʦʛʦ ʪʝʭʥʝʮʠʝʤ 99, ʧʦʢʘʟʘʣʦ, 

ʯʪʦ ʵʪʦ ʩʦʝʜʠʥʝʥʠʝ ʨʘʩʧʨʝʜʝʣʷʝʪʩʷ ʚ ʦʨʛʘʥʠʟʤʝ ʧʦ ʚʩʝʤ ʪʢʘʥʷʤ ʠ ʦʨʛʘʥʘʤ, ʥʘʢʘʧʣʠʚʘʷʩʴ ʚ ʧʦʯʢʘʭ, 

ʢʦʩʪʷʭ, ʩʝʣʝʟʝʥʢʝ ʠ ʧʝʯʝʥʠ. ʉʥʠʞʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʦ ʚʩʝʭ ʪʢʘʥʷʭ ʠʜʝʪ ʧʦʩʣʝ 24 ʯʘʩʦʚ. 

ʀʩʢʣʶʯʝʥʠʝ ʩʦʩʪʘʚʣʷʶʪ ʢʦʩʪʠ, ʛʜʝ ʫʨʦʚʝʥʴ ʢʦʥʮʝʥʪʨʘʮʠʠ ʬʫʣʣʝʨʝʥʘ ʥʘʨʘʩʪʘʝʪ ʠ ʧʦʩʣʝ 24 ʯʘʩʦʚ.  

ʋʜʝʨʞʠʚʘʶʪʩʷ ʬʫʣʣʝʨʝʥʳ ʧʨʠʤʝʨʥʦ ʚ ʪʝʯʝʥʠʝ 48 ʯʘʩʦʚ ʧʦʩʣʝ ʦʜʥʦʢʨʘʪʥʦʛʦ ʚʚʝʜʝʥʠʷ [10]. 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʚʦʜʦʨʘʩʪʚʦʨʠʤʦʛʦ ʨʘʜʠʦʘʢʪʠʚʥʦ ʤʝʯʝʥʥʦʛʦ ʤʝʪʘʣʣʦʬʫʣʣʝʨʝʥʘ ʦʧʠʩʘʥʦ ʫ ʢʨʳʩ ʧʦ 

ʪʦʡ ʞʝ ʤʝʪʦʜʠʢʝ [11]. ʅʘʡʜʝʥʦ, ʯʪʦ ʜʣʷ ʬʫʣʣʝʨʝʥʘ ʪʠʧʠʯʝʥ ʤʝʜʣʝʥʥʳʡ ʢʣʠʨʝʥʩ ï 20% ʵʢʩʢʨʝʮʠʷ ʚ 

ʪʝʯʝʥʠʝ 5 ʜʥʝʡ.  

ʇʨʠ ʦʧʠʩʘʥʠʠ ʢʣʝʪʦʯʥʦʡ ʬʘʨʤʘʢʦʢʠʥʝʪʠʢʠ ʬʫʣʣʝʨʝʥʘ ʦʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʬʫʣʣʝʨʝʥʳ ʣʝʛʢʦ 

ʧʨʦʥʠʢʘʶʪ ʯʝʨʝʟ ʢʣʝʪʦʯʥʳʝ ʤʝʤʙʨʘʥʳ ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʢʣʝʪʦʢ ʠ ʥʘʢʘʧʣʠʚʘʶʪʩʷ ʥʘ ʤʠʪʦʭʦʥʜʨʠʷʭ 

[12]. ʕʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʧʦʟʚʦʣʠʣʦ ʘʚʪʦʨʘʤ ʧʨʝʜʧʦʣʘʛʘʪʴ ʚʝʨʦʷʪʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʬʫʣʣʝʨʝʥʦʚ 

ʚ ʢʘʯʝʩʪʚʝ ʧʝʨʝʥʦʩʯʠʢʦʚ ʜʣʷ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʚʝʱʝʩʪʚ, ʧʦʜʦʙʥʳʭ ʢʣʘʪʨʠʥʫ (clathrin), ʠʟʚʝʩʪʥʦʤʫ 

ʤʝʜʠʘʪʦʨʫ ʵʥʜʦʮʠʪʦʟʘ.  

ʂʨʦʤʝ ʪʦʛʦ, ʠʟʚʝʩʪʥʦ, ʯʪʦ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʘʷ ʞʠʜʢʦʩʪʥʘʷ ʭʨʦʤʘʪʦʛʨʘʬʠʷ ʩ ʜʝʪʝʢʪʦʨʘʤʠ 

photodiode-array detection ʠʣʠ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʷ ʧʦʟʚʦʣʷʝʪ ʠʟʫʯʘʪʴ ʬʘʨʤʘʢʦʢʠʥʝʪʠʢʫ ʬʫʣʣʝʨʝʥʘ 

ʚ ʙʠʦʩʨʝʜʘʭ [13]. ʆʜʥʘʢʦ ʧʦʣʥʦʮʝʥʥʳʭ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʬʘʨʤʘʢʦʢʠʥʝʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʵʪʠʤ 

ʤʝʪʦʜʦʤ ʧʦʢʘ ʥʝ ʧʦʣʫʯʝʥʦ. ʇʦʜʚʦʜʷ ʠʪʦʛʠ ʧʝʨʚʳʭ ʜʝʩʷʪʠʣʝʪʠʡ ʠʩʩʣʝʜʦʚʘʥʠʷ ʭʠʤʠʠ ʠ ʙʠʦʣʦʛʠʠ 



ɼʦʢʣʘʜʳ ʅʘʮʠʦʥʘʣʴʥʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ  
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ʬʫʣʣʝʨʝʥʦʚ, E. Nakamura ʠ H. Isobe [5] ʫʢʘʟʳʚʘʶʪ, ʯʪʦ ʭʦʪʷ ʬʫʣʣʝʨʝʥʳ ʥʝʨʘʩʪʚʦʨʠʤʳ ʚ ʚʦʜʝ, ʥʦ 

ʥʘʣʠʯʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ ʚ ʩʪʨʫʢʪʫʨʝ ʧʨʦʠʟʚʦʜʥʳʭ ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʚʘʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʠʭ ʩ ɼʅʂ, ʙʝʣʢʘʤʠ, ʞʠʚʳʤʠ ʢʣʝʪʢʘʤʠ.  ʉʦʟʜʘʥʠʝ ʥʦʚʳʭ ʞʠʚʳʭ ʤʦʣʝʢʫʣ ʩ ʟʘʜʘʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ï 

ʧʝʨʩʧʝʢʪʠʚʘ ʜʦʩʪʠʞʠʤʘʷ ʩ ʧʦʤʦʱʴʶ ʬʫʣʣʝʨʝʥʦʚ. 

ʌʘʨʤʘʢʦʜʠʥʘʤʠʯʝʩʢʠʝ ʜʘʥʥʳʝ. ʉʘʤʘ ʧʦ ʩʝʙʝ ʤʦʣʝʢʫʣʘ ʬʫʣʣʝʨʝʥʘ ʩʧʦʩʦʙʥʘ ʧʨʦʷʚʣʷʪʴ ʩʚʦʡʩʪʚʘ 

ʩʠʣʴʥʦʛʦ ʦʢʠʩʣʠʪʝʣʷ, ʧʦʩʢʦʣʴʢʫ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʵʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʦʩʪʴʶ ʠ ʤʦʞʝʪ 

ʧʨʠʩʦʝʜʠʥʷʪʴ ʢ ʩʝʙʝ ʜʦ ʰʝʩʪʠ ʩʚʦʙʦʜʥʳʭ ʵʣʝʢʪʨʦʥʦʚ. ɽʱʸ ʚ 1991 ʛ. P.J. Krustic ʠ ʩʦʘʚʪ. [14] 

ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠ ʬʫʣʣʝʨʝʥ ʢʘʢ ʛʫʙʢʫ, ʩʧʦʩʦʙʥʫʶ ʚʧʠʪʳʚʘʪʴ ʩʚʦʙʦʜʥʳʝ ʨʘʜʠʢʘʣʳ. ʆʜʥʘ ʤʦʣʝʢʫʣʘ 

ʬʫʣʣʝʨʝʥʘ ʩʧʦʩʦʙʥʘ ʧʨʠʩʦʝʜʠʥʷʪʴ 34 ʤʝʪʠʣʴʥʳʭ ʨʘʜʠʢʘʣʘ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʧʦʣʠʛʠʜʨʦʢʩʠʣʠʨʦʚʘʥʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʬʫʣʣʝʨʝʥʘ [C60(OH) (7Ñ2)] ʟʘʱʠʱʘʶʪ ʢʣʝʪʢʠ ʚ ʢʣʝʪʦʯʥʦʡ 

ʢʫʣʴʪʫʨʝ RAW 264.7  ʦʪ ʧʦʩʣʝʜʩʪʚʠʡ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʩʪʨʝʩʩʘ, ʚʳʟʚʘʥʥʦʛʦ ʚʚʝʜʝʥʠʝʤ ʚ ʩʫʩʧʝʥʟʠʶ 

ʥʘʪʨʠʷ ʥʠʪʨʦʧʨʫʩʩʠʜʘ (SNP, 1 mM) ʠ ʧʝʨʝʢʠʩʠ ʚʦʜʦʨʦʜʘ (400 microM). ʆʜʥʘʢʦ  ʚʳʩʦʢʠʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʬʫʣʣʝʨʝʥʘ (1 ʠ 1.5 mM) ʤʦʛʫʪ ʚʳʟʳʚʘʪʴ ʢʣʝʪʦʯʥʫʶ ʛʠʙʝʣʴ [15]. ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʢʘʢ 

in vitro, ʪʘʢ ʠ in vivo ʜʦʢʘʟʘʥʦ, ʯʪʦ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʬʫʣʣʝʨʝʥʘ C60-ʤʦʥʦʤʘʣʦʥʘʪ ʠ 

ʜʠ(ʢʘʨʙʦʢʩʠʧʨʦʧʘʥ-3-ʦʣ)-ʤʝʪʘʥʦ-[60]-ʬʫʣʣʝʨʝʥ ï ʩʠʣʴʥʳʝ ʘʥʪʠʦʢʩʠʜʘʥʪʳ. ʇʨʠʯʝʤ ʫʩʪʘʥʦʚʣʝʥʘ 

ʩʧʦʩʦʙʥʦʩʪʴ ʵʪʠʭ ʧʨʦʠʟʚʦʜʥʳʭ ʠʟʙʠʨʘʪʝʣʴʥʦ ʧʦʜʘʚʣʷʪʴ ʥʝʡʨʦʥʘʣʴʥʫʶ Nʆ-ʩʠʥʪʝʪʘʟʫ [16]. 

ɸʥʪʠʦʢʩʠʜʘʥʪʥʳʝ ʵʬʬʝʢʪʳ ʭʦʨʦʰʦ ʦʧʠʩʘʥʳ ʜʣʷ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʬʫʣʣʝʨʝʥʘ 

[C60(ONO(2))(7Ñ2)]. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʵʪʦʛʦ ʬʫʣʣʝʨʝʥʘ ʩʧʦʩʦʙʥʘ 

ʫʤʝʥʴʰʘʪʴ ʧʦʚʨʝʞʜʝʥʠʷ ʧʝʨʬʫʟʠʨʫʝʤʦʛʦ ʣʝʛʢʠʭ ʢʨʳʩ, ʚʦʟʥʠʢʘʶʱʠʭ ʧʦʩʣʝ 45 ʤʠʥʫʪʥʦʡ ʠʰʝʤʠʠ ʠ 

60 ʤʠʥʫʪ ʨʝʧʝʨʬʫʟʠʠ [17]. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʬʫʣʣʝʨʝʥ ʢʨʦʤʝ ʘʥʪʠʦʢʩʠʜʘʥʪʥʳʭ ʩʚʦʡʩʪʚ, ʦʙʣʘʜʘʝʪ 

ʩʧʦʩʦʙʥʦʩʪʴʶ ʦʩʚʦʙʦʞʜʘʪʴ ʦʢʩʠʜ ʘʟʦʪʘ, ʧʨʦʷʚʣʷʷ ʵʬʬʝʢʪʳ, ʧʦʜʦʙʥʳʝ ʥʠʪʨʦʛʣʠʮʝʨʠʥʫ. ɺʚʝʜʝʥʠʝ 

ʬʫʣʣʝʨʝʥʘ ʧʨʠʚʦʜʠʪ ʧʦ ʜʘʥʥʳʤ ʘʚʪʦʨʦʚ ʢ ʩʥʠʞʝʥʠʶ ʪʢʘʥʝʚʦʛʦ ʫʨʦʚʥʷ ʜʠʝʥʦʚʳʭ ʢʦʥʲʶʛʘʪʦʚ ʠ 

ʤʘʣʦʥʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ, ʢʨʦʤʝ ʪʦʛʦ ʫʩʪʘʥʦʚʣʝʥ ʬʘʢʪ ʧʨʦʬʠʣʘʢʪʠʢʠ ʠʩʪʦʱʝʥʠʷ ʛʣʶʪʘʪʠʦʥʘ ʧʨʠ 

ʠʰʝʤʠʠ, ʚʳʟʳʚʘʝʤʦʡ ʨʝʧʝʨʬʫʟʠʝʡ ʢʠʰʢʠ [18]. ʊʘʢ, ʦʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʛʝʢʩʘʩʫʣʴʬʦʥʘʪ ʉ60 ʧʨʠ ʝʛʦ 

ʠʥʪʨʘʧʝʨʠʪʦʥʝʘʣʴʥʦʤ ʚʚʝʜʝʥʠʠ ʚ ʜʦʟʘʭ 0,5 ʠ 5 ʤʛ/ʢʛ/ʩʫʪʢʠ ʚ ʪʝʯʝʥʠʝ 2 ʥʝʜʝʣʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ 

ʞʠʚʦʪʥʳʤ ʩ ʩʫʙʘʨʦʭʥʦʠʜʘʣʴʥʳʤ ʢʨʦʚʦʠʟʣʠʷʥʠʝʤ, ʫʤʝʥʴʰʘʣ ʟʦʥʫ ʠʥʬʘʨʢʪʘ ʥʘ 42% ʠ 68%, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʦʡ [19]. ɸʚʪʦʨʳ ʩʯʠʪʘʶʪ ʵʪʦ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦʤ 

ʥʘʣʠʯʠʷ ʫ ʬʫʣʣʝʨʝʥʘ ʩʧʦʩʦʙʥʦʩʪʠ ʟʘʱʠʱʘʪʴ ʦʪ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʩʪʨʝʩʩʘ ʠ ʧʦʚʨʝʞʜʝʥʠʷ ʪʢʘʥʴ 

ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ ʧʨʠ ʠʰʝʤʠʠ. ʉʣʝʜʫʝʪ ʫʢʘʟʘʪʴ, ʯʪʦ ʯʝʨʝʟ 2 ʥʝʜʝʣʠ ʧʦʩʣʝ ʚʚʝʜʝʥʠʷ ʬʫʣʣʝʨʝʥʘ 

ʘʚʪʦʨʳ ʟʘʬʠʢʩʠʨʦʚʘʣʠ ʩʥʠʞʝʥʠʝ ʤʘʩʩʳ ʪʝʣʘ ʞʠʚʦʪʥʳʭ, ʯʪʦ ʤʦʞʝʪ ʢʦʩʚʝʥʥʦ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ 

ʥʘʣʠʯʠʠ ʪʦʢʩʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ.  

ʆʜʠʥ ʠʟ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʣʝʯʝʥʠʷ ʧʘʨʢʠʥʩʦʥʠʟʤʘ ï ʧʝʨʝʩʘʜʢʘ ʭʨʦʤʘʬʬʠʥʦʚʳʭ ʢʣʝʪʦʢ 

ʥʘʜʧʦʯʝʯʥʠʢʦʚ. ʅʦ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʧʦʩʣʝʜʫʶʱʝʝ ʧʨʠʤʝʥʝʥʠʝ ʣʝʚʘʜʦʧʳ ʚʝʜʝʪ ʢ ʧʦʚʨʝʞʜʝʥʠʶ ʠ ʛʠʙʝʣʠ 

ʪʨʘʥʩʧʣʘʥʪʘʪʘ. ɺʦʜʦʨʘʩʪʚʦʨʠʤʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʬʫʣʣʝʨʝʥʘ, ʢʘʢ ʧʦʣʘʛʘʶʪ ʘʚʪʦʨʳ ʨʘʙʦʪʳ [20], ʩ 

ʧʦʤʦʱʴʶ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʛʦ ʵʬʬʝʢʪʘ ʧʨʝʜʦʪʚʨʘʱʘʶʪ ʛʠʙʝʣʴ ʧʝʨʝʩʘʞʝʥʥʳʭ ʢʣʝʪʦʢ ʠ ʩʥʠʞʘʶʪ 

ʥʝʡʨʦʪʦʢʩʠʯʥʦʩʪʴ ʣʝʚʘʜʦʧʳ.  

ʅʝʡʨʦʧʨʦʪʝʢʪʦʨʥʳʡ ʵʬʬʝʢʪ ʨʘʩʪʚʦʨʠʤʦʛʦ ʚ ʚʦʜʝ ʧʨʦʠʟʚʦʜʥʦʛʦ ʬʫʣʣʝʨʝʥʘ ï 

ʢʘʨʙʦʢʩʠʬʫʣʣʝʨʝʥʘ ʙʳʣ ʠʩʩʣʝʜʦʚʘʥ ʥʘ ʤʦʟʛʝ ʢʨʳʩ. ɺʥʫʪʨʠʚʝʥʥʦʝ ʚʚʝʜʝʥʠʝ ʵʬʬʝʢʪʘ ʥʝ ʜʘʚʘʣʦ, ʥʦ 

ʚʚʝʜʝʥʠʝ ʚ ʞʝʣʫʜʦʯʢʠ ʤʦʟʛʘ ʫʤʝʥʴʰʘʣʦ ʟʦʥʫ ʠʥʬʘʨʢʪʘ ʚ ʛʦʣʦʚʥʦʤ ʤʦʟʛʝ, ʚʠʜʠʤʦ, ʟʘ ʩʯʝʪ 

ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʛʦ ʜʝʡʩʪʚʠʷ ʧʨʠ ʠʰʝʤʠʠ. ʕʬʬʝʢʪʠʚʥʳʤʠ ʙʳʣʠ ʜʦʟʳ 0,21 ʠ 0,3 ʤʛ/ʢʛ, ʚ ʙʦʣʴʰʠʭ 

ʜʦʟʘʭ (0,3 ʤʛ) ʦʪʤʝʯʝʥʳ  ʩʫʜʦʨʦʛʠ [21]. 

ʉʭʦʜʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʦʧʫʙʣʠʢʦʚʘʣʠ S.S. Huang ʠ ʩʦʘʚʪ. [22]. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʛʝʢʩʘʩʫʣʴʬʦʙʫʪʠʣʬʫʣʣʝʨʝʥ C60 (ʢʘʢ ʠʥʛʠʙʠʪʦʨ ʩʚʦʙʦʜʥʳʭ ʨʘʜʠʢʘʣʦʚ ʢʠʩʣʦʨʦʜʘ) ʦʢʘʟʳʚʘʝʪ 

ʥʝʡʨʦʧʨʦʪʝʢʪʦʨʥʦʝ ʜʝʡʩʪʚʠʝ ʧʨʠ ʠʰʝʤʠʠ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ. ɻʝʢʩʘʩʫʣʴʬʦʙʫʪʠʣʬʫʣʣʝʨʝʥ ʚʚʦʜʠʣʠ ʚ 

ʨʘʟʣʠʯʥʳʭ ʜʦʟʘʭ ï 0,1, 1,10, 100 ʤʢʛ/ʢʛ ʚʥʫʪʨʠʚʝʥʥʦ ʚ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʦʤ (ʟʘ 15 ʤʠʥʫʪ ʜʦ ʦʢʢʣʶʟʠʠ 

ʩʨʝʜʥʝʡ ʤʦʟʛʦʚʦʡ ʘʨʪʝʨʠʠ) ʠ ʪʝʨʘʧʝʚʪʠʯʝʩʢʦʤ (ʧʦʩʣʝ ʩʥʷʪʠʷ ʟʘʞʠʤʦʚ ʩ ʩʦʥʥʳʭ ʘʨʪʝʨʠʡ) ʨʝʞʠʤʘʭ. 

ʇʨʠ ʵʪʦʤ ʚʚʝʜʝʥʠʝ ʬʫʣʣʝʨʝʥʘ ʚ ʙʦʣʴʰʠʭ ʜʦʟʘʭ ʚʳʟʳʚʘʣʦ ʫʤʝʥʴʰʝʥʠʝ ʨʘʟʤʝʨʘ ʠʥʬʘʨʢʪʘ ʤʦʟʛʘ (ʠ 

ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʦʝ ʚʚʝʜʝʥʠʝ ʠ ʪʝʨʘʧʝʚʪʠʯʝʩʢʦʝ). ʆʧʨʝʜʝʣʝʥʦ ʪʘʢʞʝ ʩʥʠʞʝʥʠʝ ʚ ʢʨʦʚʠ ʫʨʦʚʥʷ 

ʣʘʢʪʘʪʜʝʛʠʜʨʦʛʝʥʘʟʳ ʠ ʧʦʚʳʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ NO, ʜʦʧʦʣʥʷʶʱʠʝ ʥʝʡʨʦʧʨʦʪʝʢʪʦʨʥʳʡ ʵʬʬʝʢʪ. 

ʊʘʢʞʝ ʦʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʠ ʜʨʫʛʦʝ ʧʨʦʠʟʚʦʜʥʦʝ ʬʫʣʣʝʨʝʥʘ ï ʛʝʢʩʘʙʫʪʠʣʬʫʣʣʝʨʝʥ ʟʘʱʠʱʘʝʪ ʦʪ 

ʠʰʝʤʠʯʝʩʢʠʭ ʧʦʚʨʝʞʜʝʥʠʡ ʪʢʘʥʴ ʧʦʯʝʢ. ʀʩʩʣʝʜʦʚʘʪʝʣʠ ʩʯʠʪʘʶʪ, ʯʪʦ ʬʫʣʣʝʨʝʥ ʧʨʝʜʦʪʚʨʘʱʘʝʪ 

ʟʘʧʫʩʢ ʤʝʭʘʥʠʟʤʦʚ ʘʧʦʧʪʦʟʘ ʚ ʪʢʘʥʠ ʧʦʯʝʢ ʢʨʳʩ ʧʨʠ ʛʠʧʦʢʩʠʠ [23]. 

ɺʦʜʦʨʘʩʪʚʦʨʠʤʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʬʫʣʣʝʨʝʥʘ C(3)-ʪʨʠʩ-ʤaʣoʥʠʣ-C60-ʬʫʣʣʝʨʝʥ ʠ D(3)-ʪʨʠʩ-
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ʤaʣoʥʠʣ-C60-ʬʫʣʣʝʨʝʥ ʷʚʣʷʶʪʩʷ ʠʥʛʠʙʠʪʦʨʘʤʠ NO-ʩʠʥʪʝʪʘʟʳ ʟʘ ʩʯʝʪ ʙʣʦʢʘʜʳ ʩʫʙʲʝʜʠʥʠʯʥʦʛʦ 

ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʘʥʩʧʦʨʪʘ ʵʣʝʢʪʨʦʥʦʚ [24]. ɽʱʸ ʦʜʥʦ ʩʚʦʡʩʪʚʦ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʬʫʣʣʝʨʝʥʘ ʦʧʠʩʘʥʦ Y.T. Lee [25], ʛʝʢʩʘʩʫʣʴʬʦʙʫʪʠʣ[60]ʬʫʣʣʝʨʝʥ (C60-(CH2CH2CH2CH2-SO3Na)6) 

ʙʣʦʢʠʨʫʝʪ ʦʢʠʩʣʠʪʝʣʴʥʫʶ ʤʦʜʠʬʠʢʘʮʠʶ ʣʠʧʦʧʨʦʪʝʠʥʦʚ ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʠ, ʠʛʨʘʶʱʠʭ ʢʣʶʯʝʚʫʶ 

ʨʦʣʴ ʚ ʨʘʟʚʠʪʠʠ ʘʪʝʨʦʩʢʣʝʨʦʟʘ. ʂʨʦʤʝ ʪʦʛʦ, ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʬʫʣʣʝʨʝʥʳ ʩʥʠʞʘʶʪ 

ʧʨʦʣʠʬʝʨʘʪʠʚʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʩʦʩʫʜʠʩʪʳʭ ʤʠʦʮʠʪʦʚ ʠ ʤʦʥʦʥʫʢʣʝʘʨʥʳʭ ʢʣʝʪʦʢ, ʚʢʣʶʯʘʷ 

ʛʣʘʜʢʦʤʳʰʝʯʥʳʝ ʢʣʝʪʢʠ ʘʦʨʪʳ ʢʨʳʩʳ, ʛʣʘʜʢʦʤʳʰʝʯʥʳʝ ʢʣʝʪʢʠ ʢʦʨʦʥʘʨʥʳʭ ʘʨʪʝʨʠʡ ʯʝʣʦʚʝʢʘ ʠ 

ʣʠʤʬʦʮʠʪʳ ʯʝʣʦʚʝʢʘ [23]. ʆʜʥʠʤ ʠʟ ʤʝʭʘʥʠʟʤʦʚ ʘʥʪʠʧʨʦʣʠʬʝʨʘʪʠʚʥʦʛʦ ʵʬʬʝʢʪʘ ʬʫʣʣʝʨʝʥʘ ʤʦʞʥʦ 

ʩʯʠʪʘʪʴ ʠʥʛʠʙʠʨʦʚʘʥʠʝ ʪʠʨʦʟʠʥʢʠʥʘʟʳ, ʫʩʪʘʥʦʚʣʝʥʥʦʝ  Y.T. Lee  ʠ ʩʦʘʚʪ [26]. 

D.J. Wolff  ʠ ʩʦʘʚʪ. [28] ʥʘʰʣʠ, ʯʪʦ ʪʨʠʩʘʤʠʥʦʚʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʬʫʣʣʝʨʝʥʘ ï D(3)-ʪʨʠʩʘʤʠʥ ʠ C(3)-

ʩʠʤʘʤʠʥ ʫʛʥʝʪʘʶʪ ʥʝʡʨʦʥʘʣʴʥʫʶ ʩʠʥʪʝʪʘʟʫ ʦʢʩʠʜʘ ʘʟʦʪʘ ʠ ʬʦʩʬʘʪʘʟʫ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʪʨʠʩʘʤʠʥʦʚʳʝ 

ʧʨʦʠʟʚʦʜʥʳʝ ʬʫʣʣʝʨʝʥʘ ʷʚʣʷʶʪʩʷ ʤʦʱʥʳʤʠ ʘʥʪʘʛʦʥʠʩʪʘʤʠ ʢʘʣʴʤʦʜʫʣʠʥʘ ʚ ʢʣʝʪʦʯʥʳʭ ʩʠʩʪʝʤʘʭ. 

ʀʩʩʣʝʜʦʚʘʥʳ ʵʬʬʝʢʪʳ ʛʝʢʩʘʩʫʣʴʬʦʙʫʪʠʣʬʫʣʣʝʨʝʥʘ C60 ʠ ʢʦʤʧʣʝʢʩʘ ʤʦʥʦʤʘʣʦʥʦʚʦʡ ʢʠʩʣʦʪʳ ʩ 

ʬʫʣʣʝʨʝʥʦʤ C60 ʥʘ ʠʟʦʣʠʨʦʚʘʥʥʦʡ ʧʦʣʦʩʢʝ ʘʦʨʪʳ ʤʦʨʩʢʦʡ ʩʚʠʥʢʠ, ʩʦʜʝʨʞʘʱʝʡ ʠ ʣʠʰʝʥʥʦʡ 

ʵʥʜʦʪʝʣʠʷ, ʠ ʦʧʨʝʜʝʣʝʥ ʚʘʟʦʜʠʣʘʪʠʨʫʶʱʠʡ ʵʬʬʝʢʪ [28, 29]. ʉʦʩʫʜʦʨʘʩʰʠʨʷʶʱʠʡ ʵʬʬʝʢʪ ʘʚʪʦʨʳ 

ʦʙʲʷʩʥʷʶʪ ʚʣʠʷʥʠʝʤ ʬʫʣʣʝʨʝʥʘ ʥʘ ʩʠʥʪʝʟ ʦʢʩʠʜʘ ʘʟʦʪʘ ʠʣʠ ʘʢʪʠʚʥʦʩʪʴ NO-ʩʠʥʪʝʪʘʟʳ ʩʦʩʫʜʠʩʪʦʛʦ 

ʵʥʜʦʪʝʣʠʷ. 

ʌʫʣʣʝʨʝʥʳ ʣʠʧʦʬʠʣʴʥʳ ʠ, ʢʘʢ ʫʩʪʘʥʦʚʣʝʥʦ, ʚʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʩʧʦʩʦʙʥʳ ʣʦʢʘʣʠʟʦʚʘʪʴʩʷ in vitro 

ʚ ʧʣʘʟʤʘʪʠʯʝʩʢʠʭ ʤʝʤʙʨʘʥʘʭ ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʢʣʝʪʦʢ ʠ  ʘʢʪʠʚʥʦ ʚʤʝʰʠʚʘʪʴʩʷ ʚ ʦʢʠʩʣʠʪʝʣʴʥʦ-

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʧʨʦʮʝʩʩʳ. ɺ ʨʘʙʦʪʝ [30] ʠʩʩʣʝʜʦʚʘʥʘ ʚʝʨʦʷʪʥʦʩʪʴ ʚʳʟʚʘʥʥʳʭ ʧʝʨʝʢʠʩʥʳʤ 

ʦʢʠʩʣʝʥʠʝʤ ʣʠʧʠʜʦʚ ʧʦʚʨʝʞʜʝʥʠʡ ʙʝʣʢʘ ʠ ʠʟʤʝʥʝʥʠʝ ʫʨʦʚʥʷ ʛʣʫʪʘʪʠʦʥʘ. ʆʧʨʝʜʝʣʝʥʦ, ʯʪʦ 

ʬʫʣʣʝʨʝʥʳ ʙʝʟ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʧʦʢʨʳʪʠʷ ʤʦʛʫʪ ʚʳʟʳʚʘʪʴ ʦʢʩʠʜʘʪʠʚʥʦʝ ʧʦʚʨʝʞʜʝʥʠʝ ʠ ʠʩʪʦʱʝʥʠʝ 

ʟʘʧʘʩʦʚ ʛʣʫʪʘʪʠʦʥʘ in vivo. 

ɺ ʤʝʜʠʮʠʥʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʠʩʧʦʣʴʟʫʶʪ, ʢʨʦʤʝ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʥʘʪʠʚʥʦʛʦ 

ʬʫʣʣʝʨʝʥʘ, ʠ ʬʫʣʣʝʨʝʥʳ, ʦʙʨʘʙʦʪʘʥʥʳʝ ʩʫʨʬʘʢʪʘʥʪʦʤ. ɺ ʧʦʩʣʝʜʥʝʤ ʩʣʫʯʘʝ ʦʩʦʙʝʥʥʦ ʠʥʪʝʨʝʩʥʳ 

ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʤʧʣʝʢʩʳ ʙʝʣʢʦʚ, ʘʤʠʥʦʢʠʩʣʦʪ ʠ ʜʨ. ʩ ʬʫʣʣʝʨʝʥʘʤʠ, ʥʘʧʨʠʤʝʨ, ʧʦʣʫʯʝʥʠʝ 

ʢʦʥʲʶʛʘʪʦʚ ʩ ʮʠʢʣʦʜʝʢʩʪʨʠʥʦʤ. ʇʦʣʫʯʝʥʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʨʘʩʪʚʦʨʠʤʦ ʚ ʚʦʜʝ, ʦʜʥʘʢʦ ʝʛʦ ʨʘʩʪʚʦʨ 

ʩʪʘʙʠʣʝʥ ʪʦʣʴʢʦ ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʥʝʜʝʣʴ ʧʨʠ ʭʨʘʥʝʥʠʠ ʧʨʠ -10
0
ʉ [31]. 

 
ɽʱʸ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʢʦʤʧʣʝʢʩʦʚ ʩ ʠʥʩʫʣʠʥʦʤ [32]. ʇʨʠʢʣʘʜʥʳʝ 

ʧʝʨʩʧʝʢʪʠʚʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʪʦʛʦ ʬʘʢʪʘ ʦʯʝʚʠʜʥʳ ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʝʨʦʨʘʣʴʥʳʭ ʬʦʨʤ ʠʥʩʫʣʠʥʘ.  

ʄʝʪʘʣʣʦʬʫʣʣʝʨʝʥʳ ʩʦʩʪʘʚʣʷʶʪ ʟʥʘʯʠʪʝʣʴʥʫʶ ʯʘʩʪʴ ʧʦʣʫʯʘʝʤʳʭ ʪʨʘʜʠʮʠʦʥʥʳʤ ʩʧʦʩʦʙʦʤ 

ʩʠʥʪʝʟʘ ʚ ʜʫʛʝ ʬʫʣʣʝʨʝʥʦʚ. ʄʝʪʘʣʣʦʬʫʣʣʝʨʝʥʳ GdC60[C(COOH(2)CH(3))(2)](10) ʠ GdC60[C(COOH)(2)](10) 

ʷʚʣ̫ʁ ʪʩʷ ʨʘʩʪʚʦʨʠʤʳʤʠ ʧʨʦʠʟʚʦʜʥʳʤʠ, ʨʘʩʧʨʝʜʝʣʷʶʱʠʤʠʩʷ ʚ ʦʩʥʦʚʥʦʤ ʚ ʨʝʪʠʢʫʣʦ-

ʵʥʜʦʪʝʣʠʘʣʴʥʦʡ ʩʠʩʪʝʤʝ, ʯʪʦ ʦʪʢʨʳʚʘʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩ 

ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠʤʠ ʮʝʣʷʤʠ [33]. 

ɼʦʩʪʘʪʦʯʥʦ ʠʟʫʯʝʥ ʠ ʧʨʦʪʠʚʦʤʠʢʨʦʙʥʳʡ ʘʩʧʝʢʪ ʬʘʨʤʘʢʦʜʠʥʘʤʠʢʠ ʬʫʣʣʝʨʝʥʦʚ. ʊʘʢ, 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʡ ʜʝʨʠʚʘʪ ʬʫʣʣʝʨʝʥʘ ï ʢʘʨʙʦʢʩʠʬʫʣʣʝʨʝʥ ʧʨʠ 

ʚʥʫʪʨʠʙʨʶʰʠʥʥʦʤ ʚʚʝʜʝʥʠʠ ʤʳʰʘʤ ʩ ʩʝʧʩʠʩʦʤ, ʚʳʟʚʘʥʥʦʤ S. pyogenes ʟʘʱʠʱʘʝʪ ʦʪ ʛʠʙʝʣʠ 33% 




