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ʤʝʩʪʝ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʜʝʷʪʝʣʴʥʦʩʪʠ ʆʆʆ çʉʦʶʟ-ɸʛʨʦè ʧʦ ʟʘʙʦʨʫ ʚʦʜʳ ʜʣʷ ʮʝʣʝʡ ʛʠʜʨʦʤʝʣʠʦʨʘʮʠʠ ʟʝʤʝʣʴ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʧʝʨʚʳʝ ʠʟʫʯʝʥʦ ʚʠʜʦʚʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ, ʧʦʣʫʯʝʥʳ ʩʝʟʦʥʥʳʝ ʠ ʛʦʜʦʚʳʝ ʧʦ-

ʢʘʟʘʪʝʣʠ ʯʠʩʣʝʥʥʦʩʪʠ ʠʭʪʠʦʧʣʘʥʢʪʦʥʘ ʠ ʤʦʣʦʜʠ ʨʳʙ ʅʦʚʦʢʫʙʘʥʩʢʦʛʦ ʢʘʥʘʣʘ.  

Abstract 

In the framework of this work, the results of monitoring studies conducted by specialists of the Azov-Black 

Sea Scientific Center for Fisheries Research in January-December 2019 to study the species composition and 

abundance of ichthyoplankton and juvenile fish of the Novokubansky Canal within the boundaries of the 

Gulkevichi District of the Krasnodar Territory in the place where Soyuz-Agro LLC carries out water abstraction 

for the purpose of land reclamation of agricultural lands. 

As a result of research, species diversity was first studied, seasonal and annual abundance indices of ichthy-

oplankton and juvenile fish of the Novokubansky canal were obtained. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʅʦʚʦʢʫʙʘʥʩʢʠʡ ʢʘʥʘʣ, ʠʭʪʠʦʧʣʘʥʢʪʦʥ, ʤʦʣʦʜʴ ʨʳʙ, ʯʠʩʣʝʥʥʦʩʪʴ, ʩʝʟʦʥʥʘʷ ʜʠʥʘ-

ʤʠʢʘ. 

Key words: Novokuban canal, ichthyoplankton, juvenile fish, abundance, seasonal dynamics. 

 

ʄʘʪʝʨʠʘʣ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʆʪʙʦʨ ʧʨʦʙ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʚ ʟʠʤʥʠʡ, ʚʝʩʝʥ-

ʥʠʡ, ʣʝʪʥʠʡ ʠ ʦʩʝʥʥʠʡ ʧʝʨʠʦʜʳ 2019 ʛʦʜʘ ʥʘ 3 ʩʪʘʥ-

ʮʠʷʭ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 10 ʤ, 50 ʤ ʠ 

100 ʤ ʦʪ ʪʦʯʢʠ ʚʦʜʦʟʘʙʦʨʘ. ɼʣʷ ʩʙʦʨʘ ʠ ʦʙʨʘʙʦʪʢʠ 

ʠʭʪʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙ, ʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʝʥʠʷ ʪʘʢʩʦ-

ʥʦʤʠʯʝʩʢʦʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʠʭʪʠʦʧʣʘʥʢʪʦʥʘ ʠ ʤʦ-

ʣʦʜʠ ʨʳʙ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʪʘʥʜʘʨʪʥʳʝ ʤʝʪʦʜʠʢʠ ʠ 

ʦʙʱʝʧʨʠʟʥʘʥʥʳʝ ʦʧʨʝʜʝʣʠʪʝʣʠ [1,4,7]. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʅʦʚʦʢʫʙʘʥʩʢʠʡ ʢʘʥʘʣ, ʚʚʝʜʝʥʥʳʡ ʚ ʵʢʩʧʣʫʘʪʘ-

ʮʠʶ ʚ 1954 ʦʪʥʦʩʠʪʩʷ ʢ ʙʘʩʩʝʡʥʫ ʨ. ʂʫʙʘʥʠ. ɽʛʦ 

ʛʣʘʚʥʦʝ ʥʘʟʥʘʯʝʥʠʝ ï ʦʨʦʰʝʥʠʝ ʠ ʦʙʚʦʜʥʝʥʠʝ ʧʦ-

ʣʝʡ, ʚʦʜʦʦʙʝʩʧʝʯʝʥʠʝ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ. ɼʣʠʥʘ 

ʅʦʚʦʢʫʙʘʥʩʢʦʛʦ ʢʘʥʘʣʘ ï 72 ʢʤ, ʧʨʦʧʫʩʢʥʘʷ ʩʧʦ-

ʩʦʙʥʦʩʪʴ ʚ ʛʦʣʦʚʝ ʢʘʥʘʣʘ ï 11,5 ʤ3/ʩ, ʩʨʝʜʥʠʡ ʨʘʩ-

ʭʦʜ ʚʦʜʳ 2,79 ʤ3/ʩ, ʥʘʠʙʦʣʴʰʠʡ ʨʘʩʭʦʜ ʚʦʜʳ ï 3,88 

ʤ3/ʩ, ʦʙʲʝʤ ʚʦʜʦʧʦʜʘʯʠ ï 53,3 ʤʣʥ. ʤ3/ʛʦʜ [2,3,5,6]. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʝʥʥʳʭ ʥʘʤʠ ʠʩʩʣʝʜʦʚʘ-

ʥʠʡ ʙʳʣʠ ʦʪʤʝʯʝʥʳ ʣʠʯʠʥʢʠ ʠ ʨʘʥʥʷʷ ʤʦʣʦʜʴ 5 ʚʠ-

ʜʦʚ ʨʳʙ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ 3 ʦʪʨʷʜʘʤ ʠ 3 ʩʝʤʝʡʩʪʚʘʤ. 

ʅʘʠʙʦʣʝʝ ʨʘʟʥʦʦʙʨʘʟʥʳʤ ʷʚʣʷʝʪʩʷ ʩʝʤʝʡʩʪʚʦ ʢʘʨ-

ʧʦʚʳʝ, ʚʢʣʶʯʘʶʱʝʝ 3 ʚʠʜʘ ʨʳʙ (ʠʣʠ 60% ʦʪ ʠʭ ʦʙ-

ʱʝʛʦ ʯʠʩʣʘ). ʆʩʪʘʣʴʥʳʝ ʩʝʤʝʡʩʪʚʘ ʚʢʣʶʯʘʶʪ ʧʦ 1 

ʚʠʜʫ. 
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ʊʘʙʣʠʮʘ 

ɺʠʜʦʚʦʡ ʩʦʩʪʘʚ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠ ʯʠʩʣʝʥʥʦʩʪʴ ʠʭʪʠʦʧʣʘʥʢʪʦʥʘ ʠ ʤʦʣʦʜʠ ʨʳʙ ʚ ʅʦʚʦʢʫʙʘʥʩʢʦʤ ʢʘ-

ʥʘʣʝ 

ɺʠʜ ʨʳʙʳ 

ʂʦʥʮʝʥʪʨʘʮʠʷ  

ʠʭʪʠʦʧʣʘʥʢʪʦʥʘ/ʤʦʣʦʜʠ ʨʳʙ, ʵʢʟ./ʤ3 

10 ʤ ʦʪ ʚʦʜʦʟʘʙʦʨʘ 50 ʤ ʦʪ ʚʦʜʦʟʘʙʦʨʘ 100 ʤ ʦʪ ʚʦʜʦʟʘʙʦʨʘ 

ʆʪʨʷʜ ʂʘʨʧʦʦʙʨʘʟʥʳʝ ï Cypriniformes, ʩʝʤʝʡʩʪʚʦ ʂʘʨʧʦʚʳʝ ï Cyprinidae 

ʋʢʣʝʷ (Alburnus alburnus) 
0,0020 

0,050 

0,0032 

0,074 

0,0070 

0,088 

ʂʘʨʘʩʴ ʩʝʨʝʙʨʷʥʳʡ (Carassius auratus gibelio) 
0,0080 

0,090 

0,0096 

0,120 

0,0120 

0,132 

ʇʣʦʪʚʘ ʦʙʳʢʥʦʚʝʥʥʘʷ (Rutilus rutilus) 
0,0022 

0,006 

0,0030 

0,008 

0,0050 

0,010 

ʆʪʨʷʜ ʆʢʫʥʝʦʙʨʘʟʥʳʝ ï Perciformes, ʩʝʤʝʡʩʪʚʦ ʆʢʫʥʝʚʳʝ ï Percidae 

ʆʙʳʢʥʦʚʝʥʥʳʡ ʸʨʰ (Gymnocephalus cernuus) 
0,0010 

0,002 

0,0012 

0,003 

0,0022 

0,005 

ʆʪʨʷʜ ʉʢʦʨʧʝʥʦʦʙʨʘʟʥʳʝ ï Scorpaeniformes, ʩʝʤʝʡʩʪʚʦ ʂʦʣʶʰʢʦʚʳʝ ï Gasterosteidae 

ʊʨʸʭʠʛʣʘʷ ʢʦʣʶʰʢʘ (Gasterosteus aculeatus) 
0,0012 

0,004 

0,0018 

0,005 

0,0024 

0,006 

 

ʀʭʪʠʦʧʣʘʥʢʪʦʥ ʤʦʣʦʜʴ ʚʩʝʭ 5 ʚʠʜʦʚ ʨʳʙ 

(ʫʢʣʝʷ Alburnus alburnus, ʢʘʨʘʩʴ ʩʝʨʝʙʨʷʥʳʡ 

Carassius auratus gibelio, ʧʣʦʪʚʘ ʦʙʳʢʥʦʚʝʥʥʘʷ 

Rutilus rutilus, ʦʙʳʢʥʦʚʝʥʥʳʡ ʸʨʰ Gymnocephalus 

cernuus ʠ ʪʨʸʭʠʛʣʘʷ ʢʦʣʶʰʢʘ Gasterosteus aculeatu) 

ʥʘʤʠ ʦʪʤʝʯʝʥʳ ʥʘ ʚʩʝʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʩʪʘʥʮʠʷʭ. 

ʄʘʢʩʠʤʘʣʴʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʭʪʠʦʧʣʘʥʢʪʦʥʘ ʠ 

ʤʦʣʦʜʠ ʙʳʣʠ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʩʪʘʥʮʠʠ, ʥʘʭʦʜʷ-

ʱʝʡʩʷ ʥʘ ʤʘʢʩʠʤʘʣʴʥʦʤ ʦʪʜʘʣʝʥʠʠ ʦʪ ʪʦʯʢʠ ʚʦʜʦ-

ʟʘʙʦʨʘ (100 ʤ). 

ʅʘʠʙʦʣʝʝ ʤʘʩʩʦʚʳʤ ʚʠʜʦʤ ʨʳʙ ʥʘ ʩʪʘʜʠʠ ʠʭ-

ʪʠʦʧʣʘʥʢʪʦʥʘ ʠ ʤʦʣʦʜʠ ʚ ʅʦʚʦʢʫʙʘʥʩʢʦʤ ʢʘʥʘʣʝ 

ʷʚʣʷʶʪʩʷ ʧʨʝʜʩʪʘʚʠʪʝʣʴ ʩʝʤʝʡʩʪʚʘ ʂʘʨʧʦʚʳʝ ï ʟ ʢʘ-

ʨʘʩʴ ʩʝʨʝʙʨʷʥʳʡ (Carassius auratus gibelio), ʥʘʠʤʝ-

ʥʝʝ ʤʘʩʩʦʚʳʤʠ ï ʧʨʝʜʩʪʘʚʠʪʝʣʴ ʩʝʤʝʡʩʪʚʘ ʆʢʫʥʝ-

ʚʳʝ ï ʦʙʳʢʥʦʚʝʥʥʳʡ ʸʨʰ (Gymnocephalus cernuus). 

ʀʭʪʠʦʧʣʘʥʢʪʦʥ ʠ ʤʦʣʦʜʴ ʦʭʨʘʥʷʝʤʳʭ ʚʠʜʦʚ 

ʨʳʙ, ʚʥʝʩʸʥʥʳʭ ʚ ʂʨʘʩʥʫʶ ʢʥʠʛʫ ʂʨʘʩʥʦʜʘʨʩʢʦʛʦ 

ʢʨʘʷ ʠ ʂʨʘʩʥʫʶ ʢʥʠʛʫ ʈʦʩʩʠʠ ʚ ʩʦʩʪʘʚʝ ʠʭʪʠʦʬʘ-

ʫʥʳ ʅʦʚʦʢʫʙʘʥʩʢʦʛʦ ʢʘʥʘʣʘ ʥʘʤʠ ʥʝ ʦʙʥʘʨʫʞʝʥʳ.  
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SOURCES OF INFLUENCE OF THE PRIRAZDOMNAYA ICE ON ATMOSPHERIC AIR. 

CALCULATION OF THE ABILITY OF THE ATMOSPHERE TO SELF -CLEANING IN THE AREA 

OF THE BRAZZLOGO DEPOSIT  

 

ɸʥʥʦʪʘʮʠʷ 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʠʩʪʦʯʥʠʢʠ ʟʘʛʨʷʟʥʝʥʠʷ ʚʦʟʜʫʰʥʦʛʦ ʙʘʩʩʝʡʥʘ ʚ ʨʘʡʦʥʝ ʄʃʉʇ çʇʨʠʨʘʟʣʦʤ-

ʥʘʷè ʠ ʚʨʝʜʥʳʝ ʚʝʱʝʩʪʚʘ, ʚʳʙʨʘʩʳʚʘʝʤʳʝ ʠʤʠ. ʆʧʠʩʘʥʳ ʚʠʜʳ ʪʦʧʣʠʚ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʥʘ ʄʃʉʇ. ʇʨʦʠʟʚʝ-

ʜʝʥ ʨʘʩʯʝʪ ʩʧʦʩʦʙʥʦʩʪʠ ʘʪʤʦʩʬʝʨʳ ʢ ʩʘʤʦʦʯʠʱʝʥʠʶ ʚ ʨʘʡʦʥʝ ʇʨʠʨʘʟʣʦʤʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. 

Abstract 

The article discusses the sources of air pollution in the area of the Prirazlomnoye field and the harmful 

substances emitted by them. The types of fuel used on the offshore platform are described. The ability of the at-

mosphere to self-clean in the area of the field was calculated. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʢʦʣʦʛʠʯʝʩʢʠʡ ʤʦʥʠʪʦʨʠʥʛ, ʇʨʠʨʘʟʣʦʤʥʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ, ʘʪʤʦʩʬʝʨʥʳʡ ʚʦʟʜʫʭ, 

ʩʘʤʦʦʯʠʱʝʥʠʝ ʘʪʤʦʩʬʝʨʳ, ʟʘʛʨʷʟʥʷʶʱʠʝ ʚʝʱʝʩʪʚʘ. 

Key words: environmental monitoring, Prirazlomnoye field, atmospheric air, self-cleaning of the atmosphere, 

pollutants. 

 

ʄʦʨʩʢʘʷ ʣʝʜʦʩʪʦʡʢʘʷ ʩʪʘʮʠʦʥʘʨʥʘʷ ʧʣʘʪ-

ʬʦʨʤʘ (ʄʃʉʇ) çʇʨʠʨʘʟʣʦʤʥʘʷè ʷʚʣʷʝʪʩʷ ʩʧʝʮʠ-

ʘʣʴʥʳʤ ʧʨʦʝʢʪʦʤ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʇʨʠʨʘʟʣʦʤʥʦʛʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʥʘ ʰʝʣʴʬʝ ʇʝʯʦʨ-

ʩʢʦʛʦ ʤʦʨʷ. ʂʘʢ ʠ ʣʶʙʦʡ ʦʙʲʝʢʪ ʥʝʬʪʝʜʦʙʳʯʠ, 

ʧʣʘʪʬʦʨʤʘ ʠʤʝʝʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʙʦʨʫʜʦʚʘ-

ʥʠʷ ʠ ʫʩʪʘʥʦʚʦʢ, ʨʘʙʦʪʘʶʱʠʭ ʥʘ ʪʦʧʣʠʚʝ, ʧʨʦʜʫʢʪʳ 

ʩʞʠʛʘʥʠʷ ʢʦʪʦʨʦʛʦ ʷʚʣʷʶʪʩʷ ʟʘʛʨʷʟʥʠʪʝʣʷʤʠ ʘʪʤʦ-

ʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ. 

ɼʣʷ ʚʳʨʘʙʦʪʢʠ ʪʝʧʣʦʚʦʡ ʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʵʥʝʨʛʠʠ ʚ ʩʦʩʪʘʚʝ ʄʃʉʇ ʧʨʝʜʫʩʤʦʪʨʝʥ ʵʥʝʨʛʝʪʠʯʝ-

ʩʢʠʡ ʢʦʤʧʣʝʢʩ, ʚ ʢʦʪʦʨʦʤ ʚ ʢʘʯʝʩʪʚʝ ʪʦʧʣʠʚʘ ʠʩ-

ʧʦʣʴʟʫʝʪʩʷ ʫʛʣʝʚʦʜʦʨʦʜʥʦʝ ʩʳʨʴʝ, ʜʦʙʳʚʘʝʤʦʝ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ. 

ɺ ʥʘʯʘʣʴʥʳʡ ʧʝʨʠʦʜ ʵʢʩʧʣʫʘʪʘʮʠʠ ʄʃʉʇ, ʜʦ 

ʧʦʩʪʫʧʣʝʥʠʷ ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʩʳʨʴʷ ʥʘ ʧʣʘʪʬʦʨʤʫ, 

ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʧʨʠʚʦʟʥʦʝ ʜʠʟʝʣʴʥʦʝ ʪʦʧʣʠʚʦ. ʇʦ-

ʩʣʝ ʧʦʩʪʫʧʣʝʥʠʷ ʥʘ ʧʣʘʪʬʦʨʤʫ ʥʝʬʪʷʥʦʛʦ ʛʘʟʘ ʦʩʫ-

ʱʝʩʪʚʣʷʝʪʩʷ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʪʦʧʣʠʚʘ 

ʢʘʢ ʚ ɻʊʋ, ʪʘʢ ʠ ʚ ʦʛʥʝʚʳʭ ʧʦʜʦʛʨʝʚʘʪʝʣʷʭ; ʚ ʧʦʩʣʝ-

ʜʫʶʱʠʝ ʛʦʜʳ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʨʠ ʥʝʭʚʘʪʢʝ ʥʝʬʪʷ-

ʥʦʛʦ ʛʘʟʘ ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʚ ʦʛʥʝʚʳʭ 

ʧʦʜʦʛʨʝʚʘʪʝʣʷʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝʬʪʠ, ʢʦʪʦʨʘʷ ʩʦ-

ʦʪʚʝʪʩʪʚʫʶʱʠʤ ʦʙʨʘʟʦʤ ʧʦʜʛʦʪʦʚʣʝʥʘ. ʊʘʢʠʤ ʦʙ-

ʨʘʟʦʤ, ʥʘ ʄʃʉʇ ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 3-ʭ 

ʚʠʜʦʚ ʪʦʧʣʠʚʘ: ʜʠʟʝʣʴʥʦʝ ʪʦʧʣʠʚʦ, ʧʦʧʫʪʥʳʡ 

ʥʝʬʪʷʥʦʡ ʛʘʟ ʠ ʥʝʬʪʴ. 

ʀʩʪʦʯʥʠʢ ʚʳʙʨʦʩʘ ʠ ʜʘʥʥʳʝ ʦ ʚʳʙʨʦʩʘʭ ʚʨʝʜ-

ʥʳʭ ʚʝʱʝʩʪʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1 [1]. 

ʊʘʙʣʠʮʘ 1 

ʀʩʪʦʯʥʠʢʠ ʚʳʙʨʦʩʘ ʠ ʚʨʝʜʥʳʝ ʚʝʱʝʩʪʚʘ 

ʀʩʪʦʯʥʠʢ ʚʳʙʨʦʩʘ ɺʨʝʜʥʳʝ ʚʝʱʝʩʪʚʘ 

ɻʊʋ 
ʥʘ ʛʘʟʝ ʆʢʩʠʜʳ ʘʟʦʪʘ, CO, CH4; 3,4-ʙʝʥʟʘʧʠʨʝʥ 

ʥʘ ɼʊ ʆʢʩʠʜʳ ʘʟʦʪʘ, CO, SO2, ʩʘʞʘ; 3,4-ʙʝʥʟʘʧʠʨʝʥ 

ɼʠʟʝʣʴʥʳʡ ʧʨʠʚʦʜ ʙʫʨʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʘʚʘ-

ʨʠʡʥʳʡ ʜʠʟʝʣʴ-ʛʝʥʝʨʘʪʦʨ, ʧʦʞʘʨʥʳʡ ʥʘʩʦʩ 

ʆʢʩʠʜʳ ʘʟʦʪʘ, ʩʘʞʘ, SO2, CO, C20H12 (ʙʝʥʟʘʧʠʨʝʥ), 

CH2O (ʬʦʨʤʘʣʴʜʝʛʠʜ), ʢʝʨʦʩʠʥ 

ʆʛʥʝʚʳʝ ʧʦʜʦʛʨʝʚʘ-

ʪʝʣʠ 

ʥʘ ʛʘʟʝ ʆʢʩʠʜʳ ʘʟʦʪʘ, C20H12, CO 

ʥʘ ɼʊ ʆʢʩʠʜʳ ʘʟʦʪʘ, ʩʘʞʘ, ʤʘʟʫʪʥʘʷ ʩʤʦʣʘ (ʚ ʧʝʨʝʩʯʸʪʝ ʥʘ ʚʘ-

ʥʘʜʠʡ), SO2, CO, C20H12 

ʍʨʘʥʝʥʠʝ ɼʊ H2S, ʧʨʝʜʝʣʴʥʳʝ ʋɺ ʉ12-ʉ19 

ʅʝʧʣʦʪʥʦʩʪʠ ʦʙʦʨʫʜʦʚʘʥʠʷ (ʥʘʩʦʩʳ) ʇʨʝʜʝʣʴʥʳʝ ʋɺ ʉ1-ʉ5 ʠ ʉ6-ʉ10 

ʆʪʛʨʫʟʢʘ ʥʝʬʪʠ ʚ ʪʘʥʢʝʨ (ʂʋʇʆʅ) H2S, ʧʨʝʜʝʣʴʥʳʝ ʋɺ ʉ1-ʉ5 ʠ ʉ6-ʉ10, C6H6, C8H10, C7H8 

ʍʨʘʥʝʥʠʝ ʥʝʬʪʠ ʚ ʪʘʥʢʘʭ H2S, ʧʨʝʜʝʣʴʥʳʝ ʋɺ ʉ1-ʉ5 ʠ ʉ6-ʉ10, C6H6, C8H10 

ʌʘʢʝʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ ʆʢʩʠʜʳ ʘʟʦʪʘ, C20H12, ʉʆ2, ʉʆ, SO2, ʩʘʞʘ, H2S, ʧʨʝʜʝʣʴ-

ʥʳʝ ʋɺ 

ɼʚʠʛʘʪʝʣʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʫʜʦʚ ʠ ʧʦʩʪʦʷʥʥʦ 

ʜʝʞʫʨʷʱʝʛʦ ɸʉʉ çʄʫʨʤʘʥè 

CO, ʦʢʩʠʜʳ ʘʟʦʪʘ, SO2, ʩʘʞʘ, ʢʝʨʦʩʠʥ 

ɼʚʠʛʘʪʝʣʠ ʚʝʨʪʦʣʝʪʘ ʆʢʩʠʜʳ ʘʟʦʪʘ, ʉʆ, SO2, ʩʘʞʘ, ʢʝʨʦʩʠʥ 

ʄʝʭʘʥʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʤʝʪʘʣʣʦʚ FeO, ʧʳʣʴ ʘʙʨʘʟʠʚʥʘʷ 

ʉʚʘʨʦʯʥʳʡ ʧʦʩʪ FeO, ʩʦʝʜʠʥʝʥʠʷ Mn, NO2, ʉʆ, ʬʪʦʨʠʜʳ ʛʘʟʦʦʙʨʘʟʥʳʝ 

ʠ ʧʣʦʭʦʨʘʩʪʚʦʨʠʤʳʝ, ʧʳʣʴ ʥʝʦʨʛʘʥʠʯʝʩʢʘʷ 

ʇʝʨʝʩʳʧʢʘ ʮʝʤʝʥʪʘ ʠ ʙʘʨʠʪʘ ʇʳʣʴ ʥʝʦʨʛʘʥʠʯʝʩʢʘʷ: BaSO4, 70-20% SiO2 

ʇʨʠʛʦʪʦʚʣʝʥʠʝ ʙʫʨʦʚʳʭ ʠ ʪʘʤʧʦʥʘʞʥʳʭ ʨʘʩ-

ʪʚʦʨʦʚ 

ʇʳʣʴ ʥʝʦʨʛʘʥʠʯʝʩʢʘʷ: BaSO4, 70-20% SiO2, KCl, CaCl2, 

NaOH, Na2CO3 
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ɻʣʘʚʥʘʷ ɻʊʋ ʩʦʩʪʦʠʪ ʠʟ ʪʨʝʭ ɻʊɻ ʪʠʧʘ LM2500 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʤʦʱʥʦʩʪʴʶ 28 ʄɺʪ ʢʘʞʜʳʡ. ʅʘ ʚʳ-

ʭʣʦʧʥʳʭ ʧʘʪʨʫʙʢʘʭ ʪʨʝʭ ɻʊɻ ʦʙʦʨʫʜʦʚʘʥʳ ʙʣʦʢʠ 

ʫʪʠʣʠʟʘʮʠʠ ʪʝʧʣʘ ʚʳʭʣʦʧʥʳʭ ʛʘʟʦʚ (ʢʦʪʣʳ-ʫʪʠʣʠ-

ʟʘʪʦʨʳ ʪʝʧʣʦʚʦʡ ʤʦʱʥʦʩʪʴʶ ʧʦ 25 ʄɺʪ ʢʘʞʜʳʡ), 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʚʳʨʘʙʦʪʢʠ ʪʝʧʣʘ ʚ ʩʦʩʪʘʚʝ ʩʠ-

ʩʪʝʤʳ ʪʝʧʣʦʥʦʩʠʪʝʣʷ. ʉʠʩʪʝʤʘ ʛʘʟʦʦʪʚʦʜʘ ʦʙʝʩʧʝ-

ʯʠʚʘʝʪ ʦʪʚʦʜ ʚʳʭʣʦʧʥʳʭ ʛʘʟʦʚ ʦʪ ɻʊɻ ʯʝʨʝʟ ʛʣʫʰʠ-

ʪʝʣʠ ʚ ʘʪʤʦʩʬʝʨʫ. 

ɿʘʣʧʦʚʳʝ ʚʳʙʨʦʩʳ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ 

ʘʪʤʦʩʬʝʨʫ ʧʨʝʜʧʦʣʘʛʘʶʪʩʷ ʪʦʣʴʢʦ ʦʪ ʬʘʢʝʣʴʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʚʠʜʝ ʥʝʧʦʩʪʦʷʥʥʦʛʦ ʩʞʠʛʘʥʠʷ, ʨʘ-

ʙʦʪʘʶʱʝʛʦ ʚ ʨʝʞʠʤʝ ʦʙʝʩʧʝʯʝʥʠʷ ʦʯʠʩʪʢʠ ʩʢʚʘ-

ʞʠʥ, ʧʨʠ ʙʣʦʢʠʨʦʚʢʝ ʩʠʩʪʝʤʳ ʧʝʨʝʢʘʯʢʠ ʠ ʥʘʨʫʰʝ-

ʥʠʠ ʝʝ ʛʝʨʤʝʪʠʯʥʦʩʪʠ, ʜʨʫʛʠʭ ʩʣʫʯʘʷʭ ʥʝʨʝʛʣʘ-

ʤʝʥʪʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʛʦʨʶʯʠʭ ʛʘʟʦʚ [1]. 

ʇʦʜ ʩʘʤʦʦʯʠʱʝʥʠʝʤ ʘʪʤʦʩʬʝʨʳ ʧʦʥʠʤʘʝʪʩʷ 

ʯʘʩʪʠʯʥʦʝ ʠʣʠ ʧʦʣʥʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʝʝ ʝʩʪʝʩʪʚʝʥ-

ʥʦʛʦ ʩʦʩʪʘʚʘ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʧʨʠʨʦʜʥʳʭ ʧʨʦʮʝʩ-

ʩʦʚ. ɸʵʨʦʟʦʣʠ ʚʳʤʳʚʘʶʪʩʷ ʠʟ ʘʪʤʦʩʬʝʨʳ ʦʩʘʜ-

ʢʘʤʠ, ʠʦʥʳ ʦʩʝʜʘʶʪ ʧʦʜ ʚʣʠʷʥʠʝʤ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʧʦʣ̫ ʘʪʤʦʩʬʝʨʳ, ʘ ʪʘʢʞʝ ʚʩʣʝʜʩʪʚʠʝ ʛʨʘʚʠʪʘʮʠʠ 

[2]. 

ʂʦʵʬʬʠʮʠʝʥʪ ʩʘʤʦʦʯʠʱʝʥʠʷ ʘʪʤʦʩʬʝʨʳ [3]: 

ὑ ̏ ̃

̙ ̓
ȟ  

ʛʜʝ ὖ̏ ï ʢʦʣʠʯʝʩʪʚʦ ʜʥʝʡ ʚ ʛʦʜʫ ʩ ʦʩʘʜʢʘʤʠ ʙʦ-

ʣʝʝ 0,5 ʤʤ/ʩʫʪ; 

ὖ̃ ï ʢʦʣʠʯʝʩʪʚʦ ʜʥʝʡ ʚ ʛʦʜʫ ʩ ʚʝʪʨʘʤʠ ʩʦ ʩʢʦ-

ʨʦʩʪʴʶ ʙʦʣʝʝ 6 ʤ/ʩ; 

ὖ̙ ï ʢʦʣʠʯʝʩʪʚʦ ʜʥʝʡ ʚ ʛʦʜʫ ʩ ʚʝʪʨʘʤʠ ʩʦ ʩʢʦ-

ʨʦʩʪʴʶ ʤʝʥʝʝ 1 ʤ/ʩ; 

ὖ̓ ï ʢʦʣʠʯʝʩʪʚʦ ʜʥʝʡ ʚ ʛʦʜʫ ʩ ʪʫʤʘʥʘʤʠ. 

ɼʣʷ ʇʝʯʦʨʩʢʦʛʦ ʤʦʨʷ (ʢʨʦʤʝ ὖ̏): 

ὖ̃ = 299 ʜʥʝʡ [4]; 

ὖ̙ = 41 ʜʝʥʴ [5]; 

ὖ̓ = 66 ʜʥʝʡ [5]. 

ὑ ςȟχωȢ  

ʇʨʠ ὑ ρȟςυ ʬʦʨʤʠʨʫʶʪʩʷ ʙʣʘʛʦʧʨʠʷʪʥʳʝ 
ʫʩʣʦʚʠʷ ʜʣʷ ʨʘʩʩʝʠʚʘʥʠʷ ʧʨʠʤʝʩʝʡ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʚ ʨʘʡʦʥʝ ʇʨʠʨʘʟʣʦʤʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʚʳʩʦʢʘʷ 

ʩʧʦʩʦʙʥʦʩʪʴ ʘʪʤʦʩʬʝʨʳ ʢ ʩʘʤʦʦʯʠʱʝʥʠʶ. 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʯʠʪʘʥʘ ʩʘʥʠʪʘʨʥʦ-ʟʘʱʠʪʥʘʷ ʟʦʥʘ ʅʦʚʦʧʦʨʪʦʚʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʦ ʨʫʤʙʘʤ. ʆʧʠ-

ʩʘʥʘ ʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʢʘʨʪʝ ʨʘʩʩʪʘʥʦʚʢʘ ʧʫʥʢʪʦʚ ʢʦʥʪʨʦʣʷ ʟʘ ʧʦʢʘʟʘʪʝʣʷʤʠ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ, ʚʦʜ-

ʥʳʭ ʩʠʩʪʝʤ, ʧʦʯʚʳ ʠ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʜʣʷ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. 

Abstract 

The article calculated the sanitary protection zone of the Novoportovskoye field. The arrangement of control 

points for indicators of atmospheric air, soil and bottom sediments, and water systems for the field is described 

and presented on the map. 
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ʉʘʥʠʪʘʨʥʦ-ʟʘʱʠʪʥʘʷ ʟʦʥʘ (ʉɿɿ) ð ʩʧʝʮʠʘʣʴ-

ʥʘʷ ʪʝʨʨʠʪʦʨʠʷ ʩ ʦʩʦʙʳʤ ʨʝʞʠʤʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, 

ʢʦʪʦʨʘʷ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʚʦʢʨʫʛ ʦʙʲʝʢʪʦʚ ʠ ʧʨʦʠʟ-

ʚʦʜʩʪʚ, ʷʚʣʷʶʱʠʭʩʷ ʠʩʪʦʯʥʠʢʘʤʠ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ 

ʩʨʝʜʫ ʦʙʠʪʘʥʠʷ ʠ ʟʜʦʨʦʚʴʝ ʯʝʣʦʚʝʢʘ. ʈʘʟʤʝʨ ʉɿɿ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʤʝʥʴʰʝʥʠʝ ʚʦʟʜʝʡʩʪʚʠʷ ʟʘʛʨʷʟʥʝʥʠʷ 

ʥʘ ʘʪʤʦʩʬʝʨʥʳʡ ʚʦʟʜʫʭ (ʭʠʤʠʯʝʩʢʦʛʦ, ʙʠʦʣʦʛʠʯʝ-

ʩʢʦʛʦ, ʬʠʟʠʯʝʩʢʦʛʦ) ʜʦ ʟʥʘʯʝʥʠʡ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ 

ʛʠʛʠʝʥʠʯʝʩʢʠʤʠ ʥʦʨʤʘʪʠʚʘʤʠ. 

ʇʦ ʩʚʦʝʤʫ ʬʫʥʢʮʠʦʥʘʣʴʥʦʤʫ ʥʘʟʥʘʯʝʥʠʶ ʩʘ-

ʥʠʪʘʨʥʦ-ʟʘʱʠʪʥʘʷ ʟʦʥʘ ʷʚʣʷʝʪʩʷ ʟʘʱʠʪʥʳʤ ʙʘʨʴʝ-

ʨʦʤ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤ ʫʨʦʚʝʥʴ ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘʩʝ-

ʣʝʥʠʷ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʙʲʝʢʪʘ ʚ ʰʪʘʪʥʦʤ ʨʝ-

ʞʠʤʝ. ʆʨʠʝʥʪʠʨʦʚʦʯʥʳʡ ʨʘʟʤʝʨ ʉɿɿ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʉʘʥʇʠʅ 2.2.1/2.1.1.1200-03 ʥʘ ʚʨʝʤʷ ʧʨʦʝʢʪʠʨʦʚʘ-

ʥʠʷ ʠ ʚʚʦʜʘ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʦʙʲʝʢʪʘ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʢʣʘʩʩʘ ʦʧʘʩʥʦʩʪʠ ʧʨʝʜʧʨʠʷʪʠʷ. [1] 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʉʘʥʇʠʅ 2.2.1/2.1.1.1200-03 

çʉʘʥʠʪʘʨʥʦ-ʟʘʱʠʪʥʳʝ ʟʦʥʳ ʠ ʩʘʥʠʪʘʨʥʘʷ ʢʣʘʩʩʠ-

ʬʠʢʘʮʠʷ ʧʨʝʜʧʨʠʷʪʠʡ, ʩʦʦʨʫʞʝʥʠʡ ʠ ʠʥʳʭ ʦʙʲʝʢ-

ʪʦʚ. ʅʦʚʘʷ ʨʝʜʘʢʮʠʷè ʅʦʚʦʧʦʨʪʦʚʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝ-

ʥʠʝ ʧʨʠʥʘʜʣʝʞʠʪ ʢ I ʢʣʘʩʩʫ ʦʧʘʩʥʦʩʪʠ (ʧʦ ʚʳʙʨʦ-

ʩʘʤ ʩʝʨʦʚʦʜʦʨʦʜʘ ʠ ʚʳʩʦʢʦʤʫ ʩʦʜʝʨʞʘʥʠʶ ʣʝʪʫʯʠʭ 

ʫʛʣʝʚʦʜʦʨʦʜʦʚ). ʋʯʠʪʳʚʘʷ ʫʩʨʝʜʥʝʥʥʫʶ (ʚʟʷʪʫʶ ʟʘ 

ʣʝʪʦ ʠ ʟʠʤʫ 2012 ʛʦʜʘ) ʨʦʟʫ ʚʝʪʨʦʚ (ʨʠʩ.1), ʧʨʦʠʟʚʝ-

ʜʝʤ ʨʘʩʯʝʪ ʢʦʥʬʠʛʫʨʘʮʠʠ ʉɿɿ ʧʦ ʨʫʤʙʘʤ [1]: 

ὒ ὒϽ  , 

ʛʜʝ ὒ ï ʨʘʩʯʝʪʥʳʡ ʨʘʟʤʝʨ ʉɿɿ ʩ ʫʯʝʪʦʤ ʨʦʟʳ 
ʚʝʪʨʦʚ ʧʦ ʢʦʥʢʨʝʪʥʦʤʫ ʨʫʤʙʫ, ʤ; 

 ὒ ρπππ ( I ʢʣʘʩʩ ʦʧʘʩʥʦʩʪʠ) ï ʨʘʩʯʝʪʥʳʡ 

ʨʘʟʤʝʨ ʉɿɿ ʙʝʟ ʫʯʝʪʘ ʚʝʪʨʦʚ, ʤ;  

 ὖ ï ʧʦʚʪʦʨʷʝʤʦʩʪʴ ʥʘʧʨʘʚʣʝʥʠʷ ʚʝʪʨʘ ʦʜʥʦʛʦ 

ʨʫʤʙʘ ʧʨʠ ʢʨʫʛʦʚʦʡ ʨʦʟʝ ʚʝʪʨʦʚ, %;  

ὖ ï ʩʨʝʜʥʝʛʦʜʦʚʘʷ ʧʦʚʪʦʨʷʝʤʦʩʪʴ ʥʘʧʨʘʚʣʝ-

ʥʠʷ ʚʝʪʨʦʚ, ʧʨʦʩʤʘʪʨʠʚʘʝʤʦʛʦ ʨʫʤʙʘ, % (ʪʘʙʣ. 1). 

ὖ , 

ʛʜʝ ὔ ï ʢʦʣʠʯʝʩʪʚʦ ʨʫʤʙʦʚ. 

ὖ ρςȟυ %. 

 

 
ʈʠʩʫʥʦʢ 1 ʈʦʟʘ ʚʝʪʨʦʚ ʫʩʨʝʜʥʝʥʥʘʷ (ʟʘ ʣʝʪʦ ʠ ʟʠʤʫ 2012 ʛʦʜʘ) ʥʘ  

ʅʦʚʦʧʦʨʪʦʚʩʢʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʠ 

ʊʘʙʣʠʮʘ 1 

ɼʘʥʥʳʝ ʫʩʨʝʜʥʝʥʥʦʡ ʨʦʟʳ ʚʝʪʨʦʚ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ 

ʈʫʤʙ ɿ ʉɿ ʉ ʉɺ ɺ ʖɺ ʖ ʖɿ 

ʉʨʝʜʥʝʛʦʜʦʚʘʷ ʧʦʚʪʦʨʷʝʤʦʩʪʴ, % 24 14 6 6 12 13 6 19 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʦʟʦʡ ʚʝʪʨʦʚ (ʨʠʩ.1) ʧʨʝʦʙʣʘ-

ʜʘʝʪ ʟʘʧʘʜʥʦʝ ʠ ʶʛʦ-ʟʘʧʘʜʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʚʝʪʨʘ, 

ʧʦʵʪʦʤʫ ʧʫʥʢʪʳ ʢʦʥʪʨʦʣʷ ʟʘ ʧʦʢʘʟʘʪʝʣʷʤʠ ʘʪʤʦ-

ʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ ʙʫʜʫʪ ʥʘʭʦʜʠʪʴʩʷ ʥʘ ʟʘʧʘʜʥʦʡ ʠ 

ʶʛʦ-ʟʘʧʘʜʥʦʡ ʛʨʘʥʠʮʝ ʉɿɿ ʅʦʚʦʧʦʨʪʦʚʩʢʦʛʦ ʤʝ-

ʩʪʦʨʦʞʜʝʥʠʷ. 

ɺ ʉɿɿ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʦʧʘʜʘʝʪ ʨʝʢʘ ʉʝʪʥʘʷ, 

ʧʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ ʫʩʪʘʥʦʚʠʪʴ ʧʫʥʢʪ ʢʦʥʪʨʦʣʷ ʚ 

ʠʟʣʦʤʝ ʨʝʢʠ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʉʘʥʇʠʅ 2.1.7.1287-03 çʉʘʥʠ-

ʪʘʨʥʦ-ʵʧʠʜʝʤʠʦʣʦʛʠʯʝʩʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʢʘʯʝʩʪʚʫ 

ʧʦʯʚʳè ʠ ɻʆʉʊ 17.1.5.01-80 çʆʭʨʘʥʘ ʧʨʠʨʦʜʳ. 

ɻʠʜʨʦʩʬʝʨʘ. ʆʙʱʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʦʪʙʦʨʫ ʧʨʦʙ ʜʦʥ-

ʥʳʭ ʦʪʣʦʞʝʥʠʡ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʜʣʷ ʘʥʘʣʠʟʘ ʥʘ ʟʘ-

ʛʨʷʟʥʝʥʥʦʩʪʴè, ʘ ʪʘʢʞʝ ʩ ʨʦʟʦʡ ʚʝʪʨʦʚ ʨʘʩʩʪʘʚʣʷʝʤ 

ʧʫʥʢʪʳ ʢʦʥʪʨʦʣʷ ʥʘʜ ʧʦʯʚʘʤʠ ʠ ʜʦʥʥʳʤʠ ʦʪʣʦʞʝ-

ʥʠʷʤʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʩʝ ʧʫʥʢʪʳ ʢʦʥʪʨʦʣʷ ʥʘ ʅʦʚʦ-

ʧʦʨʪʦʚʩʢʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠ-

ʩʫʥʢʝ 2. 
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ʈʠʩʫʥʦʢ 2 ʇʫʥʢʪʳ ʢʦʥʪʨʦʣʷ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ, ʧʦʯʚ, ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ,  

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ 

 

ɺ ʪʘʙʣʠʮʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʧʨʝʜʝʣʷʝʤʳʝ ʧʦʢʘʟʘʪʝʣʠ ʧʦ ʧʫʥʢʪʘʤ ʢʦʥʪʨʦʣʷ ʠ ʧʝʨʠʦʜʠʯʥʦʩʪʴ ʢʦʥʪʨʦʣʷ. 

 

ʊʘʙʣʠʮʘ 2 

ʇʫʥʢʪʳ ʢʦʥʪʨʦʣʷ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ 

ʇʫʥʢʪ 

ʢʦʥʪʨʦʣʷ 
ʆʧʨʝʜʝʣʷʝʤʳʝ ʧʦʢʘʟʘʪʝʣʠ ʇʝʨʠʦʜʠʯʥʦʩʪʴ ʢʦʥʪʨʦʣʷ 

ɸ1 

ɾʝʣʝʟʘ ʦʢʩʠʜ, ʤʘʨʛʘʥʝʮ, ʙʝʥʟ/ʘ/ʧʠʨʝʥ, ʤʘʟʫʪʥʘʷ ʟʦʣʘ, 

ʩʚʠʥʝʮ, ʘʟʦʪʘ ʜʠʦʢʩʠʜ, ʘʟʦʪʘ ʦʢʩʠʜ, ʩʘʞʘ, ʘʥʜʠʛʨʠʜ 

ʩʝʨʥʠʩʪʳʡ, ʫʛʣʝʨʦʜʘ ʦʢʩʠʜ, ʫʛʣʝʚʦʜʦʨʦʜʳ (ʧʦ ʤʝ-

ʪʘʥʫ), ʢʩʠʣʦʣ, ʪʦʣʫʦʣ, ʙʝʥʟʦʣ, ʬʦʨʤʘʣʴʜʝʛʠʜ 

ʅʝ ʤʝʥʝʝ 1 ʨʘʟʘ ʚ 10 ʜʥʝʡ [2] 

ɸ2 

ɸ3 

ɸ4 

ɸ5 

ɸ6 

ʀ1 

ʆʙʱʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ, ʚʟʚʝʰʝʥʥʳʝ ʚʝʱʝʩʪʚʘ, ʨʘʩʪʚʦ-

ʨʝʥʥʳʡ ʢʠʩʣʦʨʦʜ, ʥʝʬʪʝʧʨʦʜʫʢʪʳ, ʨʅ, ɹʇʂ 5, ʍʇʂ, 

ʚʟʚʝʰʝʥʥʳʝ ʚʝʱʝʩʪʚʘ, ʨʘʩʪʚʦʨʝʥʥʳʡ ʢʠʩʣʦʨʦʜ, ʭʣʦ-

ʨʠʜʳ, ʥʝʬʪʝʧʨʦʜʫʢʪʳ, ʞʝʣʝʟʦ, ʥʠʢʝʣʴ, ʮʠʥʢ, ʤʝʜʴ 

ʄʠʥʠʤʫʤ 4 ʨʘʟʘ ʚ ʛʦʜ (ʚʳʩʦʢʠʡ ʠ 

ʥʠʟʢʠʡ ʫʨʦʚʥʠ ʚʦʜʳ) [3] ʀ7 

ʀ2 1 ʨʘʟ ʧʨʠ ʪʝʨʤʠʯʝʩʢʦʤ ʧʝʨʝʤʝ-

ʰʠʚʘʥʠʠ ʠ 1 ʨʘʟ ʚʝʨʪʠʢʘʣʴʥʳʡ 

ʧʨʦʬʠʣʴ ʚ ʢʦʥʮʝ ʧʝʨʠʦʜʘ ʩʪʨʘʪʠ-

ʬʠʢʘʮʠʠ [3] 

ʀ3 

ʀ4 

ʀ5 

ʀ6 

ʇ1 

ʆʙʱʝʝ ʞʝʣʝʟʦ, ʤʝʜʴ, ʮʠʥʢ, ʩʚʠʥʝʮ, ʨʪʫʪʴ, ʢʘʜʤʠʡ, 

ʭʨʦʤ, ʤʘʨʛʘʥʝʮ, ʥʝʬʪʝʧʨʦʜʫʢʪʳ, ʬʝʥʦʣʳ, ʥʠʢʝʣʴ, ʨʅ, 

˝˛, MgO, ʘʟʦʪ, ʬʦʩʬʦʨ 

1 ʨʘʟ ʚ ʛʦʜ [4] 

ʇ2 

ʇ3 

ʇ4 

ʇ5 

ʇ6 

ɼ1 

ʆʙʱʝʝ ʞʝʣʝʟʦ, ʥʝʬʪʝʧʨʦʜʫʢʪʳ 1 ʨʘʟ ʚ ʛʦʜ [5] 

ɼ2 

ɼ3 

ɼ4 

ɼ5 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. ɺʠʢʠʧʝʜʠʷ. ʉʘʥʠʪʘʨʥʦ-ʟʘʱʠʪʥʘʷ ʟʦʥʘ. 

[ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

https://ru.wikipedia.org/wiki/%D0%A1%D0%B0%D0

%BD%D0%B8%D1%82%D0%B0%D1%80%D0%B

D%D0%BE-

%D0%B7%D0%B0%D1%89%D0%B8%D1%82%D

0%BD%D0%B0%D1%8F_%D0%B7%D0%BE%D0

%BD%D0%B0, ʩʚʦʙʦʜʥʳʡ (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 

02.01.2020). ï ɿʘʛʣ. ʩ ʵʢʨʘʥʘ. 

2. ɻʆʉʊ 12.1.005-88/ ʉʠʩʪʝʤʘ ʩʪʘʥʜʘʨʪʦʚ ʙʝʟ-

ʦʧʘʩʥʦʩʪʠ ʪʨʫʜʘ (ʉʉɹʊ). ʆʙʱʠʝ ʩʘʥʠʪʘʨʥʦ-ʛʠʛʠʝ-

ʥʠʯʝʩʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʚʦʟʜʫʭʫ ʨʘʙʦʯʝʡ ʟʦʥʳ (ʩ ʀʟ-

ʤʝʥʝʥʠʝʤ N 1) 

3. ʈ 52.24.353-2012 ʆʪʙʦʨ ʧʨʦʙ ʧʦʚʝʨʭʥʦʩʪʥʳʭ 

ʚʦʜ ʩʫʰʠ ʠ ʦʯʠʱʝʥʥʳʭ ʩʪʦʯʥʳʭ ʚʦʜ 

4. ɻʆʉʊ 17.4.4.02-84/ʆʭʨʘʥʘ ʧʨʠʨʦʜʳ. ʇʦʯʚʳ. 

ʄʝʪʦʜʳ ʦʪʙʦʨʘ ʠ ʧʦʜʛʦʪʦʚʢʠ ʧʨʦʙ ʜʣʷ ʭʠʤʠʯʝ-

ʩʢʦʛʦ, ʙʘʢʪʝʨʠʦʣʦʛʠʯʝʩʢʦʛʦ, ʛʝʣʴʤʠʥʪʦʣʦʛʠʯʝ-

ʩʢʦʛʦ ʘʥʘʣʠʟʘ 

5. ʇʨʠʢʘʟ ʦʪ 24 ʬʝʚʨʘʣʷ 2014 ʛ. N 112 ʦʙ ʫʪʚʝʨ-

ʞʜʝʥʠʠ ʤʝʪʦʜʠʯʝʩʢʠʭ ʫʢʘʟʘʥʠʡ ʧʦ ʦʩʫʱʝʩʪʚʣʝʥʠʶ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʚ 

ʯʘʩʪʠ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʧʨʦʚʝʜʝʥʠʷ ʥʘʙʣʶʜʝʥʠʡ ʟʘ ʩʦ-

ʜʝʨʞʘʥʠʝʤ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ ʜʦʥʥʳʭ ʦʪʣʦ-

ʞʝʥʠʷʭ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ 
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ʉʪʘʮʝʥʢʦ ɺʘʨʚʘʨʘ ʅʠʢʦʣʘʝʚʥʘ 

ʩʪʫʜʝʥʪ ʢʘʬ.ʛʝʥʝʪʠʢʠ ʖʞʥʳʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ɸʢʘʜʝʤʠʷ ʙʠʦʣʦʛʠʠ ʠ ʙʠʦʪʝʭʥʦʣʦʛʠʠ ʠʤ. ɼ.ʀ. ʀʚʘʥʦʚʩʢʦʛʦ 

ʂʫʣʠʢʦʚ ʄʘʢʩʠʤ ʇʘʚʣʦʚʠʯ 

ʩʪʫʜʝʥʪ ʢʘʬ.ʛʝʥʝʪʠʢʠ ʖʞʥʳʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ɸʢʘʜʝʤʠʷ ʙʠʦʣʦʛʠʠ ʠ ʙʠʦʪʝʭʥʦʣʦʛʠʠ ʠʤ. ɼ.ʀ. ʀʚʘʥʦʚʩʢʦʛʦ 

ʇʨʘʟʜʥʦʚʘ ɽʚʛʝʥʠʷ ɺʘʣʝʨʴʝʚʥʘ 

ʢ.ʙ.ʥ., ʩ.ʥ.ʩ ʣʘʙʦʨʘʪʦʨʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʤʫʪʘʛʝʥʝʟʘ 

ʄʘʟʘʥʢʦ ʄʘʨʠʷ ʉʝʨʛʝʝʚʥʘ 

ʢ.ʙ.ʥ., ʩ.ʥ.ʩ ʣʘʙʦʨʘʪʦʨʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʤʫʪʘʛʝʥʝʟʘ 

ʂʦʨʦʩʪʳʣʝʚ ʅʠʢʠʪʘ ɺʷʯʝʩʣʘʚʦʚʠʯ 

ʩʪʫʜʝʥʪ ʢʘʬ.ʛʝʥʝʪʠʢʠ ʖʞʥʳʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ  

ɸʢʘʜʝʤʠʷ ʙʠʦʣʦʛʠʠ ʠ ʙʠʦʪʝʭʥʦʣʦʛʠʠ ʠʤ. ɼ.ʀ. ʀʚʘʥʦʚʩʢʦʛʦ 

ɹʝʣʠʢ ʊʠʤʫʨ ɺʠʢʪʦʨʦʚʠʯ 

ʤ.ʥ.ʩ. ʣʘʙʦʨʘʪʦʨʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʤʫʪʘʛʝʥʝʟʘ 

 

ɸʅʊʀʆʂʉʀɼɸʅʊʅɸʗ, ɼʅʂ-ʇʈʆʊɽʂʊʆʈʅɸʗ ʀ SOS-ʀʅɻʀɹʀʈʋʖʑɸʗ ɸʂʊʀɺʅʆʉʊʔ 

ʄɽʊɸɹʆʃʀʊʆɺ ʇʈʆɹʀʆʊʀʏɽʉʂʀʍ ɹɸʂʊɽʈʀʁ 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʄʠʥʠʩʪʝʨʩʪʚʘ ʥʘʫʢʠ ʠ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʈʌ,  

ʧʨʦʝʢʪ ʄʂ-5950.2018.4. 
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ɸʥʥʦʪʘʮʠʷ 

ɸʚʪʦʨʘʤʠ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ SOS-ʠʥʛʠʙʠʨʫʶʱʘʷ ʘʢʪʠʚʥʦʩʪʴ ʤʝʪʘʙʦʣʠ-

ʪʦʚ ʧʨʦʙʠʦʪʠʯʝʩʢʠʭ ʙʘʢʪʝʨʠʡ. ʎʝʣʴʶ ʥʘʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʦ ʠʟʫʯʝʥʠʝ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʦʪ-

ʜʝʣʴʥʳʭ ʬʨʘʢʮʠʡ ʤʝʪʘʙʦʣʠʪʦʚ, ʚʳʜʝʣʷʝʤʳʭ ʧʨʦʙʠʦʪʠʯʝʩʢʠʤʠ ʙʘʢʪʝʨʠʷʤʠ 3 ʰʪʘʤʤʦʚ Enterococcus du-

rans (ɺ6480, ɺ6363 ʠ ɺ6379) ʠ ʜʚʫʭ ʰʪʘʤʤʦʚ Lactobacillus, ʷʚʣʷʶʱʠʭʩʷ ʢʣʠʥʠʯʝʩʢʠʤʠ ʠʟʦʣʷʪʘʤʠ, ʚʳʜʝ-

ʣʝʥʥʳʤʠ ʠʟ ʤʠʢʨʦʬʣʦʨʳ ʟʜʦʨʦʚʳʭ ʣʶʜʝʡ.  

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʜʘʥʥʳʭ ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʤʝʪʘʙʦʣʠʪʳ ʧʨʦʙʠʦʪʠʯʝʩʢʠʭ ʰʪʘʤ-

ʤʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʮʝʣʝʚʫʶ ʘʢʪʠʚʥʦʩʪʴ, ʤʦʛʫʪ ʠʤʝʪʴ ʧʝʧʪʠʜʥʫʶ ʧʨʠʨʦʜʫ ʠ ʩʠʣʴʥʦ ʚʘʨʴʠʨʫʶʪ ʦʪ 

ʰʪʘʤʤʘ ʢ ʰʪʘʤʤʫ.  

Abstract 

The Authors of this work conducted a study of SOS-inhibiting activity of probiotic bacteria metabolites. The 

aim of our study was to study the biological activity of individual fractions of metabolites released by probiotic 

bacteria of 3 strains of Enterococcus durans (B6480, B6363 and B6379) and two strains of Lactobacillus, which 

are clinical isolates isolated from the microflora of healthy people.  

Based on the data presented, it can be concluded that the metabolites of probiotic strains that provide the 

target activity may be of a peptide nature and vary greatly from strain to strain.  

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʨʦʙʠʦʪʠʯʝʩʢʠʝ ʙʘʢʪʝʨʠʠ, ʤʝʪʘʙʦʣʠʪ, ʙʠʦʣʦʛʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ. 

Key words: probiotic bacteria, metabolite, biological activity. 
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ʄʝʭʘʥʠʟʤʳ ʜʝʡʩʪʚʠʷ ʧʨʦʙʠʦʪʠʢʦʚ ʥʘ ʢʣʝʪʦʯ-

ʥʦʤ ʠ ʤʦʣʝʢʫʣʷʨʥʦʤ ʫʨʦʚʥʷʭ ʜʦ ʩʠʭ ʧʦʨ ʷʚʣʷʶʪʩʷ 

ʧʨʝʜʤʝʪʦʤ ʦʙʩʫʞʜʝʥʠʷ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, 

ʯʪʦ ʚʝʱʝʩʪʚʘ, ʚʳʜʝʣʷʝʤʳʝ ʧʨʦʙʠʦʪʠʯʝʩʢʠʤʠ ʙʘʢʪʝ-

ʨʠʷʤʠ, ʤʦʛʫʪ ʦʢʘʟʳʚʘʪʴ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʝ, ʘʥʪʠʤʫ-

ʪʘʛʝʥʥʦʝ ʠ ʘʥʪʠʛʝʥʦʪʦʢʩʠʯʝʩʢʦʝ (ɼʅʂ-

ʧʨʦʪʝʢʪʦʨʥʦʝ) ʜʝʡʩʪʚʠʝ [1,2, 3]. ʂʨʦʤʝ ʪʦʛʦ, ʤʝʪʘ-

ʙʦʣʠʪʳ ʥʝʢʦʪʦʨʳʭ ʰʪʘʤʤʦʚ ʩʧʦʩʦʙʥʳ ʚʳʜʝʣʷʪʴ ʚʝ-

ʱʝʩʪʚʘ, ʧʦʜʘʚʣʷʶʱʝ SOS-ʦʪʚʝʪ ʫ ʜʨʫʛʠʭ, ʧʘʪʦʛʝʥ-

ʥʳʭ ʠʣʠ ʫʩʣʦʚʥʦ ʧʘʪʦʛʝʥʥʳʭ ʚʠʜʦʚ ʙʘʢʪʝʨʠʡ [4]. 

ʇʦʤʠʤʦ ʵʪʦʛʦ, ʧʨʦʙʠʦʪʠʯʝʩʢʠʝ ʣʘʢʪʦʙʘʢʪʝʨʠʠ 

ʠ ʙʠʬʠʜʦʙʘʢʪʝʨʠʠ ʩʧʦʩʦʙʥʳ ʚʣʠʷʪʴ ʥʘ ʥʝʨʚʥʫʶ ʠ 

ʠʤʤʫʥʥʫʶ ʩʠʩʪʝʤʳ ʭʦʟʷʠʥʘ [5, 6, 7]. 

ʗʩʥʦ, ʯʪʦ ʧʦʜʦʙʥʳʝ ʩʣʦʞʥʳʝ ʧʨʦʮʝʩʩʳ 

ʜʦʣʞʥʳ ʦʙʣʘʜʘʪʴ ʪʦʥʢʦʡ ʠ ʤʥʦʛʦʛʨʘʥʥʦʡ ʩʠʩʪʝʤʦʡ 

ʨʝʛʫʣʷʮʠʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡʩʷ ʰʠʨʦʢʠʤ ʥʘʙʦʨʦʤ 

ʙʠʦʣʦʛʠʯʝʩʢʠ-ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ. ʆʜʥʘʢʦ ʚ ʙʦʣʴ-

ʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʚʩʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʚʦʜʷʪʩʷ ʪʦʣʴʢʦ 

ʢ ʢʦʥʩʪʘʪʘʮʠʠ ʚʣʠʷʥʠʷ ʧʨʦʙʠʦʪʠʢʦʚ ʙʝʟ ʧʦʧʳʪʦʢ 

ʦʙʲʷʩʥʠʪʴ ʙʠʦʭʠʤʠʯʝʩʢʠʝ ʤʝʭʘʥʠʟʤʳ ʠʭ ʜʝʡʩʪʚʠʷ 

[9]. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʧʨʦʮʝʩʩʝ ʧʦʠʩʢʘ ʥʦʚʳʭ 

ʧʨʦʙʠʦʪʠʯʝʩʢʠʭ ʰʪʘʤʤʦʚ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʥʘʯʘʣʠ 

ʦʙʨʘʱʘʪʴ ʚʥʠʤʘʥʠʝ ʥʝ ʪʦʣʴʢʦ ʥʘ ʙʘʢʪʝʨʠʠ, ʦʪʥʦʩʷ-

ʱʠʝʩʷ ʢ ʨʦʜʘʤ Lactobacillus ʠ Bifidobacterium, ʢʦʪʦ-

ʨʳʝ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʤʝʜʠʮʠʥʝ ʠ ʚʝʪʝʨʠʥʘ-

ʨʠʠ, ʥʦ ʠ ʥʘ ʜʨʫʛʠʝ ʚʠʜʳ ʢʠʰʝʯʥʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟ-

ʤʦʚ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʨʦʜ Enterococcus ʪʘʢʞʝ 

ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʯʣʝʥʦʤ ʢʠʰʝʯʥʦʡ ʤʠʢʨʦʙʠʦʪʳ 

[10, 11]. ʇʦ ʧʦʩʣʝʜʥʠʤ ʜʘʥʥʳʤ, ʵʥʪʝʨʦʢʦʢʢʠ ʦʙʣʘ-

ʜʘʶʪ ʠʤʤʫʥʦʤʦʜʫʣʠʨʫʶʱʠʤ ʜʝʡʩʪʚʠʝʤ, ʧʨʦʷʚ-

ʣʷʶʪ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʫʶ, ʘʥʪʠʤʠʢʨʦʙʥʫʶ, ʘʥʪʠ-

ʦʢʩʠʜʘʥʪʥʫʶ ʘʢʪʠʚʥʦʩʪʴ, ʩʥʠʞʘʶʪ ʫʨʦʚʝʥʴ ʭʦʣʝ-

ʩʪʝʨʠʥʘ ʚ ʢʨʦʚʠ [11, 12, 13, 14], ʯʪʦ ʜʝʣʘʝʪ ʠʭ 

ʠʥʪʝʨʝʩʥʳʤʠ ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʰʪʘʤʤʘʤʠ ʜʣʷ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʧʨʦʙʠʦʪʠʢʦʚ. 

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʥʝʢʦʪʦʨʳʝ ʰʪʘʤʤʳ ʵʥʪʝʨʦ-

ʢʦʢʢʦʚ ʤʦʛʫʪ ʙʳʪʴ ʧʘʪʦʛʝʥʥʳʤʠ ʠ ʚʳʟʳʚʘʪʴ ʪʘʢʠʝ 

ʟʘʙʦʣʝʚʘʥʠʷ, ʢʘʢ ʠʥʬʝʢʮʠʠ ʤʦʯʝʚʳʚʦʜʷʱʠʭ ʧʫʪʝʡ, 

ʙʘʢʪʝʨʠʝʤʠʠ, ʜʠʘʨʝʶ [15, 16]. ʉʧʦʨʳ ʦ ʧʨʠʤʝʥʠʤʦ-

ʩʪʠ ʨʘʟʣʠʯʥʳʭ ʰʪʘʤʤʦʚ ʵʥʪʝʨʦʢʦʢʢʦʚ ʚ ʢʘʯʝʩʪʚʝ 

ʧʨʦʙʠʦʪʠʢʦʚ ʚʩʝ ʝʱʝ ʧʨʦʜʦʣʞʘʶʪʩʷ [17, 18]. 

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʪʘʢʠʝ ʩʚʦʡʩʪʚʘ ʤʝʪʘʙʦʣʠʪʦʚ, ʢʘʢ 

ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʝ ʠ ʘʥʪʠʤʫʪʘʛʝʥʥʦʝ ʜʝʡʩʪʚʠʝ, ʘ 

ʪʘʢʞʝ ʩʧʦʩʦʙʥʦʩʪʴ ʠʥʛʠʙʠʨʦʚʘʪʴ SOS-ʦʪʚʝʪ, ʧʨʝʜ-

ʩʪʘʚʣʷʶʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʠʥʪʝʨʝʩ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʜʣʷ 

ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ï ʚ ʯʘʩʪʥʦʩʪʠ, ʧʨʠ ʨʘʟ-

ʨʘʙʦʪʢʝ ʧʨʝʧʘʨʘʪʦʚ ʜʣʷ ʞʠʚʦʪʥʳʭ ʠ ʯʝʣʦʚʝʢʘ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ  
ʐʪʘʤʤʳ Enterococcus ʧʦʣʫʯʝʥʳ ʠʟ ʢʦʣʣʝʢʮʠʠ 

ʣʘʙʦʨʘʪʦʨʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʤʫʪʘʛʝʥʝʟʘ ɸʢʘ-

ʜʝʤʠʠ ʙʠʦʣʦʛʠʠ ʠ ʙʠʦʪʝʭʥʦʣʦʛʠʠ ʠʤ. ɼ.ʀ. ʀʚʘʥʦʚ-

ʩʢʦʛʦ ʖʞʥʦʛʦ ʬʝʜʝʨʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. ʂʣʠʥʠ-

ʯʝʩʢʠʝ ʠʟʦʣʷʪʳ Lactobacillus ʙʳʣʠ ʣʶʙʝʟʥʦ ʧʨʝʜʦ-

ʩʪʘʚʣʝʥʳ ɿɸʆ çʅʘʫʢʘè, ʛ. ʈʦʩʪʦʚ-ʥʘ-ɼʦʥʫ. 

ʐʪʘʤʤʳ ʢʫʣʴʪʠʚʠʨʦʚʘʣʠ ʚ ʩʨʝʜʝ ʥʘ ʦʩʥʦʚʝ 

ʩʪʝʨʠʣʴʥʦʛʦ ʤʦʣʦʢʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 37Á ʉ ʚ ʪʝʯʝ-

ʥʠʝ 3 ʩʫʪʦʢ. 

ʇʦʣʫʯʝʥʠʝ ʬʨʘʢʮʠʡ ʧʨʠ ʧʦʤʦʱʠ ʠʦʥʦʦʙ-

ʤʝʥʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ 

ʄʝʪʘʙʦʣʠʪʳ ʢʘʞʜʦʛʦ ʰʪʘʤʤʘ ʙʳʣʠ ʨʘʟʜʝʣʝʥʳ 

ʥʘ ʬʨʘʢʮʠʠ ʤʝʪʦʜʦʤ ʠʦʥʦʦʙʤʝʥʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ 

ʥʘ ʭʨʦʤʘʪʦʛʨʘʬʝ "BioLogicLPsystemò (Bio-

RadLaboratories, ʉʐɸ). ʇʨʠ ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʠʩ-

ʧʦʣʴʟʦʚʘʣʩʷ ʪʨʠʩ-ʙʫʬʝʨ ʩ pH 8,8. ɻʨʘʜʠʝʥʪ ʩʦʣʠ ʩʦ-

ʟʜʘʚʘʣʩʷ ʩ ʧʦʤʦʱʴʶ 1ʄ NaCl. ʀʩʧʦʣʴʟʦʚʘʣʘʩʴ ʭʨʦ-

ʤʘʪʦʛʨʘʬʠʯʝʩʢʘʷ ʢʦʣʦʥʢʘ ñQò (ʆʆʆ ñʊʝʭʥʦʩʦʨ-

ʙʝʥʪò, ʈʦʩʩʠʷ) 15*1ʩʤ ʦʙʲʝʤʦʤ 12ʤʣ. ʇʦʩʣʝ 

ʧʦʣʫʯʝʥʠʷ ʢʫʣʴʪʫʨʳ ʢʣʝʪʢʠ ʙʘʢʪʝʨʠʡ ʦʩʘʞʜʘʣʠʩʴ 

ʧʫʪʝʤ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʷ ʚ ʪʝʯʝʥʠʝ 15 ʤʠʥ ʥʘ 3 

ʪʳʩ. ʦʙ/ʤʠʥ. ʇʦʣʫʯʝʥʥʘʷ ʢʫʣʴʪʫʨʘʣʴʥʘʷ ʞʠʜʢʦʩʪʴ 

ʧʨʦʧʫʩʢʘʣʘʩʴ ʯʝʨʝʟ ʙʘʢʪʝʨʠʘʣʴʥʳʡ ʬʠʣʴʪʨ Millex-

GS 0,22 Õm. ʇʦʣʫʯʝʥʥʳʡ ʨʘʩʪʚʦʨ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʚ 

ʠʦʥʦʦʙʤʝʥʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ 

ʬʨʘʢʮʠʡ. 

ʍʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʫʣʴʪʫ-

ʨʘʣʴʥʦʡ ʞʠʜʢʦʩʪʠ Enterococcus durans ʧʨʦʚʦʜʠ-

ʣʦʩʴ ʩʦʛʣʘʩʥʦ ʩʣʝʜʫʶʱʠʤ ʵʪʘʧʘʤ ʚʚʝʜʝʥʠʷ ʨʘʩʪʚʦ-

ʨʦʚ: 

1. ɹʫʬʝʨ ɸ ʩ ʥʠʟʢʦʡ ʠʦʥʥʦʡ ʩʠʣʦʡ ʜʣʷ ʚʥʝʩʝʥʠʷ 
ʦʙʨʘʟʮʘ 0,025 ʩ pH 8,8. 

2. ɹʫʬʝʨ ɹ ʩ ʚʳʩʦʢʦʡ ʠʦʥʥʦʡ ʩʠʣʦʡ ʩ ʜʣʷ ʩʤʳʚʘ 
0,25 ʩ pH 8,8. 

3. ʉʦʣʝʚʦʡ ʨʘʩʪʚʦʨ 1ʄ NaCl 19,6 ʛ ʥʘ 300 ʤʣ. 

½ ʇʨʠ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʠ ʩʣʠʚ ʬʨʘʢʮʠʡ ʧʨʦ-
ʚʦʜʠʣʩʷ ʢʘʞʜʳʝ 3 ʤʠʥ. 

½ ʇʨʦʤʳʚʢʘ ʙʫʬʝʨʦʤ ɸ ʢʦʣʦʥʢʠ ʚ ʪʝʯʝʥʠʝ 25 

ʤʠʥ. 

½ ʇʨʦʤʳʚʢʘ ʛʨʘʜʠʝʥʪʦʤ ʠʟ ʙʫʬʝʨʦʚ ɸ ʠ ɹ ʚ 
ʪʝʯʝʥʠʝ 220 ʤʠʥ. 

½ ʇʨʦʤʳʚʢʘ ʢʦʣʦʥʢʠ ʙʫʬʝʨʦʤ ɹ ʚ ʪʝʯʝʥʠʝ 25 
ʤʠʥ. 

ɿʘʪʝʤ ʧʨʦʚʦʜʠʣʩʷ ʩʢʨʠʥʠʥʛ ʥʘ ʙʠʦʣʦʛʠʯʝʩʢʫʶ 

ʘʢʪʠʚʥʦʩʪʴ ʩ ʧʦʤʦʱʴʶ ʙʠʦʩʝʥʩʦʨʥʦʛʦ ʪʝʩʪʘ. 

ɹʠʦʩʝʥʩʦʨʥʳʡ ʪʝʩʪ 

ʀʟʫʯʘʣʘʩʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʜʘʚʣʝʥʠʷ ʤʝʪʘʙʦʣʠ-

ʪʘʤʠ ʧʨʦʙʠʦʪʠʯʝʩʢʠʭ ʙʘʢʪʝʨʠʡ SOS-ʦʪʚʝʪʘ ʫ 

ʰʪʘʤʤʘ Escherichia coli MG 1655 pRecA, ɼʅʂ-

ʧʨʦʪʝʢʪʦʨʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʥʘ ʵʪʦʤ ʞʝ ʰʪʘʤʤʝ, ʠ ʘʥ-

ʪʠʦʢʩʠʜʘʥʪʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʥʘ ʰʪʘʤʤʝ E.coli MG 

1655 pKatG-lux. ɼʅʂ-ʧʨʦʪʝʢʪʦʨʥʘʷ ʘʢʪʠʚʥʦʩʪʴ 

ʠʟʫʯʘʣʘʩʴ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʠʦʢʩʠʜʠʥʘ ʚ ʢʘʯʝ-

ʩʪʚʝ ʠʥʜʫʢʪʦʨʘ, ʧʦʜʘʚʣʝʥʠʝ SOS-ʦʪʚʝʪʘ ʠʟʫʯʘʣʦʩʴ 

ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʮʠʧʨʦʬʣʦʢʩʘʮʠʥʘ ʚ ʢʘʯʝʩʪʚʝ 

ʠʥʜʫʢʪʦʨʘ. ɸʥʪʠʦʢʩʠʜʘʥʪʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʦʮʝʥʠʚʘ-

ʣʘʩʴ ʧʦ ʩʧʦʩʦʙʥʦʩʪʠ ʩʥʠʞʘʪʴ ʦʪʚʝʪ ʙʠʦʩʝʥʩʦʨʥʦʛʦ 

ʰʪʘʤʤʘ ʥʘ ʧʝʨʝʢʠʩʴ ʚʦʜʦʨʦʜʘ (Ferrain) ʚ ʢʦʥʮʝʥ-

ʪʨʘʮʠʠ 10-3 ʄ. 

ʐʪʘʤʤ Escherichia coli MG1655 (pRecA-lux) 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʚ ʢʘʯʝʩʪʚʝ ʙʠʦʩʝʥʩʦʨʘ, ʨʝʘʛʠʨʫʶ-

ʱʝʛʦ ʩʚʝʯʝʥʠʝʤ ʥʘ ʠʥʜʫʢʮʠʶ ʧʨʦʤʦʪʦʨʘ RecA, ʢʦ-

ʪʦʨʳʡ ʫʯʘʩʪʚʫʝʪ ʚ SOS-ʨʝʧʘʨʘʮʠʠ. ɼʘʥʥʳʡ ʰʪʘʤʤ 

ʥʝʩʝʪ ʛʝʥʝʪʠʯʝʩʢʫʶ ʢʦʥʩʪʨʫʢʮʠʶ, ʚ ʢʦʪʦʨʦʡ ʛʝʥʳ 

ʩʚʝʯʝʥʠʷ LuxCDABE ʤʦʨʩʢʦʡ ʬʦʪʦʙʘʢʪʝʨʠʠ Pho-

torabdus luminescence ʧʦʩʪʘʚʣʝʥʳ ʧʦʜ ʢʦʥʪʨʦʣʴ ʠʥ-

ʜʫʮʠʨʫʝʤʦʛʦ ʧʨʦʤʦʪʦʨʘ E.coli. ɺ ʜʦʧʦʣʥʝʥʠʝ ʢ ʵʪʦʡ 

ʢʦʥʩʪʨʫʢʮʠʠ ʧʣʘʟʤʠʜʘ ʪʘʢʞʝ ʥʝʩʝʪ ʛʝʥ ʫʩʪʦʡʯʠʚʦ-

ʩʪʠ ʢ ʘʤʧʠʮʠʣʣʠʥʫ. ʐʪʘʤʤʳ E.coli MG 1655 pRecA 

ʠE.coli MG 1655 pKat ʚʳʨʘʱʠʚʘʣʠ ʥʘ ʩʨʝʜʝ LB ʧʨʠ 

37Áʉ. SOS-ʠʥʛʠʙʠʨʫʶʱʫʶ ʘʢʪʠʚʥʦʩʪʴ ʦʮʝʥʠʚʘʣʠ 

ʧʦ ʩʧʦʩʦʙʥʦʩʪʠ ʠʟʫʯʘʝʤʳʭ ʤʝʪʘʙʦʣʠʪʦʚ ʩʥʠʞʘʪʴ 

SOS-ʦʪʚʝʪ, ʩʪʠʤʫʣʠʨʫʝʤʳʡ ʮʠʧʨʦʬʣʦʢʩʘʮʠʥʦʤ ʚ 

ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʜʦ 0,1 ʤʛ/ʣ. ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ ʠʥʢʫ-

ʙʠʨʦʚʘʣʠ ʩʫʧʝʨʥʘʪʘʥʪ ʩ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʢʫʣʴʪʫʨʦʡ ʚ 

ʪʝʯʝʥʠʝ 30 ʤʠʥʫʪ. ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʣʶʤʠʥʝʩʮʝʥʮʠʠ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠʡ ʤʠʢʨʦʧʣʘʥʰʝʪʥʳʡ 
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ʣʶʤʠʥʦʤʝʪʨ LM-01A (Immunotech, ʇʨʘʛʘ, ʏʝʭʠʷ). 

ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʢʘʞʜʳʝ 10 ʤʠʥʫʪ ʚ ʪʝʯʝ-

ʥʠʝ 120 ʤʠʥʫʪ. ɺʣʠʷʥʠʝ ʥʘ ʵʢʩʧʨʝʩʩʠʶ ʧʨʦʤʦʪʦʨʘ 

RecA ʦʮʝʥʠʚʘʣʠ ʧʦ ʬʦʨʤʫʣʝ: 

Is = (Le / Lk) ï 1  (1) 

 ʛʜʝ (Is) - ʢʦʵʬʬʠʮʠʝʥʪ ʠʥʜʫʢʮʠʠ; Lk ʠ Le - ʠʥ-

ʪʝʥʩʠʚʥʦʩʪʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʢʦʥʪʨʦʣʴʥʦʛʦ ʠ ʵʢʩ-

ʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʦʙʨʘʟʮʦʚ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʉʪʘʪʠ-

ʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦʝ ʧʨʝʚʳʰʝʥʠʝ Le ʥʘʜ Lk, ʦʮʝʥʝʥ-

ʥʦʝ ʧʦ t-ʢʨʠʪʝʨʠʶ, ʨʘʩʩʤʘʪʨʠʚʘʣʦʩʴ ʢʘʢ ʧʨʠʟʥʘʢ 

ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʵʬʬʝʢʪ ʠʥʜʫʢʮʠʠ.  

ɿʘʱʠʪʥʘʷ (ʘʥʪʠ-SOS) ʘʢʪʠʚʥʦʩʪʴ (P,%) ʨʘʩʩʯʠ-

ʪʳʚʘʣʘʩʴ ʩ ʫʯʝʪʦʤ ʠʥʜʫʢʮʠʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʩʦʦʪ-

ʚʝʪʩʪʚʫʶʱʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʧʨʦʪʝʢʪʦʨʘ ʧʦ ʬʦʨ-

ʤʫʣʝ:  

P = (1 - (Ip / Ia)) Ĭ 100%,  (2) 

ʛʜʝ Ip ʠ Ia ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʬʘʢʪʦʨʳ ʠʥʜʫʢ-

ʮʠʠ SOS-ʦʪʚʝʪʘ ʧʨʠ ʠʩʩʣʝʜʫʝʤʦʤ ʚʣʠʷʥʠʠ ʚ ʧʨʠ-

ʩʫʪʩʪʚʠʠ ʧʨʦʪʝʢʪʦʨʘ ʠ ʚ ʢʦʥʪʨʦʣʴʥʦʤ ʦʙʨʘʟʮʝ ʩʦʦʪ-

ʚʝʪʩʪʚʝʥʥʦ. ʉʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʙʳʣ ʚʳʧʦʣʥʝʥ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ t-ʢʨʠʪʝʨʠʷ ʉʪʴʶʜʝʥʪʘ ʜʣʷ P = 

0,05[3]. 

ɼʣʷ ʚʩʝʭ ʧʦʣʫʯʝʥʥʳʭ ʬʨʘʢʮʠʡ ʙʳʣʠ ʠʩʩʣʝʜʦ-

ʚʘʥʳ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʥʘ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʝ 

Beckman Coulter. 

ʈʝʟʫʣʴʪʘʪʳ 

ɹʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ 26 ʬʨʘʢʮʠʡ ʤʝʪʘʙʦʣʠʪʦʚ, 6 

ʬʨʘʢʮʠʡ Enterococcus durans B6480, 5 ʬʨʘʢʮʠʡ 

Enterococcus durans B6363 ʠ 4 ʬʨʘʢʮʠʠ 

Enterococcus durans ɺ6379, 6 ʬʨʘʢʮʠʡ Lactobacillus 

sp. L 82 ʠ 5 ʬʨʘʢʮʠʡ Lactobacillus sp. L42. ɺ ʨʝʟʫʣʴ-

ʪʘʪʝ ʧʦʣʫʯʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, 

ʯʪʦ 13 ʠʟ ʠʟʫʯʝʥʥʳʭ ʬʨʘʢʮʠʡ ʦʙʣʘʜʘʶʪ ʘʥʪʠʦʢʩʠ-

ʜʘʥʪʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ, 12 ʬʨʘʢʮʠʡ ʦʙʣʘʜʘʶʪ ʛʝʥʦ-

ʧʨʦʪʝʢʪʦʨʥʦʡ ʠ ʘʥʪʠʤʫʪʘʛʝʥʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ 

(ʪʘʙʣ.1). 

ʊʘʙʣʠʮʘ 1 

ʉʢʨʠʥʠʥʛ ʧʨʦʪʝʢʪʦʨʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʬʨʘʢʮʠʡ ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʤʝʪʘʙʦʣʠʪʦʚ 

ʐʪʘʤʤ ʌʨʘʢʮʠʷ*  
ɼʅʂ-ʧʨʦʪʝʢʪʦʨʥʘʷ  

ʘʢʪʠʚʥʦʩʪʴ, % 

ɸʥʪʠSOS  

ʘʢʪʠʚʥʦʩʪʴ, % 

ɸʥʪʠʦʢʩʠʜʘʥʪʥʘʷ  

ʘʢʪʠʚʥʦʩʪʴ, % 

Enterococcus durans 

B6480 

ˉ1 17,1 ʠʥʜʫʢʮʠʷ*** 77,5 

ˉ2 5 ʠʥʜʫʢʮʠʷ 50,9 

ˉ3 ʠʥʜʫʢʮʠʷ ʠʥʜʫʢʮʠʷ 41,9 

ˉ4 ʠʥʜʫʢʮʠʷ ʠʥʜʫʢʮʠʷ 82,7 

ˉ5 ʠʥʜʫʢʮʠʷ ʠʥʜʫʢʮʠʷ 39,3 

ˉ6 ʠʥʜʫʢʮʠʷ ʠʥʜʫʢʮʠʷ 42,7 

Enterococcus durans 

B6363 

ˉ1 98,8 74,9 ʠʥʜʫʢʮʠʷ 

ˉ2 98,6 65,5 ʠʥʜʫʢʮʠʷ 

ˉ3 58,6 68,9 ʠʥʜʫʢʮʠʷ 

ˉ4 94,9 80,7 ʠʥʜʫʢʮʠʷ 

ˉ5 93,5 99,1 ʠʥʜʫʢʮʠʷ 

Enterococcus durans 

ɺ6379 

ˉ1 71,3 71,4 ʅʝʪ ʵʬʬʝʢʪʘ**  

ˉ2 26 39,4 ʅʝʪ ʵʬʬʝʢʪʘ 

ˉ3 16,9 85,1 94,8 

ˉ4 4,9 84,3 ʅʝʪ ʵʬʬʝʢʪʘ 

Lactobacillus sp. L82 

ˉ1 43,2 29,9 ʅʝʪ ʵʬʬʝʢʪʘ** 

ˉ2 31,5 ʅʝʪ ʵʬʬʝʢʪʘ** ʅʝʪ ʵʬʬʝʢʪʘ** 

ˉ3 ʠʥʜʫʢʮʠʷ 70,8 ʅʝʪ ʵʬʬʝʢʪʘ** 

ˉ4 4,7 ʠʥʜʫʢʮʠʷ 78,2 

ˉ5 ʠʥʜʫʢʮʠʷ 32,2 ʠʥʜʫʢʮʠʷ 

ˉ6 ʠʥʜʫʢʮʠʷ ʠʥʜʫʢʮʠʷ ʅʝʪ ʵʬʬʝʢʪʘ** 

Lactobacillus sp. L42 

ˉ1 ʅʝʪ ʵʬʬʝʢʪʘ** ʅʝʪ ʵʬʬʝʢʪʘ** 32 

ˉ2 ʠʥʜʫʢʮʠʷ ʅʝʪ ʵʬʬʝʢʪʘ** 10,6 

ˉ3 ʅʝʪ ʵʬʬʝʢʪʘ** 51,4 82,4 

ˉ4 ʅʝʪ ʵʬʬʝʢʪʘ** 61,1 100% 

ˉ5 ʅʝʪ ʵʬʬʝʢʪʘ** 62,5 89,3 

* ʏʝʤ ʚʳʰʝ ʥʦʤʝʨ ʬʨʘʢʮʠʠ, ʪʝʤ ʙʦʣʴʰʝ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʟʘʨʷʜ ʩʦʝʜʠʥʝʥʠʷ, ʩʦʜʝʨʞʘʱʝʛʦʩʷ ʚ ʬʨʘʢʮʠʠ. 

** ʅʝʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʜʦʩʪʦʚʝʨʥʦʛʦ ʧʨʦʪʝʢʪʦʨʥʦʛʦ ʵʬʬʝʢʪʘ ʣʠʙʦ ʠʥʜʫʢʮʠʠ.  

*** ʅʘʙʣʶʜʘʣʦʩʴ ʫʩʠʣʝʥʠʝ ʵʬʬʝʢʪʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʠʥʜʫʢʪʦʨʘ. 

 

ʆʙʩʫʞʜʝʥʠʝ 

ʌʨʘʢʮʠʠ Enterococcus durans B6480 ʫʩʠʣʠʚʘʣʠ 

ʠʥʜʫʢʮʠʶ SOS-ʦʪʚʝʪʘ ʮʠʧʨʦʬʣʦʢʩʘʮʠʥʦʤ, 4 ʠʟ 6 ï 

ʠʥʜʫʢʮʠʶ ʧʦʚʨʝʞʜʝʥʠʷ ɼʅʂ ʜʠʦʢʩʠʜʠʥʦʤ, ʟʘʪʦ 

ʧʨʦʷʚʣʷʣʠ ʘʥʪʠʦʢʩʠʜʘʥʪʥʫʶ ʘʢʪʠʚʥʦʩʪʴ. ʌʨʘʢʮʠʠ 

ʰʪʘʤʤʘ Enterococcus durans B6363, ʥʘʧʨʦʪʠʚ, ʚʳ-

ʟʳʚʘʣʠ ʫʩʠʣʝʥʠʝ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʩʪʨʝʩʩʘ, ʦʜʥʘʢʦ 

ʞʝ ʧʨʦʷʚʣʷʣʠ ʚʳʩʦʢʫʶ ɼʅʂ-ʧʨʦʪʝʢʪʦʨʥʫʶ ʠ SOS-

ʠʥʛʠʙʠʨʫʶʱʫʶ ʘʢʪʠʚʥʦʩʪʴ, ʧʨʠʯʝʤ ʩʪʘʪʠʩʪʠʯʝʩʢʠ 

ʟʥʘʯʠʤʳʡ ʵʬʬʝʢʪ ʥʘʙʣʶʜʘʣʩʷ ʚʦ ʚʩʝʭ ʬʨʘʢʮʠʷʭ. 

ɺʩʝ ʬʨʘʢʮʠʠ ʰʪʘʤʤʘ Enterococcus durans B6379 

ʠʤʝʣʠ ʛʝʥʦʧʨʦʪʝʢʪʦʨʥʳʡ ʵʬʬʝʢʪ, ʥʘʠʙʦʣʝʝ ʚʳʨʘ-

ʞʝʥʥʳʡ ʚʦ ʬʨʘʢʮʠʷʭ ˉ1 ʠ ˉ3; ʬʨʘʢʮʠʷ ˉ3 ʪʘʢʞʝ 

ʠʤʝʣʘ ʚʳʨʘʞʝʥʥʳʡ ʘʥʪʠʦʢʩʠʜʘʥʪʥʳʡ ʵʬʬʝʢʪ. ɺʩʝ 

ʬʨʘʢʮʠʠ ʰʪʘʤʤʘ Lactobacillus sp.L42 ʠʤʝʣʠ ʚʳʨʘ-

ʞʝʥʥʳʡ ʘʥʪʠʦʢʩʠʜʘʥʪʥʳʡ ʵʬʬʝʢʪ, ʘ ʫ Lactobacillus 

sp. L82 ʬʨʘʢʮʠʷ 3 ʧʨʦʷʚʠʣʘ SOS-ʠʥʛʠʙʠʨʫʶʱʫʶ 

ʘʢʪʠʚʥʦʩʪʴ, ʬʨʘʢʮʠʷ 4 ʧʦʢʘʟʘʣʘ ʘʥʪʠʦʢʩʠʜʘʥʪʥʫʶ 

ʘʢʪʠʚʥʦʩʪʴ. 
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ʀʟ ʪʨʝʭ ʠʟʫʯʝʥʥʳʭ ʰʪʘʤʤʦʚ ʰʪʘʤʤ 

Enterococcus durans B6379 ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʥʘʠʙʦ-

ʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʚ ʢʘʯʝʩʪʚʝ ʧʨʦʙʠʦʪʠʢʘ, ʪ.ʢ. ʦʙ-

ʣʘʜʘʝʪ ʚʩʝʤʠ ʪʨʝʤʷ ʠʟ ʠʟʫʯʝʥʥʳʭ ʚʠʜʦʚ ʙʠʦʣʦʛʠʯʝ-

ʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʠ ʥʝ ʚʳʟʳʚʘʝʪ ʧʨʦʦʢʩʠʜʘʥʪʥʦʛʦ 

ʵʬʬʝʢʪʘ. 

ʊʘʢʞʝ ʠʥʪʝʨʝʩ ʤʦʞʝʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʬʨʘʢʮʠʷ 4 

Lactobacillus sp. L42, ʧʦʢʘʟʳʚʘʶʱʘʷ ʟʥʘʯʠʪʝʣʴʥʳʡ 

ʘʥʪʠʦʢʩʠʜʘʥʪʥʳʡ ʵʬʬʝʢʪ. 

ʉʧʦʩʦʙʥʦʩʪʴ ʧʨʦʙʠʦʪʠʯʝʩʢʠʭ ʣʘʢʪʦʙʘʢʪʝʨʠʡ ʠ 

ʙʠʬʠʜʦʙʘʢʪʝʨʠʡ ʚʳʨʘʙʘʪʳʚʘʪʴ ʩʦʝʜʠʥʝʥʠʷ, ʩʧʦ-

ʩʦʙʥʳʝ ʟʘʱʠʱʘʪʴ ɼʅʂ, ʦʪʤʝʯʘʝʪʩʷ ʚ ʣʠʪʝʨʘʪʫʨʝ ʩ 

90-ʭ ʛʦʜʦʚ ʧʨʦʰʣʦʛʦ ʚʝʢʘ ʇʨʦʙʠʦʪʠʢʠ ʚʳʜʝʣʷʶʪ 

ʚʝʱʝʩʪʚʘ, ʩʥʠʞʘʶʱʠʝ ʛʝʥʦʪʦʢʩʠʯʥʦʩʪʴ ʪʘʢʠʭ ʩʦ-

ʝʜʠʥʝʥʠʡ ʢʘʢ 4-ʥʠʪʨʦʭʠʥʦʣʠʥ-1-ʦʢʩʠʜ, N-ʤʝʪʠʣ-N-

ʥʠʪʨʦ-ʥʠʪʨʦʟʦʛʫʘʥʠʜʠʥ, 2-ʘʤʠʥʦ-3,4-ʜʠʤʝʪʠʣ ʠʤʠ-

ʜʘʟʦ[4,5-f]ʭʠʥʦʣʠʥ, ʧʦʣʠʘʨʦʤʘʪʠʯʝʩʢʠʝ ʫʛʣʝʚʦʜʦ-

ʨʦʜʳ, ʘʬʣʘʪʦʢʩʠʥʳ ʠ ʜʨ. [19, 20]. 

ɺʦʧʨʦʩ ʦ ʩʚʷʟʠ ʘʥʪʠʤʫʪʘʛʝʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ 

ʧʨʦʙʠʦʪʠʯʝʩʢʠʭ ʙʘʢʪʝʨʠʡ ʩ ʚʳʨʘʙʦʪʢʦʡ ʘʥʪʠʦʢʩʠ-

ʜʘʥʪʦʚ ʠʟʫʯʝʥ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦʚʝʨʭʥʦʩʪʥʦ. 

ʉʧʦʩʦʙʥʦʩʪʴ ʣʘʢʪʦ- ʠ ʙʠʬʠʜʦʙʘʢʪʝʨʠʡ ʚʳʨʘʙʘʪʳ-

ʚʘʪʴ ʚʝʱʝʩʪʚʘ, ʠʥʘʢʪʠʚʠʨʫʶʱʠʝ ɸʌʂ, ʥʘʜʝʞʥʦ 

ʧʦʜʪʚʝʨʞʜʝʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʤʠ [21, 22]. ɼʣʷ ʩʧʦʨʦ-

ʦʙʨʘʟʫʶʱʠʭ ʧʨʦʙʠʦʪʠʢʦʚ ʧʦʜʦʙʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʜʦ 

ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʙʳʣʘ ʦʧʠʩʘʥʘ ʚʝʩʴʤʘ ʬʨʘʛʤʝʥ-

ʪʘʨʥʦ. 

ʆʪʜʝʣʴʥʳʤ ʘʩʧʝʢʪʦʤ ʘʥʪʠʤʫʪʘʛʝʥʥʦʡ ʘʢʪʠʚ-

ʥʦʩʪʠ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʠʥʛʠʙʠʨʦʚʘʥʠʝ ʤʝʪʘʙʦʣʠʪʘʤʠ 

ʙʘʢʪʝʨʠʡ SOS-ʦʪʚʝʪʘ ʫ ʧʘʪʦʛʝʥʥʳʭ ʰʪʘʤʤʦʚ, ʧʦ-

ʩʢʦʣʴʢʫ ʠʟʚʝʩʪʥʦ, ʯʪʦ SOS-ʦʪʚʝʪ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ 

ʤʝʭʘʥʠʟʤʦʚ ʠʥʪʝʥʩʠʚʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʤʫʪʘʮʠʡ 

[23]. 

ɹʝʣʦʢ RecA ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʛʣʘʚ-

ʥʦʡ ʤʠʰʝʥʠ ʜʣʷ ʠʥʛʠʙʠʨʦʚʘʥʠʷ, ʧʦʩʢʦʣʴʢʫ ʦʥ ʥʝ-

ʦʙʭʦʜʠʤ ʜʣʷ ɼʅʂ-ʨʝʧʘʨʘʮʠʠ ʠ ʜʨʫʛʠʭ ʧʨʦʮʝʩʩʦʚ, 

ʪʘʢʠʭ ʢʘʢ ʠʥʜʫʢʮʠʷ ʙʠʦʩʠʥʪʝʟʘ ʪʦʢʩʠʥʦʚ, ʩʠʥʪʝʟ 

ʬʘʢʪʦʨʦʚ ʚʠʨʫʣʝʥʪʥʦʩʪʠ, ʠʥʜʫʢʮʠʷ ʛʠʧʝʨʤʫʪʘʛʝ-

ʥʝʟʘ, ʘ ʪʘʢʞʝ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʧʝʨʝʥʦʩʘ ʛʝʥʦʚ ʠ ʦʙ-

ʨʘʟʦʚʘʥʠʷ ʙʠʦʧʣʝʥʢʠ. ʆʥ ʪʘʢʞʝ ʫʯʘʩʪʚʫʝʪ ʚ ʨʝʢʦʤ-

ʙʠʥʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʘʭ, ʢʦʪʦʨʳʝ ʫʩʠʣʠʚʘʶʪ ʠʥʪʝ-

ʛʨʘʮʠʶ ʵʢʟʦʛʝʥʥʦʡ ɼʅʂ ʚ ʙʘʢʪʝʨʠʘʣʴʥʳʡ ʛʝʥʦʤ. 

RecA-ʧʦʜʦʙʥʳʝ ʙʝʣʢʠ ʪʘʢʞʝ ʦʯʝʥʴ ʢʦʥʩʝʨʚʘʪʠʚʥʳ, 

ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʤʥʦʛʦʦʙʝʱʘʶʱʝʡ ʤʠʰʝʥʴʶ ʫ ʰʠʨʦ-

ʢʦʛʦ ʜʠʘʧʘʟʦʥʘ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʧʘʪʦʛʝʥʦʚ. 

ʂ ʥʘʩʪʦʷʱʝʤʫ ʤʦʤʝʥʪʫ ʨʘʟʨʘʙʦʪʘʥ ʨʷʜ ʩʠʥʪʝ-

ʪʠʯʝʩʢʠʭ ʠʥʛʠʙʠʪʦʨʦʚ SOS-ʦʪʚʝʪʘ [24], ʦʜʥʘʢʦ ʧʨʦ-

ʙʣʝʤʘ ʙʠʦʜʦʩʪʫʧʥʦʩʪʠ ʠ ʦʪʩʫʪʩʪʚʠʷ ʪʦʢʩʠʯʥʦʩʪʠ 

ʧʦʢʘ ʦʩʪʘʝʪʩʷ ʦʜʥʠʤ ʠʟ ʧʨʝʧʷʪʩʪʚʠʡ ʥʘ ʧʫʪʠ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʷ ʫʞʝ ʥʘʡʜʝʥʥʳʭ ʠ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʚʝ-

ʱʝʩʪʚ. 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʠʟʚʝʩʪʥʦ, ʯʪʦ ʚ ʪʝʯʝʥʠʝ ʤʠʣʣʠ-

ʘʨʜʦʚ ʣʝʪ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ ʞʠʚʫʪ ʚ ʩʦʦʙʱʝʩʪʚʘʭ, 

ʧʦʜʚʝʨʛʘʷʩʴ ʤʝʞʚʠʜʦʚʦʡ ʢʦʥʢʫʨʝʥʮʠʠ ʠ ʢʦʵʚʦʣʶ-

ʮʠʠ. SOS-ʩʠʩʪʝʤʘ ʚʩʪʨʝʯʘʝʪʩʷ ʫ ʤʥʦʛʠʭ ʙʘʢʪʝʨʠʡ 

ʚʥʫʪʨʠ ʤʥʦʛʦʚʠʜʦʚʳʭ ʩʦʦʙʱʝʩʪʚ ʠ ʨʘʟʚʠʚʘʣʘʩʴ ʧʘ-

ʨʘʣʣʝʣʴʥʦ ʩ ʧʦʷʚʣʝʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʚʝʱʝʩʪʚ ʩ ʙʘʢ-

ʪʝʨʠʮʠʜʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ, ʢʦʪʦʨʳʝ ʠʛʨʘʶʪ ʢʣʶʯʝ-

ʚʫʶ ʨʦʣʴ ʚ ʤʝʞʚʠʜʦʚʦʡ ʢʦʥʢʫʨʝʥʮʠʠ. ʂʘʞʝʪʩʷ, ʨʘ-

ʟʫʤʥʳʤ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ 

ʝʩʪʝʩʪʚʝʥʥʳʡ ʤʝʭʘʥʠʟʤ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʧʦʚʳʩʠʪʴ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʧʘʪʦʛʝʥʥʳʭ ʙʘʢʪʝʨʠʡ ʢ ʝʩʪʝ-

ʩʪʚʝʥʥʳʤ ʧʨʦʪʠʚʦʤʠʢʨʦʙʥʳʤ ʧʨʝʧʘʨʘʪʘʤ ʠ 

ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʨʘʟʚʠʪʠʝ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʢ ʥʠʤ ï ʚ 

ʯʘʩʪʥʦʩʪʠ, ʧʫʪʝʤ ʚʳʨʘʙʘʪʳʚʘʥʠʷ ʚʤʝʩʪʝ ʩ ʙʘʢʪʝ-

ʨʠʦʮʠʥʘʤʠ ʚʝʱʝʩʪʚ-ʘʥʪʠʤʫʪʘʛʝʥʦʚ ʠ ʠʥʛʠʙʠʪʦʨʦʚ 

SOS-ʦʪʚʝʪʘ, ʟʘʤʝʜʣʷʶʱʠʭ ʵʚʦʣʶʮʠʶ ʢʦʥʢʫʨʝʥʪʘ. 

ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʚʧʦʣʥʝ 

ʚʝʨʦʷʪʥʦ ʥʘʣʠʯʠʝ ʪʘʢʦʚʳʭ ʠʥʛʠʙʠʪʦʨʦʚ ʚ ʤʝʪʘʙʦ-

ʣʠʪʘʭ ʧʨʠʨʦʜʥʳʭ ʙʘʢʪʝʨʠʡ.  

ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʠʜʝʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ SOS-

ʠʥʛʠʙʠʪʦʨʦʚ ʚ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʦʤ ʘʥʩʘʤʙʣʝ ʩ ʘʥ-

ʪʠʙʠʦʪʠʢʘʤʠ, ʧʨʝʜʣʦʞʝʥʥʘʷ Alam ʠ ʜʨ., ʚʝʨʦʷʪʥʦ, 

ʫʞʝ çʨʝʘʣʠʟʦʚʘʥʘè ʚ ʧʨʠʨʦʜʝ. 

ɺ ʥʘʰʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʙʳʣʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦ-

ʚʘʥʦ ʩʥʠʞʝʥʠʝ SOS-ʦʪʚʝʪʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʤʝʪʘʙʦ-

ʣʠʪʦʚ ʧʨʦʙʠʦʪʠʯʝʩʢʠʭ ʰʪʘʤʤʦʚ. ʈʘʥʝʝ ʤʳ ʧʨʦʜʝ-

ʤʦʥʩʪʨʠʨʦʚʘʣʠ, ʯʪʦ ʬʝʨʤʝʥʪʘʪʳ ʧʨʦʙʠʦʪʠʯʝʩʢʠʭ 

ʰʪʘʤʤʦʚ Bacillus amyloliquefaciens B-1895 ʠ 

Bacillus subtilis KATMIRA1933 ʩʦʜʝʨʞʘʪ ɼʅʂ-

ʧʨʦʪʝʢʪʦʨʥʳʝ ʠ ʘʥʪʠʦʢʩʠʜʘʥʪʥʳʝ ʚʝʱʝʩʪʚʘ [4]. ʄʝ-

ʭʘʥʠʟʤ ʵʪʦʡ ɼʅʂ-ʧʨʦʪʝʢʪʦʨʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʤʦʞʝʪ 

ʙʳʪʴ ʩʚʷʟʘʥ, ʧʦʤʠʤʦ ʧʨʷʤʦʛʦ ʧʝʨʝʭʚʘʪʘ ʦʢʠʩʣʠ-

ʪʝʣʴʥʳʭ ʨʘʜʠʢʘʣʦʚ, ʩ ʦʪʢʣʶʯʝʥʠʝʤ SOS-ʦʪʚʝʪʘ ʵʢ-

ʟʦʛʝʥʥʳʤʠ ʩʠʛʥʘʣʘʤʠ. 

ʄʘʢʩʠʤʫʤ ʧʦʛʣʦʱʝʥʠʷ ʙʦʣʴʰʠʥʩʪʚʘ ʬʨʘʢʮʠʡ 

ʜʘʥʥʳʭ ʰʪʘʤʤʦʚ ʩʦʩʪʘʚʠʣ 210 ʥʘʥʦʤʝʪʨʦʚ, ʯʪʦ ʤʦ-

ʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʪʦʤ, ʯʪʦ ʚ ʠʭ ʩʦʩʪʘʚʝ ʧʨʝ-

ʦʙʣʘʜʘʶʪ ʧʝʧʪʠʜʳ [2]. ʌʨʘʢʮʠʷ ˉ1 ʰʪʘʤʤʘ ɺ6379 

ʩʦʜʝʨʞʠʪ ʤʝʪʘʙʦʣʠʪʳ, ʢʦʪʦʨʳʝ, ʩʫʜʷ ʧʦ ʜʠʘʧʘʟʦʥʫ 

ʧʦʛʣʦʱʝʥʠʷ 210-250 ʥʤ, ʚʢʣʶʯʘʶʪ ʮʠʩʪʝʠʥ ʠʣʠ ʬʝ-

ʥʠʣʘʣʘʥʠʥ. ʀʩʭʦʜʷ ʠʟ ʧʨʠʤʝʥʝʥʥʦʛʦ ʥʘʤʠ ʤʝʪʦʜʘ 

ʭʨʦʤʘʪʦʛʨʘʬʠʠ, ʧʝʧʪʠʜʳ ʜʘʥʥʦʡ ʬʨʘʢʮʠʠ ʜʦʣʞʥʳ 

ʙʳʪʴ ʧʦʣʦʞʠʪʝʣʴʥʦ ʟʘʨʷʞʝʥʳ, ʣʠʙʦ ʥʝ ʠʤʝʪʴ ʟʘ-

ʨʷʜʘ, ʪʦʛʜʘ ʢʘʢ ʬʨʘʢʮʠʷ ˉ3 ʩʦʜʝʨʞʠʪ ʤʝʪʘʙʦʣʠʪʳ, 

ʟʘʨʷʞʝʥʥʳʝ ʦʪʨʠʮʘʪʝʣʴʥʦ. 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʨʦʣʴ ʚʠʟʫʘʣʴʥʦʡ ʤʝʪʘʬʦʨʳ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʙʘʟʦʚʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ 

ʙʠʦʣʦʛʠʠ ʨʘʟʚʠʪʠʷ ʞʠʚʦʛʦ. ʇʦʢʘʟʘʥʘ ʨʦʣʴ ʚʠʟʫʘʣʴʥʦʡ ʤʝʪʘʬʦʨʳ ʚ ʧʦʥʷʪʠʡʥʦʤ ʧʦʥʠʤʘʥʠʠ, ʧʨʠʚʦʜʷʪʩʷ 

ʨʘʟʣʠʯʥʳʝ ʧʨʠʤʝʨʳ, ʠʣʣʶʩʪʨʠʨʫʶʱʠʝ ʨʘʟʥʳʝ ʪʠʧʳ ʚʠʟʫʘʣʴʥʳʭ ʤʝʪʘʬʦʨ. ʆʪʤʝʯʝʥʘ ʨʦʣʴ ʚʠʟʫʘʣʴʥʦʡ ʤʝ-

ʪʘʬʦʨʳ ʚ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʙʠʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʘʙʦʪ, ʢʦʛʜʘ ʤʦʞʥʦ ʚ ʦʜʥʦʤ ʦʨʛʘʥʠʟʤʝ ʩʦʯʝ-

ʪʘʪʴ ʩʚʦʡʩʪʚʘ ʜʚʫʭ ʨʘʟʥʳʭ ʚʠʜʦʚ. ʄʝʪʘʬʦʨʠʯʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʥʦʚʳʭ ʨʘʩʪʠʪʝʣʴʥʳʭ ʬʦʨʤ ʧʦʜʚʦʜʠʪ 

ʯʠʪʘʪʝʣʷ ʢ ʛʣʫʙʦʢʦʤʫ ʦʩʤʳʩʣʝʥʠʶ ʚʦʟʤʦʞʥʦʩʪʝʡ ʪʨʘʥʩʛʝʥʥʳʭ ʠ ʮʠʩʛʝʥʦʤʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. 

Abstract 
The article considers the role of visual metaphor in forming basic ideas about the biology of living things. 

The role of visual metaphor in conceptual understanding is shown, and various examples are given to illustrate 

different types of visual metaphors. The role of visual metaphor in representing the results of biotechnological 

work, when it is possible to combine the properties of two different species in one organism, is noted. The meta-

phorical representation of new plant forms leads the reader to a deep understanding of the possibilities of trans-

genic and cisgenomic technologies. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʠʟʫʘʣʴʥʘʷ ʤʝʪʘʬʦʨʘ, ʭʠʤʝʨʥʳʝ ʦʨʛʘʥʠʟʤʳ, ʚʠʟʫʘʣʴʥʳʝ ʨʝʩʫʨʩʳ  

Key words: visual metaphor, chimeric organisms, visual resources 

 

ɺ ʦʩʥʦʚʝ ʚʠʟʫʘʣʴʥʦʡ ʤʝʪʘʬʦʨʳ ʣʝʞʠʪ ʧʦʥʷ-

ʪʠʡ ʘʧʧʘʨʘʪ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʪʦʤ ʧʦʥʠʤʘʥʠʠ, ʯʪʦ 

ʦʙʲʝʢʪʳ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʪʘʢʠʤʠ, ʢʘʢʠʤʠ ʦʥʠ 

ʝʩʪʴ.  

ʄʝʪʘʬʦʨʘ ʩʦʟʜʘʝʪ ʘʩʩʦʮʠʘʮʠʶ ʤʝʞʜʫ ʜʚʫʤʷ 

ʧʦʥʷʪʠʷʤʠ. ɸʩʩʦʮʠʘʮʠʷ ʚʢʣʶʯʘʝʪ ʪʨʠ ʵʣʝʤʝʥʪʘ ï 

ʪʝʤʫ, ʩʨʝʜʩʪʚʦ ʚʳʨʘʞʝʥʠʷ ʠ ʦʩʥʦʚʘʥʠʝ, ʚ ʢʦʥʪʝʢ-

ʩʪʝ ʦʙʲʝʢʪ. ʉʤʳʩʣ ʤʝʪʘʬʦʨʳ ï ʧʨʠʩʦʝʜʠʥʠʪʴ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢʠ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʦʛʦ ʩʨʝʜʩʪʚʘ ʚʳʨʘ-

ʞʝʥʠʷ ʢ ʤʝʥʝʝ ʠʟʚʝʩʪʥʦʡ ʪʝʤʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʘʬʦʨʳ ʵʬʬʝʢʪʠʚʥʦ ʜʣʷ ʧʝʨʝ-

ʜʘʯʠ ʥʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ. ʉ ʜʨʫ-

ʛʦʡ ï ʤʦʞʥʦ ʩ ʫʚʝʨʝʥʥʦʩʪʴʶ ʩʢʘʟʘʪʴ, ʯʪʦ ʤʝʪʘ-

ʬʦʨʘ ʚʠʟʫʘʣʴʥʘʷ ʷʚʣʷʝʪʩʷ ʠʩʪʦʯʥʠʢʦʤ ʧʦʨʦʞʜʝ-

ʥʠʷ ʥʦʚʳʭ ʩʤʳʩʣʦʚ[1,2,8]. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʤʝʪʘʬʦʨʘ ʧʦʥʠʤʘʝʪʩʷ 

ʫʞʝ ʢʘʢ ʬʦʨʤʘ ʤʳʰʣʝʥʠʷ ʠ ʪʨʘʢʪʫʝʪʩʷ ʢʘʢ ʚʟʘʠ-

ʤʦʜʝʡʩʪʚʠʝ ʠʜʝʡ, ʥʦ, ʧʦ ʥʘʰʝʤʫ ʤʥʝʥʠʶ ʤʝʪʘ-

ʬʦʨʘ ʠʤʝʝʪ ʝʱʝ ʙʦʣʝʝ ʛʣʫʙʦʢʦʝ ʦʩʥʦʚʘʥʠʝ, ʧʨʠ-

ʥʘʜʣʝʞʘʱʝʝ ʩʬʝʨʝ ʙʝʩʩʦʟʥʘʪʝʣʴʥʦʛʦ[3]. ʇʦ 

ʫʪʚʝʨʞʜʝʥʠʶ ʊʝʨʩʢʠʭ ʄ.ɺ., ʇʘʚʯʫʥ ʄ.ɻ. (2013) 

ʤʝʪʘʬʦʨʘ ʥʝ ʚʩʝʛʜʘ ʜʦʣʞʥʘ ʙʳʪʴ ʘʙʩʦʣʶʪʥʦ ʷʩ-

ʥʦʡ ʠ ʣʦʛʠʯʥʦʡ. ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʘʚʪʦʨʦʚ, ʣʫʯʰʝʡ 

ʙʫʜʝʪ ʤʝʪʘʬʦʨʘ, ʦʩʪʘʚʣʷʶʱʘʷ ʧʨʦʩʪʦʨ ʜʣʷ ʧʦʜʩʦ-

ʟʥʘʥʠʷ, ʯʪʦʙʳ ʦʥʦ ʧʨʠʰʣʦ ʩʘʤʦ ʢ ʩʦʙʩʪʚʝʥʥʳʤ 

ʚʳʚʦʜʘʤ. ʇʦ ʚʳʨʘʞʝʥʠʶ ɿ.ʌʨʝʡʜʘ, ʧʦʜʩʦʟʥʘʥʠʝ 

ʣʶʙʠʪ, ʢʦʛʜʘ ʝʤʫ ʙʨʦʩʘʶʪ ʚʳʟʦʚ.  

ʎʝʣʴ ʥʘʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʧʨʦʘʥʘʣʠʟʠʨʦ-

ʚʘʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʚʠʟʫʘʣʴʥʦʡ 

ʤʝʪʘʬʦʨʳ ʚ ʧʨʝʧʦʜʘʚʘʥʠʠ ʜʠʩʮʠʧʣʠʥ ʙʠʦʣʦʛʠʯʝ-

ʩʢʦʛʦ ʧʨʦʬʠʣʷ. 

ɺ ʵʪʦʡ ʩʚʷʟʠ ʚ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʭʦʜʠʪ: 

ʨʘʩʩʤʦʪʨʝʪʴ ʚʠʜʳ ʚʠʟʫʘʣʴʥʦʡ ʤʝʪʘʬʦʨʳ, ʧʨʦʘʥʘ-

ʣʠʟʠʨʦʚʘʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʠʟʫʘʣʴʥʳʭ ʦʙʨʘʟʦʚ ʚ 

ʢʫʨʩʘʭ ʧʦ ʙʠʦʣʦʛʠʯʝʩʢʠʤ ʜʠʩʮʠʧʣʠʥʘʤ: ʙʠʦʵ-

ʪʠʢʘ, ʮʠʪʦʛʝʥʝʪʠʢʘ, ʛʝʥʝʪʠʯʝʩʢʠʡ ʤʦʥʠʪʦʨʠʥʛ. 

ʇʦ ʩʫʱʝʩʪʚʫ, ʚʠʟʫʘʣʴʥʘʷ ʤʝʪʘʬʦʨʘ ï ʵʪʦ 

ʩʚʝʨʥʫʪʦʝ ʩʨʘʚʥʝʥʠʝ, ʢʦʪʦʨʦʝ ʚʩʝʛʜʘ ʤʦʞʥʦ çʨʘʟ-

ʚʝʨʥʫʪʴè ʚ ʥʘʩʪʦʷʱʠʡ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʦʙʦʨʦʪ. 

ʄʝʪʘʬʦʨʘ ʙʳʚʘʝʪ, ʢʘʢ ʦʜʠʥʦʯʥʦʡ, ʪʘʢ ʠ ʨʘʟʚʝʨʥʫ-

ʪʦʡ, ʩʣʦʞʥʦʡ. ʕʪʦ ʮʝʣʴʥʳʡ ʭʫʜʦʞʝʩʪʚʝʥʥʳʡ ʦʙ-

ʨʘʟ (ʨʠʩʫʥʦʢ 1). ʋʥʠʢʘʣʴʥʳʡ ʧʦʜʭʦʜ ʚ ʩʦʯʝʪʘʥʠʠ 

ʢʣʘʩʩʠʯʝʩʢʦʡ ʷʧʦʥʩʢʦʡ ʞʠʚʦʧʠʩʠ ʠ ʥʘʣʦʞʝʥʠʷ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʦʥʷʪʠʡ ʥʘ ʨʠʩʫʥʦʢ ʧʨʝʜʩʪʘʚ-

ʣʝʥʳ ʦʙʣʦʞʢʠ ʷʧʦʥʩʢʦʛʦ ʞʫʨʥʘʣʘ ʧʦ ʤʦʣʝʢʫʣʷʨ-

ʥʦʡ ʙʠʦʣʦʛʠʠ [10]. 

 

 

 

ʈʠʩʫʥʦʢ 1 ʊʨʘʥʩʧʦʟʦʥʳ (ʪʨʘʥʩʧʦʟʠʨʫʝʤʳʝ ʵʣʝ-

ʤʝʥʪʳ), ʦʙʥʘʨʫʞʝʥʥʳʝ ʚ ʢʫʢʫʨʫʟʝ ɹʘʨʙʘʨʦʡ 

ʄʘʢʢʣʠʥʪʦʢ ʚ 1948 ʛʦʜʫ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ɼʅʂ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʤʝ-

ʥʷʪʴ ʩʚʦʠ ʧʦʟʠʮʠʠ ʚ ʛʝʥʦʤʝ.  

ʊʨʘʥʩʧʦʟʠʮʠʷ ʪʨʘʥʩʧʦʟʦʥʦʚ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ 

ʢ ʤʫʪʘʮʠʷʤ ʚ ʛʝʥʦʤʝ ʭʦʟʷʠʥʘ. ʅʘ ʩʘʤʦʤ ʜʝʣʝ 

ʤʝʞʜʫ ʪʨʘʥʩʧʦʟʦʥʘʤʠ ʠ ʢʫʣʴʪʫʨʦʡ ʵʧʦʭʠ ʕʜʦ ʩʫ-

ʱʝʩʪʚʦʚʘʣʘ ʪʝʩʥʘʷ ʠ ʫʜʠʚʠʪʝʣʴʥʘʷ ʩʚʷʟʴ. ɺ ʢʦʥʮʝ 

ʕʜʦ ʙʳʣʦ ʚʳʜʝʣʝʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʤʫʪʘʥʪ-

ʥʳʭ ɸʩʘʛʘʦʩ (ʷʧʦʥʩʢʦʝ ʫʪʨʝʥʥʝʝ ʩʠʷʥʠʝ), ʠ ʩʪʘʣʦ 

ʧʦʧʫʣʷʨʥʳʤ ʢʫʣʴʪʠʚʠʨʦʚʘʪʴ ʠʭ; ʬʘʢʪʠʯʝʩʢʠ, 

ʤʥʦʛʠʝ ʤʫʪʘʮʠʠ ʙʳʣʠ ʚʳʟʚʘʥʳ ʪʨʘʥʩʧʦʟʦʥʘʤʠ. 

ʕʪʠ ʤʫʪʘʥʪʥʳʝ ɸʩʘʛʘʠ ʙʳʣʠ ʩʦʙʨʘʥʳ ʠʩʩʣʝʜʦʚʘ-

ʪʝʣʷʤʠ ʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦʜʜʝʨʞʠʚʘʶʪʩʷ 

ʛʨʫʧʧʦʡ, ʚʦʟʛʣʘʚʣʷʝʤʦʡ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʫʥʠ-

ʚʝʨʩʠʪʝʪʦʤ ʂʶʩʶ. 

ɺ ʤʝʪʘʬʦʨʝ ʚʩʝʛʜʘ ʧʨʦʷʚʣʷʝʪʩʷ ʩʦʚʤʝʱʝʥʠʝ 

ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʨʘʟʣʠʯʥʳʭ ʦʙʦʟʥʘʯʘʝʤʳʭ ʧʨʝʜ-

ʤʝʪʦʚ, ʧʦʵʪʦʤʫ ʦʥʘ ʤʥʦʛʦʧʣʘʥʦʚʘ.  

ɺʳʨʘʟʠʪʝʣʴʥʘʷ ʩʠʣʘ ʤʝʪʘʬʦʨʳ: 

ī ʧʦʜʯʝʨʢʠʚʘʝʪ ʩʘʤʳʡ ʩʫʱʝʩʪʚʝʥʥʳʡ ʧʨʠ-

ʟʥʘʢ; 

ī ʩʦʟʜʘʝʪ ʠʥʜʠʚʠʜʫʘʣʴʥʳʡ ʦʙʨʘʟ; 

ī ʧʨʦʠʟʚʦʜʠʪ ʵʤʦʮʠʦʥʘʣʴʥʳʡ ʵʬʬʝʢʪ; 
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ī ʪʨʝʙʫʝʪ ʜʫʭʦʚʥʦʛʦ ʫʩʠʣʠʷ, ʚʦʦʙʨʘʞʝʥʠʷ, 

ʨʘʙʦʪʳ ʫʤʘ. 

ɺʠʟʫʘʣʴʥʘʷ ʤʝʪʘʬʦʨʘ ʠʛʨʘʝʪ ʝʱʝ ʦʜʥʫ ʚʘʞ-

ʥʫʶ ʨʦʣʴ ī ʬʦʨʤʠʨʫʝʪ ʤʝʪʘʬʦʨʠʯʝʩʢʦʝ ʤʳʰʣʝ-

ʥʠʝ, ʦʩʦʙʳʡ ʩʪʠʣʴ ʠ ʣʦʛʠʢʫ ʤʳʰʣʝʥʠʝ. ɺ ʢʘʯʝ-

ʩʪʚʝ ʧʨʠʤʝʨʘ ʤʦʞʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʤʝʪʘʬʦʨʠʯʥʦʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʤʠʪʦʟʘ, ʪʦʯʥʝʝ ʩʢʘʟʘʪʴ ʨʘʩʪʫʱʝʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʢʣʝʪʦʢ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʝʣʝʥʠʷ ʢʣʝʪʢʠ 

(ʨʠʩʫʥʦʢ 2). 

 
ʈʠʩʫʥʦʢ 2 ʄʝʪʘʬʦʨʠʯʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʧʨʦʜʫʢ-

ʪʦʚ ʤʠʪʦʟʘ. ʄʠʪʦʟ ʜʘʝʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʢʣʝʪʦʢ, ʜʦʯʝʨʥʠʭ ʠʟ ʤʘʪʝʨʠʥʩʢʦʡ.  

 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʚʠʟʫʘʣʴʥʦʡ ʤʝʪʘʬʦʨʳ 

ʚʳʩʪʫʧʘʶʪ ʥʝʩʢʦʣʴʢʦ ʨʠʩʫʥʢʦʚ ʨʘʟʥʳʭ ʧʝʨʠʦʜʦʚ 

ʨʘʟʚʠʪʠʷ ʥʘʫʢʠ. ʅʘ ʨʠʩʫʥʢʝ 3 ʠʟʦʙʨʘʞʝʥʦ ʥʝ-

ʦʙʳʯʥʦʝ ʜʝʨʝʚʦ, ʥʘ ʢʦʪʦʨʦʤ ʨʘʩʪʝʪ ʞʠʚʦʡ ʷʛʥʝ-

ʥʦʢ. ɹʘʨʘʥʝʮ (ʘʛʥʝʮ ʩʢʠʬʩʢʠʡ) ï ʤʠʬʠʯʝʩʢʦʝ ʨʘʩ-

ʪʝʥʠʝ, ʧʨʦʠʟʨʘʩʪʘʶʱʝʝ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɸʟʠʠ. 

ʉʯʠʪʘʣʦʩʴ, ʯʪʦ ʚʥʝʰʥʠʡ ʚʠʜ ʙʘʨʘʥʮʘ ʥʘʧʦʤʠʥʘʝʪ 

ʦʚʮʫ ʩʦʝʜʠʥʝʥʥʫʶ ʧʫʧʦʚʠʥʦʡ-ʩʪʝʙʣʝʤ ʩ ʨʘʩʪʝ-

ʥʠʝʤ, ʢʦʪʦʨʘʷ ʧʠʪʘʣʘʩʴ ʨʘʩʪʫʱʝʡ ʚʦʢʨʫʛ ʥʝʝ ʪʨʘ-

ʚʦʡ. ʂʦʛʜʘ ʪʨʘʚʘ ʟʘʢʘʥʯʠʚʘʣʘʩʴ, ʠ ʦʚʮʘ ʠ ʨʘʩʪʝ-

ʥʠʝ ʫʤʠʨʘʣʠ. ʕʪʦ ʩʫʱʝʩʪʚʦ ʥʘʟʳʚʘʶʪ ʟʦʦʬʠʪ ʠʣʠ 

çʞʠʚʦʪʥʦʨʘʩʪʝʥʠʝè.  

ʄʥʦʛʠʝ ʧʫʪʝʰʝʩʪʚʝʥʥʠʢʠ ʩʪʘʣʢʠʚʘʣʠʩʴ ʩ 

ʦʧʠʩʘʥʠʝʤ ʵʪʦʛʦ ʯʫʜʦ-ʨʘʩʪʝʥʠʷ-ʞʠʚʦʪʥʦʛʦ ʠ ʠʟ-

ʣʘʛʘʣʠ ʵʪʦ ʚ ʩʚʦʠʭ ʢʥʠʛʘʭ. 

 

 
ʈʠʩʫʥʦʢ 3 ɼʝʨʝʚʦ-ʘʛʥʝʮ ï ʦʜʥʦʚʨʝʤʝʥʥʦ ʠ ʞʠʚʦʪ-

ʥʦʝ ʠ ʨʘʩʪʝʥʠʝ. ɻʨʘʚʶʨʘ XVII ʚ.  

ʌʦʪʦ: biodiversitylibrary.org. 

 

ɺʦʟʤʦʞʥʳʝ ʨʝʘʣʴʥʳʝ ʧʨʦʪʦʪʠʧʳ ʙʘʨʘʥʮʘ ī 

ʭʣʦʧʯʘʪʥʠʢ ʠʣʠ ʘʨʙʫʟ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʷʨʢʠʡ ʠ 

ʟʘʧʦʤʠʥʘʶʱʠʡʩʷ ʦʙʨʘʟ, ʢʘʢ-ʙʳ ʥʘʧʦʤʠʥʘʶʱʠʡ 

ʭʠʤʝʨʥʦʝ ʩʫʱʝʩʪʚʦ ʩʪʘʣ ʠʩʪʦʨʠʯʝʩʢʠʤ ʧʨʠʤʝʨʦʤ 

ʚʠʟʫʘʣʴʥʦʡ ʤʝʪʘʬʦʨʳ ʚ ʙʠʦʣʦʛʠʠ. 

ɼʨʫʛʠʤ ʧʨʠʤʝʨʦʤ ʤʝʪʘʬʦʨʠʯʥʳʭ ʨʠʩʫʥʢʦʚ 

ʷʚʣʷʶʪʩʷ ʨʘʙʦʪʳ ʕʜʚʘʨʜʘ ʃʠʨʘ ʢ ʢʥʠʛʝ çʏʝʧʫʭʦ-

ʚʘʷ ʙʦʪʘʥʠʢʘè (1888). ɺʦʪ ʪʘʢ ʚʳʛʣʷʜʠʪ ʫʧʦʤʷʥʫʪʘʷ 

ʚ ʨʘʩʩʢʘʟʝ ʉʚʠʥʦʦʙʠʣʠʷ ʧʠʨʘʤʠʜʘʣʠʩ (Piggiawiggia 

pyramidalis) ʠ ʂʘʢʘʜʫʯʥʠʢ ɺʝʣʠʯʝʩʪʚʝʥʥʳʡ 

(Cockatooca Superba) (ʨʠʩʫʥʦʢ 4). ʉʦʟʜʘʚʘʷ ʭʠ-

ʤʝʨʥʳʝ ʦʨʛʘʥʠʟʤʳ, ʭʫʜʦʞʥʠʢ ʧʦʢʘʟʳʚʘʣ ʤʝʪʘʬʦ-

ʨʠʯʥʦ ʚʦʟʤʦʞʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʙʠʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʨʘʙʦʪ, ʢʦʛʜʘ ʤʦʞʥʦ ʚ ʦʜʥʦʤ ʦʨʛʘʥʠʟʤʝ ʩʦʯʝʪʘʪʴ 

ʩʚʦʡʩʪʚʘ ʜʚʫʭ ʨʘʟʥʳʭ ʚʠʜʦʚ. ʄʝʪʘʬʦʨʠʯʥʦʝ ʧʨʝʜ-

ʩʪʘʚʣʝʥʠʝ ʥʦʚʳʭ ʨʘʩʪʠʪʝʣʴʥʳʭ ʬʦʨʤ ʧʦʜʚʦʜʠʪ ʢ 

ʛʣʫʙʦʢʦʤʫ ʦʩʤʳʩʣʝʥʠʶ ʚʦʟʤʦʞʥʦʩʪʝʡ ʛʝʥʥʦ-ʠʥʞʝ-

ʥʝʨʥʳʭ ʨʘʙʦʪ, ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʩʤʳʩʣʘ ʛʝʥʥʳʭ ʧʨʦ-

ʜʫʢʪʦʚ. 

ʉʦʚʨʝʤʝʥʥʘʷ ʥʘʫʢʘ ʤʠʬʦʣʦʛʠʯʥʘ ʠ ʥʦʚʦʝ ʤʦ-

ʞʝʪ ʙʳʪʴ ʚʳʩʢʘʟʘʥʦ ʪʦʣʴʢʦ ʤʝʪʘʬʦʨʦʡ, ʘ ʚ ʣʶʙʦʡ 

ʤʝʪʘʬʦʨʝ ʥʝʧʨʝʤʝʥʥʦ ʧʨʠʩʫʪʩʪʚʫʝʪ ʥʝʯʪʦ ʥʦʚʦʝ. 

ɺʳʨʘʞʘʷʩʴ ʩʣʦʚʘʤʠ ʉʚʝʥʩʦʥʘ, ʤʝʪʘʬʦʨʘ ʧʨʠʛʣʘ-

ʰʘʝʪ ʫʯʝʥʦʛʦ ʢ ʦʪʢʨʳʪʠʶ. 

ʉʦʚʨʝʤʝʥʥʦʝ ʚʠʜʝʥʠʝ ʜʦʩʪʠʞʝʥʠʡ ʛʝʥʥʦ-ʠʥ-

ʞʝʥʝʨʥʳʭ ʨʘʙʦʪʘ, ʢʦʛʜʘ ʚ ʦʜʥʦʤ ʦʨʛʘʥʠʟʤʝ ʩʦʯʝ-

ʪʘʶʪʩʷ ʥʝʩʢʦʣʴʢʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 4. 

ʉʦʟʜʘʚʘʷ ʭʠʤʝʨʥʳʝ ʦʨʛʘʥʠʟʤʳ, ʭʫʜʦʞʥʠʢ ʧʦ-

ʢʘʟʳʚʘʣ ʤʝʪʘʬʦʨʠʯʥʦ ʚʦʟʤʦʞʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʙʠʦ-

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʘʙʦʪ, ʢʦʛʜʘ ʤʦʞʥʦ ʚ ʦʜʥʦʤ ʦʨʛʘ-

ʥʠʟʤʝ ʩʦʯʝʪʘʪʴ ʩʚʦʡʩʪʚʘ ʜʚʫʭ ʨʘʟʥʳʭ ʚʠʜʦʚ. ʄʝʪʘ-

ʬʦʨʠʯʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʥʦʚʳʭ ʨʘʩʪʠʪʝʣʴʥʳʭ 

ʬʦʨʤ ʧʦʜʚʦʜʠʪ ʯʠʪʘʪʝʣʷ ʢ ʛʣʫʙʦʢʦʤʫ ʦʩʤʳʩʣʝʥʠʶ 

ʚʦʟʤʦʞʥʦʩʪʝʡ ʛʝʥʥʦ-ʠʥʞʝʥʝʨʥʳʭ ʨʘʙʦʪ, ʙʠʦʣʦʛʠ-

ʯʝʩʢʦʛʦ ʩʤʳʩʣʘ ʛʝʥʥʳʭ ʧʨʦʜʫʢʪʦʚ. 

ɺʠʟʫʘʣʴʥʘʷ ʤʝʪʘʬʦʨʘ ʝʱʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ 

ʧʨʠʝʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʛʦ ʧʨʦʠʩʭʦʜʠʪ ʩʢʨʳʪʦʝ 

ʩʨʘʚʥʝʥʠʝ ʧʨʝʜʤʝʪʦʚ ʠ ʷʚʣʝʥʠʡ [3]. ɺ ʫʯʝʙʥʦʤ ʧʨʦ-

ʮʝʩʩʝ ʨʦʣʴ ʜʘʥʥʦʛʦ ʩʨʘʚʥʝʥʠʷ ʥʝʦʙʭʦʜʠʤʘ, ʧʦ-

ʩʢʦʣʴʢʫ ʪʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʬʦʨʤʠʨʦʚʘʪʴ ʧʦ-

ʥʷʪʠʡʥʳʡ ʘʧʧʘʨʘʪ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʙʠʦʣʦʛʠʯʝ-

ʩʢʦʛʦ ʷʚʣʝʥʠʷ (ʨʠʩʫʥʦʢ 4). 

  
ʈʠʩʫʥʦʢ 4 ʉʚʠʥʦʦʙʠʣʠʷ ʇʠʨʘʤʠʜʘʣʠʩ 

Piggiawiggia Pyramidalis(ʩʣʝʚʘ), ʂʘʢʘʜʫʯʥʠʢ 

ɺʝʣʠʯʝʩʪʚʝʥʥʳʡ Cockatooca Superba (ʩʧʨʘʚʘ). 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʠʟʫʘʣʴʥʫʶ ʤʝʪʘʬʦʨʫ ʤʦʞʥʦ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʥʝ ʪʦʣʴʢʦ ʢʘʢ ʢʦʛʥʠʪʠʚʥʦʝ ʩʨʝʜʩʪʚʦ 

ʩʦʟʜʘʥʠʷ ʚʠʟʫʘʣʴʥʦʡ ʦʙʨʘʟʥʦʩʪʠ, ʥʦ ʠ ʤʦʱʥʳʡ ʨʝ-

ʩʫʨʩ ʫʩʠʣʠʚʘʶʱʠʡ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ 

ʷʟʳʢʘ ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʢʫʨʩʦʚ 

ʧʦ ʙʠʦʣʦʛʠʯʝʩʢʠʤ ʧʨʦʬʠʣʷʤ.  
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GRAIN CROPS IN JAPANESE PAINTING: HISTORY AND ARCHAEOGENETICS  

 

ɸʥʥʦʪʘʮʠʷ 

ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʠʜʦʚʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʟʝʨʥʦʚʳʭ ʢʫʣʴʪʫʨ ʥʘ ʦʩʥʦʚʝ ʚʠʟʫʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʢʘʨʪʠʥ 

ʷʧʦʥʩʢʦʡ ʞʠʚʦʧʠʩʠ ʚ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʧʝʨʠʦʜʘ ʕʜʦ. ʆʪʤʝʯʝʥʳ ʬʦʨʤʳ ʧʰʝʥʠʮʳ ʠ ʷʯʤʝʥʷ ʩ ʢʘʨʣʠʢʦʚʳʤ 

ʨʦʩʪʦʤ, ʧʦʢʘʟʘʥʘ ʠʩʪʦʨʠʠ ʢʫʢʫʨʫʟʳ ʠ ʜʨʫʛʠʭ ʟʝʨʥʦʚʳʭ ʢʫʣʴʪʫʨ. ʅʘʣʠʯʠʝ ʙʘʟ ʦʙʨʘʟʦʚ ʧʦʟʚʦʣʷʝʪ ʫʟʥʘʪʴ 

ʚʠʜʦʚʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʢʫʣʴʪʫʨ, ʚʨʝʤʷ ʠʥʪʨʦʜʫʢʮʠʠ ʥʦʚʳʭ ʬʦʨʤ ʠ ʦʮʝʥʠʪʴ ʤʘʩʰʪʘʙʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ. 

Abstract 

The species diversity of cereal crops is considered on the basis of visual analysis of Japanese paintings in 

most of the Edo period. The forms of wheat and barley with dwarf growth are marked, the history of corn and 

other grain crops is shown. The presence of image databases allows you to find out the species diversity of cultures, 

the time of introduction of new forms and assess the extent of distribution. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʢʦʥʦʛʨʘʬʠʷ, ʞʠʚʦʧʠʩʴ ʗʧʦʥʠʠ, ʧʰʝʥʠʮʘ, ʷʯʤʝʥʴ, ʨʠʩ, ʢʫʢʫʨʫʟʘ, ʦʚʝʩ, ʧʨʦʩʦ, ʚʠʜʦ-

ʚʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ. 

ʂeywords: iconography, painting of Japan, wheat, barley, rice, corn, oats, millet, species diversity. 

 

ʉʝʣʝʢʮʠʦʥʝʨʘ, ʢʘʢ ʠʥʞʝʥʝʨʘ, ʠʥʪʝʨʝʩʫʝʪ 

ʩʪʨʦʠʪʝʣʴʥʳʡ ʠʩʭʦʜʥʳʡ ʤʘʪʝʨʠʘʣ 

ʅ.ʀ.ɺʘʚʠʣʦʚ 

ʀʟʫʯʝʥʠʝ ʠʩʪʦʨʠʠ ʘʛʨʦʢʫʣʴʪʫʨ, ʠʭ ʚʠʜʦʚʦʛʦ 

ʨʘʟʥʦʦʙʨʘʟʠʷ ʧʨʦʠʩʭʦʜʠʪ ʥʝʩʢʦʣʴʢʠʤʠ ʧʫʪʷʤʠ: 

ʩʙʦʨ ʠ ʘʥʘʣʠʟ ʤʘʪʝʨʠʘʣʘ, ʠʟʫʯʝʥʠʝ ʤʠʨʦʚʳʭ ʢʦʣ-

ʣʝʢʮʠʡ, ʛʝʨʙʘʨʥʳʭ ʦʙʨʘʟʮʦʚ, ʤʦʣʝʢʫʣʷʨʥʳʡ ʘʥʘ-

ʣʠʟ, ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ, ʘʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʳ. 

ʉʨʘʚʥʠʪʝʣʴʥʦ ʥʝʜʘʚʥʦ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʨʷʜʘ ʢʫʣʴ-

ʪʫʨ ʩʪʘʣ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʠʢʦʥʦʛʨʘʬʠʯʝʩʢʠʡ ʘʥʘʣʠʟ 

ʥʘ ʦʩʥʦʚʝ ʧʨʦʠʟʚʝʜʝʥʠʡ ʞʠʚʦʧʠʩʠ. ɺ ʨʘʙʦʪʘʭ ɼʞ. 

ɼʞʝʥʠʢʘ ʩ ʩʦʘʚʪʦʨʘʤʠ ʧʦʢʘʟʘʥʦ, ʢʘʢ ʩ ʧʦʤʦʱʴʶ 

ʧʨʦʠʟʚʝʜʝʥʠʡ ʠʩʢʫʩʩʪʚʘ ʫʜʘʣʦʩʴ ʫʩʪʘʥʦʚʠʪʴ ʚʠʜʦ-

ʚʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʜʨʝʚʥʠʭ ʬʦʨʤ ʢʫʢʫʨʫʟʳ ʚ ɽʚʨʦʧʝ, 

ʙʘʢʣʘʞʘʥʘ, ʤʦʨʢʦʚʠ, ʘʨʙʫʟʘ, ʦʛʫʨʮʘ, ʣʘʛʝʥʘʨʠʠ [11ï

12]. ɺ ʥʘʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʪʘʢʞʝ 

ʨʷʜʘ ʢʫʣʴʪʫʨ: ʯʘʣʤʦʚʠʜʥʳʭ ʬʦʨʤ ʪʳʢʚʝʥʥʳʭ, 

ʣʶʬʬʳ, ʧʰʝʥʠʮʳ, ʣʘʛʝʥʘʨʠʠ [8ï10]. ʀʟʚʝʩʪʥʦ, ʯʪʦ 

ʠʣʣʶʩʪʨʘʮʠʠ, ʧʦ ʩʣʦʚʘʤ ʊ.ɸ. ʏʝʨʥʦʡ, ʦʙʣʘʜʘʶʪ 

ʜʚʫʝʜʠʥʦʡ ʥʘʫʯʥʦ-ʭʫʜʦʞʝʩʪʚʝʥʥʦʡ ʧʨʠʨʦʜʦʡ ʠ 

http://ej.kubagro.ru/2016/04/pdf/39.pdf
http://ej.kubagro.ru/2016/01/pdf/75
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ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʥʪʝʨʝʩ ʥʝ ʪʦʣʴʢʦ ʢʘʢ ʙʦʪʘʥʠʯʝʩʢʠʝ 

ʠ ʙʦʪʘʥʠʢʦ-ʠʩʪʦʨʠʯʝʩʢʠʝ ʜʦʢʫʤʝʥʪʳ, ʥʦ ʠ ʢʘʢ ʧʨʦ-

ʠʟʚʝʜʝʥʠʷ ʠʩʢʫʩʩʪʚʘ [5]. ʇʦʩʨʝʜʩʪʚʦʤ ʦʙʨʘʟʘ, ʦʪʨʘ-

ʞʝʥʥʦʛʦ ʚ ʧʨʦʠʟʚʝʜʝʥʠʠ ʠʩʢʫʩʩʪʚʘ, ʤʦʞʥʦ ʫʟʥʘʪʴ ʚ 

ʢʘʢʦʝ ʚʨʝʤʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʝ ʨʘʩʪʝʥʠʷ ʚʥʝʜ-

ʨʝʥʳ ʚ ʢʫʣʴʪʫʨʫ, ʢʘʢʠʝ ʚʠʜʳ ʧʨʦʠʟʨʘʩʪʘʣʠ ʥʘ ʪʝʨ-

ʨʠʪʦʨʠʠ ʩʪʨʘʥʳ, ʢʘʢ ʰʣʘ ʵʚʦʣʶʮʠʷ ʥʝʢʦʪʦʨʳʭ ʭʦ-

ʟʷʡʩʪʚʝʥʥʦ-ʮʝʥʥʳʭ ʧʨʠʟʥʘʢʦʚ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʭʫ-

ʜʦʞʝʩʪʚʝʥʥʳʭ ʦʙʨʘʟʦʚ ʚ ʠʟʫʯʝʥʠʠ ʘʨʭʝʦʛʝʥʝʪʠʢʠ 

ʘʛʨʦʢʫʣʴʪʫʨ ʧʦʟʚʦʣʷʝʪ ʫʩʪʘʥʦʚʠʪʴ, ʢʘʢ ʤʝʥʷʣʘʩʴ 

ʢʫʣʴʪʫʨʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʠ ʠʩʢʫʩ-

ʩʪʚʝʥʥʦʛʦ ʦʪʙʦʨʘ, ʚ ʵʪʦʤ ʧʨʦʮʝʩʩʝ ʥʝʢʦʪʦʨʳʝ 

ʬʦʨʤʳ ʨʘʩʪʝʥʠʡ ʦʩʪʘʣʠʩʴ ʪʦʣʴʢʦ ʥʘ ʧʦʣʦʪʥʘʭ ʭʫ-

ʜʦʞʥʠʢʦʚ[6,7]. ɺ ʟʘʜʘʯʫ ʥʘʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʭʦ-

ʜʠʣʦ ʠʟʫʯʠʪʴ ʨʘʟʥʦʦʙʨʘʟʠʝ ʟʝʨʥʦʚʳʭ ʢʫʣʴʪʫʨ ʚ 

ʧʨʦʠʟʚʝʜʝʥʠʷʭ ʷʧʦʥʩʢʦʡ ʞʠʚʦʧʠʩʠ ʧʝʨʠʦʜʘ ʕʜʦ, 

ʦʭʚʘʪʳʚʘʶʱʠʡ ʧʝʨʠʦʜ 1603ï1868 ʛʛ. ɺʳʙʦʨ ʢʘʨʪʠʥ 

ʷʧʦʥʩʢʦʡ ʞʠʚʦʧʠʩʠ ʦʙʫʩʣʦʚʣʝʥ ʪʝʤ, ʯʪʦ ʭʫʜʦʞ-

ʥʠʢʠ ʧʦʣʥʦ ʠ ʤʥʦʛʦʛʨʘʥʥʦ ʦʪʨʘʟʠʣʠ ʚʠʜʦʚʦʝ ʨʘʟʥʦ-

ʦʙʨʘʟʠʝ ʞʠʚʦʪʥʦʛʦ ʠ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʤʠʨʘ ʷʧʦʥ-

ʩʢʦʛʦ ʘʨʭʠʧʝʣʘʛʘ. ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʜʘʥʥʦʛʦ ʠʩ-

ʩʣʝʜʦʚʘʥʠʷ ʥʘʤ ʧʨʠʰʣʦʩʴ ʩʦʟʜʘʪʴ ʢʦʣʣʝʢʮʠʶ 

ʠʣʣʶʩʪʨʠʨʦʚʘʥʥʳʭ ʦʙʨʘʟʦʚ, ʩʦʩʪʦʷʱʫʶ ʠʟ 645 ʙʦ-

ʪʘʥʠʯʝʩʢʠʭ ʠʢʦʥʦʛʨʘʬʠʡ, ʢʫʜʘ ʚʦʰʣʠ ʜʝʩʷʪʢʠ ʤʘ-

ʥʫʩʪʨʠʧʪʦʚ, ʢʩʠʣʦʛʨʘʬʠʡ ʠʣʣʶʩʪʨʘʪʠʚʥʦʛʦ ʭʘʨʘʢ-

ʪʝʨʘ. ʉʦʚʨʝʤʝʥʥʳʡ ʤʠʨ ʧʨʝʜʩʪʘʚʣʷʝʪ ʫʥʠʢʘʣʴʥʫʶ 

ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʫʯʝʥʠʷ ʦʙʨʘʟʦʚ ʥʝ ʪʦʣʴʢʦ ʧʦ ʢʥʠ-

ʛʘʤ, ʞʫʨʥʘʣʘʤ, ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʤ ʠʟʜʘʥʠʷʤ, ʥʦ 

ʠ ʘʥʘʣʠʟ ʥʘʫʯʥʦ-ʧʦʟʥʘʚʘʪʝʣʴʥʳʭ ʩʘʡʪʦʚ: ʉʘʡʪ ʂʘ-

ʪʘʣʦʛ ʷʧʦʥʩʢʠʭ ʢʘʨʪʠʥ ʧʪʠʮ ʠ ʮʚʝʪʢʦʚ [ʕʣʝʢʪʨʦʥ-

ʥʳʡ ʨʝʩʫʨʩ] URL: 

http://readercollection.com/catalog.html. ʉʘʡʪ çʀʢʦ-

ʥʦʛʨʘʬʠʷ ʨʘʩʪʝʥʠʡ ʠ ʘʛʨʦʪʝʭʥʦʣʦʛʠʠè Crop 

Iconography and Horticulture, ʨʘʟʤʝʱʝʥʥʳʡ ʥʘ ʧʣʘʪ-

ʬʦʨʤʝ ʂʦʣʣʝʜʞʘ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʋʥʠʚʝʨʩʠ-

ʪʝʪʘ ʇʝʨʜʴʶ. [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] URL: http:// 

www.hort.purdue.edu/newcrop/iconography [3]. 

ʈʝʘʣʠʩʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʨʘʩʪʝʥʠʡ ʚ ʧʨʦ-

ʠʟʚʝʜʝʥʠʷʭ ʷʧʦʥʩʢʦʡ ʞʠʚʦʧʠʩʠ ʧʦʜʯʘʩ ʧʨʝʜʩʪʘʚ-

ʣʷʝʪ ʝʜʠʥʩʪʚʝʥʥʫʶ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʜʦʩʪʦ-

ʚʝʨʥʳʭ ʜʘʥʥʳʭ ʦ ʨʘʩʪʝʥʠʷʭ. ʈʝʘʣʠʩʪʠʯʝʩʢʠʡ çʧʦʨʪ-

ʨʝʪè ʨʘʩʪʝʥʠʡ, ʚʳʧʦʣʥʝʥʥʳʡ ʷʧʦʥʩʢʠʤʠ 

ʭʫʜʦʞʥʠʢʘʤʠ ʩ ʫʯʝʪʦʤ ʙʦʪʘʥʠʯʝʩʢʠʭ ʪʨʝʙʦʚʘʥʠʡ, 

ʜʘʝʪ ʪʦʯʥʫʶ ʠ ʣʝʛʢʦ ʚʦʩʧʨʦʠʟʚʦʜʠʤʫʶ ʠʥʬʦʨʤʘ-

ʮʠʶ. ʄʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʢʘʯʝʩʪʚʝʥʥʘʷ ʠʣʣʶʩʪʨʘ-

ʮʠʷ ʷʚʣʷʝʪʩʷ ʩʨʝʜʩʪʚʦʤ ʜʦʢʫʤʝʥʪʠʨʦʚʘʥʠʷ ʠ ʠʥ-

ʬʦʨʤʘʮʠʠ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʚ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʳ ʟʝʨ-

ʥʦʚʳʝ ʢʫʣʴʪʫʨʳ ʗʧʦʥʠʠ ʠ ʠʭ ʨʦʣʴ ʚ ʤʠʨʦʚʦʡ 

ʩʝʣʝʢʮʠʠ ʨʘʩʪʝʥʠʡ.  

ɺ ʪʘʙʣʠʮʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʘʥʥʳʝ ʧʦ ʟʝʨʥʦʚʳʤ 

ʢʫʣʴʪʫʨʘʤ. ʅ.ʀ. ɺʘʚʠʣʦʚ, ʦʧʠʩʳʚʘʷ ʧʰʝʥʠʮʫ ʠ ʷʯ-

ʤʝʥʴ ʗʧʦʥʠʠ, ʦʪʤʝʯʘʣ, ʯʪʦ ʚ ʫʩʣʦʚʠʷʭ ʤʫʩʩʦʥʥʦʛʦ 

ʢʣʠʤʘʪʘ ʩʬʦʨʤʠʨʦʚʘʣʠʩʴ ʬʦʨʤʳ çʢʦʨʦʪʢʦʩʪʝʙʝʣʴ-

ʥʳʝ, ʙʳʩʪʨʦ ʬʦʨʤʠʨʫʶʱʠʝ ʟʝʨʥʦ, ʠʤʝʶʱʠʝ ʫʢʦʨʦ-

ʯʝʥʥʳʝ ʦʩʪʠ ʠ ʤʝʣʢʦʧʣʦʜʥʳʝ. ʗʯʤʝʥʴ ʠ ʧʰʝʥʠʮʘ 

ʧʦʨʘʞʘʶʪ ʩʚʦʠʤ ʥʠʟʢʠʤ ʨʦʩʪʦʤ, ʤʝʣʢʠʤ ʟʝʨʥʦʤ, 

ʥʝʢʨʫʧʥʳʤ ʢʦʣʦʩʦʤ ʠ ʦʪʣʠʯʥʳʤ ʨʘʟʚʠʪʠʝʤè [1,2] 

(ʨʠʩʫʥʦʢ 1). ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʦʣʦʩʴʷ 

ʤʥʦʛʦʮʚʝʪʢʦʚʦʡ ʧʰʝʥʠʮʳ, ʢʦʪʦʨʘʷ ʚʝʨʦʷʪʥʝʝ ʚʩʝʛʦ 

ʧʦʧʘʣʘ ʠʟ ʂʠʪʘʷ ʠ ʢʦʣʦʩʴʷ ʢʘʨʣʠʢʦʚʳʭ, ʥʠʟʢʦʩʪʝ-

ʙʝʣʴʥʳʭ ʬʦʨʤ. ʅʘ ʦʩʥʦʚʝ ʧʦʩʣʝʜʥʠʭ ʙʳʣʘ ʩʦʟʜʘʥʘ 

ʢʦʣʣʝʢʮʠʷ ʥʠʟʢʦʨʦʩʣʳʭ ʬʦʨʤ ʧʰʝʥʠʮʳ ʧʨʦʬʝʩʩʦ-

ʨʦʤ ʍ. ʂʠʭʘʨʦʡ.

ʊʘʙʣʠʮʘ 

ɿʣʘʢʦʚʳʝ ʢʫʣʴʪʫʨʳ ʚ ʷʧʦʥʩʢʦʡ ʞʠʚʦʧʠʩʠ 

ɺʠʜ ʍʫʜʦʞʥʠʢ, ʠʟʦʙʨʘʟʠʚʰʠʡ ʨʘʩʪʝʥʠʝ 

ɻʨʝʯʠʭʘ ʉʠʙʘʪʘ ɼʟʵʩʠʥ (1807ï1891) 

ʂʫʢʫʨʫʟʘ ʀʪʦ ɼʟʷʢʫʪʶ (1716ï1800); ʈʠʥʩʘʡ ʋʮʫʰʠ (ʘʢʪʠʚ, ʦʢ. 1869ï1890); ʂʠʥʠ ʊʘʢʝʰʠʪʘ (ʘʢʪʠʚ, 

ʦʢ. 1990); 

ʂʠʪʘʛʘʚʘ ʋʪʘʤʘʨʦ (1753ï1806); ʄʦʨʠ ʐʫʥʢʝʡ (1815ï1841); ʉʠʥʩʫʡ ʀʪʦ (1898ï1972); ʍʘʩʫʠ 

ʂʘʚʘʩʵ (1883ï1957); ʆʛʠʥʦ ʀʩʩʫʠ (ʦʢ. 1900ï1910) 

ʆʚʝʩ ʉʠʙʘʪʘ ɼʟʵʩʠʥ (1807ï1891) 

ʇʨʦʩʦ ¶ ʊʘʚʘʨʘʷ ʉʦʪʘʮʫ (? ï1643); ʂʦʤʫʨʦ ʉʫʶʥ (1874ï1945); ʌʫʢʫʜʦ ʉʝʡʢʦ (ʘʢʪʠʚ.1800) 

ʇʰʝʥʠʮʘ ɿʘʡʩʝʥ ʍʘʨʘ (1849ï1916); ʉʦʢʵʥ ʗʤʘʛʫʪʠ (1759ï1818); ʀʤʘʦ ʂʝʡʥʝʥ (1845ï1924); ʄʦʨʠ 

ʐʫʥʢʝʠ (1815ï1841); ʊʘʢʠ ʂʘʪʝʠ (1830ï1901) 

ʈʠʩ ¶ ʉʶʤʤʘʥ ʂʫʙʦ (1757ï1820); ʉʠʙʘʪʘ ɼʟʵʩʠʥ (1807ï1891); ɹʘʡʨʵʡ ʂʦʥʦ, (1844ï1895); ʉʠ-

ʙʘʪʘ ɼʟʵʩʠʥ (1807ï1891); ʂʦʩʦʥ ʆʭʘʨʘ (1877ï1945); ɺʘʪʘʥʘʙʵ ʉʵʡʪʵʡ (1851ï1918); ʅʠʰʠ-

ʷʤʘ ʂʘʥʝʡ (1834ï1897); ʐʫʥʢʝʠ ɻʘʬʠ (ʘʢʪʠʚ.1800ï1820); ʂʘʚʘʙʘʪʦ ɻʝʡʢʫʰʦ (ʘʢʪʠʚʥ.1800) 

ʗʯʤʝʥʴ ʉʠʙʘʪʘ ɼʟʵʩʠʥ (1807ï1891); ʂʦʩʦʥ ʆʭʘʨʘ (1877ï1945); ɹʘʡʨʵʡ ʂʦʥʦ, (1844ï1895); ʗʤʘʛʫʯʠ 

ʉʦʢʝʥ (1759ï1818); ʂʝʡʙʫʥ ʄʘʪʩʠʤʠʨʘ (1779ï1843); ʀʤʘʦ ʂʝʡʥʝʥ (1845ï1924); ʂʦʭʦ ʐʦʜʘ 

(1871ï1946); ɿʘʡʩʝʥ ʍʘʨʘ (1849ï1916); ʅʠʩʠʷʤʘʂʘʥ'ʵʡ (1833ï1897); ʂʦʥʦʙʫ ʍʘʩʝʛʘʚʘ 

(ʘʢʪ.1880); ɻʘʭʦ ʍʘʩʭʠʤʦʪʦ (1835ï1908); ʉʵʠʪʵʠ ɺʘʪʘʥʘʙʵ (1851ï1918); ʐʫʥʴʢʦ ʎʫʪʠʦʢʘ 

(1891ï1959); ʉʦʢʵʥ ʗʤʘʛʫʪʠ (1759ï1818)  

 

ʅʘ ʦʩʥʦʚʝ ʷʧʦʥʩʢʠʭ ʢʦʨʦʪʢʦʩʪʝʙʝʣʴʥʳʭ ʬʦʨʤ 

ʘʤʝʨʠʢʘʥʩʢʠʡ ʩʝʣʝʢʮʠʦʥʝʨ, ʣʘʫʨʝʘʪ ʅʦʙʝʣʝʚʩʢʦʡ 

ʧʨʝʤʠʠ ʅʦʨʤʘʥ ɹʦʨʣʦʫʛ ʩʦʟʜʘʣ ʥʦʚʳʝ ʬʦʨʤʳ ʧʦʣʫ-

ʢʘʨʣʠʢʦʚʳʝ ʩʦʨʪʘ ʧʰʝʥʠʮʳ, ʬʦʨʤʠʨʫʶʱʠʝ ʙʦʣʴ-

ʰʫ ʁʥʘʟʝʤʥʫʶ ʤʘʩʩʘ, ʦʙʣʘʜʘʶʱʠʝ ʚʳʩʦʢʦʡ ʢʫʩʪʠ-

ʩʪʦʩʪʴʶ. 

ʂʘʢ ʤʳ ʚʠʜʠʤ ʠʟ ʪʘʙʣʠʮʳ, ʠʟʦʙʨʘʞʝʥʠʡ ʧʰʝ-

ʥʠʮʳ ʥʝ ʤʥʦʛʦ, ʪ.ʢ. ʧʦ ʜʘʥʥʳʤ ɽ.ʅ. ʉʠʥʩʢʦʡ [4] ʵʪʘ 

ʢʫʣʴʪʫʨʘ ʩʪʘʣʘ ʠʥʪʝʥʩʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʩʪʨʘʥʝ 

ʪʦʣʴʢʦ ʧʦʩʣʝ ʚʦʡʥʳ. ʇʨʠʯʠʥʘ ʚ ʪʦʤ, ʯʪʦ ʚ ʧʠʪʘʥʠʠ 

ʥʘʩʝʣʝʥʠʷ ʧʨʝʦʙʣʘʜʘʣ ʙʦʣʴʰʝ ʨʠʩ.  
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ʈʠʩʫʥʦʢ 1 ʂʦʣʦʩʴʷ ʧʰʝʥʠʮʳ:ʉʠʙʘʪʘ ɼʟʵʩʠʥ (1807ï1891) ʩʣʝʚʘ; 

ʂʦʭʦ ʐʦʜʘ (1871ï1946) ʩʧʨʘʚʘ 

 

 
ʈʠʩʫʥʢʠ ʉʠʙʘʪʘ ɼʟʵʩʠʥ (1807ï1891); ʦʩʪʠʩʪʳʝ ʬʦʨʤʳ ʨʠʩʘ (ʩʣʝʚʘ); 

 ʉʶʤʤʘʥ ʂʫʙʦ (1757ï1820); ʙʝʟʦʩʪʘʷ ʬʦʨʤʘ (ʩʧʨʘʚʘ)  

 

ʈʠʩ ʚ ʗʧʦʥʠʠ ʧʨʝʜʩʪʘʚʣʝʥ ʥʝʩʢʦʣʴʢʠʤʠ ʬʦʨ-

ʤʘʤʠ: ʙʝʟʦʩʪʳʤʠ, ʦʩʪʠʩʪʳʤʠ ʠ ʧʦʣʫʦʩʪʠʩʪʳʤʠ. ɺ 

ʞʠʚʦʧʠʩʠ ʥʘʰʣʠ ʦʪʨʘʞʝʥʠʷ ʚʩʝ ʬʦʨʤʳ ʵʪʦʡ ʢʫʣʴ-

ʪʫʨʳ (ʪʘʙʣʠʮʘ). ʄʦʱʥʦʝ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʝ ʩʚʷ-

ʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʩʪʨʘʥʘ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʮʝʥʪʨʦʚ 

ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʢʫʣʴʪʫʨʳ ʨʠʩʘ. 

 
ʈʠʩʫʥʦʢ 3 ʅʠʟʢʦʨʦʩʣʳʝ, ʤʝʣʢʦʢʦʣʦʩʳʝ ʬʦʨʤʳ ʬʦʨʤʳ ʷʯʤʝʥʷ: 

ɹʘʡʨʵʡ ʂʦʥʦ, (1844ï1895) ʩʣʝʚʘ; ʂʦʥʦʙʫ ʍʘʩʝʛʘʚʘ (ʘʢʪ.1800) ʩʧʨʘʚʘ. 
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ʗʯʤʝʥʴ ʚ ʢʘʨʪʠʥʘʭ ʷʧʦʥʩʢʠʭ ʭʫʜʦʞʥʠʢʦʚ 

ʚʩʪʨʝʯʘʝʪʩʷ ʜʦʚʦʣʴʥʦ ʯʘʩʪʦ. ʆʥ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʧʨʝʞʜʝ ʚʩʝʛʦ, ʢʘʢ ʢʦʨʤʦʚʘʷ ʢʫʣʴʪʫʨʘ. ɺ ʗʧʦʥʠʠ ʙʦ-

ʣʝʝ ʧʦʣʦʚʠʥʳ ʚʳʩʝʚʘʝʤʦʛʦ ʷʯʤʝʥʷ ʧʨʝʜʩʪʘʚʣʝʥʦ 

ʛʦʣʦʟʝʨʥʳʤʠ ʬʦʨʤʘʤʠ. ʂʘʢ ʚ ʂʠʪʘʝ, ʪʘʢ ʠ ʚ ʗʧʦ-

ʥʠʠ, ʷʯʤʝʥʴ ʚʘʞʥʳʡ ʧʨʦʜʫʢʪ ʜʣʷ ʧʠʪʘʥʠʷ ʚ ʪʝʭ ʨʘʡ-

ʦʥʘʭ, ʛʜʝ ʧʨʦʭʣʘʜʥʦ ʠ ʥʝ ʚʳʟʨʝʚʘʝʪ ʨʠʩ. ɺ ʗʧʦʥʠʠ 

ʚʩʪʨʝʯʘʝʪʩʷ ʥʠʟʢʦʨʦʩʣʳʡ ʷʯʤʝʥʴ Hordeum humile 

Vav. Et. Bacht. ʈʘʟʥʦʚʠʜʥʦʩʪʴ ʵʪʦʛʦ ʧʦʜʚʠʜʘ ʭʘʨʘʢ-

ʪʝʨʠʟʫʝʪʩʷ ʢʘʨʣʠʢʦʚʳʤ ʨʦʩʪʦʤ, ʜʣʠʥʥʦʡ ʬʘʟʦʡ ʨʘʟ-

ʚʠʪʠʷ ʦʪ ʚʩʭʦʜʦʚ ʜʦ ʢʦʣʦʰʝʥʠʷ, ʢʦʨʦʪʢʠʤʠ ʣʠʩʪʴ-

ʷʤʠ, ʢʦʨʦʪʢʠʤʠ ʩʪʨʦʛʦ-ʰʝʩʪʠʛʨʘʥʥʳʤʠ ʢʦʣʦʩʴʷʤʠ, 

ʧʦʣʫʦʩʪʠʩʪʳʤʠ, ʠʥʦʛʜʘ ʙʝʟʦʩʪʳʤʠ ʬʦʨʤʘʤʠ (ʨʠʩʫ-

ʥʦʢ 3). 

ʂʫʢʫʨʫʟʘ ʪʘʢʞʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʘ ʚ ʗʧʦʥʠʠ. ʇʦ 

ʜʘʥʥʳʤ ɽ.ʅ. ʉʠʥʩʢʦʡ çʚ ɺʦʩʪʦʯʥʦʡ ɸʟʠʠ, ʚʝʨʦʷʪʥʦ 

ʦʯʝʥʴ ʜʘʚʥʦ, ʤʦʞʝʪ ʙʳʪʴ ʝʱʝ ʜʦ ʂʦʣʫʤʙʘ, ʨʘʟʚʠ-

ʣʘʩʴ ʦʩʦʙʘʷ ʨʝʮʝʩʩʠʚʥʘʷ ʵʥʜʝʤʠʯʥʘʷ ʛʨʫʧʧʘ ʩʦʨʪʦʚ 

ʚʦʩʢʦʚʠʜʥʦʡ ʢʫʢʫʨʫʟʳ Zea mays ssp. Ceratuna Kule-

sch. ʕʪʦ ʩʚʦʝʦʙʨʘʟʥʘʷ ʬʦʨʤʘ ʢʫʢʫʨʫʟʳ, ʢʦʪʦʨʫʶ ʥʝ-

ʢʦʪʦʨʳʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʩʯʠʪʘʶʪ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʤ 

ʚʠʜʦʤ, ʩ ʚʦʩʢʦʦʙʨʘʟʥʳʤ ʵʥʜʦʩʧʝʨʤʦʤ ʠ ʧʦʥʠʢʣʦʡ 

ʤʝʪʝʣʢʦʡè (ʨʠʩʫʥʦʢ 4).  

 

 

ʈʠʩʫʥʦʢ 4 ʈʘʩʪʝʥʠʝ ʢʫʢʫʨʫʟʳ ʀʪʦ ɼʟʷʢʫʪʶ (1716ï1800) ʩʣʝʚʘ; 

ʧʦʯʘʪʦʢ ʢʫʢʫʨʫʟʳ ʠʟ ʢʥʠʛʠ ʥʘʩʝʢʦʤʳʭ ʂʠʪʘʛʘʚʘ ʋʪʘʤʘʨʦ (1753ï1806), ʩʧʨʘʚʘ. 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʥʘʣʠʟ ʛʨʘʚʶʨ ʷʧʦʥʩʢʠʭ ʭʫ-

ʜʦʞʥʠʢʦʚ ʧʦʟʚʦʣʠʣ ʚʳʜʝʣʠʪʴ ʩʝʤʴ ʟʝʨʥʦʚʳʭ ʢʫʣʴ-

ʪʫʨ, ʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʨʷʜʦʤ ʦʩʦʙʝʥʥʦʩʪʝʡ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʤʫʩʩʦʥʥʳʤ ʢʣʠʤʘʪʦʤ (ʧʰʝʥʠʮʘ, ʷʯ-

ʤʝʥʴ, ʨʠʩ); ʨʠʩ ʠ ʧʨʦʩʦ ʠʤʝʶʪ ʩʚʦʠ ʵʥʜʝʤʠʯʥʳʝ 

ʬʦʨʤʳ, ʪ.ʢ. ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤʠ ʢʫʣʴʪʫʨʘʤʠ ʜʣʷ 

ʘʟʠʘʪʩʢʦʛʦ ʮʝʥʪʨʘ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʨʘʩʪʝʥʠʡ, ʠʥʪʝ-

ʨʝʩʥʦ ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʫʢʫʨʫʟʘ, ʢʦʪʦʨʘʷ ʩʬʦʨʤʠʨʦ-

ʚʘʣʘ ʩʚʦʡ ʦʪʜʝʣʴʥʳʡ ʧʦʜʚʠʜ. ʇʨʦʩʪʦʪʘ ʠ ʣʝʛʢʦʩʪʴ 

ʚʦʩʧʨʠʷʪʠʷ ʷʧʦʥʩʢʦʡ ʛʨʘʚʶʨʳ ʜʝʣʘʝʪ ʝʝ ʫʥʠʢʘʣʴ-

ʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʠ ʜʣʷ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ. ʉʦʟʜʘʥ-

ʥʘʷ ʙʘʟʘ ʦʙʨʘʟʦʚ ʧʦʟʚʦʣʷʝʪ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʠʩʧʦʣʴ-

ʟʦʚʘʪʴ ʝʝ ʢʘʢ ʚ ʫʯʝʙʥʳʭ, ʪʘʢ ʠ ʥʘʫʯʥʳʭ ʮʝʣʷʭ ʧʦ ʠʩ-

ʪʦʨʠʠ ʠ ʘʨʭʝʦʛʝʥʝʪʠʢʠ ʘʛʨʦʢʫʣʴʪʫʨ. 
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ɻʠʣʘʞʦʚ ɽʩʝʥʛʘʣʠ ɻʠʣʘʞʦʚʠʯ 

ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, 

ʛʣʘʚʥʳʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ ʣʘʙʦʨʘʪʦʨʠʠ ʠʥʞʝʥʝʨʥʦʛʦ ʧʨʦʬʠʣʷ çʅʝʬʪʝʭʠʤʠʷè,  

ʅɸʆ çɸʪʳʨʘʫʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʥʝʬʪʠ ʠ ʛʘʟʘ ʠʤʝʥʠ ʉ. ʋʪʝʙʘʝʚʘè, 

ʛ.ɸʪʳʨʘʫ, ʂʘʟʘʭʩʪʘʥ, 

ɸʨʦʥʦʚʘ ɸʢʙʦʪʘ ɸʨʦʥʢʳʟʳ 

ʤʘʛʠʩʪʨ ʪʝʭʥʠʢʠ ʠ ʪʝʭʥʦʣʦʛʠʡ,  

ʤʣʘʜʰʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ ʣʘʙʦʨʘʪʦʨʠʠ ʠʥʞʝʥʝʨʥʦʛʦ ʧʨʦʬʠʣʷ çʅʝʬʪʝʭʠʤʠʷè,  

ʅɸʆ çɸʪʳʨʘʫʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʥʝʬʪʠ ʠ ʛʘʟʘ ʠʤʝʥʠ ʉ. ʋʪʝʙʘʝʚʘè, 

ʛ.ɸʪʳʨʘʫ, ʂʘʟʘʭʩʪʘʥ, 
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PHYSICO-MECHANICAL PROPERTIES OF STRENGTHENED LIGHT DUSTY LOAM BASED ON 

OIL SLUDGE FROM THE çKYRYKMYLYKè FIELD  

 

ɸʥʥʦʪʘʮʠʷ 

ɸʚʪʦʨʘʤʠ ʦʧʨʝʜʝʣʝʥʳ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʥʝʬʪʠ ʚ ʩʦʩʪʘʚʝ ʥʝʬʪʝʰʣʘʤʘ ʩ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʥʝʬʪʠ çʂʳʨʳʢʤʳʣʪʳʢè. ʀʟʫʯʝʥʳ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʚʳʜʝʣʝʥʥʳʭ 

ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʠʟ ʥʝʬʪʝʰʣʘʤʘ. ʈʘʟʨʘʙʦʪʘʥʳ 5 ʥʦʚʳʭ ʨʝʮʝʧʪʫʨ ʩʦʩʪʘʚʘ ʜʣʷ ʫʢʨʝʧʣʝʥʠʷ ʛʨʫʥʪʦʚ ʥʘ ʦʩʥʦʚʝ 

ʥʝʬʪʝʰʣʘʤʘ ʩ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʥʝʬʪʠ çʂʳʨʳʢʤʳʣʪʳʢè. ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʷ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʫʢʨʝʧ-

ʣʝʥʥʳʝ ʛʨʫʥʪʳ ʠʤʝʶʪ ʧʨʦʯʥʦʩʪʠ ʄ20 ʠ ʄ10. ʈʝʢʦʤʝʥʜʦʚʘʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʦʚʳʝ ʫʢʨʝʧʣʝʥʥʳʝ ʩʦʩʪʘʚ r

ʛʨʫʥʪʦʚ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʛʨʫʥʪʦʚʦʡ ʜʦʨʦʛʠ ʥʘ ʥʠʞʥʝʤ ʩʣʦʝ ʦʩʥʦʚʘʥʠʡ ʠʣʠ ʚ ʢʘʯʝʩʪʚʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ 

ʩʣʦʷ ʦʩʥʦʚʘʥʠʷ ʜʣʷ III , IV, V ʢʘʪʝʛʦʨʠʡ ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʜʦʨʦʛʠ.  

Abstract 

The authors determined the quantitative content of oil hydrocarbons in the oil sludge from the çKyrykmyltykè 

oil field. The physico-chemical characteristics of the separated hydrocarbons from oil sludge were studied. 5 new 

formulations have been developed for strengthening soils based on oil sludge from the çKyrykmyltykè oil field. 

The test results showed that reinforced soils have strengths of M20 and M10. It is recommended to use new 

reinforced soil compositions in the construction of a dirt road on the lower base layer or as an additional base 

layer for the III, IV, V categories of the road. 
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ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʅʝʬʪʝʰʣʘʤ, ʫʛʣʝʚʦʜʦʨʦʜʳ, ʫʨʦʚʝʥʴ ʟʘʛʨʷʟʥʝʥʠʷ, ʥʝʬʪʝʭʠʤʠʯʝʩʢʦʝ ʟʘʛʨʷʟʥʝʥʠʝ, 

ʣʝʛʢʠʝ ʧʳʣʝʚʘʪʳʝ ʩʫʛʣʠʥʢʠ, ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʥʝʬʪʠ, ʫʢʨʝʧʣʝʥʠʝ. 

Key words: Oil sludge, hydrocarbons, pollution level, petrochemical pollution, light dusty loams, oil fields, 

strengthening. 

 

ɺʚʝʜʝʥʠʝ. ʇʨʝʜʧʨʠʷʪʠʷ ʥʝʬʪʝʜʦʙʳʚʘʶʱʝʡ ʠ 

ʥʝʬʪʝʧʝʨʝʨʘʙʘʪʳʚʘʶʱʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʷʚʣʷ-

ʶʪʩʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʟʘʛʨʷʟʥʝʥʠʷ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ɼʣʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʥʘ ʩʝ-

ʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʚʩʝ ʙʦʣʴʰʫʶ ʚʘʞʥʦʩʪʴ ʩ ʵʢʦʣʦʛʠ-

ʯʝʩʢʦʡ ʠ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʨʠʦʙʨʝʪʘʶʪ 

ʧʨʦʮʝʩʩʳ ʨʝʮʠʨʢʫʣʷʮʠʠ ʧʨʠʨʦʜʥʳʭ ʙʦʛʘʪʩʪʚ. 

ʅʝʬʪʴ ʠ ʥʝʬʪʝʧʨʦʜʫʢʪʳ, ʧʦʧʘʚʰʠʝ ʚ ʦʢʨʫʞʘʶʱʫʶ 

ʩʨʝʜʫ ʚ ʨʝʟʫʣʴʪʘʪʝ ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʡ ʧʨʠ ʜʦ-

ʙʳʯʝ, ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ, ʭʨʘʥʝʥʠʠ ʠ ʧʝʨʝʨʘʙʦʪʢʝ, 

ʷʚʣʷʶʪʩʷ ʧʨʠʯʠʥʦʡ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʵʢʦʣʦʛʠʯʝ-

ʩʢʠʭ ʧʨʦʙʣʝʤ. ʉʦʩʪʘʚ ʠ ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʦʪʨʘ-

ʙʦʪʘʥʥʳʭ ʠ ʟʘʛʨʷʟʥʝʥʥʳʭ ʥʝʬʪʝʡ, ʢʦʪʦʨʳʝ ʦʙʳʯʥʦ 

ʥʘʟʳʚʘʶʪ ʧʨʦʩʪʦ - ʥʝʬʪʝʰʣʘʤʳ, ʤʦʛʫʪ ʚʘʨʴʠʨʦ-

ʚʘʪʴʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʩʪʦʯʥʠʢʘ [1].  

ʅʝʬʪʝʰʣʘʤʳ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ 

ʦʧʘʩʥʳʭ ʟʘʛʨʷʟʥʠʪʝʣʝʡ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʭ ʢʦʤʧʦ-

ʥʝʥʪʦʚ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ - ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʠ ʧʦʜ-

ʟʝʤʥʳʭ ʚʦʜ, ʧʦʯʚʝʥʥʦ-ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ, ʘʪ-

ʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ. ɺʘʞʥʳʤ ʦʙʲʝʜʠʥʷʶʱʠʤ ʬʘʢ-

ʪʦʨʦʤ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʚʩʝ ʥʝʬʪʝʰʣʘʤʳ ʩʦʜʝʨʞʘʪ 

ʢʘʢ ʚʦʜʫ, ʪʘʢ ʠ ʪʚʸʨʜʳʝ ʧʨʠʤʝʩʠ. ʅʝʙʣʘʛʦʧʨʠʷʪʥʦʝ 

ʚʦʟʜʝʡʩʪʚʠʝ ʥʝʬʪʝʰʣʘʤʦʚ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʧʨʠ-

ʨʦʜʥʫʶ ʩʨʝʜʫ ʠ ʥʝʚʦʟʦʙʥʦʚʣʷʝʤʦʩʪʴ ʫʛʣʝʚʦʜʦʨʦʜ-

ʥʦʛʦ ʩʳʨʴʷ ʜʝʣʘʶʪ ʚʦʧʨʦʩ ʧʝʨʝʨʘʙʦʪʢʠ ʦʪʭʦʜʦʚ 

ʚʝʩʴʤʘ ʘʢʪʫʘʣʴʥʳʤ. ʉʫʱʝʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ ʩʧʦ-

ʩʦʙʳ ʧʝʨʝʨʘʙʦʪʢʠ ʠ ʫʪʠʣʠʟʘʮʠʠ ʥʝʬʪʝʰʣʘʤʦʚ ʩ ʧʦ-

ʤʦʱʴʶ ʤʝʭʘʥʠʯʝʩʢʠʭ, ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ, ʭʠʤʠ-

ʯʝʩʢʠʭ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ. ʇʨʠ ʚʳʙʦʨʝ ʩʧʦ-

ʩʦʙʘ ʫʪʠʣʠʟʘʮʠʠ ʧʨʠʦʨʠʪʝʪ ʚ ʦʩʥʦʚʥʦʤ ʦʪʜʘʝʪʩʷ 

ʩʧʦʩʦʙʘʤ, ʥʘʧʨʘʚʣʝʥʥʳʤ ʥʘ ʠʟʚʣʝʯʝʥʠʝ ʠʟ 

ʥʝʬʪʝʰʣʘʤʦʚ ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʩʳʨʴʷ [2]. 

ɺ ʩʘʤʦʤ ʦʙʱʝʤ ʚʠʜʝ ʚʩʝ ʥʝʬʪʝʰʣʘʤʳ ʤʦʛʫʪ 

ʙʳʪʴ ʨʘʟʜʝʣʝʥʳ ʥʘ ʪʨʠ ʦʩʥʦʚʥʳʝ ʛʨʫʧʧʳ ʚ ʩʦʦʪʚʝʪ-

ʩʪʚʠʠ ʩ ʫʩʣʦʚʠʷʤʠ ʠʭ ʦʙʨʘʟʦʚʘʥʠʷ: ʛʨʫʥʪʦʚʳʝ, ʧʨʠ-

ʜʦʥʥʳʝ ʠ ʨʝʟʝʨʚʫʘʨʥʦʛʦ ʪʠʧʘ. ʇʝʨʚʳʝ ʦʙʨʘʟʫʶʪʩʷ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʣʠʚʦʚ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʥʘ ʧʦʯʚʫ ʚ ʧʨʦ-

ʮʝʩʩʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʦʧʝʨʘʮʠʡ, ʣʠʙʦ ʧʨʠ ʘʚʘʨʠʡ-

ʥʳʭ ʩʠʪʫʘʮʠʷʭ. ʇʨʠʜʦʥʥʳʝ ʰʣʘʤʳ ʦʙʨʘʟʫʶʪʩʷ ʟʘ 

ʩʯʝʪ ʦʩʝʜʘʥʠʷ ʥʝʬʪʝʨʘʟʣʠʚʦʚ ʥʘ ʜʥʦ ʚʦʜʦʝʤʦʚ, ʘ 

ʥʝʬʪʝʰʣʘʤʳ ʨʝʟʝʨʚʫʘʨʥʦʛʦ ʪʠʧʘ ï ʧʨʠ ʭʨʘʥʝʥʠʠ ʠ 

ʧʝʨʝʚʦʟʢʝ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʚ ʝʤʢʦʩʪʷʭ ʨʘʟʥʦʡ ʢʦʥ-

ʩʪʨʫʢʮʠʠ. 

ʇʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʨʘʟʣʠʯʥʳʭ ʧʨʠʨʦʜʥʳʭ ʬʘʢ-

ʪʦʨʦʚ ʥʝʬʪʷʥʦʝ ʧʷʪʥʦ ʤʦʞʝʪ ʫʚʝʣʠʯʠʚʘʪʴʩʷ, ʠʩʧʘ-

ʨʷʪʴʩʷ, ʫʩʚʘʠʚʘʪʴʩʷ ʞʠʚʳʤʠ ʦʨʛʘʥʠʟʤʘʤʠ, ʘ ʪʘʢʞʝ 

ʧʦʜʚʝʨʛʘʪʴʩʷ ʨʘʟʣʠʯʥʳʤ ʭʠʤʠʯʝʩʢʠʤ ʧʨʝʚʨʘʱʝ-

ʥʠʷʤ [3-4].  

ɿʥʘʯʠʪʝʣʴʥʫʶ ʯʘʩʪʴ ʦʪʭʦʜʦʚ, ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ 

ʥʘ ʥʝʬʪʝʧʝʨʝʨʘʙʘʪʳʚʘʶʱʠʭ ʟʘʚʦʜʘʭ, ʥʝ ʠʩʧʦʣʴ-

ʟʫʶʪ, ʠʭ ʩʦʙʠʨʘʶʪ ʚ ʥʘʢʦʧʠʪʝʣʷʭ, ʚʳʚʦʟʷʪ ʚ ʦʪ-

ʚʘʣʳ, ʨʘʟʤʝʱʘʶʪ ʥʘ ʧʦʣʠʛʦʥʘʭ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʟʘ-

ʛʨʷʟʥʝʥʠʶ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʉʞʠʛʘʥʠʝ ʥʝʬʪʷ-

ʥʳʭ ʰʣʘʤʦʚ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ 

ʩʧʦʩʦʙʦʤ. ʐʣʘʤʳ ʩʞʠʛʘʶʪ ʚ ʧʝʯʘʭ ʨʘʟʣʠʯʥʦʡ ʢʦʥ-

ʩʪʨʫʢʮʠʠ: ʩ ʢʠʧʷʱʠʤ ʠʣʠ ʧʝʥʥʳʤ ʩʣʦʝʤ, ʙʘʨʘʙʘʥ-

ʥʳʭ, ʚʨʘʱʘʶʱʠʭʩʷ, ʢʘʤʝʨʥʳʭ, ʮʠʢʣʦʥʥʳʭ ʪʦʧʢʘʭ ʠ 

ʜʨ.  

ɸʚʪʦʨʘʤʠ [5] ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘʠʙʦʣʝʝ ʨʘʮʠʦ-

ʥʘʣʴʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʝʬʪʷʥʦʛʦ 

ʰʣʘʤʘ ʚ ʢʘʯʝʩʪʚʝ ʘʢʪʠʚʘʪʦʨʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʠʥʝ-

ʨʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʛʦʨʷʯʠʭ, ʭʦʣʦʜ-

ʥʳʭ ʯʝʨʥʦʱʝʙʝʥʦʯʥʳʭ ʩʤʝʩʝʡ, ʘ ʪʘʢʞʝ ʫʩʪʨʦʡʩʪʚʘ 

ʰʝʨʦʭʦʚʘʪʳʭ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʦʙʨʘʙʦʪʦʢ ʩ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʝʤ ʢʘʤʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʟʘʚʝʜʦʤʦ ʩʣʘʙʳʤ 

ʩʮʝʧʣʝʥʠʝʤ ʩ ʚʷʞʫʱʠʤ. ʇʨʝʜʣʦʞʝʥʦ ʧʨʠʤʝʥʝʥʠʶ 

ʢʦʤʧʣʝʢʩʥʳʭ ʩʠʩʪʝʤ ʜʣʷ ʟʘʯʠʩʪʢʠ ʨʝʟʝʨʚʫʘʨʦʚ ʠ 

ʥʝʬʪʝʰʣʘʤʦʚ [6]. ʀʟʫʯʝʥʦ ʚʦʟʤʦʞʥʦʩʪʝʡ ʧʨʠʤʝʥʝ-

ʥʠʷ ʥʝʬʪʷʥʦʛʦ ʰʣʘʤʘ ʚ ʢʘʯʝʩʪʚʝ ʚʪʦʨʠʯʥʦʛʦ ʩʳʨʴʷ 

[7]. 

 ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʜʘʥʥʳʭ 

ʚʠʜʥʦ, ʯʪʦ ʥʝʬʪʝʩʦʜʝʨʞʘʱʠʝ ʦʪʭʦʜʳ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʯʨʝʟʚʳʯʘʡʥʫʶ ʦʧʘʩʥʦʩʪʴ ʜʣʷ ʧʨʠʨʦʜʥʳʭ ʩʠʩʪʝʤ. 

ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ ʩʪʨʦʛʦ ʢʦʥʪʨʦʣʠ-

ʨʦʚʘʪʴ ʩʦʜʝʨʞʘʥʠʝ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʚ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʝ, ʘ ʧʨʠ ʨʘʟʤʝʱʝʥʠʠ ʪʘʢʠʭ ʦʪʭʦʜʦʚ ʦʩʦʙʦʝ ʚʥʠ-

ʤʘʥʠʝ ʫʜʝʣʷʪʴ ʩʦʜʝʨʞʘʥʠʶ ʪʘʢʠʭ ʪʦʢʩʠʯʥʳʭ ʢʦʤ-

ʧʦʥʝʥʪʦʚ, ʢʘʢ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʝ, ʧʦʣʠʘʨʦʤʘʪʠʯʝ-

ʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ, ʠʦʥʳ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ. ɸʥʘʣʠʟ 

ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʧʦʢʘʟʘʣ, ʯʪʦ ʥʝʬʪʝʩʦʜʝʨʞʘ-

ʱʠʝ ʦʪʭʦʜʳ (ʥʝʬʪʝʰʣʘʤ) ʷʚʣʷʶʪʩʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚ-

ʥʳʭ ʬʘʢʪʦʨʦʚ ʟʘʛʨʷʟʥʝʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʦʙ-

ʣʘʜʘʶʱʠʭ ʪʦʢʩʠʯʥʦʩʪʴʶ ʠ ʢʘʥʮʝʨʦʛʝʥʥʦʩʪʴʶ, ʯʪʦ 

ʪʨʝʙʫʶʪ ʨʘʟʨʘʙʦʪʢʠ ʢʦʤʧʣʝʢʩʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠʭ 

ʦʙʝʟʚʨʝʞʠʚʘʥʠʷ.  

ʅʘʤʠ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ, ʩ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʠ 

ʫʢʨʝʧʣʝʥʠʷ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʩʣʘʙʳʭ (ʧʳʣʝʚʘ-

ʪʳʭ ʠ ʪʷʞʝʣʳʭ ʧʳʣʝʚʘʪʳʭ) ʛʨʫʥʪʦʚ ɸʪʳʨʘʫʩʢʦʡ ʦʙ-

ʣʘʩʪʠ, ʠʟʫʯʝʥʳ ʚʷʞʫʱʠʝ ʩʚʦʡʩʪʚʘ ʦʪʭʦʜʦʚ ʥʝʬʪʝʛʘ-

ʟʦʜʦʙʳʯʠ [8,9]. 

ʄʝʪʦʜʳ. ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʚ̫ʣʷʝʪʩʷ 

ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʩʦʩʪʘʚʦʚ ʫʢʨʝʧʣʝʥʥʳʭ ʛʨʫʥʪʦʚ ʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʷʞʫʱʝʛʦ (ʦʨʛʘʥʠʯʝʩʢʦʛʦ) ʩʚʦʡʩʪʚʘ 

ʥʝʬʪʝʰʣʘʤʘ ʩ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʥʝʬʪʠ çʂʳʨʳʢʤʳʣ-

ʪʳʢè. 

ʆʙʲʝʢʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʣʠʩʴ 

ʥʝʬʪʝʰʣʘʤʳ ʩ ʤʝʩʪʦʨʦʞʜʝʥʠʷ çʂʳʨʳʢʤʳʣʪʳʢè. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʩʪʘʚʘ ʥʝʬʪʝʰʣʘʤʦʚ ʤʝʪʦʜʳ ʠʩ-

ʩʣʝʜʦʚʘʥʠʷ ʚʳʙʠʨʘʣʠʩʴ, ʠʩʭʦʜʷ ʠʟ ʧʦʩʪʘʥʦʚʢʠ ʨʝ-

ʰʘʝʤʳʭ ʟʘʜʘʯ, ʩ ʫʯʝʪʦʤ ʦʩʦʙʝʥʥʦʩʪʝʡ ʠʩʩʣʝʜʫʝʤʳʭ 

ʦʙʲʝʢʪʦʚ ʠ ʚʢʣʶʯʘʶʪ: ʵʢʩʪʨʘʢʮʠʶ ʦʪʭʦʜʦʚ ʦʨʛʘʥʠ-

ʯʝʩʢʠʤʠ ʨʘʩʪʚʦʨʠʪʝʣʷʤʠ, ʘʥʘʣʠʟ ʩʦʩʪʘʚʘ ʠ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢʠ ʥʝʬʪʠ ʠʟ ʥʝʬʪʝʰʣʘʤʘ ʠʩʩʣʝʜʦʚʘʣʠ ʨʘʟʣʠʯ-

ʥʳʤʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʚ ʩʦʦʪʚʝʪ-

ʩʪʚʠʠ ɻʆʉʊʦʤ ʜʣʷ ʥʝʬʪʠ ʠ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ.  

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩ-

ʩʣʝʜʦʚʘʥʠʷ ʦʧʨʝʜʝʣʝʥʦ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʩʦʜʝʨʞʘ-

ʥʠʝ ʩʦʩʪʘʚ ʥʝʬʪʝʰʣʘʤʘ, ʦʥ ʩʦʩʪʦʠʪ ʠʟ 7,25% ʤʝʭʘ-

ʥʠʯʝʩʢʠʭ ʧʨʠʤʝʩʝʡ (ʧʝʩʦʢ), 28% ʚʦʜʳ ʠ ʠʟ ʫʛʣʝʚʦ-

ʜʦʨʦʜʦʚ ʥʝʬʪʠ. ʀʟʫʯʝʥʳ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʚʳʜʝʣʝʥʥʳʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʠʟ 

ʥʝʬʪʝʰʣʘʤʘ: ʧʣʦʪʥʦʩʪʴ; ʩʦʜʝʨʞʘʥʠʝ ʭʣʦʨʠʩʪʳʭ ʩʦ-

ʣʝʡ; ʬʨʘʢʮʠʦʥʥʳʡ ʩʦʩʪʘʚ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʫʛʣʝʚʦ-

ʜʦʨʦʜʦʚ ʥʝʬʪʠ ʠʟ ʥʝʬʪʝʰʣʘʤʘ ʩ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʥʝʬʪʠ çʂʳʨʳʢʤʳʣʪʳʢè ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʪʘʙʣʠʮʝ 1. 
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ʊʘʙʣʠʮʘ 1 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʝʬʪʠ ʠʟ ʥʝʬʪʝʰʣʘʤʘ ʩ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʥʝʬʪʠ çʂʳʨʳʢʤʳʣʪʳʢè 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʇʦʢʘʟʘʪʝʣʠ 

ʇʣʦʪʥʦʩʪʴ, ɟ4
20, ʛ/ʩʤ3  

ʉʦʜʝʨʞʘʥʠʝ ʭʣʦʨʠʩʪʳʭ ʩʦʣʝʡ ʤʛ/ʣ  

ʌʨʘʢʮʠʦʥʥʳʡ ʩʦʩʪʘʚ ʧʦ ɻʆʉʊ 2177-82  

ʅʘʯʘʣʦ ʢʠʧʝʥʠʷ, 0ʉ  

ʜʦ 230 0ʉ  

ʜʦ 240 0ʉ  

ʜʦ 250 0ʉ  

ʜʦ 260 0ʉ  

ʜʦ 270 0ʉ  

ʜʦ 280 0ʉ  

ʜʦ 2900ʉ  

ʆʙʱʠʡ ʚʳʭʦʜ ʜʦ 300 0ʉ  

 ʆʩʪʘʪʦʢ ʠ ʧʦʪʝʨʠ  

0,9011  

3975,0  

 

220  
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12,0  

17,0  

83,0  

 

ʅʘʤʠ ʨʘʟʨʘʙʦʪʘʥʳ 5 ʨʝʮʝʧʪʫʨ ʩʦʩʪʘʚʘ ʜʣʷ 

ʫʢʨʝʧʣʝʥʠʷ ʣʝʛʢʠʭ ʧʳʣʝʚʘʪʳʭ ʩʫʛʣʠʥʢʦʚ ʥʘ ʦʩʥʦʚʝ 

ʥʝʬʪʝʰʣʘʤʘ ʩ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʥʝʬʪʠ çʂʳʨʳʢʤʳʣ-

ʪʳʢè ʜʣʷ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʠʩʧʳʪʘʥʠʷ. ɺ ʪʘʙʣʠʮʝ 2 ʠ 

ʥʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʠʘʛʨʘʤʤ ʨʝʮʝʧʪʫʨʳ 

ʥʝʬʪʝʰʣʘʤʘ ʩ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʥʝʬʪʠ çʂʳʨʳʢʤʳʣ-

ʪʳʢè ʜʣʷ ʫʢʨʝʧʣʝʥʠʷ ʛʨʫʥʪʦʚ.  

ʊʘʙʣʠʮʘ 2 

ʈʝʮʝʧʪʫʨʘ ʩʦʩʪʘʚʘ ʜʣʷ ʫʢʨʝʧʣʝʥʠʷ ʛʨʫʥʪʦʚ ʥʘ ʦʩʥʦʚʝ ʥʝʬʪʝʰʣʘʤʘ ʩ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʥʝʬʪʠ çʂʳ-

ʨʳʢʤʳʣʪʳʢè 

ˉ ɻʨʫʥʪ, % ʀʟʚʝʩʪʴ, % ʎʝʤʝʥʪ, % ʅʝʬʪʝʰʣʘʤ ʩ ʤʝ-

ʩʪʦʨʞʜʝʥʠʷ ʥʝʬʪʠ 

çʂʳʨʳʢʤʳʣʪʳʢè, % 

ɺʦʜʘ, % 

ʃʘʙ. ˉ ʨʝʮʝʧ-

ʪʫʨʳ 

ʃʝʛʢʠʝ ʧʳʣʝʚʘ-

ʪʳʝ ʩʫʛʣʠʥʢʠ 

2/11 88,6 8,4 - 3,0 14,0 

2/12 88,0 6,0 - 6,0 12,0 

2/13 80,0 4,0 10,0 6,0 17,0 

2/14 83,0 4,0 6,0 7,0 17,4 

2/15 83,0 3,0 6,0 8,0 17,6 

 

ʃʘʙʦʨʘʪʦʨʥʳʝ ʠʩʧʳʪʘʥʠʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʬʠ-

ʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʫʢʨʝʧʣʝʥʥʦʛʦ ʛʨʫʥʪʘ 

ʥʘ ʦʩʥʦʚʝ ʥʝʬʪʝʰʣʘʤʘ ʩ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʥʝʬʪʠ 

çʂʳʨʳʢʤʳʣʪʳʢè, ʧʨʦʚʦʜʠʣʠ ʚ ʘʢʢʨʝʜʠʪʦʚʘʥʥʦʤ 

ʠʩʧʳʪʘʪʝʣʴʥʦʤ ʣʘʙʦʨʘʪʦʨʠʠ ʜʦʨʦʞʥʦ-ʩʪʨʦʠʪʝʣʴ-

ʥʦʡ ʦʨʛʘʥʠʟʘʮʠʡ ʊʆʆ çREAL WAYè. 

 
ʈʠʩʫʥʦʢ 1 ɼʠʘʛʨʘʤʤʘ ʨʝʮʝʧʪʫʨʳ ʥʝʬʪʝʰʣʘʤʘ ʩ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʥʝʬʪʠ çʂʳʨʳʢʤʳʣʪʳʢè  

ʩ ʩʫʧʝʩʯʘʥʦʛʦ ʛʣʠʥʠʩʪʦʛʦ ʛʨʫʥʪʘ 

 

ʇʨʠ ʣʘʙʦʨʘʪʦʨʥʦʤ ʠʩʧʳʪʘʥʠʷ ʬʠʟʠʢʦ-ʤʝʭʘʥʠ-

ʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʫʢʨʝʧʣʝʥʥʦʛʦ ʛʨʫʥʪʘ ʥʘ ʦʩʥʦʚʝ 

ʥʝʬʪʝʰʣʘʤʘ ʩ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʥʝʬʪʠ çʂʳʨʳʢʤʳʣ-

ʪʳʢè, ʦʧʨʝʜʝʣʷʣʠ ʩʣʝʜʫʶʱʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: 

ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʩʞʘʪʠʠ ʚʦʜʦʥʘʩʳʱʝʥʥʳʭ ʦʙʨʘʟʮʦʚ 

ʧʨʠ 200ʉ, ʄʧʘ ʯʝʨʝʟ 28 ʩʫʪʦʢ, ʤʘʨʢʘ ʧʨʦʯʥʦʩʪʠ ʠ 

ʤʦʜʫʣʴʥʘʷ ʥʘʛʨʫʟʢʘ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʷ ʧʨʝʜ-
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ʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 3. ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʷ (ʪʘʙ-

ʣʠʮʘ 3) ʧʦʢʘʟʘʣʠ, ʯʪʦ ʫʢʨʝʧʣʝʥʥʳʡ ʛʨʫʥʪ ʥʘ ʦʩʥʦʚʝ 

ʥʝʬʪʝʰʣʘʤʘ ʩ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʥʝʬʪʠ çʂʳʨʳʢʤʳʣ-

ʪʳʢè ʠʤʝʝʪ ʧʨʦʯʥʦʩʪʠ ʄ20 ʠ ʄ10. ʊʘʢʠʝ ʛʨʫʥʪʳ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʪʨʦʠʪʝʣʴʥʦʡ ʥʦʨʤʳ ʉʅ 24-75 [10] ʠ 

ʩʪʘʥʜʘʨʪʘ ʉʊʈʂ 973-2015 [11] ʨʝʢʦʤʝʥʜʫʶʪʩʷ ʠʩ-

ʧʦʣʴʟʦʚʘʪʴ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʛʨʫʥʪʦʚʦʡ ʜʦʨʦʛʠ ʥʘ 

ʥʠʞʥʝʤ ʩʣʦʝ ʦʩʥʦʚʘʥʠʡ ʠʣʠ ʚ ʢʘʯʝʩʪʚʝ ʜʦʧʦʣʥʠ-

ʪʝʣʴʥʦʛʦ ʩʣʦʷ ʦʩʥʦʚʘʥʠʷ ʜʣʷ III, IV, V ʢʘʪʝʛʦʨʠʡ ʘʚ-

ʪʦʤʦʙʠʣʴʥʦʡ ʜʦʨʦʛʠ. 

ʊʘʙʣʠʮʘ 3 

ʌʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʫʢʨʝʧʣʝʥʥʦʛʦ ʛʨʫʥʪʘ ʥʘ ʦʩʥʦʚʝ ʥʝʬʪʝʰʣʘʤʘ ʩ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʥʝʬʪʠ çʂʳʨʳʢʤʳʣʪʳʢè 

ˉ 

ʧ.ʧ 

ɼʘʪʘ ʠʩʧʳ-

ʪʘʥʠʷ 

ʃʘʙ. ˉ ʨʝ-

ʮʝʧʪʫʨʳ 

ʇʨʦʯʥʦʩʪʠ ʧʨʠ ʩʞʘʪʠʠ ʚʦʜʦʥʘʩʳ-

ʱʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʧʨʠ 200ʉ, ʄʧʘ 

ʯʝʨʝʟ 28 ʩʫʪʦʢ 

ʄʘʨʢʘ 

ʧʨʦʯʥʦʩʪʠ 

ʄʦʜʫʣʴʥʘʷ 

ʥʘʛʨʫʟʢʘ, ʄʧʘ 

1 03.06.2019ʛ 2/11 2,15 ʄ-20 250 

2 03.06.2019ʛ 2/12 1,85 ʄ-10 - 

3 03.06.2019ʛ 2/13 3,17 ʄ-20 250 

4 03.06.2019ʛ 2/14 2,40 ʄ-20 250 

5 03.06.2019ʛ 2/15 2,32 ʄ-10 - 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʥʦʚʳʡ ʵʢʦʣʦʛʠ-

ʯʝʩʢʠ ʙʝʟʦʧʘʩʥʳʡ ʩʧʦʩʦʙ ʫʪʠʣʠʟʘʮʠʠ ʥʝʬʪʝʰʣʘʤʘ 

ʩ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʥʝʬʪʠ çʂʳʨʳʢʤʳʣʪʳʢè ʩ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʝʤ ʠʭ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʛʨʫʥʪʦʚʦʡ ʜʦʨʦʛʠ ʥʘ 

ʥʠʞʥʝʤ ʩʣʦʝ ʦʩʥʦʚʘʥʠʡ ʠʣʠ ʚ ʢʘʯʝʩʪʚʝ ʜʦʧʦʣʥʠ-

ʪʝʣʴʥʦʛʦ ʩʣʦʷ ʦʩʥʦʚʘʥʠʷ ʜʣʷ III, IV, V ʢʘʪʝʛʦʨʠʡ ʘʚ-

ʪʦʤʦʙʠʣʴʥʦʡ ʜʦʨʦʛʠ.  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʚ ʨʘʤʢʘʭ ʬʠʥʘʥʩʠʨʫ-

ʝʤʦʛʦ ʛʨʘʥʪʘ ʄʆʅ ʈʂ ˉ BRO5236302, ʇʎʌ ʥʘ 

2018-2020 ʛʛ. 
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USING UNMANNED AERIAL VEHICLE OPTICAL SYSTEMS FOR ENVIRONMENTAL 

MONITORING IN THE ARCTIC CONDITIONS  

 

ɸʥʥʦʪʘʮʠʷ 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʧʨʦʩʳ ʵʢʩʧʣʫʘʪʘʮʠʠ ʙʝʩʧʠʣʦʪʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ ʚ ʩʠʩʪʝʤʝ 

ʤʦʥʠʪʦʨʠʥʛʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ɸʨʢʪʠʯʝʩʢʦʛʦ ʨʝʛʠʦʥʘ, ʦʧʠʩʳʚʘʝʪʩʷ ʠ ʦʙʦʩʥʦʚʳʚʘʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ 

ʬʣʫʦʨʝʩʮʝʥʪʥʳʭ ʣʠʜʘʨʦʚ ʠ ʢʘʤʝʨ ʤʠʢʨʦʙʦʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʪʠʧʘ, ʧʦʜʭʦʜʷʱʠʭ ʜʣʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ ʘʨʢʪʠ-

ʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ. 

Abstract 

The article deals with the operation of unmanned aerial vehicles in the Arctic environmental monitoring 

system, describes and substantiates the use of fluorescent lidars and microbolometer-type cameras suitable for 

operation in the Arctic conditions. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʦʥʠʪʦʨʠʥʛ, ɸʨʢʪʠʢʘ, ʙʝʩʧʠʣʦʪʥʳʡ ʣʝʪʘʪʝʣʴʥʳʡ ʘʧʧʘʨʘʪ, ʣʠʜʘʨ, ʠʥʬʨʘʢʨʘʩʥʦʝ 

ʠʟʣʫʯʝʥʠʝ. 

Key words: monitoring, Arctic, unmanned aerial vehicle, lidar, infrared radiation. 

 

ʄʦʥʠʪʦʨʠʥʛ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ɸʨʢʪʠʯʝ-

ʩʢʦʛʦ ʨʝʛʠʦʥʘ ʩʦʜʝʨʞʠʪ ʚ ʩʝʙʝ ʚʘʞʥʫʶ ʥʘʫʯʥʫʶ ʩʦ-

ʩʪʘʚʣʷʶʱʫʶ, ʢʦʪʦʨʘʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʟʫʯʝʥʠʠ ʩʠ-

ʩʪʝʤʘʪʠʯʝʩʢʠʭ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ, ʛʠʜʨʦʣʦʛʠʯʝ-

ʩʢʠʭ, ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠ ʜʨʫʛʠʭ ʥʘʙʣʶʜʝʥʠʡ. 

ʅʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʵʢʩʧʝʜʠʮʠʠ ʧʨʠʚʝʣʠ ʢ ʦʙ-

ʥʘʨʫʞʝʥʠʶ ʚ ɸʨʢʪʠʢʝ ʙʦʣʴʰʠʭ ʟʘʧʘʩʦʚ ʫʛʣʝʚʦʜʦ-

ʨʦʜʦʚ, ʯʪʦ ʚʧʦʩʣʝʜʩʪʚʠʠ ʦʪʨʘʟʠʣʦʩʴ ʥʘ ʩʪʘʪʫʩʝ ʜʘʥ-

ʥʦʛʦ ʨʝʛʠʦʥʘ, ʢʘʢ ʦʛʨʦʤʥʦʛʦ ʥʝʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʨʝ-

ʟʝʨʚʫʘʨʘ ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ. ʆʪʢʨʳʪʠʝ ʟʘʣʝʞʝʡ 

ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʥʘʯʘʣʫ ʨʘʟʚʠʪʠʷ 

ʩʠʩʪʝʤ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʟʘ ʩʦʩʪʦʷ-

ʥʠʝʤ ʧʨʠʨʦʜʥʳʭ ʠ ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʦʙʲʝʢʪʦʚ, ʧʦʜ-

ʚʝʨʞʝʥʥʳʭ ʪʘʢ ʞʝ ʚʦʟʜʝʡʩʪʚʠʶ ʠ ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠ-

ʪʫʘʮʠʡ. ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʧʨʠʤʝʥʝʥʠʝ ʪʘʢʠʭ ʩʠʩʪʝʤ, 

ʢʘʢ ʧʠʣʦʪʠʨʫʝʤʘʷ ʘʚʠʘʮʠʷ ʠ ʩʧʫʪʥʠʢʦʚʦʝ ʥʘʙʣʶʜʝ-

ʥʠʝ ʦʩʥʦʚʳʚʘʣʦʩʴ ʥʘ ʤʦʥʠʪʦʨʠʥʛʝ ʤʝʩʪʥʦʩʪʠ, ʝʝ 

ʢʘʨʪʦʛʨʘʬʠʨʦʚʘʥʠʠ ʠ ʥʝʢʦʪʦʨʳʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠʩ-

ʩʣʝʜʦʚʘʥʠʷʭ. ʉ ʨʘʟʚʠʪʠʝʤ ʦʧʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʩʪʘʣʦ 

ʚʦʟʤʦʞʥʳʤ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʮʝ-

ʣʷʭ ʜʣʷ ʩʝʡʩʤʦʨʘʟʚʝʜʢʠ, ʤʘʛʥʠʪʦʨʘʟʚʝʜʢʠ ʠ ʛʝʦʣʦ-

ʛʠʠ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʝ ʚʥʠʤʘ-

ʥʠʝ ʫʜʝʣʷʶʪ ʪʝʭʥʠʯʝʩʢʦʤʫ ʨʘʟʚʠʪʠʶ ʦʧʪʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤ, ʧʨʠʤʝʥʷʝʤʳʭ ʥʘ ʙʝʩʧʠʣʦʪʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ 

ʘʧʧʘʨʘʪʘʭ (ɹʇʃɸ), ʢʦʪʦʨʳʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʠʣʦ-

ʪʠʨʫʝʤʦʡ ʘʚʠʘʮʠʝʡ, ʩʧʫʪʥʠʢʦʚʳʤ ʥʘʙʣʶʜʝʥʠʝʤ 

[3,4] ʠ ʥʘʟʝʤʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ ʤʦʥʠʪʦʨʠʥʛʘ ʦʙʣʘ-

ʜʘʶʪ ʙʦʣʴʰʝʡ ʩʢʦʨʦʩʪʴʶ ʧʦʣʫʯʝʥʠʷ ʜʘʥʥʳʭ, ʚʳʩʦ-

ʢʦʡ ʪʦʯʥʦʩʪʴʶ ʧʨʦʠʟʚʦʜʠʤʳʭ ʠʟʤʝʨʝʥʠʡ ʠ ʛʦʨʘʟʜʦ 

ʤʝʥʴʰʝʡ ʩʪʦʠʤʦʩʪʴʶ. ʆʙʦʩʥʦʚʘʥʠʝ ʚʳʙʦʨʘ ʬʣʫʦ-

ʨʝʩʮʝʥʪʥʳʭ ʣʠʜʘʨʦʚ ʠ ʢʘʤʝʨ ʤʠʢʨʦʙʦʣʦʤʝʪʨʠʯʝ-

ʩʢʦʛʦ ʪʠʧʘ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ 

ʦʙʫʩʣʦʚʣʝʥʦ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʠʭ ʧʨʠʤʝʥʝʥʠʷ, 

ʜʦʩʪʫʧʥʦʩʪʴʶ ʨʘʟʤʝʱʝʥʠʷ ʥʘ ɹʇʃɸ ʠ ʚʦʟʤʦʞʥʦ-

ʩʪʴʶ ʨʘʙʦʪʳ ʚ ʘʨʢʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ. 

ʇʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʬʣʫʦʨʝʩʮʝʥʪʥʳʭ ʣʠʜʘʨʦʚ 

ʦʩʥʦʚʘʥ ʥʘ ʦʙʣʫʯʝʥʠʠ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʲʝʢʪʘ ʣʘʟʝʨ-

ʥʳʤ ʠʟʣʫʯʝʥʠʝʤ ʠ ʨʝʛʠʩʪʨʘʮʠʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʬʣʫ-

ʦʨʝʩʮʝʥʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ [7]. ɼʘʥʥʳʡ ʪʠʧ ʣʠʜʘʨʦʚ 

ʧʨʠʤʝʥʷʝʪʩʷ ʧʨʠ ʟʦʥʜʠʨʦʚʘʥʠʠ ʚʦʜʥʳʭ ʧʦʚʝʨʭʥʦ-

ʩʪʝʡ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʥʝʬʪʷʥʳʭ ʨʘʟʣʠʚʦʚ, ʧʨʠ ʤʦ-

ʥʠʪʦʨʠʥʛʝ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ ʜʣʷ ʦʮʝʥʢʠ ʝʛʦ 

ʩʦʩʪʦʷʥʠʷ ʧʨʠ ʧʦʨʳʚʘʭ ʥʝʬʪʝʧʨʦʚʦʜʘ, ʘ ʪʘʢʞʝ ʜʣʷ 

ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʘʵʨʦʟʦʣʝʡ ʙʠʦʣʦʛʠ-

ʯʝʩʢʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʚ ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʝ. ʇʨʠ-

ʤʝʨ ʠʟʦʙʨʘʞʝʥʠʷ ʪʨʝʭʤʝʨʥʦʡ ʤʦʜʝʣʠ ʧʦʚʝʨʭʥʦʩʪʠ, 

ʧʦʣʫʯʝʥʥʦʛʦ ʩ ʧʦʤʦʱʴʶ ʣʠʜʘʨʘ, ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠ-

ʩʫʥʢʝ 1. 
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ʈʠʩ. 1. 3D ʤʦʜʝʣʴ ʧʦʚʝʨʭʥʦʩʪʠ, ʟʦʥʜʠʨʦʚʘʥʥʦʡ ʣʘʟʝʨʦʤ [5] 

 

ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʠʟʦʙʨʘʞʝʥʠʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠ 

ʤʦʥʠʪʦʨʠʥʛʝ ʩʦʩʪʦʷʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʥʘʠʙʦ-

ʣʝʝ ʯʘʩʪʦ ʧʨʠʤʝʥʷʶʪʩʷ ʪʚʝʨʜʦʪʝʣʴʥʳʝ Nd:YAG-

ʣʘʟʝʨʳ, ʧʨʝʠʤʫʱʝʩʪʚʦ ʢʦʪʦʨʳʭ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʙʦʣʴʰʦʡ ʤʦʱʥʦʩʪʠ. ʊʘʢ, ʠʟ ʠʤʧʫʣʴʩʘ ʩ ʜʣʠʥʦʡ 

ʚʦʣʥʳ 1064 ʥʤ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʠʤʧʫʣʴʩ ʩ ʜʣʠʥʦʡ 

ʚʦʣʥʳ ʚʜʚʦʝ, ʚʪʨʦʝ ʠ ʪ. ʜ. ʢʦʨʦʯʝ, ʥʘʧʨʠʤʝʨ: 532 ʥʤ, 

355 ʥʤ, 266 ʥʤ. ɼʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʩʪʦʷʥʠʷ ʨʘʩʪʠ-

ʪʝʣʴʥʦʩʪʠ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʜʣʠʥʫ ʚʦʣʥʳ 532 ʥʤ, ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʢʣʘʩʩʠʬʠ-

ʢʘʮʠʠ ʥʝʬʪʷʥʳʭ ʟʘʛʨʷʟʥʝʥʠʡ ʥʘ ʨʘʟʣʠʯʥʳʭ ʧʦʚʝʨʭ-

ʥʦʩʪʷʭ ï 355 ʠʣʠ 256 ʥʤ, ʘ ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʠʜʝʥʪʠ-

ʬʠʢʘʮʠʠ ʘʵʨʦʟʦʣʝʡ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʠʩʭʦʞʜʝ-

ʥʠʷ ï 256 ʠʣʠ 355 ʥʤ. 

ʇʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʬʣʫʦʨʝʩʮʝʥʪʥʳʭ 

ʣʠʜʘʨʦʚ ʦʪʨʘʞʝʥʦ ʚ ʨʘʙʦʪʝ [6] ʚ ʢʘʯʝʩʪʚʝ ʩʠʩʪʝʤ 

ʨʘʥʥʝʛʦ ʦʙʥʘʨʫʞʝʥʠʷ ʘʚʘʨʠʡʥʦʛʦ ʨʘʟʣʠʚʘ ʥʝʬʪʠ ʥʘ 

ʦʙʲʝʢʪʘʭ ʤʦʨʩʢʦʛʦ ʥʝʬʪʝʛʘʟʦʚʦʛʦ ʧʨʦʤʳʩʣʘ. ʀʟʦʙ-

ʨʝʪʝʥʠʝ ʧʨʝʜʧʦʣʘʛʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʣʠʜʘʨʦʚ 

ʚʙʣʠʟʠ ʥʝʬʪʝʛʘʟʦʜʦʙʳʚʘʶʱʝʡ ʧʣʘʪʬʦʨʤʳ, ʥʘ ʧʫ-

ʪʷʭ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʥʝʬʪʠ ʠ ʥʘ ʢʦʤʧʘʢʪʥʳʭ ʧʣʘ-

ʚʫʯʠʭ ʢʦʤʧʣʝʢʩʘʭ ʤʦʥʠʪʦʨʠʥʛʘ (ʂʄ), ʥʦ ʥʝ ʨʘʩ-

ʩʤʘʪʨʠʚʘʝʪ ʠʭ ʫʩʪʘʥʦʚʢʫ ʥʘ ɹʇʃɸ. ʆʜʥʘʢʦ ʘʚʪʦʨ 

ʫʢʘʟʳʚʘʝʪ, ʯʪʦ ʚ ʫʩʣʦʚʠʷʭ ʫʚʝʣʠʯʝʥʠʷ ʪʦʣʱʠʥʳ 

ʧʣʝʥʢʠ ʥʝʬʪʠ ʩʚʳʰʝ ~20 ʤʢʤ, ʩʧʝʢʪʨ ʣʘʟʝʨʥʦ-ʠʥ-

ʜʫʮʠʨʦʚʘʥʥʦʡ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʥʝʬʪʠ ʧʝʨʝʩʪʘʝʪ ʩʫ-

ʱʝʩʪʚʝʥʥʦ ʠʟʤʝʥʷʪʴʩʷ, ʯʪʦ ʚʳʟʳʚʘʝʪ ʦʪʩʫʪʩʪʚʠʝ 

ʦʙʨʘʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. ʀʟʤʝʨʝʥʠʷ ʚ ʙʦʣʝʝ ʰʠʨʦʢʦʤ 

ʜʠʘʧʘʟʦʥʝ ʟʘʛʨʷʟʥʝʥʠʡ ʤʦʛʫʪ ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʢʦʤ-

ʧʘʢʪʥʳʤʠ ʤʥʦʛʦʚʦʣʥʦʚʳʤʠ ʠʤʧʫʣʴʩʥʦ-ʧʝʨʠʦʜʠʯʝ-

ʩʢʠʤʠ ʣʘʟʝʨʘʤʠ, ʚ ʢʦʪʦʨʳʭ ʥʘʨʷʜʫ ʩ ʋʌ-

ʠʟʣʫʯʝʥʠʝʤ ʧʨʠʤʝʥʷʝʪʩʷ ʠʥʬʨʘʢʨʘʩʥʦʝ (ʀʂ) ʠʟʣʫ-

ʯʝʥʠʝ. ɼʘʥʥʘʷ ʠʥʪʝʛʨʘʮʠʷ ʦʪʢʨʳʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ɹʇʃɸ ʚ ʢʘʯʝʩʪʚʝ ʥʦʩʠʪʝʣʷ ʪʚʝʨʜʦ-

ʪʝʣʴʥʦʛʦ ʣʘʟʝʨʘ ʩʝʨʠʡʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʫʚʝʣʠʯʠ-

ʚʘʷ ʜʘʣʴʥʦʩʪʴ ʧʨʦʠʟʚʦʜʠʤʳʭ ʨʘʙʦʪ ʠ ʠʭ ʪʦʯʥʦʩʪʴ. 

ʊʝʧʣʦʚʠʟʠʦʥʥʳʝ ʦʧʪʠʯʝʩʢʠʝ ʫʩʪʨʦʡʩʪʚʘ ʷʚʣʷ-

ʶʪʩʷ ʦʜʥʠʤʠ ʠʟ ʚʘʞʥʝʡʰʠʭ ʚ ʜʠʩʪʘʥʮʠʦʥʥʦʤ ʤʦ-

ʥʠʪʦʨʠʥʛʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚʩʝ 

ʧʨʠʨʦʜʥʳʝ ʠ ʘʥʪʨʦʧʦʛʝʥʥʳʝ ʦʙʲʝʢʪʳ, ʠʤʝʶʱʠʝ 

ʪʝʤʧʝʨʘʪʫʨʫ ʚʳʰʝ ʘʙʩʦʣʶʪʥʦʛʦ ʥʫʣʷ, ʷʚʣʷʶʪʩʷ ʠʩ-

ʪʦʯʥʠʢʘʤʠ ʪʝʧʣʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ ʀʂ-ʩʧʝʢʪʨʝ. ʆʙ-

ʥʘʨʫʞʝʥʠʝ ʪʘʢʠʭ ʪʝʧʣʦʚʳʭ ʠʩʪʦʯʥʠʢʦʚ ʦʩʫʱʝʩʪʚ-

ʣʷʝʪʩʷ ʫʩʪʨʦʡʩʪʚʘʤʠ ʜʣʷ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʨʘʩʧʨʝʜʝ-

ʣʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʠʩʩʣʝʜʫʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ï 

ʪʝʧʣʦʚʠʟʦʨʘʤʠ. ʇʨʠʥʮʠʧ ʠʭ ʨʘʙʦʪʳ ʦʩʥʦʚʘʥ ʥʘ ʠʟ-

ʤʝʥʝʥʠʠ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʪʝʨʤʦʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ 

ʵʣʝʤʝʥʪʘ (ʙʦʣʦʤʝʪʨʘ, ʪʝʨʤʠʩʪʦʨʘ ʠ ʪ.ʜ.) ʚ ʨʝʟʫʣʴ-

ʪʘʪʝ ʥʘʛʨʝʚʘʥʠʷ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʧʦʛʣʦʱʘʝʤʦʛʦ 

ʧʦʪʦʢʘ ʀʂ-ʠʟʣʫʯʝʥʠʷ. ɼʣʷ ʥʘʛʣʷʜʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝ-

ʥʠʷ ʦʙʣʘʩʪʠ ʨʘʙʦʪʳ ʪʝʧʣʦʚʠʟʦʨʦʚ, ʦʙʨʘʪʠʤʩʷ ʢ ʨʠ-

ʩʫʥʢʫ 2. 

 
ʈʠʩ.2. ʕʣʝʢʪʨʦʤʘʛʥʠʪʥʳʡ ʩʧʝʢʪʨ ʩ ʫʢʘʟʘʥʥʳʤʠ ʜʠʘʧʘʟʦʥʘʤʠ ʀʂ-ʠʟʣʫʯʝʥʠʷ [1] 
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ɺ ʩʠʣʫ ʢʦʤʧʘʢʪʥʦʩʪʠ ʠ ʜʘʣʴʥʦʩʪʠ ʜʝʡʩʪʚʠʷ, 

ʪʝʧʣʦʚʠʟʦʨʳ ʥʘʰʣʠ ʧʨʠʤʝʥʝʥʠʝ ʚ ʫʩʪʨʦʡʩʪʚʘʭ 

ɹʇʃɸ. ɺ ʨʘʙʦʪʝ [2] ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ 

ʪʝʧʣʦʚʠʟʠʦʥʥʳʭ ʢʘʤʝʨ ʤʠʢʨʦʙʦʣʦʤʝʪʨʠʯʝʩʢʦʛʦ 

ʪʠʧʘ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʦʙʣʘʩʪʠ ʜʣʠʥʥʦʚʦʣʥʦʚʦʛʦ ʀʂ-

ʠʟʣʫʯʝʥʠʷ (LWIR) ï ʦʪ 8.0 ʜʦ 15.0 ʤʢʤ. ɸʚʪʦʨʳ ʦʪ-

ʤʝʯʘʶʪ, ʯʪʦ ʥʝʦʭʣʘʞʜʘʝʤʳʝ ʤʠʢʨʦʙʦʣʦʤʝʪʨʠʯʝ-

ʩʢʠʝ ʢʘʤʝʨʳ ʦʙʣʘʜʘʶʪ ʥʠʟʢʠʤ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝ-

ʥʠʝʤ, ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʝʡ ʩʪʦʠʤʦʩʪʴʶ ʧʦ ʩʨʘʚ-

ʥʝʥʠʶ ʩ ʦʭʣʘʞʜʘʝʤʳʤʠ ʀʂ-ʬʦʪʦʧʨʠʝʤʥʳʤʠ 

ʫʩʪʨʦʡʩʪʚʘʤʠ ʠ ʠʤʝʶʪ ʤʘʣʳʝ ʛʘʙʘʨʠʪʳ ʠ ʚʝʩ. ʅʘʣʠ-

ʯʠʝ ʪʘʢʠʭ ʢʘʯʝʩʪʚ ʧʦʟʚʦʣʷʝʪ ʠʭ ʧʨʠʤʝʥʷʪʴ ʚ ʜʠʩʪʘʥ-

ʮʠʦʥʥʦʤ ʤʦʥʠʪʦʨʠʥʛʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ɹʇʃɸ. ɺ 

ʫʩʣʦʚʠʷʭ ɸʨʢʪʠʢʠ, ʢʦʛʜʘ ʥʝʦʙʭʦʜʠʤʳ ʚʳʩʦʢʦʝ ʢʘ-

ʯʝʩʪʚʦ ʪʝʧʣʦʚʠʟʠʦʥʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʠ ʙʳʩʪʨʦʝ ʨʝ-

ʘʛʠʨʦʚʘʥʠʝ ʚ ʩʣʫʯʘʷʭ ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʡ, ʵʢʩ-

ʧʣʫʘʪʘʮʠʷ ɹʇʃɸ ʧʦʢʘʟʳʚʘʝʪ ʣʫʯʰʠʝ ʨʝʟʫʣʴʪʘʪʳ, 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʧʫʪʥʠʢʦʚʳʤʠ ʠ ʩʪʘʮʠʦʥʘʨʥʳʤʠ 

ʩʠʩʪʝʤʘʤʠ ʤʦʥʠʪʦʨʠʥʛʘ.  

ʆʩʥʦʚʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʦʧʪʠ-

ʯʝʩʢʠʭ ʩʠʩʪʝʤ ʩʦʩʪʦʠʪ ʚ ʚʦʟʤʦʞʥʦʩʪʠ ʦʙʥʘʨʫʞʝʥʠʷ 

ʦʙʲʝʢʪʦʚ ʟʘ ʩʯʸʪ ʨʘʟʣʠʯʠʡ ʚ ʠʭ ʠʟʣʫʯʘʪʝʣʴʥʦʡ ʩʧʦ-

ʩʦʙʥʦʩʪʠ ʚ ʦʪʩʫʪʩʪʚʠʠ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʦʩʚʝʱʝʥʠʷ. 

ʊʝʧʣʦʚʘʷ ʩʲʸʤʢʘ ʠ ʟʦʥʜʠʨʦʚʘʥʠʝ ʩ ʧʦʤʦʱʴʶ ʣʠʜʘ-

ʨʦʚ ʥʘʰʣʠ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʠ ʤʦʥʠʪʦʨʠʥʛʘ ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʠ ʧʨʠʨʦʜʥʳʭ ʦʙʲʝʢ-

ʪʦʚ ɸʨʢʪʠʢʠ, ʪʘʢʠʭ ʢʘʢ ʥʝʬʪʝ- ʠ ʛʘʟʦʪʨʫʙʦʧʨʦʚʦʜʳ, 

ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜ, ʨʘʩʪʠʪʝʣʴʥʳʭ ʧʦʢʨʦʚʦʚ ʠ ʜʨ. ɸʢ-

ʪʫʘʣʴʥʳʤ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ɹʇʃɸ ʜʣʷ 

ʤʦʥʠʪʦʨʠʥʛʘ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, ʯʪʦ ʩʧʦ-

ʩʦʙʩʪʚʫʝʪ ʙʳʩʪʨʦʤʫ ʩʙʦʨʫ ʠ ʘʥʘʣʠʟʫ ʜʘʥʥʳʭ ʜʣʷ 

ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʧʦ ʣʠʢʚʠʜʘʮʠʠ ʯʨʝʟʚʳʯʘʡʥʳʭ 

ʩʠʪʫʘʮʠʡ ʚ ʢʨʘʪʯʘʡʰʠʝ ʩʨʦʢʠ.  
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MULTIVARIATE STATISTICAL ANALYSIS OF CURRENCY  EXCHANGE RATE VARIABILITY IN 

TENGE AND RUBLE  

 

ɸʥʥʦʪʘʮʠʷ 

ɺ ʩʪʘʪʴʝ ʠʟʫʯʘʝʪʩʷ ʠʟʤʝʥʯʠʚʦʩʪʴ ʢʫʨʩʦʚ ʥʘʮʠʦʥʘʣʴʥʳʭ ʚʘʣʶʪ (ʪʝʥʛʝ ʠ ʨʫʙʣʷ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʜʦʣ-

ʣʘʨʫ) ʠ ʮʝʥʳ ʙʘʨʨʝʣʷ ʥʝʬʪʠ ʤʘʨʢʠ Brent ʩ ʧʦʤʦʱʴʶ ʬʘʢʪʦʨʥʦʛʦ ʘʥʘʣʠʟʘ. 

Abstract 

The article studies the variability of national currencies (tenge and ruble against the dollar) and the price of 

a barrel of Brent oil using factor analysis. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʬʘʢʪʦʨʥʳʡ ʘʥʘʣʠʟ, ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ, ʜʠʩʧʝʨʩʠʷ. 

Keywords: factor analysis, correlation matrix, variance. 

 

ɺ ʩʪʘʪʴʝ [1] ʥʘʤʠ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʚ ʧʝʨʚʦʤ ʧʦʣʫ-

ʛʦʜʠʠ 2019 ʛʦʜʘ ʢʫʨʩ ʥʘʮʠʦʥʘʣʴʥʦʡ ʚʘʣʶʪʳ ʈʝʩ-

ʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ ï ʪʝʥʛʝ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʜʦʣ-

ʣʘʨʫ ʚʝʣ ʩʝʙʷ ʢʘʢ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʥʝʟʘʚʠʩʠʤʳʡ ʧʦʢʘ-

ʟʘʪʝʣʴ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʬʪʷʥʳʭ ʮʝʥ. ʏʪʦ ʢʘʩʘʝʪʩʷ 

ʘʥʘʣʦʛʠʯʥʦʛʦ ʢʫʨʩʘ ʨʫʙʣʷ ï ʥʘʮʠʦʥʘʣʴʥʦʡ ʚʘʣʶʪʳ 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ, ʪʦ ʢʦʣʝʙʘʥʠʷ ʜʘʥʥʦʛʦ ʧʘʨʘ-

ʤʝʪʨʘ ʚ ʦʩʥʦʚʥʦʤ ʦʧʨʝʜʝʣʷʣʠʩʴ ʠʟʤʝʥʯʠʚʦʩʪʴʶ 

ʥʝʬʪʷʥʳʭ ʮʝʥ. 

ʆʢʦʣʦ 90% ʦʙʱʝʡ ʜʠʩʧʝʨʩʠʠ ʪʝʥʛʝ ʠ ʨʫʙʣʷ 

ʙʳʣʠ ʧʨʝʜʦʧʨʝʜʝʣʝʥʳ ʜʚʫʤʷ ʬʘʢʪʦʨʘʤʠ. ʇʝʨʚʳʡ 

ʬʘʢʪʦʨ, ʦʙʲʷʩʥʷʶʱʠʡ ʙʦʣʴʰʫʶ ʯʘʩʪʴ ʠʟʤʝʥʯʠʚʦ-

ʩʪʠ ʧʝʨʝʤʝʥʥʳʭ, ʧʦ ʥʘʰʝʤʫ ʤʥʝʥʠʶ, ʤʦʞʥʦ ʧʨʠ-

ʥʷʪʴ ʟʘ çʫʜʝʣʴʥʳʡ ʚʝʩè ʚʣʠʷʥʠʷ ʥʝʬʪʷʥʳʭ ʮʝʥ. ʅʘ 

ʜʦʣʶ ʚʪʦʨʦʛʦ ʬʘʢʪʦʨʘ ʧʨʠʭʦʜʠʣʦʩʴ ʦʢʦʣʦ 30% ʦʙ-

ʱʝʡ ʜʠʩʧʝʨʩʠʠ ʧʝʨʝʤʝʥʥʳʭ.  

ʀʟʣʦʞʝʥʥʳʝ ʚʳʚʦʜʳ ʩʜʝʣʘʥʳ ʥʘ ʦʩʥʦʚʘʥʠʠ ʨʝ-

ʟʫʣʴʪʘʪʦʚ ʬʘʢʪʦʨʥʦʛʦ ʘʥʘʣʠʟʘ, ʷʚʣʷʶʱʝʛʦʩʷ ʦʜʥʠʤ 

ʠʟ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʤʥʦʛʦʤʝʨʥʦʛʦ ʩʪʘʪʠʩʪʠ-

ʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ. ʉ ʧʦʤʦʱʴʶ ʧʦʜʦʙʥʦʛʦ ʚʠʜʘ ʘʥʘ-

ʣʠʟʘ ʚʳʷʚʣʷʶʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʦʝ ʯʠʩʣʦ 

ʬʘʢʪʦʨʦʚ, ʢʦʪʦʨʳʤʠ ʤʦʛʫʪ ʦʧʠʩʳʚʘʪʴʩʷ ʷʚʣʝʥʠʷ ʚ 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʦʙʣʘʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʡ.  

ɺ ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ 

ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʚʳʙʨʘʥʥʦʡ ʪʝʤʝ.  

ʅʘʧʦʤʠʥʘʝʤ ʦʙʲʝʢʪʳ ʠʟʫʯʝʥʠʷ: 

ʘ) ʢʫʨʩʳ ʥʘʮʠʦʥʘʣʴʥʳʭ ʚʘʣʶʪ ʈʝʩʧʫʙʣʠʢʠ ʂʘ-

ʟʘʭʩʪʘʥ ʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ï ʪʝʥʛʝ ʠ ʨʫʙʣʷ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʜʦʣʣʘʨʫ ʟʘ 2019 ʛʦʜ [2,3,4,5];  

ʙ) ʮʝʥʘ ʙʘʨʨʝʣʷ ʥʝʬʪʠ ʤʘʨʢʠ Brent ʚ ʜʦʣʣʘʨʘʭ 

ʟʘ ʪʦʪ ʞʝ ʧʝʨʠʦʜ [6]. 

ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʫʩʣʦʚʥʳʝ 

ʦʙʦʟʥʘʯʝʥʠʷ: 

V1 ï ʢʫʨʩ ʪʝʥʛʝ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʜʦʣʣʘʨʫ; 

V2 ï ʢʫʨʩ ʨʫʙʣʷ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʜʦʣʣʘʨʫ; 

V3 ï ʮʝʥʘ ʙʘʨʨʝʣʷ ʥʝʬʪʠ ʤʘʨʢʠ Brent ʚ ʜʦʣʣʘ-

ʨʘʭ. 

ɼʣʷ ʦʙʨʘʙʦʪʢʠ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʠʩʧʦʣʴʟʦʚʘʥ 

ʧʘʢʝʪ ʧʨʦʛʨʘʤʤ STATISTICA_10.  

ʈʝʟʫʣʴʪʘʪʳ ʬʘʢʪʦʨʥʦʛʦ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʧʝʨ-

ʚʦʛʦ ʧʦʣʫʛʦʜʠʷ 2019 ʛʦʜʘ ʜʦʧʦʣʥʠʣʠ ʠʥʬʦʨʤʘʮʠʝʡ 

ʦ ʩʪʨʫʢʪʫʨʝ ʦʙʱʝʡ ʜʠʩʧʝʨʩʠʠ ʧʝʨʝʤʝʥʥʳʭ ʚ % (ʪʘʙ-

ʣʠʮʘ ˉ1). 

ʊʘʙʣʠʮʘ ˉ1 

ʈʝʟʫʣʴʪʘʪʳ ʬʘʢʪʦʨʥʦʛʦ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʧʝʨʚʦʛʦ ʧʦʣʫʛʦʜʠʷ 

ʇʝʨʝʤʝʥʥʳʝ 
ʂʦʤʧʦʥʝʥʪʳ:  

ʧʝʨʚʳʡ ʬʘʢʪʦʨ ʚʪʦʨʦʡ ʬʘʢʪʦʨ 

V1 -0.152 0.969 

V2 0.911 -0.162 

V3 -0.867 -0.340 

ʆʙʱʘʷ ʜʠʩʧʝʨʩʠʷ ʚ % 53.5 36.1 
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ɿʘ ʘʥʘʣʠʟʠʨʫʝʤʳʡ ʧʝʨʠʦʜ ʥʘ ʜʦʣʶ ʧʝʨʚʦʛʦ 

ʬʘʢʪʦʨʘ ʧʨʠʭʦʜʠʣʦʩʴ ʯʫʪʴ ʙʦʣʝʝ ʧʦʣʦʚʠʥʳ ʦʙʱʝʡ 

ʠʟʤʝʥʯʠʚʦʩʪʠ ʧʝʨʝʤʝʥʥʳʭ (53.5% ʦʙʱʝʡ ʜʠʩʧʝʨ-

ʩʠʠ). 

ʉ ʮʝʣʴʶ ʚʳʷʩʥʝʥʠʷ ʩʠʪʫʘʮʠʠ ʚʦ ʚʪʦʨʦʤ ʧʦʣʫ-

ʛʦʜʠʠ 2019 ʛʦʜʘ ʚʳʧʦʣʥʠʣʠ ʬʘʢʪʦʨʥʳʡ ʘʥʘʣʠʟ ʚ ʦʪ-

ʥʦʰʝʥʠʠ ʜʘʥʥʳʭ ʫʢʘʟʘʥʥʦʛʦ ʧʝʨʠʦʜʘ (ʪʘʙʣʠʮʘ 

ˉ2).  

ʊʘʙʣʠʮʘ ˉ2 

ʈʝʟʫʣʴʪʘʪʳ ʬʘʢʪʦʨʥʦʛʦ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʚʪʦʨʦʛʦ ʧʦʣʫʛʦʜʠʷ 

ʇʝʨʝʤʝʥʥʳʝ 
ʂʦʤʧʦʥʝʥʪʳ:  

ʧʝʨʚʳʡ ʬʘʢʪʦʨ ʚʪʦʨʦʡ ʬʘʢʪʦʨ 

V1 -0.852 0.497 

V2 -0.872 -0.414 

V3 0.915 0.068 

ʆʙʱʘʷ ʜʠʩʧʝʨʩʠʷ ʚ % 77.5 14.1 

 

çʋʜʝʣʴʥʳʡ ʚʝʩè ʧʝʨʚʦʛʦ ʬʘʢʪʦʨʘ ʟʘʤʝʪʥʦ ʚʳ-

ʨʦʩ, ʤʦʞʥʦ ʢʦʥʩʪʘʪʠʨʦʚʘʪʴ, ʯʪʦ ʜʦ 77.5% ʦʙʱʝʡ 

ʜʠʩʧʝʨʩʠʠ ʧʝʨʝʤʝʥʥʳʭ ï ʢʫʨʩʦʚ ʚʘʣʶʪ ʙʳʣʠ ʩʚʷ-

ʟʘʥʳ ʩ ʧʝʨʚʳʤ ʬʘʢʪʦʨʦʤ. ʉʪʨʫʢʪʫʨʘ ʟʘʚʠʩʠʤʦʩʪʠ 

ʤʝʞʜʫ ʚʘʣʶʪʥʳʤ ʢʫʨʩʦʤ ʨʫʙʣʷ ʠ ʚʳʷʚʣʝʥʥʳʤʠ 

ʬʘʢʪʦʨʘʤʠ ʥʝ ʧʨʝʪʝʨʧʝʣʘ ʩʫʱʝʩʪʚʝʥʥʳʭ ʠʟʤʝʥʝ-

ʥʠʡ, ʦʙ ʵʪʦʤ ʛʦʚʦʨʠʪ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʤʝʥʠʚʰʠʡʩʷ 

ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʧʝʨʝʤʝʥʥʦʡ V2 ʠ 

ʧʝʨʚʳʤ ʬʘʢʪʦʨʦʤ (-0.872). ʏʪʦ ʢʘʩʘʝʪʩʷ ʢʫʨʩʘ 

ʪʝʥʛʝ, ʪʦ ʟʜʝʩʴ ʝʩʪʴ ʠʟʤʝʥʝʥʠʷ. ʉʦʭʨʘʥʠʚ ʩʪʘʪʠʩʪʠ-

ʯʝʩʢʠ ʟʥʘʯʠʤʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ ʩʦ ʚʪʦ-

ʨʳʤ ʬʘʢʪʦʨʦʤ (0.497), ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʧʝʨʝʤʝʥʥʘʷ V1 

ʚʦ ʚʪʦʨʦʤ ʧʦʣʫʛʦʜʠʠ ʙʦʣʴʰʝ ʟʘʚʠʩʝʣʘ ʦʪ ʧʝʨʚʦʛʦ 

ʬʘʢʪʦʨʘ, ʦ ʯʝʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨ-

ʨʝʣʷʮʠʠ -0,852. ʊ.ʝ., ʪʝʥʛʝ ʚʦ ʚʪʦʨʦʤ ʧʦʣʫʛʦʜʠʠ 

çʫʪʝʨʷʣè ʧʦʟʠʮʠʶ ʚʘʣʶʪʳ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʟʘʚʠʩʠ-

ʤʦʡ ʦʪ ʥʝʬʪʷʥʳʭ ʮʝʥ. 

ʀʟʣʦʞʝʥʥʳʝ ʚʳʚʦʜʳ ʩʜʝʣʘʥʳ ʥʘ ʦʩʥʦʚʘʥʠʠ 

ʘʥʘʣʠʟʘ ʧʦʣʫʛʦʜʦʚʳʭ ʜʘʥʥʳʭ, ʪ.ʝ. ʧʨʠʚʝʜʝʥʥʳʝ ʨʝ-

ʟʫʣʴʪʘʪʳ ʷʚʣʷʶʪʩʷ ʦʙʱʝʡ ʢʘʨʪʠʥʦʡ ʩʠʪʫʘʮʠʠ ʚ ʧʝʨ-

ʚʦʡ ʠ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʘʭ ʛʦʜʘ. ʄʳ ʨʝʰʠʣʠ ʙʦʣʝʝ ʜʝ-

ʪʘʣʴʥʦ ʠʟʫʯʠʪʴ ʩʠʪʫʘʮʠʶ, ʧʦʵʪʦʤʫ ʚʳʧʦʣʥʠʣʠ ʬʘʢ-

ʪʦʨʥʳʡ ʘʥʘʣʠʟ ʚ ʦʪʥʦʰʝʥʠʠ ʜʘʥʥʳʭ ʢʘʞʜʦʛʦ 

ʤʝʩʷʮʘ (ʪʘʙʣʠʮʘ ˉ3, ʚʳʜʝʣʝʥʳ ʢʦʵʬʬʠʮʠʝʥʪʳ ʢʦʨ-

ʨʝʣʷʮʠʠ ʩʦ ʟʥʘʯʝʥʠʝʤ ʙʦʣʝʝ 0.7). 

ʀʟʚʝʩʪʥʳʤ ʬʘʢʪʦʤ ʷʚʣʷʝʪʩʷ ʦʙʨʘʪʥʘʷ ʟʘʚʠʩʠ-

ʤʦʩʪʴ ʚʘʣʶʪʥʳʭ ʢʫʨʩʦʚ ʪʝʥʛʝ ʠ ʨʫʙʣʷ ʦʪ ʥʝʬʪʷʥʳʭ 

ʮʝʥ: ʧʦ ʤʝʨʝ ʧʘʜʝʥʠʷ ʮʝʥ ʥʘ ʥʝʬʪʴ, ʢʘʢ ʧʨʘʚʠʣʦ, ʜʝ-

ʰʝʚʝʶʪ ʢʫʨʩʳ ʪʝʥʛʝ ʠ ʨʫʙʣʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʦʣʣʘʨʘ. 

ʕʪʠʤ ʠ ʦʙʲʷʩʥʷʶʪʩʷ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ (ʚ ʦʩ-

ʥʦʚʥʦʤ) ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʢʫʨ-

ʩʘʤʠ ʚʘʣʶʪ ʠ ʧʝʨʚʳʤ ʬʘʢʪʦʨʦʤ. 

ʊʘʙʣʠʮʘ ˉ3 

ʈʝʟʫʣʴʪʘʪʳ ʬʘʢʪʦʨʥʦʛʦ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʢʘʞʜʦʛʦ ʤʝʩʷʮʘ 

ʄʝʩʷʮʳ 
ʇʝʨʚʳʡ ʬʘʢʪʦʨ  ɺʪʦʨʦʡ ʬʘʢʪʦʨ  

ʪʝʥʛʝ ʨʫʙʣʴ ʪʝʥʛʝ ʈʫʙʣʴ 

ʗʥʚʘʨʴ -0.391 -0.894 0.916 -0.409 

ʌʝʚʨʘʣʴ 0.755 -0.539 0.375 0.836 

ʄʘʨʪ 0.595 -0.800 0.790 0.439 

ɸʧʨʝʣʴ -0.626 -0.924 0.778 -0.218 

ʄʘʡ 0.836 0.191 0.016 0.970 

ʀʶʥʴ -0.964 -0.946 -0.084 -0.268 

ʀʶʣʴ -0.367 0.725 0.882 0.495 

ɸʚʛʫʩʪ -0.802 -0.811 -0.286 -0.237 

ʉʝʥʪʷʙʨʴ -0.860 -0.806 0.087 -0.558 

ʆʢʪʷʙʨʴ 0.375 0.881 0.920 -0.361 

ʅʦʷʙʨʴ -0.752 0.191 0.201 0.976 

ɼʝʢʘʙʨʴ -0.938 -0.968 0.328 -0.031 

 

ɺ ʪʝʯʝʥʠʝ ʧʷʪʠ ʤʝʩʷʮʝʚ (ʠʶʥʴ, ʘʚʛʫʩʪ, ʩʝʥ-

ʪʷʙʨʴ, ʥʦʷʙʨʴ, ʜʝʢʘʙʨʴ) ʚʘʣʶʪʥʳʡ ʢʫʨʩ ʪʝʥʛʝ ʢʦʣʝ-

ʙʘʣʩʷ ʩʦʛʣʘʩʥʦ çʟʘʢʦʥʦʤʝʨʥʦʩʪʠè (ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʢʫʨʩʦʤ ʪʝʥʛʝ ʠ ʧʝʨʚʳʤ ʬʘʢʪʦ-

ʨʦʤ: -0.964; -0.802; -0.860; -0.752; -0.938). ɺ ʬʝʚʨʘʣʝ 

ʠ ʤʘʝ ʤʝʩʷʮʘʭ ʧʦʜʦʙʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʩʦ ʟʥʘʢʦʤ 

ʧʣʶʩ (0.755; 0.836), ʯʪʦ ʥʝ ʧʦʜʜʘʝʪʩʷ ʦʙʲʷʩʥʝʥʠʶ. 

ʏʪʦ ʢʘʩʘʝʪʩʷ ʚʘʣʶʪʥʦʛʦ ʢʫʨʩʘ ʨʫʙʣʷ, ʪʦ ʟʜʝʩʴ 

ʩʠʪʫʘʮʠʷ ʩʣʝʜʫʶʱʘʷ: ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʩʚʷʟʴ ʨʘʩ-

ʩʤʘʪʨʠʚʘʝʤʦʛʦ ʧʘʨʘʤʝʪʨʘ ʩ ʧʝʨʚʳʤ ʬʘʢʪʦʨʦʤ ʚ ʪʝ-

ʯʝʥʠʝ ʩʝʤʠ ʤʝʩʷʮʝʚ ʚ ʨʘʤʢʘʭ çʟʘʢʦʥʦʤʝʨʥʦʩʪʠè 

(ʷʥʚʘʨʴ, ʤʘʨʪ, ʘʧʨʝʣʴ, ʠʶʥʴ, ʘʚʛʫʩʪ, ʩʝʥʪʷʙʨʴ, ʜʝ-

ʢʘʙʨʴ): -0.894; -0.800; -0.924; -0.946; -0.811; -0.806; 

-0.968. ɼʘʥʥʳʝ ʜʚʫʭ ʤʝʩʷʮʝʚ ʦʪʣʠʯʘʶʪʩʷ: ʚ ʠʶʣʝ ʠ 

ʦʢʪʷʙʨʝ ʤʝʩʷʮʘʭ ʧʦʜʦʙʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʙʳʣʠ ʩʦ 

ʟʥʘʢʦʤ ʧʣʶʩ (0.725; 0.881). 

ɸʥʘʣʠʟʳ ʤʝʩʷʯʥʳʭ ʜʘʥʥʳʭ ʧʦʜʪʚʝʨʜʠʣʠ ʚʳ-

ʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʚʘʣʶʪʥʳʡ ʢʫʨʩ ʨʫʙʣʷ ʚ 2019 ʛʦʜʫ ʚ 

ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʙʳʣ ʧʨʠʚʷʟʘʥ ʢ ʧʝʨʚʦʤʫ ʬʘʢʪʦʨʫ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʢ ʥʝʬʪʷʥʳʤ ʮʝʥʘʤ, ʯʝʤ ʘʥʘʣʦʛʠʯ-

ʥʳʡ ʢʫʨʩ ʪʝʥʛʝ. 

ɺ ʪʘʙʣʠʮʝ ˉ4 ʧʨʠʚʝʜʝʥʳ ʧʦʤʝʩʷʯʥʳʝ ʜʦʣʠ 

ʩʦʚʤʝʩʪʥʦʡ ʜʠʩʧʝʨʩʠʠ ʚʘʣʶʪʥʳʭ ʢʫʨʩʦʚ ʪʝʥʛʝ ʠ 

ʨʫʙʣʷ ʚ ʧʨʦʮʝʥʪʘʭ, ʢʦʪʦʨʳʝ ʦʙʲʷʩʥʷʶʪʩʷ ʧʝʨʚʳʤ 

ʬʘʢʪʦʨʦʤ (ʚʣʠʷʥʠʝ ʥʝʬʪʷʥʳʭ ʮʝʥ) ʠ ʚʪʦʨʳʤ ʬʘʢʪʦ-

ʨʦʤ (ʚʣʠʷʥʠʝ ʠʥʳʭ ʧʨʠʯʠʥ). 
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ʊʘʙʣʠʮʘ ˉ4 

ɼʦʣʠ ʩʦʚʤʝʩʪʥʦʡ ʜʠʩʧʝʨʩʠʠ ʢʫʨʩʦʚ ʚʘʣʶʪ (ʚ %) ʧʦ ʤʝʩʷʮʘʤ 

ʄʝʩʷʮʳ 
% ʩʦʚʤʝʩʪʥʦʡ ʜʠʩʧʝʨʩʠʠ 

ʧʝʨʚʳʡ ʬʘʢʪʦʨ ʚʪʦʨʦʡ ʬʘʢʪʦʨ 

ʗʥʚʘʨʴ 63.7 33.5 

ʌʝʚʨʘʣʴ 49.2 29.5 

ʄʘʨʪ 58.3 27.8 

ɸʧʨʝʣʴ 68.5 25.1 

ʄʘʡ 46.4 33.4 

ʀʶʥʴ 89.6 6.9 

ʀʶʣʴ 45.5 34.1 

ɸʚʛʫʩʪ 51.2 30.1 

ʉʝʥʪʷʙʨʴ 69.1 17.5 

ʆʢʪʷʙʨʴ 60.3 32.6 

ʅʦʷʙʨʴ 39.7 33.2 

ɼʝʢʘʙʨʴ 90.3 6.5 

 

ɽʩʣʠ ʠʩʢʣʶʯʠʪʴ ʘʥʦʤʘʣʴʥʳʝ ʜʘʥʥʳʝ: ʘ) ʠʶʥʷ 

ʠ ʜʝʢʘʙʨʷ ʤʝʩʷʮʝʚ (ʜʠʩʧʝʨʩʠʠ 89.6%; 90.3%); ʙ) 

ʥʦʷʙʨʷ ʤʝʩʷʮʘ (ʜʠʩʧʝʨʩʠʷ 39.7%), ʪʦ ʚʣʠʷʥʠʝ ʧʝʨ-

ʚʦʛʦ ʬʘʢʪʦʨʘ ʚ ʩʪʨʫʢʪʫʨʝ ʠʟʤʝʥʯʠʚʦʩʪʠ ʢʫʨʩʦʚ 

ʥʘʮʠʦʥʘʣʴʥʳʭ ʚʘʣʶʪ ʚ ʪʝʯʝʥʠʝ 2019 ʛʦʜʘ ʩʦʩʪʘʚʣʷʣ 

ʦʨʠʝʥʪʠʨʦʚʦʯʥʦ 50-70% (ʧʨʠ ʦʮʝʥʢʝ ʦʙʱʝʡ ʠʟʤʝʥ-

ʯʠʚʦʩʪʠ ʢʫʨʩʦʚ ʚʘʣʶʪ ʚ 100%). 

ɺ ʟʘʢʣʶʯʝʥʠʠ ʨʝʰʠʣʠ ʧʦʢʘʟʘʪʴ ʩʪʨʫʢʪʫʨʫ ʦʙ-

ʱʝʡ ʜʠʩʧʝʨʩʠʠ ʧʝʨʝʤʝʥʥʳʭ ï ʚʘʣʶʪʥʳʭ ʢʫʨʩʦʚ 

ʪʝʥʛʝ ʠ ʨʫʙʣʷ, ʧʨʠʭʦʜʷʱʠʝʩʷ ʥʘ ʚʳʷʚʣʝʥʥʳʝ ʬʘʢ-

ʪʦʨʳ, ʚ ʧʝʨʚʦʤ ʠ ʚʦ ʚʪʦʨʦʤ ʧʦʣʫʛʦʜʠʷʭ, ʘ ʪʘʢʞʝ ʟʘ 

ʛʦʜ (ʪʘʙʣʠʮʘ ˉ5). 

ʊʘʙʣʠʮʘ ˉ5 

ʉʪʨʫʢʪʫʨʘ ʦʙʱʝʡ ʜʠʩʧʝʨʩʠʠ ʧʝʨʝʤʝʥʥʳʭ 

ʌʘʢʪʦʨʳ: 
ʉʪʨʫʢʪʫʨʘ ʦʙʱʝʡ ʜʠʩʧʝʨʩʠʠ ʧʝʨʝʤʝʥʥʳʭ ʟʘ: 

ʧʝʨʚʦʝ ʧʦʣʫʛʦʜʠʝ ʚʪʦʨʦʝ ʧʦʣʫʛʦʜʠʝ ʟʘ ʛʦʜ 

ʧʝʨʚʳʡ  53.6% 77.6% 51.8% 

ʚʪʦʨʦʡ  36.1% 14.1% 41.0% 

ʪʨʝʪʠʡ  10.3% 8.3% 7.2% 

ɺʩʝʛʦ: 100% 100% 100% 

ɼʘʥʥʳʝ, ʧʨʠʚʝʜʝʥʥʳʝ ʚ ʩʪʨʦʢʝ ʧʝʨʚʦʛʦ ʬʘʢ-

ʪʦʨʘ, ʧʨʝʜʣʘʛʘʝʤ ʧʨʠʥʷʪʴ ʟʘ ʢʦʣʠʯʝʩʪʚʝʥʥʫʶ 

ʦʮʝʥʢʫ ʚʣʠʷʥʠʷ ʥʝʬʪʷʥʳʭ ʮʝʥ ʧʨʠ ʦʙʲʷʩʥʝʥʠʠ ʠʟ-

ʤʝʥʯʠʚʦʩʪʠ ʚʘʣʶʪʥʳʭ ʢʫʨʩʦʚ ʪʝʥʛʝ ʠ ʨʫʙʣʷ ʚ ʪʝʯʝ-

ʥʠʝ ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʧʦʣʫʛʦʜʠʡ, ʘ ʪʘʢʞʝ ʟʘ ʛʦʜ. 

ɼʘʥʥʳʝ ʩʪʨʦʢʠ ʚʪʦʨʦʛʦ ʬʘʢʪʦʨʘ, ʥʘ ʥʘʰ ʚʟʛʣʷʜ, ʷʚ-

ʣʷʶʪʩʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʦʡ ʚʣʠʷʥʠʷ ʠʥʳʭ 

(ʢʨʦʤʝ ʥʝʬʪʷʥʳʭ ʮʝʥ) ʦʙʲʝʢʪʠʚʥʳʭ ʧʨʠʯʠʥ. ʆʩʪʘʚ-

ʰʫʶʩʷ ʯʘʩʪʴ ʦʙʱʝʡ ʜʠʩʧʝʨʩʠʠ ʧʝʨʝʤʝʥʥʳʭ ʧʨʠʧʠ-

ʩʳʚʘʝʤ ʪʨʝʪʴʝʤʫ ʬʘʢʪʦʨʫ, ʢʦʪʦʨʳʡ ʥʝ ʧʦʜʜʘʝʪʩʷ 

ʣʦʛʠʯʝʩʢʦʤʫ ʦʙʲʷʩʥʝʥʠʶ.  
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ɸʥʥʦʪʘʮʠʷ 

ɸʥʘʣʠʟʠʨʫʝʪʩʷ ʩʦʙʩʪʚʝʥʥʘʷ ʛʨʘʚʠʪʘʮʠʷ ʠ ʚʳʥʫʞʜʝʥʥʘʷ ʵʥʝʨʛʠʷ, ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʛʨʘʚʠʪʘʮʠʦʥʥʳʝ 

ʜʚʠʛʘʪʝʣʠ ʞʠʟʥʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʬʠʟʠʯʝʩʢʠʝ ʧʨʝʚʨʘʱʝʥʠʷ ʛʨʘʚʠʪʘʮʠʠ, ʧʨʠʨʦʜʘ ʜʝʣʝʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʠʭ 

ʢʣʝʪʦʢ ʚ ʞʠʚʳʭ ʦʩʦʙʷʭ ʵʢʚʠʚʘʣʝʥʪʥʳ ʜʚʠʞʝʥʠʶ ʪʝʣ ʧʦ ʵʣʣʠʧʩʫ. ɸʥʘʣʠʟʠʨʫʶʪʩʷ ʜʝʪʘʣʴʥʦ ʚʳʥʫʞʜʝʥʥʳʝ 

ʚʦʣʥʦʚʳʝ ʯʫʚʩʪʚʘ ʠ ʤʝʭʘʥʠʯʝʩʢʠʝ ʜʚʠʞʝʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʨʘʮʠʦʥʘʣʴʥʳʤ ʠ ʦʙʨʘʟʥʳʤ ʤʳʰʣʝʥʠʷʤʠ ʩʦʦʪ-

ʚʝʪʩʪʚʝʥʥʦ. ʈʘʩʩʤʦʪʨʝʥʘ ʧʨʠʨʦʜʘ ʨʝʛʫʣʠʨʫʝʤʦʡ ʪʝʨʤʦʷʜʝʨʥʦʡ ʨʝʘʢʮʠʠ ʷʜʝʨ ʜʝʡʪʨʦʥʦʚ ʩ ʛʨʘʚʠʪʘʮʠʦʥ-

ʥʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʠ ʧʦʢʘʟʘʥʘ ʙʝʩʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʝʝ. ɺʚʝʜʝʥʦ ʧʦʥʷʪʠʝ - ʛʨʘʚʠʪʘʮʠʦʥʥʘʷ ʵʥʝʨʛʝʪʠʢʘ, ʠʣʠ 

ʚʥʫʪʨʝʥʥʷʷ ʵʥʝʨʛʝʪʠʢʘ, ʘʙʩʦʣʶʪʥʦ ʥʦʚʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʚ ʥʘʫʢʝ ʠ ʪʝʭʥʠʢʝ. ɸʥʘʣʠʟʠʨʫʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʳ 

ʨʘʟʚʠʪʠʷ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʚʥʫʪʨʝʥʥʝʡ ʵʥʝʨʛʝʪʠʢʠ ʚ ʩʦʮʠʘʣʴʥʦʡ ʞʠʟʥʠ. 

Abstract 

It analyzes its own gravity and forced energy, analyzes the gravitational engines of life. It is shown that the 

physical transformations of gravity, the nature of the division of biological cells in living individuals are equivalent 

to the movement of bodies along an ellipse. We analyze in detail the forced wave feelings and mechanical move-

ments associated with rational and imaginative thinking, respectively. The nature of the controlled thermonuclear 

reaction of deuteron nuclei from the gravitational point of view is examined and its futility is shown. The concept 

is introduced - gravitational energy, or living energy, a completely new direction in science and technology. The 

prospects for the development and use of gravitational energy in social life are analyzed. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʨʘʚʠʪʘʮʠʷ, ʵʥʝʨʛʠʷ, ʜʚʠʛʘʪʝʣʴ, ʢʚʘʥʪ, ʧʦʣʝ, ʙʦʜʨʩʪʚʦʚʘʥʠʝ, ʩʦʥ, ʩʠʣʘ, ʞʠʟʥʴ. 

Keywords: gravity, energy, engine, quantum, field, wakefulness, sleep, power, life. 

 

ʂʘʢ ʦʙʨʘʟʫʶʪʩʷ ʩʧʠʨʘʣʴʥʳʝ ʛʘʣʘʢʪʠʢʠ? 

ɽʩʣʠ ʧʦʩʤʦʪʨʝʪʴ ʥʘ ʩʠʩʪʝʤʫ ʉʦʣʥʮʝ - ɿʝʤʣʶ ʠʟʚʥʝ, 

ʪʦ ʫʚʠʜʠʤ çʪʦʯʢʠè, ʢʦʪʦʨʳʝ ʢʘʢ-ʪʦ ʧʝʨʝʤʝʱʘʶʪʩʷ 

ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʚʦ ʚʨʝʤʝʥʠ. ʀ. ʂʝʧʣʝʨ ʧʨʦʚʝʣ ʪʱʘ-

ʪʝʣʴʥʦʝ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʧʝʨʝʤʝʱʝʥʠʷʤʠ ʧʣʘʥʝʪ ʚʦ-

ʢʨʫʛ ʉʦʣʥʮʘ ʠ ʫʩʪʘʥʦʚʠʣ, ʯʪʦ ʦʥʠ ʦʧʠʩʳʚʘʶʪ ʵʣ-

ʣʠʧʩʳ, ʨʠʩ. 1 [1]. ɺ ʵʣʣʠʧʩʝ ʠʤʝʝʪʩʷ ʜʚʘ ʬʦʢʫʩʘ: Re, 

Im. ʕʣʣʠʧʩ ʚ ʧʨʦʩʪʝʡʰʝʤ ʩʣʫʯʘʝ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ 

ʩʧʠʨʘʣʝʡ: ʩʞʠʤʘʶʱʝʡʩʷ ʩʧʠʨʘʣʠ ʠ ʨʘʟʞʠʤʘʶ-

ʱʝʡʩʷ ʩʧʠʨʘʣʠ. ʇʨʝʜʩʪʘʚʠʤ ʦʙʨʘʟʥʦ ʩʞʠʤʘʶʱʫ-

ʶʩʷ ʠ ʨʘʟʞʠʤʘʶʱʫʶʩʷ ʩʧʠʨʘʣʠ ʧʦʨʦʟʥʴ, ʢʘʢ ʥʝʟʘ-

ʚʠʩʠʤʳʝ ʩʠʩʪʝʤʳ. ɺ ʮʝʥʪʨʝ ʩʞʠʤʘʶʱʝʡʩʷ ʩʧʠ-

ʨʘʣʠ, ʚ ʬʦʢʫʩʝ Re, ʥʘʭʦʜʠʪʩʷ ʉʦʣʥʮʝ, ʦʥʦ 

ʦʙʦʟʥʘʯʝʥʦ ʢʨʘʩʥʳʤ ʮʚʝʪʦʤ, ʘ ɿʝʤʣʷ ʨʘʩʩʝʷʥʘ ʧʦ 

ʚʩʝʡ ʩʞʠʤʘʶʱʝʡʩʷ ʩʧʠʨʘʣʠ, ʦʥʘ ʦʙʦʟʥʘʯʝʥʘ ʪʝʤ-

ʥʳʤ ʮʚʝʪʦʤ. 

 
ʈʠʩ. 1. ʈʘʩʱʝʧʣʝʥʠʝ ʵʣʣʠʧʩʘ ʥʘ ʜʚʝ ʥʝʟʘʚʠʩʠʤʳʝ ʯʘʩʪʠ: ʧʣʘʥʝʪʘ - ʟʚʝʟʜʘ 

 

ɺ ʮʝʥʪʨʝ ʨʘʩʰʠʨʷʶʱʝʡʩʷ ʩʧʠʨʘʣʠ, ʚ ʬʦʢʫʩʝ 

Im ʧʫʩʪʦʪʘ, ʪʘʤ ʉʦʣʥʮʘ ʥʝʪ. ʉʦʣʥʮʝ ʨʘʩʩʝʷʥʦ ʧʦ 

ʚʩʝʡ ʨʘʩʰʠʨʷʶʱʝʡʩʷ ʩʧʠʨʘʣʴʶ, ʘ ɿʝʤʣʷ ʨʘʩʧʦʣʦ-

ʞʝʥʘ ʚʥʫʪʨʠ ʩʧʠʨʘʣʠ, ʚ ʤʥʠʤʦʤ ʮʝʥʪʨʝ ʢʦʪʦʨʦʡ ʦʙ-

ʨʘʟʦʚʘʣʘʩʴ çʜʳʨʘè. ɺ ʚʦʦʙʨʘʞʘʝʤʦʤ ʵʣʣʠʧʩʝ, ʧʦʜʝ-

ʣʝʥʥʦʤ ʥʘ ʜʚʝ çʥʝʟʘʚʠʩʠʤʳʝè ʯʘʩʪʠ, ʉʦʣʥʮʝ ʠ 

ɿʝʤʣʷ ʦʙʤʝʥʷʣʠʩʴ ʤʝʩʪʘʤʠ. ʅʘ ʨʠʩ. 1 ʜʝʤʦʥʩʪʨʠʨʫ-

ʝʪʩʷ ʤʦʜʝʣʴ ʧʨʝʚʨʘʱʝʥʠʷ ʧʣʘʥʝʪʳ ʚ ʟʚʝʟʜʫ ʠ ʟʚʝʟʜʳ 

ʚ ʧʣʘʥʝʪʫ ʧʦ ʤʝʨʝ ʜʚʠʞʝʥʠʷ ʤʘʪʝʨʠʠ ʧʦ ʚʦʦʙʨʘʞʘ-

ʝʤʦʤʫ ʵʣʣʠʧʩʫ. ɺ ʢʦʩʤʦʩʝ ʤʳ ʚʠʜʠʤ çʤʛʥʦʚʝʥʥʳʝè 

ʢʘʨʪʠʥʳ ʟʚʝʟʜ, ʧʣʘʥʝʪ ʠ ʛʘʣʘʢʪʠʢ. ʅʘ ʩʘʤʦʤ ʜʝʣʝ 

ʦʥʠ ʚ ʪʝʯʝʥʠʝ ʤʠʣʣʠʦʥʦʚ ʟʝʤʥʳʭ ʣʝʪ ʧʨʝʪʝʨʧʝʚʘʶʪ 

ʧʨʝʚʨʘʱʝʥʠʷ, ʢʘʢ ʝʩʣʠ ʙʳ ʜʚʠʛʘʣʠʩʴ ʧʦ ʚʦʦʙʨʘʞʘʝ-

ʤʦʤʫ ʵʣʣʠʧʩʫ. ʈʘʩʩʤʦʪʨʠʤ ʧʨʝʚʨʘʱʝʥʠʷ ʤʘʪʝʨʠʠ 

ʧʦʜʨʦʙʥʝʝ.  

ɿʘʧʠʰʝʤ ʉʦʟʜʘʪʝʣʝʡ ɺʩʝʛʦ ï ʚʝʯʥʳʝ ʜʚʠʛʘ-

ʪʝʣʠ [2]:  
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Ç  Í + ȟ ȟȟ 

ʀ Í ὧ
ȟȟȟ
 
             (1) 

ɺ ʧʝʨʚʦʤ ʫʨʘʚʥʝʥʠʠ ʟʘʧʠʩʘʥ ʚʝʯʥʳʡ ʛʨʘʚʠʪʘ-

ʮʠʦʥʥʳʡ ʜʚʠʛʘʪʝʣʴ Ç ʚʦ ʚʥʫʪʨʝʥʥʝʤ ʧʨʦʩʪʨʘʥʩʪʚʝ 
(ὒȟὒȟὒȟ—). Í  ï ʤʘʪʝʨʠʥʩʢʘʷ ʠʥʝʨʪʥʘʷ ʤʘʩʩʘ. ɺʦ 

ʚʪʦʨʦʤ ʫʨʘʚʥʝʥʠʠ ï ʚʝʯʥʳʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʜʚʠʛʘ-

ʪʝʣʴ ʀ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ὼȟώȟᾀȟὸ, Í  ï ʤʘʪʝʨʠʥʩʢʘʷ 

ʪʷʛʦʪʝʶʱʘʷ ʤʘʩʩʘ. ɺʝʯʥʳʝ ʜʚʠʛʘʪʝʣʠ ʧʦʨʦʟʥʴ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ çʥʠʯʪʦè, ʩʤʳʩʣ ʠʤʝʶʪ ʪʦʣʴʢʦ 

ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʚʝʯʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʟʘʨʦʜʠʣʘʩʴ ʠʥʝʨʪʥʘʷ ʤʘʩʩʘ Í  ʠ 

ʪʷʛʦʪʝʶʱʘʷ ʤʘʩʩʘ Í , ʦʙʨʘʟʦʚʘʣʦʩʴ ʧʨʦʩʪʨʘʥʩʪʚʦ 
ʢʦʦʨʜʠʥʘʪ ʠ ʚʨʝʤʝʥʠ ὼȟώȟᾀȟὸ ʩ ʚʳʥʫʞʜʝʥʥʦʡ 

ʵʥʝʨʛʠʝʡ ʠ ʧʨʦʩʪʨʘʥʩʪʚʦ ʢʨʠʚʠʟʥʳ ʠ ʩʧʠʨʘʣʴʥʦʡ 

ʩʢʦʨʦʩʪʠ ὒȟὒȟὒȟ— ʩ ʚʳʥʫʞʜʝʥʥʦʡ ʛʨʘʚʠʪʘ-

ʮʠʝʡ, ʟʘʨʦʜʠʣʘʩʴ ʞʠʟʥʴ. ʅʘ ʨʠʩ. 2 ʧʨʠʚʝʜʝʥʳ ʯʝ-

ʪʳʨʝ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʚ ʢʦʪʦʨʳʭ ʥʘʭʦʜʠʪʩʷ ʦʩʦʙʴ 

ʩʨʘʟʫ. 

 
ʈʠʩ. 2 ʅʘʭʦʞʜʝʥʠʝ ʦʩʦʙʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʘʭ: ╛●ȟ╛◐ȟ╛◑ȟⱣ, ╛●ȟ╛◐ȟ╛◑ȟⱣ, ●ȟ◐ȟ◑ȟ◄, ●ȟ◐ȟ◑ȟ◄ 

 

ʆʩʦʙʴ, ʧʦʤʝʯʝʥʥʘʷ ʯʝʨʥʳʤ ʮʚʝʪʦʤ, ʚʳʨʘʞʝʥʘ 

ʠʥʝʨʪʥʦʡ ʤʘʩʩʦʡ, ʩʬʦʨʤʠʨʦʚʘʥʘ ʚ ʛʨʘʚʠʪʘʮʠʦʥʥʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ὒȟὒȟὒȟ—, ʥʦ ʚʳʥʫʞʜʝʥʥʦ ʙʦʜʨ-

ʩʪʚʫʝʪ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ὼȟώȟᾀȟὸ. ɺ ʧʨʦʩʪʨʘʥʩʪʚʝ 
ὼȟώȟᾀȟὸ, ʦʩʦʙʴ, ʧʦʤʝʯʝʥʥʘʷ ʢʨʘʩʥʳʤ ʮʚʝʪʦʤ, ʚʳ-
ʨʘʞʝʥʘ ʪʷʛʦʪʝʶʱʝʡ ʤʘʩʩʦʡ, ʩʬʦʨʤʠʨʦʚʘʥʘ ʚ ʵʥʝʨ-

ʛʝʪʠʯʝʩʢʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ὼȟώȟᾀȟὸ, ʥʦ ʚʳʥʫʞʜʝʥʥʦ 

ʙʦʜʨʩʪʚʫʝʪ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ὒȟὒȟὒȟ—. ʇʨʦʩʪʨʘʥ-

ʩʪʚʘ, ʧʦʤʝʯʝʥʥʳʝ ʢʨʘʩʥʳʤ ʮʚʝʪʦʤ, ʜʣʷ ʥʘʩ ʩʢʨʳʪʳ, 

ʦʥʠ ʦʟʥʘʯʘʶʪ ʧʘʨʘʣʣʝʣʴʥʳʡ ʤʠʨ. ʂʘʞʜʘʷ ʦʩʦʙʴ 

ʥʘʭʦʜʷʪʩʷ ʚ ʯʝʪʳʨʝʭ ʧʨʦʩʪʨʘʥʩʪʚʘʭ ʩʨʘʟʫ, ʥʦ ʧʦ-

ʨʘʟʥʦʤʫ. ʆʩʦʙʴ, ʚʳʨʘʞʝʥʥʘʷ ʠʥʝʨʪʥʦʡ ʤʘʩʩʦʡ, ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʘʭ ὒȟὒȟὒȟ— ʠ ὼȟώȟᾀȟὸ ʥʘʭʦʜʠʪʩʷ 

ʥʝʦʩʦʟʥʘʥʥʦ ʚ ʚʠʜʝ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʧʦʣʝʡ, ʩʧʠʪ. 

ʆʩʦʙʴ ʚ ʧʘʨʘʣʣʝʣʴʥʦʤ ʤʠʨʝ, ʚʳʨʘʞʝʥʥʘʷ ʪʷʛʦʪʝʶ-

ʱʝʡ ʤʘʩʩʦʡ, ʚ ʧʨʦʩʪʨʘʥʩʪʚʘʭ ὒȟὒȟὒȟ— ʠ 

ὼȟώȟᾀȟὸ ʥʘʭʦʜʠʪʩʷ ʪʦʞʝ, ʥʦ ʥʝʦʩʦʟʥʘʥʥʦ ʚ ʚʠʜʝ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʦʣʝʡ, ʩʧʠʪ. ɿʘʥʠʤʘʪʴʩʷ ʧʘʨʘʣʣʝʣʴ-

ʥʳʤ ʤʠʨʦʤ ʚ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʥʝ ʙʫʜʝʤ. ʄʘʪʝʨʠʥʩʢʠʝ 

ʤʘʩʩʳ ʠʟʦʣʠʨʦʚʘʥʳ ʥʝʧʨʝʦʜʦʣʠʤʳʤʠ ʙʘʨʴʝʨʘʤʠ: c, 

K, ʛʜʝ c ï ʘʙʩʦʣʶʪʥʦʝ ʜʚʠʞʝʥʠʝ (ʩʚʝʪʦʚʘʷ ʩʢʦ-

ʨʦʩʪʴ), K ï ʘʙʩʦʣʶʪʥʳʡ ʧʦʢʦʡ (ʠʣʠ ʩʚʝʪʦʚʦʡ ʧʦ-

ʢʦʡ). ʅʘ ʨʠʩ. 3 ʜʝʤʦʥʩʪʨʠʨʫʶʪʩʷ ʚʟʘʠʤʥʳʝ ʩʚʷʟʠ 

ʠʥʝʨʪʥʦʡ ʠ ʪʷʛʦʪʝʶʱʝʡ ʤʘʩʩʳ ʩ ʧʦʤʦʱʴʶ ʧʦʩʨʝʜ-

ʥʠʢʦʚ: Â ȟ Ὡ , Í , Í , [3]. 

 
ʈʠʩ. 3 ʉʭʝʤʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʘʪʝʨʠʥʩʢʦʡ ʠʥʝʨʪʥʦʡ ʤʘʩʩʳ □╘ ʩ ʤʘʪʝʨʠʥʩʢʦʡ ʪʷʛʦʪʝʶʱʝʡ  

ʤʘʩʩʦʡ □╣ ʩ ʧʦʤʦʱʴʶ ʧʦʩʨʝʜʥʠʢʦʚ 
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ʊʷʛʦʪʝʶʱʘʷ ʤʘʩʩʘ ʠ ʚʩʝ ʝʝ ʧʦʩʨʝʜʥʠʢʠ ʙʫʜʫʪ 

ʦʙʦʟʥʘʯʘʪʴʩʷ ʢʨʘʩʥʳʤ ʮʚʝʪʦʤ, ʠʥʝʨʪʥʘʷ ʤʘʩʩʘ ʠ ʝʝ 

ʧʦʩʨʝʜʥʠʢʠ ʦʙʦʟʥʘʯʝʥʳ ʯʝʨʥʳʤ ʮʚʝʪʦʤ. ɿʜʝʩʴ Ὡ  ʠ 

Í  ï ɻ ʣʝʢʪʨʠʯʝʩʢʘʷ ʤʝʤʙʨʘʥʘ ʠ ʥʝʡʪʨʦʥʥʘʷ ʠʥʝʨʪ-

ʥʘʷ ʤʘʩʩʘ, ʧʦʨʦʞʜʝʥʥʘʷ ʤʘʪʝʨʠʥʩʢʦʡ ʪʷʛʦʪʝʶʱʝʡ 

ʤʘʩʩʦʡ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. Â  ʠ Í ï ʙʘʨʠʦʥʥʘʷ ʤʝʤ-

ʙʨʘʥʘ ʠ ʪʷʛʦʪʝʶʱʘʷ ʥʝʡʪʨʦʥʥʘʷ ʤʘʩʩʘ, ʧʦʨʦʞʜʝʥ-

ʥʘʷ ʤʘʪʝʨʠʥʩʢʦʡ ʠʥʝʨʪʥʦʡ ʤʘʩʩʦʡ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɺ ʚʝʯʥʳʝ ʜʚʠʛʘʪʝʣʠ (1) ʥʝʦʙʭʦʜʠʤʦ ʜʦʙʘʚʠʪʴ ʚʳ-

ʥʫʞʜʝʥʥʫʶ ʵʥʝʨʛʠʶ ʠ ʚʳʥʫʞʜʝʥʥʫʶ ʛʨʘʚʠʪʘʮʠʶ: 

Ç  Í Í  "Ὡȟ+ ȟ ȟȟ Ὃ ȟȟȟ 

%  ά Í  "Ὡ ὺ
ȟȟȟ

 Ὂ ȟ ȟȟ ȟ

(2) 

ʀ Í Í ȟ"Â ὧ
ȟȟȟ

Ὂ ȟ ȟȟ ȟ

Ὃ Í Í "Â Ὧ
ȟ ȟȟ

Ὃ ȟȟȟ
  (3) 

ʛʜʝ % ï ʚʳʥʫʞʜʝʥʥʘʷ ʵʥʝʨʛʠʷ, ὺ ï ʪʝʧʣʦʚʘʷ ʩʢʦ-
ʨʦʩʪʴ, ʛʜʝ ὺ  c. G ï ʚʳʥʫʞʜʝʥʥʘʷ ʛʨʘʚʠʪʘʮʠʷ, k ï 

ʢʝʧʣʝʨʠʷ, ʛʜʝ Ὧ  K. ɺʝʯʥʳʡ ʛʨʘʚʠʪʘʮʠʦʥʥʳʡ ʜʚʠ-

ʛʘʪʝʣʴ ʩʚʷʟʘʥ ʩ ʢʦʨʧʫʩʢʫʣʷʨʥʳʤ ʚʥʝʰʥʠʤ ʪʷʛʦʪʝ-

ʥʠʝʤ Ὃ ȟȟȟ  ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ὼȟώȟᾀȟὸ. ɺʝʯʥʳʡ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʜʚʠʛʘʪʝʣʴ ʩʚʷʟʘʥ ʩ ʚʥʫʪʨʝʥʥʝʡ ʩʠ-

ʣʦʡ Ὂ ȟ ȟȟ ȟ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ὒȟὒȟὒȟ—. ɺʳ-

ʥʫʞʜʝʥʥʘʷ ʛʨʘʚʠʪʘʮʠʷ ʩʚʷʟʘʥʘ ʩ ʩʦʩʪʘʚʥʦʡ ʪʷʛʦʪʝ-

ʶʱʝʡ ʤʘʩʩʦʡ, ʘ ʚʳʥʫʞʜʝʥʥʘʷ ʵʥʝʨʛʠʷ ʩ ʩʦʩʪʘʚʥʦʡ 

ʠʥʝʨʪʥʦʡ ʤʘʩʩʦʡ. ʇʝʨʚʠʯʥʳʝ ʧʦʩʨʝʜʥʠʢʠ - : 

Â ȟ Ὡ , Í , Í  ï ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʫʩʪʘʥʦʚʠʣʠ 

ʩʚʷʟʠ ʤʝʞʜʫ ʩʦʙʦʶ ʩ ʧʦʤʦʱʴʶ ʩʚʦʠʭ, ʚʪʦʨʠʯʥʳʭ, 

ʧʦʩʨʝʜʥʠʢʦʚ: Ὃ , Ὄ , Ὂ, Ὑ, ʛʜʝ: 

Ὃ  ï ʢʦʨʧʫʩʢʫʣʷʨʥʦʝ ʧʦʣʝ ʪʷʛʦʪʝʥʠʷ, ʦʙʣʘʜʘʝʪ 

ʛʨʘʚʠʪʘʮʠʦʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʧʦʨʦʞʜʝʥʦ ʪʷʛʦʪʝʶ-

ʱʝʡ ʥʝʡʪʨʦʥʥʦʡ ʤʘʩʩʦʡ Í  ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʠʥʝʨʪ-

ʥʦʡ ʤʘʩʩʦʡ ʥʝʡʪʨʦʥʘ Í .  

Ὄ  - ʚʦʣʥʦʚʦʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ, ʦʙʣʘʜʘʝʪ ʛʨʘʚʠ-

ʪʘʮʠʦʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʧʦʨʦʞʜʝʥʦ ʙʘʨʠʦʥʥʦʡ 

ʤʝʤʙʨʘʥʦʡ Â  ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʟʘ-

ʨʷʜʘʤʠ  Ὡ  . 

Ὂ ï ʢʦʨʧʫʩʢʫʣʷʨʥʦʝ ʩʠʣʦʚʦʝ ʧʦʣʝ, ʦʙʣʘʜʘʝʪ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʧʦʨʦʞʜʝʥʦ ʥʝʡʪʨʦʥ-

ʥʦʡ ʠʥʝʨʪʥʦʡ ʤʘʩʩʦʡ Í  ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʥʝʡʪʨʦʥ-

ʥʦʡ ʪʷʛʦʪʝʶʱʝʡ ʤʘʩʩʦʡ Í .  

Ὑ  ï ʚʦʣʥʦʚʦʝ ʨʦʜʠʦʥʦʚʦ ʧʦʣʝ, ʦʙʣʘʜʘʝʪ ʵʥʝʨ-

ʛʝʪʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʧʦʨʦʞʜʝʥʦ ʵʣʝʢʪʨʠʯʝ-

ʩʢʦʡ ʤʝʤʙʨʘʥʦʡ  Ὡ  ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʙʘʨʠʦʥʥʳʤʠ 

ʟʘʨʷʜʘʤʠ Â . 

ʋʨʘʚʥʝʥʠʷ (2) ʠ (3) ʧʝʨʝʧʠʰʫʪʩʷ ʩ ʫʯʝʪʦʤ ʚʪʦ-

ʨʠʯʥʳʭ ʧʦʩʨʝʜʥʠʢʦʚ: 

Ç  Í Í ȟὋ  "ὩȟὌ + ȟ ȟȟ Ὃ ȟȟȟ 

%  ά Í ȟὋ  "ὩȟὌ  ὺ
ȟȟȟ

 Ὂ ȟ ȟȟ ȟ

                  (4) 

 

ʀ Í Í ȟὊ "Â ȟὙ ὧ
ȟȟȟ

Ὂ ȟ ȟȟ ȟ

Ὃ Í Í ȟὊ "Â ȟὙ Ὧ
ȟ ȟȟ

Ὃ ȟȟȟ

                   (5) 

 

 Í ȟὋ  ï ʩʚʷʟʴ ʢʦʨʧʫʩʢʫʣʷʨʥʦʛʦ ʧʦʣʷ ʪʷʛʦ-

ʪʝʥʠʷ ʩ ʠʥʝʨʪʥʳʤ ʥʝʡʪʨʦʥʦʤ. ὩȟὌ  ïʩʚʷʟʴ ʚʦʣ-

ʥʦʚʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʩ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʤʝʤʙʨʘ-

ʥʦʡ. Í ȟὊ  ï ʩʚʷʟʴ ʢʦʨʧʫʩʢʫʣʷʨʥʦʛʦ ʩʠʣʦʚʦʛʦ 

ʧʦʣʷ ʩ ʪʷʛʦʪʝʶʱʠʤ ʥʝʡʪʨʦʥʦʤ, Â ȟὙ  ïʩʚʷʟʴ ʚʦʣ-

ʥʦʚʦʛʦ ʨʦʜʠʦʥʦʛʦ ʧʦʣʷ ʩ ʙʘʨʠʦʥʥʦʡ ʤʝʤʙʨʘʥʦʡ.  

ɺ (4) ʟʘʧʠʩʘʥ ʛʨʘʚʠʪʘʮʠʦʥʥʳʡ ʜʚʠʛʘʪʝʣʴ 

ʞʠʟʥʠ, ʚ (5) ï ɻ ʥʝʨʛʝʪʠʯʝʩʢʠʡ ʜʚʠʛʘʪʝʣʴ ʞʠʟʥʠ. ɼʣʷ 

ʥʘʛʣʷʜʥʦʩʪʠ ʥʘʭʦʞʜʝʥʠʷ ʧʦʩʨʝʜʥʠʢʦʚ ʚ ʜʚʠʛʘʪʝʣʷʭ 

(4) ʠ (5) ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʦʙʨʘʪʠʪʴʩʷ ʢ ʨʠʩ. 4, ʥʘ ʢʦ-

ʪʦʨʦʤ ʜʝʤʦʥʩʪʨʠʨʫʝʪʩʷ ʧʨʝʚʨʘʱʝʥʠʝ Re ï ʛʘʣʘʢ-

ʪʠʢʠ ʚ Im ï ʛʘʣʘʢʪʠʢʫ. Re ï ʛʘʣʘʢʪʠʢʘ ʚ ʧʨʦʩʪʨʘʥ-

ʩʪʚʝ ὒȟὒȟὒȟ— ʨʘʟʚʝʨʥʫʪʘ ʪʘʢ, ʯʪʦʙʳ ʙʳʣʠ 

ʚʠʜʥʳ ʚʩʝ ʝʝ ʩʧʠʨʘʣʠ, ʚʩʝ ʚʥʫʪʨʝʥʥʝʝ ʩʪʨʦʝʥʠʝ, ʠ 

ʤʦʞʥʦ ʙʳʣʦ ʙʳ ʥʘʙʣʶʜʘʪʴ ʜʝʡʩʪʚʠʷ ʬʠʟʠʯʝʩʢʠʭ 

ʧʦʣʝʡ. 

Re  
ʈʠʩ. 4 ʇʨʝʚʨʘʱʝʥʠʝ Re - ʛʘʣʘʢʪʠʢʠ ʩ ʛʦʨʷʯʠʤ ʷʜʨʦʤ ʚ Im - ʛʘʣʘʢʪʠʢʫ ʩ ʭʦʣʦʜʥʳʤ ʷʜʨʦʤ  

ʠ çʜʳʨʦʡè ʚ ʮʝʥʪʨʝ 
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ɺ ʮʝʥʪʨʝ ʩʧʠʨʘʣʴʥʦʡ ʛʘʣʘʢʪʠʢʠ Re ʥʘʭʦʜʠʪʩʷ 

ʪʷʞʝʣʦʝ ʛʦʨʷʯʝʝ ʷʜʨʦ, ʦʢʨʫʞʝʥʥʦʝ ʭʦʣʦʜʥʦʡ ʠʥʝʨʪ-

ʥʦʡ ʤʘʩʩʦʡ ʚ ʚʠʜʝ ʩʧʠʨʘʣʝʡ. ʆʢʨʫʞʥʦʩʪʠ, ʢʦʪʦʨʳʭ 

ʚ ʫʩʝʯʝʥʥʦʤ ʩʧʠʨʘʣʴʥʦʤ ʢʦʥʫʩʝ ʙʝʩʢʦʥʝʯʥʦʝ ʤʥʦ-

ʞʝʩʪʚʦ, ʩʚʷʟʘʥʳ ʩ ʯʫʚʩʪʚʘʤʠ ʠ ʩ ʤʳʰʣʝʥʠʝʤ. ɺʳ-

ʧʠʰʝʤ ʚʝʯʥʳʝ ʜʚʠʛʘʪʝʣʠ ʠʟ (4) ʠ (5): 

Ç  Í Í ȟὋ  "ὩȟὌ + ȟ ȟȟ Ὃ ȟȟȟ

ʀ Í Í ȟὊ "Â ȟὙ ὧ
ȟȟȟ

Ὂ ȟ ȟȟ ȟ

 

ʠ ʫʩʪʘʥʦʚʠʤ ʚ ʥʠʭ ʚʥʝʰʥʠʝ ʠ ʚʥʫʪʨʝʥʥʠʝ gŮ-ʛʨʘʚʠʪʘʮʠʦʥʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʩʚʷʟʠ:  

ὩȟὌ  Â ȟὙ  

Í ȟὋ  Í ȟὊ
                                                                              (6) 

ʛʜʝ Ὄ, Ὃ  ï ʛʨʘʚʠʪʘʮʠʦʥʥʳʝ ʧʦʣʷ, Ὑȟ Ὂ ï ʵʥʝʨ-

ʛʝʪʠʯʝʩʢʠʝ ʧʦʣʷ. ɺ ʚʝʨʭʥʝʤ ʚʳʨʘʞʝʥʠʠ ʟʘʧʠʩʘʥʳ 

ʚʥʝʰʥʠʝ gŮ ï ʩʚʷʟʠ: ʚʥʝʰʥʠʝ ʯʫʚʩʪʚʘ ὩȟὌ  ʚ ʛʨʘ-

ʚʠʪʘʮʠʦʥʥʦʤ ʜʚʠʛʘʪʝʣʝ ʞʠʟʥʠ (4) ʩʚʷʟʘʥʳ ʩ ʚʥʝʰ-

ʥʠʤ ʤʳʰʣʝʥʠʝʤ Â ȟὙ  ʚ ʵʥʝʨʛʝʪʠʯʝʩʢʦʤ ʜʚʠʛʘ-

ʪʝʣʝ ʞʠʟʥʠ (5). ɺ ʥʠʞʥʝʤ ʚʳʨʘʞʝʥʠʠ ʟʘʧʠʩʘʥʳ 

ʚʥʫʪʨʝʥʥʠʝ gŮ ï ʩʚʷʟʠ: ʚʥʫʪʨʝʥʥʠʝ ʤʝʭʘʥʠʯʝʩʢʠʝ 

ʜʚʠʞʝʥʠʷ Í ȟὋ  ʚ ʛʨʘʚʠʪʘʮʠʦʥʥʦʤ ʜʚʠʛʘʪʝʣʝ 

ʞʠʟʥʠ (4) ʩʚʷʟʘʥʳ ʩ ʚʥʫʪʨʝʥʥʠʤ ʤʝʭʘʥʠʯʝʩʢʠʤ 

ʤʳʰʣʝʥʠʝʤ Í ȟὊ  ʚ ʵʥʝʨʛʝʪʠʯʝʩʢʦʤ ʜʚʠʛʘʪʝʣʝ 

ʞʠʟʥʠ (5). ʅʫʞʥʦ ʚʳʷʩʥʠʪʴ, ʢʘʢ ʩʚʷʟʳʚʘʶʪʩʷ ʯʫʚ-

ʩʪʚʘ ʩ ʤʳʰʣʝʥʠʝʤ. ʅʘʯʥʝʤ ʩ ʚʝʨʭʥʝʛʦ ʨʘʚʝʥʩʪʚʘ 

(6). Ὡ  ï ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʤʝʤʙʨʘʥʘ, ʦʙʣʘʜʘʝʪ ʜʚʠʞʝ-

ʥʠʝʤ, Â  ï ʙʘʨʠʦʥʥʘʷ ʤʝʤʙʨʘʥʘ, ʦʙʣʘʜʘʝʪ ʧʦʢʦʝʤ 

(ʚʨʘʱʝʥʠʝʤ). ɹʘʨʠʦʥʥʘʷ ʤʝʤʙʨʘʥʘ ʚʳʨʘʙʘʪʳʚʘʝʪ 

ʛʨʘʚʠʪʘʮʠʦʥʥʦʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ Ὄ, ʢʦʪʦʨʦʝ ʟʘʢʨʫ-
ʯʠʚʘʝʪ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʟʘʨʷʜʳ, ʠ ʛʘʩʷʪ ʠʭ ʜʚʠʞʝʥʠʝ. 

ʕʣʝʢʪʨʠʯʝʩʢʘʷ ʤʝʤʙʨʘʥʘ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʚʳʨʘʙʘ-

ʪʳʚʘʝʪ ʵʥʝʨʛʝʪʠʯʝʩʢʦʝ ʨʦʜʠʦʥʦʚʦ ʧʦʣʝ Ὑ, ʢʦʪʦʨʦʝ 
ʚʨʘʱʘʶʱʠʡʩʷ ʙʘʨʠʦʥʥʳʡ ʟʘʨʷʜ ʚʳʪʷʛʠʚʘʝʪ ʚ ʚʠʜʝ 

ʫʩʝʯʝʥʥʦʛʦ ʩʧʠʨʘʣʴʥʦʛʦ ʢʦʥʫʩʘ, ʧʨʠʚʝʜʝʥʥʦʛʦ ʥʘ 

ʨʠʩ. 4, ʠ ʧʦʨʦʞʜʘʝʪ ʜʚʠʞʝʥʠʝ. ɺʳʚʦʜ: ʚʥʝʰʥʝʝ 

ʤʳʰʣʝʥʠʝ ʚʳʟʳʚʘʶʪ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʤʝʤʙʨʘʥʳ, ʘ 

ʧʨʦʪʝʢʘʝʪ ʚʥʝʰʥʝʝ ʤʳʰʣʝʥʠʝ ʚ ʙʘʨʠʦʥʥʳʭ ʤʝʤ-

ʙʨʘʥʘʭ: Â ȟὙ , ʚʥʝʰʥʠʝ ʯʫʚʩʪʚʘ ʧʦʨʦʞʜʘʶʪ ʙʘ-

ʨʠʦʥʥʳʝ ʤʝʤʙʨʘʥʳ, ʘ ʧʨʦʪʝʢʘʶʪ ʚʥʝʰʥʠʝ ʯʫʚʩʪʚʘ 

ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʝ: ὩȟὌ . ɼʦʛʦʚʦʨʠʤʩʷ 

ʥʘʟʳʚʘʪʴ ʚʥʝʰʥʠʝ ʯʫʚʩʪʚʘ ʚʦʣʥʦʚʳʤʠ ʯʫʚʩʪʚʘʤʠ, 

ʪʘʢ ʢʘʢ ʦʥʠ ʧʦʨʦʞʜʘʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʦʤʘʛ-

ʥʠʪʥʦʛʦ ʩʚʝʪʘ, ʟʚʫʢʘ, ʦʙʦʥʷʥʠʷ ʠ ʥʝ ʟʘʚʠʩʷʪ ʦʪ 

ʦʩʦʙʠ, ʘ ʚʥʝʰʥʝʝ ʤʳʰʣʝʥʠʝ ʚ (6) ʨʘʮʠʦʥʘʣʴʥʳʤ 

ʤʳʰʣʝʥʠʝʤ, ʪʘʢ ʢʘʢ ʦʥʦ ʥʝ ʩʚʷʟʘʥʦ ʩ ʤʝʭʘʥʠʯʝ-

ʩʢʠʤʠ ʜʚʠʞʝʥʠʷʤʠ ʦʩʦʙʠ, (çʘʪʦʤʥʳʝè gŮ ï ʩʚʦʡ-

ʩʪʚʘ). ɺ ʥʠʞʥʝʤ ʚʳʨʘʞʝʥʠʠ (6) Í  ï ʠʥʝʨʪʥʘʷ 

ʥʝʡʪʨʦʥʥʘʷ ʤʘʩʩʘ ʧʦʨʦʞʜʝʥʘ ʤʘʪʝʨʠʥʩʢʦʡ ʪʷʛʦʪʝ-

ʶʱʝʡ ʤʘʩʩʦʡ, ʦʙʣʘʜʘʝʪ ʜʚʠʞʝʥʠʝʤ, Í  ï ʪʷʛʦʪʝʶ-

ʱʘʷ ʥʝʡʪʨʦʥʥʘʷ ʤʘʩʩʘ ʧʦʨʦʞʜʝʥʘ ʤʘʪʝʨʠʥʩʢʦʡ 

ʠʥʝʨʪʥʦʡ ʤʘʩʩʦʡ, ʦʙʣʘʜʘʝʪ ʧʦʢʦʝʤ (ʚʨʘʱʝʥʠʝʤ). 

ʅʝʡʪʨʦʥʥʘʷ ʠʥʝʨʪʥʘʷ ʤʘʩʩʘ ʧʦʨʦʞʜʘʝʪ ʩʠʣʦʚʦʝ 

ʧʦʣʝ Ὂ, ʢʦʪʦʨʦʝ ʚʦʟʜʝʡʩʪʚʫʝʪ ʥʘ ʥʝʡʪʨʦʥʥʫʶ ʪʷʛʦ-
ʪʝʶʱʫʶ ʤʘʩʩʫ Í ȟὊ  ʠ ʚʳʪʷʛʠʚʘʝʪ ʝʝ ʚ ʫʩʝʯʝʥ-

ʥʳʡ ʩʧʠʨʘʣʴʥʳʡ ʢʦʥʫʩ - ʯʪʦ ʚʳʟʳʚʘʝʪ ʚʥʫʪʨʝʥʥʝʝ 

ʤʳʰʣʝʥʠʝ. ʅʝʡʪʨʦʥʥʘʷ ʪʷʛʦʪʝʶʱʘʷ ʤʘʩʩʘ, ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ, ʛʝʥʝʨʠʨʫʝʪ ʛʨʘʚʠʪʘʮʠʦʥʥʦʝ ʧʦʣʝ ʪʷʛʦʪʝ-

ʥʠʷ Ὃ, ʢʦʪʦʨʦʝ ʟʘʢʨʫʯʠʚʘʝʪ ʥʝʡʪʨʦʥʥʫʶ ʪʷʛʦʪʝʶ-
ʱʫʶ ʤʘʩʩʫ Í ȟὋ  - ʯʪʦ ʧʦʨʦʞʜʘʝʪ ʚʥʫʪʨʝʥʥʠʝ 

ʯʫʚʩʪʚʘ. ɺʳʚʦʜ: ʚʥʫʪʨʝʥʥʠʝ ʤʝʭʘʥʠʯʝʩʢʠʝ ʜʚʠʞʝ-

ʥʠʷ ʚʳʟʳʚʘʝʪ ʥʝʡʪʨʦʥʥʘʷ ʪʷʛʦʪʝʶʱʘʷ ʤʘʩʩʘ Í , ʘ 

ʥʝʡʪʨʦʥʥʘʷ ʠʥʝʨʪʥʘʷ ʤʘʩʩʘ Í  ʦʪʨʘʙʘʪʳʚʘʝʪ ʚʥʫʪ-

ʨʝʥʥʠʝ ʤʝʭʘʥʠʯʝʩʢʠʝ ʜʚʠʞʝʥʠʷ; ʚʥʫʪʨʝʥʥʝʝ ʤʳʰ-

ʣʝʥʠʝ ʚʳʟʳʚʘʝʪ ʥʝʡʪʨʦʥʥʘʷ ʠʥʝʨʪʥʘʷ ʤʘʩʩʘ Í , ʘ 

ʥʝʡʪʨʦʥʥʘʷ ʪʷʛʦʪʝʶʱʘʷ ʤʘʩʩʘ Í  ʦʪʨʘʙʘʪʳʚʘʝʪ 

ʚʥʫʪʨʝʥʥʝʝ ʤʳʰʣʝʥʠʝ. ɼʦʛʦʚʦʨʠʤʩʷ ʥʘʟʳʚʘʪʴ 

ʚʥʫʪʨʝʥʥʠʝ ʯʫʚʩʪʚʘ ʤʝʭʘʥʠʯʝʩʢʠʤʠ, ʪʘʢ ʢʘʢ ʦʥʠ 

ʧʦʨʦʞʜʝʥʳ ʜʚʠʞʝʥʠʷʤʠ ʦʩʦʙʠ, ʘ ʚʥʫʪʨʝʥʥʝʝ ʤʳʰ-

ʣʝʥʠʝ ʦʙʨʘʟʥʳʤ ʤʳʰʣʝʥʠʝʤ, ʪʘʢ ʢʘʢ ʦʥʦ ʧʦʨʦʞ-

ʜʝʥʳ ʜʚʠʞʝʥʠʷʤʠ ʚ ʧʦʚʩʝʜʥʝʚʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʦʩʦʙʠ, (çʷʜʝʨʥʳʝè gŮ ï ʩʚʦʡʩʪʚʘ). ʈʘʮʠʦʥʘʣʴʥʦʝ 

ʤʳʰʣʝʥʠʝ ʠ ʦʙʨʘʟʥʦʝ ʤʳʰʣʝʥʠʝ ï ʩʦʚʝʨʰʝʥʥʦ ʨʘʟ-

ʥʳʝ ʚʝʱʠ, ʥʦ ʩʠʣʴʥʦ ʩʚʷʟʘʥʥʳʝ ʠ ʧʦʨʦʟʥʴ ʥʝ ʩʫʱʝ-

ʩʪʚʫʶʪ. ʈʘʮʠʦʥʘʣʴʥʦʝ ʤʳʰʣʝʥʠʝ ʧʨʘʛʤʘʪʠʯʥʦʝ, 

ʧʦʨʦʞʜʘʝʪʩʷ ʚʥʝʰʥʝʡ ʩʨʝʜʦʡ, ʦʧʝʨʠʨʫʝʪ ʘʢʘʜʝʤʠ-

ʯʝʩʢʠʤʠ ʟʥʘʥʠʷʤʠ, ʦʛʨʘʥʠʯʝʥʥʳʤʠ ʟʜʨʘʚʳʤ ʩʤʳʩ-

ʣʦʤ, ï ʦʙʨʘʟʥʦʝ ʤʳʰʣʝʥʠʝ ʧʦʚʩʝʜʥʝʚʥʦʝ, ʥʘʧʨʘʚ-

ʣʝʥʦ ʥʘ ʧʦʠʩʢʠ ʧʠʱʠ ʠ ʢʦʤʬʦʨʪʘ, ʥʘ ʨʝʘʣʠʟʘʮʠʶ 

ʧʨʘʢʪʠʯʝʩʢʠʭ ʧʦʪʨʝʙʥʦʩʪʝʡ, ʠ ʥʠʢʘʢ ʥʝ ʩʚʷʟʘʥʦ ʩ 

ʠʥʪʝʣʣʝʢʪʦʤ. ɺʦʣʥʦʚʳʝ ʯʫʚʩʪʚʘ ʠ ʨʘʮʠʦʥʘʣʴʥʦʝ 

ʤʳʰʣʝʥʠʝ ʦʙʲʝʜʠʥʷʶʪ ʦʩʦʙʝʡ - ʤʝʭʘʥʠʯʝʩʢʠʝ ʯʫʚ-

ʩʪʚʘ ʠ ʦʙʨʘʟʥʦʝ ʤʳʰʣʝʥʠʝ ʨʘʟʲʝʜʠʥʷʶʪ. ʅʘʧʨʠʤʝʨ, 

ɹʦʛ ʦʜʠʥ, ʘ ʦʙʨʘʟʥʦ ʜʫʤʘʶʪ ʦ ʥʝʤ ʚ ʠʩʣʘʤʝ ʠ ʚ ʧʨʘ-

ʚʦʩʣʘʚʠʠ ʧʦ-ʨʘʟʥʦʤʫ. ɺʦʣʥʦʚʳʝ ʠ ʤʝʭʘʥʠʯʝʩʢʠʝ 

ʯʫʚʩʪʚʘ - ὩȟὌ  ʠ Í ȟὋ  ï ʤʦʛʫʪ ʚʳʟʳʚʘʪʴ 

ʚʥʫʪʨʝʥʥʶʶ ʙʦʣʴ, ʨʘʮʠʦʥʘʣʴʥʦʝ ʠ ʦʙʨʘʟʥʦʝ ʤʳʰ-

ʣʝʥʠʝ - Â ȟὙ  ʠ Í ȟὊ  - ʚr ʟʳʚʘʝʪ çʙʦʣʴè ʪʦʞʝ, 

ʥʦ ʩʢʨʳʪʫʶ, ʪʘʢ ʢʘʢ Â  ʠ Í  ʩʢʨʳʪʳ. ʅʘ ʩʘʤʦʤ 

ʜʝʣʝ ʚʦʣʥʦʚʳʝ ʠ ʤʝʭʘʥʠʯʝʩʢʠʝ ʯʫʚʩʪʚʘ ʩʣʫʞʘʪ ʝʱʝ 

ʠ ʭʨʘʥʠʣʠʱʘʤʠ ʠʥʬʦʨʤʘʮʠʠ, ʩ ʢʦʪʦʨʦʡ ʨʘʙʦʪʘʶʪ 

ʨʘʮʠʦʥʘʣʴʥʦʝ ʠ ʦʙʨʘʟʥʦʝ ʤʳʰʣʝʥʠʷ. ʅʘ ʩʧʠʨʘʣʴ-

ʥʦʤ ʚʳʪʷʥʫʪʦʤ ʚʥʝʰʥʝʤ ʫʩʝʯʝʥʥʦʤ ʢʦʥʫʩʝ ʩʦʜʝʨ-

ʞʠʪʩʷ ʚʝʩʴ ʩʧʣʦʰʥʦʡ ʩʧʝʢʪʨ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ ʚʦʣ-

ʥʦʚʳʭ ʯʫʚʩʪʚ, ʩʚʷʟʘʥʥʳʭ ʩʦ ʩʧʣʦʰʥʳʤ ʩʧʝʢʪʨʦʤ 

ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʤʳʰʣʝʥʠʷ, ʘ ʥʘ ʚʥʫʪʨʝʥʥʝʤ ʫʩʝʯʝʥ-

ʥʦʤ ʩʧʠʨʘʣʴʥʦʤ ʢʦʥʫʩʝ ï ʩʧʣʦʰʥʦʡ ʩʧʝʢʪʨ ʚʩʝʭ 

ʚʦʟʤʦʞʥʳʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʜʚʠʞʝʥʠʡ, ʩʚʷʟʘʥʥʳʭ ʩʦ 

ʩʧʣʦʰʥʳʤ ʩʧʝʢʪʨʦʤ ʦʙʨʘʟʥʳʭ ʤʳʰʣʝʥʠʡ. ʉʦʙ-

ʩʪʚʝʥʥʳʝ ʯʫʚʩʪʚʘ ʩʚʷʟʘʥʳ ʚʝʯʥʳʤ ʜʚʠʛʘʪʝʣʷʤ ʚ (4) 

ʠ ʧʨʠʥʘʜʣʝʞʘʪ ʧʨʦʩʪʨʘʥʩʪʚʫ ὒȟὒȟὒȟ—, ʘ ʩʦʙ-

ʩʪʚʝʥʥʳʝ ʤʳʰʣʝʥʠʷ ʩʚʷʟʘʥʳ ʚʝʯʥʳʤ ʜʚʠʛʘʪʝʣʷʤ ʚ 

(5) ʠ ʧʨʠʥʘʜʣʝʞʘʪ ʧʨʦʩʪʨʘʥʩʪʚʫ ὼȟώȟᾀȟὸ, ʨʠʩ. 2. 
ʆʩʦʙʴ ʞʝ ʧʦ ʧʨʠʨʦʜʝ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʥʘʭʦʜʠʪʩʷ ʧʦ-

ʧʝʨʝʤʝʥʥʦ ʪʦ ʚ ʚʳʥʫʞʜʝʥʥʦʤ ʵʥʝʨʛʝʪʠʯʝʩʢʦʤ ʧʨʦ-

ʩʪʨʘʥʩʪʚʝ ὼȟώȟᾀȟὸ ʚ ʩʦʩʪʦʷʥʠʠ ʙʦʜʨʩʪʚʦʚʘʥʠʷ, ʪʦ 

ʚ ʚʳʥʫʞʜʝʥʥʦʤ ʛʨʘʚʠʪʘʮʠʦʥʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ 

ὒȟὒȟὒȟ— ʚ ʩʦʩʪʦʷʥʠʠ ʩʥʘ, ʨʠʩ. 2. ʉʣʝʜʦʚʘ-

ʪʝʣɹʥʦ, ʣʶʙʳʝ ʯʫʚʩʪʚʘ ʠ ʣʶʙʳʝ ʤʳʰʣʝʥʠʷ, ʩʚʷʟʘʥ-

ʥʳʝ ʩ ʦʩʦʙʴʶ, ʤʦʛʫʪ ʙʳʪʴ ʪʦʣʴʢʦ ʚʳʥʫʞʜʝʥʥʳʤʠ. 

ɺʳʥʫʞʜʝʥʥʳʝ ʯʫʚʩʪʚʘ ʠ ʤʳʰʣʝʥʠʷ ʩʦʩʪʘʚʣʷʶʪ 

ʙʝʩʢʦʥʝʯʥʦ ʤʘʣʫʶ ʯʘʩʪʴ ʯʫʚʩʪʚ ʠ ʤʳʰʣʝʥʠʡ ʠʟ 

ʪʦʛʦ ʩʧʣʦʰʥʦʛʦ ʩʧʝʢʪʨʘ, ʢʦʪʦʨʳʤʠ ʦʙʣʘʜʘʶʪ ʚʝʯ-

ʥʳʝ ʜʚʠʛʘʪʝʣʠ. ʂʦʛʜʘ ʦʩʦʙʴ ʝʱʝ ʪʦʣʴʢʦ ʟʘʨʦʞʜʘ-

ʝʪʩʷ ʣʠʙʦ ʚ ʚʳʥʫʞʜʝʥʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ὼȟώȟᾀȟὸ, 

ʝʩʣʠ ʦʥʘ ʚʳʨʘʞʝʥʘ ʩʦʙʩʪʚʝʥʥʦʡ ʛʨʘʚʠʪʘʮʠʝʡ, ʣʠʙʦ 

ʚ ʚʳʥʫʞʜʝʥʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ὒȟὒȟὒȟ—, ʝʩʣʠ 
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ʦʥʘ ʚʳʨʘʞʝʥʘ ʩʦʙʩʪʚʝʥʥʦʡ ʵʥʝʨʛʠʝʡ, ʪʦ ʚ ʥʝʡ ʥʝʪ 

ʥʠ ʚʳʥʫʞʜʝʥʥʳʭ ʯʫʚʩʪʚ, ʥʠ ʚʳʥʫʞʜʝʥʥʳʭ ʤʳʰʣʝ-

ʥʠʡ. ʅʦʚʦʨʦʞʜʝʥʥʳʝ ʦʩʦʙʠ ʚ ʩʦʩʪʦʷʥʠʠ ʙʦʜʨʩʪʚʦ-

ʚʘʥʠʷ ʥʝ ʦʩʦʟʥʘʶʪ ʥʠ ʩʝʙʷ, ʥʠ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. 

ʀ ʪʦʣʴʢʦ ʩ ʨʘʟʚʠʪʠʝʤ ʘʩʪʨʦʥʦʤʠʠ, ʤʘʪʝʤʘʪʠʢʠ, ʬʠ-

ʟʠʢʠ, ʭʠʤʠʠ, ʙʠʦʣʦʛʠʠ ʦʩʦʙʠ ʥʘʯʘʣʠ ʦʩʦʟʥʘʚʘʪʴ ʚ 

ʩʝʙʝ ʚʦʣʥʦʚʳʝ ʯʫʚʩʪʚʘ ʠ ʤʝʭʘʥʠʯʝʩʢʠʝ ʜʚʠʞʝʥʠʷ, 

ʨʘʮʠʦʥʘʣʴʥʦʝ ʤʳʰʣʝʥʠʝ ʠ ʦʙʨʘʟʥʦʝ (ʧʨʦʬʝʩʩʠʦ-

ʥʘʣʴʥʦʝ) ʤʳʰʣʝʥʠʝ. ɺ ʩʦʩʪʦʷʥʠʠ ʩʥʘ ʚʳʥʫʞʜʝʥʥʳʝ 

ʯʫʚʩʪʚʘ ʠ ʤʳʰʣʝʥʠʷ ʪʝʦʨʝʪʠʯʝʩʢʠ ʜʦʣʞʥʳ ʧʦʢʦ-

ʠʪʴʩʷ. ʅʘ ʩʘʤʦʤ ʜʝʣʝ ʨʝʟʢʦʡ ʛʨʘʥʠʮʳ ʤʝʞʜʫ ʙʦʜʨ-

ʩʪʚʦʚʘʥʠʝʤ ʠ ʩʥʦʤ ʥʝʪ. ʆʩʦʙʴ ʚʦ ʚʨʝʤʷ ʙʦʜʨʩʪʚʦʚʘ-

ʥʠʷ ʯʘʩʪʠʯʥʦ ʩʧʠʪ, ʠ ʚʦ ʚʨʝʤʷ ʩʥʘ ʯʘʩʪʠʯʥʦ ʙʦʜʨ-

ʩʪʚʫʝʪ. ʆʩʦʙʴ ʚʦ ʚʨʝʤʷ ʙʦʜʨʩʪʚʦʚʘʥʠʷ ʚ 

ʚʳʥʫʞʜʝʥʥʦʤ ʵʥʝʨʛʝʪʠʯʝʩʢʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ 

ὼȟώȟᾀȟὸ ʯʘʩʪʠʯʥʦ ʧʦʛʨʫʞʝʥʘ ʚ ʚʳʥʫʞʜʝʥʥʫʶ ʛʨʘ-

ʚʠʪʘʮʠʶ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ὒȟὒȟὒȟ—, ʩʚʷʟʘʥʥʫʶ ʩ 

ʚʝʯʥʳʤ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʜʚʠʛʘʪʝʣʝʤ ʞʠʟʥʠ (5). ɺ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʚʳʥʫʞʜʝʥʥʦʡ ʛʨʘʚʠʪʘʮʠʠ 

ὒȟὒȟὒȟ— ʙʦʜʨʩʪʚʫʶʱʘʷ ʦʩʦʙʴ ʦʙʣʘʜʘʝʪ ʫʥʠ-

ʢʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ: ʛʨʘʚʠʪʘʮʠʦʥʥʳʤ ʤʳʰʣʝ-

ʥʠʝʤ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ ʯʫʚʩʪʚʘʤʠ, ʚʥʝʰʥʠʤ ʛʨʘ-

ʚʠʪʘʮʠʦʥʥʳʤ ʟʨʝʥʠʝʤ ʩ ʧʦʤʦʱʴʶ ʙʘʨʠʦʥʦ-ʨʦʜʠʦ-

ʥʦʚʳʭ ʢʚʘʥʪʦʚ ʛʨʘʚʠʪʘʮʠʠ, ʢʦʪʦʨʳʝ ʧʦʢʦʷʪʩʷ 

ʘʙʩʦʣʶʪʥʦ ʠ ʥʝ ʩʚʷʟʘʥʳ ʥʠ ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ, ʥʠ ʚʨʝ-

ʤʝʥʝʤ, ʨʠʩ. 2. ɺʦʣʥʦʚʳʝ ʯʫʚʩʪʚʘ ʠ ʤʝʭʘʥʠʯʝʩʢʠʝ 

ʜʚʠʞʝʥʠʷ ʧʨʠʥʘʜʣʝʞʘʪ ʛʨʘʚʠʪʘʮʠʦʥʥʦʤʫ ʜʚʠʛʘ-

ʪʝʣʶ (4), ʦʙʦʟʥʘʯʝʥʳ ʩʠʤʚʦʣʦʤ g, ʚʦʣʥʦʚʦʝ ʠ ʤʝʭʘ-

ʥʠʯʝʩʢʦʝ ʤʳʰʣʝʥʠʝ ʧʨʠʥʘʜʣʝʞʘʪ ʵʥʝʨʛʝʪʠʯʝʩʢʦʤʫ 

ʜʚʠʛʘʪʝʣʶ (5), ʦʙʦʟʥʘʯʝʥʳ ʩʠʤʚʦʣʦʤ Ů, ʨʘʩʧʦʣʦ-

ʞʝʥʳ ʦʨʪʦʛʦʥʘʣʴʥʦ, ʨʠʩ. 5. 
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ʈʠʩ. 5 (a, b, c). ɺʦʣʥʦʚʳʝ ʠ ʤʝʭʘʥʠʯʝʩʢʠʝ ʚʳʥʫʞʜʝʥʥʳʝ ʯʫʚʩʪʚʘ ʠ ʤʳʰʣʝʥʠʷ 

 

ʅʘ ʨʠʩ. 5 (a) ʜʝʤʦʥʩʪʨʠʨʫʝʪʩʷ ʦʨʪʦʛʦʥʘʣʴʥʦʩʪʴ 

ʚʦʣʥʦʚʳʭ ʯʫʚʩʪʚ ὩȟὌ  ʠ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʤʳʰʣʝ-

ʥʠʷ Â ȟὙ  ʚ ʦʩʦʙʠ, (çʘʪʦʤʥʳʝè gŮ ï ʩʚʷʟʠ). ʅʘ 

ʨʠʩ. 5 (b) ʜʝʤʦʥʩʪʨʠʨʫʝʪʩʷ ʦʨʪʦʛʦʥʘʣʴʥʦʩʪʴ ʤʝʭʘ-

ʥʠʯʝʩʢʠʭ ʜʚʠʞʝʥʠʡ Í ȟὋ  ʠ ʦʙʨʘʟʥʦʛʦ ʤʳʰʣʝ-

ʥʠʷ Í ȟὊ  ʚ ʦʩʦʙʠ, (çʷʜʝʨʥʳʝè gŮ ï ʩʚʷʟʠ). ʅʘ 

ʨʠʩ. 5(c) ʜʝʤʦʥʩʪʨʠʨʫʝʪʩʷ ʩʚʷʟʴ ʚʦʣʥʦʚʦʛʦ ʠ ʤʝʭʘ-

ʥʠʯʝʩʢʦʛʦ ʯʫʚʩʪʚʘ ʩ ʨʘʮʠʦʥʘʣʴʥʳʤ ʠ ʦʙʨʘʟʥʳʤ 

ʤʳʰʣʝʥʠʷʤʠ, (çʘʪʦʤʥʦ-ʷʜʝʨʥʳʝè gŮ ï ʩʚʷʟʠ). ʆʙ-

ʨʘʟʥʦʝ ʤʳʰʣʝʥʠʝ ʟʘʩʝʣʷʝʪʩʷ ʚ ʦʩʦʙʠ, ʢʦʛʜʘ ʦʩʦʙʴ 

ʧʦʢʦʠʪʩʷ, ʘ ʚʥʝʰʥʷʷ ʩʨʝʜʘ ï ʩʚʝʪ, ʟʚʫʢ, ʦʙʦʥʷʥʠʝ, 

ʦʩʷʟʘʥʠʝ - ʜʚʠʞʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʦʙʠ. ʅʘ ʨʠʩ. 

5(a) ʚʳʥʫʞʜʝʥʥʳʝ ʚʦʣʥʦʚʳʝ ʯʫʚʩʪʚʘ ʠ ʚʳʥʫʞʜʝʥ-

ʥʦʝ ʨʘʮʠʦʥʘʣʴʥʦʝ ʤʳʰʣʝʥʠʝ ʟʘʩʝʣʷʶʪʩʷ ʚ ʦʩʦʙʠ 

ʧʦʤʠʤʦ ʝʝ ʚʦʣʠ. ʆʙʨʘʟʥʦʝ ʤʳʰʣʝʥʠʝ ʟʘʩʝʣʷʝʪʩʷ ʚ 

ʦʩʦʙʠ, ʢʦʛʜʘ ʦʩʦʙʴ ʩʦʙʩʪʚʝʥʥʦ ʜʚʠʞʝʪʩʷ, ʘ ʚʥʝʰʥʷʷ 

ʩʨʝʜʘ ʧʦʢʦʠʪʩʷ. ʅʘ ʨʠʩ. 5(b) ʦʙʨʘʟʥʦʝ ʤʳʰʣʝʥʠʝ ʟʘ-

ʚʠʩʷʪ ʪʦʣʴʢʦ ʦʪ ʩʦʙʩʪʚʝʥʥʳʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʜʚʠʞʝ-

ʥʠʡ ʦʩʦʙʠ. ʅʘ ʨʠʩ. 5(c) ʚʦʣʥʦʚʳʝ ʠ ʤʝʭʘʥʠʯʝʩʢʠʝ 

ʯʫʚʩʪʚʘ, ʨʘʮʠʦʥʘʣʴʥʦʝ ʠ ʦʙʨʘʟʥʦʝ ʤʳʰʣʝʥʠʝ ʧʨʠ-

ʥʘʜʣʝʞʘʪ ʣʶʙʦʡ ʦʩʦʙʠ ʩʨʘʟʫ, ʥʦ ʧʨʠʨʦʜʘ ʚʳʨʘʟʠʣʘ 

ʦʩʦʙʝʡ ʧʦ-ʨʘʟʥʦʤʫ. ʅʘ ʨʠʩ. 5 (a) ʦʩʦʙʠ, ʦʙʦʟʥʘʯʝʥ-

ʥʳʝ ʩʠʤʚʦʣʦʤ 1, ʩʠʣʴʥʦ ʚʳʨʘʞʝʥʳ ʚʦʣʥʦʚʳʤʠ ʯʫʚ-

ʩʪʚʘʤʠ ʠ ʨʘʮʠʦʥʘʣʴʥʳʤ ʤʳʰʣʝʥʠʝʤ, ʥʦ ʩʠʣʴʥʦ 

ʦʙʝʜʥʝʥʳ ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʯʫʚʩʪʚʘʤʠ ʠ ʦʙʨʘʟʥʳʤ 

ʤʳʰʣʝʥʠʝʤ. ʕʪʦ ʦʯʝʥʴ ʫʤʥʳʝ ʦʩʦʙʠ, ʚʣʘʜʝʶʪ ʧʨʘʢ-

ʪʠʯʝʩʢʠ ʚʩʝʡ ʠʥʬʦʨʤʘʮʠʝʡ, ʥʘʢʦʧʣʝʥʥʦʡ ʯʝʣʦʚʝʯʝ-

ʩʪʚʦʤ, ʠʟ ʥʠʭ ʧʦʣʫʯʘʶʪʩʷ ʙʣʝʩʪʷʱʠʝ ʧʨʝʧʦʜʘʚʘ-

ʪʝʣʠ, ʚʨʘʯʠ, ʠʥʞʝʥʝʨʳ, ʫʯʝʥʳʝ, ʧʦʣʠʪʠʢʠ, ʧʨʦʬʝʩ-

ʩʠʦʥʘʣʳ ʩʚʦʝʛʦ ʜʝʣʘ, ʠʭ ʩʣʫʰʘʶʪ ʩ ʚʦʩʪʦʨʛʦʤ, ʟʘ 

ʥʠʤʠ ʠʜʫʪ, ʠʤ ʧʨʠʥʘʜʣʝʞʠʪ ʟʦʣʦʪʦ ʠ ʚʣʘʩʪʴ. ʆʩʦʙʠ 

1 ʦʙʣʘʜʘʶʪ ʤʦʱʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ: ʥʝ ʤʦʛʫʪ ʚʳʭʦ-

ʜʠʪʴ ʟʘ ʧʨʝʜʝʣʳ ʟʜʨʘʚʦʛʦ ʩʤʳʩʣʘ, ʥʝ ʦʙʣʘʜʘʶʪ ʦʙ-

ʨʘʟʥʳʤ ʤʳʰʣʝʥʠʝʤ. ʕʪʦ ʧʘʪʦʣʦʛʠʷ. ʅʘ ʨʠʩ. 5 (b) 

ʦʩʦʙʠ, ʦʙʦʟʥʘʯʝʥʥʳʝ ʩʠʤʚʦʣʦʤ 2, ʩʠʣʴʥʦ ʚʳʨʘ-

ʞʝʥʳ ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʜʚʠʞʝʥʠʷʤʠ ʠ ʦʙʨʘʟʥʳʤ 

ʤʳʰʣʝʥʠʝʤ, ʥʦ ʩʠʣʴʥʦ ʦʙʝʜʥʝʥʳ ʨʘʮʠʦʥʘʣʴʥʳʤ 

ʤʳʰʣʝʥʠʝʤ ʠ ʚʦʣʥʦʚʦʡ ʧʘʤʷʪʴʶ. ʆʩʦʙʴ 2 çʥʝ ʤʦ-

ʞʝʪè ʟʘʫʯʠʪʴ ʧʨʦʩʪʝʡʰʝʝ ʩʪʠʭʦʪʚʦʨʝʥʠʝ, ʥʦ ʣʝʛʢʦ 

ʟʘʧʦʤʠʥʘʝʪ ʣʶʙʫʶ ʠʥʬʦʨʤʘʮʠʶ, ʩʚʷʟʘʥʥʫʶ ʩ ʜʚʠ-

ʞʝʥʠʷʤʠ ʥʦʛ, ʨʫʢ, ʯʝʣʶʩʪʝʡ, ʷʟʳʢʘ, ʦʙʣʘʜʘʶʪ ʪʘ-

ʢʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʬʘʥʪʘʟʠʡ, ʢʦʪʦʨʳʭ ʭʚʘʪʠʣʦ ʙʳ 

ʜʣʷ ʨʘʟʙʠʨʘʪʝʣʴʩʪʚʘ ʦʩʦʙʷʤ 1 ʥʘ ʩʪʦ ʣʝʪ ʚʧʝʨʝʜ. 

ʆʩʦʙʠ 2 ʥʝ ʤʦʛʫʪ ʩʚʦʠ ʙʫʡʥʳʝ ʬʘʥʪʘʟʠʠ ʚʦʧʣʦʱʘʪʴ 

ʚ ʧʨʘʢʪʠʯʝʩʢʠʝ ʜʝʣʘ, ʪʘʢ ʢʘʢ ʥʝ ʦʙʣʘʜʘʶʪ ʨʘʮʠʦ-

ʥʘʣʴʥʳʤ ʤʳʰʣʝʥʠʝʤ. ʕʪʦ ʧʘʪʦʣʦʛʠʷ. ʅʘ ʨʠʩ. 5(c) 

ʦʩʦʙʴ, ʦʙʦʟʥʘʯʝʥʥʘʷ ʩʠʤʚʦʣʦʤ 3, ʯʘʩʪʠʯʥʦ ʦʙʣʘ-

ʜʘʝʪ ʩʨʘʟʫ ʜʚʫʤʷ ʚʠʜʘʤʠ ʯʫʚʩʪʚ ʠ ʜʚʫʤʷ ʚʠʜʘʤʠ 

ʤʳʰʣʝʥʠʡ. ʆʩʦʙʴ 3 - ʪʘʣʘʥʪʣʠʚʘʷ, ʦʧʠʨʘʷʩʴ ʥʘ ʠʤʝ-

ʶʱʠʝʩʷ ʨʘʮʠʦʥʘʣʴʥʳʝ ʟʥʘʥʠʷ ʠ ʥʘ ʤʝʭʘʥʠʯʝʩʢʠʝ 

ʯʫʚʩʪʚʘ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ὒȟὒȟὒȟ—, ʦʪʳʩʢʠʚʘʝʪ 

ʥʦʚʳʝ ʨʘʮʠʦʥʘʣʴʥʳʝ ʟʥʘʥʠʷ ʟʘ ʧʨʝʜʝʣʘʤʠ ʟʜʨʘʚʦʛʦ 

ʩʤʳʩʣʘ ʩ ʧʦʤʦʱʴʶ ʦʙʨʘʟʥʦʛʦ ʤʳʰʣʝʥʠʷ ʠ ʪʝʤ ʩʘ-

ʤʳʤ ʨʘʩʰʠʨʷʝʪ ʩʧʝʢʪʨ ʨʘʮʠʦʥʘʣʴʥʳʭ ʟʥʘʥʠʡ. ɽʩʣʠ 

ʦʩʦʙʝʡ ʥʘ ʨʠʩ. 5 (a, b, c) ʦʮʝʥʠʚʘʪʴ ʧʦ 5 - ʙʘʣʴʥʦʡ 

ʩʠʩʪʝʤʝ, ʪʦ 1 ʙʫʜʝʪ ʦʟʥʘʯʘʪʴ ʦʪʣʠʯʥʠʢʘ - ʤʝʜʘʣʠʩʪʘ, 

2 ï ʜʚʦʝʯʥʠʢʘ, 3 ï ʭʦʨʦʰʠʩʪʘ - ʪʨʦʝʯʥʠʢʘ. ʃʝʛʯʝ 
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ʚʩʝʛʦ ʦʙʫʯʘʪʴ ʦʪʣʠʯʥʠʢʘ, ʦʥ ʧʨʦʛʣʘʪʳʚʘʝʪ ʨʘʮʠʦ-

ʥʘʣʴʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʝʱʝ ʜʦ ʪʦʛʦ, ʢʘʢ ʧʨʝʧʦʜʘʚʘ-

ʪʝʣʴ ʫʩʧʝʚʘʝʪ ʟʘʢʨʳʚʘʪʴ ʨʦʪ. ʍʦʨʦʰʠʩʪʳ ï ʪʨʦʝʯ-

ʥʠʢʠ ʨʘʮʠʦʥʘʣʴʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʫʩʚʘʠʚʘʶʪ ʤʝʜ-

ʣʝʥʥʝʝ, ʩʦ ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʪʨʫʜʥʦʩʪʷʤʠ, ʥʦ ʠʤʝʥʥʦ 

ʦʥʠ ʯʘʩʪʠʯʥʦ ʥʘʭʦʜʷʪʩʷ ʟʘ ʧʨʝʜʝʣʘʤʠ ʟʜʨʘʚʦʛʦ 

ʩʤʳʩʣʘ, ʦʪʢʫʜʘ ʜʦʙʳʚʘʶʪ ʥʦʚʳʝ ʟʥʘʥʠʷ, ʢʦʪʦʨʳʝ 

ʜʚʠʞʫʪ ʧʨʦʛʨʝʩʩ. ʉʠʤʚʦʣʦʤ 4 ʥʘ ʨʠʩ. 5 (c) ʦʙʦʟʥʘ-

ʯʝʥʘ ʩʫʧʝʨ ʪʘʣʘʥʪʣʠʚʘʷ ʦʩʦʙʴ ï ʙʳʚʰʠʡ ʭʦʨʦʰʠʩʪ-

ʪʨʦʝʯʥʠʢ. ʉʫʧʝʨ ʪʘʣʘʥʪʣʠʚʳʭ ʦʩʦʙʝʡ ʚ ʨʘʟʣʠʯʥʳʭ 

ʩʬʝʨʘʭ ʜʝʷʪʝʣʴʥʦʩʪʠ ʛʦʪʦʚʠʪ ʦʙʱʝʩʪʚʦ. ɼʦʩʪʘ-

ʪʦʯʥʦ ʚʟʷʪʴ ʭʦʨʦʰʠʩʪʘ - ʪʨʦʝʯʥʠʢʘ, ʩʠʣʴʥʦ ʚʳʨʘ-

ʞʝʥʥʦʛʦ ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʯʫʚʩʪʚʘʤʠ ʠ ʦʙʨʘʟʥʳʤ 

ʤʳʰʣʝʥʠʝʤ, ʠ çʧʨʠʥʫʜʠʪʝʣʴʥʦè ʚʩʪʘʚʠʪʴ ʚ ʥʝʛʦ ʨʘ-

ʮʠʦʥʘʣʴʥʳʝ ʟʥʘʥʠʷ ʩʦʠʟʤʝʨʠʤʳʝ ʩʦ ʟʥʘʥʠʷʤʠ ʦʪ-

ʣʠʯʥʠʢʘ ï ʤʝʜʘʣʠʩʪʘ. ʉʫʧʝʨ ʪʘʣʘʥʪʣʠʚʘʷ ʦʩʦʙʴ ʩ 

ʧʦʤʦʱʴʶ ʦʙʨʘʟʥʦʛʦ ʤʳʰʣʝʥʠʷ ʛʝʥʝʨʠʨʫʝʪ (ʬʘʥʪʘ-

ʟʠʨʫʝʪ) ʥʦʚʳʝ ʟʥʘʥʠʷ ʟʘ ʧʨʝʜʝʣʘʤʠ ʟʜʨʘʚʦʛʦ 

ʩʤʳʩʣʘ ʠ ʩʦʧʦʩʪʘʚʣʷʝʪ ʠʭ ʩ ʨʘʮʠʦʥʘʣʴʥʳʤʠ ʟʥʘʥʠ-

ʷʤʠ, ʩʦ ʟʜʨʘʚʳʤ ʩʤʳʩʣʦʤ ï ʯʝʛʦ ʧʣʦʭʦ ʜʝʣʘʶʪ 

ʦʙʳʯʥʳʝ ʪʨʦʝʯʥʠʢʠ ʠ ʥʝ ʤʦʛʫʪ ʜʝʣʘʪʴ ʜʚʦʝʯʥʠʢʠ. 

ʋʩʠʣʠʷ, ʟʘʪʨʘʯʝʥʥʳʝ ʫʯʠʪʝʣʷʤʠ, ʧʨʝʧʦʜʘʚʘʪʝʣʷʤʠ, 

ʧʨʦʬʝʩʩʦʨʘʤʠ, ʘʢʘʜʝʤʠʢʘʤʠ ʥʘ ʧʦʜʛʦʪʦʚʢʫ ʩʫʧʝʨ 

ʪʘʣʘʥʪʣʠʚʦʡ ʦʩʦʙʠ, ʦʢʫʧʷʪʩʷ ʤʥʦʛʦʢʨʘʪʥʦ. ʅʘ ʨʠʩ. 

5 ʯʘʩʪʠʯʥʦʝ ʧʨʦʥʠʢʥʦʚʝʥʠʝ ʚʳʥʫʞʜʝʥʥʳʭ ʯʫʚʩʪʚ ʠ 

ʤʳʰʣʝʥʠʡ ʙʦʜʨʩʪʚʫʶʱʝʡ ʦʩʦʙʠ ʠʟ ʧʨʦʩʪʨʘʥʩʪʚʘ 

ὼȟώȟᾀȟὸ ʚ ʧʨʦʩʪʨʘʥʩʪʚʦ ὒȟὒȟὒȟ— ʦʙʦʟʥʘʯʝʥʦ 

ʢʨʘʩʥʳʤʠ ʞʠʨʥʳʤʠ ʣʠʥʠʷʤʠ. ʆʪ ʩʪʝʧʝʥʠ ʧʨʦʥʠʢ-

ʥʦʚʝʥʠʷ ʙʦʜʨʩʪʚʫʶʱʝʡ ʦʩʦʙʠ ʚ ʚʳʥʫʞʜʝʥʥʦʝ ʛʨʘ-

ʚʠʪʘʮʠʦʥʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʟʘʚʠʩʷʪ ʵʢʩʪʨʘʩʝʥʩʦʨ-

ʥʳʝ ʩʧʦʩʦʙʥʦʩʪʠ, [4].  

ɺʩʝ ʨʘʩʩʤʦʪʨʝʥʥʳʝ ʚʳʰʝ ʚʥʝʰʥʠʝ ʠ ʚʥʫʪʨʝʥ-

ʥʠʝ, ʠʣʠ çʘʪʦʤʥʦ-ʷʜʝʨʥʳʝè, gŮ ï ʩʚʷʟʠ ʠʤʝʶʪ 

ʩʤʳʩʣ, ʝʩʣʠ ʚʝʯʥʳʝ ʜʚʠʛʘʪʝʣʠ ʫʧʨʘʚʣʷʶʪʩʷ ʚʳʥʫʞ-

ʜʝʥʥʦʡ ʵʥʝʨʛʠʝʡ ʠ ʚʳʥʫʞʜʝʥʥʦʡ ʛʨʘʚʠʪʘʮʠʝʡ: 

%  ά Í ȟὋ  "ὩȟὌ  ὺ
ȟȟȟ

 Ὂ ȟ ȟȟ ȟ

Ὃ Í Í "Â Ὧ
ȟ ȟȟ

Ὃ ȟȟȟ

 

 

ʛʜʝ Ὁ ï ʚʳʥʫʞʜʝʥʥʘʷ ʵʥʝʨʛʠʷ, Ὃ- ʚʳʥʫʞʜʝʥʥʘʷ 

ʛʨʘʚʠʪʘʮʠʷ. ɺʳʥʫʞʜʝʥʥʘʷ ʵʥʝʨʛʠʷ ʚʳʥʫʞʜʘʝʪ ʨʘ-

ʙʦʪʫ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʩʝʨʜʮʘ, ʧʦʜʧʠʪʳʚʘʶʱʝʛʦ 

ʵʥʝʨʛʠʝʡ ʚʝʩʴ ʦʨʛʘʥʠʟʤ, ʚʳʥʫʞʜʝʥʥʘʷ ʛʨʘʚʠʪʘʮʠʷ 

ʚʳʥʫʞʜʘʝʪ ʨʘʙʦʪʫ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʛʦʣʦʚʥʦʛʦ 

ʤʦʟʛʘ, ʧʦʜʧʠʪʳʚʘʶʱʝʛʦ ʚʳʥʫʞʜʝʥʥʦʡ ʛʨʘʚʠʪʘʮʠʝʡ 

ʚʩʶ ʦʩʦʙʴ. ɽʩʣʠ Ὁ ʠ Ὃ ʚʳʢʣʶʯʠʪʴ, ʪʦ ʦʩʦʙʴ ʩʦ 

ʚʩʝʤʠ ʝʝ gŮ- ʩʚʷʟʷʤʠ ʧʨʝʚʨʘʪʠʪʩʷ ʚ ʪʨʫʧ. 

ʄʝʪʘʤʦʨʬʦʟʳ ʛʨʘʚʠʪʘʮʠʠ. ʇʦ ʫʩʣʦʚʠʶ ʟʨʠ-

ʪʝʣʴʥʦʛʦ ʦʧʳʪʘ Re - ʛʘʣʘʢʪʠʢʘ ʥʘ ʨʠʩ. 4 ʚʳʪʷʥʫʪʘ 

ʚʜʦʣʴ ʦʩʠ ʚʨʘʱʝʥʠʷ ʚ ʚʠʜʝ ʫʩʝʯʝʥʥʦʛʦ ʢʦʥʫʩʘ, ʩʦ-

ʩʪʦʷʱʝʛʦ ʠʟ ʤʥʦʞʝʩʪʚʘ ʩʚʷʟʘʥʥʳʭ ʦʢʨʫʞʥʦʩʪʝʡ. 

ʂʘʞʜʘʷ ʦʢʨʫʞʥʦʩʪʴ ʚʨʘʱʘʝʪʩʷ ʩ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ 

ʩʧʠʨʘʣʴʥʦʡ ʩʢʦʨʦʩʪʴʶ J. ʆʜʥʘʢʦ ʫʛʣʦʚʳʝ ʩʢʦʨʦʩʪʠ 

ʙʫʜʫʪ ʨʘʟʥʳʝ. ʏʝʤ ʤʝʥʴʰʝ ʨʘʜʠʫʩ ʦʢʨʫʞʥʦʩʪʠ, ʪʝʤ 

ʙʦʣʴʰʝ ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ: w>w>w>ȢȢw >w . 

ɺʥʝʰʥʷʷ ʦʢʨʫʞʥʦʩʪʴ ʧʨʠʥʘʜʣʝʞʠʪ ʥʘʯʘʣʫ ʢʨʠ-

ʚʠʟʥʳ, ʠ ʝʝ ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʙʣʠʟʢʘ ʢ ʥʫʣʶ: w  @ πȢ 
ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʪʷʞʝʥʠʷ ʩʧʠʨʘʣʠ ʚʜʦʣʴ ʦʩʠ ʚʨʘʱʝ-

ʥʠʷ ʚʦʟʥʠʢʥʝʪ ʪʷʛʦʪʝʥʠʝ, ʥʘʧʨʘʚʣʝʥʥʦʝ ʚʥʫʪʨʴ ʛʘ-

ʣʘʢʪʠʢʠ. ʄʘʢʩʠʤʘʣʴʥʦʝ ʪʷʛʦʪʝʥʠʝ ʧʨʠʥʘʜʣʝʞʠʪ ʩʘ-

ʤʦʡ ʤʘʣʦʡ ʦʢʨʫʞʥʦʩʪʠ ʩ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʴʶ w. ʊʷ-
ʛʦʪʝʥʠʝ ʫʤʝʥʴʰʘʝʪʩʷ ʧʦ ʤʝʨʝ ʧʝʨʝʭʦʜʘ ʢ 

ʧʝʨʠʬʝʨʠʡʥʦʡ ʦʢʨʫʞʥʦʩʪʠ ʩ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʴʶ 

w. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʥʫʪʨʝʥʥʝʡ ʪʷʛʠ ʚʳʥʫʞʜʝʥʥʘʷ 
ʵʥʝʨʛʠʷ ʨʘʩʢʘʣʝʥʥʦʛʦ ʷʜʨʘ, ʥʘʯʥʝʪ ʬʦʥʪʘʥʠʨʦʚʘʪʴ 

ʚʥʫʪʨʴ ʩʧʠʨʘʣʴʥʦʛʦ ʢʦʥʫʩʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʥʫʪʨʝʥ-

ʥʝʡ ʩʠʣʳ Ὂ ȟ ȟȟ ȟ ʠ ʚʳʙʨʘʩʳʚʘʪʴʩʷ ʚʦ ʚʥʝʰʥʶʶ 

ʩʨʝʜʫ, ʧʦʨʦʜʠʚ ʚʦʢʨʫʛ Re - ʛʘʣʘʢʪʠʢʠ ʨʘʩʢʘʣʝʥʥʫʶ 

ʧʣʘʟʤʫ. ɺ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ Re ï ʛʘʣʘʢʪʠʢʘ ʧʨʝʚʨʘ-

ʪʠʪʩʷ ʚ Im ï ʛʘʣʘʢʪʠʢʫ, ʩʤ. ʨʠʩ. 6(a). ʇʦʜ ʜʝʡʩʪʚʠʝʤ 

ʚʥʝʰʥʝʛʦ ʪʷʛʦʪʝʥʠʷ ʭʦʣʦʜʥʳʝ ʩʣʦʠ ʠʥʝʨʪʥʦʡ 

ʤʘʩʩʳ ʩʦʞʤʫʪʩʷ ʠ ʧʨʝʚʨʘʪʷʪʩʷ ʚ ʭʦʣʦʜʥʦʝ ʷʜʨʦ Im 

ï ʛʘʣʘʢʪʠʢʠ ʩ çʜʳʨʦʡè ʚ ʤʥʠʤʦʤ ʮʝʥʪʨʝ. ʇʣʘʟʤʝʥ-

ʥʳʝ ʩʣʦʠ, ʥʘʧʨʦʪʠʚ, ʥʘʯʥʫʪ ʫʩʢʦʨʝʥʥʦ ʨʘʩʰʠʨʷʪʴʩʷ 

ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʥʫʪʨʝʥʥʝʡ ʩʠʣʳ Ὂ ȟ ȟȟ ȟ ʠ ʨʘʩ-

ʱʝʧʣʷʪʴʩʷ ʥʘ ʙʦʣʝʝ ʤʝʣʢʠʝ ʵʣʝʤʝʥʪʳ: ʤʘʢʨʦʩʢʦʧʠ-

ʯʝʩʢʠʝ ʛʦʨʷʯʠʝ ʦʙʲʝʢʪʳ ʧʨʝʚʨʘʪʷʪʩʷ ʚ ʤʦʣʝʢʫʣʳ, 

ʤʦʣʝʢʫʣʳ ʚ ʪʷʞʝʣʳʝ ʘʪʦʤʳ, ʘʪʦʤʳ ʚ ʧʣʘʟʤʫ - ʧʨʦ-

ʪʦʥʳ, ʥʝʡʪʨʦʥʳ, ʵʣʝʢʪʨʦʥʳ. ɼʠʩʩʦʮʠʘʮʠʷ ʵʣʝʤʝʥ-

ʪʦʚ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʚʳʜʝʣʝʥʠʝʤ ʚʥʫʪʨʝʥʥʝʡ ʵʥʝʨ-

ʛʠʠ, ʨʘʟʦʛʨʝʚʘʶʱʝʡ ʧʣʘʟʤʫ, ʠ ʠʟʣʫʯʝʥʠʝʤ ʵʣʝʢʪʨʦ-

ʤʘʛʥʠʪʥʳʭ ʬʦʪʦʥʦʚ. ʈʘʩʢʘʣʝʥʥʘʷ ʧʣʘʟʤʘ, 

ʦʢʨʫʞʘʶʱʘʷ Im ï ʛʘʣʘʢʪʠʢʫ, ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʥʫʪ-

ʨʝʥʥʝʡ ʩʠʣʳ Ὂ ȟ ȟȟ ȟ ʩʪʨʝʤʠʪʩʷ ʨʘʟʙʝʞʘʪʴʩʷ ʥʘ 

ʙʝʩʢʦʥʝʯʥʦʩʪʴ, ʥʦ ʚʥʝʰʥʝʝ ʪʷʛʦʪʝʥʠʝ Ὃ ȟȟȟ, ʩʚʷ-

ʟʘʥʥʦʝ ʩ ʤʘʪʝʨʠʥʩʢʦʡ ʠʥʝʨʪʥʦʡ ʤʘʩʩʦʡ ʚ ʮʝʥʪʨʝ ʛʘ-

ʣʘʢʪʠʢʠ, ʫʜʝʨʞʠʚʘʝʪ ʧʣʘʟʤʫ ʦʪ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʩ-

ʰʠʨʝʥʠʷ. ʆʜʥʘʢʦ ʧʨʠ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ w  @ π 
ʚʥʫʪʨʝʥʥʷʷ ʩʠʣʘ ʫʩʪʨʝʤʠʪʩʷ ʢ ʥʫʣʶ: Ὂ ȟ ȟȟ ȟŸ 

0, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚʥʝʰʥʝʝ ʪʷʛʦʪʝʥʠʝ Ὃ ȟȟȟ  ʤʘʪʝ-

ʨʠʥʩʢʦʡ ʠʥʝʨʪʥʦʡ ʤʘʩʩʳ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʞʘʪʠʷ 

ʪʦʣʴʢʦ ʫʩʠʣʠʪʩʷ. ʇʨʠ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ w  @ π Im ï 

ʛʘʣʘʢʪʠʢʘ ʧʝʨʝʭʦʜʠʪ ʯʘʩʪʠʯʥʦ ʩ ʦʩʠ ʢʨʠʚʠʟʥʳ ὒ , 

ʥʘ ʦʩʴ ʢʨʠʚʠʟʥʳ ὒ , ʠ ʥʘʯʥʝʪʩʷ ʦʙʨʘʪʥʳʡ ʧʨʦʮʝʩʩ 

ï ʩʞʘʪʠʝ, ʚʦʟʚʨʘʱʝʥʠʝ ʢ Re ï ʛʘʣʘʢʪʠʢʝ. ʈʘʩʢʘʣʝʥ-

ʥʘʷ ʧʣʘʟʤʘ, ʫʚʣʝʢʘʝʤʘʷ ʧʦʣʝʤ ʪʷʛʦʪʝʥʠʷ Ὃ ȟȟȟ , 

ʧʦʢʠʥʝʪ ʨʘʩʢʘʣʝʥʥʫʶ ʩʬʝʨʫ Im ï ʛʘʣʘʢʪʠʢʠ ʠ 

ʜʦʣʞʥʘ ʙʳ ʙʳʣʘ ʟʘʧʦʣʥʠʪʴ ʩʦʙʦʶ ʪʘʢ ʥʘʟʳʚʘʝʤʫʶ 

çʯʝʨʥʫʶè ʜʳʨʫ ʠ ʧʨʝʚʨʘʪʠʪʴʩʷ ʚ ʧʨʝʞʥʝʝ ʩʦʩʪʦʷ-

ʥʠʝ, ʚ Re ï ʛʘʣʘʢʪʠʢʫ. ʅʦ Im ï ʛʘʣʘʢʪʠʢʘ ʥʘ ʩʘʤʦʤ 

ʜʝʣʝ ʦʢʘʟʘʣʘʩʴ ʚ ʥʘʯʘʣʝ ʦʩʝʡ ὒ , ὒ  ʠ, ʚʦʟʚʨʘʱʘ-

ʷʩʴ ʢ Re ï ʛʘʣʘʢʪʠʢʝ, ʨʘʩʧʘʜʝʪʩʷ ʥʘ ʜʚʝ ʩʠʤʤʝʪʨʠʯ-

ʥʳʝ ʯʘʩʪʠ: ὙὩ ʠ ὙὩ, ʛʜʝ ὙὩ- ʚʝʜʫʱʘʷ (ʣʝʚʘʷ) ʛʘ-
ʣʘʢʪʠʢʘ, ὙὩ ï ʚʝʜʦʤʘʷ (ʧʨʘʚʘʷ) ʛʘʣʘʢʪʠʢʘ, ʨʠʩ. 
6(b).  



40 PHYSICS AND MATHEMATICS / ζColloquium - journal Ȼ# 3(55),2020  

Re Re Re

 
ʈʠʩ. 6 (a, b). ʇʨʝʚʨʘʱʝʥʠʝ Im ï ʛʘʣʘʢʪʠʢʠ ʚ ╡▄ʠ ╡▄- ʛʘʣʘʢʪʠʢʠ 

 

ʅʘ ʨʠʩ. 6(a) ʧʨʠʚʝʜʝʥʳ ʧʨʝʞʥʠʝ Re ʠ Im ï ʛʘ-

ʣʘʢʪʠʢʠ. ʅʘ ʨʠʩ. 6(b) Im ï ʛʘʣʘʢʪʠʢʘ ʨʘʩʧʘʣʘʩʴ ʥʘ 

ὙὩ- ʚʝʜʫʱʫʶ ʛʘʣʘʢʪʠʢʫ ʠ ὙὩ ï ʚʝʜʦʤʫʶ ʛʘʣʘʢ-
ʪʠʢʫ. ʉ ʧʦʤʦʱʴʶ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʚʝʯʥʳʭ ʜʚʠʛʘʪʝ-

ʣʝʡ (4) ʠ (5) ʥʦʚʳʝ ʛʘʣʘʢʪʠʢʠ ʚʦʩʩʪʘʥʦʚʷʪ ʧʦʣʥʫʶ 

ʤʘʩʩʫ, ʯʪʦʙʳ ʧʨʠʩʪʫʧʠʪʴ ʢ ʩʣʝʜʫʶʱʝʤʫ ʜʝʣʝʥʠʶ. 

ʇʦʷʚʣʝʥʠʝ ὙὩ ʠ ὙὩ - ʛʘʣʘʢʪʠʢ ʦʟʥʘʯʘʝʪ, ʯʪʦ 
ɿʝʤʣʷ ʥʘ ʨʠʩ. 1 ʧʝʨʝʤʝʩʪʠʪʩʷ ʠʟ (.) 2 ʚ (.) ρ - ʯʪʦ 

ʨʘʚʥʦʩʠʣʴʥʦ ʧʝʨʚʦʤʫ ʦʙʦʨʦʪʫ ɿʝʤʣʠ ʚʦʢʨʫʛ 

ʉʦʣʥʮʘ. ὙὩ ʠ ὙὩ- ʛʘʣʘʢʪʠʢʠ ʥʝ ʩʣʫʞʘʪ ʢʦʥʝʯʥʳʤʠ 
ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʨʝʚʨʘʱʝʥʠʷ Re ï ʛʘʣʘʢʪʠʢʠ. ʇʨʝʚʨʘ-

ʱʝʥʠʷ ʛʘʣʘʢʪʠʢ ʧʨʦʜʦʣʞʘʪʩʷ. ʊʝʧʝʨʴ ὙὩ ʠ ὙὩ ï 
ʛʘʣʘʢʪʠʢʠ, ʫʧʨʘʚʣʷʝʤʳʝ ʚʳʥʫʞʜʝʥʥʦʡ ʵʥʝʨʛʠʝʡ, 

ʧʦʚʪʦʨʷʪ ʚʩʝ ʜʝʡʩʪʚʠʷ, ʢʦʪʦʨʳʝ ʫʞʝ ʙʳʣʠ ʦʧʠʩʘʥʳ 

ʚ ʘʥʘʣʠʟʝ ʨʠʩ. 4, ʪʦ ʝʩʪʴ ʦʥʠ ʧʨʝʚʨʘʪʷʪʩʷ ʚ Ὅά ʠ 

Ὅά ï ʛʘʣʘʢʪʠʢʠ, ʨʠʩ. 7. 

 
ʈʠʩ. 7. ʇʦʣʥʳʡ ʮʠʢʣ ʧʨʝʚʨʘʱʝʥʠʷ Re ï ʛʘʣʘʢʪʠʢʠ 

 

ʅʘ ʨʠʩ. 7 ʧʨʠʚʝʜʝʥ ʧʦʣʥʳʡ ʮʠʢʣ ʧʨʝʚʨʘʱʝʥʠʷ 

Re ï ʛʘʣʘʢʪʠʢʠ. ɻʘʣʘʢʪʠʢʘ, ʩʦʚʝʨʰʠʚ ʥʘʛʨʫʟʢʫ, ʚʳ-

ʧʦʣʥʠʪ ʧʦʣʥʳʡ ʮʠʢʣ ʧʨʝʚʨʘʱʝʥʠʷ 2p, ʢʦʪʦʨʳʡ ʧʨʦ-

ʠʩʭʦʜʠʪ ʚ ʪʝʯʝʥʠʝ ʤʥʦʛʠʭ ʤʠʣʣʠʦʥʦʚ ʟʝʤʥʳʭ ʣʝʪ. 

ʄʳ ʚʠʜʠʤ ʪʦʣʴʢʦ ʤʛʥʦʚʝʥʥʳʝ ʩʦʩʪʦʷʥʠʷ ʛʘʣʘʢʪʠʢ. 

ʅʦ ʧʨʝʚʨʘʱʝʥʠʷ ʤʘʪʝʨʠʠ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ, ʝʩʣʠ 

ʧʝʨʝʥʝʩʪʠʩʴ ʚ ʤʠʢʨʦʤʠʨ. ʄʦʞʥʦ ʥʘʙʣʶʜʘʪʴ, 

ʥʘʧʨʠʤʝʨ, ʟʘ ʜʝʣʝʥʠʝʤ ʢʣʝʪʦʢ ʚ ʛʨʘʚʠʪʘʮʠʦʥʥʦʤ 

ʦʨʛʘʥʠʟʤʝ ʦʩʦʙʠ, ʣʠʙʦ ʤʦʞʥʦ ʧʨʦʩʣʝʜʠʪʴ ʟʘ ʨʘʙʦ-

ʪʦʡ ʩʝʨʜʮʘ ʚ ʦʩʦʙʠ. ʅʘ ʨʠʩ. 1 ɿʝʤʣʷ ʠʟ ʪʦʯʢʠ ρ 

ʜʦʣʞʥʘ ʚʳʧʦʣʥʠʪʴ ʚʪʦʨʦʡ ʦʙʦʨʦʪ ʚʦʢʨʫʛ ʉʦʣʥʮʘ, 

ʯʪʦʙʳ ʟʘʚʝʨʰʠʪʴ ʧʦʣʥʳʡ ʮʠʢʣ, ʧʨʠʚʝʜʝʥʥʳʡ ʥʘ 

ʨʠʩ. 7. 

ʈʘʩʱʝʧʣʝʥʠʝ ʢʣʝʪʢʠ ʩ ʘʩʪʨʦʬʠʟʠʯʝʩʢʦʡ 

ʪʦʯʢʠ ʟʨʝʥʠʷ ʦʟʥʘʯʘʝʪ ʜʚʠʞʝʥʠʝ ʧʦ ʵʣʣʠʧʩʫ, ʘ 

ʜʚʠʞʝʥʠʝ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ὼȟώȟᾀȟὸ, ʢʘʢ ʠʟʚʝʩʪʥʦ, 
ʘʙʩʦʣʶʪʥʦ. ʕʣʣʠʧʩ ʚ ʧʨʦʩʪʝʡʰʝʤ ʩʣʫʯʘʝ ʩʦʩʪʦʠʪ ʠʟ 

ʜʚʫʭ ʩʧʠʨʘʣʝʡ ὒʠ ὒ, ʛʜʝ ʦʜʥʘ ʩʧʠʨʘʣʴ ʮʝʥʪʨʦ-

ʩʪʨʝʤʠʪʝʣʴʥʘʷ, ʚʪʦʨʘʷ ʮʝʥʪʨʦʙʝʞʥʘʷ. ɺ ʥʘʙʣʶʜʝ-

ʥʠʷʭ ʨʘʩʱʝʧʣʝʥʠʷ ʢʣʝʪʢʠ ʥʘ ʜʚʝ ʨʦʜʩʪʚʝʥʥʳʝ 

ʢʣʝʪʢʠ ʦʙʳʯʥʦ ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʢʦʥʝʯʥʳʡ ʘʢʪ ʨʘʩ-

ʱʝʧʣʝʥʠʷ, ʘ ʤʦʤʝʥʪ ʧʨʝʚʨʘʱʝʥʠʷ Re ï ʢʣʝʪʢʠ ʚ Im 

ï ʢʣʝʪʢʫ, ʚʠʜʠʤʦ, ʦʩʪʘʝʪʩʷ ʟʘ ʢʘʜʨʦʤ, ʨʠʩ. 6(b). ɺʦʟ-

ʙʫʞʜʝʥʥʘʷ Im ï ʢʣʝʪʢʘ ʨʘʩʧʘʜʘʝʪʩʷ ʥʘ ʩʧʠʨʘʣʷʭ ὒʠ 
ὒ  ʥʘ ʜʚʝ ʨʦʜʩʪʚʝʥʥʳʝ ʢʣʝʪʢʠ ï ʯʪʦ ʠ ʥʘʙʣʶʜʘʝʪʩʷ 

ʥʘ ʦʧʳʪʝ. 

ʊʝʨʤʦʷʜʝʨʥʘʷ ʫʧʨʘʚʣʷʝʤʘʷ ʵʥʝʨʛʠʷ. ɺ ʤʝ-

ʭʘʥʠʢʝ ʅʴʶʪʦʥʘ ʠ ʢʚʘʥʪʦʚʦʡ ʪʝʦʨʠʠ ʘʪʦʤʳ ʠ ʷʜʨʘ 

ʘʪʦʤʦʚ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ, ʢʘʢ ʙʠʣʣʠʘʨʜʥʳʝ ʰʘʨʳ, 

ʦʢʨʫʞʝʥʥʳʝ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʤ ʙʘʨʴʝʨʦʤ. ʆʜʥʘ 

ʠʟ ʚʦʦʙʨʘʞʘʝʤʳʭ ʷʜʝʨʥʳʭ  

ʨʝʘʢʮʠʡ: Ὠ + Ὠ  4He + 20 ʄʵɺ ʩ ʵʥʝʨʛʠʝʡ 

ʥʘ ʚʳʭʦʜʝ 20 ʄʵɺ ʥʘ ʦʜʠʥ ʘʪʦʤ, Ů ï ʟʘʪʨʘʪʥʘʷ ʵʥʝʨ-

ʛʠʷ. ʉʣʠʰʢʦʤ ʚʝʣʠʢ ʙʳʣ ʩʦʙʣʘʟʥ ʩʪʦʣʴ ʦʛʨʦʤʥʫʶ 
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ʵʥʝʨʛʠʶ ʧʨʝʜʣʦʞʠʪʴ ʯʝʣʦʚʝʯʝʩʪʚʫ ʜʣʷ ʭʦʟʷʡʩʪʚʝʥ-

ʥʳʭ ʥʫʞʜ. ʉ ʧʦʷʚʣʝʥʠʝʤ ʤʝʭʘʥʠʢʠ ʚʥʫʪʨʝʥʥʝʛʦ 

ʤʠʨʘ [5] ʠ ʥʘʯʘʣʴʥʳʭ ʦʩʥʦʚ ʛʨʘʚʠʪʘʮʠʠ [3] ʩʪʘʣʦ 

ʦʯʝʚʠʜʥʦ, ʯʪʦ ʘʪʦʤʳ ʥʝ ʙʠʣʣʠʘʨʜʥʳʝ ʰʘʨʳ, ʘ ʞʠ-

ʚʳʝ ʦʩʦʙʠ, ʥʘʜʝʣʝʥʥʳʝ ʚʥʫʪʨʝʥʥʠʤʠ ʯʫʚʩʪʚʘʤʠ. 

ɸʪʦʤʳ ʜʝʡʪʝʨʠʷ  Ὠ ʠ Ὠ ʤʦʛʫʪ ʩʣʠʪʴʩʷ ʚ ʘʪʦʤ 4He 

ʧʨʠ ʥʘʣʠʯʠʠ ʪʦʣʴʢʦ ʨʦʜʩʪʚʝʥʥʦʡ ʩʨʝʜʳ: 

Ὠ
ȟ  ȟ

= Ὠ
ȟ  ȟ

. 

ʏʫʞʝʨʦʜʥʳʝ ʷʜʨʘ ʘʪʦʤʦʚ ʜʝʡʪʝʨʠʷ Ὠ ʠ Ὠ ʥʝ ʩʦʣʴ-

ʶʪʩʷ ʚ ʷʜʨʦ ʛʝʣʠʷ. ʉʝʡʯʘʩ ʚʩʝʤ ʤʠʨʦʤ ʩʪʨʦʠʪʩʷ ʢʦ-

ʣʘʡʜʝʨ ʚʦ ʌʨʘʥʮʠʠ ʩ ʥʘʜʝʞʜʦʡ ʨʝʘʣʠʟʦʚʘʪʴ ʫʧʨʘʚ-

ʣʝ̫ʤʫʶ ʪʝʨʤʦʷʜʝʨʥʫʶ ʨʝʘʢʮʠʶ ʠ ʚʩʝʣʠʪʴ ʫʚʝʨʝʥ-

ʥʦʩʪʴ ʧʦʪʦʤʢʘʤ ʥʘ ʵʥʝʨʛʝʪʠʯʝʩʢʦʝ ʙʣʘʛʦʧʦʣʫʯʠʝ. 

ʌʠʟʠʢʠ ʩʦʟʜʘʶʪ ʛʨʘʚʠʪʘʮʠʦʥʥʫʶ ʫʩʪʘʥʦʚʢʫ, ʥʠ-

ʯʝʛʦ ʥʝ ʟʥʘʷ ʦ ʛʨʘʚʠʪʘʮʠʠ. ʌʠʟʠʢʠ, ʢʦʥʝʯʥʦ, ʥʘʜʝ-

ʶʪʩʷ ʥʘ ʯʫʜʦ, ʥʦ ʜʦʛʘʜʳʚʘʶʪʩʷ, ʯʪʦ ʥʘ ʩʘʤʦʤ ʜʝʣʝ 

ʩʪʨʦʷʪ ʧʘʤʷʪʥʠʢ ʩʫʧʝʨ ʵʥʝʨʛʠʠ, ʦʜʥʘʢʦ ʧʨʠ-

ʟʥʘʪʴʩʷ ʚ ʵʪʦʤ ʥʝ ʭʦʪʷʪ ʠ ʦʩʪʘʥʦʚʠʪʴʩʷ ʥʝ ʤʦʛʫʪ, ʪʘʢ 

ʢʘʢ ʩʣʠʰʢʦʤ ʚʝʣʠʢʘ ʠʥʝʨʮʠʷ ʫʩʠʣʠʡ, ʟʘʪʨʘʯʝʥʥʳʭ 

ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʰʝʩʪʠ ʜʝʩʷʪʢʦʚ ʣʝʪ. ɺ ʧʘʤʷʪʥʠʢ ʚʦ-

ʦʙʨʘʞʘʝʤʦʡ ʵʥʝʨʛʠʠ ʟʘʢʘʯʠʚʘʶʪʩʷ ʦʛʨʦʤʥʳʝ 

ʜʝʥʴʛʠ, ʟʘʢʣʘʜʳʚʘʝʪʩʷ ʛʣʦʙʘʣʴʥʳʡ ʯʝʣʦʚʝʯʝʩʢʠʡ 

ʠʥʪʝʣʣʝʢʪ, ʟʥʘʥʠʷ, ʩʘʤʳʝ ʚʳʩʦʢʠʝ ʩʦʚʨʝʤʝʥʥʳʝ 

ʪʝʭʥʦʣʦʛʠʠ, ʢʘʢ ʚ ʝʛʠʧʝʪʩʢʠʝ ʧʠʨʘʤʠʜʳ. ʉʪʨʦʠ-

ʪʝʣʴʩʪʚʦ ʧʘʤʷʪʥʠʢʘ ʥʫʞʥʦ ʟʘʚʝʨʰʠʪʴ ʥʝʧʨʝʤʝʥʥʦ, 

ʯʪʦʙʳ ʤʦʞʥʦ ʙʳʣʦ ʚʦʜʠʪʴ ʪʫʨʠʩʪʦʚ ʠ ʨʘʩʩʢʘʟʳʚʘʪʴ 

ʠʤ ʧʨʦ ʫʚʣʝʢʘʪʝʣʴʥʫʶ ʠ ʦʞʝʩʪʦʯʝʥʥʫʶ ʙʠʪʚʫ ʧʦʢʦ-

ʨʠʪʝʣʝʡ ʜʝʡʪʝʨʠʷ ʩ ʥʝ ʧʦʢʦʨʠʚʰʠʤʩʷ ʜʝʡʪʝʨʠʝʤ, 

ʜʣʠʚʰʫʶʩʷ ʰʝʩʪʴ ʜʝʩʷʪʢʦʚ ʣʝʪ.  

ɻʨʘʚʠʪʘʮʠʦʥʥʘʷ ʵʥʝʨʛʝʪʠʢʘ 

ʏʝʣʦʚʝʯʝʩʪʚʦ ʥʝʣʴʟʷ ʦʩʪʘʚʣʷʪʴ ʙʝʟ ʵʥʝʨʛʝʪʠʯʝ-

ʩʢʦʛʦ ʙʣʘʛʦʧʦʣʫʯʠʷ, ʜʘʞʝ ʝʩʣʠ ʪʝʨʤʦʷʜʝʨʥʳʡ ʩʠʥ-

ʪʝʟ ʜʝʡʪʝʨʠʷ ʦʢʘʟʘʣʩʷ ʤʝʯʪʦʡ ʥʝʩʙʳʪʦʯʥʦʡ. ʉʦʙ-

ʩʪʚʝʥʥʘʷ ʛʨʘʚʠʪʘʮʠʷ ʞʠʚʝʪ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʢʨʠ-

ʚʠʟʥʳ ʠ ʩʧʠʨʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ: ὒȟὒȟὒȟ—, ʘ 

ʚʳʥʫʞʜʝʥʥʘʷ ʵʥʝʨʛʠʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʢʦʦʨʜʠʥʘʪ ʠ 

ʚʨʝʤʝʥʠ: ὼȟώȟᾀȟὸ, ʨʠʩ. 8. 

ʩ ʝ ʨ ʜ ʮ ʝ

ʈʠʩ. 8. ʄʘʰʠʥʳ ʚ ʛʨʘʚʠʪʘʮʠʦʥʥʦʤ ʠ ʚ ʵʥʝʨʛʝʪʠʯʝʩʢʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ 

 

ʅʘ ʨʠʩ. 8 ʚʩʝ ʰʝʩʪʴ ʦʩʦʙʝʡ: ɿʝʤʣʷ, ʉʦʣʥʮʝ, ʤʝ-

ʪʘʣʣʠʯʝʩʢʘʷ ʦʩʴ ʩ ʛʝʥʝʨʘʪʦʨʦʤ, ʯʝʣʦʚʝʢ, ʘʪʦʤ ʛʝ-

ʣʠʷ, ʩʝʨʜʮʝ ʩʣʫʞʘʪ ʥʦʩʠʪʝʣʷʤʠ ʚʥʫʪʨʝʥʥʝʡ ʛʨʘʚʠ-

ʪʘʮʠʦʥʥʦʡ ʞʠʟʥʠ. ɺʩʝ ʦʩʦʙʠ (4) ʚʳʨʘʞʝʥʳ ʩʦʙ-

ʩʪʚʝʥʥʦʡ ʛʨʘʚʠʪʘʮʠʝʡ g, ʢʦʪʦʨʦʡ ʫʧʨʘʚʣʷʝʪ 

ʚʳʥʫʞʜʝʥʥʘʷ ʵʥʝʨʛʠʷ E. ɺ ʧʨʦʩʪʨʘʥʩʪʚʝ 

ὒȟὒȟὒȟ— ʚʩʝ ʰʝʩʪʴ ʦʩʦʙʝʡ ʜʦʣʞʥʳ ʙʳ ʩʫʱʝ-

ʩʪʚʦʚʘʪʴ ʚʝʯʥʦ, ʪʘʢ ʢʘʢ ʨʘʩʧʦʣʦʞʝʥʳ ʦʨʪʦʛʦʥʘʣʴʥʦ 

ʢ ʧʨʦʩʪʨʘʥʩʪʚʫ ὼȟώȟᾀȟὸ ʠ ʦʪ ʚʨʝʤʝʥʠ ʥʝ ʟʘʚʠʩʷʪ. 

ʅʦ ʩʘʤ ʤʘʪʝʨʠʘʣ, ʠʟ ʢʦʪʦʨʦʛʦ ʩʦʟʜʘʥʳ ʚʝʯʥʳʝ ʜʚʠ-

ʛʘʪʝʣʠ, ʧʨʠʥʘʜʣʝʞʠʪ ʚʳʥʫʞʜʝʥʥʦʤʫ ʵʥʝʨʛʝʪʠʯʝ-

ʩʢʦʤʫ ʧʨʦʩʪʨʘʥʩʪʚʫ ὼȟώȟᾀȟὸ, ʚ ʢʦʪʦʨʦʤ ʚʝʯʥʦʛʦ 
ʥʠʯʝʛʦ ʥʝʪ. ʅʘʧʨʠʤʝʨ, ʚʝʯʥʘʷ ɿʝʤʣʷ, ʦʙʦʟʥʘʯʝʥʥʘʷ 

Re - ʛʘʣʘʢʪʠʢʦʡ ʥʘ ʨʠʩ. 4, ʜʦʣʞʥʘ ʧʨʝʚʨʘʪʠʪʴʩʷ ʚ Im 

ï ʛʘʣʘʢʪʠʢʫ. ʉʝʡʯʘʩ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʝʚʝʨʥʳʡ ʧʦ-

ʣ ʩʁ ɿʝʤʣʠ ʩʪʘʣ ʨʘʟʦʛʨʝʚʘʪʴʩʷ ʙʳʩʪʨʝʝ, ʯʝʤ ʜʨʫʛʠʝ 

ʯʘʩʪʠ ʧʣʘʥʝʪʳ. ʉʦʣʥʮʝ, ʦʙʦʟʥʘʯʝʥʥʦʝ Im ï ʛʘʣʘʢʪʠ-

ʢʦʡ ʥʘ ʨʠʩ. 4, ʜʦʣʞʥʦ ʧʦʪʫʭʥʫʪʴ ʠ ʧʨʝʚʨʘʪʠʪʴʩʷ ʚ 

ὙὩ ʠ ὙὩ- ʩʚʷʟʘʥʥʳʝ ʛʘʣʘʢʪʠʢʠ, ʧʨʠʚʝʜʝʥʥʳʝ ʥʘ 
ʨʠʩ. 5. ʏʝʣʦʚʝʢ ʚ ʪʝʯʝʥʠʝ ʩʚʦʝʡ ʞʠʟʥʠ ʧʨʝʪʝʨʧʝʚʘʝʪ 

ʥʝʩʢʦʣʴʢʦ ʧʨʝʚʨʘʱʝʥʠʡ ʪʦʞʝ ʦʪ ʤʣʘʜʝʥʮʘ ʜʦ ʩʪʘʨʦ-

ʩʪʠ. ʉʝʨʜʮʝ ʦʩʦʙʠ 6 ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʚʠʜʝ ʯʝʪʳʨʝʭ 

ʨʘʟʚʝʨʥʫʪʳʭ ʬʠʟʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, ʚ ʢʦʪʦʨʦʡ ʛʘʣʘʢ-

ʪʠʢʠ ὙὩ, Ὅά, ὙὩ, Ὅά ʦʟʥʘʯʘʶʪ ʠʟʦʣʠʨʦʚʘʥʥʳʝ 

ʩʝʨʜʝʯʢʠ 1, 2, 3, 4 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɽʩʣʠ ʦʩʦʙʠ ï 1, 

2, 4, 5, 6 - ʩʦʟʜʘʥʳ ʧʨʠʨʦʜʦʡ, ʪʦ ʤʝʪʘʣʣʠʯʝʩʢʘʷ ʦʩʴ 

ʩ ʛʝʥʝʨʘʪʦʨʦʤ ʤʦʱʥʦʩʪʴʶ ʚ n(ʢɺʪ) ʧʦʜ ʥʦʤʝʨʦʤ 3 

ʩʦʟʜʘʥʘ ʠʩʢʫʩʩʪʚʝʥʥʦ. ʅʘ ʩʘʤʦʤ ʜʝʣʝ ʚ ʤʝʪʘʣʣʠʯʝ-

ʩʢʦʡ ʦʩʠ ʩʤʦʜʝʣʠʨʦʚʘʥ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʡ ʘʪʦʤ Ὀ . 

ʄʘʢʨʦʩʢʦʧʠʯʝʩʢʠʡ ʘʪʦʤ Ὀ ʨʘʩʢʨʫʪʠʣʠ ʜʦ ʯʘʩʪʦʪʳ 
50 ɻʮ, ʚʩʪʘʚʠʣʠ ʚ ʥʝʛʦ ʵʥʝʨʛʠʶ E ʤʦʱʥʦʩʪʴʶ 

n(ʢɺʪ) (ʩʤ. ʨʠʩ. 4), ʠ ʦʩʴ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ 

ὒȟὒȟὒȟ— ʥʘʯʘʣʘ ʚʨʘʱʘʪʴʩʷ çʚʝʯʥʦè, ʧʦʢʘ ʥʝ 

ʨʘʩʩʳʧʣʝʪʩʷ ʩʘʤʘ ʦʩʴ ʦʪ ʫʩʪʘʣʦʩʪʠ, ʣʠʙʦ ʥʝ ʨʘʩʧʣʘ-

ʚʪ̫ʩʷ ʧʦʜʰʠʧʥʠʢʠ. ɽʩʣʠ ʩʤʦʜʝʣʠʨʦʚʘʪʴ ʘʪʦʤ  ὌὩ, 

ʪʦ ʤʦʱʥʦʩʪʴ ʜʚʠʛʘʪʝʣʷ ʫʚʝʣʠʯʠʪʩʷ ʚ 4 ʨʘʟʘ. ʈʘʙʦʪʘ 

ʜʣʷ ʠʥʞʝʥʝʨʦʚ. ʉʘʤʳʤ ʢʦʨʦʪʢʦʞʠʚʫʱʠʤ ʛʨʘʚʠʪʘ-

ʮʠʦʥʥʳʤ ʜʚʠʛʘʪʝʣʝʤ ʥʘ ʨʠʩ. 8 ʩʣʫʞʠʪ ʯʝʣʦʚʝʢ 4, 

ʢʦʪʦʨʳʡ ʥʝ ʚʨʘʱʘʝʪʩʷ. ʏʝʣʦʚʝʢ ʚ ʦʪʣʠʯʠʝ ʦʪ ʩʚʦʠʭ 

ʩʦʩʝʜʝʡ ʚʳʨʘʞʝʥ ʩʪʘʪʠʯʝʩʢʦʡ ʩʦʙʩʪʚʝʥʥʦʡ ʛʨʘʚʠ-

ʪʘʮʠʝʡ ï ʯʪʦ ʧʦʨʦʜʠʣʦ ʚ ʥʝʤ ʤʝʭʘʥʠʯʝʩʢʠʝ ʯʫʚʩʪʚʘ 

ʠ ʦʙʨʘʟʥʦʝ ʤʳʰʣʝʥʠʝ, ʙʣʘʛʦʜʘʨʷ ʢʦʪʦʨʦʤʫ ʯʝʣʦʚʝʢ 

ʩʪʘʣ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʤ. ʏʪʦʙʳ ʯʝʣʦʚʝʢ, ʚʳʨʘʞʝʥ-

ʥʳʡ ʩʦʙʩʪʚʝʥʥʦʡ ʩʪʘʪʠʯʝʩʢʦʡ ʛʨʘʚʠʪʘʮʠʝʡ, ʤʦʛ ʩʫ-

ʱʝʩʪʚʦʚʘʪʴ çʚʝʯʥʦè ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʥʝʩʢʦʣʴʢʠʭ ʜʝ-

ʩʷʪʢʦʚ ʣʝʪ, ʝʤʫ ʥʝʦʙʭʦʜʠʤʦ ʪʨʝʭʨʘʟʦʚʦʝ ʧʠʪʘʥʠʝ ʠ 

ʧʝʨʠʦʜʠʯʝʩʢʦʝ ʧʦʛʨʫʞʝʥʠʝ ʚ ʧʨʦʩʪʨʘʥʩʪʚʦ 
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ὒȟὒȟὒȟ— ʜʣʷ ʩʥʘ, ʨʠʩ. 2. ʉʝʨʜʮʝ ʦʩʦʙʠ ʨʘʙʦ-

ʪʘʝʪ, ʧʦʢʘ ʤʘʪʝʨʠʣ ʥʝ çʨʘʩʩʳʧʣʝʪʩʷè ʦʪ ʫʩʪʘʣʦʩʪʠ 

ʪʦʞʝ. ʄʝʪʘʣʣʠʯʝʩʢʘʷ ʞʝ ʦʩʴ, ʚ ʢʦʪʦʨʦʡ ʩʤʦʜʝʣʠʨʦ-

ʚʘʥ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʡ ʘʪʦʤ ʛʝʣʠʷ, ʤʦʞʝʪ ʚʨʘ-

ʱʘʪʴʩʷ ʙʝʟ ʧʦʜʧʠʪʢʠ ʠ ʙʝʟ ʧʦʛʨʫʞʝʥʠʷ ʚ ʧʘʨʘʣʣʝʣʴ-

ʥʳʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʤʠʨ ʚ ʩʦʩʪʦʷʥʠʝ ʩʥʘ ʙʦʣʝʝ 10 

ʣʝʪ. ʅʘ ʨʠʩ. 8 ʩ ʥʦʤʝʨʦʤ 3 ʧʨʠʚʝʜʝʥʘ ʧʨʦʩʪʝʡʰʘʷ 

ʙʝʩʪʦʧʣʠʚʥʘʷ ʤʦʜʝʣʴ ʠʟ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ ʠʩʢʫʩ-

ʩʪʚʝʥʥʳʭ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʤʘʰʠʥ, ʪʦʧʣʠʚʦ ʪʨʝʙʫ-

ʝʪʩʷ ʪʦʣʴʢʦ ʜʣʷ ʟʘʧʫʩʢʘ ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ. 

ʅʦ ʜʦʧʫʩʪʠʤ, ʯʪʦ ʛʨʘʚʠʪʘʮʠʦʥʥʘʷ ʵʥʝʨʛʝʪʠʢʘ ʚ ʨʘʟ-

ʚʠʪʠʠ, ʠ ʬʠʟʠʢʠ ʩʤʦʜʝʣʠʨʦʚʘʣʠ ʙʦʣʴʰʠʥʩʪʚʦ ʘʪʦ-

ʤʦʚ ʠ ʷʜʝʨ ʘʪʦʤʦʚ ʠʟ ʪʘʙʣ. ɼ.ʀ. ʄʝʥʜʝʣʝʝʚʘ ʠ ʤʥʦ-

ʛʠʝ ʤʦʣʝʢʫʣʳ, ʩʦʟʜʘʣʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʫʩʪʘʥʦʚʢʠ 

ʦʪ ʢʘʨʤʘʥʥʳʭ ʨʘʟʤʝʨʦʚ ʜʦ ʚʥʫʰʠʪʝʣʴʥʳʭ ʘʛʨʝʛʘ-

ʪʦʚ, ʧʠʪʘʶʱʠʭ ʜʣʠʥʥʳʝ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʝ ʩʦ-

ʩʪʘʚʳ, ʪʷʞʝʣʳʝ ʤʦʨʩʢʠʝ ʠ ʚʦʟʜʫʰʥʳʝ ʢʦʨʘʙʣʠ. ɻʨʘ-

ʚʠʪʘʮʠʦʥʥʘʷ ʵʥʝʨʛʝʪʠʢʘ ï ʚʥʫʪʨʝʥʥʷʷ ʵʥʝʨʛʝʪʠʢʘ ʩ 

ʜʨʫʛʠʤʠ ʟʘʢʦʥʘʤʠ, ʙʝʩʧʨʦʚʦʜʥʘʷ: ʥʝʪ ʥʠ ʚʳʩʦʢʦ-

ʚʦʣʴʪʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʣʠʥʠʡ, ʥʝʪ ʥʠ ʤʦʱʥʳʭ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʳʭ ʩʪʘʥʮʠʡ, ʥʝʪ ʵʣʝʢʪʨʠʬʠʮʠʨʦ-

ʚʘʥʥʳʭ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ ʣʠʥʠʡ, ʥʝʪ ʛʨʦʤʦʟʜʢʠʭ ʠ 

ʪʷʞʝʣʳʭ ʩʚʠʥʮʦʚʳʭ ʘʢʢʫʤʫʣʷʪʦʨʦʚ, ɿʝʤʣʷ ʩʚʦ-

ʙʦʜʥʦ ʚʟʜʦʭʥʫʣʘ, ʦʩʚʦʙʦʜʠʚʰʠʩʴ ʦʪ ʵʣʝʢʪʨʦʧʨʦ-

ʚʦʜʥʦʡ ʧʘʫʪʠʥʳ. ʉʦʟʜʘʥʘ ʩʫʧʝʨ ʵʢʦʣʦʛʠʯʝʩʢʘʷ 

ʵʥʝʨʛʝʪʠʢʘ. ʀ ʥʝ ʥʫʞʥʦ ʙʝʩʧʦʢʦʠʪʴʩʷ ʟʘ ʵʥʝʨʛʝʪʠ-

ʯʝʩʢʦʝ ʙʣʘʛʦʧʦʣʫʯʠʝ ʯʝʣʦʚʝʯʝʩʪʚʘ ï ʦʧʘʩʝʥʠʝ ʚ 

ʜʨʫʛʦʤ. ʉ ʨʘʟʚʠʪʠʝʤ ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʵʥʝʨʛʝʪʠʢʠ 

ʚʦʟʥʠʢʥʫʪ ʩʝʨʴʝʟʥʳʝ ʧʨʦʙʣʝʤʳ. ʆʜʥʘ ʠʟ ʥʠʭ - ʠʩ-

ʯʝʟʥʝʪ ʢʘʧʠʪʘʣʠʟʤ. ʂʘʧʠʪʘʣʠʟʤ ʧʦʛʠʙʥʝʪ ʥʝ ʧʦ-

ʪʦʤʫ, ʯʪʦ ʟʘʢʦʥʯʠʪʩʷ ʟʦʣʦʪʦ, ʘ ʧʦʪʦʤʫ, ʯʪʦ ʛʨʘʚʠʪʘ-

ʮʠʦʥʥʳʡ ʯʝʣʦʚʝʢ ʩʪʘʥʝʪ ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʳʤ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʛʨʘʚʠʪʘʮʠʦʥʥʳʤ ʨʦʙʦʪʦʤ, ʥʘʜʝʣʝʥ-

ʥʳʤ ʚʥʫʪʨʝʥʥʝʡ ʞʠʟʥʴʶ ï ʠʩʢʫʩʩʪʚʝʥʥʳʤʠ ʯʫʚ-

ʩʪʚʘʤʠ ʠ ʚʥʝʰʥʝʡ ʞʠʟʥʴʶ ï ʠʩʢʫʩʩʪʚʝʥʥʳʤ ʠʥʪʝʣ-

ʣʝʢʪʦʤ. ʍʦʨʦʰʦ ʠʟʚʝʩʪʝʥ ʘʧʨʦʙʠʨʦʚʘʥʥʳʡ ʙʠʦʣʦ-

ʛʠʯʝʩʢʠʡ ʤʝʪʦʜ ʙʦʨʴʙʳ ʩ ʚʨʝʜʠʪʝʣʷʤʠ: 

ʠʩʢʫʩʩʪʚʝʥʥʦ ʚʳʨʘʱʠʚʘʶʪ ʭʠʱʥʠʢʦʚ, ʢʦʪʦʨʳʝ 

ʫʥʠʯʪʦʞʘʶʪ ʚʨʝʜʠʪʝʣʝʡ, ʘ ʟʘʪʝʤ ʧʦʛʠʙʘʶʪ ʩʘʤʠ. ʅʦ 

ʧʨʦʠʟʦʡʜʝʪ ʚʩʝ ʵʪʦ, ʢ ʩʯʘʩʪʴʶ, ʥʝʩʢʦʨʦ, ʘ ʤʦʞʝʪ, ʠ 

ʥʝ ʧʨʦʠʟʦʡʜʝʪ, ʥʝ ʫʩʧʝʝʪ ʧʨʦʠʟʦʡʪʠ. 
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PROSPECTS FOR INDUSTRIAL PRODUCTION AND APPLICATION OF ELECTRODEPOSED 

COPPER POWDER 

 

ɸʥʥʦʪʘʮʠʷ 

ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʳ ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʫʯʝʥʠʷ ʧʦʣʠʜʠʩʧʝʨʩʥʳʭ ʤʝʜʥʳʭ ʧʦʨʦʰʢʦʚ ʤʝʪʦʜʦʤ ʵʣʝʢʪʨʦ-

ʣʠʪʠʯʝʩʢʦʛʦ ʦʩʘʞʜʝʥʠʷ. ʇʨʝʜʩʪʘʚʣʝʥʥʳ ʦʩʥʦʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʳʭ ʧʦʨʦʰʢʦʚ. ɺʳʷʚʣʝʥʳ 

ʤʝʪʦʜʳ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʠ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʘʤʠ ʵʣʝʢʪʨʦʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʚʣʠʷʶʱʠʤʠ ʥʘ ʛʨʘʥʫʣʦ-

ʤʝʪʨʠʯʝʩʢʠʡ ʠ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʧʦʣʫʯʘʝʤʳʭ ʧʦʨʦʰʢʦʚ. ʀʟʫʯʝʥʳ ʩʚʦʡʩʪʚʘ ʧʦʨʦʰʢʦʚ ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʨʘʟ-

ʣʠʯʥʳʭ (ʘʤʤʠʘʢʘʪʥʳʭ, ʩʫʣʴʬʠʪʥʳʭ, ʢʦʤʧʣʝʢʩʥʳʭ) ʵʣʝʢʪʨʦʣʠʪʦʚ. 

Abstract. 

The technology of obtaining polydisperse copper powders by electrolytic deposition is considered. The main 

applications of these powders are presented. Methods for improving the quality and control of electrocrystalliza-

tion processes affecting the particle size distribution and chemical composition of the obtained powders are re-

vealed. The properties of powders obtained from various (ammonia, sulfite, complex) electrolytes were studied. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʘʥʦʧʦʨʦʰʢʠ, ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʫʯʝʥʠʷ, ʢʠʥʝʪʠʢʘ ʵʣʝʢʪʨʦʦʩʘʞʜʝʥʠʷ, ʵʣʝʢʪʨʦʢʨʠ-

ʩʪʘʣʣʠʟʘʮʠʷ. 

Key words: nanopowders, production technologies, kinetics of electrodeposition, electrocrystallization. 

 

ʄʝʪʘʣʣʠʯʝʩʢʠʝ ʧʦʨʦʰʢʠ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫ-

ʶʪʩʷ ʩ ʤʦʤʝʥʪʘ ʧʦʷʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʠ ʧʦʨʦʰʢʦʚʦʡ 

ʤʝʪʘʣʣʫʨʛʠʠ. ɺ ʜʨʫʛʠʭ ʦʙʣʘʩʪʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ 

ʠ ʥʘʨʦʜʥʦʛʦ ʭʦʟʷʡʩʪʚʘ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʧʦʨʦʰʢʠ ʦʙ-

ʨʝʣʠ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ (ʨʠʩ 1). ɺ ʯʘʩʪʥʦʩʪʠ, 

ʤʝʜʥʳʝ ʧʦʨʦʰʢʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʦʛʥʝʫʧʦʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʠʟʛʦʪʦʚʣʝʥʠʷ ʤʥʦʛʠʭ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʠ ʤʘʰʠʥʥʳʭ ʜʝʪʘʣʝʡ, ʪʘʢʠʭ ʢʘʢ ʬʘ-

ʟʠʨʦʚʘʥʠʝ ʩʮʝʧʣʝʥʠʷ, ʪʦʨʤʦʟʥʳʝ ʥʘʢʣʘʜʢʠ. 

 
ʈʠʩʫʥʦʢ 1 ʆʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʦʨʦʰʢʦʚ 
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ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʦʩʦʙʘʷ ʨʦʣʴ ʙʫʜʝʪ ʦʪʚʝʜʝʥʘ 

ʧʦʣʫʯʝʥʠʶ ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʠʭ ʧʦʨʦʰʢʦʚ ʤʝʜʠ. 

ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʭʦʪʝʣʦʩʴ ʙʳ ʫʜʝʣʠʪʴ ʧʨʦʮʝʩʩʘʤ 

ʤʘʩʩʦʧʝʨʝʥʦʩʘ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʦ-

ʨʦʰʢʦʚ ʢʘʢ ʢʘʯʝʩʪʚʝʥʥʦ, ʪʘʢ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦ. ʇʨʦ-

ʠʟʚʦʜʩʪʚʦ ʤʥʦʛʠʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʦʨʦʰʢʦʚ ʦʩʫ-

ʱʝʩʪʚʣʷʝʪʩʷ ʧʨʠ ʚʳʩʦʢʠʭ ʧʣʦʪʥʦʩʪʷʭ ʪʦʢʘ, ʧʨʠ ʢʦ-

ʪʦʨʳʭ ʚʳʜʝʣʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʜʠʩʩʦʮʠʘʮʠʷ ʥʝ 

ʪʦʣʴʢʦ ʤʝʜʥʳʭ ʩʦʣʝʡ, ʥʦ ʠ ʚʦʜʳ ʯʪʦ ʚʣʠʷʝʪ ʥʘ ʧʦ-

ʣʫʯʝʥʠʝ ʚʦʜʦʨʦʜʘ ʚ ʧʨʦʮʝʩʩʝ ʵʣʝʢʪʨʦʣʠʟʘ, ʪʘʢʠʝ 

ʧʦʙʦʯʥʳʝ ʧʨʦʮʝʩʩʳ ʧʨʦʠʩʭʦʜʷʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ 

ʦʩʘʞʜʝʥʠʝʤ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʯʘʩʪʠʮ. ʀʟʫʯʝʥʠʝ ʚʣʠʷ-

ʥʠʷ ʚʳʜʝʣʝʥʠʷ ʚʦʜʦʨʦʜʘ ʥʘ ʩʢʦʨʦʩʪʴ ʤʘʩʩʦʧʝʨʝ-

ʥʦʩʘ ʚʦ ʚʨʝʤʷ ʦʩʘʞʜʝʥʠʷ ʧʦʨʦʰʢʘ ʤʦʞʝʪ ʧʦʤʦʯʴ ʚ 

ʨʘʟʨʘʙʦʪʢʝ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʨʝ-

ʘʢʪʦʨʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʝʪʘʣʣʠ-

ʯʝʩʢʠʭ ʧʦʨʦʰʢʦʚ. ʆʩʘʞʜʝʥʠʝ ʧʦʨʦʰʢʘ ʤʝʜʠ ʠʟ 

ʧʦʜʢʠʩʣʝʥʥʦʛʦ CuSO4 ʧʨʠ ʧʣʦʪʥʦʩʪʷʭ ʪʦʢʘ ʚʳʰʝ 

ʧʨʝʜʝʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʦʧʠʩʘʥʦ ʭʦʨʦʰʦ ʨʘʩʢʨʳʚʘ-

ʝʪʩʷ ʚ ʨʘʙʦʪʝ ɻ. ʍ. ʉʝʜʘʭʤʝʜʘ ʠ ʝʛʦ ʢʦʣʣʝʛ [1]. ɸʚ-

ʪʦʨʘʤʠ ʚʳʷʚʣʝʥʦ ʯʪʦ ʧʦʨʦʰʢʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘ-

ʪʦʜʘ ʜʦʙʘʚʣʷʶʪ ʥʦʚʫʶ ʧʝʨʝʤʝʥʥʫʶ, ʚʣʠʷʶʱʫʶ ʥʘ 

ʩʧʦʩʦʙʥʦʩʪʴ ʚʳʜʝʣʝʥʠʷ ʚʦʜʦʨʦʜʘ ʧʦʚʳʰʘʪʴ ʩʢʦ-

ʨʦʩʪʴ ʤʘʩʩʦʧʝʨʝʥʦʩʘ ʥʘ ʢʘʪʦʜʝ. ɼʦ ʵʪʦʛʦ ʩʯʠʪʘʣʦʩʴ 

ʯʪʦ ʧʨʦʮʝʩʩʳ ʤʘʩʩʦʧʝʨʝʥʦʩʘ ʥʘ ʛʘʟʦʦʙʨʘʟʥʳʭ ʵʣʝʢ-

ʪʨʦʜʘʭ ʠʤʝʣʠ ʚ ʦʩʥʦʚʥʦʤ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦ-

ʚʠʪʝʣʴʥʳʡ ʭʘʨʘʢʪʝʨ, ʚ ʢʦʪʦʨʳʭ ʧʨʠʨʦʜʘ ʧʦʚʝʨʭʥʦ-

ʩʪʠ ʵʣʝʢʪʨʦʜʘ ʦʩʪʘʝʪʩʷ ʥʝʠʟʤʝʥʥʦʡ ʚʦ ʚʨʝʤʷ ʵʣʝʢ-

ʪʨʦʣʠʟʘ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʟʫʯʝʥʠʝ ʧʨʦʮʝʩʩʦʚ ʧʦʣʫ-

ʯʝʥʠʷ ʤʝʜʥʳʭ ʫʣʴʪʨʘʜʠʩʧʝʨʩʥʳʭ ʧʦʨʦʰʢʦʚ ʦʯʝʥʴ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʦ ʪʦʯʥʦ ʪʘʢ ʞʝ, ʢʘʢ ʠ ʩʫʱʝʩʪʚʫʝʪ 

ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʤʝʪʦʜʦʚ ʧʦʣʫʯʝʥʠʷ ʧʦʨʦʰʢʘ 

ʚ ʤʝʜʠ. ʊʘʢ ʫʯʝʥʳʤʠ ʏʞʵʥ ʠ ʎʟʷʥ ʧʨʦʚʝʜʝʥʦ ʠʟʫ-

ʯʝʥʠʝ ʧʨʦʮʝʩʩʘ ʵʣʝʢʪʨʦʦʩʘʞʜʝʥʠʷ ʵʣʝʢʪʨʦʣʠʪʠʯʝ-

ʩʢʦʛʦ ʤʝʜʥʦʛʦ ʧʦʨʦʰʢʘ ʧʫʪʝʤ ʵʣʝʢʪʨʦʣʠʟʘ ʩʦʣʝʡ 

ʤʝʜʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ 6 ɸ/ʜʤ2 [2]. 

Hou ʅ. ʠʟʫʯʘʣ ʩʪʨʫʢʪʫʨʥʳʝ ʠ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʜʝ-

ʬʝʢʪʳ ʵʣʝʢʪʨʦʦʩʘʞʜʝʥʥʦʛʦ ʤʝʜʥʦʛʦ ʧʦʨʦʰʢʘ ʤʝʪʦ-

ʜʦʤ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʠʟʚʣʝʯʝʥʠʷ [3]. ʇʘʪʪʘʙʭʠ-

ʨʘʤʘʥ ʠ ʜʨ. ʧʦʣʫʯʘʶʪ ʤʝʜʥʳʡ ʧʦʨʦʰʦʢ ʵʣʝʢʪʨʦʣʠ-

ʪʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʦʩʘʞʜʝʥʠʝʤ ʠʟ ʩʫʣʴʬʘʪʥʳʭ ʠ 

ʭʣʦʨʠʜʥʳʭ ʨʘʩʪʚʦʨʦʚ [4]. ʂʦʢʠʣʘ ʠ ʜʨ. ʨʘʟʨʘʙʦʪʘʣʠ 

ʤʝʪʦʜ ʛʘʣʴʚʘʥʠʟʘʮʠʠ ʤʝʜʠ ʠʟ ʨʘʩʪʚʦʨʘ, ʩʦʜʝʨʞʘ-

ʱʝʛʦ ʢʦʤʧʣʝʢʩʳ ʤʝʜʴ-ʩʫʣʴʬʘʤʘʪ ʠ ʤʝʜʴ- ɻ ʪʠʣʝʥʜʠ-

ʘʤʠʥʪʝʪʨʘʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ [5]. Delplancke ʠʩʩʣʝ-

ʜʦʚʘʣ ʧʨʦʮʝʩʩ ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʦʛʦ ʧʦʣʫʯʝʥʠʷ ʤʝʜʠ 

ʧʨʠ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ [6]. ʀʩʩʣʝʜʦʚʘʥʠʷ Pas-

tor Jaunma ʠ Rubio Miguel ʧʦʢʘʟʘʣʠ, ʯʪʦ ʤʦʨʬʦʣʦ-

ʛʠʷ ʧʦʣʫʯʝʥʠʷ ʤʝʜʥʦʛʦ ʧʦʨʦʰʢʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʠʟ 

ʵʣʝʢʪʨʦʣʠʪʦʚ ʩ ʥʠʟʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʠʦʥʦʚ ʤʝʜʠ, 

ʟʘʚʠʩʠʪ ʚ ʦʩʥʦʚʥʦʤ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ [7]. ɹʦʨʠʢʘʨ 

ʨʘʟʨʘʙʦʪʘʣ ʧʨʦʮʝʩʩ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʠʟʚʣʝʯʝ-

ʥʠʷ ʤʝʜʠ ʠʟ ʨʘʩʪʚʦʨʦʚ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ ʠ ʘʮʝʪʦʥʘ. ɺ 

ʩʚʦʶ ʦʯʝʨʝʜʴ Viswanath ʠ George ʠʟʫʯʘʣʠ ʵʣʝʢʪʨʦ-

ʭʠʤʠʯʝʩʢʦʝ ʠʟʚʣʝʯʝʥʠʝ ʢʘʜʤʠʷ ʠʟ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ 

ʠ ʛʣʠʮʝʨʠʥʘ [8]. ɺ ʈʦʩʩʠʠ ʪʘʢ ʞʝ ʰʠʨʦʢʦ ʠʟʫʯʘʶʪʩʷ 

ʤʝʪʦʜʳ ʧʦʣʫʯʝʥʠʷ ʧʦʨʦʰʢʦʚ ʤʝʜʠ ʠʟ ʨʘʟʣʠʯʥʳʭ 

ʵʣʝʢʪʨʦʣʠʪʦʚ ʪʘʢ ʘʚʪʦʨʘʤʠ ʨʘʙʦʪʳ [9] ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʨʘʙʦʪʘ ʧʦ ʧʦʣʫʯʝʥʠʶ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʦʨʦʰʢʦʚ ʠʟ 

ʘʥʦʜʥʦ-ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʵʣʝʢʪʨʦʣʠʪʦʚ.  

ɺ ʩʚʷʟʠ ʩ ʧʫʙʣʠʢʘʮʠʝʡ ʦʛʨʦʤʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʨʘʙʦʪ, ʧʦʩʚʷʱʝʥʥʳʭ ʨʘʟʨʘʙʦʪʢʝ ʪʝʭʥʦʣʦʛʠʡ ʩʚʷʟʘʥ-

ʥʳʭ ʩ ʧʦʣʫʯʝʥʠʝʤ ʧʦʨʦʰʢʦʚ ʤʝʜʠ ʜʘʥʥʘʷ ʦʙʣʘʩʪʴ 

ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʝʪʩʷ ʦʯʝʥʴ ʧʝʨʩʧʝʢʪʠʚ-

ʥʦʡ. 

ʉʪʘʪʴʷ ʧʦʜʛʦʪʦʚʣʝʥʘ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʙʦʪ, ʧʦ-

ʣʫʯʝʥʥʳʭ ʚ ʭʦʜʝ ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʝʢʪʘ ˉ ʉʇ-
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ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʥʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʨʘʟʨʘ-

ʙʦʪʢʠ ʧʦ ʧʨʠʦʨʠʪʝʪʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʤʦʜʝʨʥʠʟʘ-

ʮʠʠ ʨʦʩʩʠʡʩʢʦʡ ʵʢʦʥʦʤʠʢʠè. 

ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʦʡ ʣʠʪʝʨʘʪʫʨʳ 

1. Sedahmed, G. H., El-Taweel, Y. A., & Hassan, 

O. A. (1981). The role of mass transfer in the kinetics 

of the electrodeposition of metal powder at gas-evolv-

ing electrodes. Surface Technology, 14(2), pp. 109ï

117. DOI: 10.1016/0376-4583(81)90072-8 

2. Zheng J W & Jiang L Q, Fenmo Yegin Gongye, 

11 (2000) 26. Hou H, Shangai, Youse Jinshu, 17 (1996) 

p. 12. 

3. Pattabhiraman R, Nandkumaran N, Sarvanan G 

S & Subramanian R. Proc Nat Conf Processing Metals, 

(2006) p. 546.  

4. Delplancke J L, Winad R, De Mussy J P & Pa-

gliero A, Minerals,Metals Mater, (1999) p. 603. 

5. Pastor Jaunma & Rubio Miguel A, Solid 

Freeform Fabrication Proc, (1996) p. 127. 

6. Muresan L, Varvara S, Maurin G & Domeaunu 

S, Hydrometallurgy, 54 (2000) p. 161. 

7. Borikar D K, Umre S S & Viswanath S G, Trans 

SAEST, 39 (2004) p. 9. 

8. Viswanath S G & Sajimol George, Metal J Met-

als, 16, 2010, p. 25. 

9. ʈʳʙʘʣʢʦ ɽ.ɸ., ʃʠʧʢʠʥ ʄ.ʉ., ʃʠʧʢʠʥ ɺ.ʄ., 
ʅʘʫʤʝʥʢʦ ɸ.ɸ., ʐʠʰʢʘ ɺ.ɻ., ʇʦʣʫʯʝʥʠʝ ʤʝʪʘʣʣʠ-

ʯʝʩʢʠʭ ʧʦʨʦʰʢʦʚ ʠʟ ʘʥʦʜʥʦ-ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʵʣʝʢ-

ʪʨʦʣʠʪʦʚ // ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ - 2011: ʤʘʪʝ-

ʨʠʘʣʳ 60-ʡ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʧʨʦ-

ʬʝʩʩʦʨʩʢʦ-ʧʨʝʧʦʜʘʚʘʪʝʣʴʩʢʦʛʦ ʩʦʩʪʘʚʘ, ʥʘʫʯ. 

ʨʘʙʦʪʥʠʢʦʚ, ʘʩʧʠʨʘʥʪʦʚ ʠ ʩʪʫʜʝʥʪʦʚ. ʅʦʚʦʯʝʨ-

ʢʘʩʩʢ: ʖʈɻʊʋ (ʅʇʀ), 2011. ʩ. 218-219.  

  



ζColloquium - journal Ȼ# 3(55),2020 / TECHNICAL SCIENCE 45 

TECHNICAL SCIENCE 
 

ʋɼʂ 678.023 

ɿʦʟʫʣʷ ʇ.ʌ., 

ʂʦʩʪʶʢ ʅ.ʆ., 

ʇʦʣʠʱʫʢ ʆ.ʉ. 

ʍʤʝʣʴʥʠʮʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 

ɺʃʀʗʅʀɽ ɻɽʆʄɽʊʈʀʏɽʉʂʀʍ ʇɸʈɸʄɽʊʈʆɺ ʐʅɽʂɸ ʕʂʉʊʈʋɼɽʈɸ ʅɸ ʇʈʆʎɽʉʉ 

ʇɽʈɽʈɸɹʆʊʂʀ ʊɽʈʄʆʇʃɸʉʊʀʏɽʉʂʀʍ ʄɸʊɽʈʀɸʃʆɺ 

 

Zozulia P.F., 

Kostyuk N.O., 

Polishchuk O.S. 

Khmelnitskyi National University 

 

THE INFLUENCE OF GEOMETRIC PARAMETERS OF AN EXTRUDER SCREW ON THE 

PROCESS OF TREATMENT OF THERMOPLASTIC MATERIALS  

 

ɸʥʥʦʪʘʮʠʷ 

ɼʘʥʥʘʷ ʩʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʤʫ ʦʧʨʝʜʝʣʝʥʠʶ ʛʣʘʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʰʥʝʢʘ ʵʢʩʪʨʫʜʝʨʘ, 

ʘ ʠʤʝʥʥʦ, ʦʧʪʠʤʘʣʴʥʳʭ ʨʘʟʤʝʨʦʚ ʜʠʘʤʝʪʨʘ, ʟʘʟʦʨʘ, ʫʛʣʘ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ, ʰʘʛʘ ʚʠʥʪʦʚʦʡ ʥʘʨʝʟʢʠ, ʛʣʫ-

ʙʠʥʘ ʢʘʥʘʣʦʚ ʠ ʠʭ ʚʟʘʠʤʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʠ ʜʘʚʣʝʥʠʝ ʚ ʩʘʤʦʤ ʵʢʩʪʨʫʜʝʨʝ ʧʨʠ ʧʝʨʝʨʘ-

ʙʦʪʢʝ ʪʝʨʤʦʧʣʘʩʪʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʊʘʢʞʝ ʚʧʝʨʚʳʝ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʘʙʣʠʮʳ ʩ ʜʘʥʥʳʤʠ 

ʨʘʩʯʝʪʦʚ ʠ ʧʦʩʪʨʦʝʥʳ ʛʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʝʡ, ʥʘ ʢʦʪʦʨʳʭ ʚʠʜʥʦ ʦʙʱʝʝ ʚʣʠʷʥʠʝ ʛʣʘʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʰʥʝʢʘ ʥʘ ʧʨʦʮʝʩʩ ʧʝʨʝʨʘʙʦʪʢʠ ʪʝʨʤʦʧʣʘʩʪʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ. 

Abstract 
This article is devoted to the mathematical determination of the main parameters of an extruder auger, 

namely, the optimum dimensions of diameter, clearance, transport angle, pitch of screw cutting, depth of channels 

and their mutual influence on the performance and pressure in the extruder itself during processing of thermo-

plastic materials. Also, for the first time in this work, tables with data of calculations are presented and graphs of 

dependences on which the general influence of the main parameters of the auger on the process of thermoplastic 

materials processing are shown. 
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ʈʦʩʪ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠʟʜʝʣʠʡ ʠʟ ʧʦʣʠʤʝʨʦʚ 

ʥʝʫʢʣʦʥʥʦ ʚʝʜʝʪ ʢ ʨʦʩʪʫ ʠʭ ʜʦʣʠ ʚ ʦʪʭʦʜʘʭ. ʇʦ-

ʵʪʦʤʫ ʚʦʧʨʦʩ ʧʝʨʝʨʘʙʦʪʢʠ ʦʪʭʦʜʦʚ ʷʚʣʷʝʪʩʷ ʘʢʪʫ-

ʘʣʴʥʳʤ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ. ʉʦʚʨʝʤʝʥʥʳʝ ʧʦʣʠ-

ʤʝʨʥʳʝ ʤʘʪʝʨʠʘʣʳ (ʇʄ) ʥʘ ʦʩʥʦʚʝ ʨʘʟʣʠʯʥʳʭ 

ʧʣʘʩʪʤʘʩʩ, ʚʦʣʦʢʦʥ ʠ ʵʣʘʩʪʦʤʝʨʦʚ, ʠʩʧʦʣʴʟʫʶʪ ʚ 

ʨʘʟʣʠʯʥʳʭ ʩʬʝʨʘʭ. ʅʝ ʷʚʣʷʝʪʩʷ ʠʩʢʣʶʯʝʥʠʝʤ ʣʝʛ-

ʢʘʷ ʠ ʦʙʫʚʥʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ [1] .. 

ɺ ʫʩʣʦʚʠʷʭ ʚʥʝʜʨʝʥʠʷ ʥʦʚʝʡʰʠʭ ʪʝʭʥʦʣʦʛʠʡ ʚ 

ʣʝʛʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ 

ʨʘʟʣʠʯʥʳʝ ʤʘʪʝʨʠʘʣʳ ʩʦ ʩʧʝʮʠʬʠʯʝʩʢʠʤʠ ʩʚʦʡ-

ʩʪʚʘʤʠ. ɼʣʷ ʠʭ ʧʝʨʝʨʘʙʦʪʢʠ ʥʫʞʥʦ ʩʦʟʜʘʪʴ ʵʢʩʪʨʫ-

ʜʝʨ ʩʦ ʩʧʝʮʠʘʣʴʥʳʤʠ, ʛʝʦʤʝʪʨʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪ-

ʨʘʤʠ, ʪʝʧʣʦʚʳʤʠ ʨʝʞʠʤʘʤʠ ʠ ʦʧʨʝʜʝʣʠʪʴ ʨʷʜ ʧʘʨʘ-

ʤʝʪʨʦʚ ʯʪʦ ʧʦʟʚʦʣʠʪ ʫʣʫʯʰʠʪʴ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ. 

ɼʣʷ ʧʝʨʝʨʘʙʦʪʢʠ ʩʦʚʨʝʤʝʥʥʳʭ ʧʦʣʠʤʝʨʦʚ ʩʦ 

ʩʧʝʮʠʬʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʥʝʦʙʭʦʜʠʤʦ ʪʘʢʦʝ 

ʦʙʦʨʫʜʦʚʘʥʠʝ, ʢʦʪʦʨʦʝ ʙʳ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʦ ʥʝʦʙʭʦ-

ʜʠʤʳʤ ʪʨʝʙʦʚʘʥʠʷʤ, ʛʝʦʤʝʪʨʠʯʝʩʢʠʤ ʧʘʨʘʤʝʪʨʘʤ ʠ 

ʪʝʧʣʦʚʳʤ ʨʝʞʠʤʘʤ. 

ʕʢʩʪʨʫʟʠʷ - ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʝʧʨʝʨʳʚʥʳʡ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʛʦ 

ʛʦʪʦʚʳʝ ʠʟʜʝʣʠʷ ʧʦʣʫʯʘʶʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʜʘʚ-

ʣʠʚʘʥʠʷ ʨʘʩʧʣʘʚʣʝʥʥʦʛʦ ʧʦʣʠʤʝʨʥʦʛʦ ʤʘʪʝʨʠʘʣʘ 

ʯʝʨʝʟ ʬʦʨʤʠʨʫʶʱʠʝ ʦʪʚʝʨʩʪʠʷ ʬʠʣʴʝʨʳ. ʄʘʪʝ-

ʨʠʘʣ, ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʪʨʫʟʠʠ, 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʚʷʟʢʦʩʪʠ, ʘ ʠʟʜʝ-

ʣʠʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʘʶʪʩʷ ʥʫʞʥʦʡ ʬʦʨʤʳ. ʆʜ-

ʥʦʡ ʠʟ ʛʣʘʚʥʳʭ ʫʩʣʦʚʠʡ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʢʘʯʝ-

ʩʪʚʝʥʥʫʶ ʵʢʩʪʨʫʟʠʶ ʷʚʣʷʝʪʩʷ ʧʨʘʚʠʣʴʥʦ ʩʧʨʦʝʢʪʠ-

ʨʦʚʘʥʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʰʥʝʢʘ ʜʣʷ ʵʢʩʪʨʫʟʠʠ 

ʧʦʣʠʤʝʨʦʚ [2]. ʇʦʵʪʦʤʫ ʘʢʪʫʘʣʴʥʦʩʪʴ ʜʘʥʥʦʡ ʨʘʟ-

ʨʘʙʦʪʢʠ ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʚʝʩʦʤʳʤ ʟʘʜʘʯʝʡ. ʅʘ 

ʦʩʥʦʚʝ ʨʘʩʯʝʪʦʚ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʚʩʝ ʥʝʦʙʭʦʜʠʤʳʝ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʰʥʝʢʘ (ʨʠʩ.1), ʢʦʪʦʨʳʝ 

ʙʫʜʫʪ ʚʣʠʷʪʴ ʥʘ ʜʚʠʞʝʥʠʝ ʪʚʝʨʜʦʛʦ ʠ ʞʠʜʢʦʛʦ ʧʦ-

ʣʠʤʝʨʘ ʚʥʫʪʨʠ ʢʘʥʘʣʘ ʰʥʝʢʘ, ʠ ʬʘʟʦʚʳʭ ʧʨʝʚʨʘʱʝ-

ʥʠʡ. ʇʦʵʪʦʤʫ ʜʘʣʝʝ ʨʝʯʴ ʧʦʡʜʝʪ ʦʙ ʠʩʩʣʝʜʦʚʘʥʠʠ 

ʚʣʠʷʥʠʷ ʧʨʘʚʠʣʴʥʦ ʨʘʩʩʯʠʪʘʥʥʳʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʰʥʝʢʘ ʥʘ ʧʨʦʮʝʩʩ ʪʝʧʣʦʧʝʨʝʥʦʩʘ ʠ ʬʘ-

ʟʦʚʳʭ ʧʨʝʚʨʘʱʝʥʠʡ ʧʦʣʠʤʝʨʦʚ ʚ ʢʘʥʘʣʝ ʰʥʝʢʘ ʵʢʩ-

ʪʨʫʜʝʨʘ. ʇʦʜʛʦʪʦʚʢʘ ʧʦʣʠʤʝʨʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʢ ʬʦʨ-

ʤʠʨʦʚʘʥʠʶ, ʧʣʘʩʪʠʬʠʢʘʮʠʠ, ʛʦʤʦʛʝʥʠʟʘʮʠʠ ʠ ʧʦ-

ʜʘʯʠ ʚ ʛʦʣʦʚʢʫ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʙʣʘʛʦʜʘʨʷ 

ʚʨʘʱʘʶʱʝʤʫʩʷ ʰʥʝʢʝ ʚ ʮʠʣʠʥʜʨʝ ʵʢʩʪʨʫʜʝʨʘ. ɺ ʟʘ-

ʚʠʩʠʤʦʩʪʠ ʦʪ ʚʠʜʘ ʧʦʣʠʤʝʨʦʚ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝ-

ʞʠʤʦʚ ʧʝʨʝʨʘʙʦʪʢʠ ʧʨʠʤʝʥʷʶʪʩʷ ʰʥʝʢʠ ʨʘʟʣʠʯ-

ʥʳʭ ʚʠʜʦʚ. ɼʣʷ ʧʝʨʝʨʘʙʦʪʢʠ ʧʦʣʠʤʝʨʥʳʭ ʤʘʩʩ 
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ʯʘʱʝ ʚʩʝʛʦ ʠʩʧʦʣʴʟʫʶʪ ʜʚʘ ʚʠʜʘ ʰʥʝʢʦʚ: ʩ ʧʝʨʝ-

ʤʝʥʥʦʡ ʛʣʫʙʠʥʦʡ ʩʧʠʨʘʣʴʥʦʛʦ ʢʘʥʘʣʘ ʠ ʩ ʧʝʨʝʤʝʥ-

ʥʳʤ ʰʘʛʦʤ. 

 
ʈʠʩʫʥʦʢ 1 ʆʙʦʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʰʥʝʢʘ ʵʢʩʪʨʫʜʝʨʘ: D - ʜʠʘʤʝʪʨ ʚʠʥʪʦʚʦʛʦ ʢʘʥʘʣʘ; ʝ - ʦʩʝʚʘʷ 

ʪʦʣʱʠʥʘ ʩʪʝʥʢʠ; S - ʥʦʨʤʘʣʴʥʘʷ ʪʦʣʱʠʥʘ ʩʪʝʥʢʠ ʰʥʝʢʦʚʦʛʦ ʢʘʥʘʣʘ; h - ʛʣʫʙʠʥʘ ʚʠʥʪʦʚʦʛʦ ʢʘʥʘʣʘ; 

t - ʰʘʛ ʚʠʥʪʦʚʦʛʦ ʢʘʥʘʣʘ;  

Rd  -ʨʘʜʠʘʣʴʥʳʡ ʟʘʟʦʨ ʤʝʞʜʫ ʚʥʫʪʨʝʥʥʠʤ ʜʠʘʤʝʪʨʦʤ ʢʦʨʧʫʩʘ ʠ ʥʘʨʫʞʥʳʤ ʜʠʘʤʝʪʨʦʤ ʛʨʝʙʥʷ 

ʚʠʥʪʦʚʦʡ ʥʘʨʝʟʢʠ ʰʥʝʢʘ; ű - ʫʛʦʣ ʧʦʜʲʝʤʘ ʚʠʥʪʦʚʦʡ ʥʘʨʝʟʢʠ ʯʝʨʚʷʢʘ [3]. 

 

ʂ ʦʩʥʦʚʥʳʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʧʘʨʘʤʝʪʨʘʤ ʦʪ-

ʥʦʩʷʪ ʩʣʝʜʫʶʱʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʰʥʝʢʘ: ʜʣʠʥʘ; 

ʜʠʘʤʝʪʨ; ʧʦʢʘʟʘʪʝʣʴ ʦʪʥʦʰʝʥʠʷ ʜʣʠʥʳ ʢ ʜʠʘʤʝʪʨʫ; 

ʩʢʦʨʦʩʪʴ ʦʙʦʨʦʪʘ; ʧʨʦʬʠʣʴ ʰʥʝʢʘ. 

ɼʣʷ ʧʝʨʝʨʘʙʦʪʢʠ ʪʝʨʤʦʧʣʘʩʪʠʯʝʩʢʠʭ ʤʘʩʩ 

ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʶʪ ʮʠʣʠʥʜʨʠʯʝʩʢʠʝ ʰʥʝʢʠ ʩ ʧʦ-

ʩʪʦʷʥʥʳʤ ʰʘʛʦʤ ʠ ʧʝʨʝʤʝʥʥʦʡ ʛʣʫʙʠʥʦʡ ʚʠʥʪʦʚʦʛʦ 

ʢʘʥʘʣʘ. ɼʣʠʥʘ ʰʥʝʢʘ L ʭʘʨʘʢʪʝʨʠʟʫʝʪʴʩʷ ʝʛʦ ʦʪʥʦ-

ʰʝʥʠʝʤ ʢ ʜʠʘʤʝʪʨʫ D (L / D). ʕʪʦ ʦʪʥʦʰʝʥʠʝ ʤʦʞʝʪ 

ʤʝʥʷʪʴʩʷ ʚ ʠʥʪʝʨʚʘʣʝ 8 ... 40. ʈʘʩʯʝʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴ-

ʥʦʩʪʠ ʵʢʩʪʨʫʜʝʨʘ. ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʛʦ ʧʘʨʘʤʝʪʨʘ 

ʜʣʷ ʨʘʩʯʝʪʘ ʟʘʜʘʝʪʩʷ ʜʠʘʤʝʪʨ ʰʥʝʢʘ D.  

ʇʦʩʣʝ ʦʧʨʝʜʝʣʝʥʠʷ ʜʠʘʤʝʪʨʘ ʠ ʦʪʥʦʰʝʥʠʝ L / 

D, ʦʧʨʝʜʝʣʷʶʪʩʷ ʜʨʫʛʠʝ ʧʘʨʘʤʝʪʨʳ. 

ɻʣʫʙʠʥʘ ʚʠʥʪʦʚʦʛʦ ʢʘʥʘʣʘ ʰʥʝʢʘ h ʜʣʷ ʧʝʨʝʨʘ-

ʙʦʪʢʠ ʪʝʨʤʦʧʣʘʩʪʠʯʥʳʭ ʤʘʩʩ ʧʨʠʥʠʤʘʝʪʩʷ ʨʘʚʥʦʡ: 

1) ʚ ʟʦʥʝ ʧʠʪʘʥʠʝ: 

h1=0.15D (1) 

 

2) ʚ ʟʦʥʝ ʜʦʟʠʨʦʚʘʥʠʝ: 

2 1
3 1

4
0,5 ( )

h
h D D D h

i

è ø
= - - Ö -é ù

ê ú

,(2) 

3) ʚ ʟʦʥʝ ʧʣʘʩʪʠʬʠʢʘʮʠʠ: 

1 3
2 1 o

h h
h h L

L

-
= - , (3) 

0 ʥL L L= -  (4) 

ʛʜʝ L  ï ʜʣʠʥʘ ʰʥʝʢʘ, ʩʤ; 

0L ï ʜʣʠʥʘ ʰʥʝʢʘ ʙʣʠʞʝ ʢ ʟʦʥʝ ʩʞʘʪʠʝ, ʩʤ; 

ʥL  ï ʜʣʠʥʘ ʥʘʧʦʨʥʦʡ ʯʘʩʪʠ ʰʥʝʢʘ, ʩʤ; 

( )0,4 0,6ʥL L= »  (5) 

ʈʘʜʠʘʣʴʥʳʡ ʟʘʟʦʨ ʤʝʞʜʫ ʚʥʫʪʨʝʥʥʝʡ 

ʧʦʚʝʨʭʥʦʩʪʴʶ ʮʠʣʠʥʜʨʘ ʠ ʥʘʨʫʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ 

ʚʠʪʢʘ ʰʥʝʢʘ ʧʨʠʥʠʤʘʝʪʩʷ: 

( )0,002 0,005Dd= » . (6) 

ʄʝʥʴʰʝʝ ʟʥʘʯʝʥʠʝ ʧʨʠʥʠʤʘʝʪʩʷ ʜʣʷ ʙʦʣʴʰʠʭ 

ʚʝʣʠʯʠʥ ʜʠʘʤʝʪʨʦʚ ʰʥʝʢʦʚ. 

ʈʘʩʯʝʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʦʜʥʦʰʥʝʢʦʚʳʭ 

ʝʢʩʪʨʫʜʝʨʦʚ. ʆʧʨʝʜʝʣʷʶʱʝʝ ʚʣʠʷʥʠʝ ʥʘ ʧʨʦʠʟʚʦ-

ʜʠʪʝʣʴʥʦʩʪʴ ʫʩʪʘʥʦʚʢʠ ʠʤʝʝʪ ʜʦʟʠʨʦʚʦʯʥʘʷ ʟʦʥʘ 

ʰʥʝʢʘ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʜʦʟʠʨʦʚʦʯʥʦʡ ʟʦʥʳ ʩʣʠʰ-

ʢʦʤ ʟʘʚʠʩʠʪ ʦʪ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʩʘʤʦʛʦ 

ʰʥʝʢʘ. ʆʪʜʘʯʘ ʰʥʝʢʦʚʦʛʦ ʝʢʩʪʨʫʜʝʨʘ ʚ ʮʝʣʦʤ ʟʘʚʠ-

ʩʠʪ ʥʝ ʪʦʣʴʢʦ ʦʪ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚ ʰʥʝʢʘ ʠ 

ʯʠʩʣʘ ʦʙʦʨʦʪʦʚ, ʥʦ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʠ ʦʪ 

ʢʦʥʩʪʨʫʢʮʠʠ ʬʦʨʤʠʨʫʶʱʝʡ ʛʦʣʦʚʢʠ. ʅʘ ʦʩʥʦʚʝ 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ ʢ ʘʥʘʣʠʟʫ ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʠʷ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʩ ʤʘʪʝʨʠʘʣʦʤ, ʧʝʨʝʨʘʙʘʪʳ-

ʚʘʝʪʩʷ ʚ ʜʦʟʠʨʫʶʱʝʡ ʟʦʥʝ ʵʢʩʪʨʫʜʝʨʘ ʧʨʠʥʷʪʦ ʨʘʩ-

ʩʤʘʪʨʠʚʘʪʴ ʪʨʠ ʩʦʩʪʘʚʣʷʶʱʠʝ ʜʚʠʞʝʥʠʷ ʧʦʪʦʢʘ 

ʨʘʩʧʣʘʚʘ: 

- ʜʚʠʞʝʥʠʝ ʨʘʩʧʣʘʚʘ, ʢʦʪʦʨʳʡ ʜʚʠʞʝʪʩʷ ʧʦ 

ʤʝʞʚʠʪʢʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʪ ʟʦʥʳ 

ʟʘʛʨʫʟʢʠ ʚ ʟʦʥʫ ʜʦʟʠʨʦʚʘʥʠʷ ʚʜʦʣʴ ʦʩʠ ʰʥʝʢʘ ʠ ʚʦʟ-

ʥʠʢʘʝʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʨʘʱʝʥʠʷ ʰʥʝʢʘ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʮʠʣʠʥʜʨʘ; 

- ʜʚʠʞʝʥʠʝ ʨʘʩʧʣʘʚʘ, ʢʦʪʦʨʳʡ ʜʚʠʞʝʪʩʷ ʚ ʧʨʦ-

ʪʠʚʦʧʦʣʦʞʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʚʩʣʝʜʩʪʚʠʝ ʧʝʨʝʧʘʜʘ 

ʜʘʚʣʝʥʠʷ ʈ ʧʦ ʜʣʠʥʝ ʰʥʝʢʘ; 

- ʜʚʠʞʝʥʠʝ ʧʨʠ ʧʦʪʝʨʝ ʨʘʩʧʣʘʚʘ, ʜʚʠʞʫʱʝʛʦʩʷ 

ʚ ʟʘʟʦʨʝ ʤʝʞʜʫ ʥʘʨʫʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʰʥʝʢʘ ʠ 

ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʮʠʣʠʥʜʨʘ ʚ ʥʘʧʨʘʚʣʝʥʠʠ 

ʦʪ ʟʦʥʳ ʜʦʟʠʨʦʚʘʥʠʷ. 

ʆʙʲʝʤʥʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʰʥʝʢʦʚʦʡ ʤʘ-

ʰʠʥʳ ʜʣʷ ʧʝʨʝʨʘʙʦʪʢʠ ʧʦʣʠʤʝʨʥʳʭ ʤʘʩʩ ʚ ʟʘʚʠʩʠ-

ʤʦʩʪʠ ʦʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʛʦʣʦʚʢʠ ʠ ʢʦʥʩʪʨʫʮʠʠ ʜʦ-

ʟʠʨʫʶʱʝʡ ʟʦʥʳ ʤʦʞʝʪ ʙʳʪʴ ʚʳʨʘʞʝʥʘ ʚʳʨʘʞʝʥʠʝʤ 

A K
Q n

K B C

Ö
=

+ +
,  (7) 

ʜʝ Q  ï ʦʙʲʝʤʥʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, 

ʤʤ3/ʤʠʥ; 

Kï ʢʦʵʬʬʠʮʠʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʛʦʣʦʚʢʠ, 

ʤʤ3; 
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n  ï ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʝ ʰʥʝʢʘ, ʤʠʥ-1 ; 

A ï ʧʦʩʪʦʷʥʥʘʷ ʧʨʷʤʦʛʦ ʧʦʪʦʢʘ ʤʘʪʝʨʠʘʣʘ 

ʜʣʷ ʰʥʝʢʘ ʩ ʧʦʩʪʦʷʥʥʳʤʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤʠ 

ʨʘʟʤʝʨʘʤʠ, ʤʤ3; 

B  ï ʧʦʩʪʦʷʥʥʘʷ ʦʙʨʘʪʥʦʛʦ ʜʚʠʞʝʥʠʷ 

ʤʘʪʝʨʠʘʣʘ, ʤʤ3; 

C  ï ʧʦʩʪʦʷʥʥʘʷ ʧʦʪʦʢʘ ʩ ʫʯʝʪʦʤ ʧʦʪʝʨʴ, 

ʤʤ3;  

( )sin 2

2

Dh t e
A
p l fÖ -
= , (8) 

3( )sin 2

24 ʥ

h t e
B

L

l f-
= , (9) 

22 2 sin

10 ʥ

D tg
ʉ

eL

p d f f
=  (10) 

l- ʯʠʩʣʦ ʟʘʭʦʜʦʚ; 

Lʥ ï ʜʣʠʥʘ ʥʘʧʦʨʥʦʡ ʟʦʥʳ ʜʦʟʠʨʦʚʘʥʠʷ, ʩʤ. 

ʆʙʲʝʤʥʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʵʢʩʪʨʫʜʝʨʘ Q  

ʚ ʩʤ3/ʤʠʥ ʧʝʨʝʯʠʩʣʷʶʪ ʚ ʤʘʩʩʦʚʫʶ ʚʨʝʤʝʥʥʫʶ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʧʦ ʬʦʨʤʫʣʝ ʚ (ʢʛ/ʯ): 

6

60

10

pQ
Q

r
= . (11) 

ʈʘʩʯʝʪ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚ ʬʦʨʤʠ-

ʨʫʶʱʝʡ ʛʦʣʦʚʢʝ. ɻʦʣʦʚʢʘ ʵʢʩʪʨʫʜʝʨʘ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʩʲʝʤʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʨʫʤʝʥʪ, ʧʨʝʜ-

ʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʵʢʩʪʨʫʜʠʨʦʚʘʥ-

ʥʦʛʦ ʨʘʩʧʣʘʚʘ, ʢʦʥʬʠʛʫʨʘʮʠʷ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ 

ʢʦʪʦʨʦʛʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʛʝʦʤʝʪʨʠʝʡ ʬʦʨʤʠʨʫʶʱʝʛʦ 

ʢʘʥʘʣʘ (ʨʠʩʫʥʦʢ 2). ʂʦʥʬʠʛʫʨʘʮʠʷ ʬʠʣʴʝʨʳ ʭʘʨʘʢ-

ʪʝʨʠʟʫʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʤ ʚʠʜʦʤ [4]. ɻʣʘʚʥʳʤʠ ʧʘ-

ʨʘʤʝʪʨʘʤʠ ʷʚʣʷʶʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠ 

ʩʢʦʨʦʩʪʴ ʩʜʚʠʛʘ ʨʘʩʧʣʘʚʘ. 

 
ʈʠʩʫʥʦʢ 2 ɺʠʜ ʧʨʦʬʠʣʷ ʥʘʛʨʝʚʘʪʝʣʷ ʵʢʩʪʨʫʜʝʨʘ ʚ 

ʨʘʟʨʝʟʝ 

ʂʦʵʬʬʠʮʠʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʂ, ʤʤ3: 
3 3
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ʜʝ D, d ï ʜʠʘʤʝʪʨʳ ʢʦʥʫʩʘ ʥʘ ʚʭʦʜʝ ʠ ʚʳʭʦʜʝ 

ʨʘʩʧʣʘʚʘ. 

ʉʢʦʨʦʩʪʴ ʩʤʝʱʝʥʠʷ ʨʘʩʧʣʘʚʘ (ʤʠʥ) 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 
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256
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Q

D d
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ɺʘʞʥʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ 

ʷʚʣʷʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ ʨʘʩʧʣʘʚʘ (ʈʤ, ʇʘ), 

ʦʪ ʢʦʪʦʨʦʛʦ ʟʘʚʠʩʠʪ ʢʘʯʝʩʪʚʦ ʤʘʪʝʨʠʘʣʘ ʥʘ ʚʳʭʦʜʝ 

ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʤʘʰʠʥʳ. ɺʝʣʠʯʠʥʫ ʤʦʞʥʦ 

ʦʧʨʝʜʝʣʠʪʴ ʧʦ ʬʦʨʤʫʣʝ: 
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ʛʜʝ ɼL - ʜʣʠʥʘ ʟʦʥʳ ʜʦʟʠʨʦʚʘʥʠʷ (ʤʤ). 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɺ ʪʘʙʣʠʮʝ 1 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ, ʘ ʠʤʝʥʥʦ 

ʚʣʠʷʥʠʝ ʜʠʘʤʝʪʨʦʚ ʰʥʝʢʘ ʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 

ʧʨʦʮʝʩʩʘ ʧʝʨʝʨʘʙʦʪʢʠ ʪʝʨʤʦʧʣʘʩʪʠʯʥʳʭ ʤʘʩʩ ʠ 

ʜʘʚʣʝʥʠʷ ʨʘʩʧʣʘʚʘ. 

ʊʘʙʣʠʮʘ 1 

ɿʘʚʠʩʠʤʦʩʪʴ ʜʠʘʤʝʪʨʘ ʰʥʝʢʘ ʧʨʠ ʧʦʩʪʦʷʥʥʳʭ L=130ʤʤ, ɟ.p=823,dʥ=1,5ʤʤ 

ˉ      

1 D 10 15 20 25 

2 t 8 12 16 20 

3 Lʥ 65 65 65 65 

4 e 1 1.5 2 2.5 

5 ŭ 0.02 0.03 0.04 0.05 

6 ű 14,28 14.28 14.28 14.28 

7 Q 754,5 1092 671.2 348.8 

8 Qʯ 37,26 53.92 33.14 17.22 

9 P 13,34 7.26 4.718 3.37 

10 ɔ 40,42 19.80 5.504 1.528 

 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʛʨʘʬʠʢʦʚ ʥʘ ʨʠʩʫʥʢʝ 3. 
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ʘ        ʙ 

ʈʠʩʫʥʦʢ 3 ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ: ʘ) ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʨʦʮʝʩʩʘ Q  

ʦʪ ʜʠʘʤʝʪʨʘ ʰʥʝʢʘ D; ʙ) ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʜʘʚʣʝʥʠʷ ʨʘʩʧʣʘʚʘ ʈ ʦʪ ʜʠʘʤʝʪʨʘ D 

 

ɺ ʪʘʙʣʠʮʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʚʣʠʷʥʠʷ ʜʣʠʥʳ ʰʥʝʢʘ ʝʢʩʪʨʫʜʝʨʘ ʦʪ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʠ ʜʘʚʣʝʥʠʷ ʨʘʩʧʣʘʚʘ. 

ʊʘʙʣʠʮʘ 2 

ɿʘʚʠʩʠʤʦʩʪʴ ʨʘʙʦʯʝʡ ʟʦʥʳ ʜʣʠʥʳ ʰʥʝʢʘ L ʦʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ Q ʠ ʜʘʚʣʝʥʠʷ ʈ 

ˉ      

1 L 80 100 130 150 

2 t 8 8 8 8 

3 Lʥ 40 50 65 75 

4 e 1 1 1 1 

5 ŭ 0,02 0,02 0,02 0,02 

6 ű 14,28 14.28 14,28 14,28 

7 Q 713,3 734,1 754,5 763,9 

8 Qʯ 35,22 36,25 37,26 37.72 

9 P 8,213 10,26 13,34 15,04 

10 ɔ 38,22 39,33 40,42 40,93 

 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʛʨʘʬʠʢʦʚ ʟʘʚʠʩʠʤʦʩʪʝʡ ʥʘ ʨʠʩʫʥʢʝ 4. 

 

 
ʘ        ʙ 

ʈʠʩʫʥʦʢ 4 ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ: ʘ) ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʠʥʳ ʨʘʙʦʯʝʡ ʟʦʥʳ ʰʥʝʢʘ ʦʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴ-

ʥʦʩʪʠ ʧʨʦʮʝʩʩʘ Q, ʙ) ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʜʘʚʣʝʥʠʷ ʨʘʩʧʣʘʚʘ ʈ  

ʦʪ ʜʣʠʥʳ ʨʘʙʦʯʝʡ ʟʦʥʳ ʰʥʝʢʘ L 

 

ɺ ʪʘʙʣʠʮʝ 3 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʚʣʠʷʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʧʣʦʪʥʦʩʪʠ/ʩʢʦʨʦʩʪʠ ʩʜʚʠʛʘ 

ʤʘʪʝʨʠʘʣʘ ʦʪ ʜʘʚʣʝʥʠʷ ʈ ʠ ʪʘʢʞʝ ʦʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʯʝʨʚʷʢʘ Qʯ. 
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ʊʘʙʣʠʮʘ 3 

ɺʣʠʷʥʠʝ ʧʣʦʪʥʦʩʪʠ / ʩʢʦʨʦʩʪʠ ʩʜʚʠʛʘ ʦʪ ʜʘʚʣʝʥʠʷ ʈ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʯʝʨʚʷʢʘ Qʯ. 

ˉ       

1 ʈʨ/ɖ 662/1140 724/1260 823/1380 910/1460 1080/1520 

2 t 8 8 8 8 8 

3 Lʥ 65 65 65 65 65 

4 e 1 1 1 1 1 

5 ŭ 0.02 0.02 0.02 0.02 0.02 

6 ű 14,287 14,287 14,287 14,287 14,287 

7 Q 754,550 754,550 754,55 754,550 754,550 

8 Qʯ 29,971 32,778 41,198 37,727 48,895 

9 P 11,026 12,183 14,116 15,04 14,696 

10 ɔ 40,428 40,428 40,428 40,933 40,428 

 

ʇʦʣʫʯʝʥʥʳʝ ʛʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʝʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 5. 

 

 
ʘ      ʙ 

ʈʠʩ.5 ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ: ʘ) ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʜʘʚʣʝʥʠʷ ʈ ʦʪ ʧʣʦʪʥʦʩʪʠ / ʩʢʦʨʦʩʪʠ ʩʜʚʠʛʘ; ʙ) 

ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʯʝʨʚʷʢʘ Qʯ ʦʪ ʧʘʨʘʨʘʤʝʪʨʠʚ ʧʣʦʪʥʦʩʪʠ / ʩʢʦʨʦʩʪʠ ʩʜʚʠʛʘ 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʨʘʩʯʝʪʦʚ ʙʳʣʦ ʧʦ-

ʣʫʯʝʥʦ ʟʥʘʯʝʥʠʝ ʦʧʨʝʜʝʣʷʶʱʠʝ ʚʣʠʷʥʠʝ ʦʩʥʦʚʥʳʭ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʰʥʝʢʘ ʵʢʩʪʨʫʜʝʨʘ ʥʘ 

ʦʩʥʦʚʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ ʠ ʧʣʘʚʥʦʩʪʠ ʚ ʨʘ-

ʙʦʪʝ, ʘ ʠʤʝʥʥʦ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʜʘʚʣʝʥʠʷ. ɺ 

ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʘʙʣʠʮʳ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʠ ʥʘ 

ʠʭ ʦʩʥʦʚʝ ʧʦʩʪʨʦʝʥʳ ʛʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʝʡ, ʧʦʟʚʦ-

ʣʷʶʱʠʝ ʦʮʝʥʠʪʴ ʢʘʢ ʚʣʠʷʶʪ ʧʘʨʘʤʝʪʨʳ ʰʥʝʢʘ ʚ ʟʘ-

ʚʠʩʠʤʦʩʪʠ ʦʪ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚ ʥʘ ʦʩʥʦʚ-

ʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʨʘʙʦʪʳ ʧʨʠ ʧʝʨʝʨʘʙʦʪʢʝ ʪʝʨʤʦʧʣʘ-

ʩʪʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 
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ʂʘʟʘʥʮʝʚ ʄʘʢʩʠʤ ɸʥʘʪʦʣʴʝʚʠʯ 

ʩʪʫʜʝʥʪ ʤʘʛʠʩʪʨʘʪʫʨʳ, ʅɻʊʋ ʠʤ. ɸʣʝʢʩʝʝʚʘ 
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METHODS FOR FORMING PRECISION SURFACES OF A SPHERICAL FORM  

 

ɸʥʥʦʪʘʮʠʷ 

ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʦʧʨʦʩ ʚʳʙʦʨʘ ʩʧʦʩʦʙʘ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ ʧʨʝʮʠʟʠʦʥʥʳʭ ʦʙʦʣʦʯʝʢ ʩʬʝʨʠʯʝʩʢʦʡ 

ʬʦʨʤʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ ʦʙʨʘʙʦʪʢʠ. ʇʨʦʚʦʜʠʪʩʷ ʘʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʦʚ 

ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʝʡ ʩʬʝʨʠʯʝʩʢʦʡ ʬʦʨʤʳ, ʤʝʪʦʜ ʵʣʝʢʪʨʦʵʨʦʟʠʦʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʠ ʪʝʭʥʦʣʦ-

ʛʠʯʝʩʢʠʝ ʚʦʧʨʦʩʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʜʦʩʪʠʞʝʥʠʝʤ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʠ ʦʙʨʘʙʦʪʢʠ. 

Abstract 

The question of choosing a method of forming precision shells of a spherical shape, which ensures high 

precision processing, is considered. The analysis of the existing methods of forming surfaces of a spherical shape, 

the method of electrical discharge machining and technological issues associated with achieving high precision 

processing. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʝ, ʩʬʝʨʠʯʝʩʢʘʷ ʧʦʚʝʨʭʥʦʩʪʴ, ʤʝʭʘʥʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ, ʵʣʝʢʪʨʦ-

ʵʨʦʟʠʦʥʥʘʷ ʦʙʨʘʙʦʪʢʘ. 

Key words: shaping, spherical surface, machining, electrical discharge machining. 

 
ɺʚʝʜʝʥʠʝ:  
ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ ʰʠʨʦʢʦ ʧʨʠ-

ʤʝʥʷʶʪʩʷ ʧʦʣʳʝ ʪʦʥʢʦʩʪʝʥʥʳʝ ʠʟʜʝʣʠʷ, ʯʘʩʪʦ ʨʘʙʦ-
ʪʘʶʱʠʝ ʚ ʘʢʪʠʚʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʩʨʝʜʘʭ ʧʦʜ ʚʳʩʦ-
ʢʠʤʠ ʜʘʚʣʝʥʠʷʤʠ, ʘ ʪʘʢʞʝ ʧʨʠʤʝʥʷʝʤʳʝ ʜʣʷ ʭʨʘʥʝ-
ʥʠʷ ʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʛʘʟʦʦʙʨʘʟʥʳʭ ʠ ʞʠʜʢʠʭ 
ʧʨʦʜʫʢʪʦʚ. 
ʆʩʥʦʚʥʳʤ ʵʣʝʤʝʥʪʦʤ ʪʘʢʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʷʚʣʷ-

ʶʪʩʷ ʦʙʦʣʦʯʢʠ ʩʬʝʨʠʯʝʩʢʦʡ ʬʦʨʤʳ. ʂ ʪʦʯʥʦʩʪʠ ʠʟ-
ʛʦʪʦʚʣʝʥʠʷ ʩʬʝʨʠʯʝʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʯʘʩʪʦ 
ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʧʦʚʳʰʝʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ. 
1 ʉʬʝʨʠʯʝʩʢʠʝ ʦʙʦʣʦʯʢʠ ʠ ʠʭ ʧʨʠʤʝʥʝʥʠʝ 
ʉʬʝʨʘ ï ʟʘʤʢʥʫʪʘʷ ʧʦʚʝʨʭʥʦʩʪʴ, ʚʩʝ ʪʦʯʢʠ ʢʦ-

ʪʦʨʦʡ ʦʜʠʥʘʢʦʚʳ ʫʜʘʣʝʥʳ ʦʪ ʝʸ ʮʝʥʪʨʘ. ʅʘʠʙʦʣʝʝ 
ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʠʟʜʝʣʠʷ, ʚ ʢʦʪʦʨʳʭ ʠʤʝʶʪʩʷ ʬʨʘʛ-
ʤʝʥʪʳ ʩʬʝʨʠʯʝʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʦʙʳʯʥʦ ʠʤʝʶ-
ʱʠʭ ʬʦʨʤʫ ʩʝʛʤʝʥʪʘ (ʨʠʩ.1) ʩ ʨʘʟʣʠʯʥʦʡ ʚʝʣʠʯʠʥʦʡ 
ʩʬʝʨʠʯʝʩʢʦʛʦ ʫʛʣʘ. 

 
ʈʠʩʫʥʦʢ 1 ʇʨʠʤʝʨʳ ʜʝʪʘʣʝʡ ʩʦ ʩʬʝʨʠʯʝʩʢʠʤʠ ʧʦ-

ʚʝʨʭʥʦʩʪʷʤʠ 
 
ʊʦʣʱʠʥʘ ʦʙʦʣʦʯʝʢ, ʪʦ ʝʩʪʴ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ 

ʚʳʧʫʢʣʦʡ ʠ ʚʦʛʥʫʪʦʡ ʧʦʚʝʨʭʥʦʩʪʷʤʠ, ʤʦʞʝʪ ʙʳʪʴ 
ʨʘʟʣʠʯʥʦʡ. ʅʘʠʙʦʣʝʝ ʩʣʦʞʥʳʝ ʚ ʠʟʛʦʪʦʚʣʝʥʠʠ ʪʦʥ-
ʢʦʩʪʝʥʥʳʝ ʩʬʝʨʠʯʝʩʢʠʝ ʦʙʦʣʦʯʢʠ ʩ ʩʦʦʪʥʦʰʝʥʠʝʤ 
ʪʦʣʱʠʥʳ ʢ ʨʘʜʠʫʩʫ ʥʝ ʙʦʣʝʝ 1:20. ʅʝʜʦʩʪʘʪʦʯʥʘʷ 
ʞʸʩʪʢʦʩʪʴ ʪʦʥʢʦʩʪʝʥʥʳʭ ʜʝʪʘʣʝʡ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘ-
ʟʦʚʘʥʠʶ ʧʦʛʨʝʰʥʦʩʪʝʡ ʬʦʨʤʳ ʩʬʝʨʠʯʝʩʢʦʡ ʧʦ-
ʚʝʨʭʥʦʩʪʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʠʣ ʨʝʟʘʥʠʷ ʧʨʠ ʤʝʭʘʥʠ-
ʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ. 
2 ʄʝʭʘʥʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ 

ʧʨʝʮʠʟʠʦʥʥʳʭ ʩʬʝʨʠʯʝʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ 

ɼʣʷ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ ʜʝʪʘʣʝʡ ʩʬʝʨʠʯʝʩʢʦʡ 
ʬʦʨʤʳ ʧʨʠʤʝʥʷʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ. ʅʘʠʙʦʣʝʝ 
ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʤʝʪʦʜʳ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙ-
ʨʘʙʦʪʢʠ. 
ʄʝʪʦʜ ʢʦʧʠʨʦʚʘʥʠʷ 
ɼʘʥʥʳʡ ʤʝʪʦʜ ʧʨʠʤʝʥʷʝʪʩʷ ʧʨʠ ʪʦʯʝʥʠʠ ʬʘ-

ʩʦʥʥʳʤʠ ʨʝʟʮʘʤʠ ʠʣʠ ʧʨʠ ʰʣʠʬʦʚʘʥʠʠ ʧʨʦʬʠʣʠ-
ʨʦʚʘʥʥʳʤʠ ʢʨʫʛʘʤʠ (ʨʠʩ. 2). 

 
ʈʠʩʫʥʦʢ 2  

ʉʭʝʤʘ ʦʙʨʘʙʦʪʢʠ ʩʬʝʨʳ ʬʘʩʦʥʥʳʤ ʨʝʟʮʦʤ 
 
ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʤʝʪʦʜʘ ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ: 

- ʧʨʠʤʝʥʷʝʪʩʷ ʪʦʣʴʢʦ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʤʝʣ-
ʢʠʭ ʜʝʪʘʣʝʡ; 

- ʥʠʟʢʘʷ ʪʦʯʥʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʝʡ,  

- ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʠ ʧʦʣʦʞʝ-
ʥʠʷ ʠʥʩʪʨʫʤʝʥʪʘ ʧʨʠ ʩʦʚʝʨʰʝʥʠʠ ʨʘʜʠʘʣʴʥʦʛʦ ʨʘ-
ʙʦʯʝʛʦ ʭʦʜʘ. 
ʄʝʪʦʜ ʢʦʥʪʫʨʥʦʛʦ ʪʦʯʝʥʠʷ 
ʄʝʪʦʜ ʧʨʠʤʝʥʷʝʪʩʷ ʥʘ ʪʦʢʘʨʥʳʭ ʩʪʘʥʢʘʭ ʩ 

ʏʇʋ ʠ ʥʘ ʛʠʜʨʦʢʦʧʠʨʦʚʘʣʴʥʳʭ ʩʪʘʥʢʘʭ. ʉʫʪʴ ʤʝ-
ʪʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʟʘʜʘʥʠʠ ʢʨʫʛʦʚʦʡ ʪʨʘʝʢʪʦʨʠʠ 
ʠʥʩʪʨʫʤʝʥʪʘ ʠʟʤʝʥʝʥʠʝʤ ʩʦʦʪʥʦʰʝʥʠʷ ʧʨʦʜʦʣʴʥʦʡ 
ʠ ʧʦʧʝʨʝʯʥʦʡ ʧʦʜʘʯʠ (ʨʠʩ. 3). ʇʨʠ ʵʪʦʤ ʫʛʣʦʚʦʝ ʧʦ-
ʣʦʞʝʥʠʝ ʠʥʩʪʨʫʤʝʥʪʘ ʥʝʠʟʤʝʥʥʦ ʦʪʥʦʩʠʪʝʣʴʥʦ 
ʩʪʘʥʢʘ ʠ ʠʟʤʝʥʷʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʟʘʛʦʪʦʚʢʠ. 
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ʘ) ʪʦʯʝʥʠʝ  ʙ) ʰʣʠʬʦʚʘʥʠʝ 

ʈʠʩʫʥʦʢ 3 ʉʭʝʤʘ ʦʙʨʘʙʦʪʢʠ ʩʬʝʨʳ ʤʝʪʦʜʦʤ ʢʦʥʪʫʨʥʦʛʦ ʪʦʯʝʥʠʷ 

 

ʅʝʜʦʩʪʘʪʢʠ ʤʝʪʦʜʘ: 

- ʫʧʨʫʛʠʝ ʦʪʞʘʪʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ; 

- ʧʦʛʨʝʰʥʦʩʪʠ ʬʦʨʤʳ. 

ʄʝʪʦʜ ʢʘʩʘʥʠʷ 

ɻʣʘʚʥʦʝ ʜʚʠʞʝʥʠʝ ʨʝʟʘʥʠʷ ʩʦʚʝʨʰʘʝʪʩʷ ʨʝʞʫʱʠʤ ʠʥʩʪʨʫʤʝʥʪʦʤ, ʢʦʪʦʨʳʡ ʜʚʠʞʝʪʩʷ ʧʦ ʦʢʨʫʞʥʦʩʪʠ, 

ʢʘʩʘʪʝʣʴʥʦʡ ʢ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ (ʨʠʩ.4). ɿʘʛʦʪʦʚʢʘ ʧʨʠ ʵʪʦʤ ʤʝʜʣʝʥʥʦ ʜʚʠʞʝʪʩʷ ʚʦʢʨʫʛ ʦʩʠ 

ʰʧʠʥʜʝʣʷ.  

  
ʘ) ʦʙʨʘʙʦʪʢʘ ʥʘʨʫʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʙ) ʦʙʨʘʙʦʪʢʘ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʈʠʩʫʥʦʢ 4 ʉʭʝʤʘ ʦʙʨʘʙʦʪʢʠ ʩʬʝʨʳ ʤʝʪʦʜʦʤ ʢʘʩʘʥʠʷ 

 

ʆʙʨʘʙʦʪʢʘ ʤʝʪʦʜʦʤ ʢʘʩʘʥʠʷ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫ-

ʯʠʪʴ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ ʩʬʝʨʠʯʝʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ, 

ʦʜʥʘʢʦ ʪʨʝʙʫʝʪ ʠʟʛʦʪʦʚʣʝʥʠʷ ʩʧʝʮʠʘʣʴʥʳʭ ʩʣʦʞ-

ʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ ʢʘʞʜʦʛʦ ʪʠʧʦʨʘʟʤʝʨʘ ʧʦ-

ʚʝʨʭʥʦʩʪʠ. ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʤʝʪʦʜʘ ʪʘʢʞʝ ʩʣʝʜʫʝʪ ʦʪ-

ʥʝʩʪʠ ʫʭʫʜʰʝʥʠʝ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʦʙʨʘʙʦʪʘʥʥʦʡ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ʚʩʣʝʜʩʪʚʠʝ ʨʘʟʥʳʭ ʫʩʣʦʚʠʡ ʨʘʙʦʪʳ 

ʠʥʩʪʨʫʤʝʥʪʘ ʚ ʥʘʯʘʣʝ ʠ ʚ ʢʦʥʮʝ ʦʙʨʘʙʦʪʢʠ. 

ʈʘʩʩʤʦʪʨʝʥʥʳʝ ʤʝʭʘʥʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʦʙʨʘ-

ʙʦʪʢʠ ʧʦʚʝʨʭʥʦʩʪʝʡ ʩʬʝʨʠʯʝʩʢʦʡ ʬʦʨʤʳ ʦʙʣʘʜʘʶʪ 

ʩʫʱʝʩʪʚʝʥʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ, ʘ ʠʤʝʥʥʦ ʙʦʣʴʰʠʤʠ 

ʫʩʠʣʠʷʤʠ ʨʝʟʘʥʠʷ, ʢʦʪʦʨʳʝ ʧʨʠʚʦʜʷʪ ʢ ʫʧʨʫʛʠʤ ʜʝ-

ʬʦʨʤʘʮʠʷʤ ʠ ʦʙʨʘʟʦʚʘʥʠʶ ʧʦʛʨʝʰʥʦʩʪʝʡ ʬʦʨʤʳ. 

ɼʘʥʥʳʡ ʬʘʢʪʦʨ ʜʝʣʘʝʪ ʥʝʚʦʟʤʦʞʥʳʤ ʦʙʨʘʙʦʪʢʫ 

ʩʬʝʨʠʯʝʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʧʦʚʳʰʝʥʥʦʡ ʪʚʸʨʜʦʩʪʠ 

ʤʘʣʦʛʦ ʜʠʘʤʝʪʨʘ (ʤʝʥʝʝ 5 ʤʤ). 

3 ʕʣʝʢʪʨʦʵʨʦʟʠʦʥʥʦʝ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʝ 

ʕʣʝʢʪʨʦʵʨʦʟʠʦʥʥʘʷ ʦʙʨʘʙʦʪʢʘ ʚ ʦʪʣʠʯʠʝ ʦʪ ʤʝ-

ʭʘʥʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ ʦʩʥʦʚʘʥʘ 

ʥʘ ʪʝʧʣʦʚʦʡ ʵʨʦʟʠʠ ʟʘʛʦʪʦʚʢʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʠʤ-

ʧʫʣʴʩʦʚ ʪʦʢʘ (ʨʠʩ.5). ʌʦʨʤʦʦʙʨʘʟʦʚʘʥʠʝ ʦʩʫʱʝʩʪʚ-

ʣʷʝʪʩʷ ʪʝʤʠ ʞʝ ʤʝʪʦʜʘʤʠ, ʯʪʦ ʠ ʧʨʠ ʤʝʭʘʥʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʝ. ʆʪʣʠʯʠʝ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʪʩʫʪʩʪʚʠʠ ʤʝ-

ʭʘʥʠʯʝʩʢʦʛʦ ʢʦʥʪʘʢʪʘ ʤʝʞʜʫ ʠʥʩʪʨʫʤʝʥʪʦʤ ʠ ʟʘʛʦ-

ʪʦʚʢʦʡ, ʯʪʦ ʜʝʣʘʝʪ ʚʦʟʤʦʞʥʳʤ ʠʟʛʦʪʦʚʣʝʥʠʝ ʜʝʪʘ-

ʣʝʡ ʨʘʟʣʠʯʥʦʡ ʞʸʩʪʢʦʩʪʠ. ʊʘʢʞʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴ-

ʥʦʩʪʴ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʦʙʨʘʙʦʪʢʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʟʘ-

ʚʠʩʠʪ ʦʪ ʪʚʸʨʜʦʩʪʠ ʤʘʪʝʨʠʘʣʘ. 

 

 
ʈʠʩʫʥʦʢ 5 ʉʭʝʤʘ ʤʝʪʦʜʘ ʵʣʝʢʪʨʦʵʨʦʟʠʦʥʥʦʡ ʦʙʨʘ-

ʙʦʪʢʠ ʩʬʝʨʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

 

4 ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʦʧʝʨʘʮʠʡ ʧʨʠ ʵʣʝʢʪʨʦ-

ʵʨʦʟʠʦʥʥʦʤ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʠ ʧʦʣʫʩʬʝʨʠʯʝʩʢʠʭ 

ʟʘʛʦʪʦʚʦʢ 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʨʝ-

ʮʠʟʠʦʥʥʳʭ ʦʙʦʣʦʯʝʢ ʩʬʝʨʠʯʝʩʢʦʡ ʬʦʨʤʳ ʩʦʩʪʦʠʪ 

ʠʟ ʩʣʝʜʫʶʱʠʭ ʦʧʝʨʘʮʠʡ: 

1. ʇʦʣʫʯʝʥʠʝ ʟʘʛʦʪʦʚʢʠ. 
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ɼʘʥʥʘʷ ʦʧʝʨʘʮʠʷ ʧʨʝʜʧʦʣʘʛʘʝʪ ʨʘʩʯʸʪ ʠ ʧʦʣʫ-

ʯʝʥʠʝ ʟʘʜʘʥʥʳʭ ʨʘʟʤʝʨʦʚ ʠ ʬʦʨʤʳ ʟʘʛʦʪʦʚʢʠ ʨʘʟ-

ʣʠʯʥʳʤʠ ʤʝʪʦʜʘʤʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʚʦʡʩʪʚ ʤʘʪʝ-

ʨʠʘʣʘ. 

ʇʨʦʩʪʦʪʘ ʵʣʝʢʪʨʦʵʨʦʟʠʦʥʥʦʛʦ ʬʦʨʤʦʦʙʨʘʟʦʚʘ-

ʥʠʷ ʩʬʝʨʠʯʝʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʧʦʟʚʦʣʷʝʪ ʧʨʠʤʝ-

ʥʷʪʴ ʟʘʛʦʪʦʚʢʠ ʣʶʙʦʡ ʧʨʦʩʪʝʡʰʝʡ ʬʦʨʤʳ, ʦʙʝʩʧʝ-

ʯʠʚʘʶʱʝʡʩʷ ʟʘʛʦʪʦʚʠʪʝʣʴʥʳʤʠ ʦʧʝʨʘʮʠʷʤʠ 

(ʥʘʧʨʠʤʝʨ ʣʠʪʴʸʤ, ʰʪʘʤʧʦʚʢʦʡ) ʠʣʠ ʪʦʢʘʨʥʦʡ ʦʙ-

ʨʘʙʦʪʢʦʡ (ʨʠʩ. 6). 

 
ʈʠʩʫʥʦʢ 6  

ʇʨʠʤʝʨ ʟʘʛʦʪʦʚʢʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʦʣʫʩʬʝʨʳ 

 

2. ʕʣʝʢʪʨʦʵʨʦʟʠʦʥʥʘʷ ʦʙʨʘʙʦʪʢʘ ʚʳʧʫʢʣʦʡ 

ʩʬʝʨʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʆʙʨʘʙʦʪʢʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʥʘ ʩʨʘʚʥʠʪʝʣʴʥʦ ʛʨʫ-

ʙʳʭ ʨʝʞʠʤʘʭ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʚʳʩʦʢʫʶ ʧʨʦʠʟʚʦ-

ʜʠʪʝʣʴʥʦʩʪʴ. ʇʝʨʝʭʦʜʷ ʢ ʙʦʣʝʝ ʤʷʛʢʠʤ ʨʝʞʠʤʘʤ, 

ʜʦʩʪʠʛʘʝʪʩʷ ʟʘʜʘʥʥʘʷ ʪʦʯʥʦʩʪʴ ʨʘʟʤʝʨʦʚ ʠ ʬʦʨʤʳ, 

ʚʝʣʠʯʠʥʳ ʰʝʨʦʭʦʚʘʪʦʩʪʠ. 

3. ʕʣʝʢʪʨʦʵʨʦʟʠʦʥʥʘʷ ʦʙʨʘʙʦʪʢʘ ʚʦʛʥʫʪʦʡ ʩʬʝ-
ʨʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. 

ɿʘʛʦʪʦʚʢʘ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʦʙʨʘʙʦʪʘʥʥʦʡ ʧʦ-

ʚʝʨʭʥʦʩʪʴʶ ʚ ʦʧʨʘʚʢʫ ʩʬʝʨʠʯʝʩʢʦʡ ʬʦʨʤʳ. ʇʨʦ-

ʮʝʩʩ ʦʙʨʘʙʦʪʢʠ ʚʦʛʥʫʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʘʥʘʣʦʛʠʯʝʥ 

ʦʙʨʘʙʦʪʢʝ ʚʳʧʫʢʣʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. 

4. ɼʦʚʦʜʢʘ ʪʦʨʮʘ ʠ ʧʦʣʫʯʝʥʠʝ ʟʘʜʘʥʥʦʡ ʚʳʩʦʪʳ 

ʦʙʦʣʦʯʢʠ. 

5 ʆʩʦʙʝʥʥʦʩʪʠ ʵʣʝʢʪʨʦʵʨʦʟʠʦʥʥʦʛʦ ʬʦʨʤʦʦʙ-

ʨʘʟʦʚʘʥʠʷ ʧʦʣʫʩʬʝʨ 

ʄʘʨʰʨʫʪ ʦʙʨʘʙʦʪʢʠ ʟʘʛʦʪʦʚʢʠ ʩ ʮʝʣʴʶ ʧʦʣʫ-

ʯʝʥʠʷ ʠʟ ʥʝʸ ʧʨʝʮʠʟʠʦʥʥʦʡ ʪʦʥʢʦʩʪʝʥʥʦʡ ʧʦʣʫʩʬʝ-

ʨʠʯʝʩʢʦʡ ʦʙʦʣʦʯʢʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʷʤʠ 

ʵʣʝʢʪʨʦʵʨʦʟʠʦʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʇʨʠ ʦʙʝʩʧʝʯʝ-

ʥʠʠ ʯʘʩʪʦʪʳ ʩʣʝʜʦʚʘʥʠʷ ʠʤʧʫʣʴʩʦʚ 440 ʢɻʮ ʠ ʚʳʰʝ 

ʛʘʨʘʥʪʠʨʫʝʪʩʷ ʜʦʩʪʠʞʝʥʠʝ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʧʦʚʝʨʭ-

ʥʦʩʪʠ ʥʝ ʥʠʞʝ Rz = 0,5 ʤʢʤ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʛʨʘʥʠ-

ʯʠʪʴʩʷ ʪʦʣʴʢʦ ʵʣʝʢʪʨʦʵʨʦʟʠʦʥʥʦʡ ʦʙʨʘʙʦʪʢʦʡ. ɺ 

ʩʣʫʯʘʝ ʙʦʣʝʝ ʞʸʩʪʢʠʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʰʝʨʦʭʦʚʘʪʦʩʪʠ 

ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʝʙʫʝʪʩʷ ʬʠʥʠʰʥʘʷ ʦʙʨʘʙʦʪʢʘ. 

ʆʙʨʘʙʦʪʢʘ ʚʳʧʫʢʣʦʡ ʠ ʚʦʛʥʫʪʦʡ ʧʦʚʝʨʭʥʦʩʪʝʡ 

ʦʙʦʣʦʯʢʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʥʝ ʤʝʥʝʝ ʯʝʤ ʟʘ ʜʚʘ ʫʩʪʘ-

ʥʦʚʘ: ʚ ʧʝʨʚʦʤ ʦʙʨʘʙʘʪʳʚʘʝʪʩʷ ʥʘʨʫʞʥʘʷ ʧʦʚʝʨʭ-

ʥʦʩʪʴ ʚʦ ʚʪʦʨʦʤ ï ʚʥʫʪʨʝʥʥʷʷ. ɼʣʷ ʦʙʨʘʙʦʪʢʠ ʪʦʨʮʘ 

ʧʨʠʤʝʥʷʶʪʩʷ ʪʨʘʜʠʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ. 

ɿʘʢʣʶʯʝʥʠʝ 

ɼʣʷ ʪʨʘʜʠʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʤʝʭʘʥʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʠ ʟʘʜʘʯʘ ʧʦʣʫʯʝʥʠʷ ʧʨʝʮʠʟʠʦʥʥʳʭ ʧʦʚʝʨʭ-

ʥʦʩʪʝʡ ʩʬʝʨʠʯʝʩʢʦʡ ʬʦʨʤʳ ʷʚʣʷʝʪʩʷ ʦʯʝʥʴ ʩʣʦʞ-

ʥʦʡ, ʧʨʠ ʦʧʨʝʜʝʣʸʥʥʳʭ ʫʩʣʦʚʠʷʭ ʥʝʚʳʧʦʣʥʠʤʦʡ. 

ʆʩʦʙʝʥʥʫʶ ʩʣʦʞʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʧʦʣʫʯʝʥʠʝ 

ʧʨʝʮʠʟʠʦʥʥʳʭ ʪʦʥʢʦʩʪʝʥʥʳʭ ʧʦʣʫʩʬʝʨʠʯʝʩʢʠʭ 

ʦʙʦʣʦʯʝʢ ʠʟ ʪʨʫʜʥʦʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ.  

ʄʝʪʦʜ ʵʣʝʢʪʨʦʵʨʦʟʠʦʥʥʦʡ ʦʙʨʘʙʦʪʢʠ, ʦʩʥʦ-

ʚʘʥʥʳʡ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ 

ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʤʘʪʝʨʠʘʣʘ, ʧʦʟʚʦʣʷʝʪ ʩʧʨʘʚʠʪʴʩʷ ʩ 

ʵʪʦʡ ʟʘʜʘʯʝʡ. ʇʨʝʠʤʫʱʝʩʪʚʦ ʤʝʪʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʦʪʩʫʪʩʪʚʠʠ ʚʣʠʷʥʠʷ ʠʥʩʪʨʫʤʝʥʪʘ ʥʘ ʟʘʛʦʪʦʚʢʫ, ʯʪʦ 

ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʧʦʛʨʝʰʥʦʩʪʷʤ ʧʨʠ ʦʙʨʘʙʦʪʢʝ. 
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Abstract 

In the current article the main thermo-physical and dielectric parameters of the dried foodstuff have been 

studied through the experimental methods. The marginal and average values of the mentioned units have been 

investigated, which enable to determine their domain of existence and the marginal numerical values. 

ɸʥʥʦʪʘʮʠʷ 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʤʝʪʦʜʘʤʠ ʠʟʫʯʝʥʳ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʝ ʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʦʢʘ-

ʟʘʪʝʣʠ ʩʫʰʝʥʳʭ ʧʨʦʜʫʢʪʦʚ. ʀʟʫʯʝʥʳ ʧʨʝʜʝʣʴʥʳʡ ʠ ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʟʥʘʯʝʥʠʷ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʚʝʣʠʯʠʥ, ʢʦ-

ʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʦʧʨʝʜʝʣʠʪʴ ʠʭ ʜʠʘʧʘʟʦʥ ʠ ʯʠʩʣʝʥʥʳʝ ʧʨʝʜʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ. 

 

Keywords: thermal conductivity coefficient, thermal diffusivity coefficient,specific heat capacity,density, di-

electric loss coefficient, drying, thermo-physical coefficient.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ, ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʦʜʥʦʩʪʠ, ʫʜʝʣʴ-

ʥʘʷ ʪʝʧʣʦʝʤʢʦʩʪʴ, ʧʣʦʪʥʦʩʪʴ, ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʨʴ, ʩʫʰʢʘ, ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʡ ʢʦʵʬʬʠ-

ʮʠʝʥʪ. 

 

It is impossible to gain insight into the scientific 

justification of the drying process without the 

knowledge of thermo-physical and dielectric character-

istics of the fruit and vegetable raw materials. These 

characteristics, particularly those characterizing the va-

rieties of plant origin, undergo changes to a certain ex-

tent during the period of plantsô growth development 

and maturation. Depending on the agro-technical con-

ditions of cultivation and agro-ecological peculiarities 

some adjustments and new regulations should be ap-

plied for their identification. 

The characteristic traits of the phenomena acting 

in the field of high frequency are involved in the 

marginal terms of electrodynamics and solving those 

equations and identifying this or that characteristic 

parameter sometimes dooms to failure. The dielectric 

parameters derived from those equations require vari-

ous research methods, which vary together with the al-

teration of the object type. 

In the domain of the high frequency power free-

wave, resonance, slow-wave, waveguide methods 

arethe frequently applied measuring methods for 

dielectric indicators. 

Among the aforementioned the resonance method 

is the most common one which consists of coaxial, 

rectangular and cylindrical methods. In our experi-

ments we have used theComparative Express method, 

which has been developed at the Russian Economics 

University named after G.V. Plekhanov.This method 

enables to determine the dielectric properties of the 

food product, including the coefficient of specific die-

lectric lossesŮ//. In this case all experiments lead to the 

comparison of heating intensity of the experimental 

sample with the same indicator of the distilled water 

(reference variant) at the same time comparing the 

mentioned indicators with the sampleôs heating capac-

ity, weight and fluctuating power[1,2]. 

The scientific experiments have been conducted in 

the microwave oven ñSHARPò, which has a power 

equal to 800 watts (W) and frequency equal to 2450 

MHz. 

The mean specific active power for a certain 

period has been calculated through the Joule-Lenz 

Law: 

 ὖ π̂υυφϽρπ Ͻʀ ϽὪϽὉ          (1) 

Where Ὁ  isthe electromagnetic field tensor , W/m 

Ὢ - the field frequency, Hz,  

 ὖïthe specific powerW/m3,  

 ʀȾȾ - is the coefficient of dielectric losses. 

 The energy generated in the body volume is: 

ὗ ὧάЎὝ                            (2) 
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where m is the mass of the substance, kg, ὗ- the 

thermal energygeneratedupon the impact of high fre-

quency power (HFP),æTis the difference of final Tf and 

initial Tii temperatures,C is the specific heat capacity 

(J/kgĿK). 

Comparing the heating intensity of the experi-

mental food product and the reference one (standard) 
ὨὝ
Ὠ† it becomes possible to derive the dependence of 

dielectric losses coefficient on different factors when 

solving the (1) and (2) equationstogether. 

The scientific experiments for the determination 

of the coefficient of dielectric losses in the red pepper 

have been conducted in conditions of 7-80 % humidity. 

The experiments on identifying the relations of ʀȾȾand 

temperature have been implemented under the temper-

atures ranging from 293-343ÁK (20 - 70Áʉ). 

 
Fg.1The dependence of the pepperôs dielectric losses ‐ȾȾcoefficient on the humidity (WC) in conditions of differ-

ent temperature of the heat carrier 

 

 
Fg. 2.The dependence of the pepperôs dielectric losses ‐ȾȾcoefficient on the temperature in conditions of differ-

ent values of air humidity 

 
As we can see in the diagram of figure 1, the 

dielectric losses coefficient has higher dependence on 

humidity, which means that in terms of energy 

consumption the liquid available in the substance 

during the dielectric heating process has a particular 

significance; the dependence of dielectric losses 

coefficient on the humidity is accounted for multiple 

relations between the dry and liquid matters in the 

pepper. 

So, in conditions of 7,0 %- 15,0% humdity ʀȾȾ-has 

got low values due to the adsorptive relations between 

the liquid and dry matters of the observed object (red 

pepper) which results in the low quantity of the total 

liquid in the matter. 

In case of 15% - 40% air humidity ʀȾȾ grows up 

due to the osmotic relations between the liquid and dry 

matters when the amount of the total liquid in the 

sample increases. 

In case of 40%- 80% humidity, ʀȾȾ keeps on grow-

ing up to the 10-12 points, as it is shown in the diagram 

of the figure 1. This is accounted for the liquid in the 

sample bound with the mechanical relations, as well as 

for the increase of the liquid amount in the micro and 

macro capillaries. 

Ů˽

Ů˽
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Figure2 interprets the diagrams of the relations of 

ʀȾȾand temperatures in conditions of 8%, 45% and 82% 

air humidity. As we can see from the diagrams the in-

crease of the pepperôs temperature leads to the decrease 

in the coefficient of dielectric losses and to the consid-

erable liquid evaporation from the drying foodstuff. 

To provide the scientific justification of the drying 

process in the fruit and vegetable chips it is necessary 

to have the thermo-physical descriptors of the raw 

material: thermal conductivitycoefficient ï ɚW/mĿK, 

thermal diffusivity coefficient,Ŭm2/sand the specific 

heat capacity, ʉJ/(kgĿK)[3]. 

The thermo-physical characteristics of the red 

pepper have been determined through the appropriate 

devices. 

The results are summed up in table 1. 

Table 1 

Thermo-physical parameters in pepper 

ˉ The domain of temperatures Measuring unit 

Pepper samples 

W~88,02 W~9,17 % 

Initial Final (after drying) 

Thermal diffusivity coefficient(Ŭ)Ĭ108m2/s 

1 20 Áʉ 6,81Ñ0,04 6,47Ñ0,04 

2 40 Áʉ 6,87 Ñ 0,04 6,53 Ñ 0,04 

3 60 Áʉ 6,94 Ñ 0,04 6,58 Ñ 0,02 

4 80 Áʉ 6,99 Ñ 0,04 6,64 Ñ 0,02 

   Thermal conductivity coefficient(ɚ), W/mĿK 

5 20 Áʉ 0,277 Ñ 0,02 0,182 Ñ 0,004 

6 40 Áʉ 0,282 Ñ 0,02 0,186 Ñ 0,002 

7 60 Áʉ 0,287 Ñ 0,02 0,190 Ñ 0,002 

8 80 Áʉ 0,290 Ñ 0,02 0,194 Ñ 0,004 

   Thermal conductivity(ʉ)J/kgĿK 

9 20 Áʉ 3778,15 Ñ 0,05 2390,01 Ñ 0,04 

10 40 Áʉ  Ñ 0,05 2422,52 Ñ 0,04 

11 60 Áʉ  Ñ 0,05 2453,17 Ñ 0,05 

12 80 Áʉ  Ñ 0,05 2487,02 Ñ 0,05 

13 Density(ɟ) Kg/m3 1076,4 1175,2 

In the result of the conducted experimental re-

searches we have derived the following data for the red 

pepper: 

1. Pepperôs initial humidity : Wi = 88,02 % 

2. Pepperôs final humidity: Wf = 9,17 % 

3. Pepperôs initial heat capacity: 

ʉ=1,385 ĿT + 3751; R2 = 0,994 

4.Pepperôs final specific heat capacity: 

ʉ=1,608 Ŀ T + 3751; R2 = 0,999 

5.Pepperôs initial thermal conductivity coefficient: 

ɚ= 0,0001ĿT + 0,272 ; R2 = 0,996 

6.Pepperôs final thermal conductivity coefficient: 

ɚ=0,0000ĿT + 0,178 ; R2 = 0,999 

7.Initial thermal diffusivity coefficient: 

Ŭ = 0,003ĿT + 6,75 ; R2 = 0,996 

8.Final thermal diffusivity coefficient: 

Ŭ = 0,002ĿT + 6,415 ; R2 = 0,998 

As a result of experimental researches, where the 

red pepper has served as a study object (fg. 3-5), it has 

been proved that the dependence of thermo-physical 

parameters on the temperature for the mentioned food 

stuff of plant origin is linear. Besides, along with the 

temperature increase all investigated thermo-physical 

parameters grow up as well (fg. 3-5). 

 
Fg. 3The dependence of thermal diffusivity coefficient of red pepper on temperature in the humidity conditions of 

W=88,3% andW=9,17 %.Oïfresh fruit: y = 0,003x + 6,75; R2 = 0,998; Ǐ ïdried fruit: y = 0,002 x + 6,415; R2 

= 0,998   
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Fg. 4. The dependence of thermal conductivity coefficient of red pepper on temperature in the humidity condi-

tions of W=88,3 % and W=9,17 %.Oïfresh fruit: y = 0,000 x + 0,272; R2 = 0,996;  

  ï dried fruit: y = 0,000 x + 0, 178; R2 = 0,999  
 

 
Fg. 5 The dependence of specific heat capacity coefficient of red pepper on temperature in the humidity condi-

tions of W=88,3 % and W=9,17 %. o- fresh fruit: y = 1,385 x + 3751; R2 = 0,994; 

   ïdried fruit: y = 1,608 x + 2375; R2 = 0,999  

 

In the result of the scientific research it has been 

found out that the thermo-physical properties related to 

the temperature are characterized by the linear proper-

ties. Along with the temperature increase the thermo-

physical properties of the experimental sample grow up 

as well [4]. 
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TO SUBSTANTIATE THE METHOD FOR DETERMINING THE EFFECTIVE POWER OF THE 

ENGINE UNDER TEST LOADS 

 

ɸʥʥʦʪʘʮʠʷ 

ɺ ʩʪʘʪʴʝ ʦʙʦʩʥʦʚʳʚʘʝʪʩʷ ʩʧʦʩʦʙ ʦʧʨʝʜʝʣʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʜʚʠʛʘʪʝʣʷ ʧʦ ʫʩʪʘʥʦʚʠʚ-

ʰʝʡʩʷ ʯʘʩʪʦʪʝ ʚʨʘʱʝʥʠʷ ʢʦʣʝʥʯʘʪʦʛʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʢʘʯʝʩʪʚʝ ʥʘʛʨʫʟʢʠ ʦʩʥʦʚʥʦʡ ʛʠʜʨʦʩʠʩʪʝʤʦʡ 

ʪʨʘʢʪʦʨʘ ʚ ʨʝʞʠʤʝ ʤʘʢʩʠʤʘʣʴʥʦʡ ʧʦʜʘʯʠ ʪʦʧʣʠʚʘ. ʇʦʣʫʯʝʥʘ ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʵʬʬʝʢʪʠʚʥʦʡ 

ʤʦʱʥʦʩʪʠ ʜʚʠʛʘʪʝʣʷ ʦʪ ʥʘʛʨʫʟʦʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʪʨʘʢʪʦʨʘ, ʧʦʟʚʦʣʷʶʱʘʷ 

ʦʧʨʝʜʝʣʠʪʴ ʵʬʬʝʢʪʠʚʥʫʶ ʤʦʱʥʦʩʪʴ ʜʚʠʛʘʪʝʣʷ ʧʨʠ ʩʦʟʜʘʥʠʠ ʥʝʙʦʣʴʰʠʭ, ʚ ʧʨʝʜʝʣʘʭ 5 ï 10% ʦʪ ʥʦʤʠʥʘʣʴ-

ʥʦʡ ʤʦʱʥʦʩʪʠ ʜʚʠʛʘʪʝʣʷ, ʚ ʯʘʩʪʥʦʩʪʠ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʰʪʘʪʥʦʡ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʪʨʘʢ-

ʪʦʨʘ. 

Abstract 

The article substantiates a method for determining the effective engine power based on the steady speed of 

the crankshaft when used as a load by the main hydraulic system of the tractor in the maximum fuel supply mode. 

The theoretical dependence of the effective power of the engine on the load parameters of the tractor hydraulic 

system is obtained, which allows determining the effective power of the engine when creating a small, within 5-

10% of the rated power of the engine, in particular by using the standard hydraulic system of the tractor. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʝʛʫʣʷʪʦʨʥʘʷ ʩʢʦʨʦʩʪʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ, ʜʚʠʛʘʪʝʣʴ, ʤʦʱʥʦʩʪʴ, ʥʘʛʨʫʟʢʘ, ʦʧʨʝ-

ʜʝʣʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ 

Keywords: regulatory speed characteristic, engine, power, load, determination of effective power 

 

ʆʜʥʦʡ ʠʟ ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʦʧʝʨʘʮʠʡ ʧʦ ʜʠʘʛʥʦ-

ʩʪʠʨʦʚʘʥʠʶ ʜʚʠʛʘʪʝʣʷ ʷʚʣʷʝʪʩʷ ʦʮʝʥʢʘ ʪʝʭʥʠʯʝ-

ʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʦ ʵʬʬʝʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ, ʪʘʢ ʢʘʢ 

ʜʘʥʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʦʧʨʝʜʝʣʷʝʪ ʚ ʮʝʣʦʤ ʝʛʦ ʩʦʩʪʦʷ-

ʥʠʝ. ʂʦʥʪʨʦʣʴ ʤʦʱʥʦʩʪʠ ʧʨʦʚʦʜʠʪʩʷ ʧʝʨʠʦʜʠʯʝʩʢʠ 

ʯʝʨʝʟ ʦʧʨʝʜʝʣʝʥʥʫʶ ʥʘʨʘʙʦʪʢʫ, ʧʨʠ ʵʪʦʤ ʠʩʧʦʣʴʟʫ-

ʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ, ʚʢʣʶʯʘʷ ʩʪʝʥʜʦʚʳʝ ʠʩʧʳ-

ʪʘʥʠʷ, ʙʝʩʪʦʨʤʦʟʥʳʝ ʤʝʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ ʤʦʱʥʦ-

ʩʪʠ, ʠ ʪ.ʜ. ʀʩʧʦʣʴʟʫʝʤʳʝ ʤʝʪʦʜʳ ʚ ʦʩʥʦʚʥʦʤ ʦʩʥʦ-

ʚʘʥʳ ʥʘ ʩʦʟʜʘʥʠʠ ʥʘʛʨʫʟʢʠ ʥʘ ʢʦʣʝʥʯʘʪʦʤ ʚʘʣʫ 

ʜʚʠʛʘʪʝʣʷ ʙʣʠʟʢʦʡ ʢ ʥʦʤʠʥʘʣʴʥʦʡ, ʯʪʦ ʪʨʝʙʫʝʪ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʧʦ ʤʦʱʥʦʩʪʠ ʦʙʦ-

ʨʫʜʦʚʘʥʠʷ. ʆʧʨʝʜʝʣʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʟʘ 

ʩʯʝʪ ʩʦʟʜʘʥʠʷ ʪʝʩʪʦʚʳʭ (ʥʝʙʦʣʴʰʠʭ ʧʦ ʚʝʣʠʯʠʥʝ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʦʱʥʦʩʪʠ ʜʚʠʛʘʪʝʣʷ) ʥʘʛʨʫʟʦʢ ʥʘ 

ʜʚʠʛʘʪʝʣʴ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʥʝ ʚ ʧʦʣ-

ʥʦʡ ʤʝʨʝ ʤʦʞʝʪ ʢʦʥʢʫʨʠʨʦʚʘʪʴ ʩ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫ-

ʝʤʳʤʠ ʤʝʪʦʜʘʤʠ, ʪʝʤ ʥʝ ʤʝʥʝʝ, ʩʧʦʩʦʙ ʤʦʞʝʪ ʙʳʪʴ 

ʨʝʘʣʠʟʦʚʘʥ, ʥʘʧʨʠʤʝʨ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʰʪʘʪʥʦʛʦ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʛʦ ʧʨʠʙʦʨʘ ʜʣʷ ʧʨʦʚʝʨʢʠ ʘʛʨʝʛʘʪʦʚ 
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ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. ɺ ʧʝʨʩʧʝʢʪʠʚʝ, ʜʘʥʥʳʡ 

ʩʧʦʩʦʙ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʪʝʢʫʱʝʛʦ ʢʦʥ-

ʪʨʦʣʷ ʩʪʝʧʝʥʠ ʟʘʛʨʫʟʢʠ ʜʚʠʛʘʪʝʣʷ, ʪʘʢ ʢʘʢ ʚ ʝʛʦ ʦʩ-

ʥʦʚʝ ʣʝʞʠʪ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʬʘʢʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ʨʘʙʦʪʳ ʜʚʠʛʘʪʝʣʷ ʥʘ ʨʝʛʫʣʷʪʦʨʥʦʡ ʚʝʪʚʠ ʩ ʧʘʨʘʤʝʪ-

ʨʘʤʠ ʜʘʥʥʦʡ ʚʝʪʚʠ ʩʦʛʣʘʩʥʦ ʪʝʭʥʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥ-

ʪʘʮʠʠ, ʧʨʠʥʷʪʦʡ, ʢʘʢ ʵʪʘʣʦʥʥʦʡ. ʇʦʩʣʝʜʥʝʝ ʤʦʞʝʪ 

ʠʤʝʪʴ ʧʝʨʩʧʝʢʪʠʚʫ, ʪʘʢ ʢʘʢ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʪʷʛʦ-

ʚʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʝʨʝʤʝʥʥʦʡ ʥʘʛʨʫʟʢʠ 

ʜʚʠʛʘʪʝʣʴ ʤʦʞʝʪ ʧʝʨʝʭʦʜʠʪʴ ʚ ʨʝʞʠʤ ʧʝʨʝʛʨʫʟʢʠ 

[5]. 

ɼʣʷ ʜʠʟʝʣʴʥʳʭ ʜʚʠʛʘʪʝʣʝʡ, ʦʩʥʘʱʝʥʥʳʭ ʚʩʝʨʝ-

ʞʠʤʥʳʤ ʨʝʛʫʣʷʪʦʨʦʤ, ʩʢʦʨʦʩʪʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʠʤʝʝʪ ʨʝʛʫʣʷʪʦʨʥʫʶ ʚʝʪʚʴ, ʠʟʤʝʥʝʥʠʝ ʤʦʱʥʦʩʪʠ ʥʘ 

ʢʦʪʦʨʦʡ ʠʤʝʝʪ ʣʠʥʝʡʥʳʡ ʭʘʨʘʢʪʝʨ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʩʥʠʞʝʥʠʷ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʡ ʢʦʣʝʥʯʘʪʦʛʦ ʚʘʣʘ ʚ 

ʧʨʝʜʝʣʘʭ ʜʠʘʧʘʟʦʥʘ ʦʪ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʥʘ ʭʦʣʦ-

ʩʪʦʤ ʭʦʜʫ ʜʦ ʥʦʤʠʥʘʣʴʥʦʡ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ. ʃʠ-

ʥʝʡʥʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʤʦʱʥʦʩʪʠ ʥʘ ʨʝʛʫʣʷʪʦʨʥʦʡ 

ʚʝʪʚʠ ʷʚʠʣʦʩʴ ʦʩʥʦʚʦʡ ʜʣʷ ʧʨʝʜʧʦʣʦʞʝʥʠʷ, ʯʪʦ 

ʦʧʨʝʜʝʣʠʪʴ ʤʦʱʥʦʩʪʴ ʜʚʠʛʘʪʝʣʷ ʚʦʟʤʦʞʥʦ ʥʝ ʟʘ-

ʛʨʫʞʘʷ ʜʚʠʛʘʪʝʣʴ ʥʘʛʨʫʟʢʦʡ, ʙʣʠʟʢʦʡ ʢ ʥʦʤʠʥʘʣʴ-

ʥʦʡ, ʘ ʦʛʨʘʥʠʯʠʪʩʷ ʥʝʙʦʣʴʰʦʡ ʥʘʛʨʫʟʢʦʡ ʚ ʧʨʝʜʝ-

ʣʘʭ 5 ï 15% ʦʪ ʥʦʤʠʥʘʣʴʥʦʡ.  

ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʟʘ-

ʢʦʥʦʤʝʨʥʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʢʦʣʝʥ-

ʯʘʪʦʛʦ ʚʘʣʘ ʚ ʧʨʝʜʝʣʘʭ ʨʝʛʫʣʷʪʦʨʥʦʡ ʚʝʪʚʠ ʚʥʝʰ-

ʥʝʡ ʩʢʦʨʦʩʪʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʚʠʛʘʪʝʣʷ ʦʪ ʝʛʦ 

ʤʦʱʥʦʩʪʠ ʠ ʚʥʝʰʥʝʡ ʥʘʛʨʫʟʢʠ.  

ʆʩʦʙʝʥʥʦʩʪʴʶ ʚʥʝʰʥʝʡ ʩʢʦʨʦʩʪʥʦʡ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢʠ ʜʠʟʝʣʴʥʦʛʦ ʜʚʠʛʘʪʝʣʷ, ʦʩʥʘʱʝʥʥʦʛʦ ʚʩʝʨʝ-

ʞʠʤʥʳʤ ʨʝʛʫʣʷʪʦʨʦʤ, ʥʘʣʠʯʠʝ ʜʚʫʭ ʚʝʪʚʝʡ: ʨʝʛʫ-

ʣʷʪʦʨʥʦʡ ʠ ʢʦʨʨʝʢʪʦʨʥʦʡ. ʅʘʣʠʯʠʝ ʨʝʛʫʣʷʪʦʨʥʦʡ 

ʚʝʪʚʠ ï ʨʝʟʫʣʴʪʘʪ ʨʘʙʦʪʳ ʨʝʛʫʣʷʪʦʨʘ, ʢʦʪʦʨʳʡ ʩ ʦʜ-

ʥʦʡ ʩʪʦʨʦʥʳ ʦʛʨʘʥʠʯʠʚʘʝʪ ʯʘʩʪʦʪʫ ʚʨʘʱʝʥʠʷ ʢʦ-

ʣʝʥʯʘʪʦʛʦ ʚʘʣʘ ʧʫʪʝʤ ʩʥʠʞʝʥʠʷ ʧʦʜʘʯʠ ʪʦʧʣʠʚʘ, ʘ ʩ 

ʜʨʫʛʦʡ ï ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʫʩʪʦʡʯʠ-

ʚʦʩʪʴ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʢʦʣʝʥʯʘʪʦʛʦ ʚʘʣʘ ʪʘʢʞʝ ʟʘ 

ʩʯʝʪ ʠʟʤʝʥʝʥʠʷ ʧʦʜʘʯʠ ʪʦʧʣʠʚʘ. ʨʝʛʫʣʷʪʦʨʥʘʷ ʚʝʪʚʴ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʧʨʷʤʦʡ ʟʘʚʠʩʠʤʦ-

ʩʪʴʶ ʠʩʧʦʣʴʟʫʝʤʦʡ ʤʦʱʥʦʩʪʠ ʜʚʠʛʘʪʝʣʷ ʦʪ ʯʘʩʪʦʪʳ 

ʚʨʘʱʝʥʠʷ ʢʦʣʝʥʯʘʪʦʛʦ ʚʘʣʘ.  

ʇʦ ʯʘʩʪʦʪʝ ʚʨʘʱʝʥʠʷ ʨʝʛʫʣʷʪʦʨʥʘʷ ʚʝʪʚʴ ʨʘʩ-

ʧʨʦʩʪʨʘʥʷʝʪʩʷ ʧʦ ʯʘʩʪʦʪʝ ʚʨʘʱʝʥʠʷ ʢʦʣʝʥʯʘʪʦʛʦ 

ʚʘʣʘ ʚ ʧʨʝʜʝʣʘʭ ʥxx nnn -=D , ʯʪʦ ʭʘʨʘʢʪʝʨʠ-

ʟʫʝʪ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʨʘʙʦʪʳ çʨʘʟʙʝʛè ʨʝʛʫʣʷʪʦʨʘ 

(ʨʠʩʫʥʦʢ 1) [1]. 

 
ʈʠʩʫʥʦʢ 1. ʈʝʛʫʣʷʪʦʨʥʘʷ ʚʝʪʚʴ ʚʥʝʰʥʝʡ ʩʢʦʨʦʩʪʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʠʟʝʣʴʥʦʛʦ ʜʚʠʛʘʪʝʣʷ. 

 

ʆʪʥʦʩʠʪʝʣʴʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ, ʭʘʨʘʢʪʝʨʠʟʫʶ-

ʱʠʤ ʠʟʤʝʥʝʥʠʝ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʚ ʧʨʝʜʝʣʘʭ ʨʝʛʫ-

ʣʷʪʦʨʥʦʡ ʚʝʪʚʠ, ʷʚʣʷʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪ ʥʝʨʘʚʥʦ-

ʤʝʨʥʦʩʪʠ - d, ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫ-
ʶʱʠʤ ʦʙʨʘʟʦʤ [2]: 

ʩʨ

ʥxx

n

nn -
=d , ʠʣʠ 

ʥxx

ʥxx

nn

)nn(2

+

-Ö
=d  (1) 

ʛʜʝ nʭʭ ï ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʢʦʣʝʥʯʘʪʦʛʦ ʚʘʣʘ ʥʘ 

ʭʦʣʦʩʪʦʤ ʭʦʜʫ, ʦʙ/ʤʠʥ; 

 nʥ ï ʥʦʤʠʥʘʣʴʥʘʷ ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʢʦʣʝʥʯʘ-

ʪʦʛʦ ʚʘʣʘ, ʦʙ/ʤʠʥ; 

 nʩʨ ï ʩʨʝʜʥʷʷ ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʢʦʣʝʥʯʘʪʦʛʦ 

ʚʘʣʘ, ʦʙ/ʤʠʥ ( 2)nn(n ʥxxʩʨ += ). 

ʇʨʠ ʧʦʷʚʣʝʥʠʠ ʩʪʘʙʠʣʴʥʦʡ ʥʘʛʨʫʟʢʠ (ʨʘʙʦʪʘ 

ʢʦʤʧʨʝʩʩʦʨʘ, ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, ʠ ʪ.ʜ.) ʯʘ-

ʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʢʦʣʝʥʯʘʪʦʛʦ ʚʘʣʘ ʩʥʠʞʘʝʪʩʷ, ʧʨʠ 

ʵʪʦʤ ʚʩʝʨʝʞʠʤʥʳʡ ʨʝʛʫʣʷʪʦʨ ʫʚʝʣʠʯʠʚʘʝʪ ʧʦʜʘʯʫ 

ʪʦʧʣʠʚʘ, ʠ ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʩʪʘʙʠʣʠʟʠʨʫʝʪʩʷ ʥʘ 

ʥʦʚʦʤ ʫʨʦʚʥʝ, ʢʦʪʦʨʦʤʫ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʞʝ ʜʨʫʛʦʡ 

ʢʦʵʬʬʠʮʠʝʥʪ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ: 

ʥ1xx

ʥ1xx

nn

)nn(2
1

+

-Ö
=d  (2) 

ʇʨʝʜʧʦʣʦʞʠʚ, ʯʪʦ ʫʤʝʥʴʰʝʥʠʝ ʤʦʱʥʦʩʪʠ ʧʦ 

ʪʝʭʥʠʯʝʩʢʦʡ ʧʨʠʯʠʥʝ ʪʘʢʞʝ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ, 

ʢʘʢ ʚʥʝʰʥʶʶ ʥʘʛʨʫʟʢʫ ʩ ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʤʦʱʥʦ-

ʩʪʴʶ ʧʦʪʨʝʙʣʝʥʠʷ, ʢʦʵʬʬʠʮʠʝʥʪ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ 
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ʜʣʷ ʠʩʧʨʘʚʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʧʨʠ ʦʪʢʣʶʯʝʥʥʳʭ ʚʥʝʰ-

ʥʠʭ ʧʦʪʨʝʙʠʪʝʣʷʭ ʵʥʝʨʛʠʠ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʵʪʘʣʦʥ-

ʥʳʤ ʟʥʘʯʝʥʠʝʤ. ɼʘʥʥʦʝ ʵʪʘʣʦʥʥʦʝ ʟʥʘʯʝʥʠʝ ʤʦʞʥʦ 

ʩʦʧʦʩʪʘʚʠʪʴ ʩ ʪʝʢʫʱʠʤ ʟʥʘʯʝʥʠʝʤ, ʚ ʚʠʜʝ ʦʪʥʦʰʝ-

ʥʠʷ ʪʝʢʫʱʝʛʦ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʥʝʨʘʚʥʦʤʝʨ-

ʥʦʩʪʠ 1d ʢ ʵʪʘʣʦʥʥʦʤʫ ʝʛʦ ʟʥʘʯʝʥʠʶ d ʯʪʦ ʧʦʟʚʦ-

ʣʠʪ ʦʮʝʥʠʪʴ ʤʦʱʥʦʩʪʴ ʜʚʠʛʘʪʝʣʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʘʩ-

ʧʦʨʪʥʦʛʦ ʟʥʘʯʝʥʠʷ: 
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ʅʘʨʷʜʫ ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ, 

ʨʘʙʦʪʫ ʨʝʛʫʣʷʪʦʨʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʫʛʦʣ a, ʦʙʨʘʟʦ-
ʚʘʥʥʳʡ ʤʝʞʜʫ ʧʨʷʤʦʡ |nxxNe| ʠ ʦʩʴʶ n, ʢʦʪʦʨʳʡ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʤʝʥʷʝʪʩʷ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ 

ʥʘʛʨʫʟʢʠ ʚ ʧʨʝʜʝʣʘʭ ʨʝʛʫʣʷʪʦʨʥʦʡ ʚʝʪʚʠ (ʨʠʩʫʥʦʢ 

1).  

ʇʨʠ ʥʝʠʟʤʝʥʥʦʤ ʟʥʘʯʝʥʠʠ a ʠ ʠʟʚʝʩʪʥʦʡ ʪʝ-

ʩʪʦʚʦʡ ʥʘʛʨʫʟʢʝ ʥʘ ʢʦʣʝʥʯʘʪʦʤ ʚʘʣʫ, ʵʬʬʝʢʪʠʚʥʫʶ 

ʤʦʱʥʦʩʪʴ ʜʚʠʛʘʪʝʣʷ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ: 

)nn(

N
)nn(NʥN

ʥʭʭ

ʥ

ʝ
ʥʬʬ

-
Ö-+=  (4) 

ʛʜʝ Nʬ ï ʬʘʢʪʠʯʝʩʢʘʷ ʤʦʱʥʦʩʪʴ ʜʚʠʛʘʪʝʣʷ, 

ʢɺʪ; 

 Nʥï ʠʟʚʝʩʪʥʘʷ ʥʘʛʨʫʟʢʘ ʥʘ ʢʦʣʝʥʯʘʪʳʡ ʚʘʣ, 

ʢɺʪ; 

 nʬ ï ʬʘʢʪʠʯʝʩʢʘʷ ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʢʦʣʝʥʯʘ-

ʪʦʛʦ ʚʘʣʘ, ʦʙ/ʤʠʥ; 

 nʥ ï ʥʦʤʠʥʘʣʴʥʘʷ ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʢʦʣʝʥʯʘ-

ʪʦʛʦ ʚʘʣʘ ʜʚʠʛʘʪʝʣʷ (ʩʦʛʣʘʩʥʦ ʪʝʭʥʠʯʝʩʢʦʡ ʜʦʢʫ-

ʤʝʥʪʘʮʠʠ), ʦʙ/ʤʠʥ; 

 
ʥ

ʝN  - ʥʦʤʠʥʘʣʴʥʘʷ ʵʬʬʝʢʪʠʚʥʘʷ ʤʦʱʥʦʩʪʴ 

ʜʚʠʛʘʪʝʣʷ (ʩʦʛʣʘʩʥʦ ʪʝʭʥʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ), 

ʢɺʪ. 

ɺ ʢʘʯʝʩʪʚʝ ʠʟʚʝʩʪʥʦʡ (ʪʝʩʪʦʚʦʡ) ʥʘʛʨʫʟʢʠ 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʩʥʦʚʥʫʶ ʛʠʜʨʦʩʠʩʪʝʤʫ 

ʪʨʘʢʪʦʨʘ ʟʘ ʩʯʝʪ ʩʦʟʜʘʥʠʷ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʜʘʚʣʝʥʠʷ 

ʚ ʩʠʩʪʝʤʝ. ʄʦʱʥʦʩʪʴ ʧʨʠʚʦʜʘ ʥʘʩʦʩʘ ʛʠʜʨʘʚʣʠʯʝ-

ʩʢʦʡ ʩʠʩʪʝʤʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ [2]: 
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ʛʜʝ Nʥ ï ʤʦʱʥʦʩʪʴ ʧʨʠʚʦʜʘ ʥʘʩʦʩʘ ʛʠʜʨʘʚʣʠʯʝ-

ʩʢʦʡ ʩʠʩʪʝʤʳ ʪʨʘʢʪʦʨʘ, ʂɺʪ; 

 Q ï ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʩʠ-

ʩʪʝʤʳ, ʣ/ʤʠʥ; 

 ʈ ï ʜʘʚʣʝʥʠʝ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, ʄʇʘ; 

ʥh  - ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ ʥʘʩʦʩʘ 

(0,8); 

ʤh  - ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ ʧʨʠ-

ʚʦʜʘ ʥʘʩʦʩʘ (0,9); 

ʛh  - ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ ʛʠʜʨʘʚ-

ʣʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ (0,85); 

ɼʘʚʣʝʥʠʝ ʚ ʛʠʜʨʦʩʠʩʪʝʤʝ ʤʦʞʥʦ ʩʦʟʜʘʪʴ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʛʦ ʧʨʠʙʦʨʘ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʥʘʩʦʩʘ ʛʠʜʨʦʩʠ-

ʩʪʝʤʳ (ʚ ʯʘʩʪʥʦʩʪʠ, ʢʘʢ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥ-

ʥʳʤ ɼʈ-70 (ɼʈ-90)).  

ʆʙʱʝʝ ʫʨʘʚʥʝʥʠʝ, ʦʧʠʩʳʚʘʶʱʝʝ ʟʘʚʠʩʠʤʦʩʪʴ 

ʤʦʱʥʦʩʪʠ ʜʚʠʛʘʪʝʣʷ ʩ ʫʯʝʪʦʤ (4) ʠ (5) ʦʪ ʩʦʟʜʘʚʘʝ-

ʤʦʡ ʥʘʛʨʫʟʢʠ ʚ ʛʠʜʨʦʩʠʩʪʝʤʝ, ʧʨʝʜʩʪʘʚʠʤ ʚ ʚʠʜʝ: 
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ɿʘʚʠʩʠʤʦʩʪʴ ʬʘʢʪʠʯʝʩʢʦʡ ʤʦʱʥʦʩʪʠ ʜʚʠʛʘʪʝʣʷ ʦʪ ʧʘʨʘʤʝʪʨʦʚ ʛʠʜʨʦʩʠʩʪʝʤʳ ʠ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʢʦ-

ʣʝʥʯʘʪʦʛʦ ʚʘʣʘ ʚ ʛʨʘʬʠʯʝʩʢʦʤ ʚʠʜʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʧʣʦʩʢʦʩʪʴ (ʨʠʩʫʥʢʝ 2). 
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ʈʠʩʫʥʦʢ 2. ɿʘʚʠʩʠʤʦʩʪʴ ʤʦʱʥʦʩʪʠ ʜʚʠʛʘʪʝʣʷ ʦʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʛʠʜʨʦʩʠʩʪʝʤʳ ʠ ʯʘʩʪʦʪʳ ʚʨʘʱʝ-

ʥʠʷ ʢʦʣʝʥʯʘʪʦʛʦ. 

 

ʋʯʠʪʳʚʘʷ ʣʠʥʝʡʥʦʩʪʴ ʬʫʥʢʮʠʠ, ʧʦʣʫʯʝʥʥʦʝ 

ʚʳʨʘʞʝʥʠʝ ʧʨʠ ʠʟʚʝʩʪʥʦʡ ʥʘʛʨʫʟʢʝ, ʧʦʟʚʦʣʷʝʪ ʚ 

ʨʘʤʢʘʭ ʨʝʛʫʣʷʪʦʨʥʦʡ ʚʝʪʚʠ ʦʧʨʝʜʝʣʠʪʴ ʵʬʬʝʢʪʠʚ-

ʥʫʶ ʤʦʱʥʦʩʪʴ ʜʚʠʛʘʪʝʣʷ. ʉ ʮʝʣʴʶ ʧʨʦʚʝʨʢʠ ʧʦʣʫ-

ʯʝʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʨʘʩʯʝʪʥʳʤ ʧʫʪʝʤ ʥʝʦʙʭʦʜʠʤʦ 

ʧʨʦʚʝʜʝʥʠʝ ʦʧʳʪʦʚ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʵʤʧʠʨʠʯʝʩʢʦʡ 

ʟʘʚʠʩʠʤʦʩʪʠ ʚʠʜʘ: 

)n,P,Q(fNʬ ʬ=  (7) 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʦʧʳʪʦʚ ʦʩʥʦʚʥʫʶ ʩʣʦʞʥʦʩʪʴ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʚʝʣʠʯʠʥʘ ʬʘʢʪʠʯʝʩʢʦʡ ʤʦʱʥʦʩʪʠ 

ʜʚʠʛʘʪʝʣʷ, ʢʦʪʦʨʘʷ ʜʦʣʞʥʘ ʙʳʪʴ ʢʘʢ ʤʠʥʠʤʫʤ ʪʨʝʭ 

ʫʨʦʚʥʝʚʘʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʚʝʜʝʥʠʝ ʦʧʳʪʦʚ ʩʚʝ-

ʜʝʪʩʷ ʢ ʦʧʨʝʜʝʣʝʥʠʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʛʠʜʨʦʩʠ-

ʩʪʝʤʳ ʧʨʠ ʨʘʟʥʳʭ ʚʝʣʠʯʠʥʘʭ ʜʘʚʣʝʥʠʷ ʩ ʬʠʢʩʘʮʠʝʡ 

ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʛʠʜʨʦʩʠ-

ʩʪʝʤʳ. ʊʨʠ ʫʨʦʚʥʷ ʤʦʱʥʦʩʪʠ ʜʚʠʛʘʪʝʣʷ ʚʦʟʤʦʞʥʦ 

ʦʙʝʩʧʝʯʠʪʴ ʟʘ ʩʯʝʪ ʦʪʢʣʶʯʝʥʠʷ ʯʘʩʪʠ ʮʠʣʠʥʜʨʦʚ 

(ʫʨʦʚʝʥʴ (+1) ï ʨʘʙʦʪʘ ʜʚʠʛʘʪʝʣʷ ʥʘ 4-ʭ ʮʠʣʠʥʜʨʘʭ; 

ʫʨʦʚʝʥʴ (0) ï ʨʘʙʦʪʘ ʜʚʠʛʘʪʝʣʷ ʥʘ ʪʨʝʭ ʮʠʣʠʥʜʨʘʭ; 

ʫʨʦʚʝʥʴ (-1) ï ʨʘʙʦʪʘ ʜʚʠʛʘʪʝʣʷ ʥʘ 2 ïʭ ʮʠʣʠʥʜʨʘʭ). 

ʈʝʘʣʠʟʘʮʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦʟʚʦʣʠʪ ʧʦʣʫʯʠʪʴ ʵʤʧʠ-

ʨʠʯʝʩʢʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʦʙʨʘʪʥʫʶ ʨʘʥʝʝ ʧʨʝʜʩʪʘʚ-

ʣʝʥʥʦʡ (7): 

)N,P,Q('n ʬʬ y=  (8) 

ɼʣʷ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʦʧʳʪʦʚ ʠ ʪʝʦ-

ʨʝʪʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʠʩʧʦʣʴʟʫʝʤ ʧʨʝʦʙʨʘʟʦʚʘʥʥʦʝ 

ʫʨʘʚʥʝʥʠʝ (6) ʚ ʚʠʜ: 
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ɼʘʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʚ ʛʨʘʬʠʯʝʩʢʦʤ ʧʨʝʜʩʪʘʚ-

ʣʝʥʠʠ ʥʘ ʨʠʩʫʥʢʘʭ 3.  

 
ʈʠʩʫʥʦʢ 3. ɿʘʚʠʩʠʤʦʩʪʴ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʢʦʣʝʥʯʘʪʦʛʦ ʚʘʣʘ ʦʪ ʤʦʱʥʦʩʪʠ ʜʚʠʛʘʪʝʣʷ ʠ ʜʘʚʣʝʥʠʷ  

ʚ ʛʠʜʨʦʩʠʩʪʝʤʝ ʧʨʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʥʘʩʦʩʘ Q=32 ʣ/ʤʠʥ. 
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ʉʦʧʦʩʪʘʚʣʷʷ ʟʘʚʠʩʠʤʦʩʪʴ (9) ʩ ʵʢʩʧʝʨʠʤʝʥ-

ʪʘʣʴʥʦ ʧʦʣʫʯʝʥʥʦʡ (8) ʤʦʞʥʦ ʦʮʝʥʠʪʴ, ʥʘ ʩʢʦʣʴʢʦ 

ʬʘʢʪʠʯʝʩʢʠʝ ʨʝʟʫʣʴʪʘʪʳ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʪʝʦʨʝʪʠʯʝ-

ʩʢʠʤ ʠ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʧʨʝʜʣʘ-

ʛʘʝʤʦʛʦ ʩʧʦʩʦʙʘ ʦʧʨʝʜʝʣʝʥʠʷ ʤʦʱʥʦʩʪʠ ʜʚʠʛʘʪʝʣʷ. 

ʉ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʵʤʧʠʨʠʯʝʩʢʠʭ ʟʘʚʠʩʠʤʦ-

ʩʪʝʡ ʨʝʘʣʠʟʦʚʘʥ ʧʦʣʥʳʡ ʜʚʫʭʬʘʢʪʦʨʥʦʛʦ ʵʢʩʧʝʨʠ-

ʤʝʥʪʘ ʩ ʪʨʝʭʫʨʦʚʥʝʚʳʤ ʚʘʨʴʠʨʦʚʘʥʠʝʤ ʠʭ ʟʥʘʯʝ-

ʥʠʡ, ʠʥʪʝʨʧʦʣʷʮʠʦʥʥʦʝ ʫʨʘʚʥʝʥʠʝ ʢʦʪʦʨʦʛʦ ʠʤʝʝʪ 

ʚʠʜ [3,4]: 

)
3

2x(b)
3

2x(bxxbxbxbyy 2
222

2
11121123221p -Ö+-Ö+Ö+++= , 

 

ʛʜʝ ʭ1 ï ʫʨʦʚʝʥʴ ʤʦʱʥʦʩʪʠ ʜʚʠʛʘʪʝʣʷ, ʢʦʪʦʨʫʶ 

ʚ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʠʟʤʝʥʷʪʴ ʟʘ 

ʩʯʝʪ ʦʪʢʣʶʯʝʥʠʷ ʯʘʩʪʠ ʮʠʣʠʥʜʨʦʚ;  

ʭ2 ï ʫʨʦʚʝʥʴ ʜʘʚʣʝʥʠʷ ʚ ʛʠʜʨʦʩʠʩʪʝʤʝ; 

b 1,2,12,11,22 ï ʢʦʵʬʬʠʮʠʝʥʪʳ ʨʝʛʨʝʩʩʠʠ. 

 ʇʘʨʘʤʝʪʨʦʤ ʦʪʢʣʠʢʘ ʬʘʢʪʦʨʥʦʛʦ ʵʢʩʧʝʨʠ-

ʤʝʥʪʘ ʧʨʠʥʠʤʘʝʤ ʯʘʩʪʦʪʫ ʚʨʘʱʝʥʠʷ ʢʦʣʝʥʯʘʪʦʛʦ 

ʚʘʣʘ (n), ʟʘʤʝʨʷʝʤʫʶ ʮʠʬʨʦʚʳʤ ʪʘʭʦʤʝʪʨʦʤ ʠ ʧʨʦ-

ʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʥʘʩʦʩʘ (Q). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʘʜʘ-

ʯʝʡ ʵʢʩʧʝʨʠʤʝʥʪʘ ʷʚʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ʩʣʝʜʫʶʱʠʭ 

ʜʚʫʭ ʵʤʧʠʨʠʯʝʩʢʠʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʚʠʜʘ:  

)P,N(f'n ʬʬ=  ʠ ),P,N(fQ ʬ=  (10) 

ɺʘʨʴʠʨʦʚʘʥʠʝ ʟʥʘʯʝʥʠʡ ʬʘʢʪʦʨʦʚ ʚʳʧʦʣʥʷ-

ʣʦʩʴ: ʭ1 - ʤʦʱʥʦʩʪʴ ʧʫʪʝʤ ʦʪʢʣʶʯʝʥʠʷ ʯʘʩʪʠ ʮʠʣʠʥ-

ʜʨʦʚ ʜʚʠʛʘʪʝʣʷ; ʭ2 - ʜʘʚʣʝʥʠʝ ʟʘ ʩʯʝʪ ʠʟʤʝʥʝʥʠʷ ʩʝ-

ʯʝʥʠʷ ʱʝʣʠ ʜʨʦʩʩʝʣʷ ʨʘʩʭʦʜʦʤʝʪʨʘ ɼʈ-70, ʦʩʥʘ-

ʱʝʥʥʦʛʦ ʤʘʥʦʤʝʪʨʦʤ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʟʥʘʯʝʥʠʡ ʫʨʦʚʥʝʡ ʬʘʢʪʦʨʘ 

ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʠʟʤʝʨʝʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʜʚʠʛʘʪʝʣʷ ʧʨʠ ʨʘʙʦʪʝ ʥʘ 4-

ʭ, 3-ʭ ʠ 2-ʭ ʮʠʣʠʥʜʨʘʭ.  

ʆʧʳʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʚʠʛʘ-

ʪʝʣʷ ɼ-240 ʪʨʘʢʪʦʨʘ ʄʊɿ-80. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʜʠʘ-

ʧʘʟʦʥʘ ʠʟʤʝʥʝʥʠʷ ʤʦʱʥʦʩʪʠ ʚʳʧʦʣʥʝʥʳ ʝʝ ʟʘʤʝʨʳ 

ʧʨʠ ʦʪʢʣʶʯʝʥʠʠ ʯʘʩʪʠ ʮʠʣʠʥʜʨʦʚ ʜʠʥʘʤʠʯʝʩʢʠʤ 

ʤʝʪʦʜʦʤ ʠ ʤʝʪʦʜʦʤ ʅ.ɸ. ɾʜʘʥʦʚʩʢʦʛʦ. ʋʩʪʘʥʦʚ-

ʣʝʥʥʳʝ ʫʨʦʚʥʠ ʚʘʨʴʠʨʦʚʘʥʠʷ ʬʘʢʪʦʨʦʚ ʧʨʝʜʩʪʘʚ-

ʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

ʊʘʙʣʠʮʘ 1 

ʋʨʦʚʥʠ ʠ ʠʥʪʝʨʚʘʣʳ ʚʘʨʴʠʨʦʚʘʥʠʷ ʬʘʢʪʦʨʦʚ. 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʬʘʢʪʦʨʦʚ 
ʆʙʦʟʥʘʯʝʥʠʷ ʋʨʦʚʥʠ ʚʘʨʴʠʨʦʚʘʥʠʷ 

ʀʥʪʝʨʚʘʣ 
ʀʤʝʥʥʦʝ ʂʦʜʠʨʦʚʘʥʥʦʝ -1 0 +1 

ʄʦʱʥʦʩʪʴ ʜʚʠʛʘʪʝʣʷ N, ʢɺʪ X1 57,2 38,2 19,2 19 

ɼʘʚʣʝʥʠʝ ʚ ʛʠʜʨʦʩʠʩʪʝʤʘ ʈ, ʤʇʘ ʍ2 0 5 10 5 

 

ʈʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʠʷ ʦʧʳʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʪʘʙʣʠʮʝ 2. 

ʊʘʙʣʠʮʘ 2 

ʆʧʳʪʥʳʝ ʜʘʥʥʳʝ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʧʣʘʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘ. 
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ʌʘʢʪʦʨʳ 
ʇʦʚʪʦʨʥʦʩʪʴ ʦʧʳʪʘ (ʯʘʩʪʦʪʘ ʚʨʘ-

ʱʝʥʠʷ ʢʦʣʝʥʯʘʪʦʛʦ ʚʘʣʘ), ʦʙ/ʤʠʥ 
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ʇʦʚʪʦʨʥʦʩʪʴ ʦʧʳʪʘ (ʧʨʦʠʟʚʦʜʠ-

ʪʝʣʴʥʦʩʪʴ (ʛʠʜʨʦʩʠʩʪʝʤʳ), ʣ/ʤʠʥ 

ʉ
ʨ
ʝ
ʜ
-

ʥ
ʝ
ʝ
 
ʟ
ʥ
ʘ
-

ʯ
ʝ
ʥ
ʠ
ʝ
,
 

ʣ
/
ʤ
ʠ
ʥ

 

ʍ1 ʍ2 1 2 3 1 2 3 

1 -1 -1 2262 2263 2266 2264,0 45,7 47,7 50,7 48,0 

2 0 -1 2321 2319 2322 2321,0 48,0 52,0 50,0 50,0 

3 1 -1 2374 2376 2378 2376,3 49,3 51,3 53,3 51,3 

4 -1 0 2241 2250 2249 2247,0 39,7 41,7 42,7 41,4 

5 0 0 2301 2308 2305 2305,0 41,9 42,4 44,4 42,9 

6 1 0 2359 2361 2363 2360,7 43,4 46,4 42,4 44,1 

7 -1 1 2244 2236 2247 2242,0 29,6 29,4 32,4 30,5 

8 0 1 2300 2293 2294 2296,0 29,5 32,5 31,5 31,2 

9 1 1 2353 2352 2353 2352,4 33,4 31,9 29,9 31,7 

 

ʆʮʝʥʢʘ ʦʧʳʪʥʳʭ ʜʘʥʥʳʭ ʩ ʮʝʣʴʶ ʚʳʙʨʘʢʦʚʢʠ ʛʨʫʙʳʭ ʦʰʠʙʦʢ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʧʦ ʢʨʠʪʝʨʠʶ ʉʪʴʶʜʝʥʪʘ, 

ʩ ʫʯʝʪʦʤ ʟʥʘʯʠʤʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʨʝʛʨʝʩʩʠʠ ʫʨʘʚʥʝʥʠʷ ʧʦʩʣʝ ʨʘʩʢʦʜʠʨʦʚʘʥʠʷ ʠʤʝʝʪ ʚʠʜ: 

 

PNPNʈNn ÖÖ-Ö-Ö+= 00526,0159,2977,22,2205),(   (11) 

PNʈNQ Ö-Ö+= 866,10631,013,48),(    (12) 

 

ʉʦʚʤʝʱʘʷ ʜʚʝ ʬʫʥʢʮʠʠ (9) ʠ (11) ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʚʠʜʥʦ, ʯʪʦ ʭʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʦʪ 

ʧʘʨʘʤʝʪʨʦʚ N ʠ ʈ ʜʣʷ ʜʚʫʭ ʫʨʘʚʥʝʥʠʡ ʠʜʝʥʪʠʯʝʥ, ʥʦ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʦʪʢʣʦʥʝʥʠʷʤʠ (ʨʠʩʫʥʦʢ 4).  
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ʈʠʩʫʥʦʢ 4 ɿʘʚʠʩʠʤʦʩʪʴ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʢʦʣʝʥʯʘʪʦʛʦ ʚʘʣʘ ʦʪ ʤʦʱʥʦʩʪʠ ʜʚʠʛʘʪʝʣʷ ʠ ʜʘʚʣʝʥʠʷ  

ʚ ʛʠʜʨʦʩʠʩʪʝʤʝ (ʨʘʩʯʝʪʥʘʷ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʟʘʚʠʩʠʤʦʩʪʠ). 

 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʣʫʯʝʥʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ 

ʦʪʢʣʠʢʘ ʠʤʝʝʪ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʢʦʦʨʜʠʥʘʪʳ, ʧʨʠ ʵʪʦʤ 

ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʜʘʚʣʝʥʠʷ ʚ ʛʠʜʨʦʩʠʩʪʝʤʝ (ʈ) ʟʥʘʯʝ-

ʥʠʷ ʧʦ ʯʘʩʪʦʪʝ ʚʨʘʱʝʥʠʷ ʩʙʣʠʞʘʶʪʩʷ. ʆʯʝʚʠʜʥʦ, 

ʯʪʦ ʚʳʨʘʞʝʥʠʝ, ʧʦʣʫʯʝʥʥʦʝ ʨʘʩʯʝʪʥʳʤ ʧʫʪʝʤ ʫʧʨʦ-

ʱʝʥʥʦʝ ʠ ʥʝ ʫʯʠʪʳʚʘʝʪ ʨʷʜ ʜʨʫʛʠʭ ʬʘʢʪʦʨʦʚ, ʦʜ-

ʥʘʢʦ ʦʪʢʣʦʥʝʥʠʷ ʨʘʩʯʝʪʥʳʭ ʟʥʘʯʝʥʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʚ ʧʨʦʮʝʥʪʥʦʤ ʚʳʨʘʞʝʥʠʠ  

( 100)P,N(nn()n/nD ʬʵʢʩʧ'.ʨʘʩʯ Ö== ) ʥʝ ʧʨʝ-

ʚʳʰʘʝʪ 5%. ʏʪʦ ʧʦʟʚʦʣʷʝʪ ʟʘʢʣʶʯʠʪʴ ʦʙ ʘʜʝʢʚʘʪ-

ʥʦʤ ʦʧʠʩʘʥʠʠ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʪʝʦʨʝʪʠʯʝ-

ʩʢʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦʩʪʘʪʦʯʥʦʡ ʜʣʷ 

ʧʨʘʢʪʠʯʝʩʢʠʭ ʮʝʣʝʡ (ʨʠʩʫʥʦʢ 5). 

 
ʈʠʩʫʥʦʢ 5 ʆʪʢʣʦʥʝʥʠʝ ʨʘʩʯʝʪʥʦʡ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʢʦʣʝʥʯʘʪʦʛʦ ʚʘʣʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʯʘʩʪʦʪʳ ʚʨʘʱʝ-

ʥʠʷ ʧʦʣʫʯʝʥʥʦʡ ʥʘ ʦʩʥʦʚʝ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ. 
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ɺ ʮʝʣʦʤ, ʤʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʚʳʜʚʠʥʫʪʦʝ 

ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʵʬʬʝʢ-

ʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʧʨʠ ʩʦʟʜʘʥʠʠ ʪʝʩʪʦʚʦʡ ʥʘʛʨʫʟʢʠ, 

ʚʝʣʠʯʠʥʘ ʢʦʪʦʨʦʡ ʩʫʱʝʩʪʚʝʥʥʦ ʥʠʞʝ ʥʦʤʠʥʘʣʴʥʦʡ 

ʤʦʱʥʦʩʪʠ ʜʚʠʛʘʪʝʣʷ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ. ʇʦʣʫʯʝʥʥʦʝ 

ʫʨʘʚʥʝʥʠʝ ʨʝʛʨʝʩʩʠʠ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʧʣʘʥʘ ʵʢʩʧʝ-

ʨʠʤʝʥʪʘ ʘʜʝʢʚʘʪʥʦ ʦʧʠʩʳʚʘʝʪ ʦʧʳʪʥʳʝ ʜʘʥʥʳʝ, ʭʘ-

ʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʩʦʚʧʘʜʘʝʪ ʩ ʟʘʚʠʩʠ-

ʤʦʩʪʴʶ, ʧʦʣʫʯʝʥʥʦʡ ʧʨʠ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʨʘʩʯʝʪʘʭ ʩ 

ʪʦʯʥʦʩʪʴʶ ʜʦ 5%, ʯʪʦ ʧʨʠʝʤʣʝʤʦ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʠʭ 

ʮʝʣʝʡ. 

ʄʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʟʘʚʠʩʠ-

ʤʦʩʪʴ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʚ ʨʘʩʯʝʪʘʭ ʧʨʠ ʨʘʩ-

ʩʤʦʪʨʝʥʠʠ ʧʨʦʮʝʩʩʘ ʟʘʛʨʫʟʢʠ ʜʚʠʛʘʪʝʣʷ ʚ ʜʠʘʧʘ-

ʟʦʥʝ ʧʦ ʯʘʩʪʦʪʝ ʚʨʘʱʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʨʝʛʫ-

ʣʷʪʦʨʥʦʡ ʚʝʪʚʠ ʩʢʦʨʦʩʪʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʜʚʠʛʘʪʝʣʷ ʧʨʠ ʪʝʩʪʦʚʳʭ ʥʘʛʨʫʟʢʘʭ. 
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MANAGEMENT SYSTEM OF MOBILE AUTONOMOUS ROBOT  

 

ɸʥʥʦʪʘʮʠʷ 

ʇʨʠ ʩʦʟʜʘʥʠʠ ʘʚʪʦʥʦʤʥʳʭ ʩʠʩʪʝʤ ʜʣʷ ʤʦʙʠʣʴʥʳʭ ʨʦʙʦʪʦʚ ʚʘʞʥʦ ʥʘʣʘʜʠʪʴ ʠʭ ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʦʨʠ-

ʝʥʪʠʨʦʚʘʥʠʝ, ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʝ ʠ ʥʘʚʠʛʘʮʠʶ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʠʟʚʝʩʪʥʦʡ ʦʢʨʫʞʘʶʱʝʡ ʦʙʩʪʘʥʦʚʢʠ. ɺ 

ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʫʱʝʩʪʚʫʶʱʠʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʤʦʙʠʣʴʥʳʤʠ ʨʦʙʦʪʘʤʠ, ʚʳʜʝʣʝʥʳ ʠʭ ʦʩʥʦʚʥʳʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʠ ʨʘʩʩʤʦʪʨʝʥʳ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʩʪʦʨʦʥʳ ʢʘʞʜʦʡ. ʊʘʢʞʝ ʙʳʣʠ ʨʘʩʩʤʦʪ-

ʨʝʥʳ ʨʘʟʥʳʝ ʚʠʜʳ ʫʧʨʘʚʣʝʥʠʷ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʨʘʟʜʝʣʝʥʳ ʥʘ ʪʨʠ ʩʪʘʜʠʠ.  

Abstract 

When creating autonomous systems for mobile robots, it is important to establish their automatic orientation, 

positioning and navigation relative to an unknown environment. The article presents the existing control systems 

for mobile robots, highlights their main capabilities and considers the positive and negative sides of each. Differ-

ent types of management were also considered, which were divided into three stages. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʦʙʠʣʴʥʳʡ ʨʦʙʦʪ, ʨʦʙʦʪ, ʣʦʢʘʣʠʟʘʮʠʷ, ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ, ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʨʦʙʦ-

ʪʦʚ. 

Keywords: mobile robot, robot, localization, control systems, robot modeling. 

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ 

ʈʦʙʦʪ ʷʚʣʷʝʪʩʷ ʘʚʪʦʥʦʤʥʦʡ ʩʠʩʪʝʤʦʡ ʠ ʜʦʣ-

ʞʝʥ, ʠʩʭʦʜʷ ʠʟ ʟʘʨʘʥʝʝ ʟʘʜʘʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʜʝʡ-

ʩʪʚʠʷ, ʩʦʚʝʨʰʘʪʴ ʜʝʡʩʪʚʠʷ ʚ ʦʢʨʫʞʘʶʱʝʤ ʝʛʦ ʧʨʦ-

ʩʪʨʘʥʩʪʚʝ. ʈʦʙʦʪ ʦʩʥʘʱʝʥ ʩʠʩʪʝʤʦʡ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʟʨʝʥʠʷ ʠ ʜʘʪʯʠʢʘʤʠ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ ʦʥ ʤʦʞʝʪ 

ʧʦʣʫʯʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ. ʅʦ 

ʵʪʦ ʚʩʝ ʥʝ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʧʦʣʥʦʝ ʦʪʩʫʪʩʪʚʠʝ 

çʦʰʠʙʢʠè, ʧʦʵʪʦʤʫ ʥʘ ʜʨʫʛʦʤ ʢʦʥʮʝ ʧʨʦʚʦʜʘ 

ʥʫʞʥʦ ʧʨʠʤʝʥʠʪʴ ʨʫʯʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʠ ʟʘʜʘʯʝʡ 

ʦʧʝʨʘʪʦʨʘ ʩʪʘʥʦʚʠʪʩʷ ʢʦʥʪʨʦʣʴ ʨʦʙʦʪʘ, ʘ ʚ ʵʢʩʪʨʝʥ-

ʥʦʤ ʩʣʫʯʘʝ ï ʧʝʨʝʭʦʜ ʥʘ çʨʫʯʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʨʦʙʦ-

ʪʦʤè. ʈʘʟʜʝʣʠʤ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʝʥʠʷ ʥʘ ʥʝʩʢʦʣʴʢʦ 

ʩʪʘʜʠʡ:  

1. ʅʠʞʥʠʡ ʫʨʦʚʝʥʴ 

2. ʉʨʝʜʥʠʡ ʫʨʦʚʝʥʴ 

3. ɺʳʩʰʠʡ ʫʨʦʚʝʥʴ 
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ʅʘ ʥʠʞʥʝʤ ʫʨʦʚʥʝ ʧʨʦʠʩʭʦʜʠʪ ʫʧʨʘʚʣʝʥʠʝ ʥʘ 

ʫʨʦʚʥʝ çʞʝʣʝʟʘè, ʩ ʧʦʤʦʱʴʶ ʢʦʤʘʥʜ ʤʠʢʨʦ-

ʢʦʥʪʨʦʣʣʝʨʘ. ʊʫʪ ʧʨʦʠʩʭʦʜʠʪ ʫʧʨʘʚʣʝʥʠʝ ʜʚʠʛʘʪʝ-

ʣʷʤʠ ʠ ʧʦʚʦʨʦʪʥʳʤʠ ʤʝʭʘʥʠʟʤʘʤʠ, ʩʶʜʘ ʧʨʠʭʦʜʠʪ 

ʠʥʬʦʨʤʘʮʠʷ ʦ ʪʦʤ, ʥʘʩʢʦʣʴʢʦ ʥʘʜʦ ʧʦʚʝʨʥʫʪʴ ʢʦ-

ʣʝʩʘ, ʩ ʢʘʢʦʡ ʩʠʣʦʡ ʟʘʧʫʩʪʠʪʴ ʜʚʠʛʘʪʝʣʠ, ʘ ʥʘ ʚʳ-

ʭʦʜʝ ʛʝʥʝʨʠʨʫʝʪʩʷ ʚʳʭʦʜʥʦʝ ʫʧʨʘʚʣʷʶʱʝʝ ʥʘʧʨʷ-

ʞʝʥʠʝ. 

ʉʨʝʜʥʠʡ ʫʨʦʚʝʥʴ. ʅʘ ʵʪʦʤ ʫʨʦʚʥʝ ʫʞʝ ʧʨʠʩʫʪ-

ʩʪʚʫʶʪ ʘʚʪʦʥʦʤʥʳʝ ʘʣʛʦʨʠʪʤʳ ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝ-

ʥʠʝʤ, ʩʶʜʘ ʧʦʩʪʫʧʘʶʪ ʪʦʯʢʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʚ ʢʦ-

ʪʦʨʳʝ ʥʫʞʥʦ ʧʝʨʝʤʝʩʪʠʪʴʩʷ ʨʦʙʦʪʫ. ɸ ʥʘ ʚʳʭʦʜʝ 

ʬʦʨʤʠʨʫʶʪʩʷ ʫʛʣʳ ʧʦʚʦʨʦʪʘ ʠ ʤʦʱʥʦʩʪʴ, ʚʳʜʘʚʘʝ-

ʤʘʷ ʥʘ ʜʚʠʛʘʪʝʣʠ.  

ɺʝʨʭʥʠʡ ʫʨʦʚʝʥʴ. ʅʘ ʵʪʦʤ ʫʨʦʚʥʝ ʧʨʦʠʩʭʦʜʷʪ 

ʚʩʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʧʨʦʮʝʩʩʳ, ʧʨʦʠʩʭʦʜʠʪ ʧʨʠʝʤ 

ʠʥʬʦʨʤʘʮʠʠ ʩ ʜʘʪʯʠʢʦʚ, ʦʙʨʘʙʦʪʢʘ ʵʪʦʡ ʠʥʬʦʨʤʘ-

ʮʠʠ, ʧʦʩʪʨʦʝʥʠʝ ʩʪʨʘʪʝʛʠʠ ʜʚʠʞʝʥʠʷ ʥʘ ʤʝʩʪʥʦʩʪʠ 

ʠ ʧʝʨʝʜʘʯʘ ʜʘʣʴʥʝʡʰʝʡ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʵʪʦʤ ʥʘ 

ʫʨʦʚʥʠ ʥʠʞʝ.  

RobSim 
RobSim ï ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ ʜʣʷ ʤʦʜʝʣʠ-

ʨʦʚʘʥʠʷ ʨʦʙʦʪʦʚ ʠ ʨʦʙʦʪʦʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʩ ʵʣʝ-

ʤʝʥʪʘʤʠ ʠʛʨʦʚʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. 

ʇʨʦʛʨʘʤʤʘ ʧʦʟʚʦʣʷʝʪ ʨʘʟʨʘʙʦʪʘʪʴ ʨʦʙʦʪʘ ʩʘʤʦʩʪʦ-

ʷʪʝʣʴʥʦ, ʥʘʯʠʥʘʷ ʦʪ ʩʦʩʪʘʚʣʝʥʠʷ ʩʭʝʤʳ ʚʧʣʦʪʴ ʜʦ 

ʩʙʦʨʢʠ ʢʦʨʧʫʩʘ. ɺ ʧʨʦʛʨʘʤʤʝ ʩʦʜʝʨʞʠʪʩʷ ʤʥʦʞʝ-

ʩʪʚʦ ʢʘʤʝʨ ʩ ʠʥʪʝʨʬʝʡʩʘʤʠ USB, Ethernet , Wi-Fi. 

ʉʙʦʨʢʘ 3D ʤʦʜʝʣʠ ʧʨʦʠʩʭʦʜʠʪ ʚ ʧʨʦʛʨʘʤʤʝ 

3DsMax, ʚ ʢʦʪʦʨʦʡ ʤʦʞʥʦ ʩʦʙʨʘʪʴ ʨʦʙʦʪʘ.  

 
ʈʠʩʫʥʦʢ 1 ʉʭʝʤʘ ʨʘʟʨʘʙʦʪʢʠ ʨʦʙʦʪʘ ʚ RobSim 

 

ROS 
ROS (Robot Operating System) ïʆʉ ʈʦʙʦʪ. 

ʌʨʝʡʤʚʦʨʢ, ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʜʣʷ ʆʉ Linux, ʧʦʟʚʦʣʷ-

ʶʱʠʡ ʨʘʟʨʘʙʦʪʯʠʢʘʤ ʩʦʟʜʘʚʘʪʴ ʧʨʠʣʦʞʝʥʠʷ ʜʣʷ 

ʨʦʙʦʪʦʪʝʭʥʠʯʝʩʢʦʡ ʪʝʭʥʠʢʠ. ROS ʠʤʝʝʪ ʙʦʣʴʰʦʡ 

ʥʘʙʦʨ ʜʨʘʡʚʝʨʦʚ ʠ ʧʦʜʜʝʨʞʠʚʘʝʪ ʘʧʧʘʨʘʪʥʫʶ ʘʙ-

ʩʪʨʘʢʮʠʶ. ʇʨʝʜʣʘʛʘʝʪ ʨʘʟʨʘʙʦʪʯʠʢʘʤ ʙʠʙʣʠʦʪʝʢʠ, 

ʚʠʟʫʘʣʠʟʘʪʦʨʳ, ʩʠʩʪʝʤʫ ʦʙʤʝʥʘ ʩʦʦʙʱʝʥʠʷʤʠ ʧʫʙ-

ʣʠʢʘʪʦʨ-ʧʦʜʧʠʩʯʠʢ, ʤʝʥʝʜʞʝʨ ʧʘʢʪʦʚ ʠ ʤʥʦʛʦʝ 

ʜʨʫʛʦʝ. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʩʘʤʳʤʠ ʨʘʩʧʨʦʩʪʨʘʥʸʥ-

ʥʳʤʠ ʚʝʨʩʠʷʤʠ ʷʚʣʷʶʪʩʷ Ros Melodic, ROS Kinetic, 

ROS Indigo. ɹʳʣ ʨʘʟʨʘʙʦʪʘʥ ʚ 2007 ʛʦʜʫ ʚ 

ʉʪʵʥʜʬʦʨʜʩʢʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ ʧʦʜ ʥʘʟʚʘʥʠʝʤ 

çswitchyardè. 
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ʈʠʩʫʥʦʢ 2 - ʃʦʛʦ ROS 

 

ROS ʥʝ ʠʤʝʝʪ ʛʨʘʬʠʯʝʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ, ʚʩʝ ʨʘʙʦʪʘʝʪ ʠʟ ʢʦʤʘʥʜʥʦʡ ʩʪʨʦʢʠ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʧʨʠʣʦ-

ʞʝʥʠʡ ʜʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ.  

 
ʈʠʩʫʥʦʢ 3 - ʉʪʨʫʢʪʫʨʘ ʨʘʙʦʪʳ ROS 

 

ʊʘʢ ʞʝ, ROS ʧʨʝʜʣʘʛʘʝʪ ʬʫʥʢʮʠʦʥʘʣ ʩʠʥʭʨʦ-

ʥʠʟʘʮʠʠ ʥʝʩʢʦʣʴʢʠʭ ʨʦʙʦʪʦʚ/ʤʘʰʠʥ/ʇʂ ʚ ʝʜʠʥʫʶ 

ʩʠʩʪʝʤʫ. 

Catkin - ʢʦʣʣʝʢʮʠʷ CMake ʤʘʢʨʦʩʦʚ ʜʣʷ ʫʜʦʙ-

ʩʪʚʘ ʩʦʟʜʘʥʠʷ ʠ ʩʙʦʨʢʠ ʧʘʢʝʪʦʚ ʜʣʷ ROS. ɹʦʣʴʰʠʤ 

ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʷʚʣʷʝʪʩʷ ʫʜʦʙʩʪʚʦ ʢʦʤʧʠʣʷʮʠʠ 

ʧʨʦʛʨʘʤʤ. ʊʘʢ ʢʘʢ, ʧʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʧʨʦʙʣʝʤ 

ʧʦʜʢʣʶʯʝʥʠʷ ʙʠʙʣʠʦʪʝʢ ʚ IDE ʤʦʞʥʦ ʦʙʦʡʪʠʩʴ ʜʦ-

ʙʘʚʣʝʥʠʝʤ ʠʭ ʚ CMakeList.  

Rviz ʷʚʣʷʝʪʩʷ 3D ʚʠʟʫʘʣʠʟʘʪʦʨʦʤ ʜʣʷ ʦʪʦʙʨʘ-

ʞʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʧʦʣʫʯʝʥʥʦʡ ʩ ʩʝʥʩʦʨʦʚ. ʊʘʢ ʞʝ 

ʝʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʘʣʠʟʦʚʘʪʴ 3D ʤʦʜʝʣʴ ʨʦʙʦʪʘ. 

 

 
ʈʠʩʫʥʦʢ 4 - Rviz UI 
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1. ɺʳʙʦʨ ʢʫʨʩʦʨʘ ʜʣʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʨʘʙʦ-

ʯʝʡ ʦʙʣʘʩʪʴʶ 

2. ʆʢʥʦ ʩ ʠʥʬʦʨʤʘʮʠʝʡ ʦ ʦʪʨʘʞʘʝʤ ʚ ʨʘʙʦʯʝʡ 

ʦʙʣʘʩʪʠ/ʦʢʥʝ ʧʨʦʛʨʘʤʤʳ ʵʣʝʤʝʥʪʦʚ ʚʠʟʫʘʣʠʟʘʮʠʠ 

3. ɺʳʙʦʨ ʩʨʝʜʩʪʚʘ ʚʠʟʫʘʣʠʟʘʮʠʠ 

4. ʈʘʙʦʯʘʷ ʦʙʣʘʩʪʴ  

5. ʅʘʩʪʨʦʡʢʘ ʦʪʦʙʨʘʞʝʥʠʷ 

6. ʉʪʨʦʢʘ ʩʦʩʪʦʷʥʠʷ 

Real-Time Appearance-Based-Map ï ʢʘʨʪʘ ʚ ʨʝ-

ʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʥʘ ʦʩʥʦʚʝ ʚʥʝʰʥʝʛʦ ʤʠʨʘ. ʈʝʘʣʠ-

ʟʫʝʪ ʛʨʘʬʠʯʝʩʢʠʡ SLAM ʤʝʪʦʜ RGB-D ʩʝʥʩʦʨʦʚ, 

ʠʩʧʦʣʴʟʫʝʪ ɹʘʡʩʝʚʩʢʫʶ ʚʝʨʦʷʪʥʦʩʪʴ ʠ ʠʩʧʦʣʴʟʫʝʪ 

ʤʝʪʦʜ ʦʙʥʘʨʫʞʝʥʠʷ çɿʘʤʳʢʘʥʠʷ ʧʝʪʣʠè. ɼʝʪʝʢʪʠ-

ʨʦʚʘʥʠʝ ʧʝʪʣʠ ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʧʨʠʥʮʠʧʫ Bag-of-

words ï ʧʨʦʠʩʭʦʜʠʪ ʩʨʘʚʥʝʥʠʝ ʧʠʢʩʝʣʝʡ ʥʝ ʧʦ ʠʭ 

ʟʥʘʯʝʥʠʶ, ʘ ʧʦ ʠʭ ʩʦʜʝʨʞʘʥʠʶ ï ʯʝʤ ʙʦʣʴʰʝ ʦʜʠ-

ʥʘʢʦʚʳʭ ʧʠʢʩʝʣʝʡ, ʪʝʤ ʚʝʨʦʷʪʥʝʝ, ʯʪʦ ʵʪʦ ʦʜʠʥʘʢʦ-

ʚʘʷ ʢʘʨʪʠʥʢʘ. ʂʦʛʜʘ ʧʨʦʠʩʭʦʜʠʪ ʥʘʭʦʞʜʝʥʠʝ ʧʝʪʣʠ, 

ʧʨʦʠʩʭʦʜʠʪ ʜʦʙʘʚʣʝʥʠʝ ʥʦʚʦʛʦ ʦʛʨʘʥʠʯʝʥʠʷ ʚ ʛʨʘʬ 

ʢʘʨʪʳ, ʢʦʪʦʨʳʡ ʧʨʦʠʟʚʦʜʠʪ ʤʠʥʠʤʠʟʘʮʠʶ ʦʰʠʙʢʠ.  

 

 
ʈʠʩʫʥʦʢ 5 - ɻʨʘʬʠʯʝʩʢʠʡ ʠʥʪʝʨʬʝʡʩ RTAB-Map 
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ANALYTICAL REVIEW OF THE PRINCIPLES OF BUILDING MOBILE ROBOTS  

 

ɸʥʥʦʪʘʮʠʷ 

ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥ ʘʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʦʙʠʣʴʥʳʭ ʨʦʙʦʪʦʚ, ʘ ʪʘʢʞʝ ʨʘʩʩʤʦʪʨʝʥʳ ʠʭ ʢʣʘʩʩʠ-

ʬʠʢʘʮʠʠ, ʧʝʨʝʯʠʩʣʝʥʳ ʦʩʥʦʚʥʳʝ ʟʘʜʘʯʠ, ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʚʳʧʦʣʥʷʪʴ ʨʦʙʦʪʳ, ʘ ʪʘʢʞʝ ʪʝʭʥʠʯʝʩʢʠʝ ʭʘ-
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ʨʘʢʪʝʨʠʩʪʠʢʠ, ʢʦʪʦʨʳʤʠ ʦʥʠ ʜʦʣʞʥʳ ʦʙʣʘʜʘʪʴ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʦʩʥʦʚʥʳʭ ʟʘʜʘʯ. ʇʝʨʝʯʠʩʣʝʥʳ ʢʦʥ-

ʩʪʨʫʢʪʠʚʥʳʝ ʠ ʪʝʭʥʠʯʝʩʢʠʝ ʜʦʩʪʦʠʥʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʨʦʙʦʪʦʚ ʩ ʨʘʟʥʳʤ ʪʠʧʦʤ ʫʩʪʨʦʡʩʪʚ ʥʘʟʝʤʥʦʛʦ 

ʧʝʨʝʜʚʠʞʝʥʠʷ. ɺ ʟʘʢʣʶʯʝʥʠʠ ʙʳʣ ʚʳʜʝʣʝʥ ʪʠʧ ʢʦʥʩʪʨʫʢʮʠʠ, ʥʘʠʙʦʣʝʝ ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʡ ʧʦʩʪʘʚʣʝʥʥʳʤ 

ʟʘʜʘʯʘʤ, ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʦʡ ʢʦʥʩʪʨʫʢʮʠʠ, ʠʩʢʣʶʯʘʶʱʝʡ ʥʝ-

ʜʦʩʪʘʪʢʠ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ. 

Abstract 

The article presents an analysis of existing mobile robots, as well as their classification. The main tasks that 

robots must perform are listed, as well as the technical characteristics that they must possess in order to achieve 

the main tasks. The design and technical advantages and disadvantages of robots with different types of ground-

moving devices are listed. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʦʙʠʣʴʥʳʡ ʨʦʙʦʪ, ʘʚʪʦʥʦʤʥʦʩʪʴ, ʣʦʢʘʣʠʟʘʮʠʷ, ʦʧʝʨʘʪʦʨ, ʰʘʩʩʠ. 

Keywords: mobile robot, autonomy, localization, operator, chassis. 
 

ʄʦʙʠʣʴʥʳʝ ʨʦʙʦʪʳ ï ʵʪʦ ʨʦʙʦʪʳ, ʢʦʪʦʨʳʝ 

ʠʤʝʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʧʝʨʝʤʝʱʘʪʴʩʷ. 

ɿʘʯʘʩʪʫʶ ʠʭ ʧʨʦʠʟʚʦʜʷʪ ʘʚʪʦʥʦʤʥʳʤʠ, ʪ.ʝ. ʚʣʘʜʝʶ-

ʱʠʤʠ ʩʧʦʩʦʙʥʦʩʪʴʶ ʥʘʚʠʛʘʮʠʠ ʚʤʝʩʪʝ ʩʦ ʟʥʘʯʠ-

ʪʝʣʴʥʦʡ ʩʪʝʧʝʥʴʶ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʩʪʠ, ʩ ʤʠʥʠʤʘʣʴ-

ʥʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʦʧʝʨʘʪʦʨʘ. 

ɺ ʥʳʥʝʰʥʝʤ ʦʙʱʝʩʪʚʝ ʤʦʙʠʣʴʥʳʝ ʨʦʙʦʪʳ ʩ 

ʙʦʣʴʰʦʡ ʩʪʝʧʝʥʴʶ ʘʚʪʦʥʦʤʥʦʩʪʠ ʦʙʣʘʜʘʶʪ ʙʦʣʴ-

ʰʠʤ ʩʧʨʦʩʦʤ. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʩʥʠʞʝʥʠʝʤ 

ʩʪʦʠʤʦʩʪʠ ʠʣʠ ʩ ʨʘʟʚʠʪʠʝ ʢʦʤʧʴʶʪʝʨʦʚ, ʤʝʭʘʥʠʯʝ-

ʩʢʠʭ ʩʠʩʪʝʤ ʠ ʵʣʝʢʪʨʦʥʠʢʠ, ʘ ʪʘʢʞʝ, ʵʪʦ ʤʦʞʝʪ ʙʳʪʴ 

ʩʚʷʟʘʥʦ ʩ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴʶ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. 

ɹʦʣʴʰʠʥʩʪʚʦ ʤʦʙʠʣʴʥʳʭ ʨʦʙʦʪʦʚ ʧʨʦʠʟʚʦʜʷʪʩʷ ʥʘ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʩʙʦʨʦʯʥʳʭ ʫʩʪʘʥʦʚʢʘʭ ʠ ʠʤʝʶʪ 

ʦʩʦʙʳʝ ʟʘʜʘʯʠ, ʪʘʢʠʝ ʢʘʢ ʦʙʩʣʝʜʦʚʘʥʠʝ ʚʫʣʢʘʥʦʚ, 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʘ ʦʙʲʝʢʪʦʚ, ʠʟʛʦʪʦʚʣʝʥʠʝ, ʥʘʙʣʶʜʝ-

ʥʠʝ ʟʘ ʭʦʟʷʡʩʪʚʦʤ ʜʦʤʘ, ʦʙʨʘʱʝʥʠʝ ʩ ʨʘʜʠʦʘʢʪʠʚ-

ʥʳʤʠ ʠʩʧʦʣʴʟʦʚʘʥʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʥʘ ʘʪʦʤʥʳʭ 

ʵʣʝʢʪʨʦʩʪʘʥʮʠʷʭ ʠ ʪʘʢ ʜʘʣʝʝ [1]. 

ʇʦ ʥʘʟʥʘʯʝʥʠʶ ʤʦʙʠʣʴʥʳʝ ʨʦʙʦʪʳ ʤʦʛʫʪ ʙʳʪʴ 

ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥʳ ʧʦ ʪʨʸʤ ʛʨʫʧʧʘʤ: ʠʩʩʣʝʜʦʚʘ-

ʪʝʣʴʩʢʠʝ, ʚʦʝʥʥʳʝ ʠ ʜʣʷ ʩʬʝʨʳ ʦʙʩʣʫʞʠʚʘʥʠʷ. 

ʇʦʩʢʦʣʴʢʫ ʯʝʣʦʚʝʢ ʥʝ ʚʩʝʛʜʘ ʤʦʞʝʪ ʚʳʧʦʣʥʷʪʴ 

ʢʘʢʠʝ-ʣʠʙʦ ʟʘʜʘʯʠ, ʥʘ ʧʦʤʦʱʴ ʤʦʛʫʪ ʧʨʠʡʪʠ ʤʦ-

ʙʠʣʴʥʳʝ ʨʦʙʦʪʳ. ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ ʢʦʩʤʦʩʘ, ʥʘʧʨʠ-

ʤʝʨ, ʙʝʟ ʥʠʭ ʦʙʦʡʪʠʩʴ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʥʝʚʦʟ-

ʤʦʞʥʦ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʨʦʙʦʪʦʚ, ʧʨʝʜʥʘʟʥʘʯʝʥ-

ʥʳʭ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʩʤʦʩʘ, ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ 

ʃʫʥʦʭʦʜ-1, ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʚ ʉʦʚʝʪʩʢʦʤ ʉʦʶʟʝ ʚ 

1970 ʛʦʜʫ, ʠ ʤʘʨʩʦʭʦʜ Curiosity. ʆʙʘ ʜʘʥʥʳʭ ʨʦʙʦʪʘ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 1. 

ʆʩʥʦʚʥʳʝ ʟʘʜʘʯʠ, ʢʦʪʦʨʳʝ ʜʦʣʞʝʥ ʚʳʧʦʣʥʷʪʴ 

ʨʦʙʦʪ-ʨʘʟʚʝʜʯʠʢ: 

¶ ʨʘʟʚʝʜʢʘ ʧʦʪʝʥʮʠʘʣʴʥʦ ʦʧʘʩʥʦʡ ʦʙʩʪʘʥʦʚʢʠ 
(ʟʜʘʥʠʷ ʚʳʩʦʪʦʡ ʙʦʣʝʝ 75 ʤ, ʧʦʤʝʱʝʥʠʡ, ʧʦʜʚʘʣʦʚ, 

ʠ ʪ.ʧ.); 

¶ ʚʝʜʝʥʠʝ ʩʢʨʳʪʥʦʛʦ ʘʫʜʠʦ- ʠ ʚʠʜʝʦʥʘʙʣʶʜʝ-

ʥʠʷ ʩ ʟʘʧʠʩʴʶ ʠʣʠ ʧʝʨʝʜʘʯʝʡ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ 

ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʧʦʩʪ ʫʧʨʘʚʣʝʥʠʷ; 

¶ ʦʭʨʘʥʘ ʦʙʲʝʢʪʦʚ ʩ ʘʚʪʦʤʘʪʠʯʝʩʢʠʤ ʨʘʩʧʦʟʥʘ-

ʚʘʥʠʝʤ ʥʘʨʫʰʠʪʝʣʝʡ ʠ ʚʳʜʘʯʝʡ ʩʠʛʥʘʣʘ ʪʨʝʚʦʛʠ 

ʦʧʝʨʘʪʦʨʫ; 

¶ ʫʪʦʯʥʝʥʠʝ ʠʤʝʶʱʝʡʩʷ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʦʡ 

ʠʥʬʦʨʤʘʮʠʠ; 

¶ ʩʦʩʪʘʚʣʝʥʠʝ ʧʣʘʥʘ ʧʦʤʝʱʝʥʠʡ; 

¶ ʨʝʪʨʘʥʩʣʷʮʠʷ ʩʚʷʟʠ; 

¶ ʦʪʚʣʝʯʝʥʠʝ ʚʥʠʤʘʥʠʷ ʧʨʦʪʠʚʥʠʢʘ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʦʩʥʦʚʥʳʭ ʟʘʜʘʯ, ʨʦʙʦʪ-ʨʘʟ-

ʚʝʜʯʠʢ ʜʦʣʞʝʥ ʦʙʣʘʜʘʪʴ ʩʣʝʜʫʶʱʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠ 

ʪʝʭʥʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ: 

- ʤʘʢʩʠʤʘʣʴʥʘʷ ʧʦʜʚʠʞʥʦʩʪʴ ʧʨʠ ʧʝʨʝʜʚʠʞʝ-

ʥʠʠ, ʢʘʢ ʥʘ ʨʦʚʥʳʭ ʧʦʚʝʨʭʥʦʩʪʷʭ, ʪʘʢ ʠ ʚ ʫʩʣʦʚʠʷʭ 

ʧʝʨʝʩʝʯʝʥʥʦʡ ʤʝʩʪʥʦʩʪʠ; 

- ʤʘʢʩʠʤʘʣʴʥʳʡ ʨʘʜʠʫʩ ʫʜʘʣʝʥʠʷ ʦʪ ʦʧʝʨʘʪʦʨʘ 

(ʥʝ ʤʝʥʝʝ 500 ʤʝʪʨʦʚ); 

- ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʧʨʠ ʣʶʙʳʭ ʧʦʛʦʜʥʳʭ 

ʫʩʣʦʚʠʷʭ (ʜʦʞʜʴ, ʩʥʝʛ, ʥʠʟʢʘʷ ʦʩʚʝʱʝʥʥʦʩʪʴ); 

- ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʧʨʠ ʟʥʘʯʠʪʝʣʴʥʳʭ ʫʜʘʨ-

ʥʳʭ ʚʦʟʜʝʡʩʪʚʠʷʭ (ʧʨʠ ʙʨʦʩʢʝ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʟ-

ʙʠʪʴ ʨʦʙʦʪʦʤ ʩʪʝʢʣʷʥʥʦʝ ʦʢʥʦ); 

- ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʦʪ ï 20Áʩ 

ʜʦ + 80 Áʩ; 

- ʥʘʣʠʯʠʝ ʧʫʩʢʦʚʦʡ ʫʩʪʘʥʦʚʢʠ, ʩʧʦʩʦʙʥʦʡ ʟʘ-

ʙʨʦʩʠʪʴ ʨʦʙʦʪʘ ʥʘ 

ʚʳʩʦʪʫ ʟʘʜʘʥʥʦʡ ʮʝʣʠ ʜʦ 100 ʤʝʪʨʦʚ; 

- ʨʘʟʤʝʨ ʨʦʙʦʪʘ ʥʝ ʙʦʣʝʝ 250ʭ250 ʤʤ; 

- ʤʘʩʩʘ ʨʦʙʦʪʘ ʥʝ ʙʦʣʝʝ 2,5 ʢʛ; 

- ʥʘʣʠʯʠʝ ʢʘʤʝʨʳ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʦʣʫʯʠʪʴ 

ʮʚʝʪʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ; 

- ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʚʠʞʝʥʠʷ ʥʝ ʤʝʥʝʝ 0,3 ʤ/ʩ; 

- ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʝʦʜʦʣʝʚʘʪʴ ʧʨʝʧʷʪʩʪʚʠʷ ʚʳ-

ʩʦʪʦʡ ʦʪ 10 ʩʤ; 

- ʚʦʟʤʦʞʥʦʩʪʴ ʘʚʪʦʥʦʤʥʦʡ ʨʘʙʦʪʳ ʦʪ 2 ʯʘʩʦʚ. 

ʊʘʢʠʝ ʟʘʜʘʯʠ, ʢʘʢ ʦʭʨʘʥʘ ʠ ʦʙʦʨʦʥʘ ʚʘʞʥʳʭ 

ʦʙʲʝʢʪʦʚ, ʨʘʟʚʝʜʢʘ, ʣʠʢʚʠʜʘʮʠʷ ʧʦʩʣʝʜʩʪʚʠʡ ʯʨʝʟ-

ʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʡ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʯʘʩʪʠʯʥʦ 

ʥʘʯʠʥʘʶʪ ʨʝʰʘʪʴʩʷ ʩ ʧʦʤʦʱʴʶ ʤʦʙʠʣʴʥʳʭ ʨʦʙʦ-

ʪʦʚ. 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʚʦʝʥʥʦʛʦ ʨʦʙʦʪʘ ʤʦʞʥʦ 

ʧʨʠʚʝʩʪʠ ʈʊʂ-05, ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 

2. ʕʪʦʪ ʨʦʙʦʪ ʩʧʦʩʦʙʝʥ ʚʝʩʪʠ ʨʘʜʠʘʮʠʦʥʥʫʶ ʠ ʭʠ-

ʤʠʯʝʩʢʫʶ ʨʘʟʚʝʜʢʫ ʚ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ ʫʯʘʩʪʢʘʭ 

ʤʝʩʪʥʦʩʪʠ. ɺ ʥʝʢʦʪʦʨʳʭ ʢʦʤʧʣʝʢʪʘʮʠʷʭ ʜʘʥʥʳʡ ʨʦ-

ʙʦʪ ʦʩʥʘʱʝʥ ʤʘʥʠʧʫʣʷʪʦʨʦʤ ʜʣʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ 

ʦʙʲʝʢʪʘʤʠ. ʈʘʟʨʘʙʘʪʳʚʘʶʪ ʪʘʢʦʡ ʪʠʧ ʨʦʙʦʪʦʚ ʚ 

ʎʅʀʀ ʨʦʙʦʪʦʪʝʭʥʠʢʠ ʠ ʢʠʙʝʨʥʝʪʠʢʠ ʚ ʈʦʩʩʠʠ [2]. 
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ʈʠʩʫʥʦʢ 1 ʃʫʥʦʭʦʜ-1 ʠ ʤʘʨʩʦʭʦʜ Curiosity 

 

 
ʈʠʩʫʥʦʢ 2 ʈʦʙʦʪ ʨʘʜʠʘʮʠʦʥʥʦʡ ʨʘʟʚʝʜʢʠ RTC-05 

 

ɸʚʪʦʥʦʤʥʳʝ ʤʦʙʠʣʴʥʳʝ ʨʦʙʦʪʳ ʚʩʝ ʯʘʱʝ 

ʥʘʭʦʜʷʪ ʧʨʠʤʝʥʝʥʠʝ ʚ ʧʦʚʩʝʜʥʝʚʥʦʡ ʞʠʟʥʠ ʣʶʜʝʡ 

[3]. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʩʫʱʝʩʪʚʫʶʪ ʨʦʙʦʪʳ ʜʣʷ ʫʙʦʨʢʠ 

ʩʥʝʛʘ, ʜʣʷ ʩʙʦʨʢʠ ʠ ʩʦʨʪʠʨʦʚʢʠ ʤʫʩʦʨʘ. ʊʘʢʠʝ ʨʦ-

ʙʦʪʳ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʟʘʤʝʥʳ ʥʠʟʢʦʦʧʣʘ-

ʯʠʚʘʝʤʦʛʦ ʨʫʯʥʦʛʦ ʪʨʫʜʘ. ʇʨʠʤʝʨʳ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʥʘ ʨʠʩʫʥʢʝ 3.

 

 
ʈʠʩʫʥʦʢ 3 ʊʨʘʥʩʧʦʨʪʥʳʝ ʨʦʙʦʪʳ RTC-05 

 

ʂʦʥʩʪʨʫʢʮʠʷ ʨʦʙʦʪʘ, ʝʛʦ ʜʘʪʯʠʢʠ ʠ ʧʨʠʚʦʜʳ 

ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʷʪ ʦʪ ʟʘʜʘʯ ʠ ʩʨʝʜʳ ʧʨʠʤʝʥʝʥʠʷ. 

ʀʤʝʥʥʦ ʵʪʦ ʦʧʨʝʜʝʣʷʝʪ ʝʛʦ ʚʦʟʤʦʞʥʦʩʪʠ ʠ ʦʛʨʘʥʠ-

ʯʝʥʠʷ. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʨʝʜʳ ʧʝʨʝʤʝʱʝʥʠʷ ʨʘʟʣʠ-

ʯʘʶʪ ʥʘʟʝʤʥʳʭ, ʤʦʨʩʢʠʭ, ʣʝʪʘʶʱʠʭ ʠ ʢʦʩʤʠʯʝʩʢʠʭ 

ʨʦʙʦʪʦʚ.  

ʄʦʨʩʢʠʝ ʨʦʙʦʪʳ ʙʳʚʘʶʪ ʧʦʜʚʦʜʥʳʤʠ ʠ 

ʥʘʜʚʦʜʥʳʤʠ. ɺ ʦʩʥʦʚʥʦʤ ʪʘʢʠʝ ʨʦʙʦʪʳ ʠʩʧʦʣʴʟʫ-

ʶʪʩʷ ʜʣʷ ʦʭʨʘʥʳ ʧʦʛʨʘʥʠʯʥʳʭ ʪʝʨʨʠʪʦʨʠʡ. 

ʃʝʪʘʶʱʠʝ ʠʣʠ ʚʦʟʜʫʰʥʳʝ ʨʦʙʦʪʳ ï ʵʪʦ ʘʢ-

ʪʠʚʥʦ ʨʘʟʚʠʚʘʶʱʠʡʩʷ ʢʣʘʩʩ ʨʦʙʦʪʦʚ. ʀʭ ʧʨʠʤʝʥʝ-

ʥʠʝ ʦʯʝʥʴ ʨʘʟʥʦʦʙʨʘʟʥʦ - ʦʥʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʘʨ-

ʤʠʠ, ʧʦʣʠʮʠʠ, ʥʘ ʪʝʣʝʚʠʜʝʥʠʠ ʠ ʨʝʰʘʶʪ ʤʥʦʞʝʩʪʚʦ 

ʟʘʜʘʯ. 

ʂʦʩʤʠʯʝʩʢʠʝ ʨʦʙʦʪʳ ï ʢʣʘʩʩ ʨʦʙʦʪʦʚ, ʧʨʠʩʧʦ-

ʩʦʙʣʝʥʥʳʡ ʜʣʷ ʨʘʙʦʪʳ ʚ ʢʦʩʤʠʯʝʩʢʦʤ ʧʨʦʩʪʨʘʥ-

ʩʪʚʝ. ʇʨʠʤʝʨʳ ʪʘʢʠʭ ʤʦʜʝʣʝʡ (ʃʫʥʦʭʦʜ-1 ʠ ʤʘʨʩʦ-

ʭʦʜ Curiosity) ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʘʥʝʝ (ʩʤ. ʨʠʩʫ-

ʥʦʢ 1). 
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ɼʣʷ ʥʘʟʝʤʥʳʭ ʤʦʙʠʣʴʥʳʭ ʨʦʙʦʪʦʚ ʥʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʧʨʠʚʦʜʦʚ ʷʚʣʷʶʪʩʷ 

ʢʦʣʝʩʥʳʝ, ʛʫʩʝʥʠʯʥʳʝ ʠ ʰʘʛʘʶʱʠʝ. 

ʅʘ ʨʦʚʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʟʘʜʘʯʝʡ ʪʨʘʥʩʧʦʨʪʠ-

ʨʦʚʢʠ ʛʨʫʟʘ ʦʯʝʥʴ ʭʦʨʦʰʦ ʩʧʨʘʚʣʷʶʪʩʷ ʢʦʣʝʩʥʳʝ 

ʨʦʙʦʪʳ. ʏʘʱʝ ʚʩʝʛʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʯʝʪʳʨʝʭʢʦʣʝʩʥʘʷ 

ʢʦʥʩʪʨʫʢʮʠʷ. ɼʣʷ ʩʣʫʯʘʝʚ, ʢʦʛʜʘ ʪʨʝʙʫʝʪʩʷ ʫʚʝʣʠ-

ʯʠʪʴ ʩʮʝʧʣʝʥʠʝ, ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʰʝʩʪʠʢʦʣʝʩʥʳʝ 

ʨʦʙʦʪʳ. ʅʦ ʠʥʦʛʜʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʠ ʤʝʥʴʰʝʝ ʢʦʣʠʯʝ-

ʩʪʚʦ ʢʦʣʝʩ, ʥʘʧʨʠʤʝʨ ʜʚʘ ʠʣʠ ʦʜʥʦ. ɼʚʫʭʢʦʣʝʩʥʳʝ 

ʨʦʙʦʪʳ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʫʛʣʘ ʥʘʢʣʦʥʘ ʢʦʨʧʫʩʘ ʠ 

ʚʳʨʘʙʦʪʢʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʫʧʨʘʚʣʷʶʱʝʛʦ ʩʠʛ-

ʥʘʣʘ ʠʩʧʦʣʴʟʫʶʪ ʛʠʨʦʩʢʦʧʠʯʝʩʢʠʝ ʫʩʪʨʦʡʩʪʚʘ. 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʢʦʣʝʩʥʦʛʦ ʨʦʙʦʪʘ ʤʦʞʥʦ 

ʧʨʠʚʝʩʪʠ ʙʝʩʧʠʣʦʪʥʦʝ ʪʨʘʥʩʧʦʨʪʥʦʝ ʩʨʝʜʩʪʚʦ 

SRX1, ʢʦʪʦʨʦʝ ʧʨʝʜʥʘʟʥʘʯʝʥʦ ʜʣʷ ʘʚʪʦʥʦʤʥʳʭ ʧʨʦ-

ʝʟʜʦʚ ʧʦ ʧʘʨʢʦʚʦʡ ʠʣʠ ʠʥʦʡ ʧʦʜʛʦʪʦʚʣʝʥʥʦʡ ʤʝʩʪ-

ʥʦʩʪʠ ʠ ʩʧʦʩʦʙʥʦ ʧʝʨʝʚʦʟʠʪʴ ʛʨʫʟ ʤʘʩʩʦʡ ʜʦ 50 ʢʛ. 

ʀʟʦʙʨʘʞʝʥʠʝ ʪʘʢʦʛʦ ʨʦʙʦʪʘ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠ-

ʩʫʥʢʝ 5, ʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚ ʪʘʙʣʠʮʝ 1. 

 

 
ʈʠʩʫʥʦʢ 5 - ʂʦʣʝʩʥʳʡ ʨʦʙʦʪ SRX 1 

 

ʇʣʶʩʳ: 

- ʈʦʙʦʪ ʩʧʦʩʦʙʝʥ ʦʩʫʱʝʩʪʚʣʷʪʴ ʘʚʪʦʤʘʪʠʯʝ-

ʩʢʦʝ ʜʚʠʞʝʥʠʝ ʢʘʢ ʚ ʜʥʝʚʥʦʝ, ʪʘʢ ʠ ʥʦʯʥʦʝ ʚʨʝʤʷ. 

- ʆʙʣʘʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʦʠʩʢʘ ʠ ʦʙʥʘʨʫʞʝ-

ʥʠʷ ʫʪʝʯʝʢ ʛʘʟʘ ʥʘ ʧʨʦʤʳʰʣʝʥʥʳʭ ʠ ʢʦʤʤʫʥʘʣʴʥʳʭ 

ʦʙʲʝʢʪʘʭ. 

- ʇʨʠ ʨʘʟʨʷʜʝ ʙʘʪʘʨʝʡ ʨʦʙʦʪ ʘʚʪʦʤʘʪʠʯʝʩʢʠ 

ʚʦʟʚʨʘʱʘʝʪʩʷ ʜʣʷ ʧʦʜʟʘʨʷʜʢʠ. 

ʄʠʥʫʩʳ: 

- ɹʦʣʴʰʦʡ ʚʝʩ ʢʦʥʩʪʨʫʢʮʠʠ. 

- ʅʝʦʙʭʦʜʠʤ ʩʧʝʮʠʘʣʴʥʦ ʧʦʜʛʦʪʦʚʣʝʥʥʳʡ 

ʤʘʨʰʨʫʪ ʜʣʷ ʧʝʨʝʜʚʠʞʝʥʠʷ ʨʦʙʦʪʘ. 

ʊʘʙʣʠʮʘ 1 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʦʙʦʪʘ SRX 1 

ɺʳʩʦʪʘ ɺʝʩ ʇʝʨʝʥʦʩʠʤʘʷ 

ʥʘʛʨʫʟʢʘ 

ʀʩʪʦʯʥʠʢ 

ʧʠʪʘʥʠʷ 

ʇʨʠʚʦʜ ɿʨʝʥʠʝ ʏʠʩʣʦ ʩʦ-

ʯʣʝʥʝʥʠʡ 

ɺʨʝʤʷ 

ʨʘʙʦʪʳ 

930 ʤʤ 120 ʢʛ  35 ʢʛ 
ɸʢʢʫʤʫʣʷ-

ʪʦʨ 
ʕʣʝʢʪʨʠʯʝʩʢʠʡ 

ʉʪʝʨʝʦ 

ʢʘʤʝʨʳ 
7 

300 ʤʠ-

ʥʫʪ 

 

ɼʣʷ ʧʝʨʝʤʝʱʝʥʠʷ ʧʦ ʥʝʨʦʚʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʛʫʩʝʥʠʯʥʳʝ ʨʦʙʦʪʳ. ʆʥʠ ʦʙʣʘ-

ʜʘʶʪ ʤʝʥʴʰʝʡ ʩʢʦʨʦʩʪʴʶ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʣʝʩ-

ʥʳʤʠ ʨʦʙʦʪʘʤʠ, ʟʘʪʦ ʙʦʣʴʰʠʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ 

ʩʮʝʧʣʝʥʠʷ. 

ʇʨʠʤʝʨʦʤ ʛʫʩʝʥʠʯʥʦʛʦ ʨʦʙʦʪʘ ʤʦʞʝʪ ʩʣʫʞʠʪʴ 

ʨʦʙʦʪ Urbie (Urban Robot), ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʩʦʚ-

ʤʝʩʪʥʦ ʅɸʉɸ, ʚʦʝʥʥʳʤ ʘʛʝʥʪʩʪʚʦʤ ʧʝʨʝʜʦʚʳʭ ʠʩ-

ʩʣʝʜʦʚʘʥʠʡ DARPA ʠ ʨʷʜʦʤ ʘʤʝʨʠʢʘʥʩʢʠʭ ʫʥʠʚʝʨ-

ʩʠʪʝʪʦʚ, ʨʘʙʦʪʘʶʱʠʭ ʧʦ ʠʭ ʟʘʢʘʟʫ [4]. ʕʪʦʪ ʨʦʙʦʪ 

ʧʦʚʳʰʝʥʥʦʡ ʧʨʦʭʦʜʠʤʦʩʪʠ ʤʦʞʝʪ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ 

ʧʝʨʝʤʝʱʘʪʴʩʷ ʧʦ ʤʝʩʪʥʦʩʪʠ ʩʦ ʩʣʦʞʥʳʤ ʨʝʣʴʝʬʦʤ, 

ʦʮʝʥʠʚʘʷ ʧʨʝʧʷʪʩʪʚʠʷ ʩ ʧʦʤʦʱʴʶ ʩʪʝʨʝʦ ʟʨʝʥʠʷ, ʘ 

ʛʠʙʢʘʷ ʭʦʜʦʚʘʷ ʯʘʩʪʴ ʧʦʟʚʦʣʷʝʪ ʝʤʫ ʚʟʙʠʨʘʪʴʩʷ ʧʦ 

ʣʝʩʪʥʠʮʘʤ. ʀʟʦʙʨʘʞʝʥʠʝ ʨʦʙʦʪʘ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ 

ʨʠʩʫʥʢʝ 6, ʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚ ʪʘʙʣʠʮʝ 2. 

 
ʈʠʩʫʥʦʢ 6 ɻʫʩʝʥʠʯʥʳʡ ʨʦʙʦʪ Urban Robot 

 

ʇʣʶʩʳ: 

- ʄʘʣʝʥʴʢʠʡ ʠ ʣʝʛʢʠʡ, ʯʪʦ ʜʝʣʘʝʪ ʝʛʦ ʣʝʛʢʦ 

ʪʨʘʥʩʧʦʨʪʠʨʫʝʤʳʤ ʠ ʤʦʞʝʪ ʧʦʤʝʩʪʠʪʴʩʷ ʚ ʦʛʨʘʥʠ-

ʯʝʥʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. 

- ʆʙʣʘʜʘʝʪ ʩʪʝʨʝʦʩʢʦʧʠʯʝʩʢʠʤ ʟʨʝʥʠʝʤ. 

- ɹʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʢʦʥʩʪʨʫʢʮʠʠ ʩʧʦʩʦʙʝʥ ʧʨʝ-

ʦʜʦʣʝʚʘʪʴ ʩʣʦʞʥʳʝ ʧʨʝʧʷʪʩʪʚʠʷ. 

ʄʠʥʫʩʳ: 

- ʅʝʙʦʣʴʰʘʷ ʚʳʩʦʪʘ ʧʨʝʦʜʦʣʝʚʘʝʤʳʭ ʧʨʝʧʷʪ-

ʩʪʚʠʡ 

- ʅʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʦʩʥʘʩʪʠʪʴ ʢʦʥʩʪʨʫʢʮʠʶ ʜʦ-

ʧʦʣʥʠʪʝʣʴʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ, ʢ ʧʨʠʤʝʨʫ, ʤʘʥʠʧʫʣʷ-

ʪʦʨʦʤ  
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ʊʘʙʣʠʮʘ 2 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʦʙʦʪʘ Urban Robot 

ɺʳʩʦʪʘ ɺʝʩ 
ʇʝʨʝʥʦʩʠʤʘʷ 

ʥʘʛʨʫʟʢʘ 

ʀʩʪʦʯʥʠʢ ʧʠ-

ʪʘʥʠʷ 
ʇʨʠʚʦʜ ɿʨʝʥʠʝ 

ʏʠʩʣʦ ʩʦ-

ʯʣʝʥʝʥʠʡ 

ɺʨʝʤʷ 

ʨʘʙʦʪʳ 

220 ʤʤ 
10 

ʢʛ  
7 ʢʛ ɸʢʢʫʤʫʣʷʪʦʨ ʕʣʝʢʪʨʠʯʝʩʢʠʡ 

ʉʪʝʨʝʦ 

ʢʘʤʝʨʳ 
4 

40 ʤʠ-

ʥʫʪ 

 

ʆʩʦʙʳʡ ʨʘʟʜʝʣ ʨʦʙʦʪʦʪʝʭʥʠʢʠ ʩʦʩʪʘʚʣʷʶʪ ʰʘ-

ʛʘʶʱʠʝ ʨʦʙʦʪʳ [6]. ɺ ʦʩʥʦʚʝ ʠʭ ʩʪʨʦʝʥʠʷ ʠʩʧʦʣʴ-

ʟʫʶʪʩʷ ʧʝʜʠʢʫʣʷʪʦʨʳ - ʤʝʭʘʥʠʯʝʩʢʠʝ ʥʦʛʠ, ʢʦʪʦ-

ʨʳʝ ʩʭʦʜʥʳ ʧʦ ʩʪʨʦʝʥʠʶ ʩ ʜʨʫʛʠʤ ʦʙʲʝʢʪʦʤ ʨʦʙʦ-

ʪʦʪʝʭʥʠʢʠ - ʤʘʥʠʧʫʣʷʪʦʨʘʤ. ʆʜʥʘʢʦ 

ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʪʘʢʠʭ ʨʦʙʦʪʦʚ ʫʞʝ 

ʧʨʠʤʝʥʠʤʳ ʚ ʨʘʟʣʠʯʥʳʭ ʩʬʝʨʘʭ ʠ ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ 

ʠʭ ʨʘʟʚʠʪʠʝ ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʩʪʳʢʝ ʨʦʙʦʪʦʪʝʭʥʠʢʠ ʠ 

ʜʨʫʛʠʭ ʦʙʣʘʩʪʝʡ.  

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʚ ʞʠʚʦʡ ʧʨʠʨʦʜʝ ʥʘʠʙʦʣʝʝ ʨʘʩ-

ʧʨʦʩʪʨʘʥʝʥʥʳʤ ʷʚʣʷʶʪʩʷ ʧʝʨʝʜʚʠʞʝʥʠʷ ʩ ʧʦʤʦ-

ʱʴʶ ʥʦʛ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʩʧʦʩʦʙʳ ʧʝʨʝʜʚʠ-

ʞʝʥʠʷ ʩ ʧʦʤʦʱʴʶ ʢʦʣʝʩ ʠʣʠ ʛʫʩʝʥʠʮ ʙʦʣʝʝ ʵʥʝʨʛʦ-

ʟʘʪʨʘʪʥʳ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʧʦʩʦʙʦʤ ʧʝʨʝʜʚʠʞʝʥʠʷ 

ʩ ʧʦʤʦʱʴʶ ʥʦʛ. ʇʦʤʠʤʦ ʵʢʦʥʦʤʠʠ ʵʥʝʨʛʠʠ, ʰʘʛʘ-

ʶʱʠʡ ʨʦʙʦʪ ʠʤʝʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʝʦʜʦʣʝʚʘʪʴ ʧʨʝ-

ʧʷʪʩʪʚʠʷ ʥʘ ʧʝʨʝʩʝʯʝʥʥʦʡ ʤʝʩʪʥʦʩʪʠ. ɽʜʠʥʩʪʚʝʥ-

ʥʦʡ ʧʨʠʯʠʥʦʡ ʪʦʛʦ, ʯʪʦ ʜʘʥʥʳʡ ʩʧʦʩʦʙ ʧʝʨʝʜʚʠʞʝ-

ʥʠʷ ʧʦʢʘ ʥʝ ʪʘʢ ʧʦʧʫʣʷʨʝʥ, ʢʘʢ ʪʨʘʜʠʮʠʦʥʥʳʝ 

ʩʧʦʩʦʙʳ, ʷʚʣʷʶʪʩʷ ʩʣʦʞʥʦʩʪʠ ʫʧʨʘʚʣʝʥʠʷ ʰʘʛʘʶ-

ʱʠʤ ʨʦʙʦʪʦʤ. 

ʆʜʥʘʢʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʘʢʠʭ ʨʦʙʦʪʦʚ ʧʨʦʜʦʣ-

ʞʘʶʪ ʧʨʦʚʦʜʠʪʴ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʰʘʛʘʶʱʝʛʦ 

ʨʦʙʦʪʘ ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ ʨʦʙʦʪʘ MiniSpot, ʨʘʟʨʘʙʦ-

ʪʘʥʥʦʛʦ ʢʦʤʧʘʥʠʝʡ Boston Dynamics [5]. ʀʟʦʙʨʘʞʝ-

ʥʠʝ MiniSpot ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 7, ʘ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢʠ ʚ ʪʘʙʣʠʮʝ 3. 

 

 
ʈʠʩʫʥʦʢ 7 ʐʘʛʘʶʱʠʡ ʨʦʙʦʪ MiniSpot 

 

ʇʣʶʩʳ: 

- ʈʦʙʦʪ ʷʚʣʷʝʪʩʷ ʧʣʘʪʬʦʨʤʦʡ, ʥʘ ʢʦʪʦʨʫʶ 

ʤʦʞʥʦ ʫʩʪʘʥʦʚʠʪʴ ʤʘʥʠʧʫʣʷʪʦʨ, ʢʘʤʝʨʫ ʠ ʠʥʳʝ 

ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʚʳʧʦʣ-

ʥʝʥʠʷ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʟʘʜʘʯ. 

- ʉ ʧʦʤʦʱʴʶ API ʩʪʦʨʦʥʥʠʝ ʨʘʟʨʘʙʦʪʯʠʢʠ ʤʦ-

ʛʫʪ ʩʦʟʜʘʚʘʪʴ ʩʚʦʠ ʧʨʠʣʦʞʝʥʠʷ ʠ ʧʦʣʴʟʦʚʘʪʴʩʷ ʠʤʝ-

ʶʱʠʤʩʷ ʬʫʥʢʮʠʦʥʘʣʦʤ ʨʦʙʦʪʘ. 

- ɹʘʟʦʚʳʡ ʥʘʙʦʨ ʬʫʥʢʮʠʡ ʧʦʟʚʦʣʷʝʪ ʦʧʝʨʘʪʦʨʫ 

ʨʦʙʦʪʘ ʠʣʠ ʩʪʦʨʦʥʥʝʤʫ ʨʘʟʨʘʙʦʪʯʠʢʫ ʦʪʜʘʚʘʪʴ 

ʪʦʣʴʢʦ ʚʳʩʦʢʦʫʨʦʚʥʝʚʳʝ ʢʦʤʘʥʜʳ. 

ʄʠʥʫʩʳ: 

- ʀʟ-ʟʘ ʨʘʩʯʸʪʘ ʢʠʥʝʤʘʪʠʢʠ ʚ ʦʙʣʘʢʝ ʦʧʝʨʘʮʠʠ 

ʟʘʥʠʤʘʶʪ ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʚʨʝʤʝʥʠ. 

- ʅʝʧʨʦʜʦʣʞʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʨʘʙʦʪʳ. 

ʊʘʙʣʠʮʘ 3 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʦʙʦʪʘ MiniSpot 

ɺʳʩʦʪʘ ɺʝʩ 
ʇʝʨʝʥʦʩʠʤʘʷ 

ʥʘʛʨʫʟʢʘ 

ʀʩʪʦʯʥʠʢ ʧʠ-

ʪʘʥʠʷ 
ʇʨʠʚʦʜ ɿʨʝʥʠʝ 

ʏʠʩʣʦ ʩʦ-

ʯʣʝʥʝʥʠʡ 

ɺʨʝʤʷ 

ʨʘʙʦʪʳ 

840 ʤʤ 
25 ʢʛ (30 ʢʛ ʩ ʤʘ-

ʥʠʧʫʣʷʪʦʨʦʤ) 
14 ʢʛ ɸʢʢʫʤʫʣʷʪʦʨ ʕʣʝʢʪʨʠʯʝʩʢʠʡ 

ʉʪʝʨʝʦ 

ʢʘʤʝʨʳ 
17 

90 ʤʠ-

ʥʫʪ 

 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ, ʤʦʞʥʦ 

ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʨʘʟʨʘʙʦʪʢʘ ʤʦʙʠʣʴʥʦʛʦ ʨʦʙʦʪʘ 

ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʜʣʷ ʨʦʙʦʪʦʪʝʭʥʠʢʠ, ʧʦʩʢʦʣʴʢʫ 

ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʤʦʞʥʦ ʜʦʙʠʪʴʩʷ ʩʥʠʞʝʥʠʷ ʤʘʪʝ-

ʨʠʘʣʴʥʳʭ ʠ ʨʝʩʫʨʩʥʳʭ ʟʘʪʨʘʪ, ʧʨʠ ʨʝʰʝʥʠʠ ʨʷʜʘ 

ʨʦʙʦʪʦʪʝʭʥʠʯʝʩʢʠʭ ʟʘʜʘʯ. 

ɿʘʢʣʶʯʝʥʠʝ 

ɺʩʝ ʚʳʰʝʫʧʦʤʷʥʫʪʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʨʦʙʦʪʦʚ 

ʙʳʣʠ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʟʘʜʘʯ, ʧʦ-

ʩʪʘʚʣʝʥʥʳʭ ʧʝʨʝʜ ʨʦʙʦʪʘʤʠ. ʂʦʥʩʪʨʫʢʪʠʚʥʦ ʥʘʠʙʦ-

ʣʝʝ ʧʦʜʭʦʜʷʱʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʦʙʣʘʜʘʶʪ ʨʦ-

ʙʦʪʳ ʩ ʢʦʣʝʩʥʳʤ ʪʠʧʦʤ ʰʘʩʩʠ. ʀʭ ʨʘʟʤʝʨ ʠ ʚʝʩ 

ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʪ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʨʘʙʦʪ ʚ ʫʩʣʦ-

ʚʠʷʭ, ʢʦʛʜʘ ʨʦʙʦʪ ʜʦʣʞʝʥ ʧʘʪʨʫʣʠʨʦʚʘʪʴ ʪʝʨʨʠʪʦ-

ʨʠʶ ʠ ʥʘʭʦʜʠʪʴ ʧʦʪʝʥʮʠʘʣʴʥʫʶ ʦʧʘʩʥʦʩʪʴ. 
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ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ çʄʕʀè  

  

ʊʈɽʍʌɸɿʅɸʗ ʄʆɼɽʃʔ ʉɽʊʀ 6 ʂɺ ʉ ʊʈɸʅʉʌʆʈʄɸʊʆʈɸʄʀ ɿʅʆʃ-6.  

 

Ryabov S.I., 

Glebov I.A., 

Goncharov E.S. 

 

THREE-PHASE 6 KV NETWORK MODEL WITH TRANSFORMERS ZNOL -6.  

  

ɸʥʥʦʪʘʮʠʷ 

ʇʨʦʚʝʜʝʥʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ 

ʥʘʧʨʷʞʝʥʠʷ ʪʠʧʘ ɿʅʆʃ-6 ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʠʥʜʫʢʮʠʡ. ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʨʘʙʦʪʝ 

ʜʣʷ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʵʪʠʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ.  

Abstract 

An experimental determination was made of the magnetization characteristics of voltage transformers of the 

ZNOL-6 type in a wide range of inductions. The measurement results were used in the work for the numerical 

simulation of these transformers. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʨʘʥʩʬʦʨʤʘʪʦʨ, ʪʨʝʭʬʘʟʥʘʷ ʤʦʜʝʣʴ ʩʝʪʠ, ʯʘʩʪʦʪʘ ʨʘʟʨʷʜʘ, ʝʤʢʦʩʪʴ, ʵʣʝʢʪʨʦ-

ʵʥʝʨʛʝʪʠʢʘ, ʦʩʮʠʣʣʦʛʨʘʤʤʳ ʥʘʧʨʷʞʝʥʠʷ ʠ ʪʦʢʘ.  

Keywords: transformer, three-phase network model, discharge frequency, capacitance, electric power indus-

try, voltage and current waveforms.  

 

ʊʨʝʭʬʘʟʥʘʷ ʤʦʜʝʣʴ ʩʝʪʠ 6 ʢɺ ʩ ʪʨʘʥʩʬʦʨ-

ʤʘʪʦʨʘʤʠ ɿʅʆʃ-6  
ʅʘ ʨʠʩ. 1 ʧʨʠʚʝʜʝʥʘ ʩʭʝʤʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦ-

ʮʝʩʩʘ ʨʘʟʨʷʜʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʦʡ ʝʤʢʦʩʪʠ 

ʥʘ ʤʦʜʝʣʴ ʊʅ ʪʠʧʘ ɿʅʆʃ-6. ʆʪ ʥʘʯʘʣʴʥʦʛʦ ʥʘʧʨʷ-

ʞʝʥʠʷ ʝʤʢʦʩʪʠ, ʟʘʜʘʚʘʝʤʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʝʤ, ʟʘʚʠ-

ʩʠʪ ʩʪʝʧʝʥʴ ʥʘʩʳʱʝʥʠʷ ʤʦʜʝʣʠ ɿʅʆʃ-6 ʠ ʥʘʯʘʣʴ-

ʥʦʝ ʟʥʘʯʝʥʠʝ ʜʠʥʘʤʠʯʝʩʢʦʡ ʠʥʜʫʢʪʠʚʥʦʩʪʠ. 

ʅʘʯʘʣʴʥʘʷ ʜʠʥʘʤʠʯʝʩʢʘʷ ʠʥʜʫʢʪʠʚʥʦʩʪʴ ʠ ʟʥʘʯʝ-

ʥʠʝ ʝʤʢʦʩʪʠ (ʪʘʢʞʝ ʟʘʜʘʚʘʝʤʦʝ ʧʦʣʴʟʦʚʘʪʝʣʝʤ) 

ʦʧʨʝʜʝʣʷʶʪ ʥʘʯʘʣʴʥʫʶ ʯʘʩʪʦʪʫ ʧʝʨʝʭʦʜʥʦʛʦ ʧʨʦ-

ʮʝʩʩʘ. ɺ ʩʣʫʯʘʝ ʥʘʣʠʯʠʷ ʚ ʩʭʝʤʝ ʠʩʪʦʯʥʠʢʘ ʵʥʝʨʛʠʠ, 

ʨʘʙʦʪʘʶʱʝʛʦ ʥʘ ʯʘʩʪʦʪʝ, ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʢʦʪʦʨʦʡ 

ʥʘʡʜʝʥʥʘʷ ʥʘʯʘʣʴʥʘʷ ʯʘʩʪʦʪʘ ʙʫʜʝʪ ʷʚʣʷʪʴʩʷ ʢʨʘʪ-

ʥʦʡ ʠʣʠ ʩʫʙʛʘʨʤʦʥʠʯʝʩʢʦʡ, ʚʦʟʤʦʞʥʦ ʚʦʟʥʠʢʥʦʚʝ-

ʥʠʝ ʫʩʪʦʡʯʠʚʦʛʦ ʬʝʨʨʦʨʝʟʦʥʘʥʩʘ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ, 

ʩ ʤʝʪʦʜʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʦʮʝ-

ʥʠʪʴ ʥʘʯʘʣʴʥʫʶ ʯʘʩʪʦʪʫ ʢʦʣʝʙʘʥʠʡ, ʢʦʪʦʨʘʷ ʚʦʟ-

ʥʠʢʥʝʪ ʚ ʢʦʥʪʫʨʝ, ʪʘʢ ʢʘʢ ʦʥʘ ʦʧʨʝʜʝʣʷʝʪ ʚʦʟʤʦʞ-

ʥʦʩʪʴ ʩʪʘʙʠʣʠʟʘʮʠʠ ʬʝʨʨʦʨʝʟʦʥʘʥʩʥʦʛʦ ʧʨʦʮʝʩʩʘ 

ʥʘ ʦʜʥʦʡ ʠʟ ʢʨʘʪʥʳʭ ʧʨʦʤʳʰʣʝʥʥʦʡ ʯʘʩʪʦʪʝ ʛʘʨʤʦ-

ʥʠʢ.  

  
ʈʠʩ. 1 ʈʘʩʯʝʪʥʘʷ SPS-ʩʭʝʤʘ ʨʘʟʨʷʜʥʦʛʦ ʢʦʥʪʫʨʘ ʝʤʢʦʩʪʴ-ʤʦʜʝʣʴ ʊʅ ʪʠʧʘ ɿʅʆʃ-6.  

 

ɺ ʩʭʝʤʝ ʨʠʩ. 1 ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʨʘʩʯʝʪʳ ʟʘʚʠ-

ʩʠʤʦʩʪʠ ʥʘʯʘʣʴʥʦʡ ʯʘʩʪʦʪʳ ʨʘʟʨʷʜʘ ʦʪ ʟʥʘʯʝʥʠʷ 

ʝʤʢʦʩʪʠ ʜʣʷ 4-ʭ ʟʥʘʯʝʥʠʡ ʥʘʯʘʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ 

ʝʤʢʦʩʪʠ. ʇʦʣʫʯʝʥʥʳʝ ʨʘʩʯʝʪʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʝʜ-

ʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 2. ʈʘʩʯʝʪʳ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʜʣʷ 3-

ʭ ʨʘʟʣʠʯʥʳʭ ʚʘʨʠʘʥʪʦʚ ʤʦʜʝʣʠ ɿʅʆʃ-6:  

ï ʙʝʟ ʫʯʝʪʘ ʧʦʪʝʨʴ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʠ ʦʤʠʯʝ-
ʩʢʠʭ ʧʦʪʝʨʴ ʚ ʦʙʤʦʪʢʝ ɺʅ;  

ï ʩ ʫʯʝʪʦʤ ʧʦʪʝʨʴ ʥʘ ʥʘʤʘʛʥʠʯʠʚʘʥʠʝ ʠ ʩʦʧʨʦ-
ʪʠʚʣʝʥʠʝʤ ʦʙʤʦʪʢʠ ɺʅ, ʟʘʜʘʥʥʳʤ ʨʘʚʥʳʤ 1 ʆʤ;  

ï ʩ ʫʯʝʪʦʤ ʧʦʪʝʨʴ ʥʘ ʥʘʤʘʛʥʠʯʠʚʘʥʠʝ ʠ ʩʦʧʨʦ-
ʪʠʚʣʝʥʠʝʤ ʦʙʤʦʪʢʠ ɺʅ, ʟʘʜʘʥʥʳʤ ʨʘʚʥʳʤ ʠʟʤʝʨʝʥ-

ʥʦʤʫ ʟʥʘʯʝʥʠʶ 385 ʆʤ.  
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ʈʠʩ. 2. ɿʘʚʠʩʠʤʦʩʪʴ ʥʘʯʘʣʴʥʦʡ ʯʘʩʪʦʪʳ ʨʘʟʨʷʜʘ ʝʤʢʦʩʪʠ ʥʘ ʤʦʜʝʣʴ ɿʅʆʃ-6 ʦʪ ʥʘʯʘʣʴʥʦʛʦ ʥʘʧʨʷʞʝ-

ʥʠʷ ʥʘ ʝʤʢʦʩʪʠ ʠ ʝʸ ʟʥʘʯʝʥʠʷ.  

 

ʋʚʝʣʠʯʝʥʠʝ ʟʥʘʯʝʥʠʷ ʝʤʢʦʩʪʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ 

ʩ ʪʝʦʨʝʪʠʯʝʩʢʠʤʠ ʧʦʣʦʞʝʥʠʷʤʠ ʚʳʟʳʚʘʝʪ ʫʤʝʥʴ-

ʰʝʥʠʝ ʥʘʯʘʣʴʥʦʡ ʯʘʩʪʦʪʳ ʢʦʣʝʙʘʥʠʡ. ʋʚʝʣʠʯʝʥʠʝ 

ʥʘʧʨʷʞʝʥʠʷ ʟʘʨʷʜʘ ʝʤʢʦʩʪʠ, ʢʘʢ ʠ ʩʣʝʜʦʚʘʣʦ ʦʞʠ-

ʜʘʪʴ, ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʥʘʯʘʣʴʥʦʡ ʯʘʩʪʦʪʳ 

ʧʝʨʝʭʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚʩʣʝʜʩʪʚʠʝ ʙʦʣʝʝ ʛʣʫʙʦʢʦʛʦ 

ʥʘʩʳʱʝʥʠʷ ʤʦʜʝʣʠ ʊʅ ʠ ʫʤʝʥʴʰʝʥʠʷ ʥʘʯʘʣʴʥʦʡ 

ʜʠʥʘʤʠʯʝʩʢʦʡ ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ 

(ʨʠʩ. 2). ʋʯʝʪ ʧʦʪʝʨʴ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʧʨʠʚʦʜʠʪ ʢ 

ʫʤʝʥʴʰʝʥʠʶ ʥʘʯʘʣʴʥʦʡ ʯʘʩʪʦʪʳ ʚʩʣʝʜʩʪʚʠʝ ʥʝʢʦ-

ʪʦʨʦʛʦ ʫʤʝʥʴʰʝʥʠʷ ʧʨʠ ʧʨʦʯʠʭ ʨʘʚʥʳʭ ʥʘʯʘʣʴʥʦʛʦ 

ʥʘʩʳʱʝʥʠʷ ʤʦʜʝʣʠ ʊʅ ʠ ʫʚʝʣʠʯʝʥʠʷ ʧʦʛʨʝʰʥʦʩʪʠ 

ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʯʘʣʴʥʦʡ ʯʘʩʪʦʪʳ ʠʟ-ʟʘ ʫʚʝʣʠʯʝʥʠʷ 

ʟʘʪʫʭʘʥʠʷ ʧʝʨʝʭʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ.  

ʇʦʣʫʯʝʥʥʳʤʠ ʢʨʠʚʳʤʠ ʤʦʞʥʦ ʧʦʣʴʟʦʚʘʪʴʩʷ 

ʜʣʷ ʘʥʘʣʠʟʘ ʚʦʟʤʦʞʥʦʩʪʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʬʝʨʨʦʨʝ-

ʟʦʥʘʥʩʘ ʚ ʠʥʪʝʨʝʩʫʶʱʝʤ ʯʘʩʪʦʪʥʦʤ ʜʠʘʧʘʟʦʥʝ.  

ɺ ʨʘʙʦʪʝ ʙʳʣʘ ʧʨʝʜʧʨʠʥʷʪʘ ʧʦʧʳʪʢʘ ʯʠʩʣʝʥ-

ʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʬʝʨʨʦʨʝʟʦʥʘʥʩʥʳʭ ʷʚʣʝʥʠʡ ʚ 

ʪʨʝʭʬʘʟʥʦʡ ʩʝʪʠ. ʉʪʘʚʠʣʘʩʴ ʟʘʜʘʯʘ ʦʧʨʝʜʝʣʝʥʠʷ 

ʢʦʨʨʝʢʪʥʦʩʪʠ ʧʦʜʭʦʜʘ ʢ ʯʠʩʣʝʥʥʦʤʫ ʤʦʜʝʣʠʨʦʚʘ-

ʥʠʶ. ʈʘʩʯʝʪʥʘʷ ʤʦʜʝʣʴ ʩʝʪʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 3.  

  
ʈʠʩ. 3. ʈʘʩʯʝʪʥʘʷ ʤʦʜʝʣʴ ʪʨʝʭʬʘʟʥʦʡ ʩʝʪʠ 6 ʢɺ ʩ ʊʅ ʪʠʧʘ ɿʅʆʃ-6 ʚ ʧʨʦʛʨʘʤʤʝ SimPowerSystems.  
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ʅʘ ʨʠʩ. 4 ʠ 5 ʧʨʠʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠ ʨʘʩʯʝʪʥʳʝ ʦʩʮʠʣʣʦʛʨʘʤʤʳ ʥʘʧʨʷʞʝʥʠʡ ʠ ʪʦʢʦʚ ʦʙ-

ʤʦʪʢʠ ɺʅ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ɿʅʆʃ-6 ʧʨʠ ʬʘʟʥʦʡ ʝʤʢʦʩʪʠ Cʬ = 240ʥʌ.  

 
ʈʠʩ. 4. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠ ʨʘʩʯʝʪʥʳʝ ʦʩʮʠʣʣʦʛʨʘʤʤʳ ʥʘʧʨʷʞʝʥʠʡ ʠ ʪʦʢʦʚ ʦʙʤʦʪʢʠ  

ɺʅ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ɿʅʆʃ-6 (Cʬ = 240 ʥʌ, Rɺʅ = 385 ʆʤ).  

 

  
ʈʠʩ. 5. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠ ʨʘʩʯʝʪʥʳʝ ʦʩʮʠʣʣʦʛʨʘʤʤʳ ʥʘʧʨʷʞʝʥʠʡ ʠ ʪʦʢʦʚ ʦʙʤʦʪʢʠ  

ɺʅ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ɿʅʆʃ-6 (Cʬ = 240 ʥʌ, Rɺʅ = 1 ʆʤ).  

 

ɸʥʘʣʠʟ ʦʩʮʠʣʣʦʛʨʘʤʤ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʥʘʯʘʣʴ-

ʥʘʷ ʩʪʘʜʠʷ ʬʝʨʨʦʨʝʟʦʥʘʥʩʥʦʛʦ ʧʨʦʮʝʩʩʘ ʤʦʜʝʣʠʨʫ-

ʝʪʩʷ ʩ ʭʦʨʦʰʝʡ ʪʦʯʥʦʩʪʴʶ, ʧʨʠʤʝʨʥʦ ʚ ʪʝʯʝʥʠʝ ʦʜ-

ʥʦʛʦ ʧʝʨʠʦʜʘ ʧʨʦʤʳʰʣʝʥʥʦʡ ʯʘʩʪʦʪʳ. ɼʘʣʝʝ ʨʘʩ-

ʭʦʞʜʝʥʠʝ ʤʝʞʜʫ ʨʘʩʯʝʪʦʤ ʠ ʵʢʩʧʝʨʠʤʝʥʪʦʤ 

ʩʪʘʥʦʚʠʪʩʷ ʥʝʧʨʠʝʤʣʝʤʦ ʙʦʣʴʰʠʤ.  

ʈʘʩʯʝʪʥʫʶ ʤʦʜʝʣʴ ʥʝʦʙʭʦʜʠʤʦ ʫʪʦʯʥʷʪʴ, ʚ 

ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʧʫʪʝʤ ʫʯʝʪʘ ʷʚʣʝʥʠʷ ʛʠʩʪʝʨʝʟʠʩʘ.  

ʉ ʧʦʤʦʱʴʶ ʧʨʦʩʪʦʡ ʤʦʜʝʣʠ ʨʘʟʨʷʜʘ ʢʦʥʜʝʥʩʘ-

ʪʦʨʘ ʥʘ ʪʨʘʥʩʬʦʨʤʘʪʦʨ ʥʘʧʨʷʞʝʥʠʷ ʢʦʥʪʨʦʣʷ ʠʟʦ-

ʣʷʮʠʠ ʩʜʝʣʘʥʳ ʦʮʝʥʢʠ ʥʘʯʘʣʴʥʳʭ ʯʘʩʪʦʪ ʢʦʣʝʙʘ-

ʥʠʡ.  

ʈʘʟʨʘʙʦʪʘʥʘ ʨʘʩʯʝʪʥʘʷ ʤʦʜʝʣʴ ʪʨʝʭʬʘʟʥʦʡ 

ʩʝʪʠ 6 ʢɺ ʠ ʧʨʦʚʝʜʝʥʳ ʨʘʩʯʝʪʳ ʬʝʨʨʦʨʝʟʦʥʘʥʩʥʳʭ 

ʷʚʣʝʥʠʡ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʩʦʧʦʩʪʘʚʣʝʥʳ ʩ ʵʢʩʧʝ-
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ʨʠʤʝʥʪʘʣʴʥʳʤʠ ʦʩʮʠʣʣʦʛʨʘʤʤʘʤʠ. ɿʘʬʠʢʩʠʨʦʚʘʥ-

ʥʦʝ ʨʘʩʭʦʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʥʝ ʧʦʟʚʦʣʷʝʪ ʧʨʠʤʝ-

ʥʷʪʴ ʤʦʜʝʣʴ ʜʣʷ ʘʥʘʣʠʟʘ, ʥʝʦʙʭʦʜʠʤʦ ʜʘʣʴʥʝʡʰʝʝ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʨʘʩʯʝʪʥʦʡ ʤʦʜʝʣʠ.  

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʨʘʩʯʝʪʳ ʧʦ ʦʜʥʦʬʘʟʥʦʡ ʩʭʝʤʝ 

ʨʘʟʨʷʜʘ ʝʤʢʦʩʪʠ ʧʦʟʚʦʣʠʣʠ ʧʦʣʫʯʠʪʴ ʭʦʨʦʰʫʶ 

ʦʮʝʥʢʫ ʥʘʯʘʣʴʥʳʭ ʯʘʩʪʦʪ ʢʦʣʝʙʘʥʠʡ, ʢʦʪʦʨʘʷ ʤʦ-

ʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʘʥʘʣʠʟʝ ʬʝʨʨʦʨʝʟʦʥʘʥʩʥʳʭ 

ʩʭʝʤ ʠ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʪʨʝʙʦʚʘʥʠʡ ʢ ʠʩʧʳʪʘʪʝʣʴ-

ʥʳʤ ʫʩʪʘʥʦʚʢʘʤ, ʧʨʠʤʝʥʷʝʤʳʤ ʜʣʷ ʧʨʦʚʝʨʢʠ ʘʥʪʠ-

ʨʝʟʦʥʘʥʩʥʳʭ ʩʚʦʡʩʪʚ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʥʘʧʨʷʞʝ-

ʥʠʷ ʢʦʥʪʨʦʣʷ ʠʟʦʣʷʮʠʠ.  
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ANALYSIS OF THE CONTROL DEVICE OF A SYNCHRONOUS MACHINE IN PSCAD.  

 

ɸʥʥʦʪʘʮʠʷ 

ʈʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʘʥʘʣʠʟʫ ʫʩʪʨʦʡʩʪʚʘ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʩʠʥʭʨʦʥʥʦʡ ʤʘʰʠʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦ-

ʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ PSCAD.  

Abstract 

The work is devoted to the analysis of the control device of a synchronous machine using the PSCAD software 

package.  

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: PSCAD, ʩʠʩʪʝʤʘ ʚʦʟʙʫʞʜʝʥʠʷ, ʤʦʜʝʣʠ, ʙʣʦʢʠ, ʩʠʥʭʨʦʥʥʘʷ ʤʘʰʠʥʘ, ɸʈɺ.  

Keywords: PSCAD, excitation system, models, blocks, synchronous machine, ARV.  

 

ɺ PSCAD ʠʩʧʦʣʴʟʫʶʪʩʷ ʙʣʦʢʠ ʫʧʨʘʚʣʝʥʠʷ, ʢʦ-

ʪʦʨʳʝ ʠʤʠʪʠʨʫʶʪ ʩʠʩʪʝʤʫ ʚʦʟʙʫʞʜʝʥʠʷ ʚʤʝʩʪʝ ʩ 

ɸʈɺ, ʪʫʨʙʠʥʫ ʠ ʩʠʩʪʝʤʫ ɸ ʈʏɺ, ʢʦʪʦʨʳʝ, ʚ ʩʣʫʯʘʝ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ, ʤʦʛʫʪ ʙʳʪʴ ʧʦʜʢʣʶʯʝʥʳ ʢ ʩʠʥ-

ʭʨʦʥʥʦʡ ʤʘʰʠʥʝ. ʕʪʠ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʥʝ 

ʚʢʣʶʯʝʥʳ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʙʣʦʢ ʤʘʰʠʥʳ, ʦʥʠ ʠʩ-

ʧʦʣʴʟʫʶʪʩʷ ʢʘʢ ʚʥʝʰʥʠʝ ʙʣʦʢʠ. ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝ-

ʪʠʪʴ, ʯʪʦ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʘʢ ʩʪʘʥʜʘʨʪʥʳʝ ʤʦ-

ʜʝʣʠ ʫʢʘʟʘʥʥʳʭ ʨʝʛʫʣʷʪʦʨʦʚ ʠ ʙʣʦʢʦʚ, ʧʨʝʜʩʪʘʚ-

ʣʝʥʥʳʝ ʚ PSCAD, ʪʘʢ ʠ ʩʦʙʩʪʚʝʥʥʳʝ ʤʦʜʝʣʠ, 

ʢʦʪʦʨʳʝ ʣʝʛʢʦ ʤʦʛʫʪ ʙʳʪʴ ʩʦʙʨʘʥʳ ʚ ʧʨʦʛʨʘʤʤʝ ʩ 

ʧʦʤʦʱʴʶ ʧʨʦʩʪʝʡʰʠʭ ʵʣʝʤʝʥʪʦʚ.  

ʇʘʨʘʤʝʪʨʳ ʩʠʩʪʝʤ ʚʦʟʙʫʞʜʝʥʠʷ ʚʤʝʩʪʝ ʩ ɸʈɺ 

(ʠʜʫʪ ʦʜʥʠʤ ʙʣʦʢʦʤ) ʤʦʛʫʪ ʙʳʪʴ ʩʚʦʙʦʜʥʦ ʚʳʙʨʘʥʳ 

ʠ ʦʪʨʝʛʫʣʠʨʦʚʘʥʳ ʧʦʣʴʟʦʚʘʪʝʣʝʤ.  

IEEE ʢʣʘʩʩʠʬʠʮʠʨʫʝʪ ʩʠʩʪʝʤʳ ʚʦʟʙʫʞʜʝʥʠʷ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ:  

1) ʉʠʩʪʝʤʳ ʚʦʟʙʫʞʜʝʥʠʷ, ʚ ʢʦʪʦʨʳʭ ʠʩʪʦʯʥʠ-
ʢʦʤ ʵʥʝʨʛʠʠ ʷʚʣʷʝʪʩʷ ʛʝʥʝʨʘʪʦʨ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ 

(ʚʦʟʙʫʜʠʪʝʣʴ).  

2) ʉʠʩʪʝʤʳ ʚʦʟʙʫʞʜʝʥʠʷ, ʚ ʢʦʪʦʨʳʭ ʠʩʪʦʯʥʠ-
ʢʦʤ ʵʥʝʨʛʠʠ ʷʚʣʷʝʪʩʷ ʛʝʥʝʨʘʪʦʨ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ 

(ʚʦʟʙʫʜʠʪʝʣʴ); ʧʝʨʝʤʝʥʥʳʡ ʪʦʢ ʵʪʦʛʦ ʛʝʥʝʨʘʪʦʨʘ 

ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʧʦʩʪʦʷʥʥʳʡ ʪʦʢ ʩ ʧʦʤʦʱʴʶ ʧʦʣʫ-

ʧʨʦʚʦʜʥʠʢʦʚʳʭ ʫʧʨʘʚʣʷʝʤʳʭ ʠʣʠ ʥʝʫʧʨʘʚʣʷʝʤʳʭ 

ʚʳʧʨʷʤʠʪʝʣʝʡ.  

3) ʉʠʩʪʝʤʳ ʚʦʟʙʫʞʜʝʥʠʷ, ʚ ʢʦʪʦʨʳʭ ʠʩʧʦʣʴʟʫ-
ʝʪʩʷ ʵʥʝʨʛʠʷ ʩʘʤʦʡ ʚʦʟʙʫʞʜʘʝʤʦʡ ʤʘʰʠʥʳ (ʩʘʤʦ-

ʚʦʟʙʫʞʜʝʥʠʝ); ʵʪʘ ʵʥʝʨʛʠʷ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʩ ʧʦʤʦ-

ʱʴʶ ʩʧʝʮʠʘʣʴʥʳʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʠ ʧʦʣʫʧʨʦʚʦʜ-

ʥʠʢʦʚʳʭ ʚʳʧʨʷʤʠʪʝʣʝʡ.  
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ʈʠʩ. 1 ɺʥʝʰʥʠʡ ʚʠʜ ʤʦʜʝʣʝʡ ʩʠʩʪʝʤ ʚʦʟʙʫʞʜʝʥʠʷ ʚʤʝʩʪʝ ʩ ɸʈɺ ʚPSCAD.  

 

ɺ PSCAD ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʦʜʝʣʠ ʩʠʩʪʝʤ ʚʦʟʙʫʞʜʝʥʠʷ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʣʶʙʦʡ ʠʟ ʵʪʠʭ ʪʨʝʭ ʢʘʪʝʛʦʨʠʡ. 

ʆʥʠ ʦʙʦʟʥʘʯʘʶʪʩʷ ʙʫʢʚʘʤʠ DC, AC ʠ ST ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

ʋʢʘʟʘʥʥʳʝ ʤʦʜʝʣʠ ʟʘʜʘʶʪʩʷ ʚ ʧʨʦʛʨʘʤʤʝ ʧʦʩʨʝʜʩʪʚʦʤ ʧʝʨʝʜʘʪʦʯʥʦʡ ʬʫʥʢʮʠʠ.  

 
ʈʠʩ. 2 ʇʝʨʝʜʘʪʦʯʥʘʷ ʬʫʥʢʮʠʷ ʤʦʜʝʣʠ ʩʠʩʪʝʤʳ ʚʦʟʙʫʞʜʝʥʠʷ ʚʤʝʩʪʝ ʩ ɸʈɺ AC1A ʚ PSCAD.  

 

ʊʫʨʙʠʥʳ ʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠʝ ʨʝʛʫʣʷʪʦʨʳ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ (ɸʈʏɺ) ɺ PSCAD ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʦʜʝʣʷʤʠ 

ʧʘʨʦʚʳʭ ʪʫʨʙʠʥ ʠ ʛʠʜʨʦʪʫʨʙʠʥ ʠ ʤʦʜʝʣʷʤʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʝʛʫʣʷʪʦʨʦʚ.  

 
ʈʠʩ. 3 ɺʥʝʰʥʠʡ ʚʠʜ ʤʦʜʝʣʝʡ ʪʫʨʙʠʥ ʠ ʩʠʩʪʝʤ ɸʈʏɺ ʚ PSCAD.  

 

ʊʘʢ ʞʝ, ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ ʩ ʩʠʩʪʝʤʘʤʠ ʚʦʟʙʫʞʜʝʥʠʷ ʤʦʜʝʣʠ ʪʫʨʙʠʥ ʠ ɸʈʏɺ ʟʘʜʘʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʧʝʨʝʜʘ-

ʪʦʯʥʳʭ ʬʫʥʢʮʠʡ.  

  
ʈʠʩ. 3.8 ʇʝʨʝʜʘʪʦʯʥʘʷ ʬʫʥʢʮʠʷ ʤʦʜʝʣʠ ʪʫʨʙʠʥʳ Steam_Tur_2 ʚ PSCAD.  

 

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʜʥʦʟʥʘʯʥʳʝ ʧʘ-

ʨʘʣʣʝʣʠ ʤʝʞʜʫ ʢʦʥʢʨʝʪʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʚʦʟʙʫʞʜʝ-

ʥʠʷ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʛʝʥʝʨʘʪʦʨʦʚ, ʪʫʨʙʠʥʘʤʠ, ɸʈʏɺ 

ʠ ʧʨʝʜʣʦʞʝʥʥʳʤʠ ʤʦʜʝʣʷʤʠ ʤʦʞʥʦ ʧʨʦʚʦʜʠʪʴ 

ʪʦʣʴʢʦ ʧʦʩʣʝ ʜʝʪʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʠʥʬʦʨʤʘʮʠʠ ʚ 

ʢʘʞʜʦʤ ʢʦʥʢʨʝʪʥʦʤ ʩʣʫʯʘʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʥʪʝʨ-

ʬʝʡʩ ʩʚʷʟʠ ʤʦʜʝʣʠ ʩʠʥʭʨʦʥʥʦʡ ʤʘʰʠʥʳ ʩ ʧʨʦʛʨʘʤ-

ʤʦʡ EMTDC (ʧʨʦʛʨʘʤʤʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʨʝʰʝʥʠʷ 

ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʷʚʣʷʶʱʘʷʩʷ ʯʘʩʪʴʶ ʢʦʤ-

ʧʣʝʢʩʘ PSCAD ) ʩ ʫʯʝʪʦʤ ʚʩʝʭ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʙʣʦʢʦʚ ʚʳʛʣʷʜʠʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ.  
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ʈʠʩ. 3.9 ʀʥʪʝʨʬʝʡʩ ʩʚʷʟʠ ʩʠʥʭʨʦʥʥʦʡ ʤʘʰʠʥʳ ʩ EMTDC.  
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ANALYSIS OF TOOLS FOR THE SIMULATION OF DIGITAL EXCHANGE.  

 

ɸʥʥʦʪʘʮʠʷ 

ʈʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʘʥʘʣʠʟʫ ʮʠʬʨʦʚʦʛʦ ʦʙʤʝʥʘ ʚ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤʘʭ ʫʧʨʘʚʣʝʥʠʷ ʵʣʝʢʪʨʦ-

ʪʝʭʥʠʯʝʩʢʠʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ (ɸʉʋ ð ʕʊʆ) ʧʦ ʩʪʘʥʜʘʨʪʫ ʄʕʂ 61850.  

Abstract 

The work is devoted to the analysis of digital exchange in automated control systems for electrical equipment 

(ACS IT) according to IEC 61850.  

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʄʕʂ 61850, ɸʉʋ, ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, IEDScout, WireShark.  

Keywords: IEC 61850, ACS, software, IEDScout, WireShark.  

 

ʉʪʘʥʜʘʨʪ ʄʕʂ 61850 ʧʨʝʜʧʦʣʘʛʘʝʪ ʦʪʢʨʳ-

ʪʦʩʪʴ ʠ ʧʦʣʥʦʶ ʩʪʘʥʜʘʨʪʠʟʘʮʠʶ ʮʠʬʨʦʚʦʛʦ ʦʙʤʝʥʘ 

ʚ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤʘʭ ʫʧʨʘʚʣʝʥʠʷ ʵʣʝʢ-

ʪʨʦʪʝʭʥʠʯʝʩʢʠʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ (ɸʉʋ ð ʕʊʆ). 

ʂʘʢ ʩʣʝʜʩʪʚʠʝ ʨʳʥʦʢ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ 

(ʇʆ) ʤʦʞʝʪ ʧʨʝʜʣʦʞʠʪʴ ʨʝʰʝʥʠʷ ʜʣʷ ʨʘʙʦʪʳ ʩ 

ʀʕʋ. ʆʜʥʠʤ ʠʟ ʪʘʢʠʭ ʨʝʰʝʥʠʡ ʷʚʣʷʝʪʩʷ ʩʧʝʮʠʘʣʠ-

ʟʠʨʦʚʘʥʥʦʝ ʇʆ ʦʪ ʢʦʤʧʘʥʠʠ Omicron ʧʦʜ ʥʘʟʚʘ-

ʥʠʝʤ IEDScout. ʕʪʦʪ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ ʦʙʣʘ-

ʜʘʝʪ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʚʦʟʤʦʞʥʦʩʪʝʡ ʜʣʷ ʨʘʙʦʪʳ 

ʩ ʫʩʪʨʦʡʩʪʚʘʤʠ ʧʦ ʩʪʘʥʜʘʨʪʫ ʄʕʂ 61850.ʆʩʥʦʚʥʦʡ 

ʚʦʟʤʦʞʥʦʩʪʴʶ ʵʪʦʛʦ ʇʆ ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʦʥʘʣ ʨʘ-

ʙʦʪʳ ʩ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʤʦʜʝʣʴʶ ʨʘʙʦʪʘʶʱʝʛʦ 
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ʦʙʦʨʫʜʦʚʘʥʠʷ. ʇʦʩʣʝ ʧʦʜʢʣʶʯʝʥʠʷ ʢ ʫʩʪʨʦʡʩʪʚʫ 

ʧʨʦʛʨʘʤʤʘ ʧʦʣʫʯʘʝʪ ʜʦʩʪʫʧ ʢ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʤʦ-

ʜʝʣʠ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʧʦʷʚʣʷʝʪʩʷ ʜʦʩʪʫʧ ʢ ʜʘʥʥʳʤ 

ʭʨʘʥʠʤʳʭ ʚ ʧʝʨʝʤʝʥʥʳʭ ʵʪʦʡ ʤʦʜʝʣʠ, ʚʦʟʤʦʞʥʦʩʪʴ 

ʛʣʫʙʦʢʦʛʦ ʘʥʘʣʠʟʘ ʮʠʬʨʦʚʦʛʦ ʦʙʤʝʥʘ. ʇʨʦʛʨʘʤʤʘ 

ʤʦʞʝʪ ʚʳʩʪʫʧʘʪʴ ʚ ʨʦʣʠ ʠʩʪʦʯʥʠʢʘ ʜʘʥʥʳʭ ʚ ʣʦ-

ʢʘʣʴʥʦʡ ʩʝʪʠ ɸʉʋ. ʇʦʜʢʣʶʯʠʚ ʨʘʙʦʯʫʶ ʩʪʘʥʮʠʶ ʢ 

ʩʝʪʠ Ethernet, ʚʳʧʦʣʥʠʚ ʥʘʩʪʨʦʡʢʫ ʠʩʪʦʯʥʠʢʘ ʠ ʟʘ-

ʛʨʫʟʠʚ ʬʘʡʣ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ, ʧʨʦʛʨʘʤʤʘ 

ʛʦʪʦʚʘ ʢ ʩʠʤʫʣʷʮʠʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʮʠʬʨʦʚʦʛʦ 

ʫʩʪʨʦʡʩʪʚʘ.  

ʉʠʤʫʣʷʪʦʨ ʥʘʯʥʝʪ ʦʪʧʨʘʚʣʷʪʴ ʚ ʩʝʪʴ GOOSE 

ʠ/ʠʣʠ MMS ʩʦʦʙʱʝʥʠʷ.  

ʅʘ ʨʠʩ.1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʨʘ-

ʙʦʪʳ ʩ IEDScout. ʅʘ ʵʪʦʡ ʩʭʝʤʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʨʠ 

ʫʨʦʚʥʷ ɸʉʋ ʕʊʆ. ʅʠʞʥʠʡ ʫʨʦʚʝʥʴ ʧʨʝʜʩʪʘʚʣʝʥ ʣʘ-

ʙʦʨʘʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʦʡ ʩ ʧʨʠʩʦʝʜʠʥʝʥʠʝʤ ʕɼ ʠ 

ʧʨʦʤʳʰʣʝʥʥʳʤ ʢʦʥʪʨʦʣʣʝʨʦʤ ʢʦʤʧʘʥʠʠ WAGO. 

ɺʝʨʭʥʠʡ ʫʨʦʚʝʥʴ ʫʧʨʘʚʣʝʥʠʷ ʧʨʠʩʦʝʜʠʥʝʥʠʝʤ ʇʂ 

ʦʧʝʨʘʪʦʨʩʢʦʡ ʩʪʘʥʮʠʝʡ. ʉʨʝʜʥʠʡ ʫʨʦʚʝʥʴ ʧʨʝʜ-

ʩʪʘʚʣʝʥ ʚ ʚʠʜʝ ʣʦʢʘʣʴʥʦʡ ʩʝʪʠ Ethernet, ʦʙʦʨʫʜʦʚʘ-

ʥʠʝ (ʢʦʤʤʫʪʘʪʦʨʳ) ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʩʚʷʟʠ ʥʘ ʩʭʝʤʝ 

ʥʝ ʧʨʝʜʩʪʘʚʣʝʥʦ. ʈʘʙʦʯʘʷ ʩʪʘʥʮʠʷ ʩ ʇʆ IEDScout 

ʨʘʙʦʪʘʝʪ ʚ ʨʝʞʠʤʝ ʠʤʠʪʘʮʠʠ ʚʪʦʨʦʛʦ ʣʘʙʦʨʘʪʦʨ-

ʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩ ʇʃʂ ʠ ʧʨʠʩʦʝʜʠʥʝʥʠʝʤ ʕɼ. ɺ ʵʪʫ 

ʩʭʝʤʫ ʜʦʙʘʚʣʝʥʘ ʨʘʙʦʯʘʷ ʩʪʘʥʮʠʷ ʩ ʇʆ WireShark 

ʜʣʷ ʧʝʨʝʭʚʘʪʘ ʠ ʘʥʘʣʠʟʘ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʤʝʥʘ.  

 

  
ʈʠʩ. 1 ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʢʦʤʧʣʝʢʩʘ ʠʟʫʯʝʥʠʷ ʤʦ-

ʜʝʣʠʨʦʚʘʥʠʷ ʮʠʬʨʦʚʦʛʦ ʦʙʤʝʥʘ.  

 

ʉ ʮʝʣʴʶ ʠʤʠʪʘʮʠʠ ʨʘʙʦʪʳ ʜʚʫʭ ʩʪʝʥʜʦʚ ʠ ʦʜ-

ʥʦʨʘʥʛʦʚʦʛʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʤʝʥʘ ʤʝʞʜʫ 

ʥʠʤʠ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʥʦʫʪʙʫʢ ʩ ʟʘʧʫʱʝʥʥʳʤ 

IEDScout ʚ ʨʝʞʠʤʝ ʠʤʠʪʘʪʦʨʘ ʀʕʋ. ʀʩʧʦʣʴʟʫʷ 

Wago IEDConfigurator ʙʳʣ ʩʦʟʜʘʥ ʬʘʡʣ ʠʥʬʦʨʤʘ-

ʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʚʝʱʘʥʠʷ GOOSE-

ʩʦʦʙʱʝʥʠʡ ʦ ʩʦʩʪʦʷʥʠʠ ñʚʳʢʣʶʯʘʪʝʣʷò ʵʣʝʢʪʨʦ-

ʜʚʠʛʘʪʝʣʷ. ʅʘ ʨʠʩ.2 ʧʨʝʜʩʪʘʚʣʝʥʦ ʦʢʥʦ ʩʠʤʫʣʷʪʦʨʘ 

IEDScout ʠ ʛʝʥʝʨʘʪʦʨ GOOSEʩʦʦʙʱʝʥʠʷ ʚ ʢʦʪʦʨʦʤ 

ʩʦʜʝʨʞʠʪʩʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʩʦʩʪʦʷʥʠʠ ñʚʳʢʣʶʯʘ-

ʪʝʣʷò. ɺ ʜʘʥʥʦʤ ʨʝʞʠʤʝ ʨʘʙʦʯʘʷ ʩʪʘʥʮʠʷ 2 ʦʪʧʨʘʚ-

ʣʷʝʪ ʚ ʣʦʢʘʣʴʥʫʶ ʩʝʪʴ Ethernet GOOSE ʩʦʦʙʱʝʥʠʷ, 

ʚ ʥʘʙʦʨʝ ʜʘʥʥʳʭ ʢʦʪʦʨʦʛʦ ʩʦʜʝʨʞʠʪʩʷ ʠʥʬʦʨʤʘʮʠʷ 

ʦ ʚʳʢʣʶʯʝʥʥʦʤ ʚʳʢʣʶʯʘʪʝʣʝ.  

 

  
ʈʠʩ. 2 ʇʆ IEDScout ʚ ʨʝʞʠʤʝ ʩʠʤʫʣʷʮʠʠ ʀʕʋ  

 

ʅʘ ʨʠʩ. 3 ʧʦʢʘʟʘʥʳ ʦʢʥʘ ʇʆ WireShark ʩ ʧʝʨʝ-

ʭʚʘʪʦʤ ʪʨʘʬʠʢʘ ʚ ʣʦʢʘʣʴʥʦʡ ʩʝʪʠ ʠʩʩʣʝʜʫʝʤʦʛʦ 

ʧʨʦʝʢʪʘ. ɺ ʚʝʨʭʥʝʡ ʦʙʣʘʩʪʠ ʧʦʢʘʟʘʥʳ MMS ʩʦʦʙ-

ʱʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʤʝʥʘ ʤʝʞʜʫ ʣʘʙʦʨʘʪʦʨ-

ʥʦʡ ʫʩʪʘʥʦʚʢʦʡ ʠ ʦʧʝʨʘʪʦʨʩʢʦʡ ʩʪʘʥʮʠʝʡ. ɺ ʥʠʞ-

ʥʝʡ ʦʙʣʘʩʪʠ ʧʦʢʘʟʘʥʳ GOOSE ʩʦʦʙʱʝʥʠʷ ʠʥʬʦʨ-

ʤʘʮʠʦʥʥʦʛʦ ʦʙʤʝʥʘ ʤʝʞʜʫ ʣʘʙʦʨʘʪʦʨʥʦʡ ʫʩʪʘʥʦʚ-

ʢʦʡ ʠ ʨʘʙʦʯʝʡ ʩʪʘʥʮʠʝʡ 2. ʇʆ IEDScout ʧʦʣʥʦʩʪʴʶ 

ʚʳʧʦʣʥʷʝʪ ʩʚʦʶ ʟʘʜʘʯʫ ʠʤʠʪʘʮʠʠ ʀʕʋ ʠ ʦʪʧʨʘʚ-

ʣʷʝʪ ʚ ʩʝʪʴ GOOSE ʠ MMS ʩʦʦʙʱʝʥʠʷ.  
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AN EXPERIMENTAL - MEASURING COMPLEX FOR CREATING CHARGED AEROSOL 

FORMATIONS AND STUDYING DISCHARGES FROM THEM.  

 

ɸʥʥʦʪʘʮʠʷ 

ʇʨʝʜʩʪʘʚʣʝʥ ʦʙʟʦʨ ʫʩʪʨʦʡʩʪʚʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ï ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʜʣʷ ʩʦʟʜʘʥʠʷ ʘʵʨʦ-

ʟʦʣʴʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʟ ʥʠʭ.  

Abstract 

A review of the experimental-measuring complex for the creation of aerosol formations and research from 

them is presented.  

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʨʘʟʨʷʜ, ʠʤʧʫʣʴʩ ʪʦʢʘ, ʦʙʣʘʢʦ ʟʘʨʷʞʝʥʥʦʛʦ ʘʵʨʦʟʦʣʷ, ʩʧʝʢʪʨʘʣʴʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʟʘʚʠʩʠʤʦʩʪʠ.  

Keywords: electric discharge, current pulse, cloud of charged aerosol, spectral characteristics, dependen-

cies. 

 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ - ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʢʦʤ-

ʧʣʝʢʩ ʜʣʷ ʩʦʟʜʘʥʠʷ ʟʘʨʷʞʝʥʳʭ ʘʵʨʦʟʦʣʴʥʳʭ ʦʙ-

ʨʘʟʦʚʘʥʠʡ ʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʘʟʨʷʜʦʚ ʠʟ ʥʠʭ  
ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʢʦʤʧʣʝʢʩ ʩʦʩʪʦʠʪ ʠʟ 

ʘʵʨʦʟʦʣʴʥʦʡ ʢʘʤʝʨʳ ʦʙʲʝʤʦʤ ʦʢʦʣʦ 250 ʤ3, ʛʝʥʝʨʘ-

ʪʦʨʘ ʟʘʨʷʞʝʥʥʦʛʦ ʘʵʨʦʟʦʣʷ, ʩʪʝʨʞʥʝʚʦʛʦ ʵʣʝʢʪʨʦʜʘ, 

ʤʦʜʝʣʴʥʳʭ ʛʠʜʨʦʤʝʪʝʦʨʦʚ ʠ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʢʦʤ-

ʧʣʝʢʩʘ. ʉʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴ-

ʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 1  
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ʈʠʩ. 6. ʉʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ: 

1 ï ʛʝʥʝʨʘʪʦʨ ʟʘʨʷʞʝʥʥʦʛʦ ʘʵʨʦʟʦʣʷ ʢʦʥʜʝʥʩʘʮʠʦʥʥʦʛʦ ʪʠʧʘ, 2 ï ʟʘʟʝʤʣʝʥʥʳʝ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʝ 

ʵʢʨʘʥʳ, 3 ï ʦʙʣʘʢʦ ʟʘʨʷʞʝʥʥʦʛʦ ʘʵʨʦʟʦʣʷ, 4 ï ʩʪʝʨʞʥʝʚʦʡ ʵʣʝʢʪʨʦʜ ʩʦ ʩʬʝʨʠʯʝʩʢʦʡ ʚʝʨʰʠʥʦʡ, 

5 ï ʠʩʢʨʦʚʦʡ ʨʘʟʨʷʜ 6,7 ï ʤʘʣʦʠʥʜʫʢʪʠʚʥʳʝ ʰʫʥʪʳ, 8 ï ʮʠʬʨʦʚʦʡ ʟʘʧʦʤʠʥʘʶʱʠʡ ʦʩʮʠʣʣʦʛʨʘʬ TDS 3052, 

9 ï ʮʠʬʨʦʚʦʡ ʟʘʧʦʤʠʥʘʶʱʠʡ ʦʩʮʠʣʣʦʛʨʘʬ TDS 3054B, 10 ï ʛʝʥʝʨʘʪʦʨ ʟʘʧʫʩʢʘ ɻ515, 

11 ï ʩʠʩʪʝʤʘ ʌʕʋ ï 37, 12 ï ʮʠʬʨʦʚʦʡ ʬʦʪʦʘʧʧʘʨʘʪ ʤʘʨʢʠ Cannon PowerShot G1, 13 ï ʌʕʋ, 

14 ï ʵʣʝʢʪʨʦʥʥʦ-ʦʧʪʠʯʝʩʢʘʷ ʢʘʤʝʨʘ ʂ-011, 15 ï ʤʦʜʝʣʴʥʳʝ ʛʠʜʨʦʤʝʪʝʦʨʳ. 

 

ʂʨʘʪʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʤʧʣʝʢʩʘ: ʚʳʩʦʪʘ 

ʘʵʨʦʟʦʣʴʥʦʡ ʢʘʤʝʨʳ 3,3 ʤ, ʝʝ ʰʠʨʠʥʘ 4,3 ʤ; ʨʘʩʩʪʦ-

ʷʥʠʝ ʦʪ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʵʢʨʘʥʘ, ʚ ʢʦʪʦʨʦʤ 

ʫʩʪʘʥʘʚʣʠʚʘʣʦʩʴ ʩʦʧʣʦʚʦʝ ʫʩʪʨʦʡʩʪʚʦ ʛʝʥʝʨʘʪʦʨʘ 

ʟʘʨʷʞʝʥʥʦʛʦ ʘʵʨʦʟʦʣʷ, ʩʦʩʪʘʚʣʷʝʪ 3,4 ʤ. ɻʦʨʠʟʦʥ-

ʪʘʣʴʥʳʡ ʟʘʟʝʤʣʝʥʥʳʡ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʡ ʵʢʨʘʥ, 

ʥʘ ʢʦʪʦʨʦʤ ʫʩʪʘʥʦʚʣʝʥ ʵʣʝʢʪʨʦʜ, ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʥʘ 

ʚʳʩʦʪʝ 0,4 ʤ ʥʘʜ ʧʦʣʦʤ. ʉʦʧʣʦʚʦʝ ʫʩʪʨʦʡʩʪʚʦ, ʠʟ 

ʢʦʪʦʨʦʛʦ ʧʨʦʠʩʪʝʢʘʣʘ ʩʪʨʫʷ ʟʘʨʷʞʝʥʥʦʛʦ ʘʵʨʦʟʦʣʷ, 

ʥʘʭʦʜʠʣʦʩʴ ʥʘ ʚʳʩʦʪʝ 1,2 ʤ ʥʘʜ ʧʦʣʦʤ.  

ʈʘʩʩʤʦʪʨʠʤ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ ʵʣʝʤʝʥʪʳ ʵʢʩʧʝ-

ʨʠʤʝʥʪʘʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ.  

ɻʝʥʝʨʘʪʦʨ ʟʘʨʷʞʝʥʥʦʛʦ ʘʵʨʦʟʦʣʷ 1 ʷʚʣʷʝʪʩʷ ʛʝ-

ʥʝʨʘʪʦʨʦʤ ʢʦʥʜʝʥʩʘʮʠʦʥʥʦʛʦ ʪʠʧʘ. ɺ ʥʝʤ ʧʨʠʤʝ-

ʥʝʥʦ ʜʦʟʚʫʢʦʚʦʝ ʩʫʞʠʚʘʶʱʝʝ ʩʦʧʣʦ ʩ ʜʠʘʤʝʪʨʦʤ 

ʢʦʥʮʝʚʦʛʦ ʩʝʯʝʥʠʷ 6 ʤʤ. ʉʦʧʣʦʚʦʝ ʫʩʪʨʦʡʩʪʚʦ ʫʩʪʘ-

ʥʦʚʣʝʥʦ ʚ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʤ ʵʢʨʘʥʝ ʠ ʤʦʞʝʪ 

ʥʘʭʦʜʠʪʴʩʷ ʥʘ ʚʳʩʦʪʝ 0,6-1,0 ʤ ʥʘʜ ʟʘʟʝʤʣʝʥʥʦʡ 

ʧʣʦʩʢʦʩʪʴʶ. ʋʛʦʣ ʥʘʢʣʦʥʘ ʟʘʨʷʞʝʥʥʦʡ ʘʵʨʦʟʦʣʴʥʦʡ 

ʩʪʨʫʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ 

ʤʦʞʝʪ ʚʘʨʴʠʨʦʚʘʪʴʩʷ ʦʪ 0 ʜʦ 30 ʛʨʘʜʫʩʦʚ. ʉʢʦʨʦʩʪʴ 

ʠʩʪʝʯʝʥʠʷ ʧʘʨʘ ʩʦʩʪʘʚʣʷʝʪ 400-430 ʤ/ʩ, ʧʨʠ ʨʘʙʦʯʠʭ 

ʜʘʚʣʝʥʠʷʭ ʚ ʧʘʨʦʛʝʥʝʨʘʪʦʨʝ 3-8 ʘʪʤ.  

ɿʘʨʷʜʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʛʝʥʝʨʘʪʦʨʘ ʟʘʨʷʞʝʥʥʦʛʦ 

ʘʵʨʦʟʦʣʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʪʦʢ ʚʳʥʦʩʘ ʚ ʜʠʘʧʘʟʦʥʝ 80-

150 ʤʢɸ. ʇʨʠ ʨʘʙʦʯʝʤ ʨʝʞʠʤʝ ʫʩʪʘʥʦʚʢʠ ʪʦʢ ʚʳ-

ʥʦʩʘ ʩʦʩʪʘʚʣʷʝʪ 120 ʤʢɸ, ʧʨʠ ʜʘʚʣʝʥʠʠ ʧʝʨʝʛʨʝʪʦʛʦ 

ʚʦʜʷʥʦʛʦ ʧʘʨʘ ʚ ʧʘʨʦʛʝʥʝʨʘʪʦʨʝ 5-6 ʘʪʤ.  

ɻʝʥʝʨʘʪʦʨ ʟʘʨʷʞʝʥʥʦʛʦ ʘʵʨʦʟʦʣʷ ʩʦʟʜʘʝʪ ʠʩ-

ʢʫʩʩʪʚʝʥʥʦ ʟʘʨʷʞʝʥʥʦʝ ʦʙʣʘʢʦ ʚʦʜʥʦʛʦ ʘʵʨʦʟʦʣʷ 3. 

ʆʙʣʘʢʦ ʟʘʨʷʞʝʥʥʦʛʦ ʘʵʨʦʟʦʣʷ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʧʦ-

ʣʷʨʥʦʩʪʠ ʦʙʲʝʤʦʤ ʚ ʥʝʩʢʦʣʴʢʦ ʢʫʙʠʯʝʩʢʠʭ ʤʝʪʨʦʚ 

ʩ ʚʳʩʦʪʦʡ ʥʠʞʥʝʡ ʛʨʘʥʠʮʳ 0,6-1,2 ʤ ʬʦʨʤʠʨʫʝʪʩʷ 

ʥʘʜ ʟʘʟʝʤʣʝʥʥʦʡ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʧʣʦʩʢʦʩʪʴʶ 2, ʜʠʘ-

ʤʝʪʨʦʤ 1,5 ʤ. ʄʘʢʩʠʤʘʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ ʦʙʣʘʢʘ ʧʨʠ 

ʨʘʙʦʯʝʤ ʨʝʞʠʤʝ ʧʨʝʚʳʰʘʝʪ 1,4 ʄɺ. ʆʙʣʘʩʪʴ ʤʘʢ-

ʩʠʤʘʣʴʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʟʘʨʷʞʝʥʥʦʛʦ ʦʙʣʘʢʘ ʥʘʭʦ-

ʜʠʪʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 1,5-1,9 ʤ ʦʪ ʩʨʝʟʘ ʩʦʧʣʦʚʦʛʦ 

ʫʩʪʨʦʡʩʪʚʘ ʠ ʥʘ ʚʳʩʦʪʝ ʧʨʠʤʝʨʥʦ 1 ʤ ʥʘʜ ʛʦʨʠʟʦʥ-

ʪʘʣʴʥʦʡ ʟʘʟʝʤʣʝʥʥʦʡ ʧʣʦʩʢʦʩʪʴʶ. ʅʘ ʛʨʘʥʠʮʝ ʟʘʨʷ-

ʞʝʥʥʦʛʦ ʘʵʨʦʟʦʣʴʥʦʛʦ ʧʦʪʦʢʘ ʧʦʪʝʥʮʠʘʣ ʤʦʞʝʪ ʜʦ-

ʩʪʠʛʘʪʴ 1,0 ʄɺ ʚ ʧʦʧʝʨʝʯʥʦʤ ʩʝʯʝʥʠʠ ʥʘ ʨʘʩʩʪʦʷ-

ʥʠʠ 1,4-1,5 ʤ ʦʪ ʤʝʩʪʘ ʠʩʪʝʯʝʥʠʷ ʩʪʨʫʠ. ɺ 

ʧʨʦʤʝʞʫʪʢʝ çʟʘʨʷʞʝʥʥʦʝ ʘʵʨʦʟʦʣʴʥʦʝ ʦʙʣʘʢʦ ï ʟʘ-

ʟʝʤʣʝʥʥʘʷ ʧʣʦʩʢʦʩʪʴè ʥʘ ʚʳʩʦʪʘʭ ʜʦ 0,4 ʤ ʥʘʜ ʛʦʨʠ-

ʟʦʥʪʘʣʴʥʦʡ ʟʘʟʝʤʣʝʥʥʦʡ ʧʣʦʩʢʦʩʪʴʶ ʠ ʥʘ ʨʘʩʩʪʦʷ-

ʥʠʷʭ 1,0-2,0 ʤ ʦʪ ʩʦʧʣʦʚʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʩʦʟʜʘʝʪʩʷ 

ʧʦʯʪʠ ʢʚʘʟʠʦʜʥʦʨʦʜʥʦʝ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ. ɽʛʦ ʚʝ-

ʣʠʯʠʥʘ ʤʝʥʷʝʪʩʷ ʩ ʚʳʩʦʪʦʡ ʩʨʘʚʥʠʪʝʣʴʥʦ ʤʝʜ-

ʣʝʥʥʦ: ʨʘʩʪʝʪ ʩ ʚʳʩʦʪʦʡ ʥʝ ʙʦʣʝʝ, ʯʝʤ ʥʘ 30-40%, ʠ 

ʩʦʩʪʘʚʣʷʝʪ ʦʪ ~10 ʢɺ/ʩʤ ʫ ʩʘʤʦʡ ʧʣʦʩʢʦʩʪʠ ʜʦ 13-

14 ʢɺ/ʩʤ ʥʘ ʚʳʩʦʪʝ 0,4 ʤ ʥʘʜ ʥʝʡ.  

ʅʘʯʠʥʘʷ ʩ ʚʳʩʦʪʳ 0,4 ʤ ʥʘʜ ʟʘʟʝʤʣʝʥʥʦʡ ʧʣʦʩ-

ʢʦʩʪʴʶ, ʧʨʠ ʧʨʠʙʣʠʞʝʥʠʠ ʢ ʛʨʘʥʠʮʘʤ ʟʘʨʷʞʝʥʥʦʛʦ 

ʘʵʨʦʟʦʣʴʥʦʛʦ ʦʙʣʘʢʘ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʧʦʣʷ ʨʘʩʪʝʪ ʛʦ-

ʨʘʟʜʦ ʙʳʩʪʨʝʝ ʠ ʜʦʩʪʠʛʘʝʪ ʫ ʛʨʘʥʠʮʳ ʟʘʨʷʞʝʥʥʦʡ 

ʘʵʨʦʟʦʣʴʥʦʡ ʩʪʨʫʠ ʚʳʩʦʢʠʭ ʥʘʧʨʷʞʝʥʥʦʩʪʝʡ ʧʦʣʷ: 

ʦʪ 18-20 ʢɺ/ʩʤ ʥʘ ʛʨʘʥʠʮʝ ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʦʚ 

ʩʪʨʫʠ ʜʦ 22-23 ʢɺ/ʩʤ ʥʘ ʛʨʘʥʠʮʝ ʩʪʨʫʠ ʚʙʣʠʟʠ 

ʩʦʧʣʦʚʦʛʦ ʵʢʨʘʥʘ.  

ɺ ʚʝʨʪʠʢʘʣʴʥʦʤ ʨʘʟʨʝʟʝ ʩʘʤʦʛʦ ʟʘʨʷʞʝʥʥʦʛʦ 

ʘʵʨʦʟʦʣʴʥʦʛʦ ʦʙʣʘʢʘ ʢʘʨʪʠʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʧʨʷ-

ʞʝʥʥʦʩʪʠ ʧʦʣʷ ʛʦʨʘʟʜʦ ʩʣʦʞʥʝʝ. ɺ ʦʙʣʘʩʪʠ ʤʘʢʩʠ-

ʤʘʣʴʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ, ʥʘ ʨʘʩʩʪʦʷʥʠʠ 1,6-1,7 ʤ ʦʪ 

ʩʦʧʣʘ ʚʙʣʠʟʠ ʦʩʠ ʩʪʨʫʠ, ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʧʦʣʷ ʤʘʣʘ 

ʠ ʥʝ ʧʨʝʚʳʰʘʝʪ 1 ʢɺ/ʩʤ. ɺʜʦʣʴ ʦʩʠ ʟʘʨʷʞʝʥʥʦʛʦ 
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ʘʵʨʦʟʦʣʴʥʦʛʦ ʧʦʪʦʢʘ, ʥʘ ʨʘʩʩʪʦʷʥʠʷʭ ʦʪ 0,9 ʜʦ 1,9 

ʤ, ʨʘʩʧʦʣʦʞʝʥʘ ʦʙʣʘʩʪʴ ʧʦʥʠʞʝʥʥʳʭ ʥʘʧʨʷʞʝʥʥʦ-

ʩʪʝʡ, ʚ ʢʦʪʦʨʦʡ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʧʦʣʷ ʥʝ ʧʨʝʚʳʰʘʝʪ 

ʥʝʩʢʦʣʴʢʠʭ ʢɺ/ʩʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʝʣʘ, ʧʦʤʝʱʝʥ-

ʥʳʝ ʚ ʦʙʣʘʩʪʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʚʙʣʠʟʠ 

ʦʩʠ ʟʘʨʷʞʝʥʥʦʛʦ ʘʵʨʦʟʦʣʴʥʦʛʦ ʧʦʪʦʢʘ, ʙʫʜʫʪ ʥʘʭʦ-

ʜʠʪʴʩʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʣʘʙʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʣʝʡ 

ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʤʘʣʦ ʧʦʚʣʠʷʶʪ ʥʘ ʠʥʠʮʠʠʨʦʚʘʥʠʝ 

ʨʘʟʨʷʜʥʳʭ ʷʚʣʝʥʠʡ. ʅʘʧʨʷʞʝʥʥʦʩʪʴ ʧʦʣʷ ʥʘʨʘʩʪʘʝʪ 

ʪʦʣʴʢʦ ʚ ʧʦʛʨʘʥʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ï ʚʙʣʠʟʠ ʤʝʩʪʘ ʠʩ-

ʪʝʯʝʥʠʷ ʩʪʨʫʠ ʠ ʚ ʝʝ ʜʘʣʴʥʝʡ ʧʝʨʠʬʝʨʠʡʥʦʡ ʯʘʩʪʠ. 

ɺ ʨʘʜʠʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʚʥʫʪʨʠ ʘʵʨʦʟʦʣʴʥʦʛʦ 

ʦʙʣʘʢʘ ʥʘʙʣʶʜʘʝʪʩʷ ʙʳʩʪʨʦʝ ʥʘʨʘʩʪʘʥʠʝ ʥʘʧʨʷʞʝʥ-

ʥʦʩʪʠ ʧʦʣʷ ʢ ʛʨʘʥʠʮʘʤ ʘʵʨʦʟʦʣʴʥʦʛʦ ʧʦʪʦʢʘ ï ʜʦ 18-

23 ʢɺ/ʩʤ ʥʘ ʛʨʘʥʠʮʘʭ ʩʪʨʫʠ.  

ʋʩʪʘʥʦʚʠʚʰʠʝʩʷ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʪʝʥʮʠʘʣʘ ʠ 

ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʚʥʫʪʨʠ ʠʩʢʫʩ-

ʩʪʚʝʥʥʦʛʦ ʟʘʨʷʞʝʥʥʦʛʦ ʘʵʨʦʟʦʣʴʥʦʛʦ ʦʙʣʘʢʘ ʠ 

ʚʙʣʠʟʠ ʥʝʛʦ ʚ ʚʝʨʪʠʢʘʣʴʥʦʤ ʩʝʯʝʥʠʠ ʧʨʦʤʝʞʫʪʢʘ 

ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 2 ʠ ʨʠʩ. 3.  

  
ʈʠʩ. 2 ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʪʝʥʮʠʘʣʘ ʚ ʚʝʨʪʠʢʘʣʴʥʦʤ ʩʝʯʝʥʠʠ, ʧʨʦʭʦʜʷʱʝʤ ʯʝʨʝʟ ʦʩʴ ʩʪʨʫʠ ʟʘʨʷʞʝʥʥʦʛʦ 

ʘʵʨʦʟʦʣʷ ʠ ʤʝʩʪʦ ʫʩʪʘʥʦʚʢʠ ʩʪʝʨʞʥʝʚʦʛʦ ʵʣʝʢʪʨʦʜʘ ʥʘ ʟʘʟʝʤʣʝʥʥʦʡ ʧʣʦʩʢʦʩʪʠ. 

1- ʦʩʴ ʩʪʨʫʠ ʟʘʨʷʞʝʥʥʦʛʦ ʘʵʨʦʟʦʣʷ; 2 ï ʛʨʘʥʠʮʳ ʩʪʨʫʠ ʟʘʨʷʞʝʥʥʦʛʦ ʘʵʨʦʟʦʣʷ.  

 

  
ʈʠʩ. 8. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʚ ʚʝʨʪʠʢʘʣʴʥʦʤ ʩʝʯʝʥʠʠ, ʧʨʦʭʦʜʷʱʝʤ ʯʝʨʝʟ 

ʦʩʴ ʩʪʨʫʠ ʟʘʨʷʞʝʥʥʦʛʦ ʘʵʨʦʟʦʣʷ ʠ ʤʝʩʪʦ ʫʩʪʘʥʦʚʢʠ ʩʪʝʨʞʥʝʚʦʛʦ ʵʣʝʢʪʨʦʜʘ ʥʘ ʟʘʟʝʤʣʝʥʥʦʡ ʧʣʦʩʢʦʩʪʠ. 

1- ʦʩʴ ʩʪʨʫʠ ʟʘʨʷʞʝʥʥʦʛʦ ʘʵʨʦʟʦʣʷ; 2 ï ʛʨʘʥʠʮʳ ʩʪʨʫʠ ʟʘʨʷʞʝʥʥʦʛʦ ʘʵʨʦʟʦʣʷ  
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ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʫʝʤʦʡ ʣʠʪʝʨʘʪʫʨʳ  
1. ʕʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʪʝʭʥʠʢʠ ʚʳʩʦ-

ʢʠʭ ʥʘʧʨʷʞʝʥʠʡ. ʀ.ʄ. ɹʦʨʪʥʠʢ, ɸ.ɸ. ɹʝʣʦʛʣʦʚʩʢʠʡ, 
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A REVIEW OF CURRENT METHODS FOR DIAGNOSING ELECTRICAL INSULATION.  

 

ɸʥʥʦʪʘʮʠʷ 

ʈʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʦʙʟʦʨʫ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʜʠʘʛʥʦʩʪʠʢʠ ʠʟʦʣʷʮʠʠ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ. ɹʣʘʛʦ-

ʜʘʨʷ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʜʠʘʛʥʦʩʪʠʢʠ ʠʟʦʣʷʮʠʠ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ, ʚʦʟʤʦʞʥʦ, ʦʧʨʝ-

ʜʝʣʷʪʴ ʥʝ ʪʦʣʴʢʦ ʪʝʭʥʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʥʦ ʠ ʣʦʢʘʣʠʟʦʚʘʪʴ ʠʤʝʶʱʠʝʩʷ ʧʨʦʙʣʝʤ-

ʥʳʝ ʤʝʩʪʘ, ʦʮʝʥʠʪʴ ʩʪʝʧʝʥʴ ʩʪʘʨʝʥʠʷ ʠʟʦʣʷʮʠʠ ʠ ʦʩʪʘʪʦʯʥʳʡ ʨʝʩʫʨʩ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ.  

Abstract 

The work is devoted to a review of modern diagnostic methods for insulation of electrical equipment. Thanks 

to the use of modern methods for diagnosing insulation of electrical equipment, it is possible to determine not only 

the technical condition of the object of study, but also to localize the existing problem areas, to assess the degree 

of aging of the insulation and the residual resource of electrical equipment. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʟʦʣʷʮʠʷ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ, ʤʝʪʦʜʳ ʜʠʘʛʥʦʩʪʠʢʠ, ʥʝʨʘʟʨʫʰʘʶʱʠʡ ʤʝʪʦʜ, ʧʝ-

ʨʠʦʜʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ, ʥʝʧʨʝʨʳʚʥʳʡ ʢʦʥʪʨʦʣʴ. 

Keywords: insulation of electrical equipment, diagnostic methods, non-destructive method, periodic testing, 

continuous monitoring. 

 

ʆʙʲʝʢʪʠʚʥʳʝ ʜʘʥʥʳʝ ʦ ʩʦʩʪʦʷʥʠʠ ʠʟʦʣʷʮʠʠ 

ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ, ʚʦʟʤʦʞʥʦ, ʧʦʣʫʯʠʪʴ ʩʦʚʨʝ-

ʤʝʥʥʳʤʠ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ. ʂ ʜʘʥʥʳʤ 

ʤʝʪʦʜʘʤ ʦʪʥʦʩʠʪʩʷ ʜʠʘʛʥʦʩʪʠʢʘ ʠʟʦʣʷʮʠʠ ʦʙʦʨʫʜʦ-

ʚʘʥʠʷ ʙʝʟ ʥʘʨʫʰʝʥʠʷ ʝʝ ʮʝʣʦʩʪʥʦʩʪʠ ʠ ʫʭʫʜʰʝʥʠʷ 

ʪʝʭʥʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ. ɼʘʥʥʳʡ ʤʝʪʦʜ ʦʪʥʦʩʠʪʩʷ 

ʢ ʥʝʨʘʟʨʫʰʘʶʱʠʤ ʤʝʪʦʜʘʤ ʢʦʥʪʨʦʣʷ ʠ ʜʠʘʛʥʦ-

ʩʪʠʢʠ ʩʦʩʪʦʷʥʠʷ ʠʟʦʣʷʮʠʠ. ʄʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʥʝ 

ʪʦʣʴʢʦ ʦʧʨʝʜʝʣʠʪʴ ʪʝʭʥʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʦʙʲʝʢʪʘ, 

ʥʦ ʠ ʫʩʪʨʘʥʠʪʴ ʠʤʝʶʱʠʝʩʷ ʧʨʦʙʣʝʤʥʳʝ ʤʝʩʪʘ. ʀʩ-

ʧʦʣʴʟʫʷ ʢʦʤʧʣʝʢʩʥʫʶ ʜʠʘʛʥʦʩʪʠʢʫ ʤʝʪʦʜʘʤʠ ʥʝ-

ʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʩʪʝʧʝʥʴ 

ʩʪʘʨʝʥʠʷ ʠʟʦʣʷʮʠʠ ʠ ʦʩʪʘʪʦʯʥʳʡ ʨʝʩʫʨʩ ʵʣʝʢʪʨʦ-

ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʂʦʥʪʨʦʣʠʨʦʚʘʪʴ ʪʝʭʥʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʵʣʝʢ-

ʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ ʚʦ ʚʨʝʤʝʥʠ ʚʦʟʤʦʞʥʦ: 

¶ ʇʝʨʠʦʜʠʯʝʩʢʠʤʠ ʠʩʧʳʪʘʥʠʷʤʠ ʜʠʘʛʥʦʩʪʠʯʝ-

ʩʢʠʤʠ ʤʝʪʦʜʘʤʠ; 

¶ ʅʝʧʨʝʨʳʚʥʳʤ ʢʦʥʪʨʦʣʝʤ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦ-
ʩʪʦʷʥʠʷ ʠʟʦʣʷʮʠʠ ʦʙʦʨʫʜʦʚʘʥʠʷ.  

ʇʝʨʠʦʜʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʤʠ 

ʤʝʪʦʜʘʤʠ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʜʠʥʘʤʠʢʫ ʧʨʦʮʝʩ-

ʩʦʚ ʩʪʘʨʝʥʠʷ ʠʣʠ ʨʘʟʚʠʪʠʷ ʜʝʬʝʢʪʦʚ (ʪʨʝʥʜ). 

ʅʝʧʨʝʨʳʚʥʳʡ ʢʦʥʪʨʦʣʴ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷ-

ʥʠʷ ʠʟʦʣʷʮʠʠ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʪʩʣʝʞʠʚʘʪʴ ʧʨʦ-

ʮʝʩʩʳ ʚ ʠʟʦʣʷʮʠʠ ʚ ʢʘʞʜʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ (ʤʦʥʠ-

ʪʦʨʠʥʛ). ʅʝʧʨʝʨʳʚʥʘʷ ʜʠʘʛʥʦʩʪʠʢʘ (ʤʦʥʠʪʦʨʠʥʛ) ʟʘ 

ʩʯʝʪ ʦʙʲʝʤʘ ʧʦʣʫʯʘʝʤʳʭ ʜʘʥʥʳʭ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ 

ʠʥʬʦʨʤʘʪʠʚʥʦʡ. ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʷʚʣʷʝʪʩʷ ʤʦʥʠʪʦ-

ʨʠʥʛ ʦʩʦʙʦ ʚʘʞʥʳʭ ʦʙʲʝʢʪʦʚ ʵʥʝʨʛʝʪʠʢʠ, ʠʤʝʶʱʠʭ 

ʙʦʣʴʰʫʶ ʫʩʪʘʥʦʚʣʝʥʥʫʶ ʤʦʱʥʦʩʪʴ ʠ ʩʦʦʪʚʝʪ-

ʩʪʚʝʥʥʦ ʩʪʦʠʤʦʩʪʴ.  
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ʇʦʩʣʝʜʥʠʝ ʜʝʩʷʪʴ ʣʝʪ ʚʝʜʫʪʩʷ ʨʘʙʦʪʳ ʧʦ ʩʦʚʝʨ-

ʰʝʥʩʪʚʦʚʘʥʠʶ ʥʝʨʘʟʨʫʰʘʶʱʠʭ ʤʝʪʦʜʦʚ ʜʠʘʛʥʦ-

ʩʪʠʢʠ ʠʟʦʣʷʮʠʠ ʠ ʚʳʧʫʩʢʫ ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʡ ʜʣʷ 

ʵʪʦʛʦ ʘʧʧʘʨʘʪʫʨʳ. ʄʝʪʦʜʳ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʥʘ ʜʠʘ-

ʛʥʦʩʪʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ, ʥʝ ʨʘʟʨʫʰʘʶʱʠʝ ʠʟʦʣʷ-

ʮʠʶ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʧʦʟʚʦʣʷʶʱʠʝ ʚʳʧʦʣ-

ʥʷʪʴ ʣʦʢʘʣʠʟʘʮʠʶ ʧʨʦʙʣʝʤʥʳʭ ʤʝʩʪ ʥʘ ʨʘʥʥʝʡ ʩʪʘ-

ʜʠʠ ʨʘʟʚʠʪʠʷ ʜʝʬʝʢʪʦʚ ʚ ʠʟʦʣʷʮʠʠ.  

ʅʘʠʙʦʣʝʝ ʩʦʚʨʝʤʝʥʥʳʤʠ ʷʚʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ 

ʚʠʜʳ ʪʝʭʥʠʯʝʩʢʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʠʟʦʣʷʪʦʨʦʚ:  

¶ ʢʦʥʪʘʢʪʥʳʝ (ʠʟʤʝʨʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʧʦ ʠʟʦ-
ʣʷʪʦʨʘʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʰʪʘʥʛʠ); 

¶ ʙʝʩʢʦʥʪʘʢʪʥʳʝ ʠ ʜʠʩʪʘʥʮʠʦʥʥʳʝ (ʪʝʧʣʦʚʦʡ ï 

ʀʂ. ɸʢʫʩʪʠʯʝʩʢʠʡ, ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʳʡ ï ʋʌ). ʋʌ ʠ 

ʀʂ ʤʝʪʦʜʳ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ, 

ʧʦʟʚʦʣʷʶʪ ʥʝ ʪʦʣʴʢʦ ʦʧʨʝʜʝʣʠʪʴ ʥʘʧʨʘʚʣʝʥʠʝ ʧʦ-

ʠʩʢʘ ʜʝʬʝʢʪʘ, ʥʦ ʪʘʢ ʞʝ ʪʦʯʥʦ ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ ʝʛʦ 

ʤʝʩʪʦ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʠʟʤʝʨʠʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʟ-

ʣʫʯʝʥʠʷ ʚ ʋʌ, ʣʠʙʦ ʀʂ ʩʧʝʢʪʨʝ ʜʣʷ ʦʮʝʥʢʠ ʩʪʝʧʝʥʠ 

ʦʧʘʩʥʦʩʪʠ ʚʳʷʚʣʝʥʥʦʛʦ ʜʝʬʝʢʪʘ. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʙʝʩʢʦʥʪʘʢʪʥʳʝ ʠ ʜʠʩʪʘʥ-

ʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʜʠʘʛʥʦʩʪʠʢʠ ʩʦʩʪʦʷʥʠʷ ʠʟʦʣʷʮʠʠ 

ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʩʦʚʨʝ-

ʤʝʥʥʳʤʠ ʠ ʠʥʬʦʨʤʘʪʠʚʥʳʤʠ. 

ʊʝʧʣʦʚʦʡ ʤʝʪʦʜ ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ 

ʚʢʣʶʯʝʥ ʚ ʈɼ 34.45-51.300ï97 ʚ 1997 ʛ. ɹʳʣ ʪʘʢʞʝ 

ʨʝʢʦʤʝʥʜʦʚʘʥ ʢʦʥʪʨʦʣʴ ʠʟʦʣʷʪʦʨʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʝʤ ʪʝʧʣʦʚʠʟʦʨʦʚ ʠ ʵʣʝʢʪʨʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʭ ʜʝ-

ʬʝʢʪʦʩʢʦʧʦʚ. ʆʜʥʘʢʦ ʚ ʧʦʩʣʝʜʫʶʱʝʡ ʨʝʜʘʢʮʠʠ ʈɼ 

ʩ ʠʟʤʝʥʝʥʠʷʤʠ ʠ ʜʦʧʦʣʥʝʥʠʷʤʠ ʧʫʥʢʪ 30.6.4 ʙʳʣ 

ʠʩʢʣʶʯʝʥ. ʇʫʥʢʪ 30.6.3 ʠʟʣʦʞʝʥ ʚ ʨʝʜʘʢʮʠʠ, ʥʝ 

ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʱʝʡ ʠʩʧʳʪʘʥʠʷ ʩʪʝʢʣʷʥʥʳʭ ʧʦʜ-

ʚʝʩʥʳʭ ʠʟʦʣʷʪʦʨʦʚ ʚʦʟʜʫʰʥʳʭ ʣʠʥʠʡ, ʠʟʦʣʷʪʦʨʦʚ 

ʚʩʝʭ ʪʠʧʦʚ ʜʣʷ ʧʦʜʚʝʩʢʠ ʛʨʦʟʦʟʘʱʠʪʥʦʛʦ ʪʨʦʩʘ ʠ 

ʧʦʣʠʤʝʨʥʳʭ ʠʟʦʣʷʪʦʨʦʚ. ʇʨʝʜʣʘʛʘʝʪʩʷ ʦʩʫʱʝʩʪʚ-

ʣʷʪʴ ʢʦʥʪʨʦʣʴ ʚʥʝʰʥʠʤ ʦʩʤʦʪʨʦʤ. ɺ ʨʷʜʝ ʩʣʫʯʘʝʚ 

ʚʥʝʰʥʠʡ ʦʩʤʦʪʨ ʠʟʦʣʷʮʠʠ ʥʝ ʚʩʝʛʜʘ ʤʦʞʝʪ ʧʨʝʜʦʪ-

ʚʨʘʪʠʪʴ ʘʚʘʨʠʶ, ʪʘʢ ʢʘʢ ʧʨʦʮʝʩʩ ʨʘʟʨʫʰʝʥʠʷ ʠʟʦʣʷ-

ʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʠʤʝʝʪ ʚʨʝʤʝʥʥʦʡ ʠʥʪʝʨʚʘʣ. 

ʀʩʧʦʣʴʟʫʷ ʤʝʪʦʜ ʪʝʧʣʦʚʦʛʦ ʢʦʥʪʨʦʣʷ ʩʣʝʜʫʝʪ 

ʧʨʠʥʷʪʴ ʚʦ ʚʥʠʤʘʥʠʝ ʫʩʣʦʚʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, 

ʧʨʠ ʢʦʪʦʨʳʭ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʜʠʘʛʥʦʩʪʠʢʘ. ɺ ʩʫʭʫʶ 

ʧʦʛʦʜʫ ʪʝʧʣʦʚʠʟʦʨ ʤʦʞʝʪ ʥʝ ʚʳʷʚʠʪʴ ʜʝʬʝʢʪ ʠʟʦʣʷ-

ʪʦʨʘ, ʧʦʩʢʦʣʴʢʫ ʪʦʣʴʢʦ ʧʨʠ ʧʦʚʳʰʝʥʥʦʡ ʚʣʘʞʥʦ-

ʩʪʠ ʚʦʟʥʠʢʘʶʪ ʫʩʣʦʚʠʷ (ʧʦʚʳʰʝʥʥʳʡ ʪʦʢ ʫʪʝʯʢʠ), 

ʠʟʤʝʥʷʶʱʠʡ ʪʝʧʣʦʚʦʝ ʩʦʩʪʦʷʥʠʝ ʦʙʲʝʢʪʘ, ʢʦʪʦʨʦʝ 

ʠ ʬʠʢʩʠʨʫʝʪʩʷ ʧʨʠʙʦʨʦʤ. 

ɹʦʣʝʝ ʪʦʯʥʳʡ ʨʝʟʫʣʴʪʘʪ ʜʠʘʛʥʦʩʪʠʢʠ ʠʟʦʣʷʪʦ-

ʨʦʚ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠʤʝʥʝʥʠʷ ʋʌ ʜʝʬʝʢʪʦʩʢʦʧʦʚ. ɺ 

ʭʦʜʝ ʜʣʠʪʝʣʴʥʳʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʠʩʧʳʪʘʥʠʡ 

ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʳʭ ʢʘʤʝʨ, ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʨʝʟʫʣʴʪʘ-

ʪʦʚ ʩʦʩʪʘʚʠʣʘ 96%.  

ʅʘʠʚʳʩʰʘʷ ʪʦʯʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʪʝʭʥʠʯʝ-

ʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʜʦʩʪʠʛʘʝʪʩʷ ʧʫʪʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʢʦʥʪʨʦʣʷ ʚ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʤ ʠ ʠʥ-

ʬʨʘʢʨʘʩʥʦʤ ʩʧʝʢʪʨʘʭ. 

ʆʩʥʦʚʥʳʤʠ ʥʝʜʦʩʪʘʪʢʘʤʠ ʩʦʚʨʝʤʝʥʥʳʭ ʜʠʘ-

ʛʥʦʩʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʠʩʧʳʪʘʥʠʡ ʠʟʦʣʷʮʠʠ ʷʚʣʷ-

ʶʪʩʷ ʩʪʦʠʤʦʩʪʴ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʡ ʘʧʧʘʨʘʪʫʨʳ ʠ ʦʪ-

ʩʫʪʩʪʚʠʝ ʚʳʩʦʢʦʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʧʝʨʩʦʥʘʣʘ 

ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʧʳʪʘʥʠʡ. ɼʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʟʘ-

ʪʨʘʪ, ʩʚʷʟʘʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʘʥʥʳʭ ʤʝʪʦʜʦʚ, 

ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʫʩʣʫʛʘʤʠ ʩʧʝʮʠʘ-

ʣʠʟʠʨʦʚʘʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ, ʠʤʝʶʱʠʭ ʧʝʨʩʦʥʘʣ 

ʚʳʩʦʢʦʡ ʢʚʘʣʠʬʠʢʘʮʠʠ. ʇʨʠ ʵʪʦʤ ʟʘʢʘʟʯʠʢ ʥʝ ʥʝʩʝʪ 

ʟʘʪʨʘʪ ʥʘ ʧʨʠʦʙʨʝʪʝʥʠʝ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦ-

ʚʘʥʠʷ ʠ ʥʝ ʩʦʜʝʨʞʠʪ ʩʧʝʮʠʘʣʠʩʪʦʚ ʜʣʷ ʨʘʙʦʪʳ ʩ 

ʥʠʤ.  
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ʥʠʡ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ. 6-ʝ ʠʟʜ. ʄ.: ʕʅɸʉ, 1998. 
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ʥʝʥʠʷ ʧʨʠʙʦʨʦʚ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʛʦ ʢʦʥʪʨʦʣʷ ʚ 
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ʈʷʙʦʚ ʉ.ʀ., 

ɽʣʬʠʤʦʚ ʉ.ɸ., 

ɻʦʥʯʘʨʦʚ ɽ.ʉ. 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ çʄʕʀè  

  

ʈɸɿʄɽʑɽʅʀɽ ʅɸ ʊɽʈʈʀʊʆʈʀʀ ʆʈʋ ʄʆʃʅʀɽʆʊɺʆɼʆɺ ɼʃʗ ɿɸʑʀʊʓ 

ʕʃɽʂʊʈʆʆɹʆʈʋɼʆɺɸʅʀʗ ʆʈʋ ʆʊ ʇʈʗʄʓʍ ʋɼɸʈʆɺ ʄʆʃʅʀʀ, ʆʇʈɽɼɽʃɽʅʀɽ ʀʍ 

ʄʀʅʀʄɸʃʔʅʆ ʅɽʆɹʍʆɼʀʄʆɻʆ ʏʀʉʃɸ ʀ ɺʓʉʆʊʓ.  

 

Ryabov S.I., 

Elfimov S.A., 

Goncharov E.S. 

 

PLACEMENT OF LIGHTNING RODS ON THE TERRITORY OF THE OUTDOOR SWITCHGEAR 

TO PROTECT THE ELECTRICAL EQUIPMENT OF THE OUTDOOR SWITCHGEAR FROM 

DIRECT LIGHTNING STRIKES, DETERMINATION OF THEIR MINIMUM REQUIRED NUMBER 

AND HEIGHT.  

 

ɸʥʥʦʪʘʮʠʷ 

ʇʨʦʜʝʣʘʥ ʨʘʩʯʝʪ ʩ ʧʦʜʨʦʙʥʳʤ ʦʧʠʩʘʥʠʝʤ ʨʘʟʤʝʱʝʥʠʷ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʆʈʋ ʤʦʣʥʠʝʦʪʚʦʜʦʚ ʜʣʷ ʟʘ-

ʱʠʪʳ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ ʆʈʋ ʦʪ ʧʨʷʤʳʭ ʫʜʘʨʦʚ ʤʦʣʥʠʠ, ʦʧʨʝʜʝʣʝʥʠʝ ʠʭ ʤʠʥʠʤʘʣʴʥʦ ʥʝʦʙʭʦʜʠʤʦʛʦ 

ʯʠʩʣʘ ʠ ʚʳʩʦʪʳ.  

Abstract 

A calculation was made with a detailed description of the placement of lightning conductors on the territory 

of the outdoor switchgear to protect the electrical equipment of the outdoor switchgear from direct lightning 

strikes, determining their minimum required number and height.  

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʨʘʟʨʷʜ, ʤʦʣʥʠʝʦʪʚʦʜ, ʚʝʨʦʷʪʥʦʩʪʴ ʧʨʦʨʳʚʘ ʤʦʣʥʠʠ, ʟʦʥʘ ʟʘʱʠʪʳ, 

ʆʈʋ.  

Keywords: electric discharge, lightning conductor, probability of lightning breaking, protection zone, out-

door switchgear. 

 

ɿʦʥʘ ʟʘʱʠʪʳ ʦʜʠʥʦʯʥʦʛʦ ʩʪʝʨʞʥʝʚʦʛʦ ʤʦʣʥʠʝʦʪʚʦʜʘ ʚʳʩʦʪʦʡ hÒ150 ʤ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʨʫʛʦʚʦʡ 

ʢʦʥʫʩ ʩ ʚʝʨʰʠʥʦʡ ʥʘ ʚʳʩʦʪʝ h0<h, ʩʝʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʥʘ ʚʳʩʦʪʝ hx ʠʤʝʝʪ ʨʘʜʠʫʩ rx.  

 
ʈʠʩ. 1ʆʜʠʥʦʯʥʳʡ ʩʪʝʨʞʥʝʚʦʡ ʤʦʣʥʠʝʦʪʚʦʜ 

 

Ὤὼ(500) = 24 ʤ - ʚʳʩʦʪʘ ʧʦʨʪʘʣʘ ʆʈʋ ʚʳʩʰʝʛʦ ʥʘʧʨʷʞʝʥʠʷ  

ɺʳʩʦʪʘ ʚʝʨʰʠʥʳ ʤʦʣʥʠʝʦʪʚʦʜʘ  

Ὤ = Ὤὼ + (10 õ 18) = Ὤὼ + 18 = 24 + 18 = 42 ʤ  

r x  
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ʈʠʩ.2.ɿʦʥʘ ʟʘʱʠʪʳ ʜʚʦʡʥʦʛʦ ʩʪʝʨʞʥʝʚʦʛʦ ʤʦʣʥʠʝʦʪʚʦʜʘ  

 

ɺʝʨʦʷʪʥʦʩʪʴ ʧʨʦʨʳʚʘ ʤʦʣʥʠʠ ʯʝʨʝʟ ʛʨʘʥʠʮʫ ʟʦʥʳ ʥʝ ʧʨʝʚʳʰʘʝʪ ʈʧʨ=0,005 (ʪʠʧ ɸ)  

ʇʨʠ 30 ʤ < h < 100 ʤ :  

Ὤ0 = 0,85 Ŀ Ὤ = 0,85 Ŀ 42 = 35,7 ʤ  

 

ɿʦʥʘ ʟʘʱʠʪʳ ʦʜʠʥʦʯʥʦʛʦ ʤʦʣʥʠʝʦʪʚʦʜʘ ʥʘ ʫʨʦʚʥʝ ʟʝʤʣʠ (hx=0)  

 

ὶ0 = [1,1 ī (0,002 Ā Ὤ)] Ā Ὤ = [1.1 ī 0,002 Ā 42] Ā 42 = 42,672 ʤ  

 

ɿʦʥʘ ʟʘʱʠʪʳ ʦʜʠʥʦʯʥʦʛʦ ʤʦʣʥʠʝʦʪʚʦʜʘ ʥʘ ʫʨʦʚʥʝ ʧʦʨʪʘʣʘ ʆʈʋ ʚʳʩʰʝʛʦ ʥʘʧʨʷʞʝʥʠʷ:  

 

 
14 ʤ  

ɼʣʷ ʟʘʱʠʪʳ ʚʩʝʡ ʪʝʨʨʠʪʦʨʠʠ ʆʈʋ ʫʩʪʘʥʦʚʢʠ ʦʜʠʥʦʯʥʦʛʦ ʤʦʣʥʠʝʦʪʚʦʜʘ ʩ ʨʘʜʠʫʩʦʤ ʟʘʱʠʱʘʝʤʦʡ ʟʦʥʳ 

ὶὼ ʥʝʜʦʩʪʘʪʦʯʥʦ. ʅʝʦʙʭʦʜʠʤʦ ʧʨʠʤʝʥʠʪʴ ʥʝʩʢʦʣʴʢʦ ʤʦʣʥʠʝʦʪʚʦʜʦʚ .  

ɸ) ʈʘʩʯʝʪ ʜʣʷ ʜʚʫʭ ʤʦʣʥʠʝʦʪʚʦʜʦʚ ʥʘ ʩʪʦʨʦʥʝ ʘ=70ʤ.(ˉ1-2)  

 

  
ɹ) ʈʘʩʯʝʪ ʜʣʷ ʜʚʫʭ ʤʦʣʥʠʝʦʪʚʦʜʦʚ ʥʘ ʩʪʦʨʦʥʝ b=100ʤ.(ˉ1-3)  

 

  
ɺ) ʈʘʩʯʝʪ ʜʣʷ ʤʦʣʥʠʝʦʪʚʦʜʦʚ ˉ2-3  
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3 ʤʦʣʥʠʝʦʪʚʦʜʘ ʧʦʣʥʦʩʪʴʶ ʟʘʱʠʱʘʶʪ ʧʦʣʦʚʠʥʫ ʆʈʋ ʘ ʵʪʦ ʟʥʘʯʠʪ, ʯʪʦ ʜʣʷ ʟʘʱʠʪʳ ʪʝʨʨʠʪʦʨʠʠ ʚʩʝʛʦ 

ʆʈʋ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʫʩʪʘʥʦʚʠʪʴ 6 ʩʪʝʨʞʥʝʚʳʭ ʤʦʣʥʠʝʦʪʚʦʜʦʚ ʩ ʧʘʨʘʤʝʪʨʘʤʠ ʧʨʠʚʝʜʝʥʥʳʤʠ ʚʳʰʝ.  

ʆʧʨʝʜʝʣʝʥʠʝ ʯʠʩʣʘ ʧʦʚʨʝʞʜʝʥʠʡ ʚ ʛʦʜ ʠʟʦʣʷʮʠʠ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ ʆʈʋ ʦʪ ʧʨʷʤʳʭ ʫʜʘʨʦʚ ʤʦʣʥʠʠ 

ʠ ʧʨʦʨʳʚʦʚ ʤʦʣʥʠʝʟʘʱʠʪʳ ʧʦʜʩʪʘʥʮʠʠ.  

ʉʨʝʜʥʝʝ ʯʠʩʣʦ ʧʝʨʝʢʨʳʪʠʡ ʠʟʦʣʷʮʠʠ ʇʉ ʚʩʣʝʜʩʪʚʠʝ ʧʨʦʨʳʚʦʚ ʤʦʣʥʠʠ ʚ ʟʦʥʫ ʟʘʱʠʪʳ ʤʦʣʥʠʝʦʪʚʦʜʘ:  

  
ɺʝʨʦʷʪʥʦʩʪʴ ʧʨʦʨʳʚʘ:  

ὖʧʨ = 0,005 (ʟʦʥʘ ɸ)  

ɺʝʨʦʷʪʥʦʩʪʴ ʧʝʨʝʢʨʳʪʠʷ ʠʟʦʣʷʮʠʠ ʥʘ ʦʧʦʨʝ ʧʨʠ ʫʜʘʨʝ ʤʦʣʥʠʠ ʚ ʧʨʦʚʦʜ:  

  
ʏʠʩʣʦ ʦʙʨʘʪʥʳʭ ʧʝʨʝʢʨʳʪʠʡ ʠʟʦʣʷʮʠʠ ʧʨʠ ʫʜʘʨʘʭ ʚ ʤʦʣʥʠʝʦʪʚʦʜʳ ʨʘʚʥʦ:  

  
Ὗ50%ʆʈʋ = Ὅʤ Ā Ὑʠ + ὒ0 Ā Ὤʭ Ā ὥʢʨ , ʦʪʢʫʜʘ  

  
hʭ(330)- ʚʳʩʦʪʘ ʧʦʨʪʘʣʘ ʆʈʋ ʥʠʟʰʝʛʦ ʥʘʧʨʷʞʝʥʠʷ  

Ὑʠ - ʠʤʧʫʣʴʩʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʟʘʟʝʤʣʝʥʠʷ (ʆʤ)  

Ὅʤ - ʪʦʢ ʤʦʣʥʠʠ (ʢɸ)  

ὥʢʨ - ʢʨʫʪʠʟʥʘ ʬʨʦʥʪʘ ʪʦʢʘ ʤʦʣʥʠʠ (ʢɸ/ʤʢʩ)  

ὒ0 = 0,6 ʤʢɻʥ/ʤ - ʫʜʝʣʴʥʘʷ ʠʥʜʫʢʪʠʚʥʦʩʪʴ ʧʦʨʪʘʣʘ  

ɿʘʜʘʝʤ Ὅʤ = 60 ʢɸ  
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SCHEME AND PRINCIPLE OF OPERATION OF CHARGED AEROSOL GENERATORS.  

 

ɸʥʥʦʪʘʮʠʷ 

ɺ ʨʘʙʦʪʝ ʧʨʠʚʦʜʠʪʩʷ ʦʧʠʩʘʥʠʝ ʛʝʥʝʨʘʪʦʨʘ ʟʘʨʷʞʝʥʥʦʛʦ ʘʵʨʦʟʦʣʷ, ʦʧʠʩʘʥʠʝ ʝʛʦ ʜʝʡʩʪʚʠʷ, ʘ ʪʘʢʞʝ 

ʧʨʠʚʝʜʝʥʳ ʪʨʝʙʦʚʘʥʠʷ ʢ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʧʘʨʘʤʝʪʨʘʤ ʛʝʥʝʨʘʪʦʨʦʚ ʟʘʨʷʞʝʥʥʦʛʦ ʘʵʨʦʟʦʣʷ. 

Abstract 

The work provides a description of the charged aerosol generator, a description of its action, as well as the 

requirements for the design and parameters of the charged aerosol generators. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʵʨʦʟʦʣʴ, ʛʝʥʝʨʘʪʦʨ, ʚʳʩʦʢʦʝ ʥʘʧʨʷʞʝʥʠʝ, ʟʘʨʷʜ, ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ. 

Keywords: aerosol, generator, high voltage, charge, electric field. 

 

ɼʣʷ ʩʦʟʜʘʥʠʷ ʠ ʪʨʘʥʩʧʦʨʪʘ ʟʘʨʷʞʝʥʥʳʭ ʘʵʨʦ-

ʟʦʣʝʡ ʧʨʠʤʝʥʷʶʪ ʩʧʝʮʠʘʣʴʥʳʝ ʛʝʥʝʨʘʪʦʨʳ ʟʘʨʷ-

ʞʝʥʥʦʛʦ ʘʵʨʦʟʦʣʷ (ɻɿɸ). ʊʦʢ, ʦʙʫʩʣʦʚʣʝʥʥʳʡ ʧʝʨʝ-

ʥʦʩʦʤ ʟʘʨʷʜʦʚ ʩʪʨʫʸʡ ʥʘ ʚʳʭʦʜʝ ʛʝʥʝʨʘʪʦʨʘ, ʥʘʟʳ-

ʚʘʶʪ ʪʦʢʦʤ ʚʳʥʦʩʘ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ 

ʛʝʥʝʨʘʪʦʨʘ ʟʘʨʷʞʝʥʥʦʛʦ ʘʵʨʦʟʦʣʷ ʚʦʟʨʘʩʪʘʝʪ ʩ ʫʚʝ-

ʣʠʯʝʥʠʝʤ ʪʦʢʘ ʚʳʥʦʩʘ. ʅʘ ʈʠʩ. 1. ʧʦʢʘʟʘʥʘ ʦʙʦʙ-

ʱʸʥʥʘʷ ʙʣʦʢ-ʩʭʝʤʘ ʛʝʥʝʨʘʪʦʨʘ ʟʘʨʷʞʝʥʥʦʛʦ ʘʵʨʦ-

ʟʦʣʷ. ʉʠʩʪʝʤʘ ʘʵʨʦʟʦʣʝʦʙʨʘʟʦʚʘʥʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʜʨʦʙʣʝʥʠʝ ʠʩʭʦʜʥʦʛʦ ʚʝʱʝʩʪʚʘ ʠ ʩʦʟʜʘʥʠʝ ʜʠʩʧʝʨʩ-

ʥʦʡ ʩʠʩʪʝʤʳ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʯʘʩʪʠʮ, ʚʟʚʝʰʝʥʥʳʭ ʚ 

ʚʦʟʜʫʭʝ. ɸʵʨʦʟʦʣʴ ʧʦʩʪʫʧʘʝʪ ʚ ʟʘʨʷʜʥʦʝ ʫʩʪʨʦʡ-

ʩʪʚʦ, ʛʜʝ ʯʘʩʪʠʮʳ ʧʦʣʫʯʘʶʪ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʟʘʨʷʜ. 

ʊʨʘʥʩʧʦʨʪʠʨʦʚʢʫ ʟʘʨʷʞʝʥʥʦʛʦ ʘʵʨʦʟʦʣʷ ʦʩʫʱʝʩʪʚ-

ʣʷʶʪ ʩ ʧʦʤʦʱʴʶ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʦʪʦʢʦʚ, ʢʦʪʦ-

ʨʳʝ ʧʦʜʚʦʜʷʪ ʚ ʦʙʣʘʩʪʴ ʟʘʨʷʜʢʠ ʯʘʩʪʠʮ ʠʣʠ ʚʚʦʜʷʪ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʟʘ ʩʠʩʪʝʤʦʡ ʟʘʨʷʜʢʠ ʯʘʩʪʠʮ ʘʵʨʦ-

ʟʦʣʷ.  

 

 
ʈʠʩ. 6.  

ɹʣʦʢ-ʩʭʝʤʘ ʛʝʥʝʨʘʪʦʨʘ ʟʘʨʷʞʝʥʥʦʛʦ ʘʵʨʦʟʦʣʷ 

 

1 ï ʩʠʩʪʝʤʘ ʧʦʜʘʯʠ ʨʝʘʛʝʥʪʘ; 2 ï ʩʠʩʪʝʤʘ ʘʵʨʦʟʦ-

ʣʝʦʙʨʘʟʦʚʘʥʠʷ; 3 ï ʩʠʩʪʝʤʘ ʟʘʨʷʜʢʠ; 3 ï ʩʠʩʪʝʤʘ 

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʡ ʵʢʨʘʥʠʨʦʚʢʠ; 5 ï ʟʘʨʷʞʝʥ-

ʥʳʡ ʘʵʨʦʟʦʣʴ; 6 ï ʩʠʩʪʝʤʘ ʢʦʥʪʨʦʣʷ ʟʘʨʷʞʝʥʥʦʛʦ 

ʘʵʨʦʟʦʣʷ; 7 ï ʩʠʩʪʝʤʘ ʨʝʛʫʣʠʨʦʚʘʥʠʷ; 8 ï ʠʩʪʦʯ-

ʥʠʢ ʚʳʩʦʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ; 9 ï ʩʠʩʪʝʤʘ ʵʥʝʨʛʦ-

ʦʙʝʩʧʝʯʝʥʠʷ; 10 ï ʩʠʩʪʝʤʘ ʦʨʛʘʥʠʟʘʮʠʠ ʛʘʟʦʜʠʥʘ-

ʤʠʯʝʩʢʦʛʦ ʧʦʪʦʢʘ. 

 
ʈʠʩ. 2. ʉʠʩʪʝʤʘ ʧʥʝʚʤʘʪʠʯʝʩʢʦʛʦ ʨʘʩʧʳʣʝʥʠʷ 

ʞʠʜʢʦʩʪʠ 

1 ï ʩʪʝʥʢʠ ʩʦʧʣʘ; 2 ï ʪʨʫʙʢʘ ʩ ʦʪʚʝʨʩʪʠʷʤʠ ʜʣʷ 

ʧʦʜʘʯʠ ʚʦʜʳ; 3 ï ʘʵʨʦʟʦʣʴ. 

 

ɿʘʨʷʞʝʥʥʳʝ ʯʘʩʪʠʮʳ ʥʘ ʚʳʭʦʜʝ ʟʘʨʷʜʥʦʛʦ 

ʫʩʪʨʦʡʩʪʚʘ ʩʦʟʜʘʶʪ ʩʦʙʩʪʚʝʥʥʦʝ ʵʣʝʢʪʨʠʯʝʩʢʦʝ 

ʧʦʣʝ, ʧʨʠʚʦʜʷʱʝʝ ʢ ʚʦʟʚʨʘʪʫ ʯʘʩʪʠʮ ʧʦ ʥʘʧʨʘʚʣʝ-

ʥʠʶ ʢ ʵʣʝʤʝʥʪʘʤ ʢʦʥʩʪʨʫʢʮʠʠ ʛʝʥʝʨʘʪʦʨʘ ʠ ʢ ʟʘʨʷʜ-

ʥʳʤ ʷʚʣʝʥʠʷʤ, ʦʛʨʘʥʠʯʠʚʘʶʱʠʤ ʪʦʢ ʚʳʥʦʩʘ ʛʝʥʝ-

ʨʘʪʦʨʘ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ, ʛʝʥʝʨʘʪʦʨ ʟʘʨʷʞʝʥʥʦʛʦ 

ʘʵʨʦʟʦʣʷ ʦʙʝʩʧʝʯʠʚʘʶʪ ʩʠʩʪʝʤʦʡ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝ-

ʩʢʦʡ ʵʢʨʘʥʠʨʦʚʢʠ, ʫʤʝʥʴʰʘʶʱʝʡ ʵʣʝʢʪʨʠʯʝʩʢʦʝ 

ʧʦʣʝ ʚʙʣʠʟʠ ʧʦʚʝʨʭʥʦʩʪʠ ʟʘʟʝʤʣʸʥʥʳʭ ʢʦʥʩʪʨʫʢ-

ʮʠʡ ʛʝʥʝʨʘʪʦʨʘ. ʉʭʝʤʘ ɻɿɸ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʩʠ-

ʩʪʝʤʫ ʢʦʥʪʨʦʣʷ ʧʘʨʘʤʝʪʨʦʚ ʟʘʨʷʞʝʥʥʦʛʦ ʘʵʨʦʟʦʣʷ, 

ʧʦʟʚʦʣʷʶʱʫʶ ʠʟʤʝʨʠʪʴ ʟʘʨʷʜ ʘʵʨʦʟʦʣʷ ʚ ʨʘʙʦʯʝʤ 

ʦʙʲʸʤʝ ʠ, ʙʣʘʛʦʜʘʨʷ ʩʠʩʪʝʤʝ ʨʝʛʫʣʠʨʦʚʘʥʠʷ, ʚʦʟ-

ʜʝʡʩʪʚʦʚʘʪʴ ʥʘ ʧʦʜʘʯʫ ʨʝʘʛʝʥʪʘ ʚ ʛʝʥʝʨʘʪʦʨ ʠ ʠʩ-

ʪʦʯʥʠʢ ʚʳʩʦʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ. ʉʠʩʪʝʤʘ ʵʥʝʨʛʦʦʙʝʩ-

ʧʝʯʝʥʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪ ʧʦʜʚʦʜ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʠ ʪʝʧ-

ʣʦʚʦʡ ʵʥʝʨʛʠʠ ʢ ʵʣʝʤʝʥʪʘʤ ɻɿɸ. ʅʘʠʙʦʣʝʝ 

ʚʘʞʥʳʤʠ ʜʣʷ ʨʘʙʦʪʳ ɻɿɸ ʷʚʣʷʶʪʩʷ ʩʠʩʪʝʤʳ ʘʵʨʦ-

ʟʦʣʝʦʙʨʘʟʦʚʘʥʠʷ, ʟʘʨʷʜʢʘ ʘʵʨʦʟʦʣʷ, ʵʣʝʢʪʨʦʩʪʘʪʠ-

ʯʝʩʢʦʡ ʵʢʨʘʥʠʨʦʚʢʠ, ʢʦʥʪʨʦʣʷ ʟʘʨʷʜʢʠ ʘʵʨʦʟʦʣʷ. 

ɺʳʙʦʨ ʩʠʩʪʝʤʳ ʘʵʨʦʟʦʣʝʦʙʨʘʟʦʚʘʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʪʝʤ, ʢʘʢʦʝ ʚʝʱʝʩʪʚʦ ʠʩʧʦʣʴʟʫʝʤ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ 

ʘʵʨʦʟʦʣʷ ʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʜʠʩʧʝʨʩʥʦʩʪʠ ʯʘʩʪʠʮ 

ʤʘʪʝʨʠʘʣʘ. ɺ ʢʘʯʝʩʪʚʝ ʨʝʘʛʝʥʪʘ ʚ ʛʝʥʝʨʘʪʦʨʘʭ ʟʘʨʷ-

ʞʝʥʥʦʛʦ ʘʵʨʦʟʦʣʷ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʚʚʦʜʘ ʚ ʘʪ-

ʤʦʩʬʝʨʫ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʧʨʠʤʝʥʷʶʪ ʚʦʜʫ ʩ ʜʦ-

ʙʘʚʢʘʤʠ ʩʦʣʝʡ ʠ ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ. 



ζColloquium - journal Ȼ# 3(55),2020 / TECHNICAL SCIENCE 87 

ɼʦʙʘʚʢʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʫʩʪʦʡʯʠʚʦʩʪʴ ʘʵʨʦʟʦʣʷ, 

ʫʤʝʥʴʰʘʷ ʩʢʦʨʦʩʪʴ ʠʩʧʘʨʝʥʠʷ. ʈʘʟʤʝʨʳ ʯʘʩʪʠʮ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʥʘʟʥʘʯʝʥʠʝʤ ɻɿɸ ʠ ʩʦʩʪʘʚʣʷʶʪ ʦʪ 

ʩʦʪʳʭ ʜʦʣʝʡ ʜʦ ʩʦʪʝʥ ʤʠʢʨʦʤʝʪʨʦʚ. ʕʪʦʪ ʜʠʘʧʘʟʦʥ 

ʨʘʟʤʝʨʦʚ ʯʘʩʪʠʮ ʫʜʘʝʪʩʷ ʦʙʝʩʧʝʯʠʪʴ ʩ ʧʦʤʦʱʴʶ ʤʝ-

ʭʘʥʠʯʝʩʢʦʛʦ ʜʨʦʙʣʝʥʠʷ ʞʠʜʢʦʩʪʠ (ʚ ʵʪʦʤ ʩʣʫʯʘʝ 

ʧʦʣʫʯʘʶʪ ʯʘʩʪʠʮʳ ʨʘʟʤʝʨʦʤ 2-100 ʤʢʤ) ʠ ʢʦʥʜʝʥ-

ʩʘʮʠʶ ʧʘʨʦʚ (ʨʘʟʤʝʨʳ ʯʘʩʪʠʮ ʧʨʠ ʵʪʦʤ 0,05-2 ʤʢʤ). 

ɺ ʢʘʯʝʩʪʚʝ ʩʠʩʪʝʤ ʘʵʨʦʟʦʣʝʦʙʨʘʟʦʚʘʥʠʷ ʩ ʤʝʭʘʥʠ-

ʯʝʩʢʠʤ ʜʨʦʙʣʝʥʠʝʤ ʞʠʜʢʦʩʪʠ ʠʩʧʦʣʴʟʫʶʪ ʮʝʥʪʨʦ-

ʙʝʞʥʳʝ ʨʘʩʧʳʣʠʪʝʣʠ. ɿʜʝʩʴ ʞʠʜʢʦʩʪʴ ʜʠʩʧʝʨʛʠʨʫ-

ʝʪʩʷ ʟʘ ʩʯʝʪ ʩʨʳʚʘ ʧʣʝʥʢʠ ʩ ʢʨʦʤʢʠ ʙʳʩʪʨʦ ʚʨʘʱʘ-

ʶʱʝʛʦʩʷ ʜʠʩʢʘ. ʉ ʧʦʤʦʱʴʶ ʜʠʩʢʦʚʳʭ 

ʨʘʩʧʳʣʠʪʝʣʝʡ ʧʦʣʫʯʘʶʪ ʩʨʘʚʥʠʪʝʣʴʥʦ ʤʦʥʦʜʠʩ-

ʧʝʨʩʥʳʡ ʘʵʨʦʟʦʣʴ ʩ ʥʝʦʙʭʦʜʠʤʳʤ ʨʘʩʭʦʜʦʤ ʨʝʘ-

ʛʝʥʪʘ. ɺ ʢʘʯʝʩʪʚʝ ʥʝʜʦʩʪʘʪʢʦʚ ʮʝʥʪʨʦʙʝʞʥʳʭ ʨʘʩ-

ʧʳʣʠʪʝʣʝʡ ʩʣʝʜʫʝʪ ʥʘʟʚʘʪʴ ʩʣʦʞʥʦʩʪʴ ʠʟ-ʟʘ ʥʘʣʠ-

ʯʠʷ ʚʨʘʱʘʶʱʠʭʩʷ ʜʝʪʘʣʝʡ ʠ ʧʣʦʩʢʠʡ ʬʘʢʝʣ 

ʨʘʩʧʳʣʘ ʨʘʩʧʳʣʠʪʝʣʝʡ, ʢʦʪʦʨʳʡ ʧʣʦʭʦ ʩʦʛʣʘʩʫʝʪʩʷ 

ʩ ʥʘʧʨʘʚʣʝʥʥʳʤ ʘʵʨʦʟʦʣʴʥʳʤ ʧʦʪʦʢʦʤ. ʇʨʦʩʪʦʪʦʡ 

ʠ ʫʜʦʙʩʪʚʦʤ ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʪʣʠʯʘʶʪʩʷ ʨʘʩʧʳʣʠ-

ʪʝʣʠ ʩ ʧʥʝʚʤʘʪʠʯʝʩʢʠʤ ʜʨʦʙʣʝʥʠʝʤ ʞʠʜʢʦʩʪʠ. ʊʘ-

ʢʠʝ ʨʘʩʧʳʣʠʪʝʣʠ ʚʳʧʦʣʥʷʶʪʩʷ ʚ ʚʠʜʝ ʩʦʧʣʘ ʃʘ-

ʚʘʣʷ, ʛʜʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʘʚʣʝʥʠʷ ʛʘʟʘ ʤʦʞʝʪ 

ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥ ʜʦʟʚʫʢʦʚʦʡ ʠʣʠ ʩʚʝʨʭʟʚʫʢʦʚʦʡ ʨʝ-

ʞʠʤʠʩʪʝʯʝʥʠʷ ʛʘʟʘ. ɺʜʦʣʴ ʦʩʠ ʩʦʧʣʘ ʨʘʩʧʦʣʘʛʘʶʪ 

ʪʨʫʙʢʫ ʩ ʦʪʚʝʨʩʪʠʷʤʠ, ʯʝʨʝʟ ʢʦʪʦʨʳʝ ʚʳʪʝʢʘʝʪ ʞʠʜ-

ʢʦʩʪʴ (ʨʠʩ. 2). ʇʣʝʥʢʘ ʞʠʜʢʦʩʪʠ ʩʨʳʚʘʝʪʩʷ ʥʘʙʝʛʘ-

ʶʱʠʤ ʧʦʪʦʢʦʤ ʚʦʟʜʫʭʘ ʠ ʜʨʦʙʠʪʩʷ ʥʘ ʢʘʧʣʠ. ɺʦʟ-

ʤʦʞʥʳ ʜʨʫʛʠʝ ʚʘʨʠʘʥʪʳ ʚʚʦʜʘ ʞʠʜʢʦʩʪʠ ʚ ʧʦʪʦʢ, 

ʥʦ ʤʝʭʘʥʠʟʤ ʜʨʦʙʣʝʥʠʷ ʦʩʪʘʝʪʩʷ ʧʨʝʞʥʠʤ. ɼʣʷ ʨʘ-

ʙʦʪʳ ʧʥʝʚʤʘʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʘʵʨʦʟʦʣʝʦʙʨʘʟʦʚʘ-

ʥʠʷ ʥʝʦʙʭʦʜʠʤ ʢʦʤʧʨʝʩʩʦʨ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʧʦ-

ʪʦʢ ʛʘʟʘ ʯʝʨʝʟ ʨʘʩʧʳʣʠʪʝʣʴʥʦʝ ʩʦʧʣʦ. ʈʘʩʭʦʜ ʛʘʟʘ 

ʩʦʩʪʘʚʣʷʝʪ 5-30 ʛ ʥʘ ʜʨʦʙʣʝʥʠʝ 1 ʛ ʨʘʩʧʳʣʷʝʤʦʡ 

ʞʠʜʢʦʩʪʠ. ɼʘʣʝʝ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʳ ʪʠʧʦʚʳʝ 

ʩʭʝʤʳ ʛʝʥʝʨʘʪʦʨʦʚ ʘʵʨʦʟʦʣʷ:  

 
ʈʠʩ. 3. ʉʭʝʤʘ ʧʦʣʫʯʝʥʠʷ ʢʦʥʜʝʥʩʘʮʠʦʥʥʦʛʦ ʘʵʨʦʟʦʣʷ 

1 ï ʫʨʦʚʝʥʴ ʞʠʜʢʦʩʪʠ; 2 ï ʥʘʛʨʝʚʘʪʝʣʴ; 3 ï ʩʦʧʣʦ; 4 ï ʘʵʨʦʟʦʣʴ  

 

 
ʈʠʩ. 3. ʉʭʝʤʘ ʨʘʩʧʳʣʝʥʠʷ ʠ ʠʥʜʫʢʮʠʦʥʥʦʡ ʟʘʨʷʜʢʠ ʞʠʜʢʦʩʪʠ. 

 
ʈʠʩ. 4. ʇʥʝʚʤʘʪʠʯʝʩʢʠʡ ʨʘʩʧʳʣʠʪʝʣʴ ʞʠʜʢʦʩʪʠ ʩ ʠʥʜʫʢʮʠʦʥʥʦʡ ʟʘʨʷʜʢʦʡ 
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ʂ ʫʩʪʘʥʦʚʢʘʤ ɻɿɸ ʧʨʝʜʲʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʸʥ-

ʥʳʡ ʨʷʜ ʪʨʝʙʦʚʘʥʠʡ, ʥʝʦʙʭʦʜʠʤʳʡ ʜʣʷ ʠʭ ʥʦʨʤʘʣʴ-

ʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ.  

ʊʨʝʙʦʚʘʥʠʷ ʢ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʧʘʨʘʤʝʪʨʘʤ ʛʝʥʝ-

ʨʘʪʦʨʦʚ ʟʘʨʷʞʝʥʥʦʛʦ ʘʵʨʦʟʦʣʷ: 

1. ʉʦʟʜʘʚʘʝʤʳʡ ʘʵʨʦʟʦʣʴ ʥʝ ʜʦʣʞʝʥ ʟʘʛʨʷʟʥʷʪʴ 

ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʨʝʜʧʦʯʪʠ-

ʪʝʣʴʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʦʜʥʦʛʦ ʘʵʨʦʟʦʣʷ, ʠʣʠ ʘʵʨʦ-

ʟʦʣʷ ʥʘ ʦʩʥʦʚʝ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʚʝʱʝʩʪʚ 

2. ʉʦʟʜʘʚʘʝʤʘʷ ʘʵʨʦʟʦʣʴʥʘʷ ʩʠʩʪʝʤʘ ʜʦʣʞʥʘ 

ʩʪʘʙʠʣʴʥʦ ʩʫʱʝʩʪʚʦʚʘʪʴ ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʩʝ-

ʢʫʥʜ ʠ ʙʦʣʝʝ. ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ ʬʦʨʤʠʨʫʶʪʩʷ ʪʨʝʙʦ-

ʚʘʥʠʷ ʢ ʩʘʤʠʤ ʯʘʩʪʠʮʘʤ ʘʵʨʦʟʦʣʷ, ʘ ʠʤʝʥʥʦ: 

2.1. ʏʘʩʪʠʮʳ, ʬʦʨʤʠʨʫʶʱʠʝ ʘʵʨʦʟʦʣʴ, ʜʦʣʞʥʳ 

ʠʤʝʪʴ ʤʠʥʠʤʘʣʴʥʫʶ ʧʦʜʚʠʞʥʦʩʪʴ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ 

ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʪʨʝʙʦʚʘʥʠʷ ʢ ʨʘʟʤʝʨʫ ʩʦʟʜʘʚʘʝʤʳʭ 

ʯʘʩʪʠʮ. ʈʘʟʤʝʨ ʯʘʩʪʠʮ ʘʵʨʦʟʦʣʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ 

ʤʠʥʠʤʘʣʴʥʦʡ ʧʦʜʚʠʞʥʦʩʪʠ, ʩʦʩʪʘʚʣʷʝʪ 0,3 ï 1,0 

ʤʢʤ.  

2.2. ʏʘʩʪʠʮʳ, ʬʦʨʤʠʨʫʶʱʠʝ ʘʵʨʦʟʦʣʴ, ʜʦʣʞʥʳ 

ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴʩʷ ʤʘʣʳʤ ʠʩʧʘʨʝʥʠʝʤ. ʄʘʣʦʝ ʠʩʧʘ-

ʨʝʥʠʝ ʜʦʩʪʠʛʘʝʪʩʷ ʥʘʩʳʱʝʥʥʳʤ ʩʦʩʪʦʷʥʠʝʤ ʩʨʝʜʳ.  

2.3. ʆʙʝʩʧʝʯʝʥʠʝ ʪʦʢʘ ʚʳʥʦʩʘ ʥʘ ʫʨʦʚʥʝ 100 

ʤʢɸ ʠ ʙʦʣʝʝ ʩ ʮʝʣʴʶ ʢʦʤʧʝʥʩʘʮʠʠ ʚʳʭʦʜʘ ʟʘʨʷʜʘ ʟʘ 

ʧʨʝʜʝʣʳ ʟʘʨʷʞʝʥʥʦʛʦ ʘʵʨʦʟʦʣʴʥʦʛʦ ʦʙʣʘʢʘ. 

3. ɻɿɸ ʜʦʣʞʝʥ ʦʙʝʩʧʝʯʠʚʘʪʴ ʧʦʣʫʯʝʥʠʝ ʘʵʨʦ-

ʟʦʣʷ ʩ ʥʘʠʙʦʣʴʰʠʤ ʩʨʝʜʥʝʤʘʩʩʦʚʳʤ ʟʘʨʷʜʦʤ ʩ ʮʝ-

ʣʴʶ ʩʦʟʜʘʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʘʨʷʜʘ ʦʙʣʘʢʘ ʧʨʠ ʤʠ-

ʥʠʤʘʣʴʥʦʤ ʨʘʩʭʦʜʝ ʚʝʱʝʩʪʚʘ.  

4. ʅʘ ʚʳʭʦʜʝ ʟʘʨʷʞʝʥʥʳʭ ʘʵʨʦʟʦʣʴʥʳʭ ʩʪʨʫʡ 

ʠʟ ɻɿɸ ʜʦʣʞʥʳ ʦʪʩʫʪʩʪʚʦʚʘʪʴ ʢʦʨʦʥʥʳʝ ʨʘʟʨʷʜʳ.  

5. ɻɿɸ ʜʦʣʞʝʥ ʠʤʝʪʴ ʧʨʦʩʪʫʶ ʠ ʫʜʦʙʥʫʶ ʚ ʦʙ-

ʩʣʫʞʠʚʘʥʠʠ ʢʦʥʩʪʨʫʢʮʠʶ. 

ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʦʡ ʣʠʪʝʨʘʪʫʨʳ. 

1. ʊʝʭʥʠʢʘ ʚʳʩʦʢʠʭ ʥʘʧʨʷʞʝʥʠʡ. ʋʯʝʙʥʠʢ ʜʣʷ 
ʩʪʫʜʝʥʪʦʚ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʭ ʠ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠ-

ʯʝʩʢʠʭ ʩʧʝʮʠʘʣʴʥʦʩʪʝʡ ʚʫʟʦʚ. ʇʦʜ ʦʙʱʝʡ ʨʝʜ. ɼ. ɺ. 

ʈʘʟʝʚʠʛʘ. ʀʟʜ. 2-ʝ, ʧʝʨʝʨʘʙ. ʠ ʜʦʧ. ʄ., çʕʥʝʨʛʠʷè. 

2. ɼʦʣʛʠʥʦʚ ɸ.ʀ. ʊʝʭʥʠʢʘ ʚʳʩʦʢʠʭ ʥʘʧʨʷʞʝ-
ʥʠʡ ʚ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʝ 
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WIRELESS AND WIRED AUTOMATION SYSTEM OF "SMART HOME" TECHNOLOGYè 

 

ɸʥʥʦʪʘʮʠʷ 
ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʙʫʜʝʪ ʨʘʩʩʤʦʪʨʝʥʦ ʜʚʘ ʚʠʜʘ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʫʤʥʦʛʦ ʜʦʤʘ: ʙʝʩʧʨʦʚʦʜʥʘʷ ʠ 

ʧʨʦʚʦʜʥʘʷ, ʘ ʪʘʢʞʝ ʠʭ ʜʦʩʪʦʠʥʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ. 

Abstract 

This article will cover two types of smart home automation systems: wireless and wired, as well as their 

advantages and disadvantages. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʫʤʥʳʡ ʜʦʤ, ʙʝʩʧʨʦʚʦʜʥʦʝ ʧʦʜʢʣʶʯʝʥʠʝ, ʧʨʦʚʦʜʥʦʝ ʧʦʜʢʣʶʯʝʥʠʝ 

Key words: smart home, wireless connection, wired connection 

 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʚʳʩʦʢʠʤ ʩʧʨʦʩʦʤ ʧʦʣʴ-

ʟʫʝʪʩʷ ʩʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʢʚʘʨʪʠʨ ʠ ʜʦʤʦʚ. 

ɼʘʥʥʘʷ ʩʠʩʪʝʤʘ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʥʘʰʫ 

ʞʠʟʥʴ ʙʦʣʝʝ ʢʦʤʬʦʨʪʥʦʡ ʠ ʙʝʟʦʧʘʩʥʦʡ. ʕʪʦ ʫʜʦʙʥʦ, 

ʧʨʘʢʪʠʯʥʦ ʠ ʙʝʟʦʧʘʩʥʦ: ʤʳ ʚʩʝʛʜʘ ʤʦʞʝʤ ʢʦʥʪʨʦ-

ʣʠʨʦʚʘʪʴ ʩʠʪʫʘʮʠʶ ʫʜʘʣʝʥʥʦ, ʪʦ ʝʩʪʴ ʥʝʟʘʚʠʩʠʤʦ ʦʪ 

ʪʦʛʦ, ʥʘ ʢʘʢʦʤ ʨʘʩʩʪʦʷʥʠʠ ʥʘʭʦʜʠʤʩʷ ʦʪ ʜʦʤʘ. 

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʦʤʘ, ʦʩʥʘʱʝʥʥʳʝ ʪʘʢʦʡ ʪʝʭ-

ʥʦʣʦʛʠʝʡ ʥʘʟʳʚʘʶʪ ñʫʤʥʳʤ ʜʦʤʦʤò. ʅʘ ʨʠʩʫʥʢʝ 1 

ʧʨʝʜʩʪʘʚʣʝʥ ʬʫʥʢʮʠʦʥʘʣ ʫʤʥʦʛʦ ʜʦʤʘ. 

https://www.studmed.ru/dolginov-ai-tehnika-vysokih-napryazheniy-v-elektroenergetike_9043b49618f.html
https://www.studmed.ru/dolginov-ai-tehnika-vysokih-napryazheniy-v-elektroenergetike_9043b49618f.html
https://doi.org/10.24411/2520-6990-2019-11291
https://doi.org/10.24411/2520-6990-2019-11291
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ʈʠʩʫʥʦʢ 1. ʌʫʥʢʮʠʦʥʘʣ ʫʤʥʦʛʦ ʜʦʤʘ 

 

ʋʤʥʳʡ ʜʦʤ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ: 

¶ ʂʣʠʤʘʪ-ʢʦʥʪʨʦʣʴ 

¶ ʉʠʩʪʝʤʫ ʙʝʟʦʧʘʩʥʦʩʪʠ 

¶ ʄʫʣʴʪʠʤʝʜʠʘ 

¶ ʋʤʥʘʷ ʵʣʝʢʪʨʠʢʘ 

¶ ʋʧʨʘʚʣʝʥʠʝ ʚʩʝʤʠ ʩʠʩʪʝʤʘʤʠ 

ʉʠʩʪʝʤʘ ʫʤʥʦʛʦ ʜʦʤʘ ʨʘʙʦʪʘʝʪ ʥʘ ʦʩʥʦʚʝ ʧʝʨʝ-

ʜʘʯʠ ʢʦʤʘʥʜ ʦʪ ʛʣʘʚʥʦʛʦ ʮʝʥʪʨʘ ʫʧʨʘʚʣʝʥʠʷ ʢ ʜʘʪ-

ʯʠʢʘʤ ʠ ʦʙʨʘʪʥʦ, ʦʪʦʙʨʘʞʘʷ ʧʨʦʮʝʩʩ ʥʘ ʤʦʙʠʣʴʥʦʤ 

ʫʩʪʨʦʡʩʪʚʝ ʧʦʣʴʟʦʚʘʪʝʣʷ. ʇʦ ʤʝʪʦʜʫ ʜʦʩʪʘʚʢʠ ʩʠʛ-

ʥʘʣʘ ʪʝʭʥʦʣʦʛʠʠ, ʜʝʣʷʪʩʷ ʥʘ ʧʨʦʚʦʜʥʫʶ ʠ ʙʝʩʧʨʦ-

ʚʦʜʥʫʶ. ʇʝʨʚʘʷ ʠʩʧʦʣʴʟʫʝʪ ʜʣʷ ʩʚʷʟʠ ʤʝʞʜʫ ʦʪ-

ʜʝʣʴʥʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ ʧʨʦʚʦʜʘ, ʚʪʦʨʘʷ ï ʨʘʜʠʦ-

ʚʦʣʥʳ. ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʨʦʚʦʜʥʘʷ 

ʩʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʟʘʮʠʠ, ʦ ʢʦʪʦʨʦʡ ʤʳ ʧʦʛʦʚʦʨʠʤ 

ʥʠʞʝ. 

 
ʈʠʩʫʥʦʢ 2. ʇʨʦʚʦʜʥʘʷ ʩʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʟʘʮʠʠ 

ʇʨʦʚʦʜʥʘʷ ʩʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʟʘʮʠʠ. ɺʩʷ ʩʠʣʦ-

ʚʘʷ ʧʨʦʚʦʜʢʘ ʚ ʜʦʤʘʭ ʚʳʧʦʣʥʷʝʪʩʷ ʠʟ ʢʘʙʝʣʝʡ: ʥʘ 

ʵʪʦʡ ʩʭʝʤʝ ʩʪʨʦʠʪʩʷ ʩʭʝʤʘ ʫʤʥʦʛʦ ʜʦʤʘ. ʆʨʛʘʥʳ 

ʫʧʨʘʚʣʝʥʠʷ, ʤʝʭʘʥʠʟʤʳ ʠʩʧʦʣʥʝʥʠʷ ʠ ʢʦʥʪʨʦʣʣʝʨ 

ʩʦʝʜʠʥʷʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ. ʆʙʳʯʥʦ, ñʰʠʥʘò ʠʣʠ 

ʩʣʘʙʦʪʦʯʥʳʝ ʮʝʧʠ, ʢʦʪʦʨʳʝ ʩʣʫʞʘʪ ʜʣʷ ʢʦʥʪʘʢʪʘ 

ʚʩʝʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʩʠʩʪʝʤ, ʜʝʣʘʶʪ ʚʠʪʦʡ ʧʘʨʦʡ ʠ 

ʠʩʧʦʣʴʟʫʶʪ ʝʸ, ʯʪʦʙʳ ʧʨʦʣʦʞʠʪʴ ʦʙʳʯʥʫʶ ʣʦʢʘʣʴ-

ʥʫʶ ʩʝʪʴ. ɺ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʧʝ-

ʮʠʘʣʴʥʳʡ ʢʘʙʝʣʴ, ʢʦʪʦʨʳʡ ʨʘʟʨʘʙʘʪʳʚʘʶʪ ʜʣʷ ʢʦʥ-

ʢʨʝʪʥʦʡ ʩʠʩʪʝʤʳ, ʧʦʩʣʝ ʯʝʛʦ, ʠʩʧʦʣʥʠʪʝʣʴʥʳʝ ʤʝ-

ʭʘʥʠʟʤʳ ʧʦʜʢʣʶʯʘʶʪʩʷ ʢ ñʰʠʥʝò ʠ ʢ ʩʠʣʦʚʦʡ 

ʧʨʦʚʦʜʢʝ. ɼʘʥʥʳʡ ʤʝʪʦʜ ʙʦʣʝʝ ʥʘʜʝʞʝʥ ʯʝʤ ʙʝʩ-

ʧʨʦʚʦʜʥʦʡ, ʪʘʢ ʢʘʢ ʠʩʢʣʶʯʘʝʪ ʚʣʠʷʥʠʝ ʚʥʝʰʥʠʭ 

ʬʘʢʪʦʨʦʚ, ʧʦʵʪʦʤʫ ʩʠʩʪʝʤʘ ʙʫʜʝʪ ʩʣʫʞʠʪʴ ʜʦʣʛʦ ʠ 

ʙʝʟ ʧʝʨʝʙʦʝʚ. 

ʇʨʝʠʤʫʱʝʩʪʚʘʤʠ ʧʨʦʚʦʜʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʥʘ ʩʝ-

ʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʷʚʣʷʶʪʩʷ ʥʘʜʝʞʥʦʩʪʴ ʠ ʩʢʦʨʦʩʪʴ. 

ɼʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʠʤʝʝʪ ʥʝʦʛʨʘʥʠʯʝʥʥʳʝ ʚʦʟʤʦʞ-

ʥʦʩʪʠ ʧʦ ʨʘʩʰʠʨʝʥʠʶ ʩʠʩʪʝʤʳ ʠ ʦʙʣʘʜʘʝʪ ʭʦʨʦʰʝʡ 

ʟʘʱʠʱʝʥʥʦʩʪʴʶ ʩʝʪʠ. ʊʘʢʞʝ, ʧʨʦʚʦʜʥʘʷ ʪʝʭʥʦʣʦ-

ʛʠʷ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʘʚʪʦʥʦʤʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʧʠʪʘʥʠʷ. 

ʆʥʘ ʧʦʟʚʦʣʷʝʪ ʚʠʜʝʪʴ ʩʪʘʪʫʩʳ ʚʩʝʭ ʫʩʪʨʦʡʩʪʚ, ʪʘʢ 

ʢʘʢ ʚʩʝ ʫʩʪʨʦʡʩʪʚʘ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʚ 

ʨʝʞʠʤʝ online, ʠ ʪʝʤ ʩʘʤʳʤ ʩʚʷʟʴ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʠʩ-

ʪʦʯʥʠʢʦʚ ʧʠʪʘʥʠʷ ʠ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʥʠʤʠ. 

ʅʝʜʦʩʪʘʪʢʦʤ ʧʨʦʚʦʜʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʟʘʢʣʶʯʘ-

ʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʦʢʣʘʜʢʠ ʩʣʘʙʦʪʦʯʥʦʡ ʢʘ-

ʙʝʣʴʥʦʡ ʩʝʪʠ ʠ ʫʚʝʣʠʯʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʢʘʙʝʣʝʡ ʚ 

ʩʠʩʪʝʤʝ.  
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ʈʠʩʫʥʦʢ 3. ʉʪʘʮʠʦʥʘʨʥʘʷ ʩʠʩʪʝʤʘ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʨʘʙʦʪʳ ʢʦʤʧʣʝʢʩʘ 

 

ɹʝʩʧʨʦʚʦʜʥʘʷ ʩʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʩʪʘʣʘ 

ʧʦʧʫʣʷʨʥʦʡ ʟʘ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ, ʪʘʢ ʢʘʢ ʨʘʙʦʪʘʝʪ ʥʘ 

ʦʩʥʦʚʝ Wi-Fi, ʠʭ ʣʝʛʯʝ ʤʦʥʪʠʨʦʚʘʪʴ, ʙʦʣʝʝ ʧʨʦʩʪʳ 

ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ.  

ɽʩʪʴ ʜʚʝ ʢʘʪʝʛʦʨʠʠ ʙʝʩʧʨʦʚʦʜʥʳʭ ʩʠʩʪʝʤ: 

¶ ʏʘʩʪʠʯʥʦ ʙʝʩʧʨʦʚʦʜʥʘʷ 

¶ ʇʦʣʥʦʩʪʴʶ ʙʝʩʧʨʦʚʦʜʥʘʷ 

ʏʘʩʪʠʯʥʦ ʙʝʩʧʨʦʚʦʜʥʘʷ, ʟʘʢʣʘʜʳʚʘʝʪʩʷ ʝʱʸ ʥʘ 

ʵʪʘʧʝ ʩʪʨʦʠʪʝʣʴʩʪʚʘ (ʙʣʦʢʘʤ ʥʝʦʙʭʦʜʠʤʦ ʵʣʝʢʪʨʦ-

ʧʠʪʘʥʠʝ, ʧʨʦʚʦʜʢʘ ʷʚʣʷʝʪʩʷ ʦʙʷʟʘʪʝʣʴʥʦʡ, ʘ ʦʙʱʝ-

ʥʠʝ ʤʝʞʜʫ ʢʦʤʧʦʥʝʥʪʘʤʠ ʧʝʨʝʜʘʝʪʩʷ ʜʠʩʪʘʥʮʠ-

ʦʥʥʦ) 

ʇʦʣʥʦʩʪʴʶ ʙʝʩʧʨʦʚʦʜʥʘʷ, ʫʩʪʘʥʦʚʢʘ ʚʦʟʤʦʞʥʘ 

ʚ ʣʶʙʦʝ ʚʨʝʤʷ. ʂ ʜʘʥʥʦʡ ʢʘʪʝʛʦʨʠʠ ʦʪʥʦʩʷʪʩʷ ʧʦ 

ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʩʠʩʪʝʤʳ ʙʶʜʞʝʪʥʦʛʦ ʫʨʦʚʥʷ. ʉʪʦʠʪ 

ʦʪʤʝʪʠʪʴ ʜʦʚʦʣʴʥʦ ʧʨʦʩʪʦʝ ʧʦʜʢʣʶʯʝʥʠʝ ʙʝʟ ʙʦʣʴ-

ʰʠʭ ʧʦʟʥʘʥʠʡ ʚ ʵʣʝʢʪʨʦʪʝʭʥʠʢʝ, ʥʦ ʥʘʩʪʨʦʡʢʘ ʠ 

ʫʜʦʙʩʪʚʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʫ ʥʠʭ ʥʝ ʥʘ ʚʳʩʦʪʝ. 

ɽʩʣʠ ʜʝʣʘʪʴ ʘʥʘʣʠʟ ʜʚʫʭ ʚʠʜʦʚ ʙʝʩʧʨʦʚʦʜʥʦʡ 

ʩʠʩʪʝʤʳ, ʪʦ ʥʘʠʙʦʣʝʝ ʙʝʟʦʧʘʩʥʳʤ ʙʫʜʝʪ ʩʯʠʪʘʪʴʩʷ 

ʧʝʨʚʳʡ. ʂʦʥʪʨʦʣʣʝʨ ʧʦʜʢʣʶʯʘʝʪʩʷ ʢ ʵʣʝʢʪʨʠʯʝ-

ʩʢʦʡ ʩʝʪʠ, ʘ ʚʳʢʣʶʯʘʪʝʣʠ, ʧʘʥʝʣʠ ʠ ʦʩʪʘʣʴʥʳʝ ʢʦʤ-

ʧʦʥʝʥʪʳ ʤʦʛʫʪ ʙʳʪʴ ʙʝʩʧʨʦʚʦʜʥʳʤʠ. ʇʨʠʝʤʥʠʢ 

ʪʨʘʥʩʣʠʨʫʝʪ ʠʭ ʩʠʛʥʘʣ ʚ ʧʨʦʚʦʜʥʫʶ ñʰʠʥʫò, ʠ ʤʝ-

ʭʘʥʠʟʤ ʩʨʘʙʘʪʳʚʘʝʪ. ʅʝʜʦʩʪʘʪʦʢ ʵʪʦʛʦ ʚʘʨʠʘʥʪʘ ʟʘ-

ʢʣʶʯʘʝʪʩʷ ʚ ʙʘʪʘʨʝʝ ʠ ʝʸ ʟʘʨʷʜʝ. ɽʩʣʠ ʙʘʪʘʨʝʷ ʨʘʟ-

ʨʷʜʠʪʩʷ, ʪʦ ʙʫʜʝʪ ʨʘʙʦʪʘʪʴ ʥʝʢʦʨʨʝʢʪʥʦ, ʣʠʙʦ ʚʦʚʩʝ 

ʥʝ ʙʫʜʝʪ ʨʘʙʦʪʘʪʴ. 

ʅʝʜʦʩʪʘʪʢʠ ʙʝʩʧʨʦʚʦʜʥʦʡ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠ-

ʟʘʮʠʠ. ʆʩʥʦʚʥʦʡ ʥʝʜʦʩʪʘʪʦʢ, ʩʯʠʪʘʝʪʩʷ ʧʦʤʝʭʦʟʘ-

ʱʠʱʸʥʥʦʩʪʴ ʙʝʩʧʨʦʚʦʜʥʦʛʦ ʧʦʜʢʣʶʯʝʥʠʷ. ɺʥʝʰ-

ʥʠʝ ʧʦʤʝʭʠ ʤʦʛʫʪ ʧʨʝʧʷʪʩʪʚʦʚʘʪʴ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨ-

ʤʘʮʠʠ ʦʪ ʜʘʪʯʠʢʘ ʢ ʮʝʥʪʨʫ ʫʧʨʘʚʣʝʥʠʷ. ʇʨʠ ʥʝʠʩ-

ʧʨʘʚʥʦʡ ʨʘʙʦʪʝ Wi-Fi ʩʠʩʪʝʤʘ ʪʘʢʞʝ ʤʦʞʝʪ ʜʘʪʴ 

ʩʙʦʡ. ɻʝʥʝʨʘʪʦʨ ʧʦʤʝʭ ʤʦʞʝʪ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʧʨʦ-

ʮʝʩʩ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ. ɹʝʩʧʨʦʚʦʜʥʘʷ ʩʠʩʪʝʤʘ ʥʝ 

ʤʦʞʝʪ ʛʘʨʘʥʪʠʨʦʚʘʪʴ ʨʘʙʦʪʫ ʙʝʟ ʧʝʨʝʙʦʝʚ. 

ʇʦʜʚʝʜʝʤ ʠʪʦʛʠ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʙʳʣʠ ʨʘʩ-

ʩʤʦʪʨʝʥʳ ʜʚʘ ʚʠʜʘ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʘʮʠʠ: ʧʨʦʚʦʜ-

ʥʘʷ ʠ ʙʝʩʧʨʦʚʦʜʥʘʷ. ɽʩʣʠ ʚʳ ʧʣʘʥʠʨʫʝʪʝ ʫʩʪʘʥʦ-

ʚʠʪʴ ʩʠʩʪʝʤʫ ñʫʤʥʦʛʦ ʜʦʤʘò ʥʘ ʵʪʘʧʝ ʨʝʤʦʥʪʥʳʭ 

ʨʘʙʦʪ, ʪʦ ʣʫʯʰʝ ʧʨʠʩʤʦʪʨʝʪʴʩʷ ʢ ʧʦʣʥʦʩʪʴʶ ʧʨʦ-

ʚʦʜʥʦʡ ʩʠʩʪʝʤʝ, ʪʘʢ ʢʘʢ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʵʪʦ: 
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ʦʪʜʝʣʢʠ ʠ ʚʘʰ ʚʳʙʦʨ ʫʧʘʣ ʥʘ ʯʘʩʪʠʯʥʦ ʙʝʩʧʨʦʚʦʜ-
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ELECTRIC VEHICLE AS AN OBJECT OF RESEARCH AND ITS APPLICATION IN EVERYDAY 

LIFE  

 

ɸʥʥʦʪʘʮʠʷ 

ʉ ʧʨʠʭʦʜʦʤ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʚʦʟʤʦʞʥʦʩʪʝʡ, ʥʘʫʯʥʳʡ ʧʨʦʛʨʝʩʩ ʜʦʰʝʣ ʜʦ ʵʪʘʧʘ, ʢʦʛʜʘ ʦʙʳʜʝʥʥʳʝ 

ʜʣʷ ʥʘʩ ʘʚʪʦʤʦʙʠʣʠ ʥʘ ɼɺʉ (ʜʚʠʛʘʪʝʣʴ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ), ʧʦʪʠʭʦʥʴʢʫ ʫʭʦʜʷʪ ʥʘ ʟʘʜʥʠʡ ʧʣʘʥ, ʫʩʪʫ-

ʧʘʷ ʤʝʩʪʦ ʵʢʦʣʦʛʠʯʝʩʢʠ-ʯʠʩʪʳʤ ʘʚʪʦʤʦʙʠʣʷʤ, ʦʥʠ ʞʝ ï ʵʣʝʢʪʨʦʤʦʙʠʣʠ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʙʫʜʝʪ ʨʘʩ-

ʩʤʦʪʨʝʥ ʧʨʠʤʝʨ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʚʦʟʤʦʞʥʦʩʪʝʡ, ʢʦʪʦʨʳʝ ʫʧʨʦʩʪʷʪ ʞʠʟʥʴ ʧʦʪʨʝʙʠʪʝʣʷʤ ʠ ʩʜʝʣʘʶʪ 

ʝʸ ʙʦʣʝʝ ʵʢʦʥʦʤʥʦʡ ʠ ʙʝʟʦʧʘʩʥʦʡ. 

Abstract 

With the advent of new technologies and capabilities, scientific progress has reached the stage when ordinary 

cars for us on the internal combustion engine (internal combustion engine) are slowly fading into the background, 

giving way to environmentally friendly cars, they are electric cars. This article will consider an example of new 

technologies and capabilities that will simplify the life of consumers and make it more economical and safe. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʣʝʢʪʨʦʤʦʙʠʣʠ, ʵʢʦʣʦʛʠʯʝʩʢʠ-ʯʠʩʪʳʝ ʘʚʪʦʤʦʙʠʣʠ 

Key words: electric cars, environmentally friendly cars 

 

ʅʝʤʘʣʦʚʘʞʥʳʤ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʧʨʦʜʘʞʠ ʵʢʦ-

ʣʦʛʠʯʝʩʢʠ-ʯʠʩʪʳʭ ʘʚʪʦʤʦʙʠʣʝʡ ʩʪʨʝʤʠʪʝʣʴʥʦ ʨʘʩ-

ʪʫʪ ʠ ʯʪʦ ʥʝ ʩʪʦʠʪ ʦʪʥʦʩʠʪʩʷ ʢ ʵʣʝʢʪʨʦʤʦʙʠʣʷʤ 

ʩʢʝʧʪʠʯʝʩʢʠ, ʚʝʜʴ ʚʦ ʤʥʦʛʦʤ ʦʥʠ ʥʠʯʝʤ ʥʝ ʭʫʞʝ 

ʦʙʳʯʥʳʭ ʘʚʪʦʤʦʙʠʣʝʡ ʥʘ ɼɺʉ, ʘ ʚ ʥʝʢʦʪʦʨʳʭ ʘʩ-

ʧʝʢʪʘʭ ʝʱʸ ʠ ʧʨʝʚʦʩʭʦʜʷʪ ʠʭ. ɼʣʷ ʥʘʯʘʣʘ ʧʦʛʦʚʦ-

ʨʠʤ ʦʙ ʠʭ ʧʨʦʩʪʦʪʝ ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʥʘʜʝʞʥʦʩʪʠ. 

ɽʩʣʠ ʩʨʘʚʥʠʚʘʪʴ ʵʣʝʢʪʨʦʤʦʙʠʣʴ ʩ ʙʝʥʟʠʥʦʚʳʤ 

ʘʚʪʦʤʦʙʠʣʝʤ, ʪʦ ʦʥ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʙʦʣʝʝ ʧʨʦʩʪʦʡ 

ʩʭʝʤʦʡ, ʤʠʥʠʤʘʣʴʥʳʤ ʯʠʩʣʦʤ ʜʚʠʞʫʱʠʭʩʷ ʵʣʝ-

ʤʝʥʪʦʚ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʪʘʢʦʝ ʨʝʰʝʥʠʝ ʷʚʣʷʝʪʩʷ ʙʦ-

ʣʝʝ ʥʘʜʝʞʥʳʤ. ʋʩʪʨʦʡʩʪʚʦ ʵʣʝʢʪʨʦʤʦʙʠʣʷ ʧʨʝʜ-

ʩʪʘʚʣʷʝʪ ʠʟ ʩʝʙʷ ʢʘʨʢʘʩ (ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ ʢʫʟʦʚ), 

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ (ʣʠʙʦ ʥʝʩʢʦʣʴʢʦ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝ-

ʣʝʡ), ʘʢʢʫʤʫʣʷʪʦʨʥʘʷ ʙʘʪʘʨʝʷ, ʢʦʪʦʨʘʷ ʥʝʧʦʩʨʝʜ-

ʩʪʚʝʥʥʦ ʩʚʷʟʘʥʘ ʩ ʤʦʱʥʦʩʪʴʶ ʤʦʪʦʨʘ, ʫʧʨʦʱʝʥʥʘʷ 

ʪʨʘʥʩʤʠʩʩʠʷ, ʠʥʚʝʨʪʦʨ, ʟʘʨʷʜʥʦʝ ʫʩʪʨʦʡʩʪʚʦ, ʵʣʝʢ-

ʪʨʦʥʥʘʷ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʵʣʝʤʝʥʪʘʤʠ ʢʦʥʩʪʨʫʢ-

ʮʠʠ. ʂʇɼ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʜʦʩʪʠʛʘʝʪ ʧʦʨʷʜʢʘ 90-

95%, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 22-42% ʫ ɼɺʉ ʜʚʠʛʘʪʝʣʝʡ, ʯʪʦ 

ʜʝʣʘʝʪ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ ʚ ʨʘʟʳ ʵʬʬʝʢʪʠʚʥʝʝ.  

ʂ ʩʣʦʚʫ ʦ ʧʨʦʩʪʦʪʝ ʵʣʝʢʪʨʦʤʦʙʠʣʝʡ, ʫ ʥʠʭ ʦʪ-

ʩʫʪʩʪʚʫʝʪ ʙʦʣʴʰʦʝ ʤʥʦʞʝʩʪʚʦ ʨʘʩʭʦʜʥʳʭ ʤʘʪʝʨʠʘ-

ʣʦʚ, ʟʘ ʢʦʪʦʨʳʤʠ ʚ ʧʦʩʣʝʜʩʪʚʠʠ ʥʝʦʙʭʦʜʠʤʦ ʩʣʝ-

ʜʠʪʴ, ʠ ʚʦʚʨʝʤʷ ʤʝʥʷʪʴ, ʥʠʢʘʢʦʛʦ ʤʘʩʣʘ, ʘʥʪʠʬʨʠʟʘ, 

ʥʫ ʠ ʦʯʝʚʠʜʥʦ ʪʦʧʣʠʚʘ. ɺ ʩʣʫʯʘʝ ʝʩʣʠ ʧʦʪʨʝʙʠʪʝʣʶ 

ʟʘʭʦʯʝʪʩʷ ʫʚʝʣʠʯʠʪʴ ʤʦʱʥʦʩʪʴ ʘʚʪʦʤʦʙʠʣʷ, ʣʠʙʦ 

ʧʦʣʫʯʠʪʴ ʧʦʩʣʝʜʥʠʝ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʠʟʚʦʜʠʪʝʣʷ, ʦʥ 

ʤʦʞʝʪ ʦʯʝʥʴ ʧʨʦʩʪʦ ʚʥʝʜʨʠʪʴ ʠʭ ʚ ʩʚʦʡ ʘʚʪʦʤʦʙʠʣʴ, 

ʧʨʦʩʪʦ ʩʢʘʯʘʚ ʥʦʚʦʝ ʦʙʥʦʚʣʝʥʠʝ, ʢʘʢ ʥʘ ʩʤʘʨʪʬʦʥ.  
ʄʝʥʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʢʦʤʧʣʝʢʪʫʶʱʠʭ, ʥʘʧʨʷ-

ʤʫʶ ʚʣʠʷʝʪ ʥʘ ʙʝʟʦʧʘʩʥʦʩʪʴ ʘʚʪʦʤʦʙʠʣʷ, ʚ ʩʠʣʫ ʦʪ-
ʩʫʪʩʪʚʠʷ ʤʥʦʛʠʭ ʟʘʧʯʘʩʪʝʡ, ʢʦʪʦʨʳʝ ʧʨʠʩʫʪʩʪʚʫʶʪ 
ʥʘ ʧʨʠʚʳʯʥʳʭ ʜʣʷ ʥʘʩ ʤʘʰʠʥʘʭ, ʫʤʝʥʴʰʘʝʪʩʷ ʢʦ-
ʣʠʯʝʩʪʚʦ ʧʦʣʦʤʦʢ ʥʘ ʜʦʨʦʛʝ ʠ ʪʘʢ ʞʝ, ʵʪʦ ʦʪʩʫʪ-
ʩʪʚʠʝ ʜʝʪʘʣʝʡ ʧʦʟʚʦʣʷʝʪ ʧʨʦʠʟʚʦʜʠʪʝʣʶ ʫʩʪʘʥʘʚʣʠ-
ʚʘʪʴ ʚ ʵʪʠʭ ʤʝʩʪʘʭ ʙʦʣʝʝ ʧʨʦʜʫʤʘʥʥʳʝ ʩʤʠʥʘʝʤʳʝ 
ʟʦʥʳ. ʇʨʠ ʜʦʨʦʞʥʦ-ʪʨʘʥʩʧʦʨʪʥʦʤ ʧʨʦʠʩʰʝʩʪʚʠʠ 
ʚʝʩʴ ʫʜʘʨ ʤʦʞʝʪ ʧʦʛʣʦʪʠʪʴ ʟʦʥʘ, ʛʜʝ ʥʝʪ ʩʠʣʦʚʳʭ 
ʫʩʪʘʥʦʚʦʢ, ʢʦʪʦʨʳʝ ʚ ʧʦʩʣʝʜʩʪʚʠʠ ʤʦʛʫʪ ʦʢʘʟʘʪʴʩʷ 
ʚ ʩʘʣʦʥʝ, ʪʝʤ ʩʘʤʳʤ ʧʦʚʨʝʜʠʚ ʧʘʩʩʘʞʠʨʦʚ. ɼʣʷ 
ʵʣʝʢʪʨʦʤʦʙʠʣʝʡ ʥʝʦʙʭʦʜʠʤʳ ʙʦʣʴʰʠʝ ʙʘʪʘʨʝʠ, 
ʯʪʦʙʳ ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʪʴ ʢʠʣʦʤʝʪʨʘʞ, ʠ 
ʫʤʝʥʴʰʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʧʦʜʟʘʨʷʜʦʢ ʚ ʧʫʪʠ. ʇʦʵʪʦʤʫ 
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ʙʘʪʘʨʝʠ ʥʘ ʵʣʝʢʪʨʦʤʦʙʠʣʷʭ ʟʘʯʘʩʪʫʶ ʫʩʪʘʥʘʚʣʠ-
ʚʘʶʪ ʚ ʩʘʤʦʤ ʧʨʦʩʪʦʨʥʦʤ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʥʝʟʘʤʝʪ-
ʥʦʤ ʤʝʩʪʝ - ʥʘ ʜʥʠʱʝ ʘʚʪʦʤʦʙʠʣʷ. ʂʘʢ ʥʠ ʩʪʨʘʥʥʦ, 
ʵʪʦ ʜʝʣʘʝʪ ʤʘʰʠʥʫ ʙʦʣʝʝ ʙʝʟʦʧʘʩʥʦʡ, ʪʘʢ ʢʘʢ ʙʘʪʘ-
ʨʝʠ ʜʦʚʦʣʴʥʦ-ʪʘʢʠ ʪʷʞʝʣʳʝ, ʠ ʪʝʤ ʩʘʤʳʤ ʮʝʥʪʨ ʪʷ-
ʞʝʩʪʠ ʫ ʤʘʰʠʥʳ ʥʘʭʦʜʠʪʩʷ ʦʯʝʥʴ ʥʠʟʢʦ, ʵʪʦ ʧʦʟʚʦ-
ʣʷʝʪ ʤʘʰʠʥʘʤ ʙʳʪʴ ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳʤ ʥʘ ʜʦʨʦʛʘʭ ʠ 
ʩʚʝʩʪʠ ʰʘʥʩʳ ʧʝʨʝʚʦʨʦʪʘ ʢ ʤʠʥʠʤʫʤʫ. 
ɺ ʵʣʝʢʪʨʦʤʦʙʠʣʷʭ ʠʤʝʝʪʩʷ ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝ-

ʩʪʚʦ ʜʘʪʯʠʢʦʚ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʩʣʝʜʠʪʴ ʥʝ 
ʪʦʣʴʢʦ ʟʘ ʩʦʩʪʦʷʥʠʝʤ ʩʘʤʦʛʦ ʪʨʘʥʩʧʦʨʪʘ, ʥʦ ʠ ʟʘ ʚʦ-
ʜʠʪʝʣʝʤ ʠ ʪʘʢ ʞʝ ʦʙʲʝʢʪʘʤʠ ʚʥʝ. ʊʝ ʞʝ ʘʚʪʦʤʘʪʠʯʝ-
ʩʢʠʝ ʩʠʩʪʝʤʳ ʚʢʫʧʝ ʩ ʘʚʪʦʧʠʣʦʪʦʤ, ʢʦʪʦʨʳʝ ʫʩʪʘ-
ʥʦʚʣʝʥʳ ʥʘ ʤʥʦʛʠʭ ʵʣʝʢʪʨʦʤʦʙʠʣʷʭ, ʧʦʟʚʦʣʷʶʪ 
ʩʚʝʩʪʠ ʢʦʣʠʯʝʩʪʚʦ ʘʚʘʨʠʡ ʢ ʤʠʥʠʤʫʤʫ, ʟʘ ʩʯʝʪ ʦʙ-
ʥʘʨʫʞʝʥʠʷ ʧʝʰʝʭʦʜʦʚ, ʞʠʚʦʪʥʳʭ, ʠ ʧʨʦʯʠʭ ʦʙʲʝʢ-
ʪʦʚ.  
ʅʘʭʦʞʜʝʥʠʝ ʚʦʜʠʪʝʣʷ ʠ ʧʘʩʩʘʞʠʨʦʚ ʚ ʵʣʝʢʪʨʦ-

ʤʦʙʠʣʝ ʜʝʣʘʝʪ ʠʭ ʧʨʝʙʳʚʘʥʠʝ ʚ ʨʘʟʳ ʢʦʤʬʦʨʪʥʝʝ, 
ʧʦ ʧʨʠʯʠʥʝ ʪʦʛʦ, ʯʪʦ ʢʘʢ ʛʦʚʦʨʠʣʦʩʴ ʨʘʥʝʝ, ʚ ʧʦʜʦʙ-
ʥʳʭ ʤʘʰʠʥʘʭ ʦʪʩʫʪʩʪʚʫʶʪ ʤʥʦʛʠʝ ʩʠʣʦʚʳʝ ʫʩʪʘ-
ʥʦʚʢʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʩʘʣʦʥ ʘʚʪʦʤʦʙʠʣʷ ʙʦ-
ʣʝʝ ʧʨʦʩʪʦʨʥʳʤ ʠ ʫʜʦʙʥʳʤ. ʕʣʝʢʪʨʦʜʚʠʛʘʪʝʣʠ ʨʘʩ-
ʧʦʣʦʞʝʥʳ ʜʦʚʦʣʴʥʦ-ʪʘʢʠ ʥʠʟʢʦ, ʪʝʤ ʩʘʤʳʤ 
ʩʚʦʙʦʜʥʦ ʢʘʢ ʧʦʜʢʘʧʦʪʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʪʘʢ ʠ ʙʘ-
ʛʘʞʥʠʢ, ʤʝʩʪ ʢʘʢ ʜʣʷ ʩʘʤʠʭ ʚʦʜʠʪʝʣʝʡ, ʪʘʢ ʠ ʜʣʷ ʠʭ 
ʚʝʱʝʡ ʥʘʤʥʦʛʦ ʙʦʣʴʰʝ. ɺ ʥʝʢʦʪʦʨʳʭ ʤʘʰʠʥʘʭ, ʧʨʠ 
ʪʝʭ ʞʝ ʛʘʙʘʨʠʪʘʭ ʯʪʦ ʠ ʥʘ ʘʚʪʦʤʦʙʠʣʷʭ ʥʘ ɼɺʉ ʜʚʠ-
ʛʘʪʝʣʝ, ʧʦʩʘʜʦʯʥʳʭ ʤʝʩʪ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ ʜʦ 7 ʤʝʩʪ, 
ʚʤʝʩʪʦ 5. ɽʟʜʘ ʞʝ ʧʨʘʢʪʠʯʝʩʢʠ ʙʝʩʰʫʤʥʘʷ, ʯʪʦ ʥʝ 
ʧʨʠʯʠʥʷʝʪ ʜʠʩʢʦʤʬʦʨʪʘ ʣʶʜʷʤ, ʠʟ-ʟʘ ʣʠʰʥʠʭ ʟʚʫ-
ʢʦʚ ʦʪ ʜʚʠʛʘʪʝʣʷ ʠ ʢʦʨʦʙʢʠ ʧʝʨʝʜʘʯ. 

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʵʣʝʢʪʨʦʤʦʙʠʣʠ ʧʦʟʚʦʣʷʶʪ 
ʵʢʦʥʦʤʠʪʴ ʚ ʨʷʜʝ ʩʠʪʫʘʮʠʡ, ʘ ʠʤʝʥʥʦ: ʜʣʷ ʧʦʣʥʦʡ 
100% ʧʦʜʟʘʨʷʜʢʠ ʙʘʪʘʨʝʡ ʵʣʝʢʪʨʦʤʦʙʠʣʷ Nissan 
Leaf ʥʘ ʢʘʞʜʳʝ 100 ʢʤ ʥʝʦʙʭʦʜʠʤʦ 10,5 ʢɺʪ*ʯ. 
ɽʩʣʠ ʧʦʪʨʝʙʣʝʥʠʝ ʥʠʞʝ ʧʨʝʜʫʩʤʦʪʨʝʥʥʦʡ ʛʨʘʥʠʯ-
ʥʦʡ ʥʦʨʤʳ ʢʦʤʧʘʥʠʝʡ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʧʦʣʫʯʘʝʪʩʷ 
10,5 ʢɺʪ*3,5 ʨ ʚʳʭʦʜʠʪ 36,75 ʨʫʙʣʝʡ ʦʜʥʘ ʟʘʧʨʘʚʢʘ. 
ɺʳʭʦʜʠʪ, ʯʪʦ ʟʘʧʨʘʚʢʘ ʵʣʝʢʪʨʦʤʦʙʠʣʷ Nissan Leaf 
ʥʘ 100 ʢʤ ʧʫʪʠ ʦʙʭʦʜʠʪʩʷ ʜʝʰʝʚʣʝ, ʥʝʞʝʣʠ ʢʫʧʠʪʴ 
1 ʣʠʪʨ ʙʝʥʟʠʥʘ. ɸʢʢʫʤʫʣʷʪʦʨ ʝʤʢʦʩʪʴʶ 24 ʢɺʪ*ʯʘʩ 
ʜʦ ʧʦʣʥʦʡ ʟʘʨʷʜʢʠ ʦʙʦʡʜʝʪʩʷ 84 ʨʫʙʣʷ, ʘ ʵʪʦʛʦ ʜʦ-
ʩʪʘʪʦʯʥʦ ʥʘ 200 ʢʤ ʧʫʪʠ. ɺʩʝʤ ʠʟʚʝʩʪʥʳʡ ʵʣʝʢʪʨʦ-
ʤʦʙʠʣʴ Tesla S ʥʝʤʥʦʛʦ ʟʘʪʨʘʪʥʝʡ, ʥʦ ʠ ʢʦʤʬʦʨʪ-
ʥʝʡ. ʇʦʣʥʘʷ ʟʘʨʷʜʢʘ ʘʢʢʫʤʫʣʷʪʦʨʘ ʥʘ 75 ʢɺʪ*ʯʘʩ 
ʦʙʦʡʜʝʪʩʷ ʧʦʨʷʜʢʘ 262,5 ʨʫʙʣʝʡ. ʕʪʦʛʦ ʟʘʨʷʜʘ ʤʠ-
ʥʠʤʫʤ ʭʚʘʪʠʪʴ ʥʘ ʧʨʦʙʝʛ ʚ 450 ʢʤ. ʅʘ ʢʘʞʜʳʝ 100 
ʢʠʣʦʤʝʪʨʦʚ ʧʨʦʙʝʛʘ Tesla S ʧʦʪʨʝʙʣʷʝʪ 6,5 ʢɺʪ, ʯʪʦ 
ʨʘʚʥʦ 22,75 ʨ. [1] ʋ ʘʚʪʦʤʦʙʠʣʝʡ ʥʘ ɼɺʉ ʜʝʣʘ ʞʝ 
ʦʙʩʪʦʷʪ ʧʦʭʫʞʝ, ʝʩʣʠ ʟʘ ʧʨʠʤʝʨ ʚʟʷʪʴ ʤʘʰʠʥʫ ʩ ʤʘ-
ʣʝʥʴʢʠʤ ʨʘʩʭʦʜʦʤ ʙʝʥʟʠʥʘ 5 ʣʠʪʨʦʚ ʥʘ 100 ʢʤ, ʪʦ 
5ʣʠʪʨʦʚ ɸʀ 92 ʩʪʦʷʪ ʧʦʨʷʜʢʘ 42 ʨʫʙʣʝʡ, ʚʳʭʦʜʠʪ 
210 ʨʫʙʣʝʡ ʥʘ 100 ʢʤ (ʈʠʩ.1). 
ʇʨʠ ʵʪʦʤ ʚʩʸʤ, ʦʙʣʘʜʘʷ ʵʣʝʢʪʨʦʤʦʙʠʣʝʤ, 

ʤʦʞʥʦ ʵʢʦʥʦʤʠʪʴ ʥʝ ʪʦʣʴʢʦ ʥʘ ʪʦʧʣʠʚʝ, ʥʦ ʠ ʥʘ ʨʘʩ-
ʭʦʜʥʳʭ ʤʘʪʝʨʠʘʣʘʭ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʧʨʠʚʝʜʝʥʳ 
ʚʳʰʝ. ʇʨʠ ʵʪʦʤ ʚʩʝʤ, ʤʥʦʛʠʝ ʨʘʩʭʦʜʥʳʝ ʤʘʪʝʨʠʘʣʳ 
ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʥʘʤʥʦʛʦ ʜʦʣʴʰʝ, ʟʘ ʩʯʝʪ ʩʚʦʝʛʦ 
ʫʩʪʨʦʡʩʪʚʘ, ʪʝ ʞʝ ʢʦʣʦʜʢʠ ʙʫʜʫʪ ʠʟʥʘʰʠʚʘʪʴʩʷ ʚ 
ʨʘʟʳ ʨʝʞʝ, ʠʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ʪʦʨʤʦʞʝʥʠʝ, ʦʪ ʯʘʩʪʠ, ʙʫ-
ʜʝʪ ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʙʣʘʛʦʜʘʨʷ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʶ. 

 
ʈʠʩʫʥʦʢ 1 (ʉʪʦʠʤʦʩʪʴ ʚ ʨʫʙʣʷʭ ʥʘ 100 ʢʤ ʧʫʪʠ) 

 
ʀʩʭʦʜʷ ʠʟ ʨʘʩʯʝʪʦʚ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜʳ 

ʯʪʦ ʵʣʝʢʪʨʦʤʦʙʠʣʠ ʵʢʦʥʦʤʥʝʝ ʘʚʪʦʤʦʙʠʣʝʡ ʥʘ ɼɺʉ 
ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ. ʊʝʤ ʩʘʤʳʤ, ʠʩʧʦʣʴʟʫʷ ʵʣʝʢʪʨʠʯʝ-
ʩʪʚʦ ʚʤʝʩʪʦ ʪʦʧʣʠʚʘ, ʤʦʞʥʦ ʵʢʦʥʦʤʠʪʴ ʜʝʥʝʞʥʳʝ 
ʩʨʝʜʩʪʚʘ, ʦʙʣʘʜʘʷ ʧʦʜʦʙʥʳʤ ʪʨʘʥʩʧʦʨʪʥʳʤ ʩʨʝʜ-
ʩʪʚʦʤ. 
ʏʪʦʙʳ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ ʠʟʫʯʠʪʴ ʚʦʧʨʦʩ ʦ ʥʝʦʙ-

ʭʦʜʠʤʦʩʪʠ ʧʝʨʝʭʦʜʘ ʩ ɼɺʉ ʥʘ ʵʣʝʢʪʨʦʤʦʙʠʣʠ ʙʳʣʦ 
ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʧʨʦʚʝʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚ ʩʦʮʠ-
ʘʣʴʥʦʡ ʩʝʪʠ ñɺʢʦʥʪʘʢʪʝò, ʥʘ ʪʝʤʫ ñɺʘʰʝ ʦʪʥʦʰʝ-
ʥʠʝ ʢ ʵʣʝʢʪʨʦʤʦʙʠʣʷʤ ʠ ʛʦʪʦʚʳ-ʣʠ ʚʳ ʧʝʨʝʭʦʜʠʪʴ 

ʥʘ ʥʠʭò. ɺ ʭʦʜʝ ʥʘʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣ ʧʨʦʠʟʚʝ-
ʜʝʥ ʦʧʨʦʩ ʩʨʝʜʠ 360 ʫʯʘʩʪʥʠʢʦʚ ʩʦʦʙʱʝʩʪʚʘ ñɿʘʨʫ-
ʣʸʤò, ʢʦʪʦʨʳʤ ʟʘʙʣʘʛʦʚʨʝʤʝʥʥʦ ʙʳʣ ʚʳʜʘʥ ʤʘʪʝ-
ʨʠʘʣ ʦ ʧʨʝʠʤʫʱʝʩʪʚʘʭ ʵʣʝʢʪʨʦʤʦʙʠʣʝʡ. ʆʧʨʦʩ ʧʦʜ-
ʨʘʟʫʤʝʚʘʣ ʪʝʩʪ ʠʟ 20 ʚʦʧʨʦʩʦʚ, ʛʜʝ ʫʯʘʩʪʥʠʢʠ 
ʜʦʣʞʥʳ ʙʳʣʠ ʚʳʙʨʘʪʴ ʦʜʠʥ ʦʪʚʝʪ ʠʟ ʯʝʪʳʨʝʭ ʧʨʝʜ-
ʩʪʘʚʣʝʥʥʳʭ. ʀʩʭʦʜʷ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ 
ʙʳʣʘ ʩʦʩʪʘʚʣʝʥʘ ʜʠʘʛʨʘʤʤʘ ʚ ʧʨʦʮʝʥʪʥʳʭ ʩʦʦʪʥʦ-
ʰʝʥʠʷʭ (ʈʠʩ. 2). 
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ʈʠʩʫʥʦʢ 2 ɻʦʪʦʚʳ-ʣʠ ʘʚʪʦʣʶʙʠʪʝʣʠ ʧʝʨʝʡʪʠ ʥʘ ʵʣʝʢʪʨʦʤʦʙʠʣʠ 

 

ʊʝʤ ʩʘʤʳʤ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 65% ʫʯʘʩʪʥʠ-

ʢʦʚ ʦʧʨʦʩʘ ʩʦʛʣʘʩʥʳ ʧʝʨʝʡʪʠ ʥʘ ʵʣʝʢʪʨʦʤʦʙʠʣʠ, 

22% ʥʝ ʛʦʪʦʚʳ, 13 ʚʦʟʜʝʨʞʘʣʠʩʴ. 

ʇʦʜʚʦʜʷ ʠʪʦʛʠ ʧʝʨʝʡʜʝʤ ʢ ʧʨʝʠʤʫʱʝʩʪʚʘʤ ʠ 

ʥʝʜʦʩʪʘʪʢʘʤ ʵʣʝʢʪʨʦʤʦʙʠʣʝʡ.  

ɼʦʩʪʦʠʥʩʪʚʦʤ ʵʣʝʢʪʨʦʤʦʙʠʣʝʡ ʩʯʠʪʘʝʪʩʷ: 

¶  ʆʪʩʫʪʩʪʚʠʝ ʚʨʝʜʥʳʭ ʚʳʭʣʦʧʦʚ 

¶ ʉʨʘʚʥʠʪʝʣʴʥʘʷ ʥʘʜʝʞʥʦʩʪʴ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʴ 
ʜʚʠʛʘʪʝʣʷ 

¶ ɺʳʨʘʙʘʪʳʚʘʥʠʝ ʤʝʥʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʰʫʤʦʚ 

¶ ɺʳʩʦʢʘʷ ʥʘʜʝʞʥʦʩʪʴ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ 

¶ ʇʨʘʢʪʠʯʥʦʩʪʴ ʠ ʧʨʦʩʪʦʪʘ 

¶ ʕʢʦʥʦʤʠʷ ʜʝʥʝʞʥʳʭ ʨʝʩʫʨʩʦʚ 

ʇʦʜ ʥʝʜʦʩʪʘʪʢʘʤʠ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ: 

¶ ʇʨʠ ʰʠʨʦʢʦʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʵʣʝʢʪʨʦʤʦ-
ʙʠʣʝʡ ʥʝʦʙʭʦʜʠʤʘ ʧʦʩʪʨʦʡʢʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʠʥ-

ʬʨʘʩʪʨʫʢʪʫʨʫ  

¶ ɹʦʣʴʰʘʷ ʧʦʪʝʨʷ ʟʘʨʷʜʘ ʧʨʠ ʨʝʟʢʠʭ ʩʪʘʨʪʘʭ 

¶ ʉʣʦʞʥʦʩʪʴ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ ʟʠʤʥʝʝ ʚʨʝʤʷ 

ʀʩʧʦʣʴʟʦʚʘʥʥʳʝ ʠʩʪʦʯʥʠʢʠ: 

1. ɺʳʛʦʜʥʦ-ʣʠ ʝʟʜʠʪʴ ʥʘ ʵʣʝʢʪʨʦʤʦʙʠʣʝ, ʵʢʦʥʦ-

ʤʠʷ ʩʨʝʜʩʪʚ ʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ URL: 

https://fastmb.ru/soveti_auto/2390-vygodno-li -ezdit-

na-elektromobile-ekonomiya-sredstv-i-

elektroenergii.html (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 30.01.2020) 

2. ʕʣʝʢʪʨʦʤʦʙʠʣʴ - ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦ-

ʩʪʘʪʢʠ URL: https://innoeco.ru/postsView/Elektromo-

bilpreimucshestva_nedostatki_perspektivy_35.html 

(ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 30.01.2020) 

 

 

ʉʦʣʠʝʚ ɿʦʠʨ ʊʦʠʨʦʚʠʯ 

ʢʘʥʜʠʜʘʪ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ 

ʜʦʮʝʥʪ, ʢʘʬʝʜʨʘ ʠʥʦʩʪʨʘʥʥʳʭ ʷʟʳʢʦʚ, ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ,  

ʇʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʊʘʜʞʠʢʩʢʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤ. ʘʢʘʜ. ʄ.ʉ.ʆʩʠʤʠ 

ʈʝʩʧʫʙʣʠʢʘ ʊʘʜʞʠʢʠʩʪʘʥ, ʛ. ʍʫʜʞʘʥʜ. 
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ɸʥʥʦʪʘʮʠʷ 
ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʨʦʣʴ ʛʫʤʘʥʠʪʘʨʥʳʭ ʜʠʩʮʠʧʣʠʥ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʙʫʜʫʱʠʭ ʠʥʞʝʥʝʨʦʚ ʙʘʢʘʣʘʚʨʦʚ, 

ʘʥʘʣʠʟʠʨʫʝʪʩʷ ʤʝʩʪʦ ʥʨʘʚʩʪʚʝʥʥʳʭ ʮʝʥʥʦʩʪʝʡ ʚ ʦʙʱʝʡ ʩʠʩʪʝʤʝ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʢʘʯʝʩʪʚ ʚ ʫʩʣʦʚʠʷʭ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʩʠʩʪʝʤʳ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʚ ʪʝʭʥʠʯʝʩʢʦʤ ʚʫʟʝ.  

Abstract 
The article deals with the problem of forming a comprehensive-ly developed specialists in engineering and 

analyses the place of the humanities in the formation of common cultural competences of students during the 

transformation period of the higher education system. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʫʤʘʥʠʪʘʨʥʳʝ ʜʠʩʮʠʧʣʠʥʳ, ʦʙʱʝʢʫʣʴʪʫʨʥʳʝ ʢʦʤʧʝʪʝʥʮʠʠ; ʤʦʜʝʨʥʠʟʘʮʠʷ ʦʙʨʘʟʦ-

ʚʘʥʠʷ; ʙʘʢʘʣʘʚʨʠʘʪ; ʥʨʘʚʩʪʚʝʥʥʳʝ ʮʝʥʥʦʩʪʠ. 

Keywords: humanities, common cultural competences, upgrading education, bachelor, national value. 

 

çXXI ʚʝʢ ʙʫʜʝʪ ʚʝʢʦʤ ʛʫʤʘʥʠʪʘʨʥʳʭ ʥʘʫʢ, ʠʣʠ 

ʝʛʦ ʥʝ ʙʫʜʝʪè. 

ʃʝʚʠ-ʉʪʨʦʩʩ, ʘʥʪʨʦʧʦʣʦʛ 

ɹʝʟ ʧʨʝʫʚʝʣʠʯʝʥʠʷ ʚʦ ʚʩʝ ʚʨʝʤʝʥʘ ʚ ʥʝʬʠʣʦʣʦ-

ʛʠʯʝʩʢʠʭ ʚʫʟʘʭ ʙʳʪʦʚʘʣʦ ʜʘ ʠ ʩʝʡʯʘʩ ʙʳʪʫʝʪ ʤʥʝ-

ʥʠʝ, ʯʪʦ ʛʫʤʘʥʠʪʘʨʥʳʝ ʥʘʫʢʠ ʥʝʦʧʨʘʚʜʘʥʥʦ ʟʘʥʠ-

ʤʘʶʪ ʙʦʣʴʰʫʶ ʯʘʩʪʴ ʫʯʝʙʥʦʛʦ ʚʨʝʤʝʥʠ. ʇʦ ʵʪʦʡ 

ʧʨʠʯʠʥʝ ʦʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʣʦʩʴ ʪʝʭʥʠʯʝ-

ʩʢʠʤ ʜʠʩʮʠʧʣʠʥʘʤ, ʪʦʛʜʘ ʢʘʢ ʦʙʱʝʩʪʚʦʚʝʜʯʝʩʢʠʝ ʠ 

ʛʫʤʘʥʠʪʘʨʥʳʝ ʫʯʝʙʥʳʝ ʜʠʩʮʠʧʣʠʥʳ ʩʯʠʪʘʣʠʩʴ ʚʪʦ-

ʨʦʩʪʝʧʝʥʥʳʤʠ. ʆʜʥʘʢʦ, ʢʘʢ ʧʦʢʘʟʘʣʘ ʞʠʟʥʴ, ʪʘʢʦʡ 

ʧʦʜʭʦʜ ʦʢʘʟʘʣʩʷ ʦʰʠʙʦʯʥʳʤ. ɺʩʧʦʤʥʠʤ ʧʦ ʵʪʦʤʫ 

ʧʦʚʦʜʫ 80-ʝ ʛʦʜʳ ʧʨʦʰʣʦʛʦ ʚʝʢʘ, ʢʦʛʜʘ ʧʨʦʩʣʘʚʣʝʥ-

ʥʘʷ ʩʦʚʝʪʩʢʘʷ ʰʢʦʣʘ, ʩʪʦʣʢʥʫʚʰʠʩʴ ʩ ʵʪʦʡ ʧʨʦʙʣʝ-

ʤʦʡ, ʩʨʦʯʥʦ ʟʘʥʷʣʘʩʴ ʛʫʤʘʥʠʟʘʮʠʝʡ ʠ ʛʫʤʘʥʠʪʘʨʠ-

ʟʘʮʠʝʡ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ. 

ʀʟʫʯʝʥʠʝ ʛʫʤʘʥʠʪʘʨʥʳʭ ʜʠʩʮʠʧʣʠʥ ʚ ʩʚʝʪʝ 

ʫʚʘʞʝʥʠʷ ʠ ʧʦʯʠʪʘʥʠʷ ʥʘʮʠʦʥʘʣʴʥʳʭ ʮʝʥʥʦʩʪʝʡ, ʠ 

ʪʨʘʜʠʮʠʡ ʩʦʩʪʘʚʣʷʝʪ ʦʜʥʫ ʠʟ ʚʘʞʥʝʡʰʠʭ ʦʩʦʙʝʥʥʦ-

ʩʪʝʡ ʥʘʰʝʛʦ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʚ ʈʝʩʧʫʙʣʠʢʝ ʊʘ-

ʜʞʠʢʠʩʪʘʥ. ʀʤʝʥʥʦ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʄʠʥʠʩʪʝʨ-

ʩʪʚʦ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʥʘʫʢʠ ʧʨʦʚʦʜʠʪ ʘʢʪʠʚʥʫʶ ʧʦʣʠ-

ʪʠʢʫ, ʦʙʨʘʱʸʥʥʫʶ ʥʘ ʛʫʤʘʥʠʟʘʮʠʶ ʠ 

ʛʫʤʘʥʠʪʘʨʠʟʘʮʠʶ ʚʩʝʛʦ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ. ɻʫ-

ʤʘʥʠʪʘʨʥʳʝ ʜʠʩʮʠʧʣʠʥʳ ʚ ʚʳʩʰʠʭ ʫʯʝʙʥʳʭ ʟʘʚʝ-

ʜʝʥʠʷʭ ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʦʬʠʣʷ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ, 

ʢʘʢ ʢʘʞʝʪʩʷ ʥʘʤ, ʟʘʥʠʤʘʶʪ ʧʦʜʦʙʘʶʱʝʝ ʠʤ ʤʝʩʪʦ. 

ʇʦʪʦʤʫ ʯʪʦ çʪʦʣʴʢʦ ʛʫʤʘʥʠʪʘʨʥʳʝ ʧʨʝʜʤʝʪʳ ʚ ʩʠ-

ʩʪʝʤʝ ʦʙʨʘʟʦʚʘʥʠʷ ʩʝʛʦʜʥʷ ʩʧʦʩʦʙʩʪʚʫʶʪ ʨʘʟʚʠʪʠʶ 

ʚ ʯʝʣʦʚʝʢʝ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʥʘʯʘʣʘ: ʥʨʘʚʩʪʚʝʥʥʦʩʪʠ, 

ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ, ʩʦʚʝʩʪʠ, ʪʦʣʝʨʘʥʪʥʦʩʪʠ ʠ ʪ.ʜ.è [5]. 

ɻʫʤʘʥʠʪʘʨʥʳʡ (ʬʨʘʥʮ. humanitaire, ʦʪ ʣʘʪ. 

humanitas - ʯʝʣʦʚʝʯʝʩʢʘʷ ʧʨʠʨʦʜʘ, ʦʙʨʘʟʦʚʘʥʥʦʩʪʴ) 

[1], ʦʙʨʘʱʸʥʥʳʡ ʢ ʯʝʣʦʚʝʯʝʩʢʦʡ ʣʠʯʥʦʩʪʠ, ʢ ʧʨʘ-

ʚʘʤ ʠ ʠʥʪʝʨʝʩʘʤ ʯʝʣʦʚʝʢʘ. ʉʘʤʦ ʧʦʥʷʪʠʝ "ʛʫʤʘʥʠ-

ʪʘʨʥʳʡ", ʪ.ʝ. ʥʘʧʨʘʚʣʝʥʥʳʡ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʯʝ-

ʣʦʚʝʢʘ, ʩʦʩʨʝʜʦʪʦʯʝʥʥʳʡ ʠʤʝʥʥʦ ʥʘ ʥʝʤ. ʉʫʱʥʦ-

ʩʪʴʶ ʝʛʦ ʷʚʣʷʝʪʩʷ ʢʘʢ ʩʫʤʤʘ ʟʥʘʥʠʡ ʧʦ 

ʛʫʤʘʥʠʪʘʨʥʳʤ ʜʠʩʮʠʧʣʠʥʘʤ, ʪʘʢ ʠ ʬʦʨʤʠʨʫʝʤʳʝ 

ʦʩʦʙʦʝ ʤʳʰʣʝʥʠʝ, ʦʩʦʙʦʝ ʚʠʜʝʥʠʝ ʤʠʨʘ. ɻʫʤʘʥʠ-

ʪʘʨʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʬʦʨʤʠʨʫʝʪ ʥʘʫʯʥʦʝ ʤʠʨʦʚʦʟ-

ʟʨʝʥʠʝ, ʮʝʥʥʦʩʪʥʳʝ ʦʨʠʝʥʪʘʮʠʠ ʠ ʞʠʟʥʝʥʥʳʝ ʧʦʟʠ-

ʮʠʠ ʩʪʫʜʝʥʯʝʩʢʦʡ ʤʦʣʦʜʸʞʠ. ʆʥʦ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚ-

ʥʳʤ ʩʪʝʨʞʥʝʤ ʛʫʤʘʥʠʪʘʨʠʟʘʮʠʠ ʚʩʝʡ ʩʠʩʪʝʤʳ 

ʚʳʩʰʝʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ [4]. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʦʙʣʝʤʘ ʥʝ-

ʘʜʝʢʚʘʪʥʦʩʪʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʦʛʨʝʩʩʘ ʜʫʭʦʚʥʦʤʫ. 

ʊʝʭʥʠʯʝʩʢʦʝ ʨʘʟʚʠʪʠʝ ʦʙʱʝʩʪʚʘ ʟʘʤʝʪʥʦ ʦʧʝʨʝʞʘʝʪ 

ʝʛʦ ʜʫʭʦʚʥʦʝ ʬʦʨʤʠʨʦʚʘʥʠʝ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʫʟʢʦ-

ʩʧʝʮʠʘʣʴʥʘʷ ʧʦʜʛʦʪʦʚʢʘ ʩʪʘʨʝʝʪ ʙʳʩʪʨʝʝ, ʯʝʤ ʦʙʦ-

ʨʫʜʦʚʘʥʠʝ, ʥʘʫʯʥʳʝ ʤʝʪʦʜʠʢʠ, ʪʝʭʥʦʣʦʛʠʠ. ʉʦʮʠʦ-

ʣʦʛʠʯʝʩʢʠʝ ʦʧʨʦʩʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʣʠʰʴ 15 ʧʨʦ-

ʮʝʥʪʦʚ ʫʩʧʝʭʘ ʨʫʢʦʚʦʜʠʪʝʣʷ ʟʘʚʠʩʠʪ ʦʪ ʝʛʦ ʠʥʞʝ-

ʥʝʨʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʚʳʫʯʢʠ, ʦʩʪʘʣʴʥʳʝ ï ʦʪ ʝʛʦ 

ʫʤʝʥʠʷ ʦʙʱʘʪʴʩʷ ʩ ʢʦʣʣʝʛʘʤʠ, ʦʪ ʝʛʦ ʣʠʯʥʳʭ ʢʘ-

ʯʝʩʪʚ ʠ ʩʧʦʩʦʙʥʦʩʪʝʡ ʫʧʨʘʚʣʷʪʴ ʣʶʜʴʤʠ [7].  

ʏʪʦʙʳ ʩʝʛʦʜʥʷʰʥʠʡ ʩʪʫʜʝʥʪ ʩʪʘʣ ʩʧʝʮʠʘʣʠ-

ʩʪʦʤ ʚʳʩʦʢʦʛʦ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʫʨʦʚʥʷ, ʤʘʣʦ 

ʠʟʫʯʘʪʴ ʪʦʣʴʢʦ ʩʧʝʮʠʘʣʴʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʥʘʫʢʠ. 

ʉʦʚʨʝʤʝʥʥʦʝ ʦʙʱʝʩʪʚʦ ʥʫʞʜʘʝʪʩʷ ʚ ʠʥʞʝʥʝʨʝ, ʠʤʝ-

ʶʱʝʤ ʨʘʟʥʦʩʪʦʨʦʥʥʝʝ ʦʙʨʘʟʦʚʘʥʠʝ. ɽʩʣʠ ʚ ʧʨʦ-

ʰʣʦʤ ʚʝʢʝ ʤʝʨʠʣʦʤ ʨʘʟʚʠʪʠʷ ʦʙʱʝʩʪʚʘ ʦʩʥʦʚʳʚʘ-

ʣʦʩʴ ʧʨʝʞʜʝ ʚʩʝʛʦ ʥʘ ʨʘʟʚʠʪʠʠ ʢʫʣʴʪʫʨʳ, ʪʦ ʚ ʍʍI 

ʚʝʢʝ ʮʠʚʠʣʠʟʘʮʠʶ ʫʞʝ ʩʚʷʟʳʚʘʶʪ ʥʝ ʪʦʣʴʢʦ ʩ ʨʘʟ-

ʚʠʪʠʝʤ ʢʫʣʴʪʫʨʳ, ʥʦ ʠ ʪʝʭʥʠʢʠ, ʠʥʥʦʚʘʮʠʡ, ʥʦʚʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʠ ʚʦʟʥʠʢʥʦʚʝʥʠʝʤ ʪʝʭʥʦʢʨʘʪʦʚ, ʵʢʦʣʦ-

ʛʠʯʝʩʢʠʤʠ ʢʘʪʘʩʪʨʦʬʘʤʠ, ʜʝʤʦʛʨʘʬʠʯʝʩʢʠʤ ʚʟʨʳ-

ʚʦʤ. 

ɹ. ʈʘʩʩʝʣ ʧʠʰʝʪ, ʯʪʦ ʥʘʫʢʘ ʠ ʪʝʭʥʠʢʘ ʜʚʠʞʫʪʩʷ 

ʩʝʡʯʘʩ ʚʧʝʨʸʜ ʩʣʦʚʥʦ ʪʘʥʢʦʚʘʷ ʘʨʤʘʜʘ, ʣʠʰʠʚʰʘ-

ʷʩʷ ʚʦʜʠʪʝʣʝʡ, - ʩʣʝʧʦ, ʙʝʟʨʘʩʩʫʜʥʦ, ʙʝʟ ʦʧʨʝʜʝʣʸʥ-

ʥʦʡ ʮʝʣʠ [6]. ʉʦʚʨʝʤʝʥʥʳʡ ʯʝʣʦʚʝʢ, ʧʦ ʚʳʨʘʞʝʥʠʶ 

ʄ. ʍʘʡʜʝʛʛʝʨʘ, ʧʨʝʚʨʘʪʠʣʩʷ ʚ ʬʫʥʢʮʠʦʥʘʣʴʥʳʡ 

ʵʣʝʤʝʥʪ ʪʝʭʥʦʩʬʝʨʳ [8]. ʌʦʨʤʠʨʫʝʪʩʷ ʪʝʭʥʦʢʨʘʪʠ-

ʯʝʩʢʦʝ ʩʦʟʥʘʥʠʝ ï ʨʘʟʥʦʚʠʜʥʦʩʪʴ ʫʪʠʣʠʪʘʨʥʦʛʦ ʩʦ-

ʟʥʘʥʠʷ, ʛʨʫʙʦ ʧʨʘʛʤʘʪʠʯʝʩʢʦʛʦ, ʢʦʪʦʨʦʝ ʠʛʥʦʨʠ-

ʨʫʝʪ ʛʫʤʘʥʠʪʘʨʥʦʝ ʩʦʟʥʘʥʠʝ. ʊʘʢʦʡ ʨʘʟʫʤ ʨʘʩʩʤʘʪ-

ʨʠʚʘʝʪ ʚʥʝʰʥʠʡ ʤʠʨ (ʧʨʠʨʦʜʫ, ʦʙʱʝʩʪʚʦ, ʯʝʣʦʚʝʢʘ) 

ʢʘʢ ʩʨʝʜʩʪʚʦ ʜʣʷ ʫʙʣʘʛʦʪʚʦʨʝʥʠʷ ʵʛʦʠʩʪʠʯʝʩʢʠʭ ʧʦ-

ʪʨʝʙʥʦʩʪʝʡ ʜʨʫʛʠʭ ʣʶʜʝʡ. ʇʨʠ ʪʘʢʦʤ ʧʦʜʭʦʜʝ ʧʦ-

ʷʚʣʷʝʪʩʷ ʠʣʣʶʟʠʷ ʪʦʛʦ, ʯʪʦ ʥʘ ʧʝʨʦʚʦʤ ʤʝʩʪʝ 

ʜʦʣʞʥʘ ʩʪʦʷʪʴ ʪʝʭʥʠʢʦ-ʠʥʞʝʥʝʨʥʘʷ ʤʳʩʣʴ, ʯʪʦ ʚʩʸ 

ʦʩʪʘʣʴʥʦʝ - ʵʪʦ ʚʪʦʨʦʩʪʝʧʝʥʥʦʝ ʠ ʯʪʦ ʦʥʦ ʜʦʣʞʥʦ 

ʧʦʜʯʠʥʷʪʴʩʷ ʝʡ. ʆʜʥʘʢʦ ʵʪʦ, ʙʝʟʫʩʣʦʚʥʦ, ʦʰʠʙʦʯ-

ʥʘʷ ʤʳʩʣʴ. ʅʘ ʥʘʰ ʚʟʛʣʷʜ, ʦʜʥʠʤ ʠʟ ʧʫʪʝʡ ʚʳʭʦʜʘ 

ʠʟ ʩʣʦʞʠʚʰʝʡʩʷ ʢʨʠʟʠʩʥʦʡ ʩʠʪʫʘʮʠʠ ʯʝʣʦʚʝʯʝ-

ʩʢʦʛʦ ʦʙʱʝʩʪʚʘ ʷʚʣʷʝʪʩʷ ʝʛʦ ʛʫʤʘʥʠʟʘʮʠʷ. ʅʝ ʩʣʫ-

ʯʘʡʥʦ ʝʱʸ ʚ ʍIʍ ʚʝʢʝ ʌ.ʄ.ɼʦʩʪʦʝʚʩʢʠʡ ʛʦʚʦʨʠʣ, 

ʯʪʦ ʢʨʘʩʦʪʘ ʩʧʘʩʸʪ ʤʠʨ. ʇʦʜ çʢʨʘʩʦʪʦʡè ʚ ʜʘʥʥʦʤ 

ʩʣʫʯʘʝ ʤʳ ʧʦʥʠʤʘʝʤ çʛʫʤʘʥʠʟʤè.  

ɻʫʤʘʥʠʪʘʨʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ï ɻ ʪʦ ʥʝ ʪʦʣʴʢʦ ʠ ʥʝ 

ʩʪʦʣʴʢʦ ʠʟʫʯʝʥʠʝ ʛʫʤʘʥʠʪʘʨʥʳʭ ʜʠʩʮʠʧʣʠʥ, ʯʪʦ 

ʩʘʤʦ ʧʦ ʩʝʙʝ ʚʘʞʥʦ, ʥʦ ʠ ʜʨʫʛʦʝ ʚʦʩʧʨʠʷʪʠʝ ʦʢʨʫ-

ʞʘʶʱʝʛʦ ʤʠʨʘ, ʜʨʫʛʦʝ ʤʳʰʣʝʥʠʝ, ʜʨʫʛʦʝ ʤʠʨʦʧʦ-

ʥʠʤʘʥʠʝ. ɺʘʞʥʦ, ʢʘʢ ʜʣʷ çʪʝʭʥʘʨʷè, ʪʘʢ ʠ ʜʣʷ çʛʫ-

ʤʘʥʠʪʘʨʠʷè ʧʦʥʷʪʴ ʩʚʦʶ ʦʜʥʦʩʪʦʨʦʥʥʦʩʪʴ, ʫʟʦʩʪʴ 

ʩʚʦʝʛʦ ʤʳʰʣʝʥʠʷ, ʤʠʨʦʚʦʟʟʨʝʥʠʷ, ʥʘʚʷʟʘʥʥʳʝ ʪʝʭ-

ʥʦʣʦʛʠʯʝʩʢʠʤ ʧʦʜʭʦʜʦʤ, ʧʦʥʷʪʴ, ʯʪʦ ʩʫʱʝʩʪʚʫʶʪ ʠ 
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ʜʨʫʛʠʝ, ʜʦ ʩʠʭ ʧʦʨ ʥʝʠʟʚʝʩʪʥʳʝ ʝʤʫ ʢʫʣʴʪʫʨʳ, ʩ ʢʦ-

ʪʦʨʳʤʠ ʥʝʦʙʭʦʜʠʤʦ ʥʘʣʘʞʠʚʘʪʴ ʦʪʥʦʰʝʥʠʷ, ʚʝʩʪʠ 

ʩ ʥʠʤʠ ʜʠʘʣʦʛ. ʀʟ ʵʪʦʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ ʙʫʜʫʱʠʡ ʠʥ-

ʞʝʥʝʨ ʜʦʣʞʝʥ ʩʪʨʝʤʠʪʴʩʷ ʩʪʘʪʴ ʥʝ ʪʦʣʴʢʦ ʚʳʩʦʢʦ-

ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʤ ʩʧʝʮʠʘʣʠʩʪʦʤ, ʥʦ ʩʪʘʪʴ ʮʝʣʴ-

ʥʦʡ ʛʫʤʘʥʠʪʘʨʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʣʠʯʥʦʩʪʴʶ [8].  

ʉʦʚʨʝʤʝʥʥʦʝ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʦʝ ʦʙʱʝʩʪʚʦ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʩʚʦʝʛʦ ʚʦʩʧʨʦʠʟ-

ʚʦʜʩʪʚʘ ʠ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ ʥʫʞʜʘʝʪʩʷ ʚ ʦʙʨʘ-

ʟʦʚʘʥʥʦʤ ʠ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʦʤ ʩʧʝʮʠʘʣʠʩʪʝ, ʩʦ-

ʟʜʘʪʝʣʝ ʠ ʥʦʩʠʪʝʣʝ ʥʦʚʳʭ ʬʦʨʤ ʦʙʱʝʩʪʚʝʥʥʦʡ 

ʞʠʟʥʠ. ʆʛʨʦʤʥʫʶ ʨʦʣʴ ʚ ʬʦʨʤʠʨʫʶʱʝʤʩʷ ʥʦʚʦʤ 

ʦʙʱʝʩʪʚʝ ʠʛʨʘʶʪ ʩʦʮʠʦʛʫʤʘʥʠʪʘʨʥʳʝ ʘʩʧʝʢʪʳ ʧʨʦ-

ʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ.  

ɼʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʧʝʮʠʘʣʠʩʪʦʚ ʚʳʩʦʢʦʛʦ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʫʨʦʚʥʷ ʥʝʜʦʩʪʘʪʦʯʥʦ ʠʟʫʯʘʪʴ 

ʪʦʣʴʢʦ ʩʧʝʮʠʘʣʴʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʥʘʫʢʠ. ɺ ʩʦʚʨʝ-

ʤʝʥʥʦʤ ʦʙʱʝʩʪʚʝ ʥʝʦʙʭʦʜʠʤʦ ʜʘʚʘʪʴ ʠʥʞʝʥʝʨʫ 

ʤʥʦʛʦʩʪʦʨʦʥʥʝʝ ʦʙʨʘʟʦʚʘʥʠʝ. 

ʀʟʫʯʘʷ ʣʠʰʴ ʩʚʦʶ ʩʧʝʮʠʘʣʴʥʦʩʪʴ, ʩʪʫʜʝʥʪ ʦʢʘ-

ʟʳʚʘʝʪʩʷ ʪʦʣʴʢʦ ʚ ʤʠʨʝ ʩʚʦʝʡ ʙʫʜʫʱʝʡ ʧʨʦʬʝʩʩʠʦ-

ʥʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʅʦ ʵʪʦʪ ʤʠʨ ʪʦʣʴʢʦ ʥʝʟʥʘʯʠ-

ʪʝʣʴʥʘʷ ʯʘʩʪʴ ʪʦʡ ʞʠʟʥʠ, ʢʦʪʦʨʘʷ ʝʛʦ ʦʢʨʫʞʘʝʪ. ɺʦ-

ʢʨʫʛ ʥʝʛʦ ʞʠʚʸʪ ʠ ʠʟʤʝʥʷʝʪʩʷ ʦʛʨʦʤʥʳʡ ʤʠʨ, ʤʠʨ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʯʝʣʦʚʝʯʝʩʢʦʡ ʞʠʟʥʠ, ʧʨʦʷʚʣʷʶ-

ʱʠʡʩʷ ʢʘʢ ʚ ʥʘʩʪʦʷʱʝʤ, ʪʘʢ ʠ ʚ ʧʨʦʰʝʜʰʝʤ ʠ ʙʫʜʫ-

ʱʝʤ ʚʨʝʤʝʥʘʭ. ɻʫʤʘʥʠʪʘʨʥʘʷ ʢʫʣʴʪʫʨʘ ʠʤʝʝʪ ʩʚʦʠʤ 

ʧʨʝʜʤʝʪʦʤ ʯʝʣʦʚʝʢʘ, ʯʝʣʦʚʝʢʘ ʚ ʝʛʦ ʯʝʣʦʚʝʯʝʩʢʦʤ 

ʦʙʱʝʩʪʚʝ ʩ ʧʨʦʙʣʝʤʘʤʠ ʯʝʣʦʚʝʢʘ ʠ ʦʙʱʝʩʪʚʘ, ʚ ʢʦ-

ʪʦʨʦʤ ʦʥ ʞʠʚʸʪ.  

ʆʩʦʙʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ ʚʦʧʨʦʩʳ ʩʦʮʠʘʣʴʥʦ-ʛʫ-

ʤʘʥʠʪʘʨʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʚ ʚʳʩʰʝʡ ʰʢʦʣʝ ʧʨʠʦʙ-

ʨʝʪʘʶʪ ʚ ʥʘʰʠ ʜʥʠ, ʢʦʛʜʘ ʨʝʘʣʠʟʫʝʪʩʷ ʧʨʦʛʨʘʤʤʘ 

ʤʦʜʝʨʥʠʟʘʮʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ 

ʩʪʘʥʜʘʨʪʳ ʧʦʜʛʦʪʦʚʢʠ ʩʧʝʮʠʘʣʠʩʪʦʚ ʨʘʟʥʦʛʦ 

ʫʨʦʚʥʷ. ʉʧʝʮʠʘʣʠʩʪʦʤ ʥʘʟʳʚʘʶʪ ʯʝʣʦʚʝʢʘ ʥʝ ʧʨʦ-

ʩʪʦ ʟʥʘʶʱʝʛʦ ʠ ʫʤʝʶʱʝʛʦ, ʘ ʚʣʘʜʝʶʱʝʛʦ ʩʦʚʨʝ-

ʤʝʥʥʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ ʫʧʨʘʚʣʝʥʠʷ ʩʦʮʠʘʣʴʥʳʤʠ 

ʧʨʦʮʝʩʩʘʤʠ, ʪʦ ʝʩʪʴ ʢʦʤʧʝʪʝʥʪʥʦʛʦ. ʉʝʛʦʜʥʷ ʙʝʟ 

ʧʨʝʫʚʝʣʠʯʝʥʠʷ ʩʦʮʠʘʣʴʥʦ-ʛʫʤʘʥʠʪʘʨʥʦʝ ʦʙʨʘʟʦʚʘ-

ʥʠʝ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʫʩʣʦʚʠʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʦʬʝʩ-

ʩʠʦʥʘʣʴʥʦʡ ʢʦʤʧʝʪʝʥʪʥʦʩʪʠ ʩʦʚʨʝʤʝʥʥʦʛʦ ʩʧʝʮʠʘ-

ʣʠʩʪʘ [2]. 

ʋʯʸʥʳʝ, ʠʩʩʣʝʜʫʷ ʩʧʝʮʠʬʠʢʫ ʜʚʫʭʫʨʦʚʥʝʚʦʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ, ʦʪʤʝʯʘʶʪ, ʯʪʦ ʛʣʘʚʥʦʡ ʟʘʜʘʯʝʡ ʙʘʢʘ-

ʣʘʚʨʠʘʪʘ ʷʚʣʷʝʪʩʷ çʥʝ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʘʷ ʧʦʜʛʦ-

ʪʦʚʢʘ, ʘ ʩʦʮʠʘʣʠʟʘʮʠʷ ʤʦʣʦʜʸʞʠ, ʝʝ ʧʨʠʦʙʱʝʥʠʝ ʢ 

ʩʠʩʪʝʤʝ ʩʦʮʠʘʣʴʥʳʭ ʩʚʷʟʝʡ, ʥʦʨʤ ʠ ʮʝʥʥʦʩʪʝʡ ʩʦ-

ʚʨʝʤʝʥʥʦʛʦ ʦʙʱʝʩʪʚʘéʚʦʟʤʦʞʥʦʩʪʴ ʧʦʚʟʨʦʩʣʝʪʴ, 

ʦʩʦʟʥʘʪʴ ʩʝʙʷ ʢʘʢ ʣʠʯʥʦʩʪʴ, ʧʦʣʫʯʠʪʴ ʧʝʨʚʳʡ ʛʨʘʞ-

ʜʘʥʩʢʠʡ ʦʧʳʪè [3]. 

ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʦʩʥʦʚʥʦʡ ʬʫʥʢʮʠʝʡ ʙʘʢʘ-

ʣʘʚʨʠʘʪʘ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʫʶ ʩʦʮʠʘ-

ʣʠʟʘʮʠʶ ʤʦʣʦʜʸʞʠ, ʧʨʠʦʙʱʝʥʠʝ ʢ ʩʠʩʪʝʤʝ ʩʦʮʠ-

ʘʣʴʥʳʭ ʩʚʷʟʝʡ, ʥʦʨʤ, ʮʝʥʥʦʩʪʝʡ, ʠʜʝʘʣʦʚ, ʧʦʪʨʝʙ-

ʥʦʩʪʝʡ ʩʦʚʨʝʤʝʥʥʦʛʦ ʦʙʱʝʩʪʚʘ, ʛʣʘʚʥʦʡ ʠʟ ʢʦʪʦʨʳʭ 

ʷʚʣʷʝʪʩʷ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʤ ʩʘʤʦ-

ʦʧʨʝʜʝʣʝʥʠʠ ʠ ʨʘʟʚʠʪʠʠ ʚ ʪʝʯʝʥʠʝ ʚʩʝʡ ʞʠʟʥʠ.  

ʄʦʣʦʜʦʡ ʠʥʞʝʥʝʨ, ʚʩʪʫʧʘʷ ʚ ʩʦʮʠʘʣʴʥʫʶ 

ʞʠʟʥʴ, ʨʝʘʣʠʟʫʝʪ ʩʬʦʨʤʠʨʦʚʘʥʥʳʝ ʚ ʚʫʟʝ ʦʙʱʝʯʝ-

ʣʦʚʝʯʝʩʢʠʝ ʮʝʥʥʦʩʪʠ, ʧʨʠʥʷʪʳʝ ʚ ʦʙʱʝʩʪʚʝ: ʧʘʪʨʠ-

ʦʪʠʟʤ, ʛʨʘʞʜʘʥʩʪʚʝʥʥʦʩʪʴ, ʚʳʩʦʢʠʝ ʤʦʨʘʣʴʥʦ-

ʥʨʘʚʩʪʚʝʥʥʳʝ ʢʘʯʝʩʪʚʘ, ʦʙʱʫʶ ʷʟʢrʦʚʫʶ, ʧʨʘʚʦ-

ʚʫʶ ʢʫʣʴʪʫʨʫ, ʮʝʥʥʦʩʪʠ ʛʫʤʘʥʠʟʤʘ ʠ ʵʢʦʣʦʛʠʯʝ-

ʩʢʦʛʦ ʩʦʟʥʘʥʠʷ. ɻʫʤʘʥʠʪʘʨʥʦ ʦʙʨʘʟʦʚʘʥʥʳʡ ʯʝʣʦ-

ʚʝʢ ʫʚʝʨʝʥ ʚ ʪʦʤ, ʯʪʦ ʣʶʜʠ ʠ ʧʨʠʨʦʜʘ ʩʦʩʪʘʚʣʷʶʪ 

ʝʜʠʥʦʝ ʮʝʣʦʝ. ʕʪʦ ʥʝʨʘʩʪʦʨʞʠʤʦʝ ʜʫʭʦʚʥʦʝ ʦʙʨʘʟʦ-

ʚʘʥʠʝ, ʢʦʪʦʨʦʝ ʥʝʚʦʟʤʦʞʥʦ ʠʟʤʝʨʠʪʴ ʪʦʣʴʢʦ ʧʨʠ 

ʧʦʤʦʱʠ ʢʨʠʪʝʨʠʝʚ ʪʝʭʥʠʯʝʩʢʦʡ ʢʫʣʴʪʫʨʳ, ʘ ʪʨʝʙʫ-

ʶʪʩʷ ʙʦʣʝʝ ʩʣʦʞʥʳʝ ʩʨʝʜʩʪʚʘ ʠʟʤʝʨʝʥʠʷ, ʫʯʠʪʳʚʘ-

ʶʱʠʝ ʢʘʢ ʪʝʭʥʠʯʝʩʢʠʝ, ʪʘʢ ʠ ʛʫʤʘʥʠʪʘʨʥʳʝ ʘʩ-

ʧʝʢʪʳ ʜʘʥʥʦʛʦ ʷʚʣʝʥʠʷ. ʄʝʨʢʘʤʠ ʪʝʭʥʠʯʝʩʢʦʡ 

ʢʫʣʴʪʫʨʳ ʥʝʣʴʟʷ ʤʘʥʠʧʫʣʠʨʦʚʘʪʴ, ʠʭ ʥʝʣʴʟʷ ʧʨʝ-

ʚʨʘʱʘʪʴ ʚ ʩʨʝʜʩʪʚʘ [8].  

ʇʦʜʚʦʜʷ ʠʪʦʛ ʚʳʰʝʩʢʘʟʘʥʥʦʤʫ, ʤʦʞʥʦ ʫʪʚʝʨ-

ʞʜʘʪʴ, ʯʪʦ ʩʦʮʠʦʛʫʤʘʥʠ-ʪʘʨʥʦʝ ʟʥʘʥʠʝ, ʧʨʝʚʨʘʱʘ-

ʷʩʴ ʚ ʦʜʥʦ ʠʟ ʦʩʥʦʚʥʳʭ ʫʩʣʦʚʠʡ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʦ-

ʬʝʩʩʠʦʥʘʣʴʥʦʡ ʢʦʤʧʝʪʝʥʮʠʠ ʩʦʚʨʝʤʝʥʥʦʛʦ ʩʧʝʮʠʘ-

ʣʠʩʪʘ, ʩʪʘʥʦʚʠʪʩʷ ʞʠʟʥʝʥʥʦ ʚʘʞʥʳʤ ʪʨʝʙʦʚʘʥʠʝʤ 

ʤʦʜʝʨʥʠʟʘʮʠʠ ʚʳʩʰʝʛʦ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʦʙʨʘ-

ʟʦʚʘʥʠʷ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʫʞʥʦ ʧʦʤʥʠʪʴ ʦ ʪʦʤ, ʯʪʦ 

ʚʦʩʧʠʪʘʥʠʝ ʥʘʩʪʦʷʱʝʛʦ ʠʥʞʝʥʝʨʘ-ʧʨʦʬʝʩʩʠʦʥʘʣʘ ʠ 

ʨʫʢʦʚʦʜʠʪʝʣʷ ʥʝʚʦʟʤʦʞʥʦ ʙʝʟ ʬʦʨʤʠʨʦʚʘʥʠʷ ʫ ʩʪʫ-

ʜʝʥʪʦʚ ʤʦʨʘʣʴʥʦ-ʵʪʠʯʝʩʢʠʭ ʥʦʨʤ, ʢʫʣʴʪʫʨʳ. ʇʦ-

ʩʣʝʜʥʝʝ, ʢʘʢ ʠʟʚʝʩʪʥʦ, ʬʦʨʤʠʨʫʝʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʠʟʫ-

ʯʝʥʠʷ ʛʫʤʘʥʠʪʘʨʥʳʭ ʥʘʫʢ.  
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THE USE OF BIOENGINEERING IN THE CREATION OF PROGRAMMABLE LIVING 

ORGANISMS. 

 

ɸʥʥʦʪʘʮʠʷ 

ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʦʥʢʨʝʪʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʫʯʝʥʳʭ ʠʟ ʫʥʠʚʝʨʩʠʪʝʪʘ ɺʝʨʤʦʥʪʘ ʠ ʫʥʠʚʝʨ-

ʩʠʪʝʪʘ ʊʘʬʪʩʘ, ʢʦʪʦʨʳʤ ʫʜʘʣʦʩʴ ʩʦʟʜʘʪʴ ʠʟ ʞʠʚʳʭ ʢʣʝʪʦʢ ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʦʨʛʘʥʠʟʤʳ, ʢʦʪʦʨʳʤʠ 

ʤʦʞʥʦ ʤʘʥʠʧʫʣʠʨʦʚʘʪʴ, ʢʘʢ ʨʦʙʦʪʘʤʠ. 

Abstract 

The paper considers a specific study of scientists from the University of Vermont and Tufts University, who 

managed to create artificial organisms from living cells that can be manipulated like robots. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: UVM, ʙʠʦʠʥʞʝʥʝʨʠʷ, ʢʩʝʥʦʙʦʪʳ, ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ, ʞʠʚʘʷ ʢʣʝʪʢʘ. 

Key words: UVM, bioengineering, xenobots, programming, living cell. 

 

ʂʦʤʘʥʜʘ ʫʯʝʥʳʭ ʧʝʨʝʨʘʩʧʨʝʜʝʣʠʣʘ ʞʠʚʳʝ 

ʢʣʝʪʢʠ ï ʛʝʥʝʪʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ, ʩʦʩʢʦʙʣʝʥʥʳʡ ʩ 

ʵʤʙʨʠʦʥʦʚ ʣʷʛʫʰʢʠ ï ʠ ʩʦʙʨʘʣʘ ʝʛʦ ʚ ʩʦʚʝʨʰʝʥʥʦ 

ʥʦʚʳʝ ʬʦʨʤʳ ʞʠʟʥʠ. ɼʘʥʥʳʝ çʢʩʝʥʦʙʦʪʳè ʰʠʨʠ-

ʥʦʡ ʚ ʤʠʣʣʠʤʝʪʨ ʤʦʛʫʪ ʩʣʝʜʫʶʱʠʡ ʨʷʜ ʟʘʜʘʯ: ʧʝʨʝ-

ʜʚʠʞʝʥʠʝ ʢ ʢʦʥʢʨʝʪʥʦʡ ʮʝʣʠ, ʧʝʨʝʥʦʩ ʨʘʟʣʠʯʥʦʡ 

ʧʦʣʝʟʥʦʡ ʥʘʛʨʫʟʢʫ, ʥʘʧʨʠʤʝʨ, ʣʝʢʘʨʩʪʚʦ, ʢʦʪʦʨʦʝ 

ʥʝʦʙʭʦʜʠʤʦ ʜʦʩʪʘʚʠʪʴ ʚ ʦʧʨʝʜʝʣʝʥʥʦʝ ʤʝʩʪʦ 

ʚʥʫʪʨʠ ʧʘʮʠʝʥʪʘ, ʧʦʤʦʱʴ ʚ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʧʘʮʠ-

ʝʥʪʘʤ. 

ʇʦ ʤʥʝʥʠʶ ɼʞʦʰʫʘ ɹʦʥʛʘʨʘ, ʩʧʝʮʠʘʣʠʩʪʘ ʧʦ 

ʢʦʤʧʴʶʪʝʨʥʳʤ ʪʝʭʥʦʣʦʛʠʷʤ ʠ ʨʦʙʦʪʦʪʝʭʥʠʢʝ ʚ 

ʋʥʠʚʝʨʩʠʪʝʪʝ ɺʝʨʤʦʥʪʘ, ʢʦʪʦʨʳʡ ʙʳʣ ʦʜʥʠʤ ʠʟ ʨʫ-

ʢʦʚʦʜʠʪʝʣʝʡ ʥʦʚʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʘʥʥʳʝ ʢʩʝʥʦ-

ʙʦʪʳ ï ʵʪʦ ʥʦʚʳʝ ʞʠʚʳʝ ʤʘʰʠʥʳ, ʥʝ ʷʚʣʷʶʱʠʝʩʷ 

ʥʠ ʪʨʘʜʠʮʠʦʥʥʳʤ ʨʦʙʦʪʦʤ, ʥʠ ʠʟʚʝʩʪʥʳʤ ʚʠʜʦʤ 

ʞʠʚʦʪʥʳʭ. ʕʪʦ ʥʦʚʳʡ ʢʣʘʩʩ: ʞʠʚʦʡ, ʧʨʦʛʨʘʤʤʠʨʫ-

ʝʤʳʡ ʦʨʛʘʥʠʟʤ. 

ɼʘʥʥʳʝ ʢʩʝʥʦʙʦʪʳ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʥʘ ʩʫ-

ʧʝʨʢʦʤʧʴʶʪʝʨʝ ʚ UVM, ʘ ʟʘʪʝʤ ʩʦʙʨʘʥʳ ʠ ʧʨʦʪʝ-

ʩʪʠʨʦʚʘʥʳ ʙʠʦʣʦʛʘʤʠ ʚ ʋʥʠʚʝʨʩʠʪʝʪʝ ʊʘʬʪʩʘ. ʇʦ 

ʤʥʝʥʠʶ ʩʦ-ʣʠʜʝʨʘ ʄʘʡʢʣʘ ʃʝʚʠʥʘ, ʨʫʢʦʚʦʜʷʱʝʛʦ 

ʮʝʥʪʨʦʤ ʨʝʛʝʥʝʨʘʪʠʚʥʦʡ ʙʠʦʣʦʛʠʠ ʠ ʙʠʦʣʦʛʠʠ ʨʘʟ-

ʚʠʪʠʷ ʚ ʊʘʬʪʩʝ, ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʠʤʝʝʪʩʷ ʤʥʦʞʝ-

ʩʪʚʦ ʚʦʟʤʦʞʥʳʭ ʧʦʣʝʟʥʳʭ ʧʨʠʤʝʥʝʥʠʡ ʵʪʠʭ ʞʠʚʳʭ 

ʨʦʙʦʪʦʚ, ʢʦʪʦʨʳʭ ʥʝ ʤʦʛʫʪ ʩʜʝʣʘʪʴ ʜʨʫʛʠʝ ʤʘʰʠʥʳ, 

ï ʥʘʧʨʠʤʝʨ, ʧʦʠʩʢ ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ ʠʣʠ ʨʘʜʠʦʘʢʪʠʚʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ, ʩʙʦʨ 

ʤʠʢʨʦʧʣʘʩʪʠʢʘ. ʚ ʦʢʝʘʥʘʭ, ʦʯʠʩʪʢʘ ʘʨʪʝʨʠʡ ʦʪ ʦʙʨʘ-

ʟʦʚʘʚʰʝʛʦʩʷ ʥʘ ʥʠʭ ʥʘʣʝʪʘ ʠ ʘʪʝʨʦʩʢʣʝʨʦʪʠʯʝʩʢʠʭ 

ʙʣʷʰʝʢ. 

ʃʶʜʠ ʤʘʥʠʧʫʣʠʨʫʶʪ ʦʨʛʘʥʠʟʤʘʤʠ ʥʘ ʙʣʘʛʦ 

ʯʝʣʦʚʝʯʝʩʪʚʘ ʫʞʝ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʤʥʦʛʠʭ ʩʪʦʣʝʪʠʡ, 

ʥʘʯʠʥʘʷ ʩ ʤʦʤʝʥʪʘ ʟʘʨʦʞʜʝʥʠʷ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡ-

ʩʪʚʘ. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʛʝʥʝʪʠʯʝʩʢʦʝ ʨʝʜʘʢʪʠʨʦʚʘ-

ʥʠʝ ʧʨʠʦʙʨʝʣʦ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ ʭʘʨʘʢ-

ʪʝʨ, ʠ ʥʝʩʢʦʣʴʢʦ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʦʨʛʘʥʠʟʤʦʚ ʙʳʣʠ 

ʩʦʙʨʘʥʳ ʚʨʫʯʥʫʶ ʟʘ ʧʦʩʣʝʜʥʠʝ ʥʝʩʢʦʣʴʢʦ ʣʝʪ - ʢʦ-

ʧʠʨʫʷ ʬʦʨʤʳ ʪʝʣʘ ʠʟʚʝʩʪʥʳʭ ʞʠʚʦʪʥʳʭ. 

ɺ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʤʝʩʷʮʝʚ ʦʙʨʘʙʦʪʢʠ ʥʘ 

ʩʫʧʝʨʢʦʤʧʴʶʪʝʨʥʦʤ ʢʣʘʩʪʝʨʝ Deep Green ʚ UVM 

Vermont Advanced Computing Core ʢʦʤʘʥʜʘ, ʚʢʣʶ-

ʯʘʷ ʚʝʜʫʱʝʛʦ ʘʚʪʦʨʘ ʠ ʜʦʢʪʦʨʘʥʪʘ ʉʵʤʘ ʂʨʠʛʤʘʥʘ, 

ʠʩʧʦʣʴʟʦʚʘʣʘ ʵʚʦʣʶʮʠʦʥʥʳʡ ʘʣʛʦʨʠʪʤ ʜʣʷ ʩʦʟʜʘ-

ʥʠʷ ʪʳʩʷʯ ʚʘʨʠʘʥʪʦʚ ʧʨʦʝʢʪʦʚ ʜʣʷ ʢʩʝʥʦʙʠʦʥʪʦʚ. 

ʇʳʪʘʷʩʴ ʚʳʧʦʣʥʠʪʴ ʟʘʜʘʯʫ, ʧʦʩʪʘʚʣʝʥʥʫʶ ʫʯʝ-

ʥʳʤʠ - ʥʘʧʨʠʤʝʨ, ʧʝʨʝʜʚʠʞʝʥʠʝ ʚ ʦʜʥʦʤ ʥʘʧʨʘʚʣʝ-

ʥʠʠ ï ʢʦʤʧʴʶʪʝʨ ʩʥʦʚʘ ʠ ʩʥʦʚʘ ʩʦʙʠʨʘʝʪ ʥʝʩʢʦʣʴʢʦ 

ʩʦʪʝʥ ʤʦʜʝʣʠʨʫʝʤʳʭ ʢʣʝʪʦʢ ʚ ʙʝʩʯʠʩʣʝʥʥʦʝ ʤʥʦʞʝ-

ʩʪʚʦ ʤʦʜʝʣʝʡ ʠ ʬʦʨʤ ʪʝʣʘ. ʇʦʩʢʦʣʴʢʫ ʧʨʦʛʨʘʤʤʳ 
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ʨʘʙʦʪʘʣʠ, ʨʫʢʦʚʦʜʩʪʚʫʷʩʴ ʙʘʟʦʚʳʤʠ ʧʨʘʚʠʣʘʤʠ ʦ 

ʙʠʦʬʠʟʠʢʝ ʪʦʛʦ, ʯʪʦ ʤʦʛʫʪ ʜʝʣʘʪʴ ʢʦʞʘ ʠ ʢʣʝʪʢʠ 

ʩʝʨʜʮʘ ʣʷʛʫʰʢʠ, ʙʦʣʝʝ ʫʩʧʝʰʥʳʝ ʤʦʜʝʣʠʨʫʝʤʳʝ 

ʦʨʛʘʥʠʟʤʳ ʙʳʣʠ ʩʦʭʨʘʥʝʥʳ ʠ ʦʯʠʱʝʥʳ, ʚ ʪʦ ʚʨʝʤʷ 

ʢʘʢ ʥʝʫʜʘʯʥʳʝ ʧʨʦʝʢʪʳ ʙʳʣʠ ʦʪʙʨʦʰʝʥʳ. ʇʦʩʣʝ ʩʪʘ 

ʥʝʟʘʚʠʩʠʤʳʭ ʧʨʦʛʦʥʦʚ ʘʣʛʦʨʠʪʤʘ ʙʳʣʠ ʚʳʙʨʘʥʳ 

ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʟʨʘʙʦʪʢʠ 

ʜʣʷ ʪʝʩʪʠʨʦʚʘʥʠʷ. 

ɹʦʣʝʝ ʧʦʟʜʥʠʝ ʠʩʧʳʪʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʛʨʫʧʧʳ ʢʩʝʥʦʙʦʪʦʚ ʩʧʦʩʦʙʥʳ ʧʝʨʝʤʝʱʘʪʩʷ ʧʦ 

ʢʨʫʛʫ, ʪʦʣʢʘʷ ʛʨʘʥʫʣʳ ʚ ʮʝʥʪʨʘʣʴʥʦʝ ʤʝʩʪʦ: ʩʧʦʥ-

ʪʘʥʥʦ ʠʣʠ ʞʝ ʢʦʣʣʝʢʪʠʚʥʦ. ɼʨʫʛʠʝ ʚʘʨʠʥʪʳ ʙʳʣʠ 

ʧʦʩʪʨʦʝʥʳ ʩ ʦʪʚʝʨʩʪʠʝʤ ʚ ʮʝʥʪʨʝ ʪʝʣʘ, ʯʪʦʙʳ 

ʫʤʝʥʴʰʠʪʴ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʨʠ ʧʝʨʝʜʚʠʞʝʥʠʠ. ɺ 

ʩʤʦʜʝʣʠʨʦʚʘʥʥʳʭ ʚʝʨʩʠʷʭ ʫʯʝʥʳʝ ʩʤʦʛʣʠ ʧʦʚʪʦʨʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʪʫ ʜʳʨʫ ʚ ʢʘʯʝʩʪʚʝ ʤʝʰʦʯʢʘ ʜʣʷ 

ʫʩʧʝʰʥʦʛʦ ʧʝʨʝʥʦʩʘ ʦʙʲʝʢʪʘ. ʇʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ 

ʢʦʤʧʴʶʪʝʨʥʳʭ ʥʘʫʢ ʠ ʩʣʦʞʥʳʭ ʩʠʩʪʝʤ UVM ɹʦʥ-

ʛʘʨ ʩʯʠʪʘʝʪ, ʯʪʦ ʠʤ ʫʜʘʣʦʩʴ ʦʩʫʱʝʩʪʚʠʪʴ ʩʫʱʝ-

ʩʪʚʝʥʥʳʡ ʰʘʛ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʢʦʤʧʴʶʪʝʨʥʳʭ ʦʨ-

ʛʘʥʠʟʤʦʚ ʜʣʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʜʦʩʪʘʚʢʠ ʣʝʢʘʨʩʪʚ.  
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ɺʦʟʤʦʞʥʦʩʪʴ ʪʦʯʥʦʛʦ ʤʘʥʝʚʨʠʨʦʚʘʥʠʷ ʤʠʢʨʦ ʠ ʥʘʥʦʦʙʲʝʢʪʦʚ ʚ ʞʠʜʢʦ-

ʩʪʷʭ ʙʝʩʢʦʥʪʘʢʪʥʳʤ, ʙʠʦʩʦʚʤʝʩʪʠʤʳʤ ʩʧʦʩʦʙʦʤ  

Abstract 

The paper considers the possibility of precise maneuvering of micro and nanoobjects in liquids in a non-

contact, biocompatible way. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʢʫʩʪʠʢʘ, ʭʠʤʠʯʝʩʢʘʷ ʠʥʞʝʥʝʨʠʷ, ʤʠʢʨʦʩʚʠʤʤʝʨ, ʤʠʢʨʦʩʚʠʪʪʝʨ, ʧʨʦʛʨʘʤʤʠʨʦʚʘ-

ʥʠʝ. 

Key words: acoustics, chemical engineering, microswimmer, microswitter, programming. 

 

ɺʦʟʤʦʞʥʦʩʪʴ ʪʦʯʥʦʛʦ ʤʘʥʝʚʨʠʨʦʚʘʥʠʷ ʤʠʢʨʦ / 

ʥʘʥʦʦʙʲʝʢʪʦʚ ʚ ʞʠʜʢʦʩʪʷʭ ʙʝʩʢʦʥʪʘʢʪʥʳʤ, ʙʠʦʩʦʚ-

ʤʝʩʪʠʤʳʤ ʩʧʦʩʦʙʦʤ ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʪʴ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʝ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʤʦʞʝʪ ʠʤʝʪʴ ʜʘ-

ʣʝʢʦ ʠʜʫʱʠʝ ʧʦʩʣʝʜʩʪʚʠʷ ʚ ʪʘʢʠʭ ʦʙʣʘʩʪʷʭ, ʢʘʢ 

ʙʠʦʣʦʛʠʷ, ʭʠʤʠʯʝʩʢʘʷ ʠʥʞʝʥʝʨʠʷ ʠ ʥʘʥʦʪʝʭʥʦʣʦ-

ʛʠʠ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ 

ʘʢʫʩʪʠʯʝʩʢʠʭ ʜʚʠʛʘʪʝʣʝʡ ʥʘ ʦʩʥʦʚʝ ʧʫʟʳʨʴʢʦʚʳʭ 

ʤʠʢʨʦʩʚʠʤʤʝʨʦʚ, ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʥʳ ʢ ʘʚʪʦʥʦʤ-

ʥʦʤʫ ʜʚʠʞʝʥʠʶ ʚ ʪʨʝʭ ʠʟʤʝʨʝʥʠʷʭ ʠ ʚʳʙʦʨʦʯʥʦ 

ʪʨʘʥʩʧʦʨʪʠʨʫʶʪ ʦʪʜʝʣʴʥʳʝ ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʢʦʣʣʦ-

ʠʜʳ ʠ ʢʣʝʪʢʠ ʤʣʝʢʦʧʠʪʘʶʱʠʭ ʚ ʧʝʨʝʧʦʣʥʝʥʥʦʡ 

ʛʨʫʧʧʝ ʙʝʟ ʤʘʨʢʠʨʦʚʢʠ, ʤʦʜʠʬʠʢʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʠ 

ʠʣʠ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʙʣʠʟʣʝʞʘʱʠʝ ʦʙʲʝʢʪʳ. ɺ ʦʪʣʠ-

ʯʠʝ ʦʪ ʨʘʥʝʝ ʩʦʦʙʱʝʥʥʳʭ ʤʠʢʨʦʩʚʠʤʤʝʨʦʚ, ʠʭ ʜʚʠ-

ʞʝʥʠʝ ʥʝ ʪʨʝʙʫʝʪ ʨʘʙʦʪʳ ʚ ʫʟʣʘʭ ʘʢʫʩʪʠʯʝʩʢʦʛʦ 

ʜʘʚʣʝʥʠʷ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʚʠʞʝʥʠʝ ʧʨʠ ʤʘʣʦʡ 

ʤʦʱʥʦʩʪʠ ʠ ʚʜʘʣʠ ʦʪ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘ-

ʪʝʣʷ. ɺ ʤʝʛʘʛʝʨʮʦʚʦʤ ʘʢʫʩʪʠʯʝʩʢʦʤ ʧʦʣʝ ʤʠʢʨʦ-

ʩʚʠʤʤʝʨʳ ʧʦʜʚʝʨʞʝʥʳ ʜʚʫʤ ʧʨʝʦʙʣʘʜʘʶʱʠʤ ʩʠ-
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ʣʘʤ: ʚʪʦʨʠʯʥʦʡ ʩʠʣʝ ɹʴʝʨʢʥʝʩʘ ʠ ʣʦʢʘʣʴʥʦ ʛʝʥʝʨʠ-

ʨʫʝʤʦʡ ʘʢʫʩʪʠʯʝʩʢʦʡ ʜʚʠʞʫʱʝʡ ʩʠʣʝ ʜʚʠʞʝʥʠʷ. 

ʂʦʤʙʠʥʘʮʠʷ ʵʪʠʭ ʜʚʫʭ ʩʠʣ ʧʦʟʚʦʣʷʝʪ ʤʠʢʨʦʩʚʠʤ-

ʤʝʨʘʤ ʥʝʟʘʚʠʩʠʤʦ ʧʣʘʚʘʪʴ ʥʘ ʪʨʝʭʤʝʨʥʳʭ ʛʨʘʥʠʮʘʭ 

ʠʣʠ ʚ ʩʚʦʙʦʜʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʦʜ ʤʘʛʥʠʪʥʳʤ 

ʫʧʨʘʚʣʝʥʠʝʤ. 

ɼʘʥʥʘʷ ʨʘʟʨʘʙʦʪʢʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʥ-

ʩʪʨʫʢʮʠʶ ʜʣʷ ʤʠʢʨʦʩʚʠʤʤʝʨʦʚ ʥʘ ʧʫʟʳʨʴʢʦʚʦʡ ʦʩ-

ʥʦʚʝ ʩ ʘʢʫʩʪʠʯʝʩʢʠʤ ʧʨʠʚʦʜʦʤ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʠʟ-

ʙʠʨʘʪʝʣʴʥʦ ʤʘʥʠʧʫʣʠʨʦʚʘʪʴ ʦʪʜʝʣʴʥʳʤʠ ʯʘʩʪʠ-

ʮʘʤʠ ʠ ʢʣʝʪʢʘʤʠ ʤʣʝʢʦʧʠʪʘʶʱʠʭ ʚ ʨʘʟʥʦʨʦʜʥʦʡ 

ʩʨʝʜʝ ʙʝʟ ʤʘʨʢʠʨʦʚʢʠ, ʤʦʜʠʬʠʢʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʠ 

ʠʣʠ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʙʣʠʟʣʝʞʘʱʠʝ ʦʙʲʝʢʪʳ. ʋʥʠ-

ʢʘʣʴʥʦʝ ʧʦʚʝʜʝʥʠʝ ʵʪʠʭ ʤʠʢʨʦʩʚʠʤʤʝʨʦʚ ʚʢʣʶʯʘʝʪ 

ʚ ʩʝʙʷ ʩʘʤʦʚʳʨʘʚʥʠʚʘʥʠʝ ʥʘ ʛʨʘʥʠʮʘʭ, ʤʘʛʥʠʪʥʦʝ 

ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʩʢʦʨʦʩʪʠ, ʧʦʜʲʝʤ ʧʦ ʛʨʘʥʠʯʥʳʤ 

ʩʪʝʥʢʘʤ ʠ ʘʚʪʦʥʦʤʥʦʝ ʠʣʠ ʥʘʧʨʘʚʣʝʥʥʦʝ ʥʘ ʧʣʘʚʘ-

ʥʠʝ ʜʚʠʞʝʥʠʝ.  

ʇʨʠ ʚʦʟʙʫʞʜʝʥʠʠ ʘʢʫʩʪʠʯʝʩʢʦʡ ʚʦʣʥʦʡ ʥʘ ʨʝ-

ʟʦʥʘʥʩʥʦʡ ʯʘʩʪʦʪʝ ʧʫʟʳʨʴʢʘ ʤʠʢʨʦʩʚʠʪʪʝʨʳ ʥʝʤʝʜ-

ʣʝʥʥʦ ʚʳʨʘʚʥʠʚʘʶʪ ʩʝʙʷ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʩʦʩʝʜ-

ʥʝʡ ʛʨʘʥʠʮʝ ʠ ʩʪʘʪʠʯʝʩʢʠ ʧʘʨʷʪ ʥʘʜ ʥʝʡ. ʆʜʥʦʚʨʝ-

ʤʝʥʥʦ ʧʨʠʤʝʥʷʷ ʚʥʝʰʥʝʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ, ʤʦʞʥʦ 

ʠʟʤʝʥʠʪʴ ʦʨʠʝʥʪʘʮʠʶ ʤʠʢʨʦʩʚʠʤʤʝʨʦʚ ʠ ʠʥʠʮʠʠ-

ʨʦʚʘʪʴ ʠʭ ʧʦʩʪʫʧʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ. ʅʝ ʪʦʣʴʢʦ 

ʥʘʧʨʘʚʣʝʥʠʝ ʜʚʠʞʝʥʠʷ, ʥʦ ʠ ʩʢʦʨʦʩʪʴ ʤʦʛʫʪ ʙʳʪʴ 

ʪʦʯʥʦ ʦʪʨʝʛʫʣʠʨʦʚʘʥʳ ʥʘʧʨʘʚʣʝʥʠʝʤ ʚʥʝʰʥʝʛʦ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʇʨʠ ʫʨʦʚʥʝ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʜʘʚʣʝ-

ʥʠʷ (~ 4 ʢʇʘ), ʢʦʪʦʨʳʡ ʥʝ ʩʦʟʜʘʝʪ ʷʚʥʳʭ ʘʢʫʩʪʠʯʝ-

ʩʢʠʭ ʦʙʲʝʤʥʳʭ ʧʦʪʦʢʦʚ ʠʣʠ ʩʠʣ ʟʘʭʚʘʪʘ ʥʘ ʧʘʩʩʠʚ-

ʥʳʭ ʯʘʩʪʠʮʘʭ, ʤʠʢʨʦʩʚʠʤʤʝʨʳ ʤʦʛʫʪ ʜʚʠʛʘʪʴʩʷ ʩ 

ʟʘʤʝʯʘʪʝʣʴʥʦʡ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʴʶ 2,6 ʤʤ / ʩ (350 

ʜʣʠʥ ʪʝʣʘ / ʩ). ʉʠʣʴʥʘʷ ʜʚʠʞʫʱʘʷ ʩʠʣʘ ʠ ʪʦʯʥʦʝ 

ʫʧʨʘʚʣʝʥʠʝ ʥʘʧʨʘʚʣʝʥʠʝʤ ʧʦʟʚʦʣʷʶʪ ʤʠʢʨʦʩʚʠʤ-

ʤʝʨʘʤ ʩʦʙʠʨʘʪʴ ʦʪʜʝʣʴʥʳʝ ʧʘʩʩʠʚʥʳʝ ʯʘʩʪʠʮʳ ʠ 

ʧʝʨʝʤʝʱʘʪʴ ʠʭ ʚ ʧʨʦʠʟʚʦʣʴʥʳʝ ʧʦʣʦʞʝʥʠʷ ʚ ʦʯʝʥʴ 

ʧʣʦʪʥʦʤ ʦʙʨʘʟʮʝ. ʂʨʦʤʝ ʪʦʛʦ, ʤʠʢʨʦʩʚʠʪʳ ʤʦʛʫʪ 

ʧʦʜʥʠʤʘʪʴʩʷ ʧʦ ʚʝʨʪʠʢʘʣʴʥʳʤ ʛʨʘʥʠʮʘʤ ʠʣʠ ʧʣʘ-

ʚʘʪʴ ʚ ʩʚʦʙʦʜʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʤ 

ʢʨʘʡʥʝ ʥʘʜʝʞʥʦ ʨʘʙʦʪʘʪʴ ʚ ʩʣʦʞʥʳʭ ʫʩʣʦʚʠʷʭ. 

ɺ ʩʦʯʝʪʘʥʠʠ ʩ ʙʝʩʢʦʥʪʘʢʪʥʦʡ, ʙʠʦʩʦʚʤʝʩʪʠʤʦʡ 

ʧʨʠʨʦʜʦʡ ʠʭ ʜʚʠʞʠʪʝʣʷ ʵʪʘ ʫʥʠʚʝʨʩʘʣʴʥʘʷ ʤʠʢʨʦ-

ʩʚʠʤʤʝʨʥʘʷ ʧʣʘʪʬʦʨʤʘ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʤʦʱʥʳʤ 

ʠʥʩʪʨʫʤʝʥʪʦʤ ʚ ʧʝʨʝʜʦʚʳʭ ʙʠʦʤʝʜʠʮʠʥʩʢʠʭ ʠʩʩʣʝ-

ʜʦʚʘʥʠʷʭ ʠ ʢʣʠʥʠʯʝʩʢʦʡ ʪʝʨʘʧʠʠ. 
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VISBREAKING: NEW TRENDS AND TECHNOLOGIES  

 

ɸʥʥʦʪʘʮʠʷ 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʚʠʩʙʨʝʢʠʥʛʘ ï ʩʘʤʦʛʦ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ 

ʜʝʥʴ ʧʨʦʮʝʩʩʘ ʛʣʫʙʦʢʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʪʷʞʝʣʳʭ ʥʝʬʪʷʥʳʭ ʦʩʪʘʪʢʦʚ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʦʩʥʦʚʥʳʝ ʧʫʪʠ ʫʩʦ-

ʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʜʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ï ʪʝʭʥʦʣʦʛʠʠ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʢʘʢ ʟʘ ʨʫʙʝʞʦʤ, ʪʘʢ ʠ ʥʘ ʦʪʝʯʝʩʪʚʝʥʥʳʭ 

ʫʩʪʘʥʦʚʢʘʭ ʚʠʩʙʨʝʢʠʥʛʘ. ʀʟʣʦʞʝʥʳ ʩʧʦʩʦʙʳ ʠʥʠʮʠʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʚʠʩʙʨʝʢʠʥʛʘ ʩ ʮʝʣʴʶ ʫʚʝʣʠʯʝʥʠʷ ʛʣʫ-

ʙʠʥʳ ʥʝʬʪʝʧʝʨʝʨʘʙʦʪʢʠ. ʆʪʨʘʞʝʥʳ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʧʨʠʤʝʥʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʩʧʦʩʦʙʦʚ ʠʥ-

ʪʝʥʩʠʬʠʢʘʮʠʠ ʧʨʦʮʝʩʩʘ ʚʠʩʙʨʝʢʠʥʛʘ.  

Abstract 

This article presents features of visbreaking as the most promising process for the deep processing of heavy 

oil residues to date. The main ways to improve this process are presented: there are the technologies used both 

abroad and at domestic visbreaking units. Methods for initiating the visbreaking process with the aim of increasing 

the depth of oil refining are described. The advantages and disadvantages of using various methods of intensifi-

cation of the visbreaking process are reflected. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʠʩʙʨʝʢʠʥʛ, ʛʫʜʨʦʥ, ʠʥʪʝʥʩʠʬʠʢʘʮʠʷ, ʛʣʫʙʦʢʘʷ ʧʝʨʝʨʘʙʦʪʢʘ, ʢʦʪʝʣʴʥʦʝ ʪʦʧʣʠʚʦ, 

ʪʝʨʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ. 

Key words: visbreaking, tar, intensification, deep processing, boiler fuel, thermal processes. 

 

ʇʦʩʣʝ ɺʪʦʨʦʡ ʤʠʨʦʚʦʡ ʚʦʡʥʳ ʩʧʨʦʩ ʥʘ ʣʝʛʢʠʝ 

ʧʨʦʜʫʢʪʳ (ʥʘʧʨʠʤʝʨ, ʙʝʥʟʠʥ, ʨʝʘʢʪʠʚʥʦʝ ʠ ʜʠʟʝʣʴ-

ʥʦʝ ʪʦʧʣʠʚʦ) ʚʳʨʦʩ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʦʪʨʝʙʥʦʩʪʴ ʚ 

ʪʷʞʝʣʳʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʪʦʧʣʠʚʥʳʭ ʤʘʩʣʘʭ ʩʥʠʟʠ-

ʣʘʩʴ. ʂʨʦʤʝ ʪʦʛʦ, ʤʥʦʛʠʝ ʠʟ ʥʦʚʳʭ ʠʩʪʦʯʥʠʢʦʚ ʩʳ-

ʨʦʡ ʥʝʬʪʠ (ʂʘʣʠʬʦʨʥʠʷ, ɸʣʷʩʢʘ, ɺʝʥʝʩʫʵʣʘ ʠ ʄʝʢ-

ʩʠʢʘ) ʜʘʶʪ ʙʦʣʝʝ ʪʷʞʝʣʳʝ ʚʠʜʳ ʩʳʨʦʡ ʥʝʬʪʠ ʩ ʙʦ-

ʣʝʝ ʚʳʩʦʢʠʤ ʚʳʭʦʜʦʤ ʦʩʪʘʪʦʯʥʦʛʦ ʪʦʧʣʠʚʘ. ɺ ʨʝ-

ʟʫʣʴʪʘʪʝ ʚʦʟʨʦʩʣʘ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʧʨʝʚʨʘʱʝʥʠʠ ʦʩʪʘ-

ʪʦʯʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʙʦʣʝʝ ʣʝʛʢʠʝ ʤʘʩʣʘ, ʢʦʪʦʨʳʝ 
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ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʩʳʨʴʝʤ ʜʣʷ ʫʩʪʘʥʦʚʦʢ ʢʘʪʘʣʠʪʠʯʝ-

ʩʢʦʛʦ ʢʨʝʢʠʥʛʘ, ʪ.ʝ. ʚ ʫʚʝʣʠʯʝʥʠʠ ʛʣʫʙʠʥʳ ʧʝʨʝʨʘ-

ʙʦʪʢʠ ʦʩʪʘʪʦʯʥʦʛʦ ʩʳʨʴʷ.  

ɻʫʜʨʦʥ, ʧʦʣʫʯʘʶʱʠʡʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ 

ʧʨʦʮʝʩʩʝ ʚʘʢʫʫʤʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʤʘʟʫʪʘ, ʥʝ ʤʦʞʝʪ 

ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʢʘʢ ʢʦʪʝʣʴʥʦʝ ʪʦʧʣʠʚʦ ʠʟ-ʟʘ ʚʳ-

ʩʦʢʦʡ ʚʷʟʢʦʩʪʠ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʪʦʚʘʨʥʦʛʦ ʢʦʪʝʣʴ-

ʥʦʛʦ ʪʦʧʣʠʚʘ ʠʟ ʪʘʢʦʛʦ ʛʫʜʨʦʥʘ ʪʨʝʙʫʝʪʩʷ ʙʦʣʴʰʦʡ 

ʨʘʩʭʦʜ ʜʠʩʪʠʣʣʷʪʥʳʭ ʨʘʟʙʘʚʠʪʝʣʝʡ, ʯʪʦ ʵʢʦʥʦʤʠʯʝ-

ʩʢʠ ʥʝʚʳʛʦʜʥʦ. ʇʝʨʝʨʘʙʦʪʢʘ ʛʫʜʨʦʥʦʚ ʪʝʨʤʠʯʝ-

ʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʧʦʚʳʰʘʝʪ ʛʣʫʙʠʥʫ ʧʝʨʝʨʘʙʦʪʢʠ 

ʥʝʬʪʠ. ʆʜʥʠʤ ʠʟ ʪʘʢʠʭ ʤʝʪʦʜʦʚ ʷʚʣʷʝʪʩʷ ʚʠʩʙʨʝ-

ʢʠʥʛ.  

 ɺʠʩʙʨʝʢʠʥʛ ð ʧʝʨʩʧʝʢʪʠʚʥʳʡ ʧʨʦʮʝʩʩ ʦʜʥʦ-

ʢʨʘʪʥʦʛʦ ʪʝʨʤʠʯʝʩʢʦʛʦ ʢʨʝʢʠʥʛʘ ʪʷʞʸʣʦʛʦ ʦʩʪʘʪʦʯ-

ʥʦʛʦ ʩʳʨʴʷ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʠ ʥʝʛʦ ʜʦʧʦʣʥʠʪʝʣʴ-

ʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʩʚʝʪʣʳʭ ʬʨʘʢʮʠʡ ʠ ʩʥʠʞʝʥʠʷ ʚʷʟ-

ʢʦʩʪʠ ʢʦʪʝʣʴʥʳʭ ʪʦʧʣʠʚ. ʊʝʨʤʠʥ ʧʨʦʠʩʭʦʜʠʪ ʦʪ 

ʘʥʛʣʠʡʩʢʠʭ ʩʣʦʚ viscosity (ʚʷʟʢʦʩʪʴ) ʠ breaking (ʨʘʟ-

ʨʫʰʝʥʠʝ). ɺʠʩʙʨʝʢʠʥʛ ʥʘʟʳʚʘʶʪ ʝʱʸ ʤʷʛʢʠʤ ʪʝʨ-

ʤʦʢʨʝʢʠʥʛʦʤ, ʪ.ʢ. ʝʛʦ ʧʨʦʚʦʜʷʪ ʧʨʠ ʤʝʥʝʝ ʞʸʩʪʢʠʭ 

ʫʩʣʦʚʠʷʭ, ʯʝʤ ʪʝʨʤʠʯʝʩʢʠʡ ʢʨʝʢʠʥʛ [2]. ɺ ʦʙʱʝʤ 

ʩʣʫʯʘʝ, ʢ ʮʝʣʷʤ ʚʠʩʙʨʝʢʠʥʛʘ ʦʪʥʦʩʷʪʩʷ: 

Å ʉʥʠʞʝʥʠʝ ʚʷʟʢʦʩʪʠ ʩʳʨʴʷ: ʢʘʢ ʧʨʘʚʠʣʦ, ʵʪʦ 

ʦʩʪʘʪʦʢ ʦʪ ʚʘʢʫʫʤʥʦʡ ʧʝʨʝʛʦʥʢʠ ʥʝʬʪʠ. 

Å ʉʦʢʨʘʱʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʦʩʪʘʪʦʯʥʦʛʦ ʤʘʟʫʪʘ, 

ʧʨʦʠʟʚʝʜʝʥʥʦʛʦ ʥʘ ʥʝʬʪʝʧʝʨʝʨʘʙʘʪʳʚʘʶʱʝʤ ʟʘ-

ʚʦʜʝ. ʆʩʪʘʪʦʯʥʳʡ ʤʘʟʫʪ ʦʙʳʯʥʦ ʩʯʠʪʘʝʪʩʷ ʧʨʦʜʫʢ-

ʪʦʤ ʩ ʥʠʟʢʦʡ ʩʪʦʠʤʦʩʪʴʶ. ʉʧʨʦʩ ʥʘ ʦʩʪʘʪʦʯʥʦʝ ʪʦʧ-

ʣʠʚʦ ʧʨʦʜʦʣʞʘʝʪ ʩʥʠʞʘʪʴʩʷ, ʧʦʩʢʦʣʴʢʫ ʥʘ ʪʨʘʜʠʮʠ-

ʦʥʥʳʭ ʨʳʥʢʘʭ ʝʛʦ ʟʘʤʝʥʷʶʪ, ʥʘʧʨʠʤʝʨ, ʙʦʣʝʝ 

ʯʠʩʪʳʤ ʚʠʜʦʤ ʪʦʧʣʠʚʘ, ʪʘʢʦʛʦ ʢʘʢ ʧʨʠʨʦʜʥʳʡ ʛʘʟ. 

Å ʋʚʝʣʠʯʝʥʠʝ ʜʦʣʠ ʩʨʝʜʥʠʭ ʜʠʩʪʠʣʣʷʪʦʚ ʚ ʚʳ-

ʭʦʜʝ ʥʝʬʪʝʧʝʨʝʨʘʙʘʪʳʚʘʶʱʝʛʦ ʟʘʚʦʜʘ: ʩʨʝʜʥʠʡ ʜʠ-

ʩʪʠʣʣʷʪ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʨʘʟʙʘʚʠʪʝʣʷ ʩ 

ʦʩʪʘʪʦʯʥʳʤʠ ʤʘʩʣʘʤʠ, ʯʪʦʙʳ ʩʥʠʟʠʪʴ ʠʭ ʚʷʟʢʦʩʪʴ 

ʜʦ ʪʦʚʘʨʥʦʛʦ ʫʨʦʚʥʷ. ɿʘ ʩʯʝʪ ʩʥʠʞʝʥʠʷ ʚʷʟʢʦʩʪʠ 

ʦʩʪʘʪʦʯʥʦʛʦ ʧʦʪʦʢʘ ʚ ʚʠʩʙʨʝʢʠʥʛʝ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ 

ʤʘʟʫʪ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʥʴʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʨʘʟ-

ʙʘʚʠʪʝʣʷ, ʘ ʩʵʢʦʥʦʤʣʝʥʥʳʡ ʩʨʝʜʥʠʡ ʜʠʩʪʠʣʣʷʪ 

ʤʦʞʥʦ ʦʪʚʝʩʪʠ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʙʦʣʝʝ ʜʦʨʦʛʦʩʪʦʷ-

ʱʝʛʦ ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʠʣʠ ʤʘʟʫʪʘ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʝʘʣʠʟʫʶʪʩʷ ʜʚʘ ʚʘʨʠʘʥʪʘ 

ʜʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ. ʇʝʨʚʳʡ ʚʘʨʠʘʥʪ ï ʵʪʦ çʧʝʯʥʦʡè 

ʚʠʩʙʨʝʢʠʥʛ ʠʣʠ ʚʠʩʙʨʝʢʠʥʛ ʩ ʩʦʢʠʥʛ-ʩʝʢʮʠʝʡ, ʚ ʢʦ-

ʪʦʨʦʤ ʚʳʩʦʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ (480 -500 ęʉ) ʩʦʯʝʪʘ-

ʝʪʩʷ ʩ ʢʦʨʦʪʢʠʤ ʚʨʝʤʝʥʝʤ ʧʨʝʙʳʚʘʥʠʷ (1,5-2 ʤʠʥ). 

ɺʪʦʨʦʡ ʚʘʨʠʘʥʪ ï ʚʠʩʙʨʝʢʠʥʛ ʩ ʚʳʥʦʩʥʦʡ ʨʝʘʢʮʠ-

ʦʥʥʦʡ ʢʘʤʝʨʦʡ, ʛʜʝ ʪʨʝʙʫʝʤʘʷ ʩʪʝʧʝʥʴ ʢʦʥʚʝʨʩʠʠ 

ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʙʦʣʝʝ ʤʷʛʢʦʤ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʨʝ-

ʞʠʤʝ (430-450 ęʉ) ʠ ʜʣʠʪʝʣʴʥʦʤ ʚʨʝʤʝʥʠ ʧʨʝʙʳʚʘ-

ʥʠʷ (10-15 ʤʠʥ). ʊʘʢʦʡ ʚʠʩʙʨʝʢʠʥʛ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, 

ʤʦʞʝʪ ʨʘʟʣʠʯʘʪʴʩʷ ʧʦ ʩʧʦʩʦʙʫ ʧʦʜʘʯʠ ʩʳʨʴʷ ʚ ʨʝʘʢ-

ʪʦʨ ʥʘ ʚʠʩʙʨʝʢʠʥʛ ʩ ʚʦʩʭʦʜʷʱʠʤ ʧʦʪʦʢʦʤ ʠ ʩ ʥʠʩ-

ʭʦʜʷʱʠʤ ʧʦʪʦʢʦʤ.  

ʊʠʧʠʯʥʦʝ ʩʳʨʴʝ ʚʠʩʙʨʝʢʠʥʛʘ ð ʤʘʟʫʪʳ, ʧʦʣʫ-

ʯʘʝʤʳʝ ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʡ ʧʝʨʝʛʦʥʢʝ ʥʝʬʪʝʡ, ʠʣʠ ʚʘ-

ʢʫʫʤʥʳʝ ʛʫʜʨʦʥʳ. ʊʘʢʞʝ ʚʦʟʤʦʞʥʘ ʧʝʨʝʨʘʙʦʪʢʘ ʪʷ-

ʞʝʣʳʭ ʥʝʬʪʝʡ ʠ ʘʩʬʘʣʴʪʦʚ ʧʨʦʮʝʩʩʦʚ ʜʝʘʩʬʘʣʴʪʠ-

ʟʘʮʠʠ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʙʣʶʜʘʝʪʩʷ ʪʝʥʜʝʥʮʠʷ 

ʫʪʷʞʝʣʝʥʠʷ ʩʳʨʴʷ ʚʠʩʙʨʝʢʠʥʛʘ ʚ ʩʚʷʟʠ ʩ ʧʦʚʳʰʝ-

ʥʠʝʤ ʛʣʫʙʠʥʳ ʦʪʙʦʨʘ ʩʚʝʪʣʳʭ ʬʨʘʢʮʠʡ ʠ ʚʦʚʣʝʯʝ-

ʥʠʝʤ ʚ ʧʝʨʝʨʘʙʦʪʢʫ ʦʩʪʘʪʢʦʚ ʙʦʣʝʝ ʪʷʞʝʣʳʭ 

ʥʝʬʪʝʡ, ʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʠʤ ʩʦʜʝʨ-

ʞʘʥʠʝʤ ɸʉɺ, ʧʦʚʳʰʝʥʥʦʡ ʚʷʟʢʦʩʪʴʶ ʠ ʢʦʢʩʫʝʤʦ-

ʩʪʴʶ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʦʩʣʦʞʥʷʝʪ ʠʭ ʧʝʨʝʨʘʙʦʪʢʫ 

[2]. 

ʇʨʦʜʫʢʪʘʤʠ ʚʠʩʙʨʝʢʠʥʛʘ ʦʩʪʘʪʦʯʥʦʛʦ ʥʝʬʪʷ-

ʥʦʛʦ ʩʳʨʴʷ ʷʚʣʷʶʪʩʷ ʛʘʟʳ (ʋɺɻ, H2S, ʤʝʨʢʘʧʪʘʥʳ), 

ʙʝʥʟʠʥʦʚʘʷ ʬʨʘʢʮʠʷ, ʢʝʨʦʩʠʥʦ-ʛʘʟʦʡʣʝʚʳʝ ʬʨʘʢ-

ʮʠʠ ʠ ʢʨʝʢʠʥʛ-ʦʩʪʘʪʦʢ. 

ɻʘʟʳ ʚʠʩʙʨʝʢʠʥʛʘ ʩʦʜʝʨʞʘʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʢʦ-

ʣʠʯʝʩʪʚʘ ʤʝʪʘʥʘ ʠ ʵʪʘʥʘ ʠ ʦʢʦʣʦ 25-30 % ʥʝʧʨʝʜʝʣʴ-

ʥʳʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ [3]. ʇʦʩʣʝ ʦʯʠʩʪʢʠ ʦʪ ʩʝʨʥʠ-

ʩʪʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʛʘʟʦʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ ʠʭ 

ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʶʪ ʚ ʢʘʯʝʩʪʚʝ ʪʦʧʣʠʚʘ ʥʘ ʅʇɿ. 

ɹʝʥʟʠʥʦʚʘʷ ʬʨʘʢʮʠʷ ʠʤʝʝʪ ʥʠʟʢʦʝ ʦʢʪʘʥʦʚʦʝ ʯʠʩʣʦ 

(ʆʏ = 66-68) ʠ ʩʦʜʝʨʞʠʪ ʤʥʦʛʦ ʦʣʝʬʠʥʦʚ (ʡʦʜʥʦʝ 

ʯʠʩʣʦ ʨʘʚʥʦ 80-90 ʛ I / 100 ʤʣ ʙʝʥʟʠʥʘ), ʧʦʵʪʦʤʫ 

ʦʯʝʥʴ ʥʝʩʪʘʙʠʣʴʥʘ [5]. ɹʝʥʟʠʥʦʚʫʶ ʬʨʘʢʮʠʶ ʧʦʩʣʝ 

ʧʨʦʮʝʩʩʦʚ ʩʪʘʙʠʣʠʟʘʮʠʠ, ʛʠʜʨʦʦʯʠʩʪʢʠ ʠ ʢʘʪʘʣʠʪʠ-

ʯʝʩʢʦʛʦ ʨʠʬʦʨʤʠʥʛʘ ʠʩʧʦʣʴʟʫʶʪ ʢʘʢ ʢʦʤʧʦʥʝʥʪ ʘʚ-

ʪʦʤʦʙʠʣʴʥʦʛʦ ʪʦʧʣʠʚʘ. ʂʝʨʦʩʠʥʦ-ʛʘʟʦʡʣʝʚʘʷ ʬʨʘʢ-

ʮʠʷ (200-350ęʉ, 50-55%) ʩʦʜʝʨʞʠʪ ʤʥʦʛʦ ʦʣʝʬʠʥʦʚ 

(ʀʏ = 40-50 ʛ I/100 ʤʣ) ʠ ʷʚʣʷʝʪʩʷ ʮʝʥʥʳʤ ʢʦʤʧʦ-

ʥʝʥʪʦʤ ʬʣʦʪʩʢʦʛʦ ʤʘʟʫʪʘ; ʧʦʩʣʝ ʛʠʜʨʦʦʯʠʩʪʢʠ ʤʦ-

ʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʢʘʢ ʢʦʤʧʦʥʝʥʪ ʜʠʟʝʣʴʥʳʭ ʪʦʧʣʠʚ 

[3]. ʂʨʝʢʠʥʛ-ʦʩʪʘʪʦʢ (38-42%) ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʘʢ ʢʦ-

ʪʝʣʴʥʦʝ ʪʦʧʣʠʚʦ. ɽʩʣʠ ʧʦʩʣʝ ʚʠʩʙʨʝʢʠʥʛʘ ʠʟ ʢʨʝ-

ʢʠʥʛ-ʦʩʪʘʪʢʘ ʚʳʜʝʣʷʝʪʩʷ ʚʘʢʫʫʤʥʳʡ ʛʘʟʦʡʣʴ, ʪʦ ʦʥ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʘʢ ʢʦʤʧʦʥʝʥʪ ʩʳʨʴʷ ʢʘʪʘʣʠʪʠʯʝ-

ʩʢʦʛʦ ʢʨʝʢʠʥʛʘ, ʘ ʦʩʪʘʚʰʠʡʩʷ ʢʨʝʢʠʥʛ-ʦʩʪʘʪʦʢ ʠʜʝʪ 

ʥʘ ʢʦʢʩʦʚʘʥʠʝ ʠʣʠ ʚʦʚʣʝʢʘʝʪʩʷ ʚ ʢʦʪʝʣʴʥʳʝ ʪʦʧ-

ʣʠʚʘ ʢʘʢ ʢʦʤʧʦʥʝʥʪ [5]. 

ɺʘʞʥʝʡʰʠʤʠ ʬʘʢʪʦʨʘʤʠ, ʦʧʨʝʜʝʣʷʶʱʠʤʠ 

ʧʨʦʮʝʩʩ ʪʝʨʤʠʯʝʩʢʦʛʦ ʢʨʝʢʠʥʛʘ (ʚʠʩʙʨʝʢʠʥʛʘ), ʷʚ-

ʣʷʶʪʩʷ ʜʘʚʣʝʥʠʝ, ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴ-

ʥʦʩʪʴ ʢʨʝʢʠʥʛʘ (ʚʨʝʤʷ ʧʨʝʙʳʚʘʥʠʷ ʩʳʨʴʷ ʚ ʟʦʥʝ ʨʝ-

ʘʢʮʠʠ).  

ʋʚʝʣʠʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʦʮʝʩʩʘ ʠ ʧʨʦʜʦʣ-

ʞʠʪʝʣʴʥʦʩʪʠ ʚʠʩʙʨʝʢʠʥʛʘ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ 

ʩʪʝʧʝʥʠ ʢʦʥʚʝʨʩʠʠ ʩʳʨʴʷ ʠ ʫʞʝʩʪʦʯʝʥʠʶ ʧʨʦʮʝʩʩʘ. 

ʂʨʠʪʝʨʠʝʤ ʞʸʩʪʢʦʩʪʠ ʧʨʦʮʝʩʩʘ ʚʠʩʙʨʝʢʠʥʛʘ ʷʚʣʷ-

ʝʪʩʷ ʩʪʘʙʠʣʴʥʦʩʪʴ ʢʨʝʢʠʥʛ-ʦʩʪʘʪʢʘ. ʏʝʤ ʞʸʩʪʯʝ 

ʧʨʦʮʝʩʩ, ʪʝʤ ʤʝʥʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʜʠʩʪʠʣʣʷʪʘ 

ʥʫʞʥʦ ʜʣʷ ʨʘʟʙʘʚʣʝʥʠʷ ʢʦʪʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ (ʢʨʝ-

ʢʠʥʛ-ʦʩʪʘʪʢʘ), ʯʪʦʙʳ ʜʦʩʪʠʯʴ ʝʛʦ ʩʦʦʪʚʝʪʩʪʚʠʷ ʪʨʝ-

ʙʦʚʘʥʠʷʤ ʥʘ ʛʦʪʦʚʳʡ ʧʨʦʜʫʢʪ. ʊʝʤʧʝʨʘʪʫʨʘ 

ʚʠʩʙʨʝʢʠʥʛʘ ʦʢʦʣʦ 450-470ęʉ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ 

ʚʳʭʦʜ ʙʝʥʟʠʥʦʚʦʡ ʬʨʘʢʮʠʠ ʠ ʩʥʠʟʠʪʴ ʚʷʟʢʦʩʪʴ ʢʨʝ-

ʢʠʥʛ-ʦʩʪʘʪʢʘ. ʇʨʠ ʵʪʦʤ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʚʠʩʙʨʝ-

ʢʠʥʛʘ ʩʦʩʪʘʚʣʷʝʪ ʥʝʩʢʦʣʴʢʦ ʤʠʥʫʪ. ʊʝʤʧʝʨʘʪʫʨʘ 

ʚʠʩʙʨʝʢʠʥʛʘ ʦʢʦʣʦ 480-490ęʉ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ 

ʚʳʭʦʜ ʛʘʟʦʡʣʝʚʳʭ ʬʨʘʢʮʠʡ ʠ ʫʤʝʥʴʰʠʪʴ ʧʨʦʜʦʣ-

ʞʠʪʝʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʘ. 

ɼʘʚʣʝʥʠʝ ʧʨʦʮʝʩʩʘ ʚʠʩʙʨʝʢʠʥʛʘ ʩʦʩʪʘʚʣʷʝʪ 1,4 

ï 3,5 ʄʇʘ. ʊʘʢ ʢʘʢ ʜʘʥʥʳʡ ʧʨʦʮʝʩʩ ʣʫʯʰʝ ʚʩʝʛʦ 

ʧʨʦʪʝʢʘʝʪ ʚ ʞʠʜʢʦʡ ʬʘʟʝ, ʜʘʚʣʝʥʠʝ ʜʦʣʞʥʦ ʦʙʝʩʧʝ-

ʯʠʚʘʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʘʛʨʝʛʘʪʥʦʝ ʩʦʩʪʦʷʥʠʝ ʩʳ-

ʨʴʷ. ʉ ʧʦʚʳʰʝʥʠʝʤ ʜʘʚʣʝʥʠʷ ʫʤʝʥʴʰʘʝʪʩʷ ʚʳʭʦʜ 

ʢʨʝʢʠʥʛ-ʛʘʟʦʚ, ʥʝʧʨʝʜʝʣʴʥʳʭ ʧʨʦʜʫʢʪʦʚ, ʥʦ ʧʦʚʳ-

ʰʘʝʪʩʷ ʜʦʣʷ ʧʨʦʜʫʢʪʦʚ ʫʧʣʦʪʥʝʥʠʷ. 

ɺʳʩʦʢʘʷ ʚʝʨʦʷʪʥʦʩʪʴ ʧʨʦʪʝʢʘʥʠʷ ʧʨʦʮʝʩʩʦʚ 

ʧʦʣʠʤʝʨʠʟʘʮʠʠ, ʞʸʩʪʢʦʩʪʴ ʧʨʦʮʝʩʩʘ, ʟʘʢʦʢʩʦʚʳʚʘ-

ʥʠʝ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʚʠʩʙʨʝʢʠʥʛʘ ʚʳʥʫʞ-
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ʜʘʶʪ ʫʯʸʥʳʭ ʠʩʢʘʪʴ ʧʫʪʠ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʜʘʥ-

ʥʦʛʦ ʧʨʦʮʝʩʩʘ. ʈʘʟʨʘʙʦʪʢʘʤʠ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʮʝʩʩʘ 

ʚʠʩʙʨʝʢʠʥʛʘ ʟʘʥʠʤʘʶʪʩʷ ʪʘʢʞʝ ʚʝʜʫʱʠʝ ʥʘʫʯʥʦ-

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ ʠʥʩʪʠʪʫʪʳ ʢʘʢ ʚ ʈʦʩʩʠʠ, ʪʘʢ ʠ ʟʘ 

ʨʫʙʝʞʦʤ. ɿʘ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʚʠʩʙʨʝʢʠʥʛ ʧʦʜʚʝʨʛʩʷ 

ʨʘʟʣʠʯʥʳʤ ʠʟʤʝʥʝʥʠʷʤ.  

ʆʜʥʠʤ ʠʟ ʥʘʧʨʘʚʣʝʥʠʡ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʧʨʦ-

ʮʝʩʩʘ ʚʠʩʙʨʝʢʠʥʛʘ ʷʚʣʷʝʪʩʷ ʪʝʨʤʦʦʢʠʩʣʠʪʝʣʴʥʳʡ 

ʢʨʝʢʠʥʛ, ʛʜʝ ʚ ʢʘʯʝʩʪʚʝ ʠʥʠʮʠʘʪʦʨʘ-ʦʢʠʩʣʠʪʝʣʷ ʚʳ-

ʩʪʫʧʘʝʪ ʢʠʩʣʦʨʦʜ ʚʦʟʜʫʭʘ. ʉʫʪʴ ʧʨʦʮʝʩʩʘ ʪʝʨʤʦ-

ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʢʨʝʢʠʥʛʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʜʘʯʝ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʛʨʝʪʦʛʦ ʢʠʩʣʦʨʦʜʘ ʚʦʟʜʫʭʘ ʚ ʨʝ-

ʘʢʮʠʦʥʥʫʶ ʢʘʤʝʨʫ ʚʠʩʙʨʝʢʠʥʛʘ. ɼʘʥʥʳʡ ʧʨʦʮʝʩʩ 

ʥʝ ʪʨʝʙʫʝʪ ʟʥʘʯʠʪʝʣʴʥʳʭ ʢʘʧʠʪʘʣʴʥʳʭ ʟʘʪʨʘʪ, ʥʦ 

ʧʨʠ ʵʪʦʤ ʧʦʟʚʦʣʷʝʪ ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʠʭ ʪʝʤ-

ʧʝʨʘʪʫʨʘʭ ʧʦʣʫʯʘʪʴ ʜʦ 55 % ʜʠʩʪʠʣʣʷʪʥʳʭ ʬʨʘʢ-

ʮʠʡ, ʥʦ ʢʘʯʝʩʪʚʦ ʧʦʣʫʯʘʝʤʳʭ ʧʨʦʜʫʢʪʦʚ ʪʨʝʙʫʝʪ ʠʭ 

ʦʙʷʟʘʪʝʣʴʥʦʛʦ ʛʠʜʨʦʦʙʣʘʛʦʨʘʞʠʚʘʥʠʷ. ʊʘʢʞʝ ʧʨʦ-

ʚʝʜʝʥʠʝ ʧʨʦʮʝʩʩʘ ʢʨʝʢʠʥʛʘ ʚ ʧʨʠʩʫʪʩʪʚʠʝ ʢʠʩʣʦ-

ʨʦʜʘ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʟʨʳʚʦʦʧʘʩʥʦ. ʆʪ-

ʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʠʭ ʩʧʦʩʦʙʦʚ ʠʥʠʮʠʠʨʦʚʘʥʠʷ ʧʨʦ-

ʮʝʩʩʦʚ ʢʨʝʢʠʥʛʘ ʠʟʚʝʩʪʥʦ ʩʣʝʜʫʶʱʝʝ: ʜʣʷ 

ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʧʨʦʮʝʩʩʘ ʧʣʘʟʤʦʭʠʤʠʯʝʩʢʦʛʦ ʢʨʝ-

ʢʠʥʛʘ ʚ ʧʨʦʤʳʰʣʝʥʥʳʭ ʤʘʩʰʪʘʙʘʭ ʧʦʪʨʝʙʫʝʪʩʷ ʩʦ-

ʟʜʘʥʠʝ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʳʭ ʠ ʢʘʧʠʪʘʣʦʝʤʢʠʭ ʫʩʪʘ-

ʥʦʚʦʢ. ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʜʦʥʦʨʥʦ-ʩʦʣʴʚʝʥʪʥʦʛʦ ʢʨʝ-

ʢʠʥʛʘ ʠ ʢʨʝʢʠʥʛʘ ʪʷʞʝʣʦʛʦ ʥʝʬʪʷʥʦʛʦ ʩʳʨʴʷ, 

ʠʩʧʦʣʴʟʫʶʱʠʭ ʛʝʪʝʨʦʛʝʥʥʳʝ ʠʥʠʮʠʘʪʦʨʳ, ʩʣʝʜʫʝʪ 

ʦʪʥʝʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʦʨʦʛʦʩʪʦʷ-

ʱʝʛʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʚ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚʘʭ ʜʦ 30 ʠ 50 % ʤʘʩ. ʩʦʦʪʚʝʪ-

ʩʪʚʝʥʥʦ. ʇʦʵʪʦʤʫ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʧʦ ʵʢʦ-

ʥʦʤʠʯʝʩʢʠʤ ʠ ʪʝʭʥʠʯʝʩʢʠʤ ʧʦʢʘʟʘʪʝʣʷʤ, ʤʦʞʥʦ 

ʥʘʟʚʘʪʴ ʠʥʪʝʥʩʠʬʠʢʘʮʠʶ ʧʨʦʮʝʩʩʘ ʚʠʩʙʨʝʢʠʥʛʘ 

ʢʠʩʣʦʨʦʜʦʤ ʚʦʟʜʫʭʘ. 

ʉʨʝʜʠ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʫʩʪʘʥʦʚʦʢ ʤʦʞʥʦ ʚʳʜʝ-

ʣʠʪʴ "ɺʠʩʙʨʝʢʠʥʛ-ʊɽʈʄɸʂɸʊ", ʢʦʪʦʨʳʡ ʦʙʝʩʧʝ-

ʯʠʚʘʝʪ ʥʘʠʙʦʣʴʰʫʶ ʢʦʥʚʝʨʩʠʶ ʤʘʟʫʪʘ ʚ ʙʝʥʟʠʥʦ-

ʜʠʟʝʣʴʥʳʝ ʬʨʘʢʮʠʠ. ʇʨʝʠʤʫʱʝʩʪʚʦ "ɺʠʩʙʨʝʢʠʥʛ-

ʊɽʈʄɸʂɸʊ" ʩʦʩʪʦʠʪ ʚ ʚʦʟʤʦʞʥʦʩʪʠ ʫʧʨʘʚʣʝʥʠʷ 

ʧʨʦʮʝʩʩʦʤ ʧʦʣʠʢʦʥʜʝʥʩʘʮʠʠ ʥʝʥʘʩʳʱʝʥʥʳʭ ʫʛʣʝ-

ʚʦʜʦʨʦʜʦʚ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʚ ʧʨʦʮʝʩʩʝ ʪʝʨʤʦʣʠʟʘ. 

ʕʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʘʪʴ ʜʦʨʦʞʥʳʝ ʙʠʪʫʤʳ 

ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ. ɺʳʭʦʜ ʙʠʪʫʤʘ ʤʦʞʝʪ ʠʟʤʝ-

ʥʷʪʴʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 15 ʜʦ 40 %, ʘ ʚʳʭʦʜ ʙʝʥʟʠʥʦ-

ʜʠʟʝʣʴʥʦʡ ʬʨʘʢʮʠʠ ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʤʝʨʥʦ 55ï80%. 

ʕʪʦ ʟʘʚʠʩʠʪ ʦʪ ʩʦʜʝʨʞʘʥʠʷ ʘʩʬʘʣʴʪʝʥʦʚ ʚ ʥʝʬʪʠ 

[6]. 

ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʝʨʝʯʠʩʣʝʥʥʳʭ 

ʚʳʰʝ ʧʨʦʮʝʩʩʦʚ ʚ ʪʘʙʣʠʮʝ ʧʨʝʜʩʪʘʚʣʝʥ ʩʚʦʜʥʳʡ 

ʤʘʪʝʨʠʘʣʴʥʳʡ ʙʘʣʘʥʩ ʧʨʦʮʝʩʩʦʚ ʚʠʩʙʨʝʢʠʥʛʘ ʠ 

ʠʥʠʮʠʠʨʦʚʘʥʥʦʛʦ ʚʠʩʙʨʝʢʠʥʛʘ ʛʫʜʨʦʥʘ (ʪʘʙʣʠʮʘ-

1). 

ʊʘʙʣʠʮʘ 1 

ʄʘʪʝʨʠʘʣʴʥʳʡ ʙʘʣʘʥʩ ʧʨʦʮʝʩʩʦʚ ʚʠʩʙʨʝʢʠʥʛʘ ʠ ʠʥʠʮʠʠʨʦʚʘʥʥʦʛʦ ʚʠʩʙʨʝʢʠʥʛʘ ʛʫʜʨʦʥʘ 

 
 

ɽʱʝ ʦʜʥʠʤ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʤ ʧʨʦʮʝʩʩʦʤ 

ʷʚʣʷʝʪʩʷ ʢʘʪʘʣʠʪʠʯʝʩʢʠʡ ʚʠʩʙʨʝʢʠʥʛ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʚʦʜʷʥʦʛʦ ʧʘʨʘ ʬʠʨʤʳ PDVSAINTERVER-UOP 

(Aquaconversion) [1,4]. ɼʘʥʥʳʡ ʧʨʦʮʝʩʩ ʦʪʣʠʯʘʝʪʩʷ 

ʦʪ ʧʨʦʩʪʦʛʦ ʚʠʩʙʨʝʢʠʥʛʘ ʙʦʣʴʰʠʤ ʚʳʭʦʜʦʤ ʜʠ-

ʩʪʠʣʣʷʪʥʳʭ ʬʨʘʢʮʠʡ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʥʠʟʢʠʭ ʢʘʧʠ-

ʪʘʣʴʥʳʭ ʟʘʪʨʘʪ. ɺ ʧʝʯʠ ʩʳʨʴʝ ʥʘʛʨʝʚʘʶʪ ʜʦ ʪʝʤʧʝ-

ʨʘʪʫʨʳ ʪʝʨʤʠʯʝʩʢʦʛʦ ʢʨʝʢʠʥʛʘ, ʦʜʥʘʢʦ ʵʪʦʤ ʩʣʫʯʘʝ 

ʨʝʘʢʮʠʠ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʠ ʢʦʥʜʝʥʩʘʮʠʠ ʧʦʜʘʚʣʷ-

ʶʪʩʷ ʟʘ ʩʯʝʪ ʤʷʛʢʦʛʦ ʛʠʜʨʠʨʦʚʘʥʠʷ ï ʧʝʨʝʥʦʩʘ ʚʦ-

ʜʦʨʦʜʘ ʠʟ ʤʘʣʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʚʦʜʳ (ʧʘʨʘ), ʜʦʙʘʚʣʷ-

ʝʤʦʡ ʢ ʩʳʨʴʶ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʘʢʪʠʚʥʦʛʦ ʢʘʪʘʣʠʟʘ-

ʪʦʨʘ. ɺ ʭʦʜʝ ʧʨʦʮʝʩʩʘ ʵʪʦʛʦ ʜʦʩʪʠʛʘʝʪʩʷ ʙʦʣʴʰʘʷ 

ʛʣʫʙʠʥʘ ʧʨʝʚʨʘʱʝʥʠʷ, ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʦʩʘʞʜʝʥʠʷ 

ʘʩʬʘʣʴʪʝʥʦʚ. ɼʘʣʝʝ ʧʨʦʠʩʭʦʜʠʪ ʦʪʜʝʣʝʥʠʝ ʢʘʪʘʣʠ-

ʟʘʪʦʨʘ ʚ ʙʣʦʢʝ ʨʝʛʝʥʝʨʘʮʠʠ ʠ ʚʦʟʚʨʘʱʝʥʠʝ ʝʛʦ ʚ ʩʳ-

ʨʴʝʚʫʶ ʣʠʥʠʶ. ʌʨʘʥʮʫʟʩʢʠʝ ʧʝʜʧʨʠʷʪʠʷ ELF ʠ 

Total ʩʦʚʤʝʩʪʥʦ ʩ ʌʨʘʥʮʫʟʩʢʠʤ ʠʥʩʪʠʪʫʪʦʤ ʥʝʬʪʠ 
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ʨʘʟʨʘʙʦʪʘʣʠ ʚʠʩʙʨʝʢʠʥʛ ʙʝʟ ʚʦʜʦʨʦʜʘ, ʪʘʢʞʝ ʛʠʜʨʦ-

ʚʠʩʙʨʝʢʠʥʛ ʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠʡ ʛʠʜʨʦʚʠʩʙʨʝʢʠʥʛ [1]. 
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INCREASING THE EFFICIENCY OF HEAT EXCHANGERS BY USING PROFILE TWIS TED 

TUBES 

 

ɸʥʥʦʪʘʮʠʷ 
ɻʣʘʚʥʘʷ ʤʳʩʣʴ ʥʘʰʝʛʦ ʥʘʫʯʥʦʛʦ ʪʨʫʜʘ ʩʦʩʪʦʠʪ ʚ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʦʙʱʠʭ ʜʘʥʥʳʭ ʚ 

ʦʪʥʦʰʝʥʠʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦʬʠʣʴʥʳʭ ʚʠʪʳʭ ʪʨʫʙʦʢ (ʇɺʊ) ʚ ʪʝʧʣʦʦʙʤʝʥʥʦʤ ʘʧʧʘʨʘʪʝ 

ʧʘʨʦʪʫʨʙʠʥʥʦʡ ʫʩʪʘʥʦʚʢʠ (ʇʊʋ): ʘʧʧʘʨʘʪ ʩʠʩʪʝʤʳ ʨʝʛʝʥʝʨʘʪʠʚʥʦʛʦ ʧʦʜʦʛʨʝʚʘ ʧʠʪʘʪʝʣʴʥʦʡ ʚʦʜʳ, 

ʢʦʥʜʝʥʩʘʪʦʨʳ, ʩʝʪʝʚʳʝ ʧʦʜʦʛʨʝʚʘʪʝʣʠ, ʤʘʩʣʦʦʭʣʘʜʠʪʝʣʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʦʙʱʝʩʪʘʥʮʠʦʥʥʳʝ ʠ 

ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʪʝʧʣʦʦʙʤʝʥʥʠʢʠ ʊʕʉ. 

Abstract 
The main idea of our scientific work is to present common General data on the efficiency of using profile 

twisted tubes (HTP) in the heat exchanger of a steam turbine installation( PTU): the apparatus of the feed water 

regenerative heating system, condensers, network heaters, oil coolers, including station-wide and auxiliary heat 

exchangers of thermal power plants. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʨʦʬʠʣʴʥʘʷ ʚʠʪʘʷ ʪʨʫʙʢʘ, ʢʦʞʫʭʦʪʨʫʙʥʳʡ ʪʝʧʣʦʦʙʤʝʥʥʳʡ ʘʧʧʘʨʘʪ, 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ.  

Keywords: profile twisted tube, shell-and-tube heat exchanger, hydrodynamic resistance. 

 

ʇʦʚʳʰʝʥʠʝ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʪʝʧʣʦ-

ʦʙʤʝʥʘ ʚ ʘʧʧʘʨʘʪʝ, ʪ.ʝ. ʝʛʦ ʠʥʪʝʥʩʠʬʠʢʘʮʠʷ ʩʧʦʩʦʙ-

ʩʪʚʫʝʪ ʪʦʤʫ, ʯʪʦ ʧʨʦʠʩʭʦʜʠʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʤʝʥʴ-

ʰʝʥʠʝ ʤʘʩʩʦʛʘʙʘʨʠʪʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʝʧʣʦʦʙ-

ʤʝʥʥʦʛʦ ʘʧʧʘʨʘʪʘ ʠ ʧʦʚʳʰʘʝʪʩʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ 

ʙʝʟʦʧʘʩʥʦʩʪʴ ʝʛʦ ʨʘʙʦʯʝʛʦ ʜʝʡʩʪʚʠʷ. ʋʚʝʣʠʯʝʥʠʝ 

ʩʢʦʨʦʩʪʠ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʨʝʙʨʝ-

ʥʠʷ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʩʘʤʳʤʠ ʧʦʧʫʣʷʨʥʳʤʠ ʤʝʪʦ-

ʜʘʤʠ ʫʚʝʣʠʯʝʥʠʷ ʤʦʱʥʦʩʪʠ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʪʝʧʣʦ-

ʦʙʤʝʥʘ. ɺ ʪʦʞʝ ʚʨʝʤʷ ʜʘʥʥʳʝ ʩʧʦʩʦʙʳ ʜʦʩʪʘʪʦʯʥʦ 

ʯʘʩʪʦ ʥʝ ʷʚʣʷʶʪʩʷ ʨʘʮʠʦʥʘʣʴʥʳʤʠ, ʧʦʪʦʤʫ ʯʪʦ ʚʟʘ-

ʠʤʦʩʚʷʟʘʥʳ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʧʨʦʬʠ-

ʣʠʨʦʚʘʥʥʳʭ ʪʨʫʙʦʢ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʷʚʣʷʝʪʩʷ ʦʜ-

ʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʦʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥ-

ʥʦʩʪʝʡ ʫʚʝʣʠʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʝʧʣʦʦʙʤʝʥʥʦʛʦ 

ʘʧʧʘʨʘʪʘ. ʊʘʢ, ʙʣʘʛʦʜʘʨʷ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʰʝʨʦʭʦʚʘ-

ʪʦʩʪʠ, ʢʦʪʦʨʘʷ ʦʙʨʘʟʦʚʘʣʘʩʴ ʧʨʠ ʧʦʤʦʱʠ ʧʨʦʬʠʣʷ 

ʥʘʢʘʪʢʠ, ʧʨʦʠʩʭʦʜʠʪ ʪʫʨʙʫʣʠʟʘʮʠʷ ʧʦʛʨʘʥʠʯʥʦʛʦ 

ʩʣʦʷ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʩʝʛʦ ʵʪʦʛʦ ʚʳʧʦʣʥʷʝʪʩʷ ʫʚʝʣʠ-

ʯʝʥʠʝ ʤʦʱʥʦʩʪʠ ʪʝʧʣʦʦʙʤʝʥʘ ʧʨʠ ʦʙʪʝʢʘʥʠʠ ʧʨʦ-

ʬʠʣʠʨʦʚʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʞʠʜʢʦʩʪʴʶ, ʚ ʪʘʢʦʡ ʞʝ 

ʘʥʘʣʦʛʠʠ ʢʘʢ ʩ ʧʘʨʦʤ ʠ ʚʦʟʜʫʭʦʤ. ʅʘʨʷʜʫ ʩ ʧʨʦʬʠ-

ʣʠʨʦʚʘʥʥʳʤʠ ʪʨʫʙʢʘʤʠ ʥʘʠʙʦʣʝʝ ʠʟʫʯʝʥʥʳʤʠ ʠ 

ʧʨʦʰʝʜʰʠʤʠ ʠʩʧʳʪʘʥʠʝ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʦʪʥʦ-

ʩʠʪʝʣʴʥʦ ʩʝʨʠʡʥʦʛʦ ʪʝʧʣʦʦʙʤʝʥʥʦʛʦ ʘʧʧʘʨʘʪʘ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʫʩʪʘʥʦʚʢʠ ʚʳʩʪʫʧʘʶʪ ʧʨʦʬʠʣʴʥʳʝ 

ʚʠʪʳʝ ʪʨʫʙʢʠ (ʇɺʊ). ʀʟʛʦʪʦʚʣʝʥʠʝ ʜʘʥʥʦʡ ʪʨʫʙʢʠ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʠʟ ʦʙʳʯʥʦʡ ʛʣʘʜʢʦʡ ʪʨʫʙʢʠ, ʢʦʪʦ-

ʨʘʷ ʧʨʦʭʦʜʠʪ ʦʙʢʘʪʢʫ ʥʘ ʩʧʝʮʠʘʣʴʥʦʤ ʜʣʷ ʵʪʦʛʦ 

ʧʨʠʩʧʦʩʦʙʣʝʥʠʠ - ʧʨʦʢʘʪʥʦʤ ʩʪʘʥʝ ʥʘ ʦʩʥʦʚʘʥʠʠ 

ʩʧʦʩʦʙʘ ʧʣʘʥʝʪʘʨʥʦʡ ʦʙʢʘʪʢʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦ-

ʚʝʨʭʥʦʩʪʴ ʧʨʦʬʠʣʴʥʦʡ ʚʠʪʦʡ ʪʨʫʙʢʠ ʧʨʠʦʙʨʝʪʘʝʪ 

ʜʠʩʢʨʝʪʥʦʝ ʯʝʨʝʜʦʚʘʥʠʝ ʚʧʘʜʠʥ ʠ ʚʳʩʪʫʧʦʚ, ʢʦʪʦ-

ʨʳʝ ʚʳʧʦʣʥʝʥʳ ʧʦ ʚʠʥʪʦʚʦʡ ʣʠʥʠʠ (ʨʠʩ. 1). ʉʪʝʥʢʘ 

ʪʨʫʙʢʠ ʪʦʣʱʠʥʦʡ ʜʦ 1,5 ʤʤ ʠʤʝʝʪ ʚʥʫʪʨʝʥʥʶʶ ʧʦ-

ʚʝʨʭʥʦʩʪʴ, ʢʦʪʦʨʘʷ ʨʘʚʥʦʫʜʘʣʝʥʘ ʥʘʨʫʞʥʦʡ. 
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ʈʠʩ. 1 ɺʥʝʰʥʠʡ ʚʠʜ ʠ ʧʦʧʝʨʝʯʥʦʝ ʩʝʯʝʥʠʝ ʧʨʦʬʠʣʴʥʳʭ ʚʠʪʳʭ ʪʨʫʙʦʢ 

 

ʈʝʟʫʣʴʪʘʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦʬʠʣʴʥʳʭ 

ʚʠʪʳʭ ʪʨʫʙʦʢ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʧʦʷʚʣʷʝʪʩʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʪʝʧʣʦʦʙʤʝʥʘ ʠ ʩʦ 

ʩʪʦʨʦʥʳ ʚʦʜʳ ʠ ʩʦ ʩʪʦʨʦʥʳ ʢʦʥʜʝʥʩʠʨʫʶʱʝʛʦʩʷ 

ʧʘʨʘ. ʊʘʢ, ʩʦ ʩʪʦʨʦʥʳ ʢʦʥʜʝʩʠʨʫʶʱʝʛʦʩʷ ʧʘʨʘ ʠʥ-

ʪʝʥʩʠʬʠʢʘʮʠʷ ʪʝʧʣʦʦʙʤʝʥʘ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʠʟʤʝ-

ʥʝʥʠʝʤ ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʢʦʥʜʝʥʩʘʪʘ ʥʘ ʧʨʦʬʠʣʠʨʦ-

ʚʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʜʘʥʥʦʡ ʪʨʫʙʢʠ, ʪ.ʝ ʧʨʦʠʩʭʦʜʠʪ 

ʫʤʝʥʴʰʝʥʠʝ ʠʟ-ʟʘ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ ʩʨʝʜ-

ʥʝʡ ʪʦʣʱʠʥʳ ʧʣʝʥʢʠ ʢʦʥʜʝʥʩʘʪʘ ʠ ʠʟʤʝʥʝʥʠʷ ʝʝ 

ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ ʠ ʪʫʨʙʫʣʷʮʠʠ. ʏʪʦ ʢʘʩʘʝʪʩʷ 

ʚʦʜʳ, ʪʦ ʠʥʪʝʥʩʠʬʠʢʘʮʠʷ ʪʝʧʣʦʦʙʤʝʥʘ ʩ ʝʝ ʩʪʦ-

ʨʦʥʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʘʢʞʝ ʠʟʤʝʥʝʥʠʝʤ ʛʠʜʨʦʜʠʥʘ-

ʤʠʢʠ ʧʦʪʦʢʘ, ʚ ʯʘʩʪʥʦʩʪʠ ʧʨʦʠʩʭʦʜʠʪ ʥʘʨʫʰʝʥʠʝ 

ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥʥʦʛʦ ʪʝʯʝʥʠʷ ʞʠʜʢʦʩʪʠ ʚ ʪʷʛʫʯʝʤ 

ʧʦʜʩʣʦʝ ʠʟ-ʟʘ ʝʛʦ ʟʘʢʨʫʪʢʠ ʠ ʪʫʨʙʫʣʠʟʘʮʠʠ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʪʦ, ʯʪʦ ʘʙʩʦʣʶʪʥʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʧʦʚʳʰʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʪʝʧʣʦʦʪʜʘʯʠ ʚ ʘʧʧʘʨʘʪʝ, 

ʛʜʝ ʧʨʠʤʝʥʝʥʳ ʧʨʦʬʠʣʴʥʳʝ ʚʠʪʳʝ ʪʨʫʙʢʠ, ʧʨʠ ʨʘ-

ʮʠʦʥʘʣʴʥʦʤ ʚʳʙʦʨʝ ʛʝʦʤʝʪʨʠʠ ʪʨʫʙʦʢ ʠ ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʱʠʭ ʨʝʛʣʘʤʝʥʪʫ ʧʨʘʚʠʣ ʪʝʭʥʠʯʝʩʢʦʡ ʵʢʩʧʣʫ-

ʘʮʠʠ, ʫʩʣʦʚʠʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʢʘʩʘʝʤʦ ʥʦʤʠʥʘʣʴʥʦʛʦ 

ʨʝʞʠʤʘ ʨʘʙʦʯʝʛʦ ʜʝʡʩʪʚʠʷ ʘʧʧʘʨʘʪʘ ʩʦʩʪʘʚʣʷʝʪ: ʜʣʷ 

ʢʦʥʜʝʥʩʘʪʦʨʦʚð 15 %, ʜʣʷ ʇʅɼð 35ˈ40 %, ʜʣʷ 

ʧʦʜʦʛʨʝʚʘʪʝʣʝʡ ʩʝʪʝʚʦʡ ʚʦʜðr 20ˈ40 %. ɻʠʜʨʘʚ-

ʣʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʘʧʧʘʨʘʪʦʚ ʧʨʠ ɻʪʦʤ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʘ 40ˈ70 %.  

ʇʨʝʠʤʫʱʝʩʪʚʘ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʪʝʧʣʦʦʙʤʝʥʘ 

ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʦʚʝʨʭʥʦʩʪʝʡ ʪʝʧʣʦʦʙʤʝʥʘ, ʢʦ-

ʪʦʨʳʝ ʚʳʧʦʣʥʝʥʳ ʠʟ ʧʨʦʬʠʣʠʨʦʚʘʥʥʳʭ ʪʨʫʙʦʢ 

ʩʦʩʪʦʷʪ ʚ ʩʣʝʜʫʶʱʝʤ: 

Å ʧʨʦʠʩʭʦʜʠʪ ʫʣʫʯʰʝʥʠʝ ʪʝʧʣʦʦʙʤʝʥʘ ʢʘʢ ʩ 
ʥʘʨʫʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʪʘʢ ʠ ʩ ʚʥʫʪʨʝʥʥʝʡ, 

Å ʦʙʣʘʜʘʝʪ ʧʨʦʩʪʦʡ ʪʝʭʥʦʣʦʛʠʝʡ ʥʘʢʘʪʢʠ, 

Å ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʨʦʬʠʣʠʨʦʚʘʥʥʳʭ 

ʪʨʫʙʦʢ, ʦʙʳʯʥʦ, ʥʝ ʪʨʝʙʫʝʪʩʷ ʠʟʤʝʥʝʥʠʷ 

ʩʫʱʝʩʪʚʫʶʱʝʡ ʪʝʭʥʦʣʦʛʠʠ ʩʙʦʨʢʠ ʢʦʞʫʭʦʪʨʫʙʥʳʭ 

ʪʝʧʣʦʦʙʤʝʥʥʠʢʦʚ.  

ʀʥʪʝʥʩʠʬʠʢʘʮʠʷ ʪʝʧʣʦʦʙʤʝʥʘ ʩ ʥʘʨʫʞʥʦʡ 

ʩʪʦʨʦʥʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟʤʝʥʝʥʠʝʤ 

ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʪʝʯʝʥʠʷ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʥʘ 

ʧʨʦʬʠʣʠʨʦʚʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʫʙʢʠ. 

ʀʥʪʝʥʩʠʬʠʢʘʮʠʷ ʩ ʚʥʫʪʨʝʥʥʝʡ ʩʪʦʨʦʥʳ ʪʘʢʞʝ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʛʠʜʨʦʜʠʥʘʤʠʢʦʡ ʧʦʪʦʢʘ, ʚ ʯʘʩʪʥʦʩʪʠ 

ʧʨʦʠʩʭʦʜʠʪ ʥʘʨʫʰʝʥʠʝ ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥʥʦʛʦ ʪʝʯʝ-

ʥʠʷ ʞʠʜʢʦʩʪʠ ʚ ʪʷʛʫʯʝʤ ʧʦʜʩʣʦʝ ʠʟ-ʟʘ ʝʛʦ ʟʘʢʨʫʪʢʠ 

ʠ ʪʫʨʙʫʣʠʟʘʮʠʠ. ɻʠʜʨʘʚʣʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

ʧʨʦʬʠʣʠʨʦʚʘʥʥʳʭ ʪʨʫʙʦʢ ʧʨʠ ʵʪʦʤ ʚʳʰʝ, ʯʝʤ ʫ 

ʛʣʘʜʢʠʭ ʪʨʫʙʦʢ, ʯʪʦ ʪʨʝʙʫʝʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ 

ʫʚʝʣʠʯʝʥʠʷ ʤʦʱʥʦʩʪʠ ʥʘ ʧʨʦʢʘʯʢʫ ʪʝʧʣʦʥʦʩʠʪʝʣʷ 

ʯʝʨʝʟ ʥʠʭ.  
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʦʙʱʠʝ ʚʦʧʨʦʩʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʚʥʝʜʨʝʥʠʷ ERP, ʤʝʪʦʜʦʣʦʛʠʠ ʧʨʦʝʢ-

ʪʠʨʦʚʘʥʠʷ ʠ ʚʥʝʜʨʝʥʠʷ ERP ʩʠʩʪʝʤ, ʘ ʪʘʢʞʝ ʩʪʘʥʜʘʨʪʳ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʝʢʪʘʤʠ ERP ʩʠʩʪʝʤ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʝ ʠ ʦʪʨʘʩʣʝʚʳʝ ʩʪʘʥʜʘʨʪʳ, ʩʪʘʥʜʘʨʪʳ ʚʝʥʜʦʨʦʚ. 

Abstract 

The article discusses general issues of designing and implementing ERP, methodology for designing and 

implementing ERP systems, as well as project management standards for ERP systems, including state and indus-

try standards, vendor standards. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ERP, ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ, ʘʚʪʦʤʘʪʠʟʘʮʠʷ, ʫʧʨʘʚʣʝʥʠʝ ʧʨʦʝʢʪʘʤʠ, ʧʦʜʭʦʜʳ ʢ ʚʥʝʜʨʝ-

ʥʠʶ. 

Key words: ERP, design, automation, project management, implementation approaches. 

 

ɺɺɽɼɽʅʀɽ 

ʇʦ ʤʝʨʝ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʷ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʢʦʤʧʘʥʠʡ ʚʩʝ ʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʤʠ ʩʪʘʥʦʚʷʪʩʷ ʩʦ-

ʚʨʝʤʝʥʥʳʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ ʧʦʜ-

ʜʝʨʞʢʠ ʫʧʨʘʚʣʝʥʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʪʘʢ ʥʘʟʳʚʘʝ-

ʤʳʝ, ERP-ʩʠʩʪʝʤʳ (ʦʪ Enterprise resources planning 

ï ʋʧʨʘʚʣʝʥʠʝ ʨʝʩʫʨʩʘʤʠ ʧʨʝʜʧʨʠʷʪʠʷ), ʢʦʪʦʨʳʝ 

ʧʦʟʚʦʣʷʶʪ ʩʦʟʜʘʪʴ ʝʜʠʥʫʶ ʩʨʝʜʫ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘ-

ʮʠʠ ʧʣʘʥʠʨʦʚʘʥʠʷ, ʫʯʝʪʘ, ʢʦʥʪʨʦʣʷ ʠ ʘʥʘʣʠʟʘ ʚʩʝʭ 

ʦʩʥʦʚʥʳʭ ʙʠʟʥʝʩ-ʦʧʝʨʘʮʠʡ ʚ ʤʘʩʰʪʘʙʝ ʧʨʝʜʧʨʠʷ-

ʪʠʷ. 

ʂʦʤʧʣʝʢʩʥʘʷ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʫʧʨʘʚʣʝʥʠʷ ʧʨʝʜ-

ʧʨʠʷʪʠʝʤ ð ʵʪʦ ʥʝ ʧʨʦʩʪʦ ʩʦʟʜʘʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥ-

ʥʦʡ ʩʠʩʪʝʤʳ, ʥʦ ʧʝʨʝʭʦʜ ʢ ʢʦʥʮʝʧʮʠʠ ʫʧʨʘʚʣʝʥʠʷ, 

ʢʦʪʦʨʘʷ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʢʘʢ ʠʥʩʪʨʫʤʝʥʪʳ ʫʧʨʘʚʣʝ-

ʥʠʷ, ʪʘʢ ʠ ʩʪʘʥʜʘʨʪʳ. ʊʘʢʦʡ ʧʫʪʴ ʧʦʚʳʰʝʥʠʷ ʵʬ-

ʬʝʢʪʠʚʥʦʩʪʠ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʨʝʜʧʨʠʷʪʠʷ ʪʨʝʙʫʝʪ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʦʧʪʠʤʠʟʘʮʠʠ ʙʠʟʥʝʩʘ. 

ʇʨʝʞʜʝ ʚʩʝʛʦ, ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʧʨʝʜʧʨʠʷʪʠʝʤ 

ʜʦʣʞʥʘ ʧʨʝʜʦʩʪʘʚʠʪʴ ʨʫʢʦʚʦʜʩʪʚʫ ʥʦʚʳʝ ʚʦʟʤʦʞ-

ʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʧʦʜʜʝʨʞʠʚʘʶʪ ʫʧʨʘʚʣʝʥʯʝʩʢʠʝ ʠʟ-

ʤʝʥʝʥʠʷ ʠ ʵʚʦʣʶʮʠʶ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ. 

ʈʝʰʝʥʠʷ ʢʣʘʩʩʘ ERP ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʧʦʣʥʫʶ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʚʩʝʡ ʘʜʤʠʥʠ-

ʩʪʨʘʪʠʚʥʦʡ ʠ ʦʧʝʨʘʮʠʦʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʢʦʤʧʘ-

ʥʠʠ, ʦʙʲʝʜʠʥʷʷ ʬʠʥʘʥʩʦʚʳʡ ʫʯʝʪ, ʧʨʦʮʝʩʩʳ ʧʨʦ-

ʜʘʞ, ʧʨʦʠʟʚʦʜʩʪʚʘ, ʫʧʨʘʚʣʝʥʠʷ ʤʘʪʝʨʠʘʣʴʥʳʤʠ ʧʦ-

ʪʦʢʘʤʠ, ʧʣʘʥʠʨʦʚʘʥʠʝ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʧʘʨʪʥʝ-

ʨʘʤʠ ʠ ʧʦʩʪʘʚʱʠʢʘʤʠ ʚ ʝʜʠʥʫʶ ʮʝʧʦʯʢʫ. 

1. ʕʊɸʇʓ ɺʅɽɼʈɽʅʀʗ ERP 

ʇʨʦʮʝʩʩ ʚʥʝʜʨʝʥʠʷ ERP-ʩʠʩʪʝʤ ʫʩʣʦʚʥʦ ʜʝ-

ʣʠʪʩʷ ʥʘ 7 ʵʪʘʧʦʚ: ʦʨʛʘʥʠʟʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ, ʧʨʦ-

ʚʝʨʢʘ ʧʨʝʜʧʨʠʷʪʠʷ, ʚʳʙʦʨ ʤʝʪʦʜʦʣʦʛʠʠ ʘʚʪʦʤʘʪʠ-

ʟʘʮʠʠ, ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʩʠʩʪʝʤʳ, ʨʘʟʚʝʨʪʳʚʘʥʠʝ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘ ʨʘʙʦʯʝʤ ʤʝʩʪʝ ʩʦ-

ʪʨʫʜʥʠʢʦʚ, ʟʘʧʫʩʢ ʩʠʩʪʝʤʳ ʚ ʢʦʤʤʝʨʯʝʩʢʫʶ ʵʢʩ-

ʧʣʫʘʪʘʮʠʶ, ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ. 

1.1. ʇʈɽɼʇʆʉʓʃʂʀ ɺʅɽɼʈɽʅʀʗ 

ʀʅʌʆʈʄɸʎʀʆʅʅʆʁ ʉʀʉʊɽʄʓ 

ʌʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʩʨʝʜʥʠʭ ʠ ʢʨʫʧʥʳʭ ʧʨʦ-

ʤʳʰʣʝʥʥʳʭ ʠ ʢʦʤʤʝʨʯʝʩʢʠʭ ʧʨʝʜʧʨʠʷʪʠʡ ʩʚʷʟʘʥʦ 

ʩ ʨʝʰʝʥʠʝʤ ʤʥʦʛʠʭ ʢʨʠʪʠʯʝʩʢʠʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥ-

ʥʳʭ ʟʘʜʘʯ, ʪʘʢʠʭ ʢʘʢ: ʬʦʨʤʠʨʦʚʘʥʠʝ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʧʣʘʥʘ, ʩʚʦʝʚʨʝʤʝʥʥʘʷ ʠ ʢʘʯʝ-

ʩʪʚʝʥʥʘʷ ʟʘʢʫʧʢʘ ʤʘʪʝʨʠʘʣʦʚ, ʦʙʝʩʧʝʯʝʥʠʝ ʨʝʘʣʠʟʘ-

ʮʠʠ ʧʣʘʥʘ ʧʨʦʜʘʞ, ʫʧʨʘʚʣʝʥʠʝ ʧʝʨʩʦʥʘʣʦʤ, ʠ ʪ.ʜ. 

ʂʨʦʤʝ ʪʦʛʦ, ʜʝʷʪʝʣʴʥʦʩʪʴ ʨʫʢʦʚʦʜʩʪʚʘ ʠ ʚʩʝʭ ʧʦʜ-

ʨʘʟʜʝʣʝʥʠʡ ʢʦʤʧʘʥʠʠ ʜʦʣʞʥʘ ʙʳʪʴ ʥʘʧʨʘʚʣʝʥʘ ʥʘ 
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ʫʩʧʝʰʥʦʝ ʜʦʩʪʠʞʝʥʠʝ ʢʦʥʢʨʝʪʥʳʭ ʮʝʣʝʡ: ʤʘʢʩʠʤʠ-

ʟʘʮʠʷ ʧʨʠʙʳʣʠ, ʨʝʥʪʘʙʝʣʴʥʦʩʪʠ, ʧʨʦʠʟʚʦʜʩʪʚʘ ʚʳ-

ʩʦʢʦʢʘʯʝʩʪʚʝʥʥʦʡ ʛʦʪʦʚʦʡ ʧʨʦʜʫʢʮʠʠ, ʵʢʦʥʦʤʥʦʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʝʩʫʨʩʦʚ, ʵʬʬʝʢʪʠʚʥʦʝ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʠ ʜʨʫʛʠʝ. 

ʆʩʥʦʚʥʳʤ ʩʧʦʩʦʙʦʤ ʜʦʩʪʠʞʝʥʠʷ ʵʪʠʭ ʮʝʣʝʡ ʷʚʣʷ-

ʝʪʩʷ ʫʩʧʝʰʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʪʝʦʨʠʠ ʫʧʨʘʚʣʝʥʠʷ 

ʧʨʝʜʧʨʠʷʪʠʝʤ ʠ ʧʨʘʢʪʠʢʠ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʠʟʚʦʜ-

ʩʪʚʦʤ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʜʦʩʪʠʞʝʥʠʝ ʚʩʝʭ ʵʪʠʭ ʠ ʜʨʫ-

ʛʠʭ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʮʝʣʝʡ ʜʣʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘ-

ʥʠʷ ʧʨʝʜʧʨʠʷʪʠʷ ʥʝʚʦʟʤʦʞʥʦ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʧʦʣʥʦʤʘʩʰʪʘʙʥʦʡ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ 

ʫʧʨʘʚʣʝʥʠʷ ʧʨʝʜʧʨʠʷʪʠʝʤ [4]. 

ʉʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʧʨʝʜʧʦʩʳʣʦʢ ʠ ʧʨʠʯʠʥ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʘʥʘʣʦʛʠʯʥʦʡ ʩʠʪʫʘʮʠʠ ʥʘ ʧʨʝʜʧʨʠ-

ʷʪʠʠ. 

1. ʉʫʱʝʩʪʚʫʶʱʘʷ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ 

ʫʧʨʘʚʣʝʥʠʷ ʧʨʝʜʧʨʠʷʪʠʝʤ ʫʩʪʘʨʝʣʘ; ʝʛʦ ʧʦʜʜʝʨʞʢʘ 

ʥʝ ʦʧʨʘʚʜʘʥʘ ʩ ʢʦʤʤʝʨʯʝʩʢʦʡ ʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʡ 

ʪʦʯʝʢ ʟʨʝʥʠʷ.  

ʉʫʱʝʩʪʚʫʶʱʘʷ ʩʠʩʪʝʤʘ ʫʩʪʘʨʝʣʘ ʠ ʥʝ ʩʧʦ-

ʩʦʙʥʘ ʨʝʰʘʪʴ ʪʝʢʫʱʠʝ ʧʨʦʙʣʝʤʳ ʙʠʟʥʝʩʘ. ɺʣʦʞʝ-

ʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʩʨʝʜʩʪʚ ʚ ʩʫʱʝʩʪʚʫʶʱʫʶ ʩʠ-

ʩʪʝʤʫ ʩʯʠʪʘʝʪʩʷ ʥʝʵʬʬʝʢʪʠʚʥʳʤ ʠ ʥʝʦʧʨʘʚʜʘʥʥʳʤ, 

ʧʦʩʢʦʣʴʢʫ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʩʠʩʪʝʤʳ ʙʫʜʫʪ ʯʘ-

ʩʪʠʯʥʳʤʠ ʠ ʥʝ ʦʙʝʩʧʝʯʘʪ ʨʝʰʝʥʠʷ ʚʩʝʭ ʙʠʟʥʝʩ-ʟʘ-

ʜʘʯ, ʪʦ ʝʩʪʴ ʚʦʟʤʦʞʥʦʩʪʠ ʩʠʩʪʝʤʳ ʩʫʱʝʩʪʚʝʥʥʦ 

ʦʛʨʘʥʠʯʝʥʳ. 

2. ʄʘʩʰʪʘʙʳ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʠʣʠ ʪʦʨʛʦʚʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʢʦʤʧʘʥʠʠ ʩʫʱʝʩʪʚʝʥʥʦ ʠʟʤʝʥʠʣʠʩʴ. 

ʉʫʱʝʩʪʚʫʶʱʘʷ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʥʝ 

ʩʧʨʘʚʣʷʝʪʩʷ ʩ ʚʦʟʨʦʩʰʠʤʠ ʦʙʲʝʤʘʤʠ ʧʨʦʠʟʚʦʜʩʪʚʘ, 

ʨʘʩʰʠʨʝʥʠʝʤ ʘʩʩʦʨʪʠʤʝʥʪʘ ʧʨʦʜʫʢʮʠʠ, ʜʨʫʛʠʤʠ 

ʥʦʚʳʤʠ ʢʣʶʯʝʚʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʢʦʤʧʘʥʠʠ. 

ʅʫʞʥʘ ʥʦʚʘʷ ʩʠʩʪʝʤʘ. 

3. ʆʨʛʘʥʠʟʘʮʠʦʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʢʦʤʧʘʥʠʠ ʠʟʤʝ-

ʥʠʣʘʩʴ. ʉʣʫʯʘʡ, ʘʥʘʣʦʛʠʯʥʳʡ ʧʨʝʜʳʜʫʱʝʤʫ ʚʘʨʠ-

ʘʥʪʫ, ʚ ʢʦʪʦʨʦʤ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʟʤʝʥʝʥʠʷ ʦʨʛʘʥʠʟʘ-

ʮʠʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʢʦʤʧʘʥʠʠ ʩʠʩʪʝʤʘ ʥʝ ʦʙʝʩʧʝʯʠ-

ʚʘʝʪ ʵʬʬʝʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʢʦʤʧʘʥʠʝʡ.  

4. ɺʥʫʪʨʝʥʥʠʝ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʳ ʢʦʤʧʘʥʠʠ ʩʫ-

ʱʝʩʪʚʝʥʥʦ ʠʟʤʝʥʠʣʠʩʴ. 

ʇʦʷʚʣʝʥʠʝ ʥʦʚʳʭ ʢʦʥʢʫʨʝʥʪʦʚ, ʠʟʤʝʥʝʥʠʝ 

ʩʭʝʤʳ ʨʘʙʦʪʳ ʩ ʢʣʠʝʥʪʘʤʠ, ʧʦʩʪʘʚʱʠʢʘʤʠ, ʠʟʤʝ-

ʥʠʚʰʘʷʩʷ ʩʪʨʘʪʝʛʠʷ ʢʦʤʧʘʥʠʠ ʠ ʜʨʫʛʠʝ ʢʨʠʪʠʯʝ-

ʩʢʠʝ ʬʘʢʪʦʨʳ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʘʥʠʝʤ ʜʣʷ ʧʦʷʚʣʝʥʠʷ 

ʥʦʚʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʠ ʢʦʥʮʝʧʪʫʘʣʴʥʳʭ ʪʨʝʙʦ-

ʚʘʥʠʡ ʢ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ ʧʨʝʜʧʨʠʷʪʠʷ. ɺ 

ʮʝʣʦʤ ʢʘʞʜʘʷ ʢʦʤʧʘʥʠʷ ʤʦʞʝʪ ʠʤʝʪʴ ʩʚʦʠ ʠʥʜʠʚʠ-

ʜʫʘʣʴʥʳʝ ʧʨʝʜʧʦʩʳʣʢʠ ʠʣʠ ʧʨʠʯʠʥʳ ʜʣʷ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʷ ʙʦʣʝʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʢʦʨʧʦʨʘʪʠʚʥʦʡ ʠʥ-

ʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ [4].  

1.2. ʆʈɻɸʅʀɿɸʎʀʆʅʅʓʁ ʕʊɸʇ 

ʈʘʙʦʪʘ ʥʘʜ ʧʨʦʝʢʪʦʤ ʚʥʝʜʨʝʥʠʷ ERP ʥʘ ʧʨʝʜ-

ʧʨʠʷʪʠʠ ʥʘʯʠʥʘʝʪʩʷ ʩ ʦʧʨʝʜʝʣʝʥʠʷ ʮʝʣʝʡ ʠ ʟʘʜʘʯ. 

ʕʪʦ ʥʝ ʜʦʣʞʥʘ ʙʳʪʴ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʨʘʜʠ ʘʚʪʦʤʘʪʠ-

ʟʘʮʠʠ - ʢʣʠʝʥʪ ʜʦʣʞʝʥ ʯʝʪʢʦ ʟʥʘʪʴ, ʢʘʢʠʭ ʙʠʟʥʝʩ-

ʵʬʬʝʢʪʦʚ ʦʥ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʭʦʯʝʪ ʜʦʩʪʠʯʴ [5]. 

ʅʘ ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʦʤ ʵʪʘʧʝ ʪʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦ 

ʩʬʦʨʤʠʨʦʚʘʪʴ ʨʘʙʦʯʫʶ ʛʨʫʧʧʫ ʥʘ ʩʪʦʨʦʥʝ ʢʣʠʝʥʪʘ. 

ɺ ʥʝʸ ʜʦʣʞʥʳ ʚʭʦʜʠʪʴ: ʨʫʢʦʚʦʜʠʪʝʣʴ, ʩʧʝʮʠʘʣʠ-

ʩʪʳ, ʨʫʢʦʚʦʜʠʪʝʣʠ ʚʩʝʭ ʦʪʜʝʣʦʚ, IT-ʩʧʝʮʠʘʣʠʩʪ ʰʠ-

ʨʦʢʦʛʦ ʧʨʦʬʠʣʷ. 

ʂʨʦʤʝ ʪʦʛʦ, ʥʘ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʤ ʵʪʘʧʝ ʥʝʦʙʭʦ-

ʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʠʩʪʦʯʥʠʢʠ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ ʢʦʤ-

ʧʘʥʠʠ-ʠʥʪʝʛʨʘʪʦʨʘ. 

1.3. ʕʊɸʇ ʆɹʉʃɽɼʆɺɸʅʀʗ 

ʇʈɽɼʇʈʀʗʊʀʗ 

ʇʦ ʟʘʚʝʨʰʝʥʠʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʧʨʦ-

ʚʦʜʠʪʩʷ ʦʙʩʣʝʜʦʚʘʥʠʝ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ ʧʨʝʜʧʨʠʷ-

ʪʠʷ. ʕʪʘ ʧʨʦʮʝʜʫʨʘ ʥʝʦʙʭʦʜʠʤʘ ʜʣʷ ʪʦʯʥʦʛʦ ʦʧʨʝ-

ʜʝʣʝʥʠʷ ʩʨʦʢʦʚ ʠ ʩʪʦʠʤʦʩʪʠ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪ. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʤʝʨʘ ʧʨʦʝʢʪʘ ʠ ʧʦʩʪʘʚ-

ʣʝʥʥʳʭ ʟʘʜʘʯ, ʀʊ-ʠʥʪʝʛʨʘʪʦʨ ʤʦʞʝʪ ʧʨʝʜʣʦʞʠʪʴ 

ʢʣʠʝʥʪʫ ʦʜʠʥ ʠʟ ʜʚʫʭ ʚʘʨʠʘʥʪʦʚ ʦʙʩʣʝʜʦʚʘʥʠʷ [5]: 

ʕʢʩʧʨʝʩʩ-ʦʙʩʣʝʜʦʚʘʥʠʝ. ʇʨʦʚʦʜʠʪʩʷ ʚ ʪʝʯʝʥʠʝ 

1,5ï2 ʤʝʩʷʮʝʚ. ʇʦ ʝʛʦ ʠʪʦʛʘʤ ʩʦʩʪʘʚʣʷʝʪʩʷ ʜʦʢʫ-

ʤʝʥʪ çʇʨʝʜʧʨʦʝʢʪʥʳʡ ʘʥʘʣʠʟè. ɺ ʥʸʤ ʦʪʨʘʞʘʶʪʩʷ 

ʦʩʦʙʝʥʥʦʩʪʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʫʯʸʪʘ ʠ ʧʝʨʝ-

ʯʝʥʴ ʟʘʜʘʯ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ ʙʫʜʝʪ ʨʝʰʠʪʴ ʚ 

ʧʨʦʮʝʩʩʝ ʚʥʝʜʨʝʥʠʷ. 

ʇʦʣʥʦʝ ʦʙʩʣʝʜʦʚʘʥʠʝ. ʇʨʦʚʦʜʠʪʩʷ ʚ ʪʝʯʝʥʠʝ 

3ï5 ʤʝʩʷʮʝʚ. ʇʦ ʠʪʦʛʘʤ ʜʦʩʢʦʥʘʣʴʥʦʛʦ ʦʙʩʣʝʜʦʚʘ-

ʥʠʷ ʩʦʩʪʘʚʣʷʝʪʩʷ çʊʝʭʥʠʯʝʩʢʦʝ ʟʘʜʘʥʠʝè, ʨʘʟʨʘʙʘ-

ʪʳʚʘʶʪʩʷ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʳ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ 

ʫʯʸʪʘ ʠ ʦʧʠʩʳʚʘʝʪʩʷ ʧʝʨʝʯʝʥʴ ʥʝʦʙʭʦʜʠʤʳʭ ʜʦʨʘ-

ʙʦʪʦʢ ʇʆ. 

ɺʳʙʦʨ ʚʘʨʠʘʥʪʘ ʦʙʩʣʝʜʦʚʘʥʠʷ ʧʨʝʜʧʨʠʷʪʠʷ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦʡ ʤʝʪʦʜʦʣʦʛʠʝʡ 

ʚʥʝʜʨʝʥʠʷ ERP. 

1.4. ɺʓɹʆʈ ʄɽʊʆɼʆʃʆɻʀʀ ɺʅɽɼʈɽʅʀʗ 

ERP 

ɺ ʧʨʠʥʮʠʧʝ, ʚʥʝʜʨʝʥʠʝ ʧʦʧʫʣʷʨʥʳʭ ʩʠʩʪʝʤ 

ERP ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʧʦ ʦʜʥʦʤʫ ʠʟ ʯʝʪʳʨʝʭ 

ʩʮʝʥʘʨʠʝʚ: 

ʉʝʨʚʠʩʥʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ. ʂʦʤʧʘʥʠʷ-ʠʥʪʝʛʨʘ-

ʪʦʨ ʧʨʦʚʦʜʠʪ ʵʢʩʧʨʝʩʩ-ʘʥʘʣʠʟ ʧʨʝʜʧʨʠʷʪʠʷ, ʩʦʩʪʘʚ-

ʣʷʝʪ ʢʦʤʧʣʝʢʩʥʳʡ ʧʣʘʥ ʚʥʝʜʨʝʥʠʷ ERP ʠ ʥʘ ʝʛʦ ʦʩ-

ʥʦʚʝ ʦʧʨʝʜʝʣʷʝʪ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʫʶ ʩʪʦʠ-

ʤʦʩʪʴ ʧʨʦʝʢʪʘ. ʕʪʘ ʩʪʦʠʤʦʩʪʴ ʧʨʦʧʠʩʘʥʘ ʚ 

ʜʦʛʦʚʦʨʝ, ʪʘʤ ʞʝ ʟʘʧʠʩʘʥʘ ʩʪʦʠʤʦʩʪʴ ʦʜʥʦʛʦ ʯʘʩʘ 

ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤʠʩʪʘ-ʠʩʧʦʣʥʠʪʝʣʷ. ʆʙʱʠʡ ʧʣʘʥ 

ʨʘʙʦʪʳ ʩ ʨʘʟʙʠʚʢʦʡ ʧʦ ʤʝʩʷʮʘʤ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʢʦ-

ʣʠʯʝʩʪʚʘ ʨʘʙʦʯʠʭ ʯʘʩʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʟʤʝʨ ʝʞʝ-

ʤʝʩʷʯʥʦʛʦ ʙʶʜʞʝʪʘ. ʌʠʢʩʠʨʦʚʘʥʥʘʷ ʩʫʤʤʘ ʧʣʘ-

ʪʝʞʘ ʪʘʢʞʝ ʚʢʣʶʯʝʥʘ ʚ ʢʦʥʪʨʘʢʪ. 

ʇʦʵʪʘʧʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʚʥʝʜʨʝʥʠʷ. ʕʪʘ ʤʝʪʦʜʦ-

ʣʦʛʠʷ ʚʥʝʜʨʝʥʠʷ ERP ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʨʦʚʝʜʝʥʠʝ 

ʧʦʣʥʦʛʦ ʘʥʘʣʠʟʘ ʧʨʝʜʧʨʠʷʪʠʷ, ʦʧʨʝʜʝʣʝʥʠʝ ʚʩʝʭ ʘʚ-

ʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ ʠ ʧʦʜʛʦʪʦʚʢʫ 

ʊɿ. ʊʝʭʥʠʯʝʩʢʦʝ ʟʘʜʘʥʠʝ ʦʪʨʘʞʘʝʪ: ʦʙʲʝʤ ʜʦʨʘʙʦ-

ʪʦʢ ʪʠʧʦʚʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʧʨʦʛʨʘʤʤʳ, ʧʦʣʥʳʡ 

ʩʧʠʩʦʢ ʨʘʙʦʪ, ʨʘʟʙʠʪʳʭ ʥʘ ʬʠʢʩʠʨʦʚʘʥʥʳʝ ʵʪʘʧʳ, 

ʩʨʦʢʠ ʠ ʩʪʦʠʤʦʩʪʴ ʚʥʝʜʨʝʥʠʷ ʢʘʞʜʦʛʦ ʵʪʘʧʘ ʚʥʝʜ-

ʨʝʥʠʷ ERP. ʆʩʥʦʚʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʵʪʦʡ ʪʝʭʥʦʣʦ-

ʛʠʠ ʷʚʣʷʝʪʩʷ ʥʝʛʠʙʢʦʩʪʴ. ɺʥʝʩʝʥʠʝ ʜʘʞʝ ʥʘʠʤʝʥʴ-

ʰʝʡ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʚ ʧʨʦʝʢʪ ʧʦʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ ʠʟ-

ʤʝʥʝʥʠʝ ʊɿ: ʧʝʨʝʩʤʦʪʨ ʩʨʦʢʦʚ ʠ ʟʘʪʨʘʪ ʥʘ 

ʨʝʘʣʠʟʘʮʠʶ ʦʪʜʝʣʴʥʳʭ ʵʪʘʧʦʚ ʨʘʙʦʪʳ. 

ʊʝʭʥʦʣʦʛʠʷ ʙʳʩʪʨʦʛʦ ʨʝʟʫʣʴʪʘʪʘ. ɸʣʛʦʨʠʪʤ 

ʚʥʝʜʨʝʥʠʷ ERP ʧʨʠʤʝʨʥʦ ʪʦʪ ʞʝ, ʯʪʦ ʠ ʧʨʠ ʩʝʨʚʠʩ-

ʥʦʤ ʦʙʩʣʫʞʠʚʘʥʠʠ. ʊʘʢʞʝ ʧʨʦʚʦʜʠʪʩʷ ʵʢʩʧʨʝʩʩ-

ʘʥʘʣʠʟ, ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʘʷ ʩʪʦʠʤʦʩʪʴ 

ʧʨʦʝʢʪʘ, ʦʮʝʥʠʚʘʝʪʩʷ ʯʘʩ ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤʠʩʪʘ. 

ʆʧʣʘʪʘ ʪʘʢʞʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʦʜʠʥ ʨʘʟ ʚ ʤʝʩʷʮ, ʥʦ ʥʝ 
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ʧʦ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʩʪʘʚʢʝ, ʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʦʣʠ-

ʯʝʩʪʚʦʤ ʯʘʩʦʚ, ʬʘʢʪʠʯʝʩʢʠ ʧʦʪʨʘʯʝʥʥʳʭ ʧʨʦʛʨʘʤ-

ʤʠʩʪʘʤʠ. ʉʪʨʦʛʦ ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥʥʳʭ ʧʣʘʥʦʚ ʨʘ-

ʙʦʪʳ ʥʘ ʤʝʩʷʮ, ʥʘ ʥʝʜʝʣʶ ʟʜʝʩʴ ʥʝʪ ð ʩʧʠʩʦʢ ʠ ʧʦ-

ʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʟʘʜʘʯ ʤʦʛʫʪ ʚʘʨʴʠʨʦʚʘʪʴʩʷ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʝʘʣʴʥʳʭ ʧʦʪʨʝʙʥʦʩʪʝʡ ʧʨʝʜʧʨʠʷ-

ʪʠʷ. ɻʠʙʢʦʩʪʴ ð ʘʙʩʦʣʶʪʥʳʡ ʧʣʶʩ ʪʝʭʥʦʣʦʛʠʠ 

ʙʳʩʪʨʦʛʦ ʨʝʟʫʣʴʪʘʪʘ. ɺʳ ʤʦʞʝʪʝ ʚʢʣʶʯʘʪʴ ʜʦʧʦʣ-

ʥʠʪʝʣʴʥʳʝ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʳ ʚ ʧʨʦʝʢʪ ʥʘ ʣʶʙʦʡ ʩʪʘ-

ʜʠʠ ʠ ʙʝʟ ʜʦʣʛʠʭ ʩʦʛʣʘʩʦʚʘʥʠʡ. ɽʜʠʥʩʪʚʝʥʥʳʡ ʥʝ-

ʜʦʩʪʘʪʦʢ ʵʪʦʡ ʩʭʝʤʳ ʨʝʘʣʠʟʘʮʠʠ ð ʥʝʯʝʪʢʠʝ ʚʨʝ-

ʤʝʥʥʳʝ ʨʘʤʢʠ ʧʨʦʝʢʪʘ. 

ʈʘʟʦʚʳʝ ʚʳʟʦʚʳ. ʋʩʪʘʥʦʚʢʘ ʧʨʦʛʨʘʤʤʳ ʥʘ ʨʘ-

ʙʦʯʠʝ ʤʝʩʪʘ ʩʦʪʨʫʜʥʠʢʦʚ ʠ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʙʠʟʥʝʩ-

ʧʨʦʮʝʩʩʦʚ ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʧʦ ʤʝʨʝ ʚʦʟʤʦʞʥʦʩʪʠ 

ʢʣʠʝʥʪʘ. ʂʦʤʧʘʥʠʷ ʧʦʢʫʧʘʝʪ ʢʦʨʦʙʢʫ, ʠ ʚʩʝ ʨʘʙʦʪʳ 

ʧʦ ʚʥʝʜʨʝʥʠʶ ʚʳʧʦʣʥʷʶʪʩʷ ʧʦ ʩʮʝʥʘʨʠʶ ʨʘʟʦʚʳʭ 

ʚʳʟʦʚʦʚ. [5]. 

1.5. ʇʈʆɽʂʊʀʈʆɺɸʅʀɽ ʉʀʉʊɽʄʓ ERP 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʘʥʘʣʠʟʘ ʧʨʝʜʧʨʠʷʪʠʷ ʦʧʨʝʜʝ-

ʣʝʥʳ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʢʣʶʯʝʚʳʤ ʤʦ-

ʜʫʣʷʤ ʩʠʩʪʝʤʳ, ʪʨʝʙʦʚʘʥʠʷ ʢ ʟʘʛʨʫʟʢʝ ʠʩʭʦʜʥʳʭ 

ʜʘʥʥʳʭ ʠ ʥʘʩʪʨʦʡʢʝ ʦʙʤʝʥʘ ʩ ʫʞʝ ʠʩʧʦʣʴʟʦʚʘʥʥʳʤ 

ʧʨʦʛʨʘʤʤʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ. ʈʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʦʩ-

ʥʦʚʥʳʝ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʳ ʢʦʤʧʘʥʠʠ, ʩʦʚʝʨʰʝʥʩʪʚʫ-

ʶʪʩʷ ʩʪʘʥʜʘʨʪʥʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ, 

ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʜʦʨʘʙʦʪʢʘ ʧʦʜ ʩʧʝʮʠʬʠʢʫ ʧʨʝʜ-

ʧʨʠʷʪʠʷ [5]. 

1.6. ɺʅɽɼʈɽʅʀɽ ʀ ɿɸʇʋʉʂ ERP-

ʉʀʉʊɽʄʓ 

ʅʘ ʵʪʘʧʝ ʚʥʝʜʨʝʥʠʷ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ 

ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʥʘ ʨʘʙʦʯʠʭ ʤʝʩʪʘʭ ʩʦʪʨʫʜʥʠʢʦʚ. 

ʆʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘʩʪʨʦʡʢʘ ʧʨʘʚ ʜʦʩʪʫʧʘ ʠ ʦʪʯʸʪʦʚ. 

ʇʨʦʠʟʚʦʜʠʪʩʷ ʟʘʛʨʫʟʢʘ ʨʘʙʦʯʠʭ ʜʘʥʥʳʭ, ʬʘʡʣʦʚ ʠ 

ʩʧʨʘʚʦʯʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠʟ ʩʪʘʨʦʡ ʩʠʩʪʝʤʳ ʧʨʝʜ-

ʧʨʠʷʪʠʷ. 

ʇʦ ʟʘʚʝʨʰʝʥʠʠ ʧʨʦʮʝʩʩʘ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʦʙʫ-

ʯʘʝʪʩʷ ʢʣʶʯʝʚʘʷ ʛʨʫʧʧʘ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠ ʨʘʟʨʘʙʘ-

ʪʳʚʘʶʪʩʷ ʠʥʩʪʨʫʢʮʠʠ ʜʣʷ ʨʘʙʦʪʳ ʚ ʩʠʩʪʝʤʝ. 

ʇʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʩʠʩʪʝʤʘ ʧʦʣʥʦʩʪʴʶ ʟʘʧʫʱʝʥʘ ʠ 

ʩʦʪʨʫʜʥʠʢʠ ʦʙʫʯʝʥʳ, ʥʘʯʠʥʘʝʪʩʷ ʧʨʦʮʝʩʩ ʦʙʩʣʫʞʠ-

ʚʘʥʠʷ ʀʉ, ʚʢʣʶʯʘʷ ʨʝʛʠʩʪʨʘʮʠʶ, ʜʠʘʛʥʦʩʪʠʢʫ ʠ ʣʦ-

ʢʘʣʠʟʘʮʠʶ ʦʰʠʙʦʢ, ʚʥʝʩʝʥʠʝ ʠʟʤʝʥʝʥʠʡ ʠ ʪʝʩʪʠʨʦ-

ʚʘʥʠʝ, ʘ ʪʘʢʞʝ ʫʧʨʘʚʣʝʥʠʝ ʨʝʞʠʤʘʤʠ ʨʘʙʦʪʳ ʀʉ. 

2. ʈɸɿʅʓɽ ʇʆɼʍʆɼʓ ʂ ɺʅɽɼʈɽʅʀʖ 

ʉʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʧʦʜʭʦʜʦʚ ʢ ʚʥʝʜʨʝʥʠʶ 

ERP-ʩʠʩʪʝʤ ʠ ʢʘʞʜʳʡ ʠʟ ʥʠʭ ʠʤʝʝʪ ʩʚʦʠ ʧʣʶʩʳ ʠ 

ʤʠʥʫʩʳ. ʆʜʥʘʢʦ, ʚʩʝ ʧʦʜʭʦʜʳ ʢ ʚʥʝʜʨʝʥʠʶ ERP 

ʠʜʝʥʪʠʯʥʳ. 

2.1. çʏɸʉʊʀʏʅʆɽè ɺʅɽɼʈɽʅʀɽ 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʩʦʩʪʘʚʣʷʝʪʩʷ ʩʧʠʩʦʢ ʥʘʠʙʦʣʝʝ 

ʟʥʘʯʠʤʳʭ ʙʠʟʥʝʩ-ʥʘʧʨʘʚʣʝʥʠʡ ʠ ʤʦʜʫʣʝʡ ʜʣʷ ʨʘ-

ʙʦʪʳ ʩ ʥʠʤʠ. ʅʘ ʠʭ ʦʩʥʦʚʝ ʦʥʠ ʩʦʩʪʘʚʣʷʶʪ ʦʧʨʝʜʝ-

ʣʝʥʥʳʡ ʧʣʘʥ ʨʝʘʣʠʟʘʮʠʠ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʦʩʥʦ-

ʚʦʡ ʜʣʷ ʥʘʯʘʣʘ ʨʘʙʦʪʳ. 

ɽʩʪʴ ʠ ʪʝʭʥʠʯʝʩʢʦʝ ʟʘʜʘʥʠʝ, ʥʦ ʦʥʦ ʥʝ 

ʥʘʩʪʦʣʴʢʦ ʚʩʝʦʙʲʝʤʣʶʱʝʝ, ʤʦʞʥʦ ʩʦʩʪʘʚʠʪʴ ʩʦʙ-

ʩʪʚʝʥʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʟʘʜʘʥʠʷ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʵʪʘ-

ʧʦʚ ʨʘʙʦʪʳ, ʧʦʵʪʦʤʫ ʦʩʥʦʚʥʳʤ ʜʦʢʫʤʝʥʪʦʤ ʚ ʵʪʦʤ 

ʩʣʫʯʘʝ ʙʫʜʝʪ çʇʣʘʥ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪè. 

ʆʩʥʦʚʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʵʪʦʛʦ ʤʝʪʦʜʘ ʷʚʣʷ-

ʝʪʩʷ ʨʝʘʣʠʟʤ. ʂʨʘʡʥʝ ʩʣʦʞʥʦ ʦʭʚʘʪʠʪʴ ʚʩʝ ʩʨʘʟʫ. 

ɺʥʝʜʨʝʥʠʝ ʧʦʵʪʘʧʥʦ ʥʘʤʥʦʛʦ ʧʨʦʱʝ, ʘ ʦʰʠʙʦʢ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʤʝʥʴʰʝ. ʀ ʨʝʟʫʣʴʪʘʪʳ ʫʞʝ ʚʠʜʥʳ ʚ ʧʨʦ-

ʮʝʩʩʝ ʨʝʘʣʠʟʘʮʠʠ. 

ʄʠʥʫʩʳ ð ʵʪʦ ʫʚʝʣʠʯʝʥʠʝ ʚʨʝʤʝʥʠ, ʢʦʪʦʨʦʝ 

ʢʣʠʝʥʪ ʤʦʞʝʪ ʩʯʠʪʘʪʴ ʟʘʜʝʨʞʢʦʡ. ʇʨʠ ʯʘʩʪʠʯʥʦʡ 

ʨʝʘʣʠʟʘʮʠʠ ʩʨʦʢʠ ʨʘʙʦʪʳ ʤʦʛʫʪ ʙʳʪʴ ʦʪʣʦʞʝʥʳ ʢʘʢ 

ʧʦ ʦʙʲʝʢʪʠʚʥʳʤ ʧʨʠʯʠʥʘʤ, ʪʘʢ ʠ ʧʦ ʨʘʟʥʳʤ ʧʨʠʯʠ-

ʥʘʤ, ʩʚʷʟʘʥʥʳʤ ʩ ʬʠʥʘʥʩʠʨʦʚʘʥʠʝʤ, ʯʝʣʦʚʝʯʝ-

ʩʢʠʤʠ ʬʘʢʪʦʨʘʤʠ ʠ ʪ.ʜ. ʂʨʦʤʝ ʪʦʛʦ, ʝʩʣʠ ʤʝʥʝʜʞʝʨ 

ʧʦ ʙʠʟʥʝʩʫ ʩʪʨʝʤʠʪʩʷ ʧʦʣʫʯʠʪʴ ʚʩʝ ʩʨʘʟʫ, ʦʥ ʪʘʢʞʝ 

ʤʦʞʝʪ ʙʳʪʴ ʥʝ ʫʜʦʚʣʝʪʚʦʨʝʥ ʦʪʩʫʪʩʪʚʠʝ ʪʦʯʥʳʭ 

ʜʘʥʥʳʭ ʦ ʨʝʘʣʠʟʘʮʠʠ (ʢʦʛʜʘ ʙʫʜʝʪ ʟʘʚʝʨʰʝʥʦ ʚʥʝʜ-

ʨʝʥʠʝ, ʢʘʢʘʷ ʙʫʜʝʪ ʪʦʯʥʘʷ ʩʫʤʤʘ ʠ ʪ.ʜ.). 

ʕʪʦʪ ʤʝʪʦʜ ʨʘʙʦʪʳ ʦʯʝʥʴ ʦʩʪʦʨʦʞʝʥ ʠ ʯʘʱʝ 

ʚʩʝʛʦ ʟʘʥʠʤʘʝʪ ʙʦʣʴʰʝ ʚʨʝʤʝʥʠ, ʯʝʤ ʩ ʜʨʫʛʠʤʠ ʚʘ-

ʨʠʘʥʪʘʤʠ ʨʝʘʣʠʟʘʮʠʠ. ɽʩʣʠ ʧʨʠ ʧʝʨʚʦʤ ʧʦʜʭʦʜʝ 

(ʩʦʩʪʘʚʣʝʥʠʠ ʊɿ) ʚʩʝ ʧʝʨʠʦʜʳ ʠ ʩʫʤʤʳ ʙʳʣʠ ʨʘʩ-

ʩʯʠʪʘʥʳ ʟʘʨʘʥʝʝ, ʜʦ ʥʘʯʘʣʘ ʨʘʙʦʪʳ, ʪʦ ʟʜʝʩʴ ʚʩʝ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʮʠʬʨʳ ʧʨʠʙʣʠʟʠʪʝʣʴʥʳ. ɸ ʪʝʭʥʠ-

ʯʝʩʢʠʝ ʩʧʝʮʠʬʠʢʘʮʠʠ ʜʣʷ ʨʘʟʥʳʭ ʵʪʘʧʦʚ ʩʦʩʪʘʚʣʷ-

ʶʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʚʥʝʜʨʝʥʠʷ. 

ʊʘʢʞʝ, ʧʨʠ ʧʝʨʚʦʤ ʤʝʪʦʜʝ ʨʘʙʦʪʳ, ʘʚʪʦʤʘʪʠʟʘ-

ʮʠʷ ʨʘʙʦʪʳ ʨʘʟʥʳʭ ʦʪʜʝʣʦʚ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ 

ʧʘʨʘʣʣʝʣʴʥʦ. ʂʣʠʝʥʪ ʫʚʠʜʠʪ ʘʚʪʦʤʘʪʠʟʘʮʠʶ ʫʯʝʪʘ 

ʠ ʧʨʦʜʘʞ, ʠ ʩʢʣʘʜʘ, ʠ ʧʨʦʠʟʚʦʜʩʪʚʘ. ɿʜʝʩʴ ʨʘʙʦʪʘ 

ʧʨʦʚʦʜʠʪʩʷ ʧʦʵʪʘʧʥʦ. ʀ ʧʦʜʨʘʟʜʝʣʝʥʠʷ ʧʦʜʢʣʶʯʘ-

ʶʪʩʷ ʢ ERP ʧʦʦʯʝʨʝʜʥʦ [6]. 

2.2. çAGILEè ʇʆɼʍʆɼ 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʨʘʙʦʪʘ ʧʦ ʚʥʝʜʨʝʥʠʶ ʥʘʯʠʥʘ-

ʝʪʩʷ ʥʝʤʝʜʣʝʥʥʦ, ʙʝʟ ʢʘʢʦʡ-ʣʠʙʦ ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʦʡ 

ʩʪʘʜʠʠ. ʂʘʟʘʣʦʩʴ ʙʳ, ʵʪʦ ʥʝʜʦʧʫʩʪʠʤʦ, ERP-

ʩʠʩʪʝʤʳ ʩʣʠʰʢʦʤ ʩʣʦʞʥʳ, ʯʪʦʙʳ ʠʭ ʨʝʘʣʠʟʦʚʳʚʘʪʴ 

ʙʝʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ ʦʩʦʙʝʥʥʦʩʪʝʡ ʙʠʟ-

ʥʝʩʘ ʠ ʩʦʩʪʘʚʣʝʥʠʷ ʜʦʢʫʤʝʥʪʘʮʠʠ. ʆʜʥʘʢʦ ʵʪʦʪ 

ʧʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥ ʥʘ ʧʨʘʢ-

ʪʠʢʝ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʵʪʠʤ ʧʦʜʭʦʜʦʤ ʩʦʟʜʘʝʪʩʷ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʦʙʱʠʡ ʧʣʘʥ ʨʝʘʣʠʟʘʮʠʠ, ʢʦʪʦʨʳʡ 

ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʜʝʣʠʪʩʷ ʥʘ ʥʝʙʦʣʴʰʠʝ ʯʘʩʪʠ. 

ʆʩʥʦʚʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʵʪʦʛʦ ʤʝʪʦʜʘ ʷʚʣʷ-

ʝʪʩʷ ʪʦ, ʯʪʦ ʨʘʙʦʪʘ ʧʦ ʚʥʝʜʨʝʥʠʶ ʥʘʯʠʥʘʝʪʩʷ ʩʨʘʟʫ 

ʧʦʩʣʝ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ. ɹʝʟ ʜʦʣʛʦʡ ʧʦʜʛʦʪʦʚʢʠ. 

ʕʪʦ ʪʦ, ʯʪʦ ʧʨʠʚʣʝʢʘʝʪ ʙʠʟʥʝʩʤʝʥʦʚ. 

ʄʠʥʫʩʳ ð ʦʪʩʫʪʩʪʚʠʝ ʧʣʘʥʠʨʦʚʘʥʠʷ ʜʣʷ ʢʦʤ-

ʧʣʝʢʩʥʦʡ ʨʝʘʣʠʟʘʮʠʠ. ɺ ʪʘʢʦʤ ʧʦʜʭʦʜʝ ʧʨʦʙʣʝʤʳ 

ʤʦʛʫʪ ʚʦʟʥʠʢʘʪʴ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦ ʪʝʤ ʞʝ ʧʨʠʯʠʥʘʤ, 

ʯʪʦ ʠ ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ ʢʦʤʧʣʝʢʩʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʟʘʜʘʥʠʷ: ERP ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʦʞʥʳʡ ʠʥʪʝ-

ʛʨʠʨʦʚʘʥʥʳʡ ʧʨʦʛʨʘʤʤʥʳʡ ʧʨʦʜʫʢʪ, ʠ ʦʰʠʙʢʠ ʚ 

ʨʝʘʣʠʟʘʮʠʠ ʦʜʥʦʛʦ ʤʦʜʫʣʷ ʤʦʛʫʪ ʧʨʷʤʦ ʧʦʚʣʠʷʪʴ 

ʥʘ ʨʘʙʦʪʫ ʜʨʫʛʦʛʦ ʤʦʜʫʣʷ. ʅʦ ʝʩʣʠ ʚ ʧʝʨʚʦʤ ʩʣʫʯʘʝ 

ʪʘʢʠʝ ʧʨʦʙʣʝʤʳ ʤʦʛʫʪ ʚʦʟʥʠʢʥʫʪʴ ʠʟ-ʟʘ ʧʦʧʳʪʢʠ 

ʧʨʝʜʚʠʜʝʪʴ ʩʣʠʰʢʦʤ ʤʥʦʛʦ, ʪʦ ʟʜʝʩʴ ð ʠʟ-ʟʘ ʦʪʩʫʪ-

ʩʪʚʠʷ ʧʣʘʥʠʨʦʚʘʥʠʷ. ʇʨʠ ʨʝʘʣʠʟʘʮʠʠ ʚ ʜʘʥʥʦʤ ʧʦʜ-

ʭʦʜʝ ʩʧʝʮʠʘʣʠʩʪʳ ʨʝʰʘʶʪ ʢʨʘʪʢʦʩʨʦʯʥʳʝ ʟʘʜʘʯʠ ʠ 

ʥʝ ʙʝʨʫʪ ʚʦ ʚʥʠʤʘʥʠʝ ʪʦ, ʯʪʦ ʥʘ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ 

ʠʤ ʤʦʛʫʪ ʧʦʥʘʜʦʙʷʪʩʷ ʜʘʥʥʳʝ ʠ ʜʦʢʫʤʝʥʪʳ ʠʟ ʪʝʢʫ-

ʱʝʛʦ ʤʦʜʫʣʷ, ʯʪʦʙʳ ʦʨʛʘʥʠʟʦʚʘʪʴ ʨʘʙʦʪʫ ʜʨʫʛʦʛʦ 

ʧʦʜʨʘʟʜʝʣʝʥʠʷ [6]. 

ɽʱʝ ʦʜʠʥ ʤʠʥʫʩ ð ʧʨʠ ʜʘʥʥʦʤ ʧʦʜʭʦʜʝ ʚʦʚʣʝ-

ʯʝʥʥʦʩʪʴ ʩʦʪʨʫʜʥʠʢʦʚ ʢʦʤʧʘʥʠʠ ʚ ʧʨʦʮʝʩʩ ʚʥʝʜʨʝ-

ʥʠʷ ʙʫʜʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ, ʯʝʤ ʧʨʠ ʣʶʙʦʤ ʜʨʫ-

ʛʦʤ. ʕʪʦ ʦʪʨʠʮʘʪʝʣʴʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʨʝʰʠʤʦʩʪʠ 

ʩʦʪʨʫʜʥʠʢʦʚ ʫʯʘʩʪʚʦʚʘʪʴ ʚ ʪʝʩʪʠʨʦʚʘʥʠʠ ʩʠʩʪʝʤʳ ʠ 
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ʧʦʩʣʝʜʫʶʱʝʤ ʧʝʨʝʭʦʜʝ ʥʘ ʥʝʝ, ʘ ʪʘʢʞʝ ʧʨʦʚʦʮʠ-

ʨʫʝʪ ʩʘʙʦʪʘʞ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʦʚʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ. 

2.3. ʇʆʉʊɽʇɽʅʅʓʁ ʇʆɼʍʆɼ 

ʇʨʠ ʪʘʢʦʤ ʧʦʜʭʦʜʝ ʧʝʨʚʳʤ ʰʘʛʦʤ ʪʘʢʞʝ ʷʚʣʷ-

ʝʪʩʷ ʩʦʩʪʘʚʣʝʥʠʝ ʧʣʘʥʘ ʧʨʦʝʢʪʘ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʦʩ-

ʥʦʚʥʳʤʠ ʵʪʘʧʘʤʠ ʷʚʣʷʶʪʩʷ ʥʝ ʤʦʜʫʣʠ (ʦʜʠʥ, ʟʘʪʝʤ 

ʜʨʫʛʦʡ ʠ ʪ.ʜ.), ɸ ʥʝʢʦʪʦʨʳʝ ʚʠʜʳ ʨʘʙʦʪ, ʢʦʪʦʨʳʝ 

ʤʦʛʫʪ ʚʦʟʜʝʡʩʪʚʦʚʘʪʴ ʥʘ ʚʩʝ ʤʦʜʫʣʠ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʠʣʠ ʚʳʙʦʨʦʯʥʦ ʥʘ ʥʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ 

ʜʣʷ ʢʘʞʜʦʛʦ ʵʪʘʧʘ ʫʢʘʟʳʚʘʶʪʩʷ ʧʨʠʙʣʠʟʠʪʝʣʴʥʳʝ 

ʜʘʪʳ ʠ ʩʪʦʠʤʦʩʪʴ. 

ɸʥʘʣʦʛʠʯʥʳʡ ʧʣʘʥ ʩʦʩʪʘʚʣʷʝʪʩʷ ʦʪʜʝʣʴʥʦ ʜʣʷ 

ʢʘʞʜʦʛʦ ʤʦʜʫʣʷ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʟʘʢʘʟʯʠʢʫ ʫʢʘʟʳ-

ʚʘʪʴ ʩʪʦʠʤʦʩʪʴ ʢʘʞʜʦʛʦ ʵʪʘʧʘ ʨʘʙʦʪ, ʘ ʪʘʢʞʝ ʤʘʢʩʠ-

ʤʘʣʴʥʦ ʪʦʯʥʦ ʦʧʨʝʜʝʣʷʪʴ ʚʦʟʤʦʞʥʳʝ ʜʘʪʳ. ɺ ʪʦ ʞʝ 

ʚʨʝʤʷ ʟʘʢʘʟʯʠʢ ʜʦʣʞʝʥ ʦʙʷʟʘʪʝʣʴʥʦ ʦʛʦʚʦʨʠʪʴ ʚʦʟ-

ʤʦʞʥʦʩʪʴ, ʚ ʧʨʦʮʝʩʩʝ ʨʝʘʣʠʟʘʮʠʠ, ʧʨʠ ʥʝʦʙʭʦʜʠʤʦ-

ʩʪʠ, ʤʝʥʷʪʴ ʦʜʥʠ ʚʠʜʳ ʟʘʧʣʘʥʠʨʦʚʘʥʥʳʭ ʨʘʙʦʪ ʩ 

ʜʨʫʛʠʤʠ [6]. 

ʇʣʶʩʳ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ: 

ɿʘʢʘʟʯʠʢ ʩʨʘʟʫ ʚʠʜʠʪ ʚʝʩʴ ʧʨʦʝʢʪ. ʉ ʤʘʢʩʠ-

ʤʘʣʴʥʦ ʪʦʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʠ ʩʪʦʠʤʦʩʪʴʶ, 

ʥʘʩʢʦʣʴʢʦ ʵʪʦ ʚʦʟʤʦʞʥʦ, ʜʦ ʥʘʯʘʣʘ ʚʥʝʜʨʝʥʠʷ. 

ʇʦʜʨʷʜʯʠʢ ʯʝʪʢʦ ʦʧʨʝʜʝʣʷʝʪ ʙʶʜʞʝʪ ʢʘʞʜʦʛʦ 

ʵʪʘʧʘ ʠ ʩʯʝʪʘ ʥʘ ʦʧʣʘʪʫ, ʧʦʵʪʦʤʫ ʩʫʤʤʘ ʩʯʝʪʘ ʥʝ ʚʳ-

ʟʳʚʘʝʪ ʚʦʧʨʦʩʦʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʚʘʤ ʧʨʦʜʫʢʪʠʚʥʦ 

ʨʘʙʦʪʘʪʴ ʥʘʜ ʚʥʝʜʨʝʥʠʝʤ, ʥʝ ʦʪʚʣʝʢʘʷʩʴ ʥʘ ʦʙʦʩʥʦ-

ʚʘʥʠʝ ʩʯʝʪʘ ʧʦ ʢʘʞʜʦʤʫ ʜʝʡʩʪʚʠʶ ʠʣʠ ʨʘʩʯʝʪ ʬʘʢ-

ʪʠʯʝʩʢʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʦʪʨʘʯʝʥʥʳʭ ʯʘʩʦʚ ʥʘ ʨʘ-

ʙʦʪʫ. 

ʄʠʥʫʩʳ ʧʦʜʭʦʜʘ: 

ɿʘʢʘʟʯʠʢ ʜʦʣʞʝʥ ʪʱʘʪʝʣʴʥʦ ʚʳʙʨʘʪʴ ʧʦʜʨʷʜ-

ʯʠʢʘ, ʯʪʦʙʳ ʨʫʢʦʚʦʜʠʪʝʣʴ ʧʨʦʝʢʪʘ ʧʦʥʠʤʘʣ ʦʩʦʙʝʥ-

ʥʦʩʪʠ ʨʝʘʣʠʟʘʮʠʠ ʢʘʞʜʦʛʦ ʤʦʜʫʣʷ ʥʘ ʜʦʣʞʥʦʤ 

ʫʨʦʚʥʝ. ɺ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʨʘʩʯʝʪʳ ʚ ʧʣʘʥʝ ʙʫʜʫʪ 

ʥʝʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʳʤʠ. ɹʶʜʞʝʪ ʤʦʞʝʪ ʥʝʦʞʠʜʘʥʥʦ 

ʫʚʝʣʠʯʠʪʴʩʷ, ʚʨʝʤʝʥʥʳʝ ʨʘʤʢʠ ʨʘʩʪʷʥʫʪʳ, ʪʦ ʝʩʪʴ 

ʦʩʥʦʚʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ ʩʪʘʥʫʪ ʧʦ-

ʪʝʨʷʥʳ. 

ʇʦʜʨʷʜʯʠʢʫ ʧʦʪʨʝʙʫʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠ-

ʯʝʩʪʚʦ ʚʳʩʦʢʦʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʢʘʜʨʦʚ ʜʣʷ ʩʦ-

ʙʣʶʜʝʥʠʷ ʩʨʦʢʦʚ ʠ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʫʯʘʩʪʠʷ ʚ ʨʘʟ-

ʣʠʯʥʳʭ ʤʦʜʫʣʷʭ. ʊ.ʝ. ʥʝʙʦʣʴʰʘʷ ʢʦʤʘʥʜʘ ʥʝ ʩʤʦ-

ʞʝʪ ʨʝʘʣʠʟʦʚʘʪʴ ʵʪʦʪ ʧʦʜʭʦʜ. 

3. ʄɽʊʆɼʆʃʆɻʀʗ ʋʇʈɸɺʃɽʅʀʗ 

ʇʈʆɽʂʊʆʄ: ɻʆʉʊ ʠ PMBOK 

3.1. PMBOK 

PMBOK ð ɻ ʪʦ ʥʘʮʠʦʥʘʣʴʥʳʡ ʩʪʘʥʜʘʨʪ ANSI ʚ 

ʉʐɸ. 

ʇʨʝʠʤʫʱʝʩʪʚʘ ð ʥʘʠʙʦʣʝʝ ʨʘʟʚʠʪʘ ʪʝʭʥʦʣʦ-

ʛʠʷ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʝʢʪʘʤʠ, ʜʦʩʪʘʪʦʯʥʦ ʤʥʦʛʦ ʜʦʢʫ-

ʤʝʥʪʘʮʠʠ, ʥʦ ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʧʦʣʥʳʡ ʢʦʤʧʣʝʢʪ ʜʦ-

ʢʫʤʝʥʪʦʚ, ʚʘʤ ʥʝʦʙʭʦʜʠʤʦ ʦʧʣʘʪʠʪʴ ʠʭ ʩʪʦʠʤʦʩʪʴ, 

ʝʩʪʴ ʩʝʨʪʠʬʠʢʘʮʠʷ ʠ ʦʙʫʯʝʥʠʝ. ʊʘʢ ʞʝ ʧʦʜʜʝʨʞʠʚʘ-

ʝʪʩʷ ʚ Microsoft Project. 

ʅʝʜʦʩʪʘʪʢʠ ð ʦʯʝʥʴ ʩʣʦʞʥʳʡ, ʠʟ-ʟʘ ʙʦʣʴʰʦʡ 

ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʠ ʤʥʦʛʦ ʪʦʛʦ, ʯʪʦ ʧʦʥʘʜʦʙʠʪʴʩʷ 

ʪʦʣʴʢʦ ʚ ʦʯʝʥʴ ʩʧʝʮʠʬʠʯʝʩʢʠʭ, ʪʨʫʜʥʦ ʨʝʘʣʠʟʫʝ-

ʤʳʭ ʩʣʫʯʘʷʭ [7]. 

PMBOK ð ʵʪʦ ʩʚʦʝʛʦ ʨʦʜʘ ʦʙʣʘʩʪʴ ʟʥʘʥʠʡ ʩ 

ʠʥʩʪʨʫʢʮʠʷʤʠ ʧʦ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʶ, ʘ ʪʘʢʞʝ ʠʥ-

ʩʪʨʫʢʮʠʷʤʠ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʚʩʝʭ ʧʨʦʮʝʩʩʦʚ. ʉ 

ʝʛʦ ʧʦʤʦʱʴʶ ʚʳ ʤʦʞʝʪʝ ʫʧʨʘʚʣʷʪʴ ʧʨʦʝʢʪʘʤʠ. ʆʩ-

ʥʦʚʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ PMBOK ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, 

ʯʪʦ ʚ ʥʝʤ ʚʩʝ ʧʨʦʮʝʜʫʨʳ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʝʢʪʘʤʠ 

ʧʨʦʷʚʣʷʶʪʩʷ ʚ ʜʠʥʘʤʠʢʝ, ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʚʟʘʠʤʦ-

ʩʚʷʟʴ ʤʝʞʜʫ ʢʦʤʧʦʥʝʥʪʘʤʠ ʤʝʪʦʜʦʣʦʛʠʠ, ʧʨʦʮʝʩʩʳ 

ʨʘʩʧʨʝʜʝʣʷʶʪʩʷ ʚʦ ʚʨʝʤʝʥʠ [8]. 

3.2. ɻʆʉʋɼɸʈʉʊɺɽʅʅʓɽ ʉʊɸʅɼɸʈʊʓ ʈʌ 

(ɻʆʉʊ) 

ʇʨʠ ʥʘʧʠʩʘʥʠʠ ʩʪʘʪʴʠ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʩʣʝʜʫ-

ʶʱʠʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʝ ʩʪʘʥʜʘʨʪʳ: 

ɻʆʉʊ 19.201-78 çʊʝʭʥʠʯʝʩʢʦʝ ʟʘʜʘʥʠʝ. ʊʨʝʙʦ-

ʚʘʥʠʷ ʢ ʩʦʜʝʨʞʘʥʠʶ ʠ ʦʬʦʨʤʣʝʥʠʶè; 

ɻʆʉʊ 34.201-89 çɺʠʜʳ, ʢʦʤʧʣʝʢʪʥʦʩʪʴ ʠ ʦʙʦ-

ʟʥʘʯʝʥʠʝ ʜʦʢʫʤʝʥʪʦʚ ʧʨʠ ʩʦʟʜʘʥʠʠ ʘʚʪʦʤʘʪʠʟʠʨʦ-

ʚʘʥʥʳʭ ʩʠʩʪʝʤè; 

ɻʆʉʊ 34.601-90 çɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʩʠ-

ʩʪʝʤʳ. ʉʪʘʜʠʠ ʩʦʟʜʘʥʠʷè; 

ʀʉʆ 10006 çʈʫʢʦʚʦʜʷʱʠʝ ʫʢʘʟʘʥʠʷ ʧʦ ʦʙʝʩʧʝ-

ʯʝʥʠʶ ʢʘʯʝʩʪʚʘ ʨʫʢʦʚʦʜʩʪʚʘ ʧʨʦʝʢʪʘʤʠè. 

ɺ ʦʩʥʦʚʥʦʤ ʵʪʠ ʜʦʢʫʤʝʥʪʳ ʩʦʜʝʨʞʘʪ ʪʨʝʙʦʚʘ-

ʥʠʷ ʢ ʬʦʨʤʝ ʠ ʩʦʜʝʨʞʘʥʠʶ ʧʨʦʝʢʪʥʦʡ ʜʦʢʫʤʝʥʪʘ-

ʮʠʠ, ʢ ʩʦʩʪʘʚʫ ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʧʨʦʝʢʪʥʳʭ ʨʘ-

ʙʦʪ. ɹʦʣʝʝ ʪʦʛʦ, ʩʘʤʳʤ ʥʦʚʳʤ ʠʟ ʥʠʭ ʷʚʣʷʝʪʩʷ ʩʪʘʥ-

ʜʘʨʪ ʀʉʆ 10006 - ʵʪʦ ʤʝʪʦʜʦʣʦʛʠʷ, ʢʦʪʦʨʫʶ ʚʳ 

ʤʦʞʝʪʝ ʧʦʧʨʦʙʦʚʘʪʴ ʧʨʠʤʝʥʠʪʴ ʢ ʫʧʨʘʚʣʝʥʠʶ ʧʨʦ-

ʝʢʪʘʤʠ [7]. ʇʨʦʮʝʩʩʳ ʧʝʨʝʧʣʝʪʘʶʪʩʷ ʩ ʦʙʣʘʩʪʷʤʠ 

ʟʥʘʥʠʡ, ʩʚʷʟʴ ʤʝʞʜʫ ʧʨʦʮʝʩʩʘʤʠ ʥʝ ʚʩʝʛʜʘ ʯʝʪʢʦ 

ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ, ʤʥʦʛʠʝ ʪʨʝʙʦʚʘʥʠʷ ʥʦʩʷʪ ʦʙʱʠʡ 

ʭʘʨʘʢʪʝʨ. 

3.3. ʄɽʊʆɼʆʃʆɻʀʀ ɺɽʅɼɽʈʆɺ 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʦʚ ʧʦ ʩʦʟʜʘʥʠʶ ERP-

ʩʠʩʪʝʤ ʚʝʜʫʱʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ (ʚʝʥʜʦʨʳ) ʩʦʟʜʘʣʠ ʩʦʙ-

ʩʪʚʝʥʥʳʝ ʤʝʪʦʜʦʣʦʛʠʠ. ʂʨʘʪʢʦ ʨʘʩʩʤʦʪʨʠʤ ʠʭ ʥʘ 

ʧʨʠʤʝʨʘʭ ʢʨʫʧʥʝʡʰʠʭ ʚʝʥʜʦʨʦʚ ð SAP ʠ Oracle. 

Oracle ʠʩʧʦʣʴʟʫʝʪ ʤʝʪʦʜ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʝʢ-

ʪʘʤʠ (PJM ð Project Management Method) ʠ ʤʝʪʦ-

ʜʦʣʦʛʠʶ ʨʘʟʚʝʨʪʳʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʠ Application 

Applications Method (AIM) ʜʣʷ ʩʚʦʠʭ ʧʨʦʝʢʪʦʚ. ʆʙʝ 

ʤʝʪʦʜʦʣʦʛʠʠ ʭʦʨʦʰʦ ʠʥʪʝʛʨʠʨʦʚʘʥʳ, ʚʩʝ ʜʝʡʩʪʚʠʷ 

ʠ ʜʦʢʫʤʝʥʪʳ ʦʧʠʩʘʥʳ ʧʦʜʨʦʙʥʦ, ʯʝʪʢʦ ʦʙʦʟʥʘʯʝʥʳ 

ʵʪʘʧʳ ʧʨʦʝʢʪʘ, ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʜʝʡʩʪʚʠʷʤʠ, ʩʦ-

ʙʳʪʠʷʤʠ ʠ ʜʦʢʫʤʝʥʪʘʤʠ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ PJM ʧʨʘʢ-

ʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʝʪʦʜʦʣʦʛʠʷʤ 

ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʝʢʪʘʤʠ PMI [8]. 

Accelerated SAP (ASAP) ʜʘʝʪ ʧʦʣʥʦʝ ʦʧʠʩʘʥʠʝ 

ʥʝʦʙʭʦʜʠʤʳʭ ʜʝʡʩʪʚʠʡ ʧʦ ʨʘʙʦʪʝ ʠ ʜʦʢʫʤʝʥʪʦʚ, 

ʦʙʲʝʜʠʥʷʷ ʢʘʢ ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ, ʪʘʢ ʠ ʫʧʨʘʚʣʝʥʯʝ-

ʩʢʫʶ ʯʘʩʪʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʫʧʨʘʚʣʝʥʯʝʩʢʘʷ ʯʘʩʪʴ ð 

ʧʦʯʪʠ ʪʦʯʴ ʚ ʪʦʯʴ PMBOK, ʯʪʦ ʧʨʝʜʩʪʘʚʠʪʝʣʠ SAP 

ʥʝ ʩʢʨʳʚʘʶʪ. ASAP ʙʳʣ ʥʝʜʘʚʥʦ ʧʨʝʦʙʨʘʟʦʚʘʥ ʚ ʨʝ-

ʰʝʥʠʝ Solution Manager (SM), ʢʦʪʦʨʦʝ ʩʦʯʝʪʘʝʪ ʚ 

ʩʝʙʝ ʤʝʪʦʜʦʣʦʛʠʶ ʠ ʧʨʦʛʨʘʤʤʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ. 

[8]. 

ʅʝʜʦʩʪʘʪʢʦʤ ʪʘʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʷʚʣʷʝʪʩʷ ʝʩʪʝ-

ʩʪʚʝʥʥʘʷ ʠʟʙʳʪʦʯʥʦʩʪʴ ʧʨʝʜʣʘʛʘʝʤʳʭ ʜʦʢʫʤʝʥʪʦʚ. 

ɼʣʷ ʩʝʙʷ ʚʘʤ ʚʩʝʛʜʘ ʥʫʞʥʦ ʚʳʙʨʘʪʴ ʥʝʦʙʭʦʜʠʤʳʡ 

ʤʠʥʠʤʫʤ ʜʦʢʫʤʝʥʪʦʚ ʠ ʨʘʟʨʘʙʦʪʘʪʴ ʪʦʣʴʢʦ ʠʭ. 

ʂʨʦʤʝ ʪʦʛʦ, ʤʝʪʦʜʦʣʦʛʠʠ ʧʦʩʪʘʚʱʠʢʦʚ, ʚ ʦʪʣʠʯʠʝ 

ʦʪ ʩʪʘʥʜʘʨʪʦʚ PMI, ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʠʣʠ ʯʘʩʪʠʯʥʦ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʥʘʰʠʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤ ʩʪʘʥʜʘʨ-

ʪʘʤ. 
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ʋʧʨʘʚʣʝʥʠʝ ʧʨʦʝʢʪʘʤʠ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʦʡ ʟʘʜʘ-

ʯʝʡ ʠ ʪʨʝʙʫʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʧʨʝʜʝʣʝʥʥʳʭ ʠʥʩʪʨʫ-

ʤʝʥʪʦʚ ð ʤʝʪʦʜʦʣʦʛʠʡ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʝʢʪʘʤʠ ʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʤʝʪʦʜʦʣʦʛʠʡ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ 

ʫʧʨʘʚʣʝʥʯʝʩʢʠʝ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʤʝʪʦʜʦʣʦʛʠʠ 

ʜʦʣʞʥʳ ʙʳʪʴ ʣʝʛʢʦ ʠʥʪʝʛʨʠʨʦʚʘʥʳ ʜʨʫʛ ʩ ʜʨʫʛʦʤ. 

ʄʳ ʚʠʜʠʤ, ʯʪʦ ʤʝʪʦʜʦʣʦʛʠʠ, ʨʘʩʩʤʦʪʨʝʥʥʳʝ ʥʘʤʠ 

ʚ ʨʘʙʦʪʝ ʚ ʙʦʣʝʝ ʰʠʨʦʢʦʤ ʩʣʫʯʘʝ, ʤʦʛʫʪ ʜʦʧʦʣʥʷʪʴ 

ʜʨʫʛ ʜʨʫʛʘ, ʠ ʨʝʰʝʥʠʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʫ ʠʣʠ ʠʥʫʶ 

ʤʝʪʦʜʦʣʦʛʠʶ ʧʨʠʥʠʤʘʝʪʩʷ ʨʘʟʨʘʙʦʪʯʠʢʦʤ ʩʠ-

ʩʪʝʤʳ. ɺʝʥʜʝʨʳ, ʚ ʦʩʥʦʚʥʦʤ, ʠʤʝʶʪ ʧʦʭʦʞʫʶ ʤʝ-

ʪʦʜʦʣʦʛʠʶ ʠ ʚʢʣʶʯʘʶʪ ʧʨʠʥʮʠʧʳ ʤʝʪʦʜʦʣʦʛʠʠ 

ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʝʢʪʘʤʠ PMI. ʄʝʪʦʜʦʣʦʛʠʠ ʨʘʟʣʠʯʘ-

ʶʪʩʷ ʧʦ ʩʪʝʧʝʥʠ ʧʨʦʨʘʙʦʪʘʥʥʦʩʪʠ. ʀ ʯʝʤ ʥʘʜʝʞʥʝʝ 

ʩʠʩʪʝʤʘ, ʪʝʤ ʣʝʛʯʝ ʝʝ ʚʥʝʜʨʠʪʴ, ʪʝʤ ʤʝʥʝʝ ʨʘʟʨʘʙʦ-

ʪʘʥʘ ʤʝʪʦʜʦʣʦʛʠʷ ʚʥʝʜʨʝʥʠʷ ʵʪʦʡ ʩʠʩʪʝʤʳ. ʆʪʩʶʜʘ 

ʩʣʝʜʫʝʪ, ʯʪʦ ʟʥʘʥʠʝ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ɻʆʉʊʘ ʠ 

PMBOK ʚʤʝʩʪʝ ʙʫʜʫʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʧʨʘʢʪʠʯʝʩʢʠ 

ʚʩʝʤ ʩʪʘʥʜʘʨʪʘʤ ʚ ʦʙʣʘʩʪʠ ERP-ʩʠʩʪʝʤ, ʚʢʣʶʯʘʷ 

ʩʪʘʥʜʘʨʪʳ ʧʦʩʪʘʚʱʠʢʦʚ. ʕʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʤʦ-

ʞʝʪ ʫʣʫʯʰʠʪʴ ʢʘʯʝʩʪʚʦ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʩʠʩʪʝʤʳ, 

ʥʦ ʤʦʞʝʪ ʫʚʝʣʠʯʠʪʴ ʚʨʝʤʷ ʝʝ ʨʘʟʨʘʙʦʪʢʠ, ʧʦ-

ʩʢʦʣʴʢʫ ʤʳ ʥʝ ʜʦʣʞʥʳ ʟʘʙʳʚʘʪʴ, ʯʪʦ ʜʣʷ ʨʘʟʥʳʭ 

ʢʦʤʧʘʥʠʡ ʠ ʩʠʩʪʝʤ ʚʨʝʤʷ ʚʥʝʜʨʝʥʠʷ ʩʠʩʪʝʤʳ ʤʦ-

ʞʝʪ ʚʘʨʴʠʨʦʚʘʪʴʩʷ. 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʘʤʝʨʠʢʘʥʩʢʠʡ, ʝʚʨʦʧʝʡʩʢʠʡ ʠ ʷʧʦʥʩʢʠʡ ʧʦʜʭʦʜʳ ʢ ʤʝʪʦʜʦʣʦʛʠʠ ʧʨʦʝʢ-

ʪʠʨʦʚʘʥʠʷ, ʨʘʟʨʘʙʦʪʢʠ ʠ ʚʥʝʜʨʝʥʠʷ ERP ʩʠʩʪʝʤ, ʩʪʘʥʜʘʨʪʳ ʧʦ ʫʧʨʘʚʣʝʥʠʶ ʧʨʦʝʢʪʘʤʠ ʪʘʢʠʝ ʢʘʢ 

PMBOK, PRINCE2 ʠ P2M, ʘ ʪʘʢʞʝ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʜʨʫʛʠʤʠ ʩʪʘʥʜʘʨʪʘʤʠ ʠ ʤʝʪʦʜʦʣʦʛʠʷʤʠ ʫʧʨʘʚ-

ʣʝʥʠʷ ʧʨʦʝʢʪʘʤʠ. 

Abstract 

The article discusses the American, European and Japanese approaches to the methodology of designing, 

developing and implementing ERP systems, project management standards such as PMBOK, PRINCE2 and P2M, 

as well as their interaction with other standards and project management methodologies. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ERP, ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ, ʩʪʘʥʜʘʨʪ, ʤʝʪʦʜʦʣʦʛʠʷ, ʫʧʨʘʚʣʝʥʠʝ ʧʨʦʝʢʪʘʤʠ, ʧʦʜʭʦʜʳ ʢ 

ʚʥʝʜʨʝʥʠʶ.  

Key words: ERP, design, standard, methodology, project management, implementation approaches. 

 

ɿʘʯʘʩʪʫʶ ʧʦ ʤʝʨʝ ʨʦʩʪʘ ʙʠʟʥʝʩʘ ʙʦʣʴʰʠʥʩʪʚʦ 

ʢʦʤʧʘʥʠʡ ʦʩʦʟʥʘʶʪ ʪʦ, ʯʪʦ ʠʤ ʥʝʦʙʭʦʜʠʤʘ ERP-

ʩʠʩʪʝʤʘ ʜʣʷ ʦʙʣʝʛʯʝʥʠʷ ʠ ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ 

ʫʧʨʘʚʣʝʥʠʷ ʧʨʝʜʧʨʠʷʪʠʝʤ. ɽʩʣʠ ʤʘʣʳʡ ʙʠʟʥʝʩ ʝʱʝ 

ʩʧʦʩʦʙʝʥ ʩʫʱʝʩʪʚʦʚʘʪʴ ʙʝʟ ʧʦʜʦʙʥʦʛʦ ʠʥʩʪʨʫʤʝʥ-

ʪʘʨʠʷ, ʪʦ ʩʨʝʜʥʝʤʫ ʠ ʢʨʫʧʥʦʤʫ ʙʠʟʥʝʩʫ ʧʨʦʩʪʦ 

ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʘʥʥʳʝ ʩʨʝʜʩʪʚʘ. ʅʦ ʜʣʷ 

ʧʨʘʚʠʣʴʥʦʛʦ ʚʳʙʦʨʘ ERP-ʩʠʩʪʝʤʳ ʠ ʦʩʦʟʥʘʥʠʷ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʜʣʷ ʙʠʟʥʝʩʘ ʵʪʦʛʦ ʧʨʦʜʫʢʪʘ ʚʘʞʥʦ 

ʧʦʥʠʤʘʪʴ, ʢʘʢʠʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʧʨʠʥʝʩʝʪ ʝʛʦ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝ. 

ʂʘʢʠʤ ʙʳ ʥʝ ʙʳʣ ʧʨʦʜʫʢʪ, ʥʦ ʙʝʟ ʨʝʘʣʠʟʘʮʠʠ ʠ 

ʚʥʝʜʨʝʥʠʷ, ʦʥ ʥʝ ʧʨʠʥʝʩʝʪ ʥʠʢʘʢʦʡ ʧʨʠʙʳʣʠ, ʘ ʟʥʘ-

ʯʠʪ ʠ ʩʤʳʩʣʘ ʚ ʥʝʤ ʥʝʪ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʚʘʞʥʫʶ 

ʨʦʣʴ ʚ ʝʛʦ ʚʦʧʣʦʱʝʥʠʠ ʝʛʦ ʚ ʞʠʟʥʴ ʠʛʨʘʝʪ ʫʧʨʘʚʣʝ-

ʥʠʝʤ ʩʘʤʠʤ ʧʨʦʝʢʪʦʤ. ʋʧʨʘʚʣʝʥʠʝ ʧʨʦʮʝʩʩʘʤʠ 

ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʦʧʨʝʜʝʣʝʥʥʳʝ ʜʝʡʩʪʚʠʷ ʠ ʦʧʝʨʘ-

ʮʠʠ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʙʠʟʥʝʩʘ. ʕʪʠ ʜʝʡʩʪʚʠʷ ʠ ʦʧʝ-

ʨʘʮʠʠ ʥʘʟʳʚʘʶʪʩʷ ʇʨʦʮʝʩʩʳ. ʇʨʦʮʝʩʩʳ ʧʨʦʝʢʪʘ 

ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʢʦʤʘʥʜʦʡ ʧʨʦʝʢʪʘ.  

ʇʨʦʮʝʩʩʳ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʝʢʪʘʤʠ ʦʧʠʩʳʚʘʝʪʩʷ 

ʩʪʘʥʜʘʨʪʦʤ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʝʢʪʘʤʠ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, 

ʯʪʦ ʧʨʦʮʝʩʩʳ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʧʨʦ-

ʜʫʢʪʘ, ʥʝ ʷʚʣʷʶʪʩʷ ʯʘʩʪʴʶ ʩʪʘʥʜʘʨʪʘ, ʤʝʥʝʜʞʝʨ, ʢʦ-

ʪʦʨʳʡ ʚʝʜʝʪ ʧʨʦʝʢʪ, ʥʝ ʜʦʣʞʝʥ ʠʭ ʦʧʫʩʢʘʪʴ. ʅʘ ʧʨʦ-

ʪʷʞʝʥʠʠ ʚʩʝʛʦ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʧʨʦʝʢʪʘ ʧʨʦʮʝʩʩʳ 

ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʝʢʪʘʤʠ ʠ ʧʨʦʮʝʩʩʳ, ʭʘʨʘʢʪʝʨʥʳʝ 

ʜʣʷ ʧʨʦʜʫʢʪʘ, ʧʝʨʝʩʝʢʘʶʪʩʷ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ 

ʜʨʫʛ ʩ ʜʨʫʛʦʤ. 

ʗʧʦʥʩʢʠʡ ʤʝʥʝʜʞʤʝʥʪ ï ʩʧʝʮʠʬʠʯʝʩʢʠʡ ʩʪʠʣʴ 

ʫʧʨʘʚʣʝʥʠʷ ʧʝʨʩʦʥʘʣʦʤ, ʨʘʟʥʦʚʠʜʥʦʩʪʴ ʢʘʜʨʦʚʦʡ 

ʧʦʣʠʪʠʢʠ, ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʘʷ ʚ ʗʧʦʥʠʠ ʠ ʦʪʨʘʞʘʶ-

ʱʘʷ ʠʩʪʦʨʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ, ʚʘʨʠʘʮʠʠ ʦʙʱʝ-

ʩʪʚʝʥʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʫʢʣʘʜʘ, ʢʫʣʴʪʫʨʫ ʠ ʦʙʱʝ-

ʩʪʚʝʥʥʫʶ ʧʩʠʭʦʣʦʛʠʶ ʵʪʦʡ ʩʪʨʘʥʳ [4]. 

ʂʦʥʮʝʧʮʠʷ ʙʝʨʝʞʣʠʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʬʦʨʤʠ-

ʨʦʚʘʚʰʘʷʩʷ ʚ ʥʘʯʘʣʝ 90-ʭ ʛʦʜʦʚ, ʦʢʘʟʘʣʦ ʙʦʣʴʰʦʝ 

ʚʣʠʷʥʠʝ ʥʘ ʵʚʦʣʶʮʠʶ ERP-ʩʠʩʪʝʤ. ʆʧʨʝʜʝʣʝʥʠʝ 

ERP-ʩʠʩʪʝʤ ʟʘ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʧʦʩʪʦʷʥʥʦ ʤʝʥʷ-

ʣʦʩʴ. ʈʘʟʨʘʙʦʪʯʠʢʠ ERP-ʩʠʩʪʝʤ ʚʩʝʛʜʘ ʩʪʘʨʘʣʠʩʴ 

ʧʦʣʥʦʩʪʴʶ ʦʪʨʘʞʘʪʴ ʠʟʤʝʥʝʥʠʷ, ʚʥʦʩʠʤʳʝ ʚ ʫʧʨʘʚ-

ʣʝʥʯʝʩʢʠʝ ʧʦʜʭʦʜʳ, ʨʘʩʰʠʨʷʷ ʠʤʝʶʱʫʶʩʷ ʬʫʥʢ-

ʮʠʦʥʘʣʴʥʦʩʪʴ ʠ ʚʥʦʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʚʦʟʤʦʞʥʦ-

ʩʪʠ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʙʝʨʝʞʣʠʚʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ï 

ʵʪʦ, ʙʦʣʴʰʝ ʬʠʣʦʩʦʬʠʷ ʙʠʟʥʝʩʘ, ʯʝʤ ʥʘʙʦʨ ʢʘʢʠʭ-

ʪʦ ʦʧʨʝʜʝʣʝʥʥʳʭ ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʳʭ ʤʝʪʦʜʦʣʦ-

ʛʠʡ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʩʣʦʞʠʣʦʩʴ ʤʥʝʥʠʝ, ʯʪʦ ʢʦʥ-

ʮʝʧʮʠʷ ERP-ʩʠʩʪʝʤ ʫʤʝʨʣʘ ʝʝ ʤʦʞʝʪ ʚʳʪʝʩʥʠʪʴ 

ʩʪʨʘʪʝʛʠʷ ʙʝʨʝʞʣʠʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ʅʦ ʚʘʞʥʦ ʧʦʥʠʤʘʪʴ, ʯʪʦ ERP ï ʵʪʦ ʦʩʥʦʚʘ ʙʠʟ-

ʥʝʩʘ ʚ ʥʘʰʠ ʜʥʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʙʝʨʝʞʣʠʚʦʝ ʧʨʦʠʟ-

ʚʦʜʩʪʚʦ ï ʵʪʦ ʬʠʣʦʩʦʬʠʷ ʫʧʨʘʚʣʝʥʠʷ, ʚʢʣʶʯʘʶʱʘʷ 

ʚ ʩʝʙʷ ʠʥʩʪʨʫʤʝʥʪʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʩʥʠʟʠʪʴ ʟʘʪʨʘʪʳ 

ʥʘ ʫʧʨʘʚʣʝʥʠʝ ʙʠʟʥʝʩʦʤ, ʥʦ ʧʨʠ ʵʪʦʤ ʫʚʝʣʠʯʠʚʘʝʪ 

ʩʢʦʨʦʩʪʴ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ [5]. 

ɺ ɿʘʧʘʜʥʦʡ ɽʚʨʦʧʳ ʠ ʉʐɸ ʩʦʪʨʫʜʥʠʢ, ʢʦʪʦ-

ʨʳʡ ʟʥʘʝʪ ʩʚʦʶ ʧʨʦʬʝʩʩʠʶ ʜʦʩʢʦʥʘʣʴʥʦ ʩʯʠʪʘʝʪʩʷ 

ʚʳʩʦʢʦʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʤ. ʇʦʵʪʦʤʫ, ʠʥʜʠʚʠʜʫʘ-

ʣʠʟʤ ʧʨʠʩʫʱʠʡ ʩʦʪʨʫʜʥʠʢʘʤ ɿʘʧʘʜʥʦʡ ɽʚʨʦʧʝ ʠ 

ʉʐɸ ʷʚʣʷʝʪʩʷ ʧʦʣʥʦʡ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʴʶ ʜʣʷ 

ʭʘʨʘʢʪʝʨʥʦʛʦ ʗʧʦʥʠʠ çʛʨʫʧʧʠʟʤʫè. ʆʩʥʦʚʥʘʷ ʨʘʟ-

ʥʠʮʘ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʘʤʝʨʠʢʘʥʩʢʠʡ ʠ ʝʚʨʦʧʝʡ-

ʩʢʠʡ ʩʦʪʨʫʜʥʠʢ ʩʧʦʩʦʙʝʥ ʟʘʥʠʤʘʪʴʩʷ ʩʭʦʞʝʡ ʨʘʙʦ-

ʪʦʡ ʚ ʨʘʟʥʳʭ ʢʦʤʧʘʥʠʷʭ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʷʧʦʥʩʢʠʡ 

ʤʦʞʝʪ ʟʘʥʠʤʘʪʴʩʷ ʨʘʟʥʳʤʠ ʨʘʙʦʪʘʤʠ ʠʟ ʨʘʟʥʳʭ ʦʙ-

ʣʘʩʪʝʡ ʚ ʨʘʤʢʘʭ ʦʜʥʦʡ ʬʠʨʤʳ [4]. 
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ʊʘʙʣʠʮʘ 1. 

ʇʨʠʥʮʠʧʳ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʫʧʨʘʚʣʝʥʠʷ ʧʨʝʜʧʨʠʷʪʠʷʤʠ.  

ʉʨʘʚʥʝʥʠʝ ʧʦʜʭʦʜʦʚ ʚ ʗʧʦʥʠʠ, ʉʐɸ ʠ ɽʚʨʦʧʝ. 

ˉ ʗʧʦʥʠʷ ʉʐɸ ʠ ɽʚʨʦʧʘ 

1 
ʃʶʜʠ ʢʦʥʪʨʦʣʠʨʫʶʪ ʠ ʧʦʜʜʝʨʞʠʚʘʶʪ 

ʨʘʙʦʪʫ ʤʘʰʠʥ 
ʃʶʜʠ ʨʘʙʦʪʘʶʪ ʩ ʧʦʤʦʱʴʶ ʤʘʰʠʥ 

2 
ʉʦʪʨʫʜʥʠʢ ʩʧʦʩʦʙʝʥ ʚʳʧʦʣʥʷʪʴ ʨʘʟʥʦ-

ʨʦʜʥʳʝ ʟʘʜʘʯʠ 

ʉʦʪʨʫʜʥʠʢ ʩʧʝʮʠʘʣʠʟʠʨʫʝʪʩʷ ʥʘ ʢʘʢʦʡ-ʣʠʙʦ ʦʜʥʦʡ ʦʙʣʘʩʪʠ, ʥʦ 

ʧʨʠ ʵʪʦʤ ʜʦʩʢʦʥʘʣʴʥʦ ʨʘʟʙʠʨʘʝʪʩʷ ʚ ʥʝʡ 

3 
ʂʦʥʪʨʦʣʴ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʦʠʩʭʦʜʠʪ 

ʚʥʫʪʨʠ ʢʦʤʧʘʥʠʠ 
ʂʦʥʪʨʦʣʴ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʦʠʩʭʦʜʠʪ ʚʥʝ ʢʦʤʧʘʥʠʠ 

4 ʍʘʨʘʢʪʝʨʝʥ ʧʘʨʪʠʩʠʧʘʪʠʚʥʳʡ ʩʪʠʣʴ ɾʝʩʪʢʘʷ ʠʝʨʘʨʭʠʷ ʚ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ 

5 
ʇʣʘʚʥʳʡ ʧʝʨʝʭʦʜ ʢ ʛʠʙʢʠʤ ʬʦʨʤʘʤ ʟʘ-

ʥʷʪʦʩʪʠ 
ʉʦʪʨʫʜʥʠʢʘ ʥʘʥʠʤʘʶʪ ʥʘ ʢʦʨʦʪʢʠʡ ʦʧʨʝʜʝʣʝʥʥʳʡ ʩʨʦʢ 

6 
ʅʝʪ ʩʪʨʦʛʦ ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʧʝʮʠʘʣʠʟʘ-

ʮʠʠ 
ɼʝʷʪʝʣʴʥʦʩʪʴ ʩʦʪʨʫʜʥʠʢʘ ʫʟʢʦʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʘ 

7 
ʂʦʣʣʝʢʪʠʚʥʘʷ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʠ ʛʨʫʧ-

ʧʦʚʦʝ ʧʨʠʥʷʪʠʝ ʨʝʰʝʥʠʡ 
ʃʠʯʥʘʷ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʠ ʣʠʯʥʦʝ ʧʨʠʥʷʪʠʝ ʨʝʰʝʥʠʡ 

8 
ʇʨʠʦʨʠʪʝʪ ʦʪʜʘʝʪʩʷ ʜʦʣʛʦʩʨʦʯʥʦʤʫ 

ʧʣʘʥʠʨʦʚʘʥʠʶ 
ʆʩʥʦʚʦʡ ʷʚʣʷʝʪʩʷ ʩʪʨʘʪʝʛʠʯʝʩʢʦʝ ʧʣʘʥʠʨʦʚʘʥʠʝ 

 

ɸʤʝʨʠʢʘʥʩʢʘʷ ʤʦʜʝʣʴ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʢʨʫʧʥʳʭ 

ʢʦʤʧʘʥʠʷʭ ʪʘʢʠʭ ʩʪʨʘʥ ʢʘʢ ʂʘʥʘʜʘ, ɸʚʩʪʨʘʣʠʷ, ɺʝ-

ʣʠʢʦʙʨʠʪʘʥʠʷ ʠ ʜʨʫʛʠʭ ʩʪʨʘʥʘʭ. ʕʪʫ ʤʦʜʝʣʴ ʭʘʨʘʢ-

ʪʝʨʠʟʫʝʪ ʥʘʣʠʯʠʝ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʘʢʮʠʦʥʝʨʦʚ ʠ 

ʥʝʟʘʚʠʩʠʤʳʭ ʢʦʣʠʯʝʩʪʚʦ ʢʦʪʦʨʳʭ ʧʦʩʪʦʷʥʥʦ 

ʜʦʣʞʥʦ ʫʚʝʣʠʯʠʚʘʪʴʩʷ, ʪ. ʝ. ʥʝ ʩʚʷʟʘʥʥʳʭ ʩ ʢʦʨʧʦ-

ʨʘʮʠʝʡ ʘʢʮʠʦʥʝʨʦʚ, ʠ ʪʱʘʪʝʣʴʥʦ ʧʨʦʨʘʙʦʪʘʥʥʦʡ ʟʘ-

ʢʦʥʦʜʘʪʝʣʴʥʦʡ ʙʘʟʦʡ, ʢʦʪʦʨʘʷ ʦʧʨʝʜʝʣʷʝʪ ʦʩʥʦʚʥʳʝ 

ʦʙʷʟʘʥʥʦʩʪʠ ʠ ʧʨʘʚʘ ʪʨʝʭ ʢʣʶʯʝʚʳʭ ʩʪʦʨʦʥ: ʫʧʨʘʚ-

ʣʷʶʱʠʝ, ʜʠʨʝʢʪʦʨʘ ʠ ʘʢʮʠʦʥʝʨʳ. 

ʆʪʣʠʯʠʷʤʠ ʧʨʠ ʫʧʨʘʚʣʝʥʠʠ ʙʠʟʥʝʩʦʤ ʚ ʢʦʤʧʘ-

ʥʠʷʭ ʉʐɸ ʠ ʗʧʦʥʠʠ ʷʚʣʷʶʪʩʷ ʥʝ ʪʦʣʴʢʦ ʚʦʧʨʦʩʳ ʦ 

ʨʘʩʰʠʨʝʥʠʠ ʙʠʟʥʝʩʘ, ʥʦ ʠ ʚʦʧʨʦʩʳ, ʢʘʩʘʶʱʠʝʩʷ 

ʫʚʝʣʠʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ʂʦʤʧʘʥʠʠ ʉʐɸ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʚʦʝʤ ʜʣʷ ʫʚʝ-

ʣʠʯʝʥʠʷ ʪʝʤʧʦʚ ʠ ʦʙʲʝʤʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʟʘʯʘʩʪʫʶ 

ʧʦʛʣʦʱʘʶʪ ʠ ʩʣʠʚʘʶʪʩʷ ʩ ʜʨʫʛʠʤʠ ʢʦʤʧʘʥʠʠ, ʚ ʪʦ 

ʚʨʝʤʷ ʢʘʢ ʚ ʗʧʦʥʠʠ ʦʨʠʝʥʪʠʨ ʥʘʮʝʣʝʥ ʥʘ ʥʘʨʘʱʠ-

ʚʘʥʠʝ ʚʥʫʪʨʝʥʥʠʭ ʨʝʩʫʨʩʦʚ ʢʦʤʧʘʥʠʠ ʠ ʧʨʠʦʙʨʝʪʝ-

ʥʠʝ ʜʨʫʛʠʭ ʢʦʤʧʘʥʠʡ ʩʯʠʪʘʝʪʩʷ ʧʣʦʭʠʤ ʪʦʥʦʤ. 

ɼʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʩʦʚʤʝʩʪʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ 

ʗʧʦʥʠʠ ʢʦʤʧʘʥʠʠ ʧʨʝʜʧʦʯʠʪʘʶʪ ʩʦʟʜʘʚʘʪʴ ʢʦʤʧʘ-

ʥʠʠ ʩʦ ʩʤʝʰʘʥʥʳʤ ʢʘʧʠʪʘʣʦʤ. ɺ ʩʣʫʯʘʝ ʝʩʣʠ ʚ ʢʘ-

ʯʝʩʪʚʝ ʧʘʨʪʥʝʨʘ ʧʨʠʚʣʝʢʘʝʪʩʷ ʠʥʦʩʪʨʘʥʥʘʷ ʢʦʤʧʘ-

ʥʠʷ, ʪʦ ʦʥʘ ʙʝʨʝʪ ʥʘ ʩʝʙʷ ʦʙʷʟʘʪʝʣʴʩʪʚʦ ʦʙʝʩʧʝʯʠ-

ʚʘʪʴ ʙʠʟʥʝʩ ʩʦʚʨʝʤʝʥʥʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ, ʷʧʦʥʩʢʘʷ 

ʞʝ ʬʠʨʤʘ - ʩʠʩʪʝʤʦʡ ʩʙʳʪʘ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤʠ 

ʤʦʱʥʦʩʪʷʤʠ. ɽʩʣʠ ʧʘʨʪʥʝʨʘʤʠ ʩ ʦʜʥʦʡ ʠ ʩ ʜʨʫʛʦʡ 

ʩʪʦʨʦʥʳ ʚʳʩʪʫʧʘʶʪ ʢʦʤʧʘʥʠʠ ʗʧʦʥʠʠ, ʪʦ ʠʤʝʝʪ 

ʤʝʩʪʦ ʧʦʜʭʦʜ, ʧʨʠ ʢʦʪʦʨʦʤ ʦʙʝ ʢʦʤʧʘʥʠʠ ʧʨʝʜʣʘ-

ʛʘʶʪ ʜʣʷ ʩʦʚʤʝʩʪʥʦʛʦ ʙʠʟʥʝʩʘ ʣʫʯʰʝʝ ʯʪʦ ʠʤʝʶʪ, 

ʜʣʷ ʪʦʛʦ ʯʪʦʙʳ ʚʟʘʠʤʦʜʦʧʦʣʥʷʪʴ ʜʨʫʛ ʜʨʫʛʘ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠ 

ʩʦʚʤʝʩʪʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ. 

ʂʦʤʧʘʥʠʠ ʗʧʦʥʠʠ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʶʪ 

ʫʧʨʘʚʣʝʥʠʶ ʥʘ ʤʝʩʪʝ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʈʘʙʦʯʠʝ ʧʦ-

ʤʠʤʦ ʩʚʦʠʭ ʦʩʥʦʚʥʳʭ ʟʘʜʘʯ ʧʨʠ ʩʪʘʥʜʘʨʪʥʦʤ ʨʝ-

ʞʠʤʝ ʨʘʙʦʪʳ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʪʘʢʞʝ ʤʦʛʫʪ ʚʳʧʦʣʥʷʪʴ 

ʥʝʩʪʘʥʜʘʨʪʥʳʝ ʟʘʜʘʯʠ, ʢ ʢʦʪʦʨʳʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ, 

ʚʳʷʚʣʝʥʠʝ ʥʝʧʦʣʘʜʦʢ, ʥʘʩʪʨʦʡʢʫ ʦʙʦʨʫʜʦʚʘʥʠʷ, 

ʢʦʥʪʨʦʣʴ ʢʘʯʝʩʪʚʘ ʚʳʧʫʩʢʘʝʤʦʡ ʧʨʦʜʫʢʮʠʠ. ʉʧʝʮʠ-

ʘʣʠʩʪʳ ʠʟ ʜʨʫʛʠʭ ʢʦʤʧʘʥʠʡ ʧʨʠʚʣʝʢʘʶʪʩʷ ʪʦʣʴʢʦ ʚ 

ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʟʘʜʘʯʘ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ʩʣʦʞʥʦ-

ʩʪʠ ʠ ʫ ʩʦʪʨʫʜʥʠʢʦʚ ʢʦʤʧʘʥʠʠ ʥʝʪ ʥʝʦʙʭʦʜʠʤʳʭ 

ʥʘʚʳʢʦʚ. 

ɹʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʧʝʨʝʜʘʯʝ ʦʧʳʪʘ ʠ 

ʟʥʘʥʠʡ ʩʦʪʨʫʜʥʠʢʦʚ ʚ ʧʦʜʨʘʟʜʝʣʝʥʠʷ, ʟʘʥʠʤʘʶʱʠ-

ʝʩʷ ʥʘʫʯʥʳʤʠ ʨʘʙʦʪʘʤʠ [6]. 

ʉʫʪʴ ʧʨʦʮʝʩʩʦʚ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʝʢʪʘʤʠ ʦʧʠʩʳ-

ʚʘʝʪʩʷ ʩʦ ʩʪʦʨʦʥʳ ʚʥʝʜʨʝʥʠʷ ʧʨʦʮʝʩʩʦʚ ʚ ʙʠʟʥʝʩ, 

ʮʝʣʝʡ, ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʢʦʪʦʨʳʭ ʦʥʠ ʩʣʫʞʘʪ, ʘ ʪʘʢʞʝ 

ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. 

PMBOK - ʵʪʦ ʥʘʮʠʦʥʘʣʴʥʳʡ ʩʪʘʥʜʘʨʪ ANSI ʚ 

ʉʐɸ. 

ʇʨʝʠʤʫʱʝʩʪʚʘ - ʘʤʝʨʠʢʘʥʩʢʠʡ ʩʪʘʥʜʘʨʪ 

ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʝʢʪʘʤʠ. ʆʯʝʥʴ ʭʦʨʦʰʦ ʠ ʢʘʯʝ-

ʩʪʚʝʥʥʦ ʧʨʦʨʘʙʦʪʘʥʘ ʪʝʭʥʦʣʦʛʠʷ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦ-

ʝʢʪʘʤʠ, ʠʤʝʝʪ ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʜʦʢʫʤʝʥʪʘʮʠʠ, 

ʥʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʦʣʥʦʛʦ ʢʦʤʧʣʝʢʪʘ ʠʭ ʪʨʝʙʫʝʪʩʷ 

ʧʨʠʦʙʨʝʩʪʠ, ʠʤʝʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʡʪʠ ʦʬʠʮʠ-

ʘʣʴʥʫʶ ʩʝʨʪʠʬʠʢʘʮʠʶ ʠ ʦʙʫʯʝʥʠʝ. ʉʫʱʝʩʪʚʫʝʪ 

ʧʦʜʜʝʨʞʢʘ Microsoft Project. 

ʀʟ ʥʝʜʦʩʪʘʪʢʦʚ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ ʪʦ, ʯʪʦ ʠʟ-ʟʘ 

ʩʚʦʝʡ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʠ ʚ ʥʝʤ ʧʨʠʩʫʪʩʪʚʫʝʪ ʤʥʦʛʦ 

ʚʝʩʴʤʘ ʩʧʝʮʠʬʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ 

ʙʳʪʴ ʧʨʠʤʝʥʝʥʘ ʚ ʨʝʜʢʠʭ ʠ ʩʣʦʞʥʳʭ ʜʣʷ ʨʝʘʣʠʟʘ-

ʮʠʠ ʩʣʫʯʘʷʭ [7]. 

PRojects IN Controlled Environments 2 

(PRINCE2) - ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʡ ʤʝʪʦʜ ʫʧʨʘʚʣʝʥʠʷ 

ʧʨʦʝʢʪʘʤʠ. PRINCE2 ʩʦʜʝʨʞʠʪ ʚ ʩʝʙʝ ʧʦʜʭʦʜʳ 

ʫʧʨʘʚʣʝʥʠʶ, ʢʦʥʪʨʦʣʶ ʠ ʦʨʛʘʥʠʟʘʮʠʠ ʧʨʦʝʢʪʦʚ. 

ʀʟʥʘʯʘʣʴʥʦ ʤʝʪʦʜ ʨʘʟʨʘʙʘʪʳʚʘʣʩʷ ʚ ʢʘʯʝʩʪʚʝ ʩʪʘʥ-

ʜʘʨʪʘ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʝʢʪʘʤʠ ʚ ʦʙʣʘʩʪʷʭ ʩʚʷʟʘʥ-

ʥʳʤʠ ʩ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ, ʥʦ ʩʦ 

ʚʨʝʤʝʥʝʤ ʠʟʤʝʥʠʣʩʷ ʠ ʪʝʧʝʨʴ ʠʩʧʦʣʴʟʫʝʪʩʷ ɺʝʣʠ-

ʢʦʙʨʠʪʘʥʠʝʡ ʥʘ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʫʨʦʚʥʝ ʜʣʷ ʫʧʨʘʚ-

ʣʝʥʠʷ ʧʨʦʝʢʪʘʤʠ ʚ ʩʦʮʠʘʣʴʥʦʡ ʩʬʝʨʝ. 

ʄʝʪʦʜʦʣʦʛʠʷ (PRINCE2) ʦʧʠʩʳʚʘʝʪʩʷ ʦʪ ʘʙ-

ʩʪʨʘʢʮʠʡ ʢ ʙʦʣʝʝ ʢʦʥʢʨʝʪʥʦʤʫ ʩʦʜʝʨʞʘʥʠʶ, ʜʨʫ-

ʛʠʤʠ ʩʣʦʚʘʤʠ "ʩʚʝʨʭʫ ʚʥʠʟ". ɺ ʝʝ ʩʦʩʪʘʚ ʚʭʦʜʷʪ ʪʨʠ 

ʚʘʞʥʳʭ ʢʦʤʧʦʥʝʥʪʘ: ʧʣʘʥʠʨʦʚʘʥʠʝ, ʫʧʨʘʚʣʝʥʠʝ ʠʟ-

ʤʝʥʝʥʠʷʤʠ ʠ ʫʧʨʘʚʣʝʥʠʝ ʢʘʯʝʩʪʚʦʤ. ʉʘʤ ʞʝ ʧʨʦ-

ʮʝʩʩ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʩʦʩʪʦʠʪ ʠʟ ʩʪʘʜʠʡ, ʧʦʜʩʪʘʜʠʡ ʠ 

ʩʚʷʟʝʡ. 
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ʉʪʦʠʪ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʪʦ, ʯʪʦ ʦʧʠʩʘʥʠʝ 

ʩʪʘʜʠʡ ʠ ʧʦʜʩʪʘʜʠʡ ʵʪʦ ʥʝ ʢʘʢʠʝ-ʪʦ ʦʧʨʝʜʝʣʝʥʥʳʝ 

ʢʨʠʪʝʨʠʠ ʚ ʷʚʥʦʤ ʚʠʜʝ, ʘ ʩʢʦʨʝʝ ʩʧʦʩʦʙʳ ʜʦʩʪʠʞʝ-

ʥʠʷ ʵʪʠʭ ʢʨʠʪʝʨʠʝʚ [7]. 

ʂ ʧʨʝʠʤʫʱʝʩʪʚʘʤ ʩʪʦʠʪ ʦʪʥʝʩʪʠ ʩʣʝʜʫʶʱʝʝ: 

"ʨʝʢʫʨʩʠʚʥʳʡ" ʧʦʜʭʦʜ, ʙʣʘʛʦʜʘʨʷ ʢʦʪʦʨʦʤʫ ʢʘʞ-

ʜʳʡ ʦʪʜʝʣʴʥʳʡ ʵʪʘʧ ʧʨʦʝʢʪʘ ʤʦʞʝʪ ʙʳʪʴ ʦʧʠʩʘʥ 

ʢʘʢ ʦʪʜʝʣʴʥʳʡ ʧʨʦʝʢʪ, ʪʘʢʞʝ ʦʧʠʩʘʥʥʳʡ ʨʘʩʩʤʘʪ-

ʨʠʚʘʝʤʦʡ ʤʝʪʦʜʦʣʦʛʠʝʡ, ʷʚʥʦ ʚʳʨʘʞʝʥ ʧʝʨʝʭʦʜ ʢ 

ʙʦʣʝʝ ʘʙʩʪʨʘʢʪʥʳʤ ʧʦʥʷʪʠʷʤ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʟʙʘ-

ʚʠʪʴʩʷ ʦʪ ʠʟʣʠʰʥʝʡ ʨʘʩʧʣʳʚʯʘʪʦʩʪʠ, ʢʘʢ ʵʪʦ ʧʨʠ-

ʩʫʪʩʪʚʫʝʪ ʚ PMBOK. 

ɽʩʣʠ ʛʦʚʦʨʠʪʴ ʦ ʥʝʜʦʩʪʘʪʢʘʭ, ʪʦ ʤʦʞʥʦ ʚʳʜʝ-

ʣʠʪʴ ʜʚʘ ʦʩʥʦʚʥʳʭ ʠ ʜʦʚʦʣʴʥʦ ʟʥʘʯʠʤʳʭ ʤʦʤʝʥʪʘ. 

ʇʝʨʚʳʡ - ʜʣʷ ʧʷʪʠ ʠʟ ʚʦʩʴʤʠ ʢʦʤʧʦʥʝʥʪʦʚ ʦʥ ʥʝ ʜʦ-

ʧʠʩʘʥ ʧʦʣʥʦʩʪʴʶ. ʀʟ ʵʪʦʛʦ ʚʳʪʝʢʘʝʪ ʚʪʦʨʦʡ ʤʠʥʫʩ 

- ʩʣʦʞʥʦ ʥʘʡʪʠ ʘʢʪʫʘʣʴʥʫʶ ʜʦʢʫʤʝʥʪʘʮʠʶ ʧʦ ʥʝʤʫ. 
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ʦʩʥʦʚʳʚʘʶʱʠʡʩʷ ʥʘ ʦʧʳʪʝ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʝʢʪʘʤʠ 

ʗʧʦʥʠʠ ʩ 1999 ʛʦʜʘ, ʧʦʟʚʦʣʠʚʰʠʡ ʨʝʘʣʠʟʦʚʳʚʘʪʴ 

ʧʨʦʝʢʪʳ ʩ ʙʦʣʴʰʝʡ ʜʦʙʘʚʣʝʥʥʦʡ ʩʪʦʠʤʦʩʪʴʶ. 

P2M - ʥʘʙʦʨ ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʟʥʘʥʠʡ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʚ ʚʠʜʝ çʈʫʢʦʚʦʜʩʪʚʘ ʧʦ ʫʧʨʘʚʣʝ-

ʥʠʶ ʠʥʥʦʚʘʮʠʦʥʥʳʤʠ ʧʨʦʝʢʪʘʤʠ ʠ ʧʨʦʛʨʘʤʤʘʤʠ 

ʧʨʝʜʧʨʠʷʪʠʡè. ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʯʝʨʪʦʡ ʜʘʥʥʦʡ ʤʝ-

ʪʦʜʦʣʦʛʠʠ ʷʚʣʷʝʪʩʷ ʝʝ ʦʨʠʝʥʪʘʮʠʷ ʥʘ ʫʣʫʯʰʝʥʠʝ 

ʙʠʟʥʝʩʘ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʦʚ. 

ʀʥʘʯʝ ʛʦʚʦʨʷ, ʤʝʪʦʜʦʣʦʛʠʝʡ ʦʧʠʩʳʚʘʝʪʩʷ ʩʧʦʩʦʙʳ 

ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʚʳʧʦʣʥʷʝʤʳʭ ʧʨʦʝʢʪʦʚ ʩ ʙʠʟʥʝʩ-

ʩʪʨʘʪʝʛʠʝʡ ʢʦʤʧʘʥʠʠ, ʘ ʪʘʢʞʝ ʢʘʢ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦ-

ʚʘʪʴ ʦʧʳʪ, ʧʦʣʫʯʝʥʥʳʡ ʧʦ ʠʪʦʛʘʤ ʦʢʦʥʯʘʥʠʷ ʧʨʦʝʢ-

ʪʦʚ ʩ ʮʝʣʴʶ ʨʘʟʚʠʪʠʷ ʢʦʤʧʘʥʠʠ. 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʩʪʘʥʜʘʨʪʘ: 

P2M ʦʧʠʩʳʚʘʝʪ ʧʨʦʝʢʪ ʢʘʢ ʜʝʷʪʝʣʴʥʦʩʪʴ, 

ʥʘʧʨʘʚʣʝʥʥʫʶ ʥʘ ʩʦʟʜʘʥʠʝ ʮʝʥʥʦʛʦ ʢʦʥʝʯʥʦʛʦ ʧʨʦ-

ʜʫʢʪʘ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʛʦ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʦʧʨʝʜʝ-

ʣʝʥʥʳʭ ʟʘʜʘʯ. ɺ ʩʣʫʯʘʝ ʝʩʣʠ ʧʨʦʝʢʪ ʟʘʚʝʨʰʝʥ 

ʫʩʧʝʰʥʦ, ʪʦ ʬʦʨʤʠʨʫʝʪʩʷ ʥʦʚʳʡ ʧʨʦʜʫʢʪ, ʣʠʙʦ ʩ 

ʧʦʤʦʱʴʶ ʚʥʝʩʝʥʠʷ ʠʟʤʝʥʝʥʠʡ ʚ ʟʘʢʦʥʯʝʥʥʳʡ ʧʨʦ-

ʝʢʪ, ʣʠʙʦ ʧʦʣʥʦʩʪʴʶ ʥʦʚʳʡ ʧʨʦʜʫʢʪ. 

ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʪʦ, ʯʪʦ ʩʪʘʥʜʘʨʪ 

ʤʘʣʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʦʤʤʝʨʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨʘʭ. ɺ 

ʩʚʷʟʠ ʩ ʵʪʠʤ ʠʤʝʝʪʩʷ ʥʝ ʪʘʢ ʤʥʦʛʦ ʠʥʬʦʨʤʘʮʠʠ ʦ 

ʝʛʦ ʧʨʠʤʝʥʝʥʠʠ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʩʪʘʥʜʘʨ-

ʪʘʤʠ [7]. 

ɽʚʨʦʧʝʡʩʢʠʡ ʠ ʘʤʝʨʠʢʘʥʩʢʠʡ ʧʦʜʭʦʜʳ ʢ 

ʫʧʨʘʚʣʝʥʠʶ ʧʨʦʝʢʪʘʤʠ ʫʩʧʝʰʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚʦ 

ʚʩʝʤ ʤʠʨʝ. ʉʪʘʥʜʘʨʪʳ PRINCE2 ʠ PMBOK ʤʦʛʫʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʩʦʚʤʝʩʪʥʦ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʪʘʢ ʢʘʢ 

ʦʥʠ ʦʪʣʠʯʥʦ ʜʦʧʦʣʥʷʶʪ ʜʨʫʛ ʜʨʫʛʘ. 

PMBOK ʩʦʜʝʨʞʠʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʟʥʘʥʠʡ 

ʠʟ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʝʡ ʠ ʧʦʤʦʛʘʝʪ ʧʨʠʦʙʨʝʩʪʠ 

ʥʘʚʳʢʠ ʜʣʷ ʫʩʧʝʰʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʝʢʪʘʤʠ, ʚ ʪʦ 

ʚʨʝʤʷ ʢʘʢ PRINCE2 ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʜʝʪʘʣʴʥʦʝ ʨʫʢʦ-

ʚʦʜʩʪʚʦ ʢ ʜʝʡʩʪʚʠʶ. 

ʉʨʘʚʥʠʚ ʪʨʠ ʧʦʜʭʦʜʘ ʢ ʫʧʨʘʚʣʝʥʠʶ ʧʨʦʝʢʪʘʤʠ 

(ʘʤʝʨʠʢʘʥʩʢʠʡ, ʝʚʨʦʧʝʡʩʢʠʡ ʠ ʷʧʦʥʩʢʠʡ) ʤʦʞʥʦ 

ʚʳʷʚʠʪʴ ʨʘʟʣʠʯʠʷ ʥʝ ʪʦʣʴʢʦ ʚ ʧʦʜʭʦʜʘʭ ʢ ʨʘʙʦʪʝ ʩ 

ʯʝʣʦʚʝʯʝʩʢʠʤʠ ʨʝʩʫʨʩʘʤʠ, ʥʦ ʠ ʢ ʧʨʠʥʮʠʧʘʤ ʦʨʛʘ-

ʥʠʟʘʮʠʠ ʙʠʟʥʝʩʘ ʠ ʫʧʨʘʚʣʝʥʠʠ ʠʤ. ʇʦ ʧʨʦʚʝʜʝʥ-

ʥʦʤʫ ʩʨʘʚʥʠʪʝʣʴʥʦʤʫ ʘʥʘʣʠʟʫ ʚʠʜʥʦ, ʯʪʦ ʷʧʦʥʩʢʠʡ 

ʤʝʥʝʜʞʤʝʥʪ ʩʠʣʴʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʝʚʨʦʧʝʡʩʢʦʛʦ ʠ 

ʘʤʝʨʠʢʘʥʩʢʦʛʦ. ɽʛʦ ʛʣʘʚʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʷʚʣʷ-

ʝʪʩʷ ʪʦ, ʯʪʦ ʟʘ ʦʩʥʦʚʫ ʚʟʷʪʳ ʩʦʮʠʘʣʴʥʳʝ, ʥʘʮʠʦ-

ʥʘʣʴʥʳʝ, ʢʫʣʴʪʫʨʥʳʝ ʠ ʠʩʪʦʨʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ 

ʗʧʦʥʠʠ. ɽʚʨʦʧʝʡʩʢʠʡ ʠ ʘʤʝʨʠʢʘʥʩʢʠʡ ʧʦʜʭʦʜʳ ʢ 

ʫʧʨʘʚʣʝʥʠʶ ʙʠʟʥʝʩʦʤ ʠʤʝʶʪ ʩʪʨʦʛʦ ʬʦʨʤʘʣʠʟʦ-

ʚʘʥʥʳʝ ʧʨʠʥʮʠʧʳ ʤʝʥʝʜʞʤʝʥʪʘ ʠ ʞʝʩʪʢʫʶ ʩʠʩʪʝʤʫ 

ʫʧʨʘʚʣʝʥʠʷ. 

ʀʤʝʥʥʦ ʥʘ ʪʘʢʠʭ ʧʦʜʭʦʜʘʭ ʦʩʥʦʚʳʚʘʶʪʩʷ ʨʘʟ-

ʨʘʙʦʪʯʠʢʠ ʩʦʚʨʝʤʝʥʥʳʭ ERP ʩʠʩʪʝʤ. ʅʝʣʴʟʷ ʦʜʥʦ-

ʟʥʘʯʥʦ ʩʢʘʟʘʪʴ ʢʘʢʘʷ ʤʦʜʝʣʴ ʦʨʛʘʥʠʟʘʮʠʠ ʩʠʩʪʝʤʳ 

ʷʚʣʷʝʪʩʷ ʣʫʯʰʝʡ, ʥʦ ʟʥʘʥʠʝ ʪʦʛʦ, ʢʘʢ ʨʘʙʦʪʘʝʪ ʤʝ-

ʥʝʜʞʤʝʥʪ ʠ ʦʨʛʘʥʠʟʘʮʠʠ ʚ ʜʨʫʛʠʭ ʩʪʨʘʥʘʭ, ʤʦʞʝʪ 

ʫʣʫʯʰʠʪʴ ʩʦʟʜʘʚʘʝʤʫʶ ʩʠʩʪʝʤʫ, ʩʜʝʣʘʪʴ ʝʝ ʢʦʥʢʫ-

ʨʝʥʪʥʦʡ ʠ ʫʜʦʙʥʦʡ ʜʣʷ ʨʘʙʦʪʳ ʤʝʥʝʜʞʝʨʘʤ ʢʨʫʧ-

ʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ. 
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ɸʥʥʦʪʘʮʠʷ 

ʍʦʪʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʝʨʝʨʘʙʦʪʘʥʥʦʛʦ ʙʝʪʦʥʥʦʛʦ ʟʘʧʦʣʥʠʪʝʣʷ (RCA) ʚ ʢʘʯʝʩʪʚʝ ʛʨʫʙʦʛʦ ʟʘʧʦʣʥʠʪʝʣʷ 

ʚ ʙʝʪʦʥʥʳʭ ʩʤʝʩʷʭ ʟʥʘʯʠʪʝʣʴʥʦ ʚʦʟʨʦʩʣʦ ʟʘ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ, ʧʨʦʙʣʝʤʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʝʛʦ ʩʪʨʫʢ-

ʪʫʨʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʠ ʜʦʣʛʦʩʨʦʯʥʳʤ ʧʦʚʝʜʝʥʠʝʤ, ʧʦ-ʧʨʝʞʥʝʤʫ ʧʨʝʧʷʪʩʪʚʫʶʪ ʝʛʦ ʰʠʨʦʢʦʤʫ 

ʧʨʠʤʝʥʝʥʠʶ, ʦʩʦʙʝʥʥʦ ʚ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʮʝʣʷʭ. ʋʯʠʪʳʚʘʷ, ʯʪʦ RCA ̫ ʚʣʷʝʪʩʷ ʢʦʤʧʦʟʠʮʠʦʥʥʳʤ ʤʘʪʝʨʠ-

ʘʣʦʤ, ʩʦʩʪʦʷʱʠʤ ʠʟ ʠʩʭʦʜʥʳʭ ʧʝʨʚʠʯʥʳʭ ʟʘʧʦʣʥʠʪʝʣʝʡ (OVA) ʠ ʦʩʪʘʪʦʯʥʦʛʦ ʨʘʩʪʚʦʨʘ (RM), ʙʳʣʦ ʫʩʪʘ-

ʥʦʚʣʝʥʦ, ʯʪʦ ʫʯʝʪ RM ʢʘʢ ʯʘʩʪʠ ʦʙʱʝʛʦ ʦʙʲʝʤʘ ʨʘʩʪʚʦʨʘ ʚ ʢʦʥʩʪʨʫʢʮʠʠ ʙʝʪʦʥʘ RCA ʤʦʞʝʪ ʫʣʫʯʰʠʪʴ 

ʝʛʦ ʤʝʭʘʥʠʯʝʩʢʠʝ ʠ ʧʨʦʯʥʦʩʪʥʳʝ ʩʚʦʡʩʪʚʘ. ʆʜʥʘʢʦ ʩʫʱʝʩʪʚʫʝʪ ʥʝʜʦʩʪʘʪʦʢ ʠʥʬʦʨʤʘʮʠʠ ʦ ʚʣʠʷʥʠʠ ʠʩ-

ʪʦʯʥʠʢʘ/ʢʘʯʝʩʪʚʘ RCA ʥʘ ʩʚʝʞʠʝ ʠ ʫʧʨʦʯʥʝʥʥʳʝ ʩʦʩʪʦʷʥʠʷ ʙʝʪʦʥʘ RCA. ʇʨʝʜʩʪʘʚʣʝʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴ-

ʥʘʷ (ʪ.ʝ. ʭʠʤʠʯʝʩʢʘʷ, ʤʝʭʘʥʠʯʝʩʢʘʷ ʠ ʥʝʨʘʟʨʫʰʘʶʱʘʷ) ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʤʝʩʝʡ RCA ʠʟ ʨʘʟʣʠʯʥʳʭ ʠʩʪʦʯ-

ʥʠʢʦʚ. ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʙʝʪʦʥ RCA ʤʦʞʝʪ ʙʳʪʴ ʨʘʩʩʤʦʪʨʝʥ ʜʣʷ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʧʨʠʤʝ-

ʥʝʥʠʡ, ʪʘʢ ʢʘʢ ʦʥ ʤʦʞʝʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʮʝʣʝʚʳʤ ʧʦʢʘʟʘʪʝʣʷʤ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʚ ʩʚʝʞʝʤ ʠ 
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Abstract 

Although the use of recycled concrete aggregate (RCA) as coarse aggregate in concrete mixes has increased 

significantly over the past decades, problems with its structural characteristics and long-term behavior continue 

to impede its widespread use, especially for structural purposes. Given that RCA is a composite material consisting 

of initial primary aggregates (OVA) and residual mortar (RM), it has been found that taking RM as part of the 

total mortar volume into RCA concrete construction can improve its mechanical and strength properties. However, 

there is a lack of information on the effect of RCA source / quality on the fresh and hardened conditions of RCA 

concrete. This paper presents the experimental (i.e., chemical, mechanical, and non-destructive) characterization 

of RCA mixtures from various sources. The results show that RCA concrete can be considered for structural ap-

plications, as it can meet fresh and hardened performance targets. Finally, a quality control protocol is proposed 

to assess the suitability of RCA sources for use in structures. 
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ɸʥʘʣʠʟ ʩʦʜʝʨʞʘʥʠʷ ʦʩʪʘʪʦʯʥʦʛʦ ʨʘʩʪʚʦʨʘ 

(ʈʄ)  

ɹʦʣʴʰʠʥʩʪʚʦ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʙʝʪʦʥʫ RCA, 

ʦʧʠʩʘʥʥʳʭ ʚ ʣʠʪʝʨʘʪʫʨʝ, ʠʩʧʦʣʴʟʫʶʪ ʪʨʘʜʠʮʠʦʥ-

ʥʳʝ ʤʝʪʦʜʳ ʜʦʟʠʨʦʚʘʥʠʷ ʩʤʝʩʠ ʧʫʪʝʤ ʧʨʷʤʦʡ ʟʘ-

ʤʝʥʳ NA ʥʘ RCA [1]. ʏʘʩʪʦ ʟʘʪʝʤ ʪʨʝʙʫʶʪʩʷ ʜʦʧʦʣ-

ʥʠʪʝʣʴʥʳʝ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʜʣʷ ʩʦʦʪʚʝʪʩʪʚʠʷ ʢʨʠʪʝ-

ʨʠʷʤ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚ ʩʚʝʞʝʤ ʠ/ʠʣʠ ʟʘʪʚʝʨʜʝʚʰʝʤ 

ʩʦʩʪʦʷʥʠʠ, ʪʘʢʠʝ ʢʘʢ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʩʦ-

ʜʝʨʞʘʥʠʷ ʮʝʤʝʥʪʘ ʠ / ʠʣʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝʟʥʘʯʠ-

ʪʝʣʴʥʳʭ ʢʦʣʠʯʝʩʪʚ ʩʫʧʝʨʧʣʘʩʪʠʬʠʢʘʪʦʨʦʚ, ʝʩʣʠ ʥʝ 

ʫʯʠʪʳʚʘʝʪʩʷ ʩʫʱʝʩʪʚʫʶʱʠʡ ʦʩʪʘʪʦʯʥʳʡ ʨʘʩʪʚʦʨ 

RCA. ʅʘ ʩʘʤʦʤ ʜʝʣʝ, ʢʘʯʝʩʪʚʦ ʠ ʢʦʣʠʯʝʩʪʚʦ RM ʦʪ-

ʣʠʯʘʝʪ RCA ʦʪ NA. RCA ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʨʘʟʣʠʯʥʳʭ 

ʬʘʟ: ʠʩʭʦʜʥʦʛʦ ʧʝʨʚʠʯʥʦʛʦ ʘʛʨʝʛʘʪʘ (OVA) ʠ ʧʨʠ-

ʩʦʝʜʠʥʝʥʥʦʛʦ RM. ʀʟ-ʟʘ ʙʦʣʝʝ ʥʠʟʢʠʭ ʬʠʟʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʨʘʩʪʚʦʨʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ NAs, ʙʦʣʝʝ ʚʳʩʦ-

ʢʠʝ ʢʦʣʠʯʝʩʪʚʘ RM ʦʙʳʯʥʦ ʧʨʠʚʦʜʷʪ ʢ ʙʦʣʝʝ ʥʠʟ-

ʢʦʡ RCA ʢʘʯʝʩʪʚʦ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʙʦʣʝʝ ʥʠʟʢʘʷ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʙʝʪʦʥʘ RCA. ʆʙʱʠʝ ʧʦʩʣʝʜ-

ʩʪʚʠʷ - ʙʦʣʝʝ ʥʠʟʢʠʡ ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʠ ʙʦʣʝʝ ʚʳ-

ʩʦʢʘʷ ʫʩʘʜʢʘ ʧʨʠ ʩʫʰʢʝ ʠ ʧʦʣʟʫʯʝʩʪʴ ʙʝʪʦʥʘ RCA. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʢʦʣʠʯʝʩʪʚʦ RM ʷʚʣʷʝʪʩʷ ʢʨʠʪʠʯʝ-

ʩʢʠʤ ʧʨʦʝʢʪʥʳʤ ʧʘʨʘʤʝʪʨʦʤ; ʢ ʩʦʞʘʣʝʥʠʶ, ʚ ʙʦʣʴ-

ʰʠʥʩʪʚʝ ʧʨʝʜʳʜʫʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʩʪʘʪʦʯʥʦʝ ʩʦ-

ʜʝʨʞʘʥʠʝ RCA ʚ ʨʘʩʪʚʦʨʝ (RMC) ʥʝ ʙʳʣʦ ʫʢʘʟʘʥʦ 

ʠ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʥʝ ʦʧʨʝʜʝʣʝʥʦ [2]. 

ʂʦʣʠʯʝʩʪʚʦ RM ʚ ʠʩʪʦʯʥʠʢʝ RCA ʤʦʞʝʪ ʙʳʪʴ 

ʦʧʨʝʜʝʣʝʥʦ ʧʫʪʝʤ ʟʘʤʘʯʠʚʘʥʠʷ ʯʘʩʪʠʮ RCA ʚ ʨʘʩ-

ʪʚʦʨʝ ʩʫʣʴʬʘʪʘ ʥʘʪʨʠʷ (26% ʧʦ ʤʘʩʩʝ) ʠ ʧʦʜʚʝʨʛʘ-

ʥʠʷ ʠʭ ʧʷʪʠ ʮʠʢʣʘʤ ʟʘʤʦʨʘʞʠʚʘʥʠʷ ʠ ʦʪʪʘʠʚʘʥʠʷ, 

ʧʦʩʣʝ ʯʝʛʦ ʦʙʨʘʟʮʳ ʧʨʦʩʝʠʚʘʶʪ, ʩʫʰʘʪ ʚ ʧʝʯʠ ʠ 

ʚʟʚʝʰʠʚʘʶʪ. ʇʦʪʝʨʷ ʚʝʩʘ ʚ ʪʝʯʝʥʠʝ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ 

ʩʯʠʪʘʝʪʩʷ RM RCA ʚ ʧʨʦʮʝʥʪʘʭ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʧʨʦʯʥʦʩʪʠ ʚ 

ʙʝʪʦʥʝ RCA ʩʦʦʪʥʦʰʝʥʠʝ w/c ʚ ʥʦʚʦʤ ʨʘʩʪʚʦʨʝ 

(NM) ʜʦʣʞʥʦ ʙʳʪʴ ʨʘʚʥʦ ʠʣʠ ʤʝʥʴʰʝ, ʯʝʤ ʩʦʦʪʥʦ-

ʰʝʥʠʝ w/c ʚ RM. ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʧʨʦʯʥʦʩʪʴ NM 
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ʜʦʣʞʥʘ ʙʳʪʴ ʚʳʰʝ, ʯʝʤ ʫ RM. ʍʦʪʷ ʨʘʥʝʝ ʨʘʟʨʘʙʦ-

ʪʘʥʥʳʝ ʤʝʪʦʜʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ EMV ʠ EV mix ʧʦʟ-

ʚʦʣʷʶʪ ʧʨʦʝʢʪʠʨʦʚʱʠʢʫ ʫʯʠʪʳʚʘʪʴ ʢʦʣʠʯʝʩʪʚʦ RM 

ʚ ʠʩʪʦʯʥʠʢʝ RCA, ʦʥʠ ʷʚʥʦ ʥʝ ʫʯʠʪʳʚʘʶʪ ʝʛʦ ʢʘʯʝ-

ʩʪʚʦ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʵʪʠ ʧʦʜʭʦʜʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦ-

ʙʦʡ ʷʚʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ, ʧʦʟʚʦʣʷʶʱʝʝ ʦʧʨʝʜʝʣʠʪʴ 

ʥʘʜʣʝʞʘʱʝʝ ʢʦʣʠʯʝʩʪʚʦ RCA ʠ ʜʨʫʛʠʭ ʠʥʛʨʝʜʠʝʥ-

ʪʦʚ ʩʤʝʩʠ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʦʧʨʝʜʝʣʝʥʥʳʭ ʦʧʨʝʜʝ-

ʣʝʥʥʳʭ ʩʚʝʞʠʭ ʠ ʟʘʢʘʣʝʥʥʳʭ ʩʚʦʡʩʪʚ [3]. 

ʀʩʧʳʪʘʥʠʝ ʥʘ ʧʦʚʨʝʞʜʝʥʠʝ ʞʝʩʪʢʦʩʪʠ 

(SDT) 

ʅʝʜʘʚʥʦ ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʨʠ-

ʪʝʨʠʷ ʞʝʩʪʢʦʩʪʠ ʨʘʟʨʫʰʝʥʠʷ (SDT) ʜʣʷ ʢʦʣʠʯʝ-

ʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʩʪʝʧʝʥʠ ʨʘʟʨʫʰʝʥʠʷ ʙʝʪʦʥʘ, ʧʦʜ-

ʚʝʨʞʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʶ ʨʷʜʘ ʤʝʭʘʥʠʟʤʦʚ ʨʘʟʨʫ-

ʰʝʥʠʷ, ʪʘʢʠʭ ʢʘʢ ʱʝʣʦʯʥʦ-ʘʛʨʝʛʘʪʥʘʷ ʨʝʘʢʮʠʷ 

(AAR), ʟʘʤʦʨʘʞʠʚʘʥʠʝ ʠ ʦʪʪʘʠʚʘʥʠʝ (FT) ʠ ʟʘʤʝʜ-

ʣʝʥʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʵʪʪʨʠʥʛʠʪʘ (DEF). SDT ʧʨʝʜ-

ʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʮʠʢʣʠʯʝʩʢʫʶ ʧʨʦʮʝʜʫʨʫ ʠʩʧʳʪʘʥʠʷ 

ʥʘ ʩʞʘʪʠʝ, ʦʙʳʯʥʦ ʚʳʧʦʣʥʷʝʤʫʶ ʧʨʠ 40% ʨʘʩʯʝʪ-

ʥʦʡ (28-ʜʥʝʚʥʦʡ) ʧʨʦʯʥʦʩʪʠ ʙʝʪʦʥʘ ʘʥʘʣʠʟʠʨʫʝ-

ʤʦʛʦ ʦʙʨʘʟʮʘ ʧʨʠ ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʩʢʦʨʦʩʪʠ ʥʘʛʨʫ-

ʞʝʥʠʷ 0,10 ʄʇʘ/ʩ. ʆʩʥʦʚʥʳʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʠʩʧʳ-

ʪʘʥʠʡ ʷʚʣʷʶʪʩʷ [4]:  

1)  ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ (ʨʘʩʩʯʠʪʘʥʥʳʡ ʢʘʢ ʩʨʝʜ-
ʥʝʝ ʟʥʘʯʝʥʠʝ ʤʦʜʫʣʷ, ʧʦʣʫʯʝʥʥʦʛʦ ʚ ʮʠʢʣʘʭ 2 ʠ 3);  

2)  ʞʝʩʪʢʦʩʪʴ ʀʥʜʝʢʩ ʧʦʚʨʝʞʜʝʥʠʷ (SDI);  

3)  ʠʥʜʝʢʩ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ (PDI), ʢʦ-

ʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʦʪʥʦʰʝʥʠʝʤ 

ʤʝʞʜʫ ʨʘʩʩʝʷʥʥʦʡ ʵʥʝʨʛʠʝʡ ʠʣʠ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝ-

ʬʦʨʤʘʮʠʝʡ ʚ ʪʝʯʝʥʠʝ ʧʷʪʠ ʮʠʢʣʦʚ ʟʘʛʨʫʟʢʠ/ʨʘʟ-

ʛʨʫʟʢʠ ʠ ʦʙʱʝʡ ʵʥʝʨʛʠʝʡ/ʦʙʱʝʡ ʜʝʬʦʨʤʘʮʠʝʡ, ʧʦ-

ʤʝʱʝʥʥʦʡ ʚ ʩʠʩʪʝʤʫ ʚ ʪʝʯʝʥʠʝ ʧʷʪʠ ʮʠʢʣʦʚ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ SDT ʦʩʥʦʚʘʥʦ ʥʘ ʧʨʝʜʧʦʣʦʞʝ-

ʥʠʠ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʠʟʢʦʢʘʯʝʩʪʚʝʥʥʦʛʦ RCA 

ʘʥʘʣʦʛʠʯʥʦ ʚʥʫʪʨʝʥʥʝʤʫ "ʧʦʚʨʝʞʜʝʥʠʶ" ʚ ʙʝʪʦʥʝ 

ʠʟ-ʟʘ ʩʣʘʙʳʭ ʤʝʩʪ ʚ ʤʠʢʨʦʩʪʨʫʢʪʫʨʝ ʠ ʥʘʣʠʯʠʷ ʤʠʢ-

ʨʦʪʨʝʱʠʥ, ʢʦʪʦʨʳʝ ʧʨʠʚʝʜʫʪ ʢ ʙʦʣʴʰʝʡ ʜʠʩʩʠʧʘ-

ʮʠʠ ʵʥʝʨʛʠʠ/ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʚʦ ʚʨʝʤʷ 

ʮʠʢʣʦʚ ʟʘʛʨʫʟʢʠ/ʨʘʟʛʨʫʟʢʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ CC. 

ʍʦʪʷ SDT ʜʦ ʩʠʭ ʧʦʨ ʥʠʢʦʛʜʘ ʥʝ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʜʣʷ 

ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ʙʝʪʦʥʘ RCA, ʦʞʠʜʘʝʪʩʷ, ʯʪʦ ʵʪʦʪ 

ʠʥʩʪʨʫʤʝʥʪ ʩʤʦʞʝʪ ʦʮʝʥʠʪʴ ʚʥʫʪʨʝʥʥʝʝ ʢʘʯʝʩʪʚʦ 

ʩʤʝʩʠ RCA ʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʮʝʥʠʪʴ ʚʣʠʷʥʠʝ ʠʩ-

ʪʦʯʥʠʢʘ RCA ʥʘ ʧʦʚʝʜʝʥʠʝ ʙʝʪʦʥʥʳʭ ʩʤʝʩʝʡ RCA. 

ʅʝʨʘʟʨʫʰʘʶʱʠʡ ʢʦʥʪʨʦʣʴ 

ʇʨʦʮʝʜʫʨʳ ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ (ʥʝʨʘʟ-

ʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ) ʧʦʟʚʦʣʷʶʪ ʙʳʩʪʨʦ ʦʮʝʥʠʪʴ 

ʚʥʫʪʨʝʥʥʝʝ ʢʘʯʝʩʪʚʦ ʙʝʪʦʥʥʳʭ ʩʤʝʩʝʡ [1]. ɹʳʣʦ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ ʨʷʜ ʥʝʨʘʟʨʫʰʘʶʱʠʭ 

ʤʝʪʦʜʦʚ, ʪʘʢʠʭ ʢʘʢ ʩʢʦʨʦʩʪʴ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʠʤ-

ʧʫʣʴʩʘ (UPV), ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʩʦʧʨʦ-

ʪʠʚʣʝʥʠʝ (ER), ʤʦʣʦʪʦʢ ʐʤʠʜʪʘ ʠ ʜʨ., ʤʦʞʝʪ ʙʳʪʴ 

ʚ ʩʦʩʪʦʷʥʠʠ ʦʮʝʥʠʪʴ ʚʣʠʷʥʠʝ ʢʦʣʠʯʝʩʪʚʘ RCA ʥʘ 

ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʙʝʪʦʥʘ RCA. ʇʨʠ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʠ ʦʙʳʯʥʳʭ ʤʝʪʦʜʦʚ ʜʦʟʠʨʦʚʘʥʠʷ ʩʤʝʩʠ, ʯʝʤ 

ʚʳʰʝ ʩʦʜʝʨʞʘʥʠʝ RCA, ʪʝʤ ʥʠʞʝ ʪʚʝʨʜʦʩʪʴ ʧʦ 

ʐʤʠʜʪʫ ʠ ʨʝʟʫʣʴʪʘʪʳ UPV. ɺ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ 

ʦʞʠʜʘʝʪʩʷ, ʯʪʦ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ ʥʝʨʘʟʨʫʰʘʶ-

ʱʝʛʦ ʢʦʥʪʨʦʣʷ ʩʤʦʛʫʪ ʨʘʟʣʠʯʘʪʴ ʥʝ ʪʦʣʴʢʦ ʢʦʣʠʯʝ-

ʩʪʚʦ RCA, ʥʦ ʠ ʝʛʦ ʚʥʫʪʨʝʥʥʝʝ ʦʙʱʝʝ ʢʘʯʝʩʪʚʦ (ʪ. ʝ. 

ʩʪʝʧʝʥʴ ʨʘʩʪʨʝʩʢʠʚʘʥʠʷ ʠ ʧʦʨʠʩʪʦʩʪʴ) [2]. ʂʨʦʤʝ 

ʪʦʛʦ, ʥʘʩʢʦʣʴʢʦ ʠʟʚʝʩʪʥʦ ʘʚʪʦʨʫ, ʥʝʨʘʟʨʫʰʘʶʱʠʡ 

ʢʦʥʪʨʦʣʴ ʥʠʢʦʛʜʘ ʥʝ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʜʣʷ ʦʮʝʥʢʠ ʢʘ-

ʯʝʩʪʚʘ RCA ʠ ʧʦʵʪʦʤʫ ʜʦʣʞʝʥ ʙʳʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʦ 

ʠʟʫʯʝʥ. 

ʀʩʧʳʪʘʥʠʝ ʥʘ ʩʪʠʨʘʥʠʝ 

ʀʩʧʳʪʘʥʠʝ ʥʘ ʩʪʠʨʘʥʠʝ ʦʙʳʯʥʦ ʧʨʦʚʦʜʠʪʩʷ 

ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʫʜʘʨʥʦʡ ʚʷʟʢʦʩʪʠ ʯʘʩʪʠʮ ʢʨʫʧʥʦʛʦ 

ʟʘʧʦʣʥʠʪʝʣʷ ʠʣʠ, ʜʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʜʣʷ ʦʮʝʥʢʠ ʠʭ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʜʝʛʨʘʜʘʮʠʠ (ʤʠʢʨʦ-ʜʝʚʘʣʴʚʘʮʠʠ). 

ʌʘʢʪʠʯʝʩʢʠ ʧʨʦʮʝʜʫʨʘ ʠʩʧʳʪʘʥʠʷ ʚ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʠʩʪʠʨʘʥʠʷ ʘʛʨʝ-

ʛʘʪʦʚ [6, ʩ.133].  

ʉʦʛʣʘʩʥʦ ʝʚʨʦʧʝʡʩʢʦʤʫ ʩʪʘʥʜʘʨʪʫ EN-12620, 

ʠʩʧʳʪʘʥʠʝ ʥʘ ʠʩʪʠʨʘʥʠʝ LA ʤʦʞʝʪ ʜʘʪʴ ʠʟʤʝʨʝʥʠʝ 

ʢʘʯʝʩʪʚʘ RCA, ʪʘʢ ʢʘʢ ʨʘʟʣʠʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʫʜʘʨ-

ʥʦʡ ʚʷʟʢʦʩʪʠ ʤʦʛʫʪ ʙʳʪʴ ʠʟʤʝʨʝʥʳ ʦʪ RCA, ʧʨʝʜ-

ʩʪʘʚʣʷʶʱʝʛʦ ʨʘʟʣʠʯʥʦʝ ʩʦʜʝʨʞʘʥʠʝ RM [5]. ʂʨʦʤʝ 

ʪʦʛʦ, ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ ʢʦʨʨʝʣʷʮʠʷ 

ʤʝʞʜʫ ʧʦʩʣʝʜʥʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʠ ʧʨʦʯʥʦʩʪʴʶ ʥʘ 

ʩʞʘʪʠʝ ʙʝʪʦʥʘ, ʠʟʛʦʪʦʚʣʝʥʥʦʛʦ RCA. ʆʜʥʘʢʦ ʢʦʣʠ-

ʯʝʩʪʚʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʷ, ʦʩʦʙʝʥʥʦ ʚ ʦʪ-

ʥʦʰʝʥʠʠ ʭʠʤʠʯʝʩʢʠʭ, ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ ʥʝʨʘʟʨʫʰʘ-

ʶʱʠʭ ʠʩʧʳʪʘʥʠʡ, ʜʦ ʩʠʭ ʧʦʨ ʦʪʩʫʪʩʪʚʫʶʪ ʚ ʣʠʪʝʨʘ-

ʪʫʨʝ ʠ ʪʨʝʙʫʶʪ ʜʘʣʴʥʝʡʰʝʛʦ ʠʟʫʯʝʥʠʷ. 

ʀʩʧʳʪʘʥʠʝ ʥʘ ʠʟʛʠʙ 

ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʪʝʩʪʦʚ 

ʜʣʷ ʦʮʝʥʢʠ çʢʦʩʚʝʥʥʦʡè ʧʨʦʯʥʦʩʪʠ ʙʝʪʦʥʘ ʥʘ ʨʘʩ-

ʪʷʞʝʥʠʝ ʷʚʣʷʝʪʩʷ ASTM C 78 - third-point flexural 

loading test (ASTM 1999). ʍʦʪʷ ʵʪʦ ʥʝ çʧʨʷʤʘʷè ʠ ʥʝ 

çʯʠʩʪʘʷè ʤʝʨʘ ʧʨʦʯʥʦʩʪʠ ʥʘ ʨʘʩʪʷʞʝʥʠʝ (ʪ. ʝ. ʤʦ-

ʜʫʣʴ ʨʘʟʨʳʚʘ), ʪʨʝʪʴʝ ʪʦʯʝʯʥʦʝ ʠʩʧʳʪʘʥʠʝ ʥʘ ʠʟʛʠʙ 

ʜʘʝʪ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʧʦʚʝʜʝʥʠʠ ʮʝʤʝʥʪʥʳʭ ʤʘʪʝ-

ʨʠʘʣʦʚ ʧʨʠ ʠʟʛʠʙʝ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʙʳʪʴ ʥʝʧʦʩʨʝʜ-

ʩʪʚʝʥʥʦ ʩʚʷʟʘʥʦ ʩ ʠʭ ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʝʘʢʮʠʝʡ ʚ ʧʦ-

ʣʝʚʳʭ ʫʩʣʦʚʠʷʭ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʨʷʜʝ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʙʳʣ ʠʩʩʣʝʜʦʚʘʥ ʤʦʜʫʣʴ ʨʘʟʨʳʚʘ ʙʝʪʦʥʘ RCA [3]. 

ʍʦʪ̫ ʚ ʣʠʪʝʨʘʪʫʨʝ ʚ ʥʝʢʦʪʦʨʳʭ ʨʘʙʦʪʘʭ ʥʝ ʩʦʦʙʱʘ-

ʝʪʩʷ ʦ ʩʫʱʝʩʪʚʝʥʥʦʡ ʨʘʟʥʠʮʝ ʚ ʤʦʜʫʣʝ ʨʘʟʨʳʚʘ CC 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ RCA-ʙʝʪʦʥʦʤ, ʚʩʝ ʝʱʝ ʩʫʱʝʩʪʚʫʶʪ 

ʥʝʢʦʪʦʨʳʝ ʩʦʤʥʝʥʠʷ ʚ ʩʧʦʩʦʙʥʦʩʪʠ ʵʪʦʛʦ ʪʝʩʪʘ ʨʘʟ-

ʣʠʯʘʪʴ ʨʘʟʣʠʯʥʳʝ ʢʘʯʝʩʪʚʘ RCA ʠ ʠʩʪʦʯʥʠʢʠ ʠʟ-ʟʘ 

ʠʭ ʧʦʚʨʝʞʜʝʥʥʦʡ ʠ ʙʦʣʝʝ ʧʦʨʠʩʪʦʡ ʧʨʠʨʦʜʳ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ CC [4]. ʅʘʢʦʥʝʮ, ʤʦʜʫʣʴ ʨʘʟʨʳʚʘ ʠʟ-

ʤʝʨʷʝʪ ʪʘʢʞʝ ʩʧʦʩʦʙʥʦʩʪʴ ʩʤʝʩʠ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ 

ʧʝʨʚʦʝ ʨʘʩʪʨʝʩʢʠʚʘʥʠʝ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʠʟʤʝʥʷʪʴʩʷ 

ʚ ʙʝʪʦʥʝ, ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʦʤ ʩ ʨʘʟʣʠʯʥʳʤʠ ʩʚʦʡ-

ʩʪʚʘʤʠ ʠ ʠʩʪʦʯʥʠʢʘʤʠ RCA. 

ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʵʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʙʳʣʠ ʠʟʛʦʪʦʚʣʝʥʳ ʦʙ-

ʨʘʟʮʳ ʙʝʪʦʥʘ RCA, ʩʦʜʝʨʞʘʱʠʝ ʧʝʨʝʨʘʙʦʪʘʥʥʳʝ 

ʟʘʧʦʣʥʠʪʝʣʠ ʩ ʨʘʟʣʠʯʥʳʝ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

(ʥʘʧʨʠʤʝʨ, 25, 35 ʠ 45 ʄʇʘ), ʘ ʪʘʢʞʝ ʚʢʣʶʯʝʥʠʝ 

ʨʘʟʣʠʯʥʳʭ ʦʨʠʛʠʥʘʣʴʥʳʭ ʘʛʨʝʛʘʪʥʳʝ ʪʠʧʳ (CL ʠ 

QG). ʈʷʜ ʭʠʤʠʯʝʩʢʠʭ, ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ ʥʝʨʘʟʨʫʰʘ-

ʶ ʠɦʭ ʤʝʪʦʜʦʚ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʦʮʝʥʢʠ ʚʣʠ-

ʷʥʠʷ ʢʘʯʝʩʪʚʘ ʈʂɸ ʠ ʠʩʪʦʯʥʠʢʘ ʥʘ ʈʂɸ ʙʝʪʦʥʥʳʭ 

ʩʤʝʩʝʡ.  

ɺʳʚʦʜʳ: 

¶ ʂʘʢ ʧʨʘʚʠʣʦ, ʯʝʤ ʚʳʰʝ ʢʘʯʝʩʪʚʦ RCA, ʪʝʤ 
ʚʳʰʝ ʢʦʣʠʯʝʩʪʚʦ ʧʨʠʩʦʝʜʠʥʝʥʥʦʡ RM. ʉʯʠʪʘʝʪʩʷ, 

ʯʪʦ ʵʪʦ ʧʨʦʠʩʭʦʜʠʪ ʠʟ-ʟʘ ʤʝʥʴʰʝʡ ʨʘʟʥʠʮʳ ʤʝʞʜʫ 

ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. RM ʠ OVA ʜʣʷ RCA 

ʚʳʩʦʢʠʭ ʢʘʯʝʩʪʚ. ʇʨʠʯʝʤ, ʯʝʤ ʚʳʰʝ ʫʛʣʦʚʘʪʦʩʪʴ ʠ 
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ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʤ ʚʳʰʝ, ʯʝʤ ʙʦʣʴʰʝ 

ʈʄ ʧʨʠʣʠʧʘʝʪ;  

¶ ʀʩʧʳʪʘʥʠʝ ʥʘ ʠʩʪʠʨʘʥʠʝ LA ʥʝ ʢʘʞʝʪʩʷ ʧʦʜ-
ʭʦʜʷʱʠʤ ʜʣʷ ʨʘʟʣʠʯʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʢʘʯʝʩʪʚ RCA, 

ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʪʝʭ ʩʣʫʯʘʝʚ, ʢʦʛʜʘ ʨʝʟʫʣʴʪʘʪʳ 

ʩʨʘʚʥʠʚʘʶʪʩʷ ʩ ʠʭ ʢʦʥʢʨʝʪʥʳʤʠ ʠʩʭʦʜʥʳʤʠ NAs. 

ʆʪʥʦʩʠʪʝʣʴʥʳʡ ʨʦʩʪ 

¶ ʧʦ ʤʘʩʩʝ ʧʦʪʝʨʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʵʪʘʣʦʥʥʳʤ 
ʘʛʨʝʛʘʪʦʤ ʤʦʛʫʪ ʙʳʪʴ ʧʦʪʝʥʮʠʘʣʴʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ 

ʢʘʯʝʩʪʚʘ RCA. 

¶ ʄʝʪʦʜ ʕɺ, ʢʘʟʘʣʦʩʴ, ʙʳʣ ʩʧʦʩʦʙʝʥ ʩʤʝʰʠ-
ʚʘʪʴ-ʧʨʦʧʦʨʮʠʠ ʙʝʪʦʥʥʳʭ ʩʤʝʩʝʡ, ʢʦʪʦʨʳʝ ʧʨʠʩʫʪ-

ʩʪʚʫʶʪ ʠʥʪʝʨʝʩʥʳʝ ʩʚʝʞʠʝ (ʪ. ʝ. ʢʦʥʩʠʩʪʝʥʮʠʷ) ʠ 

ʫʧʨʦʯʥʝʥʥʳʝ ʩʚʦʡʩʪʚʘ ʩʦʩʪʦʷʥʠʷ (ʪ. ʝ. ʧʨʦʯʥʦʩʪʴ 

ʥʘ ʩʞʘʪʠʝ ʠ ʤʦʜʫʣʷ ʫʧʨʫʛʦʩʪʠ, ʪʘʢ ʢʘʢ ʚʩʝ ʩʤʝʩʠ ʦʪ-

ʚʝʯʘʣʠ ʩʚʦʠʤ ʢʦʥʩʪʨʫʢʪʠʚʥʳʤ ʢʨʠʪʝʨʠʷʤ; 

¶ ʀʟʛʠʙʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʟʘʚʠʩʠʪ ʦʪ ʠʩʪʦʯʥʠʢʘ 
RCA, ʦʩʦʙʝʥʥʦ ʦʪ ʫʛʣʦʚʘʪʦʩʪʠ ʠ ʧʦʚʝʨʭʥʦʩʪʠ ʰʝ-

ʨʦʭʦʚʘʪʦʩʪʠ, ʢʦʪʦʨʳʝ ʦʯʝʥʴ ʚʝʨʦʷʪʥʦ ʫʚʝʣʠʯʠʪʴ 

ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʥʷ-ʩʦʚʦʢʫʧʥʳʡ ʦʙʣʠʛʘʮʠʡ ʥʘ ʀʊɿ. 

¶ ʆʜʥʘʢʦ ʵʪʦʪ ʪʝʩʪ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʥʝ ʩʧʦʩʦʙʝʥ 

ʨʘʟʣʠʯʘʪʴ ʨʘʟʣʠʯʥʳʝ ʢʘʯʝʩʪʚʘ RCA; 

¶ SDT ʠ NDTs (UPV ʠ ʦʩʦʙʝʥʥʦ ʧʦʚʝʨʭʥʦʩʪ-
ʥʳʡ ER) ʢʘʞʫʪʩʷ ʩʧʦʩʦʙʥʳʤʠ ʨʘʟʣʠʯʘʪʴ ʚʥʫʪʨʝʥ-

ʥʝʝ ʢʘʯʝʩʪʚʦ ʨʘʟʣʠʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ RCA; 

¶ ʇʨʦʮʝʜʫʨʘ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʦʩʥʦʚʘʥʘ ʥʘ 
ʭʠʤʠʯʝʩʢʠʭ, ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ ʥʝʨʘʟʨʫʰʘʶʱʠʭ ʠʩ-

ʧʳʪʘʥʠʷʭ. 
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ɸʥʥʦʪʘʮʠʷ 

ʆʧʨʝʜʝʣʷʶʪʩʷ ʧʦʜʭʦʜʳ ʨʘʟʨʘʙʦʪʢʘʤ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʧʨʦʮʝʩʩʦʚ ʧʨʠʤʝʥʝʥʠʷ ʧʦʣʠʘʥʠʣʠʥʦʚʦ-ʩʦʨʙʮʠ-

ʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʦʯʠʩʪʢʝ ʧʨʠʨʦʜʥʳʭ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʚʦʜ ʧʨʦʤʳʰʣʝʥʥʦ-ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ 

ʦʪ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ. 

Abstract 

The approaches to the development of modeling processes for the use of polyaniline-sorption materials in the 

purification of natural and industrial waters of industrial enterprises from pollutants are determined. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʦʣʠʘʥʠʣʠʥʦʚʦ-ʩʦʨʙʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʣʠʥʝʡʥʘʷ ʨʝʛʨʝʩʩʠʷ, ʠʥ-
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ʇʦʣʫʘʥʠʣʠʥʦʚʳʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʩʦʨʙʮʠʦʥ-

ʥʳʝ ʤʘʪʝʨʠʘʣʳ ʚʝʩʴʤʘ ʧʝʨʩʧʝʢʪʠʚʥʳ ʠ ʤʦʛʫʪ ʟʘ-

ʥʷʪʴ ʚʘʞʥʦʝ ʤʝʩʪʦ ʚ ʪʝʭʥʦʣʦʛʠʠ ʦʯʠʩʪʢʠ ʧʨʦʤʳʰ-

ʣʝʥʥʳʭ ʚʦʜ ʠ ʦʪʭʦʜʷʱʠʭ ʛʘʟʦʚ ʧʨʦʠʟʚʦʜʩʪʚ, ʧʦ-

ʩʢʦʣʴʢʫ ʫ ʥʠʭ ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʨʷʜ ʩʚʦʡʩʪʚ, 

ʢʦʪʦʨʳʝ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʦʙʝʩʧʝʯʝʥʳ ʜʨʫʛʠʤʠ ʦʨʛʘ-

ʥʠʯʝʩʢʠʤʠ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʤʠ ʪʚʝʨʜʳʤʠ ʚʝʱʝ-

ʩʪʚʘʤʠ [1,2]. ɺ ʦʪʣʠʯʠʝ ʦʪ ʢʣʘʩʩʠʯʝʩʢʠʭ ʤʠʥʝʨʘʣʴ-

ʥʳʭ ʩʦʨʙʝʥʪʦʚ ʧʦʣʠʘʥʠʣʠʥʦʚʳʝ ʩʦʨʙʝʥʪʳ ʚ ʧʨʦ-

ʮʝʩʩʝ ʚʦʜʥʦʡ ʩʦʨʙʮʠʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʠʩʧʳʪʳʚʘʶʪ 

ʩʫʱʝʩʪʚʝʥʥʳʝ ʚʦʟʤʫʱʝʥʠʷ, ʚʳʨʘʞʘʶʱʠʝʩʷ ʚ ʠʟʤʝ-

ʥʝʥʠʷ ʠʭ ʦʙʲʝʤʘ ʠ ʩʪʨʫʢʪʫʨʳ. ɹr ʣ ʠʩʩʣʝʜʦʚʘʥ ʧʨʦ-

ʮʝʩʩ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʣʠʤʝʨ - ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦ-

ʟʠʮʠʦʥʥʳʭ ʩʦʨʙʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʚʦʜʥʳʤʠ 
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ʨʘʩʪʚʦʨʘʤʠ ʘʟʦʪʥʦʢʠʩʣʦʪʥʦʛʦ ʤʝʜʠ. ʅʘ ʦʩʥʦʚʝ ʩʪʘ-

ʪʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʣʠʥʝʡʥʦʡ 

ʧʨʦʛʨʝʩʩʠʠ, ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʚʘʞʥʝʡʰʠʝ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢʠ - ʧʨʝʜʝʣʴʥʘʷ ʚʝʣʠʯʠʥʘ ʩʦʨʙʮʠʠ ʠ ʟʥʘʯʝʥʠʝ 

ʢʦʵʬʬʠʮʠʝʥʪʘ *K , ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʪʝʦʨʝʪʠʯʝ-

ʩʢʠʭ ʨʘʩʯʝʪʦʚ ʠʟʦʪʝʨʤ ʩʦʨʙʮʠʠ ʧʦʣʠʘʥʠʣʠʥʦʚʳʭ 

ʩʦʨʙʝʥʪʦʚ. ʇʦʣʫʯʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʦʙʨʘʙʦʪʢʠ ʵʢʩʧʝ-

ʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʧʦʣʠʘ-

ʥʠʣʠʥʦʚʦʛʦ ʩʦʨʙʝʥʪʘ ʩ ʚʳʭʣʦʧʥʳʤʠ ʛʘʟʘʤʠ ʜʣʷ 

ʪʝʤʧʝʨʘʪʫʨ 308 ʂ ʠ 318 ʂ. ɺʳʷʚʣʝʥʦ, ʯʪʦ ʜʣʷ ʊ = 

308 ʂ amax=280 ʤʛ/ʛ, *K  = 1,22Ŀ10-7 ʇʘ-1 , ʘ ʜʣʷ ʊ = 

318 ʂ amax=144 ʤʛ/ʛ, *K  = 1,83Ŀ10-7 ʇʘ-1, ʧʨʠʯʝʤ, ʩ 

ʜʦʩʪʘʪʦʯʥʦʡ ʪʦʯʥʦʩʪʴʶ ʜʣʷ ʢʘʞʜʦʡ ʠʟʦʪʝʨʤʳ ʚʝʣʠ-

ʯʠʥʫ *K  ʤʦʞʥʦ ʙʳʣʦ ʩʯʠʪʘʪʴ ʧʦʩʪʦʷʥʥʦʡ. ʇʨʝʜ-

ʩʪʘʚʣʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦʙ ʘʜʝʢ-

ʚʘʪʥʦʩʪʠ ʚʳʙʨʘʥʥʦʡ ʤʦʜʝʣʠ ʧʨʦʮʝʩʩʘ ʩʦʨʙʮʠʠ ʵʢʩ-

ʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʜʘʥʥʳʤ. 

ʇʨʠ ʧʦʛʨʫʞʝʥʠʠ ʠʥʪʝʨʧʦʣʠʤʝʨʥʦʛʦ ʛʠʜʨʦʛʝʣʷ 

ʚ ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ ʘʟʦʪʥʦʢʠʩʣʦʛʦ ʤʝʜʠ ʉu (NO3)2 , 

ʧʨʦʪʝʢʘʝʪ ʵʬʬʝʢʪʠʚʥʘʷ ʩʦʨʙʮʠʷ ʠʦʥʦʚ Cu+2 ʩ ʦʙʨʘ-

ʟʦʚʘʥʠʝʤ ʪʨʦʡʥʦʛʦ ʠʥʪʝʨʧʦʣʠʤʝʨ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ 

ʢʦʤʧʣʝʢʩʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʠʩʭʦʜʠʪ, ʩʦʨʙʮʠʷ ʤʝ-

ʪʘʣ ʠʦʥʦʚ ʤʝʜʠ, ʥʘʙʣʶʜʘʝʪʩʷ ʙʦʣʝʝ ʟʥʘʯʠʪʝʣʴʥʦʝ 

ʫʚʝʣʠʯʝʥʠʝ ʦʙʲʝʤʘ ʠʥʪʝʨʧʦʣʠʤʝʨʥʦʛʦ ʤʘʪʝʨʠʘʣʘ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʝʝ ʩ ʠʩʭʦʜʥʳʤ ʦʙʲʝʤʦʤ. ʇʨʠ ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʠʠ ʛʝʣʴ ʠʥʪʝʨʧʦʣʠʤʝʨʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩ 

ʠʦʥʘʤʠ ʤʝʜʠ ʚʥʝʰʥʝʛʦ ʨʘʩʪʚʦʨʘ ʚ ʪʝʯʝʥʠʷ 30 ʤʠʥ 

ʚʨʝʤʝʥʠ ʥʘʙʣʶʜʘʶʪʩʷ, ʠʟʤʝʥʝʥʠʷ ʦʙʲʝʤʘ ʥʘ 2,1 ʩʤ-

3 . ʇʦʩʣʝ ʟʘʚʝʨʰʝʥʠʠ ʧʨʦʮʝʩʩʘ ʯʝʨʝʟ 6 ʯʘʩʦʚ ʦʙʲʝʤ 

ʧʦʣʫʯʘʝʤʦʛʦ ʛʝʣʴ ʠʥʪʝʨʧʦʣʠʤʝʨʥʦʛʦ ʧʨʦʜʫʢʪʘ ʩʦ-

ʩʪʘʚʣʷʝʪ 10,1ʩʤ-3 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʕʪʦ ʤʦʞʥʦ ʦʙʲ-

ʷʩʥʠʪʴ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʦʣʠʤʝʨ - ʤʝʪʘʣ- ʧʦʣʠʤʝʨ-

ʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. ʇʦʣʫʯʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʜʘʥʥʳʝ ʥʝ ʪʦʣʴʢʦ ʧʦʟʚʦʣʠʣʠ ʨʘʩʩʯʠʪʘʪʴ ʟʥʘʯʝʥʠʝ 

ʵʥʝʨʛʠʠ ʘʜʩʦʨʙʮʠʠ, 
ʘʜ

ʨe-  ʥʦ ʠ ʪʝʤ ʩʘʤʳʤ ʧʨʦʚʝ-

ʨʠʪʴ ʘʜʝʢʚʘʪʥʦʩʪʴ ʧʨʠʤʝʥʷʝʤʦʡ ʤʦʜʝʣʠ. ɺ ʨʝʟʫʣʴ-

ʪʘʪʝ ʙʳʣʦ ʧʦʣʫʯʝʥʦ, ʯʪʦ 

ʤʦʣʴʢʢʘʣʤʦʣʴʢɼʞʘʜ

ʨ 67,94,40 ==-e . ɼʘʥʥʳʡ ʨʝʟʫʣʴʪʘʪ 

ʚʧʦʣʥʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ ʦ ʬʠʟʠʯʝ-

ʩʢʦʡ ʧʨʠʨʦʜʝ ʧʨʦʮʝʩʩʘ ʩʦʨʙʮʠʠ ʧʦʣʠʘʥʠʣʠʥʦʚʳʤ 

ʩʦʨʙʝʥʪʦʤ. 

 ʕʬʬʝʢʪʠʚʥʦʝ ʩʰʠʚʘʥʠʝ ʠʥʪʝʨʧʦʣʠʤʝʨʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʩ 

ʠʦʥʘʤʠ ʤʝʜʠ ʢʘʢ ʢʘʨʙʦʢʩʠʣʴʥʳʭ, ʪʘʢ ʠ ʘʤʠʥʦʛʨʫʧ-

ʧʘʤʠ ʠʥʪʝʨʧʦʣʠʤʝʨʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʇʨʠ ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʠʠ ʛʝʣʴ ʠʥʪʝʨʧʦʣʠʤʝʨʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩ 

ʠʦʥʘʤʠ ʤʝʜʠ ʚʥʝʰʥʝʛʦ ʨʘʩʪʚʦʨʘ ʚ ʪʝʯʝʥʠʷ 30 ʤʠʥ 

ʚʨʝʤʝʥʠ ʥʘʙʣʶʜʘʶʪʩʷ, ʠʟʤʝʥʝʥʠʷ ʦʙʲʝʤʘ ʥʘ 2,1 ʩʤ-

3. ʇʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʧʨʦʮʝʩʩʘ ʯʝʨʝʟ 6 ʯʘʩʦʚ ʦʙʲʝʤ 

ʧʦʣʫʯʘʝʤʦʛʦ ʛʝʣʴ ʠʥʪʝʨʧʦʣʠʤʝʨʥʦʛʦ ʧʨʦʜʫʢʪʘ ʩʦ-

ʩʪʘʚʣʷʝʪ 10,1ʩʤ-3 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ 

ʫʩʢʦʨʝʥʥʳʤ ʧʨʦʥʠʢʥʦʚʝʥʠʝʤ Cu+2 ʠʦʥʦʚ ʤʝʜʠ ʚ 

ʛʣʫʙʴ ʛʝʣʠʥʪʝʨʧʦʣʠʤʝʨʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʅʘʯʘʣʦ ʠʟ-

ʤʝʥʝʥʠʷ ʦʙʲʝʤʘ ʠʥʪʝʨʧʦʣʠʤʝʨʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʪʝ-

ʯʝʥʠʷ 30ʤʠʥ ʩʦʩʪʘʚʣʷʝʪ 1,5 ʩʤ- 3, ʘ ʧʨʠ ʟʘʚʝʨʰʝʥʠʠ 

ʧʨʦʮʝʩʩʘ ʯʝʨʝʟ 6 ʯʘʩʦʚ ʦʙʲʝʤ ʛʝʣʠʥʪʝʨʧʦʣʠ-ʤʝʨ-

ʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩʦʩʪʘʚʣʷʝʪ 9, 3 ʩʤ-3 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʕʪʦ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʦʣʠʤʝʨ - ʤʝ-

ʪʘʣ- ʧʦʣʠʤʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, 

ʯʪʦ ʛʝʣʠʥʪʝʨʧʦʣʠʦʙʨʘʟʦʚʘʥʠʷ ʩʧʦʩʦʙʥʳ ʫʤʝʥʴ-

ʰʘʪʴ ʦʙʲʝʤ ʧʨʠ ʥʘʣʦʞʝʥʠʠ ʥʘ ʥʠʭ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʧʦʣʷ. ɺ ʧʨʦʮʝʩʩʝ ʵʣʝʢʪʨʦʢʦʥʪʨʘʢʮʠʠ ʩʦʧʨʦʚʦʞʜʘ-

ʝʪʩʷ ʚʳʭʦʜ ʨʘʩʪʚʦʨʠʪʝʣʷ ʠ ʩʦʨʙʠʨʦʚʘʥʥʦʛʦ ʠʦʥʘ 

ʤʝʪʘʣʣʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʛʝʣʷ. ʇʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ 

ʵʣʝʢʪʨʦʢʦʥʪʨʘʢʮʠʠ ʛʝʣʠʥʪʝʨʧʦʣʠʤʝʨʥʳʡ ʤʘʪʝʨʠʘʣ 

ʟʘʥʠʤʘʝʪ ʠʩʭʦʜʥʦʛʦ ʩʚʦʝʛʦ ʦʙʲʝʤʘ. 

ʄʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʛʝʣʠʥʪʝʨʧʦʣʠʤʝʨ-

ʥʳʝ ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʘʥʠʣʠʥʦʚ ʵʬʬʝʢ-

ʪʠʚʥʦ ʩʦʨʙʠʨʫʶʪ ʠʦʥʦʚ ʪʷʞʝʣʳʭ ʨʘʜʠʦʘʢʪʠʚʥʳʭ, 

ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ ʠʟ ʩʦʩʪʘʚʘ ʟʘʛʨʷʟʥʝʥʥʳʭ ʧʨʦ-

ʤʳʰʣʝʥʥʳʭ ʚʦʜ. ʀʩʧʦʣʴʟʫʷ ʩʚʦʡʩʪʚʘ ʵʣʝʢʪʨʦʢʦʥ-

ʪʨʘʢʮʠʠ ʛʝʣʠʥʪʝʨʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʤʦʞʥʦ 

ʜʦʩʪʠʯʴ ʧʦʣʥʦʛʦ ʫʪʠʣʠʟʘʮʠʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʚʦʜ. 

ɺ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ ʦʯʠʩʪʢʠ ʧʨʠʨʦʜ-

ʥʳʭ ʠ ʩʪʦʯʥʳʭ ʚʦʜ ʧʦʣʫʯʠʣʠ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘ-

ʥʝʥʠʝ ʛʨʘʚʠʪʘʮʠʦʥʥʳʝ ʨʘʟʜʝʣʠʪʝʣʴʥʳʝ ʧʨʦʮʝʩʩʳ. 

ɺ ʠʭ ʯʠʩʣʝ ʤʝʪʦʜʳ ʦʯʠʩʪʢʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʩʪʦʯ-

ʥʳʭ ʚʦʜ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʦʩʦ-

ʙʝʥʥʦʩʪʠ ʢʦʪʦʨʳʭ ʚʳʛʦʜʥʦ ʦʪʣʠʯʘʶʪ ʠʭ ʦʪ ʤʝʪʦʜʦʚ 

ʦʪʩʪʘʠʚʘʥʠʷ [1]. ʆʜʥʘʢʦ, ʢʦʥʢʨʝʪʥʳʝ ʩʦʨʙʝʥʪʳ, 

ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʚ ʩʠʩʪʝʤʘʭ ʦʯʠʩʪʢʠ ʧʨʠʨʦʜʥʳʭ ʠ 

ʩʪʦʯʥʳʭ ʚʦʜ ʥʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʨʘʩʯʝʪʥʳʝ ʧʦʢʘʟʘ-

ʪʝʣʠ ʠʟʚʣʝʯʝʥʠʷ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ. ɺ ʩʚʷʟʠ ʩ 

ʵʪʠʤ ʮʝʣʴ ʨʘʙʦʪʳ ʩʦʩʪʦʠʪ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʧʦʜʭʦʜʦʚ 

ʢ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤʫ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʧʦʣʫʯʝʥʠʷ ʧʦ-

ʣʠʘʥʠʣʠʥʦʚʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʩʦʨʙʮʠʦʥʥʳʭ ʤʘ-

ʪʝʨʠʘʣʦʚ ʠ ʧʨʦʮʝʩʩʦʚ ʦʯʠʩʪʢʠ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʤʝʨ-

ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʈʝʰʝ-

ʥʠʝ ʟʘʜʘʯ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦ-

ʮʝʩʩʦʚ ʧʦʣʫʯʝʥʠʷ ʧʦʣʠʘʥʠʣʠʥʦʚʳʭ ʢʦʤʧʦʟʠʮʠʦʥ-

ʥʳʭ ʩʦʨʙʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʦʟʚʦʣʠʪ ʧʨʦʝʢʪʠʨʦ-

ʚʘʪʴ ʢʦʥʩʪʨʫʢʮʠʠ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʪʦʨʦʚ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʙʣʘʛʦʧʨʠʷʪʥʳʡ ʛʠʜʨʦʜʠʥʘʤʠʯʝ-

ʩʢʠʡ ʨʝʞʠʤ ʜʣʷ ʜʚʠʞʝʥʠʷ ʨʝʘʛʠʨʫʶʱʠʭ ʢʦʤʧʦʥʝʥ-

ʪʦʚ, ʘ ʪʘʢʞʝ ʧʦʜʙʠʨʘʪʴ ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ 

ʚʝʜʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʦʯʠʩʪʢʠ ʧʨʦ-

ʤʳʰʣʝʥʥʳʭ ʩʪʦʯʥʳʭ ʚʦʜ ʚ ʧʝʨʠʦʜ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʡ ʨʘʙʦʪʳ ʭʠʤʠʯʝʩʢʦʛʦ 

ʨʝʘʢʪʦʨʘ ʥʝʦʙʭʦʜʠʤʦ ʠʟʫʯʠʪʴ ʠ ʦʧʨʝʜʝʣʠʪʴ ʦʧʪʠ-

ʤʘʣʴʥʳʝ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʠ ʬʠʟʠʢʦ-ʭʠ-

ʤʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʢʦʤʧʦ-

ʥʝʥʪʦʚ [2]. ʋʯʝʪ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʧʦʟ-

ʚʦʣʷʝʪ ʩʤʦʜʝʣʠʨʦʚʘʪʴ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʨʝʞʠʤʳ 

ʚ ʭʠʤʠʯʝʩʢʦʤ ʨʝʘʢʪʦʨʝ ʠ ʫʩʪʘʥʦʚʠʪʴ ʢʠʥʝʪʠʯʝʩʢʠʝ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ. ʇʨʠ ʨʝʰʝʥʠʠ ʧʦʜʦʙʥʳʭ ʟʘʜʘʯ 

ʦʙʳʯʥʦ ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʤʝʪʦʜʳ ʬʠʟʠʢʦ-ʭʠʤʠʯʝ-

ʩʢʦʛʦ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ 

ʦʩʥʦʚʘʥʳ ʥʘ ʧʨʠʥʮʠʧʘʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʛʦ ʠʣʠ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʧʦʜʦʙʠʷ [3-5]. ʌʠʟʠʢʦ-ʭʠʤʠʯʝ-

ʩʢʠʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʚʦʩʧʨʦʠʟʚʝʜʝ-

ʥʠʠ ʧʦʩʪʦʷʥʩʪʚʘ ʦʧʨʝʜʝʣʷʶʱʠʭ ʢʨʠʪʝʨʠʝʚ ʧʦʜʦʙʠʷ 

ʚ ʤʦʜʝʣʠ, ʠ ʦʙʲʝʢʪʝ. ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʬʠʟʠʢʦ-ʭʠʤʠ-

ʯʝʩʢʦʡ ʤʦʜʝʣʠ ʭʠʤʠʯʝʩʢʦʛʦ ʨʝʘʢʪʦʨʘ ʥʝʦʙʭʦʜʠʤʦ 

ʩʦʙʣʶʜʝʥʠʝ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʠ ʭʠʤʠʯʝʩʢʦʛʦ 

ʧʦʜʦʙʠʷ. ɻʠʜʨʦʜʠʥʘʤʠʢʫ ʧʦʪʦʢʦʚ ʚ ʭʠʤʠʯʝʩʢʦʤ ʨʝ-

ʘʢʪʦʨʝ ʤʦʞʥʦ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʢʨʠʪʝʨʠʝʤ ʈʝʡʥʦʣʴ-

ʜʩʘ: (1) ɸ ʭʠʤʠʯʝʩʢʦʝ ʧʨʝʚʨʘʱʝʥʠʝ ʢʨʠʪʝʨʠʝʤ ɼʘʤ-

ʢʝʣʣʝʨʘ: 

  (2) 

ʛʜʝ ɡ ï ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ, l ï ʭʘʨʘʢʪʝʨʥʳʡ ʣʠ-

ʥʝʡʥʳʡ ʨʘʟʤʝʨ, ɜ ï ʢʦʵʬʬʠʮʠʝʥʪ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ 
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ʚʷʟʢʦʩʪʠ ʩʨʝʜʳ; ʉ ï ʢʦʥʮʝʥʪʨʘʮʠʷ ʠʩʭʦʜʥʦʛʦ ʨʝʘ-

ʛʠʨʫʶʱʝʛʦ ʚʝʱʝʩʪʚʘ; ɡô ï ʩʢʦʨʦʩʪʴ ʨʝʘʢʮʠʠ [6]. 

ʇʦʩʢʦʣʴʢʫ ʵʪʠ ʢʨʠʪʝʨʠʠ ʥʝʩʦʚʤʝʩʪʠʤʳ ʤʝʞʜʫ 

ʩʦʙʦʡ, ʪʘʢ ʢʘʢ ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ ʚ ʦʜʥʦʤ ʢʨʠʪʝʨʠʠ ʚ 

ʟʥʘʤʝʥʘʪʝʣʝ, ʘ ʚ ʜʨʫʛʦʤ ï ʚ ʯʠʩʣʠʪʝʣʝ, ʵʪʦ ʧʨʠʚʦʜʠʪ 

ʢ ʪʨʫʜʥʦʩʪʷʤ ʧʨʠ ʦʩʫʱʝʩʪʚʣʝʥʠʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝ-

ʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦ-

ʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʩʦʩʪʦʠʪ ʚ ʧʦʩʪʨʦʝʥʠʠ ʤʘʪʝʤʘʪʠʯʝ-

ʩʢʦʡ ʤʦʜʝʣʠ ʠ ʫʩʪʘʥʦʚʣʝʥʠʠ ʘʜʝʢʚʘʪʥʦʩʪʠ ʤʦʜʝʣʠ 

ʠʟʫʯʘʝʤʦʤʫ ʧʨʦʮʝʩʩʫ. ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ 

ʧʨʦʮʝʩʩʘ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʩʠʩʪʝʤʦʡ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ 

ʠʣʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʦʪʨʘʞʘʶʱʠʭ 

ʤʘʪʝʨʠʘʣʴʥʳʝ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʙʘʣʘʥʩʳ. ʉʣʦʞʥʦʡ 

ʟʘʜʘʯʝʡ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʦʧʠʩʘʥʠʷ ʧʨʦʮʝʩʩʘ ʷʚʣʷ-

ʝʪʩʷ ʚʳʜʝʣʝʥʠʝ ʠʟ ʩʦʚʦʢʫʧʥʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ ʥʘʠʙʦ-

ʣʝʝ ʚʘʞʥʳʭ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʭʦʜ ʧʨʦʮʝʩʩʘ. ɺʟʘʠʤʦ-

ʩʚʷʟʴ ʤʝʞʜʫ ʚʳʜʝʣʝʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʫʩʪʘʥʘʚʣʠ-

ʚʘʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʠ 

ʦʧʳʪʥʳʭ ʜʘʥʥʳʭ [7]. ɼʣʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠ-

ʨʦʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʘ ʧʦʣʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʛʠʜʨʦ-

ʜʠʥʘʤʠʯʝʩʢʠʭ ʠ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʘʭ ʭʠ-

ʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ, ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʫʨʘʚʥʝʥʠʡ 

ʜʣʷ ʠʭ ʦʧʨʝʜʝʣʝʥʠʷ, ʪʘʢʞʝ ʚʝʣʠʯʠʥ ʬʠʟʠʢʦ-ʭʠʤʠ-

ʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. ʅʦ ʦʥʦ ʥʝ ʠʩʢʣʶʯʘʝʪ ʬʠʟʠʯʝ-

ʩʢʦʛʦ, ʘ, ʥʘʦʙʦʨʦʪ, ʜʦʧʦʣʥʷʝʪ ʝʛʦ ʨʘʩʯʝʪʘʤʠ. ʄʘʪʝ-

ʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʙʦʣʝʝ ʫʥʠʚʝʨʩʘʣʴʥʳʡ 

ʩʧʦʩʦʙ, ʪʘʢ ʢʘʢ ʥʝ ʪʨʝʙʫʝʪ ʩʣʦʞʥʳʭ ʨʝʢʦʥʩʪʨʫʢʮʠʡ 

ʤʦʜʝʣʝʡ, ʥʦ ʦʥʦ ʧʦʜʭʦʜʠʪ ʪʦʣʴʢʦ ʜʣʷ ʦʧʨʝʜʝʣʝʥʥʦʡ 

ʦʙʣʘʩʪʠ.  

ʀʟ ʚʳʰʝʠʟʣʦʞʝʥʥʦʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ ʜʣʷ ʦʧʨʝʜʝ-

ʣʝʥʠʷ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʦʣʫʯʝʥʠʷ 

ʧʦʣʠʘʥʠʣʠʥʦʚʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʩʦʨʙʝʥʪʥʳʭ ʤʘ-

ʪʝʨʠʘʣʦʚ ʥʝʦʙʭʦʜʠʤʦ ʧʦʣʴʟʦʚʘʪʴʩʷ ʢʘʢ ʬʠʟʠʯʝ-

ʩʢʠʤ, ʪʘʢ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ, ʧʦ-

ʪʦʤʫ ʯʪʦ ʩ ʧʦʤʦʱʴʶ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠ-

ʨʦʚʘʥʠʷ ʝʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʨʝʜʝʣʠʪʴ ʨʘʟʤʝʨʳ 

ʭʠʤʠʯʝʩʢʦʛʦ ʨʝʘʢʪʦʨʘ, ʘ ʥʝʢʦʪʦʨʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʪʦʣʴʢʦ ʠʟ ʦʧʳʪʦʚ, ʘ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʤʦʞʥʦ ʫʟʥʘʪʴ ʧʘʨʘʤʝʪʨʳ ʩʠʩʪʝʤʳ, ʥʝ ʧʨʠʤʝʥʷʷ ʧʨʠ 

ʵʪʦʤ ʪʨʫʜʦʝʤʢʠʭ ʥʘʪʫʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɻʠʜʨʦ-

ʜʠʥʘʤʠʢʘ ʦʯʠʩʪʠʪʝʣʴʥʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʨʝʘʢʪʦʨʘ ʚʦ 

ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʝʪ ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʮʝʩʩʘ, ʧʦʵʪʦʤʫ 

ʝʝ ʦʧʠʩʘʥʠʝ ʷʚʣʷʝʪʩʷ ʩʦʩʪʘʚʥʦʡ ʯʘʩʪʴʶ ʤʘʪʝʤʘʪʠ-

ʯʝʩʢʦʡ ʤʦʜʝʣʠ. ɼʣʷ ʨʝʰʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʯ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ ʠ ʨʘʩʯʝʪʦʤ ʬʣʦʪʘʮʠ-

ʦʥʥʳʭ ʘʧʧʘʨʘʪʦʚ, ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ, ʢʘʢʘʷ ʛʠʜʨʦ-

ʜʠʥʘʤʠʯʝʩʢʘʷ ʦʙʩʪʘʥʦʚʢʘ ʦʙʨʘʟʫʝʪʩʷ ʚ ʢʘʤʝʨʝ ʧʨʠ 

ʪʝʭ ʠʣʠ ʠʥʳʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʧʘʨʘʤʝʪʨʘʭ. ʉʫʱʝ-

ʩʪʚʫʶʪ ʜʚʘ ʧʦʜʭʦʜʘ ʢ ʠʟʫʯʝʥʠʶ ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʧʦ-

ʣʫʯʝʥʠʷ ʧʦʣʠʤʝʨ- ʧʦʣʠʤʝʨʥʦʛʦ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ: ʧʝʨʚʳʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʧʨʝʜʝʣʝʥʠʠ 

ʧʦʣʷ ʩʢʦʨʦʩʪʝʡ ʞʠʜʢʦʩʪʠ ʚ ʭʠʤʠʯʝʩʢʦʤ ʨʝʘʢʪʦʨʝ, 

ʚʪʦʨʦʡ ð ʚ ʧʦʩʪʨʦʝʥʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦ ʚʨʝʤʝʥʠ 

ʧʨʝʙʳʚʘʥʠʷ ʯʘʩʪʠʮ ʞʠʜʢʦʩʪʠ ʚ ʥʝʡ. ʇʨʠ ʨʘʩʩʤʦʪ-

ʨʝʥʠʠ ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʦʩʥʦʚʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʚ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʷʚʣʷʝʪʩʷ ʨʝʰʝʥʠʝ ʬʫʥʜʘʤʝʥʪʘʣʴ-

ʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ, ʢʦʪʦʨʳʝ ʚ ʦʙʱʝʡ ʠ 

ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʦʡ ʬʦʨʤʝ ʦʙʲʝʜʠʥʝʥʳ ʚ ʩʠʩʪʝʤʫ ʅʘ-

ʚʴʝ-ʉʪʦʢʩʘ: 

 (3) 

ʛʜʝ ɟ ï ʧʣʦʪʥʦʩʪʴ ʩʨʝʜʳ, vïʚʝʢʪʦʨ ʩʢʦʨʦʩʪʠ, tï

ʚʨʝʤʷ, gïʚʝʢʪʦʨ ʫʩʢʦʨʝʥʠʷ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ, pï

ʜʘʚʣʝʥʠʝ,  ï ʦʧʝʨʘʪʦʨ ɻʘʤʠʣʴʪʦʥʘ. ʋʨʘʚʥʝʥʠʷ 

ʜʚʠʞʝʥʠʷ ʞʠʜʢʦʩʪʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʦʧʨʝʜʝʣʝʥʥʳʭ 

ʩʠʣ ʠ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʤʦʞʥʦ ʧʨʝʜʩʪʘ-

ʚʠʪʴ ʚ ʜʚʫʭ ʨʘʟʣʠʯʥʳʭ ʬʦʨʤʘʭ. ɺʳʙʦʨ ʬʦʨʤʳ ʫʨʘʚ-

ʥʝʥʠʡ ʟʘʚʠʩʠʪ ʦʪ ʮʝʣʠ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɽʩʣʠ ʮʝʣʴʶ 

ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʩʢʦʨʦʩʪʠ, ʜʘʚʣʝʥʠʷ ʠ ʧʣʦʪʥʦ-

ʩʪʠ ʚʦ ʚʩʝʭ ʪʦʯʢʘʭ ʩʨʝʜʳ, ʪʦ ʬʦʨʤʘ ʫʨʘʚʥʝʥʠʡ ʩʦ-

ʦʪʚʝʪʩʪʚʫʝʪ, ʪʘʢ ʥʘʟʳʚʘʝʤʦʤʫ, ʕʡʣʝʨʦʚʫ ʧʦʜʭʦʜʫ. 

ɽʩʣʠ ʮʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ 

ʪʨʘʝʢʪʦʨʠʠ ʢʘʞʜʦʡ çʞʠʜʢʦʡè ʯʘʩʪʠʮʳ, ʪʦ ʬʦʨʤʘ 

ʫʨʘʚʥʝʥʠʡ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʃʘʛʨʘʥʞʝʚʫ ʧʦʜʭʦʜʫ. 

ʋʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʞʠʜʢʦʩʪʠ ʕʡʣʝʨʘ ʠʤʝʶʪ ʚʠʜ: 

 
ʋʨʘʚʥʝʥʠʝ ʜʚʠʞʝʥʠʷ ʞʠʜʢʦʩʪʠ ʧʦ ʃʘʛʨʘʥʞʫ: 
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ɺ ʧʨʠʚʝʜʝʥʥʳʭ ʫʨʘʚʥʝʥʠʷʭ  ï ʢʦʤ-

ʧʦʥʝʥʪʳ ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ ʚ ʪʦʯʢʝ (x, y, z) ʚ ʤʦʤʝʥʪ 

ʚʨʝʤʝʥʠ t, ɟ ï ʧʣʦʪʥʦʩʪʴ ʞʠʜʢʦʩʪʠ, p ï ʜʘʚʣʝʥʠʝ, (X, 

Y, Z) ï ʧʨʠʚʝʜʝʥʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʚʥʝʰʥʠʭ ʩʠʣ, (a, 

b, c) ï ʥʘʯʘʣʴʥʳʝ ʢʦʦʨʜʠʥʘʪʳ ʦʪʜʝʣʴʥʦʡ çʞʠʜʢʦʡè 

ʯʘʩʪʠʮʳ. ɼʣʷ ʤʥʦʛʦʬʘʟʥʳʭ ʩʠʩʪʝʤ ʧʦʥʷʪʠʝ ʬʘʟʳ 

ʙʦʣʝʝ ʰʠʨʦʢʦ, ʯʝʤ ʦʪʦʞʜʝʩʪʚʣʝʥʠʝ ʝʝ ʩ ʦʜʥʠʤ ʠʟ 

ʘʛʨʝʛʘʪʥʳʭ ʩʦʩʪʦʷʥʠʡ ʚʝʱʝʩʪʚʘ ï ʛʘʟʦʦʙʨʘʟʥʳʤ, 

ʞʠʜʢʠʤ ʠʣʠ ʪʚʝʨʜʳʤ. ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ, ʢʦʣʠʯʝʩʪʚʦ 

ʬʘʟ ʥʝʦʛʨʘʥʠʯʝʥʥʦ. ʂʘʞʜʘʷ ʠʟ ʥʠʭ ʜʦʣʞʥʘ ʩʦʦʪʚʝʪ-

ʩʪʚʦʚʘʪʴ ʦʧʨʝʜʝʣʝʥʥʳʤ ʦʪʣʠʯʠʪʝʣʴʥʳʤ ʧʨʠʟʥʘʢʘʤ. 

ʕʪʠʤʠ ʧʨʠʟʥʘʢʘʤʠ ʷʚʣʷʶʪʩʷ ʩʚʦʡʩʪʚʘ ʨʘʟʣʠʯʥʦʡ 

ʧʨʠʨʦʜʳ, ʦʪʚʝʪʩʪʚʝʥʥʳʝ ʟʘ ʭʘʨʘʢʪʝʨ ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʠʷ ʦʜʥʦʡ ʬʘʟʳ ʩ ʜʨʫʛʠʤʠ ʬʘʟʘʤʠ, ʩ ʧʦʪʦʢʦʤ ʚ 

ʮʝʣʦʤ ʠ ʩʦ ʩʪʦʨʦʥʥʠʤʠ ʚʦʟʜʝʡʩʪʚʠʷʤʠ ʥʘ ʧʦʪʦʢ. 

ʇʨʦʮʝʩʩ ʬʣʦʪʘʮʠʦʥʥʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʤʘʪʝʨʠʘʣʴʥʳʡ ʧʦʪʦʢ ʚʝʱʝʩʪʚ ʚ ʪʨʝʭ ʘʛʨʝʛʘʪʥʳʭ ʩʦ-

ʩʪʦʷʥʠʷʭ. ʕʪʦʪ ʧʦʪʦʢ ï ʢʦʤʙʠʥʘʮʠʷ ʪʨʝʭ ʨʝʞʠʤʦʚ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʝʱʝʩʪʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʨʘʟʣʠʯ-

ʥʳʭ ʘʛʨʝʛʘʪʥʳʭ ʩʦʩʪʦʷʥʠʷʭ ʚ ʙʠʥʘʨʥʳʭ ʧʦʪʦʢʘʭ: 

çʛʘʟ ï ʞʠʜʢʦʩʪʴè, çʛʘʟ ï ʪʚʝʨʜʳʝ ʯʘʩʪʠʮʳè ʠ çʞʠʜ-

ʢʦʩʪʴ ï ʪʚʝʨʜʳʝ ʯʘʩʪʠʮʳè. ɿʥʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ 

ʤʦʜʝʣʴ ʦʜʥʦʛʦ ʠʟ ʥʘʟʚʘʥʥʳʭ ʨʝʞʠʤʦʚ, ʤʦʞʥʦ ʦʧʠ-

ʩʘʪʴ ʨʘʟʣʠʯʥʳʝ ʬʠʟʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ. ʅʘʧʨʠʤʝʨ, 

ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʨʝʞʠʤʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʝ-

ʱʝʩʪʚ ʚ ʧʦʪʦʢʝ çʞʠʜʢʦʩʪʴ ï ʯʘʩʪʠʮʳè ʧʦʟʚʦʣʷʝʪ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʪʘʢʠʝ ʚʠʜʳ ʧʦʪʦʢʦʚ, ʢʘʢ ʚʷʟʢʠʡ ʠ ʥʝ-

ʚʷʟʢʠʡ ʛʠʜʨʦʪʨʘʥʩʧʦʨʪ ʯʘʩʪʠʮ, ʩʝʜʠʤʝʥʪʘʮʠʷ ʠ 

ʩʦʨʙʮʠʦʥʥʳʡ ʩʣʦʡ. 

ʆʩʥʦʚʥʘʷ ʟʘʜʘʯʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ 

ʬʣʦʪʘʮʠʠ ï ʵʪʦ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʤʝʭʘʥʠʟʤʝ ʧʨʦ-

ʮʝʩʩʘ, ʘ ʠʤʝʥʥʦ: ʦ ʚʟʘʠʤʦʩʚʷʟʠ ʬʠʟʠʯʝʩʢʠʭ (ʩʪʨʫʢ-

ʪʫʨʘ ʧʦʪʦʢʘ), ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ (ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʯʘʩʪʠʮ) ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ. ʉ ʧʦʤʦʱʴʶ 

ʥʠʭ ʤʦʞʥʦ ʩʦʟʜʘʪʴ ʦʧʪʠʤʘʣʴʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ 

ʨʝʞʠʤ ʧʦʣʫʯʝʥʠʷ ʧʦʣʠʘʥʠʣʠʥʦʚʳʭ ʢʦʤʧʦʟʠʮʠʦʥ-

ʥʳʭ ʩʦʨʙʮʠʦʥʥʳʭ ʩʦʨʙʝʥʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʦʧʪʠ-

ʤʠʟʠʨʦʚʘʪʴ ʝʝ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ɽʩʣʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʚʦʩʧʨʦʠʟʚʝʩʪʠ 

ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʦ, ʪʦ ʦʧʨʝʜʝʣʝʥʠʝ ʛʠʜʨʦʜʠʥʘʤʠ-

ʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʳʟʳʚʘʝʪ ʩʣʦʞʥʦʩʪʴ, ʪʘʢ ʢʘʢ 

ʜʦ ʩʠʭ ʧʦʨ ʥʝʪ ʠʩʯʝʨʧʳʚʘʶʱʠʭ ʢʨʠʪʝʨʠʝʚ ʜʣʷ ʦʧʠ-

ʩʘʥʠʷ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ ʚ ʭʠʤʠʯʝʩʢʦʤ 

ʨʝʘʢʪʦʨʝ, ʤʝʪʦʜʦʚ ʠʭ ʦʧʪʠʤʠʟʘʮʠʠ, ʘ ʪʘʢʞʝ ʤʝʪʦ-

ʜʦʚ ʦʧʨʝʜʝʣʝʥʠʷ ʚʟʘʠʤʦʚʣʠʷʥʠʷ ʛʠʜʨʦʜʠʥʘʤʠʯʝ-

ʩʢʠʭ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʧʦʣʫʯʘʝʤʳʭ 

ʧʦʣʠʤʝʨ-ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʩʦʨʙʮʠʦʥ-

ʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʊʘʢʞʝ ʷʚʣʷʝʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʳʤ 

ʜʣʷ ʦʧʠʩʘʥʠʝ ʧʨʦʮʝʩʩʘ ʧʦʣʫʯʝʥʠʷ ʧʦʣʠʤʝʨ- ʧʦʣʠ-

ʤʝʨʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʩʦʨʙʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʠ ʦʩʥʦʚʘʥʠʠ ʢʠʥʝʪʠʢʠ ʧʨʦʮʝʩʩʘ ʦʯʠʩʪʢʠ ʧʦ ʧʝʨʝ-

ʥʦʩʫ ʯʘʩʪʠʮ ʧʫʟʳʨʴʢʘʤʠ, ʧʦʩʢʦʣʴʢʫ ʵʪʦ ʥʝ ʫʯʠʪʳ-

ʚʘʝʪ ʦʙʨʘʪʠʤʳʝ ʷʚʣʝʥʠʷ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʧʦʣʠʤʝʨ-

ʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. ɿʘʢʨʝʧʣʝʥʠʝ ʯʘʩʪʠʮʳ ʥʘ ʧʫʟʳʨʴʢʝ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʩʢʦʨʦʩʪʴʶ ʠʭ ʩʦʫʜʘ-

ʨʝʥʠʷ ʧʨʠ ʧʦʩʪʦʷʥʥʳʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢʘʭ ʧʦʚʝʨʭʥʦʩʪʠ. ʕʪʘ ʩʢʦʨʦʩʪʴ ʚ ʦʩʥʦʚʥʦʤ 

ʟʘʚʠʩʠʪ ʦʪ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʦʪʦʢʦʚ ʚ ʘʧʧʘʨʘʪʝ 

ʦʯʠʩʪʢʠ. ʏʘʩʪʠʮʳ, ʟʘʢʨʝʧʠʚʰʠʝʩʷ ʥʘ ʧʫʟʳʨʴʢʘʭ, ʚ 

ʧʨʦʮʝʩʩʝ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʚ ʧʝʥʫ ʤʦʛʫʪ ʦʪʨʳ-

ʚʘʪʴʩʷ. ʇʨʠʯʝʤ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ, ʟʘ-

ʚʠʩʠʪ ʥʝ ʪʦʣʴʢʦ ʦʪ ʧʨʦʯʥʦʩʪʠ ʧʦʣʠʘʥʠʣʠʥʦʚʦʛʦ 

ʢʦʤʧʣʝʢʩʘ, ʥʦ ʠ ʦʪ ʩʪʨʫʢʪʫʨʳ ʧʦʪʦʢʦʚ ʚ ʭʠʤʠʯʝ-

ʩʢʦʤ ʘʧʧʘʨʘʪʝ ʦʯʠʩʪʢʠ. ɻʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʫʩʣʦ-

ʚʠʷ ʚ ʨʝʘʢʪʦʨʝ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʩʧʦʩʦʙʩʪʚʫʶʪ ʩʦ-

ʟʜʘʥʠʶ ʘʛʨʝʛʘʪʘ çʯʘʩʪʠʮʘðʧʫʟʳʨʝʢè, ʩ ʜʨʫʛʦʡ ð 

ʨʘʟʨʫʰʘʶʪ ʝʛʦ. ɺʘʞʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʧʨʦʮʝʩʩʘ 

ʦʯʠʩʪʢʠ ʚʦʜʳ ʧʦʣʠʘʥʠʣʠʥʦʚʳʤ ʩʦʨʙʝʥʪʦʤ ̫ ʚʣʷʝʪʩʷ 

ʩʪʘʜʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʯʠʱʘʝʤʦʛʦ ʧʨʦʜʫʢʪʘ ʥʘ ʦʪ-

ʢʨʳʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʠʤʝʨʥʦʛʦ ʩʦʨʙʝʥʪʘ. ʀʩ-

ʭʦʜʷ, ʠʟ ʚʳʰʝ ʨʘʩʩʤʦʪʨʝʥʥʦʛʦ ʩʣʝʜʫʝʪ:  

-ʛʠʧʦʪʝʪʠʯʝʩʢʠ ʚʦʟʤʦʞʥʳ ʜʚʘ ʢʨʘʡʥʠʭ ʩʣʫʯʘʷ. 

ɻʠʜʨʦʜʠʥʘʤʠʢʘ ʘʧʧʘʨʘʪʘ ʪʘʢʦʚʘ, ʯʪʦ ʚʩʝ ʧʦʣʠʘʥʠ-

ʣʠʥʦʚʳʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʙʫʜʫʪ ʚʳʥʝ-

ʩʝʥʳ ʚ ʨʘʩʯʝʪʥʫʶ ʙʘʣʘʥʩ. ʕʪʦ ʧʨʠʚʝʜʝʪ ʢ ʚʳʩʦʢʦʡ 

ʩʪʝʧʝʥʠ ʦʯʠʩʪʢʠ ʚʦʜʳ, ʯʪʦ ʠ ʷʚʣʷʝʪʩʷ ʮʝʣʝʚʦʡ ʟʘʜʘ-

ʯʝʡ. 

-ʜʨʫʛʘʷ ʢʨʘʡʥʷʷ ʩʠʪʫʘʮʠʷ ð ʚʩʝ ʧʦʣʠʤʝʨʥʳʝ 

ʢʦʤʧʦʟʠʪʳ ʨʘʟʨʫʰʘʶʪʩʷ, ʥʝ ʜʦʩʪʠʛʥʫʚ ʧʝʥʥʦʛʦ 

ʩʣʦʷ, ð ʦʯʠʩʪʢʘ ʚʦʜʳ ʦʪʩʫʪʩʪʚʫʝʪ. ɼʣʷ ʨʝʰʝʥʠʷ 

ʵʪʦʡ ʟʘʜʘʯʠ ʥʝʦʙʭʦʜʠʤʦ ʬʦʨʤʘʣʠʟʦʚʘʪʴ ʬʘʢʪʦʨʳ 

ʦʯʠʩʪʠʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʢʦʪʦʨʳʝ ʧʦʜʯʠʥʷʶʪʩʷ 

ʨʘʟʣʠʯʥʳʤ ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʤ, ʧʨʠ ʵʪʦʤ ʬʦʨʤʠʨʦʚʘ-

ʥʠʝ ʝʜʠʥʫʶ ʩʠʩʪʝʤʫ ʦʯʠʩʪʠʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ.  

-ʦʩʥʦʚʥʳʤ ʢʨʠʪʝʨʠʝʤ ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʦʯʠʩʪʠ-

ʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʷʚʣʷʝʪʩʷ ʜʚʠʞʝʥʠʝ ʨʝʘʛʝʥʪʦʚ ʩ 

ʦʯʠʱʘʶʱʠʤʠ ʨʝʘʛʝʥʪʘʤʠ ʧʦʣʠʘʥʠʣʠʥʦʚʳʭ ʩʦʨʙʝʥ-

ʪʦʚ, ʘ ʪʘʢʞʝ ʦʪ ʢʠʥʝʪʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ ʬʠʟʠʢʦ-ʭʠ-

ʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʘʙʩʦʨʙʮʠʠ.  
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CONCEPTS OF BUILDING A MACROMODE OF MULTI -STAGE PROCESS 

 

Abstract:  

The issues of building a macro and micro model of a multistage process are considered using the decompo-

sition method, dividing the general technological system into interconnected control loops. A procedure for con-

structing an integrated macro model of a multistage process using a system of material balance equations for each 

control loop, a two-level mathematical model of a complex multistage system, developing principles for modeling 

and systematizing element models, the degree of aggregation, in general, controlling the technological properties 

of a material resource, calculating the schemes is reduced to solving a system of algebraic equations, modern 

technological scheme processing of a material resource, the procedure for constructing an integrated macro 

model multi-stage process (SME). 

A modern technological scheme for processing material resources cannot be carried out without returning 

circulating products when the product from subsequent nodes is sent for revision to the head of the technological 

scheme. The procedure for constructing an integrated macro model of SME s at two stages is considered; at the 

first stage of modeling, a macro model is constructed for the entire process, determined using only the input and 

output parameters of individual contours. 

At the second stage, the micro model is built for individual local subsystems of the SME s in accordance with 

the principle of decomposition. The task is to find the optimal solutions to the original mathematical model by 

interconnecting conditionally - optimal solutions of individual models, then a comparison of various formal de-

composition methods is performed according to previously determined criteria and on this basis the most prefer-

able is chosen. 

When modeling multidimensional systems, one has to operate with various factors that have different units of 

measurement.  

Therefore, it is advisable to determine the dimensionless mathematical model, since it is easily analyzed. The 

use of the latest mathematical modeling tools and modern methods of the flexible equation mainly determines the 

prospects of such studies. 

 

Keywords: multi-stage process, decomposition, aggregation, simulated object, material balance equations, 

integrated macro and micro models, material resource. 

 

I.  INTRODUCTION  
 

When creating SME s that allow to intensify pro-

cesses and increase production efficiency, one of the 

most bottlenecks is the issue of modeling. At the same 

time, the structure and accuracy of a mathematical 

model largely determines the effectiveness of the entire 

management system of an SME. 

Often, models act as integrating elements of con-

trol systems, combining and processing  

information coming from various subsystems of 

control systems in order to obtain analytical and fore-

cast data from the operation of the control  

 

object. The quality of such models - their ade-

quacy, completeness, efficiency, largely determines the 

level and quality of control of the object as a whole. 

Multistage processes are complex modeling sys-

tems, the analysis of the dynamics of operation and the 

synthesis of optimal solutions of which are possible in 

real situations only on the basis of the use of computer 

technology. Therefore, the spectrum of requirements 

associated with the machine orientation of the models 

is presented to the simulation methods, with the possi-

bility of using them in the tasks of a comprehensive 

analysis of the functioning of a multistage system and 

the synthesis of a flexible control system. In large 

terms, this part of the requirement is as follows: modu-

larity, hierarchy, whether the form is a bridge, machine 

orientation and versatility. This circumstance is due to 

the inherent features of mathematical modeling of SME 

s. 

The first group of discrete-continuous SME mod-

eling features is related to the special quality of these 

systems, flexibility, the second to the high complexity 

of the modeling process, due to the large variety of el-

ements and options for their integration, as well as the 

inclusion in consideration when modeling a large num-

ber of different types of elements whose coordination 

is a prerequisite for the organization of interaction ele-

ments. 

The third group of features is associated with high 

responsibility and laboriousness of the SME modeling 

process. 

The complexity of discrete-continuous SME s as 

objects of modeling is due to a number of objective fac-

tors, including the heterogeneity of the medium, the 

heterogeneity of the material on various grounds (size, 

shape, mineral composition of particles), the complex-

ity of the interaction of various physic-chemical factors 

in the production process. As a result, each technologi-

cal operation has a different degree of influence on the 

final results of the TP, therefore in the SME manage-

ment system there are separate control loops of techno-

logical areas with a certain number of input and output 

material and information flows. The outlined contours 

can be viewed independently of the rest of the SME s 

and it is necessary to develop control and identification 

algorithms for them. For each office, its mathematical 
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model is built, goals, management tasks and technolog-

ical constraints imposed on the management process 

are formulated. 

Building a unified mathematical model of a com-

plex multistage production system as a whole is impos-

sible because of the multi-factor, multi-criteria and 

complexity of its operation. In these cases, it is neces-

sary to decompose the modeled object into a finite num-

ber of subsystems, preserving the connections between 

the subsystems that ensure that the interaction of the 

subsystems is taken into account. 

The procedure for partitioning subsystems contin-

ues until such subsystems are obtained that, under the 

conditions of the problem under consideration, will be 

considered fairly simple and convenient for direct 

mathematical description, reflecting the properties of 

any one class of phenomena [20-24]. These subsys-

tems, not subject to further dismemberment, are called 

elements of a complex system. 

When choosing a mathematical apparatus that 

forms the basis for modeling, an important role is 

played by the characteristic properties of this class of 

systems, its elements, their interconnection and interac-

tion. 

A mathematical model of a complex multistage 

system consists of mathematical models of elements 

and a mathematical model of interaction between ele-

ments [3, 4, 20]. 

The complexity of building and using optimiza-

tion models in managing SME s lies in the fact that, 

firstly, the introduction of optimization models will oc-

cur under the conditions of the current CU control sys-

tems, secondly, the main processes of a multistage sys-

tem are continuous-discrete and continuous and third, 

non-linearity is characteristic of many of them [8-10]. 

Difficulties associated with the diversity of the 

composition of management tasks at individual levels 

and the need to consider them as a single whole with a 

variety of characteristics of elements and their modes 

of operation and the resulting hybrid integrated nature 

of mathematical models pose as priority issues of struc-

turing a multi-stage system, developing principles for 

modeling and systematizing element models and the 

whole system. The definition of the optimal structure of 

the model is closely related to the problem of determin-

ing the periodicity of control, the frequency of correc-

tion of models of non-stationary subsystems of the 

complex, as well as the number of levels of the hierar-

chical system of flexible control. 

The hierarchical model is a set of system models 

built for all levels of SU SME s [10-16]. 

The structure of the system model is closely re-

lated to the degree of enlargement of technological ar-

eas as subsystems of the system. The degree of aggre-

gation can serve as a quantitative measure of aggrega-

tion of aggregates - a quantity characterizing the 

number of system subsystems allocated during the con-

struction of an integrated macro model. The degree of 

aggregation, in general, is represented by the ratio. 

Ὓ Ὧ άz  

where m is the number of subsystems allocated 

when building an integrated macro model; Ὧ- coeffi-

cient associated with the structural properties of the 

system [4]. 

The mathematical model of a multistage process is 

a set of operators (systems of equations) that reflect the 

models of individual local subsystems and circuits, i.e. 

the process model follows from the mathematical de-

scription of the technological operations involved in the 

process. Regardless of the nature of the technological 

scheme and the devices used, the type of material re-

source and its quality for each of its contour and the 

whole process, the law of material balance for the over-

all product and its components is valid. 

In [6-7] it is noted that to control the technological 

process of researching the properties of a material re-

source, it is necessary to know the qualitative and quan-

titative characteristics of each type of product obtained 

according to the technological scheme. Such a determi-

nation is made on the basis of the balance calculation 

of the schemes, which is reduced to identifying the dis-

tribution of the material resource received in the pro-

cess and its constituent components along the branches 

of the scheme. In mathematical terms, the balance cal-

culation of schemes is reduced to solving a system of 

algebraic equations. For each circuit circuit, you can 

make the following balance equations for the mass of 

the product [1,2,4]. 

‎ ‎̜ ȟ

 Ὥ ρȟὲȠ 

 ί ρȟὯ Ὧ

 

and mass balance of ego components 

‎ Ὠ ‎̜Ὠ̜  ȟ

 Ὦ ρȟάȢȢ

 

Here i- is the circuit contour number; n is the num-

ber of contours; j -is the component number; m is the 

number of components; s - contour product number; 

ὯὯ - the number of products at the inlet and outlet of 

the circuit. 

It should be noted that the solution of the system 

of balance equations is associated with a number of 

computational difficulties: a large dimensionality of the 

system, poor conditionality, uncertainty, incompatibil-

ity and closeness of technological schemes for pro-

cessing a material resource. A modern technological 

scheme for processing material resources cannot be 

carried out without returning circulating products, 

when the product is sent from subsequent nodes to the 

head of the scheme for revision. 

However, if at the balance calculation of the cir-

cuit contour the task is reduced to determining the prod-

uct yield by the model described by relatively simple 

one or multi component balance equations, then at the 

technological calculation of the scheme it is necessary 

to calculate the full product characteristic, which re-

quires the use of both balance and more complex equa-

tions. 



ζColloquium - journal Ȼ# 3(55),2020 / RESULT AND DISCUSSION 119 

At the second stage, mathematical models are con-

structed for each selected contour, taking into account 

the tasks and limitations arising from the results of the 

first stage. 

Consider the procedure for constructing an inte-

grated macro model ICP [1,8]. 

For the i - th circuit of the SME s, the material bal-

ance equations/ 
‌‎ ‍‎ — ‎ ȟ

‎ ‎ ‎ 
 

where ‌ȟ‍ȟ—-is the content of a useful resource 

in nutrition, in the finished product and in dump prod-

ucts of the i- th circuit; ‎ȟ‎ȟ‎ the mass of the ma-

terial resource of the i - th circuit, respectively, in the 

diet, in the finished product and dump products. 

The control circuit of an SME can be represented 

as a multidimensional object (Fig. 1). 

The task of building a mathematical model of a 

continuously functioning process is formulated as fol-

lows. 

Let the input parameter ὼὸwith the 

ὼ ὸȟὼ ὸȟȢȢȢȢȢȢȟὼ ὸcomponents affect †-the input 

ώὸ  ώ ὸȟȢȢȢȢȢȢȟώ ὸof the circuit and output the 

output parameter [2,4], with each of the output 

ὼ     ώ 

ὼ     ώ 

ὼ     ώ 

 

 

 

 

Fig.1. Block diagram of the control circuit. 

 

parameters, ώ ὸ., ώ ὸ.., ώ ὸ completely de-

termined in the probabilistic sense by all or often input 

ὼ ὸȟὼ ὸȟȢȢȢȢȢȢȟὼ ὸ. 

 

II. METHOD  
Flows from other circuits, as well as the initial 

flow of a material resource, can flow into the power of 

the i - th process loop. From here we get expressions. 

‌
В ‫ ‍‎ ɦ —‎ ‌‎

В ‫ ‍‎ ɦ ‎ ‎
̑ ȟ

 ρ

 

‎ В ‫ ‍‎ ´ ‎ ‎ ȟ

 ς
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‌- the content of the useful resource in the source 

stream; 

‎  - output material resource in the original 

thread. 

Changing and from i to n using equations (1), (2), 

we compose a system of linear algebraic equations, 

solving it, we find the following functions: 

‎ ‎ ‌ȟ‌ȢȢȢȢȢȢȟ‌ȟ‎ ȟ‎ ȟȢȢ

ȢȢȢȢȢȢ‎ ȟ‍ȟ‍ȟȢȢȢȢȢȟ‍ȟ—ȟ̉ ȟȢȢȢȢȢȢȟ— ȟ
 

‎ ‎ ‌ȟ‌ȢȢȢȢȢȢȟ‌ȟ‎ ȟ‎ ȟȢȢ

ȢȢȢȢȢ‎ ȟ‍ȟ‍ȟȢȢȢȢȢȟ‍ȟ—ȟ—ȟȢȢȢȢȢȢȟ— ȟ
 

 Where i = 1,2, .., n. 

If ‍we‎  take for the content of a useful material 

resource in the finished product and for its output, then 

the system of equations is determined from the general 

material balance according to the technological 

scheme: 

‌‎ ‍‎̃ — ‎ ȟ 

‎ ‎ ‎ ȟ 

From this system we find the expression, i.e. 

macro models, for the maintenance of a useful material 

resource in dump products. 

— ‍
‍В ‎ В ‌ ‎

̑

В ‎ ‎
Ȣ 

Macro model regarding the content of a useful ma-

terial resource in the finished product has the form. 

‍ —
— ̄̉ В ̂ ̄̂

̑

̄̃̑
 

Similarly, the macro model of the extraction of a 

useful product in the finished product is determined as 

follows: 

̆  
̃̑̄̃̑

В ̂̄̂
̑ Ȣ 

Thus, at the first stage of modeling, a macro model 

is built for the entire process, determined using only the 

input and output parameters of the contours. 

At the second stage, the micro model is con-

structed for individual local subsystems of the SME s 

in accordance with the principle given in [1,3,5]. 

III.  RESULT AND DISCUSSION 

The hierarchy of beginning systems under study is 

described using the original global mathematical 

model. Then, in accordance with the accepted compo-

sition of the hierarchy, the aggregated model of the cen-

tral system and the detailed micro models of the local 

subsystems are separated from the original macro 

model. The task is to find the optimal solution to the 

original mathematical model by interconnecting condi-

tionally - optimal solutions of individual models, then 

a comparison of various formal decomposition methods 

is performed according to previously determined crite-

ria and the most preferable one is chosen on this basis 

[19]. 

In this case, the top level model is built by aggre-

gating the micro models of the lower level in accord-

ance with the conditionally optimal solutions previ-

ously obtained for them. In turn, the aggregated solu-

tion found using the top-level macro model is 

transmitted in the lower level models and used by them 

as a contour within which a detailed solution is 

searched. 

 

i th 

contour of the  

multistage process 



120 RESULT AND DISCUSSION / ζColloquium - journal Ȼ# 3(55),2020  

At the same time, it is impossible in principle to 

take into account all input parameters affecting the pro-

cess and output variables, practically it is necessary to 

confine ourselves to only a small part of the main de-

termining input parameters; The task of the control sys-

tem is to compensate for the effect of these disturb-

ances. In addition, certain restrictions are imposed on 

the input and output parameters ὫὼȟὫώ. 

In the general case, the system of equations de-

scribing the process under study is expressed as fol-

lows: 
ώ ὪὼȟὼȟȢȢȢȟὼȟώȟώȟȢȢȢ

ȢȢȢȢώ ȟώ ȟȢȢȢώȟὥȟὥȟȢȢȢȟὥ
 

ώ  ὥ ὥὼ

ὥ
ȟ

ὼὼ ὥὼ ȢȢȢȢȢ

 

The functionὪὮ ρȟὛ can be fairly well ap-

proximated by data functions ὪᴆὮ ρȟὛȟ Ὓ Ὓ ȟup 

to a set of parameters, ὦ ὦ ȟὦȟȢȢȢȢȢȟὦ ȟi.e. 

ώ ώᶻ Ὢ ὼȟὼȟȢȢȢȟὼȟώȟώȟȢȢȢ

ȢȢȢώ ȟώ ȟȢȢȢώȟὦȟὦȟȢȢȢȟὦ  σ
 

or 

ώ ώᶻ ὦ ὦὼ

ὦ
ȟ ȟ

ὼὼ ὦὼ ȢȢȢȢȢȢȢȢτ

 

where Ὦ ρȟὛ and ὦ ὦȟȟὦȟȢȢȢȢȟὦ - indefi-

nite coefficients of the mathematical model. 

Based on the experimentally obtained values ώᶰ

Ὣώand ὼ̅ ᶰὫὼȟparameters Ὦ ρȟὛȠ ̅

ρȟὛ Ƞ Ὥ ρȟὲ (3), (4), estimates can be made using the 

method of least squares [1-13]. 

A block diagram of the construction of a mathe-

matical model for a single subsystem of an SME is 

shown in Fig. 2. 

 
Figure 2. Adaptation scheme of the mathematical model of SMEs. 

 

When modeling multidimensional systems, one 

has to operate with various factors that have different 

units of measurement. Therefore, it is advisable to de-

termine the dimensionless mathematical model, since it 

is easily analyzed. You can also derive recurrence rela-

tions that allow you to move from a dimensionless 

model to a dimensional one. 

For this purpose, instead of components of the in-

itial factors, standardized (dimensionless) components 

are introduced: 

ὅ
̍

̅
ȟὅ

̍

̅
ȟ

 Ὓ ρȟά Ƞ Ὥ ρȟὲȟ
 

Where 

̅
В ὼ ̍

ά ρ
ȟ

 ̅
В ώ ̍

ά ρ
ȟ

 

̍
ρ

ά
ὼ ȟ

 ̍
ρ

ά
ώȢ

 

Here, the approximate regression equation is 
ὅ ̂ὧ ̂ὧ ȢȢȢ

ȢȢȢȢ̂ὧ Ȣυ
 

After simple transformations, we obtain a system 

of equations for the unknown coefficients, which in 

matrix form looks like this: Ὀ̂  ̃(6) 

Where 

Ὀ  

Ὠ Ὠ ȢȢȢȢȢὨ
Ὠ Ὠ ȢȢȢȢȢὨ
ȢȢȢȢȢȢȢȢȢȢȢȢȢȢȢȢȢȢȢȢȢȢȢ
Ὠ Ὠ ȢȢȢȢȢὨ

ȟ̂

̂
̂
ȢȢȢȢȢ
̂

ȟ̃

̃
̃
ȢȢȢȢȢ
̃

or 

 Ὀ ὨὭȟὮȟ̂ ̂Ὥȟ̃ ̃Ὥȟ 

Ὠ
ρ

ά
 ὅ ὅ  ȟ 
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̃
ρ

ά
ὅ  ὅ  ȟὭȟὮ  ρȟὲ 

If for a quadratic matrix D there exists an inverse 

matrix, then, Ὀ multiplying (6) from the left Ὀ by, 

we find the unknown coefficients of the system :̂ 

 ̂  Ὀ  ̃

Substituting the coefficients into an approximate 

regression equation (5), we find a dimensionless math-

ematical model (on a standardized scale) to describe the 

multidimensional system under study. 

Thus, at present, the methods of mathematical 

modeling are the most convenient, reliable and rela-

tively cheap methods of researching real SME s. 

The use of the latest mathematical modeling tools 

and modern computer equipment mainly determines 

the prospects of such research. 

Due to the presence of a greater number of heter-

ogeneous disturbing influences, the SU SMEs will find 

it difficult to support the operation of the control object 

with the required quality and reliability. This problem 

is especially aggravated for multistage production pro-

cesses with continuous-discrete and continuous nature, 

where the control cycle is limited from below by the 

speed, quality and reliability of the measuring path, and 

from above by the speed, quality and reliability of com-

puters and communication channels. 

Often, the direct determination of the values of 

process parameters in a production environment pre-

sents a certain difficulty. The complexity of solving this 

problem is due to the fact that existing sensors and 

measuring devices do not have the required reliability, 

they are difficult to install on a functioning facility, and 

their cost is high. 

In order to solve such problems, the following al-

gorithm is proposed: 

Let there are many technological parameters 

Ὃ Ὃ ὼȟὼ ȟȢȢȢȢȢȢȟὼ ȟ 
consisting of two subsets: 

Ὃ Ὃ ὼ ȟὼ ȟȢȢȢȢȢὼ  ȟὋ ᶰ Ὃȟ 

whose values are easily definable, and 

Ὃ Ὃ ὼ ȟὼ ȟȢȢȢȢȢὼ  ȟὋ ᶰ Ὃȟ 

where values are difficult to determine. 

In this case, the ratio 

Ὃ Ὃ  lȟὋ Ὃ Ὃ 

and Ὧ ί ὲȢ 
If it is possible to determine the values Ὃof the 

parameters of the set, then it can be used to construct a 

system of models with respect to those parameters 

whose values are determined with a large time delay 

and costs. 

In the operator form, the system of models can be 

represented as. 

Ὃ ̗Ὃ ȟ 

Where 
-
 is a functional operator selected from 

the arsenal of mathematical equations and methods that 

meet the requirements of specialists in solving specific 

problems. The system of models is stored in the PC 

memory and at each control cycle it is used to estimate 

and predict the values of difficult-to-determine param-

eters. 

The essence of the proposed approach is to use the 

methodology of ñflexible synthesisò [11, 13, 17, 20, 

22], which consists in using information and its quality 

of organization at the stage of development and imple-

mentation in the procedures for developing control ac-

tions in control cycles at the stage of development and 

implementation of experimental data on the dynamics 

of the production process. 

For a more detailed analysis of the proposed algo-

rithm, we assume that there ὼis a (ὲ ά) matrix of 

experimental data with dimensions taken over a 

ὸ ȟὸ period of time, the elements ὼȟὭ ρȟὲ Ƞ  Ὦ

ρȟάȠof which are input variables including control var-

iables, and output variables. At the same time j - means 

the number of the variable, a and u the number of meas-

urement. Between these variables is the ratio. 

ὣ  Ὂὼȟόȟχ 
where x - values of state variables among, u - state 

of control variables, Y - output values of state variables, 

F - conversion operator. 

We introduce a vector ὼᴆ 

 ὼ ȟȟὼ  ȟȢȢȢȢȢȢȟὼ ȟthat defines the set of measured 

values can be represented ὼas a set of columns 

ὼᴆὮ  ρȟάȢ 

Based on the collected statistics of the experi-

mental data ὼ, a correlation matrix is ᴘ
 
constructed 

and the analysis is made according to the strength of the 

correlation connection (the relationship between the 

variables for is weak, if - medium and - strong), the π

Ὑ πȢσ results of ᶅ Ὦ  ρȟά ȟ Ὥ Ὦwhich reduce 

the πȢσ Ὑ πȢχdimension of the description of the 

production process to ὼᴆ. 
Thus, as a result of this procedure, ὼa subset is 

Ὑ πȢχidentified with the matrix ὼtakes the form ὼᴆ 

of dimension ὲ ὰ ȟὰ ά and, by analogy with (7), 

we have. 

ὣ  Ὂ ὼᴆ ȟὟ Ȣψ 

Simultaneously with the above systematization of 

statistics of experimental data in order to improve the 

quality of operational management, at each step of the 

management cycle the remaining population is classi-

fied ὼ into ὼᴆlow-inertia (usually bistro-defined) ὼᴆand 

strongly inertial variables, and in order to ὼᴆfurther re-

duce the dimensionality of the task of describing the 

state of the production process (determined ) the rela-

tionship between them. 

 
ὼᴆ  ̗ ὼᴆ ȟὼᴆ ȟȢȢȢȢȢȟὼᴆ ȟ

 Ὦ  ί ρ  ȟὰ Ȣ                   ω
 

Systematization in this case is performed accord-

ing to the following algorithm. Let ὼᴆthe vectors be 

grouped in a matrix ὼᴆ in such a way that at the begin-

ning are located the first with vectors, ὼᴆ,Ὦ  ί ȟρ cor-

responding to low-inertia variables ὼᴆ, and then the 

vectors, corresponding to strongly inertial Ὦ 

 ί ρ  ȟὰ variables in real time. 
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As a result ὼᴆ, the data matrix is represented in the 

form of two sub matrices - ὼᴆ - - low-inertia and - ὼᴆ- 
strongly inertial. 

When choosing the methodology of mathematical 

methods for determining the structure ̗  ȟὮ 

 ί ρ ȟὰ, special attention will be paid to the method of 

the modeling function [12, 14, 16, 18, 21]. 

In [4, 12], the criterion of the minimum of a quad-

ratic functional of the form: 

Ὑ  ά   В ̏Ὧ ̕ ȟρπ whereὯ ̕  

is the value of the correlation function of the error at the 

moment ̕ ȟ̏ð some constant coefficients satisfying 

the condition В ̏ πȢ Then the optimal estimate of 

the object operator can be searched for in the class of 

linear integral stationary operators 

ὣὸ  ὃὢὸ  ̚̕ὼὸ ̕Ὠ̕  ȟ 

where ̚ ὸis the weight function of operator A. 

Further, expressing the functional (10) through the 

original statistical data ̚ ̕  πand ̕ π ȟ̕
ὸtaking into account the physical reliability of the sys-

tem (s), we obtain 

Ὑ   ά ̚̕Ὠὸ  ά  

̏

ụ
Ụ
Ụ
Ụ
ợ

ὑ ẗ ̕   ̌  
̕̚̕Ὠ̕ Ὠ̌  

ς 
ὑ ̕

̕ ̚ ̕Ὠ̕   ὑ ̕
Ứ
ủ
ủ
ủ
Ủ

 ρρ

 

where, ά ȟά  is the mathematical expectation of 

the input and output signals; ὑ ẗ ̉ ὑ ẗ- respec-

tively auto and cross-correlation function of random 

processes ὼὸand ώὸ. Expression (11) is a functional 

of the weight function of the type model / 12 /. 

Ὑ   ɮὸȟίȟ̚ ὸȟ̚ ί  ὨὸὨίȢ 

The integrand in this case has the form. 
ɮ ȟ̌̕ȟ̚ ὸȟ̚ ̌   

 ̏ɣ ̕  ̌  ̕  ̚ ̕ ̚ ̌ 

 
ρ

ɬ
̏
ɣ ̕ ̕̚̕ 

 ɣ ̕ ̌̚̕
 

 
ά

ςɬ
̚̕  ̚ ̌

 

and is a symmetric bilinear form with respect to 

̚ὸand ̚ ̌. 

It is easy to show that the estimate of the weight 

function of the object must satisfy the linear Fred Holm 

integral equation of the first kind. 

̏ɣ ̕ ̌ ̕̚ ̌Ὠ̌  

̏ɣ ̕ ̕  
ά

ς
  π ȟ

 

where ̚ ̌is the optimal estimate of the weight 

function of the object by criterion (10). The solution of 

this equation can be found by the methods described in 

[8, 17]. 

 

IV. DISCUSSION AND CONCLUSION.  
Considering the above estimates as some general-

ized coordinates ὼᴆ, we obtain an effective mathemati-

cal description of complex production processes ὼᴆ. 

The result of the above systematization allows 

them to be used to improve the efficiency and quality 

of the decision-making procedure in the ICP value in-

formation management cycles. 

 

V. APPENDIX  
The speed of the decision-making procedure in the 

control loop can be hung by further systematizing and 

ranking the elements of the sub matrix ὼᴆ. For this pur-

pose, the elements of the matrix ὼᴆare divided into con-

trollable and uncontrollable (but controllable) parame-

ters with their further arrangement into sub matrices of 

a lower dimension according to the following scheme. 

We introduce aὐ  Ὦ set consisting of numbers 

of uncontrollable variables. In accordance with the 

above procedure, using the values of the correlation 

matrix Ὑ , the ordering of the elements of the set is 

performed ὐ. For this purpose, ὥ ȟὥ the interval 

based on technological considerations or the distribu-

tion law (normal, beta distribution, etc.) d is divided 

into sub intervals  

ὥ ὥ  ȟὥὥ  ȟȢȢȢȢὥ  ὥ  Ȣ 
Further, the first subset is taken, ὐ for example, I 

with an order number with the value of its possible val-

ues on the interval ὥ ὥ  Ȣ 

The procedure forὼᴆ ordering in a subset ὐ is to 

group under the intervals and is determined by belong-

ing to ὼᴆ the corresponding under the intervals. The 

whole set in each of the above sub-intervals form 

ὼᴆcorrespondingly subsets ὍȟὍȟȢȢȢȢȟὍȢ. In accordance 

with the selected sets, ὍȟὍȟȢȢȢȢȟὍȢthe rows are rear-

ranged in the matrix ὼᴆ in such a way that all vector 

values in the ὼᴆsub-interval ὼᴆ ɴ ὥ ὥ are at the be-

ginning (at the top) of the matrix, then, etcὼᴆ ɴ
 ὥ ὥ . 

Thus, the initial data matrix ὼᴆ by the values of 

one of the elements ὐof the subset is represented in the 

form of several sub matrices of a significantly smaller 

dimension. 

Next, for all rows with a sequence number, Ὥɴ

Ὅ̂ ȟ̂  ρȟὨ the corresponding model (8) is constructed 

relative to some pre-selected output process indicator. 

For example, q an empty variable with a sequence num-

ber is an output indicator ὼᴆ. Then model (8) takes the 

form 

ὼᴆ  ὪὼᴆȟὼᴆȟȢȢȢȢȟὼᴆ ȟȢȢȢ

ȢȢȟὼ ᴆ ȟὼ ᴆ ȟȢȢ

ȢȢȟὼᴆȟὼ ᴆ ȟȢȢȢὼЉ
ᴆ ὥὲὨ ὼᴆɴ ὥ ὥ  ȟ
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ὼᴆ  ὪὼᴆȟὼᴆȟȢȢȢȢȟὼᴆ ȟȢȢȢ

ȢȢȟὼ ᴆ ȟὼ ᴆ ȟȢȢȢȢȟὼᴆȟὼ ᴆ ȟȢȢ

ȢὼЉ
ᴆ ὥὲὨ ὼᴆɴ ὥ ὥ  ȟ

 

ééééééééééééééééééé  

ὼᴆ  Ὢ ὼᴆȟὼᴆȟȢȢȢȢȟὼᴆ ȟȢȢȢ

Ȣȟὼ ᴆ ȟὼ ᴆ ȟȢȢȢȢȟὼᴆȟὼ ᴆ ȟȢ

ȢȢὼЉ
ᴆ ̅̌ ̠ὼᴆɴ ὥ  ὥ  Ȣ

 

An important advantage of the proposed approach 

to the organization of information conversion pro-

cessing technology is that the constructed models of the 

form (10) can also be used to predict the characteristics 

of an output indicator of an object, and to control them 

in the future, in actual production conditions. 

The essence of the proposed algorithm for choos-

ing the preferred process model with regard to techno-

logical situations is as follows. If the values of the var-

iables of the object with the definition number ὮȟὮ 

 ρȟίin the control cycle, P then when they are substi-

tuted in (10), respectively, each model with different 

accuracy determines the values of the output indicator. 

In this case, the substitution of the values of these vari-

ables in the model of type (10) is carried out taking 

ὥ  ȟὥ Ȣinto account their affiliation to the interval. 

The error between the measured indicator value calcu-

lated by the model and the output indicator is deter-

mined as follows 

̅  
ὼᴆ  Ὢ ὼᴆ ȟȢȢȢȢȟὼᴆ ȟȢȢȢ

Ȣȟὼᴆὼ ᴆ ȟȢȢȢȢȟὼ  ᴆ ὼ ᴆ ȟȢȢȢȢȢȟὼЉ
ᴆ 

 

 at ὼᴆ ɴ ὥ  ȟὥ ȟwhere Ὅ ὶ ὨȢ 
However, there may be cases when the chosen 

model with a satisfactory accuracy does not approxi-

mate the statistical dependence in the conditions of the 

real process. 

Let̏  ̃ be some given accuracy of the sought 

model. If ̅ ̏̃that selected model can be used to 

solve subsequent optimization and control problems, 

̅ ̏̃otherwise the introduction of adaptation is nec-

essary. 

One of the possible ways to improve the accuracy 

of models (9), (10) is to adjust them based on the accu-

mulation of statistics during operation. 

Thus, the practical implementation of all stages of 

the above methodology for selecting the most appropri-

ate structure (type) of the process model can signifi-

cantly reduce the PC memory and machine time spent 

on processing a large amount of information, and in-

crease the reliability of the model. Consequently, the 

use of reliable models in the normal operation of the 

control object leads to a significant reduction in valua-

ble material and energy resources and thereby improves 

the quality of management.. 
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PROSPECTS FOR AUTOMATION OF TECHNOLOGICAL PROCESSES IN CONSTRUCTION 

USING THE EXAMPLE OF FLOOR TILE LAYING  

 

ɸʥʥʦʪʘʮʠʷ 

ɺ ʥʘʰʠ ʜʥʠ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʌ ʥʘʙʣʶʜʘʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʘʷ ʥʝʭʚʘʪʢʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʢʦʤʧʣʝʢ-

ʩʦʚ ʧʦ ʚʳʧʦʣʥʝʥʠʶ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʟʘʜʘʯ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʩʬʝʨʝ ʩʪʨʦʠʪʝʣʴʩʪʚʘ. ɺ ʚʝʢ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦ-

ʛʠʡ, ʚʝʩʴ ʤʠʨ ʩʪʨʝʤʠʪʩʷ ʟʘʤʝʩʪʠʪʴ ʬʠʟʠʯʝʩʢʠʡ ʪʨʫʜ ʤʘʰʠʥʥʳʤ. ɿʘʤʝʥʘ ʪʘʢʦʛʦ ʨʫʯʥʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝ-

ʩʢʦʛʦ ʧʨʦʮʝʩʩʘ, ʢʘʢ, ʥʘʧʨʠʤʝʨ, ʫʢʣʘʜʢʘ ʥʘʧʦʣʴʥʦʡ ʧʣʠʪʢʠ, ʥʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʡ, ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳ-

ʩʠʣʦ ʙʳ ʢʘʯʝʩʪʚʦ ʠ ʩʨʦʢ ʚʳʧʦʣʥʝʥʠʷ ʜʘʥʥʳʭ ʨʘʙʦʪ, ʧʨʠ ʵʪʦʤ ʩʥʠʟʠʚ ʢʦʣʠʯʝʩʪʚʦ ʨʘʩʭʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʠ ʫʙʨʘʚ ʦʰʠʙʢʠ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ. 

Abstract 

Nowadays on the territory of the Russian Federation there is a significant shortage of automated complexes 

for the performance of technological tasks, including in the sphere of construction. In the age of digital technolo-

gies, the whole world seeks to replace physical work with machine labor. Replacing such a manual process as, for 

example, laying floor tiles with an automated one would significantly improve the quality and duration of these 

works, while reducing the quantity of consumables and eliminating human errors. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʚʪʦʤʘʪʠʟʘʮʠʷ, ʧʨʦʤʳʰʣʝʥʥʳʡ ʨʦʙʦʪ, ʥʘʧʦʣʴʥʘʷ ʧʣʠʪʢʘ, ʤʘʥʠʧʫʣʷʪʦʨ. 
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʚ ʵʨʫ ʢʦʤʧʴʶʪʝʨʥʳʭ ʠ ʠʥ-

ʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʩʪʨʝʤʠʪʝʣʴʥʦ ʧʨʦʛʨʝʩ-

ʩʠʨʫʝʪ ʦʙʣʘʩʪʴ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ 

ʧʨʦʠʟʚʦʜʩʪʚ, ʚ ʢʦʪʦʨʳʭ ʟʘʜʝʡʩʪʚʦʚʘʥʦ ʙʦʣʴʰʝʝ ʢʦ-

ʣʠʯʝʩʪʚʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ [5, ʩ. 30]. 

ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʘ ʠʤʝʥʥʦ ʚʭʦʜʷ-

ʱʠʭ ʚ ʝʛʦ ʮʠʢʣ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʧʦʜʨʘ-

ʟʫʤʝʚʘʝʪ ʧʦʜ ʩʦʙʦʡ ʚʥʝʜʨʝʥʠʝ ʚ ʨʘʙʦʯʠʝ ʤʘʰʠʥʳ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʤʝʭʘʥʠʟʤʦʚ (ʫʩʪʨʦʡʩʪʚ), ʧʦʟʚʦʣʷʶ-

ʱʠʭ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ ʟʘʤʝʥʠʪʴ ʬʫʥʢʮʠʶ ʨʘ-

ʙʦʯʝʛʦ-ʦʧʝʨʘʪʦʨʘ, ʪʦ ʝʩʪʴ ʯʝʣʦʚʝʢʘ. ɿʘ ʧʦʩʣʝʜʥʠʤ 

ʦʩʪʘʝʪʩʷ ʪʦʣʴʢʦ ʧʝʨʠʦʜʠʯʝʩʢʦʝ ʥʘʙʣʶʜʝʥʠʝ ʟʘ ʨʘ-

ʙʦʪʦʡ ʤʘʰʠʥʳ ʠ ʝʝ ʦʨʛʘʥʦʚ, ʧʝʨʠʦʜʠʯʝʩʢʠʝ 

ʦʩʤʦʪʨʳ ʧʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʨʘʙʦʯʝʡ ʩʤʝʥʳ ʠʣʠ ʯʝ-

ʨʝʟ ʦʧʨʝʜʝʣʝʥʥʳʡ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ, ʘ ʪʘʢʞʝ ʧʝ-

ʨʝʚʦʜ ʚ ʨʝʞʠʤ ʨʫʯʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ, ʚ ʩʣʫʯʘʝ ʚʦʟ-

ʥʠʢʥʦʚʝʥʠʷ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʥʝʧʨʝʜʚʠʜʝʥʥʳʭ ʦʙ-

ʩʪʦʷʪʝʣʴʩʪʚ. 

ʇʦ ʩʦʩʪʦʷʥʠʶ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ, ʘʚʪʦʤʘʪʠ-

ʟʘʮʠʷ ʷʚʣʷʝʪʩʷ ʩʘʤʳʡ ʵʬʬʝʢʪʠʚʥʦʡ ʬʦʨʤʦʡ ʩʨʝʜʠ 

ʜʨʫʛʠʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ. ʇʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʝ 

ʚʳʩʚʦʙʦʞʜʝʥʠʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʦʪ ʣʶʜʝʡ ʥʝ ʪʦʣʴʢʦ 

ʧʦʚʳʰʘʝʪ ʩʢʦʨʦʩʪʴ ʠ ʢʘʯʝʩʪʚʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʨʘʙʦʪ, 

ʚʚʠʜʫ ʦʪʩʫʪʩʪʚʠʷ ʨʘʟʣʠʯʥʳʭ ʥʶʘʥʩʦʚ ʠ ʦʰʠʙʦʢ, 

ʚʦʟʥʠʢʘʶʱʠʭ ʧʦ ʧʨʠʯʠʥʝ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ, 

ʥʦ ʠ ʛʘʨʘʥʪʠʨʫʝʪ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʝ ʦʪʩʫʪʩʪʚʠʝ 

ʫʛʨʦʟʳ ʟʜʦʨʦʚʴʶ ʛʨʘʞʜʘʥ. 

ɺ ʥʘʫʢʝ, ʢʘʩʘʶʱʝʡʩʷ ʩʬʝʨʳ ʪʝʭʥʦʣʦʛʠʡ ʧʨʦʠʟ-

ʚʦʜʩʪʚʘ, ʨʘʩʰʠʨʝʥʠʝ ʦʙʣʘʩʪʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʪʝʭ 

ʠʣʠ ʠʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʦʩʪʘʝʪʩʷ, ʠ 

ʙʫʜʝʪ ʦʩʪʘʚʘʪʴʩʷ ʩʘʤʳʤ çʦʩʪʨʦ ʩʪʦʷʱʠʤè ʚʦʧʨʦ-

ʩʦʤ. 

ʆʩʦʙʝʥʥʦ çʦʩʪʨʦè, ʧʦ ʤʥʝʥʠʶ ʦʪʝʯʝʩʪʚʝʥʥʳʭ 

ʫʯʝʥʳʭ, ʜʘʥʥʳʡ ʚʦʧʨʦʩ çʩʪʦʠʪè ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʌ 

[7, ʩ. 111]. ʇʦ ʠʤʝʶʱʝʡʩʷ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʠʥ-

ʬʦʨʤʘʮʠʠ, ʜʦʣʷ ʧʨʠʤʝʥʝʥʠʷ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʚ ʧʨʦʤʳʰʣʝʥʥʦʤ ʩʝʢʪʦʨʝ ʈʦʩʩʠʠ ʟʘʤʝʪʥʦ ʥʠʞʝ, 

ʯʝʤ ʫ ʜʨʫʛʠʭ ʧʝʨʝʜʦʚʳʭ ʩʪʨʘʥ. ɼʦʣʷ çʭʘʡ-ʪʝʢʘè ʚ 

ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ʥʝ ʧʨʝʚʳʰʘʝʪ 10-15% 

[6]. 

ʏʪʦ ʢʘʩʘʝʪʩʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ 

ʩʪʨʦʠʪʝʣʴʩʪʚʝ, ʪʦ ʠʭ ʫʨʦʚʝʥʴ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʥʘʭʦ-

ʜʠʪʩʷ ʥʘ ʝʱʝ ʙʦʣʝʝ ʥʠʟʢʦʡ ʩʪʫʧʝʥʠ, ʥʝʞʝʣʠ ʚʩʷ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʘʷ ʠʥʜʫʩʪʨʠʷ. 

ʅʠ ʜʣʷ ʢʦʛʦ ʥʝ ʩʝʢʨʝʪ, ʯʪʦ ʩʬʝʨʘ ʩʪʨʦʠʪʝʣʴ-

ʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʚʢʣʶʯʘʶʱʘʷ ʚ ʩʝʙʷ ʙʝʩʯʠʩʣʝʥ-

ʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʷʚʣʷ-

ʝʪʩʷ ʦʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʟʘʪʨʘʪʥʳʭ, ʢʘʢ ʚ ʬʠʥʘʥʩʦ-

ʚʦʤ ʧʣʘʥʝ, ʪʘʢ ʠ ʚ ʧʣʘʥʝ ʪʨʫʜʘ ʨʘʙʦʯʠʭ. ʅʝ ʤʝʥʝʝ 

ʚʘʞʝʥ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʞʠʟʥʴ ʠ ʟʜʦʨʦʚʴʝ ʧʦʩʣʝʜʥʠʭ ʧʦ-

ʩʪʦʷʥʥʦ ʥʘʭʦʜʷʪʩʷ ʧʦʜ ʫʛʨʦʟʦʡ, ʪʘʢ ʢʘʢ ʩʪʨʦʠʪʝʣʴ-

ʥʘʷ ʧʣʦʱʘʜʢʘ ʷʚʣʷʝʪʩʷ ʤʝʩʪʦʤ ʥʘʣʠʯʠʷ ʧʦʚʳʰʝʥ-

ʥʦʡ, ʘ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʚʳʩʦʢʦʡ ʦʧʘʩʥʦʩʪʠ ʧʦ-

ʣʫʯʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʪʨʘʚʤ. 

ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʚ ʩʬʝʨʫ ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʧʨʦʠʟ-

ʚʦʜʩʪʚʘ, ʫʣʫʯʰʝʥʠʝ ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ 

ʥʝ ʟʘʩʪʘʚʠʪ ʩʝʙʷ ʜʦʣʛʦ ʞʜʘʪʴ, ʘ ʢʘʯʝʩʪʚʦ ʠ ʩʢʦʨʦʩʪʴ 

ʨʘʙʦʪ ʥʝʤʠʥʫʝʤʦ ʚʦʟʨʘʩʪʝʪ. ɹʦʣʝʝ ʪʦʛʦ, ʘʚʪʦʤʘʪʠ-

ʟʘʮʠʷ ʦʪʜʝʣʴʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʧʨʦʩʪʝʡʰʠʭ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʚʢʫʧʝ, 

ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʧʦʣʥʦʡ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʮʝʣʦʛʦ 

ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʮʠʢʣʘ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʚʠʜʘ ʨʘʙʦʪ. 

ʆʜʥʠʤʠ ʠʟ ʩʘʤʳʭ ʪʨʫʜʦʟʘʪʨʘʪʥʳʭ ʪʝʭʥʦʣʦʛʠ-

ʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ, ʪʨʝʙʫʶʱʠʤ ʧʨʠ 

ʵʪʦʤ çʶʚʝʣʠʨʥʫʶè ʪʦʯʥʦʩʪʴ ʠ ʘʢʢʫʨʘʪʥʦʩʪʴ, ʷʚʣʷ-

ʶʪʩʷ ʦʪʜʝʣʦʯʥʳʝ ʨʘʙʦʪʳ, ʛʜʝ ʙʦʣʴʰʠʥʩʪʚʦ ʦʰʠʙʦʢ 

ʩʣʫʯʘʶʪʩʷ ʧʦ ʚʠʥʝ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ, ʘ ʩʪʦʠ-

ʤʦʩʪʴ ʤʘʪʝʨʠʘʣʦʚ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʘ. 

ʆʜʥʠʤ ʠʟ ʚʘʨʠʘʥʪʦʚ ʫʩʪʨʘʥʝʥʠʷ ʦʰʠʙʢʠ ʯʝʣʦ-

ʚʝʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ, ʘ ʪʘʢʞʝ ʧʦʚʳʰʝʥʠʷ ʩʢʦʨʦʩʪʠ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʦʪʜʝʣʦʯʥʳʭ ʨʘʙʦʪ, ʷʚʣʷʝʪʩʷ ʘʚʪʦʤʘ-

ʪʠʟʘʮʠʷ ʜʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ. ʇʨʠ ʵʪʦʤ, ʛʨʘʤʦʪʥʝʝ 

ʙʳʣʦ ʙʳ ʥʘʟʚʘʪʴ ʜʘʥʥʳʡ ʧʨʦʮʝʩʩ ʨʦʙʦʪʠʟʘʮʠʝʡ, ʪʘʢ 

ʢʘʢ ʧʦ ʩʫʪʠ, ʬʫʥʢʮʠʠ ʯʝʣʦʚʝʢʘ ʟʘʤʝʥʷʝʪ ʨʦʙʦʪ. ʆʜ-

ʥʘʢʦ ʩʦʚʨʝʤʝʥʥʘʷ ʥʦʨʤʘʪʠʚʥʘʷ ʙʘʟʘ ʈʌ ʥʝ ʜʘʝʪ ʪʘ-

ʢʦʛʦ ʧʦʥʷʪʠʷ. 

ɹʦʣʝʝ ʪʦʛʦ, ʨʘʟʚʠʪʠʝ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦ-

ʛʠʡ ʷʚʣʷʝʪʩʷ ʧʨʷʤʳʤ ʫʢʘʟʦʤ ʇʨʝʟʠʜʝʥʪʘ ʈʌ ʠ 

ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʫʣʫʯʰʝʥʠʝ ʙʣʘʛʦʩʦʩʪʦʷʥʠʷ ʛʦʩʫʜʘʨ-

ʩʪʚʘ [1]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʘʚʪʦʤʘʪʠ-

ʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʩʪʨʦʠʪʝʣʴʥʦʡ ʦʪ-

ʜʝʣʢʠ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʠ ʩʝʛʦʜʥʷ ʦʯʝʚʠʜʥʘ ʠ 

ʙʝʩʩʧʦʨʥʘ. ʆʜʥʦʡ ʠʟ ʪʘʢʠʭ ʩʧʝʮʠʘʣʠʟʘʮʠʡ ʤʦʞʝʪ 

ʩʪʘʪʴ ʧʨʦʮʝʩʩ ʫʢʣʘʜʢʠ ʥʘʧʦʣʴʥʦʡ ʧʣʠʪʢʠ. 

ʈʘʟʜʝʣʷʶʪ ʧʨʦʤʳʰʣʝʥʥʳʝ ʨʦʙʦʪʳ ʚ ʦʩʥʦʚʥʦʤ 

ʧʦ ʪʠʧʫ ʠʭ ʫʧʨʘʚʣʝʥʠʷ. ʉʫʱʝʩʪʚʫʝʪ ʯʝʪʳʨʝ ʦʩʥʦʚ-

ʥʳʭ ʪʠʧʘ: 

1. ʇʨʦʤʳʰʣʝʥʥʳʡ ʨʦʙʦʪ ʩ ʮʠʢʣʦʚʳʤ ʫʧʨʘʚʣʝ-

ʥʠʝʤ ï ʧʨʦʤʳʰʣʝʥʥʳʡ ʨʦʙʦʪ, ʫʧʨʘʚʣʝʥʠʝ ʠʩʧʦʣʥʠ-

ʪʝʣʴʥʳʤ ʫʩʪʨʦʡʩʪʚʦʤ ʢʦʪʦʨʦʛʦ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʚʳʧʦʣʥʝ-

ʥʠʷ ʝʛʦ ʜʚʠʞʝʥʠʷ; 

2. ʇʨʦʤʳʰʣʝʥʥʳʡ ʨʦʙʦʪ ʩ ʧʦʟʠʮʠʦʥʥʳʤ 

ʫʧʨʘʚʣʝʥʠʝʤ ï ʧʨʦʤʳʰʣʝʥʥʳʡ ʨʦʙʦʪ, ʫʧʨʘʚʣʝʥʠʝ 

ʠʩʧʦʣʥʠʪʝʣʴʥʳʤ ʫʩʪʨʦʡʩʪʚʦʤ ʢʦʪʦʨʦʛʦ ʧʨʦʠʩʭʦ-

ʜʠʪ ʧʦ ʟʘʜʘʥʥʳʤ ʪʦʯʢʘʤ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʙʝʟ 

ʢʦʥʪʨʦʣʷ ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ ʤʝʞʜʫ ʥʠʤʠ; 

3. ʇʨʦʤʳʰʣʝʥʥʳʡ ʨʦʙʦʪ ʩ ʢʦʥʪʫʨʥʳʤ ʫʧʨʘʚ-

ʣʝʥʠʝʤ ï ʧʨʦʤʳʰʣʝʥʥʳʡ ʨʦʙʦʪ, ʚ ʢʦʪʦʨʦʤ ʫʧʨʘʚ-

ʣʝʥʠʝ ʠʩʧʦʣʥʠʪʝʣʴʥʳʤ ʫʩʪʨʦʡʩʪʚʦʤ ʢʦʪʦʨʦʛʦ ʧʨʦ-

ʠʩʭʦʜʠʪ ʧʦ ʟʘʜʘʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʩ ʫʩʪʘʥʦʚʣʝʥʥʳʤ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʚʦ ʚʨʝʤʝʥʠ ʟʥʘʯʝʥʠʡ ʩʢʦʨʦʩʪʠ; 

4. ʇʨʦʤʳʰʣʝʥʥʳʡ ʨʦʙʦʪ ʩ ʘʜʘʧʪʠʚʥʳʤ ʫʧʨʘʚ-

ʣʝʥʠʝʤ ï ʧʨʦʤʳʰʣʝʥʥʳʡ ʨʦʙʦʪ, ʚ ʢʦʪʦʨʦʤ ʫʧʨʘʚ-

ʣʝʥʠʝ ʠʩʧʦʣʥʠʪʝʣʴʥʳʤ ʫʩʪʨʦʡʩʪʚʦʤ ʢʦʪʦʨʦʛʦ ʧʨʦ-

ʠʩʭʦʜʠʪ ʩ ʘʚʪʦʤʘʪʠʯʝʩʢʠʤ ʠʟʤʝʥʝʥʠʝʤ ʫʧʨʘʚʣʷʶ-

ʱʝʡ ʧʨʦʛʨʘʤʤʳ ʚ ʬʫʥʢʮʠʠ ʦʪ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʩʦʩʪʦʷʥʠʷ ʚʥʝʰʥʝʡ ʩʨʝʜʳ. 

ɺ ʜʘʥʥʳʡ ʤʦʤʝʥʪ, ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʨʘʩʧʨʦʩʪʨʘ-

ʥʝʥʥʳʭ ʚʠʜʦʤ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ 

ʨʦʙʦʪʘ ï ʤʝʭʘʥʠʯʝʩʢʦʡ ʨʫʢʠ. 

ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ ʩʪʘʮʠʦʥʘʨʥʳʝ ʚʝʨʩʠʠ ʵʪʠʭ ʨʦ-

ʙʦʪʦʚ ʛʦʜʘʤʠ ʵʢʩʧʣʫʘʪʠʨʦʚʘʣʠʩʴ ʥʘ ʟʘʚʦʜʘʭ ʠ ʥʘ 

ʩʙʦʨʦʯʥʳʭ ʣʠʥʠʷʭ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʘʟʨʘʙʘʪʳ-

ʚʘʶʪʩʷ ʧʝʨʝʥʦʩʥʳʝ ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ ʜʣʷ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʷ ʚ ʣʶʙʳʭ ʟʘʜʘʯʘʭ ʥʘ ʩʪʨʦʠʪʝʣʴʥʳʭ ʧʣʦʱʘʜ-

ʢʘʭ. 

ɺʦʟʤʦʞʥʦʩʪʴ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʜʣʷ ʚʳʧʦʣʥʝ-

ʥʠʷ ʨʷʜʘ ʧʦʚʪʦʨʷʶʱʠʭʩʷ ʠ ʪʨʫʜʦʝʤʢʠʭ ʜʝʡʩʪʚʠʡ - 

ʪʘʢʠʭ, ʢʘʢ ʧʝʨʝʤʝʱʝʥʠʝ ʤʘʪʝʨʠʘʣʦʚ, ʩʚʷʟʳʚʘʥʠʝ 

ʘʨʤʘʪʫʨʳ, ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʢʘʤʝʥʥʳʭ ʩʪʝʥ ʠ ʜʘʞʝ 3D-

ʧʝʯʘʪʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ - ʵʪʠ ʨʦʙʦʪʳ ʙʫʜʫʪ ʦʢʘʟʳ-
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ʚʘʪʴ ʦʛʨʦʤʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ, ʫʤʝʥʴ-

ʰʘʷ ʢʦʣʠʯʝʩʪʚʦ ʥʝʩʯʘʩʪʥʳʭ ʩʣʫʯʘʝʚ ʠ ʟʥʘʯʠʪʝʣʴʥʦ 

ʧʦʚʳʰʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ. 

ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʷʨʢʠʭ ʧʨʠʤʝʨʦʚ ʷʚʣʷʝʪʩʷ 

ʢʦʤʧʘʥʠʷ Odico Formwork Robotics, ʢʦʪʦʨʘʷ ʨʘʟʨʘ-

ʙʦʪʘʣʘ ʨʦʙʦʪʘ, ʠʩʧʦʣʴʟʫʶʱʝʛʦ ʪʝʭʥʦʣʦʛʠʶ çʨʝʟʢʠ 

ʛʦʨʷʯʝʡ ʧʨʦʚʦʣʦʢʦʡè ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʣʦʞʥʳʭ ʙʝʪʦʥ-

ʥʳʭ ʬʦʨʤ ʩ ʜʚʦʡʥʳʤ ʠʟʛʠʙʦʤ (ʨʠʩ 1). ʊʨʘʜʠʮʠʦʥʥʦ 

ʵʪʦʪ ʪʨʫʜʦʝʤʢʠʡ ʠ ʜʦʨʦʛʦʩʪʦʷʱʠʡ ʧʨʦʮʝʩʩ ʵʢʦ-

ʥʦʤʥʦ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ. 

 

 
ʈʠʩ. 1. ʈʦʙʦʪ ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʣʦʞʥʳʭ ʬʦʨʤ ʙʝʪʦʥʘ ʧʦ ʪʝʭʥʦʣʦʛʠʠ çʨʝʟʢʠ ʛʦʨʷʯʝʡ ʧʨʦʚʦʣʦʢʦʡè  

 

ʕʪʠ ʨʦʙʦʪʳ ʪʘʢʞʝ ʤʦʛʫʪ ʙʳʪʴ ʟʘʧʨʦʛʨʘʤʤʠʨʦʚʘʥʳ ʥʘ ʩʦʟʜʘʥʠʝ ʩʣʦʞʥʳʭ ʬʦʨʤ ʜʣʷ ʦʧʘʣʫʙʢʠ ʩ ʙʦʣʝʝ 

ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʪʦʯʥʦʩʪʠ, ʯʝʤ ʫ ʯʝʣʦʚʝʢʘ, ʠ ʟʘ ʙʦʣʝʝ ʢʦʨʦʪʢʦʝ ʚʨʝʤʷ. 

ʈʦʙʦʪ SAM 100, ʨʘʟʨʘʙʦʪʘʥʥʳʡ Construction Robotics, ʧʨʝʪʝʥʜʫʝʪ ʥʘ ʟʚʘʥʠʝ ʧʝʨʚʦʛʦ ʚ ʤʠʨʝ ʢʦʤʤʝʨ-

ʯʝʩʢʠ ʜʦʩʪʫʧʥʦʛʦ ʨʦʙʦʪʘ ʜʣʷ ʫʩʪʨʦʡʩʪʚʘ ʢʘʤʝʥʥʦʡ ʢʣʘʜʢʠ (ʨʠʩ. 2). 

 
ʈʠʩ. 2. ʈʦʙʦʪ ʜʣʷ ʫʩʪʨʦʡʩʪʚʘ ʢʘʤʝʥʥʦʡ ʢʣʘʜʢʠ  

 

ʈʦʙʦʪʳ ʚ ʩʪʨʦʠʪʝʣʴʥʦʡ ʦʪʨʘʩʣʠ ʪʘʢʞʝ ʚʳʩʪʫ-

ʧʘʶʪ ʘʚʪʦʥʦʤʥʳʤʠ ʨʦʚʝʨʘʤʠ, ʦʙʦʨʫʜʦʚʘʥʥʳʤʠ ʢʘ-

ʤʝʨʘʤʠ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʠ ʜʘʪʯʠʢʘʤʠ, ʢʦʪʦ-

ʨʳʝ ʧʦʟʚʦʣʷʶʪ ʠʤ ʧʝʨʝʤʝʱʘʪʴʩʷ ʧʦ ʫʯʘʩʪʢʘʤ. 

ʉʧʦʩʦʙʥʳʝ ʚʳʷʚʣʷʪʴ ʠ ʠʟʙʝʛʘʪʴ ʧʨʝʧʷʪʩʪʚʠʡ, 

ʪʘʢʠʝ ʨʦʙʦʪʳ, ʢʘʢ çEffiBOTè, ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʬʨʘʥ-

ʮʫʟʩʢʦʡ ʨʦʙʦʪʦʪʝʭʥʠʯʝʩʢʦʡ ʬʠʨʤʦʡ Effidence, ʤʦ-

ʛʫʪ ʩʣʝʜʠʪʴ ʟʘ ʨʘʙʦʯʠʤʠ, ʥʝʩʷ ʠʥʩʪʨʫʤʝʥʪʳ ʠ ʤʘʪʝ-

ʨʠʘʣʳ (ʨʠʩ. 3). 


