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CALCULATION OF POWER SUPPLY FOR CONSTRUCTION SITE  
 

ɸʥʥʦʪʘʮʠʷ:  
ʇʨʦʠʟʚʝʩʪʠ ʨʘʩʯʝʪ ʦʙʱʝʡ ʧʦʣʥʦʡ ʤʦʱʥʦʩʪʠ ʵʣʝʢʪʨʦʧʨʠʝʤʥʠʢʦʚ, ʚʳʙʨʘʪʴ ʪʨʘʥʩʬʦʨʤʘʪʦʨ ʜʣʷ ʧʠ-

ʪʘʥʠʷ, ʦʧʨʝʜʝʣʠʪʴ ʤʝʩʪʦ ʨʘʟʤʝʱʝʥʠʷ (ʢʦʦʨʜʠʥʘʪʳ) ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʦʡ ʧʦʜʩʪʘʥʮʠʠ. ʇʨʦʠʟʚʝʩʪʠ ʚʳʙʦʨ 
ʠ ʨʘʩʯʝʪ ʢʘʙʝʣʴʥʳʭ ʠʣʠ ʚʦʟʜʫʰʥʳʭ ʣʠʥʠʡ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ ʦʪ ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʦʡ ʧʦʜʩʪʘʥʮʠʠ ʢ ʧʦʪʨʝ-
ʙʠʪʝʣʷʤ 

Abstract: 
To calculate the total power of electrical receivers, to choose a transformer for power supply, to determine 

the location (coordinates) of the transformer substation. Make the choice and calculation of cable or overhead 
power lines from the transformer substation to consumers 

 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʣʝʢʪʨʦʬʠʢʘʮʠʷ, ʦʩʚʝʱʝʥʠʝ, ʨʘʩʯʝʪ, ʧʦʪʨʝʙʠʪʝʣʠ. 
Key words: electrification, lighting, calculation, consumers. 
 
ʅʘ ʩʪʨʦʠʪʝʣʴʥʦʡ ʧʣʦʱʘʜʢʝ (ʉʇ) ʨʘʩʧʦʣʦʞʝʥʳ 

ʦʙʲʝʢʪʳ: ʩʪʨʦʷʱʠʡʩʷ ʢʦʨʧʫʩ (ʉʂ), ʙʘʰʝʥʥʳʡ ʢʨʘʥ 
(ɹʂ), ʨʘʩʪʚʦʨʦʙʝʪʦʥʥʳʡ ʫʟʝʣ (ʈɹʋ), ʙʳʪʦʚʳʝ ʧʦʤʝ-
ʱʝʥʠʷ (ɹʇ). ʊʘʢʞʝ ʠʤʝʝʪʩʷ ʥʘʨʫʞʥʦʝ ʦʩʚʝʱʝʥʠʝ ʧʦ 
ʧʝʨʠʤʝʪʨʫ ʩʪʨʦʡʧʣʦʱʘʜʢʠ. ɺʩʝ ʦʙʲʝʢʪʳ ʠ ʥʘʨʫʞ-
ʥʦʝ ʦʩʚʝʱʝʥʠʝ ʧʠʪʘʶʪʩʷ ʦʪ ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʦʡ ʧʦʜ-
ʩʪʘʥʮʠʠ (ʊʇ). ʅʘ ʨʠʩ. 1 ʧʦʢʘʟʘʥ ʧʣʘʥ ʚʦʟʤʦʞʥʦʛʦ 
ʨʘʟʤʝʱʝʥʠʷ ʜʘʥʥʳʭ ʦʙʲʝʢʪʦʚ. 
ɺ ʩʪʨʦʷʱʝʤʩʷ ʢʦʨʧʫʩʝ ʥʘʭʦʜʷʪʩʷ ʩʣʝʜʫʶʱʠʝ 

ʵʣʝʢʪʨʦʧʨʠʝʤʥʠʢʠ: ʩʚʘʨʦʯʥʳʝ ʪʨʘʥʩʬʦʨʤʘʪʦʨʳ, 
ʵʣʝʢʪʨʦʠʥʩʪʨʫʤʝʥʪ ʩ ʘʩʠʥʭʨʦʥʥʳʤʠ ʜʚʠʛʘʪʝʣʷʤʠ, 
ʩʚʝʪʠʣʴʥʠʢʠ. ɺʠʜ ʧʦʪʨʝʙʣʷʝʤʦʛʦ ʪʦʢʘ ï ʦʜʥʦʬʘʟ-
ʥʳʡ ʠ ʪʨʝʭʬʘʟʥʳʡ. ɺ ʙʳʪʦʚʦʤ ʧʦʤʝʱʝʥʠʠ ʥʘʭʦ-
ʜʷʪʩʷ ʦʜʥʦʬʘʟʥʳʝ ʩʚʝʪʠʣʴʥʠʢʠ ʠ ʢʘʣʦʨʠʬʝʨʳ, ʚʠʜ 
ʧʦʪʨʝʙʣʷʝʤʦʛʦ ʪʦʢʘ ï ʦʜʥʦʬʘʟʥʳʡ. ɺ ʨʘʩʪʚʦʨʦʙʝ-
ʪʦʥʥʦʤ ʫʟʣʝ ï ʪʨʝʭʬʘʟʥʳʝ ʘʩʠʥʭʨʦʥʥʳʝ ʜʚʠʛʘʪʝʣʠ 
ʩ ʢʦʨʦʪʢʦʟʘʤʢʥʫʪʳʤ ʨʦʪʦʨʦʤ ʠ ʦʜʥʦʬʘʟʥʳʝ ʩʚʝ-
ʪʠʣʴʥʠʢʠ. ʅʘ ʙʘʰʝʥʥʦʤ ʢʨʘʥʝ ʫʩʪʘʥʦʚʣʝʥʳ ʪʨʝʭ-
ʬʘʟʥʳʝ ʘʩʠʥʭʨʦʥʥʳʝ ʜʚʠʛʘʪʝʣʠ ʩ ʬʘʟʥʳʤ ʨʦʪʦʨʦʤ, 
ʩʥʘʙʞʝʥʥʳʝ ʩʠʩʪʝʤʦʡ ʫʧʨʘʚʣʝʥʠʷ ʠ ʟʘʱʠʪʳ. ɺʩʝ 
ʦʙʲʝʢʪʳ ʯʝʨʝʟ ʩʚʦʝ ʚʚʦʜʥʦʝ ʫʩʪʨʦʡʩʪʚʦ (ɺʋ) ʩʦʝʜʠ-
ʥʷʶʪʩʷ ʩ ʧʦʜʩʪʘʥʮʠʝʡ ʊʇ ʣʠʥʠʝʡ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ 
(ʢʘʙʝʣʴʥʦʡ ʠʣʠ ʚʦʟʜʫʰʥʦʡ) ʧʦ ʨʘʜʠʘʣʴʥʦʡ ʩʭʝʤʝ 

ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ. ʅʦʤʠʥʘʣʴʥʦʝ ʣʠʥʝʡʥʦʝ ʥʘʧʨʷ-
ʞʝʥʠʝ ʧʦʪʨʝʙʠʪʝʣʝʡ Uʣ=380 ɺ. 
ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʳʭ ʠ ʰʠʨʦʢʦ ʧʨʠʤʝ-

ʥʷʝʤʳʭ ʤʝʪʦʜʦʚ ʨʘʩʯʝʪʘ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ ʫʩʪʘʥʦʚ-
ʣʝʥʥʦʡ ʤʦʱʥʦʩʪʠ ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʧʨʦʩʘ  
ʉʫʤʤʘʨʥʘʷ ʫʩʪʘʥʦʚʣʝʥʥʘʷ ʤʦʱʥʦʩʪʴ ʛʨʫʧʧʳ 

ʠʟ n ʦʜʥʦʨʦʜʥʳʭ ʧʦ ʨʝʞʠʤʫ ʨʘʙʦʪʳ ʧʦʪʨʝʙʠʪʝʣʝʡ 
ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

,ʫ ʅʈ ʧ ʈ ʇɺ= Ö Ö   (1) 

ʛʜʝ Pʅ - ʥʦʤʠʥʘʣʴʥʘʷ ʧʦʪʨʝʙʣʷʝʤʘʷ ʤʦʱʥʦʩʪʴ 
ʦʜʥʦʛʦ ʧʦʪʨʝʙʠʪʝʣʷ;  
ʇɺ ï ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʚʢʣʶʯʝʥʠʷ. 
ʈʘʩʯʝʪʥʘʷ ʘʢʪʠʚʥʘʷ ʤʦʱʥʦʩʪʴ ʦʜʥʦʨʦʜʥʳʭ ʧʦ 

ʨʝʞʠʤʫ ʨʘʙʦʪʳ ʧʦʪʨʝʙʠʪʝʣʝʡ ʨʘʚʥʘ: 

,ʨ ʉ ʫʈ ʂ ʈ= Ö    (2) 

ʛʜʝ ʂʉ - ʢʦʵʬʬʠʮʠʝʥʪ ʩʧʨʦʩʘ, ʫʯʠʪʳʚʘʶʱʠʡ 
ʚʝʨʦʷʪʥʦʩʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦʩʪʠ ʚʢʣʶʯʝʥʠʠ ʠ ʩʪʝ-
ʧʝʥʠ ʟʘʛʨʫʞʝʥʥʦʩʪʠ ʦʜʥʦʨʦʜʥʦʡ ʧʦ ʨʝʞʠʤʫ ʨʘʙʦʪʳ 
ʛʨʫʧʧʳ ʧʦʪʨʝʙʠʪʝʣʝʡ. ʇɺ ʠ ʂʉ ʚʳʙʠʨʘʶʪ ʠʟ ʪʘʙʣ. 
1. 

ʊʘʙʣʠʮʘ 1.  
ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʚʢʣʶʯʝʥʠʷ (ʇɺ) ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʩʧʨʦʩʘ (ʂʉ) ʦʪʜʝʣʴʥʳʭ ʵʣʝʢʪʨʦʧʦʪʨʝʙʠʪʝʣʝʡ 

ʕʣʝʢʪʨʦʧʦʪʨʝʙʠʪʝʣʠ ʇɺ ʂʩ 

ʉʚʘʨʦʯʥʳʡ ʘʧʧʘʨʘʪ (ʪʨʘʥʩʬʦʨʤʘʪʦʨ) 0,6 0,5 

ʕʣʝʢʪʨʦʠʥʩʪʨʫʤʝʥʪ 0,4 0,25 

ʉʚʝʪʠʣʴʥʠʢʠ 1 0,85 

ʈɹʋ 1 0,6 

ʂʘʣʦʨʠʬʝʨʳ 1 0,8 

ʉʚʝʪʠʣʴʥʠʢʠ ʥʘʨʫʞʥʦʛʦ ʦʩʚʝʱʝʥʠʷ 1 1 

ɹʘʰʝʥʥʳʡ ʢʨʘʥ 0,3 0,25 

ʇʦ Pʈ, ʟʥʘʷ cos űʥ, ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʩʦʦʪʚʝʪ-
ʩʪʚʫʶʱʫʶ ʨʝʘʢʪʠʚʥʫʶ ʤʦʱʥʦʩʪʴ: 

,ʨ ʨ HQ ʈ tgj= Ö    (3) 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʧʦ ʬʦʨʤʫʣʘʤ (1) - (4) 
ʫʜʦʙʥʦ ʩʚʝʩʪʠ ʚ ʪʘʙʣʠʮʫ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʠ ʨʘʩʯʝʪ-
ʥʦʡ ʤʦʱʥʦʩʪʝʡ ʦʪʜʝʣʴʥʳʭ ʛʨʫʧʧ ʧʦʪʨʝʙʠʪʝʣʝʡ ï ʚ 
ʪʘʙʣ. 2. 



6 TECHNICAL SCIENCE / «Colloquium - journal Ȼ# 7(31),2019 

ʊʘʙʣʠʮʘ 2.  
ʋʩʪʘʥʦʚʣʝʥʥʳʝ ʠ ʨʘʩʯʝʪʥʳʝ ʤʦʱʥʦʩʪʠ ʦʪʜʝʣʴʥʳʭ ʛʨʫʧʧ 

ʧʦʪʨʝʙʠʪʝʣʝʡ 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʛʨʫʧʧ ʵʣʝʢ-
ʪʨʦʧʦʪʨʝʙʠʪʝʣʝʡ 

ʄʦʱʥʦʩʪʴ ʦʜ-
ʥʦʛʦ ʧʦʪʨʝʙʠ-
ʪʝʣʷ ʈʥ, ʢɺʪ 

ʂʦʣʠʯʝ-
ʩʪʚʦ n 

cos űʥ ʇɺ ʂʩ 
ʈʫ, 
ʢɺʪ 

Qy, 
ʢɺɸʨ 

ʈʈ, 
ʢɺʪ 

tg űʥ 
Qʈ, 
ʢɺɸʨ 

ʉʚʘʨʦʯʥʳʝ ʪʨʘʥʩʬʦʨʤʘ-
ʪʦʨʳ 

17 1 0,58 0,6 0,5 13,168 18,435 6,584 1,4 9,218 

ʕʣʝʢʪʨʦʠʥʩʪʨʫʤʝʥʪ 0,6 8 0,54 0,4 0,25 3,036 4,736 0,759 1,56 1,184 

ʉʚʝʪʠʣʴʥʠʢʠ ʚ ʉʂ 0,2 40 1 1 0,85 8 0 6,8 0 0 

ʉʚʝʪʠʣʴʥʠʢʠ ʚ ʈɹʋ 0,2 2 1 1 0,85 0,4 0 0,34 0 0 

ʉʚʝʪʠʣʴʥʠʢʠ ʚ ɹʇ 0,2 5 1 1 0,85 1 0 0,85 0 0 

ɹʝʪʦʥʦʤʝʰʘʣʢʠ ʚ ʈɹʋ 5 2 0,74 1 0,6 10 9,1 6 0,91 5,46 

ʂʘʣʦʨʠʬʝʨʳ 2 3 0,97 1 0,8 6 1,5 4,8 0,25 1,2 

ɹʘʰʝʥʥʳʡ ʢʨʘʥ ɹʂ 64 2 0,79 0,3 0,25 70,108 54,684 17,527 0,78 13,671 

ʉʚʝʪʠʣʴʥʠʢʠ ʥʘʨʫʞʥʦʛʦ 
ʦʩʚʝʱʝʥʠʷ 

0,3 25 0,99 1 1 7,5 1,05 7,5 0,14 1,05 

ʀʊʆɻʆ 51,16  31,783 

2. ʇʦʣʥʘʷ ʤʦʱʥʦʩʪʴ ʩʪʨʦʠʪʝʣʴʥʦʡ ʧʣʦʱʘʜʢʠ 
ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

2 2

1 1

,
N N

ʨ P PS P Q
å õ å õ

= +æ ö æ ö
ç ÷ ç ÷
ä ä  (4) 

ʛʜʝ N ï ʢʦʣʠʯʝʩʪʚʦ ʨʘʟʣʠʯʥʳʭ ʛʨʫʧʧ. 

2 251,16 31,783 60,229ʨS = + =  ʢɺɸ. 

3. ɺʳʙʦʨ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʨʘʩ-
ʯʝʪʝ ʧʦʣʥʦʡ ʤʦʱʥʦʩʪʠ ʦʙʲʝʢʪʘ ʧʦ ʬʦʨʤʫʣʘʤ (1) - 
(4). ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ ʚʳʙʠʨʘʝʤ ʪʨʘʥʩʬʦʨʤʘʪʦʨ Sʊ = 
100 ʢɺɸ. 
ʇʦʩʣʝ ʦʧʨʝʜʝʣʝʥʠʷ ʘʢʪʠʚʥʦʡ Pʈ ʠ ʨʝʘʢʪʠʚʥʦʡ 

Qʈ ʨʘʩʯʝʪʥʳʭ ʥʘʛʨʫʟʦʢ ʩʪʨʦʠʪʝʣʴʥʦʡ ʧʣʦʱʘʜʢʠ ʦʙ-
ʱʠʝ ʨʘʩʯʝʪʥʳʝ ʥʘʛʨʫʟʢʠ ʩ ʫʯʝʪʦʤ ʧʦʪʝʨʴ ʤʦʱʥʦʩʪʠ 
ʚ ʪʨʘʥʩʬʦʨʤʘʪʦʨʝ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦ ʬʦʨʤʫʣʘʤ: 

ʈʈʉʇ = ʈʨ + ȹʈʊ,   (5) 
Qʈʉʇ = Qʨ + ȹQʊ,   (6) 

ʛʜʝ ȹʈʊ ʠ ȹQʊ ʘʢʪʠʚʥʘʷ ʠ ʨʝʘʢʪʠʚʥʘʷ ʤʦʱʥʦʩʪʴ 
ʧʦʪʝʨʴ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ. 

ʇʦʪʝʨʠ ʚ ʪʨʘʥʩʬʦʨʤʘʪʦʨʝ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʦʮʝ-
ʥʠʚʘʪʴ ʧʦ ʬʦʨʤʫʣʘʤ: 

ȹʈʊ = (0,02é0,025)Sʊ,  (7) 
ȹQʊ = (0,105é0,125)Sʊ,   (8) 

ʛʜʝ Sʊ - ʥʦʤʠʥʘʣʴʥʘʷ ʧʦʣʥʘʷ ʤʦʱʥʦʩʪʴ ʪʨʘʥʩ-
ʬʦʨʤʘʪʦʨʘ.  
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ȹʈʊ = 0,025*100 = 2,5 ʢɺʪ; 
ȹQʊ = 0,125*100 = 12,5 ʢɺʘʨ; 
ʈʈʉʇ = 51,16 + 2,5= 53,66 ʢɺʪ; 

Qʈʉʇ = 31,783 + 12,5 = 44,283 ʢɺʘʨ. 
ʇʦʣʥʫʶ ʤʦʱʥʦʩʪʴ ʉʇ ʥʘʭʦʜʠʤ ʧʦ ʬʦʨʤʫʣʝ: 

2 2,ʈʉʇ Pʉʇ PʉʇS P Q= +    (9) 

2 253,66 44,283 69,573ʈʉʇS = + =  ʢɺɸ. 

ʇʨʠ ʫʩʪʘʥʦʚʢʝ ʦʜʥʦʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʝʛʦ 
ʤʦʱʥʦʩʪʴ ʚʳʙʠʨʘʶʪ ʧʦ ʜʘʥʥʳʤ ʪʘʙʣ. 3 ʠʟ ʫʩʣʦʚʠʷ: 

Sʊ Ó Sʈʉʇ,   (10) 
 

ʊʘʙʣʠʮʘ 3.  
ʊʝʭʥʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ 

ˉ ʧ/ʧ ʊʠʧ ʪʨʘʥʩʬʦʨʤʘ-
ʪʦʨʘ 

SHOM, 
ʢɺɸ 

UHOM, ʢɺ 

ɺʅ (ʚʳʩʰʝʝ ʥʘʧʨʷʞʝʥʠʝ) ʅʅ 
(ʥʠʟʰʝʝ ʥʘʧʨʷʞʝʥʠʝ) 

1 ʊʄ-25/10 25 10 0,4 

2 ʊʄ-40/10 40 10 0,4 

3 ʊʄ-63/10 63 10 0,4 

4 ʊʄ-100/10 100 10 0,4 

5 ʊʄ-160/10 160 10 0,4 

6 ʊʄ-250/10 250 10 0,4 

7 ʊʄ-400/10 400 10 0,4 

8 ʊʄ-630/10 630 10 0,4 

9 ʊʄ-1000/10 1000 10 0,4 

10 ʊʄ-1600/10 1600 10 0,4 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʦʢʦʥʯʘʪʝʣʴʥʦ ʚʳʙʨʘʪʴ 
ʪʨʘʥʩʬʦʨʤʘʪʦʨ ʊʄ-100/10: 

Sʊ = 63 ʢɺɸ Ó Sʈʉʇ = 69,573 ʢɺɸ. 
ʆʩʪʘʚʣʷʝʤ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʨʠʥʷʪʳʡ ʪʨʘʥʩ-

ʬʦʨʤʘʪʦʨ ʊʄ-100/10. ʊʨʘʥʩʬʦʨʤʘʪʦʨ ʊʄ-63/10 ʥʝ 
ʧʦʜʦʰʝʣ ʙʳ ʧʦ ʤʦʱʥʦʩʪʠ Sʈʉʇ, ʜʘʞʝ ʫʯʠʪʳʚʘʷ 
ʤʝʥʴʰʠʝ ʧʦʪʝʨʠ ʚ ʥʝʤ ʧʦ ʬʦʨʤʫʣʘʤ (7) ʠ (8). 

4. ʆʧʨʝʜʝʣʝʥʠʝ ʮʝʥʪʨʘ ʥʘʛʨʫʟʦʢ ʧʨʦʠʟʚʦʜʠʪʩʷ 
ʜʣʷ ʚʳʙʦʨʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʤʝʩʪʘ ʨʘʩʧʦʣʦʞʝʥʠʷ 
ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʦʡ ʧʦʜʩʪʘʥʮʠʠ. ʇʨʘʚʠʣʴʥʳʡ ʚʳʙʦʨ 
ʮʝʥʪʨʘ ʥʘʛʨʫʟʢʠ ʩʥʠʞʘʝʪ ʤʦʱʥʦʩʪʴ ʧʦʪʝʨʴ ʠ ʨʘʩʭʦʜ 
ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ. ʂʦʦʨʜʠʥʘʪʳ ʮʝʥʪʨʘ ʵʣʝʢʪʨʦ-
ʥʘʛʨʫʟʦʢ (ʎʕʅ) ʥʘʭʦʜʷʪ ʧʦ ʬʦʨʤʫʣʘʤ [1, ʩ. 146-
150]: 
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( ) ( )
1 1

0 0

1 1

, ,

m m

i i i ii i

m m

i ii i

S x S y
x y

S S

= =

= =

= =
ä ä
ä ä

 (11) 

ʛʜʝ m - ʯʠʩʣʦ ʦʙʲʝʢʪʦʚ (ʧʦ ʫʩʣʦʚʠʶ ʨʘʙʦʪʳ m 
= 4. ʪ ʝ. ʉʂ, ɹʂ, ʈɹʋ, ɹʇ);  

Si - ʨʘʩʯʝʪʥʘʷ ʧʦʣʥʘʷ ʤʦʱʥʦʩʪʴ, ʧʦʪʨʝʙʣʷʝʤʘʷ 
i-ʳʤ ʦʙʲʝʢʪʦʤ, ʢʦʪʦʨʘʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʘʥʘʣʦʛʠʯʥʦ 

ʦʧʨʝʜʝʣʝʥʠʶ ʧʦʣʥʦʡ ʤʦʱʥʦʩʪʠ ʉʇ, ʪ.ʝ. ʧʦ ʬʦʨ-
ʤʫʣʝ (4); 

xi, yi - ʢʦʦʨʜʠʥʘʪʳ ʚʚʦʜʥʳʭ ʫʩʪʨʦʡʩʪʚ ʦʙʲʝʢʪʦʚ 
ʥʘ ʩʪʨʦʡʧʣʦʱʘʜʢʝ. 
ʆʧʨʝʜʝʣʝʥʠʝ ʮʝʥʪʨʘ ʥʘʛʨʫʟʦʢ ʧʨʦʠʟʚʦʜʠʪʩʷ 

ʜʣʷ ʚʳʙʦʨʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʤʝʩʪʘ ʨʘʩʧʦʣʦʞʝʥʠʷ 
ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʦʡ ʧʦʜʩʪʘʥʮʠʠ ʫʜʦʙʥʝʝ ʧʨʦʚʝʩʪʠ ʚ 
ʪʘʙʣʠʮʝ 3.1. 

ʊʘʙʣʠʮʘ 3.1.  
ʈʘʩʯʝʪʥʳʝ ʤʦʱʥʦʩʪʠ ʦʙʲʝʢʪʦʚ ʉʇ ʠ ʢʦʦʨʜʠʥʘʪʳ ʎʕʅ 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʦʙʲʝʢʪʘ Pʨ, ʢɺʪ Qʨ, ʢɺʘʨ Sʨ, ʢɺɸ X, ʤ ʋ, ʤ SX SY 

ʉʂ 14,143 10,402 17,556 140 20 2457,84 351,12 

ɹʂ 17,527 13,671 22,228 140 50 3111,92 1111,4 

ʈɹʋ 6,34 5,46 8,367 40 70 334,68 585,69 

ɹʇ 5,65 1,2 5,776 70 110 404,32 635,36 

ʀʊʆɻʆ     53,927 117 50 6308,76 2683,57 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʦʨʜʠʥʘʪʳ ʎʕʅ (ʨʠʩ.1): 

0 0117 ,   50 .x ʤ y ʤ= =  

ʆʧʨʝʜʝʣʠʤ ʧʦ ʧʣʘʥʫ (ʨʠʩ.1) ʜʣʠʥʫ ʣʠʥʠʡ ʵʣʝʢ-
ʪʨʦʧʝʨʝʜʘʯʠ ʦʪ ʧʦʜʩʪʘʥʮʠʠ ʢ ʚʚʦʜʥʳʤ ʫʩʪʨʦʡʩʪʚʘʤ 
ʵʪʠʭ ʦʙʲʝʢʪʦʚ: 

Lɺʋ, ʉʂ = 35 ʤ; Lɺʋ, ɹʂ = 15 ʤ; Lɺʋ, ʈɹʋ = 75 ʤ; 
Lɺʋ, ɹʇ = 70 ʤ. 
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ʈʠʩ.1. ɻʝʥʧʣʘʥ ʦʙʲʝʢʪʘ 

 
5. ʇʨʠ ʚʳʙʦʨʝ ʚʠʜʘ ʣʠʥʠʠ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ 

ʫʯʠʪʳʚʘʶʪ ʭʘʨʘʢʪʝʨ ʥʘʛʨʫʟʢʠ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʪʝʨʨʠ-
ʪʦʨʠʠ, ʧʦ ʢʦʪʦʨʦʡ ʧʨʦʭʦʜʠʪ ʣʠʥʠʷ ʵʣʝʢʪʨʦʧʝʨʝ-
ʜʘʯʠ. ɼʣʷ ʧʠʪʘʥʠʷ ʦʜʥʦʬʘʟʥʳʭ ʵʣʝʢʪʨʦʧʨʠʝʤʥʠʢʦʚ 
ʯʘʱʝ ʚʩʝʛʦ ʠʩʧʦʣʴʟʫʶʪ ʜʚʫʭʧʨʦʚʦʜʥʫʶ ʚʦʟʜʫʰʥʫʶ 
ʣʠʥʠʶ ʧʝʨʝʜʘʯʠ, ʧʦʜʢʣʶʯʝʥʥʫʶ ʢ ʬʘʟʥʦʤʫ ʥʘʧʨʷ-
ʞʝʥʠʶ ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʦʡ ʧʦʜʩʪʘʥʮʠʠ. 
ɼʣʷ ʧʠʪʘʥʠʷ ʪʨʝʭʬʘʟʥʦʡ ʩʠʤʤʝʪʨʠʯʥʦʡ 

ʥʘʛʨʫʟʢʠ (ʪʨʝʭʬʘʟʥʳʭ ʘʩʠʥʭʨʦʥʥʳʭ ʠ ʩʠʥʭʨʦʥʥʳʭ 
ʜʚʠʛʘʪʝʣʝʡ ʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ, ʪʨʝʭʬʘʟʥʳʭ ʪʝʧʣʦ-
ʚʳʭ ʧʫʰʝʢ ʠ ʵʣʝʢʪʨʦʦʙʦʛʨʝʚʘʪʝʣʝʡ ʠ ʪ. ʧ.) ʜʦʩʪʘ-
ʪʦʯʥʦ ʪʨʝʭʞʠʣʴʥʦʛʦ ʢʘʙʝʣʷ ʠʣʠ ʪʨʝʭʧʨʦʚʦʜʥʦʡ 

ʚʦʟʜʫʰʥʦʡ ʣʠʥʠʠ ʧʝʨʝʜʘʯʠ. ɼʣʷ ʧʠʪʘʥʠʷ ʩʤʝʰʘʥ-
ʥʦʡ ʥʘʛʨʫʟʢʠ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʯʝʪʳʨʝʭ-
ʞʠʣʴʥʳʡ ʢʘʙʝʣʴ ʠʣʠ ʯʝʪʳʨʝʭʧʨʦʚʦʜʥʫʶ ʚʦʟʜʫʰ-
ʥʫʶ ʣʠʥʠʶ ʧʝʨʝʜʘʯʠ. 
ɺ ʫʩʣʦʚʠʷʭ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʯʘʩʪʦ ʧʨʠʤʝʥʷʶʪ 

ʚʨʝʤʝʥʥʳʝ ʣʠʥʠʠ ʧʝʨʝʜʘʯʠ, ʚʳʧʦʣʥʷʝʤʳʝ ʰʣʘʥʛʦ-
ʚʳʤ ʢʘʙʝʣʝʤ ʧʦ ʚʦʟʜʫʭʫ. ɽʩʣʠ ʚʳʙʨʘʥʘ ʢʘʙʝʣʴʥʘʷ 
ʣʠʥʠʷ, ʢʦʪʦʨʘʷ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʜʣʠʪʝʣʴʥʦʛʦ ʠʩ-
ʧʦʣʴʟʦʚʘʥʠʷ, ʝʸ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʚʳʧʦʣʥʠʪʴ ʚ ʪʨʘʥ-
ʰʝʝ ʙʨʦʥʠʨʦʚʘʥʥʳʤ ʢʘʙʝʣʝʤ. 
ʇʨʦʚʦʜʥʠʢʠ ʣʠʥʠʠ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ ʥʘʧʨʷʞʝ-

ʥʠʝʤ ʜʦ 1000 ɺ ʜʦʣʞʥʳ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʜʚʫʤ ʦʩʥʦʚ-
ʥʳʤ ʫʩʣʦʚʠʷʤ: 
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- ʫʩʣʦʚʠʶ ʜʦʧʫʩʪʠʤʦʛʦ ʥʘʛʨʝʚʘ ʨʘʙʦʯʠʤ ʪʦ-
ʢʦʤ; 

- ʫʩʣʦʚʠʶ ʜʦʧʫʩʪʠʤʦʡ ʧʦʪʝʨʠ ʥʘʧʨʷʞʝʥʠʷ. 
ʋʩʣʦʚʠʝ ʜʦʧʫʩʪʠʤʦʛʦ ʥʘʛʨʝʚʘ ʨʘʙʦʯʠʤ ʪʦʢʦʤ: 

IPi Ò Iʜʦʧ,    (12) 
ʛʜʝ Iʜʦʧ ï ʙʝʨʝʪʩʷ ʠʟ ʪʘʙʣ. 7; 
IPi - ʨʘʩʯʝʪʥʳʡ ʪʦʢ ʜʣʷ i-ʛʦ ʦʙʲʝʢʪʘ: 
Iʨi=Si / ã3 Uʃ ï ʜʣʷ ʪʨʝʭʬʘʟʥʦʡ ʣʠʥʠʠ ʧʝʨʝ-

ʜʘʯʠ; 
Iʨi=Si / Uʌ ï ʜʣʷ ʦʜʥʦʬʘʟʥʦʡ ʣʠʥʠʠ ʧʝʨʝʜʘʯʠ, 

ʛʜʝ ʬʘʟʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʨʘʚʥʦ: Uʌ= Uʃ / ã3 = 380 / 
ã3 = 220 ɺ. 
ʈʘʩʯʝʪʥʳʝ ʪʦʢʠ ʉʂ, ɹʂ, ʈɹʋ, ɹʇ ʩʦʦʪʚʝʪ-

ʩʪʚʝʥʥʦ: 
 Iʨʉʂ = Sʨʉʂ / (ã3 Uʃ) = 17,556 / (ã3Ā0,38) = 26,674 ɸ; 
Iʨɹʂ = Sʨɹʂ / (ã3 Uʃ) = 22,228 / (ã3Ā0,38) = 33,773 ɸ; 
Iʨʈɹʋ = Sʨʈɹʋ / (ã3 Uʃ) = 8,367 / (ã3Ā0,38) = 12,713 ɸ; 
Iʨɹʇ = Sʨɹʇ / (ã3 Uʃ) = 5,776 / 0,22 = 26,255 ɸ. 
ɺʳʙʠʨʘʝʤ ʧʦ ʪʘʙʣ.4 ʢʘʙʝʣʠ ʯʝʪʳʨʝʭʞʠʣʴʥʳʝ ʚ 

ʩʚʠʥʮʦʚʦʡ ʦʙʦʣʦʯʢʝ ʩ ʘʣʶʤʠʥʠʝʚʳʤʠ ʞʠʣʘʤʠ, 
ʧʨʦʢʣʘʜʳʚʘʝʤʳʝ ʚ ʟʝʤʣʝ: 
ʜʣʷ ɺʋ ʉʂ: ɸʉɹ 4ʭ4, Iʜʦʧ = 38 ɸ; R0 = 8,3 

ʆʤ/ʢʤ; X0 = 0,1 ʆʤ/ʢʤ; 
ʜʣʷ ɺʋ ɹʂ: ɸʉɹ 4ʭ6, Iʜʦʧ = 46 ɸ; R0 = 5,5 

ʆʤ/ʢʤ; X0 = 0,09 ʆʤ/ʢʤ; 

ʜʣʷ ɺʋ ʈɹʋ: ɸʉɹ 4ʭ4, Iʜʦʧ = 38 ɸ; R0 = 8,3 
ʆʤ/ʢʤ; X0 = 0,1 ʆʤ/ʢʤ; 
ʜʣʷ ɺʋ ɹʇ: ɸʉɹ 4ʭ16, Iʜʦʧ = 90 ɸ; R0 = 2,06 

ʆʤ/ʢʤ; X0 = 0,08 ʆʤ/ʢʤ. 
ʇʨʦʚʦʜ ʠʣʠ ʢʘʙʝʣʴ ʩ ʥʝʦʙʭʦʜʠʤʳʤ ʪʦʢʦʚʝʜʫ-

ʱʠʤ ʩʝʯʝʥʠʝʤ, ʚʳʙʨʘʥʥʳʡ ʠʟ ʪʘʙʣ. 7 ʧʦ ʟʥʘʯʝʥʠʶ 
Iʨi, ʧʨʦʚʝʨʷʝʪʩʷ ʧʦ ʫʩʣʦʚʠʶ ʜʦʧʫʩʪʠʤʦʡ ʧʦʪʝʨʠ 
ʥʘʧʨʷʞʝʥʠʷ: 

ȹU Ò 5% Uʃ,   (13) 
ʇʦʪʝʨʷ ʥʘʧʨʷʞʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʜʣʷ ʪʨʝʭʬʘʟ-

ʥʦʡ ʥʘʛʨʫʟʢʠ ʜʣʷ i-ʛʦ ʦʙʲʝʢʪʘ ʧʦ ʬʦʨʤʫʣʝ: 
ȹUi = ã3 IP Ŀ l Ŀ (R0cos űi + X0sin űi) (14) 

ʛʜʝ Iʨ ï ʣʠʥʝʡʥʳʡ ʨʘʩʯʝʪʥʳʡ ʪʦʢ ʚ ɸ (ʦʧʨʝʜʝ-
ʣʝʥ ʚʳʰʝ ʧʨʠ ʚʳʙʦʨʝ ʩʝʯʝʥʠʷ ʧʨʦʚʦʜʘ); 

l ï ʜʣʠʥʘ ʣʠʥʠʠ ʚ ʢʤ; 
R0 ʠ X0 ʙʝʨʫʪʩʷ ʠʟ ʪʘʙʣ. 8 ʜʣʷ ʚʳʙʨʘʥʥʦʛʦ ʧʦ 

ʫʩʣʦʚʠʶ ʜʦʧʫʩʪʠʤʦʛʦ ʥʘʛʨʝʚʘ ʪʦʢʦʚʝʜʫʱʝʛʦ ʩʝʯʝ-
ʥʠʷ ʧʨʦʚʦʜʘ ʠʣʠ ʞʠʣʳ ʢʘʙʝʣʷ; 
cos űi = Pʨi / Sʨi ï ʨʘʩʯʝʪʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ 

ʤʦʱʥʦʩʪʠ ʥʘʛʨʫʟʢʠ i-ʛʦ ʦʙʲʝʢʪʘ; 
sin űi = Qʨi / Sʨi. 
ɼʣʷ ʦʜʥʦʬʘʟʥʦʡ ʣʠʥʠʠ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ ʧʦ-

ʪʝʨʷ ʥʘʧʨʷʞʝʥʠʷ ʥʘʭʦʜʠʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 
ȹUi = 2 IP Ŀ l Ŀ (R0cos űi + X0sin űi) (15) 

ʊʘʙʣʠʮʘ 4.  
ɼʦʧʫʩʪʠʤʳʝ ʜʣʠʪʝʣʴʥʳʝ ʪʦʢʦʚʳʝ ʥʘʛʨʫʟʢʠ (ʧʦ ʥʘʛʨʝʚʫ) ʥʘ ʧʨʦʚʦʜʘ ʠ ʢʘʙʝʣʠ 

ʉʝʯʝʥʠʝ 
ʪʦʢʦʧʨʦʚʦʜʷʱʝʠ 

ʞʠʣʳ, 
ʢʚ. ʤʤ 

ʀʟʦʣʠʨʦʚʘʥʥʳʝ 
ʧʨʦʚʦʜʘ 
ʩ ʤʝʜʥʳʤʠ 
ʞʠʣʘʤʠ 

ʊʦʢʦʚʳʝ ʥʘʛʨʫʟʢʠ Iʜʦʧ,ɸ 

ʀʟʦʣʠʨʦʚʘʥʥʳʝ 
ʧʨʦʚʦʜʘ ʩ ʘʣʶʤʠ-
ʥʠʝʚʳʤʠ ʞʠʣʘʤʠ 

ʂʘʙʝʣʠ ʪʨʝʭʞʠʣʴ-
ʥʳʝ ʧʝʨʝʥʦʩʥʳʝ 
ʰʣʘʥʛʦʚʳʝ ʩ ʤʝʜ-
ʥʳʤʠ ʞʠʣʘʤʠ 

ʂʘʙʝʣʠ ʯʝʪʳʨʝʭʞʠʣʴʥʳʝ ʚ 
ʩʚʠʥʮʦʚʦʡ ʠʣʠ ʘʣʶʤʠʥʠʝʚʦʡ 
ʦʙʦʣʦʯʢʝ ʩ ʘʣʶʤʠʥʠʝʚʳʤʠ 
ʞʠʣʘʤʠ, ʧʨʦʢʣʘʜʳʚʘʝʤʳʝ ʚ 

ʟʝʤʣʝ 

2,5 30 24 28 - 

4 41 32 36 38 

6 50 39 45 46 

10 80 60 60 65 

16 100 75 80 90 

25 140 105 105 115 

35 170 130 130 135 

50 215 165 160 165 

70 270 210 200 200 

95 330 255 - 240 

120 385 295 - 270 

150 - 340 - 305 

ʈʘʩʯʝʪʳ ʧʦ ʧʦʪʝʨʝ ʥʘʧʨʷʞʝʥʠʷ ʫʜʦʙʥʝʝ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʪʘʙʣʠʮʝ 4.1. 
ʊʘʙʣʠʮʘ 4.1.  

ʈʘʩʯʝʪʳ ʧʦ ʧʦʪʝʨʝ ʥʘʧʨʷʞʝʥʠʷ 

ʆʙʲʝʢʪ ʩ ɺʋ cosű sinű L, ʤ Iʨ, ɸ 
S, 
ʤʤĮ 

R0, 
ʆʤ/ʢʤ 

X0, 
ʆʤ/ʢʤ ȹU, ɺ 

ʉʂ 0,806 0,593 35 26,674 4 8,3 0,1 10,91 

ɹʂ 0,789 0,615 15 33,773 6 5,5 0,09 3,85 

ʈɹʋ 0,758 0,653 75 12,713 4 8,3 0,1 10,49 

ɹʇ 0,978 0,208 70 26,255 16 2,06 0,08 7,47 

ɺʳʚʦʜ: ʪ.ʢ. ʧʦʪʝʨʠ ʥʘʧʨʷʞʝʥʠʷ ʚ ʢʘʙʝʣʷʭ ʥʝ 
ʧʨʝʚʳʰʘʶʪ ʜʣʷ ʪʨʝʭʬʘʟʥʦʡ ʥʘʛʨʫʟʢʠ 5%Uʃ = 19 ɺ, 
ʜʣʷ ʦʜʥʦʬʘʟʥʦʡ 5%Uʌ = 11 ɺ, ʪʦ ʢʘʙʝʣʠ ʚʳʙʨʘʥʳ 
ʚʝʨʥʦ. 
6. ʕʣʝʢʪʨʦʫʩʪʘʥʦʚʢʠ ʟʘʱʠʱʘʶʪʩʷ ʦʪ ʪʦʢʦʚ ʢʦ-

ʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ (ʂɿ) ʠ ʧʝʨʝʛʨʫʟʦʢ ʧʨʠ ʧʦʤʦʱʠ 

ʧʣʘʚʢʠʭ ʧʨʝʜʦʭʨʘʥʠʪʝʣʝʡ ʠʣʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠʭ ʚʳ-
ʢʣʶʯʘʪʝʣʝʡ. 
ɽʩʣʠ ʥʘʛʨʫʟʢʘ ʧʦʪʨʝʙʠʪʝʣʷ ʥʝ ʠʤʝʝʪ ʭʘʨʘʢʪʝʨ-

ʥʳʭ ʧʠʢʦʚ (ʦʙʳʯʥʘʷ ʦʩʚʝʪʠʪʝʣʴʥʘʷ, ʩʠʣʦʚʘʷ ʩ ʜʚʠ-
ʛʘʪʝʣʷʤʠ, ʠʤʝʶʱʠʤʠ ʨʝʦʩʪʘʪʥʳʡ ʧʫʩʢ ʠ ʪ. ʜ.), ʪʦ 
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ʚʳʙʦʨ ʟʘʰʠʪʳ ʧʨʝʜʦʭʨʘʥʠʪʝʣʝʤ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦ 
ʬʦʨʤʫʣʝ: 

Iʇɺ1 Ó Iʨi,    (16) 

ʛʜʝ Iʇɺ ï ʥʦʤʠʥʘʣʴʥʳʡ ʪʦʢ ʧʣʘʚʢʦʡ ʚʩʪʘʚʢʠ; 
Iʨi ï ʨʘʩʯʝʪʥʳʡ (ʠʣʠ ʥʦʤʠʥʘʣʴʥʳʡ) ʪʦʢ i-ʛʦ 

ʧʨʠʝʤʥʠʢʘ. 
 

ʊʘʙʣʠʮʘ 5.  
ɸʢʪʠʚʥʳʝ ʠ ʠʥʜʫʢʪʠʚʥʳʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʦʚʦʜʦʚ ʠ ʢʘʙʝʣʝʡ ʩ ʤʝʜʥʳʤʠ ʠ ʘʣʶʤʠʥʠʝʚʳʤʠ ʞʠ-

ʣʘʤʠ 

ʉʝʯʝʥʠʝ ʪʦʢʦʧʨʦʚʦʜʷ-
ʱʝʡ  

ʞʠʣʳ, ʢʚ.ʤʤ 

ɸʢʪʠʚʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ R0 ʧʨʦʚʦʜʦʚ ʠ 
ʞʠʣ ʢʘʙʝʣʝʡ, ʆʤ/ʢʤ 

ɸʢʪʠʚʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʍ0 ʧʨʦʚʦʜʥʠ-
ʢʦʚ, ʆʤ/ʢʤ 

ʤʝʜʥʳʭ ʘʣʶʤʠʥʠʝʚʳʭ ʢʘʙʝʣʠ ʦʜʠʥʦʯʥʳʝ ʧʨʦʚʦʜʘ 

2,5 8 13,2 0,1 0,4 

4 5 8,3 0,1 0,37 

6 3,3 5,5 0,09 0,36 

10 2 3,3 0,08 0,34 

16 1,25 2,06 0,08 0,33 

25 0,8 1,32 0,08 0,31 

35 0,57 0,95 0,075 0,3 

50 0,4 0,66 0,075 0,29 

70 0,28 0,35 0,07 0,28 

95 0,21 0,35 0,07 0,27 

120 0,167 0,276 0,07 0,26 

150 0,133 0,22 0,07 0,25 

ʇʨʠ ʙʦʣʴʰʠʭ ʧʫʩʢʦʚʳʭ (ʠʣʠ ʚʦʦʙʱʝ ʧʠʢʦʚʳʭ) 
ʪʦʢʘʭ ʧʦʷʚʣʷʝʪʩʷ ʦʧʘʩʥʦʩʪʴ ʣʦʞʥʦʛʦ ʩʨʘʙʘʪʳʚʘʥʠʷ 
ʘʧʧʘʨʘʪʦʚ ʟʘʰʠʪʳ ʧʨʠ ʧʫʩʢʘʭ. ɺ ʵʪʠʭ ʩʣʫʯʘʷʭ ʥʝʦʙ-
ʭʦʜʠʤʦ ʧʦʣʴʟʦʚʘʪʴʩʷ ʬʦʨʤʫʣʦʡ: 

2 ,i H
ʇɺ

ʇɺ

K I
I

K
²    (17) 

ʛʜʝ Iʅ ï ʥʦʤʠʥʘʣʴʥʳʡ ʪʦʢ ʧʨʠʝʤʥʠʢʘ (ʠʣʠ ʨʘʩ-
ʯʝʪʥʳʡ ʪʦʢ ʛʨʫʧʧʳ ʧʨʠʝʤʥʠʢʦʚ); 
ʂi ï ʢʨʘʪʥʦʩʪʴ ʧʫʩʢʦʚʦʛʦ ʪʦʢʘ; 
ʂʇɺ ï ʢʦʵʬʬʠʮʠʝʥʪ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʡ ʪʝʧʣʦ-

ʚʦʡ ʧʝʨʝʛʨʫʟʢʠ ʜʣʷ ʧʣʘʚʢʠʭ ʧʨʝʜʦʭʨʘʥʠʪʝʣʝʡ. 
ʂʘʢ ʧʨʘʚʠʣʦ, ʧʦ ʬʦʨʤʫʣʝ (17) ʚʳʙʠʨʘʶʪ 

ʧʨʝʜʦʭʨʘʥʠʪʝʣʠ ʜʣʷ ʜʚʠʛʘʪʝʣʝʡ, ʠʤʝʶʱʠʭ ʙʦʣʴ-
ʰʦʡ ʧʫʩʢʦʚʦʡ ʪʦʢ. ʊʘʢʞʝ ʤʦʞʥʦ ʚʳʙʨʘʪʴ ʧʨʝʜʦʭʨʘ-
ʥʠʪʝʣʠ ʜʣʷ ʦʙʲʝʢʪʦʚ, ʛʜʝ ʤʦʱʥʦʩʪʴ ʥʘʛʨʫʟʢʠ ʚ ʦʩ-
ʥʦʚʥʦʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʤʦʱʥʦʩʪʴʶ ʜʚʠʛʘʪʝʣʝʡ (ʵʪʦ 
ɹʂ, ʈɹʋ). 
ʂʦʵʬʬʠʮʠʝʥʪʳ ʂi, ʂʇɺ ʙʝʨʝʤ ʠʟ ʪʘʙʣ. 6.  
ʉʚʘʨʦʯʥʳʝ ʘʛʨʝʛʘʪʳ ʟʘʱʠʱʘʶʪʩʷ ʧʣʘʚʢʠʤʠ 

ʧʨʝʜʦʭʨʘʥʠʪʝʣʷʤʠ, ʚʳʙʠʨʘʝʤʳʤʠ ʧʦ ʬʦʨʤʫʣʝ: 
Iʇɺ3 Ó 1,2Iʅ,    (18) 

ɽʩʣʠ ʦʙʲʝʢʪ ʩʦʜʝʨʞʠʪ ʩʤʝʰʘʥʥʫʶ ʥʘʛʨʫʟʢʫ, 
ʚʢʣʶʯʘʷ ʜʚʠʛʘʪʝʣʠ ʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʳ (ʵʪʦ ʉʂ), ʪʦ 
ʦʪʜʝʣʴʥʦ ʜʣʷ ʚʩʝʛʦ ʦʙʲʝʢʪʘ ʦʧʨʝʜʝʣʷʝʪʩʷ Iʇɺ1, ʜʣʷ 
ʵʣʝʢʪʨʦʧʨʠʝʤʥʠʢʦʚ ʩ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷʤʠ ʦʧʨʝʜʝ-
ʣʷʝʪʩʷ Iʇɺ2, ʜʣʷ ʩʚʘʨʦʯʥʳʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʦʧʨʝ-
ʜʝʣʷʝʪʩʷ Iʇɺ3, ʘ ʧʣʘʚʢʘʷ ʚʩʪʘʚʢʘ ʚʳʙʠʨʘʝʪʩʷ ʧʦ 
ʙʦʣʴʰʝʤʫ ʟʥʘʯʝʥʠʶ ʪʦʢʘ: Iʇɺ1, Iʇɺ2 ʠʣʠ Iʇɺ3. 

ʇʨʝʜʦʭʨʘʥʠʪʝʣʠ ʚʳʙʠʨʘʝʤ ʠʟ ʪʘʙʣ. 7. 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 
ʜʣʷ ʉʂ:  
Iʨʩʢ = Iʇɺ1 = 26,674 ɸ, 

2

3 6,391
19,173

1,0
ʇɺI

Ö
² =  ɸ; 

Iʇɺ3 Ó 1,2Ā17,212 = 20,654 ɸ. 
ʇʦ ʥʘʠʙʦʣʴʰʝʤʫ ʪʦʢʫ 

.max 26,674ʇɺI =  ɸ ʚʳ-

ʙʠʨʘʝʤ ʧʨʝʜʦʭʨʘʥʠʪʝʣʴ  
ʇʅ2-60 Iʥʦʤ.ʧʨ = 63 ɸ; Iʥʦʤ.ʇɺ = 32 ɸ. 
ʜʣʷ ɹʂ: 

3 33,773
101,319

1,0
ʇɺI

Ö
² =  ɸ. 

ɺʳʙʠʨʘʝʤ ʧʨʝʜʦʭʨʘʥʠʪʝʣʴ ʇʅ2-250 Iʥʦʤ.ʧʨ = 
100 ɸ; Iʥʦʤ.ʇɺ = 120 ɸ. 

 ʜʣʷ ʈɹʋ: 

7 12,713
35,6

2,5
ʇɺI

Ö
² =  ɸ. 

ɺʳʙʠʨʘʝʤ ʧʨʝʜʦʭʨʘʥʠʪʝʣʴ ʇʅ2-60 Iʥʦʤ.ʧʨ = 63 
ɸ; Iʥʦʤ.ʇɺ = 40 ɸ. 
ɼʣʷ ɹʇ: 
Iʇɺ Ó Iʨ = 26,255 ɸ. 
ɺʳʙʠʨʘʝʤ ʧʨʝʜʦʭʨʘʥʠʪʝʣʴ ʇʅ2-60 Iʥʦʤ.ʧʨ = 63 

ɸ; Iʥʦʤ.ʇɺ = 32 ɸ. 

ʊʘʙʣʠʮʘ 6. 
 ʂʦʵʬʬʠʮʠʝʥʪʳ ʢʨʘʪʥʦʩʪʠ ʧʫʩʢʦʚʦʛʦ ʪʦʢʘ ʂi ʠ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʡ ʪʝʧʣʦʚʦʡ ʧʝʨʝʛʨʫʟʢʠ ʂʇɺ ʧʣʘʚ-

ʢʠʭ ʧʨʝʜʦʭʨʘʥʠʪʝʣʝʡ 

ʕʣʝʢʪʨʦʧʦʪʨʝʙʠʪʝʣʠ Ki ʂʇɺ 

ɸʩʠʥʭʨʦʥʥʳʝ ʜʚʠʛʘʪʝʣʠ ʩ ʢʦʨʦʪʢʦʟʘʤʢʥʫʪʳʤ ʨʦʪʦʨʦʤ 5 - 7  1,6-2,5 

ɼʚʠʛʘʪʝʣʠ ʩ ʨʝʦʩʪʘʪʥʳʤ ʧʫʩʢʦʤ (ʊɸɼ ʩ ʬʘʟʥʳʤ ʨʦʪʦʨʦʤ) ʠ ʦʜʥʦʬʘʟʥʳʝ ʜʚʠ-
ʛʘʪʝʣʠ (ʘʩʠʥʭʨʦʥʥʳʝ ʠ ʢʦʣʣʝʢʪʦʨʥʳʝ) 

1 - 3  1 
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ʊʘʙʣʠʮʘ 7.  
ʇʣʘʚʢʠʝ ʧʨʝʜʦʭʨʘʥʠʪʝʣʠ 

ʊʠʧ ʧʨʝʜʦʭʨʘʥʠʪʝʣʷ ʅʦʤʠʥʘʣʴʥʳʡ ʪʦʢ ʧʨʝʜʦʭʨʘʥʠʪʝʣʷ, 
ɸ 

ʅʦʤʠʥʘʣʴʥʳʡ ʪʦʢ ʧʣʘʚʢʦʡ  
ʚʩʪʘʚʢʠ, ɸ 

ʇʅ2-60 63 8; 10; 16; 20; 25; 32; 40; 63 

ʇʅ2-100 100 30; 40; 50; 60; 80; 100 

ʇʅ2-250 250 80; 100; 120; 150; 200; 250 

ʇʅ2-400 400 200; 250; 300; 350; 400 

ʇʅ2-600 600 300; 400; 500; 600 

ʇʨʠ ʚʳʙʦʨʝ ʟʘʱʠʪʳ ʩʝʪʝʡ ʦʪ ʪʦʢʦʚ ʢʦʨʦʪʢʦʛʦ 
ʟʘʤʳʢʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʨʠʪʴ ʩʦʦʪʚʝʪʩʪʚʠʝ ʜʦ-
ʧʫʩʪʠʤʦʛʦ ʪʦʢʘ ʧʨʦʚʦʜʘ Iʜʦʧ ʪʦʢʫ ʧʣʘʚʢʦʡ ʚʩʪʘʚʢʠ 
ʧʨʝʜʦʭʨʘʥʠʪʝʣʷ, ʪ.ʝ. ʚʳʧʦʣʥʝʥʠʝ ʫʩʣʦʚʠʷ:  
Iʇɺ Ò 3 Iʜʦʧ. 
ʇʨʦʠʟʚʦʜʠʤ ʧʨʦʚʝʨʢʫ ʧʦ ʚʩʝʤ ʯʝʪʳʨʝʤ ʦʙʲʝʢ-

ʪʘʤ: 
ʜʣʷ ʉʂ:  
Iʥʦʤ.ʇɺ = 32 ɸ. Iʜʦʧ = 38 ɸ; 
32 ɸ Ò 3Ā38 = 114 ɸ. ʋʩʣʦʚʠʝ ʚʳʧʦʣʥʷʝʪʩʷ. 
ʜʣʷ ɹʂ: 
Iʥʦʤ.ʇɺ = 120 ɸ. Iʜʦʧ = 38 ɸ; 
120 ɸ Ò 3Ā46 = 138 ɸ. ʋʩʣʦʚʠʝ ʚʳʧʦʣʥʷʝʪʩʷ. 
ʜʣʷ ʈɹʋ: 
Iʥʦʤ.ʇɺ = 40 ɸ. Iʜʦʧ = 38 ɸ; 
40 ɸ Ò 3Ā38 = 114 ɸ. ʋʩʣʦʚʠʝ ʚʳʧʦʣʥʷʝʪʩʷ. 
ɼʣʷ ɹʇ: 
Iʥʦʤ.ʇɺ = 32 ɸ. Iʜʦʧ = 90 ɸ; 
32 ɸ Ò 3Ā90 = 270 ɸ. ʋʩʣʦʚʠʝ ʚʳʧʦʣʥʷʝʪʩʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʘʙʦʪʝ ʨʘʩʩʯʠʪʘʥʳ ʵʣʝʢʪʨʠ-
ʯʝʩʢʠʝ ʥʘʛʨʫʟʢʠ ʉʇ, ʚʳʙʨʘʥʳ ʠ ʧʨʦʚʝʨʝʥʳ ʧʠʪʘʶ-
ʱʠʝ ʢʘʙʝʣʠ ʜʣʷ ʚʚʦʜʥʳʭ ʫʩʪʨʦʡʩʪʚ ʉʂ, ɹʂ, ʈɹʋ ʠ 
ɹʇ, ʜʣʷ ʵʪʠʭ ʞʝ ʧʨʠʩʦʝʜʠʥʝʥʠʡ ʚʳʙʨʘʥʳ ʧʨʝʜʦʭʨʘ-
ʥʠʪʝʣʠ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʧʣʘʚʢʠʤʠ ʚʩʪʘʚʢʘʤʠ. 
ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ: 
1. ɻʣʫʰʢʦʚ ɻ.ʅ. ʕʣʝʢʪʨʦʩʥʘʙʞʝʥʠʝ ʩʪʨʦʠ-

ʪʝʣʴʥʦ-ʤʦʥʪʘʞʥʳʭ ʨʘʙʦʪ: ʋʯʝʙʥʠʢ ʜʣʷ ʚʫʟʦʚ. ʄ.: 
ʉʪʨʦʡʠʟʜʘʪ, 1982. - 232 ʩ. 
2. ʈʘʩʯʝʪ ʩʭʝʤʳ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʩʪʨʦʠʪʝʣʴ-

ʥʦʡ ʧʣʦʱʘʜʢʠ: ʟʘʜʘʥʠʷ ʠ ʤʝʪʦʜʠʯʝʩʢʠʝ ʫʢʘʟʘʥʠʷ ʧʦ 
ʚʳʧʦʣʥʝʥʠʶ ʨʘʩʯʝʪʥʦʡ ʨʘʙʦʪʳ ʧʦ ʵʣʝʢʪʨʦʩʥʘʙʞʝ-
ʥʠʶ ʩ ʦʩʥʦʚʘʤʠ ʵʣʝʢʪʨʦʪʝʭʥʠʢʠ / ʖʛʦ-ɿʘʧ. ʛʦʩ. ʫʥ-
ʪ; ʩʦʩʪ.: ɸ.ʉ. ʈʦʤʘʥʯʝʥʢʦ. - ʂʫʨʩʢ, 2015. - 13 ʩ. 
3. ʊʦʧʦʣʷʥʩʢʠʡ ɸ.ɹ. ʕʣʝʢʪʨʦʩʥʘʙʞʝʥʠʝ ʠ 

ʵʣʝʢʪʨʦʫʩʪʘʥʦʚʢʠ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ. ʃ.: ʉʪʨʦʡʠʟʜʘʪ, 
1990. - 272 ʩ. 
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ʂʆʈʆɹʏɸʊʆɻʆ ʇʆʇɽʈɽʏʅʆɻʆ ʉɽʏɽʅʀʗ 

 

Altukhov F. V., Galaeva D. H. 
Southwest state University, Russia, Kursk 

 

EXPERIMENTAL STUDY OF COMPOSITE WOOD BEAMS OF BOX CROSS SECTION  
 

ɸʥʥʦʪʘʮʠʷ:  
ʇʨʠʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʝʨʝʚʷʥʥʳʭ ʙʘʣʦʢ ʢʦʨʦʙʯʘʪʦʛʦ ʩʝʯʝʥʠʷ. ɹʳʣ ʧʨʦʚʝʜʝʥ 

ʵʢʩʧʝʨʠʤʝʥʪ ʥʘ ʜʝʨʝʚʦʬʘʥʝʨʥʳʭ ʙʘʣʢʘʭ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʩʝʯʝʥʠʷ  
Abstract:  
Experimental studies of wooden beams of box section are Presented. The experiment was carried out on the 

combined section timber beams  
 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʦʜʫʣʴ ʜʝʬʦʨʤʘʮʠʠ, ʜʘʚʣʝʥʠʝ, ʵʢʩʧʝʨʠʤʝʥʪ, ʥʘʛʨʫʟʢʠ, ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʨʘʩʯʝʪ 
Keywords: deformation modulus, pressure, experiment, loads, theoretical calculation 

 

ʄʝʪʦʜʠʢʘ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʥʝʦʙʭʦ-

ʜʠʤʦ ʧʨʦʚʝʩʪʠ ʠʩʧʳʪʘʥʠʷ ʜʝʨʝʚʦʬʘʥʝʨʥʳʭ ʙʘʣʦʢ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʩʝʯʝʥʠʷ ʧʨʦʣʝʪʦʤ 1.5 ʤ ʩ ʤʝʪʘʣ-

ʣʠʯʝʩʢʠʤʠ ʩʚʷʟʷʤʠ, ʩʦʝʜʠʥʷʶʱʠʤʠ ʧʦʷʩ ʠ ʩʪʝʥʢʫ 

(ʨʠʩ.3.1). ʧʨʠ ʜʝʡʩʪʚʠʠ ʜʣʠʪʝʣʴʥʳʭ ʥʘʛʨʫʟʦʢ. 

ɼʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʙʘʣʢʠ ʠʩʧʦʣʴʟʫʝʤ ʩʣʝʜʫʶ-
ʱʠʝ ʤʘʪʝʨʠʘʣʳ: 

- ʜʚʘ ʩʦʩʥʦʚʳʭ ʜʝʨʝʚʷʥʥʳʭ ʙʨʫʩʢʘ ʩʝʯʝʥʠʝʤ 
40 ʭ 40 ʤʤ; 

- ʧʦʣʦʪʥʦ ʠʟ ʬʘʥʝʨʳ ʪʦʣʱʠʥʦʡ 6 ʤʤ ʠ ʨʘʟʤʝ-
ʨʘʤʠ 200 ʭ 1500 ʤʤ; 

- ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʩʪʝʨʞʥʠ ʜʠʘʤʝʪʨʦʤ 4 ʤʤ. 



«Colloquium - journal Ȼ#7(31),2019 / TECHNICAL SCIENCE 11 

 
ʈʠʩʫʥʦʢ 3.1 ï ʂʦʥʩʪʨʫʢʮʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʦʙʨʘʟʮʘ 

 
ʇʝʨʝʜ ʩʙʦʨʢʦʡ ʜʝʨʝʚʷʥʥʳʝ ʵʣʝʤʝʥʪʳ ʙʘʣʢʠ 

ʧʦʜʚʝʨʛʘʝʤ ʦʩʪʨʦʞʢʝ. ɼʘʣʝʝ ʧʨʦʠʟʚʦʜʠʤ ʨʘʟʤʝʪʢʫ 
ʧʦʜ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʩʪʝʨʞʥʠ ʩ ʰʘʛʦʤ 140 ʤʤ. ʇʝʨʝʜ 
ʠʭ ʫʩʪʘʥʦʚʢʦʡ ʚʳʩʚʝʨʣʠʚʘʝʤ ʦʪʚʝʨʩʪʠʷ ʜʠʘʤʝʪʨʦʤ 

3 ʤʤ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʨʘʩʢʘʣʳʚʘʥʠʷ ʜʝʨʝʚʷʥ-
ʥʳʭ ʙʨʫʩʢʦʚ ʠ ʨʘʩʪʨʝʩʢʠʚʘʥʠʷ ʬʘʥʝʨʳ (ʨʠʩ. 3.1). 
ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʧʳʪʘʥʠʡ ʠʩʧʦʣʴʟʫʝʤ ʣʘʙʦ-

ʨʘʪʦʨʥʫʶ ʫʩʪʘʥʦʚʢʫ, ʩʭʝʤʘ ʢʦʪʦʨʦʡ ʚ ʦʙʱʝʤ ʚʠʜʝ 
ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 3.2. 

 
ʈʠʩʫʥʦʢ 3.2 ï ʆʙʱʠʡ ʚʠʜ ʠʩʧʳʪʘʪʝʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ 

1 ï ʜʦʤʢʨʘʪ (ʚʠʥʪʦʚʦʡ ʠʣʠ ʛʠʜʨʘʚʣʠʯʝʩʢʠʡ); 2 ï ʪʨʘʚʝʨʩʘ; 3,5 ï ʰʘʨʥʠʨʥʳʝ ʦʧʦʨʳ ʩ ʧʦʜʢʣʘʜʢʘʤʠ; 4 ï 

ʠʩʧʳʪʳʚʘʝʤʘʷ ʙʘʣʢʘ; 6 ï ʩʪʘʥʠʥʘ ʠʩʧʳʪʘʪʝʣʴʥʦʛʦ ʩʪʝʥʜʘ. 
 
ʅʘʛʨʫʞʝʥʠʝ ʠʩʧʳʪʳʚʘʝʤʦʡ ʙʘʣʢʠ ʦʩʫʱʝʩʪʚ-

ʣʷʝʤ ʩʪʫʧʝʥʯʘʪʦ-ʚʦʟʨʘʩʪʘʶʱʝʡ ʥʘʛʨʫʟʢʦʡ. ɺʝʣʠ-
ʯʠʥʘ ʦʜʥʦʡ ʩʪʫʧʝʥʠ ʥʘʛʨʫʞʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ 250 ʢʛʩ.  
ʅʘʛʨʫʟʢʫ ʥʘ ʦʙʨʘʟʝʮ ʧʝʨʝʜʘʝʤ ʯʝʨʝʟ ʤʝʪʘʣʣʠ-

ʯʝʩʢʫʶ ʪʨʘʚʝʨʩʫ, ʤʘʩʩʘ ʢʦʪʦʨʦʡ ʚʭʦʜʠʪ ʚ ʦʙʱʫʶ 
ʥʘʛʨʫʟʢʫ. ʇʝʨʝʜʘʯʘ ʥʘʛʨʫʟʢʠ ʥʘ ʠʩʧʳʪʳʚʘʝʤʳʡ ʦʙ-
ʨʘʟʝʮ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʯʝʪʚʝʨʪʷʭ ʧʨʦʣʝʪʘ. ɼʣʷ ʠʩ-
ʢʣʶʯʝʥʠʷ ʦʙʤʷʪʠʷ ʦʙʨʘʟʮʘ ʥʘ ʦʧʦʨʘʭ ʠ ʚ ʤʝʩʪʘʭ 
ʧʨʠʣʦʞʝʥʠʷ ʥʘʛʨʫʟʢʠ ʠʩʧʦʣʴʟʫʝʤ ʤʝʪʘʣʣʠʯʝʩʢʠʝ 
ʧʨʦʢʣʘʜʢʠ. 
ɼʝʬʦʨʤʘʮʠʠ ʙʘʣʢʠ ʠʟʤʝʨʷʝʤ ʚ ʩʝʨʝʜʠʥʝ ʧʨʦ-

ʣʝʪʘ ʠ ʥʘ ʦʧʦʨʘʭ. ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʜʝʬʦʨʤʘʮʠʡ ʥʘ 

ʦʧʦʨʘʭ ʠʩʧʦʣʴʟʫʝʤ ʠʥʜʠʢʘʪʦʨʳ ʯʘʩʦʚʦʛʦ ʪʠʧʘ ʩ ʮʝ-
ʥʦʡ ʜʝʣʝʥʠʷ 0,01 ʤʤ. ʏʪʦʙʳ ʠʩʢʣʶʯʠʪʴ ʦʩʘʜʢʠ 
ʦʧʦʨʥʳʭ ʩʝʯʝʥʠʡ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʧʨʦʛʠʙʘ ʚ ʩʝʨʝ-
ʜʠʥʝ ʧʨʦʣʝʪʘ, ʠʥʜʠʢʘʪʦʨ ʢʨʝʧʠʤ ʢ ʰʪʘʪʠʚʫ. 
ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʨʘʩʯʝʪʘ, ʢʦ-

ʪʦʨʳʡ ʧʦʜʨʦʙʥʦ ʠʟʣʦʞʝʥ ʚʦ ʚʪʦʨʦʡ ʛʣʘʚʝ, ʧʝʨʝʭʦʜ 
ʚʦ ʚʪʦʨʫʶ ʩʪʘʜʠʶ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ 
ʫʨʦʚʥʝ ʥʘʧʨʷʞʝʥʠʡ „ ςȢςυ ̋ Ⱦ̊̒  ̍ʟʘ ʚʨʝʤʷ ὸ
ψτȢψσ ̅Ȣ ʅʘʛʨʫʟʢʘ, ʜʝʡʩʪʚʫʶʱʘʷ ʥʘ ʙʘʣʢʫ ʚ ʤʦʤʝʥʪ 
ʧʝʨʝʭʦʜʘ ʚʦ ʚʪʦʨʫʶ ʩʪʘʜʠʶ ὖ ςπȢπω ̋˚
ςππω ̋̄Ȣ̒ 
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ʉʦʛʣʘʩʥʦ ʨʘʩʯʝʪʥʦʡ ʩʭʝʤʝ (ʨʠʩ. 3.3) ʥʘʛʨʫ-
ʞʘʝʤ ʢʦʥʩʪʨʫʢʮʠʶ ʩʪʫʧʝʥʯʘʪʦ ʚʦʟʨʘʩʪʘʶʱʝʡ 
ʥʘʛʨʫʟʢʦʡ ʜʦ ʚʝʣʠʯʠʥʳ ςὖ ςϽςπȢπω ̋˚
τπȢρψ ̋˚ τπρψ ̋̄Ȣ̒ ʉʥʷʪʠʝ ʧʦʢʘʟʘʥʠʡ ʧʨʦʠʟʚʦ-
ʜʠʤ ʧʦʩʣʝ ʧʨʠʣʦʞʝʥʠʷ ʦʯʝʨʝʜʥʦʡ ʩʪʫʧʝʥʠ. ʇʦ ʠʩ-
ʪʝʯʝʥʠʠ 85 ʜʥʝʡ ʧʦʚʪʦʨʥʦ ʧʨʦʠʟʚʦʜʠʤ ʩʥʷʪʠʝ ʧʦʢʘ-
ʟʘʥʠʡ. 
ʇʝʨʝʭʦʜ ʚ ʪʨʝʪʴʶ ʩʪʘʜʠʶ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ 

ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʫʨʦʚʥʝ ʥʘʧʨʷʞʝʥʠʡ „ υȟυυ ̋ Ⱦ̊
̒  ̍ʟʘ ʚʨʝʤʷ ὸ ωτȟψω ̅Ȣ ʅʘʛʨʫʟʢʘ, ʜʝʡʩʪʚʫʶʱʘʷ 

ʥʘ ʙʘʣʢʫ ʚ ʤʦʤʝʥʪ ʧʝʨʝʭʦʜʘ ʚ ʪʨʝʪʴʶ ʩʪʘʜʠʶ ὖ
τωȟυυ ̋˚ τωυυ ̋̄Ȣ̒ 
ʉʦʛʣʘʩʥʦ ʨʘʩʯʝʪʥʦʡ ʩʭʝʤʝ (ʨʠʩ. 3.3) ʥʘʛʨʫ-

ʞʘʝʤ ʢʦʥʩʪʨʫʢʮʠʶ ʩʪʫʧʝʥʯʘʪʦ ʚʦʟʨʘʩʪʘʶʱʝʡ 
ʥʘʛʨʫʟʢʦʡ ʜʦ ʚʝʣʠʯʠʥʳ ςὖ ςϽτωȟυυ
ωωȟρρ ̋˚ ωωρρ ̋̄Ȣ̒ ʉʥʷʪʠʝ ʧʦʢʘʟʘʥʠʡ ʧʨʦʠʟʚʦ-
ʜʠʤ ʧʦʩʣʝ ʧʨʠʣʦʞʝʥʠʷ ʦʯʝʨʝʜʥʦʡ ʩʪʫʧʝʥʠ. ʇʦ ʠʩ-
ʪʝʯʝʥʠʠ 95 ʜʥʝʡ ʧʦʚʪʦʨʥʦ ʧʨʦʠʟʚʦʜʠʤ ʩʥʷʪʠʝ ʧʦʢʘ-
ʟʘʥʠʡ. 

 
ʈʠʩʫʥʦʢ 3.3 ï ʈʘʩʯʝʪʥʘʷ ʩʭʝʤʘ ʩʦʩʪʘʚʥʦʡ ʜʝʨʝʚʷʥʥʦʡ ʙʘʣʢʠ ʢʦʨʦʙʯʘʪʦʛʦ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ 

 
ʇʦʩʣʝ ʧʨʠʣʦʞʝʥʠʷ ʦʯʝʨʝʜʥʦʡ ʩʪʫʧʝʥʠ ʥʘʛʨʫ-

ʞʝʥʠʷ ʟʘʥʦʩʠʤ ʧʦʢʘʟʘʥʠʷ ʧʨʠʙʦʨʦʚ ʚ ʪʘʙʣʠʮʫ. 
ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʦʙʨʘʟʮʳ 

ɺ ʣʘʙʦʨʘʪʦʨʠʠ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʧʳʪʘʥʠʷ ʜʝ-
ʨʝʚʦʬʘʥʝʨʥʳʭ ʙʘʣʦʢ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʩʝʯʝʥʠʷ 
ʧʨʦʣʝʪʦʤ 1.5 ʤ ʩ ʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʩʚʷʟʷʤʠ, ʩʦʝʜʠ-
ʥʷʶʱʠʤʠ ʧʦʷʩ ʠ ʩʪʝʥʢʫ (ʨʠʩ.3.4). ʧʨʠ ʜʝʡʩʪʚʠʠ 
ʜʣʠʪʝʣʴʥʳʭ ʥʘʛʨʫʟʦʢ. 
ɼʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʙʘʣʢʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʣʝ-

ʜʫʶʱʠʝ ʤʘʪʝʨʠʘʣʳ: 

- ʜʚʘ ʩʦʩʥʦʚʳʭ ʜʝʨʝʚʷʥʥʳʭ ʙʨʫʩʢʘ ʩʝʯʝʥʠʝʤ 
40 ʭ 40 ʤʤ; 

- ʧʦʣʦʪʥʦ ʠʟ ʬʘʥʝʨʳ ʪʦʣʱʠʥʦʡ 6 ʤʤ ʠ ʨʘʟʤʝ-
ʨʘʤʠ 200 ʭ 1500 ʤʤ; 

- ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʩʪʝʨʞʥʠ ʜʠʘʤʝʪʨʦʤ 4 ʤʤ. 
ʇʝʨʝʜ ʩʙʦʨʢʦʡ ʜʝʨʝʚʷʥʥʳʝ ʵʣʝʤʝʥʪʳ ʙʘʣʢʠ 

ʧʦʜʚʝʨʛʘʣʠʩʴ ʦʩʪʨʦʞʢʝ. ɼʘʣʝʝ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʨʘʟ-
ʤʝʪʢʘ ʧʦʜ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʩʪʝʨʞʥʠ ʩ ʰʘʛʦʤ 140 ʤʤ. 
ʇʝʨʝʜ ʠʭ ʫʩʪʘʥʦʚʢʦʡ ʚʳʩʚʝʨʣʠʚʘʣʠʩʴ ʦʪʚʝʨʩʪʠʷ 
ʜʠʘʤʝʪʨʦʤ 3 ʤʤ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʨʘʩʢʘʣʳʚʘʥʠʷ 
ʜʝʨʝʚʷʥʥʳʭ ʙʨʫʩʢʦʚ ʠ ʨʘʩʪʨʝʩʢʠʚʘʥʠʷ ʬʘʥʝʨʳ. 
ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʧʳʪʘʥʠʡ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ 

ʣʘʙʦʨʘʪʦʨʥʘʷ ʫʩʪʘʥʦʚʢʘ. 
ʅʘʛʨʫʟʢʫ ʥʘ ʦʙʨʘʟʝʮ ʧʝʨʝʜʘʚʘʣʠ ʯʝʨʝʟ ʤʝʪʘʣ-

ʣʠʯʝʩʢʫʶ ʪʨʘʚʝʨʩʫ, ʤʘʩʩʘ ʢʦʪʦʨʦʡ ʚʭʦʜʠʣʘ ʚ ʦʙ-

ʱʫʶ ʥʘʛʨʫʟʢʫ. ʇʝʨʝʜʘʯʘ ʥʘʛʨʫʟʢʠ ʥʘ ʠʩʧʳʪʳʚʘʝ-
ʤʳʡ ʦʙʨʘʟʝʮ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʚ ʯʝʪʚʝʨʪʷʭ ʧʨʦʣʝʪʘ. 
ɼʣʷ ʠʩʢʣʶʯʝʥʠʷ ʦʙʤʷʪʠʷ ʦʙʨʘʟʮʘ ʥʘ ʦʧʦʨʘʭ ʠ ʚ ʤʝ-
ʩʪʘʭ ʧʨʠʣʦʞʝʥʠʷ ʥʘʛʨʫʟʢʠ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʤʝ-
ʪʘʣʣʠʯʝʩʢʠʝ ʧʨʦʢʣʘʜʢʠ. ʂʦʥʪʨʦʣʴ ʚʝʣʠʯʠʥʳ ʜʝʡ-
ʩʪʚʫʶʱʝʡ ʥʘʛʨʫʟʢʠ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʧʦ ʠʟʤʝʨʠʪʝʣʶ-
ʨʝʛʫʣʷʪʦʨʫ çʆɺɽʅè 
ʅʘʛʨʫʞʝʥʠʝ ʙʘʣʢʠ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʩʪʫʧʝʥ-

ʯʘʪʦ-ʚʦʟʨʘʩʪʘʶʱʝʡ ʥʘʛʨʫʟʢʦʡ, ʚʝʣʠʯʠʥʘ ʢʘʞʜʦʡ 
ʩʪʫʧʝʥʠ ʩʦʩʪʘʚʣʷʣʘ 250 ʢʛʩ. ʉʥʷʪʠʝ ʧʦʢʘʟʘʥʠʡ ʧʨʦ-
ʠʟʚʦʜʠʣʠ ʧʦʩʣʝ ʧʨʠʣʦʞʝʥʠʷ ʢʘʞʜʦʡ ʩʪʫʧʝʥʠ. ɼʝ-
ʬʦʨʤʘʮʠʠ ʙʘʣʢʠ ʠʟʤʝʨʷʣʠ ʚ ʩʝʨʝʜʠʥʝ ʧʨʦʣʝʪʘ ʠ ʥʘ 
ʦʧʦʨʘʭ. ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʜʝʬʦʨʤʘʮʠʡ ʥʘ ʦʧʦʨʘʭ ʠʩ-
ʧʦʣʴʟʦʚʘʣʠʩʴ ʠʥʜʠʢʘʪʦʨʳ ʯʘʩʦʚʦʛʦ ʪʠʧʘ ʩ ʮʝʥʦʡ 
ʜʝʣʝʥʠʷ 0,01 ʤʤ. ʂʦʥʪʨʦʣʴ ʟʘ ʧʨʦʛʠʙʦʤ ʚ ʩʝʨʝʜʠʥʝ 
ʧʨʦʣʝʪʘ ʦʩʫʱʝʩʪʚʣʷʣʠ ʧʦ ʮʠʬʨʦʚʦʤʫ ʠʥʜʠʢʘʪʦʨʫ 
çSylvacè ʩ ʮʝʥʦʡ ʜʝʣʝʥʠʷ 0,001 ʤʤ.  

ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ 
ɺ ʭʦʜʝ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʳʣʠ ʧʦʣʫ-

ʯʝʥʳ ʘʙʩʦʣʶʪʥʳʝ ʟʥʘʯʝʥʠʷ ʧʨʦʛʠʙʘ ʩʦʩʪʘʚʥʦʡ ʜʝ-
ʨʝʚʷʥʥʦʡ ʙʘʣʢʠ ʢʦʨʦʙʯʘʪʦʛʦ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ 
ʧʨʠ ʜʝʡʩʪʚʠʠ ʜʣʠʪʝʣʴʥʳʭ ʥʘʛʨʫʟʦʢ. ʄʘʢʩʠʤʘʣʴʥʳʡ 
ʧʨʦʛʠʙ ʙʘʣʢʠ ʩʦʩʪʘʚʠʣ 13,793 ʤʤ ʧʨʠ ʜʝʡʩʪʚʫʶʱʝʡ 
ʥʘʛʨʫʟʢʝ ς˝ ςχυπ ̋̄Ȣ̒ ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ 
ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 3.1. 

  



«Colloquium - journal Ȼ#7(31),2019 / TECHNICAL SCIENCE 13 

ʊʘʙʣʠʮʘ 3.1  
ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ˉ 
ʧ/ʧ 

ʅʘʛʨʫʟʢʘ 2ʈ 
(ʢʛʩ) 

ɸʙʩʦʣʶʪʥʳʝ ʟʥʘʯʝʥʠʷ ʜʝʬʦʨʤʘʮʠʡ, ʤʤ 

ɺ ʩʝʨʝʜʠʥʝ ʧʨʦʣʝʪʘ ʅʘ ʧʨʘʚʦʡ ʦʧʦʨʝ ʅʘ ʣʝʚʦʡ ʦʧʦʨʝ 

1 250 0,401 0,07 0,06 

2 500 0,846 0,23 0,20 

3 750 1,312 0,34 0,34 

4 1000 1,793 0,81 0,82 

5 1250 2,250 0,95 0,93 

6 1500 5,012 1,12 1,15 

7 1750 7,109 1,32 1,33 

8 2000 8,765 1,64 1,64 

9 2250 10,617 1,94 1,93 

10 2500 12,200 2,29 2,3 

11 2750 13,793 2,62 2,59 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦ-
ʚʘʥʠʡ ʙʳʣ ʧʦʩʪʨʦʝʥ ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʦʛʠʙʘ 
ʦʪ ʜʝʡʩʪʚʫʶʱʝʡ ʥʘʛʨʫʟʢʠ (ʨʠʩ. 3.9). 

 
ʈʠʩʫʥʦʢ 3.9 ï ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʦʛʠʙʘ ʦʪ ʜʝʡʩʪʚʫʶʱʝʡ ʥʘʛʨʫʟʢʠ 

 
ɼʣʷ ʥʘʭʦʞʜʝʥʠʷ ʜʣʠʪʝʣʴʥʦʛʦ ʤʦʜʫʣʷ ʜʝʬʦʨʤʘ-

ʮʠʠ ʧʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʜʘʥʥʳʤ ʩʪʨʦʠʤ ʛʨʘʬʠʢ 
ʟʘʚʠʩʠʤʦʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʜʝʬʦʨʤʘʮʠʡ ʦʪ ʫʨʦʚʥʷ 
ʜʝʡʩʪʚʫʶʱʠʭ ʥʘʧʨʷʞʝʥʠʡ (ʨʠʩ. 3.10). 

ɿʥʘʯʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʜʝʬʦʨʤʘʮʠʡ ʜʣʷ ʢʘʞ-
ʜʦʛʦ ʵʪʘʧʘ ʥʘʛʨʫʞʝʥʠʷ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 3.2. 
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ʊʘʙʣʠʮʘ 3.2  
ʋʨʦʚʝʥʴ ʜʝʡʩʪʚʫʶʱʠʭ ʥʘʧʨʷʞʝʥʠʡ ʥʘ ʢʘʞʜʦʤ ʵʪʘʧʝ ʥʘʛʨʫʞʝʥʠʷ 

ˉ ʧ/ʧ ʅʘʛʨʫʟʢʘ 2ʈ (ʢʛʩ) ʅʘʧʨʷʞʝʥʠʷ s, ʢʅ/ʩʤ2 
1 250 0,140 

2 500 0,280 

3 750 0,421 

4 1000 0,561 

5 1250 0,701 

6 1500 0,841 

7 1750 0,981 

8 2000 1,122 

9 2250 1,262 

10 2500 1,402 

11 2750 1,542 

 
ʈʠʩʫʥʦʢ 3.10 - ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʜʝʬʦʨʤʘʮʠʡ ʦʪ ʫʨʦʚʥʷ ʜʝʡʩʪʚʫʶʱʠʭ ʥʘʧʨʷʞʝʥʠʡ 

 
ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ: 
1. ʇʷʪʠʢʨʝʩʪʦʚʩʢʠʡ, ʂ.ʇ.ʈʘʟʚʠʪʠʝ ʤʝʪʦʜʦʚ 

ʨʘʩʯʝʪʘ ʜʝʨʝʚʷʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʧʨʠ ʩʣʦʞʥʦʤ 
ʥʘʧʨʷʞʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ (ʯʘʩʪʴ I)/ ʂ.ʇ. ʇʷʪʠʢʨʝ-
ʩʪʦʚʩʢʠʡ// ʉʪʨʦʠʪʝʣʴʥʘʷ ʤʝʭʘʥʠʢʘ ʠ ʨʘʩʯʝʪ ʩʦʦʨʫ-
ʞʝʥʠʡ. - 2014. - ˉ 6 (257). - ʉ. 6-12. 

2. ʇʷʪʠʢʨʝʩʪʦʚʩʢʠʡ, ʂ.ʇ. ʅʝʣʠʥʝʡʥʳʝ ʜʝ-
ʬʦʨʤʘʮʠʠ ʩʪʘʪʠʯʝʩʢʠ ʥʝʦʧʨʝʜʝ-ʣʠʤʳʭ ʜʝʨʝʚʷʥʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡ / ʂ.ʇ.ʇʷʪʠʢʨʝʩʪʦʚʩʢʠʡ, ʍ.ʉ.ʍʫʥʘʛʦʚ 
// ʀʟʚʝʩʪʠʷ ʚʫʟʦʚ. ʉʪʨʦʠʪʝʣʴʩʪʚʦ. - 2013.- ˉ11-12.- 
ʉ. 21-30. 

3. ʇʷʪʠʢʨʝʩʪʦʚʩʢʠʡ, ʂ.ʇ. ʉʠʣʦʚʦʝ ʩʦʧʨʦʪʠʚ-
ʣʝʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʜʝʨʝ-ʚʷʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ 
ʧʨʠ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʭ ʠ ʜʣʠʪʝʣʴʥʳʭ ʥʘʛʨʫʟʢʘʭ: ʜʠʩ. 
ʜ-ʨʘ ʪʝʭʥ. ʥʘʫʢ. - ʄ., 2011.- ʩ. 320. 
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ɼʳʰʝʢʦʚʘ ʄ.ʄ.  
ʤʘʛʠʩʪʨʘʥʪ 2 ʢʫʨʩʘ  

 ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʧʠʱʝʚʳʭ ʧʨʦʠʟʚʦʜʩʪʚ  

 ɹʝʪʝʚʘ ɽ.ɸ.  
ʢ.ʪ.ʥ.,ʜʦʮ. 
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DOI: 10.24411/2520-6990-2019-10155 
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INVESTIGATION OF THE PROCESS OF FERMENTATION OF WORT FROM BEET 

MOLASSES IN ORDER TO OBTAIN ALCOHOLIC BEVERAGE WITH VARIOUS YEASTS . 
 
ɸʥʥʦʪʘʮʠʷ:  
ɺ ʩʪʘʪʴʝ ʧʦʢʘʟʘʥʘ ʚʣʠʷʥʠʝ ʨʘʟʣʠʯʥʳʭ ʨʘʩ ʜʨʦʞʞʝʡ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʧʨʦʮʝʩʩ ʩʙʨʘʞʠʚʘʥʠʷ ʩʫʩʣʘ 

ʠʟ ʩʚʝʢʣʦʚʠʯʥʦʡ ʤʝʣʘʩʩʳ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʨʝʧʢʦʛʦ ʘʣʢʦʛʦʣʴʥʦʛʦ ʥʘʧʠʪʢʘ. 
Abstract: 
The article shows the effect of different races of yeast and temperature on the process of fermentation of wort 

from beet molasses to produce a strong alcoholic beverage. 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ:  
ʉʚʝʢʣʦʚʠʯʥʘʷ ʤʝʣʘʩʩʘ, ʪʨʦʩʪʥʠʢʦʚʘʷ ʤʝʣʘʩʩʘ, ʙʨʦʞʝʥʠʝ, ʙʨʦʜʠʣʴʥʘʷ ʘʢʪʠʚʥʦʩʪʴ, ʩʫʩʣʦ, ʜʠʦʢʩʠʜ ʫʛ-

ʣʝʨʦʜʘ, Rum, ʩʧʠʨʪʦʚʳʝ, ʭʣʝʙʦʧʝʢʘʨʥʳʝ ʜʨʦʞʞʠ. 
Key words: 
Beet molasses, cane molasses, fermentation, fermentation activity, wort, carbon dioxide, Rum, alcohol, bak-

ing yeast. 
 
ʄʝʣʘʩʩʘ ï ʵʪʦ ʛʫʩʪʘʷ ʚʷʟʢʘʷ ʞʠʜʢʦʩʪʴ ʪʝʤʥʦ-

ʢʦʨʠʯʥʝʚʦʛʦ ʮʚʝʪʘ ʩʦ ʩʧʝʮʠʬʠʯʝʩʢʠʤ ʟʘʧʘʭʦʤ ʢʘ-
ʨʘʤʝʣʠ. 
ʉʚʝʢʣʦʚʠʯʥʘʷ ʤʝʣʘʩʩʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʙʨʦ-

ʜʠʣʴʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʘʭ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʩʧʠʨʪʘ, ʘ 
ʪʘʢʞʝ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʭʣʝʙʦʧʝʢʘʨʥʳʭ ʜʨʦʞʞʝʡ, 
ʣʠʤʦʥʥʦʡ, ʤʦʣʦʯʥʦʡ ʠ ʛʣʫʪʘʤʠʥʦʚʦʡ ʢʠʩʣʦʪ. 
ɺ ʪʘʢʠʭ ʩʪʨʘʥʘʭ ʢʘʢ ʂʫʙʘ, ʗʤʘʡʢʘ, ɹʘʨʙʘʜʦʩ 

ʪʨʦʩʪʥʠʢʦʚʘʷ ʤʝʣʘʩʩʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 
ʢʨʝʧʢʦʛʦ ʩʧʠʨʪʥʦʛʦ ʥʘʧʠʪʢʘ- ʨʦʤ. ʈʦʤ ʟʘʥʠʤʘʝʪ 4 
ʤʝʩʪʦ ʧʦ ʧʦʪʨʝʙʣʝʥʠʶ ʚ ʤʠʨʝ.  
ʉ ʮʝʣʴʶ ʨʘʩʰʠʨʝʥʠʷ ʘʩʩʦʨʪʠʤʝʥʪʘ ʧʨʦʜʫʢʪʦʚ 

ʧʨʦʠʟʚʦʜʠʤʳʭ ʠʟ ʩʚʝʢʣʦʚʠʯʥʦʡ ʤʝʣʘʩʩʳ, ʙʳʣʦ ʨʝ-
ʰʝʥʦ ʠʩʩʣʝʜʦʚʘʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʢʨʝʧ-
ʢʦʛʦ ʘʣʢʦʛʦʣʴʥʦʛʦ ʥʘʧʠʪʢʘ ʠʟ ʩʚʝʢʣʦʚʠʯʥʦʡ ʤʝ-

ʣʘʩʩʳ. ʉʫʱʝʩʪʚʝʥʥʳʭ ʨʘʟʣʠʯʠʡ ʚ ʭʠʤʠʯʝʩʢʦʤ ʩʦ-
ʩʪʘʚʝ ʩʚʝʢʣʦʚʠʯʥʦʡ ʠ ʪʨʦʩʪʥʠʢʦʚʦʡ ʤʝʣʘʩʩ ʥʝ ʦʙʥʘ-
ʨʫʞʠʚʘʝʪʩʷ [2]. 
ʇʨʠ ʧʝʨʝʨʘʙʦʪʢʝ ʤʝʣʘʩʩʳ ʫʧʨʦʱʘʝʪʩʷ ʪʝʭʥʦ-

ʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ, ʪʘʢ ʢʘʢ ʠʩʢʣʶʯʘʝʪʩʷ ʧʨʦʮʝʩʩ ʨʘʟ-
ʚʘʨʠʚʘʥʠʷ ʠ ʦʩʘʭʘʨʠʚʘʥʠʷ ʢʨʘʭʤʘʣʘ [1]. 
ʉ ʮʝʣʴʶ ʠʟʫʯʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʠʟ ʩʚʝʢʣʦʚʠʯʥʦʡ ʤʝʣʘʩʩʳ ʢʨʝʧʢʦʛʦ ʘʣʢʦʛʦʣʴʥʦʛʦ 
ʥʘʧʠʪʢʘ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʦʚʦʜʠʣʠ ʧʦʜʙʦʨ 
ʜʨʦʞʞʝʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʠʥʪʝʥʩʠʚʥʦʝ ʩʙʨʘʞʠʚʘ-
ʥʠʝ ʩʚʝʢʣʦʚʠʯʥʦʡ ʤʝʣʘʩʩʳ. ʆʙ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʨʦ-
ʮʝʩʩʘ ʙʨʦʞʝʥʠʷ ʩʫʜʠʣʠ ʧʦ ʚʳʜʝʣʝʥʠʶ ʫʛʣʝʢʠʩʣʦʛʦ 
ʛʘʟʘ. 
ɹʨʦʞʝʥʠʝ ʧʨʦʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʜʨʦʞʞʝʡ, ʦʧʠʩʘʥʥʳʭ ʚ ʪʘʙʣʠʮʝ 1. 
ʊʘʙʣʠʮʘ 1  

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʜʨʦʞʞʝʡ 

ʅʘʠʤʝʥʦʚʘʥʠʝ  ʇʨʦʠʟʚʦʜʠʪʝʣʴ ʊʝʤʧʝʨʘʪʫʨʥʳʡ ʨʝʞʠʤ 

Rum ɸʥʛʣʠʷ ʦʪ 22ʉ̄ ʜʦ 28ʉ̄ 

ʉʧʠʨʪʦʚʳʝ ʐʚʝʮʠʷ ʦʪ 22 ʉ̄ ʜʦ 23ʉ̄ 

ʂʦʜʟʠ ʂʠʪʘʡ ʥʝ ʥʠʞʝ 22ʉ̄ 
ʇʠʚʥʳʝ ʂʠʪʘʡ ʦʪ 15ʉ̄ ʜʦ 25ʉ̄ 

ʍʣʝʙʦʧʝʢʘʨʥʳʝ  ʈʦʩʩʠʷ ʦʪ 22ʉ̄ ʜʦ 25ʉ̄ 

 
ɺ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʧʨʠʤʝʥʝʥʠʶ ʜʘʥʥʳʭ 

ʜʨʦʞʞʝʡ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʨʝʞʠʤ ʫʢʘʟʘʥ ʚ ʰʠʨʦʢʦʤ 
ʜʠʘʧʘʟʦʥʝ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʠʩʩʣʝʜʦ-
ʚʘʥʠʷ ʙʳʣʦ ʨʝʰʝʥʦ ʠʟʫʯʠʪʴ ʚʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ 
ʥʘ ʙʨʦʜʠʣʴʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʜʨʦʞʞʝʡ ʧʨʠ ʩʙʨʘʞʠʚʘ-
ʥʠʠ ʩʫʩʣʘ ʠʟ ʩʚʝʢʣʦʚʠʯʥʦʡ ʤʝʣʘʩʩʳ.  
ʉ ʵʪʦʡ ʮʝʣʴʶ ʠʟ ʩʚʝʢʣʦʚʠʯʥʦʡ ʤʝʣʘʩʩʳ ʛʦʪʦ-

ʚʠʣʠ ʩʫʩʣʦ ʩ ʤʘʩʩʦʚʦʡ ʜʦʣʝʡ ʩʫʭʠʭ ʚʝʱʝʩʪʚ 22% ʠ 

ʙʨʦʞʝʥʠʝ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 22ʉ̄, 25ʉ̄ 

ʠ 31ʉ̄, ʜʨʦʞʞʠ ʚʥʦʩʠʣʠ ʚ ʢʦʣʠʯʝʩʪʚʝ 0,2 ʛʨ/100 ʤʣ 
ʩʫʩʣʘ. 
ʆ ʚʝʣʠʯʠʥʝ ʙʨʦʜʠʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʩʫʜʠʣʠ ʧʦ 

ʢʦʣʠʯʝʩʪʚʫ ʚʳʜʝʣʠʚʰʝʛʦʩʷ ʜʠʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ.  
ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʜʠʥʘʤʠʢʘ ʚʳʜʝʣʝ-

ʥʠʷ ʜʠʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ ʧʨʠ ʩʙʨʘʞʠʚʘʥʠʠ ʩʚʝʢʣʦ-

ʚʠʯʥʦʡ ʤʝʣʘʩʩʳ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 22ʉ̄. 

https://doi.org/10.24411/2520-6990-2019-10155
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ʈʠʩʫʥʦʢ 1 ï ʀʟʤʝʥʝʥʠʝ ʚʳʜʝʣʝʥʠʷ ʜʠʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ ʧʨʠ ʩʙʨʘʞʠʚʘʥʠʠ ʩʫʩʣʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 22 ʉ̄. 

 
ʂʘʢ ʚʠʜʥʦ ʠʟ ʢʨʠʚʳʭ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʨʠ-

ʩʫʥʢʝ 1, ʧʨʠ ʩʙʨʘʞʠʚʘʥʠʠ ʩʫʩʣʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

22̄ ʉ, ʚ ʧʝʨʚʳʝ ʜʚʦʝ ʩʫʪʦʢ ʫ ʚʩʝʭ ʨʘʩ ʜʨʦʞʞʝʡ ʚʳ-
ʜʝʣʝʥʠʝ ʜʠʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ ʙʳʣ ʤʠʥʠʤʘʣʴʥʳʤ. ɺ 
ʧʦʩʣʝʜʫʶʱʠʝ 5 ʩʫʪʢʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʚʳʜʝʣʝʥʠʷ 
ʜʠʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ ʫʚʝʣʠʯʠʣʘʩʴ ʚ 3 ʨʘʟʘ.  
ʇʨʠ ʩʙʨʘʞʠʚʘʥʠʠ ʩʫʩʣʘ ʜʨʦʞʞʘʤʠ ʂʦʜʟʠ ʙʳʣʦ 

ʦʪʤʝʯʝʥʦ ʤʘʢʩʠʤʘʣʴʥʦʝ ʚʳʜʝʣʝʥʠʝ ʜʠʦʢʩʠʜʘ ʫʛʣʝ-
ʨʦʜʘ ʥʘ 4 ʩʫʪʢʠ ʦʥʦ ʩʦʩʪʘʚʠʣʦ 5,81 ʛ/100 ʤʣ, ʚ ʪʦ 
ʚʨʝʤʷ ʢʘʢ ʤʠʥʠʤʘʣʴʥʦʝ ʚʳʜʝʣʝʥʠʝ ʜʠʦʢʩʠʜʘ ʫʛʣʝ-
ʨʦʜʘ ʥʘ 4 ʩʫʪʢʠ ʥʘʙʣʶʜʘʣʦʩʴ ʫ ʜʨʦʞʞʝʡ Rum ï 6,28 
ʛ/100 ʤʣ.  
ʅʘ 5 ʩʫʪʢʠ ʚʩʝ ʜʨʦʞʞʠ ʧʦʢʘʟʘʣʠ ʚʳʩʦʢʫʶ ʠʥ-

ʪʝʥʩʠʚʥʦʩʪʴ ʙʨʦʞʝʥʠʷ. ʄʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 
ʚʳʜʝʣʠʚʰʝʛʦʩʷ ʜʠʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ ʥʘʙʣʶʜʘʣʦʩʴ 

ʧʨʠ ʩʙʨʘʞʠʚʘʥʠʠ ʉʧʠʨʪʦʚʳʤʠ ʜʨʦʞʞʘʤʠ - 6,78 
ʛ/100 ʤʣ, ʘ ʥʘʠʤʝʥʴʰʝʝ ʚʳʜʝʣʝʥʠʝ ʜʠʦʢʩʠʜʘ ʫʛʣʝ-
ʨʦʜʘ ʥʘʙʣʶʜʘʣʦʩʴ ʧʨʠ ʩʙʨʘʞʠʚʘʥʠʠ ʇʠʚʥʳʤʠ 
ʜʨʦʞʞʘʤʠ ï 0,85 ʛ/100 ʤʣ.  
ʄʘʢʩʠʤʘʣʴʥʦʝ ʚʳʜʝʣʝʥʠʝ ʜʠʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ 

ʧʨʠ 22 ʉ̄ ʥʘʙʣʶʜʘʣʦʩʴ ʫ ʉʧʠʨʪʦʚʳʭ ʜʨʦʞʞʝʡ ï 
6,78 ʛ/100 ʤʣ, Rum ï 6,28 ʛ/100 ʤʣ, ʂʦʜʟʠ ï 5,81 
ʛ/100 ʤʣ. 

 
ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʘ ʜʠʥʘʤʠʢʘ ʩʙʨʘʞʠ-

ʚʘʥʠʷ ʩʚʝʢʣʦʚʠʯʥʦʡ ʤʝʣʘʩʩʳ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 25 

ʉ̄.  
 

 
 

ʈʠʩʫʥʦʢ 2 ï ʀʟʤʝʥʝʥʠʝ ʚʳʜʝʣʝʥʠʷ ʜʠʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ ʧʨʠ ʩʙʨʘʞʠʚʘʥʠʠ ʩʫʩʣʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 25 ʉ̄. 
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ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʜʘʥʥʳʭ ʨʠʩʫʥʢʘ 2, ʩʣʝʜʫʝʪ ʦʪ-
ʤʝʪʠʪʴ, ʯʪʦ ʚ ʪʝʯʝʥʠʠ ʧʝʨʚʳʭ 3 ʩʫʪʦʢ ʧʨʠ ʜʘʥʥʦʡ 
ʪʝʤʧʝʨʘʪʫʨʝ ʩʫʱʝʩʪʚʝʥʥʳʭ ʦʪʣʠʯʠʡ ʚ ʠʥʪʝʥʩʠʚʥʦ-
ʩʪʠ ʙʨʦʞʝʥʠʷ ʥʝ ʦʪʤʝʯʘʝʪʩʷ. ʋ ʜʨʦʞʞʝʡ ʂʦʜʟʠ ʠʥ-
ʪʝʥʩʠʚʥʦʩʪʴ ʚʳʜʝʣʝʥʠʷ ʜʠʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ ʫʚʝʣʠ-
ʯʠʣʘʩʴ ʚ 2 ʨʘʟʘ ʠ ʢʦʣʠʯʝʩʪʚʦ ʚʳʜʝʣʠʚʰʝʛʦʩʷ ʥʘ 4 

ʩʫʪʢʠ ʙʳʣʦ ʨʘʚʥʦ - 6,55 ʛ/100 ʤʣ. ɸ ʥʘʠʤʝʥʴʰʝʝ ʢʦ-
ʣʠʯʝʩʪʚʦ ʚʳʜʝʣʠʚʰʝʛʦʩʷ ʜʠʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ 
ʥʘʙʣʶʜʘʣʦʩʴ ʧʨʠ ʩʙʨʘʞʠʚʘʥʠʠ ʜʨʦʞʞʘʤʠ Rum = 
0,86 ʛ/100 ʤʣ.  
ʅʘ ʨʠʩʫʥʢʝ 3 ʧʨʝʜʩʪʘʚʣʝʥʘ ʜʠʥʘʤʠʢʘ ʩʙʨʘʞʠ-

ʚʘʥʠʷ ʩʚʝʢʣʦʚʠʯʥʦʡ ʤʝʣʘʩʩʳ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

31 ʉ̄. 
 

 
 

ʈʠʩʫʥʦʢ 3 ï ʀʟʤʝʥʝʥʠʝ ʚʳʜʝʣʝʥʠʷ ʜʠʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ ʧʨʠ ʩʙʨʘʞʠʚʘʥʠʠ ʩʫʩʣʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 31 ʉ̄. 
 
ʅʘʠʙʦʣʴʰʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʙʨʦʞʝʥʠʷ ʥʝ ʦʪʣʠ-

ʯʘʝʪʩʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʨʦʞʞʝʡ ʂʦʜʟʠ. ʄʘʢʩʠ-
ʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʜʦʩʪʠʛʘʝʪʩʷ ʥʘ 5 ʩʫʪʢʠ ʠ ʩʦʩʪʘʚ-
ʣʷʝʪ ï 6,55 ʛ/100 ʤʣ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚʩʝʭ 
ʦʩʪʘʣʴʥʳʭ ʜʨʦʞʞʝʡ ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʪʝʧʝʥʥʦʝ ʫʚʝ-
ʣʠʯʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʙʨʦʞʝʥʠʷ ʜʦʩʪʠʛʘʶʱʝʝ 

ʤʘʢʩʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʥʘ 8-9 ʩʫʪʢʠ. ʆʜʥʘʢʦ, ʢʦ-
ʣʠʯʝʩʪʚʦ ʚʳʜʝʣʷʶʱʝʛʦʩʷ ʉʆ2 ʧʨʠ ʵʪʦʤ ʥʝ ʧʨʝʚʳ-
ʰʘʝʪ - 4,08 ʛ/100ʤʣ. 
ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʠʷ ʨʘʙʦʪʳ ʙʳʣʠ ʧʦʣʫ-

ʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ 
ʟʨʝʣʦʡ ʙʨʘʞʢʠ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 4.  

 
ʊʘʙʣʠʮʘ 2  

ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʙʨʘʞʢʠ ʠʟ ʩʚʝʢʣʦʚʠʯʥʦʡ ʤʝʣʘʩʩʳ 
 

ɼʨʦʞʞʠ ʨʅ 
ʄʘʩʩʦʚʘʷ ʜʦʣʷ ʩʫʭʠʭ ʚʝ-
ʱʝʩʪʚ, % 

ʆʙʲʝʤʥʘʷ ʜʦʣʷ ʵʪʠʣʦ-
ʚʦʛʦ ʩʧʠʨʪʘ, % 

Rum  3,2 10,8 28 

ʉʧʠʨʪʦʚʳʝ  3,7 9,2 29 

ʂʦʜʟʠ  3,2 11,0 27 

ʇʠʚʥʳʝ  3,1 9,0 26 

ʍʣʝʙʦʧʝʢʘʨʥʳʝ   3,1 8,4 28 

 
ɹʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʘʷ ʙʨʦʜʠʣʴʥʘʷ 

ʘʢʪʠʚʥʦʩʪʴ ʩʫʩʣʘ ʠʟ ʩʚʝʢʣʦʚʠʯʥʦʡ ʤʝʣʘʩʩʳ ʦʪʤʝʯʘ-
ʝʪʩʷ ʧʨʠ ʩʙʨʘʞʠʚʘʥʠʠ ʩʫʩʣʘ ʩ ʤʘʩʩʦʚʦʡ ʜʦʣʝʡ ʩʫ-

ʭʠʭ ʚʝʱʝʩʪʚ 22% ʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 25 ʉ̄ ʜʨʦʞ-
ʞʘʤʠ ʂʦʜʟʠ. 

ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʫʝʤʦʡ ʣʠʪʝʨʘʪʫʨʳ: 
1. 1. ʗʨʦʚʝʥʢʦ ɺ.ʃ ʊʝʭʥʦʣʦʛʠʷ ʩʧʠʨʪʘ: 

ɺ.ʃ.ʗʨʦʚʝʥʢʦ, ɺ.ɸ.ʄʘʨʠʥʯʝʥʢʦ, ɺ.ɸ. ʉʤʠʨʥʦʚ 
2002, - 463 ʩ. 

2. ɼʳʰʝʢʦʚʘ ʄ.ʄ. ʅʘʫʯʥʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʙʠʙ-
ʣʠʦʪʝʢʘ / ʄ.ʄ.ɼʳʰʝʢʦʚʘ, ʗ.ʈ.ʄʦʞʘʨʦʚʘ, ɸ.ʅ. ʂʨʝ-
ʯʝʪʥʠʢʦʚʘ, ɽ.ɸ.ɹʝʪʝʚʘ // - 2018. ˉ11 (22) 2018. ï ʉ. 
66. 
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ʋɼʂ 004.8 

ɺʝʪʨʦʚ ɺ.ʉ., ʀʩʘʝʚ ɼ.ɺ., ʄʠʨʠʝʚʘ ɸ.ʄ.,  
ʩʪʫʜʝʥʪʳ ʤʘʛʠʩʪʨʘʪʫʨʳ  

2 ʢʫʨʩ, ʬʘʢʫʣʴʪʝʪ çʇʨʠʢʣʘʜʥʘʷ ʤʘʪʝʤʘʪʠʢʘ  
ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠè 

ʌʠʥʘʥʩʦʚʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʧʨʠ ʧʨʘʚʠʪʝʣʴʩʪʚʝ ʈʌ 
ʈʦʩʩʠʷ, ʛ. ʄʦʩʢʚʘ 

 

ʉʊʆʍɸʉʊʀʏɽʉʂʆɽ ʋʉʈɽɼʅɽʅʀɽ ɺɽʉʆɺ ɺ ʅɽʁʈʆʅʅʓʍ ʉɽʊʗʍ 

 

Vetrov V.S., Isaev D.V., Mirieva A.M., 
graduate students 

2 course, faculty "Applied Mathematics 
and information technology " 

Financial University under the Government of the Russian Federation 
Russia, Moscow 

 

STOCHASTIC AVERAGE OF WEIGHTS IN NEURAL NETWORKS  
 

ɸʥʥʦʪʘʮʠʷ:  
ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʩʫʱʝʩʪʚʫʝʪ ʥʝ ʤʘʣʦ ʨʘʟʣʠʯʥʳʭ ʩʧʦʩʦʙʦʚ ʦʧʪʠʤʠʟʘʮʠʠ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ. ɺ ʜʘʥ-

ʥʦʡ ʩʪʘʪʴʝ ʙʫʜʝʪ ʨʘʩʩʤʦʪʨʝʥ ʦʜʠʥ ʠʟ ʥʝʜʘʚʥʦ ʧʨʝʜʣʦʞʝʥʥʳʭ ʩʧʦʩʦʙʦʚ ʦʧʪʠʤʠʟʘʮʠʠ. ʄʝʪʦʜ, ʢʦʪʦʨʳʡ 
ʤʳ ʙʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ, ʧʦʢʘʟʘʣ ʫʣʫʯʰʝʥʠʝ ʪʦʯʥʦʩʪʠ ʥʘ ʪʝʩʪʦʚʳʭ ʚʳʙʦʨʢʘʭ. ʇʦʜʦʙʥʳʡ ʨʝʟʫʣʴʪʘʪ 
ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʜʘʥʥʳʡ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʤʦʜʝʣʠ ʩ ʣʫʯʰʝʡ ʦʙʦʙʱʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ. 
ʄʳ ʧʨʦʚʝʜʝʤ ʩʨʘʚʥʝʥʠʝ ʜʘʥʥʦʛʦ ʩʧʦʩʦʙʘ ʩ ʜʨʫʛʠʤʠ ʤʝʪʦʜʘʤʠ ʦʧʪʠʤʠʟʘʮʠʠ ʥʘ ʥʘʙʦʨʝ ʜʘʥʥʳʭ çFashion-
MNISTè. 

Abstract:  
To date, there are quite a few different ways to optimize neural networks. This article will discuss one of the 

recently proposed optimization methods. The method, which we will consider, shows good accuracy on test sam-
ples. This contributes to creation of models with improved generalizing ability. We will compare this method with 
other optimization methods on ñFashion-MNISTò dataset. 
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ɺʚʝʜʝʥʠʝ. 
ɹʘʟʦʚʳʤ ʤʝʪʦʜʦʤ ʦʧʪʠʤʠʟʘʮʠʠ ʥʝʡʨʦʥʥʳʭ ʩʝ-

ʪʝʡ ʷʚʣʷʝʪʩʷ ʩʪʦʭʘʩʪʠʯʝʩʢʠʡ ʛʨʘʜʠʝʥʪʥʳʡ ʩʧʫʩʢ 
(SGD) ʩ ʦʙʨʘʪʥʳʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʦʰʠʙʢʠ. ʆʥ 
ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦʙʳ ʩʯʠʪʘʪʴ ʛʨʘʜʠʝʥʪ ʥʘ ʢʘʞ-
ʜʦʤ ʰʘʛʝ ʥʝ ʧʦ ʚʩʝʡ ʚʳʙʦʨʢʝ, ʘ ʧʦ ʙʘʪʯʘʤ ï ʦʪʜʝʣʴ-
ʥʳʤ ʧʦʜʚʳʙʦʨʢʘʤ, ʟʘʨʘʥʝʝ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʨʘʟʤʝ-
ʨʦʚ. ɼʣʷ ʫʣʫʯʰʝʥʠʷ ʨʘʙʦʪʳ ʜʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʠʩ-
ʧʦʣʴʟʫʶʪ ʚʘʨʴʠʨʦʚʘʥʠʝ ʩʢʦʨʦʩʪʠ ʦʙʫʯʝʥʠʷ, 
ʢʦʨʨʝʢʪʠʨʦʚʢʫ ʥʘʧʨʘʚʣʝʥʠʷ ʛʨʘʜʠʝʥʪʥʦʛʦ ʩʧʫʩʢʘ ʠ 
ʘʥʩʘʤʙʣʠʨʦʚʘʥʠʝ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʤʳ ʨʘʩʩʤʦʪʨʠʤ 
ʥʦʚʳʡ ʩʧʦʩʦʙ ʦʧʪʠʤʠʟʘʮʠʠ ï ʩʪʦʭʘʩʪʠʯʝʩʢʦʝ 
ʫʩʨʝʜʥʝʥʠʝ ʚʝʩʦʚ (SWA). ʄʳ ʧʨʦʚʝʜʝʤ ʩʨʘʚʥʝʥʠʝ 
ʜʘʥʥʦʛʦ ʩʧʦʩʦʙʘ ʩ ʙʘʟʦʚʳʤ ʩʪʦʭʘʩʪʠʯʝʩʢʠʤ ʛʨʘʜʠ-
ʝʥʪʥʳʤ ʩʧʫʩʢʦʤ, ʩ ʤʝʪʦʜʦʤ Adam ʠ ʩ ʘʥʩʘʤʙʣʝʤ 
ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ SnapShot. 
ʆʙʟʦʨ ʤʝʪʦʜʦʚ ʦʧʪʠʤʠʟʘʮʠʠ 
ʅʘʠʙʦʣʝʝ ʚʘʞʥʳʤ ʧʘʨʘʤʝʪʨʦʤ ʛʨʘʜʠʝʥʪʥʦʛʦ 

ʩʧʫʩʢʘ ʷʚʣʷʝʪʩʷ ʩʢʦʨʦʩʪʴ ʦʙʫʯʝʥʠʷ ï ʪʦ, ʥʘ ʩʢʦʣʴʢʦ 
ʩʠʣʴʥʦ ʤʳ ʠʟʤʝʥʷʝʤ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʚ ʩʪʦʨʦʥʫ 
ʘʥʪʠʛʨʘʜʠʝʥʪʘ. ɼʘʥʥʳʡ ʧʘʨʘʤʝʪʨ ʤʦʞʥʦ ʬʠʢʩʠʨʦ-
ʚʘʪʴ, ʥʦ ʝʩʣʠ ʟʘʬʠʢʩʠʨʦʚʘʪʴ ʙʦʣʴʰʠʝ ʟʥʘʯʝʥʠʷ, ʪʦ 
ʝʩʪʴ ʚʝʨʦʷʪʥʦʩʪʴ ʥʝ ʧʦʧʘʩʪʴ ʚ ʤʠʥʠʤʫʤ, ʘ ʝʩʣʠ ʬʠʢ-
ʩʠʨʦʚʘʪʴ ʤʘʣʫʶ ʩʢʦʨʦʩʪʴ ʦʙʫʯʝʥʠʷ, ʪʦ ʙʫʜʝʤ ʩʭʦ-
ʜʠʪʴʩʷ ʢ ʤʠʥʠʤʫʤʫ ʦʯʝʥʴ ʜʦʣʛʦ, ʪʝʤ ʙʦʣʝʝ ʬʠʢʩʠ-
ʨʦʚʘʥʥʘʷ ʩʢʦʨʦʩʪʴ ʦʙʳʯʥʦ ʥʝ ʧʦʟʚʦʣʷʝʪ ʠʩʩʣʝʜʦ-
ʚʘʪʴ ʧʨʦʩʪʨʘʥʩʪʚʦ ʥʘ ʥʘʣʠʯʠʝ ʤʥʦʞʝʩʪʚʝʥʥʳʭ 
ʣʦʢʘʣʴʥʳʭ ʦʧʪʠʤʫʤʦʚ. ʇʨʦʩʪʝʡʰʠʡ ʩʧʦʩʦʙ ʵʪʦʛʦ 
ʠʟʙʝʞʘʪʴ ï ʤʝʥʷʪʴ ʩʢʦʨʦʩʪʴ ʦʙʫʯʝʥʠʷ. ʉʥʘʯʘʣʘ 

ʥʘʯʠʥʘʪʴ ʩ ʙʦʣʴʰʦʛʦ ʰʘʛʘ, ʟʘʪʝʤ ʥʘ ʢʘʞʜʦʡ ʠʪʝʨʘ-
ʮʠʠ ʝʛʦ ʫʤʝʥʴʰʘʪʴ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʙʳʩʪʨʦ ʠ ʜʦʩʪʘ-
ʪʦʯʥʦ ʪʦʯʥʦ ʥʘʡʪʠ ʣʦʢʘʣʴʥʳʡ ʦʧʪʠʤʫʤ. ʕʪʦ ʧʨʦ-
ʩʪʦʡ, ʥʦ ʵʬʬʝʢʪʠʚʥʳʡ ʩʧʦʩʦʙ ʦʙʫʯʝʥʠʷ ʤʦʜʝʣʠ. 

Adam ï ʥʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʡ ʤʝʪʦʜ ʩʨʝʜʠ 
ʘʜʘʧʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʦʧʪʠʤʠʟʘʮʠʠ ʩʝʪʝʡ: ʰʘʛ ʠʟʤʝ-
ʥʝʥʠʷ ʚʝʩʦʚ ʟʘʚʠʩʠʪ ʦʪ ʪʦʛʦ, ʥʘ ʩʢʦʣʴʢʦ ʩʠʣʴʥʦ ʪʝ 
ʠʣʠ ʠʥʳʝ ʧʘʨʘʤʝʪʨʳ ʚʘʨʴʠʨʫʶʪʩʷ ʚ ʜʘʥʥʳʭ. ɽʩʣʠ 
ʧʘʨʘʤʝʪʨʳ ʩʣʘʙʦ ʠʟʤʝʥʷʶʪʩʷ ʚ ʨʘʟʥʳʭ ʧʨʠʤʝʨʘʭ, 
ʪʦ ʰʘʛ ʠʟʤʝʥʝʥʠʷ ʙʝʨʝʪʩʷ ʙʦʣʴʰʦʡ, ʝʩʣʠ ʧʘʨʘ-
ʤʝʪʨʳ ʩʠʣʴʥʦ ʚʘʨʴʠʨʫʶʪʩʷ, ʪʦ ʰʘʛ ʩʣʝʜʫʝʪ ʙʨʘʪʴ 
ʤʝʥʴʰʠʡ. 

SnapShot ʘʥʩʘʤʙʣʴ ï ʵʪʦ ʘʥʩʘʤʙʣʴ ʥʝʡʨʦʥʥʳʭ 
ʩʝʪʝʡ, ʧʦʣʫʯʝʥʥʳʡ ʦʙʫʯʝʥʠʝʤ ʦʜʥʦʡ ʥʝʡʨʦʥʥʦʡ 
ʩʝʪʠ. ʄʦʜʝʣʴ ʦʙʫʯʘʝʪʩʷ ʜʦ ʩʭʦʞʜʝʥʠʷ ʢ ʣʦʢʘʣʴʥʦʤʫ 
ʦʧʪʠʤʫʤʫ: ʩʢʦʨʦʩʪʴ ʦʙʫʯʝʥʠʷ ʩʥʘʯʘʣʘ ʠʤʝʝʪ ʚʳʩʦ-
ʢʠʝ ʟʥʘʯʝʥʠʷ ʠ ʧʦ ʤʝʨʝ ʦʙʫʯʝʥʠʷ ʫʤʝʥʴʰʘʝʪʩʷ ʩʦ-
ʛʣʘʩʥʦ ʬʦʨʤʫʣʝ ʢʦʩʠʥʫʩʥʦʛʦ ʦʪʞʠʛʘ. ʆʙʳʯʥʦ ʧʦ-
ʩʣʝ 20-40 ʵʧʦʭ ʦʙʫʯʝʥʠʷ ʩʝʪʴ, ʧʦʣʫʯʝʥʥʘʷ ʥʘ ʪʝʢʫ-
ʱʠʭ ʥʘʩʪʨʦʡʢʘʭ ʧʘʨʘʤʝʪʨʦʚ, ʜʦʙʘʚʣʷʝʪʩʷ ʚ 
ʘʥʩʘʤʙʣʴ. ʉʢʦʨʦʩʪʴ ʦʙʫʯʝʥʠʷ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʜʦ 
ʚʳʩʦʢʠʭ ʟʥʘʯʝʥʠʡ ʠ ʧʨʦʮʝʩʩ ʧʦʚʪʦʨʷʝʪʩʷ. ʇʦʚʪʦʨ 
ʧʦʜʦʙʥʳʭ ʮʠʢʣʦʚ ʧʨʠʚʦʜʠʪ ʢ ʩʦʟʜʘʥʠʶ ʘʥʩʘʤʙʣʷ, 
ʩʦʩʪʦʷʱʝʛʦ ʠʟ ʛʨʫʧʧʳ ʩʝʪʝʡ, ʦʙʫʯʝʥʥʳʭ ʥʘ ʦʜʥʦʡ 
ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ. ʇʦʩʣʝ ʧʦʣʫʯʝʥʠʷ ʧʦʜʦʙʥʦʛʦ ʘʥ-
ʩʘʤʙʣʷ, ʦʪʚʝʪʳ ʢʘʞʜʦʡ ʩʝʪʠ, ʚʭʦʜʷʱʠʭ ʚ ʥʝʛʦ, ʤʦ-
ʛʫʪ ʫʩʨʝʜʥʷʪʴʩʷ, ʣʠʙʦ ʙʨʘʪʴʩʷ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʚʝ-
ʩʘʤʠ. 



«Colloquium - journal Ȼ#7(31),2019 / TECHNICAL SCIENCE 19 

 
ʈʠʩʫʥʦʢ 1. ʀʣʣʶʩʪʨʘʮʠʷ ʨʘʙʦʪʳ ʤʦʜʝʣʠ SnapShot  

ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʦʙʳʯʥʦʡ ʤʦʜʝʣʴʶ 

 
ɸʣʛʦʨʠʪʤ ʩʪʦʭʘʩʪʠʯʝʩʢʦʛʦ ʫʩʨʝʜʥʝʥʠʷ ʚʝ-

ʩʦʚ 
ʎʠʢʣʠʯʥʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʩʢʦʨʦʩʪʠ ʦʙʫʯʝʥʠʷ, 

ʦʧʠʩʘʥʥʘʷ ʚʳʰʝ ʚ ʘʥʩʘʤʙʣʝ SnapShot, ʧʨʠʤʝʥʷʝʪʩʷ 
ʠ ʚ ʤʝʪʦʜʝ ʩʪʦʭʘʩʪʠʯʝʩʢʦʛʦ ʫʩʨʝʜʥʝʥʠʷ ʚʝʩʦʚ. ʉʢʦ-
ʨʦʩʪʴ ʦʙʫʯʝʥʠʷ ʤʦʞʝʪ ʤʝʥʷʪʴʩʷ ʥʝ ʪʦʣʴʢʦ ʩ ʧʦʤʦ-
ʱʴʶ ʢʦʩʠʥʫʩʥʦʛʦ ʦʪʞʠʛʘ, ʥʦ ʠ ʥʘ ʦʩʥʦʚʝ ʣʠʥʝʡʥʳʭ 
ʠ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʭ ʬʫʥʢʮʠʡ. ʆʙʳʯʥʦ ʚ ʢʘʯʝʩʪʚʝ 
ʮʠʢʣʘ ʦʙʫʯʝʥʠʷ ʙʝʨʝʪʩʷ 2-4 ʵʧʦʭʠ, ʥʦ ʵʪʠ ʟʥʘʯʝʥʠʷ 
ʤʦʛʫʪ ʚʘʨʴʠʨʦʚʘʪʴʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʘʜʘʯʠ. ʇʦ 
ʟʘʚʝʨʰʝʥʠʠ ʮʠʢʣʘ, ʢʦʛʜʘ ʩʢʦʨʦʩʪʴ ʦʙʫʯʝʥʠʷ ʤʠʥʠ-
ʤʘʣʴʥʘ, ʟʘʧʦʤʠʥʘʝʪʩʷ ʥʝ ʩʝʪʴ ʚ ʮʝʣʦʤ, ʘ ʧʘʨʘʤʝʪʨʳ 
ʚ ʥʝʡ. ʂʦʛʜʘ ʤʳ ʟʘʚʝʨʰʘʝʤ ʦʙʫʯʝʥʠʝ, ʤʳ ʫʩʨʝʜʥʷʝʤ 
ʥʝ ʤʦʜʝʣʠ, ʘ ʚʝʩʘ, ʢʦʪʦʨʳʝ ʤʳ ʟʘʧʦʤʥʠʣʠ ʚ ʢʘʞʜʦʤ 
ʮʠʢʣʝ. 
ʀʥʪʫʠʮʠʷ ʤʝʪʦʜʘ ʩʪʦʭʘʩʪʠʯʝʩʢʦʛʦ ʫʩʨʝʜʥʝʥʠʷ 

ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʵʤʧʠʨʠʯʝʩʢʠʭ ʥʘʙʣʶʜʝʥʠʷʭ: ʣʦ-
ʢʘʣʴʥʳʝ ʤʠʥʠʤʫʤʳ ʚ ʢʦʥʮʝ ʢʘʞʜʦʛʦ ʮʠʢʣʘ ʠʤʝʶʪ 
ʪʝʥʜʝʥʮʠʶ ʥʘʢʘʧʣʠʚʘʪʴʩʷ ʥʘ ʛʨʘʥʠʮʝ ʦʙʣʘʩʪʝʡ ʛʣʦ-
ʙʘʣʴʥʦʛʦ ʤʠʥʠʤʫʤʘ ʪʝʩʪʦʚʦʡ ʚʳʙʦʨʢʠ. ɹʝʨʷ ʩʨʝʜ-
ʥʝʝ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʪʘʢʠʭ ʪʦʯʝʢ, ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʙʦ-
ʣʝʝ ʦʙʦʙʱʝʥʥʦʝ ʨʝʰʝʥʠʝ. 
ɺʤʝʩʪʦ ʤʥʦʞʝʩʪʚʘ ʤʦʜʝʣʝʡ ʥʘʤ ʪʨʝʙʫʝʪʩʷ 

ʪʦʣʴʢʦ ʜʚʝ. ʇʝʨʚʘʷ ʤʦʜʝʣʴ, ʭʨʘʥʷʱʘʷ ʩʨʝʜʥʝʝ 
ʩʢʦʣʴʟʷʱʝʝ ʟʥʘʯʝʥʠʝ ʚʝʩʦʚ ʤʦʜʝʣʠ. ʆʥʘ ʙʫʜʝʪ 
ʦʢʦʥʯʘʪʝʣʴʥʦʡ ʤʦʜʝʣʴʶ, ʢʦʪʦʨʘʷ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦ-
ʚʘʪʴʩʷ ʜʣʷ ʧʨʦʛʥʦʟʦʚ. ɺʪʦʨʘʷ ʤʦʜʝʣʴ ʠʩʩʣʝʜʫʝʪ 
ʧʨʦʩʪʨʘʥʩʪʚʦ ʚʝʩʦʚ ʩ ʧʦʤʦʱʴʶ ʮʠʢʣʠʯʥʳʭ ʧʦʚʪʦ-
ʨʝʥʠʡ, ʧʝʨʝʩʝʢʘʷ ʝʛʦ. 

ɺ ʢʦʥʮʝ ʢʘʞʜʦʛʦ ʮʠʢʣʘ ʦʙʫʯʝʥʠʷ ʪʝʢʫʱʠʝ ʚʝʩʘ 
ʚʪʦʨʦʡ ʤʦʜʝʣʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʦʙʥʦʚʣʝʥʠʷ ʚʝʩʘ 
ʤʦʜʝʣʠ ʩʢʦʣʴʟʷʱʝʛʦ ʩʨʝʜʥʝʛʦ, ʧʨʠʥʠʤʘʷ ʚʟʚʝʰʝʥ-
ʥʦʝ ʩʨʝʜʥʝʝ ʤʝʞʜʫ ʩʪʘʨʳʤʠ ʚʝʩʘʤʠ ʩʢʦʣʴʟʷʱʝʛʦ 
ʩʨʝʜʥʝʛʦ ʠ ʥʦʚʳʤ ʥʘʙʦʨʦʤ ʚʝʩʦʚ ʠʟ ʚʪʦʨʦʡ ʤʦʜʝʣʠ. 
ʉʣʝʜʫʷ ʵʪʦʤʫ ʧʦʜʭʦʜʫ, ʥʘʤ ʥʫʞʥʦ ʦʙʫʯʘʪʴ ʪʦʣʴʢʦ 
ʚʪʦʨʫʶ ʤʦʜʝʣʴ. ɼʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʞʝ ʥʘʤ ʧʦ-
ʪʨʝʙʫʝʪʩʷ ʤʦʜʝʣʴ ʩʢʦʣʴʟʷʱʝʛʦ ʩʨʝʜʥʝʛʦ, ʠ ʧʨʦʛʥʦ-
ʟʠʨʦʚʘʥʠʝ ʧʦ ʥʝʡ ʧʨʦʠʩʭʦʜʠʪ ʥʘʤʥʦʛʦ ʙʳʩʪʨʝʝ, ʯʝʤ 
ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʘʥʩʘʤʙʣʷ, ʦʧʠʩʘʥʥʦʛʦ ʚʳʰʝ, 
ʛʜʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʤʦʜʝʣʝʡ ʜʣʷ ʧʨʦʛʥʦʟʠ-
ʨʦʚʘʥʠʷ, ʘ ʬʠʥʘʣʴʥʳʡ ʨʝʟʫʣʴʪʘʪ ʧʦʣʫʯʘʝʪʩʷ ʫʩʨʝʜ-
ʥʝʥʠʝʤ ʧʦʣʫʯʝʥʥʳʭ ʧʨʦʛʥʦʟʦʚ. ɼʣʷ ʫʩʨʝʜʥʝʥʠʷ ʚʝ-
ʩʦʚ ʚ ʧʨʝʜʣʦʞʝʥʥʦʡ ʤʦʜʝʣʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʣʝʜʫʶ-

ʱʘʷ ʬʦʨʤʫʣʘ: ύ ᴺ
Ͻ

, ʛʜʝ ύ  ï 

ʚʝʩʘ ʤʦʜʝʣʠ ʩʢʦʣʴʟʷʱʝʛʦ ʩʨʝʜʥʝʛʦ, ύ ï ʚʝʩʘ 
ʪʝʢʫʱʝʡ ʤʦʜʝʣʠ, ὲ  ï ʪʝʢʫʱʝʝ ʢʦʣʠʯʝʩʪʚʦ 
ʥʘʙʦʨʦʚ ʚʝʩʦʚ ʚ ʤʦʜʝʣʠ ʩʢʦʣʴʣʟʷʱʝʛʦ ʩʨʝʜʥʝʛʦ. 
ʉʨʘʚʥʝʥʠʝ ʩ ʜʨʫʛʠʤʠ ʤʝʪʦʜʘʤʠ 
ʉʨʘʚʥʠʤ ʩʪʦʭʘʩʪʠʯʝʩʢʦʝ ʫʩʨʝʜʥʝʥʠʝ ʚʝʩʦʚ ʩ 

ʜʨʫʛʠʤʠ ʤʝʪʦʜʘʤʠ ʦʧʪʠʤʠʟʘʮʠʠ. 
ɺ ʢʘʯʝʩʪʚʝ ʜʘʥʥʳʭ, ʥʘ ʢʦʪʦʨʳʭ ʙʫʜʝʤ ʩʨʘʚʥʠ-

ʚʘʪʴ ʤʝʪʦʜʳ ʦʧʪʠʤʠʟʘʮʠʠ, ʚʦʟʴʤʝʤ ʙʘʟʫ ʜʘʥʥʳʭ 
çFashion-MNISTè ï ʙʘʟʫ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʩ 10 ʢʣʘʩ-
ʩʘʤʠ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʦʜʝʞʜʳ. ɺ ʢʘʯʝʩʪʚʝ ʙʘʟʦʚʦʡ 
ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʚʦʟʴʤʝʤ ʜʚʫʩʣʦʡʥʫʶ ʥʝʡʨʦʥʥʫʶ 
ʩʝʪʴ ʩ 256 ʥʝʡʨʦʥʘʤʠ ʥʘ ʢʘʞʜʦʤ ʠʟ ʩʣʦʝʚ. ʉʨʘʚʥʠ-
ʚʘʪʴ ʙʫʜʝʤ ʜʚʘ ʧʦʢʘʟʘʪʝʣʷ: ʪʦʯʥʦʩʪʴ ʠ ʚʨʝʤʷ ʦʙʫʯʝ-
ʥʠʷ. 

ʊʘʙʣʠʮʘ 1. 

ʉʨʘʚʥʝʥʠʝ ʤʝʪʦʜʦʚ ʦʧʪʠʤʠʟʘʮʠʠ 
 Accuracy (ʪʦʯʥʦʩʪʴ) ɺʨʝʤʷ 

SGD 0,871 3min 46s 

Adam 0,898 4min 27s 

SnapShot 0,899 3min 35s 

SWA 0,901 4min 5s 

 
ʂʘʢ ʚʠʜʥʦ ʠʟ ʧʨʠʚʝʜʝʥʥʦʡ ʚʳʰʝ ʪʘʙʣʠʮʳ, ʩʪʦ-

ʭʘʩʪʠʯʝʩʢʠʡ ʛʨʘʜʠʝʥʪʥʳʡ ʩʧʫʩʢ ʠ SnapShot ʩʭʦ-
ʜʷʪʩʷ ʙʳʩʪʨʝʝ ʚʩʝʭ, ʧʨʠ ʵʪʦʤ SnapShot ʠʤʝʝʪ ʣʫʯ-
ʰʫʶ ʪʦʯʥʦʩʪʴ, ʙʣʠʟʢʫʶ ʢ Adam. 

ʅʘʠʣʫʯʰʫʶ ʪʦʯʥʦʩʪʴ ʧʦʢʘʟʘʣ ʤʝʪʦʜ ʩʪʦʭʘʩʪʠ-
ʯʝʩʢʦʛʦ ʫʩʨʝʜʥʝʥʠʷ ʚʝʩʦʚ, ʦʜʥʘʢʦ ʧʦ ʩʢʦʨʦʩʪʠ 
ʩʭʦʞʜʝʥʠʷ ʫʩʪʫʧʘʝʪ SnapShot. ʉʢʦʨʦʩʪʴ ʩʭʦʞʜʝʥʠʷ 
ʤʦʞʥʦ ʫʣʫʯʰʠʪʴ ʟʘ ʩʯʝʪ ʜʦʨʘʙʦʪʢʠ ʢʦʜʘ.  



20 TECHNICAL SCIENCE / «Colloquium - journal Ȼ# 7(31),2019 

ɿʘʢʣʶʯʝʥʠʝ. 
ʀʩʧʦʣʴʟʫʷ ʤʝʪʦʜ, ʦʧʠʩʘʥʥʳʡ ʚʳʰʝ, ʤʦʞʥʦ ʧʦ-

ʣʫʯʘʪʴ ʭʦʨʦʰʦ ʦʙʦʙʱʝʥʥʫʶ ʤʦʜʝʣʴ ï ʤʦʜʝʣʴ, ʢʦʪʦ-
ʨʘʷ ʧʦʢʘʟʳʚʘʝʪ ʭʦʨʦʰʫʶ ʪʦʯʥʦʩʪʴ ʥʝ ʪʦʣʴʢʦ ʥʘ 
ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʝ, ʥʦ ʠ ʥʘ ʪʝʩʪʦʚʦʡ. 
ʉʪʦʭʘʩʪʠʯʝʩʢʦʝ ʫʩʨʝʜʥʝʥʠʝ ʚʝʩʘ ʤʦʞʝʪ ʧʨʠʤʝ-

ʥʷʪʴʩʷ ʢ ʣʶʙʦʡ ʘʨʭʠʪʝʢʪʫʨʝ ʠ ʥʘʙʦʨʫ ʜʘʥʥʳʭ. ʆʥʘ 
ʧʦʟʚʦʣʷʝʪ ʠʩʩʣʝʜʦʚʘʪʴ ʙʦʣʝʝ ʰʠʨʦʢʦʝ ʧʨʦʩʪʨʘʥ-
ʩʪʚʦ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ, ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʜʨʫʛʠʤʠ ʤʝ-
ʪʦʜʘʤʠ ʦʧʪʠʤʠʟʘʮʠʠ. ɺ ʢʦʥʮʝ ʦʙʫʯʝʥʠʷ ʤʳ ʧʦʣʫ-
ʯʘʝʤ ʦʜʥʫ ʤʦʜʝʣʴ, ʥʦ ʝʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʧʨʝ-
ʚʦʩʭʦʜʠʪ ʘʥʩʘʤʙʣʴ SnapShot. 

 
 
 
 

ʀʩʧʦʣʴʟʦʚʘʥʥʳʝ ʠʩʪʦʯʥʠʢʠ:  
1. Pavel Izmailov, Dmitrii Podoprikhin, Timur 

Garipov, Dmitry Vetrov, Andrew Gordon Wilson: Av-
eraging Weights Leads to Wider Optima and Better 
Generalization, arXiv: 1803.05407, 2019. 

2. Vitaly Bushaev: Improving the way we work 
with learning rate, 2018. 

URL: https://techburst.io/improving-the-way-we-
work-with-learning-rate-5e99554f163b (ʜʘʪʘ ʦʙʨʘʱʝ-
ʥʠʷ: 06.04.2019).  

3. Gao Huang , Yixuan Li , Geoff Pleiss, Zhuang 
Liu, John E. Hopcroft, Kilian Q. Weinberger: Snapshot 
Ensembles: Train 1, Get M For Free, arXiv: 
1704.00109, 2017. 

4. C. ʅʠʢʦʣʝʥʢʦ, ɸ. ʂʘʜʫʨʠʥ, ɽ. ɸʨʭʘʥʛʝʣʴ-
ʩʢʘʷ, ɻʣʫʙʦʢʦʝ ʦʙʫʯʝʥʠʝ. ï ʉʇʙ.: ʇʠʪʝʨ, 2018. 
 

ʂʘʙʳʰʝʚ ʆʣʝʛ ɸʣʝʢʩʘʥʜʨʦʚʠʯ 
ʤʘʛʠʩʪʨʘʥʪ ʢʘʬʝʜʨʳ ʇʨʦʤʳʰʣʝʥʥʦʡ ʵʣʝʢʪʨʦʥʠʢʠ ʉʝʚʝʨʦ-ʂʘʚʢʘʟʩʢʦʛʦ ʛʦʨʥʦ-ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ 

ʠʥʩʪʠʪʫʪʘ (ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ),ʈʌ,ʛ.ɺʣʘʜʠʢʘʚʢʘʟ, 

ʂʦʟʘʝʚ ʈʘʤʠʥ ʈʦʠʥʦʚʠʯ 
ʤʘʛʠʩʪʨʘʥʪ ʢʘʬʝʜʨʳ ʇʨʦʤʳʰʣʝʥʥʦʡ ʵʣʝʢʪʨʦʥʠʢʠ ʉʝʚʝʨʦ-ʂʘʚʢʘʟʩʢʦʛʦ ʛʦʨʥʦ-ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ 

ʠʥʩʪʠʪʫʪʘ (ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ),ʈʌ,ʛ.ɺʣʘʜʠʢʘʚʢʘʟ, 

ʂʘʙʳʰʝʚ ɸʣʝʢʩʘʥʜʨ ʄʠʭʘʡʣʦʚʠʯ 
ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ ʇʨʦʤʳʰʣʝʥʥʦʡ ʵʣʝʢʪʨʦʥʠʢʠ ʉʝʚʝʨʦ-ʂʘʚʢʘʟʩʢʦʛʦ 
ʛʦʨʥʦ-ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ (ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ), 

 ʈʌ, ʛ.ɺʣʘʜʠʢʘʚʢʘʟ. 
 

ʂʆʄʇʔʖʊɽʈʅʆɽ ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʀ ʈɸɿʈɸɹʆʊʂɸ ʈɽɻʋʃʗʊʆʈɸ ʇɽʈɽʄɽʅʅʆɻʆ 

ʅɸʇʈʗɾɽʅʀʗ 

 

Oleg Kabyshev 
undergraduate of the Department of Industrial electronics of the North Caucasus mining and metallurgical 

Institute(state technological University), Russia, Vladikavkaz, 

Ramin Kozaev  
undergraduate of the Department of Industrial electronics of the North Caucasus mining and metallurgical 

Institute(state technological University), Russia, Vladikavkaz, 

Alexander Kabyshev 
candidate of Sciences, associate Professor of the Department of Industrial electronics of the North Cauca-

sus mining and metallurgical Institute (state technological University), Russia, Vladikavkaz. 
 

COMPUTER MODELING AND DEVELOPMENT OF AC VOLTAGE REGULATOR  

 
ɸʥʥʦʪʘʮʠʷ 
ʈʘʟʨʘʙʦʪʘʥʘ ʢʦʤʧʴʶʪʝʨʥʘʷ ʤʦʜʝʣʴ ʠ ʩʭʝʤʘ ʨʝʛʫʣʷʪʦʨʘ ʧʝʨʝʤʝʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝ-

ʟʫʣʴʪʘʪʳ ʛʘʨʤʦʥʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʚʳʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʨʝʛʫʣʷʪʦʨʘ. ɺʳʧʦʣʥʝʥʦ ʢʦʤʧʴʶʪʝʨʥʦʝ ʠʩʩʣʝ-
ʜʦʚʘʥʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʩʭʝʤʝ ʨʝʛʫʣʷʪʦʨʘ ʧʝʨʝʤʝʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ. ʈʝ-
ʟʫʣʴʪʘʪʳ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʦʛʫʪ ʥʘʡʪʠ ʧʨʠʤʝʥʝʥʠʝ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ 
ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ. 

Abstract 
The computer model and the scheme of the alternating voltage regulator are developed. The results of har-

monic analysis of the output voltage of the regulator are presented. A computer study of electromagnetic processes 
occurring in the circuit of the AC voltage regulator was carried out. The results of computer simulation can be 
used in the development of electrical energy converters. 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʨʝʛʫʣʷʪʦʨ ʧʝʨʝʤʝʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ, ʘʣʛʦʨʠʪʤ, ʬʘ-

ʟʦʚʦʝ ʫʧʨʘʚʣʝʥʠʝ, ʚʨʝʤʝʥʥʳʝ ʜʠʘʛʨʘʤʤʳ, ʩʠʣʦʚʦʡ ʢʣʶʯ, ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ, ʛʘʨʤʦʥʠʯʝʩʢʠʡ ʩʦʩʪʘʚ. 
Keywords: computer simulation, AC voltage regulator, algorithm, phase control, time diagrams, power key, 

control system, harmonic composition. 
 
ʈʝʛʫʣʷʪʦʨʳ ʧʝʨʝʤʝʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʥʘʭʦʜʷʪ 

ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʩʠʩʪʝʤʘʭ ʵʣʝʢʪʨʦʧʠʪʘʥʠʷ 
ʵʣʝʢʪʨʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʦʢ ʜʣʷ ʨʝʛʫʣʠʨʦ-
ʚʘʥʠʷ ʠ ʩʪʘʙʠʣʠʟʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 
ʧʨʦʮʝʩʩʦʚ. ʂʘʢ ʧʨʘʚʠʣʦ, ʵʣʝʢʪʨʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ 
ʫʩʪʘʥʦʚʢʠ ʦʪʣʠʯʘʶʪʩʷ ʚʳʩʦʢʦʡ ʤʦʱʥʦʩʪʴʶ, ʧʦ-
ʵʪʦʤʫ ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʧʦʚʳʰʝʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʧʦʢʘʟʘʪʝʣʷʤ ʩʠʩʪʝʤ ʵʣʝʢʪʨʦʧʠʪʘ-
ʥʠʷ. 
ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʨʝ-

ʛʫʣʷʪʦʨʘ ʧʝʨʝʤʝʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʩ ʚʳʩʦʢʠʤʠ 
ʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ. 

https://techburst.io/@bushaev
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ʆʩʥʦʚʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʨʝʛʫʣʷʪʦʨʘ ʧʝʨʝʤʝʥ-
ʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʷʚʣʷʝʪʩʷ ʩʠʣʦʚʦʡ ʙʣʦʢ ʠ ʩʠʩʪʝʤʘ 
ʫʧʨʘʚʣʝʥʠʷ (ʨʠʩ.1). 

 
ʈʠʩʫʥʦʢ.1. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʨʝʛʫʣʷʪʦʨʘ ʧʝʨʝʤʝʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ 

 
ʉʦʚʨʝʤʝʥʥʘʷ ʵʣʝʤʝʥʪʥʘʷ ʙʘʟʘ ʵʣʝʢʪʨʦʥʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʩʠ-
ʣʦʚʦʤ ʙʣʦʢʝ ʨʝʛʫʣʷʪʦʨʦʚ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ ʩʠ-
ʣʦʚʳʝ ʢʣʶʯʠ, ʧʦʟʚʦʣʷʶʱʠʝ ʧʨʝʦʙʨʘʟʦʚʳʚʘʪʴ ʵʣʝʢ-
ʪʨʦʵʥʝʨʛʠʶ ʩ ʚʳʩʦʢʠʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʧʦʣʝʟʥʦʛʦ 
ʜʝʡʩʪʚʠʷ [1,2,3].  
ʋʧʨʘʚʣʝʥʠʝ ʢʣʶʯʘʤʠ ʩʠʣʦʚʦʛʦ ʙʣʦʢʘ ʤʦʞʥʦ 

ʨʝʘʣʠʟʦʚʘʪʴ ʧʦ ʦʜʥʦʤʫ ʠʟ ʩʣʝʜʫʶʱʠʭ ʘʣʛʦʨʠʪʤʦʚ 
[1,2,3]: ʬʘʟʦʚʦʝ ʫʧʨʘʚʣʝʥʠʝ ʩ ʦʪʩʪʘʶʱʠʤ ʫʛʣʦʤ 
ʫʧʨʘʚʣʝʥʠʷ; ʬʘʟʦʚʦʝ ʫʧʨʘʚʣʝʥʠʝ ʩ ʦʧʝʨʝʞʘʶʱʠʤ 
ʫʛʣʦʤ ʫʧʨʘʚʣʝʥʠʷ; ʜʚʫʭʩʪʦʨʦʥʥʝʝ ʬʘʟʦʚʦʝ ʫʧʨʘʚʣʝ-
ʥʠʝ; ʚʳʩʦʢʦʯʘʩʪʦʪʥʘʷ ʠʤʧʫʣʴʩʥʘʷ ʤʦʜʫʣʷʮʠʷ. 
ɸʣʛʦʨʠʪʤʳ ʫʧʨʘʚʣʝʥʠʷ ʩʠʣʦʚʳʤ ʙʣʦʢʦʤ ʦʢʘ-

ʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʥʘ ʛʘʨʤʦʥʠʯʝʩʢʠʡ ʩʧʝʢʪʨ ʥʘʧʨʷʞʝ-
ʥʠʷ ʥʘ ʚʳʭʦʜʝ ʨʝʛʫʣʷʪʦʨʘ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʥʘ ʪʘʢʠʝ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʘʢ: ʢʦʵʬʬʠʮʠʝʥʪ 
ʤʦʱʥʦʩʪʠ, ʢʦʵʬʬʠʮʠʝʥʪ ʩʜʚʠʛʘ, ʢʦʵʬʬʠʮʠʝʥʪ ʠʩ-
ʢʘʞʝʥʠʷ.  
ɼʣʷ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ, ʚ ʩʠʩʪʝʤʝ 

Matlab [1,4], ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʢʦʤʧʴʶʪʝʨʥʘʷ ʤʦ-
ʜʝʣʴ ʨʝʛʫʣʷʪʦʨʘ ʧʝʨʝʤʝʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ, ʚ ʢʦʪʦ-
ʨʦʡ ʨʝʘʣʠʟʫʝʪʩʷ ʜʚʫʭʩʪʦʨʦʥʥʝʝ ʬʘʟʦʚʦʝ ʫʧʨʘʚʣʝ-
ʥʠʝ ʩʠʣʦʚʳʤ ʙʣʦʢʦʤ. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʤʦʜʝʣʠ 
ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ.2. 
ɸʣʛʦʨʠʪʤ ʩʦʩʪʦʠʪ ʠʟ ʪʨʝʭ ʙʣʦʢʦʚ. ɺ ʙʣʦʢʝ ʥʦ-

ʤʝʨ 1 ʧʨʦʠʩʭʦʜʠʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʬʦʨʤʳ ʚʳʭʦʜʥʦʛʦ 
ʥʘʧʨʷʞʝʥʠʷ ʨʝʛʫʣʷʪʦʨʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘ-
ʥʠʷʤʠ ʚʳʙʨʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʫʧʨʘʚʣʝʥʠʷ ʩʠʣʦ-
ʚʳʤʠ ʢʣʶʯʘʤʠ. 

 
ʈʠʩʫʥʦʢ.2. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʤʦʜʝʣʠ ʨʝʛʫʣʷʪʦʨʘ ʧʝʨʝʤʝʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ 

 
ʂʦʜ ʧʨʦʛʨʘʤʤʳ, ʧʦʷʩʥʷʶʱʠʡ ʨʘʙʦʪʫ ʙʣʦʢʘ ʥʦ-

ʤʝʨ 1, ʧʨʠʚʝʜʝʥ ʥʠʞʝ, ʨʝʘʣʠʟʦʚʘʥ ʘʣʛʦʨʠʪʤ ʜʚʫʭ-
ʩʪʦʨʦʥʥʝʛʦ ʬʘʟʦʚʦʛʦ ʫʧʨʘʚʣʝʥʠʷ: 

clear all; 
F=50.;%ʯʘʩʪʦʪʘ 
t=0:1/(F*360):1/F;%ʚʨʝʤʷ 
%ʧʦʩʪʨʦʝʥʠʝ ʘʥʘʣʠʟʠʨʫʝʤʦʛʦ ʩʠʛʥʘʣʘ 
x1=sqrt(2)*sin(2*pi*F*t); 
a=60;%ʫʛʦʣ ʫʧʨʘʚʣʝʥʠʷ ʩʠʣʦʚʳʤ ʢʣʶʯʝʤ 

(ʵʣ.ʛʨʘʜ) 
for i=1:181; 
x(i)=x1(i); 
if i<a x(i)=0; 

end; 
if i>(180-a) x(i)=0; 
end; 
x(i+180)=-x(i); 
end; 
figure(1); 
plot(t,x),grid; 
title('ʚʨʝʤʝʥʥʘʷ ʜʠʘʛʨʘʤʤʘ'); 
ɺ ʙʣʦʢʝ 2 (ʨʠʩ.2) ʚʳʧʦʣʥʷʝʪʩʷ ʨʘʟʣʦʞʝʥʠʝ 

ʩʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʠʛʥʘʣʘ ʥʘ ʛʘʨʤʦʥʠʯʝʩʢʠʝ ʩʦ-
ʩʪʘʚʣʷʶʱʠʝ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʠʩʢʨʝʪʥʦʝ ʧʨʝʦʙʨʘʟʦ-

ʚʘʥʠʝ ʌʫʨʴʝ (ɼʇʌ) [5]: X(k)=В ὼὲᶻ
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Ὡ Ⱦ, ʛʜʝ X(k)ï ʢʦʤʧʦʥʝʥʪ ɼʇʌ; kï ʥʦʤʝʨ ʛʘʨ-
ʤʦʥʠʢʠ (0,1,2,..N-1); x(n)ï ʤʛʥʦʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ 
ʜʠʩʢʨʝʪʥʦʡ ʬʫʥʢʮʠʠ (ʘʥʘʣʠʟʠʨʫʝʤʦʛʦ ʥʘʧʨʷʞʝʥʠʷ 
ʥʘ ʚʳʭʦʜʝ ʨʝʛʫʣʷʪʦʨʘ); n- ʥʦʤʝʨ ʚʳʙʦʨʢʠ ʜʠʩʢʨʝʪ-
ʥʦʛʦ ʩʠʛʥʘʣʘ (0,1,2,..N-1); Nï ʢʦʣʠʯʝʩʪʚʦ ʪʦʯʝʢ, ʥʘ 
ʢʦʪʦʨʦʝ ʨʘʟʙʠʪ ʠʩʩʣʝʜʫʝʤʳʡ ʩʠʛʥʘʣ. ʅʘʯʘʣʴʥʘʷ 
ʬʘʟʘ ʛʘʨʤʦʥʠʢ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 
•(k)=arctan(X imag(k)/Xreal(k)), ʛʜʝ X imag(k), Xreal(k)- 
ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʤʥʠʤʘʷ ʠ ʜʝʡʩʪʚʠʪʝʣʴʥʘʷ ʯʘʩʪʴ 
X(k) ʢʦʤʧʦʥʝʥʪʳ ɼʇʌ. ɺʳʯʠʩʣʷʷ ʤʦʜʫʣʴ ʢʦʤ-
ʧʣʝʢʩʥʳʭ ʯʠʩʝʣ X(k), ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʘʤʧʣʠʪʫʜ-

ʥʦʝ ʟʥʘʯʝʥʠʝ ʢʘʞʜʦʡ ʛʘʨʤʦʥʠʢʠ: Em(k)=  X i-

mag(k)2+ Xreal(k)2). 
ɺ ʙʣʦʢʝ ʥʦʤʝʨ 3 ʧʨʦʠʩʭʦʜʠʪ ʚʳʯʠʩʣʝʥʠʝ ʜʝʡ-

ʩʪʚʫʶʱʠʭ ʟʥʘʯʝʥʠʡ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʩʦʩʪʘʚʣʷʶʱʠʭ 
ʩʠʛʥʘʣʘ. ɼʝʡʩʪʚʫʶʱʠʝ ʟʥʘʯʝʥʠʷ ʛʘʨʤʦʥʠʢ ʚʳʯʠʩ-

ʣʷʶʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: U(k)=Em(k)/ЍςȢ ɼʝʡʩʪʚʫʶʱʝʝ 
ʟʥʘʯʝʥʠʝ ʠʩʩʣʝʜʫʝʤʦʛʦ ʩʠʛʥʘʣʘ: 

U= Ὗπ2+U(1)2+U(2)2+é+U(N-1)2), ʛʜʝ U(0)- ʧʦ-

ʩʪʦʷʥʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ; U(1), U(2),é- ʜʝʡʩʪʚʫʶ-
ʱʠʝ ʟʥʘʯʝʥʠʷ 1-ʡ, 2-ʡ ʠ ʪ.ʜ. ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʩʦʩʪʘʚ-
ʣʷʶʱʠʭ. ɺʳʯʠʩʣʷʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪ ʠʩʢʘʞʝʥʠʷ ʠʩ-
ʩʣʝʜʫʝʤʦʛʦ ʩʠʛʥʘʣʘ: ɔ=U(1)/U. 
ʅʘ ʨʠʩ.3ïʨʠʩ.5 ʧʦʢʘʟʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ 

ʤʦʜʝʣʠ ʨʝʛʫʣʷʪʦʨʘ: ʬʦʨʤʘ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʚʳʭʦʜʝ 
ʨʝʛʫʣʷʪʦʨʘ (ʨʠʩ.3); ʟʘʚʠʩʠʤʦʩʪʴ ʚʝʣʠʯʠʥʳ ʘʤʧʣʠ-
ʪʫʜ ʛʘʨʤʦʥʠʢ ʦʪ ʠʭ ʥʦʤʝʨʘ (ʨʠʩ.4); ʟʘʚʠʩʠʤʦʩʪʴ 
ʥʘʯʘʣʴʥʳʭ ʬʘʟ ʛʘʨʤʦʥʠʢ ʦʪ ʥʦʤʝʨʘ ʛʘʨʤʦʥʠʢ 
(ʨʠʩ.5). ʅʘ ʨʠʩ.4 ʚʠʜʥʦ, ʯʪʦ ʚ ʘʤʧʣʠʪʫʜʥʦʤ ʩʧʝʢʪʨʝ 
ʢʨʦʤʝ ʧʝʨʚʦʡ (ʦʩʥʦʚʥʦʡ) ʛʘʨʤʦʥʠʢʠ ʧʨʠʩʫʪʩʪʚʫʶʪ 
ʥʝʯʝʪʥʳʝ (3, 5, 7 ʠ ʪ.ʜ.) ʛʘʨʤʦʥʠʢʠ, ʢʦʪʦʨʳʝ ʧʨʠʚʦ-
ʜʷʪ ʢ ʫʭʫʜʰʝʥʠʶ ʢʦʵʬʬʠʮʠʝʥʪʘ ʠʩʢʘʞʝʥʠʷ ɔ. ɼʣʷ 
ʧʦʢʘʟʘʥʥʦʛʦ ʥʘ ʨʠʩ.3 ʩʠʛʥʘʣʘ ʢʦʵʬʬʠʮʠʝʥʪ ʠʩʢʘʞʝ-
ʥʠʷ ʨʘʚʝʥ 0,8. ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʧʨʠʚʝʜʝʥʥʦʛʦ ʥʘ ʨʠʩ.5 
ʬʘʟʦʚʦʛʦ ʩʧʝʢʪʨʘ, ʥʘʯʘʣʴʥʘʷ ʬʘʟʘ ʧʝʨʚʦʡ ʛʘʨʤʦ-
ʥʠʢʠ ʨʘʚʥʘ ʥʫʣʶ, ʧʦʵʪʦʤʫ ʚʝʣʠʯʠʥʘ ʢʦʵʬʬʠʮʠʝʥʪʘ 
ʤʦʱʥʦʩʪʠ ʨʝʛʫʣʷʪʦʨʘ ʧʝʨʝʤʝʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʙʫ-
ʜʝʪ ʟʘʚʠʩʝʪʴ ʪʦʣʴʢʦ ʦʪ ʚʝʣʠʯʠʥʳ ʢʦʵʬʬʠʮʠʝʥʪʘ ʠʩ-
ʢʘʞʝʥʠʷ. 

 

 
ʈʠʩʫʥʦʢ.3. ʌʦʨʤʘ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʚʳʭʦʜʝ ʨʝʛʫʣʷʪʦʨʘ 

 

 
ʈʠʩʫʥʦʢ.4. ɸʤʧʣʠʪʫʜʥʳʡ ʩʧʝʢʪʨ ʩʠʛʥʘʣʘ 
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ʈʠʩʫʥʦʢ.5. ʌʘʟʦʚʳʡ ʩʧʝʢʪʨ ʩʠʛʥʘʣʘ 

 
ʈʘʩʩʤʦʪʨʝʥʥʳʡ ʘʣʛʦʨʠʪʤ ʫʧʨʘʚʣʝʥʠʷ ʩʠʣʦʚʳʤ 

ʙʣʦʢʦʤ ʨʝʛʫʣʷʪʦʨʘ ʨʝʘʣʠʟʦʚʘʥ ʚ ʩʭʝʤʝ, ʧʦʢʘʟʘʥʥʦʡ 
ʥʘ ʨʠʩ.6. ʉʭʝʤʘ ʨʝʛʫʣʷʪʦʨʘ ʘʜʘʧʪʠʨʦʚʘʥʘ ʜʣʷ ʠʩʩʣʝ-
ʜʦʚʘʥʠʷ ʚ ʩʨʝʜʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦʜʫʢʪʘ Orcad [6]. 

 
ʈʠʩʫʥʦʢ.6. ʉʭʝʤʘ ʨʝʛʫʣʷʪʦʨʘ ʧʝʨʝʤʝʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ 

 
ɺ ʩʦʩʪʘʚ ʩʠʣʦʚʦʛʦ ʙʣʦʢʘ ʨʝʛʫʣʷʪʦʨʘ ʚʭʦʜʠʪ 

IGBT ʪʨʘʥʟʠʩʪʦʨ Z1 ʠ ʜʠʦʜʳ D1ïD4. ʀʩʪʦʯʥʠʢ ʧʝ-
ʨʝʤʝʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ V1 ʤʦʜʝʣʠʨʫʝʪ ʩʝʪʴ ʵʣʝʢ-
ʪʨʦʧʠʪʘʥʠʷ. ʌʫʥʢʮʠʠ ʥʘʛʨʫʟʢʠ ʨʝʛʫʣʷʪʦʨʘ ʚʳʧʦʣ-
ʥʷʝʪ ʨʝʟʠʩʪʦʨ R5. ʆʩʪʘʣʴʥʳʝ ʵʣʝʤʝʥʪʳ ʩʭʝʤʳ ʦʙʨʘ-
ʟʫʶʪ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʝʥʠʷ. ʈʘʙʦʪʘ ʩʠʩʪʝʤʳ 
ʫʧʨʘʚʣʝʥʠʷ ʩʠʥʭʨʦʥʠʟʠʨʦʚʘʥʘ ʩ ʩʝʪʴʶ ʵʣʝʢʪʨʦʧʠ-
ʪʘʥʠʷ ʩ ʧʦʤʦʱʴʶ ʠʩʪʦʯʥʠʢʘ ʧʝʨʝʤʝʥʥʦʛʦ ʥʘʧʨʷʞʝ-
ʥʠʷ V2. ʆʩʥʦʚʥʳʤ ʵʣʝʤʝʥʪʦʤ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ 
ʷʚʣʷʝʪʩʷ ʦʧʝʨʘʮʠʦʥʥʳʡ ʫʩʠʣʠʪʝʣʴ U2A, ʨʘʙʦʪʘʶ-
ʱʠʡ ʚ ʨʝʞʠʤʝ ʢʦʤʧʘʨʘʪʦʨʘ. ʂʦʤʧʘʨʘʪʦʨ ʩʨʘʚʥʠ-
ʚʘʝʪ ʫʨʦʚʝʥʴ ʩʠʛʥʘʣʘ ʩʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʥʘ ʚʳʭʦʜʝ 

ʤʦʩʪʦʚʦʛʦ ʚʳʧʨʷʤʠʪʝʣʷ U1 ʩ ʥʘʧʨʷʞʝʥʠʝʤ ʥʘ ʨʝʟʠ-
ʩʪʦʨʝ R3. ɺ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ, ʢʦʛʜʘ ʥʘʧʨʷʞʝʥʠʝ ʥʘ 
ʚʳʭʦʜʝ ʚʳʧʨʷʤʠʪʝʣʷ U1 ʧʨʝʚʳʰʘʝʪ ʫʨʦʚʝʥʴ ʥʘʧʨʷ-
ʞʝʥʠʷ ʥʘ ʨʝʟʠʩʪʦʨʝ R3, ʥʘ ʚʳʭʦʜʝ ʢʦʤʧʘʨʘʪʦʨʘ 
U2A ʬʦʨʤʠʨʫʝʪʩʷ ʩʠʛʥʘʣ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ, ʢʦʪʦ-
ʨʳʡ ʦʪʢʨʳʚʘʝʪ ʪʨʘʥʟʠʩʪʦʨʥʳʡ ʢʣʶʯ Q2, ʟʘʢʨʳʚʘ-
ʝʪʩʷ ʪʨʘʥʟʠʩʪʦʨ Q1 ʠ ʦʪʢʨʳʚʘʝʪʩʷ ʩʠʣʦʚʦʡ ʪʨʘʥʟʠ-
ʩʪʦʨʥʳʡ ʢʣʶʯ Z1, ʚ ʮʝʧʠ ʥʘʛʨʫʟʢʠ R5 ʧʨʦʪʝʢʘʝʪ 
ʪʦʢ. ʅʘ ʨʠʩ.7 ʧʦʢʘʟʘʥʘ ʚʨʝʤʝʥʥʘʷ ʜʠʘʛʨʘʤʤʘ ʪʦʢʘ ʚ 
ʮʝʧʠ ʥʘʛʨʫʟʢʠ. ʀʟʤʝʥʷʷ ʚʝʣʠʯʠʥʫ ʨʝʟʠʩʪʦʨʘ R3 
ʤʦʞʥʦ ʠʟʤʝʥʷʪʴ ʠʥʪʝʨʚʘʣ ʧʨʦʚʦʜʠʤʦʩʪʠ ʩʠʣʦʚʦʛʦ 
ʢʣʶʯʘ Z1 ʠ ʚʝʣʠʯʠʥʫ ʪʦʢʘ ʚ ʮʝʧʠ ʥʘʛʨʫʟʢʠ. 

  



24 TECHNICAL SCIENCE / «Colloquium - journal Ȼ# 7(31),2019 

 
ʈʠʩʫʥʦʢ.7. ɺʨʝʤʝʥʥʘʷ ʜʠʘʛʨʘʤʤʘ ʪʦʢʘ 

 
ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʢʦʤʧʴʶʪʝʨʥʳʝ ʤʦʜʝʣʠ ʠ ʨʝ-

ʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʦʛʫʪ ʥʘʡʪʠ ʧʨʠʤʝʥʝʥʠʝ, 
ʜʣʷ ʘʥʘʣʠʟʘ ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʩʭʝʤʝ ʧʨʦʮʝʩʩʦʚ, ʧʨʠ 
ʨʘʟʨʘʙʦʪʢʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨ-
ʛʠʠ ʥʘ ʦʩʥʦʚʝ ʨʝʛʫʣʷʪʦʨʘ ʧʝʨʝʤʝʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ. 
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FACE DETECTION BASED ON THE METHOD OF VIOLA -JONES AND ADDITIONAL 

ALGORITHMS TO IMPROVE ITS WORK  
 

ɸʥʥʦʪʘʮʠʷ:  
ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʦʩʥʦʚʥʳʝ ʧʨʠʥʮʠʧʳ, ʥʘ ʢʦʪʦʨʳʭ ʦʩʥʦʚʘʥʦ ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʣʠʮ ʧʦ 

ʤʝʪʦʜʫ ɺʠʦʣʳ-ɼʞʦʥʩʘ. ʀʟʣʦʞʝʥʳ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʘʣʛʦʨʠʪʤʳ, ʧʨʠʤʝʥʷʷ ʢʦʪʦʨʳʝ ʚʤʝʩʪʝ ʩ ʨʘʩʩʤʘʪʨʠ-
ʚʘʝʤʳʤ ʤʝʪʦʜʦʤ ʫʜʘʩʪʩʷ ʧʦʣʫʯʠʪʴ ʥʘʠʙʦʣʝʝ ʪʦʯʥʫʶ, ʩʠʩʪʝʤʫ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʣʠʮ. ʆʪʤʝʯʝʥʳ ʧʣʶʩʳ 
ʢʘʞʜʦʛʦ ʤʝʪʦʜʘ. 

Abstract:  
This article discusses the basic principles on which facial recognition by the viola-Jones method is based. 

Provides additional algorithms, using which, together with the considered method will be able to obtain the most 
accurate facial recognition. Noted the advantages of each method. 

 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʣʠʮ, ɺʠʦʣʦ-ɼʞʦʥʩ, ʠʟʦʙʨʘʞʝʥʠʝ 
Keywords: face recognition, Violo-Jones, image 
 
ʈʘʩʧʦʟʥʘʚʘʥʠʝ ʣʠʮ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʩʘʤʳʭ 

ʦʩʪʨʳʭ, ʥʦ ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʠʟʫʯʝʥʥʳʭ ʟʘʜʘʯ ʚ ʪʘʢʠʭ 
ʦʙʣʘʩʪʷʭ ʢʘʢ ʮʠʬʨʦʚʘʷ ʦʙʨʘʙʦʪʢʘ ʠʟʦʙʨʘʞʝʥʠʡ, 
ʢʦʤʧʴʶʪʝʨʥʦʝ ʟʨʝʥʠʝ, ʙʠʦʤʝʪʨʠʷ, ʦʨʛʘʥʠʟʘʮʠʷ ʚʠ-
ʜʝʦʢʦʥʬʝʨʝʥʮʠʡ, ʩʦʟʜʘʥʠʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠ-
ʩʪʝʤ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʢʦʥʪʨʦʣʷ ʜʦʩʪʫʧʘ. ʈʘʩʧʦʟʥʘʚʘ-
ʥʠʝ ʣʠʮ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʵʪʘʧʦʚ: ʧʦʠʩʢ ʦʙʣʘʩʪʠ ʣʠʮʘ 
ʥʘ ʠʟʦʙʨʘʞʝʥʠʠ, ʠ ʩʨʘʚʥʝʥʠʝ ʥʘʡʜʝʥʥʦʛʦ ʣʠʮʘ ʩ ʣʠ-
ʮʘʤʠ, ʥʘʭʦʜʷʱʠʤʠʩʷ ʚ ʙʘʟʝ ʜʘʥʥʳʭ. 
ʆʜʠʥ ʠʟ ʧʝʨʚʳʭ ʤʝʪʦʜʦʚ ʙʳʣ ʘʥʘʣʠʟ ʛʝʦʤʝʪʨʠ-

ʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʣʠʮʘ. ʕʪʦʪ ʤʝʪʦʜ ʚ ʦʩʥʦʚʥʦʤ 

ʧʨʠʤʝʥʷʣʩʷ ʚ ʢʨʠʤʠʥʘʣʠʩʪʠʢʝ, ʩʥʘʯʘʣʘ ʛʝʦʤʝʪʨʠ-
ʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʟʤʝʨʷʣʠ ʚʨʫʯʥʫʶ, ʠ ʩʨʘʚ-
ʥʠʚʘʣʠ ʬʠʟʠʯʝʩʢʠ, ʚ ʜʘʣʴʥʝʡʰʝʤ ʧʦʷʚʠʣʘʩʴ ʢʦʤʧʴ-
ʶʪʝʨʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʵʪʦʛʦ ʤʝʪʦʜʘ. ʅʘ ʣʠʮʝ ʚʳʜʝ-
ʣʷʣʠ ʥʘʙʦʨ ʢʣʶʯʝʚʳʭ ʪʦʯʝʢ (ʦʙʣʘʩʪʝʡ) ʠʟ ʥʠʭ 
ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʧʨʠʟʥʘʢʠ, ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʪʦʯ-
ʢʘʤʠ, ʠʣʠ ʠʭ ʦʪʥʦʰʝʥʠʷ. ʂʣʶʯʝʚʳʤʠ ʪʦʯʢʘʤʠ ʷʚ-
ʣʷʣʠʩʴ ʫʛʦʣʢʠ ʛʣʘʟ, ʮʝʥʪʨ ʛʣʘʟʘ, ʢʦʥʯʠʢ ʥʦʩʘ, ʧʦʜ-
ʙʦʨʦʜʦʢ. 
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ʈʠʩʫʥʦʢ 1 ï ʠʜʝʥʪʠʬʠʢʘʮʠʦʥʥʳʝ ʪʦʯʢʠ ʠ ʨʘʩʩʪʦʷʥʠʷ 

 
ʇʨʦʮʝʩʩ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʟʘʢʣʶʯʘʣʩʷ ʚ ʩʨʘʚʥʝ-

ʥʠʠ ʧʨʠʟʥʘʢʦʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʣʠʮʘ ʩ ʧʨʠʟʥʘ-
ʢʘʤʠ ʣʠʮ, ʭʨʘʥʷʱʠʭʩʷ ʚ ʙʘʟʝ. ʕʪʦ ʙʳʣ ʪʨʫʜʦʝʤʢʠʡ 
ʧʨʦʮʝʩʩ, ʚ ʢʦʪʦʨʦʤ ʥʫʞʥʦ ʙʳʣʦ ʧʨʘʚʠʣʴʥʦ ʦʧʨʝʜʝ-
ʣʠʪʴ ʚʩʝ ʢʣʶʯʝʚʳʝ ʪʦʯʢʠ. ʆʯʢʠ, ʫʢʨʘʰʝʥʠʷ, ʤʘ-
ʢʠʷʞ ʠ ʵʣʝʤʝʥʪʳ ʧʨʠʯʝʩʢʠ ʜʦʩʪʘʪʦʯʥʦ ʩʠʣʴʥʦ ʤʝ-
ʰʘʶʪ ʧʨʦʮʝʩʩʫ ʦʧʨʝʜʝʣʝʥʠʷ ʢʣʶʯʝʚʳʭ ʪʦʯʝʢ. ʊʘʢ 
ʞʝ, ʠʟʦʙʨʘʞʝʥʠʷ ʣʠʮʘ ʜʦʣʞʥʦ ʙʳʪʴ ʩʪʨʦʛʦ ʬʨʦʥ-
ʪʘʣʴʥʦ, ʚʳʨʘʞʝʥʠʝ ʣʠʮʘ ʥʝʡʪʨʘʣʴʥʦ ʠ ʚʩʝ ʵʪʦ, ʧʨʠ 
ʭʦʨʦʰʝʤ ʦʩʚʝʱʝʥʠʠ. 
ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚ ʵʪʦʤ ʤʝʪʦʜʝ ʧʨʝʜʲʷʚʣʷʝʪʩʷ 

ʜʦʩʪʘʪʦʯʥʦ ʩʪʨʦʛʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʫʩʣʦʚʠʷʤ ʩʲʝʤʢʠ, 
ʪʨʝʙʫʶʪʩʷ ʩʝʨʴʝʟʥʳʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʤʦʱʥʦʩʪʠ 
ʜʣʷ ʠʟʤʝʨʝʥʠʡ ʠ ʩʨʘʚʥʝʥʠʡ. ʕʪʦʪ ʘʣʛʦʨʠʪʤ ʥʝ 
ʠʤʝʝʪ ʥʠʢʘʢʦʡ ʛʠʙʢʦʩʪʠ ʠ ʥʝ ʧʦʜʭʦʜʠʪ ʜʣʷ ʨʘʩʧʦ-

ʟʥʘʚʘʥʠʷ ʣʠʮʘ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, ʥʦ ʧʝʨ-
ʩʧʝʢʪʠʚʝʥ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʦʙʣʘ-
ʩʪʷʭ ʜʝʷʪʝʣʴʥʦʩʪʠ.  

 ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʝʪʦʜ ɺʠʦʣʳïɼʞʦʥʩʘ [5] 
ʷʚʣʷʝʪʩʷ ʩʘʤʳʤ ʧʦʧʫʣʷʨʥʳʤ ʤʝʪʦʜʦʤ ʜʣʷ ʧʦʠʩʢʘ 
ʦʙʣʘʩʪʠ ʣʠʮʘ ʥʘ ʠʟʦʙʨʘʞʝʥʠʠ ʠʟ-ʟʘ ʝʛʦ ʚʳʩʦʢʦʡ 
ʩʢʦʨʦʩʪʠ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʦʥ 
ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʚ ʜʘʣʝʢʦʤ 2001 ʛʦʜʫ. ʋʞʝ ʥʘ ʪʦʪ ʤʦ-
ʤʝʥʪ ʦʙʳʯʥʳʡ ʧʦ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʢʦʤʧʴʶʪʝʨ 
ʤʦʛ ʦʙʨʘʙʦʪʘʪʴ ʧʦ 15 ʠʟʦʙʨʘʞʝʥʠʡ ʚ ʩʝʢʫʥʜʫ. ɸʣ-
ʛʦʨʠʪʤ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʣʠʮʘ ɺʠʦʣʳïɼʞʦʥʩʘ ʦʩʥʦ-
ʚʘʥ ʥʘ ʦʩʥʦʚʥʳʭ ʠʜʝʷʭ: ʠʥʪʝʛʨʘʣʴʥʦʤ ʧʨʝʜʩʪʘʚʣʝ-
ʥʠʠ ʠʟʦʙʨʘʞʝʥʠʷ, ʤʝʪʦʜʝ ʧʦʩʪʨʦʝʥʠʷ ʢʣʘʩʩʠʬʠʢʘ-
ʪʦʨʘ ʥʘ ʦʩʥʦʚʝ ʘʣʛʦʨʠʪʤʘ ʘʜʘʧʪʠʚʥʦʛʦ ʙʫʩʪʠʥʛʘ 
(AdaBoost), ʠ ʤʝʪʦʜʝ ʢʦʤʙʠʥʠʨʦʚʘʥʠʷ ʢʣʘʩʩʠʬʠʢʘ-
ʪʦʨʦʚ ʚ ʢʘʩʢʘʜʥʫʶ ʩʪʨʫʢʪʫʨʫ. 
ʆʩʥʦʚʥʳʝ ʵʪʘʧʳ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘ 

 
ʈʠʩʫʥʦʢ 2 ï ʆʙʨʘʟʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʵʪʘʧʦʚ ʘʣʛʦʨʠʪʤʘ 

 
ʕʪʘʧ 1 ï ʠʟʦʙʨʘʞʝʥʠʝ ʧʝʨʝʚʦʜʠʪʩʷ ʚ ʤʦʥʦ-

ʭʨʦʤ, ʠ ʩʦʩʪʘʚʣʷʝʪʩʷ ʤʘʪʨʠʮʘ ʷʨʢʦʩʪʠ, ʛʜʝ ʢʘʞʜʦʤʫ 
ʵʣʝʤʝʥʪʫ ʧʨʠʩʚʘʠʚʘʝʪʩʷ ʟʥʘʯʝʥʠʝ ʷʨʢʦʩʪʠ ʚ ʠʥʪʝʨ-
ʚʘʣʝ ʦʪ 0 ï ʯʝʨʥʳʡ, ʜʦ 1 ï ʙʝʣʳʡ. 
ʕʪʘʧ 2 ï ʥʘ ʤʘʪʨʠʮʫ ʥʘʢʣʘʜʳʚʘʝʪʩʷ ʦʜʥʘ ʠʟ 

ʢʚʘʜʨʘʪʥʳʭ ʤʘʩʦʢ, ʥʘʟʳʚʘʝʤʘʷ ʧʨʠʟʥʘʢʘʤʠ ʍʘʘʨʘ 
[3]. ʕʪʦʡ ʤʘʩʢʦʡ ʥʝʦʙʭʦʜʠʤʦ ñʧʨʦʡʪʠʩʴò ʧʦ ʚʩʝʤʫ 
ʠʟʦʙʨʘʞʝʥʠʶ, ʤʝʥʷʷ ʤʘʩʰʪʘʙ ʠ ʧʦʣʦʞʝʥʠʝ. 
ʕʪʘʧ 3 ï ʜʘʣʝʝ ʟʥʘʯʝʥʠʷ ʠʟ ʤʘʩʦʢ ʩʢʣʘʜʳʚʘ-

ʶʪʩʷ, ʘ ʧʦʣʫʯʠʚʰʠʝʩʷ ʨʝʟʫʣʴʪʘʪʳ ʚ ʯʝʨʥʦʡ ʩʦʩʪʘʚ-
ʣʷʶʱʝʡ ʤʘʩʢʠ, ʚʳʯʠʪʘʶʪʩʷ ʠʟ ʙʝʣʦʡ, ʠ ʝʩʣʠ ʨʘʟ-
ʥʦʩʪʴ ʦʢʘʟʳʚʘʝʪʩʷ ʙʦʣʴʰʝ ʧʦʨʦʛʦʚʦʛʦ ʟʥʘʯʝʥʠʷ, ʪʦ 
ʵʪʘ ʦʙʣʘʩʪʴ ʙʝʨʝʪʩʷ ʚ ʜʘʣʴʥʝʡʰʫʶ ʦʙʨʘʙʦʪʢʫ, ʚ 
ʠʥʦʤ ʩʣʫʯʘʠ, ʜʝʣʘʝʪʩʷ ʚʳʚʦʜ, ʯʪʦ ʣʠʮʘ ʥʘ ʵʪʦʤ 
ʫʯʘʩʪʢʝ, ʥʝʪ. 

ʕʪʘʧ 4 ï ʚ ʜʘʣʴʥʝʡʰʝʤ ʧʨʦʠʩʭʦʜʠʪ ʧʦʚʪʦʨʝ-
ʥʠʝ ʚʪʦʨʦʛʦ ʵʪʘʧʘ, ʥʦ ʩ ʜʨʫʛʦʡ ʤʘʩʢʦʡ, ʠ ʪʦʣʴʢʦ ʧʦ 
ʪʦʡ ʦʙʣʘʩʪʠ, ʢʦʪʦʨʘʷ ʧʨʦʰʣʘ ʧʨʦʚʝʨʢʫ, ʧʝʨʚʦʡ ʤʘʩ-
ʢʦʡ. 
ʉʤʳʩʣ ʧʨʠʟʥʘʢʦʚ ʍʘʘʨʘ 
ʂʘʟʘʣʦʩʴ ʙʳ, ʧʨʠʟʥʘʢʠ ʍʘʘʨʘ ʤʦʞʥʦ ʦʧʨʝʜʝ-

ʣʠʪʴ ʢʘʢ ʨʘʟʥʦʩʪʴ ʩʫʤʤ ʧʠʢʩʝʣʝʡ ʜʚʫʭ ʩʤʝʞʥʳʭ ʦʙ-
ʣʘʩʪʝʡ ʚʥʫʪʨʠ ʧʨʷʤʦʫʛʦʣʴʥʠʢʘ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʟʘ-
ʥʠʤʘʪʴ ʨʘʟʣʠʯʥʳʝ ʧʦʣʦʞʝʥʠʷ ʠ ʤʘʩʰʪʘʙʳ ʥʘ ʠʟʦʙ-
ʨʘʞʝʥʠʠ, ʪʦ ʝʩʪʴ ʩ ʝʛʦ ʧʦʤʦʱʴʶ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ 
ʪʦʣʴʢʦ ʛʨʘʥʠʮʫ ʤʝʞʜʫ ʩʚʝʪʣʳʤʠ ʠ ʪʝʤʥʳʤʠ ʫʯʘʩʪ-
ʢʘʤʠ ʠʟʦʙʨʘʞʝʥʠʷ, ʪʦʛʜʘ ʧʦʯʝʤʫ ʙʳ ʥʝ ʠʩʧʦʣʴʟʦ-
ʚʘʪʴ ʪʦʣʴʢʦ ʦʜʠʥ ʚʠʜ ʢʚʘʜʨʘʪʥʦʡ ʤʘʩʢʠ?  
ʇʨʠ ʚʩʝʡ ʧʨʠʤʠʪʠʚʥʦʩʪʠ ʤʘʩʦʢ ʧʨʠʟʥʘʢ (1), 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʥʘ ʨʠʩʫʥʢʝ 1, ʭʦʨʦʰʦ ʧʦʜʭʦʜʠʪ 
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ʧʦʜ ʧʝʨʚʠʯʥʳʡ ʘʥʘʣʠʟ ʣʠʮʘ ï ʦʙʣʘʩʪʴ ʛʣʘʟ ʚ ʦʩʥʦʚ-
ʥʦʤ ʪʝʤʥʝʝ, ʯʝʤ ʦʙʣʘʩʪʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʠʞʝ. ɸ 
ʧʨʠʟʥʘʢ (2), ʧʦʜʭʦʜʠʪ ʧʦʜ ʪʝʤʥʳʝ ʛʣʘʟʘ, ʠ ʩʚʝʪʣʫʶ 
ʧʝʨʝʥʦʩʠʮʫ ʤʝʞʜʫ ʥʠʤʠ. ɿʘʤʝʪʠʤ, ʯʪʦ ʯʝʨʥʦ-ʙʝʣʳʝ 
ʤʘʩʢʠ ʩʦʚʝʨʰʝʥʥʦ ʥʝ ʧʦʭʦʞʠ ʥʘ ʣʠʮʘ, ʥʦ ʧʨʠ ʚʩʝʡ 
ʩʚʦʝʡ ʧʨʠʤʠʪʠʚʥʦʩʪʠ ʦʥʠ ʠʤʝʶʪ ʚʳʩʦʢʫʶ ʦʙʦʙʱʘ-
ʶʱʫʶ ʩʠʣʫ. 
ʀʥʪʝʛʨʘʣʴʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʠʟʦʙʨʘʞʝʥʠʷ 
ʀʥʪʝʛʨʘʣʴʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʠʟʦʙʨʘʞʝʥʠʷ ð 

ʵʪʦ ʤʘʪʨʠʮʘ, ʨʘʟʤʝʨʥʦʩʪʴ ʢʦʪʦʨʦʡ ʩʦʚʧʘʜʘʝʪ ʩ ʨʘʟ-
ʤʝʨʥʦʩʪʴʶ ʠʩʭʦʜʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ. ɿʥʘʯʝʥʠʷ 
ʚ ʤʘʪʨʠʮʝ ʷʨʢʦʩʪʠ ʟʘʨʘʥʝʝ ʩʢʣʘʜʳʚʘʶʪʩʷ ʪʘʢʠʤ ʦʙ-
ʨʘʟʦʤ, ʯʪʦʙʳ ʠʥʪʝʛʨʘʣʴʥʫʶ ʷʨʢʦʩʪʴ ʧʨʷʤʦʫʛʦʣʴ-
ʥʠʢʘ ʤʦʞʥʦ ʙʳʣʦ ʧʦʣʫʯʠʪʴ ʩʣʦʞʝʥʠʝʤ ʚʩʝʛʦ ʯʝʪʳ-
ʨʝʭ ʯʠʩʝʣ. ʈʘʩʯʝʪ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʟʘʥʠ-
ʤʘʝʪ ʣʠʥʝʡʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʨʝʤʝʥʠ, 
ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʫ ʧʠʢʩʝʣʝʡ ʚ ʠʩʭʦʜ-
ʥʦʤ ʠʟʦʙʨʘʞʝʥʠʠ. 

Boosting 
Boosting [1] ï ʢʦʤʧʣʝʢʩ ʤʝʪʦʜʦʚ, ʩʧʦʩʦʙʩʪʚʫʶ-

ʱʠʭ ʧʦʚʳʰʝʥʠʶ ʪʦʯʥʦʩʪʠ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, 
ʢʘʞʜʳʡ ʩʣʝʜʫʶʱʠʡ ʘʣʛʦʨʠʪʤ ʩʪʨʝʤʠʪʩʷ ʢʦʤʧʝʥʩʠ-
ʨʦʚʘʪʴ ʥʝʜʦʩʪʘʪʢʠ ʧʨʝʜʳʜʫʱʝʛʦ. ʀʩʧʦʣʴʟʫʷ 
ʠʤʝʥʥʦ ʵʪʦʪ ʤʝʪʦʜ, ʠ ʩʦʙʠʨʘʝʪʩʷ ʢʘʩʢʘʜ, ʫʚʝʣʠʯʝ-
ʥʠʝ ʪʦʯʥʦʩʪʠ ʨʘʩʧʦʟʥʘʚʘʥʠʷ, ʧʫʪʝʤ ʥʘʨʘʱʠʚʘʥʠʷ 
ʢʦʣʠʯʝʩʪʚʘ ʧʦʚʪʦʨʝʥʠʡ ʧʨʠʤʝʥʝʥʠʷ ʨʘʟʣʠʯʥʳʭ 
ʧʨʠʟʥʘʢʦʚ ʍʘʘʨʘ. 
ɸʣʛʦʨʠʪʤʳ ʫʣʫʯʰʝʥʠʷ ʨʘʩʧʦʟʥʘʚʘʥʠʷ 

ʣʠʮʘ 
ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʣʫʯʰʝʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʠ ʪʦʯ-

ʥʦʩʪʠ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʣʠʮ, ʧʝʨʩʧʝʢ-
ʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʤʝʩʪʝ ʩ ʤʝʪʦʜʦʤ ɺʠʦʣʳ-
ɼʞʦʥʩʘ ʝʱʸ ʥʝʢʦʪʦʨʳʝ ʘʣʛʦʨʠʪʤʳ ʠ ʤʝʪʦʜʳ. ʀʩ-
ʧʦʣʴʟʫʷ ʨʘʟʣʠʯʥʳʝ ʩʦʯʝʪʘʥʠʷ ʘʣʛʦʨʠʪʤʦʚ ʧʦʣʫ-
ʯʠʪʩʷ ʜʦʙʠʪʴʩʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʪʦʯʥʦ-
ʩʪʠ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʢ ʠʤʝʶʱʝʡʩʷ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ 
ʤʦʱʥʦʩʪʠ. 
ɸʣʛʦʨʠʪʤ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʦʙʲʝʢʪʦʚ CAM-

hift [2] ï ʜʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʦʩʥʦʚʘʥ ʥʘ ʢʘʨʪʝ ʚʝʨʦʷʪ-
ʥʦʩʪʠ ʮʚʝʪʘ ʢʦʞʠ ʠ ʘʜʘʧʪʠʚʥʦʤ ʰʘʛʝ ʠʟʤʝʥʝʥʠʷ 

ʨʘʟʤʝʨʘ ʫʯʘʩʪʢʘ ʦʪʩʣʝʞʠʚʘʥʠʷ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʫʚʝ-
ʣʠʯʠʪʴ ʪʦʯʥʦʩʪʴ ʠ ʛʠʙʢʦʩʪʴ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ. ɺʝ-
ʨʦʷʪʥʦʩʪʴ ʮʚʝʪʘ ʢʦʞʠ ʢʘʞʜʦʛʦ ʧʠʢʩʝʣʷ ʠʟʦʙʨʘʞʝ-
ʥʠʷ ʥʘʭʦʜʠʪʩʷ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ Histogram 
Backprojection. ʕʪʦʪ ʤʝʪʦʜ ʦʧʝʨʠʨʫʝʪ ʮʚʝʪʦʤ, ʧʨʝʜ-
ʩʪʘʚʣʝʥʥʳʤ ʚ ʢʘʯʝʩʪʚʝ ʮʚʝʪʦʚʦʛʦ ʪʦʥʘ (Hue) ʤʦ-
ʜʝʣʠ HSV.  
ʕʪʦʪ ʘʣʛʦʨʠʪʤ ʥʝ ʪʨʝʙʫʝʪ ʙʦʣʴʰʠʭ ʚʳʯʠʩʣʠ-

ʪʝʣʴʥʳʭ ʤʦʱʥʦʩʪʝʡ, ʠʤʝʝʪ ʚʝʩʴʤʘ ʚʳʩʦʢʫʶ ʧʨʦʠʟ-
ʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʩʧʦʩʦʙʝʥ ʬʫʥʢʮʠʦʥʠʨʦʚʘʪʴ ʧʨʠ ʯʘ-
ʩʪʠʯʥʦʤ ʧʝʨʝʢʨʳʪʠʠ ʦʪʩʣʝʞʠʚʘʝʤʦʛʦ ʦʙʲʝʢʪʘ, 
ʫʤʝʝʪ ʨʘʙʦʪʘʪʴ ʧʨʠ ʨʘʟʥʳʭ ʫʨʦʚʥʷʭ ʦʩʚʝʱʝʥʥʦʩʪʠ. 
ɺʝʡʚʣʝʪ-ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ [6] ï ʯʘʩʪʦ ʠʩʧʦʣʴʟʫ-

ʝʪʩʷ ʜʣʷ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʦʙʨʘʟʦʚ, ʩʞʘʪʠʷ ʠ ʦʙʨʘ-
ʙʦʪʢʠ ʠʟʦʙʨʘʞʝʥʠʡ, ʚ ʦʙʨʘʙʦʪʢʝ ʩʠʛʥʘʣʦʚ. 
ɺʝʡʚʣʝʪ ï ʵʪʦ ʦʙʱʝʝ ʥʘʟʚʘʥʠʝ ʚʨʝʤʝʥʥʳʭ 

ʬʫʥʢʮʠʡ, ʠʤʝʶʱʠʭ ʚʠʜ ʚʦʣʥʦʚʳʭ ʧʘʢʝʪʦʚ ʩ ʪʦʡ 
ʠʣʠ ʠʥʦʡ ʬʦʨʤʦʡ, ʥʘʭʦʜʷʱʠʭʩʷ ʥʘ ʦʩʠ ʥʝʟʘʚʠʩʠʤʦʡ 
ʧʝʨʝʤʝʥʥʦʡ (t ʠʣʠ ʭ) ʠ ʩʧʦʩʦʙʥʳʭ ʢ ʩʤʝʱʝʥʠʶ ʧʦ 
ʥʝʡ, ʘ ʪʘʢʞʝ ʢ ʩʞʘʪʠʶ ʠ ʨʘʩʪʷʞʝʥʠʶ, ʪʦ ʝʩʪʴ ʤʘʩ-
ʰʪʘʙʠʨʦʚʘʥʠʶ. ɺʝʡʚʣʝʪʳ ʩʦʟʜʘʶʪʩʷ, ʠʩʧʦʣʴʟʫʷ 
ʦʩʦʙʳʝ ʙʘʟʦʚʳʭ ʬʫʥʢʮʠʠ ï ʧʨʦʪʦʪʠʧʦʤ, ʦʧʨʝʜʝʣʷ-
ʶʱʠʝ ʠʭ ʚʠʜ ʠ ʩʚʦʡʩʪʚʘ. ɺʝʡʚʣʝʪ-ʢʦʵʬʬʠʮʠʝʥʪʳ 
ʧʦʣʫʯʘʶʪ ʠʥʪʝʛʨʘʣʴʥʳʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ ʩʠʛʥʘʣʘ. 
ɼʣʷ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ï ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʣʠʮʘ ʧʝʨ-

ʩʧʝʢʪʠʚʥʝʝ ʚʩʝʛʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʨʪʦʛʦʥʘʣʴʥʳʡ 
ʜʚʫʭʤʝʨʥʳʡ ʚʝʡʚʣʝʪ ʍʘʘʨʘ, ʪ.ʢ. ʵʪʘ ʬʫʥʢʮʠʷ ʪʨʝ-
ʙʫʝʪ ʤʠʥʠʤʘʣʴʥʫʶ ʚʳʯʠʩʣʠʪʝʣʴʥʫʶ ʤʦʱʥʦʩʪʴ. 
ʇʨʠʥʮʠʧ ʚʝʡʚʣʝʪʘ ʍʘʘʨʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʨʝʦʙ-

ʨʘʟʦʚʘʥʠʠ ʩʠʛʥʘʣʘ ʥʘ ʜʚʝ ʩʦʩʪʘʚʣʷʶʱʠʝ. 1 ï ʧʨʠ-
ʙʣʠʞʝʥʠʝ ʩ ʤʝʥʴʰʠʤ ʨʘʟʨʝʰʝʥʠʝʤ. 2 ï ʘʧʧʨʦʢʩʠ-
ʤʘʮʠʷ ʠ ʜʝʪʘʣʠʟʠʨʫʶʱʘʷ ʠʥʬʦʨʤʘʮʠʷ. ɺ ʨʝʟʫʣʴ-
ʪʘʪʝ ʧʦʣʫʯʘʝʪʩʷ ʯʝʪʳʨʝ ʤʘʪʨʠʮʳ, ʧʝʨʚʘʷ ï 
ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʠʩʭʦʜʥʦʛʦ ʩʠʛ-
ʥʘʣʘ, ʚʪʦʨʘʷ ï ʜʝʪʘʣʠʟʠʨʫʶʱʘʷ ʠʥʬʦʨʤʘʮʠʷ ʧʦ ʚʝʨ-
ʪʠʢʘʣʠ, ʪʨʝʪʴʷ ï ʧʦ ʛʦʨʠʟʦʥʪʘʣʠ, ʯʝʪʚʝʨʪʘʷ ï ʧʦ 
ʜʠʘʛʦʥʘʣʠ. ɺʝʡʚʣʝʪ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʍʘʘʨʘ ʠʟʦʙʨʘ-
ʞʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 3. 

 
ʈʠʩʫʥʦʢ 3 - ɺʝʡʚʣʝʪ-ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʍʘʘʨʘ ʥʘ ʧʦʣʫʪʦʥʦʚʦʤ ʠʟʦʙʨʘʞʝʥʠʠ 

 
ʊʘʢ ʞʝ ʤʦʞʥʦ ʧʨʠʤʝʥʠʪʴ ʤʝʪʦʜ ʛʣʘʚʥʳʭ ʢʦʤ-

ʧʦʥʝʥʪ [4]. ɼʘʥʥʦʤʫ ʤʝʪʦʜʫ ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʯʠ-
ʪʝʣʴʥʦ ʫʤʝʥʴʰʠʪʴ ʨʘʟʤʝʨʥʦʩʪʴ ʦʙʣʘʩʪʠ ʧʨʠʟʥʘʢʦʚ 
ʪʘʢ, ʯʪʦʙʳ ʦʥʦ ʢʘʢ ʤʦʞʥʦ ʣʫʯʰʝ ʦʧʠʩʳʚʘʣʦ çʫʩʨʝʜ-
ʥʸʥʥʳʝè ʦʙʨʘʟʳ, ʢʦʪʦʨʳʝ ʧʨʠʥʘʜʣʝʞʘʪ ʙʦʣʴʰʦʤʫ 
ʢʦʣʠʯʝʩʪʚʫ ʣʠʮ. ʀʩʧʦʣʴʟʫʷ ʵʪʦʪ ʤʝʪʦʜ ʤʦʞʥʦ ʚʳ-
ʷʚʠʪʴ ʨʘʟʣʠʯʥʳʝ ʠʟʤʝʥʯʠʚʦʩʪʠ ʚ ʦʙʫʯʘʶʱʝʡ ʚʳ-
ʙʦʨʢʝ ʠʟʦʙʨʘʞʝʥʠʡ ʣʠʮ ʠ ʦʧʠʩʘʪʴ ʵʪʫ ʠʟʤʝʥʯʠʚʦʩʪʴ 
ʚ ʙʘʟʠʩʝ ʥʝʩʢʦʣʴʢʠʭ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʚʝʢʪʦʨʦʚ, ʢʦʪʦ-
ʨʳʝ ʥʘʟʳʚʘʶʪʩʷ ʩʦʙʩʪʚʝʥʥʳʤʠ (eigenface).  

ʇʦʣʫʯʝʥʥʳʡ ʦʜʠʥ ʨʘʟ ʥʘ ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʝ 
ʠʟʦʙʨʘʞʝʥʠʡ ʣʠʮ ʥʘʙʦʨ ʩʦʙʩʪʚʝʥʥʳʭ ʚʝʢʪʦʨʦʚ ʠʩ-
ʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʢʦʜʠʨʦʚʘʥʠʷ ʚʩʝʭ ʦʩʪʘʣʴʥʳʭ ʠʟʦʙ-
ʨʘʞʝʥʠʡ ʣʠʮ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʚʟʚʝʰʝʥʥʦʡ 
ʢʦʤʙʠʥʘʮʠʝʡ ʵʪʠʭ ʩʦʙʩʪʚʝʥʥʳʭ ʚʝʢʪʦʨʦʚ. ʀʩʧʦʣʴ-
ʟʫʷ ʦʛʨʘʥʠʯʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʦʙʩʪʚʝʥʥʳʭ ʚʝʢʪʦ-
ʨʦʚ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʩʞʘʪʫʶ ʘʧʧʨʦʢʩʠʤʘʮʠʶ ʚʭʦʜ-
ʥʦʤʫ ʠʟʦʙʨʘʞʝʥʠʶ ʣʠʮʘ, ʢʦʪʦʨʫʶ ʟʘʪʝʤ ʤʦʞʥʦ 
ʭʨʘʥʠʪʴ ʚ ʙʘʟʝ ʜʘʥʥʳʭ ʚ ʚʠʜʝ ʚʝʢʪʦʨʘ ʢʦʵʬʬʠʮʠʝʥ-
ʪʦʚ, ʩʣʫʞʘʱʝʛʦ ʦʜʥʦʚʨʝʤʝʥʥʦ ʢʣʶʯʦʤ ʧʦʠʩʢʘ ʚ 
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ʙʘʟʝ ʜʘʥʥʳʭ ʣʠʮ. ʅʘ ʨʠʩʫʥʢʝ 4 ʠʟʦʙʨʘʞʝʥ ʧʨʠʤʝʨ 
ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘ, ʘ ʠʤʝʥʥʦ ʥʘʙʦʨ ʧʝʨʚʳʭ ʜʝʩʷʪʠ 
ʩʦʙʩʪʚʝʥʥʳʭ ʚʝʢʪʦʨʦʚ. 

 
ʈʠʩʫʥʦʢ 4 ï ʅʘʙʦʨ ʩʦʙʩʪʚʝʥʥʳʭ ʚʝʢʪʦʨʦʚ ʤʝʪʦʜʘ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ 

 
ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ: 
1. AdaBoost Algorithm For Machine Learning ï 

[ʵʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] ï URL: https://dzone.com/arti-
cles/adaboost-algorithm-for-machine-learning (ʜʘʪʘ 
ʦʙʨʘʱʝʥʠʷ 15.03.2019) 

2. Ebrahim Emami, Mahmood Fathy / Object 
Tracking Using Improved CAMShift Algorithm Com-
bined with Motion Segmentation // Iran University of 
Science and Technology Tehran, Iran 

3. Haar Function / http://mathworld.wolf-
ram.com/HaarFunction.html 

4. Jolliffe, I.T. Principal Component Analysis, 
Series: Springer Series in Statistics / I.T. Jolliffe. ð 
N.Y.: XXIX, Springer, 2002. ð 487 p. 

5. Narayan T. Deshpande, Dr. S. Ravishankar / 
Face Detection and Recognition using Viola-Jones al-
gorithm and Fusion of PCA and ANN // Advances in 
Computational Sciences and Technology ISSN 0973-
6107 Volume 10, Number 5 (2017) pp. 1173-1189 

6. Richard W. Hamming / Haar Wavelets // 1999 
CRC Press LLC 
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THE PROBLEM OF PATENTING OF INTELLECTUAL PROPERTY IN THE 

NANOTECHNOLOGY INDUSTRY  
 
ɸʥʥʦʪʘʮʠʷ: 
 ʅʘ ʥʳʥʝʰʥʝʤ ʵʪʘʧʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʯʝʣʦʚʝʯʝʩʢʦʡ ʮʠʚʠʣʠʟʘʮʠʠ ʟʥʘʯʝʥʠʝ ʦʪʜʝʣʴʥʦ ʚʟʷʪʦʛʦ ʛʦʩʫʜʘʨ-

ʩʪʚʘ ʚ ʤʠʨʦʚʦʡ ʵʢʦʥʦʤʠʢʝ, ʘ ʪʘʢʞʝ ʧʦʢʘʟʘʪʝʣʴ ʫʨʦʚʥʷ ʞʠʟʥʠ ʛʨʘʞʜʘʥ ʫʢʘʟʳʚʘʝʪ ʥʘ ʩʪʝʧʝʥʴ ʨʘʟʚʠʪʠʷ 
ʥʘʫʢʠ, ʪʝʭʥʠʢʠ ʠ ʪʝʭʥʦʣʦʛʠʡ ʜʘʥʥʦʡ ʩʪʨʘʥʳ. ʋʨʝʛʫʣʠʨʦʚʘʥʠʝ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʩʦʩʪʦʠʪ ʚ ʨʘʩʢʨʳʪʠʠ, 
ʦʧʨʝʜʝʣʝʥʠʠ ʠ ʧʦʩʪʨʦʝʥʠʠ ʙʦʣʝʝ ʚʘʞʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʨʘʟʚʠʪʠʷ ʥʘʫʢʠ, ʩ ʨʘʩʯʸʪʦʤ ʩʚʦʝʦʙʨʘʟʥʦʩʪʠ ʪʦʡ 

https://dzone.com/articles/adaboost-algorithm-for-machine-learning
https://dzone.com/articles/adaboost-algorithm-for-machine-learning
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ʠʣʠ ʠʥʦʡ ʩʪʨʘʥʳ: ʠʩʪʦʨʠʯʝʩʢʠʭ, ʧʦʣʠʪʠʯʝʩʢʠʭ, ʩʦʮʠʘʣʴʥʳʭ, ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʠ ʧʨʦʯʠʭ ʢʘʯʝʩʪʚ ʩ ʥʘʤʝʨʝ-
ʥʠʝʤ ʜʦʩʪʠʞʝʥʠʷ ʥʘʠʚʳʩʰʝʛʦ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ʚ ʙʫʜʫʱʝʤ. 

Abstract:  
At the current stage of the formation of human civilization, the value of a single state in the world economy, 

as well as an indicator of the standard of living of citizens indicates the degree of development of science, tech-
nology and technology of the country. The solution of this problem consists in the disclosure, definition and con-
struction of more important areas of science, with the calculation of the uniqueness of a country: historical, polit-
ical, social, economic and other qualities with the intention of achieving the highest positive economic effect in 
the future. 

 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʅʘʥʦʪʝʭʥʦʣʦʛʠʠ, ʥʘʥʦʠʥʜʫʩʪʨʠʷ, ʧʘʪʝʥʪ, ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʘʷ ʩʦʙʩʪʚʝʥʥʦʩʪʴ, ʢʦʤ-

ʤʝʨʯʝʩʢʘʷ ʪʘʡʥʘ, ʦʙʲʢʝʪʳ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʦʙʩʪʚʝʥʥʦʩʪʠ 
Key words: Nanotechnologies, nanoindustry, patent, intellectual property, trade secret, intellectual property 

objects 
 
 ʅʘʥʦʪʝʭʥʦʣʦʛʠʠ ï ʵʪʦ ʚ ʠʟʚʝʩʪʥʦʡ ʤʝʨʝ ʥʦʚʘʷ 

ʩʬʝʨʘ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ, ʢʦʪʦʨʘʷ ʟʘʥʠʤʘʝʪʩʷ ʠʩʩʣʝ-
ʜʦʚʘʥʠʝʤ ʩʚʦʡʩʪʚ ʦʙʲʝʢʪʦʚ, ʘ ʪʘʢʞʝ ʩʦʟʜʘʥʠʝʤ 
ʫʩʪʨʦʡʩʪʚ ʨʘʟʤʝʨʦʚ ʧʦʨʷʜʢʘ ʥʘʥʦʤʝʪʨʘ.  
ɿʘʱʠʪʘ ʨʝʟʫʣʴʪʘʪʦʚ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʜʝʷ-

ʪʝʣʴʥʦʩʪʠ ï ʩʯʠʪʘʝʪʩʷ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʦʜʥʠʤ ʠʟ 
ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩ-
ʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦʠʟʚʦʜʠʤʳʭ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ ʧʨʦʜʫʢ-
ʪʦʚ ʚʳʩʦʢʠʭ ʪʝʭʥʦʣʦʛʠʡ. ɺ ʨʘʟʜʝʣʝ ʦʭʨʘʥʳ ʧʨʘʚ ʠʥ-
ʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʦʙʩʪʚʝʥʥʦʩʪʠ ʚ ʩʬʝʨʝ ʥʘʥʦʪʝʭʥʦ-
ʣʦʛʠʡ ʧʨʠʤʝʥʷʶʪʩʷ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʧʨʘʚʦʚʳʝ 
ʥʦʨʤʳ, ʢʦʪʦʨʳʝ ʦʪʥʦʩʷʪʩʷ ʢ ʟʘʱʠʪʝ ʧʨʘʚ ʥʘ ʠʟʦʙʨʝ-
ʪʝʥʠʷ, ʙʘʟ ʜʘʥʥʳʭ, ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʪʦʧʦ-
ʣʦʛʠʡ ʠʥʪʝʛʨʘʣʴʥʳʭ ʤʠʢʨʦʩʭʝʤ ʠ ʥʦʫ-ʭʘʫ. ʊʝʤ ʥʝ 
ʤʝʥʝʝ, ʫʢʘʟʘʥʥʳʡ ʩʧʠʩʦʢ ʩ ʧʝʨʝʯʠʩʣʝʥʥʳʤʠ ʦʙʲʝʢ-
ʪʘʤʠ ʥʝ ʷʚʣʷʝʪʩʷ ʠʩʯʝʨʧʳʚʘʶʱʠʤ, ʧʦʪʦʤʫ ʢʘʢ ʚ 
ʛʨʫʧʧʫ ʩʦʟʜʘʚʘʝʤʳʭ ʦʙʱʠʭ ʪʝʭʥʦʣʦʛʠʡ ʤʦʛʫʪ ʚʭʦ-
ʜʠʪʴ ʠ ʜʨʫʛʠʝ ʨʝʟʫʣʴʪʘʪʳ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʜʝʷ-
ʪʝʣʴʥʦʩʪʠ, ʢ ʪʘʢʦʚʳʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʧʨʦʤʳʰʣʝʥ-
ʥʳʝ ʦʙʨʘʟʮʳ ʠ ʧʦʣʝʟʥʳʝ ʤʦʜʝʣʠ ʠ ʜʨ. 
ʀʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ʩʘʤʘ ʩʬʝʨʘ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ 

ʩʯʠʪʘʝʪʩʷ ʦʧʨʝʜʝʣʝʥʥʦ ʥʦʚʦʡ, ʪʦ ʠ ʩʧʦʩʦʙʳ ʟʘʱʠʪʳ 
ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʧʨʘʚ ʥʘ ʧʨʦʜʫʢʪʳ ʥʘʥʦʪʝʭʥʦʣʦ-
ʛʠʡ ʚʩʸ ʝʱʸ ʥʝ ʜʦʧʫʩʢʘʝʪʩʷ ʩʪʨʫʢʪʫʨʠʨʦʚʘʪʴ ʧʦ-
ʪʦʤʫ, ʢʘʢ ʦʪʩʫʪʩʪʚʫʝʪ ʧʨʠʦʙʨʝʪʝʥʥʳʡ ʧʨʘʢʪʠʯʝ-
ʩʢʠʡ ʦʧʳʪ ʚ ʜʘʥʥʦʡ ʩʬʝʨʝ. 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʩʫʱʝʩʪʚʫʝʪ 

ʚʘʞʥʘʷ ʧʨʦʙʣʝʤʘ, ʢʦʪʦʨʘʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʤʝʞʜʠʩ-
ʮʠʧʣʠʥʘʨʥʦʤ ʭʘʨʘʢʪʝʨʝ ʧʦʟʥʘʥʠʷ ʚ ʩʬʝʨʝ ʥʘʥʦʪʝʭ-
ʥʦʣʦʛʠʡ. ʕʪʦ ʧʨʝʜʧʦʣʘʛʘʝʪ, ʯʪʦ ʧʘʪʝʥʪʥʳʡ ʵʢʩʧʝʨʪ 
ʚ ʩʬʝʨʝ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ ʦʙʷʟʘʥ ʠʤʝʪʴ ʫʥʠʚʝʨʩʘʣʴ-
ʥʫʶ ʧʦʜʛʦʪʦʚʢʫ, ʢʦʪʦʨʦʡ ʙʫʜʝʪ ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ 
ʦʮʝʥʢʠ ʚʩʝʛʦ ʩʧʝʢʪʨʘ ʦʙʲʝʤʘ ʧʨʘʚ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ 
ʪʝʭʥʠʯʝʩʢʠʤ ʩʨʝʜʩʪʚʘʤ, ʤʝʪʦʜʘʤ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠ 
ʦʙʣʘʩʪʷʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦʜʫʢʪʦʚ ʥʘʥʦʪʝʭʥʦʣʦ-
ʛʠʡ, ʘ ʠʤʝʥʥʦ ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ ʝʜʠʥʦʡ ʪʝʭʥʦʣʦ-
ʛʠʠ. ʄʦʞʥʦ ʦʪʢʨʳʪʦ ʟʘʷʚʠʪʴ, ʯʪʦ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ 
ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ ʚʦ ʚʩʝʤ ʤʠʨʝ ʦʪʤʝʯʘʝʪʩʷ ʥʝʜʦʩʪʘ-
ʪʦʢ ʩʧʝʮʠʘʣʠʩʪʦʚ ʜʘʥʥʦʡ ʢʘʪʝʛʦʨʠʠ. 
ʈʝʘʣʠʟʦʚʘʪʴ ʫʩʢʦʨʝʥʥʦʝ ʬʦʨʤʠʨʦʚʘʥʠʝ ʥʘʥʦ-

ʪʝʭʥʦʣʦʛʠʡ ʚ ʩʪʨʘʥʝ ʤʦʞʥʦ ʩ ʨʘʩʯʸʪʦʤ ʠʭ ʢʦʣʦʩ-
ʩʘʣʴʥʦʛʦ ʩʫʙʩʠʜʠʨʦʚʘʥʠʷ. ɻʦʩʫʜʘʨʩʪʚʦ ʩʘʤʦ ʦʩʫ-
ʱʝʩʪʚʠʪʴ ʪʘʢʦʝ ʩʫʙʩʠʜʠʨʦʚʘʥʠʝ ʥʝ ʩʤʦʞʝʪ, ʦʜʥʘʢʦ 
ʦʥʦ ʤʦʞʝʪ ʚʦʧʣʦʪʠʪʴ ʢʦʤʬʦʨʪʥʳʝ ʫʩʣʦʚʠʷ ʨʘʙʦʪʳ 
ʜʣʷ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ʠʥʚʝʩʪʦʨʦʚ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ, 
ʦʙʲʷʩʥʠʪʴ ʠʤ ʚʩʶ ʚʘʞʥʦʩʪʴ, ʘ ʪʘʢʞʝ ʨʘʩʩʢʘʟʘʪʴ ʦ 

                                                         
1 ʄʘʣʠʥʝʮʢʠʡ, ɻ. ɻ. ʄʦʜʝʨʥʠʟʘʮʠʷ - ʢʫʨʩ ʥʘ VI ʪʝʭʥʦʣʦ-

ʛʠʯʝʩʢʠʡ ʫʢʣʘʜ / ɻ. ɻ. ʄʘʣʠʥʝʮʢʠʡ. 

ʧʨʠʙʳʣʴʥʦʩʪʠ ʚʥʝʜʨʝʥʠʷ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ ʥʘ ʧʨʦ-
ʠʟʚʦʜʩʪʚʝ, ʯʪʦ ʧʦʤʦʞʝʪ ʫʤʝʥʴʰʠʪʴ ʧʦʪʝʨʠ ʚʣʦʞʝ-
ʥʠʡ ʚ ʜʘʥʥʫʶ ʦʪʨʘʩʣʴ. ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʜʣʷ ʧʦ-
ʤʦʱʠ ʯʘʩʪʥʳʤ ʢʘʧʠʪʘʣʠʩʪʘʤ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ 
ʥʘʥʦʠʥʜʫʩʪʨʠʠ ʩʪʨʘʥʳ, ʛʦʩʫʜʘʨʩʪʚʦ ʜʦʣʞʥʦ ʩʦʟʜʘ-
ʚʘʪʴ ʠʥʩʪʠʪʫʮʠʦʥʘʣʴʥʫʶ ʠ ʢʦʥʩʫʣʴʪʘʮʠʦʥʥʫʶ 
ʙʘʟʫ.1 
ɻʦʩʫʜʘʨʩʪʚʦ ʦʙʷʟʘʥʦ ʩʦʟʜʘʪʴ ʯʝʩʪʥʳʝ ʧʨʘʚʠʣʘ 

ʭʦʟʷʡʩʪʚʝʥʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʚ ʩʬʝʨʝ ʥʘʥʦʠʥʜʫ-
ʩʪʨʠʠ ʥʘ ʦʩʥʦʚʘʥʠʠ ʦʨʛʘʥʠʟʘʮʠʠ ʚʳʩʰʝʡ ʧʨʦʟʨʘʯ-
ʥʦʩʪʠ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʜʝʡʩʪʚʠʡ ʦʙʲʝʢʪʠʚʥʦʡ ʢʦʥʢʫ-
ʨʝʥʮʠʠ ʩʦ ʩʪʦʨʦʥʳ ʭʦʟʷʡʩʪʚʫʶʱʠʭ ʩʫʙʲʝʢʪʦʚ. ʊʘ 
ʠʣʠ ʠʥʘʷ ʢʦʥʢʫʨʝʥʮʠʷ, ʧʦʩʪʨʦʝʥʥʘʷ ʥʘ ʦʧʨʝʜʝʣʝʥ-
ʥʳʭ, ʦʩʦʙʝʥʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚʘʭ ʦʜʥʦʡ ʢʦʤʧʘʥʠʠ 
ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʜʨʫʛʦʡ. ɻʣʘʚʥʳʤʠ ʢʦʥʢʫʨʝʥʪʥʳʤʠ 
ʜʦʩʪʦʠʥʩʪʚʘʤʠ ʚ ʥʘʥʦʠʥʜʫʩʪʨʠʠ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, 
ʩʯʠʪʘʶʪʩʷ ʫʥʠʢʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʧʨʦʜʫʢʪʘ ʠ ʪʝʭʥʦ-
ʣʦʛʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʊʘʢʠʝ ʧʨʝʠʤʫʱʝʩʪʚʘ, ʢʘʢ 
ʠʟʦʙʨʝʪʝʥʠʷ, ʥʦʫ-ʭʘʫ, ʠʜʝʠ ʥʫʞʜʘʶʪʩʷ ʚ ʧʨʘʚʦʚʦʡ 
ʟʘʱʠʪʝ ʛʦʩʫʜʘʨʩʪʚʦʤ ʜʣʷ ʛʘʨʘʥʪʠʠ ʵʢʦʥʦʤʠʯʝʩʢʠʭ 
ʠʥʪʝʨʝʩʦʚ ʪʦʡ ʠʣʠ ʠʥʦʡ ʢʦʤʧʘʥʠʠ ʠ ʠʩʢʣʶʯʝʥʠʷ 
ʩʠʪʫʘʮʠʡ ʫʪʨʘʪʳ ʢʦʤʤʝʨʯʝʩʢʦʡ ʪʘʡʥʳ ʟʘ ʛʨʘʥʠʮʫ. 
ɺ ʥʝʢʦʪʦʨʳʭ ʩʪʨʘʥʘʭ ʠʤʝʶʪʩʷ ʥʦʨʤʳ, ʢʦʪʦʨʳʝ 

ʜʦʧʫʩʢʘʶʪ ʧʦʣʫʯʘʪʴ ʧʘʪʝʥʪʳ ʥʘ ʦʙʲʝʢʪʳ ʠʥʪʝʣʣʝʢ-
ʪʫʘʣʴʥʦʡ ʩʦʙʩʪʚʝʥʥʦʩʪʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤ ʠ ʯʘʩʪ-
ʥʳʤ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʤ ʥʘʫʯʥʳʤ ʫʯʨʝʞʜʝʥʠʷʤ ʥʘ 
ʩʚʦʸ ʠʤʷ, ʢʨʦʤʝ ʵʪʦʛʦ ʧʦʟʚʦʣʷʶʪ ʧʦʣʴʟʦʚʘʪʴʩʷ ʠʤʠ 
ʠ ʧʨʠʤʝʥʷʪʴ ʠʭ ʚ ʢʦʤʤʝʨʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʉʣʝ-
ʜʫʶʱʠʤ ʦʙʨʘʟʦʤ, ʠʥʩʪʠʪʫʪʳ, ʣʘʙʦʨʘʪʦʨʠʠ, ʫʥʠʚʝʨ-
ʩʠʪʝʪʳ ʠ ʜʨʫʛʠʝ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ ʦʨʛʘʥʠ-
ʟʘʮʠʠ ʦʙʣʘʜʘʶʪ ʩʪʠʤʫʣʘʤʠ ʠ ʤʦʪʠʚʘʮʠʷʤʠ ʜʣʷ ʘʢ-
ʪʠʚʥʦʛʦ ʧʘʪʝʥʪʦʚʘʥʠʷ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʘʚ ʥʘ 
ʦʙʲʝʢʪʳ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʦʙʩʪʚʝʥʥʦʩʪʠ ʩ ʦʙʣʘ-
ʩʪʠ ʥʘʥʦʠʥʜʫʩʪʨʠʠ ʩ ʧʨʘʚʦʤ ʠʭ ʙʫʜʫʱʝʡ ʨʝʘʣʠʟʘ-
ʮʠʠ ʠ ʠʟʚʣʝʯʝʥʠʝʤ ʜʦʭʦʜʘ. ɺʝʩʴʤʘ ʷʨʢʠʤ ʧʨʠʤʝʨʦʤ 
ʫʢʘʟʘʥʥʳʭ ʪʘʢʠʭ ʥʦʨʤ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʟʘʢʦʥ ɹʝʷ ï 
ɼʦʫʣʷ, ʢʦʪʦʨʳʡ ʜʝʡʩʪʚʫʝʪ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʉʐɸ.2[2] 
ʊʝʤ ʥʝ ʤʝʥʝʝ, ʩʫʱʝʩʪʚʫʝʪ ʩʧʠʩʦʢ ʦʧʨʝʜʝʣʝʥ-

ʥʳʭ ʦʩʥʦʚʘʥʠʡ, ʢʦʪʦʨʳʝ ʩʜʝʨʞʠʚʘʶʪ ʘʢʪʠʚʥʦʝ ʨʘʟ-
ʚʠʪʠʝ ʧʨʦʮʝʩʩʘ ʧʘʪʝʥʪʦʚʘʥʠʷ ʦʙʲʝʢʪʦʚ ʠʥʪʝʣʣʝʢʪʫ-
ʘʣʴʥʦʡ ʩʦʙʩʪʚʝʥʥʦʩʪʠ ʚ ʦʙʣʘʩʪʠ ʥʘʥʦʠʥʜʫʩʪʨʠʠ, ʠ 
ʠʩʭʦʜʷʪ ʦʥʠ ʧʨʝʞʜʝ ʚʩʝʛʦ ʦʪ ʪʦʛʦ, ʯʪʦ ʙʦʣʴʰʘʷ ʜʦʣʷ 
ʧʘʪʝʥʪʦʚ ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʥʝ ʥʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ 
ʠʟʦʙʨʝʪʝʥʠʷ, ʦʧʳʪʥʳʝ ʦʙʨʘʟʮʳ, ʧʦʣʝʟʥʳʝ ʤʦʜʝʣʠ, ʘ 
ʥʘ ʠʭ ʨʘʟʥʦʛʦ ʨʦʜʘ ʬʦʨʤ ʤʦʜʠʬʠʢʘʮʠʡ ʥʘ ʙʘʟʝ ʤʥʦ-

2 ʅʝʛʫʣʷʝʚ, ɻ. ɸ. ʅʘʥʦʪʝʭʥʦʣʦʛʠʠ: ʧʨʦʙʣʝʤʳ ʧʘʪʝʥʪʦʚʘ-

ʥʠʷ ʠ ʵʢʩʧʝʨʪʠʟʳ: ʚ 2 ʯʘʩʪʷʭ. - ʏ. I / ɻ. ɸ. ʅʝʛʫʣʷʝʚ, ɻ. ʉ. 
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ʛʦʯʠʩʣʝʥʥʳʭ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʡ. ʇʨʠʥʷʪʳʝ ʧʘ-
ʪʝʥʪʳ ʥʘ ʙʘʟʦʚʳʝ ʦʪʢʨʳʪʠʷ ʠ ʠʟʦʙʨʝʪʝʥʠʷ ʚʳʩʪʫ-
ʧʘʶʪ ʚ ʨʦʣʠ ʫʜʝʨʞʠʚʘʶʱʝʛʦ ʬʘʢʪʦʨʘ, ʯʪʦ ʥʝ ʧʦʟʚʦ-
ʣʷʝʪ ʧʘʪʝʥʪʦʚʘʪʴ ʦʙʲʝʢʪʳ ʥʘ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ. 
ʈʝʰʝʥʠʝ ʜʘʥʥʦʛʦ ʚʦʧʨʦʩʘ ʣʝʞʠʪ ʚ ʧʨʝʜʦʩʪʘʚ-

ʣʝʥʠʠ ʦʪʢʨʳʪʳʭ ʠʣʠ ʧʝʨʝʢʨʝʩʪʥʳʭ ʣʠʮʝʥʟʠʡ. ʕʪʦ 
ʧʨʠʤʝʥʷʝʪʩʷ, ʢʦʛʜʘ ʧʨʦʠʩʭʦʜʠʪ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʘ-
ʪʝʥʪʦʚ ʤʝʞʜʫ ʢʦʤʧʘʥʠʷʤʠ, ʢʦʪʦʨʳʝ ʜʝʣʷʪʩʷ ʧʨʘ-
ʚʘʤʠ ʥʘ ʦʙʲʝʢʪʳ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʦʙʩʪʚʝʥʥʦʩʪʠ, 
ʥʝ ʙʫʜʫʯʠ ʧʨʠ ʵʪʦʤ ʧʨʷʤʳʤʠ ʢʦʥʢʫʨʝʥʪʘʤʠ. 
ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ 

ʟʥʘʯʠʪʝʣʴʥʦ ʦʪʩʪʘʝʪ ʦʪ ʪʘʢʠʭ ʣʠʜʝʨʦʚ ʚ ʠʟʫʯʝʥʠʠ ʠ 
ʢʦʤʤʝʨʮʠʘʣʠʟʘʮʠʠ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ, ʢʘʢ ʉʐɸ, 
ʗʧʦʥʠʷ, ʩʪʨʘʥʳ ɽʚʨʦʩʦʶʟʘ. ʇʦ ʯʠʩʣʫ ʧʦʩʪʨʦʝʥʥʳʭ 
ʥʘ ʩʚʦʝʡ ʪʝʨʨʠʪʦʨʠʠ ʥʘʥʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʮʝʥʪʨʦʚ 
ʈʦʩʩʠʷ ʦʪʩʪʘʝʪ ʦʪ ʉʐɸ ʙʦʣʴʰʝ ʯʝʤ ʚ ʜʝʩʷʪʴ ʨʘʟ. 
ʇʨʦʮʝʥʪ ʥʘʰʝʛʦ ʛʦʩʫʜʘʨʩʪʚʘ ʚ ʦʙʣʘʩʪʠ ʧʘʪʝʥʪʦʚʘ-
ʥʠʷ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ 
ʩʦʙʩʪʚʝʥʥʦʩʪʠ ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʤʝʨʥʦ 0,2%. ʈʘʟʨʘ-
ʙʦʪʢʦʡ ʠ ʚʳʧʫʩʢʦʤ ʚ ʩʚʝʪ ʧʨʦʜʫʢʮʠʠ, ʢʦʪʦʨʘʷ ʦʩʥʦ-
ʚʘʥʘ ʥʘ ʥʘʥʦʪʝʭʥʦʣʦʛʠʷʭ, ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ 
ʟʘʥʠʤʘʶʪʩʷ 60 ʦʨʛʘʥʠʟʘʮʠʡ, ʘ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʠ 
ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʴ ʚ ʜʘʥʥʦʡ ʩʬʝʨʝ 
ʟʘʥʠʤʘʶʪʩʷ ʧʨʠʤʝʨʥʦ 250 ʢʦʤʧʘʥʠʡ. ɺ ʥʘʰʝʡ 
ʩʪʨʘʥʝ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʥʝʪ ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʧʦ-
ʩʪʦʷʥʥʦʡ ʦʩʥʦʚʝ ʥʘʥʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʬʦʨʫʤʦʚ ʠ 
ʢʘʢʠʭ-ʣʠʙʦ ʢʦʥʬʝʨʝʥʮʠʡ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʫʨʦʚʥʷ, 
ʘ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʫʟʢʦʥʘʧʨʘʚʣʝʥʥʳʭ ʢʦʥʬʝʨʝʥʮʠʡ ʠ 
ʚʳʩʪʘʚʦʢ ʠʤʝʝʪ ʣʦʢʘʣʴʥʳʡ ʠʣʠ ʫʜʘʣʸʥʥʳʡ ʭʘʨʘʢ-
ʪʝʨ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʥʘʙʣʶʜʘʝʪʩʷ ʥʠʟʢʘʷ ʜʦʣʷ ʫʯʘ-
ʩʪʠʷ ʯʘʩʪʥʦʛʦ ʨʦʩʩʠʡʩʢʦʛʦ ʙʠʟʥʝʩʘ ʚ ʧʨʦʚʦʜʠʤʳʭ 
ʥʘʫʯʥʳʭ ʤʝʨʦʧʨʠʷʪʠʷʭ: ʢʦʥʢʫʨʩʘʭ, ʚʳʩʪʘʚʢʘʭ, 
ʩʤʦʪʨʘʭ, ʢʦʥʬʝʨʝʥʮʠʷʭ.  

ʀʪʘʢ, ʜʣʷ ʪʦʛʦ ʯʪʦʙʳ ʧʨʦʠʩʭʦʜʠʣʦ ʨʘʟʚʠʪʠʝ 
ʤʝʭʘʥʠʟʤʦʚ ʧʘʪʝʥʪʦʚʘʥʠʷ ʦʙʲʝʢʪʦʚ ʠʥʪʝʣʣʝʢʪʫʘʣʴ-
ʥʦʡ ʩʦʙʩʪʚʝʥʥʦʩʪʠ ʚ ʩʬʝʨʝ ʥʘʥʦʠʥʜʫʩʪʨʠʠ ʥʫʞʥʦ 
ʨʘʟʨʝʰʠʪʴ ʥʝʢʦʪʦʨʳʝ ʚʦʧʨʦʩʳ, ʦʧʠʨʘʷʩʴ ʥʘ ʦʧʳʪ 
ʉʐɸ, ɽʉ ʠ ʗʧʦʥʠʠ: 

1. ʉʦʟʜʘʥʠʝ ʫʥʠʬʠʮʠʨʦʚʘʥʥʦʡ ʠ ʜʦʩʪʫʧʥʦʡ 
ʧʨʘʚʦʚʦʡ ʙʘʟʳ ʦʭʨʘʥʳ ʧʨʘʚ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ. 

2. ʉʦʟʜʘʥʠʝ ʩʠʩʪʝʤʳ ʩʣʝʞʝʥʠʷ ʟʘ ʧʘʪʝʥʪʦʚʘ-
ʥʠʝʤ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ, ʘ ʪʘʢʞʝ ʛʘʨʤʦʥʠʟʘʮʠʷ ʧʨʦʮʝ-
ʜʫʨ ʦʙʨʘʙʦʪʢʠ ʟʘʷʚʦʢ ʨʘʟʣʠʯʥʳʤʠ ʧʘʪʝʥʪʥʳʤʠ ʚʝ-
ʜʦʤʩʪʚʘʤʠ. 

3. ʉʦʟʜʘʥʠʝ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ, ʢʦ-
ʪʦʨʘʷ ʙʫʜʝʪ ʧʦʟʚʦʣʷʪʴ ʪʦʯʥʦ ʦʧʨʝʜʝʣʠʪʴ, ʯʪʦ ʷʚʣʷ-
ʝʪʩʷ ʦʙʲʝʢʪʦʤ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʦʙʩʪʚʝʥʥʦʩʪʠ ʚ 
ʩʬʝʨʝ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ, ʘ ʯʪʦ - ʥʝʪ. 

4. ʉʦʟʜʘʥʠʝ ʢʦʥʢʨʝʪʥʳʭ ʨʝʢʦʤʝʥʜʘʮʠʡ ʚ ʦʪ-
ʥʦʰʝʥʠʠ ʧʦʜʘʯʠ ʠ ʨʘʩʩʤʦʪʨʝʥʠʷ ʟʘʷʚʦʢ ʥʘ ʠʟʦʙʨʝ-
ʪʝʥʠʷ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ. 
ʈʘʟʨʝʰʠʚ ʜʘʥʥʳʝ ʠ ʨʘʟʣʠʯʥʳʝ ʜʨʫʛʠʝ ʚʦʧʨʦʩʳ 

ʚ ʩʬʝʨʝ ʧʘʪʝʥʪʦʚʘʥʠʷ ʦʙʲʝʢʪʦʚ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ 
ʩʦʙʩʪʚʝʥʥʦʩʪʠ ʚ ʥʘʥʦʠʥʜʫʩʪʨʠʠ, ʧʨʦʮʝʩʩ ʢʦʤʤʝʨ-
ʮʠʘʣʠʟʘʮʠʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʢʘʧʠʪʘʣʘ ʚ ʈʦʩʩʠʠ 
ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʨʘʩʪʝʪ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʜʘʪʴ ʥʘʰʝʡ 
ʩʪʨʘʥʝ ʧʨʠʩʦʝʜʠʥʠʪʴʩʷ ʢ ʨʘʟʚʠʪʳʤ ʛʦʩʫʜʘʨʩʪʚʘʤ, 
ʢʦʪʦʨʳʝ ʫʞʝ ʚʩʪʫʧʠʣʠ ʥʘ ʧʫʪʴ ʧʝʨʝʭʦʜʘ ʢ VI ʪʝʭʥʦ-
ʣʦʛʠʯʝʩʢʦʤʫ ʫʢʣʘʜʫ. 
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʘ ʘʢʪʫʘʣʴʥʘʷ ʧʨʦʙʣʝʤʘ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʂʨʳʤʘ, ʩʚʷʟʘʥʥʘʷ 

ʩ ʦʨʦʰʝʥʠʝʤ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʫʛʦʜʠʡ, ʦʙʦʩʪʨʠʚʰʘʷʩʷ ʚʩʣʝʜʩʪʚʠʝ ʧʝʨʝʢʨʳʪʠʷ ʉʝʚʝʨʦ-ʂʨʳʤʩʢʦʛʦ 
ʢʘʥʘʣʘ. ʇʨʝʜʣʦʞʝʥ ʚʘʨʠʘʥʪ ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʛʦ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ, ʧʦ-
ʩʨʝʜʩʪʚʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʦʣʥʝʯʥʦ-ʚʦʜʷʥʳʭ ʩʠʩʪʝʤ. ʀʟʣʦʞʝʥ ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ ʪʘʢʠʭ ʩʠʩʪʝʤ, ʧʨʝʜʩʪʘʚ-
ʣʝʥʳ ʠʭ ʜʦʩʪʦʠʥʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʙʦʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʚʦʜʦ-
ʧʦʜʲʝʤʥʦʡ ʫʩʪʘʥʦʚʢʠ, ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʚ ʉʝʚʘʩʪʦʧʦʣʴʩʢʦʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ. 

Abstract 
The article deals with the actual problem of agricultural enterprises of the Crimea, associated with the irri-

gation of agricultural land, aggravated by the overlap of the North-Crimean Canal. A variant of water supply in 
the absence of a centralized power supply, through the use of solar-water systems. The principle of operation of 
such systems is stated, their advantages and disadvantages are presented. The characteristics of the work of an 
experimental water-lifting installation developed at Sevastopol State University are presented. 

 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʦʣʥʝʯʥʘʷ ʵʥʝʨʛʝʪʠʢʘ, ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʪʚʦ, ʚʦʜʦʩʥʘʙʞʝʥʠʝ, ʦʨʦʰʝʥʠʝ, ʂʨʳʤ, 

ʩʢʚʘʞʠʥʳ, ʩʦʣʥʝʯʥʳʡ ʥʘʩʦʩ. 
Key words: solar energy, photovoltaics, water supply, irrigation, Crimea, wells, solar pump. 
 
ʉʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ ʷʚʣʷʝʪʩʷ ʚʘʞʥʝʡʰʠʤ ʵʣʝ-

ʤʝʥʪʦʤ ʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʂʨʳʤʘ, ʯʪʦ ʧʦʜ-
ʪʚʝʨʞʜʘʝʪʩʷ ʚʳʩʦʢʦʡ ʦʩʚʦʝʥʥʦʩʪʴʶ ʪʝʨʨʠʪʦʨʠʠ - 
ʦʢʦʣʦ 70% ʧʣʦʱʘʜʠ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʜʦʣʶ ʩʝʣʴʩʢʦ-
ʭʦʟʷʡʩʪʚʝʥʥʳʭ ʫʛʦʜʠʡ. ʉʚʷʟʘʥʦ ʵʪʦ ʩ ʪʝʤ, ʯʪʦ ʥʘ 
ʧʦʣʫʦʩʪʨʦʚʝ ʩʣʦʞʠʣʠʩʴ ʫʥʠʢʘʣʴʥʳʝ ʧʨʠʨʦʜʥʳʝ 
ʫʩʣʦʚʠʷ, ʧʦʟʚʦʣʷʶʱʠʝ ʚʳʨʘʱʠʚʘʪʴ ʙʦʣʴʰʦʝ ʢʦʣʠ-
ʯʝʩʪʚʦ ʢʫʣʴʪʫʨ ʢʘʢ ʫʤʝʨʝʥʥʦʛʦ, ʪʘʢ ʠ ʩʫʙʪʨʦʧʠʯʝ-
ʩʢʦʛʦ ʧʦʷʩʦʚ. ʂʦʣʠʯʝʩʪʚʦ ʩʦʣʥʝʯʥʳʭ ʜʥʝʡ ʥʘ ʪʝʨ-
ʨʠʪʦʨʠʠ ʂʨʳʤʘ ʦʜʥʦ ʠʟ ʩʘʤʳʭ ʙʦʣʴʰʠʭ ʩʨʝʜʠ 
ʩʪʨʘʥ ʉʅɻ, ʠ ʩʦʩʪʘʚʣʷʝʪ ʜʦ 300 ʜʥʝʡ ʚ ʛʦʜʫ. ʂʦʣʠ-
ʯʝʩʪʚʦ ʙʝʟʤʦʨʦʟʥʳʭ ʜʥʝʡ ʚ ʨʘʚʥʠʥʥʦʡ ʯʘʩʪʠ ʩʦ-
ʩʪʘʚʣʷʝʪ 170-200, ʥʘ ʶʞʥʦʤ ʙʝʨʝʛʫ ï 240-270 ʩʫʪʦʢ. 
ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚ ʂʨʳʤʫ ʜʝʡʩʪʚʫʝʪ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴ-
ʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʧʨʝʜʧʨʠʷ-
ʪʠʡ, ʩ ʜʦʣʝʡ ʧʨʦʠʟʚʦʜʩʪʚʘ 11,2% ʚʘʣʦʚʦʛʦ ʧʨʦʜʫʢʪʘ 
ʧʦʣʫʦʩʪʨʦʚʘ. ʆʩʥʦʚʥʳʤʠ ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʠʭ ʜʝʷ-
ʪʝʣʴʥʦʩʪʠ ʷʚʣʷʶʪʩʷ ʚʳʨʘʱʠʚʘʥʠʝ ʬʨʫʢʪʦʚ, ʟʝʨʥʘ, 
ʨʠʩʘ, ʚʠʥʦʛʨʘʜʘ, ʢʫʢʫʨʫʟʳ ʠ ʵʬʠʨʦʤʘʩʣʠʯʥʳʭ ʢʫʣʴ-
ʪʫʨ. [1] 
ʅʝʩʤʦʪʨʷ ʥʘ ʚʩʝ ʜʦʩʪʦʠʥʩʪʚʘ, ʚ ʩʝʣʴʩʢʦʤ ʭʦ-

ʟʷʡʩʪʚʝ ʨʝʛʠʦʥʘ ʩʫʱʝʩʪʚʫʝʪ ʨʷʜ ʦʧʨʝʜʝʣʸʥʥʳʭ ʧʨʦ-
ʙʣʝʤ, ʪʨʝʙʫʶʱʠʭ ʨʝʰʝʥʠʷ ʚ ʙʣʠʞʘʡʰʝʝ ʚʨʝʤʷ. 
ʆʜʥʘ ʠʟ ʪʘʢʠʭ ʧʨʦʙʣʝʤ, ʷʚʣʷʶʱʘʷʩʷ ʦʜʥʦʡ ʠʟ ʩʘ-
ʤʳʭ ʛʣʘʚʥʳʭ, ʩʚʷʟʘʥʘ ʩ ʥʠʟʢʦʡ ʫʚʣʘʞʥʸʥʥʦʩʪʴʶ 
ʧʦʯʚʳ, ʦʩʦʙʝʥʥʦ ʚ ʪʝʧʣʦʝ ʚʨʝʤʷ ʛʦʜʘ. ʉʨʝʜʥʝʛʦʜʦ-
ʚʘʷ ʩʫʤʤʘ ʦʩʘʜʢʦʚ ʚ ʂʨʳʤʫ ʥʝ ʧʨʝʚʳʰʘʝʪ 400 ʤʤ ʚ 
ʛʦʜ, ʘ ʚ ʟʘʩʫʰʣʠʚʳʝ ʛʦʜʳ ʩʦʩʪʘʚʣʷʝʪ ʚʩʝʛʦ 150-200 
ʤʤ [1]. ɼʘʥʥʘʷ ʧʨʦʙʣʝʤʘ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʦʩʦʙʝʥʥʦ 
ʘʢʪʫʘʣʴʥʦʡ ʚʩʣʝʜʩʪʚʠʝ ʪʦʛʦ, ʯʪʦ ʩ ʦʨʦʰʘʝʤʳʭ ʧʣʦ-
ʱʘʜʝʡ ʥʘ ʧʦʣʫʦʩʪʨʦʚʝ ʫʜʘʝʪʩʷ ʧʦʣʫʯʠʪʴ ʚ 3-5 ʨʘʟ 
ʙʦʣʴʰʠʡ ʫʨʦʞʘʡ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʜʦ 2014 ʛʦʜʘ ʦʨʦʰʘ-
ʣʦʩʴ 1/5 ʯʘʩʪʠ ʚʩʝʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʫʛʦʜʠʡ, 
ʩ ʢʦʪʦʨʳʭ ʩʦʙʠʨʘʣʠ ʧʦʣʦʚʠʥʫ ʚʩʝʡ ʩʝʣʴʩʢʦʭʦʟʷʡ-
ʩʪʚʝʥʥʦʡ ʧʨʦʜʫʢʮʠʠ ʂʨʳʤʘ [2]. ʇʨʦʙʣʝʤʘ ʙʳʣʘ ʨʝ-

ʰʝʥʘ ʚ 1961-1971 ʛʦʜʘʭ ʧʫʪʝʤ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʉʝ-
ʚʝʨʦ-ʂʨʳʤʩʢʦʛʦ ʢʘʥʘʣʘ, ʧʦʩʨʝʜʩʪʚʦʤ ʢʦʪʦʨʦʛʦ ʠʟ 
ʨ. ɼʥʝʧʨ ʧʦʩʪʘʚʣʷʣʦʩʴ ʚ ʂʨʳʤ 300-320 ʤ3/ʩ ʚʦʜʳ, 
ʠʟ ʢʦʪʦʨʳʭ ʜʦ 80% ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʚ ʩʝʣʴʩʢʦʭʦʟʷʡ-
ʩʪʚʝʥʥʳʭ ʥʫʞʜʘʭ. ɼʦ 2014 ʛʦʜʘ ʢʘʥʘʣ ʦʙʝʩʧʝʯʠʚʘʣ 
80-87 % ʦʪ ʚʩʝʛʦ ʦʙʲʝʤʘ ʟʘʙʦʨʘ ʚʦʜʳ ʚ ʈʝʩʧʫʙʣʠʢʝ 
[3].  
ɺʝʩʥʦʡ 2014 ʛʦʜʘ ʉʝʚʝʨʦ-ʂʨʳʤʩʢʠʡ ʢʘʥʘʣ ʙʳʣ 

ʧʝʨʝʢʨʳʪ ʋʢʨʘʠʥʦʡ ʚ 15 ʢʤ ʦʪ ʛʨʘʥʠʮʳ ʂʨʳʤʘ, 
ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʙʳʣʘ ʧʨʝʢʨʘʱʝʥʘ ʧʦʜʘʯʘ ʜʥʝʧʨʦʚ-
ʩʢʦʡ ʚʦʜʳ ʚ ʂʨʳʤ [4]. ʕʪʦ ʚʥʦʚʴ ʚʳʟʚʘʣʦ ʥʝʭʚʘʪʢʫ 
ʚʦʜʳ, ʦʩʦʙʝʥʥʦ ʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʦʪʨʘʩʣʠ ï 
ʧʣʦʱʘʜʴ ʦʨʦʰʘʝʤʳʭ ʟʝʤʝʣʴ ʩ 140 ʪʳʩ. ʛʘ ʫʤʝʥʴʰʠ-
ʣʘʩʴ ʚ ʧʝʨʚʳʡ ʛʦʜ ʜʦ 17 ʪʳʩ. ʛʘ, ʘ ʝʱʸ ʯʝʨʝʟ ʛʦʜ ʜʦ 
13,4 ʪʳʩ. ʛʘ [5].  
ʉʛʣʘʜʠʪʴ ʜʘʥʥʫʶ ʧʨʦʙʣʝʤʫ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʝʤ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʜʣʷ ʦʨʦʰʝʥʠʷ, ʦʩʥʦʚʥʘʷ 
ʤʘʩʩʘ ʢʦʪʦʨʳʭ ʬʦʨʤʠʨʫʝʪʩʷ ʚ ʛʦʨʥʦʤ ʂʨʳʤʫ (ʛʜʝ 
ʚʳʧʘʜʘʝʪ ʥʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʘʪʤʦʩʬʝʨʥʳʭ 
ʦʩʘʜʢʦʚ) ʠ ʧʦʩʪʫʧʘʝʪ ʥʘ ʩʝʚʝʨ ʚ ʧʨʝʜʝʣʳ ʨʘʚʥʠʥ-
ʥʦʛʦ ʂʨʳʤʘ, ʦʙʨʘʟʫʷ ʙʦʣʴʰʠʝ ʘʨʪʝʟʠʘʥʩʢʠʝ ʙʘʩ-
ʩʝʡʥʳ ï ʉʝʚʝʨʦ-ʉʠʚʘʰʩʢʠʡ, ɹʝʣʦʛʦʨʩʢʠʡ ʠ ɸʣʴ-
ʤʠʥʩʢʠʡ (ʨʠʩʫʥʦʢ 1). ʀʟ ʨʠʩʫʥʢʘ ʚʠʜʥʦ, ʯʪʦ ʛʨʘ-
ʥʠʮʘ ʵʪʠʭ ʙʘʩʩʝʡʥʦʚ ʦʭʚʘʪʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʫʶ 
ʯʘʩʪʴ ʟʝʤʝʣʴ, ʦʨʦʰʘʝʤʳʭ ʨʘʥʝʝ ʉʝʚʝʨʦ-ʂʨʳʤʩʢʠʤ 
ʢʘʥʘʣʦʤ. ʂ ʩʦʞʘʣʝʥʠʶ, ʨʝʰʠʪʴ ʧʦʣʥʦʩʪʴʶ ʧʨʦ-
ʙʣʝʤʫ ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʩʝʣʴʭʦʟʫʛʦʜʠʡ ʪʘʢʠʤ ʩʧʦʩʦ-
ʙʦʤ ʥʝʣʴʟʷ ʚʩʣʝʜʩʪʚʠʝ ʪʦʛʦ, ʯʪʦ ʯʨʝʟʤʝʨʥʳʡ ʚʦʜʦ-
ʟʘʙʦʨ ʧʨʠʚʝʜʝʪ ʢ ʩʥʠʞʝʥʠʶ ʫʨʦʚʥʷ ʧʨʝʩʥʳʭ ʛʨʫʥ-
ʪʦʚʳʭ ʚʦʜ, ʤʝʩʪʦ ʢʦʪʦʨʳʭ ʟʘʡʤʝʪ ʤʦʨʩʢʘʷ ʚʦʜʘ. ʕʪʦ 
ʧʨʠʚʝʜʝʪ ʢ ʟʘʩʦʣʝʥʠʶ ʧʦʜʟʝʤʥʳʭ ʚʦʜ, ʢʘʢ ʧʨʦʠʩʭʦ-
ʜʠʣʦ ʚ 1960-1970-ʝ ʛʦʜʳ [2], ʥʦ ʨʘʟʫʤʥʦʝ, ʢʦʥʪʨʦ-
ʣʠʨʫʝʤʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʘʢʦʛʦ ʨʝʩʫʨʩʘ ʧʦʟʚʦʣʠʪ 
ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʫʨʦʞʘʷ ʥʘ ʧʦʣʫ-
ʦʩʪʨʦʚʝ ʥʝ ʧʨʠʥʦʩʷ ʚʨʝʜ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ.  
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ʈʠʩʫʥʦʢ 1 ï ɸʨʪʝʟʠʘʥʩʢʠʝ ʙʘʩʩʝʡʥʳ ʂʨʳʤʘ 

 
ʆʜʥʘʢʦ, ʩʫʱʝʩʪʚʫʝʪ ʪʘʢʞʝ ʧʨʦʙʣʝʤʘ ʜʦʙʳʯʠ 

ʚʦʜʳ ʠʟ ʧʦʜʟʝʤʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʩʚʷʟʘʥʥʘʷ ʩ ʪʝʤ, 
ʯʪʦ ʪʘʢʘʷ ʚʦʜʘ ʥʘʭʦʜʠʪʩʷ ʥʘ ʟʥʘʯʠʪʝʣʴʥʦʡ ʛʣʫʙʠʥʝ, 
ʠ ʝʸ ʜʦʙʳʯʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʘʨʪʝʟʠʘʥ-
ʩʢʠʭ ʩʢʚʘʞʠʥ. ʕʪʦ ʥʘʢʣʘʜʳʚʘʝʪ ʦʧʨʝʜʝʣʝʥʥʳʝ 
ʫʩʣʦʚʠʷ ʢ ʤʝʩʪʫ ʙʫʨʝʥʠʷ ʚʦʜʦʟʘʙʦʨʥʦʡ ʩʢʚʘʞʠʥʳ, 
ʠʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ʜʣʷ ʧʦʜʲʝʤʘ ʚʦʜʳ ʥʝʦʙʭʦʜʠʤʦ ʠʩ-
ʧʦʣʴʟʦʚʘʪʴ ʜʦʚʦʣʴʥʦ ʤʦʱʥʳʝ ʧʦʛʨʫʞʥʳʝ ʥʘʩʦʩʳ, 
ʜʣʷ ʨʘʙʦʪʳ ʢʦʪʦʨʳʭ ʪʨʝʙʫʝʪʩʷ ʥʘʣʠʯʠʝ ʵʣʝʢʪʨʠʯʝ-
ʩʢʦʡ ʵʥʝʨʛʠʠ, ʢʦʪʦʨʘʷ ʟʘʯʘʩʪʫʶ ʦʪʩʫʪʩʪʚʫʝʪ ʚ ʤʝ-
ʩʪʘʭ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʧʦʣʠʚʘ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥ-
ʥʳʭ ʫʛʦʜʠʡ, ʘ ʧʨʦʚʝʜʝʥʠʝ ʣʠʥʠʡ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯ, 
ʠʣʠ ʪʨʫʙʦʧʨʦʚʦʜʦʚ, ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ, ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ 
ʜʦʨʦʛʦʩʪʦʷʱʠʤ ʠ ʩʣʦʞʥʳʤ ʤʝʨʦʧʨʠʷʪʠʝʤ. 
ɼʣʷ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʥʝʦʙʭʦʜʠʤʦ ʚ 

ʤʝʩʪʘʭ ʨʘʟʤʝʱʝʥʠʷ ʩʢʚʘʞʠʥ ʠʩʧʦʣʴʟʦʚʘʪʴ ʘʣʴʪʝʨ-
ʥʘʪʠʚʥʳʝ ʠʩʪʦʯʥʠʢʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʜʣʷ 
ʧʠʪʘʥʠʷ ʥʘʩʦʩʦʚ. ʅʘʠʙʦʣʝʝ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤ ʜʣʷ 
ʵʪʠʭ ʮʝʣʝʡ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʫʩʪʘʥʦ-
ʚʦʢ ʥʘ ʦʩʥʦʚʝ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ, 

ʢʦʪʦʨʳʝ ʥʘʰʣʠ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʵʥʝʨʛʝʪʠʢʝ 
ʂʨʳʤʘ ʢʘʢ ʚ ʚʠʜʝ ʘʚʪʦʥʦʤʥʳʭ ʵʥʝʨʛʦʫʩʪʘʥʦʚʦʢ, ʪʘʢ 
ʠ ʫʩʪʘʥʦʚʦʢ, ʨʘʙʦʪʘʶʱʠʭ ʥʘ ʩʝʪʴ.  
ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʝʪʨʦʚʦʛʦ ʠ ʩʦʣʥʝʯʥʦʛʦ ʵʥʝʨʛʝ-

ʪʠʯʝʩʢʠʭ ʧʦʪʝʥʮʠʘʣʦʚ ʂʨʳʤʘ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ 
ʥʘʠʙʦʣʝʝ ʨʘʮʠʦʥʘʣʴʥʳʤ ʨʝʰʝʥʠʝʤ, ʜʣʷ ʵʣʝʢʪʨʦʧʠ-
ʪʘʥʠʷ ʥʘʩʦʩʦʚ, ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʣʥʝʯʥʦʡ 
ʵʥʝʨʛʠʠ ʚ ʚʠʜʝ ʘʚʪʦʥʦʤʥʳʭ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ 
ʫʩʪʘʥʦʚʦʢ. ʉʚʷʟʘʥʦ ʵʪʦ ʩ ʪʝʤ, ʯʪʦ ʚ ʤʝʩʷʮʳ, ʢʦʛʜʘ 
ʚʦʟʥʠʢʘʝʪ ʜʝʬʠʮʠʪ ʚʣʘʛʠ ʚ ʧʦʯʚʝ (ʞʘʨʢʦʝ ʚʨʝʤʷ 
ʛʦʜʘ), ʧʨʦʠʩʭʦʜʠʪ ʩʥʠʞʝʥʠʝ ʚʝʪʨʦʚʦʛʦ ʧʦʪʝʥʮʠʘʣʘ, 
ʚ ʪʦ ʚʨʝʤʷ, ʢʘʢ ʩʦʣʥʝʯʥʳʡ ʧʦʪʝʥʮʠʘʣ ʚ ʵʪʠ ʤʝʩʷʮʳ 
ʥʘʠʙʦʣʴʰʠʡ (ʨʠʩʫʥʦʢ 2 ɸ, ɹ). ʊʘʢʞʝ ʚ ʧʦʣʴʟʫ ʚʳ-
ʙʦʨʘ ʩʦʣʥʝʯʥʦʡ ʫʩʪʘʥʦʚʢʠ, ʫʢʘʟʳʚʘʝʪ ʪʦʪ ʬʘʢʪ, ʯʪʦ 
ʯʘʩʪʦʪʘ ʠ ʦʙʲʝʤ ʧʦʣʠʚʘ ʢʦʨʨʝʣʠʨʫʝʪʩʷ ʩ ʩʦʣʥʝʯʥʦʡ 
ʘʢʪʠʚʥʦʩʪʴʶ, ʯʪʦ ʜʝʣʘʝʪ ʪʘʢʫʶ ʩʦʣʥʝʯʥʦ-ʚʦʜʷʥʫʶ 
ʩʠʩʪʝʤʫ ʩʘʤʦʨʝʛʫʣʠʨʫʝʤʦʡ, ʵʬʬʝʢʪʠʚʥʦʡ ʠ ʥʘʜʝʞ-
ʥʦʡ. 

 
ɸ      ɹ 

ʈʠʩʫʥʦʢ 2 

ʆʪʥʦʩʠʪʝʣʴʥʳʡ ʛʦʜʦʚʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ ʧʦ ʤʝʩʷʮʘʤ, ʨʘʩʩʯʠʪʘʥʥʳʡ ʥʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ 

ʢʨʳʤʩʢʠʭ ʤʝʪʝʦʩʪʘʥʮʠʡ ʚ ʛ. ʉʠʤʬʝʨʦʧʦʣʝ WMO ID 33946 ʠ ʚ ʧ. ʏʝʨʥʦʤʦʨʩʢʦʤ WMO ID 33924 

ɸ ï ʚʝʪʨʦʚʦʡ, ɹ - ʩʦʣʥʝʯʥʳʡ 

 
ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʥʘʩʦʩʘ, 

ʩʦʣʥʝʯʥʦ-ʚʦʜʷʥʫʶ ʩʠʩʪʝʤʫ ʤʦʞʥʦ ʫʩʣʦʚʥʦ ʨʘʟʜʝ-
ʣʠʪʴ ʥʘ ʜʚʘ ʪʠʧʘ: ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʳʯʥʦʛʦ ʩʢʚʘ-
ʞʠʥʥʦʛʦ ʥʘʩʦʩʘ, ʠʣʠ ʩʧʝʮʠʘʣʴʥʦʛʦ ʩʦʣʥʝʯʥʦʛʦ 
ʥʘʩʦʩʘ. ʂʘʞʜʳʡ ʪʠʧ ʠʤʝʝʪ ʩʚʦʠ ʦʩʦʙʝʥʥʦʩʪʠ, ʢʦʪʦ-
ʨʳʝ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʚʳʙʦʨʝ ʩʠʩʪʝʤʳ.  

ʅʘ ʨʠʩʫʥʢʝ 3 ʠʟʦʙʨʘʞʝʥʘ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ 
ʩʭʝʤʘ ʩʦʣʥʝʯʥʦ-ʚʦʜʷʥʦʡ ʩʠʩʪʝʤʳ 1-ʛʦ ʪʠʧʘ - ʩ ʠʩ-
ʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʳʯʥʦʛʦ ʩʢʚʘʞʠʥʥʦʛʦ ʥʘʩʦʩʘ. ɺ ʪʘ-
ʢʦʡ ʩʠʩʪʝʤʝ ʥʘʠʙʦʣʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤ ʚʘʨʠʘʥ-
ʪʦʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʢʚʘʞʠʥʥʦʛʦ 
ʥʘʩʦʩʘ ʮʝʥʪʨʦʙʝʞʥʦʛʦ ʪʠʧʘ. ʀʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ʵʪʦʪ 
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ʪʠʧ ʥʘʩʦʩʘ ʠʤʝʝʪ ʚʳʩʦʢʠʡ ʂʇɼ (ʦʢʦʣʦ 85%), ʦʙʣʘ-
ʜʘʝʪ ʚʳʩʦʢʦʡ ʥʘʜʝʞʥʦʩʪʴʶ, ʠʤʝʝʪ ʥʝʙʦʣʴʰʦʡ 

ʥʘʨʫʞʥʳʡ ʜʠʘʤʝʪʨ ʢʦʨʧʫʩʘ ʠ ʥʝʚʳʩʦʢʫʶ ʩʪʦʠ-
ʤʦʩʪʴ [9]. 

 
ʈʠʩʫʥʦʢ 3 

ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʩʦʣʥʝʯʥʦ-ʚʦʜʷʥʦʡ ʩʠʩʪʝʤʳ ʩ ʦʙʳʯʥʳʤ ʩʢʚʘʞʠʥʥʳʤ ʥʘʩʦʩʦʤ (1-ʛʦ ʪʠʧʘ) 

1 ï ʩʢʚʘʞʠʥʘ, 2 ï ʩʢʚʘʞʠʥʥʳʡ ʥʘʩʦʩ, 3 ï ʥʘʢʦʧʠʪʝʣʴʥʳʡ ʙʘʢ, 4 ï ʥʘʩʦʩ, 5 ï ʛʠʜʨʘʚʣʠʯʝʩʢʠʡ ʙʘʢ,  

6 ï ʪʨʫʙʦʧʨʦʚʦʜʳ ʦʨʦʰʝʥʠʷ, 7 ï ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ, 8 - ʢʦʥʪʨʦʣʣʝʨ ʟʘʨʷʜʘ,  

9 ï ʘʢʢʫʤʫʣʷʪʦʨʥʘʷ ʙʘʪʘʨʝʷ, 10 ï ʠʥʚʝʨʪʦʨ ʥʘʧʨʷʞʝʥʠʷ 

 
ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʪʘʢʦʡ ʩʠʩʪʝʤʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʩʣʝʜʫʶʱʝʤ: ʵʥʝʨʛʠʷ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʧʨʝʦʙ-
ʨʘʟʦʚʳʚʘʝʪʩʷ ʚ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ ʧʦʩʨʝʜ-
ʩʪʚʦʤ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ (ʌʕʇ) 
(7). ɿʘʪʝʤ ʵʪʘ ʵʥʝʨʛʠʷ, ʯʝʨʝʟ ʢʦʥʪʨʦʣʣʝʨ ʟʘʨʷʜʘ (8), 
ʧʦʩʪʫʧʘʝʪ ʚ ʘʢʢʫʤʫʣʷʪʦʨʥʫʶ ʙʘʪʘʨʝʶ (9), ʚʳʧʦʣʥʷ-
ʶʱʫʶ ʨʦʣʴ ʙʫʬʝʨʥʦʛʦ ʥʘʢʦʧʠʪʝʣʷ. ʀʥʚʝʨʪʦʨ (10) 
ʧʨʝʦʙʨʘʟʦʚʳʚʘʝʪ ʧʦʩʪʦʷʥʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʘʢʢʫʤʫ-
ʣʷʪʦʨʥʦʡ ʙʘʪʘʨʝʠ ʚ ʧʝʨʝʤʝʥʥʦʝ, ʩʝʪʝʚʦʝ ʥʘʧʨʷʞʝ-
ʥʠʝ, ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʨʘʙʦʪʳ ʩʢʚʘʞʠʥʥʦʛʦ ʥʘʩʦʩʘ 
(2). ʉʢʚʘʞʠʥʥʳʡ ʥʘʩʦʩ ʧʦʜʘʝʪ ʚʦʜʫ ʠʟ ʩʢʚʘʞʠʥʳ (1) 
ʚ ʥʘʢʦʧʠʪʝʣʴʥʳʡ ʙʘʢ (3). ɺʦʜʘ ʠʟ ʙʘʢʘ, ʧʨʠ ʧʦʤʦʱʠ 
ʥʘʩʦʩʘ (4), ʧʦʩʪʫʧʘʝʪ ʚ ʪʨʫʙʦʧʨʦʚʦʜʳ ʦʨʦʰʝʥʠʷ (6). 
ɼʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʢʘʚʠʪʘʮʠʠ ʠ ʫʣʫʯʰʝʥʠʷ ʚʩʘ-
ʩʳʚʘʥʠʷ ʥʘʩʦʩʘ ʚ ʩʠʩʪʝʤʫ ʚʢʣʶʯʝʥ ʛʠʜʨʘʚʣʠʯʝʩʢʠʡ 
ʙʘʢ (5). 
ɼʦʩʪʦʠʥʩʪʚʦʤ ʪʘʢʦʡ ʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ ʥʠʟʢʘʷ 

ʩʪʦʠʤʦʩʪʴ ʩʢʚʘʞʠʥʥʦʛʦ ʥʘʩʦʩʘ (ʚ 4-7 ʨʘʟ ʜʝʰʝʚʣʝ 
ʩʦʣʥʝʯʥʦʛʦ ʥʘʩʦʩʘ), ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʴ ʦʩʫ-
ʱʝʩʪʚʣʷʪʴ ʦʨʦʰʝʥʠʝ ʙʝʟ ʥʘʢʦʧʠʪʝʣʴʥʦʛʦ ʙʘʢʘ ʠ ʜʦ-
ʧʦʣʥʠʪʝʣʴʥʦʛʦ ʥʘʩʦʩʘ. ʆʜʥʘʢʦ, ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʢʦʣʠ-
ʯʝʩʪʚʦ ʚʦʜʳ ʙʫʜʝʪ ʦʛʨʘʥʠʯʝʥʥʦ ʝʤʢʦʩʪʴʶ ʘʢʢʫʤʫ-
ʣʷʪʦʨʥʦʡ ʙʘʪʘʨʝʠ, ʠʣʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ 
ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʩʦ ʟʥʘʯʝʥʠʝʤ 
ʥʝ ʥʠʞʝ ʜʦʧʫʩʪʠʤʦʛʦ ʜʣʷ ʨʘʙʦʪʳ ʥʘʩʦʩʘ.  
ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʦʙʷʟʘʪʝʣʴʥʦʝ 

ʥʘʣʠʯʠʝ ʠʥʚʝʨʪʦʨʘ ʠ ʘʢʢʫʤʫʣʷʪʦʨʥʦʡ ʙʘʪʘʨʝʠ, ʧʨʠ-
ʯʝʤ ʠʥʚʝʨʪʦʨ ʜʦʣʞʝʥ ʙʳʪʴ ʣʠʥʝʡʥʦ-ʠʥʪʝʨʘʢʪʠʚ-

ʥʦʛʦ ʪʠʧʘ ʠ ʠʤʝʪʴ ʤʦʱʥʦʩʪʴ ʚ 2-3 ʨʘʟʘ ʧʨʝʚʳʰʘʶ-
ʱʫʶ ʥʦʤʠʥʘʣʴʥʫʶ ʤʦʱʥʦʩʪʴ ʥʘʩʦʩʦʚ, ʠʟ-ʟʘ ʥʘʣʠ-
ʯʠʷ ʙʦʣʴʰʠʭ ʧʫʩʢʦʚʳʭ ʪʦʢʦʚ (ʜʘʞʝ ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ 
ʠʩʧʦʣʴʟʫʶʪʩʷ ʥʘʩʦʩʳ ʩ ʩʠʩʪʝʤʦʡ ʧʣʘʚʥʦʛʦ ʧʫʩʢʘ 
ʧʫʩʢʦʚʦʡ ʪʦʢ ʧʨʝʚʳʰʘʝʪ ʥʦʤʠʥʘʣʴʥʳʡ ʤʠʥʠʤʫʤ ʚ 
2 ʨʘʟʘ). ʊʘʢʞʝ ʥʫʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʢʚʘʞʠʥʥʳʝ 
ʥʘʩʦʩʳ ʧʦʪʨʝʙʣʷʶʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʵʣʝʢʪʨʦ-
ʵʥʝʨʛʠʠ ʜʣʷ ʧʦʜʲʝʤʘ ʙʦʣʴʰʠʭ ʦʙʲʝʤʦʚ ʚʦʜʳ ʚ ʪʝ-
ʯʝʥʠʝ ʢʦʨʦʪʢʦʛʦ ʧʝʨʠʦʜʘ ʚʨʝʤʝʥʠ, ʜʣʷ ʯʝʛʦ ʥʝʦʙʭʦ-
ʜʠʤʘ ʜʦʚʦʣʴʥʦ ʙʦʣʴʰʘʷ ʤʦʱʥʦʩʪʴ ʬʦʪʦʵʣʝʢʪʨʠʯʝ-
ʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ, ʠʣʠ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʘʷ 
ʝʤʢʦʩʪʴ ʘʢʢʫʤʫʣʷʪʦʨʥʳʭ ʙʘʪʘʨʝʡ, ʯʪʦʙʳ ʫʤʝʥʴ-
ʰʠʪʴ ʯʘʩʪʦʪʫ ʚʢʣʶʯʝʥʠʡ ʥʘʩʦʩʘ. ɺʩʝ ʵʪʠ ʥʝʜʦ-
ʩʪʘʪʢʠ ʧʨʠʚʦʜʷʪ ʢ ʫʜʦʨʦʞʘʥʠʶ ʩʠʩʪʝʤʳ ʚ ʮʝʣʦʤ, 
ʯʪʦ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ ʥʠʚʝʣʠʨʫʝʪ ʜʦʩʪʦʠʥ-
ʩʪʚʦ ʥʠʟʢʦʡ ʩʪʦʠʤʦʩʪʠ ʥʘʩʦʩʘ, ʦʩʦʙʝʥʥʦ ʝʩʣʠ 
ʫʯʝʩʪʴ ʪʦ, ʯʪʦ ʘʢʢʫʤʫʣʷʪʦʨʥʘʷ ʙʘʪʘʨʝʷ ʠʤʝʝʪ ʦʛʨʘ-
ʥʠʯʝʥʥʳʡ, ʜʦʚʦʣʴʥʦ ʥʝʧʨʦʜʦʣʞʠʪʝʣʴʥʳʡ ʨʝʩʫʨʩ 
(200-350 ʮʠʢʣʦʚ), ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʪʨʝʙʫʝʪ ʧʝʨʠʦʜʠ-
ʯʝʩʢʦʡ ʟʘʤʝʥʳ.  
ʅʘ ʨʠʩʫʥʢʝ 4 ʠʟʦʙʨʘʞʝʥʘ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ 

ʩʭʝʤʘ ʩʦʣʥʝʯʥʦ-ʚʦʜʷʥʦʡ ʩʠʩʪʝʤʳ 2-ʛʦ ʪʠʧʘ ï ʩ ʠʩ-
ʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʮʠʘʣʴʥʦʛʦ ʩʦʣʥʝʯʥʦʛʦ ʥʘʩʦʩʘ. 
ʉʦʣʥʝʯʥʳʡ ʥʘʩʦʩ, ʠʩʧʦʣʴʟʫʝʤʳʡ ʚ ʪʘʢʦʡ ʩʠʩʪʝʤʝ, 
ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʙʳʯʥʳʡ ʥʘʩʦʩ ʧʦʨʰʥʝʚʦʛʦ 
(ʜʣʷ ʥʝʙʦʣʴʰʠʭ ʠ ʩʨʝʜʥʠʭ ʦʙʲʝʤʦʚ ʚʦʜʳ), ʠʣʠ ʚʠʥ-
ʪʦʚʦʛʦ (ʜʣʷ ʙʦʣʴʰʝʛʦ ʦʙʲʝʤʘ ʚʦʜʳ) ʪʠʧʘ ʩ ʧʨʠʚʦ-
ʜʦʤ, ʨʘʙʦʪʘʶʱʠʤ ʥʘ ʧʦʩʪʦʷʥʥʦʤ ʪʦʢʝ [8]. 
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ʈʠʩʫʥʦʢ 4 ï ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʩʦʣʥʝʯʥʦ-ʚʦʜʷʥʦʡ ʩʠʩʪʝʤʳ ʩ ʩʦʣʥʝʯʥʳʤ ʥʘʩʦʩʦʤ (2-ʛʦ ʪʠʧʘ) 

1 ï ʩʢʚʘʞʠʥʘ, 2 ï ʩʢʚʘʞʠʥʥʳʡ ʩʦʣʥʝʯʥʳʡ ʥʘʩʦʩ, 3 ï ʥʘʢʦʧʠʪʝʣʴʥʳʡ ʙʘʢ, 4 ï ʥʘʩʦʩ, 5 ï ʛʠʜʨʘʚʣʠʯʝʩʢʠʡ 

ʙʘʢ, 6 ï ʪʨʫʙʦʧʨʦʚʦʜʳ ʦʨʦʰʝʥʠʷ, 7 ï ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ, 8 - ʢʦʥʪʨʦʣʣʝʨ ʥʘʩʦʩʘ. 

 
ʀʟ ʨʠʩʫʥʢʘ ʚʠʜʥʦ, ʯʪʦ ʧʨʠʥʮʠʧʠʘʣʴʥʦʝ ʦʪʣʠ-

ʯʠʝ ʪʘʢʦʡ ʩʠʩʪʝʤʳ ʦʪ ʧʨʝʜʳʜʫʱʝʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 
ʪʦʤ, ʯʪʦ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʦʪ ʌʕʇ (7) ʧʦʜʘ-
ʝʪʩʷ ʯʝʨʝʟ ʢʦʥʪʨʦʣʣʝʨ ʥʘʩʦʩʘ (8) ʚ ʩʢʚʘʞʠʥʥʳʡ ʩʦʣ-
ʥʝʯʥʳʡ ʥʘʩʦʩ (2), ʤʠʥʫʷ ʘʢʢʫʤʫʣʷʪʦʨʥʫʶ ʙʘʪʘʨʝʶ 
ʠ ʠʥʚʝʨʪʦʨ. ʕʪʦ ʚʦʟʤʦʞʥʦ ʙʣʘʛʦʜʘʨʷ ʪʦʤʫ, ʯʪʦ ʩʦʣ-
ʥʝʯʥʳʝ ʥʘʩʦʩʳ ʤʦʛʫʪ ʨʘʙʦʪʘʪʴ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘ-
ʟʦʥʝ ʥʘʧʨʷʞʝʥʠʡ ʠ ʪʦʢʦʚ, ʠʟʤʝʥʷʷ ʩʚʦʶ ʧʨʦʠʟʚʦʜʠ-
ʪʝʣʴʥʦʩʪʴ. ʕʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʷʚʣʷʝʪʩʷ ʛʣʘʚʥʳʤ 
ʜʦʩʪʦʠʥʩʪʚʦʤ ʪʘʢʦʡ ʩʠʩʪʝʤʳ, ʧʦʚʳʰʘʶʱʠʤ ʝʸ 
ʥʘʜʝʞʥʦʩʪʴ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʫʧʨʦʱʘʶʱʠʤ ʦʙʩʣʫ-
ʞʠʚʘʥʠʝ.  
ʅʝʜʦʩʪʘʪʢʦʤ ʩʠʩʪʝʤʳ ʜʘʥʥʦʛʦ ʪʠʧʘ ʷʚʣʷʝʪʩʷ 

ʚʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ ʩʦʣʥʝʯʥʦʛʦ ʥʘʩʦʩʘ, ʢʘʢ ʙʳʣʦ 
ʩʢʘʟʘʥʦ ʚʳʰʝ, ʧʨʠʯʝʤ ʵʪʦ ʩʚʷʟʘʥʥʦ ʥʝ ʩʪʦʣʴʢʦ ʠʟ-
ʟʘ ʝʛʦ ʪʝʭʥʠʯʝʩʢʦʡ ʩʣʦʞʥʦʩʪʠ, ʩʢʦʣʴʢʦ ʠʟ-ʟʘ ʪʦʛʦ, 
ʯʪʦ ʪʘʢʠʝ ʥʘʩʦʩʳ ʧʦʢʘ ʝʱʝ ʥʝ ʧʦʣʫʯʠʣʠ ʰʠʨʦʢʦʛʦ 
ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠ ʥʝ ʧʨʦʠʟʚʦʜʷʪʩʷ ʦʪʝʯʝʩʪʚʝʥ-
ʥʳʤʠ ʧʨʦʠʟʚʦʜʠʪʝʣʷʤʠ. ʊʘʢʞʝ ʥʫʞʥʦ ʦʪʤʝʪʠʪʴ, 
ʯʪʦ ʧʨʠ ʩʦʣʥʝʯʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʥʠʞʝ ʦʧʨʝʜʝʣʝʥ-
ʥʦʛʦ ʫʨʦʚʥʷ (ʟʥʘʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʟʘʚʠʩʠʪ ʦʪ ʛʣʫʙʠʥʳ 
ʩʢʚʘʞʠʥʳ ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʧʘʩʘ ʤʦʱʥʦʩʪʠ ʌʕʇ), 
ʩʦʣʥʝʯʥʳʝ ʥʘʩʦʩʳ ʥʝ ʚʢʣʶʯʘʶʪʩʷ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 
ʩʠʩʪʝʤʘ, ʨʘʙʦʪʘʶʱʘʷ ʧʦ ʧʝʨʚʦʤʫ ʪʠʧʫ, ʩʧʦʩʦʙʥʘ 
ʟʘʨʷʞʘʪʴ ʘʢʢʫʤʫʣʷʪʦʨʥʫʶ ʙʘʪʘʨʝʶ ʧʨʘʢʪʠʯʝʩʢʠ 
ʧʨʠ ʣʶʙʦʡ ʦʩʚʝʱʸʥʥʦʩʪʠ.  
ʀʩʩʣʝʜʦʚʘʥʠʝ ʛʣʫʙʠʥ ʟʘʣʝʛʘʥʠʷ ʚʪʦʨʦʛʦ ʚʦʜʦ-

ʥʦʩʥʦʛʦ ʩʣʦʷ (ʧʦ ʛʝʦʣʦʛʠʯʝʩʢʠʤ ʢʘʨʪʘʤ ʄʫʨʘʪʦʚʘ, 
ʃʴʚʦʚʦʡ ʠ ɼʫʙʣʷʥʩʢʦʛʦ), ʚʙʣʠʟʠ ʩʝʣʴʩʢʦʭʦʟʷʡ-
ʩʪʚʝʥʥʳʭ ʫʛʦʜʠʡ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʛʨʘʥʠʮʘʭ ʘʨʪʝʟʠ-
ʘʥʩʢʠʭ ʙʘʩʩʝʡʥʦʚ, ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʚʳʰʝ, ʠ ʩʫʪʦʯ-
ʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʧʦʢʘʟʳ-
ʚʘʝʪ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʣʶʙʦʛʦ ʠʟ ʪʠʧʦʚ ʩʦʣʥʝʯʥʦ-
ʚʦʜʷʥʦʡ ʩʠʩʪʝʤʳ, ʩ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʧʨʝʦʙʨʘ-
ʟʦʚʘʪʝʣʷʤʠ ʤʦʱʥʦʩʪʴʶ 30 ʢɺʪ, ʚ ʷʩʥʳʡ ʣʝʪʥʠʡ 
ʜʝʥʴ, ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʠʪʴ ʦʢʦʣʦ 500-800 ʤ3 ʚʦʜʳ. 

ʊʘʢʦʡ ʦʙʲʝʤ ʚʦʜʳ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʧʪʠʤʘʣʴʥʦʡ 
ʥʦʨʤʝ ʚʝʛʝʪʘʮʠʦʥʥʦʛʦ ʧʦʣʠʚʘ ʦʜʥʦʛʦ ʛʝʢʪʘʨʘ ʦʟʠ-
ʤʦʡ ʧʰʝʥʠʮʳ ʦʩʥʦʚʥʳʭ ʩʦʨʪʦʚ, ʚʳʨʘʱʠʚʘʝʤʳʭ ʥʘ 
ʧʦʣʫʦʩʪʨʦʚʝ ï çʂʫʷʣʴʥʠʢè, çɺʠʢʪʦʨʠʷ ʦʜʝʩʩʢʘʷè ʠ 
çʇʦʰʘʥʘè, ʫʨʦʞʘʡ ʢʦʪʦʨʳʭ ʥʘ ʦʨʦʰʘʝʤʳʭ ʧʦʣʷʭ 
ʩʦʩʪʘʚʣʷʝʪ 50 ʮʝʥʪʥʝʨʦʚ ʩ ʛʝʢʪʘʨʘ, ʘ ʥʘ ʥʝ ʦʨʦʰʘʝ-
ʤʳʭ 8,5 ʮʝʥʪʥʝʨʦʚ [6,7]. ʆʜʥʘʢʦ ʥʝ ʩʣʝʜʫʝʪ ʩʯʠʪʘʪʴ, 
ʯʪʦ ʌʕʇ ʤʦʱʥʦʩʪʴʶ 30 ʢɺʪ ʙʫʜʝʪ ʜʦʩʪʘʪʦʯʥʦ 
ʪʦʣʴʢʦ ʜʣʷ ʧʦʣʠʚʘ ʦʜʥʦʛʦ ʛʝʢʪʘʨʘ. ɺ ʩʚʷʟʠ ʩ 
ʪʝʤ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʘʷ ʯʘʩʪʦʪʘ ʦʨʦʰʝʥʠʷ ʧʰʝʥʠʮʳ 
ʩʦʩʪʘʚʣʷʝʪ ʨʘʟ ʚ 3-4 ʜʥʷ, ʪʦ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʪʘʢʦʡ 
ʤʦʱʥʦʩʪʠ ʭʚʘʪʠʪ ʜʣʷ ʦʨʦʰʝʥʠʷ 3-4 ʛʝʢʪʘʨ, ʧʨʠ ʛʨʘ-
ʤʦʪʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ. ʅʝʦʙʭʦʜʠʤʦ ʪʘʢʞʝ ʦʪʤʝ-
ʪʠʪʴ, ʯʪʦ ʜʣʷ ʫʩʪʘʥʦʚʢʠ ʪʘʢʦʡ ʩʠʩʪʝʤʳ ʥʝʦʙʭʦʜʠʤʘ 
ʧʣʦʱʘʜʴ ʦʢʦʣʦ 300 ʤ2, ʯʪʦ ʥʝ ʧʨʝʚʳʰʘʝʪ 1% ʦʨʦ-
ʰʘʝʤʦʡ ʧʣʦʱʘʜʠ. 
ʅʘ ʢʘʬʝʜʨʝ çɺʦʟʦʙʥʦʚʣʷʝʤʳʝ ʠʩʪʦʯʥʠʢʠ ʵʥʝʨ-

ʛʠʠ ʠ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʠ ʩʝʪʠè ʌɻɸʆʋ ɺʆ 
çʉʝʚʘʩʪʦʧʦʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 
ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʚʦʜʦʧʦʜʲʝʤ-
ʥʘʷ ʫʩʪʘʥʦʚʢʘ, ʨʝʘʣʠʟʦʚʘʥʥʘʷ ʧʦ ʩʭʝʤʝ 2-ʛʦ ʪʠʧʘ. 
ʌʦʪʦʵʣʝʢʪʨʠʯʝʩʢʘʷ ʯʘʩʪʴ ʫʩʪʘʥʦʚʢʠ ʙʳʣʘ ʩʦʙʨʘʥʘ 
ʥʘ ʦʩʥʦʚʝ ʧʨʦʤʳʰʣʝʥʥʳʭ ʤʦʜʫʣʝʡ PS-250, ʩʦʝʜʠ-
ʥʝʥʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ. ʂʦʥʪʨʦʣʣʝʨ ʥʘʩʦʩʘ ʙʳʣ 
ʠʩʧʦʣʴʟʦʚʘʥ ʩ ʬʫʥʢʮʠʝʡ ʧʦʠʩʢʘ ʪʦʯʢʠ ʤʘʢʩʠʤʘʣʴ-
ʥʦʡ ʤʦʱʥʦʩʪʠ (MPPT), ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʧʦʣʫʯʘʪʴ ʥʘ 
ʚʳʭʦʜʝ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʫʩʪʘʥʦʚʢʠ ʤʘʢʩʠʤʘʣʴ-
ʥʫʶ ʤʦʱʥʦʩʪʴ [9]. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 
ʢʦʣʠʯʝʩʪʚʦ ʤʦʜʫʣʝʡ ʤʝʥʷʣʦʩʴ ʦʪ ʦʜʥʦʛʦ ʜʦ ʧʷʪʠ, 
ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʦ ʥʦʤʠʥʘʣʴʥʦʡ (ʫʩʪʘʥʦʚʣʝʥʥʦʡ) 
ʤʦʱʥʦʩʪʠ ʫʩʪʘʥʦʚʢʠ ʦʪ 0,25 ʜʦ 1,25 ʢɺʪ. ʅʘ ʨʠ-
ʩʫʥʢʝ 5 ʧʨʝʜʩʪʘʚʣʝʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʨʘʟʨʘʙʦʪʘʥ-
ʥʦʡ ʫʩʪʘʥʦʚʢʠ, ʧʦʢʘʟʳʚʘʶʱʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʩʫʪʦʯ-
ʥʦʛʦ ʦʙʲʝʤʘ ʚʦʜʳ ʦʪ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʤʦʱʥʦʩʪʠ ʬʦ-
ʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʜʣʷ ʪʨʝʭ 
ʫʩʣʦʚʥʳʭ ʛʣʫʙʠʥ ʟʘʣʝʛʘʥʠʷ ʚʦʜʳ - 30, 40 ʠ 50 ʤ: 
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ʈʠʩʫʥʦʢ 5 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʚʦʜʦʧʦʜʲʝʤʥʦʡ ʫʩʪʘʥʦʚʢʠ 

 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʥʝʜʨʝʥʠʝ ʩʦʣʥʝʯʥʦ-ʚʦʜʷʥʳʭ 

ʩʠʩʪʝʤ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ ʂʨʳʤʘ, ʩʧʦʩʦʙʥʦ ʯʘ-
ʩʪʠʯʥʦ ʨʝʰʠʪʴ ʚʦʟʥʠʢʰʫʶ ʧʨʦʙʣʝʤʫ ʚʦʜʦʩʥʘʙʞʝ-
ʥʠʷ, ʦʩʦʙʝʥʥʦ ʚ ʤʝʩʪʘʭ ʦʪʩʫʪʩʪʚʠʷ ʮʝʥʪʨʘʣʠʟʦʚʘʥ-
ʥʦʛʦ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ. ʊʘʢʠʝ ʩʠʩʪʝʤʳ ʧʦʟʚʦʣʷʪ 
ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʩʦʙʠʨʘʝʤʦʛʦ 
ʫʨʦʞʘʷ, ʠʩʧʦʣʴʟʫʷ ʩʦʣʥʝʯʥʫʶ ʵʥʝʨʛʠʶ, ʧʦʪʝʥʮʠʘʣ 
ʢʦʪʦʨʦʡ ʚ ʜʘʥʥʦʤ ʨʝʛʠʦʥʝ ʜʦʩʪʘʪʦʯʥʦ ʚʝʣʠʢ. ʇʦʣ-
ʥʘʷ ʘʚʪʦʥʦʤʥʦʩʪʴ ʠ ʦʪʩʫʪʩʪʚʠʝ ʧʣʘʪʳ ʟʘ ʚʳʨʘʙʦʪʘʥ-
ʥʫʶ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ ʪʘʢʞʝ ʠʛʨʘʶʪ ʥʝʤʘʣʦʚʘʞʥʫʶ 
ʨʦʣʴ ʚ ʚʳʙʦʨʝ ʪʘʢʦʛʦ ʩʧʦʩʦʙʘ ʚʦʜʦʩʥʘʙʞʝʥʠʷ. 
ʉʨʝʜʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʭʝʤ ʚʦʜʦʧʦʜʲʝʤʥʳʭ ʫʩʪʘ-
ʥʦʚʦʢ, ʥʘʠʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ ʚʳʟʳʚʘʶʪ ʨʝʰʝʥʠʷ, ʠʩ-
ʢʣʶʯʘʶʱʠʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʘʢʢʫʤʫʣʷ-
ʪʦʨʦʚ ʠ ʠʥʚʝʨʪʦʨʦʚ ʠʟ-ʟʘ ʚʦʟʤʦʞʥʦʩʪʠ ʩʦʣʥʝʯʥʳʭ 
ʥʘʩʦʩʦʚ ʨʘʙʦʪʘʪʴ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʥʘʧʨʷʞʝʥʠʡ 
ʠ ʪʦʢʦʚ, ʠʟʤʝʥʷʷ ʩʚʦʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ. ʕʪʦ ʦʙ-
ʩʪʦʷʪʝʣʴʩʪʚʦ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʛʣʘʚʥʳʭ ʜʦʩʪʦ-
ʠʥʩʪʚ ʪʘʢʠʭ ʩʠʩʪʝʤ, ʧʦʚʳʰʘʶʱʠʤ ʥʘʜʝʞʥʦʩʪʴ, ʵʬ-
ʬʝʢʪʠʚʥʦʩʪʴ, ʫʧʨʦʱʘʶʱʠʤ ʦʙʩʣʫʞʠʚʘʥʠʝ ʠ ʜʝʣʘʷ 
ʪʘʢʦʡ ʧʨʦʜʫʢʪ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤ ʚ ʫʩʣʦʚʠʷʭ ʨʳʥʢʘ. 
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Levochkin, A. K., Kotov V. A. 
Far Eastern Federal University, Vladivostok, Russia 

 

STEREO VISION  SYSTEM FOR VEHICLES  
 

ɸʥʥʦʪʘʮʠʷ:  
ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʦʧʠʩʘʥʳ ʘʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʙʝʩʧʠʣʦʪʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ. ʀʟʣʦʞʝʥʳ 

ʪʨʝʙʦʚʘʥʠʷ, ʧʨʝʜʲʷʚʣʷʝʤʳʝ ʢ ʘʚʪʦʥʦʤʥʳʤ ʪʨʘʥʩʧʦʨʪʥʳʤ ʩʨʝʜʩʪʚʘʤ ʧʦ ʰʝʩʪʠʫʨʦʚʥʝʚʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 
SAE International. ʈʘʩʩʤʦʪʨʝʥʳ ʩʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʦʙʣʘʩʪʠ ʩʪʝʨʝʦʟʨʝʥʠʷ ʜʣʷ ʘʚʪʦʤʦʙʠʣʝʡ. ɺʳ-
ʧʦʣʥʝʥʦ ʩʨʘʚʥʝʥʠʝ ʧʨʦʝʢʪʦʚ ʘʚʪʦʥʦʤʥʦʩʪʠ ʘʚʪʦʤʦʙʠʣʝʡ ʨʘʟʣʠʯʥʳʭ ʢʦʤʧʘʥʠʡ. 

Abstract:  
This paper describes the actual problems of unmanned vehicles. The requirements for Autonomous vehicles 

according to the SAE International six-level classification are presented. Modern technologies in the field of stereo 
vision for cars are considered. Comparison of projects of autonomy of cars of various companies is executed. 

 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʪʝʨʝʦʟʨʝʥʠʝ; ʙʝʩʧʠʣʦʪʥʳʡ ʘʚʪʦʤʦʙʠʣʴ; ʘʚʪʦʤʘʪʠʟʘʮʠʷ; ʦʙʥʘʨʫʞʝʥʠʝ ʦʙʲʝʢʪʦʚ 
Keywords: stereo vision; unmanned vehicle; automation; object detection 
 
ʇʝʨʚʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʨʘʟʨʘʙʦʪʢʠ ʘʚ-

ʪʦʥʦʤʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʦʪʥʦʩʷʪʩʷ ʢ 1920-
ʤ ʛʦʜʘʤ, ʠ ʧʦʩʣʝʜʥʠʝ ʥʦʚʦʩʪʠ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʙʝʩ-
ʧʠʣʦʪʥʳʝ ʘʚʪʦʤʦʙʠʣʠ ʙʣʠʟʢʠ ʢ ʚʳʭʦʜʫ ʥʘ ʢʦʤʤʝʨ-
ʯʝʩʢʠʡ ʨʳʥʦʢ. ʅʦ ʟʜʝʩʴ ʠʤʝʝʪʩʷ ʨʷʜ ʪʨʫʜʥʦʩʪʝʡ. 
ʀʥʞʝʥʝʨʳ ʠʟ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʘʚʪʦʤʦʙʠʣʴ-

ʥʦʛʦ ʩʦʦʙʱʝʩʪʚʘ (SAE International) ʨʘʟʨʘʙʦʪʘʣʠ ʠ 

ʚ 2018 ʛʦʜʫ ʦʧʫʙʣʠʢʦʚʘʣʠ [4] ʰʝʩʪʠʫʨʦʚʥʝʚʫʶ 
ʢʣʘʩʩʠʬʠʢʘʮʠʶ ʘʚʪʦʥʦʤʥʦʩʪʠ ʘʚʪʦʤʦʙʠʣʝʡ. ʂʣʘʩ-
ʩʠʬʠʢʘʮʠʷ (ʨʠʩʫʥʦʢ 1) ʧʦʢʘʟʳʚʘʝʪ ʧʫʪʴ, ʢʦʪʦʨʳʡ 
ʧʨʦʰʣʠ ʘʚʪʦʤʦʙʠʣʠ ʟʘ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ, ʠ 
ʦʧʠʩʳʚʘʝʪ ʧʨʦʙʣʝʤʳ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ, 
ʯʪʦʙʳ ʩʦʟʜʘʪʴ ʧʦ-ʥʘʩʪʦʷʱʝʤʫ ʙʝʩʧʠʣʦʪʥʦʝ ʪʨʘʥʩ-
ʧʦʨʪʥʦʝ ʩʨʝʜʩʪʚʦ. 

 
ʈʠʩʫʥʦʢ 1. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʫʨʦʚʥʝʡ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʘʚʪʦʤʦʙʠʣʝʡ 

 
0 ʫʨʦʚʝʥʴ ï ʦʪʩʫʪʩʪʚʠʝ ʘʚʪʦʤʘʪʠʟʘʮʠʠ. ʅʫʣʝ-

ʚʘʷ ʘʚʪʦʥʦʤʥʦʩʪʴ, ʚʦʜʠʪʝʣʴ ʨʝʰʘʝʪ ʚʩʝ ʟʘʜʘʯʠ, ʩʚʷ-
ʟʘʥʥʳʝ ʩ ʫʧʨʘʚʣʝʥʠʝʤ. 
1 ʫʨʦʚʝʥʴ ï ʧʦʤʦʱʴ ʚʦʜʠʪʝʣʶ. ʊʨʘʥʩʧʦʨʪʥʦʝ 

ʩʨʝʜʩʪʚʦ ʫʧʨʘʚʣʷʝʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʚʦʜʠʪʝʣʷ, ʥʦ ʥʝ-
ʢʦʪʦʨʳʝ ʬʫʥʢʮʠʠ (ʫʩʢʦʨʝʥʠʝ, ʪʦʨʤʦʞʝʥʠʝ) ʚʳʧʦʣ-
ʥʷʝʪ ʘʚʪʦʤʘʪʠʢʘ. 
2 ʫʨʦʚʝʥʴ ï ʯʘʩʪʠʯʥʘʷ ʘʚʪʦʤʘʪʠʟʘʮʠʷ. ʊʨʘʥʩ-

ʧʦʨʪʥʦʝ ʩʨʝʜʩʪʚʦ ʦʜʥʦʚʨʝʤʝʥʥʦ ʢʦʥʪʨʦʣʠʨʫʝʪ 
ʫʩʢʦʨʝʥʠʝ ʠ ʪʦʨʤʦʞʝʥʠʝ, ʥʦ ʚʦʜʠʪʝʣʴ ʚʩʝ ʚʨʝʤʷ 
ʜʦʣʞʝʥ ʩʣʝʜʠʪʴ ʟʘ ʦʙʩʪʘʥʦʚʢʦʡ. 

3 ʫʨʦʚʝʥʴ ï ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʘʚʪʦʤʘʪʠʟʘʮʠʷ. 
ʊʨʘʥʩʧʦʨʪʥʦʝ ʩʨʝʜʩʪʚʦ ʩʧʦʩʦʙʥʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ 
ʧʨʦʮʝʩʩ ʜʚʠʞʝʥʠʷ ʚ ʨʘʤʢʘʭ ʦʪʜʝʣʴʥʳʭ ʩʮʝʥʘʨʠʝʚ, 
ʥʦ ʚ ʢʘʢʦʡ-ʪʦ ʤʦʤʝʥʪ ʤʦʞʝʪ ʧʦʪʨʝʙʦʚʘʪʴ ʚʤʝʰʘ-
ʪʝʣʴʩʪʚʦ ʚʦʜʠʪʝʣʷ. 
4 ʫʨʦʚʝʥʴ ï ʚʳʩʦʢʘʷ ʘʚʪʦʤʘʪʠʟʘʮʠʷ. ɸʚʪʦʤʦ-

ʙʠʣʴ ʚʳʧʦʣʥʷʝʪ ʚʩʝ ʬʫʥʢʮʠʠ ʫʧʨʘʚʣʝʥʠʷ, ʥʦ ʧʨʠ 
ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʧʨʦʙʣʝʤ ʦʧʦʚʝʱʘʝʪ ʚʦʜʠʪʝʣʷ ʠ ʧʘʨ-
ʢʫʝʪʩʷ ʥʘ ʦʙʦʯʠʥʝ. 
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5 ʫʨʦʚʝʥʴ ï ʧʦʣʥʘʷ ʘʚʪʦʤʘʪʠʟʘʮʠʷ. ʋʯʘʩʪʠʝ ʚʦ-
ʜʠʪʝʣʷ ʥʝ ʪʨʝʙʫʝʪʩʷ, ʧʦʣʥʘʷ ʘʚʪʦʥʦʤʥʦʩʪʴ, ʨʫʣʝʚʦʝ 
ʢʦʣʝʩʦ ʠ ʧʝʜʘʣʠ ʤʦʛʫʪ ʦʪʩʫʪʩʪʚʦʚʘʪʴ. 
ʉʝʛʦʜʥʷ ʩʫʱʝʩʪʚʫʶʪ ʘʚʪʦʤʦʙʠʣʠ 2 ʠ 3 ʫʨʦʚʥʷ 

ʘʚʪʦʥʦʤʥʦʩʪʠ. ʏʪʦʙʳ ʧʦʥʷʪʴ, ʧʦʯʝʤʫ ʪʘʢ ʪʨʫʜʥʦ 
ʩʦʟʜʘʪʴ ʧʦʣʥʦʩʪʴʶ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʝ ʪʨʘʥʩʧʦʨʪ-
ʥʦʝ ʩʨʝʜʩʪʚʦ, ʥʝʦʙʭʦʜʠʤʦ ʦʟʥʘʢʦʤʠʪʴʩʷ ʩ ʪʝʭʥʦʣʦ-
ʛʠʷʤʠ ʩʪʝʨʝʦʟʨʝʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ, ʢʦʪʦʨʳʝ 
ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʩʠʩʪʝʤʘʭ ʙʝʩʧʠʣʦʪʥʳʭ ʘʚʪʦʤʦʙʠ-
ʣʝʡ. 
ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʧʝʨʚʳʭ ʙʝʩʧʠʣʦʪʥʳʭ ʘʚʪʦʤʦ-

ʙʠʣʝʡ ʛʣʘʚʥʳʤ ʩʧʦʩʦʙʦʤ ʚʦʩʧʨʠʷʪʠʷ ʧʨʦʩʪʨʘʥʩʪʚʘ 
ʙʳʣʠ ʚʠʜʝʦʢʘʤʝʨʳ. ʆʥʠ ʧʦʟʚʦʣʷʣʠ ʙʳʩʪʨʦ ʧʦʣʫ-
ʯʘʪʴ ʠʟʦʙʨʘʞʝʥʠʷ ʚ ʚʠʜʠʤʦʤ ʜʠʘʧʘʟʦʥʝ ʩ ʰʠʨʦʢʠʤ 
ʫʛʣʦʤ ʦʙʟʦʨʘ. ʆʜʥʘʢʦ ʪʦʣʴʢʦ ʠʟʦʙʨʘʞʝʥʠʡ ʜʣʷ 

ʫʩʧʝʰʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʘʚʪʦʥʦʤʥʦʛʦ ʘʚʪʦ-
ʤʦʙʠʣʷ ʥʝʜʦʩʪʘʪʦʯʥʦ, ʟʜʝʩʴ ʥʫʞʝʥ ʵʣʝʢʪʨʦʥʥʳʡ 
ʘʥʘʣʦʛ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʤʦʟʛʘ, ʪʦ ʝʩʪʴ ʩʧʝʮʠʘʣʠʟʠʨʦ-
ʚʘʥʥʳʡ ʧʨʦʮʝʩʩʦʨ ʦʙʨʘʙʦʪʢʠ ʠʟʦʙʨʘʞʝʥʠʡ. 
ʉʦʟʜʘʥʠʝʤ ʪʘʢʠʭ ʧʨʦʮʝʩʩʦʨʦʚ ʟʘʥʠʤʘʶʪʩʷ ʢʘʢ 

ʢʨʫʧʥʳʝ ʦʧʳʪʥʳʝ ʢʦʤʧʘʥʠʠ, ʪʘʢ ʠ ʩʪʘʨʪʘʧʳ, 
ʥʘʧʨʠʤʝʨ, Mobileye, ʩʪʘʚʰʠʡ ʯʘʩʪʴʶ Intel, NVIDIA. 
ʇʦʜʦʙʥʳʝ ʨʘʟʨʘʙʦʪʢʠ ʝʩʪʴ ʠ ʫ Toshiba. ʉʝʤʝʡʩʪʚʦ 
ʧʨʦʮʝʩʩʦʨʦʚ Toshiba Visconti (ʨʠʩʫʥʦʢ 2) ʦʙʨʘʙʘʪʳ-
ʚʘʝʪ ʢʘʨʪʠʥʢʫ ʩ ʯʝʪʳʨʸʭ ʚʠʜʝʦʢʘʤʝʨ, ʦʮʝʥʠʚʘʷ 
ʠʟʦʙʨʘʞʝʥʠʷ ʩʨʘʟʫ ʧʦ ʤʥʦʞʝʩʪʚʫ ʢʨʠʪʝʨʠʝʚ: ʨʘʟ-
ʤʝʪʢʘ, ʜʚʠʞʫʱʠʝʩʷ ʠ ʧʨʠʧʘʨʢʦʚʘʥʥʳʝ ʘʚʪʦ, ʩʚʝʪʦ-
ʬʦʨʳ ʠ ʟʥʘʢʠ, ʚʩʪʨʝʯʥʳʡ ʩʚʝʪ ʬʘʨ, ʧʝʰʝʭʦʜʳ ʠ ʚʝ-
ʣʦʩʠʧʝʜʠʩʪʳ.  

 
ʈʠʩʫʥʦʢ 2. ʆʙʨʘʙʦʪʢʘ ʠʟʦʙʨʘʞʝʥʠʡ ʩ ʧʦʤʦʱʴʶ ʧʨʦʮʝʩʩʦʨʘ Toshiba Visconti 

 
ʇʦʩʣʝ ʦʧʨʝʜʝʣʝʥʠʷ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʦʙʲʝʢʪʦʚ 

ʥʘ ʚʠʜʝʦ, ʧʦʣʫʯʝʥʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʧʝʨʝʜʘʝʪʩʷ ʚ ʩʠ-
ʩʪʝʤʫ ʫʧʨʘʚʣʝʥʠʷ ʠ ʜʘʣʝʝ ʧʨʠʥʠʤʘʝʪʩʷ ʨʝʰʝʥʠʝ ʦʙ 
ʦʧʪʠʤʘʣʴʥʦʤ ʧʦʚʝʜʝʥʠʠ. ʊʘʢ ʨʘʙʦʪʘʝʪ ʨʘʩʰʠʨʝʥ-
ʥʘʷ ʩʠʩʪʝʤʘ ʧʦʤʦʱʠ ʚʦʜʠʪʝʣʶ ADAS (advanced 
driver-assistance systems,) ʧʨʝʜʫʧʨʝʞʜʘʶʱʘʷ ʩʪʦʣʢ-
ʥʦʚʝʥʠʷ ʠ ʥʘʝʟʜʳ ʥʘ ʧʝʰʝʭʦʜʦʚ (ʢʨʠʪʝʨʠʡ ʘʚʪʦʥʦʤ-
ʥʦʩʪʠ ʚʪʦʨʦʛʦ ʫʨʦʚʥʷ). 
ʇʣʶʩʳ: 
1. ʊʦʣʴʢʦ ʢʘʤʝʨʳ ʤʦʛʫʪ ʨʘʩʧʦʟʥʘʚʘʪʴ ʜʦʨʦʞ-

ʥʫʶ ʨʘʟʤʝʪʢʫ ʠ ʟʥʘʢʠ; 
2. ɺʳʩʦʢʦʝ ʨʘʟʨʝʰʝʥʠʝ ʧʦ ʫʛʣʫ; 
3. ɼʦʩʪʫʧʥʘʷ ʮʝʥʘ (ʥʝʩʢʦʣʴʢʦ ʩʦʪʝʥ ʜʦʣʣʘ-

ʨʦʚ). 
ʄʠʥʫʩʳ: 
1. ʇʣʦʭʦʝ ʨʘʟʨʝʰʝʥʠʝ ʧʦ ʜʘʣʴʥʦʩʪʠ; 
2. ʅʝʯʝʪʢʦʝ ʠʟʤʝʨʝʥʠʝ ʩʢʦʨʦʩʪʠ ʦʙʲʝʢʪʦʚ; 
3. ʉʠʣʴʥʦʝ ʚʣʠʷʥʠʝ ʧʦʛʦʜʥʳʭ ʠ ʜʦʨʦʞʥʳʭ 

ʫʩʣʦʚʠʡ. 
ʈʘʜʘʨ ï ɻ ʪʦ ʩʠʩʪʝʤʘ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʦʙʲʝʢʪʦʚ 

ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʠʭ ʜʘʣʴʥʦʩʪʠ, ʩʢʦʨʦʩʪʠ ʠ ʛʝʦʤʝʪʨʠ-
ʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ. ʈʘʜʘʨʳ ʩ ʯʘʩʪʦʪʦʡ ʠʟʣʫʯʝʥʠʷ ʚ 
24 ɻɻʮ ʠ 77 ɻɻʮ ʫʞʝ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʜʦʨʦʛʠʭ ʩʠʩʪʝ-
ʤʘʭ ADAS ʜʣʷ ʟʘʙʣʘʛʦʚʨʝʤʝʥʥʦʛʦ ʪʦʨʤʦʞʝʥʠʷ ʧʨʠ 
ʦʙʥʘʨʫʞʝʥʠʠ ʧʝʨʝʩʝʯʝʥʠʷ ʢʫʨʩʦʚ ʜʚʠʞʝʥʠʷ ʩ ʧʝ-
ʰʝʭʦʜʦʤ ʠʣʠ ʜʨʫʛʠʤ ʘʚʪʦ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʢʘʤʝʨ, ʫ 
ʨʘʜʘʨʦʚ ʦʯʝʥʴ ʫʟʢʠʡ ʫʛʦʣ ʜʝʡʩʪʚʠʷ, ʦʙʨʘʪʥʦ ʧʨʦ-
ʧʦʨʮʠʦʥʘʣʴʥʳʡ ʞʝʣʘʝʤʦʡ ʜʘʣʴʥʦʩʪʠ ʜʝʡʩʪʚʠʷ. 

ɺ ʢʦʥʮʝ 2018 ʛʦʜʘ ʨʦʩʩʠʡʩʢʘʷ ʢʦʤʧʘʥʠʷ 
Cognitive Technologies ʧʨʝʜʩʪʘʚʠʣʘ 4-D ʨʘʜʘʨ. ɺ ʝʛʦ 
ʦʩʥʦʚʝ ï ʬʘʟʠʨʦʚʘʥʥʘʷ ʘʥʪʝʥʥʘʷ ʨʝʰʝʪʢʘ, ʧʝʨʝʤʝ-
ʱʘʶʱʘʷ ʣʫʯ ʙʝʟ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʨʠʩʧʦʩʦʙʣʝʥʠʡ. 
ʈʘʜʘʨ ʠʤʝʝʪ ʨʝʞʠʤ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʡ ʘʧʝʨʪʫʨʳ ï ʦʥ 
ʩʦʟʜʘʝʪ ʦʙʲʝʤʥʫʶ ʢʘʨʪʫ ʤʝʩʪʥʦʩʪʠ ʩ ʦʙʲʝʢʪʘʤʠ ʥʘ 
ʥʝʡ. 
ʇʣʶʩʳ: 
1. ɺʳʩʦʢʘʷ ʨʘʟʨʝʰʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʧʦ 

ʜʘʣʴʥʦʩʪʠ ʠ ʧʦ ʩʢʦʨʦʩʪʠ; 
2. ʄʛʥʦʚʝʥʥʘʷ (1/20ï1/50 ʩʝʢʫʥʜʳ) ʦʙʨʘ-

ʙʦʪʢʘ ʜʘʥʥʳʭ; 
ʄʠʥʫʩʳ: 
1. ɹʦʣʝʝ ʚʳʩʦʢʘʷ ʮʝʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʘʤʝʨ 

(ʧʦʨʷʜʢʘ $1000); 
2. ʇʣʦʭʦʝ ʨʘʟʨʝʰʝʥʠʝ ʧʦ ʫʛʣʫ; 
3. ʅʝʪ ʧʨʷʤʦʡ ʚʦʟʤʦʞʥʦʩʪʠ ʢʣʘʩʩʠʬʠʮʠʨʦ-

ʚʘʪʴ ʧʨʝʧʷʪʩʪʚʠʝ. 
ʃʠʜʘʨ (LIDAR ï Light Identification Detection 

and Ranging) ï ɻ ʪʦ ʫʩʪʨʦʡʩʪʚʦ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʝ ʜʣʷ 
ʧʦʣʫʯʝʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʫʜʘʣʸʥʥʳʭ 
ʦʙʲʝʢʪʘʭ ʩ ʧʦʤʦʱʴʶ ʘʢʪʠʚʥʳʭ ʦʧʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, 
ʠʩʧʦʣʴʟʫʶʱʠʭ ʷʚʣʝʥʠʷ ʧʦʛʣʦʱʝʥʠʷ ʠ ʨʘʩʩʝʷʥʠʷ 
ʩʚʝʪʘ ʚ ʦʧʪʠʯʝʩʢʠ ʧʨʦʟʨʘʯʥʳʭ ʩʨʝʜʘʭ. ʉ ʧʦʤʦʱʴʶ 
ʜʘʥʥʦʛʦ ʩʝʥʩʦʨʘ ʧʦʷʚʠʣʘʩʴ ʚʦʟʤʦʞʥʦʩʪʴ ʩʪʨʦʠʪʴ 
ʧʦʜʨʦʙʥʝʡʰʫʶ ʢʘʨʪʠʥʫ ʤʠʨʘ ʚʦʢʨʫʛ ʩʝʙʷ ʩ ʠʩʧʦʣʴ-
ʟʦʚʘʥʠʝʤ ʣʘʟʝʨʥʳʭ ʣʫʯʝʡ, ʢʦʪʦʨʳʝ ʦʪʨʘʞʘʶʪʩʷ ʦʪ 
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ʧʨʝʧʷʪʩʪʚʠʡ ʠ ʚʦʟʚʨʘʱʘʶʪʩʷ ʦʙʨʘʪʥʦ. ʊʘʢʘʷ ʩʠ-
ʩʪʝʤʘ ʩʦʟʜʘʝʪ ʩʦʙʩʪʚʝʥʥʫʶ 3D-ʢʘʨʪʫ ʥʘ ʜʝʩʷʪʢʠ 
ʤʝʪʨʦʚ ʚʦʢʨʫʛ, ʧʦʟʚʦʣʷʝʪ ʨʘʩʧʦʟʥʘʚʘʪʴ ʤʘʰʠʥʳ, 
ʣʶʜʝʡ ʠ ʣʶʙʳʝ ʧʨʝʧʷʪʩʪʚʠʷ. 
ʇʣʶʩʳ: 
1. ɺʳʩʦʢʦʝ ʨʘʟʨʝʰʝʥʠʝ ʧʦ ʫʛʣʫ ʠ ʧʦ ʜʘʣʴʥʦ-

ʩʪʠ; 
2. ɺʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ ʧʨʠ ʦʙʥʘʨʫʞʝʥʠʠ ʦʙʲʝʢ-

ʪʦʚ. 
ʄʠʥʫʩʳ: 
1. ɺʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ (ʜʝʩʷʪʢʠ ʪʳʩʷʯ ʜʦʣʣʘ-

ʨʦʚ); 
2. ʉʠʣʴʥʦʝ ʚʣʠʷʥʠʝ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ (ʩʥʝʛ, 

ʜʦʞʜʴ). 
ʃʶʙʘʷ ʩʠʩʪʝʤʘ ADAS ʠ ʙʝʩʧʠʣʦʪʥʳʡ ʘʚʪʦʤʦ-

ʙʠʣʴ ʠʩʧʦʣʴʟʫʶʪ ʥʘʙʦʨ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʜʘʪʯʠʢʦʚ. 

ʊʘʢʦʡ ʧʦʜʭʦʜ ʥʘʟʳʚʘʝʪʩʷ çsensor fusionè ʠ ʚ ʧʝʨʚʫʶ 
ʦʯʝʨʝʜʴ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʦʚʤʝʱʘʶʪ ʚʠʜʝʦʢʘʤʝʨʫ ʠ 
ʨʘʜʘʨ/ʣʠʜʘʨ. ɺʩʧʦʤʦʛʘʪʝʣʴʥʳʤʠ ʤʦʛʫʪ ʷʚʣʷʪʴʩʷ 
ʜʘʪʯʠʢʠ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ GNSS, ʘʥ-
ʪʝʥʥʘ ʩʦʪʦʚʦʡ ʩʚʷʟʠ GSM ʠ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʜʘʪʯʠʢ. 
ɺʩʝ ʩʝʥʩʦʨʳ ʩʠʥʭʨʦʥʠʟʠʨʫʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ ʜʣʷ 
ʧʦʣʫʯʝʥʠʷ ʦʙʱʝʡ ʢʘʨʪʠʥʳ ʦʢʨʫʞʘʶʱʝʛʦ ʧʨʦʩʪʨʘʥ-
ʩʪʚʘ. 
ʅʘʧʨʠʤʝʨ, ʚ ʩʠʩʪʝʤʝ ʩʪʝʨʝʦʟʨʝʥʠʷ ʙʝʩʧʠʣʦʪ-

ʥʦʛʦ ʘʚʪʦʤʦʙʠʣʷ ʢʦʤʧʘʥʠʠ çʗʥʜʝʢʩè ʠʩʧʦʣʴʟʫʝʪʩʷ 
ʩʣʝʜʫʶʱʠʡ ʥʘʙʦʨ ʩʝʥʩʦʨʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ 
ʢʨʳʰʝ (ʨʠʩʫʥʦʢ 3): ʧʷʪʴ ʚʠʜʝʦʢʘʤʝʨ, ʪʨʠ ʣʠʜʘʨʘ, 
ʯʝʪʳʨʝ ʘʥʪʝʥʥʳ GSM ʠ ʘʥʪʝʥʥʘ GNSS. 

 

 
ʈʠʩʫʥʦʢ 3. ʅʘʙʦʨ ʩʝʥʩʦʨʦʚ ʙʝʩʧʠʣʦʪʥʦʛʦ ʘʚʪʦʤʦʙʠʣʷ ʗʥʜʝʢʩʘ 

 
ʊʘʢʦʡ ʘʚʪʦʤʦʙʠʣʴ ʫʞʝ ʧʦʜʚʦʟʠʪ ʣʶʙʳʭ ʞʝʣʘ-

ʶʱʠʭ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʀʥʥʦʧʦʣʠʩʘ ʠ ʉʢʦʣʢʦʚʦ. ʍʦʪʷ 
ʙʝʩʧʠʣʦʪʥʳʡ ʘʚʪʦʤʦʙʠʣʴ ʝʟʜʠʪ ʧʦ ʠʟʚʝʩʪʥʦʡ ʤʝʩʪ-
ʥʦʩʪʠ ʙʝʟ ʢʘʢʠʭ-ʣʠʙʦ ʧʨʦʙʣʝʤ, ʥʘ ʤʝʩʪʝ ʚʦʜʠʪʝʣʷ 
ʚʩʝ ʨʘʚʥʦ ʚʩʝʛʜʘ ʧʨʠʩʫʪʩʪʚʫʝʪ ʠʥʞʝʥʝʨ-ʚʦʜʠʪʝʣʴ. 
ɹʦʣʝʝ ʪʦʛʦ, ʧʘʩʩʘʞʠʨ ʜʦʣʞʝʥ ʙʳʪʴ ʦʙʷʟʘʪʝʣʴʥʦ 
ʩʪʘʨʰʝ 18 ʣʝʪ ʠ ʜʘʪʴ ʩʦʛʣʘʩʠʝ ʥʘ ʧʦʝʟʜʢʫ ʚ ʙʝʩʧʠ-
ʣʦʪʥʦʤ ʘʚʪʦʤʦʙʠʣʝ, ʪ.ʢ. ʩʠʩʪʝʤʘ ʥʘʭʦʜʠʪʩʷ ʥʘ ʩʪʘ-
ʜʠʠ ʪʝʩʪʠʨʦʚʘʥʠʷ. 

ɺ ʢʦʤʧʘʥʠʠ çTeslaè ʩʦʚʩʝʤ ʧʦ-ʜʨʫʛʦʤʫ ʩʤʦʪ-
ʨʷʪ ʥʘ ʙʫʜʫʱʝʝ ʙʝʩʧʠʣʦʪʥʳʭ ʘʚʪʦʤʦʙʠʣʝʡ. ɿʜʝʩʴ 
ʩʯʠʪʘʝʪʩʷ, ʯʪʦ ʘʚʪʦʤʦʙʠʣʴ ʤʦʞʝʪ ʨʘʙʦʪʘʪʴ ʘʚʪʦ-
ʥʦʤʥʦ ʥʘ ʦʜʥʠʭ ʚʠʜʝʦʢʘʤʝʨʘʭ (ʚʝʜʴ ʯʝʣʦʚʝʢ ʫʧʨʘʚ-
ʣʷʝʪ ʘʚʪʦʤʦʙʠʣʝʤ ʩ ʧʦʤʦʱʴʶ ʚʩʝʛʦ ʧʘʨʳ ʛʣʘʟ), ʙʝʟ 
ʜʦʨʦʛʦʩʪʦʷʱʠʭ ʠ ʥʝʘʢʪʫʘʣʴʥʳʭ ʚ ʧʣʦʭʫʶ ʧʦʛʦʜʫ 
ʣʠʜʘʨʦʚ (ʨʠʩʫʥʦʢ 4). 

 

 
ʈʠʩʫʥʦʢ 4. ʈʘʩʧʦʣʦʞʝʥʠʝ ʚʠʜʝʦʢʘʤʝʨ ʘʚʪʦʤʦʙʠʣʷ Tesla 
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ʀʥʪʝʛʨʠʨʦʚʘʥʥʳʝ ʚ ʢʦʨʧʫʩ ʪʨʘʥʩʧʦʨʪʥʦʛʦ 
ʩʨʝʜʩʪʚʘ 8 ʢʘʤʝʨ ʧʦ ʚʩʝʤ ʩʪʦʨʦʥʘʤ ʧʦʟʚʦʣʷʶʪ ʩʠ-
ʩʪʝʤʝ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʦʙʩʪʘʥʦʚʢʫ ʚ 360 ʛʨʘʜʫʩʘʭ 
ʚʦʢʨʫʛ ʠ 250 ʤʝʪʨʘʭ ʚ ʦʢʨʫʞʥʦʩʪʠ. ʂʘʤʝʨʳ ʦʪʚʝ-
ʯʘʶʪ ʟʘ ʧʦʠʩʢ ʧʝʰʝʭʦʜʦʚ, ʘʚʪʦʤʦʙʠʣʝʡ, ʨʘʟʤʝʪʢʠ ʠ 
ʟʥʘʢʦʚ. ʋʣʴʪʨʘʟʚʫʢʦʚʳʝ ʜʘʪʯʠʢʠ ʦʪʚʝʯʘʶʪ ʟʘ ʨʘʩ-
ʧʦʟʥʘʚʘʥʠʝ ʤʘʰʠʥ ʚ ʩʦʩʝʜʥʠʭ ʨʷʜʘʭ ʠ ʧʨʝʧʷʪʩʪʚʠʡ 
ʧʨʠ ʜʚʠʞʝʥʠʠ ʥʘ ʥʝʙʦʣʴʰʠʭ ʩʢʦʨʦʩʪʷʭ.  
ɺ ʩʠʩʪʝʤʘʭ ʙʝʩʧʠʣʦʪʥʦʛʦ ʘʚʪʦʤʦʙʠʣʷ Waymo 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʣʠʜʘʨ, ʧʷʪʴ ʨʘʜʘʨʦʚ, ʚʦʩʝʤʴ ʚʠʜʝʦʢʘ-
ʤʝʨ ʠ ʘʥʪʝʥʥʘ GPS. ʇʨʠ ʜʚʠʞʝʥʠʠ ʩʠʩʪʝʤʘ Waymo 
ʠʩʧʦʣʴʟʫʝʪ ʢʘʨʪʳ Google Street View, ʩʚʝʨʷʷʩʴ ʩ 
ʥʠʤʠ ʧʨʠ ʧʦʤʦʱʠ ʜʘʪʯʠʢʦʚ. ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʜʦ-
ʩʪʠʛʘʝʪʩʷ ʧʦʣʥʘʷ ʘʚʪʦʥʦʤʥʦʩʪʴ ï ʚ ʦʪʣʠʯʠʝ ʦʪ 
Tesla, ʘʚʪʦʤʦʙʠʣʠ Waymo ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʥʝ ʪʨʝ-
ʙʫʶʪ ʚʤʝʰʘʪʝʣʴʩʪʚʘ ʚʦʜʠʪʝʣʷ. ɻʣʘʚʥʳʡ ʥʝʜʦʩʪʘʪʦʢ 
Waymo ï ʢʨʘʡʥʝ ʦʛʨʘʥʠʯʝʥʥʳʡ ʩʧʠʩʦʢ ʛʦʨʦʜʦʚ, ʛʜʝ 
ʤʦʛʫʪ ʝʟʜʠʪʴ ʪʘʢʠʝ ʘʚʪʦʤʦʙʠʣʠ ï ʜʣʷ ʢʦʨʨʝʢʪʥʦʛʦ 
ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʘʚʪʦʧʠʣʦʪʘ ʛʦʨʦʜʩʢʘʷ ʩʨʝʜʘ 
ʜʦʣʞʥʘ ʙʳʪʴ ʦʪʩʥʷʪʘ ʚ 3D, ʘ ʵʪʦ ʜʦʣʛʘʷ ʠ ʩʣʦʞʥʘʷ 
ʧʨʦʮʝʜʫʨʘ, ʧʦʵʪʦʤʫ ʩʝʛʦʜʥʷ Waymo ʜʝʡʩʪʚʫʝʪ 
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STUDY OF THE DEPENDENCE OF THE EFFECTIVE CHARACTERISTICS OF A UNIFORM 

DIRECTED FIBER COMPOSITION MATERIAL FROM THE VALUE OF FIBER DIFFERENCE  
 

ɸʥʥʦʪʘʮʠʷ:  
ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʠʟʫʯʝʥʠʶ ʵʬʬʝʢʪʠʚʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʳʭ ʚʦʣʦʢʥʠʩʪʳʭ ʢʦʤʧʦ-

ʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʘʨʤʠʨʦʚʘʥʥʳʭ ʧʦʣʳʤʠ ʚʦʣʦʢʥʘʤʠ ʚ ʫʩʣʦʚʠʷʭ ʚʩʝʩʪʦʨʦʥʥʝʛʦ ʨʘʩʪʷʞʝʥʠʷ. ʇʨʦʠʟ-
ʚʝʜʝʥ ʨʘʩʯʝʪ ʧʦʣʝʡ ʥʘʧʨʷʞʝʥʠʡ ʠ ʜʝʬʦʨʤʘʮʠʡ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩ ʪʝʪʨʘʛʦʥʘʣʴʥʦʡ ʩʪʨʫʢʪʫ-
ʨʦʡ ʚ CAE-ʧʘʢʝʪʝ ANSYS. ʈʘʩʩʯʠʪʘʥʳ ʵʬʬʝʢʪʠʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʤʧʦʟʠʪʘ, ʘʨʤʠʨʦʚʘʥʥʦʛʦ ʧʦʣʳʤʠ 
ʚʦʣʦʢʥʘʤʠ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʦʙʝʩʧʝʯʝʥʠʠ ʜʣʷ ʨʘʙʦʪʳ ʩ ʵʣʝʢʪʨʦʥʥʳʤʠ ʪʘʙʣʠʮʘʤʠ Excel. ʇʦʢʘʟʘʥʘ ʟʘʚʠʩʠ-
ʤʦʩʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʨʛʘʥʦʧʣʘʩʪʠʢʘ ʦʪ ʚʝʣʠʯʠʥʳ ʜʝʬʝʢʪʘ ʚʦʣʦʢʥʘ.  

Abstract:  
The article is devoted to the study of the effective characteristics of unidirectional fibrous composite materials 

reinforced with hollow fibers. The calculation of stress fields and deformations of a composite material with a 
tetragonal structure with a CAE package ANSYS. The effective characteristics of the composite reinforced with 
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hollow fibers in the software for working with Excel spreadsheets are calculated. The dependence of the charac-
teristics of organoplasty on the size of the fiber defect is shown. 

 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʂʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʙʘʟʘʣʴʪʦʚʦʝ ʚʦʣʦʢʥʦ, ʬʝʥʦʣʬʦʨʤʘʣʴʜʝʛʠʜʥʘʷ ʤʘʪ-

ʨʠʮʘ, ʢʘʧʠʣʣʷʨʥʦʩʪʴ, ʫʧʨʫʛʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʧʦʣʳʝ ʚʦʣʦʢʥʘ, ʧʦʨʠʩʪʦʩʪʴ 
Key words: Composite materials, basalt fiber, phenol-formaldehyde matrix, capillarity, elastic characteris-

tics, hollow fibers, porosity 
 
ɺ ʚʝʢ ʩʪʨʝʤʠʪʝʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ ʪʝʭʥʦʣʦʛʠʡ ʢ 

ʩʦʚʨʝʤʝʥʥʦʡ ʪʝʭʥʠʢʝ ʚʳʜʚʠʛʘʶʪʩʷ ʚʩʝ ʙʦʣʝʝ ʚʳʩʦ-
ʢʠʝ ʪʨʝʙʦʚʘʥʠʷ: ʜʦʩʪʠʞʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦ ʚʳʩʦʢʠʭ 
ʧʦʢʘʟʘʪʝʣʝʡ ʞʝʩʪʢʦʩʪʠ ʠ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʥʘʠʤʝʥʴ-
ʰʝʡ ʤʘʩʩʝ ʢʦʥʩʪʨʫʢʮʠʠ [4]. ʊʘʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʟʘʚʠ-
ʩʷʪ ʦʪ ʚʳʙʨʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʤʝʪʦʜʦʚ ʠʟʛʦʪʦʚʣʝ-
ʥʠʷ. ʅʦ ʚ ʥʘʠʙʦʣʴʰʝʡ ʤʝʨʝ ʠʤʝʥʥʦ ʢʦʤʧʦʟʠʪʳ ʩʦ-
ʦʪʚʝʪʩʪʚʫʶʪ ʵʪʠʤ ʢʨʠʪʝʨʠʷʤ.  
ɺ ʧʦʛʦʥʝ ʟʘ ʩʢʦʨʦʩʪʴʶ ʠʟʛʦʪʦʚʣʝʥʠʷ ʙʦʣʴʰʝʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʝʜʠʥʠʮ ʧʨʦʜʫʢʮʠʠ ʫʤʝʥʴʰʘʝʪʩʷ ʢʘʯʝ-
ʩʪʚʦ ʢʘʢ ʧʝʨʚʠʯʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʂʄ, ʪʘʢ ʠ ʮʝ-
ʣʦʛʦ ʧʨʦʜʫʢʪʘ. ʅʝʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʢʦʥʪʨʦʣʠʨʦʚʘ-
ʥʠʷ ʪʝʭʧʨʦʮʝʩʩʦʚ ʠ ʚʝʩʴʤʘ ʚʳʩʦʢʘʷ ʜʦʣʷ ʫʯʘʩʪʠʷ 
ʯʝʣʦʚʝʢʘ ʷʚʣʷʶʪʩʷ ʧʨʠʯʠʥʦʡ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʜʝ-
ʬʝʢʪʦʚ, ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʢʦʪʦʨʳʭ ʥʝʙʣʘʛʦʧʨʠʷʪʥʦ 
ʚʣʠʷʶʪ ʥʘ ʩʚʦʡʩʪʚʘ ʢʦʥʩʪʨʫʢʮʠʠ [4].  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʫʝʪʩʷ ʟʘʚʠʩʠʤʦʩʪʴ ʵʬ-
ʬʝʢʪʠʚʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʪʘʢʠʭ ʢʘʢ ʤʦʜʫʣʴ ʩʜʚʠʛʘ 
ʠ ʤʦʜʫʣʴ ʦʙʲʸʤʥʦʛʦ ʩʞʘʪʠʷ, ʦʪ ʚʝʣʠʯʠʥʳ ʜʝʬʝʢʪʘ 
ʘʨʤʠʨʫʶʱʝʛʦ ʢʦʤʧʦʥʝʥʪʘ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʣʝʡ 
ʜʝʬʦʨʤʘʮʠʡ ʠ ʥʘʧʨʷʞʝʥʠʡ ʠʩʧʦʣʴʟʫʝʪʩʷ CAE 
(Computer-aided engineering) - ʧʘʢʝʪ ANSYS. ɼʣʷ 
ʛʨʘʬʠʯʝʩʢʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʟʘʚʠʩʠʤʦʩʪʠ ʭʘʨʘʢʪʝʨʠ-
ʩʪʠʢ ʢʦʤʧʦʟʠʪʘ ʦʪ ʢʘʧʠʣʣʷʨʥʦʩʪʠ ʠʩʧʦʣʴʟʫʝʪʩʷ 
ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʜʣʷ ʨʘʙʦʪʳ ʩ ʵʣʝʢʪʨʦʥ-
ʥʳʤʠ ʪʘʙʣʠʮʘʤʠ Excel. 
ʈʘʩʩʤʦʪʨʠʤ ʤʘʪʝʨʠʘʣ ʩ ʪʝʪʨʘʛʦʥʘʣʴʥʦʡ ʩʪʨʫʢ-

ʪʫʨʦʡ ʙʘʟʘʣʴʪʦʚʦʛʦ ʚʦʣʦʢʥʘ ʚ ʬʝʥʦʣʬʦʨʤʘʣʴʜʝʛʠʜ-
ʥʦʡ ʤʘʪʨʠʮʝ  

 

 
ʈʠʩʫʥʦʢ 1 - ɻʝʦʤʝʪʨʠʷ ʬʨʘʛʤʝʥʪʘ ʢʦʥʩʪʨʫʢʮʠʠ, ʛʜʝ 1 ï ʬʝʥʦʣʬʦʨʤʘʣʴʜʝʛʠʜʥʘʷ ʤʘʪʨʠʮʘ, 2 ï ʙʘʟʘʣʴʪʦ-

ʚʦʝ ʚʦʣʦʢʥʦ, rf ï ʚʥʝʰʥʠʡ ʨʘʜʠʫʩ ʚʦʣʦʢʥʘ, rp ï ʨʘʜʠʫʩ ʜʝʬʝʢʪʘ 

 
ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʦʣʦʢʥʘ ʠ ʤʘʪʨʠʮʳ ʧʨʠʚʝ-

ʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

ʊʘʙʣʠʮʘ 1.  

ʌʠʟʠʢʦïʤʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʘʟʘʣʴʪʦʚʦʛʦ ʚʦʣʦʢʥʘ ʠ ʬʝʥʦʣʬʦʨʤʘʣʴʜʝʛʠʜʥʦʡ ʤʘʪʨʠʮʳ 

 ɹʘʟʘʣʴʪʦʚʦʝ ʚʦʣʦʢʥʦ ʌʝʥʦʣʬʦʨʤʘʣʴʜʝʛʠʜʥʘʷ  
ʤʘʪʨʠʮʘ 

ʄʦʜʫʣʴ ʖʥʛʘ, ɻʇʘ 98,1 4 

ʂʦʵʬʬʠʮʠʝʥʪ ʇʫʘʩʩʦʥʘ 0,25 0,20 

ʄʦʜʫʣʴ ʩʜʚʠʛʘ, ɻʇʘ 39,227 1,667 

ʄʦʜʫʣʴ ʦʙʲʸʤʥʦʛʦ ʩʞʘʪʠʷ, ɻʇʘ 65,378 2,22 

ή
ὶὴ

ὶὪ

‐

ὦ
 (1) 

 
ʌʦʨʤʫʣʘ (1) ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʚʝʣʠʯʠʥʫ 

ʢʘʧʠʣʣʷʨʥʦʩʪʠ, ʛʜʝ Ů (rp) ʨʘʜʠʫʩ ʧʦʨʳ, b (rf) ʚʥʝʰ-
ʥʠʡ ʨʘʜʠʫʩ ʚʦʣʦʢʥʘ [2]. 

ɺ CAE-ʧʘʢʝʪʝ ANSYS, ʫʢʘʟʳʚʘʷ ʩʚʦʡʩʪʚʘ ʤʘ-
ʪʝʨʠʘʣʦʚ ʠ ʟʘʜʘʚʘʷ ʥʝʦʙʭʦʜʠʤʳʝ ʧʘʨʘʤʝʪʨʳ, 
ʩʪʨʦʠʤ ʛʝʦʤʝʪʨʠʶ, ʦʧʨʝʜʝʣʷʝʤ ʫʩʣʦʚʠʷ ʥʘ ʛʨʘʥʠʮʝ 
ʠ ʨʘʟʙʠʚʘʝʤ ʥʘ ʢʦʥʝʯʥʳʝ ʵʣʝʤʝʥʪʳ. ɼʘʥʥʳʡ ʘʣʛʦ-
ʨʠʪʤ ʤʳ ʧʦʚʪʦʨʷʝʤ ʜʣʷ ʢʦʤʧʦʟʠʪʦʚ ʩ ʩʦʜʝʨʞʘʥʠʝʤ 
ʚʦʣʦʢʥʘ 0,5 ʠ ʩ ʥʘʣʠʯʠʝʤ ʧʦʨʳ, ʨʘʟʤʝʨ ʢʦʪʦʨʦʡ ʩʦ-
ʩʪʘʚʣʷʝʪ ʦʪ 0 ʜʦ 0,7 ʨʘʟʤʝʨʘ ʚʦʣʦʢʥʘ ʩ ʰʘʛʦʤ 0,1. 
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ʈʠʩʫʥʦʢ 2 - ʌʨʘʛʤʝʥʪ ʢʦʥʩʪʨʫʢʮʠʠ ʧʦʩʣʝ ʨʘʟʙʠʝʥʠʷ ʥʘ ʢʦʥʝʯʥʳʝ ʵʣʝʤʝʥʪʳ ʜʣʷ ʧʦʨ ʩ ʦʙʲʝʤʥʦʡ ʜʦʣʝʡ 0,1 

ʠ 0,7 ʦʪ ʦʙʲʝʤʘ ʚʦʣʦʢʥʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

 
ʈʠʩʫʥʦʢ 3 - ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʣʝʡ ʜʝʬʦʨʤʘʮʠʡ ʠ ʥʘʧʨʷʞʝʥʠʡ ʧʦʩʣʝ ʧʨʠʣʦʞʝʥʠʷ ʥʘʛʨʫʟʢʠ ʜʣʷ ʧʦʨ ʩ ʦʙʲʝʤ-

ʥʦʡ ʜʦʣʝʡ 0,1 ʠ 0,7 ʦʪ ʦʙʲʝʤʘ ʚʦʣʦʢʥʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 
 
ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʟʥʘʯʝʥʠʷ ʥʘʧʨʷ-

ʞʝʥʠʡ ʠ ʜʝʬʦʨʤʘʮʠʠ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʩʝʡ X ʠ Y.  
 

ὑ
„ „

ς‐ ‐
 (2) 

 
ʀʩʧʦʣʴʟʫʷ ʟʘʚʠʩʠʤʦʩʪʴ (2) ʧʦʣʫʯʘʝʤ ʟʥʘʯʝʥʠʷ 

ʤʦʜʫʣʷ K ʜʣʷ ʢʘʞʜʦʛʦ ʨʘʟʤʝʨʘ ʜʝʬʝʢʪʘ ʚ ʚʦʣʦʢʥʝ. 
ʀʩʧʦʣʴʟʫʷ ʬʦʨʤʫʣʳ ʠʟ ʤʦʥʦʛʨʘʬʠʠ ɺʘʥʠʥʘ [2] 

ʦʧʨʝʜʝʣʠʤ ʟʥʘʯʝʥʠʝ ʤʦʜʫʣʷ ʫʧʨʫʛʦʩʪʠ ʚʪʦʨʦʛʦ 
ʨʦʜʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʘʧʠʣʣʷʨʥʦʩʪʠ q.  

ρ

Ὃᶻ
ρ

Ὃᶻ
ρ

Ὃ

ρ ‡ ρ ‡
Ὃ
Ὃ

ρ ‡ ρ ‡
Ὃ
Ὃ

 (3) 

 
ɼʣʷ ʧʨʝʜʝʣʴʥʦʛʦ ʩʣʫʯʘʷ, ʢʦʛʜʘ ʜʝʬʝʢʪ ʦʪʩʫʪ-

ʩʪʚʫʝʪ ʠ ʚʝʣʠʯʠʥʘ q=0, ʤʳ ʤʦʞʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ 
ʬʦʨʤʫʣʫ ʜʣʷ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʦʛʦ ʚʦʣʦʢʥʠʪʘ, ʢʦʪʦ-
ʨʘʷ ʷʚʣʷʶʪʩʷ ʯʘʩʪʥʳʤ ʩʣʫʯʘʝʤ ʬʦʨʤʫʣʳ (3) [3]. 

 

ρ

Ὃᶻ
ρ

Ὃᶻ
ρ

Ὃ

ρ ‡ ρ ‡
Ὃ
Ὃ

ρ ‡ ρ ‡
Ὃ
Ὃ

 

 

(3) 

 
ɿʘʚʠʩʠʤʦʩʪʠ ʩʚʦʡʩʪʚ ʦʪ ʚʝʣʠʯʠʥʳ q ʚʳʛʣʷʜʷʪ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ:  
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ʈʠʩʫʥʦʢ 4 - ɿʘʚʠʩʠʤʦʩʪʴ ʤʦʜʫʣʷ ʩʜʚʠʛʘ ʚ ʧʦʧʝʨʝʯʥʦʤ ʩʝʯʝʥʠʠ ʦʪ ʢʘʧʠʣʣʷʨʥʦʩʪʠ ʚʦʣʦʢʥʘ 

 

 
ʈʠʩʫʥʦʢ 5 - ɿʘʚʠʩʠʤʦʩʪʴ ʤʦʜʫʣʷ ʦʙʲʸʤʥʦʛʦ ʩʞʘʪʠʷ ʦʪ ʢʘʧʠʣʣʷʨʥʦʩʪʠ ʚʦʣʦʢʥʘ 

 
ʀʟ ʛʨʘʬʠʢʦʚ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʵʬʬʝʢ-

ʪʠʚʥʳʝ ʫʧʨʫʛʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʘʚʠʩʷʪ ʦʪ ʢʘʧʠʣ-
ʣʷʨʥʦʩʪʠ ʥʝʣʠʥʝʡʥʦ. ʋʚʝʣʠʯʝʥʠʝ ʟʥʘʯʝʥʠʷ q ʧʨʠ-
ʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ 
ʩʚʦʡʩʪʚ, ʧʨʠʯʝʤ, ʯʝʤ ʩʠʣʴʥʝʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʟʥʘʯʝ-
ʥʠʝ q, ʪʝʤ ʩʪʨʝʤʠʪʝʣʴʥʝʝ ʫʤʝʥʴʰʘʶʪʩʷ ʩʚʦʡʩʪʚʘ. 
ʇʦʣʳʝ ʚʦʣʦʢʥʘ ʜʦʚʦʣʴʥʦ ʩʣʘʙʦ ʧʨʦʷʚʣʷʶʪ 

ʩʝʙʷ ʚ ʢʦʥʩʪʨʫʢʮʠʷʭ, ʨʘʙʦʪʘʶʱʠʭ ʥʘ ʨʘʩʪʷʞʝʥʠʝ, 
ʚʚʠʜʫ ʥʝʚʳʩʦʢʦʡ ʧʨʦʯʥʦʩʪʠ ʧʨʦʬʠʣʴʥʳʭ ʚʦʣʦʢʦʥ. 
ʆʜʥʘʢʦ ʩʪʦʠʪ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʥʘʣʠʯʠʝ ʧʦʣʦʩʪʝʡ ʠʣʠ 
ʧʦʨ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʥʝ ʪʦʣʴʢʦ ʢʘʢ ʜʝʬʝʢʪ, 
ʧʨʠʚʦʜʷʱʠʡ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʢ ʥʝʞʝʣʘʪʝʣʴʥʳʤ ʧʦ-
ʩʣʝʜʩʪʚʠʷʤ. ɺʝʜʴ ʟʘʤʝʥʘ ʮʝʣʴʥʦʛʦ ʚʦʣʦʢʥʘ ʥʘ ʧʦ-
ʣʦʝ ʧʨʠ ʩʞʘʪʠʠ ʠʣʠ ʠʟʛʠʙʝ ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪʴ 
ʟʥʘʯʝʥʠʷ ʧʨʦʯʥʦʩʪʠ ʠ ʞʝʩʪʢʦʩʪʠ ʢʦʤʧʦʟʠʪʘ [1], ʘ 
ʚʘʨʴʠʨʦʚʘʥʠʝ ʨʘʟʤʝʨʘ ʧʦʣʦʩʪʠ ʤʦʞʝʪ ʧʦʚʣʠʷʪʴ ʥʘ 
ʟʥʘʯʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʠ [5]. ʊʘ-
ʢʠʝ ʚʦʣʦʢʥʘ ʥʘʰʣʠ ʩʚʦʝ ʧʨʠʤʝʥʝʥʠʝ ʢʘʢ ʤʝʤʙʨʘʥʳ 
ʚ ʫʩʪʘʥʦʚʢʘʭ ʧʦʣʫʯʝʥʠʷ ʘʟʦʪʘ ʠʟ ʚʦʟʜʫʭʘ [1], ʚ ʩʢʚʘ-
ʞʠʥʥʳʭ ʵʣʝʢʪʨʦʫʩʪʘʥʦʚʢʘʭ [5]. 
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THE USE OF PROJECTIVE GROUPS OF TRANSFORMATION IN THE INVARIANT SYSTEM 

OF INFORMATION TRANSMISSION  
 
ɸʥʥʦʪʘʮʠʷ 
ʆʧʠʩʘʥʠʝ ʢʘʥʘʣʦʚ ʩʚʷʟʠ ʛʨʫʧʧʘʤʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ, ʦʪʢʨʳʚʘʝʪ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʙʝʟʳʩ-

ʢʘʞʝʥʥʦʡ ʧʝʨʝʜʘʯʠ ʩʦʦʙʱʝʥʠʡ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʥʚʘʨʠʘʥʪʦʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʢʘʥʘʣʫ ʛʨʫʧʧʳ. ɺ 
ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʘ ʩʭʝʤʘ ʧʨʦʝʢʪʠʚʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, ʢʦʪʦʨʘʷ ʩʨʘʚʥʠʚʘʝʪʩʷ ʩʦ ʩʭʝʤʦʡ ʘʬʬʠʥʥʦʛʦ 
ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ. ʆʧʨʝʜʝʣʷʝʪʩʷ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʩʦʦʪʥʦʰʝʥʠʡ ʤʦʜʫʣʝʡ ʚʭʦʜʥʳʭ ʠ ʚʳʭʦʜʥʳʭ 
ʩʠʛʥʘʣʦʚ ʜʣʷ ʢʘʥʘʣʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʝʤʳʭ ʧʨʦʝʢʪʠʚʥʦʡ ʩʭʝʤʦʡ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ. ʇʨʦʝʢʪʠʚʥʘʷ ʛʨʫʧʧʘ ʧʨʝʦʙ-
ʨʘʟʦʚʘʥʠʡ ʦʧʠʩʳʚʘʝʪ ʰʠʨʦʢʠʡ ʢʣʘʩʩ ʥʝʣʠʥʝʡʥʳʭ ʢʘʥʘʣʦʚ ʩ ʦʩʥʦʚʥʳʤ ʠʥʚʘʨʠʘʥʪʦʤ ʚ ʬʦʨʤʝ ʩʣʦʞʥʦʛʦ ʦʪ-
ʥʦʰʝʥʠʷ ʯʝʪʳʨʝʭ ʪʦʯʝʢ. 

Abstract 
The description of communication channels by transformation groups opens up theoretical possibilities of 

untraceable message transmission due to the use of invariants corresponding to the channel of the group. The 
article deals with the projective transformation scheme, which is compared with the affine transformation scheme. 
The analytical expression for the ratio of input and output signal modules for channels characterized by a projec-
tive transformation scheme is determined. The projective transformation group describes a wide class of nonlinear 
channels with a basic invariant in the form of a complex relation of four points. 

 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʨʦʝʢʪʠʚʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ, ʘʬʬʠʥʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ, ʩʠʛʥʘʣ, ʜʣʠʥʘ ʚʝʢʪʦʨʘ, ʢʦ-

ʵʬʬʠʮʠʝʥʪ. 
Keywords: projective transformation, affine transformation, the signal, vector length, coefficient. 
 

ʈʘʩʩʤʦʪʨʠʤ ʩʭʝʤʫ ʧʨʦʝʢʪʠʚʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘ-

ʥʠʷ, ʢʦʪʦʨʘʷ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʩʭʝʤʳ ʘʬʬʠʥʥʦʛʦ ʧʨʝ-

ʦʙʨʘʟʦʚʘʥʠʷ ʈʠʩʫʥʦʢ 1 ʪʝʤ, ʯʪʦ ʮʝʥʪʨ ʧʨʦʝʢʪʠʨʦʚʘ-

ʥʠʷ ʥʘʭʦʜʠʪʩʷ ʥʝ ʚ ʙʝʩʢʦʥʝʯʥʦʩʪʠ, ʘ ʥʘ ʢʦʥʝʯʥʦʤ 

ʨʘʩʩʪʦʷʥʠʠ l ʦʪ ʣʠʥʠʠ ʚʭʦʜʥʳʭ ʩʠʛʥʘʣʦʚ ʈʠʩʫʥʦʢ 2. 

ʉʭʝʤʘ ʧʨʦʝʢʪʠʚʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʦʨʦʞʜʘʝʪ ʥʝ-

ʣʠʥʝʡʥʫʶ ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʤʦʜʫʣʷʤʠ ʚʝʢʪʦʨʦʚ 

ʚʭʦʜʥʳʭ ʠ ʚʳʭʦʜʥʳʭ ʩʠʛʥʘʣʦʚ. 

 
ʈʠʩʫʥʦʢ 1 - ʉʭʝʤʘ ʘʬʬʠʥʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʜʣʷ ʣʠʥʝʡʥʦʛʦ ʢʘʥʘʣʘ ʩʚʷʟʠ 
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ʈʠʩʫʥʦʢ 2 - ʉʭʝʤʘ ʧʨʦʝʢʪʠʚʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʜʣʷ ʥʝʣʠʥʝʡʥʦʛʦ ʢʘʥʘʣʘ ʩʚʷʟʠ 

 
ʅʘʡʜʝʤ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʩʦʦʪʥʦ-

ʰʝʥʠʡ ʤʦʜʫʣʝʡ ʚʭʦʜʥʳʭ ʠ ʚʳʭʦʜʥʳʭ ʩʠʛʥʘʣʦʚ ʜʣʷ 
ʢʘʥʘʣʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʝʤʳʭ ʧʨʦʝʢʪʠʚʥʦʡ ʩʭʝʤʦʡ 
ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ. 

ʇʫʩʪʴ AM  - ʦʪʨʝʟʦʢ ʥʘ ʧʨʷʤʦʡ ʚʝʢʪʦʨʦʚ ʚʳ-

ʭʦʜʥʳʭ ʩʠʛʥʘʣʦʚ, MK  - ʦʪʨʝʟʦʢ ʥʘ ʧʨʷʤʦʡ ʚʝʢʪʦ-

ʨʦʚ ʚʭʦʜʥʳʭ ʩʠʛʥʘʣʦʚ, C  - ʮʝʥʪʨ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʈʠʩʫʥʦʢ 3. 

 
ʈʠʩʫʥʦʢ 3 - ʅʘʭʦʞʜʝʥʠʝ ʩʦʦʪʥʦʰʝʥʠʷ ʤʦʜʫʣʝʡ ʚʭʦʜʥʳʭ ʠ ʚʳʭʦʜʥʳʭ ʩʠʛʥʘʣʦʚ 

 
ʊʨʝʫʛʦʣʴʥʠʢ AKM  ʧʦʩʪʨʦʠʤ ʢʘʢ ʨʘʚʥʦʙʝʜʨʝʥ-

ʥʳʡ (AM MK= ), ʠʩʭʦʜʷ ʠʟ ʧʨʝʜʧʦʣʦʞʝʥʠʷ, ʯʪʦ ʢʘ-
ʥʘʣ ʨʘʙʦʪʘʝʪ ʙʝʟ ʫʩʠʣʝʥʠʷ, ʪ.ʝ. ʜʣʠʥʳ ʚʝʢʪʦʨʦʚ (ʠʣʠ 
ʘʤʧʣʠʪʫʜʳ) ʩʠʛʥʘʣʦʚ ʥʘ ʚʳʭʦʜʝ ʥʝ ʤʦʛʫʪ ʧʨʝʚʦʩʭʦ-
ʜʠʪʴ ʜʣʠʥʳ ʚʝʢʪʦʨʦʚ (ʘʤʧʣʠʪʫʜ) ʩʠʛʥʘʣʦʚ ʥʘ ʚʭʦʜʝ 
ʢʘʥʘʣʘ. ʇʨʠ ʵʪʦʤ ʜʣʠʥʳ ʝʛʦ ʩʪʦʨʦʥ ʙʫʜʫʪ ʩʦʦʪʚʝʪ-
ʩʪʚʦʚʘʪʴ ʜʠʘʧʘʟʦʥʫ ʠʟʤʝʥʝʥʠʷ ʤʦʜʫʣʝʡ ʚʝʢʪʦʨʦʚ 
ʚʭʦʜʥʳʭ ʠ ʚʳʭʦʜʥʳʭ ʩʠʛʥʘʣʦʚ. 
ɺ ʧʨʠʚʝʜʝʥʥʦʡ ʩʭʝʤʝ ʜʣʠʥʳ ʚʝʢʪʦʨʦʚ ʚʳʭʦʜ-

ʥʳʭ ʩʠʛʥʘʣʦʚ ʚʩʶʜʫ ʤʝʥʴʰʝ ʚʝʢʪʦʨʦʚ ʚʭʦʜʥʳʭ ʩʠʛ-

ʥʘʣʦʚ, ʢʨʦʤʝ ʩʠʪʫʘʮʠʠ, ʢʦʛʜʘ 
ʚʭs  ʜʦʩʪʠʛʘʝʪ ʤʘʢʩʠ-

ʤʫʤʘ, ʨʘʚʥʦʛʦ ʜʣʠʥʝ ʦʪʨʝʟʢʘ MK  
ʆʙʦʟʥʘʯʠʤ ʚʝʣʠʯʠʥʫ ʦʪʨʝʟʢʘ KC  ʙʫʢʚʦʡ L  

(ʨʘʩʩʪʦʷʥʠʝ ʜʦ ʮʝʥʪʨʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ). 

ʇʨʦʚʝʜʝʤ A B¡ ¡ ʧʘʨʘʣʣʝʣʴʥʦ AM. ʊʦʛʜʘ ʪʨʝ-
ʫʛʦʣʴʥʠʢʠABC ʠ A B C¡ ¡ ʧʦʜʦʙʥʳ. ʂʦʵʬʬʠʮʠʝʥʪ ʧʦ-

ʜʦʙʠʷ K AC A C¡= . 

ʊʨʝʫʛʦʣʴʥʠʢʠAKMʠA KB¡ ¡ʪʦʞʝ ʧʦʜʦʙʥʳ, ʩʣʝ-
ʜʦʚʘʪʝʣʴʥʦ, ʪʨʝʫʛʦʣʴʥʠʢA KB¡ ¡ ʨʘʚʥʦʙʝʜʨʝʥʥʳʡ. ʊʦ-
ʛʜʘ ʜʣʷ K  ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ; 

( )

2
2

2
2

ʚʭ

Dsin L
AC AK L

K
A C L A K

D s sin L

+
+

= = =
¡ ¡+

- +

a

a

. (1) 

ɿʥʘʷ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʜʦʙʠʷ K , ʤʦʞʥʦ ʥʘʡʪʠ 
ʜʣʠʥʫ ʦʪʨʝʟʢʘ AB: 

( )
( )

2
2

2
2

ʚʭ

ʚʭ

Dsin L
AB A B K D s

D s sin L

+
¡ ¡= Ö = -

- +

a

a

. (2) 

ʊʘʢ ʢʘʢ 
ʚʳʭs D AB= - , ʪʦ ʧʦʣʫʯʠʤ: 
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( )
( )

2
2

2
2

ʚʳʭ ʚʭ

ʚʭ

Dsin L
s D D s

D s sin L

è ø
+é ù

= - -é ù
- +é ù

ê ú

a

a

. (3) 

ʀʪʘʢ, ʧʦʣʫʯʝʥʦ ʚʘʞʥʦʝ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʚʳʨʘ-
ʞʝʥʠʝ, ʦʧʨʝʜʝʣʷʶʱʝʝ ʟʘʚʠʩʠʤʦʩʪʴ ʜʣʠʥ ʚʝʢʪʦʨʦʚ 
ʦʜʠʥʘʢʦʚʦʡ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʥʘ ʚʭʦʜʝ ʠ ʚʳʭʦʜʝ ʥʝ-
ʣʠʥʝʡʥʳʭ ʢʘʥʘʣʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʝʤʳʭ ʧʨʦʝʢʪʠʚʥʦʡ 
ʩʭʝʤʦʡ, ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ. 
ʂʘʢ ʚʠʜʥʦ ʠʟ ʵʪʦʡ ʬʦʨʤʫʣʳ, ʩʭʝʤʘ ʧʨʦʝʢʪʠʚ-

ʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʦʨʦʞʜʘʝʪ ʩʝʤʝʡʩʪʚʦ ʥʝʣʠ-

ʥʝʡʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ( )ʚʳʭ ʚʭs f s ,D,L= . ʕʪʦ ʟʥʘ-

ʯʠʪ, ʯʪʦ ʧʨʦʝʢʪʠʚʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦ ʠʩ-
ʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʦʧʠʩʘʥʠʷ ʠʟʤʝʥʝʥʠʡ ʜʣʠʥ ʚʝʢʪʦʨʦʚ 
ʩʠʛʥʘʣʦʚ ʥʝʣʠʥʝʡʥʳʤʠ ʢʘʥʘʣʘʤʠ ʩʚʷʟʠ. 
ʇʨʠ ʵʪʦʤ ʚ ʧʨʝʜʝʣʝ, ʢʦʛʜʘ L­¤ ʩʭʝʤʘ ʧʨʦʝʢ-

ʪʠʚʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʝʨʝʭʦʜʠʪ ʚ ʩʭʝʤʫ ʘʬʬʠʥ-
ʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, ʧʨʠ ʢʦʪʦʨʦʡ ʩʚʷʟʴ ʤʝʞʜʫ 

ʚʳʭs  

ʠ 
ʚʭs  ʣʠʥʝʡʥʘ. ʅʘ ʈʠʩʫʥʢʝ 4 ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ 

ʧʨʠʚʝʜʝʥʦ ʥʝʩʢʦʣʴʢʦ çʘʤʧʣʠʪʫʜʥʳʭè ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢ ʥʝʣʠʥʝʡʥʦʛʦ ʢʘʥʘʣʘ ( )ʚʳʭ ʚʭs f s=  ʜʣʷ ʨʘʟ-

ʥʳʭ L  ʧʨʠ 16D= . ʋʯʠʪʳʚʘʷ ʙʝʩʢʦʥʝʯʥʦʝ ʤʥʦ-

ʞʝʩʪʚʦ ʚʘʨʠʘʥʪʦʚ ʨʘʩʧʦʣʦʞʝʥʠʷ ʮʝʥʪʨʘ ʧʨʦʝʢʪʠ-
ʨʦʚʘʥʠʷ, ʤʦʞʥʦ ʛʦʚʦʨʠʪʴ ʦ ʙʝʩʢʦʥʝʯʥʦʤ ʤʥʦʞʝ-
ʩʪʚʝ ʚʘʨʠʘʥʪʦʚ ʘʤʧʣʠʪʫʜʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 
ʥʝʣʠʥʝʡʥʳʭ ʢʘʥʘʣʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʝʤʳʭ ʧʨʦʝʢ-
ʪʠʚʥʳʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ ʜʣʠʥ ʚʝʢʪʦʨʦʚ ʚʭʦʜʥʳʭ 
ʩʠʛʥʘʣʦʚ ʚ ʜʣʠʥʳ ʚʝʢʪʦʨʦʚ ʚʳʭʦʜʥʳʭ ʩʠʛʥʘʣʦʚ. 
ʇʨʦʝʢʪʠʚʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʦʙʣʘʜʘʶʪ ʛʨʫʧ-

ʧʦʚʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʇʨʠ ʵʪʦʤ ʦʩʥʦʚʥʳʤ ʠʥʚʘʨʠʘʥ-
ʪʦʤ ʧʨʦʝʢʪʠʚʥʦʡ ʛʨʫʧʧʳ ʷʚʣʷʝʪʩʷ ʪʘʢ ʥʘʟʳʚʘʝʤʦʝ 
çʘʥʛʘʨʤʦʥʠʯʝʩʢʦʝ ʦʪʥʦʰʝʥʠʝ ʯʝʪʳʨʝʭ ʪʦʯʝʢè. ɼʣʷ 
ʩʭʝʤʳ ʈʠʩʫʥʢʘ 2 ʦʥʦ ʦʟʥʘʯʘʝʪ 

a

b
: c

d
= a

b

¡

¡
: c

d

¡

¡
.  (4) 

ʕʪʦʪ ʠʥʚʘʨʠʘʥʪ ʤʦʞʝʪ ʥʘʡʪʠ ʚʘʞʥʦʝ ʧʨʘʢʪʠʯʝ-
ʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʩʠʩʪʝʤʘʭ ʩʚʷʟʠ, ʠʩʧʦʣʴʟʫʶʱʠʭ 
ʥʝʣʠʥʝʡʥʳʝ ʢʘʥʘʣʳ, ʜʣʷ ʢʦʪʦʨʳʭ ʚʟʘʠʤʦʩʚʷʟʴ 
ʤʝʞʜʫ ʤʦʜʫʣʷʤʠ ʚʝʢʪʦʨʦʚ ʚʭʦʜʥʳʭ ʠ ʚʳʭʦʜʥʳʭ 
ʩʠʛʥʘʣʦʚ ʧʦʜʯʠʥʷʝʪʩʷ ʧʨʦʝʢʪʠʚʥʦʡ ʩʭʝʤʝ ʧʨʝʦʙʨʘ-
ʟʦʚʘʥʠʷ. 

 
 

ʈʠʩʫʥʦʢ 4 - ɿʘʚʠʩʠʤʦʩʪʠ ( )ʚʳʭ ʚʭs f s ,D,L= , ʧʦʨʦʞʜʘʝʤʳʝ ʩʭʝʤʦʡ ʧʨʦʝʢʪʠʚʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 
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ʉʪʝʨʭʦʚ ɺ. ɼ., ʖʨʠʥ ʀ. ɺ. 
ʌɻɸʆʋɺʆ çʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʅʘʮʠʦʥʘʣʴʥʳʡ ʀʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʋʥʠʚʝʨʩʠʪʝʪ  

ʀʥʬʦʨʤʘʮʠʦʥʥʳʭ ʊʝʭʥʦʣʦʛʠʡ, ʄʝʭʘʥʠʢʠ ʠ ʆʧʪʠʢʠè 

 

ʇʆʊɽʅʎʀɸʃʔʅʓɽ ʈʀʉʂʀ ɼʃʗ ʄʆɹʀʃʔʅʓʍ ʇʃɸʊɽɾɽʁ: ʋɻʈʆɿʓ ʀ ʋʗɿɺʀʄʆʉʊʀ. 
 

Sterkhov V.D., Yurin I .V. 
GAOWO "Saint-Petersburg national Research University of Information Technologies,  

Mechanics and Opticsè 
 

POTENTIAL RISKS FOR MOBILE PAYMENTS: THREATS AND VULNERABILITIES.  
 

 
ɸʥʥʦʪʘʮʠʷ:  
ʉ ʨʦʩʪʦʤ ʧʦʧʫʣʷʨʥʦʩʪʠ, ʙʝʩʢʦʥʪʘʢʪʥʳʭ ʩʧʦʩʦʙʦʚ ʦʧʣʘʪʳ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʠ ʫʨʦʚʝʥʴ ʫʛʨʦʟ ʚ ʦʪʥʦʰʝ-

ʥʠʠ ʜʘʥʥʳʭ ʩʧʦʩʦʙʦʚ ʦʧʣʘʪʳ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʫʛʨʦʟ ʥʘʧʨʘʚʣʝʥʥʳʭ, ʢʘʢ ʥʘ 
ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʪʘʢ ʠ ʥʘ ʩʠʩʪʝʤʳ ʤʦʙʠʣʴʥʳʭ ʧʣʘʪʝʞʝʡ ʚ ʮʝʣʦʤ.  

Abstract:  
With the growing popularity of contactless payment methods, the level of threats against these payment meth-

ods increases. Today, there are many threats aimed at both users and mobile payment systems in General.  
 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʦʙʠʣʴʥʳʝ ʧʣʘʪʝʞʠ, ʙʝʩʢʦʥʪʘʢʪʥʘʷ ʦʧʣʘʪʘ, ʮʠʬʨʦʚʳʝ ʢʦʰʝʣʴʢʠ, ʫʛʨʦʟʳ ʙʝʩʢʦʥ-

ʪʘʢʪʥʳʭ ʧʣʘʪʝʞʝʡ, ʬʠʰʠʥʛ, ʩʦʮʠʘʣʴʥʘʷ ʠʥʞʝʥʝʨʠʷ, apple pay, Samsung pay, google pay, g pay, NFC. 
Keywords: mobile payments, contactless payment, digital wallets, threats of contactless payments, phishing, 

social engineering, apple pay, Samsung pay, google pay, g pay, NFC. 
 
ʄʦʜʝʣʴ ʫʛʨʦʟ ʤʦʙʠʣʴʥʳʭ ʧʣʘʪʝʞʝʡ ʠ ʮʠʬ-

ʨʦʚʳʭ ʢʦʰʝʣʴʢʦʚ 
ʄʦʜʝʣʴ ʫʛʨʦʟʳ ʜʣʷ ʧʨʠʣʦʞʝʥʠʷ ʤʦʙʠʣʴʥʳʭ 

ʧʣʘʪʝʞʝʡ ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʫʛʨʦʟʳ ʚ ʦʪʥʦʰʝʥʠʠ ʦʩ-
ʥʦʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʵʢʦʩʠʩʪʝʤʳ ʤʦʙʠʣʴʥʳʭ ʧʨʠ-
ʣʦʞʝʥʠʡ, ʚʳʜʝʣʷʶʱʠʭ çʛʨʘʥʠʮʳ ʜʦʚʝʨʠʷè (ʠʟʦʙʨʘ-

ʞʝʥʥʳʝ ʥʠʞʝ ʚ ʚʠʜʝ ʢʨʘʩʥʳʭ ʪʦʯʝʢ), ʢʦʪʦʨʳʝ ʷʚʣʷ-
ʶʪʩʷ ʪʦʯʢʘʤʠ ʜʝʤʘʨʢʘʮʠʠ ʤʝʞʜʫ ʯʘʩʪʷʤʠ ʤʦʙʠʣʴ-
ʥʦʛʦ ʧʣʘʪʝʞʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ, ʚ ʢʦʪʦʨʳʭ ʫʛʨʦʟʳ ʚʝ-
ʨʦʷʪʥʝʝ ʚʩʝʛʦ ʧʨʦʠʟʦʡʜʫʪ. 
ʅʠʞʝ ʧʨʠʚʝʜʝʥʘ ʦʙʱʘʷ ʤʦʜʝʣʴ ʫʛʨʦʟʳ ʵʢʦʩʠ-

ʩʪʝʤʳ ʤʦʙʠʣʴʥʳʭ ʧʣʘʪʝʞʝʡ: 

 
ʈʠʩ. 1 ï ʄʦʜʝʣʴ ʫʛʨʦʟʳ ʵʢʦʩʠʩʪʝʤʳ ʤʦʙʠʣʴʥʳʭ ʧʣʘʪʝʞʝʡ [1, ʩ.19] 

 
ʋʛʨʦʟʳ ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʤʦʙʠʣʴʥʳʭ ʧʣʘʪʝ-

ʞʝʡ 
1) ʌʠʰʠʥʛ ʠ ʩʦʮʠʘʣʴʥʘʷ ʠʥʞʝʥʝʨʠʷ 
ʄʦʙʠʣʴʥʳʝ ʪʝʣʝʬʦʥʳ ʩʤʝʰʠʚʘʶʪ ʣʠʯʥʦʝ ʠ 

ʢʦʨʧʦʨʘʪʠʚʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ. ʄʦʙʠʣʴʥʳʝ ʪʝʣʝ-
ʬʦʥʳ ʩʦʙʠʨʘʶʪ ʚʩʝ ʙʦʣʴʰʝ ʠ ʙʦʣʴʰʝ ʠʥʬʦʨʤʘʮʠʠ 
ʦʪ ʢʣʠʝʥʪʘ, ʢʦʪʦʨʳʝ ʘʛʨʝʛʠʨʦʚʘʥʳ, ʤʦʛʫʪ ʧʦʤʦʯʴ ʚ 
ʚʳʧʦʣʥʝʥʠʠ ʩʣʦʞʥʳʭ ʘʪʘʢ. 
ʕʪʠ ʘʪʘʢʠ ʥʘʮʝʣʝʥʳ ʥʘ ʧʦʣʴʟʦʚʘʪʝʣʷ ʧʫʪʝʤ ʬʠ-

ʰʠʥʛʘ ʵʣʝʢʪʨʦʥʥʦʡ ʧʦʯʪʳ ʠ ʩʦʮʠʘʣʴʥʦʡ ʠʥʞʝʥʝ-
ʨʠʠ, ʠʩʧʦʣʴʟʫʶʱʠʭ ʨʘʟʥʳʝ ʢʘʥʘʣʳ ʩʚʷʟʠ (ʥʘʧʨ., ʪʝ-
ʣʝʬʦʥ, Email, SMS) ʠ ʜʘʥʥʳʝ ʦ ʧʦʣʴʟʦʚʘʪʝʣʝ ʚ ʦʙ-
ʱʝʤ ʜʦʩʪʫʧʝ (ʥʘʧʨ., ʩʦʮʠʘʣʴʥʳʝ ʩʝʪʠ, ʧʦʠʩʢʦʚʳʝ 
ʩʠʩʪʝʤʳ). ɼʘʥʥʳʝ, ʟʘʧʨʘʰʠʚʘʝʤʳʝ ʟʣʦʫʤʳʰʣʝʥʥʠ-
ʢʘʤʠ, ʠʩʧʦʣʴʟʫʶʱʠʤʠ ʩʦʮʠʘʣʴʥʫʶ ʠʥʞʝʥʝʨʠʶ, ʯʘ-

ʩʪʦ ʷʚʣʷʶʪʩʷ ʜʘʥʥʳʤʠ ʢʨʝʜʠʪʥʦʡ ʢʘʨʪʳ ʠ ʧʝʨʩʦ-
ʥʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ, ʢʦʪʦʨʳʝ ʧʦʣʴʟʦʚʘʪʝʣʴ ʟʥʘʝʪ. 
ʋʢʨʘʜʝʥʥʳʝ ʜʘʥʥʳʝ ʢʨʝʜʠʪʥʦʡ / ʜʝʙʝʪʦʚʦʡ ʢʘʨʪʳ 
ʠʣʠ ʧʨʝʜʦʧʣʘʯʝʥʥʦʡ ʢʘʨʪʳ (ʥʘʧʨ., PAN, CVV, ʩʨʦʢ 
ʜʝʡʩʪʚʠʷ ʢʘʨʪʳ) ʤʦʛʫʪ ʙʳʪʴ ʣʠʙʦ ʤʦʥʝʪʠʟʠʨʦʚʘʥʳ 
(ʥʘʧʨ., ʧʨʦʜʘʥʳ ʥʘ ʧʦʜʧʦʣʴʥʳʭ ʨʳʥʦʯʥʳʭ ʬʦʨʫ-
ʤʘʭ), ʣʠʙʦ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʤʦʰʝʥʥʠʯʝʩʢʠʭ ʧʣʘ-
ʪʝʞʝʡ. ʋʢʨʘʜʝʥʥʳʝ ʣʠʯʥʳʝ ʜʘʥʥʳʝ ʧʦʣʴʟʦʚʘʪʝʣʝʡ 
ʤʦʙʠʣʴʥʳʭ ʧʣʘʪʝʞʝʡ (ʥʘʧʨ., ʌʀʆ, ʜʘʪʘ ʨʦʞʜʝʥʠʷ, 
ʢʦʥʪʘʢʪʥʳʝ ʜʘʥʥʳʝ) ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ 
ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʘʪʘʢ ʠ ʢʨʘʞʠ ʣʠʯʥʳʭ ʜʘʥʥʳʭ. 

2) ʋʩʪʘʥʦʚʢʘ ʤʦʰʝʥʥʠʯʝʩʢʠʭ ʧʨʠʣʦʞʝʥʠʡ 
ʠ ʚʨʝʜʦʥʦʩʥʳʭ ʧʨʦʛʨʘʤʤ 
ʄʦʰʝʥʥʠʢʠ ʥʘʡʜʫʪ ʩʧʦʩʦʙʳ ʫʩʪʘʥʦʚʠʪʴ ʚʨʝ-

ʜʦʥʦʩʥʦʝ ʇʆ ʥʘ ʤʦʙʠʣʴʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʧʫʪʝʤ ʬʠ-
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ʰʠʥʛʘ / ʩʦʮʠʘʣʴʥʦʡ ʠʥʞʝʥʝʨʠʠ, ʯʪʦʙʳ ʞʝʨʪʚʘ ʦʪ-
ʢʨʳʣʘ ʚʨʝʜʦʥʦʩʥʦʝ ʧʨʠʣʦʞʝʥʠʝ ʚ ʵʣʝʢʪʨʦʥʥʦʤ 
ʧʠʩʴʤʝ ʠ ʧʝʨʝʥʘʧʨʘʚʠʣʘ ʧʦʣʴʟʦʚʘʪʝʣʷ ʥʘ ʟʣʦʥʘʤʝ-
ʨʝʥʥʳʡ URL. 
ɼʨʫʛʠʤ ʚʦʟʤʦʞʥʳʤ ʢʘʥʘʣʦʤ ʜʣʷ ʟʘʨʘʞʝʥʠʷ 

ʚʨʝʜʦʥʦʩʥʳʤʠ ʧʨʦʛʨʘʤʤʘʤʠ ʷʚʣʷʶʪʩʷ ʥʝʙʝʟʦʧʘʩ-
ʥʳʝ ʪʦʯʢʠ ʜʦʩʪʫʧʘ Wi-Fi, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʦʟʚʦʣʠʪʴ 
ʟʣʦʫʤʳʰʣʝʥʥʠʢʫ ʥʘʩʪʨʦʠʪʴ ʪʘʨʛʝʪʠʥʛ ʤʦʙʠʣʴʥʦʛʦ 
ʫʩʪʨʦʡʩʪʚʘ ʥʘ ʏʝʣʦʚʝʢ ʧʦ ʩʝʨʝʜʠʥʝ (MiTM). ʉʫʱʝ-
ʩʪʚʫʝʪ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʴ ʘʪʘʢʠ ʥʘ ʩʧʫʬʠʥʛ ʩʝʪʠ, 
ʪ.ʝ., ʢʦʛʜʘ ʟʣʦʫʤʳʰʣʝʥʥʠʢ ʥʘʩʪʨʘʠʚʘʝʪ ʧʦʜʜʝʣʴ-
ʥʫʶ ʪʦʯʢʫ ʜʦʩʪʫʧʘ ʩ ʪʝʤ ʞʝ ʠʤʝʥʝʤ ʩʝʪʠ, ʯʪʦ ʠ ʪʘ, 
ʢʦʪʦʨʘʷ ʫʞʝ ʩʫʱʝʩʪʚʫʝʪ, ʥʘʧʨ., ʧʦʧʫʣʷʨʥʦʝ ʠʤʷ 
ʢʘʬʝ. ʆʥʠ ʤʦʛʫʪ ʥʘʩʪʨʦʠʪʴ ʧʦʜʜʝʣʴʥʳʡ ʚʝʙ-ʩʘʡʪ 
ʜʣʷ çʘʫʪʝʥʪʠʬʠʢʘʮʠʠè ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠ ʪ.ʦ. ʩʦʙʠ-
ʨʘʪʴ ʜʘʥʥʳʝ, ʘ ʟʘʪʝʤ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʪʠ ʜʘʥ-
ʥʳʝ ʜʣʷ ʩʣʝʜʫʶʱʠʭ ʰʘʛʦʚ ʚ ʩʚʦʝʡ ʘʪʘʢʝ. ʅʝʨʝʜʢʦ 
ʤʦʞʥʦ ʫʚʠʜʝʪʴ, ʯʪʦ ʤʥʦʛʠʝ ʣʶʜʠ ʠʩʧʦʣʴʟʫʶʪ ʦʜʠ-
ʥʘʢʦʚʦʝ ʠʤʷ ʧʦʣʴʟʦʚʘʪʝʣʷ ʠ ʧʘʨʦʣʴ ʜʣʷ ʥʝʩʢʦʣʴʢʠʭ 
ʨʘʟʥʳʭ ʩʝʨʚʠʩʦʚ, ʜʘʞʝ ʜʣʷ ʤʦʙʠʣʴʥʦʛʦ ʧʣʘʪʝʞʥʦʛʦ 
ʧʨʠʣʦʞʝʥʠʷ. 
ʋʛʨʦʟʳ ʤʦʙʠʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ 
1) ʅʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʳʡ ʜʦʩʪʫʧ ʢ ʫʪʝʨʷʥ-

ʥʦʤʫ ʠʣʠ ʫʢʨʘʜʝʥʥʦʤʫ ʤʦʙʠʣʴʥʦʤʫ ʫʩʪʨʦʡʩʪʚʫ 
ʇʨʷʤʳʝ ʘʪʘʢʠ ʧʨʝʜʧʦʣʘʛʘʶʪ, ʯʪʦ ʫ ʟʣʦʫʤʳʰ-

ʣʝʥʥʠʢʘ ʝʩʪʴ ʫʩʪʨʦʡʩʪʚʦ, ʢʦʪʦʨʦʝ ʣʠʙʦ ʩʣʫʯʘʡʥʦ 
ʧʦʪʝʨʷʥʦ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʠʣʠ ʫʢʨʘʜʝʥʦ, ʣʠʙʦ ʧʦʧʘ-
ʜʘʝʪ ʚ ʨʫʢʠ ʟʣʦʫʤʳʰʣʝʥʥʠʢʦʚ. ɿʘʚʣʘʜʝʚ ʠʤ, ʦʥʠ 
ʤʦʛʫʪ ʧʦʧʳʪʘʪʴʩʷ ʧʦʣʫʯʠʪʴ ʜʦʩʪʫʧ ʢ ʫʩʪʨʦʡʩʪʚʫ.  
ʉʢʦʨʝʝ ʚʩʝʛʦ, ʘʪʘʢʠ ʩʦʩʪʦʷʪ ʠʟ ʧʦʧʳʪʦʢ ʦʙʦʡʪʠ 

ʣʶʙʳʝ PIN-ʢʦʜʘ ʠʣʠ ʙʣʦʢʠʨʦʚʢʠ ʧʦ ʦʪʧʝʯʘʪʢʘʤ 
ʧʘʣʴʮʝʚ. ʂʦʛʜʘ ʫʩʪʨʦʡʩʪʚʦ ʟʘʱʠʱʝʥʦ ʩ ʧʦʤʦʱʴʶ 
ʦʪʧʝʯʘʪʢʘ ʧʘʣʴʮʝʚ, ʟʣʦʫʤʳʰʣʝʥʥʠʢ ʤʦʞʝʪ ʪʘʢʞʝ 
ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʪʧʝʯʘʪʢʠ ʧʘʣʴʮʝʚ, ʧʦʭʠʱʝʥʥʳʝ ʠʟ 
ʜʨʫʛʠʭ ʠʩʪʦʯʥʠʢʦʚ ʜʘʥʥʳʭ ʦʪʧʝʯʘʪʢʦʚ ʧʘʣʴʮʝʚ, 
ʥʘʧʨʠʤʝʨ, ʩʥʠʤʘʷ ʦʪʧʝʯʘʪʢʠ ʩ ʧʦʚʝʨʭʥʦʩʪʝʡ. ɿʣʦ-
ʫʤʳʰʣʝʥʥʠʢ, ʚʣʘʜʝʶʱʠʡ ʫʩʪʨʦʡʩʪʚʦʤ, ʤʦʞʝʪ ʧʦ-
ʧʳʪʘʪʴʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʦʤʤʝʨʯʝʩʢʠʝ ʠʣʠ ʩ ʦʪʢʨʳ-
ʪʳʤ ʠʩʭʦʜʥʳʤ ʢʦʜʦʤ ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ ʩʫʜʝʙʥʦʡ 
ʵʢʩʧʝʨʪʠʟʳ, ʢʦʪʦʨʳʝ ʚʟʣʘʤʳʚʘʶʪ ʆʉ ʫʩʪʨʦʡʩʪʚʘ ʠ 
ʧʦʣʫʯʘʶʪ ʢʦʨʥʝʚʦʡ ʜʦʩʪʫʧ ʢ ʬʘʡʣʦʚʦʡ ʩʠʩʪʝʤʝ, 
ʯʪʦʙʳ ʫʢʨʘʩʪʴ ʜʘʥʥʳʝ, ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʥʘ ʫʩʪʨʦʡ-
ʩʪʚʝ. 

2)  ʋʩʪʘʥʦʚʢʘ ʚʨʝʜʦʥʦʩʥʦʛʦ ʇʆ ʥʘ ʫʩʪʨʦʡ-
ʩʪʚʦ 
ʋʩʪʘʥʦʚʢʘ ʚʨʝʜʦʥʦʩʥʳʭ ʧʨʦʛʨʘʤʤ / ʨʫʪʢʠʪʦʚ 

[3] ʤʦʞʝʪ ʙʳʪʴ ʦʙʣʝʛʯʝʥʘ ʧʨʠʣʦʞʝʥʠʝʤ ʧʫʪʝʤ ʟʘ-
ʛʨʫʟʢʠ ʘʪʘʢ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ, ʥʘʧʨʠʤʝʨ, WebKit, 
ʜʣʷ ʜʦʩʪʫʧʘ ʢ ʢʦʨʥʝʚʦʤʫ ʫʨʦʚʥʶ ʠʣʠ ʧʫʪʝʤ ʙʦʥʫʩ-
ʥʦʡ ʟʘʛʨʫʟʢʠ ʚʨʝʜʦʥʦʩʥʦʛʦ ʇʆ ʥʘʨʷʜʫ ʩ ʟʘʢʦʥʥʳʤʠ 
ʠʣʠ ʧʦʣʫ ʟʘʢʦʥʥʳʤʠ ʧʨʠʣʦʞʝʥʠʷʤʠ, ʟʘʛʨʫʞʝʥ-
ʥʳʤʠ ʠʟ ʨʘʟʣʠʯʥʳʭ ʤʘʛʘʟʠʥʦʚ. 
ʋʛʨʦʟʳ ʜʣʷ ʤʦʙʠʣʴʥʳʭ ʧʣʘʪʝʞʝʡ ʠ ʮʠʬʨʦ-

ʚʳʭ ʢʦʰʝʣʴʢʦʚ 
1) ʆʙʨʘʪʥʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠʩʭʦʜʥʦʛʦ 

ʢʦʜʘ ʧʨʠʣʦʞʝʥʠʷ 
ʏʘʩʪʦ ʦʙʨʘʪʥʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʩʘʤʦʛʦ ʜʚʦʠʯ-

ʥʦʛʦ ʬʘʡʣʘ ʷʚʣʷʝʪʩʷ ʧʝʨʚʳʤ ʧʦʨʪʦʤ ʚʳʟʦʚʘ ʜʣʷ 
ʟʣʦʫʤʳʰʣʝʥʥʠʢʘ, ʩʪʨʝʤʷʱʝʛʦʩʷ ʧʦʣʫʯʠʪʴ ʚʨʦʞ-
ʜʝʥʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʧʣʘʪʝʞʥʦʤ ʧʨʠʣʦʞʝʥʠʠ 
ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʫʷʟʚʠʤʦʩʪʝʡ, ʪʘʢʠʭ ʢʘʢ ʞʝʩʪʢʦ 
ʟʘʢʦʜʠʨʦʚʘʥʥʳʝ ʧʘʨʦʣʠ ʠ ʢʣʶʯʠ ʰʠʬʨʦʚʘʥʠʷ, ʘ 
ʪʘʢʞʝ ʜʣʷ ʩʦʟʜʘʥʠʷ ʚʝʢʪʦʨʦʚ ʘʪʘʢʠ ʢʦʥʢʨʝʪʥʦʛʦ 
ʧʨʠʣʦʞʝʥʠʷ. 

2) ʇʦʜʜʝʣʢʘ ʤʦʙʠʣʴʥʦʛʦ ʧʣʘʪʝʞʥʦʛʦ ʧʨʠ-
ʣʦʞʝʥʠʷ 

ɿʣʦʫʤʳʰʣʝʥʥʠʢ ʤʦʞʝʪ ʚʳʙʨʘʪʴ ʙʵʢʜʦʨ ʧʨʠʣʦ-
ʞʝʥʠʷ ʜʣʷ ʤʦʙʠʣʴʥʳʭ ʧʣʘʪʝʞʝʡ, ʯʪʦʙʳ ʬʠʢʩʠʨʦ-
ʚʘʪʴ ʨʝʛʠʩʪʨʘʮʠʦʥʥʳʝ ʜʘʥʥʳʝ ʠ ʦʪʧʨʘʚʣʷʪʴ ʠʭ ʥʘ 
ʩʝʨʚʝʨ, ʢʦʥʪʨʦʣʠʨʫʝʤʳʡ ʟʣʦʫʤʳʰʣʝʥʥʠʢʦʤ. ʆʥ 
ʩʜʝʣʘʝʪ ʵʪʦ, ʟʘʛʨʫʟʠʚ ʟʘʢʦʥʥʦʝ ʧʨʠʣʦʞʝʥʠʝ ʠʟ ʤʘʛʘ-
ʟʠʥʘ, ʨʘʩʧʘʢʫʷ ʝʛʦ, ʠʩʧʨʘʚʣʷʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 
ʧʨʦʮʝʜʫʨʳ, ʘ ʟʘʪʝʤ ʧʝʨʝʫʧʘʢʦʚʳʚʘʷ ʠ ʟʘʛʨʫʞʘʷ ʚ 
ʤʘʛʘʟʠʥ. ʋʯʠʪʳʚʘʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʩʦʪʝʥ ʤʘʛʘʟʠ-
ʥʦʚ ʧʨʠʣʦʞʝʥʠʡ, ʧʨʝʜʣʘʛʘʶʱʠʭ ʪʘʢʠʝ ʧʨʠʣʦʞʝ-
ʥʠʷ, ʵʪʦ ʦʯʝʥʴ ʨʝʘʣʠʩʪʠʯʥʘʷ ʫʛʨʦʟʘ ʜʣʷ ʤʦʙʠʣʴʥʳʭ 
ʫʩʪʨʦʡʩʪʚ. 

3) ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʫʷʟʚʠʤʦʩʪʝʡ ʤʦʙʠʣʴʥʳʭ 
ʧʣʘʪʝʞʝʡ 
ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʫʷʟʚʠʤʦʩʪʝʡ ʤʦʙʠʣʴʥʳʭ ʧʨʠ-

ʣʦʞʝʥʠʡ ʤʦʞʝʪ ʧʦʟʚʦʣʠʪʴ ʟʣʦʫʤʳʰʣʝʥʥʠʢʘʤ 
ʫʢʨʘʩʪʴ ʣʶʙʳʝ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʳʝ ʜʘʥʥʳʝ, ʭʨʘʥʷ-
ʱʠʝʩʷ ʚ ʧʨʠʣʦʞʝʥʠʠ (ʥʘʧʨ., ʣʠʯʥʳʝ ʜʘʥʥʳʝ ʫʯʝʪ-
ʥʦʡ ʟʘʧʠʩʠ ʧʦʣʴʟʦʚʘʪʝʣʷ ʠ ʜʘʥʥʳʝ ʢʨʝʜʠʪʥʦʡ 
ʢʘʨʪʳ). ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʫʷʟʚʠʤʦʩʪʝʡ, ʪʘʢʠʭ ʢʘʢ ʩʣʘ-
ʙʘʷ ʧʨʦʚʝʨʢʘ ʧʦʜʣʠʥʥʦʩʪʠ, ʤʦʞʝʪ ʧʦʟʚʦʣʠʪʴ ʟʣʦ-
ʫʤʳʰʣʝʥʥʠʢʫ ʧʦʣʫʯʠʪʴ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʳʡ ʜʦ-
ʩʪʫʧ (ʅʉɼ) ʢ ʫʩʪʨʦʡʩʪʚʫ. ʅʉɼ ʢ ʬʫʥʢʮʠʷʤ ʤʦʙʠʣʴ-
ʥʳʭ ʧʣʘʪʝʞʝʡ ʤʦʞʝʪ ʧʨʦʠʟʦʡʪʠ ʠʟ-ʟʘ 
ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʦʙʠʣʴʥʳʭ ʧʣʘʪʝʞʥʳʭ API, ʠʩʧʦʣʴ-
ʟʫʝʤʳʭ ʜʣʷ ʧʦʢʫʧʦʢ ʚ ʧʨʠʣʦʞʝʥʠʷʭ, ʧʦʟʚʦʣʷʶʱʠʭ 
ʟʣʦʫʤʳʰʣʝʥʥʠʢʫ ʩʦʚʝʨʰʘʪʴ ʤʦʰʝʥʥʠʯʝʩʢʠʝ ʪʨʘʥ-
ʟʘʢʮʠʠ. ʂʨʦʤʝ ʪʦʛʦ, ʤʦʰʝʥʥʠʯʝʩʪʚʦ ʚʦʟʤʦʞʥʦ ʩ 
ʫʢʨʘʜʝʥʥʳʤʠ ʙʘʥʢʦʚʩʢʠʤʠ ʩʯʝʪʘʤʠ, ʩʚʷʟʘʥʥʳʤʠ ʩ 
ʤʦʙʠʣʴʥʳʤ ʧʣʘʪʝʞʥʳʤ ʧʨʠʣʦʞʝʥʠʝʤ. ʄʦʰʝʥʥʠʢ 
ʤʦʞʝʪ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʣʘʙʳʝ ʤʝʩʪʘ ʚ ʧʨʦʮʝʩʩʝ 
ʨʝʛʠʩʪʨʘʮʠʠ, ʯʪʦʙʳ ʜʦʙʘʚʠʪʴ ʜʨʫʛʦʝ ʤʦʙʠʣʴʥʦʝ 
ʫʩʪʨʦʡʩʪʚʦ ʚ ʧʨʦʬʠʣʴ ʧʦʣʴʟʦʚʘʪʝʣʷ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ 
ʤʦʰʝʥʥʠʯʝʩʢʠʭ ʧʦʢʫʧʦʢ. 

4) ʋʩʪʘʥʦʚʢʘ ʨʫʪʢʠʪʦʚ / ʚʨʝʜʦʥʦʩʥʳʭ ʧʨʦ-
ʛʨʘʤʤ 
ʈʫʪʢʠʪʳ [8] ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʟʥʘʯʠʪʝʣʴʥʳʡ 

ʚʝʢʪʦʨ ʫʛʨʦʟ ʠ ʤʦʛʫʪ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ 
ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʟʘʭʚʘʪʘ / ʤʘʥʠ-
ʧʫʣʠʨʦʚʘʥʠʷ ʚʳʟʦʚʘʤʠ API, ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʧʝʨʝʜʘ-
ʶʪʩʷ ʚ / ʠʟ ʢʦʥʝʯʥʦʡ ʪʦʯʢʠ API ʤʦʙʠʣʴʥʳʭ ʧʣʘʪʝ-
ʞʝʡ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʘʥʠʧʫʣʠʨʫʶʪ ʧʝʨʝʤʝʥʥʳʤʠ 
ʚ ʧʫʪʠ, ʥʘʧʨ., ʩʫʤʤʘʤʠ ʧʣʘʪʝʞʝʡ. 

5) ʈʘʟʨʝʰʝʥʠʷ ʜʦʩʪʫʧʘ ʢ ʤʦʙʠʣʴʥʦʡ ʦʧʝʨʘ-
ʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ 
ʄʦʙʠʣʴʥʘʷ ʆʉ ʤʦʞʝʪ ʧʨʝʜʦʩʪʘʚʣʷʪʴ ʜʦʩʪʫʧ ʢ 

ʦʧʨʝʜʝʣʝʥʥʳʤ ʨʝʩʫʨʩʘʤ ʩ ʨʘʟʨʝʰʝʥʠʷ ʧʦʣʴʟʦʚʘ-
ʪʝʣʷ. ɼʘʞʝ ʝʩʣʠ ʜʘʥʥʦʝ ʧʨʠʣʦʞʝʥʠʝ ʥʝ ʤʦʞʝʪ ʙʳʪʴ 
ʚʨʝʜʦʥʦʩʥʳʤ, ʥʘʣʠʯʠʝ ʦʧʨʝʜʝʣʝʥʥʳʭ ʨʘʟʨʝʰʝʥʠʡ 
ʤʦʞʝʪ ʧʦʪʝʥʮʠʘʣʴʥʦ ʧʨʝʜʦʩʪʘʚʣʷʪʴ ʜʦʩʪʫʧ ʢ ʢʦʥ-
ʬʠʜʝʥʮʠʘʣʴʥʳʤ ʜʘʥʥʳʤ ʠʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʨʫ-
ʛʠʤ ʧʨʠʣʦʞʝʥʠʝʤ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʜʦʩʪʫʧʘ. 
ʋʛʨʦʟʳ ʪʦʨʛʦʚʮʘʤ 
1) ɿʘʛʨʫʟʢʘ POS-ʚʨʝʜʦʥʦʩʥʦʛʦ ʇʆ ʥʘ ʙʝʩ-

ʢʦʥʪʘʢʪʥʳʡ ʧʣʘʪʝʞʥʳʡ POS ʪʝʨʤʠʥʘʣ 
ɿʘʛʨʫʟʢʘ POS-ʚʨʝʜʦʥʦʩʥʦʛʦ ʇʆ (ʥʘʧʨ., 

Carbanak [8], Malum POS [9]) ʠʩʧʦʣʴʟʫʝʪ ʫʷʟʚʠʤʦ-
ʩʪʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʫ ʧʨʦʜʘʚʮʘ, ʥʘʧʨ., ʠʩʧʦʣʴʟʦʚʘʥʠʝ 
ʥʝʙʝʟʦʧʘʩʥʦʛʦ ʜʦʩʪʫʧʘ ʢ ʫʜʘʣʝʥʥʦʤʫ ʨʘʙʦʯʝʤʫ 
ʩʪʦʣʫ ʜʣʷ POS-ʩʝʨʚʝʨʦʚ. ʂʘʢ ʪʦʣʴʢʦ ʚʨʝʜʦʥʦʩʥʘʷ 
ʧʨʦʛʨʘʤʤʘ POS ʫʩʪʘʥʦʚʣʝʥʘ ʥʘ ʙʝʩʢʦʥʪʘʢʪʥʦʤ POS 
ʪʝʨʤʠʥʘʣʝ, ʦʥʘ ʤʦʞʝʪ ʙʳʪʴ ʥʘʩʪʨʦʝʥʘ ʟʣʦʫʤʳʰ-
ʣʝʥʥʠʢʦʤ ʜʣʷ ʫʜʘʣʝʥʥʦʡ ʢʨʘʞʠ ʧʣʘʪʝʞʥʳʭ ʜʘʥʥʳʭ, 
ʢʦʪʦʨʳʝ ʪʨʘʥʩʣʠʨʫʶʪʩʷ ʯʝʨʝʟ ʩʯʠʪʳʚʘʪʝʣʠ ʢʘʨʪ, 
ʚʢʣʶʯʘʶʱʠʝ ʚ ʩʝʙʷ ʪʘʢʞʝ ʜʘʥʥʳʝ ʢʘʨʪʳ ʩ ʤʘʛʥʠʪ-
ʥʦʡ ʧʦʣʦʩʳ ʠ ʜʘʥʥʳʝ ʢʨʝʜʠʪʥʦʡ ʢʘʨʪʳ Chip & PIN 
EMV. 
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2) ɸʪʘʢʠ MiTM ʧʨʦʪʠʚ ʙʝʩʢʦʥʪʘʢʪʥʦʛʦ 
ʪʝʨʤʠʥʘʣʘ POS ʠ ʩʦʝʜʠʥʝʥʠʡ POS-ʩʝʨʚʝʨʘ 
ɸʪʘʢʠ MiTM ʚʦʟʤʦʞʥʳ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʩʣʝʜʫʶʱʠʭ ʫʷʟʚʠʤʦʩʪʝʡ: 

¶ ʇʨʠʩʫʱʝʝ ʦʪʩʫʪʩʪʚʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʙʝʩ-
ʢʦʥʪʘʢʪʥʦʛʦ ʢʘʥʘʣʘ ʩʚʷʟʠ, ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʚ POS, 
ʥʘʧʨʠʤʝʨ MST ʚ Samsung Pay. 

¶ SSL / TLS ʠʣʠ ʩʢʚʦʟʥʦʝ ʰʠʬʨʦʚʘʥʠʝ ʥʝ ʠʩ-
ʧʦʣʴʟʫʝʪʩʷ ʤʝʞʜʫ POS-ʪʝʨʤʠʥʘʣʦʤ (POI) ʠ POS-
ʩʝʨʚʝʨʦʤ. 
ɸʪʘʢʫʶʱʠʝ ʪʘʢʞʝ ʤʦʛʫʪ ʧʦʧʳʪʘʪʴʩʷ ʠʩʧʦʣʴʟʦ-

ʚʘʪʴ ʫʷʟʚʠʤʦʩʪʠ ʚ ʩʝʪʝʚʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʪʘʢʠʝ ʢʘʢ 
ʦʪʩʫʪʩʪʚʠʝ ʙʨʘʥʜʤʘʫʵʨʦʚ ʜʣʷ ʟʘʱʠʪʳ ʚʥʫʪʨʝʥʥʝʡ 
ʩʝʪʠ ʪʦʨʛʦʚʮʘ, ʘ ʪʘʢʞʝ ʧʦʧʳʪʢʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʫʷʟ-
ʚʠʤʦʩʪʠ ʚ ʇʆ POS ʠ ʥʝʧʨʘʚʠʣʴʥʳʭ ʢʦʥʬʠʛʫʨʘʮʠʷʭ 
POS (ʥʘʧʨ., ʥʝ ʧʨʠʤʝʥʷʪʴ ʤʠʥʠʤʘʣʴʥʳʝ ʧʨʠʚʠʣʝ-
ʛʠʠ ʜʣʷ ʜʦʩʪʫʧʘ ʢ POS-ʪʝʨʤʠʥʘʣʘʤ ʠ ʩʝʨʚʝʨʘʤ). 

3) ʈʝʣʝʡʥʳʝ ʘʪʘʢʠ ʥʘ ʙʝʩʢʦʥʪʘʢʪʥʳʡ ʪʝʨ-
ʤʠʥʘʣ POS ʩ ʧʦʜʜʝʨʞʢʦʡ NFC 
ʀʟʚʝʩʪʥʘʷ ʘʪʘʢʘ ʥʘ ʠʥʪʝʨʬʝʡʩ POS NFC ï ʵʪʦ 

ʨʝʣʝʡʥʘʷ ʘʪʘʢʘ. ʇʆ ʨʝʪʨʘʥʩʣʷʮʠʠ, ʫʩʪʘʥʦʚʣʝʥʥʦʝ 
ʥʘ ʪʝʣʝʬʦʥʝ ʞʝʨʪʚʳ, ʤʦʞʝʪ ʧʝʨʝʜʘʚʘʪʴ ʢʦʤʘʥʜʳ ʠ 
ʦʪʚʝʪʳ ʤʝʞʜʫ ʟʘʱʠʱʝʥʥʳʤ ʵʣʝʤʝʥʪʦʤ ʠ ʵʤʫʣʷʪʦ-
ʨʦʤ ʢʘʨʪʳ (ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʢʘʢ ʧʨʦʢʩʠ-ʩʝʨʚʝʨ ʥʘ 
ʤʦʙʠʣʴʥʫʶ POS) ʯʝʨʝʟ ʙʝʩʧʨʦʚʦʜʥʫʶ ʩʝʪʴ. ʅʘʧʨʠ-
ʤʝʨ, ʧʨʠ ʫʜʘʣʝʥʥʦʡ ʨʝʪʨʘʥʩʣʷʮʠʦʥʥʦʡ ʘʪʘʢʝ ʚʨʝʜʦ-
ʥʦʩʥʦʝ ʇʆ ʥʘ ʙʘʟʝ ʤʦʙʠʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʤʦʞʝʪ 
ʤʦʰʝʥʥʠʯʝʩʢʠ ʦʩʫʱʝʩʪʚʣʷʪʴ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥ-
ʥʳʝ ʧʣʘʪʝʞʠ, ʥʘʧʨʘʚʠʚ SE-ʢʦʤʤʫʥʠʢʘʮʠʶ ʫʜʘʣʝʥ-
ʥʦʤʫ ʟʣʦʫʤʳʰʣʝʥʥʠʢʫ, ʧʦʟʚʦʣʷʷ ʝʤʫ ʩʦʚʝʨʰʘʪʴ 
ʧʦʢʫʧʢʠ ʙʝʟ ʬʠʟʠʯʝʩʢʦʛʦ ʚʣʘʜʝʥʠʷ ʮʝʣʝʚʳʤ 
ʫʩʪʨʦʡʩʪʚʦʤ [8]. 
ʋʛʨʦʟʳ ʧʦʩʪʘʚʱʠʢʘʤ ʧʣʘʪʸʞʥʳʭ ʫʩʣʫʛ  
1) ʂʦʤʧʨʦʤʝʪʘʮʠʷ ʧʣʘʪʝʞʥʳʭ ʩʠʩʪʝʤ 
ʇʦʩʪʘʚʱʠʢʠ ʧʣʘʪʝʞʥʳʭ ʫʩʣʫʛ (PSP) ʧʨʝʜʦ-

ʩʪʘʚʣʷʶʪ POS-ʙʝʩʢʦʥʪʘʢʪʥʳʝ ʪʝʨʤʠʥʘʣʳ ʜʣʷ ʤʦ-
ʙʠʣʴʥʳʭ ʧʣʘʪʝʞʝʡ (ʥʘʧʨ., ʜʣʷ POS-ʪʝʨʤʠʥʘʣʦʚ ʩ 
ʧʦʜʜʝʨʞʢʦʡ NFC), ʘ ʪʘʢʞʝ ʘʛʨʝʛʠʨʦʚʘʥʥʳʝ ʧʣʘʪʝʞ-
ʥʳʝ ʫʩʣʫʛʠ ʜʣʷ ʧʨʦʜʘʚʮʦʚ ʧʫʪʝʤ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ 
ʠʟ ʨʘʟʥʳʭ ʢʘʥʘʣʦʚ, ʚʢʣʶʯʘʷ ʣʠʯʥʳʝ ʧʣʘʪʝʞʠ (ʧʨʠ 
ʥʘʣʠʯʠʠ ʢʘʨʪʳ), ʦʥʣʘʡʥ-ʧʣʘʪʝʞʠ ʠ ʤʦʙʠʣʴʥʳʝ / 
ʙʝʩʢʦʥʪʘʢʪʥʳʝ ʧʣʘʪʝʞʠ. ʇʣʘʪʝʞʥʳʝ ʰʣʶʟʳ PSP 
ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʥʪʝʨʝʩʥʫʶ ʮʝʣʴ ʜʣʷ ʟʣʦʫʤʳʰʣʝʥ-
ʥʠʢʦʚ, ʢʦʪʦʨʳʝ ʩʪʨʝʤʷʪʩʷ ʩʢʦʤʧʨʦʤʝʪʠʨʦʚʘʪʴ ʧʣʘ-
ʪʝʞʥʳʝ ʜʘʥʥʳʝ ʧʨʠ ʧʝʨʝʜʘʯʝ ʦʪ ʧʨʦʜʘʚʮʦʚ ʢ ʨʘʟ-
ʣʠʯʥʳʤ ʙʘʥʢʘʤ-ʵʢʚʘʡʝʨʘʤ. ɿʣʦʫʤʳʰʣʝʥʥʠʢʠ ʤʦ-
ʛʫʪ ʧʦʧʳʪʘʪʴʩʷ ʩʢʦʤʧʨʦʤʝʪʠʨʦʚʘʪʴ ʫʷʟʚʠʤʦʩʪʠ 
ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʚ ʙʝʩʢʦʥʪʘʢʪʥʳʭ POS-
ʪʝʨʤʠʥʘʣʘʭ, ʢʦʪʦʨʳʝ PSP ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʪʦʨʛʦʚ-
ʮʘʤ ʜʣʷ ʨʘʟʤʝʱʝʥʠʷ ʚ ʠʭ ʧʦʤʝʱʝʥʠʠ / ʩʝʪʠ, ʧʨʦ-
ʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ POS-ʩʝʨʚʝʨʦʚ ʪʘʢʞʝ ʫʩʪʘ-
ʥʦʚʣʝʥʦ ʥʘ ʪʦʨʛʦʚʳʭ POS-ʩʝʨʚʝʨʘʭ ʠ ʧʣʘʪʝʞʥʳʭ 
ʰʣʶʟʘʭ, ʨʘʟʤʝʱʝʥʥʳʭ ʫ ʧʦʩʪʘʚʱʠʢʦʚ ʧʣʘʪʝʞʥʳʭ 
ʫʩʣʫʛ, ʪʘʢʠʭ ʢʘʢ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥ-
ʥʦʛʦ ʜʦʩʪʫʧʘ ʢ ʧʣʘʪʝʞʥʳʤ ʰʣʶʟʘʤ ʠ ʥʝʜʦʩʪʘʪʢʠ ʚ 
ʦʙʝʩʧʝʯʝʥʠʠ ʢʦʥʪʨʦʣʷ ʠ ʤʝʨ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚʥʫʪʨʝʥ-
ʥʠʭ ʧʦʩʪʘʚʱʠʢʦʚ ʧʣʘʪʝʞʥʳʭ ʫʩʣʫʛ. 

2) ʂʦʤʧʨʦʤʝʪʘʮʠʷ ʧʦʜʢʣʶʯʝʥʠʷ ʢ ʜʘʥʥʳʤ 
ɿʣʦʫʤʳʰʣʝʥʥʠʢʠ ʤʦʛʫʪ ʧʦʧʳʪʘʪʴʩʷ ʠʩʧʦʣʴʟʦ-

ʚʘʪʴ ʥʝʙʝʟʦʧʘʩʥʳʝ ʩʦʝʜʠʥʝʥʠʷ (ʥʘʧʨʠʤʝʨ, ʦʪʩʫʪ-
ʩʪʚʠʝ ʧʨʠʥʫʜʠʪʝʣʴʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʙʝʟʦʧʘʩʥʳʭ ʩʦ-
ʝʜʠʥʝʥʠʡ (ʥʘʧʨ., SSL / TLS, VPN) ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ 
ʘʪʘʢ, ʪʘʢʠʭ ʢʘʢ MiTM, ʜʣʷ ʧʦʜʜʝʣʢʠ ʢʦʥʬʠʜʝʥʮʠ-
ʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʨʠ ʧʝʨʝʜʘʯʝ ʠʟ ʩʠʩʪʝʤ, ʨʘʟʤʝʱʝʥ-
ʥʳʭ ʥʘ ʪʦʨʛʦʚʳʭ ʩʝʨʚʝʨʘʭ, ʥʘ ʧʣʘʪʝʞʥʳʡ ʰʣʶʟ, 
ʨʘʟʤʝʱʝʥʥʳʡ ʫ ʧʦʩʪʘʚʱʠʢʘ ʧʣʘʪʝʞʥʳʭ ʫʩʣʫʛ (PSP) 

ʠ ʦʪ PSP ʨʘʟʣʠʯʥʳʤ ʧʦʣʫʯʘʪʝʣʷʤ, ʢʦʪʦʨʳʤ ʧʦʩʪʘʚ-
ʱʠʢ ʧʣʘʪʸʞʥʳʭ ʩʠʩʪʝʤ ʥʘʧʨʘʚʣʷʝʪ ʜʘʥʥʳʝ ʤʦʙʠʣʴ-
ʥʳʭ ʧʣʘʪʝʞʝʡ (ʥʘʧʨ., ʪʦʢʝʥ ʠ ʢʨʠʧʪʦʛʨʘʤʤʫ). 
ʋʛʨʦʟʳ ʧʨʠʦʙʨʝʪʘʪʝʣʷʤ 
1) ʂʦʤʧʨʦʤʠʩʩ ʩʠʩʪʝʤ ʦʙʨʘʙʦʪʢʠ ʧʣʘʪʝʞʝʡ 
ʇʦʩʢʦʣʴʢʫ ʧʦʢʫʧʘʪʝʣʠ ʦʪʧʨʘʚʣʷʶʪ ʟʘʧʨʦʩʳ ʥʘ 

ʘʚʪʦʨʠʟʘʮʠʶ ʧʣʘʪʝʞʝʡ ʯʝʨʝʟ ʪʦʢʝʥʳ ʠ ʢʨʠʧʪʦ-
ʛʨʘʤʤʳ ʠ ʧʦʣʫʯʘʶʪ ʘʚʪʦʨʠʟʘʮʠʠ ʦʪ ʵʤʠʪʝʥʪʘ ʯʝʨʝʟ 
ʧʣʘʪʝʞʥʫʶ ʩʝʪʴ, ʩʣʫʞʙʳ ʦʙʨʘʙʦʪʢʠ ʧʣʘʪʝʞʝʡ, ʚʝ-
ʨʦʷʪʥʦ, ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤʠ ʮʝʣʷʤʠ ʜʣʷ ʟʣʦʫʤʳʰ-
ʣʝʥʥʠʢʦʚ, ʩʪʨʝʤʷʱʠʭʩʷ ʧʦʣʫʯʠʪʴ ʙʦʣʴʰʠʝ ʦʙʲʝʤʳ 
ʜʘʥʥʳʭ ʦ ʜʝʨʞʘʪʝʣʷʭ ʢʘʨʪ. ɿʣʦʫʤʳʰʣʝʥʥʠʢʠ ʤʦʛʫʪ 
ʧʦʧʳʪʘʪʴʩʷ ʩʢʦʤʧʨʦʤʝʪʠʨʦʚʘʪʴ ʩʝʨʚʝʨʳ ʦʙʨʘʙʦʪʢʠ 
ʧʣʘʪʝʞʝʡ ʙʘʥʢʘ-ʵʢʚʘʡʝʨʘ ʠʟʥʫʪʨʠ ʩʝʪʠ, ʥʘʧʨʠʤʝʨ, 
ʠʩʧʦʣʴʟʫʷ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʳʡ ʜʦʩʪʫʧ ʢ ʧʣʘʪʝʞ-
ʥʳʤ ʰʣʶʟʘʤ, ʘ ʪʘʢʞʝ ʩʣʘʙʳʝ ʩʪʦʨʦʥʳ ʚ ʦʙʝʩʧʝʯʝ-
ʥʠʠ ʚʥʫʪʨʝʥʥʝʛʦ ʢʦʥʪʨʦʣʷ ʠ ʤʝʨ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʠ 
ʢʨʦʤʝ ʪʦʛʦ ʫʜʘʣʝʥʥʦ ʯʝʨʝʟ ʫʩʪʘʥʦʚʢʫ ʙʵʢʜʦʨʦʚ ʠ 
ʠʥʩʪʨʫʤʝʥʪʦʚ ʫʜʘʣʝʥʥʦʛʦ ʜʦʩʪʫʧʘ (RAT) ʯʝʨʝʟ ʟʘ-
ʨʘʞʝʥʠʝ ʚʨʝʜʦʥʦʩʥʳʤ ʇʆ ʩʝʨʚʝʨʦʚ, ʨʘʟʤʝʱʝʥʥʳʭ 
ʚ ʧʨʠʦʙʨʝʪʝʥʥʦʡ ʩʝʪʠ. 

2) ʂʦʤʧʨʦʤʝʪʘʮʠʷ ʧʦʜʢʣʶʯʝʥʠʷ ʢ ʜʘʥʥʳʤ 
ɿʣʦʫʤʳʰʣʝʥʥʠʢʠ ʤʦʛʫʪ ʧʦʧʳʪʘʪʴʩʷ ʠʩʧʦʣʴʟʦ-

ʚʘʪʴ ʥʝʙʝʟʦʧʘʩʥʳʝ ʜʚʫʭʪʦʯʝʯʥʳʝ ʩʦʝʜʠʥʝʥʠʷ 
(ʥʘʧʨ., ʥʝʧʨʘʚʠʣʴʥʫʶ ʥʘʩʪʨʦʡʢʫ, ʨʘʟʨʳʚʳ ʠ ʫʷʟʚʠ-
ʤʦʩʪʠ ʚ ʟʘʱʠʱʝʥʥʳʭ ʜʚʫʭʪʦʯʝʯʥʳʭ ʩʦʝʜʠʥʝʥʠʷʭ) 
ʤʝʞʜʫ ʧʦʣʫʯʘʪʝʣʝʤ ʠ ʵʤʠʪʝʥʪʦʤ ʯʝʨʝʟ ʩʝʪʴ ʧʦʩʪʘʚ-
ʱʠʢʘ ʩʝʪʝʚʳʭ ʫʩʣʫʛ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʪʘʢʠʭ ʘʪʘʢ, ʢʘʢ 
MiTM, ʜʣʷ ʧʦʜʜʝʣʢʠ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʳʭ ʜʘʥʥʳʭ 
ʧʨʠ ʧʝʨʝʜʘʯʝ ʦʪ ʧʦʣʫʯʘʪʝʣʷ ʢ / ʦʪ ʵʤʠʪʝʥʪʘ ʯʝʨʝʟ 
ʧʣʘʪʝʞʥʫʶ ʩʝʪʴ. 

3) ʆʪʢʘʟ ʦʪ ʘʚʪʦʨʠʟʘʮʠʠ ʤʦʙʠʣʴʥʳʭ ʧʣʘʪʝ-
ʞʝʡ 
ʆʪʢʘʟ ʘʪʘʢ, ʪʘʢʠʭ ʢʘʢ ʘʥʥʫʣʠʨʦʚʘʥʠʝ ʘʚʪʦʨʠʟʘ-

ʮʠʠ ʧʣʘʪʝʞʘ ʦʪ ʵʤʠʪʝʥʪʘ, ʤʦʛʫʪ ʙʳʪʴ ʦʙʣʝʛʯʝʥʳ ʩ 
ʧʦʤʦʱʴʶ ʫʷʟʚʠʤʦʩʪʝʡ ʜʠʟʘʡʥʘ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ 
ʫʩʣʫʛ ʧʦ ʦʙʨʘʙʦʪʢʝ ʧʣʘʪʝʞʝʡ ʧʦʢʫʧʘʪʝʣʷʤʠ. 
ʅʘʧʨʠʤʝʨ, ʥʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʟʘʠʤʥʫʶ ʘʫʪʝʥʪʠ-

ʬʠʢʘʮʠʶ ʩʦʝʜʠʥʝʥʠʡ ʪʦʯʢʘ-ʪʦʯʢʘ, ʘ ʪʘʢʞʝ ʮʠʬʨʦ-
ʚʳʝ ʧʦʜʧʠʩʠ ʜʣʷ ʧʨʦʚʝʨʢʠ ʨʘʟʨʝʰʝʥʠʡ ʥʘ ʘʚʪʦʨʠ-
ʟʘʮʠʶ ʠ ʧʨʦʮʝʩʩʘ ʧʨʦʚʝʨʢʠ ʧʣʘʪʝʞʝʡ ʯʝʨʝʟ ʥʝʟʘʚʠ-
ʩʠʤʳʡ ʢʘʥʘʣ ʦʪ ʢʘʥʘʣʘ ʧʣʘʪʝʞʥʦʡ ʩʝʪʠ, ʦʪʢʫʜʘ 
ʧʦʣʫʯʝʥʳ ʵʪʠ ʘʚʪʦʨʠʟʘʮʠʠ. 
ʋʛʨʦʟʳ ʧʨʦʚʘʡʜʝʨʘʤ ʧʣʘʪʝʞʥʳʭ ʩʝʪʝʡ 
1) ʂʦʤʧʝʥʩʘʮʠʷ ʫʩʣʫʛ ʧʦʩʪʘʚʱʠʢʘ ʪʦʢʝʥʦʚ 

ʠ ʩʝʨʚʝʨʦʚ 
ʇʦʩʪʘʚʱʠʢʠ ʩʝʨʚʠʩʦʚ ʪʦʢʝʥʦʚ (TSP) ʧʨʝʜʦ-

ʩʪʘʚʣʷʶʪ ʪʘʢʠʝ ʩʝʨʚʠʩʳ ʫʧʨʘʚʣʝʥʠʷ ʪʦʢʝʥʘʤʠ, ʢʘʢ 
ʪʦʢʝʥʠʟʘʮʠʷ (ʩʦʟʜʘʥʠʝ ʪʦʢʝʥʘ ʠʟ PAN ʢʨʝʜʠʪʥʦʡ 
ʢʘʨʪʳ), ʜʝ-ʪʦʢʝʥʠʟʘʮʠʷ (ʠʟʚʣʝʯʝʥʠʝ PAN ʠʟ ʭʨʘʥʠ-
ʣʠʱʘ ʪʦʢʝʥʦʚ), ʘ ʪʘʢʞʝ ʧʨʦʚʝʨʢʘ ʮʝʣʦʩʪʥʦʩʪʠ ʜʘʥ-
ʥʳʭ ʪʦʢʝʥʘ ʠ ʪʦʢʝʥʘ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʠ ʧʨʦʚʝʨʢʘ ʩ 
ʧʦʤʦʱʴʶ ʢʨʠʧʪʦʛʨʘʤʤʳ.  
ɽʩʣʠ ʙʳ ʧʦʩʪʘʚʱʠʢ ʫʩʣʫʛ ʪʦʢʝʥʦʚ ʙʳʣ ʩʢʦʤ-

ʧʨʦʤʝʪʠʨʦʚʘʥ, ʟʣʦʫʤʳʰʣʝʥʥʠʢʠ, ʚʝʨʦʷʪʥʦ, ʧʦʧʳ-
ʪʘʣʠʩʴ ʙʳ ʧʦʣʫʯʠʪʴ ʪʘʙʣʠʮʳ ʧʦʠʩʢʘ ʪʦʢʝʥʦʚ, ʢʦʪʦ-
ʨʳʝ ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʪʦʢʝʥ ʜʣʷ ʩʦʧʦʩʪʘʚʣʝʥʠʡ PAN, 
CVV ʠ ʩʨʦʢʘ ʜʝʡʩʪʚʠʷ. ʕʪʦ ʙʫʜʝʪ ʦʯʝʥʴ ʮʝʥʥʦʡ ʮʝ-
ʣʴʶ ʜʣʷ ʟʣʦʫʤʳʰʣʝʥʥʠʢʘ, ʧʦʩʢʦʣʴʢʫ ʦʥʘ ʧʨʝʜʦʩʪʘ-
ʚʠʪ ʠʤ ʣʝʛʢʦ ʠʩʧʦʣʴʟʫʝʤʫʶ ʠ ʤʦʥʝʪʠʟʠʨʫʝʤʫʶ ʠʥ-
ʬʦʨʤʘʮʠʶ. 
ɼʨʫʛʠʝ ʚʦʟʤʦʞʥʳʝ ʘʪʘʢʠ ʥʘ ʧʨʦʮʝʩʩ ʪʦʢʝʥʠʟʘ-

ʮʠʠ ʠ ʜʝ-ʪʦʢʝʥʠʟʘʮʠʠ ʤʦʛʫʪ ʚʢʣʶʯʘʪʴ ʠʩʧʦʣʴʟʦʚʘ-
ʥʠʝ ʫʷʟʚʠʤʦʩʪʝʡ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ 
ʠʟʚʣʝʯʝʥʠʷ PAN, ʠʩʧʦʣʴʟʫʝʤʦʡ ʜʣʷ ʘʚʪʦʨʠʟʘʮʠʠ 
ʪʨʘʥʟʘʢʮʠʡ, ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʠ ʧʨʦʚʝʨʢʠ ʜʘʥʥʳʭ 
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ʢʨʝʜʠʪʥʳʭ ʢʘʨʪ, ʘ ʪʘʢʞʝ ʜʣʷ ʦʯʠʩʪʢʠ ʠ ʨʘʩʯʝʪʘ. 
ɸʪʘʢʠ ʧʨʦʪʠʚ ʦʛʨʘʥʠʯʝʥʠʡ ʜʦʤʝʥʘ, ʥʘʚʷʟʘʥʥʳʭ 
TSP, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʦʟʚʦʣʠʪʴ ʟʣʦʫʤʳʰʣʝʥʥʠʢʫ 
ʦʙʦʡʪʠ ʪʦʢʝʥʳ ʧʦ ʚʨʝʤʝʥʠ, ʤʝʩʪʫ ʠ ʦʛʨʘʥʠʯʝʥʠʷʤ 
ʮʠʬʨʦʚʦʛʦ ʢʘʥʘʣʘ. 

2) ʆʪʢʘʟ ʚ ʦʧʣʘʪʝ ʫʩʣʫʛ ʧʦ ʨʘʩʯʝʪʫ 
ɸʪʘʢʠ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʜʦʩʪʫʧʥʦʩʪʴ ʩʣʫʞʙ 

ʪʦʢʝʥʦʚ, ʨʘʟʤʝʱʘʝʤʳʭ ʦʨʛʘʥʠʟʘʮʠʝʡ ʧʣʘʪʝʞʥʦʡ 
ʩʝʪʠ, ʙʫʜʫʪ ʚʣʠʷʪʴ ʥʘ ʘʚʪʦʨʠʟʘʮʠʶ ʤʦʙʠʣʴʥʳʭ ʧʣʘ-
ʪʝʞʝʡ ʠ, ʚʦʟʤʦʞʥʦ, ʪʘʢʞʝ ʥʘ ʧʣʘʪʝʞʠ, ʠʩʭʦʜʷʱʠʝ 
ʠʟ ʜʨʫʛʠʭ ʢʘʥʘʣʦʚ (ʥʘʧʨ., ʢʦʥʪʘʢʪʥʳʡ ʢʘʥʘʣ ʢʘʨʪ 
EMV), ʢʦʪʦʨʳʝ ʪʘʢʞʝ ʠʩʧʦʣʴʟʫʶʪ ʵʪʠ ʩʣʫʞʙʳ ʪʦ-
ʢʝʥʦʚ. 
ʋʛʨʦʟʳ ʕʤʠʪʝʥʪʘʤ 
1) ʂʦʤʧʨʦʤʠʩʩ ʧʨʦʮʝʩʩʘ ʘʚʪʦʨʠʟʘʮʠʠ ʧʣʘ-

ʪʝʞʘ 
ʆʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʫʛʨʦʟ ʜʣʷ ʵʤʠʪʝʥʪʦʚ ʢʘʨʪ 

ʷʚʣʷʶʪʩʷ ʧʨʦʮʝʩʩʳ, ʢʦʪʦʨʳʝ ʧʨʦʚʝʨʷʶʪ ʜʘʥʥʳʝ 
ʚʣʘʜʝʣʴʮʘ ʢʘʨʪʳ ʠ ʚʳʜʘʶʪ ʘʚʪʦʨʠʟʘʮʠʶ ʧʣʘʪʝʞʘ 
ʧʦʢʫʧʘʪʝʣʶ. ɺʥʫʪʨʝʥʥʠʡ ʟʣʦʫʤʳʰʣʝʥʥʠʢ ʚ ʙʘʥʢʝ 
ʵʤʠʪʝʥʪʘ ʢʘʨʪʳ ʠʣʠ ʚʥʝʰʥʠʡ ʟʣʦʫʤʳʰʣʝʥʥʠʢ, ʧʦ-
ʣʫʯʠʚʰʠʡ ʜʦʩʪʫʧ ʢ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʤ ʩʝʨʚʝʨʘʤ, 
ʤʦʛʫʪ ʧʦʧʳʪʘʪʴʩʷ ʦʙʦʡʪʠ ʩʨʝʜʩʪʚʘ ʢʦʥʪʨʦʣʷ ʟʘ ʤʦ-
ʰʝʥʥʠʯʝʩʪʚʦʤ (ʥʘʧʨʠʤʝʨ, ʠʟʤʝʥʝʥʠʝ ʣʠʤʠʪʦʚ ʧʣʘ-
ʪʝʞʝʡ ʧʦ ʢʘʨʪʝ ʥʘ ʘʚʪʦʨʠʟʦʚʘʥʥʳʭ ʩʢʦʤʧʨʦʤʝʪʠʨʦ-
ʚʘʥʥʳʭ ʢʨʝʜʠʪʥʳʭ ʢʘʨʪʘʭ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʜʣʷ 
ʪʨʘʥʟʘʢʮʠʡ ʤʦʙʠʣʴʥʳʭ ʧʣʘʪʝʞʝʡ). 

2) ʂʦʤʧʨʦʤʝʪʘʮʠʷ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʡ ʠʥ-
ʬʦʨʤʘʮʠʠ ʦ ʜʝʨʞʘʪʝʣʝ ʢʘʨʪʳ 
ʂʨʝʜʠʪʥʳʝ ʠ ʜʝʙʝʪʦʚʳʝ ʩʯʝʪʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʜʘʥ-

ʥʳʝ ʙʘʥʢʦʚʩʢʠʭ ʩʯʝʪʦʚ, ʭʨʘʥʷʱʠʝʩʷ ʚ ʙʘʥʢʘʭ-ʵʤʠ-
ʪʝʥʪʘʭ, ʧʦʜʚʝʨʛʘʶʪʩʷ ʩʝʨʴʝʟʥʦʤʫ ʧʨʝʩʣʝʜʦʚʘʥʠʶ 
ʩʦ ʩʪʦʨʦʥʳ ʤʦʰʝʥʥʠʢʦʚ ʠ ʢʠʙʝʨʧʨʝʩʪʫʧʥʠʢʦʚ, ʢʦ-
ʪʦʨʳʝ ʩʪʨʝʤʷʪʩʷ ʩʦʚʝʨʰʠʪʴ ʤʦʰʝʥʥʠʯʝʩʪʚʦ ʩ ʠʩ-
ʧʦʣʴʟʦʚʘʥʠʝʤ ʫʢʨʘʜʝʥʥʳʭ ʜʘʥʥʳʭ ʢʨʝʜʠʪʥʳʭ ʢʘʨʪ 
ʩ ʧʦʤʦʱʴʶ ʧʦʜʜʝʣʴʥʳʭ ʢʘʨʪ ʠ ʢʘʨʪ, ʢʦʪʦʨʳʝ ʥʝ ʷʚ-
ʣʷʶʪʩʷ ʤʦʰʝʥʥʠʯʝʩʢʠʤʠ, ʠ ʧʝʨʝʧʨʦʜʘʞʠ ʫʢʨʘʜʝʥ-
ʥʳʭ ʜʘʥʥʳʭ ʢʨʝʜʠʪʥʳʭ ʢʘʨʪ ʥʘ ʯʝʨʥʦʤ ʨʳʥʢʝ. 
ɼʘʞʝ, ʝʩʣʠ ʘʪʘʢʠ ʥʘ ʙʘʟʳ ʜʘʥʥʳʭ, ʨʘʟʤʝʱʝʥʥʳʝ ʚ 
ʙʘʥʢʘʭ-ʵʤʠʪʝʥʪʘʭ, ʚ ʢʦʪʦʨʳʭ ʭʨʘʥʷʪʩʷ ʢʦʥʬʠʜʝʥ-
ʮʠʘʣʴʥʳʝ ʜʘʥʥʳʝ ʜʝʨʞʘʪʝʣʷ ʢʘʨʪʳ, ʤʘʣʦʚʝʨʦʷʪʥʳ 
ʠʟ-ʟʘ ʚʳʩʦʢʠʭ ʩʪʘʥʜʘʨʪʦʚ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʢʦʪʦʨʳʝ 
ʦʙʳʯʥʦ ʧʨʠʤʝʥʷʶʪʩʷ, ʵʢʩʧʣʦʡʪʳ ʤʦʛʫʪ ʙʳʪʴ ʚʦʟ-
ʤʦʞʥʳ ʠʟ-ʟʘ ʩʣʝʜʫʶʱʠʭ ʘʪʘʢ: 

¶ ʉʦʮʠʘʣʴʥʘʷ ʠʥʞʝʥʝʨʠʷ ʚʥʫʪʨʝʥʥʠʭ ʩʦ-
ʪʨʫʜʥʠʢʦʚ ʙʘʥʢʘ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʜʦʩʪʫʧ ʢ ʵʪʠʤ ʙʘ-
ʟʘʤ ʜʘʥʥʳʭ, ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʫʯʝʪʥʳʝ ʜʘʥʥʳʝ ʧʦʣʴ-
ʟʦʚʘʪʝʣʷ, ʚʢʣʶʯʘʷ ʫʯʝʪʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʧʨʦʚʝʨʢʠ 
ʧʦʜʣʠʥʥʦʩʪʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʪʦʨʦʛʦ ʬʘʢʪʦʨʘ 
(2FA), ʜʣʷ ʜʦʩʪʫʧʘ ʢ ʵʪʠʤ ʩʠʩʪʝʤʘʤ 

¶ ʈʘʩʰʠʨʝʥʥʳʝ ʧʦʩʪʦʷʥʥʳʝ ʫʛʨʦʟʳ (APT), 
ʢʦʪʦʨʳʝ ʧʳʪʘʶʪʩʷ ʫʩʪʘʥʦʚʠʪʴ ʚʨʝʜʦʥʦʩʥʦʝ ʇʆ, ʪʘ-
ʢʦʝ ʢʘʢ RAT, ʜʣʷ ʬʠʣʴʪʨʘʮʠʠ ʵʪʠʭ ʜʘʥʥʳʭ ʥʘ ʫʜʘ-
ʣʝʥʥʦʤ ʩʝʨʚʝʨʝ ʧʦʜ ʢʦʤʘʥʜʦʚʘʥʠʝʤ ʠ ʢʦʥʪʨʦʣʝʤ 
(C&C) ʟʣʦʫʤʳʰʣʝʥʥʠʢʘ. APT ʯʘʩʪʦ ʧʨʝʜʥʘʟʥʘʯʘ-
ʶʪʩʷ ʜʣʷ ʢʣʶʯʝʡ ʰʠʬʨʦʚʘʥʠʷ ʠʣʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 
ʜʘʥʥʳʭ, ʢʦʪʦʨʳʝ ʧʦʤʦʛʘʶʪ ʨʘʩʰʠʬʨʦʚʳʚʘʪʴ ʫʢʨʘ-
ʜʝʥʥʫʶ ʙʘʟʫ ʜʘʥʥʳʭ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʜʘʥʥʳʭ ʜʝʨʞʘ-
ʪʝʣʷ ʦʪʢʨʳʪʦʛʦ ʪʝʢʩʪʘ. 

3) ʇʣʘʪʝʞʥʦʝ ʤʦʰʝʥʥʠʯʝʩʪʚʦ 
ʆʙʥʘʨʫʞʝʥʠʝ ʤʦʰʝʥʥʠʯʝʩʪʚʘ ʩ ʧʣʘʪʝʞʘʤʠ 

ʜʦʣʞʥʦ ʧʨʦʠʩʭʦʜʠʪʴ ʥʘ ʨʘʟʥʳʭ ʫʨʦʚʥʷʭ ʠ ʚ ʩʠʩʪʝ-
ʤʘʭ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʦʙʨʘʙʦʪʢʝ ʪʨʘʥʟʘʢʮʠʡ ʤʦʙʠʣʴ-
ʥʳʭ ʧʣʘʪʝʞʝʡ. ʕʤʠʪʝʥʪʳ ʥʝʩʫʪ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʟʘ 
ʦʙʝʩʧʝʯʝʥʠʝ ʢʦʥʪʨʦʣʷ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʷ ʫʢʨʘʜʝʥʥʳʭ ʜʘʥʥʳʭ ʢʨʝʜʠʪʥʳʭ ʢʘʨʪ, ʢʦʪʦ-
ʨʳʝ ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ ʤʦʙʠʣʴ-
ʥʳʭ ʧʣʘʪʝʞʝʡ ʜʣʷ: 

¶ ʇʨʦʚʝʜʝʥʠʷ ʤʦʰʝʥʥʠʯʝʩʢʠʭ ʪʨʘʥʟʘʢʮʠʡ 
ʤʦʙʠʣʴʥʳʭ ʧʣʘʪʝʞʝʡ 

¶ ʇʨʠʤʝʥʷʪʴ ʣʠʤʠʪʳ ʢʨʝʜʠʪʥʳʭ ʢʘʨʪ ʢ ʩʘ-
ʤʠʤ ʧʣʘʪʝʞʥʳʤ ʦʧʝʨʘʮʠʷʤ 

¶ ʅʘ ʩʫʤʤʳ ʜʝʙʝʪʦʚʳʭ ʢʘʨʪ, ʩʚʷʟʘʥʥʳʝ ʩ 
ʧʨʷʤʳʤʠ ʙʘʥʢʦʚʩʢʠʤʠ ʩʯʝʪʘʤʠ ʧʦʪʨʝʙʠʪʝʣʝʡ, 
ʫʧʨʘʚʣʷʝʤʳʤʠ ʙʘʥʢʦʤ-ʵʤʠʪʝʥʪʦʤ 

4) ʂʦʤʧʨʦʤʝʪʘʮʠʷ ʜʘʥʥʳʭ ʪʦʢʝʥʘ 
ʇʦʩʢʦʣʴʢʫ ʵʤʠʪʝʥʪʳ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʩʣʫʞʙʫ ʪʦʢʝʥʠʟʘʮʠʠ ʚ ʧʣʘʪʝʞʥʳʭ ʩʝʪʷʭ ʠʣʠ ʚʥʝʜ-
ʨʠʪʴ ʩʦʙʩʪʚʝʥʥʫʶ ʩʣʫʞʙʫ ʪʦʢʝʥʦʚ ʠ ʩʘʤʠ ʩʪʘʪʴ ʧʦ-
ʩʪʘʚʱʠʢʦʤ ʪʦʢʝʥʦʚ, ʦʥʠ ʙʫʜʫʪ ʧʦʜʚʝʨʛʘʪʴʩʷ ʧʦʚʳ-
ʰʝʥʥʦʤʫ ʨʠʩʢʫ ʫʛʨʦʟ ʚ ʦʪʥʦʰʝʥʠʠ ʢʦʥʬʠʜʝʥʮʠʘʣʴ-
ʥʦʩʪʠ, ʮʝʣʦʩʪʥʦʩʪʠ ʠ ʜʦʩʪʫʧʥʦʩʪʠ ʜʘʥʥʳʭ ʪʦʢʝʥʘ. 
ʋʛʨʦʟʳ ʧʦʩʪʘʚʱʠʢʘʤ ʤʦʙʠʣʴʥʳʭ ʧʣʘʪʝʞ-

ʥʳʭ ʧʨʠʣʦʞʝʥʠʡ (ʩʝʨʚʝʨʳ ʠ ʦʙʣʘʯʥʳʝ ʩʝʨʚʠʩʳ) 
1) ʂʦʤʧʨʦʤʝʪʘʮʠʷ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʳʭ 

ʜʘʥʥʳʭ ʚʣʘʜʝʣʴʮʘ ʢʘʨʪʳ 
ɿʣʦʫʤʳʰʣʝʥʥʠʢʠ ʤʦʛʫʪ ʥʘʧʨʘʚʠʪʴ ʩʚʦʠ ʫʩʠ-

ʣʠʷ ʥʘ ʜʘʥʥʳʝ ʢʨʝʜʠʪʥʦʡ / ʜʝʙʝʪʦʚʦʡ ʢʘʨʪʳ ʜʝʨʞʘ-
ʪʝʣʷ ʠ ʣʠʯʥʳʝ ʜʘʥʥʳʝ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʢʦʪʦʨʳʝ ʭʨʘ-
ʥʷʪʩʷ ʫ ʧʦʩʪʘʚʱʠʢʘ ʫʩʣʫʛ ʤʦʙʠʣʴʥʳʭ ʧʣʘʪʝʞʝʡ. 
ʆʩʥʦʚʥʦʡ ʤʦʪʠʚʘʮʠʝʡ ʵʪʠʭ ʘʪʘʢ ʷʚʣʷʝʪʩʷ ʢʨʘʞʘ 
ʜʘʥʥʳʭ ʢʨʝʜʠʪʥʳʭ ʢʘʨʪ, ʢʘʢ ʦʙʩʫʞʜʘʣʦʩʴ ʨʘʥʝʝ. 
ʕʪʘ ʢʦʤʧʨʦʤʝʪʘʮʠʷ ʜʘʥʥʳʭ ʤʦʞʝʪ ʪʘʢʞʝ ʧʨʦ-

ʠʟʦʡʪʠ ʚʦ ʚʨʝʤʷ ʧʝʨʝʜʘʯʠ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʳʭ ʜʘʥ-
ʥʳʭ ʚʣʘʜʝʣʴʮʘ ʢʘʨʪʳ ʩ ʤʦʙʠʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʥʘ 
ʩʝʨʚʝʨʳ, ʥʘʧʨ., ʧʨʠ ʨʝʛʠʩʪʨʘʮʠʠ ʩʣʫʞʙʳ ʧʨʠʣʦʞʝ-
ʥʠʷ ʤʦʙʠʣʴʥʳʭ ʧʣʘʪʝʞʝʡ ʫ ʵʤʠʪʝʥʪʘ ʢʘʨʪʳ. 

2) ʂʦʤʧʨʦʤʝʪʘʮʠʷ ʧʨʦʬʠʣʷ ʧʦʣʴʟʦʚʘʪʝʣʷ, 
ʫʧʨʘʚʣʷʝʤʦʛʦ ʧʦʩʪʘʚʱʠʢʦʤ ʫʩʣʫʛ ʤʦʙʠʣʴʥʳʭ 
ʧʣʘʪʝʞʝʡ 
ʇʦʩʢʦʣʴʢʫ ʤʦʙʠʣʴʥʦʝ ʧʨʠʣʦʞʝʥʠʝ ʠʤʝʝʪ ʜʦ-

ʩʪʫʧ ʢ ʩʝʨʚʝʨʘʤ ʤʦʙʠʣʴʥʳʭ ʧʣʘʪʝʞʝʡ, ʪʘʢʠʤ ʢʘʢ ʚʦ 
ʚʨʝʤʷ ʨʝʛʠʩʪʨʘʮʠʠ ʢʘʨʪʳ, ʟʣʦʫʤʳʰʣʝʥʥʠʢ ʤʦʞʝʪ 
ʧʦʧʳʪʘʪʴʩʷ ʩʢʦʤʧʨʦʤʝʪʠʨʦʚʘʪʴ ʵʪʦʪ ʜʦʩʪʫʧ ʜʣʷ ʩʦ-
ʚʝʨʰʝʥʠʷ ʤʦʰʝʥʥʠʯʝʩʪʚʘ, ʪʘʢʦʛʦ ʢʘʢ: 

¶ ɼʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʫʢʨʘʜʝʥʥʳʭ ʢʨʝʜʠʪʥʳʭ 
ʜʘʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʩʣʫʞʙʳ ʨʝʛʠʩʪʨʘʮʠʠ ʤʦʙʠʣʴ-
ʥʳʭ ʢʘʨʪ 

¶ ɿʣʦʫʧʦʪʨʝʙʣʷʪʴ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʳʤ ʜʦ-
ʩʪʫʧʦʤ ʢ ʧʨʦʬʠʣʶ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʫʧʨʘʚʣʷʝʤʦʤʫ ʩ 
ʧʦʤʦʱʴʶ ʧʨʦʚʘʡʜʝʨʘ ʤʦʙʠʣʴʥʦʛʦ ʧʣʘʪʝʞʘ (ʥʘʧʨʠ-
ʤʝʨ, ʯʝʨʝʟ ʫʢʨʘʜʝʥʥʦʝ / ʧʦʪʝʨʷʥʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʠʣʠ 
ʯʝʨʝʟ ʦʥʣʘʡʥ-ʜʦʩʪʫʧ ʢ ʝʛʦ / ʝʝ ʫʯʝʪʥʦʡ ʟʘʧʠʩʠ) 

¶ ʀʟʤʝʥʷʪʴ ʢʦʥʪʘʢʪʥʳʝ ʜʘʥʥʳʝ ʧʨʦʬʠʣʷ 
ʫʯʝʪʥʦʡ ʟʘʧʠʩʠ, ʵʣʝʢʪʨʦʥʥʳʝ ʧʠʩʴʤʘ, ʥʦʤʝʨʘ ʪʝʣʝ-
ʬʦʥʦʚ ʠ ʪ. ʜ., ʯʪʦʙʳ ʦʙʣʝʛʯʠʪʴ ʤʦʰʝʥʥʠʯʝʩʪʚʦ 

3) ʂʦʤʧʨʦʤʝʪʘʮʠʷ ʜʘʥʥʳʭ ʩʣʫʞʙʳ ʪʦʢʝ-
ʥʦʚ 
ʇʦʩʢʦʣʴʢʫ ʧʨʦʚʘʡʜʝʨʳ ʤʦʙʠʣʴʥʳʭ ʧʣʘʪʝʞʝʡ 

ʪʘʢʞʝ ʤʦʛʫʪ ʨʝʘʣʠʟʦʚʳʚʘʪʴ ʩʚʦʠ ʩʦʙʩʪʚʝʥʥʳʝ ʩʝʨ-
ʚʠʩʳ ʪʦʢʝʥʦʚ, ʦʥʠ ʪʘʢʞʝ ʧʦʜʚʝʨʞʝʥʳ ʫʛʨʦʟʘʤ: 

¶ ʇʨʦʮʝʩʩ ʫʧʨʘʚʣʝʥʠʷ ʪʦʢʝʥʘʤʠ, ʢʦʪʦʨʳʝ 
ʰʠʬʨʫʶʪ ʠ ʜʝʰʠʬʨʫʶʪ ʪʦʢʝʥʳ 

¶ ʋʧʨʘʚʣʝʥʠʝ ʢʣʶʯʘʤʠ 

¶ ʎʝʣʦʩʪʥʦʩʪʴ ʠ ʜʦʩʪʫʧʥʦʩʪʴ (ʥʘʧʨʠʤʝʨ, ʦʪ-
ʢʘʟ ʚ ʦʙʩʣʫʞʠʚʘʥʠʠ) ʪʦʢʝʥʦʚ, ʚʳʧʫʱʝʥʥʳʭ ʜʣʷ 
ʦʧʣʘʪʳ ʨʘʟʨʝʰʝʥʠʷ DDoS-ʘʪʘʢʠ 
ʋʩʣʫʛʠ ʮʠʬʨʦʚʦʛʦ ʢʦʰʝʣʴʢʘ, ʚʢʣʶʯʘʷ ʦʙʣʘʯ-

ʥʳʝ ʩʝʨʚʠʩʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʧʦʩʪʘʚʱʠʢʘʤʠ ʤʦʙʠʣʴ-
ʥʳʭ ʧʣʘʪʝʞʝʡ, ʤʦʛʫʪ ʙʳʪʴ ʥʘʧʨʘʚʣʝʥʳ ʥʘ DDoS-



«Colloquium - journal Ȼ#7(31),2019 / TECHNICAL SCIENCE 49 

ʘʪʘʢʠ ʩʦ ʩʪʦʨʦʥʳ ʩʫʙʲʝʢʪʦʚ ʫʛʨʦʟ, ʧʳʪʘʶʱʠʭʩʷ 
ʥʘʨʫʰʠʪʴ ʫʩʣʫʛʠ ʤʦʙʠʣʴʥʳʭ ʧʣʘʪʝʞʝʡ. ʕʪʠ DDoS-
ʘʪʘʢʠ ʤʦʛʫʪ ʧʦʚʣʠʷʪʴ ʥʘ ʪʨʘʥʟʘʢʮʠʠ, ʢʦʪʦʨʳʝ ʪʨʝ-
ʙʫʶʪ ʜʦʩʪʫʧʘ ʤʦʙʠʣʴʥʦʛʦ ʧʣʘʪʝʞʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ 
ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʢ ʧʣʘʪʝʞʥʳʤ ʩʝʨʚʠ-
ʩʘʤ, ʨʘʟʤʝʱʝʥʥʳʤ ʚ ʦʙʣʘʢʝ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʧʝʨʚʦ-
ʥʘʯʘʣʴʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʤʦʙʠʣʴʥʳʭ ʧʣʘʪʝʞʥʳʭ 
ʢʘʨʪ. 
ʇʦʪʝʥʮʠʘʣʴʥʳʝ ʫʷʟʚʠʤʦʩʪʠ ʮʠʬʨʦʚʳʭ ʢʦ-

ʰʝʣʴʢʦʚ 
1) ʈʝʛʠʩʪʨʘʮʠʷ 
ʇʝʨʚʳʤ ʰʘʛʦʤ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʤʦʙʠʣʴʥʦʛʦ 

ʧʣʘʪʝʞʘ ʷʚʣʷʝʪʩʷ ʨʝʛʠʩʪʨʘʮʠʷ ʢʨʝʜʠʪʥʳʭ ʢʘʨʪ 
ʧʦʣʴʟʦʚʘʪʝʣʷ ʚ ʧʨʠʣʦʞʝʥʠʠ. ʇʦʩʪʘʚʱʠʢ, ʥʝ ʟʥʘʝʪ, 
ʧʨʠʥʘʜʣʝʞʠʪ ʣʠ ʚʚʝʜʝʥʥʘʷ ʢʘʨʪʘ ʧʦʣʴʟʦʚʘʪʝʣʶ ʠʣʠ 
ʥʝʪ. ʕʪʫ ʠʥʬʦʨʤʘʮʠʶ ʟʥʘʝʪ ʪʦʣʴʢʦ ʵʤʠʪʝʥʪ ʢʘʨʪʳ. 
ʇʦʩʪʘʚʱʠʢʠ ʦʙʣʝʛʯʘʶʪ ʧʨʠʥʷʪʠʝ ʨʝʰʝʥʠʡ ʵʤʠʪʝʥ-
ʪʦʤ, ʧʨʝʜʦʩʪʘʚʣʷʷ ʠʥʬʦʨʤʘʮʠʶ. ʅʘʧʨʠʤʝʨ, Apple 
Pay ʧʝʨʝʜʘʝʪ ʠʥʬʦʨʤʘʮʠʶ ʵʤʠʪʝʥʪʫ ʢʘʨʪʳ, ʚʢʣʶ-
ʯʘʷ ʥʦʤʝʨ ʪʝʣʝʬʦʥʘ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ 
(ʝʩʣʠ ʩʣʫʞʙʳ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʚʢʣʶ-
ʯʝʥʳ), ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʫʯʝʪʥʦʡ ʟʘʧʠʩʠ iTunes ʠ ʪ.ʜ. 
ʕʤʠʪʝʥʪ ʜʦʣʞʝʥ ʧʨʠʥʷʪʴ ʨʝʰʝʥʠʝ (ʥʘ ʦʩʥʦʚʝ ʘʚʪʦ-
ʤʘʪʠʯʝʩʢʦʡ ʦʮʝʥʢʠ ʨʠʩʢʘ) ʦ ʪʦʤ, ʩʣʝʜʫʝʪ ʣʠ ʧʨʠ-
ʥʷʪʴ ʢʘʨʪʫ ʠʣʠ ʥʝʪ. 
ʋʷʟʚʠʤʦʩʪʴ, ʥʘʡʜʝʥʥʘʷ ʚ 2015 ʛʦʜʫ, ʠʩʧʦʣʴʟʫ-

ʝʤʘʷ ʤʦʰʝʥʥʠʯʝʩʢʠʤʠ ʢʦʣʴʮʘʤʠ, ʟʣʦʫʧʦʪʨʝʙʣʷʝʪ 
ʩʣʘʙʦʩʪʴʶ ʩʧʦʩʦʙʘ ʦʮʝʥʢʠ ʨʠʩʢʦʚ, ʠ ʥʝʢʦʪʦʨʳʝ 
ʵʤʠʪʝʥʪʳ ʧʨʠʥʠʤʘʶʪ ʫʢʨʘʜʝʥʥʳʝ ʢʘʨʪʳ ʜʣʷ ʜʦʙʘʚ-
ʣʝʥʠʷ ʚ ʫʯʝʪʥʳʝ ʟʘʧʠʩʠ Apple Pay. ʇʦʩʣʝ ʧʨʠʥʷʪʠʷ 
ʠʭ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʷ ʧʦʢʫʧʢʠ ʪʦʚʘʨʦʚ, ʢʦʪʦʨʳʝ ʚ 
ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʨʦʜʘʚʘʣʠʩʴ ʯʝʨʝʟ ʀʥʪʝʨʥʝʪ. ʇʦ ʧʨʘ-
ʚʠʣʘʤ Apple, ʙʘʥʢʠ-ʵʤʠʪʝʥʪʳ ʢʨʝʜʠʪʥʳʭ ʢʘʨʪ 
ʜʦʣʞʥʳ ʧʨʦʚʝʨʷʪʴ ʣʝʛʠʪʠʤʥʦʩʪʴ ʩʚʦʠʭ ʢʘʨʪ, ʢʦʛʜʘ 
ʦʥʠ ʜʦʙʘʚʣʷʶʪʩʷ ʚ Apple Pay, ʧʨʦʮʝʩʩ, ʥʘʟʳʚʘʝʤʳʡ 
çʧʨʝʜʦʩʪʘʚʣʝʥʠʝè. Apple Pay ʧʦʣʘʛʘʝʪʩʷ ʥʘ ʦʙʥʘʨʫ-
ʞʝʥʠʝ ʤʦʰʝʥʥʠʯʝʩʪʚʘ ʵʤʠʪʝʥʪʦʤ ʢʘʨʪʳ ʜʣʷ ʤʦ-
ʰʝʥʥʠʯʝʩʢʠʭ ʨʝʛʠʩʪʨʘʮʠʡ ʢʘʨʪ ʩ ʧʦʤʦʱʴʶ ʮʠʬʨʦ-
ʚʦʛʦ ʢʦʰʝʣʴʢʘ. ʄʦʰʝʥʥʠʯʝʩʢʠʝ ʪʨʘʥʟʘʢʮʠʠ ʩʪʘʣʠ 
ʚʦʟʤʦʞʥʳʤʠ ʠʟ-ʟʘ ʥʝʜʦʩʪʘʪʢʦʚ ʚ ʦʪʩʣʝʞʠʚʘʝʤʦʩʪʠ 
ʤʦʰʝʥʥʠʯʝʩʢʠʭ ʨʝʛʠʩʪʨʘʮʠʡ ʢʘʨʪʳ ʧʦʣʴʟʦʚʘʪʝʣʶ, 
ʢʦʪʦʨʳʡ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʣ ʢʘʨʪʫ. ɺ ʩʣʫʯʘʝ ʤʦʰʝʥ-
ʥʠʯʝʩʪʚʘ ʩ ʧʣʘʪʝʞʘʤʠ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʟʘ ʤʦʰʝʥ-
ʥʠʯʝʩʪʚʦ ʤʦʞʝʪ ʩʤʝʩʪʠʪʴʩʷ ʩ ʙʘʥʢʦʚ ʥʘ ʧʨʦʜʘʚʮʦʚ, 
ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʧʦʣʠʪʠʢʝ ʩʝʪʝʚʳʭ ʧʣʘʪʝʞʝʡ ʠ ʤʝʪʦ-
ʜʘʭ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʧʨʦʚʝʨʢʠ ʧʦʣʴʟʦʚʘʪʝʣʷ [1]. 

2) ɿʘʧʠʩʴ ʢʨʝʜʠʪʥʦʡ ʢʘʨʪʳ 
ɼʨʫʛʦʡ ʧʦʪʝʥʮʠʘʣʴʥʳʡ ʚʝʢʪʦʨ ʘʪʘʢʠ ï ʵʪʦ ʢʦ-

ʛʜʘ ʠʥʬʦʨʤʘʮʠʷ ʦ ʢʨʝʜʠʪʥʦʡ ʢʘʨʪʝ ʧʝʨʚʦʥʘʯʘʣʴʥʦ 
ʚʚʦʜʠʪʩʷ ʚ Apple Wallet/ Google Wallet / Samsung 
TEE, ʛʜʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʘʤʝʨʘ ʪʝʣʝʬʦʥʘ. ɽʩʣʠ ʪʝʣʝ-
ʬʦʥ ʫʞʝ ʟʘʨʘʞʝʥ ʚʨʝʜʦʥʦʩʥʳʤ ʇʆ ʧʘʤʷʪʠ ʠʣʠ ʜʨʫ-
ʛʠʤ ʚʨʝʜʦʥʦʩʥʳʤ ʇʆ, ʢʦʪʦʨʦʝ ʩʢʦʤʧʨʦʤʝʪʠʨʦʚʘʣʦ 
ʢʘʤʝʨʫ ʠʣʠ ʢʦʰʝʣʝʢ, ʠʥʬʦʨʤʘʮʠʶ ʤʦʞʥʦ ʫʢʨʘʩʪʴ, 
ʠʩʧʦʣʴʟʫʷ ʦʯʠʩʪʢʫ ʧʘʤʷʪʠ, ʨʘʩʧʦʟʥʘʚʘʥʠʝ OCR ʠʣʠ 
ʜʘʞʝ ʦʪʧʨʘʚʠʚ ʥʝʦʙʨʘʙʦʪʘʥʥʳʡ ʩʥʠʤʦʢ ʜʣʷ ʘʥʘʣʠʟʘ 
ʚʥʝ ʦʬʠʩʘ ʥʘ ʩʝʨʚʝʨʳ C&C.  
ʂʨʦʤʝ ʪʦʛʦ, ʜʘʥʥʳʝ ʤʦʛʫʪ ʙʳʪʴ ʧʝʨʝʭʚʘʯʝʥʳ 

ʧʨʠ ʧʝʨʝʜʘʯʝ, ʢʦʛʜʘ ʠʥʬʦʨʤʘʮʠʷ ʦ ʢʨʝʜʠʪʥʦʡ ʢʘʨʪʝ 
ʦʪʧʨʘʚʣʷʝʪʩʷ ʩ ʫʩʪʨʦʡʩʪʚʘ ʥʘ ʩʝʨʚʝʨʳ ʚ ʦʙʣʘʢʝ. ɺ 
ʩʣʫʯʘʝ ʚʟʣʦʤʘ ʫʩʪʨʦʡʩʪʚʘ ʟʣʦʫʤʳʰʣʝʥʥʠʢ ʤʦʞʝʪ 
ʧʦʣʫʯʠʪʴ ʜʦʩʪʫʧ ʢ ʩʝʪʝʚʦʤʫ ʪʨʘʬʠʢʫ ʠ, ʩʣʝʜʦʚʘ-
ʪʝʣʴʥʦ, ʢ ʠʥʬʦʨʤʘʮʠʠ ʦ ʢʨʝʜʠʪʥʦʡ ʢʘʨʪʝ. 
ɿʣʦʫʤʳʰʣʝʥʥʠʢ ʤʦʞʝʪ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʘʪʘ-

ʢʦʡ ʩʦʮʠʘʣʴʥʦʡ ʠʥʞʝʥʝʨʠʠ, ʧʦʧʨʦʩʠʚ ʧʦʣʴʟʦʚʘʪʝʣʷ 
ʧʦʚʪʦʨʥʦ ʚʚʝʩʪʠ ʜʘʥʥʳʝ ʢʨʝʜʠʪʥʦʡ ʢʘʨʪʳ. ʆʰʠʙʢʘ 

ʚ iOS, ʥʘʡʜʝʥʥʘʷ ʚ 2014 ʛʦʜʫ, ʧʦʟʚʦʣʷʝʪ ʟʣʦʫʤʳʰ-
ʣʝʥʥʠʢʫ ʟʘʤʝʥʠʪʴ ʟʘʢʦʥʥʦʝ ʧʨʠʣʦʞʝʥʠʝ ʢʣʦʥʦʤ, 
ʨʘʟʨʘʙʦʪʘʥʥʳʤ ʟʣʦʫʤʳʰʣʝʥʥʠʢʦʤ [11], ʯʪʦ ʧʦʟʚʦ-
ʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʘʪʘʢʫ MiTM. ɿʣʦʫʤʳʰʣʝʥʥʠʢ ʤʦ-
ʞʝʪ ʟʘʤʘʩʢʠʨʦʚʘʪʴ ʢʦʰʝʣʸʢ ʠ ʫʢʨʘʩʪʴ ʠʥʬʦʨʤʘʮʠʶ 
ʦ ʢʘʨʪʝ. 

3) ɸʫʪʝʥʪʠʬʠʢʘʮʠʷ ʧʦʣʴʟʦʚʘʪʝʣʷ 
ʇʦʩʪʘʚʱʠʢʠ ʧʦʣʘʛʘʶʪʩʷ ʥʘ ʙʠʦʤʝʪʨʠʯʝʩʢʠʝ 

ʜʘʥʥʳʝ ʦʪʧʝʯʘʪʢʦʚ ʧʘʣʴʮʝʚ ʜʣʷ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ 
ʧʦʣʴʟʦʚʘʪʝʣʝʡ. çʆʙʰʠʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʦʢʘ-
ʟʘʣʠ, ʯʪʦ ʘʫʪʝʥʪʠʬʠʢʘʮʠʷ ʧʦ ʦʪʧʝʯʘʪʢʘʤ ʧʘʣʴʮʝʚ 
ʤʦʞʝʪ ʙʳʪʴ ʦʙʦʡʜʝʥʘ, ʠ ʙʳʣʦ ʜʦʢʘʟʘʥʦ, ʯʪʦ ʦʥʘ ʤʦ-
ʞʝʪ ʙʳʪʴ ʚʟʣʦʤʘʥʘè [5, ʩ.1-5]. ɽʩʣʠ ʪʝʣʝʬʦʥ ʧʦʣʴ-
ʟʦʚʘʪʝʣʷ ʫʢʨʘʜʝʥʥʳʡ, ʥʝ ʩʦʩʪʘʚʠʪ ʪʨʫʜʘ ʦʙʦʡʪʠ 
ʙʠʦʤʝʪʨʠʯʝʩʢʫʶ ʘʫʪʝʥʪʠʬʠʢʘʮʠʶ, ʢʦʪʦʨʘʷ ʨʘʟʙʣʦ-
ʢʠʨʫʝʪ ʚʝʩʴ ʪʝʣʝʬʦʥ ʠ ʬʠʥʘʥʩʦʚʳʡ ʧʨʦʮʝʩʩ ʦʧʣʘʪʳ. 
ʅʘʧʨʠʤʝʨ, ʚ Google Pay ʧʦʣʴʟʦʚʘʪʝʣʠ ʤʦʛʫʪ 

ʘʚʪʦʨʠʟʦʚʘʪʴ ʧʣʘʪʝʞʠ, ʧʨʦʩʪʦ ʚʚʝʜʷ ʰʘʙʣʦʥ ʙʣʦʢʠ-
ʨʦʚʢʠ ʵʢʨʘʥʘ. ʇʦʩʢʦʣʴʢʫ ʵʪʦ ʤʝʭʘʥʠʟʤ, ʢʦʪʦʨʳʡ 
ʤʦʞʥʦ ʣʝʛʢʦ ʧʦʜʩʣʫʰʘʪʴ, ʦʥ ʤʦʞʝʪ ʧʦʙʫʜʠʪʴ ʟʣʦ-
ʫʤʳʰʣʝʥʥʠʢʦʚ-ʦʧʧʦʨʪʫʥʠʩʪʦʚ ʫʢʨʘʩʪʴ ʫʩʪʨʦʡʩʪʚʦ 
ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʧʣʘʪʝʞʝʡ ʦʪ ʠʤʝʥʠ ʞʝʨʪʚʳ. 

4) ʄʦʰʝʥʥʠʯʝʩʢʠʝ ʧʣʘʪʝʞʥʳʝ ʦʧʝʨʘʮʠʠ 
ʕʤʠʪʝʥʪʳ ʢʘʨʪ ʥʝ ʤʦʛʫʪ ʥʝʩʪʠ ʦʪʚʝʪʩʪʚʝʥ-

ʥʦʩʪʴ ʟʘ ʤʦʰʝʥʥʠʯʝʩʪʚʦ, ʝʩʣʠ ʠʭ ʫʩʣʦʚʠʷ ʥʝ ʚʳʧʦʣ-
ʥʷʶʪʩʷ. ʅʘʧʨʠʤʝʨ, ʚ ʋʩʣʦʚʠʷʭ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ 
ʫʩʣʫʛ ɹʘʥʢʘ Lloyds ʛʦʚʦʨʠʪʩʷ, ʯʪʦ çʚʳ ʜʦʣʞʥʳ ʨʝ-
ʛʠʩʪʨʠʨʦʚʘʪʴ ʪʦʣʴʢʦ ʩʚʦʠ ʩʦʙʩʪʚʝʥʥʳʝ ʦʪʧʝʯʘʪʢʠ 
ʧʘʣʴʮʝʚ, ʘ ʥʝ ʯʴʠ-ʣʠʙʦ ʜʨʫʛʠʝè [6], ʯʪʦ ʧʦʪʝʥʮʠ-
ʘʣʴʥʦ ʤʦʞʝʪ ʩʜʝʣʘʪʴ ʥʝʜʝʡʩʪʚʠʪʝʣʴʥʳʤ ʟʘʷʚʣʝʥʠʝ 
ʦ ʤʦʰʝʥʥʠʯʝʩʪʚʝ, ʝʩʣʠ ʥʘ ʫʩʪʨʦʡʩʪʚʝ ʙʫʜʝʪ ʟʘʨʝʛʠ-
ʩʪʨʠʨʦʚʘʥʦ ʙʦʣʴʰʝ ʦʪʧʝʯʘʪʢʦʚ ʧʘʣʴʮʝʚ. 

5) ʆʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʟʘ ʧʣʘʪʝʞʥʳʝ ʦʧʝʨʘ-
ʮʠʠ 
ʇʣʘʪʝʞʥʳʝ ʩʠʩʪʝʤʳ ʪʨʝʙʫʶʪ ʧʨʦʚʝʨʢʠ ʧʦʜ-

ʣʠʥʥʦʩʪʠ ʧʦ ʦʪʧʝʯʘʪʢʫ ʧʘʣʴʮʘ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʧʣʘ-
ʪʝʞʘ. ʆʜʥʘʢʦ ʚ ʙʘʟʝ ʜʘʥʥʳʭ ʦʪʧʝʯʘʪʢʦʚ ʧʘʣʴʮʝʚ ʤʦ-
ʞʝʪ ʙʳʪʴ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥ ʨʷʜ ʣʠʮ, ʠ ʧʦʵʪʦʤʫ ʣʶ-
ʙʦʡ, ʢʪʦ ʩʤʦʞʝʪ ʧʨʦʡʪʠ ʘʫʪʝʥʪʠʬʠʢʘʮʠʶ ʥʘ 
ʪʝʣʝʬʦʥʝ, ʩʤʦʞʝʪ ʚʳʧʦʣʥʠʪʴ ʧʣʘʪʝʞ. ɽʩʣʠ ʥʝ-
ʩʢʦʣʴʢʦ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠʤʝʶʪ ʜʦʩʪʫʧ ʢ ʫʩʪʨʦʡʩʪʚʫ, 
ʵʪʦ ʚʳʟʳʚʘʝʪ ʩʙʦʡ ʧʦʜʦʪʯʝʪʥʦʩʪʠ, ʧʦʩʢʦʣʴʢʫ ʥʝʚʦʟ-
ʤʦʞʥʦ ʦʜʥʦʟʥʘʯʥʦ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʯʝʣʦʚʝʢʘ, 
ʢʦʪʦʨʳʡ ʚʳʧʦʣʥʠʣ ʧʣʘʪʝʞ. 

6) ʉʪʦʨʦʥʥʝʝ ʜʦʚʝʨʠʝ 
ʅʝʟʘʚʠʩʠʤʦ ʦʪ ʧʦʩʪʘʚʱʠʢʘ ʤʦʙʠʣʴʥʳʭ ʧʣʘʪʝ-

ʞʝʡ, ʨʝʛʠʩʪʨʘʮʠʷ ʚ ʩʠʩʪʝʤʝ ʪʨʝʙʫʝʪ ʦʧʨʝʜʝʣʝʥʥʦʛʦ 
ʫʨʦʚʥʷ ʜʦʚʝʨʠʷ ʢ ʪʨʝʪʴʝʡ ʩʪʦʨʦʥʝ. ʍʦʪʷ ʚʧʦʣʥʝ ʚʝ-
ʨʦʷʪʥʦ, ʯʪʦ ʪʨʝʪʴʷ ʩʪʦʨʦʥʘ ʧʨʦʚʦʜʠʪ ʥʘʜʣʝʞʘʱʫʶ 
ʧʨʦʚʝʨʢʫ, ʠ ʥʝʦʙʭʦʜʠʤʳʝ ʤʝʭʘʥʠʟʤʳ ʙʝʟʦʧʘʩʥʦʩʪʠ 
ʫʞʝ ʩʫʱʝʩʪʚʫʶʪ, ʧʦʪʨʝʙʠʪʝʣʴ ʥʝ ʠʤʝʝʪ ʧʦʣʥʦʡ ʫʚʝ-
ʨʝʥʥʦʩʪʠ ʚ ʪʦʤ, ʯʪʦ ʜʘʥʥʳʝ ʤʦʛʫʪ ʙʳʪʴ ʩʢʦʤʧʨʦʤʝ-
ʪʠʨʦʚʘʥʳ ʚ ʢʘʢʦʡ-ʪʦ ʤʦʤʝʥʪ ʚ ʙʫʜʫʱʝʤ. 
Apple ʧʨʝʜʣʘʛʘʝʪ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʜʣʷ ʠʥʪʝ-

ʛʨʘʮʠʠ ʩ Apple Wallet, ʯʪʦʙʳ ʩʪʦʨʦʥʥʠʝ ʧʨʠʣʦʞʝ-
ʥʠʷ ʤʦʛʣʠ ʚʳʧʦʣʥʷʪʴ ʧʣʘʪʝʞʠ, ʦʨʛʘʥʠʟʦʚʳʚʘʪʴ 
ʚʘʫʯʝʨʳ ʠ ʪ.ʜ. ʕʪʦ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ API 
ʧʦʜ ʥʘʟʚʘʥʠʝʤ PassKit. ʅʘ ʫʩʪʨʦʡʩʪʚʝ ʤʦʞʝʪ ʙʳʪʴ 
ʫʩʪʘʥʦʚʣʝʥʦ ʚʨʝʜʦʥʦʩʥʦʝ ʧʨʠʣʦʞʝʥʠʝ, ʢʦʪʦʨʦʝ, ʚ 
ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʦʣʫʯʠʪ ʜʦʩʪʫʧ ʢ PassKit ʜʣʷ ʫʧʨʘʚ-
ʣʝʥʠʷ ʢʨʝʜʠʪʥʳʤʠ ʢʘʨʪʘʤʠ ʠʣʠ ʚʳʧʦʣʥʝʥʠʷ ʥʝʞʝ-
ʣʘʪʝʣʴʥʳʭ ʧʣʘʪʝʞʝʡ ʚ ʧʨʠʣʦʞʝʥʠʠ ʠʣʠ ʟʣʦʫʧʦʪʨʝʙ-
ʣʝʥʠʡ. 

7) ɹʦʣʝʝ ʰʠʨʦʢʘʷ ʘʪʘʢʫʶʱʘʷ ʧʦʚʝʨʭʥʦʩʪʴ 
ʥʘ ʫʢʨʘʜʝʥʥʦʤ ʫʩʪʨʦʡʩʪʚʝ 
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ɺ ʩʣʫʯʘʝ ʢʨʘʞʠ ʤʦʙʠʣʴʥʦʛʦ ʪʝʣʝʬʦʥʘ ʟʣʦ-
ʫʤʳʰʣʝʥʥʠʢʠ ʤʦʛʫʪ ʧʦʣʫʯʠʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʜʦ-
ʩʪʫʧ ʢ ʧʣʘʪʝʞʥʳʤ ʢʘʨʪʘʤ, ʯʪʦ ʩʦʟʜʘʩʪ ʥʦʚʳʡ ʩʪʠ-
ʤʫʣ ʜʣʷ ʢʨʘʞʠ ʫʩʪʨʦʡʩʪʚʘ. 

8) ʌʠʰʠʥʛʦʚʳʝ ʘʪʘʢʠ 
ɹʦʣʝʝ ʰʠʨʦʢʦʝ ʚʥʝʜʨʝʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʤʦʙʠʣʴ-

ʥʳʭ ʧʣʘʪʝʞʝʡ ʤʦʞʝʪ ʧʦʙʫʜʠʪʴ ʟʣʦʫʤʳʰʣʝʥʥʠʢʦʚ 
ʩʦʚʝʨʰʘʪʴ ʘʪʘʢʠ, ʦʣʠʮʝʪʚʦʨʷʶʱʠʝ ʟʘʢʦʥʥʳʝ ʧʨʠ-
ʣʦʞʝʥʠʷ ʠ ʟʘʧʨʘʰʠʚʘʶʱʠʝ ʜʘʥʥʳʝ ʢʨʝʜʠʪʥʳʭ ʢʘʨʪ 
ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʚ ʧʦʧʳʪʢʝ ʟʘʤʘʥʠʪʴ ʧʦʣʴʟʦʚʘʪʝʣʷ 
ʜʣʷ ʨʘʩʢʨʳʪʠʷ ʠʥʬʦʨʤʘʮʠʠ. 

9) ʉʝʨʚʠʩʳ ʪʦʢʝʥʠʟʘʮʠʠ 
ʉʝʨʚʠʩʳ ʪʦʢʝʥʠʟʘʮʠʠ ʩʪʘʥʫʪ ʝʜʠʥʦʡ ʪʦʯʢʦʡ 

ʦʪʢʘʟʘ, ʯʝʤ-ʪʦ ʧʦʭʦʞʠʤ ʥʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ DNS. 
ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ DNS ʙʳʣ ʩʧʨʦʝʢʪʠʨʦʚʘʥ ʩ ʫʯʝʪʦʤ 
ʠʟʙʳʪʦʯʥʦʩʪʠ, ʘ ʩʣʫʞʙʳ ʪʦʢʝʥʠʟʘʮʠʠ - ʥʝʪ. ʂʨʦʤʝ 
ʪʦʛʦ, ʦʥʠ ʩʪʘʥʫʪ ʦʩʥʦʚʥʦʡ ʮʝʣʴʶ, ʧʦʩʢʦʣʴʢʫ ʦʥʠ 
ʙʫʜʫʪ ʦʪʦʙʨʘʞʘʪʴ ʨʝʘʣʴʥʳʝ PAN.  
ʊʦʢʝʥʳ, ʧʝʨʝʭʚʘʯʝʥʥʳʝ ʧʨʠ ʧʝʨʝʜʘʯʝ, ʢʦʪʦʨʳʝ 

ʧʨʠʚʝʣʠ ʢ ʫʩʧʝʰʥʦʡ ʪʨʘʥʟʘʢʮʠʠ, ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʧʦ-
ʚʪʦʨʥʦ ʠʩʧʦʣʴʟʦʚʘʥʳ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʝ ʤʦʛʫʪ 
ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʜʨʫʛʦʛʦ ʧʣʘ-
ʪʝʞʘ. ʇʦʜʩʣʫʰʘʥʥʳʝ ʜʝʡʩʪʚʠʪʝʣʴʥʳʝ ʪʦʢʝʥʳ, ʢʦ-
ʪʦʨʳʝ ʥʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʚ ʪʨʘʥʟʘʢʮʠʠ, ʤʦʛʫʪ ʙʳʪʴ 
ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʦʚʪʦʨʥʦ. 
ʅʘʧʨʠʤʝʨ, ʚ Samsung Pay ʘʥʘʣʠʟ ʪʦʢʝʥʦʚ ʧʦʢʘ-

ʟʳʚʘʝʪ, ʯʪʦ ʦʥʠ ʷʚʣʷʶʪʩʷ ʠʥʢʨʝʤʝʥʪʥʳʤʠ, ʠ ʙʫʜʫ-
ʱʠʝ ʪʦʢʝʥʳ ʫʷʟʚʠʤʳ ʜʣʷ ʢʦʥʢʨʝʪʥʦʡ ʘʪʘʢʠ [12], ʯʪʦ 
ʤʦʞʝʪ ʧʦʪʝʥʮʠʘʣʴʥʦ ʧʦʟʚʦʣʠʪʴ ʟʣʦʫʤʳʰʣʝʥʥʠʢʫ 
ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʝʨʝʙʠʨʘʪʴ ʩʠʣʫ ʪʦʢʝʥʦʚ, ʵʢʩʪʨʘʧʦ-
ʣʠʨʫʷ ʙʫʜʫʱʠʝ ʪʦʢʝʥʳ ʥʘ ʦʩʥʦʚʝ ʥʘʙʣʶʜʘʝʤʳʭ ʪʦ-
ʢʝʥʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʪʦʢʝʥʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦ-
ʚʘʥʳ ʧʦʚʪʦʨʥʦ ʚ ʪʝʯʝʥʠʝ 60 ʩʝʢʫʥʜ. ʕʪʦ ʧʦʟʚʦʣʠʪ 
ʟʣʦʫʤʳʰʣʝʥʥʠʢʘʤ ʩʦʚʝʨʰʠʪʴ ʜʝʡʩʪʚʠʪʝʣʴʥʳʡ 
ʧʣʘʪʝʞ ʯʝʨʝʟ ʀʥʪʝʨʥʝʪ, ʥʘʭʦʜʷʩʴ ʚʥʝ ʫʩʪʨʦʡʩʪʚʘ 
ʞʝʨʪʚʳ. 

10) ʄʦʙʠʣʴʥʳʡ, ʢʘʢ ʮʝʣʴ 
ʄʦʙʠʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʦʙʳʯʥʦ ʥʝ ʧʦʜʚʝʨʛʘ-

ʶʪʩʷ ʪʘʢʦʤʫ ʞʝ ʫʨʦʚʥʶ ʟʘʱʠʪʳ, ʢʘʢ ʥʘʩʪʦʣʴʥʳʝ 
ʢʦʤʧʴʶʪʝʨʳ. ʅʘʧʨʠʤʝʨ, ʦʥʠ ʨʝʜʢʦ ʠʩʧʦʣʴʟʫʶʪ ʘʥ-
ʪʠʚʠʨʫʩ, ʙʨʘʥʜʤʘʫʵʨ ʠ ʪ.ʜ. 
ɺʥʝʜʨʝʥʠʝ ʥʦʚʳʭ ʩʝʨʚʠʩʦʚ ʜʣʷ ʦʧʣʘʪʳ ʩʜʝʣʘʝʪ 

ʠʭ ʙʦʣʝʝ ʠʥʪʝʨʝʩʥʦʡ ʮʝʣʴʶ ʜʣʷ ʟʣʦʫʤʳʰʣʝʥʥʠʢʦʚ. 
ʀʩʩʣʝʜʦʚʘʪʝʣʴ ɼʞʦʰʫʘ ʈʫʙʠʥ ʩ Zvelo ʫʩʧʝʰʥʦ 

ʚʳʧʦʣʥʠʣ ʘʪʘʢʠ ʤʝʪʦʜʦʤ ʧʝʨʝʙʦʨʘ ʥʘ ʇʀʅ-ʢʦʜ (4 
ʮʠʬʨʳ) Google Wallet [15]. ʈʫʙʠʥ, ʪʘʢʞʝ ʩʤʦʛ ʧʦʣʫ-
ʯʠʪʴ PIN-ʢʦʜ Google Wallet ʩ ʢʦʨʥʝʚʳʭ ʫʩʪʨʦʡʩʪʚ.  

11) ʇʨʦʙʣʝʤʳ ʨʝʘʣʠʟʘʮʠʠ 
ʅʘ ʢʦʥʢʫʨʝʥʪʥʦʤ ʨʳʥʢʝ ʚʩʝ ʧʣʘʪʝʞʥʳʝ ʩʠ-

ʩʪʝʤʳ ʥʝ ʙʫʜʫʪ ʩʪʦʷʪʴ ʥʘ ʤʝʩʪʝ, ʦʥʠ ʙʫʜʫʪ ʧʦʩʪʦ-
ʷʥʥʦ ʦʙʥʦʚʣʷʪʴʩʷ ʠ ʧʦʣʫʯʘʪʴ ʥʦʚʳʝ ʬʫʥʢʮʠʦʥʘʣʴ-
ʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʫʱʝʩʪʚʫʝʪ ʨʠʩʢ 
ʟʘʧʫʩʢʘ ʧʦʪʝʥʮʠʘʣʴʥʦ ʥʝʟʨʝʣʦʛʦ ʢʦʜʘ, ʢʦʪʦʨʳʡ ʤʦ-
ʞʝʪ ʙʳʪʴ ʧʦʜʚʝʨʞʝʥ ʧʨʦʙʣʝʤʘʤ ʙʝʟʦʧʘʩʥʦʩʪʠ. 
ʅʘʧʨʠʤʝʨ, Apple Watch ʧʦʟʚʦʣʷʝʪ ʧʦʣʴʟʦʚʘʪʝ-

ʣʷʤ ʧʦʣʫʯʘʪʴ ʜʦʩʪʫʧ ʢ Apple Pay ʙʝʟ ʜʘʣʴʥʝʡʰʝʡ 
ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ, ʝʩʣʠ ʯʘʩʳ ʥʝ ʩʥʷʪʳ ʩ ʟʘʧʷʩʪʴʷ. 
ʆʜʥʘʢʦ ʝʩʪʴ ʧʨʠʤʝʨ, ʢʦʪʦʨʳʡ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ 
ʤʦʞʥʦ ʩʥʷʪʴ Apple Watch ʩ ʟʘʧʷʩʪʴʷ ʞʝʨʪʚʳ, ʥʝ 
ʙʣʦʢʠʨʫʷ ʝʛʦ [14]. ʕʪʘ ʘʪʘʢʘ ʤʦʞʝʪ ʙʳʪʴ ʚʳʧʦʣʥʝʥʘ 
ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʅʉɼ ʢ Apple Pay ʧʦʣʴʟʦʚʘʪʝʣʷ. 
ɺ ʜʨʫʛʦʤ ʧʨʠʤʝʨʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ Google 

Wallet ViaForensics ʩʤʦʛʣʠ ʧʦʣʫʯʠʪʴ root-ʧʨʘʚʘ ʥʘ 
ʪʝʣʝʬʦʥ, ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʜʦʩʪʫʧ ʢ ʠʤʝʥʠ ʚʣʘʜʝʣʴʮʘ 
ʢʘʨʪʳ, ʧʦʩʣʝʜʥʠʤ 4 ʮʠʬʨʘʤ ʢʨʝʜʠʪʥʦʡ ʢʘʨʪʳ ʠ ʜʘʪʝ 
ʠʩʪʝʯʝʥʠʷ ʩʨʦʢʘ ʜʝʡʩʪʚʠʷ ʜʘʞʝ ʧʦʩʣʝ ʩʙʨʦʩʘ Google 

Wallet [13]. ʂʘʨʪʳ ʧʨʝʜʦʧʣʘʪʳ ʜʣʷ Google Wallet 
ʙʳʣʠ ʦʪʢʨʳʪʳ, ʢʦʛʜʘ Google Wallet ʙʳʣ ʩʪʝʨʪ ʠ ʧʨʠ 
ʧʦʚʪʦʨʥʦʡ ʥʘʩʪʨʦʡʢʝ ʥʦʚʦʡ ʫʯʝʪʥʦʡ ʟʘʧʠʩʠ ʙʳʣʠ 
ʜʦʩʪʫʧʥʳ ʚʩʝ ʢʘʨʪʳ ʧʨʝʜʦʧʣʘʪʳ. ʕʪʦʪ ʥʝʜʦʩʪʘʪʦʢ ʩ 
ʪʝʭ ʧʦʨ ʙʳʣ ʠʩʧʨʘʚʣʝʥ Google.  
ɼʘʣʝʝ Google ʦʙʲʷʚʠʣ, ʯʪʦ Google Wallet ʥʝ 

ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʥʘ ʨʫʪʠʨʦʚʘʥʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ, ʠ 
ʧʨʠʥʷʣ ʤʝʨʳ ʜʣʷ ʟʘʱʠʪʳ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʳʭ ʜʘʥ-
ʥʳʭ ʜʝʨʞʘʪʝʣʝʡ ʢʘʨʪ [7]. 
ʋ Samsung Pay ʪʘʢʞʝ ʙʳʣʠ ʧʨʦʙʣʝʤʳ ʩ ʧʣʘʪʝ-

ʞʘʤʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʨʘʜʠʮʠʦʥʥʳʭ POS-
ʪʝʨʤʠʥʘʣʦʚ ʩ ʤʘʛʥʠʪʥʦʡ ʧʦʣʦʩʦʡ. ɼʣʷ ʵʤʫʣʷʮʠʠ 
ʧʣʘʪʝʞʘ ʩʤʘʨʪʬʦʥ Samsung ʩʦʟʜʘʝʪ ʤʘʛʥʠʪʥʳʡ ʩʠʛ-
ʥʘʣ, ʢʦʪʦʨʳʡ ʧʦʣʫʯʘʝʪ ʩʯʠʪʳʚʘʪʝʣʴ ʢʘʨʪ. ʕʪʦ ʦʙʱʝ-
ʥʠʝ ʚʳʧʦʣʥʷʝʪʩʷ ʚ ʚʠʜʝ ʦʪʢʨʳʪʦʛʦ ʪʝʢʩʪʘ, ʠ, ʩʣʝʜʦ-
ʚʘʪʝʣʴʥʦ, ʟʣʦʫʤʳʰʣʝʥʥʠʢ, ʥʘʭʦʜʷʱʠʡʩʷ ʚ ʧʦʜʭʦ-
ʜʷʱʝʤ ʤʝʩʪʝ, ʤʦʞʝʪ ʧʦʣʫʯʠʪʴ ʜʦʩʪʫʧ ʢ 
ʠʥʬʦʨʤʘʮʠʠ, ʦʪʧʨʘʚʣʝʥʥʦʡ ʚ POS. ʅʝʜʘʚʥʝʝ ʠʩʩʣʝ-
ʜʦʚʘʥʠʝ [4] ʫʪʚʝʨʞʜʘʝʪ, ʯʪʦ ʠʥʬʦʨʤʘʮʠʷ, ʧʝʨʝʜʘʚʘ-
ʝʤʘʷ ʩ ʪʝʣʝʬʦʥʘ ʥʘ POS ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ MST, 
ʩʠʣʴʥʝʝ, ʯʝʤ ʪʨʝʙʫʝʪʩʷ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʟʣʦʫʤʳʰ-
ʣʝʥʥʠʢʫ ʫʩʧʝʰʥʦ ʧʦʜʩʣʫʰʠʚʘʪʴ ʪʦʢʝʥ ʩ ʧʦʤʦʱʴʶ 
ʧʨʠʝʤʥʠʢʘ, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʙʦʣʝʝ 
2,0 ʤʝʪʨʦʚ ʦʪ ʫʩʪʨʦʡʩʪʚʘ ʞʝʨʪʚʳ. 
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USING PETRI NETS TO EVALUATE AND OPTIMIZE THE PARALLELIZATION  OF MULTI -

THREADED PROGRAMS  
 

ɸʥʥʦʪʘʮʠʷ 
ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩʝʪʠ ʇʝʪʨʠ ʠ ʤʝʪʦʜʳ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʧʘʨʘʣʣʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʩ ʠʭ ʧʦ-

ʤʦʱʴʶ, ʧʨʝʜʣʘʛʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʝʪʝʡ ʇʝʪʨʠ ʜʣʷ ʤʦʜʠʬʠʢʘʮʠʠ ʤʝʪʨʠʢ ʦʮʝʥʢʠ ʩʣʦʞ-
ʥʦʩʪʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. 

Abstract 
The article discusses Petri nets and methods of synchronization of parallel processes with their help, offers 

the possibility of using Petri nets to modify software complexity assessment metrics. 
 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʨʦʛʨʘʤʤʨʝʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʩʝʪʠ ʇʝʪʨʠ, ʧʘʨʘʣʣʝʣʴʨʝʥʳʝ ʚʳʯʠʩʣʝʥʠʷ, ʪʦʯʨʝʥʦʩʪʴ 

ʚʳʯʠʩʣʝʥʠʡ, ʦʧʪʠʤʠʟʘʮʠʷ ʚʳʯʠʩʣʝʨʝʥʠʡ 
Keywords: software, Petri nets, parallel computing, accuracy of calculations, optimization of calculations 
 
ʆʜʨʝʥʠʤ ʠʟ ʤʝʪʦʜʦʚ ʦʮʝʨʝʥʢʠ ʠ ʦʧʪʠʤʠʟʘʮʠʠ 

ʨʘʩʧʘʨʘʣʣʝʣʠʚʘʨʝʥʠʷ ʤʥʦʛʦʧʦʪʦʯʥʳʭ ʧʨʦʛʨʘʤʤ ʩ 
ʨʘʩʯʝʪʘʤʠ ʧʦʚʳʰʝʨʝʥʥʦʡ ʪʦʯʥʦʩʪʠ ʷʚʣʷʶʪʩʷ ʩʝʪʠ 
ʇʝʪʨʠ. ʉʝʪʠ ʇʝʪʨʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʦʧʠʩʘʨʝʥʠʷ 
ʜʠʥʘʤʠʯʝʩʢʠʭ ʜʠʩʢʨʝʪʨʝʥʳʭ ʩʠʩʪʝʤ, ʠ ʧʦʵʪʦʤʫ 
ʧʨʝʢʨʘʩʨʝʥʦ ʧʦʜʭʦʜʷʪ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʨʝʥʠʷ 

ʘʩʠʥʭʨʦʥʥʳʭ ʧʘʨʘʣʣʝʣʴʨʝʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ 
ʨʘʩʧʨʝʜʝʣʝʨʝʥʥʦʡ ʦʙʣʘʯʥʦʡ ʩʨʝʜʝ. 
ʅʘ ʨʠʩʫʨʝʥʢʝ 1 ʧʨʠʚʝʜʝʨʝʥ ʧʨʠʤʝʨ ʩʝʪʠ 

ʇʝʪʨʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʦʨʛʘʨʝʥʠʟʘʮʠʠ 
ʧʘʨʘʣʣʝʣʴʥʳʭ ʘʩʠʨʝʥʭʨʦʥʥʳʭ ʚʳʯʠʩʣʝʥʠʡ [2]. 

 
ʈʠʩ. 1. ʉʝʪʴ ʇʝʪʨʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʦʨʛʘʨʝʥʠʟʘʮʠʠ ʧʘʨʘʣʣʝʣʴʥʳʭ ʘʩʠʨʝʥʭʨʦʥʥʳʭ ʚʳʯʠʩʣʝʥʠʡ. 
 
ɻʨʘʬʠʯʝʩʢʠ ʩʝʪʠ ʇʝʪʨʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʜʚʫʜʦʣʴʨʝʥʳʡ ʦʨʛʨʘʬ. ʊʘʢʦʡ ʛʨʘʬ ʩʦʩʪʦʠʪ ʠʟ 
ʚʝʨʰʠʨʝʥ ʜʚʫʭ ʪʠʧʦʚ: ʧʦʟʠʮʠʡ, ʦʙʦʟʨʝʥʘʯʘʶʱʠʭʩʷ 
ʧʫʩʪʳʤʠ ʢʨʫʛʘʤʠ, ʠ ʧʝʨʝʭʦʜʦʚ, ʦʙʦʟʨʝʥʘʯʘʶʱʠʭʩʷ 

ʯʝʨʪʦʡ ʠʣʠ ʧʨʷʤʦʫʛʦʣʴʨʝʥʠʢʦʤ (ʨʠʩ. 2). 
ʇʨ̫ʤʦʫʛʦʣʴʨʝʥʠʢʦʤ, ʢʘʢ ʧʨʘʚʠʣʦ, ʦʙʦʟʨʝʥʘʯʘʶʪʩʷ 
ʧʝʨʝʭʦʜʳ, ʜʣʠʪʝʣʴʨʝʥʳʝ ʧʦ ʚʨʝʤʝʨʝʥʠ, ʘ ʯʝʨʪʦʡ - 
ʤʛʨʝʥʦʚʝʥʥʳʝ. 

 
ʈʠʩ.2 ʘ) ʆʙʦʟʨʝʥʘʯʝʥʠʝ ʧʦʟʠʮʠʠ.  ʙ) ʆʙʦʟʨʝʥʘʯʝʥʠʝ ʧʝʨʝʭʦʜʘ. 
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ʇʦʟʠʮʠʠ ʠ ʧʝʨʝʭʦʜʳ ʩʦʝʜʠʨʝʥʷʶʪʩʷ 
ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤʠ ʜʫʛʘʤʠ. ɼʫʛʠ ʤʦʛʫʪ ʙʳʪʴ 
ʨʝʥʘʧʨʘʚʣʝʥʳ ʪʦʣʴʢʦ ʦʪ ʧʦʟʠʮʠʡ ʢ ʧʝʨʝʭʦʜʘʤ, 
ʨʝʥʘʟʳʚʘʶʱʠʝʩʷ ʚʭʦʜʥʳʤʠ ʜʫʛʘʤʠ, ʠʣʠ ʦʪ 
ʧʝʨʝʭʦʜʦʚ ʢ ʧʦʟʠʮʠʷʤ, ʨʝʥʘʟʳʚʘʶʱʠʝʩʷ, 
ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚʳʭʦʜʨʝʥʳʤʠ ʜʫʛʘʤʠ. ʆʪ ʧʦʟʠʮʠʠ 
ʢ ʧʝʨʝʭʦʜʘʤ ʠʣʠ ʦʪ ʧʝʨʝʭʦʜʦʚ ʢ ʧʦʟʠʮʠʷʤ ʤʦʞʝʪ 
ʚʭʦʜʠʪʴ/ʚʳʭʦʜʠʪʴ ʨʝʥʝʦʛʨʘʥʠʯʝʥʥʦʝ ʯʠʩʣʦ ʜʫʛ, 
ʧʨʠ ʵʪʦʤ ʵʪʠ ʨʝʥʝʩʢʦʣʴʢʦ ʜʫʛ ʤʦʞʨʝʥʦ ʟʘʤʝʥʠʪʴ 
ʦʜʨʝʥʦʡ ʢʨʘʪʥʦʡ ʜʫʛʦʡ - ʠʤʝʶʱʝʡ ʚʝʩ (ʮʝʣʦʝ 
ʨʝʥʝʦʪʨʠʮʘʪʝʣʴʥʦʝ ʯʠʩʣʦ), ʨʘʚʨʝʥʳʡ ʢʦʣʠʯʝʩʪʚʫ 
ʧʨʦʩʪʳʭ ʜʫʛ, ʢʦʪʦʨʳʝ ʦʨʝʥʘ ʟʘʤʝʥʷʝʪ. 
ɸʨʝʥʘʣʦʛʠʯʥʳʤʠ ʪʝʨʤʠʥʘʤʠ ʦʙʦʟʨʝʥʘʯʘʶʪʩʷ 
ʚʭʦʜʥʳʝ ʠ ʚʳʭʦʜʨʝʥʳʝ ʧʦʟʠʮʠʠ ʧʦ ʦʪʨʝʥʦʰʝʥʠʶ ʢ 
ʧʝʨʝʭʦʜʘʤ. 

 ʇʦʟʠʮʠʠ ʤʦʛʫʪ ʩʦʜʝʨʞʘʪʴ ʤʘʨʢʝʨʳ ï ʨʝʥʝʢʠʝ 
ʦʪʤʝʪʢʠ, ʧʦʢʘʟʳʚʘʶʱʠʝ, ʯʪʦ ʚ ʜʘʨʝʥʥʦʡ ʧʦʟʠʮʠʠ 
ʚʳʧʦʣʨʝʥʷʝʪʩʷ ʧʨʠʩʫʱʝʝ ʝʡ ʫʩʣʦʚʠʝ. ʄʘʨʢʝʨʦʚ ʚ 
ʧʦʟʠʮʠʠ ʤʦʞʝʪ ʙʳʪʴ ʙʦʣʴʰʝ ʦʜʨʝʥʦʛʦ, ʯʪʦ, ʢʘʢ 
ʧʨʘʚʠʣʦ, ʧʦʢʘʟʳʚʘʝʪ ʧʝʨʝʚʳʧʦʣʨʝʥʝʥʥʦʩʪʴ 
ʫʩʣʦʚʠʷ ʜʘʨʝʥʥʦʡ ʧʦʟʠʮʠʠ, ʨʝʥʘʧʨʠʤʝʨ, ʥʘʣʠʯʠʝ 
ʨʝʥʝʩʢʦʣʴʢʠʭ ʚʭʦʜʥʳʭ ʧʝʨʝʤʝʨʝʥʥʳʭ, ʦʞʠʜʘʶʱʠʭ 
ʚ ʦʯʝʨʝʜʠ. ʆʙʳʯʨʝʥʦ ʦʙʦʟʥʘʯʘʶʪʩʷ ʪʦʯʢʘʤʠ 

ʚʨʝʥʫʪʨʠ ʢʨʫʛʘ-ʧʦʟʠʮʠʠ ʠ ʢʦʣʠʯʝʩʪʚʦ ʤʘʨʢʝʨʦʚ ʚ 
ʢʘʞʜʦʡ ʧʦʟʠʮʠʠ ʷʚʣʷʝʪʩʷ ʮʝʣʳʤ 
ʨʝʥʝʦʪʨʠʮʘʪʝʣʴʥʳʤ ʯʠʩʣʦʤ. ʉʦʚʦʢʫʧʨʝʥʦʩʪʴ ʚʩʝʭ 
ʤʘʨʢʝʨʦʚ, ʨʘʟʤʝʱʝʨʝʥʥʳʭ ʚ ʧʦʟʠʮʠʷʭ ʩʝʪʠ ʇʝʪʨʠ, 
ʨʝʥʘʟʳʚʘʝʪʩʷ ʨʘʟʤʝʪʢʦʡ ʩʝʪʠ. ʄʘʨʢʝʨʳ ʤʦʛʫʪ 
ʧʝʨʝʤʝʱʘʪʴʩʷ ʧʦ ʩʝʪʠ ʚʦ ʚʨʝʤʷ ʩʨʘʙʘʪʳʚʘʨʝʥʠʷ 
ʧʝʨʝʭʦʜʦʚ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʦʚʝʨʰʝʨʝʥʠʶ 
ʩʦʙʳʪʠʷ. ʇʦʩʣʝʜʦʚʘʪʝʣʴʨʝʥʦʩʪʴ ʩʦʙʳʪʠʡ ʦʙʨʘʟʫʝʪ 
ʤʦʜʝʣʠʨʫʝʤʳʡ ʧʨʦʮʝʩʩ [1]. 
ʇʝʨʝʭʦʜʳ ʩʨʘʙʘʪʳʚʘʶʪ ʧʦ ʦʧʨʝʜʝʣʝʨʝʥʥʳʤ 

ʧʨʘʚʠʣʘʤ: ʝʩʣʠ ʜʣʷ ʢʘʞʜʦʡ ʧʦʟʠʮʠʠ ʧʝʨʝʭʦʜʘ 
ʚʳʧʦʣʨʝʥʷʝʪʩʷ ʫʩʣʦʚʠʝ ὔ ὑ, ʛʜʝ ὔ ï ʯʠʩʣʦ 
ʤʘʨʢʝʨʦʚ ʚ Ὥ -ʦʡ ʚʭʦʜʨʝʥʦʡ ʧʦʟʠʮʠʠ, ʘ ὑ ï ʯʠʩʣʦ 
ʜʫʛ, ʠʜʫʱʠʭ ʦʪ ʵʪʦʡ ʧʦʟʠʮʠʠ ʢ ʧʝʨʝʭʦʜʫ. ʇʦʩʣʝ 
ʩʨʘʙʘʪʳʚʘʨʝʥʠʷ ʧʝʨʝʭʦʜʘ ʯʠʩʣʦ ʤʘʨʢʝʨʦʚ ʚ Ὥ -ʦʡ 
ʧʦʟʠʮʠʠ ʫʤʝʨʝʥʴʰʘʝʪʩʷ ʥʘ ʢʦʣʠʯʝʩʪʚʦ ʠʩʭʦʜʷʱʠʭ 
ʠʟ ʨʝʥʝʝ ʜʫʛ ὑ, ʘ ʚ Ὥ ρ-ʦʡ ʚʳʭʦʜʨʝʥʦʡ ʧʦʟʠʮʠʠ 
ʵʪʦʛʦ ʧʝʨʝʭʦʜʘ ʢʦʣʠʯʝʩʪʚʦ ʤʘʨʢʝʨʦʚ ὔ  
ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʨʝʥʘ ʢʦʣʠʯʝʩʪʚʦ ʜʫʛ ὑ , 
ʩʚʷʟʳʚʘʶʱʠʭ ʵʪʦʪ ʧʝʨʝʭʦʜ ʩ Ὥ ρ-ʦʡ ʧʦʟʠʮʠʝʡ. 
ʇʨʠʤʝʨ ʩʨʘʙʘʪʳʚʘʨʝʥʠʷ ʧʝʨʝʭʦʜʘ ʧʦʢʘʟʘʨʝʥ 

ʥʘ ʨʠʩʫʨʝʥʢʝ 3. 

 
ʈʠʩ. 3. ʘ) ʇʝʨʝʭʦʜ ʜʦ ʩʨʘʙʘʪʳʚʘʨʝʥʠʷ.  ʙ) ʇʝʨʝʭʦʜ ʧʦʩʣʝ ʩʨʘʙʘʪʳʚʘʨʝʥʠʷ. 

 
ʇʨʠ ʵʪʦʤ, ʝʩʣʠ ʫ ʧʝʨʝʭʦʜʘ ʩʫʱʝʩʪʚʫʝʪ 

ʨʝʥʝʩʢʦʣʴʢʦ ʚʭʦʜʥʳʭ ʧʦʟʠʮʠʡ, ʜʣʷ ʝʛʦ 
ʩʨʘʙʘʪʳʚʘʨʝʥʠʷ ʚ ʢʘʞʜʦʡ ʠʟ ʧʦʟʠʮʠʡ ʢʦʣʠʯʝʩʪʚʦ 
ʤʘʨʢʝʨʦʚ ʜʦʣʞʨʝʥʦ ʙʳʪʴ ʙʦʣʴʰʝ ʠʣʠ ʨʘʚʨʝʥʦ 
ʢʦʣʠʯʝʩʪʚʫ ʜʫʛ, ʩʦʝʜʠʨʝʥʷʶʱʠʭ ʵʪʠ ʧʦʟʠʮʠʠ ʩ 
ʧʝʨʝʭʦʜʘʤʠ. ɽʩʣʠ ʞʝ ʫ ʧʝʨʝʭʦʜʘ ʝʩʪʴ ʨʝʥʝʩʢʦʣʴʢʦ 
ʚʭrʦʜʥʳʭ ʧʦʟʠʮʠʡ, ʪʦ ʧʦʩʣʝ ʝʛʦ ʩʨʘʙʘʪʳʚʘʨʝʥʠʷ 
ʢʦʣʠʯʝʩʪʚʦ ʤʘʨʢʝʨʦʚ ʚ ʢʘʞʜʦʡ ʠʟ ʨʝʥʠʭ 

ʧʦʧʦʣʥʷʝʪʩʷ ʨʝʥʘ ʢʦʣʠʯʝʩʪʚʦ ʜʫʛ, ʠʜʫʱʠʭ ʢ ʨʝʥʠʤ 
ʦʪ ʧʝʨʝʭʦʜʘ. 
ʅʘ ʨʠʩʫʨʝʥʢʝ 4 ʧʨʠʚʝʜʝʨʝʥ ʧʨʠʤʝʨ 

ʩʨʘʙʘʪʳʚʘʨʝʥʠʷ ʧʝʨʝʭʦʜʘ. ʄʘʨʢʠʨʦʚʢʘ ʩʝʪʠ ʨʝʥʘ 
ʨʠʩ. ʘ) ʟʘʧʠʩʳʚʘʝʪʩʷ ʚ ʚʠʜʝ (2, 2, 3, 1). ʄʘʨʢʠʨʦʚʢʘ 
ʩʝʪʠ ʧʦʩʣʝ ʩʨʘʙʘʪʳʚʘʨʝʥʠʷ ʧʝʨʝʭʦʜʘ ʧʦʢʘʟʘʨʝʥʘ ʥʘ 
ʨʠʩ. ʙ) ʠ ʟʘʧʠʩʳʚʘʝʪʩʷ ʚ ʚʠʜʝ (0, 1, 0, 3). 

 
ʈʠʩ. 4. ʈʘʟʤʝʪʢʘ ʩʝʪʠ ʘ) ʜʦ ʧʝʨʝʭʦʜʘ,   ʙ) ʧʦʩʣʝ ʧʝʨʝʭʦʜʘ. 

 
ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʧʨʦʩʪʳʝ ʧʝʨʝʭʦʜʳ 

ʩʨʘʙʘʪʳʚʘʶʪ ʤʛʨʝʥʦʚʝʥʥʦ, ʥʦ ʨʝʥʝ ʤʦʛʫʪ 
ʩʨʘʙʘʪʳʚʘʪʴ ʦʜʨʝʥʦʚʨʝʤʝʥʥʦ ʩ ʜʨʫʛʠʤʠ 
ʧʝʨʝʭʦʜʘʤʠ, ʧʦʵʪʦʤʫ ʚʦʟʤʦʞʨʝʥʘ ʢʦʥʬʣʠʢʪʥʘʷ 
ʩʠʪʫʘʮʠʷ, ʢʦʛʜʘ ʨʝʥʝʩʢʦʣʴʢʦ ʚʭʦʜʥʳʭ ʧʦʟʠʮʠʡ 

ʩʦʝʜʠʨʝʥʝʥʳ ʩ ʨʝʥʝʩʢʦʣʴʢʠʤʠ ʧʝʨʝʭʦʜʘʤʠ, ʠ 
ʫʩʣʦʚʠʝ ʨʝʥʘʣʠʯʠʷ ʜʦʩʪʘʪʦʯʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 
ʤʘʨʢʝʨʦʚ ʚʳʧʦʣʨʝʥʷʝʪʩʷ ʜʣʷ ʚʩʝʭ ʧʝʨʝʭʦʜʦʚ, ʪʘʢʠʤ 
ʦʙʨʘʟʦʤ ʩʨʘʙʦʪʘʪʴ ʤʦʞʝʪ ʣʶʙʦʡ ʠʟ ʨʝʥʠʭ. ɺʳʙʦʨ 
ʩʨʘʙʘʪʳʚʘʨʝʥʠʷ ʧʝʨʝʭʦʜʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʨʝʥʝ ʩʝʪʠ 
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ʠ ʤʦʞʝʪ ʙʳʪʴ ʦʩʫʱʝʩʪʚʣʝʨʝʥ ʥʘ ʦʩʨʝʥʦʚʝ ʦʞʠʜʘʥʠʷ 
ʘʧʧʘʨʘʪʨʝʥʦʛʦ ʩʦʙʳʪʠʷ, ʩʦʙʳʪʠʷ ʟʘʚʝʨʰʝʨʝʥʠʷ 
ʜʣʠʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʚʳʙʦʨʘ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʠ ʪ.ʧ. 

ʇʦʜʦʙʨʝʥʘʷ ʢʦʥʬʣʠʢʪʥʘʷ ʩʠʪʫʘʮʠʷ ʠʟʦʙʨʘʞʝʨʝʥʘ 
ʥʘ ʨʠʩʫʨʝʥʢʝ 5.

 

 
ʈʠʩ. 5. ʂʦʨʝʥʬʣʠʢʪʥʘʷ ʩʠʪʫʘʮʠʷ ʧʨʠ ʩʨʘʙʘʪʳʚʘʨʝʥʠʠ ʧʝʨʝʭʦʜʘ. 

 
ʇʦʩʣʝ ʩʨʘʙʘʪʳʚʘʨʝʥʠʷ ʣʶʙʦʛʦ ʠʟ ʧʝʨʝʭʦʜʦʚ 

ʤʝʨʝʥʷʝʪʩʷ ʨʘʟʤʝʪʢʘ ʩʝʪʠ, ʘ ʚʤʝʩʪʝ ʩ ʨʝʥʝʡ 
ʠʟʤʝʥʷʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ ʨʘʟʨʝʰʝʨʝʥʥʳʭ ʧʝʨʝʭʦʜʦʚ. 
ʉʝʪʴ ʇʝʪʨʠ ʩʫʱʝʩʪʚʫʝʪ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʚ ʨʝʥʝʡ 
ʩʫʱʝʩʪʚʫʶʪ ʨʘʟʨʝʰʝʨʝʥʥʳʝ ʧʝʨʝʭʦʜʳ. 
ʉʝʪʠ ʇʝʪʨʠ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ 

ʤʦʜʝʣʠʨʦʚʘʨʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʧʘʨʘʣʣʝʣʴʨʝʥʳʭ 
ʧʨʦʮʝʩʩʦʚ. ʆʜʨʝʥʘ ʠʟ ʩʘʤʳʭ ʨʘʩʧʨʦʩʪʨʘʨʝʥʝʥʥʳʭ ʠ 
ʧʨʦʩʪʳʭ ʟʘʜʘʯ ʨʘʩʧʘʨʘʣʣʝʣʠʚʘʨʝʥʠʷ ʠʟʦʙʨʘʞʝʥʘ 
ʨʝʥʘ ʨʠʩʫʥʢʝ 6. ʇʝʨʝʭʦʜ fork ʨʘʟʜʝʣʷʝʪ ʦʜʠʨʝʥ 

ʧʨʦʮʝʩʩ ʨʝʥʘ ʜʚʝ "ʚʝʪʚʠ", ʧʫʪʝʤ ʩʦʟʜʘʨʝʥʠʷ 
ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʚʝʪʚʠ ʚʜʦʙʘʚʦʢ ʢ ʩʫʱʝʩʪʚʫʶʱʝʡ, ʘ 
ʧʝʨʝʭʦʜ join ʩʦʝʜʠʨʝʥʷʝʪ ʜʚʝ ʚʝʪʚʠ ʚ ʦʜʨʝʥʫ, ʧʫʪʝʤ 
ʫʨʝʥʠʯʪʦʞʝʥʠʷ ʩʦʟʜʘʥʥʦʡ ʧʘʨʘʣʣʝʣʴʨʝʥʦʡ ʚʝʪʚʠ 
ʧʦʩʣʝ ʠʭ ʚʳʧʦʣʨʝʥʝʥʠʷ [3]. 
ɼʨʫʛʠʝ ʟʘʜʘʯʠ ʩʠʨʝʥʭʨʦʥʠʟʘʮʠʠ ʪʘʢʞʝ ʣʝʛʢʦ 

ʤʦʜʝʣʠʨʫʶʪʩʷ ʧʦ ʘʨʝʥʘʣʦʛʠʠ ʩ 53r ʰʝʦʧʠʩʘʨʝʥʥʦʡ 
ʢʦʥʩʪʨʫʢʮʠʝʡ. ʅʘʧʨʠʤʝʨ, ʨʝʥʘ ʨʠʩʫʥʢʝ 7 
ʧʦʢʘʟʘʨʝʥʘ ʙʘʨʴʝʨʥʘʷ ʩʠʨʝʥʭʨʦʥʠʟʘʮʠʷ ʥʝʩʢʦʣʴʢʠʭ 
ʧʨʦʮʝʩʩʦʚ. 

 
 
ʀʟʨʝʥʘʯʘʣʴʥʦ ʝʩʪʴ ʨʝʥʝʩʢʦʣʴʢʦ ʧʘʨʘʣʣʝʣʴʥʳʭ 

ʧʨʦʮʝʩʩʦʚ, ʢʦʪʦʨʳʝ ʘʢʪʠʚʠʨʫʶʪ ʪʨʠ ʜʣʠʪʝʣʴʨʝʥʳʭ 
ʧʝʨʝʭʦʜʘ. ʃʠʰʴ ʧʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʚʩʝ ʪʨʠ ʟʘʜʘʯʠ 
ʙʫʜʫʪ ʟʘʚʝʨʰʝʨʝʥʳ, ʙʫʜʝʪ ʨʘʟʨʝʰʝʨʝʥ ʧʝʨʝʭʦʜ 
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wait, ʧʦʩʣʝ ʯʝʛʦ ʧʨʦʮʝʩʩʳ ʧʨʦʜʦʣʞʘʪ ʩʚʦʶ 
ʧʘʨʘʣʣʝʣʴʨʝʥʫʶ ʨʘʙʦʪʫ [3]. 
ɼʣʷ ʦʧʠʩʘʨʝʥʠʷ ʩʠʥʭʨʦʥʠʟʘʮʠʠ 

ʧʘʨʘʣʣʝʣʴʨʝʥʳʭ ʧʨʦʮʝʩʩʦʚ ʩʫʱʝʩʪʚʫʝʪ 
ʨʝʥʝʩʢʦʣʴʢʦ ʦʩʥʦʚʥʳʭ ʪʠʧʦʚ ʟʘʜʘʯ ʩʝʪʝʡ ʇʝʪʨʠ, 
ʢʦʪʦʨʳʝ ʦʩʫʱʝʩʪʚʣʷʶʪ ʫʧʨʘʚʣʝʨʝʥʠʝ 
ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʨʝʩʫʨʩʦʚ ʚʨʝʥʫʪʨʠ ʩʝʪʠ. 
ʂʣʘʩʩʠʯʝʩʢʠʤʠ ʪʠʧʘʤʠ ʪʘʢʠʭ ʟʘʜʘʯ ʷʚʣʷʶʪʩʷ: 

¶ ɿʘʜʘʯʘ ʦ ʚʟʘʠʤʨʝʥʦʤ ʠʩʢʣʶʯʝʥʠʠ; 

¶ ɿʘʜʘʯʘ ʦ ʧʨʦʠʟʚʦʜʠʪʝʣʝ/ʧʦʪʨʝʙʠʪʝʣʝ; 

¶ ɿʘʜʘʯʘ ʦ ʯʪʝʨʝʥʠʠ/ʟʘʧʠʩʠ; 

¶ ὴ- ʠ ὠ- ʦʧʝʨʘʮʠʠ ʨʝʥʘʜ ʩʝʤʘʬʦʨʘʤʠ. 
ɼʨʫʛʠʝ, ʙʦʣʝʝ ʩʣʦʞʨʝʥʳʝ ʤʝʭʘʥʠʟʤʳ 

ʩʠʨʝʥʭʨʦʥʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʙʘʟʠʨʫʶʪʩʷ ʨʝʥʘ 
ʨʝʰʝʥʠʠ ʚʳʰʝʧʝʨʝʯʠʩʣʝʨʝʥʥʳʭ ʟʘʜʘʯ.  
ɺ ʜʘʣʴʨʝʥʝʡʰʝʤ ʉʝʪʠ ʇʝʪʨʠ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʨʘʟʚʠʪʠʷ ʤʝʪʨʠʢ ʦʮʝʨʝʥʢʠ 

ʩʣʦʞʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʨʝʥʥʦʛʦ ʦʙʣʘʯʥʦʛʦ 
ʧʨʦʛʨʘʤʤʨʝʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʠʩʧʦʣʴʟʫʶʱʠʭ ʜʣʷ 
ʵʪʦʛʦ ʛʨʘʬʳ ʧʦʪʦʢʘ ʫʧʨʘʚʣʝʨʝʥʠʷ ʧʨʦʛʨʘʤʤ (ɻʇʋ). 
ɻʇʋ ʤʦʞʨʝʥʦ ʟʘʤʝʥʠʪʴ ʩʝʪʷʤʠ ʇʝʪʨʠ ʚ ʪʘʢʠʭ 
ʤʝʪʨʠʢʘʭ, ʢʘʢ ʤʝʪʨʠʢʘ ʦʮʝʨʝʥʢʠ ʮʠʢʣʦʤʘʪʠʯʝʩʢʦʡ 
ʩʣʦʞʨʝʥʦʩʪʠ ʠʣʠ ʛʨʘʨʝʥʠʯʥʳʭ ʟʥʘʯʝʥʠʡ. ɹʣʘʛʦʜʘʨʷ 
ʠʩʧʦʣʴʟʦʚʘʨʝʥʠʶ ʩʝʪʝʡ ʇʝʪʨʠ, ʤʦʞʨʝʥʦ ʧʦʣʫʯʠʪʴ 
ʛʦʨʘʟʜʦ ʙʦʣʝʝ ʪʦʯʨʝʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʩ ʫʯʝʪʦʤ 
ʧʘʨʘʤʝʪʨʠʟʘʮʠʠ ʛʨʘʬʦʚ, ʢʦʪʦʨʳʝ ʧʨʠ ʵʪʦʤ ʙʫʜʫʪ 
ʙʦʣʝʝ ʛʠʙʢʠʤʠ ʠ ʢʦʤʧʘʢʪʨʝʥʳʤʠ. 
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STAGES OF DEVELOPMENT OF COMPUTER SUBSYSTEM OF DECISION SUPPORT IN 

PLANNING AND DISTRIBUTION OF CONSTRUCTION WORKS  
 
ɸʥʥʦʪʘʮʠʷ:  
ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʠʥʬʦʨʤʘʮʠʷ ʦʙ ʵʪʘʧʘʭ ʨʘʟʨʘʙʦʪʢʠ ʢʦʤʧʴʶʪʝʨʥʦʡ ʧʦʜʩʠʩʪʝʤʳ ʧʦʜ-

ʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ ʧʨʠ ʧʣʘʥʠʨʦʚʘʥʠʠ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʩʪʨʦʠʪʝʣʴʥʳʭ ʨʘʙʦʪ. ʈʘʩʧʠʩʘʥʳ ʤʝʪʦʜʳ, 
ʧʨʠʤʝʥʷʝʤʳʝ ʥʘ ʢʘʞʜʦʤ ʵʪʘʧʝ.  

Abstract:  
This article provides information on the stages of development of a computer subsystem to support decision-

making in the planning and distribution of construction works. The methods used at each stage are described.  
 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʣʘʥʠʨʦʚʘʥʠʝ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʪʨʦʠʪʝʣʴʥʳʭ ʨʘʙʦʪ, ʤʫʨʘʚʴʠʥʳʡ ʘʣʛʦʨʠʪʤ, ʣʠʥʝʡ-

ʥʳʝ ʛʨʘʬʠʢʠ, ʩʝʪʝʚʳʝ ʛʨʘʬʠʢʠ. 
Keywords: planning and distribution of construction works, ant algorithm, line graphs, network graphs. 
 
ɼʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʜʝʷʪʝʣʴʥʦʩʪʠ ʩʪʨʦʠʪʝʣʴʥʦʡ 

ʦʨʛʘʥʠʟʘʮʠʠ ʧʦ ʧʨʠʥʷʪʠʶ ʨʝʰʝʥʠʡ ʚ ʦʙʣʘʩʪʠ ʧʣʘ-
ʥʠʨʦʚʘʥʠʷ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʪʨʦʠʪʝʣʴʥʳʭ ʨʘʙʦʪ, 
ʧʦʷʚʠʣʘʩʴ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʩʦʟʜʘʥʠʠ ʢʦʤʧʴʶʪʝʨ-
ʥʦʡ ʧʦʜʩʠʩʪʝʤʝ ʧʦʜʜʝʨʞʢʠ ʧʨʝʜʧʨʠʷʪʠʷ. ɼʣʷ 
ʵʪʦʛʦ, ʤʥʦʶ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʧʨʦʛʨʘʤʤʥʳʡ ʧʨʦʜʫʢʪ, 
ʵʪʘʧʳ ʩʦʟʜʘʥʠʷ ʠ ʜʝʷʪʝʣʴʥʦʩʪʴ ʢʦʪʦʨʦʛʦ ʦʩʚʝʱʘʝʪ 
ʥʘʩʪʦʷʱʘʷ ʩʪʘʪʴʷ.  
ɼʦ ʥʘʯʘʣʘ ʨʘʟʨʘʙʦʪʢʠ ʙʳʣʠ ʦʙʦʟʥʘʯʝʥʳ ʦʩʥʦʚ-

ʥʳʝ ʵʪʘʧʳ ʨʘʙʦʪʳ: 
1. ʆʧʨʝʜʝʣʝʥʠʝ ʩʤʝʪʯʠʢʦʤ ʨʘʙʦʪ ʚ ʨʘʤʢʘʭ 

ʧʨʦʝʢʪʘ ʩ ʫʢʘʟʘʥʠʝʤ ʚʨʝʤʝʥʥʳʭ ʟʘʪʨʘʪ ʠ ʨʝʩʫʨʩʦʚ; 
2. ʇʦʩʪʨʦʝʥʠʝ ʩʝʪʝʚʦʛʦ ʛʨʘʬʠʢʘ ʥʘ ʦʩʥʦʚʘʥʠʠ 

ʜʘʥʥʳʭ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʩʤʝʪʯʠʢʦʤ; 
3. ʆʧʪʠʤʠʟʘʮʠʷ ʩʝʪʝʚʦʛʦ ʛʨʘʬʠʢʘ ʧʨʠ ʧʦ-

ʤʦʱʠ ʤʫʨʘʚʴʠʥʦʛʦ ʘʣʛʦʨʠʪʤʘ. 
ʈʘʩʩʤʦʪʨʠʤ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ ʢʘʞʜʳʡ ʵʪʘʧ. 
ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ ʨʘʟʜʝʣʠʪʴ 

ʚʝʩʴ ʧʨʦʝʢʪ ʥʘ ʩʦʩʪʘʚʥʳʝ ʯʘʩʪʠ, ʩʦʩʪʘʚʠʚ ʠʭ ʧʝʨʝ-
ʯʝʥʴ. ɹʳʣʦ ʦʪʤʝʯʝʥʦ, ʯʪʦ ʥʝʢʦʪʦʨʳʝ ʯʘʩʪʠ ʧʨʦʝʢʪʘ 

ʤʦʛʫʪ ʚʳʧʦʣʥʷʪʴʩʷ ʧʘʨʘʣʣʝʣʴʥʦ, ʘ ʜʨʫʛʠʝ ʥʝʦʙʭʦ-
ʜʠʤʦ ʙʳʣʦ ʧʨʦʚʦʜʠʪʴ ʚ ʦʧʨʝʜʝʣʝʥʥʦʤ ʧʦʨʷʜʢʝ. ɼʣʷ 
ʵʪʦʛʦ ʙʳʣ ʩʦʩʪʘʚʣʝʥ ʩʧʠʩʦʢ ʦʯʝʨʝʜʥʦʩʪʠ ʚʳʧʦʣʥʝ-
ʥʠʷ ʩʪʨʦʠʪʝʣʴʥʳʭ ʨʘʙʦʪ, ʢʦʪʦʨʳʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 
ʧʨʝʜʰʝʩʪʚʦʚʘʣʠ ʢʘʞʜʦʡ ʦʧʝʨʘʮʠʠ. ʇʦʩʣʝ ʵʪʦʛʦ 
ʧʨʦʩʯʠʪʳʚʘʣʠʩʴ ʚʨʝʤʝʥʥʳʝ ʟʘʪʨʘʪʳ ʠ ʨʝʩʫʨʩʳ, ʥʝ-
ʦʙʭʦʜʠʤʳʝ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʢʘʞʜʦʡ ʨʘʙʦʪʳ ʩ ʮʝʣʴʶ 
ʜʘʣʴʥʝʡʰʝʛʦ ʩʦʩʪʘʚʣʝʥʠʷ ʩʝʪʝʚʳʭ ʠ ʢʘʣʝʥʜʘʨʥʳʭ 
ʛʨʘʬʠʢʦʚ ʩʪʨʦʠʪʝʣʴʩʪʚʘ. 
ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʧʨʦʚʦʜʠʣʩʷ ʘʥʘʣʠʟ ʠ ʧʦʜʙʠʨʘ-

ʣʠʩʴ ʤʝʪʦʜʳ ʧʣʘʥʠʨʦʚʘʥʠʷ ʩʪʨʦʠʪʝʣʴʥʳʭ ʨʘʙʦʪ. 
ʆʯʝʥʴ ʯʘʩʪʦ ʚ ʩʪʨʦʠʪʝʣʴʥʦʡ ʦʪʨʘʩʣʠ ʧʨʠʤʝʥʷʶʪ ʜʦ-
ʩʪʘʪʦʯʥʦ ʧʨʠʤʠʪʠʚʥʳʝ ʤʝʪʦʜʳ ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʩʦ-
ʩʪʘʚʣʝʥʠʷ ʛʨʘʬʠʢʦʚ, ʪʘʢʠʝ ʢʘʢ ʩʦʩʪʘʚʣʝʥʠʝ ʧʝʨʝʯʥʷ 
ʨʘʙʦʪ ʙʝʟ ʫʯʝʪʘ ʥʘʜʣʝʞʘʱʝʡ ʦʧʪʠʤʠʟʘʮʠʠ. ʅʦ ʜʘʥ-
ʥʳʡ ʚʠʜ ʧʣʘʥʠʨʦʚʘʥʠʷ ʜʦʧʫʩʪʠʤ ʣʠʰʴ ʚ ʥʝʟʥʘʯʠ-
ʪʝʣʴʥʳʭ ʦʙʲʝʤʘʭ ʚʝʜʝʥʠʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ. ʇʨʠ ʧʨʦ-
ʚʝʜʝʥʠʠ ʧʣʘʥʠʨʦʚʘʥʠʷ ʜʣʷ ʙʦʣʴʰʠʭ ʦʙʲʝʤʦʚ ʨʘʙʦʪ 
ʠ ʜʣʠʪʝʣʴʥʦʛʦ ʧʝʨʠʦʜʘ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʜʦʣʞʥʘ ʧʨʦ-
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ʚʦʜʠʪʴʩʷ ʪʱʘʪʝʣʴʥʘʷ ʨʘʙʦʪʘ, ʥʘʧʨʘʚʣʝʥʥʘʷ ʥʘ ʚʳ-
ʙʦʨ ʥʘʠʙʦʣʝʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 
ʉʄʈ (ʩʪʨʦʠʪʝʣʴʥʦ-ʤʦʥʪʘʞʥʳʭ ʨʘʙʦʪ), ʠʭ ʧʨʦʜʦʣ-
ʞʠʪʝʣʴʥʦʩʪʠ, ʯʠʩʣʘ ʫʯʘʩʪʥʠʢʦʚ ʠ ʪ.ʜ. ɼʣʷ ʵʪʦʛʦ ʥʘ 
ʩʪʨʦʠʪʝʣʴʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ʧʨʠʤʝʥʷʝʪʩʷ ʢʘʣʝʥ-
ʜʘʨʥʦʝ ʧʣʘʥʠʨʦʚʘʥʠʝ, ʢʦʪʦʨʦʝ ʦʧʪʠʤʠʟʠʨʫʝʪ ʭʦʜ 
ʨʘʙʦʪʳ. ʂ ʪʘʢʦʚʳʤ ʦʪʥʦʩʷʪʩʷ: ʩʝʪʝʚʳʝ ʛʨʘʬʠʢʠ ʠ 
ʣʠʥʝʡʥʳʝ ʢʘʣʝʥʜʘʨʥʳʝ ʛʨʘʬʠʢʠ. 
ʅʘ ʪʨʝʪʴʝʤ ʵʪʘʧʝ ʧʦʜʛʦʪʦʚʢʠ ʧʨʦʚʦʜʠʣʩʷ ʘʥʘ-

ʣʠʟ ʠ ʚʳʙʦʨ ʩʝʪʝʚʦʛʦ ʠ ʣʠʥʝʡʥʦʛʦ ʢʘʣʝʥʜʘʨʥʳʭ ʛʨʘ-
ʬʠʢʦʚ. 
ɺ ʭʦʜʝ ʢʦʪʦʨʦʛʦ ʙʳʣʦ ʟʘʤʝʯʝʥʦ, ʯʪʦ ʚʳʙʦʨ ʛʨʘ-

ʬʠʢʦʚ, ʧʦʩʪʨʦʝʥʥʳʭ ʚ ʨʫʯʥʫʶ, ʥʝ ʷʚʣʷʶʪʩʷ ʦʧʪʠ-
ʤʘʣʴʥʳʤ ʨʝʰʝʥʠʝʤ ʟʘʜʘʯʠ ʧʦ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʠʥʷ-
ʪʠʠ ʨʝʰʝʥʠʡ ʚ ʦʙʣʘʩʪʠ ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʨʘʩʧʨʝʜʝʣʝ-
ʥʠʷ ʩʪʨʦʠʪʝʣʴʥʳʭ ʨʘʙʦʪ. ʇʦʵʪʦʤʫ, ʩ ʧʦʤʦʱʴʶ 
ʢʦʤʧʴʶʪʝʨʥʳʭ ʧʨʦʛʨʘʤʤ, ʪʝʭʥʠʢʠ ʠ ʩʦʚʨʝʤʝʥʥʳʭ 
ʤʝʪʦʜʦʚ ʦʧʪʠʤʠʟʘʮʠʠ ʤʦʞʥʦ ʫʣʫʯʰʠʪʴ ʧʦʣʫʯʝʥ-
ʥʳʝ ʨʘʥʝʝ ʨʝʟʫʣʴʪʘʪʳ.  
ʂ ʩʫʱʝʩʪʚʫʶʱʠʤ ʥʘ ʪʝʢʫʱʠʡ ʤʦʤʝʥʪ ʤʝʪʦʜʘʤ 

ʦʧʪʠʤʠʟʘʮʠʠ ʠ ʣʦʢʘʣʴʥʦʛʦ ʧʦʠʩʢʘ ʨʝʰʝʥʠʡ, ʢʦʪʦ-
ʨʳʝ ʛʘʨʘʥʪʠʨʫʶʪ ʥʘʭʦʞʜʝʥʠʷ ʛʣʦʙʘʣʴʥʦʛʦ ʦʧʪʠ-
ʤʫʤʘ, ʤʦʞʥʦ ʦʪʥʝʩʪʠ:  

1) ɻʝʥʝʪʠʯʝʩʢʠʝ ʘʣʛʦʨʠʪʤʳ; 
2) ʄʝʪʦʜ ʨʦʷ ʯʘʩʪʠʮ (Particle Swarm) 
3) ɸʣʛʦʨʠʪʤ ʠʤʠʪʘʮʠʠ ʦʪʞʠʛʘ (Simulated An-

nealing) 
4) ʇʦʠʩʢ ʩ ʟʘʧʨʝʪʘʤʠ (Tabu search) 
5) ʄʫʨʘʚʴʠʥʳʝ ʘʣʛʦʨʠʪʤʳ (Ant Colony 

Algorithm). 
ɼʣʷ ʨʘʟʨʘʙʦʪʢʠ ʢʦʤʧʴʶʪʝʨʥʦʡ ʧʦʜʩʠʩʪʝʤʳ 

ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʧʨʠ ʧʣʘʥʠʨʦʚʘʥʠʠ ʠ 
ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʩʪʨʦʠʪʝʣʴʥʳʭ ʨʘʙʦʪ ʦʩʪʘʥʦʚʠʤʩʷ ʥʘ 
ʤʝʪʦʜʝ ʦʧʪʠʤʠʟʘʮʠʠ, ʦʩʥʦʚʘʥʥʦʤ ʥʘ ʤʫʨʘʚʴʠʥʦʤ 
ʘʣʛʦʨʠʪʤʝ. 
ʇʦʜ ʤʫʨʘʚʴʠʥʳʤ ʘʣʛʦʨʠʪʤʦʤ ʧʦʜʨʘʟʫʤʝʚʘʝʪʩʷ 

ʧʨʦʮʝʩʩ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʚʝʜʝʥʠʷ ʤʫʨʘʚʴʝʚ, ʩʚʷ-
ʟʘʥʥʳʡ ʩ ʩʧʦʩʦʙʥʦʩʪʴʶ ʜʘʥʥʦʛʦ ʚʠʜʘ ʥʘʩʝʢʦʤʳʭ ʚ 
ʢʦʨʦʪʢʠʡ ʩʨʦʢ ʥʘʭʦʜʠʪʴ ʥʘʠʙʦʣʝʝ ʢʦʨʦʪʢʫʶ ʜʦʨʦʛʫ 
ʦʪ ʤʫʨʘʚʝʡʥʠʢʘ ʢ ʠʩʪʦʯʥʠʢʫ ʧʠʱʠ. ʇʦʜʩʪʨʘʠʚʘʪʴʩʷ 
ʢ ʧʝʨʠʦʜʠʯʝʩʢʠ ʠʟʤʝʥʷʶʱʠʤʩʷ ʫʩʣʦʚʠʷʤ, ʠ ʩʥʦʚʘ 
ʥʘʭʦʜʠʪʴ ʥʦʚʳʡ ʥʘʠʢʨʘʪʯʘʡʰʠʡ ʧʫʪʴ. ɺ ʧʨʦʮʝʩʩʝ 
ʩʚʦʝʛʦ ʧʝʨʝʜʚʠʞʝʥʠʷ ʤʫʨʘʚʝʡ ʤʝʪʠʪ ʧʫʪʴ ʬʝʨʦʤʦ-
ʥʦʤ (ʙʠʦʣʦʛʠʯʝʩʢʠʡ ʤʘʨʢʝʨ), ʜʘʥʥʘʷ ʩʝʢʨʝʮʠʷ ʩʯʠ-
ʪʳʚʘʝʪʩʷ ʜʨʫʛʠʤʠ ʤʫʨʘʚʴʷʤʠ, ʢʘʢ ʠʥʬʦʨʤʘʮʠʷ ʠ 
ʧʨʠʤʝʥʷʝʪʩʷ ʧʨʠ ʚʳʙʦʨʝ ʧʫʪʠ. ɼʘʥʥʦʝ ʵʣʝʤʝʥʪʘʨ-
ʥʦʝ ʧʨʘʚʠʣʦ ʧʦʚʝʜʝʥʠʷ ʠ ʦʧʨʝʜʝʣʷʝʪ ʫʤʝʥʠʝ ʤʫʨʘ-
ʚʴʝʚ ʦʙʥʘʨʫʞʠʚʘʪʴ ʥʦʚʳʡ ʧʫʪʴ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ 
ʩʪʘʨʳʡ ʩʪʘʥʦʚʠʪʩʷ ʧʦ ʢʘʢʠʤ-ʣʠʙʦ ʧʨʠʯʠʥʘʤ ʥʝʜʦ-
ʩʪʫʧʥʳʤ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʟʣʠʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʫ-
ʨʘʚʴʠʥʦʛʦ ʤʝʪʦʜʘ ʦʪʨʘʞʘʶʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʤʫʨʘ-
ʚʴʠʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʩ ʮʝʣʴʶ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʧʦ ʦʧ-
ʪʠʤʠʟʘʮʠʠ. 
ʍʦʨʦʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʜʣʷ ʩʠ-

ʩʪʝʤ ʩ ʧʝʨʝʤʝʥʥʳʤʠ ʚʦ ʚʨʝʤʝʥʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʢ 
ʧʨʠʤʝʨʫ, ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʨʘʩʯʝʪʦʚ ʧʦ ʧʦʩʪʘʚʢʝ ʩʪʦ-
ʠʤʦʩʪʠ ʫʩʣʫʛ, ʤʘʪʝʨʠʘʣʦʚ ʠ ʨʝʩʫʨʩʦʚ ʚ ʩʪʨʦʠʪʝʣʴ-
ʩʪʚʝ. ʅʘ ʦʩʥʦʚʝ ʇʨʠʤʝʥʝʥʠʝ ʤʫʨʘʚʴʠʥʳʭ ʘʣʛʦʨʠʪ-
ʤʦʚ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʭʦʨʦʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʜʣʷ 
ʪʘʢʠʭ ʩʣʦʞʥʳʭ ʦʧʪʠʤʠʟʘʮʠʦʥʥʳʭ ʟʘʜʘʯ, ʢʘʢ ʟʘʜʘʯʘ 
ʢʦʤʤʠʚʦʷʞʝʨʘ, ʪʨʘʥʩʧʦʨʪʥʘʷ ʟʘʜʘʯʘ, ʟʘʜʘʯʘ ʢʘʣʝʥ-
ʜʘʨʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ, ʟʘʜʘʯʘ ʨʘʩʢʨʘʩʢʠ ʛʨʘʬʘ, 
ʢʚʘʜʨʘʪʠʯʥʘʷ ʟʘʜʘʯʘ ʦ ʥʘʟʥʘʯʝʥʠʠ, ʟʘʜʘʯʘ ʦʧʪʠʤʠ-
ʟʘʮʠʠ ʩʝʪʝʚʳʭ ʪʨʘʬʠʢʦʚ ʠ ʨʷʜʘ ʜʨʫʛʠʭ. 

ʅʘʩʪʨʦʝʯʥʳʝ ʧʘʨʘʤʝʪʨʳ ʚ ʚʝʨʦʷʪʥʦʩʪʥʦ-ʧʨʦ-
ʧʦʨʮʠʦʥʘʣʴʥʦʤ ʧʨʘʚʠʣʝ ʚʳʙʦʨʘ ʧʫʪʠ ʥʘ ʦʩʥʦʚʝ ʪʝ-
ʢʫʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʤʘʨʢʝʨʘ ʠ ʧʘʨʘ-
ʤʝʪʨʳ ʧʨʘʚʠʣ ʦʪʢʣʘʜʳʚʘʥʠʷ ʠ ʠʩʧʘʨʝʥʠʷ ʙʠʦʣʦʛʠ-
ʯʝʩʢʦʛʦ ʤʘʨʢʝʨʘ ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʥʘ ʢʘʯʝʩʪʚʦ 
ʧʦʣʫʯʘʝʤʳʭ ʨʝʰʝʥʠʡ. ʂ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʧʫʪʷʤ, 
ʥʘʧʨʘʚʣʝʥʥʳʤ ʥʘ ʫʣʫʯʰʝʥʠʝ ʤʫʨʘʚʴʠʥʳʭ ʘʣʛʦʨʠʪ-
ʤʦʚ, ʦʪʥʦʩʷʪʩʷ ʨʘʟʥʳʝ ʘʜʘʧʪʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ ʩ ʧʨʠ-
ʤʝʥʝʥʠʝʤ ʙʘʟʳ ʥʝʯʝʪʢʠʭ ʧʨʘʚʠʣ ʠ ʠʭ ʛʠʙʨʠʜʠʟʘʮʠʷ, 
ʢ ʧʨʠʤʝʨʫ, ʩ ʛʝʥʝʪʠʯʝʩʢʠʤʠ ʘʣʛʦʨʠʪʤʘʤʠ.  
ʄʫʨʘʚʴʠʥʳʡ ʘʣʛʦʨʠʪʤ, ʢʘʢ ʠ ʜʨʫʛʠʝ ʘʣʛʦ-

ʨʠʪʤʳ, ʠʤʝʝʪ ʩʚʦʠ ʜʦʩʪʦʠʥʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ. 
ʂ ʦʩʥʦʚʥʳʤ ʥʝʜʦʩʪʘʪʢʘʤ ʦʪʥʦʩʷʪʩʷ: 
1. ʉʠʣʴʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʥʘʩʪʨʦʝʯʥʳʭ ʧʘʨʘ-

ʤʝʪʨʦʚ, ʧʦʜʙʠʨʘʝʤʳʝ, ʦʩʥʦʚʳʚʘʷʩʴ ʠʩʢʣʶʯʠʪʝʣʴʥʦ 
ʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʭ. 

2. ʀʩʩʣʝʜʦʚʘʥʠʝ ʙʦʣʝʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ, 
ʯʝʤ ʪʝʦʨʝʪʠʯʝʩʢʦʝ. 

3. ʉʭʦʜʠʤʦʩʪʴ ʛʘʨʘʥʪʠʨʫʝʪʩʷ, ʥʦ ʚʨʝʤʷ ʩʭʦ-
ʜʠʤʦʩʪʠ ʥʝ ʦʧʨʝʜʝʣʝʥʦ. 

4. ʀʥʦʛʜʘ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʦʧʦʣ-
ʥʠʪʝʣʴʥʳʭ ʤʝʪʦʜʦʚ, ʢ ʢʦʪʦʨʳʤ ʦʪʥʦʩʷʪ ʣʦʢʘʣʴʥʳʡ 
ʧʦʠʩʢ. 
ɼʦʩʪʦʠʥʩʪʚʘ ʠ ʧʨʝʠʤʫʱʝʩʪʚʘ ʟʘʢʣʶʯʘʶʪʩʷ ʚ 

ʩʣʝʜʫʶʱʝʤ: ɼʣʷ TSP (Traveling Salesman Problem) 
ʩʨʘʚʥʠʪʝʣʴʥʦ ʵʬʬʝʢʪʠʚʥʳ 

a. ʜʣʷ ʥʝʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʫʟʣʦʚ TSP ʤʦ-
ʞʝʪ ʙʳʪʴ ʨʝʰʝʥʘ ʧʦʣʥʳʤ ʧʝʨʝʙʦʨʦʤ; 

b. ʜʣʷ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʫʟʣʦʚ TSP ʚʳʯʠʩ-
ʣʠʪʝʣʴʥʦʝ ʩʣʦʞʥʘʷ (NP-ʪʨʫʜʥʘʷ) - ʵʢʩʧʦʥʝʥʮʠʘʣʴ-
ʥʳʡ ʚʨʝʤʷ ʩʭʦʜʠʤʦʩʪʠ. 

2. ʈʘʙʦʪʘʶʪ ʣʫʯʰʝ, ʯʝʤ ʜʨʫʛʠʝ ʛʣʦʙʘʣʴʥʳʝ 
ʦʧʪʠʤʠʟʘʮʠʠ ʜʣʷ TSP (ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ, ʛʝʥʝʪʠʯʝ-
ʩʢʠʝ ʘʣʛʦʨʠʪʤʳ) 

3. ɺ ʩʨʘʚʥʝʥʠʠ ʩ GAs (Genetic Algorithms): 
a. ʦʧʠʨʘʶʪʩʷ ʥʘ ʧʘʤʷʪʴ ʦ ʚʩʝʡ ʢʦʣʦʥʠʠ ʚʤʝ-

ʩʪʦ ʧʘʤʷʪʠ ʪʦʣʴʢʦ ʦ ʧʨʝʜʳʜʫʱʝʤ ʧʦʢʦʣʝʥʠʠ; 
b. ʤʝʥʝʝ ʧʦʜʚʝʨʞʝʥʳ ʥʝʦʧʪʠʤʘʣʴʥʳʤ 

ʥʘʯʘʣʴʥʳʤ ʨʝʰʝʥʠʷʤ (ʠʟ-ʟʘ ʩʣʫʯʘʡʥʦʛʦ ʚʳʙʦʨʘ 
ʧʫʪʠ ʠ ʧʘʤʷʪʠ ʢʦʣʦʥʠʠ). 

4. ʄʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʜʠʥʘʤʠʯʝʩʢʠʭ 
ʧʨʠʣʦʞʝʥʠʷʭ (ʘʜʘʧʪʠʨʫʶʪʩʷ ʢ ʠʟʤʝʥʝʥʠʷʤ, ʥʘʧʨʠ-
ʤʝʨ, ʨʘʩʩʪʦʷʥʠʡ) 

5. ʇʨʠʤʝʥʷʣʠʩʴ ʢ ʤʥʦʞʝʩʪʚʫ ʨʘʟʣʠʯʥʳʭ ʟʘ-
ʜʘʯ.  
ʋʯʠʪʳʚʘʷ ʪʦ, ʯʪʦ ʤʫʨʘʚʴʠʥʳʡ ʘʣʛʦʨʠʪʤ ʦʩʥʦ-

ʚʳʚʘʝʪʩʷ ʥʘ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʧʝʨʝʜʚʠʞʝʥʠʷ ʤʫʨʘ-
ʚʴʝʚ ʧʦ ʥʝʢʦʪʦʨʳʤ ʧʫʪʷʤ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʘʥʥʳʡ 
ʧʦʜʭʦʜ ʤʦʞʝʪ ʩʪʘʪʴ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʩʧʦʩʦ-
ʙʦʤ ʧʦʠʩʢʘ ʨʘʮʠʦʥʘʣʴʥʳʭ ʨʝʰʝʥʠʡ ʜʣʷ ʟʘʜʘʯ ʦʧʪʠ-
ʤʠʟʘʮʠʠ, ʜʦʧʫʩʢʘʶʱʠʝ ʛʨʘʬʠʯʝʩʢʫʶ ʠʥʪʝʨʧʨʝʪʘ-
ʮʠʶ. ʈʷʜ ʧʨʦʚʝʜʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦʟʚʦʣʷʝʪ 
ʫʪʚʝʨʞʜʘʪʴ ʦ ʧʦʩʪʦʷʥʥʦʤ ʨʦʩʪʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʫ-
ʨʘʚʴʠʥʳʭ ʘʣʛʦʨʠʪʤʦʚ.  
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʯʠʪʳʚʘʷ, ʯʪʦ ʚʩʝ ʚʳʰʝʧʝʨʝ-

ʯʠʩʣʝʥʥʳʝ ʥʝʜʦʩʪʘʪʢʠ ʘʣʛʦʨʠʪʤʘ ʤʦʞʥʦ ʠʟʙʝʞʘʪʴ 
ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯʠ ʦʧʪʠʤʠʟʘʮʠʠ ʠ ʧʣʘʥʠʨʦʚʘʥʠʷ, 
ʪʦ ʜʦʩʪʦʠʥʩʪʚʘ ʩʪʘʥʦʚʷʪʩʷ ʥʝʦʩʧʦʨʠʤʳʤʠ ʧʝʨʝʜ 
ʜʨʫʛʠʤʠ ʘʣʛʦʨʠʪʤʘʤʠ. ɻʣʘʚʥʳʤ ʧʣʶʩʦʤ ʤʫʨʘʚʴʠ-
ʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʷʚʣʷʝʪʩʷ ʜʠʥʘʤʠʯʝʩʢʘʷ ʘʜʘʧʪʘʮʠ-
ʦʥʥʘʷ ʥʘʩʪʨʦʡʢʘ ʧʘʨʘʤʝʪʨʦʚ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʩʧʦ-
ʩʦʙʩʪʚʦʚʘʪʴ ʧʦʣʫʯʝʥʠʶ ʥʘʠʣʫʯʰʠʭ ʨʝʰʝʥʠʡ ʚ 
ʩʪʨʦʠʪʝʣʴʩʪʚʝ. 
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ʌʘʟʫʣʣʠʥ ɼ.ʈ. 
ʄʘʛʠʩʪʨʘʥʪ 

2 ʢʫʨʩ, ʀʥʩʪʠʪʫʪ ʪʝʧʣʦʵʥʝʨʛʝʪʠʢʠ  
ʂʘʟʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʈʦʩʩʠʷ, ʛ. ʂʘʟʘʥʴ 

ɺʘʥʴʢʦʚ ʖ.ɺ., 
 ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ 
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RATIONAL USE OF ASSOCIATED OIL GAS IN RUSSIA  
 
ɸʥʥʦʪʘʮʠʷ:  
ɺ ʩʪʘʪʴʝ ʨʘʩʢʨʳʪʘ ʘʢʪʫʘʣʴʥʦʩʪʴ ʧʨʦʙʣʝʤʳ ʫʪʠʣʠʟʘʮʠʠ ʧʦʧʫʪʥʦʛʦ ʥʝʬʪʷʥʦʛʦ ʛʘʟʘ ʥʘ ʬʘʢʝʣʴʥʳʭ 

ʧʨʦʤʳʩʣʘʭ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʪʘʪʠʩʪʠʢʘ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. ʈʘʩʩʤʦʪ-
ʨʝʥʳ ʚʘʨʠʘʥʪʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʇʅɻ. 

Abstract: 
The article deals with the relevance of the problem of utilization of associated petroleum gas (APG) in flares, 

presents the statistics of rational use in the Russian Federation. Considered options for the use of APG 
 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʦʧʫʪʥʳʡ ʥʝʬʪʷʥʦʡ ʛʘʟ, ʨʘʮʠʦʥʘʣʴʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ, ʩʞʠʛʘʥʠʝ, ʫʪʠʣʠʟʘʮʠʷ, ʪʝʧ-

ʣʦʚʘʷ ʵʥʝʨʛʠʷ, ʇʅɻ. 
Keywords: associated petroleum gas, rational use, combustion, utilization, thermal energy, APG. 
 
ʆʜʥʦʡ ʠʟ ʘʢʪʫʘʣʴʥʳʭ ʧʨʦʙʣʝʤ ʥʝʬʪʝʛʘʟʦʚʦʛʦ 

ʩʝʢʪʦʨʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʷʚʣʷʝʪʩʷ ʨʘʮʠʦ-
ʥʘʣʴʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠ ʫʪʠʣʠʟʘʮʠʷ ʧʦʧʫʪʥʦʛʦ 
ʥʝʬʪʷʥʦʛʦ ʛʘʟʘ. ʇʅɻ ʚ ʦʪʣʠʯʠʝ ʦʪ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ 
ʩʦʜʝʨʞʠʪ ʪʷʞʝʣʳʝ ʫʛʣʝʚʦʜʦʨʦʜʳ (ʵʪʘʥ, ʧʨʦʧʘʥ, ʙʫ-
ʪʘʥ ʠ ʜʨ.), ʢʦʥʮʝʥʪʨʘʮʠʷ ʤʦʞʝʪ ʜʦʩʪʠʯʴ 15-50 % ʠ 
ʙʦʣʝʝ. ʉʣʝʜʫʝʪ ʫʯʝʩʪʴ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʦʩʚʦʝʥʠʷ ʤʝ-
ʩʪʦʨʦʞʜʝʥʠʷ ʢʦʤʧʦʥʝʥʪʥʳʡ ʩʦʩʪʘʚ ʠ ʨʘʩʭʦʜ ʧʦʧʫʪ-
ʥʦʛʦ ʛʘʟʘ ʠʟʤʝʥʷʝʪʩʷ. ʂ ʧʨʠʤʝʨʫ, ʚ ʤʝʩʪʦʨʦʞʜʝ-
ʥʠʷʭ ʈʝʩʧʫʙʣʠʢʠ ʊʘʪʘʨʩʪʘʥ ʫʪʠʣʠʟʠʨʦʚʘʪʴ ʇʅɻ 

ʫʜʘʝʪʩʷ ʥʝ ʚʩʝʛʜʘ ʠʟ-ʟʘ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʩʝʨʦ-
ʚʦʜʦʨʦʜʘ; ʚ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʈʝʩʧʫʙʣʠʢʠ ɹʘʰʢʦʨ-
ʪʦʩʪʘʥ ʚ ʩʦʩʪʘʚʝ ʇʅɻ ʧʨʝʦʙʣʘʜʘʝʪ ʫʛʣʝʢʠʩʣʳʡ ʛʘʟ 
(ʜʦ 45%).ʏʘʱʝ ʚʩʝʛʦ ʇʅɻ ʩʞʠʛʘʶʪ ʚ ʬʘʢʝʣʘʭ ʥʝʧʦ-
ʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʥʝʬʪʷʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʧʦ ʧʨʠ-
ʯʠʥʝ ʦʪʜʘʣʝʥʥʦʩʪʠ ʦʪ ʪʨʘʥʩʧʦʨʪʥʳʭ ʤʘʛʠʩʪʨʘʣʝʡ ʠ 
ʛʘʟʦʧʨʦʚʦʜʦʚ. ʉʞʠʛʘʥʠʝ ʇʅɻ ʥʘʥʦʩʠʪ ʵʢʦʣʦʛʠʯʝ-
ʩʢʠʡ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʚʨʝʜ ʩʪʨʘʥʝ. 
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ʈʠʩ. 1. ʋʨʦʚʝʥʴ ʧʦʣʝʟʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʇʅɻ ʚ ʈʦʩʩʠʠ 

 
ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠʤʠ ʜʘʥʥʳʤʠ 

ʫʨʦʚʝʥʴ ʧʦʣʝʟʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʇʅɻ ʚ ʈʦʩʩʠʠ ʟʘ 
ʧʝʨʠʦʜ 2010-2017, ʥʝʩʤʦʪʨʷ ʥʘ ʚʩʝ ʧʨʠʥʠʤʘʝʤʳʝ 
ʤʝʨʳ, ʦʩʪʘʝʪʩʷ ʥʘ ʫʨʦʚʥʝ ʦʢʦʣʦ 86,8% (ʨʠʩ.1). 
ʆʩʪʘʣʴʥʳʝ 13,2% ʇʅɻ ʩʞʠʛʘʶʪʩʷ ʥʘ ʬʘʢʝʣʘʭ. ʇʦ 
ʠʪʦʛʘʤ 2017 ʛ. ʮʝʣʝʚʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʚ 95% ʜʦʩʪʠʛʣʘ 
ʥʝʬʪʷʥʘʷ ʢʦʤʧʘʥʠʷ ʇɸʆ çʃʫʢʦʡʣè. ɼʘʥʥʳʝ ʦʙ 

ʫʨʦʚʥʝ ʧʦʣʝʟʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʇʅɻ ʧʨʠʚʝʜʝʥʳ ʚ 
ʪʘʙʣ. 1. ɿʘ 2017 ʛʦʜ ʙʝʟ ʫʯʝʪʘ ʩʦʞʞʝʥʠʷ ʜʦʙʳʪʦ 85,4 
ʤʣʨʜ ʤ3 ʧʦʧʫʪʥʦʛʦ ʥʝʬʪʷʥʦʛʦ ʛʘʟʘ, ʯʪʦ ʥʘ 2,5 % 
ʚʳʰʝ ʫʨʦʚʥʷ 2016 ʛʦʜʘ. ʇʨʠ ʵʪʦʤ ʦʙʲʝʤʳ ʠʟʚʣʝʯʝ-
ʥʠʷ ʇʅɻ ʠʟ ʥʝʜʨ ʫʚʝʣʠʯʠʣʠʩʴ ʥʘ 2,7 ʤʣʨʜ ʤ3, ʘ ʩʦ-
ʞʞʝʥʥʦʛʦ ʛʘʟʘ ï ʥʘ 0,65 ʤʣʨʜ. ʤ3. 

 
ʊʘʙʣʠʮʘ 1.  

ʋʨʦʚʝʥʴ ʧʦʣʝʟʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʇʅɻ ʢʦʤʧʘʥʠʷʤʠ ʚ 2010ï2017 ʛʛ. 

ʂʦʤʧʘʥʠʷ 
ʋʨʦʚʝʥʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʇʅɻ, % 

2010 2011 2012 2013 2014 2015 2016 2017 

ʈʦʩʥʝʬʪʴ 53,8 51,1 51,2 68,7 80,9 87,9 90 89,2 

ʃʫʢʦʡʣ 76,8 78,6 87,5 87,7 89,8 91,9 91,9 95,6 

ʉʫʨʛʫʪʥʝʬʪʝʛʘʟ 95,9 97,8 99,2 99,3 99,1 99,4 99,3 99,32 

ɻʘʟʧʨʦʤ ʥʝʬʪʴ 62,4 65,6 65,7 79,5 80,5 79,6 78 75,3 

ʊʘʪʥʝʬʪʴ 93,6 94,2 94,5 95,1 95,17 95,17 96,44 96,16 

ɹʘʰʥʝʬʪʴ 83,1 81,9 75,2 72,7 75 74,8 70,1 75,5 

ʉʣʘʚʥʝʬʪʴ 71,6 74,7 74,5 77 82,1 87,3 89 82,6 

 
ɺ ʠʪʦʛʝ, ʝʩʣʠ ʄʠʥʠʩʪʝʨʩʪʚʦ ʵʥʝʨʛʝʪʠʢʠ ʈʌ ʠʟ-

ʥʘʯʘʣʴʥʦ ʧʨʝʜʧʦʣʘʛʘʣʦ ʜʦʩʪʠʞʝʥʠʝ ʥʝʬʪʷʥʳʤʠ 
ʢʦʤʧʘʥʠʷʤʠ ʮʝʣʝʚʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʚ 95% ʢ 2014 
ʛʦʜʫ, ʪʦ ʪʝʧʝʨʴ ʵʪʠ ʦʞʠʜʘʥʠʷ ʧʝʨʝʥʝʩʝʥʳ ʥʘ 2020 
ʛʦʜ. 
ʆʩʥʦʚʥʳʤʠ ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʇʅɻ ʷʚʣʷʶʪʩʷ: 
Å ʟʘʢʘʯʢʘ ʛʘʟʘ ʚ ʧʣʘʩʪ; 
Å ʪʨʘʥʩʧʦʨʪ ʛʘʟʘ ʜʦ ʧʦʪʨʝʙʠʪʝʣʷ; 
Å ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʛʘʟʘ ʚ ʢʘʯʝʩʪʚʝ ʭʠʤʠʯʝʩʢʦʛʦ 

ʩʳʨʴʷ; 
Å ʚʳʨʘʙʦʪʢʘ ʵʥʝʨʛʠʠ. 
ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ 

ʧʦʣʫʯʠʣʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʛʘʟʘ ʚ ʢʘʯʝʩʪʚʝ ʵʥʝʨʛʦʥʦ-
ʩʠʪʝʣʷ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠ ʪʝʧʣʦʚʦʡ 
ʵʥʝʨʛʠʠ. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʫʞʝ ʩʫʱʝʩʪʚʫʝʪ ʧʨʘʢ-
ʪʠʢʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʧʫʪʥʦʛʦ ʥʝʬʪʷʥʦʛʦ ʛʘʟʘ ʜʣʷ 
ʚʳʨʘʙʦʪʢʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʜʣʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ 
ʚʦ ʚʩʝʤ ʤʠʨʝ. ʇʨʠ ʧʦʩʪʦʷʥʥʦʤ ʨʦʩʪʝ ʪʘʨʠʬʦʚ ʥʘ 
ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ ʠ ʪʝʧʣʦʪʫ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʘ ʤʝʩʪʘʭ 
ʵʢʦʥʦʤʠʯʝʩʢʠ ʦʧʨʘʚʜʘʥʦ. ɺ ʩʠʣʫ ʫʜʘʣʝʥʥʦʩʪʠ ʤʝ-
ʩʪʦʨʦʞʜʝʥʠʡ ʟʘʪʨʘʪʳ ʥʘ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʵʣʝʢʪʨʦ-

ʩʪʘʥʮʠʡ ʢʦʤʧʝʥʩʠʨʫʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʤ ʩʥʠʞʝ-
ʥʠʝʤ ʟʘʪʨʘʪ ʥʘ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʩʝʪʝʡ ʠ ʪʨʘʥʩʬʦʨʤʘ-
ʪʦʨʥʳʭ ʧʦʜʩʪʘʥʮʠʡ, ʘ ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʚʳʨʘʙʘʪʳʚʘʝ-
ʤʦʡ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʦʢʘʟʳʚʘʝʪʩʷ ʚ 2-3 ʨʘʟʘ ʥʠʞʝ 
ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʪʘʨʠʬʦʚ 
ʆʜʥʘʢʦ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʷ ʇʅɻ ʥʝʦʙʭʦʜʠʤʘ ʧʦʜʛʦʪʦʚʢʘ ʛʘʟʘ ʢ 
ʪʨʘʥʩʧʦʨʪʫ, ʫʪʠʣʠʟʘʮʠʠ ʠ ʭʠʤʠʯʝʩʢʦʡ ʧʝʨʝʨʘʙʦʪʢʝ. 
ʇʨʠ ʦʯʠʩʪʢʝ ʦʪ ʢʠʩʣʳʭ ʛʘʟʦʚ (ʉʆ2 ʠ ʅ2S) ʥʘʠʙʦʣʝʝ 
ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʤʦʢʨʳʝ ʤʝʪʦʜʳ ï ʦʯʠʩʪʢʘ ʞʠʜ-
ʢʠʤʠ ʩʦʨʙʝʥʪʘʤʠ. ʕʪʦ ʢʣʘʩʩʠʯʝʩʢʠʝ ʘʙʩʦʨʙʮʠʦʥʥʦ-
ʜʝʩʦʨʙʮʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ. ʆʜʥʦʡ ʠʟ ʧʝʨʩʧʝʢʪʠʚ-
ʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʷʚʣʷʝʪʩʷ ʤʝʤ-
ʙʨʘʥʥʘʷ ʦʯʠʩʪʢʘ ʇʅɻ. 
ʆʩʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ʩʞʠʛʘ-

ʥʠʷ ʥʝʬʪʷʥʦʛʦ ʛʘʟʘ ʷʚʣʷʝʪʩʷ ʥʠʟʢʘʷ ʵʢʦʥʦʤʠʯʝʩʢʘʷ 
ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʝʢʪʦʚ ʧʦʣʝʟʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 
ʧʦʧʫʪʥʦʛʦ ʛʘʟʘ, ʢʦʪʦʨʘʷ ʩʚʷʟʘʥʘ ʩ ʥʠʟʢʠʤʠ ʮʝʥʘʤʠ 
ʥʘ ʧʦʧʫʪʥʳʡ ʛʘʟ ʠ ʥʠʟʢʠʤʠ ʦʙʲʝʤʘ ʜʦʙʳʯʠ ʇʅɻ ʚ 
ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ. 

  

76,7 77,7

80,9
82,3

85,5

89
87,1 86,8

70

72

74

76

78

80

82

84

86

88

90

2010 2011 2012 2013 2014 2015 2016 2017

Уровень использования ПНГ, %



58 TECHNICAL SCIENCE / «Colloquium - journal Ȼ# 7(31),2019 

ʀʩʧʦʣʴʟʦʚʘʥʥʳʝ ʠʩʪʦʯʥʠʢʠ: 
1. ɹʘʜʘʥʦʚ ʂ.ɸ., ɻʫʩʠʥʩʢʠʡ ʂ.ʅ., ɺʘʩʝʮʢʠʡ 

ɸ.ʌ., ɺʷʣʳʭ ɸ.ʉ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʧʫʪʥʦʛʦ ʥʝʬʪʷ-
ʥʦʛʦ ʛʘʟʘ: ɻʦʨʥʳʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʠʡ 
ʙʶʣʣʝʪʝʥʴ // ʅʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʞʫʨʥʘʣ. ï 2015. ï 
ˉ11. ï ʉ. 3-6 ʩ.  

2. ɹʝʪʣʠʥʩʢʠʡ ɺ.ʖ., ɾʝʨʜʝʮʢʠʡ ʈ.ɸ. ʋ ʥʝʬʪʷ-
ʥʠʢʦʚ ʝʩʪʴ ʵʥʝʨʛʠʯʥʳʡ ʧʦʧʫʪʯʠʢ ð ʧʦʧʫʪʥʳʡ 
ʥʝʬʪʷʥʦʡ ʛʘʟ ʜʣʷ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ʥʝʬʪʷʥʳʭ ʤʝʩʪʦ-
ʨʦʞʜʝʥʠʡ // ʊʫʨʙʠʥʳ ʠ ʜʠʟʝʣʠ. ï 2006. ʄʘʡ ï ʠʶʥʴ. 
ʉ. 4ï8.  

 

ʍʫʪʨʦ ʅʠʢʦʣʘʡ ʅʠʢʦʣʘʝʚʠʯ 
ʙʘʢʘʣʘʚʨ, ʤʘʛʠʩʪʨʘʥʪ 

ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ 
çʂʝʨʯʝʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʤʦʨʩʢʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 

98309, ʈʌ, ʈʝʩʧʫʙʣʠʢʘ ʂʨʳʤ, ʛ. ʂʝʨʯʴ, ʋʣ. ʆʨʜʞʦʥʠʢʠʜʟʝ, ʜ. 82 

ʄʘʛʫʣʘ ʉʝʨʛʝʡ ʆʣʝʛʦʚʠʯ 
ʙʘʢʘʣʘʚʨ, ʤʘʛʠʩʪʨʘʥʪ 

ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ 
çʂʝʨʯʝʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʤʦʨʩʢʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 

ʊʠʪʦʚ ʀʚʘʥ ʃʝʦʥʠʜʦʚʠʯ 
ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ 
çʂʝʨʯʝʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʤʦʨʩʢʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 

 

ɺʃʀʗʅʀɽ ʉʆʃʅɽʏʅʓʍ ʇɸʅɽʃɽʁ ʅɸ ʂɸʏɽʉʊɺʆ ʕʃɽʂʊʈʆʕʅɽʈɻʀʀ 

ʈɸʉʇʈɽɼɽʃʀʊɽʃʔʅʓʍ ʉɽʊɽʁ ʀ ʊʈɸʅʉʌʆʈʄɸʊʆʈʆɺ 

 

Khutro Nikolai Nikolaevich 
Bachelor's degree, Masterôs Degree student 

Federal State Educational Institution of Higher Education çKerch State Marine Technological Universityè 
98309, Russia, Republic of Crimea, Kerch, Ordzhonikidze Street, 82 

Magula Sergey Olegovich 
Bachelor's degree, Masterôs Degree student 

Federal State Educational Institution of Higher Education çKerch State Marine Technological Universityè 
98309, Russia, Republic of Crimea, Kerch, Ordzhonikidze Street, 82 

Titov Ivan Leonidivich 
Candidate of Engineering Sciences, Assistant professor 

Federal State Educational Institution of Higher Education çKerch State Marine Technological Universityè 
98309, Russia, Republic of Crimea, Kerch, Ordzhonikidze Street, 82 

 

INFLUENCE OF SOLAR PANELS ON THE QUALITY OF ELECTRIC ENERGY OF 

DISTRIBUTIVE NETWORKS AND TRANSFORMERS  

 
ɸʥʥʦʪʘʮʠʷ 
ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʩʦʣʥʝʯʥʳʭ ʙʘʪʘʨʝʡ ʚ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʩʝʪʷʭ. ʇʨʦ-

ʚʝʜʝʥ ʘʥʘʣʠʟ ʠ ʧʨʝʜʦʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʚʣʠʷʥʠʷ ʩʦʣʥʝʯʥʳʭ ʙʘʪʘʨʝʡ ʠ ʠʥʚʝʨʪʦʨʦʚ ʥʘ ʢʘʯʝʩʪʚʦ ʵʣʝʢ-
ʪʨʦʵʥʝʨʛʠʠ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʩʝʪʝʡ ʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ. 

Abstract 
This article discusses the use of solar cells in distribution networks. The analysis was carried out and the 

results of the influence of solar panels and inverters on the quality of electricity distribution networks and trans-
formers were provided. 

 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʣʝʢʪʨʦʩʪʘʥʮʠʷ, ʵʣʝʢʪʨʦʵʥʝʨʛʠʷ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ, ʩʝʪʠ, ʧʦʪʝʨʠ, ʠʥʚʝʨʪʦʨ, ʪʨʘʥʩ-

ʬʦʨʤʘʪʦʨ. 
Keywords: power plant, electricity, distribution, network, loss, inverter, transformer. 

 
ɺʚʝʜʝʥʠʝ 
ʉʦʣʥʝʯʥʘʷ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʷʚʣʷ-

ʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʙʳʩʪʨʦ ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʚʦʟ-
ʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ. ʉʦʣʥʝʯʥʳʝ ʵʣʝʤʝʥʪʳ 
ʩʜʝʣʘʥʳ ʠʟ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʢʦʪʦ-
ʨʳʝ ʧʨʝʦʙʨʘʟʫʶʪ ʵʥʝʨʛʠʶ ʩʦʣʥʮʘ ʚ ʵʣʝʢʪʨʠʯʝʩʢʫʶ 
ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ. ʇʦʵʪʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʥʚʝʨ-
ʪʦʨʦʚ ʩ ʩʦʣʥʝʯʥʳʤʠ ʙʘʪʘʨʝʷʤʠ (ʉɹ) ʩʪʘʥʦʚʠʪʩʷ 
ʥʝʠʟʙʝʞʥʳʤ, ʧʨʝʞʜʝ ʯʝʤ ʩʦʣʥʝʯʥʘʷ ʵʥʝʨʛʠʷ ʤʦʞʝʪ 
ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʣʦʢʘʣʴʥʳʤʠ ʥʘʛʨʫʟʢʘʤʠ ʠʣʠ ʧʝ-
ʨʝʜʘʥʘ ʚ ʩʝʪʴ.  

ʇʦʤʝʭʠ ʚ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʝʪʷʭ 
ʉʦʣʥʝʯʥʳʝ ʙʘʪʘʨʝʠ ʦʙʳʯʥʦ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʚ 

ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʩʝʪʷʭ. ʂʘʢ ʥʝʙʦʣʴʰʠʝ ʉɹ, ʫʩʪʘ-
ʥʘʚʣʠʚʘʝʤʳʝ ʥʘ ʢʨʳʰʝ, ʪʘʢ ʠ ʙʦʣʴʰʠʝ ʩʦʣʥʝʯʥʳʝ 
ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ ʩʦʟʜʘʶʪ ʛʘʨʤʦʥʠʢʠ ʥʘʧʨʷʞʝʥʠʷ ʠ 
ʪʦʢʘ ʠ ʚʚʦʜʷʪ ʠʭ ʚ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʫʶ ʩʝʪʴ ʩ ʧʦʤʦ-
ʱʴʶ ʠʥʚʝʨʪʦʨʦʚ.  
ʄʝʞʜʫ ʪʝʤ ʛʘʨʤʦʥʠʢʠ ʵʥʝʨʛʦʩʠʩʪʝʤʳ ʷʚʣʷ-

ʶʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʥʝʣʠʥʝʡʥʳʭ ʥʘʛʨʫʟʦʢ, ʪʦʯʥʦʝ ʠʟ-
ʤʝʨʝʥʠʝ ʛʘʨʤʦʥʠʢ ʥʘʧʨʷʞʝʥʠʷ ʠ ʪʦʢʘ ʧʨʦʠʟʚʝʩʪʠ 
ʜʦʚʦʣʴʥʦ ʩʣʦʞʥʦ. ʆʪʩʣʝʞʠʚʘʥʠʝ ʠʩʪʦʯʥʠʢʦʚ ʛʘʨ-
ʤʦʥʠʢ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʦʡ ʟʘʜʘʯʝʡ, ʪʘʢ ʞʝ ʢʘʢ 
ʠ ʵʬʬʝʢʪʠʚʥʳʝ ʤʝʪʦʜʳ ʬʠʣʴʪʨʘʮʠʠ ʠ ʧʦʜʘʚʣʝʥʠʷ 
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[2, ʩ. 1760].  
ʄ.ʉ. ʈʘʜ ʠ ʩʦʘʚʪʦʨʳ [3] ʩʦʦʙʱʘʶʪ ʦʙ ʠʟʤʝʨʝ-

ʥʠʷʭ ʛʘʨʤʦʥʠʢ ʥʘ ʰʝʩʪʠ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʪʨʘʥʩ-
ʬʦʨʤʘʪʦʨʘʭ ʚʤʝʩʪʝ ʩ ʜʨʫʛʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʧʨʦʠʟ-
ʚʦʜʠʪʝʣʴʥʦʩʪʠ. ɻʘʨʤʦʥʠʯʝʩʢʦʝ ʚʣʠʷʥʠʝ ʥʘ ʧʦʪʝʨʶ 
ʚʠʭʨʝʚʳʭ ʪʦʢʦʚ ʦʙʤʦʪʦʢ ʦʢʘʟʳʚʘʝʪʩʷ ʛʦʨʘʟʜʦ ʙʦʣʝʝ 
ʟʥʘʯʠʪʝʣʴʥʳʤ, ʯʝʤ ʜʨʫʛʠʝ ʩʣʫʯʘʡʥʳʝ ʧʦʪʝʨʠ. 
ʇʨʝʜʣʦʞʝʥʘ ʣʘʙʦʨʘʪʦʨʥʘʷ ʫʩʪʘʥʦʚʢʘ ʜʣʷ ʠʟʤʝʨʝ-
ʥʠʷ ʧʦʪʝʨʴ ʚ ʚʳʩʦʢʦʚʦʣʴʪʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷʭ ʠ 
ʠʭ ʩʨʘʚʥʝʥʠʷ ʩ ʨʘʩʯʝʪʘʤʠ ʩ ʧʦʤʦʱʴʶ ʢʦʥʝʯʥʳʭ 
ʵʣʝʤʝʥʪʦʚ [7, ʩ. 943].  
ɺ [1] ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʘʨʤʦʥʠʢʠ ʥʘʧʨʷʞʝʥʠʷ ʠ 

ʪʦʢʘ, ʚʳʟʚʘʥʥʳʝ ʨʘʟʣʠʯʥʳʤʠ ʥʝʣʠʥʝʡʥʳʤʠ ʦʩʚʝʪʠ-
ʪʝʣʴʥʳʤʠ ʥʘʛʨʫʟʢʘʤʠ, ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʨʝʜʣʦ-
ʞʝʥʦ ʩʥʠʞʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʛʦ 
ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ. ʇʨʦʮʝʜʫʨʘ ʨʘʩʯʝʪʘ ʧʨʠʚʝʜʝʥʥʦʡ 
ʥʘʛʨʫʟʢʠ ʥʘ ʝʜʠʥʠʮʫ, ʧʨʠ ʢʦʪʦʨʦʡ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴ-
ʥʳʝ ʪʨʘʥʩʬʦʨʤʘʪʦʨʳ ʧʦʜʜʝʨʞʠʚʘʶʪ ʧʦʣʥʳʡ ʩʨʦʢ 
ʩʣʫʞʙʳ ʧʨʠ ʛʘʨʤʦʥʠʢʘʭ ʪʦʢʘ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ [5].  

ɻʘʨʤʦʥʠʢʠ, ʛʝʥʝʨʠʨʫʝʤʳʝ ʨʘʟʣʠʯʥʳʤʠ ʥʝʣʠ-
ʥʝʡʥʳʤʠ ʥʘʛʨʫʟʢʘʤʠ, ʠʟʤʝʨʷʶʪʩʷ ʚ ʣʘʙʦʨʘʪʦʨʠʠ, 
ʛʜʝ ʠʟʫʯʘʝʪʩʷ ʠʭ ʚʣʠʷʥʠʝ ʥʘ ʧʦʪʝʨʠ ʚ ʪʨʘʥʩʬʦʨʤʘ-
ʪʦʨʝ, ʧʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʧʦʪʝʨʠ ʨʝʩʫʨʩʘ [4, 
ʩ. 2]. ʄʝʪʦʜ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ 
ʨʘʩʯʝʪʘ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʠʙʦʣʝʝ ʛʦʨʷʯʝʡ ʪʦʯʢʠ ʩ ʧʦ-
ʤʦʱʴʶ ʨʝʰʝʥʠʷ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʧʦʣʷ ʚ ʨʘʟʥʳʭ ʯʘ-
ʩʪʷʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ [6].  
ʈʘʩʩʤʦʪʨʠʤ ʚʣʠʷʥʠʝ ʉɹ ʠ ʩʚʷʟʘʥʥʳʭ ʩ ʥʠʤʠ 

ʠʥʚʝʨʪʦʨʦʚ ʥʘ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʫʶ ʩʝʪʴ ʠ ʪʨʘʥʩʬʦʨ-
ʤʘʪʦʨ. ʄʦʜʝʣʴ MATLAB /Simulink ʩʦʟʜʘʥʘ ʜʣʷ ʉɹ ʠ 
ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʡ ʩʝʪʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʜʘʥʥʳʤʠ 
Canadian Utility  ʜʣʷ ʩʠʩʪʝʤʳ, ʧʦʢʘʟʘʥʥʦʡ ʥʘ ʨʠ-
ʩʫʥʢʝ 1. ʅʘʧʨʷʞʝʥʠʝ ʠ ʪʦʢ ʦʙʱʠʭ ʛʘʨʤʦʥʠʯʝʩʢʠʭ 
ʠʩʢʘʞʝʥʠʡ (ʆɻʀ) ʢʦʥʪʨʦʣʠʨʫʶʪʩʷ ʚ ʨʘʟʥʳʭ ʫʩʣʦ-
ʚʠʷʭ. ɺ ʣʘʙʦʨʘʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʝ ʩʝʪʝʚʦʡ ʠʥʚʝʨʪʦʨ 
ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʠʪʘʥʠʷ ʪʨʝʭʬʘʟʥʦʛʦ ʪʨʘʥʩʬʦʨ-
ʤʘʪʦʨʘ, ʧʦʜʢʣʶʯʝʥʥʦʛʦ ʢ ʩʝʪʠ. ʀʟʤʝʨʷʶʪʩʷ ʧʦʪʝʨʠ, 
ʂʇɼ, ʥʘʧʨʷʞʝʥʠʝ ʠ ʪʦʢ ʆɻʀ, ʘ ʪʘʢʞʝ ʪʝʤʧʝʨʘʪʫʨʳ 
ʩʝʨʜʝʯʥʠʢʘ ʠ ʦʙʤʦʪʢʠ. 

 
ʈʠʩʫʥʦʢ 1. ʄʦʜʝʣʴ MATLAB/Simulink 

 
ʇʘʨʘʤʝʪʨʳ ʤʦʜʝʣʠ ʩʠʩʪʝʤʳ: 115 ʢɺ, 170 ʄɺɸ, 

ʪʨʝʭʬʘʟʥʳʡ ʠʩʪʦʯʥʠʢ. ɼʚʘ ʨʘʩʧʨʝʜʝʣʠʪʝʣʷ 83 
ʄɺɸ, 115 / 27,6 ʢɺ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʚ ʨʘʩʧʨʝʜʝʣʠ-
ʪʝʣʴʥʦʡ ʩʠʩʪʝʤʝ, ʧʦʢʘʟʘʥʥʦʡ ʚ ʚʠʜʝ ʦʜʥʦʛʦ ʙʣʦʢʘ 
ʥʘ ʨʠʩʫʥʢʝ 1. ʐʠʥʘ 1 ʷʚʣʷʝʪʩʷ ʪʦʯʢʦʡ ʦʙʱʝʡ ʩʚʷʟʠ 
(ʊʆʉ), ʛʜʝ ʩʦʣʥʝʯʥʘʷ ʵʣʝʢʪʨʦʩʪʘʥʮʠʷ ʧʦʜʢʣʶʯʝʥʘ 
ʢ ʩʠʩʪʝʤʝ ʚ ʵʪʦʡ ʪʦʯʢʝ. ʉʦʣʥʝʯʥʘʷ ʵʣʝʢʪʨʦʩʪʘʥʮʠʷ 
ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 17 ʉɹ 500 ʢɺʪ ʢʘʞʜʳʡ.  
ʆʜʥʘ ʉɹ ʦʪʜʝʣʴʥʦ ʧʦʜʢʣʶʯʝʥʘ ʢ ʪʨʘʥʩʬʦʨʤʘ-

ʪʦʨʫ 27,6 ʢɺ / 265 ɺ, 500 ʢɺɸ, ʪʦʛʜʘ ʢʘʢ ʦʩʪʘʣʴʥʳʝ 
16 ʉɹ ʧʦʜʢʣʶʯʝʥʳ ʧʦʧʘʨʥʦ ʢ ʚʦʩʴʤʠ ʪʨʘʥʩʬʦʨʤʘ-
ʪʦʨʘʤ ʧʦ 1 ʄɺɸ ʢʘʞʜʳʡ. ʄʦʜʫʣʴ ʉɹ ʠʩʧʦʣʴʟʫʝʪ 
ʦʪʩʣʝʞʠʚʘʥʠʝ ʪʦʯʢʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʤʦʱʥʦʩʪʠ 
(ʆʊʄʄ) ʯʝʨʝʟ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ, 
ʪʦʛʜʘ ʢʘʢ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʠʥʚʝʨʪʦʨ ʧʨʠʤʝʥʷʝʪ 
ʩʠʥʫʩʦʠʜʘʣʴʥʫʶ ʰʠʨʦʪʥʦ-ʠʤʧʫʣʴʩʥʫʶ ʤʦʜʫʣʷ-
ʮʠʶ (ʐʀʄ) ʠ ʠʤʝʝʪ ʬʠʣʴʪʨ ʥʠʞʥʠʭ ʯʘʩʪʦʪ LCL. 
ʉɹ ʦʙʳʯʥʦ ʚʳʨʘʙʘʪʳʚʘʶʪ ʥʦʤʠʥʘʣʴʥʫʶ ʤʦʱ-

ʥʦʩʪʴ ʧʨʠ ʩʪʘʥʜʘʨʪʥʳʭ ʫʩʣʦʚʠʷʭ ʠʩʧʳʪʘʥʠʡ (ʩʦʣ-
ʥʝʯʥʦʝ ʠʟʣʫʯʝʥʠʝ 1000 ɺʪ/ʤ2 ʠ ʪʝʤʧʝʨʘʪʫʨʘ ʵʣʝ-
ʤʝʥʪʘ 25ÁC), ʢʦʪʦʨʳʝ ʥʝ ʤʦʛʫʪ ʧʦʜʜʝʨʞʠʚʘʪʴʩʷ ʚʩʝ 
ʚʨʝʤʷ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʤʦʜʝʣʠʨʦ-
ʚʘʥʠʷ, ʚʣʠʷʥʠʝ ʉɹ ʥʘ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʝ ʪʨʘʥʩ-
ʬʦʨʤʘʪʦʨʳ ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʝʝ ʩʝʨʴʝʟʥʳʤ ʩ ʫʚʝʣʠʯʝ-
ʥʠʝʤ ʤʦʱʥʦʩʪʠ ʉɹ.  
ʉʠʩʪʝʤʘ, ʧʦʢʘʟʘʥʥʘʷ ʥʘ ʨʠʩʫʥʢʝ 1, ʩʤʦʜʝʣʠʨʦ-

ʚʘʥʘ ʚ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʳʭ ʠ ʥʝʩʙʘʣʘʥʩʠʨʦʚʘʥʥʳʭ 
ʫʩʣʦʚʠʷʭ ʩ ʢʦʥʜʝʥʩʘʪʦʨʘʤʠ ʥʘ ʊʆʉ ʠ ʙʝʟ ʥʠʭ, ʢʦʛʜʘ 
ʩʦʣʥʝʯʥʘʷ ʵʣʝʢʪʨʦʩʪʘʥʮʠʷ ʨʘʙʦʪʘʝʪ ʩ ʥʦʤʠʥʘʣʴʥʦʡ 
ʤʦʱʥʦʩʪʴʶ. ʆɻʀ ʬʘʟʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʠ ʪʦʢʦʚ ʥʘ 
ʦʙʝʠʭ ʩʪʦʨʦʥʘʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʢʦʥʪʨʦʣʠʨʫʶʪʩʷ. 
ɺ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʤ ʩʣʫʯʘʝ ʩʠʩʪʝʤʥʳʝ ʥʘʧʨʷʞʝʥʠʷ 
ʩʠʩʪʝʤʳ ʧʝʨʝʜʘʯʠ ʨʘʚʥʳ ʥʦʤʠʥʘʣʴʥʦʤʫ ʟʥʘʯʝʥʠʶ 
ʠ ʩʤʝʱʝʥʳ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʥʘ 120Á.  
ʈʘʩʩʤʦʪʨʠʤ ʚʣʠʷʥʠʝ ʉɹ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʥʘ 

ʢʨʳʰʝ ʞʠʣʦʛʦ ʜʦʤʘ ʥʘ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʫʶ ʩʝʪʴ ʠ 
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ʪʨʘʥʩʬʦʨʤʘʪʦʨ. ʈʘʟʥʠʮʘ ʤʝʞʜʫ ʞʠʣʳʤʠ ʩʦʣʥʝʯ-
ʥʳʤʠ ʧʦʜʩʪʘʥʮʠʷʤʠ ʠ ʩʦʣʥʝʯʥʳʤʠ ʵʣʝʢʪʨʦʩʪʘʥʮʠ-
ʷʤʠ ʟʘʢʣʶʯʘʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʚ ʚʳʭʦʜʥʦʡ ʤʦʱʥʦʩʪʠ, 
ʥʦ ʠ ʚ ʩʧʦʩʦʙʝ ʠʥʪʝʛʨʘʮʠʠ ʩ ʩʠʩʪʝʤʦʡ. ʉʦʣʥʝʯʥʳʝ 
ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ ʦʙʳʯʥʦ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʜʘʣʝʢʦ ʟʘ 
ʧʨʝʜʝʣʘʤʠ ʞʠʣʳʭ ʨʘʡʦʥʦʚ ʠ ʦʙʳʯʥʦ ʧʦʜʢʣʶʯʘʶʪʩʷ 
ʢ ʩʝʪʠ ʚ ʆʊʉ ʩ ʧʦʤʦʱʴʶ ʜʣʠʥʥʳʭ ʬʠʜʝʨʦʚ. ʅʘʧʨʦ-
ʪʠʚ, ʞʠʣʳʝ ʉɹ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʛʦʨʦʜʩʢʠʭ ʨʘʡʦʥʘʭ ʠ 

ʧʦʜʢʣʶʯʝʥʳ ʢ ʩʝʪʠ ʚʦ ʤʥʦʛʠʭ ʪʦʯʢʘʭ ʚʥʫʪʨʠ ʨʘʩ-
ʧʨʝʜʝʣʠʪʝʣʴʥʦʡ ʩʝʪʠ. ʊʨʝʭʬʘʟʥʳʝ ʠʥʚʝʨʪʦʨʳ 
ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩ ʩʦʣʥʝʯʥʳʤʠ ʵʣʝʢʪʨʦʩʪʘʥ-
ʮʠʷʤʠ, ʘ ʪʨʘʥʩʬʦʨʤʘʪʦʨʳ ʚ ʦʩʥʦʚʥʦʤ ʠʩʧʦʣʴʟʫ-
ʶʪʩʷ ʜʣʷ ʧʦʜʥʷʪʠʷ ʥʘʧʨʷʞʝʥʠʷ ʜʦ ʫʨʦʚʥʷ ʨʘʩʧʨʝ-
ʜʝʣʝʥʠʷ. ʆʜʥʘʢʦ ʠʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ʥʦʤʠʥʘʣʴʥʘʷ ʤʦʱ-
ʥʦʩʪʴ ʚ ʞʠʣʳʭ ʧʦʤʝʱʝʥʠʷʭ ʦʙʳʯʥʦ ʩʦʩʪʘʚʣʷʝʪ 
ʤʝʥʝʝ 10 ʢɺʪ, ʦʜʥʦʬʘʟʥʳʝ ʠʥʚʝʨʪʦʨʳ ʠʩʧʦʣʴʟʫ-
ʶʪʩʷ ʜʣʷ ʧʨʷʤʦʛʦ ʧʦʜʢʣʶʯʝʥʠʷ ʢ ʬʠʜʝʨʫ 240 ɺ. 

 
ʈʠʩʫʥʦʢ 2. ʄʦʜʝʣʴ MATLAB / Simulink 

 

ɼʣʷ ʩʠʩʪʝʤʳ ʧʦʩʪʨʦʝʥʘ ʤʦʜʝʣʴ MATLAB / 

Simulink (ʨʠʩʫʥʦʢ 2) ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ Canadian 

Utility. ɺ ʤʦʜʝʣʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʥʘʩʳʱʘʝʤʳʝ ʪʨʘʥʩ-

ʬʦʨʤʘʪʦʨʥʳʝ ʤʦʜʫʣʠ ʥʘ 27,6 ʢɺ / 416 ɺ, 100 ʢɺɸ, 

ʛʜʝ ʤʘʢʩʠʤʫʤ 10 ʉɹ ʧʦʜʢʣʶʯʝʥʳ ʢ ʬʘʟʝ A ʢʘʞʜʦʛʦ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ. ʄʦʜʝʣʴ ʟʘʧʫʩʢʘʝʪʩʷ ʜʣʷ ʨʘʟʥʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʉɹ ʠ ʆɻʀ ʥʘʧʨʷʞʝʥʠʡ ʠ ʪʦʢʦʚ ʬʠʢʩʠ-

ʨʫʶʪʩʷ. ʈʝʟʫʣʴʪʘʪʳ ʧʨʠʚʝʜʝʥʳ ʪʘʙʣʠʮʝ 1. ʈʝʟʫʣʴ-

ʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʛʘʨʤʦʥʠʢʠ, ʚʳʟʚʘʥʥʳʝ ʉɹ ʥʘ 

ʬʘʟʝ A, ʤʦʛʫʪ ʧʨʦʥʠʢʘʪʴ ʚ ʜʨʫʛʠʝ ʬʘʟʳ ʙʝʟ ʉɹ. ʉ 

ʫʚʝʣʠʯʝʥʠʝʤ ʯʠʩʣʘ ʉɹ, ʆɻʀ ʥʘʧʨʷʞʝʥʠʷ ʠ ʪʦʢʘ 

ʫʚʝʣʠʯʠʚʘʶʪʩʷ, ʥʦ ʦʩʪʘʶʪʩʷ ʚ ʩʪʘʥʜʘʨʪʥʳʭ ʧʨʝʜʝ-

ʣʘʭ. 
 

ʊʘʙʣʠʮʘ 1  
ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʚʣʠʷʥʠʷ ʩʦʣʥʝʯʥʳʭ ʙʘʪʘʨʝʡ ʥʘ ʩʝʪʴ 

ʇʝʨʚʠʯʥʘʷ ʩʪʦʨʦʥʘ ʉʪʦʨʦʥʘ ʉɹ 

 
ˉ ʉɹ 

ʅʘʧʨʷʞʝʥʠʝ ʊʦʢ ʅʘʧʨʷʞʝʥʠʝ  ʊʦʢ 

A B C A B C a b c a b c 

10 0.06 0.02 0.02 1.36 0.02 0.02 2.59 0.02 0.02 1.36 0.02 0.02 

20 0.13 0.04 0.04 1.48 0.03 0.03 2.75 0.04 0.04 1.74 0.03 0.04 

30 0.23 0.08 0.07 1.8 0.06 0.06 2.98 0.08 0.07 1.8 0.06 0.07 

40 0.26 0.09 0.08 1.52 0.06 0.08 2.62 0.09 0.09 1.64 0.08 0.08 

 
ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʨʘʙʦʪʘ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʪʝ-

ʩʪʠʨʦʚʘʥʠʝ ʚʦʟʜʝʡʩʪʚʠʷ ʉɹ ʥʘ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʝ 
ʪʨʘʥʩʬʦʨʤʘʪʦʨʳ ʚ ʣʘʙʦʨʘʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʝ. ʊʨʝʭ-
ʬʘʟʥʳʡ ʪʨʘʥʩʬʦʨʤʘʪʦʨ ʩʫʭʦʛʦ ʪʠʧʘ ʩ ʧʘʨʘʤʝʪʨʘʤʠ: 
Y, 240/240 ɺ, 10 ʢɺɸ, ʩ ʪʝʤʧʝʨʘʪʫʨʥʳʤ ʢʣʘʩʩʦʤ ʊ3 
ʠʩʧʳʪʘʥ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʜʥʦʬʘʟʥʦʛʦ ʩʝʪʝʚʦʛʦ 
ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ 208 ɺ, 3 ʢɺʪ. ʊʨʠ ʨʘʟʣʠʯʥʳʭ ʵʣʝ-
ʤʝʥʪʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʪʝʩʪʠʨʦʚʘʥʠʷ (ʩʝʪʴ, ʪʨʘʥʩ-
ʬʦʨʤʘʪʦʨ, ʠʥʚʝʨʪʦʨ). ʇʝʨʚʠʯʥʘʷ ʦʙʤʦʪʢʘ, ʧʦʜʢʣʶ-
ʯʝʥʥʘʷ ʢ ʩʝʪʠ, ʤʦʞʝʪ ʙʳʪʴ ʟʘʟʝʤʣʝʥʘ ʪʨʝʫʛʦʣʴʥʠ-
ʢʦʤ ʠʣʠ ʟʚʝʟʜʦʡ, ʛʜʝ ʜʚʝ ʢʣʝʤʤʳ ʚʪʦʨʠʯʥʦʡ 
ʦʙʤʦʪʢʠ ʧʦʜʢʣʶʯʝʥʳ ʢ ʠʥʚʝʨʪʦʨʫ.  
ʀʩʪʦʯʥʠʢ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ, ʠʩʧʦʣʴʟʫʝʤʳʡ 

ʜʣʷ ʧʠʪʘʥʠʷ ʠʥʚʝʨʪʦʨʘ, ʤʦʞʝʪ ʨʘʙʦʪʘʪʴ ʚ ʪʦʢʦʚʦʤ 
ʨʝʞʠʤʝ ʜʣʷ ʥʘʠʣʫʯʰʝʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʭʘʨʘʢʪʝʨʠ-
ʩʪʠʢ ʉɹ. ʀʥʚʝʨʪʦʨ ʠʩʧʦʣʴʟʫʝʪ ʆʊʄʄ ʧʦ ʜʚʫʤ ʢʘ-
ʥʘʣʘʤ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʦʪʜʝʣʴʥʦ ʧʦʜʢʣʶʯʝʥʳ ʢ 
ʜʚʫʤ ʉɹ ʠʣʠ ʧʘʨʘʣʣʝʣʴʥʦ ʧʦʜʢʣʶʯʝʥʳ ʢ ʦʜʥʦʤʫ ʠ 

ʪʦʤʫ ʞʝ. ʇʦʪʦʢ ʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʦʪ ʠʥʚʝʨʪʦʨʘ ʢ 
ʩʝʪʠ ʯʝʨʝʟ ʪʨʘʥʩʬʦʨʤʘʪʦʨ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʯʝʨʝʟ 
ʚʭʦʜ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ. ʅʘʧʨʷʞʝʥʠʝ ʠ ʪʦʢ ʆɻʀ ʠʟ-
ʤʝʨʷʶʪʩʷ ʥʘ ʪʨʘʥʩʬʦʨʤʘʪʦʨʝ, ʜʣʷ ʘʢʪʠʚʥʦʡ ʠ ʨʝʘʢ-
ʪʠʚʥʦʡ ʤʦʱʥʦʩʪʝʡ.  
ʊʝʤʧʝʨʘʪʫʨʘ ʩʝʨʜʝʯʥʠʢʘ ʠ ʦʙʤʦʪʢʠ ʪʘʢʞʝ ʠʟ-

ʤʝʨʷʝʪʩʷ ʜʚʫʤʷ ʥʝʟʘʚʠʩʠʤʳʤʠ ʪʝʨʤʦʧʘʨʘʤʠ. ʉʣʝ-
ʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʜʘʥʥʦʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ 
ʫʩʪʘʥʦʚʢʝ ʥʘʛʨʫʟʢʘ ʚ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʡ ʩʝʪʠ ʦʯʝʥʴ 
ʤʘʣʘ, ʘ ʉɹ ʧʦʜʢʣʶʯʝʥʳ ʢ ʦʜʥʦʡ ʬʘʟʝ ʚʪʦʨʠʯʥʦʡ ʦʙ-
ʤʦʪʢʠ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ. ʕʪʦ 
ʪʘʢʞʝ ʦʪʥʦʩʠʪʩʷ ʢ ʩʣʫʯʘʶ, ʢʦʛʜʘ ʞʠʣʦʝ ʟʜʘʥʠʝ 
ʠʤʝʝʪ ʉɹ ʥʘ ʢʨʳʰʝ, ʩʦʝʜʠʥʝʥʥʳʝ ʩ ʨʘʩʧʨʝʜʝʣʠ-
ʪʝʣʴʥʳʤ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʤ ʯʝʨʝʟ ʦʜʥʦʬʘʟʥʳʡ ʠʥ-
ʚʝʨʪʦʨ.  
ʊʝʤ ʥʝ ʤʝʥʝʝ, ʪʨʝʭʬʘʟʥʦʝ ʧʠʪʘʥʠʝ ʪʨʘʥʩʬʦʨ-

ʤʘʪʦʨʘ ʠʤʝʝʪ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʙʘʣʘʥʩʘ ʧʦʪʦʢʘ 
ʚ ʩʝʨʜʝʯʥʠʢʝ. ʇʦʩʢʦʣʴʢʫ ʥʦʤʠʥʘʣʴʥʘʷ ʤʦʱʥʦʩʪʴ 
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ʠʥʚʝʨʪʦʨʘ ʩʦʩʪʘʚʣʷʝʪ 3 ʢɺʪ, ʘʢʪʠʚʥʘʷ ʤʦʱʥʦʩʪʴ ʚʘ-
ʨʴʠʨʫʝʪʩʷ ʦʪ 500 ɺʪ ʜʦ 2500 ɺʪ ʩ ʰʘʛʦʤ 500 ɺʪ; ʠʟ-
ʤʝʨʝʥʠʷ ʧʨʦʚʦʜʷʪʩʷ ʚ ʢʘʞʜʦʡ ʪʦʯʢʝ ʟʘʛʨʫʟʢʠ. ʀʟ-ʟʘ 
ʙʦʣʴʰʦʡ ʪʝʧʣʦʚʦʡ ʧʦʩʪʦʷʥʥʦʡ ʚʨʝʤʝʥʠ ʪʨʘʥʩʬʦʨ-
ʤʘʪʦʨʘ ʤʘʢʩʠʤʘʣʴʥʘʷ ʥʘʛʨʫʟʢʘ ʚ 2500 ɺʪ ʫʩʪʘʥʘʚ-
ʣʠʚʘʝʪʩʷ ʧʨʠʤʝʨʥʦ ʥʘ 4 ʯʘʩʘ, ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʫʩʪʘ-

ʥʦʚʠʚʰʝʡʩʷ ʪʝʤʧʝʨʘʪʫʨʳ. ɿʘʪʝʤ ʘʢʪʠʚʥʘʷ ʤʦʱ-
ʥʦʩʪʴ ʩʥʠʞʘʝʪʩʷ ʠ ʤʦʱʥʦʩʪʴ ʢʘʞʜʦʡ ʥʘʛʨʫʟʢʠ ʫʩʪʘ-
ʥʘʚʣʠʚʘʝʪʩʷ ʧʨʠʤʝʨʥʦ ʥʘ 40 ʤʠʥ. ʊʝʤʧʝʨʘʪʫʨʘ ʩʝʨ-
ʜʝʯʥʠʢʘ ʠ ʦʙʤʦʪʢʠ ʩʥʠʤʘʝʪʩʷ ʢʘʞʜʳʝ 10 ʤʠʥʫʪ. 
ɿʥʘʯʝʥʠʷ ʆɻʀ ʥʘʧʨʷʞʝʥʠʷ ʠ ʪʦʢʘ ʠʟʦʙʨʘʞʝʥʳ ʚ ʟʘ-
ʚʠʩʠʤʦʩʪʠ ʦʪ ʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ 
ʨʠʩʫʥʢʝ 3.

 

 
ʈʠʩʫʥʦʢ 3. ɿʘʚʠʩʠʤʦʩʪʴ ʟʥʘʯʝʥʠʷ ʆɻʀ ʥʘʧʨʷʞʝʥʠʷ ʦʪ ʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ 
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ʅʘʧʨʷʞʝʥʠʝ ʆɻʀ ʚʩʝʛʜʘ ʥʘʭʦʜʠʪʩʷ ʚ ʜʦʧʫʩʪʠ-

ʤʳʭ ʧʨʝʜʝʣʘʭ 5%. ʊʦʢ ʆɻʀ ʠʤʝʝʪ ʚʳʩʦʢʦʝ ʟʥʘʯʝ-

ʥʠʝ, ʙʣʠʟʢʦʝ ʢ 30% ʧʨʠ ʥʝʙʦʣʴʰʦʡ ʥʘʛʨʫʟʢʝ; ʦʥ 

ʫʤʝʥʴʰʘʝʪʩʷ ʧʨʠ ʧʨʠʙʣʠʞʝʥʠʠ ʥʘʛʨʫʟʢʠ ʢ ʩʪʘʥ-

ʜʘʨʪʥʦʤʫ ʧʨʝʜʝʣʫ. ʇʦʪʝʨʠ ʠ ʂʇɼ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʣʷ ʨʘʟʥʳʭ ʢʦʥʬʠʛʫʨʘʮʠʡ ʦʙʤʦʪʦʢ, 

ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 4. ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, 

ʯʪʦ ʧʦʪʝʨʠ ʚʩʝ ʝʱʝ ʥʘʤʥʦʛʦ ʤʝʥʴʰʝ ʥʦʤʠʥʘʣʴʥʳʭ, 

ʧʦʩʢʦʣʴʢʫ ʪʨʘʥʩʬʦʨʤʘʪʦʨ ʠʤʝʝʪ ʥʝʙʦʣʴʰʫʶ 

ʥʘʛʨʫʟʢʫ.  

 
ʈʠʩʫʥʦʢ 4. ʇʦʪʝʨʠ ʠ ʂʇɼ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʜʣʷ ʨʘʟʥʳʭ ʢʦʥʬʠʛʫʨʘʮʠʡ ʦʙʤʦʪʦʢ 

 

ʀʟ ʛʨʘʬʠʢʦʚ ʚʠʜʥʦ, ʯʪʦ ʂʇɼ ʧʦʯʪʠ ʩʦʧʦʩʪʘ-

ʚʠʤ ʜʣʷ ʨʘʟʥʳʭ ʢʦʥʬʠʛʫʨʘʮʠʡ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʩʦ-

ʝʜʠʥʝʥʠʝ ʪʨʝʫʛʦʣʴʥʠʢʦʤ ʜʘʝʪ ʥʘʠʤʝʥʴʰʠʝ ʧʦʪʝʨʠ. 

ʀʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 5 ʜʣʷ 

ʩʦʝʜʠʥʝʥʠʡ ʪʨʝʫʛʦʣʴʥʠʢʦʤ ʠ ʟʚʝʟʜʦʡ, ʩʦʦʪʚʝʪ-

ʩʪʚʝʥʥʦ. ʅʘ ʜʘʥʥʳʭ ʛʨʘʬʠʢʘʭ ʪʝʤʧʝʨʘʪʫʨʳ ʪʝʧʣʦ-

ʚʘʷ ʧʦʩʪʦʷʥʥʘʷ ʚʨʝʤʝʥʠ ʥʘʛʨʝʚʘ ʜʣʷ ʩʝʨʜʝʯʥʠʢʘ ʠ 

ʦʙʤʦʪʢʠ ʩʦʩʪʘʚʣʷʝʪ ʚ ʩʨʝʜʥʝʤ 104,575 ʠ 67,214 ʤʠʥ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  
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ʈʠʩʫʥʦʢ 5. ʀʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʩʝʨʜʝʯʥʠʢʘ ʠ ʦʙʤʦʪʢʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʧʨʠ ʩʦʝʜʠʥʝʥʠʠ ʪʨʝʫʛʦʣʴ-

ʥʠʢʦʤ ʠ ʟʚʝʟʜʦʡ 

 
ʋʯʠʪʳʚʘʷ, ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʢʣʘʩʩ ʪʨʘʥʩʬʦʨ-

ʤʘʪʦʨʘ ʩʦʩʪʘʚʣʷʝʪ 220ÁC, ʩʪʘʥʦʚʠʪʩʷ ʦʯʝʚʠʜʥʳʤ, 
ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʳ ʢʘʢ ʩʝʨʜʝʯʥʠʢʘ, ʪʘʢ ʠ ʦʙʤʦʪʢʠ 
ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ ʥʦʤʠʥʘʣʴʥʦʛʦ ʧʨʝʜʝʣʘ ʜʣʷ ʚʩʝʭ 
ʥʘʛʨʫʟʦʢ. ʕʪʦ ʚʝʨʥʦ ʜʘʞʝ ʚ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʪʝʢʫ-
ʱʠʡ ʆɻʀ ʩʪʘʥʦʚʠʪʩʷ ʙʣʠʟʢʠʤ ʢ 30%. ʉʯʠʪʘʝʪʩʷ, 
ʯʪʦ ʛʘʨʤʦʥʠʢʠ ʪʦʢʘ ʫʚʝʣʠʯʠʚʘʶʪ ʧʦʪʝʨʠ ʚ ʦʙʤʦʪʢʝ 
ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʦʚʳʰʘʶʪ ʪʝʤʧʝʨʘʪʫʨʫ ʚ ʦʙ-
ʤʦʪʢʝ.  
ʆʜʥʘʢʦ, ʧʦʩʢʦʣʴʢʫ ʪʨʘʥʩʬʦʨʤʘʪʦʨ ʩʣʝʛʢʘ 

ʥʘʛʨʫʞʝʥ, ʦʙʱʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʦʙʤʦʪʢʠ ʚʩʝ ʝʱʝ 
ʥʘʭʦʜʠʪʩʷ ʚ ʙʝʟʦʧʘʩʥʳʭ ʧʨʝʜʝʣʘʭ. ʄʝʞʜʫ ʪʝʤ ʪʘʢʦʝ 
ʩʠʣʴʥʦʝ ʠʩʢʘʞʝʥʠʝ ʪʦʢʘ ʥʝ ʦʢʘʟʳʚʘʝʪ ʩʝʨʴʝʟʥʦʛʦ 
ʚʣʠʷʥʠʷ ʥʘ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʡ ʪʨʘʥʩʬʦʨʤʘʪʦʨ, ʥʦ 
ʝʛʦ ʚʣʠʷʥʠʝ ʥʘ ʜʨʫʛʠʝ ʢʦʤʧʦʥʝʥʪʳ ʩʝʪʠ ʤʦʞʝʪ ʙʳʪʴ 
ʢʨʠʪʠʯʝʩʢʠʤ.  
ʂʨʦʤʝ ʪʦʛʦ, ʩʯʠʪʘʝʪʩʷ, ʯʪʦ ʠʟʤʝʥʝʥʠʝ ʧʦʪʦʢʘ 

ʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʦʢʘʟʳʚʘʝʪ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠ-
ʷʥʠʝ ʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ. ɻʨʘ-
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ʬʠʢʠ ʪʝʤʧʝʨʘʪʫʨ ʪʘʢʞʝ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʢʘʢ ʪʝʤʧʝ-
ʨʘʪʫʨʘ ʦʙʤʦʪʢʠ, ʪʘʢ ʠ ʚʥʫʪʨʝʥʥʷʷ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦ-
ʩʣʝʜʦʚʘʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦ, 
ʧʦʢʘ ʥʘʛʨʫʟʢʘ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʧʦʩʪʦʷʥʥʦʡ. ʆʜʥʘʢʦ 
ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʥʘʛʨʫʟʢʠ ʪʝʤʧʝʨʘʪʫʨʘ ʦʙʤʦʪʢʠ 
ʫʤʝʥʴʰʘʝʪʩʷ ʚ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʧʨʦʛʨʝʩʩʠʠ. 

 
ɿʘʢʣʶʯʝʥʠʝ 
ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʚʣʠʷʥʠʷ ʉɹ ʥʘ ʢʘʯʝʩʪʚʦ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʨʘʩʧʨʝʜʝ-
ʣʠʪʝʣʴʥʳʭ ʩʝʪʝʡ ʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ. ʈʝʟʫʣʴʪʘʪʳ 
ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʥʘʧʨʷʞʝʥʠʝ ʠ ʪʦʢ ʚ ʙʦʣʴʰʠʥʩʪʚʝ 
ʩʣʫʯʘʝʚ ʥʘʭʦʜʷʪʩʷ ʚ ʜʦʧʫʩʪʠʤʳʭ ʧʨʝʜʝʣʘʭ ʧʨʠ ʨʘʟ-
ʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ. ʆʧʪʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʢʦʥʜʝʥʩʘ-
ʪʦʨʦʚ, ʧʦʜʢʣʶʯʝʥʥʳʭ ʢ ʆʊʉ, ʤʦʞʝʪ ʧʦʤʦʯʴ ʩʠ-
ʩʪʝʤʝ ʩʥʠʟʠʪʴ ʥʘʧʨʷʞʝʥʠʝ ʠ ʪʦʢ ʆɻʀ.  
ʈʝʟʫʣʴʪʘʪʳ ʪʘʢʞʝ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʠʩʢʘʞʝʥʠʷ 

ʥʘʧʨʷʞʝʥʠʷ ʠ ʪʦʢʘ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 
ʯʠʩʣʘ ʠʥʚʝʨʪʦʨʦʚ ʉɹ, ʧʦʜʢʣʶʯʝʥʥʳʭ ʢ ʩʠʩʪʝʤʝ. ɺ 
ʣʘʙʦʨʘʪʦʨʠʠ ʩʦʟʜʘʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ 
ʜʣʷ ʠʩʧʳʪʘʥʠʷ ʪʨʝʭʬʘʟʥʦʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʩʫʭʦʛʦ 
ʪʠʧʘ ʧʨʠ ʧʠʪʘʥʠʠ ʦʪ ʦʜʥʦʬʘʟʥʦʛʦ ʠʥʚʝʨʪʦʨʘ, ʧʦʜ-
ʢʣʶʯʝʥʥʦʛʦ ʢ ʩʝʪʠ. ʅʘʧʨʷʞʝʥʠʝ ʠ ʪʦʢ ʆɻʀ, ʧʦʪʝʨʠ 
ʠ ʂʇɼ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ, ʘ ʪʘʢʞʝ ʪʝʤʧʝʨʘʪʫʨʳ ʩʝʨ-
ʜʝʯʥʠʢʘ ʠ ʦʙʤʦʪʢʠ ʠʟʤʝʨʷʶʪʩʷ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʚʳ-
ʭʦʜʥʳʭ ʤʦʱʥʦʩʪʷʭ ʉɹ. ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ, 
ʯʪʦ ʚʩʝ ʟʥʘʯʝʥʠʷ ʆɻʀ ʥʘʭʦʜʷʪʩʷ ʚ ʩʪʘʥʜʘʨʪʥʳʭ 
ʧʨʝʜʝʣʘʭ, ʧʦʪʝʨʠ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʦʟʨʘʩʪʘʶʪ ʩ 
ʥʘʛʨʫʟʢʦʡ, ʘ ʪʝʤʧʝʨʘʪʫʨʘ ʚʩʝʛʜʘ ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ 
ʥʦʤʠʥʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʥʘʛʨʫʟʢʠ. 
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THE FORMATION OF A STEPPED SINE SIGNAL IN THE WINDINGS OF THREE -PHASE 

ASYNCHRONOUS MOTOR 

 
ɸʥʥʦʪʘʮʠʷ:  
ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʧʦʚʳʰʝʥʠʝ ʪʨʝʙʦʚʘʥʠʡ ʢ ʩʪʘʪʠʯʝʩʢʠʤ ʠ ʜʠʥʘʤʠʯʝʩʢʠʤ ʧʦʢʘʟʘʪʝʣʷʤ ʷʚʣʷʝʪʩʷ 

ʦʜʥʦʡ ʠʟ ʛʣʘʚʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʚ ʨʘʟʚʠʪʠʠ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ. ʉʦʚʨʝʤʝʥʥʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ ʭʘʨʘʢʪʝʨʠʟʫ-
ʝʪʩʷ ʰʠʨʦʢʠʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʩʠʥʭʨʦʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʩ ʢʦʨʦʪʢʦʟʘʤʢʥʫʪʳʤ ʨʦʪʦʨʦʤ. ɺ ʩʪʘʪʴʝ ʨʘʩ-
ʩʤʦʪʨʝʥ ʚʘʨʠʘʥʪ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʪʫʧʝʥʯʘʪʦʛʦ ʩʠʥʫʩʦʠʜʘʣʴʥʦʛʦ ʩʠʛʥʘʣʘ ʥʘ ʦʙʤʦʪʢʘʭ ʪʨʝʭʬʘʟʥʦʛʦ ʘʩʠʥ-
ʭʨʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʩ ʢʦʨʦʪʢʦʟʘʤʢʥʫʪʳʤ ʨʦʪʦʨʦʤ. 

Abstract:  
To date, increasing the requirements for static and dynamic performance is one of the main features in the 

development of the electric drive. Modern industry is characterized by extensive use of induction motors with 
squirrel cage rotor. In the article the variant of formation of step sinusoidal signal on windings of three-phase 
asynchronous motor with short-circuited rotor is considered. 

 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʩʠʥʭʨʦʥʥʳʡ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ, ʩʪʘʪʦʨ, ʧʦʜʰʠʧʥʠʢ, ʚʥʝʰʥʠʡ ʨʦʪʦʨ, ʢʦʨʦʪʢʦʟʘ-

ʤʢʥʫʪʳʡ ʨʦʪʦʨ 
Keywords: induction motor, stator, bearing, external rotor, squirrel cage rotor 
 
ɸʩʠʥʭʨʦʥʥʳʝ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʠ (ɸɼ) ʩ ʢʦʨʦʪ-

ʢʦʟʘʤʢʥʫʪʳʤ ʨʦʪʦʨʦʤ ʯʘʱʝ ʜʨʫʛʠʭ ʠʩʧʦʣʴʟʫʶʪʩʷ 
ʜʣʷ ʧʨʠʚʦʜʘ ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ 
ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ. ɺ ʥʠʭ ʫʜʘʯʥʦ ʩʦʯʝʪʘʶʪʩʷ 
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ʚʳʩʦʢʘʷ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʴ ʠʟʛʦʪʦʚʣʝʥʠʷ, ʥʘʜʝʞ-
ʥʦʩʪʴ, ʧʨʦʩʪʦʪʘ ʦʙʩʣʫʞʠʚʘʥʠʷ, ʧʨʠʝʤʣʝʤʳʝ ʵʥʝʨ-
ʛʝʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ɺ ʪʦʞʝ ʚʨʝʤʷ ʠʭ ʧʨʘʢ-
ʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚʩʝ ʯʘʱʝ ʩʪʘʚʠʪ ʧʝʨʝʜ ʧʨʦʠʟ-
ʚʦʜʠʪʝʣʷʤʠ ʥʦʚʳʝ ʟʘʜʘʯʠ, ʨʝʰʝʥʠʝ ʢʦʪʦʨʳʭ ʤʦʞʝʪ 
ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʜʘʣʴʥʝʡʰʝʤʫ ʨʘʩʰʠʨʝʥʠʶ ʧʨʦʠʟ-
ʚʦʜʩʪʚʘ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ɸɼ. 
ʋʨʘʚʥʝʥʠʷ ʇʘʨʢʘ ʜʣʷ ʘʩʠʥʭʨʦʥʥʦʛʦ ʵʣʝʢʪʨʦ-

ʜʚʠʛʘʪʝʣʷ ʩ ʢʦʨʦʪʢʦʟʘʤʢʥʫʪʳʤ ʨʦʪʦʨʦʤ. ɼʣʷ ʫʯʝʪʘ 
ʥʘʠʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʳʭ ʷʚʣʝʥʠʡ ʚ ʨʝʘʣʴʥʦʡ ʤʘ-
ʰʠʥʝ ʧʨʠʥʠʤʘʝʪʩʷ ʨʷʜ ʫʧʨʦʱʘʶʱʠʭ ʧʨʝʜʧʦʣʦʞʝ-
ʥʠʡ, ʚ ʨʘʤʢʘʭ ʢʦʪʦʨʳʭ ʩʦʭʨʘʥʷʶʪʩʷ ʦʩʥʦʚʥʳʝ ʬʠ-
ʟʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʦʮʝʩʩʦʚ: ʩʠʤʤʝʪʨʠʯʥʦʩʪʴ 
ʤʘʰʠʥʳ, ʨʘʚʥʦʤʝʨʥʦʩʪʴ ʟʘʟʦʨʘ ʠ ʨʘʚʥʦʤʝʨʥʦʩʪʴ 
ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʙʤʦʪʦʢ ʚʜʦʣʴ ʟʘʟʦʨʘ, ʨʘʚʥʦʤʝʨ-
ʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʧʨʠ ʧʨʝʥʝ-
ʙʨʝʞʝʥʠʠ ʢʨʘʝʚʳʤʠ ʵʬʬʝʢʪʘʤʠ, ʥʝʥʘʩʳʱʝʥʥʦʩʪʴ 
ʤʘʛʥʠʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ (ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ 
ʧʨʠʥʮʠʧ ʩʫʧʝʨʧʦʟʠʮʠʠ) ʠ ʜʨ. ʀʜʝʘʣʠʟʠʨʦʚʘʥʥʘʷ ʚ 
ʫʢʘʟʘʥʥʦʤ ʩʤʳʩʣʝ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʤʘʰʠʥʘ ʩ ʧʨʦʠʟ-
ʚʦʣʴʥʳʤ ʯʠʩʣʦʤ ʬʘʟ ʧʦ ʬʦʨʤʠʨʦʚʘʥʠʶ ʧʣʦʩʢʦʛʦ 
ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʵʢʚʠʚʘʣʝʥʪʥʘ ʜʚʫʭʬʘʟʥʦʡ ʤʘ-
ʰʠʥʝ. ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʬʘʟʥʳʭ ʧʝʨʝʤʝʥʥʳʭ ʫ1, ʫ2 ,, 
ʫm (ʪʦʢʦʚ, ʥʘʧʨʷʞʝʥʠʡ, ʧʦʪʦʢʦʩʮʝʧʣʝʥʠʡ) ʢʘʢ ʩʪʘ-
ʪʦʨʘ, ʪʘʢ ʠ ʨʦʪʦʨʘ ʨʝʘʣʴʥʦʡ ʤʥʦʛʦʬʘʟʥʦʡ ʤʘʰʠʥʳ 
ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʝʨʝʤʝʥʥʳʝ xu, xv ʜʚʫʭʬʘʟʥʦʡ 
ʤʘʰʠʥʳ ʟʘʜʘʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʷʤʠ: 

(1) 

ei= ( eiu, eiv)
ʊ 

ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ (1) ʧʨʠ ʫʢʘʟʘʥʥʦʤ ʤʘʩʰʪʘʙ-
ʥʦʤ ʢʦʵʬʬʠʮʠʝʥʪʝ ʩʦʭʨʘʥʷʝʪ ʩʫʤʤʘʨʥʳʝ ʩʦʦʪʥʦ-
ʰʝʥʠʷ ʤʦʱʥʦʩʪʝʡ ʨʝʘʣʴʥʦʡ m-ʬʘʟʥʦʡ ʠ ʦʙʦʙʱʝʥ-
ʥʦʡ ʜʚʫʭʬʘʟʥʦʡ ʤʘʰʠʥ. ʆʙʳʯʥʦ ʯʠʩʣʦ ʬʘʟ ʨʝʘʣʴ-
ʥʦʡ ʤʘʰʠʥʳ m=3, ʧʨʠ ʵʪʦʤ ʧʝʨʝʤʝʥʥʳʝ 
ʜʚʫʭʬʘʟʥʦʡ ʤʘʰʠʥʳ ʚ ʙʦʣʴʰʝ ʬʘʟʥʳʭ ʧʝʨʝʤʝʥʥʳʭ 
ʨʝʘʣʴʥʦʛʦ ʪʨʝʭʬʘʟʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʩ ʢʦʨʦʪʢʦʟʘʤʢʥʫ-
ʪʳʤ ʨʦʪʦʨʦʤ. 
ɸʩʠʥʭʨʦʥʥʳʝ ʜʚʠʛʘʪʝʣʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʪʝʤ, 

ʯʪʦ ʫʧʨʘʚʣʝʥʠʝ ʠʤʠ ʪʨʝʙʫʝʪ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʝʥʷʶ-
ʱʝʛʦʩʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ ʩʪʘʪʦʨʝ ʜʚʠʛʘ-
ʪʝʣʷ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʢʨʫʛʦʚʦʡ ʬʦʨʤʳ ʧʦʣʷ ʥʝʦʙ-
ʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ ʨʘʚʝʥʩʪʚʦ ʘʤʧʣʠʪʫʜ ʥʘ ʦʙʤʦʪ-
ʢʘʭ ʩʪʘʪʦʨʘ ʠ ʨʘʚʥʦʤʝʨʥʳʡ ʬʘʟʦʚʳʡ ʩʜʚʠʛ 
ʩʠʥʫʩʦʠʜʘʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ, ʧʦʜʚʦʜʠʤʳʭ ʢ ʵʪʠʤ 
ʦʙʤʦʪʢʘʤ. ɼʣʷ ʪʨʝʭʬʘʟʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʩ ʢʦʨʦʪʢʦʟʘ-
ʤʢʥʫʪʳʤ ʨʦʪʦʨʦʤ ʬʘʟʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʩʜʚʠʥʫʪʳ ʥʘ 
120 ʛʨʘʜʫʩʦʚ ʜʨʫʛ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʘ. ɼʣʷ ʜʚʫʭ-
ʬʘʟʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʢʨʫʛʦʚʦʝ ʧʦʣʝ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ 
ʩʜʚʠʛʦʤ ʥʘʧʨʷʞʝʥʠʡ ʦʙʤʦʪʦʢ ʥʘ 90 ʛʨʘʜʫʩʦʚ. ʉʢʦ-
ʨʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʵʪʦʛʦ ʧʦʣʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʯʘʩʪʦʪʦʡ 
ʧʦʜʘʚʘʝʤʦʛʦ ʥʘ ʦʙʤʦʪʢʠ ʜʚʠʛʘʪʝʣʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 
ʩʠʛʥʘʣʘ, ʯʪʦ ʠ ʦʧʨʝʜʝʣʷʝʪ ʦʩʥʦʚʥʦʡ ʩʧʦʩʦʙ ʫʧʨʘʚ-
ʣʝʥʠʷ ʘʩʠʥʭʨʦʥʥʳʤ ʜʚʠʛʘʪʝʣʝʤ - ʯʘʩʪʦʪʥʳʡ. 
ʈʘʩʩʤʦʪʨʠʤ ʚʘʨʠʘʥʪ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʪʫʧʝʥʯʘ-

ʪʦʛʦ ʩʠʥʫʩʦʠʜʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʥʘ ʦʙʤʦʪʢʘʭ 
ʪʨʝʭʬʘʟʥʦʛʦ ʘʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʩ ʢʦʨʦʪʢʦʟʘ-
ʤʢʥʫʪʳʤ ʨʦʪʦʨʦʤ. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʪʘʢʦʛʦ ʬʦʨ-
ʤʠʨʦʚʘʪʝʣʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1. 

 
ʈʠʩ. 1. ʌʦʨʤʠʨʦʚʘʪʝʣʴ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʦʙʤʦʪʢʘʭ ʜʚʠʛʘʪʝʣʷ 

 
ʈʘʟʨʘʙʦʪʘʥʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʩʦʩʪʦʠʪ ʠʟ ʛʝʥʝʨʘ-

ʪʦʨʘ ʪʘʢʪʦʚʳʭ ʠʤʧʫʣʴʩʦʚ V1, ʨʘʩʧʨʝʜʝʣʠʪʝʣʷ DD1, 
ʰʠʬʨʘʪʦʨʘ DD2 ʠ ʠʥʚʝʨʪʦʨʘ ʥʘ ʪʨʝʭ ʧʘʨʘʭ ʪʨʘʥʟʠ-
ʩʪʦʨʥʳʭ ʢʣʶʯʝʡ VT1...VT6, ʧʦʜʢʣʶʯʝʥʥʳʭ ʢ ʩʪʘ-
ʪʦʨʥʳʤ ʦʙʤʦʪʢʘʤ L1, L2, ʠ L3 ʪʨʝʭʬʘʟʥʦʛʦ ʜʚʠʛʘ-
ʪʝʣʷ ʩ ʢʦʨʦʪʢʦʟʘʤʢʥʫʪʳʤ ʨʦʪʦʨʦʤ ʩ ʢʦʨʦʪʢʦʟʘ-
ʤʢʥʫʪʳʤ ʨʦʪʦʨʦʤ. 
ɻʝʥʝʨʘʪʦʨ ʪʘʢʪʦʚʳʭ ʠʤʧʫʣʴʩʦʚ ʧʨʝʜʥʘʟʥʘʯʝʥ 

ʜʣʷ ʧʦʜʘʯʠ ʪʘʢʪʦʚʳʭ ʠʤʧʫʣʴʩʦʚ ʩ ʯʘʩʪʦʪʦʡ 400 ɻʮ 

ʥʘ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʦʙʦʡ ʢʦʣʴʮʝ-
ʚʦʡ ʩʯʝʪʯʠʢ, ʥʘ ʰʝʩʪʠ ʚʳʭʦʜʘʭ ʢʦʪʦʨʦʛʦ ʬʦʨʤʠʨʫ-
ʶʪʩʷ ʠʤʧʫʣʴʩʳ. ʆʩʮʠʣʣʦʛʨʘʤʤʳ, ʦʪʦʙʨʘʞʘʶʱʠʝ 
ʧʨʦʠʩʭʦʜʷʱʠʝ ʧʨʦʮʝʩʩʳ ʠʟʦʙʨʘʞʝʥʳ ʥʘ ʨʠʩ. 2. 
ʇʝʨʚʘʷ ʦʩʮʠʣʣʦʛʨʘʤʤʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʠʛʥʘʣʫ ʩ 
ʪʘʢʪʦʚʦʛʦ ʛʝʥʝʨʘʪʦʨʘ, ʘ ʰʝʩʪʴ ʧʦʩʣʝʜʫʶʱʠʭ ï ʠʤ-
ʧʫʣʴʩʘʤ ʥʘ ʚʳʭʦʜʘʭ Q1...Q6. ʕʪʠ ʠʤʧʫʣʴʩʳ ʧʦʩʪʫ-
ʧʘʶʪ ʥʘ ʚʭʦʜʳ ʰʠʬʨʘʪʦʨʘ, ʚʳʭʦʜʳ ʢʦʪʦʨʦʛʦ ʫʧʨʘʚ-
ʣʷʶʪ ʩʦʩʪʦʷʥʠʝʤ ʢʣʶʯʝʡ ʠʥʚʝʨʪʦʨʘ. 
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ʈʠʩ. 2. ʆʩʮʠʣʣʦʛʨʘʤʤʳ ʚʭʦʜʥʦʛʦ ʠ ʚʳʭʦʜʥʳʭ ʩʠʛʥʘʣʦʚ ʨʘʩʧʨʝʜʝʣʠʪʝʣʷ 

 
ɺ ʢʘʞʜʦʤ ʠʟ ʰʝʩʪʠ ʩʣʝʜʫʶʱʠʭ ʜʨʫʛ ʟʘ ʜʨʫʛʦʤ 

ʪʘʢʪʦʚ ʦʪʢʨʳʚʘʶʪʩʷ ʧʦ ʪʨʠ ʢʣʶʯʘ, ʬʦʨʤʠʨʫʷ ʩʪʫ-
ʧʝʥʯʘʪʳʝ ʩʠʥʫʩʦʠʜʘʣʴʥʳʝ ʩʠʛʥʘʣʳ ʥʘ ʦʙʤʦʪʢʘʭ 

ʜʚʠʛʘʪʝʣʷ. ʅʘ ʨʠʩʫʥʢʝ 3 ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʩʮʠʣʣʦ-
ʛʨʘʤʤʳ ʧʦʣʫʯʝʥʥʳʭ ʥʘʧʨʷʞʝʥʠʡ. 

 
ʈʠʩ. 3. ʆʩʮʠʣʣʦʛʨʘʤʤʳ ʥʘʧʨʷʞʝʥʠʡ ʥʘ ʦʙʤʦʪʢʘʭ ʜʚʠʛʘʪʝʣʷ ʧʨʠ f = 400 ɻʮ 

 
ʅʘ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʦʩʮʠʣʣʦʛʨʘʤʤʝ ʚ ʧʝʨʚʦʤ 

ʪʘʢʪʝ ʦʪʢʨʳʚʘʶʪʩʷ ʢʣʶʯʠ VT1, VT4 ʠ VT6, ʚ ʩʣʝ-
ʜʫʶʱʝʤ ʪʘʢʪʝ VT1, VT3 ʠ VT6 ʠ ʪʘʢ ʜʘʣʝʝ. ʇʨʠ 
ʵʪʦʤ ʬʘʟʦʚʳʡ ʩʜʚʠʛ ʤʝʞʜʫ ʩʠʥʫʩʦʠʜʘʣʴʥʳʤʠ 
ʥʘʧʨʷʞʝʥʠʷʤʠ ʩʦʩʪʘʚʣʷʝʪ 120 ʛʨʘʜʫʩʦʚ. 
ʏʘʩʪʦʪʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʜʚʠʛʘʪʝʣʝʤ ʚ ʪʘʢʦʡ 

ʩʭʝʤʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʦ ʧʫʪʝʤ ʠʟ-
ʤʝʥʝʥʠʷ ʪʘʢʪʦʚʦʡ ʯʘʩʪʦʪʳ ʛʝʥʝʨʘʪʦʨʘ 

ʅʘ ʨʠʩ. 4 ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʩʮʠʣʣʦʛʨʘʤʤʳ ʥʘʧʨʷ-
ʞʝʥʠʡ ʥʘ ʦʙʤʦʪʢʘʭ ʜʚʠʛʘʪʝʣʷ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʠʟ-
ʤʝʥʝʥʠʠ ʯʘʩʪʦʪʳ ʪʘʢʪʦʚʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʥʘ 25 %, 
ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʫʚʝʣʠʯʝʥʠʶ ʯʘʩʪʦʪʳ ʩʬʦʨʤʠʨʦʚʘʥ-
ʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʦʙʤʦʪʢʘʭ ʜʚʠʛʘʪʝʣʷ. 

 
ʈʠʩ. 4. ʆʩʮʠʣʣʦʛʨʘʤʤʳ ʥʘʧʨʷʞʝʥʠʡ ʥʘ ʦʙʤʦʪʢʘʭ ʜʚʠʛʘʪʝʣʷ ʧʨʠ f > 400 ɻʮ 
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ʆʜʥʘʢʦ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʯʘʩʪʦʪʳ ʧʠʪʘʶʱʝʛʦ 
ʥʘʧʨʷʞʝʥʠʷ ʤʝʥʷʝʪʩʷ ʠʥʜʫʢʪʠʚʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 
ʦʙʤʦʪʦʢ ʜʚʠʛʘʪʝʣʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʪʦʢʘ 
ʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ. ʇʦʵʪʦʤʫ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʣʠ-
ʥʝʡʥʦʩʪʠ ʫʧʨʘʚʣʝʥʠʷ ʥʘʨʷʜʫ ʩ ʠʟʤʝʥʝʥʠʝʤ ʯʘʩʪʦʪʳ 
ʧʨʠʭʦʜʠʪʩʷ ʠʟʤʝʥʷʪʴ ʠ ʘʤʧʣʠʪʫʜʫ ʧʦʜʚʦʜʠʤʦʛʦ ʢ 
ʜʚʠʛʘʪʝʣʶ ʥʘʧʨʷʞʝʥʠʷ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʣʦʞʥʷʝʪ 
ʩʭʝʤʫ ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʛʘʪʝʣʝʤ. 
ɼʣʷ ʫʧʨʘʚʣʝʥʠʷ ʜʚʫʭʬʘʟʥʳʤ ʘʩʠʥʭʨʦʥʥʳʤ 

ʜʚʠʛʘʪʝʣʝʤ ʧʨʠʤʝʥʷʶʪ ʘʤʧʣʠʪʫʜʥʳʡ ʠ ʬʘʟʦʚʳʡ 
ʤʝʪʦʜʳ ʫʧʨʘʚʣʝʥʠʷ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʧʨʠ ʠʟʤʝʥʝʥʠʠ 
ʘʤʧʣʠʪʫʜʳ ʠʣʠ ʬʘʟʦʚʦʛʦ ʩʜʚʠʛʘ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʦʜ-
ʥʦʡ ʠʟ ʦʙʤʦʪʦʢ ʜʚʫʭʬʘʟʥʦʛʦ ʘʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʘ-
ʪʝʣʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʦʡ ʦʙʤʦʪʢʠ ʝʛʦ ʧʦʣʝ ʥʘʯʠ-
ʥʘʝʪ ʜʝʬʦʨʤʠʨʦʚʘʪʴʩʷ, ʧʨʠʥʠʤʘʷ ʵʣʣʠʧʪʠʯʝʩʢʫʶ 
ʬʦʨʤʫ. ʇʨʠʥʷʪʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʧʨʠ ʵʪʦʤ ʚʦʟʥʠʢʘʶʪ 
ʜʚʘ ʢʨʫʛʦʚʳʭ ʧʦʣʷ, ʚʨʘʱʘʶʱʠʝʩʷ ʚ ʨʘʟʥʳʭ ʥʘʧʨʘʚ-
ʣʝʥʠʷʭ. ʅʘʧʨʘʚʣʝʥʠʝ ʚʨʘʱʝʥʠʷ ʦʜʥʦʛʦ ʧʦʣʷ ʩʦʚʧʘ-
ʜʘʝʪ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ ʚʨʘʱʝʥʠʷ ʜʚʠʛʘʪʝʣʷ, ʜʨʫʛʦʝ 
ʧʦʣʝ ʚʨʘʱʘʝʪʩʷ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, 
ʩʦʟʜʘʚʘʷ ʪʦʨʤʦʟʥʦʡ ʤʦʤʝʥʪ. ʉʢʦʨʦʩʪʴ ʜʚʠʛʘʪʝʣʷ 
ʧʨʠ ʵʪʦʤ ʧʘʜʘʝʪ. ʅʘ ʵʪʦʤ ʧʨʠʥʮʠʧʝ ʦʩʥʦʚʘʥʦ ʬʘʟʦ-
ʚʦʝ ʫʧʨʘʚʣʝʥʠʝ ʜʚʫʭʬʘʟʥʳʤ ʜʚʠʛʘʪʝʣʝʤ [2]. 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʯʘʩʪʦʪʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʧʨʠ ʬʘʟʦ-
ʚʦʤ ʫʧʨʘʚʣʝʥʠʠ ʥʝ ʚʦʟʥʠʢʘʝʪ ʧʨʦʙʣʝʤ, ʩʚʷʟʘʥʥʳʭ ʩ 
ʠʟʤʝʥʝʥʠʝʤ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʙʤʦʪʦʢ. ʇʦʵʪʦʤʫ ʥʝʪ 
ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʥʘʨʷʜʫ ʩ ʠʟʤʝʥʝʥʠʝʤ ʬʘʟʳ ʤʝʥʷʪʴ 
ʠ ʘʤʧʣʠʪʫʜʫ ʧʦʜʚʦʜʠʤʦʛʦ ʥʘʧʨʷʞʝʥʠʷ. 
ɼʣ̫ ʪʨʝʭʬʘʟʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʩ ʢʦʨʦʪʢʦʟʘʤʢʥʫ-

ʪʳʤ ʨʦʪʦʨʦʤ ʬʘʟʦʚʦʝ ʫʧʨʘʚʣʝʥʠʝ ʜʦʣʞʥʦ ʜʘʪʴ ʙʦ-
ʣʝʝ ʩʣʦʞʥʫʶ ʢʘʨʪʠʥʫ ʧʫʣʴʩʠʨʫʶʱʝʛʦ ʧʦʣʷ ʠ, ʚ ʪʦ 
ʞʝ ʚʨʝʤʷ, ʪʘʢʦʝ ʫʧʨʘʚʣʝʥʠʝ ʤʦʞʝʪ ʜʘʪʴ ʵʬʬʝʢʪ ʦʜ-
ʥʦʢʦʦʨʜʠʥʘʪʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ. 
ʉ ʮʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʦʟʤʦʞʥʦʩʪʝʡ ʬʘʟʦʚʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ ʪʨʝʭʬʘʟʥʳʤ ʘʩʠʥʭʨʦʥʥʳʤ ʜʚʠʛʘʪʝʣʝʤ 
ʙʳʣ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʩʭʝʤʳ, ʢʦʪʦ-
ʨʳʡ ʧʦʢʘʟʘʣ, ʯʪʦ ʚ ʜʘʥʥʦʤ ʚʘʨʠʘʥʪʝ ʰʝʩʪʠʪʘʢʪʥʦʛʦ 
ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʠʥʫʩʦʠʜʘʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʦʩʫ-
ʱʝʩʪʚʠʪʴ ʠʟʤʝʥʝʥʠʝ ʬʘʟʦʚʦʛʦ ʩʜʚʠʛʘ ʥʘʧʨʷʞʝʥʠʡ 
ʤʝʞʜʫ ʬʘʟʥʳʤʠ ʦʙʤʦʪʢʘʤʠ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟ-
ʤʦʞʥʳʤ. ɺ ʩʚʷʟʠ ʩ ʯʝʤ, ʨʘʩʩʤʦʪʨʝʥ ʚʘʨʠʘʥʪ ʩʦʟʜʘ-
ʥʠʷ ʬʘʟʦʚʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ 
ʪʨʝʭʬʘʟʥʦʛʦ ʘʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ. ʊʘʢʦʡ ʜʚʠʛʘ-
ʪʝʣʴ ʚʢʣʶʯʘʝʪʩʷ ʚ ʦʜʥʦʬʘʟʥʫʶ ʩʝʪʴ ʧʦ ʩʭʝʤʝ, ʧʨʝʜ-
ʩʪʘʚʣʝʥʥʦʡ ʥʘ ʨʠʩ. 5. 

 
ʈʠʩ. 5. ʉʭʝʤʘ ʚʢʣʶʯʝʥʠʷ ʪʨʝʭʬʘʟʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʩ ʢʦʨʦʪʢʦʟʘʤʢʥʫʪʳʤ ʨʦʪʦʨʦʤ ʚ ʦʜʥʦʬʘʟʥʫʶ ʩʝʪʴ 

 
ɼʣʷ ʬʘʟʦʚʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʧʨʝʜʣʘʛʘʝʪʩʷ ʩʭʝʤʘ 

ʥʘ ʙʘʟʝ ʠʥʚʝʨʪʦʨʘ. ʆʥʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 6. ʇʨʠ 
ʵʪʦʤ ʜʚʝ ʦʙʤʦʪʢʠ ʜʚʠʛʘʪʝʣʷ ʚʢʣʶʯʝʥʳ, ʢʘʢ ʠ ʚ ʙʘ-
ʟʦʚʦʡ ʩʭʝʤʝ, ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ. ʆʥʠ ʚ ʢʘʯʝʩʪʚʝ 

ʥʘʛʨʫʟʢʠ ʚʢʣʶʯʝʥʳ ʚ ʦʜʥʫ ʤʦʩʪʦʚʫʶ ʩʭʝʤʫ, ʘ ʪʨʝ-
ʪʴʷ ʦʙʤʦʪʢʘ ï ʚ ʜʨʫʛʫʶ. 

 
ʈʠʩ. 6. ʉʭʝʤʳ ʚʢʣʶʯʝʥʠʷ ʦʙʤʦʪʦʢ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʪʨʝʭʬʘʟʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʩ ʢʦʨʦʪʢʦʟʘʤʢʥʫʪʳʤ ʨʦʪʦ-

ʨʦʤ ʚ ʠʥʚʝʨʪʦʨ 
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ʇʦʧʘʨʥʦʝ ʚʢʣʶʯʝʥʠʝ ʪʨʘʥʟʠʩʪʦʨʥʳʭ ʢʣʶʯʝʡ 
ʤʦʩʪʘ ʚ ʪʝʯʝʥʠʝ ʧʝʨʠʦʜʘ (VT1 ʠ VT4, ʟʘʪʝʤ VT2 ʠ 
VT3) ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʧʦʩʪʦʷʥʥʦʛʦ 
ʥʘʧʨʷʞʝʥʠʷ ʚ ʟʥʘʢʦʧʝʨʝʤʝʥʥʦʝ. ʋʧʨʘʚʣʝʥʠʝ ʢʣʶ-
ʯʘʤʠ VT5...VT8 ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʪʴ ʟʘʜʝʨʞʢʫ ʠʣʠ 
ʦʧʝʨʝʞʝʥʠʝ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʚʢʣʶʯʝʥʠʶ ʪʨʘʥʟʠ-
ʩʪʦʨʦʚ VT1...VT4 ʧʝʨʚʦʛʦ ʤʦʩʪʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 
ʬʦʨʤʠʨʫʝʪʩʷ ʬʘʟʦʚʳʡ ʩʜʚʠʛ ʤʝʞʜʫ ʚʳʭʦʜʥʳʤʠ 

ʥʘʧʨʷʞʝʥʠʷʤʠ ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʤʦʩʪʦʚ. ʇʨʠ ʠʟ-
ʤʝʥʝʥʠʠ ʬʘʟʦʚʦʛʦ ʩʜʚʠʛʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʫʧʨʘʚʣʷʶ-
ʱʝʛʦ ʩʠʛʥʘʣʘ ʜʝʬʦʨʤʠʨʫʝʪʩʷ ʚʨʘʱʘʶʱʝʝʩʷ ʵʣʝʢ-
ʪʨʦʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʤʝʥʷʝʪʩʷ ʩʢʦ-
ʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʜʚʠʛʘʪʝʣʷ. 
ʀʟʤʝʥʝʥʠʝ ʬʘʟʦʚʦʛʦ ʩʜʚʠʛʘ ʤʝʞʜʫ ʥʘʧʨʷʞʝʥʠ-

ʷʤʠ ʚ ʧʝʨʚʦʡ ʠ ʚʦ ʚʪʦʨʦʡ ʤʦʩʪʦʚʳʭ ʩʭʝʤʘʭ ʤʦʞʝʪ 
ʙʳʪʴ ʧʦʣʫʯʝʥʦ ʩ ʧʦʤʦʱʴʶ ʩʭʝʤʳ ʩʜʚʠʛʘ ʬʘʟ ʉʉʌ, 
ʤʦʜʝʣʴ ʢʦʪʦʨʦʡ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 7. 

 
ʈʠʩ. 7. ʉʭʝʤʘ ʤʦʜʝʣʠ ʉʉʌ 

ʆʩʮʠʣʣʦʛʨʘʤʤʳ ʚʳʭʦʜʥʳʭ ʩʠʛʥʘʣʦʚ ʉʉʌ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 8.

 
ʈʠʩ. 8. ʆʩʮʠʣʣʦʛʨʘʤʤʳ ʚʳʭʦʜʥʳʭ ʩʠʛʥʘʣʦʚ ʉʉʌ 

 
ɻʝʥʝʨʘʪʦʨ ʪʨʝʫʛʦʣʴʥʳʭ ʠʤʧʫʣʴʩʦʚ XFG1 ʤʦ-

ʜʝʣʠʨʫʝʪ ʩʠʛʥʘʣ ʥʝʦʙʭʦʜʠʤʦʡ ʦʧʦʨʥʦʡ ʯʘʩʪʦʪʳ, 
ʢʦʪʦʨʳʡ ʧʦʜʘʝʪʩʷ ʥʘ ʜʚʘ ʢʘʥʘʣʘ. ɺ ʚʝʨʭʥʝʤ ʢʘʥʘʣʝ 
ʠʟ ʵʪʦʛʦ ʩʠʛʥʘʣʘ ʩ ʧʦʤʦʱʴʶ ʜʝʪʝʢʪʦʨʘ ʥʫʣʷ ʬʦʨʤʠ-
ʨʫʶʪʩʷ ʧʨʷʤʦʫʛʦʣʴʥʳʝ ʠʤʧʫʣʴʩʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ 
ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʢʣʶʯʘʤʠ ʤʦʩʪʘ, ʥʘʛʨʫʟʢʦʡ ʢʦʪʦ-
ʨʦʛʦ ʷʚʣʷʶʪʩʷ ʬʘʟʳ ɸ ʠ ɺ ʜʚʠʛʘʪʝʣʷ. 
ʄʦʜʫʣʴ ʫʧʨʘʚʣʷʶʱʝʛʦ ʩʠʛʥʘʣʘ, ʤʦʜʝʣʠʨʫʝ-

ʤʦʛʦ ʠʩʪʦʯʥʠʢʦʤ Y3, ʧʦʩʪʫʧʘʝʪ ʥʘ ʥʝ ʠʥʚʝʨʪʠʨʫʶ-
ʱʠʝ ʚʭʦʜʳ ʢʦʤʧʘʨʘʪʦʨʦʚ ʜʣʷ ʩʦʟʜʘʥʠʷ ʬʘʟʦʚʦʛʦ 
ʩʜʚʠʛʘ ʚʦ ʚʪʦʨʦʤ ʢʘʥʘʣʝ, ʨʘʙʦʪʘʶʱʝʤ ʥʘ ʬʘʟʫ ʉ 

ʜʚʠʛʘʪʝʣʷ. ʅʘ ʥʝ ʠʥʚʝʨʪʠʨʫʶʱʠʝ ʚʭʦʜʳ ʢʦʤʧʘʨʘʪʦ-
ʨʦʚ ʧʦʩʪʫʧʘʶʪ ʚʟʘʠʤʦʠʥʚʝʨʩʥʳʝ ʩʠʛʥʘʣʳ ʛʝʥʝʨʘ-
ʪʦʨʘ ʪʨʝʫʛʦʣʴʥʳʭ ʠʤʧʫʣʴʩʦʚ. ʂʦʤʧʘʨʘʪʦʨʳ ʦʩʫ-
ʱʝʩʪʚʣʷʶʪ ʰʠʨʦʪʥʦ-ʠʤʧʫʣʴʩʥʫʶ ʤʦʜʫʣʷʮʠʶ 
ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ. ʉʠʛʥʘʣʳ ʩ ʚʳʭʦʜʦʚ ʢʦʤʧʘʨʘʪʦ-
ʨʦʚ ʠʤʝʶʪ ʧʨʷʤʦʫʛʦʣʴʥʫʶ ʬʦʨʤʫ ʠ ʩʜʚʠʥʫʪʳ ʦʪʥʦ-
ʩʠʪʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʘ ʥʘ 180 ʛʨʘʜʫʩʦʚ. ɼʣʠʪʝʣʴʥʦʩʪʴ 
ʠʤʧʫʣʴʩʦʚ ʵʪʠʭ ʩʠʛʥʘʣʦʚ ʟʘʚʠʩʠʪ ʦʪ ʤʦʜʫʣʷ ʫʧʨʘʚ-
ʣ̫ ʶʱʝʛʦ ʩʠʛʥʘʣʘ. ɼʘʣʝʝ ʵʪʠ ʩʠʛʥʘʣʳ ʧʦʩʪʫʧʘʶʪ ʥʘ 
ʙʣʦʢ, ʚʳʧʦʣʥʷʶʱʠʡ ʬʫʥʢʮʠʶ ʣʦʛʠʯʝʩʢʦʛʦ ʫʤʥʦ-
ʞʝʥʠʷ ʩ ʠʥʚʝʨʩʠʝʡ. ɺʳʭʦʜʥʦʡ ʩʠʛʥʘʣ ʙʣʦʢʘ ʠʤʝʝʪ 
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ʫʜʚʦʝʥʥʫʶ ʯʘʩʪʦʪʫ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʯʘʩʪʦʪʝ ʦʧʦʨ-
ʥʦʛʦ ʪʨʝʫʛʦʣʴʥʦʛʦ ʩʠʛʥʘʣʘ. ɼʘʣʝʝ ʩʠʛʥʘʣ ʧʦʩʪʫʧʘʝʪ 
ʥʘ ʪʨʠʛʛʝʨ, ʢʦʪʦʨʳʡ ʜʝʣʠʪ ʯʘʩʪʦʪʫ ʚ ʜʚʘ ʨʘʟʘ. ʉʠʛ-
ʥʘʣʳ ʩ ʚʳʭʦʜʦʚ ʪʨʠʛʛʝʨʘ ʧʦʜʘʶʪʩʷ ʥʘ ʣʦʛʠʢʫ ʨʝ-
ʚʝʨʩʘ, ʛʜʝ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʥʘʢʘ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ 
ʦʪ ʛʝʥʝʨʘʪʦʨʘ Y8 , ʧʦʜʘʚʘʝʤʦʛʦ ʚ ʉʉʌ, ʦʩʫʱʝʩʪʚ-
ʣʷʝʪʩʷ ʬʘʟʦʚʳʡ ʩʜʚʠʛ ʤʝʞʜʫ ʩʠʛʥʘʣʘʤʠ ʬʘʟ (ɸ + ɺ) 
ʠ ʉ ʥʘ ʦʧʝʨʝʞʝʥʠʝ ʠʣʠ ʦʪʩʪʘʚʘʥʠʝ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 
ʚʨʘʱʘʪʴʩʷ ʜʚʠʛʘʪʝʣʶ ʚ ʧʨʷʤʫʶ ʠ ʦʙʨʘʪʥʫʶ ʩʪʦ-
ʨʦʥʳ. 
ʆʩʮʠʣʣʦʛʨʘʤʤʳ ʚʳʭʦʜʥʳʭ ʩʠʛʥʘʣʦʚ ʉʉʌ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 8. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʩʠʥʫ-
ʩʦʠʜʘʣʴʥʦʡ ʬʦʨʤʳ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʦʙʤʦʪʢʘʭ ʜʚʠʛʘ-
ʪʝʣʷ ʨʘʟʨʘʙʦʪʘʥʘ ʩʭʝʤʘ, ʚ ʢʦʪʦʨʦʡ ʚʩʝ ʢʣʶʯʠ ʫʧʨʘʚ-
ʣʷʶʪʩʷ ʐʀʄ-ʩʠʛʥʘʣʘʤʠ [1]. 
ʇʨʝʜʣʘʛʘʝʤʘʷ ʩʭʝʤʘ ʚʢʣʶʯʝʥʠʷ ʫʥʠʚʝʨʩʘʣʴ-

ʥʦʛʦ ʜʚʠʛʘʪʝʣʷ, ʚ ʢʦʪʦʨʦʡ ʦʜʥʘ ʠʟ ʬʘʟ ʜʚʠʛʘʪʝʣʷ ʥʝ 
ʠʤʝʝʪ ʛʘʣʴʚʘʥʠʯʝʩʢʦʡ ʩʚʷʟʠ ʩ ʜʨʫʛʠʤʠ ʦʙʤʦʪʢʘʤʠ, 
ʧʦʟʚʦʣʷʝʪ ʠʟʙʘʚʠʪʴʩʷ ʦʪ ʥʘʟʚʘʥʥʳʭ ʨʘʥʝʝ ʥʝʜʦʩʪʘʪ-
ʢʦʚ, ʦʛʨʘʥʠʯʠʚʘʶʱʠʭ ʚʦʟʤʦʞʥʦʩʪʠ ʫʧʨʘʚʣʝʥʠʷ 
ʜʚʠʛʘʪʝʣʝʤ. ʇʨʠ ʵʪʦʤ ʦʯʝʚʠʜʥʦʡ ʩʪʘʥʦʚʠʪʩʷ ʚʦʟ-
ʤʦʞʥʦʩʪʴ ʧʨʦʩʪʦʛʦ ʯʘʩʪʦʪʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʧʨʠ 

ʬʠʢʩʠʨʦʚʘʥʥʦʤ ʬʘʟʦʚʦʤ ʩʜʚʠʛʝ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʚʦʟ-
ʥʠʢʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʬʘʟʦʚʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʫʥʠʚʝʨ-
ʩʘʣʴʥʳʤ ʪʨʝʭʬʘʟʥʳʤ ʜʚʠʛʘʪʝʣʝʤ ʩ ʢʦʨʦʪʢʦʟʘʤʢʥʫ-
ʪʳʤ ʨʦʪʦʨʦʤ, ʧʨʠ ʵʪʦʤ ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚ ʠʟʤʝ-
ʥʝʥʠʠ ʘʤʧʣʠʪʫʜʳ ʠʥʚʝʨʪʦʨʘ, ʧʦʩʢʦʣʴʢʫ ʠʟʤʝʥʝʥʠʝ 
ʬʘʟʳ ʥʝ ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ ʠʟʤʝʥʝʥʠʝ ʪʦʢʘ, ʧʠʪʘʶ-
ʱʝʛʦ ʦʙʤʦʪʢʠ ʜʚʠʛʘʪʝʣʷ. 
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RHEOLOGICAL PROPERTIES 

 
ɸʥʥʦʪʘʮʠʷ 
ʇʨʠʤʝʥʝʥʠʝ ʢʦʣʝʙʘʥʠʡ ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ ʯʘʩʪʦʪ ʥʘʰʣʦ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʥʝʬʪʝʛʘʟʦʚʦʡ ʦʪ-

ʨʘʩʣʠ. ʋʣʴʪʨʘʟʚʫʢʦʚʳʝ ʢʦʣʝʙʘʥʠʷ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʠʟʚʣʝʯʝʥʠʷ ʥʝʬʪʠ ʧʨʠ ʜʦ-
ʙʳʯʝ, ʘ ʪʘʢʞʝ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʧʨʠʪʦʢʘ ʥʝʬʪʠ ʢ ʜʦʙʳʚʘʶʱʝʡ ʩʢʚʘʞʠʥʝ. ʐʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʫʣʴʪʨʘʟʚʫʢ 
ʧʨʠʦʙʨʸʣ ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ ʥʝʬʪʠ (ʦʙʝʟʚʦʞʠʚʘʥʠʝ ʠ ʦʙʝʩʩʦʣʠʚʘʥʠʝ), ʘ ʪʘʢʞʝ ʧʨʠ ʧʝʨʝʨʘʙʦʪʢʝ ʥʘ ʥʝʬʪʝ-
ʧʝʨʝʨʘʙʘʪʳʚʘʶʱʠʭ ʟʘʚʦʜʘʭ. ɺ ʩʪʘʪʴʝ ʧʨʠʚʦʜʠʪʩʷ ʦʙʟʦʨ ʥʘʫʯʥʳʭ ʨʘʙʦʪ ʧʦ ʠʟʤʝʥʝʥʠʶ ʨʝʦʣʦʛʠʯʝʩʢʠʭ 
ʩʚʦʡʩʪʚ ʥʝʬʪʠ ʚ ʧʨʦʮʝʩʩʝ ʝʝ ʜʦʙʳʯʠ ʠ ʧʝʨʝʨʘʙʦʪʢʠ. ʊʘʢʞʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʠʟʤʝʥʝʥʠʝ ʨʝʦʣʦʛʠʯʝʩʢʠʭ 
ʩʚʦʡʩʪʚ ʥʝʬʪʠ ʜʚʫʭ ʨʘʟʥʳʭ ʩʦʨʪʦʚ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʢʦʣʝʙʘʥʠʡ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʜʠʘʧʘʟʦʥʘ, ʘ ʪʘʢʞʝ 
ʢʦʤʧʣʝʢʩʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʥʝʬʪʴ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʠ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʠʤʝʝʪ 
ʩʚʦʝʡ ʮʝʣʴʶ ʘʥʘʣʠʟ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʫʤʝʥʴʰʝʥʠʷ ʚʷʟʢʦʩʪʠ ʥʝʬʪʠ ʧʨʠ ʝʸ ʪʨʘʥʩ-
ʧʦʨʪʝ ʧʦ ʪʨʫʙʦʧʨʦʚʦʜʘʤ, ʪʘʢ ʢʘʢ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʦʙʨʘʙʦʪʢʘ ʥʝʬʪʠ ʥʘ ʫʟʣʘʭ ʧʦʜʦ-
ʛʨʝʚʘ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʤʝʪʦʜʦʤ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʚʷʟʢʦʩʪʠ ʧʨʠ ʪʨʘʥʩʧʦʨʪʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʡ 
ʙʳʣʦ ʚʳʷʩʥʝʥʦ, ʯʪʦ ʵʬʬʝʢʪ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʜʣʷ ʥʝʬʪʠ ʪʷʞʸʣʦʛʦ ʬʨʘʢʮʠʦʥʥʦʛʦ ʩʦʩʪʘʚʘ 
ʚʳʰʝ, ʯʝʤ ʜʣʷ ʣʸʛʢʠʭ ʩʦʨʪʦʚ ʥʝʬʪʠ. ʊʘʢʞʝ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣ ʩʜʝʣʘʥ ʚʘʞʥʳʡ ʚʳʚʦʜ: 
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ʦʙʨʘʙʦʪʢʘ ʥʝʬʪʠ ʫʣʴʪʨʘʟʚʫʢʦʤ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʦʡ. ɸ ʫʯʠʪʳ-
ʚʘʷ, ʯʪʦ ʨʝʣʘʢʩʘʮʠʷ ʵʬʬʝʢʪʘ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʩʦʩʪʘʚʣʷʝʪ 1-2 ʩʫʪʦʢ, ʯʪʦ ʚʳʰʝ ʩʦʭʨʘʥʝʥʠʷ 
ʵʬʬʝʢʪʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʦʙʨʘʙʦʪʢʠ, ʤʦʞʥʦ ʚʠʜʝʪʴ ʥʝʩʦʤʥʝʥʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʫʣʴʪʨʘ-
ʟʚʫʢʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʥʝʬʪʠ ʧʨʠ ʝʸ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ ʪʨʫʙʦʧʨʦʚʦʜʥʳʤ ʪʨʘʥʩʧʦʨʪʦʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʝʤ-
ʧʝʨʘʪʫʨʥʦʡ ʦʙʨʘʙʦʪʢʦʡ.  

Abstract 
The use of oscillations of ultrasonic frequencies is widespread in the oil and gas industry. Ultrasonic vibra-

tions are used to increase the recovery rate of oil during production, as well as to increase the flow of oil to the 
production well. Ultrasound has been widely used in the preparation of oil (dehydration and desalination), as well 
as in refining at refineries. The article discusses the change in the rheological properties of oil of two different 
grades under the influence of vibrations of the ultrasonic range, as well as the complex effect of ultrasonic and 
temperature effects on the oil. The study aims to analyze the possibility of using ultrasonic viscosity reduction of 
oil during its transportation through pipelines, since at present the temperature treatment of oil at the heating 
units is the main method of regulating viscosity during transportation. As a result of the research, it was found 
that the effect of ultrasonic treatment for heavy oil fractional composition is higher than for light grades of oil. 
Also, according to the results of the study, an important conclusion was made: the treatment of oil with ultrasound 
is more effective in comparison with heat treatment. And taking into consideration the fact that the relaxation 
effect of ultrasonic processing is 1-2 days, which is higher than the preservation effect as a result of temperature 
treatment, one can see the undoubted advantage of ultrasonic oil processing during its transportation by pipeline 
transport compared to temperature treatment. 

 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʫʣʴʪʨʘʟʚʫʢʦʚʘʷ ʦʙʨʘʙʦʪʢʘ, ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʦʙʨʘʙʦʪʢʘ, ʚʷʟʢʦʩʪʴ ʥʝʬʪʠ, ʚʠʩʢʦʟʠ-

ʤʝʪʨ, ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʛʝʥʝʨʘʪʦʨ, ʚʳʭʦʜʥʘʷ ʤʦʱʥʦʩʪʴ. 
Keywords: ultrasonic treatment, temperature treatment, oil viscosity, viscometer, ultrasonic generator, out-

put power. 
 
ɺ ʥʝʬʪʝʛʘʟʦʚʦʡ ʦʪʨʘʩʣʠ ʫʣʴʪʨʘʟʚʫʢ ʧʨʠʤʝʥʷ-

ʝʪʩʷ ʚʦ ʤʥʦʛʠʭ ʥʘʧʨʘʚʣʝʥʠʷʭ. 
ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʚʦʜʠʪʩʷ ʤʥʦʞʝʩʪʚʦ ʵʢʩ-

ʧʝʨʠʤʝʥʪʦʚ ʧʦ ʧʨʠʤʝʥʝʥʠʶ ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ ʢʦʣʝ-
ʙʘʥʠʡ ʚ ʧʨʦʮʝʩʩʘʭ ʜʦʙʳʯʠ ʥʝʬʪʠ.  
ɸʢʫʩʪʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʧʨʠʟʘʙʦʡʥʫʶ 

ʟʦʥʫ ʩʢʚʘʞʠʥʳ ʟʘ ʩʯʝʪ ʨʘʟʨʫʰʝʥʠʷ ʟʘʪʨʫʜʥʷʶʱʠʭ 
ʧʨʠʪʦʢ ʬʣʶʠʜʘ ʩʦʝʜʠʥʝʥʠʡ ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ 
ʧʦʚʳʰʝʥʠʝ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʧʣʘʩʪʘ, ʘ ʪʘʢʞʝ ʩʦʟʜʘʪʴ 
ʤʥʦʞʝʩʪʚʦ ʤʠʢʨʦʪʨʝʱʠʥ ʚ ʧʣʘʩʪʦʚʦʡ ʧʦʨʦʜʝ 
ʚʙʣʠʟʠ ʩʢʚʘʞʠʥʳ. 
ʊʘʢʞʝ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ [1] 

ʚ ʩʨʝʜʥʝʤ ʧʦ ʈʦʩʩʠʠ ʚʝʣʠʯʠʥʘ ʧʦʚʳʰʝʥʠʷ ʢʦʵʬʬʠ-
ʮʠʝʥʪʘ ʠʟʚʣʝʯʝʥʠʷ ʥʝʬʪʠ ʧʫʪʝʤ ʧʨʠʤʝʥʝʥʠʷ ʬʠʟʠ-
ʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʩʦʩʪʘʚʣʷʝʪ 9-12%. 
ɺ ʨʘʙʦʪʘʭ [2, 3] ʧʨʠʚʦʜʷʪʩʷ ʜʘʥʥʳʝ ʦ ʨʝʟʫʣʴʪʘ-

ʪʘʭ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʥʝʬʪʴ, ʚ ʨʝ-
ʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʛʦ ʧʨʠ 25ÁC ʥʘʙʣʶʜʘʣʩʷ ʵʬʬʝʢʪ ʧʦ-
ʜʦʙʥʳʡ ʵʬʬʝʢʪʫ ʩʥʠʞʝʥʠʷ ʚʷʟʢʦʩʪʠ ʥʝʬʪʠ, ʚʦʟʥʠ-
ʢʘʶʱʝʤʫ ʚ ʨʝʟʫʣʴʪʘʪʝ ʥʘʛʨʝʚʘʥʠʷ ʜʦ 40-45ÁC. ʇʨʠ 
ʵʪʦʤ ʤʘʢʩʠʤʘʣʴʥʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʥʠʞʝʥʠʷ ʚʝʣʠ-
ʯʠʥʳ ʚʷʟʢʦʩʪʠ ʥʝʬʪʠ ʧʨʦʠʩʭʦʜʠʪ ʜʦ 1 ʯ ʫʣʴʪʨʘʟʚʫ-
ʢʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ, ʚ ʠʪʦʛʝ ʚʷʟʢʦʩʪʴ ʫʤʝʥʴʰʘʝʪʩʷ 
ʚ 6 ʨʘʟ. 
ʇʨʦʮʝʩʩʳ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʧʨʠ ʘʢʫʩʪʠʯʝʩʢʦʤ 

ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʧʣʘʩʪ, ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚ ʨʘʙʦʪʝ 
[4]. ʇʨʠ ʵʪʦʤ ʘʚʪʦʨʳ ʨʘʙʦʪʳ ʚʳʜʝʣʷʶʪ ʜʚʘ ʧʨʦ-
ʮʝʩʩʘ. ʇʝʨʚʳʡ ʠʟ ʥʠʭ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʥʘʛʨʝʚʝ ʧʣʘʩʪʘ, 
ʯʪʦ ʚʣʝʯʝʪ ʫʤʝʥʴʰʝʥʠʝ ʚʝʣʠʯʠʥʳ ʚʷʟʢʦʩʪʠ ʩʦʜʝʨ-
ʞʘʱʝʡʩʷ ʚ ʥʝʤ ʥʝʬʪʠ. ɸ ʚʪʦʨʦʡ ʧʨʦʮʝʩʩ ʩʚʷʟʘʥ ʩ 
ʦʩʘʞʜʝʥʠʝʤ ʪʷʞʝʣʦʡ ʬʨʘʢʮʠʠ ʥʝʬʪʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʘʚʥʦʚʝ-
ʩʠʷ ʤʝʞʜʫ ʣʝʛʢʠʤʠ ʠ ʪʷʞʝʣʳʤʠ ʬʨʘʢʮʠʷʤʠ ʥʝʬʪʠ. 
ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʙʘ ʧʨʦʮʝʩʩʘ ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʥʘ 
ʠʟʤʝʥʝʥʠʝ ʜʝʙʠʪʘ ʩʢʚʘʞʠʥʳ.  
ɸʚʪʦʨʳ ʨʘʙʦʪʳ [5] ʧʨʠʚʦʜʷʪ ʧʨʠʥʮʠʧʳ ʬʫʥʢ-

ʮʠʦʥʠʨʦʚʘʥʠʷ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʘ 
ʪʘʢʞʝ ʩʦʙʩʪʚʝʥʥʳʡ ʚʘʨʠʘʥʪ ʫʩʪʘʥʦʚʢʠ, ʩʥʘʙʞʝʥʥʦʡ 
ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʳʤʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷʤʠ ʠ ʩʦ-
ʟʜʘʥʥʦʡ ʜʣʷ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʩʢʚʘ-
ʞʠʥʫ. ɼʘʥʥʘʷ ʫʩʪʘʥʦʚʢʘ ʧʨʠʚʦʜʠʪʩʷ ʚ ʜʚʫʭ ʚʘʨʠʘʥ-
ʪʘʭ, ʦʪʣʠʯʘʶʱʠʭʩʷ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʫʣʴʪʨʘʟʚʫʢʦ-
ʚʦʛʦ ʛʝʥʝʨʘʪʦʨʘ: ʥʘʟʝʤʥʦʤ ʠ ʚ ʧʦʛʨʫʞʥʦʤ 
ʦʙʦʨʫʜʦʚʘʥʠʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʝ, ʢʦʪʦʨʦʝ ʛʝʥʝ-
ʨʠʨʫʝʪʩʷ ʫʩʪʘʥʦʚʢʦʡ, ʧʦʟʚʦʣʷʝʪ ʦʢʘʟʳʚʘʪʴ ʚʦʟʜʝʡ-
ʩʪʚʠʝ ʥʘ ʚʷʟʢʦʩʪʴ ʥʝʬʪʠ ʚ ʧʣʘʩʪʝ. 
ʊʘʢʞʝ ʚ ʨʘʙʦʪʝ [6] ʧʨʝʜʣʦʞʝʥʘ ʨʘʟʨʘʙʦʪʢʘ ʧʦ-

ʜʦʙʥʦʡ ʫʩʪʘʥʦʚʢʠ, ʥʦ ʚ ʦʪʣʠʯʠʝ ʦʪ ʧʨʝʜʳʜʫʱʝʡ ʥʘ 
ʦʩʥʦʚʝ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ. 
ɺ ʮʝʣʦʤ, ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʘʢʪʠʚʥʦ ʨʘʟʨʘ-

ʙʘʪʳʚʘʶʪʩʷ ʤʝʪʦʜʳ ʧʦʚʳʰʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʠʟ-
ʚʣʝʯʝʥʠʷ ʥʝʬʪʠ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʥʘʠʙʦʣʝʝ ʧʦʧʫ-
ʣʷʨʥʳ ʛʠʜʨʦʤʝʭʘʥʠʯʝʩʢʠʝ ʤʝʪʦʜʳ, ʵʣʝʢʪʨʦʤʘʛʥʠʪ-
ʥʳʝ, ʚʠʙʨʦʚʦʟʜʝʡʩʪʚʠʝ, ʚʠʙʨʦʩʝʡʩʤʠʯʝʩʢʠʝ, ʘ 
ʪʘʢʞʝ ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʠʝ. [7] 
ʊʘʢʞʝ ʫʣʴʪʨʘʟʚʫʢ ʚʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠ 

ʦʙʝʟʚʦʞʠʚʘʥʠʠ ʠ ʦʙʝʩʩʦʣʠʚʘʥʠʠ ʥʝʬʪʠ. ɼʣʷ ʵʪʦʛʦ 
ʚ ʨʘʙʦʪʝ [8] ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʫʩʪʘʥʦʚʢʘ, ʩʦʩʪʦʷʱʘʷ 
ʠʟ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʠʟʣʫʯʘʪʝʣʷ, ʨʝʘʢʪʦʨʘ ʠ ʨʷʜʘ 
ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʩʠʩʪʝʤ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʥʘ ʨʠ-
ʩʫʥʢʝ 1. 
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ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʦʙʝʩʩʦʣʠʚʘʥʠʷ ʠ ʦʙʝʟʚʦʞʠʚʘʥʠʷ ʥʝʬʪʠ 

1 ï ʛʝʥʝʨʘʪʦʨ ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ ʢʦʣʝʙʘʥʠʡ; 2 ï ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʳʡ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ; 3 ï ʚʦʣʥʦʚʦʜ; 4 ï ʧʘʪʨʫʙʦʢ; 5 ï ʭʦʣʦʜʠʣʴʥʠʢ; 6 ï ʨʝʘʢʪʦʨ 
 
ɺ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠʩʩʣʝʜʫʝʤʫʶ ʥʝʬʪʴ ʟʘʣʠ-

ʚʘʣʠ ʚ ʨʝʘʢʪʦʨ, ʫʩʪʘʥʘʚʣʠʚʘʣʠ ʯʘʩʪʦʪʫ ʨʘʙʦʪʳ ʫʣʴ-
ʪʨʘʟʚʫʢʦʚʦʛʦ ʠʟʣʫʯʘʪʝʣʷ ʥʘ 18 ʢɻʮ, ʜʠʩʧʝʨʛʠʨʦʚʘʣʠ 
ʚʦʜʫ ʚ ʦʙʲʝʤʝ 3% ʠ ʯʝʨʝʟ 30 ʩʝʢʫʥʜ ʚ ʨʝʘʢʪʦʨ ʧʦʜʘ-
ʚʘʣʩʷ 0,5-1% ʨʘʩʪʚʦʨ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ.  
ɺ ʧʨʦʮʝʩʩʝ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʯʘ-

ʩʪʠʯʥʦ ʧʨʦʠʩʭʦʜʠʣʠ ʨʝʘʢʮʠʠ ʢʨʝʢʠʥʛʘ ʠ ʬʨʘʢʮʠʦ-
ʥʠʨʦʚʘʥʠʷ ʥʝʬʪʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʩʦ-
ʜʝʨʞʘʥʠʷ ʩʝʨʳ ʚ ʠʩʩʣʝʜʫʝʤʦʡ ʥʝʬʪʠ ʫʤʝʥʴʰʠʣʦʩʴ 
ʥʘ 0,37%, ʘ ʩʦʜʝʨʞʘʥʠʝ ʩʦʣʝʡ ʩʥʠʟʠʣʦʩʴ ʥʘ 95%. 
ʇʨʠ ʵʪʦʤ ʚ ʥʠʞʥʠʭ ʩʣʦʷʭ ʥʝʬʪʠ ʧʨʦʠʩʭʦʜʠʪ ʥʘʢʦʧ-
ʣʝʥʠʝ ʪʷʞʝʣʳʭ ʬʨʘʢʮʠʡ ʠ ʧʨʦʜʫʢʪʦʚ ʦʢʠʩʣʝʥʠʷ ʠʟ-
ʚʣʝʯʝʥʥʦʡ ʩʝʨʳ.  
ʈʝʟʫʣʴʪʘʪʳ ʦʧʳʪʘ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ 

ʩ ʧʦʤʦʱʴʶ ʨʘʙʦʪʳ ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ ʠʟʣʫʯʘʪʝʣʝʡ ʛʝ-
ʥʝʨʠʨʫʶʪʩʷ ʫʣʴʪʨʘʟʚʫʢʦʚʳʝ ʢʦʣʝʙʘʥʠʷ ʚʳʩʦʢʦʡ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʥʘʙʣʶʜʘʝʪʩʷ ʵʬ-
ʬʝʢʪ, ʢʦʪʦʨʳʡ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʢʘʢ çʥʠʟʢʦʪʝʤʧʝʨʘ-
ʪʫʨʥʘʷ ʧʝʨʝʛʦʥʢʘè ʥʝʬʪʠ, ʧʦʟʚʦʣʷʶʱʘʷ ʫʜʘʣʠʪʴ 
ʩʝʨʫ, ʩʦʣʠ ʠ ʪʷʞʝʣʳʝ ʧʨʠʤʝʩʠ. [7] 
ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʚʷʟʢʦʩʪʠ 

ʥʝʬʪʠ ʚ ʧʨʦʮʝʩʩʝ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʧʦ ʪʨʫʙʦʧʨʦʚʦ-
ʜʘʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʦʜʦʛʨʝʚ ʥʘ ʫʟʣʘʭ ʧʦʜʦʛʨʝʚʘ 
ʥʝʬʪʠ, ʚʚʠʜʫ ʯʝʛʦ ʫʣʴʪʨʘʟʚʫʢ ʧʦʢʘ ʥʝ ʧʦʣʫʯʠʣ ʨʘʩ-
ʧʨʦʩʪʨʘʥʝʥʠʷ ʚ ʜʘʥʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ.  
ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʦʚʦʜʠʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʥʝʬʪʠ, ʜʦʙʳʪʦʡ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʝʩʧʫʙʣʠʢʠ ɹʝʣʘ-
ʨʫʩʴ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʜʚʝ ʤʘʨʢʠ ʥʝʬʪʠ: ʧʣʦʪʥʦ-
ʩʪʴʶ 850 ʢʛ/ʤ3 ʠ 920 ʢʛ/ʤ3. 
ʋʣʴʪʨʘʟʚʫʢʦʚʘʷ ʦʙʨʘʙʦʪʢʘ ʥʝʬʪʠ ʧʨʦʚʦʜʠʣʘʩʴ 

ʩ ʧʦʤʦʱʴʶ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʀʃ10.  
ɺʥʝʰʥʠʡ ʚʠʜ ʧʨʠʙʦʨʘ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 

2. 

 
ʈʠʩʫʥʦʢ 2 - ɺʥʝʰʥʠʡ ʚʠʜ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʀʃ10 

 
ʀʩʩʣʝʜʦʚʘʥʠʝ ʟʘʢʣʶʯʘʣʦʩʴ ʚ ʩʨʘʚʥʝʥʠʠ ʵʬ-

ʬʝʢʪʠʚʥʦʩʪʠ ʚʦʟʜʝʡʩʪʚʠʷ ʧʦʜʦʛʨʝʚʘ ʠ ʫʣʴʪʨʘʟʚʫʢʘ 
ʥʘ ʨʝʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʥʝʬʪʠ (ʝʸ ʚʷʟʢʦʩʪʴ), ʧʨʠ 
ʵʪʦʤ ʨʘʩʩʤʘʪʨʠʚʘʣʦʩʴ ʚʦʟʜʝʡʩʪʚʠʝ ʫʣʴʪʨʘʟʚʫʢʦʤ ʚ 
ʪʝʯʝʥʠʝ 30 ʩʝʢʫʥʜ ʠ 1 ʤʠʥʫʪʳ.  

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʞʥʦ ʩʜʝʣʘʪʴ 
ʚʳʚʦʜ, ʯʪʦ ʧʨʠ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʦʙʨʘʙʦʪʢʝ ʞʠʜʢʠʭ 
ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʧʨʦʠʩʭʦʜʠʪ ʫʤʝʥʴʰʝʥʠʝ ʚʷʟʢʦʩʪʠ ʠ 
ʫʚʝʣʠʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʞʠʜʢʦʩʪʝʡ, ʧʨʠʯʸʤ ʧʨʠ 
ʙʦʣʴʰʝʡ ʚʷʟʢʦʩʪʠ ʥʝʬʪʠ ʙʦʣʴʰʝ ʠ ʥʘʛʨʝʚ, ʵʪʦ ʤʦ-
ʞʝʪ ʦʙʲʷʩʥʷʪʴʩʷ ʩʣʝʜʫʶʱʠʤ. ɺʳʩʦʢʦʚʷʟʢʠʝ ʥʝʬʪʠ 
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ʠʤʝʶʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʟʚʝʪʚʣʸʥʥʳʭ ʤʦʣʝ-
ʢʫʣ, ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ ʢʦʣʝʙʘʥʠʡ 
ʨʘʟʚʝʪʚʣʸʥʥʳʝ ʤʦʣʝʢʫʣʳ ʨʘʟʨʳʚʘʶʪʩʷ, ʘ ʵʪʦ ʩʦʧʨʦ-
ʚʦʞʜʘʝʪʩʷ ʚʳʜʝʣʝʥʠʝʤ ʪʝʧʣʘ (ʧʨʦʮʝʩʩ ʵʢʟʦʪʝʨʤʠ-
ʯʝʩʢʠʡ). ʋʯʠʪʳʚʘʷ, ʯʪʦ ʚ ʤʝʥʝʝ ʚʷʟʢʠʭ ʩʦʨʪʘʭ 
ʥʝʬʪʠ ʩʦʜʝʨʞʠʪʩʷ ʤʝʥʴʰʝ ʨʘʟʚʝʪʚʣʸʥʥʳʭ ʤʦʣʝʢʫʣ, 
ʥʘʛʨʝʚ ʤʘʣʦʚʷʟʢʠʭ ʩʦʨʪʦʚ ʥʝʬʪʠ ʧʨʦʠʩʭʦʜʠʪ ʚ 
ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ. 
ʄʦʞʥʦ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʣʷ ʪʷʞʸʣʳʭ ʩʦʨ-

ʪʦʚ ʥʝʬʪʠ ʫʣʴʪʨʘʟʚʫʢʦʚʘʷ ʦʙʨʘʙʦʪʢʘ ʠʤʝʝʪ ʥʝʩʦ-
ʤʥʝʥʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʧʦ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʫʤʝʥʴ-
ʰʝʥʠʷ ʚʷʟʢʦʩʪʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʝʧʣʦʚʳʤ ʚʦʟʜʝʡ-
ʩʪʚʠʝʤ, ʧʨʠʯʸʤ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʚʨʝʤʝʥʠ 
ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʚ ʜʚʘ ʨʘʟʘ ʵʬʬʝʢʪʠʚ-
ʥʦʩʪʴ ʚʦʟʨʦʩʣʘ ʧʨʠʤʝʨʥʦ ʚʦ ʩʪʦʣʴʢʦ ʞʝ. 
ɼʣʷ ʣʸʛʢʠʭ ʩʦʨʪʦʚ ʥʝʬʪʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʫʣʴ-

ʪʨʘʟʚʫʢʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʧʦʜʦ-
ʛʨʝʚʘ ʥʝ ʪʘʢ ʚʳʩʦʢʘ, ʢʘʢ ʜʣʷ ʪʷʞʸʣʦʡ ʥʝʬʪʠ. ʅʦ 
ʝʩʣʠ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʵʬʬʝʢʪ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʦʙʨʘ-
ʙʦʪʢʠ ʩʦʭʨʘʥʷʝʪʩʷ ʚ ʪʝʯʝʥʠʝ 1-2 ʩʫʪʦʢ, ʯʪʦ ʚʳʰʝ 
ʜʣʠʪʝʣʴʥʦʩʪʠ ʩʦʭʨʘʥʝʥʠʷ ʵʬʬʝʢʪʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨ-
ʥʦʡ ʦʙʨʘʙʦʪʢʝ, ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ ʚʳʩʦʢʫʶ ʵʬʬʝʢ-
ʪʠʚʥʦʩʪʴ ʠ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʦʙʨʘ-
ʙʦʪʢʠ ʫʛʣʝʚʦʜʦʨʦʜʥʳʭ ʞʠʜʢʦʩʪʝʡ ʩ ʮʝʣʴʶ ʨʝʛʫʣʠ-
ʨʦʚʘʥʠʷ ʨʝʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. 
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʩʪʘʪʴʝ ʚʳʚʦʜʠʪʩʷ ʬʦʨʤʫʣʘ ʜʣʷ ʨʘʩʯʝʪʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʦʙʲʝʤʘ ʵʣʝʢʪʨʦʧʨʦʚʦʜʷʱʝʡ 

ʞʠʜʢʦʩʪʠ (ʵʣʝʢʪʨʦʣʠʪʘ), ʧʨʠʤʝʥʷʝʤʦʡ ʜʣʷ ʧʦʜʚʦʜʘ ʪʦʢʘ ʢ ʯʝʨʝʥʢʘʤ ʚʠʥʦʛʨʘʜʘ ʧʨʠ ʩʪʠʤʫʣʷʮʠʠ ʠʭ ʨʦ-
ʩʪʘ, ʠ ʦʙʲʝʤʦʤ ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩ ʮʝʣʴʶ ʩʥʠʞʝʥʠʷ ʟʘʪʨʘʪ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. 

Abstract 
The article presents a formula for calculating the optimal ratio of the volume of an electrically conductive 

liquid (electrolyte) used to supply current to the grapes cuttings when stimulating their growth, and the volume of 
the material being processed in order to reduce electricity costs. 

 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʯʝʨʝʥʢʠ, ʚʠʥʦʛʨʘʜ, ʵʣʝʢʪʨʦʩʪʠʤʫʣʷʮʠʷ, ʪʦʢʦʧʦʜʚʦʜʷʱʘʷ ʞʠʜʢʦʩʪʴ 
Keywords: cuttings, grapes, electrical stimulation, current-carrying fluid 
 
ʇʨʠ ʵʣʝʢʪʨʦʩʪʠʤʫʣʷʮʠʠ ʯʝʨʝʥʢʦʚ ʚʠʥʦʛʨʘʜʘ 

ʥʘʠʙʦʣʝʝ ʧʨʠʝʤʣʝʤʳʤ ̫ ʚʣʷʝʪʩʷ ʩʧʦʩʦʙ ʩʪʠʤʫʣʷʮʠʠ 
ʚ ʪʦʢʦʧʦʜʚʦʜʷʱʝʡ ʞʠʜʢʦʩʪʠ [5, 6, 7]. ɺ ʵʪʦʤ ʩʣʫʯʘʝ 
ʦʙʨʘʙʦʪʢʝ ʙʫʜʝʪ ʧʦʜʚʝʨʛʘʪʴʩʷ ʜʚʫʭʢʦʤʧʦʥʝʥʪʥʘʷ 
ʩʨʝʜʘ: ʪʦʢʦʧʦʜʚʦʜʷʱʘʷ ʞʠʜʢʦʩʪʴ ʠ ʯʝʨʝʥʢʠ. 
ʆʯʝʚʠʜʥʦ, ʯʪʦ ʧʦʣʝʟʥʦ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʥʘ ʪʘ 

ʯʘʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ, ʢʦʪʦʨʘʷ ʙʫʜʝʪ ʚʳʜʝ-
ʣʝʥʘ ʚ ʯʝʨʝʥʢʘʭ. ʅʦ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʪʘʢʞʝ 

ʙʫʜʝʪ ʚʳʜʝʣʷʪʴʩʷ ʚ ʪʦʢʦʧʦʜʚʦʜʷʱʝʡ ʞʠʜʢʦʩʪʠ [1]. 
ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʵʣʝʢʪʨʦʵʥʝʨʛʠʷ ʨʘʩʭʦʜʦʚʘʣʘʩʴ ʩ 
ʤʘʢʩʠʤʘʣʴʥʳʤ ʢʧʜ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʠʟʚʝʩʪʠ ʨʘʩʯʝʪ 
ʦʙʲʝʤʥʦʛʦ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʞʠʜʢʦʩʪʠ ʠ 
ʯʝʨʝʥʢʦʚ.  
ʌʦʨʤʫʣʘ ʜʣʷ ʨʘʩʯʝʪʘ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʩʠ-

ʩʪʝʤʳ ʠʟ ʜʚʫʭ ʢʦʤʧʦʥʝʥʪʦʚ çʞʠʜʢʦʩʪʴ ï ʯʝʨʝʥʢʠè 
ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ [2] 

2211ʩʨ XɔXɔɔ Ö+Ö= ,     (1) 

ʛʜʝ  
1ɔ 
ï ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʯʝʨʝʥʢʦʚ; 

1X  
ï ʦʙʲʝʤʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʯʝʨʝʥʢʦʚ;  

2ɔ ï ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʞʠʜʢʦʩʪʠ;  

2X  ï ʦʙʲʝʤʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʞʠʜʢʦʩʪʠ. 
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ʛʜʝ gi ï ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ i-ʪʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʩʠʩʪʝʤʳ;  

gʩʨ ï ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʩʠʩʪʝʤʳ;  

iX  ï ʦʙʲʝʤʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ i-ʪʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʩʠʩʪʝʤʳ;  

ʵʬ
iX  ï ʵʬʬʝʢʪʠʚʥʘʷ ʦʙʲʝʤʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ i-ʪʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʩʠʩʪʝʤʳ. 
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ʈʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʥʘʰʝʛʦ ʩʣʫʯʘʷ (i=2) ʠʤʝʝʪ ʚʠʜ 
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ʇʨʠ ʙʦʣʴʰʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʞʠʜʢʦʩʪʠ ʯʘʩʪʴ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʪʨʘʪʠʪʩʷ ʥʘ ʝʝ ʥʘʛʨʝʚ [3]. ʅʝʦʙʭʦʜʠʤʦ 
ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ [4]. 

ɼʣʷ ʚʳʯʠʩʣʝʥʠʷ ʵʥʝʨʛʦʟʘʪʨʘʪ 
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ʛʜʝ ɸ = 4ʂ-3. 
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ɺ ʩʣʫʯʘʝ 
12 ɔɔ²  ʫʨʘʚʥʝʥʠʝ (21) ʫʧʨʦʱʘʝʪʩʷ 
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2
X1 º
¡ .      (22) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʧʪʠʤʘʣʴʥʦʝ ʩ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʦʪʥʦʰʝʥʠʝ çʞʠʜʢʦʩʪʴ ï ʯʝʨʝʥʢʠè ʜʣʷ 
ʨʘʩʩʤʦʪʨʝʥʥʦʛʦ ʩʣʫʯʘʷ ʧʨʠʦʙʨʝʪʘʝʪ ʚʠʜ [8] 
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ɸʥʥʦʪʘʮʠʷ 
ɼʝʪʘʣʠʟʠʨʫʝʪʩʷ ʬʦʨʤʫʣʘ ʟʘʢʦʥʘ ʧʦʣʥʦʛʦ ʪʦʢʘ ʜʣʷ ʦʙʤʦʪʢʠ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʬʦʨʤʳ ʚʦ ʚʩʝʚʦʟʤʦʞ-

ʥʳʭ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ. ʆʪʤʝʯʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʄɼʉ ʦʪ ʛʝʦʤʝʪʨʠʯʝ-
ʩʢʠʭ ʨʘʟʤʝʨʦʚ ʦʙʤʦʪʦʯʥʦʛʦ ʧʨʦʚʦʜʘ. 

Abstract 
The formula of the law of total current for the winding of a cylindrical shape in various electromagnetic DC 

devices is detailed. The dependence of MDS on the geometrical dimensions of the magnet wire is noted. 
 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʘʛʥʠʪʦʜʚʠʞʫʱʘʷ ʩʠʣʘ (ʄɼʉ), ʥʘʤʘʛʥʠʯʠʚʘʶʱʘʷ ʩʠʣʘ, ʦʙʤʦʪʢʘ, ʵʣʝʢʪʨʦʤʘʛʥʠʪ, 

ʘʤʧʝʨʚʠʪʢʠ 
Keywords: magnetomotive force (MMF), magnetizing force, winding, electromagnet, amperages 
 
ɺ ʢʘʯʝʩʪʚʝ ʩʨʝʜʩʪʚ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʰʠʨʦʢʦʝ 

ʧʨʠʤʝʥʝʥʠʝ ʚʦ ʚʩʝʭ ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ 
ʥʘʭʦʜʷʪ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʫʩʪʨʦʡʩʪʚʘ, ʨʘʙʦʪʘʶ-
ʱʠʝ ʥʘ ʧʦʩʪʦʷʥʥʦʤ ʪʦʢʝ: ʵʣʝʢʪʨʦʤʘʛʥʠʪʳ ʨʘʟʣʠʯ-
ʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʨʝʣʝ, ʢʦʥʪʘʢʪʦʨʳ (ʤʘʛʥʠʪʥʳʝ ʧʫʩ-
ʢʘʪʝʣʠ), ʫʩʪʨʦʡʩʪʚʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʦʙʨʘʙʦʪʢʠ, 
ʟʘʤʢʠ, ʢʣʘʧʘʥʳ, ʪʦʣʢʘʪʝʣʠ ʠ ʧʨ. ɺ ʜʘʥʥʳʭ ʵʣʝʢʪʨʠ-
ʯʝʩʢʠʭ ʘʧʧʘʨʘʪʘʭ ʠʩʧʦʣʴʟʫʝʪʩʷ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝ-
ʩʢʦʝ ʜʝʡʩʪʚʠʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʢʦʪʦʨʦʝ ʧʨʠʚʦʜʠʪ 
ʢ ʧʦʷʚʣʝʥʠʶ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʩʠʣ [2]. ɼʣʷ ʩʦʟʜʘ-
ʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʨʘʙʦʯʝʤ ʦʙʲʝʤʝ ʫʩʪʨʦʡʩʪʚʘ 
ʟʘʜʘʥʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠ ʢʦʥʬʠʛʫʨʘʮʠʠ ʠʩʧʦʣʴʟʫ-
ʝʪʩʷ ʦʙʤʦʪʢʘ (ʢʘʪʫʰʢʘ), (ʠ) ʤʘʛʥʠʪʦʧʨʦʚʦʜ. ʇʨʠ 
ʚʦʟʙʫʞʜʝʥʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʪʦʢʦʤ, ʧʨʦʪʝʢʘʶ-
ʱʠʤ ʯʝʨʝʟ ʚʠʪʢʠ ʦʙʤʦʪʢʠ (ʢʘʪʫʰʢʠ), ʥʘʧʨʷʞʝʥ-
ʥʦʩʪʴ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʅ ʚ ʢʘʪʫʰʢʝ ʦʧʨʝʜʝʣʷʝʪʩʷ 
ʥʘʤʘʛʥʠʯʠʚʘʶʱʝʡ ʩʠʣʦʡ ɗ ʩ ʧʦʤʦʱʴʶ ʟʘʢʦʥʘ ʧʦʣ-
ʥʦʛʦ ʪʦʢʘ, ʢʦʪʦʨʳʡ ʤʦʞʥʦ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʩʣʝʜʫ-
ʶʱʠʤ ʦʙʨʘʟʦʤ [10]: ʮʠʨʢʫʣʷʮʠʷ ʚʝʢʪʦʨʘ ʥʘʧʨʷʞʝʥ-
ʥʦʩʪʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʅ ʚʜʦʣʴ ʟʘʤʢʥʫʪʦʛʦ ʢʦʥʪʫʨʘ 
ʜʣʠʥʦʡ l ʨʘʚʥʘ ʧʦʣʥʦʤʫ ʪʦʢʫ, ʧʨʦʥʠʟʳʚʘʶʱʝʤʫ ʧʦ-
ʚʝʨʭʥʦʩʪʴ, ʦʛʨʘʥʠʯʝʥʥʫʶ ʜʘʥʥʳʤ ʢʦʥʪʫʨʦʤ. ɼʣʷ 
ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʢʘʪʫʰʢʠ ʩ ʨʷʜʥʦʡ ʥʘʤʦʪʢʦʡ ʧʦʣ-
ʥʳʡ ʪʦʢ, ʧʨʦʥʠʟʳʚʘʶʱʠʡ ʢʦʥʪʫʨ ʚʥʫʪʨʠ ʢʘʪʫʰʢʠ, 

ʨʘʚʝʥ ʘʣʛʝʙʨʘʠʯʝʩʢʦʡ ʩʫʤʤʝ ʪʦʢʦʚ, ʧʨʦʥʠʟʳʚʘʶ-
ʱʠʭ ʧʦʚʝʨʭʥʦʩʪʴ, ʦʛʨʘʥʠʯʝʥʥʫʶ ʜʘʥʥʳʤ ʢʦʥʪʫ-
ʨʦʤ, ʘ ʪʘʢʞʝ ʨʘʚʝʥ ʄɼʉ, ʠ ʝʩʣʠ ʢʦʥʪʫʨ ʚʳʙʨʘʪʴ 
ʚʜʦʣʴ ʣʠʥʠʠ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ ɺ, ʪʦ ʧʦʣʫʯʘʝʤ 
ʩʣʝʜʫʶʱʫʶ ʟʘʧʠʩʴ ʟʘʢʦʥʘ ʧʦʣʥʦʛʦ ʪʦʢʘ [6] 

= ° = Ö = Öäñ ɐɔɓɘHdL i H L W I , (1) 

ʛʜʝ  WĀI ï ʥʘʤʘʛʥʠʯʠʚʘʶʱʘʷ ʩʠʣʘ, ɸ; 

W ï ʩʫʤʤʘʨʥʦʝ ʯʠʩʣʦ ʚʠʪʢʦʚ ʚ ʦʙʤʦʪʢʝ, ʰʪ; 
I ï ʪʦʢ, ʧʨʦʪʝʢʘʶʱʠʡ ʧʦ ʦʙʤʦʪʢʝ, ɸ. 
ɺʳʚʝʜʝʤ ʬʦʨʤʫʣʫ ʄɼʉ ʜʣʷ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ 

ʦʙʤʦʪʢʠ ʢʚʘʜʨʘʪʥʦʛʦ ʩʝʯʝʥʠʷ, ʚʳʧʦʣʥʝʥʥʦʡ ʠʟ 
ʤʝʜʥʦʛʦ ʧʨʦʚʦʜʘ ʚ ʵʤʘʣʝʚʦʡ ʠʟʦʣʷʮʠʠ, ʥʘʤʦʪʘʥʥʦʡ 
ʥʘ ʢʘʨʢʘʩ ʚʠʪʦʢ ʢ ʚʠʪʢʫ (ʨʷʜʦʚʘʷ ʥʘʤʦʪʢʘ) (ʨʠʩʫʥʦʢ 
1) [3]. ʈʘʩʯʝʪʳ ʜʣʠʥʳ, ʜʠʘʤʝʪʨʘ, ʨʘʜʠʫʩʘ, ʪʦʣʱʠʥʳ 
ʧʨʠʚʝʜʝʥʳ ʚ ʤʠʣʣʠʤʝʪʨʘʭ. 

ʆʙʦʟʥʘʯʠʤ ʰʠʨʠʥʫ ʢʚʘʜʨʘʪʥʦʛʦ ʦʢʥʘ D ʢʘʨ-

ʢʘʩʘ, ʘ ʪʦʣʱʠʥʫ ʩʣʦʷ ʢʘʨʢʘʩʘ ʢʘʢ S, ʪʦʛʜʘ ʜʣʠʥʘ 

ʚʠʪʢʘ ʧʝʨʚʦʛʦ ʩʣʦʷ ʥʘʤʦʪʢʠ ʙʫʜʝʪ ʨʘʚʥʘ 

( )p= + +1 2 ( ) 4L m S r D , (2) 

ʛʜʝ  m ï ʯʠʩʣʦ ʚʠʪʢʦʚ ʚ ʦʜʥʦʤ ʩʣʦʝ; 
r ï ʨʘʜʠʫʩ ʦʙʤʦʪʦʯʥʦʛʦ ʧʨʦʚʦʜʘ ʩ ʵʤʘʣʝʚʦʡ 

ʠʟʦʣʷʮʠʝʡ. 

 
ʈʠʩʫʥʦʢ 1 ï ɺʥʝʰʥʠʡ ʚʠʜ ʢʘʨʢʘʩʘ ʩ ʦʙʤʦʪʢʦʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ (ʩʭʝʤʘʪʠʯʥʦ ʧʦʢʘʟʘʥʳ 2 

ʩʣʦʷ ʦʙʤʦʪʢʠ) 

 
ʊʦʛʜʘ ʩʫʤʤʘʨʥʘʷ ʜʣʠʥʘ ʚʠʪʢʦʚ 2-ʦʛʦ ʩʣʦʷ ʩʦ-

ʩʪʘʚʠʪ 

( )p= + +2 2 ( 3 ) 4L m S r D , (3) 

ʘ ʜʣʠʥʘ ʚʩʝʭ ʚʠʪʢʦʚ ʚ ʦʙʤʦʪʢʝ ʦʧʨʝʜʝʣʷʝʪʩʷ 
ʢʘʢ ʨʝʟʫʣʴʪʘʪ ʥʘʭʦʞʜʝʥʠʷ ʩʫʤʤʳ ʘʨʠʬʤʝʪʠʯʝʩʢʦʡ 
ʧʨʦʛʨʝʩʩʠʠ [8, 9] 

- -
= +ä 2 1

1

( 1)( )

2
n

n L L
L nL n , (4) 

ʛʜʝ  n ï ʯʠʩʣʦ ʩʣʦʝʚ ʚ ʦʙʤʦʪʢʝ. 
ʌʦʨʤʫʣʫ ʄɼʉ (1) ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʚʠʜʝ  

Ö =
U

W I mn
R

,   (5) 

ʛʜʝ  U ï ʥʘʧʨʷʞʝʥʠʝ, ʧʦʜʚʦʜʠʤʦʝ ʢ ʦʙ-
ʤʦʪʢʝ ʫʩʪʨʦʡʩʪʚʘ, ɺ; 

R ï ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʚʩʝʛʦ ʦʙʤʦʪʦʯʥʦʛʦ ʧʨʦʚʦʜʘ, 
ʢʦʪʦʨʦʝ ʪʘʢʞʝ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ, ʆʤ: 

r

p
=
ä

2

4 n

m

L
R

d

,  (6) 

ʛʜʝ  ɟ ï ʫʜʝʣʴʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʤʝʜ-
ʥʦʛʦ ʧʨʦʚʦʜʘ, ʆʤĿʤʤ2/ʤʤ; 

dm ï ʜʠʘʤʝʪʨ ʦʙʤʦʪʦʯʥʦʛʦ ʧʨʦʚʦʜʘ ʙʝʟ ʠʟʦʣʷ-
ʮʠʠ.  
ʉ ʫʯʝʪʦʤ (4) ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʨʦʚʦʜʘ ʟʘʧʠ-

ʰʝʪʩʷ ʚ ʚʠʜʝ 
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d
, (7) 

ʘ ʥʘʤʘʛʥʠʯʠʚʘʶʱʫʶ ʩʠʣʫ ʟʘʧʠʰʝʤ ʚ ʚʠʜʝ 
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W I
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. (8) 

ɺ ʢʦʥʝʯʥʦʤ ʚʠʜʝ ʩ ʫʯʝʪʦʤ ʬʦʨʤʫʣ (4) ʠ (5) ʧʦ-
ʣʫʯʘʝʤ 

r
p

Ö
Ö =

Ö + + Ö +

2

2
2 ( ( ))

m

m

U r
W I

D
S n r k

  (11) 

ʛʜʝ k ï ʪʦʣʱʠʥʘ ʩʣʦʷ ʵʤʘʣʝʚʦʡ ʠʟʦʣʷʮʠʠ ʧʨʦ-
ʚʦʜʘ. 
ʀʩʭʦʜʷ ʠʟ ʚʳʰʝʩʢʘʟʘʥʥʦʛʦ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳ-

ʚʦʜ [5, 7], ʯʪʦ ʄɼʉ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʦʣʴʢʦ ʛʝʦʤʝʪʨʠ-
ʯʝʩʢʠʤʠ ʨʘʟʤʝʨʘʤʠ ʥʘʤʦʪʢʠ. ʇʨʠ ʵʪʦʤ ʩʪʦʠʪ ʦʙʨʘ-
ʪʠʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʪʦ, ʯʪʦ ʥʘʤʘʛʥʠʯʠʚʘʶʱʘʷ ʩʠʣʘ ʥʝ 
ʟʘʚʠʩʠʪ ʦʪ ʯʠʩʣʘ ʚʠʪʢʦʚ ʚ ʩʣʦʝ (m). ʊʘʢʞʝ ʚʳʷʚʣʝʥʘ 
ʟʘʚʠʩʠʤʦʩʪʴ ʜʘʥʥʦʡ ʩʠʣʳ ʦʪ ʜʠʘʤʝʪʨʘ ʧʝʨʚʦʛʦ ʩʣʦʷ 
ʥʘʤʦʪʢʠ ʠ ʜʠʘʤʝʪʨʘ ʩʘʤʦʛʦ ʧʨʦʚʦʜʘ.  
ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʘʢʪʠʚʥʦ ʠʩ-

ʧʦʣʴʟʫʶʪʩʷ ʚ ʫʯʝʙʥʦʤ ʧʨʦʮʝʩʩʝ ʠ ʧʨʠʤʝʥʷʶʪʩʷ ʧʨʠ 
ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʠ ʥʦʚʳʭ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ 
ʫʩʪʨʦʡʩʪʚ [1, 4]. 
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʚʦʧʨʦʩʳ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʧʦʯʚʦʦʙʨʘ-

ʙʘʪʳʚʘʶʱʠʭ ʘʛʨʝʛʘʪʦʚ. ʇʨʝʜʣʘʛʘʝʤʳʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʨʘʙʦʯʠʝ ʦʨʛʘʥʳ ʧʦʟʚʦʣʷʶʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯ-
ʰʠʪʴ ʢʘʯʝʩʪʚʦ ʢʘʢ ʦʩʥʦʚʥʦʡ, ʪʘʢ ʠ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʤʠ ʘʛʨʝʛʘʪʘʤʠ. ɸʛ-
ʨʝʛʘʪʳ ʚʳʧʦʣʥʷʶʪ ʙʝʟʦʪʚʘʣʴʥʫʶ ʦʙʨʘʙʦʪʢʫ ʧʦʯʚʳ, ʠʥʪʝʥʩʠʚʥʦ ʨʳʭʣʷ ʥʠʞʥʠʝ ʩʣʦʠ ʧʦʯʚʳ ʠ ʦʜʥʦʚʨʝ-
ʤʝʥʥʦ ʠʟʤʝʣʴʯʘʷ ʠ ʧʝʨʝʤʝʰʠʚʘʷ ʚʝʨʭʥʠʝ ʩʣʦʠ. 

Abstract 
The article deals with the improvement of the working bodies of the combined tillage units. The proposed 

additional working bodies can significantly improve the quality of both the main and surface tillage with combined 
aggregates. Aggregates perform soilless tillage, intensively loosening the lower layers of the soil and simultane-
ously grinding and mixing the upper layers. 

 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ ʏʠʟʝʣʴʥʳʡ ʧʣʫʛ, ʰʧʦʨʦʚʳʡ ʢʘʪʦʢ, ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʡ ʘʛʨʝʛʘʪ, ʙʦʨʦʥʘ, ʨʝʞʫʱʠʡ 

ʜʠʩʢ. 
Keywords Chisel plow, spur roller, combined unit, harrow, cutting disc. 
 
ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʷʜ ʵʢʦʥʦʤʠʯʝʩʢʠ ʩʠʣʴʥʳʭ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʧʨʦʠʟʚʦʜʷʪ ʟʘ-
ʤʝʥʫ ʩʪʘʨʦʡ ʠʟʥʦʰʝʥʥʦʡ ʠ ʫʩʪʘʨʝʚʰʝʡ ʩʝʣʴʭʦʟʪʝʭ-
ʥʠʢʠ ʥʘ ʥʦʚʫʶ, ʙʦʣʝʝ ʩʦʚʝʨʰʝʥʥʫʶ. ʆʜʥʘʢʦ ʥʝ ʚʩʝ 
ʭʦʟʷʡʩʪʚʘ ʠʤʝʶʪ ʪʘʢʫʶ ʚʦʟʤʦʞʥʦʩʪʴ. ɼʣʷ ʥʠʭ, ʢʘʢ 
ʧʦʢʘʟʘʣʘ ʧʨʘʢʪʠʢʘ, ʥʘʠʙʦʣʝʝ ʧʨʠʝʤʣʝʤʳʤ ʩʧʦʩʦ-
ʙʦʤ ʩʦʭʨʘʥʝʥʠʷ ʚ ʨʘʙʦʯʝʤ ʩʦʩʪʦʷʥʠʠ ʠʤʝʶʱʝʡʩʷ ʚ 
ʭʦʟʷʡʩʪʚʝ ʩʝʣʴʭʦʟʪʝʭʥʠʢʠ ʷʚʣʷʝʪʩʷ ʤʦʜʝʨʥʠʟʘʮʠʷ 
ʦʪʜʝʣʴʥʳʭ ʫʟʣʦʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʤʘʰʠʥ ʩ 
ʥʘʠʤʝʥʴʰʠʤʠ ʟʘʪʨʘʪʘʤʠ ʠʣʠ ʠʟʤʝʥʝʥʠʷʤʠ ʢʦʥ-
ʩʪʨʫʢʮʠʠ ʠ ʩʦʟʜʘʥʠʝ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʘʛʨʝʛʘʪʦʚ 
[1, 2, 3]. ɼʘʞʝ ʧʨʠʦʙʨʝʪʘʷ ʥʦʚʫʶ ʪʝʭʥʠʢʫ ʥʝ ʚʩʝʛʜʘ 
ʤʦʞʥʦ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʝ ʪʝʭʥʠʯʝ-
ʩʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʠʟ-ʟʘ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ ʥʘʰʝʛʦ 
ʨʝʛʠʦʥʘ. 
ɺ ʘʛʨʦʧʨʝʜʧʨʠʷʪʠʷʭ ʂʨʘʩʥʦʜʘʨʩʢʦʛʦ ʢʨʘʷ ʠʤʝ-

ʶʪʩʷ ʯʠʟʝʣʴʥʳʝ ʧʣʫʛʠ AIO TIEFENGRUBBER, ʨʘʟ-
ʨʘʙʦʪʘʥʥʳʝ ʠʪʘʣʴʷʥʩʢʠʤʠ ʧʨʦʠʟʚʦʜʠʪʝʣʷʤʠ. ʆʩ-
ʥʦʚʥʳʤʠ ʨʘʙʦʯʠʤʠ ʦʨʛʘʥʘʤʠ ʷʚʣʷʶʪʩʷ ʧʨʦʯʥʳʝ 
ʩʪʦʡʢʠ ʩ ʙʦʢʦʚʳʤʠ ʧʣʦʩʢʦʨʝʟʘʤʠ, ʧʨʝʜʥʘʟʥʘʯʝʥ-
ʥʳʝ ʜʣʷ ʛʣʫʙʦʢʦʛʦ ʨʳʭʣʝʥʠʷ ʧʦʯʚʳ ʜʦ 650 ʤʤ. ɼʣʷ 
ʨʘʟʙʠʚʘʥʠʷ ʧʦʯʚʝʥʥʳʭ ʢʦʤʢʦʚ, ʛʣʳʙ ʠ ʚʳʨʘʚʥʠʚʘ-
ʥʠʷ ʧʦʣʷ ʧʣʫʛ ʢʦʤʧʣʝʢʪʫʝʪʩʷ ʩ ʜʚʫʤʷ ʰʧʦʨʦʚʳʤʠ 

ʢʘʪʢʘʤʠ. ʋ ʯʠʟʝʣʴʥʦʛʦ ʧʣʫʛʘ AIO, ʚ ʮʝʣʦʤ ʭʦʨʦʰʦ 
ʧʦʢʘʟʘʚʰʝʛʦ ʩʝʙʷ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʝʩʪʴ ʩʫʱʝʩʪʚʝʥ-
ʥʳʡ ʥʝʜʦʩʪʘʪʦʢ: ʧʨʠ ʨʘʙʦʪʝ ʥʘ ʧʝʨʝʫʧʣʦʪʥʝʥʥʳʭ ʠ 
ʧʝʨʝʫʚʣʘʞʥʝʥʥʳʭ ʧʦʯʚʘʭ ʪʘʥʜʝʤʥʳʝ ʢʘʪʢʠ ʟʘʙʠʚʘ-
ʶʪʩʷ ʨʘʩʪʠʪʝʣʴʥʳʤʠ ʦʩʪʘʪʢʘʤʠ ʠ ʧʦʯʚʦʡ. 
ʅʘʤʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʫʩʪʨʘʥʠʪʴ ʵʪʦʪ ʥʝʜʦʩʪʘʪʦʢ 

ʧʫʪʝʤ ʩʦʟʜʘʥʠʷ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʘʛʨʝʛʘʪʘ ʥʘ ʙʘʟʝ 
ʜʘʥʥʦʛʦ ʧʣʫʛʘ (ʨʠʩʫʥʦʢ 1). ʏʝʨʪʝʞʠ ʩʙʦʨʦʯʥʳʭ 
ʝʜʠʥʠʮ ʠ ʨʘʙʦʯʠʭ ʯʝʨʪʝʞʝʡ ʜʝʪʘʣʝʡ ʚʳʧʦʣʥʷʣʠʩʴ ʚ 
ʩʠʩʪʝʤʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 
ʂʆʄʇɸʉ-3D V12 [4]. 
ɺʤʝʩʪʦ ʜʚʦʡʥʦʛʦ ʢʘʪʢʘ ʩ ʰʠʧʘʤʠ ʫʩʪʘʥʘʚʣʠʚʘ-

ʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʨʘʤʘ 2 ʩ ʜʚʫʭʨʷʜʥʦʡ ʙʦʨʦʥʦʡ 
4 ʠ 5, ʢʦʪʦʨʘʷ ʟʘʚʝʨʰʘʝʪ ʦʙʨʘʙʦʪʢʫ ʧʦʚʝʨʭʥʦʩʪʠ 
ʧʦʯʚʳ ʧʦʩʣʝ ʝʝ ʛʣʫʙʦʢʦʛʦ ʨʳʭʣʝʥʠʷ ʩʪʦʡʢʘʤʠ. ʈʘ-
ʙʦʯʠʤʠ ʦʨʛʘʥʘʤʠ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʙʦʨʦʥʳ ʷʚʣʷʶʪʩʷ 
ʨʝʞʫʱʠʝ ʜʠʩʢʠ. ɻʣʫʙʠʥʘ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ ʨʝʞʫ-
ʱʠʤʠ ʜʠʩʢʘʤʠ ʨʝʛʫʣʠʨʫʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʜʚʫʭ ʩʦ-
ʝʜʠʥʝʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ ʛʠʜʨʦʮʠʣʠʥʜʨʦʚ 1. ɺʳʨʘʚ-
ʥʠʚʘʝʪʩʷ ʨʘʤʘ ʩ ʙʦʨʦʥʦʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʚʝʨʭʥʦ-
ʩʪʠ ʧʦʣʷ ʨʝʛʫʣʠʨʦʚʦʯʥʳʤʠ ʚʠʥʪʘʤʠ 3.  

 
1 ï ʛʠʜʨʦʮʠʣʠʥʜʨ; 2 ï ʨʘʤʘ; 3 ï ʚʠʥʪ ʨʝʛʫʣʠʨʦʚʦʯʥʳʡ; 4, 5 - ʙʦʨʦʥʘ 

ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʘʛʨʝʛʘʪʘ ʩ ʜʚʫʭʨʷʜʥʦʡ ʙʦʨʦʥʦʡ 

 
ɼʣʷ ʫʣʫʯʰʝʥʠʷ ʢʨʦʰʝʥʠʷ ʧʦʯʚʳ ʨʝʢʦʤʝʥʜʫ-

ʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʬʝʨʠʯʝʩʢʠʝ ʚʳʨʝʟʥʳʝ ʜʠʩʢʠ 1 
(ʨʠʩʫʥʦʢ 2). ʉʬʝʨʠʯʝʩʢʠʡ ʜʠʩʢ ʩ ʚʦʛʥʫʪʦʡ ʩʪʦʨʦʥʳ 
ʢʨʝʧʠʪʩʷ ʰʝʩʪʴʶ ʙʦʣʪʘʤʠ 4 ʢ ʬʣʘʥʮʫ ʦʩʠ 6. ʆʩʴ 

ʚʨʘʱʘʝʪʩʷ ʚ ʜʚʫʭ ʨʦʣʠʢʦʚʳʭ ʢʦʥʠʯʝʩʢʠʭ ʧʦʜʰʠʧ-
ʥʠʢʘʭ 5 ʠ 7, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʚʦʩʧʨʠʥʠʤʘʪʴ ʧʦʤʠʤʦ 
ʨʘʜʠʘʣʴʥʦʡ ʥʘʛʨʫʟʢʠ ʟʥʘʯʠʪʝʣʴʥʫʶ ʦʩʝʚʫʶ ʧʨʠ ʥʝ-
ʙʦʣʴʰʦʤ ʯʠʩʣʝ ʦʙʦʨʦʪʦʚ. ʈʦʣʠʢʦʧʦʜʰʠʧʥʠʢʠ ʫʩʪʘ-
ʥʦʚʣʝʥʳ ʚ ʝʜʠʥʦʤ ʢʦʨʧʫʩʝ 8. ʂʦʨʧʫʩ ʧʦʩʨʝʜʩʪʚʦʤ 
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ʜʚʫʭ ʧʨʦʫʰʠʥ, ʧʨʠʚʘʨʝʥʥʳʭ ʢ ʥʝʤʫ, ʢʨʝʧʠʪʩʷ 
ʜʚʫʤʷ ʙʦʣʪʘʤʠ 2 ʢ ʠʟʦʛʥʫʪʦʡ ʩʪʦʡʢʝ 3. ʇʣʦʩʢʦʩʪʴ 
ʚʨʘʱʝʥʠʷ ʜʠʩʢʘ ʨʘʩʧʦʣʦʞʝʥʘ ʧʦʜ ʫʛʣʦʤ 11Ü ʢ ʚʝʨ-
ʪʠʢʘʣʴʥʦʡ ʦʩʠ ʩʪʦʡʢʠ. ʂʨʫʛʣʦʛʦ ʩʝʯʝʥʠʷ ʩʪʦʡʢʘ 

ʜʨʫʛʠʤ ʩʚʦʠʤ ʢʦʥʮʦʤ ʰʘʨʥʠʨʥʦ ʟʘʢʨʝʧʣʝʥʘ ʢ ʨʘʤʝ. 
ʐʘʨʥʠʨʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʛʫʣʠ-
ʨʦʚʘʪʴ ʫʛʦʣ ʘʪʘʢʠ ʨʝʞʫʱʠʭ ʜʠʩʢʦʚ ʦʪ 15Ü ʜʦ 25Ü.  

 
1 ï ʜʠʩʢ; 2 ï ʙʦʣʪ; 3 ï ʩʪʦʡʢʘ; 4 - , 5, 7 ï ʧʦʜʰʠʧʥʠʢʠ; 6 ï ʦʩʴ; 8 ʢʦʨʧʫʩ 

ʈʠʩʫʥʦʢ 2 ï ʈʝʞʫʱʠʡ ʜʠʩʢ 

 
ʈʝʛʫʣʠʨʦʚʘʥʠʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʜʣʷ ʚʩʝʛʦ ʨʷʜʘ ʜʠʩʢʦʚ ʧʨʠ ʧʦʤʦʱʠ ʦʙʱʝʡ ʧʣʘʥʢʠ 1 
(ʨʠʩʫʥʦʢ 3), ʢ ʢʦʪʦʨʦʡ ʪʦʞʝ ʰʘʨʥʠʨʥʦ ʢʨʝʧʷʪʩʷ ʨʳ-
ʯʘʛʠ ʩʪʦʝʢ 2. ʏʝʤ ʚʳʰʝ ʚʣʘʞʥʦʩʪʴ ʠ ʧʣʦʪʥʦʩʪʴ 
ʧʦʯʚʳ, ʟʘʩʦʨʝʥʥʦʩʪʴ ʝʝ ʨʘʩʪʠʪʝʣʴʥʳʤʠ ʦʩʪʘʪʢʘʤʠ, 
ʪʝʤ ʙʦʣʴʰʝ ʫʛʦʣ ʘʪʘʢʠ. ʋʚʝʣʠʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʜʚʠ-
ʞʝʥʠʷ ʘʛʨʝʛʘʪʘ ʫʣʫʯʰʘʝʪ ʢʨʦʰʝʥʠʝ ʧʦʯʚʳ [5, 6, 7]. 
ʐʘʛ ʨʘʩʩʪʘʥʦʚʢʠ ʜʠʩʢʦʚ ʚ ʨʷʜʫ ʨʘʚʝʥ 330 ʤʤ. 

ɼʠʩʢʠ ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʨʷʜʦʚ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʥʘ 

ʨʘʤʝ ʩʦ ʩʤʝʱʝʥʠʝʤ ʨʘʚʥʳʤ ʧʦʣʦʚʠʥʝ ʰʘʛʘ ʨʘʩʩʪʘ-
ʥʦʚʢʠ. ɼʠʩʢʠ ʢʘʞʜʦʛʦ ʨʷʜʘ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʩʬʝ-
ʨʠʯʝʩʢʠʤʠ ʧʦʚʝʨʭʥʦʩʪʷʤʠ, ʥʘʧʨʘʚʣʝʥʥʳʤʠ ʚ ʦʜʥʫ 
ʩʪʦʨʦʥʫ. ʈʘʜʠʫʩ ʢʨʠʚʠʟʥʳ ʩʬʝʨ ʜʠʩʢʦʚ ʧʝʨʚʦʛʦ ʠ 
ʚʪʦʨʦʛʦ ʨʷʜʦʚ ʥʘʧʨʘʚʣʝʥ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʝʥʥʳʝ 
ʩʪʦʨʦʥʳ, ʘ ʟʥʘʯʠʪ ʫʛʦʣ ʘʪʘʢʠ ʨʝʞʫʱʠʭ ʜʠʩʢʦʚ 
ʦʙʦʠʭ ʨʷʜʦʚ ʦʜʠʥʘʢʦʚʳʡ ʧʦ ʟʥʘʯʝʥʠʶ, ʥʦ ʧʨʦʪʠʚʦ-
ʧʦʣʦʞʥʳʡ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʢ ʜʚʠʞʝʥʠʶ ʘʛʨʝʛʘʪʘ. 

 

 
1 ï ʧʣʘʥʢʘ; 2 - ʩʪʦʡʢʘ 

ʈʠʩʫʥʦʢ 3 ï ʉʭʝʤʘ ʘʛʨʝʛʘʪʘ (ʚʠʜ ʩʚʝʨʭʫ) 

 



80 TECHNICAL SCIENCE / «Colloquium - journal Ȼ# 7(31),2019 

ʊʘʢ ʢʘʢ ʢʘʞʜʳʡ ʨʝʞʫʱʠʡ ʜʠʩʢ ʫʩʪʘʥʦʚʣʝʥ ʥʘ 
ʦʪʜʝʣʴʥʦʡ ʦʩʠ, ʜʠʩʢʦʚʳʝ ʨʷʜʳ ʥʝ ʟʘʙʠʚʘʶʪʩʷ ʨʘʩ-
ʪʠʪʝʣʴʥʳʤʠ ʦʩʪʘʪʢʘʤʠ ʠ ʧʦʯʚʦʡ, ʵʪʦ ʧʦʟʚʦʣʷʝʪ ʨʘ-
ʙʦʪʘʪʴ ʘʛʨʝʛʘʪʫ ʥʘ ʧʝʨʝʫʚʣʘʞʥʝʥʥʳʭ ʠ ʧʝʨʝʫʧʣʦʪ-
ʥʝʥʥʳʭ ʧʦʯʚʘʭ. 
ɽʩʪʴ ʝʱʝ ʦʜʥʦ ʨʝʰʝʥʠʝ ʵʪʦʡ ʧʨʦʙʣʝʤʳ. ɺʤʝ-

ʩʪʦ ʜʚʦʡʥʦʛʦ ʢʘʪʢʘ ʩ ʰʠʧʘʤʠ ʧʣʫʛʘ AIO ʤʦʞʥʦ 
ʫʩʪʘʥʦʚʠʪʴ ʚʠʙʨʘʮʠʦʥʥʳʡ ʢʘʪʦʢ 1 (ʨʠʩʫʥʦʢ 4), ʢʦ-
ʪʦʨʳʡ ʣʝʛʢʦ ʨʘʟʨʫʰʘʝʪ ʧʦʯʚʝʥʥʳʝ ʛʣʳʙʳ, ʚʳʨʘʚ-
ʥʠʚʘʝʪ ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʣʷ ʠ ʚʳʯʝʩʳʚʘʝʪ ʩʦʨʥʷʢʠ [8]. 
ʆʩʥʦʚʥʳʤʠ ʜʝʪʘʣʷʤʠ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʢʘʪʢʘ ʷʚʣʷ-
ʶʪʩʷ ʙʘʨʘʙʘʥ 1, ʠʟʛʦʪʦʚʣʝʥʥʳʡ ʠʟ ʪʨʫʙʳ ʢʨʫʛʣʦʛʦ 
ʩʝʯʝʥʠʷ ʠ ʧʨʠʚʘʨʝʥʥʳʝ ʧʦ ʚʠʥʪʦʚʳʤ ʣʠʥʠʷʤ ʨʷʜʳ 
ʟʫʙʴʝʚ 2, ʠʤʝʶʱʠʝ ʬʦʨʤʫ ʪʨʦʭʦʠʜʳ. ɹʘʨʘʙʘʥ ʚʨʘ-
ʱʘʝʪʩʷ ʚ ʜʚʫʭ ʧʦʜʰʠʧʥʠʢʦʚʳʭ ʫʟʣʘʭ 5, ʟʘʢʨʝʧʣʝʥ-

ʥʳʭ ʧʦ ʝʛʦ ʪʦʨʮʘʤ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʳʭ ʩʪʝʨʞ-
ʥʝʡ 3, ʠʤʝʶʱʠʭ ʮʠʣʠʥʜʨʠʯʝʩʢʫʶ ʠ ʛʨʘʥʝʥʫʶ ʧʦ-
ʚʝʨʭʥʦʩʪʴ ʜʣʷ ʫʜʦʙʩʪʚʘ ʩʙʦʨʢʠ (ʨʠʩʫʥʦʢ 5). ʇʦ ʮʠ-
ʣʠʥʜʨʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʙʘʨʘʙʘʥʘ ʩ ʝʛʦ ʪʦʨʮʦʚ 
ʧʨʦʨʝʟʘʥʳ ʧʘʟʳ, ʚ ʢʦʪʦʨʳʝ ʩʚʦʝʡ ʛʨʘʥʝʥʦʡ ʧʦʚʝʨʭ-
ʥʦʩʪʴʶ ʚʩʪʘʚʣʷʶʪʩʷ ʯʝʪʳʨʝ ʨʘʜʠʘʣʴʥʦ ʨʘʩʧʦʣʦ-
ʞʝʥʥʳʭ ʩʪʝʨʞʥʷ 3 ʜʣʷ ʢʨʝʧʣʝʥʠʷ ʧʦʜʰʠʧʥʠʢʦʚʳʭ 
ʫʟʣʦʚ 5. ʎʠʣʠʥʜʨʠʯʝʩʢʠʤʠ ʭʚʦʩʪʦʚʠʢʘʤʠ ʩʪʝʨʞʥʠ 
ʟʘʭʦʜʷʪ ʚʦ ʚʪʫʣʢʠ 4 ʢʦʨʧʫʩʦʚ ʧʦʜʰʠʧʥʠʢʦʚ ʩ ʚʦʟ-
ʤʦʞʥʦʩʪʴʶ ʧʝʨʝʤʝʱʝʥʠʷ ʚ ʥʠʭ ʚ ʨʘʜʠʘʣʴʥʦʤ 
ʥʘʧʨʘʚʣʝʥʠʠ ʠ ʷʚʣʷʶʪʩʷ ʚʤʝʩʪʝ ʩ ʚʪʫʣʢʘʤʠ ʥʘʧʨʘʚ-
ʣʷʶʱʠʤʠ ʜʣʷ ʧʨʫʞʠʥ ʩʞʘʪʠʷ 7, ʢʦʪʦʨʳʝ ʚ ʩʚʦʶ 
ʦʯʝʨʝʜʴ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʤʝʞʜʫ ʢʦʨʧʫʩʦʤ ʧʦʜʰʠʧ-
ʥʠʢʦʚ ʠ ʙʘʨʘʙʘʥʦʤ. ʂ ʪʦʨʮʘʤ ʧʦʣʫʦʩʝʡ ʙʘʨʘʙʘʥʘ 
ʧʨʠʚʘʨʝʥʳ ʬʣʘʥʮʳ 6 ʩ ʦʪʚʝʨʩʪʠʷʤʠ ʜʣʷ ʢʨʝʧʣʝʥʠʷ 
ʝʛʦ ʢ ʨʘʤʝ. 

 

 
ʈʠʩʫʥʦʢ 4 - ʉʭʝʤʘ ʘʛʨʝʛʘʪʘ ʩ ʚʠʙʨʘʮʠʦʥʥʳʤ ʢʘʪʢʦʤ 

 
1- ʙʘʨʘʙʘʥ; 2 ï ʟʫʙ; 3 ï ʩʪʝʨʞʝʥʴ; 4 ï ʚʪʫʣʢʘ; 5 ï ʫʟʝʣ ʧʦʜʰʠʧʥʠʢʦʚʳʡ;  

6 - ʬʣʘʥʝʮ; 7 - ʧʨʫʞʠʥʘ 

ʈʠʩʫʥʦʢ 5 ï ɺʠʙʨʘʮʠʦʥʥʳʡ ʢʘʪʦʢ 
 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʥʘʯʘʣʘ ʩʦʙʠʨʘʝʪʩʷ ʧʦʜʰʠʧ-

ʥʠʢʦʚʳʡ ʫʟʝʣ ʚʤʝʩʪʝ ʩʦ ʩʪʝʨʞʥʷʤʠ ʠ ʧʨʝʜʚʘʨʠ-
ʪʝʣʴʥʦ ʩʞʘʪʳʤʠ ʧʨʫʞʠʥʘʤʠ, ʘ ʟʘʪʝʤ ʩʪʝʨʞʥʠ 
ʚʩʪʘʚʣʷʶʪʩʷ ʚ ʧʘʟʳ ʠ ʟʘʢʨʝʧʣʷʶʪʩʷ ʛʘʡʢʘʤʠ ʥʘ ʙʘ-

ʨʘʙʘʥʝ. ɻʣʫʙʠʥʫ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ ʤʦʞʥʦ ʨʝʛʫʣʠʨʦ-
ʚʘʪʴ ʧʫʪʝʤ ʠʟʤʝʥʝʥʠʷ ʚʳʩʦʪʳ ʫʩʪʘʥʦʚʢʠ ʨʘʤʳ 
ʢʘʪʢʘ. 
ɺ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʘʛʨʝʛʘʪʘ ʢʘʪʦʢ ʩʚʦʠʤʠ 

ʟʫʙʴʷʤʠ ʥʝ ʪʦʣʴʢʦ ʨʘʟʙʠʚʘʝʪ ʦʙʨʘʟʦʚʘʚʰʠʝʩʷ ʧʦʩʣʝ 
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ʯʠʟʝʣʝʚʘʥʠʷ ʢʦʤʴʷ ʟʝʤʣʠ, ʥʦ ʠ ʚʳʯʝʩʳʚʘʝʪ ʩʦʨ-
ʥʷʢʠ. ʇʦʤʠʤʦ ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʢʘʪʦʢ ʩʦʚʝʨʰʘʝʪ ʝʱʝ 
ʠ ʚʠʙʨʘʮʠʦʥʥʦʝ ʜʚʠʞʝʥʠʝ ʟʘ ʩʯʝʪ ʜʝʬʦʨʤʘʮʠʠ ʧʨʫ-
ʞʠʥ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʝʩʘ ʢʘʪʢʘ. ʕʪʦ ʟʥʘʯʠʪʝʣʴʥʦ 
ʫʣʫʯʰʘʝʪ ʝʛʦ ʨʘʙʦʪʫ. 
ʈʘʩʩʤʦʪʨʠʤ ʝʱʝ ʦʜʠʥ ʚʘʨʠʘʥʪ ʩʦʟʜʘʥʠʷ ʢʦʤ-

ʙʠʥʠʨʦʚʘʥʥʦʛʦ ʘʛʨʝʛʘʪʘ ʥʘ ʙʘʟʝ ʯʠʟʝʣʴʥʦʛʦ ʧʣʫʛʘ 
AIO. ɺʤʝʩʪʦ ʪʘʥʜʝʤʥʦʛʦ ʢʘʪʢʘ ʩ ʰʠʧʘʤʠ ʤʦʞʥʦ 

ʫʩʪʘʥʦʚʠʪʴ ʜʚʘ ʨʷʜʘ ʩʝʢʮʠʡ ʩ ʨʘʟʣʠʯʥʳʤʠ ʨʘʙʦ-
ʯʠʤʠ ʦʨʛʘʥʘʤʠ, ʚʨʘʱʘʶʱʠʤʠʩʷ ʩ ʨʘʟʥʦʡ ʯʘʩʪʦ-
ʪʦʡ. ʅʘ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʨʘʤʫ ʤʦʥʪʠʨʫʶʪʩʷ ʩʝʢ-
ʮʠʠ ʩ ʠʛʦʣʴʯʘʪʳʤʠ ʜʠʩʢʘʤʠ 1 ʚ ʧʝʨʚʦʤ ʨʷʜʫ ʠ ʥʦ-
ʞʝʚʳʤʠ 3 ʚʦ ʚʪʦʨʦʤ ʧʦ ʭʦʜʫ ʜʚʠʞʝʥʠʷ ʘʛʨʝʛʘʪʘ 
(ʨʠʩʫʥʦʢ 6).  

 

 
1 ï ʜʠʩʢ ʠʛʦʣʴʯʘʪʳʡ; 2, 4 ï ʟʚʝʟʜʦʯʢʠ; 3 - ʜʠʩʢ ʥʦʞʝʚʦʡ; 5 ï ʧʝʨʝʜʘʯʘ ʮʝʧʥʘʷ 

ʈʠʩʫʥʦʢ 6 ï ʉʭʝʤʘ ʨʘʩʩʪʘʥʦʚʢʠ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ 

 
ʆʩʠ ʩʝʢʮʠʡ ʩʚʦʙʦʜʥʦ ʚʨʘʱʘʶʪʩʷ ʚ ʧʦʜʰʠʧʥʠ-

ʢʘʭ. ɺ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʦʩʝʡ ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ 
ʨʷʜʘ ʫʩʪʘʥʦʚʣʝʥʳ ʟʚʝʟʜʦʯʢʠ 2 ʠ 4, ʩʦʝʜʠʥʝʥʥʳʝ ʮʝ-
ʧʴʶ 5. ɼʠʘʤʝʪʨ ʟʚʝʟʜʦʯʝʢ ʩʝʢʮʠʡ ʚʪʦʨʦʛʦ ʨʷʜʘ ʚ 1,5 
ʨʘʟʘ ʤʝʥʴʰʝ ʧʝʨʚʦʛʦ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʥʦʞʝʚʳʤ ʜʠʩ-
ʢʘʤ ʚʨʘʱʘʪʴʩʷ ʩ ʙʦʣʴʰʝʡ ʯʘʩʪʦʪʦʡ, ʯʝʤ ʠʛʦʣʴʯʘ-
ʪʳʤ. ɺʨʘʱʝʥʠʝ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʩ ʨʘʟʣʠʯʥʦʡ ʯʘ-
ʩʪʦʪʦʡ ʫʣʫʯʰʘʝʪ ʠʭ ʩʘʤʦʦʯʠʱʝʥʠʝ. 
ʉʦʚʨʝʤʝʥʥʳʝ ʨʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʠʝ ʪʝʭʥʦʣʦ-

ʛʠʠ ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʧʪʠʤʘʣʴʥʦ 
ʩʢʦʤʧʣʝʢʪʦʚʘʥʥʳʭ ʵʥʝʨʛʦʥʘʩʳʱʝʥʥʳʭ ʘʛʨʝʛʘʪʦʚ, 
ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ, ʥʦʚʳʭ ʘʛʨʦʪʝʭ-
ʥʠʯʝʩʢʠʭ ʧʨʠʝʤʦʚ ʥʘ ʦʩʥʦʚʘʥʠʠ ʢʦʪʦʨʳʭ ʙʫʜʝʪ ʜʦ-
ʩʪʠʛʥʫʪ ʤʘʢʩʠʤʫʤ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʪʨʫʜʘ ʧʨʠ 
ʤʠʥʠʤʘʣʴʥʳʭ ʟʘʪʨʘʪʘʭ ʪʨʫʜʘ ʠ ʜʝʥʝʞʥʳʭ ʩʨʝʜʩʪʚ. 
ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʥʝʦʙʭʦʜʠʤʦ ʨʫ-
ʢʦʚʦʜʩʪʚʦʚʘʪʴʩʷ ʥʘʫʯʥʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʠ ʠʥ-
ʥʦʚʘʮʠʦʥʥʳʤʠ ʧʨʦʝʢʪʘʤʠ ʫʯʝʥʳʭ ʢʨʘʷ [9]. 
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FORMATION OF THE SCIENTIFIC ORGANIZATION OF WEIGHTLIFTERS JUNIOR 

NUTRITION BASED ON HEALTH -SAVING PRINCIPLES  

 

ɸʥʥʦʪʘʮʠʷ 

ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʵʬʬʝʢʪʠʚʥʘʷ ʤʝʪʦʜʠʢʘ ʦʧʨʝʜʝʣʝʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʟʘʪʨʘʪ ʪʷʞʝʣʦʘʪʣʝ-

ʪʦʚ ʶʥʠʦʨʦʚ, ʘ ʪʘʢʞʝ ʦʧʠʩʘʥʳ ʙʘʟʦʚʳʝ ʧʨʠʥʮʠʧʳ ʟʜʦʨʦʚʴʝʩʙʝʨʝʛʘʶʱʝʛʦ ʧʠʪʘʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʧʨʦ-

ʝʢʪʠʨʦʚʘʥʠʝ ʨʘʮʠʦʥʦʚ ʜʣʷ ʮʝʣʝʚʦʡ ʛʨʫʧʧʳ ʩ ʫʯʸʪʦʤ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʦʪʝʨʴ. 

Abstract 

The article presents an effective method for determining the energy costs of junior weightlifters, as well as 

describes the basic principles of health-saving nutrition, aimed at designing diets for the target group, taking into 

account energy losses. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʷʞʝʣʦʘʪʣʝʪʳ ʶʥʠʦʨʳ, ʟʜʦʨʦʚʴʝʩʙʝʨʝʛʘʶʱʝʝ ʧʠʪʘʥʠʝ, ʠʟʤʝʨʝʥʠʝ ʵʥʝʨʛʝʪʠʯʝ-

ʩʢʠʭ ʟʘʪʨʘʪ, ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʨʘʮʠʦʥʦʚ, ʦʩʥʦʚʥʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʦʙʤʝʥ. 

Key words: juniors weightlifters, health-saving nutrition, energy cost measurement, design of specialized 

rations, main energy exchange. 

 

ɺ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʦʨʛʘʥʠʟʘʮʠʠ 

ʧʠʪʘʥʠʷ ʪʷʞʝʣʦʘʪʣʝʪʦʚ ʶʥʠʦʨʦʚ. ɺʳʚʦʜ ʧʦ ʚʳʧʦʣ-

ʥʝʥʥʦʡ ʨʘʙʦʪʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʠʢʠ ʢʦʥ-

ʪʝʥʪ-ʘʥʘʣʠʟʘ ʩʪʦʠʪ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʡ: - ʨʳʥʦʢ 

ʧʨʝʜʧʨʠʷʪʠʡ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʧʠʪʘʥʠʷ, ʩʧʝʮʠʘʣʠʟʠ-

ʨʫʶʱʠʭʩʷ ʥʘ ʦʙʩʣʫʞʠʚʘʥʠʠ ʩʧʦʨʪʠʚʥʳʭ ʫʯʨʝʞʜʝ-

ʥʠʡ ʥʘʭʦʜʠʪʩʷ ʚ ʟʘʯʘʪʦʯʥʦʤ ʩʦʩʪʦʷʥʠʠ. ɺ ʠʤʝʶʱʠʭ 

ʤʝʩʪʦ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʧʦʜʦʙʥʦʛʦ ʨʦʜʘ ʟʘʚʝʜʝ-

ʥʠʷʭ, ʧʨʝʜʣʘʛʘʝʤʦʝ ʤʝʥʶ, ʩʣʠʰʢʦʤ ʦʪʜʘʣʸʥʥʦ 

ʥʘʧʦʤʠʥʘʝʪ ʪʦ ʤʝʥʶ, ʯʪʦ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʩʧʝʮʠʘʣʠ-

ʩʪʘʤʠ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʨʘʮʠʦʥʦʚ ʧʠʪʘʥʠʷ ʦʪ ʥʘʫʢʠ. 

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʧʨʝʜʣʘʛʘʝʤʳʭ ʥʘ ʧʨʘʢʪʠʢʝ 

ʧʦʜʦʙʥʳʭ ʨʘʮʠʦʥʘʭ ʧʦʯʪʠ ʚ 100% ʩʣʫʯʘʷʭ ʧʦʣʥʦ-

ʩʪʴʶ ʦʪʩʫʪʩʪʚʫʝʪ ʜʠʬʬʝʨʝʥʮʠʘʮʠʷ ʘʩʩʦʨʪʠʤʝʥʪʘ 

ʧʨʦʜʫʢʮʠʠ ʜʣʷ ʩʧʦʨʪʩʤʝʥʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʝʨʠ-

ʦʜʦʚ ʜʦ-, ʚʦ ʚʨʝʤʷ, ʠ ʧʦʩʣʝ- ʚʳʩʪʫʧʣʝʥʠʡ ʥʘ ʩʦʨʝʚ-

ʥʦʚʘʥʠʷʭ, ʘ ʚʝʜʴ ʵʬʬʝʢʪʠʚʥʳʡ ʧʦʜʙʦʨ ʨʘʮʠʦʥʘ ʠ 

ʨʝʞʠʤʘ ʧʠʪʘʥʠʷ ʜʣʷ ʩʧʦʨʪʩʤʝʥʘ ʵʪʦ ʟʘʣʦʛ ʫʩʧʝʭʘ. ɺ 

ʩʚʷʟʠ ʩ ʚʳʟʦʚʘʤʠ ʚʨʝʤʝʥʠ, ʚ ʨʘʤʢʘʭ ʚʳʧʦʣʥʷʝʤʦʡ 

ʨʘʙʦʪʳ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʟʜʦʨʦʚʴʝʩʙʝʨʝʛʘʶʱʠʭ ʨʘʮʠʦʥʦʚ ʧʠʪʘʥʠʷ.  

ɺ ʤʝʪʦʜʠʢʫ ʚʦʰʣʠ ʨʘʩʯʝʪʳ ʧʦ ʨʘʮʠʦʥʫ ʧʠʪʘ-

ʥʠʷ ʩʧʦʨʪʩʤʝʥʦʚ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʟʘ-

ʪʨʘʯʠʚʘʝʤʦʡ ʵʥʝʨʛʠʠ ʧʨʠ ʪʨʝʥʠʨʦʚʢʘʭ, ɺ ʩʚʦʝʡ ʨʘ-

ʙʦʪʝ ʫʯʠʪʳʚʘʝʪʩʷ ʦʧʳʪ ʠ ʥʘʨʘʙʦʪʢʠ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ 

ʪʘʢʠʭ ʚʝʜʫʱʠʭ ʫʯʝʥʳʭ ʢʘʢ ɸ.ʌ. ɼʦʨʦʥʠʥ, ʄ. ʀ. ʂʘ-

ʣʠʥʩʢʠʡ, ɸ. ʀ. ʇʰʝʥʜʠʥ, ɺ.ɸ. ʈʦʛʦʟʢʠʥ [5]. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʫʪʦʯʥʳʭ ʵʥʝʨʛʦʟʘʪʨʘʪ 

ʩʧʦʨʪʩʤʝʥʘ ʪʷʞʝʣʦʘʪʣʝʪʘ ʙʳʣʦ ʚʳʙʨʘʥʦ ʠ ʦʙʲʝʜʠ-

ʥʝʥʦ 2 ʤʝʪʦʜʘ:  

1) ʋʨʘʚʥʝʥʠʝ ʍʘʨʨʠʩʘ-ɹʝʥʝʜʠʢʪʘ;  

2) ʆʧʨʝʜʝʣʝʥʠʝ ʵʥʝʨʛʦʟʘʪʨʘʪ ʥʘ ʦʩʥʦʚʘʥʠʠ ʠʟ-

ʤʝʨʝʥʠʷ ʯʘʩʪʦʪʳ ʩʝʨʜʝʯʥʳʭ ʩʦʢʨʘʱʝʥʠʡ (ʏʉʉ).  

ʉʦʚʤʝʩʪʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʜʘʥʥʳʭ ʤʝʪʦʜʦʚ 

ʠʤʝʝʪ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ: 

Å ʠʩʧʦʣʴʟʫʝʤʦʝ ʩʦʯʝʪʘʥʠʝ ʤʝʪʦʜʦʚ ʧʦʟʚʦ-

ʣʷʝʪ ʧʨʦʠʟʚʝʩʪʠ ʠʥʜʠʚʠʜʫʘʣʴʥʳʡ ʧʦʜʭʦʜ ʢ ʦʩʦʙʝʥ-

ʥʦʩʪʷʤ ʦʨʛʘʥʠʟʤʘ; 

Å ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʜʘʥʥʳʭ ʩʦʚʤʝʩʪʥʳʭ ʤʝʪʦ-

ʜʦʚ ʥʝ ʪʨʝʙʫʝʪʩʷ ʥʘʣʠʯʠʝ ʩʣʦʞʥʦʡ ʪʝʭʥʠʯʝʩʢʦʡ 

ʦʩʥʘʱʸʥʥʦʩʪʠ; 

Å ʧʦʜʦʙʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʵʥʝʨʛʦʟʘʪʨʘʪ ʥʝ 

ʦʛʨʘʥʠʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ ʚʩʝʭ 

ʚʠʜʦʚ ʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ; 

Å ʧʨʠ ʠʟʤʝʨʝʥʠʠ ʵʥʝʨʛʦʟʘʪʨʘʪ ʧʨʝʜʣʦʞʝʥ-

ʥʳʤʠ ʩʧʦʩʦʙʘʤʠ ʩʧʦʨʪʩʤʝʥ ʦʩʪʘʸʪʩʷ ʚ ʫʩʣʦʚʠʷʭ 

ʧʨʠʚʳʯʥʦʛʦ ʦʢʨʫʞʝʥʠʷ, ʪʝʤ ʩʘʤʳʤ ʥʝ ʚʦʟʥʠʢʘʝʪ 

ʩʦʩʪʦʷʥʠʝ ʜʠʩʩʦʥʘʥʩʘ ʚ ʦʨʛʘʥʠʟʤʝ ʩʧʦʨʪʩʤʝʥʘ; 

Å ʧʨʦʚʝʜʝʥʠʝ ʜʘʥʥʳʭ ʤʝʪʦʜʦʚ ʧʦʜʩʯʸʪʘ ʷʚʣʷ-

ʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʳʤ, ʪʘʢ ʢʘʢ ʫʯʠʪʳʚʘʶʪʩʷ ʥʝ 

ʪʦʣʴʢʦ ʟʘʪʨʘʪʳ ʵʥʝʨʛʠʠ ʦʨʛʘʥʠʟʤʘ ʥʘ ʬʠʟʠʯʝʩʢʫʶ 

ʜʝʷʪʝʣʴʥʦʩʪʴ, ʚ ʨʘʩʯʸʪ ʪʘʢʞʝ ʚʭʦʜʠʪ ʦʧʨʝʜʝʣʝʥʠʝ 

ʦʩʥʦʚʥʦʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʦʙʤʝʥʘ. 

ʈʘʩʯʸʪ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦ ʬʦʨʤʫʣʝ ʟʘʚʠʩʠʤʦʩʪʠ 

ʵʥʝʨʛʦʟʘʪʨʘʪ ʦʪ ʏʉʉ.  

Ὁ πȟπρτὋ ὸ πȟρςὪ χ,  (1), 

ʛʜʝ ɽ ï ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʟʘʪʨʘʪʳ ʚ ʢʠʣʦʢʘʣʦ-

ʨʠʷʭ; 

G ï ʤʘʩʩʘ ʪʝʣʘ ʚ ʢʠʣʦʛʨʘʤʤʘʭ; 

t ï ʚʨʝʤʷ ʚʳʧʦʣʥʝʥʠʷ ʫʧʨʘʞʥʝʥʠʷ ʚ ʤʠʥʫʪʘʭ; 

f ï ʏʉʉ, ʫʜʘʨʦʚ ʚ ʤʠʥʫʪʫ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʧʦʣʥʦʮʝʥʥʳʭ ʜʘʥʥʳʭ ʦ ʵʥʝʨʛʝ-

ʪʠʯʝʩʢʠʭ ʟʘʪʨʘʪʘʭ ʩʧʦʨʪʩʤʝʥʘ-ʪʷʞʝʣʦʘʪʣʝʪʘ, ʥʝʦʙ-

ʭʦʜʠʤʦ ʪʘʢʞʝ ʦʧʨʝʜʝʣʠʪʴ ʦʩʥʦʚʥʦʡ ʵʥʝʨʛʝʪʠʯʝ-

ʩʢʠʡ ʦʙʤʝʥ (ʆʕʆ) ʧʦ ʬʦʨʤʫʣʝ ʍʘʨʨʠʩʘ-ɹʝʥʝʜʠʢʪʘ: 

˛˪˛ψψȟσχ ρσȟσωχ̇ ˟ τȟχω˝ υȟφχˏ (2), 
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ʆʕʆ ï ʦʩʥʦʚʥʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʦʙʤʝʥ 

(ʢʢʘʣ/ʩʫʪ); 

ʄʊ ï ʤʘʩʩʘ ʪʝʣʘ (ʢʛ); 

ʈ ï ʨʦʩʪ (ʩʤ); 

ɺ ï ʚʦʟʨʘʩʪ (ʣʝʪ). 

ɺ ʪʘʙʣʠʮʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʦʪʝʨʴ ʪʷʞʝʣʦʘʪʣʝʪʦʤ ʶʥʠʦʨʦʤ ʟʘ 

ʦʜʠʥ ʪʨʝʥʠʨʦʚʦʯʥʳʡ ʜʝʥʴ. 

ʊʘʙʣʠʮʘ-1  

ʉʨʝʜʥʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʟʘʪʨʘʪʳ ʪʷʞʝʣʦʘʪʣʝʪʦʚ ʶʥʠʦʨʦʚ ʟʘ ʦʜʠʥ ʪʨʝʥʠʨʦʚʦʯʥʳʡ ʜʝʥʴ 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʚʳʧʦʣʥʷʝ-

ʤʳʭ/ʢʦʣ-ʚʦ ʩʝʪʦʚ ʠ ʧʦʚʪʦʨʦʚ 

ɺʨʝʤʷ ʥʘ ʚʳʧʦʣʥʝʥʠʝ 

ʫʧʨʘʞʥʝʥʠʷ, ʤʠʥʫʪʳ 

ʏʉʉ, ʫʜʘ-

ʨʦʚ/ʤʠʥʫʪʫ 

ʕʥʝʨʛʦʟʘ-

ʪʨʘʪʳ, ʢʢʘʣ 

ʂʦʤʧʣʝʢʩ ʨʘʟʤʠʥʦʯʥʳʭ ʫʧʨʘʞʥʝ-

ʥʠʡ  
30 137 333 

ʈʳʚʦʢ ʢʣʘʩʩʠʯʝʩʢʠʡ: 3ʭ6 17,6 138 197 

ɺʟʷʪʠʝ ʥʘ ʛʨʫʜʴ ʚ ʧʦʣʫʧʦʜʩʝʜ: 3ʭ5 25 149 319 

ʊʦʣʯʦʢ ʠʟ-ʟʘ ʛʦʣʦʚʳ + ʧʨʠʩʝʜʘʥʠʷ: 

1=3ʭ5 
23,7 156 326 

ʊʷʛʘ ʪʦʣʯʢʦʚʘʷ: 5ʭ4 21 152 277 

ʈʘʩʪʷʛʠʚʘʥʠʷ 5 98 27 

ɾʠʤ ʩʠʣʦʡ: 5ʭ4 27,7 148 350 

ʇʨʳʞʢʠ ʩʦ ʰʪʘʥʛʦʡ ʥʘ ʧʣʝʯʘʭ: 8ʭ3 33,8 161 520 

ʇʨʝʩʩ: 10ʭ3 15,3 140 170 

ʈʘʩʪʷʛʠʚʘʥʠʷ 15 112 70 

ʆʩʥʦʚʥʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʦʙʤʝʥ 1950 

ʉʫʤʤʘ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʟʘʪʨʘʪ 4537 

 
ɺ ʨʘʙʦʪʝ ʜʝʣʘʝʪʩʷ ʚʳʚʦʜ, ʯʪʦ ʚ ʧʝʨʠʦʜ ʥʦʚʦʛʦ 

ʚʠʪʢʘ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʩʪʨʘʥʳ, ʥʝʦʙʭʦ-
ʜʠʤʦ: ʦʨʛʘʥʠʟʘʮʠʶ ʨʘʙʦʪʳ ʧʨʝʜʧʨʠʷʪʠʡ ʦʙʱʝ-
ʩʪʚʝʥʥʦʛʦ ʧʠʪʘʥʠʷ ʧʨʠ ʩʧʦʨʪʠʚʥʳʭ ʫʯʨʝʞʜʝʥʠʷʭ 
ʥʘʯʠʥʘʪʴ ʫʞʝ ʩʝʛʦʜʥʷ ʩʪʨʦʠʪʴ ʧʦ ʧʨʠʥʮʠʧʫ ʩʪʨʘʪʝ-
ʛʠʠ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʟʜʦʨʦʚʴʝʩʙʝʨʝʛʘʶʱʝʛʦ ʧʠʪʘ-
ʥʠʷ, ʧʦʜ ʢʦʪʦʨʳʤ, ʩʦʛʣʘʩʥʦ ʨʘʙʦʪʘʤ ʊ.ʉ. ʂʫʨʤʘʝ-
ʚʦʡ [1], ʧʦʥʠʤʘʝʪʩʷ ʩʦʭʨʘʥʝʥʠʝ ʟʜʦʨʦʚʴʷ ʧʫʪʝʤ ʜʦ-
ʩʪʠʞʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʚ 
ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠ ʜʦʩʪʘʪʦʯʥʦʩʪʠ ʧʦʩʪʫʧʣʝʥʠʷ ʧʠ-
ʱʝʚʳʭ ʚʝʱʝʩʪʚ ʚ ʦʨʛʘʥʠʟʤ ʯʝʣʦʚʝʢʘ [1]. 
ɼʝʬʠʥʠʮʠʷ ʟʜʦʨʦʚʴʝʩʙʝʨʝʛʘʶʱʝʛʦ ʧʠʪʘʥʠʷ 

ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʩʧʦʩʦʙ ʩʦʭʨʘʥʝʥʠʷ ʟʜʦʨʦʚʴʷ ʧʦ 
ʩʨʝʜʩʪʚʘʤ ʜʦʩʪʠʞʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ ʚ ʥʝʦʙʭʦʜʠʤʦ-
ʩʪʠ ʠ ʜʦʩʪʘʪʦʯʥʦʩʪʠ ʧʦʩʪʫʧʣʝʥʠʷ ʧʠʱʝʚʳʭ ʚʝʱʝʩʪʚ 
ʚ ʦʨʛʘʥʠʟʤ ʯʝʣʦʚʝʢʘ. 

 ʂ ʙʘʟʦʚʳʤ ʧʨʠʥʮʠʧʘʤ ʜʘʥʥʦʡ ʤʝʪʦʜʠʢʠ ʦʪʥʦ-
ʩʷʪʩʷ ʩʣʝʜʫʶʱʠʝ:  
1. ʉʦʩʪʘʚʣʝʥʠʝ ʠ ʘʜʘʧʪʘʮʠʷ ʙʣʶʜ, ʚ ʦʩʥʦʚʝ ʢʦ-

ʪʦʨʳʭ ʣʝʞʘʪ ʧʨʦʜʫʢʪʳ, ʚʭʦʜʷʱʠʝ ʚ ʩʧʠʩʦʢ 10 ʟʜʦ-
ʨʦʚʴʝʩʙʝʨʝʛʘʶʱʠʭ ʧʨʦʜʫʢʪʦʚ (ʤʷʩʦ/ʙʦʙʦʚʳʝ 
(ʚʢʣʶʯʘʷ ʩʫʙʧʨʦʜʫʢʪʳ), ʷʡʮʘ, ʤʦʨʝʧʨʦʜʫʢʪʳ, ʢʠʩ-
ʣʦʤʦʣʦʯʥʳʝ ʧʨʦʜʫʢʪʳ, ʟʝʨʥʦʚʳʝ, ʨʘʩʪʠʪʝʣʴʥʳʝ 
ʤʘʩʣʘ, ʷʙʣʦʢʠ, ʰʠʧʦʚʥʠʢ/ʙʦʣʛʘʨʩʢʠʡ, ʧʝʨʝʮ/ʢʘʧʫ-
ʩʪʘ, ʘʙʨʠʢʦʩʳ/ʪʳʢʚʘ/ʪʦʤʘʪʳ, ʟʝʣʝʥʳʡ ʯʘʡ/ʢʨʘʩʥʦʝ 
ʩʫʭʦʝ ʚʠʥʦ) ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʚʢʣʶʯʝʥʠʷ ʜʦʧʦʣʥʠ-
ʪʝʣʴʥʳʭ ʧʨʦʜʫʢʪʦʚ, ʥʝ ʚʢʣʶʯʝʥʥʳʭ ʚ ʩʧʠʩʦʢ ʟʜʦʨʦ-
ʚʴʝʩʙʝʨʝʛʘʶʱʠʭ ʧʨʦʜʫʢʪʦʚ, ʩʦʩʪʘʚʣʝʥʥʳʡ ʂʫʨʤʘʝ-
ʚʦʡ ʊ.ʉ., ʥʦ ʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʤ ʘʥʘʣʠʟʦʤ ʚʩʝʭ 
ʩʚʦʡʩʪʚ ʧʨʦʜʫʢʪʘ ʠ ʝʛʦ ʚʣʠʷʥʠʷ ʥʘ ʦʨʛʘʥʠʟʤ ʯʝʣʦ-
ʚʝʢʘ.  
2. ʇʨʠʤʝʥʝʥʠʝ ʩʦʚʨʝʤʝʥʥʦʛʦ ʢʫʭʦʥʥʦʛʦ ʠʥ-

ʚʝʥʪʘʨʷ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʩʦʙʣʶʜʝʥʠʝ ʪʝʭ-
ʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ, ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʥʳ ʤʘʢʩʠ-
ʤʘʣʴʥʦ ʩʦʭʨʘʥʠʪʴ ʧʠʱʝʚʳʝ ʩʚʦʡʩʪʚʘ ʧʨʦʜʫʢʪʦʚ; 
ʩʦʢʨʘʪʠʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʞʠʨʦʚ ʠ ʚʳʜʝʣʝʥʠʝ ʢʘʥ-
ʮʝʨʦʛʝʥʥʳʭ ʚʝʱʝʩʪʚ ʧʨʠ ʧʨʠʛʦʪʦʚʣʝʥʠʠ.  
3. ʆʙʷʟʘʪʝʣʴʥʦʝ ʩʦʙʣʶʜʝʥʠʝ ʛʝʜʦʥʠʩʪʠʯʝʩʢʦʡ 

ʜʦʤʠʥʘʥʪʳ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʙʣʶʜ, ʪ.ʝ. ʚʦʟʤʦʞʥʦʩʪʠ 
ʧʦʣʫʯʝʥʠʷ ʥʘʩʣʘʞʜʝʥʠʷ ʥʝ ʪʦʣʴʢʦ ʦʪ ʚʢʫʩʘ, ʥʦ ʧʝʨ-

ʚʦʥʘʯʘʣʴʥʦ ʠ ʦʪ ʚʥʝʰʥʝʛʦ ʚʠʜʘ ʙʣʶʜʘ, ʵʪʦ ʧʨʠʚʦ-
ʜʠʪ ʢ ʫʨʘʚʥʦʚʝʰʠʚʘʥʠʶ ʥʝ ʪʦʣʴʢʦ ʬʠʟʠʦʣʦʛʠʯʝ-
ʩʢʠʭ, ʥʦ ʠ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʭ ʧʦʪʨʝʙʥʦʩʪʝʡ ʯʝʣʦʚʝʢʘ. 
ʈʝʟʫʣʴʪʘʪʦʤ ʩʦʙʣʶʜʝʥʠʷ ʪʘʢʠʭ ʧʨʠʥʮʠʧʦʚ ʩʪʘʥʝʪ 
ʩʦʭʨʘʥʝʥʠʝ ʛʦʤʝʦʩʪʘʟʘ (ʂ. ɹʝʨʥʘʨ, ʋ. ʂʵʥʥʦʥ, ɻ. 
ɼʨʠʰʝʣʴ, ɺ.ɸ. ʃʠʱʫʢ, ɹ. ʃʦʨʜ, ɺ. ʇʘʚʣʦʚʠʯ-ʂʝʥ-
ʪʝʨʘ) ʥʘ ʚʩʝʭ ʫʨʦʚʥʷʭ ʦʨʛʘʥʠʟʘʮʠʠ: ʬʠʟʠʦʣʦʛʠʯʝ-
ʩʢʦʤ, ʧʩʠʭʦʣʦʛʠʯʝʩʢʦʤ ʠ ʩʦʮʠʘʣʴʥʦʤ, ʘ, ʩʣʝʜʦʚʘ-
ʪʝʣʴʥʦ, ʤʦʞʥʦ ʛʦʚʦʨʠʪʴ ʠ ʦ ʩʦʭʨʘʥʝʥʠʠ ʟʜʦʨʦʚʴʷ 
ʯʝʣʦʚʝʢʘ ʚ ʮʝʣʦʤ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʥʠʤʘʥʠʶ 
ʥʦʦʩʬʝʨʥʦʡ ʤʦʜʝʣʠ ʟʜʦʨʦʚʴʷ ʧʨʦʬ. ɸ.ɻ. ɹʫʩʳʛʠʥʘ 
[2]. ʀʤʝʥʥʦ ʩʪʨʘʪʝʛʠʷ ʟʜʦʨʦʚʴʝʩʙʝʨʝʛʘʶʱʝʛʦ ʧʠʪʘ-
ʥʠʷ, ʘ ʥʝ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʝ ʙʝʣʢʦʚʳʝ ʠ/ʠʣʠ ʫʛʣʝʚʦʜ-
ʥʳʝ ʜʠʝʪʳ, ʧʦʣʦʞʝʥʘ ʚ ʦʩʥʦʚʫ ʨʘʟʨʘʙʦʪʢʠ ʧʠʪʘʥʠʷ 
ʜʣʷ ʪʷʞʝʣʦʘʪʣʝʪʦʚ ʶʥʠʦʨʦʚ. 
ʆʧʠʨʘʷʩʴ ʥʘ ʠʟʣʦʞʝʥʥʳʝ ʜʘʥʥʳʝ ʤʦʞʥʦ ʩʜʝ-

ʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ ʧʦʪʨʝʙʥʦʩʪʴ ʩʦʩʪʘʚʣʝ-
ʥʠʷ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʨʘʮʠʦʥʦʚ ʧʠʪʘʥʠʷ ʜʣʷ ʪʷ-
ʞʝʣʦʘʪʣʝʪʦʚ ʶʥʠʦʨʦʚ. ʈʘʩʩʤʘʪʨʠʚʘʷ ʙʘʟʦʚʳʝ ʧʨʠʥ-
ʮʠʧʳ ʟʜʦʨʦʚʴʝʩʙʝʨʝʛʘʶʱʝʛʦ ʧʠʪʘʥʠʷ ʚʠʜʥʦ, ʯʪʦ 
ʜʘʥʥʘʷ ʤʦʜʝʣʴ ʧʦʜʭʦʜʠʪ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʨʘʮʠ-
ʦʥʦʚ ʧʠʪʘʥʠʷ ʮʝʣʝʚʦʡ ʛʨʫʧʧʳ ʩʧʦʨʪʩʤʝʥʦʚ. 
ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʫʝʤʦʡ ʣʠʪʝʨʘʪʫʨʳ 
1. ɹʫʨʙʠʥʘ, ʊ. ʉ. ʉʦʭʨʘʥʝʥʠʝ ʟʜʦʨʦʚʴʷ ʠ ʨʘʟʚʠ-

ʪʠʝ ʠʥʪʝʣʣʝʢʪʘ ʯʝʣʦʚʝʢʘ. ʂʥʠʛʘ ʚʪʦʨʘʷ. ʧʨʘʢʪʠʢʘ 
ʧʝʜʘʛʦʛʠʢʠ ʠ ʧʩʠʭʦʣʦʛʠʠ ʨʘʚʥʦʚʝʩʥʦʛʦ ʧʠʪʘʥʠʷ 
[ʊʝʢʩʪ] / ʊ.ʉ. ɹʫʨʙʠʥʘ. ï ʉʘʤʘʨʘ : ʉʘʤʘʨ. ʦʪʜ-ʥʠʝ 
ʃʠʪʬʦʥʜʘ, 2008. ï 109 ʩ. 
2. ɹʫʨʙʠʥʘ ʊ. ʉ. ʄʝʪʦʜʦʣʦʛʠʯʝʩʢʠʝ ʦʩʥʦʚʳ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʪʥʦʰʝʥʠʷ ʙʫʜʫʱʠʭ ʫʯʠʪʝʣʝʡ ʢ ʨʘʚ-
ʥʦʚʝʩʥʦʤʫ (ʟʜʦʨʦʚʴʝʩʙʝʨʝʛʘʶʱʝʤʫ) ʧʠʪʘʥʠʶ / ʇʦʜ 
ʨʝʜ. ɸ. ɻ. ɹʫʩʳʛʠʥʘ. ï ʉʘʤʘʨʘ: ʀʟʜ-ʚʦ ʉɻʇʋ, 2007. 
ï 137 ʩ. 
3. ʇʦʢʨʦʚʩʢʠʡ ɸ.ɸ. ɹʝʩʝʜʳ ʦ ʧʠʪʘʥʠʠ. ï ʄ.: 

ʕʢʦʥʦʤʠʢʘ, 1968. ï 360 ʩ. 
4. ʈʘʮʠʦʥʘʣʴʥʦʝ ʧʠʪʘʥʠʝ ʩʧʦʨʪʩʤʝʥʦʚ / ʄ. ʀ. 

ʂʘʣʠʥʩʢʠʡ, ɸ. ʀ. ʇʰʝʥʜʠʥ, ʂʠʝʚ ɿʜʦʨʦʚ, ʷ 1985 ï 
127 ʩ. 
5. ʈʦʛʦʟʢʠʥ ɺ.ɸ., ʇʰʝʥʜʠʥ ɸ.ʀ. ʇʠʪʘʥʠʝ 

ʩʧʦʨʪʩʤʝʥʦʚ. ï ʄ.: ʌʠʟʢʫʣʴʪʫʨʘ ʠ ʩʧʦʨʪ, 1989. ï 
160 ʩ. 
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