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ɸʥʥʦʪʘʮʠʷ 

ʇʘʣʠʥʦʣʦʛʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ ʩʘʨʤʘʪʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ɺʦʩʪʦʯʥʦʡ ɻʨʫʟʠʠ ʙʳʣʠ ʠʥ-

ʪʝʨʧʨʝʪʠʨʦʚʘʥʳ ʩ ʧʦʤʦʱʴʶ ʣʘʥʜʰʘʬʪʥʦ-ʬʠʪʦʮʝʥʦʣʦʛʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʢʦʪʦʨʦʛʦ ʧʦʟʚʦʣʠʣʦ ʧʨʦʩʣʝʜʠʪʴ ʠʩʪʦʨʠʶ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ ʠ ʫʩʪʘʥʦʚʠʪʴ ʵʪʘʧʳ 

ʝʛʦ ʨʘʟʚʠʪʠʷ. ɺ ʦʩʥʦʚʫ ʠʭ ʚʳʜʝʣʝʥʠʷ ʙʳʣʠ ʧʦʣʦʞʝʥʳ ʢʦʣʝʙʘʥʠʷ ʘʨʝʘʣʦʚ ʦʩʥʦʚʥʳʭ ʵʢʦ-

ʣʦʛʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʛʨʫʧʧ ʨʘʩʪʝʥʠʡ, ʘ ʪʘʢʞʝ ʜʨʝʚʝʩʥʳʭ ʠ ʪʨʘʚʷʥʠʩʪʳʭ ʚ ʮʝʣʦʤ.  

ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʜʘʥʥʳʭ ʧʘʣʠʥʦʣʦʛʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʩʘʨʤʘʪʩʢʠʭ ʦʪʣʦʞʝʥʠʡ 

ɺʦcʪʦʯʥʦʡ ʠ ɿʘʧʘʜʥʦʡ ɻʨʫʟʠʠ ʚʳʷʚʠʣʦ ʦʧʨʝʜʝʣʝʥʥʳʝ ʨʘʟʣʠʯʠʷ ʚ ʜʠʥʘʤʠʢʝ ʨʘʩʪ-

ʠʪʝʣʴʥʦʩʪʠ ʠ ʢʣʠʤʘʪʘ ʵʪʠʭ ʜʚʫʭ ʨʝʛʠʦʥʦʚ. ɺ ɿʘʧʘʜʥʦʡ ɻʨʫʟʠʠ ʥʠʞʥʠʡ ʠ ʩʨʝʜʥʠʡ ʩʘʨ-

ʤʘʪ ʙʳʣ ʝʜʠʥʳʤ ʵʪʘʧʦʤ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʢʣʠʤʘʪʠʯʝʩʢʦʤʫ ʦʧʪʠʤʫʤʫ, ʚ ʪʝʯʝʥʠʝ ʢʦʪʦ-

ʨʦʛʦ ʧʦʯʪʠ ʩʪʘʙʠʣʴʥʳʤ ʦʩʪʘʚʘʣʩʷ ʘʨʝʘʣ ʩʫʙʪʨʦʧʠʯʝʩʢʠʭ ʧʦʣʠʜʦʤʠʥʘʥʪʥʳʭ ʣʝʩʦʚ. ʅʘ 

ʚʦʩʪʦʢʝ ʚ ʪʝʯʝʥʠʝ ʪʦʛʦ ʞʝ ʚʨʝʤʝʥʠ ʠʤʝʣʠ ʤʝʩʪʦ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʬʣʫʢʪʫʘʮʠʠ, ʯʪʦ ʙʳʣʦ 

ʧʨʠʯʠʥʦʡ ʩʤʝʥʳ ʵʪʘʧʦʚ ʩ ʨʘʟʣʠʯʥʳʤ ʪʠʧʦʤ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʛʨʘʥʠʮʘ 

ʤʝʞʜʫ ʩʨʝʜʥʠʤ ʠ ʚʝʨʭʥʠʤ ʩʘʨʤʘʪʦʤ ʙʳʣʘ ʧʝʨʝʣʦʤʥʳʤ ʤʦʤʝʥʪʦʤ ʚ ʠʩʪʦʨʠʠ ʢʘʢ ɿʘʧʘʜ-

ʥʦʡ, ʪʘʢ ʠ ɺʦʩʪʦʯʥʦʡ ɻʨʫʟʠʠ. ʅʦ ʚ ʧʦʩʣʝʜʫʶʱʠʝ ʦʪʨʝʟʢʠ ʥʝʦʛʝʥʘ ʵʚʦʣʶʮʠʷ ʨʘʩʪʠʪʝʣʴ-

ʥʩʪʠ ʠ ʢʣʠʤʘʪʘ ʰʣʘ ʫʞʝ ʚ ʨʘʟʣʠʯʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ. ʆʜʥʦʡ ʠʟ ʛʣʘʚʥʳʭ ʧʨʠʯʠʥ ʵʪʦʛʦ 

ʷʚʣʝʥʠʷ ʙʳʣʠ ʪʝʢʪʦʥʠʯʝʩʢʠʝ ʜʚʠʞʝʥʠʷ, ʚʩʣʝʜʩʪʚʠʠ ʯʝʛʦ ɿʘʢʘʚʢʘʟʩʢʘʷ ʤʝʞʛʦʨʥʘʷ ʜʝ-

ʧʨʝʩʩʠʷ, ʢʦʪʦʨʘʷ ʚ ʨʘʥʥʝʤ ʠ ʩʨʝʜʥʝʤ ʩʘʨʤʘʪʝ ʙʳʣʘ ʧʦʢʨʳʪʘ ʤʦʨʝʤ, ʧʨʝʚʨʘʪʠʣʘʩʴ ʚ ʩʫ-

ʰʫ ʩ ʜʚʫʤʷ ʢʨʫʧʥʳʤʠ ʨʝʛʠʦʥʘʤʠ, ʨʘʟʜʝʣʝʥʥʳʤʠ ɼʟʠʨʫʣʴʩʢʠʤ ʤʘʩʩʠʚʦʤ. ʅʘ ʟʘʧʘʜʝ ʦʙ-

ʨʘʟʦʚʘʣʘʩʴ ʠʟʦʣʠʨʦʚʘʥʥʘʷ ʦʙʣʘʩʪʴ, ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ ʂʦʣʭʠʜʩʢʠʡ ʨʝʬʫʛʠʫʤ, ʛʜʝ ʧʨʦ-

ʜʦʣʞʘʣ ʩʦʭʨʘʥʷʪʴʩʷ ʪʝʧʣʳʡ ʠ ʚʣʘʞʥʳʡ ʢʣʠʤʘʪ, ʩʧʦʩʦʙʩʪʚʦʚʘʶʱʠʡ ʨʘʟʚʠʪʠʶ ʙʦʛʘʪʦʡ 

ʣʝʩʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ, ʘ ʥʘ ʚʦʩʪʦʢʝ ʥʘʯʘʣʩʷ ʧʨʦʮʝʩʩ ʢʩʝʨʦʬʠʪʠʟʘʮʠʠ, ʧʨʠʥʷʚʰʠʡ 

ʥʘʠʙʦʣʝʝ ʷʨʢʠʡ ʭʘʨʘʢʪʝʨ ʥʘ ʛʨʘʥʠʮʝ ʩʨʝʜʥʝʛʦ ʠ ʚʝʨʭʥʝʛʦ ʩʘʨʤʘʪʘ. ɺ ʮʝʣʦʤ, ʚʝʨʦʷʪʥʦ, 

ʵʚʦʣʶʮʠʷ ʢʣʠʤʘʪʘ ɺʦʩʪʦʯʥʦʡ ɻʨʫʟʠʠ ʚ ʧʦʩʪ-ʩʘʨʤʘʪʩʢʦʝ ʚʨʝʤʷ ʙʳʣʘ ʪʝʩʥʦ ʩʚʷʟʘʥʘ ʩ 

ʦʙʱʠʤ ʧʨʦʮʝʩʩʦʤ ʢʩʝʨʦʬʠʪʠʟʘʮʠʠ, ʢʦʪʦʨʳʡ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦʝ ʚ ʵʪʦʪ ʞʝ ʧʝʨʠʦʜ ʦʭʚʘʪʠʣ 

ʚʩʶ ʶʞʥʫʶ ʧʦʣʦʩʫ ɺʦʩʪʦʯʥʦʡ ɽʚʨʦʧʳ.  

Abstract 

The pollen assemblages of the Eastern Georgia deposits were interpreted with the land-

scape-phytocenological method which allowed to distinguish 5 stages of vegetation develop-

ment and on those basis establish the changes of separate ecological groups of plants as well 

as trees and grasses. 
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The comparison of the pollen assemblages of the Eastern Georgia Sarmatian deposits 

with those of the Western Georgia revealed the differences in dynamics of vegetation and 

climate between these two regions. In the Western Georgia the Lower and Middle Sarmatian 

composed of the single stage, corresponding to climatic optimum in the course of which the 

area of the subtropical polydominant forest remained stable. In the East, during the same time, 

frequent vegetational changes, connected with the climate fluctuations took place. Neverthe-

less,the boundary between Middle and Upper Sarmatian was the turning point in the history 

of both regions. But the development of vegetation and climate in the following stretches of 

the Neogene differed a great deal. One of the main reasons of this phenomenon were the tec-

tonic movements, after which the Transcaucasian intermonate depression, which during the 

Early and Middle Sarmatian was covered by sea, transformed into dry land with two large re-

gions, divided by the Dzirula Block. In the West an isolated province so-called Colchis ref-

uge, was formed. Here the subtropical climate favorable for preservation of rich forest vegeta-

tion continued to predominate. At the same time in the East the process of climate xerophyti-

sation and formation of open communities began becoming most striking on the verge of the 

Middle and Upper Sarmatian. 

On the whole the history of Eastern Georgia climate in post-Sarmatian time was closely 

connected with general process of xerophytisation which nearly in the same period embraced 

whole Southern part of the Eastern Europe. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ɺʦʩʪʦʯʥʘʷ ɻʨʫʟʠʷ, ʩʘʨʤʘʪ, ʧʘʣʠʥʦʣʦʛʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ, ʨʘʩ-

ʪʠʪʝʣʴʥʦʩʪʴ, ʢʣʠʤʘʪ. 

Keywords: Eastern Georgia, Sarmatian, pollen assemblages, vegetation, climate. 

ɺ ɺʦʩʪʦʯʥʦʡ ɻʨʫʟʠʠ ʩʘʨʤʘʪʩʢʠʝ ʦʪʣʦʞʝʥʠʷ ʠʤʝʶʪ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʠ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʩʘʜʢʘʤʠ ʪʨʝʭ ʧʦʜʲʷʨʫʩʦʚ: ʚʦʣʳʥʩʢʦʛʦ, ʙʝʩʩʘʨʘʙʩʢʦʛʦ ʠ ʭʚʘʣʳʥʩʢʦʛʦ 

(ʪʘʙ.1). 

 
ʊʘʙ. I. ʉʭʝʤʘ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʛʦ ʜʝʣʝʥʠʷ ʩʘʨʤʘʪʩʢʠʭ ʦʪʣʦʞʝʥʠʡ 

ɺʦʩʪʦʯʥʦʛʦ ʇʘʨʘʪʝʪʠʩʘ (ʉʝʤʝʥʝʥʢʦ ʠ ʜʨ., 2009). 

 

ɼʦ ʧʦʩʣʝʜʥʝʛʦ ʚʨʝʤʝʥʠ ʟʥʘʥʠʷ ʦ ʩʘʨʤʘʪʩʢʦʡ ʬʣʦʨʝ ɺʦʩʪʦʯʥʦʡ ɻʨʫʟʠʠ ʦʩʥʦ-

ʚʳʚʘʣʠʩʴ ʥʘ ʜʘʥʥʳʭ ʠʟʫʯʝʥʠʷ ʢʨʫʧʥʳʭ ʦʩʪʘʪʢʦʚ ʨʘʩʪʝʥʠʡ ʠʟ ʦʪʣʦʞʝʥʠʡ ʥʠʞʥʝʛʦ ʠ 

ʩʨʝʜʥʝʛʦ ʩʘʨʤʘʪʘ. ɺ ʧʘʣʠʥʦʣʦʛʠʯʝʩʢʦʤ ʦʪʥʦʰʝʥʠʠ ʩʘʨʤʘʪ ʦʩʪʘʚʘʣʩʷ ʥʝ ʠʟʫʯʝʥ ʥʳʤ. 

ʉʫʱʝʩʪʚʦʚʘʣʦ ʣʠʰʴ ʢʨʘʪʢʦʝ ʩʦʦʙʱʝʥʠʝ ʦ ʨʝʟʫʣʴʪʘʪʘʭ ʧʘʣʠʥʦʣʦʛʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʢʝʨ-

ʥʦʚ ʙʫʨʦʚʳʭ ʩʢʚʘʞʝʥ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʎʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʂʘʨʪʣʠʡʩʢʘʷ ʜʝʧʨʝʩʩʠʠ 

(ʄʯʝʜʣʠʰʚʠʣʠ, ʄʯʝʜʣʠʰʚʠʣʠ,1953). ʅʝʩʤʦʪʨʷ ʥʘ ʙʝʜʥʳʡ ʩʦʩʪʘʚ ʧʘʣʠʥʦʬʣʦʨʳ (28 

ʬʦʨʤ), ʘʚʪʦʨʘʤʠ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʦʪʣʦʞʝʥʠʷ ʪʨʝʭ ʧʦʜʲʷʨʫʩʦʚ ʩʘʨʤʘʪʘ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʳ ʨʘʩʧʦʣʘʛʘʝʤ ʙʦʛʘʪʳʤ ʧʘʣʠʥʦʣʦʛʠʯʝʩʢʠʤ ʤʘʪʝʨʠʘʣʦʤ ʠʟ 

ʨʘʟʣʠʯʥʳʭ ʨʘʟʨʝʟʦʚ ɺʦʩʪʦʯʥʦʡ ɻʨʫʟʠʠ (Shatilova et al., 20011; ʐʘʪʠʣʦʚʘ, ʂʦʢʦʣʘʰʚʠʣʠ, 
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2013). ɺ ʩʦʩʪʘʚʝ ʬʣʦʨʳ ʦʧʨʝʜʝʣʝʥʦ ʦʢʦʣʦ 170 ʵʣʝʤʝʥʪʦʚ ʬʣʦʨʳ, ʧʨʠʥʘʜʣʝʞʘʱʠʭ 127 

ʨʦʜʘʤ, 78 ʩʝʤʝʡʩʪʚʘʤ ʠ 8 ʢʣʘʩʩʘʤ.  

ʇʨʠ ʠʟʫʯʝʥʠʠ ʩʘʨʤʘʪʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ɺʦʩʪʦʯʥʦʡ ɻʨʫʟʠʠ ʥʘʤʠ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ 

ʣʘʥʜʰʘʬʪʥʦ-ʬʠʪʦʣʦʛʠʯʝʩʢʠʡ ʤʝʪʦʜ, ʚ ʦʩʥʦʚʝ ʢʦʪʦʨʦʛʦ ʣʝʞʠʪ ʟʘʢʦʥ ʰʠʨʦʪʦʡ ʟʦʥʘʣʴʥʦ-

ʩʪʠ, ʚʣʠʷʶʱʠʡ ʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʢʘʢ ʚ ʧʨʦʰʣʦʤ, ʪʘʢ ʠ ʚ ʥʘʩʪʦʷʱʝʤ. ʆʥ 

ʥʝ ʜʘʝʪ ʪʦʯʥʦʡ ʦʮʝʥʢʠ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʥʦ ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ 

ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴ ʩʜʚʠʛʠ ʛʨʘʥʠʮ ʨʘʩʪʠʪʝʣʴʥʳʭ ʟʦʥ (ɹʦʨʟʝʥʢʦʚʘ, 1992). ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ 

ʣʘʥʜʰʘʬʪʥʦ-ʬʠʪʦʣʦʛʠʯʝʩʢʠʡ ʤʝʪʦʜ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʧʨʠ ʨʝʢʦʥʩʪʨʫʢ-

ʮʠʠ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʛʦʨʥʳʭ ʦʙʣʘʩʪʝʡ, ʛʜʝ ʥʘ ʩʨʘʚʥʠʪʝʣʴʥʦ ʦʛʨʘʥʠʯʝʥʥʦʡ ʪʝʨ-

ʨʠʪʦʨʠʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩʫʱʝʩʪʚʦʚʘʣʦ ʥʝʩʢʦʣʴʢʦ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʧʦʷʩʦʚ ʩ ʨʘʟʣʠʯʥʳʤ 

ʪʠʧʦʤ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ. 

ɸʥʘʣʠʟ ʧʘʣʠʥʦʢʦʤʧʣʝʢʩʦʚ ʩ ʧʦʤʦʱʴʶ ʣʘʥʜʰʘʬʪʥʦ-ʬʠʪʦʣʦʛʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʧʦʟ-

ʚʦʣʠʣ ʧʨʦʩʣʝʜʠʪʴ ʜʠʥʘʤʠʢʫ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ ʠ ʫʩʪʘʥʦʚʠʪʴ 5 ʵʪʘʧʦʚ ʨʘʟʚʠʪʠʷ, ʥʘ 

ʧʨʦʪʷʞʝʥʠʠ ʢʦʪʦʨʳʭ ʦʪʯʝʪʣʠʚʦ ʧʨʦʩʣʝʞʠʚʘʶʪʩʷ ʢʦʣʝʙʘʥʠʷ ʘʨʝʘʣʦʚ ʦʪʜʝʣʴʥʳʭ ʵʢʦʣʦ-

ʛʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʛʨʫʧʧ ʨʘʩʪʝʥʠʡ (ʨʠʩ.1). 

  
ʈʠʩ. 20. ʉʚʦʜʥʘʷ ʧʘʣʠʥʦʣʦʛʠʯʝʩʢʘʷ ʜʠʘʛʨʘʤʤʘ, ʦʪʨʘʞʘʶʱʘʷ ʠʟʤʝʥʝʥʠʝ 

ʘʨʝʘʣʦʚ ʦʪʜʝʣʴʥʳʭ ʵʢʦʣʦʛʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʛʨʫʧʧ ʨʘʩʪʝʥʠʡ ʚ ʧʝʨʠʦʜ  

 ʥʘʢʦʧʣʝʥʠʷ ʩʘʨʤʘʪʩʢʠʭ ʦʪʣʦʞʝʥʠʷʭ ɺʦʩʪʦʯʥʦʡ ɻʨʫʟʠʠ 

 

ɺ ʪʝʯʝʥʠʝ I ʵʪʘʧʘ ʧʨʝʦʙʣʘʜʘʣʠ ʣʝʩʘ, ʚ ʩʦʩʪʘʚʝ ʢʦʪʦʨʳʭ ʩʫʙʪʨʦʧʠʯʝʩʢʠʝ ʠ ʪʝʧʣʦ-

ʫʤʝʨʝʥʥʳʝ ʨʘʩʪʝʥʠʷ ʠʛʨʘʣʠ ʧʦʯʪʠ ʨʘʚʥʫʶ ʨʦʣʴ. ɺʣʘʞʥʦʩʪʴ ʙʳʣʘ ʥʝ ʚʳʩʦʢʦʡ, ʥʘ ʯʪʦ 

ʫʢʘʟʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʘʷ ʨʦʣʴ ʩʦʩʥʳ ʚ ʩʦʩʪʘʚʝ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ. ʂʣʠʤʘʪʠʯʝʩʢʠʡ 

ʦʧʪʠʤʫʤ ʩʘʨʤʘʪʘ ʦʭʚʘʪʳʚʘʣ ʚʝʩʴ II ʵʪʘʧ. ɺ III ʵʪʘʧʝ ʚʣʘʞʥʦʩʪʴ ʩʦʢʨʘʪʠʣʘʩʴ ʠ ʫʚʝʣʠʯʠ-

ʣʘʩʴ ʧʣʦʱʘʜʴ ʪʨʘʚʷʥʠʩʪʳʭ ʘʩʩʦʮʠʘʮʠʡ. ɿʘʪʝʤ ʚ IV ʵʪʘʧʝ ʚʣʘʞʥʦʩʪʴ, ʚʝʨʦʷʪʥʦ, ʚʥʦʚʴ 

ʧʦʚʳʩʠʣʘʩʴ ʠ ʚʦʟʨʘʩʣʘ ʨʦʣʴ ʜʨʝʚʝʩʥʳʭ ʨʘʩʪʝʥʠʡ ʜʨʝʚʝʩʥʳʭʨʘʩʪʝʥʠʡ ʪʝʧʣʦʫʤʝʨʝʥʥʦʛʦ 

ʢʣʠʤʘʪʘ. ʅʘʯʘʣʦʤ ʢʦʨʝʥʥʦʡ ʧʝʨʝʩʪʨʦʡʢʠ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ ʙʳʣ V ʵʪʘʧ, ʧʦʩʣʝ ʢʦ-

ʪʦʨʦʛʦ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʪʝʨʨʠʪʦʨʠʠ ɺʦʩʪʦʯʥʦʡ ɻʨʫʟʠʠ ʦʢʘʟʘʣʘʩʴ ʧʦʢʨʳʪʦʡ ʙʝʟʣʝʩʥʳʤʠ 

ʣʘʥʜʰʘʬʪʘʤʠ. ɼʨʝʚʝʩʥʳʝ ʬʦʨʤʠʨʦʚʘʣʠ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʧʨʠʨʝʯʥʳʝ ʣʝʩʘ ʠ ʨʝʜʢʦʣʝ-

ʩʴʷ. ʅʝ ʠʩʢʣʶʯʝʥʦ, ʯʪʦ ʤʥʦʛʠʝ ʩʫʙʪʨʦʧʠʯʝʩʢʠʝ ʨʘʩʪʝʥʠʷ, ʢʦʪʦʨʳʝ ʩʦʭʨʘʥʠʣʠʩʴ ʚ ʩʦʩʪʘ-

ʚʝ ʬʣʦʨʳ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʫʩʪʘʨʥʠʢʦʚʳʤʠ ʬʦʨʤʘʤʠ. 

ʉ ʧʦʤʦʱʴʶ ʣʘʥʜʰʘʬʪʥʦ-ʬʠʪʦʣʦʛʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ ʪʘʢ ʞʝ ʧʘ-

ʣʠʥʦʣʦʛʠʯʝʩʢʘʷ ʜʠʘʛʨʘʤʤʘ ʩʘʨʤʘʪʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ɿʘʧʘʜʥʦʡ ɻʨʫʟʠʠ (ʨʠʩ.2). ɿʜʝʩʴ ʚ ʪʝ-
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ʯʝʥʠʝ ʨʘʥʥʝʛʦ ʠ ʩʨʝʜʥʝʛʦ ʩʘʨʤʘʪʘ ʨʘʟʚʠʪʠʝ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʧʨʦʪʝʢʘʣʦ ʙʝʟ ʨʝʟʢʠʭ ʬʣʫʢ-

ʪʫʘʮʠʡ, ʚ ʫʩʣʦʚʠʷʭ ʩʪʘʙʠʣʴʥʦʛʦ ʢʣʠʤʘʪʘ. ʆʩʥʦʚʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʡ ʬʦʨʤʘʮʠʝʡ ʙʳʣʠ ʧʦ-

ʣʠʜʦʤʠʥʘʥʪʥʳʝ ʣʝʩʘ, ʚ ʩʦʩʪʘʚʝ ʢʦʪʦʨʳʭ ʧʨʝʦʙʣʘʜʘʣʠ ʪʝʨʤʦʬʠʣʴʥʳʝ ʭʚʦʡʥʳʝ ʠ ʛʠʛʨʦ-

ʬʠʣʴʥʳʝ ʩʫʙʪʨʦʧʠʯʝʩʢʠʝ ʣʠʩʪʚʝʥʥʳʝ ʧʦʨʦʜʳ. ɼʦʣʷ ʫʯʘʩʪʠʷ ʪʨʘʚ ʠ ʩʦʩʥʳ ʙʳʣʘ ʥʝʟʥʘ-

ʯʠʪʝʣʴʥʦʡ. ɺ ʮʝʣʦʤ, ʨʘʥʥʠʡ ʠ ʩʨʝʜʥʠʡ ʩʘʨʤʘʪ ɿʘʧʘʜʥʦʡ ɻʨʫʟʠʠ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ 

ʢʘʢ ʝʜʠʥʳʡ ʢʣʠʤʘʪʠʯʝʩʢʠʡ ʦʧʪʠʤʫʤ, ʚ ʪʝʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʛʦʩʧʦʜʩʪʚʦʚʘʣʠ ʚʣʘʞʥʦ-

ʩʫʙʪʨʦʧʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ. 

 
ʈʠʩ. 21. ʉʚʦʜʥʘʷ ʧʘʣʠʥʦʣʦʛʠʯʝʩʢʘʷ ʜʠʘʛʨʘʤʤʘ, ʦʪʨʘʞʘʶʱʘʷ ʠʟʤʝʥʝʥʠʝ 

ʘʨʝʘʣʦʚ ʦʪʜʝʣʴʥʳʭ ʵʢʦʣʦʛʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʛʨʫʧʧ ʨʘʩʪʝʥʠʡ ʚ ʧʝʨʠʦʜ  

 ʥʘʢʦʧʣʝʥʠʷ ʩʘʨʤʘʪʩʢʠʭ ʦʣʦʞʝʥʠʡ ɿʘʧʘʜʥʦʡ ɻʨʫʟʠʠ 

 

ɺ ʵʪʦ ʞʝ ʚʨʝʤʷ ʚʦ ʬʣʦʨʝ ɺʦʩʪʦʯʥʦʡ ɻʨʫʟʠʠ ʙʦʛʘʪʦ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʦʤ-

ʧʦʥʝʥʪʳ ʢʘʢ ʚʣʘʞʥʦ-ʩʫʙʪʨʦʧʠʯʝʩʢʠʭ, ʪʘʢ ʠ ʞʝʩʪʢʦʣʠʩʪʥʳʭ ʬʦʨʤʘʮʠʡ, ʚ ʩʦʩʪʘʚʝ ʢʦʪʦ-

ʨʳʭ ʟʥʘʯʠʪʝʣʴʥʦʝ ʤʝʩʪʦ ʟʘʥʠʤʘʣ ʩʨʝʜʠʟʝʤʥʦʤʦʨʩʢʠʡ ʵʣʝʤʝʥʪ (ʏʝʣʠʜʟʝ,1987). ɼʠʥʘʤʠ-

ʢʘ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʙʳʣʘ ʥʝ ʩʪʘʙʠʣʴʥʦʡ, ʠʤʝʣʠ ʤʝʩʪʦ ʢʘʢ ʯʘʩʪʳʝ ʩʤʝʥʳ ʜʦʤʠʥʘʥʪʦʚ ʚ 

ʧʨʝʜʝʣʘʭ ʣʝʩʥʳʭ ʩʦʦʙʱʝʩʪʚ, ʪʘʢ ʠ ʩʦʢʨʘʱʝʥʠʝ ʠʭ ʘʨʝʘʣʦʚ ʚ ʮʝʣʦʤ ʟʘ ʩʯʝʪ ʨʘʩʰʠʨʝʥʠʷ 

ʧʣʦʱʘʜʠ ʪʨʘʚʷʥʠʩʪʳʭ ʘʩʩʦʮʠʘʮʠʡ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʚ ʨʘʥʥʝʤ ʠ ʩʨʝʜʥʝʤ ʩʘʨʤʘʪʝ ʩʫʱʝʩʪʚʦʚʘʣʘ 

ʝʜʠʥʘʷ ɿʘʢʘʚʢʘʟʩʢʘʷ ʤʝʞʛʦʨʥʘʷ ʜʝʧʨʝʩʩʠʷ, ʫʞʝ ʚ ʵʪʦ ʚʨʝʤʷ ʠʤʝʣʠ ʤʝʩʪʦ ʦʧʨʝʜʝʣʝʥʥʳʝ 

ʨʘʟʣʠʯʠʷ ʚ ʜʠʥʘʤʠʢʝ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʫʯʘʩʪʢʦʚ ʪʝʨʨʠʪʦʨʠʠ ɻʨʫʟʠʠ, ʧʨʠʤʳʢʘʚ-

ʰʠʭ ʢ ʏʝʨʥʦʤʫ ʠ ʂʘʩʧʠʡʩʢʦʤʫ ʤʦʨʷʭ. ɹʦʣʝʝ ʷʨʢʦ ʚʳʨʘʞʝʥʥʳʡ ʭʘʨʘʢʪʝʨ ʦʥʠ ʧʨʠʦʙʨʝʣʠ 

ʧʦʩʣʝ ʩʨʝʜʥʝʛʦ ʩʘʨʤʘʪʘ, ʢʦʛʜʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʜʚʠʞʝʥʠʡ ɿʘʢʘʚʢʘʟʩʢʘʷ ʤʝʞ-

ʛʦʨʥʘʷ ʜʝʧʨʝʩʩʠʷ ʧʨʝʚʨʘʪʠʣʘʩʴ ʚ ʩʫʰʫ, ʨʘʟʜʝʣʝʥʥʘʷ ɼʟʠʨʫʣʴʩʢʠʤ ʤʘʩʩʠʚʦʤ ʥʘ ʜʚʘ 

ʢʨʫʧʥʳʭ ʨʝʛʠʦʥʘ - ʟʘʧʘʜʥʳʡ ʠ ʚʦʩʪʦʯʥʳʡ. ʊʝʨʨʠʪʦʨʠʷ, ʦʤʳʚʘʝʤʘʷ ʏʝʨʥʳʤ ʤʦʨʝʤ, 

ʦʢʨʫʞʝʥʥʘʷ ʚʳʩʦʢʠʤʠ ʭʨʝʙʪʘʤʠ, ʧʨʝʚʨʘʪʠʣʘʩʴ ʚ ʠʟʦʣʠʨʦʚʘʥʥʫʶ ʦʙʣʘʩʪʴ, ʛʜʝ ʧʨʦʜʦʣ-
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ʞʘʣ ʩʦʭʨʘʥʷʪʴʩʷ ʪʝʧʣʳʡ ʠ ʚʣʘʞʥʳʡ ʢʣʠʤʘʪ, ʪʦʛʜʘ ʢʘʢ ʥʘ ʚʦʩʪʦʢʝ ʥʘʯʘʣʩʷ ʧʨʦʮʝʩʩ ʢʩʝ-

ʨʦʬʠʪʠʟʘʮʠʠ, ʧʨʠʥʷʚʰʠʡ ʥʘʠʙʦʣʝʝ ʦʩʪʨʳʡ ʭʘʨʘʢʪʝʨ ʥʘ ʛʨʘʥʠʮʝ ʩʨʝʜʥʝʛʦ ʠ ʚʝʨʭʥʝʛʦ 

ʩʘʨʤʘʪʘ. 

ɻʨʘʥʠʮʘ ʤʝʞʜʫ ʩʨʝʜʥʠʤ ʠ ʧʦʟʜʥʝʤ ʩʘʨʤʘʪʦʤ ʢʘʢ ʚ ɿʘʧʘʜʥʦʡ, ʪʘʢ ʠ ʚ ɺʦʩʪʦʯʥʦʡ 

ɻʨʫʟʠʠ ʙʳʣʘ ʧʝʨʝʣʦʤʥʳʤ ʤʦʤʝʥʪʦʤ ʚ ʠʩʪʦʨʠʠ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʠ ʢʣʠʤʘʪʘ, ʥʦ ʚ ʧʦʩʣʝ-

ʜʫʶʱʠʝ ʧʝʨʠʦʜʳ ʵʚʦʣʶʮʠʷ ʢʣʠʤʘʪʘ ʵʪʠʭ ʜʚʫʭ ʨʝʛʠʦʥʦʚ ʧʨʦʪʝʢʘʣʘ ʧʦʨʘʟʥʦʤʫ. ɺ ɿʘ-

ʧʘʜʥʦʡ ɻʨʫʟʠʠ, ʩ ʥʝʢʦʪʦʨʳʤ ʦʪʢʣʦʥʝʥʠʝʤʠ, ʥʘʯʘʣʩʷ ʧʨʦʮʝʩʩ ʫʚʝʣʠʯʝʥʠʷ ʚʣʘʞʥʦʩʪʠ, 

ʯʪʦ ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʨʘʟʚʠʪʠʶ ʙʦʛʘʪʦʡ ʣʝʩʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʚ ʩʦʩʪʘʚʝ ʢʦʪʦʨʦʡ ʜʦ 

ʢʦʥʮʘ ʧʣʝʡʩʪʦʮʝʥʘ ʩʦʭʨʘʥʷʣʠʩʴ ʨʝʣʠʢʪʳ ʪʨʝʪʠʯʥʳʭ ʬʣʦʨ. ʅʘ ʚʦʩʪʦʢʝ ʤʘʩʩʦʚʦʝ ʚʳʤʠ-

ʨʘʥʠʝ ʪʨʝʪʠʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʨʦʠʟʦʰʣʦ ʧʦʩʣʝ ʩʘʨʤʘʪʘ ʠ ʣʠʰʴ ʥʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ ʩʦʭʨʘ-

ʥʠʣʠʩʴ ʚ ʘʢʯʘʛʳʣʝ ʠ ʘʧʰʝʨʦʥʝ. 

ʈʘʟʚʠʪʠʝ ʢʣʠʤʘʪʘ ɺʦʩʪʦʯʥʦʡ ɻʨʫʟʠʠ ʙʳʣʦ ʪʝʩʥʦ ʩʚʷʟʘʥʦ ʩ ʧʨʦʮʝʩʩʦʤ ʘʨʠʜʠʟʘʮʠʠ, 

ʢʦʪʦʨʳʡ ʚ ʧʦʟʜʥʝʤ ʩʘʨʤʘʪʝ ʠ ʚ ʧʦʩʣʝʜʫʶʱʠʝ ʦʪʨʝʟʢʠ ʚʨʝʤʝʥʠ ʦʭʚʘʪʠʣ ʚʩʶ ʶʞʥʫʶ ʧʦ-

ʣʦʩʫ ɺʦʩʪʦʯʥʦʡ ɽʚʨʦʧʳ. ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʋʢʨʘʠʥʳ ʧʨʦʠʟʦʰʣʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʪʝʧʝʡ, 

ʢʦʪʦʨʳʝ ʧʝʨʠʦʜʠʯʝʩʢʠ ʩʤʝʥʷʣʠʩʴ ʣʝʩʥʳʤʠ ʣʘʥʜʰʘʬʪʘʤʠ (ʑʝʢʠʥʘ, 1979). ɽʱʝ ʙʦʣʝʝ 

ʦʙʝʜʥʝʥʥʦʡ ʙʳʣʘ ʬʣʦʨʘ ʶʛʦ-ʚʦʩʪʦʯʥʦʡ ʋʢʨʘʠʥʳ ʠ ʶʞʥʦʡ ʯʘʩʪʠ ʈʫʩʩʢʦʡ ʨʘʚʥʠʥʳ. ɺ 

ʧʦʟʜʥʝʤ ʩʘʨʤʘʪʝ ʠ ʚ ʤʝʦʪʠʩʝ ʟʜʝʩʴ ʥʘʯʘʣʘʩʴ ʬʘʟʘ ʙʦʨʝʘʣʠʟʘʮʠʠ ʤʠʦʮʝʥʦʚʦʡ ʬʣʦʨʳ, ʥʦ 

ʦʩʥʦʚʥʦʝ ʦʙʝʜʥʝʥʠʝ ʝʝ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʪʝʨʤʦʬʠʣʴʥʳʤʠ ʠ ʛʠʛʨʦʬʠʣʴʥʳʤʠ 

ʵʝʣʝʤʝʥʪʘʤʠ ʠʤʝʣʘ ʤʝʩʪʦ ʚ ʢʦʥʮʝ ʩʨʝʜʥʝʛʦ ʩʘʨʤʘʪʘ (ɸʥʘʥʦʚʘ, 1974). 
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ɸʥʦʪʘʮʽʷ 

ɺ ʩʪʘʪʪʽ ʨʦʟʛʣʷʥʫʪʽ ʩʪʨʘʪʠʛʨʘʬʽʯʥʽ, ʣʽʪʦʣʦʛʽʯʥʽ ʪʘ ʧʘʣʝʦʝʢʦʣʦʛʽʯʥʽ ʘʩʧʝʢʪʠ ʧʦʠh-

ʨʝʥʥʷ, ʣʽʪʦʣʦʛʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʘ ʫʤʦʚ ʬʦʨʤʫʚʘʥʥʷ ʚʽʜʢʣʘʜʽʚ ʥʠʞʥʴʦʛʦ ʩʝʥʦʤʘʥʫ ʚ 

ʉʝʨʝʜʥʴʦʤʫ ʇʨʠʜʥʽʩʪʨʦʚôʾ. ʅʘ ʧʽʜʩʪʘʚʽ ʯʠʩʣʝʥʥʠʭ ʩʧʠʩʢʽʚ ʬʘʫʥʠ (ʛʦʣʦʚʦʥʦʛʽ, ʜʚʦʩʪʫʣ-

ʢʦʚʽ ʪʘ ʯʝʨʝʚʦʥʦʛʽ ʤʦʣʶʩʢʠ) ʦʙˇʨʫʥʪʦʚʘʥʦ ʚʠʢʦʥʘʥʥʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʜʝʪʘʣʴʥʦʛʦ ʟʦʥʘʣʴ-

ʥʦʛʦ ʙʽʦʩʪʨʘʪʠʛʨʘʬʽʯʥʦʛʦ ʨʦʟʯʣʝʥʫʚʘʥʥʷ ʮʠʭ ʚʽʜʢʣʘʜʽʚ ʪʘ ʧʨʦʚʝʜʝʥʘ ʾʭ ʢʦʨʝʣʷʮʽʷ ʽʟ 

ʩʫʤʽʞʥʠʤʠ ʨʝʛʽʦʥʘʤʠ ɭʚʨʦʧʠ ʪʘ ɸʟʽʾ. ɺʠʜʽʣʝʥʥʷ ʙʽʦʟʦʥ ʟʘ ʛʦʣʦʚʦʥʦʛʠʤʠ ʤʦʣʶʩʢʘʤʠ 

ʧʽʜʪʚʝʨʜʞʝʥʝ ʧʘʨʘʣʝʣʴʥʠʤ ʚʠʚʯʝʥʥʷʤ ʬʦʨʘʤʽʥʽʬʝʨ ʪʘ ʚʘʧʥʠʩʪʦʛʦ ʥʘʥʦʧʣʘʥʢʪʦʥʫ; 

ʚʠʜʽʣʝʥʽ ʙʽʦʟʦʥʠ ʟʘ ʥʘʥʦʧʣʘʥʢʪʦʥʦʤ. ʈʦʟʛʣʷʥʫʪʽ ʝʢʦʣʦʛʽʯʥʽ ʘʩʧʝʢʪʠ ʽʩʥʫʚʘʥʥʷ ʦʨ-

ʛʘʥʽʟʤʽʚ ʫ ʤʽʣʢʦʚʦʜʥʦʤʫ ʝʧʽʢʦʥʪʠʥʝʥʪʘʣʴʥʦʤʫ ʤʦʨʽ ʨʘʥʥʴʦʛʦ ʩʝʥʦʤʘʥʫ. 

ɸʥʥʦʪʘʮʠʷ 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʝ, ʣʠʪʦʣʦʛʠʯʝʩʢʠʝ ʠ ʧʘʣʝʦʵʢʦʣʦʛʠʯʝʩʢʠʝ 

ʘʩʧʝʢʪʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ, ʣʠʪʦʣʦʛʠʯʝʩʢʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʘ ʫʩʣʦʚʠʡ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʦʪʣʦʞʝʥʠʡ ʥʠʞʥʝʛʦ ʩʝʥʦʤʘʥʘ ʚ ʉʨʝʜʥʝʤ ʇʨʠʜʥʝʩʪʨʦʚʴʝ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʦʙʰʠʨʥʳʭ 

ʩʧʠʩʢʦʚ ʬʘʫʥʳ (ʛʦʣʦʚʦʥʦʛʠʝ, ʜʚʫʩʪʚʦʨʯʘʪʳʝ ʠ ʙʨʶʭʦʥʦʛʠʝ ʤʦʣʣʶʩʢʠ) ʦʙʦʩʥʦʚʘʥʦ ʧʨʦ-

ʚʝʜʝʥʠʝ ʢʦʤʧʣʝʢʩʥʦʛʦ ʜʝʪʘʣʴʥʦʛʦ ʟʦʥʘʣʴʥʦʛʦ ʙʠʦʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʛʦ ʨʘʩʯʣʝʥʝʥʠʷ ʵʪʠʭ 

ʦʪʣʦʞʝʥʠʡ ʠ ʧʨʦʚʝʜʝʥʘ ʠʭ ʢʦʨʨʝʣʷʮʠʷ ʩʦ ʩʤʝʞʥʳʤʠ ʨʝʛʠʦʥʘʤʠ ɽʚʨʦʧʳ ʠ ɸʟʠʠ. ɺʳʜʝ-

ʣʝʥʠʝ ʙʠʦʟʦʥ ʧʦ ʛʦʣʦʚʦʥʦʛʠʤ ʤʦʣʣʶʩʢʘʤ ʧʦʜʪʚʝʨʞʜʝʥʦ ʧʘʨʘʣʣʝʣʴʥʳʤ ʠʟʫʯʝʥʠʝʤ ʬʦ-

ʨʘʤʠʥʠʬʝʨ ʠ ʠʟʚʝʩʪʢʦʚʠʩʪʦʛʦ ʥʘʥʦʧʣʘʢʪʦʥʘ; ʚʳʜʝʣʝʥʳ ʙʠʦʟʦʥʳ ʧʦ ʥʘʥʦʧʣʘʥʢʪʦʥʫ. 

ʈʘʩʩʤʦʪʨʝʥʳ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʦʨʛʘʥʠʟʤʦʚ ʚ ʤʝʣʢʦʚʦʜʥʦʤ ʵʧʠ-

ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʤ ʤʦʨʝ ʨʘʥʥʝʛʦ ʩʝʥʦʤʘʥʘ. 

Abstract 

This paper discusses stratigraphic, lithological and paleoecological aspects of distribu-

tion, lithological characteristic and formation conditions of Lower Cenomanian depositions of 

Middle Dniester region. On the basis of large fauna lists (Cephalopoda, Bivalvia and Gas-

tropoda molluscs) complex detailed zonal biostratigraphic subdivision of these depositions is 

proved to be carried out. Their correlation with adjacent regions of Europe and Asia is done. 

Distingushing of biozones on cephalopoda molluscs is confirmed by parallel studying of 

foraminifera and calcareous nannoplankton; biozones are established basen on nannoplank-

ton. Ecological aspects of organism life in shallow epicontinental sea of Early Cenomanian 

are considered. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʠʞʥʠʡ ʩʝʥʦʤʘʥ, ʉʨʝʜʥʝʝ ʇʨʠʜʥʝʩʪʨʦʚʴʝ, ʬʘʫʥʘ, ʙʠʦʩʪʨʘʪʠ-

ʛʨʘʬʠʷ, ʣʠʪʦʣʦʛʠʷ, ʵʢʦʣʦʛʠʷ. 

Keywords: Lower Cenomanian, Middle Dniester region, fauna, biostratigraphy, lithol-

ogy, ecology. 
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ʉʪʨʘʪʠʛʨʘʬʽʷ. ʂʨʝʡʜʦʚʽ ʚʽʜʢʣʘʜʠ ɺʦʣʠʥʦ-ʇʦʜʽʣʣʷ ʚʭʦʜʷʪʴ ʜʦ ʩʢʣʘʜʫ ʪʝʨʠʛʝʥʥʦ-

ʢʘʨʙʦʥʘʪʥʦʾ ʧʽʜʬʦʨʤʘʮʽʾ ʢʘʨʙʦʥʘʪʥʦʾ ʬʦʨʤʘʮʽʾ ʶʨʩʴʢʦ-ʢʨʝʡʜʦʚʦʛʦ ʚʽʢʫ (J3-K1) ʪʘ ʛʣʘʫ-

ʢʦʥʽʪ-ʢʨʝʡʜʷʥʦʾ ʬʦʨʤʘʮʽʾ (K1al3-K2), ʫ ʩʢʣʘʜʽ ʦʧʦʢʦʚʦʾ (ʂ1al3-K2s1), ʢʨʝʤʝʥʠʩʪʦ-

ʢʨʝʡʜʷʥʦʾ (ʂ2s2-K2k)  ̔ ʤʝʨʛʝʣʴʥʦ-ʛʝʟʦʚʦʾ (ʂ2sn-K2m) ʧʽʜʬʦʨʤʘʮʽʡ. ʉʢʣʘʜʥʠʡ ʛʝʦ-

ʣʦʛʽʯʥʠʡ ʨʦʟʚʠʪʦʢ ɺʦʣʠʥʦ-ʇʦʜʽʣʣʷ ʧʨʦʪʷʛʦʤ ʢʨʝʡʜʦʚʦʛʦ ʧʝʨʽʦʜʫ ʟʫʤʦʚʠʚ ʩʢʣʘʜʥʫ ʤʦ-

ʟʘʾʯʥʽʩʪʴ ʫ ʧʦʰʠʨʝʥʥʽ ʣʽʪʦʬʘʮʽʡ ʩʪʨʘʪʦʥʽʚ ʧʦ ʣʘʪʝʨʘʣʽ. ɺʽʜʢʣʘʜʠ ʩʠʩʪʝʤʠ ʽʟ ʯʽʪʢʦʶ 

ʩʪʨʘʪʠʛʨʘʬʽʯʥʦʶ, ʽʥʦʜʽ ʽ ʢʫʪʦʚʦʶ ʥʝʟʛʽʜʥʽʩʪʶ ʪʨʘʥʩʛʨʝʩʠʚʥʦ ʟʘʣʷʛʘʶʪʴ ʥʘ ʨʦʟʤʠʪʦʤʫ 

ʨʠʬʝʾ, ʢʝʤʙʨʽʾ, ʦʨʜʦʚʠʢʫ, ʩʠʣʫʨʽ, ʜʝʚʦʥʽ, ʢʘʨʙʦʥʽ ʪʘ ʶʨʽ ʽ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʠʞʥʽʤ (ʘʣʴʙʩʴ-

ʢʠʡ ʷʨʫʩ) ʪʘ ʚʝʨʭʥʽʤ ʚʽʜʜʽʣʦʤ (ʩʝʥʦʤʘʥʩʴʢʠʡ ʷʨʫʩ ʪʦʱʦ) ʢʨʝʡʜʦʚʦʾ ʩʠʩʪʝʤʠ. 

ʃʽʪʦʣʦʛʽʷ. ʋ ʤʝʞʘʭ ʉʝʨʝʜʥʴʦʛʦ ʇʨʠʜʥʽʩʪʨʦʚôʷ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʣʽʪʦʣʦʛʽʯʥʘ ʟʤʽʥʘ 

ʬʘʮʽʡ: ʚʽʜ ʤʽʣʢʦʚʦʜʥʠʭ ʛʣʘʫʢʦʥʽʪ-ʢʚʘʨʮʦʚʠʭ ʧʽʩʢʽʚ ʣʽʪʦʨʘʣʴʥʦʾ ʟʦʥʠ ʚʽʜʢʨʠʪʦʛʦ ʤʽʣʢʦʛʦ 

ʰʝʣʴʬʫ ʥʘ ʧʽʚʥʽʯʥʦʤʫ ʟʘʭʦʜʽ ʨʘʡʦʥʫ - ʜʦ ʚʽʜʥʦʩʥʦ ʛʣʠʙʦʢʦʚʦʜʥʠʭ ʢʘʨʙʦʥʘʪʥʦ-

ʛʣʠʥʠʩʪʠʭ ʫʪʚʦʨʝʥʴ ʩʝʨʝʜʥʴʦʾ ʪʘ ʚʝʨʭʥʴʦʾ ʟʦʥʠ ʩʫʙʣʽʪʦʨʘʣʽ ʚʽʜʢʨʠʪʦʛʦ ʤʽʣʢʦʚʦʜʥʦʛʦ 

ʰʝʣʴʬʫ ʥʘ ʧʽʚʜʝʥʥʦʤʫ ʩʭʦʜʽ. 

ʄʦʣʶʩʢʠ. ɿʦʚʥʽʰʥʴʦʯʝʨʝʧʘʰʢʦʚʽ ʛʦʣʦʚʦʥʦʛʽ ʤʦʣʶʩʢʠ ʰʠʨʦʢʦ ʧʦʰʠʨʝʥʽ ʫ ʥʠʞ-

ʥʴʦʤʫ ʩʝʥʦʤʘʥʽ ʧʽʚʥʽʯʥʦ-ʟʘʭʽʜʥʦʾ ʯʘʩʪʠʥʽ ʉʝʨʝʜʥʴʦʛʦ ʇʨʠʜʥʽʩʪʨʦʚôʷ ï ʥʘ ʚʦʜʦʜʽʣʽ 

ʋʰʠʮʷ-ʃʷʜʦʚʘ. ʄʘʩʦʚʽ ʟʽʙʨʘʥʥʷ ʾʭ ʟʨʦʙʣʝʥʽ ʥʘ ʦʢʦʣʠʮʷʭ ʅʦʚʦʾ ʋʰʠʮʽ, ʎʠʢʦʚʦʛʦ, ɺʝ-

ʣʠʢʦʾ ʂʫʞʝʣʝʚʦʾ, ɺʝʨʙʽʚʮʽʚ, ʉʪʨʫʛʠ, ʂʫʯʠ, ɹʘʣʘʙʘʥʽʚʢʠ, ɾʠʪʥʠʢʽʚ, ʄʫʨʦʚʘʥʠʭ ʂʫ-

ʨʠʣʽʚʮʽʚ, ʍʦʥʴʢʽʚʮʽʚ ʽ ʗʨʠʰʝʚʘ. ʋ ʧʽʚʜʝʥʥʦ-ʩʭʽʜʥʦʤʫ ʥʘʧʨʷʤʽ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʨʽʟʢʝ 

ʩʢʦʨʦʯʝʥʥʷ ʛʦʣʦʚʦʥʦʛʠʭ ʤʦʣʶʩʢʽʚ ʫ ʚʠʜʦʚʦʤʫ ʪʘ ʢʽʣʴʢʽʩʥʦʤʫ ʚʽʜʥʦʰʝʥʥʷʭ, ʦʜʠʥʦʢʽ 

ʟʥʘʭʽʜʢʠ ʾʭ ʚʽʜʦʤʽ ʫ ʄʦʛʠʣʽʚ-ʇʦʜʽʣʴʩʴʢʦʤʫ, ɸʪʘʢʘʭ, ʆʢʣʘʥʜʽ, ʉʦʨʦʢʘʭ. ʉʝʨʝʜ ʘʤʦ-

ʥʦʽʜʝʡ ʧʝʨʝʚʘʞʘʶʪʴ [4] ʰʣʦʝʥʙʘʭʽʾʜʠ: Schloenbachia varians varians (Sow.), Schloenbach-

ia varians subvarians Spath, Schloenbachia varians subplana (Mant.), Schloenbachia varians 

subtuberculata (Sharpe), Schloenbachia varians ventriosa Stiel., Schloenbachia coupei quad-

rata Spath (ʤ.ʅʦʚʘ ʋʰʠʮʷ), Schloenbachia aff. coupei trituberculata Spath (ʩ.ɹʘʣʘʙʘʥʽʚʢʘ), 

Schloenbachia varians varians (Sow.), Schloenbachia varians subvarians Spath, Schloenbach-

ia varians subtuberculata (Sharpe), Schloenbachia varians quadrata Spath (ʤ.ʄʫʨʦʚʘʥʽ ʂʫ-

ʨʠʣʽʚʮʽ), Schloenbachia varians subvarians Spath, Schloenbachia varians subtuberculata 

(Sharpe), Schloenbachia varians ventriosa Stiel., Schloenbachia coupei quadrata Spath, 

Schloenbachia coupei trituberculata Spath (ʩ.ʗʨʠʰʽʚ). 

ʋ ʧʽʚʜʝʥʥʦ-ʩʭʽʜʥʽʡ ʯʘʩʪʠʥʽ ʉʝʨʝʜʥʴʦʛʦ ʇʨʠʜʥʽʩʪʨʦʚôʷ ʟʥʘʡʜʝʥʽ ʧʦʦʜʠʥʦʢʽ 

Schloenbachia varians subvarians Spath, (ʤ.ʄʦʛʠʣʽʚ-ʇʦʜʽʣʴʩʴʢʠʡ), Schloenbachia aff. 

coupei quadrata Spath (c.ɸʪʘʢʠ), Schloenbachia varians subvarians Spath (ʩ.ʆʢʣʘʥʜʘ). ʋ 

ʧʽʚʥʽʯʥʦ-ʟʘʭʽʜʥʽʡ ʯʘʩʪʠʥʽ ʉʝʨʝʜʥʴʦʛʦ ʇʨʠʜʥʽʩʪʨʦʚôʷ ʰʣʦʝʥʙʘʭʽʾ ʧʨʠʫʨʦʯʝʥʽ ʜʦ ʚʠʪʨʠ-

ʤʘʥʦʛʦ ʧʦ ʣʘʪʝʨʘʣʽ ʫ ʛʣʘʫʢʦʥʽʪ-ʢʚʘʨʮʦʚʠʭ ʧʽʩʢʘʭ ʧʨʦʰʘʨʢʫ ʽʟ ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ ʬʦʩ-

ʬʘʪʠʟʦʚʘʥʠʭ ʨʝʰʪʦʢ ʤʦʣʶʩʢʽʚ. ʌʦʩʬʘʪʠʟʘʮʽʷ ʟʫʤʦʚʠʣʘ ʜʦʙʨʫ ʟʙʝʨʝʞʝʥʽʩʪʴ ʚʠʢʦʧʥʠʭ 

ʦʨʛʘʥʽʟʤʽʚ ʽʟ ʜʝʪʘʣʷʤʠ ʟʦʚʥʽʰʥʴʦʾ ʩʢʫʣʴʧʪʫʨʠ ʪʘ ʚʥʫʪʨʽʰʥʴʦʾ ʙʫʜʦʚʠ. ʋ ʨʘʡʦʥʽ ʤ.ʅʦʚʘ 

ʋʰʠʮʷ ʰʣʦʝʥʙʘʭʽʾ ʟʥʘʭʦʜʷʪʴʩʷ ʨʘʟʦʤ ʽʟ Mantelliceras mantelli (Sow.) ï ʚʠʜʦʤ-ʽʥʜʝʢʩʦʤ 

ʚʝʨʭʥʴʦʾ ʟʦʥʠ ʥʠʞʥʴʦʛʦ ʩʝʥʦʤʘʥʫ - ʪʘ ʽʟ Turrilites costatus Lam., ʷʢʠʡ ʭʘʨʘʢʪʝʨʥʠʡ ʜʣʷ 

ʩʝʨʝʜʥʴʦʛʦ ʩʝʥʦʤʘʥʫ. ɺʠʟʥʘʯʠʪʠ ʪʫʪ ʨʘʥʥʴʦ- ʯʠ ʩʝʨʝʜʥʴʦʩʝʥʦʤʘʥʩʴʢʠʡ ʚʽʢ ʥʦʤʽʥʘʣʴʥʦ-

ʛʦ ʪʘ ʽʥʰʠʭ ʧʽʜʚʠʜʽʚ ʚʠʜʫ Schloenbachia varians (Sow.) ʪʘ ʽʥʰʠʭ ʚʠʜʽʚ ʰʣʦʝʥʙʘʭʽʡ ʥʝ-

ʤʦʞʣʠʚʦ, ʙʦ ʚʦʥʠ ʟʥʘʭʦʜʷʪʴʩʷ ʨʘʟʦʤ ʫ ʻʜʠʥʦʤʫ ʧʨʦʰʘʨʢʫ. 

ʊ.ʄ. ɹʘʣʘʥ [2, ʩ.28] ʚʚʘʞʘʻ, ʱʦ ʧʨʝʜʩʪʘʚʥʠʢʠ ʨʦʜʫ Schloenbachia, ʯʝʨʝʟ ʥʘʷʚʥʽʩʪʴ 

ʧʝʨʝʭʽʜʥʠʭ ʬʦʨʤ, ʤʽʩʮʝʟʥʘʭʦʜʞʝʥʥʷ ʚ ʦʜʥʠʭ ʘʩʦʮʽʘʮʽʷʭ ʽ ʟʚʘʞʘʶʯʠ ʥʘ ʚʝʣʠʢʫ ʰʚʠʜ-

ʢʽʩʪʴ ʧʨʦʭʦʨʝʟʫ, ʻ ʝʢʦʣʦʛʽʯʥʠʤʠ ʧʽʜʚʠʜʘʤʠ. ɸ.ɸ. ɸʪʘʙʝʢʷʥ ʚʚʘʞʘʻ [1], ʱʦ ʥʘ ʧʽʚʜʥʽ ʢʦ-

ʣʠʰʥʴʦʛʦ ʉʈʉʈ ʚʦʥʠ ʭʘʨʘʢʪʝʨʥʽ ʪʽʣʴʢʠ ʜʣʷ ʚʝʨʭʥʴʦʾ ʟʦʥʠ ʥʠʞʥʴʦʛʦ ʩʝʥʦʤʘʥʫ ï ʟʦʥʠ 

Mantelliceras mantelli. ɸʣʝ ʈ. ʄʘʨʮʠʥʦʚʩʴʢʠʡ (R. Marcinowski) ʧʨʠʚʦʜʠʪʴ [7, ʩ.159] ʜʘʥʽ 

ʧʦ ʯʠʩʣʝʥʥʠʭ ʨʦʟʨʽʟʘʭ ʥʠʞʥʴʦʛʦ ʩʝʥʦʤʘʥʫ, ʽʟ ʷʢʠʭ ʚʠʜʥʦ, ʱʦ ʥʦʤʽʥʘʣʴʥʠʡ ʪʘ ʽʥʰʽ ʧʽʜ-

ʚʠʜʠ Schloenbachia varians (Sow.) ʧʦʰʠʨʝʥʽ ʫ ʥʠʞʥʴʦʤʫ ʪʘ ʩʝʨʝʜʥʴʦʤʫ ʩʝʥʦʤʘʥʽ ʽ ʪʽʣʴ-

ʢʠ ʫ ʩʝʨʝʜʥʴʦʤʫ ʩʝʥʦʤʘʥʽ (!) ʟôʷʚʣʷʶʪʴʩʷ ʧʝʨʰʽ ʧʨʝʜʩʪʘʚʥʠʢʠ Schloenbachia coupei 

(Brongn.). 
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ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʝʜʩʪʘʚʥʠʢʠ ʚʠʜʫ Schloenbachia coupei (Brongn.) ʪʫʪ ʧʦʷʚʠʣʠʩʷ ʥʘ 

ʧʦʯʘʪʢʫ ʩʝʨʝʜʥʴʦʛʦ ʩʝʥʦʤʘʥʫ, ʘ ʾʭ ʩʫʤʽʩʥʝ ʟʥʘʭʦʜʞʝʥʥʷ ʽʟ ʬʘʫʥʦʶ ʨʘʥʥʴʦʛʦ ʩʝʥʦʤʘʥʫ 

ʧʦʷʩʥʶʻʪʴʩʷ ʪʠʤ, ʱʦ ʚʦʥʠ ʟʘʩʝʣʷʣʠ ʤʽʣʢʦʚʦʜʥʽ ʜʽʣʷʥʢʠ ʩʫʙʣʽʪʦʨʘʣʽ ʽʟ ʧʦʤʽʪʥʦʶ ʛʽʜʨʦ-

ʜʠʥʘʤʽʯʥʦʶ ʘʢʪʠʚʥʽʩʪʶ ʚʦʜ, ʚ ʫʤʦʚʘʭ ʷʢʠʭ ʽ ʚʽʜʙʫʣʦʩʷ, ʧʨʠ ʧʝʨʝʤʠʚʘʥʥʽ ʜʦʥʥʠʭ ʦʩʘʜ-

ʢʽʚ, ʬʦʨʤʫʚʘʥʥʷ ʧʨʦʰʘʨʢʫ ʟʽ ʟʤʽʰʘʥʦʶ ʨʘʥʥʴʦ- ʪʘ ʩʝʨʝʜʥʴʦʩʝʥʦʤʘʥʩʴʢʦʶ ʬʘʫʥʦʶ. 

ɼ.ʇ. ʅʘʡʜʽʥ ʽ ɸ.ʉ. ɸʣʝʢʩʻʻʚ [4] ʥʘ ʚʦʜʦʜʽʣʽ ʂʘʯʘ-ɹʦʜʨʘʢ (ʂʨʠʤ) ʧʽʜʪʚʝʨʜʠʣʠ ʧʦ-

ʰʠʨʝʥʥʷ ʫ ʩʝʥʦʤʘʥʩʴʢʠʭ ʚʽʜʢʣʘʜʘʭ ʧʨʝʜʩʪʘʚʥʠʢʽʚ Schloenbachia varians (Sow.). ʋ 

ʥʘʡʢʨʘʱʝ ʜʦʩʣʽʜʞʝʥʠʭ ʨʦʟʨʽʟʘʭ ʩʝʥʦʤʘʥʫ ɸʥʛʣʦ-ʇʘʨʠʟʴʢʦʛʦ ʙʘʩʝʡʥʫ ʍʘʥʢʦʢ 

(Dr. J.M.Hancock, Kingôs Colledge, London, 1975-1977, 1979) ʥʘʜʘʚʘʚ ʚʘʞʣʠʚʦʛʦ ʟʥʘʯʝʥ-

ʥʷ ʩʝʥʦʤʘʥʩʴʢʠʤ Schloenbachia, ʚʽʥ ʪʘʢʦʞ ʚʚʘʞʘʚ ʭʘʨʘʢʪʝʨʥʦʶ ʜʣʷ ʥʠʞʥʴʦʛʦ ʩʝʥʦʤʘʥʫ 

Schloenbachia varians (Sow.), ʘ ʜʣʷ ʩʝʨʝʜʥʴʦʛʦ ʩʝʥʦʤʘʥʫ - Schloenbachia coupei (Brongn.) 

ʽʟ ʾʭ ʧʽʜʚʠʜʘʤʠ. 

ʐʠʨʦʢʦ ʧʦʰʠʨʝʥʠʡ ʫ ʉʝʨʝʜʥʴʦʤʫ ʇʨʠʜʥʽʩʪʨʦʚôʾ Mantelliceras mantelli (Sow.) ï 

ʚʠʜ-ʽʥʜʝʢʩ ʚʝʨʭʥʴʦʾ ʟʦʥʠ ʥʠʞʥʴʦʛʦ ʩʝʥʦʤʘʥʫ [3, 5]. ʁʦʛʦ ʟʥʘʭʽʜʢʠ ʚʽʜʦʤʽ ʫ ʚʽʜʢʣʘʜʘʭ 

ʅʦʚʦʾ ʋʰʠʮʽ, ʗʨʠʰʝʚʘ ʽ ʉʦʨʦʢ (ʷʨ ʂʦʞʘʥʢʘ). ɺʠʜʽʣʝʥʥʷ ʟʦʥʠ Mantelliceras mantelli ʫ 

ʥʠʞʥʴʦʤʫ ʩʝʥʦʤʘʥʽ ʉʝʨʝʜʥʴʦʛʦ ʇʨʠʜʥʽʩʪʨʦʚôʷ ʪʘʢʦʞ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʟʥʘʭʽʜʢʘʤʠ ʪʫ-

ʨʠʣʽʪʽʜ Hypoturrilites aff. tuberculatus tuberculatus (dôOrb.) (ʤ.ʅʦʚʘ ʋʰʠʮʷ) ï ʩʝʨʝʜʥʷ ʯʘ-

ʩʪʠʥʘ ʟʦʥʠ; Hypoturrilites mantelli (Sharpe) (ʩ.ɹʘʣʘʙʘʥʽʚʢʘ) ï ʚʝʨʭʥʷ ʯʘʩʪʠʥʘ ʟʦʥʠ; Mari-

ella aff. essenensis (Gein.) (ʩ.ʎʠʢʦʚʝ) ï ʚʝʨʭʥʷ ʟʦʥʘ. ɿʘ ʜʘʥʠʤʠ ɸ.ɸ. ɸʪʘʙʝʢôʷʥʘ [1, ʩ.86] 

ʮʽ ʚʠʜʠ ʪʫʨʠʣʽʪʽʜ ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ ʩʝʥʦʤʘʥʫ ɸʥʛʣʽʾ ʽ ʌʨʘʥʮʽʾ, ʘ ʚ ʨʘʡʦʥʘʭ ʇʽʚʥʽʯʥʦʛʦ 

ʂʘʚʢʘʟʫ, ʄʘʥʛʠʰʣʘʢʫ, ʊʫʘʨʢʠʨʘ ʽ ʂʦʧʝʪ-ɼʘʛʫ ï ʜʣʷ ʟʦʥʠ Mantelliceras mantelli, ʧʨʠʯʦʤʫ 

ʪʽʣʴʢʠ ʜʣʷ ʾʾ ʩʝʨʝʜʥʴʦʾ ʪʘ ʚʝʨʭʥʴʦʾ ʯʘʩʪʠʥʠ. ʂʨʽʤ ʮʠʭ ʚʠʜʽʚ ʥʠʞʥʽʡ ʩʝʥʦʤʘʥ ʇʨʠ-

ʜʥʽʩʪʨʦʚôʷ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ [3] ʨʝʰʪʢʘʤʠ Sharpeiceras aff. schluteri Hyatt., Sharpeiceras 

sp., ʘ ʪʘʢʦʞ Forbesiceras largilliertianum (Orb.). 

ʅʘʡʜʨʝʚʥʽʰʽ ʘʤʦʥʽʪʠ ʽʟ ʧʽʟʥʴʦʢʨʝʡʜʦʚʠʭ ʤʦʨʽʚ ʩʭʦʜʫ ʉʝʨʝʜʥʴʦʻʚʨʦʧʝʡʩʴʢʦʾ 

ʧʨʦʚʽʥʮʽʾ [2, ʩ.21] ʙʫʣʠ ʧʨʝʜʩʪʘʚʥʠʢʘʤʠ ʨʦʜʫ Puzosia Bayle, 1878. ʋ ʤʦʨʽ ʨʘʥʥʴʦʛʦ ʩʝ-

ʥʦʤʘʥʫ ʉʝʨʝʜʥʴʦʛʦ ʇʨʠʜʥʽʩʪʨʦʚôʷ ʽʩʥʫʚʘʣʠ Puzosia planulata (Sow.) (ʩ.ʗʨʠʰʽʚ), Puzosia 

mayoriana Orb., Puzosia planulata (Sow.) var. odiensis Kossm. (ʤ.ʅʦʚʘ ʋʰʠʮʷ), Puzosia aff. 

chivensis Arkh. (ʤ.ʄʫʨʦʚʘʥʽ ʂʫʨʠʣʽʚʮʽ). ɺʦʥʠ ʧʦʰʠʨʝʥʽ  ̔ʚ ʊʫʨʢʤʝʥʽʩʪʘʥʽ, ʧʨʝʜʩʪʘʚʥʠ-

ʢʠ ʮʴʦʛʦ ʨʦʜʫ ʚʽʜʦʤʽ ʫ ʚʽʜʢʣʘʜʘʭ ʥʠʞʥʴʦʛʦ ʩʝʥʦʤʘʥʫ ɸʥʛʣʦ-ʇʘʨʠʟʴʢʦʛʦ  ̔ʇʦʣʴʩʴʢʦ-

ɻʝʨʤʘʥʩʴʢʦʛʦ ʙʘʩʝʡʥʽʚ, ʇʽʚʥʽʯʥʦʾ ɸʬʨʠʢʠ, ʄʘʜʘʛʘʩʢʘʨʫ ʪʘ ʗʧʦʥʽʾ. 

ʋ ʥʠʞʥʴʦʤʫ ʩʝʥʦʤʘʥʽ ʉʝʨʝʜʥʴʦʛʦ ʇʨʠʜʥʽʩʪʨʦʚô̫ ʚʽʜʦʤʽ Nautilus laevigatus dôOrb. 

(ʤ.ʄʫʨʦʚʘʥʽ ʂʫʨʠʣʽʚʮʽ), Cymatoceras deslongschampsianum Orb. (ʤ.ʅʦʚʘ ʋʰʠʮʷ, 

ʩ.ʗʨʠʰʽʚ). 

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘ ʮʝʬʘʣʦʧʦʜʘʤʠ ʧʦʤʽʪʥʘ ʪʝʥʜʝʥʮʽʷ ʜʦ ʨʽʟʢʦʛʦ ʩʢʦʨʦʯʝʥʥʷ ʾʭ ʧʦʠh-

ʨʝʥʥʷ ʫ ʧʽʚʜʝʥʥʦ-ʩʭʽʜʥʽʡ ʯʘʩʪʠʥʽ ʇʨʠʜʥʽʩʪʨʦʚô̫ ʫ ʧʦʨʽʚʥʷʥʥʽ ʽʟ ʧʽʚʥʽʯʥʦ-ʟʘʭʽʜʥʦʶ ʯʘ-

ʩʪʠʥʦʶ, ʱʦ ʧʦʚô̫ ʟʘʥʦ [2] ʟ ʾʭ ʽʩʥʫʚʘʥʥʷʤ ʧʨʠ ʧʽʜʚʠʱʝʥʽʡ ʛʽʜʨʦʜʠʥʘʤʽʮʽ ʤʽʣʢʦʚʦʜʥʦʾ 

ʩʫʙʣʽʪʦʨʘʣʴʥʦʾ ʦʙʩʪʘʥʦʚʢʠ  ̔ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʥʘʷʚʥʽʩʪʶ ʨʦʟʚʠʥʫʪʦʾ ʟʦʚʥʽʰʥʴʦ ʾʩʢʫʣʴʧ-

ʪʫʨʠ ʯʝʨʝʧʘʰʦʢ (ʛʦʨʙʦʯʢʠ ʘʙʦ ʨʽʟʢʽ ʛʨʫʙʽ ʨʝʙʨʘ ʟ ʛʦʨʙʦʯʢʘʤʠ  ̔ʯʽʪʢʦ ʚʠʨʘʞʝʥʠʤ ʢʽʣʝʤ 

ʥʘ ʚʝʥʪʨʘʣʴʥʦʤʫ ʙʦʮʽ). 

ɹʽʣʴʰʘ ʯʘʩʪʠʥʘ ʚʠʢʦʧʥʠʭ ʤʦʣʶʩʢʽʚ ʧʨʠʫʨʦʯʝʥʘ ʜʦ ʧʨʦʰʘʨʢʫ ʽʟ ʬʦʩʬʘʪʠʟʦʚʘʥʦʶ 

ʬʘʫʥʦʶ ʥʘ ʧʽʚʥʽʯʥʦʤʫ ʟʘʭʦʜʽ ʇʨʠʜʥʽʩʪʨʦʚô̫. ʅʘ ʮʽʡ ʜʽʣʷʥʮʽ ʜʦʩʣʽʜʞʝʥʦʾ ʪʝʨʠʪʦʨʽʾ ʙʘʛʘ-

ʪʦ ʩʠʩʪʝʤʘʪʠʯʥʠʭ ʛʨʫʧ ʚʠʢʦʧʥʠʭ ʦʨʛʘʥʽʟʤʽʚ ʤʘʶʪʴ, ʫ ʤʝʞʘʭ ʦʢʨʝʤʠʭ ʦʨʠʢʪʦʮʝʥʦʟʽʚ, 

ʨʽʟʥʫ ʩʪʫʧʽʥʴ ʚʘʞʣʠʚʦʩʪʽ, ʘʣʝ, ʚ ʮʽʣʦʤʫ, ʧʦʤʽʪʥʽ ʧʝʚʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ. ʅʘʡʧʦʰʠʨʝʥʽʰʽ 

ʩʝʨʝʜ ʜʚʦʩʪʫʣʦʢ  ̒Cyprimeria faba (Sow.), Cucullaea mailleana (Orb.), C. subglabra (Orb.), 

Venericardia tenuicosta Sow., Trigonia aliformis Park., Plicatula inflata Sow., P. gurgitis Pict. 

et Roux, Myoconcha cretacea Orb., Grammatodon carinatus Sow., Parallelodon carteroni 

(Orb.), Trigonia aliformis Park., Amphidonte conicum (Sow.), A. canaliculata (Sow.), Lm̔a 

sp., ʩʝʨʝʜ ʛʘʩʪʨʦʧʦʜ ï ʦʩʦʙʣʠʚʦ Avellana cassis Orb., Natica lyrata Sow., Pleurotomaria sp., 

Trochus sp. (ʨʘʡʦʥ ʅʦʚʦʾ ʋʰʠʮʽ), ʨʽʜʰʝ - Nodosiella cf. nodosa (Roem.), Nairiella cf. tenu-
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icostata Plamad., Trajanella aff. muniari Popov.-Hatzeg, ʚʽʜʦʤʽ ʫ ɿʘʭʽʜʥʽʡ ɭʚʨʦʧʽ, ɯʥʜʽʾ ʪʘ 

ʗʧʦʥʽʾ; ʽʟ ʙʨʘʭʽʦʧʦʜ ʧʦʰʠʨʝʥʘ Terebratula striatula Reuss. 

ʂʦʤʧʣʝʢʩ ʬʘʫʥʠ ʨʘʥʥʴʦʛʦ ʩʝʥʦʤʘʥʫ ʇʨʠʜʥʽʩʪʨʦʚô̫ ʙʣʠʟʴʢʠʡ ʜʦ ʢʦʤʧʣʝʢʩʫ 

ʆ.ɺ. ʉʘʚʯʠʥʩʴʢʦʾ ʟ̔ ʘʥʘʣʦʛʽʯʥʠʭ ʚʽʜʢʣʘʜʽʚ ʧʽʚʥʽʯʥʦʾ ʯʘʩʪʠʥʠ ɼʦʥʙʘʩʩʫ. ʂʽʣʴʢʽʩʪʴ ʩʧʽʣʴ-

ʥʠʭ ʜʣʷ ʦʙʦʭ ʨʘʡʦʥʽʚ ʚʠʜʽʚ ʥʘʚʝʩʪʠ ʥʝʤʦʞʣʠʚʦ, ʪʘʢ ʷʢ ʫ ʩʧʠʩʢʘʭ ʬʘʫʥʠ ʧʨʠʚʝʜʝʥʽ ʥʝ ʚʩʽ 

ʚʠʜʠ, ʱʦ ʙʫʣʠ ʚʠʟʥʘʯʝʥʽ ʫ ʤʝʞʘʭ ɼʦʥʙʘʩʫ. 

ʇʝʣʝʮʠʧʦʜʠ ʽ ʛʘʩʪʨʦʧʦʜʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʬʦʩʬʘʪʠʟʦʚʘʥʠʤʠ ʷʜʨʘʤʠ, ʯʘʩʪʦ ʽʟ ʟʙʝʨʝ-

ʞʝʥʠʤʠ ʢʘʨʙʦʥʘʪʥʠʤʠ ʯʝʨʝʧʘʰʢʘʤʠ ʽʟ ʟʦʚʥʽʰʥʴʦʶ ʩʢʫʣʴʧʪʫʨʦʶ. ʌʦʨʤʠ, ʷʢʽ ʯʘʩʪʢʦʚʦ 

ʘʙʦ ʧʦʚʥʽʩʪʶ ʟʘʨʠʚʘʣʠʩʷ ʫ ʧʨʠʞʠʪʪʻʚʦʤʫ ʩʪʘʥʽ ʚ ʜʦʥʥʠʡ ʩʫʙʩʪʨʘʪ (Cyprymeria ʪʘ ʽʥʰʽ), 

ʫ ʚʠʢʦʧʥʦʤʫ ʩʪʘʥʽ ʧʨʝʜʩʪʘʚʣʝʥʽ ʮʽʣʠʤʠ ʷʜʨʘʤʠ ʟ ʨʝʰʪʢʘʤʠ ʯʝʨʝʧʘʰʦʢ. ʇʨʠʞʠʪʪʻʚʦʛʦ 

ʦʨʽʻʥʪʫʚʘʥʥʷ ʚʦʥʠ ʥʝ ʥʘʙʫʚʘʣʠ, ʢʨʽʤ Amphidonte conicum (Sow.), ʷʢʽ ʫʪʚʦʨʶʚʘʣʠ 

ʫʩʪʨʠʯʥʽ ʙʘʥʢʠ ʚ ʨʘʡʦʥʽ ʉʪʘʨʦʾ ʋʰʠʮʽ. ɿʥʘʯʥʦ ʨʽʜʰʝ ʥʘ ʧʽʚʥʽʯʥʦʤʫ ʟʘʭʦʜʽ ʨʘʡʦʥʫ 

ʟʫʩʪʨʽʯʘʶʪʴʩʷ Chlamys (Aequipecten) aspera (Lam.), Chlamys cf. hispida (Goldf.), Entholi-

um cf. noetlingi Sob., Neithea sp., ʷʢʽ ʧʨʝʜʩʪʘʚʣʝʥʽ ʧʝʨʝʚʘʞʥʦ ʬʦʩʬʘʪʠʟʦʚʘʥʠʤʠ ʷʜʨʘʤʠ, 

ʯʘʩʪʦ ʪʘʢʠʤʠ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʦʜʥʽʡ ʩʪʫʣʮʽ ʪʘ ʜʫʞʝ ʨʽʜʢʦ ï ʫʣʘʤʢʘʤʠ ʩʪʫʣʦʢ. 

ʋ ʙʽʢ ʧʽʚʜʝʥʥʦʛʦ ʩʭʦʜʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʩʢʦʨʦʯʝʥʥʷ ʢʽʣʴʢʽʩʥʦʛʦ ʪʘ ʚʠʜʦʚʦʛʦ ʩʢʣʘʜʫ 

ʙʽʚʘʣʴʚʽʡ. ɹʽʣʷ ʗʨʠʰʝʚʘ ʫ ʩʢʣʘʜʽ ʦʨʠʢʪʦʮʝʥʦʟʫ, ʧʦʨʫʯ ʽʟ ʧʦʰʠʨʝʥʠʤʠ ʥʘ ʧʽʚʥʽʯʥʦʤʫ 

ʟʘʭʦʜʽ ʚʠʜʘʤʠ, ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʧʝʢʪʝʥʽʜʠ - Chlamys (Aequipecten) aspera (Lam.), Entholi-

um orbiculare (Sow.), E. noetlingi Sob., Chlamys fissicosta (Eth.), Neithea quiquecostata 

(Sow.), Chlamys robinaldina Orb., C. elongata Lam. ɺʝʣʠʢʽ ʩʪʫʣʢʠ Pectinacea ʩʚʽʜʯʘʪʴ ʧʨʦ 

ʩʧʨʠʷʪʣʠʚʽ ʫʤʦʚʠ ʧʨʦʞʠʚʘʥʥʷ. ɿ ʧʝʢʪʝʥʽʜ ʥʘʡʧʦʰʠʨʝʥʽʰʠʤʠ ʻ ʷʢ ʚʝʣʠʢʽ ʛʣʘʜʝʥʴʢʽ 

Syncyclonema noetlingi Sob., ʪʘʢ ʽ ʙʽʣʴʰ ʤʽʣʢʽ ʪʘ ʨʝʙʨʠʩʪʽ Syncyclonema orbiculare 

(Sow.). ʗʢʱʦ ʧʝʨʰʠʡ ʚʠʜ ʧʦʰʠʨʝʥʠʡ ʫ ʩʝʥʦʤʘʥʽ ɸʥʛʣʽʾ ʪʘ ʌʨʘʥʮʽʾ, ʪʦ ʜʨʫʛʠʡ ʙʽʣʴʰʝ 

ʚʽʜʦʤʠʡ ʚ ʘʣʴʙʽ ɿʘʭʽʜʥʦʾ ɭʚʨʦʧʠ ʽ ʂʘʚʢʘʟʫ, ʚ ʘʣʴʙ-ʩʝʥʦʤʘʥʽ ɸʥʛʣʽʾ, ʫ ʩʝʥʦʤʘʥʽ ʌʨʘʥʮʽʾ 

ʪʘ ʮʝʥʪʨʘʣʴʥʠʭ ʜʽʣʷʥʦʢ ʉʭʽʜʥʦʻʚʨʦʧʝʡʩʴʢʦʾ ʧʣʘʪʬʦʨʤʠ, ʘ ʥʘ ɺʦʣʠʥʦ-ʇʦʜʽʣʣʽ ʚʽʥ ʧʦʰʠ-

ʨʝʥʠʡ ʫ ʩʝʥʦʤʘʥʽ ʪʘ ʥʠʞʥʴʦʤʫ ʪʫʨʦʥʽ. ʈʽʜ Chlamys ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʯʠʩʣʝʥʥʠʤʠ ʚʠʜʘʤʠ, 

ʷʢʽ ʚʽʜʦʤʽ ʫ ʩʝʥʦʤʘʥʽ ʇʦʣʴʩʴʢʦ-ɻʝʨʤʘʥʩʴʢʦʛʦ ʽ ɸʥʛʣʦ-ʇʘʨʠʟʴʢʦʛʦ ʙʘʩʝʡʥʽʚ. ʋ ʨʘʡʦʥʽ 

ʗʨʠʰʝʚʘ ʫ ʚʽʜʢʣʘʜʘʭ ʥʠʞʥʴʦʛʦ ʩʝʥʦʤʘʥʫ ʟôʷʚʣʷʶʪʴʩʷ ʽʥʦʮʝʨʘʤʠ. 

ʑʝ ʜʘʣʽ ʥʘ ʧʽʚʜʝʥʥʠʡ ʩʭʽʜ ʧʦʰʠʨʝʥʽ ʪʽʣʴʢʠ Entholium orbiculare (Sow.), E. noetlin-

gi Sob., Chlamys fissicosta (Eth.), Chlamys robinaldina Orb., Neithea quiquecostata (Sow.), 

Chlamys elongata Lam., Chlamys puzosiana (Orb.), Neithea sexcostata (Woodw), N. cometa 

(Orb.), Lima gaultina Woods, Lima podolica Sob., Plicatula inflata (Sow.), Plicatula gurgitis 

Pict. et Roux, Inoceramus crippsi Mant., Inoceramus pictus Sow., Inoceramus orbicularis 

Munst., Ostrea sp. 

ʆʩʥʦʚʥʫ ʨʦʣʴ ʩʝʨʝʜ ʧʝʢʪʝʥʽʜ ʟʘʡʤʘʶʪʴ Chlamys elongata (Lam.), Chlamys aspera 

(Lam.), ʨʝʰʪʘ ʚʠʜʽʚ ʧʦʰʠʨʝʥʽ ʦʙʤʝʞʝʥʦ. ʋ ʜʝʷʢʠʭ ʤʽʩʮʷʭ ʜʚʦʩʪʫʣʢʦʚʽ ʤʦʣʶʩʢʠ ʧʨʝʜ-

ʩʪʘʚʣʝʥʽ ʤʽʣʢʠʤʠ ʧʨʠʛʥʽʯʝʥʠʤʠ ʬʦʨʤʘʤʠ ʥʝʩʧʨʠʷʪʣʠʚʦʛʦ ʩʪʘʥʫ ʾʭ ʽʩʥʫʚʘʥʥʷ ʥʘ ʜʽʣʷʥ-

ʢʘʭ ʜʥʘ ʽʟ ʤʫʣʠʩʪʠʤʠ ʚʽʜʢʣʘʜʘʤʠ. ʋ ʮʽʣʦʤʫ, ʜʘʥʠʡ ʢʦʤʧʣʝʢʩ ʭʘʨʘʢʪʝʨʥʠʡ ʜʣʷ ʚʽʜʢʣʘʜʽʚ 

ʥʠʞʥʴʦʛʦ ʩʝʥʦʤʘʥʫ. ʗʢʱʦ ʚʝʨʭʥʷ ʟʦʥʘ ʥʠʞʥʴʦʛʦ ʩʝʥʦʤʘʥʫ ï ʟʦʥʘ Mantelliceras mantel-

li  ï ʜʦʩʪʦʚʽʨʥʦ ʚʠʜʽʣʷʻʪʴʩʷ ʟʘ ʟʥʘʭʽʜʢʘʤʠ ʚʠʜʫ-ʽʥʜʝʢʩʫ, ʪʦ ʚʠʜʽʣʝʥʥʷ ʥʠʞʥʴʦʾ ʟʦʥʠ - ʟʦ-

ʥʠ Submantelliceras saxbi ï ʤʦʞʣʠʚʝ ʟʘ ʾʾ ʩʪʨʘʪʠʛʨʘʬʽʯʥʠʤ ʧʦʣʦʞʝʥʥʷʤ ʫ ʨʦʟʨʽʟʘʭ ï 

ʚʽʜʢʣʘʜʠ ʮʽʻʾ ʟʦʥʠ ʟʘʣʷʛʘʶʪʴ ʧʽʜ ʰʘʨʘʤʠ ʽʟ Mantelliceras mantelli (Sow.) ʪʘ ʦʭʘʨʘʢʪʝʨʠ-

ʟʦʚʘʥʽ ʥʦʤʽʥʘʣʴʥʠʤ ʚʠʜʦʤ Schloenbachia varians (Sow.) ʪʘ ʡʦʛʦ ʧʽʜʚʠʜʘʤʠ. 

ɺʘʧʥʠʩʪʠʡ ʥʘʥʦʧʣʘʥʢʪʦʥ. ʂʨʽʤ ʚʠʚʯʝʥʥʷ ʤʦʣʶʩʢʽʚ ʫ ʚʽʜʢʣʘʜʘʭ ʥʠʞʥʴʦʛʦ ʩʝʥʦ-

ʤʘʥʫ, ʧʘʨʘʣʝʣʴʥʦ ʙʫʚ ʨʦʟʛʣʷʥʫʪʠʡ ʢʦʤʧʣʝʢʩ ʢʦʢʦʣʽʪʦʬʦʨʠʜ ʪʘ ʡʦʛʦ ʧʦʰʠʨʝʥʥʷ ʫ ʢʘʨ-

ʙʦʥʘʪʥʠʭ ʧʦʨʦʜʘʭ ʇʨʠʜʥʽʩʪʨʦʚôʷ ʧʦ ʣʽʪʝʨʘʣʽ ʽ ʚʝʨʪʠʢʘʣʽ. 

ɺʽʜʢʣʘʜʠ ʥʠʞʥʴʦʛʦ ʩʝʥʦʤʘʥʽ ʉʝʨʝʜʥʴʦʛʦ ʇʨʠʜʥʽʩʪʨʦʚôʷ ʚʤʽʱʫʶʪʴ Manivitella 

redimiculata (Stov.), Zygodiscus diplogrammus(Defl.), Lithastrinus floralis (Str.), Biscutum 

constans (Gorka), Eiffellithus turriseiffeli (Defl.), Watznaueria barnesae (Black), Cribro-

sphaerella ehrenbergi (Arkh.), Parhabdolithus emdergeri (Noel.), Chiastozygus amphipons 

(Braml. et Mart.) ʪʘ ʽʥ. (ʚʠʟʥʘʯʝʥʥʷ ɻ.ʇ. ʂʘʣʽʥʽʯʝʥʢʦ), ʷʢʽ ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ ʟʦʥʠ Chiasto-
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zygus amphipons. ʎʝʡ ʢʦʤʧʣʝʢʩ ʚʘʧʥʠʩʪʦʛʦ ʥʘʥʦʧʣʘʥʢʪʦʥʫ, ʚ ʮʽʣʦʤʫ, ʻ ʭʘʨʘʢʪʝʨʥʠʤ 

ʜʣʷ ʚʩʽʭ ʨʦʟʨʽʟʽʚ ʥʠʞʥʴʦʛʦ ʩʝʥʦʤʘʥʫ ʉʝʨʝʜʥʴʦʛʦ ʇʨʠʜʥʽʩʪʨʦʚôʷ, ʜʦʙʨʝ ʢʦʨʝʣʶʻʪʴʩʷ ʽʟ 

ʢʦʤʧʣʝʢʩʘʤʠ ʽ ʟʦʥʘʤʠ ʚʽʜʢʣʘʜʽʚ ʥʠʞʥʴʦʛʦ ʩʝʥʦʤʘʥʫ ɼɼɿ, ʄʘʣʦʛʦ ʂʘʚʢʘʟʫ, ʌʨʘʥʮʽʾ, 

ʉʐɸ ʪʘ ʦʢʝʘʥʽʚ (ʟʘ ʜʘʥʠʤʠ ʛʣʠʙʦʢʦʚʦʜʥʦʛʦ ʙʫʨʽʥʥʷ). 

ʇʘʣʝʦʝʢʦʣʦʛʽʷ. ʌʘʮʽʷ ʛʣʘʫʢʦʥʽʪ-ʢʚʘʨʮʦʚʠʭ ʧʽʩʢʽʚ ʽ ʧʽʩʢʦʚʠʢʽʚ ʥʠʞʥʴʦʛʦ ʩʝʥʦʤʘ-

ʥʫ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʜʦʤʽʰʢʘʤʠ ʛʨʘʚʽʶ ʪʘ ʥʝʟʥʘʯʥʦʶ ʧʦʪʫʞʥʽʩʪʶ. ʋ ʩʝʜʠʤʝʥʪʦʛʝʥʝʟʽ 

ʟʥʘʯʥʘ ʨʦʣʴ ʥʘʣʝʞʘʣʘ ʢʨʝʤʝʥʠʩʪʠʤ ʛʫʙʢʘʤ (ʧʨʝʜʩʪʘʚʥʠʢʘʤ Triaxonida). ʇʦʤʽʨʥʘ ʨʫ-

ʭʦʤʽʩʪʴ ʚʦʜʠ, ʜʦʙʨʘ ʘʝʨʘʮʽʷ ʩʧʨʠʷʣʠ ʽʩʥʫʚʘʥʥʶ ʙʘʛʘʪʦʾ ʬʘʫʥʠ (ʜʚʦʩʪʫʣʢʦʚʽ, ʛʦʣʦʚʦʥʦʛʽ 

ʽ ʧʣʝʯʦʥʦʛʽ, ʢʨʝʤʝʥʠʩʪʽ ʛʫʙʢʠ - ʧʨʝʜʩʪʘʚʥʠʢʠ ʨʦʜʫ Triaxonida, ʫʩʪʨʠʮʽ Amphidonte coni-

cum (Sow.), ʤʦʨʩʴʢʽ ʾʞʘʢʠ, ʢʦʨʘʣʠ). ɺ ʝʢʦʣʦʛʽʯʥʦʤʫ ʚʽʜʥʦʰʝʥʥʽ [2] ʩʝʨʝʜ ʬʘʫʥʠ ʧʝʨʝ-

ʚʘʞʘʻ ʨʫʭʣʠʚʠʡ ʙʝʥʪʦʩ ï 76%; ʯʠʩʣʝʥʥʽ ʜʝʪʨʠʪʦʬʘʛʠ Turbo; ʟ ʟʦʦʬʘʛʽʚ - Natica. ʇʣʝʯʦ-

ʥʦʛʽ ʥʝʯʠʩʣʝʥʥʽ - ʮʝ ʫʣʘʤʢʠ ʨʠʥʭʦʥʝʣʽʜ ʪʘ ʪʝʨʝʙʨʘʪʫʣʽʜ. ʂʦʤʧʣʝʢʩ ʚʠʢʦʧʥʠʭ ʦʨʛʘʥʽʟʤʽʚ 

ʤʦʞʥʘ ʥʘʟʚʘʪʠ ʢʫʢʫʣʝʦ-ʛʣʽʮʠʤʝʨʠʩ-ʘʚʝʣʘʥʦʚʠʡ. 

ɺʠʜʦʚʠʡ ʩʢʣʘʜ ʬʦʨʘʤʽʥʽʬʝʨ ʫ ʚʽʜʢʣʘʜʘʭ ʥʝʯʠʩʣʝʥʥʠʡ. ɹʝʥʪʦʩʥʽ ʬʦʨʘʤʽʥʽʬʝʨʠ (78-

84%) ʧʨʝʜʩʪʘʚʣʝʥʽ ʯʠʩʣʝʥʥʠʤʠ ʨʦʜʘʤʠ Arenobulimons, Cidicides, Gavelinella, Plectina, ʘ 

ʧʣʘʥʢʪʦʥʥʽ (16-22%) ï ʧʨʝʜʩʪʘʚʥʠʢʘʤʠ ʨʦʜʫ Hedbergella. ʇʝʨʝʚʘʞʘʥʥʷ ʜʘʥʦʛʦ ʧʘʣʝʦʮʝ-

ʥʦʟʫ ʩʚʽʜʯʠʪʴ ʧʨʦ ʡʦʛʦ ʧʦʭʦʚʘʥʥʷ ʥʘ ʧʨʠʙʝʨʝʞʥʽʡ ʯʘʩʪʠʥʽ ʚʽʜʢʨʠʪʦʛʦ ʤʦʨʷ ʥʘ ʛʣʠʙʠʥʽ 

ʙʽʣʷ 50ʤ. ʇʨʦ ʤʽʣʢʦʚʦʜʥʽʩʪʴ ʪʘʢʦʞ ʩʚʽʜʯʠʪʴ ʽ ʣʽʪʦʣʦʛʽʯʥʠʡ ʩʢʣʘʜ ʦʩʘʜʢʽʚ (ʛʣʘʫʢʦʥʽʪʦʚʽ 

ʧʽʩʢʠ) ʪʘ ʟʥʘʭʽʜʢʠ ʤʦʣʶʩʢʽʚ Cucullaea, Cardita, Cyprina, ʷʢʽ ʟʘʡʤʘʣʠ ʤʽʣʢʦʚʦʜʥʽ ʙʽʦʪʦʧʠ 

(10-80ʤ) ʪʝʧʣʦʚʦʜʥʠʭ ʤʦʨʽʚ ʟ ʜʦʙʨʦʶ ʘʝʨʘʮʽʻʶ, ʨʫʭʣʠʚʽʩʪʶ ʪʘ ʦʩʚʽʪʣʝʥʽʩʪʶ ʚʦʜ. 

ʋ ʚʽʜʢʣʘʜʘʭ ʨʘʥʥʴʦʛʦ ʪʘ ʩʝʨʝʜʥʴʦʛʦ ʩʝʥʦʤʘʥʫ ʩʫʙʣʽʪʦʨʘʣʽ ɺʦʣʠʥʦ-ʇʦʜʽʣʣʷ ʻ 

ʟʤʽʰʘʥʽ ʞʦʚʥʦʚʦ-ʟʝʨʥʠʩʪʽ ʢʦʥʢʨʝʮʽʾ ʧʝʨʝʚʽʜʢʣʘʜʝʥʠʭ ʽʟ ʚʝʥʜʫ ʬʦʩʬʦʨʠʪʽʚ. ɺʦʥʠ ʫʪʚʦ-

ʨʶʚʘʣʠʩʷ ʚ ʙʽʣʴʰ ʩʧʦʢʽʡʥʠʭ ʫʤʦʚʘʭ ʩʫʙʣʽʪʦʨʘʣʽ ʪʘ ʚʽʜʥʦʩʥʦ ʩʧʦʢʽʡʥʦʛʦ ʤʽʣʢʦʚʦʜʥʦʛʦ 

ʰʝʣʴʬʫ. ʇʨʦʮʝʩʘʤ ʧʝʨʝʚʽʜʢʣʘʜʝʥʥʷ ʩʧʨʠʷʣʠ ʟʥʠʞʝʥʠʡ ʨʝʣʴʻʬ ʤʦʨʩʴʢʦʛʦ ʜʥʘ ʪʘ ʩʪʨʫʢ-

ʪʫʨʥʦ-ʪʝʢʪʦʥʽʯʥʽ ʧʦʟʠʮʽʾ. 
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ɸʥʥʦʪʘʮʠʷ 

ʅʘ ʦʩʥʦʚʝ ʵʬʬʝʢʪʘ ʏʝʨʜʳʥʮʝʚʘ-ʏʘʣʦʚʘ, ʟʘʢʣʶʯʘʶʱʝʤʩʷ ʚ ʥʘʨʫʰʝʥʠʠ ʦʪʥʦʰʝʥʠʷ 

ʘʢʪʠʚʥʦʩʪʝʡ ʯʝʪʥʳʭ ʠʟʦʪʦʧʦʚ ʫʨʘʥʘ, ʜʝʤʦʥʩʪʨʠʨʫʶʪʩʷ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʣʫʯʝʥʠʷ ʮʝʥʥʦʡ 

ʥʘʫʯʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʤʠʛʨʘʮʠʠ ʨʘʜʠʦʥʫʢʣʠʜʦʚ ʚ ʛʝʦʩʬʝʨʝ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʨʫʜʥʦʛʦ 

ʚʝʱʝʩʪʚʘ ʩ ʚʤʝʱʘʶʱʝʡ ʩʨʝʜʦʡ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝʨʘʚʥʦʚʝʩʥʦʛʦ ʫʨʘʥʘ ʚ ʢʘʯʝʩʪʚʝ ʛʝʦʣʦ-

ʛʠʯʝʩʢʦʛʦ ʠʥʜʠʢʘʪʦʨʘ, ʦʪʢʨʳʚʘʝʪ ʙʦʣʴʰʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʠ ʠ ʧʦʠʩ-

ʢʘʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ. 

Abstract 

On the basis of the Cherdyntsev-Chalov effect, is in violation relations activities even 

isotopes of uranium, demonstrated the possibility of obtaining valuable scientific information 

on the migration of radionuclides in the geosphere, and the interaction of ore material from 

the host medium. The use of uranium as a nonequilibrium geologic indicator, offers a great 

opportunity in forecasting and search for mineral deposits. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʬʬʝʢʪ ʏʝʨʜʳʥʮʝʚʘ-ʏʘʣʦʚʘ, ʘʣʴʬʘ-ʘʢʪʠʚʥʦʩʪʴ, ʥʝʨʘʚʥʦʚʝʩʥʳʡ 

ʫʨʘʥ, 
234

U/
238
U, ʨʫʜʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʢʠʤʙʝʨʣʠʪʦʚʘʷ ʪʨʫʙʢʘ. 

Keywords: Cherdyntsev-Chalov effect, alpha activity, disequilibrium of uranium, 
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U, ore deposits, kimberlite pipe. 

 

ɸʣʴʬʘ-ʨʘʩʧʘʜ ʘʪʦʤʦʚ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʩʝʤʝʡʩʪʚ ʧʦʨʦʞʜʘʝʪ ʷʜʝʨʥʦ-ʭʠʤʠʯʝʩʢʠʝ 

ʧʨʦʮʝʩʩʳ ʚ ʛʦʨʥʳʭ ʧʦʨʦʜʘʭ ʠ ʤʠʥʝʨʘʣʘʭ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʶ ʠʟʦʪʦʧʦʚ. 

ʅʘʠʙʦʣʝʝ ʦʪʯʝʪʣʠʚʦ ʵʪʦ ʷʚʣʝʥʠʝ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʩʣʫʯʘʝ ʠʟʦʪʦʧʥʦʡ ʧʘʨʳ ʫʨʘʥʘ 238 ʠ 234 

ʧʦ ʧʨʠʯʠʥʝ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʧʝʨʠʦʜʘ ʧʦʣʫʨʘʩʧʘʜʘ ʜʦʯʝʨʥʝʛʦ ʠʟʦʪʦʧʘ 
234
U (ʦʢʦʣʦ 250 ʪʳʩ. 

ʣʝʪ). ʈʘʜʠʦʘʢʪʠʚʥʦʝ ʨʘʚʥʦʚʝʩʠʝ ʤʝʞʜʫ ʜʦʯʝʨʥʠʤ ʠʟʦʪʦʧʦʤ ʠ ʨʦʜʦʥʘʯʘʣʴʥʠʢʦʤ ʨʷʜʘ 
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ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʟʘ ʥʝʙʦʣʴʰʠʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ 

ʧʝʨʠʦʜʳ ï ʧʨʠʤʝʨʥʦ 1 ʤʣʥ. ʣʝʪ. ʇʦʵʪʦʤʫ ʚ ʧʨʠʨʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʷʭ ʚʦʟʥʠʢʰʠʭ 1 ʤʠʣ-

ʣʠʦʥ ʣʝʪ ʪʦʤʫ ʥʘʟʘʜ ʥʘʙʣʶʜʘʝʪʩʷ ʨʘʜʠʦʘʢʪʠʚʥʦʝ ʨʘʚʥʦʚʝʩʠʝ [4]. ʇʝʨʚʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʫʨʘʥʘ, ʧʨʦʚʦʜʠʚʰʠʝʩʷ ʥʘ ʟʘʨʝ ʨʘʟʚʠʪʠʷ ʷʜʝʨʥʦʡ ʠʥʜʫʩʪʨʠʠ ʚ ʨʘʡʦ-

ʥʘʭ ʫʨʘʥʦʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʧʦʜʪʚʝʨʞʜʘʣʠ ʛʦʩʧʦʜʩʪʚʦʚʘʚʰʝʝ ʚ ʪʦ ʚʨʝʤʷ ʫʙʝʞʜʝʥʠʝ, 

ʯʪʦ ʠʟʦʪʦʧʳ ʫʨʘʥʘ ʚ ʧʨʠʨʦʜʝ ʚʩʝʛʜʘ ʩʫʱʝʩʪʚʫʶʪ ʚ ʨʘʚʥʦʚʝʩʥʦʤ ʩʦʩʪʦʷʥʠʠ. ɺ ʫʨʘʥʦʚʳʭ 

ʨʫʜʘʭ ʠ ʧʦʜʟʝʤʥʳʭ ʚʦʜʘʭ, ʦʤʳʚʘʶʱʠʭ ʨʫʜʥʳʝ ʪʝʣʘ, ʥʘʙʣʶʜʘʣʦʩʴ ʨʘʚʥʦʚʝʩʥʦʝ ʦʪʥʦʰʝ-

ʥʠʝ ʠʟʦʪʦʧʦʚ ʫʨʘʥʘ 
235
U ʠ 

238
U, ʥʝ ʩʚʷʟʘʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ ʷʜʝʨʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ [6]. 

ʗʚʣʝʥʠʝ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʯʝʪʥʳʭ ʠʟʦʪʦʧʦʚ ʫʨʘʥʘ-234 ʠ ʫʨʘʥʘ-238 ʚ ʧʨʠ-

ʨʦʜʝ ʙʳʣʦ ʦʪʢʨʳʪʦ ʚ 1953 ʛʦʜʫ ʧʨʦʬʝʩʩʦʨʦʤ ɺ.ɺ. ʏʝʨʜʳʥʮʝʚʳʤ ʠ ʝʛʦ ʫʯʝʥʠʢʦʤ ʘʩʧʠ-

ʨʘʥʪʦʤ ʇ.ʀ. ʏʘʣʦʚʳʤ (ʵʬʬʝʢʪ ʏʝʨʜʳʥʮʝʚʘ-ʏʘʣʦʚʘ) [7]. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʘʢʪʠ-

ʯʝʩʢʠ ʚʩʷ ʛʠʜʨʦʩʬʝʨʘ ɿʝʤʣʠ ʦʙʣʘʜʘʝʪ ʠʟʙʳʪʢʦʤ ʠʟʦʪʦʧʘ ʫʨʘʥʘ 234 ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠ-

ʤʦʜʝʡʩʪʚʠʷ ʧʨʠʨʦʜʥʳʭ ʚʦʜ ʩ ʛʦʜʥʳʤʠ ʧʦʨʦʜʘʤʠ. ʀʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʫʨʘʥʘ ʚ ʤʠʨʦʚʦʤ 

ʦʢʝʘʥʝ ʠʤʝʝʪ ʧʦʩʪʦʷʥʥʫʶ ʚʝʣʠʯʠʥʫ 
234

U/
238
U=1.14 ɹʢ/ɹʢ. ɼʣʷ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ, 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ, ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʧʣʘʪʬʦʨʤʝʥʥʳʭ ʠ ʛʝʦʩʠʥʢʣʠʥʘʣʴʥʳʭ ʦʙʣʘʩʪʝʡ ʭʘ-

ʨʘʢʪʝʨʥʳ ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʚʘʨʠʘʮʠʠ ʠʟʦʪʦʧʥʦʛʦ ʦʪʥʦʰʝʥʠʷ ʚ ʜʠʘʧʘʟʦʥʝ 1.10-1.80 [1]. 

ʀʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʫʨʘʥʘ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʨʝʟʢʦ ʦʪʣʠʯʘʝʪʩʷ 

ʦʪ ʩʨʝʜʥʝʛʦ ʩʦʩʪʘʚʘ ʛʠʜʨʦʩʬʝʨʳ. ʇʦʜʟʝʤʥʳʝ ʚʦʜʳ, ʮʠʨʢʫʣʠʨʫʶʱʠʝ ʚ ʧʨʝʜʝʣʘʭ ʨʫʜʥʳʭ 

ʪʝʣ, ʦʙʣʘʜʘʶʪ ʩʫʱʝʩʪʚʝʥʥʳʤ ʠʟʙʳʪʢʦʤ ʠʟʦʪʦʧʘ 
234
U [2,3]. ɸʥʦʤʘʣʴʥʳʝ ʠʟʙʳʪʢʠ ʠʟʦʪʦ-

ʧʘ ʫʨʘʥʘ-234 ʭʘʨʘʢʪʝʨʥʳ ʠ ʜʣʷ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʨʘʟʣʦʤʦʚ ʟʝʤʥʦʡ ʢʦʨʳ, ʢʘʢ ʚ ʩʝʡʩʤʠʯʝ-

ʩʢʠ ʘʢʪʠʚʥʦʡ ʟʦʥʝ, ʪʘʢ ʠ ʚ ʫʩʣʦʚʠʷʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʧʣʘʪʬʦʨʤ [5]. ɺ ʧʦʜʟʝʤʥʳʭ ʧʦʜʘʭ 

ʦʙʣʘʩʪʝʡ ʨʘʟʚʠʪʠʷ ʢʠʤʙʝʨʣʠʪʦʚʦʛʦ ʤʘʛʤʘʪʠʟʤʘ ʪʘʢʞʝ ʥʘʙʣʶʜʘʶʪʩʷ ʘʥʦʤʘʣʴʥʳʝ ʟʥʘʯʝ-

ʥʠʷ ʠʟʦʪʦʧʥʦʛʦ ʦʪʥʦʰʝʥʠʷ ʫʨʘʥʘ ʜʦ 14 ʝʜʠʥʠʮ ʘʢʪʠʚʥʦʩʪʠ. ʕʪʦ ʭʘʨʘʢʪʝʨʥʦ, ʢʘʢ ʜʣʷ 

ʗʢʫʪʩʢʦʡ, ʪʘʢ ʠ ʜʣʷ ɸʨʭʘʥʛʝʣʴʩʢʦʡ ʘʣʤʘʟʦʥʦʩʥʳʭ ʧʨʦʚʠʥʮʠʡ [2].  

ɺ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨʘʭ ʧʦʨʦʜ, ʨʫʜ ʠ ʤʠʥʝʨʘʣʦʚ ʚ ʧʨʝʜʝʣʘʭ ʨʫʜʥʳʭ ʧʦʣʠ-

ʤʝʪʘʣʣʠʯʝʩʢʠʭ, ʨʪʫʪʥʦ-ʩʫʨʴʤʷʥʳʭ ʠ ʨʪʫʪʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʪʘʢʞʝ ʦʪʤʝʯʘʶʪʩʷ ʰʠʨʦ-

ʢʠʝ ʧʨʝʜʝʣʳ ʠʟʤʝʥʝʥʠʷ ʚʝʣʠʯʠʥʳ ʦʪʥʦʰʝʥʠʷ ɔ=
234
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U, ʯʪʦ, ʢʘʟʘʣʦʩʴ ʙʳ, ʥʝʚʦʟʤʦʞ-

ʥʦ, ʫʯʠʪʳʚʘʷ ʥʝʩʦʠʟʤʝʨʠʤʦʩʪʴ ʚʨʝʤʝʥʠ ʦʙʨʘʟʦʚʘʥʠʷ ʜʨʝʚʥʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʠ ʧʝʨʠʦ-

ʜʘ ʧʦʣʫʨʘʩʧʘʜʘ ʫʨʘʥʘ 234. ɿʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʚʝʣʠʯʠ-

ʥʳ ɔ ʚ ʧʦʨʦʜʘʭ ʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʦʟʚʦʣʠʣʠ ʨʘʟʨʘʙʦʪʘʪʴ ʤʦʜʝʣʴ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʥʝʨʘʚʥʦʚʝʩʥʦʛʦ ʫʨʘʥʘ ʚ ʪʚʝʨʜʦʡ ʬʘʟʝ ʠ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʙʳʩʪʨʦʤ ʩʦʚʨʝʤʝʥʥʦʤ ʠʟʤʝʥʝ-

ʥʠʠ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʨʝʜʳ ʚ ʧʨʝʜʝʣʘʭ ʨʘʟʚʠʪʠʷ ʦʨʫʜʝʥʝʥʠʷ, ʪʦ ʝʩʪʴ ʧʨʦʷʚʣʝʥʠʷ ʛʝʦʭʠ-

ʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʘʢʪʠʚʥʦʡ ʤʠʛʨʘʮʠʠ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ [1,2].  

ɿʥʘʯʠʪʝʣʴʥʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝʨʘʚʥʦʚʝʩʥʦʛʦ ʫʨʘʥʘ ʚ ʢʘʯʝ-

ʩʪʚʝ ʠʥʜʠʢʘʪʦʨʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʨʫʜʥʦʛʦ ʚʝʱʝʩʪʚʘ ʠ ʚʤʝʱʘʶʱʝʡ ʩʨʝʜʳ ʚ ʧʨʝʜʝʣʘʭ ʦʙ-

ʣʘʩʪʝʡ ʢʠʤʙʝʨʣʠʪʦʚʦʛʦ ʤʘʛʤʘʪʠʟʤʘ. ʇʨʠʤʝʥʷʝʤʳʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʝʪʦʜʳ ʧʨʦʛʥʦʟʘ 

ʠ ʧʦʠʩʢʦʚ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʘʣʤʘʟʦʚ ʠʩʪʦʱʠʣʠ ʩʚʦʡ ʧʦʪʝʥʮʠʘʣ ʠ ʥʝ ʜʘʶʪ ʧʨʠʨʦʩʪʘ ʟʘʧʘ-

ʩʦʚ ʘʣʤʘʟʦʚ, ʯʪʦ ʪʨʝʙʫʝʪ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ ʠ ʧʦʜʭʦʜʦʚ ʚ ʨʝ-

ʰʝʥʠʠ ʵʪʦʛʦ ʚʦʧʨʦʩʘ. ʉʪʝʧʝʥʴ ʥʘʨʫʰʝʥʠʷ ʨʘʜʠʦʘʢʪʠʚʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʚ ʨʷʜʫ ʫʨʘʥʘ ʦʪ-

ʨʘʞʘʝʪ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠ ʜʣʠʪʝʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʦʚ ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʦʙʲʝʢʪʘʭ ʛʝʦʣʦʛʠʯʝ-

ʩʢʦʡ ʩʨʝʜʳ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʠʨʦʜʥʳʭ ʘʣʴʬʘ-ʠʟʣʫʯʘʶʱʠʭ ʵʣʝʤʝʥʪʦʚ, ʢ ʢʦʪʦʨʳʤ ʦʪʥʦ-

ʩʷʪʩʷ ʠʟʦʪʦʧʳ ʫʨʘʥʘ, ʚ ʢʘʯʝʩʪʚʝ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠʥʜʠʢʘʪʦʨʦʚ, ʦʪʢʨʳʚʘʝʪ ʙʦʣʴʰʠʝ ʚʦʟ-

ʤʦʞʥʦʩʪʠ ʧʦʣʫʯʝʥʠʷ ʮʝʥʥʦʡ ʥʘʫʯʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʩʚʷʟʘʥʥʦʡ ʩ ʫʩʪʘʥʦʚʣʝʥʠʝʤ ʩʢʦʨʦ-

ʩʪʝʡ ʠ ʤʝʭʘʥʠʟʤʦʚ ʤʠʛʨʘʮʠʠ ʨʘʜʠʦʥʫʢʣʠʜʦʚ ʚ ʛʝʦʩʬʝʨʝ. 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʥʘ ʧʨʠʤʝʨʝ ʨʷʜʘ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʪʨʫʙʦʢ ɸʨʭʘʥʛʝʣʴʩʢʦʡ ʘʣʤʘ-

ʟʦʥʦʩʥʦʡ ʧʨʦʚʠʥʮʠʠ ʥʘʤʠ ʫʩʪʘʥʦʚʣʝʥʳ ʩʫʱʝʩʪʚʝʥʥʳʝ ʦʪʢʣʦʥʝʥʠʷ ʠʟʦʪʦʧʥʦʛʦ ʦʪʥʦʰʝ-

ʥʠʷ ʫʨʘʥʘ ʚ ʩʪʦʨʦʥʫ ʠʟʙʳʪʢʘ ʫʨʘʥʘ-234 ʚ ʪʚʝʨʜʦʡ ʬʘʟʝ. ʕʪʠ ʠʟʙʳʪʢʠ ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʚ 

ʛʦʨʥʳʭ ʧʦʨʦʜʘʭ ʥʘ ʛʨʘʥʠʮʝ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʪʝʣ ʠ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴ-

ʥʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʠʟʙʳʪʦʢ ʠʟʦʪʦʧʘ-234 ʚ ʪʚʝʨʜʦʡ ʬʘʟʝ ʦʙʨʘʟʫʝʪ ʰʠʨʦʢʫʶ ʦʙʣʘʩʪʴ ʚ ʟʘ-

ʪʨʫʙʦʯʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʧʨʝʚʳʰʘʶʱʝʡ ʨʘʟʤʝʨʳ ʩʘʤʦʡ ʪʨʫʙʢʠ [8]. ʕʪʦ ʦʪʢʨʳʚʘʝʪ 

ʙʦʣʴʰʠʝ ʧʝʨʩʧʝʢʪʠʚʳ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʥʝʨʘʚʥʦʚʝʩʥʦʛʦ ʫʨʘʥʘ ʚ ʢʘʯʝʩʪʚʝ ʧʦʠʩʢʦʚʦʛʦ 
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ʢʨʠʪʝʨʠʷ ʥʘ ʦʙʥʘʨʫʞʝʥʠʝ ʥʦʚʳʭ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʪʨʫʙʦʢ. ʆʪʢʣʦʥʝʥʠʝ ʠʟʦʪʦʧʥʦʛʦ ʦʪ-

ʥʦʰʝʥʠʷ ʫʨʘʥʘ ʦʪ ʨʘʚʥʦʚʝʩʥʦʛʦ ʚ ʢʝʨʥʘʭ ʧʦʠʩʢʦʚʳʭ ʩʢʚʘʞʠʥ ʚ ʧʨʝʜʝʣʘʭ ʧʦʠʩʢʦʚʳʭ 

ʧʣʦʱʘʜʝʡ, ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʢʦʩʚʝʥʥʳʤ ʧʨʠʟʥʘʢʦʤ ʥʘʣʠʯʠʷ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʪʝʣ. 

ʂʨʦʤʝ ʪʦʛʦ, ʠʟʫʯʝʥʠʝ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʫʨʘʥʘ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʘʣʤʘʟʦʚ ʥʝʦʙ-

ʭʦʜʠʤʦ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʥʘʠʙʦʣʝʝ ʧʦʣʥʦʛʦ ʧʦʥʠʤʘʥʠʷ ʢʦʤʧʣʝʢʩʘ ʷʜʝʨʥʳʭ ʠ ʛʝʦ-

ʭʠʤʠʯʝʩʢʠʭ ʧʨʠʨʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʠʚʦʜʷʱʠʭ ʢ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤʫ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝ-

ʥʠʶ ʠʟʦʪʦʧʦʚ ʫʨʘʥʘ ʚ ʨʫʜʘʭ ʠ ʚʤʝʱʘʶʱʠʭ ʛʦʨʥʳʭ ʧʦʨʦʜʘʭ. ʕʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʦʟʚʦ-

ʣʠʪ ʦʪʢʨʳʪʴ ʧʫʪʴ ʢ ʧʦʥʠʤʘʥʠʶ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʤʠʛʨʘʮʠʠ ʨʘʜʠʦʥʫʢʣʠʜʦʚ ʚ ʧʨʝʜʝʣʘʭ 

ʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʧʦʟʚʦʣʠʪ ʦʧʨʝʜʝʣʠʪʴ ʤʝʭʘʥʠʟʤʳ ʠ ʩʢʦʨʦʩʪʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʨʫʜʥʦʛʦ ʚʝʱʝʩʪʚʘ ʩ ʜʨʫʛʠʤʠ ʦʙʲʝʢʪʘʤʠ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʨʝʜʳ.  

ʈʘʩʢʨʳʪʠʝ ʤʝʭʘʥʠʟʤʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʝʨʘʚʥʦʚʝʩʥʦʛʦ ʫʨʘʥʘ ʚ ʪʚʝʨʜʦʡ ʬʘʟʝ ʧʦʟ-

ʚʦʣʠʪ ʦʧʨʝʜʝʣʠʪʴ ʦʙʨʘʟʦʚʘʥʠʝ ʘʥʦʤʘʣʠʡ ʫʨʘʥʘ-234 ʚ ʧʦʜʟʝʤʥʳʭ ʚʦʜʘʭ. 
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ʊɽʍʅʀʏɽʉʂʀɽ ʅɸʋʂʀ 

 

ʆʎɽʅʂɸ ʂɸʏɽʉʊɺɸ ʂʃɽɽɺʓʍ ʉʆɽɼʀʅɽʅʀʁ ɸʂʋʉʊʀʏɽʉʂʀʄʀ ʄɽʊʆ-

ɼɸʄʀ ʂʆʅʊʈʆʃʗ 

 

ɿʝʥʢʠʥ ʅ.ɸ. 

ɼʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʂʠʝʚʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʪʝʭʥʦʣʦʛʠʡ ʠ ʜʠʟʘʡʥʘ 

ɺʘʩʠʣʝʥʢʦ ʀ.ʖ. 

ɸʩʧʠʨʘʥʪ ʢʘʬʝʜʨʳ ʢʦʤʧʴʶʪʝʨʥʦ-ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʠʟʤʝʨʠʪʝʣʴʥʦʡ 

ʪʝʭʥʠʢʠ 

ʂʠʝʚʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʪʝʭʥʦʣʦʛʠʡ ʠ ʜʠʟʘʡʥʘ 

ʂʫʟʥʝʮʦʚ ʇ.ɸ. 

ʂʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 
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ɸʥʦʪʘʮʽʷ 

ʈʦʟʛʣʷʥʫʪʦ ʧʝʨʝʚʘʛʠ ʽ ʥʝʜʦʣʽʢʠ ʷʢ ʪʨʘʜʠʮʽʡʥʦ ʟʘʩʪʦʩʦʚʫʚʘʥʠʭ, ʪʘʢ ʽ ʩʧʝʮʽʘʣʴʥʠʭ 

ʘʢʫʩʪʠʯʥʠʭ ʤʝʪʦʜʽʚ ʥʝʨʫʡʥʽʚʥʦʛʦ ʢʦʥʪʨʦʣʶ ʙʘʛʘʪʦʰʘʨʦʚʠʭ ʢʣʝʡʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. ʇʦ-

ʢʘʟʘʥʽ ʚʠʜʠ ʜʝʬʝʢʪʽʚ ʢʣʝʡʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʚʠʢʦʥʘʥʠʭ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʦʣʽʤʝʨʥʠʭ 

ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ɺʢʘʟʘʥʽ ʤʝʪʦʜʠ, ʟʘʩʦʙʠ ʪʘ ʧʨʠʣʘʜʠ ʜʣʷ ʢʦʥʪʨʦʣʶ ʢʣʝʡʦʚʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ ʘʢʫʩʪʠʯʥʠʤʠ ʤʝʪʦʜʘʤʠ 

ɸʥʥʦʪʘʮʠʷ 

ʈʘʩʩʤʦʪʨʝʥʳ ʜʦʩʪʦʠʥʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʢʘʢ ʪʨʘʜʠʮʠʦʥʥʦ ʧʨʠʤʝʥʷʝʤʳʭ, ʪʘʢ ʠ ʩʧʝ-

ʮʠʘʣʴʥʳʭ ʘʢʫʩʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ ʤʥʦʛʦʩʣʦʡʥʳʭ ʢʣʝʝʚʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡ. ʇʦʢʘʟʘʥʳ ʚʠʜʳ ʜʝʬʝʢʪʦʚ ʢʣʝʝʚʳʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʚʳʧʦʣʥʝʥʥʳʭ ʩ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʝʤ ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʋʢʘʟʘʥʳ ʤʝʪʦʜʳ, ʩʨʝʜʩʪʚʘ ʠ ʧʨʠ-

ʙʦʨʳ ʜʣʷ ʢʦʥʪʨʦʣʷ ʢʣʝʝʚʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʘʢʫʩʪʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ. 

Abstract 

The advantages and disadvantages of traditionally used, and special acoustic nonde-

structive inspection multilayer adhesive constructions. Showing kinds of defects adhesive 

structures made using polymer composite materials. Shown methods, tools and instruments 

for structural adhesive acoustic methods. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʮʝʥʢʘ ʢʘʯʝʩʪʚʘ, ʢʣʝʝʚʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʘʢʫʩʪʠʯʝʩʢʘʷ ʵʤʠʩʩʠʷ 

Keywords: quality control, adhesive joints, acoustic emission 

 

ɺʩʪʫʧ. ʇʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʧʨʦʜʫʢʮʽʾ, ʱʦ ʚʠʧʫʩʢʘʻʪʴʩʷ  ̒ʦʜʥʽʻʶ ʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ 

ʧʨʦʙʣʝʤ. ʆʩʦʙʣʠʚʦ ʮʝ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʚʽʜʧʦʚʽʜʘʣʴʥʠʭ ʚʠʨʦʙʽʚ, ʱʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʧʨʠ 

ʚʠʛʦʪʦʚʣʝʥʥʽ ʥʘʫʢʦʤʽʩʪʢʠʭ ʚʠʨʦʙʽʚ. ɺʘʞʣʠʚʘ ʨʦʣʴ ʫ ʧʠʪʘʥʥʷʭ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʧʨʦ-
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ʜʫʢʮʽʾ ʥʘʣʝʞʠʪʴ ʥʝʨʫʡʥʽʚʥʠʤ ʤʝʪʦʜʘʤ ʢʦʥʪʨʦʣʶ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʠʷʚʣʷʪʠ ʧʨʠʭʦʚʘʥʽ ʜʝ-

ʬʝʢʪʠ ʚ ʧʨʦʮʝʩʽ ʚʠʨʦʙʥʠʮʪʚʘ ʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʤʘʰʠʥ ʽ ʩʧʦʨʫʜ. ʊʦʤʫ ʨʦʟʨʦʙʢʘ ʽ ʚʜʦʩʢʦʥʘ-

ʣʝʥʥʷ ʤʝʪʦʜʽʚ ʽ ʟʘʩʦʙʽʚ ʥʝʨʫʡʥʽʚʥʦʛʦ ʢʦʥʪʨʦʣʶ ʻ ʘʢʪʫʘʣʴʥʠʤ ʟʘʚʜʘʥʥʷʤ. 

ʐʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʣʝʾʚ ʚ ʩʫʯʘʩʥʦʤʫ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽ ʦʙʫʤʦʚʣʝʥʦ ʪʠʤ, ʱʦ 

ʚʦʥʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʽʜʚʠʱʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʚʠʨʦʙʽʚ ʽ ʟʥʠʞʝʥʥʷ ʾʭ ʤʘʩʠ, ʝʢʦʥʦʤʽʶ ʜʦʨʦ-

ʛʠʭ ʽ ʜʝʬʽʮʠʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʨʝʤʦʥʪʦʟʜʘʪʥʽʩʪʴ ʟ'ʻʜʥʘʥʴ ʽ ʧʦʢʨʘʱʝʥʥʷ ʾʭ ʝʢʩʧʣʫʘʪʘʮʽʡ-

ʥʠʭ ʪʘ ʽʥʰʠʭ ʚʘʞʣʠʚʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʨʠ ʦʜʥʦʯʘʩʥʦʤʫ ʩʧʨʦʱʝʥʥʽ ʪʝʭʥʦʣʦʛʽʾ ʚʠʛʦʪʦʚ-

ʣʝʥʥʷ ʚʠʨʦʙʽʚ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʢʣʝʾʚ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʥʝʨʦʟ'ʻʤʥʠʭ ʟ'ʻʜʥʘʥʴ ʟʘʙʝʟʧʝʯʫʻ 

ʥʘʡʢʨʘʱʠʡ ʨʦʟʧʦʜʽʣ ʥʘʧʨʫʛ ʽ ʤʘʣʫ ʰʚʠʜʢʽʩʪʴ ʧʦʰʠʨʝʥʥʷ ʪʨʽʱʠʥ ʫ ʢʦʥʩʪʨʫʢʮʽʾ, ʱʦ 

ʩʧʨʠʷʻ ʧʽʜʚʠʱʝʥʥʶ ʥʘʜʽʡʥʦʩʪʽ ʚʠʨʦʙʽʚ. 

ɼʣʷ ʥʝʨʫʡʥʽʚʥʦʛʦ ʢʦʥʪʨʦʣʶ ʙʘʛʘʪʦʰʘʨʦʚʠʭ ʢʣʝʡʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʚ ʫʤʦʚʘʭ ʚʠʨʦ-

ʙʥʠʮʪʚʘ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʾ ʟʘʩʪʦʩʦʚʫʶʪʴ ʨʽʟʥʽ ʤʝʪʦʜʠ, ʟʘʩʥʦʚʘʥʽ ʥʘ ʚʟʘʻʤʦʜʽʾ ʧʨʦʥʠʢʘʶʯʠʭ 

ʚʠʧʨʦʤʽʥʶʚʘʥʴ ʘʙʦ ʬʽʟʠʯʥʠʭ ʧʦʣʽʚ ʟ ʢʦʥʪʨʦʣʴʦʚʘʥʠʤ ʦʙ'ʻʢʪʦʤ: ʘʢʫʩʪʠʯʥʽ, ʨʘʜʽʘʮʽʡʥʽ, 

ʪʝʧʣʦʚʽ, ʦʧʪʠʯʥʽ, ʝʣʝʢʪʨʠʯʥʽ, ʨʘʜʽʦʭʚʠʣʴʦʚʽ ʪʘ ʽʥ. ʉʝʨʝʜ ʤʝʪʦʜʽʚ ʢʦʥʪʨʦʣʶ ʙʘʛʘʪʦʰʘʨʦ-

ʚʠʭ ʢʣʝʡʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʚʠʢʦʥʘʥʠʭ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʧʦʣʽʤʝʨʥʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘ-

ʪʝʨʽʘʣʽʚ (ʇʂʄ), ʘʢʫʩʪʠʯʥʽ ʤʝʪʦʜʠ ʟʘ ʦʙʩʷʛʦʤ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʘʡʤʘʶʪʴ ʧʝʨʰʝ ʤʽʩʮʝ. ʎʽ 

ʤʝʪʦʜʠ ʟʘʩʥʦʚʘʥʽ ʥʘ ʚʟʘʻʤʦʜʽʾ ʧʨʫʞʥʠʭ ʢʦʣʠʚʘʥʴ ʽ ʭʚʠʣʴ ʰʠʨʦʢʦʛʦ ʜʽʘʧʘʟʦʥʫ ʯʘʩʪʦʪ ʟ 

ʢʦʥʪʨʦʣʴʦʚʘʥʦʶ ʜʝʪʘʣʣʶ ʘʙʦ ʢʦʥʩʪʨʫʢʮʽʻʶ. 

ɼʣʷ ʢʦʥʪʨʦʣʶ ʢʣʝʡʦʚʠʭ ʟ'ʻʜʥʘʥʴ ʟ ʇʂʄ ʟʘʩʪʦʩʦʚʫʶʪʴ ʷʢ ʪʨʘʜʠʮʽʡʥʽ ʘʢʫʩʪʠʯʥʽ 

ʤʝʪʦʜʠ, ʪʘʢ ʽ ʩʧʝʮʽʘʣʴʥʽ ʥʠʟʴʢʦʯʘʩʪʦʪʥʽ ʘʢʫʩʪʠʯʥʽ ʤʝʪʦʜʠ, ʘ ʪʘʢʦʞ ʙʝʟʢʦʥʪʘʢʪʥʽ ʤʝʪʦʜʠ. 

ɺ ʘʢʫʩʪʠʯʥʠʭ ʤʝʪʦʜʘʭ (ʽʤʝʨʩʽʡʥʠʡ, ʩʪʨʫʤʝʥʝʚʠʡ, ʢʦʥʪʘʢʪʥʠʡ ʚʘʨʽʘʥʪʠ) ʟʘʟʚʠʯʘʡ ʚʠʢʦ-

ʨʠʩʪʦʚʫʶʪʴ ʨʽʜʠʥʠ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʘʢʫʩʪʠʯʥʦʛʦ ʢʦʥʪʘʢʪʫ ʤʽʞ ʧʝʨʝʪʚʦʨʶʚʘʯʝʤ ʧʨʠʣʘʜʫ ʽ 

ʚʠʨʦʙʦʤ. ʅʠʟʴʢʦʯʘʩʪʦʪʥʽ ʘʢʫʩʪʠʯʥʽ ʤʝʪʦʜʠ ʨʝʘʣʽʟʫʶʪʴʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʫʭʦʛʦ ʪʦʯ-

ʢʦʚʦʛʦ ʢʦʥʪʘʢʪʫ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʟ ʦʙ'ʻʢʪʦʤ ʢʦʥʪʨʦʣʶ ʘʙʦ ʝʣʘʩʪʠʯʥʦʛʦ ʧʨʦʪʝʢʪʦʨʘ, ʟ'ʻʜ-

ʥʘʥʦʛʦ ʟ ʨʦʙʦʯʠʤ ʦʨʛʘʥʦʤ ʧʝʨʝʪʚʦʨʶʚʘʯʘ. 

ɼʦ ʤʝʪʦʜʽʚ ʧʝʨʰʦʾ ʛʨʫʧʠ ʚʽʜʥʦʩʷʪʴʩʷ ʪʽʥʴʦʚʠʡ ʤʝʪʦʜ (ʧʨʦʭʦʜʞʝʥʥʷ), ʝʭʦ-ʤʝʪʦʜ 

(ʦʩʥʦʚʥʠʡ ʽ ʨʝʚʝʨʙʝʨʘʮʽʡʥʠʡ ʚʘʨʽʘʥʪʠ) ʽ ʤʝʪʦʜ ʚʠʤʫʰʝʥʠʭ ʢʦʣʠʚʘʥʴ (ʨʝʟʦʥʘʥʩʥʠʡ ʤʝ-

ʪʦʜ). ɼʦ ʩʧʝʮʽʘʣʴʥʠʭ ʥʠʟʴʢʦʯʘʩʪʦʪʥʠʭ ʤʝʪʦʜʽʚ ʥʘʣʝʞʘʪʴ ʽʤʧʝʜʘʥʩʥʠʡ, ʚʝʣʦʩʠʤʝʪʨʠʯ-

ʥʠʡ, ʤʝʪʦʜ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ, ʚʽʙʨʘʮʽʡʥʦ-ʪʦʧʦʛʨʘʬʽʯʥʠʡ ʽ ʚʽʙʨʘʮʽʡʥʦ-ʪʝʧʣʦʚʦʾ ʤʝʪʦʜʠ. 

ʅʠʟʴʢʽ ʧʠʪʦʤʽ ʭʚʠʣʴʦʚʽ ʦʧʦʨʠ ʙʘʛʘʪʴʦʭ ʇʂʄ ʜʦʟʚʦʣʷʶʪʴ ʧʦʢʨʘʱʠʪʠ ʘʢʫʩʪʠʯʥʝ 

ʧʦʛʦʜʞʝʥʥʷ ʾʭ ʟ ʨʽʜʠʥʘʤʠ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʮʠʤ ʧʦʢʘʟʥʠʢʦʤ ʜʣʷ ʤʝʪʘʣʽʚ. ʎʝʡ ʬʘʢʪʦʨ ʧʦ-

ʣʝʛʰʫʻ ʢʦʥʪʨʦʣʴ ʜʝʪʘʣʝʡ ʟ ʇʂʄ ʤʝʪʦʜʘʤʠ ʧʝʨʰʦʾ ʛʨʫʧʠ. ʂʨʽʤ ʪʦʛʦ, ʰʚʠʜʢʽʩʪʴ ʧʦʰʠ-

ʨʝʥʥʷ ʧʨʫʞʥʠʭ ʭʚʠʣʴ ʫ ʚʠʨʦʙʘʭ ʟ ʇʂʄ ʟʘʟʚʠʯʘʡ ʤʝʥʰʝ, ʥʽʞ ʚ ʤʝʪʘʣʘʭ, ʱʦ ʪʘʢʦʞ ʧʦ-

ʣʝʛʰʫʻ ʢʦʥʪʨʦʣʴ ʚʠʨʦʙʽʚ ʟ ʇʂʄ ʚ ʽʤʝʨʩʽʡʥʦʤʫ ʚʘʨʽʘʥʪʽ, ʪʦʙʪʦ ʧʨʠ ʟʘʥʫʨʝʥʥʽ ʚ ʨʽʜʠʥʫ. 

ʇʨʠ ʮʴʦʤʫ ʟʤʝʥʰʫʻʪʴʩʷ ʧʝʨʝʣʦʤʣʝʥʥʷ ʥʘ ʤʝʞʽ ʨʽʜʠʥʘ-ʚʠʨʽʙ, ʱʦ ʻ ʬʘʢʪʦʨʦʤ, ʩʧʨʠʷʪʣʠ-

ʚʠʤ ʜʣʷ ʢʦʥʪʨʦʣʶ. 

ʆʩʥʦʚʥʠʤʠ ʬʘʢʪʦʨʘʤʠ, ʱʦ ʫʩʢʣʘʜʥʶʶʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʽʚ ʧʝʨʰʦʾ ʛʨʫʧʠ, ʻ 

ʚʠʩʦʢʽ ʢʦʝʬʽʮʽʻʥʪʠ ʟʘʛʘʩʘʥʥʷ ʧʨʫʞʥʠʭ ʢʦʣʠʚʘʥʴ ʚ ʇʂʄ, ʨʽʟʢʘ ʚʽʜʤʽʥʘ ʘʢʫʩʪʠʯʥʠʭ ʚʣʘ-

ʩʪʠʚʦʩʪʝʡ ʰʘʨʽʚ ʙʘʛʘʪʦʰʘʨʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʘ ʪʘʢʦʞ ʰʦʨʩʪʢʽʩʪʴ ʽ ʢʨʠʚʠʟʥʘ ʧʦʚʝʨʭʦʥʴ 

ʜʝʪʘʣʝʡ ʽ ʢʦʥʩʪʨʫʢʮʽʡ [1]. 

ʈʦʟʛʣʷʥʝʤʦ ʘʢʫʩʪʠʯʥʽ ʤʝʪʦʜʠ ʢʦʥʪʨʦʣʶ ʢʣʝʡʦʚʠʭ ʟôʻʜʥʘʥʴ. 

ʊʽʥʴʦʚʠʡ ʤʝʪʦʜ (ʧʨʦʭʦʜʞʝʥʥʷ) ʨʝʘʣʽʟʫʻʪʴʩʷ, ʷʢ ʧʨʘʚʠʣʦ, ʜʚʦʤʘ ʩʧʦʩʦʙʘʤʠ: ʘʤ-

ʧʣʽʪʫʜʥʠʤ ʽ ʪʠʤʯʘʩʦʚʠʤ. ʇʨʠ ʢʦʥʪʨʦʣʽ ʘʤʧʣʽʪʫʜʥʠʤ ʩʧʦʩʦʙʦʤ ʧʦʨʫʰʝʥʥʷ ʩʫʮʽʣʴʥʦʩʪʽ 

ʚʠʷʚʣʷʶʪʴ ʟʛʽʜʥʦ ʦʩʣʘʙʣʝʥʥʷ ʘʙʦ ʟʥʠʢʥʝʥʥʷ ʩʠʛʥʘʣʫ, ʧʨʠ ʢʦʥʪʨʦʣʽ ʪʠʤʯʘʩʦʚʠʤ ʩʧʦʩʦ-

ʙʦʤ ï ʧʦ ʟʙʽʣʴʰʝʥʥʶ ʯʘʩʫ ʧʨʦʭʦʜʞʝʥʥʷ ʩʠʛʥʘʣʫ. ʄʝʪʦʜ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʚʠʷʚʣʝʥʥʷ 

ʟʦʥ ʧʦʨʫʰʝʥʥʷ ʟ'ʻʜʥʘʥʴ ʚ ʙʘʛʘʪʦʰʘʨʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʷʭ ʽ ʚʠʷʚʣʝʥʥʷ ʨʦʟʰʘʨʫʚʘʥʴ, ʧʫ-

ʩʪʦʪ, ʟʦʥ ʧʽʜʚʠʱʝʥʦʾ ʧʦʨʠʩʪʦʩʪʽ ʚ ʜʝʪʘʣʷʭ ʽ ʢʦʥʩʪʨʫʢʮʽʷʭ ʟ ʇʂʄ. 

ʇʝʨʝʚʘʛʠ ʪʽʥʴʦʚʦʛʦ ʤʝʪʦʜʫ ï ʚʠʩʦʢʘ ʜʦʩʪʦʚʽʨʥʽʩʪʴ, ʦʩʢʽʣʴʢʠ ʤʝʪʦʜ ʥʝ ʤʘʻ ʛʣʠʙʠʥ-

ʥʠʭ ʥʝʢʦʥʪʨʦʣʴʦʚʘʥʠʭ ʟʦʥ. ʅʝʜʦʣʽʢʠ ʤʝʪʦʜʫ ï ʥʝʦʙʭʽʜʥʽʩʪʴ ʜʚʦʩʪʦʨʦʥʥʴʦʛʦ ʜʦʩʪʫʧʫ ʜʦ 

ʢʦʥʪʨʦʣʴʦʚʘʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ, ʱʦ ʥʝ ʟʘʚʞʜʠ ʤʦʞʣʠʚʦ (ʥʘʧʨʠʢʣʘʜ, ʚ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʚʠʨʦʙʫ), ʘ ʪʘʢʦʞ ʟʘʣʝʞʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ ʢʦʥʪʨʦʣʶ ʚʽʜ ʘʢʫʩʪʠʯʥʦʛʦ ʢʦʥʪʘʢʪʫ ʽ 
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ʥʝʩʧʽʚʚʽʩʥʽʩʪʴ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ, ʱʦ ʚʠʥʠʢʘʻ ʧʨʠ ʢʦʥʪʨʦʣʽ ʚʝʣʠʢʦʛʘʙʘʨʠʪʥʠʭ ʚʠʨʦʙʽʚ. 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʧʽʚʚʽʩʥʦʛʦ ʨʦʟʪʘʰʫʚʘʥʥʷ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʧʨʠ ʢʦʥʪʨʦʣʽ ʪʘʢʠʭ ʚʠʨʦ-

ʙʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʢʦʥʩʪʨʫʢʮʽʾ ʫ ʚʠʛʣʷʜʽ ʩʢʦʙ ʘʙʦ ʩʧʝʮʽʘʣʴʥʽ ʩʠʩʪʝʤʠ ʦʨʽʻʥʪʘʮʽʾ. 

ɽʭʦ-ʤʝʪʦʜ (ʤʝʪʦʜ ʚʽʜʙʠʪʪʷ) ʧʦʣʷʛʘʻ ʫ ʚʽʜʧʨʘʚʮʽ ʚ ʢʦʥʪʨʦʣʴʦʚʘʥʫ ʜʝʪʘʣʴ ʧʝʨʝʪʚʦ-

ʨʶʚʘʯʝʤ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʽʤʧʫʣʴʩʫ ʪʘ ʧʨʠʡʦʤʽ ʪʠʤ ʞʝ ʘʙʦ ʽʥʰʠʤ ʧʝʨʝʪʚʦʨʶʚʘʯʝʤ 

ʚʽʜʙʠʪʠʭ ʚʽʜ ʩʪʨʫʢʪʫʨʥʠʭ ʥʝʦʜʥʦʨʽʜʥʦʩʪʝʡ ʽ ʚʽʜ ʧʨʦʪʠʣʝʞʥʦʾ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʽ (ʜʥʘ) ʩʠʛ-

ʥʘʣʽʚ. ʇʦ ʪʠʤʯʘʩʦʚʽʡ ʨʦʟʛʦʨʪʮʽ ʤʦʞʥʘ ʨʦʟʨʽʟʥʷʪʠ ʚʽʜʙʠʪʽ ʩʠʛʥʘʣʠ ʽ ʬʽʢʩʫʚʘʪʠ ʯʘʩ ʾʭʥʴʦ-

ʛʦ ʧʨʠʭʦʜʫ. ʋ ʮʴʦʤʫ ʦʩʥʦʚʥʦʤʫ ʚʘʨʽʘʥʪʽ ʝʭʦ-ʤʝʪʦʜ ʟʘʩʪʦʩʦʚʫʶʪʴ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʥʝʧʨʦ-

ʢʣʝʶ ʽ ʨʦʟʰʘʨʫʚʘʥʴ ʚ ʢʣʝʡʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʷʭ ʟ ʇʂʄ ʪʦʚʱʠʥʦʶ ʚʽʜ 4-10 ʜʦ 100-200 ʤʤ. 

ʈʝʚʝʨʙʝʨʘʮʽʡʥʠʡ ʤʝʪʦʜ ʢʦʥʪʨʦʣʶ (ʤʝʪʦʜ ʙʘʛʘʪʦʨʘʟʦʚʠʭ ʚʽʜʙʠʪʪʽʚ), ʘʙʦ ʝʭʦʨʝʚʝʨ-

ʙʝʨʘʮʽʦʥʥʠʡ ʤʝʪʦʜ ʻ ʨʽʟʥʦʚʠʜʦʤ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʽʤʧʫʣʴʩʥʦʛʦ ʝʭʦ-ʤʝʪʦʜʫ, ʷʢʠʡ ʦʩʪʘʥ-

ʥʽʤ ʯʘʩʦʤ ʟʥʘʭʦʜʠʪʴ ʚʩʝ ʙʽʣʴʰ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʥʘʰʽʡ ʢʨʘʾʥʽ ʽ ʟʘ ʢʦʨʜʦʥʦʤ ʜʣʷ 

ʢʦʥʪʨʦʣʶ ʷʢʦʩʪʽ ʢʣʝʡʦʚʠʭ ʟ'ʻʜʥʘʥʴ ʚ ʙʘʛʘʪʦʰʘʨʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʷʭ. ʎʝʡ ʤʝʪʦʜ ʚʠʢʦʨʠ-

ʩʪʦʚʫʻ ʚʧʣʠʚ ʟʦʥʠ ʧʦʨʫʰʝʥʥʷ ʟ'ʻʜʥʘʥʥʷ ʤʽʞ ʰʘʨʘʤʠ ʟ ʨʽʟʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʯʥʠʭ ʽʤʧʝʜʘʥʩʽʚ ʽ ʢʦʝʬʽʮʽʻʥʪʽʚ ʟʘʛʘʩʘʥʥʷ ʧʨʫʞʥʠʭ ʭʚʠʣʴ ʥʘ ʢʽʣʴʢʽʩʪʴ ʽ ʰʚʠʜʢʽʩʪʴ 

ʟʤʝʥʰʝʥʥʷ ʘʤʧʣʽʪʫʜ ʙʘʛʘʪʦʨʘʟʦʚʦ ʚʽʜʙʠʪʠʭ ʽʤʧʫʣʴʩʽʚ ʚ ʰʘʨʽ ʟ ʤʝʥʰʦʶ ʚʝʣʠʯʠʥʦʶ 

ʢʦʝʬʽʮʽʻʥʪʘ ʟʘʛʘʩʘʥʥʷ. 

ʄʦʞʣʠʚʦʩʪʽ ʨʝʚʝʨʙʝʨʘʮʽʡʥʦʛʦ ʤʝʪʦʜʫ ʽʩʪʦʪʥʦ ʨʦʟʰʠʨʶʶʪʴʩʷ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʝʭʦ-ʽʤʧʫʣʴʩʽʚ, ʱʦ ʧʨʦʡʰʣʠ ʯʝʨʝʟ ʢʣʝʡʦʚʠʡ ʰʘʨ ʘʙʦ ʚʽʜʙʠʪʠʭ ʚʽʜ 

ʟʦʥʠ ʧʦʨʫʰʝʥʥʷ ʢʣʝʡʦʚʦʛʦ ʟ'ʻʜʥʘʥʥʷ. ʉʧʝʢʪʨʘʣʴʥʠʡ ʚʘʨʽʘʥʪ ʨʝʚʝʨʙʝʨʘʮʽʡʥʦʛʦ ʤʝʪʦʜʫ 

ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʨʝʻʩʪʨʘʮʽʾ ʟʤʽʥʠ ʬʦʨʤʠ ʟʛʠʥʘʶʯʦʛʦ ʘʤʧʣʽʪʫʜʥʦʛʦ ʩʧʝʢʪʨʘ ʝʭʦ-ʽʤʧʫʣʴʩʦʚ 

ʟʘʣʝʞʥʦ ʚʽʜ ʷʢʦʩʪʽ ʟ'ʻʜʥʘʥʥʷ. 

ɼʦ ʥʝʜʦʣʽʢʽʚ ʨʝʚʝʨʙʝʨʘʮʽʡʥʦʛʦ ʤʝʪʦʜʫ ʚʽʜʥʦʩʷʪʴʩʷ: ʪʨʫʜʥʦʱʽ ʘʙʦ ʥʝʤʦʞʣʠʚʽʩʪʴ 

ʚʠʷʚʣʝʥʥʷ ʟʦʥ ʧʦʨʫʰʝʥʥʷ ʟ'ʻʜʥʘʥʥʷ ʚ ʪʦʤʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʢʣʝʡʦʚʠʡ ʰʘʨ ʧʨʠʣʷʛʘʻ ʜʦ 

ʦʙʰʠʚʢʠ, ʟ ʙʦʢʫ ʷʢʦʾ ʧʨʦʚʦʜʠʪʴʩʷ ʢʦʥʪʨʦʣʴ (ʥʝʧʨʦʢʣʝʡ ʤʽʞ ʢʣʝʡʦʚʠʤ ʰʘʨʦʤ ʽ 

ʚʥʫʪʨʽʰʥʽʤ ʝʣʝʤʝʥʪʦʤ ʢʦʥʩʪʨʫʢʮʽʾ); ʩʢʣʘʜʥʽʩʪʴ ʚʠʷʚʣʝʥʥʷ ʟʦʥ ʧʦʨʫʰʝʥʥʷ ʟ'ʻʜʥʘʥʥʷ ʚ 

ʢʦʥʩʪʨʫʢʮʽʷʭ ʟ ʜʫʞʝ ʪʦʥʢʠʤʠ ʦʙʰʠʚʢʘʤʠ ʽ ʟ ʦʙʰʠʚʢʘʤʠ ʟ ʤʘʪʝʨʽʘʣʽʚ ʟ ʚʠʩʦʢʠʤ ʟʘʛʘʩʘʥ-

ʥʷʤ ʚ ʥʠʭ ʧʨʫʞʥʠʭ ʢʦʣʠʚʘʥʴ. ɿʘʛʘʣʴʥʠʤ ʥʝʜʦʣʽʢʦʤ ʤʝʪʦʜʫ ʻ ʤʦʞʣʠʚʽʩʪʴ ʢʦʥʪʨʦʣʶ, ʷʢ 

ʧʨʘʚʠʣʦ, ʪʽʣʴʢʠ ʢʦʤʙʽʥʦʚʘʥʠʭ ʢʣʝʡʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʪʠʧʫ ʤʝʪʘʣ-ʧʣʘʩʪʠʢ ʟ ʥʝʚʝʣʠʢʦʶ 

ʢʨʠʚʠʟʥʦʶ, ʧʨʠʯʦʤʫ ʧʨʠ ʢʦʥʪʨʦʣʽ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʢʦʥʪʘʢʪʥʘ ʨʽʜʠʥʘ. 

ʄʝʪʦʜ ʚʠʤʫʰʝʥʠʭ ʢʦʣʠʚʘʥʴ (ʨʝʟʦʥʘʥʩʥʠʡ ʤʝʪʦʜ), ʟʘʩʪʦʩʦʚʫʚʘʥʠʡ ʜʣʷ ʢʦʥʪʨʦʣʶ 

ʙʘʛʘʪʦʰʘʨʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʟ ʇʂʄ, ʻ ʨʽʟʥʦʚʠʜʦʤ ʨʝʟʦʥʘʥʩʥʦʛʦ ʤʝʪʦʜʫ, ʚʠʢʦʨʠʩʪʦʚʫʚʘ-

ʥʦʛʦ ʜʣʷ ʢʦʥʪʨʦʣʶ ʤʝʪʘʣʝʚʠʭ ʜʝʪʘʣʝʡ. ʆʟʥʘʢʦʶ ʧʦʨʫʰʝʥʥʷ ʩʫʮʽʣʴʥʦʩʪʽ ʧʨʠ ʢʦʥʪʨʦʣʽ 

ʪʘʢʠʤ ʤʦʜʠʬʽʢʦʚʘʥʠʤ ʨʝʟʦʥʘʥʩʥʠʤ ʤʝʪʦʜʦʤ ʩʣʫʞʠʪʴ ʟʤʽʥʘ ʨʝʟʦʥʘʥʩʥʦʾ ʯʘʩʪʦʪʠ ʥʘʚʘʥ-

ʪʘʞʝʥʦʛʦ ʥʘ ʢʦʥʩʪʨʫʢʮʽʶ ʧôʻʟʦʧʝʨʝʪʚʦʨʶʚʘʯʘ. 

ʅʝʜʦʣʽʢʘʤʠ ʨʝʟʦʥʘʥʩʥʦʛʦ ʤʝʪʦʜʫ ʢʦʥʪʨʦʣʶ ʻ ʩʢʣʘʜʥʽʩʪʴ ʘʙʦ ʥʝʤʦʞʣʠʚʽʩʪʴ ʢʦʥ-

ʪʨʦʣʶ ʢʨʠʚʦʣʽʥʽʡʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʘ ʪʘʢʦʞ ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʤʦʯʫʚʘʥʥʷ ʧʦʚʝʨʭʥʽ ʢʦʥ-

ʩʪʨʫʢʮʽʾ ʧʨʠ ʢʦʥʪʨʦʣʽ. 

ɯʤʧʝʜʘʥʩʥʠʡ ʤʝʪʦʜ ʨʝʘʣʽʟʫʻʪʴʩʷ ʧʨʠ ʦʜʥʦʩʪʦʨʦʥʥʴʦʤʫ ʜʦʩʪʫʧʽ ʜʦ ʢʦʥʪʨʦʣʴʦʚʘʥʦ-

ʛʦ ʘʛʨʝʛʘʪʫ ʽ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʚ ʜʚʦʭ ʚʘʨʽʘʥʪʘʭ: ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʫʤʽʱʝʥʦʛʦ ʽ ʟ ʚʠʢʦʨʠ-

ʩʪʘʥʥʷʤ ʨʦʟʜʽʣʴʥʦ-ʩʫʤʽʱʝʥʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ [2]. 

ʄʝʪʦʜ ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʨʦʟʭʦʜʞʝʥʥʽ ʤʝʭʘʥʽʯʥʠʭ ʽʤʧʝʜʘʥʩʽʚ ʙʝʟʜʝʬʝʢʪʥʠʭ ʪʘ ʜʝ-

ʬʝʢʪʥʠʭ ʜʽʣʷʥʦʢ ʢʦʥʩʪʨʫʢʮʽʾ. ʄʝʭʘʥʽʯʥʠʡ ʽʤʧʝʜʘʥʩ Zʥ ʢʦʥʩʪʨʫʢʮʽʡ ʚ ʪʦʯʮʽ ʧʨʠʢʣʘʜʘʥʥʷ 

ʩʠʣʠ F ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʽʜʥʦʰʝʥʥʷʤ ʮʽʻʾ ʩʠʣʠ ʜʦ ʢʦʣʠʚʘʣʴʥʦʾ ʰʚʠʜʢʦʩʪʽ V ʽ ʻ ʢʦʤʧʣʝʢʩ-

ʥʦʶ ʚʝʣʠʯʠʥʦʶ: 
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 ï ʘʢʪʠʚʥʘ ʽ ʨʝʘʢʪʠʚʥʘ ʩʢʣʘʜʦʚʽ ʽʤʧʝʜʘʥʩʫ: 
1j= -

; j ï ʬʘʟʘ.  

ʉʝʨʝʜ ʘʢʫʩʪʠʯʥʠʭ ʤʝʪʦʜʽʚ ʢʦʥʪʨʦʣʶ ʷʢʦʩʪʽ ʢʣʝʡʦʚʠʭ ʟôʻʜʥʘʥʴ ʚ ʜʘʥʠʡ ʯʘʩ, ʟʘ ʦʙ-

ʩʷʛʦʤ ʚʧʨʦʚʘʜʞʝʥʥʷ, ʽʤʧʝʜʘʥʩʥʠʡ ʤʝʪʦʜ ʟʘʡʤʘʻ ʪʨʝʪʻ ʤʽʩʮʝ, ʧʦʩʪʫʧʘʶʯʠʩʴ ʣʠʰʝ ʝʭʦ-
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ʤʝʪʦʜʫ ʽ ʪʽʥʴʦʚʦʤʫ ʤʝʪʦʜʫ, ʘ ʟʘ ʦʙʩʷʛʦʤ ʚʧʨʦʚʘʜʞʝʥʥʷ ʜʣʷ ʢʦʥʪʨʦʣʶ ʢʣʝʻʥʠʭ ʢʦʥ-

ʩʪʨʫʢʮʽʡ ï ʧʝʨʰʝ ʤʽʩʮʝ. 

ɺʝʣʦʩʠʤʝʪʨʠʯʥʠʡ ʤʝʪʦʜ ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʚʧʣʠʚʽ ʩʪʨʫʢʪʫʨʥʠʭ ʥʝʦʜʥʦʨʽʜʥʦʩʪʝʡ ʥʘ 

ʰʚʠʜʢʽʩʪʴ ʧʦʰʠʨʝʥʥʷ ʧʨʫʞʥʠʭ ʭʚʠʣʴ ʚ ʢʦʥʪʨʦʣʴʦʚʘʥʽʡ ʢʦʥʩʪʨʫʢʮʽʾ, ʘ ʪʘʢʦʞ ʥʘ ʟʤʽʥʽ 

ʰʣʷʭʫ ʭʚʠʣʽ ʤʽʞ ʚʠʧʨʦʤʽʥʶʚʘʯʝʤ ʽ ʧʨʠʡʤʘʯʝʤ. ʄʝʪʦʜ ʨʝʘʣʽʟʫʻʪʴʩʷ ʷʢ ʧʨʠ ʦʜʥʦʩʪʦʨʦʥ-

ʥʴʦʤʫ, ʪʘʢ ʽ ʧʨʠ ʜʚʦʩʪʦʨʦʥʥʴʦʤʫ ʚʘʨʽʘʥʪʘʭ ʢʦʥʪʨʦʣʶ. ʇʨʠ ʮʴʦʤʫ ʫ ʚʠʨʦʙʽ ʤʦʞʫʪʴ ʧʦ-

ʨʫʰʫʚʘʪʠʩʷ ʷʢ ʙʝʟʧʝʨʝʨʚʥʽ, ʽ ʽʤʧʫʣʴʩʥʽ ʢʦʣʠʚʘʥʥʷ ʯʘʩʪʦʪʦʶ 20-60 ʢɻʮ, ʷʢʽ ʧʦʰʠʨʶ-

ʶʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʘʥʪʠʩʠʤʝʪʨʠʯʥʠʭ ʭʚʠʣʴ ʥʫʣʴʦʚʦʛʦ ʧʦʨʷʜʢʫ. 

ʈʦʟʨʽʟʥʷʶʪʴ ʜʚʘ ʩʧʦʩʦʙʠ ʨʝʘʣʽʟʘʮʽʾ ʚʝʣʦʩʠʤʝʪʨʠʯʥʦʛʦ ʤʝʪʦʜʫ: ʬʘʟʦʚʠʡ ʩʧʦʩʽʙ, ʢʦ-

ʣʠ ʜʝʬʝʢʪ ʨʝʻʩʪʨʫʻʪʴʩʷ ʧʦ ʟʤʽʥʽ ʬʘʟʠ ʧʨʠʡʥʷʪʦʛʦ ʩʠʛʥʘʣʫ, ʽ ʪʠʤʯʘʩʦʚʠʡ ʩʧʦʩʽʙ ï ʧʦ 

ʟʤʽʥʽ ʯʘʩʫ ʧʨʦʭʦʜʞʝʥʥʷ ʩʠʛʥʘʣʫ. 

ʅʝʤʝʪʘʣʝʚʽ ʤʘʪʝʨʽʘʣʠ ʜʦʩʠʪʴ ʯʘʩʪʦ ʥʝʦʜʥʦʨʽʜʥʽ ʪʘ ʾʭ ʧʨʫʞʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʥʘ ʨʽʟʥʠʭ 

ʜʽʣʷʥʢʘʭ ʥʝʦʜʥʘʢʦʚʽ. ʊʦʤʫ ʰʚʠʜʢʽʩʪʴ ʧʦʰʠʨʝʥʥʷ ʧʨʫʞʥʠʭ ʟʛʠʥʘʶʯʠʭ ʭʚʠʣʴ ʟʘʣʝʞʠʪʴ 

ʚʽʜ ʨʦʟʧʦʜʽʣʫ ʾʭ ʚ ʤʘʪʝʨʽʘʣʽ, ʧʦʨʠʩʪʦʩʪʽ ʪʘ ʽʥʰʠʭ ʤʽʢʨʦʩʪʨʫʢʪʫʨʥʠʭ ʚʽʜʭʠʣʝʥʴ. ʎʝ 

ʫʩʢʣʘʜʥʶʻ ʢʦʥʪʨʦʣʴ ʚʝʣʦʩʠʤʝʪʨʠʯʥʠʤ ʤʝʪʦʜʦʤ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʦʜʥʦʩʪʦʨʦʥʥʴʦʛʦ 

ʚʘʨʽʘʥʪʫ, ʦʩʢʽʣʴʢʠ ʚ ʟʦʥʘʭ ʙʝʟ ʤʘʢʨʦʩʪʨʫʢʪʫʨʥʠʭ ʚʽʜʭʠʣʝʥʴ (ʧʦʨʫʰʝʥʴ ʩʫʮʽʣʴʥʦʩʪʽ) ʧʦ-

ʢʘʟʘʥʥʷ ʬʘʟʦʤʝʪʨʘ ʧʨʠʣʘʜʫ ʟʤʽʥʶʶʪʴʩʷ. ɯʥʦʜʽ ʮʽ ʟʤʽʥʠ ʥʘʩʪʽʣʴʢʠ ʚʝʣʠʢʽ, ʱʦ ʢʦʥʪʨʦʣʴ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʦʜʥʦʩʪʦʨʦʥʥʴʦʛʦ ʚʘʨʽʘʥʪʘ ʤʝʪʦʜʫ ʚʠʷʚʣʷʻʪʴʩʷ ʥʝʤʦʞʣʠʚʠʤ. 

ʄʝʪʦʜ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʫʜʘʨʥʦʤʫ ʟʙʫʜʞʝʥʥʽ ʽʤʧʫʣʴʩʽʚ ʚʽʣʴʥʦ ʟʘ-

ʪʫʭʘʶʯʠʭ ʧʨʫʞʥʠʭ ʢʦʣʠʚʘʥʴ ʚ ʢʦʥʪʨʦʣʴʦʚʘʥʽʡ ʢʦʥʩʪʨʫʢʮʽʾ (ʘʙʦ ʾʾ ʯʘʩʪʠʥʠ) ʪʘ ʘʥʘʣʽʟʽ 

ʧʘʨʘʤʝʪʨʽʚ ʧʨʠʡʥʷʪʦʛʦ ʩʠʛʥʘʣʫ. ʆʟʥʘʢʦʶ ʧʦʨʫʰʝʥʥʷ ʩʫʮʽʣʴʥʦʩʪʽ ʻ ʟʤʽʥʘ ʩʧʝʢʪʨʫ 

ʧʨʫʞʥʠʭ ʢʦʣʠʚʘʥʴ ʢʦʥʩʪʨʫʢʮʽʾ ʚ ʟʦʥʽ ʢʦʥʪʨʦʣʶ ʽ ʟʤʽʥʘ ʘʤʧʣʽʪʫʜʠ, ʯʘʩʪʦʪʠ ʘʙʦ ʬʘʟʠ 

ʩʧʝʢʪʨʘʣʴʥʠʭ ʩʢʣʘʜʦʚʠʭ ʩʠʛʥʘʣʫ. 

ʅʘʡʧʨʦʩʪʽʰʠʡ ʚʘʨʽʘʥʪ ʤʝʪʦʜʫ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ï ʧʨʦʩʪʫʢʫʚʘʥʥʷ ï ʰʠʨʦʢʦ ʟʘʩʪʦ-

ʩʦʚʫʶʪʴ ʟ ʥʘʡʜʘʚʥʽʰʠʭ ʯʘʩʽʚ ʜʦ ʪʝʧʝʨʽʰʥʴʦʛʦ ʯʘʩʫ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʧʦʨʦʞʥʝʯ, ʪʨʽʱʠʥ, 

ʷʢʦʩʪʽ ʩʢʣʝʶʚʘʥʥʷ ʽ ʪ.ʧ. ɯʩʪʦʪʥʠʤ ʥʝʜʦʣʽʢʦʤ ʧʨʦʩʪʫʢʫʚʘʥʥʷ, ʦʙʤʝʞʫʶʯʠʤ ʡʦʛʦ ʟʘʩʪʦʩʫ-

ʚʘʥʥʷ, ʻ ʩʫʙ'ʻʢʪʠʚʥʽʩʪʴ ʦʮʽʥʢʠ ʨʝʟʫʣʴʪʘʪʽʚ ʢʦʥʪʨʦʣʶ. ʅʘʡʯʘʩʪʽʰʝ ʤʝʪʦʜ ʚʽʣʴʥʠʭ ʢʦʣʠ-

ʚʘʥʴ ʟʘʩʪʦʩʦʚʫʶʪʴ ʜʣʷ ʢʦʥʪʨʦʣʶ ʢʦʥʩʪʨʫʢʮʽʡ, ʱʦ ʤʽʩʪʷʪʴ ʛʫʤʦʧʦʜʽʙʥʽ ʰʘʨʠ, ʪʦʙʪʦ ʰʘ-

ʨʠ ʟ ʤʘʪʝʨʽʘʣʽʚ ʟ ʚʝʣʠʢʠʤ ʟʘʛʘʩʘʥʥʷʤ ʧʨʫʞʥʠʭ ʢʦʣʠʚʘʥʴ ʽ ʥʠʟʴʢʠʤ ʤʦʜʫʣʝʤ ʖʥʛʘ. ɼʦ 

ʥʝʜʦʣʽʢʽʚ ʤʝʪʦʜʫ ʚʽʜʥʦʩʠʪʴʩʷ ʪʝ, ʱʦ ʧʨʠ ʢʦʥʪʨʦʣʽ ʥʘʚʽʪʴ ʟ ʙʦʢʫ ʥʝʤʝʪʘʣʝʚʦʛʦʰʘʨʫ ʧʨʦ-

ʚʦʜʠʪʴʩʷ ʰʫʤ. 

ɸʢʫʩʪʠʢʦ-ʪʦʧʦʛʨʘʬʽʯʥʠʡ ʤʝʪʦʜ ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʟʙʫʜʞʝʥʥʽ ʚ ʢʦʥʪʨʦʣʴʦʚʘʥʽʡ ʢʦʥ-

ʩʪʨʫʢʮʽʾ ʧʨʫʞʥʠʭ ʢʦʣʠʚʘʥʴ ʽ ʨʝʻʩʪʨʘʮʽʾ ʨʦʟʧʦʜʽʣʫ ʾʭ ʘʤʧʣʽʪʫʜ ʥʘ ʧʦʚʝʨʭʥʽ ʢʦʥʩʪʨʫʢʮʽʾ. 

ʄʝʪʦʜ ʟʘʩʪʦʩʦʚʫʶʪʴ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʧʦʨʫʰʝʥʴ ʩʫʮʽʣʴʥʦʩʪʽ ʟ'ʻʜʥʘʥʥʷ ʰʘʨʽʚ ʚ ʙʘʛʘʪʦʰʘ-

ʨʦʚʠʭ ʧʘʷʥʠʭ, ʘ ʚ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʽ ʢʣʝʻʥʠʭ ʢʦʥʩʪʨʫʢʮʽʷʭ. 

ɸʢʫʩʪʠʢʦ-ʝʤʽʩʽʡʥʠʡ ʤʝʪʦʜ ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʨʝʻʩʪʨʘʮʽʾ ʘʢʫʩʪʠʯʥʠʭ ʭʚʠʣʴ, ʱʦ ʚʠʥʠ-

ʢʘʶʪʴ ʧʨʠ ʧʣʘʩʪʠʯʥʽʡ ʜʝʬʦʨʤʘʮʽʾ ʜʽʣʷʥʦʢ ʢʦʥʪʨʦʣʴʦʚʘʥʦʛʦ ʦʙ'ʻʢʪʘ. ʄʝʪʦʜ ʟʘʩʪʦʩʦʚʫ-

ʶʪʴ ʜʣʷ ʢʦʥʪʨʦʣʶ ʜʝʪʘʣʝʡ ʟ ʇʂʄ ʽ ʙʘʛʘʪʦʰʘʨʦʚʠʭ ʢʣʝʻʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. 

ʊʦʯʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʤʝʪʦʜʽʚ ʽ ʟʘʩʦʙʽʚ ʘʢʫʩʪʠʯʥʦʛʦ ʢʦʥʪʨʦʣʶ ʢʣʝʡʦʚʠʭ 

ʟôʻʜʥʘʥʴ ʤʦʞʫʪʴ ʙʫʪʠ ʥʘʜʘʥʽ ʪʽʣʴʢʠ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʧʨʦʙʫʚʘʥʥʷ ʥʘ ʟʨʘʟʢʘʭ ʘʙʦ ʢʦʥ-

ʩʪʨʫʢʮʽʷʭ ʟ ʰʪʫʯʥʠʤʠ ʘʙʦ ʧʨʠʨʦʜʥʠʤʠ ʜʝʬʝʢʪʘʤʠ [3-4]. 

ɺ ʪʘʙʣʠʮʽ 1 ʧʨʝʜʩʪʘʚʣʝʥʽ ʤʝʪʦʜʠ ʽ ʟʘʩʦʙʠ ʥʝʨʫʡʥʽʚʥʦʛʦ ʢʦʥʪʨʦʣʶ ʚʠʨʦʙʽʚ ʟ ʇʂʄ ʽ 

ʙʘʛʘʪʦʰʘʨʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʚʠʷʚʣʷʪʠ ʜʝʬʝʢʪʠ ʪʠʧʫ ʧʦʨʫʰʝʥʥʷ ʩʫʮʽʣʴ-

ʥʦʩʪʽ (ʨʦʟʰʘʨʫʚʘʥʥʷ, ʥʝʧʨʦʢʣʝʾ, ʪʨʽʱʠʥʠ, ʧʦʚʽʪʨʷʥʽ ʧʦʨʦʞʥʠʥʠ, ʩʪʦʨʦʥʥʽ ʚʢʣʶʯʝʥʥʷ ʽ 

ʪ.ʧ.). 
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ʊʘʙʣʠʮʷ 1 

ʄʝʪʦʜʠ ʽ ʟʘʩʦʙʠ ʢʦʥʪʨʦʣʶ ʢʣʝʡʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʘʢʫʩʪʠʯʥʠʤʠ ʤʝʪʦʜʘʤʠ 

ʄʝʪʦʜ ɺʘʨʽʘʥʪ ʤʝʪʦʜʫ 
ʊʠʧʠ ʧʨʠʣʘʜʽʚ, ʬʽʨʤʠ ʪʘ 

ʢʨʘʾʥʠ-ʚʠʨʦʙʥʠʢʠ 

ɯʤʧʝʜʘʥʩʥʠʡ 
ɿʛʠʥʘʣʴʥʠʭ ʽ ʧʦʟʜʦʚ-

ʞʥʽʭ ʭʚʠʣʴ 

ɼɸʄɯ-ʉ (çVotumè, ʄʦʣʜʦʚʘ), AFD-

1000 (çStavelyè, ʉʐɸ), BondaScope 

2100 (çNDT Instrumentsè, ʉʐɸ), 

Laminar 200 (çSonatestè, ɺʝʣʠʢʦʙʨʠ-

ʪʘʥʽʷ) 

ɺʣʘʩʥʠʭ ʢʦʣʠʚʘʥʴ 

ɺʠʤʫʰʝʥʠʭ ʢʦʣʠʚʘʥʴ 

(ʨʝʟʦʥʘʥʩʥʠʡ) 
Bond Tester (çFokkerè, ʅʽʜʝʨʣʘʥʜʠ) 

ɺʣʘʩʥʠʭ ʢʦʣʠʚʘʥʴ 
ɸɼ-701ʄ (çʂʦʥʪʨʦʣʴ. ɺʠʤʽʨʠ. ɼʽʘʛʥʦ-

ʩʪʠʢʘè, ʄʦʩʢʚʘ) 

ʇʨʦʭʦʜʞʝʥʥʷ 

ʊʽʥʴʦʚʠʡ 
ʋɼ4-ʊ (çɺʦʪʫʤè, ʄʦʣʜʦʚʘ), UFDS 

(çSonatestè, ɺʝʣʠʢʦʙʨʠʪʘʥʽʷ) 

ɺʝʣʦʩʠʤʝʪʨʠʯʥʠʡ 

Indikator S-2B (çSperryè, ʉʐɸ), Har-

monic bond tester Mark II 

(çShurtronicsè, ʉʐɸ), MIZ-21 Sra 

(çZetecè, ʉʐɸ), Bondmaster 

(çStavelyè, ʉʐɸ) 

ɺʽʜʦʙʨʘʞʝʥʥʷ 

ʈʝʚʝʨʙʝʨʘʮʽʡʥʠʡ 

ʋɼ4-ʊ (çɺʦʪʫʤè, 

ʄʦʣʜʦʚʘ), UFDS (çSonatestè, ɺʝʣʠʢʦ-

ʙʨʠʪʘʥʽʷ) 

ɽʭʦ-ʤʝʪʦʜ 
ʋɼ4-ʊ (çɺʦʪʫʤè, ʄʦʣʜʦʚʘ), UFDS 

(çSonatestè, ɺʝʣʠʢʦʙʨʠʪʘʥʽʷ) 

 

ɺʠʩʥʦʚʢʠ. ʇʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʤʝʪʦʜʽʚ ʥʝʨʫʡʥʽʚʥʦʛʦ ʢʦʥʪʨʦʣʶ ʢʣʝʡʦʚʠʭ ʟôʻʜʥʘʥʴ, 

ʧʦʢʘʟʘʚ, ʱʦ ʚʦʥʠ ʜʦʟʚʦʣʷʶʪʴ ʦʮʽʥʠʪʠ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʽʟʥʦʤʘʥʽʪʥʠʭ 

ʚʠʨʦʙʽʚ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʽ ʚʽʜʧʦʚʽʜʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ. ʊʘʢʽ ʤʝʪʦʜʠ ʚʦʣʦʜʽʶʪʴ ʜʦʩʪʘʪʥʴ-

ʦʶ ʪʦʯʥʽʩʪʶ ʪʘ ʥʘʜʽʡʥʽʩʪʶ. ɸʣʝ ʚʠʙʽʨ ʪʦʛʦ ʯʠ ʽʥʰʦʛʦ ʤʝʪʦʜʫ ʘʢʫʩʪʠʯʥʦʛʦ ʢʦʥʪʨʦʣʶ 

ʧʦʚʠʥʝʥ ʚʨʘʭʦʚʫʚʘʪʠ ʩʫʯʘʩʥʠʡ ʚʠʨʦʙʥʠʯʠʡ ʜʦʩʚʽʜ. 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʦʾ ʣʽʪʝʨʘʪʫʨʠ 

1. ɺʘʩʠʣʝʥʢʦ ɯ. ʖ., ɿʝʥʢʽʥ ɸ. ʉ. ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʢʦʥʪʨʦʣʶ ʩʢʣʘʜʘʥʥʷ ʢʣʝʡʦ-

ʚʠʭ ʟôʻʜʥʘʥʴ. / ɯ. ʖ. ɺʘʩʠʣʝʥʢʦ, ɸ. ʉ. ɿʝʥʢʽʥ // ɺʽʩʥʠʢ ʂʠʾʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽ-

ʚʝʨʩʠʪʝʪʫ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʜʠʟʘʡʥʫ. ï 2015. ˉ 1 (82). ï ʉ. 125-130. 
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ʫʨʘʭʫʚʘʥʥʷʤ ʚʧʣʠʚʫ ʤʽʢʨʦʧʨʦʬʽʣʶ ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ // ɺʽʩʥʠʢ ʂʠʾʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴ-
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ɼʝʨʢʠ ɸ.ʅ. 

ʉʪʫʜʝʥʪ ʍʘʨʴʢʦʚʩʢʦʛʦ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 

 

ANALYSIS  INFORMATION  LOGISTICS  SYSTEM 

 

Dierki  A.N. 

Student of Kharkiv national university of radioelectronics 

 

ɸʥʥʦʪʘʮʠʷ  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʩʦʩʪʘʚʥʳʝ ʯʘʩʪʠ ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʩʠʩʪʝʤ, ʠʭ ʘʢʪʫʘʣʴʥʦʩʪʴ ʠ ʜʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ. 

Abstract 

Compound parts of information logistics system their relevance and further develop-

ment are analyzed in given work. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʃʦʛʠʩʪʠʢʘ, ʩʠʩʪʝʤʘ, ʧʦʪʦʢ, ʦʙʝʩʧʝʯʝʥʠʝ. 

Keywords: Logistics, system, flow, software. 

 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʧʨʠʚʣʝʢʘʶʪ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʣʦʛʠʩʪʠ-

ʯʝʩʢʠʝ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʳʝ ʧʣʘʥʠʨʫʶʪ, ʫʧʨʘʚʣʷʶʪ ʠ ʢʦʥʪʨʦʣʠʨʫʶʪ ʤʘʪʝʨʠʘʣʴʥʳʡ ʧʦʪʦʢ. 

ʋʣʫʯʰʝʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʫʜʝʰʝʚʠʪʴ ʠ ʫʣʫʯʰʠʪʴ ʢʘʯʝʩʪʚʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ʊʘʢ ʢʘʢ ʣʦʛʠʩʪʠʯʝʩʢʘʷ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ï ʵʪʦ ʩʦʚʦʢʫʧʥʦʩʪʴ ʚʟʘʠʤʦʩʚʷ-

ʟʘʥʥʳʭ ʯʘʩʪʝʡ: ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ, ʨʘʟʣʠʯʥʳʭ ʩʧʨʘʚʦʯʥʠʢʦʚ ʠ ʥʝʦʙʭʦʜʠʤʦʛʦ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʪʦ ʦʥʘ ʧʦʟʚʦʣʷʝʪ ʨʝʰʘʪʴ ʪʝ ʠʣʠ ʠʥʳʝ ʟʘʜʘʯʠ ʫʧʨʘʚʣʝʥʠʷ 

ʤʘʪʝʨʠʘʣʴʥʳʤʠ ʧʦʪʦʢʘʤʠ. ʉʭʝʤʘ ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʥʘ (ʨʠʩ. 1.) 

ʄʘʪʝʨʠʘʣʴʥʳʝ ʧʦʪʦʢʠ ʩʦʟʜʘʶʪʩʷ ʧʫʪʝʤ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ, ʩʢʣʘʜʠʨʦʚʘʥʠʷ ʠ ʠʩ-

ʧʦʣʥʝʥʠʷ ʠʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʩʳʨʴʝʤ, ʟʘʛʦʪʦʚʢʦʡ, ʠʟʜʝʣʠʝʤ. ʋʧʨʘʚʣʝʥʠʝ ʤʘ-

ʪʝʨʠʘʣʴʥʳʤʠ ʧʦʪʦʢʘʤʠ ʠʤʝʝʪ ʨʷʜ ʬʫʥʢʮʠʡ: 

a) ʢʦʦʨʜʠʥʘʮʠʷ ʜʝʡʩʪʚʠʡ ʟʚʝʥʴʝʚ ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʮʝʧʠ;  

b) ʧʨʝʜʩʢʘʟʳʚʘʥʠʝ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʤʘʪʝʨʠʘʣʴʥʳʭ ʧʦʪʦʢʦʚ;  

c) ʥʘʣʘʜʢʘ ʥʘʠʣʫʯʰʠʭ ʤʘʪʝʨʠʘʣʴʥʳʭ ʧʦʪʦʢʦʚ;  

d) ʢʦʥʪʨʦʣʠʨʦʚʘʥʠʝ ʧʝʨʝʤʝʱʝʥʠʡ ʤʘʪʝʨʠʘʣʴʥʳʭ ʧʦʪʦʢʦʚ; 

e) ʫʧʨʘʚʣʝʥʠʝ ʧʨʦʮʝʩʩʘʤʠ ʠ ʦʧʝʨʘʮʠʷʤʠ ʦʙʱʝʛʦ ʣʦʛʠʩʪʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ. 

 
ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ 

 

ʋʧʨʘʚʣʝʥʠʝ ʤʘʪʝʨʠʘʣʴʥʳʤʠ ʧʦʪʦʢʘʤʠ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʧʨʦʠʩʭʦʜʠʪ ʩ ʧʦʤʦ-

ʱʴʶ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʤʠ 
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ʩʠʩʪʝʤʘʤʠ ʫʧʨʘʚʣʝʥʠʷ ʤʘʪʝʨʠʘʣʴʥʳʤʠ ʧʦʪʦʢʘʤʠ. ʆʥʠ ʩʦʩʪʦʷʪ ʠʟ ʜʚʫʭ ʧʦʜʩʠʩʪʝʤ: 

ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʠ ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ. 

ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʧʦʜʩʠʩʪʝʤʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʠʟ ʟʘʜʘʯ, ʢʦʪʦʨʳʝ ʛʨʫʧʧʠʨʫʶʪʩʷ ʧʦ 

ʧʨʠʟʥʘʢʫ ʮʝʣʠ. 

ʆʙʝʩʧʝʯʠʚʘʶʱʘʷ ʧʦʜʩʠʩʪʝʤʘ, ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʪʘʢʠʝ ʵʣʝʤʝʥʪʳ:  

¶ ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʢʦʪʦʨʦʝ ʷʚʣʷʝʪʩʷ ʩʦʚʦʢʫʧʥʦʩʪʴʶ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ, 
ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʦʙʨʘʙʦʪʢʫ ʠ ʧʝʨʝʜʘʯʫ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʦʪʦʢʦʚ;  

¶ ʠʥʬʦʨʤʘʮʠʦʥʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʚʢʣʶʯʘʶʱʝʝ ʚ ʩʝʙʷ ʨʘʟʥʦʛʦ ʨʦʜʘ ʩʧʨʘʚʦʯʥʠʢʠ, 

ʢʣʘʩʩʠʬʠʢʘʪʦʨʳ, ʩʨʝʜʩʪʚʘ ʦʧʠʩʘʥʠʷ ʜʘʥʥʳʭ; 

¶ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʢʦʪʦʨʦʝ ʷʚʣʷʝʪʩʷ ʩʦʚʦʢʫʧʥʦʩʪʴʶ ʤʝʪʦʜʦʚ ʨʝʰʝʥʠʷ 
ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʟʘʜʘʯ. 

ʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ ʚ ʣʦʛʠʩʪʠʢʝ ʩʦʟʜʘʶʪʩʷ ʩ ʮʝʣʴʶ ʫʧʨʘʚʣʝʥʠʷ ʤʘʪʝʨʠ-

ʘʣʴʥʳʤʠ ʧʦʪʦʢʘʤʠ ʧʨʝʜʧʨʠʷʪʠʷ ʠʣʠ ʞʝ ʩ ʮʝʣʴʶ ʧʦʤʦʛʘʪʴ ʦʨʛʘʥʠʟʘʮʠʠ ʣʦʛʠʩʪʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʩʪʨʘʥ. 

ʅʘ ʫʨʦʚʥʝ ʦʪʜʝʣʴʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʣʦʛʠʩʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ 

ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʪʨʠ ʛʨʫʧʧʳ. 

ʇʣʘʥʦʚʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ ʩʦʟʜʘʶʪʩʷ ʥʘ ʚʳʩʰʝʤ ʫʨʦʚʥʝ ʫʧʨʘʚʣʝʥʠʷ 

ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʠ ʩʫʱʝʩʪʚʫʶʪ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʨʠʥʠʤʘʪʴ ʠ ʧʦʜʛʦʪʘʚʣʠʚʘʪʴ ʨʝ-

ʰʝʥʠʷ ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ ʭʘʨʘʢʪʝʨʘ. ʉʶʜʘ ʦʪʥʦʩʷʪʩʷ ʩʦʟʜʘʥʠʝ ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʮʝʧʠ, ʧʨʦ-

ʠʟʚʦʜʩʪʚʝʥʥʦʝ ʧʣʘʥʠʨʦʚʘʥʠʝ, ʫʧʨʘʚʣʝʥʠʝ ʟʘʧʘʩʘʤʠ ʠ ʨʝʟʝʨʚʘʤʠ. 

ɼʠʩʧʝʪʯʝʨʩʢʠʝ ʩʠʩʪʝʤʳ ʩʦʟʜʘʶʪʩʷ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʩʢʣʘʜʦʤ, ʮʝʭʦʤ ʜʣʷ ʪʦʛʦ ʯʪʦʙʳ 

ʦʙʝʩʧʝʯʠʚʘʪʴ ʠʭ ʢʘʯʝʩʪʚʝʥʥʫʶ ʨʘʙʦʪʫ. ʉʶʜʘ ʚʭʦʜʷʪ ʪʘʢʠʝ ʟʘʜʘʯʠ: ʫʧʨʘʚʣʝʥʠʝ ʟʘʧʘʩʘʤʠ 

ʥʘ ʩʢʣʘʜʘʭ ʠ ʚ ʮʝʭʘʭ, ʫʧʨʘʚʣʝʥʠʝ ʪʨʘʥʩʧʦʨʪʦʤ, ʦʪʙʦʨ ʠ ʢʦʤʧʣʝʢʪʦʚʘʥʠʝ ʛʨʫʟʦʚ. 

ʀʩʧʦʣʥʠʪʝʣʴʥʳʝ (ʦʧʝʨʘʪʠʚʥʳʝ) ʨʝʰʘʶʪ ʟʘʜʘʯʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʫʧʨʘʚʣʝʥʠʝʤ ʤʘʪʝ-

ʨʠʘʣʴʥʳʤʠ ʧʦʪʦʢʘʤʠ, ʚʳʧʦʣʥʝʥʠʝʤ ʧʣʘʥʦʚ, ʫʧʨʘʚʣʝʥʠʝʤ, ʧʝʨʝʤʝʱʝʥʠʝʤ ʛʨʫʟʦʚ. 

ʉʦʟʜʘʥʠʝ ʪʘʢʠʭ ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʥʝ-

ʩʢʦʣʴʢʠʭ ʧʨʠʥʮʠʧʘʭ: 

a) ʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʣʦʛʠʩʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʜʦʣʞʥʳ ʧʨʝʜʦʩʪʘʚʣʷʪʴ ʢʦʥʪʘʢʪ ʤʝʞ-

ʜʫ ʧʨʝʜʧʨʠʷʪʠʝʤ ʠ ʟʘʢʫʧʱʠʢʦʤ; 

b) ʇʨʠ ʩʦʟʜʘʥʠʠ ʩʠʩʪʝʤʳ ʥʫʞʥʦ ʫʯʠʪʳʚʘʪʴ ʪʦ, ʢʘʢʠʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʧʨʦʛʨʘʤʤ-

ʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʠ ʘʧʧʘʨʘʪʥʦʡ ʯʘʩʪʠ, ʦʙʣʘʜʘʝʪ ʧʨʝʜʧʨʠʷʪʠʝ;  

c) ʇʦʣʥʘʷ ʩʪʘʥʜʘʨʪʠʟʘʮʠʷ ʚʩʝʡ ʜʦʢʫʤʝʥʪʘʮʠʠ, ʠʩʧʦʣʴʟʫʶʱʘʷʩʷ ʚ ʜʘʥʥʦʡ ʩʠʩʪʝʤʝ; 

d) ʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʣʦʛʠʩʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʜʦʣʞʥʳ ʙʳʪʴ ʩʦʩʪʘʚʣʝʥʳ ʪʘʢ,ʯʪʦʙʳ 
ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʠ ʥʫʞʜʘʤ ʠ ʚʦʟʤʦʞʥʦʩʪʷʤ ʚʩʝʛʦ ʧʨʝʜʧʨʠʷ-

ʪʠʷ. 

ɺʳʚʦʜʳ: ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ, ʣʶʙʦʝ ʧʨʝʜʧʨʠʷʪʠʝ, ʜʣʷ ʩʚʦʝʛʦ ʚʳʞʠʚʘʥʠʷ ʠ ʨʦ-

ʩʪʘ, ʦʙʷʟʘʥʦ ʨʘʟʚʠʚʘʪʴ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʣʦʛʠʩʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ. ʊʘʢ ʢʘʢ ʠʤʝʥʥʦ ʵʪʠ 

ʩʠʩʪʝʤʳ ʧʦʟʚʦʣʷʶʪ ʥʘʣʘʜʠʪʴ ʩʚʷʟʴ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʫʯʘʩʪʥʠʢʘʤʠ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʉʫ-

ʱʝʩʪʚʫʶʪ ʯʝʪʢʠʝ ʧʨʘʚʠʣʘ, ʢʦʪʦʨʳʭ ʩʣʝʜʫʝʪ ʧʨʠʜʝʨʞʠʚʘʪʴʩʷ, ʜʣʷ ʫʜʘʯʥʦʛʦ ʥʘʣʘʞʠʚʘ-

ʥʠʷ ʩʠʩʪʝʤ. ʂ ʩʦʞʘʣʝʥʠʶ, ʩʫʱʝʩʪʚʫʶʪ ʥʝʢʦʪʦʨʳʝ ʥʝʜʦʩʪʘʪʢʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʦʣʫʯʝʥʠʝʤ 

ʠ ʦʙʨʘʙʦʪʢʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʦʜʥʘʢʦ ʚ ʩʚʷʟʠ ʩ ʧʨʦʛʨʝʩʩʠʨʫʶʱʠʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ, ʵʪʠ 

ʧʨʦʙʣʝʤʳ ʚ ʩʢʦʨʦʤ ʚʨʝʤʝʥʠ ʙʫʜʫʪ ʨʝʰʝʥʳ ʦʢʦʥʯʘʪʝʣʴʥʦ. 
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ɸʥʦʪʘʮi  ̫

ɺʠʢʦʥʘʥʦ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʪʦʯʥʦʩʪʽ ʟʥʘʭʦʜʞʝʥʥʷ ʨʦʟʚôʷʟʢʽʚ ʩʠʩʪʝʤʠ ʣʽʥʽʡʥʠʭ 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʫ ʯʘʩʦʚʽʡ ʦʙʣʘʩʪʽ ʜʣʷ ʨʦʟʨʦʙʣʝʥʦʛʦ ʽʥʪʝʛʨʦʚʘʥʦʛʦ, ʪʘ ʥʠʟʢʠ 

ʚʽʜʦʤʠʭ ʢʣʘʩʠʯʥʠʭ ʯʠʩʝʣʴʥʠʭ ʤʝʪʦʜʽʚ. ʅʘ ʪʝʩʪʦʚʠʭ ʤʦʜʝʣʴʥʠʭ ʧʨʠʢʣʘʜʘʭ ʧʦʢʘʟʘʥʦ ʚʠ-

ʩʦʢʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʯʠʩʝʣʴʥʦʛʦ ʤʝʪʦʜʫ, ʩʪʦʩʦʚʥʦ ʟʘʜʘʯ ʘʥʘʣʽʟʫ ʜʠʥʘʤʽ-

ʯʥʠʭ ʧʨʦʮʝʩʽʚ ʤʝʭʘʥʽʯʥʠʭ ʢʦʣʠʚʘʣʴʥʠʭ ʩʠʩʪʝʤ 

ɸbstract 

A comparative analysis of the accuracy solutions of linear differential equations in the 

time domain to the developed integrated and a number of famous classical numerical methods 

is done. Test model examples show the high efficiency of the proposed numerical method 

regarding problems of analysis of dynamic processes of mechanical oscillatory systems 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ, ʯʘʩʦʚʘ ʦʙʣʘʩʪʴ, ʢʦʣʠʚʘʣʴʥʘ ʩʠʩʪʝʤʘ, ʯʠʩʝ-

ʣʴʥʠʡ ʤʝʪʦʜ, ʧʦʭʠʙʢʘ ʦʙʯʠʩʣʝʥʥʷ 

Keywords: mathematical model, time domain, oscillatory system, numerical method, 

calculation error 

 

1. ɺʩʪʫʧ 

ʅʘ ʩʴʦʛʦʜʥʽ ʽʩʥʫʻ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʢʣʘʩʠʯʥʠʭ, ʪʘ ʨʦʟʨʦʙʣʝʥʠʭ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʯʠ-

ʩʝʣʴʥʠʭ ʤʝʪʦʜʽʚ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʩʠʩʪʝʤ ʟʚʠʯʘʡʥʠʭ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ, ʟʘ ʜʦʧʦʤʦ-

ʛʦʶ ʷʢʠʭ ʤʦʞʥʘ ʟʜʽʡʩʥʶʚʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʜʠʥʘʤʽʢʠ ʢʦʣʠʚʘʣʴʥʠʭ ʧʨʦʮʝʩʽʚ ʤʝʭʘʥʽʯʥʠʭ 

ʩʠʩʪʝʤ ʷʢ ʫ ʯʘʩʦʚʽʡ ʪʘʢ ʽ ʫ ʯʘʩʪʦʪʥʽʡ ʦʙʣʘʩʪʷʭ. ʆʜʥʘʢ, ʥʝ ʜʠʚʣʷʯʠʩʴ ʥʘ ʮʝ, ʨʦʟʨʦʙʢʘ ʯʠ-

ʩʝʣʴʥʦʛʦ ʤʝʪʦʜʫ ʨʝʘʣʽʟʘʮʽʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ, ʷʢʠʡ ʙʠ ʫ ʧʦʚʥʽʡ ʤʽʨʽ ʚʽʜʧʦʚʽʜʘʚ ʚʫʟʴ-

ʢʠʤ ʟʘʜʘʯʘʤ ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʚʨʘʭʦʚʫʚʘʚ ʩʧʝʮʠʬʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʤʦʜʝʣʽ ʫ 

ʢʦʞʥʦʤʫ ʚʠʧʘʜʢʫ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʟʘʜʘʯʝʶ ʘʢʪʫʘʣʴʥʦʶ. ɺʠʙʽʨ ʽʩʥʫʶʯʦʛʦ ʯʠ ʨʦʟʨʦʙʢʘ ʥʦ-

ʚʦʛʦ ʯʠʩʝʣʴʥʦʛʦ ʤʝʪʦʜʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʘʤʠʤ ʜʦʩʣʽʜʥʠʢʦʤ, ʘ ʩʘʤʽ ʮʽ ʤʝʪʦʜʠ, ʫ ʩʚʦʶ ʯʝʨ-

ʛʫ, ʤʦʞʫʪʴ ʤʘʪʠ ʨʽʟʥʽ ʚʣʘʩʪʠʚʦʩʪʽ (ʟʙʽʞʥʽʩʪʴ, ʪʦʯʥʽʩʪʴ, ʩʪʽʡʢʽʩʪʴ, ʦʙʯʠʩʣʶʚʘʣʴʥʘ ʩʢʣʘʜ-

ʥʽʩʪʴ). ʅʝʧʨʘʚʠʣʴʥʠʡ ʚʠʙʽʨ ʤʝʪʦʜʫ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ 

ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʨʽʟʢʦʛʦ ʟʙʽʣʴʰʝʥʥʷ ʯʘʩʫ ʘʥʘʣʽʟʫ ʜʠʥʘʤʽʢʠ, ʦʪʨʠʤʘʥʥʶ ʷʢʽʩʥʦ ʥʝʚʽʨ-

ʥʦʛʦ ʨʝʟʫʣʴʪʘʪʫ ʯʠ ʚʟʘʛʘʣʽ ʜʦ ʟʙʦʶ ʧʨʦʛʨʘʤʠ, ʫ ʚʠʧʘʜʢʫ, ʥʘʧʨʠʢʣʘʜ ʨʦʟʙʽʞʥʦʛʦ ʽʪʝʨʘ-

ʮʽʡʥʦʛʦ ʧʨʦʮʝʩʫ. 

2. ɸʥʘʣʽʟ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʘʥʠʭ ʪʘ ʧʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ 

ʋ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʟʘʩʪʦʩʫʚʘʥʴ (ʩʪʘʥʜʘʨʪʥʽ ʧʨʦʛʨʘʤʠ ʤʦʜʝʣʶʚʘʥʥʷ ʜʠʥʘʤʽʢʠ 

ʤʝʭʘʥʽʯʥʠʭ ʩʠʩʪʝʤ, ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʽʥʞʝʥʝʨʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ, ʪʦʱʦ) ʚʠʢʦʨʠʩʪʦʚʫ-
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ʶʪʴʩʷ ʤʝʪʦʜʠ ɻʽʨʘ, ʱʦ ˇʨʫʥʪʫʶʪʴʩʷ ʥʘ ʙʘʛʘʪʦʢʨʦʢʦʚʠʭ ʬʦʨʤʫʣʘʭ ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʷ ʥʘ-

ʟʘʜ [1], ʦʜʥʦʢʨʦʢʦʚʽ ʷʚʥʽ ʽ ʥʝʷʚʥʽ ʙʘʛʘʪʦʩʪʘʜʽʡʥʽ ʤʝʪʦʜʠ ʈʫʥʛʝ-ʂʫʪʪʘ ʪʘ ʙʘʛʘʪʦ ʽʥʰʠʭ 

[2]. 

ʋ ʜʘʥʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ, ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʧʦʨʽʚʥʷʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʙʫʣʠ ʦʙʨʘʥʽ ʢʣʘʩʠ-

ʯʥʽ ʯʠʩʝʣʴʥʽ ʤʝʪʦʜʠ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʫ ʯʘʩʦʚʽʡ ʦʙʣʘʩʪʽ, ʪʘʢʽ ʷʢ 

ʤʝʪʦʜ ʪʨʘʧʝʮʽʡ, ʤʝʪʦʜ ɻʽʨʘ ʽ ʦʜʥʘ ʟ ʤʦʜʠʬʽʢʘʮʽʡ ʤʝʪʦʜʽʚ ʩʽʤʝʡʩʪʚʘ ʈʫʥʛʝ-ʂʫʪʪʘ [2]. 

ʄʝʪʦʜ ʪʨʘʧʝʮʽʡ ʻ ʦʜʥʠʤ ʟ ʥʘʡʧʨʦʩʪʽʰʠʭ ʥʝʷʚʥʠʭ ʤʝʪʦʜʽʚ ʯʠʩʝʣʴʥʦʛʦ 

ʨʦʟʚôʷʟʫʚʘʥʥʷ ʩʠʩʪʝʤ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ, ʽ ʥʘ ʩʴʦʛʦʜʥʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʘʡʞʝ 

ʫ ʚʩʽʭ ʩʪʘʥʜʘʨʪʥʠʭ ʧʨʦʛʨʘʤʘʭ ʤʦʜʝʣʶʚʘʥʥʷ ʜʠʥʘʤʽʢʠ ʤʝʭʘʥʽʯʥʠʭ ʩʠʩʪʝʤ. ʇʦʧʫʣʷʨʥʽʩʪʴ 

ʮʴʦʛʦ ʤʝʪʦʜʫ ʧʦʷʩʥʶʻʪʴʩʷ ʧʨʦʩʪʦʪʦʶ ʨʝʘʣʽʟʘʮʽʾ, ʢʨʽʤ ʪʦʛʦ, ʤʝʪʦʜ ʤʘʻ ʜʨʫʛʠʡ ʧʦʨʷʜʦʢ 

ʪʦʯʥʦʩʪʽ, ʱʦ ʻ ʧʨʠʡʥʷʪʥʠʤ ʜʣʷ ʧʨʘʢʪʠʯʥʠʭ ʟʘʜʘʯ (ʧʦʭʠʙʢʘ ʯʠʩʝʣʴʥʦʛʦ ʨʦʟʚôʷʟʢʫ ʟʤʝʥ-

ʰʫʻʪʴʩʷ ʧʨʦʧʦʨʮʽʡʥʦ ʢʚʘʜʨʘʪʫ ʯʘʩʦʚʦʛʦ ʢʨʦʢʫ) [4]. 

ʄʝʪʦʜ ɻʽʨʘ ʻ ʦʩʥʦʚʥʠʤ ʤʝʪʦʜʦʤ ʘʥʘʣʽʟʫ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ ʫ ʧʨʦʛʨʘʤʘʭ ʤʦʜʝ-

ʣʶʚʘʥʥʷ ʜʠʥʘʤʽʢʠ ʤʝʭʘʥʽʯʥʠʭ ʩʠʩʪʝʤ [5]. ʎʝʡ ʤʝʪʦʜ ʨʝʘʣʽʟʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʣʛʦ-

ʨʠʪʤʫ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʘʚʪʦʤʘʪʠʯʥʠʡ ʚʠʙʽʨ ʢʨʦʢʫ ʽ ʧʦʨʷʜʢʫ ʤʝʪʦʜʫ, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʟʘ-

ʜʘʥʦʾ ʧʦʭʠʙʢʠ. ʈʽʟʥʠʮʝʚʽ ʩʭʝʤʠ ʤʝʪʦʜʫ ɻʽʨʘ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʥʝʷʚʥʽ ʙʘʛʘʪʦʢʨʦʢʦʚʽ ʬʦʨ-

ʤʫʣʠ, ʚʽʜʦʤʽ ʷʢ ʬʦʨʤʫʣʠ ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʷ ʥʘʟʘʜ [2]. ʅʘ ʧʨʘʢʪʠʮʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

DBF-ʤʝʪʦʜʠ ʧʦʨʷʜʢʫ ʪʦʯʥʦʩʪʽ ʚʽʜ ʧʝʨʰʦʛʦ ʜʦ ʰʦʩʪʦʛʦ. 

ʄʝʪʦʜ RADAU5 ʻ ʦʜʥʠʤ ʟ ʥʘʡʙʽʣʴʰ ʚʞʠʚʘʥʠʭ ʤʝʪʦʜʽʚ ʪʠʧʫ ʈʫʥʛʝ-ʂʫʪʪʘ [2], ʷʢʠʡ 

ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʪʨʠʩʪʘʜʽʡʥʦʤʫ, ʥʝʷʚʥʦʤʫ ʤʝʪʦʜʽ ʈʫʥʛʝ-ʂʫʪʪʘ ʧôʷʪʦʛʦ ʧʦʨʷʜʢʫ ʪʦʯʥʦʩʪʽ. 

ʆʩʦʙʣʠʚʽʩʪʶ ʮʴʦʛʦ ʤʝʪʦʜʫ ʻ ʪʝ, ʱʦ ʧʨʠ ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʽ ʨʦʟʚôʷʟʫʻʪʴʩʷ ʩʠʩʪʝʤʘ ʘʣʛʝʙ-

ʨʘʾʯʥʠʭ ʨʽʚʥʷʥʴ, ʨʦʟʤʽʨʥʽʩʪʴ ʷʢʦʾ ʫ ʪʨʠʯʽ ʧʝʨʝʚʠʱʫʻ ʨʦʟʤʽʨʥʽʩʪʴ ʩʠʩʪʝʤʠ ʜʠʬʝʨʝʥʮʽʘ-

ʣʴʥʠʭ ʨʽʚʥʷʥʴ ʟʘʜʘʥʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ. 

3. ʄʝʪʘ ʽ ʟʘʜʘʯʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʋ ʨʦʙʦʪʽ [6] ʥʘ ʦʩʥʦʚʽ ʤʦʜʠʬʽʢʘʮʽʾ ʪʘ ʩʧʝʮʽʘʣʽʟʘʮʽʾ ʽʩʥʫʶʯʠʭ ʯʠʩʝʣʴʥʠʭ ʤʝʪʦʜʽʚ 

ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʽʥʪʝʛʨʦʚʘʥʠʡ ʤʝʪʦʜ ʨʝʘʣʽʟʘʮʽʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ [7], ʱʦ ʜʦʟʚʦ-

ʣʷʻ ʟʥʘʡʪʠ ʾʾ ʨʦʟʚôʷʟʦʢ ʷʢ ʫ ʯʘʩʦʚʽʡ ʪʘʢ ʽ ʯʘʩʪʦʪʥʽʡ ʦʙʣʘʩʪʷʭ ʦʜʥʦʯʘʩʥʦ. ɺʢʘʟʘʥʘ ʤʘʪʝ-

ʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʷʚʣʷʻ ʩʦʙʦʶ ʩʠʩʪʝʤʫ 14-ʪʠ ʣʽʥʽʡʥʠʭ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʜʨʫʛʦʛʦ 

ʧʦʨʷʜʢʫ, ʱʦ ʦʧʠʩʫʶʪʴ ʧʦʟʜʦʚʞʥʴʦ-ʧʦʧʝʨʝʯʥʽ ʪʘ ʨʘʜʽʘʣʴʥʽ ʢʦʣʠʚʘʥʥʷ ʝʣʝʤʝʥʪʽʚ ʦʜʥʦʩ-

ʪʫʧʽʥʯʘʩʪʦʾ ʝʚʦʣʴʚʝʥʪʥʦʾ ʟʫʙʯʘʩʪʦʾ ʧʝʨʝʜʘʯʽ. ʊʝʩʪʫʚʘʥʥʷ ʨʦʟʨʦʙʣʝʥʦʛʦ ʤʝʪʦʜʫ ʻ ʙʝʟʧʦ-

ʩʝʨʝʜʥʽʤ ʩʧʦʩʦʙʦʤ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʡʦʛʦ ʜʦʩʪʦʚʽʨʥʦʩʪʽ, ʨʦʙʦʪʦʟʜʘʪʥʦʩʪʽ ʪʘ ʝʬʝʢʪʠʚʥʦʩʪʽ. 

ʋ ʜʘʥʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ, ʟ ʤʝʪʦʶ ʚʠʟʥʘʯʝʥʥʷ ʦʩʥʦʚʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ 

ʯʠʩʝʣʴʥʦʛʦ ʤʝʪʦʜʫ, ʧʨʦʚʦʜʠʪʴʩʷ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʪʘ ʦʮʽʥʢʘ ʡʦʛʦ ʝʬʝʢʪʠʚʥʦʩʪʽ, 

ʰʣʷʭʦʤ ʪʝʩʪʫʚʘʥʥʷ ʫ ʯʘʩʦʚʽʡ ʦʙʣʘʩʪʽ. ʊʝʩʪʫʚʘʥʥʷ ʤʝʪʦʜʫ ʟʜʽʡʩʥʶʻʪʴʩʷ ʥʘ ʤʦʜʝʣʴʥʦʤʫ 

ʧʨʠʢʣʘʜʽ, ʰʣʷʭʦʤ ʧʦʨʽʚʥʷʥʥʷ ʨʦʟʚôʷʟʢʽʚ ʩʠʩʪʝʤʠ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʦʪʨʠʤʘʥʠʭ 

ʘʥʘʣʽʪʠʯʥʦ, ʟ ʨʦʟʚôʷʟʢʘʤʠ ʦʪʨʠʤʘʥʠʤʠ ʪʝʩʪʦʚʘʥʠʤ, ʪʘ ʽʥʰʠʤʠ ʚʽʜʦʤʠʤʠ ʯʠʩʝʣʴʥʠʤʠ 

ʤʝʪʦʜʘʤʠ. 

4. ʄʝʪʦʜʠʢʘ ʪʘ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʽʥʪʝʛʨʦʚʘʥʦʛʦ ʤʝʪʦʜʫ 

ʨʦʟʚôʷʟʫʚʘʥʥʷ ʩʠʩʪʝʤ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ 

ɼʣʷ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʟʨʦʙʣʝʥʦʛʦ ʽʥʪʝʛʨʦʚʘʥʦʛʦ ʤʝʪʦʜʫ, ʟʘʩʪʦʩʫʻʤʦ ʤʝʪʦʜʠ-

ʢʫ ʧʦʨʽʚʥʷʣʴʥʦʾ ʦʮʽʥʢʠ ʪʦʯʥʦʩʪʽ ʤʝʪʦʜʽʚ ʯʠʩʝʣʴʥʦʛʦ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʩʠʩʪʝʤ ʜʠʬʝʨʝʥʮʽʘ-

ʣʴʥʠʭ ʨʽʚʥʷʥʴ ʧʝʨʝʜʙʘʯʘʻ ʘʥʘʣʽʟ ʨʦʟʚôʷʟʢʽʚ ʩʠʩʪʝʤʠ ʫ ʯʘʩʦʚʽʡ ʦʙʣʘʩʪʽ, ʙʝʟʚʽʜʥʦʩʥʦ ʜʦ 

ʚʠʙʦʨʫ ʧʦʯʘʪʢʦʚʠʭ [8], ʘʙʦ ʛʨʘʥʠʯʥʠʭ [9, 10] ʫʤʦʚ. ʉʫʪʴ ʤʝʪʦʜʠʢʠ ʧʦʣʷʛʘʻ ʫ ʪʦʤʫ, ʱʦ ʫ 

ʷʢʦʩʪʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʝʪʦʜʫ ʦʙʠʨʘʻʪʴʩʷ ʩʧʝʮʠʬʽʯʥʘ ʽʥʪʝʨʚʘʣʴʥʘ ʦʮʽʥʢʘ ʧʘʨʘʤʝʪʨʽʚ 

ʩʪʘʮʽʦʥʘʨʥʦʛʦ ʧʨʦʮʝʩʫ, ʪʦʙʪʦ ʯʘʩʪʦʪʠ ʽ ʘʤʧʣʽʪʫʜʠ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʢʦʣʠʚʘʥʴ. ɺʣʘʩʪʠʚʦʩ-

ʪʽ ʤʝʪʦʜʽʚ ʘʥʘʣʽʟʫ ʢʦʣʠʚʘʣʴʥʠʭ ʧʨʦʮʝʩʽʚ ʫ ʤʝʭʘʥʽʮʽ, ʧʨʠʡʥʷʪʦ ʜʦʩʣʽʜʞʫʚʘʪʠ ʥʘ ʥʘʡʧʨʦ-

ʩʪʽʰʽʡ ʢʦʣʠʚʘʣʴʥʽʡ ʩʠʩʪʝʤʽ çʤʘʩʘ-ʞʦʨʩʪʢʽʩʪʴè ʙʝʟ ʚʪʨʘʪ [5]. ʋ ʷʚʥʦʤʫ ʚʠʛʣʷʜʽ ʪʘʢʠʡ 

ʘʥʘʣʽʟ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʥʘʧʨʠʢʣʘʜ ʫ [4], ʘ ʫ ʥʝʷʚʥʦʤʫ ï ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʨ-ʩʪʽʡʢʦʩʪʽ ʤʝ-

ʪʦʜʫ [9, 10]. ʋ ʷʢʦʩʪʽ ʢʨʠʪʝʨʽʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʤʝʪʦʜʫ, ʚʠʢʦʨʠʩʪʘʥʦ ʪʦʯʥʽʩʪʴ ʦʮʽʥʢʠ ʦʩʥʦ-

ʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʢʦʣʠʚʘʥʴ ï ʯʘʩʪʦʪʠ ʽ ʘʤʧʣʽʪʫʜʠ. ʇʦʪʦʯʥʽ ʚʽʜʥʦʩʥʽ ʧʦʭʠʙʢʠ ʦʮʽʥʢʠ ʯʘʩ-
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ʪʦʪʠ ʽ ʘʤʧʣʽʪʫʜʠ ʚʽʜʧʦʚʽʜʥʦ, ʚʠʟʥʘʯʘʶʪʴʩʷ ʟ ʚʠʨʘʟʽʚ 
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, ʜʝ ɤ(t) i Am0(t) ï ʦʮʽʥʢʠ ʯʘʩʪʦʪʠ ʽ ʘʤʧʣʽʪʫʜʠ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʢʨʫʪʠ-

ʣʴʥʠʭ ʢʦʣʠʚʘʥʴ, ʦʪʨʠʤʘʥʠʭ ʟ ʨʦʟʚôʷʟʢʫ ʩʠʩʪʝʤʠ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ (1) ʯʠʩʝʣʴ-

ʥʠʤʠ ʤʝʪʦʜʘʤʠ; ɤ0 i Am0(t) ï ʪʦʯʥʽ ʟʥʘʯʝʥʥʷ ʯʘʩʪʦʪʠ ʽ ʘʤʧʣʽʪʫʜʠ ʢʦʣʠʚʘʥʴ, ʦʪʨʠʤʘʥʽ 

ʘʥʘʣʽʪʠʯʥʦ, ʥʘ ʦʩʥʦʚʽ ʚʠʨʘʟʫ (2). ʋ ʷʢʦʩʪʽ ʪʝʩʪʦʚʦʛʦ ʧʨʠʢʣʘʜʫ ʨʦʟʛʣʷʜʘʣʦʩʴ ʦʪʨʠʤʘʥʥʷ 

ʨʦʟʚôʷʟʢʫ ʩʠʩʪʝʤʠ ʣʽʥʽʡʥʠʭ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ (1) ʘʥʘʣʽʪʠʯʥʠʤ ʰʣʷʭʦʤ, ʪʘ ʟʘ ʜʦ-

ʧʦʤʦʛʦʶ ʧʝʨʝʣʽʯʝʥʠʭ ʚʠʱʝ ʯʠʩʝʣʴʥʠʭ ʤʝʪʦʜʽʚ. ʉʠʩʪʝʤʘ ʨʽʚʥʷʥʴ (2) ʷʚʣʷʻ ʩʦʙʦʶ ʽʟʦ-

ʣʴʦʚʘʥʫ ʯʘʩʪʠʥʫ ʩʠʩʪʝʤʠ ʣʽʥʽʡʥʠʭ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ [7], ʱʦ ʦʧʠʩʫʻ ʪʽʣʴʢʠ ʢʨʫ-

ʪʠʣʴʥʽ ʢʦʣʠʚʘʥʥʷ ʜʽʣʷʥʦʢ ʚʘʣʽʚ ʤʽʞ ʧʨʠʻʜʥʘʥʠʤʠ ʤʘʩʘʤʠ, ʽ ʙʝʟ ʚʨʘʭʫʚʘʥʥʷ ʜʽʾ ʢʽʥʝʤʘ-

ʪʠʯʥʠʭ ʧʦʭʠʙʦʢ (ʯʣʝʥʠ R1, R2) ʪʘ ʟʤʽʥʥʦʾ ʞʦʨʩʪʢʦʩʪʽ ʟʘʯʝʧʣʝʥʥʷ (ʉʟ(t)rb1, ʉʟ(t)rb2) ʤʘʻ 

ʚʠʛʣʷʜ 

1 1 1 2 2 2 2 3( ; (x xJ k J k1f = f-f) f =- f -f )
.   (1) 

ɿʘʛʘʣʴʥʠʡ ʨʦʟʚôʷʟʦʢ ʩʠʩʪʝʤʠ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ (1) ʤʦʞʝ ʙʫʪʠ ʟʥʘʡʜʝʥʠʡ ʟ 

ʚʠʨʘʟʫ [1] 

 

űi(t)=A1,ʽ exp(p1,i t)+A2,i exp(p2,i t),     (2) 

ʱʦ ʧʨʠ ʟʘʜʘʥʠʭ ʟʥʘʯʝʥʥʷʭ ʤʘʩʦ-ʞʦʨʩʪʢʽʩʥʠʭ ʪʘ ʜʠʥʘʤʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʚʽʜʧʦʚʽʜʘʻ 

ʚʠʧʘʜʢʫ ʢʦʤʧʣʝʢʩʥʦ-ʩʧʨʷʞʝʥʠʭ ʢʦʨʝʥʽʚ

2

,

1 1 1
,

2 2
j i

i i i i

p
k k Jx k

å õ
= ° -æ ö

ç ÷  ʘ ʚʠʨʘʟ (2) ʥʘ-

ʙʫʚʘʻ ʚʠʛʣʷʜʫ 

 

űi(t)=  e
-ůt

(A1,ʽ cos ɤi t + A2,i sin ɤi t),     (3) 

ʜʝ ů=Re(pj,i) ï ʢʦʝʬʽʮʽʻʥʪ ʟʘʪʫʭʘʥʥʷ; ɤi= Im(pj,i) ï ʨʝʟʦʥʘʥʩʥʘ ʯʘʩʪʦʪʘ ʚʣʘʩʥʠʭ ʢʨʫ-

ʪʠʣʴʥʠʭ ʢʦʣʠʚʘʥʴ; űi(t) ï ʢʨʫʪʠʣʴʥʽ ʢʦʣʠʚʘʥʥʷ ʚʘʣʫ, ʷʢ ʬʫʥʢʮʽʷ ʯʘʩʫ.  

5. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʽʥʪʝʛʨʦʚʘʥʦʛʦ ʤʝʪʦʜʫ ʨʝʘʣʽʟʘʮʽʾ ʤʘ-

ʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ 

ʅʘ ʨʠʩ. 1 ʽ ʨʠʩ. 2 ʥʘʚʝʜʝʥʽ ʯʘʩʦʚʽ ʜʽʘʛʨʘʤʠ ʚʽʜʥʦʩʥʠʭ ʧʦʭʠʙʦʢ ʦʙʯʠʩʣʝʥʥʷ ʯʘʩʪʦʪʠ 

ʽ ʘʤʧʣʽʪʫʜʠ ʩʪʘʮʽʦʥʘʨʥʠʭ ʢʨʫʪʠʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʧʝʨʚʠʥʥʦʛʦ ʚʘʣʫ ʧʨʠ ʨʽʟʥʠʭ ʟʥʘʯʝʥʥʷʭ 

ʞʦʨʩʪʢʦʩʪʽ ʢʦʣʠʚʘʣʴʥʦʾ ʩʠʩʪʝʤʠ (k1, k2). ʈʦʟʚôʷʟʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ (1) ʟʜʽʡʩʥʶʚʘ-

ʣʦʩʴ ʘʥʘʣʽʪʠʯʥʦ, ʪʘ ʦʧʠʩʘʥʠʤʠ ʚʠʱʝ ʯʠʩʝʣʴʥʠʤʠ ʤʝʪʦʜʘʤʠ, ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦ ʟʘʜʘʥʦʤʫ 

ʢʨʦʮʽ ʨʦʟʚôʷʟʫʚʘʥʥʷ hmax=T/1000, ʜʝ ʊ=2ˊ/ɤű1 ï ʧʝʨʽʦʜ ʢʦʣʠʚʘʥʴ ʧʝʨʚʠʥʥʦʛʦ ʚʘʣʫ. ʊʦʯ-

ʥʽ ʟʥʘʯʝʥʥʷ ʯʘʩʪʦʪʠ ʽ ʘʤʧʣʽʪʫʜʠ ʢʦʣʠʚʘʥʴ ʦʙʯʠʩʣʶʚʘʣʠʩʴ ʜʣʷ ʜʚʦʭ ʚʠʧʘʜʢʽʚ ʧʦʯʘʪʢʦʚʠʭ 

ʫʤʦʚ, ʪʘ ʧʘʨʘʤʝʪʨʽʚ J ʽ k: 

1. ʇʨʠ k1=k2=4.42Ā10
5
 ʥĀʤ/ʨʘʜ; Jx1=Jx2=0.1539 ʢʛĀʤ

2
; ű

0
=ű

0
3=0 ʨʘʜ; ű

0
1= ű

0
2=0.005 

ʨʘʜ; ɤ0=0.99989 ʨʘʜ/ʩ; Am0=2.4754774171Ā10
-3
 ʨʘʜ. 

2. ʇʨʠ k1=k2=3.34Ā10
5
 ʥĀʤ/ʨʘʜ; Jx1=Jx2=0.1919 ʢʛĀʤ

2
; ű

0
=ű

0
3=0 ʨʘʜ; ű

0
1= ű

0
2=0.008 

ʨʘʜ; ɤ0=0.76993 ʨʘʜ/ʩ; Am0=2.2475693582Ā10
-3
 ʨʘʜ. 
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ʈʠʩ. 1. ʇʦʪʦʯʥʽ ʚʽʜʥʦʩʥʽ ʧʦʭʠʙʢʠ ʦʙʯʠʩʣʝʥʥʷ ʟʥʘʯʝʥʥʷ ʯʘʩʪʦʪʠ ʢʦʣʠʚʘʥʴ ʤʝʪʦʜʘʤʠ 

ʪʨʘʧʝʮʽʡ (TR), ɻʽʨʘ (GR), ʈʫʥʛʝ-ʂʫʪʪʘ (R_K), ʪʘ ʽʥʪʝʛʨʦʚʘʥʠʤ (INT), ʜʣʷ ʚʠʧʘʜʢʫ ʟʥʘ-

ʯʝʥʴ ʧʘʨʘʤʝʪʨʽʚ 1 

 

 

Tt /

)(tAe

710-

610-

510-

GR
TR

R_K
INT

ʈʠʩ. 2. ʇʦʪʦʯʥʽ ʚʽʜʥʦʩʥʽ ʧʦʭʠʙʢʠ ʦʙʯʠʩʣʝʥʥʷ ʟʥʘʯʝʥʥʷ ʘʤʧʣʽʪʫʜʠ ʢʦʣʠʚʘʥʴ ʤʝʪʦʜʘʤʠ 

ʪʨʘʧʝʮʽʡ (TR), ɻʽʨʘ (GR), ʈʫʥʛʝ-ʂʫʪʪʘ (R_K), ʪʘ ʽʥʪʝʛʨʦʚʘʥʠʤ (INT), ʜʣʷ ʚʠʧʘʜʢʫ ʟʥʘ-

ʯʝʥʴ ʧʘʨʘʤʝʪʨʽʚ 1 

 

6. ɺʠʩʥʦʚʢʠ 

1. ɿ ʥʘʚʝʜʝʥʠʭ ʛʨʘʬʽʢʽʚ (ʨʠʩ. 1, ʨʠʩ. 2) ʚʠʜʥʦ, ʱʦ ʧʦʭʠʙʢʘ ʦʮʽʥʢʠ ʯʘʩʪʦʪʠ ʜʣʷ ʽʥʪʝ-

ʛʨʦʚʘʥʦʛʦ ʤʝʪʦʜʫ ʻ ʚʝʣʠʯʠʥʦʶ ʪʦʛʦ ʞ ʧʦʨʷʜʢʫ, ʱʦ ʽ ʜʣʷ ʤʝʪʦʜʫ ʪʨʘʧʝʮʽʡ, ʽ ʥʝ ʚʠʭʦʜʠʪʴ 

ʟʘ ʤʝʞʽ ʰʦʩʪʦʛʦ ʧʦʨʷʜʢʫ ʤʘʣʠʟʥʠ, ʥʘ ʚʽʜʤʽʥʫ ʥʘʧʨʠʢʣʘʜ, ʚʽʜ ʤʝʪʦʜʫ ɻʽʨʘ, ʜʣʷ ʷʢʦʛʦ 

ʘʥʘʣʦʛʽʯʥʘ ʧʦʭʠʙʢʘ ʻ ʤʘʡʞʝ ʥʘ ʧʦʨʷʜʦʢ ʚʠʱʦʶ. 

2. ɿʤʝʥʰʝʥʥʷ ʞʦʨʩʪʢʦʩʪʽ ʢʦʣʠʚʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʚʫʞʝʥʥʷ ʤʝʞ ʟʤʽʥʠ 

ʧʦʭʠʙʢʠ ʦʮʽʥʢʠ ʯʘʩʪʦʪʠ. ʋ ʩʚʦʶ ʯʝʨʛʫ, ʟ ʨʠʩ. 2 ʚʠʜʥʦ, ʱʦ ʧʦʭʠʙʢʘ ʦʮʽʥʢʠ ʘʤʧʣʽʪʫʜʠ 

ʜʣʷ ʫʩʽʭ ʤʝʪʦʜʽʚ ʪʝʞ ʤʘʻ ʢʚʘʟʽʧʝʨʽʦʜʠʯʥʠʡ ʭʘʨʘʢʪʝʨ, ʘ ʤʝʞʽ ʟʤʽʥʠ ʧʦʭʠʙʦʢ ʜʣʷ ʚʽʜʧʦʚʽ-

ʜʥʠʭ ʤʝʪʦʜʽʚ ʤʘʶʪʴ ʪʦʡ ʞʝ ʧʦʨʷʜʦʢ ʚʝʣʠʯʠʥ, ʱʦ ʽ ʜʣʷ ʚʠʧʘʜʢʫ ʧʦʭʠʙʦʢ ʦʮʽʥʢʠ ʯʘʩʪʦʪʠ. 

3. ɺʧʣʠʚ ʟʤʽʥʠ ʞʦʨʩʪʢʦʩʪʽ ʢʦʣʠʚʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʥʘ ʚʝʣʠʯʠʥʫ ʦʮʽʥʢʠ ʧʦʭʠʙʢʠ ʘʤʧ-

ʣʽʪʫʜʠ, ʟʘ ʩʚʦʾʤ ʭʘʨʘʢʪʝʨʦʤ ʘʥʘʣʦʛʽʯʥʠʡ ʚʧʣʠʚʫ ʥʘ ʚʝʣʠʯʠʥʫ ʦʮʽʥʢʠ ʧʦʭʠʙʢʠ ʯʘʩʪʦʪʠ. 

4. ʋ ʧʨʦʮʝʩʽ ʜʦʩʣʽʜʞʝʥʴ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʪʝʩʪʦʚʘʥʠʡ ʽʥʪʝʛʨʦʚʘʥʠʡ ʤʝʪʦʜ ʟʘʙʝʟʧʝ-

ʯʫʻ ʟʤʝʥʰʝʥʥʷ ʧʦʭʠʙʢʠ ʦʙʯʠʩʣʝʥʥʷ ʟʥʘʯʝʥʴ ʨʝʟʦʥʘʥʩʥʠʭ ʯʘʩʪʦʪ ʫ 1.65 ʨʘʟʽʚ, ʘʤʧʣʽʪʫʜ 

ʫ 1.3 ʨʘʟʠ ʧʨʠ ʦʜʥʦʯʘʩʥʦʤʫ ʨʦʟʰʠʨʝʥʥʽ ʜʽʘʧʘʟʦʥʫ ʦʙʯʠʩʣʶʚʘʥʠʭ ʯʘʩʪʦʪ ʫ 1.4 ʨʘʟʠ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʦʚʝʜʝʥʠʡ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʪʦʯʥʦʩʪʽ ʽʥʪʝʛʨʦʚʘʥʦʛʦ ʤʝʪʦʜʫ ʟ 

ʚʽʜʦʤʠʤʠ ʢʣʘʩʠʯʥʠʤʠ ʯʠʩʝʣʴʥʠʤʠ ʤʝʪʦʜʘʤʠ ʧʦʢʘʟʘʚ ʡʦʛʦ ʚʠʩʦʢʫ ʝʬʝʢʪʠʚʥʽʩʪʴ. 
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ɸʥʦʪʘʮʽʷ 

ɺ ʨʦʙʦʪʽ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʦʩʦʙʣʠʚʦʩʪʽ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʧʦʙʫʜʦʚʽ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘ-

ʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʪʝʭʥʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʬʽʥʘʥʩʦʚʠʭ ʨʠʥʢʽʚ. ʇʦʢʘʟʘʥʦ ʧʝʨʩʧʝʢʪʠʚʥʽʩʪʴ ʟʘ-

ʩʪʦʩʫʚʘʥʥʷ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʪʝʭʥʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʪʘ ʤʦʜʝʣʶʚʘʥʥʷ ʤʦʚʠ ʛʨʘʬʽʯʥʦʛʦ ʤʦʜʝ-

ʣʶʚʘʥʥʷ LabVIEW.  
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Abstract 

This paper devoted to the features that arise when building software for technical analy-

sis of financial markets. Shown the possibility applying for technical analysis and graphical 

simulation modeling language LabVIEW. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʪʝʭʥʽʯʥʠʡ ʘʥʘʣʽʟ, ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʢʦʤʧôʶʪʝʨʥʘ ʪʝʭʥʦ-

ʣʦʛʽʷ, ʝʢʦʥʦʤʽʢʘ, ʨʠʟʠʢ, ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ. 

Keywords: technical analysis, software, computer technology, interface, economics, 

risk, uncertainty. 

 

ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʝʢʦʥʦʤʽʯʥʠʭ ʟʘʜʘʯ ʫ ʚʩʴʦʤʫ ʩʚʽʪʽ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʟʘʩʦ-

ʙʠ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʪʝʭʥʽʢʠ ʽʟ ʩʧʝʮʽʘʣʴʥʠʤ ʧʨʦʛʨʘʤʥʠʤ ʟʘʙʝʟʧʝʯʝʥʥʷʤ (ʇɿ) ʧʨʠʟʥʘʯʝ-

ʥʠʤ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʬʽʥʘʥʩʦʚʠʭ ʦʙʯʠʩʣʝʥʴ. ɿ ʨʦʟʚʠʪʢʦʤ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʩʠʩʪʝʤ 

ʟ'ʷʚʠʣʘʩʴ ʥʝʦʙʭʽʜʥʽʩʪʴ ʦʙʨʦʙʢʠ ʙʘʛʘʪʦʚʠʤʽʨʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʦʪʦʢʽʚ (ɹɯʇ) ʬʽʥʘʥʩʦ-

ʚʠʭ ʦʧʝʨʘʮʽʡ ʚ ʨʝʘʣʴʥʦʤʫ ʤʘʩʰʪʘʙʽ ʯʘʩʫ. ʇʨʠ ʘʥʘʣʽʟʽ ɹɯʇ, ʱʦ ʧʦʩʪʽʡʥʦ ʟʙʽʣʴʰʫʻʪʴʩʷ, 

ʥʝʦʙʭʽʜʥʦ ʥʝ ʪʽʣʴʢʠ ʚʽʜʦʢʨʝʤʠʪʠ ʽʥʬʦʨʤʘʮʽʡʥʫ ʩʢʣʘʜʦʚʫ, ʟʘʩʪʦʩʫʚʘʚʰʠ ʤʘʪʝʤʘʪʠʯʥʽ 

ʘʙʦ ʽʥʰʽ ʬʫʥʢʮʽʾ, ʘ ʡ ʧʨʦʚʝʩʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʟ ʤʝʪʦʶ ʧʨʦʨʘʭʫʥʢʫ ʬʽʥʘʥʩʦʚʦʾ ʦʧʝʨʘʮʽʾ ʪʘ 

ʾʾ ʢʦʨʠʩʥʦʩʪʽ. ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʪʘʢʦʛʦ ʘʥʘʣʽʟʫ ʧʨʠʟʥʘʯʝʥʝ ʩʧʝʮʽʘʣʴʥʝ ʇɿ. ʊʦʤʫ ʦʩʥʦʚ-

ʥʦʶ ʟʘʜʘʯʝʶ ʥʘʫʢʦʚʦ-ʚʠʨʦʙʥʠʯʠʭ ʪʘ ʫʯʙʦʚʠʭ ʨʦʟʨʦʙʦʢ ʚ ʮʴʦʤʫ ʥʘʧʨʷʤʢʫ ʻ ʨʦʟʨʦʙʢʘ ʡ 

ʚʠʚʯʝʥʥʷ ʦʩʥʦʚʥʠʭ ʧʨʠʥʮʠʧʽʚ ʧʦʙʫʜʦʚʠ ʇɿ, ʷʢʝ ʚʨʘʭʦʚʫʻ ʦʩʦʙʣʠʚʦʩʪʽ ʬʽʟʠʯʥʠʭ ʚʝʣʠ-

ʯʠʥ ʽ ʬʘʢʪʦʨʽʚ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʬʽʥʘʥʩʦʚʽ ʦʧʝʨʘʮʽʾ ʽ ʾʭ ʢʦʨʠʩʥʽʩʪʴ.  

ʆʩʦʙʣʠʚʦʩʪʽ ʦʙʨʦʙʢʠ ɹɯʇ ʚʠʩʫʚʘʶʪʴ ʧʝʚʥʽ ʚʠʤʦʛʠ ʷʢ ʜʦ ʩʧʝʮʽʘʣʽʩʪʽʚ ʟ ʨʦʟʨʦʙʢʠ 

ʇɿ ʪʘʢ ʽ ʜʦ ʇɿ, ʱʦ ʧʨʠʟʥʘʯʝʥʦ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠ ʚʠʨʽʰʝʥʥʽ ʝʢʦʥʦʤʽʯʥʠʭ ʟʘʜʘʯ. 

ɺʨʘʭʦʚʫʶʯʠ ʩʫʯʘʩʥʠʡ ʨʽʚʝʥʴ ʨʦʟʚʠʪʢʫ ʦʙʯʠʩʣʶʚʘʥʦʾ ʪʝʭʥʽʢʠ ʇɿ ʧʦʚʠʥʥʦ ʟʘʜʦʚʦʣʴʥʷʪʠ 

ʥʘʩʪʫʧʥʠʤ ʚʠʤʦʛʘʤ: 

- ʙʫʪʠ ʫʥʽʬʽʢʦʚʘʥʠʤ, ʪʦʙʪʦ ʨʦʟʨʦʙʥʠʢ ʤʘʻ ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʚʝʩʪʠ reengineering ʟ 

ʤʽʥʽʤʘʣʴʥʠʤʠ ʯʘʩʦʚʠʤʠ ʪʘ ʬʽʥʘʥʩʦʚʠʤʠ ʚʠʪʨʘʪʘʤʠ ʧʽʜ ʚʠʨʽʰʝʥʥʷ ʢʦʥʢʨʝʪʥʦʾ ʝʢʦ-

ʥʦʤʽʯʥʦʾ ʟʘʜʘʯʽ ʧʦ ʦʙʨʦʙʮʽ ʬʽʥʘʥʩʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ;  

- ʩʫʧʨʦʚʦʜʞʫʚʘʪʠʩʷ ʜʦʢʫʤʝʥʪʘʮʽʻʶ ʨʦʟʨʦʙʥʠʢʘ ʪʘ ʢʦʨʠʩʪʫʚʘʯʘ, ʪʦʙʪʦ ʤʘʪʠ ʚʠʛʣʷʜ 

ʟʘʢʽʥʯʝʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʧʨʦʜʫʢʪʫ; 

- ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʢʦʨʠʩʪʫʚʘʯʫ ʤʦʞʣʠʚʽʩʪʴ ʚʚʝʜʝʥʥʷ ʜʘʥʠʭ ʚ ʧʨʠʨʦʜʥʽʡ ʬʦʨʤʽ, ʚ 

ʬʦʨʤʽ ʤʘʩʠʚʽʚ ʫ ʚʠʛʣʷʜʽ ʚʝʢʪʦʨʽʚ ʪʘ ʤʘʪʨʠʮʴ; 

- ʘʚʪʦʤʘʪʠʯʥʦ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʢʦʥʪʨʦʣʴ ʟʘ ʧʨʘʚʠʣʴʥʽʩʪʶ ʚʚʝʜʝʥʥʷ ʜʘʥʠʭ ʢʦʨʠʩʪʫ-

ʚʘʯʝʤ, ʘ ʪʘʢʦʞ ʚʽʜʩʣʽʜʢʦʚʫʚʘʪʠ ʙʫʜʴ-ʷʢʽ ʽʥʰʽ ʡʦʛʦ ʜʽʾ ʟ ʧʨʦʛʨʘʤʦʶ ʟ ʤʝʪʦʶ ʥʝʜʦʧʫʱʝʥ-

ʥʷ ʥʝʥʘʚʤʠʩʥʠʭ ʯʠ ʚʠʧʘʜʢʦʚʠʭ ʧʦʤʠʣʦʢ; 

- ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʢʦʨʠʩʪʫʚʘʯʝʤ ʢʝʨʫʶʯʠʭ ʬʫʥʢʮʽʡ ʯʠ ʚʚʝʜʝʥʥʷ ʜʘ-

ʥʠʭ ʚ ʧʨʦʛʨʘʤʽ ʘʚʪʦʤʘʪʠʯʥʠʡ ʨʦʟʨʘʭʫʥʦʢ ʥʝʦʙʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʚʠʢʦʥʘʥʥʷ ʜʽʡ ʚ ʨʝ-

ʘʣʴʥʦʤʫ ʤʘʩʰʪʘʙʽ ʯʘʩʫ. 

ɺʠʢʦʥʘʥʥʷ ʥʘʚʝʜʝʥʠʭ ʚʠʤʦʛ, ʘ ʪʘʢʦʞ ʤʦʞʣʠʚʦʩʪʽ ʟ ʤʦʜʝʣʶʚʘʥʥʷ ʚ ʨʝʘʣʴʥʦʤʫ 

ʤʘʩʰʪʘʙʽ ʯʘʩʫ ʪʘ ʰʠʨʦʢʽ ʤʦʞʣʠʚʦʩʪʽ ʟ ʦʙʨʦʙʢʠ ʤʘʩʠʚʽʚ ʜʘʥʠʭ, ʱʦ ʨʝʘʣʽʟʦʚʘʥʽ ʫ ʩʪʘʥ-

ʜʘʨʪʥʠʭ ʤʦʜʫʣʷʭ, ʤʦʞʣʠʚʦ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʤʦʚʠ ʛʨʘʬʽʯʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ Lab-

VIEW. ɺʠʢʦʨʠʩʪʘʥʥʷ LabVIEW ʜʣʷ ʨʦʟʨʦʙʢʠ ʇɿ ʟ ʦʙʨʦʙʢʠ ʧʦʪʦʢʦʚʦʾ ʬʽʥʘʥʩʦʚʦʾ ʽʥ-

ʬʦʨʤʘʮʽʾ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ ʪʘ ʤʦʜʝʣʶʚʘʥʥʽ ʧʦʚʝʜʽʥʢʠ ʧʨʦʮʝʩʽʚ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʟʦʚʥʽʰʥʽʭ 

ʚʧʣʠʚʽʚ ʜʦʟʚʦʣʷʻ: 

- ʧʨʠ ʨʦʟʨʦʙʮʽ ʧʨʦʪʦʪʠʧʫ ʇɿ ʨʦʟʛʣʷʥʫʪʠ ʚʩʽ ʤʦʞʣʠʚʽ ʨʽʰʝʥʥʷ, ʩʝʨʝʜ ʷʢʠʭ ʚʠʙʨʘʪʠ 

ʥʘʡʝʬʝʢʪʠʚʥʽʰʝ, ʙʝʟ ʩʫʪʪʻʚʦʛʦ ʟʤʽʥʝʥʥʷ ʧʦʯʘʪʢʦʚʦʛʦ ʢʦʜʫ;  

- ʨʦʟʨʦʙʠʪʠ ʪʦʯʥʫ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʧʣʠʚʘʶʯʠʭ ʬʘʢʪʦʨʽʚ ʰʣʷ-

ʭʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʽʚ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʘʣʛʦʨʠʪʤʽʚ ʧʦʰʫʢʫ ʦʧʪʠʤʘʣʴ-

ʥʠʭ ʨʽʰʝʥʴ ʜʣʷ ʢʦʥʢʨʝʪʥʦʾ ʟʘʜʘʯʽ. 

ɯʩʥʫʶʯʽ ʤʝʪʦʜʠ ʘʥʘʣʽʟʫ ʬʽʥʘʥʩʦʚʠʭ ʨʠʥʢʽʚ ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʥʘ ʜʚʽ ʚʝʣʠʢʽ ʛʨʫʧʠ: 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʡ ʘʥʘʣʽʟ, ʱʦ ʚʠʚʯʘʻ ʧʨʠʯʠʥʠ ʨʫʭʫ ʨʠʥʢʦʚʠʭ ʮʽʥ, ʽ ʪʝʭʥʽʯʥʠʡ ʘʥʘʣʽʟ, ʱʦ 

ʜʦʩʣʽʜʞʫʻ ʚʥʫʪʨʽʰʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʧʦʚʝʜʽʥʢʠ ʨʠʥʢʦʚʠʭ ʮʽʥ, ʥʝ ʟʫʧʠʥʷʶʯʠʩʴ ʥʘ ʧʨʠ-
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ʯʠʥʘʭ, ʱʦ ʚʠʢʣʠʢʘʣʠ ʾʭ ʟʤʽʥʫ. ʆʙʠʜʚʽ ʛʨʫʧʠ ʤʝʪʦʜʽʚ ʜʘʶʪʴ ʜʦʙʨʽ ʨʝʟʫʣʴʪʘʪʠ ʚ ʨʘʟʽ 

ʣʽʢʚʽʜʥʠʭ ʨʠʥʢʽʚ, ʧʨʦʪʝ ʙʽʣʴʰʽʩʪʴ ʫʩʧʽʰʥʠʭ ʪʨʝʡʜʝʨʽʚ ʽ ʽʥʚʝʩʪʦʨʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʤʝ-

ʪʦʜʠ ʽ ʟʘʩʦʙʠ ʪʝʭʥʽʯʥʦʛʦ ʘʥʘʣʽʟʫ [1ï3]. 

ʊʝʭʥʽʯʥʠʡ ʘʥʘʣʽʟ ʻ ʦʜʥʠʤ ʽʟ ʥʦʚʠʭ ʥʘʧʨʷʤʢʽʚ ʜʦʩʣʽʜʞʝʥʥʷ ʬʽʥʘʥʩʦʚʠʭ ʽ ʪʦʚʘʨʥʠʭ 

ʨʠʥʢʽʚ, ʱʦ ʧʦʯʘʚ ʰʚʠʜʢʦ ʨʦʟʚʠʚʘʪʠʩʷ ʚ ʦʩʪʘʥʥʽ ʨʦʢʠ ʚ ʋʢʨʘʾʥʽ. ʆʩʪʘʥʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʫ 

ʩʬʝʨʽ ʪʝʭʥʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʪʘ ʡʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʬʽʥʘʥʩʦʚʠʤʠ ʡ ʢʦʤʝʨʮʽʡʥʠʤʠ ʫʩʪʘʥʦʚʘ-

ʤʠ ʩʪʦʩʫʶʪʴʩʷ ʥʘʩʘʤʧʝʨʝʜ ʤʝʪʦʜʦʣʦʛʽʾ ʚʧʨʦʚʘʜʞʝʥʥʷ ʮʴʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ. ʆʜʥʘʢ ʩʣʽʜ 

ʟʘʟʥʘʯʠʪʠ, ʱʦ ʦʩʥʦʚʦʶ ʜʣʷ ʨʦʟʚʠʪʢʫ ʪʝʭʥʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʪʘ ʨʦʟʰʠʨʝʥʥʷ ʩʬʝʨ ʡʦʛʦ ʟʘ-

ʩʪʦʩʫʚʘʥʥʷ ʻ ʽʥʬʦʨʤʘʮʽʡʥʽ ʩʠʩʪʝʤʠ. ʂʦʨʠʩʪʫʚʘʥʥʷ ʪʝʭʥʽʯʥʠʤ ʘʥʘʣʽʟʦʤ ʚʟʘʛʘʣʽ ʥʝʤʦʞ-

ʣʠʚʝ ʙʝʟ ʥʘʷʚʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ. ʋʩʽ ʚʠʜʠ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ, ʱʦ ʟʘʩʪʦʩʦ-

ʚʫʶʪʴʩʷ ʚ ʨʦʙʦʪʽ ʪʝʭʥʽʯʥʠʭ ʘʥʘʣʽʪʠʢʽʚ, ʤʦʞʥʘ ʢʣʘʩʠʬʽʢʫʚʘʪʠ ʷʢ ʽʥʬʦʨʤʘʮʽʡʥʽ ʩʠʩʪʝʤʠ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʦʧʝʨʘʮʽʡ ʪʝʭʥʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʽ ʩʠʩʪʝʤʠ ʪʝʭʥʽʯʥʦʛʦ 

ʘʥʘʣʽʟʫ [4]. 

ʊʝʭʥʽʯʥʠʡ ʘʥʘʣʽʟ ʥʝ ʨʦʟʛʣʷʜʘʻ ʧʨʠʯʠʥʠ ʪʦʛʦ, ʯʦʤʫ ʮʽʥʘ ʟʤʽʥʶʻʪʴʩʷ (ʥʘʧʨʠʢʣʘʜ, 

ʫʥʘʩʣʽʜʦʢ ʥʠʟʴʢʦʾ ʧʨʠʙʫʪʢʦʚʦʩʪʽ ʘʢʮʽʡ, ʢʦʣʠʚʘʥʴ ʮʽʥ ʥʘ ʽʥʰʽ ʪʦʚʘʨʠ ʘʙʦ ʟʤʽʥʠ ʽʥʰʠʭ 

ʫʤʦʚ), ʘʣʝ ʚʨʘʭʦʚʫʻ ʣʠʰʝ ʬʘʢʪ, ʱʦ ʮʽʥʘ ʨʫʭʘʻʪʴʩʷ ʚ ʪʦʤʫ ʘʙʦ ʽʥʰʦʤʫ ʥʘʧʨʷʤʽ, ʘʙʦ 

ʚʠʟʥʘʯʝʥʠʤ ʯʠʥʦʤ, ʥʘʧʨʠʢʣʘʜ ʟʥʘʭʦʜʷʯʠʩʴ ʚ ʤʝʞʘʭ ʷʢʦʛʦʩʴ ʽʥʪʝʨʚʘʣʫ ʮʽʥ ʧʨʦʪʷʛʦʤ ʜʝ-

ʷʢʦʛʦ ʯʘʩʫ.  

ɺʠʩʥʦʚʢʠ, ʦʪʨʠʤʘʥʽ ʥʘ ʧʽʜʩʪʘʚʽ ʪʝʭʥʽʯʥʦʛʦ ʘʥʘʣʽʟʫ, ʩʢʦʨʽʰʝ ʟʘ ʚʩʝ ʥʝ ʙʫʜʫʪʴ 

ʩʧʽʚʧʘʜʘʪʠ ʟ ʚʠʩʥʦʚʢʘʤʠ, ʱʦ ʦʪʨʠʤʫʶʪʴʩʷ ʚʽʜ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ. ʎʝ ʪʨʘʧ-

ʣʷʻʪʴʩʷ ʪʦʤʫ, ʱʦ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʡ ʘʥʘʣʽʟ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʪʦʤʫ, ʱʦ ʨʝʘʣʴʥʘ ʚʘʨʪʽʩʪʴ ʪʦ-

ʚʘʨʫ (ʮʽʥʥʠʭ ʧʘʧʝʨʽʚ, ʚʘʣʶʪʥʦʾ ʧʘʨʠ) ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʨʠʥʢʦʚʦʾ ʮʽʥʠ ð ʚʦʥʘ ʧʝʨʝ-

ʦʮʽʥʝʥʘ ʘʙʦ ʥʝʜʦʦʮʽʥʝʥʘ. ʗʢʱʦ ʤʦʞʥʘ ʨʦʟʨʘʭʫʚʘʪʠ çʚʽʨʥʫè ʮʽʥʫ, ʪʦ ʤʦʞʥʘ ʧʝʨʝʜʙʘʯʘ-

ʪʠ, ʱʦ ʨʠʥʦʢ çʩʢʦʨʝʢʪʫʻʪʴʩʷè ʜʦ ʧʦʪʨʽʙʥʦʛʦ ʨʽʚʥʷ (ʢʦʨʝʢʮʽʷ ʤʦʞʝ ʚʽʜʙʫʚʘʪʠʩʷ ʚʛʦʨʫ 

ʘʙʦ ʚʥʠʟ). ʊʦʤʫ ʨʝʢʦʤʝʥʜʘʮʽʾ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʤʦʞʫʪʴ ʧʝʨʝʯʠʪʠ ʨʝʢʦʤʝʥ-

ʜʘʮʽʷʤ ʪʝʭʥʽʯʥʦʛʦ ʘʥʘʣʽʟʫ. ʅʝʦʙʭʽʜʥʦ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʦʙʠʜʚʘ ʤʝʪʦʜʠ ʥʝ ʚʨʘʭʦʚʫʶʪʴ 

ʤʦʞʣʠʚʦʛʦ ʩʧʦʪʚʦʨʝʥʥʷ ʨʠʥʢʦʚʦʾ ʢʦʥ'ʶʥʢʪʫʨʠ ʧʽʜ ʚʧʣʠʚʦʤ ʨʽʟʥʠʭ ʟʦʚʥʽʰʥʽʭ ʘʙʦ 

ʚʥʫʪʨʽʰʥʽʭ ʯʠʥʥʠʢʽʚ. ʇʦʣʽʪʠʯʥʽ, ʝʢʦʥʦʤʽʯʥʽ ʧʦʜʽʾ, ʷʢ ʚ ʩʚʽʪʽ, ʪʘʢ ʽ ʫʩʝʨʝʜʠʥʽ ʢʨʘʾʥʠ 

ʟʜʘʪʥʽ ʟʨʦʙʠʪʠ ʥʘʡʩʝʨʡʦʟʥʽʰʠʡ ʚʧʣʠʚ ʥʘ ʧʦʚʝʜʽʥʢʫ ʷʢ ʦʢʨʝʤʠʭ ʘʢʮʽʡ ʪʘʢ ʽ ʮʽʣʠʭ ʩʝʢ-

ʪʦʨʽʚ. ʊʘʢʦʞ ʪʘʢʽ ʜʽʾ ʤʦʞʫʪʴ ʙʫʪʠ ʧʦʚ'ʷʟʘʥʽ ʽʟ ʟʤʽʥʦʶ ʟʘʢʦʥʽʚ, ʚʚʝʜʝʥʥʷʤ ʘʙʦ ʚʽʜʤʽʥʦʶ 

ʤʠʪʥʠʭ ʟʙʦʨʽʚ, ʟʤʽʥʦʶ ʩʪʘʚʦʢ ʧʦʜʘʪʢʽʚ ʽ ʽʥʰʠʭ ʧʦʜʽʡ. 

ʊʝʭʥʽʯʥʠʡ ʘʥʘʣʽʟ ʟʘʩʪʦʩʦʚʥʠʡ ʜʦ ʚʩʽʭ ʘʢʪʠʚʽʚ, ʮʽʥʘ ʷʢʠʭ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ 

ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʧʦʧʠʪʫ/ʧʨʦʧʦʟʠʮʽʾ (ʚʘʣʶʪʠ, ʪʦʚʘʨʥʽ ʬ'ʶʯʝʨʩʠ, ʦʧʮʽʦʥʠ, ʢʦʰʪʦʚʥʽ ʧʘ-

ʧʝʨʠ ʽ ʙʘʛʘʪʦ ʱʦ ʽʥʰʝ), ʽ ʙʘʟʫʻʪʴʩʷ ʥʘ ʥʘʩʪʫʧʥʠʭ ʦʩʥʦʚʥʠʭ ʧʦʩʪʫʣʘʪʘʭ, ʱʦ ʚʠʪʽʢʘʻ ʟ 

ʪʝʦʨʽʾ ɼʦʫ [5,6]: 

1. ʈʠʥʦʢ ʚʨʘʭʦʚʫʻ ʚʩʝ. ʎʽʥʘ ʻ ʥʘʩʣʽʜʢʦʤ ʽ ʚʠʯʝʨʧʥʠʤ ʚʽʜʜʟʝʨʢʘʣʝʥʥʷʤ ʚʩʽʭ ʜʽʶ-

ʯʠʭ ʩʠʣ ʨʠʥʢʫ. ɹʫʜʴ-ʷʢʠʡ ʯʠʥʥʠʢ, ʱʦ ʚʧʣʠʚʘʻ ʥʘ ʮʽʥʫ (ʝʢʦʥʦʤʽʯʥʠʡ, ʧʦʣʽʪʠʯʥʠʡ ʘʙʦ 

ʧʩʠʭʦʣʦʛʽʯʥʠʡ) ʚʞʝ ʚʨʘʭʦʚʘʥʠʡ ʨʠʥʢʦʤ ʽ ʚʢʣʶʯʝʥʠʡ ʚ ʮʽʥʫ. ʊʘʢʠʤ ʯʠʥʦʤ, ʚʩʝ, ʱʦ 

ʚʧʣʠʚʘʻ ʥʘ ʮʽʥʫ, ʦʙʦʚ'ʷʟʢʦʚʦ ʥʘ ʮʽʡ ʩʘʤʽʡ ʮʽʥʽ ʽ ʚʽʜʽʙ'ʻʪʴʩʷ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʮʽʥʦʚʠʭ 

ʛʨʘʬʽʢʽʚ ʨʠʥʦʢ ʩʘʤ ʦʛʦʣʦʰʫʻ ʧʨʦ ʩʚʦʾ ʥʘʤʽʨʠ ʫʚʘʞʥʦʤʫ ʘʥʘʣʽʪʠʢʦʚʽ, ʟʘʚʜʘʥʥʷ ʷʢʦʛʦ 

ʧʨʘʚʠʣʴʥʦ ʽ ʚʯʘʩʥʦ ʽʥʪʝʨʧʨʝʪʫʚʘʪʠ ʮʽ ʥʘʤʽʨʠ. 

2. ʈʫʭ ʨʠʥʢʫ ʧʽʜʧʦʨʷʜʢʦʚʘʥʠʡ ʪʝʥʜʝʥʮʽʷʤ. ʇʦʥʷʪʪʷ ʪʝʥʜʝʥʮʽʾ ʘʙʦ ʪʨʝʥʜʫ ð ʦʜ-

ʥʝ ʟ ʛʦʣʦʚʥʠʭ ʫ ʪʝʭʥʽʯʥʦʤʫ ʘʥʘʣʽʟʽ. ɾʠʪʪʷ ʨʠʥʢʫ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʧʝʨʽʦʜʽʚ ʟʨʦʩʪʘʥʥʷ ʽ 

ʧʘʜʽʥʥʷ ʮʽʥ, ʱʦ ʯʝʨʛʫʶʪʴʩʷ, ʪʘʢ, ʱʦ ʫʩʝʨʝʜʠʥʽ ʢʦʞʥʦʛʦ ʧʝʨʽʦʜʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʦʟʚʠʪʦʢ 

ʧʘʥʫʶʯʦʾ ʪʝʥʜʝʥʮʽʾ, ʷʢʘ ʽʩʥʫʻ ʜʦ ʪʠʭ ʧʽʨ, ʧʦʢʠ ʥʝ ʧʦʯʥʝʪʴʩʷ ʨʦʟʚʠʪʦʢ ʨʠʥʢʫ ʫ ʟʚʦʨʦʪ-

ʥʦʤʫ ʥʘʧʨʷʤʽ. ɿʘʚʜʘʥʥʷ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦʙ ʚʠʷʚʠʪʠ ʮʽ ʪʝʥʜʝʥʮʽʾ ʥʘ ʨʘʥʥʽʭ ʩʪʘʜʽʷʭ ʾʭ 

ʨʦʟʚʠʪʢʫ ʽ ʚʨʘʭʦʚʫʚʘʪʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʾʭ ʥʘʧʨʷʤʫ. 

3. ɯʩʪʦʨʽʷ ʟʤʽʥ ʧʦʚʪʦʨʶʻʪʴʩʷ. ʊʦʡ ʬʘʢʪ, ʱʦ ʧʝʚʥʽ ʢʦʥʬʽʛʫʨʘʮʽʾ ʥʘ ʛʨʘʬʽʢʘʭ ʮʽʥ 

ʤʘʶʪʴ ʚʣʘʩʪʠʚʽʩʪʴ ʧʦʚʪʦʨʶʚʘʪʠʩʷ ʩʪʘʣʦ ʽ ʙʘʛʘʪʦ ʨʘʟʽʚ, ʧʨʠʯʦʤʫ ʥʘ ʨʽʟʥʠʭ ʨʠʥʢʘʭ ʽ ʚ 

ʨʽʟʥʠʭ ʤʘʩʰʪʘʙʘʭ ʯʘʩʫ, ʻ ʥʘʩʣʽʜʢʦʤ ʦʙ'ʻʢʪʠʚʥʠʭ ʟʘʢʦʥʽʚ ʬʽʟʠʢʠ, ʝʢʦʥʦʤʽʢʠ ʽ ʧʩʠʭʦʣʦʛʽʾ. 
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ʊʽ ʧʨʘʚʠʣʘ, ʱʦ ʜʽʷʣʠ ʫ ʤʠʥʫʣʦʤʫ, ʜʽʶʪʴ ʟʘʨʘʟ, ʘ ʪʘʢʦʞ ʜʽʷʪʠʤʫʪʴ ʚ ʤʘʡʙʫʪʥʴʦʤʫ. ʅʘ 

ʮʴʦʤʫ ʽ ˇʨʫʥʪʫʶʪʴʩʷ ʚʩʽ ʤʝʪʦʜʠʢʠ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʤʘʡʙʫʪʥʴʦʛʦ [4]. 

ɺ ʨʘʤʢʘʭ ʩʠʩʪʝʤʥʦʛʦ ʧʽʜʭʦʜʫ ʟʘʚʜʘʥʥʷ ʘʥʘʣʽʟʫ ʨʠʥʢʫ ʻ ʟʘʚʜʘʥʥʷʤ ʧʦʙʫʜʦʚʠ ʜʝʷʢʦʾ 

ʩʠʩʪʝʤʠ, ʱʦ ʜʦʟʚʦʣʷʻ, ʚʠʭʦʜʷʯʠ ʽʟ ʩʧʦʩʪʝʨʝʞʫʚʘʥʦʛʦ ʧʨʦʮʝʩʫ ʟʤʽʥʠ ʮʽʥʠ, ʦʮʽʥʶʚʘʪʠ 

ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʨʫʭʫ ʨʠʥʢʫ ʚ ʢʦʞʝʥ ʢʦʥʢʨʝʪʥʠʡ ʤʦʤʝʥʪ ʯʘʩʫ ʽ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʘʥʘʣʽʪʠʯʥʫ 

ʧʽʜʪʨʠʤʢʫ ʜʣʷ ʫʭʚʘʣʝʥʥʷ ʬʽʥʘʥʩʦʚʠʭ ʨʽʰʝʥʴ. ʌʦʨʤʘʣʴʥʘ ʤʦʜʝʣʴ ʪʘʢʦʾ ʩʠʩʪʝʤʠ ʦʧʠ-

ʩʫʻʪʴʩʷ ʬʦʨʤʫʣʦʶ [5]: 

 
= + +basic cycle noise

n n n n
f f f f

 (1) 

ʜʝ: 
-basic

n
f

 ʜʝʷʢʘ ʬʫʥʢʮʽʷ, ʱʦ ʦʧʠʩʫʻ ʩʫʪʪʻʚʽ ʜʣʷ ʩʧʦʩʪʝʨʽʛʘʯʘ ʽ ʡʦʛʦ ʮʽʣʝʡ ʨʫʭʠ 

ʨʠʥʢʫ, ʱʦ ʟʘʟʚʠʯʘʡ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʷʢ ʪʨʝʥʜʠ ʘʙʦ ʪʝʥʜʝʥʮʽʾ, ʟʚʠʯʘʡʥʦ ʮʝ ʚʝʣʠʢʽ ʧʦ-

ʚʽʣʴʥʽ ʨʫʭʠ; 
-noise

n
f

ʜʝʷʢʘ ʢʦʤʧʦʥʝʥʪʘ, ʱʦ ʦʧʠʩʫʻ ʥʝʽʩʪʦʪʥʽ ʟ ʪʦʯʢʠ ʟʦʨʫ ʮʽʣʝʡ ʩʧʦ-

ʩʪʝʨʽʛʘʯʘ ʪʝʥʜʝʥʮʽʾ ʟʤʽʥʠ ʮʽʥ, ʟʚʠʯʘʡʥʦ ʮʝ ʪʘʢ ʟʚʘʥʠʡ ʮʽʥʦʚʠʡ ʰʫʤ ð ʰʚʠʜʢʽ ʢʦʣʠʚʘʥ-

ʥʷ ʮʽʥ, ʱʦ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʟ ʪʦʯʢʠ ʟʦʨʫ ʚʠʨʽʰʫʚʘʥʦʛʦ ʟʘʚʜʘʥʥʷ, ʷʢ ʜʝʷʢʘ ʟʘʚʘʜʘ, 
1 2= -n , ..., i

ʮʽʣʝ ʯʠʩʣʦ, -i  ʜʦʚʞʠʥʘ ʚʠʙʽʨʢʠ ʯʘʩʦʚʦʛʦ ʨʷʜʫ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘ ʧʨʦʮʝ-

ʩʦʤ ʟʤʽʥʠ ʮʽʥʠ; 
-cycle

n
f

 ʜʝʷʢʘ ʢʦʤʧʦʥʝʥʪʘ, ʱʦ ʦʧʠʩʫʻ ʥʝʽʩʪʦʪʥʽ ʟ ʪʦʯʢʠ ʟʦʨʫ ʮʽʣʝʡ ʩʧʦ-

ʩʪʝʨʽʛʘʯʘ ʪʝʥʜʝʥʮʽʾ ʟʤʽʥʠ ʮʽʥ, ʟʚʠʯʘʡʥʦ ð ʮʝ ʥʝʰʚʠʜʢʽ ʢʦʣʠʚʘʥʥʷ ʮʽʥ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘʡʙʽʣʴʰ ʟʘʛʘʣʴʥʠʡ ʦʧʠʩ ʚʠʭʽʜʥʦʛʦ ʧʨʦʮʝʩʫ, ʱʦ ʦʧʠʩʫʻ ʧʦʚʝʜʽʥʢʫ 

ʮʽʥʠ ʚ ʯʘʩʽ, ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʩʫʧʝʨʧʦʟʠʮʽʾ ʜʝʷʢʦʾ ʬʫʥʢʮʽʾ, ʱʦ ʧʦʨʽʚʥʷʥʦ ʧʦ-

ʚʽʣʴʥʦ ʟʤʽʥʶʻʪʴʩʷ ʪʘ ʧʨʝʜʩʪʘʚʣʷʻ ʽʥʪʝʨʝʩ ʜʣʷ ʘʥʘʣʽʪʠʢʘ, ʽ ʜʝʷʢʦʾ ʟʘʚʘʜʠ (ʰʫʤʫ), ʱʦ ʧʝ-

ʨʝʰʢʦʜʞʘʻ ʡʦʤʫ. ʇʦʙʫʜʦʚʘ ʤʦʜʝʣʽ ʟʚʦʜʠʪʴʩʷ ʜʦ ʚʠʙʦʨʫ ʚʽʜʧʦʚʽʜʥʦʛʦ ʚʠʛʣʷʜʫ ʽ ʧʘʨʘ-

ʤʝʪʨʽʚ ʮʠʭ ʬʫʥʢʮʽʡ, ʱʦʙ ʘʜʝʢʚʘʪʥʦ ʦʧʠʩʫʚʘʪʠ ʨʠʥʦʢ ʽ ʜʘʚʘʪʠ ʚʠʭʽʜʥʫ ʽʥʬʦʨʤʘʮʽʶ ʜʣʷ 

ʩʪʚʦʨʝʥʥʷ ʘʥʘʣʽʪʠʯʥʦʾ ʩʠʩʪʝʤʠ, ʘ ʧʦʜʘʣʴʰʝ ʟʘʚʜʘʥʥʷ ʨʦʟʧʘʜʘʻʪʴʩʷ ʥʘ ʜʚʘ ʜʦʩʠʪʴ ʥʝʟʘ-

ʣʝʞʥʠʭ: 

ï ʚʠʜʽʣʝʥʥʷ 
basic

n
f

 ʽʟ ʩʧʦʩʪʝʨʝʞʫʚʘʥʦʛʦ ʧʨʦʮʝʩʫ;  

ï ʚʠʚʯʝʥʥʷ (ʚʠʤʽʨ, ʘʥʘʣʽʟ, ʦʮʽʥʢʘ) ʧʘʨʘʤʝʪʨʽʚ 
basic

n
f

 ʟ ʤʝʪʦʶ ʫʭʚʘʣʝʥʥʷ ʬʽʥʘʥʩʦ-

ʚʠʭ ʨʽʰʝʥʴ. 

ɼʣʷ ʚʠʷʚʣʝʥʥʷ ʰʫʢʘʥʠʭ ʧʨʦʮʝʩʽʚ ʪʘ ʾʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʽʩʥʫʻ ʜʝʢʽʣʴʢʘ ʤʝʪʦʜʽʚ. ʆʜ-

ʥʠʤ ʟ ʩʘʤʠʭ ʨʦʟʧʦʚʩʶʜʞʝʥʠʭ ʟ ʥʠʭ ʻ ʩʧʦʩʽʙ ʪʨʠʛʦʥʦʤʝʪʨʠʯʥʦʾ ʽʥʪʝʨʧʦʣʷʮʽʾ ʥʘ ʦʩʥʦʚʽ 

ʤʝʪʦʜʫ ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪʽʚ (ʄʅʂ), ʷʢʠʡ ʨʦʟʨʘʭʦʚʫʻ ʪʨʠʛʦʥʦʤʝʪʨʠʯʥʫ ʘʧʨʦʢʩʠʤʘʮʽʶ 

ʜʘʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʯʘʩʦʚʦʛʦ ʨʷʜʫ. ʊʘʢ ʷʢ ʙʫʜʴ-ʷʢʘ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʤʦʞʝ ʙʫʪʠ ʨʦʟʢʣʘ-

ʜʝʥʘ ʚ ʨʷʜ ʌʫʨʴʝ [7], ʪʦ ʮʴʦʤʫ ʢʦʝʬʽʮʽʻʥʪʠ ʧʝʨʝʜ ʩʠʥʫʩʘʤʠ ʪʘ ʢʦʩʠʥʫʩʘʤʠ ʧʨʠʡʤʘʶʪʴ-

ʩʷ ʟʘ ʢʦʝʬʽʮʽʻʥʪʠ ʨʝʛʨʝʩʽʾ [8] ʜʣʷ ʦʮʽʥʢʠ ʾʭ ʚʝʣʠʯʠʥʠ. ɼʣʷ ʮʴʦʛʦ ʟʘʜʘʻʤʦ ʙʝʟʧʝʨʝʨʚʥʫ 

ʬʫʥʢʮʽʶ 
()jx

 ʜʣʷ ʘʧʨʦʢʩʠʤʘʮʽʾ ʜʠʩʢʨʝʪʥʦʾ ʟʘʣʝʞʥʦʩʪʽ
()ig x
, ʱʦ ʤʽʥʽʤʽʟʫʻ ʬʫʥʢʮʽʦʥʘʣ 

ʚʠʜʫ: 

 
() ()( )

1=

= j - ­ä
n

i
i

Q x g x min
 (2) 

ɺ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʬʦʨʤʫʣʘ 
()jx
, ʱʦ ʦʧʠʩʫʻ ʢʨʠʚʫ, ʷʢʘ ʧʦʚʪʦʨʶʻ ʛʨʘʬʽʢ ʧʦʯʘʪʢʦ-

ʚʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ, ʘʣʝ ʻ ʥʝʯʫʪʣʠʚʦʶ ʜʦ ʚʠʧʘʜʢʦʚʠʭ ʚʽʜʭʠʣʝʥʴ ʚʠʤʽʨʶʚʘʥʦʾ ʚʝʣʠʯʠʥʠ, 

ʪʦʙʪʦ ʰʫʤʫ 
noise

n
f

. ʈʦʟʛʣʷʥʝʤʦ ʚʠʧʘʜʦʢ ʣʽʥʽʡʥʦʾ ʘʧʨʦʢʩʠʤʘʮʽʾ ʚʠʨʘʟʫ 
()jx

: 

 
() () () ()0 0 1 1
j = j + j + + j

m m
x c x c x c x

  

ʜʝ:
() ()0

j j
m

x , , x
ï ʜʦʚʽʣʴʥʽ ʙʘʟʠʩʥʽ ʬʫʥʢʮʽʾ; 0 m

c , ,c
ï ʥʝʚʽʜʦʤʽ ʢʦʝʬʽʮʽʻʥʪʠ ʨʝ-

ʛʨʝʩʽʾ; mï ʢʽʣʴʢʽʩʪʴ ʙʘʟʠʩʥʠʭ ʬʫʥʢʮʽʡ, ʷʢʘ ʧʦʚʠʥʥʘ ʙʫʪʠ ʤʝʥʰʝ ʢʽʣʴʢʦʩʪʽ ʟʘʜʘʥʠʭ ʪʦ-

ʯʦʢ ʜʣʷ ʪʦʛʦ, ɦ ʦʙ ʾʭ ʩʫʧʝʨʧʦʟʠʮʽʷ ʚʠʟʥʘʯʘʣʘʩʴ ʦʜʥʠʤ ʻʜʠʥʠʤ ʯʠʥʦʤ. 
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ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʣʽʥʽʡʥʦʾ ʘʧʨʦʢʩʠʤʘʮʽʾ ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʟʥʘʭʦʜʷʪʴʩʷ 

ʫʤʦʚʠ ʥʘʡʤʝʥʰʦʾ ʩʫʤʠ ʢʚʘʜʨʘʪʽʚ ʚʽʜʭʠʣʝʥʴ ʜʣʷ ʬʦʨʤʫʣʠ (2) ʧʦʰʫʢʦʤ ʢʦʨʝʥʽʚ ʩʠʩʪʝʤʠ 

ʨʽʚʥʷʥʴ ʧʨʠ 
0

µ
=

µ
k

Q
c

, 
1=k , ..., m

. ʇʽʩʣʷ ʨʦʟʨʘʭʫʥʢʫ ʚʽʜʧʦʚʽʜʥʠʭ ʧʦʭʽʜʥʠʭ ʦʪʨʠ-

ʤʘʻʤʦ ʥʘʩʪʫʧʥʫ ʩʠʩʪʝʤʫ ʘʣʛʝʙʨʘʾʯʥʠʭ ʨʽʚʥʷʥʴ: 

 

() () () ()( ) ()

() () () ()( ) ()

() () () ()( ) ()

0 0 1 1 0
1

0 0 1 1 1
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0
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î
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ì
î
î
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ä

ä

ä

n

m m i
i

n

m m i
i

n

m m i m
i

c x c x c x g x x

c x c x c x g x x

... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ...

c x c x c x g x x
  

ɺʠʨʽʰʝʥʥʷ ʦʪʨʠʤʘʥʦʾ ʩʠʩʪʝʤʠ ʣʽʥʽʡʥʠʭ ʘʣʛʝʙʨʘʾʯʥʠʭ ʨʽʚʥʷʥʴ ʚʽʜʥʦʩʥʦ 

ʢʦʝʬʽʮʽʻʥʪʽʚ0 m
c , ,c

 ʧʨʦʚʦʜʠʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʫ ʄʅʂ. ɺ ʨʝʟʫʣʴʪʘʪʽ, ʥʘ ʦʩʥʦʚʽ 

ʟʥʘʡʜʝʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ0 m
c , ,c

 ʧʦʙʫʜʫʻʪʴʩʷ ʘʧʨʦʢʩʠʤʫʶʯʘ ʢʨʠʚʘ, ʪʦʙʪʦ ʢʨʠʚʘ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʰʫʢʘʥʦʛʦ ʧʨʦʮʝʩʫ.  

ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʤʝʪʦʜʠʢʠ ʙʫʣʘ ʨʝʘʣʽʟʦʚʘʥʘ ʧʨʦʛʨʘʤʘ ʫ ʩʝʨʝʜʦʚʠʱʽ 

ʛʨʘʬʽʯʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ LabVIEW, ʷʢʘ ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 1.  

ʈʠʩ. 1 

ʊʘʢʠʤ ʯʠʥʦʤ, ʩʝʨʝʜʦʚʠʱʝ ʛʨʘʬʽʯʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ LabVIEW (Laboratory Virtu-

al Instrumentation Engineering Workbench) ʜʦʟʚʦʣʷʻ ʨʝʘʣʽʟʦʚʫʚʘʪʠ ʇɿ, ʧʨʠʟʥʘʯʝʥʝ ʜʣʷ 

ʪʝʭʥʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʬʽʥʘʥʩʦʚʠʭ ʨʠʥʢʽʚ ʟ ʤʦʞʣʠʚʽʩʪʶ ʦʙʨʦʙʢʠ ʧʦʪʦʢʽʚ ʜʘʥʠʭ ʟ ʨʽʟʥʠʭ 

ʜʞʝʨʝʣ ʪʘ ʧʨʠ ʥʝʦʙʭʽʜʥʦʩʪʽ ʦʙôʻʜʥʘʥʥʷ ʜʘʥʠʭ ʚ ʨʝʣʷʮʽʡʥʽ ʙʘʟʠ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʚʠʢʦʨʠ-
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ɸʥʥʦʪʘʮʠʷ 

ɼʣʷ ʩʪʘʜʠʠ ʣʠʥʪʝʨʦʚʘʥʠʷ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʧʨʦʮʝʩʩʝ ʧʝʨʚʠʯʥʦʡ ʦʙʨʘʙʦʪʢʠ 

ʭʣʦʧʢʘ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʩʭʝʤʘ ʤʦʜʝʣʠ ʉɸʋ ʩ ʧʨʠʝʤʣʝʤʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʢʘʯʝʩʪʚʘ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʚ SIMULINK  ʩ ʫʩʪʨʦʡʩʪʚʦʤ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ, ʢʦʪʦʨʦʝ ʠʩʢʣʶʯʘʝʪ ʦʰʠʙʢʠ 

ʦʪ ʚʣʠʷʥʠʷ ʬʘʢʪʦʨʦʚ, ʥʝ ʧʦʜʣʝʞʘʱʠʭ ʢʦʥʪʨʦʣʶ. ʇʨʠʚʝʜʝʥʳ ʛʨʘʬʠʢʠ ʩ ʢʨʠʚʳʤʠ ʧʨʠ 

ʨʘʟʣʠʯʥʦʤ ʩʦʯʝʪʘʥʠʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ. 

Abstract 

For a lintering in technology process cotton manufacturing was worked schedule of the 

model automatic system with acceptable levels of quality control in SIMULINK with the 

feedback device, which excludes errors from the influence of factors that are not subject to 

control. There are schedule with curves of different combination coefficients. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʚʪʦʤʘʪʠʟʘʮʠʷ, ʫʧʨʘʚʣʝʥʠʝ ʢʘʯʝʩʪʚʦʤ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦ-

ʮʝʩʩ, ʣʠʥʪʝʨʦʚʘʥʠʝ, ʭʣʦʧʦʢ, ʩʝʤʝʥʘ 

Keywords: automation, quality management, technology process, lintering, cotton, 

seeds. 

 

ɺ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʧʨʦʮʝʩʩʝ ʣʠʥʪʝʨʦʚʘʥʠʷ ʦʩʥʦʚʥʦʝ ʪʨʝʙʦʚʘʥʠʝ ʧʨʝʜʲʷʚʣʷʝʪʩʷ ʢ 

ʢʘʯʝʩʪʚʫ ʧʝʨʝʭʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʧʨʝʞʜʝ ʚʩʝʛʦ ʩʦ ʩʪʦʨʦʥʳ ʜʣʠʪʝʣʴʥʦʩʪʠ ʠ ʚʦʟʤʦʞʥʦʩʪʠ 

ʧʦʣʫʯʝʥʠʷ ʢʦʥʜʠʮʠʦʥʥʳʭ ʩʝʤʷʥ ʩ ʟʘʜʘʥʥʦʡ ʦʧʫʰʝʥʥʦʩʪʴʶ. ʇʨʠ ʩʦʚʨʝʤʝʥʥʳʭ ʩʧʦʩʦʙʘʭ 

ʫʧʨʘʚʣʝʥʠʷ ʵʪʠʤ ʧʨʦʮʝʩʩʦʤ ʧʨʠ ʦʪʢʣʦʥʝʥʠʠ ʦʪ ʪʨʝʙʫʝʤʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪ-

ʨʦʚ ʧʦʣʫʯʘʝʪʩʷ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʢʦʥʝʯʥʦʡ ʧʨʦʜʫʢʮʠʠ ʩ ʥʝʜʦʧʫʩʪʠʤʳʤʠ ʢʘʯʝʩʪʚʝʥ-

ʥʳʤʠ ʦʪʢʣʦʥʝʥʠʷʤʠ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʦʚʪʦʨʥʦʛʦ ʣʠʥʪʝʨʦʚʘʥʠʷ, ʯʪʦ ʚ 

ʩʚʦʶ ʦʯʝʨʝʜʴ ʤʦʞʝʪ ʧʦʚʣʝʯʴ ʟʘ ʩʦʙʦʡ ʫʚʝʣʠʯʝʥʠʷ ʧʦʚʨʝʞʜʝʥʥʳʭ ʩʝʤʷʥ ʠ ʧʝʨʝʨʘʩʭʦʜʫ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. ʇʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ ʦʮʝʥʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʩʪʨʦʝʥʠʷ ʫʩʪʦʡʯʠʚʦʡ 

ʉɸʋ ʩ ʧʨʠʝʤʣʝʤʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʢʘʯʝʩʪʚʘ ʨʝʛʫʣʠʨʦʚʘʥʠʷ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʥʝʦʙʭʦʜʠ-
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ʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʫʩʪʨʦʡʩʪʚʦ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ, ʧʦʟʚʦʣʷʶʱʝʝ ʠʩʢʣʶʯʠʪʴ ʦʰʠʙʢʠ ʦʪ ʚʣʠʷ-

ʥʠʷ ʬʘʢʪʦʨʦʚ, ʥʝ ʧʦʜʣʝʞʘʱʠʭ ʢʦʥʪʨʦʣʶ, ʥʦ ʚʣʠʷʶʱʠʭ ʥʘ ʚʝʣʠʯʠʥʫ ʩʠʛʥʘʣʘ ʦʙʨʘʪʥʦʡ 

ʩʚʷʟʠ. ɼʣʷ ʵʪʦʛʦ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʧʦʩʦʙ[1] ʠ ʘʣʛʦʨʠʪʤ[2], ʧʦʟʚʦʣʷʶʱʠʝ ʨʝʰʠʪʴ ʵʪʫ 

ʟʘʜʘʯʫ. ʆʜʥʘʢʦ, ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʉɸʋ ʥʝʠʟʙʝʞʥʦ ʧʨʠʩʫʪʩʪʚʫʝʪ ʵʣʝʤʝʥʪ ʩʦʟʜʘʶʱʠʡ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʯʠʩʪʦʛʦ ʟʘʧʘʟʜʳʚʘʥʠʷ. ɽʛʦ ʧʨʠʩʫʪʩʪʚʠʝ ʥʝʠʟʙʝʞʥʦ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʥʝʦʙʭʦʜʠʤʳʭ ʢʘʯʝʩʪʚ ʧʦʪʦʢʘ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʩʝʤʷʥ, ʧʦʩʪʫʧʘʶʱʠʭ ʠʟ ʣʠʥʪʝʨʘ[3]. ʉʢʘ-

ʟʘʥʥʦʝ ʚʳʰʝ ʧʨʠʚʦʜʠʪ ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʘʯʝʩʪʚʘ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʯʝʩʦʚ 

ʥʘ ʢʦʥʝʯʥʳʡ ʧʨʦʜʫʢʪ. 

ɺ ʢʘʯʝʩʪʚʝ ʠʩʧʦʣʥʠʪʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ ʙʳʣ ʚʳʙʨʘʥ ʩʝʨʚʦʜʚʠʛʘʪʝʣʴ ST225L4-SA[4] 

ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʨʝʟʫʣʴʪʘʪʳ ʥʘʨʘʙʦʪʦʢ ʩʦʚʤʝʩʪʥʦ ʩ ʊʘʰʢʝʥʪ-

ʩʢʠʤ ʠʥʩʪʠʪʫʪʦʤ ʠʨʨʠʛʘʮʠʠ ʠ ʤʝʭʘʥʠʟʘʮʠʠ. ɺʨʝʤʷ ʯʠʩʪʦʛʦ ʟʘʧʘʟʜʳʚʘʥʠʷ ʥʘ ʫʯʘʩʪʢʝ 

ʚʳʭʦʜʥʦʡ ʣʦʪʦʢ ʣʠʥʪʝʨʘ-ʦʢʥʦʢʘʤʝʨʳ ʜʘʪʯʠʢʘ ʙʳʣʦ ʚʟʷʪʦ ʠʟ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʣʠʪʝʨʘʪʫ-

ʨʳ[2], ʙʳʣʦ ʦʧʨʦʙʦʚʘʥʦ ʥʝʩʢʦʣʴʢʦ ʚʘʨʠʘʥʪʦʚ ʩʭʝʤ ʩ ʨʘʟʣʠʯʥʳʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʧʝʨʝ-

ʜʘʯʠ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʩʭʝʤʘ ʤʦʜʝʣʠ ʚ 

ʩʨʝʜʝSIMULINK(ʨʠʩ.1) 

 

 
ʈʠʩʫʥʦʢ 1 ʩʭʝʤʘ ʤʦʜʝʣʠ ʉɸʋ 

 

ɺ ʩʭʝʤʝ ʵʪʦʡ ʤʦʜʝʣʠ ʨʝʘʣʴʥʦ ʠʟʤʝʥʷʪʴ ʤʦʞʥʦ ʧʦʩʪʦʷʥʥʫʶ ʚʨʝʤʝʥʠ ʣʠʥʪʝʨʘ ʊʣ 

ʧʦʩʢʦʣʴʢʫ ʦʥʘ ʭʦʪʷ ʠ ʥʝʟʥʘʯʠʪʝʣʴʥʦ, ʥʦ ʤʝʥʷʝʪʩʷ ʦʪ ʚʝʣʠʯʠʥʳ ʛʨʫʟʘ ʥʘ ʢʣʘʧʘʥʝ ʧʣʦʪ-

ʥʦʩʪʠ, ʢʦʵʬʬʠʮʠʝʥʪʘ ʇ-ʨʝʛʫʣʷʪʦʨʘ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʚ ʇʃʂ, ʠ ʩʘʤʦʛʦ ʪʠʧʘ ʨʝʛʫʣʷʪʦʨʘ. 

ɺʨʝʤʷ ʯʠʩʪʦʛʦ ʟʘʧʘʟʜʳʚʘʥʠʷ ʚʟʷʪʦ ʤʠʥʠʤʘʣʴʥʦ ʠʟ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʧʦʣʦʞʝʥʠʡ ʧʦ 

ʫʩʪʘʥʦʚʢʝ ʜʘʪʯʠʢʘ. ʆʩʥʦʚʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʧʨʠʚʝʜʝʥʳ 

ʪʘʙʣʠʮʝ 1. 

ʊʘʙʣʠʮʘ 1 

ʆʩʥʦʚʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ 

k tʧ.ʧ., ʩ ůmax, % 

11 

85 

43,5 

12 49,6 

13 54,2 

11 

90 

36,4 

12 45,65 

13 51,6 

11 

95 

35,98 

12 42,98 

13 47,6 

 

http://www.servotechnica.spb.ru/productinfo/5/1/744
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ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʚ ʜʘʥʥʳʝ ʚ ʪʘʙʣʠʮʝ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʥʘʠʣʫʯʰʠʡ ʧʦʢʘ-

ʟʘʪʝʣʴ ʩʪʘʥʜʘʨʪʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ 36.4 %, ʘ ʥʘʠʭʫʜʰʠʡ ʨʘʚʝʥ 51.6 %. 

ɹʳʣʠ ʧʦʩʪʨʦʝʥʳ ʤʦʜʝʣʠ (ʨʠʩ 2-3 ʤʦʜʝʣʠ) ʠ ʦʧʨʝʜʝʣʝʥʦ ʢʦʣʠʯʝʩʪʚʦ ʙʨʘʢʘ ʚ ʢʘʞ-

ʜʦʤ ʩʣʫʯʘʝ ʠ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʠʤʝʶʱʝʡ ʤʝʩʪʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ 

ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʫʰʝʥʥʦʩʪʴʶ 

 
ʈʠʩʫʥʦʢ 2 ʢʨʠʚʘʷ ʧʝʨʝʭʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ ʧʨʠ k=12 ʠ tʧ.ʧ.=85 

 

 
ʈʠʩʫʥʦʢ 3 ʢʨʠʚʘʷ ʧʝʨʝʭʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ ʧʨʠ k=13 ʠ tʧ.ʧ.=90 

 

ʇʣʦʱʘʜʠ ʢʨʠʚʳʭ ʧʦ ʛʨʘʬʠʢʘʤ, ʧʦʣʫʯʝʥʥʳʝʧʨʠ ʨʝʛʫʣʠʨʦʚʘʥʠʠ ʫʤʝʥʴʰʠʣʠʩʴ ʦʪ 92 

ʜʦ 89, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʣʦʱʘʜʴʶ360 ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʝʜʠʥʠʮ, ʨʘʩʩʯʠʪʘʥʥʦʡ ʫʞʝ ʙʝʟ ʨʝ-

ʛʫʣʠʨʦʚʘʥʠʷ,ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʢʨʝʪʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʩʦ ʩʪʦʨʦʥʳ ʢʘʯʝʩʪʚʘ ʤʦʞʥʦ 

ʚʣʠʷʪʴ ʥʘ ʚʠʜ ʧʝʨʝʭʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ ʠ ʝʛʦ ʢʘʯʝʩʪʚʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ. 

ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʦʡ ʣʠʪʝʨʘʪʫʨʳ 

1. ɹʘʡʜʶʢ ɸ.ʇ., ʋʨʤʘʥʦʚ ɼ.ʂ. ʂʦʤʧʝʥʩʘʮʠʷ ʧʦʛʨʝʰʥʦʩʪʝʡ ʬʦʪʦʤʝʪʨʠʯʝʩʢʦʛʦ ʤʝ-

ʪʦʜʘ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʫʰʝʥʥʦʩʪʠ ʭʣʦʧʢʦʚʳʭ ʩʝʤʷʥ //ʊʨ. ʀʥ-ʪʘ /ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʤʝʪʦʜʳ 

ʘʚʪʦʢʦʥʪʨʦʣʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʭʣʦʧʢʦʚʦʜʩʪʚʝ, ʊʀʀʀʄʉʍ, ʊʘʰʢʝʥʪ, 1985. 

ʉ.43 ï 49. 

2.  ʉ. ʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʕɺʄ ˉ 2015661038. ɸʚʪʦ-

ʤʘʪʠʟʘʮʠʷ ʧʨʦʮʝʩʩʘ ʣʠʥʪʝʨʦʚʘʥʠʷ / ɹʝʟʫʛʣʦʚ ɼ.ɺ. [ʠ ʜʨ.].-ˉ 2015617672; ʟʘʷʚʣ. 

21.08.15.-1 ʩ. 

3. ʉʦʢʦʣʦʚ ʀ.ɸ. ʆʙʦʩʥʦʚʘʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʩʨʝʜʩʪʚ ʤʝʭʘʥʠʟʘʮʠʠ ʩʣʦʝʬʦʨʤʠʨʦʚʘ-

ʥʠʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʫʰʝʥʥʦʩʪʠ ʧʦʩʝʚʥʳʭ ʭʣʦʧʢʦʚʳʭ ʩʝʤʷʥ// ɸʚʪʦʨʝʬʝʨʘʪ ʜʠʩʩʝʨ-

ʪʘʮʠʠ ʥʘ ʩʦʠʩʢʘʥʠʝ ʫʯʝʥʦʡ ʩʪʝʧʝʥʠ ʢʘʥʜʠʜʘʪʘ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʊʘʰʢʝʥʪ ʊʀʀʀʄʉʍ, 

1988. 

4. ɼʚʠʛʘʪʝʣʠ ʜʣʷ ʯʘʩʪʦʪʥʦ ʨʝʛʫʣʠʨʫʝʤʦʛʦ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʩʝʨʠʠ ST. ʈʝʞʠʤ ʜʦʩ-

ʪʫʧʘ http://www.servotechnica.spb.ru/stservo/ 
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ʉɸʋ ʇʈʆʎɽʉʉʆʄ ʃʀʅʊɽʈʆɺɸʅʀʗ ʇʈʀ ʇʆɼɻʆʊʆɺʂɽ ʊɽʍʅʀʏɽʉʂʀʍ 

ʍʃʆʇʂʆɺʓʍ ʉɽʄʗʅ 

 

ʂʘʣʘʰʥʠʢʦʚʘ ɽ.ɸ., 

ʩʪʫʜʝʥʪʢʘ ʢʘʬʝʨʳ çʉʪʘʥʜʘʨʪʠʟ 

ʘʮʠʠ, ʩʝʨʪʠʬʠʢʘʮʠʠ ʠ ʫʧʨʘʚʣʝʥʠʷ ʢʘʯʝʩʪʚʦʤè, 

ʖʈɻʇʋ (ʅʇʀ), ʛ ʅʦʚʦʯʝʨʢʘʩʩʢ 

ɻʘʟʠʝʚʘ ʈ.ʊ. 

ʢ. ʪ. ʥ, ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ 

 çɸʚʪʦʤʘʪʠʮʘʮʠʷ ʠ ʫʧʨʘʚʣʝʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠè, ʊʀʀʄ,  

ʛ. ʊʘʰʢʝʥʪ  

ʍʫʘʡʝʨ ɸʙʜʫʣʣʘ ʌʘʨʘʜʞ ʍʫʘʡʝʨ  

ʘʩʧʠʨʘʥʪ ʢʘʬʝʜʨʳ çʉʪʘʥʜʘʨʪʠʟʘʮʠʠ,  

ʩʝʨʪʠʬʠʢʘʮʠʠ ʠ ʫʧʨʘʚʣʝʥʠʷ ʢʘʯʝʩʪʚʦʤè, 

ʖʈɻʇʋ (ʅʇʀ), ʛ ʅʦʚʦʯʝʨʢʘʩʩʢ 

ɽʨʤʘʢʦʚʘ ʖ.ʉ. 

ʩʪʫʜʝʥʪʢʘ ʢʘʬʝʨʳ çʉʪʘʥʜʘʨʪʠʟʘʮʠʠ,  

ʩʝʨʪʠʬʠʢʘʮʠʠ ʠ ʫʧʨʘʚʣʝʥʠʷ ʢʘʯʝʩʪʚʦʤè, 

ʖʈɻʇʋ (ʅʇʀ), ʛ ʅʦʚʦʯʝʨʢʘʩʩʢ 

 

COMPUTER-AIDED PROCESS CONTROL INTERVENE IN THE PREPARA-

TION OF TECHNICAL COTTON SEEDS 
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student Kaveri "Standardization, certification and quality management", 

SRSPU (NPI), Novocherkassk city 

Gaziev Early Tashbaeva 

the candidate of technical Sciences, docent of the Department "Avtomatizatsia and con-

trol of technological processes", TIIM,  
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ɸʥʥʦʪʘʮʠʷ 

ɼʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʩʪʘʜʠʠ ʣʠʥʪʝʨʦʚʘʥʠʷ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʧʨʦʮʝʩʩʝ ʧʝʨʚʠʯʥʦʡ 

ʦʙʨʘʙʦʪʢʝ ʭʣʦʧʢʘ ʨʘʟʨʘʙʦʪʘʥʘ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʙʣʦʢ - ʩʭʝʤʘ ʉɸʋ ʩ ʘʣʛʦʨʠʪʤʦʤ, ʧʦʟʚʦ-

ʣʷʶʱʠʤ ʧʦʣʫʯʠʪʴ ʩʠʛʥʘʣ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ, ʠʩʢʣʶʯʘʶʱʠʤ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʦʰʠʙʢʠ ʦʪ 

ʚʣʠʷʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠ ʢʘʯʝʩʪʚʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʭʦʧʯʘʪʥʠʢʘ. ʇʨʠʚʝʜʝʥʳ ʧʨʝ-

ʦʙʨʘʟʦʚʘʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʙʣʦʢ ï ʩʭʝʤʳ ʉɸʋ ʢ ʚʠʜʫ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʝʝ ʩʚʦʡʩʪʚ. 

Abstract 

For an automatition of linterig in technology process cotton manufacturing was worked 

out structure a schedule of the automatic system with algorithm allowing to have a signal of 

feedback excluding mistakes emerging from physic properties and quality parameters of cot-

ton. There are convertions of function block ï schedule automatic system to variety for its re-

search. 
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ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʚʪʦʤʘʪʠʟʘʮʠʷ, ʩʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ, ʪʝʭʥʦʣʦ-

ʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ, ʣʠʥʪʝʨʦʚʘʥʠʝ, ʭʣʦʧʦʢ, ʩʝʤʝʥʘ. 

Keywords: aunomatition, system of automatic control, technology process, lintering, 

cotton, seeds. 

ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʠ ʦʧʨʦʙʦʚʘʥʥʳʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʦʧʫʰʝʥʥʦʩʪʠ ʭʣʦʧʢʦʚʳʭ ʩʝʤʷʥ 

ʧʦʟʚʦʣʷʝʪ ʧʦʩʪʨʦʠʪʴ ʟʘʤʢʥʫʪʫʶ ʉɸʋ ʥʝʧʨʝʨʳʚʥʦʛʦ ʜʝʡʩʪʚʠʷ ʩ ʵʪʦʛʦ ʧʘʨʘʤʝʪʨʘ ʚ ʧʦʪʦ-

ʢʝ ʩʝʤʷʥ. ʅʝ ʢʘʩʘʷʩʴ ʚʥʫʪʨʝʥʥʝʛʦ ʫʩʪʨʦʡʩʪʚʘ ʵʣʝʤʝʥʪʘ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ, ʪʘʢʫʶ ʉɸʋ 

ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ (ʨʠʩ.1). 

 

  
ʈʠʩʫʥʦʢ 1. ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʙʣʦʢ-ʩʭʝʤʘ ʉɸʋ ʣʠʥʪʝʨʦʚʘʥʠʷ 

 

ɿʋ ï ʟʘʜʘʶʱʝʝ ʫʩʪʨʦʡʩʪʚʦ, ʇʋ ï ʧʨʝʦʙʨʘʟʫʶʱʝʝ ʫʩʪʨʦʡʩʪʚʦ, ʈʋ ï ʨʝʛʫʣʠʨʫʶʱʝʝ 

ʫʩʪʨʦʡʩʪʚʦ, ʀʕ ï ʠʩʧʦʣʥʠʪʝʣʴʥʳʡ ʵʣʝʤʝʥʪ, ʆʋ ï ʦʙʲʝʢʪ ʫʧʨʘʚʣʝʥʠʷ (ʣʠʥʪʝʨ), ʇ ï ʧʨʝ-

ʦʙʨʘʟʦʚʘʪʝʣʴ. 

ʅʦ ʩʘʤʘ ʦʙʨʘʪʥʘʷ ʩʚʷʟʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʪʜʝʣʴʥʫʶ ʧʦʜʩʠʩʪʝʤʫ ʩ ʵʪʘʣʦʥʥʦʡ ʧʨʦʙʦʡ 

ʩʝʤʷʥ ʠ ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ, ʢʦʪʦʨʘʷ ʧʝʨʝʤʝʱʘʝʪʩʷ ʧʦʜ ʦʢʥʦʤ. ʇʦ ʨʘʟʨʘʙʦʪʘʥʥʦʤʫ ʘʣʛʦ-

ʨʠʪʤʫ [1, c. 1] ʠʤʝʥʥʦ ʜʣʷ ʵʪʦʛʦ ʩʣʫʯʘʷ ʚ ʵʪʦʡ ʧʦʜʩʠʩʪʝʤʝ ʚʳʯʠʩʣʷʝʪʩʷ ʦʪʥʦʰʝʥʠʝ, ʢʦ-

ʪʦʨʦʝ ʟʘʪʝʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʫʧʨʘʚʣʷʶʱʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. ʇʦʜʨʦʙʥʘʷ 

ʙʣʦʢ ï ʩʭʝʤʫ ʵʪʦʡ ʉɸʋ, ʛʜʝ ʧʦʢʘʟʘʥʘ ʧʦʵʣʝʤʝʥʪʥʘʷ ʩʪʨʫʢʪʫʨʘ ʜʘʪʯʠʢʘ ʢʦʥʪʨʦʣʷ ʦʧʫ-

ʰʝʥʥʦʩʪʠ, ʧʨʠʚʝʜʝʥʘ ʥʘ (ʨʠʩ.2). 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʩʠʩʪʝʤʫ ʫʜʦʙʥʝʝ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ, ʧʦʢʘʟʘʥʥʦʤ ʥʘ ʨʠʩ.3. ɺ ʪʘʢʦʤ 

ʚʠʜʝ ʠʤʝʶʪʩʷ ʜʚʘ ʚʭʦʜʘ, ʧʦ ʧʝʨʚʦʤʫ ʠʟ ʥʠʭ ʧʦ ʧʨʦʙʝ ʩʝʤʷʥ ʩ ʪʨʝʙʫʝʤʦʡ ʦʧʫʰʝʥʥʦʩʪʴʶ 

ʚʳʩʪʘʚʣʷʝʪʩʷ ʦʪʥʦʰʝʥʠʝ  = 1. ʇʦ ʚʪʦʨʦʤʫ ʚʭʦʜʫ ʧʨʦʠʟʚʦʣʴʥʦ ʚʟʷʪʘʷ ʧʨʦʙʘ ʠʟ ʪʦʡ ʞʝ 

ʧʘʨʪʠʠ ʭʣʦʧʢʘ, ʯʪʦ ʠ ʩʝʤʝʥʘ, ʧʦʩʪʫʧʘʶʱʠʝ ʥʘ ʣʠʥʪʝʨʦʚʘʥʠʝ, ʩʨʘʚʥʠʚʘʝʪʩʷ ʩ ʧʨʦʙʦʡ 

ʩʝʤʷʥ ʪʨʝʙʫʝʤʦʡ ʦʧʫʰʝʥʥʦʩʪʠ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʤʦʞʥʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʧʨʦʠʟʚʦʣʴʥʦ 

ʚʟʷʪʳʤ ʦʪʥʦʰʝʥʠʝʤ ʩʠʛʥʘʣʦʚ. ʆʜʥʘʢʦ, ʪʦʛʜʘ ʪʨʝʙʫʝʪʩʷ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʝʩʣʠ ʵʪʘʣʦʥʥʘʷ 

ʧʨʦʙʘ ʙʫʜʝʪ ʩʣʠʰʢʦʤ ʪʝʤʥʦʡ, ʪʦ ʩʚʝʪʦʚʦʡ ʩʠʛʥʘʣ, ʦʪʨʘʞʝʥʥʳʡ ʦʪ ʥʝʝ ʙʫʜʝʪ ʚʦʩʧʨʠʥʠ-

ʤʘʪʴʩʷ ʢʘʢ ʥʫʣʝʚʦʡ. ʇʦ ʵʪʦʡ ʩʭʝʤʝ ʩʨʘʚʥʝʥʠʝ ʠ ʟʘʜʘʥʠʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚ ʦʜʥʦʤ ʠ ʪʦʤ ʞʝ 

ʙʣʦʢʝ, ʢʦʪʦʨʳʡ ʬʠʟʠʯʝʩʢʠ ʥʘʭʦʜʠʪʩʷ ʚ ʇʃʂ.  

ʀʩʧʦʣʥʠʪʝʣʴʥʳʤ ʵʣʝʤʝʥʪʦʤ, ʢʘʢ ʧʨʘʚʠʣʦ, ʷʚʣʷʝʪʩʷ ʜʚʠʛʘʪʝʣʴ ʠʣʠ ʛʨʫʟ, ʧʝʨʝʤʝ-

ʱʘʶʱʠʝ ʛʨʝʙʝʥʢʫ ʣʠʥʪʝʨʘ, ʠʟʤʝʥʷʷ ʪʝʤ ʩʘʤʳʤ ʟʘʟʦʨ ʤʝʞʜʫ ʧʠʣʴʥʳʤ ʮʠʣʠʥʜʨʦʤ ʠ, 

ʩʦʙʩʪʚʝʥʥʦ ʛʨʝʙʝʥʢʦʡ, ʠ ʪʝʤ ʩʘʤʳʤ ʩʪʝʧʝʥʴ ʦʛʦʣʝʥʠʷ ʩʝʤʷʥ. ɼʣʷ ʪʝʭʥʠʯʝʩʢʠʭ ʩʝʤʷʥ 

ʵʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʚ ʩʠʣʫ ʪʦʛʦ, ʯʪʦ ʥʘ ʜʘʣʴʥʝʡʰʫʶ ʦʙʨʘʙʦʪʢʫ ʜʦʣʞʥʳ ʧʦʩʪʫʧʘʪʴ ʢʘʢ 

ʤʦʞʥʦ ʙʦʣʝʝ ʦʛʦʣʝʥʥʳʝ ʩʝʤʝʥʘ. 
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ʈʠʩʫʥʦʢ 2. ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʙʣʦʢ-ʩʭʝʤʘ ʉɸʋ ʣʠʥʪʝʨʦʚʘʥʠʷ ʩ ʚʥʫʪʨʝʥʥʝʡ ʩʪʨʫʢʪʫʨʦʡ 

ʜʘʪʯʠʢʘ 

 

ʇʋ ï ʫʩʠʣʠʪʝʣʴʥʦʝ ʫʩʪʨʦʡʩʪʚʦ, ʀʕ ï ʠʩʧʦʣʥʠʪʝʣʴʥʳʡ ʵʣʝʤʝʥʪ (ʜʚʠʛʘʪʝʣʴ), ʆʋ ï 

ʦʙʲʝʢʪ ʫʧʨʘʚʣʝʥʠʷ (ʣʠʥʪʝʨ), ʏʕ1,ʏʕ2 ï ʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ (ʬʦʪʦʵʣʝʤʝʥʪʳ ʢʦʥ-

ʪʨʦʣʴʥʦʡ ʠ ʵʪʘʣʦʥʥʦʡ ʢʘʤʝʨ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), ɼ ï ʜʘʪʯʠʢ, ʇʃʂ ï ʧʨʦʛʨʘʤʤʥʳʡ ʣʦʛʠʯʝ-

ʩʢʠʡ ʢʦʥʪʨʦʣʣʝʨ, xʚʭ ï ʚʭʦʜʥʘʷ ʚʝʣʠʯʠʥʘ, g(t)ïʟʘʜʘʶʱʝʝ ʚʦʟʜʝʡʩʪʚʠʝ ʩʠʩʪʝʤʳ, u(t) ï 

ʫʧʨʘʚʣʷʶʱʝʝ ʚʦʟʜʝʡʩʪʚʠʝ, f(t) ï ʚʦʟʤʫʱʘʶʱʝʝ ʚʦʟʜʝʡʩʪʚʠʝ, y(t) ï ʚʳʭʦʜʥʘʷ ʢʦʦʨʜʠʥʘ-

ʪʘ, ‐(t) ï ʦʪʥʦʰʝʥʠʝ ʩʠʛʥʘʣʦʚ ʩ ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ, ‐(t)=xo.c(t) ï ʩʠʛʥʘʣ ʦʙʨʘʪ-

ʥʦʡ ʩʚʷʟʠ.  

ʅʘ ʵʪʦʡ ʩʭʝʤʝ ʜʘʪʯʠʢ ʧʨʝʜʩʪʘʚʣʝʥ ʢʘʢ ʜʚʘ ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʘ ʏʕ1 ʠ ʏʕ2. 

ʏʕ1 ʷʚʣʷʝʪʩʷ ʪʘʢ ʞʝ ʵʪʘʣʦʥʥʳʤ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʢʦʪʦʨʦʤʫ ʚʳʩʪʘʚʣʷʝʪʩʷ ʪʨʝʙʫʝʤʦʝ ʦʪ-

ʥʦʰʝʥʠʝ. ʉʨʘʚʥʠʚʘʶʱʠʡ ʵʣʝʤʝʥʪ, ʚʳʧʦʣʥʷʶʱʠʡ ʦʧʝʨʘʮʠʶ ʚʳʯʠʩʣʝʥʠʷ ʦʪʥʦʰʝʥʠʷ, 

ʥʘʭʦʜʠʪʩʷ ʚ ʇʃʂ. ʉʨʘʚʥʠʚʘʶʱʠʡ ʵʣʝʤʝʥʪ, ʥʘ ʢʦʪʦʨʳʡ ʧʦʜʘʝʪʩʷ ʟʘʜʘʶʱʝʝ ʚʦʟʜʝʡʩʪʚʠʝ 

g1, ʪʘʢʞʝ ʥʘʭʦʜʠʪʩʷ ʚ ʇʃʂ. ʋʧʨʘʚʣʷʶʱʝʝ ʚʦʟʜʝʡʩʪʚʠʝ ʬʦʨʤʠʨʫʝʪʩʷ ʚ ʇʃʂ ʧʫʪʝʤ ʧʨʠ-

ʤʝʥʝʥʠʷ ʘʣʛʦʨʠʪʤʘ ʚʳʯʠʩʣʝʥʠʷ ʦʪʥʦʰʝʥʠʷ [1, ʩ. 1]. 

ɿʘʜʘʶʱʠʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʟʜʝʩʴ ʷʚʣʷʝʪʩʷ ʦʧʫʰʝʥʥʦʩʪʴ ʵʪʘʣʦʥʥʦʡ ʧʨʦʙʳ, ʩ ʢʦʪʦʨʦʡ 

ʩʨʘʚʥʠʚʘʝʪʩʷ ʦʧʫʰʝʥʥʦʩʪʴ ʧʦʪʦʢʘ ʩʝʤʷʥ, ʧʨʦʭʦʜʷʱʠʭ ʧʦʜ ʦʢʥʦʤ ʚʪʦʨʦʡ ʢʘʤʝʨʳ. ʉʨʘʚ-

ʥʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʦʪʥʦʰʝʥʠʶ, ʢʦʪʦʨʦʝ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʜʦʣʞʥʦ ʙʳʪʴ ʨʘʚʥʦ 1. ʇʨʠ ʦʪ-

ʢʣʦʥʝʥʠʠ ʦʪ ʵʪʦʛʦ ʟʥʘʯʝʥʠʷ ʬʦʨʤʠʨʫʝʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʫʧʨʘʚʣʷʶʱʝʝ ʚʦʟʜʝʡʩʪʚʠʝ. 

ʆʜʥʘʢʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʥʝʫʜʦʙʩʪʚʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʦ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ ʠʤʝʪʴ ʥʘʙʦʨ 

ʵʪʘʣʦʥʥʳʭ ʧʨʦʙ ʠʟ ʪʦʡ ʞʝ ʧʘʨʪʠʠ ʩʝʤʷʥ, ʢʦʪʦʨʳʝ ʧʦʜʚʝʨʛʘʶʪʩʷ ʣʠʥʪʝʨʦʚʘʥʠʶ. 

ɺʦʟʤʦʞʥʦ ʧʨʦʠʟʚʦʜʠʪʴ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʚʟʷʚ ʧʨʦʠʟʚʦʣʴʥʫʶ ʧʨʦʙʫ, ʫʜʦʚʣʝʪʚʦʨʷʶ-

ʱʫʶ ʨʘʟʤʝʨʘʤ ʠ ʜʨʫʛʠʤ ʫʩʣʦʚʠʷʤ ʝʝ ʬʦʨʤʠʨʦʚʘʥʠʷ [2,ʩ. 9]. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʥʝʦʙʭʦʜʠʤʦ 

ʟʥʘʪʴ ʟʥʘʯʝʥʠʝ ʦʪʥʦʰʝʥʠʷ ʜʣʷ ʪʨʝʙʫʝʤʦʡ ʦʧʫʰʝʥʥʦʩʪʠ, ʢʦʪʦʨʦʝ ʫʜʦʙʥʦ ʦʧʨʝʜʝʣʷʪʴ ʜʦ 

ʥʘʯʘʣʘ ʣʠʥʪʝʨʦʚʘʥʠʷ ʢʦʥʢʨʝʪʥʦʡ ʧʘʨʪʠʠ ʩʝʤʷʥ ʠ ʧʦʜʘʚʘʪʴ ʚ ʩʠʩʪʝʤʫ ʢʘʢ ʟʘʜʘʶʱʝʝ ʚʦʟ-

ʜʝʡʩʪʚʠʝ.  
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ʉʣʝʜʫʝʪ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʧʦʩʢʦʣʴʢʫ ʤʳ ʤʦʞʝʤ ʟʘʜʘʚʘʪʴ ʦʪʥʦʰʝʥʠʝ ʢʘʢ ʚ ʚʠʜʝ ʆʢ/ʆɻ, 

ʪʘʢ ʠ ʦʙʨʘʪʥʳʤ ʦʪʥʦʰʝʥʠʝʤ ʆ/ɻʆʢ, ʛʜʝʆ ɻï ʦʧʫʰʝʥʥʦʩʪʴ ʩʝʤʷʥ ʵʪʘʣʦʥʥʦʡ ʧʨʦʙʳ; ʆʢ ï 

ʦʧʫʰʝʥʥʦʩʪʴ ʩʝʤʷʥ ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʧʨʦʙʳ, ʪʦ ʩʠʩʪʝʤʘ ʤʦʞʝʪ ʧʨʠʦʙʨʝʪʘʪʴ ʨʘʟʣʠʯʥʳʝ 

ʩʚʦʡʩʪʚʘ ʠ ʦʪʥʦʩʠʪʴʩʷ ʢ ʨʘʟʥʳʤ ʪʠʧʘʤ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ. ʊʦʛʜʘ 

ʙʣʦʢ-ʩʭʝʤʘ ʠʟʦʙʨʘʞʝʥʥʘʷ ʥʘ (ʨʠʩ. 2) ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʢ ʙʣʦʢ-ʩʭʝʤʝ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ 

(ʨʠʩ. 3). 

 
ʈʠʩʫʥʦʢ 3. ʇʨʝʦʙʨʘʟʦʚʘʥʥʘʷ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʙʣʦʢ-ʩʭʝʤʘ 

 

ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʧʦʣʫʯʝʥʥʘʷ ʩʠʩʪʝʤʘ ʷʚʣʷʝʪʩʷ ʦʙʳʯʥʦʡ ʣʠʥʝʡʥʦʡ ʩʠʩʪʝʤʦʡ, ʪʘʢ 

ʢʘʢ ʦʩʪʘʣʴʥʳʝ ʟʚʝʥʴʷ ʪʘʢ ʞʝ ʣʠʥʝʡʥʳ. ɺʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʜʝʣʝʥʠʝ ʥʘ ʧʝ-

ʨʝʤʝʥʥʫʶ ʚʝʣʠʯʠʥʫ, ʠ ʩʠʩʪʝʤʘ ʩʪʘʥʦʚʠʪʩʷ ʥʝʣʠʥʝʡʥʦʡ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʥʝʦʙʭʦʜʠʤʦ ʨʝ-

ʰʘʪʴ ʚʦʧʨʦʩ ʪʦʤ, ʷʚʣʷʝʪʩʷ ʣʠ ʥʝʣʠʥʝʡʥʦʩʪʴ ʚ ʩʠʩʪʝʤʝ ʩʫʱʝʩʪʚʝʥʥʦʡ ʠʣʠ ʥʝʩʫʱʝʩʪʚʝʥ-

ʥʦʡ.  

ʕʪʦ ʟʘʚʠʩʠʪ ʦʪ ʪʦʛʦ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʣʠ ʧʦʩʣʝʜʥʷʷ ʜʣʷ ʧʨʠʜʘʥʠʷ ʩʧʝʮʠʘʣʴʥʳʭ 

ʩʚʦʡʩʪʚ ʉɸʋ, (ʚ ʪʦʤ ʯʠʩʣʝ ʜʣʷ ʢʦʨʨʝʢʮʠʠ) ʠʣʠ ʥʝʪ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʣʝʜʫʶʱʝʡ ʟʘʜʘʯʝ - 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʥʘ ʫʧʨʘʚʣʷʝʤʦʩʪʴ ʠ ʥʘʙʣʶʜʘʝʤʦʩʪʴ. 

ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʦʡ ʣʠʪʝʨʘʪʫʨʳ 
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ʪʦʤʘʪʠʟʘʮʠʷ ʧʨʦʮʝʩʩʘ ʣʠʥʪʝʨʦʚʘʥʠʷ / ɹʝʟʫʛʣʦʚ ɼ.ɺ. [ʠ ʜʨ.].-ˉ 2015617672; ʟʘʷʚʣ. 

21.08.15.-1 ʩ. 

2. ʉʦʢʦʣʦʚ ʀ.ɸ. ʆʙʦʩʥʦʚʘʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʩʨʝʜʩʪʚ ʤʝʭʘʥʠʟʘʮʠʠ ʩʣʦʝʬʦʨʤʠʨʦʚʘ-

ʥʠʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʫʰʝʥʥʦʩʪʠ ʧʦʩʝʚʥʳʭ ʭʣʦʧʢʦʚʳʭ ʩʝʤʷʥ// ɸʚʪʦʨʝʬʝʨʘʪ ʜʠʩ-

ʩʝʪʨʘʮʠʠ ʥʘ ʩʦʠʩʢʘʥʠʝ ʫʯ. ʩʪʝʧʝʥʠʢʘʥʜ. ʪʝʭ ʥʘʫʢ, ʊʘʰʢʝʥʪ ʊʀʀʀʄʉʍ, 1988. -16 ʩ. 

  



42 

ʊɽʈʄɯʏʅɸ ʆɹʈʆɹʂɸ ɺʀʉʆʂʆʄɯʎʅʆɻʆ ʃʀɺɸʈʅʆɻʆ ʉʇʃɸɺʋ ʇʆ-

ʊʈɯʁʅʆɰ ʉʀʉʊɽʄʀ AlïSiïMg, ʃɽɻʆɺɸʅʆɻʆ Zn ʊɸ Cu  

 

ɺʦʩʢʦʙʦʡʥʽʢ ɯ.ɺ.  

ʥʘʫʢʦʚʠʡ ʩʧʽʚʨʦʙʽʪʥʠʢ, 

ɯʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʘ ʽʤ. ɯ. ʄ. ʌʨʘʥʮʝʚʠʯʘ ʅɸʅ ʋʢʨʘʾʥʠ  

ʂʦʨʞʦʚʘ ʅ.ʇ. 

ʢ.ʪ.ʥ., ʩʪʘʨʰʠʡ ʥʘʫʢʦʚʠʡ ʩʧʽʚʨʦʙʽʪʥʠʢ, 

ɯʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʘ ʽʤ. ɯ. ʄ. ʌʨʘʥʮʝʚʠʯʘ ʅɸʅ ʋʢʨʘʾʥʠ  

ʃʝʛʢʘ ʊ.ʄ.  

ʢ.ʬ.-ʤ.ʥ., ʩʪʘʨʰʠʡ ʥʘʫʢʦʚʠʡ ʩʧʽʚʨʦʙʽʪʥʠʢ, 

 ɯʥʩʪʠʪʫʪ ʤʝʪʘʣʦʬʽʟʠʢʠ ʽʤ. ɻ. ɺ. ʂʫʨʜʶʤʦʚʘ ʅɸʅ ʋʢʨʘʾʥʠ 

ʄʦʨʜʦʚʝʮʴ ʅ.ʄ. 

ʢ.ʬ.-ʤ.ʥ., ʩʪʘʨʰʠʡ ʥʘʫʢʦʚʠʡ ʩʧʽʚʨʦʙʽʪʥʠʢ, 

ɯʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʘ ʽʤ. ɯ. ʄ. ʌʨʘʥʮʝʚʠʯʘ ʅɸʅ ʋʢʨʘʾʥʠ  

 

HEAT TREATMENT  OF THE HIGH -STRENGTH CASTING ALLOY  

OF Al -Si-Mg TERNARY SYSTEM DOPED BY Zn AND Cu  

 

Voskoboynik I .V. 

scientist, 

I.Frantsevytch Institute for Problems of Materials Science of the NASU 

Korzhova N.P. 

PhD, senior scientist, 

I.Frantsevytch Institute for Problems of Materials Science of the NASU 

Legka T.M. 

PhD, senior scientist, 

G.Kurdyumov Institute for Metal Physics of the NASU 

Mordovets N.M. 

PhD, senior scientist, 

I.Frantsevytch Institute for Problems of Materials Science of the NASU 

 

ɸʥʦʪʘʮʽʷ 

ɺʠʟʥʘʯʝʥʦ ʦʧʪʠʤʘʣʴʥʠʡ ʨʝʞʠʤ ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ ʣʠʚʘʨʥʠʭ ʩʧʣʘʚʽʚ ʧʦʪʨʽʡʥʦʾ ʩʠ-

ʩʪʝʤʠ AlïSiïMg, ʣʝʛʦʚʘʥʠʭ ʮʠʥʢʦʤ ʪʘ ʤʽʜʜʶ, ʷʢʠʡ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʚʠʪʨʠʤʢʠ ʧʨʠ ʪʝʤʧʝ-

ʨʘʪʫʨʽ ʛʘʨʪʫʚʘʥʥʷ 520 ̄ʉ ʧʨʦʪʷʛʦʤ ʛʦʜʠʥʠ, ʦʭʦʣʦʜʞʝʥʥʷ ʚ ʭʦʣʦʜʥʽʡ ʚʦʜʽ ʪʘ ʥʘʩʪʫʧʥʦʛʦ 

ʜʚʦʩʪʫʧʝʥʝʚʦʛʦ ʩʪʘʨʽʥʥʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 120 ̄ʉ (20 ʛʦʜʠʥ) ʽ 180 ̄ʉ (5 ʛʦʜʠʥ), ʷʢʠʡ 

ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ (s0,2 = 520 ʄʇʘ, sɺ = 575 ʄʇʘ ʪʘ d = 1,25 %) 

ʥʘ ʨʽʚʥʽ ʢʨʘʱʠʭ ʩʫʯʘʩʥʠʭ ʣʠʚʘʨʥʠʭ ʩʧʣʘʚʽʚ ʘʣʶʤʽʥʽʶ. 

Abstract 

Optimal regime of thermal treatment of casting alloy of the AlïSiïMg ternary system 

doped by zinc and copper has been determined, which consists of holding at quenching tem-

perature of 520 ̄ʉ during 1 hour, cooling in cold water and subsequent two-stage aging at 

temperatures  of 120 ̄ʉ (20 hours ) and of 180 ̄ʉ (5 hours). This regime of thermal treatment 

allow to obtaine of mechanical properties on the level of best modern aluminum foundry al-

loys (s0,2 = 520 ʄPʘ, sɺ = 575 ʄPʘ and d = 1,25 %). 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʩʧʣʘʚʠ ʘʣʶʤʽʥʽʶ, ʩʠʩʪʝʤʘ Al-Mg-Si, ʣʝʛʫʚʘʥʥʷ, ʮʠʥʢ, ʤʽʜʴ, ʤʽʮ-

ʥʽʩʪʴ. 

ʂeywords: aluminum alloys, AlïMgïSi system, alloying, zinc, copper, strength. 

ʉʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʚʠʩʦʢʦʤʽʮʥʠʭ ʣʠʚʘʨʥʠʭ ʩʧʣʘʚʽʚ ʘʣʶʤʽʥʽʶ, ʷʢʽ ʟʘʚʜʷʢʠ ʚʠʩʦʢʽʡ 

ʧʠʪʦʤʽʡ ʤʽʮʥʦʩʪʽ ʫʩʧʽʰʥʦ ʟʘʤʽʥʶʶʪʴ, ʥʘʧʨʠʢʣʘʜ, ʫ ʪʨʘʥʩʧʦʨʪʥʽʡ ʛʘʣʫʟʽ, ʩʪʘʣʴ ʽ ʯʘʚʫʥ, ʻ 
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ʘʢʪʫʘʣʴʥʦʶ ʟʘʜʘʯʝʶ ʚ ʟʚôʷʟʢʫ ʟ ʟʨʦʩʪʘʥʥʷʤ ʚʠʤʦʛ ʜʦ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʥʦ-

ʚʠʭ ʚʠʨʦʙʽʚ ʥʝ ʪʽʣʴʢʠ ʚ ʘʚʽʘʮʽʾ, ʘʣʝ ʽ ʚ ʘʚʪʦʤʦʙʽʣʝʙʫʜʫʚʘʥʥʽ.  

ɺʧʨʦʜʦʚʞ ʙʘʛʘʪʴʦʭ ʜʝʩʷʪʠʣʽʪʴ ʣʽʜʝʨʦʤ ʩʝʨʝʜ ʣʠʚʘʨʥʠʭ ʩʧʣʘʚʽʚ ʘʣʶʤʽʥʽʶ ʻ ʩʠʣʫ-

ʤʽʥʠ (ʩʧʣʘʚʠ ʥʘ ʦʩʥʦʚʽ ʩʠʩʪʝʤʠ AlïSi), ʧʨʦʪʝ ʾʭ ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʥʝ ʟʘʜʦʚʦʣʴʥʷʶʪʴ 

ʧʦʪʨʝʙʘʤ ʩʫʯʘʩʥʦʾ ʪʝʭʥʽʢʠ. ɹʽʣʴʰ ʚʠʩʦʢʽ ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʶʪʴ ʚʠʩʦʢʦʤʽʮʥʽ 

ʩʧʣʘʚʠ ʩʠʩʪʝʤ AlïCu, AlïMgïZn, ʘʣʝ ʚʦʥʠ ʤʘʶʪʴ ʥʠʟʴʢʽ ʣʠʚʘʨʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. ʆʩʪʘʥʥʽ-

ʤʠ ʨʦʢʘʤʠ ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʥʦʚʽ ʚʠʩʦʢʦʤʽʮʥʽ ʩʧʣʘʚʠ ʥʘ ʦʩʥʦʚʽ ʩʠʩʪʝʤʠ Al-Ni-Mn-

Zr, ̫ ʢʽ ʦʪʨʠʤʘʣʠ ʥʘʟʚʫ ʥʽʢʘʣʽʥʠ [1].  

ʌʫʥʜʘʤʝʥʪʘʣʴʥʽ ʨʦʙʦʪʠ ʘʚʪʦʨʽʚ ʚ ʦʙʣʘʩʪʽ ʬʘʟʦʚʠʭ ʨʽʚʥʦʚʘʛ ʽ ʬʽʟʠʢʠ ʤʽʮʥʦʩʪʽ [2-4] 

ʩʪʘʣʠ ʬʽʟʠʯʥʦʶ ʦʩʥʦʚʦʶ ʥʦʚʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʨʦʟʨʦʙʢʠ ʣʠʚʘʨʥʠʭ ʩʧʣʘʚʽʚ, ʷʢʠʡ ʙʘʟʫʻʪʴʩʷ 

ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʧʦʪʨʽʡʥʠʭ ʬʘʟʦʚʠʭ ʜʽʘʛʨʘʤ, ʱʦ ʤʘʶʪʴ ʢʚʘʟʽʙʽʥʘʨʥʽ ʧʝʨʝʪʠʥʠ ʝʚʪʝʢʪʠʯ-

ʥʦʛʦ ʪʠʧʫ ʤʽʞ ʪʚʝʨʜʠʤ ʨʦʟʯʠʥʦʤ ʘʣʶʤʽʥʽʶ ʪʘ ʽʥʪʝʨʤʝʪʘʣʽʜʥʠʤʠ ʬʘʟʘʤʠ ʪʘ ʰʠʨʦʢʫ ʦʙ-

ʣʘʩʪʴ ʤʦʥʦʚʘʨʽʘʥʪʥʦʛʦ ʝʚʪʝʢʪʠʯʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʟʘ ʾʭ ʫʯʘʩʪʶ. ɿʘʚʜʷʢʠ ʮʴʦʤʫ ʙʫʣʦ 

ʩʪʚʦʨʝʥʦ ʥʦʚʽ ʚʠʩʦʢʦʤʽʮʥʽ (a-Al+Mg2Si) ʣʠʚʘʨʥʽ ʩʧʣʘʚʠ ʘʣʶʤʽʥʽʶ ʥʘ ʦʩʥʦʚʽ ʧʦʪʨʽʡʥʦʾ 

ʩʠʩʪʝʤʠ AlïMgïSi, ʜʝʷʢʽ ʟ ʷʢʠʭ ʟʘʭʠʱʝʥʽ ʧʘʪʝʥʪʘʤʠ [5-7].  

ʍʘʨʘʢʪʝʨ ʬʘʟʦʚʠʭ ʨʽʚʥʦʚʘʛ ʚ Al-ʢʫʪʽ ʬʘʟʦʚʦʾ ʜʽʘʛʨʘʤʠ ʮʽʻʾ ʩʠʩʪʝʤʠ ʜʦʟʚʦʣʷʻ ʦʜʥʦ-

ʯʘʩʥʦ ʟ ʪʚʝʨʜʦʨʦʟʯʠʥʥʠʤ ʨʝʘʣʽʟʫʚʘʪʠ ʤʝʭʘʥʽʟʤ ʜʠʩʧʝʨʩʽʡʥʦʛʦ ʟʤʽʮʥʝʥʥʷ ʥʘʥʦʜʠʩʧʝʨʩ-

ʥʠʤʠ ʯʘʩʪʠʥʢʘʤʠ ʟʤʽʮʥʶʶʯʠʭ ʬʘʟ, ʟʦʢʨʝʤʘ, ʬʘʟʠ, ʱʦ ʤʽʩʪʠʪʴ ʮʠʥʢ ʪʘ ʤʘʛʥʽʡ, ʷʢʘ ʚʠʜʽ-

ʣʷʻʪʴʩʷ ʚ ʧʨʦʮʝʩʽ ʩʧʝʮʽʘʣʴʥʦʾ ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ ʪʘ ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʤʽʮʥʦʩʪʽ 

ʚ ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ 20ï150 ̄ʉ. 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʙʫʣʦ ʚʠʟʥʘʯʝʥʥʷ ʨʝʞʠʤʽʚ ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ ʥʦʚʠʭ ʣʠʚʘʨʥʠʭ ʝʚʪʝ-

ʢʪʠʯʥʠʭ (a-Al+Mg2Si) ʩʧʣʘʚʽʚ ʘʣʶʤʽʥʽʶ.  

ʈʝʞʠʤʠ ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ (ʊʆ) ʨʦʟʨʦʙʣʷʣʠ ʥʘ ʧʨʠʢʣʘʜʽ ʉʧʣʘʚʫ, ʩʢʣʘʜ ʷʢʦʛʦ ʟʘ-

ʟʥʘʯʝʥʦ ʚ ʪʘʙʣ. 1. ɿʣʠʚʢʠ ʚʠʛʦʪʦʚʣʷʣʠ ʚ ʧʝʯʽ ʦʧʦʨʫ ʟ ʯʠʩʪʠʭ ʰʠʭʪʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʘʙʦ 

ʣʽʛʘʪʫʨ. ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠ ʤʝʪʦʜʘʤʠ ʩʚʽʪʣʦʚʦʾ ʪʘ ʪʨʘʥʩʤʽʩʽʡʥʦʾ ʤʽʢʨʦʩʢʦʧʽʾ, ʚʠ-

ʤʽʨʶʚʘʥʥʷʤ ʪʚʝʨʜʦʩʪʽ ʤʝʪʦʜʦʤ ɺʽʢʢʝʨʩʘ ʪʘ ʢʦʨʦʪʢʦʯʘʩʥʠʤʠ ʚʠʧʨʦʙʫʚʘʥʥʷʤʠ ʥʘ ʨʦʟʪʷʛ. 

ʊʠʧʦʚʘ ʩʪʨʫʢʪʫʨʘ ʩʧʣʘʚʫ ʚ ʣʠʪʦʤʫ ʩʪʘʥʽ (ʨʠʩ. 1) ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʧʝʨʚʠʥʥʠʭ ʜʝʥʜʨʠʪʽʚ a-

Al  ʪʘ ʝʚʪʝʢʪʠʢʠ (a-Al + Mg2Si). 

ʊʘʙʣʠʮʷ 1 ï ʍʽʤʽʯʥʠʡ ʩʢʣʘʜ ʉʧʣʘʚʫ (ʘʪ. %) 

Al  Si Mg Zn Mn Cu Ti (B) Cr Zr 

84,71 2,75 10 1,7 0,2 0,2 0,05 0,05 0,04 

ɺʠʙʽʨ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʛʨʽʚʫ ʧʽʜ ʟʘʛʘʨʪʫʚʘʥʥʷ ʧʦʚʠʥʝʥ ʟʘʙʝʟʧʝʯʠʪʠ ʥʘʡʙʽʣʴʰ ʧʦʚʥʝ 

ʨʦʟʯʠʥʝʥʥʷ ʣʝʛʫʶʯʠʭ ʝʣʝʤʝʥʪʽʚ ʚ ʪʚʝʨʜʦʤʫ ʨʦʟʯʠʥʽ ʟ ʧʦʜʘʣʴʰʦʶ ʬʽʢʩʘʮʽʻʶ ʧʝʨʝʩʠʯʝ-

ʥʦʛʦ ʪʚʝʨʜʦʛʦ ʨʦʟʯʠʥʫ ʧʨʠ ʰʚʠʜʢʦʤʫ ʦʭʦʣʦʜʞʝʥʥʽ. ʂʨʽʤ ʪʦʛʦ, ʧʽʜʚʠʱʝʥʽ ʪʝʤʧʝʨʘʪʫʨʠ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʝʚʪʝʢʪʠʯʥʫ ʩʪʨʫʢʪʫʨʫ ʣʠʚʘʨʥʦʛʦ ʩʧʣʘʚʫ (ʥʘ ʧʨʦʮʝʩʠ ʬʨʘʛʤʝʥʪʘʮʽʾ, ʩʬʝʨʦ-

ʾʜʠʟʘʮʽʾ ʽ ʢʦʘʣʝʩʮʝʥʮʽʾ ʬʘʟʠ Mg2Si) ʽ, ʷʢ ʥʘʩʣʽʜʦʢ, ʥʘ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʫ.  

ɼʣʷ ʚʠʙʦʨʫ ʪʝʤʧʝʨʘʪʫʨʠ ʟʘʛʘʨʪʫʚʘʥʥʷ ʩʧʣʘʚʠ ʥʘʛʨʽʚʘʣʠ ʚ ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ 

360 ï 560 ̄ʉ, ʱʦ ʩʢʣʘʜʘʻ (0,75 ï 0,99) ʊʧʣ ʝʚʪʝʢʪʠʢʠ (a-Al + Mg2Si), ʚʠʪʨʠʤʫʚʘʣʠ 1 ʛʦ-

ʜʠʥʫ ʽ ʦʭʦʣʦʜʞʫʚʘʣʠ ʚ ʭʦʣʦʜʥʽʡ ʚʦʜʽ, ʘ ʧʦʪʽʤ ʧʽʜʜʘʚʘʣʠ ʩʪʘʨʽʥʥʶ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 

120 ̄ʉ ʚʧʨʦʜʦʚʞ 20 ʛʦʜʠʥ. ʉʪʨʫʢʪʫʨʘ ʩʧʣʘʚʽʚ ʧʽʩʣʷ ʪʘʢʦʾ ʦʙʨʦʙʢʠ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 1, ʘ 

ʚʣʘʩʪʠʚʦʩʪʽ ï ʥʘ ʨʠʩ. 2, 3. 

   

ʘ ʙ ɺ 

ʈʠʩʫʥʦʢ 1 ï ʉʪʨʫʢʪʫʨʘ ʉʧʣʘʚʫ ʧʽʩʣʷ ʛʘʨʪʫʚʘʥʥʷ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨ  360 ̄ʉ (ʘ), 400 ̄ʉ 

(ʙ), 520 ̄ʉ (ʚ) ʪʘ ʥʘʩʪʫʧʥʦʛʦ ʩʪʘʨʽʥʥʷ ʧʨʦʪʷʛʦʤ 20 ʛʦʜʠʥ ʧʨʠ 120 ̄ʉ 
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ʌʨʘʛʤʝʥʪʘʮʽʷ ʝʚʪʝʢʪʠʢʠ ʧʦʤʽʪʥʘ ʚʞʝ ʧʨʠ ʟʘʛʘʨʪʫʚʘʥʥʽ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨ ʚʠʱʝ 

400 ̄ʉ, ʘ ʧʨʠ ʟʘʛʘʨʪʫʚʘʥʥʽ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ 480 Áʉ ʧʦʜʚʽʡʥʘ ʝʚʪʝʢʪʠʢʘ ʧʨʘʢʪʠʯʥʦ ʧʦʚʥʽ-

ʩʪʶ ʢʦʘʛʫʣʶʻ.  

ʂʦʥʪʨʦʣʴ ʤʽʮʥʦʩʪʽ ʥʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʟʜʽʡʩʥʶʚʘʣʠ ʚʠʤʽʨʶʚʘʥʥʷʤ ʪʚʝʨʜʦʩʪʽ. ʅʘʡ-

ʙʽʣʴʰʽ ʟʥʘʯʝʥʥʷ ʪʚʝʨʜʦʩʪʽ ʩʧʣʘʚʠ ʤʘʣʠ ʧʽʩʣʷ ʛʘʨʪʫʚʘʥʥʷ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ 440 ̄ʉ (ʨʠʩ. 

2). 
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ʈʠʩʫʥʦʢ 2 ï ɿʘʣʝʞʥʽʩʪʴ ʪʚʝʨʜʦʩʪʽ ʉʧʣʘʚʫ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʟʘʛʘʨʪʫʚʘʥʥʷ 

 

ʅʘ ʥʘʩʪʫʧʥʦʤʫ ʝʪʘʧʽ ʙʫʣʠ ʧʨʦʚʝʜʝʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʥʘ ʨʦʟʪʷʛ. ʇʽʩʣʷ ʛʘʨʪʫʚʘʥʥʷ ʚ 

ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ 440-520 ̄ʉ  ʽ ʥʘʩʪʫʧʥʦʛʦ ʩʪʘʨʽʥʥʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 120 ̄ʉ ʤʮ̔-

ʥʽʩʪʴ ʉʧʣʘʚʫ ʩʫʪʪʻʚʦ ʥʝ ʟʤʽʥʶʻʪʴʩʷ, ʧʨʦʪʝ ʧʽʜʚʠʱʫʻʪʴʩʷ ʧʣʘʩʪʠʯʥʽʩʪʴ (ʨʠʩ. 3), ʱʦ ʡʤʦ-

ʚʽʨʥʦ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʢʦʘʛʫʣʷʮʽʻʶ ʝʚʪʝʢʪʠʯʥʦʾ ʩʢʣʘʜʦʚʦʾ. 
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ʈʠʩʫʥʦʢ 3 ï ɺʧʣʠʚ ʪʝʤʧʝʨʘʪʫʨʠ ʛʘʨʪʫʚʘʥʥʷ ʥʘ ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʉʧʣʘʚʫ 

 

ʋ ʧʨʦʤʠʩʣʦʚʽʡ ʧʨʘʢʪʠʮʽ ʦʙʨʦʙʢʘ ʩʪʘʨʽʥʥʷʤ ʯʘʩʪʦ ʚʠʢʦʥʫʻʪʴʩʷ ʫ ʜʚʽ ʩʪʘʜʽʾ, ʪʦʙʪʦ 

ʜʝʢʽʣʴʢʘ ʛʦʜʠʥ ʧʨʠ ʙʽʣʴʰ ʥʠʟʴʢʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʪʘ ʧʦʜʘʣʴʰʝ ʩʪʘʨʽʥʥʷ ʧʨʠ ʧʽʜʚʠʱʝʥʽʡ 

ʪʝʤʧʝʨʘʪʫʨʽ. ʇʝʨʰʘ ʩʪʘʜʽʷ ʧʨʦʚʦʜʠʪʴʩʷ ʟ ʤʝʪʦʶ ʦʪʨʠʤʘʥʥʷ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʟʘʨʦʜʢʽʚ 

ʢʨʠʩʪʘʣʽʟʘʮʽʾ, ʘ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʘ ʩʪʘʜʽʷ ʧʨʠʩʢʦʨʶʻ ʧʝʨʝʪʚʦʨʝʥʥʷ ʟʘʨʦʜʢʽʚ ʫ ʤʝʪʘʩ-

ʪʘʙʽʣʴʥʽ ʪʘ ʩʪʘʙʽʣʴʥʽ ʬʘʟʠ ʪʘ ʧʽʜʚʠʱʫʻ ʛʫʩʪʠʥʫ ʚʠʜʽʣʝʥʴ. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʨʝʞʠʤʽʚ ʜʚʦʩʪʫʧʝʥʝʚʦʛʦ ʩʪʘʨʽʥʥʷ, ʷʢʽ ʙʫʣʦ ʦʙʨʘʥʦ ʥʘ ʦʩʥʦʚʽ ʣʽʪʝ-

ʨʘʪʫʨʥʠʭ ʜʘʥʠʭ [8, 9] ʪʘ ʜʘʥʠʭ ʜʠʬʝʨʝʥʮʽʡʥʦʾ ʩʢʘʥʫʶʯʦʾ ʢʘʣʦʨʠʤʝʪʨʽʾ, ʚʠʤʽʨʶʚʘʣʠ ʪʚʝ-

ʨʜʽʩʪʴ ʩʧʣʘʚʫ, ʘ ʧʽʩʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʨʘʱʠʭ ʨʝʞʠʤʽʚ ʊʆ ʧʨʦʚʦʜʠʣʠ ʚʠʧʨʦʙʫʚʘʥʥʷ ʥʘ ʨʦʟ-

ʪʷʛ. ʇʦʨʽʚʥʷʥʥʷ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʉʧʣʘʚʫ ʧʽʩʣʷ ʦʜʥʦ- ʪʘ ʜʚʦʩʪʫʧʝʥʝʚʦʛʦ ʩʪʘ-

ʨʽʥʥʷ (ʨʠʩ. 4) ʧʦʢʘʟʫʻ, ʱʦ ʥʘʡʢʨʘʱʝ ʧʦʻʜʥʘʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʽʮʥʦʩʪʽ ʪʘ ʧʣʘʩʪʠʯʥʦʩʪʽ 
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ʉʧʣʘʚ ʤʘʻ ʧʽʩʣʷ ʟʘʛʘʨʪʫʚʘʥʥʷ ʚʽʜ 520 ̄ʉ ʪʘ ʥʘʩʪʫʧʥʦʛʦ ʩʪʘʨʽʥʥʷ ʫ ʜʚʘ ʝʪʘʧʠ. ʇʝʨʰʠʡ ï 

ʮʝ ʚʠʪʨʠʤʢʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 120 ̄ʉ ʧʨʦʪʷʛʦʤ 20 ʛʦʜʠʥ, ʜʨʫʛʠʡ ï ʚʠʪʨʠʤʢʘ ʧʨʠ 180 ̄ʉ 

ʧʨʦʪʷʛʦʤ 5 ʛʦʜʠʥ.  
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I ï 120 ̄ʉ /20 ʛʦʜ; II  ï 120 ̄ʉ /20 ʛʦʜ+180 ̄ʉ /5 ʛʦʜ 

ʈʠʩʫʥʦʢ 4 ï ʄʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʉʧʣʘʚʫ ʧʽʩʣʷ ʨʽʟʥʠʭ ʪʝʤʧʝʨʘʪʫʨ ʟʘʛʘʨʪʫʚʘʥʥʷ ʧʨʠ 

ʦʜʥʦ- (I) ʘʙʦ ʜʚʦʩʪʫʧʝʥʝʚʦʤʫ (II) ʩʪʘʨʽʥʥʽ 

 

ɼʦʩʣʽʜʞʝʥʥʷ ʪʦʥʢʦʾ ʩʪʨʫʢʪʫʨʠ ʉʧʣʘʚʫ ʤʝʪʦʜʦʤ ʊɽʄ ʧʽʩʣʷ ʊʆ ʧʦʢʘʟʘʣʦ ʥʘʷʚʥʽʩʪʴ 

ʚʠʜʽʣʝʥʴ ʬʘʟʠ ʟʽ ʩʢʣʘʜʥʦʶ ʢʨʠʩʪʘʣʽʯʥʦʶ ʛʨʘʪʢʦʶ (ʨʠʩ. 5, ʘ), ʦʢʨʝʤʽ ʬʨʘʛʤʝʥʪʠ ʷʢʦʾ 

ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʜʦ ʪʝʪʨʘʛʦʥʘʣʴʥʦʛʦ ʪʠʧʫ. ɺʦʯʝʚʠʜʴ, ʝʣʝʤʝʥʪʘʨʥʘ ʢʦʤʽʨʢʘ ʮʽʻʾ ʬʘʟʠ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʘʪʦʤʽʚ ʽ ʚ ʨʝʘʣʴʥʦʩʪʽ ʙʽʣʴʰ ʩʢʣʘʜʥʦ ʟʙʫʜʦʚʘʥʘ. ʅʘ ʾʾ ʟʦ-

ʙʨʘʞʝʥʥʽ ʚʠʜʥʦ, ʱʦ ʬʘʟʘ ʤʘʻ ʰʘʨʫʚʘʪʫ ʤʦʨʬʦʣʦʛʽʶ (ʨʠʩ. 5, ʙ).  

 
0.4 mm 

  
0.1 mm 

 

ʘ ʙ 

 

ʈʠʩʫʥʦʢ 5 ï ɼʦʩʣʽʜʞʝʥʥʷ ʤʝʪʦʜʦʤ ʊɽʄ ʩʧʣʘʚʫ 2 ʧʽʩʣʷ ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ  

ʟʘ ʨʝʞʠʤʦʤ: ʛʘʨʪʫʚʘʥʥʷ 520 ̄ʉ/1 ʛʦʜ. ʪʘ ʩʪʘʨʽʥʥʷ 120 ̄ʉ/20 ʛʦʜ. + 180 ̄ʉ/5 ʛʦʜ. 

 

ʆʙʨʘʥʠʡ ʦʧʪʠʤʘʣʴʥʠʡ ʨʝʞʠʤ ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ (ʛʘʨʪʫʚʘʥʥʷ 520 ̄ʉ/1 ʛʦʜ. + ʩʪʘ-

ʨʽʥʥʷ 120 ̄ʉ/20 ʛʦʜ. + 180 ̄ʉ/5 ʛʦʜ.), ʩʭʝʤʘʪʠʯʥʝ ʟʦʙʨʘʞʝʥʥʷ ʷʢʦʛʦ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 6, 

ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʚ ʣʝʛʦʚʘʥʦʤʫ Zn ʪʘ Cu ʝʚʪʝʢʪʠʯʥʦʤʫ (a-Al+Mg2Si) ʩʧʣʘʚʽ ʥʘʡʙʽʣʴʰ 

ʚʠʩʦʢʽ ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ: s0,2=524 ʄʇʘ, sʚ=575 ʄʇʘ ʪʘ d=1,25%. 
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1. ʊʝʨʤʦʦʙʨʦʙʢʘ ʥʘ ʪʚʝʨʜʠʡ ʨʦʟʯʠʥ:

ʚʠʪʨʠʤʢʘ ʧʨʠ 520 
ʦ
ʉ ʥʘ ʧʨʦʪʷʟʽ ʛʦʜʠʥʠ.

ɿʘʛʘʨʪʫʚʘʥʥʷ ʜʦ ʢʽʤʥʘʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ.

2. ʉʪʘʨʽʥʥʷ ʧʨʠ 120 
ʦ
ʉ ʥʘ ʧʨʦʪʷʟʽ 20 ʛʦʜʠʥ.

3. ʉʪʘʨʽʥʥʷ ʧʨʠ 180 
ʦ
ʉ ʥʘ ʧʨʦʪʷʟʽ 5 ʛʦʜʠʥ

ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʤʽʮʥʝʥʥʷ.

 
ʈʠʩʫʥʦʢ 6 ï ʩʭʝʤʘ ʜʚʦʩʪʘʜʽʡʥʦʾ ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ ʟ ʜʚʦʩʪʫʧʝʥʝʚʠʤ ʩʪʘʨʽʥʥʷʤ 

ʇʨʦʚʝʜʝʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʜʝʤʦʥʩʪʨʫʻ ʧʝʨʝʢʦʥʣʠʚʫ ʧʝʨʝʚʘʛʫ ʥʦʚʦʛʦ ʩʧʣʘʚʫ ʟʘ ʭʘʨʘ-

ʢʪʝʨʠʩʪʠʢʘʤʠ ʤʽʮʥʦʩʪʽ ʥʘʜ ʰʠʨʦʢʦ ʨʦʟʧʦʚʩʶʜʞʝʥʠʤ ʧʨʦʤʠʩʣʦʚʠʤ ʩʧʣʘʚʦʤ ɸʄ5 

(Aʃ19) (ʨʠʩ. 7). 
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1 ï 440 ̄ʉ /1 ʛʦʜ.+120 ̄ʉ /20 ʛʦʜ.; 2 ï 520 ̄ʉ /1 ʛʦʜ.+120 ̄ʉ /20 ʛʦʜ.+ 180 ̄ʉ /5 ʛʦʜ.; 3 ï

ʧʨʦʤʠʩʣʦʚʠʡ ʩʧʣʘʚ ɸʄ5 

ʈʠʩʫʥʦʢ 7 ï ʄʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʝʚʪʝʢʪʠʯʥʦʛʦ (a-Al+Mg2Si) ʩʧʣʘʚʫ ʧʽʩʣʷ ʨʽʟʥʠʭ ʨʝ-

ʞʠʤʽʚ ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ ʧʦʨʽʚʥʷʥʦ ʟ ʧʨʦʤʠʩʣʦʚʠʤ ʩʧʣʘʚʦʤ ɸʄ5  
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ɸʥʥʦʪʘʮʠʷ 

ʉʫʱʝʩʪʚʫʝʪ ʧʨʦʙʣʝʤʘ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʥʝʬʪʝʧʨʦ-

ʜʫʢʪʘʤʠ. ʇʨʦʜʦʣʞʘʝʪʩʷ ʧʦʠʩʢ ʥʦʚʳʭ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʠʩʧʦʣʴʟʫʝʤʳʭ ʩʦʨʙʝʥʪʦʚ 

ʤʠʥʝʨʘʣʴʥʦʡ ʧʨʠʨʦʜʳ ʪʠʧʘ ʙʝʥʪʦʥʠʪʘ. ʇʦʢʘʟʘʥʳ ʨʘʟʣʠʯʠʷ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ, ʩʪʨʫʢ-

ʪʫʨʳ ʠ ʩʦʨʙʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʙʝʥʪʦʥʠʪʦʚ ʨʘʟʣʠʯʥʳʭ ʨʝʛʠʦʥʦʚ. ʇʝʨʩʧʝʢʪʠʚʥʦ ʦʩʚʦʝʥʠʝ 

ʙʝʥʪʦʥʠʪʦʚ ʚ ʢʘʯʝʩʪʚʝ ʩʦʨʙʝʥʪʦʚ ʧʨʦʣʠʚʘ ʪʦʧʣʠʚʘ ʠ ʤʘʩʝʣ. 

Abstract 

There is problem of environmental pollution loads by petroleum products. The search 

continues for new and improving sorbents used mineral nature such as bentonite. Itôs shown 

difference in chemical composition, structure and sorption properties of bentonite from differ-

ent regions. Promising bentonite development as sorbent of fuels and oils. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʦʨʦʰʢʦʦʙʨʘʟʥʳʝ ʩʦʨʙʝʥʪʳ ʜʣʷ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ, ʙʝʥʪʦʥʠʪ, 

ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ, ʩʪʨʫʢʪʫʨʘ, ʤʦʥʪʤʦʨʠʣʣʦʥʠʪ, ʘʜʩʦʨʙʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ. 

Keywords: powdered sorbents for petroleum products, bentonite, chemical composi-

tion, structure, fullerene, montmorillonite, adsorbtion properties. 

 

ʈʘʟʣʠʯʠʷ ʚ ʤʠʥʝʨʘʣʴʥʦʤ ʩʦʩʪʘʚʝ ʙʝʥʪʦʥʠʪʦʚ ʠ ʚ ʩʪʨʫʢʪʫʨʥʳʭ ʠ ʢʨʠʩʪʘʣʣʦʭʠʤʠ-

ʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʷʭ ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʝʛʦ ʤʦʥʪʤʦʨʠʣʣʦʥʠʪʘ ʧʦʨʦʞʜʘʶʪ ʨʘʟʣʠʯʠʷ ʠ ʚ 

ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ ʙʝʥʪʦʥʠʪʦʚ ʨʘʟʥʳʭ ʧʨʠʨʦʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. ʇʨʠ ʚʩʝʭ ʨʘʟʣʠ-

ʯʠʷʭ ʠʤʝʥʥʦ ʤʦʥʪʤʦʨʠʣʣʦʥʠʪ (Al 2O3
.
4SiO2

.
H2O) ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʦʡ ʚʩʝʭ ʙʝʥʪʦʥʠʪʦʚ.  

ʄʠʥʝʨʘʣ ʤʦʥʪʤʦʨʠʣʣʦʥʠʪ ʚʧʝʨʚʳʝ ʙʳʣ ʦʙʥʘʨʫʞʝʥ ʚ 30-ʭ ʛʦʜʘʭ XX ʚʝʢʘ ʚ 

ʦʢʨʝʩʪʥʦʩʪʷʭ ʛʦʨʦʜʘ ʄʦʥʪʤʦʨʠʣʣʦʥ, ʌʨʘʥʮʠʷ, ʩ ʯʝʤ ʠ ʩʚʷʟʘʥʦ ʥʘʟʚʘʥʠʝ ʤʠʥʝʨʘʣʘ. 

ɺʧʦʩʣʝʜʩʪʚʠʠ ʚʳʷʩʥʠʣʦʩʴ, ʯʪʦ ʤʠʥʝʨʘʣʳ ʤʦʥʪʤʦʨʠʣʣʦʥʠʪʦʚʦʡ ʛʨʫʧʧʳ (ʩʤʝʢʪʠʣʳ) 

ʠʤʝʶʪʩʷ ʠ ʚ ʜʨʫʛʠʭ ʩʪʨʘʥʘʭ ʟʝʤʥʦʛʦ ʰʘʨʘ, ʘ ʧʨʠ ʩʦʜʝʨʞʘʥʠʠ 85-90% ʠ ʚʳʰʝ ʤʦʥʪʤʦ-

ʨʠʣʣʦʥʠʪʘ ʦʙʣʘʜʘʶʪ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʤʠ ʩʚʦʡʩʪʚʘʤʠ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʯʘʩʪʠʮ, ʯʝʛʦ ʥʝʣʴ-

ʟʷ ʩʢʘʟʘʪʴ ʦʙ ʵʪʠʭ ʞʝ ʛʣʠʥʘʭ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʧʦʨʷʜʢʘ 70-75% ʤʦʥʪʤʦʨʠʣʣʦʥʠʪʘ. ʇʦʨʦ-

ʜʳ, ʩʦʜʝʨʞʘʱʠʝ ʤʝʥʝʝ 70% ʤʦʥʪʤʦʨʠʣʣʦʥʠʪʘ, ʧʨʠʥʷʪʦ ʩʯʠʪʘʪʴ ʤʦʥʪʤʦʨʠʣʣʦʥʠʪ ʩʦ-

ʜʝʨʞʘʱʠʤʠ ʠʣʠ ʙʝʥʪʦʥʠʪʦʧʦʜʦʙʥʳʤʠ [1].  

ɺ ʦʩʥʦʚʝ ʩʪʨʦʝʥʠʷ ʤʦʥʪʤʦʨʠʣʣʦʥʠʪʦʚʳʭ ʛʣʠʥʠʩʪʳʭ ʤʠʥʝʨʘʣʦʚ ʜʚʝ ʩʪʨʫʢʪʫʨʥʳʝ 

ʝʜʠʥʠʮʳ: ʦʢʪʘʵʜʨʠʯʝʩʢʘʷ ʩʝʪʢʠ ʤʝʪʘʣʣʦʢʩʠʜʦʚ ʠ ʩʝʪʢʘ ʢʨʝʤʥʝʢʠʩʣʦʨʦʜʥʳʭ ʪʝʪʨʘʵʜʨʦʚ 

(ʨʠʩ. 1). 

  
1       2 

ʆ ï ʛʠʜʨʦʢʩʠʣ;  ï Al, Mg ʠ ʜʨ. ʆ ï ʢʠʩʣʦʨʦʜ;  ï Si (ʢʨʝʤʥʠʡ) 

ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʥʳʝ ʝʜʠʥʠʮʳ ʩʪʨʦʝʥʠʷ ʛʣʠʥʠʩʪʳʭ ʤʠʥʝʨʘʣʦʚ 

ʥʘ ʦʩʥʦʚʝ ʤʦʥʪʤʦʨʠʣʣʦʥʠʪʘ 

1 ï ʦʢʪʘʵʜʨʠʯʝʩʢʘʷ ʩʝʪʢʘ; 2 ï ʩʝʪʢʘ ʢʨʝʤʥʝʢʠʩʣʦʨʦʜʥʳʭ ʪʝʪʨʘʵʜʨʦʚ 

 

ɺ ʧʝʨʚʦʡ ʩʪʨʫʢʪʫʨʝ ʘʪʦʤ ʘʣʶʤʠʥʠʷ, ʤʘʛʥʠʷ ʠʣʠ ʞʝʣʝʟʘ ʨʘʚʥʦʫʜʘʣʝʥʳ ʦʪ ʰʝʩʪʠ 

ʘʪʦʤʦʚ ʢʠʩʣʦʨʦʜʘ ʠʣʠ ʛʠʜʨʦʢʩʠʣʦʚ. ɺʦ ʚʪʦʨʦʡ ʩʪʨʫʢʪʫʨʝ ʚ ʢʘʞʜʦʤ ʪʝʪʨʘʵʜʨʝ ʘʪʦʤ 

ʢʨʝʤʥʠʷ ʦʜʠʥʘʢʦʚʦ ʫʜʘʣʝʥ ʦʪ ʯʝʪʳʨʝʭ ʘʪʦʤʦʚ ʢʠʩʣʦʨʦʜʘ. ʇʝʨʝʧʣʝʪʘʷʩʴ ʩʣʦʞʥʳʤ ʦʙʨʘ-

ʟʦʤ, ʦʙʝ ʩʪʨʫʢʪʫʨʥʳʝ ʝʜʠʥʠʮʳ ʦʙʨʘʟʫʶʪ ʝʜʠʥʫʶ ʩʪʨʫʢʪʫʨʫ ʤʦʥʪʤʦʨʠʣʣʦʥʠʪʘ (ʨʠʩ. 2). 

ʂʘʢ ʚʠʜʥʦ ʥʘ ʨʠʩ. 2, ʚ ʩʪʨʫʢʪʫʨʝ ʤʦʥʪʤʦʨʠʣʣʦʥʠʪʘ ʠʤʝʝʪʩʷ ʤʝʞʩʣʦʝʚʦʝ ʧʨʦʩʪʨʘʥ-

ʩʪʚʦ, ʚ ʢʦʪʦʨʦʤ ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʦʙʤʝʥʥʳʝ ʢʘʪʠʦʥʳ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʬʠʟʠʯʝʩʢʦʡ ʠ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʦʡ ʦʩʥʦʚʦʡ ʩʦʨʙʮʠʦʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʙʝʥʪʦʥʠʪʦʚʳʭ ʛʣʠʥʠʩʪʳʭ ʧʦʨʦʜ [2-4].  
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ʈʠʩ. 2. ʉʪʨʫʢʪʫʨʘ ʯʘʩʪʠʮ ʤʦʥʪʤʦʨʠʣʣʦʥʠʪʦʚʦʡ ʛʣʠʥʳ 

 

ʏʝʤ ʙʦʣʴʰʝ ʚ ʧʦʨʦʜʝ ʤʦʥʪʤʦʨʠʣʣʦʥʠʪʘ, ʪʝʤ ʚʳʰʝ ʝʝ ʜʠʩʧʝʨʩʥʦʩʪʴ. ɺ ʢʘʯʝʩʪʚʝ 

ʧʨʠʤʝʩʝʡ ʤʦʥʪʤʦʨʠʣʣʦʥʠʪʦʚʘʷ ʩʪʨʫʢʪʫʨʘ ʩʦʜʝʨʞʠʪ ʩʤʝʰʘʥʥʳʝ ʤʠʥʝʨʘʣʳ ʠ ʛʠʜʨʦʩʣʶ-

ʜʫ, ʢʘʦʣʠʥʠʪ, ʮʝʦʣʠʪʳ, ʧʦʣʝʚʦʡ ʰʧʘʪ (ʪʘʙʣ. 1). 

ʊʘʙʣʠʮʘ 1. ʊʠʧʠʯʥʳʡ ʤʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʙʝʥʪʦʥʠʪʦʚ ʨʘʟʣʠʯʥʦʛʦ  

ʧʨʦʠʩʭʦʞʜʝʥʠʷ 

ɻʝʥʝʪʠʯʝʩʢʠʡ ʪʠʧ ɺʠʜ ʠ ʩʦʜʝʨʞʘʥʠʝ 

ʤʦʥʪʤʦʨʠʣʣʦʥʠʪʘ, % 

ʇʨʠʤʝʩʠ 

ʱʝʣʦʯ-

ʥʦʡ 

ʱʝʣʦʯʥʦ-

ʟʝʤʝʣʴ-

ʥʳʡ 

ʢʘʦʣʠ-

ʥʠʪ 

ʛʠʜʨʦʩʣʶ-

ʜʘ 

ʉʤʝʰʘʥʥʦ-

ʩʣʦʡʥʳʝ 

ʦʙʨʘʟʦʚʘ-

ʥʠʷ 

ɻʠʜʨʦʪʝʨʤʘʣʴʥʦ-

ʤʝʪʘʩʦʤʘʪʠʯʝ-

ʩʢʠʡ 

85 - 5 5 5 

ɺʫʣʢʘʥʦʛʝʥʥʦ-

ʦʩʘʜʦʯʥʳʡ 
- 65 5-15 5-10 5-10 

ʊʝʨʨʠʛʝʥʥʦ- ʠ 

ʢʦʣʣʦʠʜʥʦ- ʦʩʘ-

ʜʦʯʥʳʡ 

- 65 15 10 10 

ʕʣʶʚʠʘʣʴʥʳʡ - 70 10 5 15 

 

ʀʟ ʪʘʙʣ. 1 ʩʣʝʜʫʝʪ, ʯʪʦ ʥʘʠʤʝʥʴʰʝʝ ʩʦʜʝʨʞʘʥʠʝ ʤʦʥʪʤʦʨʠʣʣʦʥʠʪʘ ʫ ʪʝʨʨʠʛʝʥʥʦ-

ʢʦʣʦʠʜʥʦ-ʦʩʘʜʦʯʥʦʡ ʧʦʨʦʜʳ, ʪʘʢʞʝ ʫ ʚʫʣʢʘʥʦʛʝʥʥʦ-ʦʩʘʜʦʯʥʦʡ ʧʦʨʦʜʳ. ʕʪʠ ʧʦʨʦʜʳ, 

ʩʪʨʦʛʦ ʛʦʚʦʨʷ, ʩʣʝʜʦʚʘʣʦ ʙʳ ʥʘʟʳʚʘʪʴ ʙʝʥʪʦʥʠʪʦʧʦʜʦʙʥʳʤʠ, ʘ ʥʝ ʙʝʥʪʦʥʠʪʘʤʠ. 

ʇʣʦʪʥʦʩʪʴ ʙʝʥʪʦʥʠʪʦʚ ʠʟʤʝʥʷʝʪʩʷ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 2,66 ʜʦ 2,84 ʛ/ʩʤ3, ʧʦʩʪʝʧʝʥʥʦ 

ʫʚʝʣʠʯʠʚʘʷʩʴ ʦʪ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦ-ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʭ ʜʦ ʵʣʶʚʠʘʣʴʥʳʭ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ ʞʝʣʝʟʘ. 

ʇʦ ʛʨʘʥʫʣʷʨʥʦʤʫ ʩʦʩʪʘʚʫ ʦʩʥʦʚʥʘʷ ʤʘʩʩʘ ʙʝʥʪʦʥʠʪʦʚ ʚ ʨʘʟʥʳʭ ʨʝʛʠʦʥʘʭ ʩʦʩʪʦʠʪ 

ʠʟ ʤʝʣʢʦʧʝʣʠʪʦʚʳʭ (ʦʙʣʦʤʦʯʥʳʭ) ʯʘʩʪʠʮ. ʉʨʝʜʥʝʚʟʚʝʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʠʭ ʧʦʩʪʝʧʝʥ-

ʥʦ ʫʤʝʥʴʰʘʝʪʩʷ ʦʪ ʙʝʥʪʦʥʠʪʦʚ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʛʦ ʢ ʵʣʶʚʠʘʣʴʥʦʤʫ ʪʠʧʘʤ (ʪʘʙʣ. 2).  
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ʊʘʙʣʠʮʘ 2. ʌʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʙʝʥʪʦʥʠʪʦʚ 

ɻʝʥʝʪʠʯʝʩʢʠʡ ʪʠʧ 

ʉʦʜʝʨʞʘʥʠʝ 

ʤʝʣʢʦʧʝʣʠʪʦʚ, 

% 

ʇʦʨʠʩʪʦʩʪʴ, 

% 

ʅʘʙʫʭʘʝʤʦʩʪʴ,  

1 ʭ N, ʨʘʟ 

ɻʠʜʨʦʪʝʨʤʘʣʴʥʦ-

ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʡ 
62 33 13 

ɺʫʣʢʘʥʦʛʝʥʥʦ-ʦʩʘʜʦʯʥʳʡ 57 34 8 

ʊʝʨʨʠʛʝʥʥʦ- ʠ ʢʦʣʣʦʠʜʥʦ- 

ʦʩʘʜʦʯʥʳʡ 
50 32 6 

ʕʣʶʚʠʘʣʴʥʳʡ 40 44 3 

 

ʊʘʢ, ʙʦʣʝʝ ʪʦʥʢʦʜʠʩʧʝʨʩʥʳʤʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʩ ʥʘʠʙʦʣʴʰʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʤʝʣ-

ʢʦʧʝʣʣʠʪʦʚʳʭ ʯʘʩʪʠʮ ʷʚʣʷʶʪʩʷ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʝ ʠʣʠ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦ-

ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʝ, ʘ ʥʘʠʤʝʥʴʰʠʤ - ʵʣʶʚʠʘʣʴʥʳʝ ʙʝʥʪʦʥʠʪʳ. ʉʦʜʝʨʞʘʥʠʝ ʧʨʝʜʢʦʣʣʦ-

ʠʜʥʳʭ ʠ ʢʦʣʣʦʠʜʥʳʭ ʯʘʩʪʠʮ, ʚ ʦʙʱʝʤ, ʧʦʜʯʝʨʢʠʚʘʝʪ ʦʪʤʝʯʝʥʥʫʶ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ï 

ʫʤʝʥʴʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʠʭ ʚ ʙʝʥʪʦʥʠʪʘʭ ʥʘʟʚʘʥʥʳʭ ʛʝʥʝʪʠʯʝʩʢʠʭ ʪʠʧʦʚ. ʅʘʠʙʦʣʝʝ ʢʘ-

ʯʝʩʪʚʝʥʥʳʝ ʙʝʥʪʦʥʠʪʳ ʥʘʪʨʠʝʚʦʛʦ, ʱʝʣʦʯʥʦʛʦ ʠ ʩʤʝʰʘʥʥʦʛʦ ʩʦʩʪʘʚʘ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ 

ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʤʠ, ʩʦʜʝʨʞʘʪ ʚ 1,5 ʨʘʟʘ ʙʦʣʴʰʝ ʢʦʣʣʦʠʜʥʳʭ ʯʘʩʪʠʮ. ɸʣʝʚʨʠʪʦʚʳʝ 

ʟʝʨʥʘ ʚ ʩʨʝʜʥʝʤ ʜʣʷ ʚʩʝʭ ʪʠʧʦʚ ʙʝʥʪʦʥʠʪʦʚ ʥʝ ʧʨʝʚʳʰʘʶʪ 15%, ʘ ʧʝʩʯʘʥʳʝ ï 4% ʤʘʩʩʳ 

ʧʦʨʦʜʳ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʦʪʥʝʩʪʠ ʙʝʥʪʦʥʠʪʳ ʢ ʩʣʘʙʦʘʣʝʚʨʠʪʦʚʳʤ ʠ ʪʦʥʢʦʜʠʩʧʝʨʩʥʳʤ 

ʧʨʠʨʦʜʥʳʤ ʤʘʪʝʨʠʘʣʘʤ [5]. 

ʇʦʨʠʩʪʦʩʪʴ ʨʘʟʣʠʯʥʳʭ ʚ ʛʝʥʝʪʠʯʝʩʢʦʤ ʦʪʥʦʰʝʥʠʠ ʙʝʥʪʦʥʠʪʦʚ ʥʝʦʜʠʥʘʢʦʚʘ. ʆʥʘ 

ʦʪʦʙʨʘʞʘʝʪ ʢʦʣʝʙʘʥʠʷ ʛʨʘʥʫʣʷʨʥʦʛʦ ʠ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʦʚ ʧʦʨʦʜ. ʊʘʤ, ʛʜʝ ʙʦʣʴʰʝ 

ʩʦʜʝʨʞʠʪʩʷ ʤʝʣʢʦʧʝʣʠʪʦʚʳʭ ʯʘʩʪʠʮ, ʚʩʝʛʜʘ ʙʦʣʴʰʝ ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʝʛʦ ʤʦʥʪʤʦʨʠʣʣʦ-

ʥʠʪʘ ʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʵʪʠʤ ʠʟʤʝʥʷʝʪʩʷ ʧʦʨʠʩʪʦʩʪʴ (ʪʘʙʣ. 2). ɺ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʩʣʫ-

ʯʘʝ ʥʘʠʙʦʣʴʰʘʷ ʧʦʨʠʩʪʦʩʪʴ ʧʨʠʩʫʱʘ ʵʣʶʚʠʘʣʴʥʳʤ ʙʝʥʪʦʥʠʪʘʤ. ɹʣʠʟʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ 

ʧʦʨʠʩʪʦʩʪʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʦʩʘʜʦʯʥʳʝ ʠ ʚʫʣʢʘʥʦʛʝʥʥʦ-ʦʩʘʜʦʯʥʳʝ ʙʝʥʪʦʥʠʪʳ. ɻʠʜʨʦ-

ʪʝʨʤʘʣʴʥʳʝ ʙʝʥʪʦʥʠʪʳ ʦʙʣʘʜʘʶʪ ʩʦʧʦʩʪʘʚʠʤʦʡ ʧʦʨʠʩʪʦʩʪʴʶ ʩ ʦʩʘʜʦʯʥʳʤʠ ʙʝʥʪʦʥʠʪʘ-

ʤʠ. 

ɺʘʞʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʙʝʥʪʦʥʠʪʦʚ ʷʚʣʷʝʪʩʷ ʥʘʙʫʭʘʝʤʦʩʪʴ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʪʦʤ, 

ʯʪʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʨʝʰʝʪʢʘ ʤʦʥʪʤʦʨʠʣʣʦʥʠʪʘ ʧʨʦʷʚʣʷʝʪ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʨʘʩʰʠʨʝʥʠʶ 

ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʞʠʜʢʦʩʪʠ. ʅʘʠʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ ʥʘʙʫʭʘʝʤʦʩʪʠ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʛʠʜʨʦ-

ʪʝʨʤʘʣʴʥʳʭ ʙʝʥʪʦʥʠʪʦʚ, ʥʘʠʤʝʥʴʰʝʝ ʜʣʷ ʵʣʶʚʠʘʣʴʥʳʭ (ʪʘʙʣ. 2). ʅʘʙʫʭʘʝʤʦʩʪʴ ʥʘʧʨʷ-

ʤʫʶ ʩʚʷʟʘʥʘ ʩʦ ʩʧʦʩʦʙʥʦʩʪʴʶ ʧʦʨʦʰʢʦʦʙʨʘʟʥʦʛʦ ʤʠʥʝʨʘʣʘ ʧʦʛʣʦʱʘʪʴ ʞʠʜʢʠʝ ʩʨʝʜʳ, 

ʪʦ ʝʩʪʴ ʩʦʨʙʠʨʦʚʘʪʴ ʞʠʜʢʠʝ ʧʨʦʜʫʢʪʳ.  

ɺʳʩʦʢʠʝ ʝʤʢʦʩʪʥʳʝ ʠ ʩʦʨʙʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʩʤʝʢʪʠʪʦʚ ʦʧʨʝʜʝʣʷʶʪʩʷ ʦʯʝʥʴ 

ʙʦʣʴʰʦʡ ʜʠʩʧʝʨʩʥʦʩʪʴʶ ʠ ʜʝʬʝʢʪʠʚʥʦʩʪʴʶ ʩʪʨʫʢʪʫʨʳ, ʫʚʝʣʠʯʠʚʘʶʱʝʡ ʵʬʬʝʢʪ ʜʠʩ-

ʧʝʨʩʥʦʩʪʠ ʟʘ ʩʯʝʪ ʚʦʟʨʘʩʪʘʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ. 

ʄʦʥʪʤʦʨʠʣʣʦʥʠʪ ʦʪʥʦʩʠʪʩʷ ʢʣʘʩʩʫ ʩʣʦʠʩʪʳʭ ʩʠʣʠʢʘʪʦʚ ʩ ʨʘʩʰʠʨʷʶʱʝʡʩʷ ʩʪʨʫʢ-

ʪʫʨʥʦʡ ʷʯʝʡʢʦʡ ʠ ʠʤʝʝʪ ʧʝʨʚʠʯʥʳʝ ʧʣʦʩʢʦʧʘʨʘʣʣʝʣʴʥʳʝ ʧʦʨʳ ʧʝʨʝʤʝʥʥʦʡ ʪʦʣʱʠʥʳ 

ʧʦʨʷʜʢʘ 0,1 ï 0,8 ʥʤ. ʂʨʠʩʪʘʣʣʠʪʳ ʤʦʥʪʤʦʨʠʣʣʦʥʠʪʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʪʦʨʠʯʥʳʤʠ ʤʝ-

ʟʦʧʦʨʘʤʠ ʨʘʟʤʝʨʦʤ 7-30 ʥʤ. ʂʦʥʢʨʝʪʥʳʡ ʨʘʟʤʝʨ ʵʪʠʭ ʧʦʨ ʟʘʚʠʩʠʪ ʦʪ ʚʠʜʘ ʩʦʨʙʠʨʫʝʤʦ-

ʛʦ ʚʝʱʝʩʪʚʘ ʠ ʫʩʣʦʚʠʡ ʩʦʨʙʮʠʠ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʠʥʝʨʘʣʳ ʛʨʫʧʧʳ ʤʦʥʪʤʦʨʠʣʣʦʥʠʪʦʚ ï ʙʝʥʪʦʥʠʪʳ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʙʦʣʴʰʦʡ ʥʘʫʯʥʳʡ ʠ ʧʨʘʢʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ ʧʦ ʠʭ ʜʘʣʴʥʝʡʰʝʤʫ ʠʩʩʣʝʜʦʚʘʥʠʶ ʠ ʧʨʘʢʪʠ-

ʯʝʩʢʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʩ ʮʝʣʴʶ ʩʙʦʨʘ ʧʨʦʣʠʚʦʚ ʥʘ ʪʝʨʨʠʪʦʨʠʷʭ ʧʝʨʝʢʘʯʠʚʘʥʠʷ ʠ ʭʨʘ-

ʥʝʥʠʷ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ [6]. 

ʃʠʪʝʨʘʪʫʨʘ 

1. ʂʠʨʩʘʥʦʚ ʅ.ɺ., ʈʘʪʝʝʚ ʄ.ɸ., ʉʘʙʠʪʦʚ ɸ.ɸ. ɻʝʥʝʪʠʯʝʩʢʠʝ ʪʠʧʳ ʠ ʟʘʢʦʥʦʤʝʨʥʦ-

ʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʙʝʥʪʦʥʠʪʦʚ ʚ ʉʉʉʈ // ʄ. : ʅʝʜʨʘ, 1981, 214 ʩ. 



51 

2. ʂʦʨʥʝʚ ɺ.ɸ., ʈʳʙʘʢʦʚ ʖ.ʅ., ʏʠʨʠʢʦʚ ʉ.ʀ. ʉʨʘʚʥʠʪʝʣʴʥʘʷ ʦʮʝʥʢʘ ʩʪʨʫʢʪʫʨʳ ʯʘ-

ʩʪʠʮ ʠ ʘʜʩʦʨʙʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʰʫʥʛʠʪʘ ʠ ʙʝʥʪʦʥʠʪʘ // ɺʝʩʪʥʠʢ ʥʘʫʢʠ ʠ ʦʙʨʘʟʦʚʘʥʠʷ, 

2015, ˉ 9 (11), ʩ. 20-23. 

3. ʂʦʨʥʝʚ ɺ.ɸ., ʈʳʙʘʢʦʚ ʖ.ʅ. ʄʠʥʝʨʘʣʴʥʳʝ ʧʦʨʦʰʢʦʦʙʨʘʟʥʳʝ ʩʦʨʙʝʥʪʳ ʪʠʧʘ 

ʙʝʥʪʦʥʠʪʘ ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ ʨʘʟʣʠʚʦʚ ʞʠʜʢʠʭ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʚ ʟʦʥʘʭ ʧʝʨʝʢʘʯʠʚʘʥʠʷ ʠ 

ʭʨʘʥʝʥʠʷ ʪʦʧʣʠʚʘ // ʇʨʦʙʣʝʤʳ ʩʦʚʨʝʤʝʥʥʦʡ ʥʘʫʢʠ ʠ ʦʙʨʘʟʦʚʘʥʠʷ, 2015, ˉ 12 (42), ʩ. ʩ. 

79-83.  

4. ʂʦʨʥʝʚ ɺ.ɸ., ʈʳʙʘʢʦʚ ʖ.ʅ. ʇʨʠʨʦʜʥʳʝ ʤʠʥʝʨʘʣʴʥʳʝ ʩʦʨʙʝʥʪʳ ʪʠʧʘ ʰʫʥʛʠʪʘ ʠ 

ʙʝʥʪʦʥʠʪʘ ʜʣʷ ʩʙʦʨʘ ʧʨʦʣʠʚʦʚ ʚ ʟʦʥʘʭ ʧʝʨʝʢʘʯʠʚʘʥʠʷ ʠ ʭʨʘʥʝʥʠʷ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ // 

ʉʙʦʨʥʠʢ ʩʪʘʪʝʡ XLI  ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʅʘʫʯʥʘʷ 

ʜʠʩʢʫʩʩʠʷ: ʚʦʧʨʦʩʳ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢè, ʄ., ʀʟʜ. çʀʥʪʝʨʥʘʫʢʘè, 2015, ˉ 12 (30), ʩ. 115-

121. 

5. ʆʩʠʧʦʚ ɺ.ʀ., ʉʦʢʦʣʦʚʘ ɺ.ʅ., ʈʫʤʷʥʮʝʚʘ ʅ.ɸ. ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʛʣʠʥʠʩʪʳʭ ʧʦʨʦʜ 

// ʄ. : ʅʝʜʨʘ, 1989, 211 ʩ.  

6. ʂʦʨʥʝʚ ɺ.ɸ., ʈʳʙʘʢʦʚ ʖ.ʅ. ɸʥʘʣʠʟ ʩʪʨʫʢʪʫʨʳ ʨʘʟʣʠʯʥʳʭ ʙʝʥʪʦʥʠʪʦʚ ʠ ʚʦʟ-

ʤʦʞʥʦʩʪʠ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʩʦʨʙʝʥʪʦʚ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ // ʇʨʦʙʣʝʤʳ ʩʦʚʨʝ-

ʤʝʥʥʦʡ ʥʘʫʢʠ ʠ ʦʙʨʘʟʦʚʘʥʠʷ, 2016, ˉ 1 (43), c. 84-87. 

 

ʊɽʈʄʀʏɽʉʂʆɽ ʈɸɿʃʆɾɽʅʀɽ ʋɻʃʗ ʀ ʊɽʍʅʆʃʆɻʀʀ ʉɽʃɽʂʊʀɺʅʆɻʆ 

ʅɸɻʈɽɺɸ. 

 

ʂʫʨʟʘʥʦʚ ɸ.ʂ. 

ʤʘʰʠʥʠʩʪ ʵʥʝʨʛʦʙʣʦʢʘ ʬʠʣʠʘʣʘ ʇɸʆ çʕʥʝʣ ʈʦʩʩʠʷè ʈʝʬʪʠʥʩʢʘʷ ɻʈʕʉ. 

ʈʳʞʢʦʚ ɸ.ʌ. 

ʜ.ʪ.ʥ., ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ çʊʝʧʣʦʚʳʝ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʪʘʥʮʠʠè ʋʨʘʣʴʩʢʦʛʦ ʵʥʝʨ-

ʛʝʪʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ 

 

THERMAL  DECOMPOSITION  OF COAL  AND TECHNOLOGY  SELECTIVE  

HEATING  

Kurzanov A.K.  

managing power unit branch PSC ñEnel Russiaò Reftinskaya GRES 

Ryzhkov A.F. 

d.t.s., professor department of Thermal Power Stations  

Ural Power Engineering Institute 

 

ɸʥʥʦʪʘʮʠʷ 

ʈʘʟʚʠʪʠʝ ʪʝʭʥʦʣʦʛʠʡ ʧʦʜʛʦʪʦʚʢʠ ʠ ʩʞʠʛʘʥʠʷ ʥʠʟʢʦʢʘʯʝʩʪʚʝʥʥʳʭ ʫʛʣʝʡ ʥʝʚʦʟʤʦʞ-

ʥʦ ʙʝʟ ʧʦʥʠʤʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʫʛʣʷ ʠ ʪʦʛʦ, ʢʘʢ ʦʥʘ ʤʝʥʷʝʪʩʷ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʚʥʝʰʥʠʭ 

ʬʘʢʪʦʨʦʚ. ʇʨʠʤʝʥʝʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʧʨʝʚʨʘʱʝʥʠʷ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʩʦʝʜʠʥʝ-

ʥʠʡ ʢ ʧʦʚʝʜʝʥʠʶ ʫʛʦʣʴʥʦʛʦ ʚʝʱʝʩʪʚʘ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʥʝʜʦʩʪʘʪʦʯʥʦ ʧʨʘʚʦʤʝʨʥʦ ʠʟ-ʟʘ 

ʩʣʦʞʥʦʩʪʠ ʩʪʨʦʝʥʠʷ ʵʪʦʛʦ ʚʝʱʝʩʪʚʘ ʠ ʤʥʦʛʦʦʙʨʘʟʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, ʧʨʦʪʝʢʘʶʱʠʭ ʧʨʠ 

ʝʛʦ ʧʝʨʝʨʘʙʦʪʢʝ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʥʘʠʙʦʣʴʰʫʶ ʧʦʧʫʣʷʨʥʦʩʪʴ ʜʣʷ ʦʪʨʘʞʝʥʠʷ ʩʪʨʫʢʪʫʨʳ 

ʆʄʋ ʧʨʠʦʙʨʝʣʘ ʬʦʨʤʫʣʘ ɺʘʡʟʝʨʘ ʜʣʷ ʙʠʪʫʤʠʥʦʟʥʦʛʦ ʫʛʣʷ. ʊʝʨʤʠʯʝʩʢʠʝ ʧʨʝʚʨʘʱʝʥʠʷ 

ʫʛʣʷ ʥʘʯʠʥʘʶʪʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʢʦʣʦ 200 
0
ʉ. ʇʨʠ ʥʘʛʨʝʚʝ ʯʘʩʪʠʮʳ ʫʛʣʷ ʧʨʦʠʩʭʦʜʠʪ 

ʨʘʟʨʳʚ ʩʚʷʟʝʡ, ʧʨʠʢʨʝʧʣʷʶʱʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʛʨʫʧʧʳ ʢ ʢʦʣʴʮʝʚʳʤ ʩʪʨʫʢʪʫʨʘʤ ʫʛʣʷ, 

ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʣʝʪʫʯʠʭ ʛʘʟʦʚʳʭ ʢʦʤʧʦʥʝʥʪʦʚ (ʉʆ, ʉʆ2, ʅ2ʆ, ʅ2, ʉʅ4, ʅʉN, ʅ2S, ʘʣʠ-

ʬʘʪʠʯʝʩʢʠʝ ʫʛʣʝʚʦʜʦʨʦʜʳ). ʆʜʥʦʚʨʝʤʝʥʥʦ ʩ ʚʳʭʦʜʦʤ ʣʸʛʢʠʭ ʛʘʟʦʚʳʭ ʢʦʤʧʦʥʝʥʪʦʚ 

ʠʜʸʪ ʨʘʩʱʝʧʣʝʥʠʝ ʤʦʩʪʠʢʦʚʳʭ ʩʪʨʫʢʪʫʨ ʫʛʣʷ. ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʨʘʟʨʫʰʘʶʪʩʷ ʩʚʷʟʠ ʫʛ-

ʣʝʨʦʜʘ ʩ ʛʝʪʝʨʦʘʪʦʤʘʤʠ (ʥʘʧʨʠʤʝʨ, ʩʫʣʴʬʠʜʳ) ʠʣʠ ʤʘʩʩʠʚʥʳʤʠ ʛʨʫʧʧʘʤʠ (ʥʘʧʨʠʤʝʨ, 

ʢʘʨʙʦʢʩʠʣʴʥʳʝ ʛʨʫʧʧʳ). ɺ ʫʩʣʦʚʠʷʭ ʪʝʨʤʦʜʝʩʪʨʫʢʮʠʠ ʫʛʣʷ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʘʜʠʠ, 

ʵʥʝʨʛʠʠ ʨʘʟʨʳʚʘ ʩʚʷʟʝʡ ʧʨʝʪʝʨʧʝʚʘʶʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʠ ʥʝʩʝʣʝʢʪʠʚʥʳʝ ʠʟʤʝʥʝʥʠʷ, ʚ 
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ʩʨʘʚʥʝʥʠʠ ʩ ʵʥʝʨʛʠʷʤʠ ʠʭ ʦʙʨʘʟʦʚʘʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʨʷʜ ʢʣʶʯʝʚʳʭ 

ʚr ʚʦʜʦʚ: 

ð ʨʘʟʨʳʚ ʩʚʷʟʝʡ ʚ ʤʦʣʝʢʫʣʝ ʧʨʦʠʩʭʦʜʠʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʥʘʢʦʧʣʝʥʠʷ ʵʥʝʨʛʠʠ ʚ ʵʪʠʭ 

ʩʚʷʟʷʭ; 

ð ʥʘʠʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʝʣʝʢʪʠʚʥʦʝ ʥʘʢʦʧʣʝʥʠʝ ʵʥʝʨʛʠʠ ʚ ʩʪʨʫʢʪʫ-

ʨʝ ʚʝʱʝʩʪʚʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʤʳ ʤʦʞʝʤ ʧʦʣʫʯʠʪʴ ʮʝʣʝʚʦʡ ʧʨʦʜʫʢʪ ʟʘ ʩʯʸʪ ʨʘʟʨʳʚʘ ʥʝʦʙ-

ʭʦʜʠʤʳʭ ʥʘʤ ʩʚʷʟʝʡ ʠ ʧʦʣʫʯʝʥʠʷ ʪʨʝʙʫʝʤʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ, ʷʚʣʷʶʱʠʭʩʷ 

çʬʫʥʜʘʤʝʥʪʦʤè ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʪʨʝʙʫʝʤʳʭ ʧʨʦʜʫʢʪʦʚ; 

ð ʚʦʟʜʝʡʩʪʚʠʝ ʵʥʝʨʛʠʠ ʥʘ ʚʝʱʝʩʪʚʦ ʜʦʣʞʥʦ ʠʤʝʪʴ ʭʘʨʘʢʪʝʨ ʤʦʱʥʦʛʦ ʵʥʝʨʛʝʪʠʯʝ-

ʩʢʦʛʦ ʠʤʧʫʣʴʩʘ, ʯʪʦ ʩʚʷʟʘʥʥʦ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʥʘʜʸʞʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ ʤʝʞʤʦʣʝʢʫ-

ʣʷʨʥʳʭ ʩʚʷʟʝʡ ʠ çʟʘʢʘʣʢʦʡè ʧʦʣʫʯʠʚʰʠʭʩʷ ʧʨʦʜʫʢʪʦʚ. 

ɹʦʣʴʰʘʷ ʧʣʦʪʥʦʩʪʴ ʵʥʝʨʛʠʠ ʣʘʟʝʨʘ (ʧʦʨʷʜʢʘ 10
2
 ï 10

4
 ɺʪ/ʤʤ

2
) ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ 

ʯʘʩʪʠʮʳ ʫʛʣʷ ʩ ʨʘʟʤʝʨʦʤ ʜʦ 0,2 ʤʤ ʧʨʠʚʦʜʠʪ ʢ ʠʥʪʝʥʩʠʚʥʦʡ ʪʝʨʤʦʜʝʩʪʨʫʢʮʠʠ ʠ ʘʢʪʠʚ-

ʥʦʤʫ ʚʳʜʝʣʝʥʠʶ ʣʝʪʫʯʠʭ ʧʨʦʜʫʢʪʦʚ ʩ ʙʦʣʴʰʦʡ ʩʢʦʨʦʩʪʴʶ (ʜʦ 0,1 ʩʝʢ) [4, 5, 6]. ʉ ʜʨʫ-

ʛʦʡ ʩʪʦʨʦʥʳ, ʧʦʜʦʙʥʘʷ ʧʣʦʪʥʦʩʪʴ ʵʥʝʨʛʠʠ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʣʠʙʦ ʤʘʣʦʡ ʧʣʦʱʘʜʴʶ ʧʦʧʝ-

ʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʧʫʯʢʘ, ʣʠʙʦ ʩʫʱʝʩʪʚʝʥʥʳʤʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ ʟʘʪʨʘʪʘʤʠ.  

ʀʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʉɺʏ ʠʟʣʫʯʝʥʠʷ ʧʦʢʘʟʘʣʠ ʙʦʣʴʰʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ. ʇʨʠ 

ʦʙʣʫʯʝʥʠʠ ʥʠʟʢʦʢʘʣʦʨʠʡʥʦʛʦ ʚʳʩʦʢʦʟʦʣʴʥʦʛʦ ʫʛʣʷ 90 % ʵʥʝʨʛʠʠ ʧʦʛʣʦʱʘʝʪʩʷ ʯʘʩʪʠ-

ʮʘʤʠ ʫʛʣʝʨʦʜʘ, ʧʦʩʢʦʣʴʢʫ ʫʛʣʝʨʦʜ ʠʤʝʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʴʰʠʡ ʪʘʥʛʝʥʩ ʫʛʣʘ ʧʦʪʝʨʴ ʠ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʵʥʝʨʛʠʷ ʠʜʸʪ ʥʘ ʥʘʛʨʝʚ ʫʛʣʷ, ʘ ʥʝ ʤʠʥʝʨʘʣʴʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʉɺʏ ʠʟʣʫʯʝʥʠʝ ʣʫʯʰʝ ʚʩʝʛʦ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʪʨʝʙʦʚʘʥʠʷʤ ʢ ʩʝʣʝʢʪʠʚʥʦʤʫ ʚʦʟ-

ʜʝʡʩʪʚʠʶ ʥʘ ʯʘʩʪʠʮʳ ʪʦʧʣʠʚʘ ʩ ʮʝʣʴʶ ʠʭ ʜʘʣʴʥʝʡʰʝʛʦ ʩʞʠʛʘʥʠʷ [7].  

Abstract 

Development of technologies of preparation and burning of low-grade coal is not possi-

ble without understanding the structure of coal and how it is changing under the influence of 

external factors. Application of the laws of transformation of high-molecular compounds to 

the behavior of carbon emissions when heated insufficiently justified because of the complex-

ity of the structure of matter and the variety of interactions that occur when processing. How-

ever, the most popular to display the structure of OMC Weiser got the formula for bituminous 

coal. Thermal conversion of the coal starts at temperatures of about 200 
0
C. When heated, the 

particles of coal are broken bonds attach functional groups to the carbon ring structures to 

form a volatile gas components (CO, CO2, H2O, H2, CH4, HCN, H2S, aliphatic hydrocarbons). 

Simultaneously with the release of light gas components there is a splitting of bridge struc-

tures of coal. The first connection break carbon heteroatoms (e.g., sulfides), or massive 

groups (e.g., carboxyl groups). In conditions of thermal destruction of coal, depending on the 

stage, the energy gap relationships undergo significant changes, and non-selective, in compar-

ison with the energy of their formation. Thus, we can make a number of key findings:  

ð breaking bonds in the molecule is the result of the accumulation of power in these re-

lationships; 

ð the greatest interest is the selective accumulation of energy in the structure of matter. 

In this case, we can get the desired product at the expense of the gap we need relationships 

and obtain the required functional groups are "foundation" for the formation of the desired 

products; 

ð the impact of energy on the substance should have the character of a powerful energy 

pulse that is connected with the necessity of a reliable breaking intermolecular bonds and the 

"hardening" of the resulting products.  

Most of the laser energy density (about 10
2
 - 10

4
 W / mm

2
) under the action of the coal 

particles with the size up to 0.2 mm leads to intensive thermal destruction and active selection 

of volatile products at high speed (up to 0.1 seconds) [4, 5, 6 ]. On the other hand, a similar 

energy density provided by either a small cross-sectional area of the beam, a substantial ener-

gy costs. 
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Research in the field of microwave radiation have shown greater efficacy. When irradi-

ating a low-calorie high-ash coal to 90% of the energy is absorbed by the carbon particles be-

cause the carbon has a substantially larger loss tangent and hence, the energy goes into heat-

ing the coal and not the mineral components. Thus, microwave radiation is best satisfies the 

requirements for selective excitation of fuel particles for the purpose of further combustion 

[7]. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʆʨʛʘʥʠʯʝʩʢʘʷ ʤʘʩʩʘ ʫʛʣʷ, ʪʝʨʤʠʯʝʩʢʠʝ ʧʨʝʚʨʘʱʝʥʠʷ, ʬʫʥʢʮʠ-

ʦʥʘʣʴʥʳʝ ʛʨʫʧʧʳ, ʥʘʢʦʧʣʝʥʠʝ ʵʥʝʨʛʠʠ ʚ ʚʝʱʝʩʪʚʝ, ʣʘʟʝʨʥʳʝ ʠ ʉɺʏ ʪʝʭʥʦʣʦʛʠʠ. 

 

ɺ ʩʦʚʨʝʤʝʥʥʦʡ ʪʝʧʣʦʵʥʝʨʛʝʪʠʢʝ ʫʞʝ ʜʦʩʪʘʪʦʯʥʦ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʩʦʭʨʘʥʷʝʪʩʷ 

ʪʝʥʜʝʥʮʠʷ ʫʭʫʜʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʩʞʠʛʘʝʤʦʛʦ ʪʚʸʨʜʦʛʦ ʪʦʧʣʠʚʘ. ʇʨʠ ʵʪʦʤ ʤʥʦʛʦʯʠʩʣʝʥ-

ʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʨʘʟʚʝʜʘʥʥʳʭ ʟʘʧʘʩʦʚ ʪʚʸʨʜʳʭ ʛʦʨʶʯʠʭ ʠʩʢʦʧʘʝʤʳʭ, ʚ 

ʯʘʩʪʥʦʩʪʠ, ʫʛʣʷ, ʭʚʘʪʠʪ ʥʘ ʥʘʠʙʦʣʝʝ ʜʣʠʪʝʣʴʥʳʡ ʧʝʨʠʦʜ ʵʢʩʧʣʫʘʪʘʮʠʠ [1]. ʊʘʢʠʤ ʦʙʨʘ-

ʟʦʤ, ʩʫʱʝʩʪʚʫʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʨʘʟʚʠʪʠʠ ʪʝʭʥʦʣʦʛʠʡ ʧʦʜʛʦʪʦʚʢʠ ʠ ʩʞʠʛʘʥʠʷ ʥʠʟʢʦ-

ʢʘʯʝʩʪʚʝʥʥʳʭ ʫʛʣʝʡ, ʢʘʢ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʚʠʜʦʚ ʪʦʧʣʠʚʘ. ʆʜʥʘʢʦ, ʨʘʟʚʠʪʠʝ ʣʶ-

ʙʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʜʘʥʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʥʝʚʦʟʤʦʞʥʦ ʙʝʟ ʧʦʥʠʤʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʫʛʣʷ ʠ 

ʪʦʛʦ, ʢʘʢ ʦʥʘ ʤʝʥʷʝʪʩʷ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ.  

ʆʨʛʘʥʠʯʝʩʢʘʷ ʤʘʩʩʘ ʪʚʸʨʜʳʭ ʛʦʨʶʯʠʭ ʠʩʢʦʧʘʝʤʳʭ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʝʨʤʦʜʠ-

ʥʘʤʠʯʝʩʢʠʠ ʥʝ ʩʪʘʙʠʣʴʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ, ʢʦʪʦʨʦʝ ʧʨʝʪʝʨʧʝʚʘʝʪ ʛʣʫʙʦʢʠʝ ʧʨʝʚʨʘʱʝʥʠʷ 

ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ. ʇʨʠʤʝʥʝʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʧʨʝʚʨʘʱʝʥʠʷ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʩʦ-

ʝʜʠʥʝʥʠʡ ʢ ʧʦʚʝʜʝʥʠʶ ʫʛʦʣʴʥʦʛʦ ʚʝʱʝʩʪʚʘ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʥʝʜʦʩʪʘʪʦʯʥʦ ʧʨʘʚʦʤʝʨʥʦ 

ʠʟ-ʟʘ ʩʣʦʞʥʦʩʪʠ ʩʪʨʦʝʥʠʷ ʵʪʦʛʦ ʚʝʱʝʩʪʚʘ ʠ ʤʥʦʛʦʦʙʨʘʟʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, ʧʨʦʪʝʢʘʶ-

ʱʠʭ ʧʨʠ ʝʛʦ ʧʝʨʝʨʘʙʦʪʢʝ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʥʘʠʙʦʣʴʰʫʶ ʧʦʧʫʣʷʨʥʦʩʪʴ ʜʣʷ ʦʪʨʘʞʝʥʠʷ 

ʩʪʨʫʢʪʫʨʳ ʆʄʋ ʧʨʠʦʙʨʝʣʘ ʬʦʨʤʫʣʘ ɺʘʡʟʝʨʘ ʜʣʷ ʙʠʪʫʤʠʥʦʟʥʦʛʦ ʫʛʣʷ (ʨʠʩ. 1) [2]: 

 
ʈʠʩʫʥʦʢ 1. 

 

ʍʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʡ ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʫʛʣʷʭ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤʠ ʦʩʦʙʝʥʥʦ-

ʩʪʷʤʠ ʠʭ ʩʪʨʫʢʪʫʨʳ [2]: 

1 ï ʥʘʣʠʯʠʝʤ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʯʠʩʣʘ ʙʣʦʢʦʚ ʠʟ 2 ï 10 ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʠ ʛʝʪʝʨʦʘʨʦʤʘ-

ʪʠʯʝʩʢʠʭ ʢʦʣʝʮ, S-ʵʣʝʢʪʨʦʥʳ ʢʦʪʦʨʳʭ ʥʘʭʦʜʷʪʩʷ ʚ ʩʦʩʪʦʷʥʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʘʥʘʣʦ-

ʛʠʯʥʳʤʠ ʩʠʩʪʝʤʘʤʠ; 

2 ï ʥʘʣʠʯʠʝʤ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʘʣʠʬʘʪʠʯʝʩʢʠʭ ʤʦʩʪʠʢʦʚ ʠ ʥʘʩʳʱʝʥʥʳʭ ʮʠʢʣʦʚ, 

ʚʢʣʶʯʘʶʱʠʭ ʩʫʣʴʬʠʜʥʳʝ, ʢʘʨʙʦʥʠʣʴʥʳʝ, ʘʤʠʥʥʳʝ ʛʨʫʧʧʳ, ʧʨʦʩʪʳʝ ʠ ʩʣʦʞʥʳʝ ʵʬʠʨ-

ʥʳʝ ʩʚʷʟʠ; 

3 ï ʥʘʣʠʯʠʝʤ ʙʦʢʦʚʳʭ ʮʝʧʝʡ ʘʣʠʬʘʪʠʯʝʩʢʦʛʦ ʭʘʨʘʢʪʝʨʘ, ʘ ʪʘʢʞʝ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ 

ʧʦʣʷʨʥʳʭ ʛʨʫʧʧ ʢʘʨʙʦʢʩʠʣʴʥʳʝ, ʛʠʜʨʦʢʩʠʣʴʥʳʝ, ʪʠʦʢʩʠʣʴʥʳʝ, ʘʤʠʥʦʛʨʫʧʧʳ); 

4 ï ʥʘʣʠʯʠʝʤ ʛʝʪʝʨʦʘʪʦʤʦʚ ï ʢʠʩʣʦʨʦʜʘ, ʘʟʦʪʘ ʠ ʩʝʨʳ; 

5 - ʥʘʣʠʯʠʝʤ ʛʠʜʨʘʪʥʦ- ʠ ʢʦʣʦʠʜʥʦ-ʩʚʷʟʘʥʥʦʡ ʚʦʜʳ; 

6 ï ʨʘʟʥʦʦʙʨʘʟʥʳʤ ʜʦʥʦʨʥʦ-ʘʢʮʝʧʪʦʨʥʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʤʝʞʜʫ ʦʨʛʘʥʠʯʝʩʢʦʡ 

ʤʘʩʩʦʡ ʫʛʣʷ (ʟʜʝʩʴ ʠ ʜʘʣʝʝ ʆʄʋ) ʠ ʤʠʥʝʨʘʣʴʥʳʤʠ ʧʨʠʤʝʩʷʤʠ.  
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ɽʩʪʝʩʪʚʝʥʥʦ, ʯʪʦ ʵʪʠ ʦʩʦʙʝʥʥʦʩʪʠ, ʧʨʠʩʫʱʠʝ ʚ ʦʩʥʦʚʥʦʤ ʆʄʋ ʚʩʝʭ ʪʚʸʨʜʳʭ ʛʦ-

ʨʶʯʠʭ ʠʩʢʦʧʘʝʤʳʭ, ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʟʣʠʯʘʶʪʩʷ ʜʣʷ ʪʚʸʨʜʳʭ ʛʦʨʶʯʠʭ ʠʩʢʦʧʘʝʤʳʭ ʨʘʟ-

ʣʠʯʥʦʡ ʩʪʝʧʝʥʠ ʤʝʪʘʤʦʨʬʠʟʤʘ. ɺ ʩʠʣʫ ʵʪʦʛʦ ʨʘʟʣʠʯʘʶʪʩʷ ʚ ʚʝʩʴʤʘ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ ʠ 

ʫʩʣʦʚʠʷ ʧʨʦʚʝʜʝʥʠʷ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ, ʠ ʚʳʭʦʜ, ʠ ʩʦʩʪʘʚ ʧʨʦʜʫʢʪʦʚ ʪʝʨʤʠʯʝ-

ʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʫʛʣʝʦʙʨʘʟʦʚʘʥʠʡ ʪʦʨʬʷʥʦʡ, ʙʫʨʦʫʛʦʣʴʥʦʡ ʠ ʢʘʤʝʥʥʦʫʛʦʣʴʥʦʡ ʩʪʘ-

ʜʠʡ. 

ʊʝʨʤʠʯʝʩʢʠʝ ʧʨʝʚʨʘʱʝʥʠʷ ʫʛʣʷ ʥʘʯʠʥʘʶʪʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʢʦʣʦ 200
0
ʉ. ʆʜ-

ʥʘʢʦ ʫʞʝ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʜʦ 120
0
ʉ ʚʳʜʝʣʷʶʪʩʷ ʬʠʟʠʯʝʩʢʠ ʩʚʷʟʘʥʥʘʷ ʚʣʘʛʘ, ʘʜʩʦʨʙʠʨʫ-

ʝʤʳʝ ʫʛʣʝʤ ʛʘʟʳ (ʜʠʦʢʩʠʜ ʫʛʣʝʨʦʜʘ, ʤʝʪʘʥ, ʢʦʤʧʦʥʝʥʪʳ ʚʦʟʜʫʭʘ). ʇʨʠ ʵʪʦʤ ʥʝ ʥʘʙʣʶ-

ʜʘʝʪʩʷ ʟʘʤʝʪʥʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʆʄʋ, ʭʦʪʷ ʥʝ ʠʩʢʣʶʯʝʥʳ ʦʧʨʝʜʝʣʸʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʝʸ 

ʚʥʫʪʨʝʥʥʝʡ ʩʪʨʫʢʪʫʨʳ. 

ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʙʦʣʝʝ 200
0
ʉ ʥʘʯʠʥʘʝʪʩʷ ʚʳʜʝʣʝʥʠʝ ʥʝʢʦʪʦʨʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʚʦ-

ʜʳ, ʦʙʨʘʟʫʶʱʝʡʩʷ ʧʨʠ ʪʝʨʤʠʯʝʩʢʦʤ ʨʘʟʣʦʞʝʥʠʠ ʆʄʋ, ʘ ʪʘʢʞʝ ʜʠʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ ʠ 

ʣʝʪʫʯʠʭ ʢʦʤʧʦʥʝʥʪʦʚ. ʕʪʦ ʷʚʣʷʝʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʧʨʝ-

ʚʨʘʱʝʥʠʡ, ʟʘʪʨʘʛʠʚʘʶʱʠʭ ʚ ʦʩʥʦʚʥʦʤ ʚʥʝʰʥʠʝ ʧʦʣʷʨʥʳʝ ʛʨʫʧʧʳ. 

ɺ ʜʠʘʧʘʟʦʥʝ 250 - 325
0
ʉ ʧʨʦʮʝʩʩʳ ʨʘʟʣʦʞʝʥʠʷ ʫʛʦʣʴʥʦʛʦ ʚʝʱʝʩʪʚʘ ʫʩʠʣʠʚʘʶʪʩʷ. 

ʀʜʸʪ ʠʥʪʝʥʩʠʚʥʦʝ ʚʳʜʝʣʝʥʠʝ ʧʘʨʦʚ ʚʦʜʳ, ʜʠʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ, ʚʳʜʝʣʷʝʪʩʷ ʥʝʢʦʪʦʨʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʩʝʨʦʚʦʜʦʨʦʜʘ ʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʩʝʨʳ. ʅʘ ʵʪʦʡ ʩʪʘʜʠʠ ʟʘʤʝʪʥʦ 

ʫʤʝʥʴʰʘʝʪʩʷ ʩʦʜʝʨʞʘʥʠʝ ʢʠʩʣʦʨʦʜʘ ʚ ʫʛʣʝ, ʦʩʦʙʝʥʥʦ ʚ ʫʛʣʝ ʨʘʥʥʝʡ ʩʪʘʜʠʠ ʤʝʪʘʤʦʨ-

ʬʠʟʤʘ. ʆʜʥʘʢʦ ʠ ʚ ʵʪʦʤ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ ʠʜʸʪ ʨʘʩʱʝʧʣʝʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʩʚʷ-

ʟʝʡ ʣʠʰʴ ʥʘ ʢʦʥʮʝʚʳʭ ʫʯʘʩʪʢʘʭ ʤʘʢʨʦʤʦʣʝʢʫʣ ʫʛʣʷ. ʅʘ ʜʘʥʥʦʡ ʩʪʘʜʠʠ ʚʳʜʝʣʷʶʪʩʷ ʩʦʨ-

ʙʠʨʦʚʘʥʥʳʝ ʥʘ ʩʪʘʜʠʠ ʤʝʪʘʤʦʨʬʠʟʤʘ ʚʝʱʝʩʪʚʘ ʠ ʛʣʫʙʦʢʠʭ ʠʟʤʝʥʝʥʠʡ ʚʥʫʪʨʝʥʥʝʡ 

ʩʪʨʫʢʪʫʨʳ ʦʨʛʘʥʠʯʝʩʢʦʡ ʤʘʩʩʳ ʫʛʣʷ ʝʱʸ ʥʝ ʧʨʦʠʩʭʦʜʠʪ. ʇʨʦʮʝʩʩ ʚ ʜʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨ-

ʥʦʡ ʟʦʥʝ ʥʘʟʳʚʘʝʪʩʷ ʙʝʨʪʠʥʠʨʦʚʘʥʠʝʤ (ʦʙʣʘʛʦʨʘʞʠʚʘʥʠʝʤ) ʫʛʣʷ, ʪʘʢ ʢʘʢ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʦʱʫʪʠʤʦ ʧʦʚʳʰʘʝʪʩʷ ʜʦʣʷ ʫʛʣʝʨʦʜʘ ʚ ʤʘʩʩʝ ʚʝʱʝʩʪʚʘ.  

ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʳʰʝ 350
0
ʉ (350 - 500

0
ʉ) ʥʘʯʠʥʘʝʪʩʷ ʨʘʟʣʦʞʝʥʠʝ ʦʩʥʦʚʥʦʡ ʦʨ-

ʛʘʥʠʯʝʩʢʦʡ ʤʘʩʩʳ ʫʛʣʷ. ʄʘʢʨʦʤʦʣʝʢʫʣʳ ʫʛʣʷ ʨʘʩʱʝʧʣʷʶʪʩʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʦʨʦʪʢʦ 

ʞʠʚʫʱʠʭ ʩʚʦʙʦʜʥʳʭ ʨʘʜʠʢʘʣʦʚ, ʧʨʝʪʝʨʧʝʚʘʶʱʠʭ ʨʝʢʦʤʙʠʥʘʮʠʶ ʠ ʧʝʨʝʭʦʜʷʱʠʝ ʧʨʠ 

ʵʪʦʤ ʚ ʩʪʘʙʠʣʴʥʳʝ ʩʠʩʪʝʤʳ. ʇʨʠ ʵʪʦʤ ʧʨʦʮʝʩʩʳ ʨʝʢʦʤʙʠʥʘʮʠʠ ʨʘʟʚʠʚʘʶʪʩʷ ʚ ʜʚʫʭ 

ʢʦʥʢʫʨʠʨʫʶʱʠʭ ʥʘʧʨʘʚʣʝʥʠʷʭ: ʦʙʨʘʟʦʚʘʥʠʝ ʚʳʩʦʢʦʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʪʚʸʨʜʳʭ ʧʨʦ-

ʜʫʢʪʦʚ, ʨʘʟʣʠʯʘʶʱʠʭʩʷ ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʫʛʣʝʨʦʜʘ ʠ ʥʠʟʢʠʤ ʚʦʜʦʨʦʜʘ, ʠ ʦʙ-

ʨʘʟʦʚʘʥʠʝ ʞʠʜʢʠʭ ʠ ʛʘʟʦʦʙʨʘʟʥʳʭ (ʣʝʪʫʯʠʭ) ʧʨʦʜʫʢʪʦʚ, ʦʙʦʛʘʱʸʥʥʳʭ ʚʦʜʦʨʦʜʦʤ. 

ʄʝʞʜʫ ʵʪʠʤʠ ʛʨʫʧʧʘʤʠ ʧʨʦʜʫʢʪʦʚ ʠ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʦʜʦʨʦʜʘ ʚ ʭʦʜʝ 

ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ. ɼʣʷ ʛʦʨʶʯʠʭ ʠʩʢʦʧʘʝʤʳʭ ʥʠʟʢʦʡ ʩʪʝʧʝʥʠ ʤʝʪʘʤʦʨʬʠʟʤʘ, 

ʦʨʛʘʥʠʯʝʩʢʘʷ ʤʘʩʩʘ ʢʦʪʦʨʳʭ ʩʦʜʝʨʞʠʪ ʥʘʠʙʦʣʴʰʝʝ ʯʠʩʣʦ ʤʝʥʝʝ ʧʨʦʯʥʳʭ ʭʠʤʠʯʝʩʢʠʭ 

ʩʚʷʟʝʡ, ʤʘʢʩʠʤʫʤ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʙʨʘʟʦʚʘʥʠʷ ʥʝʩʪʘʙʠʣʴʥʳʭ ʧʨʦʜʫʢʪʦʚ ʩʤʝʱʸʥ ʚ ʟʦʥʫ 

ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ. ʇʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʩʪʝʧʝʥʠ ʫʛʣʝʬʠʢʘʮʠʠ ʵʪʦʪ ʤʘʢʩʠʤʫʤ ʩʤʝʱʘʝʪ-

ʩʷ ʚ ʦʙʣʘʩʪʴ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ.  

ɻʣʫʙʦʢʦʝ ʨʘʟʣʦʞʝʥʠʝ ʦʨʛʘʥʠʯʝʩʢʦʡ ʤʘʩʩʳ ʫʛʣʷ, ʚʳʜʝʣʝʥʠʝ ʞʠʜʢʠʭ ʚ ʦʙʳʯʥʳʭ 

ʫʩʣʦʚʠʷʭ ʚʝʱʝʩʪʚ (ʩʤʦʣʳ) ʟʘʚʝʨʰʘʝʪʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʦʢʦʣʦ 550 
0
ʉ. ʇʨʠ 550

0
ʉ ʦʩʪʘ-

ʸʪʩʷ ʪʚʸʨʜʳʡ ʦʩʪʘʪʦʢ ð ʧʦʣʫʢʦʢʩ, ʧʦʵʪʦʤʫ ʧʨʦʮʝʩʩ ʪʝʨʤʠʯʝʩʢʦʡ ʧʝʨʝʨʘʙʦʪʢʠ, ʟʘʢʘʥ-

ʯʠʚʘʶʱʠʡʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 500-550
0
ʉ, ʦʙʳʯʥʦ ʥʘʟʳʚʘʶʪ ʧʦʣʫʢʦʢʩʦʚʘʥʠʝʤ. ɺ ʜʘʥ-

ʥʳʭ ʫʩʣʦʚʠʷʭ ʧʦʚʳʰʝʥʠʝ ʜʘʚʣʝʥʠʷ ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʢʘʤʝʨʝ ʧʨʠʚʝʜʸʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʚʳ-

ʭʦʜʘ ʣʝʪʫʯʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʫʛʣʷ, ʠʭ ʙʦʣʝʝ ʘʢʪʠʚʥʦʤʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʩ ʪʚʸʨʜʳʤʠ ʠ 

ʞʠʜʢʦʬʘʟʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ, ʯʪʦ ʫʚʝʣʠʯʠʪ ʚʳʭʦʜ ʧʦʣʫʢʦʢʩʘ ʠ ʝʛʦ ʧʨʦʯʥʦʩʪʴ [3]. ʇʨʠ 

ʧʦʩʣʝʜʫʶʱʝʤ ʥʘʛʨʝʚʘʥʠʠ ʧʨʦʪʝʢʘʶʪ ʧʨʦʮʝʩʩʳ ʜʘʣʴʥʝʡʰʝʛʦ ʫʧʣʦʪʥʝʥʠʷ ʚʝʱʝʩʪʚʘ ʧʦ-

ʣʫʢʦʢʩʘ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʠ ʨʘʟʚʠʪʠʝ ʤʠʢʨʦʢʨʠʩʪʘʣʣʠʪʥʳʭ ʛʨʘʬʠʪʦʧʦʜʦʙʥʳʭ ʩʪʨʫʢʪʫʨ. 

ʕʪʠ ʧʨʦʮʝʩʩʳ ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʦʪʱʝʧʣʝʥʠʝʤ ʛʘʟʦʦʙʨʘʟʥʳʭ ʧʨʦʜʫʢʪʦʚ ð ʚ ʧʝʨʚʫʶ ʦʯʝ-

ʨʝʜʴ ʚʦʜʦʨʦʜʘ, ʘ ʪʘʢʞʝ ʥʝʢʦʪʦʨʳʭ ʢʦʣʠʯʝʩʪʚ ʘʤʤʠʘʢʘ, ʤʝʪʘʥʘ, ʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ, ʘʟʦʪʘ. 

ʇʨʠʤʝʨʥʦ ʢ 900
0
ʉ ʟʘʚʝʨʰʘʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʥʘʫʛʣʝʨʦʞʝʥʥʦʛʦ ʪʚʝʨ-

ʜʦʛʦ ʦʩʪʘʪʢʘ ð ʢʦʢʩʘ. ʅʘʛʨʝʚʘʥʠʝ ʜʦ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ð ʚʧʣʦʪʴ ʜʦ 2500 - 
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3000
0
ʉ ʚʝʜʸʪ ʢ ʦʩʚʦʙʦʞʜʝʥʠʶ ʢʦʢʩʘ ʦʪ ʛʝʪʝʨʦʘʪʦʤʦʚ, ʨʦʩʪʫ ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʠ ʝʛʦ 

ʩʪʨʫʢʪʫʨʳ, ʫʢʨʝʧʣʝʥʠʶ (ʦʩʦʙʝʥʥʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʳʰʝ 1800
0
ʉ) ʤʠʢʨʦʢʨʠʩʪʘʣʣʠʪʦʚ 

ʛʨʘʬʠʪʘ [2, 3]. 

ʇʨʠ ʥʘʛʨʝʚʝ ʯʘʩʪʠʮʳ ʫʛʣʷ ʧʨʦʠʩʭʦʜʠʪ ʨʘʟʨʳʚ ʩʚʷʟʝʡ, ʧʨʠʢʨʝʧʣʷʶʱʠʭ ʬʫʥʢʮʠʦ-

ʥʘʣʴʥʳʝ ʛʨʫʧʧʳ ʢ ʢʦʣʴʮʝʚʳʤ ʩʪʨʫʢʪʫʨʘʤ ʫʛʣʷ, ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʣʝʪʫʯʠʭ ʛʘʟʦʚʳʭ ʢʦʤʧʦ-

ʥʝʥʪʦʚ (ʉʆ, ʉʆ2, ʅ2ʆ, ʅ2, ʉʅ4, ʅʉN, ʅ2S, ʘʣʠʬʘʪʠʯʝʩʢʠʝ ʫʛʣʝʚʦʜʦʨʦʜʳ). ʊʝʤ ʥʝ ʤʝ-

ʥʝʝ, ʥʝ ʥʫʞʥʦ ʟʘʙʳʚʘʪʴ ʦ ʩʣʦʞʥʦʩʪʠ ʩʪʨʫʢʪʫʨʥʦʡ ʬʦʨʤʫʣʳ ʫʛʣʷ. ɻʦʚʦʨʷ ʦ ʨʘʟʨʳʚʝ ʩʚʷ-

ʟʝʡ ʠ ʨʘʩʱʝʧʣʝʥʠʠ ʤʦʩʪʠʢʦʚʳʭ ʩʪʨʫʢʪʫʨ ʥʝʦʙʭʦʜʠʤʦ ʧʦʤʥʠʪʴ, ʯʪʦ ʧʦʜʦʙʥʳʝ ʜʘʥʥʳʝ 

ʧʦʣʫʯʝʥʳ ʥʘ ʤʦʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʘʨʥʳʭ ʚʝʱʝʩʪʚʘʭ. ɼʘʥʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʦʙʱʫʶ ʢʘʨʪʠʥʫ, ʘ ʥʝ ʢʘʯʝʩʪʚʝʥʥʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ. ʆʙʱʝʧʨʠʥʷʪʦ, ʯʪʦ ʚʳʭʦʜ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ ʥʝ ʟʘʚʠʩʠʪ ʜʨʫʛ ʦʪ ʜʨʫʛʘ, ʘ ʢʠʥʝʪʠʢʘ ʚʳʭʦʜʘ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʩʦʨʪʘ 

ʫʛʣʷ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʩ ʚʳʭʦʜʦʤ ʣʸʛʢʠʭ ʛʘʟʦʚʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠʜʸʪ ʨʘʩʱʝʧʣʝʥʠʝ ʤʦʩʪʠ-

ʢʦʚʳʭ ʩʪʨʫʢʪʫʨ ʫʛʣʷ [ʥʘʠʙʦʣʝʝ ʭʘʨʘʢʪʝʨʥʳʤʠ ʜʣʷ ʫʛʣʝʡ ʷʚʣʷʶʪʩʷ ʧʦʣʠʤʝʪʠʣʝʥʦʚʳʝ ʠ 

ʢʠʩʣʦʨʦʜʤʝʪʠʣʝʥʦʚʳʝ ʤʦʩʪʠʢʠ] ʩ ʚʳʜʝʣʝʥʠʝʤ ʢʨʫʧʥʳʭ ʤʦʣʝʢʫʣʷʨʥʳʭ ʬʨʘʛʤʝʥʪʦʚ 

(ʩʤʦʣʳ). ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʨʘʟʨʫʰʘʶʪʩʷ ʩʚʷʟʠ ʫʛʣʝʨʦʜʘ ʩ ʛʝʪʝʨʦʘʪʦʤʘʤʠ (ʥʘʧʨʠʤʝʨ, 

ʩʫʣʴʬʠʜʳ) ʠʣʠ ʤʘʩʩʠʚʥʳʤʠ ʛʨʫʧʧʘʤʠ (ʥʘʧʨʠʤʝʨ, ʢʘʨʙʦʢʩʠʣʴʥʳʝ ʛʨʫʧʧʳ). ʊʝʨʤʦʭʠʤʠ-

ʯʝʩʢʠʝ ʨʘʩʯʸʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʨʠ ʥʘʛʨʝʚʝ ʛʝʪʝʨʦʘʪʦʤʳ ʫʜʘʣʷʶʪʩʷ ʚ ʧʦʨʷʜʢʝ S>O>N, 

ʘ ʧʦʜ ʜʘʚʣʝʥʠʝʤ ʚʦʜʦʨʦʜʘ S>N>O [2, 3]. ɺ ʩʦʚʨʝʤʝʥʥʦʡ ʢʠʥʝʪʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʧʨʠʥʷʪʦ 

ʩʯʠʪʘʪʴ, ʯʪʦ ʚ ʤʘʢʨʦʤʦʣʝʢʫʣʘʭ ʩʦ ʩʣʦʞʥʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ ʵʥʝʨʛʠʠ ʨʘʟʨʳʚʘ ʩʚʷʟʝʡ ʤʦ-

ʛʫʪ ʠʟʤʝʥʷʪʴʩʷ ʧʦʜ ʚʣʠʷʥʠʝʤ ʩʣʝʜʫʶʱʠʭ ʬʘʢʪʦʨʦʚ: 

ð ʥʘʢʦʧʣʝʥʠʝ ʠ ʧʝʨʝʜʘʯʘ ʵʥʝʨʛʠʠ ʩʦʫʜʘʨʝʥʠʷ, 

ð ʧʝʨʝʜʘʯʘ ʚʥʫʪʨʝʥʥʠʭ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ, 

ð ʚʣʠʷʥʠʝ ʠʥʜʫʢʮʠʦʥʥʦʛʦ ʵʬʬʝʢʪʘ, 

ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʚ ʵʪʠʭ ʤʘʢʨʦʤʦʣʝʢʫ-

ʣʘʭ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʫʩʣʦʚʠʷʭ ʪʝʨʤʦʜʝʩʪʨʫʢʮʠʠ ʫʛʣʷ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʘʜʠʠ, ʵʥʝʨ-

ʛʠʠ ʨʘʟʨʳʚʘ ʩʚʷʟʝʡ ʧʨʝʪʝʨʧʝʚʘʶʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʠ ʥʝʩʝʣʝʢʪʠʚʥʳʝ ʠʟʤʝʥʝʥʠʷ, ʚ ʩʨʘʚʥʝ-

ʥʠʠ ʩ ʵʥʝʨʛʠʷʤʠ ʠʭ ʦʙʨʘʟʦʚʘʥʠʷ. ʊʦ ʝʩʪʴ, ʦʩʥʦʚʥʳʤ ʬʘʢʪʦʨʦʤ, ʚʣʠʷʶʱʠʤ ʥʘ ʨʘʟʨʳʚ 

ʩʚʷʟʝʡ, ʷʚʣʷʝʪʩʷ ʥʘʢʦʧʣʝʥʠʝ ʵʥʝʨʛʠʠ ʚ ʚʝʱʝʩʪʚʝ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʤʝʭʘʥʠʯʝʩʢʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ ʥʘ ʯʘʩʪʠʮʳ ʫʛʣʷ ʧʦʢʘʟʘʣʦ, ʯʪʦ 

çʞʸʩʪʢʠʝè ʚ ʩʠʣʫ ʩʚʦʝʛʦ ʩʪʨʦʝʥʠʷ ʠ ʪʝʨʤʠʯʝʩʢʠ ʩʪʦʡʢʠʝ ʩʚʷʟʠ çʉ - ʉè ʨʘʟʨʫʰʘʶʪʩʷ 

ʧʨʠ ʧʨʠʣʦʞʝʥʠʠ ʦʧʨʝʜʝʣʸʥʥʳʭ ʫʩʠʣʠʡ. ɺʦʟʜʝʡʩʪʚʠʝ ʪʝʭ ʞʝ ʧʦ ʟʥʘʯʝʥʠʶ ʥʘʛʨʫʟʦʢ ʥʘ 

ʘʣʠʬʘʪʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ, ʢʦʪʦʨʳʝ ʤʝʥʝʝ ʪʝʨʤʦʩʪʦʡʢʠʝ, ʥʦ ʙʦʣʝʝ çʛʠʙʢʠʝè, ʥʝ ʧʨʠʚʦ-

ʜʠʪ ʢ ʠʭ ʨʘʟʨʫʰʝʥʠʶ [2]. ʉʨʘʚʥʝʥʠʝ ʤʝʭʘʥʦ- ʠ ʪʝʨʤʦʜʝʩʪʨʫʢʮʠʠ ʧʦʢʘʟʘʣʦ: 

ð ʧʨʠ ʥʘʛʨʝʚʝ ʚʦʟʙʫʞʜʘʶʪʩʷ ʚʩʝ ʫʟʣʳ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʸʪʢʠ ʚʝʱʝʩʪʚʘ; ʤʝʭʘ-

ʥʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʚʦʟʙʫʞʜʘʝʪ ʫʟʣʳ ʪʦʣʴʢʦ ʚ ʟʦʥʝ ʩʚʦʝʛʦ ʜʝʡʩʪʚʠʷ; 

ð ʚ ʧʨʦʮʝʩʩʝ ʥʘʛʨʝʚʘ ʪʝʤʧʝʨʘʪʫʨʘ ʦʙʨʘʟʮʘ ʧʦʜʥʠʤʘʝʪʩʷ ʤʝʜʣʝʥʥʦ, ʘ ʧʨʠ ʤʝʭʘʥʠ-

ʯʝʩʢʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʧʨʦʠʩʭʦʜʠʪ ʙʳʩʪʨʳʡ ʧʦʜʲʸʤ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʙʳʩʪʨʦʝ ʦʭʣʘʞʜʝʥʠʝ. 

ʊ.ʝ. ʚ ʨʝʟʫʣʴʪʘʪʝ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʨʘʟʨʫʰʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ çʟʘʢʘʣʢʘè ʧʝʨʚʠʯʥʳʭ ʧʨʦʜʫʢ-

ʪʦʚ ʥʘ ʥʘʯʘʣʴʥʦʡ ʩʪʘʜʠʠ ʠ ʟʘʤʝʜʣʝʥʠʝ ʚʪʦʨʠʯʥʳʭ ʧʨʦʮʝʩʩʦʚ [2].  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʨʷʜ ʢʣʶʯʝʚʳʭ ʚʳʚʦʜʦʚ: 

ð ʨʘʟʨʳʚ ʩʚʷʟʝʡ ʚ ʤʦʣʝʢʫʣʝ ʧʨʦʠʩʭʦʜʠʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʥʘʢʦʧʣʝʥʠʷ ʵʥʝʨʛʠʠ ʚ ʵʪʠʭ 

ʩʚʷʟʷʭ; 

ð ʥʘʠʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʝʣʝʢʪʠʚʥʦʝ ʥʘʢʦʧʣʝʥʠʝ ʵʥʝʨʛʠʠ ʚ ʩʪʨʫʢʪʫ-

ʨʝ ʚʝʱʝʩʪʚʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʤʳ ʤʦʞʝʤ ʧʦʣʫʯʠʪʴ ʮʝʣʝʚʦʡ ʧʨʦʜʫʢʪ ʟʘ ʩʯʸʪ ʨʘʟʨʳʚʘ ʥʝʦʙ-

ʭʦʜʠʤʳʭ ʥʘʤ ʩʚʷʟʝʡ ʠ ʧʦʣʫʯʝʥʠʷ ʪʨʝʙʫʝʤʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ, ʷʚʣʷʶʱʠʭʩʷ 

çʬʫʥʜʘʤʝʥʪʦʤè ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʪʨʝʙʫʝʤʳʭ ʧʨʦʜʫʢʪʦʚ; 

ð ʚʦʟʜʝʡʩʪʚʠʝ ʵʥʝʨʛʠʠ ʥʘ ʚʝʱʝʩʪʚʦ ʜʦʣʞʥʦ ʠʤʝʪʴ ʭʘʨʘʢʪʝʨ ʤʦʱʥʦʛʦ ʵʥʝʨʛʝʪʠʯʝ-

ʩʢʦʛʦ ʠʤʧʫʣʴʩʘ, ʯʪʦ ʩʚʷʟʘʥʥʦ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʥʘʜʸʞʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ ʤʝʞʤʦʣʝʢʫ-

ʣʷʨʥʳʭ ʩʚʷʟʝʡ ʠ çʟʘʢʘʣʢʦʡè ʧʦʣʫʯʠʚʰʠʭʩʷ ʧʨʦʜʫʢʪʦʚ. 

ʈʘʩʩʤʦʪʨʝʥʠʝ ʩʫʱʝʩʪʚʫʶʱʠʭ, ʜʦʩʪʘʪʦʯʥʦ ʦʩʚʦʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʩʧʦʩʦʙʥʳʭ ʚʦʟ-

ʜʝʡʩʪʚʦʚʘʪʴ ʥʘ ʧʦʜʦʙʥʦʤ ʫʨʦʚʥʝ, ʧʨʠʚʝʣʦ ʢ ʜʚʫʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ð ʣʘʟʝʨʥʳʝ ʠ ʉɺʏ 
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ʪʝʭʥʦʣʦʛʠʠ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʣʘʟʝʨʘ ʚ ʜʘʥʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʙʳʣʘ ʧʦʢʘʟʘʥʘ ʚ 

ʨʷʜʝ ʦʧʳʪʦʚ ʦʧʠʩʘʥʥʳʭ ʚ [4, 5, 6]. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʙʦʣʴʰʘʷ ʧʣʦʪʥʦʩʪʴ ʵʥʝʨʛʠʠ (ʧʦʨʷʜʢʘ 

10
2
 ï 10

4
 ɺʪ/ʤʤ

2
) ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʯʘʩʪʠʮʳ ʫʛʣʷ ʩ ʨʘʟʤʝʨʦʤ ʜʦ 0,2 ʤʤ ʧʨʠʚʦʜʠʪ ʢ ʠʥ-

ʪʝʥʩʠʚʥʦʡ ʪʝʨʤʦʜʝʩʪʨʫʢʮʠʠ ʠ ʘʢʪʠʚʥʦʤʫ ʚʳʜʝʣʝʥʠʶ ʣʝʪʫʯʠʭ ʧʨʦʜʫʢʪʦʚ ʩ ʙʦʣʴʰʦʡ 

ʩʢʦʨʦʩʪʴʶ (ʜʦ 0,1 ʩʝʢ). ʇʦʣʦʞʠʪʝʣʴʥʳʤ ʤʦʤʝʥʪʦʤ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʣʘʟʝʨʥʳʡ ʧʫ-

ʯʦʢ ʩʦʟʜʘʸʪ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʯʘʩʪʠʮʳ ʪʝʤʧʝʨʘʪʫʨʫ ʧʦʨʷʜʢʘ 1400 ï 2500 
0
ʉ (ʚ ʟʘʚʠʩʠʤʦ-

ʩʪʠ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʠʩʣʦʨʦʜʘ ʚ ʢʘʤʝʨʝ ʨʝʘʛʠʨʦʚʘʥʠʷ). ʊʘʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʩʧʦʩʦʙ-

ʩʪʚʫʶʪ ʥʝ ʪʦʣʴʢʦ ʬʦʨʤʠʨʦʚʘʥʠʶ ʢʦʢʩʘ ʠʟ ʫʛʦʣʴʥʦʡ ʯʘʩʪʠʮʳ, ʥʦ ʠ ʢʦʥʚʝʨʩʠʠ ʤʠʥʝ-

ʨʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʫʛʦʣʴʥʦʛʦ ʚʝʱʝʩʪʚʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʦʙʨʘʟʦʚʘʥʠʷ ʟʦ-

ʣʦʰʣʘʢʦʚʳʭ ʦʪʭʦʜʦʚ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, çʶʚʝʣʠʨʥʦʩʪʴè ʣʘʟʝʨʘ ʷʚʣʷʝʪʩʷ ʝʛʦ ʥʝʜʦʩʪʘʪ-

ʢʦʤ. ʇʦʜʦʙʥʘʷ ʧʣʦʪʥʦʩʪʴ ʵʥʝʨʛʠʠ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʣʠʙʦ ʤʘʣʦʡ ʧʣʦʱʘʜʴʶ ʧʦʧʝʨʝʯʥʦʛʦ 

ʩʝʯʝʥʠʷ ʧʫʯʢʘ, ʣʠʙʦ ʩʫʱʝʩʪʚʝʥʥʳʤʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ ʟʘʪʨʘʪʘʤʠ. ʋʚʝʣʠʯʠʚ ʦʙʲʸʤ ʦʙ-

ʨʘʙʘʪʳʚʘʝʤʳʭ ʫʛʦʣʴʥʳʭ ʯʘʩʪʠʮ ʜʦ ʧʨʦʤʳʰʣʝʥʥʳʭ ʤʘʩʰʪʘʙʦʚ, ʜʘʞʝ ʩ ʫʯʸʪʦʤ ʝʛʦ ʨʘʟ-

ʜʝʣʝʥʠʷ ʥʘ ʥʝʩʢʦʣʴʢʦ ʧʘʨʘʣʣʝʣʴʥʳʭ ʧʦʪʦʢʦʚ, ʧʦʣʫʯʠʤ ʠʣʠ ʩʣʠʰʢʦʤ ʵʥʝʨʛʦʸʤʢʦʝ ʧʨʦ-

ʠʟʚʦʜʩʪʚʦ, ʠʣʠ ʤʘʣʦʵʬʬʝʢʪʠʚʥʦʝ, ʪ.ʢ. ʦʙʨʘʙʘʪʳʚʘʪʴʩʷ ʙʫʜʝʪ ʣʠʰʴ ʤʘʣʘʷ ʯʘʩʪʴ ʫʛʣʷ. 

ʇʨʠʤʝʥʝʥʠʝ ʉɺʏ ʠʟʣʫʯʝʥʠʷ ʢ ʧʝʨʝʨʘʙʦʪʢʝ ʫʛʣʷ ʜʘʣʦ ʠʥʪʝʨʝʩʥʳʝ ʨʝʟʫʣʴʪʘʪʳ [7]. 

ɺʦ-ʧʝʨʚʳʭ, ʉɺʏ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʚʠʜʝ ʧʣʘʟʤʦʪʨʦʥʦʚ. ʂʘʢ ʧʦʢʘʟʘʣʠ ʠʩʩʣʝʜʦʚʘʥʠʷ, 

ʚ ʦʪʣʠʯʠʝ ʦʪ ʵʣʝʢʪʨʦʜʫʛʦʚʦʡ ʧʣʘʟʤʳ, ʉɺʏ ʧʣʘʟʤʘ ʚ ʛʘʟʦʚʦʡ ʦʙʣʘʩʪʠ (ʧʨʠ t = 2000 ï 

2500 
0
C) ʦʙʣʘʜʘʝʪ ʙʦʣʴʰʠʤ ʘʢʪʠʚʠʟʠʨʫʶʱʠʤ ʵʬʬʝʢʪʦʤ ʥʘ ʨʘʟʣʠʯʥʳʝ ʯʘʩʪʠʮʳ ʥʘʭʦ-

ʜʷʱʠʝʩʷ ʚ ʧʦʪʦʢʝ. ɺʦ-ʚʪʦʨʳʭ, ʜʘʞʝ ʚʦʟʜʝʡʩʪʚʠʝ ʧʨʦʩʪʦ ʉɺʏ ʠʟʣʫʯʝʥʠʷ ʥʘ ʥʘʯʘʣʴʥʳʭ 

ʩʪʘʜʠʷʭ ʚʦʩʧʣʘʤʝʥʝʥʠʷ ʦʢʘʟʳʚʘʝʪʩʷ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ. ɺ ʢʣʘʩʩʠʯʝʩʢʠʭ ʩʭʝʤʘʭ ʩʞʠ-

ʛʘʥʠʷ ʥʘʯʘʣʴʥʳʡ ʧʨʦʛʨʝʚ ʯʘʩʪʠʮʳ ʪʦʧʣʠʚʘ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʸʪ ʪʝʧʣʦʦʙʤʝʥʘ ʤʝʞʜʫ ʯʘ-

ʩʪʠʮʝʡ ʠ ʛʦʨʷʱʠʤʠ ʛʘʟʘʤʠ. ʅʘʛʨʝʚ ʯʘʩʪʠʮʳ ʠʜʸʪ ʩʥʘʨʫʞʠ ʚʥʫʪʨʴ, ʧʨʠ ʵʪʦʤ ʛʨʝʶʪʩʷ ʚʩʝ 

ʢʦʤʧʦʥʝʥʪʳ ʚʝʱʝʩʪʚʘ. ʂʘʢ ʦʩʦʙʝʥʥʦ ʥʘʛʣʷʜʥʦ ʧʦʢʘʟʘʣʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʥʠʟʢʦʢʘʣʦ-

ʨʠʡʥʳʭ ʚʳʩʦʢʦʟʦʣʴʥʳʭ ʫʛʣʷʭ [7] ʧʨʠ ʦʙʣʫʯʝʥʠʠ 90 % ʵʥʝʨʛʠʠ ʧʦʛʣʦʱʘʝʪʩʷ ʯʘʩʪʠʮʘʤʠ 

ʫʛʣʝʨʦʜʘ, ʧʦʩʢʦʣʴʢʫ ʫʛʣʝʨʦʜ ʠʤʝʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʴʰʠʡ ʪʘʥʛʝʥʩ ʫʛʣʘ ʧʦʪʝʨʴ ʠ, ʩʦʦʪ-

ʚʝʪʩʪʚʝʥʥʦ, ʵʥʝʨʛʠʷ ʠʜʸʪ ʥʘ ʥʘʛʨʝʚ ʫʛʣʷ, ʘ ʥʝ ʤʠʥʝʨʘʣʴʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ. ʊʘʢʠʤ ʦʙʨʘ-

ʟʦʤ, ʉɺʏ ʠʟʣʫʯʝʥʠʝ ʣʫʯʰʝ ʚʩʝʛʦ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʪʨʝʙʦʚʘʥʠʷʤ ʢ ʩʝʣʝʢʪʠʚʥʦʤʫ ʚʦʟʜʝʡ-

ʩʪʚʠʶ ʥʘ ʯʘʩʪʠʮʳ ʪʦʧʣʠʚʘ ʩ ʮʝʣʴʶ ʠʭ ʜʘʣʴʥʝʡʰʝʛʦ ʩʞʠʛʘʥʠʷ.  

ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 
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ʉʆɺɽʈʐɽʅʉʊɺʆɺɸʅʀɽ ʊɽʍʅʆʃʆɻʀʀ ɺʅʋʊʈɽʅʅɽʁ ʄɽʍɸʅʀʏɽʉʂʆʁ 

ʆʏʀʉʊʂʀ ʊʈʋɹ ʆʊ ʊɽʍʅʆʃʆɻʀʏɽʉʂʀʍ ʆʊʃʆɾɽʅʀʁ 

 

ʂʫʨʤʘʥʦʚ ɸ. 

 ʄʘʛʠʩʪʨʘʥʪ,  

 ʂʘʩʧʠʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʪʝʭʥʦʣʦʛʠʠ ʠ ʠʥʞʠʥʠʨʠʥʛʘ ʠʤ. 

ʐ.ɽʩʝʥʦʚʘ, ʩʧʝʮʠʘʣʴʥʦʩʪʴ çʄʘʰʠʥʦʩʪʨʦʝʥʠʝè  
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ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʦʧʠʩʳʚʘʝʪʩʷ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʚʥʫʪʨʝʥʥʝʡ ʤʝʭʘʥʠ-

ʯʝʩʢʦʡ ʦʯʠʩʪʢʠ ʪʨʫʙ ʦʪ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʪʣʦʞʝʥʠʡ, ʢʦʪʦʨʦʝ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʨʘ-

ʙʦʯʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʵʥʝʨʛʦʫʩʪʘʥʦʚʦʢ, ʩʠʩʪʝʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʥʝʬʪʷʥʦʡ, 

ʛʘʟʦʚʦʡ ʠ ʭʠʤʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʩʠʩʪʝʤ ʦʪʦʧʣʝʥʠʷ ʠ ʚʦʜʦʩʥʘʙʞʝʥʠʷ. 

ʇʨʠʤʝʥʝʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʫʙ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʩʪʨʫʤʝʥʪʘ ʠʥʝʨʮʠʦʥʥʦ-ʫʜʘʨʥʦʛʦ ʜʝʡʩʪʚʠʷ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʵʬ-

ʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʵʥʝʨʛʦʫʩʪʘʥʦʚʦʢ ʠ ʪʨʫʙʦʧʨʦʚʦʜʥʳʭ ʩʠʩʪʝʤ. ʄʝʭʘʥʠʯʝʩʢʘʷ ʦʙʨʘ-

ʙʦʪʢʘ ʦʙʣʘʜʘʝʪ ʤʥʦʞʝʩʪʚʦʤ ʧʨʝʠʤʫʱʝʩʪʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʩʪʘʣʴʥʳʤʠ, ʘ ʠʤʝʥʥʦ ï ʧʨʦ-

ʩʪʦʪʦʡ, ʤʦʙʠʣʴʥʦʩʪʴʶ, ʚʳʩʦʢʦʡ, ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ, ʙʝʟʦʧʘʩʥʦʩʪʴʶ, ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʠʟ-

ʢʦʡ ʩʝʙʝʩʪʦʠʤʦʩʪʴʶ, ʤʠʥʠʤʘʣʴʥʳʤ ʧʦʚʨʝʞʜʝʥʠʝʤ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʫ-

ʙʳ. 

ʉʨʝʜʠ ʬʠʟʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʥʘʠʙʦʣʴʰʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʦʪʣʠʯʘʝʪʩʷ ʫʣʴʪʨʘʟʚʫ-

ʢʦʚʦʡ. ʕʪʦʪ ʩʧʦʩʦʙ ʧʨʠʤʝʥʷʶʪ ʜʣʷ ʦʯʠʩʪʢʠ ʣʘʪʫʥʥʳʭ ʪʨʫʙʦʢ ʧʦʜʦʛʨʝʚʘʪʝʣʝʡ ʛʦʨʷʯʝʛʦ 

ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʠ ʦʪʦʧʣʝʥʠʷ ʩ ʧʨʷʤʳʤʠ ʠ U-ʦʙʨʘʟʥʳʤʠ ʪʨʫʙʢʘʤʠ ʦʪ ʢʘʨʙʦʥʘʪʥʳʭ ʦʪ-

ʣʦʞʝʥʠʡ ʪʦʣʱʠʥʦʡ ʜʦ 2,5 ʤʤ ʙʝʟ ʦʪʢʣʶʯʝʥʠʷ ʧʦʜʦʛʨʝʚʘʪʝʣʝʡ ʠ ʠʭ ʨʘʟʙʦʨʢʠ ʥʘ ʧʝʨʠʦʜ 

ʦʯʠʩʪʢʠ. ʋʣʴʪʨʘʟʚʫʢʦʚʳʝ ʘʧʧʘʨʘʪʳ ʨʘʟʨʫʰʘʶʪ ʥʘʢʠʧʴ ʠ ʞʝʣʝʟʠʩʪʳʝ ʦʪʣʦʞʝʥʠʷ ʚ ʪʨʫʙ-

ʢʘʭ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ ʚʦʣʥ, ʛʝʥʝʨʠʨʫʝʤʳʭ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʳʤʠ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷʤʠ. 

ʍʠʤʠʯʝʩʢʘʷ ʥʝʧʨʝʨʳʚʥʘʷ ʦʯʠʩʪʢʘ ʨʝʘʣʠʟʫʝʪʩʷ ʚ ʩʧʦʩʦʙʝ ʧʦʜʢʠʩʣʝʥʠʷ ʚʦʜʳ ʜʣʷ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʥʘʢʠʧʝʦʙʨʘʟʦʚʘʥʠʷ, ʪʦʛʜʘ, ʦʯʝʚʠʜʥʦ, ʙʫʜʫʪ ʯʘʩʪʠʯʥʦ ʫʜʘʣʷʪʴʩʷ ʠ 

ʠʤʝʶʱʠʝ ʤʝʩʪʦ ʦʪʣʦʞʝʥʠʷ. 

ʐʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʤʝʭʘʥʠʯʝʩʢʠʡ ʩʧʦʩʦʙ ʥʝʧʨʝʨʳʚʥʦʡ ʦʯʠʩʪʢʠ ʢʦʥʜʝʥʩʘʪʦʨ-

ʥʳʭ ʪʨʫʙʦʢ ð ʩʠʩʪʝʤʘ ʰʘʨʠʢʦʚʦʡ ʦʯʠʩʪʢʠ. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʬʠʟʠʯʝʩʢʦʡ ʠʣʠ ʭʠʤʠʯʝ-

ʩʢʦʡ ʦʯʠʩʪʢʘʤʠ, ʩʧʦʩʦʙ ʥʝʧʨʝʨʳʚʥʦʛʦ ʫʜʘʣʝʥʠʷ ʦʪʣʦʞʝʥʠʡ ʩ ʧʦʤʦʱʴʶ ʨʝʟʠʥʦʚʳʭ ʰʘ-

ʨʠʢʦʚ ʠʤʝʝʪ ʙʦʣʴʰʠʝ ʧʨʝʠʤʫʱʝʩʪʚʘ.  

ɺʩʣʝʜʩʪʚʠʝ ʚʳʰʝʩʢʘʟʘʥʥʦʛʦ, ʘʢʪʫʘʣʴʥʳʤ ʚʦʧʨʦʩʦʤ ʩʪʘʥʦʚʠʪʩʷ ʧʨʦʚʝʜʝʥʠʝ ʧʘʪʝʥ-

ʪʥʦ-ʣʠʮʝʥʟʠʦʥʥʳʭ, ʪʝʦʨʝʪʠʯʝʩʢʠʭ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʨʝʟʫʣʴʪʘʪʳ ʢʦ-

ʪʦʨʳʭ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʩʫʱʝʩʪʚʫʶʱʝʡ ʪʝʭʥʦʣʦʛʠʠ 

ʦʙʨʘʙʦʪʢʠ ʜʝʬʝʢʪʦʚ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʫʙ, ʯʪʦ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʧʦʟʚʦʣʠʪ ʧʦ-

ʚʳʩʠʪʴ ʝʸ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʩʥʠʟʠʪʴ ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʠ ʛʘʨʘʥʪʠʨʦʚʘʥʦ ʦʙʝʩʧʝʯʠʪʴ ʢʘ-

ʯʝʩʪʚʦ ʠʟʜʝʣʠʡ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ: 
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ʇʦʜʚʦʜʷ ʦʙʱʠʡ ʠʪʦʛ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʥʘʠʙʦʣʴʰʠʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ 

ʦʙʣʘʜʘʝʪ ʤʝʭʘʥʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ, ʘ ʠʤʝʥʥʦ: 

- ʧʨʦʩʪʦʪʦʡ; 

- ʤʦʙʠʣʴʥʦʩʪʴʶ; 

- ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ; 

- ʙʝʟʦʧʘʩʥʦʩʪʴʶ; 

- ʥʠʟʢʦʡ ʩʝʙʝʩʪʦʠʤʦʩʪʴʶ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʠʤʝʥʷʪʴ ʤʦʙʠʣʴʥʳʝ ʫʩʪʘʥʦʚʢʠ. ɹʳʣ ʧʨʦʠʟʚʝʜʸʥ ʨʘʩʯʸʪ 

ʨʘʮʠʦʥʘʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ ʦʙʨʘʙʦʪʢʠ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʫʙ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʩʪʨʫʤʝʥʪʘ ʠʥʝʨʮʠʦʥʥʦ-ʫʜʘʨʥʦʛʦ ʜʝʡʩʪʚʠʷ. 

Abstract 

This article describes the improvement of the technology of internal mechanical clean-

ing pipes of sediment technology, which reduces the operating performance of power plants, 

systems of industrial pipelines of oil, gas and chemical industries , as well as heating systems 

and water supply. 

Application of the technology of machining the internal surface of pipes using the tool 

inertial- percussion improves efficiency of power plants and pipeline systems. Mechanical 

treatment has many advantages compared to other - namely, simplicity, mobility, high effi-

ciency, safety, relatively low cost, minimal damage to the processed surface of the tube. 

Among the most effective methods of physical different ultrasound. This method is used 

to clean the brass tubes heaters hot water and heating with direct and U-shaped tubes of car-

bonate sediments with thickness up to 2.5 mm without switching off heaters and their show-

down for the period of purification. Ultrasonic devices destroy limescale deposits and gland in 

the tubes under the action of ultrasonic waves generated by the magnetostrictive transducers. 

Chemical cleaning is implemented continuously in the process of acidification of water 

to prevent scale formation, then, obviously, will be partially removed and deposits occurring. 

Widely used mechanical method of continuous cleaning condenser tubes - ball cleaning 

system. As compared to the physical or chemical cleaning process for the continuous removal 

of deposits using rubber balls it has great advantages. 

As a result of the above, it becomes an important issue in patent -license, theoretical, 

experimental studies, the results of which can be used to improve the existing technologies of 

processing defects inside of the pipes, which ultimately will improve its productivity, reduce 

costs and ensure the quality of products is guaranteed. 

Results of the study:  

Summing up, it can be concluded that the greatest advantages have machining, namely: 

- Ease; 

- Mobility;  

- High efficiency; 

- Security; 

- Low cost. 

It was found that the implementation of machining as the main equipment appropriate to 

apply the mobile unit. Calculation was made rational technological modes of processing the 

inner surface of the pipe using a tool inertial percussion . 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʝʭʥʦʣʦʛʠʷ ʦʯʠʩʪʢʠ, ʤʝʭʘʥʠʯʝʩʢʘʷ ʦʯʠʩʪʢʘ, ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ 

ʩʧʦʩʦʙ, ʭʠʤʠʯʝʩʢʘʷ ʦʯʠʩʪʢʘ, ʛʠʜʨʦʤʝʭʘʥʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ, ʪʝʧʣʦʦʙʤʝʥʥʳʝ ʪʨʫʙʳ, 

ʥʘʩʦʩʥʦ-ʢʦʤʧʨʝʩʩʦʨʥʳʝ ʪʨʫʙʳ, ʛʦʨʷʯʝ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʝ ʪʨʫʙʳ, ʪʨʫʙʦʧʨʦʚʦʜʥʦʝ ʦʙʦ-

ʨʫʜʦʚʘʥʠʝ. 

Keywords: technology cleaning, mechanical cleaning, ultrasonic method , chemical 

cleaning, hydro- treatment, heat exchange tubes, tubing, hot - deformed pipes, pipeline 

equipmen . 
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ʋʭʫʜʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʫʙ, ʚʳʟʚʘʥʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝʤ ʜʝ-

ʬʝʢʪʥʳʭ ʩʣʦʝʚ ʥʘʢʠʧʠ, ʦʪʣʦʞʝʥʠʡ ʠ ʜʨʫʛʠʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʟʘʛʨʷʟʥʝʥʠʡ, ʧʨʠʚʦʜʠʪ ʢ 

ʩʥʠʞʝʥʠʶ ʨʘʙʦʯʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʵʥʝʨʛʦʫʩʪʘʥʦʚʦʢ, ʩʠʩʪʝʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʪʨʫʙʦʧʨʦʚʦ-

ʜʦʚ ʥʝʬʪʷʥʦʡ, ʛʘʟʦʚʦʡ ʠ ʭʠʤʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʩʠʩʪʝʤ ʦʪʦʧʣʝʥʠʷ ʠ ʚʦ-

ʜʦʩʥʘʙʞʝʥʠʷ. 

ʇʨʠʤʝʥʝʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʫʙ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʩʪʨʫʤʝʥʪʘ ʠʥʝʨʮʠʦʥʥʦ-ʫʜʘʨʥʦʛʦ ʜʝʡʩʪʚʠʷ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʵʬ-

ʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʵʥʝʨʛʦʫʩʪʘʥʦʚʦʢ ʠ ʪʨʫʙʦʧʨʦʚʦʜʥʳʭ ʩʠʩʪʝʤ. ʄʝʭʘʥʠʯʝʩʢʘʷ ʦʙʨʘʙʦ-

ʪʢʘ ʦʙʣʘʜʘʝʪ ʤʥʦʞʝʩʪʚʦʤ ʧʨʝʠʤʫʱʝʩʪʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʩʪʘʣʴʥʳʤʠ, ʘ ʠʤʝʥʥʦ ï ʧʨʦʩ-

ʪʦʪʦʡ, ʤʦʙʠʣʴʥʦʩʪʴʶ, ʚʳʩʦʢʦʡ, ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ, ʙʝʟʦʧʘʩʥʦʩʪʴʶ, ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʠʟʢʦʡ 

ʩʝʙʝʩʪʦʠʤʦʩʪʴʶ, ʤʠʥʠʤʘʣʴʥʳʤ ʧʦʚʨʝʞʜʝʥʠʝʤ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʫʙʳ. 

ʈʘʟʨʘʙʦʪʢʦʡ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʠʥʩʪʨʫʤʝʥʪʘ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʟʘʥʷʪʳ 

ʤʥʦʛʠʝ ʦʪʝʯʝʩʪʚʝʥʥʳʝ ʠ ʟʘʨʫʙʝʞʥʳʝ ʬʠʨʤʳ. ʆʜʥʘʢʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʚʩʝ ʧʨʝʠʤʫʱʝʩʪʚʘ, 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʟʘʯʘʩʪʫʶ ʩʥʠʞʝʥʘ ʠʟ-ʟʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʝʨʘʮʠʦʥʘʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ ʦʙʨʘʙʦʪʢʠ, ʘ ʪʘʢʞʝ ʦʪʩʫʪʩʪ-

ʚʠʷ ʩʧʦʩʦʙʘ ʦʮʝʥʢʠ ʝʸ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ. ɺʩʸ ʵʪʦ, ʚ ʢʦʥʝʯʥʦʤ ʩʯʸʪʝ, 

ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʦʙʨʘʙʦʪʢʠ, ʫʚʝʣʠʯʝʥʠʶ ʝʸ ʩʝʙʝʩʪʦʠʤʦʩʪʠ, 

ʧʨʝʞʜʝʚʨʝʤʝʥʥʦʤʫ ʠʟʥʦʩʫ ʧʨʠʤʝʥʷʝʤʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʥʝʜʦʧʫʩʪʠʤʦʤʫ ʧʦʚ-

ʨʝʞʜʝʥʠʶ ʪʨʫʙ. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ, ʵʢʦʥʦʤʠʯʥʦʩʪʴ ʠ ʥʘʜʝʞʥʦʩʪʴ ʨʘʙʦʪʳ ʵʥʝʨʛʦʫʩʪʘʥʦʚʦʢ ʚ ʟʥʘʯʠʪʝ-

ʣʴʥʦʡ ʤʝʨʝ ʦʧʨʝʜʝʣʷʶʪʩʷ ʪʝʭʥʠʯʝʩʢʠʤ ʩʦʩʪʦʷʥʠʝʤ ʪʨʫʙ ʪʝʧʣʦʦʙʤʝʥʥʳʭ ʘʧʧʘʨʘʪʦʚ. 

ʊʝʧʣʦʦʙʤʝʥʥʳʤʠ ʘʧʧʘʨʘʪʘʤʠ (ʊɸ) ʥʘʟʳʚʘʶʪʩʷ ʫʩʪʨʦʡʩʪʚʘ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ 

ʧʝʨʝʜʘʯʠ ʪʝʧʣʦʪʳ ʦʪ ʦʜʥʦʛʦ ʪʝʧʣʦʥʦʩʠʪʝʣʷ (ʪʝʧʣʦʦʪʜʘʶʱʝʛʦ) ʜʨʫʛʦʤʫ (ʪʝʧʣʦʚʦʩʧʨʠ-

ʥʠʤʘʶʱʝʤʫ), ʧʨʠ ʦʩʫʱʝʩʪʚʣʝʥʠʠ ʧʨʦʮʝʩʩʦʚ ʦʭʣʘʞʜʝʥʠʷ, ʢʦʥʜʝʥʩʘʮʠʠ, ʥʘʛʨʝʚʘʥʠʷ, ʧʦ-

ʚʳʰʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʩʪʚʦʨʦʚ (ʚʳʧʘʨʠʚʘʥʠʷ), ʨʝʢʪʠʬʠʢʘʮʠʠ ʠ ʪ.ʧ. 

ɺ ʭʦʜʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʊɸ ʥʘ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʧʣʦʦʙʤʝʥʥʳʭ ʪʨʫʙ ʦʙʨʘ-

ʟʫʶʪʩʷ ʦʪʣʦʞʝʥʠʷ (ʨʠʩʫʥʦʢ 1.1),ʢʦʪʦʨʳʝ ʨʘʟʥʦʦʙʨʘʟʥʳ ʧʦ ʩʪʨʫʢʪʫʨʝ, ʤʝʭʘʥʠʟʤʫ ʦʙʨʘ-

ʟʦʚʘʥʠʷ ʠ ʤʦʛʫʪ ʙʳʪʴ ʦʨʛʘʥʠʯʝʩʢʦʛʦ, ʥʝʦʨʛʘʥʠʯʝʩʢʦʛʦ, ʥʘʥʦʩʥʦʛʦ ʭʘʨʘʢʪʝʨʘ, ʦʜʥʘʢʦ ʠʭ 

ʦʙʱʝʡ ʯʝʨʪʦʡ ʷʚʣʷʝʪʩʷ ʫʭʫʜʰʝʥʠʝ ʨʘʙʦʪʳ ʪʝʧʣʦʦʙʤʝʥʥʳʭ ʘʧʧʘʨʘʪʦʚ. 

 

 
ʈʠʩʫʥʦʢ 1.1. ʆʪʣʦʞʝʥʠʷ ʚ ʪʨʫʙʘʭ ʪʝʧʣʦʦʙʤʝʥʥʳʭ ʘʧʧʘʨʘʪʦʚ 
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ʊʘʙʣʠʮʘ 1.1.ɺʣʠʷʥʠʝ ʪʦʣʱʠʥʳ ʦʪʣʦʞʝʥʠʡ ʥʘ ʪʝʧʣʦʧʝʨʝʜʘʯʫ ʚ ʢʦʪʣʘʭ 

ʊʦʣʱʠʥʘ 

ʆʪʣʦʞʝʥʠʡ, ʤʤ 

ʇʦʪʝʨʠ ʪʝʧʣʘ ʇʝʨʝʨʘʩʭʦʜ ʪʦʧʣʠʚʘ, % 

ʩʘʞʘ ʥʘʢʠʧʴ ʩʘʞʘ ʥʘʢʠʧʴ 

0,8 12 8 2,5 2 

1,6 24 12 4,5 2,5 

3,2 47 20 8,5 4 

 

 
ʈʠʩʫʥʦʢ 1.2. ɺʣʠʷʥʠʝ ʪʦʣʱʠʥʳ ʦʪʣʦʞʝʥʠʡ ʚ ʢʦʪʣʘʭ h, ʤʤ, 

ʥʘ ʧʦʪʝʨʠ ʪʝʧʣʘ ʊ,% ʠ ʫʚʝʣʠʯʝʥʠʝ ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ 1 - ʜʣʷ ʩʘʞʠ, 2- ʜʣʷ ʥʘʢʠʧʠ 

 

ʆʪʣʦʞʝʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʧʣʦʦʙʤʝʥʥʳʭ ʪʨʫʙ ʥʝ ʪʦʣʴʢʦ ʫʭʫʜʰʘʶʪ ʧʝʨʝʜʘʯʫ 

ʪʝʧʣʘ, ʥʦ ʪʘʢʞʝ ʠ ʩʧʦʩʦʙʩʪʚʫʶʪ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʫʩʣʦʚʠʡ ʠʭ ʨʘʟʨʫʰʝʥʠʷ. ɺ ʚʦʜʝ, ʫʜʝʨ-

ʞʠʚʘʝʤʦʡ ʥʘ ʥʘʧʨʷʞʝʥʥʦʡ ʪʝʧʣʦʧʨʦʚʦʜʷʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʜ ʦʪʣʦʞʝʥʠʷʤʠ, ʙʫʜʝʪ 

ʫʚʝʣʠʯʠʚʘʪʴʩʷ ʩʦʜʝʨʞʘʥʠʝ ʢʠʩʣʦʪʳ ʠʣʠ ʱʸʣʦʯʠ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʩʢʦʨʦʩʪʠ ʢʦʨʨʦʟʠʠ ʩʪʘ-

ʥʦʚʷʪʩʷ ʦʯʝʥʴ ʚʳʩʦʢʠʤʠ ʠ ʚ ʪʝʯʝʥʠʝ ʦʯʝʥʴ ʢʦʨʦʪʢʦʛʦ ʚʨʝʤʝʥʠ ʧʨʦʠʩʭʦʜʷʪ ʩʝʨʴʸʟʥʳʝ 

ʤʝʩʪʥʳʝ ʧʦʚʨʝʞʜʝʥʠʷ (ʨʠʩʫʥʦʢ 1.3). 

 

 

 
ʈʠʩʫʥʦʢ 1.3. ʆʜʥʘ ʠʟ ʚʦʟʤʦʞʥʳʭ ʩʭʝʤ ʷʟʚʝʥʥʦʡ ʢʦʨʨʦʟʠʠ ʩʪʘʣʠ  

ʧʦʜ ʥʘʢʠʧʥʳʤ ʩʣʦʝʤ 

 

ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʳʝ ʧʦʩʣʝʜʩʪʚʠʷ ʦʪʣʦʞʝʥʠʡ ʠ ʟʘʛʨʷʟʥʝʥʠʡ, ʫʤʝʥʴʰʝʥʠʝ ʩʝʯʝʥʠʷ 

ʧʦʪʦʢʘ ʚ ʪʝʧʣʦʦʙʤʝʥʥʳʭ ʪʨʫʙʘʭ, ʩʥʠʞʝʥʠʝ ʪʝʧʣʦʧʝʨʝʜʘʯʠ ʠ ʠʥʪʝʥʩʠʬʠʢʘʮʠʷ ʢʦʨʨʦʟʠ-

ʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚʳʟʳʚʘʶʪ, ʢʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʨʘʥʝʝ, ʩʥʠʞʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ ʵʢʦʥʦ-

ʤʠʯʥʦʩʪʠ ʵʥʝʨʛʦʫʩʪʘʥʦʚʦʢ, ʠ ʪʝʤ ʩʘʤʳʤ ʧʦʜʪʚʝʨʞʜʘʶʪ ʘʢʪʫʘʣʴʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʪʝʭ-

ʥʦʣʦʛʠʡ ʠ ʤʝʪʦʜʦʚ ʦʙʨʘʙʦʪʢʠ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʧʣʦʦʙʤʝʥʥʳʭ ʪʨʫʙ ʩ ʮʝʣʴʶ 

ʫʜʘʣʝʥʠʷ ʥʘʢʠʧʠ ʠ ʦʪʣʦʞʝʥʠʡ. 
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ʅʘʩʦʩʥʦ-ʢʦʤʧʨʝʩʩʦʨʥʳʝ ʪʨʫʙʳ (ʅʂʊ) (ʨʠʩʫʥʦʢ 1.4, ʘ), ʧʨʠʤʝʥʷʝʤʳʝ ʧʨʠ ʵʢʩʧʣʫʘ-

ʪʘʮʠʠ ʠ ʨʝʤʦʥʪʝ ʥʝʬʪʷʥʳʭ ʩʢʚʘʞʠʥ, ʘ ʪʘʢʞʝ ʩʢʚʘʞʠʥ ʜʨʫʛʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʅʂʊ ʢʦʤʤʫ-

ʥʠʢʘʮʠʡ ʚʩʘʩʳʚʘʶʱʠʭ ʠ ʥʘʧʦʨʥʳʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʥʘʩʦʩʥʳʭ ʩʪʘʥʮʠʡ, ʚ ʧʨʦʮʝʩʩʝ ʩʚʦʝʡ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʪʘʢʞʝ ʥʫʞʜʘʶʪʩʷ ʚ ʧʨʠʤʝʥʝʥʠʠ ʪʝʭʥʦʣʦʛʠʡ ʠ ʤʝʪʦʜʦʚ ʦʙʨʘʙʦʪʢʠ ʠʭ 

ʚʥʫʪʨʝʥʥʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ. 

ɺ ʧʨʦʮʝʩʩ ʵʢʩʧʣʫʘʪʘʮʠʠ ʅʂʊ ʥʘ ʠʭ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦ-

ʚʘʥʠʝ ʦʪʣʦʞʝʥʠʡ ʩʦʣʝʡ ʠ ʧʨʦʜʫʢʪʦʚ ʢʦʨʨʦʟʠʠ (ʨʠʩʫʥʦʢ 1.4, ʚ). ʕʪʦʪ ʬʘʢʪ ʧʨʠʚʦʜʠʪ ʢ 

ʫʭʫʜʰʝʥʠʶ ʪʝʭʥʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʥʘʧʦʨʥʳʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ, ʟʘʪʨʫʜʥʷʝʪ ʧʨʦʮʝʩʩ ʠʭ 

ʵʢʩʧʣʫʘʪʘʮʠʠ, ʧʨʠʚʦʜʠʪ ʢ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʟʘʪʨʘʪʘʤ ʤʦʱʥʦʩʪʠ ʥʘ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʝ 

ʧʨʦʜʫʢʪʦʚ ʜʦʙʳʯʠ ʠ ʧʝʨʝʨʘʙʦʪʢʠ. ʈʝʰʝʥʠʝ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʤʦʞʝʪ ʙʳʪʴ ʥʘʡʜʝʥʦ ʩ 

ʧʦʤʦʱʴʶ ʟʘʤʝʥʳ ʅʂʊ, ʠʣʠ ʧʨʦʚʝʜʝʥʠʷ ʦʙʨʘʙʦʪʢʠ ʠʭ ʚʥʫʪʨʝʥʥʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʩ ʮʝ-

ʣʴʶ ʫʜʘʣʝʥʠʷ ʦʪʣʦʞʝʥʠʡ, ʟʘʛʨʷʟʥʝʥʠʡ ʠ ʧʨʦʜʫʢʪʦʚ ʢʦʨʨʦʟʠʠ. ʅʝʪʨʫʜʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, 

ʯʪʦ ʚʪʦʨʦʡ ʚʘʨʠʘʥʪ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʧʨʠʝʤʣʝʤʳʤ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ. 

 
ʈʠʩʫʥʦʢ 1.4. ʅʘʩʦʩʥʦ-ʢʦʤʧʨʝʩʩʦʨʥʳʝ ʪʨʫʙʳ, ʧʨʠʤʝʥʷʝʤʳʝ ʚ ʥʝʬʪʷʥʦʡ ʠ ʛʘʟʦʚʦʡ ʧʨʦ-

ʤʳʰʣʝʥʥʦʩʪʠ: ʘ- ʥʘ ʙʘʟʝ, ʜʦ ʵʢʩʧʣʫʘʪʘʮʠʠ; ʙ - ʦʪʣʦʞʝʥʠʷ ʩʦʣʝʡ ʚ ʅʂʊ, ʧʨʠʤʝʥʷʝʤʳʭ 

ʚ ʛʘʟʦʜʦʙʳʯʝ; ʚ - ʚʠʜ ʥʘ ʢʨʠʩʪʘʣʣʳ ʢʦʤʧʣʝʢʩʥʳʭ ʦʪʣʦʞʝʥʠʡ ʩʦʣʝʡ ʠ ʧʨʦʜʫʢʪʦʚ ʢʦʨʨʦ-

ʟʠʠ 

 

ɺ ʧʨʦʮʝʩʩʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʪʘʣʴʥʳʭ ʙʝʩʰʦʚʥʳʭ ʛʦʨʷʯʝ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʭ ʪʨʫʙ ʥʘ 

ʠʭ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʫʝʪʩʷ ʩʣʦʡ ʦʢʘʣʠʥʳ, ʪʦʣʱʠʥʘ ʢʦʪʦʨʦʛʦ ʩʦʩʪʘʚʣʷʝʪ, 

ʢʘʢ ʧʨʘʚʠʣʦ, ʤʝʥʝʝ 1 ʤʤ. ʆʢʘʣʠʥʘ ʥʘ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʫʙ - ʵʪʦ ʦʢʩʠʜʳ ʞʝʣʝ-

ʟʘ, ʦʙʨʘʟʫʶʱʠʝʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʪʝʨʤʠʯʝʩʢʦʡ ʢʦʨʨʦʟʠʠ ʩʪʘʣʠ. ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʦʢʘʣʠʥʘ 

ʷʚʣʷʝʪʩʷ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠ ʢʘʪʦʜʥʦʡ ʢ ʩʪʘʣʠ, ʣʶʙʦʝ ʨʘʩʪʨʝʩʢʠʚʘʥʠʝ ʚ ʧʦʢʨʳʪʠʠ ʦʢʘ-

ʣʠʥʳ ʧʨʠʚʝʜʝʪ ʢ ʫʩʢʦʨʝʥʥʦʡ ʢʦʨʨʦʟʠʠ ʩʪʘʣʠ ʧʨʠ ʧʨʦʥʠʢʥʦʚʝʥʠʠ ʚʣʘʞʥʦʛʦ ʚʦʟʜʫʭʘ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʢʘʣʠʥʘ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʢʦʨʨʦʟʠʦʥʥʦ-ʩʪʦʡʢʠʤ ʧʦʢʨʳʪʠʝʤ, ʧʦʢʘ 

ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʴ ʥʝ ʧʦʜʚʝʨʛʣʘʩʴ ʤʝʭʘʥʠʯʝʩʢʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ ʧʨʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ, 

ʭʨʘʥʝʥʠʠ ʠʣʠ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʅʝʛʘʪʠʚʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʦʢʘʣʠʥʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʝʸ ʙʦʣʝʝ 

ʧʦʣʦʞʠʪʝʣʴʥʦʤ ʵʣʝʢʪʨʦʜʥʦʤ ʧʦʪʝʥʮʠʘʣʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʩʥʦʚʥʳʤ ʤʝʪʘʣʣʦʤ, ʠʟ-ʟʘ ʯʝ-

ʛʦ ʦʙʨʘʟʫʝʪʩʷ ʛʘʣʴʚʘʥʠʯʝʩʢʘʷ ʧʘʨʘ, ʢʦʨʨʦʟʠʷ ʥʘʯʠʥʘʝʪ ʧʨʦʠʩʪʝʢʘʪʴ ʧʦ ʢʦʥʪʘʢʪʥʦʤʫ ʪʠ-

ʧʫ, ʚʩʣʝʜʩʪʚʠʝ ʢʦʪʦʨʦʡ ʤʝʪʘʣʣ ʢʦʨʨʦʟʠʨʫʝʪ ʩ ʙʦʣʴʰʦʡ ʩʢʦʨʦʩʪʴʶ, ʧʨʝʚʳʰʘʶʱʝʡ 

ʦʙʳʯʥʫʶ ʢʦʨʨʦʟʠʶ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ. 

ʂʨʦʤʝ ʪʦʛʦ, ʣʶʙʦʝ ʧʦʢʨʳʪʠʝ, ʥʘʥʦʩʠʤʦʝ ʧʦʚʝʨʭ ʦʢʘʣʠʥʳ, ʥʘʧʨʠʤʝʨ ʘʥʪʠʢʦʨʨʦʟʠ-

ʦʥʥʦʝ, ʙʫʜʝʪ ʥʝʵʬʬʝʢʪʠʚʥʳʤ, ʧʦʩʢʦʣʴʢʫ ʦʥʦ ʙʫʜʝʪ ʠʤʝʪʴ ʥʠʟʢʠʝ ʘʜʛʝʟʠʦʥʥʳʝ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʝʨʝʜ ʥʘʯʘʣʦʤ ʵʢʩʧʣʫʘʪʘʮʠʠ ʪʨʫʙ, ʘ ʪʘʢʞʝ ʠʟʛʦʪʦʚʣʝʥʠʠ ʠʟ-

ʜʝʣʠʡ ʠʟ ʥʠʭ, ʦʢʘʣʠʥʘ ʜʦʣʞʥʘ ʙʳʪʴ ʫʜʘʣʝʥʘ ʩ ʠʭ ʚʥʫʪʨʝʥʥʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ. 

ʀʟ ʚʳʰʝʩʢʘʟʘʥʥʦʛʦ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʦʙʨʘʙʦʪʢʘ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨ-

ʭʥʦʩʪʠ ʪʨʫʙ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʢʘʢ ʟʘʢʣʶʯʠʪʝʣʴʥʦʡ ʦʧʝʨʘʮʠʝʡ, ʪʘʢ ʠ ʧʨʦʤʝʞʫʪʦʯʥʦʡ, ʤʝ-

ʞʜʫ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʧʝʨʝʭʦʜʘʤʠ, ʚ ʧʨʦʮʝʩʩʝ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠʟʜʝʣʠʷ. 
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ʈʠʩʫʥʦʢ 1.5. ʉʪʨʦʝʥʠʝ ʩʣʦʝʚ ʦʢʘʣʠʥʳ 

 

ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʵʤʘʣʠʨʦʚʘʥʥʳʭ ʪʨʫʙ, ʧʨʠʤʝʥʷʝʤʳʭ ʜʣʷ ʩʦʦʨʫ-

ʞʝʥʠʷ ʧʦʜʟʝʤʥʳʭ ʠ ʥʘʜʟʝʤʥʳʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʨʘʟʣʠʯʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʪ ʤʠʥʫʩ 60Áʉ ʜʦ ʧʣʶʩ 350Áʉ, ʥʘʥʝʩʝʥʠʝ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʷʚʣʷʝʪʩʷ ʥʝʦʙ-

ʭʦʜʠʤʦʡ ʦʧʝʨʘʮʠʝʡ, ʧʨʠ ʵʪʦʤ ʩʪʝʧʝʥʴ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʜʦʣʞʥʘ ʩʦʩʪʘʚʣʷʪʴ ʥʝ ʤʝʥʝʝ 50 

ʤʢʤ. ʊʘʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʛʫʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʳ ʪʦʣʴʢʦ ʧʨʠ ʧʨʝʜʚʘʨʠ-

ʪʝʣʴʥʦʤ ʨʘʩʪʘʯʠʚʘʥʠʠ ʚʥʫʪʨʝʥʥʝʡ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʫʙʳ. ʆʜʥʘʢʦ ʧʨʦʪʘ-

ʯʠʚʘʥʠʝ ʪʨʫʙ ʥʘ ʟʥʘʯʠʪʝʣʴʥʳʝ ʜʣʠʥʳ (ʥʘʧʨʠʤʝʨ, 10 ʤ) ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʪʦʢʘʨʥʳʭ ʩʪʘʥ-

ʢʦʚ ʥʝʚʦʟʤʦʞʥʦ. ɼʨʦʙʝʩʪʨʫʡʥʘʷ ʠ ʘʙʨʘʟʠʚʥʘʷ ʦʙʨʘʙʦʪʢʘ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʫʙ 

ʚʳʥʫʞʜʘʝʪ ʠʟʛʦʪʦʚʠʪʝʣʷ ʠʤʝʪʴ ʢʨʫʧʥʦʛʘʙʘʨʠʪʥʦʝ ʜʦʨʦʛʦʩʪʦʷʱʝʝ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʠʣʠ ʞʝ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʪʴ ʪʨʫʙʳ ʥʘ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʧʨʝʜʧʨʠʷʪʠʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʜʦʧʦʣ-

ʥʠʪʝʣʴʥʳʤ ʤʘʪʝʨʠʘʣʴʥʳʤ ʟʘʪʨʘʪʘʤ, ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʫʚʝʣʠʯʠʚʘʝʪ ʮʝʥʫ ʛʦʪʦʚʦʡ ʧʨʦʜʫ-

ʢʮʠʠ. 

ɺ ʩʚʷʟʠ ʩ ʚʳʰʝʩʢʘʟʘʥʥʳʤ ʘʢʪʫʘʣʴʥʳʤ ʚʦʧʨʦʩʦʤ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʪʝʭʥʦʣʦʛʠʠ 

ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʫʙ, ʧʦʟʚʦʣʷʶʱʠʭ ʦʙʝʩʧʝʯʠʪʴ 

ʪʨʝʙʫʝʤʦʝ ʢʘʯʝʩʪʚʦ ʩ ʤʠʥʠʤʘʣʴʥʳʤʠ ʵʢʦʥʦʤʠʯʝʩʢʠʤʠ ʟʘʪʨʘʪʘʤʠ. 

ʅʝʦʙʭʦʜʠʤʦʝ ʫʩʣʦʚʠʝ ʨʘʙʦʪʳ ʪʝʧʣʦʦʙʤʝʥʥʦʛʦ, ʪʨʫʙʦʧʨʦʚʦʜʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʩ 

ʟʘʜʘʥʥʳʤʠ ʪʝʭʥʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ð ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʩʦʩʪʦʷʥʠʝ ʚʥʫʪʨʝʥʥʝʡ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ʪʨʫʙ. ʀʟʚʝʩʪʝʥ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʪʝʭʥʦʣʦʛʠʡ ʠ ʤʝʪʦʜʦʚ ʦʙʨʘʙʦʪʢʠ, ʧʨʠʤʝʥʷʝ-

ʤʳʭ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ, ʧʦʵʪʦʤʫ ʧʝʨʝʯʠʩʣʠʤ ʣʠʰʴ ʥʝʢʦʪʦʨʳʭ ʦʩʥʦʚʥʳʝ: 

1. ʊʝʭʥʦʣʦʛʠʠ (ʤʝʪʦʜʳ ʠ ʩʧʦʩʦʙʳ) ʥʝʧʨʝʨʳʚʥʦʡ ʦʙʨʘʙʦʪʢʠ: 

- ʬʠʟʠʯʝʩʢʠʝ; 

- ʭʠʤʠʯʝʩʢʠʝ; 

- ʤʝʭʘʥʠʯʝʩʢʠʝ. 

2. ʊʝʭʥʦʣʦʛʠʠ (ʤʝʪʦʜʳ ʠ ʩʧʦʩʦʙʳ) ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ: 

- ʭʠʤʠʯʝʩʢʠʝ; 

- ʬʠʟʠʯʝʩʢʠʝ; 

- ʛʠʜʨʦʤʝʭʘʥʠʯʝʩʢʠʝ; 

- ʤʝʭʘʥʠʯʝʩʢʠʝ. 

ɺʳʙʦʨ ʪʝʭʥʦʣʦʛʠʠ ʟʘʚʠʩʠʪ ʦʪ ʩʣʫʞʝʙʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʩʦʩʪʦʷʥʠʷ ʚʥʫʪʨʝʥʥʝʡ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ʪʨʫʙ, ʪʨʝʙʫʝʤʦʛʦ ʢʘʯʝʩʪʚʘ ʧʦʚʝʨʭʥʦʩʪʠ, ʧʨʦʯʥʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʦʥʥʦʛʦ ʤʘʪʝ-

ʨʠʘʣʘ ʪʨʫʙ, ʘ ʪʘʢʞʝ ʦʪ ʜʦʧʫʩʢʘʝʤʦʛʦ ʚʨʝʤʝʥʠ ʧʨʦʩʪʦʷ. ɸ ʪʝʧʝʨʴ ʨʘʩʩʤʦʪʨʠʤ ʢʘʞʜʳʡ ʠʟ 

ʥʠʭ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ. 

ʉʨʝʜʠ ʬʠʟʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʥʘʠʙʦʣʴʰʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʦʪʣʠʯʘʝʪʩʷ ʫʣʴʪʨʘʟʚʫ-

ʢʦʚʦʡ. ʕʪʦʪ ʩʧʦʩʦʙ ʧʨʠʤʝʥʷʶʪ ʜʣʷ ʦʯʠʩʪʢʠ ʣʘʪʫʥʥʳʭ ʪʨʫʙʦʢ ʧʦʜʦʛʨʝʚʘʪʝʣʝʡ ʛʦʨʷʯʝʛʦ 
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ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʠ ʦʪʦʧʣʝʥʠʷ ʩ ʧʨʷʤʳʤʠ ʠ U-ʦʙʨʘʟʥʳʤʠ ʪʨʫʙʢʘʤʠ ʦʪ ʢʘʨʙʦʥʘʪʥʳʭ ʦʪ-

ʣʦʞʝʥʠʡ ʪʦʣʱʠʥʦʡ ʜʦ 2,5 ʤʤ ʙʝʟ ʦʪʢʣʶʯʝʥʠʷ ʧʦʜʦʛʨʝʚʘʪʝʣʝʡ ʠ ʠʭ ʨʘʟʙʦʨʢʠ ʥʘ ʧʝʨʠʦʜ 

ʦʯʠʩʪʢʠ. ʋʣʴʪʨʘʟʚʫʢʦʚʳʝ ʘʧʧʘʨʘʪʳ ʨʘʟʨʫʰʘʶʪ ʥʘʢʠʧʴ ʠ ʞʝʣʝʟʠʩʪʳʝ ʦʪʣʦʞʝʥʠʷ ʚ ʪʨʫʙ-

ʢʘʭ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ ʚʦʣʥ, ʛʝʥʝʨʠʨʫʝʤʳʭ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʳʤʠ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷʤʠ. 

ʋʣʴʪʨʘʟʚʫʢʦʚʦʡ ʩʧʦʩʦʙ ʷʚʣʷʝʪʩʷ ʝʜʠʥʩʪʚʝʥʥʳʤ ʠʟ ʙʝʟʨʝʘʛʝʥʪʥʳʭ, ʧʨʠʛʦʜʥʳʤ ʜʣʷ 

ʦʯʠʩʪʢʠ ʪʨʫʙʦʢ ʪʘʢʞʝ ʩ ʥʘʨʫʞʥʦʡ ʩʪʦʨʦʥʳ, ʚ ʯʘʩʪʥʦʩʪʠ ʜʣʷ ʦʪʦʧʠʪʝʣʴʥʳʭ ʧʦʜʦʛʨʝʚʘ-

ʪʝʣʝʡ, ʢʦʪʦʨʳʝ ʦʩʦʙʝʥʥʦ ʧʦʜʚʝʨʞʝʥʳ ʦʙʨʘʟʦʚʘʥʠʶ ʦʪʣʦʞʝʥʠʡ ʧʨʠ ʯʘʩʪʠʯʥʦʡ ʧʦʜʧʠʪʢʝ 

ʚʪʦʨʠʯʥʦʛʦ ʦʪʦʧʠʪʝʣʴʥʦʛʦ ʢʦʥʪʫʨʘ ʩʳʨʦʡ ʚʦʜʦʧʨʦʚʦʜʥʦʡ ʚʦʜʦʡ. 

ʍʠʤʠʯʝʩʢʘʷ ʥʝʧʨʝʨʳʚʥʘʷ ʦʯʠʩʪʢʘ ʨʝʘʣʠʟʫʝʪʩʷ ʚ ʩʧʦʩʦʙʝ ʧʦʜʢʠʩʣʝʥʠʷ ʚʦʜʳ ʜʣʷ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʥʘʢʠʧʝʦʙʨʘʟʦʚʘʥʠʷ, ʪʦʛʜʘ, ʦʯʝʚʠʜʥʦ, ʙʫʜʫʪ ʯʘʩʪʠʯʥʦ ʫʜʘʣʷʪʴʩʷ ʠ 

ʠʤʝʶʱʠʝ ʤʝʩʪʦ ʦʪʣʦʞʝʥʠʷ. 

ʂ ʭʠʤʠʯʝʩʢʠʤ ʩʧʦʩʦʙʘʤ ʦʯʠʩʪʢʠ ʚʳʧʘʨʥʳʭ ʘʧʧʘʨʘʪʦʚ ʦʪʥʦʩʷʪʩʷ ʢʠʩʣʦʪʥʳʡ, ʩʦ-

ʜʦʚʦ-ʢʠʩʣʦʪʥʳʡ, ʙʝʩʩʦʜʦʚʳʡ, ʱʝʣʦʯʥʦʡ, ʬʦʩʬʘʪʥʳʡ, ʢʦʣʣʦʠʜʥʦ- ʭʠʤʠʯʝʩʢʠʡ. ʅʘʠʙʦ-

ʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣ ʩʦʜʦʚʦ-ʢʠʩʣʦʪʥʳʡ ʩʧʦʩʦʙ, ʟʘʢʣʶʯʘʶʱʠʡʩʷ ʚ ʧʦʩʣʝʜʦ-

ʚʘʪʝʣʴʥʦʤ ʢʠʧʷʯʝʥʠʠ ʚ ʘʧʧʘʨʘʪʘʭ ʢʘʣʴʮʠʥʠʨʦʚʘʥʥʦʡ (ʠʣʠ ʢʘʫʩʪʠʯʝʩʢʦʡ) ʩʦʜʳ ʠ ʩʦʣʷ-

ʥʦʡ ʢʠʩʣʦʪʳ. 

ʆʧʪʠʤʘʣʴʥʳʤ ʚʘʨʠʘʥʪʦʤ ʦʯʠʩʪʢʠ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʛʨʝʚʘ ʚʳʧʘʨʥʳʭ ʘʧʧʘʨʘʪʦʚ ʷʚʣʷ-

ʝʪʩʷ ʢʠʧʷʯʝʥʠʝ ʚ ʥʠʭ ʨʘʩʪʚʦʨʘ ʩʦʜʳ ʚ ʪʝʯʝʥʠʝ 10-12 ʯ ʠ ʢʠʩʣʦʪʳ ʚ ʪʝʯʝʥʠʝ 3-4 ʯ. 

ʐʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʤʝʭʘʥʠʯʝʩʢʠʡ ʩʧʦʩʦʙ ʥʝʧʨʝʨʳʚʥʦʡ ʦʯʠʩʪʢʠ ʢʦʥʜʝʥʩʘʪʦʨ-

ʥʳʭ ʪʨʫʙʦʢ ð ʩʠʩʪʝʤʘ ʰʘʨʠʢʦʚʦʡ ʦʯʠʩʪʢʠ. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʬʠʟʠʯʝʩʢʦʡ ʠʣʠ ʭʠʤʠʯʝʩ-

ʢʦʡ ʦʯʠʩʪʢʘʤʠ, ʩʧʦʩʦʙ ʥʝʧʨʝʨʳʚʥʦʛʦ ʫʜʘʣʝʥʠʷ ʦʪʣʦʞʝʥʠʡ ʩ ʧʦʤʦʱʴʶ ʨʝʟʠʥʦʚʳʭ ʰʘ-

ʨʠʢʦʚ ʠʤʝʝʪ ʙʦʣʴʰʠʝ ʧʨʝʠʤʫʱʝʩʪʚʘ. ʆʧʳʪ ʧʨʠʤʝʥʝʥʠʷ ʫʩʪʘʥʦʚʦʢ ʥʝʧʨʝʨʳʚʥʦʡ ʦʯʠʩʪ-

ʢʠ ʪʨʫʙ ʢʦʥʜʝʥʩʘʪʦʨʦʚ ʨʝʟʠʥʦʚʳʤʠ ʰʘʨʠʢʘʤʠ ʚ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʠ ʟʘʨʫʙʝʞʥʦʡ ʵʥʝʨʛʝʪʠ-

ʢʝ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚʦʟʤʦʞʥʦ ʧʦʜʜʝʨʞʘʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʧʝʨʝʜʘʯʠ ʥʘ ʜʦʩʪʘʪʦʯʥʦ 

ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ ð 3500 ɺʪ/(ʤ
2
Ŀʂ). 

ʉʧʦʩʦʙ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʨʦʜʘʚʣʠʚʘʥʠʠ ʵʣʘʩʪʠʯʥʳʭ ʰʘʨʠʢʦʚ ʠʟ ʧʦʨʠʩʪʦʛʦ ʤʘʪʝʨʠʘ-

ʣʘ ʯʝʨʝʟ ʪʨʫʙʢʠ ʢʦʥʜʝʥʩʘʪʦʨʘ. ɺ ʚʳʭʦʜʥʦʤ ʪʨʫʙʦʧʨʦʚʦʜʝ ʰʘʨʠʢʠ ʚʳʚʦʜʷʪʩʷ ʠʟ ʧʦʪʦʢʘ 

ʦʭʣʘʞʜʘʶʱʝʡ ʚʦʜʳ ʩʠʪʦʚʳʤ ʫʩʪʨʦʡʩʪʚʦʤ ʠ ʟʘʪʝʤ ʚʥʦʚʴ ʧʦʩʪʫʧʘʶʪ ʚ ʧʦʪʦʢ ʦʭʣʘʞʜʘʶ-

ʱʝʡ ʚʦʜʳ. ʆʯʠʱʘʶʱʠʝ ʰʘʨʠʢʠ ʠʤʝʶʪ ʨʘʟʣʠʯʥʳʝ ʨʘʟʤʝʨʳ (ʥʦ ʚʩʝʛʜʘ ʙʦʣʴʰʝ ʜʠʘʤʝʪʨʘ 

ʪʨʫʙʦʢ), ʧʦʨʠʩʪʦʩʪʴ, ʫʜʝʣʴʥʳʡ ʚʝʩ ʠ ʩʦʩʪʦʷʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ (ʚ ʪʦʤ ʯʠʩʣʝ ʩ ʢʦʨʫʥʜʦʚʳ-

ʤʠ ʧʦʷʩʢʘʤʠ ʠ ʢʦʨʫʥʜʦʚʳʤ ʧʦʢʨʳʪʠʝʤ). ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʦʥʠ ʫʩʪʨʘʥʷʶʪ ʥʝ ʪʦʣʴʢʦ 

ʛʨʷʟʴ, ʥʦ ʠ ʪʚʝʨʜʳʝ ʦʪʣʦʞʝʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʫʙʦʢ. 

ʊʝʭʥʦʣʦʛʠʷ ʛʠʜʨʦʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʪʨʫʙ ʪʝʧʣʦʦʙʤʝʥʥʳʭ ʘʧʧʘʨʘʪʦʚ ʩ ʧʨʠ-

ʤʝʥʝʥʠʝʤ ʘʙʨʘʟʠʚʥʦʡ ʧʨʠʩʘʜʢʠ ʜʘʸʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʦʜʠʪʴ ʦʯʠʩʪʢʫ ʪʝʧʣʦʦʙʤʝʥʥʠʢʦʚ 

ʦʪ ʦʪʣʦʞʝʥʠʡ ʠ ʦʙʨʘʩʪʘʥʠʡ, ʥʝ ʦʪʢʣʶʯʘʷ ʠʭ ʠ ʙʝʟ ʧʨʠʤʝʥʝʥʠʷ ʨʫʯʥʦʛʦ ʪʨʫʜʘ. 

ʅʝʧʨʝʨʳʚʥʳʝ ʤʝʪʦʜʳ ʦʯʠʩʪʢʠ ʧʦʟʚʦʣʷʶʪ ʧʨʦʚʦʜʠʪʴ ʨʝʛʫʣʷʨʥʫʶ ʯʠʩʪʢʫ ʘʛʨʝʛʘʪʦʚ 

ʙʝʟ ʠʭ ʦʩʪʘʥʦʚʢʠ, ʥʦ ʦʥʠ ʤʘʣʦʵʬʬʝʢʪʠʚʥʳ ʧʨʠ ʙʦʣʴʰʠʭ ʟʘʩʦʨʘʭ ʠ ʧʨʠ ʧʦʣʥʦʩʪʴʶ ʟʘʙʠ-

ʪʳʭ ʪʨʫʙʘʭ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʙʦʣʴʰʫʶ ʪʨʫʜʦʝʤʢʦʩʪʴ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʦʯʠʩʪʢʠ, ʚʩʝ ʚʳʰʝʦʧʠʩʘʥʥʳʝ 

ʩʧʦʩʦʙʳ ʝʝ ʥʝ ʠʩʢʣʶʯʘʶʪ, ʧʦʵʪʦʤʫ ʦʥʘ ʧʨʦʜʦʣʞʘʝʪ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴʩʷ. ʇʨʠ ʵʪʦʤ ʬʠ-

ʟʠʯʝʩʢʠʝ ʠ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʧʦʩʦʙʳ ʦʪʥʦʩʷʪ ʢ ʘʙʨʘʟʠʚʥʳʤ, ʦʩʥʦʚʘʥʥʳʤ ʥʘ ʤʝʭʘʥʠʯʝʩʢʦʤ 

ʠʩʪʠʨʘʥʠʠ ʦʪʣʦʞʝʥʠʡ ʜʣʷ ʧʨʝʚʨʘʱʝʥʠʷ ʠʭ ʚ ʣʝʛʢʦ ʫʜʘʣʷʝʤʳʝ ʥʝʩʣʠʧʘʶʱʠʝʩʷ ʤʝʣʢʠʝ 

ʯʘʩʪʠʮʳ. 

ɸʙʨʘʟʠʚʥʳʝ ʩʧʦʩʦʙʳ ʧʨʠʤʝʥʷʶʪʩʷ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʜʣʷ ʫʜʘʣʝʥʠʷ ʪʚʝʨʜʳʭ ʥʝʨʘ-

ʩʪʚʦʨʠʤʳʭ ʦʪʣʦʞʝʥʠʡ. 

ʍʠʤʠʯʝʩʢʘʷ ʪʝʭʥʦʣʦʛʠʷ ʦʙʨʘʙʦʪʢʠ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʫʙ ʨʝʘʣʠʟʫʝʪʩʷ ʚ 

ʧʨʠʤʝʥʝʥʠʠ ʭʠʤʠʯʝʩʢʠʭ ʩʧʦʩʦʙʦʚ ʠʣʠ ʤʝʪʦʜʦʚ ʧʨʦʤʳʚʢʠ, ʧʨʠ ʢʦʪʦʨʳʭ ʦʪʣʦʞʝʥʠʷ ʨʘʟ-

ʨʳʭʣʷʶʪʩʷ, ʯʘʩʪʠʯʥʦ ʨʘʩʪʚʦʨʷʶʪʩʷ ʠ ʫʜʘʣʷʶʪʩʷ ʚ ʜʠʩʧʝʨʛʠʨʦʚʘʥʥʦʤ ʩʦʩʪʦʷʥʠʠ. ʇʨʠ 

ʵʪʦʤ ʩʧʦʩʦʙ ʜʦʣʞʝʥ ʦʙʝʩʧʝʯʠʚʘʪʴ ʧʦʣʥʦʝ, ʨʘʚʥʦʤʝʨʥʦʝ ʫʜʘʣʝʥʠʝ ʦʪʣʦʞʝʥʠʡ ʠ ʤʠʥʠʤʘ-

ʣʴʥʫʶ ʧʦʪʝʨʶ ʤʝʪʘʣʣʘ ʪʨʫʙʦʢ ʦʪ ʢʦʨʨʦʟʠʠ ʠ ʦʙʝʩʮʠʥʢʦʚʘʥʠʷ. 
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ɺ ʯʘʩʪʥʦʩʪʠ, ʧʨʘʢʪʠʯʝʩʢʠ ʥʘ ʚʩʝʭ ʢʦʪʝʣʴʥʳʭ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʜʣʷ ʦʯʠʩʪʢʠ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ʥʘʛʨʝʚʘ ʧʦʣʫʯʠʣ ʤʝʪʦʜ ʢʠʩʣʦʪʥʦʡ ʭʠʤʠʯʝʩʢʦʡ ʦʯʠʩʪʢʠ ʠʥʛʠʙʠʨʦʚʘʥʥʦʡ 

ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʦʡ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʱʝʣʦʯʝʥʠʝʤ. ʅʦ ʧʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ, 

ʯʪʦ ʩʦʣʷʥʘʷ ʢʠʩʣʦʪʘ ʭʦʨʦʰʦ ʠ ʙʳʩʪʨʦ ʨʘʩʪʚʦʨʷʝʪ ʪʦʣʴʢʦ ʢʘʨʙʦʥʘʪʥʳʝ ʦʪʣʦʞʝʥʠʷ. ɽʩʣʠ 

ʚ ʦʪʣʦʞʝʥʠʷʭ ʧʨʠʩʫʪʩʪʚʫʶʪ ʩʫʣʴʬʘʪʥʳʝ ʠ ʩʠʣʠʢʘʪʥʳʝ ʩʦʣʠ, ʢʦʪʦʨʳʝ ʬʘʢʪʠʯʝʩʢʠ ʥʝ 

ʨʘʩʪʚʦʨʠʤʳ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʦʡ, ʪʦ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʭʠʤ.ʦʯʠʩʪʢʠ ʚ ʩʦʣʷʥʫʶ ʢʠʩʣʦʪʫ ʥʝʦ-

ʙʭʦʜʠʤʦ ʜʦʙʘʚʣʷʪʴ ʬʪʦʨʠʩʪʳʝ ʩʦʝʜʠʥʝʥʠʷ (NH4F, NaF, HF). ʍʦʨʦʰʝʝ ʢʘʯʝʩʪʚʦ ʦʯʠʩʪʢʠ 

ʪʚʝʨʜʳʭ ʦʪʣʦʞʝʥʠʡ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʧʨʦʮʝʩʩʘ 24-150 ʯ. 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʚ ʦʯʠʩʪʢʝ ʧʘʨʦʚʳʭ ʢʦʪʣʦʚ ʤʘʣʦʡ ʤʦʱʥʦʩʪʠ ʠ ʚʦʜʦʛʨʝʡʥʳʭ ʢʦʪ-

ʣʦʚ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʭʠʤʠʯʝʩʢʠʡ ʩʧʦʩʦʙ ʦʯʠʩʪʢʠ ʥʘʢʠʧʠ (ʬʦʩʬʘʪʥʘʷ ʚʳʚʘʨʢʘ) ʩ 

ʧʦʩʣʝʜʫʶʱʝʡ ʧʨʦʤʳʚʢʦʡ ʠ ʨʫʯʥʦʡ ʜʦʦʯʠʩʪʢʦʡ. ʅʝʜʦʩʪʘʪʢʘʤʠ ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʦʡ ʪʝʭ-

ʥʦʣʦʛʠʠ ʷʚʣʷʶʪʩʷ: 

- ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʩʪʘʥʦʚʢʠ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʩʙʦʨʘ ʩʧʝʮʠʘʣʴʥʳʭ ʧʨʦʤʳʚʦʯʥʳʭ 
ʩʭʝʤ ʩ ʪʨʫʙʦʧʨʦʚʦʜʘʤʠ, ʘʨʤʘʪʫʨʦʡ, ʥʘʩʦʩʘʤʠ ʠ ʝʤʢʦʩʪʷʤʠ; 

- ʨʘʩʭʦʜ ʜʦʨʦʛʦʩʪʦʷʱʠʭ ʨʝʘʛʝʥʪʦʚ ʠ ʚʦʜʳ ʜʣʷ ʧʨʦʤʳʚʦʢ ʠ ʧʦʩʣʝʜʫʶʱʠʭ ʦʪʤʳ-

ʚʦʢ ʧʦʚʝʨʭʥʦʩʪʝʡ ʥʘʛʨʝʚʘ; 

- ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʵʬʬʝʢʪʠʚʥʦʡ ʦʯʠʩʪʢʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠʟ-ʟʘ ʥʝʨʘʚʥʦʤʝʨʥʦʛʦ ʨʘʩ-

ʧʨʝʜʝʣʝʥʠʷ ʥʘʢʠʧʠ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʛʨʝʚʘ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʥʝʧʦʣʥʦʝ ʫʜʘʣʝʥʠʝ ʥʘʢʠʧʠ; 

- ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʘʩʩʠʚʘʮʠʠ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʧʦʩʣʝ ʭʠʤʠʯʝʩʢʦʡ ʦʙ-

ʨʘʙʦʪʢʠ; 

- ʠʟʥʦʩ ʤʝʪʘʣʣʘ ʚʩʣʝʜʩʪʚʠʝ ʢʦʨʨʦʟʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʧʦʩʣʝ ʪʨʝʭ-ʯʝʪʳʨʝʭ ʭʠʤʠ-

ʯʝʩʢʠʭ ʦʙʨʘʙʦʪʦʢ; 

- ʦʙʨʘʟʦʚʘʥʠʝ ʙʦʣʴʰʦʛʦ ʦʙʲʝʤʘ ʩʪʦʯʥʳʭ ʚʦʜ, ʟʘʯʘʩʪʫʶ ʩʦʜʝʨʞʘʱʠʭ ʪʦʢʩʠʯʥʳʝ 

ʚʝʱʝʩʪʚʘ; 

- ʩ ʧʝʨʚʦʛʦ ʞʝ ʜʥʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʦʩʣʝ ʭʠʤʠʯʝʩʢʦʡ ʦʯʠʩʪʢʠ ʥʘ-

ʢʠʧʴ ʥʘʯʠʥʘʝʪ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʩʥʦʚʘ. 

ʐʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʥʘʭʦʜʷʪ ʪʝʭʥʦʣʦʛʠʠ, ʚ ʦʩʥʦʚʫ ʢʦʪʦʨʳʭ ʧʦʣʦʞʝʥʳ ʬʠʟʠʯʝʩ-

ʢʠʝ ʤʝʪʦʜʳ ʦʙʨʘʙʦʪʢʠ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʫʙ. 

ʊʝʨʤʠʯʝʩʢʘʷ ʪʝʭʥʦʣʦʛʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʫʜʘʣʝʥʠʠ ʥʘʢʠʧʠ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʛʨʝʚʘ, 

ʦʩʥʦʚʘʥʥʦʤ ʥʘ ʨʘʟʣʠʯʠʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʪʝʧʣʦʚʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʥʘʢʠʧʠ ʠ ʤʝʪʘʣʣʘ, ʘ 

ʪʘʢʞʝ ʯʘʩʪʠʯʥʦʤ ʨʘʟʣʦʞʝʥʠʠ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ, ʚʭʦʜʷʱʠʭ ʚ ʩʦʩ-

ʪʘʚ ʥʘʢʠʧʠ. 

ʊʝʭʥʦʣʦʛʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʝʨʝʤʝʥʥʦʤ ʙʳʩʪʨʦʤ ʥʘʛʨʝʚʝ ʠ ʦʭʣʘʞʜʝʥʠʠ ʪʝʧʣʦʦʙ-

ʤʝʥʥʠʢʘ, ʦʩʚʦʙʦʞʜʝʥʥʦʛʦ ʦʪ ʞʠʜʢʦʩʪʠ ʠʟ ʪʨʫʙʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʪʝʨʤʠ-

ʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʥʘʢʠʧʴ ʦʪʜʝʣʷʝʪʩʷ ʦʪ ʪʨʫʙ ʠ ʩʤʳʚʘʝʪʩʷ ʧʦʪʦʢʦʤ ʚʦʜʳ. 

ʇʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʵʣʝʢʪʨʦʛʠʜʨʦʠʤʧʫʣʴʩʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʦʩʥʦʚʘʥ ʥʘ ʧʨʝʦʙʨʘʟʦʚʘ-

ʥʠʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʚ ʤʝʭʘʥʠʯʝʩʢʫʶ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʵʥʝʨʛʠʠ ʚʳʩʦʢʦʚʦʣʴʪ-

ʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʨʘʟʨʷʜʘ ʚ ʚʦʜʝ. ʋʜʘʨʥʘʷ ʚʦʣʥʘ ʠ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʦʪʦʢʠ, ʦʙʨʘ-

ʟʫʶʱʠʝʩʷ ʧʨʠ ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʨʘʟʨʷʜʝ ʚ ʚʦʜʝ, ʨʘʟʨʫʰʘʶʪ ʥʘʢʠʧʴ ʠ ʜʨʫʛʠʝ ʦʪʣʦʞʝʥʠʷ ʥʘ 

ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʫʙʦʢ ʪʝʧʣʦʦʙʤʝʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʇʨʠ ʦʯʠʩʪʢʝ ʪʨʫʙʦʢ 

ʨʘʩʢʨʳʪʦʛʦ ʪʝʧʣʦʦʙʤʝʥʥʦʛʦ ʘʧʧʘʨʘʪʘ ʩ ʦʜʥʦʛʦ ʢʦʥʮʘ ʪʨʫʙʢʠ ʧʦʜʚʦʜʠʪʩʷ ʚʦʜʘ, ʩ ʜʨʫʛʦ-

ʛʦ - ʨʘʙʦʯʠʡ ʦʨʛʘʥ ʫʩʪʘʥʦʚʢʠ (ʨʠʩʫʥʦʢ 1.6), ʢʦʪʦʨʳʡ ʧʦʩʪʝʧʝʥʥʦ ʧʦ ʤʝʨʝ ʦʯʠʩʪʢʠ ʧʝʨʝ-

ʤʝʱʘʝʪʩʷ. 
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ʈʠʩʫʥʦʢ 1.6. ʆʙʱʠʡ ʚʠʜ ʫʩʪʘʥʦʚʢʠ çɿɽɺʉè, ʨʝʘʣʠʟʫʶʱʝʡ ʧʨʠʥʮʠʧ ʵʣʝʢʪʨʦʛʠʜʨʦʠʤ-

ʧʫʣʴʩʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ 

 

ɼʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʯʠʩʪʢʠ ʧʨʷʤʳʭ ʠ U-ʦʙʨʘʟʥʳʭ ʣʘʪʫʥʥʳʭ ʠ 

ʩʪʘʣʴʥʳʭ ʪʨʫʙʦʢ ʚʥʫʪʨʝʥʥʠʤ ʜʠʘʤʝʪʨʦʤ ʦʪ 10 ʜʦ 25 ʤʤ ʩ ʦʪʣʦʞʝʥʠʷʤʠ ʪʦʣʱʠʥʦʡ ʜʦ 3 

ʤʤ. 

ʅʝʜʦʩʪʘʪʢʦʤ ʪʝʭʥʦʣʦʛʠʠ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʚʨʝʞʜʝʥʠʷ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ 

ʣʘʪʫʥʥʳʭ ʪʨʫʙʦʢ ʪʝʧʣʦʦʙʤʝʥʥʠʢʦʚ, ʥʘʭʦʜʠʚʰʠʭʩʷ ʜʣʠʪʝʣʴʥʳʡ ʩʨʦʢ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ 

ʠʤʝʶʱʠʭ ʤʝʭʘʥʠʯʝʩʢʠʝ ʠʣʠ ʢʦʨʨʦʟʠʦʥʥʳʝ ʧʦʚʨʝʞʜʝʥʠʷ, ʧʨʠ ʦʯʠʩʪʢʝ ʪʨʫʙʳ ʤʦʛʫʪ 

ʚʩʢʨʳʚʘʪʴʩʷ ʠ ʜʘʚʘʪʴ ʧʨʦʪʝʯʢʠ ʚʦʜʳ ʧʦʜ ʜʘʚʣʝʥʠʝʤ ʯʝʨʝʟ ʩʢʚʦʟʥʳʝ ʦʪʚʝʨʩʪʠʷ ʠʣʠ 

ʦʪʚʝʨʩʪʠʷ, ʦʙʨʘʟʦʚʘʚʰʠʝʩʷ ʚ ʧʨʦʮʝʩʩʝ ʦʯʠʩʪʢʠ ʚʩʣʝʜʩʪʚʠʝ ʫʪʦʥʝʥʠʷ ʩʪʝʥʢʠ ʪʨʫʙʢʠ ʠʣʠ 

ʧʦ ʜʨʫʛʠʤ ʧʨʠʯʠʥʘʤ. 

ɻʠʜʨʦʤʝʭʘʥʠʯʝʩʢʘʷ ʪʝʭʥʦʣʦʛʠʷ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʦʯʠʩʪʢʫ ʩ ʵʚʘʢʫʘʮʠʝʡ ʦʪʣʦ-

ʞʝʥʠʡ ʞʠʜʢʦʩʪʴʶ, ʚ ʢʘʯʝʩʪʚʝ ʢʦʪʦʨʦʡ ʚ ʦʩʥʦʚʥʦʤ ʧʨʠʤʝʥʷʝʪʩʷ ʚʦʜʘ. ʉʫʱʥʦʩʪʴ ʤʝʪʦʜʘ 

ʦʯʠʩʪʢʠ ʩʪʨʫʝʡ ʚʦʜʳ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʜʘʯʝ ʚʦʜʳ ʧʦʜ ʚʳʩʦʢʠʤ ʜʘʚ-

ʣʝʥʠʝʤ ʚ ʧʦʣʫʶ ʰʪʘʥʛʫ, ʥʘ ʢʦʥʮʝ ʢʦʪʦʨʦʡ ʫʩʪʘʥʦʚʣʝʥʘ ʥʘʩʘʜʢʘ ʩ ʦʜʥʠʤ ʠʣʠ ʥʝʩʢʦʣʴ-

ʢʠʤʠ ʦʪʚʝʨʩʪʠʷʤʠ. ʉʪʨʫʷ ʚʦʜʳ, ʚʳʨʳʚʘʷʩʴ ʠʟ ʩʦʧʣʘ ʧʦʜ ʙʦʣʴʰʠʤ ʜʘʚʣʝʥʠʝʤ, ʨʝʞʝʪ ʠ 

ʦʪʨʳʚʘʝʪ ʦʪʣʦʞʝʥʠʷ ʦʪ ʩʪʝʥʦʢ ʪʨʫʙʳ. 

ʄʝʭʘʥʠʯʝʩʢʘʷ ʪʝʭʥʦʣʦʛʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʧʨʠʤʝ-

ʥʷʝʪʩʷ ʜʣʷ ʦʯʠʩʪʢʠ ʣʶʙʳʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʪʨʫʙʦʢ ʦʪ ʪʚʝʨʜʳʭ ʦʪʣʦʞʝʥʠʡ ʣʶʙʦʛʦ ʩʦʩʪʘ-

ʚʘ ʠ ʪʦʣʱʠʥʳ, ʚʢʣʶʯʘʷ ʩʧʣʦʰʥʳʝ ʠ ʧʨʦʙʢʦʚʳʝ. ʊʝʭʥʦʣʦʛʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʤʝʭʘʥʠʯʝʩ-

ʢʦʤ ʨʘʟʨʫʰʝʥʠʠ ʪʚʝʨʜʳʭ (ʢʘʢ ʧʨʘʚʠʣʦ, ʢʘʨʙʦʥʘʪʥʳʭ) ʦʪʣʦʞʝʥʠʡ ʥʘ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨ-

ʭʥʦʩʪʠ ʪʨʫʙʦʢ ʪʝʧʣʦʦʙʤʝʥʥʠʢʦʚ (ʨʠʩʫʥʦʢ1.7), ʧʫʪʝʤ ʥʝʧʨʝʨʳʚʥʦʛʦ ʧʦʩʣʦʡʥʦʛʦ ʩʢʘʣʳ-

ʚʘʥʠʷ ʚʨʘʱʘʶʱʝʡʩʷ ʨʦʣʠʢʦʚʦʡ ʥʘʩʘʜʢʦʡ, ʨʘʩʢʠʜʥʦʡ ʰʘʨʦʰʢʦʡ, ʥʦʞʦʤ, ʙʫʨʦʤ ʣʠʙʦ 

ʢʦʥʠʯʝʩʢʦʡ ʟʫʙʯʘʪʦʡ ʢʦʨʦʥʢʦʡ (ʠʩʢʣʶʯʘʝʪʩʷ ʣʶʙʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʚʨʝʞʜʝʥʠʷ ʪʨʫʙʦʢ), 

ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʫʜʘʣʝʥʠʝʤ ʦʪʣʦʞʝʥʠʡ ʧʦʪʦʢʦʤ ʜʚʠʞʫʱʝʡʩʷ ʚʦʜʳ. ʇʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ 

ʨʘʙʦʪ ʧʨʠʤʝʥʷʝʪʩʷ ʦʨʠʛʠʥʘʣʴʥʳʡ ʦʙʨʘʙʘʪʳʚʘʶʱʠʡ ʠʥʩʪʨʫʤʝʥʪ ʠ ʫʩʪʨʦʡʩʪʚʘ ʦʯʠʩʪʢʠ. 

ɼʣʷ ʧʝʨʝʜʘʯʠ ʚʨʘʱʝʥʠʷ ʢ ʠʥʩʪʨʫʤʝʥʪʫ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʥʝʚʤʦʛʠʜʨʘʚʣʠʯʝʩʢʠʝ ʫʩʪʘʥʦʚʢʠ 

ʠ ʛʠʙʢʠʝ ʚʘʣʳ ʚ ʧʣʘʩʪʤʘʩʩʦʚʦʡ ʦʙʦʣʦʯʢʝ ʜʣʷ ʧʦʜʘʯʠ ʚʦʜʳ ʚ ʟʦʥʫ ʦʯʠʩʪʢʠ. 
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ʈʠʩʫʥʦʢ 1.7. ʊʨʫʙʳ ʪʝʧʣʦʦʙʤʝʥʥʦʛʦ ʘʧʧʘʨʘʪʘ 

ʧʦʩʣʝ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʯʠʩʪʢʠ 

 

ʄʝʭʘʥʠʯʝʩʢʘʷ ʪʝʭʥʦʣʦʛʠʷ ʦʯʠʩʪʢʠ ʧʨʠʟʥʘʥʘ ʦʧʪʠʤʘʣʴʥʦʡ ʠ ʨʝʢʦʤʝʥʜʦʚʘʥʘ ʢ 

ʧʨʠʤʝʥʝʥʠʶ çʄʝʪʦʜʠʯʝʩʢʠʤʠ ʫʢʘʟʘʥʠʷʤʠ ʧʦ ʙʝʟʨʝʘʛʝʥʪʥʳʤ ʩʧʦʩʦʙʘʤ ʦʯʠʩʪʢʠ ʪʝʧʣʦ-

ʦʙʤʝʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʦʪ ʦʪʣʦʞʝʥʠʡè. 

ʕʣʝʤʝʥʪʳ ʪʝʭʥʦʣʦʛʠʠ ʦʙʨʘʙʦʪʢʠ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʫʙ ʠʤʝʶʪ ʤʝʩʪʦ ʚ 

ʧʨʘʢʪʠʢʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʪʨʫʙ, ʧʨʠ ʫʜʘʣʝʥʠʠ ʥʘʢʠʧʠ, ʦʪʣʦʞʝʥʠʡ, ʘ ʪʘʢʞʝ ʜʨʫʛʠʭ ʟʘʛʨʷ-

ʟʥʝʥʠʡ. 

ɸʥʘʣʠʟ ʠ ʦʙʦʙʱʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʚ ʦʙʣʘʩʪʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʪʨʫʙ ʧʦʟʚʦʣʠʣʠ ʫʩʪʘ-

ʥʦʚʠʪʴ, ʯʪʦ ʜʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʧʷʪʴ ʦʩʥʦʚʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘ-

ʮʠʡ ʪʘʢʠʭ, ʢʘʢ: 

- ʚʭʦʜʥʦʡ ʢʦʥʪʨʦʣʴ ʢʘʯʝʩʪʚʘ; 

- ʤʝʭʘʥʠʯʝʩʢʘʷ ʦʯʠʩʪʢʘ ʚʥʫʪʨʝʥʥʝʡ ʠ ʚʥʝʰʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʫʙ, ʧʨʠ ʵʪʦʤ ʜʣʷ 
ʦʯʠʩʪʢʠ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʫʙʳ ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʧʦʨʰʝʥʴ ʠ ʤʥʦʛʦʨʷʜʥʳʡ 

ʩʢʨʝʙʦʢ, ʘ ʜʣʷ ʦʯʠʩʪʢʠ ʝʝ ʥʘʨʫʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʧʝʮʠʘʣʴʥʘʷ ʦʯʠʩʪʥʘʷ 

ʤʘʰʠʥʘ ʩ ʨʦʪʦʨʥʦ-ʨʝʟʮʦʚʳʤ (ʱʝʪʦʯʥʳʤ) ʤʝʭʘʥʠʟʤʦʤ; 

- ʥʘʨʝʟʢʘ ʬʘʩʦʢ ʠ ʪʦʨʮʦʚʢʘ; 

- ʧʦʢʨʳʪʠʝ ʛʨʫʥʪʦʚʢʦʡ ʠʣʠ ʠʟʦʣʷʮʠʦʥʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ, ʧʨʦʚʦʜʠʤʦʝ ʚ ʟʘʚʠʩʠ-

ʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʧʦʩʣʝʜʫʶʱʝʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʧʦʞʝʣʘʥʠʡ ʟʘʢʘʟʯʠʢʘ; 

- ʚʳʭʦʜʥʦʡ ʢʦʥʪʨʦʣʴ ʢʘʯʝʩʪʚʘ ʠ ʠʩʧʳʪʘʥʠʝʤ ʪʨʫʙ. 

ʅʝʜʦʩʪʘʪʢʘʤʠ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʷʚʣʷʶʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʜʝʤʦʥʪʘʞʘ ʠ ʪʨʘʥʩʧʦ-

ʨʪʠʨʦʚʘʥʠʷ ʪʨʫʙ ʢ ʨʝʤʦʥʪʥʳʤ ʧʨʝʜʧʨʠʷʪʠʷʤ. 

ʀʟʚʝʩʪʥʘ ʪʝʭʥʦʣʦʛʠʷ ʧʝʩʢʦ- ʠ ʜʨʦʙʝʩʪʨʫʡʥʦʡ ʦʙʨʘʙʦʪʢʠ, ʧʨʠʤʝʥʷʝʤʦʡ ʚ ʧʨʦʮʝʩʩʝ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʪʨʫʙ. ʆʩʦʙʝʥʥʦʩʪʴʶ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʷʚʣʷʝʪʩʷ ʥʘʧʦ-

ʨʥʘʷ ʧʦʜʘʯʘ ʘʙʨʘʟʠʚʥʳʭ ʠʣʠ ʜʨʫʛʠʭ ʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘ-

ʣʠʟʠʨʦʚʘʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʠʥʩʪʨʫʤʝʥʪʘ (ʨʠʩʫʥʦʢ 1.8) ʥʘ ʦʙʨʘʙʘʪʳʚʘʝʤʫʶ ʧʦʚʝʨʭ-

ʥʦʩʪʴ ʪʨʫʙʳ. ʅʝʜʦʩʪʘʪʢʘʤʠ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʷʚʣʷʶʪʩʷ: 

- ʧʦʪʝʨʷ ʚʨʝʤʝʥʠ ʥʘ ʟʘʧʦʣʥʝʥʠʝ ʘʙʨʘʟʠʚʘ ʚ ʥʘʧʦʨʥʳʡ ʘʛʨʝʛʘʪ; 

- ʙʦʣʴʰʠʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʨʘʩʭʦʜʳ; 

- ʦʧʘʩʥʦʩʪʴ ʜʣʷ ʟʜʦʨʦʚʴʷ ʦʧʝʨʘʪʦʨʘ ʠ ʥʘʭʦʜʷʱʠʭʩʷ ʚʙʣʠʟʠ ʣʶʜʝʡ; 

- ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʙʦʣʝʝ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʘʙʨʘʟʠʚʘ, ʧʦʚʳʰʝʥʠʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ 
ʨʘʩʭʦʜʦʚ. 
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ʈʠʩʫʥʦʢ 1.8. ʅʘʩʘʜʢʘ Spinner blast ʬʠʨʤʳ çAirblastè 

ʢ ʧʝʩʢʦ-ʜʨʦʙʝʩʪʨʫʡʥʦʤʫ ʘʧʧʘʨʘʪʫ 

 

ɸʥʘʣʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʧʦʟʚʦʣʠʣ ʨʘʟʨʘʙʦʪʘʪʴ ʦʙʦʙʱʸʥʥʫʶ ʢʣʘʩʩʠ-

ʬʠʢʘʮʠʶ ʦʩʥʦʚʥʳʭ ʪʠʧʦʚ ʜʝʬʝʢʪʦʚ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʫʙ, ʘ ʪʘʢʞʝ ʩʫʱʝʩʪʚʫʶ-

ʱʠʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʤʝʪʦʜʦʚ ʠʭ ʦʙʨʘʙʦʪʢʠ (ʨʠʩʫʥʦʢ 1.9). 

 
ʈʠʩʫʥʦʢ 1.9. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʪʠʧʦʚ ʜʝʬʝʢʪʦʚ ʚʥʫʪʨʝʥʥʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʫʙ ʪʝʭʥʦʣʦʛʠʡ ʠʭ ʦʙʨʘʙʦʪʢʠ 

 

ʇʦʜʚʦʜʷ ʦʙʱʠʡ ʠʪʦʛ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʥʘʠʙʦʣʴʰʠʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ 

ʦʙʣʘʜʘʝʪ ʤʝʭʘʥʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ, ʘ ʠʤʝʥʥʦ: 

- ʧʨʦʩʪʦʪʦʡ; 

- ʤʦʙʠʣʴʥʦʩʪʴʶ; 

- ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ; 

- ʙʝʟʦʧʘʩʥʦʩʪʴʶ; 
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- ʥʠʟʢʦʡ ʩʝʙʝʩʪʦʠʤʦʩʪʴʶ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʠʤʝʥʷʪʴ ʤʦʙʠʣʴʥʳʝ ʫʩʪʘʥʦʚʢʠ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʩʣʝʜʫʶ-

ʱʠʭ ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʨʠʩʫʥʦʢ1.10): ʜʚʠʛʘʪʝʣʷ, ʧʨʠʚʦʜʥʦʛʦ ʚʘʣʘ ʠ ʦʙʨʘʙʘʪʳʚʘʶʱʝ-

ʛʦ ʠʥʩʪʨʫʤʝʥʪʘ. 

 

 

ʈʠʩʫʥʦʢ 1.10. ʉʭʝʤʘ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʪʨʫʙ: 1 - ʜʚʠʛʘʪʝʣʴ, 2ï ʧʨʠʚʦʜʥʦʡ ʚʘʣ, 3 - ʦʙʨʘʙʘʪʳʚʘʶʱʠʡ ʠʥʩʪʨʫʤʝʥʪ,4 - ʦʙʨʘʙʘ-

ʪʳʚʘʝʤʘʷ ʪʨʫʙʘ 

 

ɺ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʜʘʥʥʳʭ ʫʩʪʘʥʦʚʦʢ ʛʣʘʚʥʳʤ ʜʚʠʞʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʚʨʘʱʘʪʝʣʴʥʦʝ 

ʜʚʠʞʝʥʠʝ ʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ, ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʤ - ʜʚʠʞʝʥʠʝ ʧʦʜʘʯʠ ʠʥ-

ʩʪʨʫʤʝʥʪʘ ʚʜʦʣʴ ʪʨʫʙʳ, ʦʩʫʱʝʩʪʚʣʷʝʤʦʝ ʢʘʢ ʚ ʨʫʯʥʦʤ, ʪʘʢʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ. 

ɺ ʧʨʘʢʪʠʢʝ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʫʙ ʩ ʮʝʣʴʶ ʦʙʝʩ-

ʧʝʯʝʥʠʷ ʝʸ ʥʝʦʙʭʦʜʠʤʦʛʦ ʢʘʯʝʩʪʚʘ (ʥʘʧʨʠʤʝʨ, ʧʨʠ ʦʯʠʩʪʢʝ ʦʪ ʦʪʣʦʞʝʥʠʡ, ʫʜʘʣʝʥʠʷ 

ʦʢʘʣʠʥʳ ʠ ʜʨʫʛʠʭ ʟʘʛʨʷʟʥʝʥʠʡ, ʧʦʜʛʦʪʦʚʢʝ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʫʙ ʜʣʷ ʥʘʥʝʩʝʥʠʷ 

ʨʘʟʣʠʯʥʳʭ ʧʦʢʨʳʪʠʡ) ʧʨʠʤʝʥʷʝʪʩʷ ʰʠʨʦʢʘʷ ʥʦʤʝʥʢʣʘʪʫʨʘ ʠʥʩʪʨʫʤʝʥʪʘ. 

ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ, ʥʘʰʝʜʰʠʤ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ 

ʚ ʦʙʣʘʩʪʠ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʫʙ, ʷʚʣʷʶʪʩʷ ʯʠʩʪʷʱʠʝ 

ʛʦʣʦʚʢʠ ʩ ʰʘʨʦʰʢʘʤʠ (ʠʣʠ ʧʨʦʩʪʦ ʰʘʨʦʰʢʠ). ɼʘʥʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ 

ʦʙʨʘʙʦʪʢʠ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʫʙ, ʙʦʣʴʰʦʛʦ ʜʠʘʧʘʟʦʥʘ ʜʠʘʤʝʪʨʦʚ (12,7-457 ʤʤ) 

ʠ ʜʣʠʥ ʜʦ 150 ʤ. 

ʐʘʨʦʰʢʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʤʥʦʛʦʢʨʦʤʦʯʥʳʡ ʠʣʠ ʛʣʘʜʢʠʡ ʠʥʩʪʨʫʤʝʥʪ ʠʥʝʨʮʠ-

ʦʥʥʦ-ʫʜʘʨʥʦʛʦ ʜʝʡʩʪʚʠʷ, ʠʩʧʦʣʴʟʫʶʱʠʡ ʩʠʣʳ ʠʥʝʨʮʠʠ, ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʚʨʘʱʝʥʠʠ. 

ɸʥʘʣʠʟ ʠ ʦʙʦʙʱʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʚ ʦʙʣʘʩʪʠ ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʠʥʝʨ-

ʮʠʦʥʥʦ-ʫʜʘʨʥʦʛʦ ʜʝʡʩʪʚʠʷ- ʧʦʟʚʦʣʠʣʠ ʫʩʪʘʥʦʚʠʪʴ, ʯʪʦ- ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʤʝʭʘʥʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʠ ʧʦʚʳʰʘʝʪʩʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʥʦʛʦʦʩʝʚʳʭ ʢʦʥʩʪʨʫʢʮʠʡ. 

ɺ ʤʥʦʛʦʦʩʝʚʦʤ ʠʥʩʪʨʫʤʝʥʪʝ ʨʘʙʦʯʠʝ ʵʣʝʤʝʥʪʳ (ʪʘʙʣʠʮʘ 1.2) - ʰʘʨʦʰʢʠ ʨʘʩʧʦʣʘ-

ʛʘʶʪʩʷ ʥʘ 2-6 ʦʩʷʭ. ʆʩʠ ʵʣʝʤʝʥʪʦʚ ʤʦʛʫʪ ʙʳʪʴ ʧʘʨʘʣʣʝʣʴʥʳʤʠ ʦʩʠ ʚʨʘʱʝʥʠʷ ʛʦʣʦʚʦʢ. 

ʇʨʠʯʝʤ, ʵʪʠ ʦʩʠ ʤʦʛʫʪ ʙʳʪʴ ʥʝʧʦʜʚʠʞʥʳʤʠ ʠʣʠ ʧʝʨʝʤʝʱʘʪʴʩʷ - ʨʘʩʢʨʳʚʘʪʴʩʷ ʧʦʜ ʜʝʡ-

ʩʪʚʠʝʤ ʩʠʣ ʠʥʝʨʮʠʠ. ʉʘʤʠ ʰʘʨʦʰʢʠ ʥʘ ʥʝʧʦʜʚʠʞʥʳʭ ʦʩʷʭ ʤʦʛʫʪ ʨʘʩʧʦʣʘʛʘʪʴʩʷ ʩ ʟʘʟʦ-

ʨʦʤ. ʂʨʦʤʝ ʪʦʛʦ, ʦʩʠ ʚʨʘʱʝʥʠʷ ʰʘʨʦʰʝʢ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʥʘ ʙʠʪʘʭ ʠʣʠ ʨʳʯʘʛʘʭ, ʤʦʛʫʪ 

ʚ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʨʘʩʢʨʳʚʘʪʴʩʷ ʢʦʥʫʩʦʤ ʚʦʢʨʫʛ ʦʩʠ ʚʨʘʱʝʥʠʷ ʛʦʣʦʚʢʠ. ʆʪʜʝʣʴʥʫʶ 

ʛʨʫʧʧʫ ʩʦʩʪʘʚʣʷʶʪ ʛʦʣʦʚʢʠ, ʫ ʢʦʪʦʨʳʭ ʦʩʠ ʚʨʘʱʝʥʠʷ ʰʘʨʦʰʝʢ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳ ʦʩʠ 

ʚʨʘʱʝʥʠʷ ʛʦʣʦʚʢʠ. 

ʉʫʱʝʩʪʚʫʝʪ ʠʥʩʪʨʫʤʝʥʪ, ʫ ʢʦʪʦʨʦʛʦ ʙʠʪʳ ʨʘʩʢʠʜʳʚʘʶʪʩʷ ʚ ʧʣʦʩʢʦʩʪʷʭ, ʥʝ ʧʘʨʘʣ-

ʣʝʣʴʥʳʭ ʝʸ ʦʩʠ ʚʨʘʱʝʥʠʷ. ɺ ʦʜʥʦʡ ʠʟ ʥʠʭ ʙʠʪʳ ʨʘʩʢʠʜʳʚʘʶʪʩʷ ʧʦʜ ʫʛʣʘʤʠ, ʥʘʧʨʘʚʣʝʥ-

ʥʳʤʠ ʚ ʦʜʥʫ ʩʪʦʨʦʥʫ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ ʚʨʘʱʝʥʠʷ, ʘ ʚ ʜʨʫʛʦʡ ð ʢʦʨʦʪʢʠʝ ʠ ʜʣʠʥʥʳʝ 
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ʙʠʪʳ ʨʘʩʢʠʜʳʚʘʶʪʩʷ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʝ ʧʦ ʫʛʣʫ ʩʪʦʨʦʥʳ. ɹʦʣʴʰʦʝ ʯʠʩʣʦ ʠʟʚʝʩʪʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡ ʦʪʣʠʯʘʝʪʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʩʧʦʩʦʙʦʤ ʩʙʦʨʢʠ, ʢʦʪʦʨʳʝ ʧʨʝʜʣʘʛʘʶʪʩʷ ʩ ʮʝʣʴʶ 

ʙʳʩʪʨʦʡ ʟʘʤʝʥʳ ʠʟʥʦʰʝʥʥʳʭ ʰʘʨʦʰʝʢ, ʦʩʝʡ, ʙʠʪ ʠ ʪ. ʜ. 

ɺ ʨʘʟʣʠʯʥʳʭ ʢʦʥʩʪʨʫʢʮʠʷʭ ʯʠʩʪʷʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʧʨʫʞʠ-

ʥʳ. ʊʘʢʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʠʥʭʨʦʥʥʦʝ ʨʘʩʢʨʳʪʠʝ ʨʘʙʦʯʠʭ ʵʣʝʤʝʥʪʦʚ, ʯʪʦ ʧʦ-

ʟʚʦʣʷʝʪ ʧʨʦʠʟʚʦʜʠʪʴ ʵʬʬʝʢʪʠʚʥʫʶ ʦʙʨʘʙʦʪʢʫ ʥʘ ʤʘʣʳʭ ʯʘʩʪʦʪʘʭ ʚʨʘʱʝʥʠʷ. ʅʘʣʠʯʠʝ 

ʧʨʫʞʠʥ ʪʘʢʞʝ ʧʦʟʚʦʣʷʝʪ ʨʘʩʰʠʨʠʪʴ ʥʦʤʝʥʢʣʘʪʫʨʫ ʜʠʘʤʝʪʨʦʚ ʦʯʠʱʘʝʤʳʭ ʪʨʫʙ. 

ɺ ʩʚʷʟʠ ʩ ʤʥʦʛʦʦʙʨʘʟʠʝʤ ʠ ʰʠʨʦʢʦʡ ʥʦʤʝʥʢʣʘʪʫʨʦʡ ʧʨʠʤʝʥʷʝʤʦʛʦ ʠ ʚʳʧʫʩʢʘʝʤʦ-

ʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʚ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʪʦʣʴʢʦ ʦʩʥʦʚʥʳʝ ʪʠʧʦʚʳʝ ʢʦʥʩ-

ʪʨʫʢʮʠʠ ʠʥʩʪʨʫʤʝʥʪʘ ʰʘʨʦʰʝʯʥʦʛʦ ʪʠʧʘ. 

ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʩʪʨʫʤʝʥʪ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʩʠʥʭʨʦʥʥʦʛʦ ʨʘʩʢʨʳ-

ʪʠʷ ʦʯʠʩʪʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʊʘʢʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʧʦʟʚʦʣʷʝʪ ʠʥʩʪʨʫʤʝʥʪʫ ʩʘʤʦʮʝʥʪʨʠʨʦʚʘʪʴ-

ʩʷ ʚ ʪʨʫʙʝ ʧʨʠ ʦʙʨʘʙʦʪʢʝ, ʘ ʪʘʢʞʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʢʘʩʘʥʠʝ ʦʙʨʘʙʘʪʳʚʘʝ-

ʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚʩʝʤʠ ʦʯʠʩʪʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ. ɺʩʸ ʵʪʦ ʧʦʟʚʦʣʷʝʪ ʠʥʩʪʨʫʤʝʥʪʫ ʧʨʦʠʟ-

ʚʦʜʠʪʴ ʨʘʚʥʦʤʝʨʥʫʶ ʦʙʨʘʙʦʪʢʫ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʫʙʳ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʦʚʳʩʠʪʴ ʢʘʯʝʩʪʚʦ 

ʦʯʠʩʪʢʠ. 

ʊʘʙʣʠʮʘ 1.2. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʤʥʦʛʦʦʩʝʚʦʛʦ ʠʥʝʨʮʠʦʥʥʦ-ʫʜʘʨʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʜʣʷ 

ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʫʙ 
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ɺʩʣʝʜʩʪʚʠʝ ʚʳʰʝʩʢʘʟʘʥʥʦʛʦ, ʘʢʪʫʘʣʴʥʳʤ ʚʦʧʨʦʩʦʤ ʩʪʘʥʦʚʠʪʩʷ ʧʨʦʚʝʜʝʥʠʝ ʧʘʪʝʥ-

ʪʥʦ-ʣʠʮʝʥʟʠʦʥʥʳʭ, ʪʝʦʨʝʪʠʯʝʩʢʠʭ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʨʝʟʫʣʴʪʘʪʳ ʢʦ-

ʪʦʨʳʭ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʩʫʱʝʩʪʚʫʶʱʝʡ ʪʝʭʥʦʣʦʛʠʠ 

ʦʙʨʘʙʦʪʢʠ ʜʝʬʝʢʪʦʚ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʫʙ, ʯʪʦ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʧʦʟʚʦʣʠʪ ʧʦ-

ʚʳʩʠʪʴ ʝʸ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʩʥʠʟʠʪʴ ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʠ ʛʘʨʘʥʪʠʨʦʚʘʥʦ ʦʙʝʩʧʝʯʠʪʴ ʢʘ-

ʯʝʩʪʚʦ ʠʟʜʝʣʠʡ. 
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ɸʥʦʪʘʮʽʷ 

ʇʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʤʦʞʣʠʚʦʩʪʝʡ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʚʩʘ ʜʣʷ ʨʦʟʰʠʨʝʥʥʷ ʽʩʥʫʶʯʦʛʦ 

ʘʩʦʨʪʠʤʝʥʪʫ ʢʨʫʧôʷʥʠʭ ʧʨʦʜʫʢʪʽʚ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ. ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ ʦʩʦʙ-

ʣʠʚʦʩʪʽ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʧʣʽʚʯʘʩʪʦʛʦ ʪʘ ʛʦʣʦʟʝʨʥʦʛʦ ʚʽʚʩʘ ʪʘ ʚʠʟʥʘʯʝʥʦ ʙʽʣʴʰʫ ʧʝʨ-

ʩʧʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʦʣʦʟʝʨʥʦʛʦ ʚʽʚʩʘ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʧʨʦʜʫʢʪʽʚ ʬʫʥʢʮʽʦʥʘʣʴ-

ʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ. 

Abstract 

The possibilities of using oats to expand the existing range of cereal products with func-

tional properties are presented. The features of the chemical composition of conventional and 

naked oats were analyzed and defined that naked oats is most promising crop to produce cere-

al products with functional properties. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʦʚʝʩ, ʛʦʣʦʟʝʨʥʝ ʟʝʨʥʦ, ʢʨʫʧôʷʥʽ ʧʨʦʜʫʪʠ, ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ, ʧʨʦ-

ʜʫʢʪʠ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ. 

Keywords: oats, hull-less crop, groat products, chemical composition, products with 

functional properties. 

 

ʇʨʦʜʫʢʪʠ ʧʝʨʝʨʦʙʢʠ ʚʽʚʩʘ ʚ ʋʢʨʘʾʥʽ ʟʘ ʦʩʪʘʥʥʽ ʜʝʩʷʪʠʣʽʪʪʷ ʩʪʘʣʠ ʪʨʘʜʠʮʽʡʥʠʤʠ 

ʜʣʷ ʙʽʣʴʰʦʩʪʽ ʥʘʩʝʣʝʥʥʷ ʥʘʰʦʾ ʢʨʘʾʥʠ. ɿʝʨʥʦ ʚʽʚʩʘ ʩʝʨʝʜ ʽʥʰʠʭ ʟʣʘʢʦʚʠʭ ʢʫʣʴʪʫʨ ʭʘ-

ʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʥʘʡʙʽʣʴʰ ʮʽʥʥʠʤ ʭʽʤʽʯʥʠʤ ʩʢʣʘʜʦʤ ʚʠʩʦʢʠʤ ʚʤʽʩʪʦʤ ʙʽʣʢʘ, ʞʠʨʫ, ʟʘ-

ʩʚʦʁʚʘʥʠʭ ʚʫʛʣʝʚʦʜʽʚ, ʚʽʪʘʤʽʥʽʚ ʤʽʥʝʨʘʣʽʚ ʪʦʱʦ. ɺ ʟʝʨʥʽ ʚʽʚʩʘ ʧʨʠʩʫʪʥʽ ʫʩʽ ʥʝʟʘʤʽʥʥʽ 

ʜʣʷ ʦʨʛʘʥʽʟʤʫ ʣʶʜʠʥʠ ʘʤʽʥʦʢʠʩʣʦʪʠ, ʱʦ ʛʦʚʦʨʠʪʴ ʧʨʦ ʚʠʩʦʢʫ ʙʽʦʣʦʛʽʯʥʫ ʮʽʥʥʽʩʪʴ ʦʪʨʠ-

ʤʘʥʠʭ ʟ ʥʴʦʛʦ ʧʨʦʜʫʢʪʽʚ. ɿʝʨʥʦ ʚʽʚʩʘ ʪʘ ʧʨʦʜʫʢʪʠ ʡʦʛʦ ʧʝʨʝʨʦʙʢʠ ʤʽʩʪʷʪʴ ʙʘʛʘʪʦ ʞʠʨʫ 

(5-7 %), ʧʨʠ ʮʴʦʤʫ ʯʘʩʪʢʘ ʚʘʞʣʠʚʠʭ ʜʣʷ ʦʨʛʘʥʽʟʤʫ ʣʶʜʠʥʠ ʧʦʣʽ ʥʝʥʘʩʠʯʝʥʠʭ ʞʠʨʥʠʭ 

ʢʠʩʣʦʪ ʩʢʣʘʜʘʻ 70-80 %, ʱʦ ʜʦʟʚʦʣʷʻ ʛʦʚʦʨʠʪʠ ʧʨʦ ʚʠʩʦʢʫ ʙʽʦʣʦʛʽʯʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʚʽʚʩʷʥʦʛʦ ʟʝʨʥʘ. ʉʝʨʝʜ ʚʫʛʣʝʚʦʜʥʦʛʦ ʢʦʤʧʣʝʢʩʫ, ʦʢʨʽʤ ʢʨʦʭʤʘʣʶ ʪʘ ʽʥʰʠʭ ʨʝʯʦʚʠʥ, 

ʚʘʞʣʠʚʝ ʟʥʘʯʝʥʥʷ ʤʘʻ ʥʝʢʨʦʭʤʘʣʴʥʠʡ ʧʦʣʽʩʘʭʘʨʠʜ ɓ-ʛʣʶʢʘʥʫ. ɼʘʥʘ ʨʝʯʦʚʠʥʘ ʚʽʜʥʦ-

ʩʠʪʴʩʷ ʜʦ ʨʦʟʯʠʥʥʠʭ ʭʘʨʯʦʚʠʭ ʚʦʣʦʢʦʥ ʷʢʽ ʤʘʶʪʴ ʟʜʘʪʥʽʩʪʴ ʨʝʛʫʣʶʚʘʪʠ ʨʽʚʝʥʴ ʭʦʣʝʩʪʝ-

ʨʠʥʫ ʪʘ ʮʫʢʨʫ ʫ ʢʨʦʚʽ ʪʘ ʚʧʣʠʚʘʪʠ ʥʘ ʨʝʛʫʣʶʚʘʥʥʷ ʚʘʛʠ ʪʦʱʦ, ʪʦʙʪʦ ʻ ʥʝʦʙʭʽʜʥʠʤʠ ʨʝ-

ʯʦʚʠʥʘʤʠ ʫ ʨʘʮʽʦʥʽ ʭʘʨʯʫʚʘʥʥʷ ʣʶʜʠʥʠ. ɿʘ ʨʽʟʥʠʤʠ ʜʘʥʠʤʠ ʩʝʨʝʜ ʽʥʰʠʭ ʢʨʫʧ ʽ 

ʢʨʫʧôʷʥʠʭ ʧʨʦʜʫʢʪʽʚ ʟʘ ʚʤʽʩʪʦʤ ʭʘʨʯʦʚʠʭ ʚʦʣʦʢʦʥ ʚʽʚʩʷʥʘ ʢʨʫʧʘ ʧʦʩʽʜʘʻ ʦʜʥʝ ʟ 

ʧʨʦʚʽʜʥʠʭ ʤʽʩʮʴ ʤʘʶʯʠ ʾʭ ʢʽʣʴʢʽʩʪʴ ʥʘ ʨʽʚʥʽ 7-8 %.  

ʇʝʨʝʨʦʙʢʘ ʟʝʨʥʘ ʚʽʚʩʘ ʟʘ ʽʩʥʫʶʯʠʤʠ ʪʨʘʜʠʮʽʡʥʠʤʠ ʪʝʭʥʦʣʦʛʽʷʤʠ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦ-

ʨʠʩʪʘʥʥʷ ʩʢʣʘʜʥʦʛʦ ʪʘ ʧʨʦʪʷʞʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʥʝ ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘ-

ʪʠ ʚʝʩʴ ʟʘʢʣʘʜʝʥʠʡ ʧʨʠʨʦʜʦʶ ʧʦʪʝʥʮʽʘʣ ʚʽʚʩʷʥʦʛʦ ʟʝʨʥʘ. ɺʝʣʠʢʘ ʝʥʝʨʛʦʻʤʥʽʩʪʴ, ʧʨʦ-
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ʪʷʞʥʽʩʪʴ ʪʘ ʥʝ ʚʠʩʦʢʽ ʟʥʘʯʝʥʥʷ ʚʠʭʦʜʫ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ, ʱʦ ʦʪʨʠʤʫʶʪʴ ʧʨʠ ʧʝʨʝʨʦʙʮʽ 

ʥʘʚʽʪʴ ʥʘʡʙʽʣʴʰ ʩʫʯʘʩʥʠʭ ʧʣʽʚʯʘʩʪʠʭ ʩʦʨʪʽʚ ʚʽʚʩʘ ʧʨʠʟʚʝʣʘ ʜʦ ʪʦʛʦ, ʱʦ ʩʪʚʦʨʶʶʪʴʩʷ 

ʙʽʣʴʰ ʪʝʭʥʦʣʦʛʽʯʥʽ ʙʝʟʧʣʽʚʢʦʚʽ ʩʦʨʪʠ ʚʽʚʩʘ.  

G.A. Batalova ʪʘ ʽʥʰʽ ʚʽʜʟʥʘʯʘʶʪʴ, ʱʦ ʤʘʩʦʚʘ ʯʘʩʪʢʘ ʙʽʣʢʘ ʚ ʟʝʨʥʽ ʛʦʣʦʟʝʨʥʦʛʦ 

ʚʽʚʩʘ ʤʦʞʝ ʜʦʩʷʛʘʪʠ 18,8 %. ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʝʜʝʥʽ ʈ.ʄ. ʄʫʢʦʾʜʦʤ ʪʘ ʽʥʰʠʤʠ ʧʦʢʘʟʘʣʠ 

ʥʘʷʚʥʽʩʪʴ ʫ ʙʽʣʢʦʚʦʤʫ ʩʢʣʘʜʽ ʛʦʣʦʟʝʨʥʦʛʦ ʚʽʚʩʘ ʫʩʽʭ ʥʝʟʘʤʽʥʥʠʭ ʜʣʷ ʦʨʛʘʥʽʟʤʫ ʣʶʜʠʥʠ 

ʘʤʽʥʦʢʠʩʣʦʪ: ʣʽʟʠʥʫ, ʪʨʠʧʪʦʬʘʥʫ, ʤʝʪʽʦʥʽʥʫ, ʪʨʝʦʥʽʥʫ, ʚʘʣʽʥʫ, ʬʝʥʽʣʘʣʘʥʽʥʫ, ʣʝʡʮʠʥʫ, 

ʽʟʦʣʝʡʮʠʥʫ, ʇʦʨʽʚʥʶʶʯʠ ɓ-ʛʣʶʢʘʥʠ ʚ ʛʦʣʦʟʝʨʥʠʭ ʪʘ ʧʣʽʚʢʦʚʠʭ ʩʦʨʪʘʭ ʚʽʚʩʘ (ʥʝʦʙʨʦʙ-

ʣʝʥʦʤʫ ʟʝʨʥʽ), A. Gajdosova ʪʘ ʽʥʰʽ ʚʩʪʘʥʦʚʠʣʠ ʤʘʡʞʝ ʚʜʚʽʯʽ ʙʽʣʴʰʫ ʤʘʩʦʚʫ ʯʘʩʪʢʫ ʜʘ-

ʥʦʾ ʨʝʯʦʚʠʥʠ ʫ ʩʢʣʘʜʽ ʛʦʣʦʟʝʨʥʦʛʦ ʚʽʚʩʘ (3,9-7,5 %) ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʧʣʽʚʯʘʩʪʠʤ (2,0-

4,1 %). ɸʥʘʣʽʟ ʜʘʥʠʭ, ʥʘʚʝʜʝʥʠʭ ʉ.ʅ. ɹʘʽʪʦʚʦʶ, ʧʦʢʘʟʫʻ, ʱʦ ʟʝʨʥʦ ʛʦʣʦʟʝʨʥʦʛʦ ʚʽʚʩʘ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʜʚʽʯʽ ʙʽʣʴʰʠʤ ʚʤʽʩʪʦʤ ʚʽʪʘʤʽʥʫ ɺ1 (6,2 ʤʛ/ʢʛ) ʪʘ ʤʝʥʰʠʤ ʚʤʽʩʪʦʤ 

ʚʽʪʘʤʽʥʫ ɺ2 (3,6-4,8 ʤʛ/ʢʛ). 

ʆʢʨʽʤ ʮʴʦʛʦ, ʟʘʚʜʷʢʠ ʚʽʜʩʫʪʥʦʩʪʽ ʥʘ ʧʦʚʝʨʭʥʽ ʟʝʨʥʘ ʢʚʽʪʢʦʚʠʭ ʧʣʽʚʦʢ ʪʘ ʦʩʦʙʣʠʚʦ-

ʩʪʷʤ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʝʨʝʨʦʙʢʘ ʟʝʨʥʘ ʛʦʣʦʟʝʨʥʦʛʦ ʚʽʚʩʘ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ 

ʩʧʨʦʱʝʥʦʶ ʩʪʨʫʢʪʫʨʦʶ, ʱʦ ʩʧʨʠʷʻ ʟʥʠʞʝʥʥʶ ʩʦʙʽʚʘʨʪʦʩʪʽ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ, ʧʽʜʚʠ-

ʱʫʻʪʴʩʷ ʚʠʭʽʜ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ ʥʘ 20...25 %, ʘ ʧʨʦʜʫʢʪʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʢʨʘʱʠʤʠ 

ʩʧʦʞʠʚʯʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʪʨʘʜʠʮʽʡʥʠʤʠ.  

ɿʘʚʜʷʢʠ ʩʚʦʾʤ ʚʣʘʩʪʠʚʦʩʪʷʤ ʟʝʨʥʦ ʛʦʣʦʟʝʨʥʦʛʦ ʚʽʚʩʘ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ 

ʨʦʟʰʠʨʝʥʥʷ ʽʩʥʫʶʯʦʛʦ ʘʩʦʨʪʠʤʝʥʪʫ ʢʨʫʧôʷʥʠʭ ʭʘʨʯʦʚʠʭ ʧʨʦʜʫʢʪʽʚ ʨʽʟʥʦʛʦ ʧʨʠʟʥʘʯʝʥ-

ʥʷ. L. Jinghui ʪʘ ʽʥʰʽ ʨʦʟʨʦʙʠʣʠ ʪʝʭʥʦʣʦʛʽʶ ʧʝʨʝʨʦʙʢʠ ʛʦʣʦʟʝʨʥʦʛʦ ʚʽʚʩʘ ʫ çʚʽʚʩʷʥʠʡ 

ʨʠʩè ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʘʥʦʛʦ ʧʨʦʜʫʢʪʫ ʷʢ ʩʘʤʦʩʪʽʡʥʦʛʦ, ʘʙʦ ʩʪʚʦʨʝʥʥʷ ʩʫʤʽʰʽ ʜʚʦʭ ʢʨʫʧ 

ʜʦʜʘʚʘʥʥʷʤ ʜʦ çʚʽʚʩʷʥʦʛʦ ʨʠʩʫè ʟʚʠʯʘʡʥʦʾ ʨʠʩʦʚʦʾ ʢʨʫʧʠ. K. Seppo ʪʘ ʽʥʰʽ ʨʦʟʨʦʙʠʣʠ 

ʪʝʭʥʦʣʦʛʽʶ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʪʦʥʢʦ ʟʜʨʽʙʥʝʥʦʾ ʬʨʘʢʮʽʾ ʚʽʚʩʷʥʦʛʦ ʙʦʨʦʰʥʘ ʟʙʘʛʘʯʝʥʦʾ 

ɓ-ʛʣʶʢʘʥʘʤʠ, ʱʦ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʫ ʟʝʨʥʦʚʠʭ ʩʥʽʜʘʥʢʘʭ, ʛʦʪʦʚʠʭ ʜʦ ʩʧʦʞʠʚʘʥ-

ʥʷ ʧʨʦʜʫʢʪʘʭ ʪʦʱʦ. ɺʽʜʦʤʠʡ ʪʘʢʦʞ ʧʨʦʜʫʢʪ ʩʪʚʦʨʝʥʠʡ ʥʘ ʦʩʥʦʚʽ ʟʝʨʥʦʚʠʭ ʧʨʦʜʫʢʪʽʚ ʽʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʙʦʨʦʰʥʘ ʦʪʨʠʤʘʥʦʛʦ ʧʨʠ ʧʝʨʝʨʦʙʮʽ ʛʦʣʦʟʝʨʥʦʛʦ ʚʽʚʩʘ, ʱʦ ʤʘʻ ʬʫʥʢʮʽʦ-

ʥʘʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʨʠ ʧʨʦʬʽʣʘʢʪʠʮʽ ʪʘ ʣʽʢʫʚʘʥʥʽ ʮʫʢʨʦʚʦʛʦ ʜʽʘʙʝʪʫ. ɼʘʥʠʡ ʧʨʦʜʫʢʪ 

ʤʽʩʪʠʪʴ ʫ ʩʚʦʻʤʫ ʩʢʣʘʜʽ 32-35 % ʙʦʨʦʰʥʘ ʽʟ ʛʦʣʦʟʝʨʥʦʛʦ ʚʽʚʩʘ, 20-25 % ʧʰʝʥʠʯʥʦʛʦ ʙʦ-

ʨʦʰʥʘ, ʪʘʢʦʞ ʤʽʩʪʠʪʴ ʫ ʩʚʦʻʤʫ ʩʢʣʘʜʽ ʛʨʝʯʘʥʝ, ʢʫʢʫʨʫʜʟʷʥʝ ʙʦʨʦʰʥʦ, ʷʯʤʽʥʴ, ʨʠʩ ʪʦʱʦ. 

ɺʽʚʩʷʥʝ ʙʦʨʦʰʥʦ ʪʘʢʦʞ ʚʭʦʜʠʪʴ ʜʦ ʩʢʣʘʜʫ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʧʨʦʜʫʢʪʫ, ʱʦ ʬʫʥʢʮʽʻʶ 

ʷʢʦʛʦ ʻ ʟʥʠʞʝʥʥʷ ʨʽʚʥʷ ʮʫʢʨʫ ʚ ʢʨʦʚʽ. ɺ ʨʝʮʝʧʪʫʨʫ ʜʘʥʦʛʦ ʧʨʦʜʫʢʪʫ ʚʭʦʜʠʪʴ ʜʦ 8 % 

ʚʽʚʩʷʥʦʛʦ ʙʦʨʦʰʥʘ. ɺʽʜʦʤʠʡ ʪʘʢʦʞ ʢʦʤʧʦʟʠʪʥʠʡ ʧʨʦʜʫʢʪ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʨʝʮʝʧʪʫʨʠ ʷʢʦ-

ʛʦ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʥʥʷ 19-23 % ʛʦʣʦʟʝʨʥʦʛʦ ʚʽʚʩʘ, ʦʩʥʦʚʥʦʶ ʬʫʥʢʮʽʻʶ ʷʢʦʛʦ ʻ 

ʟʥʷʪʪʷ ʚʪʦʤʠ. 

ɺ ʋʢʨʘʾʥʽ ʟʝʨʥʦ ʛʦʣʦʟʝʨʥʦʛʦ ʚʽʚʩʘ ʥʝ ʟʚʘʞʘʶʯʠ ʥʘ ʡʦʛʦ ʥʘʷʚʥʽʩʪʴ ʧʨʦʪʷʛʦʤ 10-15 

ʨʦʢʽʚ ʰʠʨʦʢʦ ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʭʘʨʯʦʚʠʭ ʧʨʦʜʫʢʪʽʚ. ʎʝ ʧʦʚôʷʟʘʥʦ ʚ 

ʧʝʨʰʫ ʯʝʨʛʫ ʟ ʚʽʜʩʫʪʥʽʩʪʶ ʨʝʛʣʘʤʝʥʪʫ, ʘ ʪʘʢʦʞ ʪʠʤ ʱʦ ʟʜʽʡʩʥʝʥʥʷ ʧʝʨʝʨʦʙʢʠ ʜʘʥʦʛʦ 

ʩʦʨʪʫ ʚʽʚʩʘ ʟʘ ʽʩʥʫʶʯʠʤʠ ʪʝʭʥʦʣʦʛʽʷʤʠ, ʧʨʠ ʚʠʢʣʶʯʝʥʥʽ ʽʟ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ 

ʧʝʚʥʠʭ ʦʧʝʨʘʮʽʡ ʥʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʙʘʞʘʥʦʛʦ ʝʬʝʢʪʫ. ɯʩʥʫʶʯʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʥʝ ʚʨʘʭʦʚʫ-

ʶʪʴ ʦʩʦʙʣʠʚʦʩʪʝʡ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʦʩʦʙʣʠʚʦʩʪʝʡ ʥʘʷʚʥʦʩʪʽ ʥʝʦʙʨʫʰʝʥʦʛʦ ʽ 

ʧʣʽʚʯʘʩʪʦʛʦ ʟʝʨʥʘ ʚ ʩʫʤʽʰʽ ʟ ʛʦʣʦʟʝʨʥʠʤ, ʘ ʪʘʢʦʞ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ.  

ɺ ʭʦʜʽ ʧʦʧʝʨʝʜʥʽʭ ʜʦʩʣʽʜʞʝʥʴ (2011-2014 ʨʨ.) ʧʨʦʚʝʜʝʥʠʭ ʢʘʬʝʜʨʽ ʪʝʭʥʦʣʦʛʽʾ ʧʝ-

ʨʝʨʦʙʢʠ ʟʝʨʥʘ ʆʜʝʩʴʢʦʾ ʥʘʮʽʦʥʘʣʴʥʦʾ ʘʢʘʜʝʤʽʾ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʚʠʟʥʘʯʝʥʽ ʦʩʦʙʣʠ-

ʚʦʩʪʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʪʘ ʨʦʟʨʦʙʣʝʥʦ ʪʝʭʥʦʣʦʛʽʶ ʧʝʨʝʨʦʙ-

ʢʠ ʛʦʣʦʟʝʨʥʦʛʦ ʚʽʚʩʘ ʩʦʨʪʫ çʉʘʣʦʤʦʥè ʚ ʢʨʫʧʠ ʪʘ ʧʣʘʩʪʽʚʮʽ ʽʟ ʧʽʜʚʠʱʝʥʠʤ ʚʠʭʦʜʦʤ ʪʘ 

ʩʢʦʨʦʯʝʥʠʤʠ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ. ɸʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʧʦʢʘʟʘʚ, ʱʦ ʛʦʣʦ-

ʟʝʨʥʠʡ ʦʚʝʩ ʚʦʣʦʜʽʻ ʥʘʜʟʚʠʯʘʡʥʦ ʚʠʩʦʢʠʤ ʧʦʪʝʥʮʽʘʣʦʤ, ʡʦʛʦ ʤʦʞʣʠʚʦ ʧʝʨʝʨʦʙʣʷʪʠ ʫ 

ʢʨʫʧôʷʥʽ ʧʨʦʜʫʢʪʠ ʽʟ ʚʠʭʦʜʦʤ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ ʷʢʠʡ ʤʘʡʞʝ ʚ 2 ʨʘʟʠ ʧʝʨʝʚʠʱʫʻ ʚʠʭʽʜ 

ʢʣʘʩʠʯʥʠʭ ʧʨʦʜʫʢʪʽʚ.  
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ʉʴʦʛʦʜʥʽ ʚ ʥʘʰʽʡ ʢʨʘʾʥʽ ʽʩʥʫʻ ʧʨʦʙʣʝʤʘ ʟ ʘʩʦʨʪʠʤʝʥʪʦʤ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʟʝʨʥʦʚʠʭ 

ʧʨʦʜʫʢʪʽʚ. ʇʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʘʥʠʭ ʪʘ ʜʘʥʠʭ ʦʪʨʠʤʘʥʠʭ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ 

ʧʦʧʝʨʝʜʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʧʦʢʘʟʫʻ, ʱʦ ʟʝʨʥʦ ʛʦʣʦʟʝʨʥʦʛʦ ʚʽʚʩʘ ʧʨʠ ʨʦʟʨʦʙʮʽ ʚʽʜʧʦʚʽʜʥʠʭ 

ʨʝʞʠʤʽʚ ʧʝʨʝʨʦʙʢʠ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚ ʷʢʦʩʪʽ ʩʠʨʦʚʠʥʠ ʜʣʷ ʧʨʦʜʫʢʪʽʚ ʬʫʥʢʮʽʦ-

ʥʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ. ʁʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʦʟʚʦʣʠʪʴ ʦʪʨʠʤʫʚʘʪʠ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʧʨʦ-

ʜʫʢʪʠ ʽʟ ʧʽʜʚʠʱʝʥʠʤ ʚʠʭʦʜʦʤ ʧʨʠ ʩʢʦʨʦʯʝʥʦʤʫ ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʧʨʦʮʝʩʽ, ʱʦ ʩʴʦʛʦʜʥʽ ʥʘ 

ʪʝʨʠʪʦʨʽʾ ʥʘʰʦʾ ʢʨʘʾʥʠ ʟʘʣʠʰʘʻʪʴʩʷ ʘʢʪʫʘʣʴʥʦʶ ʧʨʦʙʣʝʤʦʶ ʟʝʨʥʦʧʝʨʝʨʦʙʥʦʾ ʛʘʣʫʟʽ. 
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ɿɽʈʂɸʃʆ ɺ çʋʄʅʆʄ ɼʆʄɽè, ʂɸʂ ʎɽʅʊʈɸʃʔʅʆɽ ɿɺɽʅʆ ʉʀʉʊɽʄʓ çɸʇ-

ʇɸʈɸʊ ï ʏɽʃʆɺɽʂè 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʦʩʪʦʷʥʠʝ ʪʝʭʥʦʣʦʛʠʠ çʫʤʥʳʡ ʜʦʤè ʥʘ ʩʝʛʦ-

ʜʥʷʰʥʠʡ ʜʝʥʴ ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʝʢʪʦʨ ʨʘʟʚʠʪʠʷ ʦʙʨʘʟʘ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʚ ʛʣʘʟʘʭ ʧʦ-

ʪʝʥʮʠʘʣʴʥʳʭ ʧʦʢʫʧʘʪʝʣʝʡ. ʊʘʢ ʞʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʢʦʥʮʝʧʪ ʪʝʭʥʦʣʦʛʠʯʥʦʛʦ ʟʝʨʢʘʣʘ, ʢʘʢ 

ʚʝʜʫʱʝʡ ʯʘʩʪʠ çʫʤʥʦʛʦ ʜʦʤʘè ʚ ʩʬʝʨʝ ʦʪʦʙʨʘʞʝʥʠʷ ʚʠʟʫʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ ʧʦʣʴ-

ʟʦʚʘʪʝʣʷ.  

ɸʥʦʪʘʮʽʷ 

ʋ ʜʘʥʽʡ ʩʪʘʪʪʽ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʩʪʘʥ ʪʝʭʥʦʣʦʛʽʾ çʨʦʟʫʤʥʠʡ ʜʽʤè ʥʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ 

ʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʝʢʪʦʨ ʨʦʟʚʠʪʢʫ ʦʙʨʘʟʫ ʜʘʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʚ ʦʯʘʭ ʧʦʪʝʥʮʽʡʥʠʭ ʧʦʢʫʧʮʽʚ. 

ʊʘʢ ʩʘʤʦ ʧʨʦʧʦʥʫʻʪʴʩʷ ʢʦʥʮʝʧʪ ʪʝʭʥʦʣʦʛʠʯʥʦʛʦ ʜʟʝʨʢʘʣʘ, ʷʢ ʧʨʦʚʽʜʥʦʾ ʯʘʩʪʠʥʠ çʨʦ-

ʟʫʤʥʦʛʦ ʙʫʜʠʥʢʫè ʫ ʩʬʝʨʽ ʚʽʜʦʙʨʘʞʝʥʥʷ ʚʽʟʫʘʣʴʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʘ. 

Annotation 

This article discusses the state of technology "smart house" today and is determined by 

the vector of development of the technology of the image in the eyes of potential buyers. And 

proposed concept tech mirror, as a leading part of the "smart house" in the display of visual 

information to the user. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʫʤʥʳʡ ʜʦʤ, ʤʠʢʨʦʧʨʦʮʝʩʩʦʨ, ʠʥʪʝʨʬʝʡʩ, ʤʫʣʴʪʠʨʫʤ, ʟʝʨʢʘʣʦ 

ɻʝʟʝʣʣʘ, ʛʦʣʦʩʦʚʦʝ ʫʧʨʘʚʣʝʥʠʝ, ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʛʦʣʦʩʘ.  

Keywords: smart house, microprocessor, interface, multi-room, one-way mirror, voice 

control, voice recognition. 

 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ, ʪʝʭʥʦʣʦʛʠʠ çʫʤʥʦʛʦ ʜʦʤʘè ʧʦʩʪʝʧʝʥʥʦ ʚʭʦʜʷʪ ʚ ʥʘʰʫ ʦʙʳ-

ʜʝʥʥʫʶ ʞʠʟʥʴ. ʊʘʢʠʝ ʦʛʨʦʤʥʳʝ ʢʦʤʧʘʥʠʠ, ʢʘʢ Philips, LG ʠ Samsung ʚʝʜʫʪ ʥʝʧʨʝʢʨʘ-

ʱʘʶʱʠʝʩʷ ʨʘʟʨʘʙʦʪʢʠ ʚ ʜʘʥʥʦʡ ʩʬʝʨʝ. ʆʜʥʘʢʦ, ʠʥʪʝʨʬʝʡʩʦʤ, ʢʦʪʦʨʳʡ ʩʦʝʜʠʥʷʝʪ ʧʦʣʴ-

ʟʦʚʘʪʝʣʷ ʩ ʜʘʥʥʳʤʠ, ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʤʠ çʫʤʥʳʤè ʜʦʤʦʤ, ʧʦ-ʧʨʝʞʥʝʤʫ ʦʩʪʘʶʪʩʷ: ʤʦ-

ʙʠʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʩ ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʥʘ ʥʠʭ ʧʨʦʛʨʘʤʤʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ ʠʣʠ ʠʥʪʝʨʘʢ-

ʪʠʚʥʳʝ ʙʝʩʧʨʦʚʦʜʥʳʝ ʠ ʧʨʦʚʦʜʥʳʝ ʧʘʥʝʣʠ ʫʧʨʘʚʣʝʥʠʷ. ʕʪʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʘʤʫ ʪʝʭʥʦ-

ʣʦʛʠʶ çʫʤʥʦʛʦ ʜʦʤʘè, ʢʘʢ ʚʝʱʴ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʫʶ ʣʠʰʴ ʜʣʷ ʫʜʘʣʸʥʥʦʛʦ ʢʦʥʪʨʦʣʷ ʜʦ-

ʤʦʤ. ʆʜʥʘʢʦ ʝʩʣʠ ʫʚʝʣʠʯʠʪʴ ʯʠʩʣʦ ʚʠʟʫʘʣʴʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʦʤʘ ʩ ʯʝʣʦʚʝʢʦʤ, ʪʦ 

ʤʦʞʥʦ ʜʦʙʠʪʴʩʷ ʚʦʩʧʨʠʷʪʠʷ ʝʛʦ ʥʝ ʢʘʢ çʧʫʣʴʪʘè, ʘ ʢʘʢ ʣʠʯʥʦʛʦ, ʥʝʟʘʤʝʥʠʤʦʛʦ ʧʦʤʦʱ-

ʥʠʢʘ.  

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʟʝʨʢʘʣʘ ʚ ʢʘʯʝʩʪʚʝ ʮʝʥʪʨʘʣʴʥʦʛʦ ʟʚʝʥʘ ʩʠʩʪʝʤʳ çʘʧʧʘʨʘʪ ï ʯʝʣʦ-

ʚʝʢè ʧʦʤʦʞʝʪ ʧʦʣʴʟʦʚʘʪʝʣʶ ʣʝʛʯʝ ʧʨʠʚʳʢʥʫʪʴ ʠ ʧʨʠʥʷʪʴ ʩʘʤʫ ʩʫʪʴ ʪʝʭʥʦʣʦʛʠʠ çʫʤʥʳʡ 

ʜʦʤè. ʆʥ ʙʦʣʴʰʝ ʥʝ ʙʫʜʝʪ ʷʚʣʷʪʴʩʷ ʜʣʷ ʯʝʣʦʚʝʢʘ ʣʠʰʴ ʧʫʣʴʪʦʤ ʫʧʨʘʚʣʝʥʠʷ ʝʛʦ ʢʚʘʨʪʠ-

ʨʦʡ ʠʣʠ ʜʦʤʦʤ, ʘ ʥʝʢʠʤ ʧʝʨʩʦʥʠʬʠʮʠʨʦʚʘʥʥʳʤ ʧʦʤʦʱʥʠʢʦʤ. ɼʣʷ ʩʦʟʜʘʥʠʷ ʪʘʢʦʛʦ ʦʙ-

ʨʘʟʘ ʥʝʦʙʭʦʜʠʤʦ ʥʝʩʢʦʣʴʢʦ ʢʦʤʧʦʥʝʥʪʦʚ, ʪʘʢʠʭ ʢʘʢ: ʚʠʟʫʘʣʴʥʦʝ ʦʪʦʙʨʘʞʝʥʠʝ ʠʥʬʦʨ-

ʤʘʮʠʠ çʫʤʥʦʛʦ ʜʦʤʘè, ʚʦʟʤʦʞʥʦʩʪʴ ʝʸ ʦʟʚʫʯʠʚʘʥʠʷ, ʘ ʪʘʢ ʞʝ ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʛʦʣʦʩʦʚʳʭ 

ʢʦʤʘʥʜ.  



75 

ʇʨʝʜʣʘʛʘʝʤʳʡ ʧʨʠʙʦʨ ʚʥʝʰʥʝ ʚʳʛʣʷʜʠʪ ʢʘʢ ʟʝʨʢʘʣʦ, ʥʘ ʢʦʪʦʨʦʝ ʚʳʚʦʜʠʪʩʷ ʟʘʜʘʥ-

ʥʘʷ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʠʥʬʦʨʤʘʮʠʷ. ʂ ʧʨʠʤʝʨʫ: ʩʚʦʜʢʘ ʥʦʚʦʩʪʝʡ, ʪʝʢʫʱʘʷ ʧʦʛʦʜʥʘʷ ʩʠʪʫʘ-

ʮʠʷ, ʟʘʧʣʘʥʠʨʦʚʘʥʥʳʝ ʜʝʣʘ ʥʘ ʜʝʥʴ, ʠʥʬʦʨʤʘʮʠʷ, ʩʦʙʨʘʥʥʘʷ ʩ ʜʘʪʯʠʢʦʚ ʜʦʤʘ ʠ ʪ. ʜ. 

ʕʢʨʘʥ ʤʦʥʠʪʦʨʘ, ʩ ʢʦʪʦʨʦʛʦ ʚʳʚʦʜʠʪʩʷ ʠʥʬʦʨʤʘʮʠʷ, ʥʝ ʟʘʤʝʪʝʥ ʧʦʣʴʟʦʚʘʪʝʣʶ ʩʦ ʩʪʦ-

ʨʦʥʳ. ʏʝʣʦʚʝʢʫ ʚʠʜʝʥ ʣʠʰʴ ʪʝʢʩʪ ʠ ʮʝʣʴʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʟʝʨʢʘʣʘ. ʀʟ-ʟʘ ʵʪʦʛʦ ʥʝ ʚʦʟʥʠ-

ʢʘʝʪ ʟʘʪʨʫʜʥʝʥʠʡ ʧʨʠ ʩʦʟʜʘʥʠʠ ʯʝʣʦʚʝʢʦʤ ʚʠʟʫʘʣʴʥʦʛʦ ʦʙʨʘʟʘ çʫʤʥʦʛʦ ʜʦʤʘè.  

ɺ ʢʘʯʝʩʪʚʝ ʟʝʨʢʘʣʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʟʝʨʢʘʣʦ ɻʝʟʝʣʣʘ. ʕʪʦ ʚʠʜ ʩʪʝʢʣʘ, ʧʦʢʨʳʪʦʝ ʪʦʥ-

ʢʠʤ ʩʣʦʝʤ ʤʝʪʘʣʣʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʯʘʩʪʴ ʩʚʝʪʘ, ʧʘʜʘʶʱʝʛʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʩʪʝʢʣʘ, 

ʦʪʨʘʞʘʝʪʩʷ, ʘ ʜʨʫʛʘʷ ʯʘʩʪʴ ʧʨʦʭʦʜʠʪ ʥʘʩʢʚʦʟʴ. ʇʨʠ ʵʪʦʤ ʩʚʝʪ ʧʨʦʭʦʜʠʪ ʚ ʦʙʦʠʭ ʥʘʧʨʘʚ-

ʣʝʥʠʷʭ.  

ɽʩʣʠ ʟʝʨʢʘʣʦʤ ɻʘʟʝʣʣʘ ʦʪʛʦʨʦʜʠʪʴ ʧʦʤʝʱʝʥʠʝ ʩ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʦʩʚʝʱʝʥʠʷ ʦʪ 

ʧʦʤʝʱʝʥʠʷ ʩʦ ʩʣʘʙʳʤ, ʪʦ ʩʦ ʩʪʦʨʦʥʳ ʙʦʣʝʝ ʩʚʝʪʣʦʛʦ ʧʦʤʝʱʝʥʠʷ ʦʥʦ ʙʫʜʝʪ ʚʳʛʣʷʜʝʪʴ, 

ʢʘʢ ʟʝʨʢʘʣʦ, ʘ ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ - ʢʘʢ ʟʘʪʝʤʥʸʥʥʦʝ ʦʢʥʦ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʩʦ 

ʩʪʦʨʦʥʳ ʩʚʝʪʣʦʛʦ ʧʦʤʝʱʝʥʠʷ ʦʪʨʘʞʝʥʠʝ ʙʫʜʝʪ ʤʘʩʢʠʨʦʚʘʪʴ ʩʚʝʪ, ʧʨʦʭʦʜʷʱʠʡ ʩʢʚʦʟʴ 

ʩʪʝʢʣʦ ʠʟ ʪʸʤʥʦʛʦ ʧʦʤʝʱʝʥʠʷ. ʉʦ ʩʪʦʨʦʥʳ ʞʝ ʧʦʤʝʱʝʥʠʷ ʩʦ ʩʣʘʙʳʤ ʫʨʦʚʥʝʤ ʩʚʝʪʘ 

ʢʘʨʪʠʥʘ ʙʫʜʝʪ ʧʨʦʪʠʚʦʧʦʣʦʞʥʘʷ: ʧʨʦʭʦʜʷʱʠʡ ʩʢʚʦʟʴ ʩʪʝʢʣʦ ʩʚʝʪ ʙʫʜʝʪ ʙʦʣʝʝ ʠʥʪʝʥ-

ʩʠʚʥʳʤ, ʯʝʤ ʦʪʨʘʞʸʥʥʳʡ. 

ɺ ʢʘʯʝʩʪʚʝ ʘʧʧʘʨʘʪʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʦʥʠʪʦʨ ʠ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨ ʩ 

ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʦʜʢʣʶʯʝʥʠʷ ʢ ʩʝʪʠ ʀʥʪʝʨʥʝʪ ʠ ʩʝʪʠ çʫʤʥʦʛʦ ʜʦʤʘè. ʄʠʢʨʦʧʨʦʮʝʩʩʦʨ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʜʘʥʥʳʭ ʦʪ ʩʝʨʚʝʨʘ çʫʤʥʦʛʦ ʜʦʤʘè ʠ ʚʳʚʦʜʘ ʠʭ ʥʘ ʵʢʨʘʥ 

ʤʦʥʠʪʦʨʘ.  

ɼʣʷ ʧʦʣʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʧʦʜʦʙʥʦʛʦ ʧʨʠʙʦʨʘ ʚ çʫʤʥʦʤ ʜʦʤʝè ʜʦʣʞʥʘ ʙʳʪʴ 

ʫʩʪʘʥʦʚʣʝʥʘ ʩʠʩʪʝʤʘ ʄʫʣʴʪʠʨʫʤ - ʤʫʣʴʪʠʤʝʜʠʡʥʘʷ ʩʠʩʪʝʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʘʫʜʠʦ ʠ ʚʠ-

ʜʝʦʩʠʛʥʘʣʦʚ ʚ ʥʝʢʦʪʦʨʦʤ ʧʦʤʝʱʝʥʠʠ ʠʣʠ ʟʘ ʝʛʦ ʧʨʝʜʝʣʘʤʠ. ʗʚʣʷʝʪʩʷ ʜʦʧʦʣʥʝʥʠʝʤ ʢ 

ʩʠʩʪʝʤʝ çʫʤʥʦʛʦ ʜʦʤʘè. ʆʙʳʯʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʚʘʨʪʠʨʘʭ, ʯʘʩʪʥʳʭ ʜʦʤʘʭ ʠʣʠ ʜʨʫʛʠʭ 

ʧʦʤʝʱʝʥʠʷʭ ʩ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʢʦʤʥʘʪ.  

ʉʠʩʪʝʤʘ ʩʦʩʪʦʠʪ ʠʟ ʦʜʥʦʛʦ ʢʦʤʧʣʝʢʪʘ ʩʝʨʚʝʨʥʦʡ ʘʧʧʘʨʘʪʫʨʳ (ʙʣʦʢ ʫʧʨʘʚʣʝʥʠʷ, 

ʧʨʦʮʝʩʩʦʨ, ʢʦʥʪʨʦʣʣʝʨ), ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʫʩʪʘʥʘʚʣʠʚʘʪʴʩʷ ʚ ʣʶʙʦʤ ʫʜʦʙʥʦʤ ʤʝʩʪʝ, ʠ ʥʝ-

ʩʢʦʣʴʢʠʭ ʘʫʜʠʦ/ʚʠʜʝʦ ʩʠʩʪʝʤ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʦʙʩʣʫʞʠʚʘʝʤʳʭ ʢʦʤʥʘʪʘʭ ʠ ʩʦʝʜʠʥʝʥ-

ʥʳʭ ʩ ʩʝʨʚʝʨʦʤ ʧʦ ʟʘʨʘʥʝʝ ʧʨʦʣʦʞʝʥʥʳʤ ʚ ʩʪʝʥʘʭ ʢʘʙʝʣʷʤ. 

ɺʩʪʨʦʝʥʥʳʝ ʚ ʩʪʝʥʳ ʧʘʥʝʣʠ ʫʧʨʘʚʣʝʥʠʷ ʩʠʩʪʝʤʦʡ ʧʦʟʚʦʣʷʶʪ ʠʟ ʣʶʙʦʛʦ ʧʦʤʝʱʝ-

ʥʠʷ ʫʧʨʘʚʣʷʪʴ ʣʶʙʦʡ ʯʘʩʪʴʶ ʩʠʩʪʝʤʳ. ʊʘʢʞʝ ʚʦʟʤʦʞʥʦ ʫʧʨʘʚʣʝʥʠʝ ʩ ʧʦʤʦʱʴʶ ʧʫʣʴʪʘ 

ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ. ʋʧʨʘʚʣʷʪʴ ʩʠʩʪʝʤʦʡ ʤʦʞʥʦ ʪʘʢʞʝ ʩ ʧʦʤʦʱʴʶ ʦʙʳʯʥʦʛʦ 

ʠʣʠ ʤʦʙʠʣʴʥʦʛʦ ʪʝʣʝʬʦʥʘ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʦʛʦ ʫʧʨʘʚʣʷʶʱʝʛʦ ʢʦʜʘ. 

ʆʜʥʘʢʦ ʯʪʦʙʳ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʜʘʥʥʳʤʠ, ʚʳʚʦʜʠʤʳʤʠ ʥʘ çʧʦʚʝʨʭʥʦʩʪʴè ʟʝʨ-

ʢʘʣʘ ʥʝʦʙʭʦʜʠʤ ʜʨʫʛʦʡ ʪʠʧ ʫʧʨʘʚʣʝʥʠʷ. ʂʦʪʦʨʳʡ ʪʘʢ ʞʝ ʠʤʠʪʠʨʦʚʘʣ ʦʙʱʝʥʠʝ ʩ ʯʝʣʦ-

ʚʝʢʦʤ, ʧʦʵʪʦʤʫ ʚʳʙʦʨ ʧʘʜʘʝʪ ʥʘ ʛʦʣʦʩʦʚʦʝ ʫʧʨʘʚʣʝʥʠʝ. ɼʣʷ ʵʪʦʛʦ ʤʦʞʥʦ ʯʘʩʪʠʯʥʦ ʚʦʩ-

ʧʦʣʴʟʦʚʘʪʴʩʷ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʄʫʣʴʪʠʨʫʤʘ, ʘ ʠʤʝʥʥʦ ï ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʧʦ ʚʩʝʤʫ ʜʦʤʫ 

ʢʦʣʦʥʢʘʤʠ. ʉ ʧʦʤʦʱʴʶ ʥʠʭ ʤʦʞʥʦ ʚʦʩʧʨʦʠʟʚʦʜʠʪʴ ʛʦʣʦʩ çʫʤʥʦʛʦ ʜʦʤʘè, ʘ ʨʝʯʴ ʯʝʣʦ-

ʚʝʢʘ ʙʫʜʝʪ ʩʯʠʪʳʚʘʪʴʩʷ ʩ ʤʠʢʨʦʬʦʥʦʚ, ʪʘʢ ʞʝ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚʥʫʪʨʠ ʜʦʤʘ.  

ʊʘʢ ʞʝ ʜʣʷ ʢʦʤʬʦʨʪʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʧʦʜʦʙʥʦʡ ʩʠʩʪʝʤʦʡ ʜʦʣʞʝʥ ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ 

ʤʫʣʴʪʠʧʣʘʪʬʦʨʤʝʥʥʳʡ ʠʥʪʝʨʬʝʡʩ, ʧʦʟʚʦʣʷʶʱʠʡ ʩʦʟʜʘʚʘʪʴ ʩʮʝʥʘʨʠʠ ʩʦʙʳʪʠʡ ʠ ʫʧʨʘʚ-

ʣʷʪʴ ʜʘʥʥʳʤʠ, ʚʳʚʦʜʠʤʳʤʠ ʥʘ ʵʢʨʘʥ ʤʦʥʠʪʦʨʘ. ʀ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʣʠʮ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʧʨʦʬʠʣʝʡ ʧʦʣʴʟʦʚʘʪʝʣʝʡ.  
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ɸʥʦʪʘʮʽʷ  

ʋ ʧʨʦʮʝʩʽ ʟʚʘʨʶʚʘʥʥʷ ʚ ʤʝʪʘʣʽ ʰʚʘ ʽ ʟʦʥʽ ʪʝʨʤʽʯʥʦʛʦ ʚʧʣʠʚʫ ʤʦʞʫʪʴ ʙʫʪʠ ʚʥʫʪʨʽ-

ʰʥʽ ʜʝʬʝʢʪʠ, ʷʢʽ ʟʥʠʞʫʶʪʴ ʤʽʮʥʽʩʪʴ ʟ'ʻʜʥʘʥʥʷ, ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʥʝʛʝʨʤʝʪʠʯʥʦʩʪʽ ʰʚʽʚ, 

ʟʥʠʞʫʶʪʴ ʝʢʩʧʣʫʘʪʘʮʽʡʥʫ ʥʘʜʽʡʥʽʩʪʴ ʚʠʨʦʙʫ. ɼʣʷ ʚʠʷʚʣʝʥʥʷ ʜʝʬʝʢʪʽʚ ʟʘʩʪʦʩʦʚʫʶʪʴ ʨʽ-

ʟʥʽ ʤʝʪʦʜʠ ʢʦʥʪʨʦʣʶ. ʗʢʱʦ ʧʨʠ ʢʦʥʪʨʦʣʽ ʥʝ ʧʦʨʫʰʫʻʪʴʩʷ ʮʽʣʽʩʥʽʩʪʴ ʟʚʘʨʥʦʛʦ ʟ'ʻʜʥʘʥʥʷ, 

ʪʦ ʜʘʥʠʡ ʤʝʪʦʜ ʚʽʜʥʦʩʷʪʴ ʜʦ ʥʝʨʫʡʥʽʚʥʦʛʦ ʤʝʪʦʜʫ ʢʦʥʪʨʦʣʶ. ɺʘʞʣʠʚʫ ʨʦʣʴ ʟʘʡʤʘʻ ʚʠ-

ʙʽʨ ʘʧʘʨʘʪʽʚ ʢʦʥʪʨʦʣʶ ʚʥʫʪʨʽʰʥʽʭ ʜʝʬʝʢʪʽʚ. 

ɸʥʥʦʪʘʮʠʷ 

ɺ ʧʨʦʮʝʩʩʝ ʩʚʘʨʢʠ ʚ ʤʝʪʘʣʣʝ ʰʚʘ ʠ ʟʦʥʝ ʪʝʨʤʠʯʝʩʢʦʛʦ ʚʣʠʷʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʚʥʫʪ-

ʨʝʥʥʠʝ ʜʝʬʝʢʪʳ, ʢʦʪʦʨʳʝ ʩʥʠʞʘʶʪ ʧʨʦʯʥʦʩʪʴ ʩʦʝʜʠʥʝʥʠʷ, ʧʨʠʚʦʜʷʪ ʢ ʥʝʛʝʨʤʝʪʠʯʥʦʩʪʠ 

ʰʚʦʚ, ʩʥʠʞʘʶʪ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʫʶ ʥʘʜʝʞʥʦʩʪʴ ʠʟʜʝʣʠʷ. ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʜʝʬʝʢʪʦʚ ʧʨʠ-

ʤʝʥʷʶʪ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ ʢʦʥʪʨʦʣʷ. ɽʩʣʠ ʧʨʠ ʢʦʥʪʨʦʣʝ ʥʝ ʥʘʨʫʰʘʝʪʩʷ ʮʝʣʦʩʪʥʦʩʪʴ 

ʩʚʘʨʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ, ʪʦ ʜʘʥʥʳʡ ʤʝʪʦʜ ʦʪʥʦʩʷʪ ʢ ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʤʝʪʦʜʘ ʢʦʥʪʨʦʣʷ. 

ɺʘʞʥʫʶ ʨʦʣʴ ʟʘʥʠʤʘʝʪ ʚʳʙʦʨ ʘʧʧʘʨʘʪʦʚ ʢʦʥʪʨʦʣʷ ʚʥʫʪʨʝʥʥʠʭ ʜʝʬʝʢʪʦʚ. 

Abstract 

In the process of welding in the weld metal and heat affected zone can be internal 

defects that reduce the strength of the connection joints lead to leakage, reduce the operational 

reliability of the product. To detect defects using various control methods. If the control is not 

disturbed the integrity of the weld, then this method is referred to as non-destructive method 

of control. The important role is taken the choice aparativ control internal defects. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʧʨʦʩʚʽʯʫʚʘʥʥʷ, ʚʥʫʪʨʽʰʥʽ ʜʝʬʝʢʪʠ, ʨʝʥʪʛʝʥʽʚʩʴʢʽ ʘʧʘʨʘʪʠ, ʛʘʤʤʘ-

ʧʨʦʤʝʥʽ.  

Keywords: ray, internal defects, X-ray devices, gamma-rays. 

 

ʇʨʦʩʚʽʯʫʚʘʥʥʷʤ ʚʠʷʚʣʷʶʪʴ ʚʥʫʪʨʽʰʥʽ ʜʝʬʝʢʪʠ ï ʪʨʽʱʠʥʠ, ʥʝʧʨʦʚʘʨʠ, ʧʦʨʠ, ʰʣʘ-

ʢʦʚʽ ʚʢʣʶʯʝʥʥʷ. ʇʨʦʩʚʽʯʫʚʘʥʥʷʤ ʧʝʨʝʚʽʨʷʶʪʴ ʰʚʠ ʪʨʫʙʦʧʨʦʚʦʜʽʚ ʪʘ ʨʝʟʝʨʚʫʘʨʽʚ. ɼʣʷ 

ʧʨʦʩʚʽʯʫʚʘʥʥʷ ʟʘʩʪʦʩʦʚʫʶʪʴ ʨʝʥʪʛʝʥʽʚʩʴʢʽ ʧʨʦʤʝʥʽ ʘʙʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʨʘʜʽʦʘʢʪʠʚʥʠʭ 

ʝʣʝʤʝʥʪʽʚ (ʛʘʤʤʘ-ʧʨʦʤʝʥʽ). ʎʽ ʧʨʦʤʝʥʽ, ʥʝ ʚʠʜʠʤʽ ʣʶʜʩʴʢʠʤ ʦʢʦʤ, ʟʜʘʪʥʽ ʧʨʦʥʠʢʘʪʠ 

ʯʝʨʝʟ ʪʦʚʱʠʥʫ ʤʝʪʘʣʫ, ʜʽʶʯʠ ʥʘ ʩʚʽʪʣʦʯʫʪʣʠʚʫ ʬʦʪʦʧʣʽʚʢʫ, ʧʨʠʢʣʘʜʝʥʫ ʜʦ ʰʚʘ ʽʟ ʟʚʦ-

ʨʦʪʥʦʾ ʩʪʦʨʦʥʠ [1]. 

ʋ ʪʠʭ ʤʽʩʮʷʭ ʰʚʘ, ʜʝ ʻ ʜʝʬʝʢʪ, ʧʦʛʣʠʥʘʥʥʷ ʧʨʦʤʝʥʽʚ ʤʝʪʘʣʦʤ ʙʫʜʝ ʤʝʥʰʝ, ʽ ʚʦʥʠ 

ʥʘʜʘʜʫʪʴ ʩʠʣʴʥʽʰʫ ʜʽʶ ʥʘ ʯʫʪʣʠʚʫ ʜʦ ʧʨʦʤʝʥʽʚ ʝʤʫʣʴʩʽʶ ʧʣʽʚʢʠ. ʊʦʤʫ ʚ ʜʘʥʦʤʫ ʤʽʩʮʽ 

ʥʘ ʧʣʽʚʮʽ ʧʽʩʣʷ ʧʨʦʷʚʫ ʙʫʜʝ ʪʝʤʥʘ ʧʣʷʤʘ, ʟʘ ʨʦʟʤʽʨʘʤʠ ʽ ʬʦʨʤʦʶ ʚʽʜʧʦʚʽʜʥʘ ʥʘʷʚʥʦʤʫ 

ʜʝʬʝʢʪʫ. ɿʥʽʤʦʢ ʰʚʘ ʥʘ ʧʣʽʚʮʽ ʥʘʟʠʚʘʻʪʴʩʷ ʨʝʥʪʛʝʥʦʛʨʘʤʦʶ (ʘʙʦ ʛʘʤʦʛʨʘʤʦʶ) ʰʚʘ. 

http://ua-referat.com/%D0%9F%D1%80%D0%BE%D1%86%D0%B5%D1%81
http://ua-referat.com/%D0%97%D0%B2%D0%B0%D1%80%D1%8E%D0%B2%D0%B0%D0%BD%D0%BD%D1%8F
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ɼʣʷ ʧʨʦʩʚʽʯʫʚʘʥʥʷ ʟʘʩʪʦʩʦʚʫʶʪʴ ʨʝʥʪʛʝʥʽʚʩʴʢʽ ʘʧʘʨʘʪʠ, ʱʦ ʩʢʣʘʜʘʶʪʴʩʷ ʽʟ ʩʧʝʮʽʘ-

ʣʴʥʦʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʟ ʚʠʧʨʷʤʣʷʯʝʤ ʽ ʦʩʦʙʣʠʚʦʾ ʣʘʤʧʠ ï ʨʝʥʪʛʝʥʽʚʩʴʢʦʾ ʪʨʫʙʢʠ. ʗʢ 

ʜʞʝʨʝʣʘ ʛʘʤʤʘ-ʧʨʦʤʝʥʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʨʘʜʽʦʘʢʪʠʚʥʽ ʨʝʯʦʚʠʥʠ: ʢʦʙʘʣʴʪ-60; ʮʝʟʽʡ-

137; ʽʨʠʜʽʡ-192; ʝʚʨʦʧʽʡ-152-154. ʂʦʙʘʣʴʪ-60 ʚʦʣʦʜʽʻ ʥʘʡʙʽʣʴʰ ʞʦʨʩʪʢʠʤʠ, ʩʠʣʴʥʦ 

ʧʨʦʥʠʢʘʶʯʠʤʠ ʧʨʦʤʝʥʷʤʠ, ʪʦʤʫ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʧʨʦʩʚʽʯʫʚʘʥʥʷ ʤʝʪʘʣʽʚ ʚʝʣʠʢʦʾ ʪʦ-

ʚʱʠʥʠ. ʈʝʰʪʘ ʽʟʦʪʦʧʽʚ ʤʘʻ ʟʥʘʯʥʦ ʤ'ʷʢʰʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʤʝ-

ʥʰʦʾ ʪʦʚʱʠʥʠ. ʅʘʡʙʽʣʴʰ ʤ'ʷʢʝ (ʱʦ ʥʘʙʣʠʞʘʻʪʴʩʷ ʜʦ ʨʝʥʪʛʝʥʽʚʩʴʢʦʛʦ) ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

ʜʘʻ ʪʫʣʽʡ-170, ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʡ ʜʣʷ ʧʨʦʩʚʽʯʫʚʘʥʥʷ ʟʚʘʨʥʠʭ ʩʪʠʢʽʚ ʤʘʣʦʾ ʪʦʚʱʠʥʠ.  

ɻʘʤʤʘ-ʧʨʦʤʝʥʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚ ʪʠʭ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ ʨʝʥʪʛʝʥʽʚʩʴʢʽ ʧʨʦʤʝʥʽ ʟʘ-

ʩʪʦʩʫʚʘʪʠ ʥʝ ʤʦʞʥʘ ʯʝʨʝʟ ʬʦʨʤʫ ʚʠʨʦʙʽʚ, ʤʘʣʫ ʜʦʩʪʫʧʥʽʩʪʴ ʰʚʘ ʘʙʦ ʚʝʣʠʢʫ ʪʦʚʱʠʥʫ 

ʤʝʪʘʣʫ. ɸʣʝ ʧʨʦʩʚʽʯʫʚʘʥʥʷ ʛʘʤʤʘ-ʧʨʦʤʝʥʷʤʠ ʟʚʘʨʥʠʭ ʰʚʽʚ ʤʘʻ ʧʝʨʝʚʘʛʠ ʧʝʨʝʜ ʨʝʥʪʛʝ-

ʥʽʚʩʴʢʠʤ, ʘ ʩʘʤʝ: ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʩʚʽʯʫʚʘʥʥʷ ʚʘʞʢʦʜʦʩʪʫʧʥʠʭ ʤʽʩʮʴ ʥʘ 

ʚʠʨʦʙʽ; ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʩʚʽʯʫʚʘʥʥʷ ʰʚʽʚ ʦʜʥʦʯʘʩʥʦ ʚ ʜʝʢʽʣʴʢʦʭ ʪʦʯʢʘʭ; ʤʦʞʣʠʚʽʩʪʴ ʢʦʥ-

ʪʨʦʣʶ ʢʽʣʴʮʝʚʠʭ ʰʚʽʚ ʟ ʦʜʥʽʻʾ ʪʦʯʢʠ; ʙʝʟʚʽʜʤʦʚʥʽʩʪʴ ʽ ʪʨʠʚʘʣʽʩʪʴ (ʜʝʢʽʣʴʢʘ ʨʦʢʽʚ) ʨʦʙʦ-

ʪʠ ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʧʨʝʧʘʨʘʪʽʚ; ʧʨʦʩʪʦʪʘ, ʥʝʚʠʩʦʢʘ ʚʘʨʪʽʩʪʴ ʽ ʣʝʛʢʽʩʪʴ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ 

ʫʩʪʘʥʦʚʢʠ, ʱʦ ʧʨʦʩʚʽʯʫʻ. ʇʨʦʩʚʽʯʫʚʘʥʥʷ ʨʝʥʪʛʝʥʽʚʩʴʢʠʤʠ ʽ ʛʘʤʤʘ-ʧʨʦʤʝʥʷʤʠ ʚʠʢʦʥʫʻ 

ʪʽʣʴʢʠ ʩʧʝʮʽʘʣʴʥʦ ʥʘʚʯʝʥʠʡ ʧʝʨʩʦʥʘʣ. ʈʘʜʽʦʘʢʪʠʚʥʝ ʽ ʛʘʤʤʘ-ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʝʙʝʟʧʝʯ-

ʥʦ ʜʣʷ ʣʶʜʩʴʢʦʛʦ ʦʨʛʘʥʽʟʤʫ ʧʨʠ ʪʨʠʚʘʣʽʡ ʜʽʾ ʥʘ ʥʴʦʛʦ. ʊʦʤʫ ʧʨʠ ʧʨʦʩʚʽʯʫʚʘʥʥʽ ʟʘʩʪʦʩʦ-

ʚʫʶʪʴʩʷ ʩʧʝʮʽʘʣʴʥʽ ʟʘʭʦʜʠ ʟʘʭʠʩʪʫ ʦʙʩʣʫʛʦʚʫʶʯʦʛʦ ʧʝʨʩʦʥʘʣʫ ʚʽʜ ʜʽʾ ʮʠʭ ʧʨʦʤʝʥʽʚ 

(ʩʚʠʥʮʝʚʽ ʢʦʥʪʝʡʥʝʨʠ, ʝʢʨʘʥʠ ʪʦʱʦ). 

ɼʣʷ ʨʝʥʪʛʝʥʽʚʩʴʢʦʛʦ ʧʨʦʩʚʽʯʫʚʘʥʥʷ ʟʘʩʪʦʩʦʚʫʶʪʴ ʧʨʦʤʠʩʣʦʚʽ ʫʩʪʘʥʦʚʢʠ ʈʋʇ-120-

5 ʽ ʈʋʇ-200-5. ɼʣʷ ʧʨʦʩʚʽʯʫʚʘʥʥʷ ʛʘʤʤʘ-ʧʨʦʤʝʥʷʤʠ ï ʫʩʪʘʥʦʚʢʠ (ʜʝʬʝʢʪʦʩʢʦʧʠ) ɻʋʇ-

ʉʦ-0,5-1; ɻʋʇ-ʉʦ-5-1 ʽ ɻʋʇ-ʉʦ-50. ɺʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʪʘʢʦʞ ʜʝʬʝʢʪʦʩʢʦʧʠ ʈʀɼ-21-ɻ, 

ʱʦ ʤʘʶʪʴ ʧʦʣʝʛʰʝʥʽ ʢʦʥʪʝʡʥʝʨʠ ʥʝ ʟ ʩʚʠʥʮʶ, ʘ ʟ ʚʦʣʴʬʨʘʤʦʚʦʛʦ ʩʧʣʘʚʫ. 

ʇʦ ʭʘʨʘʢʪʝʨʫ ʨʦʟʧʦʜʽʣʫ ʜʝʬʝʢʪʠ ʜʽʣʷʪʴʩʷ ʥʘ ʛʨʫʧʠ: ɸ ï ʦʢʨʝʤʽ ʜʝʬʝʢʪʠ; ɹ ï ʣʘʥ-

ʮʶʞʦʢ ʜʝʬʝʢʪʽʚ; ʋ ï ʩʢʫʧʯʝʥʥʷ ʜʝʬʝʢʪʽʚ. ʅʘʧʨʠʢʣʘʜ, ʟʘʧʠʩ ʥʘ ʨʝʥʪʛʝʥʦʛʨʘʤʽ ʟʘʚʜʦʚʞ-

ʢʠ 100 ʤʤ ï ʇɹ-1-15, ʊʧ-4-1, ʐ-0 ʦʟʥʘʯʘʻ, ʱʦ ʥʘ ʜʽʣʷʥʮʽ ʰʚʘ ʜʦʚʞʠʥʦʶ 100 ʤʤ ʚʠʚ̫-

ʣʝʥʽ: ʣʘʥʮʶʞʦʢ ʧʦʨ ʨʦʟʤʽʨʦʤ 1 ʤʤ ʚʟʜʦʚʞ 15 ʤʤ; ʦʜʥʘ ʧʦʧʝʨʝʯʥʘ ʪʨʽʱʠʥʘ ʟʘʚʜʦʚʞʢʠ 4 

ʤʤ; ʰʣʘʢʦʚʠʭ ʚʢʣʶʯʝʥʴ ʽ ʥʝ ʧʨʦʚʘʨʽʚ ʥʝ ʚʠʷʚʣʝʥʦ [2]. 

ʉʭʝʤʠ ʤʝʪʦʜʽʚ ʧʨʦʩʚʽʯʫʚʘʥʥʷ ʟʚʘʨʥʠʭ ʰʚʽʚ ʧʦʢʘʟʘʥʽ ʥʘ ʨʠʩʫʥʢʫ 1.  
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ʘ ï ʨʝʥʪʛʝʥʽʚʩʴʢʠʤʠ ʧʨʦʤʝʥʷʤʠ: 1 ï ʨʝʥʪʛʝʥʽʚʩʴʢʘ ʪʨʫʙʢʘ,, 2 ï ʬʫʪʣʷʨ ʟ ʩʚʠʥʮʝʚʦʶ 

ʦʙʦʣʦʥʢʦʶ, 3 ï ʧʨʦʩʚʽʯʫʚʘʥʠʡ ʤʝʪʘʣ, 4 ï ʬʦʪʦʧʣʽʚʢʘ ʚ ʢʘʩʝʪʽ, 5 ï ʩʚʠʥʮʝʚʽ ʧʣʘʩʪʠʥʢʠ, 

 6 ïʜʝʬʝʢʪ ʚ ʤʝʪʘʣʽ; ʙ ï ʛʘʤʤʘ-ʧʨʦʤʝʥʷʤʠ ʩʪʠʢʦʚʦʛʦ ʰʚʘ: 1 ï ʩʚʠʥʮʝʚʠʡ ʢʦʞʫʭ,  

2 ï ʘʤʧʫʣʘ ʟ ʨʘʜʽʦʘʢʪʠʚʥʦʶ ʨʝʯʦʚʠʥʦʶ, 3 ï ʟʚʘʨʥʘ ʜʝʪʘʣʴ, 4 ï ʢʘʩʝʪʘ ʟ ʧʣʽʚʢʦʶ,  

5 ï ʟʘʭʠʩʥʽ ʝʢʨʘʥʠ, 6 ï ʧʣʽʚʢʘ; ʚ ï ʧʨʦʩʚʽʯʫʚʘʥʥʷ ʟʚʘʨʥʠʭ ʩʪʠʢʽʚ ʪʨʫʙ ʜʽʘʤʝʪʨʦʤ ʙʽʣʴʰʝ 

200 ʤʤ: 1 ï ʢʘʩʝʪʘ ʟ ʧʣʽʚʢʦʶ, 2 ï ʢʦʥʪʨʦʣʴʦʚʘʥʠʡ ʟʚʘʨʥʠʡ ʩʪʠʢ, 

3 ï ʜʞʝʨʝʣʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ (ʘʤʧʫʣʘ ʟ ʨʘʜʽʦʘʢʪʠʚʥʦʶ ʨʝʯʦʚʠʥʦʶ), 4 ï ʛʫʤʦʚʘ ʩʪʨʽʯʢʘ, 

5 ï ʜʝʬʝʢʪʦʤʝʪʨ; ʛ ï ʧʨʦʩʚʽʯʫʚʘʥʥʷ ʩʪʠʢʽʚ ʪʨʫʙ ʙʫʜʴ-ʷʢʦʛʦ ʜʽʘʤʝʪʨʫ ʯʝʨʝʟ ʜʚʽ ʩʪʽʥʢʠ:  

1 ï ʢʘʩʝʪʘ ʟ ʧʣʽʚʢʦʶ, 2 ï ʜʞʝʨʝʣʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, 3 ï ʢʦʥʪʝʡʥʝʨ ʟ ʘʤʧʫʣʦʶ ʨʘʜʽʦʘʢʪʠ-

ʚʥʦʾ ʨʝʯʦʚʠʥʠ, ʜ ï ʧʨʦʩʚʽʯʫʚʘʥʥʷ ʩʪʠʢʽʚ ʪʨʫʙ ʤʘʣʦʛʦ ʜʽʘʤʝʪʨʫ (ʜʦ 75 ʤʤ):  

1 ï ʜʞʝʨʝʣʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, 2 ï ʧʣʦʩʢʘ ʢʘʩʝʪʘ ʟ ʧʣʽʚʢʦʶ 

ʈʠʩ. 1. ʉʭʝʤʠ ʤʝʪʦʜʽʚ ʧʨʦʩʚʽʯʫʚʘʥʥʷ ʟʚʘʥʠʭ ʰʚʽʚ 

ʅʘ ʨʠʩʫʥʢʫ 2 ʧʦʢʘʟʘʥʦ ʧʝʨʝʥʦʩʥʠʡ ʟʘʭʠʩʥʠʡ ʢʦʥʪʝʡʥʝʨ ʪʘ ʘʤʧʫʣʘ ʟ ʨʘʜʽʦʘʢʪʠʚ-

ʥʦʶ ʨʝʯʦʚʠʥʦʶ. 

 
ʘ ï ʧʝʨʝʥʦʩʥʠʡ ʢʦʥʪʝʡʥʝʨ; 1 ï ʘʤʧʫʣʘ ʟ ʨʘʜʽʦʘʢʪʠʚʥʠʤ ʽʟʦʪʦʧʦʤ,  

2 ï ʯʘʚʫʥʥʠʡ ʢʦʨʧʫʩ, 3 ð ʯʘʚʫʥʥʽ ʧʨʦʙʢʠ, 4 ï ʩʚʠʥʝʮʴ, 5 ï ʨʫʯʢʘ ʜʣʷ ʧʝʨʝʥʝʩʝʥʥʷ 

ʢʦʥʪʝʡʥʝʨʘ; ʙ ï ʘʤʧʫʣʘ ʟ ʨʘʜʽʦʘʢʪʠʚʥʠʤ ʽʟʦʪʦʧʦʤ: 1 ï ʢʨʠʰʢʘ,  

2 ï ʚʘʪʘ, 3 ï ʩʢʣʷʥʘ ʘʤʧʫʣʘ, 4 ï ʣʘʪʫʥʥʘ ʛʽʣʴʟʘ, 5 ï ʨʘʜʽʦʘʢʪʠʚʥʘ ʨʝʯʦʚʠʥʘ,  

6 ï ʩʚʠʥʮʝʚʠʡ ʬʫʪʣʷʨ 

ʈʠʩ. 2. ʇʨʠʩʪʨʦʾ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʽʟʦʪʦʧʽʚ 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʡ ʧʦʣʠʛʦʥ ʠ ʝʛʦ ʢʣʘʩʩʠʬʠʢʘʮʠʷ, ʘ 

ʪʘʢʞʝ, ʪʨʘʜʠʮʠʦʥʥʳʝ ʠ ʩʦʚʨʝʤʝʥʥʳʝ ʛʝʦʜʝʟʠʯʝʩʢʠʝ ʨʘʙʦʪʳ ʢʦʪʦʨʳʝ ʚʝʜʫʪʩʷ ʥʘ ʝʛʦ 

ʪʝʨʨʠʪʦʨʠʡ. ʆʧʠʩʘʥ ʧʨʦʮʝʩʩ ʦʙʨʘʙʦʪʢʠ ʤʘʪʝʨʠʘʣʦʚ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ 

ɿʝʤʣʠ ʩ ʧʦʤʦʱʴʶ ʩʦʚʨʝʤʝʥʥʦʛʦ ʤʝʪʦʜʘ ʩʧʫʪʥʠʢʦʚʦʡ ʨʘʜʘʨʥʦʡ ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʠ, 

ʧʦʜʭʦʜʷʱʝʛʦ ʜʣʷ ʪʝʭʥʦʛʝʥʥʦʛʦ ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʦʣʠʛʦʥʘ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ʂʘʨʘʛʘʥʜʠʥʩʢʦʛʦ ʫʛʦʣʴʥʦʛʦ ʙʘʩʩʝʡʥʘ. 

Abstract 

This article discusses the geodynamic polygon and its classification, as well as 

traditional and modern surveying services which are conducted on its territory. The process of 

processing of remote sensing using modern methods of satellite radar interferometry suitable 

for technogenic geodynamic proving ground in the territory of the Karaganda coal basin. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʡ ʧʦʣʠʛʦʥ, ʫʛʦʣʴʥʳʡ ʙʘʩʩʝʡʥ, ʨʘʜʘʨʥʘʷ 

ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʷ, ʩʧʫʪʥʠʢʦʚʳʡ ʤʦʥʠʪʦʨʠʥʛ ʧʦʜʨʘʙʦʪʘʥʥʳʭ ʪʝʨʨʠʪʦʨʠʡ, ʨʘʜʘʨʥʳʝ 

ʜʘʥʥʳʝ. 

Keywords: geodynamic ground, coal basin, radar interferometry, satellite monitoring 

undermined areas, the radar data. 

 

ɻʝʦʜʝʟʠʩʪʳ ʧʦʜ ʪʝʨʤʠʥʦʤ "ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʡ ʧʦʣʠʛʦʥ" ʦʙʳʯʥʦ ʧʦʥʠʤʘʶʪ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʚʳʙʨʘʥʥʫʶ ʪʝʨʨʠʪʦʨʠʶ, ʚ ʧʨʝʜʝʣʘʭ ʢʦʪʦʨʦʡ ʚʝʜʝʪʩʷ ʢʦʤʧʣʝʢʩ 

ʨʝʛʫʣʷʨʥʳʭ ʘʩʪʨʦʥʦʤʦ-ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʠ ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʭ ʥʘʙʣʶʜʝʥʠʡ, ʥʘʮʝʣʝʥʥʳʡ ʥʘ 

ʦʧʨʝʜʝʣʝʥʠʝ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʝʬʦʨʤʘʮʠʡ ʟʝʤʥʦʡ ʢʦʨʳ ʠ ʠʟʤʝʥʝʥʠʡ 

ʣʦʢʘʣʴʥʦʛʦ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʦʣʷ, ʘ ʪʘʢʞʝ ʥʘ ʠʟʫʯʝʥʠʝ ʨʘʟʚʠʪʠʷ ʵʪʠʭ ʷʚʣʝʥʠʡ ʚʦ 

ʚʨʝʤʝʥʠ. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʛʦ, ʢʘʢʠʝ ʧʨʠʯʠʥʳ ʚʳʟʚʘʣʠ ʠʩʩʣʝʜʫʝʤʳʝ ʜʝʬʦʨʤʘʮʠʠ 

(ʪʝʢʪʦʥʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʚʥʫʪʨʠ ɿʝʤʣʠ ʠʣʠ ʭʦʟʷʡʩʪʚʝʥʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʯʝʣʦʚʝʢʘ) ʛʝʦ-

ʜʠʥʘʤʠʯʝʩʢʠʝ ʧʦʣʠʛʦʥʳ ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʧʨʦʛʥʦʩʪʠʯʝʩʢʠʝ, ʪʝʭʥʦʛʝʥʥʳʝ ʠ 

ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʦʣʠʛʦʥʳ ʘʪʦʤʥʳʭ ʵʣʝʢʪʨ ʩʪʘʥʮʠʡ. 

ʇʨʦʛʥʦʩʪʠʯʝʩʢʠʝ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʦʣʠʛʦʥʳ ʩʦʟʜʘʶʪʩʷ ʚ ʩʝʡʩʤʦʘʢʪʠʚʥʳʭ 

ʨʘʡʦʥʘʭ ʠ ʚ ʨʘʡʦʥʘʭ ʜʝʡʩʪʚʫʶʱʠʭ ʚʫʣʢʘʥʦʚ. 
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ʊʝʭʥʦʛʝʥʥʳʝ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʦʣʠʛʦʥʳ ʨʘʟʚʠʚʘʶʪʩʷ ʚ ʨʘʡʦʥʘʭ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʢʨʫʧʥʳʭ ʛʠʜʨʦʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ʩ ʚʳʩʦʪʥʳʤʠ ʧʣʦʪʠʥʘʤʠ , ʘ ʪʘʢʞʝ ʚ 

ʤʝʩʪʘʭ ʜʦʙʳʯʠ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ʠ ʠʥʪʝʥʩʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʜʟʝʤʥʳʭ ʚʦʜ. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʟʥʘʯʝʥʠʷ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʦʣʠʛʦʥʦʚ ʥʘ ʥʠʭ ʩʦʟʜʘʝʪʩʷ 

ʩʠʩʪʝʤʘ ʢʦʥʪʨʦʣʠʨʫʶʱʠʭ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʧʦʩʪʨʦʝʥʠʡ, ʧʨʦʝʢʪʠʨʫʝʤʘʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʯʪʦʙʳ ʧʦ ʚʦʟʤʦʞʥʦʩʪʠ ʪʦʯʥʝʝ ʬʠʢʩʠʨʦʚʘʪʴ ʠʥʪʝʨʝʩʫʶʱʠʝ ʥʘʩ ʜʝʬʦʨʤʘʮʠʠ. 

ʎʝʣʴʶ ʩʦʟʜʘʥʠʷ ʪʝʭʥʦʛʝʥʥʳʭ ʧʦʣʠʛʦʥʦʚ ʚ ʤʝʩʪʘʭ ʜʦʙʳʯʠ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ 

ʩʤʝʱʝʥʠʡ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʠʟʤʝʥʝʥʠʷʤʠ ʚʥʫʪʨʠʧʣʘʩʪʦʚʦʛʦ 

ʜʘʚʣʝʥʠʷ, ʚʳʟʚʘʥʥʦʛʦ ʵʢʩʧʣʫʘʪʘʮʠʝʡ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ. 

ɼʘʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʫʢʘʟʘʥʥʳʭ ʧʦʣʠʛʦʥʘʭ ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʥʪʝʨʝʩ ʧʨʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʨʘʟʣʠʯʥʳʭ ʠʥʞʝʥʝʨʥʳʭ ʩʦʦʨʫʞʝʥʠʡ, ʢʦʥʪʨʦʣʝ ʩʪʘʙʠʣʴʥʦʩʪʠ ʫʞʝ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʠ ʜʣʷ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʚʳʟʚʘʥʥʦʡ ʩʝʡʩʤʠʯʥʦʩʪʠ. 

ʆʩʥʦʚʥʳʤ ʤʝʪʦʜʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʝʬʦʨʤʘʮʠʡ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʷʚʣʷʝʪʩʷ 

ʥʠʚʝʣʠʨʦʚʘʥʠʝ II ʢʣʘʩʩʘ. ʅʠʚʝʣʠʨʦʚʘʥʠʝ ʨʘʟʚʠʚʘʝʪʩʷ ʚ ʚʠʜʝ ʩʠʩʪʝʤʳ ʧʝʨʝʩʝʢʘʶʱʠʭʩʷ 

ʣʠʥʠʡ, ʦʙʨʘʟʫʶʱʠʭ ʧʦʣʠʛʦʥʳ ʩ ʧʝʨʠʤʝʪʨʦʤ 25-50 ʢʤ (ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʤʝʨʦʚ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ). ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʵʪʠʭ ʣʠʥʠʡ ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʧʦʣʘʛʘʪʴ ʩʭʝʤʦʡ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʩ ʫʢʘʟʘʥʠʝʤ ʝʛʦ ʛʨʘʥʠʮ. ʂʦʥʮʳ ʣʠʥʠʡ, ʧʝʨʝʩʝʢʘʶʱʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʝ, 

ʜʦʣʞʥʳ ʚʳʭʦʜʠʪʴ ʟʘ ʝʛʦ ʛʨʘʥʠʮʳ ʥʝ ʤʝʥʝʝ ʯʝʤ ʥʘ 10 ʢʤ ʠ ʟʘʢʘʥʯʠʚʘʪʴʩʷ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤʠ ʨʝʧʝʨʘʤʠ.ʇʦʚʪʦʨʥʳʝ ʥʘʙʣʶʜʝʥʠʷ ʚ ʩʦʟʜʘʥʥʦʡ ʩʝʪʠ ʚʳʧʦʣʥʷʶʪʩʷ ʩ 

ʠʥʪʝʨʚʘʣʦʤ 3-4 ʛʦʜʘ. ʈʘʟʚʠʪʠʝ ʧʣʘʥʦʚʳʭ ʩʝʪʝʡ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʧʦʣʠʛʦʥʘ ʮʝʣʝʩʦʦʙʨʘʟʥʦ 

ʣʠʰʴ ʚ ʩʣʫʯʘʝ ʦʙʥʘʨʫʞʝʥʠʷ ʟʥʘʯʠʪʝʣʴʥʳʭ ʚʝʨʪʠʢʘʣʴʥʳʭ ʩʤʝʱʝʥʠʡ ʟʝʤʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ (ʙʦʣʝʝ 5 ʩʤ/ʛʦʜ) [1]. 

ʂʘʨʘʛʘʥʜʠӢʥʩʢʠʡ ʫʛʦʣɹʥrʡ ʙʘʩʩʝʝʡʥ ð ʦʜʠʥ ʠʟ ʢʨʫʧʥʝʡʰʠʭ ʚ ʤʠʨʝ ʫʛʦʣʴʥʳʭ 

ʙʘʩʩʝʡʥʦʚ. ʆʥ ʨʘʩʧʦʣʦʞʝʥ ʚ ʂʘʨʘʛʘʥʜʠʥʩʢʦʡ ʦʙʣʘʩʪʠ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ. ʇʣʦʱʘʜʴ 

ʦʢʦʣʦ 4 ʪʳʩ. ʢʤ2. ɺ ʫʛʣʝʥʦʩʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʢʘʨʙʦʥʘ ʤʦʱʥʦʩʪʴ ʜʦ 20 ʢʤ ð ʜʦ 30 

ʨʘʙʦʯʠʭ ʧʣʘʩʪʦʚ ʤʦʱʥʦʩʪʴʶ 0,2ð18 ʤ.  

ʆʩʥʦʚʥʳʝ ʮʝʥʪʨʳ ʜʦʙʳʯʠ ð ʛʦʨʦʜʘ ʂʘʨʘʛʘʥʜʘ, ʉʘʨʘʥʴ, ɸʙʘʡ, ʐʘʭʪʠʥʩʢ. 

ʇʦʪʨʝʙʠʪʝʣʷʤʠ ʢʦʢʩʫʶʱʠʭʩʷ ʫʛʣʝʡ ʷʚʣʷʶʪʩʷ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʝ ʟʘʚʦʜʳ ʂʘʟʘʭʩʪʘʥʘ ʠ 

ʈʦʩʩʠʠ, ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ð ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʡ ʪʨʘʥʩʧʦʨʪ, ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ ʠ 

ʧʨʦʤʳʰʣʝʥʥʳʝ ʧʨʝʜʧʨʠʷʪʠʷ. 

ɺ ʛʝʦʩʪʨʫʢʪʫʨʥʦʤ ʦʪʥʦʰʝʥʠʠ ʂʘʨʘʛʘʥʜʠʥʩʢʠʡ ʫʛʦʣʴʥʳʡ ʙʘʩʩʝʡʥ ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ 

ʰʠʨʦʪʥʦ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʦʜʥʦʠʤʸʥʥʦʛʦ ʩʠʥʢʣʠʥʦʨʠʷ ʧʨʦʪʷʞʸʥʥʦʩʪʴʶ 120 ʢʤ ʧʨʠ 

ʰʠʨʠʥʝ 30-60 ʢʤ. ʋʛʣʠ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʘ ʛʣʫʙʠʥʝ 200-600 ʤ. 

ɻʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʨʘʟʨʘʙʦʪʢʠ ʩʣʦʞʥʳʝ ʚʩʣʝʜʩʪʚʠʝ ʠʥʪʝʥʩʠʚʥʦʡ 

ʥʘʨʫʰʝʥʥʦʩʪʠ ʟʘʣʝʛʘʥʠʷ ʫʛʦʣʴʥʳʭ ʧʣʘʩʪʦʚ, ʚʳʩʦʢʦʡ ʤʝʪʘʥʦʦʙʠʣʴʥʦʩʪʠ ʠ 

ʧʳʣʝʦʙʨʘʟʦʚʘʥʠʷ [2].  

ɺ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʝ ʚʦʧʨʦʩ ʦ ʧʦʩʪʦʷʥʥʳʭ ʠʟʤʝʥʝʥʠʷʭ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʢʘʢ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ, ʪʘʢ ʠ ʚ ʝʝ ʛʣʫʙʠʥʘʭ ʦʙʨʘʱʘʝʪ ʥʘ ʩʝʙʷ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ, ʧʨʠʯʝʤ ʵʪʠ 

ʠʟʤʝʥʝʥʠʷ ʩʚʷʟʘʥʳ ʥʝ ʪʦʣʴʢʦ ʩ ʝʩʪʝʩʪʚʝʥʥʳʤʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷʤʠ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, 

ʥʦ ʠ ʩ ʪʝʭʥʦʛʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʯʝʣʦʚʝʢʘ, ʩʧʦʩʦʙʥʦʡ ʨʘʜʠʢʘʣʴʥʦ ʠʟʤʝʥʠʪʴ ʩʦʩʪʦʷʥʠʝ 

ʟʝʤʥʦʡ ʢʦʨʳ ʠ ʚʳʟʚʘʪʴ ʩʝʨʴʝʟʥʳʝ ʢʘʪʘʩʪʨʦʬʳ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ. ʅʘ 

ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʩʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʤʝʪʦʜʦʚ ʤʦʥʠʪʦʨʠʥʛʘ ʜʣʷ ʪʦʯʥʦʛʦ ʠ 

ʜʦʩʪʦʚʝʨʥʦʛʦ ʚʳʷʚʣʝʥʠʷ ʦʩʝʜʘʥʠʡ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʊʨʘʜʠʮʠʦʥʥʦ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʪʘʢʦʛʦ ʨʦʜʘ ʨʘʙʦʪ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʳʩʦʢʦʪʦʯʥʦʝ 

ʥʠʚʝʣʠʨʦʚʘʥʠʝ, GPS ʠʟʤʝʨʝʥʠʷ ʠ ʜʠʩʪʘʥʮʠʦʥʥʦʝ ʟʦʥʜʠʨʦʚʘʥʠʝ ʟʝʤʣʠ. 

ʉʫʱʝʩʪʚʫʶʪ ʢʦʤʧʘʥʠʠ, ʧʨʝʜʣʘʛʘʶʱʠʝ ʩʚʦʠ ʫʩʣʫʛʠ ʚ ʦʙʣʘʩʪʠ ʧʦʣʫʯʝʥʠʷ ʠ 

ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ɿʝʤʣʠ, ʚ ʮʝʣʷʭ ʚʳʷʚʣʝʥʠʷ 

ʜʝʬʦʨʤʘʮʠʡ ʙʦʨʪʦʚ ʢʘʨʴʝʨʦʚ, ʘ ʪʘʢʞʝ ʧʨʠʨʦʜʥʳʭ ʠ ʪʝʭʥʦʛʝʥʥʳʭ ʩʤʝʱʝʥʠʡ ʟʝʤʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʜʝʬʦʨʤʘʮʠʡ ʩʦʦʨʫʞʝʥʠʡ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚʙʣʠʟʠ ʧʨʝʜʧʨʠʷʪʠʡ, 

ʨʘʟʨʘʙʘʪʳʚʘʶʱʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʪʚʝʨʜʳʭ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ. ʕʪʠ ʜʘʥʥʳʝ 

ʧʦʟʚʦʣʷʶʪ ʨʝʰʘʪʴ ʚʳʰʝʫʢʘʟʘʥʥʳʝ ʟʘʜʘʯʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʪʦʜʠʢʠ 
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ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʩʝʨʠʡ ʩʧʫʪʥʠʢʦʚʳʭ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ 

ʠʟʦʙʨʘʞʝʥʠʡ. ʆʩʥʦʚʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʤʝʪʦʜʘ ï ʵʪʦ ʥʝʟʘʚʠʩʠʤʘʷ ʜʠʩʪʘʥʮʠʦʥʥʘʷ 

ʦʮʝʥʢʘ ʩʤʝʱʝʥʠʡ ʧʦ ʚʩʝʡ ʧʣʦʱʘʜʠ ʩʥʠʤʢʘ [3].  

ʀʥʪʝʨʬʝʨʦʤʝʪʨʠʷ ï ʵʪʦ ʪʝʭʥʦʣʦʛʠʷ ʠʟʚʣʝʯʝʥʠʷ ʚʳʩʦʪ ʨʝʣʴʝʬʘ ʧʦ ʬʘʟʦʚʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʜʚʫʭ ʩʲʸʤʦʢ. ʀʥʪʝʨʬʝʨʦʤʝʪʨʠʯʝʩʢʫʶ ʦʙʨʘʙʦʪʢʫ ʧʨʦʚʦʜʷʪ ʥʘ ʦʩʥʦʚʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʜʘʨʥʳʭ ʜʘʥʥʳʭ. ʄʝʪʦʜ ʧʦʜʨʘʟʫʤʝʚʘʝʪ, ʯʪʦ ʦʜʥʘ ʠ ʪʘ ʞʝ ʪʝʨʨʠʪʦʨʠʷ 

ʜʦʣʞʥʘ ʙʳʪʴ ʩʥʷʪʘ ʩʦ ʩʜʚʠʛʦʤ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʨʠʝʤʥʦʡ ʘʥʪʝʥʥʳ ʨʘʜʠʦʣʦʢʘʪʦʨʘ. 

ʆʩʥʦʚʥʳʤʠ ʵʪʘʧʘʤʠ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪ ʷʚʣʷʶʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝ ʠʥʪʝʨʬʝʨʦʛʨʘʤʤʳ, 

ʬʠʣʴʪʨʘʮʠʷ, ʨʘʩʯʝʪ ʢʦʛʝʨʝʥʪʥʦʩʪʠ ʠ ʨʘʟʚʝʨʪʢʘ ʬʘʟʳ. 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʨʘʜʘʨʥʦʡ ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʠ ʦʧʝʨʘʪʦʨ ʧʨʦʠʟʚʦʜʠʪ ʦʮʝʥʢʫ 

ʢʘʯʝʩʪʚʘ ʨʝʟʫʣʴʪʘʪʘ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ ʨʘʙʦʪ. ʀʪʦʛʦʚʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʙʳʪʴ 

ʚʝʨʠʬʠʮʠʨʦʚʘʥʳ ʧʫʪʝʤ ʠʭ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʩ ʦʧʦʨʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ ʠ ʜʘʥʥʳʤʠ GPS-

ʠʟʤʝʨʝʥʠʡ [4].  

 ʎʝʣʴʶ ʤʦʥʠʪʦʨʠʥʛʘ ʩ ʧʦʤʦʱʴʶ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʜʘʥʥʳʭ ʷʚʣʷʝʪʩʷ ʩʥʠʞʝʥʠʝ 

ʨʠʩʢʦʚ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʡ ʠ ʫʤʝʥʴʰʝʥʠʝ ʠʭ ʚʦʟʤʦʞʥʳʭ 

ʧʦʩʣʝʜʩʪʚʠʡ ʟʘ ʩʯʝʪ ʩʦʚʨʝʤʝʥʥʦʛʦ ʚʳʷʚʣʝʥʠʷ ʩʤʝʱʝʥʠʡ ʠ ʜʝʬʦʨʤʘʮʠʡ ʟʝʤʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʩʦʦʨʫʞʝʥʠʡ. ʆʩʥʦʚʥʘʷ ʨʝʰʘʝʤʘʷ ʟʘʜʘʯʘ - ʵʪʦ ʨʝʛʫʣʷʨʥʦʝ ʧʦʣʫʯʝʥʠʝ 

ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʤʝʱʝʥʠʷʭ ʠ ʜʝʬʦʨʤʘʮʠʷʭ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʩʦʦʨʫʞʝʥʠʡ 

ʜʠʩʪʘʥʮʠʦʥʥʳʤʠ ʤʝʪʦʜʘʤʠ. 

ʅʘ ʜʦʣʶ ʛʦʨʥʦʜʦʙʳʚʘʶʱʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʂʘʨʘʛʘʥʜʳ ʧʨʠʭʦʜʠʪʩʷ ʦʢʦʣʦ 80% 

ʚʩʝʡ ʧʨʦʤʳʰʣʝʥʥʦʡ ʧʨʦʜʫʢʮʠʠ ʦʙʣʘʩʪʠ. ʇʦ ʩʚʝʜʝʥʠʷʤ ʦʬʠʮʠʘʣʴʥʦʛʦ ʩʘʡʪʘ Arcelor 

Mittal Steel, ʝʞʝʛʦʜʥʦ ʜʦʙʳʯʘ ʫʛʣʷ ʚ ʦʜʥʦʡ ʠʟ ʝʝ ʰʘʭʪ (ʰʘʭʪʘ ʠʤ. ʂʦʩʪʝʥʢʦ) ʩʦʩʪʘʚʣʷʝʪ 

1,8 ʤʣʥ. ʪʦʥʥ ʫʛʣʷ ʚ ʛʦʜ. 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʦʙʨʘʙʦʪʢʘ ʧʘʨ ʨʘʜʘʨʥʳʭ ʩʥʠʤʢʦʚ ʪʝʨʨʠʪʦʨʠʠ 

ʂʘʨʘʛʘʥʜʠʥʩʢʦʛʦ ʫʛʦʣʴʥʦʛʦ ʙʘʩʩʝʡʥʘ, ʩʜʝʣʘʥʥʳʭ ʩʧʫʪʥʠʢʦʤ ENVISAT. 

ʆʙʨʘʙʦʪʢʘ ʨʘʜʘʨʥʳʭ ʜʘʥʥʳʭ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʦʙʨʘʙʦʪʢʠ ʦʧʪʠʯʝʩʢʠʭ 

ʜʘʥʥʳʭ, ʧʦʵʪʦʤʫ ʠ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʤ ʧʨʦʛʨʘʤʤʥʦʤ 

ʦʙʝʩʧʝʯʝʥʠʠ, ʯʪʦʙʳ ʧʦʣʥʦʩʪʴʶ ʦʮʝʥʠʪʴ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʦʟʤʦʞʥʦʩʪʠ ʢʦʩʤʠʯʝʩʢʠʭ 

ʨʘʜʘʨʥʳʭ ʩʲʝʤʦʢ. ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʫʜʘʯʥʳʭ ʠ ʜʦʩʪʫʧʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦʜʫʢʪʦʚ 

ʜʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ, ʘʥʘʣʠʟʘ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ʟʝʤʣʠ, 

ʚʢʣʶʯʘʶʱʠʭ ʥʘʙʦʨ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʧʦʣʥʦʛʦ ʮʠʢʣʘ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ - 

ʦʨʪʦʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʧʨʠʚʷʟʢʠ ʠʟʦʙʨʘʞʝʥʠʷ ʜʦ ʧʦʣʫʯʝʥʠʷ 

ʥʝʦʙʭʦʜʠʤʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠ ʝʝ ʠʥʪʝʛʨʘʮʠʠ ʩ ʜʘʥʥʳʤʠ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ 

ɻʀʉ, ʷʚʣʷʝʪʩʷ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ ENVI, ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʢʦʤʧʘʥʠʝʡ Exelis VIS 

(ʉʐɸ). ʂʦʤʧʘʥʠʷ çʉʦʚʟʦʥʜè ʷʚʣʷʝʪʩʷ ʵʢʩʢʣʶʟʠʚʥʳʤ ʜʠʩʪʨʠʙʴʶʪʦʨʦʤ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ENVI ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʠ ʠ ʩʪʨʘʥ ʉʅɻ ʩ 2005ʛʦʜʘ. 

ʇʝʨʚʳʤ ʰʘʛʦʤ ʦʙʨʘʙʦʪʢʠ ʷʚʣʷʝʪʩʷ ʚʳʙʦʨ ʧʘʨ ʜʣʷ ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʠ ʠʟ ʦʙʱʝʛʦ ʯʠʩʣʘ ʚʦʟʤʦʞʥʳʭ ʧʘʨ ʧʦ ʥʝʢʦʪʦʨʳʤ ʢʨʠʪʝʨʠʷʤ: ʤʘʢʩʠʤʘʣʴʥʦ 

ʜʦʧʫʩʪʠʤʦʡ ʙʘʟʦʚʦʡ ʣʠʥʠʠ ʠ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʦʛʦ ʚʨʝʤʝʥʥʦʛʦ ʧʨʦʤʝʞʫʪʢʘ ʤʝʞʜʫ 

ʩʲʝʤʢʘʤʠ. ɺʨʝʤʝʥʥʦʡ ʙʘʟʦʡ ʥʘʟʳʚʘʶʪ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ, ʧʨʦʰʝʜʰʠʡ ʤʝʞʜʫ 

ʩʲʝʤʢʦʡ ʠʟʦʙʨʘʞʝʥʠʡ, ʩʦʩʪʘʚʣʷʶʱʠʭ ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʯʝʩʢʫʶ ʧʘʨʫ. 

ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʙʘʟʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʦʨʙʠʪʘʣʴʥʳʤʠ 

ʧʦʣʦʞʝʥʠʷʤʠ ʨʘʜʠʦʣʦʢʘʪʦʨʘ ʠ ʨʘʜʠʦʣʦʢʘʪʦʨʘ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʠʟʦʙʨʘʞʝʥʠʡ, 

ʦʙʨʘʟʫʶʱʠʭ ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʯʝʩʢʫʶ ʧʘʨʫ (ʨʠʩʫʥʦʢ 2). 

ʀʥʩʪʨʫʤʝʥʪ "Connection Graph" ʧʨʦʛʨʘʤʤʳ SARscape ʧʦʟʚʦʣʷʝʪ ʚ ʠʥʪʝʨʘʢʪʠʚʥʦʤ 

ʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʤ ʨʝʞʠʤʝ ʚʳʙʨʘʪʴ ʧʘʨʳ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʦʙʨʘʙʦʪʢʠ ʫ ʫʯʝʪʦʤ 

ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʢʨʠʪʝʨʠʝʚ. ʉʲʝʤʢʠ ʚʳʙʨʘʥʥʳʝ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʧʦʢʘʟʘʥʳ ʥʘ ʜʠʘʛʨʘʤʤʝ 

ʥʘ ʨʠʩʫʥʦʢ 2 ʚ ʢʦʦʨʜʠʥʘʪʘʭ "ʜʘʪʘ ʩʲʝʤʢʠ - ʙʘʟʦʚʘʷ ʣʠʥʠʷ". 
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ʈʠʩʫʥʦʢ 2. ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʧʦʣʦʞʝʥʠʝ ʨʘʜʠʦʣʦʢʘʪʦʨʦʚ, 

ʠʟʦʙʨʘʞʝʥʠʷ ʩ ʢʦʪʦʨʳʭ ʦʙʨʘʟʫʶʪ ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʯʝʩʢʫʶ ʧʘʨʫ 

 
ʈʠʩʫʥʦʢ 3. ʀʣʣʶʩʪʨʘʮʠʷ ʧʘʨ ʩʥʠʤʢʦʚ ʢʦʦʨʜʠʥʘʪʘʭ 

"ʜʘʪʘ ʩʲʝʤʢʠ - ʙʘʟʦʚʘʷ ʣʠʥʠʷ" 

ɼʣʷ ʢʘʞʜʦʡ ʠʟ ʧʘʨ ʚ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʤ ʨʝʞʠʤʝ ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ 

ʠʥʪʝʨʬʝʨʦʛʨʘʤʤʳ, ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʠʥʪʝʨʬʝʨʦʛʨʘʤʤʳ, ʚʳʧʦʣʥʝʥʳ ʬʠʣʴʪʨʘʮʠʷ 

ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʯʝʩʢʦʡ ʬʘʟʳ, ʨʘʩʯʝʪ ʢʦʛʝʨʝʥʪʥʦʩʪʠ ʠ ʨʘʟʚʝʨʪʢʘ ʬʘʟʳ (ʨʠʩʫʥʦʢ 4). ʅʘ 

ʚʳʭʦʜʝ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʩʤʝʱʝʥʠʷ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘ ʢʘʞʜʫʶ ʜʘʪʫ ʩʲʝʤʢʠ, 

ʨʝʟʫʣʴʪʠʨʫʶʱʘʷ ʢʘʨʪʘ ʩʤʝʱʝʥʠʡ ʠ ʬʘʡʣ ʪʦʯʝʢ ïʧʦʩʪʦʷʥʥʳʭ ʨʘʩʩʝʠʚʘʪʝʣʝʡ 

ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʛʦ ʩʠʛʥʘʣʘ. ʇʦʣʫʯʝʥʘ ʠʥʪʝʨʬʝʨʦʛʨʘʤʤʘ ʚʳʯʠʩʣʝʥʠʡ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʦʙʨʘʙʦʪʢʠ ʧʘʨ ʨʘʜʘʨʥʳʭ ʩʥʠʤʢʦʚ ʩʦ ʩʧʫʪʥʠʢʘ ENVISAT 

ʧʦʣʫʯʝʥʳ ʦʩʝʜʘʥʠʷ ʚ ʨʘʡʦʥʝ ʨʘʩʧʦʣʦʞʝʥʠʷ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʭ ʰʘʭʪʥʳʭ ʧʦʣʝʡ 

ʂʘʨʘʛʘʥʜʠʥʩʢʦʡ ʦʙʣʘʩʪʠ [3]. 

 
ʈʠʩ. 4. ʀʥʪʝʨʬʝʨʦʛʨʘʤʤʘ ʧʦ ʛʦʜʘʤ 2003,2004,2005,2010 ʥʘ 

ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʫʯʘʩʪʦʢ ʤʝʩʪʥʦʩʪʠ ʚ ʨʘʡʦʥʝ ɸʢʪʘʩʘ ʠ ʉʘʨʘʥʠ 


